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EXECUTIV~ sum.tARY 

Project Backg~o~nd and History 

Producing alumina from domestic ore reserves has beccne 

one of the most irupo~tant Gove~nment projects in the Islamic 

Rep~blic of Iran. For this purpose, one of the potential raw 

materials is bauxite. 

The bauxite deposits are located in the Elburz Mountains. 

Bauxite reserves have been estimated at about 45 million tons 

(in category R-3 of UU-classification, which indicates 

exploration opportunities), sufficient to 

industrial-scale alumina plant for some 30 years. 

feed an 

The pre-investment activities related to the possible 

erection of alumina production facilities arc within the 

responsibility of the "Aluminium Raw Materials 

Progran':le/ aRHP" Tehran set up by the Ministry of Mines an.i 

Metals of the Islamic Republic of Iran in 1981 . AR~IP acts as 

the national counterrart in this project. 

The United Nations Development Programme (UNDP) in response 

to a request from the GOVERNr.IENT OF THE ISLA!HC REPUBLIC CF 

IRAN has agreed to provide assistance to the government in 
carrying out the project entitled "TECHHO-ECONO:.:rc 
OPPORTUNITY ~'i'UDY WITH BENCH SCALE TESTIIIG OF BAUXITES" in 

the Isl~mic Republic of Iran. 
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The contract was signed between the illrITED NATIONS INDUSTRIAL 

DEVELOf'I.;BHT ORGAiiIZATIOir (UIHDO), Vienna and HUNGALTJ 

ALUTERV-FKI (Engineering and Development Centre of the 
Hungarian AlUI!linium Corporation), Budapest. 

The aim of this contract was the establishment of the 
techno-economic viability of industrial-scale production of 

alumina in the country, using indigenuus bauxites. For this 

purpose chemico-mineralogical and phase-analysis testing of 

altogether 120 borehole bauxite samples was carried out 
(ar.d summarized in the Interim Report No.1.deliverP.d to UNIDO 

and ARI-IP by the end of December, 1987), followel by bench 

scale testing of two characteristic bauxite samples (with 

modules J.77 and 6.89, respectively) to determine the proc~ss 

parameters of the various alternative routes of technologies 

for processing of Elburz bauxites. Th~ investigated 

alternative technologies were: 

Bayer autoclave - digestion 
Bayer tube - digestion 

Sinterir.b 

The results of the laLoratory simv.lation of the alternative 

technolot;ies were summarized in the Interim Report No.2 on 

the "Bench-scale testing of characteristic Bauxite Samples". 

(The Interim Repo:-t No.2 was delivered to UNIDO and ARr.IP at 

the end of June, 1988). 

The aim of the present report is the techno-economic 

evaluation of the mentioned alternative procenses for alumina 

production frum Jajarm bauxite on the bazis of the bench­

scale technolo~ical tests and to select the most appropriate 
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and economic te~h~ology for further investigation (to prepare 
a Feasibility Study) and to justify further a detailed, 

accelerated bauxite prospecting activity, if it is feasible. 

It was also requested to sulmit proper data for bauxite 

processing in order to compare it with the processing of 

alternative domestic alumina raw materials (aluni;e, 

alumosilicates, nepheline). 

The industrialisation of the Islamic Republic of Iran, the 

development of the in!rastructure of the given region of the 

country, the improvement of the employment situation should 
be also considered as promoting factors to this projer.t. 

In the frame of tr~is contrc..ct 11 experts of ARI-rP were 

ac~uainted succesfully with the material testing methods and 

technological testing (process simulation) of bauxite 

processing at Aluterv-FKI and at the industrial facilitiP.s of 

the Hungarian Aluminium Corporation. A short visit wa~ 

organised by Aluterv-~KI to the Sinter Alumina Plant in 

Boksitogo~sk (USSR),too, for a few Iranian experts. The very 

effective and good cooperation should be mentioned between 

the experts of ARf.IP and Aluterv-FKI during the whole work. 

The staff members of the UNDP Office in Tehran were also very 

hel~ful. 

Market and Plant Cauacit~ 

In 1978, the consumption of aluminium in Iran was about 

75,000 tons. Today's restrained de~and fo1 alumini1un is 
around 120,000 tons per year. However, IRALCO'S present 

capacity and actual production is only close to 45,000 tone 

per year, which i 1 eqnires an alumina feed of close to 90, 000 
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tons per year - all of whic:1 is imported. The expansion of the 

.:apaci ty to 67, 000 tons per year is under construe tion and 

upon completion the requirements of alumina f aed wi.ll aII1ount 

to about 130,000 tons per year. The establishement of further 

aluminium production capacities is un~er consideration. 

According to the forcasted demand for a!umina a 200 kt per 

y~ar plant capacity can be reco:mmended,and is worked out ir 

this study, howeve-, the total investment costs a~d 

production costs of alumina has been investigated in the 

~unction of the bauxite quality betweP.n 75 and 200 kt/year 

plant ca,acity. (See Figs. 17-3 and 17-6). 

The specific investment and production costs can be 

reduced significantly by increasing the plant capacity, 

especially at lower production rates. It seems not to be 

reasonable to produce al~~ina in the Islamic Rep~~lic of Iran 

for sale in the world ~a~·-t. 

Raw Ifate!'ial s 

The bauxite raw naterial is a diasporic-chamositic-kaolinitic 

type ~ontainin5 44 to 60 3 of Al203 and 5 to 18 3 of 

Si02. The real thickness of the bauxi +,e d.eposi t is 3-5 m in 

general, the recent prospections have also revealed lenses 

witfi a thickness of 13-23 m and of a higher grade (higher 

alu.rnina. and lo\·rer silica percento.t;es). Presently the deposit 

is beini; prospe~ted by the ARHP. The reserves known at 

~resent are as follows: 
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about 45 million tons in category R-3 

(potential reserves) 

4 million tons in category R-2 
(preliminary reserves) 

The bauxite is expected to be mined partly by the open cast 
(40 ~ of the total), but mainly by the underground method. 

Provided that the 

quality of the 

characteristic 

reserve in category R-2 is analogous to the 

ICS-3 composite sample (one of the two 

samples selected for the technological 

investigations) 4 million tons of bauxite is available 

(Al~03 = 44.2 3, Si02 = 11.7 I, Module = 
Al203/Si02 ratio = 3.77). This bauxite is considered in 

the Report as "Low Quality Bauxite" (Abbreviation: LQB). In 

this case the cut-off would be given at the module of 1.3. 

Wh-en a better quality of reserves is taken into 

consideration, with the module of 4.9 (with 48.7 3 Al203 

and 9.9 3 Si02 contents), 2.2 million tons of bauxite can 

be estimated actually in category R-2. 

The other characteristic sa~ple for the technological 

investigations has been selected with 52.4 3 Al203 and 

7.6 3 Si02 contents (ifodule 6.89, marked as ICS-2). This 

bauxite is considered in the Report as "High Quality 

Bauxite" (Abbreviation: HQB).Although this bauxite quality is 

not justified yet in a proper a~ount by the pro~pecting, it 

should be mentioned, that recently very good bauxite was 

revealed in boreholes B4-31 and B4-45, where the alwnina 

content i~ more than 60 ~ nnd the silica less than 5 3. These 

borcholen indicate b~uxite of extrc~cly good quality, which 
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prospects than it was expected before. It is 

emphasize the utmost importance of the 

the geological prospections at the Jaja.rm 
aim of the justification of a higher grade 

bauxite in a more significant amount, because the bauxite 

1uality is the most determining factor of the profitability 

of bauxite processing. It can be supposed that by means of 

further detailed prospecting bauxite with module about 5 
or higher will be found, sufficient to feed an alumina 

refinery of 100-200 kt per year capacity. 

As a caustic soda source for the Bayer process, imported 
sodiu.~ carbcnate is considered from economic point of view. 

Tne time of return of the causticization plant (to 

convert N~co3 into NaOH by lime addition) is about 2 

months only. N~Co3 is also required for the sintering 
p::::-ocess. 

High quality limestone is available near to the expected 

be used directly for the plant site. This limestone can 

sintering process and after burning as CaO for the Bayer 

process. 

The very 
iraportant 

demand 

low price of domestic fuel oil is one of the most 
factors to ju~tify this project. The total energy 

can be covered by fuel oil a.t two variants of the 

Bayer process (Autoclave and Tube digestion, respectively), 

however, in the sintering process natural gas is also 

required for bauxite sintering. (Fuel oil can not be accepted 

for this purpose because of its hish (max. 3 3) sulphur 

content. The required supply of natural gas and the exces5 

investment requirement would be a further disadvantage for 
the sinte~ing proceGG compared with the Bayer technolocy. 
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Process technology 

The following alternative routes of technologies for 

processing the Jajarm bawci te" have been investigated and 

compared from techno-economic point of vie-.1: 

A. Low quality bawcite, sintering process (LQBSP) 

B. Low quality bauxite, autoclave digestion (LQBAD) 

c. -Low quality bau.."'Ci te , tube digestion (LQBTD) 

D. High quality bauxite, autoclave digestion (HQBAD) 

E. High quality bauxite, tube digestion (HQBTD) 

(Low quality bauxite: 

Al2D3 = 44.2 3, Si02 = 11.7 3, M = J.77) 
(High quality bauxite: 

Al203 = 52.4 3, Si02 = 7.6 3, M = 6.89) 

The process technology of the sintering method was 

elaborated by the experts of the Institute of VAMI, Leningrad 

for the low quality bauxite only. The technology recommended 

is adequate to the plant techrology applied in Boksitogorsk 

(USSR) processing Tihvin bauxite. 

The selected Bayer technology has the following special 

process stages: 

- Causticization of the sodiwn carbonate which has been 

selected as the source of caustics. 

- Lime burnin; and slaking f~cility. 

- Red mud causticization to reduce the cau5tic soda losses. 
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- Digestion with a catalytic additive (hydrogarnet catalyst 

formed from CaO). 

The tube 

heating 

and by 

digestion is 

unit to achieve 

the multi-stream 

characterized by the molten salt 

the maximum temperature of 280 °c 
(3 tube in one tube) heat-exchanger 

system according to the 

Alu.~ina Plant, Hungary. 

facility installed at the Magyarovar 

The selected main process parameters are as follows: 

For the sintering process: 

- Moisture content of the mixture to be 

sintered 
- Temperature of sintering 
- Time requirement of sintering 

- Leaching te~perature 

39-40 7o 

1175-1200 °c 
45 min. 

85-90 °c 
Under optimum parameters the attainable N~O recovery comes 

to 94-96 3, that for A1203 to 89-91 %. 

For the Bayer process 

- Digestion temperature 

- Retention time at digestion 

temperat·..ire 

- Digestion liquor concentration 

- CaO addition to bauxite for 

digestion 
- Molar ratio after digestion 

autoclave 

digestion 

260 °c 

1 hour 
160 g/l 

N~O 

7 3 
1.55 

tube 

digestion 

280 °c 

20 min. 

160 g/l 

Na2o 

7 3 
1.50 
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For the low quality bauxite (ICS-3) a digestion yielc of 59-

70 ~ and for the high quality bauxite (ICS-2) that of 82-83 
j can be achieved. 

The specific consuraption data are given in the function of 

the bauxite quality for sintering in Fig. 17-1/A and for 

Bayer Tube Digestion in Fig. 17-1/B. 

It is evident that the sintering process is much less 

sensitive to the bauxite quality than the Bayer process. 

Alumina Quali tz. 

The alumina produced by the Bayer process contains much less 

contaminants than that manufactured by the sintering process. 

E.g. the Si02 content is 0.020-0.030 S and the Fe2o3 
content is about the same in Bayer alumina in contrast with 

t~e product cf the sintering process where 0.03-0.05 ~ Si02 
~nd 0.05-0.06 ~ Fe203 are characteristic. Only floury 

type alumina can be ~roduced by the sintering process, which 

is no; suitable for dry gas cleaning in smelters. The alumina 

~- quality has an increasing importance from the point of view 

~the production of higher grade, less contaminated primary 

~=~ metal directly in the pots. The up-to-date dry 
scrubbing systems promote the enriching of some contaminants 

in the alumina and as a consequence in the metal, too, 

therefore the requirements for the metal grade alumina are 

rather increasing. 

Based on the above facts from point of view of alumina 

quality the sintering process can not be preferred, however 

t!1e quality of the alumina produced by sintering proces<> 

can meet the requirencntz of the IRALCO Smelter in Iran 
according to the ;;,nformation submitted, by the 
experts of ARHP, considering that the aluminium 
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produced there is used mainly for silicon-containing 

allLainiura alloys. According to the international experiences, 

however, the alumina containing higher amount of impurities 

(e.g., Si02 and Fe2o3) is not suitable for the 

production of aluminium with high electrical conductivity and 

that of some syeciality aluminas, and can cause optrational 

difficulties during feeding and dry scrubbing in an up-to­

date smelter. 

Non-technological Units 

As non-technological units the power plant, the process 

control system and the electric energy supply are discussed 

in details, sepa~ately for each variant. It should be 

mentioned that back-pressure steam turbine-generators are 

preferred for c~genaration of steam and electric power 

which is the most economic solution for energy supply in 

alumina refineries. 

P:ant Location and Civil ~ngineering 

The alumina plant will be located in the Jajarrn area, where 

the bauxite deposit was discovered. The final plant site has 

not been determined yet, so infrastructural connections and 

transporting problems are not discussed in the present 

Opportunity Study. Consequently only the plant inside the 

f e::ce was examined as an independent unit. 

The plant consists from the civil PngineerinG point of view 

of technological buildings, outdoor units and non­

technolosical buildings. 
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For water supply, J systems are ~xpected, namely an 
industrial and fire-fighting system; and two recirculating 

cooling water systems (separately for alkali-contaminated and 

alkali-free water). 
Dry disposal of the red mud is considered using the filtered 

mud to avoid the contamination of the karstic surrounding 

area by alkali-solutions. 

Imnlementation Schedule 

Most of the activities of the invc~tment work should be 

concludeJ. by the deadlinE: ~a start producing alumina between 

the J8th and 39th conths. 

The 200 ktpy full capacity of the alumina plant can be 

attained in 1;he 44th month. 

Total i~vestment costs 

The total inves~~en~ cost~ of an alumina plant with 20Q 

kt/year capacity amo~nts to 34,640 millions of Rls for the 

sintering process and 25,517 millio~s of Rls for Bayer Tube 

Dige~tion processing low quality bauxite (Fig. 17-2). The 

total i1rr~l" trnent costs can be ::-educed slowly only with the 

improvcc bauxite quality (F~g. 17-2). The specific investment 

costs per ton of ahunina produced, however, is i:1creasing 

significantly by lowerjng the cavacity. (Figs. 17-4, and 

17-6) Therefore, a capacity of 200 kt/year may be 

recommended, however, taking into consideration the bauxite 

reserves known at present and somt.> other aspects of AR;.;p a 

plant capacity of about 100 kt/year ca~ also be accept~d as ~ 

first stat;e. 



T~e 3ignifica.ntly higher investment costs for the sintering 

p=ocess are in agreement with the published data of Russian 

ex:r:erts, where the Bayer process usir:~~ high graG.e bauxite was 

cc~pared with the sinter process and the combined Bayar­

sinter process using low grade bauxite. The investment costs 

per unit production was found by them to be 1.9 times higher 

tl:e productio11. costs 1.82 times higher and the labour 

r~auire~ent pe~ ton Al2o3 1.63 times higher for the 

sinter process than for the Bayer one. For the series 

c~mbined Bayer-sinter proces~ the proper figures were: 1.50, 

1.46 and 1.36, respectively. (TRAVAUX de l'ICSOBA, 1974 
No.12. pp. 237-244). 

P~oducticn Costs 

The alumin3 can be produced at the ::iinimum producti m ~osts 

by means of the Bayer tube digestion technolvgy, even if 
processing lcu 1uality bauxite. (39,235 Rls/t in contrast 

with sintering process, were this value is 41,378 Rls/t) (See 

Fig. 17-5). Tne production costs ~~e s+.eep!y decreasing with 

improving bauxite quality #hen using the Bayer process 1 

however, only slowly when using the sintering method. This 

means that the Bayer tube di.gestion technology should be 

preferred 

potErnt i.al 

the better 

for processing Iranian bauxites. There is a good 

to increa3e the profitability in the functton ,r 
bauxite quality (Fig. 17-6). Furthermore, the tube 

di£estion is the most up-to-date and flexible technology to 

optimize the caustic liquor concentrations in ~ne p~ocess 

cycle a·id to minimize the water amount to be evaporated, 

wl".ich results enert;y saving and lower investment 

requirements. 



Po~ei£n exchange re~uirecents 

The estioated dome~tic and foreign s~pply is differing 

according to the investigated variants.The estim3.ted domestic 

supply is varying between 8,882 and 11,796 million Ri~ls, 

while the foreign supply is 19,847 million Rls for the 

sintering process and 11,110 to 12,709 million Rj_als only for 

the Bayer process varia~~s. Consequently, the ratio ~etween 

the domestic and foreign supply is the minimum one for the 

sintering process (39.5 ~ to 60.5 %) and for the Bayer 
varia..~ts (46-48 3 to 54-52 ~). For the sitering process an 

a~~roxiraately 7,000 millions Rials higher foreign supply is 

required than for the Bayer variants proce~sing low quality 

bauxite. 

Fina~cial evaluation 

The actual exchange rate in the Isla~ic Republic of Iran is 

66 Rials per USD. Although any change in this exchange r~te 

i..; depending on the decision of the Government, hot·rever, the 

inter~ational comparison (chapt~r 15.3) and the econo~ic 

estimation of the Jajarm project confirm the reality of the 

use of a higher exchange rate to evalrate more exactly and 

adequately t~e erection of industrial facilit~es. Therefore, 

the econor.iic analysis has been prep."!.red with the following, 

different exchange rates: Rls 66, 160, 200 and 400 per US~. 
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The caculatad cash balance :.n the 20th year of production 

ve=-:/ sensitively reacts and steeply increases with t:~e 

ir~crea.sing '}f the ~::re n3.r.ge rate. Furthermore, all three 

variants give resul~~ of ~he same order of magnitude fer the 

low quali t:r bauxite. The cumulated cash balance increases 

only with the improvement of the bauxite qualit:.· 

sit"tificantly 

Tl.· su:n of the accumu:.ated profit at an exchange rate ol 66 
Rls/ITSD is :i.egativ:: for all variants. At an exchange ra·':.e of 

16J Rls/USD the processing of high quality- bar,:<d te i~ alrec?.dy 

profitable. tt an exchange rate of 200 Rls/USD the sinter 

proc€:ss is the 0nly non-pr-fitable variant. 

T!:.e ratio of the net profit to the equity is at lowe::::­

Rials/USD exchc..::-.ge rates qui~~ modest at the processing cf 

high q"t:ality haux:.te as well, however, at the exchange rc.:.te 

of 400 Rj~ls/USD - with ~he exception of the sinter process 

- it attai~ ~lues expected from big industrial facilities. 

The foreign exchange s~viLg~ were calcu~atcd supposin6 that 

the total amount of the 200 kt a]unina will substitute 

imported alumin& or the excess ca.:1 be exported. The net 

· forP,ign exchan,o;e gain is varying between 35. 6 and 43 .2 

million USD per year ,. !Onsidering the imported sodium 

carbonate and the expo~' v~Jue of the consumed fuel oil) 

according to the process variants, while the pay-back period 

for ·'he s:n tering prc.c css is 7. o years (bee au::;~ of the higher 

investment costs with higher foreign supply) and 5.4 and 5.2 

years for the Ba~er proccns variants processlnc low quality 

bauxite and 4.2 and 3.9 year: for those processing higher 

quality bau . ._i te. 
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analysis was prepared for determining 

that aluraiua selling price, at which the alumina refinery ca~ 

ju~t run without lc·ses. These balanced prices of alumina for 

internal use are chari(~ing between 30, 570 and 42, 110 Rials/ton 

in the function of bauxite quality and selected technology. 

These prices are corresponding tu ~he alumina market price of 

280 USD/t at exchange rates between 150 and 109 Rls per USD. 

The comparison of the Jajarm project with existing foreign 

alumina plants confirms the supposition th~t the real 

ex~hange rate for industrial fac~lities should be around Rls 

20C per USD. Under this condition the Jajarm project can be 

compa:"."ed with foreign alumina plants and this comparison is 

ac~eptable for the Iranian project. 

The Jajarm project has a significant advantage compared with 

other alumina refineries related to the ene~gy costs. Though 

it is burde~ed by the costs due to the inevitably higher 

investment costs of newly erected facilities, it can be 

c0mpetitive, especially considering the general policy and 

aims of the Gover;.unent of the Islamic Republic of Iraa. 
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co:rc10srons 

1. According to the techno-economic comparison of the 

variants of bauxite processing technology the Bayer tube 

digestion was found as the most feasible for processing 

Jajarw bauxite of any investigated quality, therefore, this 

technology can be selected for further detailed investiga­

tions to prepare a Feasibility Study. 

2. Considering a real axchange rate of Rials/USD - which 

would be 200 Rials/USD based on the international comparison 

- the bauxite project can be profitable and seens to be 

competitive with the processing of alternative domestic raw 

naterials (i.e. alunite, alumosilicates and nepheline) in the 

Islami~ Republic of Iran. Consequently, further activity in 

this field can be recommended. 

J. From the point of Yiew of the total investment costs and 

production costs, furthermore related to the foreign exchange 

saving as well, the Bayer tube digestion technology was 

found as the most profitable variant, where steeply increas­

ing economic result is expected w~th the improving bauxite 

quality. 

4. The quality of the alumina produced by sintcring process 

can meet the require~ents of the IRALCO Smelter in Iran 

acc~rding to the information submitted by the experts of 

A2!·1P, considering that the aluminium proC:uced there is 

used mainly fer silicon-containing aluminium alloys. 

According to the international experiences, however, the 

alumina containinr, higher amount of impurities (e.g., Si02 
and Fe2 03) is not suitable for the production of 
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aluminium with high electrical conductivity and that of 

so~e syeciality alurainas, 

difficulties during feeding 

date smelter. 

and can cause operational 

and dry scrubbing in an up-to-

5. Regarding the present preliminary stage of geological 

prospecting, th 0 ore reserves, subject to taking into 

account different cut off quality, are estimated as follows: 

Average modulus (A12o3/Si02 Ore reserves, million 

ueight ratio) tons 

3.5 15-18 

5.0 7-9 

?.J 3-'l 

In the light of the results of the prese~t Opportunity Study 

the above-mentioned reserves can justify a plant size of 

around 100,000 tpy (75,000-125,000 tpy) supposing a bauxite 

quality of modulus about 5 (with an alumina content of about 

50 3 and with a silica content of about 10 3) only. 
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REC'o:.:r.rs::~ATIO::s 

1. Based on the results obtained in this Opportunity Study 

it is recomoended to prepare a Feasibility Study for 

processing the Iranian bauAite by ~eans of the Bayer tube 

dibestion technology which seems to be the most profitable 

variant and ca~ produce high quality and less contaminated 

alucina suitaole for an up-to-date dry scrubbing system for 

the smelter operation. The Feasibility Study should contain 

the techno-economic evaluation of the erection of an alumina 

plant based on the mentioned technology completed by all 

as:;iects of the imfrastructure, as well. The Feasibility 

Study will allow the Iranian authorites to decide upon the 

de~i:::-ability of further pursuance of the project of 

in.:t;.strial-sc.?.l.e al ur:1ina pr-oduction based on Iranian bauxites 

in conparison with the alunite project, at the same level of 

ela";.:ioration. 

2. Considering the determining effect of the bauxite 

qu~lity on the profitability of the project by all means 

it is recommended to accelerate the bauxite prospecting 

activity with the aim of the justification of a higher grade 

ba:1xi te in a proper amount. The good results of the pre::;ent 

opportunity study justify the costly bauxite prospecting. 

). The Feasibility Study can be prepared based on the 

detailed phy3ico-chemical invcsti~ation of the selected 

char::teristic (only more or lens repre::;cn~ative) bauxite 

ca:.::plc follo· .. :ed by the laboratory proccs::i simulation of its 

processing (sometinc3 called as bench scale te::;ting), 

ho :~ver, it is r~co~raen~ed to complete thc::;c tcGtG by the 
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pilot scale 

necessity of 

tube digestion technological testing. The 

the pilot scale tube di~estion test ca..~ be 

justified by the following arguments: 

The high turbulency of the slurry influences 

kinetics, the equilibrium molar ratio after the 

the required retention tioe at the given 

the digestion 

digestion and 

selected end 

temperature. The possible reduction of the caustic liquor 

concentration to digestion ca..~ also be studied. Consequen~ly, 

the determination of the optimum parameters of the digestion 

can only be carried out with a high accuracy in the tube 

digestion pilot facility. 

The other main argQ~ent for realizing pilot scale tube 

digestion tests is the determination of the filterability and 

W'.3.shability of the red mud obtained in the function of the 

ligestion temperature. 

4. At the present level of informations concerning the Jajarm 

bauxite deposits, it is recoomended to use a bauxite quality 

with the foll0wing composition as a base for the suggested 

Feasibility Study: Al203 = 50 %, Si02 = 10 3 which only 
pre:mr.iably can represent a part of the known reserves only 

because of the huge variatiorls of the ore quality and the 

large amount of cut-off. In this case all data 

extrapolated for the occasionally lower or 

bauxite. For pilot scale tube digestion tests 

of bauxite would be required. 

can be easily 

!'.ligher grade 

30 to 40 tons 

Budapest, 15th December 1988. 

S· ~--'-1;..:- '", .. 
G. S=;er.t[:;,r0rc:ri 

Director for D~velop~e~t 

~ --G. ,· .•. ~. 
Dr. K. .:io li'f:1::.r 

Tean Lcn.der 

Hc~d of Diviclon 
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1. PROJECT BACKGROIDlD 

In 1978, the 

75, 000 tons. 

consumption of aluminium in Iran was aocut 

Today's restrained demand for aluminiu::i is 

around 120,000 tons per year. However, IRALCO's present 

capacity and actual production is close to 45,000 tons per 

year, which re~uires an alumina feed of close to 90,000 

tons/year all of which is imported. The expa.~sion of 

capacity to 67,000 tons/year is under construction and upon 

completion th·-~ requirements of alumina feed will amount to 

about 130,000 tons per year. The establishment of further 

aluminium production capacity iE under consideration. 

Consequ~ntly, producing alumina from domestic ore reserves 

has become one of the most important Government projects. 

Concerning bauxite, the deposits of the Elburz Mountains 

constitute a potential local raw material for the production 

of alumina. Bauxite reserves have been estimated at about 54 

million tons (in category R-3 of UN-classification, which 

indicates exploration opportunities), enough to feed an 

industrial-scale alumina plant for some 30 years. 

The bau~~i te ores are of diasporic-chamosi tic-kaolini tic type 

containing 44-50 % of Al203 and 10-18 % of Si02 . 

Preliminary te~hnological tents made on Elburz bauxite 

indicate the possibility of recovery of alumina from these 

bauxites. 

The pre-investment activities related to the possible 

erection of alumina production facilities are within the 

responsibility of the "Aluminium Raw Materials 

Programme/ AR?·IP", set up by the Ministry of r.Iines and Metals 

of Islamic Republic of Iran in 1981. ARiYP acts as the 

national counterpart in this project. 
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The first task was to establish the technical viability or 
industrial-scale production of alumina in the country, using 
the inJigenous bauxites. 

For this purpose a Contract No. 87/42 has been entered into 
between UNITED NATIONS INDUSTRIAL DEVELOPMEN ORGANIZATION 

(UNIDO), having its headquarters located at Wagramerstrasse 

5, A-1220 Vienna, Austria and Aluterv-FKI having its 

principle office located at Pozsonyi ut 56, H-1389 Budapest, 

Hungary. Within the framework of the UNIDO Contract, project 

No. DP/IRA/85/003 Aluterv-FKI carried out the chemico-
mineralogical and phase-analysis testing of bauxite samples 
followed by bench-scale technological testing of 
characteristic bauxite samples. 

Based on the results or these tests Aluterv-FKI has prepared 

the Opportunity Study. The aim or this Study is to make a 
comparative economic evaluation of the various alternative 
routes of technologies for processing of Iranian bauxites. 

The alternatives are 

A. Low quality bauxite, sintering process (LQBSP) 

B. Low quality bauxite, autoclave digestion (LQBAD) 

c. Low quality bauxite, tube dige3tion (LQBTD) 

D. Higher quality bauxite, autoclave digestion (HQBAD) 
E. Higher quality bauxite, tube digestion (HQBTD) 
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2. BAUXITE RESOURCES AND RA~ MATERIALS 

2.1. Bauxite resources 

Among the number of bauxite occurrences of the 

Islamic Republic of Iran the B horizon of the Jajarm area 

has been selected by ARMP as the mineral resource of an 

alumina plant to be established at the region. 

The present Opportunity Study is based on individual 

and composite (characteristic) samples. Material 

testings of wide range were carried out by the 

laboratory of the ALUTERV-FKI in order to learn the 
value of the mentioned bauxite deposit. The detailed 

data of 

the 120 

Report 

the chemical ani mineralogical composition of 

individual 

1. (edited 

establishments are 

documentations, the 
Voros (1986) and Gy. 

sacples can be found in our Interim 

in Dec. 1987). The following 

based on the ARMP's geological 

reports on field trips of dr. I. 

Vecsernyes (1987), and their reports. 

2.1.1. Location and depositional characters 

Geografically the deposit is located on the northern flank 

of the Tagai Range, in a distance of about 15 km NNE 

from Jajarm. 

At this area two bauxite horizons can be found, namely: 
horizon A between the Elika (Triassic) and Ruteh 

(Permian) Formations, 
horizon B between the Shemshak (Jurassic) and Elika 

Formations. 
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The horizon A actually does not show any 

industrial importance. 

The outcrops of the baux::..te deposit of horizon B can 

be traced 12 km long on the surface, their topographical 

height is between 1100-1700 m above sea level. As a rule 

the ore body dips 45 ° to the north. The real 

!hickness of the deposit is 3-5 m in general, however, 

the recent prospections have revealed lenses with a 

thickness of 13-23 m, too. 

The bedrock of the ore body is Triassic dolomite 

(Elika Formation), the covering strata consist of coal 

bearing marls and sand-stone (Shemshak Formation). On 

the carbonatic bedrock no significa..'lt karst phenomena can 

be found along the outcrops, however, their presence is 

supposed to be below the surface where bauxite of greater 

thickness was revealed by some bore holes which may be 

the manifestation of karstic sik-holes. 

Lateral extension of the deposit can be traced along 

the outcrops, along the strike. In the direction of its dip 

the extension is unknown as the prospections obviously 

restrict to the superficial and near surface area. 

The deposit is a highly complex one. In point 

of petrographical view made up by hard bauxite and soft 

clay layers. The bauxitic complex is divided one ore more 

clayey strata. The significant h3terogenity has been 

manifested in its chemical (a&;c~ mineralogical) 

composition. Petrographically tha·~ part of the formatio'l 

can be regarded as bauxite in which the total amount of 
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the Al, Fe and Ti-oxides and hydroxides is more than 50 
i with the dominance of Al minerals, while ~he other part 

consists of bauxitic clay, clayey ~uxite or clay. 

2.1.2. The mineralogy of the deposite 

The bauxite is 

which indicates 

a 

the 

typical diasporic-chamositic ere 

accumulation (or formation) of the 

bauxite :!.n a lagoonar facies in reducing environment. 

The mineralogical composition of the characteristic 

sam,les is as follows: 

Minerals,i/samples ICS-2 ICS-J 

diaspore 50.8-52.2 J6.2-J7 .2 

gibbsite 2 .1 

kaolinite 11.5-12.5 21.0-22.5 

chamosite 11.0-12.0 7.0-9.0 

hematite 10.6 14.4 

goethite 1 .1 2.2 

siderite 1.J 2.9 

anatase 4.7 4.1 

rutile 1.6 1.5 

Chamosite belongs to the group of clorites, more exactly the 

subgroup of semiclorites. The theoretical formula of 

the primary mineral is as follows: 

/Fe42+, Al2/Al2Si2010COH)a 
in which the Fe may be replaced by Mg and the Al by Fej+. 

Although chamosite 
·;:ay diffrC\ctograms, 

can be detected qualitatively on the X­
because or its high variety in 
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crystal lattice and che.nical composition the 

quantitative 

difficult. 

determination or this mineral is very 

The chamosite may occur in different oxidized 

(s£~ondary) forms with different chemical compositions -

in the Jajarm bauxite complex. 

The detailed textural description of 15 individual 

bauxite samples is given in the Interim Report 1. in Annex I. 

2.1.J. Reserves 

The Jajarm bauxite deposit is divided into three sectors 

such as the Golbini, the Zoo and Tagui. The deposit has 

been 

even 

prosrected at a very low level and in 1986 (and 

at pr~sent) it was not adequately pre~ared 

for taking representative samples as the quantity and 

quality of the bauxite was not known sufficiently. 

For that reason no representative but characteristic 

samples could be composed. 

Recently the deposit is being prospected by the ARI.IP with 

two drilling machines and the preparatory bauxite 

geological ~apping is actually in course, too. 

The reserves known at present are as follows: 

about 45 million tons in category R-3 

(potential reserves) 

4 million tons in category R-2 

(preliminary reserves) 
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These 

(the 

reserves mean geological ones. The part 

quality) of 

satisfies the demand 

the geological reserves, which 

of a viable (profitable) alumina 

plant can ~ determined on the bases of the 

technological tests and economical evaluations. 

Con~equently the term of the industrial grade ore can 

be given. In some cases certain political considerations 

may emerge, when some losses in the aluminium industry can 

be tolerated in a national economy. In this case the 

tolerable loss determines the quality of the "industrial 

grade" ore. 

Bauxite reserves in R-2 category (on the bases of 

preliminary prospections) estimated by the ARMP recently 

are as follows: 

Average modulus Ore reserves 

(Al203/Si02 ratio) million tons 

J.5 
5.0 

7.0 

15-18 

7-9 
3-7 

Because or the 45 ° or dip or the deposit about 1/3 or 
the reserves can be mined out by open pit method. About 25 

% of mining loss can be estimated at the underground 

mining. 

According to the latest data or prospection, very 

good bauxite was revealed by bore holes or BH-31 and BH-45 

where the alumina is more than 60 3 and silica less than 

5 3. These bore holes indicate bauxite or extremely good 
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quality which offers a better prospectivity than it was 
expected before. 

The above described facts emphasize the utmost importance 

or the accelerating or the geological prospections at the 
Jaje.rm area. First or all the drilling activity has to be 
mentioned, supported by geophysical surveying in order to 

gain more reliable data for the localization or the 

productive bore holes. 

It is highly recvmDendable to extend the exploration to 

other areas e.g. Shahmirzad, too, where the bauxite 

geological features are analogous to Jajarm. 

2.2.RAW MATERIALS 

Bauxite (Jajarm area bauxite) 

Low 
quality 

(ICS-J) 

High 

quality 

(ICS-2) 

Chemical compositions (in percents on dry basis), ~ 

Al2o3 44.2 52.4 

Si02 11. 7 7.6 
Fe2 o3 (total) 22.1 17 .5 
CaO 1. 6 1.5 
MgO O.J 0.4 

Na20 0.06 0 .12 

K20 0.40 0 .20 

$(total) 0.08 0.04 

Ti02 5.6 6.J 

C02 2.57 1. 60 
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P205 0 .16 0 .20 

V205 0 .11 0.12 

Cr203 0.03 0.006 

Loss on Ignition (L.O.I.) 12.4 12.5 

corg 0 .12 0 .14 

Al203/Si02 module 3.77 6.89 

Adhesive moisture (on wet basis) 5.0 5.0 

~ineralogical composition 

Al203 3 in gibbsite 1.4 

diaspo1·e 31.5-32.2 44.2-45.1 

kaolinite 8.2-8.8 4.2-4. 7 

chamosite 2. 0-2 .1 2. 7-3 .1 

hematite 0.2 0.2 

crandalli te 0.2 0.2 

total 44.2 52.4 

Si023 in kaolinitee 9.7-10.4 4. 9-5. 6 

chaIIlosite 1. 3-2. 0 2 .0-2. 7 

total 11. 7 7.6 

Fe203 3 in chamosite 3.7 5.0 

goethite 2.0 1 • 0 

hematite 14.4 10 .6 

siderite 2.0 0.9 

tot?.l 22.1 17.5 

Ti02 3 in anatase 4 .1 4.7 

rutile 1.5 1.6 

total 5.6 6.J 



Cao ~ in 

MgO ., in Je 

P205 ~ in 

calcite 

dolomite 
crandallite 

total 

dolomite 

chamosite 

total 

crandallite 
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1.5 

0 .1 

1.6 

0.3 
0.3 

0.2 

0.8 
0.2 
0.1 
1 .1 

0.1 
0.4 
0.5 

0.2 

The quality data are based on analyses made by ALUTERV­

FKI. It has to be emphasized that the sample referred as 
high quality bauxite in this Opportunity Study is 

actually a middle-quality bauxite if the Jajarm bauxite is 

compared to that of the world's bauxite reserves. 

The bauxite is expected to be mined partly by open cast, 

but mainly (2/3 of the total) by underground method. The 

bauxite is delivered into the plant site by dur.r -trucks. The 

maximum lump size of the bt.uxi te is 250 mm. 

Soda ash 

N~co3 99 % 
NaCl 0.6 % 

Fe 50 ppm 

Insoluble material 0.3 % 

so4 trace 
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Light grade bulk density = 0.5 gr/cm3 

1. Heavy grade bulk density = 0.97 gr/cm3 

grain size = 0.2-1 mm 

2. Heavy grade bulk density = 0.985 gr/cm3 

grain size: 0.3-2 mm 

Quality data were handed over by ARMP in Tehran 

on 29.08.1988. The soda ash will be transported by trucks 

from a distance or 1506 km. 

Limestone (in percents on dry basis) 

Cao 

L.O.I. 

Si02 
Al2o3 
MgO 
Fe2o3 
Adhesive moisture(on wet basis) 

Quality data were handed 

54.57 
42.77 

0.66 
0.27 
0 .16 

0.10 

5.0 

over by ARMP on March 

1988.Limestone will be transported by dump-trucks from an 
open cast 

lump-size of 

mine close t~ the plant site. The maximum 

the limestone is 250 mm. 
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FUBL (NIOC FUEL OIL 830) 

NATIONAL IRANIAN OIL COMPANY 
1100 SEG FUEL OIL 

Specific Gravity 60 °F/60°F 
Viscosity.Kinematic 122 °F' cs 
Viscosity.Redwood 1 100 °F' Secs 
Pour Point. °F Winter 

Summer 

Flash Point °F 
Sulphur. Total %wt 

SPECIFICATION 

To be reported 
136 Max. 
1100 Max. 
30 Max. 

50 Max. 

145 Min. 
3.0 Max. 

Carbon Residue (Conradson) % wt 13 Max. 
Ash 
Water, Sediment 
Calorific Value (Higher) 
Carbon (C) 
Hydrogen (H) 
Vanadium (V) 
Sodium (Na) 

%wt 0.05 Max. 
%vol 0.5 Max. 
Btu/lb 18,200 Min. 
%wt 85 
%wt 
P.P.M. 
P.P.M. 

11.5 
64 Approx 
20 Approx 

TEST METHOD 

D. 1298 
D. 445 

Calculated 
D. 97 
D. 97 

D. 93 
D. 1552 
D. 189 
D. 482 
D. 1796 

Calculated 

Quality data were handed over by ARMP in Tehran on 
29.08.1988. A net heating value of 39 GJ/ton (9315 kcal/kg) 
was estimated for the fuel oil because of the lack of the 
relevant value. 

Fuel transport is envisaged by railway tankers provided 
that a secondary railway track will be constructed. 
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NATU:rtAL GAS 

Constituents 

Methane 
Ethane 
Propane 
Isobutane 
Normal blitane 
Isopenthane 

2-11 

Hexane and heavier materials 

Carbon dioxide 
Nitrogen 

Others 

Total 

98.77 
0.52 
0.6 
0.2 

0.2 
0.2 
0.2 
0.6 
0 .1 

0.5 

--------
100 ~ 

Net heating value 

Gross heating value 
Hydrogen sulphur 
Mercaptane 

7347 kcal/m3 (30.76 GJ/m3) 

8147 kcal/m3 
4 ppm 

Water 
Molecular weight 
Specific gravity in proportion to air 0.64 

There is an existing gas pipeline about 50 km 
the envisaged plant site. An extension of the 
should be built in the future if natural ras 

used in the alumina plant. 

far from 
pipeline 
will be 
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).PROCESS TECHirOLOGY 

In the present phase of the bauxite investigation the 

available data about the quality-quantity relationship of 

the 4 million ton R-2 resources can not be extended to 
the potential resources. Only when geological explorations 

will have been finished the actual quantity of the resources 

and the quality aistribution of the bauxite will be 

clarified, on the basis of which the optimum plant 

capacity can be calculated in connection with the the most 

economical bauxite supply of the alumina plant. Conseqently 

at present, when the Opportunity Study is elaborated, the 

optimal capacJ;y of the alumina plant can not be predicted. 

3.1. Summary of the laboratory and bench-scale tests 

Interim Report 1 of December 1987 contains the rtsults 

of chemical and mineralogical 

individual bore hole samples, 

analysis of 

of their 

the 120 

laboratory 
stand~,_rd digestion tests carried out under 

circumstances, of 
test 
C s:=::r) 

equipment such 

ar.d Electron 

detailed analysis by up-to-date 

as Scanning Electron Microscopy 

Microprobe analysis (Er.IPA) of 15 
selected samples. 

On the basis of the results of Interim Report 1 

two characteristic samples of individual bore hole samples 

have been composed. 

The lower-grade 

of Al203, 11.7 3 
where both the 

sample ICS-3 represents such grade (44.2 % 
of Si02• Al203/Si02 ratio of J.77), 

&interinG and the Bayer-procc~c can 
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be considered. Only two of the world's alur:i.ina plants use 

pure sintering process, 

the other in Ziar, 

ba.~ xi tes ~re not processed 

one in Boxitogo~sk, USSR and 

Czechoslovakia. Such grade of 

in other countries. 

The highe~ gre!e sample ICS-2 represents the grade (52.4 % 
of Al203, ~.6 % of Si02 , Al203/Si02 ratio of 6.89) 
of bauxite similar to that of processed in many 

alumina 

Turkey, 

t:iose 

bauxites 

plants worldwide 

Tulcea Ru."!lania., 

alur.iina plants 

are processed. 

by Bayer-process ((Seydisehir 

St. Nicholas Greece), if only 

are considered, where diasporic 

If plants processing boehmitic 

bauxites are incluaed, further alumina plants, such as the 

ones i~ Hungary can be mentioned. 

Detailed chewical and 

the bench-scale tests of 

mineralogica.l composition and 

the two characteristic s~1n~l-~s 

can be fou..11d in Interim Report 2 of June 1983. 

Grinding bench-scale tests refer to 

Bayer processes. 

Regarding the sintering 

were carried oat: 

process the 

both sinter and 

following tests 

reological tests of the composite to be sintered 

dilato'.!letrical and ther1aogravimetrical tests during 

sintering 
porosity of ~he sinter 

leachin6 of the ~inter 
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For the bench-scale tests of the sintering process 

t~e Institute VAIH, USS!?., \-ras invited to car-.:-y out them only 

with lower-grade bauxite sa~ple. 

contains the general informations 

process, as well. 

Interim 

about the 

Report 2 

sintering 

The following tests were carried out on the Bayer-process: 

digestion tests in the function of the 

Cao dosage 

caustic Na20-concentration 6f digestion liquor 

digestion temperature 

~auxite dosage 

digestion time 

settlint; tests 

Na.OH a.::1d Al203 recov·ery tests. 

Main conclusions based on the bench-scale tests could 

be suoma.rized as follows: 

1. Both cI-1a.racteristic bauxite samples (ICS-2 and ICS-3) 

represent basically dia.spore hematite ores. High 

Ti02-content, various silicate minerals (kaolinite, 

chatosite) are characteristic for both samples. 

2. Both characteristic bauxite sa~ples are of sinilar 

behaviour as far as chrushability and grin<lability are 

concerned. On the basis of the Hardcrove number (Hi:58) 

neasured, the materials are ha.rd to srind, con~equcntly 

when indu:trially proccsse~, heavy wc~r of cru~~ins and 

gr:!. :-idin[;' equipment has to be re cl~oned with. 
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J. For processing baux:.. te sample ICS-J (l.!=J. 77) by the 

si~tering process the opti~um para~ete~s are as follows: 

I-!oisture ccntent of the mixture to be 

sintered: 

Tenperature of si~teri~g: 

Time require~ent of sintering: 

Leaching temperature: 

39-40 % 
1175-1200°c 

45 minu·.;es 

85-90°c 

U~cer optimu~ para~eters the attainable N~O-reccvery 

~o~e~ to S4-96 ~' that for the Al203 89-91 %. 

4. In the cours~ of tests carried out on the Bayer 

process as opticu!:! pZ'.::-ameters the following ones were found: 

Digestion te~perature 

Digestion liquor concent:ation 

CaO addition to bauxite for di0estion 

Molar ratio after digestion 

260°C and 2so0 c 
160 g/l Ua.20 

7 3 
1.50-1.55 

For the 1 O\·:-r~ ual i ty bauxite (ICS-3) a digestion yield 

of 69-70 r' and for the high quality bauxite ( ICS-2) that ,. 
of 82-53 r' were achieved. ,, 

5. Settling charactcriscics of red mud~ obtained from 

the Bayer digestion tests by the addition of flour and 

the synthetic settlins aid ALCLAR-600 has been 

inveGti~ated. Scr3rability of red mud proved to be nimil~r 

or ever better than th~t of red muds reGultinc in the 

Hun5n.rian al ~::nina. plants. 
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6. In favour of the efficiency of the Bayer liquor 

ci::-cuit it is expedient to t~:e a precipit.::.tion 

by high concentration into consideration. 

course of elaborating the opportunity 

concentration of 140-150 gpl !!a20c should be taken 

acco~nt for the aluoinate liquor. 

procedure 

In the 

study a 

into 

7. Tests were carried out on the red muds of the 

two characteristic bauxite samples for the recovery of 

botond N~O-losses. In the atmospheric causticization a 

soiiurn recovery of 50.7 ~was achieved on sample ICS-2 and 

45.8 3 on sample ICS-3. 

In the high-tenperature hydrothermal treatment 86.8 
5' of the Al2 03-content and 92 • 0 ~ of the bound U~ 0-

content could be recovered,respectively, from both kind of 

red nuds. 

J.2. Desc::-iption of the sintering process 

As the tests showed the low-grade quality Iranian 

b~uxites are suitable for alumina manufacturing by sintering 

p~ocess. The bench-scale test results can be found in the 

Attachmer.t A2. The detailed general description of the 

sintering process is included in Interim Report 2. 

The composition of the raw materials are shoYn in Chapter 

2 .2. 
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Tte process ca~ be followed on the Process flow-sheet 

for Sintering Process, see Fig. 3-1 in Chapter J.4. 

Bailxite a.~d limestone receiving 

envisaged to 

the mine into the 

n~~p-truc~s are 

and limestone from 

witn an adhesive moisture content 

transport the bauxite 

plant area. The bauxite 

of about 5 % 3lld maximam 

250 mm lump size is discharged from the dump-trucks 

into bins (hop~ers) where-from conveyor belts deliver 

it to the crushing. Jaw crusher and hammer mill both 

e~uipped wi t:h. vi b·ating screens crush the bau.."<i te ur.ti 1 its 

size is less than 20 mm. Conveyor belts deliver the 

c~ushed bauxite tc the co~ered bauxite storage facility. The 

sto~ase and handling of the limestone is solved in the sa~e 

ma~~er as the ones of the bauxite. 

Storage capacity has been calculated by 10-day-period 

for baux:te. The question of storage capacities has to be 

revised later in accordance with the final site 

selection anc transport possibilities. 

Soda ash receivin5 and soda storage 

T~e soda ash transported to the plant site by truc~s 

is disc!:a:-~e<l ,:;.n•l 1lelivered the storage silos with a 

cap<!ci ty of 2500 tons by a pneum;i"tic systen. 
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Het grinding, slurry adjustoent and slurry storage 

Moisture content of the composite should be of JS-40 111 
I• 

and the 0.088 mm sieve residue should not exceed 10 3. 
Sinter feed mixture is prepared in tube mills by 

co~~on wet grinding. Adj~sting of mixture composition takes 

place in the adjustment ta.n~s. 

Wet grinding of bauxite, limestone, soda and 

recovered products are carried out in multichamber tube 

mill, its size is " 2.6x1J m. Number of mills is 2, 

eq_uipnent are set up outdoors. Required site is JOx66 m. 

In order to keep compound for two days (48 hours) twelve 

tanks 1000 m3 each is built in. Required area for buildins 

is 54x54 rn. 

Sintering 

Sinter feed mixture is composited f rorn bauxite, 

limestone, digestion liquor, soda ash, and white mud from 

desilication aiced at following molar ratios: 

1.0 
CaO 

SiO 2 

= 2.0 

with the purpose to fo.i:n \':ater-::;olublc so<lium-aluminates 

and so~ium-ferrltes 

sinter. 

and insoluble dicalciun-silic~tcs in 

Ti:e fuel oi 1 due to its high S-contcnt - docs not meet 

the reqttirene!'lt:; of the sintering, therefore natural go.s has 

been t<i.brn into cone iderc".l.tion for sintcrin.i;. 
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Sintering is envisaged in rotary kilns fired by fuel 

oil (with an S-content of max. 1 3), or natural gas. Slurry 

fee~ is done through a slurry pul¥erizer into the kilns. 

S2.urry p!'es sure before nozzle should be 2. 3-2 .5 l·!Pa. 

Specific heat consumption of sintering is 1450 kcal/kg. 

Cooling of sinter is solved in grill-type cooler, the 

a~ou~t of cooling air is 25-30000 Nm3/h. Suction of air 

through the cooler is solved by exhaust fans behind the 

kilns (with 5-7 mm water-head suction at hot end of 

kiln). Electrofilters are used to clean the flue gases. 

Sintering of the composite is solved in rotary kilns of 

size J1 5x120 m, its capacity is 65 t/hour for sinter. 

Mixture co:::.posite is fed pulverized into the kiln through 

nozzle. Eqv.i:p:nent is set up in open air. Required area for 

3 kilns along with electric filters and scrubbe~s 

considering joint gas purification for gas exhauster is 

about 62x260 m. 

Crushing and le~ching of sinter 

The cooled sinter is delivered for two stage crushin5 

by conveyors for jm·r crusher and then for short-conic 

Simons crush~r with a diameter of 2200 mm. Sinter is 

screened b~r a double vibrating screen for two fractions. 

Upper product is trnnsf erred to the conic crusher from 

the first screen (+6 mm), then tram; f erred on the screen 

alone with fresh sinter. Upper product of second screen 

( -6+2 ffi."1) as coarse fraction of sinter is transf errcd to 

the leachinc unit. The coarse fraction amounta to about 
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80 of the sinter. Smaller fraction of second 

s :: re en ( -2 mm ) is transferred for the agitated tanks and 

settler-filter lir.e. 

Equipment to be prevented from rain and wind has to be set 

up and installed in building. Each transfer acti•)n of 

sin": er raust be provided with gas exhaustion. Bui laing 

size of crushing unit is JOx66 m its height is about 

40 m. The maximu."l angle of conveyors is 12 ~-

Leaching unit (belt percolator) means a conveyor­

like equip:nent that continuously transports the 

assembled containers on the conveyor filled with sinte= in 

one end and pours out the washed mild itself on the other 

end. Le· ~h~ng liquor (originally hot water) is 

passed t~~oug~ longitudinally but in countercurrent 

direction. 

aluminate 

end. 

liquor 

Its 

Leaching water dissolves sodium-al~"linate and 

liquor forms as approaching the sinter loading 

caustic molar ratio is adjusted by spent 

originating from precipitation. Leaching time in 

percolating equip:nent is 6 hours, temperature of hot 

water is 98°C,moisture content of mud leaving the lea.chine 

unit includin5 the water loss is 50 3. 

Belt percolator is used for leaching of coarse fraction, 

1 ts cape.Ci tr for sinter is 70 t/hour, number of 

built-in equipment is 2. 

Fine fraction of sinter is leached in agitated tankn than 

it is screened and washed in settler-filters, fitter-area of 

the latter is 41.5 rn2 . Settler-filter line con3ists 
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o: 6 Aluninate liquo:- and wash-water 

into tne co:-respon=in5 zone of the leaching 

U!"'.i t. Washed 

together with 

mud 

the 

is pw::pea to the ~ua disposal area 

mud from the leaching unit. Leaching 

tine in this agitated tanks is 35 rainutes. 

E~~ip~ent are set up in open 

about 54x72 m. 

a~:-, required area is 

C0~position of the allli~inate liquor is: Al203 =135 g/l, 

cau.:;tic Ea20/Al203 molar ratio is 1.55. Ratio of liquid to 

solid phase in settler-washer is 2.5:1 with respect to mud. 

The weignted average yield fro:n sin-:er, that is the sum 

of the leaching e.:::id a5itating system recovery is 

for Al203 and 91 % for Na20. The leached mud is 

85 % 

transf errecl to settler-\rnsher system whe:-e it is se!"'ara.ted 

frc:n solution and c.ud is washed off. 

The aluminate liquor obtained 

stage desilication system. 

Aluminate liquor desilication 

is pumped into a two-

In the first stage the silica transforms into almost 

ir.soluble sodium-alTu~o-hydrosilicate: 

Na2C.Al2o3 . (1. 7-1. 75)Si02 .nH20, which 3eparates 

fron solution as p:-ecipitatc. 

The autoclave desilication take~ place at a +empcrature 

of 150°c and the holdin~ tine is one hour. Desired 

te~pernture is a~tained by contact heating of 0.5 ilPa 

steam. The final silicon mo<lulu3 is 240-250 unit~. 
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autoclaves of 

ces~lication, their volu.~e is 

2 .5x14 m 

50 m3 each. 

are 

14 

used for 

autoclaves 

a=e set up. Autoclaves form two series. Equipment are set 

up in open air, site area is 24x60 m. 

In the second stage silica gets in a less soluble compound, 

na~ely in calcium-alumo-silicate (hydrogarnet 

JCaO.Al203.nSi02 .(6-2n)H2 0). Its solubility is less 

than tha~ of sodium-alumo-hydrosilicate. This compound is 

f::-::ied by the chemical rea~tion of lime and the 

c_:. :.:...".:.inate liq_uor, contaminated with silicon. 

Solution enters the deep desilication after 

control filtration. Filtration rate is 0.3 m3/m~h. Lime 

:~ed is calculated by taking the weight proportion of CaO 

to Si02 equal to 5:40. Retention time of desilication 

i~ mixing vessels is 2 hours. Temperature is 88-90°C. 

Cowposition of the secondary mud formed: 

Moisture content= 40 3, CaO= 44 3, Na20= 0.6 3, weight 

proportion of CaO to Al2o3 is 1.8:1. 

Secondary muC. is separated in settlers. Velocity of 

overflow is 0.8 m/h. Liquid to solid ratio in settler 

ur.derf low is 2 ·" .. Solution of overflO\·r after control 

filtration gets into the ~~rboni~ation step. Velocity of 

filtration is O.J m3/m2/h, moisture content of the mud 

is 40 %. 

Rcreneration of secondary mud 

mud is regcn~rated in 

t: .. e alnminiun-oxide content of the 

order to recover 
white mud before 
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sintering process. Tl'lis process is carried out br a two­

s"!:a.;e treatnent with soda solution. Soda decompose 

hydrogarnets according to the following reaction: 

JCaO.A12o3 .mSi02 (6-2m)H20+3Na2C03-(m+x)H20 

(r:;-x)/2 (Ha2 0. A12o3 .2Si02 .2H20 )+(2-m+x)Al02- + 
+ xSi02 (0H)2

2-+(6-m+x)Na++ (4-2x)OH-

The Al2o3 yield from white mud is 60 3 after first 

soda treatment and 85 3 after the second one. 

Units are close to each other from process engineers' 

point of wiew, therefore equipment are grouped in the 

following blocks: 

- white mud No.1. and white mud No.2 settling 

- white mud Ifo .1 . and white mud No .2 filtering 

- control filtration of solution 

- lime desilication (deep desilication) 

- regeneration of white mud of desilication No.2. 

All equipment 

is provided 

Approxir.iate 

18x60 m. 

but filters are placed in open air, roof 

over filters to prevent them from rain. 

required area is 6Jx96 m, closed area of it is 

Separation of aluninium hydroxide 

In order to separate aluminium hydroxide the vast majority 

of aluminate liquor is delivered for carbonisation, the re~t 

for precipitation, to obtain caustic soda which is 

inport~nt in the leachinc of the sinter. 
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The continuous carbonisation process is carried out 

in agitated carbonisation tanks, where flue gas is ente:-ed 

from downwards. Carbonisation takes place at 85°C when 

clea."l.ed flue gas developed during sintering is passed 

through the solution. Carbo:1isation lasts for 6 hours. 

Residual Al2o3 in solution is 5 g/dm co2 content 

in gas used for carbonisation is 10-12 
., 
/J • 

Agitated tanks 

10 equip:nent 

of ~ 6x9 m are used 

form a line. Equipment are 

air, required area is 10x62 m. 

as 

set 

carbonizers, 

up in open 

Solution for precipitation is cooled to 62-65°C 

in vacuum-flash tanks. Precipitation process takes pl~ce 

in air-agitated precipitators. Seed ratio is 2.5. Process 

lasts for 45 hours. Final molar ratio of aluminate liquor 

solution is J.5. 

A line of vacuum-coolers is 

alurninate liquor, with a capacity 

designed 

of 

for cooli!'lg 

150 m3/hour. 

Precipitation is carried out in a line of 10 agitated 

tanks, 1000 m3 each. Site area is 24x60 m. 

Alumina hydrate processinc 

T!:e aluminium-h:tdroxide is filtered in dj.sc ."il ters, 

washed twice in a:;i tatinc tanks and vacuur.l drur.1 f :i.l tcrs. 

Disc vacuum filter is used for filtration of seed 
') 

hydrate, its surf ace area is 100 m·-, 3 of them arc use~ 

for the carb0ni~ed and the precipitated slur~y. 
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Washing of hydrate is done in vacuum drum filters with 

a sl!rface area of 20 m2 . rYumber of built-in filters is 

6. Equipment are set up in building closed by one 

hydrate storage. Area of building is 48x78 m, area of 

h~'arate storage from it is 48x24 m. 

Calcination of altL~ina takes place in fluid-bed 

kilns, afterwards product alumina is taken for storage 

and for shipping to purchasers. Storage capacity have been 

calculated for 20 days. 

Evaporation 

The soda spent liquor solution is evaporated in a five­

effect evaporator in order to eliminate excess water in the 

process. Five-effect evaporation station is des_ :ned for 

carbonised liquor evaporation with a heating surface of 

1000 m2 each body. T\·TO evaporators are provided. Equipment 

e~e located in open air, area is 24x78 m. 

Evaporated sona-solution is taken to the composite to 

be sintered, thus closing the process cycle. 

Lime burning and ~laking 

Shaft furnace is used for lime burning, its capa~ity is 70 
t per da~r for burnt line. Individual desicn is necessary 

for gas pu:::.f ication of shaft furnaces. 

Slakinc of calcined lime is envisaged in drum-type device 

of si::e i 1.8x10 m nnd is furnished by spiral clacsifier 

in order to remove uncalcined parts. 
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J.3 Description of the Bayer process variants by units 

The general description of t~e Bayer process can be found 

ir. the Attachment 1. The process variants can be followed on 

the Process flovr-sheets for Bayer Process Autoclave 

Digestion, Fig. 3-2 and Process flow-sheets for Bayer 

process Tube Digestion ?ig. 3-3 in Chapter 3.4 
respectively. The differences between the Autoclave 

Digestion and Tube Digestion variant of the Bayer 

process have been mentioned in the present description. 

As a result of the cost-benefit analysis, instead of 

the liquid NaOH, as it is used in the international 

practice, 

Fro:n gas 

economical. 

a causticized soda make-up has been selected. 

and fuel oil the fuel oil proved to be more 

Bauxite receiving, crushing and storage 

Dump-trucks are 

the mine into the plant 

to transport the bauxite from 

area. The bauxite with an 

adhesive moisture content of about 5 3 and maximum 250 mm 

lump 

bins 

size is discharged 

(hoppers) where-from 

from the dump-trucks into 

conveyor belt3 deliver it to 

the crushing. Jai·r-crusher and hanmer mill both equip;.;;d 

with vibratins screens crush the bauxite until its size is 

less than 20 m.11. Conveyor be 1 tn deliver the crushed bauxite 

to the cove~cd ba~xite storaGe facility. 

The jaw-cru::;hcr ar!d the hammer mill are located indoors. 

The si~e of the bauxite receiving and cruching buildinc is 

20 x 36 m. The covered bauxite 3toragc is 42 x 100 m. ~he 
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bauxite storage makes it possible to store a quantity of 

bauxite corr-=sponding to maximum 10 days bauxite to 

the process in the case of some bauxite 

transportation difficulty. The chosen bauxite storage 

de~ign 

various 

times. 

allows to homogenize the bauxite delivered fro~ 

parts of the mine or transported at different 

Wet grinding 

The bauxite is recovered from the storage area by front 

end loaders and belt conveyor. The belt conveyor feed the 

bauxite into the transfer bins of the rubber belt 

co~veyors 

bauxite 

with weighing belts which transfer the 

into th~ wet grinding ball mills. The size of 

the ball mill is i 3.3 x 14 m. Out of the 3 mills two are 

operating and 1 is spare. The equipment are located 

outdoo~s. The required site is 46 x 75 m. 

llulti-chamber wet grinding mills (with different ball 

sizes in each chamber) have bee~ envisaged. In order to 

ensure an effective operation of the mills, closed-cycle 

mills using vibrating screens are designed. 

The flow-rate of the bauxite fed into the mills 

is continuously measured and the grinding liquor is added 

in proportional quantity so that the solids content of 

the slu:-ry leaving the t;r]nding section should be about 500 

g/l. In the case of tu be dir;e!.ition spent liquor, while in 

case of autoclave d1gestion di~estion liquor i::> uced as 

grinding liquor'. 
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Uini=un 95 ~ of the bauxite should be ground to sizes less 
th.an 90 micro!'l. Temperat~re of the slurry after grir.C.ing is 

about 75 °c. 

Lioe handling 

At different 

predesilication, 

causticization 

- .... pol.ni.s of the process, namely 

red mud causticization, sodiu.~ carbonate 

CaO is dosaged into the system in the form 

of slaked lime. The lime de~and is covered by 

l!::iestone burning follm·red by slaking the burnt line. 

The limestone transportation~ receiving, crushing and 

storage is quite si~ilar to those of bauxite. 

T~e size of the limestone receiving and crushing is ~8 x 18 

m and the cove rec! limestone sto ra.;e area is 30 x 100 .... 

F:·o:n 

fed 

the 

into 

storage 

fuel oil 

area crushed limesto~e is reclaiced 

fired shaft kilns. Burnt li::ie is 

transported into a 3ilo by elevators. From the silos 

vibrating feeders transport the burnt lime to weishi~g 

beits and finally it gets into th~ lime slaking facility. 

Lir.1e sla!:ing is done wi tn water with a tcl!lperat'..!re of 

about SO 0 c. Lime milk containing 200 g/l active Ca0 is 

pumped. into a stor~5c tank. The required flow-rate of the 

lime 

u:1i ts. 

r.lilk i~; delivered b~r ::o:i.mp.:; into the individun.l pl~::t 

The unslaked residue of the licc~tone is puuped with the 

red mud to the red mud dinpos2l area. 
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P:'e~esilication, digestion and dilution 

Digestion represents one of the two main chemical 

reactions in the Bayer process, i.e. the dissolution 

oi aluoina hydrates (in the Iranian bauxites first of all 

diaspore) as sodilli~ aluminate. Digestion of boehmite and 

diaspore requires a reaction temperature above 220 °c, 
f av0urably above 250 °c CaO dosage promotes the digestion 

of diaspore. 

In case of the tube digestion a reaction temperature of 

28C 0 c has been taken into consideration. This is the 

highest digestion temperature realized up to now in a 

CJ~~ercial size al~~ina plant. Some 15-20 minutes retention 

tir:.e is envisaged for completion of the digestion. In 

case of autoclave digestion 1 hour retention time and 
260 OC di~estion tenperature have been selected, the 

latter as the hishest one realized up to now in similar 

A multi-stage counter-current heat recovery system 

utilises the he&t content of the digested slurry and only 

the final 45-50 °c ter.perature ranse has to be heated by 

molten salt in case of t";.tbc digestion and by high pressure 

ste~m from the po~cr plant in case of autoclave di~estion. 

Twc molten salt heatinc units with a capacity of 65 GJ/each 

a:-e con:::idcred fo ::.' the bro tu be dices ti on lines. Two uni ts 

arc loc.'.\te~ ne<.~i· the tube digestion line:; in the area 

pro~idcd fo~ the tube digestion. 
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A 7 f. CaO dosage relative to tr.e dry bauxite is added 

i~to the predesilication stage to form a hydrogarnet 

catalyst that pro~otes the digestion of diaspore. 

Two digestion lines have been envisaged for both the 

tube digestion and the autoclave digestion. 

I~ case of low-quality bauxite, 

of the digestion liqour is 170 

high quality bauxite 160 g/l. 

the caustic concentration 

g/l, while in case of 

Pre~~silication is located outdoors, site requirenent: 

28 x 50 m. Digestion is located outdors~ site requirement of 

the autoclave digestion is 28 x 202 m and of tube digestion 

is 70 x 120 m. 

High-pressure diap!"iragr.1 punps feed the digestion facilities 

~ith predesilicateci slurry and digestion liquor. 

In cc..se cf autoclave digestion two diaphragm pumps 

are operating with adjusted slurry and one is spc.:!.'e. In 

case of tu be digeztion two pumpc are ope:·ating with 

p:!.'edes ilicateci s lurr~· and h:o with disestion liquor. One 

pumr is kept as spare for slurry and o~ for liquor 

services. The pu~ps are installed indoors, the 

a:-ea is 15 x 50 n for autocl~vc dir,estion and 

for tube digestio~. 

req_uired 

15 x 80 rn 

The slurry lcavi~5 the reaction zone of the di;estcr 

systen flo~s through a series of flach tanks where its 

p:-essure graduall~· decre~:::es ancl the tcr.lpcratur~ falls to 

aoout 115 °c. Vapours re lea.;;ed from th.:: flash ctar;es are 

utili:ed 

mentioned. 

for prehcatinr; the slurry, as previously 
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T~e slis~tly alcaline condensate originating from 

flash vapours is utilized as red mud wash water. 

T~e slurry effluent leaving the flashing series is diluted 
by the overflo~ of the first red mud washing stage to 

the designed 140 gpl caustic N~O concentration. The 

designed coiar ratio of the liquid phase is 1.6. The diluted 

slurry is punped to the red mud settlers by centifugal 

pw:ips at a temperature of 100-102 °c. 

F.ed mud settling, washing and caus~icization 

The red mud is separated from the diluted slurry in ~ JO 
m dia single tray settlers. In order to form well-

sediwenting floes a starch solution and a synthetic 

flccculant solution are dosaged tc the diluted slurry as 

settling aids. 

the settlers 

The hot aluminate liquor that overfloi1S 

contain some 15-25 mg/l floating fine red 

mud particles. It is pumped into the control filtration unit 

throuGh an intermediate storage tank. 

T::1e slurry of about 400 g/l solids content is discharsed 

as underflow from the settlers in case of processing 

high quality bauxite. The useful components of the liquid 

phase i.e. the caustic and dissolved alumina contents are 

recov~red in a counter-current washing system. The red mud 

washers are of the sarne size and construction as the 

settlers. The solids content of the underflow slurry is 

450 g/l in ca~e of processing high quality bauxite. When 

proces~int; low-quality bauxite, the solids content are JOO 
g/l in the settlers and 350 g/l in the wn.sher:::: 

re~pcctivel~·. 
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In order to ~ini~ize the mc..ke-up ca~~tic consumption abo~t 

45 f. of t~e Na2 0 bound in the red raud. is recovered by 

s:aked li~e dosage. This caustic recovery process is called 

as mud causticization. It is carried out at a temperature 

o: 95-100 °c in a series of agitated tanks. 4 hours 

reaction time is ensured for this reaction. 

A:ter the causticization the mud is filtered and washed 

on va::mura dru.11 filters. 

Red mud settling and washing is located outdoors, 

the required site is 120 x 176 rn. Along one side of the 

area the building of the mud causticization and red mud 

filtration (the required area for processing low quality 

b:?.uxi te is 27 x 70 m, while for high quality bau:::i te is 27 :-: 

42 m) is lo~ated and near this unit the buildin5 of t~e 

flocculant additive preparation (area: 18 x 18 m) and of 

the co~trol filt~ation (area: 18 x 60 m) can be found. 

In o~der to protect 

ti~e of the filter 

the filters and increa3e the service 

cloth the coarse p!:!.rticles a::-e 

separated by vibratin& screens. The oversize fraction 

in rake-classifiers and added to the filtered is \·m.she~ 

m~:.. 

Tte fil te~ed rec mud is delivered by diaphra£;m piston 
pu~ps to the discsnl area, where it consolidates. Bci~g 

~ell isol~tcd from the soil its sodium content 

doc::: not cont~~in~tc the environnent and the mud c~n te 

piled up to a heis~t of about JO m. 
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Fe:- the processing of lm·r-quali ty bauxite an extra. 

filter stage is envisaged between the last washer 

ar::i the causticization stase, otherwise the dissolved 

al~~ina losses (as tricalcium-aluminate) would be extremely 

hi,;h. 

Control filtration, heat interchange 

In order to keep the contamination of the alumina with 

iron and silica at the I!linimum, the hot aluminate 

liquor is filtered on pressure filters 

from the 

using 

soda 

fine 

ash c~lci~~ carbonate precipitate 

causticization as filter aid. 

The filtered al U!:iir:at~ liquor practically free from 

suspended n:ud particles is pumped fro:::i the storc..~e tank to 

parallelly operated plate heat exchanger units. Cold spent 

liquor is r~d in counter-current to the aluminate liquor. As 

a result of the heat exchange the temperature of the 

cooled aluminate liquor is 63 °c and that of the hot spent 

liquor is about 84 °c. 

The cold al tu:iinate liquor is transferred to the 

precipitation whereas the hot spent liquor is pumped to 

various points of the process, includin& the evaporation. 

Precipitation, hyd~ate clas~ification and filtration 

The cold alu~inate liq our supcrs<'.turated w:i. th res pc ct 

to dissolved alumina is seeded by previously 

crystallized al ur:1ina hydrate. The seeding incrcD.:::e::: 

the r~te of cr~1:::tc.lli::::ation of the dissolvc(1 alumina as 
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a::!.unina hydrate and is favourable with respect of the grain 

si~e distribution of the hydrate leaving the precipitation 

stage. 

Wt.en processing diasporic type bauxites it can not be 

reacheC. such Al2o3 supersaturation in the alurninate 

liquor as of gi bbsi tic bauxites and at 

certain 

in case 

digestion 

Therefore 

parameters in case of boehmitic 

bauxites. 

agglo::ieration 

in 

technology, 

the precipitation the so-called 

which is a precondition of 

producing very coarse and strong typical sandy alumina, can 

not be applied. The 

technolot;y results in 

finer grain size. 

chosen crystal growth precipitation 

an alumina hydrate of slightly 

15 operating 2000 ia3 volur:;e air-agitated tan!:s are 

designed for the precipitation process. An intersta.:;e 

cooling step bet'.·rcen the 2nd ancl Jrd precipitation stages 

increases the precipitation efficiency ancl is useful for 

t~c control of the grain size distribution of the hydrate. 

A classification 

coarser fraction 

stage is envicaged to 

of the hydrate as product 

separate 

hyd2~atc. 

the 

The 

remaining finer fraction is used as seed in the next 

precipitation cycle after filterin5 it on disc filters. 

The coarser fraction is injected with hydrate wash water 

ar.d is pum~cd to the p~n filters close to the calcincrc. 

eq ui p:-.:cnt of the 
cla~sific.:1.tion ar0 locatcJ 

hydrnto f iltrntion and hc~t 

requi~ed site for 

prccipit.:ition 

ou bloors while 

interchange 

precipit<i.tion 

and hydr.:!.tC 

thc.t of the 

indoors. The 

and hydr:".tc 
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classification 

filt:::-aticn and 

T!:e vacu:..:.n and 

is 36 x 138 m 

heat interchange 

compresso:::- station 

and for the hydrate 

buildins is 42 x 78 m. 
(14 x 78 m) is attached 

to this building. 

1'.:Ya:po:-ation, salt reno val, test tan1{ liquor preparation 

Tte water-balance of tl:e plant is maintained by five­

effect counter-current evaporator units. Only a part of 

the spent liquor preheated in the heat interchange is 

directed into the feed tank of the evaporators, from where 

it is pumped through the evaporator bodies. The strong 

liquor containing about 250 gpl caustic N~O is 

supersaturated with respect to sodiur.i carbonate in a 

c:::-ystallizer evaporator (suuerconcentrator). 

Tr.e two five-effect counter-current evapor~tors 

located outdoor in an area of 26 x 84 mm. 

are 

The 

superconcentrato:::- is placed close to the evapora·~ors in the 

same plant unit area. 

Tr .. e tan~:s belon_sing to salt removal and soda ash 

ha!'ldling included the silos and causticization units as 

well arc placed in a common area of 40 x 50 m. 

The filters of the soda ash handling antl that of the 

salt re~oval are installed in a building (required area: 

18 x 1.;.0 m) located clo!Je to the outdoor equi:p:nent. The te:::;t 

tanks arc placed in the slurry storase and prcdcsilication 

U ,..,.; .I. 

··-" 1·1hic'.1 is near to t;he salt separation unit. 



3-25 

Tte slightly alcaline condensate from the evaporation 

is -:.itilized partly as hyd::::-ate and partlj.• as red mud wash 

wat!.!r. The pure condensate originating from the bac~:-

p::-essu!'e 

plant. 

stear.i used in the evaporator returns to the power 

A~~er co~pletion the crystallization the salt mainly sodilli~ 

carbonate sait is removed from the strong liquor in filters. 

The filtered salt is repulped by hot wash water and pumped 

into the causticization to recover its caustic soda 

content. The strong liquor is pumped to the test tanks. 

~he strong liquor free from crystalline sodium carbonate 

salt is mixed in the test tanks with the make ap caustic 

solution and with a part of the spent liquor. The test tank 

liquor is pumped to the digestion and in case of autoclave 

digestion to the bauxite grinding as well. 

Calcination 

The product hydrate slurry is pumped to pan filters close 

to "~he calciners. The hydrate is washed by hot wanh water 

in 2 

filtered 

f ecains 

Rotary 

counter-current stages on the pan filters. The 

and t·rashed product hydrate is transported to the 

hoppe:::- of the calc.:inin;; kilns by conveyor belts. 

kiln construction for cnlcination has been 

selected that enables milder cnlcination circumst~nces than 

the latest fluid bed and. gas suspension calciner 

dcve lor'."."•cnts. 

Two rot<'.ry l:ilno of ca.:r<~citicn 350 "ton:.:; per day calcined 

al u;:iina P.<'1.Ch hr.we been des ir;ncn. The hyrl rate pa::; sc.:s fro::i 

the fecdinG hopper:: o:f' the kiln::; over a wci,·hinG bcl t 
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a::d a mixin~ scre~·r - where precipitated alumina dust is 

m:'..xed with the hydrate into the cyclone system and 

s1: bsequently into the calciner. The calcination 

te:::;.peratu:::-e in the kiln is about 1050 oc. The hot 

a:. ur::ina leaving the calcining zone is cooled at first by 

cc::ibustion air and finally by water in a coun"tercurrent 

heat recovery system. The cooled alumina is transported 

tc silos by elevators. 20 days production can be stored in 

t~e product alumina silos. 

T:,.::> 
-·~ two rotary kilns are located outdoors. The 

required site is 54 x 125 m. 

Soda ash handling and causticization 

Ti~e soda ash transported to the plant site by trucks 

is discharged and delivered the storase silos by a 

p~eunatic system. 15 tays soda a8h consumption of the 

plant can be stored in the silos. From the silos the soda 

a2h is delivered tc the causticization unit by another 

pneumatic system. 

The hot water used for slurrying the soda ash, the line 

milk and the steam are docased so that the caustic 

N~2 o concentration of the slurry should be 90-100 g/1. 

9-J 0 c t t and 3 h empera ure ours retention time are 

designed for completion of the causticization reaction. 

A continuously operating presnure bolt filter is envicaged 

for sepat'atint; the Caco3 rrecipitate from the make-up 

solution. 

T::e ma::e-up cz:..1wtic is pur:il)8d to the test tanks. 

precipitate is partly used as a filter aid 

The CaCOJ 
in the 

control filtration, ~nd the excess is added to the red 

m.~d to be dir,posed of. 
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Tne soda ash handlins and causticization is placed at 

a co~~on area with the salt separation and causticization 

close to the evaporation. 

Description of caustic soda regeneration processes 

'!'he caustic soC.a losses are proportional with the silica 

content of the bauxite in the Bayer process. The CaO+i·!gO 

content of the bauxite also influences the caustic soda 

losses. The so called caustic soda regeneration proce~ses 

:·~ve a great importance in processing low grade, high silica 

bauxite to reduce the fresh caustic soda consumption. We 

have to consider such type of bauxite in the Jajarm region, 

consequently the caustic soda regeneration processes are 

characteristic for the selected variant of the Bayer 

tecr.nology. In this study theree different causticization 

p:-ccesses have been studied and considered in the Bayer 

tec!1!1o1ogy. 

a) Soda (Na2 co3) causticization 

For the conpensation of the caustic soda (Na2c) losses at 

tl:e Bayer process in general lj.quoid or solid NaOH is used 

in the industrial practice. There are, however, special 

conditions, where the use of soda ash (Na2co3) Gho~ld be 

p~~ferred to sub~titute the cauatic soda losrcs. In this 

case the soda ash should be converted into NaOH in a 

s~ecial causticization unit before makint;-up caw::; tic. 

Under the conditionz existing in the Islamic R~ppublic of 

Iran the cc"..·1.rnticization of the soda aah i~; mu~h more 

profit~blc than purchnsin~ NaOH. The related calculation is 

sho1-:n at the end of this ch.:i.:pter. 
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ash by means of pneumatic system will be 

from the silo into the tanks of causticization. 

~his c~ustici~ation system is consisting of stirred tanks in 

series. The soda ash, lime rr.ilk and water in proper ratios 

~·:ill be added into the fi!"st tank. The amount of the water 

is determined by the fir.al concentration of the N~O 

caustic afte~ the causticization which should reach a 

concentration of 90-100 gpl. To achieve a high yield of 

causticization a temperature of min. 95 °c and a retention 

tioe of 4 hours is necessary. The lime requirement should be 

considered accordir.g to the following ratio: 1.1 mole active 

Ca0/1.0 mole Na2co3 (10 3 excess to stochiometry). 

At the end of the causticization the liquid phase 

containir.e; NaOI-: should be separated from the solid phase 

containing Caco3 by means of continuous filter. The solid 

p~ase should be washed out ~n the filter until it becoces 

caustic-free. The filter cake Caco3 can be used partially 

~s filtering aid at the contr::il filtration of the alumina.te 

liquor, the excess ca!l be burnt together wlth the limestone 

:.nto lir.ie 0:1.· eventually can be stored in the red mud. 

disposal area. 

b) Soaa salt causticization 

':'he Caco3 (calcite) and Cai-lg( co3 )2 (dolo:ni "te) content 

of the bauxite will be dissolved in the caustic liquor at 

the digestion temperature and will be converted into 

:ra~co3 . In consequence, the sod.:i (r.rn2cc2 ) will be 

~n~iched in the RRyer cycle. The ha~mful effect of this 

sotla, above a given level, becornen more and more sicnificant 

reduction of the precipitation yield, soda salt formation 
~nd ncalinr; in the cvapo!·ation stntion nnd i.1 the flanh 
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ta~ks, etc., therefore it should be remove~ fro~ the cycle. 

~t a given (hig~er) caustic soda concentration the soda sal~ 

(Na2co3 ) and frc::i other sodium-containing salts ca.1"1 be 

crystallized and removed, from the evaporated liquor by 

filtration (or centrifuging). To reduce the caustic soda 

losses the r:~ co3 conte~t of the "soda salt" can be (a'l"ld 

should be) converted into HaOH by means of causticization in 

a si~ilar way as was mentioned before the soda ash 

causticization. 

c) Red oud causticization 

During the bauxite digestion the silica content of the 

bauxite will be transformed into sodium-~luninitL~-

hy~rosilicates in which each kg Si02 bounds about 0.7 kg 

!f a.2 0. These so di u."':1-al uminiu"1-hydrosili cates are the nain 

phases of t~e red ~ud and without further treatment would be 

perfectly lost in the red mud disposal area. Abeu~ 50 3 of 

the Na20 losses bound to Si~2 can be recovered by me~ns 

of the caustici=ation of the rPl mud. 

The last washer's underflow (red mud slurry) will be 

causticized. For 

unc1erflow red 

processing 

mud slurry 

the lower grade bauxite this 

should be filtered before 

causticization to avoid the extremely high dissolved losses 

cf alu~ina. The causticization system (acitated tanks 

in series), the temperature (95 °c) and retention time (4 

hours) are sinilar to the cal<:ticization of the IJa2co 3 , 

the only significant di ff ercnr. e is the li1:1e :-eq uirement 

w~ich is Lluch hiGher here: 3 mole active c~0/1 mole Na2o 
(bound in the red mud). 
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~ll the three causticization units are plotted in the 

~=ocess flm·:-sheets in Fie;. 3-2 a?ld 3.3. 

Fo= better overview of the significant effects of caustic 

soda ree;eneration processes the caustic soda balance (in kg 

per t of alu.~ina) ca.n be seen below. 

Caustic soda balance (Ha"CO., 99 31 kg/t alumina (200 
' -kt/vear alu.~ina) 

Out: Losses: 

30'.l!ld to Si02 in red r.md 

Bound to salt at digcs"tion 

With alumina. 

Physical losses 

FiJtered red r:iud liquor 

Total 

Recovery (~egeneration) 

At salt causticization 

ph~sc 

At red mud causticization 

'!'o-'.;al 

In: Na2COJ co~suLlption 

(S:.tbsti tut ion b~· r.12-ke-up 

cauztic) 

Autoclave Tube dig. 

HQB LQE HQB LQB 

161 .2 327.7 154.6 358.8 

68.9 91 .0 68.9 91 .0 

6.9 6.9 6.9 6.9 

5.2 5.0 4.3 5.2 

27 .5 71.9 27.0 67.7 

269.7 547.5 261 . 7 529.6 

-65.1 -89.8 -68 .1 -89.8 

-72.6 -167.7 -69.6 -~61.8 

-------------------------------
-140.7 -257 .5 -137.7 -251 . 6 

12 9. 0 290.0 124.0 278.0 

- ----- ----- --------
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~ - · - ... i - I:' • - d c··· "µ) · ·- d · b ~ ~u:s-::i .. u-.;.::.on o.:. causi;:.c so a .1av .. ·-:ii;n so 2um ca!' on~ ... e 

~n~n the St~dy was prepared, the econo~ic consequences of 

substituting caustic soda (NaOH) \·ti th sodium carbonate 

as a sou~ce of caustic was thoroughly 

investi&ated. 

TL - .. can be stated (investigating the possibilities of the 

supply) that during the last yea!"s and accordin& to the 

forcas"ting in the next future as well, the market of the 

UaOH 

'i'he 

:-:!'-.ich 

~as uncer~ain enough with highly fluctuating prices. 

reason is included in that fact that the production of 

is in a close connection with the demand for chlorine, 

is decreasing in the la~t time due to the 

envirc~c~tal requirements. In contrary, the price of Goci~~ 

ca::::-bor.ate was relatively stable without similc.r 

un:::ertainities. 

Ti':e fluctuation of the prices of alumina, HaOH ar.d 

Ma.:>CO., beh:een 1982 and 1928 is sur.unarized in the Table - .) 

belo\·t. 

Y cci.r Price in USD/t 
Alunina NaOH Na2C03 

1932. 206 325 125 
1983. 212.5 262 111 
1984. 204 186 99 
1985. 180 158 12G 
1935. 158 169 142 

1937. 156 180 130 
1980. 280 360 150 
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?urtternore, it sto~ld be considerec, that one of the most 

!::::porta~t preconditions of the caustic soda (HaOH) 

~roduction is the industrial pr~cessing of the chlo~ine gas 

:or~ed. Similar pro~lecs do not arise in the case of 
. . c (\ .:i .... th f .I!' d .... . .... . ··~ .., 3 pro1...uc .. ion, .ere ore, I Or ornes ... ic caus i.1C 

suppl:: in the Islanic Rep-:..blic of Iran the erection of a 

::a2co3 plant can be recora::::enci.eci. 

~he econo~ic aspect of the question was investigated for the 

processins of high quality bauxite by tuoe digestion which 

process requires the less caustic. For other variants the 

econo~y of sodi~~ carbonate causticization would be rather 

better. The res~lts of the calculations ca~ be seen in the 

r.ext Table. 



I-!arket price Rls/t 

Costs, Rls/t a.l UI!lina 

Excess limestone 

Excess fuel oil 

S3.··.ring in electrical power 

To~al costs Rls/t 

Saving using Ua2C03, Rls/t 

rotal yearly saving, 

3-J3 

Substitution of the caustic soca 

losses by 

NaOH 

28510 

92.84 kg 2647 

2647 

Na2COJ 

(with caustici­

zation) 

11880 

124.2 kg 1475 

129.0 kg 120 

27.0 kg 35 
-36 kWh -94 

1536 

-111~ 

(200 kt aluminah,re<J.r) 10
6 

Rls/year -222 .2 

1 OLt Invest=ant costs, 106 Rls 

Excess investment cents for Na2COJ caust. 

106 Rls (104-67) +37 

It can be seen that the rate of return of the excesz 

investment costn of the sodiu~ carbonate treatcent 

(c~unticisation pl~nt) is about 2 months only. 

Co~~equently, the use of Na2co3 should be preferred. 
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3 .4. P:::-ocess flo.,.:-sheets 

~he process flo~-sheets of the Sintering Process, t~e 

'5ayer Process Au-;;oclave Digestion and the Bayer 

?rocess Tube Digestion are shown on Figure 3-1, Fig. 3-2 
and Fig. 3-3 respectively. All the three process flo~·:­

sheets refe2· to the low-quality bauxite processing. In case 

of the hit;her quality bauxite because of the lower qua."1ti ty 

of the red mud the:::-e is no red mud filtering envisaged 

~etween the last washer and the red mud causticization. 

J.5. Preparation of the conceptional plant lay-out, main 

equip~ent list ani price list of the main equip:!tent 

The concep~ional 

shown in dr~~in5 

plant 

No. 
lay-out 

CPL-1, in 

for sintering process is 

case o! Bayer process 

variants in dra.1.-ing::: CPL-2, CPL-3, C?L-4, CPL-5. 

For the of plant units the follo~ing 

W8re conside:::-ed: 

- the technologice:.l connc~tion of the plant units 

- the material tra~sporta~ion among the units 

- the possiole sep~ration of wel:are and management 

buildings 

- the transportc:.tion of ra•·r arid auxiliar~r materials, as 

wel 1 as of al 11:-::ina 

- water supply sy~tem 

- electrical con!".~ction to tise national grid. 

- the way of pcrconn~l tr~ffic. 
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elaborated 

infrastructural 

ta.king into 

conr:.ections. 

Space for future exp:!."lSion was not considered inside the 

bol.:.ndary. 

?~e ma.in equipment list for sintering as well as for 

the Ba~·er process variants is given in Attachment 4. In 

t~e equi:p:nent list 

outline of their 

the main 

technical 

equip~ent are listed with 

specifications (capacity, 

total weight, characteristic dimensions). 

I-i:ost of the ma.in equip::ient are considered a.;3 imported. 

items. Atmospheric tanks, pumps for water services and 

other itens are considered as domestic items. 

~h~se items are marked with asterisk in the main equip~ent 

:.ist. 

Some other parts oi the incvestment costs are also envisased 

as do~cstic supply. These are discussed and detailed in 

~hapter 14. 

A price list for the main equipment are given in 

the Attachment 5. 

J.6. Alunina quality 

Concernint; the desir~ble propertic::; of aluminn. for 

H<!ll-Herc'-!lt cells the opinion of Prof. G. Winkhn.u:: can be 

con~idereJ (Aluminiu~, Vol. 64. 1988. No.6. pp.593-602.), az 

follows: 
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Since the ind~strial prod~ction of aluminilL~ bega~, the 

~uestio~ as to what constitutes the optimum alu~ina quality 

:~r smelting has been topic of continuous discussion. 

Until the end of the sixties, the opinions expressed were 

soDewhat confused and the results of published laboratory 

wo~k were often contradictory, especially regarding the 

dissolution behaviour of th alumina in the electrolyte. 

!n the seventies, however, it beca~e necessary to quantify 

:~e essential properties of alumina in electrolysis due to 

- the need for tighter control in the smelters following the 

drastic increase in energy cos+.s, 

the introduc:;tion of nei·1 technologies in the alumina plant 

(flui~ bed calcination) and in the smelter (automatic cell 

feeding), 

the stricter requirements of environmental control (dry 

scrubbin6, dust re~oval), 

the increasing neeJ for smelters to cope wit~ the 

~rocessing of spot alunina deliveries fro~ a variety of 

sources. 

Consequently, basic investications were co~~enccd in many 

la hor?.to r~·es and al th ouch useful re::;ul ts were o btaim:d it 

~~. clear that si~ulating the induatrial proce~s on the 

labo~~tory scale was difficult. 
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'·:c::-ld.-wide, modern smelters nm·:adays pref er "sandy" to 

".:luo:-~·" type al ur.ii!"!.::.s. 

The ~odern smelter requires 

consta.~cy of properties of the alumina to be processed, 

opti~um dissolution behaviour of the alQ~ina in the 

electrol::te, 

optir.:ur:i c.·ust formation, due to heat transf e::-

considerations among others, 

good and cons"!:ant floi·r properties of the alumina with 

r:iniraum tenclency to dust formation, 

hit;h adE:orption capc:c:.ty for hydrogen fluoride in the drJ." 

scrubbing process, 

guarc.i1teed alumina purity, particularly concerning 

elenents which reduce current efficiency, phosphoruc above 

a.11. 

The preoent state of knowledge can be summarized as follows 

the question of optimum alumina quality cannot be 

genc::-c.li::ecl, but can only be amn:cred in terr.10 of a specific 

smelter opcr3tion, 

for mor11.,-rn, automated, hii;h-capacity cells, it i::: 

po:;siblc to dcfinP a wide r.'.!n[,'e of mua:.mrable alur.!ina 

properties. Howevc~, detailed prediction~ of the likely 
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~ehaviour of an alumina durir.g electrolytic reduction cannot 

::et be made satisfactorily. Furh~er investigations, 

including plant level studies, are necessary to stu~y, 

a::iongst others, the various trar:si tional crystalline phases 

prese~t in the alumina. 

The typical physical data and the typical analysis of the 

impurities for Bayer al lL-:iinas a.re given below. 

Phvsical data for Baver aluMinas 

(typcal values) 

Al~~inium-oxi1e type Fluory 

Specific surface area 

(B.E.T.), m2/g 5 

alf a - Al203, 3 90 

Grains 

- 45 micron, 3 45 

Angle of repose dee;ree 45 

3ulk den~ity, g/ cm3 0.8 

SanC.y 

50-100 

20-10 

10 

30 

0.95 

-- ---------'------------------
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Imnurities in Bayer alumina 

( t::pical analysis); da:ta in mass 3 

Conta'.':li:ia:it Content 

Fe203 0.015 ~ ,, 
Si02 0.015 3 

Ti02 0.003 ~ ,. 
CaO 0.015 3 

?205 0.001 3 
V205 0 .002 3 

ZnO 0.005 3 
[a.20 0.5 ~ 

/0 

The e!:isen:~ial alur:;ina requirer:ients of a codern smelter are: 

1. Prio::-ity: cc~stant quality. 

2. Nos~ i~portant is the rlcs~ee of calcination, which 

affect~ dissolution beh~viour as well as dry scrubbinc 

:per 1 o r::: :!.n c e . 

3. The next most i~port~r.t factorc are rarticle size and 

struct~::-e, anc.1 s i::-:c diztri b-:..tion of the al ur::ina. 

4. The aJ 1:'."'!ina s:wule disso~.vc quickly. The formation of 

co~er~~cly h~~d cruRtc on the su::-!~ce of ttc cclt and around 

the eJGes of the cell is dc~ir~blc. 
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5. Ir.rpuri ties in the alumina which affect metal purity a.."1.d. 

:::-ed..ace cur t efficiency should be lir.iited. 

Typical meas·!rable specif ica.tior.s for smelter alumina, 

cor:::-esponding to the above requirements, are given below. 

Alm:iina frc..De snecificatio:r.s for central-chan"'!lel svste!:'!s 

t·ri th n:-e-baI:ed anodes 

Specific surface area (B.E.T.) 

alfa - Al203 

Grains 45 micron 

105 r.iicron 

31.:lk dansity 

A~gle of repose, 

Lose on ibnition 

P205 

m2/g 

3 

3 
3 r.l<lX • 

g/cm3 

degree 

3 
% 

50-80 

20-10 

10-20 

10 

0.95 

35-30 

0.6-0.9 

0 .001 

In the followi~s the ~xpected alunina quality characteristic 

for the sintering variant (base on the informatioP submitted 

by the e:.:!'erts of VPJU) and for the Bayer variant as well 

can be found only the later, meets the general 

requirtrenents of the up-to-date smelters for metal grade 

al u.min~. 
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J.6.1. Product quality (sintering variant) 

Grade according to USSR Standards 

Expected rate of annual al~~i~a production 

Al20J-content, 3 at least 

Contaminants, 3 maximum values 

Si02 

Fe203 

Ti02+V205+~nO+Cr203 

?205 
!ra20+K20 

ZnO 

Loss on ignition (300 °c), 3 

Physical properties 

Specific surface area B.B.T.m2/g, less than 

Bulk density, 

Angle of repose, 

t/mJ 

GO 

20 % 80 3 

98.6 98.5 

0.03 0.05 

0.05 0.06 

0. 02 0.03 

0.003 0.003 

0.5 0.6 

0.02 0.03 

0.9 0.7 

l+O 

0.75-0.8) 

l~1 - 42 

Screen analysis indication, % Hydrate Alnnina 

+100 

-100/+80 

80/+60 

60/+Lt5 

'~5 

micron 

micron 

micron 

nicron 

rr::!.cron 

30 
16 

18 

12 

2~ 

16 

12 

16 

16 

40 
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J.6.2. Product quality (Bayer process variant) 

COiiTt.::rrrAHTS 

Si OZ 

Fe20J 

Ti02 

t-:a20 

ZnO 

CaO 

~.-2 05+!-1nO+Cr20J 

?205 

PrIYSI~AL PRO?ERTI3S 

TIP IC AL 
wt% 

0 .020 

0.020 

0.004 

0.400 

0 .010 

0.040 

0. 010 

0.001 

Loss 0n i6nition (JOO 0 c-1.000 °c), 3 
Specific surface area B.E.T. 

Alpha alu.:iina, 

Bulk ciensity, 

~~gle of repose, 

SCRBEH ANALYSIS, 3 

+ 150 mesh ( + 105 micron) 

- i50/+ 325 mesh (44-i05 micron) 

- 325 me3h ( - 44 mi~ron) 

m2/g 

3 
t/mJ 

degree 

r,:AXH1U!-I 

wtf. 

0.030 

O.OJO 

0.007 

C.500 

0.015 

0.060 

0.012 

O.OOJ 

0.6- 0.9 

40 - 70 

10 - 20 

0.9-0.95 

JO - J5 

5 - 10 

70 - 85 
10 - 20 
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:::e quality 

r::~et the 

of the al~aina produced by sintering process can 

require~ents of the IRALCO Smelter in Iran 

according to the information sub::?itted by the experts of 

!:.:'..:-IP, considering that the almniniwn produced there is used 

~ainly for silicon-containing alu.~iniu.~ alloys. It should be 

stated, however, that the alu.~ina containing higher amount 

of iCTpurities (e.g., Si02 and Fe2 o3) is not suitable 

for the pro~uction of alTu~inium with high elect~ical 

conductivity and 

cause operational 

that of some speciality aluminas, and ca.~ 

difficulties during feeding and dry 

scrubbing in an up-to-date smelter. 
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4. NON-TECHNOLOGICAL UNITS 

4.1. POWER PLANT 

4.1.1. Sintering process 

A power plant is provided 

thermal energy for the plant. 

4-1 

to supply electric 

Conception of the power plant is as it follows: 

and 

Existing national electric energy grid is assumed on 

the plant site. Power supply is provided in cr.~peration with 

the national grid. In order to maintain the continuous 

operation of the plant, for the case if national network 

fails an independent stand-by power supply will be set up. 

To maintain the demand of the plant the following power 

and thermal capacities are provided: 

Power demand of the plant: 2:.5 MW max. 26 MW 
Thermal capacity: 

steam 1.6 MPa pressure: 

steam 0.8 MPa pressure: 

Pk=16 bar 

tk=220 °c 
Gk=40 t/h 

max.!+5 t/h 

Pe= 8 bar 

te= 190 °c 
Ge=55. 3 t/h 
max.60 t/h 
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About 60 ~ of steam returns as condensate from the 

plant. Structure 

coupled electric 

Therefore the 

main equipment: 

of energy demand enables to set up a 

power and thermal energy power plant. 
power plant is provided with the following 

3 oil fired boilers (2 operating, 1 spare) 
p 0 = 80 bar 

t 0 = 500 °c 
G0 = 35 t/h 

2 extraction back-pressure steam turbine-generator 

(2 operating) 

extraction: 

back-pressure: 

p0 = 80 bar 

t 0 = 500 °c 
G

0
= 85 t/h steam inlet 

Pk= 16.5 bar 
Gk= 15-25 t/h 

Pe= 8 bar 

Ge= 60-70 t/h 

Generator capacity: 20 MW 

1 Condensation turbine-generator (stand-by) 
p 0 = 8 bar 

t 0 = 250-300 "c 
G0 = 45-65 t/h 

Generator capacity: 10 MW 

• 
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Cooling tower plant (stand-by) 

Cooling water : 3500 m3/h 

~t 20 °c 
Make-up water demand: 250 m3/h 

Normally the power plant cooperates with the national 

grid. In this case condensation turbine-generator unit 

is on stand-by. 

At the 

power 

plants 

should 

characteristic process steam consumption the 

plant generates 11.2 MW power. Taking the power 

own consumption into consideration, 14 MW power 

be purchased. 23.5 MW is provided for the plant. 

In case of grid failure miss~ng power can be generated in 

the condensation turbine. In this mode of operation 

the extraction back-pressure turbine unit generates 

18.2 MW. Condensation turbine unit generators 8.4 MW. 
Power for the plant in this case is also 23.5 MW. 
Fuel oil consumption of power plant is: 

in normal operation 8.2 t/h 

in grid failure mode 12.8 t/h 

4.1.2 Bayer process, low quality bauxite autoclave digestion 

A power plant is provided 

thermal energy for the plant. 

to supply electric 

Conception of the power plant is as it follows: 

and 

Existing national electric energy grid is assumed on 

the plant site. Power supply is provided in cooperation with 
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the national grid. In order to mGintain the continuous 
operation of the plant, for the case if national network 

fails an independent stand-by power supply will be set up. 

To maintain the demand of the plant the following thermal 

and power capacities are provided: 

Thermal capacity: 
steam 8.0 MPa pressure: 

steam 0.5 MPa pressure: 

Pn= 8.0 MPa 

tn-= JOO 0 c 
Gn= 73.5 t/h 

max.90 t/h 

Pe= 0.5 MPa 

te= 170 °c 
Ge= 48.8 t/h 
max.60 t/h 

About 70 3 of the steam returns as condensate from the 

plant. 
Power demand of the plant: 11.5 MW max. 14 MW 

Structure of energy demand enables to set up a 
coupled electric power and thermal energy power plant. 

Therefore the power plant is provided with the following 

main equipment: 

3 oil fired boilers (2 operating, 1 spare) 
p 0 = 8.6 MPa 

t 0 = 500 °c 
G0 = 75 t/h 
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2 back-pressure 

(2 operating) 

steam turbine-generator set 

back-pressure: 

p0 = 8.6 MPa 
t 0 = 500 °c 
G

0
= 40 t/h steam inlet 

Pe= 0.55 MPa 

Ge= 30-40 t/h 

Generator capacity: 5.5 MW 

1 Condensation turbine-generator (stand-by) 
p 0 = 0.55 MPa 

t 0 = 250-300 °c 
G0 = 15-25 t/h 

Generator capacity: 3.5 MW 

Cooling tower plant (sta.~d-by) 

Cooling water : 1400 m3/h 
~t 20 °c 

Make-up water: 100 m3/h 

Normally the power plant cooperates with the national 
grid. In ttis case condensation turbine-generator unit 

is on stand-ey • 

At the 
power 
plants 

power 
plant. 

characteristic process steam consumption th~ 

pla:1t generates 7. 93 MW power. Taking the power 
own consumption into consideration, 5.22 MW 

should be purchased. So 11.5 MW is provided for the 
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In 

the 

case of grid failure missing power can be generated in 

condensation turbine. In this mode of operation 

extraction back-pressure turbine unit generates 

MW. Condensation turbine unit generators 2.95 MW. 
the 

10. 72 
Power for the plant in this case is also 11.5 MW. 

Fuel oil consumption of power plant is: 

in normal operation 

in grid failure mode 

9.54 t/h 

11 .26 t/h 

4.1.3 Bayer process, low quality bauxite tube digestion 

A power plant is provided 

thermal energy for the plant. 

to supply electric 

Conception of the power plant is as it follows: 

and 

Existing national electric energy grid is assumed on 

the plant site. Power supply is provided in coo~eration with 

the national grid. In order to maintain the continuous 

operation of the plant, for the case if national network 

fails an independent stand-by power supply will be set up. 

To maintain the cemand of the plant the following thermal 

and power capacities are provided: 

Thermal capacity: 
steam 0.5 MPa pressura: Pe= 0 .5 MP a 

te= 170 °c 
Ge= 73.J t/h 
max.90 t/h 

About 60 3 of ·foe steam -:-eturns as condensate from the 

plant. 
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Power demand of the plant: 12.13 MW, max. 15 MW 

Structure of energy demand enables to set up a 
coupled electric p~wer and thermal energy power plant. 

Therefore the power plant is provided with the following 

main equipnent: 

3 oil fired boilers (2 Oyerating, 1 spare) 

p 0 = 8.6 MPa 

2 

(2 

t 0 = 500 °c 
G0 = 50 t/h 

back-pressure steam turbine-generator 

operating) 

Po= 8.6 MPa 

t = 0 500 °c 
Go= 50 t/h steam 

back-pressure: 

Pe= 0.55 MPa 

Ge= 40-50 t/h 

Generator capacity: 6.5 MW 

inlet 

1 Condensation turbine-generator (stand-by) 

p 0 = 0.55 MPa 

t 0 = 250-300 °c 
G0 = 10-14 t/h 

G~nerator capacity: 2 MW 

set 
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Cooling tower plant (stand-by) 

780 m3/h Cooling water 

At 20 °c 
Make-up water: 55 m3/h 

Normally the power plant cooperates with the national 

grid. In this case condensation turbine-generator unit 

is on stand-by. 

At the 

power 

plants 

power 

plant. 

characteristic process steam consumption the 

plant generates 10.4 MW power. Taking the power 

own consumption into consideration, 3.24 MW 

should be purchased. So 12.13 MW is provided for the 

In case of grid failure missing power can be generated in 

the condensation turbine. In this mode of operation 

the 

12 .14 

extraction ba~k-pressure turbine unit generates 

Power 

MW. Condensation turbine unit generators 1.83 ~fli. 

for the plant in this case is also 12.1) MW. 

Fuel .:>il consumption of power plant is: 

in normal operation 6.41 t/h 

in grid failure mode 7.48 t/h 

4.1.4 Bayer 

digestion 

process, high quality bauxite autoclave 

A power plant is provided 

thermal energy for the plant. 

to supply electric and 
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Conception of the power plant is as it follows: 
Existing national electric energy grid is assumed on 

the plant site. Power supply is provided in cooperation with 

the national grid. In order to maintain the continuous 
operation of the plant, for the case if national network 
fails an independent stand-by power supply will be set up. 

To maintain the demand of the plant the following thermal 

and power capacities are provided: 

Thermal capacity: 

steam 8.0 MPa pressure: 

steam 0.5 MPa pressure: 

Pn= 8.0 MPa 
t - JOO oC n-
Gn= 69.1 t/h 
max.80 t/h 

Pe= 0.5 MPa 
te= 170 °c 
Ge= J1.8 t/h 

max.JS t/h 

About 70 ~ of the steam returns as condensate from the 

plant. 

Power demand of the plant: 10 MW, max. 12 MW 

Structure of energy demand enables to set up a 
coupled electric power and thermal energy power plant. 

Therefore thP. power plant is provided with the following 

main equipr:ient: 



4-10 

3 oil fired boilers (2 operating, 1 spare) 
p 0 = 8.6 MPa 

2 back-pres sure 

(2 operating) 

t 0 = 500 °c 
G

0
= 60 t/h 

steam turbine-generator set 

p 0 = 8.6 MPa 

t 0 = 500 °c 
G0 = JO t/h steam inlet 

back-pressure: 
Pe= 0.55 MPa 
Ge= 20-30 t/h 

Generator capacity: 5 MW 

1 Condensation turbine-generator (stand-by) 

P0 = 0 .55 MP a 
t 0 = 250-300 °c 
G0 = 15-25 t/h 

Generator capacity: J.5 MW 

Cooling tower (stand-by): 
Cooling water : 1400 m3/h 

~t 20 °c 
Make-up water: 1000 m3/h 

Normally the power 
grid. In this case 

is on stand-by. 

plant cooperates with the national 
condensation turbine-generator unit 
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At the characteristic process steam consumption the 

power 

plants 
power 

plant. 

plant generates 5.48 MW 

own consumption into 
should be purchased. So 

power. Taking the power 

consideration, 5.8 MW 

10 MW is provided for the 

In case of grid failure missing power can be generated in 

the condensation turbine. In this mode of operation 

the extraction back-pressure turbine unit generates 

8.6 IN. Condensation turbine unit generators J.25 MW. Power 

for the plant in this case is also 10 MW. 

Fuel oil consumption of power plant is: 
in normal operation 7.8 t/h 

in grid failure mode 9.7 t/h 

4.1.5. Bayer process, high quality bauxite tube digestion 

A power plant is provided 

the~mal energy for the pl&nt. 

to supply electric 

Conception of the power plant is as it follows: 

and 

Existing national electric energy grid is assumed on 

the plant site. Power supply is provided in cooperation with 

the naticnal grid. In order to maintain the continuous 

operation of the plant, for the case if national network 
fails an independent stand-by power supply will be set up. 

To maintain the demand of the plant the following thermal 

and power capacities are provided: 
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Thermal capacity: 
steam 0.5 MPa pressure: Pe= 0.5 MPa 

te= 170 °c 
Ge= 53.5 t/h 
max.65 t/h 

About 60 ~ of the steam returns as condensate from the 

plant. 

Power demand of the plant: 10.5 MW, max. 12.5 MW 

Structure of energy demand enables to set up a 
coupled electric power and thermal energy power plant. 

Therefore power plant is provided 

main equipment: 

with the following 

3 oil fired boilers (2 operating, 1 spare) 
p 0 = 8.6 MPa 

t 0 = 500 °c 
G0 = 50 t/h 

2 back-pressure 

(2 operating) 

steam turbine-generator set 

back-pressure: 

p0 = 8.6 MPa 

t 0 = 500 °c 
G0 = 35 t/h steam inlet 

Pe= 0.55 MPa 

Ge= 25-35 t/h 

Generator capacity: 5 MW 
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1 Condensation turbine-generator (~tand-by) 

p 0 = 0.55 MPa 

t 0 = 250-300 °c 
G0 = 14-18 t/h 

Generator capacity: 3 MW 

Cooling tower plant (stand-by) 
Cooling water : 1000 m3/h 

At 20 °C 

Make-up water: 70 m3/h 

Normally the power plant cooperates with the national 

grid. In this case condensation turbine-generator unit 

is on stand-by. 

At the characteristic process steam consumption the 

power plant generates 7.6 MW power. Taking the pew er 

plants own consumption into consideration, 4 MW power 

should be purchased. So 10 .5 MW is provided for the 

plant. 

In case of grid failure missing power can be generated in 

the condensation turbine. In this mode of operaticn 

the 

9.74 
Power 

extraction back-pressure 

MW. Condensation turbine 

for the plant in this case 

turbine unit generates 

unit generators 2.26 MW. 

is also 10 .5 Ml-1 • 

Fuel oil consumption of power plant is: 

in normal operation 4.68 t/h 

in grid failure mode 6.00 t/h 
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4.2 PROCESS CONTROL SYSTEM 

A distributed control system is provided for the 
entire alumina plant. The control of the plant is normally 
automatic using different kiu.J.s of control loops 
(feedback, feed fozward ratio etc.). Manual control and 
backup systems allow manual control of selected loops in 
case of cent~al unit's failure. Primary measuring 

elements, field instrumentation and final control elements 
will be heavy duty industrial class devices. 

The control system will be fully distributed and will 
consist controllers for process monitoring and 
control, and sequential controllers for m~tor and 
electrical system ~onito. ~ng and control. The controllers 

will be electronic, receiving and outputting 4 to 20 mA de 
analog signals, the sequential controllers will handle 

either 220 V ac or low voltage de digital signals. 

The control system is microprocessor based, 

using configurable controllers together with programmable 
logic controllers where it is necessary. 

The system is provided with uninterruptible 

supply units for continuous, automatic operation. 

4.2.1. Control rooms 

power 

Control rooms will be located at the main points of 
plant unit::::. 
In case of sintering process Control Room No.1. will 

contain the instrumentation of the following plant units: 
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Bauxite Receiving and crushing (1) 

Bauxite Storage (1a) 

Limestone Receiving and crushing (2) 

Limestone Storage (2a) 
Lime Burning (J) 
Lime Slaking (Ja) 
Soda Ash Receiving and Storage (4) 

Control Room No.2. will contain the instrumentation of 

the following plant units: 
Wet Grinding (5) 

Adjustment Tanks (6) 

H.P. Pump Station (6a) 

Sintering (7) 

Sinter Cruehing (8) 

Sinter Leaching (9) 
Evaporation (19) 

Control Room No.J. 

of 

will be erected for the instruments 

Autoclave Desilication (10) 
White Mud No.1.Settling (11) 

Co·.1trol Filtration ( 12) 
Flash Cooling, Precipitation (13) 

Deep Desilication (14) 
Compressor Station (21) 

Control Room No.4. will collect the instruments of 

Carbonisation and Filtration (15) 
Carbonised Hydrate Filtration (16) 

Hydrate Storage (17) 
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Calcination, Alumina Storage (18) 
Vacuum Station (20) 
Oil Storage or Gas Receiving (28) 

In case of the all Bayer process variants the control rooms 

will be located at the main points of plant units. 
Control Room No.1. will contain the instrumentation of 

the following plant units: 
Bauxite Receiving and crushing (1) 

Bauxite Storage (1a) 
Limestone receiving and crushing (2) 

Limestone Storage (2a) 

Lime Burning (J) 

Lime Slaking (Ja) 
Soda Ash Receiving, Storage and Causticization (4) 

Control Room No.2. will contain the instrumentation of 

the followir.g plant writs: 
Wet Grinding (5) 

Slurry storage and predesilication (6) 

H.P. Pump Station (7) 

Digestion and dilution (8) 
Evaporation (17) 
Salt removal (18) 

Control Room No.J. will be erected for the instruments of 
Red Mud settling and washing (9) 

Additive preparation (10) 
Mud causticization and red mud filtration (11) 

Control filtration (12) 
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Control Room No.4. will collect the instruments of 

Heat interchange (13) 
Precipitation (14) 

Hydrate Filtration (15) 
Vacuum station (19) 
Compressor station (20) 
Calcination and alumina storage (16) 

Oil storage (21) 

The control rooms will be air conditioned, with 

elevated floor to make cable routing easy. All the cables 

will be terminated using terminal panels. Equipnent 

racks will be used for housing the auxiliary devices 

of control and measuring loops. The central cabinets of 

the distributed automation system will be placed here 

as well. The operational part of the control room 

will contain the operator-process interface elements such 

as color monitors, keyboards, floppy units, printers etc. 

4.2.2. Tel~phone network 

A telephon network system is considered 
following main features: 20 main lines and JOO 

with the 
extensions 

for plant 
lines for 

service, 2 
telex system. 

main lines for telefax and 3 main 

4.2.J. Fire signalling system 

A fire signalling system will be provided 
units located into control rooms, smoke, 

detectors and hand signalling units will 

with central 
heat, flame 

be placed 
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throughout the plant units at points where the probability 
or fire is real. 

4.2.4. Loudspeaker network 

A loudspeaker 
communication 
the control 

network will supplement the plant's 

system with central units located into 
roogs, and local loudspeakers at the 

technological points where the operators can receive 
messages from control rooms, or from where the operators 
can report to co1:trol room's personnel. 

4.2.5. The origin of instruments 

All the instrumentation will be supplied from 

Western instrument manufacturers. The devices choosen will 
have good references in alumina plant application. 

4.2.6. Short description of system elements 

4.2.6.1. Field instrumentation 

Flowmeters 
For measuring liquors and slurries magnetic flow meters 
will be used with PTFE lining, switched de magnetic field. 

Orifice plates will be used for measuring clean fluids such 
as steam, water, compressed air, 'tc. 

Level 

For measuring levels of different mediums, the 
following devices will be used: DP type level transmitters 

for clean fluids, nuclear radiation type transmitters 
for measuring solids or slurry levels. 
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Pressure 
Normal pressure transmitters for pure fluids, diaphragm 

type transmitters with attached or remote seals for 

slurries. 

Temperature 
Thermocouples for higher, resistance thermometers (Pt 

100) for lower temperatures. The fireing systems will be 

checked by infrP.~ed systems. 

Position status 
Angular rotation position transmitters will be used 

for checking rotating equipnent. Limit position switches 

will check the position of moving parts. 

Density 
Nuclear density transmitters will measure the fluids 

density in pipelines. 

Local gauges 

Generally the transmitters are specified with 

local in1ieators, but at certain places temperature and 

pressure gauges will give informaticn for the operators. 

4.2.6.2. Final control elements 

Control valves 

flow, pressure, 

equipment. The 

throughout the 

will be supplied for controlling the 

or vacuum in pipeline or in 

following valve types will be used 

plant: single seat, double seat globe 

body valves, angle body valves, butterfly valves, o~/off 
control valves with tight shut-off, rotating eccentric 
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plug valves. All the valve types will be equipped with 

pneumatic operation, electropneumatic positioner and 

manual operation. 

At certain points (highly abrasive service, high dynamic 
loss etc.) instead of control valves, pump RPM 

regulation 
all the 

eliminated, 

is considered to be very useful, because 
problems regarding control valve wear will be 

the life expectancy of delivery will be more 
advantageous, and the power consumption of fluid delivery 
will be reduced. 

4.2.6.J. Cables, cable routing 

Shielded type 1 mm.2 twisted pair, triad, twelve 
pair multiconduc~or cables will be used for transmitting 

signals from field to control room and vica versa. Cables 
will be provided with polyethylene insulation, the shield 
shall be copper-nylon for complete coverage. Overall 
jacket will be chrome vonyl. All the cables will have 
0.8 nm2 stranded copper drain wire. 

Individual cables will be protected with galvanized 
steel conduits.Galvanized steel cable trays will be used for 

safety routing of group of cables. The trays will be 
fastened to the steel structures, to walls to other units. 

Solid covers t·1ill be provided for cable protection. 



4-21 

4.3 Electric energy supply 

4.3.1. Sintcring process 

Alumina refining by sintering process requires process 

steam at p~essure 0.5-1.6 MPa (5-16 bars), it is 

favourable to erect a power plant with extraction 

back-pressure turbine-generator(s) in cooperation with 

the national grid (see general description of the Power 

Plant, Chapter 4.1). 

The characteristic electrical power demand of the plant 

is 23.5 MW. Taking into account an average power factor 

(cos ~ ) of 0.92, this figure amounts to 25.5 MVA apparent 

power. At the characteristic power steam consumption the 

power plant generates 11.2 MW power. Taking the power 

plants own consumption into consideration, 14 MW 

power shoud be purchased. 

Since can not 

properly reliable 

the plant site, 

be guaranteed a continuous and 

power supply from the national grid at 

for the national grid failure case 

a stand-by condensation turbine unit is provided in the 

power plant belonging to the alumina plant. 

Electric network of the plant will be connacted to 

the national grid through two 120/11 kV transformers and 

two independent 132 kV overhead lines. 
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In normal operation the power balance is: 
2 back-pressure generators generate 
self-consw;::ption in the power plant 

remaining for the alumina plant 
to be purchased from the national gri 

alumina plant demand 

11.2 MW 

-1.7MW 

9.5 MW 

14.0 MW 

23.5 MW 

In case of a national grid failure the power balance: 
2 back-pressure generators/generate 18.2 MW 
1 condensation unit generates 8.4 MW 

for the power plant's cons..unption J.1 MW 
for the alumina plant 2J.5 MW 

Electric power distribution system 

For receiving and distribution of the above 

mentioned electric power demand a 10 kV central switching 
station with a central room with permanent operating staff, 

and with a D.C and A.C auxiliary plant is provided. 

The estimated quantity of the 10 kV cubicles of the 

central switching station is 70 pieces. Their short-

circuit power will be 500 MVA. The bus ba.::-

doubled, devided into two sections each. 

The 10 kV 

the three 
t~·ansformers. 

distribution 

generators 

Between 

system will be 

and by the 

the transformer 

system will be 

fed directly 

two 120/11 

station and 

by 

kV 

the 

10 kV central distributor in order to limiting the short­

circuit power of the transformers side a twin-reactor in 

both lines has been selected. 
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From the 10 kV central switching station 23 

transformer stations and 5 h.v. motors will be fed directly. 

Among this 23 there are 2 transformer stations of 

·:0/6.3 kV, the remainders ::i.re of 10/0,4 kV. A 10/6 .3 

kV and a 10/0.4 transformer stations with two 

tarns formers each will be located at the power plant. 

All transformer stations will be indoor and furnished 
with oilinunersed transformers, with an out of cubicles 
assembled 0.4 kV distributor system which will be devided 

into two sections with single busbar each. The 0.4 kV 

power factor correction capacitor equipnent and the 

speed control equipnent also will be located at the 

control rooms of the transformer stations. 

The 

70 

quantity of 

units. The 

the r.p.m. controlled motors amounts to 

operation of the motors will be local and 

recote. 

Power factor correction 

A power factor correstion is provided on the 0.4 kV and 

on the middle voltage network. The 0.4 kV capacitors an~ 

their control equipment will be located into the 0.4 kV 

transformer stations the 10 kV ca~acitors outdoor at the 10 

kV central switching station. 

Lighting 

For the illwnination of the indoor areas will genP.rally 
be used fluorescent, incandeseent and mercury vapor lamps. 
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For the illumi;,1a1.J.lln of the outdoor areas and traffic roads 
the sources of light will be of mercury vapor, sodium and 
halogen type with up to date fittings on steel posts where 

it will be necessary. 

Cabling and cable installation 

All the power and control cables will be of 

plastic insulation and plastic sheeth type with co pi: er 

counductors. The cabling generally will be overhead on steel 

constructions and cable racks. 

Shock protection 

The shock protection on the electric network will be: 
a) on t middle voltage system earthing 

b) on l. •• ..: A. C. low voltage system neutral earthing 

c) on the D.C. low voltage system earthing 
This study does not contain the followings: 

a) the electrical equipment of the power plant 

b) the 120/11 kV outdoor transformer stations 

transformers and the h.v. equipment 
c) the 132 kV double overhead line. 

4.J.2. Bayer process, 

digestion 

low quality bauxite autoclave 

Alumina manufacturing by Bayer-process 

steam at pressure 0.5 and 8 MPa (5-80 

favourable to erect a power plant 

requires process 

bars), it is 
with extraction 
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back-pressure 

the national 

turbine-generator(s) in cooperation with 
grid (see general description of the Power 

Plant, Chapter 4.1). 

The characteristic electric power demand of the plant is 
11.5 MW. Taking into account an average power factor (cos 

~) of 0.92, this figure amounts to 12.5 MVA apparent 

power. At the characteristic power steam consumption 
the power plant generates 7.93 MW power. Taking the 
power plants own consumption into consideration, 5.22 

MW power shoud be purchased. 

Since can not be guaranteed a continuous and 
properly reliable power supply from the national grid at 

the plant site, for the national gr~d failure case 

a stand-by condensation turbine unit is provided in the 

power plant belonging to the alumina plant. 

Electric network of the 

the national grid throuch two 

plant will 

120/11 kV 
be connected 

transformers 

to 

and 

two independent 132 kv overhead lines. The proposed rated 

power of the above transformers is 16 MW each. 

In normal operation the pow~r balance is: 

2 back-pressure generators generate 7.93 MW 
self-consumption in the power plant - 1 .65 MW 

remaining for the alumina plant 6.28 MW 

to be purchased from the national grid 5 •. 22 MW 
the allunina plant demand 11.~ MW 
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In case of a national grid failure the power balance: 

2 back-pressure generators/generate 10.72 MW 
1 condensation unit generates 2.95 MW 
for the power plant's consumption - 2.18 MW 

remaining for the alumina plant 11.50 MW 

The electric power distribution system 

For receiving and distribution of the above 

mentioned electric power demand a 10 kV central switching 
station with a central room with permanent operating staff, 
and with a D.C and A.C auxiliary plant is provided. 

The estimated quantity of the 10 kV cubicles of the 
central switching station is 68 pieces. Their short­
circuit power will be 500 MVA. The busbar system will be 

doubled, devided into two sect~ons each. 

The 10 kV distribution system will be fed directly by 
the three generators and by the two 120/11 kV transformers. 

From the 10 kV central switching station 20 
transformer stations and 5 h.v. motors will be fed directly. 
Among this 20 there are 1 transformer station of 10/6.J 
kV, the remainders are of 10/0.4 kV. A 10/6.J kV and a 

10/0.4 transformer stations with two tarnsformers each 

will be located at the power plant. 

All tranaf ormer stations will be indoor and furnished 

with oilimmersed transformers, with an out of cubicles 

assembled 0.4 kV distri?utor system which will be tlevided 

into two sections with single busbar each. The 0.4 k~ 
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power 
speed 
control 

factor correction capacitor equipment and the 
control equipment also will be located at the 
rooms of the transformer stations. 

The quantity of the r.p.m. controlled motors amounts to 
110 units. 

The operation of the motors will be local and remote. 
The power factor correction, the lighting, the cabling 
and the shock protection are the same as shortly described 
in the Chapter 4.J.1. 

4.J.J. Bayer process, low quality bauxite tube digestion 

Bayer-prc~ess from low Alumina manufacturing by 

quality bauxite using tube 

steam at pressure 0.5 MPa 

di6estion requires process 

(5 bar), it is favourable to 
~:...·ect a 
gene::-ator(s) 
the general 

power plant with back-pressure turbine­
in cooperation with the national grid (see 
description of the Power Plant, Chapter 4.1). 

The characteristic electric power demand of the plant 
is 12.13 MW. Talcing into account an average power factor 
(cos <i> ) of 0. 92, this figure amounts to 13 .2 MVA a:vparent 
power. At the characteristic power steam consumption the 
power plant generates 10.4 MW power. Taking the power 
plants own consumption into consideration, 3.24 MW 
power shoud be purchased. 

Since can not be guaranteed a continuous and 
properly reliable power supply from the national grid at 
the plant site, for the national grid failure case 

a stand-by condensation turbine unit is provided in the 
power plant belonging to the alumina plant. 
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Electric network cf the 
the national grid through two 

plant will 
120/11 kV 

be connected 
transformers 

to 
and 

two independent 132 kV overhead lines. The proposed rated 

power of the transformers is 16 MW each. 

In normal operation the power balance is: 
2 back-pressure generato·s generate 
self-consumption in the power plant 
remai~ing for the alumina plant 
to be purchased from the national grid 

the alumina plant demand 

10.40 MW 

1.52 MW 

8.88 MW 

J.25 MW 

12.13 MW 

In case of a national grid failure the power balance: 
2 back-pressure generators/generate 12.14 MW 
1 conde~sation unit generates 1.83 MW 
for the power plant's consumption - 1.84 MW 

remaining for the alumina plant 12.13 MW 

The electric power distribution system, the power 

factor correction, the lighting, the cabling and the 
shock protection are the same as shortly described in 
the Capter 4.J.2. 

4.J.4. Bayer process, high quality bauxite autoclave 
digestion 

Alumina manufacturing by Bayer-process 
steam at pressure 0.5 and 8 MPa (5-80 
favourable to erect a power plant 

requires process 
bars), it is 

with extraction 
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back-pressure 

the national 

Plant, Chapter 

turbine-generator(s) in cooperation with 

grid (see general description of the Power 

4 .1). 

The characteristic electric power demand of the plant is 
10.0 MW. Taking into account an average power factor (cos 

~) of 0.92, this figure amounts to 10.9 MVA apparent 
power. At the characteristic power steam consumption 
the power plant generates 5.48 MW power. Taking the 

power plants own consumption into consideration, 5.8 
MW power shoud be purchased. 

Since can not be guaranteed a continuous and 
properly reliable power supply from the national grid at 
the plant site, for the national grid failure case 
a stand-by condensation turbine unit is provided in the 
power plant belonging to the alumina plant. 

Electric network of the plant will be cornected to 

the national grid through two 120/11 kV transformers and 
two independent 132 kV overhead lines. The proposed rated 

power of the above transformers is 16 MW each. 

In normal operation the power balance is: 

2 back-pressure generators generate 5.48 MW 

self-consumption in the power plant - 1 .27 MW 

remaining for the alumina plant 4.21 MW 
to be purchased from the national grid 5.80 J.IW 

the alumina plant demand 10. 01 MW 
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In case of a national grid failure the power 

2 back-pressure generators/generate 
1 condensation unit generates 

for the power plant's consumption 

remaining for the alumina plant 

The electric power distribution system 

For receiving and distribution of 

balance: 

8.60 MW 
J.25 MW 

- 1.85 MW 

10.00 MW 

the above-

mentioned electric power demand a 10 kV central switching 

station with a central room with permanent operating staff, 
and with a D.C and A.C auxiliary plant is provided. 

The estimated quantity of the 10 kV cubicles of the 
central switching station is 66 pieces. Their short­
circuit power will be 500 MVA. The busbar system will be 

doubled, devided into two sections each. 

The 10 kV distribution system will be fed directly by the 

three geneators and by the two 120/11 kV transformers. 

From the 
transformer 

10 kV 
stations 

central switching 

and 5 h.v. motors 

station 
will be 

19 
fed 

directly.Among this 19 there are 1 transformer station of 

10/6.J kV, the remainders are of 10/0,4 kV. A 10/6.3 kV 
and a 10/0.4 transformer stations with two tarnsformers 
each will be located at the power plant. 

All transformer stations will be indoor and 
with oilir.unersed transformers, with an out of 

assembled 0.4 kV distributor system which will be 

into two sections with single busbar each. The 

furnished 
cubicles 

devided 

0.4 kV 
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power 

speed 

control 

factor correction capacitor equipnent and the 

control equipment also will be located at the 

rooms of the transformer stations. 

The 

71 

quantity 'lf 

units. The 

the r.p.m. controlled motors amounts to 

operation of the motors will be local and 

remote. 

The power factor correction, the lighting, the cabling 

and the shock protection are the same as shortly described 

in the Chapter 4.J.1. 

4.J.5. Baye~ process, high quality bauxite, tube digestion 

Alumina 

quality 

steam 

by Bayer-process from high manufacturing 

bauxite using tube digestion requires process 

0.5 MPa (5 bar), so it is favourable at pressure 

to erect a power 

pressure turbine 

national grid (see 

Plant, Chapter 4.1). 

plant with extraction back-

generator(s) in cooperation with the 

the general description of the Power 

The characteristic electric power demand of the plant is 

10.5 MW. Taking into account an average power factor (cos 

~) of 0.92, this figure amounts to 11.5 MVA apparent 

power. At the characteristic power steam consumption 

the power plant generates 7. 6 Ml'l power. Taking the 

power plants own consumption into consideration, 4 
MW power shoud be purchased. 

For the national grid failure case a stand-by 

condensation turbine unit is provided in the power plant 

belonging to the alumina plant. 
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Electric network of the plant will 
the national grid through two 120/11 kV 

two independent 132 kV overhead lines. 
power or the transformers is 10 l.fil each. 

be connected to 
transformers and 

The proposed rated 

In normal operation the power balance is: 

2 back-pressure generators generate 
self-consumption in the power plant 

remaining for the alumina plant 
to be purchased from the national grid 

the alumina plant demand 

In case of a national grid failure the power 
2 back-pressure generators/generate 

1 condensation unit generates 
for the power plant's consumption 

remaining for the alumina plant 

7.6 MW 

-1.11 MW 

6.5 MW 

4.0 MW 
10.5 MV 

balance: 
9.74 MW 

2.26 irw 
-1.5 MW 

10.5 MW 

The electric power distribution 

the lighting, the 
are the same as shortly 

correction, 
protection 

4.J.2. 

system, the power factor 

cabling and the shock 
described in the Chapter 
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5. PLANT LOCATION AND CIVIL ENGINEERING 

5.1. Plant location 

According to AID~P information the Alumina Plant will 
be located in Jajarm area, where the bauxite deposit 
was discovered. 

The final plant site has not been determined yet, 
so infrastructural connections and transporting problems 
will not be detailed here. Consequently the plant inside the 

fence will be examined as a unit independent from the 
surroundings, but assumed at the same time that all 
the required connections are granted. 

5.2. Civil engineering work 

As generally it can be said that the plant, from 
civil engineering's point of view, consists of 

technological buildings, outdoor technological plant 
units and non technological buildings. 

Technological buildings with high dynamical loads are 
of r.c.c. structure, while the others or steel 
structure. Central switch-house and central laboratory 
are of heat insulated r.c.c. structure. 

In the outdoor plant units the platforms supporting 
smaller tanks and equipment are of steel structure, but 
supports under bigger tankP and the whole construction 
of alumina silos are of r.c.c. structure. The supporting 

columns and bridges for the yard pipe network are also 
made of steel structure. 
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Mon technological buildings (change house, canteen 
management building) are of heat insulated r.c.c. structure. 

5.J. Water supply 

Industrial water supply of the Alumina Plaut will be 

ensured by 3 systems: 

industrial and fire-fighting system 

recirculating cooling water system No 1 (alkali 

contaminated) 

- recirculating cooling water sy8tem Mo 2 (not 

contaminated by alkali) 

In the area of the water plant there can be found different 
buildings and civil structures as well as the machinery and 

equipnent for water treatment and water recirculation, 

furthermore reservoirs and cooling equipment. 

5.4. Red Mud Disposal 

It is supposed that near the plant site, not further than 2-

4 km, there is a valley suitable for disposal with the help 

of certain quer-dam system and terrace-art filling method. 

In case of sintering process the red mud will be pumped 

from the plant through centrifugal pumps operating in 

series to the red mud disposal area. Pumping 

water returns gravitationally to the plant. 
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In case of the Bayer process variants the filtered red mud 

is delivered by diaphragm piston pumps to the disposal 

area, where it consolidates. Being well isolated from the 

soil its sodium content does not contaminate the 

environment and the mud can be piled up to a heig~t of 

about JO m. 
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TECHNOLOGIES 
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6. ESTII.fATED FIXED INVESTMENT COSTS OF THE SELECTED 

TECiiNOLOGIES 

The investment costs estimate covers the fixed assets or the 

alumina plant within the fence including the cost of the red 
muC. disposal. 

This is in accordance with the Minutes drawn up between the 
Iranian partner (ARMP) and Aluterv-FKI during Aluterv-FKI's 

visit in the Islamic Republic of Iran in November 1987. The 
relevant part of the Minutes reads as follows: 

"In the evaluation, the technological and auxiliary plant 

units as well as the red mud disposal will be considered only 
within the fence." 

On the basis or the above the fixed investment costs of 
infrastructure was not taken into consideration. 

The fixed investment costs or the alumina plant for the 
selected technologies are divided into three major 
categories, namely 

Direct fixed investment costs of the selected 
technologies mechanical engineering, 

Direct fixed investment costs of the selected 
technologies civil engineering, 

Indirect fixed investment costs of the selected 
technologies. 

Direct fixed investment costs of mechanical engineering work 
(Table 6-1) include the following: 
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Costs or the production equipment including the technolo­

gical piping, electrical, automation and instrumentation 
works. 

Costs or the equipnent of auxiliary plant units (Limestone 
receiving and crushing, Limestone storage, Lime burning 

and slaking, Soda ash handling and causticization includ­

ing the piping, electrical and instrumentation works). 
Costs or the service equipment (Vacuum and Compressor 

station, water supply system, Maintenance shop and Motor 
vehicles). 

Costs or mechanical engineering work of Power plant. 
Costs of spare parts. 
Costs of transportation. 
Costs of erection and mounting. 

Direct fixed investment costs of civil engineering work 
(Table 6-2) include the following: 

Costs of site preparation and development. 
Costs of building work of technological units. 
Costs of outdoor work. 
Costs or fresh-water supply s7stem. 
Costs of building work for non-technological units. 
Costs of power plant. 
Costs of red mud pond. 

Indirect fixed investment costs of the selected technologies 
(Table 6-3) include the following: 

Costs of engineering work and know-how fee. 
Costs of construction and general management. 
Costs of site supervision. 
Costs of start up and complex trials. 
Costs of insurance. 
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Table 6-4 shows the summary of dj-ect and indirect fixed 

investment costs. 

The foreign exchange requirement is discussed in Chapter 14. 

Table 14-1 Shows a break up of the investment - costs for 

domestic and foreign supply. 

Working capital requirements. 

Working capital requirements of the selected technologies are 

given in Table 6-5/A-E. 

Material stocks required for the continuous operation of the 

alumina plant were determined by considering the emergency 

stoks and the frequency or supply. 



Table 6-1 

Estimated direct fixed investment costs of the selected technologies 
Mechanical engineering work 

millions of Rls 

Low quality bauxite High quality bauxite 
Item 

Sintering Autoclave Tube Autoclave Tube 
Digestion Digestion Digestion Digestion 

-----------------------------------------------·---------------------------------------
Production equipment 
Auxiliary equipment 
Service equipment 
Power plant 
Spare parts 
Transportation 
Erection and mounting 

Total direct costs, 
mechanical eng. works. 

11380 
626 

1116 
2744 

807 
604 

3545 

20822 

7183 
688 

1003 
2159 

553 
~46 

2588 

14620 

7545 6534 6734 
688 688 688 

1000 987 992 
1933 1895 1522 

560 510 497 
448 409 397 

2626 2382 2337 

14800 13405 13167 

°' I ,,. 



Table 6-2 

Estj.mated direct fixed investment costs of the selected technologies 
Civil engineering work 

Item 

millions of Rls 

Low quality bauxite 

Sintering Autoclave Tube 
Digestion Digestion 

High quality bauxite 

Autoclave Tube 
Digestion Digestion 

------------------------·----------------------------·----------------------------------
Site preparation and development 
Technological buildings 
Outdoor work 

Fresh-water supply system 
Uon-technological building 

Power plant 
Red mud pond 

Total direct costa, civil eng. 
works 

360 
1785 
1585 

335 
225 
687 

1080 

6057 

360 
1005 
1200 

335 
225 
586 

1175 

4886 

360 358 358 
1020 952 969 
1290 1110 1196 

335 335 335 
225 225 225 
525 515 423 

1175 790 790 

4930 4285 4296 

°' I 
U'I 



Table 6-J 

Estimated indirect fixed investment costs of the selected technologies 
millions of Rls 

Low quality bauxite High quality bauxite 
Item 

Sintering Autoclave Tube Autoclave Tube 
Digestion Digestion Digestion Digestion 

Engineering and know-how fee 1970 1250 1300 1200 1250 
Constructicn management cost 420 310 320 280 280 
General management cost 140 100 100 90 90 
Cost of site supervision 130 95 95 87 87 
Cost of start up, complex trials 170 125 125 120 120 
Insurance 130 95 95 87 87 

Total indirect costs 2960 1975 2035 1864 1914 

O'I 
I 

O'I 



Table 6-4 
Estimated direct and indirect fixed investment costs of the 

selected technologies 
millions of Rls 

--------------------------------------------------------------------------------------
Item 

Low quality bauxite High quality bauxite 

-------------------------------------------------------
Sintering Autoclave 

Digestion 
Tube Autoclave Tube 
Digestion Digestion Digestion 

--------------------------------------------------------------------------------------
Estimated direct costs 
mech. eng. works 20822 14620 14800 13405 13167 

Estimated direct costs 
civil eng. works 6057 4886 4930 4285 4296 
Estimated indirect costs 2960 1975 2035 1864 1914 

--------------------------------------------------------------------------------------
Estimated direct and indirect 
costs 
Contingency ( 10 ~) 

29839 
2984 

21481 

2149 

21765 

2177 

19554 

1955 

19377 
1938 

--------------------------------------------------------------------------------------
Total costs of the 
selected technologies 32823 23630 23942 21509 21315 

--------------------·------------------------------------------------------------------

0\ 
I 

" 
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Table 6-5/A 

Wo•kir.a Capital Requirement 
Low quality bauxite sinteri~g process million of Ris 
----------------------------------------------------·--------------

Year Days 1 2 3 4 

------------------------------------------------------------------
I.C~rrent assets 
A.Acccunt receivable 
B. Inventory 

Raw material 
Bauxit 
Sodium carbonat~ 
Other materials 

Spare parts 51. 
Work-in-progress 
Finished products 

C.Cash in h.anc.I 

D.Current assets 
E.Increase in 

current assets 

II.Cu; --ent liabilities 
A.Accounts payable 

III.Working capital 
A.Net working capital 
B. Increase in wa~king 

capital 

15 82 164 

10 39 72 
20 18 30 
10 13 32 

917 917 
35 336 583 
10 96 167 

5 27 55 

0 0 1528 2020 

0 0 1528 492 

15 0 0 -107 -203 

0 0 1421 1817 

0 0 1421 396 
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Table 6-5/B 

Working Capital Requirement 
Low quality bauxite autoclave digestion million of Rls 

Year 

I.Current assets 
A.Account receivable 
B.Inventory 

Raw material 
Bauxit 
Sodium carbonat~ 
Other materials 

Spar-e parts 5/. 
Work-in-progress 
Finished products 

C.Cash in hand 

D.Cur-rent assets 
E. Increase in 

cur-rent ass.ets 

II.Current liabilities 
A.Accounts pay~ble 

IIr.tzJorkir.q capital 
A.Net working capital 
B.Incr-ea::;e in war-king 

capital 

Days 1 

15 

10 
20 
10 

35 
10 

5 

15 

2 3 4 

82 164 

49 89 
2~ 38 
13 31 

637 637 
344 599 

98 171. 
27 5= 

0 0 1273 1784 

0 0 1273 511 

0 0 -110 -208 

0 0 1163 1576 

0 0 1163 413 
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Table 6-5/C 

Wor~ing Capital Requirement 
Low quality bauxite tube digestion million of Rls 
------------------------------------------------------------------

Year Days 1 2 3 4 

------------------------------------------------------------------
I.Current assets 
A.Account receivable 
B.Inventory 

Paw material 
Bauxit 
Sodium carbonat~ 
Other- materials 

Spare parts 5% 
Work-in-progress 
Fini~hed products 

C.Cash in hand 

15 

10 
20 
10 

35 
10 

5 

82 164 

49 89 
22 36 
13 31 

645 645 
339 592 

97 169 
27 55 

---------------------------------------------
D.Current assets 
E.Increase in 

current assets 

II.Current liabilities 
A.Accounts payable 15 

0 

0 

0 

0 1274 

0 1274 507 

0 -109 -206 

---------------------------------------------
I I I . l•;o r k i n g capital 
A.Net working capital 0 0 1165 1575 

B. Increase in WO""king 
capital 0 c 1165 410 

------------------------------------------------------------------
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Table 6-5/D 

Working Capital Requirement 
High quality bau~ite autoclave digestion million of Rls 

Vear Days 1 2 3 4 

I .Current assets 
A.Account receivable 15 82 164 
B. Inventory 

Raw material 
Bauxit 10 34 62 
Sodium carbonate 20 10 17 
Other mate!"'"ials 10 q 22 

Spare parts 51. 584 584 
Work-i~-progre:s 35 255 437 
Finished products 10 73 125 

C.Cash in hand 5 27 55 

D. Curr er. t assets 0 0 1074 1466 
E.Increase i ;i 

currer.t assets 0 0 1074 392 

II.Currei"it liabi!ities 
A.Accounts payable 15 0 0 -72 -138 

III.Working capital 
A.Net wor-k ing capita! 0 0 1002 1328 
8. Increas:.a in working 

capital 0 0 100:? 326 
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Table 6-5/E 

War-king Capital Requirement 
High quality bauxite tube digestion million of Rls 
------------------------------------------------------------------

'.'ea'f' Cays 1 2 3 4 

------------------------------------------------------------------
I.Current assets 
A.Account receivable 
B. Inventory 

Raw material 
Bauxit 
Sodium carbonate 
Other- materials 

Spare parts Si. 
Work-in-progress 
Finished products 

C.Cash in hand 

15 

10 
20 
10 

35 
10 

5 

82 164 

34 61 
10 16 

9 22 
574 574 
251 432 

72 1 ""'..,. L-' 

27 55 

---------------------------------------------
o.:urrent assets 
E. ~ncrease in 

current asset:; 

II.Current liabilities 
A.Accounts payable 15 

0 

0 

0 

0 1059 1447 

0 1059 388 

0 -72 -137 

---------------------------------------------
I I I . Working capital 
A. r..;et wcd:ing capital 0 0 987 13!() 

B. Increase in working 
capital 0 0 987 .... ~ .... 

.j~ ... 

------------------------------------------------------------------
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7. MAJOR INPUT REQUIREMENTS 

SPECIFIC CONSUMPTIONS (Comparative table) 

Low quality bauxite High quality bx 
autocl.tube autocl. tube 

sinter 

digest.digest. digest. digest. 

Bauxite (moisture 5i~t 
Al203 44.2 j, Si02 11.7 I 2 .90 3.588 3.588 
!1203 52.4 ~' Si02 7.6 i 2.487 2.480 

Lil!lestone,t 
Cao 54.6 i 1.46 2.093 2.036 0.983 0.959 

Sodium carbonate (soda ash),t 

Na2C03 99 ~ 0.227 0 .290 0.278 0.129 0.124 
Power,MWh 

for the process 0.76 0.41 0.435 0.35 0.37 
for other requirements 0.18 0.05 0.05 0.05 0.05 
total (excluded power 

plant) 0.94 0.46 0.485 0.40 0.42 
self-generation 

(included power plant) 0.45 0.32 0.42 0.22 0.30 
to be purchased 0.56 0.21 0.13 0.23 0.16 

Fuel oil (39 GJ/;on net heating value),t 
for tube digestion 0 .123 0.117 
for power plant 0.33 0.382 0.256 0.312 0.187 
for calcining 0.08 0.090 0.090 0.090 0.090 
for lime burning 0.06 0.086 0.084 0.040 0.039 

total 0.47 0.558 0.553 0.442 0.433 
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SPECIFIC CONSu1~PTIONS (Comparative table, cont.) 

Low quality bauxite High quality bx 

autocl. tube autocl. tube 

sinter 
digest.digest. digest. digest. 

Natural gas (30.76 MJ/m3),m3 
for sintering 767 

Make up water, m3 10 7 7 6 6 

Flocculant - natural,t 0.003 0.004 0.004 0.002 0.002 

- synthetic,kg 0.23 0.23 0.12 0.12 

Filter cloth, m2 0.45 0.40 0.40 0.30 0.30 

Grinding material,t 0.005 0.005 0.005 0.004 0.004 

Total primary energy,GJ 
(Fuel oil + Natural gas) 42. 92 21. 76 21.57 17 .24 16.89 
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Table 7-1 

Specific and annual consumptions 
Low quality bauxite sintering process 

Bauxite (5 3 moisture) 

!1203 44.2 3, Si02 11.7 3 
Limestone (moisture 5 3) 

Cao 54.6 3 
Sodium carbonate (soda ash) 

(as 99 3 Na2C03) 
Purchased power 
Fuel oil (39 GJ/t net heating 

Natural gas (30.76 MJ/m3) 
Make up water 
Flocculant - natural 
Filter cloth 

Grinding material 

Specific 
consumption 
(per 1 ton 

of alumina) 

2.90 t 

1.46 t 

0.227 t 
0 .56 MWh 

value) 

0.47 t 

767 m3 
10 m3 

0.003 t 

0.45 m2 

0.005 t 

Annual 
consumptions 

580,000 t 

292 ,ooo t 

45,400 t 
112,000 MWh 

94,000 t 
153,400 th.m3 

2,000,000 m3 
600 t 

90,000 m2 

1,000 t 
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Table 7-2 

Specific and annual consumptions 
Low quality bauxite, Bayer process, autoclave digestion 

Bauxite (5 ~ moisture) 

!1203 44.2 ~, Si02 11.7 ~ 
Limestone (moisture 5 ~) 

Cao 54.6 ~ 
Sodium carbonate (soda ash) 

(as 99 ~ Na2C03) 

Purchased power 
Fuel oil (39 GJ/t net heating 

Make up water 
Flocculant - natur~l 

- synthe~::.c 

Filter cloth 

Grinding material 

Specific 
consumption 
(per 1 ton 

of alumina) 

3.588 t 

2.093 t 

0.290 t 

0.210 MWh 

value) 

0.558 t 

7 m3 
0.004 t 

0.23 kg 

0.45 m2 

0.005 t 

Annual 
condumption 

717,600 t 

418,600 t 

58,000 t 

42,000 MWh 

111,600 t 

1,4uO,OOO m3 
800 t 

46 t 

90,000 m2 

1,000 t 
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Table 7-J 

Specific and annual consumptions 
Low quality bauxite, Bayer process, tube digestion 

Bauxite (5 ~ moisture) 
Al20J 44.2 %, Si02 11.7 % 

Limestone (moisture 5 ~) 

Cao 54.6 % 
Sodium carbonate (soda ash) 

(as 99 ~ Na2C03) 
Purchased power 

Fuel oil (39 GJ/t net heating 

Make up water 

Flocculant - natural 
- synthetic 

Filter cloth 
Grinding material 

Specific 

consumption 

(per 1 ton 
of' alumina) 

J.588 t 

2.036 t 

0.278 t 
0.130 MWh 

value) 

0.553 t 

7 m3 
0.004 t 
0.23 kg 

0.45 m2 
0.005 t 

Annual 

consumption 

?17,600 t 

. '17 ,200 t 

55,600 t 
26,000 MWh 

110,600 t 
1,400,000 m3 

800 t 
46 t 

90,000 m2 
1,000 t 
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Table 7-4 

Specific and annual consumptions 

High quality bauxite, Bayer process, autoclave digestion 

Bauxite (5 3 moisture) 

Al20J 52.4 3, Si02 7.6 3 
Limestone (moisture 5 %) 

Cao 54.6 3 
Sodium carbonate (soda ash) 

(as 99 3 Na2C03) 
Purchased power 

Fuel oil (39 GJ/t net heating 

Make up water 

Flocculant - natural 
- synthetic 

Fil·~er cloth 
Grinding material 

Specific 
consumption 
(per 1 ton 

of alumina) 

2.487 t 

0.983 t 

0 .129 t 
0 .230 MWh 

~·'\l ue) 

0 .442 t 

6 m3 
0.002 t 
0 .12 kg 

0.30 m2 
0.004 t 

Annual 
consumption 

497,400 t 

196.600 t 

25 ,800 t 
46,000 MW'1 

88,400 t 
1,200,000 m3 

400 t 
24 t 

60,000 m2 
800 t 
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Table 7-5 

Specific and annual consumptions 
High quality bauxite, Bayer process, tube digestion 

Bauxite (5 3 moisture) 

A1203 52 .4 3, Si02 7.6 3 
Limestone (moisture 5 3) 

CaO 54.6 3 
Sodiwn carbonate (soda ash) 

(as 99 3 Na2C03) 
Purchased power 
Fuel oil (39 GJ/t net heating 

Make up water 
Flocculant - natural 

- synthetic 

Filter cloth 
Grinding material 

Specific 
consumption 

(per 1 ton 
of alumina) 

2.480 t 

0.959 t 

0.124 t 

0 .160 MWh 
value) 

0.433 t 

6 m3 
0.002 t 
0 .12 kg 

0.30 m2 
0.004 t 

Annual 
consumption 

496,000 t 

191 , 800 t 

24,800 t 

32,000 MWh 

86,600 t 

1,200,000 m3 
400 t 

24 t 

60,000 m2 
800 t 



8.PRODUCTION COST ESTIMATE 
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8. PRODUCTION COST ESTIMATE 

The material costs were computed from the specific 

consumptions given in Chapter 7. Transportation costs are 

included in the prices. (Tables 8-1/A-E) 

The bauxite and sodium carbcnate prices were calculated as 

follows: 

Bauxite 

Underground bauxite 

Overground bauxite 

Average 

Soditun carbonate 

60 % 
40 % 

RLS 6330 
RLS 1800 

RLS 4518 

World market CIF price in US dollars 

by official exchange rate 66 RLS/USD 

+ 20 3 

150 

9900 
1980 

11880 Total price in RLS 

Manpower requirements are shown in Tables 8-2/A-E 

Other operating costs were developed from experiences gained 

in other plants and projects. 
An interest rate of 10 percent/annum was assumed for credit. 

The depreciation of the investment was calculated iIL Table 

8-J. 
The plant operating period was assumed for 20 years according 

to the financial evaluation. The production cost estimate is 

shown in Tables 8-4/A-E. The production cost in the 5th year 

is summarized as follows: 
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------------------------------------------
Production cost in 5th year 

Variants 
million of Rls Rls per t 

---------------------------------------------
Low quality bx.sintering process 8422 42110 

Low quality bx.autoclave digestion 8023 40115 

Low quality bx.tube digestion 7964 39820 

High quality bx.autoclave dig. 6206 31030 

High quality bx.tube digestion 6114 30570 

-------------------------------------------
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-------------·-------------------------------------------------------------------------------------------------------

I ·-­·=· 
c~it pri:! 4-t~ ~car 1e~::~ t~! 

C~;.s.,ptit~ C~n:.!~ticn C~s:i 

~-th y!ir 2~~~~ tpy 
Co~su1~tion C~ns~;ption Costs 

(tots!) 1il~icn cf 
------------------------------------------------·---------------------------------------------------
liliiit t 4511!.C~ 3.l~C :•1ecc !Ul.2 2.90G ~~oco u2:.: 
SIJdiijl tir:;iitt t ma~.cc .21£ 2noo Z2!.1 .227 C5400 53;.! 
liliiStDft! ~ 9:i1.00 1.606 m~GO £.$T.5 1.460 m:~o 27l. ;. 

~ 

Fvel oil t n~.:o .61~ 6mO 19.4 .470 9~ 
. .,., ~ 

""··-
K•b1r•I qs: RiH.13 :o60.GO .~1 ;nco 205.4 .767 15H~O 31;.~ 

Pvrc~asid ~J~er ll·il 2oCG.CC .12a naoo 10;.l .~60 11~~:0 ~!.: 

Other liter:ils 76.0 n~.: 

lliinten•nct 'iter:i! •~.o 6!~.: 

-----------------------------------------------------------------------------------------------------------------------
1111 . ••• \ 

-=·~·" 

-----------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------

lt:1 ,._.; 
\,I • • :;r.s.i:t10~ :~ris.·:::~~ 

(t::::i 

t~: 5-t:i ·rr•r :001101
} tpy 

~as!; cc~su•ptio~ c~~s~~~:!~n c~s~l 

:!lili::: :~ rt!s (tatii= o!l:~:n of '"' -... : 
-----------------------------------------------------------------------------------------------------------------------
Biui i: 4~lB.GO 

. ~,.., 
·~'"'""" , ...... "' 3.!:; 71~:;'} 12~:.: 

J. ·"' 
.J••."l.Jl,J • :.J • .J 

Sodi.; Cir::·;t;: lESJ.~~ 
.. ,. ,.,, .. : :;:·:) ., ... 

• .. .J.~ .m 5:~~0 :Ci.·· 
Lis;:: tone m.o~ 

. ........ -· .... ,,, ... .. ,, .~ ..... 
41E:~ .. , .,. .. -

:..v·..J- ....... v.., -~· . .; •• ,,-.J .101.· 

Fuei oil i3~~.0;} .725 ••a:A(': 
•• )'..J 

... ••,.) .m 111::a 14~.: 

Nit1;•ii 9ii Iii!:. •j :~:1).C:J .O;j' 0 .0 "'"'"' 0 .~ ,\:V'J 

F11rchiSed ~=·~r ~-~ :::~.~c .27l :~:co 7!.0 .:10 4 .. ,, '"' •• .. 11 10~.2 

OU er ute•:i:s ;:.o t:3. ·: 
llunttninc: 'ite•:.:: ~: ,) .o m.: 
-----------~-----------------------------------------------------------------------------------------------------------...... "" ... " 
------------------A·---------------------------------------------------------------------------------------------------
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hbte 2-!tC 

~~t pr::: 4-t': yur 1o:·~~c t~1 5-tl't 1nr 200CC~ t~y 

ltH Unit Cc.1s~iptiil:. C~s~~~t!c~ tes:s Cunsueption Cilllsuapt!an Ccsts 
F.Is/uri~ (tctil) 11Ilic~ at Rls (tot•ll 1illian of nls 

liiilit ~ 4518.~~ l.9~i ~m·co US!.~ 3.5as 7176C;J 324~.l ~ 

~it&A Cir~;;nitE t 1l8SO.CC .3~4 334CO 396.S .278 5~600 660.~ 
Lilff tane t 931.JQ L.LCO n.iooo 203.5 2.0~6 407200 1n.1 
Fi:tl oil t 1300.~ .719 719~C 93.5 .55l 110600 143.8 
litur•I ~is llill.tl ~~O.G~ .000 0 0 .000 0 .o 
Purc~•se~ po11er Kith 21100.CQ .169 16900 43.9 .130 260CO 67.6 
Otur Hteriils 81.il 148.0 
lliiatEllillCf 8iter:al 100.0 447.0 

T~ul ~107.0 5038.l 

Hi~t. ~u&!ity bi,~::te i.it::is>E ~i~cs~:::i 
-----------------------------------------------------------------------------------------------------------------------

ItH l:~it 

C.;it ~ri:~ 4-t~ -~~•r lC~~~:) 
::on;~:ption :ci:;..,:=tion 

R:s!u;.i~ (tJtsll 

~;y 5-th :Hr 200001) t~y 
Cas:s Cansu~;tion Consuapt:Jn Cost; 

?ilHci ::t R:; (totill 1illion of P.ls 

-----------------------------------------------------------------------------------------------------------------------
Bauxit t 4512.C ... .,.,. 

2~3!1:C ::~Q.l 2.~a1 49HOO 22u.: 
"•'""' 

Scdiu• tir~a~iti t t!gao.c: .m •SC····' m.t .m 2mo !C!:.5 1.;JVV 

lit!SlilH t 931.~; 1.cet '"'"''·'·" 100.6 .99~ m;oo 1a~.o ""':J. .. ·· .. 

F1:!l oil t 1~00.C; .5i~ ~]~.:: H.: .442 sa~co 114.? 

fti!: • .!3 =~~~.~~ .oc~ 0 . .c~o 0 ,j 
lli!uri: ;n v 

Pi;rchi~:J ,.., :6CO. ·: ~· 
.... "'"""',. 75 .~:c HCOO m.& 

~O•W .,Ji;., .;,v.,,'t/., 

Ot~er ~•~:ri•:• ~1.C 10?.~ 

llilftt!ii·:e Gi::••al 100.~ 4C4 .-: 

-----------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------
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Tib:e 8-llE 

Unit ~rice .;-t:i y:;r 100000 tpy 5-th yHr 20CCCO tpy 
Ile• llnit Cansu1ptian Ca.1sli1pti~n Costs Consuaption Consuaption Costs 

Rls/t:iit (totitl •illicn of Rls (tolil) •illioo or P.ls 

lililit t C5t2.C~ 2.;:~ 2728~0 171~.5 
Sailiu1 c•rlitnite t uaao.co .1~9 14?00 177.0 
li11tstcne t 931.~0 1.C~S 105SOa 98.2 
Fuel :nl t llOC.CO Cl,Y 

•"·"' 56:iCO 73.2 
lituril gu ftil!.!!3 206~.~~ .cco 0 0 
Purchisc1 ::ii:r ft11h 26oC.CO .2va 20800 54.l 
Otber 1iten•!s 59.0 
lliinten•nce e•teriil 100.0 

Tata: 1794.0 

Wages and Salaries 
Low q~ality bauxite sintering process 

2.480 496000 n11.? 
.124 24SCO 29.;,~ 

.959 191800 11a.~ 

.433 ~o 11:.~ 

.000 0 .o 

.160 3200C Bl.~ 
107.1 
39; .~ 

341:.? 

Table 8-2/A 

------------------------------------------------------------------------
Item 

Average 
Wages 

thRls/year 

4-th year 5-th year 

----------------------------------------
Head Costs Head Costs 

------------------------------------------------------------------------
Management 4780 7 33.5 7 33.5 
Engineers 3471) 45 156.2 45 156.2 
Cla,..ks 1215 55 66.8 55 66.8 
Foremen 2090 90 188.l 90 183.l 
Skilled L•Jorkers 1450 70 101.5 110 159.5 
Semi-skilled Wor-~.ers 910 200 182.0 320 29 !. • 2 
Plain 7;r::: 

- .J 120 87.0 200 14=.o 

Total 587 815.0 827 
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Wages and Salaries 
Low Qua~ity bau~ite autoclave digestion 

Ite .... 

Management 
Engine:rs 
Clarks 
Foremen 
Skil le::i Workers 

.Semi-sK1!led Wcrkers 
Plain 

Total 

Average 
Wages 

thRls/year 

4780 
3470 
1215 
2090 
1450 
910 
7-.c 

LJ 

4-th year 

Head Costs 

7 33.5 
43 149.2 
53 64.4 
86 179.7 
60 87.0 

180 16.3.8 
120 87.0 

549 764.b 

Wages and Salaries 
Low Quality bauxite tube digestion 

I te."":". 
Av-era:;;e 

Wages 
thRls/1ear 

4-th year 

Head Costs 

Table 8-2/a 

5-th year 

Head Costs 

7 33.5 
43 149.2 
53 64.4 
86 179.7 
96 139.2 

296 2b9.4 
200 145.0 

781 980.4 

Table 8-2/C 

5-th year 

Head Costs 
------------------------------------------------------------------------
Manage."'.° en t .:i100 7 33.5 7 33.5 
Engineers 3470 43 149.2 43 14?.2 
Clarks 1215 53 64.4 53 b4.4 
Forcme.-. 209l) 86 179.7 86 179.7 
Ski 1 le:::; :rlorkers 1450 60 87.0 100 145.0 
Semi-s·. i l ?ed Wor~E·rs 910 180 163.8 300 273 
Plain 725 120 87 .(J 200 145.0 

Total 549 764.6 789 
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Wages and Salaries 
High quality bauxite autGclave digestion 

Item 

Managemel"lt 
Engineers 
Clarks 
Foremen 
Skilled Workers 
Semi-skilled Workers 
Plain 

Total 

Average 
Wages 

thRls/year 

4780 
3470 
1215 
2090 
1450 
910 
725 

4-th year 

Head Costs 

7 33.5 
43 149.2 
53 64.4 
86 179.7 
60 87.0 

180 163.8 
120 87.0 

549 764.6 

Wages and Salaries 
High quality bauxite tube digestion 

Item 

Man.,:sgement 
Engineers 
Clarks 
Foremen 
Skilled Workers 
Semi-skilled Workers 
Plain 

Total 

Average 
Wages 

thRls/year 

4780 
347.,) 
1215 
2090 
1450 

910 
725 

4-th year 

Head Costs 

7 33.5 
43 149.2 
c-r 64.4 J.~ 

86 179.7 
60 87.0 

180 163.8 
120 87.0 

549 764.6 

i 
Table 8-'2/D 

5-th year 

Head Costs 

7 33.5 
43 149.2 
53 64.4 
86 179.7 
96 1.3'~.2 

296 269.4 
200 145.0 

781 980.4 

Table 8-2/E 

5-th year 

Head Costs 

7 ........ c: 
...,.~ . ...) 

43 149.2 
53 64.4 
86 179.7 

100 145.0 
300 273 
200 145.0 

789 

I 

______ J 



Tnble A-'5 

Depreciation Estimate 
- - - -

rni l l'f on of m.s 

~ U)BSP LQnAD l,QTITD JIQnAD llqUTD 
Item pr.r Invest- Dr.pre- Invest- Dcpre- Invest- Depre- Invest- Oepre- Invest- De pre-

YP.t\ r mcnt ciation ment ciation mcnt cintion ment cJntinn int?n t cintion 
OD 
I 

Civil Works 5 666'5 111 5'.575 269 51,23 271 lt711t 2'.56 1,726 2J6 OD 

C:tu~mical ln!ll. 6 17A8o 1o71 12092 725 12582 755 11197 672 111162 6AR 
PowP.r Pl ant 1 () '51'72 ,,, 7 2891 2A9 2589· 259 25'58 2 5'1 2oJ8 2011 

Othf"r 6 4Ao9 288 '5272 196 '.5Jlf8 2ol 3060 184 '3089 185 

l'otal )2.<1'.~'5 2olil 2'.56'.5o 1479 2391'2 llf 86 21509 1346 21'.515 1'51'5 
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9. ESTII4ATED ANNUAL SALES REVE?lUE 

According to the information of ARMP the sales price of the 

alumina was determined in Rls. 20,000 per ton. 

Sales revenues are 

in the 4th year 

in the 5th year 

from the starting. 

100,000 tpy 
200,000 tpy 

million of Rls. 2000 

million of Rls. 4000 
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10. ORGANIZATIONAL AND MANAGEMENT ASPECTS OF THE PROJECT 

The other chapters are dealing with technical a.~d economic 

calculations, evaluations and logical conclusions, the 

finding of this chapter are more or less depending on the 

outside conditions such as the content of the contract to be 

settled later and the real financing possibilities availa~le 

at that time. 

For this reason the organization ar.d management of the 

project can be defined only in the conceptual and preliminary 

engineering design period. 
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11. AN INDICATIVE TIME SCHEDULE FOR IMPLEMENTATION 

The most important activities 
200,000 mtpy capacity alumina 
implementation schedule Fig.11-1. 

necessary to establish the 
plant are summarized in the 

Most of the activities of the investment work are concluded 

by the deadline to start producing alumina between the J8th 

and 39th month. 

To meet the above schedule the conceptual and preliminary 

engineering design work starts in the 4th month and will be 
completed within 12 months. 

On the basis 

start in the 

development. 

of the design activities the civil work can 
6th month with the site preparation and 

The civil work will be completed in the 34th month. Delivery 

of machinery is planned to start in the 10th month and should 

be completed within 24 months. 

The erection work can start in the 12th month with the 

machinary mounting. The erection work (mechanical, 
electrical and instrumentation) should be completed in the 

J6th month. 

Filling up of the process can be started in the 30th month 
and comp!eted in the J2nd month. After this the complex 

trials will be carried out between the J2nd and J6th month. 
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From the )6th month there will be the start up period of the 

alumina plant. 

The 200,000 mtpy full capacity of the alumina plant can be 
achieved in the 44th month. 

Within the 6 months of the commissioning period a test period 

of JO days will also be completed for the performance 

guarantee. 

The guarantees 

quality of the 

consumption of 

materials. 

obtained should refer to the quantity and 

alumina produced as well as to the specific 

the most important basic and auxiliary 

The guarantee conditions should be fixed in the Engineering 

Contract. 
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DENOMIUATION 
4 8 

1. Preparation of CPED 

2. Detailed design 

3. Civil works 

4. Supply of machinery 

5. Erection 

6. Stockpile filling up 

7. Complex trials 

8. Start-~p period 

9. Commissioning period 

incl. performance guaranee 

IMPLEMENTATION SCHEDULE 

MONTHS 
12 16 20 24 28 :32 

-

Fig .11-1 

:36 40 44 

-

48 50 

.... .... 
I 
w 
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12. TOTAL IUVEST:·IENT COST 

The investment period is planned for 4 years. The Tables 

12-1/A-E show the phasing of Investment cost over the 4 years 

investment period. This schedule allows an alumina 

production of 100,000 t in the 4th year. 

Cost of infrastructure was not planned because the location 

of the alumina plant has not been finalized, so there was no 

possibility to estimate the required infrastructural demand. 

The total investment cost is the sum of the initial fixed 

investment cost and the working capital. Tables 12-2/A-E show 

the distribution of the total investment cost over 4 years. 



Phasing cf lnvestm•nt Cost T.ibl• 1'2-111\ 

Luw qu.ality bJll><itv 'IOir.t.~rintJ prcr.c.-\au. mil I Jon c 1 n I '6 

Months 0-b 7-12 13-18 19-24 25-30 31-36 37-42 43-48 Tcl•I 
A.: t \vi ties 

------------------------------------------------------------~------------------------------------------------------
1 .C1v1 I Wt.rks '500 8'50 1700 1700 D50 4'57 t.057 
2.M .• ..:l•ll\L•r'/ and Equipment 1670 1670 '5850 '5A'50 lb33 11.1, 7 3 
3.Er1:..:t1u11 and Mounting 210 710 1250 12'50 125 3~45 

4. Tr ""'•l•Or t.i ti on 134 23'5 23'5 t..04 
5.EIHJ int-~1 .11g c1nd 

I< nu .. -- how f t-e 250 500 '500 2'50 200 140 85 4'5 1970 .... 
o.Co11strur. t i1,n IV 

I 
"'""·"J1:"n1l'.'nt cost 3'5 45 80 100 100 75 o5 bO 5t10 IV 

7.51te S11p ... rvisicn cost 9 17 26 2b 2b 17 9 1.10 
a.cu,.t of start-up, 

L:U111p)~K trials 43 43 43 41 170 
9. lnis.ur-c..ancc.~ 12 12 43 43 20 1 :!.O 
IO.Contingency 247 309 8'54 892 436 199 33 14 '29A4 

Totdl 2714 339'5 9388 9806 4793 2190 3b8 lb9 3'2823 
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Lo~ qu•lity bauxite autoclave dige•t1on millil'n of RI• 

Month,. 0-b 7-14:' 13-19 19-24 2,-30 31-3b 37-42 43-49 Tot•I 
Act1,dtlf'""' 

---------------·--------------------------------------------------------------------------------------------t.c: .... 11 Wur"a.'i 400 684 13b8 131.CJ b84 382 400b 
~.l"1.,ch1r1pry .11nd Equipmer.t llbO llbO 40~5 40~' l I ~10 115Ub 
"!.r• .-ct 1on .>nd Mounting 150 518 900 900 109 2M18 
11 . I• ·" • • f)Ur tat 1 on ?O 1713 179 440 ... 
:..~:nq1r•Per 1n11 and N 

• now-hnw fpe 1,b 312 312 1:.'lb 12, 94 b3 3:? 1250 I 
la.Co11•.• rut: I l(ln w 

ar .. ,1htlJt~·'·~nt cc-at 2, 34 'y 7:.'I 7, "• :'10 Jo 4 ll) 
l.S•te Supervi.s,ion co•t b 12 20 20 20 . 11 0 9, 
R. fu•, t Cl t <,t.>r t-up, 

\. ()lhlJ 11•" lri.llb 31 31 31 32 12~ 
'I. l1•••UI •lf\CP 10 10 32 3:! 11 95 
IO.f'onl1Hgencv 17b 229 023 b45 3C•7 135 24 11 2149 

---------------------------------------------------------------------------------------------------------------- .. --lot di 1927 2434 0701 7047 3493 1024 297 117 23630 



Pha•in9 of lnve•tment Co•t 
Table 12-1/C 

Low quality bau•it• tube di9estion mill.ion of Rl11 

-------------------------------------------------------------------------------------------------------------------Mont hi; 0-6 7-12 13-18 19-24 2:1-30 31-36 37-42 43-48 Total 
l\c-t1v1tl«''f> 
-------~-----------------------------------------------------------------------------------------------------------
l • t' 1, 1 I Wor ~.,. 4(\4 690 1380 1300 690 386 4q-:,n 

~~.M,u::hinPry aild Equipment 1172 1172 41011 4104 1174 1172b 
~ .. f rp.: t lOn aruJ l"'lounting 1~2 :.2:1 920 920 109 2626 
4.lr~n'!Oportation 88 180 180 448 .... 
~.Enq1n~er1ng and N 

knp""-ht'~" '"'" 163 326 326 163 130 97 6, :so 1300 I 

b.Con'!Otr -.r. t 1on 
.i:i. 

mr'h .. \f)l•nipn t CO'!Ot 26 3:1 60 76 76 ,7 ,0 40 420 
7.S1te Superv1or.ion cost 6 12 20 20 20 11 6 9:1 

ll. Ct•'> l i> f "'tart-up, 
, ')lh()' 6-')I tr i;, I or. 31 31 31 32 1 <'~ 

"'. I n":tur ·"'c e 10 10 32 32 11 q5 

ll>.Cnnt 1ng1?ncy 179 231 631 b:>:S 311 137 24 l 1 2177 

--------- ----------------------------------------------------------------------------------------------------------
Total lq54 2470 6785 7133 3:143 1648 2C;'O 119 2sq47. 

-----------------------------------------------------------------------------·-~·------------------------------------

-·~~~-~~~~~~~~~~~~~-· 



Pha•ing of Inv••tment Co•t Table 12-1/n 

lt1qh qu.ll l ty bauMi te au toe lave digestion million of RI• 

Month·. 0-b 7-12 13-18 19-24 25-30 31-30 37-42 43-48 Tot11 I 
o."\r- t 1.., l t 'eoc;. 

l .c1 ... , t l.to.li.lr '- .. ~ 351 bOO 1200 1 ~o. bOO 334 4;>05 
~'. f 1 .•• - '1 l f •••• - v .lnd [quipmPnt 1060 1060 3715 3ll5 1064 H1h 14 
~ 0 t I•'- l 101\ ,,nc1 Mounting 130 47b 834 834 100 2.~fJ'Z 

-\. 1, is\rl~L·Or t ,\t l pn Ul 164 lbi 409 
...... ~ 1.;;l1 .. •p.-1t\•j nnd 

i;,, .... .. .- ..... f. ~f" 150 300 300 1~0 120 90 bO 30 1 ~(I() "' t •. ( '·"'·'' ,.( t l011 I 
n ,\11.\lj•'lhfHt t t'O'it 73 31 :>3 b7 b7 :.o 4~ 34 310 Ul 

l.S1t•· ·.up•:'•·v1'5.ion co~t b 12 17 17 17 12 6 97 
H.C, I "t r,. l .,,,. l - up 

1 

• 1111.;1lt-ot tr 1ctl~.t 30 30 10 30 J ·~~(, 
'I. I'''"•' .\nr P 9 9 30 30 9 IH 
10.{ t111t 1.•HJPncy lbO 207 5b7 507 ?80 123 21 10 1'155 

-- ·-------------------------------------------------------------------------------------------------------- ···-
1 u t n I 1753 2213 6096 6401> 318:'> 1478 268 110 215V'I 

----- - ·- -- -----------



Pha11ing o1 lnve11tment Co6t Table 12-1/S 

H1qh qua I' ty bauMitP tube diqp'f;tion million of Rl11 
------------------------·------------------------------------------------------------------------------------------

Months 0-b 7-12 13-18 1q-24 25-30 31-3b 37-42 43-48 Tola I 
•tic t lVl l 1.f''Si 

---·-------------------------------------------------------------------------------------------------------------
2 ·'·'""al i..:,...,-a. •• 352 1,00 1~00 12(10 1.00 344 42Yb 
~.M.1r h1n,~··)· ·"HI £qui pment 1043 1043 3b~\2 3652 10113 1fJi1 ·y~ 

• .• fr 1•(" t '"n ."\ntJ ,.1ount1ng 13b 467 818 81F.I 98 2:S ~., 
·l. I, .,. '·I ( ,, t ., t 11 ., I 77 1 /,() lbO 1117 
~1.f1.y&r1tt.·rLr11J dlld 

lo. r10~ .. -t •<'~" fpp 156 312 312 156 125 94 63 32 1250 
h • C :\n c; t ,- uc t l on 

"'•'' ·•\\:jf'·'•er. t C. O'S. t 23 31 53 67 67 50 4~ 34 370 
7.51.~P Suppr·v1r:i.1on cost b 12 17 17 17 I 12 6 87 
fl. Co•. t cf start-up, 

cc1111plp·-c tr 1a Is 30 30 30 30 17() 
q. l nc-.u,· ir\hi"" P. 9 q 30 30 9 A7 

i•).[cml in<JP.ncy 159 205 562 581 277 122 21 11 1938 

--------------------------------·~----------------------------------------------------------------------------------
lot di 1742 2206 6034 6330 3146 1475 269 113 21315 

-------·------------------------------------------------------------------------------------··----------------------
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IV 
I 
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Total investment cost Table 12-2/A 

Low quality bauxite sintering process mill oi Rls 

Year 1 2 3 4 Total 

-------------------------------•--------•--------•--------•--------------------. . . . 

Fi:~P.d investmert costs 6109 19194 6983 537 32823 

Ir, i t i cl l ii:-.ed investment costs 6109 19194 6983 537 32823 

Ro:>pl c.co.o>.nPnt 0 0 0 0 0 

Pn::--produc ti on capital costs 0 0 0 0 0 

l.Jo1- king capital increase 0 0 1421 396 1817 

Total investn.ent costs 6109 19194 8404 933 34640 

..... 
N 
I 

-.J 



Total investment ccst Tahle 12-218 

Low r1uality bc.uxile autoclave digestion mill of Rls 

--------------------------··----------------------------------------------------
Ye,-ir 1 2 3 4 Total 

--------------------------------!--------•--------!--------!--------------------
F .i :,ed investment costs 4361 13748 5117 404 23630 

..... 
N 
I 

00 

Initial f i ::ad investment costs 4361 13748 5117 404 23630 

R~:·µ 1 dC t'lloE'~l t 0 c 0 0 0 

Pr·~-produc t ion capital costs 0 0 0 0 0 

loJ .-.1 r ~ i 1 HJ c a pi ta l increase 0 0 1163 413 1576 

---------------------------------------------------~---------------------------

Total investment costs 4361 13748 6280 817 25206 

-------------------------------------------------------------------------------



Total investment cost Tabll~ 12-2.'C 

Lovi qu.-uity bauxite tubP. digestion mill of Rls 

--------·---------------------------------------------------------------------
Year 1 2 3 4 Total 

--------------------------------'--------'--------•----·----•------------------. . . . 
~ 

r i •· ed in·,;estment costs 44'24 13918 5191 409 23942 
N 
I 

\D 

Ir • .i ti a 1 fl >:ed investment costs 4424 13918 5191 409 23942 

H~'f' 1 o.c £:?,nen t 0 0 0 0 0 

Pr· ;::i--p1-;JJ1.,;c ti on capital cost:> 0 0 0 0 0 

l.J~;rl irag Cdpital increase 0 0 1165 410 1575 

------------------------------------------------------------------~-----------

Total investment costs 4424 13918 6356 819 255!7 

-------·----------------------------------------------------------------------



Total investment cost TablP 12-2/D 

Hiyh quality buu>:1te autoclave digestion mill of Rls 

-------------------------------------------------------------------------------
Year- 1 2 3 4 Total 

_______________________________ , ________ , ________ , ________ , ________ , ________ _ 
. - . . . 

i-i.-.ec1 investment costs 3966 12502 4663 378 21509 

Initial fixed investment costs 3966 12502 4663 378 21509 

Re-placement 0 0 0 0 0 

Pr-e-production capital costs 0 0 0 0 0 

War-king capital increase 0 0 1002 326 1328 

-----------------------------------------------------------------------------
Total investment costs 3966 12502 5665 704 22837 

-----------------------------------------------------------------------------

..... 
~ 
I 

..... 
0 



Total investment cost Table 12-2/E 

H1gt. quc1lity bauxite tube digestion mill of Rls 

--------------------------------------------------------------------------------
Year 1 2 3 4 Total 

--------------------------------!--------!--------!--------!---------------------
Fl >:c·-:1 .investment custs 3948 12364 4621 382 21315 

!•·,itial fi>.ed investment costs 3948 12364 4621 382 21315 

qep lac e>n1en t 0 0 0 0 0 

Prt:_•-produc ti on ca pi ta 1 costs 0 0 0 0 0 

Wo~king capital increase 0 0 987 323 1310 

---------------------------------- ----------------------------------------------
Total investment costs 3948 12364 5608 705 22625 

---------------------------------------------------------------------------------
• 

- - - -- -------- --------

..... 
"' I ..... 
..... 



13.FINANCING DESCIUPTION 
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13. FINANCING DESCRIPTION 

According to the information of ARMP financing of initial 

capital investment for the alumina plant is as follows: 

sources of budget for alumina plant are private and com­

mercial banks which undertake to provide necessary funds 

to 60 %; credit ceiling is million of Rls JOOO. 

Iranian Government shall provide up to 60 % or up to 

million of Rls JOOO of the projected total capital costs, 

in the form of Government subsidy. 

Arrangement for payment instal!ment shall be made one year 

after the implementation with a rate of interest of 10 ~-

Fir..ancir.g of working capital can be carried out by Iranian 

Govarnment. 

The total capital cost, and the distribution based on the 

financing sources are projected in Table~ 13-1/A-E. 
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Sources of initial funds Table 13-1/A 

Low q~ality bauxite sintering process mill of Rls 

Year 1 2 3 4 Tot~ 1 

------------------'--------·--------•--------•--------------------- - - . 

Equi t·y capital 5580 17531 7676 853 31640 

Preference capital 0 

Loans 529 1663 728 80 3000 

Supplier's credit 0 0 0 0 0 

Current li4bilitie 0 0 107 96 203 

Subsidies 0 

------------------------------------------------------------------
Total 6109 19194 8511 10~9 34843 

------------------------------------------------------------------
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Sources of initial funds 

Lei"" qll.:t 1 ity bau:<ite autoclave digestion 

fat:le l:?-.!.18 

mill of Rls 

--------------------------------·----------------------------------

1 2 3 4 Total 

------------------~--------~--------~--------~--------------------

Equity capital 

Prefe~ence capital 

s~pplier·s credit 

~urrent liabilitie 

Swbsidies 

3842 

519 

0 

0 

12112 

1636 

0 

0 

5533 

747 

0 

110 

719 

98 

0 

98 

22206 

0 

3000 

0 

'.208 

0 

------------------------------------------------------------------
Total 4361 13748 6390 915 25414 

------------------------------------------------------------------



13-4 

Sources of initial fur.cs Table· 13-1/C 

Low quality bauxite tube digestion mill c~ Rls 

------------------------------------------------------------------

Year 1 2 4 Total 

------------------~--------!--------!--------!--------------------

Equity capital 3904 1~282 7
.,..., 
-~ 

P~eference capital 0 

L-uans 520 1636 747 97 3000 

Supplier·s credit 0 0 0 0 0 

Current liabilitie 0 0 109 97 206 

Subsidies 0 

Total 4424 13918 6465 916 25723 
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Sources of initial funds Table 13-110 

High qu~lity bauxite autoclave diqestion mill of Rls 

------------------------------------------------------------------

Vear 1 2 4 Total 

------------------•--------'--------'--------'--------------------. . . 

Eqwity capital 3445 10860 4921 611 19837 

Preference capital 0 

Loans 521 1642 744 93 3000 

Supplier's credit 0 0 0 0 0 

Current liabilitie 0 0 T2. 66 138 

Subsidies 0 

------------------------------------------------------------------
Total 3966 12502 5737 770 22975 

------------------------------------------------------------------
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Sources of initial f~nds 

High quality bduxite tube digestion 

Vear 1 
..., 
.L 

Table 13-1/E 

mill of Rls 

4 Total 

------------------'--------•--------'--------•--------------------. . . . 

Equity capital 3425 10725 4864 611 1:;625 

Preference capital 0 

Loans 523 1639 744 94 3000 

Supplier's er-edit 0 0 0 0 0 

Current liabilitie 0 0 72 65 137 

Subsidies 0 
--:":. 

Total 3948 12364 5680 770 22762 
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14. ESTHIATED FOREIGrr EXCHANGE REQUIREI-IENTS 

Table 6-4 shows the sunmary of the estimated investment 

costs. In oraer to find out the foreign exchange 

requirements of the investment costs we have to go through 

all the basic investment details of the project to estimate 

the possibility and the scope of the domestic supply. 

The estimation is based on the recommendation handed over to 

Aluterv-FKI (Calculation of local supply of materials, 

fabricated equipnent and services: Unido ~roject). In this 

recommendation only static equipnent are suggested to be 

considered from domestic scope of supply. As boyler quality 

plates are also not available in the local markets, so all 

pressure vessels are considered as imported items. 

In accordance with the recommendation the supply of dinamic 

elements like electromotors, pumps, gear boxes etc. are 
mostly considered as imported items. Only pumps of smaller 

capacity for water services are included in the scope of the 

domestic supply. 

The domestic scope of supply for mechanical engineering 

includes: 

- the equipnent marked \·ri th an asteri;)... in the equipment list, 

- about '•5 1- of the piping work, 
- it is presumed that some kind of manufacturing distribution 

can be achieved with the foreign suppliers and some part of 

the imported equipment can be manufactured in Iran on the 

basis of the detailed engineering drawings supplied by the 

foreign contractors, we presume that about 18 to 35 ~ of 

the prv:iuction and auxialiary equipment can be supplied in 

this way, 



i .. -2 

all painting and insulation work, 

about 80 ~ of the erection and mounting work 

about 80 S of the transportation costs. 

In case of the civil engineering we presume that about 90 % 
of the civil engineering work can be covered from domestic 

supply. Only about 10 S (one part of the steel structure 

material and of the reinforcing steel) is envisaged as 

foreign supply. 

In case of the indirect investment costs the following 

percentages are considered as domestic supply: 

about 50 S of the construction managament costs, 

about 75-80 ~ of the general management costs, 

- about 50 ~ of the site supervision ccsts, 

about 40 ~ of the costs of startup, complex trials, 

about 40 ~ of the insurance costs. 



Estimated domestic and for~ign supply 
million of Rls 

Table 14-1 

Low quality bauxite High quality bauxite 
Sintering Autoclave Tube Autoclave 

~~~~~~~~~~~~~~~~~~~-digestion digestion digestion 
Costs of estimated 
domestic supply 
Nechanical engineering 
Civil engineering 
Indirect costs 
Total 

Contingency ( - 10%) 
Total costs of domestic 
supply 

Costs of estimated foreign 
supply 
Mechanical engineering 
Civil engineering 

Indirect costs 

Total 
_ Qonti_genc~ ( -10 %) 

Total costs of foreign 
supply 

Totnl fixed investment 

costs 

5830 
5451 

515 
11796 

1180 

1_2976 

14992 
606 

2445 
18043 

1804 

12..~47 
32823 

5130 5683 4660 
4397 4437 3857 

401 406 ~6? 
9928 10526 8882 

993 1053 888 

10921 11579 2770 

9490 9117 8745 
489 493 428 

1574 1629 1499 
11553 11239 10672 

1156 1124 1067 

12702 _ 1_2J6J 117J9 
23630 23942 21509 

Tube 
d:igestion 

5046 
)866 

~65 

9277 
928 

1_Q.?_Q.~ 

8121 
430 

1549 
10100 

1010 

11110 
21315 

""" • I ...., 
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15.FINANCIAL EVALUATION 

15.1 Economic analysis 

Economic analysis is shown in th~ following Tables: 

15 - 1/A-E Total assets 

15 - 2/A-E Net income statement 
15 - 3/A-E Cash flow tables for financing planning 
15 - 4/A-E Projected balance sheets 
15 - 5/A-E Cash flow tables for the proje~t 
15 - 6/A-E Cash flow tables for equity 

The econor.iic analysis was prepared under the 
following conditions: 

- The prices and other economic parameters (average 
saleries, depreciation, rate 
corresponding to the 1988 year's 

of interest, etc.) are 
level. 

-The financing conditions were applied according to the 
data suhnitted in Chapter 13. 

-Income taxes and dividens have not been calculated. 
-The actual excnange 

Iran is 66 Rials per USD 

delivered by the AR?·IP 
this exchange rate is 

r~te in the Islamic Republic of 
( according to the information 

experts). Although any change in 
depending on the decision of the 

government, however, the international comparison ( Chapter 
15.3 ) and the economic estimation of the Jajarrn project 
confirm the reality of the use oi a higher exchange rate 
to evaluate more exactly and adequately the erection of 

~ndustrial facilities. Therefore, the economic analysis has 
been prepared with the following, different exchange 

rates: 
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Rls 66 per USD (official) 

Rls 160 per USD 
Rls 200 per USD 
Rls 400 per USD 

The results of these calculations are summarized below. 
-The cummulated cash balance in the 20th year of 

production , billions of Rials ( See Tables 15-3 ) : 

Variant Exchange rate Rls/USD 
66 160 200 400 

-------------------------------------
LQBSP - 57.6 28.3 "67.4 263.4 
LQBAD - 58.4 23.2 60.4 247.0 
LQBTD - 57 .1 25.?. 62. 9 251.2 
HQ BAD - 23.3 69.t.- 111 .5 322 .0 
HQBTD - 22.1 71.0 113.2 324.3 

It can be seen from the data that the cash balance 
very sensitively reacts and steeply increases with the 
increasing of the exchange rate. 

It can be recognised, furthermore, that the for low 
quality bauxites however, all three variants give results of 
the same order of magnitude for the low quality bauxite. The 
cum~lated cash balance increases only with the 
improvement of the bauxite quality significantly. 

The net income statement below shows the 

accu~ulated profits in billions of Ri~ls: 
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Variant Exchange rate Rials/USD 
66 160 200 400 

-----~ ----------
LQBS:E' -88.1 38.1 -14.4 +105.0 

LQBAD -80.0 - 21.8 + 5.5 +142 .6 
LQBT'.e -78.9 19.0 + 9.0 +146.1 
HQBAD -42.7 + 28.4 +61.4 +226. 0 

HQBTD -40.8 + 32.1 +65.8 +234.6 

---
The sum of the accummulated profit at an exchange rate of 
66 Rls/USD is negative for all variants.At an exehange rate 
of 160 Rls/USD the processing of high quality bauxite is 
already profitable.At d1l exchange rate of 200 Rls/USD 
the sinter process is the only non-profitable 

variant,while at the exchange rate of 400 Rls/USD all 
variants beeome very attractive.When looking from the 
point of view of the accumulated profit the advantages 
of the Bayer process become clearly visible in contrast to 

the sintering process. Both digestion variants are 
significanthy more profitable than the sintering 
process.Among the two digestion variants the tube 
digestion is more profitable. 

- The ratio of the net profit to the equity after 

reaching the whole production capacity (in 3): 



Variant 

LQBSP 
LQBAD 
LQBTD 
HQ BAD 
HQBTD 
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Exchange rate Rials/USD 
66 160 200 400 

- 14 J - 7 4 
- 18 J 0 8 
- 18 J 1 8 
- 11 3 6 13 
- 11 4 7 14 

--- -----

The ratio of the net profit to the equity is at 

lower Rials/USD exchange rates quite modest at the 

proce3sing of high quality bauxite as well, however, at the 
exchange rate of 400 Rials/USD - with the exception of the 
sinter process - attains valuer. expected from big industrial 

facilities. 

- The internal rate of return (causidering the total 
investment costs) is the Zollowing (in3): 

Variant Exchange rate, Rials/USD 
66 160 200 400 

LQBSP 6 .01 
LQBAD 1.92 9.87 
LQBTD 2.JJ 10 .28 
HQBAD 5.45 8.49 14.49 
HQBTD 6.05 9 .11 15.22 
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The index of the internal rate of return is also highly 

increasing in the function of the exchange rate. 

The values of the internal rate of return around or above 

10 i can be evaluated as advantageous ones for the 

bigger industrial facilities. For comparison the 

calculations made with th& exchange rate of 200 Rls/USD ere 

also presented in Tables 15-7 through 15-12. 

15.2 Foreign exchange s~vi~gs 

The alumina demand o! the existing smelter (IRALCO) (which 

will be expanded) will be covered by imported material in 

want of a domestic one.The saving of the foreign exchange 

required for the import of this alumina should la taken 

into consideration when deciding the establishing of the 

projected alumina plan~. 

We are supposing that the total amount of the 200 kt alumina 

will substitute imported alumina or the ex~ess can be 

exported, in such a way the Net Foreign exchange savings 

can be calculated as follows ( in million of USD ): 
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--------------------------------------------
Variant LQBSP LQBAD LQBTD HQBAD LQBTD 

----------------------------
Income: 
Substitution of 
import al alumina 56.0 56.0 56.0 56.0 56.0 

Costs: 
Imported sodium 

carbonate 6.8 - 8.7 8.J J.9 J.7 

Fuel oil which 
could be exported 

but consumed 9.3 - 11. 7 - 11 .6 9.J 9.1 

Net foreign Ex-
change gain 39.3 35 .6 )6. ~ 42.8 43.2 

Investment costs 
of foreign supplies 
for the alumina 
plant 300.7 192 .6 187.3 177.9 168.3 

Pay-back period 
( year '\ 7.6 5.4 5.2 4.2 3.9 J 

-------------------------------·---------------------------------

15.3 Break - even point 

The Break - even point analysis was prepared for determining 
that alumina selling price at which the alumina refinery 

can just run without losses. 

These balanced prices 
are the following: 

of alumina for irternal use 



Variant 

LQBSP 
LQBAD 
LQBTD 
HQ BAD 
HQBTD 
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Sellir.g price at wich 

the project breaks even 
( in Rls/ton's) 

42110 

40115 
38470 
31030 

30570 

Exchange rate at 

the alumina 
price of 

280 USD/t 

150 
143 

137 
111 

109 

According to the calculations the selling prices at 
alumina at wich 
between 30570 

the project breaks 
and 42110 Rials/ton 

even are changing 

in the function of 
bauxite quality and selected technology. 

These prices are corresponding at the alumina market price 
of 280 USD/t to exchange rates between 150 and 109 Rls per 
USD. 

15.4 International comparison 

The alumina produced in the frame of the Jajarm project 
will substitute imported material and occasionally one part 

of it can be exported for a shorter pericd. 

Therefore it is reasonable to make an 
international comparison, evaluating the advantages ~nd 

disadvantages in competition compared with alumina. produ'ced 
in other alumina refineries. 



Based on 
following 

Item 
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the published technical literature the 
data can be compared (in USD per tonne). 

Alumina refinery 

-------------------------------
Pinjarra 

Australia 

Capacity, 103 t/y 2600 

Costs USD/t 

Bauxite 
Caustic Soda 
Energy 
Labour and other 

Direct operat­
ing costs 

18.0 
6.9 

32.4 
16.3 

73.6 . 

Friguia Stade Korba 

Guinea FRG India 

700 640 200 

21.1 81 .o 50.6 
8.1 5.3 35. 5 

42.2 35 .0 73.0 
23.0 37.J 13.3 

94.7 158.6 172 .5 

The main tendencies are evident from this table. No 
alumina plant can be competitive with the high capacity 
Australian refineries based on local bauxites. The 
processing of the very high grade African bauxite cost is 
also very attractive, however it is raised by the price of 

I 

the, imported energy. Both the bauxite and the energy should 
be : imported to the European alumina plants, therefore 

significant surplus expenses. The higher costs being the 
I 

con,sequence of the relatively low capacity and expensive 
materials and energy in India can not be compensated by the 
low'er labour costs. 

I 
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Supposing the processing of low grade bauxite the 

Jajarm project can be characterized by the following 

data at different exchange rates for comparison (Cost in 

USD/tonne of alumina): 

Exchange rate Rls/USD 

Costs USD/t: 

Bauxite 

Caustic Soda 

Energy 

Labour and other 

Direct operating cost 

66 160 200 400 

--------------------

246 101 81 40 

50 50 50 50 

16 7 5 3 

130 54 43 22 

442 212 179 115 

The comparison confirms the supposition that the 

real exchange rate for the industrial facilities should be 

around Rls 200 per USD. Under this condition the Jajarm 

project can be compared with other (foreign) alumina 

plants and this comparison is acceptable for the Iranian 

project. 

The Jajarm project has a si; ificant advantage compared 

with other alumina refineries r~lated to the energy costs. 

Though it is burdened by the costs due to the in~vitably 

higher investment costs of newly erected facilities, it 

can be competitive, especially considering the general 

policy and aims of the government of the Islamic Republic 

of Iran. 
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Fig.15-2 
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Totll ustts T1~lr !HI& 

l:• ~l;:1 b.:1it1 iOl~fr~~~ ~OCHS 1illi011 cf lls 

---------
T11r 2 J • s ' 1 I ' 10 ll 12 lJ 

----!--!--!--!--!--!--!--!--!--!--!--!--!--

1.fbt4 i:•Htl5t c:;ts "" lt1'4 6!1J Sl7 • • • m m '8S m '8S m 

1.l1iti.1: fi.•H ie~tl. CISt 61" 1'194 6tSJ m • • • I I I I I • 
•.rtF~i:tlfllt • I • ' I • • m f!S m tlS tlS tlS 

2.Prr-pr~:i:n u~ibl 

l&~;ti,rH • ' • ' I I • • • I • I • 
J.t.rrl!l!t ISHt! ilCrrnt ' ' 1521 4'2 ' ' • ' I • I • I 

Totll 1111b 1511 1129 • I • 915 m 

···--·-· 
, .. , 14 IS 1' 17 11 lt :zo 21 22 2J 2C Totll 

----!-!-!-!---·!--·!---!---!--!--!--!--!--

l.Fiud innst1Ht c11t1 m tlS ,., m '" m ft5 ta5 m m '" 49:61 

a.Initial filed ir.mt1. cost • • • • • • 0 • I 0 I l282l 

U1plm111t m m ft5 ft5 915 m 915 985 '85 m 915 167'5 

2.Prr-,,.Gdlic:ia:i upibl 

11,.aditorH • • 0 I 0 0 • 0 • • • • 
J.C.rrt~t IHtll il!CrtHt • • I • • 0 • 0 0 I • 2020 

-------------·----------··· -------------------------------------·-------·------· 
Tot1I uu:1 ,., ff5 915 915 ff5 "' 

,., .. , .. , 915 '" mn 
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Tot•l HH~I Tult ::-111 

le• ~-•!ttr ~•Ht 1.:;:c:l•-1 ci;~sh~i 1i11;.01of111 

-------- ------- ------------------- -------

'"" z l • s • 1 I ' ll 11 l2 ll 

!--!---!--!-!--!--!--!--!---!--!--~-!·--

I.find itotstAMl i:sts Cl6l m• 5117 404 • I • 111 710 711 711 111 710 

1.:1it11l H1t1 i••tsta. CISl Qt ll.~ sm ~ • • • I I I • I I 

111.ltfl&tlllll • • • I • • I 111 711 111 111 111 111 

i.Fn-~tica c11ital 

··~itarll I • I • I I I I I I I I • 
l.Carnilt is11t1 illtrt1w I I im Sll • • I I I I • • • 

fot1l iHttl 4361 llnt mo tis • • I 711 111 710 111 711 710 

'"" H n 16 17 11 H 20 21 22 ll 24 Toti! 

!-----!--!-----!-!--!--!--!----!---!------!-!---

l.Fhd i•YHtull cuts 710 710 ?10 710 711 110 710 110 710 710 710 m;o 

1.Iaitid fild ilw11ta. cut I I I I 0 0 I I • I I 2l6l0 

111.ltrhCHlllt 710 110 111 710 711 110 710 711 710 710 110 12070 

2.Prt-prMucli• upitil 

11pe11d' turn I I 0 I • 0 0 • I • I I 

l.ti.rreat 1111t1 incrt111 • I 0 I 0 I I 0 I I • 1714 ____ ... ___ -----------------.-·------------------------·------------.. ·-------------
Totil 1111t1 710 710 710 710 710 710 1H 710 710 710 710 l7414 



-----~---------~---------·----

15-13 

T;tll iHtts T1~lt :Hit 

le. ~.;1::~! "4•~t1 t.~t ~:;cst1• ailh.:i of 111 

---------------
,, ... 2 J c 5 ' 1 I ' ll ll 12 ll 

!---!--!---·---!---:---!---!---!---!---!---!--!---

1.Fiu1 ihff:1t.!t ~~Stl "=' 11'11 - 5191 .. • • • Jll 711 711 711 711 711 

1.lriiti•I fiat: ~•Hta. c;st w.c m11 5191 c;t • • • • • • • • • 
l.llf!a1111t I I I I I • • 711 111 711 711 711 111 

2.Prt-;.r~tic: c~:tli 

··~ilt.rts I I I I I I I • I • • I I 

S.Cwrt:t nuts ~rust I I 1214 517 I I I I • I I • I 

TGtiI ISlltl "24 11'11 ... I • • 711 111 711 711 711 711 

Year lC 15 1' 17 II •• 20 21 22 2l 2C T1til 

-!--!---!---!--!---!---!-!---!----!---!--'--

I.Fill~ iAYH~t c;sts 111 711 711 111 711 111 711 711 711 711 711 36141 

1.laifal fht.t il~Htl. Cllt • • • I • • 0 • • • • 21'42 

UtFl&:1111t 111 711 711 711 711 711 711 711 711 711 711 12216 

2.Pr.-prd.lcti• npital 

11pt1mun • • • I • • • • • • • • 
S.Ctrr111t 1111t1 i11<r1111 • • • • • • • • • • 0 1111 

·-·-·--·---------!---------·------------------------------------------------------
Tata! 11ue1 719 111 711 711 711 111 711 711 7!1 711 711 :m:t 
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Teti! HSftS T1~it lH1t 

11;1• ~.;1::t, ~""•itt ht::&1•1 c:;H~ica 1i lli• ~f ll 1 

----- -----
Tur 2 l • s 1 I ' II 11 12 ll 

!--!---!---·---!-!---!---'--!--!--!--!---!---

l.fiafl! i1et1t111:t CCitS m6 1:502 '~ l7I I I I '45 '45 MS '45 '45 '45 

1.laiti1l fi.u: i.11 .. st•. Cillt 1'6' 1:502 4661 m I I I I I I I I I 

•..ltp!Kt-t I I I I I I I '41 645 '45 w ,., 
••5 

2~:!.::WI u;iilil 

tspt:l41t.irn I I I I I I I I I I I I I 

J.c.rnat uwts i.llcrHH I I 1074 m I I I I I I I I I 

---
l1t1: n11l1 1'U 12502 m7 11t I I I 645 645 645 645 645 '45 

'"' 14 15 16 17 11 11 2e 21 22 2l 24 Taut 

!--!-!-!--!-!-!--!---!-!--~-!--

I.Finl ia•Htffllt ccsts MS '4S "' "' 645 645 64S "'' U5 645 MS nm 

a.laitial fi•d iHtsta. cHt I I I I I I I I • I I 21509 

..... l1Ctv11t m us .., m .., .. , 645 m m us MS 10'65 

2.l'rt-ptoducti11 capital 

11,...it.rn I • • • • I • • I • • • 
s.tarr111t 1111t1 ilCrtllt • • • • • 0 I 0 I 0 I 1466 

-----------------------------· -----------------------------------------
T1t1l Hllll "' m m m m .., 645 m us 645 "' Jl'40 

----------------------------------------- -------------------------~----------------------------------------·----------
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T~t1: HHt5 Tu;1 !HIE 

Ii;~ c.ul::, •a::a~tl tdf .!i;t>" ..I •illi• 1f lls 

-------···· -------- ------
,..,. 2 J 4 s 6 1 I ' 11 11 12 lJ 

!--!--!--'--!--!--!--!--!--!--!--!--!--

l.FinC i~•fitlf;lt c;;its n;a 12114- 4621 m • • • 640 640 641 641 641 640 

1.l1iti1I fiJ~ il•fitl. tHt 3941 123&4 WI 312 • • • • • • • • • 
•• 11;;1~-t • • • • I • • 6ff Ml 640 641 641 641 

2.Pn-Jr1:i.11ttioa CIFitll 

11palib1ns • • • • • • • • • • • • • 
J.Carrst asstts iacruw • ·• 105' ]II • • • • • • • • 0 

Tot.I 1111ts 3'41 lnM :56911 110 • • • 640 HO 641 640 641 641 

Ytll 14 15 16 17 II 1' 20 21 22 2l 24 Taul 

!·------!---!--!---·-!-!--!--!--!----!----!---!--

l.FilH iaYHlltlt Clltl 640 640 640 640 640 640 640 640 640 640 640 321'5 

1.laitiil fbtd illmta. cnt • i • •• • • • • • 0 • 21315 

•• ltpl1:1111t 640 640 640 646 640 640 640 640 641) 640 640 10aao 

2.Pr,.,,lducti .. npiul 

tsPlllditlfH a 0 • • • • • • • • • • 
3.C-.rr111t uwt1 iacrt•H • • • 0 • • 0 0 0 • 0 1«7 

--------------------------------.. ------------------------------------------------------
Tobi llHtl 640 640 m m 640 ~ 640 640 640 640 640 ~642 
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ltt i:CClf StltHflll T1U1 lM/A 
lea •ulitf h~1it1 s:::ttne; 1r~Hs aillian of Rls 
----------------------- ---------------------,,. 2 l 4 s ' 1 I ' 10 11 12 11 
------'--!-----!---!--!-!---!--·--·--~----!--!--•--
l.:i:H 0 • 0 :z~ ;:co ccoo ~ 4000 40e.; ~ 4GGO 4000 4GOG 
:Z.Pr~ttca CCS!S I 0 0 -c~ -s.an -1~7 -em -9l17 -IC62 -cu -lll2 -1117 -~2 

:.;ia~:t pr:!~t I I 0 -%500 -;.in -cm -mz -cm -4362 -4147 -cm -Cll1 -4102 
c.r .. I 0 0 I I 0 I I I 0 I I I 
S.llrt ~r~fit 0 I 0 -:!ff -44%2 -c~~ -en: -cm -Cl62 -cm -cm -4117 -Cl02 
6.: •• 1~s I I I ' • 0 I 0 I 0 I • 0 
7 .~!istr~MH 

Fcfit I I I -25GO -4422 ~1 -4392 -cm -Q2 -ClC7 -cm -4117 -02 
l.:C:1:1::l•tftl 

prtfit I I I -i~ -!922 -11329 -um -:zom -2"60 ·2&a07 -13139 -17456 -cme 

bti:s 
l••1~:1 ;rofi~:51!ci \%) -us -m -110 -ilO -109 -109 -109 ·IOI ·IOI -109 
ltt ~~Gfit:uIK (ti -m -111 -110 -uo -109 -109 -lot -IOI -IOI -lCI 
lltt ~fit:~;;ity (%1 -I -14 -14 -14 -14 -14 -14 -14 -14 -H 

----------
Y1w 14 1S 16 17 18 " 20 21 22 2l 24 Tobi 

--!-----!----!--!-!--!--!---!--!----!--!--!--
1.S.Iiii 4000 ~:o 4CCO cooo 4000 4000 4000 4000 4000 4000 4000 l2000 
2.Prc~;;:ticn ccsts -1:87 -am -8257 -am -&227 -1212 -81'7 -811% -1167 -9152 -am -17CC90 
l.Ta•i:It profit -C:Z87 -cm -cm -4242 -cm -4212 -4197 -4112 -4167 -cm -cm -9a090 
c.fl• 0 0 0 I 0 0 0 0 • 0 0 0 
:l.ltt prr;fit -4%87 -4272 -m1 -m2 -C227 -4212 -cm -4182 -4167 -cm -cm -e&o•o 
6.!i•i,e.•ds I 0 0 0 0 0 • 0 0 • I • 7.IJll~istribtff 

JrDfit -4287 -42n -cm -cm -cm -4212 -cm -4182 -4167 ·41:12 -cm -88090 
•• ~:c.c.ihtld undist-

rit.tl4 profit -:~s -som -mn ·5811' ·63043 -mss -71452 -75634 ·7'301 -mu -a"° --------------------·-----------
btiCI 
T111~:1 P~Gfit:Silu (lJ ·107 -IC7 -106 ·106 ·106 -105 ·105 ·105 ·104 -m · 101 
lat ~r:~~t:Silts Ill -107 ·107 -106 -106 ·106 -105 -105 -105 -104 -104 ·101 
11: rr~m:EfJit! 1%1 -u -14 -ll ·13 -13 -ll -ll ·IJ -11 -11 ·ll 

------------------------------------------------
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lltt i:ccn stitt-t T•b:t U-:11 
lb ;a.lity ~~1it1 •-t:::i•t d1;;ut11:11 1i1Hcn cf R:!i 
----------------------------------------------------------,,.,. 2 J 4 5 ' 1 s ' 10 11 12 1J 

--·-----'-----~---~----!----!--!--'--!----!-----~-----·---·--
l.5i~iS • • • :000 4000 4* ~ 4000 4COO 4000 4000 4000 4000 
2.P:i-::...:tica casts I • • -4 •.• ••• -ffZl -ECOi -ml -ma -m:s -ms -ml -7911 -ml 
l.?lai:til ~refit I • • -4414 -40ll -4llOI -l99l -1971 -3"l -l'HI -ml -ma -noJ 
4.!11 I • 0 • • • • • • • • I I 
5.M! :Nfil • I • -:•14 -&021 -40GI -:ml -3971 -l96J -1948 -mi -3911 -1903 
6.!~•lCtHI • I - I • I • I • • • • I I 
7.lilo!utn~td 

Fr;fit • • • -2i14 -4Q2J -;ooa -3991 -3978 -3963 -3941 -nn -3911 -3901 
l.~:C'.blltN 

,,afil • • • -me -6437 -1cm -144l8 -mu -mn -:6321 -~:60 -34111 -llGll 

bti;;s 
ru.~11 ,n;m:5i111 m -m -101 -100 -100 -99 -99 -99 .... -91 ... 
ltt '"m:u:t1 111 -lll -101 -100 -100 -99 -99 -99 -115 -91 -91 
llft Jrofit:t·•;;itr l':J -11 -18 -ll -18 -11 -11 -11 -11 -11 -11 ------

----------------------,,.,. 14 15 16 17 11 1' 20 21 22 2l 24 Total 
!--!--!---!--!--!--!--!--!---!---!--!--

1.Sdu 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 r.ooo 
2.Pr~XtiOll costs -'1881 -7873 -ma -1m -7121 -llll -ma -1783 -7768 -ml -ma -162024 
l.Tmblt FOfil -3888 ·l873 -385a -3241 -3828 -llll -3799 -3783 -3763 -ml -ma -80024 
4.Tu 0 • • 0 0 0 0 0 0 0 • • Utt profit -:sasa -3873 -3851 -3843 -3821 -3813 -3798 -l71l ·1768 -m1 -ma -ecm 
6.livi¢1Adl 0 0 • • • • 0 0 0 0 • 0 
7.l!n~istriMtd 

FCfil -3888 -3873 -3851 -l843 -3828 -3811 -3798 -3783 -3768 -l75l -ma -80024 
l.~mallttd 1111dilt-

ri'9ttd profit -41969 -•m2 -moo -53543 -51371 -61184 -64982 -69765 -mll -mu ·&0024 
------------------------------------------

R1~ias 
T .111~11 FGfit:Silff 111 -97 -97 _,, -96 -96 -95 -95 -95 -94 -94 -93 
lltt ,,.afit:Sl!H (l) -97 -97 -96 -96 ... , -95 -9$ -95 -94 -94 -tl 
ltt ~r,fit:E~iiity Ill -18 -17 -17 -17 -17 -17 -17 -17 -17 -17 ·17 

-------------- ---------------------------------
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let t~c;1t s:•tttt:it Tl~h l~·?lt 

lh '9•litr ~·~•it• :.~! ~t;nti• •ill icn of Ills 
--... ---------------------·------------·--------------------... ·---------------·---------

fur 2 3 4 5 ' 1 I ' 10 ll 12 13 
-~----~---~-----~-·---!------!-------!---!-----!----- ·-----•---·---·---

1.~1111 0 • 0 %000 4000 CQCO 40\.'0 ccoo ~ Cv":ll ~ - WGO 
2.Pra.."ll:tt- CDitS 0 0 0 -nn -7164 -1m -7f!; ·7919 -7904 -1!!' -ma -15~~ -n.:; 
l.fu•~•• sram 0 0 • -:::c -m4 -3m ·l•l4 ·391' ·3904 -1m ·3574 ·1859 -11&4 
c.r .. • 0 • • 0 0 • 0 • 0 0 • • 
Uct ~r;ht 0 0 0 -24:04 ·3'64 -3949 -:rm ·3919 -3~4 -38!9 -me -1159 -me 
Ui•i,P.ds • 0 0 • 0 0 0 0 0 • 0 • • 
7.~istri~;ttd 

praht 0 • 0 -2414 -39'4 -zm ·l9l4 -3919 -3904 -l!~ ·1174 ·3859 ·l84e 
Uc:tltli la tN 

profit • 0 0 -2434 -6m -tol47 -m11 ·18200 -22104 -25m -:mu ·33726 -37570 

btias 
T111~lt pr~fi.t:Sitn 1:1 -122 -99 -9' ... -91 ... -97 -97 -96 .... 
let 1roHt:nlK III -m -9' -9' ... -98 -i8 -t: -t7 -96 .... 
ltt JrG~it:~~ity (%) -11 ·II ·19 -17 ·17 -17 -17 -17 -17 ·17 

------
fur 14 15 l6 Ii 11 1' 20 21 22 23 24 Taul 

!--!--!--!--!-----!--!--!--!---!--!--!--
1.S.lH 4COO 4000 4000 4000 4* 4003 4000 4000 4000 coco 4COO l2000 
2.Preductic~ casts -7829 ·78t4 -7799 -nP4 -m9 -n~c -m9 -me ·7709 -76'4 -767• -1603!4 
3.T111:it1 profit ~38~ -laU -3799 ·3784 ·3769 -3754 ·3739 -3724 -3709 -3694 -l67i -713U 
4.Tu 0 0 0 0 0 0 • 0 0 0 • • 
5.lrt ~rofit ·3829 -3814 -3799 ·3784 -37&9 -:me ·3739 -3724 ·l709 -3694 -3679 ·78!H 
6.:ivi:1nds 0 0 0 0 0 0 0 0 0 0 0 0 
7.UndistriMtd 

profit ·382t -3814 -3799 -1m -3769 ·3754 -3739 -1m ·3709 ·3694 ·3679 ·78&64 
8.AcCP'Jlltd undist· 

riMtd profit -mn -45213 ·49012 ·52796 -56m ·60319 ·64058 -mn ·71491 ·75185 ·78864 
-----------... ----------------------------------------------

RltiDS 
Tm~lr pratit:S1Its I'll -96 -95 ..., ..., .... ·'4 -\l -93 -93 -92 -92 
lllt prafit:SllH I'll ... -n ..., ...,, -94 -9~ -93 -93 -93 -92 -92 
ltt profit1Eqli;. ty I'll ·17 -17 ·17 -17 -17 ·17 -17 -17 ·16 -16 -16 
--------------------------------------------------------------------------
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ltt i:::at st•:tu~t T•He 1~-m 
lli;!I ,1:1lit! ~1it1 i;;:;::li<t :;;u:;e11 1ilh:n of Rls 
------·------------------------------------------------------------------------------------------

'"' 2 l 4 5 ' 1 I ' to 11 12 ll -------------!--.. ---!----·------!------~------·---~-------·---•----!----!---!----!---
1.s.:11 . 0 0 ~ .CV:3 4"" 4.:;J ~:a '= ......... 40CO 4.."00 4000 • . .. ...... 
2.Pr~..ch:a c~sh 0 • • -m• -6~ -~1:: -•n -!:~l -6!~6 -mt ·Ul6 -tlOl -&.."!! 
l.Tiai~l1 ir:fit • • 0 -1~6 -l::6 -m~ -m• -:161 -2:-1~ -2m -2116 -:101 -£~1!6 
4.1'11 • • • • • 0 • • • 0 • 0 • Utt µ-t•it • • • -1466 -2~ " .... -" ...... -:&~6 -::&! -ZIU -ma -2116 -210! -2016 
6.D1widllldi • • • • • • 0 f • 0 • 0 • 7 .ta~istr1Mld 

pr it fit • • 0 -1466 -~ 
..... 

-£&~• -2m -m1 -:!U -m1 -2116 -2101 -2CC6 
!.=cc:eel•ttd 

pref it • • • ·H66 -3'72 -~:l ~j· -m~ -mu -m11 -um -tam -20i80 

letiti 
ll•i"I ~rah~:51IH (U -71 

_,, 
-~~ -~· -54 -54 -Sl -Sl -Sl -52 

let ~rcf•t:ulH 111 -71 -ll -~5 -54 -54 -54 -53 -53 -53 -52 
lit ~rafit:1~~1ty Ill -7 -11 -!1 -11 -11 -u -11 -11 -11 -11 

----- ----------------- --------- ------
~ . ., 14 15 1' 17 ti 19 20 2t 22 2l 24 To~•l 

----·-------!------!----!---!----!-----!---!------!-·---!-----!----!----!---
I.Silts 4COO 4000 40CO 4000 4COO co:: 4«3 4G..'IO 4:CO •m ·~ 82CCO 
2.Prxuticn c:sts -6071 -605& -60U -6076 -6011 -sr.: -5~!1 -59;6 -m1 -59l6 -m1 -mrA 
l. r ... ~11 Fro fit -2071 -:m. -2CU -2026 -2011 -1m -1911 -1966 -mt -t9l6 -192t -42736 
4.T11 0 0 0 0 0 0 • 0 0 0 0 0 
5.ltt profit -2071 -2056 -ZOU -202' -mt -t9'1 -1951 -1966 -1951 -1m -1921 ~2736 
6.Divi,11141 0 0 • • 0 • 0 0 0 0 0 • 7 .i:.~distri~1.:ttd 

profit -207t -2056 -2041 -2026 -2011 -tm -1921 -1966 -Im -1936 -192t -42736 
8.~cc:•:ilih4 u.~~ist-

rikt1d profit -22851 -24907 -2694& -21974 -10'55 -l29E! -14962 -36929 -38179 -40!15 -42736 
------------------

P.i~i:s 

Tmblt profit:~IK Ill -52 -51 -'1 -51 -50 -50 -50 -49 .. , ... ... 
ltt prGfit:SilH 111 -52 ·51 ·51 -51 -50 -50 -50 -49 .. , -48 ... 
llt profit:Eq11ity Ill -10 ... ·10 -10 ·10 -10 -10 -to -10 -10 -10 
-------------------------------------------------; -------------------------------
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hbit tM/E 
1ill:~n 11f Rls 

lur z J 4 5 ' 1 I ' 10 11 12 13 
---------------!-------!--------!------!-----~ -------·-------'---·-·------!--------!-----!--------!----!-----
t.~e:es 0 0 0 ~ c:r.o «~ c·~ w. ccoo c:=o ·~ 4«0 ~~ c= 
=.~ri:~vtt;.:r- c:itS 0 0 0 -~.;~~ -61U -oe~~ -iC~4 -~69 -6~~; -&m -60:4 -6:~' -5914 
~. Ti•i~l1 ~rafit 0 0 0 -14C6 -2m -W!9 -2m -~H -2C54 -~19 -2024 -20e9 -1994 
4.T11 0 0 0 0 0 0 0 0 0 0 0 0 0 
~.ut Frcfil 0 0 0 -1406 -2m -~11 -2m -:m -2m -~39 -;:m -2GIJ9 -1?94 
&.tivi~ir~s 0 0 0 0 • 0 0 • 0 0 0 0 0 
7.i:.~.:1str!~:;ttd 

pre fit 0 • 0 -1406 -2114 -2099 -2CS4 -~&9 -205e ·2G~9 -2"4 -iQG9 -1994 
s.;:c:f'.:h!ed 

profit 0 0 0 -Ha& -352' -5619 -m1 -9772 -11826 -nm -1~:9 -17!?9 -mn 
--------------- ----------------- --------------------------
Rit!as 
T1&i~l1 ~·:~;t:Si!U 111 -70 -53 -~2 -52 -52 -51 -51 -51 -50 -50 
let Frah ~:Hlts rn -70 -53 -52 -52 -52 -51 -51 -51 -50 -50 
ltt ~rcm:~Jity m -1 -11 -11 -ll -11 -10 -10 -10 -10 -10 
-----------·------- -------------------- ----------

-·-----·-------------------- --------------------------------------
''" 14 15 16 17 18 19 20 21 22 21 24 Totil 

-------!-----!---!---!---!---~---!-----~----!---!------!----!----
l.5i:H coco 4000 4000 4COO 4000 4CQO 4000 4GOO 4000 4000 eooo 820?0 
2.Frc;(;;;ti111 costs -m• -5964 -5n9 -5934 -5919 -5904 -58i9 -5874 -585i -m; -mv -122936 
J.Tmblt profit -1m -1964 -1949 -me -1919 -1904 -1es1 -187e -1859 -1844 -1829 -40916 
4.Tu 0 0 0 0 0 0 0 0 0 0 0 0 
5.•tt profit -1979 -1m -1949 -me -1919 -1904 -um -18i4 -mt -1844 -1829 -4093' 
6.~:vut~~s 0 0 • 0 0 0 0 0 0 0 0 0 
7.UndistriMtd 

profit -1979 -1964 -1949 -1934 -1919 -1904 -1889 -me -1m -me -1829 -eC8l6 
2.A:Clll'Jl&td w:dist• 

riMd ~rofit -21871 -23935 -mac -m11 -29637 -31541 -3lelo -mo4 -37163 -19007 -ecaJ& 
-----------------------------------------------------------------------
R1tio1 
Ju1blt profit:S.ln 111 ·49 -49 -49 -48 ·Cl -48 -e1 ·47 ·46 -46 -46 
•et profit:S1lts Ill -49 -49 -e9 -ca -48 ·48 -47 -47 -46 -e6 -46 
ht prom:'~ijit; Ill -10 -10 -10 -10 -10 -10 -10 ·10 -9 -9 -9 
-----------------------------------------------------------------------------------------
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[uh !!;~ ti~lt far hn..:ctPg pl,.,:ii~g h~!f ·~-:11 

le• ~~•ill! ti1111tt si~ttri"• J~t:iH 1illia: cf lls 
---·-----------------------------------·-----------··------------·----------------------·-------
Tur 2 ] 4 5 6 1 I ' 10 ll 12 ll 
---· ... ----------!------!------!-------!------!--------!---!----~---!---!----!----'--!--
:. ~ii~ irt:w• 61;9 19194 8511 3¢Zf 4CCO 4000 4CCO w.o 4CCO 4CCO 4GC~ 40-:0 ccvo 
1.F::i:icid rniliircu t;:til 6!" 19194 mi !0=9 0 0 0 0 • 0 0 0 • 
2.s1:n rto11111t 0 0 0 2000 4000 40CC 4000 coca ~ 4~0 40CO ccvo 4e:c 
I.Cu~ c~tflat1 ~'" -19m - -&m -m• -m1 -•m ·65al -m1 -m• -m1 -1m -74ll -m• 
I. TO!il i55!~S K~Kul1 
int:~~tnt rt~I.ctee.1t ·it09 -19m -am -1029 0 0 0 -m -m -m -'85 -985 -m 

2.C;e••U,iJ c~sts • -l500 -60&! -6C81 -6021 -60;1 -60!1 -6C~' ~. -60!! ~l -6m 
J.k~t nrviu ltaull • 0 -450 -435 -42C -4G5 -390 -m -360 -]45 -m 

- l•ltnst: • 0 -100 -28: -270 -m -240 -m -210 -1'5 -1n 
S.ppiiers· credits • 0 0 0 0 0 0 0 0 0 0 
I.::.~ owt:-dri~ts 0 0 • 0 0 0 0 0 0 0 • 
l1nl ttr1 laus 0 0 -JOO -285 -270 -255 -240 -m -210 -195 -180 

-lltp•~mts: 0 0 -150 -no -150 -150 -150 -150 -150 -150 -150 
Slip;litrs' crtdits 0 0 0 • 0 0 0 0 • 0 • 
Ei.;t anrdrifts 0 • 0 0 0 0 0 0 • I • 
IMi ter1 laus • 0 -150 -150 -150 -no -150 -150 -15a -150 -150 

4.C..rporitt tu 0 0 0 • • 0 0 • • • • 
5.DiYi~flld5 D!I equity 0 0 0 0 • • 0 0 • • • 

C.Surpks/dtficit 0 -1500 -2m -2'16 -2m -3471 -3456 -m1 -1426 -3411 -m• 
D.C....litivt ush bililltt 0 • -1500 -40]1 -6547 -904& -12519 -15975 -1941' -22E42 -26253 -29649 
------------------- ------------------

' ---------------------- -----------------------I 

: Ym 14 15 16 11 11 19 20 21 22 23 24 S.IMll Total 
--------------!-------!---!--!---!-----!--!----!----~=-------!---!---!------!--
A. Cut illfl1111 4000 4000 coco 4000 4000 4000 4000 4000 4000 4000 4000 • mm 
1.Fini~cill ruourcts total 0 0 0 0 0 0 0 0 0 0 • nm 
2.Sil!i rtYttlllt 4COO 4000 4000 4000 4000 4000 4000 4000 4000 40GO 4000 82000 

l.C.sh outf 111t1 -7181 -7366 -m1 -7ll6 -7321 -7106 -7291 -7276 -7261 -7246 -m1 8l&2 -174476 
1. Tot•l nnh s~heMt 

inclliding r1pl•ct1tnt -985 ... 85 -985 -985 -965 -m -985 -985 -915 ·985 -9!5 am -4]20i 
2.Dwiti~g ccsts -6081 -6081 -6081 -6081 -6081 -6081 -6081 -6081 -·~•1 ·6C21 -6081 -mt<o 
3.Dtbt mvict (toull -m -300 -285 -270 -m -240 -m -210 -195 -180 -165 -mo 

• Jr.ttrHtl -m -no -m -120 -105 -90 -75 -60 -45 -30 -15 0 ·]150 
Sup~lirrs· crtdit1 0 
Int avrrdr•fts 0 
link t1r1 lailll -165 -150 -m -120 -105 -90 -75 -60 .. , -JO ·15 -31:0 

-Rt~•y11nh: -150 ·150 -150 -150 ·150 -no -150 -150 -no -1:0 -no • ·lGeO 
Su,plitr1' mdill 0 
8111t ov1rdr1ft1 0 
lir.k ttre lo•ns -150 ·150 -150 -150 -no -m -1:0 -1:0 -150 -150 -150 -~e~o 

4.CGr~~r•tt tu 0 0 0 0 0 0 0 0 0 0 0 0 
Uivi(tnds on tquity 0 0 0 0 0 0 0 0 0 0 0 0 

c.s~r~l~sf~tfitit ·ll!1 -m~ -~m -l3!6 -m1 -ll06 -3291 ·327' ·3261 ·3246 ·l2l1 am -s1m 
D.C111.:.uv1 CH~ b•linct -::,:o ·l6lq• ·19747 -um -•m• ·4971C -mo1 ·56277 -mla ·627E4 -um ·57~!l ·-·················---·····-·, ........................................................................................................ _____________ .,. ______ .................................... -



................................................... ----------------------~~~~~~---~~~·~-~· 
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Cu~ f:;i.i ta~;, f~r fiuaur.; pt .. inu11 T•'1t :Mtl 
le. q .. ditf t1..1:t1 il~t::: .. , d1;tStia 1illian of 111 
---------------------------- ------------------------------
!tu z l 4 s ' 1 I ' 10 11 u 1l 
----·-----------!----~----!---·-!------!----·----~-----!-----~-----!---!--!--~---
A. =•s!i iafl;;; 4:::61 lD49 6390 :m 4COO 4QCO 4CCO 4COO 40CO 4000 4000 4GOO 4QOO 
1.Fi~il~.;lll rt!:•rtts t~hl 4361 11148 mo m • • • 0 0 0 • 0 • 2.S.lH rtVflllt • • • M coao 4000 '* 4C¢O 4000 4000 4000 4000 4000 
I.Cu~ Cllitf!~ -4361 -m4a -'390 -449' -6694 -6679 -6664 ·73S7 ·7344 -7329 -m4 -nn -7:14 
l.r::i: iiS!ti K~f~~lt 

i.adn:ag rep!a:Htnt -4lil -1m -mo -'15 0 • 0 -710 -710 -111 -710 ·710 -110 
2.:l~trilti•; cc>ts -m• ;m -m4 -6244 -6244 -624-t -6244 -6244 -6244 -6244 
l.:t:t unict I t:tall -450 -43S -4~ -m ·lft -m ·l60 -345 -llO 

• I:i:trnt: -lCO ·295 ·270 -25S -240 -m ·210 ·195 ·180 
S..~liers· credits 0 • 0 • 0 • • • • Ei~k ow1r~r1fts • • • 0 • • • • • 
h.~k ttrl IHDS -lOO ·285 ·210 ·255 ·240 .. 225 ·210 -1'5 -180 

-lt:e\'uots: ·ISO -no -uo -150 ·150 ·ISO -150 -150 ·150 
5'iFJliers· ~rt-~its • • • • • 0 • • • !1.•t CYtr~rlftl • 0 • 0 • • • -0 • 
S...~ ttr• lous ·150 -150 -150 -150 -150 -150 -150 ·150 ·150 

4.C:ri~r•tt ti• • • • • • • • • • U;ti~!11d1 1111 ~o1ity • • • 0 • • • • • c.s~r;;l:s/c!1ficit -1'8 -2694 ·2679 -2664 -mt ·3344 ·mt ·3314 -3299 -me 
l.C..blitivt cu• b•luct -1594 -4271 -6957 -9621 ·12980 -16324 -19653 -22967 ·21266 ·l/~50 -

----------,,., 14 15 " 17 11 1t 20 21 22 2l 24 S.lv.Yll Tat1l 
-----!---!---!----!--!----!---!--!---!--!--!--!---!--

I. Cilt ilf IOI 4000 4000 4000 4000 4000 4COO 4000 4000 4000 4000 4000 • 1074!4 
1.Fin.:icial r11curcn tatll • • • 0 • 0 • • • 0 0 25414 
2.SllH rtYl"UI 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 azoco 

I.Cull C10tfl1111 ·7269 -7254 -mt -72:4 -120• -7194 -7119 -7164 ·mt -1m -7119 6102 ·1657" 
1.Tot•I iSHh sclltd11l1 

including rt~IK11t11l -710 -710 -710 -710 ·710 ·710 -710 -710 -710 -710 -710 6302 -m12 
2.Dpir•t1n9 casts ·6244 -6244 ·6244 -6244 -6244 -6244 -6244 ·6244 -6244 -6244 -6244 -121464 
l.;1bt Hl'Yiet l!otil I -m -300 -215 -270 -255 -240 ·225 -210 ·m -110 -m -mo 

- l•ttrest: ·165 -150 -135 -120 . -m -tO -75 .... -45 -JO -u 0 -mo 
Sli~pliers· credits • lar.i D•trdr1fts 0 
hai ltr• lau1 -165 -150 -m ·120 -105 -to ·75 .... -4$ ·30 ·15 -mo 

-ltP•t•tntu -150 -no -no -150 -no -no -uo -150 ·150 ·150 ·150 I) -lCGO 
Sup~!iers· credits • hat DYtrllrafts • b"t tera l~1n1 -150 ·150 -150 -no -no -150 -150 -no -150 -150 -150 -3000 

C.Cor:iar1t1 tn 0 0 0 0 0 0 0 0 • • • • 5.Duidtndl on t:juity 0 0 0 0 0 0 • 0 0 0 • • C.Surpl~1fll1ficit -m• -1254 -3239 -3224 -3209 ·ll94 -mt -3164 -ll4t ·lll4 -mt 6102 -512% 
D.~litiYI CH~ ~11111:1 ·32119 ·36073 -39312 ·4:51' -om -49919 -m1a -ms2 -ml1 ·615'5 -mec -5ili2 
-----·-·----------------------·---------------------------------------------------------------------·---------------------
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Cu~ tk~ ti~:t f;r hc1-...:1a~ ,:r~i•i T•~lt l5·Ilt 
l:• :::•!1~, ~1:;1:t1 t;.~t 4:;utu:i 1illi:a of Cis __ ... ______________________ ., _______________________ 
ffir 2 l 4 5 ' 7 I ' 11 11 12 ll 
-------------------~----!------!---!---!----!---!---!------~---·---!---!--!--

~- =··~ '"~ l:~ t4:: ll9tl 64'5 ~l· 4CCO 4CCO 4=o 4000 4000 4000 4000 4000 4tOI 
!.F•11~.ciil ns..-..r:ti ~;~1: cm 11m 6US '16 I • • • I 0 I • I 
:.Si!ii !"t•t""a I I • 2000 4000 4000 4000 4000 4000 coao 4000 - 400t 
l.~ua CllHlero -•m -mII -646$ -ma -'6:1 -'611 -6591 -7301 -1216 -n11 -7256 -m1 -n:• 
l.T::i: nua s~~alt 

ia.:J..:;~; r1;::K1•!11t -.m -13911 =446S -m I I • -113 -711 -711 -711 -n1 -711 
2.C:trit~~; costs • -35!4 -6111 -611! -6171 -6171 -6171 -6171 -6171 -6171 -6171 
J.:t~t SP1i~t itctil) 0 -450 -m -420 -CC5 -190 -m -161 -l4S -m 

- fli~!~H:: -300 -m -270 -m -::40 -rn -210 -in -1• 
S.p:h1rs· ;rtdits I I I • t • I • t 
l»k O•t•!•ilts I I I • I I 0 • I 
.. ~i tl'I lui:s -300 -m -270 -ru -240 -m -211 -1'5 -1• 

-ltrt:•111:s: -no -no -150 -no -150 -no -no -l:IO -lSO 
Slipclit•s· credits I I I I I I I I I 
11=:• l:•tr!•ifts I • I I I I I I • Ii~· tf~• lUIS -150 -no -1:!0 -150 -l:IO -l:IO -no -no -ljf 

C.Cor1JC•1t1 t.1 I I • I I I I I I 
5.Cni~uss C11 ~itf • I I I I I I I I 

C.5.:rph:sfetf !cit -151 -2621 -m1 -%591 -3301 -1216 -1271 -3256 -1241 -3226 
l.C.•l•ti•t us• •1:1.~ct -1m -4162 ;m -9l1l -12614 -m60 ·1'211 -2249'7 -::573 -219~ 

------,,.,. 14 15 1' 17 11 lt 20 21 22 2l 24 Sllw.nl Totil 
-·-!------!--!---!--!---!--!--!----!--!--!-!--!--

I. Cull i1f11111 4000 4000 ccoo 4m 4000 ccoo 40GO 4000 4000 4000 4000 • mm 
UinwiJl mourns toul 0 • • • I 0 • I . • I I nm 
2.Sllts rtwlftllt 4000 4000 4000 4000 4000 4000 4000 400t coot 4000 4000 82000 

I.Cull 1111tfl1111 -7211 -7196 -7181 -7166 -7151 -7136 -7121 -7106 -7°'1 -707' -7061 6l6l ·li48IO 
l.Tot•l asstts s.'ffult 

iul11di-t re,l1Ct1t11t -711 -711 -711 -711 -711 ·711 -711 -711 -711 -711 -711 00 -11"6 
2.0ptritil~ Ccttl -6111 -ma -6171 -6171 -6111 -6171 -6171 -6171 -6178 -6171 -6171 ·l27C9C 
J.Cnt 1trwiu [totlll -m -:soo ·21S -270 -m -240 -m -210 -m ·1IO -165 -il~ 

- l1t1r11t: -165 -no -m -1::0 -:05 -90 -75 -60 -45 -:so -15 0 -mo 
Su~plitr• • crtdits I 
l»t Dftrdr1ft1 I 
IMt ttrl INH -165 -no -m -120 -105 -90 -1s -60 -45 -:so -15 -m~ 

.... ,l)llltll -l:IO -no -l:IO -150 -l:IO -150 -l:IO -150 -150 -no -no • -:uoo 
Supphtrs· cruits • 
.... D•trdrtfll • IMt t1r1 INM -1:!0 -150 -150 -150 -no ·150 ·150 -l:IO ·150 ·150 ·l:IO -1000 

C.Ccr;or•tt t11 I • 0 • 0 0 • I 0 I 0 0 
5.D1w1dtnU Ill t;uity 0 0 0 0 • 0 • 0 0 0 0 0 

c.s~r,1u1/41ficit -lm ·31" -m1 -nu -m1 ·ll~ -m1 -lm -1091 ·l076 ·:OU 6361 -m11 
l.C111Ul•tiY1 cub ''""'' ·lZU5 -m6l -Jam -moa -cmt -om -51116 -m22 -mu -mn ·6:4'0 -ma1 
-----------··-------------------------······------------------------·· ·--------------------------------------------------
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C.s'l fl;. h~lt f;r f...:1iq s:-iiit Titl1 lM/I 
I!:;~ wlity ~•i!t •~=:••« ~i;titi:a lill:=s ef 111 

,.., 2 l ' s ' 1 I ' 11 11 l2 1] 

-------------·---!--•--!--'--!--'--'--!--'--'--!--!---
:. :.~ i::flGll nu 1::02 m: :m .. C3GI '* .. -= .. .... .... ... 
l.f~1~ctll rts:-..!':H t:td 3'66 1~ sm 111 • • • • • • • • • :.5.:a rt••'ll2 • • • - COOi .. .... ecol '* 4000 '* .. .. 

1.c.u 11tfi• -1'65. -m•z -sm ·lCZi -Wlt -cm -C9!0 -5611 -ms -mi -~ -mo -ms 
l.Tctll aswts iC~!~!1 
imc!~i .. rn:.:-t -nM -moz -ml -m • • • "'"5 -645 ;cs -645 -645 -645 

Z.t~1!ilf ClitS -ms -C560 -4560 --~ -cm -C56t -c~ -Cs.I -C5'0 -CM 
l.tfft stn:CI (latilJ • -cw -w -Cit -cin -no -315 -161 ·l4S -m 

- btlrtit: I -· -m -no -ru -~40 -m -:io -1'5 -l!O 
~li1rs· c;rfits • • • • • • • • • • lilll ~rifts • • • • • • • • • • IMl WI lCIH • -· -m -m -255 -2CO -m -Zll -1'5 -I.II 

-lt:iyt111ts: • -151 -u1 -151 -u1 -151 -151 -151 -151 -151 
51FPlitr1" UHits • • • • • • • • . I • 
lid -"'·~~. • • • I • • • I • • lat tlrl IUH • -151 -151 -151 -150 -151 -151 -151 -151 -151 

C.C.,p1tt tu • • • I • • • • • • 
S.~iwi,NS a ~ity • • • • • • I • • • 

t.S-J~las/dfficit ..,. -mo -m -- -m• -ms -l5it -156$ -15'1 -1'35 
l.tu.l1ti wt UP UllllCI -651 -1661 -2663 -l64l -ml ...... -IC21 -tm -11543 -1]411 

Ytit IC IS " 17 11 " 20 21 22 23 24 Sllv.ul t1u1 
!--!--!---!--!--!--!--!---'--!--!--!--!--

I. Cu~ illf1111 4000 '* .... - .... .... ccoo ccoo coco 4000 ~ • 104'15 
1.Fiawiil rtsartK toul • • • • • • • • • • • mn 
2.Sit11 rt•tlllll COOi COOi cooo 4000 4000 ... cooo COOi 4000 cooo 4COO l200I 

a.cm au: .. -SS20 -sws -5490 -sen -5460 -5445 -mo -ms -scoo -ms -mo 56lO -llUll 
1.totil 11wts scllff~!t 

ildldi•t rtphc11111t -6C5 -'45 -645 -645 -645 ... ,, -645 -645 -645 -m -645 5630 -21111 
Z.Gperatiat cuts .. ,.. -C5'1 -C56G -C"9 .. ,.. -C5'1 -4560 -C560 -4560 -C560 -CS60 -t:r..! 
l.Cttt wrwic1 ltotlll -m ·lGO -m -m -255 -240 ·225 -2l0 -195 ·lN -w -mo 

• l•ttrKh -w -150 -m -120 . -105 .... -75 -61 -45 -:so -IS • -:mo 
Slippliers· crtdits • 
till overdrafts • 
llill trre lm1 -165 -no -m ·120 -115 .... -15 -61 -cs -JO -15 -m• 

-lt~•t•ls: -no -150 -150 -150 ·150 -151 -151' ·150 ·150 -150 -150 0 -lOOI 
Scij~hers· cre~its • 
till ••trir1ft1 • ..... ttrl 111111 ·150 -151 -150 ·150 -150 -150 -150 ·150 -150 -no -151 -lCOO 

C.Corpcntt t11 • • • 0 • 0 0 0 0 I 0 • 
Uiv1dtllds on equity 0 0 0 • 0 • 0 0 • 0 • 0 
t.5v'~lg1/d1fmt -nzo -uos ·lCtO -ms ·1•60 -ms -mo -ICU ·1400 -uu -mo 56lO -2ml 
l.Cgt~htht CH~ ~lll.'\CI -14592 ·16!0l -1m: -1qct1 -m:a -mn -:1m -zi;i; -zma ·21~0Z -2!?7: -:1:•1 
----------------------------------·------------··-------------------------------------------------------·-----
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C.s! f:;. tiUt far fiu:n3i •1-iat Telt 15-~,'£ 
~;!! :::1Ht; ~tttt t:!t ~~;:s:~::i 1illi• cf lb 

-------
YW 2 J 4 s ' 1 I t lO ll 12 1J 

-------!--'--!--!--··!----·--·--~-----·---!---·--·--!--
I. Cu:! :~t:;. :ms l~• ~so mo ~ 4oa ... .. .. 40GO 400I .. 4000 

l.f:.=1"!C:1: r!Kli'CH t:Ul M 100 ~; m I I I I I I I • I 
::.s.•u rtot:'!l;f • I I - 4* 4000 4000 ffOO 4COO ... 40CO .,. COOi 
1.:.~ catr:eia -:sm -12".i• -~ -3319 -m1 -4'36 -4'21 -»4' -m1 -5'1' -5511 -sea -5411 
l. T:ti& iS~!~S S:~f~!I 

illcl~:llf ri:h:t•l -ms -mu -S!O -ttl • I I -640 -640 -640 -640 -MO -140 
2.Q;1r1ti~1 cc:1ts -2611 -4m -4501 -4501 -4501 -4501 -4S01 -4501 -4501 -4511 
J.!eat ur•:c1 I tcall -4~ -m -4lO -cos -391 -m -w -:m -m 

- l•lf!'fSt: -100 -m -270 -rn -240 -m -211 -HS -111 
Soor,h1n· ~its • I t I • I I I I 
llllt 1WP.lnfts I I I I I I I I I 
lllll Uri lU!S -lit -m -211 -rn -241 -m -n• -HS -11• 

-t.:1!ft11ls: -uo -ISi -ISO -UI -UI -UI -n• -ISi -uo 
~hers· crtlib I I • I I I I • • .... Mrir1!ts I I I I I I I • I 
lat W. lu:as -150 -ISi -no -no -1:11 -uo -1'0 -ISi -ISi 

C.tarr-.r1tt tu I I I I I I • I I 
S.~:•i!1:.,t5 IP 141i tr I I I I I • I I I 
c.~tus/u~icit -'1 -9Sl -tJ6 -'21 -IS.. -1531 -151' -1'01 -1416 -1471 
l.C.ch~l•t CIP •'1MCI -611 -1569 -M -34::6 -49n -6"3 -801' -tUO -11006 -um 

·-------

Tur 14 u 1' 17 11 1' 20 Z1 22 23 24 S.lf.'111 Tot1l 
!--!-·-!---!--!--·-!---!-·-!---!--!--!---!--!--

'· c.u un .. 4000 4000 4000 4000 4000 4000 4000 4000 4000 ... 4000 • 104762 
l.F11illcill rnaurcn btll • • • I • I • I . I I • 22162 
2.SilK rh .... 40CO 4000 4000 4000 coco 4000 "°' 4000 4000 4000 4000 12000 

l.C.sll •tfl• -SC5' -sect -542' -sen -n" -»11 -ll66 -mt -sm -mt -~ 55n -mm 
1.Toul 1ss1ts scNdult 

ilCldi .. rtplKHltll -'40 -640 -640 -640 -640 -640 -640 -640 -640 -640 -640 55n -2I06• 
2.ll~tratir; cos:S -4501 -4501 -4501 ·4501 -4501 .. ,.I -4501 -4501 -4501 -4501 ·4'01 -t".611 
3.:ltll! llrfiCt (latllJ -JU ·lOO -285 ·270 -m -240 -m -210 ·1'S -110 -165 -mo 

- l11ltr11ts -165 -150 -m ·120 -IOS .... -75 -60 -cs -JO -u I -mo 
!l"htrs' credits I 
,_k ow1rdnft1 • 
.... ttr1 IDMS -IU -ISO -m -120 -105 -tO -75 .... -4S -JO 

_,, -mo 
-ltp1y1111t11 -ISO ·150 ·I'° ·150 -150 ·150 -150 ·ISO ·150 -150 ·ISi • -JOOO 

Sv~~lit~s· cr~its • 
h.~• ••trdnf ts 0 
.... Uri IOllS -ISO ·150 ·150 ·ISO -150 ·150 ·ISO -ISO ·150 -150 ·150 -JOOO 

4.Corpar1t1 tu • • 0 0 0 ' • 0 0 • • • 
S.DiY1C1t1d1 1111 14uity • 0 0 ' • 0 • 0 • • 0 • 

C.!i:rplus/Cthcit -m• -1441 -1426 -m1 ·11" -llll ·136' -m1 ·I!!! ·1121 ·U06 ml ·'209' 
l.C..Ulatiwt cu~ blhnu -13933 -1:m -use~ -11211 -mo1 _,:;;a ·4%:~4 -2:1:5 -2m1 -mn -~ma ·r.m 
····--·------------------------------------------ --------------------------------------------·---------------------------------·--------
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Pr:;Ku: lii1=c1 s~ttt T1~?1 i~-4/a 

lee .... lat! »f1itt si.a~fl'i~~ ~~fil •il la::i :t &is 
------ --------- -----,,. z :s 4 s ' 1 I ' ll ll IZ ll 

·---!---'.--!---!----!---·--~--!---!---·--·--·-

l:.'5stts ! bt•ll .::• ~ l:SU n .. 1141 mn :sm:; It.,. 34::: ~l :mu lml 1l6U nm 
1.t.rrt:at ilRtS I I m1 $.."; -2Gll -43Zl' -~ -10.;;, -1:ns -nm -,'OI<! ~ ...... - ..... .a.» -2i6''"t 
\al :::t.l'J.l1~r: tis:: ~1:a."?:t I I I -n-~ -CC:! -65;7 -te:3 -:n1• -ism -tm• -uc:: -a:~ -~~ .. 
('I Ccnt-lt llitU I I 1S21 ma mt 2121 20%0 20ZO :IQ M mt :zg ZQ 
Z.Fi• ilff~I 

(llt If ~Kiili~! '"' m4l l223i lilil it:IZ vm mM '~ ma; ~~ 21476 :CQ lflM 
l•itiil h•!3 iawtst~1t, 

"''"""'t .., ~.a-
tiM Clfllll tr .... it.rts 

l.1£Hft I I I 25GG •m 11329 um ~ 2mt al lli..-9 314~ 41151 

l.lilnlitin '109 :ml lleH l4!4l me l4SC J.;M :stm Ml mu nm DU 3l4U 
1.e:m~t H1•m t, I I 111 211 2ll 2ll 211 33 33 211 m aJ 2'l 
Z.l!eict-ttrt IOilS ~ 21'2 mo :s;;:e El 21:1 mt 24;0 22'9 2111 Int u;o WO 
:s.P1i~ ., ~tr s:a mu 31157 :smc nm :SIMO :SI.Mt :n~ :SJMO :suco :SW. 11641 1164-3 
Utti~ ,nhts I I I I I I I I I I I I I 

----- ---~------
THr H " 1' 17 11 ., 21 21 22 2l 24 

!--!---!-!---!---!---!--!---!---!--!---
A.Asuts itot•ll nm nm mu nm mu mn lZUl nm 32141 nm nm 

l.CerrtAt nwts -llCi.O -nm -mr. ·U06l -"m -47"0 -'°'81 -sm1 -m11 -"7ti -um 
(al AmalattC cull hl..ct -no:so -36.. .. , -19:47 -c:sm ~~ -497!1 -5JOOl -SWJ -srna -62;&4 -66015 
C•I Cerr•t mttl 2020 2020 2121 2020 202I 202I 2020 2020 2020 r.c 2121 
2.FiatC UiltS 

f11t of ~i1ti•I lllOa 172'2 ""' 15140 14* ID um 1191' "'° aG4 7141 
ltitill fllff ill,Htlflt1 

ftp!ICl*tllt iftl ,,tpra41c• 
ti1111 tt•it11 11~,itvrn 

l.lOUH 4'G45 50ll7 smc mu mu um 11452 nm 19~1 llfU aott 

i .Lia•ili tin mu Jl1'3 ~041 J:l9l mc1 m•1 l2Hl nm nm nm l114l 
1.t.rr111t li1,ility 2Gl 2Gl 20l al 201 201 201 2tl 20l 20l 211 
2.l!fli..-ter• lw• noo 1350 1200 10~ '°' 75G 600 C50 JOO 150 • 
l.Paid •P .. ~ity ll6£0 lH40 3'640 m.;o llHO mco mw lH4' mco mco mco 
c.1tt1i11td ~refits • I • • I • I • I • • ---------- ---------



15-27 

rr~;t;~1: ~:-..":.:t s.~t T1~!t !!-t/I 
i.;. ~li~ u.&itl '"~:1.1 ::;rsti.a 1illisi .~ lls 
---------- ------------------------------------,.., 2 l • s • 1 I ' ll 11 12 IJ 

--~---·--·--·--·--·--!---!---•--!--'--'--!--
&.:Ss:~ Ct.lt1H Clll ll:Cf :iin :S:l4 n:ai '5m =~ <314 =~ 2im zuu 2r..i• 2;m 

1-Urrillt IH!ti • • l::l "' -::;.: -m1 - -m'6 -!4544 -mot -m!l -zm= -2h6' •1:.)r 

11: ~liti: cut ~•~ • I • -I~ -cm ;n:- -ti:l -l:t&C -1~• -1'~ -ntl7 -~ -~..:o 
It) Cint!lt ISsNS • • 1211 1154 UM 111' 11i4 til4 1114 li'Q tr'~ 1114 1124 
2.Firft llSiti 

(Nl If le~ilti!JllJ •lit 111'9 m:l mll 21:41 tt!41 lC-N li5'4 l.C 1~'6 t5!17 m11 Ir.ft 
l•aul fl.st: i:a•Httfat, 
rt;il.-~ R J11711f;:c-
t;M Cl;! ~l fljll.t4•WIS 

l.UiSls • • • zm W1 11445 1"31 UUi 22l1' um lQI 34111 -!.LWi:itilS Clll Wot %4."n :541' 25:14 251H 2;~u 24114 24664 mu 243'4 zm• 24-164 
l.L.rrst liUilitr • • 111 2'I 2'I %e1 • • 20I 2'I 2=11 • • 2.'lr.i.-ttr• 1- Sit 215' 2tl2 - D 2111 ml 2409 2251 2111 Int IM WI 
S.P1iJ., ~itr lEC2 1595' ltq} mt6 U!e6 rnH n:I! ma mM 22206 ~! 22206 22216 
Utt.:aff ~hts • • • • • • • • • I I • • 

'"' 14 IS .. 17 t3 ., 20 n 22 ZS 24 
!--~---!-!--!--!--!--!--!--!---!--

l.:Ju!s (tltall 21'14 :ID'4 m1• 2Sti4 23314 nm 2ltl4 22SC4 nm 22564 zm• 
l.Carrl'lt ISHU -11m -14:&9 -m:a ~m -um -47155 -:IG!l4 -mn -566-41 -'9iil ;me 
l•I koisilatff c1i1 u:11e1 -l211' -lffn -ltll2 -42536 -t5m -am -UlH -55:32 -~m -61565 ;;uc 
('I Carr•t mets 1714 l11C 1114 11i4 1714 1114 1114 1714- 1714 1114 1114 
2.Jild Hstll 

l11t at 111pr1ei1ti•I l2tll 12211 11442 Uli7l me '1l5 lli6 75'1 6GI. '°" 52" 
(litill fi1d ilftSUat, 
rtpl1C11111t 1114 ,,..,, ... 
till Cl~illl 11,...itul"H 

J.lolSK 41'6• 45142 t'100 mu 51111 61114 ""' .am nm 7636 IOOZ4 

1.LiiliiitiH nm ID'4 mu 2l4i4 ZlJlC 21164 2lt14 mu nm 225M nm 
l.Carr111t ha•ility 20I 20I 20I 20I 2tl 20I 20I 20I 20I 209 20I 
2.lltSi;ia·ttr• 11111 not ma l::GG 1151 toO 751 600 450 lOO 150 • J.Pu•., ~ity 22206 2220i 2mi 22206 22206 2Z20i 22206 2220i 272Ci 22206 22206 
4.!1:1mi ~ht1 • • • • • 0 I 0 • I • -------------------· -----------------------



15-23 

Pr;i!t.:h! t1t1o~;f i~t Ti•t' •:-::c 
l .. ~::~, ~'-•ltt t..::. :1;nti:a 1ilti::n af Us 

---- ---------------------- __ .., ______________________ 
,.., 1 2 l • s ' 1 I ' 11 11 l2 ll 

~- ... ---!--'---·---~--·--·--!--•---!--·--·--·---
&.~Sf:i :t::.:1 cm lC:Z :.in: 2Si.'.l nm 25.;:~ n:11 :31!1 Z*tn :;a:J 2'67: 24m mn 
I.Cur~: iii!ti I I me :u -m1 -C!fe -7592 -1:511 -14119 -1mo -~1=6 -mu -Z717l 
111 :Ct ..... 11:t: :ul u;~, I I I -me -4l'2 ;rn -un -1:~n -l~Y -li£lt -::tti -mi-i -nm 
('I ~rrt:it HSltl I I 1m 1111 1111 1111 1111 1181 1111 1111 1191 1111 1n1 
J.Fitf! HSHS 

(lllt If 4fprKilti:l) 4C2e 11m m..'"l 2lM2 2155' 2001' l&~ 1111' l™I l.:11 15512 Ul« 11976 
[1iti1l fut4 illffitlf'lt, 
np;a::uf'lt ,,.. r•~~~s-:c-
tic ~•r:td tz~1ti.rK 

l.lesws I I I me ..... 10141 H211 lmt %2104 25ftl 29167 ll12' m11 

l.UutHttn ftcb!J 4'2C lll42 2•1 nm 2'571 2'423 2:m mn 24971 24123 2C67l mn 24l7l 
1.Ccrmt li.:iility I I m 216 216 2C6 206 206 206 206 206 206 216 
2.1ti1u-ttn 111111 m 2156 2'IJ - 350 '111 25W 2400 mo 2lGI lnl llOO WO 
Uc~~ ~ity me Ul!6 21m m11 21517 22517 225i7 22517 22517 :2517 22517 22511 22517 
4.bti:..,, Ff'Ofitl I I I I I I I I I I I I I 

Ytilr lC 15 16 11 11 1' 20 21 22 2l z• 
-~---!--!----!--!--!--!--!--!--!-!-

~.Rs;ttl ittt11J 2422l non 23921 21m 2l62l nm 2ll2l nm ZW-.l 2:171 22721 
1.C.~t HHtS -lOllC -n• -l67'1 -1..n -41079 -46214 -cm5 -mu -mn -m·~ -61669 
(I) kc-..-.h~t! usll blillCI -nm -m&1 -:nim -41708 -CCe59 -CJV95 -51116 -mn ·51lll -mat ~450 

I') Ci!rr.it 11wt1 1711 1111 1111 1111 1111 1111 1711 1781 1111 1711 1711 
2.Fht~ HHll 

l11t af apr1diti111J 1l20I mco mn 10904 10ll6 9l6I l600 1ll2 JOH k"96 ma 
(Ii till fill~ ia¥Ht1Ml, 
npl1:11e1t .. [lnpRdtc-
tilll tipitll trptldibarK 

l.lCHff Clltt 45213 4ff1? mn ""' 60119 64051 '7712 71"1 75li5 i&864 

l.Li1hmiH 24223 24073 nm mn 2l62l mn 2ml nm 21021 22171 2272l 
l.Carrr.t li••~litr 206 206 206 206 206 206 206 206 206 206 206 
2.11Hi..a·ttr1 lws UGO mo 120G 1050 too 750 600 C5a JOO no • 
l.P1id ll~ ,qsity 22517 22517 ma: 22517 22517 22517 22517 22517 22517 22517 22517 
4.•ttund profits • • • I • • • • • • I 

-------------------------------------------------------------------



15-29 

Fujtetti t1!1-~;:1 l~t T1Ut l:Hfl 
11•" ~Ht1 tw•~:f 1.:te-:l1•f ~:;tttiCll 1illioa cf lls 
-----·---------------------------·---------- ---------------------,..,. 2 J 4 5 ' 1 I ' 10 11 12 IJ 
----------!---!-----!---!---!----·---~---~--!----!---~--!--'--
&.&ssc:s ::Gte: I :;;" lU~ 22.":5 nm ~5 m;5 22$:5 nm rn:5 27075 :ms :1;;3 mzs 

l.CrJT111t iSSfti. • 0 IC1C ~· -202 -1197 -2m ...... -..... -5%: ;m -r..::1 -lCOi1 -11612 
l•l .:.:cdlll1t~ ;:1sl ~:.:iet • I I -651 -1661 -2W -JUl -51ll -6848 -14<! -m::a -um -ll011 
(" Clarre;it HHtS I I 1014 146' 1466 1466 146' 1466 1466 1466 1406 146' IW 
%.Fut! iiiftS 

(11t cf dt;'t:i1ti1111l lf6' 1.W - 21131 20101 nm llGOt 1"6l 15962 15261 145'0 UI~ 13151 1207 
lailill fitf-! i1 .. Htl!-1t, 
rtjlll~ftt6t 1141 ,..r,r:~.ic-

tii!' c11it1I ta;n~itt:rK 
J.lnm • I • 1466 3672 Sl63 IOl9 IGm um 14417 W9l 11694 20111 

l.Li1lliUtin (tllti:J 396' li461 mos 22975 22m m1s m."5 22m 22225 2:075 21m 21m 21'25 
1.Cerrf'\t li1);tity • I n 131 Ill Ill 131 Ill Ill 131 131 Ill Ill 
2,Rgi:11-ttr1 lCio'I 521 216l 2907 3000 mo 2100 :mo 2400 mo 2100 199 lllO 1651 
J.P1i.d •:I tquit! 3":45 14~ 19226 ltSl7 1'1l1 191l7 Han l!l.'7 lml 191l7 lft..'7 191l1 19al7 
Utu:.atd prams • • I I I I • I I • • I I 

Tur 14 15 1' 11 18 It 20 21 22 2l 24 
------------!----!-----!----!---!--!--!--!---!--!---!--
a.knt1 1tat111 21m 21m 21175 21025 20&75 20m 20575 2om 2C715 201:5 19975 

l.Clarnnt iHt!I -nm ·146..'7 -Ul27 -17602 -&9062 -205G7 -21937 -2lm -mu -um -27507 
(II kt111Ul1tK t1sl Nllll<t -mft -16103 -17593 -19~ -20528 -21973 -23403 -24818 -26218 -27603 -:zam 
C•I C.rrnt HHtl 146' 146' 1466 146' 146' 14'6 14M mi• - 146' 146' 146' 
2.fhtd IHttl 

(1tt of dt~rtti•ti•l 11156 11055 10354 t6U 8'52 8251 mo 6849 6148 5447 4746 
llitill fist~ iftWHtftal1 

rtplitlltllt ._,~ prtpraduc-
tian upitll 11,.aditern 

l.LOSlK nm 24907 2ma 28974 30985 32911 349'2 36928 3187' 40Bn 4273' . 
1.li1bilitin 21475 21325 21175 21025 20875 20725 20575 20425 20275 20125 19975 

I.Curr,.. t li1llil Hy lJI lll Ill 138 ll8 Ill Ill lll 138 Ill lll 
2.fltdi111-t1r1 ICMI 1500 mo 1200 1050 toO 7'0 600 450 300 150 • 3.Piid u~ tqaily 198l7 nm 19811 l91l7 19137 19837 198l7 l91l1 198l7 19837 19137 
4.Rttlift~ profits I 0 • 0 0 0 t 0 0 0 • ----------------------·-·---·---------------------------·--------·-----------------
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rro.:t:tt~ ti&i=.:t l~fft Tl~!t n-·1E 
Iii;\ ('ll:t- ti .. al~t t.~t ~i;ta::~ 1illic:i of Ill ___ ._ ____________________________________________________ 
''" 2 l • s ' 1 I ' 10 II 12 ll 
------ --·------•------~-------·-----~--·---•----!---!-----•----!---!---!---
:.:;;c:a ;t~~·u ltC! um 21ttZ :m: 2:612 2Z4~! ~··"' "'"'''"' ~t: 2H!2 m12 21~£ m12 &.~.u.· ""··" 

l.:.~!'f!t ••it:s I I m' L'"' -in -1058 -1919 -m5 -50~~ -6512 -Em -tm ·llClO 
(II :.:~~h:t! Cli~ ~1:111ct • I I -6tl -mt -r.~5 -Iii. -cm -m~ -IC1' -mo -l!e;& -mn 
nJ C.r~fftt Huts • • tOSf 14U lm 1441 1m HU 1441 1447 1441 1447 1447 
2.F11!d IH!tS 

(ctt ilf :1;•f:!iliC•I ms m12 209ll 20527 lf 214 11901 16~ 15915 nm 14~• tllf• 13223 12"0 
ltitiil f;af! !AvHtlf~t, 

rt;:l&:H!~t r~ Frt~rcd1:t· 

t!:i ti;~ti: t1;;e,..~it:JH 
J.lcSSH • 0 • 14~ lS20 ~19 7703 •m 11126 ll!i5 15819 17191 19192 

!.li1~;1it:es 1totllJ 3941 16112 21"2 22m 22612 n~~ m12 22U2 22012 21162 2171: 21'62 21412 
1.~"!'1~t !u:;lity I I n m m m m m m m m m tl1 
2.P.t~iae-tt~• lcus m 2162 2906 3000 21~ 21GO mo 2400 2250 2100 1950 1800 16SI 
l.Fli~ ~1 ~:ity 1:25 14150 19014 196:5 196!5 19625 1962S 19625 1'625 19625 19625 19'25 19'25 
4.Rttiilt~ profits I • I 0 I 0 • • • 0 0 0 I 

----
'"' 14 15 16 17 11 19 20 21 22 2l 24 

---!---!---!----!--!---!--!----!---!----!---·----
A.~1i1t; (t,t11J 21262 21112 20962 2C512 20662 20512 2al62 20212 20062 19912 19i62 

1.C.rrslt HHtl -12436 ·llm ·15lU -16164 -11160 -19541 -20907 -2275a -23594 -mu -26221 
(I} A:ti:i-.1l1td CH~ ~il1nct -13933 -15374 -16900 -11211 -19607 -20m -nm -23705 -25041 -26l62 -27661 
(II} ~rr111l Hlltl 1441 IC47 1447 HU 1441 1447 1447 1447 1447 1447 1447 
2.Firtd 11Ht5 

(rtt of e1wr:i1tiG11l uan 112C4 10'31 '958 9185 1512 m• 7166 6493 5e20 5147 
hitill fill~ inv11t1111t, 
rtp:1:tstt1t •"d prt~roduc· 
tio:: t1pit1l H~~dlt~rH 

l.lOSSH 21871 23835 25714 2m1 29637 31541 33430 35304 31163 39007 40836 

l.Lil~ilitiH 21262 21112 20962 2111: 2om 20512 20362 20212 20062 19912 19762 
1.Cvmt liabilitJ 137 m m m m m m m m m m 
2.111d1118·ttr1 lc1111 1500 mo 1200 1050 fOO 750 600 450 JOO 150 I 
U1id 11p •ity 19625 nm 19625 19625 19625 19625 19625 l962S 19625 19625 1962S 
4.~t:ii:-14 pr:!;!1 0 • 0 0 0 0 0 0 0 0 0 ----------------------------------------------------------------------------------------

• 



------ -· ·-. ·-· ··-

C1sh Flow t1bl1 for proj1ct T&bl1 l5·5/A 
Low quality b1u1ite sin•iring process •illion of Rls 

------------------------------------------------------------------------------------------------------------------------------------------
Yur 1 2 3 4 5 6 7 8 9 LO l1 14 13 

--------------------!--------!--------!--------!--------!--------!--------!--------!--------!--------!--------!--------!-------·!·-··-···! 
A.Cull inflow 0 0 0 zooo 4000 4000 4000 4000 4000 4000 4000 4000 4000 
1.Sdn rennue 0 0 0 2000 4000 4000 4000 4000 4000 4000 4000 4000 4000 

I.Cull outflow -6109 -19194 -8404 -4433 -60Gl -6081 -6081 -7066 -7066 -7066 -7066 -7066 -7066 
1.Total invest1ent 

o.ithy -6109 -19194 -8404 -933 0 0 0 -985 -985 ·985 ·985 ·985 ·985 
2.0perating costs 0 0 0 -3500 -6081 -6081 -6081 -6081 -6081 ·6081 -6081 -6081 -~t'" 

l.Cor~orate tu 0 0 0 0 0 0 0 0 0 0 0 0 
C .Het ush flow -6109 -19194 -8404 -2433 ·2081 -2081 -2081 -3066 -3066 -3066 -3066 ·30&6 -~vo" 
D.Cu!!iulative net .... 

cash flow -6109 -25303 -33707 -36140 -38221 -40302 -42383 -45449 -48515 ·51581 -54647 ·57713 ·60779 VI 
I 

------·----------------------------------------------------------------------------------------------------------------------------------- w .... 

------------------------------------------------------------------------------------------------------------------------------------------
Ynr 14 15 16 17 18 19 20 21 22 23 24 Salv.v•l Total 

--------------------!-------·!·-------!--------!--------!--------!--------!--------•--------!--------!-----·-·!--·-····!·-----··'····-·--! 
A.Cash inflo11 4000 4000 4000 4~00 4000 4000 4000 4000 4000 W;O 40% 0 a2'.1r;o 
1.Sales re11enue 4000 4000 4000 4000 4000 4000 4000 4001'! 4000 4000 4000 82000 

I.Cull outflow -7066 -7066 -7066 -7066 -7066 -7066 -7066 -7066 -7066 -7066 -70611 2382 ·162123 
1.Tot•I invest1ent 

outlay -985 ·985 ·985 -985 -985 -985 -985 -995 -985 -985 ·985 8~82 -uoc; 
2.C?er•ting costs -6081 -6081 -6081 -6081 -&081 -6081 -6091 -6091 -&081 -6091 -6021 -mm 
l.Corpor.it• tax 0 0 0 0 0 0 0 0 0 0 0 

C.Ntt cash flow -306(, -3066 -3066 -3066 -3066 -306(, -3066 -3066 -3066 -3066 -3066 8l82 -86123 
f1.Cu11.lati11e ntl 

ush f1011 -63845 -(,6911 -b9977 -73043 -76109 -191n -82241 -85307 ·89l73 -91439 -94505 ·96J 2l 

------------------------------------------------------------------------------------------------------------------------------------------



C11h Flo11 t1bl1 tor project Tiblt 15·5/8 
lo• qu1lity b1uxite 1utocl1v1 digestion •illion of Rl1 

·---------------------------------------------------------------------------------------------------------------------------------·-------
Ytu l 2 3 4 5 " 7 B 9 10 11 12 13 

••••••••••••••••••••!••••U•••!••••••••!••••••••!••••••••!••••••••!••••••••!••••••••!••••••••!••••••••!••••••••!••••••••!••••••••!••••••••f 
A.Cuh intlo11 0 0 0 2000 4000 4000 4000 4000 4000 4000 4000 4000 4~00 

l.S.lts revenue 0 0 0 2000 4000 4000 4000 4UOO 4000 4000 4000 4000 4000 

8.Cash outflo11 ·4361 -13748 -6280 -4401 -6244 ·~4~' -6244 -6954 -6954 -6954 -6954 ·69~4 ·&954 
l.Tot1l inve1t1ent 

out11y -4361 -13748 ·6280 -817 0 0 0 ·710 ·710 ·710 ·710 ·710 ·710 
2.0ptriling costs 0 0 0 -3584 -6244 -6244 -6244 -6244 -6244 -6244 -6244 ·6244 -6244 
l.Corponlt tu 0 0 0 0 0 0 0 0 0 0 0 0 0 

C.t\et usl\ f1011 ·4361 -13748 -6280 -2401 -2244 ·2244 -2244 -2954 ·2954 -2954 -2954 ·2954 ·2954 
D.Cu1ul1tiv1 net .... 

ush flo11 -4361 -18109 -24389 -26790 -29034 -31278 -7.3522 -36476 -39430 -42364 ·45338 ·48292 -51246 VI 
I 

-------------------------------------------------------------------------·---------------------------------------------------------------- w 

"' 
------------------------------------------------------------------------------------------------------------------------------------------

Yur 14 1, 16 17 18 19 20 21 22 23 24 S1lv.~1l Total 
--------------------!--------!------··!--------!--------!--------!-----·--!--------!--------!·------·!·--·----!·------·!--------!--------' 
A.Cuh 1nfl:111 4000 4~00 4000 4000 4000 40CO 4000 4000 4000 4000 4000 0 821)00 
!.Silts rennut 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 82000 

8.Cuh 01.it f1011 -6954 -6954 -6954 -6954 -6954 -6954 -6954 -6954 ·6954 ·6954 ·6954 6302 -m43a 
1.Tct•l invest1ent 

cutl1y -710 ·710 -710 -710 -710 -710 -710 -710 ·710 -710 -710 6302 -~0914 

Z.Optr•ting costs -6244 -6244 -6244 -6244 -6244 -6244 -6244 -6244 ·6244 -6244 ·6244 ·129464 
l.Corpor•tt tn 0 0 0 0 0 0 0 0 0 0 0 

C.Net CiSh f1011 -2954 -2954 -2954 -2954 -2954 -2954 -2954 -2954 -2954 -2954 -29~·4 6~02 -m1a 
D.Cu1ul•tive net 

CiSh flo11 -5420I> -57154 -60108 -63062 -66016 -68970 -71924 -74878 ·77832 -80786 -83740 -77 439 

------------------------------------------------------------------------------------------------------~------------··--·-·---···-·-··-·---



C11h Flo11 t1bl1 for project hblt 15·5/C 
Low qu1lity b1u1it1 tube digestion •illion of Rls 
------------------------------------------------------------------------------------------------------------------------------------------

Yeu 1 2 3 4 5 6 7 8 9 10 11 12 1~ 

--------------------!--------!--------!--------!--------!--------!--------!--------!--------!--------!--------!--------!--------'--------· 
A.Cull inflOM 0 0 0 2000 40CO 4000 4000 4000 4000 4000 4000 4000 4000 
1.Siles nv1nu1 0 0 0 2000 4000 4000 4000 4000 4000 4000 4000 4000 401)0 

9.Cuh outflow -4424 -13918 -6356 -4353 -6178 -6118 -6178 -6896 -6896 -6896 -6896 -6896 -68':i6 
l.Tot1l invest1ent 

out lay -4424 -13918 -6356 -819 0 0 0 -718 -718 -718 -718 -718 -718 
2.0perating costs 0 0 0 -3534 -6178 -6178 -6178 -6178 -6178 -6178 -6179 -6178 -6179 
3.Corporate tu 0 0 0 0 0 0 0 0 0 0 0 0 0 

C.Net cull flo11 -4424 -13918 -'356 -2353 -2178 -2178 -2178 -2896 -2896 -2896 -2896 -28~6 -2896 
D.Cu1ul1tive nll!t ..... 

cash flo11 -4424 -18342 -24698 -27051 -29229 -31407 -33585 -36481 -39377 -42273 -45169 ·480b~ -~om VI 
I 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••W••••••••~••••••••••••W•••••••••••••••••••••••••~••••••••••a• w 
w 

-------------------------------------------------------------------,·~--------------------------------------------------------------------
Yur 14 15 16 17 18 19 20 21 22 23 24 Silv.v1l Toh! 

--------------------!--------!--------!--------!--------!--------!--------!--------!--------•--------!--------!--------!···--·-·!--------· 
~.Cash inflow 4000 4000 4000 4000 4000 4000 4000 4000 4000 1,1)()~ 4000 0 82'.;<;:) 
1.Slles revenue 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 4001' 82000 

9.Cish outflow -6896 -6896 -68~6 ·6896 ·6896 -6896 -6896 ·6896 -6896 -6896 -6896 6363 ·1594~·· 
1.Total invest11nt 

outhy -718 -718 -718 -718 -718 -718 ·718 -718 ·718 -719 ·718 03111 -~13blJ 

2.0~triting costs -6178 -6178 -6178 ·6178 -6178 -11178 -6178 -6178 -6178 -Ii! 78 ·6178 -12n94 
3.Corpor1te tu 0 0 0 0 0 0 0 0 0 0 0 

C.Net ush flow -2896 -2896 -2896 -2896 -2896 -2896 -2896 ·2896 -2~96 -2896 -289b 6363 ·76454 
D.Cu1ulat1v1 ntt 

CiSh flo11 -5l857 -56753 -59649 -6'545 -65441 -6Bn7 -71233 -74121 ·77025 -79921 -82817 -76454 

-------------------------------------------------------------------------------------------------------------------------------·----------



Cash Flow tablt for pr~ject Table 15-5/D 
High quality bauxite autoclave digestion •illion of Rls 
-------------------------------------------------------------------------------------------------------------------~----------------------

Year l 2 3 4 5 6 7 8 9 10 11 12 13 
--------------------!--------!--------!--------!--------!--------!--------!--------!--------!-------·!--------!--------!--------!---····-' 
A.Cuti inflow 0 0 0 2000 4000 4000 4000 4000 40(10 4000 4000 4000 41)0:) 

I.Silts r1ven111 0 0 0 2000 4000 4000 4000 4000 4000 4000 4000 4000 4000 

B.Cash outflow -3966 -12502 -5665 -3362 -4560 -4560 -4560 ~5205 -5205 -5205 -5205 -5205 -~·2(:5 

1.lotal inv1st1ent 
outlay -3966 -12502 -5665 -704 0 0 0 -645 -645 -645 -645 ·645 -645 

2.0perating costs 0 0 0 -2658 -4560 -4560 -4560 -4560 -4560 -4560 -4560 -4560 -4560 
3.Corporate tax 0 0 0 0 0 0 0 0 0 0 ~ 0 0 

C.Net cash flow -3966 -12502 -5665 -1362 -560 -560 -560 -1205 -1205 -1205 -1205 ·1205 -1205 ..... 
D.Cu1~lative net 

V1 
I 

cash flow -3966 -16468 -22133 -23495 -24055 -24615 -25175 -26380 ·27585 -23790 ·29995 ·31200 -32405 w 
""' 

------------------------------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------"·--------------------------------------------------------------------------
Yur 14 15 16 17 18 19 20 21 22 23 24 Sal~.val To~al 

--------------------!--------!--------!--------!--------!--------!--------•--------•------·-!--------!--------!--------'--·-----'······-·' 
~.Cash infl!jii 4000 4000 4000 4000 4000 4COO 4000 40CO 4000 4000 4000 0 Bi:%'/ 
1.Sales revenue 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 ezo~o 

B.Cash outflow -5205 -5205 -5205 -5205 ·5205 -5205 -5205 ·5205 -5205 -5205 -ms 5630 ·li:~WJ 
1.Total invest11nt 

outlay -645 -645 -645 -~45 -645 -645 -645 -645 ·645 -645 -645 5630 -:em 
2.0perating costs -4560 -4560 -4560 -4560 -4560 -4560 -456(> -4560 -4560 -4560 -4~60 -9~asg 

3.Corporate tax 0 0 0 0 0 0 0 0 0 0 0 
C.Net cash flow -1Z05 -1205 -1205 -1205 -120~ -1205 ·1205 -1205 -1205 -1205 -1205 ~630 -40030 
D.Cu1ulative net 

cash flow -33610 -34815 -36020 -37225 -39430 -39635 -40940 -42045 -43250 -H455 -45660 ·40010 
------------------------------------------------------------------------------------------------------------------------------------------



C1sh Flo11 t1bl1 for praj1ct Tablt 15·5/E 
High qu1lity b1uKit1 tube digestion •illion of Rl1 

------------------------------------------------------------------------------------------------------------------------------------------
Ytu 1 2 3 4 5 6 7 8 9 10 11 12 13 

--------------------!--------•--------!--------!--------!--------!--------!--------!--------!--------!--------!-------·!-------·!-·-···--! 
A.Cull inflo11 0 0 0 2000 4000 4000 4000 1000 4000 4000 4000 4000 4!WJ 
l.S1les rtvenue 0 0 Ii 2000 4000 4000 4000 4000 4000 4000 4000 4000 4000 

8.Cash outflo11 -3948 -12364 -5608 -3323 -4501 ·4501 ·4501 -5141 -5141 -5141 -5141 -5141 -5141 
l.Tot1l inv11t1ent 

cutliy -3948 -12364 -5608 -705 0 0 0 -uo ·640 -640 -640 ·640 ·&40 
:.o~er•ting costs 0 0 0 -2618 -4501 -4501 ·4501 ·4501 -4501 ·4501 -4501 ·WJl ·45fJI 
3.Corpor1te tu 0 0 0 0 0 0 0 0 0 0 0 0 0 

C .Net cnh flo11 -3948 -12364 -5608 -1323 -501 -501 -501 ·1141 -1\41 -1141 -1141 -1141 ·l! 41 
D.Cuaulative net ..... 

V'I 
cash 11011 -3948 -16312 -21920 -23243 ·23744 -24245 -24746 -25987 -27028 -28169 -29310 ·30451 -31m ' 1...1 

------------------------------------------------------------------------------------------------------------------------------------------ V'I 

------------------------------------------------------------------------------------------------------------------------------------------
Yiar 14 15 16 17 18 19 20 21 22 23 24 Silv.val Tcta 1 

--------------------!--------!--------!--------!--------!--------•--------•--------!--------!--------·--------•--------!-------····-··-··' 
A.Cash inflo11 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 4(J00 0 E2(:(11) 

1. Sal es revenue 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 82000 

B.Cnh outflo11 -5141 -m1 ·5141 -5141 -5141 -5141 -5141 -5141 -m1 -5141 -5141 ~573 -120~7~ 
1.Tolal invesl1ent 

outhy -640 -640 -640 -640 -640 -640 -640 -640 -640 -640 -640 5573 -21ni 
2.0per1ting costs -4501 -4501 -4501 -4501 ·4501 -4501 -4501 -4501 ·4501 -4501 -4501 -nm 
3.Corpnrati tu 0 0 0 0 0 0 0 0 0 0 0 

C. "let c •~h 11011 -1141 -1141 -1141 ·1141 -1141 -1141 ·1141 -1141 -1141 -ll41 -1141 5573 -~am 

D. tu1u 11 ti ve nit 
cuh flo11 ·32733 -33874 -35015 -36156 -37297 -38438 -39579 -40720 -41861 -43002 ·44143 -~em• 

-----------------------------------------------------------------------------------------------------------------------------------------· 
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Cu~ f~=• t.G:1 tu ·~~ity T1'1r 15-6/1 
l .. culi.tf aa.:11:1 ua:tril; ;r.-:.:ns •ill ice 1f lls 
-------------··-------------------------------------------------------------------,,., 2 l c 5 ' 1 I ' 10 11 12 ll 
----··-------!---~---~--!-------!----·---- -~----•---·----•----!----!---'--! 
I.Ca;:: in t::e 0 0 0 * c=o c=.. c= c= ~ .;;!00 ~ .. cooo 
l.:1lf5 rt•Rt 0 • 0 :000 ccoc 4000 ~ 40..--0 .. 4.100 CVGO 40GO cooo 

!.~.~ ~-t!1111t -5~~ -1~!1 -m• 4?51 -6511 -m• -6~1 -m1 -1;51 -ma -m• -7411 -m• 
1.t:t•; 1;;;1t., -~:ao -um -1m -l~l • • • • 0 • • • • 
Z.li1;:;9'r-~t • • • I • • 0 -m -m -985 -m -m -915 
l.~paytfll! of c.o:si~t 

fiUPCitg • • • 0 -uo -150 -no -150 -no -no -150 -150 -150 
c.:i:ttrn: Cll :i.t;ijf 

fiaa.iti.at • • • I -lOO -m -m -m -iw -225 -211 -1n -111 
5.C~triti~~ costs • c • -l500 -60&1 -6C&l -6Gll ...Wl -6081 -6081 -6081 -6081 -6Cll 
6.tor;iontt tu • • • • • • 0 • • • • • • C.lift cua n .. -5~~ -17511 -m• -m1 -m1 -2516 -2501 -1471 ·lC5' -:m1 -1426 -1411 -m• 

D.C....litl•t -.t 
CH~ flGtl -55c"O -mu -10717 -llUG -15671 -llta7 -4~iC: -44~59 -mn -5105' -544!2 -nm -61219 

Yiir 14 15 " 17 11 1' 20 21 22 2l 2C s.1, ... 1. foul 
-----------!--!--!------!---!---!--!--!·----!---·--!--!---!--!--! 
1.:iS• ii:f!Gll 4COO 4000 ~ 4000 4000 4000 ~ 4000 t."00 cooo cooo I 82000 
1.~i!IS ffY!t'IUf 4= 4000 4000 4000 4000 4000 4000 4COO 4000 4000 4COO l2000 

l.C.s• a11tf11111 -1ll1 -7166 -m1 ·W..6 -7121 -7106 -7291 -nn -r.61 -7246 -1m 1382 -171211 
1.Tctd 14Vily • • 0 0 0 • 0 0 • 0 0 1!12 -2129 
2.lf~!iC-t -m ...., -m -m -m -915 -915 -985 -981 -9a5 -915 ·16745 
l.•tlliyllttl ;f outsidt 

fi11uci., -150 -150 -150 -150 -150 -150 -150 -150 -150 -150 -no -1000 
4.IRltrHt 114 CIQlSidt 

f1unci1t -165 -150 -135 -120 -105 -90 -75 -60 -cs -lO -15 -mo 
5.0;tr1tir.1 Catts -6081 -608! -6(81 ·6C81 -6081 -6C81 -6081 -6081 -6C81 -6081 -6081 -muo 
6.CGril'ritt ur • • 0 0 0 0 0 0 • 0 0 • C.•tt CHh TIClll ·ll81 ·3366 -llSl -~ ·ll21 -ll06 -1291 -3276 -m1 -nc• -:m 1312 ·39271 

D.C-l•tiwt -.t 
cu~ fl11t1 -64670 -68016 -71387 -nm -78C44 -amo ·846U -87'17 -91171 -9H24 -97655 -nm -------------------------------------------- ---------
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Cli!-i :!:• :1~ I~ f ::- ~.a1 ty r.:tt !~ti 
Loa ~ .. 1:1:-, ~1.a~tf Ht:::e•t •:~!itiet 1illiaa :! Ills 
----- .. ---------------·---------·------------------

'"' 1 z l 4 5 ' 1 I ' 10 11 n 11 
-------·-----!----~--·-!-----·--·-·---!----!----~-----·---~----~----!--!--! 
:.Cai~ :.•~:-- 0 • 0 ·~ 4= ;ec;: 4= «~ ... ~ 4= 4.."!00 coo; ~ 
1.:1:1i rt•f~;.i 0 • • ~ ~ 4cc: ~ ~~ ~;) ~ 400C CC"..ll 40GO 

!.:.;~ C;~f:c. -!4.;2 -12U: -5m -4131 -6!94 -6!it -66b4 -7~H -?144 -mi -nu -mt -nat 
l. r::•: ~~;tr ......... 

-~:•£ -12!12 -m: -m • 0 • • 0 0 0 • • 2.;:!::•arY.t • • • 0 • • • -110 -no -JIG -m -111 -710 
l.li1;1.1f"t =' c-.!s!~t 

f;~i-:!•J • • • 0 -1~ -150 -150 -1~ -150 -1~ -l:H -150 -uo 
c.r~trfit C'I c::tsin 

h!!i•ca11 • • • • ·lOI -:;, -270 -m -2~ -m ·210 -1'5 -1• 
5 .C;t• i :ir; c:sts • • • -"8~ ;m -62" -6%~4 ;m -6%" -6%" -62-H -62H -62U 
1.=::r;:r1tt :I• • 0 0 • • • • • • • • • • C."c: cut fl;:. -3142 -12112 -sm -llOl -2m ·26it -2664 -m; -n" -mt -1314 -mt -me 
!l.~ .. :1t1•t Ill 

c1s:: nu -~m -um -21.;&7 -zmo -%UH -2'm -311!1 -Ul!! -lo"m -4!15• -m11 -484i2 -m'6 

,,.,. 14 15 " 11 11 •• 20 21 22 21 24 Sil•.•il. Taul 
!---!--!--!--!--!--'--!--'--'---!--'--!--! 

~.C.s~ inf:~• 4000 40GO 4000 4000 4000 4GGO· coco ccoo 4000 400G 4000 • 82000 
1.511K rl#fllll 4000 4000 4000 4000 4080 4000 4000 ~ 4000 4000 40GO IZOOO 

l.Clsh. ei.U:Clil -m• -7754 -nu -m4 -net -7194 -m• -7164 -1149 -11l4 -7119 6lG2 -u~:g 

1.Tiltil eq~ilf • • 0 • • 0 • • • • • 6lG2 -15t.14 
2.Rtrl1:HtAt -710 -710 -110 -710 -110 -110 -710 -710 -110 -m -111 -12070 
J.ltp•~1t11t et c:itsin 

fi1111ci11 -no -150 -150 -150 -150 -150 -150 -150 -no -151 -no -1000 
4.J•ltrffl .. •lsi't 

fi~•~ci•t -165 -150 -1n -IZO -105 _.., -n .... ... , -30 -IS -1150 
5.01W1ti19 costs -6244 -6244 -6244 -6244 -6244 -6244 -ucc -6244 ;m -6244 -6244 -121464 
6.Corp!ilt tu • • 0 0 • 0 0 • 0 • • • C.lt~ cu~ fl• -126' -me -1219 -m4 -1209 -Jm -m• -1164 -3149 -3114 -sm ur. ---l.Cullilit;•t Ill 

c11• f11111 -5:5025 -51279 -61518 -64742 -61'51 -nm -nm -71489 -I06l7 -m11 -uro -I05ll ------· ------ --·-----· 
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Cu~ r:~ :1~;, filT f{.iilt , •• :, 1~-6/C 
le. ~ .. 1tity ta.altf t-.~ ~UffitlOI 1!lli• 1t ill 
------------------------------------------------------------,,.,. 2 l 4 s 6 1 I ' lO ll 12 ll 
--------·----t-----!--·---!--!----!---·---!--!------!---~----!--'--!--! 

:.:ii~ i•II~• 0 0 0 := '* 4.= ~ 4i:.:o ~ 4000 4* 4oo; 40GO 
i -~1:11 ,. .. ,1:1 I I I :;;a .. 4COO woo 4400 4GCO COii 4GOO 40;0 ~ 

! .: ••• 1111tf!c- -::!« -1!7u -5609 -•2:!6 ~3 -66ll -$5'1 -7301 -1216 -nn -7256 -nu -1226 
l.T;itil 1;.1:1 -n~ -1'4~ --~ -172 I I I I 0 I I I I 
2.•1p&1ett!>~t I I I I I • • -711 -711 -711 -711 -711 -119 
l.~t;N!t;.:l t~ .:~ti;iu 

fi.r.i::C:J11 I I I 0 -150 -no -150 -150 -ISO -150 -150 ·ISO ·ISi 
4.l!!ttrfit u 1:1tsit! 

f:-Ciq I I • I -llO -m -210 -r..s -240 -m -211 -HS -1• 
!.e;!·a~:.!:: c:sts I • 0 -3'14 -6111 -6111 -6111 -6111 -6171 -6111 -6111 -6111 -6112 
6.Cl;rµr;:! tu I I • I I I 0 I 0 I • I • C.llit CHll t:~ -3'C4 -m12 -™9 -22S6 -2622 -2611 -ma -3301 -3216 -l21l -1256 -l24l -ll2' 
l.~hti>t aet 

Ciill fl:• -]904 -1'!;A -21795 -£~51 -266:-1 -mn -nm -nm -llm -m41 ~50C4 -.cem -mn 

'"' 14 15 16 11 11 " 21 21 22 2l 24 Sib.nl. Totll 
----!---!--!-!---!--!--!--!---!--!---!--!--!--! 

:.:11~ i•fl:tt ~ 4CCC 4000 4* 4000 4000 4000 4000 4000 4000 4'l00 I 12COO 
l.~lK rl9Kll 4000 4000 4000 4000 4000 4000 cooc 4000 CGOO 4000 4000 l2000 

f.!:H~ ir.tflCll -nu -7196 -7!9t -7166 -7151 -7136 -7121 -7106 -7091 -7076 -706! 6343 -161E04 
l. T11Ul tqu!tJ 0 0 0 0 0 0 0 0 0 I 0 00 -16154 
2.ff~liCHtll -111 -711 -711 -118 -711 -711 -711 -711 -711 -718 -711 -12206 
l.b~1y11111t ~f outsidt 

fiauc:iat -no -ISO -no -no -1$0 -150 -no -1$0 -lSO -no -150 -lOOO 
u1:1rKt c.~ outsin 

h•IA<i•t -165 -no -m -120 -105 -to -75 .... -45 -30 -15 -mo 
5.G,tr1tia9 cnts -'171 -6171 -6171 -6111 -6171 -'111 -6171 -6171 -6178 -6111 -6171 -men 
6.Corpor1tt t11 • • 0 0 0 • • • 0 0 • 0 

C.ltt CIP flOll -nu -31" -3111 -ll6' -31Sl -313' -3121 -3106 -3091 -3076 -3061 6363 -7'6:4 
l.Cdlihtiv1 ltt 

CHb fl• -54612 -~m1 -il05' -64225 -67l76 -70512 -nm -76nt -7'130 -82906 -95967 -7'604 
---·------------------------------~·-------------- ----------------
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C.S"I f:;. :e~!I f;~ t;.atf t1•:1 :~'E 
•:;!! ~--:::~ ~.aitt ti..~t !!;ts~ica um. ct Els 
---·-------------------------------------------------------------

Ytv 2 J • s ' 1 I ' 11 ll 12 lJ 
------------!---~-·-----~--~----~--!---~--·--!---'--!----'--!--! 
a.:.i~ 1= fl;. • • • l* 4GC3 coco 4* '* ccco ... 4000 .... .. 
1-~~i' 'i·~ • • • := 4CCC ~'"= ~ coco ~ cooo ... .. .. 

E.~u!: ~~flCll -l-C:5 -:orn -Q!: -Im _..,l -4'16 -mi -5m -mt -551' -5501 -sea -sm 
1.T::il 1;-.:!~f -n~ -l!lll! ~ -lll • • • • • • • • • 
2.~l:!i:flf'lt • • • • • • • -640 -640 -640 -640 -Ml -640 
l.5t??C!!lt c! ::tsi.Ct 

f!•i-•:i~ • • • • -no -l~ -lSO -151 -no -ISO -151 .. .,. -151 
•.l•tt•tSt a- a:.tsin 
fPi=C~t • • • • -lOO -m -m -m -2CO -m -n• ·ltS -1• 

5.ll;t"ill:; ~:Stl • • • -ma 4:01 -4S0l -4SOl -4S01 -'SOI -4S01 -4511 -4511 -4S01 
•• ::r;;r1tt tu • • • • • • • • • • • • • C.ltt :a;!: fie- -~:3 -1om -4ll .. " -1229 -m -fl6 -m ·1S46 -m1 ·lSU ·lSOl -ua ·1411 
l.~ .. !itht llt 

C:H~ flCll -n~ -1ma -19014 -:om -:mn ·22UO -m51 -2CS'1 -ma -27"4 -2'145 -?Wl -mez 

Ttar " 15 16 17 11 1t 21 21 22 2J 24 S.IY.Yil. Taul 
---!---·---•--!---!--!--!---!--!--!--!--!-!--! 

I.Ci~ i:tflGll ccco cooo c;oo ccoo 4000 4000 4000 4000 4COO 4000 .... • moe 
l.Si;K rt~f:1411 4COO CGOO COOi ... 4000 .... COOi COOi - COOi .... ... 

I.Cu' e;;!fla.i ·":6 -m1 -5426 -m1 -ll'6 -m1 -uu -m1 -5:9...6 -m1 -'316 5571 -121721 
l.T~tii ~ity • • • • 0 • • • 0 0 0 5571 ·lCOll 
2.lt~l·--t ""° ..... -640 ..... ..... ..... -640 ... .. -640 -640 -640 -IOllO 
l.l!t;ir•tat of 111il1H1 

fiai,Cilf ·ISO ·ISO -uo ·ISO -150 -no -150 ·lSO -nt -1'9 ·ISO --4.lattrKt • ctsi., 
fiPnCi't -m ·ISO -m -120 ·105 .... -n .... ·45 -JO ·IS ·31'9 

S.l!w1tia1 costs -•501 -C50i -4~1 -•50t -4501 -4501 -4501 ·4SOI -CSOI -4501 -CSOl -t26ll 
6.Ccrw•t• tu • 0 • • • • 0 • 0 0 • • t.ltt m~ fl• ·1456 -1'41 ·1'26 ·ICU ·13'6 ·llll ·1366 ·llSl -1336 ·1321 -1J06 sm -41721 

l.Cul;ilitnt •t 
C:H~ flllll .. 33551 ·34"9 -llm -37116 ·39232 ·40611 -cim -cmo ....... .. 45997 -cnn -cmo 

------ ------------·------·-
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l'et1I nub f&all lS-111 
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-·-·-·········-·····-------······-------·--------·----·······-···--·-·-···-------······-----·-----
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latll ISltb '"" n-11t 

•llh ... , 111 

------········-··----·-----·-··-----·-----------
Tur l 1 I 11 11 12 ll 

-------·-----·-·--·----·--!-----··!--------~-·--!----~·--!·--·!---!--!--~---~--!--!--

l.hatC i.<•H!&fllt tlllll ,.,.., :1~7 lOW Ct • • 711 711 711 711 711 711 

1.l•itul lutd i•Wfttl. cnt '°'' mo1 1"32 ... • • • • • • • • • 
•.irsi.c:-t • • • • • • • 711 711 711 711 711 711 

£.Pr,.~•olt..cli .. upitil 

l•ll!lltite•ft • 0 • • • • • • • • • • • 
~.C.rrr.t nwts ncrt111 • • ll'l m • • • • • • • • • 
--··--------------·--------------

!alil Hiils "" :1507 nr.i 1617 • • • 711 711 711 711 711 711 

-··-------·------------------------

···-·----·-·-·-----···--·······-----····----··-·----··-·-----·---------------------------
, .. , 14 IS " 17 II " 20 ZI 2l 2l 2• lttil 

...................................................... _ ... ___ ,.. .. !--·-----~--·---!-----!----~---~--~----!----!--!---!-----~--
1.ri.u •••Ht.It coils 111 711 711 711 711 711 711 711 711 711 711 612•S 

i. l11t11l h•td i•Wfttl, C:Hl • • • • • • • • • • CMH 

···••hc:.-t 711 711 711 711 711 711 711 711 ill 711 711 12%06 

2.••1·,.eu~lioo upit•l 

f•J"••t•rH • • • • • • • • • • 
;.c.rrtot n1tts 1acrr111 • • • • • • • • • • • -.......... _ ................................................................................................................... ---------------------·· ... ·--·---···-·····----

Tol1I Hltll 711 711 711 711 711 711 711 711 711 711 711 "™ 
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T1hl n11l1 

allh .. of 111 

----·-------------------------------------------------·-------------
'"" 2 l • I ' u 12 11 

--·--------·-----------·!---~----!----!---~---·---!---!---!---!---!---!--!---

1.;&•t: 10.nt-t nsts r"'2 ~ "12 1'1- • • • .. , "' "' lU 6U 6U 

1.lr.1t01l h•l'4 a:.uta. ccst 1:62 26.J:W tm 1'1 • • • • • • • • • 
a.ieJ:•t-l • • • • • • • .., 

"' "' "' 
.., 6U 

2.rr1-;ir:l.i>:h .. UJihl 

••i..Ca!_.-n • • • • • • • • • • • • 
l.t.rr .. t Kitti ll<rHll • • "" 6l4 • • • • • • • • • 
-·-----·------------------------

fatll HHll D2 2•m lllll lUI • • • .. , .., 
"' "' 6U "' ----.. ----------·--------------·------

........ ---------------· --·-------·---------·-··--·-·------------------
, .. , 14 u ., 11 II It 20 21 n 21 2C Tttal 

........................................ _ ............................ ! .. ----·!------~-----!---!--·--!----!---!---!---!---!---

l.ri1H ia.nt ... t ust1 "' 
.. , .. , .. , .. , MS ,., 

"' M5 ,., MS SClS 

1.lailld h1t4 lhHl1. ult • • • • • • • • ' 45150 

···••l•:•-t "' 
.. , .. , ,., HS MS 64S MS ..s .. , .. , 10"5 

:.rr1· "'""t11• up1Ul 

··~&!'a'" • • • • • • • • • • • 
;.C..rrlll HNll lltfHll • • • • • • • • • • • 2'11 

---···--·-·········'"'·•············--·-------------------·--··------------- --------
T1hl HHtl .. , .. , .. , .. , MS HS .., .., 

"' ICS .., 5l'll 
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J1ld H!llll , .. 1. 15-71( 

"o;\ c ... 11:, '-ult t..:t •lfKt•• Ea: ... rilt 1LS 211 ,er ISi •ilh• If lls 

-------------·---·---------------------
Tur s ' • ' lt 11 12 ll 

--·---·-----------------!---!---·---!---!---!---!---!---!---!---!---!---!---
I.I l•K i:•Ullf'll •Hll 116' nccc nil • • • • ... .. ... ... ... .. 

1.111!11: l:lff mnto. cnt em 2S"4 tSlt 116 • • • • • • • • • 
~.~f;:ll:IMSl • • • • • • • ... ... ... ... ... ... 

:.,.,.-,,.~:tiell , .. itil 

t.,..Cawn • • • • • • • • • • • • • 
:.twrr11t H!llls aocrN!ll • • 1'21 Q • • • • • • • • • 

T1t1l H!llll IUS 2'"4 11411 1412 • • • ... ... ... ... HI ... 
----·-

·-·-----------------------·-
, .. , 14 15 " 17 u If 2t 21 n 2l Zt Tit.I 

..... ___________ .. _________ !-··--·!--!·--·---!---!---!---!---!---!---·---!---
l.Fa•H 1a>11tN9l tHll ... .. ... "' ... ... ... ... ... ... ... mu 

1.l•itiil filt4 P•ftll. tHl • • • • • • • • • • • t3l6S 

··"''"-l ... ... ... ... ... .. ... ... ... .. ... ,_ 
2.r,,.,,.,.,,h• u,atll 

t•frr•il••n • • • • • • • • • • • • 
S.Corrtol HMh iatrtl!ll • • • • • • • • • • 2W 

--····-··-····-···-··----·-----------····-·······-----·---------· 
r,t.I 1ntls ... ... ... ... ... "' ... ... "' ... ... Sntl 
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let iKGll 5tittllllt Tult 15-811 
lt111 ,alitr N•1itt ••toclitt •itnti• bclli•lt r•tt KLS •~o per li'SI 1:'li• ,, 115 

----- ------------------------
Tur 2 3 4 5 ' 1 I ' 10 ll 12 ll 

--!----!----!---!---!---!----!------!-----!-------!----!----!--!-----
l.SiiH • I I 5'0I ll~ 11~ mco mco llZCO 11200 l120I ll%a ll:MI 
i. rr N.c ti• cos ts 0 • • ·'161 -ll0l7 -11022 -llC07 -1om -10977 -10962 -11947 -10932 -10917 
l. Tiu~lt profit 0 • 0 -561 163 171 193 208 m 238 253 261 m 
4.T11 0 • 0 • 0 0 0 0 0 • • • • 
~.~t ~rofil 0 0 • -561 l6l 171 193 208 m 2l8 25l 261 213 
6.l11idtH5 • • • • • • • • 0 0 • • • • 7.l/lldnlri'8l,. 

pro1it • • • -561 163 171 1'l 20I 223 231 253 261 213 
a.i~cato1llld 

profit • • • -561 -198 -220 -27 181 404 642 m 1163 1446 -----------
btias 
Ti•iblt profit:Silts Ill -10 l 2 2 2 2 2 2 2 3 
llft profitmirs Ill -10 l 2 2 2 2 2 2 2 3 
lltl profit:,.uity Ill -l 0 • 0 • 0 0 l l l ----------------- -------

I. 
! 
: -------... -----------------------------------------------------------------------------

Tt1r 14 15 16 17 11 19 20 21 22 23 24 Tobi 
-·------·---------··---- ~ --------!--------! --------!------!-------!----·--.. !------!--------!--------!------!---!---
l.SilH moo 11200 11200 11200 moo 11200 moo 11200 11200 11200 11200 2moo 
2.PrGduction costs -10902 -10887 -10872 -10857 ·lOIU -10827 -10312 -10797 -10782 -10767 -10752 -224051 
~. h••blt profit 7~ 313 321 343 351 173 :SSS 403 418 413 448 U49 
•.Til 0 0 0 0 0 0 0 0 0 0 0 • 5.Nrt profit 291 313 328 143 351 37J 381 403 411 433 441 5549 
6.:hfidttl~S • • 0 0 0 0 0 0 0 0 0 • 7 .IJr.dislributd 

profit 298 3lS 321 m 158 373 381 403 411 4U 448 ,,., 
l.Actu1ul1ttd undi1t-

r1bultd profit 1744 2057 2l85 2728 3086 345' 3847 4250 4668 5101 5'49 ···----------------------------------------------------------------------------------
hhas 
Tiublt profit:SilH Ill s 3 s J 3 s s 4 • 4 • •tt ~rofit:S•IH Ill s s s 3 J J J 4 4 4 • ltt prohtsEquitJ Ill l l l l l l l l l l l ---·----------------------------·------------·-------------------------------------------·--
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•el incou shlt11t11l Tl'1t 15-llC 
la. q~•:1tf ••~11lt tube d1ge:;h011 EuMnge rilt ~LS 200 ~" USD 11ilian of ~it 
---------------'"'·-------------------·--------------------------·-------------------------------------------------------------·---

lHr 2 3 5 6 7 I 9 10 11 " u 
----- ...... ---------·--!--------!--------!-------!-------!--------!--------!--------!--------!--------!-------!------~ --------!------
l.S.lH 0 0 0 5600 mco moo moo l:z:IO moe !1:00 11200 moo 11200 
£.tro~~c tian tests 0 0 0 -6183 -10861 -10849 -108'1 -1~~18 -lCSOl -msa -10773 -10758 -10741 
:. ha~:f profit 0 0 0 -583 m m 367 :!82 397 m 427 442 457 
4. lit 0 0 0 0 0 0 0 0 0 0 0 0 0 
5.Ntt pr;;fit 0 0 0 -583 l.."7 m 367 382 397 412 427 442 m 
•.Divi~trr~s 0 0 0 0 0 0 0 0 0 0 0 0 0 
7 .~~;;istribultd 

pre lit 0 0 0 -583 m 352 167 l82 m 412 m 442 m 
a.i:cc~s. ii ltd 

pr;;fi t 0 0 0 -583 ·246 106 473 m 1252 16~4 2091 £533 2990 
------------------------------------------------------------------------------------------------
RitiGS 
Tiu~:t ~rch t:Si~H 111 
let prahl:Hl<i 111 
Ktt prcht:tq~ity Ill 

-10 
-10 
-1 

3 
3 
1 

l 
3 
1 

3 
l 
1 

3 
3 
1 

4 
4 
1 

4 
4 
1 

4 
4 
1 

' ' l 

------------------------·---------------------------------------------------------------------------------------
Yur 14 " 16 17 18 19 20 21 22 23 24 Toti! 

-- ........... -... ----------------! ----............ ! .................. - !--------!--------!--------!------- ~ --------!-------!-------!-------- ~ ------!--------
1.Si!H 11200 11200 moo 11200 11200 mco 11200 11230 11200 moo 11200 2'9600 
2.Pr~u:tiar. tliilS -10723 -1071l ·.i0698 ·106&: ·10668 -1om -1ma -1om ·1C608 -1om ·10578 ·220593 
~. Tir•~:e profit 472 487 502 517 5l2 m 562 m m 607 622 9007 
4.hr 0 0 0 0 0 0 0 0 0 0 0 0 
5.~tl profit 472 487 502 m 512 m 562 m 592 607 622 9C07 
6.Dmde·,ds 0 0 0 0 0 0 0 0 0 0 0 0 
7.Un~istribultd 

pre fit 472 487 502 517 m m 562 m m 607 622 900~ 

8.Acc~••:•ttd undisl· 
rituttd profit 3462 3949 4451 4968 5500 6047 6609 71a6 7778 am 9007 

......................... --------·----------------------------------------------------· ------------------------------------------------
~•lioi; 

l;,.,~;, ~re.Ii t:'.iiln 111 4 • 5 5 5 5 5 5 5 ' Ntl prwht:Siln 111 4 4 5 5 5 5 5 5 5 ' ~tt proht:Equ1lt Ill l l l 1 l l l 1 l 1 
-~ ----------------··· ------------------------------------------·-·----------------------·--------------------·--.. ·-------------

4 
4 
1 



15-49 

lltt i•cou stil,1et1t l•'1t 15-Bil 
Kigb ~odity bi111ilt illlOtliYI 41gtstiDll [IC h.agt uh Q.S :00 jiff OSI 1i:liaa af lls 
-------·----------·------------------------------------·--------------------------------------------------------

lHr 2 1 4 5 6 1 I ' 10 ll 12 ll 
------·---------------!--·--!--------!--------~-------!---~----!---------!--------!·-------!------·-!---~---!----!----~---
I.Silts 0 0 0 mo u=oo moo moo ll~ moo um moo moo 11200 
2.Vraduction casts • 0 0 -47.15 -ma -am -r.as -9::71 -6<~ -am -rna ""'~·· -c., .. -8191 
l.Tui~lt profit 0 0 0 865 2182 2a11 rm 2'1Z7 m2 rm 2m m1 l002 
C.iu 0 0 0 0 0 0 0 0 0 0 0 0 0 
5.liet profit 0 0 0 865 2882 28'7 2912 2927 2942 :m 2m 2'17 3C02 
6.;iv1dt11ds 0 0 0 0 0 0 0 • • 0 0 • 0 
7 .Ur.distri.lavhd 

pralit 0 • 0 165 2882 2897 2912 2'127 2942 2957 29n 2987 3002 
&.AccurJlilH 

profit 0 0 0 865 1747 6644 9556 12411 15425 lSl82 21154 mu 21343 
------------------------------------------------------------·-------------------
Iii ti OS 

Ticitlt ~rofi t:Silts 111 15 2' 26 26 26 26 26 27 27 27 
lltt Jrolit:uln 111 15 26 26 26 26 26 26 21 27 27 
let prahl:f4u1tr Ill 2 6 ' ' 6 1 1 1 1 1 
------------------------- -------------------

--------------------------------------------------·-------------------------------------------------
Tur l4 15 16 11 11 19 20 21 22 ll 24 Tat.I 

------------·--------·--~--------!--------~--------!-----!--------!-------!--------!-----!--------!-----!--------!------
1.S•IH u::oo ll2;J0 moo 11200 11200 11200 112CO moo moo moo 11200 22~600 
2.Praduchllft casts -am -8168 -am -ma -am -8108 -am -8078 -8063 -8048 -&Oll -16em 
l.T •••bit profit 3017 3032 3047 3062 3077 1092 3107 3122 3137 3152 ll67 613,, 
4.T11 0 0 0 0 0 0 0 0 0 0 0 0 
5 .lltl prafi t l0l7 3032 3047 3062 3017 10'2 1107 1122 3137 m2 1167 61355 
6.~i.v1dt•ds 0 0 0 • 0 0 0 0 0 0 • 0 
7.Undntri•uttd 

prcfit lOU 30'2 3047 3062 3077 3092 3107 m2 3ll7 mz 3167 61!55. 
8.kcuuhtrd undist-

r.iauttd profit 10360 mn 36439 mo1 42578 45670 48117 51899 55036 58188 61355 
-----·----------------·------------------------------------------------------------------------------------
~•has 
h•iblt ~roht:S&ln (X) 27 27 27 27 27 28 28 28 28 28 28 
•tt prGht:~ilH llJ 27 27 27 27 27 28 28 28 £2 21 28 
•et proht:Eq111ty I'll 1 7 1 1 1 7 7 1 1 1 1 
-·--------------·---------------------------------------------------------------------------·--------------------------
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lltt i•c- sht,..l T1Ht lH/E 

N;tll ~:.1htr bo11111tt taH 4<11tsti• bc~t r1tt 11.s ioo '" USI ailli• ef Its 
-----·---------------------------------------------------------------------

T11r 2 l • 5 • 1 I ' 10 11 12 1] 

----------------------!-------!------!-----~--------!-----!-----!----!------!---!------!--!--!--
l.iilH • 0 • 5600 moo mco 11~ m-:o ll2"..C um moo ur.o 11200 
2.Fra.1i;:tiill casts 0 • 0 -459' -11e2 -11)37 -&m --11m -sec: -90~7 -I012 -m1 -1112 
~. riaiblt prliht 0 0 0 1001 30~ 311] 1121 3141 3151 l17l 31• r.c~ 3211 
4.Tu 0 • • 0 • • 0 0 0 • 0 • • 5.Stt •rolit 0 • 0 1001 30'8 llll ms 1143 1151 3171 318 3201 3211 
6.l101duds • • 0 • 0 • • • • 0 • 0 • 
7 .llr·d:strilllltt4 

pro ht 0 0 0 1001 1098 :nn m1 1m ms 3171 na 320l 3211 
l.lc:1!.dilt4 

proht 0 0 0 1001 409' 7212 mco mu mu 1'814 2~ 26205 2'421 
------------------------------ ·----------------
R1hos 
hzi~lt profit:SilH Ill II 21 21 a 21 21 21 21 2' 2' 
Eft prGfit:iilH m 11 a 21 21 21 21 a 21 2' 2' 
ltl profit:eq~itJ Ill 2 1 1 1 1 1 1 1 1 1 

---........................................... - .................... ---------------------------------------,--------
Ttir 14 15 " 17 11 19 20 21 22 2l 24 Tolil 

------·---·------------!--------!--------!--------!----·-!------!------!----!------!-----!---!---!--
1.~ilU 112~ 11200 11200 11200 11200 112:0 um moo moo 112CO 11200 229600 
2.Frc;jijct:;in casts -7967 -1152 -m1 -7922 -1V01 -7a?2 -7311 -7862 -7BU -m2 -1117 -16378' 
S. ~ •• ,~11 profit 1213 ma sm m1 1293 l3C8 ll2l llll ll53 ll6I Slll 65111 
4.Tu 0 0 • 0 0 0 • 0 0 0 • • 5.ltt pr,lil 1213 3248 3261 3278 1293 llOI 1121 :ml 1151 ll68 m 65811 
6.Divi~t~ds 0 0 0 • • 0 0 0 0 0 0 • 7.Ur.dutributed 

Fro!it m1 m1 3263 ma 1291 llOI 1323 ml 1353 ll68 m 65111 
l.Ai:u•~httd u~dist-

nbutr~ ,rofit J2U6 35904 19167 42445 45738 49646 52::69 mo1 59060 62421 65811 
---------------------------------------------------------------------------------------
ll•:ius 
Ti•i~lt ~ri;lit:Silts Ill 29 2' 29 2' 2'I lO 30 lO 10 10 30 
r:tt ~roht:i•lts Ill 29 2' 29 2t 29 30 30 lO 30 30 lO 
Ntt prGht:Equily Ill 1 I I I I I I 8 8 I I -----··-------------------·------------.. ----------------------------------------------------------------
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c." fl• b'1t fGr hlWllCilf •l-U. Tul1 IH/t 
L• ..,m, ... •it• siattrilf .,.acess bc~t r•tt SLS ~ per 119 •illi• 11111 
--------------
'"' 2 l 4 s ' 1 I ' 11 11 12 u 
------------·--------!-------~-----!------!-----!---!----!--!---!--~---!---!--!---
&. Cu~ i;a 11&11 1:5:0 •i;n Jill: 1111 moo moo u:oo 11211 112'1 112'1 112'1 112'1 112'1 
l.Fi•illCid rfflll'C:tS llt•l lU2t 4Z417 117;2 •r• I I I I 0 I I I I 
:.Silts rt.,... I I I 5'et 112'1 112'1 112'1 112'1 UM 1120I 112'1 11211 11211 

l.C.s• •tfl• -13611 -42764 -ram -6164 -7625 -7611 -nn -l5U -me -am -1521 -5'15 -l4W 
l.lltil HHll K .... 11 

ilcldilf rfJlK-l -1361 -47164 -11526 -200I I I I -m -915 -m -m -m -"5 
2.~ritpt CGitS -415e -ms -7175 -1115 -nn -1115 -1l15 -nn -1115 -1115 
:;.:Ifft HNiCI ltatdJ I -451 -4U -420 -40S -:m -m -40 •l4S -la 

- l1t1<rtsl: I -111 -215 -210 -2SS -24• -m -211 -HS -111 
S.pphtrs• crnits I I I I I • • I I I 
hll ..,.,.•r•fts I I • I I I • I I • 
... ~ ttr• llNH I -- -m -m -2SS -241 -~ -211 -195 ·HI 

·afJi)~fltS: I ·ISi -151 -no -151 ·ISO -1~ -I» ·151 -151 
!M.ffhtrs" crf4its I I I • I I I • • • 
.... l'flf'llrifll • I I I I I c I I • lilll ttrl lGilS I -151 -151 -151 ·ISO -151 -151 ·UI -l:lt -1~ 

4.Cor,unte tu I • • I I I I • • e 
5.liwiffds • f49ily I I I I I I I I • I 

C.Sur•lasitltficit .. -211 206 161' 1575 mt l60S ms :651 2665 2'IO 2'!S mo 
l.Cuul•h•t en• ••IMCI -fl -171 -in 1444 :OH .... 12214 1414' 174'9 ~l.C 22144 2'm '8249 
---------------

---·----------- ... ·---------------·-------------------------------------------------
YHr 14 15 1' 17 II If 2t 21 22 23 24 S.lw.nl Tobi 
-··--------------------------!-------!-------!---!--------!-----!-----!-----!-------!-----~------!·---!--!----
I. Cull lA 11111 mco 11~ moo 11200 11200 ll2CO moo 11200 moo 11200 11200 I lee509 
l.fia .. icul rtiCMarus told • 0 I I I • I • 0 0 0 mot 
2.S•IH rt•fllut 11200 moo u:!OI 11200 moo moo moo moo ll20lt moo mot 229600 

I.Cu• 1111tflGt1 -1415 -1460 -am -1430 -am -140I ·ll&S -ll70 -ll55 -mo -ans 1112 -n•o11 
1.:at.l unts sOtdalt 

inc ludi•t rt~l•ct•fllt -~n -985 -985 ·flS -'85 -'85 ·flS ·flS -985 -985 -ns 1112 -mn 
2.0ptrih•t cosh -ms -ms -7175 -7175 -1115 -ms -7115 -ms -7115 -7175 -ms -14765' 
l.Ddt Hmct I totilJ -ll5 -300 -m -210 -m -241 -225 -210 -l9S -llO -l6S -mo 

• [1ttrHt: -165 -no -us -l2t ·IOS ..,. -15 -60 -u -ll -15 I -mo 
su,,litr1· crtlfits • .... o.rrdr•ft1 I 
lilll ltrl 101111 -165 -150 -m -12t ·105 ..,. -15 -60 -u -ll ·IS -n51 

·ltJ•y11ats: -150 ·ISO ·ISO -151 -151 -150 -150 -150 -.150 ·ISi ·ISO • -3000 
S..ppl m1' crttlits I 
lift• Gwtrdriltl • 
Iii~• ttr• 101111 -no -no -l50 ·ISO -no ·ISO -l50 -no -ISO -150 -150 . --•.ec,,.,,.,, t .. • • I I • I 0 0 • • ' I 

5.Diudt~jl Oft tqailJ 0 0 • 0 0 0 0 0 0 • 0 • 
c.s~rpl~1:d1hcil ms mo ms 2770 zm 2800 2815 mo 280 :860 2875 lll2 '74ll 
~.C~•~l•h•t as- hhnet :om mu 16"9 l9Zl9 42024 um nut som mu 5&174 5904' mu 
............................................................................. -... -----------------------------------------------------------------
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C.n fl• t1•11 for h••illt JliUiJlt Tul1 15-tll 
l• ... m, ._aih .wtac:l1we •itnli• E1cN1t1 ntr 11.S iCG '" VSI 1illi• af 11' 
------------ ---------- --------,,. 2 J • 5 ' 1 I ' 11 II 12 ll 
----·---·--------!----!-----!-----!----!----!---!---!·----!---!--!---!-·---!--
&. C.•' i1fl• 'ii)~ m1t m&1 m2 um 11200 11'"00 11200 UlOI ll20I m~ ll20I 11209 
U' i::e:a<il: flSlilttts lltll 9046 :mlt lll61 lll2 I 0 • I I • • • • 
'; .S.:K Ff•Htlt • • • 5600 moo 11200 moo moo 11200 11200 11200 moo ll2GI 

t.Cis' wtfl• -me -217'5 -nou -Mit -am -8011 -I09J -tnl -1743 -Ir.I -am -16'1 -l6IJ 
l.t~tll uwt;; scu.talt 
llCldi~ re•lKIRlll -m• -217'5 -1301 -1645 • • 0 -no -111 -n• -710 -110 -710 

2.Qptf' ltir.~ CHtS • -cm -764::; -1m -m:s -7'C:S -7641 -m1 -7641 -7'43 -7'C:S 
l.DtU S!hitt (tatilJ • -450 -m -420 -CC5 -190 -315 -liO -m -~ 

- l•hrest: • -:soo -215 -210 -m -240 -m -211 -195 -1• 
S..n!irrs· crtdits • • • • • 0 • • • 0 
Sillii ""'nfts 0 0 • 0 • 0 • • • • b•l ttr• ... , t -100 -~5 -270 -255 -241 -m -:11 -1'5 -111 

..,.JlllllS: 0 -150 -150 -150 -150 -150 -150 -151 -150 -no 
S.Hlitrs" crf4ils 0 • 0 • 0 • • 0 0 • IMl •·rr•nfls • 0 0 0 0 • 0 0 • • lilll ltr• 1 ... s 0 -150 -150 -150 -150 -150 -no -150 -no -no 

4.t2FpGl'ilt lil 0 • 0 0 • 0 • • • 0 
5.;i•i~s 1111 1q~ity • • • • • • 0 0 0 • c.s.ir,1ias1:1h.ci t -1 -2;& 15 llC 1107 1122 lm i.;47 2457 2m :m %502 :zm 

S.C-l1tan us• nlMCt -11 -m -167 ll76 42al 74G5 10542 12984 15441 11913 20400 22902 25419 ------- ------· 

-- ... ----------------------------·----------------------------------------------------
Tur 14 15 " 17 11 19 20 21 22 23 24 S•h.ul rotll 
----·-........ _ ........ _ .. ________ ......... !--------!--------! --------!--------!--------!-------!------!-----!-------!----!-------! -----!---
I. [lsfl llif:G• 11200 moo mco 11200 11200 11200 11200 11200 11200 11200 11200 0 mm 
l .Fi•ill(1il res111rcts tahl 0 0 0 0 0 0 0 • c 0 0 mn 
2.s.:n n.t- moo 11200 moo 11200 11:;0 mco ll:ZCO 11200 11200 11200 11200 22'1600 

1.c •• ~ lllltflGtl -1661 -am -1611 -1621 -8601 -am -1571 -1561 -ma -am -8511 ~z -221147 
1.fohl ns!ts sch1~ult 

1nclu41•; r1pl•u111t -710 -710 ·710 -710 -710 -710 -710 -710 -710 -710 -710 6302 -51!m 
2.C~r•hr.; costs -7641 -ml -1m -ml -m:s -7641 -ml -m:s -1m -m:s -7H:S -15734 
l.Ctbt mviu I totlll -m ·lOO -m -270 ·255 ·240 -225 -210 -195 -180 -165 -6150 

- lnltrnt: -1'5 -150 -m -120 -105 -90 -75 ... -•5 -JO ·IS • -mo 
SuPJlitrs" credits • li;;l O•trdrifts 0 
•••• ttr• !Niii -lU -no -m -120 -105 -to -75 -60 -45 -:so -15 -mo 

-Ro•1•1.•ts: -no -no -no -150 -150 -150 -15: -150 -150 -150 -150 • -1000 
SJppl.r··s· cruit1 0 
Iv.~ ,.,,~,.Its 0 
IMk lfrl lHnl -no -no -no -150 -150 -150 -150 ·150 -150 -150 -150 -1000 

4.CorPGr•tr t11 0 0 0 0 0 0 0 0 0 0 0 0 
5.D1•1dt'~s o.~ aquity 0 0 0 0 0 0 0 0 • • 0 0 

t.Svrplus/4thClt m2 2m 2562 2577 2592 m1 2622 2637 2652 2667 m2 •m 60391 
C.Cu1Uhl1't ush •il•nct 279Sl 30491 33060 35617 38229 com 43451 46095 48747 51414 5409' 60391 ........................................................................................................................................................................................................................... _ .. ______________________________ 
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Cu• fl• t1'11 far fi11aci•~ •lwii~ T1~l1 15-tlC 
L1111 '11•hlJ U.1il1 lak ••ttstiaa [ach11g1 rill ILS ~{!O per USI 1illio:t 1t Ill 
-·-----·-- --------------------------------------,,., 2 l 4 5 ' 1 I ' 10 ll 12 ll 
-------··----------·-~------·!---·-!------!-----!-----!--!-------!-----!----!---!----!----~--
I. Cub ir.tl .. m1 &.Z91 11061 1~ moo 11200 mco moo 11200 moo moo 11200 UZOI 
l.Fi1-.::iil ftSllll'CK lllil r.n ~1 13061 1113 ~ • • • • • I • • 
2 .Siles rt'8W • I • 5680 moo moo moo moo ll~J moo moo II~ moo 

I.tis• cuiltl• ·'!Kl -~507 -k~l -5911 -mo -7955 -mo -1643 .. ~ -1'13 -ma -a~ -1561 
I.Tot.I iSHh scllffult 

i11tla~i•1 rtfhtlftll -1061 -21507 -12921 ·1'17 • 0 • -711 -m -711 ·711 -711 -711 
2.G,fnti .. costs -4~ -mo -mo -mo -m~ -mo -mo -mo -mo -mt 
l.Dt~l ""ict llotdl I -450 -m -420 -405 -l90 -m -~ -145 -llO 

- l•ltrtst: • -lOO -m -271 -m -241 -m -210 -195 -1• 
S.:~phers· crt:lits 0 0 • • • 0 • I • • 
a.~~ •~trdnfls 0 0 0 • a • • • • I 
l111l ter1 Joas 0 -lOO -m -271 -255 -240 -225 -211 -ltS -1• 

-11p•r-ts: • -uo ·150 -l:IO -uo -u• ·l:IO -151 -150 ·ISi 
s-.i~~•iers· crt4its 0 I I 0 • I I I • I 
••~l owerd••tls • I • I 0 • • • • • 9ial ltrl 111111 • -150 -151 -uo -151 -151 -150 -151 -151 -150 

4.Cor,ar•lr t11 0 0 I 0 I • • I • • 5.11ndtt1ds 111 tqailJ 0 0 • 0 I I I I • • C.hrflas/dtficit -68 -m 138 1406 mo ms mo 2m m2 2517 2602 2'17 2'11 
l.C....hhwt c•s• uluct .... -214 -14' 12'0 4490 17l5 10995 11552 1"24 111ll mil 2ltl0 2'5'2 ------------------------------------

·----------------------------·---------------------·-----------------------
Tur IC 15 " 17 II It 20 21 22 21 24 Silt.Vil lDlil 
................................................... --------!--------!--------!-------·!-------!-... -----!-----!------!-------!----~---!----!--!---
A. Cull iftflGll u=oo moo ll2CO 11200 11200 11200 11200 ll2CO moo 11200 11200 • 281711 
l.ri•·•"!"I rrsourus tal•I 0 0 0 0 0 • 0 • 0 • 0 5212a 
2.S•lts rttfl'•Uf 11200 11200 11200 11200 moo 11200 11200 11200 11200 moo 11200 221600 
I.Cu~ 111ol fl1111 -•m ·1518 -am -150I -am -8471 -1463 -ma -84ll -1411 -t40l ~ -211161 
l. fol•I use ls \Ctt4ult 

iAcl~d1~9 rtpl•u-t -711 -711 -711 -711 -711 -718 -711 -711 -711 -711 -711 w -57971 
2.0~tr•h~t costs -mo -7520 -mo -7520 ·7520 -mo -mo -mo -7520 -mo -7520 ·154740 
;.Dt;t Hf•IU (lDlilJ -m -300 -285 -270 -255 -240 -225 -210 -195 -180 -165 -mo 

- il'!trtsl: -1'5 -150 -135 -120 -m -90 ·75 -60 -cs -ll -15 I -mo 
s..,,1i111 · crtdits • hnk Owtrdr •tlS • 
e.~l ltll IDiftl -1'5 -150 -m -120 -105 ·90 -75 -60 -45 -lO -15 -m• 

·5tP•tH11lll -150 -151 ·150 -no -no ·150 -150 -no -150 -150 -151 • -lOOI 
5.ippllf" • crtdit1 I 
l1ni D1trdr1tll 

J • lini lrr• lou1 ·150 -150 ·150 -150 -150 -150 -150 ·150 -150 ·150 -150 -lOOO 
4.Ccrporitt t.1 0 0 0 0 0 0 0 0 0 0 • • 
5.D1.1~t~ds on 11~itr 0 0 0 0 0 0 0 0 • • 0 0 

C.S..rplus/dt litil 2647 1662 2617 2692 2707 2722 2m 2752 21'7 2i82 21'1 ~ 628'7 
D.C11110hli" cash llihnct %9Z09 :1871 zma 37240 39947 4266' 45406 48151 50'25 5l707 56504 62a67 
-----------------------------------------------------------------·----------------------------------------------------------------------
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C.sll fl• t.•11 far f~•••t rl-i .. Tul1 lH/I 
•at• .. d1ty Ni1it1 ntac:l1wt •ittsti• Eac~t rllt lil.5 200 r-r 1151 •illi• ,, '11 

--------- ------------------------
'"' z l • ' ' 1 I ' •• 11 12 ll 
---------·------!----·--·-----~----~----~------~---!------~----~-----!---!----!---!--
&. C.sll 1•fl• m• &C4' 120&7 6213 UlOI mco 11211 mco lllOI UlOI moo UM UM 

l.F111i11!HI ""'1'tts t1t1I c• &C4' !2'21 ms • • • • • • • • • 
&.S.IK rhMlll • • • 5600 moo UlOI UM moo u:=o HZOO li~ U:GO 11211 

l.C.sla •tfl• -o: -2il5' -118" -cw -5'11 -5'1' -5'11 9'&11 """ ;m ;11, ... m -915' 
I. tcotd assets sclltftlt 

iacldi .. nrl1:H11t -11'2 -um -1111' -1411 • I I "'45 -645 ""' -m ""' ""' 2.~1h•t casts -l0l2 -5111 -5111 -5111 -m1 -5111 -5111 -'111 -5tli -5111 
l.ltlt s!r~ic1 (t1t11J I -451 -m -C2' -405 -191 -m -~ -~5 -Jll 

- l•ltrtsl: • -· -:m ·Zll -m -ice -m -211 -1n -1• 
~,lirrs· crnits I I I • I • I I I I 
liat o-•r1tt1 • I I I I • I • I I 
lilll ttrl 1 ... , I -· -215 -no -m -;'.40 -m -m -1n -1• 

-ltJ•t .. ts: I -151 -151 -151 -150 -151 ·UI -151 -151 -150 
51.nhrrs· crtdits • • I I • • • I • I 
hal trtrCnf ts • I • • • I • • I • 1111• hnl llMI I -151 -150 -no -151 -151 -151 -no -151 -150 

c.~rJCirltf t11 I I I 0 0 • I • • I 
~.llYiu.ds • ,.aity I • I 0 • I I'" I • • C.S;.rpl.s/!tfitil -3 ·I 21 mo 55'9 5514 55ft ., .. 4'34 "" 5014 5129 ~ 

l.Cdtalili•I CISl hlutl -s -ll HI 2561 llD uni t•lli mft ;:ms mn ma 44115 4'35t ----------------

-----------------------------------------------------------
'"' IC 15 1' 17 11 It 20 Z1 22 2l 24 Sih.nl Tot•l 
--·-----------------------!-------!--------!----!----!--------!---!---·-----!-----!----:--!-!--'· ~i' idlG9 11200 moo 11200 ll200 11200 11200 11200 moo ll20I moo lllOI I 277561 

l.fulilCiil tfSGUl'CH lalil • I • • • • • • • • I 47'61 
&.~lrs rttf'llll moo 11200 11200 11200 11211 um moo 11200 moo moo 11211 m.ot 
I.Cu~ outfl• -6141 .,.2' . -'111 ""'' -60ll """ -6051 -~ -6021 "'°°' -5ftl 5'lG -1''10$ 
l. Totil 1ults scllt41l1 

a•tlvd111t rtpl1t1t1111l -m -645 
_,., -m 9'45 -645 -m -m ·645 -645 -645 5'lO -mos 

2.0~ffihllt Cfftl -5111 -5111 -m1 -5111 -5111 -Slll -5111 -5181 -5111 -5111 -5111 ·106"Z 
l.Dr'! strwitt I tollll -m -300 -215 -270 -m -241 -m -210 -195 -llO -1'5 -'150 

- l•ltrht: ·1" -150 -m -12' ·115 ... -15 -M -cs -ll -15 I -mo 
S..p~hrrs· crtCit1 • t.ll Otffdr1ft1 0 
..... t1r1 1 ... , -1" -151 -m ·IZI -105 ... -15 -61 -·~ -ll -15 ·ll51 _.,,.,.,.ts: -151 -151 -151 -no -151 -151 -151 ·151 -151 -151 -n1 • -lOOI 
Si.pphtr1 · trffill • 1¥-1 ottrdt1ft1 • t.aal ltr• IN111 -150 -uo -150 -150 ·150 -151 ·150 -no ·150 ·151 -151 ·lOOO 

4.Corpor1tt tu 0 • 0 0 0 • I 0 0 I I I 
5.D1w1dtnd1 • eq1ily • • 0 0 • • • I • I • I 

c.s.r,111/dth<il 505' 5074 5~19 5104 m• ~m m• 51" m• 5194 5209 5'lG lllW 
11.t...ihlut cull ul111ct 54411 m•2 64511 "615 74114 79931 15017 tom tmo 1~624 in1:1 IUW --------------------------------------------------------------------------------------------------------------------·-



15-55 

C.sll fl• h'1e for fil.aci•• •l-tlf rate •~It 
•1i11 .. 111tr '-~••tr ~ •i1nti• E1c .... t tilt lt.5 m ffr CSI •i Ilic: =f lls 
-----------------------,,.,. 2 l • 5 ' 7 I ' 10 11 12 1: 
----------- -!----!----!--!--!--!--~----~----!----!--!---!--!-
:. Cisl ij;fl11e .:n ~.,, 11»1 111' 11:00 moo lUta ll~ u:-.:o u~ m:o lu"OI u:ae 
!.HNl<lil l'Hlllll'CIS tltd IOn :run 11551 1:516 • I I c I I a • • 
2.SilH r~ I • • 5600 11200 UM ll2ot moo mao 11~ u:oa ll2GI u:. 

a.C.s• ililtfl• -1125 -25«4 -um -431' -5551 -sm -»It ;m -61~ ;us -ilat ;m -6011 
l.Totd Hstts KlllM9lt 

i•c&ui=t rtpl.c"'9t -1125 -25«4 -um -mz I • 0 ..... -!IO -HO ~ -HI .... 
Z-~•tint c:ist1 -2f1i -mo -5100 -5100 -mo -ma -5180 -51:0 -5111 -mo 
:.Ifft Hf<lCI (tllilJ • .. ~ -.~ -420 -445 -l~ -m -lst -345 -ne 

- lattrHt: • -311 -m -271 -m ·2CI -m -n• -m -Ill 
S.ff:~en· crtCill I I • I I • I • • • .....__.,,fl, • I 0 I • I I I I • lpl ttra lUK I -· -m -271 -m -:co -m -::1 -1n. -1• 

-lt~iteNtS: • -uo -151 -151 -151 -151 -n• -no -•51 -151 
S.fflitrs • crt4its I I 0 • • • • I • • li·.t ...,,., .. t, I I I I • I I I I I 
.... ttr• .... I -151 -151 -151 -151 -151 -151 -no -151 -151 

C.Carporitf l•• I • I I • I • • I I 
5.liw&tfllts .. r:;wity I 0 I I I • • • • I 

c. s.r,1.stnficit -53 -16$ m 7727 5651 5665 5611 50» 5070 ~as 51~ 5115 mo 
l.C-lih" cull ••l..ct -51 -211 -104 2m 1273 lltll 1"11 24411 2'm ~Ell m2I 45041 5CtJJ 

---·------------------------------ ---·----,,,, 14 u 16 17 II It 20 21 22 n 24 Sib.HI T1til 
----···---------'"--------!------!--------!----!---!---!---·!--!--·-!--!--!----!---!---
a. en~ idl111 mco 11200 mco 11200 11200 11200 11200 11200 moo moo 112GO • melt 
t.h~io•c11l nsovrces tll•I I • I I I I 0 I I • I 46411 
:.Silts rtllltlll 11211 moo 11200 11211 11200 11211 11200 ll20I 112at ur.o um 27'609 

l.Cnll c;o;lfl• -6055 -604t -Min -6011 -5"5 -5'IO -5"5 -5951 -5m -5921 -ms ~11 -1'ia52 
l.Tohl HWlt K_,llf 

1"Cli;C1 .. rt;l1cta111t -•Cl -HI -640 .... ..... -640 -641 ..... -•co -640 -644 5S7l -urn 
2.C~tr•hftt costs -5110 -5100 -510I -5100 -510I -5100 -5100 -51CO -51CO -5100 -mo -1Mm 
3.Cfat str•iCf ltOlilJ -m -:soo -215 -271 -m -241 -225 -210 -1n -llO -lU -'151 

• lattrHl: ·16$ -151 -135 -121 -115 ... -75 ... _., 
-ll -15 • -mo 

s..~,:irrs· crfilib I ,,... ,,,,,,.n, I 
l111t trr1 1 ... 1 -16' ·ISi -ll5 -121 -115 ... -75 .... -45 -ll -15 -3151 

... ,,.,lflltl: -151 -151 ·151 -151 -no -150 ·151 -no -151 -151 -no • --s.,.litrs · crr3it1 I ..... ,,,,,,.ns I 
Iii!• Itri IHAI -151 ·151 -151 -no -151 -151 ·150 -150 -no ·150 -no -3000 

e,tarpontt Ii• • • I I I • I • I I • I 

'·''"""~' .. f4•ilJ 
0 I I 0 I I • • I 0 0 I 

~- iur•IY•l~thcil 5145 mo 5175 mo 5205 mo 5235 5;53 sm 5280 5:li5 5m 1m" 
l.C-l•li•r us• aalMC1 5:111 6CC71 65653 70843 76041 11261 .. ~l 91753 97011 102211 101m 11316' 
··-··--·-------·······---------------·-···----·-----------------------····--·-----------·-··-----------------------
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PrtJKlN .. l111ct Wit h•lt lH0/1 
i.11• "'lillt le. .. itl Hlltfllt .rO.:H5 bclllait ult 11..S 2CO '" USI •illi1111 tf lls 
--... -------------------------·-------------·--------------------------------------------··-----------
Yur 2 l 4 5 ' 1 I 9 11 u 12 ll 

.................................................. ____ .., ___ !---·----!--- .. ----!-------!----!------·-!--------~------!-------!-------!--·----!--··--!---!------
a .. :iw~i : !1:e: J l:s:o mn 7C7:9 m~ 76~9 ~M mn 76"; 16!~i 7~:=~ 

....... ,. 
1 .. ; .. ' mn ;m9 

l.::••rt3l HiftS -'1 -~11 2796 ~~1 1m li:4C2 l"°i llHi: 2··-· '"'"'• £~i51 i:l::7 ~--.. £ ...... mu 
1•1 ~cd-.1&1t1a ca• "l•ct -'1 -311 -117 lm 5019 ·~ .. 12214 141'9 nm mu ·=~:4 :mn 28249 
1!11 ~o:rrtal nsttl • • 2961 ~m 3791 1791 17'1 1m 17'1 1m ljiJ 11'l 17'3 
2.Fi•G iHtlS 

l1tl 11 (tplKi•h•I 11611 S6ln 11911 70lll 66141 617'4 5n41 51685 50121 465'1 4=9ff 1'417 mn 
l1ih•I fuK 1Htslctt1t1 

rt•lKPftlt 1114 •r1prldwc· 
h6'1 Cifil•I t••IHit11ns 

1.Lnws 0 • • 714 1606 2413 3205 391: 4744 mt 6:!1 .... 7642 

l.li•'11itits m20 559'7 m:. nm 1'75' 16609 764St 7iZ09 76159 1.c..-. 75m mot 7'55t 
l.Currnt liihHly 0 • m 2ca :ca 2ca 2ca 2ca m :ca ;:41 241 241 
2.lltfo•·ttr• la•s 52' 2"2 ~21 ml 2850 270I 2550 mo mo 2111 mo 1800 1650 
l.P•i• ., ... ity 12"1 53803 nm 71'6l 73661 r.Mt 73661 73661 136'1 r..iU 71661 11'61 71661 
4.lttHllff ,rafils • • • • • • • • 0 • • • • 

-------------------------------·- ----------,,.,. l4 15 16 l7 II 1' 20 21 22 21 24 
----------------------!-------!-----!----!----!-----!----!---!--!---!----!-----
1.kstts notill mn ms• mot 74959 7CM 74659 mot 7Cnt mot nm mot 

l .C.rret nuts 34767 m01 40262 •~on 45ai7 48617 51432 54:62 57107 59967 62142 
l•J Acc-l•tn cull NhllCt 10'74 3~714 l6Ut :9219 4£0<4 44124 cm• 5046' ma s.m 59C49 
l•J Carrftll HStlS lm l1t1 :m 3191 lm l1'l 11'3 11'3 1793 17'1 31'1 
2.Fi1H Hstts 

l•tt af 111,,tci1li11I r.m 21751 m" 21627 l806S mo1 10941 7179 1117 255 -1107 
l1itiil fi•td iHtsl&tlll1 

rt•lKHllll Md •rtprld11t· 
ti111 n•ilil t•'"4illfn ·1 

1.losWI 132' ffOI 9651 10300 10927 11"9 12116 12711 mas Ull7 14174 

l.Li••ihlin 75409 75£59 mo• 74'59 74109 74659 mot 74159 mot 74059 7lm 
l.Currtt1t li•'11ilt 241 241 241 241 241 241 241 Z4I 241 241 241 
2.llffi•·ltr• IHll 1500 mo 1200 1050 '°' 750 6GO 450 300 150 0 
1.Piid u• .. Ill ly 71661 71661 71661 71661 71661 71661 71661 71661 71661 mu 71661 
4.ltt•illff ,,,m, • • 0 • • • • 0 • • • --------------------------------------------------------------
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hblt l5-IO/t 
liUiOA Df Ill 

-............................ --------------------------------------------------------------------------------
; Yur 2 ' 1 I ' 10 11 
; .......................................................... __ !--------·--------!-----·--!---·----!--·---!-------!------~--·-----!------!-·----!----!-------!------
j um~• 1t~liH ~CC6 11~5 ~m !<m m95 mn 5ict5 52126 mn m11 5;m srn;a mu 
· :.t-rrtnt mtt1 -;a -;m ma c:ao 1m lC5ct 1'646 16088 165-15 2to11 mo4 2m6 :m21 

Iii i:.:c11o.a:ittd m• ul111tt -13 -m ·U7 1176 4:!81 m5 :0542 12984 1544l 17911 20:eo 22m 25419 
l~I C.rrtel mf~> 0 0 2~5 3104 ll04 1104 l104 l104 1104 1104 llC4 3104 l1Q4 
•• had HHtS 

(Dft cf di~miitiUll) 9124 ::788' ;9m 47704 44610 41S16 lllt22 36038 13654 31270 ia836 26502 24111 
lr.ihd fiat~ i11~esltfo1t 1 
rr~h:nf!lt •~d p•c~ra~u-

~1c;11 upitd ei;enditarn 
~.lmn 0 0 0 561 191 220 27 0 0 0 o O O 

l.lu);litiH 9046 37565 50711 52m 52195 52245 ~209' 52126 52199 52287 52190 moa 52641 
l .~urrflll h•~i lilr 0 • 140 :58 251 258 258 251 258 258 2:1 258 &56 
:.:rr'l1~•-trr1 IGillS m 2155 2'02 l* mo 2700 mo 2400 2250 2100 1950 ·~ 1m 

. j.Pud Ip t1~1 lJ 8527 15410 47691 49::87 49287 49287 m11 49287 49217 49287 m57 4'7287 49287 
4.l!ftun.M profits 0 0 0 0 0 • • 111 404 642 815 1161 144' -·--------------------------------

·-------------------------------------------------------------------·---------------------------- ·----------------
Yur 14 15 " 17 11 It 20 21 22 2l 24 
--···-·-----------------·------!------·-!--------!---·---!·------!-------!--------!--------!--------!------!-------!----
A.Amti. [latd) ma• sm2 5ltj0 5ll2l 51511 msc 53992 54245 mn 54796 55094 

r.t.rrtnt issrh nm 13602 J6164 mu um cmo 4&562 41199 51851 54518 57'~ 
I•! A~c~911l•lrd ush b•hntr 27951 jOCiS ~:>060 35637 38229 com ems 46095 cam 51414 5Cm 
lbl t..rrrnt nuts jl04 1104 3134 1104 me ll04 3104 3104 3104 3104 l1~4 
2.F111d .ssrts 

(nrt cl dr~rrcutiCll) 217l4 19150 16966 14582 12198 9814 mo 5046 2662 271 -2106 
lnlul furd in~rshrnt, 
rr~!•u•rnl •nd prepraduc-
tic~ t1pit'1 rcprnditurt1 

l.loHH 0 0 0 0 0 • • • 0 • • 
l.lub11iliH 52739 52'52 53130 5lm 53531 ;me 53992 54245 mn m" 55094 

1.c~rr"'t li•hlilr 251 251 m 258 251 2~8 251 258 251 258 251 
:.Ptd1u1·ttr1 la.n1 1500 mo noo 1050 900 750 600 450 300 150 • l.fud up 1quit7 ma1 49281 49287 49287 49287 49287 49287 49287 49287 49287 ma1 
4.Frhi•rd profit1 1744 2057 m5 2728 3086 1459 3847 4250 4668 5101 mt ··--------------------------------------------------------------------------------------------------------------------
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FrojKtd Nl•nu sllfft Ti,lt lMO/C 
lu. ~•il&t; Nu.it~ tU~f 4igtstiOll EachMgt r•tt ll.S :co ptr USD 1&llim of Ill 
-------·-------------------------------------------------------------------------------------------------------------
ltir 2 l 4 5 ' 1 I ' 10 11 12 11 
-------------------·--------·--------!--------!--------!--------!--------~--------!-----·-!·-------!------!-----~---·-!-----!-----
=.::ss!t> ltotil I m1 lnH 5em 5:1:1 ~ma Sim mu ma1 mlO 5'892 Sl16' m61 51768 

1.::.rr1;;t liiftS -63 -29; ms i~;· 7519 1C824 14084 16641 mil moo 24402 nm 29651 
(ii RcC•liilitN U>~ •diRCt -63 -2&4 -146 mo mo ms 10995 mu 16124 18711 itlt: 2mo 26:162 
It.I ::1rrt11t nuts 0 0 2291 3089 3C89 3089 l089 l089 l089 l089 lC39 l089 3039 
:.Fut~ nsrts 

(nd cf ~tprtu•honl 9061 37568 moo 47196 44153 41110 33067 l5742 11417 11092 29767 2'442 24117 
(nihil had in•!Shfnt1 

rt~l•ctttnt •nd preproduc· 
ti lft up i h l t1pt114 & t~rtS 

:.LGSSH 0 0 0 581 246 0 0 0 0 0 • 0 0 

2.lii~ilitin lbtdl 8993 mac 5om 52128 5197& 51934 52151 mu 5:mo 52892 51169 51461 5'761 
1.c~rrtnt li•hlilJ 0 0 141 260 260 260 260 260 260 260 260 2'0 260 
2.l!t~iv•-te•• lous 520 2156 2903 lOCO mo 2700 mo 2400 mo 2100 1950 1800 1650 
l.Fiad vp fijuitr 8473 ma 47301 48861 4e&s8 48868 4Ba68 48868 48868 4&361 48361 4SS63 483&1 
4.llttune4 p•ofits 0 0 0 • 0 106 473 855 1m 1664 2091 2m 2990 

-----·-... ··----------------·-------------------------------------------------

............................................................................................................................ _ .................................. ___________________________________________ 
Yr;,r 14 15 16 17 18 19 20 21 22 2l 24 
---................................... ---------------!----···· !-----·--!--------!---·----!-----·--!---·----!--------!--------?--------~ --------!------
IUmti ltc.t•ll 54010 5C427 54779 mu m28 55125 Slim 56764 57206 51663 58m 

l .C~rn•t nuts lz:11 l4160 l76l7 mz9 430!6 45758 48495 51247 54014 56796 59593 
i•I icc·.•wl~hd cub bil•nu mc1 l187l m4a 37240 :m1 42669 45406 481~ 50m mo1 56504 
l'I •~·rtnt ns•ls m? 3089 3081 3081 loa1 :oat lC89 3089 3089 3089 :CB9 
2.Fu•~ •nets 

lr.tt ~I er~rrci•tiDlll 21112 19467 17142 14817 m92 10167 7842 5517 1192 867 -1458 
:•1thl furd inwrsllfnt, 
rt~litr•r~t ••d prrproduc· 
he.~ c.pihl t1ptnd1t~rtl 

~.lonu 0 0 0 0 0 0 0 • 0 0 0 

Uu~ilihn 54090 '4427 54719 mu 55528 55925 56m 56764 57206 57W 58135 
1.c.11rnt lubilitr 260 260 260 260 260 260 260 260 260 260 2'0 
Vldi•J•·ttr1 IGiftl 1500 mo 1200 1050 900 750 600 450 300 150 0 
;.l'•i~ up rquilr 48868 48868 46868 48861 48268 48868 48968 48868 46868 48868 48868 
4.~•t•i•td profits 3462 l949 mi 4968 5500 6047 6609 7186 7178 8385 9007 

.... --·---· ·-·----.. ---------------------------------------------------------------------------------------------·-----------



15-59 

ProjKted kluc:t sbftt l•Ut 15-1011 
!lig' •oulilJ bautr •utad•vt •i~HtiD:I E1tU.gt r•tt Rl.S 200 '" 1liD 1illiaa of lls ___ .. ___________ ... ___________________________________________________________________________ 
YHr 2 l 4 5 ' 1 I ' 10 ll 12 13 
................................................ -------!--------!--------!---·---!-------!-------!------!------!-------!------!----!------!------~---
:.,>stti ;tot.II am :ma com csan m65 ~112 57074 5985~ mu 6m~ 68212 71109 1:m 

1.:.trrfllt UiflS -3 -13 Zl82 5:86 11)755 16!l9 21938 Z6907 ll891 368;G Cl904 46133 51977 
1•1 kt-nbtd ush bilwt -l -13 198 2568 am 13721 19l20 24289 mn m12 l9ZH ems C9159 
1'1 t.irr111t ISiftS 0 0 1914 2611 2618 2611 2618 2611 2611 2611 2611 ma m1 
2.Fiaed nstls 

(11rt of ~e~rf:utian) 1162 34nl 44553 43647 40810 37973 35136 32944 l0752 21560 26361 24176 21914 
lttitiil hie;! inwtst1t"t1 

rr~hnlfr,t •r·~ prt~roduc-

liilll upihl raptn4itlftS 
~.Losus 0 0 0 0 0 • 0 • I • • • • 

?.li•llilitits (tot.ti am 34708 e&m 4sall mn m12 57074 59851 62Hl 65450 68272 7l109 nm 
1.::~rrrnt lia~1hty 0 0 87 -163 -161 -163 -163 -163 -163 -Ul -163 -163 -163 
2 .fttdi~1-ltr1 lOillS m '163 i,01 1000 mo 2700 mo mo 2250 2100 1951 1800 1651 
;.~•id u~ tqu1ty ma ZL545 mu 4m1 45lll mn 4m1 4m1 45U1 45m um C5lll cm1 
4.Rth1nf11 profits 0 0 0 865 1747 6644 9556 12483 mn m12 21154 mci 27143 --------------------------------------------------------------------------------

--.. ----------------·--------------------·----------·--------------------------------------------------------·----------
Y;;ir 14 15 l6 17 11 19 20 21 22 23 24 
.... ----..................... -·---------------!--------! ----- .......... ! ................. !--------! ·-------!------·-!--------!-·-----! --------!------!-----
~.imts (totil I nm 79710 91607 85519 89446 maa m45 97l17 100J04 10;:06 106m 

l.Currt•t usets 51~~6 62UO 67199 mo1 77422 82556 87705 92869 980C3 1o~m 108451 
1•1 Acc~~~hted Ui~ ~•hnct :cue mn mat 69635 74804 m:a 85087 90251 954l0 100624 mm 
lbl Current iHtts 2618 ma 2618 2618 2618 2618 2611 2611 2611 2618 2611 
2.Hrtf iiSel' 

Intl of dtpreti•honJ 19792 17600 mo1 ll21' 11024 8832 6640 ma 2256 •• -2121 
lr.itul fiitd 1n•est•fftt, 
rtpbcttr~t ,,~ prrproduc-
ti Oh npi h I flPfftditurH 

i.lo''" 0 0 0 0 I 0 0 0 0 0 0 

f.l ilb iii till 76828 79710 12607 1551f 1844' mn 9Cl45 97317 100104 l0l306 106323 
I .Currrnt li1bi Ii tf ·161 ·161 -1'1 ·163 -163 -163 -163 -l6l -163 ·163 ·163 
2.l!d1~•·tu1 lo1n1 1500 mo 1200 1050 900 750 600 450 300 150 0 
J.F1id up tqu1ly 45131 451ll cm1 mu 4ml 45131 cm1 45111 C5lll C5lll mu 
4,Rrtuned profih 10160 lll92 ~m9 19501 42571 C5670 48111 51899 55036 58188 6135S ............................................................................................................................................................... _ ...................... _. _________ 



15-60 

FrojrctH .. lact sllftt , ••• , 15-10/£ 
1119~ q~•lily ~;rilt ldt •ittsli• EacNllft r1tt llS 200 "' 1151 1illi• 1f Kls _______________ ... _______________________________________ 

----------------------
YHr 2 l 4 5 6 1 I ' 10 11 12 ll 
---------·-----·----------!-------!-------!-------!--------!-------!---!----!------!------!--~-----!---!---
4.~iifts lt~tdl ccn ~~51 cm2 47419 50367 5lllO 56lOI 59~01 mot mu 6U70 71423 mn 

l .~Jrrf'l •iiltS -53 -211 1121 5176 um 16491 22171 2i<Z6 m•6 !nil ma1 47596 52726 
l•I Ac;:t .. ;ht•d cu• .. l111<t -53 -211 -104 2623 am 13931 1"11 24671 29743 ;ma 39'121 45043 ~m 
l•I ~~~rrat USflS I • 1927 2553 2553 2553 2553 2553 Z55l 2553 ;553 m1 2553 
:.r11!d ,;sets 

(Ptl of dfprtUltiaa) ltn :m" 41079 42243 mu 36139 nm 32075 30013 27951 25919 23127 2176' 
lnital fi•ti lnYHbMt, 
rt;;hcte!ll~ •~~ prtproduc-
h1111 upit1I t•(ltl!ditw11 

l.Lonn I • 0 I I • • • 0 0 I • I 

l.li1b11ihH (ta~d) eon lll5l mo2 47419 50367 5lll0 56lOI 59301 6'309 65332 68370 71423 7CC91 
l.C•wlt"l l11b1hty • 0 .. 161 161 161 161 161 l6l l6l HI 161 "' 2. 'lidi~1-ttr1 INllS m mz 2906 lOOO ~50 2700 mo ;coo 2250 2100 1950 llOO 1650 
=.Fiid ~r equitt 7549 lll89 41'10 41257 um m57 •~m 43257 cm1 m57 Cl257 Cl257 Cl257 
4.Rttu•td prtfits 0 0 0 1001 4099 m2 10340 13413 1'641 19814 23002 26205 29C2J 

----·----------------

............... _ ... _____ ............................................................................................................................................................................................................ -----------------
'"' IC 15 16 l7 II 19 20 21 22 2l 2C 
--------- .......... ···-----------!--------!--------!--------!---·----!-------!--------!------!-------!-----·--!-----!---

'·'>Hh (tGhll nm ·~672 um 86913 90056 mu 9C87 99575 10'778 IC59?6 mm 
l.C·Jrrt~t nuts 57871 •le:! 63206 71:96 71601 &3821 89056 94306 99571 104851 110146 
(II Acc.1Uhtfd CH~ b1llnu 55111 6047a 65653 7G84J 760C8 81261 86503 •1m 97018 102291 10759:5 
[bl Curr~nt ISstls 2m 2m 2m m1 2553 2553 2551 2551 2m m1 :m 
2.fa•P1 1nt!S 

I••! of d~p·~~1•1i'llll 19701 l76Cl 15579 13517 um 9193 7Jll 5269 3207 uu -917 
IP1tul h•~d 1n•til.,nt, 
r~phct•flll •~d prtpraduc-
ho~ upit•I 11p111dil1rt1 

l.lOHH 0 0 • 0 0 I 0 • 0 0 • 
l.lubihhn 77574 86672 ll78S 169ll 90056 mu '6317 99575 102771 105996 109229 

l.turrtr.t lub1hty 161 "' 161 161 161 161 m 161 161 161 161 
i .~~11~•·t•rt loins 15CO 1350 1200 1050 900 750 600 450 JOO 150 0 
;.rud ~P •1•11tt cm cm cm mn cm cm1 cim 43257 c:m cm 43257 
e.Att11r.rd profits 12656 mo• l9167 mo cma C904' 52369 55707 59060 m21 65811 

.................... ------·-------................................................................................................................................................................... _ .......................... -



----- ----. -------·· --·--·-- --- ..... -- ---·--·- ..... 

Cash Flaw t1bl1 tar project hbl1 U·ll/A 
lo11 qu•lity b•u1ite sintering process Exchange rite RLS 200 p1r USD 1i1 Ban af Rll 
-------------------------------------------------------------------------------------------------··-·--·----··-··------------------······· 

Year 1 2 3 4 5 6 7 8 9 10 11 12 13 
--------------------!--------!--------~----·-··!··------!····----!···-----!·------·!·-······!········!·-----··!·-------!········!········! 
A.Cish inflo11 0 0 0 5600 11200 11200 11200 11200 11200 1l200 11200 11200 11200 
t.Sdes nnnue 0 0 0 5600 11200 11200 11290 11200 11200 11200 11200 11200 11200 

8.C•sh outflo"' -13611 -42764 -18392 ·6050 -7175 -7175 -7175 ·8160 ·8160 ·8160 ·8160 -8160 -8160 
t.Tot•I invest1ent 

cutl•t -13'11 -42764 -18392 -1994 0 0 0 ·985 ·985 ·985 ·985 ·985 ·985 
2.Qper•ting costs 0 0 0 ·4156 -7175 -7175 -7175 ·7175 ·7175 ·7175 ·7175 -7175 -11n 
l.Corporate tu 0 0 0 0 0 0 0 0 0 0 0 0 0 

C.tlel cash flo11 ·13611 -42764 ·18392 -450 4025 4025 4025 3040 3040 3040 3040 3040 3040 
O.Cu1ulathe net 

ush flo11 -ll611 ·56375 -74767 -75217 -71192 ·67167 -63142 ·60102 -57062 -54022 ·50982 ·47942 ·44902 .... 
-----------------------~~--------------------------------------------------------·-·····-------··-···················----------------------

c..., 
I 

C\ ..... 

-----------------------.------------------------------------------------------------------------------------------------------------------
Year 14 15 16 17 18 19 20 21 22 23 24 s.iv.v•l Toh I 

--------------------!--------!--------!--------!------·-!·-------!·-------!--------!··------!--------!····--··!··----··!····--··!-·-·····: 
A.Cuh inflD_. 11200 11200 112!10 11200 11200 11200 11200 11200 11200 moo 11200 0 2m~o 
1.Siln revenue 11200 11200 11200 11200 11200 11200 11200 11200 11200 11200 11200 229600 

8.Cuh outflo,; -8160 ·8160 -8160 ·8160 -81611 -8160 ·8160 ·8160 -8160 ·8160 -8160 8l82 ·232680 
1.Tot•l invest1ent 

cutlay -985 -985 ·985 -985 -985 -985 ·985 ·995 ·985 ·965 -985 8382 -95024 
2.0per•ting costs ·7175 -7175 -7175 -7175 ·7175 -7175 ·7175 ·7175 ·7175 ·7175 ·7175 ·147656 
3.Corpor•te tu 0 0 0 0 0 0 0 0 0 0 0 

C.Net ush flo"' 3040 3040 3040 3040 3040 3040 3040 3040 3040 3040 3040 8382 ·3080 
l.Cu1ulati~e net 

ush flo11 ~41862 -38822 ·35782 -32742 -29702 -26662 ·23622 -20592 -17542 ·14502 ·11462 ·3080 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••W•• 



C1sh FlDN t1blt for ~rojtct hble lHllB low lu.ility bauxite autoclave r,igestion Exchange rite RLS 200 per USO •ii lion of Rls 
··--···-------------------H·-----------------------------------------------------------------------------------------------------------Vear 1 2 3 4 5 6 7 B 9 10 11 12 ll 

--------------------!--------!--------!--------!--------!--------!--------!--------!--------!--------!--------!--------!--------!--------! A.Cuh infloli 0 0 0 5600 . 11200 11200 11200 11200 11200 11200 11200 11200 1120() I.Sales revenue 0 0 0 5600 11200 11200 11200 11200 11200 11200 11200 11200 11200 

B.l:iSh ilUtf 1011 -9124 -28765 -12871 -5951 -7643 -7643 -7643 -8353 -8353 -8353 -8353 -9353 ·8353 1.Total invest1ent 
outlay -9124 -28765 -12871 -1527 0 0 0 -710 -710 -710 -710 -710 -m 2.C~eratin~ :osts 0 0 0 -4424 -7643 -7643 -7643 -7643 -7643 -7643 -7643 -7643 -7643 3.Corporate tax 0 0 0 0 0 0 0 0 0 0 0 0 0 ~.t;et cash flow -9124 -28765 -12871 -351 3557 3557 '3557 2847 2847 2847 2847 2847 2647 

I-' D.Cu~ulative ntt 
1.11 cash flow -9124 -37889 -50760 -S1111 -47554 -43997 -40440 -37593 -34746 -31899 -29052 -26205 -23359 I 
C" 

------------------------------------------------------------------------------------------------------------------------------------------ "' 
------------------------------------------------------------------------------------------------------------------------------------------Yur 14 15 16 17 18 19 20 21 22 23 24 Salv.val Tota I 
--------------------!--------!--------!--------!--------!--------!--------!--------!--------!--------!--------!--------!--------!--------! A.Cash inflow 11200 11200 11200 11200 11200 11200 11200 11200 moo 11200 11200 0 2mo1) 1.Sali!s revenuP 11200 11200 11200 11200 11200 11200 ~1200 11200 11200 11200 11200 22%00 

8.Ca~h uutf low -835~ -8353 -8353 -8353 -8353 
1. Total invrst1e;.t 

-8353 -8353 -8353 -9353 -9353 -8353 6302 -2mn 
o~tlay -710 -710 -710 -710 -710 -710 -710 -710 -710 -710 -710 6302 -seim 2.Dferating CPsts -7643 -7643 -7643 -7643 -7643 -7643 -7643 -7643 -7643 ·-7643 -7643 -1572a4 3.Corporate lix 0 0 0 0 0 0 0 0 0 0 0 

c.:~et cas~ flow 2947 2847 2947 2847 2847 2947 ZS47 2947 2847 2947 2847 6302 14261 D.C~•ulative net 
cuh flow -20511 -17664 -14817 -11970 -9123 -6276 -3429 -582 2265 '112 7959 14261 

------------------------------------------------------------------------------------------------------------------------------------------



---· - -- -- -

C11h Flo• l•ble for project hbl1 15-11/C 
lo• qu•lity b11uaite tube digestion Exch11~g1 rile RLS 200 p~r USO •ill ion of Rl1 
----------------------------------------------------------------·-·---------------------·--·-····-··-··-···-·········-···················· 

Yur 1 2 3 4 5 6 7 8 9 10 1l 12 13 ____________________ , ________ , ________ , ________ , ________ , ________ , ________ , ________ , ________ , ________ , ________ , ________ , ________ , ________ , 
' • • o o t t o r t I o • ' 

A.Cull infloil 0 0 0 5600 11200 11200 11200 11200 11200 11200 1l200 112()0 1mo 
l.Siles reven1ae 0 0 0 5600 11200 11200 11200 11200 1120C 11200 11200 11200 11200 

8.Cish out flo11 -9061 -26507 -12782 -5858 -7520 -7520 -7520 -8238 -8238 -8238 -8238 -82~8 ·8238 
l.Tot1l investaent 

outl•t -9061 ·26507 -12782 -1518 0 0 0 -718 -718 -718 -718 -718 -718 
2.Cpr.rating COitS 0 0 0 -4340 ·7520 -7520 -7520 -7520 -7520 ·7520 -7520 ·7520 -7520 
3.Corpor11te hi 0 0 0 0 0 0 0 0 0 0 0 0 0 

C.t~r.t ush 11011 -9061 -28507 -12782 -258 3680 3680 3680 2962 2962 2962 2962 2962 2162 ~ 
U1 

D.Cuaulative net I 

cash flo11 -9061 -37568 -50350 -506(i8 -46928 -43248 -39568 ·36606 ·33644 -30682 -27720 -247~8 -21796 
O'I 
w 

----------------------------------------------------------------------------------------------------···-·-··----···------------·-·····--·· 
\'ur 14 15 16 17 18 19 20 21 22 23 24 Salv.v.i Total 

--------------------!--------!--------!--------!--------!--------!--------!--------!--------!--------!····-----!--------!--------!·-------! 
A.Ca;h inflr.11 112UO 11200 11200 11200 11200 11200 11200 11200 11200 11200 11200 0 229600 
1.Siles revenue 11200 11200 11200 11200 11200 11200 11200 11200 11200 11200 11200 229600 

8.Cish out flo• -8238 -8238 ·8238 -8238 -8238 -8238 ·8238 -8238 -8238 -8238 -8238 rn,3 -212451 
1.Totil invest1ent 

out.•t -718 -718 -718 -718 -718 -718 -718 -718 -718 -718 . -718 6303 -m11 
2.0per,;ting costs -7520 -n20 -7520 -7520 -7520 -7520 -7520 -7520 -7520 ·7520 ·7520 -m74o 
~.Corporile hx 0 0 0 0 0 0 0 0 0 0 0 

C.li~t c.sh flow 2962 2962 2962 2962 2962 2962 2962 2962 2962 2962 29112 6363 17149 
D.Cuaul•ti~e net 

cuh flo111 -188~4 -1~872 ·12910 -9948 -6986 ·4024 ·1062 1900 4862 7824 10786 17149 

---------------------------------------------------·-------------------------------------------------------········--·-··-········-··-----



C1sh Flow t1bl1 1or project hbl1 lHl/D 

High qu1lily b1uxite 1utocl1ve oi9eslion · Exch•nge r•te RLS 200 per USO 1illion of Als 

---------------------------------------------------------------------------------------------------------------------------------------~--
Yur 1 2 l 4 5 6 7 B 9 10 11 12 13 

--------------------!--------!--------!--------!--------!~-------!--------!--------!--------!--------!--------!--------!--------!--------! 
~.Cull inflo11 0 0 0 5600 11200 11200 11200 11200 11200 11200 11200 moo 1121)0 

1.Siles revenue 0 0 0 5600 11200 11200 11200 11200 11200 11200 11200' 11200 11200 

l.C•sh outflow ·Bl62 -26359 -11729. -ml -5181 -5181 -5181 -5826 ·5826 -5826 -5826 -5826 -5926 

t.Total invesl1ent 
outliy -8362 -26~59 -11729 -1691 0 0 0 ·645 -645 ·645 ·645 -645 -645 

2.0perating costs 0 0 0 -3032 -5181 -5181 ·5181 -5181 ·5181 ·5181 -5181 -5181 -5181 

l.Corporate tu 0 0 0 0 0 0 0 0 0 0 0 0 0 

C.llet cash flow -8362 -26359 -11729 887 6019 6019 6019 5374 5374 5374 5374 5374 5l74 

D.Cu1ulative net 
...... 

cnh fl;iw -8362 -34721 -46450 -45563 -39544 -33525 -27506 -22132 -16758 -11394 -6010 -636 4739 V1 
I 

-------------------·-------------------------------------------------------------·---------··---------------------------------------------
~ 

""' 

--------- ·-------------------··-----------------------------------------------------------------------------------------------------------
Yur 14 l5 . 16 l7 l8 19 20 21 22 23 24 S•lv,vil Toh I 

--------------------!--------!--------!--------!--------!--------!--------!--------!--------!--------!--------!--------!-·------!--------! 
A.C.sh inflow 11200 11200 l1200 moo 11200 11200 11200 11200 11200 11200 11200 0 229600 

1.Siles revenue 11200 11200 11200 11200 11200 11200 11200 11200 11200 11200 11200 229600 

l.Cnh outflow -5826 -sen -5826 -5826 -5826 -5826 -5826 -5826 -5826 -5826 -5826 5630 -160118 

1.Total invest1ent 
outlay -645 -645 -645 -645 -645 -645 -645 -645 -645 -645 -645 5630 -rn66 

2.~peratin9 costs ·5181 -5181 -5181 -5181 -5181 -5181 -5181 ·519l -5181 -5191 -5191 -1066~2 

l.Corpor.tte ta. 0 0 0 0. 0 0 0 O· 0 0 0 

C.Net c•sh flow 5l74 5374 5374 5374 5374 5l74 5374 5374 5374 5374 5374 5630 69482 

D.Cu•uhtive net 
ush 11011 l0112 15486 20860 26234 31608 36982 42356 47730 53104 58478 '3852 69482 

·····--------·------------------------------------------------------------------------------------------------------------------·----------



C1sh rlow l1ble for project 
Kigh qu1lity b1uxite tube digestion Exch1ng1 r1t1 RLS 200 per USD 

hblt lHl/E 
•lllian of Rls 

Yur 2 3 4 5 6 7 a 9 10 11 12 11 
--------------------!--------!--------!--------!--------!--------!--------!--------!--------!--------!--------!--------!----····!------··! 
A.C1s~ inf lo;, 
1.Sdes nvenue 

8.Cuh outflo11 
l.Tot1l invest1ent 

outlay 
2.Cpi!r1ting costs 
J.torpor1li! tu 

c.~et cash flo11 
D.Cutul•liv· net 

cut. flo11 

·o 
0 

0 
0 

0 
0 

5600 11200 11200 11200 11200 11200 11200 11200 11200 ll200 
5600 11200 11200 11200 11200 11200 11200 11200 11200 11200 

-6125 ·25444 -11351 ·4314 ·5100 ·5100 -5100 

·8125 -25444 
0 0 
0 0 

-8125 ·25444 

·11351 
0 
0 

-u:m 

-1337 
-2977 

0 
1286 

0 
·5100 

0 
b100 

0 
·5100 

0 
lilOO 

0 
·5100 

0 
6100 

·812S ·33569 ·44920 ·43634 ·37534 ·31434 ·25334 

-mo -~140 

-640 -640 
·5100 ·5100 

0 0 
5460 5460 

-19874 ·14414 

·5740 

·640 
·5100 

0 
5460 

-8954 

·5740 

·640 
·5100 

0 
5460 

·3494 

-mo 
·640 

·5100 
0 

5460 

1966 

·5740 

·640 
·5100 

0 
5460 

7426 
----------------------------------------------------------------------"·------------------------------------------------------------------

----~---------------~----------------------------------·-----------------------------------~---------··--------------------------------·-· 
~·eu 14 15 16 17 10 19 20 21 22 23 24 S1lv.v1I Tot1I 

--------------------!--·····--!--------!--------!--------!--------!--------!--------!--------!--------· -------!--------!--------!--·-----! 
A.Cuh inf lo• 
1.S1lt5 rtVi!nue 

l.Cuh out: 1011 

J. Toh I inveslaent 
outh, 

2.0per•li~g costs 
l.Corporate tu 

C.Net cuh f1011 

D.Cu1ul•live n!l 
cull flo11 

11200 11200 11200 
11200 11200 11200 

-5740 -5740 -5740 

-640 ·640 -640 
-5100 -5100 ·5100 

0 0 0 
5460 5460 5460 

12886 18l46 23806 

11200 11200 
11200 11200 

-mo -5740 

-640 -640 
-5100 ·5100 

0 0 
5460 5460 

29266 3472' 

moo 
11200 

-5740 

·640 
·51u~ 

0 
5460 

40186 

11200 
11200 

-mo 

·640 
·5100 

0 
5460 

45646 

11200 
11200 

-5740 

-640 
-5100 

0 
5460 

51106 

moo 
11200 

-mo 

-640 
·5100 

0 
5460 

56566 

moo 
11200 

·5740 

-640 
·5100 

0 
5460 

62026 

11200 
11200 

-5740 

-640 
-5100 

0 
5460 

67486 

n 22no<1 
229600 

ml -1~6541 

5573 ·515l4 
-1r;4177 

5573 73059 

73059 
---------------------------------R·--------------------------------------------·-·······----------~----···························--·-···· 

t--' 
UI 

' °' V1 



13-66 

Cu• n .. h~lt lar 1q11i ty hUt 15-12/A 
le• 4i .. 1h:y ~•-•i:t 'i•ltri·1 •rac:rn Eac• .. ,, r•tt as 2llll '" USI •illiGll al 111 
-----------------·----·----------··----------·---·--------------------·--------------·-----------------,,., 2 J s ' 1 I 10 11 12 13 
--------·---·-·--------!-------!----·--!------~------!-------!--·----!-------!-------!---·--!------~--------!------!--! 
O:.:es'I l~flC• • • • '600 moo moo moo 11200 mco ll~ 11~ 114:.l ll~ 

l.i1l1S rt•8'1f • • • '600 moo 11208 moo 11200 11200 ma~ moo 11~ 112110 

i.Cn~ c.tfl:i- -1:n1 -:m• -118i0 -m2 -7625 -1611 -1m -am -mo -1~5 -1541 -15'5 -IUO 
1. r11til t;Jatr ·I4til -even ·17179 -1'86 • • • 0 • 0 • 0 0 
=-~!:t:1:!•f~l • • • • • • • -m .;95 -m -~i5 ·'i5 -iS5 
:.,t;:•1ll't ,, =-~,;~, 

fl•••:1•1 • • • • ·150 -150 -no -150 -no -no -no -no -no 
•. tr:rrnt l'I r.hi~t 

h•1r.u•; • • 0 0 ·lOO -215 ·270 -m ·2•0 -ii5 -&to -m -1eo 
5.~;rr1!:•t ccs!s • • • -en' ·1175 -7175 ·7115 -7115 -1m -ms -7175 -nn -ms 
t.~,·;:••!t t .. 0 • • • • • • 0 0 0 0 0 0 
c.~t en~ n .. ·l:i91 -coau -17110 -5•2 ms mo 3605 2'35 2650 26U 2'90 ms 2711 
D.CusJlit&•f 11t 

en~ f!Cll -mn -5:&n -nm -mu -68'•2 ·6505& -mu -5ail2 ·'61'2 -mn ·Sffl7 -•8122 -m12 
--·-·--·--------·----·-------------------------------·------------------------------------

......................................................................... --------·---·----------------------·---------------------------·----------·-----------------·-----
Tur ~· 15 1' 17 11 1' 20 21 22 21 ic S.h.ul. Tobi. 
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16. E::vrRo:::.rnNT cm:':'ROL 

To the region of Ja;f arm the bau:d te mini:-ig has no da11geroi..;.s 

s:.d.e-ef.fects. 

Con-::::-a:::-:r to this the "reC.-mud" as a side-prod.i.lct in the 

p:-ocess of al~~ina pr~duction represents a considerable 

d~n~er to that uncerground-water resources which sup~ly 

d:-inking and irribation water to regions of considerable 

e:·:tens io!1 if it can filter into the loose sedimentary 

rocks on the surface or close to it. 

To avoid the hazards of red-mud disposal in ponds it is 

hiGhl:r 

("closed 

recocme~ded to choose topographical depressior.s 

valle:-;s" preferably) in impermeable rocks to 

dispose the mu:!. Te:-rains formed. b~- the lower parts of the 

Shenshak-For..-::ation or volcanic rocks like basalt and its 

tuffs are suitable to this purpose. Ar_yho\·r, a thorou;-h 

geolo3ical, hydrc eolot;ical and soil-engineerin5 research is 

to be dor.e in order to select the proper site. 

Hoi-;e-ver, cor:tanination of undert;round water::> by the caust:.c 

can be prevented b:.- using the techno loc; of "dr:.·-red-mt:.::" 

d~. sposal. This technolosy is used in one Hunr;arian al umi~a 

p: ant (!.:ag~·.:.r6v£~r Alur:i:.na Pl.:..nt), and it is used in sc~e 

other alt~"'.lina plants as \·;ell. For the Ba:/cr proce::;s v~:--ia!1-'.;.:; 

the "dr:.--re:cl-mud" di::;:io::;.:i.l is envisaccd. 
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17. EF?SC'i' OF CHAT!GSS nr BAUXI'l'E QUALITY OH THE SPZCIFIC 

cor~s'Ji.I?'i'IO!IS AHD PRODUC':'IOU COSTS AS UELL AS THE TOTAL 

r~;VES7:.::SIIT COSTS III THE FUUCTIOH OF THE PLAI:T CAPA~Ir,.'y 

A-t the present phase of the bau::d te prospecting - as it was 

stated before - the average cor:iposi ti on of the bauxite to be 

p::-oces sed a!'ld the ad.equate plaHt C.3.paci t~· car.. net be 

dete:::-:mineci. yet. The selected plant capacity (200,000 tons 

pe::- year) may be less and the expected bauxite quality to be 

processed may vary between the studied. values (moll1.ilus 3. 77 

a.:.:l 6. 89) in the next phas;:: o~ the project realization 

(Feasibility Study phase). 

I:t order to facili ta.te the decision making we have macle some 

inforrncitive calculations on the investment ano production 

costs in the function of the plant capacity (from 7~,000 t/y 

to 2GG,00v t/y) and that of the bauxite mouulus (beb·:efm 

3.77 anu G.89). 

In the calculationti the :Lo llowing b~uxi ce qual i ciefi v1ere 

ta.ken into com:lioeration. 

Al2 G3 ,.. . ,... 
ulvc_ 

r-~od.ul' 

'l " /".,... Jl. "'V" uJ.V2 c. .J 

too · .. rh!.l~ tl·.0 

IG3-2 IC3-3 

52.4 44.2 
~ r 11. 7 (.U 

6 nr. 
• U:1 3.77 

c-i· 0 co.,,·1·:-.·1-'- i· ... .:i "Cl'",., ... l.· 11-.J 2 •• v ..... y a.J u.t...: i...; '°"a.J ... ...., • 

(calculateu 

value:::;) 

4 0 ..., 
u • .) 

9.G 

5.0 
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should. be that in these the 

l:203 cc~te~t is ch~~tiitlg 

"'"._e ").,-n·-~"'-o (ft1 0 +o s~o 
~-- .;.::.--·- v ~ ----2 3 ~ ..I. 2 r~tic) is not s~!!i~ie~~ ~o 

t~e a"raila~::le Al203 cont~~t •·rhi ch .; .,. _ .... 

the diff erc!lce of the ,, 1 () 
-~-2 '"'3 anC. SiO'J 

the fcllc:·:i!l.; .:=..v::.ile"!::le ~lu.~i:::::?. 

t:.. :.:::it e mo i:. ul u~ : 

t.~e 

3.77 
5.0 
6.E:C• 

of 
C::) ,. of 

(Al203 ;: - Si02 

32.5 
38.7 
b.l• Q ... .._ 

~) .. 

~"le"!. p::-ocluc ti on cost::> was studied. in the 

the available alllr.lina content (Al2 03 ~­

the bauxite. (The bauxite moC.ulus values are 

indi catcd i::. fil:i.::·e~;.) In ca!3c of the sintering 

r~oceas all calculated value~ were extrapol~ted based on t~e 

c:..ta given b~· VA::I, for the follOi·:int; one 1'.7.uxi"te 

cJmnosition only: Al203: 47.4 ~. Si02 11.6 3 (rnoduluc: 

4 .1 ) ' tr.e stecif~c hau:-:it~ ') .5?3 t/"!: (i~ ~- .... -- " 

~ .. ·::!.~;!:-:). ::::.'"'~·~,, c.:::.;;~;.~p-~iC!~ 22.:) !~~,!-~ ~ ~u.~l COlJ .. :;l.;iii!;"tj.f,; .. , _, 
_ ...... 
J '·' 1· 

"".!..! .,, ('-' i ~ ~'O'U ;. -.. " .. - ...... .. 
., . . . .... .... - , __ 

ca1c1n~~io~J u.Jc; i~-/-J..;_,,- ..,, • 
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sicnifica~tly bJ the bauxite qu~lity, therefore the spec~fic 

bauxite consumption is influenced by the Al203 con~ent 

o: the bauxite only. 

The specific bauxite consumpti0n in the function of the 

bau=ite quality is sho~n in Fig. 17-1/A for the sintering 

process and in Fig. 17-1/B for the Bayer process. 

In the specific consumption fisures the tender.cy of the 

im?orted soda a5h consumption has a speci~l importance. 

F:..gs. 17-1 /A c:nd 17-1 /B show that the sintering process has 

a lo~er spe~~ Pie consumption if the modulus of the processed 

bauxite is ~ess th~n 4.5. If the Al2o3 to Si02 ratio 

is hiEhcr th~n 4.5, the B2~er p~oceGs haJ the lower specific 

c on!?Um,!'tio!'!. 

I!'! ca~e of the Bayer process the total fuel oil consunptio~ 

0.553 t/t) 

to SiC2 ratio of J.77, is less than the requirement of 

sin~erine only (0.594 t/t) at the sintering p~ocess. 

Fie. "i 7-2 shoi·:::> the tot.:i.l invc:::tr::cnt co::>ts in function of 

the bauxite quality a~d Pig. 17-4 the total investment costs 

in function o! the pla~t capacity for both processes. 

The inve8t~ent ~osts of the cintcring proco~s at the 

C2.p.:.cit~· of 200 l:th'cQ.::' a!1ri in a k~u:citc r:1cJulun r<.ln,r;c fro;-:i 

3. 77 to G. 0 arc Jj-4 C ~~ hir:hP-r th;-1,n in the c.:i.:-:c o.f the B,;,yer 

:r~·o·'.'r:::s ('~uh.:: (Li.[;..::;tion va~·io.nt) O':' .. --;. 17-2). TlY· inve::;tr:-.cnt 

cnst;;; of thC' Ba.~'e~· p:::occ:;:-; at c'."l.c,'.1 o::aminccl procluGtio~ 

I'"O(' ,...,, '-' ( '.'·i ··•·· 1 '/-11.) 
.J. .,/ ·' o.J o.J ' - r . .: I I • • 



·j 7-4 

Ir. Fig. 17-3 the total investment costs of the Bayer tube 

d~bestion proces~ is plotted in the function of the bauxite 

quality in the !'ange of 75,000-200,000 tp;.· plant capacity. 

T?:e expected proC:uction costs ca:i. be seen in Fig. 17-5 and 

17-6. Fig. 17-5 sho~s the comparison of the production costs 

of the Bayer tube disestion and sintering process in the 

fu~ction of the bauxite quality, in 7ig. 17-6 the production 

costs of the Ba~rer tube digeztion process are plotted at 

diffe~ent pla~t cap&cities. 

T~e bauxite quality has a gr~ater influence on the 

production costs at the Bayer process than at the Sintering 

one (Fig. 17-25). However, the pro~uction costs of the Bayer 

process, 

is less 

even if processei bauxite with a modulus of 3.77 
b~· about 2000 Rls/t than those of the Sinteri:!~ 

process. At a nodulus of 5 the difference is more than 60CO 

Rls/t. 

On the bas)~ of the above statenents the followins 

concJusionz can be drawn: 

- above the bam~i te modulus value of 4 the Bayer process is 

more advantaccous in all respects th~n the sinterin; one, 

- the quality o; the product alumina m~~ufuctured by the 

B2;rer procecs is much better 2.nd less contaminated thnn 

the alunina p~odu~etl hy the Sintcring proccnn. 

A;: ti-1'3 prcner.-: 1':~11:::'..t.8 cxplorr.~;ions indic-:ite: a bct~-er 

'b;.uxi te (!1'.''.2.it~- thc:.11 that connidcr.::;d for the lo•·: qu;~li t:,-· 

duri::.< 
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GE?lERAL DESCRIPTIOU OF THE BAYER PROCESS 
FOR ALUI~INA PRODUCTION 

Introduction 

Attachment A1 

The Bayer process was named after the Austrian Karl Josef 
Bayer, who, while serving as a manufacturing chemist in 
Russia, filed two patents for the production of alumina from 

bauxite. 

The first of these in 1888 described a process for 
precipitation or alumina hydrate by seeding from ~odium 

aluminate liquor. This was a departure from the 
Deville-Pechiney ca~bon dioxide precipitation process. 

The second of Bayer's patents (1894) claiaed a process for 
digesting bauxite with the sodium aluminate liquor 
concentrated from the previous cycle, rather than extracting 
the alumina by the Deville-Pechiney calcination of bauxite 
with sodium carbonate. 

These two discoveries constitute the process used to this day 
for the manufacture of most of the world's alumina. 

The basic chemical reactions of the process are indicated in 
Fig.A1. 

The process may be followed in the generalized block-and-line 

tlowsheet in Fig.A2. 



Al-2 

The first step, raw material preparation, involves mir-ing, 

transportation, material handling, proportioning and 

grinding. 

The second step, digestion involves the extraction of alumina 
from bauxite by a solution of sodium aluminate and sodium 
hydroxide initially week in sodium aluminate at elevated 
temperatures. The aluminium silicate with which all bauxites 

are contaminated to some degree, react with sodium hydroxide 
to form sodium aluminium silicate. It is only because this 
sodium aluminium silicate has a very low solubility that the 
Bayer process can produce the low-silica high-purity alumina 

needed for commercial aluminium production. 

The third major step is clarification. Here the bauxite 
residue (the red mud) is separated from the sodium aluminate 
solution by sedimentation and filtration. The mud is usually 

washed continuously in counter-current deca.ntation (CCD) 

equilJ!lent before being discharded. 

precipitation, the clarified sodium 

cooled to supersaturation and seeded 
In the fourth step, 

aluminate solution is 
with alumina hydrate. 
classified, separating 

After precipitation the hydrate is 

coarse prcduct fractions and fine 

tractions, which are retained as seed 
precipitations. In most plants the spent 

for succeeding 
liquor from the 

process, before being recycled, passes through an evaporation 

operation to remove the excess dilution added as wash-water 

in various steps in the process. 

While the basic process has remained unchanged since 
inventions nearly one hundred years ago, there have 
number of modifications and improvements. 

Bayer's 

been a 
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These developments have been largely determined by: 

a) the physical, chemical and mineralogical characteristics 

of the ores 
b) the economics of materials (and equipnent) used in the 

process, particularly bauxite, caustic soda, and fuel, 
c) environmental imperatives and 
d) product quality desired by the manufacturers of 

aluminium. 

Required Properties of Alumina 

Aluminium is produced exclusively 
reduction of alumina dissolved in 

by the electrolytic 
molten 

carbon ie some form as electrodes. This is 
Hall-Herault process discovered in 1886. 

cryolite using 
the well-known 

For most of the commercial applications of aluminium, for 
example in the electrical industry and for the production of 

alloys to very close specifications, the metal must be of 
high purity. Because of the high energy of formation of 
alumina as compared with the oxides of the common metals, the 
latter, if present, would be reduced to metal under the 
electrolysis condition and therefore it is not possible to 

produce pure metal in one operation by reduction of an impure 
ore. Hence a very careful control on the quality of the main 
raw materials, alumina, carbon, cryolite, and aluminium 
fluoride, is necessary to be able to meet the normal 

production grade of 99.8 ~ plus metal. 

The most critical impurities are silicon and iron and the 

main difficulties in manufacture of alumina arise from the 
necessity to keep the percentage of these elements to very 

smal 1 values. 



Figure A 1 

BASIC REACTIONS OF BAYER PROCESS 

Al 2o 3 .H 20(S) + 2NaOH + 2H 20 Digested at 23o0 -2ao0 c 
--.;>' 2Na{Al (OH) 4 ] ( 1 ) 
~ 

(Boehmite or Diaspore) (caustic Soda) (Sodium All.Jllinate) 
)II ... 
I 

----.;> 
Al 2o 3 .3H20(S) + 2NaOU Digested at 110°-14s0 c 2Na[Al(OH) 4 ] ( 1 A) .i:. 

~ 

( Gi.bbsi te) 

2Na[Al (OH)"'} Precipitation S4°-6o0 c 
---> Al 2o 3 .JH 20(S) + 2NaOH (2) 
~ 

Al 2o3 .3H 20(S) Calcination 1000°-1200°c -~ Al 2o3 (S) + 3H 20(v) (3) 

(Gibbsite) (Alunina) 
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Titaniur. and vanadium must be controlled to give conductivity 

grade metal, and soda and phosphorus· affect the bath 
operation, the former by ~isturbing the flux composition 
which must always be kept close to that of cryolite which is 

JNaF.AlFJ of the electrolysis. 

A typical analysis for reduction grade alumina js given in 

Table A1. 

Al203 
N~O 

Si02 

.?e2 t'3 
Ti02 

V205 

P205 
Ga..203 
Cao 

Loss on ignition 
MgO 

ZnO 

SC3 

98.5 -99.4 % 
0.30 - 0.6'5 % 
0.015- O.C25 % 
0.010- 0.025 % 
0.001- 0.005 % 
0.001- 0.005 % 
0.001- 0.002 % 
0.005- 0.008 % 
0. 05 - 0. ~ 0 % 
0.05 - 0.50 % 
0.001- 0.003 % 
0.005- 0.020 % 
0.001- 0.020 ~ 

Table A1. 

The physical properties affecting the performance of the 

reduction plant are, degree of ~alcination (that is, the 
extent to which the alumina has been converted from the 
active kappa form to the non-water absorbent alpha forn: with 
associated recrystallisation), the angle of repose (which 
affects handling properties), and the grain 

size distribution. 
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There is a broad difference in practice between European and 

American producers. The traditional European plants make 
so-called floury, while American producers make sandy 
alumin~. There are lots of qualities between the two 

traditional ones shown in Table A2. 

Table A2 

Comparative Table 

SOYE PHYSICAL SPECIFICATIONS OF TYPICAL SANDY AND FLOURY 

ALUIUNA 

Parameters 
Loss on Ignition (LOI) 
Specific Surface Area 

alfa Al2o3 
Bulk Density 
Angle of Repose 
+ 100 Mesh (149 micron) 
- 325 Mesh (44 micron) 

Raw Materialfl 

Typical 
Floury 

C.3 ~ 
'\ 

o • 5-1 o ill~ I g 

60-70 3 
0.95-1.0 t/m3 

40-45° 
0 .1 3 
50-55 3 

Typical 
Sandy 

o. 9-1 .2 3 
40-45 m2/g 

20-30 3 
o.e8 t/m3 

28-32° 
2-8 3 
6-10 3 

Aluminium is the third most abundant element in the earth's 
crust but only a comparatively small proportion of the 

aluminium minerals car. be uaed commercially for the 
production of alumina. The ratent literature teems with 
ideas for making alumina from clay or feldspathic type of 
~ineral but in practice virtually the whole of the alumina 

for metal production is made from the hydrated alumina ores' -
I 

the bauxites - using the classic Bayer process, in one of i,ts 

forrno. 
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The Bayer process depends on the variations in solubility of 
hyd~ated alumina in sodium aluminate solutions with change of 
concentrations of soda and temperature; the solubility of the 
alumi~a vari~~ widely according to the particular hydrate 
concerned. Alumina occurs naturally in bauxite in the form 
~f the trihydrate gibbsite or the monohydrate (boehmite and 
diaspor). Alumina in the trihydrate form is much more 
soluble than monohydrate alumina in aluminat~ solutions of 
given soda concentration and temperature and hence the 
commercial extraction process varies very greatly, depending 
on the particular ore. 

The main large deposits of bauxite are in Austrialia 
(Queensland, Northern Territory and West Australia), Jamaica, 
the ~uianas, Venezuela and Brazil in South America, We&t 
Africa (Guinee, Ghana and Cameroon), Vietnam, India and 
Indonesi~ in Asia and Europe. 

Table AJ gives typical analyses of ores from different 
regions. Table A4 shows some minerals occurring in bauxites. 

Table AJ 
ANALYSIS OF CHARACTERISTIC BAUXITE ORES 

France Ghana Guyana Jamaica Weipa Gove Guinee 
Si02 combined, 3 5.0 1 .2 J.O 2.5 3.0 2.6 1. 8 
Si02 quartz, 3 1.5 2.0 0.4 0.8 

1'1203, 3 54.0 54.0 59.0 50. 0 59.0 50.0 45.0 

Fe20J, 3 25.0 16.0 3.0 19.0 7.0 19.5 24.1 
Ti02, 3 3.0 1.8 3.0 2.5 2.5 3.2 2.2 
L.O.I., 3 11.5 27 .5 29.5 25.0 2 6. 0 24. 0 25.0 

Ratio 
A120J/ comb. Si02 10 .8 45.0 19.6 20.0 19.6 19.2 37.0 
comb. Si02 
Moles H20/A120J 1 .1 J 2.9 2.9 2.8 2.55 2.76 3 .1 
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The first point to note is the low combined silica content. 

Every unit or combined silica (i.e. silica present as 
kaolinite or halloysite) reacts in the extraction process tc 

form an insoluble sodium-aluminium-hydrosilicate of 

approximate composition J/N~O.Al203.2Si02.(1-2)H20/N~X, 
where X:co3

2-, 2on-, 2Al02-, S042-, etc. 
and consequently reduces the possible alumina yiP.ld and takes 

soda from the circuit. It is rare for ores or above 5-7 % 
Si02 
is 
in 

silica to be economic. The percentage or quartzitic 

important. Quartz is present in significant 
the South American and Australian ores 

quantities 
but it is 

ores. Its virtually absent in the 

that 

European and 

under the 

Ghana 

significance 

c-:>nditions 

quartz is 

is 
required to attack 

attacked in a similar 

relatively severe 

boehmite bauxites the 
manner to the combined 

silica, increasing the soda and alumina losses. 

The second point is the loss on ignition is relation to the 
alumina content. The broad difference between the European 

ores (i.e. from temperate regions), which are predominantly 

boehmite monohydrate, and the ores from the tropical regions, 

which are mainly trihydrate gibbsite, should be noted. The 
Jamaican and the Queensland ores have relatively lower 

hydration than the South American indicating a mixed tri- and 

monohydric ore. 
The percentage of other constituents, in particular iron 
oxide and titania, is significant as affecting the amount of 

residue produced. 

The other basic raw materials for the process are soda 
(either as caustic or soda ash), lime, and water. The quality 

of process water is not critical. 



Gibbsite 
Boehmite 
Dias pore 
Quartz 
Kandites 
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SOl-IE lUNERALS OCCURRING IN BAUXITES 

Al(OH)3 or ;.1203.JH20 
AlO.OH or Al203.H20 
AlO.OH or Al203.H20 
Si02 
Al4Si401 0 (0H)3 or 
Al203 .2Si02 .2H20 

(kaolinite, nakrite, 
dickite, metahalloysite) 
Halloysite Al4 Si4 o10(0H)a (H20)4 

Hematite Fe203 
Goethite FeO.OH 
Al-Goethite Fe1_xAlxO.OH 
Calcite caco3 

Ti02 

Table A4 

Anatase,Rutile 
Crandallite 
Apatite 
Chamosite 

CaA13 (P04)2(0H)5.H20 
Ca5(P04.C03)(F.OH.Cl) 
(Fe2+,Fe3+,MgA1)5(Si2Al201o)(OH)3 

Illite, hydromuscovite 
Lithiophorite 
Li thiophori te 

Muscovite 
Siderite 
Piri te, lfarcas 
Ilmenite 
Zircon 
Hausmannite 

(K,H2 0)Al2/(~0,0H)2AlSi3010/ 
(Al,Li)(Mn02 )(0H)2 

(Al3Li)(Mn02)(0H)2,F)
2 

KA12(A1Si301o)(OH5F)2 
FeCOJ 

FeS2 
FeTiO~ .., 
ZrS104 
MnO. l·fn2 o3 
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Most bauxite occurs near the earth's surface and therefore 

mining follows the usual open cast method. The physical 

nature of the ore varies greatly. European and West African 

ores are moderately hard rocks, but Jamaican ore is of earthy 
nature with fundamentally very small particle size: the 
Queensland ore is unique in being in the form of pellets. 

Some bauxites (for example, Ghana and Queensland ort:s) can 
with advantage be beneficiated by screening and water washing 
which removes the clay-like high silica fractions. Ores from 
the Caribbean and South Araerica are always partially dried 
before shipnent. 

The alumina cycle 

The alumina cycle consists of two parts, namely, the solution 
of alumina from the ore and the precipitation of aluminium 
hydrate from the liquors. At both ends of the system, plant 
design depends on the solubility data of the particular 
hydrate concerned, in caustic soda liquors. 

The solubility of gibbsite, the alumina trihydrate, is much 
greater than that of the alumina monohydrates, i.e. 
and diaspore. Figure AJ shows the solubility 

gibbsite, boehmite and liaspore, measured in 
solutions. 

boehmite 

data for 
synthetic 

Speaking generally, the more alumina one can take into 

solution per unit volume of liquor the smaller the digestion 
unit will be. In a plant using boehmite ore there is not 
theoretical limit to the temperature that can be used. 
Higher temperature means higher pressure and hence higher 

costs per unit plant volumP., Or. the other hand, the higher 
the temperature the lower the concentration of soda that can 

be used. The choice is an economic one. 
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From Fig. AJ it is seen that the upper temperature limit for 

gibbsitic bauxites is about 150°C. This is because at 
temperatures above this a hydrothermal transformation of 

trihydrate to monohydrate occurs in alkaline liquors and 

therefore a solution approaching saturation with respect to 

trihydrate will be unstable with reference to monohydrate and 

boehmite will separate out. This sets an important upper 

temperature limit of about 150°c on a plant treating a 
trihydrate ore and which utilises the high degree of 
solubility. 

For monohydrate digestion the tiend of increasing digestion 
temperature represents a determinative factor. Nowadays the 

optimum digestion temperature for boehmite lays in the range 

of 240 to 250°c. Digestion at higher temperatures i.e. 

ranging from 260 ove: 280 to J00°C, however, can not 

economically be performed in the autoclave system. Digestion 

at these temperatures can advantageously be carried out 
merely by the use of the tube reactor. In addition to the 

intensification or the digestion process (short retention 

time, low molar ratio, i.e. high A/C ratio, alumina yiel~ 

close to that of theoretical), also both the inherent 

investment costs for the equipment and the energy consumption 

diminish considerably. 
Increasing the number of flashing stages for a given final 
digestion temperature helps to increase heat efficiency. 

On digestion, the main adventages of the tube digestion 
system are: 

1) elevation of the digestion temperature 

2) decrease in energy consumption 

3) reduction in investment costs 

4) higher alumina yield and 
5) simple maintenance. 
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By increasing the temperature the amount of flashed water can 
be high enough that evaporation can be omitted if small 
amounts of red mud (e.g. 0.5 t/t alumina) form of the 
bau.xi te. Also, owing to tl1e piston-like stream of the slurry 
in the tube digester, the uneven holding-time (which always 
dist~rbs the digestion in autoclave series) can be minimized. 

Due to the digestion temperature 

properties 

underflow 
dissolved 

higher 

of the red mud are improved, 

the settling 

therefore the 

solids concentration is ~igher, resulting 
caustic soda and alumir. losses. 

in less 

Despite of the advantages of the tube digestion system, its 
use is limited to the Stade plant in West Germany and the 
Mosonmagyarovar plant in Hungary. fhe answer apparently lies 

in the fact that: 
a) the advantages of the tube digestion are in respect of 

the high temperature digestion and 
b) the main expansions (viz. Australia, Brazil, Venezuela) 

have been 'low temperature plants'. 

The Soda Cycle 

The next cycle is the soda cycle. This relatively simple 
cycle is shown, in principle, in Fig.A4. 

The main loss of soda from the liquor circuit is the chemical 
loss at the extraction plant, due to reaction with the 
combined silica in the ore to form the almost insoluble 
triple zeolitic type of compound. This, ultimately, goes out 

of the system with the red mud residue. 
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In addition to this fixed chemical soda loss, the mud, as 
disposed of, always contains some adherent soda liquor due to 
incomplete washing and also due to soda absorbed by the mud. 

The extent of this physical loss varies considerably 
according to the method cf disposal of the mud. 

Next there are inevitable losses of liquor by leakages, for 
example, from pump glands and general spillages, and finally, 
the loss of soda in the hydrate. This consists of two parts, 
the soluble soda, i.e. entrained liquor, which can be kept 
down to a very low value of 0.01 ~ on the hydrate, by good 
washing techniques, and a much larger fixed soda loss of the 
order of 0.2-0.4 j on the hydrate. This soda is thought to 
be locked up in the hydrate crystal lattice. The actual soda 
content depends on the alumina potential during decomposition 

and is controllable within limits. 

Overall these soda losses from the circuit must be made up by 

addition of fresh boda and this can be added as solid 
caustic, liquid caustic, or from a soda-ash lime causticizing 

unit on the site. The choice is an economic one. Separate 
causticising adds to the residue and cannot be carried out to 
more than about 90 ~ efficiency. Solid caustic involves the 
~east introduction of water into the system as it can be 
dissolved in process liquors. On the other hand, one has to 
pay the alkali supplier for evaporation and the handling 
problems are obvious. Liquid caustic is the most convenient 

and it is widely used. 

The actual consumption of soda expressed at 100 ~ caustic 

soda ranges from about 4-16 ~ on the alumina made, dependent 

on the silica content of the ore. Since caustic coats ir. the 
I 

region of US~ 200 to JOO per ton is 1988, the importance of 
having high alumina to silica ratio in the ore is obvious. 
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Sili~~ Cycle 

The control of siiica ~·· the ~ircuit is important to ensure 
the required purity of the alumina. 

this cycle. 

Figure A5 illustrates 

Silica exists in bauxite in two main forms. Firstly as 

reactive silica, as minerals of the kaolinite type which are 

readily attacked by caustic liquors with solution or silica. 

This attack is very rapid under the extraction conditions. 

Secondly, silica exists as quartz which is not readily 

attacked by caustic liquors at low temperatures but 

increasingly attacked at higher temperatures causing 

corresponding loss of alumina and soda. The quartz in 

Northern Australian ore is an intermediate nature, uniformly 

distributed, and although unattacked at 140°C, it is slowly 

attacked at 190°c ~n monohydrate is being extracted (10 % 
per hour). Where ~•le quartz is in a relatively massive 

as, for example, in Guyana ore, it is not attacked 

extracting the ore for trihydrate at 140°C and can 

form, 

when 

be 

removed from the system as a coarse sand. In Guinea bauxite, 

grain, uniformly 

at 120°c. 

on the other hand, the quartz is very fine 

distributed and is appreciably attacked even 

Simultaneously with solution of the silica, desilication of 

the solution occurs by deposition of the relatively insoluble 

triple compound. The most likely composition of the 

desilication product, i.e. sodium-alwninium-hydrosilicate 

formed during the digestion process is 

J/N~O.A12 o3 .2Si02 .(1-2)H2 0/.N32X, were: 

X:C032-, 20H-, 2A102-, S042-, etc. The rate of 

deposition is accelerated by 

coopound in the solid phase 
temperature. 

the presence of the triple 

accing as a seed and by high 
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It is necessary to reduce the silica in the liquor passing to 

the decomposer to such a value that contamination of the 

hydrate produced during decomposition is minimised. This 

desilication process is only partially completed in the 

digestion plant unit and it is completed during settling. In 

practice the aim is a figure of not greater than 0.5-0.6 g 

Si02 per 100 g of caustic soda in the solution. 

An interesting point is that with some very high grade low 

silica ores the quantity of the triple compound is so low in 

relation to the liquor volume that desilication rate is too 

slow. 

The chemical reactions of the silica also affec~ the scale 

deposition on the bauxite slurry and liquor heat 

surfaces. That is why a predesilication process 

introduced when indirect heating is applied in the 

unit. 

exchange 

has been 

digestion 

The Red ~ud System is, of course, not cyclic, as the 

is to get rid of the mud from the cycle. This part 

process has an enormous influPnce on the plant cost, 

location, and product quality. 

object 

of the 

plant 

The composition of the sand fraction deper.ds on the ore. It 

can contain quality an appr~ciable amount of quartz as from 

Guyana ore, or be predominatly iron oxide if from European 

ores. Due to its size 1 250 mesh, (63 micron) and its 

physical nature, it has a relatively high settling rate 

compared with the main bulk of mud and can, therefore, b~ 

readily separated in continuous settling equipment. It i~ 

practice to use a conventional bowl and rake classifier, 
although wet cyclones and hydrocylones have been used in 

some plants. Some of the wettinc liquor can be removed 

fro~ the rakes by spray washing, but it is very 
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sand is 
truck. 
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to achieve good back drainage of the wash. The 

usually collected in a hopper and dumped by 

Separation of the red mud from the alumina-rich liquor is 
carried out by sedimentation followed by control filtration. 
In this process there are two main objectives. Firstly, to 

produce a rich alWDinate liquor sufficiently free from 
suspended solids to prevent contamination of the hydrate 
deposited later. The standard required is very high. As 
mentioned in discussing decomposition, the deposition of 

alumina in the decomposers is of the order of 60 g/l 
solution. If the solids in suspension were say 5 ppm this 

would correspond to 0.008 ~ in the alumina made and with 

Fe203 content of about 55 ~ in the mud, a contribution of 

0.005 to the Fe203 in the product (c.f. required level of 
0.012 in alumina). The second objective is to remove as much 
as practicable of the adhering liquor from the mud before 

disposal, using the minimum amount of the wash water. 

The mud always possesses some degree of flocculation 
depending on the type of ore and extraction conditions but it 
is universal practice to increase this by addition of starch 

and/or synthetic flocculants. 

The traditional design of thickener was originally used, that 
is, the multiple tray unit with all trays in ~arallel and 

common mud offtake, but the modern tendency is to use large 
single-tray units which are much easier to clean and control. 
A successful design used is to have the arm carrying the 
rakes above the liquor level, the rubber-blade rakes being 

attached to hanging rods and free to trail along the bottom. 
Mud offtake can be either at the centre or from side outlets, 
and it is common to control the outflow by a timer. The mud 

is usually washed in a counter curren~ washing system. 
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The tendecy is to use single tray units instead of multitray, 

to obtain better control of efficiency. The number of stages 

used is an economic baluice between capital cost, cost of 

soda, and cost of fuel for evaporation of wash water. Five 
or six stages are common but some plants use ten. 

Water Cycle 

Washing of the residues to avoid loss of soda involves 

addition of water to the circuit and obviously there must be 
a corresponding removal somewhere. Figure A6 shows in simple 

form the water cycle. 

Water enters, in the ore as free moisture and as water of 
hydration of the alumina, for mud washing general floor 
washings, and for hydrate washing. It is removed as moisture 

with sand and mud, and as free moisture and water of 

hydration in the hydrate filter cake, ultimately lost during 

calcination. 

By far the dominating factor is the water put into the 

circuit for mud washing, which amounts to three to four cubic 

metres of water per ton dry mud, if no red mud filtration is 

used. To preserve the water balance some form of evaporation 
plant is necessary. For this purpose conventional 

evaporators or flash evaporators can be used. The usual 

practice is to evaporate liquor returning to the extrac~ion 

step in conventional multistage evaporators. The evaporation 

rate and the type of evaporator is determined in connention 

with the heat economy of the process. 
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At the extraction end of the cycle high temperature and 
relatively high soda strength is required to dissolve the 

alumina and at the other end a low temperature and weaker 

liquor is required to obtain as big a deposition of hydrate 
as is economically practicable. 

Liquor Impurities 

There is one more vital cycle-this is the liquor impurities 

cycle. The main impurity in works liquors is sodium 
carbonate produced by degradation of organic matter in the 

ore, and from the reaction of the calcite and dolomite 
content of bauxite with the caustic liquor. Liquors in 

European plants usually contain about 12 - 15 r. of the total 
soda in the form of carbonate. The pick up of carbon 

dioxide is quite considerable where open red mud slurry 

ponds are used and this enters the liquor circuit in the 

pond water used for mud washing. 

Bauxite contains many elements in small quantities and 

several of these form soluble compounds when treated with 
caustic and appear as sodium salts in the liquors. The 

liquors contain vanadates, phosphates, arsenates, fluorides, 

gallium and a few other inorganic salts, and several kinds of 
organic compounds from the organic matter in the ore. 

All these impurities tend to accumulate in the liquors and 

hence the use of some purifying pr.oceRses may be necessary. 

The balance is usually maintained by treatment of part of the 
liquor with lime which precipitates the acid radicals as 

calcium salts. The particular liquor chosen and the quantity 
treated must be such that the carbonate and other salts 
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causticised are suffiecient to preserve the balance, while on 

the other hand, simultaneous losses of alumina due to calcium 
aluminate formation are minimised. 

A portion of this lime sludge may return to the clarification 

filters as filter aid and ultimately all the sludge arrives 
in the mud washing circuit for ultimate disposal. 

In plants treating monohydrate ore the extraction liquor 

concentration must be upwards of 150-200 g/l caustic N820 and 
when producing this in the evaporators some of the carbonate 
is thrown out of solution. Part of this remains as a deposit 

on the tubes and consequently gradually reduces the heat 

transfer coefficient and it is therefore necessary to wash 
the tubes periodically, perhaps every 96-120 hours. 

Conversion of Hydrate of Alumina 

The final stage in the production is the conversion of the 
Bayer hydrate to alumina. This is done in rotary calciners 
or stationary kilns fired with either fuel oil or natural 
gas. 

The product slurry originating from the deceomposers is 
filtered on rotary disc or drum vacuum filters using either 
metal or, recently, polypropylene cloth. The cake is spray 
washed with condensate and the final cake contains about 8-12 
% of free moisture. This. together wit~ the combined water 
in the hydrate, gives a furnace feed. 

The physical and chemical changes that occur in the 
calcination process are subjects of 
Briefly, the first effect in that 

a number of papers. 
of drying off the free 
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water and the next is dehydration of the 

dehydrate alumina. This occurs over a range 
of about 180-6oo0 c. 

trihydrate to 

of temperature 

The rate of release of the water at this stage is so rapid 

that self-fluidisation of the charge occurs in this section 

of the kiln. In fact the hydrate appears to be boiling and 
flows like water and one of the main arts of kiln design is 
to control this process. It is usual to provide a 

de~iccating section, unlined and fitted with alloy steel 
lifter plates, eas baffles etc: to promote heat transfer. 

The remaider of the kiln is lined with relatively high 
alumina brick and is provided with a number of brickwork dams 

to retard the rate of passage of the alumina down the kiln. 
The dehydrated alumina in the middle portion of the kiln is 
principally in the form of active alumina and this persists 

up to a temperature of 900-100o0 c. Further calcination up 

to 1200-1J00°C converts this to the non-absorbent alpha 
form, i.e. fluory type alumina. 

Alumina calcined up to about 1000°C 
nature of dry hydrate, is runny, and 
repose but during conversion to alpha 

retains the physical 

has a low angle of 

and further heating, 
physical changes involving recrystallisation occur which lead 
to a more fluor-like product of higher angle repose. 
American reduction plants pref er the "sandy" type which may 
contain up to 1.5 % residual water but traditional European 
users demand the floury non-absorbent product. 

Many alumina works produce alumina for other purposes than 
reduction (for example, for abrasives and refractories) and 
for these the kilns must be run under specially controlled 

conditions to ensure the correct degree of recrystallisation. 
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Because of the boiling phenomena and the general physical 
size of material, the exit gases have a very high dust 
content, a.~d an elaborate dust treatment plant is absolutely 
essential. The gases are first passed through multiclones, 
then the suction fan, and finally, electrostatic 
precipitators. 

The dust is recycled back to the kiln usually mixed with feed 
hydrate. The dust recirculating load can be 2-10 times the 
kiln output. 

The hot alumina is cooled in recuperator coolers, often of 

the satellite type, with supplementary water cooled tubular 
of fluidisee coolers, screened and transferred to bulk silos. 

The newest constructions are the fluid bed calciners and the 
so-called gas suspension calciners. The benefit of these 
types of calciners is the lower energy consumption, but the 

breakabe of the hydrate during calcining is higher than that 

of in the rotary kilns. 

Measurement and Control 

There is, of course, considerable use of instrumentation and 
automatic control techr.iques. These are very much affected by 
the tendency of many of the plant liquors to deposit scale 

and special designs are required to ensure continuity of 
operation of the sensors. 

Detection of level is best carried out by reaction or a 

differential pressure cell, the tappings being continuously 
purged by non-scalling liquors, water, or air. 
detection is carried out similarly. 

Pressure 
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Liquor and slurry flows can be measured using electromagnetic 

flowmeters and there are and reasonable successes with 
radiation density meters for measuring slurry consistencies. 

One important property of aluminate liquors is that the 
boiling point elevation at a given soda concentration is not 

affected by alumina is solution nor by solids in suspension. 

Hence it is possible to monitor soda concentration, for 
example in the evaporator plant, by means of a differential 
thermometer. 

The key point of control is the correct proportioning of the 

ore and liquor fed to the extraction plant. 

There is a tendency towards using computer control of the 

circuit but, so far the normal practice is to have a number 

of individual control rooms, such as for extraction, mud 

separation, evaporation, and calcination. 
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Attachment 2 

1. ORIGIN, CHE~ICAL AND PHASE COMPOSITION OF SAMPLES 

In this report the processing or characteristic samples 

I~;t and ICS-3 are reviewed. 

The lumpy bauxite samples marked ICS-2 and ICS-J amounti~g 

to 10 kg each have been crushed in a jaw crusher first 

then in the hammer mill and finally ground to less than 

90 
1

um in a ball mill. Their grain size distribution is 

indicated in Table .ri2-1 and Fig.A2-1. Grinding fineness 

was chosen to be 90 1um because this grain size is yet 

sufficient for the digestion of diasporic bauxites by 

the Bayer process and the soda-lime-sintering of the sace, 

respectively, too. Instructions of the Soviet pyrogenic 

plants determine this parameter by specifying the 88 1u= 
sieve residue to be maximum 10 %. Chemical composition 

of these samples are given in Table A2-2_ the phase cornpo-· 

sition, however, in Table A2-3. 

It can be established that while sample 2 can be regarde~ 

as good quality bauxite /M = 6.89/, sample 3 represents 

poor quality ore /M = J.77/. Iron content of samples parti­

cularly that of sample 3 is high /17.5 % and 22.1 %, res­

pectively/. High co2-content is not of advantage, howeve~, 

the v2o
5
-content is worthy of attention. The Al 2o 3-conte~: 

of samples is mainly present as diaspore, however, consi­

derable amounts are bound to chamosite and clay minerals 

/kaolinite, illite, halloysite/, too. 
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Table Jl.2-1 
Grain size distribution of characteristic bauxite sarnoles 

/ICS-2 and ICS-)/ after grinding in water to less than 

90 1urn, j 

Grain size 
ICS-2 /M = 6 .89 ,' ICS-)/M = ). 77 / 

,um 
I 

80-90 1.0 1.1 

63-80 2.1 2.2 

40-63 1.3 1.1 

25-40 7.0 6.5 

-25 88.6 89.1 
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Table A2-2 

Chemical composition of characteristic bauxite samples /ICS-2 and ICS-J/ 

Sar.iple Al2o3 Si02 Fe2o3 Cao MgO Na2o K20 S Ti02 C02 P205 v2o5 Cr2o3 LOI. corg Module 
% % % % % % % % % % % % % % % > 

IV 
I 

ICS-2 52.4 7.6 17.5 1.5 0.4 0.12 0.20 0.04 6.3 1 .. 60 0.20 0.12 0.006 12.5 0.14 6.89 
... 

ICS-3 44.2 11. 7 •.'· 22.l 1.6 0.3 0.06 0.40 0.08 5.6 2.57 0.16 0.11 0.0) 12.4 0.12 J.77 
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Table A2-3 
Phase comoosition of bauxite samples ICS-2 and ICS-) 

Sample 

Al 2o3 ~ 
in gibbsite 

diaspore 
clay minerals* 

hematite 

crandallite 

total 

Si02 % in clay minerals* 

Fe 2o
3 

~ in clay minerals* 

goethite 

hematite 

siderite 

total 

Ti02 % in anatase. 
rutile 

total 

Cao 3 in calcite 

dolomite 
crandallite 

total 

MgO 3 in dolomite 

clay minerals* 

total 

P2o5 3 in crandallite 

ICS-2 
/M=6.89/ 

ICS-3 
/M= ).77/ 

1.4 

45.1 )2.2 

6.9 /cham.2.7/ 10. 2 /char.l.2.0/ 

0.2 0.2 

0.2 0.2 

52.4 44.2 

7. 6 /cham. 2. 7/ 11. 7 /chan.2.0/ 

5. 0 /ch<3nosite/ ).7 /chanosite/ 

1.0 2.0 

10.6 14.4 

0.9 2.0 

17.5 22.l 

4.7 4.1 

1.6 1. 5 

6.) 5.6 

0.8 1. 5 

0.2 

0.1 0.1 

1.1 1.6 

0.1 

0.4 /char.i osi te/ O . ) I char;;csi te/ 

0.5 0.3 

0.2 0.2 

* l~oi:.e: in kaoliilitl.! an<l ci1arnosite 
' 
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2. LI~BILITY TO COMMINUTION AND GRINDING OF ORES /1/ 

The tests were aimed to find out the f ea of ores d~~~~g 

comminution /crushing/ and grinding, morev ~r the change 

of grinding fineness while grinding in ball mill in alkaline 

medium. 

2.1 Crushing tests 

The tests were carried out with the sample ICS-3 in a jaw 

crusher first and then in a hammer mill. Bauxite was crushed 

at a performance rate of 6 kg/h with a jaw crusher featuri~g 

a gap of 8 mm. Crushed materi~l was classified by a set 

of screens. The particle size distribution is given in 

Table A2-4 and similar figures relative to bauxites of 

other types and origin are also indicated for comparison. 

Precrushed material was further comminuted on a ha~~er 

mill provijed with a screen plate with the aperture of 

1 mm. Crushing performance was 5 kg/h. Screen analysis 

of the crushed material is as follows: 

diameter mm mass j 

+ 0.50 12.3 
+ 0.20 JJ.5 
+ 0.09 51.9 
- 0.09 48.2 

On basis of the comminution tests the material could be 

gra1ed as a hard substance rather difficult to crush. 

At the aame time the particle size distribution of the 

fractures is con3idcred to be favourable. This is due 

to the brittleness of the material - apart from its ha~=~~ss -

thus upon a mechanical effect /particularlay the i=pac:~~; 

effect of the hammer mill/ it gets easily comminuted. 
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Table A2-4 

Grain si~e di::;tribution, ~. on comminutin[) different kir!d 

of bauxites 

Origin and + J.15 + 2.00 + 1.00 + 0.50 
type mm mm mm nm 

Iranian bauxite 
ICS-J /diasporic/ J.6 21.2 45.0 60.2 

Boke bauxite 
/Guinea, gibbsitic/ 6.9 JJ.8 57.8 65.5 
Kincsesbanya bauxite 
/Hungary, boehmitic/ 6.2 2:~. 0 48.0 61.8 

-

Note: Performance of comminutio1~ is 6 kg/h with the Ira~ian 

sample and 10 kg/h with the other ones 

0.50 _ _, 
........ l 

-o .... 
.)J • b 

J4.5 

-- .... ;=. c:: 
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On carrying out plant scale operation heavy ~earir.~ of 

hammers and screen plate has, however, to Je reckoned 

~ith. 

2.2 Grindability tests 

From the point of view of the characterization of waterials 

to be ground the resistance to mechanical load and grinda­

bili ty, respectively, is of primary importance. The weas~re 

of grindability should indicate the result of comminutio~ 

relative to the unit of energy consumption. Simplifying 

the problem, the result of comminution is characterized, 

apart from accepting the Rittinger priciple, i.e. the 

relation between the energy consumption and surface 

increment, by the increment of specific surface and the 

grade of dispereity, respectively. 

Vere 

S = k . W; 
where: S = new surface area produced, 

W = energy consumed, 

k = proportionality factor 

then the grindability would read: k = s 

This provides the magnitude of new surface area produced 

on the expense of unit energy consumed. 

Hardgrove method 

Principle of method: The procedure is b~3ed on the Ritti~~er 

rule declaring that the energy consumed to grindinb is 

proportional to the new surface area produced. With pra::i;al 

application a determined amount of energy is transferred 

to the sample adequately prepared and the result of Gri~~i~~ 

i.e. the extent of getting finer is determined by sie~i~g. 
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Feature of the testing device. The grinding device cons:s~s 

of a lower &rinding bowl. Eight nos of 25.4 mm diameter 

steel balls are placed uniformly in its circular race-way 

on the bottom. The balls are rolled by a rotating disc 

illp:lsing an accurate load /28.9 ! 0.22 kg/ from above. 

Grinding is effected by the compressive and frictional 

efiect. A.fter 60 nos of revolution the device is autoffia~:­

cally switched off. 

Implementation of the test: Prior to testing the material 

h~s to be dried to constant weight then precrushed to 

within 0.59 and 1.19 mm particle size. Confinement is 

performed by suitable sieves. Particles greater than 

1.19 mm should repeatedly be crushed as long as they fall 

throu&h. Grains smaller than 0.59 mm are not involved 
in the test. Fifty grams of the dressed material should 

be placed into the grinding area uniformly spread in the 

circular race-way amongst the grinding balls. 

After 60 revolutions of the grinding disc ground sample 

has to be sieved through a 74 1um aperture sieve and the 

oversize and undersize be determined. 

Calculation of results: As already mentioned, the Hardgrove 

~ethod is based on the Rittinger rule. Accordingly, the 

grindability index of the material tested would be: 

s 
Hi = ~ . 100; 

~here: S = increace of specific surface area /m2/kg/ 

S = increase of specific surface area /m2/kg/ 
0 

occurring in the course of grinding of the 

reference standard material 
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The reference standard material is the anthracite coal 

originating from the St.Jerome shaft /Sommerset, USA/, 

the increase of specific surface area amounts to 56.5 

m2/kg. The grindability of this kind of coal aoounts to 

100 ~-

p 

Vith oractical tests instead of considering the incre~er.~ 

of surface area an empiric formula has been set up accor~i~~ 

to which: 
Hi = 13 + 6.9).Y 

where: U represents the 74 1um sieve undersize /g/ ~aterial 

resulting from 50 g of ground sample. 

Higher H. represents better grindability. The final result 
1 

is calculated from three parallel tests by making the 
arithmetical mean. Deviation of individual findings mus~ 

not exceed 20 3, otherwise the test has to be repeated. 

Hardgrove index number of the ICS-3 Iranian sample amounts 

to 58. In Table A2-SH.-numbers of other kind of bauxites 
1 

are also given for comparison. /It should be noted that 

the scale is not linear, i.e. an Hi twice as high does 

not mean twice as gcod grindability!/ 

o~ basis of the index number the material is hard to ~ri~~-

2.3 Grindin9 tests with digestion liquor 

Thi~ method was developed for modelling the industrial 

process. The grinding tests were made with caustic liq~or 

on the ICS-3 sample in a 5 litres capacity laboratory 

ball mill with a ball charge of 5 kG/mixed dia~eters r~~gi~; 

from 10 to JO mm/ at a revolution of 65/miu. Starting 

material was that crushed in the hammer mill which was 
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Table A2-5 

Grindability of different kind of bauxites by the 

dardgrove method 

Origin and type Hi 

Iranian bauxite ICS-J /diasporic/ 58 

Boke bauxite /Guinea, gibbsitic/ 93 
Ghana bauxite 58 
Gujarat bauxite/India/ 51 
Kincsesbanya bauxite /Hungary, 
boehmitic/ 136 

Bakony bauxite /Hungary, boehmitic/ 111 



A2-12 

ci~ed with plant liqt1or /N~~o. = 193.2 g/dm3 , rnol3r r~~ic 
~ c 

= J.05/ to produce a slurry with solids ccncentration 

of JOO g/l. Three kind of grinding fineness was ~n~eniec 

to set during the grinding tests i.e. 160, 100 and 63 

1um as upper grain limit. Grinding was perforraed as lc~g 

as no sieve residue remained with the sieves mentioned. 

Grinding times required in order to attain at the cor~es­

ponding fineness are as follows: 

160 1um 

100 1um 

63 1um 

1.5 hours 

:.o hours 

4.5 hours 

In Table A2-6 the time requirement for grinding sev~ral 

types of bauxite to grain size less than 160 1um are indi­

cated. The~ various fractions of bauxite sample I~S-J 

were separated on the wet screen. The grain size 

distribution is given in TableA2-7. Grinding with digest:c~ 

liquor to grain size less than 100 1um has been repeated 

at various solids concentrations i.e. 200, JOO, 400, 5:0, 5JG a~c 

800 g/dm3. The results are given in TableA2-e. 

According to the grinding tests carried out with diges~io~ 

liquor, on increasing grinding fineness the time cevo:ec 

to grinding increases nearly linearly. This means that 

in this range of fineness the disproportionate energy 

demand not yet occurs as it often was experienced with 

grinding proced~res to great fineness. This can in all 

probability be attributed to the wet or alkaline ~~dia 

hindering aggregation. 

2.4 Dry grinding tests 

It was aimed, apart from testing the crinding characte~ 
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Table A2-6 

Time requirement /min/ for grinding in digestion liauor 

of different kind of bauxites to grain size less than 160 /~ 

Origin and type Time, min. 

Iranian bauxite, ICS-) /diasporic/ 90 

Boke bauxite /Guinea, gibbsitic/ 75 
Tatabanya bauxite /Hungary, boehmitic/ 45 
Bakony bauxite /Hungary, boehmitic/ 70 

Kincsesb4nya bauxite /Hungary, boehmitic/ 45 
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Table A2-7 

Grain size distribution, i. oi the individual fractions 

after grinding with digesting liquor of bauxite samole !CS-3 

Size, 1um Ground Ground Ground 
to 6) 1um to 100 1um to 163 /Ur::'. 

125-160 4.S 

100-125 ).7 

80-100 1.8 6.0 

6)-80 0.9 11.0 

40-6) 1.6 ).0 15.0 
25-40 5.4 8.0 23.2 

25 93.0 86.) 34.J 
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Table A2-S -

Time reguirement of grinding to grain size less than 100 
1

;:,;;;. 

of bauxite samole ICS-J in function of solids concentratic~ 

in the course of grinding with digestion liguor 

Solids 5ontent, Grinding time, 
g/dm min. 

200 185 

JOO 180 
400 180 

500 185 
600 170 
BOO 175 
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of the material, to dress and prepare the samples require~ 
for the experiments. The tests were carried out with the 

bauxite aamples ICS-2 and ICS-) in the ball mill outline~ 

with the grinding with digestion liqucr. After grinding 
for l hour each the substance vas sieved through a 160 1u~ 
sieve. Sample ICS-2 resulted in 50 j oversize material 

and sample ICS-) in 55 i oversize material. Another cill 

of size 8 400x400 mm with cylnebs charge vas also used 

and bauxite samples were ground for l hour. The 6) 1um 

sieve oversize material was 4) j for sample ICS-2 and 

4G ~ for sample ICS-J. The samples exhibited strong adhesic~ 

and became strongly deposited on the wall of the mill 

and the surface of milling media. In order to decrease 

adhesion a surfactant /triethanol amine/ was added in 

an amount of 0.1 j, even then the ~amples could not entirely 
be ground to below 63 1um. 

The minus 6) 1um fractions: for ICS-2 sample = 35.8 % 
for ICS-3 sample = 34.4 ~-

Based on the experiments the dry grindability of both 

samples is considere~ to be poor, however, they feature 

equal characteristics. 

2.5 Grinding tests with the use of water 

It was aimed to scrutinize the grinding feature only, 

its industrial application is out of the question. 

The tests were carried out similarly with the same sa~~:es 

in the 5 litres capacity ball mill by the · ~ of water 

at a solids concentration of 400 g/dm3. On grinding for 

5 hours each a fineness of 90 1um could be achieved wit~ 

both namplcn. Thio ind1c~tes a very difficult grindab!!!:y. 
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2.6 Swrunary of the grinding tests 

On summarizing the crushing and grinding tests it can 
be established that 

- samples ICS-2 and ICS-) exhibit equal properties, 

- in plant scale processing of the ores high abrasion 

of the crushing and grinding units have to be reckoned 

vi th, 
- dry grinding of materials causes problems /due to consi­

derable aggregation/ and grinding to grain size less than 

63 
1

um could not be performed ·even on the addition of 

a surfactant /grinding aid/, 

- grinding in water can be performed to a fineness of 

minus 90 1um, however, at the expense of long time and 

high energy requirement, 

- with the grinding with digestion liquor counting for 

industrial application the performance of ball mill dec~eases 

proportionally to the increase of grinding fineness, i.e. 

the specific energy demand increases, 

- the most suitable grinding system is the following: 

grinding of bauxite in the jaw crusher, then in the ha==e~ 

mill and finally grinding with digestion liquor in the 

ball mill at a solids concentration ranging from 600 to 

800 g/cmJ, 

- grinding solids concentration practically does not 

influence the time and energy demand of grinding in the 

range of 200-800 g/dm3, 

- the Hardgrove index number for the sample ICS-3 is 5S 

being a characteristic ~igure for hard to grind bauxites. 

Sample ICS-2 exhibits crushing and grinding properties 

similar to those of sample ICS-3, 

- grain size distribution of sam~lP.s ICS-2 and ICS-3 gro~~= 

to bcloY 90 1um is t•eprc~antcd in Table .A2-1and Fig. 
A2-1; about 89 ~of the samples are of grain size less 
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than 25 1um, 

- froo the point of view of both the desilication and 

digestion the grinding fineness/minus 90 1um/ is considered 

to be sufficient. 

Literature 

/1/ Mrakovicsne, Torok K.: Grindability tests. SZIKKTI, 

Scientific Publications. Budapest, 1988. 
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3. ea,1ch SC.=!le investigations on Irc!nian bauxite processing 

by sintering nrocess 

Sonc tests for orientation were carried out on a 

bauxite sample having an Al203/Si02ratio of 5.5. Later on 

more detailed tests were perfected by a representative 

sample marked "ICSJ" composited and sent to Institute VAMI 

by Aluterv-FKI. The Al203/Si02 ratio of the sample "ICSJ" 

was 4.1. 

3. 1. Tentative be~1ch c:c<'~k tests on bauxite sample with 

Al203/Si03 ratio of 5.5 

The bauxite received first was sampled. The chemical 

composition of the four samples obtained was determined. 

The measured data and their mean values are given in 

Table A2-9. 

The mineralogical composition of the bauxite sample was 

identified by X-ray diffractometry (XRD) as it follows: 

diaspore, kaolinite, clorite, mica, hematite, anatase, 
ilmenite, calcite. 

Based on these data the bauxite was ranked as suitable for 

producing alumina by sintering process [2]. 

When the sodium carbonate (soda) and limestone dosa5e is 

calculated for the sinter feed composition so as to obtain 

a sinter consisting of water-soluble sodium-aluminates and 

sodium-ferrites and insoluble dicalcium-silicates [)]. 
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Table ~.2-9 

Chemical composition of Iranian bauxite samples 

Denomina­

tion 

1-st sample 

2-nd sample 

3-rd sample 

4-th sample 

Mean value 

Si02 Al203 Fe203 Ti02 Cao K20 Al203 1.0.I. sol 
Si02 
ratio ·----

8.4 45.9 24.2 5.4 2.5 0.54 5.5 

8.4 46.1 24.9 5.5 2.5 0.54 5.5 

9.0 45.9 24.4 5.4 2.5 0.53 5.4 
8.4 45.8 24.2 5.4 2.5 0.53 5.5 

8.4 45.9 24.4 5.4 2.5 0.53 5.5 12.9 not ob-

served 

(L.O.I.: Loss on ignition) 

rr raw material is bauxite, on the calculation or lime­
stone dosage the bauxite Ti02-content is neglected provided 

that it does not exceed 2.5 ~' since very small amount or 

CaO forms perowskite (CaTi03), and formation of Ca-Na-sili­
cates does not hinder the extraction yield or main con­

stituents [ 4]. 

Titania content of the given bauxite sample was 5.4 %. 
Consequently it was necessary to clarify whether or not to 

consider the pP.rowskite formation when calculating the lime­
stone demand in the sinter feed composition. The sinter 

process and the leaching of the main components were com­

pared to the regular limestone dosage. 

Two mixtures were composited for these tests. 
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For the first mixture limestone and soda dosage were calcu­

lated by the following molar ratio formulas: 

= 1; cao = 2 Si02 

For the second mixture the molar ratio formulas used, res­
pectively: 

= 1; 
Cao = 2; Si02 

cao = 1 Ti02 

The sinter feed was composited by the following method: 

the bauxite, the calculated amount of soda and limestone 
were mixed, the mixture was crushed in e laboratory 

porcelain mortar until min 90 ~ were less than 0.088 mm. 
The crushed mixture was briquetted by hand-press and the 

briquettes were sintered in a laboratory furnace. 

A holding time of 45 minutes w~s used uniformly at the sin­

tering temperature. Both composition of sinter feed ~~re 

treated (sintered) at temperatures or 1100, 1150, 1175 and 
1200 °c. 
The sintered samples were leached by a standard method for 

measurement of the extraction yield of the mai~ constituents 

at favourable leaching conditions. 

The standard leaching procedure was carried out at a tempe-
o 

rature of 90 C with a solids to liquid ratio of 1:10 ~nd it 

lasted 15 minutes. Week alkaline solution (0.5 mole NaOH) 

was used as solute in order to get an aluminate liquor with 
a Na 20/Al 20 3 molar ratio of about 1 .5. 
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'I'he extraction yields calculated frcm the chemical composi­
tion of the sintered and mud samples are shown in Table 

i-10. 

Table A2-10 

Extraction yields, % 

Tempera tu re ° C 1100 1150 1175 1200 

Na2o Al203 Na20 Al203 Na20 Al203 Na20 Al203 
----------------------------------------------------------------
1-st mixture 95.9 92.J 96.6 93.1 96.5 92 .6 95 .4 92 .8 
2-nd mixture 14.5 92.J 95. 9 93.0 95. 06 93.2 93.0J 93.8 

The observed high extraction yields show that the desired 
phase formation reactions take place almost completely still 

at 1100 °c. 

0 The test results in the temperature range of 1100-1175 e 
indicate that the higher the sintering temperature is thd 

0 higher extraction yields are obtained, however, at 1200 C 

the yields slightly decline. Decline of the extraction 
0 yields indices at 1200 C can be interp:i.dted by increasing 

part of the solids that melts during the sintering treat­
ment. 

The extraction yields of sinters resulted from the 1175 and 
i) 

12CO C treatments were compared. Although the Al 203 ex-
traction yields were less, but the sodium recovery was 
1.5-2.4 3 higher as the sinters, in which the limestone had 
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been added for only to the silica content compared to the 

mixtures, in which the limestone dosage had been was calcu­

lated by taking both the silica and titania content of the 

bauxite into consideration. 

The XRD patterns show that sinters obtained from the first 

set of mixtures are solid phase solutions of sodium-alu-

mof erri te, perowskite, a-dicalcium-silicate and sodium­

calcium-silicate phases. In sinters resulted from sintering 

treatment at 1100 °c negligible amount of a•-c2s (i.e. 

alpha'-dicalcium-silicate) was observed. This a•-c2s phase 

partly desintegrates even during the standard leaching and 

calcite forms as secondary phase. The iron-oxide was found 

only as sodium-alumo-ferrite in the solid phase solution. 

It is characteristic for the sinters obtained from mixtures 

in which the limestone had been dosaged for both the silica 

and titania, that these sinters contained more amount of 

a•-c2s. The a•-c2s phase is considerably more than the 
0 

~-form in the sample treated at 1100 C. 

Though sinter resulted from 1175 °c treatment contained less 

a'-form than a-form, the amount of a'-form is more compared 

to the samples originate from mixtu1es in which limestone 

were dosaged only to the silica. 

The secondary calcite content in the mud samples resulted 

from standard leaching is proportional to the a 1-dicalcium­

silicate contents of the sinters. Two-base calcium-ferrite 

formation is an additional feature of sinters. The two-base 

calcium-ferrite decreases the sodium-ferrite content in the 

solid phase and incre~ses the sodium-calcium-silicate at the 

same time, ti1us reducing the sodium recovery from the 

sinter. 
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As observations imply, limestone dosage for both the 

silica and titania results in two significant negative 

side-effects during sintering. The first is the formation 

of a'-form of dicalcium-silicate that leads to secondary so­

dium and alumina losses, especially during leaching, and the 
other is the calcium-ferrite formation that results in less 

sodium recovery. 

Consequently further tests were done by mixtures in which 

limestone was dosaged for only to the silica, calculated 

from dicalcium silicate formation in sintering. 

3.2. Bench ~cale tests on the representative sample ----------------------------------------------
Further investigations were done by the representative Ira­

nian bauxite sample. 

Chemical composition of the sample is shown in Table A2-11 

The mean composition was used for calculating the mixture 

composition. 

Table 1~2-11 

Chemical composition of the representative Iranian sample 

Denomi- Si0 2 Al 203 Fe 20 Ti0 2 Cao K20 A1 2o1 L.O.I. S0 3 
nation Si02 
----------------------------------------------~s~iQ ___________ 
1-st sample 11.5 47.4 20.8 5.4 1.3 0.6 

2-nd sample 11. 6 47.3 20.6 5.4 1. 3 0.7 

3-rd sample 11 .5 47.2 20.6 5.4 1.4 0.6 

4-th sample 11. 7 47.7 20.7 5,3 1.4 0.6 

Mean value 11. 6 47.4 20.7 5.4 1. 35 0.6 4 .1 12.5 0 .14 
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These figures agree with chemical composition of sample 

marked "ICSJ". 

Limestone and soda dosage for further sintering tests were 

calculated with the following formulas: 

= 1; 
cao 
Si02 

= 2 

3.2.1. Rheological testing of bauxite slurries 

It is known that water content of the sinter feed affects 

to a great extent the capacity of ine sintering kilns and 

the specific heat consumption of the process step. 1 ~ 

decrease in moisture content of the sinter feed results in 

a 2 3 specific heat consumption saving. Therefore it is 

desirable to keep the moisture content of the sinter feed 

as low as possible. The attainable lowest moisture content 

is determined by hydro-transport tests, so as the slurry be 

pumped from the mill discharge tank, from the following 

tanks and be pulverised through the pulveriser head of the 

kiln feed. 

Alumina-containing mixtures to be sintered have a non­

Newtonian character. These fluids unlike the Newtonian 

ones have no permanent viscosity. Their viscosity depends 

on the shear forces and increase in force causing a 

decrease in viscosity as the structure of the fluid 

destructs [5,6J. 

Rheology of the non-Newtonian fluids are characterised by 

structural viscosity, ultimate displacehlent stress, plastic 

viscosity etc. 
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In this investigation a quick eval~ation method was used, 

as it is described in a more detailed form. 

A ring having a diameter of 35 mm and a height of 35 mm was 

placed onto a horizontal flat surface. The dry composites 

were mixed with water for preparing mixtures with various 

moisture contents. The mixture was then heated to a tempe­

rature of 60 °c. The ring was filled with slurry, and 

after removal of the ring the spreading of the slurry was 

measured. Mixtures with moisture contents of a range from 

36.5 to 41.3 ~were tested. Results showed that mixtures 

with moisture contents of above -39 ~ flow away in every 

direction and form a circle with the diameter of 70-86 mm. 

These results are similar to those of the mixtures of the 

existing Soviet plants. 

3.2.2. Investigations during heating of mixtures 

Experiments were carried out in order to clarify the tempe­

rature range of sinter formation and determination the 

melting point. A dilatometer with a construction of VAMI's 

own was used for the tests. The temperature and height of 

the briquettes were automatically recorded as heating 

progressed by this equipment. For this purpose briquettes 

with a diameter of 11 mm and height of 12 mm were pressed. 

When sintering process was studied the rate of heating was 

15-20 °C/min up to 700 °c and then 5-10 °C/min. 

Test results show that variations in height change with in­

creasing temperature (Fig .A2-2). At the beginning the 

height increases possibly due to the linear thermal expan­

sion. Then the rate decreases and this phenomenon can be 

characterized by the slope of the curve with respect to the 
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time-axis. The negligible rate of cont~acting can be a 

consequence of the increasing surface tension and/or of 

release of gases from solid-phase reactions among the mix­

ture constituents. The increasing speed of contracting is 

a sign or softening and melting of the material. 

The initial temperature of sintering (contracting) (T 1) 

and melting point (T3 ) was determined from the recorded 

curves. 

T2 represents a temperature where the rate of contracting 

slightly decreases due to the end of melting of the 

eutectic mixture (sodium-ferrite-dicalcium-silicate), that 

forms in insignificant amount during heating. 

Temperature range of sintering is the difference between 

the melting point and the initial temperature of contract­
o 

ing. In this case T3-T1 = 140 C was found. 

3.2.3. Sinter feed testing by thermogravimetry 

Sample from mixture for sinter feed was measured on a Deri­

vatograph of the Hungarian firm, MOM, up to 1000 °c with an 

aim of studying the thermal effects that accompany the 

heating process. 1000 mg charge and 8-9 °c/min heating 
rate was used. 

A thermogram of a mixture prepared with Iranian bauxite is 

shown on Fig.~2-3. The thermogram endothermic reactions are 

recorded at temperature of 150 °c soda loses its cristal­

line water (dehydration), at 520 °c diaspore loses its 

cristalline water, at a temperature of 815 °c soda melts 

and desintegrates and at 865 °c Caco 3 desintegrates. 
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The mass losses during the heating amounts up to )0.2 ~' as 

thermogravimetric curve (TG) shows. 

These results had been taken into consideration when heat 

consumption of the sintering kiln was calculated. 

3.2.4. Grain size distribution of the sinter feed 

Completeness or sintering reactions depends on grain sizes 

of ground mixture. As experience gathered at plants 

processing low-grade bauxites shows, it is favourable for 

gaining maximum extraction ef ficiences to keep the grains 

higher than 88 um less than 10 %. Laboratory screen test 

results are given in Table A2-12. 

Screen test results 

Screen residue, ~ 

+160 ian 

+ 88 ian 

+ 53 im 

- 53 im 

0.33 ~ 
5.86 ~ 
9.88 ~ 

83 .83 ~ 

Table A2-12 

A mixture like given in Table A2-12is suitable for sinter­

ing process. 
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3.3. Investigations on sinterins and leaching processes --------------------------------------------------
3.3.1. Study of the effect of sintering tecperature on 

phase-formation process 

Mixtures were composited on the following molar ratios for 

studying phase-transformation reactions during sintering: 

= 1; cao = 2 Si02 

Briquettes made from the mixtures were sintered at tempera­

tures of 1100, 1150, 1175, 12CO and 1230 °c. After this 

sinters were leached by the standard leaching procedure. 

Extraction yields resulted from standard leaching of sin­

ters are given in Table A2-13. 

Table J\.2-13 

Extraction yields, ~ 

t 0 c 1100 1150 1175 1200 1230 

yields 95.9 92.4 94.1 93.5 94.4 96.5 96.8 93.1 97.1 94.1 

---------------------------------------------------------------

As the results show, high extraction yields were obtained at 

all sintering temperatures. The maximum yield was obtained 
at 1175 °c for Al 2o3, and 1230 °c for sodium. 
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XRD patterns show that sinters contain solid solution of so­

dium-aluminate and sodium-ferrite, a-c2s (B-dicalcium-sili­

cate) and perowskite. The sodium and alumina losses can be 

interpreted as a consequence of sodium-aluminate 

formation. In muds obtained from standard leaching method 

presence of c2s, calcite and amorphous ferri-hidroxide 

was observed. 

Test results verify, that all main phase-formation reactions 

take place still at a temperature of 1100 C, and later a 

recristallisation can be stated. 

3.3.2. Porosity tests on sinters 

Leaching character depends not only on the mineralogic~l 

composition of the sinter, but on its phisical nature, 

namely on the porosity as well. Porosity (~) is defined as 

ratio of pore volumes to total bulk volumes of sinter, ex­

pressed in percents. Sinters obtained from bauxite com­

posites have usually small porosity number, their pores have 

closed character [7]. 

Measurement method used for determination of porosity of 

sinters is based on saturation of pores by carbon-tetra­

chloride. 

Porosity of sinters in the functioh of sintering temperature 

is shown in Figure A2-~. As results show the higher the 

sintering temperature is the smaller the porosity of the 

sinter. A significant decline can be observed at a tempera­

ture of 1230 °c. If porosity of the sinters are small, 

water for leaching can not properly reach sodium-aluminate 

trapped into the sinter. This phenomenon causes alumina 

losses. 
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High porosity makes possible for leaching water to reach the 

surface of dicalcium-silicate. This is advantageous for the 

secondary reactions and for obtaining higher alumina and 
sodium losses. 

On the basis of tests carried out, an optimum sintering 
t t ·a d t b f 1115-1200 °c. empera ure provi e o e o 

3.J.3 •. Technological behaviour of sinters during leaching 

Preliminary tests revealed that sinters resulted from 

sintering at a temperature of 1175-1200 °c are quite suit­

able for leaching. 

Leaching tests were carried out by percolating the coarse 

sinter. Laboratory leaching unit modelled the large-scale 

process by using a continuous flow of solution. Filtered 

liquor from zones were fed to the next zone. Five zones 

were used. Fig.A2-5 shows the drawing of the laboratory 

leaching unit. 

45 grams of sinter was put into a basket that had been 

placed into the glass. Glass had been filled with alumina­

te liquor solution previously. Basket was placed into the 

glass so that some empty volume could get underneath, simi­
lar to those of circumstances in large-scale equipment. 

Leaching liquors are fgd from upwards and are discharged 

from below the basket. 

The described leaching procedure models simulates process 

conditions in large-scale equipment. Leaching solutions 

obtained from previous leaching of fine-grain sinter are 
sprinkled onto the sinter. Liquid to solids ratio is 
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Fig.A2-4 

Change of porosity vs. temoerature 
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selected so that a similar concentration of given stage 
should be obtained. In the first zone mud is washed by 

fresh \·rater. 

Leached mud is crushed in wet condition. A part of the mud 
is re-leached at standard conditions at a temperature of 

80 °c. This leaching lasts for 10 minutes. Mud is then 

washed by hot water. Muds after leaching and after the 

standard final leaching are analysed. Leaching efficiency 

is calculated from difference between the sodium and alumina 

extraction yields in muds after normal leaching and muds 

after final leaching. 

Grain size distribution corresponds to those of ones in 

large-scale plants, as follows: 

-8 +7 rnr.i 25.0 3 
-7 +5 mm JO.O 3 
-5 +3 mm 14.5 3 
-3 +2 mm 4.0 3 
-2 +1 mm 4.0 3 
-1 mm 22.5 3 

Na2o and Al203 concentration of solutions that enter into a 

given zone are similar to concentrations in a large-scale 

plant. 

$inters are leached for 4 hours at a temperature of 85-90 
0c. Holding time was JO minutes in 5th and 4th, 60 minutes 

is 3rd, 2nd and ~irst zone. 

Test conditions and results are summarized in Tables A2-14 

A2-15 and A2-16. 
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Results show that by using continuous leaching of sinters 

high sodium and alumina exraction yields can be obtained. 
0 

At sinter resulted from heating at a temperature of 1200 C, 

alumina extraction yield is higher by 2 ~' than that of 

sinter treated at 1175 °c. This can be a consequence of 

more perfect cristallisation of a-dicalcium-silicate from 

a•c 2s form. This a-form is more inart in contact with alu­

minate liquor, so secondary alumina losses are bss [8]. 

As final leaching tests reveal (1-2 % alumina and 3-4 ~ so­

dium extraction increase), in continuous leaching some 

sodium-alwninate and aluminate liquor remains in the pores 

of the sinter. Al 2o3 extraction yields obtained after final 

leaching are less than those of by standard leaching. This 

imply that secondary reactions take place with hydrogarnet 

and sodium-alumo-silicate formation. 

Higher sodium extraction yield can be a consequence of 

desintegration of sodium-ferrite. 

Continuo~s leaching proved to be effective proceduers in ca­

se of processing Iranian bauxites by sintering. At sinters 
0 obtained at an optimum sintering temperature of 1200 C, ex-

pected alumina extraction yields is 91 3, sodium recovery is 

95 3. 

Aluminate liquor desilication, carbonisation, precipi t:J.tion 

and calcination tests were not carried out, since process 

parameters are independent from the raw material. Design 

parameters can be determined on plant experience. 
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fi';J .A.2-5 

Exnerinental unit for the leaching of the sinter 
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Test Zone Leaching 
serial serial solution 
number number for zone 

Continuous leaching test results of sinter No.62 
(sintering temperature 1175 °c) 

Liquor composition, g/dm3 caustic 
Initial cauf'ltic Final molar 

Al 20 3 Na2 ocaus~olar Al203 Na20caust ratio 
ratio 

Table J\2-14 

return from Moisture 
water mud content 

pond of mud,% 
Al2o3 Na20caust 

---------------------------------·----------------------· ·--------------------------------------------- - - -

5 63+85 82. 6 82 .2 1. 64 154.0 138.0 1.45 
_4_ 70 62. 0 62. 0 1. 65 119.6 110 .1 1.51 

1 3 70 32. 6 40.1 2.03 82. 9 77.3 1.54 
2 70 14.3 22.9 2.60 44.6 46.5 1. 71 
1 70 water 18.2 26.0 2.36 - 6.2 

------------------------------------------------------------~---------------------------------------
5 70+85 78.0 80.6 1. 70 140.3 12 7 .1 1 .49 
4 85 60.0 60.5 1. 66 108 .6 100.8 1.53 

3 3 80 30.0 33.3 1. 83 77.0 69.8 1 .49 
2 80 13.7 15.5 1. 87 43.4 40.3 1.53 
1 70 water 17. 6 18.2 1. 91 5.2 6.4 59.5 

)I 
IV 
I 

w 
CJ 



Test Zone Leaching 
serial serial solution 
number number for zone 

Continuous leaching test results of sinter No.59 
(sintering temperature 1200 OC) 

Liquor composition, g/dm caustic 
Initial caustic Final molar 

Al20
3 Na 20caus!folar Al20

3 Na 20 ratio cau.c; 
ratio 

Table 1\2-15 

return from Moisture 
water mud content 

pond of mud,1. 

A 12 °:3 Na20 t ca us 

------------------------------~~----------------------------------------------------------------------
5 56+85 82. 6 82 .2 1 . 64 150.5 133.3 1. 46 
4 70 62. 0 62. 0 1 . 65 112.7 102. 3 1 .49 

2 3 70 32 .6 40.3 2.03 83.4 82 .2 1. 62 
2 70 14.3 22.9 2.60 46.4 49.9 2 .14 
1 70 water 18.4 23.9 2 .14 3.5 5.6 

----------------------------------------------------------------------------------------------------
5 56+85 78.0 80 .6 1. 70 151 .5 138.0 1.50 
4 85 60.0 60.5 1. 66 106.3 99.2 1.53 

4 3 80 30.0 33.3 1.83 70.9 65 .1 1.51 
2 80 13.7 15.5 1. 87 35 .1 31 • 0 1 .45 
1 70 water 13.6 1. 99 2.4 3.0 48.7 

::=-
N 
I 

w 
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Table A2-16 

Chemical composition of sinters, muds and extra.ction yields for Na2o and Al203 

----------------------------------------------------------------------------------------------------
Test Chemical composition, 3 Yields, 3 Moisture 
serial Samples --------------------------------------------------- 3 
number Si02 Al203 Fe 2o3 Cao Na20 Al 203 Na20 

------------------------------------------------------------------·~---------------------------------
Sinter No.62 8.2 32.9 15 .1 15.4 24.8 
Mud after standard leaching 15.6 3.5 31 .6 33.6 1 • 8 95.0 96.6 )II 

N 
1 ~Iud after continuous leaching 12. 7 7.2 29.9 31.5 3.0 89 .1 94.0 I .,,. 
1 Uud after final leaching 12.5 5.9 30.6 32. 6 0.77 91.3 98.5 u 

3 Mud after continuous leaching 13.2 6.4 30.7 31. 9 3 .1 90.5 93,9 59,5 
3 Mud after final leaching 13.J 4.8 31. 9 33,3 0.78 93,2 98.5 

----------------------------------------------------------------------------------------------------
Sjnter No.59 8 .1 32. 8 15.0 15.4 25.0 
Mud after standard leaching 15.6 3.5 32.2 33.4 1 • 7 95 .1 96.8 

2 Mud after continucus leaching 13.9 5,9 30.7 32.3 2.4 91 ,3 95,3 
2 Mud after final leaching 13.4 4.7 31 . 6 33,5 0.78 93,3 98.5 
4 ?fad afte.· continuous leaching 13. 7 6.3 30.7 3~.4 2.5 90.7 95.2 48.7 
~ Mud after final leaching 13.8 4.6 32.1 33,7 0.69 9'3.5 98.7 
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4. llEL~CH-SCALE TESTS O~ I VARIANT BAUXI'!'E PROCESSING 

llY BAYER-PROCESS 

4.1. Predesilication tests 

Predesilication is adopted in processing high silica ca~x~:es. 

It is aimed to dissolve considerable portion of reactive 

~ilica present as kaolinite in bauxite and precipitate 

the same to form sodium aluminium hydrosilicate prior 

to preheating of slurry and digesting, respectively. In 

this way severe scale formation on heating surfaces of 

slurry preheaters, digesters or tube reactors can be a~viced. 

Both characteristic Iranian bauxite samples prepared :er 

the technological tests are of high silica content /fficd~le 

6.89 and ).77/ therefore in the case of processing the 

desilication procedure has to be performed. 

In the course of bench-scale tests the desilication ~as 

carried out in a 5 litres capacity, electrically heated 

and mechanically agitated digester at the parameters ado?:ei 

with the refineries using the European Bayer technolo~y: 

Temperature: 100° C 

Solids concentration: JOO gpl 

Caustic soda concentration of liquor: 161. 6 gpl ::a~O . 
~ c 

Samples were withdraun from the reactor in intervals of 3J 
minutes, 1, 2, 4 and 8 hours. The samples were centrif~~e~. 

The Na2oc-' Al 2o3- and S102-content of liquor was anal~se~, 

the solid phase washed alkaline-free, then dried and i~e~~e~ 

for chemical an&lysis. The efficiency of desilication 

was calculated from the Na2o;s102 molar ratio measure~ 

in the solid phase. It ensues from the composition of 

sodi11m aluminium silicate that were the entire 310 2-~::-::;:-:: 
of bauxite converted, the Na20/Si02 ~olar ratio ~oulc 

N1coretlcally be 0.688/. On expressing the Na201s102 ==l~~ 
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ratio achieved during predesilication in ter~s ~r prece~~afe 

of the theoretical /0.688/ value one gets the pro~or~io~ 

of total silica content of bauxite that had been cc~ver~ei 

into sodium aluminium hydrosilicate. 

The results of predesilication tests carried out with 

bauxite ICS-2 are shovn in Table A2-17and Fig. l\2-6. 

It can be seen from the results that under the given para­

meters 72.7 j of the entire silica content of bauxite 

has been converted into sodium aluminium hydrosilicate. 

The non reacted proportion is present in the form of cha~cs:t; 

and other non soluble minerals which do not react with 

the digestion liquor under the conditions of predesilication. 

The results of predesilication tests carried out vith 

bauxite ICS-3 are shown in Table P.2-18 and Fig .. ?\2-7.. Under 

simiiar desilicating parameters and within 8 b9urs a ~axinu~ 

efficiency of 52.7 ~has been achieved. The results indica~e 

that the average sample having a module of ).77 cocprises 

considerable proportion of silica in the form of minerals 

/cha~osite, chlorites, etc./ which do not get dissolved 

under the conditions of desilication. Part of silicates 

/first of all the chamosite/ remains unchanged even after 

the high-temperature digestion. 

The predesilication is motivated in the course of prccessi~g 

the ores characterized by the average samples cited. 



Table .\2-17 

?redesilication test 

Bauxite: ICS-2 
Temperature: 100° C 
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Solids concentration: JOO gpl 

Sampling: 30', 1 h, 2 h. 4 h, 8 h 

Liouor analysis 

Sampling Na2oc 
time gpl 

Al 2o3 
gpl 

Molar ratio Si02 
gpl 

initial liquor 161.6 8J.O J.20 0.48 

JO' 160,4 91.0 2. 90 1.17 

1 h 157.6 88.5 2.92 0.95 

2 h 157.2 89.0 2.90 0.72 

4 h 151.1 8).9 2.96 0.4) 

8 h 150.2 8J.6 2.95 0.J9 

Chemical com:eosition of the. solid ohase 
Al 2o3 Si02 Fe2o3 Ti02 L!lI. Cao MgO Na2o 

~ ~ ~ ~ ~ ~ ~ s 

30' 50.6 8.4 17.4 6.4 12.4 1.9 0.6 2.J 

1 h 50.1 8.1 17.1 6.2 12.4 1.6 0.6 2.6 

2 h 50.2 8.2 16.9 6.1 12.5 1.5 0.6 ).1 

4 h 50.2 S.2 16.8 6.1 11.8 1.4 0.5 ).7 
8 h 49.6 8.4 16.7 6.1 11.8 1.5 0.5 4.1 

Na2C :::::.-
-- ,...;=--c .... SiO,.. "' - --· .: 

~ ;. 

0.22 L:,':,. 7 

O.J.3 ~:.o 

O.J9 55.7 
0.46 66.S 
0.5: 72. 7 
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PREDESILICATION TEST 

Bauxite ICS-2 

Temperature 100°C 

Solids concentration 300 gpl 

Initial Na20c cone. 161·6 gpl 

x-----x Si02 gpl 

Na20 . 
---m.rat10 
Si Oz 01----0 

2 3 4 5 6 7 8 

Holding time ( hours) 

ell 
U> 
c 

0.5 ..c a. 
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z, (/) 

0.1 



A2-45 

T~ble A2-1B 

F:=-edesi 1 ica·i:ion test 

Bauxite: ICS-J 
Temperature: 100° c 
Solids concentration: JOO gpl 

$amp ling: JO', 1 h, 2 h, 4 h, 8 h 

Liguor analisis 

Sampling Na2oc Al 20J Molar ratio Si02 
time gpl gpl gpl 

initial liquor 161.6 8).0 J.20 0.48 

JO' 144.4 79.6 2.99 0.74 

1 h 149.4 81.4 ).01 0.61 

2 h 142.1 77.9 ).00 0.41 

4 h 142.4 78.9 J.00 0.41 

8 h 14).9 78.9 J.00 0.)5 

Chemical comoosition of the solid ohase 
Al2o3 Si02 Fe2o3 Ti02 LUI. CaO MgO N~O N~O Eff icie~cy 

~ % % % ~ % % ~ S102 
-;, 

JO' 47.J 11.2 20.0 5.J 11.6 1.4 0.5 2.2 0.20 29.4 
1 h 47.J 11.0 20.0 5.J 11.7 1.4 0.5 2.4 0.23 32.7 
2 h 47.4 11.2 19.9 5.2 11.5 1.4 0.5 J.l 0.29 41.5 

4h 47.J 11.2 19.7 5.2 11.) l.J 0.5 J.7 0.)4 ~- , .:;-.O 

Sh 47.0 11.1 19.5 5.1 11.4 1.5 0.6 J.9 0.36 -;t:... 7 
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PREDESILICATION TEST 

aauxite 

Temperature 

ICS-3 

100°c 

Solids concentration : 300 gpl 

Initial Na20c cone. 161·6 gpl 

~----x Si02 gpl 

o----o ratio 

" ---------------0 ~ I\\ ~ 
~ 0.6/ x\ o~ 
8 >( 
: Q.4 / , ______ x _________ _ 

0 x ·-(/') 

Q.2 

QL--__ ._ __ ...1----L-~-1-~....:....~......a...~_._ __ _,__ 
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_c 

0-5 a. 

-0 
Q.4 '1) 

c ·-
0 -0-3 0 
L.. 

0-2 ON ,.,. 
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0 ·­z fJ') 
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4.2. DIGESTION TESTS 

-l.2.1.Testing methodology 

Digestion tests were carried out with the average bauxi~e 

samples ~arked ICS-2 and ICS-3 of modules 6.89 and J.77, 

respectively. The composition was given in Chapter 1. 

Corresponding to the grinding fineness adopted for diaspc~ic 

bauxites, both bauxite samples were ground to below 90 1 u~ 
and were admeasured in the air-dry state to the digesticr. 

tests. For the investigation of the effect of grinding 

fineness also samples having been ground to below 125 1ur:. 

and 160 1um were used with some experiments. 

Corresponding to the usual practice with the investigation 

to qualify bauxites, plant liquor resulting from the precess 

liquor circuit of the Almasfilzito Alumina Plant /Refir.e~y/ 

~hich also comprised the common impurities was used as 

digestion liquor. Main components and impurities of the 

digestion liquor are as follows /impurities comprised 

with liquors of lower or higher concentrations than tha~ 

given do change proportionally/. 

Na2ot 188.8 gpl 

Na2oc 161.6 gpl 

Al 2o3 8).0 gpl 

Molar ratio ).2 

Na2co
3 

42.7 gpl 

corg 4.4· gpl 

V205 0.6 gpl 

so 3 0.9 gpl 

F 1.6 gpl 

The bench-scale digestion tests were carried out ir. a 
5 litres capacity electrically heated mechanically ag::~:~: 
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digester at temperatures of 260 and 280° C. Lime addition 

was perfo~med in the form of lime milk with a concentra~io~ 

of 200 gpl solids content, the lime having been slaked 

with water. Heat-up prior to reaching digestion tempera~~re 

took 1 hour to 1 hour and 10 minutes. No laboratory modelli~g 

device for the tube digestion can be made due to the sc~ll 

diameter of the tube, however, we are in possession of 

several comparative data concerning digestion carried 

out in laboratory digester and plant scale tube digesti~g 

facility, thus modelling of the tube digestion was perr:~~ed 

similarly in the laboratory digester and intensive agitation 

was applied. The tests carried out at 260° C serve to 

the modelling of solution with digesters and tube reactors, 

while the tests performed at 280° C serve exclusively 

to the modelling of the solution with the tube reactor . 

. 
After digestion the slurry having been recooled down ~o 

70-80° C was separated with a centrifuge at a revolution 

of 2000/min. The sodium aluminate solution was analyzed, 

however, the red mud treated with hot water containing 

2 gpl of Na2o to reslurry it three times, then repeatedly 

centrifuged and dried. The cake was made it analyzed. 

The Al~03-recovery was calculated from the analyses of 

starting bauxite and red mud resulted after digestion 

according to the formula below: 

r Al203rm'Fe203bx 
Al 2o3-recovery /3/ = ll 

Al203bx'Fe20Jrm l x 100. 

-
Chemical analysis of red mud samples was made by the a:c~ic 

absorption method, the mineralo6iC composition, howeve~, 

was determined by the X-ray diffraction, and derivato~~a;hi~: 

method and by the infra red spectroscopy. 
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~.2.2.Digestion tests carried out on the ICS-2 bauxite s~~~~e 

having a module of 6.89 

The digestion of diasporic bauxites can be performed at 

high temperatures and by the addition of lime. The CaO 

added to digestion, apart from promoting the dissolution 

of the diasporic mineral, considerably reduces the bo~r.c 

Na20-losses. In the presence of lime part of the reac~ive 

silica gets bound during digestion as a hydrogarnet reir.e~al 

/further on CASI of composition 3CaO.A12o3 .kSi02/6-2k/H2o 
instead of sodium aluminium hydrosilicate diminishing 

the losses of reagent hereby. In the course of digestion 

the CaO-addition was optimized by considering both the 

Al2o
3 

and Na2o losses bound in red mud. The experiments 

aiming to determine the optimum amount of lime to be acied 

were carried out at the following parameters: 1.55 mola~ 

ratio for the admeasurement, 160 gpl digestion liquor 

concentration, 260° C and 280° C and zero to 10 3 of li~e 
addition calculated on dry bauxite. 

Chemical analyses of the sodium aluminat~ liquor and red 

mud corresponding to the tests carried out at 260° C as 

well as the digestion ~ecovery data are summarized in 

Table A2-19.The mine~al composition of red muds are giver. 

in Table A2-XJ Figure A2-3 indicates the formation of 

Al 2o
3
-recovery and the undigested amount of diaspore in 

function of the amount of lime. In FigureA2-9'the for~a~ion 

of Na2o- and Al 2o3-losses bound in red mud /i.e. the 

Na20/Si02 and Al 2o
3
/Si02 ratios/ are indicated. It revea:s 

from the test results and figures that at 260° C and w~:hc~: 
any additive considerable part of diaspore content of 

bauxite remains undigested, however, u11d1cested diasp:~i 
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Table 2-19 

Effect of lime addition for di~~stion 
~·:odellin; of autoclave and tube digestion 

Bauxite: ICS-2 
Digestion temperature: 260° C 
Holding time: 1 hou.L· 
Calculated molar ratio: 1.55 

Lime addition: 0-10 % /for dried bauxite/ 

Digesting liquor: Na20c: 161.6 gpl; Al 2o
3

: 83.0 gpl; M.~.: 3.2 

Na20t: 188.8 gpl; Si02 : 0.48 gp~ 

Quantity of lime added 3 

0 3 5 7 10 

Sample ICS-2 ICS-2 ICS-2 ICS-2 ICS-2 
Ch Ml M2 MJ ~·!4 

Liguor analisis 

after di~estion 

Na2oc gpl 145.8 148.0 147.7 140.8 147.9 

Al 2o
3 

gpl 1)0.4 156.7 154.7 142.0 l~6.5 

Na2ot gpl 172.9 178.8 180.J 169.6 li-5.1 

Si02 gpl 0.4 0.48 0.48 0.45 Q.!;.5 

M.r. 1.84 1. 55 1.57 1.61 1.55 

Chem.com2ositon of 
red mud A1 2o3 % 32.8 19.J 15.9 15.J :5.2 

Si02 3 11.8 14.2 14.) 14.0 "" ~.:. ~ 

Fe 2o3 3 26.2 )0.4 31.) 29.6 27.1 

Ti02 3 8.8 9.9 9.8 9.7 ~ --·,,, 
L.Ql 3 9.0 8.2 8.2 8.7 - ... ;: • '..J 

Cao 3 1.8 7.2 10.1 13. 2 
. , . - : . '-

MgO i 0.7 0.9 1.0 1. 0 .- = 
Na20 3 8.1 8.1 7.8 7.0 , -:.: 
Na20/Si02 0.68 0.57 0.56 0.50 t:. ~·? 
A1 2o

3
1s102 2.78 1. )6 1.11 1. 09 ~ , .... -. -'"' 

g 2Q3 yield~ 58.2 78.8 8).0 82.7 ::.) 
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Table A2-'l!J 

~ineralogical comoosition of red muds 

/Effect of !ime a~~ition/ 

::c-.!ellinc; of autocla 
Bauxite: ICS-2 

ild. "tube di:;<?stion 

Digestion temperature: 260° C 

Holding time: 1 hour 

Quantity of lime added 3 

Sample 

Al 2o3 3 in:diaspore 

sodalite 

cancrinite 

CAS 

undigested 

0 

ICS-2 
Ch 

21. 7 
2.0 

4.7 
0.4 

3 

ICS-2 
Ml 

4.6 
2.5 

5.7 
2.9 

5 

ICS-2 
i'~ 

1.0 

2.7 

5.8 
).5 

7 

ICS-2 
N3 

0.6 
2.8 

5.8 
3,3 

10 

IC~-2 
...... ..,.. 

0 

2.a 

5.3 

5.5 

silicates 4.0 ).6 2.9 2.8 1.5 
/chrlr.'losite/ ----------------------
total 32.8 19.) 15.9 15.3 

Si02 3 in:sodalite 

cancrinite 

GAS 

undigested 
s,i,licates 
I cn::i.'Tlo::>i tel 
total 

Fe 2o3 
3 in:goethite 

hematite 
undigested 
silicates 

2.3 2.~ 3.2 3.3 

5.5 6.7 6.8 6.8 

4.0 
11.8 

1. 7 

17.0 

7.5 

1.0 1.4 1.1 

3.6 2.9 

14.2 14.3 

1.4 1.2 

22.) 24.7 

6.7 5.4 

2.8 
14.0 

1.0 

22.4 

5.2 

/chant./ total 26. 2 30.4 31.3 ~9.6 

Ti02 3 in:perowskite 

Na-titanates 
+ rutile 

total 

Cao ~ in:perowskite 

CAS 

o.~ 2.9 4.7 

7.9 7.0 5.1 

8.8 9.9 9.8 

0.6 2.0 3,3 
0.7 4.7 5.8 

9.7 

2) 

9.7 

6.8 

5.4 

1.0 

15.2 

,.. ' c ...... 

2.0 
1 - -. -_ __,. -
C.7 
-- -~::..? 

- -. -, . --- . ~I • .:. 

- -- --·, 
... ... 

- -.. --. ,.. 
,.. 
"' . -.... 

calcite 

total 

__2_.~5~ ___ 0_.~5 _____ 1_.o_ ... - .. --·---------
1.8 7.2 10.1 1J.2 . ;. 

·---------·-------------------­
' 
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Fig.A2-8 
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?ig.A2-9 

CHANGING OF Na20/ Si02 AND Al203 /Si02 W. RATIO IN 

RED MUD VS. QUANTITY OF LIME ADDED TO DIGESTION 
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remains even with the addition of 3 or 5 3 of CaO. In 

the tests carried out with 7 and 10 3 of lime additive 

calculated on the dry weight of bauxite practically all 

the diaspore got digested and the Na2C-losses were also 

favourable. The Na20/Si02 weight ratio in red mud was 

0.50 and 0.49, resp~ctively, compared to 0.69 as the theore­

tical value. On further increasinJ the amount of lime 

additive, owing to the Al 2o
3
-losses bound in calcium alu­

minium silicate, the A1 2o
3
-recovery decreased, however, 

relative to the Na20-losses no considerable decrease was 

observed. 

Based on the results and taking both the Al 2Q
3
-recovery 

and the bound Na20- losses into account 7 3 of lime additic~ 

is considered to be optimum. · 

Test results carried out at 280° C and wi~h various amoun~s 
of lime are given in Tables A.2-21, A2-22 and in Figure~ 

h2-10, A2-11. It can be seen from the data and figures 

that the diaepore gets practically fully digested at 280° C 

in the presence of as low as J-5 3 of CaO. The reduction 

of Na~O-losses, however, gives reason for the addition 

of more /7 3/ lime. Considering that in the presence of 

that high amount of lime the digestion of diaspore gets 

completed evPn at the lower /260° Cl temperature, from 

the point of view of chemical technology 260° C is adequa~e 
for the digestion temperat~re, however, owing to energetic 

aspects the investigation of the probable application 

of the tube reactor with its final temperature of 280° C 

could also come up. 

It should be noted that the high Ti02-content of bauxite 

binds considerable ~mount:; of li1ne in form of CaTiOJ. 

The 260° C tests were repeated in a way that lime milk 
was added under pressure to the bauxite slurry when the 
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Table A2-21 

Effect of lime addition for di~cstion 
[iOdellitlO of tube diGcstion 

Bauxite: ICS-2 
Digestion temperature: 280° C 

Holding time: 1 hour 

Calcul~ted molar ratio: 1.55 

Lime addition: J-10 3 /for dried bauxite/ 

Digesting liquor: Na20
0

: 161.6 gpl; Al 2o
3 

8).0 gpl; M.r.: ).2 

Na2ot: 188.8 gpl; Si02 0.48 gpl 

Quantity of lime added 3 

J 5 7 10 

Sample ICS-2 ICS-2 ICS-2 :cs-2 
M5 M6 M7 

...... 

.·.O 

Liguor anal~sis after 

dis:estion Na2o
0 

gpl 149.2 146.7 142.5 152.9 

Al 2o3 gpl 158.) 155.7 151. J 150.0 

Na2ot gpl 175.5 172.6 167.8 179.9 

Si02 gpl 0.45 0.45 0.4 C.35 
M.r. 1.55 1.55 1.57 l.67 

Chem. com12osition of red mud 

A1 2o3 % 15.7 15.7 15.1 15.4 
Si02 3 14.9 14.4 14.0 :i.3.7 

Fe2o3 % 31.9 JO.O 29.5 27.9 

Ti02 3 10.5 9.6 9.4 ?.l 

L.Ql 3 7.6 8.2 8.5 5.8 
Cao 3 7 .8 10.5 12.4 ~:.. -.;._. 0 

MgO 3 1. 0 0.9 0.9 
,.. ,... 
.., • -:J 

Na2o 3 8.5 8.1 7.2 6.6 
Na20/Si02 0.57 0.56 0.51 .J. L.3 

Al 20
3
/Si02 1.05 1.09 1.08 1.12 

!12Q3~ld 3 8).6 82.5 82.9 -, , 
:: •• 0 
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T~ble A2-22 

~ineralogical composition of red muds 

/Effect of lime addition/ 
iiodellin:; of tube dibestion 

Bauxite: ICS-2 

D t t t 2800 c iges ion empera ure: 

Hoiding time: 1 hour 

Sample 

Al 2o
3 

% in:diaspore 

sodalite 

can~rinite 

CAS 

undigested silicates 
/ch?..ncs~ -:e/ 
total 

Si02 ~ in~sodalite 

cancrinite 

CAS 

undtgest~~ s~licates 
I clmnos1 -:e/ 
total 

Fe2o
3 

% in:goethite 

hema.tite 
undigested silicates 
/cl1MJoi:;ite/ 
total 

Quantity of lime added 3 

3 5 
ICS-2 ICS-2 

M5 M6 

0.7 0.5 
J.O 2.6 
6.6 5.8 
2.8 4.0 

2.6 2.8 

15.7 15.7 

7 
ICS-2 

r.17 

0.5 
J.l 
5.7 
J.l 
2.7 

15.1 

).5 J.2 J.6 
7.8 6.8 6.6 
1.0 1.6 1.1 
2.6 2~8 2.7 

14.9 14.4 14.0 

1.4 1.1 1.1 

25.7 2).7 2).4 

4.8 5.2 5.0 

)1.9 30.0 29.5 

T102 3 in:perowskite ).1 J.2 9.1 

10 
:~S-2 .. ~ 

;.·.~ 

2.6 

5.5 

1. 5 

15.4 

J.O 
6.5 
2.5 
l. 7 

13.7 

1. 0 

2J.7 

27.9 

~-1 

Na-titanates+rutile 7.4 6.4 0 
~-'----~~---~~~___;;~~~~·~~~ 

total 10.5 9.6 9.1 

Cao 3 in:perowskite 

CAS 

calcite 

total 

2.2 

1.6 

1. 0 

7.8 

2.2 6.4 

7.5 5.2 
0.8 0.8 

10.5 12.4 

, , 
- I ~. -

:.o 



90 

;!-
80 

'U -C!J 

~ 

M 

0 
N -4 

70 

A2-57 

Fig.A2-10 

Al20 3 YIELD AND UNDIGESTED DIASPORE VS. - -
QUANTITY OF LIME ADDED TO DIGESTION 
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Fig.A2-11 

CHANGING OF Na20/Si02 AND Al203/Si02 '8. RATIO IN -
RED MUD VS. QUANTITY OF LIME ADDED TO DIGESTION 
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digestion temperature was reached. According to the results 
no evaluable deviation was found for digestion recovery 

and bound Na20-losses compared to the method of adding 

lime prior to heat-up. 

4.2.2.2.Di~e~tio~ !e~t~ ~i!h_dig~s!i£n_liQ!:!.O£S_of ~a£i£U~ 

.£.O~c~n!ratio~s-

The effect of concentration of digestion liquor was inves­

tigated at 260° C w~th the addition of 7 % of CaO calculated 

on dry bauxite. Comparative digestion tests were made 

with digestion liquors having various i.e. 141.2; 

161.6 and 182.4 gpl Na2o concentrations. Chemical analyses 

of the aluminate liquors and red muds moreover the digestion 

recovery data are given in Table12-23,the mineral compo-

s 1 ti on of red muds, however, in Table .A.2-24. According to 

the results, the digestion re~overy is practically the 

same at the given parameters and in the range of concentra~~cn 

investigated. In the course of making the d~sign the opti~~~ 

concentration may be modified within the given limits 

taking the energetic and technologic aspects into considera~ic~. 

-1.2.2.3-Qi!_e~tlo!!. ie~t~ £_n _b~u~iie_s!!:m.£l~s_g£o~n£. io_v:;;rio:::,s_ 

!_r~i!!. ~i~e~· 

A comparison of digestibility of wet ground bauxite sa~ples 

of grain size less than 90 1um and 160 1um was made under 

equal digestion parameters and the same amount of lime 

addition. The test results are given in Tables A2-25 and 

A2-26. 

On the intensive agitation in the laboratory digester 

both bauxite samples were practically digested with a 

aimilar digestion efficiency. It ohould be noted that 
even in the sample ground to below 160 1um more than 90 3 
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Table A2-23 

Digestion tests at different digesting liguor concentrat~o~ 
i'.!odellillb of autoclave and tube digestion 

Bauxite: ICS-2 

Digestion temperature: 260° C 

Holding time: 1 hour 

Calculated molar ratio: 1.55 

Lime addition: 7 j /for dried bauxite/ 

Sample ICS-2 Kl 

Di~estin~ liguor 

Na2oc gpl 141.2 

Al 2o
3 

gpl 72.6 
M.r. 3.2 

Ligour anallsis after 

di~estion Na2oc gpl 130.2 

Al 2o
3 

gpl 130.7 

M.r. 1.64 

Chem. com2osition of red mud 

Al2o
3 

3 15.7 

Si02 3 14.0 

Fe2o
3 

3 29.J 

Ti02 3 10.0 

L.O.I. 3 9.1 

Cao 3 11.1 

MgO 3 0.9 

Na2o 3 8.1 

Na20/Si02 
. 0. 57 

Al 2o
3
/Si02 1.12 

Ca0/Si02 0.79 

Al 2Q3 ;iield 3 82.1 

ICS-2 iC2 ICS-2 !(J 

161.6 182.4 

83.0 9J.8 

3.2 J.2 

140.8 157.9 
142.0 162.3 

1.61 1.61 

15.J 15.4 

14.0 1).9 

29.6 29.6 

9.7 9.7 

8.7 8.4 

13.2 1).5 

1.0 0.9 

7.0 7.J 

0.50 0.53 

1.09 1.11 

0.94 0.93 

82.7 82.5 
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Table A2-24 

Mineralogical compo~ition of r~d mud~ 
/Tests at different liquor concentration/ 
i1odelli~ of autoclave and tube di~es'tion 

Bauxite: ICS-2 

Digestion temperature: 260° C 
Holding time: 1 hour 

Digesting liquor Na2oc conc.gpl 

141.2 161.6 182.4 

Sample ICS-2 Kl ICS-2 K2 ICS-2 K) 

Al 2o
3 

3 in;diaspore 

sodalite 
0.6 0.6 0 
2.] 2.8 2.) 

~ancrinite s.s 5.8 5.1 
CAS 4.7 J.J 5.4 
undige~~~d .silicat __ e.;;;..s __ 2.;;;...;... 8~ ___ ...;;2;;..;•...;;8;...._ ___ _..;;;2 __ . __ 6 __ 
I chano ~~ .. e/ 
total 15.9 15.J 15.4 

Si02 3 in:sodalite 2.8 J.J 2.7 

cancrinite 6.6 6.8 6.1 
CAS 1.8 1.1 2.5 
updiges~ed ,sili~ates __ 2_._8 ____ 2_._8 _____ 2 _. 6 __ 
/cM.-.,os1;;c/ 
total 14.0 14.0 lJ.9 

Fe 2o3 
3 in:goethite l.J 1.0 1.2 

hematite 22.8 22.4 2).6 
widige~t~d ,silicates __ s ....... _2 ___ ___.s ..... _2 _____ 4_._8 __ 
/CMnO.,~ue/ 

total 29.J 29.6 29.6 

Ti02 3 in:perowskite 2.9 9.7 4.7 

Na-ti tanates+rutile 7 . 1 0 5 . 0 ___ ..;....;...~---....;;_------"----
total 10.0 9.7 9.7 

CaO 3 in:perowskite 2.0 6.8 J.3 

CAS 7.9 5.4 9.0 

calcite 

total 

1.2 1.0 1.2 

11.1 1).2 13.5 
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Tnl::ile A2-25 

Effect of grain size of bauxite 
!i0dellin6 of autoclave and tube digestion 

Bauxite: ICS-2 <90 1um; ICS-2 ~ 160 1um 

Dibestion temperature: 260° C 

Holding time: 1 hour 

Calculated molar ratio: 1.55 

Lime addition: 10 ~ /for dried bauxite/ 

Digesting liquor: Na20
0 

161.6 gpl; Al 2o3 8).0 gpl; ~.r.: 3.2 

Na20t 188.8 gpl; Si02 0.49 gpl 

Grain size of bauxite samples 

Sample < 90 1um C:::: 160 1um 

Liaour anallsis 

after digestion 

Na20
0 

gpl 147.9 140.0 

Al 2o
3 

gpl 146.5 142.2 

Na2ot gpl 176.1 167.l 

Si02 gpl 0.45 0.42 

M.r. 1.65 1.62 

Chem. com2ositon of 

red mud Al 2o
3 

3 15.2 14.9 

Si02 3 1).8 13.4 

Fe 2o
3 

3 27.1 27.0 

Ti02 3 8.9 10.J 

L.O.I. 3 9.4 8.6 

Cao 3 16.4 16.0 

MgO 3 0.8 1.1 

Na2o 3 6.8 6.4 

Na20/Si02 0.49 1).48 

A1 20
3
/Si02 1.10 1.11 

Al 2Q3 :t:icld 3 81.J 81.6 

CaO/S102 1.19 1.19 
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Tabl~ A2-26 

~ineralogical composition of red muds 

/Effect of grain size of bauxite/ 
:!o,lelli~ of tube di;estion 

Digestion temperature: 260° C 

Holding time: 1 hour 

Grain size of bauxite 

Sample ICS-2 <. 901um ICS-2 

Al 2o3 3 in:diaspore 0 
sodalite 2.8 

cancrinite 5.J 
CAS 5.5 
undigested silicates /ch:-im./ 1.6 

total 15.2 

Si02 3 in:sodalite J.2 
cancrinite 6.J 

CAS 2.J 

undigested silicates /ch:J.r.J../ 2.0 

total 13.8 

Fe2o
3 

3 in:goethite 0.7 

hematite 22.5 

undigested silicates /charn./3. 9 

total 27.1 

Ti02 3 in:perowskite 8.9 

Na-titanates+rutile 0 
total 8.9 

Cao 3 in:perowskite 6.3 

CAS 9.2 
calcite 0.9 

total 16.4 

<=: :i.60 /t;..;:o. 

0 

J.O 

4.5 

4.6 
2 P. 

14.9 

).6 
5.4 

1.6 

2.S 

13.4 

0.8 

21.0 

5.2 

27.0 

10.3 

0 

10.3 

7.2 

7.6 

1. 2 

16.0 
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of the ~aterial was in the range below 100 1um. 

Based on the practice of plants processing diasporic baux:~e~. 

grinding of the ore to below 90 1um is proposed for the case 

of industrial processing. In fav~ur of perfect digestion 

g~inding to this grain size is a firm solution, coarser 

grain size would cause erosion problems according to ind~s~~:al 

practice. 

4.2.2.4Di~~~tio!!. !e~t~ E_a.!:_r!ed .Q.Ui fo.!:. th~ £ete.!:_m!n~tio~ 

_£f_oEt~i~u~ di_Ke~tio~ mola.!:. .!:_ati.Q_ Lb.§!:u~i!e_t.2_ li~u.Q_r_r~tloL 

For the determination of the optimum after-digestion molar 

ratio a curve characteristic of the digestion was plotted. 

A set of experiments comprising six digestion tests was 

performed with a digestion liquor having a caustic concentrat:cn 

of 161.2 gpl Na20
0

, at 260° C with the addition of optimu~ 

/7 %/ amount of CaO and various admeasurements of bauxite 

values. Calculated molar ratio of admeasurement was selected 

within the range of l.J-1.7. The analyses of the alu~inate 

liquor and red mud pertaining to the test series are given 

in Table A2-27 and the mineral composition of the three 

red muds in TableA2-28. The characteristic curve plotted 

from the experimental data is given in Figure ~2~12.0n 

basis of the investigation of the efficiency data of digestic~ 

and the undigested values of diaspore the optimum molar 

ratio asJuring complete digestion is considered to be 

1.55. 
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T:!ble A"J.-27 

Characteristic dihc3tion curve fer determinatio~i o::-ti:::~::: 

molar ratio 

ifoc!ell i~ of tube di~estion 
Bauxite: ICS-2 
Digestion temperature: 260° C 
Holding time: 1 hour 

Calculated molar ratio: 1,3-1,7 
Lime addition: 7 i for dried bauxite 

Liguor anallsis after di5estion 

Sample Na2oc Al 2o
3 

Molar Na2ot 
gpl gpl ratio gpl 

Digesting 
liquor 161.6 8).0 ).20 188.8 

ICS-2 Mv-1 138.2 160.1 1.42 166.4 

ICS-2 Mv-2 139.4 162.7 1.41 166.7 

ICS-2 Mv-3 141.6 164.0 1.42 166.5 
ICS-2 Mv-4 140.1 15).6 1.50 168.J . 
ICS-2 Mv-5 14Q.8 148.5 1.56 167.5 

ICS-2 Mv-6 14).0 137.8 1.71 169.5 

Chemical com:eosition of red mud 

Sample Al2o3 Si02 Fe2o3 
Ti02 L.O.I. CaO MgO 

~ % % ~ % ~ % 

ICS-2 Mv-1 24.0 12.2 25.) 8.6 10.2 10.2 0.8 

ICS-2 Mv-2 19.7 13.2 27.1 9.2 9.8 11.) 0.9 

ICS-2 Mv-3 17.9 13.5 27.6 9.J 9.7 11.J 0.9 

ICS-2 Mv-4 15.8 13.9 23.5 9.5 9.5 11.5 0.9 
ICS-2 Mv-5 14.8 14.1 28.6 9.5 9.4 11. 7 1.0 

ICS-2 Mv-6 14.9 14.0 28.8 9.5 9.4 12.) 1.0 

Si02 Calc1,;la-.;~:! 

gpl r.iola:- ra-.;:o 

0.48 

0.4 1.30 
0.4 1.40 
0.4 1.45 
0.4 1.50 
0.4 1.55 
0.4 l. 70 

N~O Al2o3 
•.~ 0 ..... ~ld :" • .1.2 3 .:--

% Si32 
Cf 
1: 

6.6 1.97 ,_ -c:.) 

6.9 1.49 75.7 
7.4 1.30 1=.3 
7.5 1.14 -· -=.:.., 
7.5 1.05 -- 7 =~. 

7.5 1.06 -- 7 .:.!:. 
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T~ble A2-2'3 

~1neralogical comoosition of red muds 

/Effect of calculated molar ratio/ 
r~odellin~ of tube dic;cstion 

Bauxite: ICS-2 

Di5estion temperature: 260° C 

Holding time: 1 hour 

Lime addition: 7 ~ for dried bauxite 

M.r. aftar digestion 

Sample 

Al 2o3 j in:diaspore 

sodalite 
cancrinite 

CAS 

undigested 

1.50 

ICS-2 Mv-4 

1.6 

2.0 
6.8 

J.2 

1.56 

ICS-2 Mv-5 

O.J 
2.J 
5.5 
4.2 

l. 71 

ICS-2 :-:v-5 

0 

2.2 

5.7 
'-. 7 

silicates /chan_./_-=2.;.. ~;;;;_.. ______ ..;;;2;..;.·...::;5 ____ ...;2;;..·;;...:3::...... __ 

total 15.8 14.8 14.9 

Si02 ~ in:sodalite 2.J 2.9 2.7 

cancrinite 8.0 6.8 

CAS 

undigested 

1.4 1.9 

, .... 
c. :1 

2.1 

silicates /ch<lrl_/.....__2_._2 _________ --"2_.~5-------~2._.J..__ __ 

total 13.9 14.1 14.0 

Fe2o
3 

~ in:goethite 1.2 1.1 l.O 

hematite 19.3 22.8 
undi~ested/ , 8. o 4. 7 :.;. . ) 
silicates chan.,r----------------"'-'----------.t;._.---
total 28.5 28.6 2=.~ 

Ti02 ~ in:perowskite 5.) 4.8 

Na-titanates+ 
rutile 

total 

Cao ~ in:perowskite 

CAS 

calcite 

total 

4.2 

9.5 

3.7 

6.4 
1.4 

11. 5 

4.7 

9.5 
).4 

7.0 

1. 3 

11. 7 

, -. -
~ ... -. "" 
-: , 
~ . -
, . ": 
. ., - .. 

. - ... . -- . .,,,, 
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Fig.A2-12 

CHARACTERISTIC DIGESTION CURVE 
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4.2.2.5.Q;_g~~l~-~:!S>_(E!.~.!l~~~~~il!!'-!~!!..Ei.2E~!!!.~­

!.~~nt.!_~_"li!!!.~ 

For the determination of optimum digestion retention ti~e 

the tests were carried out with a digestion liquor having 

a concentration of 161.6 gpl of Na2oc at 260° C and with 

7 ~ of Cao·addition. After achieving the final digestion 

temperatures, samples were withdrawn under pressure after 

10, 20, )0 and 40 minutes and 1 hour, respectively. The 

aluminate liquor and red mud samples were analyzed as 

usual and the results are given in Table A2-23. It can 
. . 

be seen from the results that bauxite got digested comole~ely 

after 30 minutes and the Al 2Q
3
-recovery reached the maximu~ 

value i.e. 82.) ~-

The results have the meaning for the industrial practice 

that in the case of adopting tu~e digestion a retention 

time of half an hour would be sufficient because in this 

case the slurry flows like a piston. In the case of digestion 

in autoclaves a retention time of about 1 hour would be 

required for the perfect digestion as a consequence of 

the forward hurry of the slurry. 

4.2.Jnigestion t~~ts on the characteristic bauxite samole 

!CS-) having a module of J.77 

Bench-3cale digestion tests were carried out with the 

low /).77/ module characteristic bauxite sample by the 

similar system as it had been done with the 6.89 module 

bauxite. The results of testing series are summarized bel~~. 

DiGe~tion tests uere carried out with ), 5, 7 and 10 3 o~ 
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Tnble A2-29 

Influence of the holdin~ time 

i'iodellillb of autoclave anJ tube di.;cstion 
Bauxite: ICS-2 

Digestion temperature: 260° C 

Holding time: iO', 20', JO', 40', 1 hour 
Calculated molar ratio: 1.55 
Lime addition: 7 % for dried bauxite 

Liguor analysis after digestion 

Holding Nafoc Alf OJ Molar 
time gp gp ratio 

Digesting liquor 161.6 8).0 J.20 
10' 14J.O 145.2 1.62 

20' 142.0 147.8 1.58 
JO' 141.4 149.1 1.56 
40' 14J.2 152.0 1.54 
1 h 142.7 151.4 1.55 

Chemical cornEosition of red mud 

H~lding Al2o3 
Si02 Fe2o3 Ti02 L.O.I CaO MgO 

tl.11le j % % % % % % 

10' 19.9 1).) 27.2 9.2 9.7 11.b 0.9 
20' 16.7 14.0 27.9 9.4 9.9 12.1 0.9 

30' 15.1 14.2 28.9 9.5 9.9 12.4 0.9 
40' 15.J 14.2 28.9 9.5 9.9 12.6 0.9 
1 h 15.0 14.1 28.7 9.5 9.6 12.) 0.9 

N~O Al~PJ Al2o3 
j Si02 yielc ~ 

6.9 1.49 75.6 
6.8 1.26 80.0 
7.) 1.05 82.) 

7.1 1.04 E2.J 
7.2 1.06 82.2 
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CaO addition calculated on the weight of dry bauxite, ~it~ 

a digestion liquor concentration of 161.6 gpl, ad ternper~­

tures of 260 and 280° C. Alumtnate li~uor and red rnud 

analysis pertaining to the digestion tests carried out 
0 at 260 C, morover the bound Na2o- and Al 2o3-losses and 

Al 2o
3
-recovery data are given in Table}\2-)J, while the 

phase analysis of red muds in Table A2-31 n2o3-re~overy 
data of the amount of undigested diaspore is indicated 

in Fig. A2-1l. The ratios of Na20/Si02 and Al 20
3
/Si02 

characteristic of/bound losses in function of the amount 

of CaO aC.ded are indicated in Fig .. 2\2-14,. Maximum Al 2Q
3
= 

recovery achieved was 69.6 ~- The Na20/Si02ratic can be 

reduced to within 0.52-0.53. The digestion of diaspore 

gets completed by the addition of 7 ~cf CaO. The addi~ic~ 

of 7 j of lime is considered to be optimum from th~ point 

or view of both the bound Al 2o3- and Na20-losses. 

On repeating the digestion tests at 280° C the Al 2o 3-recove~y 
ranging 69.8-72.J ~ was achieved. The only difference 

compared to t~e results obtained with 260° C lies in the 

condition that the diaspore has become digested even at 

a lime addition of as low as 3 % of CaO. The addition 

of 7 ~ of lime, however, is motivated by the intention 

to reduce bound Na20-losses also even at 280° C. 

The test results are summarized in Tables ~-32 and .!\2-33 

and indicated in Figs .A2-15 and A2-16. 

of vari~us concentrations 

Similarly as with sample ICS-2 the digestibility of ba~xi:~ 

was investigated at 260° C by the use of digestion liquor 

/of Nn2oc concentrations: 138; 161.6 and 180 gpl/ and 
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Table :\2-30 

Effect of lime ajdition for di~estion 
1iodclli?lb of autoclave and tube digestion 

Bauxite: ICS-3 
Digestion temperature: 260° C 

Holding time: l hour 
Calculated molar ratio: 1.55 
Lime addition: 3-10 ~ /for dried bauxite/ 
Digesting liquor: Na20

0
: 161.6 gpl; Al 2o3 83.0 gpl; M.r.: 3.2 

Na20t: 188~8 gpl; Si02 0.48 gpl 

Quantity of lime added ~ 

3 5 7 10 

Sample ICS-3 Ml ICS-3 M2 ICS-3 ~iJ ICS-3 i·!4 

Liguor analisis after 
digestion Na20

0 
gpl 146.J 131.5 130.6 134.6 

AJ. 2o
3 

gpl 145.9 142.3 141.5 142.0 

lla20t i;pl 174.5 158.0 155.0 160.1 

S102 gpl 0.45 0.40 0.40 0.40 

M.r. 1.65 1.52 1.52 1.56 

Chem.comEosition of red mud 

Al 2o3 ~ 22.2 18.0 17.1 16.2 

Si02 ~ 15.0 16.2 15.6 14.2 

Fe2o3 % 26.7 29.l 28.1 25.5 

Ti02 % 7.J 7.4 7.1 6.5 

L.O.I. ~ 9.5 9.1 9.5 11.3 

Cao % 6.2 9.2 11. 5 17.0 

MgO ~ 0.8 0.8 0.8 o.s 
Na2o % 8.8 9.6 8.J 7.4 

Na20/Si02 0.59 0.59 0.53 o.~2 

A1 2o31s102 1.48 1.11 1.10 1.1~ 

&2Q~ :£ield j 58.4 69.l 69.6 63.2 
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Table A2-31 

Mineralogical composition of red rnuds 

/Effect of lime addition/ 
Bauxite: ICS-3 
Dibestion temperature: 260° C 
Holding time: 1 hour 
!!odellin:; of autoclave and tube digestion 

Quantity of lime added 3 

3 5 7 

ICS-J ICS-3 ICS-3 
Sar.iple Ml 142 M3 

Al 20J ~ in:diaspore 7.4 1.2 0.4 
sodalite J.l 4.5 J.4 
cancrinite 5.9 7.6 7.1 
CAS 2.2 ).) 4.9 
undigested 
silicates /chan. I 3.6 1.4 1. J 
total 22.2 18.0 17.1 

S102 ~ in:sodalite J.7 5.0 J.9 
cai1crini te 6.9 8.7 8.5 
CAS 0.8 1.1 1.9 
undigested 
silicates /chan./ J.6 1.4 1. J 
total 15.0 16.2 15.6 

Fe2o3 
~ in:goethite 2.0 1.8 1.6 

hematite 18.1 24.7 24.1 
undigested 
silicates /chan./ 6.6 2.6 2.4 
total 26.7 29.1 28.1 

Ti02 ~ in:perowskite 2.0 J.J 2 9 
Na-titanates+rutile 4.7 4.1 I~. 2 

total 6.7 7.4 7.1 
Cao ~ in~perowskite 1.4 2.J 2.0 

CAS J.6 5.4 8.0 
calcite 1.2 1. 5 1. 5 
total 6.2 9.2 11. 5 

10 

ICS-J 
:.:4 

0 

J.2 

5.9 
5.5 

1.6 

16.2 

J.8 

6.9 
1.9 

1.5 
14.2 

1.5 
21.0 

3.0 
25.5 

6.5 
0 

6.5 
L..5 
c ~ ., . -
).3 

17.~ 
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Fig.A2-13 

At203 
YI ELD AND UNDIGESTED DIASPORE VS. --

QUANTITY OF LIME ADDED TO DIGESTION 

Bauxite : ICS-3 

Digestion temperatur~ 260°C 

Holding time 1 hour 

Digestion liquor cone. (Na20c) 161·6gpl 
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Fig.2-14 

CHANGING OF Na20/Si02 AND Al2Q3!2!Q2 \V. RATIO IN 

R~D MUD VS QUANTITY. OF LIME ADDED TO DIGE.STION 
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Di ges Hon te":lperature 
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Digestion :iquor cone. (Na20c 
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At20 3 /Si02 ratio 
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I 
I 

' 0 

' ' ' 1·3 \ 
\ 
\ 
\ 
\ 
\ ,-x ' ,,, 

,,. ,.. ___ x-__ 
1·1 

0·39 0·56 013 Q.99 

CaJ I Si02 weight ratio 

3 5 7 10 
, CaO 0/o calculated for dried bauxite 

M 

0 N 
N 0 
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T<1hle A2-32 

Ftfect of lime ~dditior. for dieestion 
~lodellin.; of tube dic;estion 

Bauxite: ICS-3 
Digestion temperatu~e: 280° C 

Holding time: 1 hour 
Calculated molar ratio: 1.55 
Lime addition: 3-10 3 /for dried bauxite/ 

Digesting liquor: Na2oc: 161.6 gpl; Al 2o
3

;83.1 gpl; .. 
~·~ . r. : 

Na20t: 188.8 gpl; Si02:0.48 gpl 

Sample 

Liquor analysis af+ r 

digestion Na2oc gpl 
Al 2o

3 
gpl 

Na2ot gpl 
Si02 gpl 

M.r. 
Chem. composition of 

red rrud A1 2o3 ~ 
Si02 3 

Fe 2o
3 

~ 

Ti02 3 
L.O.I. 3 
Cao 3 
MgO 3 

Na2o 3 

Na20/Si02 
Al 2o31s102 
g 2Q3 yield 3 

Quantity of lime added 3 

3 5 

IC3-3 ICS-3 
M5 M6 

132.0 133.1 

143.7 145.3 

160.l 156.2 

0.40 0.45 

1.51 1.51 

16.9 
16.9 

30.5 

7.7 
7.8 
6.9 
0.9 

10.2 

0.58 

1.0 

72. 3 

17.2 

16.8 

29.5 

7.4 

8.5 

8.9 

0.8 

9.6 
0.57 

1.02 

70.8 

7 

ICS-3 
M7 

131. 3 
142.8 

156.4 

0.45 

1. 51 

17.1 
16.2 

28.J 

7.2 

9.J 

11.2 

0.8 

8.8 

0.54 

1.06 

69.8 

10 

ICS-3 
:.:a 

l 
I ,.., ,.. 

--.:::. • 0 

157.0 

0.45 

1 :::;• . 
• .,,, "T 

:~.5 

27.4 

5.6 

, ::; , - ,,,, . -
""'· ;: w ..... 

7.7 

0.53 
l.12 
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Table A2-33 

~ineralogicel composition of red ~uds 
/Effect of lime addition/ 

!:!odelli~ of tube di;estion 

Bauxite: ICS-3 
Digestion temperature: 280° C 

hulaing time: 1 hour 

Sample 

A1 2o3 ~ 
in:diaspore 

sodalite 

cancrinite 

CAS 

undigested 
silicates /chan./ 

total 

Si02 3 in:sodalite 
cancrinite 

CAS 

undigested 
silicates /chan./ 

total 

Fe 2o3 
3 in:goethite 

hematite 

undigested 
silicates /c'.1ar.i./ 

total 

Ti02 3 in:perowskite 

Nc.-titanates+ 
rutile 

total 

Cao 3 in:perowskite 

CAS 

calcite 

total 

Quantity 

3 

ICS-J 
M5 

0.7 
4.4 

8.7 

1.8 

l.J 
16.9 

5.1 

9.9 
0.6 

1.3 

16.9 

1.5 

26.6 

2.4 

30.5 
4.0 

J.7 

7.7 
2.8 

).0 

1.1 

6.9 

of lime added 

5 7 

ICS-3 ICS-3 
M6 I·n 

O.J 0.3 
4.J J.7 
8.0 7.7 

3.J 4.1 

l.J 1.3 
17.2 17. J 

5.0 4.4 

9.4 9.0 

1.1 1.5 

1. 3 1. 3 

16.8 16.2 

1.4 2.0 

25.7 23.9 

2.4 2.4 

29.5 28.J 
2.8 J.9 

4.6 J.3 
7.4 7.2 

2.0 2.7 
5.4 6.7 
1.5 1.8 

8.9 ll .2 

3 

lG 

r:s-J 
··-
-·-~ 

"' u 

~ I . .... . .,. 
5.5 
5.4 

:.o 
1 ,,. ... 
-C • ..) 

.:.. . 0 

7.6 
1 0 - ..... 

l. 0 
, -
·-· :::> 

~ -.... ~ 
2~.7 

: . ~ 
27.4 

-: • 0 

,"'I .,, 
,,. ,. 
:.o 

,. 
-.c 
: c -·--. ,,. 
- • 0 

• = 1 .. , . ._, 
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Fig.A2-15 

Al203 YIELD AND LiNDIGESTED DIASPORE VS. --
QUANTITY OF LIME ADDED TO DIGESTION 
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i'ig.i\2-16 

CHANGING OF Na20 /Si02 AND Al2Q3L§!.Q2 W.RATIO IN 

RED MUD VS QUANTITY OF LIME ADDED TO DIGESTION 
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7 ~ of iime additive. The results are given in Tables A2-J.; 

a11d A2-35. 

Minimum amount /l.C]'f. of Al 2o3t of undigested diaspore re~air.ei 

in the case of 138 gpl digestion liquor. Hovever, at 161.6 
and 180 gpl concentrations practically no undigested diaspc~e 

was left. 

4.2.3.3.D!G~sti<?E_~.2_ts_~£ri.!:.<!....2.~-'?.!1-~m~~~£rOE_~-~­

~ cg i ~ .2. ..GE. cg.!!....§ i ~ -

Parameters and resultE of comparative digestion tests 

carried out on samples ground to below 90 1um and 160 1ura 

arc given i.n Tables A2-36 and ~-37. 

Uith the sample ground to below 160 1um the Al 2o
3
-recovery 

is less by about 4 ~' however, with the sample ground 

to finer size than 90 1um the digestion of diaspore is 

practically completed. 

4.2.3.4.D~~~.!.C?.!1_~,!ts_cg!!!~~..!.2...fl~te_!:.~.!!.~ t~-~i~,£~ 

!!!~~~£at.!.~L~.!!~i~!~l~£C!!_~iioL 

In order to determine the optimum digestion molar ratio 

digestion series comprising six tests at 260° C and by 

the optimum addition of 7 ~ CaO were carried out. The 

parameters and results are given in Tables A.2-33 and .r.2-39 

The characteristic digestion curve plotted on basis of 

the experimental data are shown in Fig.A2-17. Based on 

the results the optimum molar ratio assuring perf~ct diges~!=~ 

is considered to be 1.55. 
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Table A2-34 

Digestion tests at different digesting liquor concentration 
i·Iodelling of autoclave and tube digestion 

Bauxite: ICS-) 

Digestion temperature: 260° C 
Holding time: 1 hour 
Lime addition: 7 I for dried bauxite 
Calculated molar ratio: 1.55 

Sample ICS-) Kl 

Dig_esting liguor 

Na2oc gpl 1)8.0 
Al2o

3 
gpl 70.4 

M.r. ).2 

Liauor analrsis after 
digestion 

Na2oc gpl 116.9 
AI 2o3 

gpl 122.2 
M.r. 1.57 

Chem.com2osition of red mud 

AI 2o
3 

I 18.9 

S102 I 15.7 

Fe2o3 
I 26.9 

Ti02 % 7.0 
L.O. I. I 10.4 

Cao % 11.1 

MgO % 0.7 

Na20 % 8.7 

Na20/Si02 0.55 
A1 20

3
/Si02 1.20 

CaO/S102 0.71 

g 2Q3J.ield % 64.9 

ICS-) K2 ICS-J KJ 

161.6 180.0 

8).0 92.5 
J.2 J.2 

1)0.6 15).0 

141.5 166.8 
1.52 1. 51 

17.1 17.) 

15.6 15.9 

28.1 28.J 

7.1 7.2 

9.5 9.9 
11. 5 11. 7 

0.8 o.s 
8.) 8.4 
0.5) 0.5) 

1.10 1.09 

0.74 0.735 
69.6 69.4 
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:'able A2-35 

~ineralogical compoGition of red muds 
/Effect or dig. liquor concentration/ 
llodclling of autoclave and t:ibe digestion 

Bauxite: ICS-3 

Digestion temperature: 260° C 
Holding time: l hour 

Digesting 

- Na20cgpl 138.0 

Sample ICS-J Kl 

Al 2o3 I in diaspore 1.9 
sodalite 4.0 
cancrinite 6.7 
CAS 4.7 

undigested 
silicates /c~c,.,.f 1.6 

total 18.9 

Si02 % in sodalite 4.7 
cancrinite 7.8 

CAS 1.6 

undigested 
silicates /c~1./ 1.6 

total 15.7 
Fe 2o

3 
% in goethite 2.0 

hematite 21.9 

undigested 
silicates /chY.1./ 3.0 
total 26.9 

Ti02 ~ in perowskite 2.7 

Na-titanates+ 
rutile 4.3 

total 7.0 

Cao 3 in perowskite 1.9 

CAS 7.7 

calcite 1. 5 
total 11.1 

liquor concentration 

161.6 180.0 

ICS-3 K2 ICS-J 
.,_ 
t\. ~ _. 

0.4 0 
).4 J.6 
... , ., "l I • i. I• J 

4.9 5.1 

1.) 1. 3 

17.1 17.3 

J.9 4.2 

8.5 8.6 

1.9 1.8 

1. 3 1. 3 

15.6 15.9 
1.6 1.1 

24.1 24.8 

2.4 2.4 

28.1 28.3 

2.9 3.3 

4.2 3.9 

7.1 7.2 

2.0 2.) 

8.0 8.4 
1.5 1.0 

11. 5 11. 7 
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Table A2-~6 

Effect of grain size of bauxite 
~lodellin,:; of autoclave and tube digestion 

Bauxite: ICS-J <90 1um; !CS-) <160 1um 

Digestion temperature: 260° C 

Holding time: 1 hour 
Calculated molar ratio: 1.55 

Lime addition: 7 j /for dried bauxite/ 

Digesting liquor: Na2oc 161.6 gpl; Al2o
3 

8J.O gpl; M.r.: J.2 

Na2ot 188.8 gpl; Si02 0.48 gpl 

Grain size of bauxite 

Sample < 90 1um < 160 /urr.. 

Liouor analysis 
after di~estion 

Na2oc gpl lJ0.6 lJl.5 
Al 2o

3 
gpl 141.5 140.9 

Na20t gpl 155.0 156.8 
Si02 gpl 0.40 0.40 

C M.r. 1.52 1.54 
hem.comEosition of 

red mud A1 2o
3 

i 17.l 19.l 
S102 % 15.6 16.4 
Fe2o

3 
~ 28.l 28.0 

Ti02 % 7.1 7.0 
L.O.I. ~ 9.5 7.7 
Cao ~ 11.5 12.0 
MgO ~ 0.8 0.9 
Na2o % 8.J 8.J 
Na20/Si02 0.5) 0.51 
A1 2o31s102 1.10 1.16 

Al 2.Q.3 yield ~ 69.6 65.9 
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Table A2-37 

~ineralogic~l conpo~ition of red mud~ 

/Effect of grain size of bauxlt~/ 

~odelli~ of autoclave C1l1d tube digestion 

Bauxite: ICS-J 

Digestion temperature: 260° C 
Holding time: 1 hour 

Sample 

Al2o3 I in:diaspore 

sodalite 

cancrinite 

CAS 

undigested 
silicates /chart./ 

total 

Si02 I in : sodali te 

cancrinite 

CAS 
undigested 
silicate::; /chart./ 

total 

Fe2o3 % in:goethite 

hematite 

undigested 
silicates /ch:lM../ 

total 

Ti02 ~ in:perowskite 

Na-titanates+rutile 

total 

Cao ~ in:perowskite 

CAS 
calcite 

total 

Grain size 

<. 90 1um 

0.4 

J.4 

7.1 

4.9 

l.J 

17.1 

J.9 
8.5 

1.9 

1.3 

15.6 

1.6 

24.1 

2.4 

28.1 

2.9 

4.2 

7.1 

2.0 

8.0 

1.5 

11. 5 

of bauxite 

<160 1um 

1.6 
4.2 

7.9 
4.0 

1.4 

19.1 

4.7 

8.9 
1.4 

1.4 

16.4 

1.4 

24.C 

2.6 

28.0 

4.9 

2.1 

7.0 

J.4 
6.6 

2.0 

12.0 
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Table ~'2-38 
Ch.?tracteristic dige!;ti~n cu!"ve fer dete::-::?ir.~tio:-: oo~:.::::;::: 

::iolar ratio 
fiodellin,; of ~utoclave and t:.ibe dioestion 
Bauxite: ICS-J 
Di&estion temp£rature: 260° C 
Holding time: 1 hour 
Calculated molar ratio: l,J-1,7 
Lime addition: 7 ~ for dried bauxite 

Liouor analisis after dis:estion 
Sa;::ple Na2oc Al 2o

3 
Molar 

gpl gpl ratio 

Digesting 
liquor 161.J 82.J J.2 
ICS-3 Mv-1 139.5 160.5 1.4) 

ICS-J Mv-2 140.1 162.J 1.42 

ICS-J Mv-J 142.2 161.4 1.45 

ICS-J Mv-4 14).8 158.7 1.49 

ICS-3 Mv-5 146.0 14).6 1.56 

ICS-3 f.f v-6 149.4 144.8 1. 70 

Na2ot 
gpl 

188.8 
164.2 
164.0 

164.J 
164.J 
165.0 
166.J 

Chemical comoosition of red r.iud 

Sample Al2o
3 

Si02 Fe2o
3 

Ti02 L.O.I. CaO ·~ •.. N~O 

% % % % s % % % 

ICS-J Mv-1 2).2 14.1 25.8 6.5 9.9 10.7 0.7 7.4 

ICS-J Mv-2 19.7 14.9 26.J 6.8 9.8 11.5 0.8 7.9 

ICS-J Mv-J 18.9 15.J 27.0 7.0 9.6 11.5 0.8 8.2 
ICS-) f.fv-4 18.2 15.6 28.9 7.0 9.2 11.7 0.8 8.4 

ICS-) Mv-5 17.7 15.6 28.7 7.1 9.0 11.5 0.8 8.4 

ICS-3 i.Jv-6 17 .5 15.9 28.5 7.1 9.1 11.6 0.9 8.4 

Si02 Calc;;:atec 
gpl molar !"atio 

0.48 
0.25 1.30 
0.25 i..:;.o 

O.JO ~ .-..;. • -:::> 

O.JO 1.50 
O.JO 1.55 
0.)0 l. "".'(} 

Al203 ALO-:i c: J 

Sio2 ~·!eJ.= ~ 

1.64 55.0 
1.)2 ,_ -

o::::.) 

1.2) 
,_ I'\ 

C.).v 

1.17 ,_ -o::.J 

1.13 ,,.. "' 
0:;- .c: 

1.10 6?.3 
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Table ~--lg 

~tncralogical compo~iti~n of red muds 

/Effect of molar ratio/ 
=:odellir~ of c.~·+oclav"" _,.i!_ tube :.igestion 

Baaxite: ICS-) 
Digestion temperature: 260° C 
Holding time: 1 hour 

M.r. 

1.49 

after 

Sample ICS-3 Mv-4 

AI20J ~ in;diaspore 0.8 
sodalite J.2 
cancrinite 7.8 
CAS 4.8 
undigested 
silicates /c':tan./ 1.6 
'otal 18.2 

Si02 ~ in . sodalite J.6 
cancrinite 9.0 
CAS 1.4 
undigested 
silicates /chart./ 1.6 
total 15.6 

Fe2o
3 

~ in:goethite 1.5 
hematite 24.4 

undigested 
silicates I c':l:'.11./ 3.0 
total 28.9 

T102 % in:perowskite 4.0 
Na-titanates+rut1le 3.0 
total 7.0 

Cao ~ in:perowskite 2.8 
CAS 7.9 
calcite 1.0 
total 11. 7 

digestion 

1.56 1. 70 

ICS-3 Mv-5 ICS-3 :.:v-6 

O.J 0 . .::.. 
J.4 J.4 
7.9 7.4 
4.8 4.1 

1. 3 2.2 

17.7 17.5 
).9 J.7 
9.0 S.4 

1.4 , , 
.... o 

1. 3 ........ 
t::..:::. 

15.6 15.~ 

1.1 1 '· .~ 

25.2 23.C 

2.4 ~ 
. . -

28.7 ,.. = =: C.-. ~ 

).9 5.1 
3.2 .... ~ 

~ .. ..; 
7.1 7.1 
2.7 3.5 
7.8 

, , 
.... "" ..., . -

1.0 , ::: ... .-

11.5 ll. 6 



Al203 

yield 0/o 

A2-B6 
Fig.A2-17 

CHARACTERISTiC DIGESTION CURVE 

Bauxite 

Digestion temperature 

Holding time 

Lime addition 

ICS-3 

260°C 

1 hour 

7 °/o 

Digestion Ii quor cone. (NaiOc) : 161·6 gpl 

80 _________________ t_t:~~e!i~~.!_ti~l<! __ 

70 

60 

50 

40 

1-3 

I' . 
cl 
I 
• 
I 
0 

1-4 

..,,...0--0---·-0 

1·5 1·6 1·7 
Molar ratio aft er digestion 

1·8 
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The results of tests carried out for the determination 

of optimum retention time are summarized in Table 2\2-40. 

Similarly as with sample ICS-2, the temperature of 260° C 

and a retention time of JO minutes was sufficient for 

the perfect digestion of diaspore. 



------

A2-38 

T.'.l.ble A2-40 

Sffect of the holdin5 time 
::w2ll.!.a:; of autoclave a'1d tu.be di[;esticn 

Bauxite: ICS-3 
Di6estion temperature: 260° C 

Holding time: 10 minutes - 1 hour 
Calculated molar ratio: 1.55 
Lime addition: 7 ~ /for dried bauxitP/ 

Digesting liquor: Na2oc ~61.6 gpl; Al 2o
3 

83.0 gpl; M.r.: J.2 

Na2ot 188.8 gpl; Si02 0.48 gpl 

Hol<iing time 

lo min. 20 min. JO min. 1 ho~r 

Liauor analisis after 

digestion Ha2oc gpl 130.0 1)1.4 1)2.5 133.1 
Al 20

3 
gpl 138.9 141.2 144.5 144.0 

Na2ot gpl 154.1 155.7 156.0 155.6 
Si02 gpl 0.40 0.40 0.40 C. Lo.C 

M.r. 1.54 1.51 1.51 1. ~2 

Chem. com2osition of 

red mud Al 2o3 3 18.4 13.1 17.7 17.6 
S102 ~ 16.1 16.1 16.J 16.l 

Fe2o
3 

3 28.0 28.2 28.6 2~.J 

Ti02 3 7.1 7.3 7.3 7.3 

L.O.I. ~ 9.0 8.6 8.4 7.5 
Cao ~ 12.4 12.0 12.4 12.J 
MgO 3 0.8 0.8 0.8 0.5 
Na2o 3 8.4 8.6 8.4 - ~ 

=·~ 
Na20/Si02 0.52 0.53 0.52 c.s: 
Al 2o

3
1s102 1.14 1.12 l. 09 , --. -.. "lrJ.,,,, 

Al 2Q3 ;y:ield 3 67.1 67.9 69.1 70.! 



AU.achment. 3 

Technological £low-sheet.s~aat.erial balances 

and wat.er balances 



AJ-1 
7c=::.::?lo;1c::il !lo-.o1-s~eet. :i::d ::::.i:~:i.il - ·.0<1 !or 1 tc:\ o: :il:.:::.i:::i ;:-:c!:.:::e~ 

Lo<1 .;;a.:alit:t !:la::..x:.:e sint.e:-i.:'lg nrccess 7.X:le .;~-1 

B.i:.:xi.t.e 
c .. .;~ 

:. I <.5 o.~., 

0 • ..::1 1.112 

1273 

no 

' 

Lie~ bur:iing ) 
t 

Burnt. lice Mixture 
c: I _-:;::.., , .:; 

5-158 

L I ;r,73 .,; nt 
t I %25 5.E5 

67 

' 16 
Prc;:.araticn of li.-:c nil.~ 

• ( Si::terin9 

Lime milk t 
s ea 0.03 . 232 0.2.i ~ 

Sinter 

;:: .30'l 0.27 4920 

Leaching 

' Aluminate liquor 

12255 9.79 
15!i0 

Stean ~"--------.._•---~~ 1600 Desilication in diC"es~"'~ 
C'Llsh.il)J\" • ·7 

t'----

12277 9.9 ----, 
249 ....., ~y---

--~~~~~~~ ...... -..~ 
Desilicat.ion with lir.le ) 

l" .. 
Alucinate liquor I Whit.e r.iud 

d69a 1.12 1 c; l')'J 0.03 
LI 102 o. 11-1 

5.; • - t 202 0.144 

Carbonization 1~ 
t 

?O<; ,J 

l 283 94 

Soda solution I I 
7752 6.35 I 

610 I I\ • - Allrlir..lte hvdrate 
3362 s 1500 

Evaporation L 382 

• Evaporated liquor 1 
37d0 2.18 I 

:i: 1aa2 
1000 1 
~t.er ... ' . 0roduet hydrate washirq ) 

--------''"--------85_9 __ _,, l ' 441 

Prcx!\lct hydrate 

D • n o m i n a t i o n s 1500 
I. ltiO 
:i: 1660 

Ollncr.Unat.!en of w nwu:.ed.u flew 
• , G60 

C.ilc:ir.ation -

:-. 'VOllr.e I t 
Ali.r.UN 

1000 

220 

SI 
LI 265 0.23~ 

393 o. 1f'.; 

t 
Soda solution 

o • .;5 
I 

' Red ::iud to disposal .. 
s 3095 1.05 

L 350 0.34 
t J.;.;5 1.39 

f 

J6n 

C "\17q 
Va'c:°uu.11 coolin9 r------.-.----' 

Alu.':linatc lic:•.1or 

3.,;99 2.79 
I t 

Precipitation 

- t 
Spent liquor 

~4 2.55 

-
- t 

( Regeneration ) 
t -

3 
s 90 0.03 
!. 178 
t 200 o. 1~.; 

• 
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T~e~~oloqieal :lcr.r-sheet a~d caterial !lcrJ for t ton of alu:=iina 

His~ ~aali::.y bar.:..xit~, 5ayer ?rocess, aat~~la•~ disestion 

Soua ash Ba:.i.'Ci te Lice stone 
129 s I 23'>3 o .• .);> SI 93.; 0.3;-1 

L I 1 :?-l 0.12-1 !. I .19 C'. "".:9 
ii.'.!.t~r ..::?d ~ I '>.!.::7 n ~~., LLL.9_53 o.J~l 

JO''\, 4d2 
.;~~ \! Fuel 40 ,J S::.t!a=i 

-
Caustici ;:a ti.on ( Grinding ( Li rte burninq "'420 ,, 

\ <:.U)1 - ) 

' - ... i 1072 
Haite-up caustic ( Predesilication) 

Burnt lime 
916 631 563 0.167 

10669 

"" ' ifater 2915 .. ' J 

' (Slurry adjustment) ( Lime slaltin9 ) Spent liquor 
162d7 13.280 + l Steilill 1435 

. 
.J Diqestion feed 

' , 
S( 2662 . 0.832 Lime ciilk 

Evaporation, salt~ 
L I 16.;7:; 13.479 SI 103 0.29!> :re::ioval 
r. I tQ117 1.;.111 LI Tlll.7 } 1:1 Eva?.3530/ \.Sola salt 

H.o. ste.r.i ' 
t I ~~~ (I n_•,7 - I Stronq liquor 2765 \ 

Autoc::law diqestiai) 2:i:i3 2.0:i5 • 
t 11a21 422 i '- ri,.c:n '"'"'""" 3834 tst washer overflow -( Digestion liquor 

' ,# 7900 6.895 adjust:::ier>t ) Dilution I t 

' 
' Digestion liquor 

1;;;;75 12.426 
) I Settlin9 

I I 
If 

' Alu.~inate liquor 
Settler underflow 

16267 13.200 s I 1556 O.:i02 
t Scent 1~~~ • LI 4214 3 2'>2 , 

t I 5790 3.75-1 Product hydrate Heat exchanqe 
S I J>;tii 0.b.l/ l 5109 - t I. I ''7.: n ,.,,. Water 9!18 • ./ 
t I 1692 o BO) 

Precipitation ) Water 992 ... J Red mud washin9 

t Hydrate washing \ J \ 
Filtration 

I ~ 
) Mud caus tiei zlltJ.on .\. ... 

Was!ied product hydla~ Witter 
1890 ~' SeeJ hydrate S I 151ii 0.627 

L I 171i n 1711 S I 10622 .;.:io::i 
i: I 1692 0.803 Filtration ) L I 340l ~.l'ILI 

l: I 1-1 "'" I n~ Fuc.l 90 ... '\ '692 -Calcination 

+ 

"cd nw.ld to dispc.'G:il 
Denomination l:1:8229._c:~ 

llS t.~ 
T. I 'llll7 1 "·"n M.:itorial !.lo" I 

1000 

Alu:iina 
Vol~, m 



AJ-3 Ta!>le Al-l 

Tec~~ological !lo---s~eet a:td ::iAterial !lo-~ !or 1 ton of aluaina 

His~ ~~ality ta:ixite. :sa:rer ?roeess. tu!>e digestion 

So-.!a .u!\ Bauxite LU::estone 
12-' S I 2350 0.731i s I :111 o.n; 

L I t7J n_ 12..: r. I 411 o.c .. o 
•at?:- .itt ,. I ., ~ :::;." n ~.:.""I r I o:;o 0 'l..,• . .. 472.; 

ll J 
Stea;, 

"'\ ""' J \~ Fuel l9 

-

l Causticization c Crindin9 ) ( Lil'le burn in~ "\·Ul 
J 

\CaCO• J ~ ... LI 
;.u;ce-.i? C.:!!.!Stic 

Predesilication) 
Burnt lime 

dci2 O.dOO S46 0.162 
I ~I 'ilfater 2842" ' 

' Sl::rry adjustl!!ent Llae slaltinq ) Spe:tt lia:ior 
162ii.; . 13.277 ' l Stea::i 13:?.l 

... , ... Diqestion feed ... • SI Line •ilk 2655 O.BX> Evaj?Or~tion.salt 
L I t"o"> ,., o::;l sl 686 0.2.33 removal 
.. I 1;;.;7.; 1'1 ..,,,, LI .told l.a.;, 

E:l."ap. l~/ ~~ sa!!: 
Fuel 117 \ J t n•6.i 2.C:.:-: -

I Strong liquor 
( Tube diqestion 2;a1 1.il.U 

I 

t 66i0 5.t9 ~ " .,., ~sh ..... ... 4234 1st washer over!l~.r ... 
Digestion liquor~ ' ~ 8713 7.6.;7 ad1ustment c Dilution I t 

' 
Digestion liquor 

lOJCO d.116 
) I Settling 

I I , 
• t Alu;?1inate licuor ·-Settler underflc~ 

17832 13.778 c: I 1553 O.SCI 

* 
S::ic."\c. J icr.;or t LI .l'J'J'J J.2.;; . 

t I :;77i; l 7.;; 
Heat exc:hanqe Product hyclrate 

· caust.s.llt.liq.l 5105 S I 1c;1.; 0.627 
ffatcr 990 • \ / _,, t r I ,:4.1 Q_Y,1 

t I O'.ll.; 1 n30 
(Red mud washing ) Preci:>itation W3tcr 

992' ' • ( Hydrate washing 1"7" \ J \ 
Filtration 

/ ~ (Mud caustic:iz.lticn .\.' I 

Washcxl product ll';dz:l tr. Nat<' I" 

1964 "'' 
SecJ hydr.it.c ~f_!?.tb o.~:ir-

!76 0.110 c s I h-.,;~0 .t.Jli:I 1692 0.80l Filtr.ition ~H \.;;\~ - o.u 
• rtr02 '·-11w.> fllC!l 90 

". l \ I c "\ 6"2 Calc:in.lticn 
J "A.-d -.xi to dir.!osal 

D~nomination 

' f-!<;-r_n21 ___ Q, ~.:.'.L. 
W·- .J.:!tJ I !·' .. t: -im;, 1 7.); 

" ' .. -
Volu:u, m · 

CO)) I\ 1 u. n na 
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Table A3-4 

Technological water balance 

Low quality bauxite sintering variant 
kg water/t alumina 

IN: Sinter feed : 
with bauxite 

with limestone 
Aluminate liquor autoclave 
desilication: contact heating 

Mud washing 
Lime burning 
Hydrate washing 

Total 

Grand total 

OUT: Sintering 

Aluminate liquor autoclave 
desilication: flash steam 
Evaporation 

Vacuum cooling 
Lime burning, flue gas losses 
Mud disposal 
Calcination 

Total 

Grand total 

solid 
phase 

318 

318 

10170 

310 

540 

850 

10170 

liquid 
phase 

257 

60 

1580 

6950 

5 
1000 

9852 

4237 

1160 

3256 

178 

9 
350 

130 

9320 



IN: 

OUT: 

A)-5 

Table A)-5 

Technological water balance 

High quality bauxite, autoclave digestion 

kg water/t alumina 

solid 
phase 

Bauxite: bound 258 
adhesive moist. 

Alkaline condensate 

to lime slaking 

to hydrate washing 

to mud washing and 
causticization 

to salt causticization 

to soda ash causticization 

Direct heating 

Make-up water 
Other consumptions 

Total 258 

Grand total 9548 

Filtered mud: bound 225 
liquic! phase 

Product hydrate: bound 525 
adherent 

Evaporation 
Digestion flash vapour 

Total 750 

Grand total 9548 

liq~id 

phase 

124 

2915 
992 

2271 
98 

428 
270 

2091 
101 

9290 

1200 

176 
3588 
)8)4 

8798 
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Table A3-6 
Technological water balance 

High quality bauxite, tube digestion 
kg water/t alumina 

IN: Bauxite: bound 

adhesive moist. 
Alkaline condensate 

to lime slaking 
to hydrate washing 
to mud washing and 

causticization 
to salt causticization 
to soda ash c3usticization 

Direct heating 

Make-up water 
Other consumptions 

Total 

Grand total 

OUT: Filtered mud: bound 

liquid phase 
Product hydrate: bound 

adherent 
Evap1}ration 

Digestion flash vapour 

Total 

Grand total 

solid 
phase 

257 

257 

9663 

224 

525 

749 

9663 

liquid 
phase 

124 

2842 

992 

2537 
98 

411 

270 
2001 

101 

9376 

1196 

176 

3308 
4234 

8914 
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Hain equipment. list. 
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lUill EQUIPI-IEllT LIST AttacI-1111ent 4 

Number Total 
Total Operat- Weight 

ing (t) 

r.tECHA?HCAL EQUIPr.tEUT 

FOR SINTERING PROCESS 

1. Bauxite receivins: and crushins 
1a Bauxite storage 

1 • Hammer mill with vibrating screen 1 1 24 
Cap.: 160 t/h 

2. Front end loaders 3 2 
Bucket cap.: 1.J mJ 

J. Rubber belt conveyors 2 2 12 
B = 1000 mm 
L = 10 m 
Cap.: 160 t/h 

4. Rubber belt conveyor 1 1 JO 
B = 1000 mm 
L = 150 m 
Cap.: 160 t/h 

5. Rubber belt conveyor with weighing 1 1 40 
belt 
B = 1000 mm 

L = 200 m 
Cap. : 125 t/h 

6. Apron belts with speed control 1 1 15 
B = 1000 cm 

L = 8 m 
Cap.: 160 t/h 



A4-2 

Number Total 
Total Operat- Weight 

ing (t) 

7. Apron belts with speed control 2 1 16 
B = 800 mm 

L = 6 m 

Cap.: 85 t/h 
8. Electric hoist 1 1 1 

Cap.: 5 t 

9. Jaw crusher with vibrating 
screen 
Cap.: 160 t/h 1 1 32 
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2. Limestone receiving and crushing 

2a Limestone storage 

1. Jaw crusher with vibrating screen 

Cap.: 80 t/h 

2. Apron belt with speed control 

B = 800 mm 

L = 6 m 

Cap.: 80 t/h 

J. Rubber belt conveyor 

B = 800 mm 

L = 150 m 
Cap.: 80 t/h 

4. Apron belts with speed control 

B = 800 mm 

L = 6 m 

Cap.: 40 t/h 

5. Rubber belt conveyor 

B = 800 mm 
L = 110 m 

Cap.: 40 t/h 

6. Rubber belt conveyor with 

weighing belt 

B = 800 mm 

L = 45 m 
Cap.: 40 t/h 

?.*Dust collecting facility with 
exhaust fan 
Cap. : 3500 mJ /h 

Number Total 

Total Operat- Weight 
ing (t) 

1 1 25 

1 1 8.5 

1 1 26 

4 2 20 

1 1 20 

1 1 12 

1 1 2.5 



8. Front end loaders 
Bucket cap.: 1.3 m3 

9. Electric hoist 

Cap.: 5 t 

A4-4 

Humber Total 

Total Operat- Weight 

ing (t) 

2 1 

1 1 1 
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• Number Total 

Total Operat- Weight 

ing (t) 

J. Lime burning: 

Ja Lime slaking 

1. Shaft kiln for burning limestone 1 1 300 

with elevator, exhaust fan, dust 

collector gas purifier, with 
burnt lime extractor, vibrating 

feeder, rubber belt conveyor, with 
fuel oil supply system, with elec-

trical equipnent, process control 
and instrumentation 

Cap.: 70 t/day (CaO) 

2. Lime slaking drum 1 1 10 

~ 1.8 m x 10 m 
Cap.: 10 m3/h slaked lime 

J.*Burnt lime silo with feed and 1 1 12 

discharge facilities 
Cap.: 100 t 
Feed and disch. cap.: 5 t/h 

4.*Flat bottom tanks 3 2 10 
Volume: 25 m3 

5. Agitators for tanks with gear- 2 1 6 
boxes, couplings and electric 

motors 

6. Centrifugal pumps for slaked 4 2 2 
lime 

Cap.: 
") 

10 m-"/h 



A4-6 

4. Soda ash receiving and storage 

1.*Soda ash silos with pneumatic 

feed and discharge fa~ilities 

~ 10 m x 27 m 

Volume: 2000 mJ 

Num her Total 

Total Operat- Weight 
ing (t) 

2 2 480 
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5. Wet grinding 

1. Multi-chamber ball mills with 

vibrating screens 

- 2.6 m x 13 m 
Cap.: 125 t/h 

2. Rubber belt conveyors with 
weighing belts and speed control 

B = 800 mm 

L = 8 m 

~ap.: 125 t/h 

J.*Flat bo~tom tanks 
Volume: 6.J-50 m3 

4. Agitators for te.nks with gearboxes, 
couplings and electric motors 

5. Centrifugal pumps for slurry 
with speed control 
Vap. : 180 m3 /h 

6. Centrifugal pumps for slurry 
Cap.: 30 m3 /h 

?.*Centrifugal pumps 

for water 
Cap.: 50 m3/h 

Number Total 

Total Operat- Weight 
ing (t) 

2 1 140 

2 1 6 

5 4 13 

4 3 6 

4 2 4 

2 2 1.5 

2 1 2 
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6. Adjustment tanks 

1.*Tanks with conical bottom 

~ 9 m x 20 m 

Volume: 1000 m3 

Number Total 

Total Operat- Weight 

ing (t) 

11 11 770 
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Number Total 

Total Operat- Weight 
ing (t) 

6a High pressure pump station 

1 • Piston slurry pumps with 6 2 156 
suction and delivery dash pot 
Cap.: 120 mJ/h 

Head: JO bar 
2. Overhead travelling crane 1 1 12 

Cap.: 5 t 
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7. Sintering 

1. Rotary kilns with coolers, 

cyclons, gas purification systems 

and with oil heating system and 

exhaust fans 

~ 5 x 120 m 

Cap.: 1600 t/day 

2. Rubber belt conveyors 

B = 800 mm 

L = 150 m 

Cap.: 65 t/h 

Humber Total 

Total Operat- Weight 
ing (t) 

3 2 6750 

2 1 60 
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Number Total 

Total Operat-· Weight 
ing (t) 

8. Sin"ter crushing 

1 • Bucket elevators 2 1 30 

Cap. : 65 t/h 

2. Screen classifiers 3 2 13 
Cap.: 65 t/h 

3. Jaw crushers 3 2 54 

Cap.: 50 t/h 

4. Double deck vibrating screens 3 2 36 
Screening area: 2.5 m x 6 m 

5. Cone crushers 3 2 255 

Dia: 2200 mm 
Cap.: 70 t/h 

6. Rubber belt conveyors 3 2 12 

B = 800 mm 

L = 6 m 
Cap.: 65 t/h 

7. Rubber belt conveyors 3 2 10 

B = 800 nun 
L = 8 m 
Cap.: 60 t/h 

8. Rubber belt conveyors 3 2 9 

B = 600 mm 

L = 10 m 
Cap.: 15 t/h 



A4-12 

Number Total 
Total Operat- ~feight 

ing (t) 

9. Sinter leaching 

1 . Leaching belt 2 2 1740 
Cap.: 70 t/h 

2. Filter thickener 6 6 120 
Surface: 41.5 m2 

3.*Flat bottom tanks 19 14 82 
Volume: 6.3-100 m3 

4. Agitators for tanks with 19 14 45 
gearboxes, couplings and 
electric motors 

5. Centrifugal pumps for slurry 8 4 12 
with speed control 
Cap.: 220-300 m3/h 

6. Centrifugal pumps for slurry 22 13 24 
Cap.: 30-100 m3/h 
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10. Autoclave desilication 

1. Autoclaves 

; 2.5 m x 14 m 
Volume: 50 m3 

2. Flash tanks 

~ J.6 m x 5.6 m 
Volume: 50 m3 

J.*Flat bottom tanks 
Volume: 6.J-100 m3 

4. Agitators for tanks with 
gearboxes, couplings and 

electric motors 
5. Centrifugal pumps for slurry 

with speed control 
Cap. : 150 m3 /h 

6. Centrifugal pumps for slurry 
Cap. : 30 m3 /h 

Number Total 

Total Operat- Weight 

ing (t) 

14 14 2S'J 

4 4 52 

4 4 16 

4 4 7 

4 2 4 

2 2 1 
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11. White mud No.1 settling 

1. Single cha:nber settler 

I 20 m x 4 m 
Volume: 1500 mJ 

2. Vacuum drum filters with 
filtrate receivers 

Surface: 10 m2 

J.*Flat bottom tanks 
Volume: 6.J-200 mJ/h 

4. Agitators for tanks with 
gearboxes, couplings and 
electric motors 

5. Centrifugal pumps for slurry 
with speed control 
Cap.: 200 mJ /h 

6. Centrifugal pumps for slurry 
Cap.: 15-100 m3/h 

?.*Centrifugal pumps for water 
Cap.: 15 mJ/h 

Number Total 
Total Operat- Weight 

ing (t) 

1 1 87 

2 1 18 

8 5 39 

8 5 21 

2 1 3 

8 5 6 

2 1 1 
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Number Total 
Total Operat- Weight 

ing (t) 

12. Control filtration 

1. Pressure filters 2 1 22 
Surface: 125 m2 

2.*Flat bottom tanks 6 5 2) 
Volume: 6.)-50 m3 

). Agitators for tanks with 5 4 8 
gearboxes, couplings and 
electric motors 

4. Centrifugal pumps for slurry 7 4 5 
Cap.: )0-100 m3/h 

5. Centrifugal pumps for liquor 2 1 1.5 
Cap.: 60 m3 /h 
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13. Flash cooling, precipitation 

1. Vacuum flash vessels 
p 2 m 

2. Shell and tube type 

heat exchangers 
Surface: 180 m2 

J.*Hydroseparator 

- 7 m x 19 m 
Volume: 400 m3 

4. Vacuum disc filters with 
filtrate receivers 
Surface: 100 m2 

5. Pressure filters 
Surface: 125 m2 

6. Vacuum drum filters with 
filtrate receivers 
Surface: 1 O m2 

7.*Precipitator tanks with 
conical bottom 
Volume: 1000 m3 

8.*Flat bo+tom tanks 
Volume: 6.J-50 mJ 

9. Agitators for tanks with 
gearboxes, couplings and 

electric motors 

10. Centrifugal pumps for slurry 
Cap.: 15-100 m3/h 

11. Centrifugal pumps for liquor 
Cap.: 15-100 m3/h 

Number Total 

Total Operat- Weight 
ing (t) 

3 3 JO 

2 2 36 

1 1 25 

2 1 40 

2 1 22 

3 2 24 

7 7 630 

15 10 59 

15 10 19 

16 11 14 

8 4 7 
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14. Deep desilication 

1. Single chamber settlers 

f 20 m x 4 m 

Volume: 1500 m3 
2. Pressure filters 

Surface: 125 m2 

3. Vacuum drum filters with 
filtrate recievers 
Surf ace: 1 O m2 

4.*Flat bottom tanks 
Volume: 6.3-200 m3 

5. Agitators for tanks with 
gearboxes, couplings and 
electric motors 

6. Centrifugal pumps for 
slurry, with speed control 
Cap.: 230 m3/h 

7. Centrifugal pumps for slurry 
Cap.: 15-25 m3/h 

8. Centrifugal pumps for liquor 
Cap. : 15 m3 /h 

Number Total 
Total Operat- Weight 

ing (t) 

2 2 24 

3 2 33 

4 2 32 

23 17 143 

23 17 82 

6 3 7 

14 12 10 

4 2 2 
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Humber Total 
• 

Total Operat- Weight 
ing (t) 

15. Carbonisation and filtration 

1. *H!rdroseparator 1 1 40 

~ 10 m x 28 m 
Volume: 1000 m3 

2. Vacuum disc filters with J 2 60 

filtrate recievers 

Surface: 100 m2 

3. Vacuum drum filters with 3 2 36 

filtrate receivers 

Surface: 20 m2 

4.*Flat bottom tanks 25 21 180 

Volume: 6.3-250 m3 

5. Agitators for tanks with 25 21 105 

gearboxes, couplings and 
electric motors 

6. Centrifugal pumps for slurry, 6 3 7 
with speed control 
Cap.: 230 m3/h 

7. Centrifugal pumps for slurry 21 13 15 

Cap.: 30-50 m3/h 
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Number Total 

Total Operat- Weight 

ing (t) 

16. Carbonised hydrate filtration 

1. Pressure filters 3 2 15 
Surface: 125 m2 

2.*Flat bottom tanks 7 6 32 
Volume: 6.J-160 m3 

J. Agitators for tanks with 7 6 20 
gearboxes, couplings and 

electric motors 

4. Centrifugal pumps for slurry 2 1 2 

with speed control 
Cap.: 200 m3 /h 

5. Centrfugal pumps for slurry 6 4 5 
Cap.: 30-100 m3/h 

6. Centrifugal pumps for liquor 2 1 1 .4 
Cap.: 60 m3/h 
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NWiiber Total 
Total Operat- Weight 

ing (t) 

17. Hydrate storage 

1.*Flat bottom tanks 1 1 3 
Volume: 6.J m3 

2. Agitator for tank with 1 1 1.2 
gearbox, coupling and 
electric motor 

J. Centrifugal pumps for slurry 2 1 1 
Cap.: 50 m3 /h 
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Number Total 

Total Operat- Weight 
ing (t) 

18. Calcination, alumina storage 

1. Pan filters with filtrate 2 1 24 
receivers interstage pumps, tanks 
Surface: 25 m2 

2. Fluid bed calcining kiln, with 1 1 490 
cyclons electrostatic dust precipi-

ta tor, exhaust fan, alumina 
cooler, oil heating system 
Cap.: 700 t/day 

J. Centrifugal pumps for liquor 4 2 2 
Cap·.: 20 m3/h 

4. Alumina silo feed and 2 2 7 
discharge units 

5. Vaggon feed units 2 2 1. 6 
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19. Evanoration 

1. Five effects, counter current, 

forced circulation evaporator 

units with flash tanks, pre­

heaters fead and circulation pumps 
Cap.: 65 t/h evaporated water 

2.*Flat bottom tanks 

Volume: 6.3-200 m3 

3. Agitators for tanks with 

gearboxes, couplings and 

electric motors 

4. Centrifugal pumps for liquor 
Cap.: 65-100 m3/h 

5.*Centrifugal pumps for 

condensate water 

Cap.: 60-100 m3/h 

Number Total 

Total Operat- Weight 

ing (t) 

2 2 400 

13 13 80 

8 8 30 

8 5 7 

7 4 6 
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Number Total 

Total Ope rat- Weight 

ing (t) 

20. Vacuu.":l station 

1 • Water ring vacuum pumps 3 2 14 

Cap.: 7500 m3/h 

2. Air blowers 3 2 J.6 
Cap.: 2000 m3 /h 

3. Electric overhead 1 1 12 

travelling crane 

Cap. :5 t 
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Number Total 
Total Operat- Weight 

ing (t) 

21. Comuressor station 

1. Turbo-compressors 3 2 24 
Cap.: 15000 Nm3/h 

Pres sure : 5 bar 
2. Air tanks 3 3 15 

Volume: 50 m3/h 

Pressure: 5 bar 

3. Electric overhead 1 1 14 
travelling crane 

Cap.: 12.5 t 

28. Oil storage 

1 • Oil storage tanks 2 2 150 
~ 18.5 m x 13.5 m 
Volume: 3000 m3 

2. Oil unloading 4 4 2 
facilities 

J. Gear pumps 6 3 3 
Cap.: 10-65 mJ/h 
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Number Total 
Total Operat- Weight 

ing (t) 

MECHNAICAL EQUIPMENT 
FOR BAYER PROCESS 

1 • Bauxite receivin~ and crushin~ 
1 a. Bauxite storas:e 

Low quality bauxite 

Autoclave and tube digestion 

1 • Jaw crusher with vibrat.ing screen 1 1 31 
Cap.: 140 t/h 

2. Hammer mill with vibrating screen 1 1 23 
Cap.: 140 t/h 

3. Apron belt with speed control 1 1 18 
B = 1000 mm 

L = 8 m 
Cap.: 140 t/h 

4. Rubber belt conveyor 1 1 8 
B = 1000 mm 

L = 10 m 
Cap.: 140 t/h 

5. Rubber belt conveyor 1 1 8 
B = 800 Ii1ITl 

L = 10 m 
Cap.: 100 t/h 

6. Rubber belt conveyor 1 1 48 
B = 1000 mm 
L = 220 m 
Cap.: 140 t/h 
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Number Total 
Total Operat- Weight 

ing (t) 

7. Apron belts with speed control 4 1 32 
B = 800 mm 

L = 6 m 
Cap.: 110 t/h 

8. Rubber belt conveyor 1 1 50 
B = 800 mm 

L = 250 m 
Cap.: 110 t/h 

9. Rubber belt conveyor with 1 1 4 
weighing be 1 t 

B = 800 mm 

L = 6 m 
Cap.: 75 t/h 

10. Front end loaders 3 2 
Bucket cap.: 1. 3 m3 

11 . Electric hoist 1 1 1 
Cap.: 5 t 
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Nw:iber l'otal 
Total Ope rat- Weight 

ing (t) 

1 • Bauxite receivins: and crushinfi 
1 a. Bauxite storas:e 

High quality bauxite 

Autoclave and tube digestion 

1. Jaw crusher with vibrating screen 1 1 28 
Cap.: 100 t/h 

2. Hammer mill with vibrating screen 1 1 20 
Cap.: 100 t/h 

J. Apron belt with speed control 1 1 16 
B = 800 mm 

L = 8 m 
Cap.: 100 t/h 

4. Rubber belt conveyor 1 1 6 
B = 800 mm 
L = 10 rn 
Cap.: 100 t/h 

5. Rubber belt conveyor 1 1 6 
B = 800 mm 
L = 10 m 
Cap.: 100 t/h 

6. Rubber belt conveyor 1 1 JO 
B = 800 mm 
L = 150 rn 
Cap.: 100 t/h 
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Number Total 

Total Operat- Weight 

ing (t) 

r-. Apron belts \i'ith speed control 2 1 15 I • 

B = 800 mm 

L = 6 m 

Cap.: 75 t/h 

8. Rubber belt conveyor 1 1 40 

B = 800 mm 

L = 200 m 

Cap.: 75 t/h 

9. Rubber belt conveyor with 1 1 4 
weighing be 1 t 

B = 800 mm 

L = 6 m 

Cap.: 75 t/h 

10. Front end loaders J 2 

Bucket cap.: 1. 3 m3 

11 • Electric hoist 1 1 1 

Cap.: 5 t 



} 
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2. Limestone receiving and crushing 
2a. Limestone storage 

Low quality bauxite 

Autoclave and tube digestion 

1. Jaw crusher with vibrating screen 

Cap.: 100 t/h 

2. Apron belt with speed control 
B = 800 mm 

L = 6 m 
Cap.: 100 t/h 

3. Rubber belt conveyor with speed 
control 

B = 800 me 

L = 220 m 

Cap.: 100 t/h 

4. Apron belts with speed control 
B = 800 mm 

L = 6 m 

Cap.: 80 t/h 

5. Rubber belt conveyor with 
weighing be 1 t 

B = 800 mm 

L = 180 m 

Cap.: 80 t/h 

6.* Dust collecting facility with 
exhaust fan 

Cap.: 3500 rnJ/h 

7. Front end loaders 
Bucket cap.: 1.3 m3 

8. Electric hoist 

, Cap. : 5 t 

Number 

Total Operat­

ing 

1 1 

1 1 

1 1 

4 1 

1 1 

1 1 

2 1 

1 1 

Total 

Weight 

(t) 

27 

8.5 

45 

28 

31 

2.5 

1 
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2. Limestone receiving and crushing 

2a. Limestone storage 

High quality bauxite 

Autoclave and tube digestion 

1. Jaw crusher with vibrating screen 

Cap.: 80 t/h 

2. Apron belt with speed control 

B = 800 mm 

L = 6 m 
Cap.: 80 t/h 

J. Rubber belt conveyor with speed 

control 

B = 800 mm 

L = 150 m 

Cap.: 80 t/h 

4. Apron belts with speed control 

B = 600 mm 

L = 6 m 

Cap.: 40 t/h 

5. Rubber belt conveyor with 

weighing be 1 t 

B = 600 mm 

L = 130 m 

Cap : 40 t/h 

6.* Dust collecting facility with 

exhaust fan 

Cap.: 3500 m3 /h 

7. Front end loaders 

Bucket cap.: 1.J m3 

8. Electric hoist 

Cap.: 5 t 

Number Total 

Total Operat- Weight 

ing (t) 

1 1 25 

1 1 8.5 

1 1 JO 

2 1 12 

1 1 21 

1 1 2.5 

2 1 

1 1 1 



3. Lime burning 

Ja. Lime slaking 

A4-31 

Low quality bauxite 

Autoclave and tube digestion 

1. Shaft kiln for burning limestone 
with elevators, exhaust fans, dust 

collectors, gas purifiers, with 

burnt lime extractors, vibrating 

feeders, rubber belt conveyors, 
with fuel oil supply system, with 

electrical equipment, process 

control and instrument~tion. 

Cap.: 250 t/day 

2.* Burnt lime silo with feed and 

discharge facilities 

~ 8.5 m x 12 m s.s. conical bottom 
Cap.: 750 t 

Feed and disch.cap.: 16 t/h 

J. Lime settler 

y 20 m x 5 m s.s. 

1:3 slope bottom 
4. Lime slaking drums 

¢ 1.8 m x 10 m 

Cap.: 80 m3/h slaked lime 

5. Rubber belt conveyor with 
weighing belt 

B = 600 mm 

L = 15 m 

Cap.: 20 t/h 

6.* Flat bottom tanks 

Volume: 6.J-100 mJ 

Number Total 

Total Operat- Weight 

ing (t) 

3 3 1200 

1 1 45 

1 1 100 

2 2 20 

2 2 12 

4 3 27 
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Number Total 

Total Operat- Weight 

ing (t) 

7. Agitators for tanks with J 2 6 
gearboxes, couplings and 

electric motors 

8. Centrifugal pumps for slurry 10 5 6 
with speed control 

Cap.: 10-95 m3/h 

9. Centrifugal pump for 1 1 1 
slurry 

Cap.: JO m3/h 

10.* Centrifugal pump for 2 1 2 

water 

Cap.: 65 m3/h 



3. Lime burning 

Ja. Lime slaking 

A4-33 

High quality bauxite 

Autoclave and tube digestion 

1. Shaft kiln for burning limestone 

with elevators, exhaust fans, dust 

collectors, gas purifiers, with 

burnt lime extractors, vibrating 

feeders, rubber belt conveyors, 

with fuel oil supply system, with 

electrical equipment, process 

control and instrumentation. 
Cap. : 175 t/day 

2.* Burnt lime silo with feed and 
discharge facilities 

~ 8 m x 10 m s.s. conical bottom 
Cap.: 500 t 

Feed and disch.cap.: 16 t/h 
J. Lime settler 

~ 20 m x 5 m s.s. 
1:3 slope bottom 

4. Lime slaking drum 

9 1.8 m x 10 m 
Cap.: 80 m3/h slaked lime 

5. Rubber belt conveyor with 
weit;hing be 1 t 

B = 600 nun 

L = 15 m 

Cap.: 16 ~/h 

6.* Flat bottom tanks 

Volume: 6.J-50 m3 

Number Total 

Total Operat- Weight 

ing (t) 

2 2 700 

1 1 35 

1 1 100 

1 1 10 

1 1 6 

4 3 18 
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Mumber Total 

Total Operat- Weight 
ing (t) 

7. Agitators for tanks with 3 2 4.5 

gearboxes, couplings and 

electric motors 
8. Centrifugal pumps for slurry 10 5 4.5 

with speed control 
Cap.: 10-55 m3/h 

9. Centrifugal pump for 1 1 1 
slurry 

Cap. : JO mJ /h 

10. * Centrifugal pump for 2 1 2 

water 
Cap.: 65 m3/h 
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4. Soda ash handling and cau~~~cization 
Low quality bauxite 

Autoclave a.~d tube digestion 

1.* Soda ash silos with pneumatic 

feed and discharge facilities 

~ 10 m x 18 m with conical bottom 
Volume: 1400 mJ 

2.* Day bin with feed and 

discharge facilities 

~ 4 m x 8 m with conical bottom 
Volume: 65 mJ 

Feed and disch.cap.: 10 t/h 

). Pressure belt filter 

Filtration area 20 m2 

Cap.: 5 t/h 

4. Rubber belt conveyor with 

weighing belt 

B = 500 mm 

L = 5 m 

Cap.: 10 t/h 

5.* Flat bottom tanks 

Volume: 50 m3 

6. Agitators for tanks with 

gearboxes, couplings and 

electric motors 

7. Centrifugal pumps for slurry 

C:ip.: 25 m3/h 

8. C~ntrifugal pumps for liquor 

Cap.:25m3/h 

Number Total 

Total Operat- Weight 

ing (t) 

2 2 280 

1 1 10 

1 1 6.5 

1 1 1 .5 

5 5 26 

5 5 7 

2 1 1 .5 

4 2 3 
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4. Soda ash handling and causti~tzation 

High quality bauxite 

Autoclave and tube digestion 

1.* Soda ash silos with pneumatic 

feed and discharge facilities 

~ 8 m x 14 m with conical bottom 
Volume: 700 m3 

2.* Day bin with feed and 

discharge facilities 

~ 3.5 m x 8 m with conical bottom 
Volume: 50 m3 

Feed and disch.cap.: 6 t/h 

J. Pressure belt filter 

Filtration area 20 m2 

cap.: 5 t/h 

4. Rubber belt conveyor with 

weighing belt 

B = 500 mm 

L = 5 m 

Cap.: 6 t/h 

5.* Flat bottom tanks 

Volume: 25 m3 

6. Agitators for tanks with 

gearboxes, couplings and 

elec+.ric motors 

7. Centrifugal pump3 for slurry 
Cap.: 25 rn3/h 

8. Centrifugal pumps for liquor 

Cap.: 25 1"' 3 /h 

Number Total 

Total Operat- Weight 

ing (t) 

2 2 180 

1 1 8 

1 1 6.5 

1 
,. 
I 1 .5 

5 5 21 

5 5 6 

2 1 1 • 5 

4 2 3 
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llumber Total 
Total Operat- Weight 

ing (t) 
5. Wet ~rindins: 

Low quality bauxite 

Autoclave and tube digestion 

1. Rubber belt conveyors with 3 2 6 
weighing belts 

B = 800 mm 

L = 50 m 
Cap.: 50 t/h 

2. Multi-chamber ball mills with 3 2 360 
conical screens 

~ 2.6 m x 13 m 
Cap.: 50 t/h 

3. Classifier screens 9 6 11 

4.* Flat bottom tanks 2 2 20 
Volwne: 200 m3 

5.* Flat bottom tanks 6 5 19 
Volwne: 6.J-50 m3 

6. Agitators for tanks with 7 6 19 
gearboxes, couplings and 
electric motors 

7. Centrifugal pumps for slurry 8 3 10 
with speed control 

Cap.: 70-200 m3/h 
8. Centrifugal pumps for slurry 2 2 2 

Cap.: 30 m3/h 

9.* Centrifugal pumps for water 2 1 1.5 
Cap.: 60 m3/h 
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Number Total 
Total Operat- Weight 

ing (t) 

5. W~t s:rinding: 
High quality bauxite 

Autoclave and t~be digestion 

1 . Rubber belt conveyors with 3 2 6 
weighing bel·ts 

B = 800 mm 

L = 50 m 
Cap.: 35 t/h 

2. Multi-chamber ball mills with 3 2 315 
conical screens 

~ 2 .2 m x 13 m 
Cap.: 35 t/h 

3. Classifier screens 9 6 11 

4.* Flat bottom tanks 2 2 20 
Volume: 200 m3 

5.* Flat bottom tanks 6 5 19 
Volwr.e: 6.J-50 m3 

6. Agitators for tanks with 7 6 19 
gearboxes, couplings and 
electric motors 

7. Centrifugal pumps for slurry 8 3 8 
with speed control 
Cap.: 70-140 m3/h 

8. Centrifugal pumps for slurry 2 2 2 

Cap.: 30 m3/h 

9.* Centri fusal pumps for water 2 1 1 .5 
Cap.: 60 m3/h 



6. Slurry storage and 

predesilication 

A4-39 

Low quality bauxite 

Autoclave and tube digestion 

1. Shell and tube type heat 

exchangers 

Shell dia: ~ )68 x10 mm 

Heating tubes: J x - 108 x 4 mm 
Surface: 12 m2 

2.* Flat bottom tanks 
Volume: 500 m) 

J.* Flat bottom tanks 
Volume: 6.)-200 m) 

4. Agitators for tanks with 

gearboxes, couplings and 

electric motors 

5. Centrifugal pumps for slurry 

with speed control 

Cap.: 230 m3/h 

6. Centrifugal pumps for liquor 

with speed control 

Cap.: 170-230 m3 

7. Centrifugal pumps for slurry 
Cap.: 30 m3/h 

Number Total 

Total Oper~t- Height 

ing (t) 

21 14 52 

5 4 85 

3 3 22 

8 7 55 

3 2 3.J 

4 2 4.4 

1 1 0.8 



6. Slur~y storage and 

predesilication 

A4-40 

High quality bauxite 

Autoclave and tube digestion 

1. Shell and tube type heat 

exchangers 

Shell dia: - 219 x 6.3 mm 
Heating tubes: 3 x ~ 76 x 2.9 mm 
Surface: 10 m2 

2.* Flat bottom tanks 

Volume: 500 m3 

3.* Flat bottom tanks 
Volume: 6.3-200 m3 

4. Agitators for tanks with 

gearboxes, couplings and 

electric motors 

5. Centrifugal pumps for slurry 
with speed control 

Cap. : 21 0 1?13 /h 

6. Centrifugal pumps for liquor 

with speed control 

Cap.: 120-250 m3 

7. Centrifugal pumps for slurry 

Cap. : 30 m3 /h 

Number Total 

Total Operat- Weight 
ing (t) 

21 14 52 

4 3 68 

3 3 22 

7 G 47 

J 2 3.3 

4 2 4.4 

1 1 0.8 

--------------------------------- - ----
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Number Total 

Total Operat- Weight 

ing (t) 

7. H.P. EUME station 
Low and high quality bauxite 
Autoclave digestion 

1 • H.P. dlaphragm pumps with speed 3 2 165 
control, with suction and 
delivery dashpots 
Cap. : 230 m3 /h 

Head: 70 bar 

2.* Flat bottom tank 1 1 1.6 
Volume: 6.J m) 

J. Agitator for tank 1 1 0.9 
with gearboxe, coupling 

and electric motor 
4. Overhead travelling crane 1 1 15 

Cap.: 5 t 
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Number Total 

Total Operat- Weight 

ing (t) 

7. H.P. EUmE station 
Low and high quality bauxite 

Tube digestion 

1 • H.P. diaphragm pumps with speed 6 4 276 
control, with suction and 
delivery dashpots 

Cap.: 80-150 mJ/h 

Head: 120 bar 

2.* Flat bottom tank 1 1 1.6 

Volume: 6.3 mJ 

J. Agitator for tank 1 1 0.9 
with gearboxe, coupling 

and electric motor 

4. Overhead travelling crane 1 1 15 
Cap.: 5 t 
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Number Total 

Total Operat- Weight 
ing (t) 

8. Autoclave di!estion 
Low and high quality bauxite 

1 . Autoclaves r~r heating 22 22 1496 
bauxite slurry with 

flash steam 

f 2.5 m x 14 m 
p = 60/35 bar 
Volume: 50 m3 

2. Autoclaves for heating 8 8 544 
bauxite slurry with 
life steam 

~ 2.5 m x 14 m 
p = 60/80 bar 
Volume: 50 mJ 

J. Autoclaves for ensuring 4 4 244 
the required holding time 
~ 2.5 m x 14 m 

p = 60 bar 
Volume: 50 mJ 

4. Flash tanks 20 20 223 
~ 2.8 m x 5 m 

p = 6-25 bar 
Volume: 25 mJ 

4. Flash tanks 2 2 18 
d 2.8 m x 5.5 m 

P = 6 bar 
Volume: 30 m3 

5. Condensate blow-off 22 22 9 
vessels 

Volume: 0.22-2,2 mJ 
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Number Total 
Total Operat- Weight 

ing (t) 

6. Condensers 
Volume: J m3 

2 2 J.? 

7.* Flat bottom tanks 6 6 23 
Volume: 6.J-100 mJ 

8. Agitators for tanks with 6 6 18 
gearboxes, couplings and 
electric motors 

9. Centrifugal pumps for 4 2 4.4 
slurry with speed control 
Cap.: 2?0 mJ/h 

10. Centrifugal pumps for slurry 2 2 2 
Cap.: 30 mJ /h 

11. * Centrifugal pumps for water 4 2 4 
Cap.: 60 mJ /h 
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Number Total 

Total Ope rat- \ieigh-: 

ing (t) 

8. Tube digestion 

1 . Shell and tube type heat 4 4 13 
exchangers for heating the 

bauxite slurry and adjusting 

liquor using low pressure steam 
Shell dia: 368 x 14 mm 

Heating tubes: Jx 0 108 x 8 mm 

Surface: 14 m2 

2. She 11 anJ tu be type heat 156 156 493 
exchanger for heating the 

bauxite slurry and adjusting 

liquor using flash steam 

Shell dia: 368 x 14 mm 
Heating tu bes : JxO 108 x 8 mm 

Surface: 14 m2 

J. Shell and tube type heat 40 40 126 

exchanger for heating the 
bauxite slurry with molten 
salt. 

Shell dia: J68 x 14 mm 

Heating tubes: JxO 108 x 8 mm 
Surface: 14 m2 

4. Holding tubes 2 2 435 
J 27Jx16 mm - 1600 m 

5. Flash tanks 24 24 300 

V2.8mx5m 
p= 6-60 bar 
Volume: 25 m3 

6. Flash tanks 2 2 18 

~ 2.8 m x 5.5 m 
Volume: 30 m3 
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7. Condensate blow-off vessels 

~1.6mx2.7m 

Volume :4 .5 m2 

8. Condensers 

- 0.9 m x 4.9 m 

Volwne: 3 m3 

9. Flat bottom tanks 

Volume: 6.3-100 m3 

10. Agitators for tanks with 

gearboxes, couplings and 

electric motors 

11. Centrifugal pumps for slurry 

with speed control 

Cap.: 300 m3/h 

12. Centrifugal pum~s for slurry 

Cap. : 30 m3 /h 

13. Centrifugal pumps for water 

Cap.: 60 m3/h 

14. Molten salt heating units 

with molten salt heaters, 

fuel oil burner plants, 

combustion air preheaters, 

ducts, self-supporting stacks, 

with salt storage tanks, molten 

salt pumps, instrumentation 

Cap.: 60 GJ/h 

Molten salt outlet temp.: 330 °c 
Nolten salt inlet temp.: 280 °c 

Number Total 

Total Operat- Weight 

ing (t) 

2 2 4.8 

2 2 3.7 

6 6 23 

6 6 18 

8 8 10 

2 2 2 

4 2 4 

2 2 
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9. Red mud settlin~ and washin~ 
Low quality bauxite 

Autoclave and tube digestion 

1. Single chamber settlers 

with slope bottom and cable 
torque rakes 

~ 30 m x 6.6 m 
1:16 slope bottom 

Volume: 4300 m3 

2. Single chamber washers 
with slope bottom and cable 

torque rake, equiped with 

feed tanks 

f 30 x 6.6 m 
1:16 slope bottom 
Volume: 4300 m3 

).* Flat bottom tanks 

~ 10 m x 6 m 
Volume: 500 m3 

4.* Flat bottom tanks 

Volume: 6.J-200 m3 
5. Agit~tors for tanks with 

gearboxes, couplings and 

electric motors 

6.* Tanks with conical bottom 

~ 2 m x 6.5 m 
Volume: 15 m3/h 

Number Total 

Total Operat- Weight 
ing (t) 

2 2 270 

• 

6 5 810 

2 2 50 

7 7 35 

9 9 25 

5 4 20 
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Number Total 

Total Operat- Weight 

ing (t) 

7. Centrifugal pumps for slurry 21 10 26 
with speed control 

Cap.: 50-140 mJ/h 

8. Centrifugal pumps for liquor 14 6 16 
with speed control 

Cap.: 90-320 m3/h 

9. Centrifugal pumps for slurry 4 4 4 
Cap.: 30 m3/h 
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9. Red mud settlin~ and washin~ 
High quality bauxite 

A~toclave and tube digestion 

1 . Single chamber settlers 

with slope bottom and cable 
torque rakes 

~ JO m x 6.6 m 
1:16 slope bottom 
Volume: 4JOO mJ 

2. Single chamber washers 
with slope bottom and cable 
torque rake, equiped with 

feed tanks 

¢ JO x 6.6 m 
1:16 slope bottom 
Volume: 4JOO mJ 

J.* Fl~t bottom tanks 

~ 10 m x 6 m 
Volume: 500 mJ 

4.* Flat bottom tanks 
Volume: 6.J-200 mJ 

5. Agitators for tanks with 
gearboxes, couplings and 
electric motors 

6.* Tanks with conical bottom 
~ 2 m x 6.5 m 
Volumf:': 15 m3 

Number Total 
Total Operat- Weight 

ing (t) 

2 2 270 

6 5 810 

2 2 50 

7 7 J5 

9 9 25 

5 4 20 
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Ilumber Total 
Total Ope rat- Weight 

ing (t) 

7. Centrifugal pumps for slurry 21 10 26 
with speed control 
Cap.: 50-130 m3/h 

8. Centrifugal pumps for liquor 14 6 16 
with speed control 
Cap.: 90-210 m3/h 

9. Centrifugal pumps for slurry 4 4 4 
Cap.: 30 m3/h 



A4-Sl 

10. Additive preparation 

Low quality bauxite 

Autoclave and tube digestion 

1. Flocculent (starch) preparing 

equipment complete with feed 

and discharge facilities, with 

bins, repulping and control 

units 

Cap.: 170 kg/h 

2. Synthetic flocculent (ALCLAR) 

preparing and charging unit 

complete with tanks pumps, 

fittings and control system 

Cap.: 6 kg/h 

3.* Flat bottom tanks 

Volume: 63 mJ 

4. Agitators for tanks with 

gearboxes, couplings and 

electric motors 

5. Centrifugal purr.ps for 

slu.L·ry 

Cap.: 10 mJ /h 

Number Total 

Total Operat- Weight 

ing (t) 

1 1 7 

1 .. . 2 

2 2 9 

2 2 4.2 

2 1 1.2 
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10. Additive preparation 

High quality bauxite 

A11toclave and tube digestion 

1. Flocculent (starch) preparing 

equipment complete with feed 

and discharge facilities, with 
bins, repulping and control 
units 

Cap. : 1 00 kg/h 

2. Synthetic flocculent (ALCLAR) 

preparing and charging unit 

complete with tanks pumps, 
fittings and control system 

Cap.: 4 kg/h 

J.* Flat bottom tanks 
Volume: 63 m3 

4. Agitators for tanks with 

gearboxes, couplings and 

electric motors 

5. Centrifugal pumps for 
slurry 

Cap. : 10 m3 /h 

Number Total 

Total Operat- Weight 

ing (t) 

1 1 4.5 

1 1 1.5 

2 2 9 

2 2 4.2 

2 1 1 .2 



A4-53 

11. Mud causticization and red mud 
filtration 

Low quality bauxite 

Autoclave and tube digestion 

1. Vibrating screens 

Feed cap.: 75 mJ/h 

2. Red mud filters with receivers 

and with roller discharges 
Surface: 100 m2 

J. Screw conveyors 

Cap.: 45 t/h 

4. Reactors for decreasing thr 
red nud viscosity 

5. H.P. diaphragm pumps with 

speed control, with suction 

and delivery dashpots 
Cap. : 11 0 m3 /h 

Head: 65 bar 

6. Water ring vacuum pumps 

Cap.: 9000 mJ/h 

7. Air blowers 

Cap.: 2400 m3 /h 

8. Condenser with moisture trap 

~ 2 .2 m x 5 m 

9.* Flat bottom tanks 

Volume: J.2-200 mJ 

1C. Agitators for tanks 

with gearboxes, couplings 

and electric motors 

Number Total 

Total Operat- Weight 

ing (t) 

6 4 4.8 

14 12 490 

4 4 32 

4 2 14 

2 1 92 

4 3 18 

2 1 5 

1 1 8 

23 20 147 

20 17 68 



A4-54 

Num!ier Total 

T.:>tal Operat- Weight 

ing (t) 

11 . Centrifugal pur:::;is for slurry 2 1 3 
with speed cont~ol 

Cap.: 280 I:l)/h 

12. Centrifugal puo:;is for 2 1 3 
liquor with speed control 

Cap.: 260 m3/!1 

13. Centrifugal pum:;is for 6 5 6 

slurry 

Cap.: 50 mJ/h 

14.* Centrifugal pum;s for 3 2 3 
water 

Cap.: 20-120 m)/h 

15. Overheac travel:ing cranes 3 3 24 

Cap.: 5 t 



A4-55 

11. Mud cau~ticization and red mud 
filtration 

High quality be.uxite 

Autoclave and tube digestion 

1. Vibrating screens 

Feed c~p.: 75 m3/h 

2. Red mud filters with receivers 
and with roller discharges 
Surface: 100 m2 

J. Screw conveyors 

Cap.: 45 t/h 

4. Reactors for decreasing the 

red mud viscosity 

5. H.P. diaphragm pumps with 

speed control, with suction 

and delivery dashpots 
Cap.: 55 m3/h 

Head: 65 bar 

6. Water ring vacuum pumps 
Cap.: 5000 m3 /h 

7. Air blowers 

Cap. : 1 000 m3 /h 

8. Condenser with moisture trap 

~ 2 .2 m x 5 rn 

9.* Flat bottom tanks 
Volume: J.2-200 m3 

10. Agitators for tanks 

with gearboxes, couplinss 

and electric motors 

Numbe:::- Total 

Total Operat- Weight 
ing (t) 

3 2 2.4 

5 4 175 

2 2 16 

2 1 7 

2 1 56 

3 2 9 

2 1 3 

1 1 8 

18 16 102 

16 14 38 



A4-5o 

Number Total 

Total Operat- Weight 

ing (t) 

11. Centrifugal pumps fo1 slurry 2 1 2.2 

with speed control 

Cap.: 150 m3/h 

12. Centrifugal pumps for 2 1 2.2 

liquor with speed control 

Cap.: 150 m3/h 

13. Centrifugal pumps for 6 5 6 

slurry 

Cap. : 50 m3 /h 

14.* Centrifugal pumps for 3 2 3 

water 

Cap.: 20-120 m3/h 

15. Overhead travelling cranes 3 3 24 

Cap.: 5 t 



A4-57 

Number Total 

Total Operat- Weight 

ing (t) 

12. Control filtration 
Low and high quality bauxite 
Autoclave and tu be digestion 

1 . Pressure filters 4 J 44 
Surface: 125 m2 

2.* Flat bottom tanks 5 5 27 
Volume: 6.)-200 m2 

). Agitators for tanks 5 5 16 
with gearboxes, couplings 

and electric motors 

4. Centrifugal pumps for 2 1 4 
liquor with speed control 
Cap. : 41 0 m) /h 

5. Centrifugal pumps for 5 3 5 
slurry 

Cap.: 30-150 m3/h 



A4-SJ 

Total 
Total Operat- Weight 

ing (t) 
13. Heat interchan~e 

Low and high quality bauxite 
Autoclave and tube digestion 

1. Plate heat exchangers 3 2 14.4 , 
Surface: 300 m-

2.* Flat bottom tanks 3 3 30 
Volume: 200 mJ 

3. Agitators for tanks 3 J 18 
with gearboxes, couplings 
and electric motors 

4. Centrifugal pumps for 4 2 8 
liquor 

Cap . : 41 0 m J /h 



A4-59 

14. Precipitation and hydrate 

classification 

Low and high quality bauxite 
Autoclave and tube digestion 

1.* Precipitator tanks with 

conical bottom, air agita­
ted 

~ 10 m x 31.5 m 
' Volume: 2000 mJ 

2. Wash liquor preheater 

Surf ace: 160 m2 

3. Interstage coolers 
Surface: 150 m2 

4.* Hydroseparators 

with 60° cone bottom 

~ 10 m x 18 m s.s. 
5.* Flat bottom tanks 

Volume: 6.3-200 m3 

6. Agitators for tanks 

7. 

8. 

9. 

with gearboxes, couplings 

and electric motors 

Centrifugal pumps for 

slurry with speed control 
Cap.: 170-600 m3/h 

Centrifugal pumps 

for slurry 
Cap.: 160-320 m3/h 

Centri .fugal pumps for 
slurry 
Cap. : 30-60 m3 /h 

Number Total 

Total Operat- Weight 
ing (t) 

16 15 2696 

1 1 5 .1 

2 2 40 

2 1 192 

7 6 20 

6 5 8 

4 9 

8 5 14 

5 4 5 



A4-60 

10.* Centrifugal pumps for 

water 

Cap. : 21 0 mJ /h 

Number Total 

Total Operat- Weight 
ing (t) 

2 1 3 



A4-61 

15. Hydrate filtration 

Low and high quality bauxite 

Autoclave and tube digestion 

1. Disc filters with receivers 

Surface: 100 m2 

2. Pan filters with receivers, 
interstage pumps, tanks 
Surface: 20 m2 

J. Rubber belt conveyors 

B = 800 mm 

L = 15 m 

Cap.: 35 t/h 

4. Rubber belt conveyor 

with weighing belt 

B = 800 mm 

L = 60 m 

Cap.: 50 t/h 

5. Condenser with moisture 
trap 

~ 2 m x 5 m 
Volume: 15 m3 

6.* Flat bottom tanks 

Volume: 6.3-120 m3 

7. Agitators for tanks with 

gearboxes, couplings and 
electric motors 

8. Centrifugal pumps for slurry 

with speed control 
Cap.: 320 m3/h 

9. Centrifugal pumps for slurry 
Cap.: 30-120 m3/h 

Number Total 

Total Operat- Weight 
ing (t) 

5 4 100 

2 2 30 

2 2 12 

1 1 15 

1 1 10 

11 11 70 

9 9 17 

3 2 5 

4 3 4 



A4-62 

Number Total 
Total Operat- Weight 

ing (t) 

·10. Centrifugal pumps for liquor 2 1 3 
Cap. : 4GO m3 /h 

11. Centrifugal pumps for liquor 5 3 5 
Cap.: 30-120 m3/h 

12. Centrifugal pumps for 2 1 2.2 
water with speed control 
Cap.: 200 m3/h 

13.* Pulley-blocks 6 6 3 
Cap.: 2 t 

14. Electric hoists 2 2 2 
Cap.: 5 t 

15. Elevator 1 1. 4 
Cap.: 1 t 



A4-63 

Number Total 

Total Operat- Weight 

ing (t) 
16. Calcinationz alumina storaeie 

Low and high quality bauxite 
Autoclave and tube digestion 

1 • Rotary kilns with cyclons, 2 2 1390 
bucket-elevators, electrostatic 

dust precipitators, exhaust fans, 

alumina coolers, oil heating 

system and diesel emergency 
drive units 
Cap.: 350 t/day 

2. Alumina silo feed 2 2 7 
and discharge ur.its 

J. Waggon feed units 2 2 1 • 6 



A4-64 

17. Evanoration 

Low quality bauxite 

Auto~lave and tube digestion 

1. Five effect counter-current 

forced circulation 

evaporators, wit~ flash tanks, 

preheaters, feed and circulation 
pumps 

Cap.: 60 t/h evaporated water 

2. Superconcentrator with 

feed and cirulation pumps, 
preheaters and flash tanks 

Cap.: 15 t/h evaporated water 

3. Strong liquor preheater 
Surface: 50 m2 

4.* Flat bottom tanks 

Volume: 6.3-200 m3 

5. Agitators for tanks with 

gearboxes, couplings and 
electric motors 

6. Centrifugal pumps for 

liquor 

Cap.: 30-70 mJ/h 

7. Centrifugal pumps for 

water with speed control 

Cap. : 700 m3 /h 

8.* Centrifugal pumps for water 
Cap.: 25-80 mJ/h 

Total Operat- Weight 

ing (t) 

2 2 380 

1 1 45 

1 1 4 

11 11 72 

6 6 26 

8 5 8 

2 1 4 

8 4 5 



A4-65 

17. Evaporation 

High quality bauxite 

Autoclave and tube digestion 

1. Five effect counter current 

evaporators, with flash tanks, 

preheaters, feed and circulation 
pumps 

Cap.: 50 t/h evaporated water 

2. Superconcentrator with 

feed and cirulation pumps, 

preheaters and flash tanks 

Cap.: 15 t/h evaporated water 

J. Strong liquor preheater 

Surface: 50 m2 

4.* Flat bottom tanks 

Volume: 6.J-200 mJ 
5. Agitators for tanks with 

gearboxes, couplings and 

electric motors 

6. Centrifugal pumps for 

liquor 

~ap.: J0-70 m3/h 

7. Centrif~gal pumps for 

water with speed control 

Cap.: 600 m3/h 

8.* Centrifugal pumps for water 
Cap.: 25-50 m~/h 

Number Total 

Total Operat- Weight 

ing (t) 

2 2 360 

1 1 45 

1 1 4 

11 .., 1 72 

6 6 26 

8 5 8 

2 1 4 

8 4 5 



~.4-66 

Number Total 
Total Operat- Weight 

ing 
18. Salt removal 

Low quality bauxite 

Autoclave and tube digestion 

1. Pressure filters 2 1 16 
Surface: 125 m2 

2. Vacuum drum filter 1 1 8 
with receiver 
Surface: 12 m2 

J.* Flat bottom tanks 8 8 41 
Volume: 6.J-200 mJ 

4. Agitators for tanks with 8 8 17 
gearboxes, couplings and 
electric motors 

5. Centrifugal pumps 5 4 J 
for slurry 
Cap.: 10-30 mJ/h 

6. Centrifugal pumps J 2 2 
for liquor 
Cap.: 20-100 m3/h 



A4-67 

Number Total 
Total Operat- Weight 

ing 
18. Salt removal 

High quality bauxite 
Autoclave and tube digestion 

1. Pressure filters 2 1 16 
Surface: 80 m2 

2. Vacuum drum filter 1 1 8 
with receiver 
Surface: 12 m2 

J.* Flat bottom tanks 8 8 41 
Volume: 6.J-200 m3 

4. Agitators for tanks with 8 8 17 
gearboxes, couplings and 
electric motors 

5. Centrifugal pumps 5 4 3 
for slurry 
Cap.: 10-30 m3/h 

6. Centrifugal pumps 3 2 2 
for liquor 
Cap.: 20-50 m3/h 



A4-68 

19. Vacuum station 

Low and high quality bauxite 

Autoclave and tube digestion 

1. Water ring vacuum 

pumps 

Cap.: 11000 mJ/h 

2 • Air blowers 
Cap. : 2000 mJ/h 

J. Electric overhead travelling 

crane 

Cap.: 5 t 

Number Total 

Total Operat- Weight 
ing (t) 

3 2 17 

3 2 J.6 

1 1 12 



A4-69 

Number Total 

Total Operat- Weight 

ing (t) 
20. Comuressor station 

Low and high quality bauxite 
Autoclave and tu be digestion 

1 • Screw compressors with air 2 1 12 
filters, interstage and 

after coolers 

Cap.: 8000 Nm3/h 

2. Air tanks 2 2 5 
Volume: 50 m3 

J. Electric overhead travelling 1 1 14 

crane 
Cap.: 12.5 t 



A4-70 

?lumber Total 

Total Operat- ti' eight 

ing (t) 

21. Oi.L storag:e 

Low and high quality bauxite 

Autoclave and tube digestion 

1 • Oil storage tanks 2 2 150 

(J 18.5 m x 13.5 m 

Volume: 3000 mJ 

2. Oil unloading 4 4 2 

facilities 

3. Gear pw:ips 6 3 J 
Cap.: 10-65 m3/h 



A4-71 

22. Workshou and open air storage 

1. Engine lathe 

2. Vertica: boring and turning 

machine 

J. Universal milling machine 
4. Horizontal boring mill 

5. Ventical milling machine 

6. Shaping machine 

7. Hydraulic slotting machine 

8. Universal surface grinding 

machine 

9. Multiple profiling machine 

10. Radial drilling machines 

11. Upright drilling machine 

12. Universal tool grinding 

machine 

13. Radial drilling machine 

(portable) 

14. Framed saws 

15. Hydraulic press 

16. Hydraulic horizontal combina­

tion die 

17. Laying out benches 

18. Manually operated pipe 

bendinb machines 

19. Smith's earth 

20. Hand pump3 for hydraulic test 

21. Air forging hammer 

22. Carbide speeder 

2). Winding machine 

Number 

Total Operat­

ing 

8 
1 

3 
1 

1 

2 

1 

2 

1 

2 

1 

1 

1 

2 

1 

1 

2 

2 

1 

2 

1 

1 

1 

8 

1 

3 
1 

1 

2 

1 

2 

1 

2 

1 

1 

1 

2 

1 

1 

2 

2 

1 

2 

1 

1 

1 



A4-72 

Number 

Total Operat-

ing 
24. Vacuum impregnating unit 1 1 

with vacuum pump 

25. Table drilling machines 3 3 
26. Table grinding machines ., 2 
27. Pedestal grinding ma\~!iines 3 3 
28. Vulkanizer &ets 3 3 
29. Welding machines 3 3 
JO. Portable welding machines 8 8 
31. Electric overhead 2 2 

travelling cranes 

Cap.: 8 t and 5 t 

32. Frame crane 1 1 
Cap.: 12.5 t 



A4-73 

Number 
Total Operat- ~pare 

ing 
l.fotor vehicles 

1 • Auto crane 1 1 
Cap.: 40 t 

2. Auto crane 1 1 
Cap.: 10 t .. Auto crane 1 1 .) . 
Cap.: 6.J t 

4. Trucks 4 4 
Cap.: J.5 t 

5. Tilting-platforms 2 2 
trucks 
Cap.: 6 m3 

6. Trucks with electric 3 3 
platform 
Cap.: 3 t 

7. Trucks with elect.,.ic 3 3 
platform 

Cap.: 2 t 
8. Trucks with electric 2 2 

forks 
Cap.: 2 t 

9. Trolley trucks with 2 2 
electric forks 
Cap.: 2 t 

10. Trailers for trucks 4 4 
Cap.: 2 t 



AU.achment. 5 

Price list. o~ t.he main equipment. 



A5-1 

Attachment 5 

PRICE LIST OF THE MAIN EQUIPMENT 

Informative prices (FOB at European Port) are given for each 

of the main equipnent listed below: 

1. Sintering process 

1. Hammer mill with vibrating screen 
Cap.: 160 t/h 

2. Jaw crusher with vibrating screen 

Cap. : 160 t /h 

Cap.: 80 t/h 

Cap.: 50 t/h 

3. Shaft kiln for burning limestone 

with elevator, exhaust fan, dust 

collector, gas purifier, with burnt 

lime extractor, vibrating feeder, 

rubber belt conveyor, with fuel oil 

supply system, with electrical 

equipment, process control and 

instrumentation 

Cap.: 70 t/day Cao 

4. Lime slaking drur.i 

f; 1.8 m x 10 m 

Cap.: 10 m3/h slaked lime 

5. Multi-chamber ball mill with 

vibrating screen 

~ 2.6 m x 13 m 

Cap.: 125 t/h 

mill.ion 

of Rls 

15 

28 
18 

13 

120 

8 

54 



A5-2 

million 
of Rls 

6. Tank with conical bottom 
'! 9 m x 20 m 
Volume: 1000 m3 15 

7. Piston slurry pump with 
suction and delivery dash pot 
Cap.: 120 m3/h 

Head: 30 bar 32 
8. Rotary kiln with cooler, 

cyclon, gas purification 
system and exhaust fan 

~ 5 m x 120 m 
Cap.: 1600 t/day 998 

9. Double deck vibrating screen 
Screening area: 2.5 m x 6 m 7 

10. Cone cruscher 
Dia: 220 mm 
Cap.: 70 t/h 61 

11. Belt extractor 
Cap.: 70 t/h )86 

12. Jigging screen 
Surface: 41 .5 m2 12 

13. A~to:::lave 

~ 2.5 m x 14 m 
Volume: 50 m3 8 

14. Flash tank 

D J.6 m x 5.6 m 
Volume: 50 m3 5 

15. Single chamber settler 
~ 20 m x 4 m 
Volume: 1500 m3 25 



16. 

17. 

18. 

19. 

20. 

21. 

22. 

Vacuum d~um filter with 

filtrate receiver 

Surface: 10 m2 

Surface: 20 m2 

Pressure filter 

Surface: 125 m2 

Vacuum disc filter with 

filtrate receiver 

Surface: 100 m2 

Shell and tube type 

heat exchanger 

Surface~ 180 m2 

Hyd::i."oseparator 

'/i 7 m x 19 m 
Volume: 400 mJ 

Hydroseparator 

~ 10 m x 28 m 
Volume: 1000 mJ 

Pan filter with filtrate 

receivers, interstage 

pumps, tanks 
Surface: 25 m2 

23. Fluid bed calcining kiln 

with cyclons, electrostatic 

precipitator, exhaust fan, 

alumina cooler, oil heating 

aystem 

Cap.: 700 t/day 

A5-3 

million 

or Rls 

5 
8 

12 

15 

16 

7 

27 

15 

444 



A5-4 

24. Five effects, ~ounter current 

forced circulation evaporator 

unit, wit~, flash tauks, 

preheaters, feed and circula­
tion pumps 

Cap.: 65 t/h evaporated water 

25. Water ring vacuum pumps 

Cap.: 7500 m3/h 

26. Turbo-compressor 

C~p.: 15000 Nm3/h 

Pressure: 5 bar 

million 

of Rls 

159 

22 

55 



A5-5 

2. Bayer process 

1. Jaw crusher with vibrating screen 

Cap.: 140 t/h 

2. Hammer mill with vibrating screen 

Cap.: 140 t/h 
J. Shaft kiln for burning limestone 

with elevator, exhaust ran, dust 

collector, ga~ purifier, with burnt 

lime extractor, vibrating feeder, 

rubber belt conveyor, with fuel oil 

system, with electrical equipment, 

process control and instrumentation 

Cap.: 250 t/day 

Cap.: 175 t/day 

4. Lime settler 

+ 20 m x 5 m s.s. 
1:3 slope bottom 

5. Lime slaking drum 

+ 1.8 m x 10 m 
Cap.: 80 m3/h slaked lime 

6. Pressure belt filter 

Filtration area: 20 m2 

Cap.: 5 t/h 

?. Multi-chamber ball mill 

with conical screen 

p 2.6 m x 13 m 

Cap.: 50 t/h 

million 

of Rls 

22 

15 

160 

140 

17 

8 

18 

54 



A5-6 

8. H.P. diaphragm pump with 

speed control, with suction 
and delivery dashpot 
Cap.: 230 m3 /h 

Head: 70 bar 
Cap.: 150 m3/h 
Head: 120 bar 

9. Autoclave for heating 

bauxite slurry with 
life steam 

? 2.5 m x 14 m 

p = 60/80 bar 

10. Molten salt heating unit with 

molten salt heater, ducts, self­
supporting stack, with salt 

storage tank, molten salt 

circulating p~rnps, instrumentation 
Cap.: 65 GJ/h 

11. Single chamber settler 

with slope bottom and cable 
torque rake 

~ 30 m x 6.6 m 
1:16 slope bottom 

12. Vacuum drum filter for 

filtering red mud with 
receivers and with roller 
discharge 

Surface: 100 m2 

13. Vacuum drum filter 
with receivers 
Surf ace: 12 m2 

million 

of Rls 

97 

92 

29 

98 

22 

15 

6 



A5-7 

14. Disc filter with receiver 

million 

of Rls 

Surface: 100 m2 15 

15. Pan filter with receivers, 
interstage pumps, tanks 
Surface; 20 m2 14 

16. Pressure filter 

Surface: 125 m2-
Surface: 80 m2 

17. Precipitator tank with 

conical bottom, air agitated 

• 10 m x 31.5 m 
Volume: 2000 m3 

18. Hydroseparator with 

60° con. bottom 

; 10 m x 18 ~ ~.s. 
19. Rotary kiln with cyclon, 

bucket-elevator, electrostatic 

duat precipitator, exhaust fan, 

alumina cooler, oil heating 

system and diesel emergency 

drive unit 

Cap.: 350 t/day 

20. Five effect counter-current 

forced circulation evaporator, 

with flash tanks, preheaters, 

feed end circulation pumps 

Cap.: 60 t/h evaporated water 

21. Superconcentrator with feed 

and circulation pumps, 

prcheaters and flash tanks 

Cap.: 15 t/h evaporated water 

12 

9 

29 

27 

311 

151 

72 



A5-8 
million 

or Rls 
22. Water ring vacuum pump 

Cap.: 11000 mJ/h 25 
Cap.: 9000 mJ/h 23 

23. Screw compressor with air 

filter, interstage and 
after cooler 

Cap. : 8000 Nm) /h 40 
24. Plate heat exchanger 

Surface: JOO m2 42 



AU.achment. 6 

Conceptional plant lay-out drawings 
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