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EXECUTIVE SUNIMARY

Project Background and History

Producing alumina from domestic ore reserves has beccne
one of the most important Government projects in the Islamic
Republic of Iran. For this purpose, one of the potential raw

materials is bauxite.

The bauxite deposits are 1located in the Elburz Mountains.
Bauxite reserves have been estimated at about 45 million tons
(in category R-3 of UN-classification, which indicates
exploration opportunities), sufficient to feed an
industrial-scale alumina plant for some 30 years.

The pre—investment activities related to <the possible
erection of alumina production facilities are within the
responsibility of the "Aluminium Raw Materials
Programme/aRUP" Tehran set up by the Ministry of Mines and
Metals of the Islamic Republic of Iran in 1981. ARMP acts as

the national counterrart in this project.

The United Nations Development Programme (UNDP) in response
to a request from the GOVERNMENT OF THE ISLAMIC REPUBLIC CF
IRAN has agreed +to provide assistance to the government in
carrying out the project entitled "TECHIIO-ECONO:IC
OPPORTUNITY STUDY WITH BENCH SCALE TESTING OF BAUXITES" in
the Islamic Republic of Iran.
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The contract was signed between the UNITED NATIONS INDUSTRIAL
DEVELOPLZHT ORGAKIZATION (UNIDO?, Vienna and HUNGALY
ALUTERV-FKI (Engineering and Development Centre of the

Hungarian Aluminium 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 indigenous bauxites. For this
purpose chemico-mineralogical and phase-—-analysis testing of
altogether 120 Dborehole Dbauxite samples was carried cut
(ard summarized in the Interim Report No.1.delivered to UNIDO
and ARHP by +the end of December, 1987), followed by bench
scale +testing of two characteristic bauxite samples (with
modules 3.77 and 6.89, respectively) to determine the process
parameters of the various alternative routes of technologies
for processing of Elburz bauxites. The investigated

alternative technologies were:

Bayer autoclave - digestion
Bayer tube - digestion

Sinterirg

The results of the laboratory similation of the alternative
" technoliogies were summarized in the Interim Report No.2 on
the '"Bench-scale testing of characteristic Bauxite Samples"”.
(The Interim Report No.2 was delivered to UNIDO and ARIMP at
the end of June, 1983).

The aim of the present report is the techno-economic
evaluation of the mentioned alternative processes for alumina
production from Jajarm bauxite on the basis of the bench-
scale technological tests and to select the most appropriate
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ané economic techrology for further investigation (to prepare
a Feasibiliiy Study) and to justify further a detailed,
accelerated bauxite prospecting activity, if it is feasible.
It was also requested to submit proper data for bauxite
processing in order to compare it with the processing of
alternative domestic 2lumina raw materials (zluni:e,

alumosilicates, nepheline).

The incdustrialisation of <the Islamic Republic of Iran, the
develovment of the infrastructure of the given region of the
country, the improvement of the employment situation should
be a2lso considered as promoting factors to this projeert.

In the frame of +this contract 11 experts of ARNP were
acquainted succesfully with the material testing methods and
technological testing (process simulation) of bauxite
procsssing at Aluterv-F¥I and at the industrial facilities of
the Hungarian Aluminium Corporation. A short visit was
organised by Aluterv-FKI to +the Sinter Alumina Plant in
Boksitogorsk (USSR),too, for a few Iranian experts. The very
effective and good cooperation should be mentioned between
the experts of ARMP and Aluterv-FKI during the whole work.
The staff members of the UNDP Office in Tehran were also very
helvoful.

Market and Plant Cavacity

In 1978, the consumption of aluminium in Iran was about
75,000 tons. Today's restrained demand foi1 aluminium is
around 120,000 tons per year. However, IRALCO'S present
capacity and actual production is only close to 45,000 tons

per year, which requires an alumina feed of close to 90,000
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tors per year - all of which is imported.The expansion of the
capacity to 67,000 tons per year is under construction and
upon convletion the requirements of alumina feed will amount
to about 130,000 tons per year. The establishement of further
aluminium producticn capacities is under consideration.
According to the forcasted demand for alumina a 200 kt per
year rplant capacity can be recommended,and is worked out ir
this study, howeve—, the <total investment costs and
production costs of alumina has been investigated in the
sunction of +the bauxite quality between 75 and 200 kt/year
rlant canacity. (See Figs. 17-3 and 17-6).

The specific investment and production costs c¢an be

reduced significantly by increasing the plant capacity,
especially at 1lower production rates. It seems not to be
reasonable to produce alumina in the Islamic Repudblic of Iran

for sale in the world rar! .t.

Raw laterials

The bauxite raw material is a diasporic-chamositic-kaolinitic
type containing 44 to 60 % of Al504 and 5 to 18 % of
Si0p. The real thickness of the bauxite deposit is 3-5 m in

" general, the recent prospections have also revealed lenses
with a +thickness of 13-23 m and of a higher grade (higher
aluminz and lower silica percentages). Presently the deposit
is being prospected by +the ARHP. The reserves known at
present 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 tc be mined partly by the open cast
(40 % of the total), but mainly by the underground method.

Provided that the reserve in category R-2 is analogous to the
quality of the ICS-3 composite sample (one of the two
characteristic samples selected for the technological
investigations) &4 million tons of bauxite is aveilable
(A1203 = 442 %, 510, = 1.7 %, Module =

A1203/8102 ratic = 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.

When a better quality of reserves is taken into
consideration, with the module of 4.9 (with 48.7 % Al,;05

and 9.9 % 8i0, contents), 2.2 million tons of bauxite can
be estimated actually in category R-2.

The other characteristic sanple for the technological
investigations has been selected with 52.4 % A1203 and

7.6 % S5i0, contents (liodule 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 Jjustified yet in a proper amount by the prospecting, it
should be mentioned, that recently very good bauxite was
revealed in boreholes B4-31 and BL-45, where the alumina
content iz more than 60 % and the silica less than 5 %. These
boreholes indicate bauxite of extremely good quality, which
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offers better prospects than it was expected before. It is
necessary to emphasize the utmost importance of the
accelerating of the geologicazl prospections at the Jajarm
arez with the aim of the justification of a higher grade
bauxite in a more significant amount, because the bauxite
quality 1is +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 100-2G0 kt per year capacity.

As a caustic soda source for the Bayer process, imported
sodium carbenate is considered from economic point of view.

Tne time of return of +the causticization plant (to
convert NayC0y into NaOH by lime addition) is about 2
months only. Na2003 is also required for the sintering

process.

High quality limestone is available near +to the expected
piant site. This limestone can be used directly for the
sintering process and after burning as Cal for the Bayer
process.

The very low price of domestic fuel o0il is one of the most
important factors +to justify this project. The total energy

demand can be covered by fuel oil a2t 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 high (max. 3 %) sulphur
content. The required supply of natural gas and the excess
investment requirement would be a further disadvantage for
the sintering process compared with the Bayer technology.




Process technology

The following alternative routes of technologies for
processing the Jajarm bauxite" have been investigated and
compared from techno-economic point of view:

A. Low quality bauxite, sintering process (LQBSP)

B. Low quality bauxite, autoclave digestion (LQBAD)
C. -Low quality bauxite, tube digestion (LQBTD)

D. High quality bauxite, autoclave digestion (HQBAD)
E. High quality bauxite, tube digestion (HQBTD)

(Low quality bauxite:

Al04 = 44.2 %, Si0p = 11.7 %, M = 3.77)
(High quality bauxite:
Al505 = 52.4 %, Si0p = 7.6 %, 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 sodium carbonate which has been

selected as the source of caustics.

- Lime burning and slaking facility.

- Red mud causticization to reduce the caustic soda losses.
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— Digestion with a catalytic additive (hydrogarnet catalyst
formed from Ca0).

The +tube digestion is characterized by the molten salt
heating unit to achieve the maximum temperature of 280 °c
and by the multi-stream (3 tube in one tube) heat-exchanger
system according to the facility installed at the Magyardvar
Alumina Plant, Hungary.

The selected main process parameters are as follows:

For the sintering process:

Moisture content of the mixture to be

sintered 39-40 %
— Temperature of sintering 1175-1200 °C
- Time requirement of sintering 45 min.
- Leaching temperature 85-90 °c

Under optimum parameters the attainable Nay0 recovery comes
to 94-96 %, that for Al,04 to 89-91 %.

For the Bayer process

autoclave tube
digestion digestion
" - Digestion temperature 260 °C 280 °cC
~ Retention time at digestion
temperature 1 hour 20 min.
~ Digestion ligquor concentration 160 g/1 160 g/1
Nay0 Nas0

- Ca0 addition to bauxite for
digestion 7 % 7%
- Molar ratio after digestion 1.55 1.50
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For the low quality bauxite (ICS-3) a digestion yielé of 59-
70 % and for the high quality bauxite (ICS-2) that of 82-83
% can be achieved.

The specific consumption data are given in the function of
the Dbauxite quality for sintering in Pig. 17-1/A ané 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 Quality

The alumina produced by the Bayer process contains much less
contaminants than that manufactured by the sintering process.
E.g. the 85i0, content is 0.020-0.030 % and the Fe,04
content 1is about the same in Bayer alumina in contrast with
the product ¢f the sintering process where 0.03-0.05 % 510,
end 0.05-0.06 % Fe;03 are characteristic. Only floury
type alumina can be rroduced by the sintering process, which
is nc: 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
al um 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
tiie quality of the alumina produced by sintering process
can meet the requirements of the IRALCO Smelter in Iran
ccording to the information submitted, by the
experts of ARHP, considering that the aluminium
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produced there is wused mainly for silicon—-containing
aluninium alloys. According to the international experiences,
however, the alumina containing higher amount of impurities
(e.5., SiC, and Fey03) is not suitable for the
production of aluminium with high electrical conductivity and
that of some sveciality aluminas, and can cause operational
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, separately {for each variant. It should be
mentioned that back-pressure steam turbine-generators are
preferred for cogenaration of steam and electric power
which is the most economic solution for energy supply in

alumina refineries.

Plant Location and Civil Engineering

The alumina plant will be located in the Jajarm 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
Oprortunity Study. Consequently only the plant inside the
fe::ce was examined as an independent unit.

The plant consists tfrom the civil engineering point of view
of technological buildings, outdoor units and non-

technological buildings.
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For water supply, 3 systems are expected, namely an
jndustrial and fire-fighting system. and two recirculating
cooling water systems (separately for alkali-contaminated and
alkali-free water).

Dry disposzl of the red mud is considered using the filtered
mud to avoid the contazmination of the karstic surrounding

area by alkali-solutions.

Imvlementation Schedule

Most of the activiiies of the investment work should be
concluded by the deadline o start producing alumina betwesn
the 38th and 39th months.

The 200 ktpy full capacity of the alumina plant can be
attained in the 44th month.

Totzal investment costs

The total inves*ment costz of an alumina plant with 2090
kt/year capacity amounts to 34,640 millions of Rls for the
sintering process and 25,517 millions of Rls for Bayer Tube
Digestion processing low quality bauxite (Fig. 17-2). The
total ianvestment costs can be reduced slowly only with the
improved bauxite quality (Fig. 17-2). The specific investment
costs per ton of alumina produced, however, is iacreasing
significantly by lowering 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 some other aspects of ARIP a
plant capacity of about 100 kt/year can also be accepted as a
first stage.
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Tre significantly higher investment costs for the sintering
proc2ss are in agreement with the published data of Russian
exneris, wnere the Bayer process usirz high grade bauxite was
cenpared with the sinter process and the combined Bayer-
sinter process using low grade bauxite. The investment costs
per unit production was found by them to be 1.9 times higher
the production costs 1.82 +times higher and the labour
razuirement per ton A1203 1.63 times higher for the
sinter oprocess than for the Bayer one. PFor the series
cembined Bayer-sinter process the proper figures were: 1.50,
1.46 and 1.36, respectively. (TRAVAUX de 1'ICSOBA, 1974
No.12. pp. 237-244).

Producticen Costs

The alumina can be produced at the ainimum productim zosts
by means of the Bayer tube digestion technolugy, even if
processing lew  quality bauxite. (39,235 Rls/t in concrast
with sintering process, were this value is 41,378 Rls/t) (See
Fig. 17-5). Tne production costs ace steeply decreasing with
improving Dbauxite gquality when using the Bayer process,
however, only slowly whenr using the sintering method. This
means +that the Bayer +tube digestion technology should be
preferred for processing Iranian bauxites. There is a good
potential to increase the profitability in the function »f
the better bauxite quality (Fig. 17-6). Furthermore, the tube
digestion 1s the most up-to-date and flexible technology *o
optimize the caustic 1liquor concentrations in ine process

cycle and to minimize the water amount to be evaporated,
which results energy saving and ftower investment

reguirements.
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Poreien exchange reszuirements

The estimated domestic and foreign supply is differing
according to the investigated variants.The estimated domestic
supply is varying between 8,882 and 11,796 millien Rizls,
while the foreign supply is 19,847 million Rls ior the
sintering process and 11,110 to 42,709 million Rials ornly for
the Bayer process variants. Conseguently, the ratio hetwcen
the domestic and foreign supply is the minimum one fur the
sintering process (39.5 % to 60.5 %) and for the Bayer
variants (4648 % to 54-52 %). For the sitering process an
arsroximately 7,000 millions Rials higher foreign supply is
required than for the Bayer variants processing low quality

bauxite.

Financial evaluation

The actual exchange rate in the Islamic Republic of Iran is
66 Rials per USD. Although any change in this exchange rate
i: depending on the decision of the Gecvernment, however, the
international comparison (chapter 15.3) and the econoxic
estimation of +the Jajarm project confirm the reality of the
use o¢f a higher exchange rate to evaivate more exactly and
adequately the erection of industrial facilit<es. Therefcre,
the economic analysis has been prepzared with the following,
different exchange rates: Rls 66, 160, 200 and 400 per ULD,
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The cunulatad cash balance in the 20th year of production
very sensitively reacts and steeply increases with tne
ircreasing of the orcnange rate. Furthermore, all three
variants give results of *the same order of magnitude fer the
low acuality bauxite. The cumulated cash balance increases
only witt the improvement of the tauxite quality

si;nificantly

Th- sum of the accumu-ated profit at an exchange rate of 66
Rls/GSD is negativez for all variants. At an exchange ra.e of
160 Rls/USD the processing of high quality banxite itz already
profitable. 2t an exchange rate of 207 R1ls/USD the sinter
process is the only non-pr-fitable variant.

The ratio of the ne:i profit to +the -equity is at lower
Rials/USD excha-ge rates gquite modest at the processing of
high gquality bauxite as well, however, at the exchange rzte
of 400 Ri=2is/USD - with the exception of the sinter process

- it attair 2lues expected from big indusirial facilities.

The foreign exchange savirgs were calculated supposing that
the *otal amount of +the 200 kt alunina will substitute
imported alumina or the excess can be exported. The net
“foreign exchange gain 1is varying between 35.6 and 43.2
million USD per year ~onsidering the imported sodium
carbonate and the expo.c¢ value of the consumcd fuel o0il)
according to the process variants, while the pay-back period
for “he sintering process iz 7.6 years (becanse of the higher
investment costs with highcr foreizn supply) and 5.4 and 5.2
years <for the Baysr process variants processing low quality

bauxite and 4.2 and 3.9 ycars for those processing higher

quality bauxite.
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The break-ever vpoint analysis was prepared for determining

<k

thzt 2lumirna selling price, at which the alumina refinery can
just run without lc-ses. These balanced prices of alumina for
internal use are char;;ing between 30,570 and 42,110 Rials/ton
in the <function of bauxite quality and selected technology.
These prices are corresponding to the 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 that the real
exchange rate for industrial facilities should be around Rls
20C per USD. Under this condition the Jajarm project can be
comparsed with foreign alumina plants and this comparisen is

aczeptable for the Iranian project.

The Jajarm project has a significant advantage compared with
other alumina refineries related to the eneigy costs. Though
it is burdened by the costs due to the inevitably higher
investment costs of newly erected facilities, it can be
competitive, especially considering the general policy and

aims of the Goveriment of the Islamic Republic of Iran.
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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

Jajara bauxite of any investigated gquality, therefore, this
technology can be selected for further detailed investiga-

tions to prepare a Feasibility Study.

2. Considering a real exchange 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. Consegquently, further activity in

this field can be recommended.

3. From the point of view 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 with the improving bauxite
quality.

4, The quality of the alumina produced by sintering process
can meet the reguirements of the IRALCO Smelter in Iran
according to the information submitted by the experts of
ARNP, considering that +the aluminium produced there 1is
used mainly fcr silicon-containing aluminium alloys.
According +to the international experiences, however, the
alumina containing higher amount of impurities (e.g., 5102
and TFep04) 1is not suitable for the production of
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2luminium with high electrical conductivity and that of
some speciality aluminas, and can cause operational
difficulties during feeding and dry scrubbing in an up-to-

date smelter.

5. Regarding the present preliminary stage of geological
prospecting, the ore reserves, subject to taking into

account differernt cut off quality, are estimated as follows:

Average modulus (A1203/8102 Ore reserves, million
weight ratio) tons
3.5 15-18
5.0 7-9
7.9 3-7

In the light of the results of the present Opportunity Study
the above-mentioned reserves can justify a plant size of
around 100,000 tpy (75,000-125,000 tpy) supposing a bauxite
guality of modulus about 5 (with an alumina conient of about
50 ¢ and with a silica content of about 10 %) only.




RECOZHEIIDATIONS

1. Based on the results obtained in this Opportunity Study
it is recommended to prepare a Feasibility Study for
processing the Iranian bauxite by means of the Bayer tube
dizestion technology which seems to be the most profitable
variant and can produce high quality and less contaminated
alumina suitable 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
asoects of the imfrastructure, as well. The Feasibility
Study will allow the Iranian authorites to decide upon the
dezirability of further pursuance of the project of
in_ustrial—-scale alumnina production based on Iranian bauxites
in comparison with the alunite project, at the same level of

elavoration.

2. Considering +the determining effect of the Dbauxite
quzlity on the profitability of the project by all means
j+ is recommended to accelerate the bauxite prospecting
activity with the aim of the justification of a higher grade
'bauxite in 2 proper amount. The good results of the present

oprertunity study justify the costly bauxite prospecting.

3. The Feasibility Study can be prepared based on the
detailed physico-chemical investigation of the selected
charzcteristic (only more or less representative) bauxite
sample followed by the laboratory proccss simulation of its
processing (sometines called as bench scale testing),
ho raver, it 4s recommended to complete these teots by the
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pilot scale tube digestion +technological +testing. The
necessity of +the pilot scale tube digestion test can be
justified by the following arguments:

— The high turbulency of the slurry influences the digestion
kineties, the eguilibrium molar ratio after the digestion and
the required retention +time at the given selected end
temperature. The possible reduction of the caustic lizuor
concentration to digestion can also be studied. Consequently,
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 argument for reaziizing pilot scale tube
digestion tests is the determination of the filterahility and
washability of +the red mud obtained in the function of the
Cigestion temperature.

4, At the present level of informations concerning the Jajarm
tauxite deposits, it is recommended to use a bauxite quality
with +the following composition as a base for the suggested
Feasibility Study: Alp03 = 50 %, Si0p = 10 % which only
presumably can represent a part of the known reserves only
because of the huge variations of the ore quality and the
large amount of cut-off. In this case all data can be easily
extrapolated for +the occasionally 1lower or higher grade
tauxite. For pilot scale tube digestion tests 30 to 40 tons
of bauxite would be required.

Budapest, 15th December 1988.

ALl
Dr.K. Solymir

%’va1‘7~ L /[ --G
Gc\)ue oy S
Director ?or u:velopment Team Leader

of Aluains Productiorn Head of DNDivision

&
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1. PROJECT BACKGROUND

In 1978, the consumption of aluminium in Iran was abcut
75,000 tons. Today's restrained demand for aluminiun is
around 120,000 +tons per year. However, IRALCO's present
capacity and actual production is close to 45,000 tons per
year, which reguires an alumina feed of close to 90,000
tons/year - all of which is imported. The expansion of
capacity to 67,000 tons/year is under construction and upon
completion +th: requirements of alumina feed will amount to
about 430,000 +tons per year. The establishment of further
aluminium production capacity is under consideration.
Consequently, producing alumina from domestic ore reserves
has become one of the most important Government projects.

Concerning bauxite, the deposits of +the Elburz Mountains
constvitute 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 bauxite ores are of diasporic-chamositic-kaolinitic type
containing 44-50 % of Al;03 and 10-18 % of Si0;.
Preliminary technological tests 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/ARMP", set up by the Ministry of Mines and Metals
of Islamic Republic of Iran in 1981. ARMP acts as the
national counterpart in this project.
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The first task was to establish the technical viability of
industrial-scale production of a2lumina in the country, using

the indigenous bauxites.

For this purpose a Contract No. 87/42 has been entered into
between UNITED NATIONS INDUSTRIAL DEVELOPHMEN ORGANIZATICN
(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 UNIDG 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 of these tests Aluterv-FKI has prepared
the Opportunity Study. The aim of this Study is to make a
comparative econcmic 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 gquality bauxite, autoclave digestion (LQBAD)
C. Low quality bauxite, tube digestion (LQBTD)
D. Higher quality bauxite, autoclave digestion (HQBAD)
E. Higher quality bauxite, tube digestion (HQBTD)
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2. BAUXITE RESOURCES AND RAW 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 chemical and mineralogical composition of
the 120 individual sanples can be found in our Interim
Report 1. (edited in Dec. 1987). The following
establishments are based on the ARMP's geological
documentations, the reports on field trips of dr. I.
Voros (1986) and Gy. 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 © +o0 the north. The real
thickness of the deposit is 3-5 m in general, however,
the recent prospections have revealed 1lenses with a
thickness of 13-23 m, too.

The bedrock of the ore body is Triassic dolomite
(Blika PFormation), the covering strata consist of coal
bearing marls and sand-stone (Shemshak Formation). On
the carbonatic bedrock no significant 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 1layers. The bauxitic complex is divided one ore more
clayey strata. The significant h2terogenity has been
manifested in its chemical (ai:d mineralogical)
composition. Petrographically tha: part of the formation
can be regarded as bauxite ip which the total amount of
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the Al, Pe and Ti-oxides and hydroxides is more than 50
% with the dominance of Al minerals, while the other part
consists of bauxitic clay, clayey bauxite or clay.

2.1.2. The mineralogy of the deposite
The bauxite is a typical diasporic—chamositic cre
which indicates the accumulation (or formation) of the

bauxite in a lagoonar facies in reducing environment.

The mineralogical composition of the characteristic
samples is as follows:

Minerals,%/samples ICS-2 ICS-3
diaspore 50.8-52.2 36.2-37.2
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
gsiderite 1.3 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:
/Peye*, Aly/A1,8iys0,4(0H)g
in which the Pe may be replaced by Mg and the Al by Fe’*.

Although chamosite
ay diffractograms,

can be detected qualitatively on the X-

of its high variety in
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crystal lattice and cheaxical composition the
quantitative determination of this mineral is very
difficult.

The chamosite may occur in different oxidized
(se ~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.

2.1.3. Reserves

The Jajarm bauxite deposit is divided into three sectors
such as the Golbini, the Zoo and Tagui. The deposit has
been prosrected at a very low level and in 1986 (and
even at present) it was not adequately prepared
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 ARMP with
two drilling machines and the preparatory bauxite

geological mapping 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 reserves mean geological ones. The part
{the quality) of the geological reserves, which
satisfies the demand of a viable (profitable) alumina
plant can be determined on the bases of the
technological tests and economical evaluations.
Consequently 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 1loss 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
(A1203/8102 ratio) million tons

3.5 15-18
5.0 7-9
7.0 3-7

Because of the 45 © of dip of the deposit about 1/3 of
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 of prospection, very
good bauxite was revealed by bore holes of BH-31 and BH-45
where the alumina is more than 60 % and silica 1less than
5 %. These bore holes indicate bauxite of 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
of the accelerating of the geoclogical prospections at the
Jajarm area. Pirst of all the drilling activity has to be
mentioned, supported by geophysical surveying in order to
gain more reliable data for +the localization of the

productive bore holes.

It is highly recommendable 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 High

quality quality

(1cs-3) (Ics-2)
Chemical compositions (in percents on dry basis), %
A1,0, 4.2 52.4

510, 11.7 7.6

Fep05(total) 22.1 17.5
Ca0l 1.6 1.5
Mg0 0.3 0.4
Nay0 0.06 0.12
X,0 0.40 0.20
S(total) 0.08 0.04
T102 5.6 6.3
CO, 2.57 1.60




P205
V205
Cr203

Loss on Ignition (L.0.I.)

corg

A1503/510,

module

Adhesive moisture (on wet basis)

kMineralogical composition

A1203 % in

5102% in

Fe203 % in

T102 % in

gibbsite
diaspore
kaolinite
chamosite
hematite
crandallite
total

kaolinitee
chamosite
total

chamosite
goethite
hematite
siderite
total

anatase
rutile
total

0.16
0.11
0.03
12.4
0.12
3.77
5.0

1.4
31.5-32.2
8.2-8.8
2.0-2.1
0.2
0.2
44,2

907-10.4
1.3-2.0
1.7

3.7
2.0
14.4
2.0
22.1

0.20
0.12
0.006
12.5
0.14
6.89
5.0

4i 245 .1
4.2-4.7
2.7-3.1

0.2
0.2
52.4

4.9-5.6
2.0-2.7
7.6

-
(&
Vi o & O O

-
o =




Cal0 % in calcite 1.5 0.8
dolcmite - 0.2
crandallite 0.1 0.1
total 1.6 1.1

Mg0 % in dolomite - 0.1
chamosite 0.3 0.4
total 0.3 0.5

P205 % in crandallite 0.2 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 -trucks. The
maximum lump size of the bzuxite is 250 mm.

Soda ash
NaCl 0.6 %
Fe ' 50 ppm

Insoluble material 0.3 %
SO, ‘ 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 of 1506 lm.

Limestone (in percents on dry basis)

Cal 54.57
L1L.0.I. 42 .77
S10, 0.66
A1,04 0.27
Mg0 0.16
F3203 0.10
Adhesive moisture(on wet basis) 5.0

Quality data were handed over by ARMP on March
1988.Limestone will be transported by dump-trucks from an
open cast mine close to the plant site. The maximum
lump-size of +the limestone is 250 mm.
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FUSL (NIOC FUEL OIL 830)

NATIONAL IRANIAN OIL COMPANY
1100 SEG FUEL OIL

SPECIFICATION TEST METHOD

Specific Gravity 60 °F/60°F To be reported D. 1298
Viscosity.Kinematic 122 OF cs 136 Max. D. 445
Viscosity.Redwood 1 100 °F Secs 4100 Max. Calculated
Pour Point. °F Winter 30 Max. D. 97
Summer 50 Max. D. 97
Flash Point  OF 145  Min. D. 93
Sulphur. Total %wt 3.0 Max. D. 1552
Carbon Residue (Conradson) % wt 13 Max. D. 189
Ash %wt 0.05 Max. D. 482
Water, Sediment %vol 0.5 Max. D. 1796
Calorific Value (Higher) Btu/lb 18,200 Min. Calculated
Carbon (c) fwt 85
Hydrogen (H) %wt 11.5
Vanadium (n P.P.M. 64  Approx
Sodium (Na) P.P.M. 20 Approx

.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 o0il 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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NATURAL GAS

Constituents

Methane 98.77

Bthane 0.52

Propane 0.6

Isobutane 0.2

Normal butane 0.2

Isopenthane 0.2

Hexane and heavier materials 0.2

Carbon dioxide 0.6

Nitrogen 0.1

Others 0.5
Total 100 %

Net heating value 7347 keal/m3 (30.76 GJ/m3)

Gross heating value 8147 keal/m3

Hydrogen sulphur 4 ppm

Mercaptane -

Water -

Molecular weight -
Specific gravity in proportion to air 0.64

There is an existing gas pipeline about 50 km far from
the envisaged plant site. An extension of the pipeline
should be built in the future if natural gas will be
used in the alumina plant.
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3.PROCESS TECHIOLOGY

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. Consegently
zt present, whern the Opportunity Study is elaborated, the

optimal capac’: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 results
of chemical and mineralogical analysis of the 120
individual ©bore hole samples, of their laboratory
digestion tests carried out under stand.rd

)]

circumstances, of detailed analysis vy up-to-date
test equipment such as Scanning Electron Hicroscopy
(Szil) anrd Electron Microprobe analysis (EIPA) 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 sample ICS-3 represents such grade (44.2 %
of Aly04, 11.7 % of Si0p, Aly04/Si0, ratio of 3.77),

where both the sintering and the Bayer-process can




3-2

be considered. Ornly two of the world's alumina plants use
pure sintering process, one in Boxitogorsk, USSR and
tke other in Ziar, Czechoslovakia. Such grade of

baixites 2re not processed in other countries.

The higher gralde sample ICS-2 represents the grade (52.4 %
of Aly03, 7.6 % of 5i0p, Alp03/5i0p ratio of 6.89)

of bauxite similar to that of processed in many
alumina plants worldwide by Bayer—process ((Seydisehir
Turkey, Tulcea Rumaniz, St. Nicholas Greece), if only
taose alunina  plants are considered, where diasporic
bauxites are processed. If plants processing boehmitic
bauxites are included, further alumina plants, such as the

ones in Hungary can be mentioned.

Detailed chenical and mineralogical composition and
the bench-scale tests of the two characteristic samgles

can be found in Interim Report 2 oif June 1983.

Grinding bench-scale tests refer to both sinter and

Bayer processes.

Regarding the sintering process the following tests
were carried out:

- reological tests of the composite to be sintered

- dilatometrical and thermogravimetrical tests during
sintering

porosity of the sinter

leaching of the sinter
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For the bench~scale tests of the sintering process
tne Institute VAHI, USSR, was invited to carry out them only
with lower-grade bauxite sample. Interim Report 2
contains the general information about the sintering

process, as well.

The following tests were carried out on the Bayer-process:
— digestion tests in the function of the
Ca0 dosage
caustic NapO-concentration of digestion liquor
digestion temperature
vauxite dosage

digestion time
se

Main conclusions based on the Dbench-scale tests could

be summarized as follows:

1. Both characteristic bauxite samples (ICS-2 and ICS-3)
represent basically diaspore hematite ores. High
Ti0p-content, various silicate minerals (kzolinite,

charosite) are characteristic for both samples.

2. Both characteristic bauxite samples are of similar
behaviour as far as chrushability and grindability are
concerned. On +the basis of the Hardgrove number (Hi:58)

rneasured, the materials are hard to grind, consequently

when industrially processed, heavy wear of crushing and

grinding equipment has to be reclkoned with.
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3. For processing tauxite sample ICS-3 (¥=3.77) by the
s

intering process the optimum parameters are as follows:

Hoisture ccntent of the mixture to be

sintered: 39-40 %
Temperature of sintering: 1175-1200°C
Time requirement of sintering: 45 minuves
Leaching temperature: 85-90°C

Unéder ortimun parameters the attainable Naj0-rececvery
cozer to $5-96 %, that for the Al,03 89-91 %.

L, In the course of tests carried out on the Bayer

process as optimum parameters the following ones were found:

Digestion temperature 260°C and 280°C
Digestion 1liguor concentration 160 g/1 MNax0
Ca0 addition to bauxite for digesticn 7 %

Holar ratio after digesiion 1.50-1.55

For the low-ruality bauxite (ICS-3) a digestion yield
of 69-70 % and for the high quality bauxite (ICS-2) that

of 82-83 ¢ were achieved.

5. Settling characteriscics of red muds obtained from
the Bayer digestion tests by the addition of flour and
the synthetic settling aid ALCLAR-600 has been
investigated. Secparability of red mud proved to be similar
or ever better than thot of red muds resulting in  the

Hungarian alumina plants.
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6. In favour of the efficiency of the Bayer 1liquor
circuit it is expedient to take a precipitztion procedure
by high concentration into consideration. In the
course of elaborating the opportunity study a
concentration of 140-150 gpl a0, should be taken into

account for the aluminate liquor.

7. Tests were carried out on the red muds of the
two characteristic bauxite samples for the recovery of
bound Na,0-losses. In the atmospheric causticization a
sodium recovery of 50.7 % was achieved on sample ICS-2 and
45.8 % on sample ICS-3.

In the high-temperature hydrothermal treatment 86.8
% of the Aly0j-content and 92.0 % of the bound Na,0-
content could be recovered,respectively, from both kind of

red nuds.
3.2. Description of the sintering precess

As the tests showed the low-grade quality Iranian
bzuxites are suitable for alumina manufacturing by sintering
process. The bench-scale test results can be found 1in the
ttachment A2. The detailed general description of the

sintering process is included in Interim Report 2.

Tne composition of +the raw materials are shovn in Chapter
2.2.
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Tre ©process c¢an be followed on the Process flow-sheet

for Sintering Process, see Fig. 3-1 in Chapter 3.4.

Bzuxite and limesione receiving

Dunp-itrucks are envisaged to transport the bauxit
and limestone from the mine into the plant area. The bauxite
with an adhesive moisture content of about 5 % and maximum

250 mm lump size 1is discharged from the dump-trucks

[

nto bins (hoprers) where-from conveyor belts deliver

t to the crushing. Jaw crusher and hammer mill both

[

ecuipped with vibrating screens crush the bauxite until its
size is less than 20 mm. Conveyor belis deliver the
crushed bauxite tc the covered bauxite storage facility. The
storaze anéd hazndling of the limestone is solved in the sane

manner as the ones of the bauxite.

Storage capacity has Dbeen calculated by 10-day—-period
for Dbauxite. The question of storage capacities has to be
revised later in accordance with the final site

selecticn and transport possibvilities.

Scda ash receiving and soda storage

Tre sodz ash transported to the plant site by trucks

is discharred wnd Jdelivered the storage silos with a

caepacity of 2500 tons by & pneumatic systen.
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Vet grinding, slurry adjustment and slurry storage

Moisture content of the composite should be of 38-40 %
and the 0.088 mm sieve residue should not exceed 10 %.
Sinter feed mixture is prepared in tube mills by
cozaon wet grinding. Adjusting of mixture composition takes

place in the adjustment tanks.

Wet grinding of bauxite, limestone, soda and
recovered products are carried out in multichamber tube
mill, its size is $ 2.6x13 m. Number of mills is 2,

equvipnent are set up outdoors. Required site is 30x66 m.

In order to keep compound for +two days (48 hours) twelve
tanks 1000 m> each is built in. Required area for building
is 54x54 m.

Sintering

Sinter feed mixture is composited from bauxite,
limestone, digestion 1liquor, soda ash, and white mud frem

desilication aimed at following molar ratios:

Nay0 Ca0
=10 —2 = 2.0
AJ.203+."6203+003 Si0

[

with the purpose to form water—-soluble sodium—-aluminates
and solium-ferrites and insoluble dicalcium-silicates in

sinter.

Tre fuel o0il - due to its high S-content - does not meet
the requirements of the sintering, therefore natural gas has

been taken into consideration for sintering.
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Sintering 1is envisaged in rotary kilns fired by fuel
0:1 (with an S-content of max. 1 %), or natural gas. Slurry
feel is done through a slurry pulverizer into the kilns.
Slurry pressure before nozzle should be 2.3-2.5 HNPa.
Specific heat consumption of sintering is 1450 kcal/ks.
Cooling of sinter 1is solved in grill-type cooler, the
amount 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 A 5x120 m, its capacity is 65 t/hour for sinter.
Hixture comvosite is fed pulverized into +the kiln through
nozzle. Equirment is set up in open air. Required area for
3 kilns along with electric filters and scrubbers
considering joint gas purification for gas exhauster is
about 62x260 m.

Crushing and leaching of sinter

The cooled sinter is delivered for +two stage crushing
by conveyors for jaw crusher and then for short-conic
Simons crusher with a diameter of 2200 mm. Sinter is

screened by a double vibrating screen for two fractions.

Upper product is transferred +to the conic crusher from
the first screen (+6 mm), then transferred on the screen
along with fresh sinter. Upper product of second screen
(-6+2mm) as coarse fraction of sinter is transferred to

the leaching unit. The coarse fraction amounts +to about
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80 % of the sinter. Smaller fraction of second
s:reen (-2 mm) is transferred for the agitated tanks and

settler-filter lire.

Eguivment to be prevented from rain and wind has to be set
up and instazlled in Dbuilding. Each {iransfer action of
sinter mnust be provided with gas exhaustion. Builading
size of crushing urnit is 30x66 m its height is about

40 m. The maximun angle of conveyors is 12 %.

Leaching unit (belt percolator) means a conveyor-
like equipzment that continuously transports the
assembled containers on the conveyor filled with sinter in
one end and pours out the washed mud itself on the other
end. Le zhing 1liquor (originally hot water) is
passed ttough longitudinelly but in countercurrent
direction. Leaching water dissolves sodium—-aluminate and
aluminate liquor forms as approaching the sinter loading
end. Its caustic molar ratio is adjusted by spent
liquor originating from precipitation. Leaching time in
percolating equipment is 6 hours, temperature of hot
water is 98°C,moisture content of nud leaving the leaching
unit including the water loss is 50 %.

Belt percolator is wused for leaching of coarse fraction,
its capacity for sinter is 70 t/hour, number of
built-in equipment is 2.

Fine fraction of sinter is leachcd in agitated tanks than
it is screencd and washed in settler-filters, fitter-arce of
the latter is 4#1.5 ne . Settler-filter 1line consists




ol 6 eguirment. Aluminate liquor and wash-water
introcuced into the corresponding zone of the leaching
urnit. Jashed mud is pumped to the mud disposal arez

um
together with tne mué from the leaching unit. Leaching
is

e
35 nminutes.

Ecuipment are set up 1in oren ir, required area 1is
arout 54x72 m.

Composition of the aluminate liquor is: A1203 =135 g/1,
caustic HaQO/AIQOB molar ratio is 1.55. Ratio of liquid to

01id phase in settler-washer is 2.5:1 with respect to mud.

The weighted average yield from sinter, that is the sum
of the leaching and agitating system recovery is : 85 %
for  A1505 and 91 % for Nas0. The leached mud is
transferred to settler-washer system where it is separated
from solution and mud is washed off.

The aluminate 1liquor obtained is pumped into a two-

stage desilication system.
Aluminazte liquor desilication

In the first stage the silica transforms into almost
insoluble sodium-alumo-hydrosilicate:
NayC.A1505.(1.7-1.75)8i0, .0l 0, which zeparates

from solution as precipitate.

The autoclave desilication takes place at a *emperature
of 150°C and the holding time is one hour. Desired
temperature is altaired by contact heating of 0.5 HPa

steam. The final silicon modulus is 240-250 units.
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Eroty autoclaves of 4 2.5x14 m are used for
éesilication, their volume is 50 mJ each. 14 autoclaves
are set up. Autoclaves form two series. Equipment are set

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

In the second stage silica gets in a less soluble compound,
nznely in czlcium-alumo-silicate (hydrogarnet
3CaO.A1203.n8102.(6—2n)H20). Its solubility is less

thazan that of sodium—-alumo-hydrosilicate. This compound is

Fd
*

ned by +the chemical reastion of lime and the

e _uzminate liquor, contaminated with silicon.

Sclution enters the deep desilication after
control filtration. Filtration rate is 0.3 m3/m%h. Lime
*2ed is calculated by taking the weight proportion of Cal
to Si0, equal to 5:40. Retention time of desilication
in mixing vessels is 2 hours. Temperature is 88-90°C.
Composition of the secondary mud formed:

Moisture content= 40 %, Cal= 44 %, Na,y0= 0.6 %, weight
proportion of Cal to A1203 is 1.8:1.

Secondary mud is separated in settlers. Velocity of
overflow is 0.8 m/h. Liquid to solid ratio in settler
underflow is 2:“. Solution of overflow after control
filtration gets into the curbonisation step. Velocity of
filtration is 0.3 m3/m2/h, moisture content of the mud

is 40 %.

Reseneration of secondary mud

Secondary mud is cgenerated in order to recover
the aluminium-ocxide content of the white mud Dbefore



3-12

sintering process. This process is carried out by a two-
stage treatnent with soda solution. Soda decompose

hydrogarnets according to the following reaction:

3C20.41,05.m510, (6-2m)Hy 043NapC0y-(mx)Hp0
(5-x)/2 (llay0.41505.2510,.2Hy0)+(2-m+x)A10,” +
+ %510, (0H),2 " +(6-n+x)Na*+ (4-2x)0H"

The Aly05 yield from white mud is 60 % after first

soda treatment and 85 % after the second omne.

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 Ho.1. and white mud No.2 filtering

— control filtration of solution

— lime desilication (deep desilication)

- regeneration of white mud of desilication No.2.

A1l equipment but filters are placed in open air, roof
is provided over filters to prevent +them from rain.
Approximate required area is 6Jx96 m, closed area of it is
18x60 m.

Separation of aluminium hydroxide

In order to separate aluminium hydroxide the vast majority
of aluminate liquor is delivered for carbonisation, the rest
fer precipitation, to obtain caustic soda which is

important in the leaching of the sinter.
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The continuous carbonisation process 1is carried out
in agitated carbonisation tanks, where flue gas is entered
from downwards. Carbonisation takes place at 85°C when
cleaned £flue gas developed during sintering is passed
through the solution. Carbonisation 1lasts for 6 hours.
Residual Al505 in solution is 5 g/dm . CO, content

in gas used for carbonisation is 10-12 %.

Azitated tanks of & 6x9 m are used as carbonizers,
10 equipment form a line. Equipment are set up in open

air, requireé area is 10x62 m.

Solution for precipitation is cooled to 62-65°C

in vacuum—flash tanks. Precipitation process takes plzce
in air-agitated precipitators. Seed ratio is 2.5. Process
lasts for 45 hours. Final molar ratio of aluminate liquor

solution is 3.5.

A line of vacuum—coolers is designed for cooling
aluminate liquor, with a capacity of 150 m3/hour.
Frecipitation is carried out in a 1line of 10 agitated
tanks, 1000 m3 each. Site area is 24x60 m.

Alumina hydrate processing

Tre aluminium-hydroxide is filtered in disc Ffilters,

washed twice in agitating tanks and vacuum drum filters.

Disc vacuum filfer 1is wused for filtration of seed
hydrate, its surface area is 100 mg, 3 of them are used

for +the carbonized and the precipitated slurxy.
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Washing of

hydrate is done in vacuum drum filters with
a surface area of 20 m2. Number of built-in filfers is

6. Ecuipment are set up in building c¢losed by one
hydrate storage. Area of building is #48x78 m, area of

hydrate storage from it is 48x24 m.

Czlcination of alunina 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.

Evazporation

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 wiih a heating surface of
1000 m2 each body. Two evaporators are provided. Equipment

ere located in open air, area is 24x78 m.

Evavorated soda-solution is taken to the composite to

be sintered, thus closing the process cycle.
Lime burning and siaking

Shaft furnace is used for lime burning, its capazity is 70
t per day for burnt lime. Individual design 1is necessary

for gas purfication of shaft furnaces.

Slaking of calcined lime is envisaged in drum-type device
of size # 1.8x10 m and is furnished by spiral clacssifier

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

The general description of tahe Bayer process can be found
irn the Attachment 1. The process variants can be followed on
the Process flow-sheets for Bayer Process Autoclave

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

process Tube Digestion fig. 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 1liquid NzaOH, as it is wused in the international
practice, a causticized soda make-up has been selected.
From gas and fuel o0il the fuel o0il proved to be more

economiczal.

Bauxite receiving, crushing and storage

Dump~trucks are envisaged +to +transport the bauxite from
the mine into the plant area. The Dbauxite with an
adhesive moisture content of about 5 % and maximum 250 mm
lump size 1is discharged from the dump-trucks into
bins (hoppers) where-from conveyor belts deliver it to
the crushing. Jaw-crusher and hammer mill both equipgad
with wvibrating screens crush the bauxite until its size is
less than 20 mm. Conveyor belts deliver the crushed bauxite

to the covered Dbauxite storage facility.

The jaw-crusher and the hammer mill are located indoors.
The s8ize of the bauxite receiving and crushing building is

29 x 36 m. The covered bauxite storage is 42 x 100 m. The




bzuxite storage mazkes it possible to store a quantity of
bauxite corresponding to maximun 10 days bauxite +to
the process in the case of some bauxite
transportation difficulty. The chosen bauxite storage
design allows to homogenize the bauxite delivered from
various parts of the mine or transported at different

times.

Wet grinding

The bauxite is recovered from the storage area by front
end 1loaders and belt conveyor. The belt conveyor feed the
bauxite into the +transfer bins of the rubber belt
conveyors with weighing Dbelts which transfer the
bauxite into the wet grinding ball mills. The size of
the ball mill is # 3.3 x 14 m. Out of the 3 mills two are
operating and 1 1is spare. The equipment are located

outéoors. The required site is 46 x 75 m.

Multi-chamber wet grinding mills (with different ball
sizes in each chamber) have been envisaged. In order to
ensure an effective operation of the mills, closed-cycle

mills using vitrating screens are designed.

The flow-rate of the bauxite fed into the mills
is continuously measureéd and the grinding 1liquor is added
in vroportional quantity so that +the solids content of
the slurry leaving the grinding section should be about 500
g/l. In +the case of tube digestion spent liquor, while in
case of autoclave digestion digestion 1liquor 1is wused eas

grinding ligquor.
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Hinizmum 95 % of the bauxite should be ground to sizes less
than 90 micron. Temperaiure of the slurry after gririing is
about 75 °C.

Lime handling

At different points of the process, namely
predesilication, red mué czusticization, sodium carbonate
austicization Ca0 is dosaged into the system in the form
cf slaked lime. The lime demand is covered by
linestone burning followed by slaking the burnt lime.

o]

ne limestone transportetion, receiving, crushing eana
storzge is quite similar to those of bauxite.
The size of the limestone receiving and crushing is 18 x 18

m and the covered limestone storage area is 30 x 100

From <the storage arsa crushed limestone is reclairmed and
fed into fuel o0il fired shaft kilns. Burnt line is
transported into a 3ilo by elevators. From the silos
vibrating feeders +transport the burnt 1lime to weighing
beits and finally it gets into the lime slaking facility.
Line slaking is done with water with a temperature of
about 80 °C. Lime milk containing 200 g/l active Cal is

pumped into a storzze tank. The required flow-rate of the
lime milk is delivered by oumps into the individual plant

uinits.

The wunslaked residue of the limestone is puniped with {he

red nmud to the red mud disposal area.




Prziesilication, digestion and dilution

Digestion represents one of the two main chemical
reactions in the Bayer process, i.e. the dissolution
of alumina hydraztes (in the Iranian bauxites first of all
diaspore) as sodium aluminzte. Digestion of boehmite and
dizspore requires a reaction temperature above 220 °C,
favourably above 250 °C Ca0 dosage promotes the digestion

of diaspore.

In case of the tube digestion a reaction temperature of
28C °C has been taken into consideration. This is the
highest digestion +temperature realized up to now in a
comnmercial size alumina plant. Some 15-20 minutes retention
time is envisaged for comdletion of +the digestion. 1In
case of autoclave digestion 1 hour retention time and
260 °cC digesiion tenperzture have been selected, the
latter as the highest one realized up to now in similar

rlants.

A multi-stage counter—current heat recovery system
utilises the hezt content of the digested slurry and only
the final 45-50 °C temperature range has to be heated by

molten szlt in cese of tube digestion and by high pressure

steam from the power plant in case of autoclave digestion.

Twe molien salt heating units with a capacity of 65 GJ/each
are concidered for the two tube digestion lines. Two unitg
are locateéd near the tube digestion 1lines in the area

provided for the tube digestion.




A 7 % Ca0 dosaze relative to the dry bauxite is added
into the predesilication stage to form a hydrogarnet
catalyst that promotes the digestion of diaspore.

Two digestion 1lines have been envisaged for both the
tube digestion and the autoclave digestion.

In case of low—guzlity bauxite, the caustic concentration
of the digestion ligour is 170 g/l, while in case of
high quality bauxite 160 g/1.

Preuasilication is located outdoors, site requirenent:
28 x 50 m. Digestion is located outdors, site requirement of
the autoclave digestion iz 28 x 202 m and of tube digestion
is 70 x 120 m.

High—-pressure diaphragn pumps feed the digestinn facilities

with predesilicated slurry and digestion liquor.

In case cf autoclave digestion two diaphragsm pumps
are operating with adjusted slurry and one is spare. In
case of tube digestion two ©pumps are operating with
predesilicated slurry and two with digestion liquor. One
punp is kept as spare for slurry and one for liquor
services. Thne punps are installed indoors, the reguired
area is 15 x 50 m for autoclzave digestion and 15 x 80 m

for tube digestion.

The slurry 1leaving the reaction zone of the digestier
svsten lows through a series of flash tanks where 1its
pressure gradually decreases anéd the temperature falls to
about 115 °C. Vapours rcleased from the flash stages are

utilized for preheating the slurry, as previously

mentioned.




Tre slightly alcaline condensate originating from

flash vapours is utilized as red mud wash water.

The slurry effluent leaving the flashing series is diluted
by the overflow of the first red mud washing stage to
the designed 140 gpl caustic Nay,0 concentration. The

designed rolar ratio of the liquid phase is 1.6. The diluted
slurry is pumped to the red mud settlers by centifugal

punss at a temperature of 100-102 °C.
F2d mud settling, washing and caus*icization

The red mud is separated from the diluted slurry in @ 30
m dia single tray setitlers. In order +to form well-
sedimenting flocs a starch solution and a synthetic
flccculant solution are dcsaged te the diluted slurry as
settling aids. The hot aluminate liquor that overflous
the settlers contain some 15-25 mg/l floating fine red
mud particles. It is pumped into the control filtration unit

througn an intermediate storage tank.

The slurry of about 400 g/l solids content is discharged
as underflow from the settlers in case of processing
high quality bauxite. The useful components osf +the liquid
phase i.e. the caustic and dissolved alumina contents are
recov2ared in a counter-current washing system. The red mud
washers are of the same size and construction as the
settlers. The solids content of the underflow slurry is
450 g/1 in case of processing high quality bauxite. When
processing low—-quality bauxite, the solids content are 300
g/1 in the settlers and 350 g/1 4in the washers

recpnectively.
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In order to mininize the make-up caustic consumption about
45 S of the Ha20 bound in the red mud is recovered by
s_aked 1lime dosage. This caustic recovery prccess is called
as nud causticization. It is carried out at a temperature
o? 65-100 °C in a series of agitated tanks. 4 hours

reaction time 1is ensureé for this rezction.

AZter the causticization the mud is filtered and washed

on vacuum drum filters.

Red mud settling and wasning is located outdoors,
the required site is 120 x 175 m. Along one side of the
area the building of the mud causticization and red mud
filtration (the required area for processing low quality
zuxite is 27 x 70 m, while for high quality bauxite is 27
L2 m) is 1located and near this unit the building of the
floceculant additive prevaration (area: 18 x 18 m) and of

the control filtration (area: 18 x 60 m) can be found.

In oxrder to protect the filters and increasze the service
time of the filter <c¢loth +the coarse particles are
separated by vibrating screens. The oversize fraction

is washed in rake-classifiers and added to the filtered

The filtered red mud 1is delivered by diaphragm opiston
punps to the discsal area, where it consolidates. Being

isolnted from the goil its sodium contont
doesz not contaminate <he environment and the mud can te

piled up to a height of about 30 m.
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Fc> the processing of low—quality bauxite an extra
fiiter stage is envisaged between +the 1last washer
ard the causticization stage, otherwise +the dissolved
alunina losses (as tricalcium-aluminate) would be extremely

hish.
Control filtrztion, heat interchange

In order +to keep the contamination of the alumina with
iron and silica at the minimum, the hot aluminate
liquor is filtered on pressure filtfers using fine
czlcium carbonate precipitete from the soda ash

causticization as filter aid.

The filtered alumirnate liquor practically free from
suspended mrud particles is pumped from the storage tank to
parallelly operated plate heat exchanger units. Cold spent
liquor is {ed 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 aluminate liquor is transferred to the

precipitation whercas the hot spent 1liquor is pumped to

i
various points of the process, including the evaporation.
Precipitation, hydrate clascification and filtration

The cold aluninate liqour supecrsaturated with respect
to dissolved alumina is seeded by previously
erystallized alumina hydrate. The seeding increcases

the rote of erystallization of the dissolved alumina as
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alumina hydrate and is favourable with respect of the grain
size distribution of the hydrate leaving the precipitation

stage.

When ©processing diasvoric type Dbzuxites it can not be
rezched such A1203 supersaturation in the aluminate

ligquor as in case of gibbsitic bauxites and at
certailn digestion parameters in c¢ase of Dboehmitic
bauxites. Therefore in the precipitation the so-called
zgglomeration technology, which is & precondition of
producing very coarse and strong typical sandy alumina, cen
not be applied. The chosen crystzl growth precipitation
technolozy results in an alumina hydrate of slightly

finer grain size.

15 operating 2000 n voluse air-zgitated tan¥s are

designed for the precipitation process. An interstage
cooling step betwecen the 2nd and 3rd precipitation stages
increases the precipitation efficiency ané is useful for

the control of the grzin size distribution of the hydrate.

A classificetion stage is envisaged to separate the

coarser fraction of the hydrate as gproduct hydrate. The

remaining finer <fraction 1is used as seed in +the next

precipitation cycle after filtering it on disc filters.

The coarser fraction 1is injected with hydrate wash water
Fad

and is pumned to the nan filters close to the caleciners.

The equipuent of the precipitation and hydrate
clazsificoation are located outdoors while that of the
hydrate filtration and heat interchange indoors. The

required site for precipitation and hydrate
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classification is 36 x 138 m and for the hydrate

filtration and heat interchange building is 42 x 78 m.
(=)

Tre vacuun and compressor station (14 x 78 m) 1is attached

to this building.
Bvaporation, salt removal, test tank liquor preparation

The waiter—balance of the plant is maintazined 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
liguor containing about 250 gpl caustic Na20 is
supersaturated with respect to sodium carbonate in a

erystallizer evaporator (superconcentrator).

Tre two five—effect counter—current evaporzators are
located outdoor in an area of 26 x 84 mm. The
superconcentrator is placed close to the evaporators in the

same plant unit aresa.

Tre tan?s belonzing to salt removal and soda ash
handling included the silos and causticization units eas

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

The filters of the soda ash handling andé that of the
salt removal are installed in a building (required arca:
18 ¥ 40 m) located close to thc outdoor equipment. The test
tanks are placed in the slurry storage and predesilication

urnit which is near to the salt scparation unit,
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Tre slightly alcaline condensate from the evaporation
is utilized partly as hydrzie and partly as red mud wash
water. The pure condensate originating from +the back-
pressure steam used in the evaporator returns to the power

plant.

AZter comrletion the crystallization the salt mainly sodium
arbonate sait is removed from the strong ligquor in filters.

e filtered sali is repulped by hot wash water and pumped
into the causticization to recover its caustic soda

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

The strong 1liquor free from crystalline sodium carbonate
salt is mixed in the test tanks with the make up caustic
solution and with a part of the spent liquor. The test tank
ligquor is pumped to the digestion and in case of autoclave

digestion to the bauxite grinding as well.
Calcinetion

The produect hydrate slurry is pumped to pan filters close
to <he calciners. The hydrate is washed by hot wash water

in 2 counter-current stages on the pan filters. The
filtered and washed product hydrate is transported to the
feeding hopper of the calcining kilns by conveyor belts.
Rotary kiln construction for <c¢alecination has been
sclected that enables milder calcination circumstances than
the latest fluid bed and gas suspension calciner
develorments.

Two rotary kilngs of capacities 350 <tons per day calcined
alunina each have ©been designed. The hydrate passces from

the feeding hopperz of the kilns over a weirhing belt



and a mixing screw - where precipitated alumina dust is
rixed with +the hydrate - into the cyclone system and
subsequently into the calciner. The calcination

temvperature in the kilan is about 41050 °C. The hot

a’urina leaving the calcining zone 1is cooled at first by
ccabustion air end finally by water in a countercurrent
heat recovery system. The cooled alumina is transported
tc silos by elevators. 20 days production can be stored in

tze produect alumina silos.

Tae twe rotary kilns are located outdoors. The

reguired site is 5& x 125 m.
Scda ash handling and causticization

The soda ash +transported to +the plant site by trucks
is discherged ané delivered the storag: silos by a
pneunatic system. 15 days soda ash consumption of the
plant can be stored in the silos. From the silos the soda
zzh 1is delivered tc¢ the causticization wunit by another

pneumatic system.

The hot water wused for slurrying the soda ash, the lime
mill: and the steam are dosazed so that the caustic
N250 concentration of the slurry should be 90-100 g/1.
95 °C temperature and 3 hours retention time are
designed for completion of the causticization reaction.
A continuously operating pressure belt filter is envicaged
for separating the CaCO3 rrecipitate from the make-up
solution.

The malze—up cangstic is pumped to the test tanks. The CaC03
preciritate 1s partly used as a filter aid in the
control Tfiltration, and the excess is added to the red

n:d to be disposed of.
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The soda ash handlirg and causticization is placed at
2 common area with the salt separation and causticization

close to the evaporation.
Description of caustic sodz regeneration processes

The caustic soda losses are proportional with the silica
content of the bauxite in the Bayer process. The Cal+ilg

content of the bauxite also influences the caustic soda
losses. The so called caustic soda regeneration processes
szve a great importance in processing low grade, high silica
bauxite to reduce +the fresh caustic soda consumption. Ve
have to consider such type of bauxite in the Jajarm region,
consequently the caustic soda regeneration processes are
characteristiec for +the selectsd wvariant of the Bayer
technology. In +this study theree different causticization
prccesses have been studied and considered in the Bayer

technology.
2) Soda (Na2C03) causticization

For the compensation of the caustic soda (Nazc) losses at
the Bayer process in general liquoid or solid NaOH is used
in the industrial practice. There are, however, specizal
conditions, where the use of soda ash (Na2003) should be
pr2ferred to substitute the caustic soda losces. In this
cazse the soda ash should be converted into NaOH in a
svecial causticization unit before making-up caustiec.
Under the conditions existing in the Islamic Reppublic of
Iran +the causticization of +the soda ash iz much more
profitarle +than purchasing NaOH. The related calculation is
shovm at the end of this chapter.
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The soda ash by means of pneumatic system will be
transported from the silo into the tanks of causticization.
This causticization syster is consisting of stirred tanks in
series. The soda ash, lime millk and water in proper ratios
will be added into the first tank. The amount of the water
is determined by the firal concentration of the Nay0

czustic after 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

time of 4 hours is necessary. The lime reguirement should be
considered accordirg to the following ratio: 1.1 mole active

C20/1.0 mole Na2003 (10 % excess to stochiometry).

At the end of the caucticization the liquid phase
containing NaCH should be separated from the solid pnase
containing Ca003 by means of continuous filter. The solid

phase should be washed out 9n the filter until it becones
caustic—free. The filter cake Ca003 can be used partially

zs filtering aid at the control filtration of the aluminate
ligquor, the excess can be burnt together with the limestone
into 1lime o1 eventually can be stored in the red mud

disposal arez.
b) Soaa salt causticization

The CaCOB (calcite) and CaMg(CO3)2 (dolomi%te) content

of the auxite will be dissolved in the caustic liquor at
the digestion temperature and will be converted into
Ha2003. In consequence, the soda (Na2002) will be
znriched 4in the Bayer eycle. The harmful effect of this
soca, above a given level, becomes more and more significant
reduction of +the precipitation yield, soda salt formation
and secaling in  the cvaporation station and ia the flash
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tanks, etc., therefore it should be removed from the cycle.
£t a given (higher) caustic soda concentration the soda sal®
(NaQCOB) znd from other sodium-containing salts can be

crystzllized and removed, from +the evaporated ligquor by
filtration (or centrifuging). To reduce the caustic soda
losses the Na2C03 content of the "soda salt" can be (and

should be) converted into HaOH by means of causticization in
a similar way as was mentioned before the soda ash

causticization.
¢) Red mud causticization

During the bauxite digestion the silica content of the
bauxite will be transformed into sodium-aluminium—
hylrosilicates in which each kg 8102 bounds about 0.7 kg
ﬁaQO. These sodium-—-aluminium-hydrosilicates are the main
phzses of the red nud and without further treatment would be
perfectly 1lost in the red mud disposal area. Abcuk 50 % of
the NaQO losses bound to Si%5 can be recovered by means

of the causticization of the rel mud.

The last washer's underflow (red mud slurry) will be
causticized. For processing the lower grade bauxite this
underflow red mud slurry should be ~filtered before
causticization to avoid the extremely high dissolved losses
¢f alumina. The causticization system (agitated tanks
in series), the temperature (95 °C) and retention time (4
hours) are similar to the causticization of the NapCOq,

the only significant difference 1is the lime rcquirement
wvhich is rnwch higher here: 3 mole active C10/1 mole NaQO
(bound in the red mud).
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11 the three causticization wunits are plotted in the

rrocess flow-sheets in Fig. 3-2 and 3.3.

For better overview of the significant effects of caustic
soda regeneration processes the caustic soda balance (in kg

<

per t of alumina) can be seen below.

Caustic scda balance (ila~C0, 99 % kz/t alumina (200

kt/vear alumina)

Autoclave Tube dig.
HQB 102 HQB LQB
Qut: Losses:
Sound to Si02 in red nrud 161.2 327.7 154.6 35£.8
Bound to salt at diges<tion 68.9 91.0 68.9 91.0
With alumina 6.9 6.9 6.9 6.9
Dhysiczl losses 5.2 5.0 4.3 5.2

Filtered red mud liguor phzse 27.5 71.9 27.0 67.7

Total 2690.7 547.5 261.7 529.6
Recovery (regeneration)

At salt causticization -65.1 -89.8 -68.1 -89.8
At red mud causticization ~-72.6 -167.7 ~6G.6 -161.8
Total -140.7 -257.5 -137.7 -251.6

In: Na2Cd3 consumption
(Substitution ty make-up
caustic) 129.0 2390.0 124.0 278.0
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“n2n the Situdy was prepzred, the economic consequences of
ituting caustic soda (NaOH) with sodium carbonate

(HaQCOB) as a source of caustic was thoroughly
i

It can be stated (investigating the possibilities of the
supply) that during the 1last years and according to the
forcasting in the next future as well, the market of the
HalH was wuncertain enough with highly fluctuating prices.
The reason is includedéd in that fact that the production of
NalZ 1is in a close connection with the demand for chlorine,
wrich is decreasing in the last time due to the
envircnmental regquirements. In contrary, the price of socdiunm
cartorate was relatively stable without similer
uncertzinities.

r~

The fluctuation of the oprices of alumina, HaOH ari

Na2CO3 tztween 1982 and 19£8 is summarized in the Table

below.
Year Price in USD/t
Alunina NaOH Na2(C03

1952. 206 325 125
19383. 212.5 262 111
1884, 204 186 99
1085. 180 158 126
1e86. 158 169 142
1637. 156 180 130
1988. 280 360 150




Turthermore, it should be considereé, that one of the most
important preconditions of the caustic soda (NalOH)
srocduction is the incdustrial preccessing of the chlorine gas
formed. Similar problems do not arise in the case of
Ka2003 procduction, therefore, for domestic caustic

supply in +the Islanic Republic of Iran the erection of a

Za2003 plant can te reccommended.

The economic aspect of the question was investigated for the
processin of high quality bauxite by tube digestion which
process regquires the less caustic. For other variants the
econony of sodium carbonate causticization would be rather
better. The vresults of the calculations can be seen in the

rext Table.



*tenm Substitution of the caustic sodldz

losses by

NaOH Na2C03
(with caustici-
zation)
Harket price Rls/t 28510 11880
Costs, Rls/t alumina g2 .84 kg 2647 124.2 kg 1475
Excess limestone 129.0 kg 120
Excess fuel oil 27.0 kg 35
Saving in electrical vower -36 kWh -94
Total costs Rls/t 2647 1536
Saving using Na2C03, Rls/t 11144
Total yearly saving,
(200 kt alumina/year) 106 Rls/year -222.2
Investnent costs, 106 Rls 104
Excess investment costs for Na2C03 caust.
10® Ris (104-67) +37

It can be seen that +the rate of return of the excess
investment costs of the sodium carbonate treatment

(causticisation plant) is about 2 months only.

Conz2quently, the wuse of Na2003 should be preferred.
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3.4.Pr0cess flow-sheets

The vprocess flow-sheets of the Sintering Process, the
Sayer Process Auvtoclave Digestion and the Bayer
Jrocess Tube Digestion are shown on Figure 3-1, Fig. 3-2
znd Fig. 3-3 respectively. All the three process flow-
sheets refer to the low-zuality bauxite processing. In case
of the higher quality bauxite because of the lower quantity
of the red mud there is no red mud filtering envisaged

between the 1last washer ané the red mud causticizztion.

3.5. Prepzration of the conceptional plant lay-out, main

equipnent list and price list of the main equipment

The concentional plant lay-out for sintering process 1is
o. CPL-1, in case of Bayer ©procecs
rawvings CPL-2, CPL-3, CPL-4, CPL-5.

<
fu
3
=
I
[
ot
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For the arrangement of plant urnits the following

were considered:

- the technologiczl connection of the plant units

— the materizl transportation azmong the units

- the possible separation of wellare and management
buildings

- the transportation of raw and auxiliary materials, as
well as of aluvmina

- water supply systiem

- clectrical connection to tiie national grid

- the way of percsonnel troffic.
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The lay-outs were elzborated taking into
considerzation presumed infrastructural connections.
Srzce for future expansion was not considered inside the

boundary.

The main eguipment 1list for sintering as well as for
the Bayer process variants is given in Attachment L, In
the equipment 1list the main equipment are listed with
cutline of their technical specifications (capacity,

total weight, characteristic dimensions).

liost of the main equipanent are considered as imported
items. Atmospheric tanks, pumps for water services and
zome other items are considered as domestic items.

“hese items are marked with asterisk in the main equipment

Some other parts of the incvestment costs are also envisaged
zs domestic supply. These are discussed and detailed in

Cnapter 14,

A price list for the main equipment are given in
the Attachment 5.

3.6. Alumina quality

Concerning the desirable properties of alumina for
Hall-Hércult cells the owninion of Prof. G. Winkhaus can be
considered (Aluminium, Vol. 64. 1983. No.6. pp.593-602.), as

follows:



Since the indusirial production of aluminiun began, the
tutes the optinmum alumina guality
co

ntinuous discussion.

%ntil the end of the sixties, the opinions expressed were
somewhat confused and the results of published laboratory
work were ofisn contradictory, especizlly regarding the

dissolution behaviour of th a2lumina in the electrolyte.

Tn the seventies, however, it became necessary to quantiiy

she essential properties of alumina in electrolysis due to

— the need for tighter contrcl in the smelters following the

rastic increase in energy costs,

ion of new technologies in the aluminea plant
n

on) and in the smelter (zutocmatic cell

S\)
cl
[y

- the stricter requirements of environmental control (dry

scrubbing, dust removal),

- the increasing need for smelters to cope with the

processing of spot alumina deliveries from a variety of

sources.

Consequently, basic investigations were conxmenced in many
labhoratoryes and althoush useful results were obtained it

vz, clear that simulating the industrial process on the

laboratory scalc was difficult.
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Verid—wide modern smelters nowadays refer M"sandy" to
2 2y

"2Juory" type aluminzs.

-3

he modern smelter reguires

— constancy of properties of the alumina to be processed,

- optimum dissolution behaviour of the alumina 1in the

electrolyte,

- optirum  c.ust formation, due to heat transfer

considerations among others,

—~ good and constant flow properties of the alumina with

rinimum tendency to dust formation,

- high adsorption capacity for hydrogen fluoride in the dry

scrubbing process,

- guaranteed alumina purity, particularly concerning
elements which reduce current efficiency, phosphorus above

all,

The present state of knowledge can be summarized as follows

- the oquesiion of optimum alumina quality cannot be
generalized, but can only be answered in terms of a specific

smeltier operation,

- for modern automated high-capacit cells it i=
y ? - 1
possible to define a wide range of measurable alumina

properties. However, detailed predictions of the likely



3-35

behaviour of an alumina during electrolytic reduction cannot
vet be made satisfactorily. Furhter investigations,
including plant level studies, are necessary to stuly,

st others, the various trarnsitional crystalline phases

nt in the alumina.

The +typical physical datz and the typical analysis of the

impurities for Bayer aluninzs are given below.

Phrsiczl data for Baver aluminzs

(typczl values)

Aluminium-oxide type Fluory Saniy

Specific suriace area

(B.E.T.), m2/g 5 50-100
alfa - A1203, % 90 20-10
Grains

- 45 micron, % 45 10
Ingle of renose degree L5 30

3ulk denzity, g/cm3 0.8 0.95
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Impurities in Bayer alumina

(trpical analysis); data in mass %

Contaminant Content
Fe203 0.015 %
Si02 0.015 %
Ti02 0.003 %
Cal 0.015 %
P205 0.001 %
V205 0.002 %
Zn0 0.005 %
1220 0.5 %

The esssntial alwsina requirements of a modern smelier are:
r: censtant quality.

2. Most important ies the degree of calcination, which
affects dissolution Dbehaviour as well as dry scrubbing
c

o
performance.

3. The next most important factors are particle size and

structure, and size distritution of the a2lumina.

4, The alumina should dissolve quickly. The formation of
modarately haréd crusts on the surface of the melt and around

the edges of the cell is desirable.
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5. Impurities in the alumina which affect metal purity and

L

reduce cur t efficiency should be limited.

3
3

yrical measrable specificatiorns for smelter alumina
?

corresponding to the above requirements, are given below.

for central-chammel systems

S
h pre-taled anodes

Specific surface area (B.E.T.) m2/g 50-80
alia — A1203 % 20-10
Grains 45 micron % 10-20
105 micron % nax. 10
3ulk density g/cm3 0.95
Lngle of repose, degree 35-30
Loss on ignition % 0.6-0.9
P2905 % 0.001

In the followirg the coxpected alumina quality characteristic
for the sintering variant (base on the informatior submitted
by the ezperts of VAHI) and for the Dayer variant as well
can be found only the later, meets <the general
requirtrements of the up-to-date smelters for metal grade

aluvmina.
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3.6.1. Product quality (sintering variant)

Grade according to USSR Stancards GO Gt
Expected rate of annual a2lumina production 20 % 80 %
£1203-content, % at least 98.6 98.5
Contaminants, % maximum values

S5i02 0.03 0.05
Fe203 0.05 0.06
Ti02+V205+¥n0+Cr203 0.02 0.03
2205 0.003 0.003
Ha20+K20 0.5 0.6
Zn0 0.02 0.03
Loss on ignition (300 °C), % 0.9 0.7

Physical properties

Specific surface area B.¥.T.m2/g, less than 40

Bulk density, t/m3 0.75-0.8Y
Angle of repose, degrees L1 - 42
Screen analysis indication, % Hydrate Alunina
+100 micron 30 16
~-100/+80 micron 16 12

- 80/+60 micron 18 16

- 60/+45 nicron 12 16

- 45 micron 23 Lo
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3.6.2. Product quality (Bayer process variant)

COLTALINANTS

Si0z2

Fe203

Tig2

220

Zn0

Cal
T205+HMn0+Cr203
r2ec5

PHYSICAL PROPERTIZS

TIPICAL
wt!

O 0O O O O O O O

Loss on ignition (300 °¢-1.000 °C), %

Svecific surface area B.E.T.
tlpha alumina,
Eulk censity,

.r.zle of repose,
SCRLEN ANALYSIS, %
+ 150 mesh ( + 105 micron)

- 450/+ 325 mesh (44-4105 micron)
- 325 mesh ( - 44 micron)

m2/g
%
t/m3

degree

o
3

.020
.020
.004
400
.010
.040
.010
.001

EAXIMUH

wts

.030
.030
.007
500
.015
.060
.012
.003

o O O O o O O O

0.6- 0.9
40 - 70
10 - 20
0.9-0.95
30 - 35

5 -10
70 - 85
10 - 20
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uality of the alumina produced by sintering process can
r.zet the requirenents of +the IRALCO Smelter in Iren
azccording to +the information submitted by the experts of
%3P, considering that the aluminium produced there is used
rzinly for silicon-containing aluminium alloys. It should be
stated, however, that the a2lumina containing higher amount
of impurities (e.g., Si0, and Fe203) is not suitable

for the production of aluminium with high electrical
conductivity and that of some speciality aluminas, and can
cause operational 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 1is provided to supply electric and
thermal energy for the plant.

Conception of the power plant is as it follows:

Existing national electric energy grid 1is assumed on
the plant site. Power supply is provided in ccouperation with
the national grid. In order to maintain the continuous
operation of the plant, for the case 1if mnational netiwork
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: 22.5 MW max. 26 MW
Thermal capacity:
steam 1.6 MPa pressure: Py=16 bar
=220 °C
G =40 t/h
max.45 t/h

steam 0.8 MPa pressure: Pe= 8 bar
te= 190 °C
Go=55.3 t/h
max.50 t/h




b2

Atout 60 % of steam returns as condensate from the
plant. 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)

Py= 80 bar
t,= 500 °C
Go= 35 t/h

2 extraction back-pressure steam turbine-generator
(2 operating)

pPo= 80 bar

t,= 500 °C

G,= 85 t/h steam inlet

extraction:
P= 16.5 bar
Gy= 15-25 t/h

back-pressure:

Pe= 8 bar

Ge= 60-70 t/h
Generator capacity: 20 MW

1 Condensation turbine-generator (stand-by)
po= 8 bar
t,= 250-300 °C
G,= 45-65 t/h
Generator capacity: 10 MW
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Cooling tower plant (stand-by)
Cooling water : 3500 m3/h

At : 20 °C
Make-up water demand: 250 n3/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 11.2 MW power. Taking the power
plants own consumption into consideration, 14 MW power
should be purchased. 23.5 MW is provided for the plant.

In case of grid failure missing power can be generated in
the condensation turbine. In +this mode of operation
the extraction back-pressure turbine unit generates
18.2 MV. Condensation turbine unit generators 8.4 MW.
Power for the plant in this case is also 23.5 MW.
Fuel o0il 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 1is provided to supply electric and
thermal energy for the plant.

Conception of the power plant is as it follows:
Existing national electric energy grid 4is assumed on
the plant site. Power supply is provided in cooperation with
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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: p,= 8.0 MPa
t,= 300 °C

G,= 73.5 t/h
max.90 t/h

steam 0.5 MPa pressure: Pe= 0.5 MPa
te= 170 °C

G,= 48.8 t/h
max.60 t/h

About 70 % 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 o0il fired boilers (2 operating, 1 spare)
po= 8.6 MPa
t,= 500 °C
G,= 75 t/h
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2 Dback—-pressure steam turbine-generator set
(2 operating)

Po= 8.6 MPa

to= 500 °C

G,= 40 t/h steam inlet

back—-pressure:
pPe= 0.55 MPa
Ge= 30-40 t/h
Generator capacity: 5.5 MW

1 Condensation turbine-generator (stand-by)
Po= 0.55 MPa
t,= 250-300 °C
G,= 15-25 t/h
Generator capacity: 3.5 MW

Cooling tower plant (stand-by)
Cooling water : 1400 m3/h
At : 20 °C
Make-up water: 100 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 plaut generates 7.93 MW power. Taking the power
plants own consumption into consideration, 5.22 MW
power should be purchased. So 11.5 MW is provided for the
plant.
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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
10.72 MW. Condensation turbine unit generators 2.95 MW.
Power for the plant in this case is also 11.5 MW.

Puel 0il consumption of power plant is:
in normal operation 9.54 t/h
in grid failure mode 11.26 t/h

4.1.3 Bayer process, low quality bauxite tube digestion

A power plant is provided to supply electric and
thermal energy for the plant.

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 cooreration 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 dJdemand of the plant the following thermal
and power capacities are provided:

Thermal capacity:

steam 0.5 MPa pressura: Pe= 0.5 MPa
te= 170 °C
Ge= 73.3 t/h
max.90 t/h

About 60 % of +the steam returns as condensate from the

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

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

Therafore the power plant is provided with the following

main equipment:

3 0il fired boilers (2 operating, 1 spare)

Po= 8.6 MPa
t,= 500 °C
G,= 50 t/h

2 Dback-pressure stean turbine—generator set
(2 operating)

po= 8.6 MPa

t,= 500 °C

Go,= 50 t/h steam inlet

back-pressure:
Pe= 0.55 MPa
Ge= 40-50 t/h
Generator capacity: 6.5 MW

1 Condensation turbine-generator (stand-by)
Po= 0.55 MPa
t,= 250-300 °C
Go= 10-14 t/h
Generator capacity: 2 MW
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Cooling tower plant (stand-by)
Cooling water : 780 m3/h
At : 20 °C
Make-up water: 55 m3/h

Normally the power plant cooperates with the natioral
grid. In this case condensation turbine-generator unit
is on stand-by.

At the characteristic process steam consumption the
power plant generates 10.4 KW power. Taking the power
plants own consumption into consideration, 3.24 MW
power should be purchased. So 12.13 MW is provided for the
plant.

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
12.14 MW. Condensation turbine unit generators 1.83 MV.
Power for +he plant in this case is also 12.13 MW.

Fuel oil consumption of power plant is:
in normal operation 6.41 t/h
in grid failure mode 7.48 t/h

4.1.4 Bayer process, high quality bauxite autoclave
digestion

A power plant is provided to supply electric and
thermal energy for the plant.
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Conception of the power plant is as it follows:

Bxisting 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: Pp= 8.0 MPa
t,= 300 °C
G,= 69.1 t/h
max.80 t/n

steam 0.5 MPa pressure: Pe= 0.5 MPa

te= 170 oc
Ge= 31.8 t/h
max.38 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 the power plant 1is provided with the following
main equipment:
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3 o0il fired boilers (2 operating, 1 spare)

Po= 8.6 MPa
tg= 500 °C
G,= 60 t/h

2 back-pressure steam turbine—generator set
(2 operating)

po= 8.6 MPa

t,= 500 °C

Go,= 30 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)
Po= 0.55 MPa
t,= 250-300 °C
G,= 15-25 t/h
Generator capacity: 3.5 MW

Cooling tower (stand-by):
Cooling water : 1400 m3/h
At : 20 °C
Make-up water: 1000 m3/h

Normally the power plant cooperates with the national
grid. In this case condensation turbine-generator unit
is on stand-by.
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At the characteristic process steam consumption the
power plant generates 5.48 MW power. Taking the power
plants own consumption into consideration, 5.8 MW
power should be purchased. So 10 MW is provided for the
plant.

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 WMW. Condensation turbine unit generators 3.25 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 to supply electric and
thermal energy for the plant.

Conception of the power plant is as it follows:

Bxisting 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 with the following

main equipment:

3 0il fired boilers (2 operating, 1 spare)

Po= 8.6 MPa
to= 500 °C
Go= 50 t/h

2 Dback-pressure steam turbine-generator set
(2 operating)

po= 8.6 MPa

t,= 500 oc

G,= 35 t/h steam inlet

back-pressure:
pe= 0.55 MPa
Ge= 25-35 t/h
Generator capacity: 5 MW
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1 Condensation turbine-generator (stand-by)
Po= 0.55 MPa
t,= 250-300 °C
G,= 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 mnational
grid. In this case condensation turbine-generator unit
is on stand-by.

At the characteristie process steam consumption  the
power plant generates 7.6 MW power. Taking the power
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 extraction back-pressure turbine unit generates
9.74 MW. Condensation turbine unit generators 2.26 MV.
Power for the plant in this case is also 10.5 MV.

Fuel o0il 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 kinds of control loops
(feedback, feed forward ratio etc.). Manual control and
backup systems allow manual control of selected loops in
case of central 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 ronito. s1ng and control. The controllers

will be electronic, receiving and outputting 4 to 20 mA dec
analog signals, the sequential controllers will handle
either 220 V ac or low voltage dc digital signals.

The control systenm is microprocessor based,
using configurable controllers together with programmable
logic controllers where it is necessary.

The system is provided with uninterruptible power
) supply units for coantinuous, automatic operation.

4,2.1. Control rooms

Control rooms will be 1located at the main points of
plant units.

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 (3)

Lime Slaking (3a)

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 Crushing (8)

Sinter Leaching (9)

Evaporation (19)

Control Room No.3. will be erected for the instruments
of

Autoclave Desilication (10)

White Mud No.1.Settling (11)

Coutrol 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)
0il 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 contzin 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 (3)

Lime Slaking (3a)

Soda Ash Receiving, Storage and Causticization (4)

Control Room No.2. will contain the instrumentation of
the followirg plant umits:

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.3. 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)




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)
0il 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. Equipment
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 etec.

4.2.2. Telzphone network

A telephon network system is considered with the
following main features: 20 main lines and 300 extensions
for plant service, 2 main 1lines for telefax and 3 main
lines for +telex system.

4,2.3. Pire signalling system
A fire signalling system will be provided with central

units located into control rooms, smoke, heat, flame
detectors and hand signalling units will be placed
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throughout the plant units at points where the probability
of fire is real.

4.2.4, Loudspeaker network

A loudspeaker network will supplement the plant's
communication system with central wunits located into
the control rooms, and local loudspeakers at the
technological points where the operators can receive
messages from contrcl rooms, or from where the operators
can report to coutrol room's personnel.

4.2.5. The origin of instruments

All the instrumentation will be supplied from
Western 1instrument manufacturers. The devices choosen will
have good references in alumina plant application.

4.2.6. Short description of system elements

4.2.6.1. Pield instrumentation

Flowmeters

For measuring 1liquors and slurries magnetic flow meters
will ©be used with PTFE lining, switched dc 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 remcte seals for

slurries.

Temperature

Thermocouples for higher, resistance thermometers (pt
100) for 1lower temperatures. The fireing systems will be
checked by infrared systems.

Position status

Angular rotation position transmitters will be used
for checking rotating equipment. 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 indicators, but at certain places temperature and

pressure gauges will give informaticn for the operators.
4.2.6.2. Final control elements

Control valves will be supplied for controlling the
flow, pressure, or vacuum in pipeline or in
equipment. The following valve types will be used
throughout the plant: single seat, double seat globe
body valves, angle body valves, butterfly valves, on/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.) 1instead of control valves, pump RPM
regulation is considered +to be very useful, because
all the problems regarding control valve wear will be
eliminated, the 1life expectancy of delivery will be more
advantageous, and the power consumption of fluid delivery
will be reduced.

4,2.6.3. Cables, cable routing

Shielded type 1 mm2 twisted pair, triad, twelve
pair multiconductor 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 mm2 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 will be provided for cable protection.




4.3 Blectric energy supply

4.3.1. Sintering process

Alumina refining by sintering process requires process
steam at pressure 0.5-1.6 MPa (5-16 bars), it is

favouravle +to erect a power plant with extraction
back-pressure turbine-genzrator(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 MNH. 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 MV

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.

Blectric network of the plant will be connzcted 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 41.2 M¥
self-consurption in the power plant - 1.7 MW
remaining for the alumina plant 9.5 MW
to be purchased from the national gri 14.0 MW
alumina plant demand 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 consumption - 3.1 MW
for the alumina plant 23.5 MW
Blectric 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 starf,
and with a D.C and A.C auxiliary plant is provided.

The estimated gquantity of the 10 kV cubicles of the
central switching station 1is 70 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 generators and by the two 120/11 kV
transformers. Between the transformer station and 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
10/6.3 XV, 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 furnished
with oilimmersed 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 equipment and the
speed control equipment alsc will be located at the
control rooms of the transformer stations.

The quantity of the r.p.m. controlled motors amounts to
70 units. The operation of the motors will be local and
remote.

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 and
their control equipment will be 1located into the 0.4 kV
transformer stations the 10 kV caracitors outdoor at the 10
kV  central switching station.

Lighting

Por the illumination of the indoor areas will generally
he used fluorescent, incandeseent and mercury vapor lamps.
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For the illumination 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 coprer
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) ont middle voltage system - earthing
b) on t.c A.C. low voltage system - neutral earthing
¢) 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
¢) the 132 kV double overhead line.

4,3.2. Bayer process, low quality bauxite autoclave
digestion

Alumina manufacturing by Bayer-process requires process
steam at pressure 0.5 and 8 MPa (5-80 bars), it is
favourable to erect a power plant with extraction




4-25

back-pressure turbine—-generator(s) in cooperation with
the national 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 grid {ailure case
a stand-by condensation turbine unit is provided 1in the
power plant belonging to the alumina plant.

Electric network of the plant will be connected 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 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 alumina 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 sectlons 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 10/6.3
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.

A1l +iransformer stations will be indoor and f{furnished
with oilimmersed 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
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power factor correction capacitor equipment and the
speed control equipment also will be located at the
control 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 4.3.1.

4.3.3. Bayer process, low quality bauxite tube digestion

Alumina manufacturing by Bayer-prc-:ess from low
quality bauxite using tube digestion requires process
steam at pressure 0.5 MPa (5 bar), it is favourable to
crect a power plant with back-pressure turbine-
generator(s) in cooperation with the mnational grid (see
the general description of the Power Plant, Chapter 4.1).

The characteristic electric power demand of +the plant
is 12.13 MW. Taking into account an average power factor
(cos 9 ) of 0.92, this figure amounts to 13.2 MVA apparent
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 4in the
power plant belonging to the alumina plant.
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Blectric network cof the plant will be connected +to
the naticnal grid through two 120/11 kV +transformers 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 10.40 MW
self-consumption in the power plant - 1.52 MW
remaining for the alumina plant 8.88 MW
to be purchased from the national grid 3.25 MW

the alumina plant demand 12.13 MW

In case of a national grid failure the power balance:

2 back-pressure generators/generate 12.14 MW
1 condersation 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 1lighting, +the cabling and the
shock protection are the same as shortly described in
the Capter 4.3.2.

4.3.4, Bayer process, high gquality bauxite autoclave
digestion

Alumina manufacturing by Bayer-process requires process
steam at pressure 0.5 and 8 MPa (5-80 bars), it is
favourable to erect a power plant with extraction
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back~-pressure turbine—generator(s) in cooperation with
the national grid (see general description of the Power
Plant, Chapter 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 410.9 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 MW

the alumina plant demand 10.01 MW
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In case of a national grid failure the power balance:

2 Dback-pressure generators/generate» 8.60 MW
1 condensation unit generates 3.25 MW
for the power plant's consumption - 1.85 MW
remaining for the alumina plant 10.00 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 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 10 kV central switching station 19
transformer stations and 5 h.v. motors will be fed
directly.Among this 19 there are 1 transformer station of
10/6.3 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 1located at +the power plant.

All +transformer stations will be indoor and furnished
with oilirmersed +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
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power factor correction capacitor equipment and the
speed control equipment also will be located at the

control rooms of the transformer stations.

The quantity »f the r.p.m. controlled motors amounts to
71 units. The operation of the motors will be local and

renote.

The power factor correction, the lighting, the cabling
and the shock protection are the same as shortly described
in the Chapter 4.3.1.

4.3.5. Bayer process, high quality bauxite, tube digestion

Alumina manufacturing by Bayer-process from high
quality Dbauxite using tube digestion requires process
steam at pressure 0.5 MPa (5 bar), so it is favourable
to erect a power plant with extraction back-
pressure turbine generator(s) in cooperation with the
national grid (see the general description of the Power
Plant, Chapter 4.1).

The characteristic electric power demand of the plant is
10.5 MW, Taking into account an average power factor (cos
o) of 0.92, this figure amounts to 11.5 MVA apparent
power. At +the characteristic power steam consumption
the power plant generates 7.6 MW 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 a2lumina plant.
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Electric network of the plant will be connected to
the national grid through two 120/11 kV transformers and
two independent 132 kV overhead lines. The proposed rated
power of the transformers is 10 HW each.

In normal operation the power balance is:

2 back-pressure generators generate 7.6 MW
self-consumption in the power plant -1.11 KW
remaining for +the alumina plant 6.5 HW

to be purchased from the national grid 4.0 MW

the alumina plant demand 10.5 MW

In case of a national grid failure the power balance:

2 back-pressure generators/generate 9.74 MW

1 condensation unit generates 2.26 MW

for the power plant's consumption -1.5 MW
remaining for the alumina plant 10.5 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 Chapter
4.3.2.
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5. PLANT LOCATION AND CIVIL BNGINEERING

5.1. Plant location

According to ARIP 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 wunit 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 1loads are
of r.c.c. structure, while the others of 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 tanks 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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Non technological buildings (change house, canteen
management building) are of heat insulated r.c.c. structure.

5.3. Water supply

Industrial water supply of the Alumina Plant will be

ensured by 3 systems:

~ industrial and fire-fighting system

— recirculating cooling water system No 1 (alkali
contaminated)

- recirculating cooling water system No 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
equipment for water treatment and water recirculation,
furthermore reservoirs and cooling equipment.

5.4. Red Hud 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
geries 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 bty diaphragm piston pumps to the disposal
area, where it consolidates. Being well isclated from the
soil its sodium  content does not contaminate the
environment and the mud can be piled up to a height of
about 30 m.




O.ESTIMATED FIXED INVESTMENT COSTS OF THE SELECTED
TECHNOLOGIES




6. BSTIHMATED FIXED-INVESTHENT COSTS OF THE SELECTED
TECENOLOGIES

The investment costs estimate covers the fixed assets of 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 1in the Islamic Republic of Iran in November 1987. The
relevant part of the Minutes reads as follows:

"In the evaluaticn, the technological and auxiliary plant
units as well as the red mud disposal will be considered only
within the fence."

On the basis of the above the fixed investment costs of
infrastructure was not taken into consideration.

The fixed investment costs of 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 of the production equipment including the technolo-
gical piping, electrical, automation and instrumentation
works.

- Costs of the equipment 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 of the service equipment (Vacuum and Compressor
station, water supply system, Maintenance shop and Motor
vehicles).

- Costs of 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 of fresh-water supply system.

-~ 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.




Table 6-4 shows the summary of di-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 of 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
777777777777 Item — -
Sintering Autoclave Tube Autoclave Tube
Digestion Digestion Digestion Digestion
- Production equipment 11380 7183 7545 6534 6734
Auxiliary equipment 626 688 688 688 688
Service equipment 1116 1003 1000 987 992
Power plant 2744 2159 1933 1895 1522
Spare parts 807 553 560 510 497
Transportation 604 446 448 409 397
Erection and mounting 3545 2588 2626 2382 2337

Total direct costs,
mechanical eng. works. 20822 14620 14800 13405 13167




Table 6-2

Estimated direct fixed investment costs of the selected technologies

Civil engineering work
millions of Rls

Low quality bauxite

High quality bauxite

Item - - - -
Sintering Autoclave Tube Autoclave Tube
Digestion Digestion Digestion Digestion
=)}
- - —_—— - ]
Site preparation and development 360 360 360 358 358 -
Technological buildirgs 1785 1005 1020 952 969
Outdoor work 1585 1200 1290 1110 1196
Fresh-water supply system 335 335 335 335 335
lon-technological building 225 225 225 225 225
Power plant 687 586 525 515 423
Red mud pond 1080 1175 1175 790 790
Total direct costs, civil eng.
works 6057 4886 4930 4285 4296




Table 6-3

Estimated indirect fixed investment costs of the selected technologiles
millions of Rls

Low quality bauxite High quality bauxite
Item === e e ——— ——— -
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
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Table 6-4

Estimated direct and indirect fixed investment costs of the
selected technologies

millions of Rls

Low quality bauxite

High quality bauxite

Item - e e e e 11 e e e e e e e e
Sintering Autoclave Tube Autoclave Tube
Digestion 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 29839 21481 21765 19554 19377
Contingency ( 10 %) 2984 2149 2177 1955 1938
Total costs of the
selected technologies 32823 23630 23942 21509 21315
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Table 6-5/A

Working Capital Requirement .
Low quality bauxite sinteriig ;?Gceés = mE million of RIs
Year Days 1 2 3 4

I.Current assets

A.Acccunt receivable 15 82 164
B.Inventory

Raw material

Bauxit 10 39 72

Sodium carbonate 20 18 3

Other materials 10 13 3
Spare parts 5% 917 Q17
Work-in-progress 35 33 583
Finished products 10 96 167
C.Cash in hand S 27 55
D.Current assets 0 0 1528 2020
E.Increase in

current assets (o] o} 1528 492

[1.Cu: rent liabilities
A.Accounts payable 15 0 0 -107 -203
IIl.Working capital
A.Net wcrking capital 0] 0] 1421 1817
B.Increase in working

capital o) 0 1421 396




Table 6-5/B

Working Capital Requirement
Low gquality bauxite autoclave digestion million of Rls

I.Current assaets

A.Account receivable 15 82 164
B.Inventory

Raw material

Bauxit 10 49 89

Sodium carbonat? 20 23 3

Other materials 10 ’ 13 3
Spare parts 3% &37 &7
Work-in-prcgress 35S 324 599
Finished products 10 98 172
C.Cash in hand S 27 5¢<
D.Current assets 0o (o] 1273 1784
E.Increasea in

current assets (o) 0 1273 511t

Il.Zurrent liabilities
f.Accounts paysble 15 0 o -110 -26e2

Ill.Working capital

_A.Net working capital 0O 0 1163 157&

B.Increase in working
capital (o] o} 1163 412




; Table 6-5/C

f

¢ Warxing Capital Regquirement

t Low guality bauxite tube digestion million of Rls
Year Days 1 2 3 4

‘ I.Current assets
! A.Account receivable 15 82 164
! B.Inventory

Paw material

; Bauxit 10 49 89
] Sodium carbonate 20 22 36
i Other materials 10 13 31
, Spare parts 5% 645 645
; Work-in—-progress 3 339 592
i Finished products 10 Q7 169
) C.Cash in hand S 27 5SS
; D.Current assets o o 1274 1781
E.Increase in
current assets (o] (o] 1274 S07

Il1.Current liabilities

A.Accounts payable 15 o 0 -109 -206
ITI.orking capital

A.Net working capital o 0o 1165 157S
B.Increase in working




Table 6-5/D

Working Capital Requirement
High quality bauxite autoclave digestion million of Rls

I.Current asssts

A.Account receivable 15 82 163
B.Iinventory

Raw material

Bauxit 10 34 62

Sogdium carbonate 20 10 7

Other materiais 10 9 22
Spare parts 5% 584 584
Work-in-progress 35 2535 437
Finished products 10 73 125
C.Cash in hand S 27 55
D.Currenrnt assetc 0 0] 1074 14¢&&
E.Increzse in

currert assets o 0 10743 392

IT.Current liabilitics
A.Accounts payable 1S 0 0 ~-72 -1328
IIl.Working capital
A.Net working capital ¢] 0 1002 1322
" B.lncreas® in working
capital o 0 1002 32&
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Table 6-5/E

Working Capital Requirement
High gquality bauxite tube digestion million of Rls

I.Current assets

A.Account receivable 15 82 1£4
B.Irnventory

Rsw material

Bauxit 10 33 &1

Sodium carbonate 20 10 1

Other- materials 10 9 22
Spare parts 5% 574 574
Wark-in—-progress 3 251 43
Finished prcducts 10 72 22
C.Cash in hand S 2 SS
C.Current assets 0 0 1059 1457
E.incr=ase in

current asseats o) (o} 1059 3ge

IT.Current liabilities
A.A”Accounts payable 15 0 o -72 -137

IlIl.Working capital
A.Nat werking capital 0 o 987 1310
B.Increase in working
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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 SZXt
Al203 44.2 %, Si02 11.7 % 2.90 3.588 3.588 - -

A1203 52.4 %, si02 7.6 % - - - 2.487 2.480
Limestone,t
Cal 54.6 % 1.46 2.093 2.03% 0.983 0.959
Sodium carbonate (soda ash),t
Na2C03 99 % 0.227 0.290 0.278 0.129 0.124
Power,HWh
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




SPECIFIC CONSUMPTIONS (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 - 6.23 0.23 0.12 0.12
Pilter 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,Gd
(Fuel oil + Natural gas) 42.92 21.76 21.57 17.24 16.89




Table 7-1

Specific and annual consumptions
Low quality bauxite sintering process

Specific Annual
consumption consumptions
(per 1 ton

of alumina)

Bauxite (5 % moisture)

A1203 44.2 %, Si02 11.7 %  2.90 ¢ 580,000 t
Limestone (moisture 5 %)

Cad0 54.6 % 1.46 ¢ 292,000 t
Sodium carbonate (soda ash)

(as 99 % Na2C03) 0.227 t 45,400 t
Purchased power 0.56 MWh 112,000 Mwh
Fuel o0il (39 GJ/t net heating value)

0.47 t 94,000 t
Natural gas (30.76 MJ/m3) 767 m3 153,400 th.m3
Make up water 10 m3 2,000,000 m3
Flocculant - natural 0.003 ¢t 600 t
Filter cloth 0.45 m2 90,000 m2

Grinding material 0.005 ¢t 1,000 ¢t
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Table 72

Specific and annual consumptions
Low quality bauxite, Bayer process, autoclave digestion

Specific Annual
consumption consumption
(per 1 ton

of alumina)

Bauxite (5 % moisture)

A1203 44.2 %, Si02 11.7 % 3.588 ¢ 717,600 t
Limestone (moisture 5 %)

Ca0 54.6 % 2.093 ¢ 418,600 t
Sodium carbonate (soda ash)

(as 99 % Na2C03) 0.290 t 58,000 t
Purchased power 0.210 MWh 42,000 MWh
Fuel oil (39 GJ/t net heating value)

0.558 t 111,600 t

Make up water 7 m3 1,4v0,000 m3
* Plocculant - natur-l 0.004 ¢t 800 ¢t
- synthelic 0.23 kg 46 t

Filter cloth 0.45 m2 90,000 m2

Grinding material 0.005 t 1,000 t




Table 7-3

Specific and annual consumptions
Low quality bauxite, Bayer process, tube digestion

Specific Annual
consumption consumption
(per 1 ton

of alumina)

Bauxite (5 % moisture)

A1203 44.2 %, Si02 11.7 %  3.588 t 717,600 t
Limestone (moisture 5 %)

Ca0 54.6 % 2.036 t . N7,200 t
Sodium carbonate (soda ash)

(as 99 % Na2C03) 0.278 t 55,600 t
Purchased power 0.130 MWh 26,000 Mvh
Fuel o0il (39 GJ/t net heating value)

0.553 1 110,600 t
Make up water 7 m3 1,400,000 m3
Flocculant ~ natural 0.004 ¢t 800 t
- synthetic 0.23 kg 46 ¢
Pilter cloth 0.45 m2 90,000 m2

Grinding material 0.005 t 1,000 t
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Table 7-4

Specific and annual consumptions
High quality bauxite, Bayer process, autoclave digestion

Specific Annual
consumption consumption
(per 1 ton

of alumina)

Bauxite (5 % moisture)

Al1203 52.4 %, Si02 7.6 % 2.487 t 497,400 t
Limestone (moisture 5 %)

Ca0 54.6 % 0.983 ¢t 196.600 t
Sodium carbonate (soda ash)

(as 99 % Na2(C03) 0.129 t 25,800 ¢t
Purchased power 0.230 MWh 46,000 MW
Fuel oil (39 GJ/t net heating value)

0.442 ¢ 88,400 t

Make up water 6 m3 1,200,000 m3
Flocculant - natural 0.002 t 400 ¢t
-~ synthetic 0.12 kg 24 ¢t

Filier cloth 0.30 me 60,000 m2
Grinding material 0.004 ¢t 800 t
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Table 7-5

Specific and annual consumptions
High quality bauxite, Bayer process, tube digestion

Specific Annual
consumption consunption
(per 1 ton

of alumina)

Bauxite (5 % moisture)

A1203 52.4 %, Si02 7.6 % 2.480 t 496,000 t
Limestone (moisture 5 %)

Ca0 54.6 % 0.959 t 191,800 t
Sodium carbonate (soda ash)

(as 99 % Na2C03) 0.124 ¢ 24,800 t
Purchased power 0.160 MWh 32,000 MWh
Fuel oil (39 GJ/t net heating value)

0.433 ¢ 86,600 t

Make up water 6 m3 1,200,000 m3
Flocculant - natural 0.002 t 400 t
- synthetic 0.12 kg 24 t

Filter cloth 0.30 m2 60,000 m2

Grinding material 0.004 t 800 t
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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 60 % RLS 6330

Overground bauxite 50 % RLS 1800
Average RLS 4518

Sodium carbonate

World market CIF price in US dollars 150
by official exchange rate 66 RLS/USD 9900
+ 20 % 1980

Total price in RLS 141880

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 in Table
8-3.

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:




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




Low gualizs bauxite sintsrinmg process

Umit priza 3% vesr Wt S-th yaar W80 tpy
Iiza tnit Corsoagticy Consoastion €ass Consuastion Csnsusgtion Casts
risfunit {t-tal) siiliz~ of Bls (total) siliicn of 3is
Bacuit t $318.0% 3.i5¢ <1902 1441.2 2,909 $530%0 2822.8
Sogiua caristate t 1:1330.88 272 7230 3.1 227 45300 §3%.2
Lisestone t 931.8% 1.408 129400 137.3 1.480 252538 m.:-
Fuzl oil t 83%.7 ) 4 8112 79.3 A7 93303 122.2
Natural gs¢ Miil.ad  2060.G0 957 9760 334 J67 13343 3183
Purchased zawer flalt 260,00 128 72300 18%.3 .60 11299 »1.2
Othar saterlals 780 13s,2
Maintenanczs <ater:al 130.0 .
Tctal 23188 4532.°
fae 237271aiS Table 3-1:3
Low guaiit, Sauxits aotocclaws dizzstics
Unit price $-i5 w2ar 106000 S-th year 0685 tpy
{8 : tonsoraticn Soms.titioe cests ccrsuaption Consuapiise Lasts
- Ris/usit 211lizn 2 Ris (totai: ariiicn of Els
Bauxit 4 $518.00 3,357 3528 1735.3 3.5%3 11722 kL M
S0di.s carcooste + EELES 332 2 3.4 29 PEDM 22%.”
Liszstane 3 £31.0¢ 2,352 P 1182 2,593 &12:09 3685.7
Fuel oil 4 1335.05 Jg28 TIEe 33,3 558 11139 145,
Natirai gas Bill.ed IME0.0) 032 0 .0 ] 0 A
Purchised riasr S} 530,88 213 MM 7.0 210 4253 109.2
Other aater.ils 30,0 143,0
Maintenanc: “ater.:: 1030 §3l.0
Tots. T2 Siss,c

.......................................................................................................................

—— p————— ——
— i - - - ——- ——




Los qualizs Rausie tube Zigestize

23w materizis

3-4

Takie 2-:/C

Geit procs

Ites Lait

428 yaar
Coas_aptian

103336

Canszwpticn

{total)

1474 S-th jzar
25t Consusption

atllien of Ris

200053
Conseaption
{tatal})

tey
Costs
asillicn of Rls

Fisfurit
Bauxit t $518.5%
Sodiua cartonate t 118%30.68
Lisestone t $31.30
Fee) o1l t 1390.30

Materal gas Mill.el 2050.63

3.5%7
.33
.28

J13

rEITA
STV

33435
23009
193
6

1762.3
39.3
3.5 2,035

93.3 333
0 000

3.538
273

117663
33600
407200
11063¢
0

7Ly
640.3
315.t
143.8
0

Purctased power Rub 2800.00 148 16900 43.9 130 26000 87.%6
Other materials 81.d 148.9
Haiatenance aater:al 160.0 47.0
Total J737.0 5088.:
_ Fae zaterials Table 8-1/3
Righ quality bau:ite aulilisve cigestiln
Unit priza 4-t5 vaer 1685 bay S-th zar 200060  tpy

Ttea Unit Cons.zption Clorsuistion Coss Consu=:tion Consueption §asts

Risfuni® {tatsl) :itica 2f Ris (total) sillicn of Ris

Bauxit 4 3518.¢3 2.7% 23855 1231 2.337 43733 2247.3
Scdius cerbonats t 183,80 A58 15500 H:L A2 255300 ch.s
Liezstonz t 93i.%3 1.02¢ N {03.5 933 194596 133.2
Fuzl oil t MR 578 §78" 3.2 342 83400 3.2
Natural ;33 Mill.ad  2UAGLOD 053 0 $ .E?G N (] ..0
Purchaczd poawsr et 2800.°: 3 30050 73 ey 43000 11:.?
Other #itzrials $3.0 :g;.T

R N .

Baintssa-ce aatz-ial 169,28 o

--------------------------------------------------------




Ras materiais

High quaiily bauaite tibe digectics

Tabie 8-1/t

Unit crice 3-th yzar 160308  tpy 5-th year 200663  tpy
Ites Cansuaption Coasuzption Costs Consuaption Consusption Casts
Rls/eait {totai) amillion of Rls (total) sillica o1 Pls
Bauxit t £5:2.03 272 272880 1232.5 2.480 495000 2283.9
Sodiua cartenate t  11830.60 Bt 13903 177.0 Jd24 24830 3.4
Lisestcne t 931,38 1,855 105558 98.2 939 191809 1732.5
Fuel a:i t 1306.30 553 346389 3.2 A33 86690 112.5
Natural gas Mill.a3 20£2.0 030 0 0 .000 0 .0
Purchaszd czuer Mah 26%C.08 o2V 203c5 .1 160 32006 3.2
Other xater:als 59.0 197.3
Naintenance eaterial 160.0 397.3
Total 1793.3 3413.9
_ Wages and Salaries Table 8-2/A
Low quality bauxite sintering process
Average 4-th vyear 5-th vyear
Item WSQES — e e
thRls/yesr Head Costs Head Costs
Management 4781 7 33.5 7 —-th—-
Engineers 3470 45 156.2 45 156.2
Clarks 1215 55 66.8 55 65.8
Foremen 2090 90 188.1 G 183.1
Skilled Workers 1450 70 101.5 110 152.5
Semi-skilled Workers 10 200 182.0 320 291.2
Plain 725 120 87.0 200 14.0
Tctal 587 815.0 827 10485,.2
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§ Wages and Salaries Table 8-2/B

: Low Qusiity bauxits sutoclave digestion

D e

S Aversge 4-th vyear S-th vyear

i Itex Wagss z —----e-mmms— s -—mmmm—eemem

thRls/year Hesad Costs Head Costs

Management 4780 7 33.5 7 33.5
Enginesrs 3470 13 149.2 43 129.2
Clarks 1215 53 64.4 53 64.4
Foremen 2090 86 179.7 86 177.7

1 Skille3s Warkers 1450 60 87.0 6 23.2

i -Semi-skilled Wcrkers 910 180 163. 296 267.4

H Plain 25 120 87.0 200 135.0

3 Total 549 764 .6 781 98G.4

b

i

3

3

Wages and Salaries Table 3-2/C

Low Quslity baurxite tube digestion

Seisrdmtsad i a i ite ¢ 0 uBinse & widiivs.

Aversage 4-th vyeasr S-th vear
Item Wages  -—————————-—--——r e~ -
thRls/ sear Head Costs Head Costs
Manage-ent 278G 7 33. 7 33.95
Engineers 387¢ 43 149.2 3 149.2
. Clarks 1215 3 £4.4 3 64 .4
H Foreme~ 2090 86 179.7 86 172.7
! Skillecs Workers 1350 60 87.0 100 145.0
i Semi-s-1lled Workers Sic 180 163.8 00 273
i Plain 72S 120 87.0 200 14S.90
i
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i
Wages and Salaries Table 8-2/D
High quality baurzite autcclave digestion i

Average 4-th vyear S-th vyear i
Iten Wages  ----———————————— e
thRls/year Head Costs Head Costs

Management 47890 7 33.5 7 33.5
Engineers 3470 43 149.2 43 149.2
Clarks 1215 3 &4.4 53 63.4
Foremen 2070 86 179.7 86 179.7
Skilled HWorkers 1453 60 87.0 96 132.2
Semi-skilled Workers 910 180 163.8 276 269.3
Plain 723 1206 g87.0 200 145.0
Total 549 764.6 781 93C.4

Wages and Salaries Table 8-2/E

High qualiity bauxits tube digection

Average 4-th vyear S5-th vyear
Item Wages  -——————m-m——mm e

thRls/year Head Costs Head Costs
Management 478¢ 7 33.5 7 33.5
Engineers 3473 47 149.2 3 149.2
Clarks 1215 S3 64.4 53 64.4
Foremen 2070 86 179.7 86 179.7
Skilled Workers 1450 60 87.0 100 145.0
Semi-skilled Workers 910 180 163. 300 273
Plain 725 120 87.0 200 145.9




Depreciation Estimate

Table 8=7%

million of NLS

% LonsP LQBAD LQRBTD HODAD nQBTH
Ttem per Invest- Depre- Invest- Depre~ Invest- Depre- Invest- Depre-~ Invest- Depre-~
year ment ciation ment ciation ment ciation ment ciation ment ciation
Civil Works 5 6663 333 5375 269 5423 27N 4714 236 4726 v 236
Chemical Ins., 6 17880 1073 12092 725 12582 755 11197 672 11462 688
Powver PMant 1lo 3472 347 2891 289 2589 259 25138 25 2038 204
Other 6 4808 288 3272 196 3348 201 3060 184 3089 185
Total 3052% 2041 23630 1479 23942 1486 21509 1346 21315 1313

-]
|

oo
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Low Qoalits Seonile s.-teeit) sriless

3 =TS

aTidh prozaitisa-zest estieste

ailiea cf Rls

Talls 2R

me 1 : 3 [} 3 4 1 ] ] 10 1 12 13
-t . . t ' [ R '
Frec.ciics
prajrana by  {atmietor Bttt s Bt i S oot s B otetts B otetriats B s B 2 N et fiotees
Pae materials
H W) 182 w2 8 N PO RN 82 PLYe uAn 21
Sediua zartzrate by 539 b ) 939 539 bt 539 557 57 59
Lzeestz-e 15 n n m 2 m :Mn m m m
Fuel 22 % iy 122 122 122 12 12 122  bed id
Ratural 5is pig b 3 3 e A e 3 e 38
Perctased awer 182 o n n o P} m m il rajl
Steer nitarials ) 138 138 13 13 138 135 13 1% 13
airtetince $3] 341 £33 438 833 833 833 £33 (141 3
®atecnal costs 0 ¢ 0 h3Y] 4332 4932 4932 $31 4832 4532 4932 4532 232
Latss 539 784 b1 78 34 78 T84 18 3 73
Birect costs 0 (] 0 ui LYY ST86 ST 5718 M 5718 e §1 3718
Sataries § mages %% 3% 2% % 25 2% 3% % % 23
Ree;ristration 3 n 1 /3 T8 T T 1) 1 1%
Insurarce R 44 33 3 1 3 b1} 33 kA4 B 13
Coevatic; cest 0 K 0 359 se8t 081 4231 4351 4061 408t 6081 (14} 831
Bani chacges 0 0 0 L] 300 i) /] ri1] U8 23 pil] 158 183
Sepretiation (] 0 0 1080 241 041 041 2041 2041 2041 2041 203 n
Braductica cost ] 0 (] 4209 un 8237 8392 an 8362 YY) 8332 8317 8302
Yeir it 13 1 17 8 19 0 i 2 3 n Total
[} [ [} 1 [} ] [} ] 12
Pradctiza
prograsae tpy 200300 260000 200000 200000 200003 200000 203000 200000 260000  2000C0 200000 4100000
Raw siterials
Bacsite T 22! %21 82 wn 21 a1 {748 22 AN 2821 5384
Sce:.e cirbcnate 338 337 337 53 539 539 339 339 539 339 53¢ 11103
Lisesizre m m m m m m m m m m 3 9559
Fael ot 12 122 122 12 12 122 12 12 122 12 122 2519
Natural gas 38 36 i 318 318 318 36 36 36 36 3 $325
Purchased soeer m 91 3} 91 m o i)l 291 Fajl Fill m §039
Otrer saterials 136 134 135 138 1% 138 136 13 136 136 136 M%
Maintergnce 833 433 §33 833 433 435 433 63 833 833 835 12350
Fatesial cosls 4932 L1y 4932 332 wn 932 4932 4932 4932 §932 4932 101254
| hatier 73 784 784 7e4 124 764 784 134 734 734 73 18235
Biract zzsts b1} 31 i) 515 1 1) 5786 716 5716 3716 $718 3716 117493
Salir.es b wagns uL r} 2% 238 2% 2% % 2% 2% %% 2% 5378
*Eanistration T T 1] 7 /3 T Ts 76 /3 76 13 1353
fesurasze 3 33 33 33 33 13 M I 3 3 33 893
coerating cost 14 )} (1433 8031 scel (341 8081 8501 8631 (341 83 s031 128
ik Irarges 83 1382 33 pante { 90 73 (1] [}] 3 13 pIa)
R HOAHE 4 3] it} 8 et ]} 1) 041 24 2080 yid ) 13t 381 41303
Frogionizn sost gler B2 8297 LN 8227 B2 8197 N §1e7 3152 3 170090
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[LETE ML Y FRE T LI TN T Tazle a-4:3

Loe g.alz%e daLazte altider 2153800 atliioy of Rls
Toar 1 2 3 4 b] [ H § § 1] 1 12 3
Prizaiun
srosranat 3y govore et Srevd  aessdd WS ot v b Bl o poris
Bie 0aticial3
Bauaile ra hrerd b 1 b a42 b 74 20 e 1242 3232
Sooie tartwate an 459 (33 (515 35 157 153 33 29 [
Lisesicre . us 3% 3 A ] hir A0 35¢ 3 3% n
Feel al 53 13 125 143 s 135 143 145 ;s 135
L PR M 0 [} 0 [} [} 0 0 0 0 []
F.ozbises sza2r n 129 5? 109 107 169 109 169 167 16?
Serer saternals 1} 143 138 143 113 148 14 143 143 143
Rainteitce 169 41 [ 3] 41 41 £214 L1} "t “1 "1
Pazes1ai 2o3ts [} [ ] %7 3led L84 ks Sitd HI1) Sisd Siks Sted ad
Latsur 318 m i 133 4 has 733 733 I3 33
Srrezt ists 0 0 0 338 39 §5%7 ©7 b @ 27 =N 5897 see?
Salaries § eigEs %7 K} rid rit} ri %7 m u W 287
S2eimstraticn 33 /3 I 13 {3 7% 1 /3 /3 %
Iesurance u e i n u r n n n i)
Coeratiry cest 0 0 0 3538 8233 524 234 £248 248 823 8248 8244 6244
Base Chirjes 0 0 0 0 30 33 210 253 pii] n 210 193 183
Be;retiazien 0 b [ 39 1477 1873 un 1 1372 1479 13" 1478 1951
Prazoctize cast 0 0 ] LI} g2 e 7993 %13 7253 19468 1933 1%:8 1903
Yeir 18 13 16 17 18 19 b A 3 i) Total
r [} [} ] ] [] ' []

Prodectisa
pragrasae Ly 200563 200030  200C30 200058 200500 200000 206000 200530 2090 200000 205550 4100000
Raw saterials
Eausite U2 382 3242 N2 3242 3342 20 hyly h71Y) un 3242 64623
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9. ESTIMATED ANNUAL SALES REVENUE

Accordinig 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 100,000 tpy million of Rls. 2000
in the 5th year 200,000 tpy million of Rls. 4000

from the starting.
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10. ORGANIZATIGNAL AND MANAGEMENT ASPECTS OF THE PROJECT

The other chapters are dealing with technical and economic
calculations, evaluations and 1logical 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 available
at that time.

For this reason the organization arnd management of the
project can be defined only in the conceptual and preliminary

engineering design period.
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11. AN INDICATIVE TIHE SCHEDULE FOR IMPLEMENTATION

The most important activities necessary to establish the
200,000 mtpy capacity alumina plant are summarized in the
implementation schedule Fig.11-1.

Most of the activities of the investment work are concluded
by the deadline to start producing alumina between the 38th
and 39th month.

To meet the above schedule the conceptual and preliminary
engineering design work starts in the 4th month and will be
completed withir 12 months.

On the basis of the design activities the civil work can
start in the 6th month with the site preparation and

development.

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
36th month.

Pilling up of +the process can be started in the 30th month
and completed in the 32nd month. After this the complex
trials will be carried out between the 32nd and 36th month.
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Prom the 36th 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 30 days will also be completed for the performance
guarantee.

The guarantees obtained should refer +to the quantity and
quality of the alumina produced as well as to the specific
consumption of +the most important basic and auxiliary

materials.

The guarantee conditions should be fixed in the Engineering
Contract.




o

Fig.11-1
IMPLEMENTATION SCHEDULE

DENOMINATION MONTHS
4 8 12 16 20 24 28 32 36 40 44 48 50

. Preparation of CPED ————
Detailed design

. Civil works

Supply of machinery

£-11

Erection
Stockpile filling up —
Complex trials

. Start-up period —

. Commissioning period C—

incl. performance guaranee
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12. TOTAL INVESTJENT COST

The investment period is planned for 4 years. The Tables
42-1/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 of Investment Cost ' Table 12-1/A

Low quality bauxite sirtering proceyss milljon of Rlg
Months 0-6 7-12 13-18 19-24 25-30 31-36 37-42 A43~-48 Total

At tivities
1.Caivi) Wurks 300 8%0 1700 1700 %0 457 6057
2.Machinery and Equipment 1670 1670 5850 5850 1633 14673
3.Erection and Mounting 210 710 12%0 1250 123 30495
4. Tranuportation 134 233 2393 404
S.Enyineer .ng and

knuw-how fee 2%0 300 500 230 209 140 83 4% 1970 :
6. Construction )

manayenent cost . 35 43 80 100 100 75 6% 40 360 N
7.S1te Supervision cost 9 17 26 26 26 17 9 130
8.Cost of start-up,

cuasplex trials . 43 43 43 a1 170

9.lnsurance 12 12 43 43 20 12
10.Contingency 247 309 854 892 436 199 33 14 2984
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Phasing of Investment Cost Table 12-1 /B
B Low quality bauxite autoclave digestion million of Rls
Months 0-& 7-12 13-18 19-24 25%-30 31-36 37~-42 43-48 Total
Activities s
1.Civil Wurks 400 &84 13468 134608 &84 382 4006
S.Machinery and Equipmer.t 11460 1160 4055 40%% 1106 1156
T.Weection and Mounting 190 518 906 906 108 2508
AL anepor tatjon 0 178 178 444 -
v.Engineering and N
tnow-how tee 156 312 312 196 129 94 63 32 1250 ]
G U Y ruct aon ("]
wanagenent cost 235 34 59 7% 75 34 30 36 410
’.Site Supervision cost & 12 20 20 20 . 11 & 9
B.Cost of start-up,
ronplex trials 31 31 3t 32 129
2. lnnar ance 10 10 32 32 11 95
10 Cunuangency 176 228 623 643 307 138 24 11 2149
Total 1927 2434 6701 7047 3493 1624 287 117 23430



Low quality bauxite tube digestion

Phasing of

Investment Cost

Table 12-1/C

million of Rls

1.Civi)l Works a04
2. Machinery and Equipment 1172
J.€rection and Mounting

4. 1ransportation

S.Engineering and

knhow-how fee 163
6. Cunstruction
management cost 26

7.51le Supervision cost
8.Cost of start-up,
tampleas trials

9. Insurance 10
10.Contangency 179
Total 1954

13-18 19-24 25-30
1380 1380 690
4104 4104 1174

152 525 920
e 180 180
326 163 130
60 76 76
12 20 20
31

32 32 1
631 633 311
6785 7133 3543

31-36 37-42 43-48 Total
386 4970
11726
920 109 2626
448
97 65 30 1300
57 50 40 420
20 -1t 6 98
31 31 32 128
95
137 24 1 2177
1640 290 119 23942

v-2i



Phasing of

High quality bauxite autoclave digestion

Investment Cost

Month~
Artavataves
Poavyri Works
DLRachnery and Equipment
b ton and Mounting
AL lrangartation
L.bnganeerang and

Fivowe b foe

Hol e trne tion
nanagement Cost

7.81t- uprvision cost

B.(. "t ot ntart-up,
Cimplew traalsg

P lasae ane e

10 Cantangynncy

13-18 19-24
1200 12
3715 37195

138 a6
a1 164
o0 150
] &7

12 17
30 30
367 507
6096 6406

Table 12-1/D

million of Rls

43-48 Total

A70%

106148

2532

LIV

20 200
34 370
b 87
30 1720
a7

10 1955

[}

S



Phasing of Investment Cost Table 12~-1/E
High quality bauxite tube digestion million of Rls
Mont hs U-6 7-12 13-18 19-24 29%-30 31-38 37-42 43-48 Total
nctaivaitaies
T.asal kinrks, 352 600 1200 1200 400 J44 aA29b
S.Marbane ey and Equipment 1043 1043 3602 J6B2 1043 104757
SEraection and Mounting 136 487 a18 a18 98 2527
A, brar s tat ion 77 140 140 7
LG.tngane eranyg and
know-how tee 156 312 312 156 12% 94 63 32 1250
&.Construction
mar.agiemant Cost 23 31 33 &7 &7 %0 LR 34 370
7.8\ Supervicion cost & 12 17 17 17 , 12 & 87
.Cost cf start-up,
camples trials 30 30 30 30 1720
. lncurance L4 9 30 h o] @ a7
1D.Contingency 159 203 362 381 277 122 21 11 1938
Tatal 1742 2206 6034 &330 3144 1473 269 113 21319

cl

9



Total investment cost Table 12-2/A

Low Quality bauxite sintering process mill of Rls

Year 1 2 3 4 Total

_________________________________ | e e | e e | e e o e e e
Fixed investmert costs 6109 19194 6983 537 32823
Inyrtial fixed investment costs 6109 19124 6983 537 32823
Replacenent (o} 0 : 0 (o o)
Pre-production capital costs 0] 0 0 (] 6]
Working capital increase o (0] 1421 396 1817
Total investnent costs 6109 19194 8404 933 34640

L-T1



Total investment ccst Tahle 12~-2/B

Low nuality bauxite autoclave digestion mill of Rls
Year 1 2 3 4 Total

__________________________________ N e ) e ) e | e e e
Fised investment costs 4361 13748 5117 404 23630
Initiali fized investment costs 4361 13748 5117 404 23630
Replacement 0 C (o] (o] ¢
Pre-production capital consts O o) o o (o)
Working capital increase 0 o 1163 413 1576

Total investment costs 4361 13748 6280 817 25206

8-CT




Total investment cost Table 12-2./C
Low quatity bauxite tube digestion mill of Rls
Year 1 2 3 4 Total
_________________________________ I DU PRSP PUSSPNSEEERE RS
Fired investment costs 4424 13218 5191 409 23942
initial fixed investment costs 4424 13918 5191 409 23942

Replacenent ¢ o o (o) _ o)
Pre-production capital costs o) 0‘ 0 0 0
Wort ing capital i1ncrease o] 0 1163 410 1575
Total investment costs 4424 13918 6356 819 25517

6-C1



Total i1nvestment cost Table 12-2/D
High Quality bauxite autoclave digestion mill of Rls
Year 1 2 3 4 Total

e e e o e - —— =~ —— —— - - R | S o I_ ________ | e | ]
Fl-ed investment costs 3966 12502 4663 378 21509

Initial fixed investment costs 39646 12502 4663 378 21509

Replacement o) 0 &) o) o
Pre-production capital costs 0 0 0 0 0
Working capital increase o) v) 1002 326 1328
Total investment costs 3966 12502 5665 704 22837

o1-Z1



Total investment cost Table 12-2/€
High Qquality bauxite tube digestion mill of Rls
Year 1 2 3 4 Total

________________________________ e e e e | e
Fix»cd anvestment costs 3948 12364 4621 I8z 21315
tnwitial fi»ed investment costs 3ea3 12264 4621 182 21315
Replacement 0 o ] 0 o
Proe-production capital costs o 0 0 0 0
Yorking capital increase 0 0 87 323 1310
Total investment costs 248 12364 5608 7095 22625

T1-¢1



13.FINANCING DESCRIPTION




13-1

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 3000.

-~ Iranian Government shall provide up to 60 % or up to
million of Rls 3000 of the projected total capital costs,
in the form of Government subsidy.

Arrangement for payment installment shall be made one year
after the implementation with a rate of interest of 10 %.

Pirancirg of working capital can be carried out by Iranian

Government.

The +total capital cost, and the distribution based on the
financing sources are projected in Tables 13-1/A-E.
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Low gquality bauxite sintering process
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Sources of initial funds

Table 13-1/A

mill of Rls

Equity capital
Preference capital
Loans

Supplier’'s credit
Current liabilitie

Subsidies

80

96

Totel
31640
o]
K{oloie
(6]
203
o
343473
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Scources of initial {funds Tacle 1Z-1/8
Low gquality baurite autoclave digestion mill of Rls
Year 1 2 3 3 Total
__________________ b fh T Sy
Eguity capital 3842 12112 5533 719 22206_
Preierence capital - (0]
LSans 519 1636 747 %3 3000
Supplier’'s credit 0 o o 0 o)
Current liabilitie O 0 110 98 =08
Subsidies o




Sources of

13-4

initial funds

Low guality bauxite tube digestion

Egquity capital
Preference capital
Loans

Supplier’'s credit
Current liabilitie

Subsidies

2 3
—_ - |
12282 S609
1636 T 747
0 0
0 109
12918 £465

4 Total

722 22517

o

97 2000

0 0

97 206

0

Q16 25723




Sources of initial funds Table 13-1/D
High quality bauxite autoclave digestion mill of Rls
Year 1 2 3 4 Total
__________________ b — o — e e —— — ==
Equity capital 3485 10840 4921 £i1 19837
Preference capital C
Loans 521 1632 744 Q3 3000
Supplier’'s credit 0 0 0 0] 0
Current liabilitie o o] 72 66 128
Subsidies o




Sources of 1initial funds Table 13-1/E

High guality bauxite tube digestion mill of Rils
Year 1 2 3 3 Total
__________________ e ¥ e ¥ b e
Equity capital 3425 130725 4864 611 13625
Preference capital 4]
Loans 523 1639 744 94 3000
Supplier’'s credit 0 o 0O 0 O

g Current liabilitie o 0 72 65 137

t

i Subsidies 0
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14. ESTIUATED FOREIGN EXCHANGE REQUIREMENTS

Table 6-4 shows the surmary of the estimated investment
costs. In order to find out the foreign exchange
requirements of the investment costs we have to go through
211 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 equipment and services: Unido »nroject). In this
recommendation only static equipment 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 equipment marked with an asteris in the equipment list,

-~ about 45 % 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 prcduction and auxialiary equipment can be supplied in
this way,
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- all painting and insulation work,
— about 80 % of the erection and mounting work
- about 80 % 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 % (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 % of the construction maﬁagement costs,

- about 75-80 % of the general management costs,

- about 50 % of the site supervision cests,

- about 40 % of the costs of startup, complex trials,
— about 40 % of the insurance costs.




Estimated domestic and foreign supply

million of Rls

Table 14-1

Low quality bauxite

High quality bauxite

Sintering Autoclave Tube Autoclave Tube
digestion digestion digestion digestion

Costs of estimated
domestic supply
lHechanical engineering 5830 5130 5683 4660 5046
Civil engineering 5451 4397 4437 3857 3866
Indirect costs 515 401 406 365 365
Total 11766 9928 10526 8882 9277
Contingency ( ~ 10%) 1180 993 1053 888 928
Total costs of domestic
supply 12976 10921 11579 9770 10205
Costs of estimated foreign
supply
Hechanical engineering 14992 9490 9117 8745 8121
Civil engineering 606 489 493 428 430
Indirect costs 2445 1574 1629 1499 1549
Total 18043 11553 11239 10672 10100
Contigency ( ~10 %) 1804 1156 1124 1067 1010
Total costs of foreign
supply 19847 12709 12363 11739 11110
Total fixed investment 32823 23630 23942 21509 21315

costs

£-vT
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15.1 Economic analysis

Bconomic analysis is shown in the following Tables:

15 - 1/A-B Total assets

15 - 2/A-E Net income statement

15 - 3/A-B Cash flow tables for financing planning
15 - 4/A-E Projected balance sheets

15 - 5/A-E Cash flow tables for the projent

15 - 6/A-E Cash flow tables for equity

The econonic analysis was prepared under the
following conditions:

— The prices and other economic parameters (average
saleries, depreciation, rate of interest, etc.) are
corresponding to the 1988 year's 1level.

-The financing conditions were applied according to the
data submitted in Chapter 13.

—-Income taxes and dividens have not been calculated.

-The actual excnange rate in the Islamic Republic of
Iran is 66 Rials per USD ( according to the information
) delivered by thé ARMP experts). Although any change in
this exchange rate is depending on the decision of the
government, however, the international comparison ( Chapter
15.3 ) and the economic estimation of the Jajarm project
confirm the reality of the use of a higher exchange rate
to evaluate more exactly and adequately the erection of
industrial 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 R1ls/USD
66 160 200 400

LQBSP - 57.6 28.3 67.4  263.4
LQBAD - 58.4 23.2 60.4 247.0
LQBTD - 571 25.2 62.9 251.2
HQBAD - 23.3 69.& 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 1low
quality bauxites however, all three variants give results of
the same order of magnitude for the low quality bauxite. The
cumulated cash balance increases only with the
improvement of the bauxite quality significantly.

The net income statement below shows the
accunmulated profits in billions of Rials:
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Variant Bxchange rate Rials/USD

66 160 200 400
LQBSF -88.1 - 38.1 -14.4 +105.0
LQBAD -80.0 - 21.8 + 5.5 +142.6
LQBTT -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 R1ls/USD is negative for all variants.At an exehange rate
of 160 Rls/USD the processing of high quality bauxite is
already profitable.At an exchange rate of 200 Rls/USD
the sinter process is the only non-profitable
variant,while at the exchange rate of 400 R1s/USD all
variants beeome very attractive.When 1looking 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 %):
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Variant Exchange rate Rials/USD

66 160 200 400
LQBSP - 14 - 3 - 7 4
LQBAD - 18 - 3 0 8
LQBTD - 18 - 3 1 8
HQBAD - 11 3 6 13
HQBTD - 1 4 7 14

The ratio of the net profit to the equity is at
lower Rials/USD exchange rates quite modest at  the
processing of high quality bauxite as well, however, at the
exchange rate of 400 Rials/USD - with the exception of the
sinter process - attains values expected from big industrial
facilities.

— The internal rate of return (causidering the total
investment costs) is the Zollowing (in%):

Variant Exchange rate, Rials/USD

66 160 200 400
LOBSP - - - 6.01
LGBAD - - 1.92 9.87
LQBTD - - 2.33 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 % can be evaluated as advantageous ones for the
bigger industrial facilities. For comparison the
calculations made with the exchange rate of 200 Rls/USD are
also presented in Tables 15-7 through 15-12.

15.2 Foreign exchange szvings

The alumina demand of 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 Ytz taken
into consideration when deciding the establishing of the
projecied alumina plant.

We are supposing that the total amount of the 200 kt alumina
will substitute imported Aalumina or +the excess 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

importal alumina 56.0
Costs:

Imported sodium
carbonate - 6.8
Puel oil which

could be exported

but consumed - 9.3
Net foreign Ex-

change gain 39.3
Investment costs

of foreign supplies

for the alumina

plant 300.7

Pay-back period

hY

( year ) 7.6

56.0

- 11.7

35.6

192.6

5.4

56.0

- 11.6

187.3

5.2

56.0

- 309

42.8

177.9

4.2

56.0

43.2

168.3

3.9

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 Sellirng price at wich Exchange rate at

the project breaks even the 2lumina

( in Rls/ton's) price of

280 USD/t
LQBSP 42110 150
LQBAD 40115 143
LQBTD 38470 137
HQBAD 31030 111
HQBTD 30570 109

According to +the calculations the selling prices at
alumina at wich the oproject breaks even are changing
between 30570 and 42110 Rials/ton 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 and
disadvantages in competition compared with alumina produced
in other alumina refineries.
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Based on the published technical literature the
following data can be compared (in USD per tonne).

Item Alumina refinery
Pinjarra Friguia Stade Korba
Australia Guinea FRG India
Capacity, 10° t/y 2600 700 640 200

Costs USD/t

Bauxite 18.0 21.1 81.0 50.6
Caustic Soda 6.9 8.1 5.3 3.5
Energy 32.4 42 .2 35.0 73.0
Labour and other 16.3 23.0 37.3 13.3

Direct operat-
ing costs 73.6 . 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 1local Dbauxites. The
processing of the very high grade African bauxite cost is
alsp very attractive, however it is raised by the price of
the imported energy. Both the bauxite and the energy should
be :imported to the European alumina plants, <therefore
gsignificant surplus expenses, The higher costs being the
conbequence of the relatively 1low capacity and expensive
materials and energy in India can not be compensated by the
lower labour costs.
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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):

Bxchange rate Rls/USD 66 160 200 400

Costs USD/t:

Bauxite 246 101 81 40
Caustic Soda 50 50 5C 50
Energy 16 7 5 3
Labour and other 130 54 43 22
Direct operating cost 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 projéct has a si: ificant advantage compared
with other alumina refineries related to the energy costs.
Though it is burdened by the costs due to the inevitably
higher 1investment 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.




15-9/A

CUMULATED CASH BALANCE

CUMULATED CASH

BALANCE BILLION OF RLS
300 _

250 S
L@BSP
200 LQBAD
LQBTD

150 ~ NQBAD

BErE0RN

HQBTD

100 -

vy

8% .
RSN et

i

Vot e

FRENA LI MRS

AR

Fig.15-1

T
L
==

NSNS OSSN ANNNNNNNNANNYY

T OO T O L T T LI

P Y A L A Y X XA, ot Tt e? WA,

v/
f‘,":'

-50 —

66 160 200

EXCHANGE RATE RLS PER USD

400




15-1o0

Fig.15-2
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3.zt profit ~2071 -3 <2040 -2026  -20M1 -199t 1951 196 1951 1936 -1921 4273k
§.01vicends (] ] [ 0 0 0 [] 0 0 [} 0 [}
T.indistriteted -
. profit 01 -2086  -204F 2026 -2011  -199:t  -1981  -19e6  -1SS1 1936 1921 4278
8.3ccunslated vndist- -
ributed profit -T2831  -24907 26948 -28974  -3068% -3298: 34982  -38929  -3B€79 -40813 42735
Patiss N
Tavable profit:Zales (1) -52 -3 -3 -3 -5 -3 -5 -49 -4 ~48 -48
Net profit:Sales (3) -3 -3 -3 -5t -3 -3 -3 -49 -49 -4 -43

Net profit:Equity (1) -10 ] -10 -10 -10 -10 -10 -1 -10 -10 -10




4igh quality Baurite t.te dijestie

Ket incoa? statesant

Table 1S-2/€

aill:an of Rls

Year 1 2 3 [} 3 b 7 8 L] 10 1n 12 13
]

1.5 [ 0 0 2008 2200 ] 533 1000 4050 88 W 83 $R
2.8rcdacticr costs [ 0 [ I+ -6118 -0 -308% -6Re% T8 8037 -BOT3 -l -5
S.Tasatle profit 0 0 0 -1805 -2118 -20%% 208 -208% -285% 23 -2 200 1998
$.Tax (] 0 L] ¢ [] ] 0 (] ¢ ] 0 [] 0
S.xet prefit 0 () 0 -1306 2114 -TE? 0 -205% -2049 <2098 2039 -Zezd <009 -1TM
s.livicerds [} ] 0 0 0 0 [] 0 0 0 0 0 0
T.Ladastrizuted

prefit 0 0 0 1408  -2114  -2099  -2084 2069 -0 2039 -20%4 -6? -1998
S.accumlated

profit 0 0 0 143 -351 N1 -TIOT 9172 11836 -1398%  -1363% 11993 -1§292
Ratics
Taaasla rratitiSales (1) -70 -3 -52 -52 -32 -3 -3 -3 -3 -3
Net profit:sales {3) - -53 -3 -52 -32 -3 -5 -3 ~50 -50
Net prafilzequity (2) -7 -1t -1l -11 -1 -10 -10 ~10 -10 -10

Year 1’ 13 16 17 18 19 20 A n 3 b1} Total

)

1.5 1000 4000 40600 4600 4000 L 4500 4300 460 4060 4000 82070
2.Frodustion costs -5979 -394 -5939 5934 3919 5904 -S38? -3@74 8837 -%B4% -582% 127836
3. Tauable profit -1978  -1984  -1949 1934 -1919  -1904 1837  -1874  -1859  -1844  -1829  -4083%
4T 0 0 0 0 0 0 (] 0 0 ] ] 0
3%t profit -1979  -194¢ 1989 -193%  -1919  -1904  -1899  -187%  -18%9 1844  -1829 -4083%
§.0ividends 0 ¢ 0 ] 0 ] (] 0 0 0 ] 0
1.Undistrisuted

profit -1979  -1%4 199 -1934  -1919  -1904 1889  -1B74  -1859 1844 1827 -4(B3S
a.Accunulated undist-

riduted profit -21871  -2303% -25784  -27718 29637  -3US41  -33430  -35304  -37UEY  -39007  -40a%k
Ratios
Tasable profit:Sales (1) -49 -4 -4 -4 -48 -48 -47 -47 -4 -4 -4
Net profit:Sales (1) -4 -4 -49 -48 -48 -48 -47 -4 -4 -4 -4
Net profit:equity (1) -10 -10 -10 -10 -10 -10 -10 -10 -4 -9 -9




Lees S:aiity Baunite sintering proless

Cash 134 tatle for fanaacirg plazaing

15-21

Tadle 13-3R

sillioz cf Ris

Yeir 1 2 3 4 L1 & 7 ] Y 10 1 12 13

¥ '] ] (] (] ] (] []

A, Cast 1rflce 8359 19194 8311 RE L[] L) L L) 8600 4680 4003 o $R
{.F:zaacial resaurces total 869 1NN [+ 029 0 0 0 ] L] 0 [} [ (]
2.%3:35 revinue 0 0 (] 2000 4000 4068 4000 4360 4200 L[] Ll ] 4630 4256

0.Cash cutflow ~£109  -191%4 - -B511  -353%  -eS31 6518 -6%1 -4 -M3 -M¥L -MIs M1l -3
1.Taal assais schadule -

istisding replaceaat -6109  -1915% -@S{1  -109 (] 0 ] -§85 -§83 ~963 -983 -85 -983
2.C2mating casts [] ] 8 -3500  -408F 081 8081 -4031  -8081  -4031  ~408!  -&0E1  -8C%1
3.0e3t service (total) (] 0 0 9 -130 -435 -3¢ =433 -3%0 -373 -360 -3 =30

- interest: 0 L] 0 0 =300 b 4 =10 -23% -0 -2 -0 -1 -189

Suppiiers” cradits () 9 ] 0 [ 0 ¢ 0 ] ] 0 ) (]
fazi gverdratts [ 0 0 [} [ (] [} (] 0 0 0 [} ¢
Bank tera loans ) L] [ ) 0 -300 -28% ] -25% =240 -223 -6 -193 -180
~Repaysents: 0 ] L] (] -130 -1 -150 -150 -1 -150 -1%0 -150 -150
Seprliers” credits (] 0 0 [/ [ [ [ ] ] ] ¢ 0 )
Eisk overdrifis 0 0 [] [ ] 0 [} 0 0 0 0 [} ¢ (]
Bank tera loans 0 0 0 0 -150 -130 -130 -130 -13% -130 et -1% -1%
4.Corporate tax 0 0 [ ] 0 0 (] (] (] (] 9 [ L [
3.DiviZends on equity 0 0 0 0 0 (] 0 ] 0 0 ¢ ’ 0
C.Surplus/deticit 0 (] 0 -1500 -2531 2816 2331 37 A% -3M41 M <ULl -N%
B.Cusulative cash balance ] [ 0 -1500 -4031 -3547  -9048 -12519 15975 -1941h 22632 -26253 -3940

b
' Vear I 15 16 n 18 19 2 2 n 23 r} Salv.val Total

1] [] ] (] [ ] [] []

A. Cash inflow 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 0 11&z43
1.Finaacial resources total 0 0 (] 0 0 0 0 0 ] 0 () 34843
2.8al5s revenue 4600 4000 4000 4000 4000 4000 4000 4000 4000 4069 4000 82600

B.Cash cutflon =738f  -736 <135 -I3%6 -MIU O O -NGE -THL MM 1%L -T2 -TSM 8362 -174476
1.Tots! assets schedule

including raplaceaent -985  -983 -983 -983 -983 ~§33 -98% ~983 -983 -38% -923 322 43208
2.0perating costs -6081  -80Bt  -5001  -6081 k081  -6081  -6081  -6081  -b0cl  -6081  -406: -123129
3.0edt service (total) it -300 -283 =210 =253 =240 by 741 -210 -19% -180 -16% -6150

- Interest: -183 -130 -133 -120 -105 -% -13 -50 -43 -3 -13 6 U

Suppliers’ credits ]

dank gverdrafts 0

Bank ters loans -163 -1%0 -135 -1 -103 -%0 <13 -80 -43 -3 -13 <3150

-Repaysents: -3 -13% -130 -150 -150 -1% -1%0 -150 ~130 -130 -1 [ S

Suppliers” credits 0

Bink overdrafts []

Bark tere loans -130 -150 -150 -150 -150 -1%9 -150 -15%¢ -1%6 -150 -1%0 =353

§.Corparate tax ’ 0 0 0 (] 0 (] 0 0 ] 0 0 0

3.0ivicends on equity 0 (] 0 0 (] 0 0 0 0 0 [} . 0

C.Surplus/eeticit <3331 <335 338 -33%e -3Nat <3306 <3291 3216 -3 -3246 <123 8332 -97e33
B.Cusulative cash balance =33920  -35395  -JG747 43033 45408 -4971C  -$3001 -$6277  -39533  -A2764  -sk01S -378I5




Low g.ality Bi.xzte autstiave drjestisn

15-22

Cash tiae talie f3r financieg planning

Tadle :5-3/0

sillion of Rls

Yaar 1 2 3 4 S b 7 ] ] 10 1 12 13
) . 1] [ ] [ ] ] » t
k. Tash iaflss 4281 13I8 (%3] Py 1] 4% 4300 L1 ] #6500 €360 1000 4000 %00 4900
$.Fizescial rescerces tatal 4368 1348 3% 13 (] [] 0 0 0 0 0 0 [}
2.32135 revenue 0 (] s PN 4000 4000 Wy LI 4000 4000 4000 1000 4000
B.Cash outfloe ~4360 13748 8390 4399 -GR9 -679 -84 -1357 -3 -39 -T3I4 -Ta9Y -Tise
1.03%0 assats schedile
ircluding replacesent -4351 13738 41N -3 0 [ () ~110 -1 =16 -116 -110 -110
2.0zerating costs [} [}  -ITA U 4T A A28 28 -P2M 28 - 244
3.06xt service {tstal) ] [ [ (] -330 -3 -420 -403 -390 -3715 -350 -3 -1
- Iaterest: (] 0 (] (] -3 =295 -1 -253 -24 -2 -ue -9 -180
Supsliers” cradits 0 [ ] () ° 0 () ] (] (] ¢ (] [ [
Eanz averdrafts [} () () 0 ¢ ¢ ¢ 0 [ ] [} [ ()
Bani ters loans 0 (] ) 0 -300 -283 -1 -253 -240 -223 -21e -1 -190
~Rezaveents: () ] 0 [] -1% -1 -150 -150 -150 -150 1% -1% 1%
Suppliers’ cradits 0 [ [ ¢ (] ] (] [} ¢ [} [} () [}
Bark everdralts 0 ¢ 0 (] ¢ 0 0 0 ¢ [] [} ° [
Bant tera loans [} (] ] 0 1% -3 -15 -150 -150 -130 -150  -1% -1%
4. Cerparate tax ] ¢ ] ] (] 0 ¢ ¢ U] ] ) ] 0
S.Dividaads on equity [ ] (] [ 0 [ 0 ) [] (] [ ] [ (] (]
C.Surplesidaficit () [] 0 -138% -89 279 -4 -39 -3 -1 -3 -1 -3284
0.Cunilative cash balance ’ [ 0 -153¢ -4278 4957 921 -12980 -16324 19433 22967 -24iks -295%0
© Yaar is 13 16 1 13 19 2 i n i n Salv.val Total
[] ¥ 1 ] [ '
A, Cast inflow 4000 4000 4000 4600 4000 4000 4000 4000 4000 4000 4000 6 107458
" L.Finaacial rescurces total [ 0 ] 0 0 0 0 0 ¢ 0 0 25414
2.5ales revenve 000 4000 4000 4000 4000 4000 4000 L 4000 4000 4000 82000
. B.Cash cutflow ~T269 74 <1239 T4 -T208 M9 MMM -TM84 -TI49 -TISE -TiM9 8302 -15579
1.Tctal assets schedule
including replacesent =710 -10 -no -0 -710 -710 <110 -0 =110 -1o =116 $302  -31im2
2.0#riting costs -b280  -B2M 244 8240 6284 B4 U8 -B24F 0208 -02M -b2M4 ~128464
3.5abt service (total) =313 =300 -283 - -233 -240 =223 -Ue -193 -180 -183 -4150
- Interest: -163 -130 -133 -120 . -103 -3 75 -40 -45 -3 -1 0 -3
Suspliers’ credits . 0
Bank averdrafis 0
Bank ters loans -143 -1%  -138 -120 -103 - -13 -50 -43 -3 -13 -3130
“Repagaents: -1% -1% -15% -1% -13 -130 -150 -{%0 -150 -1% -150 9 -300
Supziiers” credits ¢
Baak overdrafts (]
Bank ters icins -150 -15% -1% -130 -130 -150 -130 -130 -150 -130 -150 -3000
4.Corzorate tax ] ¢ 0 0 ) ] 0 0 [ (] 0 0
3.01vidends on equity 0 0 0 0 0 ] 0 0 0 0 0 0
C.Surpius/geficit S8 -3 -0 - <3209 -394 -3LT 0 -3ted 3149 CBI3E S3UM9 302 -secz?
D.Cusslative cash Rajance -32819 36073 -39312 42835 -45755 49939  -92118  -58287 -53431  -b13ES  -e4sE4  -%4%E2

oma




Cash tlow tadle &or ticancing plisving

Tasle 13-3/C

eillion of Ris

Loe 2ualily taueile tde &2
Yeir t 2 3 ' L ¢ 7 ' ' 1 i 1 13
1]

R Sash 1aflle 482 1398 4883 N L1 ] 4085 £00 4000 4000 4000 4000 400 4000
t.Fimancial rassirces st L7 S RS H | [173] ine [} [ [ ¢ [} ] [ [] [}
s.falEs reertae ] L] (] 20 4000 4000 1000 ] 4000 4000 4000 200 @

E.Cash ectflce ~3324  -13%8 635 359 M 13 A 73 T -nt - T8l TS
£.Tz%a0 assets schalule

inzleting replacesant -8328  -13918 4483 - (] e 0 -3 -6 -8 -ns -n -ne
2.02erating costs ] ] ¢ 33 TR T AT -7 -SI7 T AT I -
S.iext servize {total) [ [] [} ] 430 433 -0 -85 -3%¢ -313 -3 -3 -0
- Isterest: (] v ’ [ ~300 -283 -210 -233 -2%0 -3 =216 -17 -180
Sepzliers” credits a t ] ] [} (] (] ] [} ] [ (] ¢
Bank ose-2ratis [ ] ¢ ] L] [} [ [ ] (] (] 9 ] (] [}
Bavs tere jears [ 9 ] ] ~300 -235 <270 -253 il =223 -210 -193 -1
-Repa.sants: (] (] ] ¢ -1% -130 -13 -150 -1% -1 -1 -138 -13¢
Supcliers” cradits () ] ¢ ] [ [ [ [ [} ) L] [} [
Bazk coeriralts ) 0 ] ¢ L] ¢ (] L (] ) [ ] [
Bank taca lesas 0 (] (] L] -150 -150 -150 -1% -1% -1% -1% -1% -1
$.Corperate tasx () [ 0 ] () [ (] [} [ [ ¢ () )
S.0rvidenss en equity ) L] 0 s [ ] L] ] (] ] ] ] ¢
C.Serplus/eaticit ] (] 0 -1338  -2%28 -3 -2%98 -3301 -3 -3 -32% -3ML -32
B.Cunulative cash balasce ¢ L] 0 1338 4182 4TS 9313 12824 -13%%0  -19231  -22%87 -39 -209
o Year 14 13 1 ” 10 19 2 A 7} 23 un Salv.val Total
. B, Cash inflon {4 1000 4600 4609 4000 £600 4660 4000 4000 4000 4000 ¢ B
. L.Financial resources total [ 0 0 L] L] 6 (] ¢ -3 () ¢ patrd
2.5ales revence 4000 L] 4000 4000 4000 4000 4000 4000 4000 4600 4000 §2000
~ B.Cash outflow “J218 -71%6  -M18L -TEeE 718K U6 -T2 -M06 <7091 -J0% TGt 6367 164310
1.Tota) assets schedule
including replacesent -ns -ne -718 -8 -8 -ne -718 -8 it -ns <18 33 31364
2.0%erating costs ~-$178  -8178  -6178  -BI78 4178 -M178  -4178  -4178 -8l M7 -6IM8 -127694
3.0adt service (total) =315 -3 -285 -1 -233 -0 -2 -0 -193 -180 -143 415
- Interest: -183 -130 -13% -1 -i08 -50 -73 -§0 -43 -30 -13 ¢ -UN
Suppliers’ credits . ()
Bank overdrafts [
Bank ters loins -143 -15%0 -133 -120 -103 - -13 -40 -45 -3 -13 3N
-Repayeents: -1 -130 -15% -13% -130 -130 -15% -150 -150 -1% -1 ¢ 300
Suppliers’ credits (]
Bask overdrafts (]
Bank ters loams -1% -13% -15 -13% ~130 -1% -150 -150 -150 -1% -150 -3000
§.Corporate tax ] 0 (] (] 0 0 0 (] 0 (] 0 ]
S.0ivadencs on equity 0 0 0 0 0 0 0 0 0 0 [ 0
C.Sarplus/eaficit : =3280 =319 3131 3166 3151 <3136 3120 3106 309t 3076 -30s1 383 -37087
D.lusulative cash balance -32188  -33361  -Ja%42 41708 44359 47995 -Si11h 34227 ST 40389 -63430  -57037




Cash flce title for fimaaciang giadning

Tatle 13-33

BN coality daueile a:ttlaee diestic Gill:2a ef Rlg
Year 1 F3 3 [} S 6 7 s ] 1e 3 n 13
&. Task izfles Ry CUTD be- m: pett) 0% 3% (> ] W0 (-] ©wn L] W we
1.Fzaccral ressuroes totsl e 132 m m () [} [ (] [ ] [ (] (] [}
.52l revaxce ] () (] o0 4008 “we 4300 $©00 £ 4038 - Qo W
0.Cas® cutfion <398 12302 -3 -3 -WIe 4T -39 -0 33T -3 58 5% -5
1.Tetal assets schelicle
including realacesest 1 R a7 B YA 1 - (] [ ] (] -433 -443 445 443 M3 4
.Lrerating custs () [} 0 U 45 N0 450 450 4340 45K 450 4300 4%
3.Cedt sarvice (tatal) [} L] ] [ ) -3 -435 -0 K3 -3% -373 -3 -3y I
= Iaterest: [} [} [ ] -3 -8 -n -2 -4 el -a1e -193 -1
Seppliers’ credits [ [ ] (] (] . (] (] (] [ ] [} ] L)
Sank avertrafts (] [} () ] ] (] [} ] ] (] (] ¢ ]
Saak tera lcaas () (] (] ¢ -3 -6 Ny} -235 -0 -3 e 13 -1
“Repayseats: [ (] [ (] -1 -1 -150 -150 -1% -8 1N 1% -1
Seppliers’ cradits [} (] L (] ] [} [} (] ) (] [} M J [
Bink averdriils . (] (] (] ] 0 (I [ . (] (] (] ¢
Baat ters loans (] (] ’ () -1% -1% -1% -1% -1 -15% 1% 1% %N
4.Corgarate tas ¢ ] ’ ] (] (] ] L] ] (] [ ] ()
S.dividends o &zity [} () ] (] (] [ ] (] (] ] ¢ ] ] ¢
C.Serplus/daticit [ ] [} 0 -£38  -1010 73 -1 -1 -139% 1330 1563 -13%0 -133%
B.Caslative cask Balince [} () ’ -458  -led8  -2043  -33 -3253 43 M 350 -l -13Te
- Year 14 13 1 n 18 19 2 u n bii ] Salv.val Tetal
" M. Cash inflow 4309 606 4000 4000 4000 4000 £ 4600 ] 4000 £00 104973
1.Fisaxcial resources tstal ] ’ () ] ¢ [} (I ] ) (] ] s
2.33%es reveue 4000 4000 4000 4000 4000 4000 4000 00 §000 4000 €03 $2000
B.Cash outfiow ~3520 5363 -390 M7 -S40 -3M43  -330 -MIS -3400 5383 3306 5630 -122318
1.Total assets sched:le ‘
iscleding replacesent -443 -$5  -M3 -$45 -$43 -443 443 445 -643 -44% -3 % -2310
2.0perating costs 4360 4340 4356  -45h0 4560 4360 4360 4340 4350 4340 -4Se0 43233
3.0ext service (total; =315 -300 -285 - -255 -0 -3 -210 -195 -6 -163 -$150
= Interest: -163 -1% -135 -120 | -10% - -15 - -4 -3 -13 ¢ -lN
Suppliers’ credits U
Daak overdrafts ]
Bk tere loans ~163 -1 -1 -120 -103 -9 -73 -0 -43 -3 -13 -31%
“Aegayensts: -150 -130 -1% -1% -13%0 -1% -1% -15 -1 -150 -1% 9 -1
Sugpliers” credits [
Bask overdrafts ¢
Bark ters losas -1% -1%0 -150 -150 -130 -1 -1% -1% -13% -1% -15% -3600
4.Corperate tax () [ ] ] (] 0 0 0 ] ] [ L]
S.Dividends on equity 0 0 0 (] 0 [ [ 0 ] 0 [} [}
C.Serplus/deficat -§320 -1303  -1490  -147F 1640  -1445  -~1430 1415 -1800 i3S 13N 430 -23343
B.Curalative cash Balasce -14592 18103  ~I7337  -1S068  -209M -9 -2N3T  -N4313  -T826  -27e03 <2337 <2903




15-25

Cas® floe fadle for ficazziag ;lemaing Tadle 15-37€

Booh szality tasnmte tole ijsstica silliom ¢f Ris

Tar 1 2 3 4 3 & ? ] 9 10 111 12 13

t (] (] (] (] ] ] & (] (] (] . ®

&, Casd ivfice 13 B v} | uR on L] 0% 4000 K00 4206 000 400 @ 300
1.5:2agisl rezources atal o1 N va (3] 3883 m ¢ ) [ (] (] ] [] ¢ [}
2.5:i8 revece ] (] ] 2000 45 0N 4000 1000 4000 2000 4000 - 4000

B.3ssh cutfios -IHE  -17%e -ME) -3388 3951 %N -4vt 53 -3S31 0 -Sh -3 -B -t
1.T2ta0 assats gotedele

iacled:ag reslicesent -INE -1 MM 1 ] (] [ [} -4 -+ -4 -+4 -0 -5%0
2.0zevat12g costs ] (] 0 -8 %1 4301 3501 <4301 4501 45T 4P 4501 -4%t
3.2ett service (tetal) ] (] (] [ S 433 -1 -30% -I% =313 -3 =348 -3

~ Interast: ] ] [ ] ] ~300 =293 -m -23% -0 -2 ¢ -1 -1

Sepaliers” credits (] (] (] (] (] (] ¢ (] (] (] (] ] (]
Bank eveirafls ] (] ] (] ] ] ] (] ] (] ] (] )
Bai ters loaes ] (] (] ] -360 -3 - -253 i 5 - -1 -IN
Repaveemts: (] (] (] (] -1% -15 -15 -1% -1% -150 -1% -1 -1%
Seppliers” cradits ’ (] (] [ ] [} [ ] [} () ] (] (] ’
Sart everira'ts ] ] L] (] (] ] (] [ (] L] (] (] (]
Bank tera loans [} [} [} [} -1 -1 -15% -1% -1 -1 -13%0 -1% -1
4.Corparate tax ] ¢ ] [ ] ] ¢ ] (] (] ] (] [}
3.0iviZe=ds o1 egmily s ] (] (] ] ] ] (] (] (] ] ] (]

C.Sarplus/deficit () [} ] -£18 -951 -3 21 154 -IS31 -ISH6 -1%01  -I4B6 -1471

B.Canziateve cash balince (] ] ¢ 410 1343 <2305 -M 42 433 001 -9528  -1100¢ 1477

Year 14 135 16 1 19 19 2 P n 3 u Salv.val Tetal

(] (] ] [ (] [] (] ] [] ' '] (] (]

R. Cash iaflow [l 4000 4000 4000 4000 £00¢ 008 4030 4000 1000 4000 ¢ 14782
1.Fimaacisl resources tatal 0 [} [ ] [ (] () ] () -0 [ L] w2
2.51es revanne 4060 4000 0% §000 4000 4000 4000 4300 4000 4000 4000 §2008

3.Cash octflon -5456 -3M41 -S4 3411 -33% 53T -33e6 -S3ML 33 -3 -5 3973 -12:9%7
1.Total assets schedule

including replacesest -4 -440 40 -$40 -8 440 440 -b40 -440 -4 40 3973 20080
2.0peratic3 costs -$501  -4501 4301 4501  -4301  -4301 4501 4301 4301 €301  -4501 92633
3.0ebt service {total) =313 ~300 -28% -6 -253 -200 =228 -210 -195 -180 <163 -$130

= Interest: =163 -1% -139 -12 -103 - -3 -0 -43 -3 -13 ¢ -
Suzpliers’ credits ()
Bank overdrafts [
Bask tere Joans -143 -150 -13% -120 -103 -%0 -15 - -43 -3 -43 -3150
-Repayeents: -158 -130 -130 -15% -130 -150 -1% -1 -1% -13% -1% ¢ -300
Suppliers’ crits [
Bask overdrafis [
Baak ters loms -150 -150 -150 -150 -130 -150 -150 -150 -130 -1% -1350 -3000
A.Corporate tax L] 0 L] 0 ] L] 0 0 ¢ ] ¢ (]
3.Divicends 0n equity 0 [ ] ] 0 0 ] ] 0 (] ] 0
C.Surplus/eeticit ° <1436 -1441 1426 1411 <1396 1381 1366 138t 136 -1331 1308 3513 -22098

- B.Cusulative cash balance -13933  -1N374 -1aB0T 18218 -1907 Q0533 21388 20703 <2081 -26382  -17:a <2003




Prosectes diacce staet
Lee gualaly Sasxile siataring poiless

Tatle (3413

sillazy 2t Ris

Year 1 2 3 4 3 [} 1 | ] ? | 1 12 13
] 3 . [} (] (] 1 » t (] ]
a.hzsats 1tatsl) [ 352 IR+ S +- T € T £ 0 SO € T8 & SRR 2 CO-S € 4 >R S 2 - ) S 41 14 SUA 733 SRR+ L SRR 421 44
1.Corriat assets ] (] 1538 I TR SRS & vy SRS © ra S [ 1 B I A1 SRS 021 S 7o B vk S 3 1 |
{a} Azoumslatel cass balarze ¢ [] [ Lo B - B L 70 S 0 B e 1 B b 170 BG4 £ 1 -0 rron? o MR e T4
{8} Cerraat assats [} () 150 X /N bar. %20 22 . r ] N3 RN b, 7] an
2.Fired as32%s
(net af sepraciation; 4167 5T I3 N Am Gt 00 dded 3@ 2T M e v
Taitisl fivzd investasat,
replacesent iad jresrosee-
tion capital expenditures
3.Lesses (] ] (] po S IS ISR MKSE %4 M3 NI s
B.Liadilities 6100 25303 I3GIE AMI O JHET O MRI 0 KN MBI MM DWW XS 143
f.Czrreat iadility ¢ (] [} x 2 3 2 =3 ) 23 23 2% 23
2.2edice-ters loias Y uan N R ®RN 3% 3] N 2100 1958 1698 1638
3.Raié op ecuity $S30 M1l T 3L JNES3  JIs40 JLMM JMed SKEW JLeW 313 e 3w
4.0etaispd profits ] ] e (] (] (] ] ] (] (] (] (] [
Year 14 13 1] 1 i 1? » Fil n o i}
[} [ ] [} [} { i ] [] [} (] (]
Ahssets itatal) BAACI S 49T S ¢ 77 SRR v A v4 £ A N v A SR ¥ 25 3 SR v -5 rUR v 1 € 3 SO { £14 SRR 1§13
{.Correat sssets =J1610 <3430 -JITL 1083 44338 -47ER0 50981 54237 5718 -EOTES  -63993
{2) Accusalated cash Balaace -33030  -383%6 -39747 43027 -S443% 49710 53001 -54277  -39338  -4278%  -46013
{5) Currest assets pori) 020 202 N9 22 p. 7] 20 20 ny . ro] oz
2.Fized assets
{net of depreciation) 18308 17232 16i% 1340 18084 1008 L1972 10918 790 8304 ny
Initial tired investaent,
replacessat and preproduce
tios capital mpenditurss
S.Lesses 46035 30317  SASI4 38316 83083 47233 71457 TSN SN @391 @50%
3.Liabilities BT [T [NUI IANT I IS WY !N AU 19 31K
$.Current Tiadility 23 203 203 «%3 203 23 03 2 23 03 23
2.8edive-tere Joans 1500 13% 1200 1039 ] 5% 400 450 300 19 (]
3.Paid up eqaily J6%0 1040 31580 J1e36 31630 J1640  Jiste  JI6K 3140 JLAS0 31690
4.Retained prefits ] ¢ [] (] (] ] 0 (] ’ (] ]




Loa 2ualily taaaite asisciaed Sijestiae

Fro;ecte

2 el sheet

Takia 12448

sillion of Kls

Tear 1 1 1 [} ] [ 7 ] ] 10 1 12 13
] 1] | ] ] 13 [ [ [ 3 ( ] [} 1 (]
8.3sszts (atal) LU TR U GG U~ R T S LB Tt LR 1 R s LR
f.Carrast assats [ ] (] 1373 o BEECE L 142 St A 4 JRES 1) 1 IS ¥ /73 S M R e
ta) Aoesclatil cask Saiace (] (] LI & SR v SRR 5 A Hed SRS 2 Y TSSO R 15 VI 2, (Y SR 5/ TR (4 ]
(8) Carveat assets [} [ ] un 1 $1) {013 118t 17 173 178§ 17 14 4r )
o.Fised asse’s
{s2t af cepreciation) 361 MCF T3 A AT 184 NS ITSRY eSS LsM 15397 1318 13Tee
Isitial fizéd Iavastaeat, :
realaceeest a3 praprodec-
Sion capital erpexditures
R EETE [} (] (] 204 M37 103 MW IB%e 1B NI MWW MIN MGt
- BRiaadilities 361 18E0%  2IST SSMII 2338 FSIIE [T MSIE 24664 3 W3 M 20
1.Corvest liadility [ (] 119 P | | X8 ko | .} x b | po 28 28
2% m-tera loans 1 133 mn 3000 =3 % at ] 3N 7s ] pil 1939 1008 L)
3.Paid op eeily B2 OINM N7 M T NXE IR0 10 NS TIMe % WM 1%
A.Betazand prafits ¢ L] ] (] ¢ (] [ ¢ [ [ ] ] (] [}
Year 18 13 1% 17 & 19 . Fil o n r
A.2s58t3 (tatal) DN 28 TEd U TS TS NDeIE s 2T 1N il
f.Lerrent assets ~31335  -34T8%  -YUSTE 36752 -A3%ED 47133 -30I3% 33493 -Sked MRl NS
(8} bcousalated cash dalasce -3281Y  -34073  -39312 4253 43043 48930 32113 -39T3  -SE430 -6MAS  -e%edd
{8} Correat assets 17 1788 1784 174 178 1 1784 - 1 17 1784
2.Fired assets
{set of sepreciation) 12990 12211 482 10473 %04 13 6 1597 [ r  JON © L 7s ]
Initial fised investsont,
replacesest 388 preproduc-
tisa cazital eapenditures
3 Lossas 1969 43842 4700 33T STTTL GRIGE  MSET 4085 T Nt 80024
B.Liabilities 78 o 234 WS 27338 M 04 228EE 2708 7% 48
1.Carrent liability 28 208 0 .} 08 . | 20 208 08 208 8
2.Me31a-ters losss 1509 139 1268 16% 20 % §00 50 b7 15 ’
3.Pa1d up equity W06 N/ W6 W6 NWe 106 NWS 2208 1AL 2206 27206
400222028 profits ’ 0 ¢ 0 (] 0 ¢ 0 [ (] 0




Prajectel Lalense tat
Loe gaal:ty Sicente tuie agstia

Table :2-¥

sillicn of Kis

Year 1 2 3 4 3 b 7 ] ] 1" 1 12 13
. (] » (] ] (] '] [] ] ] (] [ ]
R.355835 (ctal (17 BENS T+ - BFL1 1 e o b S o B o 3 A N | 24 SR FASPC> nd SR 1 Y S > v {114
LOerreat asssts [} [ ] ¥t A7 2361 AME 72 -1STY -1 IR - -7 -3
ta) Szieealazed cash dalasie [ [} [ I £12 TR Y JEEY 25 TR 174 SRS SEYZ SRS b7 BES L 73 { BEE o L HIEYS 17, I3 2 1)
(8} Cerraat assels ) () 12 iR mt 178t m 178t 17t 178 1 1nt 1t
F1e22 assEls
ot at g:;raciatiaa) 24 18342 [T T2 ASH V0T 16554 ITEIE IF0SE Ll 13%12 I 13
[eitial fued iavestemt, :
repiaceaant I prepros-
tics capitel expaciditures
S.lescrs [ L] o uxi 8398 10347 1Al IO XU N 1T T ISh
B.Liabiiitees {teotal) 328 I0332 U7 BT BWT THT W BT NI M3 WY B
$.Cerrast liaaility () ¢ 163 26 24 26 2 24 % 200 206 24 2
2.Fet1z-ters loans n 2% 13 Sooe b LY/ B9 W Pl ) 1750 100 1650
3.Pa:2 op ezmily Wod fE1%% AN M7 nS nSIr 1S 1S ns1Y Y sy sy sy
4.Bata:ned pratits () () [ (] ] (] (] ] . (] ] ] (]
Year 18 13 1 17 10 1 » i 4 3 rl
[} [ ) [ ] [ ] ] ] ] ]
a.assess {tetat) N W3 W AN U tH raavh S A VAT AC 73 SR v} A S 33
1.Curreat assets =30388 -33580 -36761 39927 -43073 4214 49335 52341 33332 39508 -41669
(a} Breusulata® cash Balance -J2145  -35351  -32342 41708  -44ES§ 47595 -SiMl6  -34222 50313 -60389  -63450
{b) Carrent assets 17 im i 1m i it 1781 178t 13 1 1 tre
2.Five? assats
(net of depreciation) 13200 1240 11472 10904 10136 YN8 5% w82 1064 2% b1 ]
Isitial fire¢ isvestasat,
replaceseat and pregroduc-
tion capital espenditures
3.Lasses 41399 43213 49012 SI796 56343 GO31Y 4038 67782 71481 7185 TEEMM
B.Liadilities M3 W LIB WM W T OB BT W 283 21
1.Correst liability 26 26 26 206 204 26 0 06 26 26 26
2.Kedica-tera Joans 1369 13% 1208 1050 L) 1% 00 (3] 300 1% '
3.0:3id ¢) equity a5 M) 1My M) W 1M 257 1Y sy 250 s
4. Retatned prefits 0 0 [ ] ¢ (] 0 [} 0 [] (] (]




15-29

Frajectes dalazce sheet Tatle i3-4/8
aga guality Bagrits actotiad &133stion sillion cf Rls
Year 1 2 3 4 ) [} 7 [ | ! 10 it 12 13
( ] 1 ] ] [ ] (] 1} ] 1 (] ] ] 1] (]
R.Rs52l5 {Mtal 356 8 INT 291 MY WY 1 WGIY 12T 1S AS™ U U423
$.Curraat assets [} (] (31 ] &8 -2 -1187 AN -NET -338T 4982 -RSXT -IG0ET -1Mgf2
(a} sccusclatas cash dalance 0 [ [ 438 -1688 2843 <643 5253 6638 @I -99E 1143 -10M
8) Currest assets [} (] 101 1456 14 1864 1566 1488 1466 1488 144 1468 185
Fusel assals
{net cf de;reciation} 3966 lbded T 2U131 701 19333 I6COY  BOEAT 15962 15261 14360 1383 131 (4]
Initial fivzd investenit,
repisceaast v prapriduc-
tian capital espenditires
3.leszes [} 0 ] 1866 712 38463 8039 10209 123 IMTT L6393 1M 20780
B.Liabilities !tstsl) J%h6 16368 22203 22979 B2 NS 1Y WIS 1S O AN AT e
1.Cerrant liad:lity [ (] n 138 138 138 138 138 158 139 138 n 18
2.Rezise-ters ciss b7} 2483 n0? Y00 8% o 3% 2400 2% il ] 1950 1508 1630
3.Paid up equity 3335 14 1B 19837 19837 19837 15357 15837 ISR37 15837 1937 198377 192W)
L.Betazned prafits [} [ (] ] ] ¢ 0 (] ] (] [} (] [
Year 14 13 1 17 18 19 2 i 2 3 u
¥ " ] ] ] ] ] ' ] ) ?
A.nssets {total) 20473 IS AT 21023 20873 20733 0575 20823 0273 20103 19973
1.Curreat assets -13132 13637 18127 17802 -19062 -20367 -21937 21352 24152 -26137  -27507
{a) Recusulated cash Balaace -13578  -16103  -17393  -19058 20328 -2U973 23403 24318 -25218  -27403  -23973
d) Curreat assils 1456 1456 1444 1856 1464 1464 1466 1856 - 1466 1888 1466
2.Fized assets
{net of degreciation) 11736 11053 103 9433 992 251 7330 §849 b148 L21Y) (1]
Initial five? investamt,
replacesent an¢ preproduc-
tion capital expenditures
3.Losses 22338 U507 26948 24 J0983  IA9BL 3492 36926 3667 40815 A73h
3.Liabilities 2473 NS U1 21025 20375 20725 20875 20423 20273 20123 19973
1.Current Liadilily 138 18 138 138 138 %] 138 138 138 138 138
2.Fediue-ters loans 1500 138 1200 1030 %00 1% 80 5 300 150 0
3.Paid up equity 19837 19837 19837 19837 19837 19837 19837 19337 19837 19837 19337
4.Retaines profits ] 0 0 0 ¢ ] ¢ 0 ¢ 0 ]




M3y qualite Ri.sate tlp Sigestica

Frojected Saiazce shawt

Tatle 15-°/E

sillica of Ris

Yeir 1 2 3 4 ] é 1 ] J 10 it 12 13
] ] ] '
a.25388 dctal) 3968 16312 2ASTT QAT WhIT T T sy IMT MaAk2 AMMT AT A2
1.2.r7n0 aasets ] ] 1653 [ 733 -1 -10% -197% -35I5 -50%s -3 -ROTT -93% -11830
fa) Szzusslated cast talance L] (] [ ] ~4i8  -INY -2 -3 491 4R -BGl1Y -9520 115 -1
{2} C_rrent asse’s ¢ ) 1030 1447 1347 1487 1447 1897 134 jLiy) 1447 1847 I
.Fuaed aserts
feat of zescaciatien) 398 18312 AT 0527 19214 1790L Be3a3 13N 13342 1AMy 13898 1323 123%0
Iestisl fia2z invasteert,
replacesast 324 praprodec-
iy capslan eepeittiras
3.Lesses [} 3 ¢ 18% B0 a1 ne Mz 18 1333 1583 17858 198W2
S.Liatilities (total) IS 18312 1M 220e? il R 3T 21k 2617 M8 AN AWM A2
$.lorrent Natility (] ] n 137 157 17 137 12 1 137 17 137 137 |
2.P#2iue-%07e jcans brii 2182 308 3000 et 26 330 2400 2% 2100 199 1600 19 |
3.Faid op equity 3325 IM30 1014 19623 191 19625 19425 19425 19833 19623 19423 1%e23 19623
S.Retained protits L (] (] (] (] (] 0 ] ] 0 [ ¢ )
Yeir 14 13 16 17 1 19 2 u n 21 un
) ]
A.nss8ts (tetal) 21262 2U§12 20982 20517 20882 20512 032 022 20082 19912 19782
- L.Gerrgat assats ~12438 13907 -15333 16758 -1B140  ~19341  -20907 22293 23594 23915 -282n
P {a) Rzeuealatel cash dalance  -13933  -I5374  -14900 -1821F 19607 -20683 -22354 -23705 25041 28342 -27663
© b} Carreat assets 1447 1447 1 147 147 1497 17 1447 1447 1447 17
© 2.Fized assets ’
{ret of dep-2ciaticn) 11877 11268 10331 9338 9183 0512 7839 7186 5493 3e26 )Y
Initial fised investaent,
repiacesent and preproduc-
tio= capital expeaditures
S.Losses A8T1 2333 23784 778 29637 314 339 35304 373 39007 40834
D.Listilities AW AL 0987 20012 20682 20312 20362 20212 20062 19912 19762
1.Corraat liadility 137 13 137 13 137 13 1 13 137 31 157
2.fad1a-ters Jcans 1500 135 1200 1050 %00 150 800 430 300 13 J
3.%3id up equity 19623 19423 19623 19623 19625 1962 19625 19625 19823 19625 19425
§.55i0ed pratit 0 0 ] 0 0 0 0 0 9 ] (]




Low quality bauxite sin’ering process

Cash Flow table for project

Table 13-3/A

afllion of Rls

---------------------------------------------

2 13
000 4000
000 4000

2066 ~7086
85 -939

5081 -7

0
-3086 ~3obe
T3 4077
Salv.val  Total
0 2y
82000

8382 -148123

BI82  -430%3
20

8382 -86123

Year 1 2 3 ] 3 & 7 ] 9 10 i
------ —ee- ! ' ' ! ! ! -! ==t weleacavmcclancnnanelcancernaloncnnacelecnencnnt
A.Cash inflow 0 0 0 2000 4000 4000 40090 4000 4000 4000 4000

{.Sales revenue 0 0 0 2000 4000 4000 4000 4000 4000 4000 4000
B.Cash outflow -5109  -19194  -B404 4433  -4001  -b0B1  -40BL  -7046  -7066  -70b&  -~70bb
1.7otal investaent
outlay <4109  -19154  -BAOA -933 0 0 0 -983 i -98% -335
2.0perating costs 0 0 0 -3500 -4081  -4081  -40B1  -40B1  -4081  -b081  -4081
J.Corporate tax 0 0 0 0 0 0 0 0 0 0 0
C.Net cash tlow -6109  -19194  -BA04  -2433 2081  -20B1  -20B{  -30h6  -3066  -3066  -30bb
D.Cusulative net

cash flow -610%  -25303  -33707 -36140 -38271 -40302 42387 -45449 -48313 -51581 -34647

Year 1" 13 16 17 18 19 20 21 22 23 24
-------------------- R R el S e R R e e e L e A R SR L
A.Cash inflow 4090 4000 4000 4300 4000 4030 4900 4600 40600 4069 4007

{.Sales ravenue 4000 4000 4000 4000 4000 4000 4000 4000 4000 4060 4000
B.Cash outflow ~70686 70646  -7046  -70866  ~7066  -7066  -7086  -7066  -7066  -7068  -706b
1.Total investsent
outlay -98% -989% -983 -983 -98% -38% =983 -383 =983 =985 -48%
2.Cperating costs -5081  -4081  -4081  -60B1  -5081  -4081  -4081 4081  -b0BL  -40BL  -b081
3.Corporate tax 0 0 0 0 0 0 0 0 0 0 0
C.Net cash tlowm <3066 -3086  -3066  -3066  -3066  -3066  -3046  -3046 3066 3064  -30bb
§.Cumlative net
cash tlow -63945 46911  -69977  -73043  -786109 -79173 -B2241 -85307 -88373 -9143%9  -9430%

1€-S1



Cash Flow tadle for project
Low quality bauxite autoclave digestion

-

Table 13-3/8
aillion of Rls

Year | 2 M 4 3 [} 1 8 9 10 1§ 12 13
ceet ' ! ! lows ! ! -l ceelocnvenns lecnemeee leceonues {ecmacaan !
A.Cash inflow 0 0 0 2000 4000 4000 4000 4000 4000 4000 4000 4060 4300
{.Sales revenue 0 0 0 2000 4000 4000 4000 4000 4000 4000 4000 4000 4000
B.Cash outtlow <4361  -1374B  -4280  -4401  -b2M4 cedd -B284 A9 6934 6934 6934 -h954  -49%4
1.Total investeent
cutlay -4381  -13748  -4280 -817 0 0 0 -710 -710 -710 -110 =710 241
2.0perating costs 0 0 0 =3584 5244 6244 6248 5244 -B244  -H244 0284 5244 5244
3.Corporate tax 0 0 0 0 0 0 0 0 0 0 0 0 0
C.Net cash flow -4361  ~13748  -6280  -2401  -2244 2244 2244 -2954  -2934  -2934 2954 -29%%  -29%4
D.Cusulative net =
cash flow -4361  -18109  -243B9  -26790 29034 -31278  -23522 -3b476  -39430  -423B4 43338  -48292  -51248 ‘f
- coaw T L T T T I LTI I LYY YT k),
Year 4 13 14 17 18 19 20 3 2 23 24 Salv.val  Total
-------------------- R et S E e D e R R T e L e L T E e Ly
8.Cash 1aflow 3000 4400 4000 4000 4000 40C0 4000 4000 4000 4000 4000 0 B2900
1.5ales revenue 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 82000
B.Cash outflow -6934 4934 -4954  -4954 <4934 -6934  -A954  -4934 4954 -6954 -49%4 6302 -199428
1.Tctal investaent
cutlay - -110 =116 =710 =710 =710 -0 =710 =710 =710 =710 6302 =054
2.0perating costs ~6244 8244 -8284 5204 -H244  -6244 4244 <6244 -8244 0244 -8244 ~128444
3.Corporate tax 0 0 0 0 0 0 0 0 0 0 0
C.Net cash flow <2954 -2954  -2954  -2954 2934  -2954  -2954  -29%54  -29%4  -2954  -29%4 6302 -77438
D.Cunulative net
cash tlom -54200  -57154  -40108  -43042 -~b66014 -6B9T70  -T1924 74878 -77832 -B80786 -B3740  -7743

- cecesucesscscsscsvcanne



Low quality bauxite tube digestion

Cash Flow table for project

Table 13-9/C

aillion of Rls

12 13
4000‘ 4609
4000 4000

-6896  -43%%
=718 113

-6178  -6178

0 ¢

-20%  -28%%

-4806%  -%0961

Salv.val  Total

0 82u6d
82000
6363 -1334%4

6363 -11380
=1210%4

6363 ~76434

Year H 2 3 4 3 [ 7 8 9 10 i1
- .- ! ! t ! -1 lecmeaca- lommmene- ommmcens fommeann- lamennan- lomcacenn teemuenn- feccnncnn '
A.Cash inflow 0 0 0 2000 4060 4300 4000 4000 4000 4000 2000
{.Sales revenue 0 0 0 2000 4000 4000 4000 4000 4000 4000 4000
B.Cash outflow 3424 13918 4336 4333 -4178  -b6178  -b17B 4896  -6B96  -6B6  -4895
1.Total investaent ,
outlay 4424 -13918  -6354 -81% 0 0 0 -718 -718 -718 =718
2.0perating costs 0 0 0 -3534 -8178  -4178  -417B  -bl78  -b178  -6178  -b178
I.Corporate tax 0 0 0 0 0 0 0 0 0 0 0
C.Net cash flow -4424  -13918  -63%6  -2333  -2178  -2178 -2178  -2896  -2896  -2896  -289%
D.Cusulative net
cash flow 4424 18342 -24698  -27051 -29229 -31407 -33383  -344B1  -39377  -42273  -45149
Year 11 13 16 17 18 19 20 21 22 23 24
-------------------- ! === -! R e Rt e R e e R L RLt e LI FLL PRI RS PR
A.Cash inflow 4000 4000 4000 4000 4000 4000 4000 4000 4600 4000 4000
1.Sales revenue 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000
B.Cash outflow -6896  -48%6  -4896  -46896  -4894  -4B96  -4B96  -4B89%  -4B9h 4896  -4894
1.Total investaent
outlay <718 -718 -8 =718 =718 -718 =718 =718 -718 -718 =118
2.0perating costs -0178  -4178  -4178  -4178  -6178  -8178 4178  -6178  -b178  -4178  -4178
3.Corparate tax 0 0 0 0 0 0 0 0 0 0 0
C.Net cash flow -2896  -2896  -2896  -2896  -2896  -2896  -2896 2896  -28%6  -~289% -2895
D.Cusulative net
cash flow =53857  -34753  -39649  -4Z543 43441 -6B337  -T1233 74127 -7702%  -79921 -B2847

€e-G1



Cash Flow table for project Table 15-5/0
High quality bauxite autoclave digestion sillion of Rls
Yaar 1 2 3 § 3 6 7 8 9 10 i1 12 13
-------------- -t ! ! R At e e R D AL LR R
A.Cash inflow 0 0 0 2000 4000 4000 4000 4000 4000 4000 4000 4900 4009
1.Sales revenue 0 0 0 2000 4000 4000 4000 4000 4000 4000 4000 4009 4000
B.Cash outflow -3966  -12302  -9643 3362 4560 -4560  -4540 3205  -3203  -5208% 5205  -5209% %708
1.7otal investment
outlay =396  -12302  -36b3 =704 0 0 0 -643 -643 ~44% ~64% S 1H -b43%
2.0perating costs 0 0 0 -2638  -4560  -4560 4360 4560  -4560  -4340 4960 <4580  -4540
J.Corporate tax 0 0 0 0 0 0 0 0 0 0 0 0 ]
C.Net cash flow -3966  -12502  -5663  -1382 -360 =340 -360  -1205  -1203  ~1205  -1203  -1205  -120$
D.Cusclative net
cash flow -3966  -16468  -22133  -23493  -24053  -2461% 23173  -26380 -27983  -23790  -29993  -31200 -32409
Year 14 13 14 17 18 19 20 U 22 23 24 Salv.val  Total
-------------------- R e L e e R e e R R G ELE T LRI P L PR R PR
ALash inflos 3000 4000 4600 4000 4000 4300 1000 4050 4000 4009 4009 0 8295
{.Sales revenue 4000 4000 4000 4000 4000 4000 4000 4000 4000 4600 4000 2690
B.Cash outflow -3208  -3205  -5205  -320%  -5209  -5208  -3205  -5208  -3208  -5205  -520% 3630 1220630
1.Total investaent
outlay -643 -643 -$435 =543 -643 -64) -443% -543 -64% SLH -443 3630 -2an2
2.0perating costs -4550 4580  -A560  -4560  -4540  -4340  -45h0  -4340 4540  -4560  -450 -974%3
J.Corporate tax 0 0 0 0 0 0 0 0 0 0 0
C.Net cash flow -1205  -~1205  -1203  -1203  -1209  -120%  -120%  -1203  -1209  -}20%  -1209% %630 -400390

D.Cuaulative net
cash flon =33610 34815  -36020 -37223  -3B430  -39635  -40840  -4204%  -43250  -44453  -4%460  -4007%0

FE-GT
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Cash Flow table for project Table 13-3/€
High quality bauxite tude digestion nillion of Rls
Year 1 2 3 ) 3 ] 7 9 9 10 i1 12 13
------------- ! eeetee- R R et R L e e L e e e e LT
A.Cash intlow 0 0 0 2000 4000 4000 4000 4000 4000 4000 4600 4000 4604
{.Sales revenue 0 ¢ v 2000 4000 4000 4000 4000 4000 4000 4000 4000 4000
B.Cash outflow <3948 12364 -360B  -3323  -4301 4301 -4501 5141 -5141  -31AL -3l4 -5141 514
1.Total investeent
cutlay -3948  -12364  -3408 SiH] 0 0 0 -b40 -b40 -b40 -b40 -54) ~640
2.0perating costs 0 0 0 -2618  -4301  -4501  -43001  -4501  -4501  -4301  -4301  -4301  -4501
3.Corporate tax 0 0 0 0 0 0 ] 0 0 0 0 0 ¢
C.Net cash flow -3948  -12364  -5408 -1323 -501 =301 -301  -1181  -1t41 =114 1AL -114) -1t
D.Cuaulative net
cash flow <3948 -18312  -21920  -23243  -23744 -2424%  -24746  -25887  -27028 -28469  -293(0  -30431 -31592
Year 14 15 16 17 18 19 20 3! 2 2 24 Salvoval  Tetal
-------------------- e L e e L e e L e e LRI LI L L LI T L P
A.Cash intlow 4000 4000 4000 4000 4000 4090 4000 4000 4000 4009 4000 ¢ gl
1.Sales revenue 4500 4000 4000 4000 4000 4000 4000 4000 4000 4000 4000 82000
B.Cash outflow =514 -5t41 <3141 -S40 -5M41 5141 <5140 5141 5141 5141 -5L4) 8973 -1205%70
{.Total investaent
outlay -840 -540 -440 -840 -440 -640 -640 -840 -641 -640 =440 9713 -
2.0perating costs -4501 4301  -4301  -4301  -4301  -4501  -4301  -4301  -4301  -4301  -4501 -92478
J.Corparata tax 0 0 0 0 0 0 0 0 0 0 0
C.Ket cash flow L3S LTS DU Y A S O E S AN S ¥ S S O U F S S U T Y SRS U N U T SRS § ¥ D SRS S € ) SR AU} | $573  -18570

D.Cusulative net
cash tlow =327133  -33874  -33019 3196 -37297  -38438  -39579  -40720  -41B41  -43002 -44{43  -JES70

..... - wemm- e e L L LI L L L PP PP PR Y
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Casy Flze tasle for ejity Table 13-4/
Low Cuality dacazle siateriay process sillics of Ris
Yaar 1 2 3 4 ) [1 7 ] L} 10 1t 12 13
[] t L] L] L] | FEV— [ ] 1 ] [] [] 1] ] [] []
a.0ish iaflze 0 (] ] e ) &N o 0/N €3 030 30 460 48060 #00
1.3ales revamce (] (] ¢ 200 156 4300 0R {03 4300 0o [~ 060 4000
2.Cask outfloe b S I P ~7571 4153 4331 -85 4%t 11 - L2 L 1] QRS ¥ Nl -
.0stal egaty =53 =173 el -§53 ¢ L] ] ¢ [ (] ] ] ()
LRgiaceet (] (] (] (] (] ] d -983 -43% ~985 -§83 -3 -9
J.Re;ayaent of catside
fiesrcieg [ ¢ 0 (] -13%0 -1 -1%0 -1 -1% -15% -15% -15% -15%
§.interest on tside
tinarcing ¢ [} (] ¢ -300 -28% = -9 - - -Ae -193 -1
S.5perating costs 0 ¢ ¢ -3N¢ -4081 -6060  -4681  -40c1  -6031  -9081  -6081 8081 4081
b.Corporate tax 9 [ ) 0 0 (] ] (] (] (] ¢ [] [
C.h2t cash fioe -3530  -q793t -T676 2333 -2331 -2516 -2%01 -MML 34N 3441 - ML -3
D.Cusulative pet
cash fige -3520 I -30787  -33136  -3Sert  -38M3)  -aoecl 355 -4TELS -51036 54432 -57893 41289
Year 14 13 113 1 18 19 2 2 n 3 MU Salv.val. Total
A.Cash inflow 4600 4000 L] L] 4000 4000 363 4000 £00 4000 4000 ¢ 82000
1.%ales revenae 830 4000 4000 4000 4000 4000 4000 4600 L] 100 4630 12000
B.Cash cuttflow =738t -736 -7t -T33 B -T306 -TM -M% -7 M6 -1 382 -1
1.Tetal equity (] 8 0 0 0 0 ¢ 0 (] [ ] £ 220
2.5epticenent -583 -3 -933 -983 -983 -985 -985 -985 -93%  -93 -985 -14743
3.Repaynent of outside
financing -1% -1% -130 -130 -13% -1% -1% -130 -15%0 -15% -15% ~3000
4.Interest on outside
financing -163 -130 -133 -0 -103 -% =15 -40 -4 -3 -13 -31%
$.0zerating costs -6081  -40BL  -4CB1  -4C81  -408t  -4081  -50B1  -$081  -4C3!  -6081  -4081 -123120
6.Corparate tax 0 0 0 0 0 0 0 0 0 0 0 0
€.Net cash 1low -338f  -3386  -33%1  -I3%6  -33A -3306 -3 -3 3N -2 It €3 -/

0.Cusulative net
cash floe -54670 68036 71387 -74723 78044 -B1350 -B4es -BI9U7 91178 93T 97435 -B9IM
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Lasy Tize Wtle 2 ety Tasie 1%-8/8
Low goalnly Ya.nile autsslaee dijastion sillion 3¢ Els
Year 1 2 3 ] 3 [ ? [} 9 10 1 12 3
» L] 1] 1] L] 1 4 t ] L] 1 ] r [ ] 1 1}
a.lash watlee [ ] [} [} P& (-] L [ =] K3 2R L) £% L] $*R
Sales reved 3 [} [} e 8% ®e KN 2 R ©We W6 K W0
Rt PR 4 ) S (3 SR 3 ) S UL ST 5 ST CURES 4| RS 4 £ 7 S 2 U 7 &3 B |}
-338 -2 -85S ~7if [} [ [} 9 [ [ [} [ [}
[} [ [ ) ] [} (] [} -710 -710 =116 -1 -118 -1
[} [} [} ? -1N -1% -13% -1 -1% -1R b -1% -1
L1223t o eutside
firg~cirg (] ] ] (] -3 -8 - =193 2 - - -1 -l
3.Cze7at1rg costs [ ] [} 8 -358% 438 623 -4 =523 438 -8 63 -2 8288
b.2arszrate s (] L] (] (] ] ¢ (] ] (] (] (] $ (]
C.8:2 case flow <542 12112 -5533  -2W3 2693 -7y 2688 3357 <3388 <33T SR I -1
S.2oalative set
cast i <3832 -15934 -6 -TITR0 -263E4 -20IET -BMEST -ISISR 3330 -A1BSY 4517y 4842 -S1UME
Year 14 15 1 n” 10 1 2 2 2 rat ¥ Slv.val. Total
3 ] » 1 ] t I ! l [] [] , : ]
&.Cast indlce 000 4060 4000 K000 £000 450 40 §% 4000 4006 40 [T ¥o
1.Sales revenue 000 4000 4000  M000 K00 000 000 40 000 4000 4000 82000
B.Cash 2utfice ST -M8 -13e TR STHY MM NIy CTIEE -TI4e M3 -THIY 8362 -152%33
T LTatal equity 0 () 0 () [} [} [} [} () (] [ 8387 -15%04
2.Re;lac20ent -116 -110 =710 -110 =710 -1 -110 -1ne =110 -T16 -1 -12070
3.Repavaent of cutside .
financing IR -I% -1 1% -130  -1%  -13% 1% -1 -1 -1% -3000
§.Interest oa cotside
firancing “165 1% -138 -1 -108 - 73 - -4 -3 -13 ~31%0
3.0perating costs 428 24 A8 A3 -2 -R20 20 B2 0280 -2 U -12844
§.Corparate tas [ 0 0 (] 0 0 ¢ 0 0 (] (] "
C.Ret cash flow =34y -32%¢ 3239 -3 -39 31N MM SBMe4 -3MR CBISE -3M1Y 0 6350 -00%83

B.Cusclit:ve net
cash flow -35025 -38279  -41518  -64747 47951 -TLI4S 74324 T4 -B0837  -83771  -943%0  -G0%88




i
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Cast Fla fadie for auity

Table i%-4/C
aillion ¢! &ls

Year H 2 3 4 3 [ 7 ] 9 10 11 12 13
' v ] ] . 3 . '
2.%a3% 1efice 3 [} [} e ] 4230 EA ] 0N W %0 HN [~ ] 003 (1 -]
i.5ales revicce () (] L] e ] (-] L) <) Wwe R 4000 %00 [~ ] 8
2.%:50 cutflee -3964  -12237 -SK0% 2%k -85 -GRS3 -T3X TR TIL -TIN Tl T
1.13%1 &1y R 11 B e -S40 -1 ] ¢ ¢ ¢ (] [} ] [} [ ]
Lrepiagenant ] [ (] [} ] ] -ns -8 Rt -1ns -ns -718
J.fepa.0=ct ¢t culsite
firancing [} 0 [} [} -1% ~1% -1% -1% -1% -15% -1% -130 -1%
$.Interest o3 gutsida
tinancieg ] [ [} ] -300 -3 -2 -2% -4 a5 A6 -9 -1
$.5ematng costs () (] 0 -3 -8 4178 -bi7d 8178 4178 417 -B1TB ~4ID8 -41TE
b.icrparaze tax [ L} [} [ [ [) [ [ 0 [} ¢ ¢ "
C.hzt cash fire =384 -12282 -SM09 -2 -B:W! -3 -’ -3 -3 I -3 -l -3
B.Ceazlative met
Cash floe -3904  -f62E8  -217§5  -CH0S1 -840 -23252  -31E90 -3519F  -384T7 41748 -45064 42248 -SUNt
Year - U 13 14 1? 1 19 » yil 2 3 24 Slv.val. Tetal
1 [ ] . ] ’ ' ]
a.0i55 inflze 4836 0% 4000 4590 4000 4000 4009 4000 4000 4000 4700 0 82600
1.Saies revenue 4000 40%0 $000 4000 4600 4000 4006 4000 4000 4000 4000 2000
LLisd outilow “Tt1 719 -m8L M6 -MIST M3 -MM2 -1106  -7091 7076  -706! 6383 -161804
1.Total equity 0 ¢ (] ] (] 0 L] 0 0 [ [} 8383 16158
2883 acenent -8 -ns -718 -118 -718 -719 -8 -118 -1 -118 -ns ~12204
3.Eepaysent of cutside
financing -1% -1% -1% -150 -150 -130 -150 -1% -150 -150 -150 ~3000
§.01terest ¢n outside
finascing -85 1% -135 -1 -103 -5 -1 -5 -43 -30 -13 -39
S.Czerating costs -61T8  -GITR 478 4178 -H178 4178 M8 M7 <4178 -BIM® -A178 -12769%
6.Corporate taz L L) ] 0 (] ’ ] . L] 0 () ¢
C.%et cash flow -3 3% -3er -3t -MST MM -2 3106 <3091 <3076 -3041 b3 79834
B.Ccaulative net
cish flow ~54882  -5778  -41059 48223 -4V376  -70812 -T3E33 2673 -TSA30 82906  -8397  -79404




Cash Fize fatle for aqaily Tatle 15-273
BIgn aalzly ddcacte BaliTlier figEilin ailiscs ot s
Year 1 H 3 { H & 7 8 9 n 1 12 22
- + . Peramar . . . t ) . . . * [}
R.0is~ nfize 3 e 3 e L) 53 8333 T Y 2o} L o DIk 8
f.2alzs reenie ¢ ) L] et L L 3o o L M} 3 3 3t 333

3N -En e -am
-$i1 ¢ s 0
0 ¢ 0 0

L

B.lit tuiflle

G ] ¢ ¢ -t -13 -15 -135% -153 ~13% -13% -3 g

0 I !
S Le B L% S R L 5 R L1 R L5 R 450 450 s
¢ ¢

3
-
3

i

1

Lo

e

w
[ -3
[ - X -3
L K-

Larpsrate i

C.hes zisy 4ze =325 -103:3 482t 283 -1010 -955 -933 -lelv  -15°F -1530 152§ 1833 -1%C
8.0 aalanien nt
Tasa fice RIS Ei SIS Y B et A ok BRI 635 B P B T SR MR o 2 S e B

Year 14 is 18 17 18 19 i) Fil n 3 2% Salv.val. Tzl

' [} L} L] [} l 1 ¥ ! 1 ' ) !

A.0:5% alica Loy Lo L] S et 08 £ B 032 Ly 4012
1.0:les reszie W3 L] #i2 L] 4026 405 ol 222 L] Ly Ll
8.035% cutfize Lt S (1 P RS LT B L S L =382 -84 -0 -5 -5%70

<
| I SRS 3 0 ¢ 0 0 0 ¢ d [ 0 ¢
H ] -54% -443 i 1H -843 -843 ~443 833 ~843

-13 -153 -3 -158 -139 -13 -159 -130 =13 -19 -13¢ -3

3
arzed o3 outsidz
i

fizgncis; -8 -152 -135 -120 -16% -9 -15 -50 -45 -1 -5 -3t
$.0zzranir; costs <4387 <4583 ~R5E3 -4SR0 -4Zi0 4580 4380 4552 453 4550 458 -§32i2
8.0arpzrats i 0 0 0 0 ¢ ] 0 0 0 0 [] [
C.Xs% cast e LISHO RS (i B Y L] -1330 1435 -1420 1415 -1 -1338 ~1370 353 -§3:2:
0.C.zelszive =3t

ciss ‘e =33335 =3IR5 S3NRTI 0 ATERRS A0TiS -RMEID A30230 44558 38033 47440 -2330 L%
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Cast Fice itle for esutty Tadie iS5~/
BESh gaalits Baasite tde lijastica silliea ¢t fls
Your 4 1 3 [} 3 [ 1 s ] 10 1 12 13
(] . [ ] L [] ] (] [ ] £ 3
A.%:5% 12fce [ (] ] /N L 000 30 K00 L] L] L] L) e
1.83%:5 reedsce [] ] (] - ®e KA _8 0l N $000 0 0% L~
E.last tlow ~3308  -I073 4382 -39 4931 -M9ME 31 SR -SS31 55N <3N0 -S4 -
R £ 1 Batide S3838 -16728 % -l [} L] () (] ¢ () (] ] [
2.5 icaamt ¢ (] (] [} () [ () -440 -4 -+8 -4 - -k
J.Gezarent ¢f sutside
tisaozieg ] L] ] . -1 -IR -8 -1% -15% 4R 1% 1% 1%
4. ]a%erest oo o:tside
fiea=cicg ] (] ] L] -300 -85 -m -75% - -3 -21¢ -1 -1
5.C erating costs (] ] ¢ -2618 350t 4501 41 4501 -850 4301 4301 4501 A1
b.Sorpsrate tas () (] (] (] [ (] (] ) (] (] [ () ]
C.%et Zast flos =323 -10725 4243 12D -1 -3 1 -i¥e It -1 131 -1 -l
B.3ue:lative net
cash flcw =3I IR -1 -2023Y 2L <2230 -8 -7 -GN -TTedd DA% GENL -3
Yeir 14 13 1% 17 18 19 r. u n A % Salv.val. Total
8.233% iaflow -] 4000 #00 4000 4000 460 4000 400 4660 $000 4000 o §000
1.5ales reviwe €00 4000 4000 4000 4000 L] 4000 §000 2000 4008 L 52008
B.Cash c:tflos -58%5 38 -4 -S4 5196 5381 334 5351 o533 oS3t 53 B3 -1BTN
1.73%] equily 0 [ (] ’ (] (] s ) ] 0 (] I3 168
2.Replacecant -440 -8 -440 -8 -840 -540 -840 -440 44 -$40 -440 ~1082¢
1R300t of outside
tinacing -15% -13% ~1% -1% -15% -1% -1% -1 -15%¢ -1% -130 -3000
§.Iaterest on outside
firancing -3 -1% -3 -120 -103 X -73 - -43 -% -13 -31%
5.Czerating costs -4501 4301 4501 4360 4501  -4501  ~4%0f  -4301 4301 4301 4501 -T%438
§.Corgarate tax (] (] ¢ (] [} [ L] () (] [ (] 0
C.Xet cas® flow -14%  -1M41 -1 1M1 1396 1301 136 1351 <1336 1S 130 " -4
B.Cusslative net
cash flow -33558  -J499Y 34425 -37E36  -39232  -40613  -4197% 43330 44585 -45937 47293 410N
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Tetal assets Tadle 13118
Low geality Bageste sistering process Eschange rate BLS 208 gor U oillion of Ris
Tewr 1 2 3 [} 3 [ H [ 1t 4
1S 1ead 1neeslannt costs 111 I8 19998 1ne ] [ [ ] L ] " "
a.00itial fised iavests. cost 1MIl T4 1SN n [] 0 [} (] (] (] (]
t.Repiacesent (] [] () [] [] [ [} s L .} | "
i Fre-praduction copital
espendetores [} [} [ [} [} [} [} [} [ [ [}
S.arveat assets increase (] [) Fy ] [ 2] [ [ [} [} [ [ [}
sl assets Ml e s e [ (] [} " | ] " "3
Yoar [ 13 1% 1 10 1y » 7 B K Tetal
1.Fased incestorat costs " ] ”s ”n " " ”s -] %3 " el
a.Initial fise inves. s, cost [} [ [} [ [} ) [ ] ) ¢ T
b.Peplacesent " s " s " " ”s | ] " L I (3} ]
’ 2.6re-graduction capital
oprnditeres [] [} [} [ ] [ [] () [} [ [] [
3.Corrent assets sacrease [] [} L} L ¢ [] [] 9 (] [ 3

Total assets
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Total assets Tadle 13-178

Lom gaslity Mousite sutaciave drpestion Eschonge rate RS 200 per IS allion of Rig

Year 1 2 3 ] 3 [ 7 ] ? 10 1 12 13
3.Fread 1nvastoent cests e W 1% [ L [ (] [ ne ne T1¢ ne ne ne
adaitasi fraed isvests. cost 9120 AN 160W [ ) [ ] [ ] (] [} [} (] [} [ [}
V. eplacesest [ ] L} [ ] [ ] [ ] [ ] [} e e e ne ne ne
2Fre-prediition capital
ecpenditeres [} [] [ [} [ ] [ ] [} [ ] [ ] [} [} [} [
3.Carrent assets increase [] () ) ™ [] (] [] (] (] [] [ (] ¢
Tetal assets Ml AN 1N 1643 [ ] [} [ ] ne ne e e ne ne
Yeor 18 13 16 1Y n 17 » n aQ F n Tetal
’ » ) ’ . '3 . ' '3 '] []

151508 insestaomt costs ne Tie ne ne ne Tie ne e ne e e My
a.instial ficed 1seests. cost () [] (] [] [] [] (] ] ’ [] [ )]
b.Replacesent ne ne ne e e n ne ne ne e ne 12000

2.Fre-production cagital
eependileres [ ] [ ] [ ] [} [ [ [} [} [ ] [} ] [}

S.Lurreat assets increase ' e ¢ ’ ' ’ ' ' ’ ' " umM

fatal assets ne ne e ne ne ne ne ne 710 e He 13
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Tatal assets Tadle 15-78
Lo g.alily bawxite tude digestion Exchange rate LS 108 per sillien of Rs
Year 1 H 3 [} 3 b 7 ] |} 10 1 12 M
1.F1se8 irvastaent costs 0®al 807 10432 ©r [] (] (] ns ne ns ne m m
a.ritial fueed investa, cost Mol BRT 14N o (] [ [] ] ] ] ¢ (] []
b.Feplaceamnt [] [] (] [] [] [] [] m ne n ns n m

i.Pre-praductioe cagital

e.psiiteres ] [] (] [] [] [] [] (] (] [] [] [] []
S.Cerrect assats 1uresse [] [ ] un ™ [] [) [} L ] [] ] (] [ [)
Tatal assets ) LTS - Y, 1 S 3 1) ] [] ] ne ne n m ns ns
Tesr 1 13 1% 1Y " 1 » i n 1) u fotal
cmoe L) [} (] ’ ] : s ] |} 1] 1] (]
1.f1a0d 1avestaent cosls n ne ne ns n m ns n m ns ne 424
a.instial fyved invests. cost (] (] [] [} ] [] () [} [ L} [ 3
b.Reglacesent s m ne ns n n ne n T ne ns 12

2.Pre-profuction capital
e ponditares [] [} ] [} ] ) ¢ ] (] ] [} []

3.Carrent assels increase (] [] [] ] ' ¢ ) () [] [] [

Total assets m n m m ns n n m m i ne M




Tatal assets Table 15-723
high guality dsante mtaclave agestion Exchange rate RS 330 per USB sillzon of Rly
Tar 1 H 3 4 3 [} 1 | § 9 10 i1 1 13
' . ' ’ . ' . ' ' ) ' N '
1.Fune3 12vestonnt costs B ey wn " . (] (] 3 [ (3] &3 ;] 3
adratial tised ps.este. cost 8342 W3 NN m L} ) ] [ (] (] [] (] ()
b.Kepiaceseat ] (] (] ] (] (] (] 3 23] [+ 3 (23] 3
2.Pre-prassction capital
npeCityres ' ' ' ' ] ' [ ¢ e ’ ' [ .
J.Cerrest assels 1nrese [ [ e (v ¢ [ (] [} [} ] L ¢ ¢
Total sssets 02 W e e ] 0 ] 3 [l 3 (L] [1}] [13]
Tear i 13 1 1Y n 19 » U n 3 b1} Total
§.Fined in.ostoent costs [} [1}] [1}] 3 [13) (L)) [} (11} (3] [11] [L B 14 ]
a.Initaal fined smveste. cost 0 [} [} ] [ ] () ) ’ ) [0 51
V.Replazeseat 3 3 (1} 3 3 M3 3 (L] 3 [1}] 3 J0nS
2.hre-procaction cazital
topertitares ] (] ] [ ] ) () L] ¢ ’ (] []
.Lorrent pssets increase (] ] () [ ’ (] ) (] ] ’ [ |

Total assets (L] [1}] M3 3 M3 (L] [1}} 43 (L] (L] [LLI )4
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Tstal assets Teble 15-77%
330 qualily Baunite tele dagestion Exchange rate K5 200 per ¥SD oillion of Bl
Tear 1 H b [} H [ 1 | ' 1 11 1
1.F e izvestaaat costs [ i B> 1 1310 ™ [] (] (] (1] (3} (] [ ] (]
a.0m%a fised investe. cost 8123 2344 e n [} [} [ [] [} 0 [ 9
3.Ceglazeseat [} () . ] (] () [ ] (L) 3] (4. ] (L] e
2 Fre-predcztion capital
tepestatures [] ) [] ¢ [] [) [] [ ] [) ] [] (]
2.Carrent assets icrease L [ 172 [+ L} [ [ ] () (] [ [] )
Total assets [ 1IN L {13 12 [ [ [] o (3] [ [} (1]
Year 18 13 1% u 1] " » n n 3 un Tetal
v " ) ’ » (] ’ . ' " ()
1.F1sed 1soestsent costs " [} e (1] (L] (L] [} (L] (1] e [T 0/ ]
a.Initial fised investe. cost [) [ ) [] [] (] [] [] (] ’ [t
b.Eeplacesent (L] “e (1] [ ] " (L) (1) (1] "o [, [T
+ 2.Fre-protuction caprtal
esperditices ) [ ] [} ¢ [ [} [ ] ’ () ’ [}
J.Current assets increase ] [} ’ [] () (] [] ] () [] ¢ B8
Tetel assets (L] e (L] [1]] (L) (1) (1) (L] (1] (] (L), ]




: Net iacose statesest Table 13-8/A
Low 3=ality Bawsite siateriag process Excharge rate £S5 20 per USH sillion of Ris
Yeir 1 2 3 L ] 6 7 ] ] 10 11 12 13
. » ] [ [ ) ) [} (] ] e

IR FHH 0 (] ¢ 5600 IO 108 LINO JI200 11200 11200 11200 1200 11209
o.Frodsction costs (] [ ] 0 438 -1 -12007  -113M2 -1IVTD LIS -11947 10832 -LISIT -11902
3.Tanable profit ] ] ¢ - -2 -7 “-m -m - - - -Nr M
4. Tax [} [} [} [ ] [ [ ] [} ] 0 ] ] 0 0
$.kzt profit (] ] " - -822 -« -m -m - -1 -’ - -2
b.0;vizends ] ] (] ] ] [ ] L] ] 0 ] 0. (]
T.tadistriduted

pratfit ] (] ¢ -M -2 % -m -m - - M N N
8.5ccunclated

profit (] ] 0 T84 106 -13 -305 -3 -4 381 4223 980 -7es2
Ratics
Tarsdie profit:Sales (1) -18 -1 -1 -7 -1 -1 -7 -1 -6 -6
ket profit:sales (X) -14 -7 -7 -7 -1 -7 -7 -1 -4 -+

© Ket profit:equity (1) -1 -1 -1 -1 -1 - -1 -1 -1 -1
Year 1U 15 14 17 1 19 % i3 22 3 U Total
] (] () 1 (] (] [} ] ]

1.5ales 11200 11200 11200 15200 11200 11260 11200 11200 11200 15200 11200 229400
2.Fradsction costs -11687 -11872 -11657 -11842 -11827 -11812 -11797 -11782 -11767 -11752 18137 -394
3.5acanle profit -687 -672 -637 -b82 -7 -812 -%97 %2 -%7 552 -%37 -1
LR 13 0 ] 0 0 0 0 [ 0 0 0 0 )
S.xet prafit -687 -2 -651 482 -427 -812  -5%97  -%e2 -7 -3 -5;) -MIn
b.Dividends 0 ’ (] (] (] 0 0 (] 0 0 0 0
T.Undistriduted

prefit -697 -677 . -89 -642 -8 -812 597 -2 -N7 552 -3W1 -1
8.8ccusulated undist- :

ributed profit -8319  -9001  -9658 -30300 -10977 -11539 12136 -12718 13283 -1383) 34374
Ratios
Toiable profit:Sales (1) -6 -4 ) -6 -b -3 -5 -3 -5 -3 -3

t prefitiales (1) -6 -6 -b - -4 -3 -3 -3 -3 -3 -3
Net profat:Equity (X) -1 -§ -1 -1 - -1 -1 - -1 -1 |

o s ——— i, 5




.
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Ret incose statesest Table 15-8/3

Low quality bauxite autoclave digestion Exchange rate ALS 200 per USH s.'lion of Ris

Year 1 2 3 L} 3 b i ] ] 10 u 12 13

] 1] [ 1 [} ] [] [] (] [} [

1.S3ies ] ] (] 5600 11200 L1000 110 11200 15200 11200 1120 112%
2.Froduction tosts ) 9 0 b6l -11077  -11022  -11607 -10992 -10977  -10982 -10947 -10932 -10917
3.Tazadle profit ] 0 0 -5 153 imn 193 08 v %8 piid w i\
L.Tax 0 0 0 0 (] 0 0 0 ¢ (] ] (] ]
S.Ket profit 0 0 L] -5e8 13 mn 193 28 p75} n pii] 28 m
b.Dsvidends 0 (] ) ] 0 ¢ 0 0 ] ¢ ] ] ]
T.Undistributed

profit ] ) (] -561 163 i 13 00 3 238 e e e\
8.8ccunulated

profit ' L] ¢ -561 -3%8 -0 -1 188 L] 842 s 1183 14
fatios
Taaable profit:Sales (X) -10 1 2 2 3 2 2 2 2 3
uat profit:saies {1) -10 1 2 d 2 2 2 ? 2 3
Ret profit:equity (1) -1 0 ’ 0 0 0 9 1 1 1

Year 1" 13 1Y 17 10 1? 20 b3 2 i L Total

] ] ] ] ] ] ) T (] ]

1.Siles 11200 11200 11200 13200 - 11200 11200 11200 131200 11200 {1200  $1200 227809
2.Production costs -10902 -10887 -10872 -10857 -10842 -10827 -10312 -10797 -10782 -10767 -10732 -22%0%1
3.Tanable profit M us 38 3 358 mn 388 403 418 54} L1} 3549
LT ] ] 0 0 0 0 0 (] 0 ¢ ] ’
S.Net profit pal) n3 328 3 358 m 388 403 A8 433 “ 5349
8. Dividends (] 0 0 0 ] 0 L] ] 0 0 0 (]
1.Undistributes

profit pi/ ] 33 » 343 358 m 388 103 419 33 e 3y
8.Accusulated undist- )

ributed profit 1744 2097 2385 nn 3086 3450 3847 2% §660 3108 550
Ratios
Tazable profit:Sales (1) 3 3 3 3 3 3 3 4 [} [} 4
Net profit:Seles (1) 3 3 3 3 3 3 [} [} [} [}
Net profitsEquity (I) ) 1 | 1 1 1 1 | i | 1
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Net incose statesest Table 15-8/C

Low quality dausite tude digestion Exchange rate RLS 200 per USD aiilion of Ris

Year { 2 3 4 H ] 7 | 9 10 i 12 13

' ' ' ' ! ' ' ! ! 4 ! ' '

1.Sles [ [ 0 3800 13200 11200 11200 L2 126 11200 11200 11200 11200
2.Frof.ction costs ] 0 0 -5I83 -10863 -10843 -10833 -13518 10303 -I078Q 10773 -10758  -10743
STaatie profit 0 0 0 -583 7 352 387 82 wn $12 Ly 1Y 457
$.Tax 0 ] 0 0 0 ] ¢ [ (1 0 0 0 0
5.Ket pratit ] [ 0 =583 3 352 347 382 n 412 827 2 457
8.Dividenss 0 0 0 0 0 6 (] 0 0 0 0 0 0
T.Uasistributed

prefit 0 0 0 -383 L7 352 38 382 ™ H Ly u2 457
8.hccus.iated

prafit (] 0 ] -583 -2 105 a3 (:b}] 1252 184 091 433 1%
Ratics
Taxadie profit:Sales (1) -10 3 3 3 3 4 4 4 L} [}
Ket profit:sales (1) -10 3 3 3 3 4 ] 4 ([} |
Ret profiteequity (1) -1 1 1 1 1 1 i 1 1 H

Year it 15 16 17 18 17 2 i n 23 Fi! Total

] . ] ] ] ] ] ] . [] [ ]

1.5:les 11200 15200 f1200 131200 11200 f1200 11200 11200 11200 11200 11200 229600
2.Praguction costs -10728  -10713 -i0898 -10683 -10568 -10833 -10£38  -J0a23  -16a08 -10593  -10578 -228593
3. Taradie profit m 87 302 511 17 547 562 sn 592 607 822 9007
4.Tac 0 0 0 0 0 0 0 0 0 ] ] [
S.Ket profit 42 487 502 517 832 47 32 m 92 807 22 %97
6.01videds 0 0 0 0 0 0 0 0 0 0 0 0
T.Undistributed

prefit m w 502 317 532 547 562 m i1 807 822 9007 ,
8.Accumuiated undist-

ributed profit 3482 3949 4451 4948 3500 5047 4809 b 1778 2185 9007
fatics
Tasabie profit:Sales (1) 4 4 ] H 3 3 L] 5 3 tH 6

* Net profit:Sales (1) 4 ] 3 3 ) 3 3 S )

wet profit:Equity (1) 1 i 1 f 1 i 1 1 1 i 1
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Met incoar statiaeat ‘ Tadie 15-8/0

High gquality bauzite autociave digestion Exchange rate ALS 200 per USE sillion of Rls

Year 1 1 3 4 3 1 7 | ] ] 1o 1 12 13

! H ! ! toomsmnaets H ' ! tommoecea! ! H

1.Sales [ 1] 0 500 Lic00 11200 11200 1130 11200 LIZ) LI 120 11200
2.Froduction costs (] ] 0 -413% 838 -8} -8738 -8173 -B238  -Buey  -82 -gad  -8198
3.Taxatle protit 0 0 [ 855 08 BN Fa) ¥ bz Py B M) Fa 27 S 5 )] 3002
LAY 0 [ ] [ 0 ] [} 0 0 [} ] [} 0
S.ket profit 0 ] (] 85 882 289 M2 BT B2 BN KN ™ K02
£.Sividends 0 0 ] [} [ 0 0 (] [} ¢ [ [) 0
1.Undistributed

profit ] (] ] 83 2582 89 812 B B/ BN A7 B[N 3002
B.Accurulated

profit 0 0 0 863 317 4 9356 12433 15425 16382 23 43 27343
Ratios
Tasable profit:Siles (1) 15 3 % % % 2% % [y u i
Ret profit:sales (1) 13 % % % 26 % % i n .0
Ket profit:equity (1) 2 § b 6 ] 7 7 7 7 7

Year 1" 15 {3 17 i 19 2 i 2 yii ] Total

---! ' ! ! ! ! ! ' ! ! ! !

§.5ales 11200 (IR0 11200 11200 11200 11200 11260 11200 11200 11200  S1200 227600
2.Praduction costs -B183  -0168  -B153  -B138  -8123  -B198  -6093  -B078 -804 -804 -B033 -1ee4
3.Tasable profit 3017 303 3047 082 W17 W2 M7 M2 Uy uR 3187 81353
ER T [} 0 0 0 [] [} 0 0 0 (] ¢ 0
5.Ket profit 017 3032 3047 3082 3077 I 3107 RIT N {5 Y B 1 S 1Y A 13 4
&.3ividerds 0 0 ] ] (] 0 (] 0 0 [ 0 0
1.Undistributed

prefit S017 3032 Jo47 3062 3077 392 307 22 M3 M2 318 6LSS
8.Accusuiated undist-

rituted profit 30360 33372 36439 39501 42578 4S870 48777 51399 55036 32188 41383
Rat1os
Tasadle profit:Zales (X) ry n ) 7 ri bl 28 8 2 A 2
Net profit:Sales (1) n FY n ry ri n ® o i n 3
Net profat:Equity (I) 7 7 1 7 7 7 7 7 ] 1 1
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Net incose statesest Table 13-8/E
High quality baurite tube digestion Exchange rate RLS 200 per USD sillion of Ris
Year 1 2 3 [} 3 ] ? | ] 10 1 12 13
' 4 4 ! ' ! ! H ' ! ! ! !

1.3:les 0 0 [ $600 11200 110 NG AW HBE UR L1200 W LU0
2.Froduction costs ¢ ] 0 -45%Y G102  -8637 -gdT2  -BA%7  -So&? 802 -8012 -nY1 -MR
3.Taaable profit 0 0 ] 1001 3048 My U 3143 3158 un ue e
$.Tas (] (] [] ¢ 9 0 [ 0 [) 0 0 ] [}
3.5et protit [} ) ¢ 1001 Joe8 i3 iV | 3 B un s 3203 hrii ]
b.01vidends (] ] (] (] ] (] (] ] (] (] ¢ (] ]
T.Lnd:stributed -

profit 0 0 (] 1008 %8 313 in M NN B AN | I 7. b yit |
§.hccerslated

profit 0 0 (] 1001 4099 M2 0340 13433 1es41 19814 23002 2605 29423
Ratios
Tazasie profit:Sales (I) 18 n n 3 3 b | b a Fs ] Fa j
Ket groditisales (3) 18 8 F: ] a n 2% a3 n n o
Ret profit:equity (I} 2 7 7 ¥ 7 7 7 7 7 7

Year 1] 13 16 ” H | 19 20 i 7] rai % Total
-——— ] (] (] ] [} [] t ' [ ] ] ]
1.5:10es 11200 11200 (1200 11200 11200 1100 11800 11200 11260 11200 11200 229600
1.Froduction costs -7567 <7952 -N931 -1™ <1807 <1892 -7377 -78K2 -TRST 7832 T8IV -16378¢
3.7asable profit 3233 3248 3283 2 3233 3368 b 47 333 3333 3368 B e
.1 (] 0 ] 0 0 ] (] 0 0 (] 0 (]
S5.5et pratit 724 SN Y11 3263 328 393 3308 133 3338 3353 B N el
b.Dividends 0 0 0 [) [} 0 ] 0 0 0 ] 9
T.Undistributed .

profit 3233 hy 11 713 } 32 3293 3308 33 33 3353 N6 e e%ell
0.8ccunulated undist-

ributed profit I2656 35904 IFIAT 42445 45738 49646 52369 55707 59040 62428 45811
Ratics
Tasadle prefit:Sales (1) Fi) ra ri] ra) A 3 3 b 30 30 b
ket profit:3ales (1) ri] bi) n i) bi) L 30 30 3 30 3
et profat:Equity (1) 7 ] 8 1 8 ] ] 8 ] 8 ]




Les quality bauxite siatering process

Cash flow table for fimaacisg planaing
Exchasge rate SIS 203 per U3
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Table 139/

aillios of Rls

Year 1 : 3 [} ) b 7 ] ! 1 1t 12 1]
(] (] [] [ [) (] r
A. Cash iatlew 1330 297 7780 L1208 IING 3120 11200 1200 11200 11200 (I 11200
1.Fineacial resaurces tatal 13520 42477 10732 rit ) [} 0 [ ] [} [} [} [} ] )
2.3ales revenve [ ] ] [} 300 11206 11200 LI 11200 11296 11200 11200 11200 1124
B.Cask xtfion 13681 42768  -18520 <4188 MRS 7010 -7515 BN -B3 433 -85 -5 W
1.7atal assets schedule
incleding repiacesent ~13%11 4778 185N -2000 ] ] (] -985 -¥83 -953 % - . ]
2.Cperating costs (] (] 4% -n1 - -MIS -NIS - -NIS -NI N -nn
3.0eht service [tetal) (] L] ] [ -1 -413 429 -465 -39 =315 7T B ¢ - A v ]
- laterest: ] ¢ ] (] -300 -3 -0 -2%5 -2 25 - - -
Seppliers’ credits [ (] (] ¢ [ ] L} [ [] ] (] [} . L]
Raak gverdrafts [] ] (] [ (] [} [ [ ] ¢ ] ] ]
Bank tera loans (] (] ] (] -3 -28% -2 -25% - - i -1 -1
-Repayeeats: ] (] ¢ ¢ 1% -1 138 10 -1 -1 -1 1N 1%
Suppliers” credits ] (] ¢ [ ] ] (] (] (] ] ] ¢ ]
Jaal overdrafts [ ] (] () ) () [ ¢ [) [ ¢ [} L] L
Basl tern lceas [] (] ] (] -15% -1% -150 -150 -1 -15% 1% -i% 1%
§.Corporate tax 0 ] [ ] L] [ ] ] ] U L L] ¢
5.Bividends on equily ’ 0 (] ] ] (] (] ] ] ¢ ) ] ‘
C.Surplesideficit -1 -0 b3 1616 3873 35% 3403 03 % 2645 73] uYs 710
3.Cunulative cash balaace -1 -3 -in 1444 5019 000 12214 1404 14TV 01 294 2333 2
Veir 18 15 14 1} 18 19 % u n 3 u Salv.val Tetal
] 1 [ ] (] (] ] 1
K. Cash 1nflow 11260 11250 11200 11200 11200 11200 11190 11200 11200 11200 11200 0 36509
1.Fanaxcial resources total 0 [ ] (] ¢ ¢ (] ] ¢ 0 () Tivoy
2.5ales revenve 11200 11200 $1200 11200 11200 11200 11200 11200 11200 51206 11200 229600
B.Cash outflow 3675 8450 G445 8430 -8RI Q400 G385  -@370  -833% -@340 -4 0 -39
§.70tal assets schedule
including replacesent -§3% -933 -923 -183 -993 -85 -985 -995 -585  -9%3 -0 B’ -6un
2.0perating costs -1y -NIS NS CMIS GMIS IS -NMIS -MYS MIS <N -TMDS ~18765%
3.0edt service [total) -313 -300 -8 <0 -253 -24¢ -3 -210 -195  -180 -183 -51%
- Interest: -183 -1% -133 -120 -103 e, =13 -40 -4 -3 -13 ¢ -U%
Suppliers’ credits [)
Bank averdrafts ]
Bank ters loans -163 -1% -133 -120 -10% -4 <73 - -4 -3 -13 -31%
-Repaynents: -15% -1% -150 -150 -1% -150 -130 -150 -150 -i% -9 ¢ -3000
Suppliers’ credits ’
Bank gverdraflts ]
Saeb ters loans -1% -1%0 -1% -150 -1% 19 -1% -150 -13% -15%0 -1% . -3%%
§.Cerporate tas [] 0 ] (] 0 () 0 0 0 0 ] ]
S.Dividends on equily 0 0 (] (] 9 [ 0 0 ] 0 (] (]
C.5urplusidetacit ms 740 rijt] mo 27183 7800 815 7630 845 3 2875 M Y Y [}
J.Cusulative zash Balance 30974 SIS BAGEY 39239 42026 44328 47439 S0469  SI3i4 SAM S04 3L
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Cash flow table for finaacing planning Table 13-

Low guality baszite autoclave digestion Exchangz rate MLS 50 per USD sillicn of Ris

Year 1 2 3 [} H é 1 | ] 16 1 1 13

(] ’ s : ) 1 ] ] ) 3 t () 1

R. Cask isflom 131U T +11 B 41" ] 12 U 12 11200 11200 11206 11200 B1Z0 11200 11209
1.Fizaacial rescarces total S04k 251 1148 1812 (] ] (] (] (] [ (] (] (]
2.5aies receoee ] [ ] (] 300 11200 11200 131200 §1200 11200 11200 11200 11200 11200

B.Cask cutflen -9 -2W75 13011 4009 8013 -WIE -B0e3 AT AN AT -3 MM -
1.1ctal azsets schedule

includicg replicesaat 1N BN -1W1L 1645 L] ] ¢ -k - e -0 -M0 -N0
2.0peratic] costs (] ] 0 424 T8 /i3 -TESS -TEAT  -TEA3 -TEAS -TME3 -TEAY -7l
3.0edt s2rvice (totil) ] (] (] (] -3 -135 -420 -463 -3 =373 - =343 =30
- Isterest: . ] L] (] [ -300 -293 -7 =255 -2 -225 =210 -193 bt
Seppliers” credits () ] (] ] (] (] ] [] (] [ ) ] L]
Sani overdrafls (] 0 (] L] ] [ 0 (] ] (] ] L] ]
Sant tere loams ] L] 0 ] -30 -283% - -25% -0 -125 -2 -5 -180
-Repayeents: ¢ [ (] (] -150 -15¢ -1% -15% -130 -15% -150 -1 -13%0
Seppliers” credits [} ] ] 0 0 [ L] 0 ] ] ] L] L]
Basl geerdrafts 0 ] 0 0 0 0 0 0 [ ] ¢ 0 ¢ 0
Banb ters loans 0 ] (] ] -1% -159 -1% -150 -1% -15%0 -15 -150 -1%
§.Sarporate tax (] (] (] (] (] (] (] 0 ¢ (] (] ] ¢
S.sividends on equity (] (] 0 0 [ ] 0 0 (] (] (] 9 ] []

C.SurplusiZeticit -1 -2% 157 1343 3107 Nn uny ral7d rij un un %02

B.Cusalative cash balance -n -3 -187 1176 283 7365 10542 12584 15881 17913 20400 22902 25419

Year 14 15 18 1 i 17 2 u n i i} Salv.val Total

------- § 4 ! ! ! ' ' ! 4 ! ! ! '

R. Cash infice H0 130 11260 11200 11200 11200 11200 11200 $1200 11200 13200 0 2343
f.Finéncial resources total ] ] (] ] ] 0 ] [] ¢ 0 ] 52343
2.Cales re enue 100 11200 11200 11200 11200 11200 11200 15200 11200 11260 11200 227509

§.Cash outflce -8558  -8433  -BA38  -8423  -B08  -9593  -8378 0563  -B5%8  -8333  -9s18 302 -2100
1.Total asssts schelule

inchuding replacesent -110 -116 -0 -110 -110 -110 -710 -110 -110 <710 110 §302  -35€33
2.Cperatiry costs -T843  <TEAS  -TOA3  -THA3  -TeAY  -TR43  -TH43  -TE83 -T683  -TREY 1443 -157284
3.Cebt service (total) =315 -300 -233 -170 -23% -240 -2 -0 -193 -180 -6 -61%0
- Interest: -14% -1% -135 -120 -10§ -3 -13 -0 -45 -3 -13 o -3%
Suppiiers’ credits 0
Baik overdrafts 0
Bank tera loans -363 -130 -13% -120 -103 -0 -13 -40 -43 -3 -1 -3150
-Regogsints: -150 -1% -150 -1 -130 -15¢ -152 -150 -130 -130 -15% 0 -3000
Sapslaes” credits ' 0
Bark peerdrafts ]
Bant ters loans -1% -130 -150 -130 -150 -1%0 -130 -130 -130 -130 -150 -3600
§.Corgorate tas 0 ] 0 0 0 [ 0 0 0 [ 0 [
3.0ivaderds o9 equity 1] L] 0 0 0 0 0 0 0 0 ] [

C.Surplus/deticat $32 54 2582 nn 2392 %37 ¥ 237 2632 2687 2432 8302 039

C.Cusulative cash balance 20951 G049 33060 35437 38229 40336 43458 44093 48747 SL44 3409 40398
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Cash fiew table for financisg ;lianning Tadle 15-%C

Low quality bauzite tube digestion Exchange rate RLS 200 per USH silliea af Gls

Year 1 2 3 4 ] 1 1 (] ] 10 1l 12 3

[] ] [] ] 1] [ ] [] [ [] [] [] t 1

A. Cash iaflge ;93 MM 1N 1383 11206 21200 11360 11200 110 11200 (1200 11200 11200
L.Fisancial rescerces total §953 X1 138 1783 5 0 ] ] ] (] ] ] (]
2.%ales revesve ] ] 0 5600 11200 1IN0 100 11200 11200 L0 11300 10 11
B.Cash guttlon -9081  -28507 -L2923  -SR07 -T970 -7935 7940 -GARY 9408 813 4398 353 1548

1.Total assets schedule

inscluding replacesent -j041 -7 -1 -3 ] 0 ¢ -m -8 -ns - -8 -1
2.0perating costs (] (] ¢ 0 -1 NN I - -5 10 TN I 13N
3.8s3t service (total) ) (] ] ¢ -4% -433 -N -303 -3% <315 -3 -345 =330

- Interest: [} ] [] ] -3 -285 -mn -753 -0 -3 -0 -193 -1

Scppliers’ credits 0 0 (] ] 0 ] ] 0 ° ' 0 ] ]
Baak gverdrafts 0 0 [} 0 0 [} [} ) ) ] [ ] (] [}
Bank tern loans 0 ] 0 0 -300 ~28% -m -2%% -4 -2 -ue -19% -1
-Repayaents: [ [} [} L} -1% -130 -1% -1% -1% -1% -13% -13% -1
Sspziiers” cradits (] ] L] ] L L] 0 ] ¢ U ] L] L]
Bank gverdrafts 0 ] 1] . (] (] (] 0 ] ] () (] ]
sadk ters loans ] (] ] 0 -1% -1% -15% ot ] -1% -15% -150 -1% -15%
§.Corporate tax (] 0 (] 0 L] ] ] ] ] ¢ ] ] L]
3.81vidends on equity [ ] ¢ () [} [ ¢ [) [ [} [} ¢ ¢ ]
C.Surplus/deficit -8 il 138 1404 n» 45 %0 2397 un 587 2602 w1y 2
0.Cusulative cash balance -8 -28% -14b 1260 4490 7735 10995 13532 1ei2é 18711 M3 39N U2
Year 18 13 16 1 1t 19 Fi i n 3 u Salv.val Total
] L 1 [ 1] ] 3 '] [] [] [] [
K. Cash inflow 11200 11200 11260 11200 11200 11200 10200 13260 11200 11200 11200 0 wn
1.Financial resources total ] 0 0 [} 0 9 0 (] 0 0 0 by
- 2.Sales revenue 11200 11200 11200 11200 31200 11200 11200 Q1200 11200 11300 (1200 23600
$.Cash outflow -2553  -9538  -B523  -8508 843 8478  -B4A3  -G443 9433 8410 4403 6343 -215381
1.70tal assets scredule

including replaceseat -8 -718 -118 Ryt -718 -718 -118 -ns -2 -118 -T18 3 -5
2.0perating costs “1500 7520 -7520 <7520 <1520 <750 -TSMO <7520 <1520 TS0 -150 ~158740
3.0est secvice {total) =313 -300 -283 -210 -233 -0 -225 -210 -193 -180 ~143 -51%

- interest: -183 -15% -135 -12 -103 -9 -3 -40 -4 -3 -13 ¢ -U¥

Suppliers’ credits ]
Bank overdrafls ’ ]
Rank ters loins -183 -150 -133 -10 -103 -3 -73 -40 -43 -3 -13 -31%
-Repageents: -15% -150 -13 -130 -1% -1% -130 -1 -1% -1% -1 0 -3000
Sugpliers’ credits [
Bani oserdrafts )

Bink tere loans -150 -130 -1% -1% -130 -130 -130 -130 -150 -15%0 -13% -3000
4.Corporate tax ] [] 0 0 0 ] 0 0 0 0 0 (]
3.Davazends on equity 0 (] 0 ° 0 0 0 [] [} [ 0 0
C.Surplussdeticit 4 W62 unn 2692 2107 m 23 %2 767 782 m 8343 h2887

9.Cusclative cash balince 29209 31871 34540 37240 39947 42489 45406 48138 30725 3707 3a504 42047
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Cash flew tadle for financing plamaing Tadle 13-9/0

Wagh qualaty dauzite autaclave digestion Exchaage rate RS 200 per USY sillien of Kis

Year 1 2 3 ) ] [ 7 [ ] ] H 11 12 13

t L] [} e [} 1 L3 (] (] '} 8 ] ]

R, Cash sellem B¥ Y 1007 4213 11200 1IN0 11206 11260 11200 1IN0 11206 31N 11200
1.Financial resources total 3 3 !X; 12 (] [} ] [ ] [} [} [ [} 8
o.5a]25 revenee 0 (] (] 3400 U0 11200 Q1300 11200 110 100 iR 1IN0 11200

3.Cash outflon 0382 -2835Y  -LIOEE -3 -5 -3eMb -3M01 B33l -6 4201 -MIGE -BI71 eIk
1.Tctal assets schedule

including replazesent -83%2 -2833 -us -1l ] ] LI L B I L I B ) B (L
2.Cperating casts () ] ¢ -3 e -aiet -siEl -NST SI -iE Nl -t -Siet

3.0kt sorvice (total) () ] (] (] -450 -43% -2 -40% -3 =315 -% ~343 -3

- Interest: (] ¢ (] 0 -300 ~28% =210 -2%% -0 -5 it -193 ~190
Suzzliers” credits (] ] (] ] (] (] ] (] (] (] ] (] ]
Bank overdrafts [} 9 () (] () [} [ [} [} ¢ [} ¢ [}
Bant tera loans [ (] (] ] -300 -28% -n =253 -248 -225 -2 -173 -19%

-Repiyonnts: (] ] (] ¢ -1 1N 1N 1N 1 N N 1Y 1%
Sepplrers” credits ) (] ] ’ " ] (] () (] ¢ [} ¢ (]
Bank overdrafts ] L] ] ] (] (] ] [] L] [ L] ] (]
Bani ters leans (] ] 0 L] -1% -15¢ -15¢ -150 -15%  -1% 1% - -15%

8.Tarporate tax ¢ 0 () ] [ ] [] LI (] ’ (] L} (]
S.hividends on equity () 0 [} [ [} ) [} [} [ " L] 0 ()

C.Surples/Zeficit -3 -10 211 2310 5549 5534 5599 "0 1524 L34 5054 e Sedt

B.Cusulative cash dalance -3 -13 L] 2568 NI LT R NW U N2 OINH MUY 4R

Year 1" 13 16 17 19 11 » pit n F u Salv.val Tetal

' T [] 1] [ [} [ ] 1] [] [ ] - (] (]

k. Tash infice 1200 151200 11200 51200 11290 11200 11200 11200 112080 11200 11200 ¢ e
§.Finercial resources total (] ] (] [ 9 0 L] ’ L[] [} ] §1963
2.53les revenue 11200 11200 11200 11200 11200 11200 11200 11260 11200 11200 11200 5600
D.Cash cutflow -4 -h2b . -blIL 600 ORI G0 -40ST  -4036  -8021  -B0OK -3 5430 -166105
1.Total assets schedule

wncluding replacesent -543 -643 -3 -543 -43 -543 -b43 -443 -443 -443 -643 %W -33303
2.0perating costs -5181  -si18t -Siet -S181 -5K@1 %18 -S18% 5181 -S181  -SIBD 510t -104432
3.0eb? service (total) -3 -300 -5 =270 -235 -240 -22% -216 -193 -1 -143 -8150

- Iaterests -163 -13 -133 -1 -105 -N -73 -0 -43 -3 -13 ¢ -l%
Suppliers” credits [
Baak overdrafts 0
Bonk ters lowms -163 -1% -133 -120 -103 -% -13 -4 -4 -3 -13 -31%

-Repayoents: -1 -150 -15% -3 -1 -1% -1 -1% -19 -1 -19 ¢ -300
Suppliers’ credits ’ ()
fork overdrafts [
Bink ters loans -130 -13 -1% -1% -1 -1% -13%0 -150 -130 Nt -1% -3000

§.Corporate tas (] L] 0 0 0 ] ] 0 L] s ] ]
3.D1vidends on equity [ [] 0 0 ] ] ] (] ] ] ’ (]

C.Surplus/deficit 3959 N 08¢ 3104 iy 134 3149 16 k194 5194 S20¢ 630 111043

B.Cusulatuve cash balance SUI0 39497 44501 69685 T4B04 79938 95087 %0731 35430 100628 10SEIT 111443
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Cash tlow table for fimaacing plonniny Tadle i€

Mi3d qeality Bacvite tude digestion Exchange rite RS 20 per CSB eillic: ! Ris

Tear 1 1 3 [} H [ 7 | ] 10 1 1 13

[ 1 ) [ ] [] [ [ ] [ ] [] [] [] [ ]

2. Lash iaflce ®£r =AY U i 1200 e 1IN0 MRS RN XN HBS uN U
L. Financ1al resources total 0 82 1SS 1516 ] ¢ ¢ ¢ ) [} 9 (] [}
2.Siles revenne [ (] L] B0 1200 1M 1N 1160 11260 1139 HIR N 1%

3.Cash xttlon ~$175  -29M -TU37 38T S350 -5335 -3 <6ISS <1 -AIES -EI00 <6635 -
I.Total assets schedule

inclut1sg raplicesent 4125 -24M -l -2 (] ] (] -440 -8 -§80 -4 -4e -0
2.0perating casts [ () ¢ M7 51N -S5100 -SE00 -SIS) -SIN -5100 5108 -SI -SIN
3.Dekt serace (total) ] " ] (] -450 433 -4 433 iz <373 -358 -34% 3%
- Interest: ) [ L] (] -308 b +1 - -25% -288 -2 il -195 -1%
Seppliers” credits ¢ () [ ] (] () ] ¢ [] ] [} (] ] [
Bank geerdraits (] [} L] (] [} [ [} (] [) ¢ () ’ [
Baok ters leaas (] (] (] [} -39 -283 - -5 -4 -5 -2 -195. -1%
~Repayeeats: [ 0 ¢ ¢ -1% -1 -15 -150 -1% -1% -1% -i% -19%
Suppliers” credits L () ¢ L [ [} L ] ] [ L] ] J
Bisd everdrafts (] (] () () [ [} [} ] () [} [} [ L
Bink ters lesas [ () ] () -1 -150 -1% -150 -15 -15% -1% -1% -1%
8.Corporate tax (] (] (] ] ] (] L] ] (] (] ] (] )
S.0ivicends on equily L] (] () 0 () [ (] [ [] (] (] [ ] (]

C.Serplasideficit -33 -163 ns rizl 45 SES 0 5055 o1 %®33 518 1S b13

9.Cosulative cash dalance -3 -us -1 unn $213 13138 INME 673 M HEM v 443 1921

Year 1" 13 1 17 n 19 2 u n n u Salv.val Tetal

- (] ] [ ] [ } ] [] ] » [ [ (] 3

&, Cash iaflon 112c0 11200 (1260 11200 11206 11260 11200 11200 [1200 1120 11760 4 7TKI8
i.Fisaacial resources tatal ] () ] [} [} [} [} () () ¢ [} $ie
2.5ales revence 11200 (1200 11200 11200 11260 11200 1100 11200 1IN0 11290 IR0 2500

§.Cash culflow -$055 -0 -5025 4010 3995 -390 -5 -850 5133 -SI8 -5WS 73 182382
1.Total assets schedule

inclcéing re;lacesent -b44 -6 -R0 i 0 M0 B0 M 0 B0 iR N1y -uns
2.Cperating costs <5100  -5100  -5300  -3500  -5100 -5f63  -S100  -S1C0  -S100  -5100  -5130 -joi3n
3.0ebt service {total) =313 -300 -285 -7 -253 -4 -225 -0 -193 -180 ~143 -4150
- Interest: -163 -1 -135 -1 -105 - -15 -0 -43 -3 -13 y NN
Suzpirers’ credits [}
Bank averdratts [ ]
Bant ters losas -163 -1 -138 -1 -103 -9 -1% -4 -43 -3 -13 -39
-Repayoents: -1% -1%0 -19% -1% -1% -130 -13% -150 -1% -18 -150 ¢ -300
Suppliers’ credits ’ : [}
Bank overérafls 0
dint ters loans -19 -1% -1% -1 -1 -15% -13% -1% -1% -130 -150 -3500
§.Corporate tas . ] ¢ 0 0 L] ] 0 ] [] ] ] L
5.01videnss on equily (] [ [] (] [ (] (] (] [ (] 0 (]

Coaurplut/deticit 5143 5160 118} Y 5205 5120 3235 5259 i} 5268 L it} 513 13

9.Cosulative cosh dalance SS3I0 GC4TR 43453 70343 6048 1268 @343 91733 97018 102238 107373 11314




L8¢ Gudilly Bawrile statering process

15-56

Prajected balance sheet
Exchange rate LS 260 per USD

Tadle 13-10/0
sillicn of Ris

' Vear

. ———

[} b3 3 L} 3 b 7 ] ? 10 n 12
' ' ' ¢ t ' ! ! '
a8 oelal) 13520 85881 M H S0 B (%5 B TS RT3 TR NN TN9SY
1.Cwreat asiets - - res ! 37 8312 12302 18T 13edT N B w7 N3 A2
{3) *cceaiated cash balaace -n -in -1 L1 01 8:0% 12214 1A3%% 17457 M I radis B r{} )
(3) Carreat assets () ] 298 s s s s I 3183 pH11 33 s b4y )]
2.Fired assets
{set of Cepreciation) 13651 56325 71933 70838 G641 179 ST S48 WIZ3 KNl 9 M AR
Iaitial fized investceat,
replaceseat and preprodec- ‘
ties capital erpeaditeres
3.Lesses 0 [} ] m 1506 3 3203 38 L3/ b3 6273 (111 1642
b.Liabilities 1350 SSYS7 NTUY NSOy TASY  COA0T  T44SY  7430% 76139 ety 735SY TIMOY 75NN ‘
f.Current liabaiity 0 (] 134 9 2 ns {1 e | Py o 3 us L |
2.8eZiun-tera loans 52 un an R 5] 2150 e 3% Pl ] 76 ] il ] 195 1200 165 |
3.Paid up equity 12091 53805  THATS  TMNEL  T3eel  TIAM: TIGRD 73661 TIAEL  TESL T3REL T3hEE TXebE
4. Retained profits (] ] ] () [] [ ] L] 0 L] (] [} [}
Year 14 13 16 17 s -1 . ) i e I n |
A.Rssets {total) TSE0Y  TS2SY  7S10%  7A9SY 74309 439 74509 7435?7469 24030 73%09
1.Carrent assets JRT6T 3707 40262 43032 45317 ABKI7 51432 S4282 3716 59987 b2842
(a) hccumalated cash balance  JO974 33714 JAGEY 9239 42024 44024 4731 046 SJ4 ML R
(b} Cucreat assets he) ) 393 3753 319 m 33 Im 3 393 s b yj 2 |
2.Fired assets
(net of depreciation) 32313 2873% 25189 21627 18043 14303 1ot nn n17 %5 -0
Initial fised investzent,
replacesent and preproduc-
tios capital expenditures
3.losses ., uy 1001 %58 10300 10927 11539 1214 12718 1S3 13837 1IN
B.Lisbilities 75409 T3IS9  7SI0W  7493%  T4B0Y 4859 74309 74359 74209 J40%9 7399
{.Current liability 48 3 m r | 8 us 248 48 M 24 24
2.Pedivs-ters loans 1500 13% 1200 1050 400 1% 500 150 300 19 0
3.Paid up equity T3681 73661  T3661  TIRE1 73661 73461 7361 TIGEL  TIe6l  T3ksL 736
§.Retained profits 0 ] 0 [ [ [ ] 0 [ ] (]




15-57

Projected dalaace shect Table 15-10/8
" Low qaality Vassite autoclave digestion Exchange rate LS 200 per USD eillica of Ris
i Year 1 2 3 L} 3 & ? ] ? 10 11 12 13
;- H ' ' ' ' H ! ! ' H H ' H
i R.2ssets {tatal) SC46 I35 SCIZY  SIS45 S239S SIS 52093 A SRy 2281 SN %25 saadL
. i.Lerrent assets -3 -3 P L) T387 16309 13646 15088 16343 21017 23904 W 2853
v {a} ctueulated cash balance R -3¢ -187 1% 4283 RS 10547 12984 Q13441 17913 20380 2300 1Y
© (%) Curreat ass2ts - [] ] 303 J104 S04 3104 3104 3104 3108 3104 J1c4 3104 A3t}
S.Fraed assets
net cf depreziation) 9128 3708Y 48355  A7TOR  &%610  ALS16 36422 34038 3364 31270 28836 25502 24118
Iritial fiaed investsant,
replacasent and pregroduc-
tign capital expendilures
J.Acsses 0 0 ¢ 581 398 0 ry 0 [] ] ] ¢ 0
S.Laad:lities 9046 37563 0133 52535 32395 IS SIS AU U9 52287 5TIR0 2503 S3sél
1.0urreat liasility ] 0 140 58 258 2 58 3 258 23 28 38 z
<.Jehrsa-tere loans 519 U353 02 3 2850 2700 2550 Pl ) 730 A% 1930 18% 1£3)
~3.Faud wp equity 8527 310 A0St AI081 49287 49287  AS287 49187  AS287 49237 45287 45237 49287
§.Retatnad profits 0 0 0 L] L] ) 0 181 404 2 878 1163 148
'
;
i Year 1) 13 i 17 18 19 0 2 2 3 1]
............... ] ] [ ) ] [) ] ) ) ] ]
A.Assets (total) $2789 52952 33150 83323 SIS SIISA 53992 54245 SASI3 S479h  550M
" T.Corrent assels J1655 33802 Jetes 874 4133 43940 4362 43199 Sfast  SeS18 5TI0
T (e} Azcusoloted cash balance  Z773F 0458 33040 33837 38229 40836 43458 45093 48747 StAl4 5409
(b} Curreat assets 3104 3104 MLl 3104 3108 3104 3104 3104 3104 3104 3k
a.Fixed assets
{net of depreciation) U 19350 Leveb 14382 {2198 9914 7430 046 2862 78 -0
Imtaal fised investaent,
replacesent and preproduc-
tien capital erpenditures
’ 3.Losses 0 0 0 0 0 0 0 ] 0 ] 0
B.Luadtlities 52739 52952 33130 53323 5353 VUS4 83992 M4243 4513 S4U% 55094
§.Correat Liadility 8 25 bi 38 258 23 el 238 258 258 5
2.Rediye-tern loans 1300 13 1200 1050 900 730 400 430 300 130 ]
3.Pa1d up equity 49237 49287 49287 49787 49287 49287 49287 49287 49287 49287 49237

A.Fetained profits L1 2087 2383 ipdl 3088 5 e 2% 4568 5101 3549




15-53

] Frojectad dalance sheet Tadle 13-10/C
Lom Jaataty Bauxite tude digestion Exchange rate RLS 200 per USD sillion of Kis
tear 1} 2 3 L] S [ 7 ] 9 10 1 12 13
¢ 4 ! ! H ! ! ! ' ! ' ' 4
&.3s52t5 (total) 3 JI2EF 034 SI1Ne S1ea 51934 1St 5333 330 5892 316y SMe 538
1.lurreat assets -63 -9 Pith] 28 1579 16824 14088 16AA1  IS2IT 21300 24802  2701%  a%aS)
{a] ~ccuaulated cash dalance -63 -264 -146 1260 4350 738 10998 13552 qelad 18741 NI 23930 24342
{t) Jurrent assels 0 [] pzi) 3089 3e89 Joe? e Jogy Jog9 3089 33 308 Joa9
2. Fned assets
{nct ef cepreciation) 061 37568 48200 47196 44133 A1110 33087 33742 33417 31092 AN w2 A
Initial faxed investsent,
replacesent and preproduc-
tion capital expenditures
Z.losses 0 0 0 b\ 4 L] 0 0 ] (] ] ] (]
2.Liatilities (total) 3 377 50343 32128 51978 IV S218% 2383 630 52892 S3MEY 34t 3748
f.Current liability ] 0 14 260 250 40 2 260 0 %0 %0 %0 %0
2.Yediva-tere loans 320 2154 903 3060 2850 2700 1550 200 230 2100 1950 1800 1630
3.Faud up equity “un S1c8  A7301 48868 4BG%0 48848 48348 48848  4BBA8  4E358 43268 46363  483if
4.Retained profits 0 0 0 ] ] 106 a3 [ }3] 1232 1664 2091 33 Faki
Year . 1] 13 16 17 18 19 2 i n r u
4 ! ! ! ' H ' ! ' ! '
A.Ass2ts {total) 34090 34427 M779 3186 33528 3992 3633 6768 57206 57683 38133
1.Carrent assels 32098 34980 37637 45329 43076 45738 48495 1247 54018 5679 59593
{a) Rec.eulated cash balance 292067 31871 34548 J72R0  JYWMT 42689 45406 ABISE 30723 53707 SeS04
ib) Cusrent assets 3087 3089 3087 3087 3087 3089 3c89 3089 3089 3089 080
2.F1zed assets .
{ret of gegreciation) 792 19467 17142 L4817 1497 10187 1842 3517 3192 87  -1458
in1tial fized investaent,
replacesent a3d preproduc-
ticn capital expenditures
J.losses [ ] ¢ 0 ] 0 0 [} 0 ] 0
§.L1atilities 30090 34427 47IY SSM46 35328 35925 SA33T 36764 57206 STAT 38133
1.Ccreent haability 20 280 W0 20 260 %0 %0 20 2%0 %0 W0
2.8ediue-tera loins 1560 1350 1200 1050 900 750 500 450 300 130 0
3.Paid up equity 48868 48858  46BAD 48368 48368 48948  4B040 46848 45858  4BBLE 48840

4.Retained profils 3482 3989 L1} 4968 3500 8047 6609 1186 e 885 9007




15-59

Projected dalance sheet Tadle 15-10/0

¥igh quality bausite autoclave digestion Exchange rate RLS 200 yer UD oillion of Nis
Year H i 3 [} 5 b 7 L ] ] 10 1t 12 13
' ! ! ! 4 ' ! H 4 H 4 ! H
~.Assets {total) 0359 3438 4733 46333 51563 4312 ST07% 3983 684 B3NS 72 M6y et
1.5urrent assets -3 -13 Aae2 LH 10755 16339 283 07 31391 80 41904 26733 S19M
la} Accorulated cash balance -3 -13 198 2548 8137 13721 19320 U289 /T AN 39 43313 4939
(3} Current assets [ 0 1994 %18 218 2618 %18 %618 2518 218 un 2618 B8
2.Fized assets
(ret af depreciation) 0362 721 W53 Q3647 A0810  IM9I3 ISA36 32944 30732 28560 2438 W1T 21984
Initial fised 1nvestsent,
replscesert ard prejroduc-
tion capital espenditures
3.Llosses [ ] 0 0 0 [} 0 ] 0 (] ] ¢ ()
2.Liabilities {tatal} B339 34708 48733 38333 G156 54312 57074 9GSt 4264 oS80 482727 THIOY  73%A1
1.Current Liability ] 0 a7 -183 -183 -183 -183 -163 -1863 -163 -183 -183 -183
1.Medica-tera loans 32 2183 %07 3 850 2700 5% 4% 2% 2100 1950 1800 1630
3.Faid up equily TB38 32543 43741 45131 45131 45131 45131 45I31  4SE31 ASI31 45101 (%1l 5131
4.Retained profits 0 0 0 843 N7 5644 9536 12483 15425 18382 23 AWML 233
Yzar 14 13 té 17 18 19 0 u n 23 u
------ 4 ' ' ! ' ! H ! ! ! !
h.Rssets (total) 76328 T8T10 32607 B5519  @944h 91388 G434 91317 100304 103305 106323
{.Current assets 7236 62110 4TI99 12303 77422 82556 B7ICS  9284% 98048 105232 1084S%
{a) hcesaulated cash Dalance 58418 59492 44531 69635 74804 79728 85087 90231 95430 100424 105633
{d)} Current assets 2618 2618 218 2618 2618 2618 218 2618 218 218 218
2.Fixed s3sets
{net of depreciation) 19792 17500 15408 13216 1104 8832 8540 (1]} 5% AN
Initsal fazed tnvestoent,
replaceseat a7d preproduc-
tion capital espenditures
J.Losses 0 0 0 0 (] 0 0 0 0 ] 0
f.Lisbilities 76828 79710 82607  @3519  @BWAb 95388 94345 97317 100308 103306 104323
§.Current liability -183 -183 -183 -143 -183 -143 ~183 -163 ~183 -163 -163
2.F=é1ua-tera loans 1500 13 1200 1050 900 150 500 450 300 1% 0
1.Paid up equity . 45131 45131 45131 ASI31  ASI3f AS131 ASI31 ASI31 45131 4513t 4S13L

4.Retasned profils 30360 J3392 G439 39501 42578 43870 48777 31899 55036 36188 61335




Pigh quality baurite tobe digestion

Frojected dalance sheet

Exchange rate RLS 200 per USH

Table 13-10/E

aiilion of Rls

Year 1 2 M L} 5 ) 7 8 L] 10 it 12 13
! ' ' 4 ! H H ! H ! ' ! !

A 5ssets [tatal) wn BRI QST 47417 SO3A7 53330 6308 3901 42309 &85 s8370 M43 N
f.0arrent assels -3 -us 1623 5176 10826  1&491 22171 2 T/ WL M3l S ST
fa) Accusulated cash dalasce -53 - -104 823 2273 13938 19418 WHIT  BNUI  RIW W 043 U3
{b) Current assets () L] 74 2553 2553 2533 2553 753 3% 2553 2333 83 2353
2.F1eed assets

{ret of depreciation) 125 MY 4307 N3 356 36839 JMIST 32075 01y 27951 29389 2387 ANS
Initial fiied investrent,
rezlaceesnt 374 preproduc-
tion capital expenditures
3.Losses L) 0 ] ¢ ] 0 0 9 0 [ () -0 ]
b.Liatilities {total) 8072 33351 43902 47419 0367 53330 SE308 39301 4309 45332 46370 71423 a9t
1.Curreet Liatality ’ [] 8 161 161 168 181 161 181 181 161 161 161
2 Medice-tere Joans 523 2162 2906 3000 285 2709 2550 2400 <% UN 1930 1800 1630
3.Faid op equity 7549 J1189 41910 43257 43257 43257 43257 3297 43251 33237 432! 43297 1%
4.Retained prefits 0 0 ] 1001 4099 TAT 10380 13483 1aA4l 1984 3002 NS 2V

Year 14 13 14 17 18 19 2 A n 3 n

- eemmreceeens e e D L ' ' ! ' 4 4 ! ! '

h.33s2ts {total) 77504 80672 B3785 86713 90056 93214 94387 99573 102778 163976 16129
1.Carrent assetls $T7L 83031 43206 73396 78801 63821 85056 9430k S9S71 104851 130144
(8) Accusclated cash balance 35318 50473  §3633 76843 76048  8I:68 0503 91735 97018 102298 107393
{b) Current assets 333 2383 2333 2533 2533 2533 333 2333 2383 2583 533
7.Fived yseats

[ae% of dspraziation) 19703 17641 15579 13517 11455 2393 133 29 3207 1143 -7
Iritial f3ved 1nvestoent,
replacesent avd preproduc-
tion capital expenditures
3.Losses 0 0 ] 0 0 [ [} ¢ 0 [ L]

B.Liadilitses J7574 86672 @378  M6913 90056 93214 %4387 99373 102778 103996 109229
f.Current Liabilaty 161 16 181 161 161 181 1 181 161 161 161
2. %4 ue-ters loans 15¢0 1350 1200 1050 900 750 00 450 300 130 0
3.Fnd op equity 4;357 45351 45281 Am29) 3237 43287 43351 A%2S1 A%Q81 43I51 48T

32636 33904 39167 42443 45738 4904k 52389 5707 59060 42328 4388

4. Retajred profats




Lon quality bauxite sintering process

Cash Flow table for project

Exchange rate RLS 200 par USD

B e ———— s ]

Table 13-11/A

aillion of Rls

Year 1 2 3 ] 3 b b 8 9 10 1} 12 {3
---------- ! ! ! ! H { ! ! ! laconacuclacescennlcncnaaae!
A.Cash inflow 0 0 0 9600 11200 11200 11200 11200 13200 11200 11200 11200  §1200
1.Sales revenue 0 0 0 3600 11200 11200 11200 11200 11200 11200 11200 11200 11200
8.Cash outflom -13611 42764 18392  -6050  -747%  -MIY 7M7Y -B1G0  -B140  -B140  -BisD  -8140  ~B140
1.Total investaent
cutlay -13641 42764 -1B392  -1394 0 0 0 -989 =983 -983 -98% =983 -983
2.0perating costs 0 0 0 413 -7 - IS -NUN -UTY =N NIy =TT TS
3.Corporate tax 0 0 0 0 0 0 ] 0 0 0 0 0 0
C.Net cash flow -13611  -42764  -18392 =450 4023 4023 4023 3040 3040 3040 3040 3040 3040
D.Cusulative net .
cash flow ~13611  -36375  -7A787  -7S217  -71192  -67167  -b3142  -40102  -97082 -54022 -50982 -47942 44902 t;
&
.—0
Year 14 13 16 17 18 19 20 U 22 23 26 Salv.val  Total
-------------------- Yomesceonlonenenaal ! -t e e e e e e L e e R
A.Cash inflow 11200 11200 11290 11200 11200 11200 11200 11200 14200 11260 11200 0 229690
1.Sales revenue 11200 11200 11200 11200 11200 11200 11200 (1200 11200 11200 ° 11200 229600
p.Cash outtlow -8160  -BlA0  -BLAO  -B1&0  -Bl&0  -Bl&O0  -Bl60  -Bl60  -Bie0  -08160  -B140 8382 -232480
1.Total investaent '
cutlay -985 -985 -983 -983 -98% -983 -98% -98% -985 -983 -983 8382 -B5024
2.0perating costs M5 SN -MIY NS NS =UIS M SIS NI T -7 -1476%
J.Corporate tax 0 0 0 0 0 0 0 0 0 0 0
C.Net cash flow 3040 3040 3040 3040 3040 3040 3040 3040 3040 3040 3040 8382  -308¢
D.Cusulative net .
cash tlow <41862 -38822 -35782 -32742 -29702 -2bbb2  -23622 -20582 -17542 -14502 -114p2  -3080

------



Cash Flow table for .roject Table 15-11/8
Low quality bauxite autoclave vigestion Exchange rate RLS 200 per USD aillion of Rls
Year 1 2 3 4 3 b 7 8 9 10 11 12 13
------------ ! -! ! ! - SO e D LT LT F ey TSR POty PO
&.Cash inflow 0 0 0 3600 . 11200 11200 11200 11200 11200 {1200  £1200 11200 {1200
1.5ales revenue 0 0 0 3600 11200 11200 11200 11200 11200 11200 11200 11200 11206
B.Cash outflow <9124 -28763  -12871  -3951 <7643 -7643 7643 -B353  -8353 <8353  -8353  -8353  -8353
1.Total investaent
cutlay 9124 -28765 12811 -1577 0 0 0 =710 =110 -710 -710 =710 -1
2.C;erating zosts 0 0 0 ~M24 7643 <7843 -Ted3 7843 <7843 7643 -7843 “7643 <7643
3.Corporate tax 0 0 0 0 0 0 0 0 0 0 0 0 0
t.Net cash flow ~912¢  -28783 -12871 =351 3337 3387 . 3997 2847 2847 2847 2847 2847 2647
D.Curulative net
cash flow -§124 -37889  -50760  -S1111  -47854 43997  -40440  -37393  -34746  -318%9 =29052  -26205 -233%8
Year 1" 15 14 17 18 19 20 2 22 23 24 Salv,val  Total
-------------------- !--------!--------!--------!--------!--------!--------!--------!--------!--------!-----~--!--------!--------!--------!
A.Cash inflow 1200 1200 11200 11200 11200 11200 11200 11200 11200 11200 11209 0 219400
1.5ales revenye 11200 11200 11200 11200 11200 11200 41200 11200 11200 11200 11200 229600
B.Cash outflow -8333 -8353  -8353 -353  -8353 -8353 ~8353 -8353 -8333 -8333 -8353 8302 -2153%%
1.Totai investaeit
outlay =710 -110 =110 -110 =740 -710 -710 =710 =710 <710 =110 6302 -523%5
2.0perating costs -7643 “T643 7643 <7443 -7843  -7843 -7643 ~7643 “7643  =7643 =7643 ~157234
3.Corporate tax 0 0 0 0 0 0 0 0 0 0 0
C.Net cash flow 2847 2847 2847 2847 2847 2847 2347 2847 2847 2847 2847 6302 14261
D.Cuaulative net
cash flow =20311  -17484  -14817  -~11970 =123 -6276 -3429 -382 2245 3112 7959 14261
L

29-ST




Cash Flow table for project Table §3-11/C
Low quality bauxite tube digestion Exchange rate RLS 200 per USD sillion of Rls
Year 1 2 3 ] ] ] 7 | 9 10 i1 12 13
----- ! ! weet ! ! solmmeescaal ! ! seelemncccaclceecce lonenananlcanenan o
&.Cash infiow 0 0 0 5600 11200 11200 11200 11200 11200 11200 11200 {1200  $4200
{.5ales revenue 0 0 0 5600 11200 11200 11200 11200  1120C 11200 11200 {1200 11200
B.Cash outtlow -9061 -28507 -12782 -38%8  -7320 -7520 -7920  -B238  -B238  -B238 B2y  -B238  -8238
1.Total investaent
outiay -9061 -28507 -12782  -1518 0 0 0 -118 -118 -118 -718 =718 =118
2.Cperating costs 0 0 0 -4340  -7520  -7520  -7320  -7520  -7320  -7820  -7520  -7520  -7%20
3.Corporate tax !} 0 0 0 0 0 0 0 0 0 0 0 0
C.Net cash flow -9061 -28307 -12782 -258 3480 3480 3680 2962 2962 2962 2962 2962 2782
D.Cuaulative net
cash flow -9061 -37568  -50350 -50408 -46928 -43248  -39368  -3b606 33644 -30682 -27720 -24758  -2179%
Year 14 15 16 17 18 19 20 U 22 23 24 Salv,val  Total
-------------------- R et AL EE Y ---! i ! -~ S e P L FUS PRy
A.Cash inflow 1260 11200 11200 11200 (1200 11200 11200 11200 11200 11200 11200 0 229409
1.Sales revenuve 11200 11200 11200 11200 11200 11200 11200 11200 11200 11200 11200 229600
B.Cash outfloa -8238 -8238 -8238  -8238  -8238  -8238  -8238  -B238  -B23@  -8238  -8238 6763 -212451
1.Total investaent
out.éy -8 =718 -118 -118 -18 -718 -718 -718 -718 -718 * -748 8363 -57711
2.0perating costs -1520 7520  -7520  -7320  -7520  -7320  -7520 7520  -7320  -~7%20  -~7520 -134740
3.Corporate tax 0 0 0 0 0 0 0 0 0 0 0
C.Net cash flow 2982 962 2962 2962 2962 2962 2962 2962 2962 2962 2962 6363 17149

D.Cusulative net
cash tlow -18834 -15872 -12910  ~-9948 -5986  -4024  -1042 1900 4862 ' 7824 10786 17149

£9-G61



Cash Flow table for project Table 15-11/0

Righ quality bauxite autoclave digestion - Exchange rate RLS 200 per USD aillion of Rls
Year 1 2 3 4 H b 7 8 9 0 1 12 13
........... ' ' ' ! ceelioeaconciamascannloncncan-! - -l wrelommrecaclomancceeloneeancal
A.Cash inflow 0 0 0 5500 11200 11200 11200 11200 11200 11200 11200 1200 11209
1.Sales revenue 0 0 0 S600 11200 11200 13200 11200 11200 11200  14200° 11200 11200
p.Cash outflom 8362 -20359 -11729° -4713  -5181 5181  -5481  -3626  -3826  -3826 -5826  -3826  -5826
1.Total investaent )
outlay -B362  -263%9 -11729  -14B1 0 0 0 -b43 -b43 ~643 =543 -b4% ~b435
_ 2.0perating costs 0 0 0 -3032 -S181  -S181  -51B1  -3184  -53i81  -§i8l  -3181  -3i6l -51814
3.Corporate tax 0 0 0 0 0 0 0 0 0 0 0 0 0
C.Net cash flow -8362 -26359 11729 887 4019 6019 6019 534 5374 3N I 3374 34
D.Cuaulative net .
cash flow 8362 34721  -46450  -45563  -39544 ' -33528  -27%06 -22132 -147%8  -11384 <4010 -b36 4733
Year 14 {5 16 17 18 19 20 U 22 23 24 Salv.val  Total
.................... !--.----- !-..-----l--------I--------l--------l--------I--------l----.---l-.---.--!--..--..!.......-l.-....--!.----.-.!
A.Cash inflow 11200 11200 11200 11200 11200 11200 11200 11200 11200 11200 11200 0 229400
1.Sales revenue 11200 11200 11200 11200 11200 11200 11200 11200 11200 11200 11200 2294600
9.Cash outflow -S826  -3826  -5826  -5026  -3826  -3826  -3826  -3B26  -3B26 -5826  -382% 5630 -180118
1.Total investaent
outlay -543 -645 -643 SH -b45 -64)% -54% Y H -643 -54% -54% 5630  -334bb
2.0perating costs -5181  -S18L  -3181 3181  -5181  -5181  -5181  -%181  -§181 318l -5101 «1066%2
3.Corporate tax 0 0 0 0. 0 0 0 0 0 0 0
C.Net cash tlow I 3N SIN SIN I LML 334 37 3374 I LML 9630 89482

D.Cuaulative net
cash flow 10112 15486 20880 206234 31608 36982 4233 47730 33104 58478 63832 49482

F9-ST



Cash Flow table for project Table 15-11/€
Kigh quality bauxite tube digestion Exchange rate RLS 200 per USD aillion of Rls
Year { 2 3 ] 3 6 7 8 9 19 i 12 13
------------ ! -! emelewe ! e e e e ey R ELLL LY
A.Cash inflon 0 0 0 5600 11200 11200 11200 11200 11200 11200 11200 14200  1(200
1.5ales revenue 0 0 0 5600 11200 11200 11200 13200 11200 11200 11200 11200 11200
B.Cash outflom =B125 23444 41331 -4314 =300 =500  -5100  ~3740 <5740 <3740  -S5T40  ~5740  -5740
1.Total investaent
outlay -8125 23444 -11351 -13W7 0 0 0 -540 -540 ~b40 -540 -040 <640
2.0perating costs 0 0 0 -2977  -5100  -3i00  ~3100  -5100  -9100  -S5100  -3100  -5100  -3100
3.Corporate tax 0 0 0 0 0 0 0 0 0 0 0 0 0
C.Net cash flow -8125  -25444 11331 1204 6100 6100 6100 3440 3460 3450 3460 3440 S440
D.Cusulativ- net o
cash flow -8125  -33569 -44920 43634 37934 -JL434 23334 -19874  -L44L4 -8934 -34N4 1968 7426 AN
............... - e cmcmcemcreenronaencne o
Year 14 13 16 17 18 19 20 2y 22 [N 24 Salvoval  Tatal
-------------------- O b R D e e e et R LI AL T L A P T L P L e
A.Cash inflow 11200 11200 11200 11200 11200 {1200 11200 11200  §1200 11200 11200 0 229090
{.Sales revenue 11200 11200 11200 11200 11200 11200 11200 11200 11200 11200 11200 229600
3.Cash outilow <3740 3740 -5740  -3740 -5740 3740 3740  -3740  -5740  -3740  -3740 5973 -1%6541
1.Total investaent
outlay -540 -640 -640 -540 -640 ~640 -540 -b40 -540 -640 =440 973 5184
2.0perating costs -3100  -5100  -5100  -3100  -5100  ~51Uo  ~5100  -3100  -5100  -5100  -5100 =14
3.Corparate tax 0 0 0 0 0 0 0 0 0 0 0
C.Net cash flo« 5460 3460 34460 60 3440 3440 3440 5440 4460 3440 5440 3973 73059

D.Cuaulative net
cash flow 12886 19346 23806 29266  JA726 401806  A%b46 31106 %66 52026 67436 73097




Cash Flow tadie for equity Tadle 33-12/A
Lee Quilily daosile siateri~g process Exchange rate KLS 200 per USH sillioa of Ris
Year 1 1 3 [} 3 $ 1 [ ] L] 10 11 1 13
' ' ! ' ' Yoominenat ' ' H ' ! ' !
a.vash i=flce L] (] [] 5800 11206 11200 11200 L1200 LIXG LG AN M 130
1.3ales revesae [ (] ] 5600 11200 1106 11200 11206 110 11200 120 UM U
#.Cash c.ttloe -13%91  -8I8 -178I6  -B1S2 -T828 -TRL0 1575 -GSEY 9550 -8 -BS10 -ENS -840
1.7etl eznity Bt ST TH LI b/ YL Y ) ’ 0 L] 0 ] (] ] 0 0
S.aspiazearit [ ] ] [] ¢ (] [ ~985 -383 -583 ~583 -%35 -383
S.Bepayarct of z.tside
firarzing [} [} () 0 -1 -15% -1% -1% -1% -1% -15% -150 -1
4. irterest o0 catsile
fimarcing () [ ] ] -300 -85 -210 ~25% -240 T it -1§3 -180
3.C;eratimg cesls [ ] ¢ UM% -1’ -u1 MU -NuI -1y -NIS NN -NIS -NIS
t.0a7zcrate tan 0 (] [] (] (] ] (] [ (] [] [] [ [}
C.het casy flow -390 40414 -17070 ~542 3573 b3, ) 3403 2033 %5 284) 430 673 me
D.Cusslatied set
cash flew 1391 -SR0S CTIATS  -TIT  -48AA2  -43032  -BIA37  -38812  -38162  -53667  -SO817  -48I72  -8%4M2
Vear ) 13 13 1Y) 18 19 0 i n 3 @ Salvovi. Total -
----------------------- Yoromonne? ! ' ' ' ' t 4 ' ' ' 4 '
2.0a3% 1% S 1) W U0 LIS 1200 0 11500 J1300 LS 112 1IN 0 a0
1.3a%08 revenue 11200 11200 31300 31200 11200 51200  §1200 11200 13260 11209 11200 223600
B.Cash oulfise -6673  -3060 BN -E030 -B413 9000 -0383  -G370  -6335 -B340 -813) 8382 -23:330
L.3atal esatly ] 0 0 (] 0 (] 0 0 ] [ 0 8e2 -850y
i.Ceglazeneat -73d -9 -903 -93 -983 =983 -163 -983 -§53 -983 ~983 -1474%
3.Repa,0ent of catside
firarcing -1% -13 -130 -1% -150 -1% -15% -1 -150 -1% =130 -3%
§.Interest on culside
LIETIIRE | -183 -150 -133 ~120 -103 -0 =15 -40 -4 -3 -13 -3150
S.5;#00%0 g costs NI NI NI NI NI NS NS NI ST TS eUTS -147856
5.Corga"ate tas 0 ] ] ] ] [] [] ] [ 1] [ [
C.Net cas* fige 3 0 753 e 2783 000 13 4w 2543 200 ria}] 8 -

D.Cusslative net
cash flce -42587 9947 37192 M2 -3U6Y) 20837 -20022  -23182  -20347  -LTMBT -Q8M12 -0

coan




Cash Flew tadle for equity Tadle 15-12/8
Lce quality Bawnite awtcilave digestion Exchange rate RLS 260 per USD siilioa of Rls
Year 1 1 3 [} S b 7 $ s 10 in 12 13
! ' 4 ! ' ! ! ! ! ! ' ' ! !
£.0a5h 1aflce [} [} [ %0 11330 1o 1id M un [SPe T S\ S 1 e, N ¥~
§.5ales reveswe (] (] L] ¢ NN 1120 1100 1360 1200 11306 LI 11200 1120
B.Cash cutflce -8537  -26E83  -1Z361 -MN0 -R0T3 -RT8 -RWI -f138 BT -7 T3-S 86
1.1otal e3aity -§337  -0933  -1Z2:81 1% 0 [ (] (] ] L] (] (] ]
2.hsplacesent L] [ [ ] (] () [} =110 -1 -1e -1ne =110 -0
3.Fepayeent of eetside
financiag ¢ [} () ] -1 -19 -1% -1% -1% -1% -1 et -1%
4.Interest on sutside '
f1aanCing (] [} (] ¢ -300 -383 -1 -255 -240 -3 il -19% -150
$.Cerating costs [] () ¢ U2 STHY -TRSY 7R3 T8 -TE3 -TRES -TWS TRl -Tedd
$.Cozarate taz ¢ L (] ] 0 [ ¢ (] 0 (] (] (] (]
C.nat cask flow -§521  -e83 1228 - 3107 un ns 117 {3 un un 2502 Fait)
D.Cueulative net
cash tlaw -6527  -33410  -A%4%1  -AB111  -45008  -01€92  -38745  -36303  -3IGM  -J1374 -26S87 24398 -23848
Year 1 13 1 17 19 1] 9 u n 29 U1 Salvoval. Total
.- H ' ' ! ' ! ! ! ! ' 4 ! Joua wacat
£.0ask inflow 11268 L1200 199 1100 11200 11206 11GG0 11200 M1300 1230 11:00 o 235400
1.Sales recere 1200 106 126 109 1200 11200 11200 20 11200 11200 L1200 00
$.Cast cutflos ~0088 -B833  -BA38 623 -BA0E 8393 8578 D383 8548 9533 8518 $302 -2i648¢
1.Tetel esuity ] [ ] ¢ [ L] ] ] (] 0 [} $392 42583
o.Peglaceannt -T10 -0 =110 -T10 710 -0 -T10 e -0 -ne -110 -120710
3.F2;apveat of outside .
firarcing -I¥ -1 1% 1N 1% W 1% 1% -1 <150 -1%0 -J600
S.1nterest ca gutside
fisarcirg -153 -1% ~133 -130 -103 -% -13 -4 -3 ] -13 -3150
3.05erating costs 02/ D (15 SIS /13 SRNNES /1) SRS /1) SRS 77 3 SRS /15 SRS /0 JRNES 1 3 SRS /1 3 SRS (13 -157284
5.Carporate tax (] (] (] ] ] ([} (] 0 0 ] ] (]
C.5et cas® flow Fpht 3547 1382 “n 1 207 un uy s2 r 1Y) 1nn 4302 11118

B.C.oulaliee met
cash flcw -a13%6 -1V L1 1N 11038 -t -uy N2 -3 nn L L B 1§11}




Cash Floe tadle for equity Tadle 13-12/C
" Lew geaitty taunate tube Grgestion Excharge rate KLS 200 per £S5 stllzen of Ris
Yesr 1 2 3 [} b} é b ] ¥ 1 11 12 13
4 ' . ' ' H ! 4 ' ' 4 ' ! 4
3.Cas 1afice L] (] [ 0 I8 112 N3 LIRS I HIX UM R U
1.Saies reveswe () (] [} 5600 L1200 11200 I LI LN LN L0 L2 11060
0.Cash osttlon -ETY 2808 <IN -7 - -9 TR -ES - -RID 4 -1 65
1.70tal equity 4413 26433 173 -147 ) ] L] (] ¢ (] L] [ (]
I.7eziacenant ¢ (] [} [ L} ] ¢ -m -1t -1 -1t it it
3.Reapoent of ewtside
firarcarny ] ] ¢ ¢ <IN -IN IR N -IN -IN -IN -IW I
4. Interest ca gutside
tirascing (] (] [ ] -Ye0 -85 -1 -25% -8 -3 it -19% -1%
3.0perating costs [} () ¢ -0 -1 -1 1510 -1 1N 1SN0 TSN SIS -TSH
§.Cerpzrate tas L [ ] L () [ ] (] (] ¢ ] L] (] (]
C.5et cash flew -§473  -2e83S  -12173 -307 nn hy 1] 20 b2t nn rn 802 »17 ity
8.5umlative met
cash flea -8473  -35128 41301 4708 -M378 -4HM33 -37073 -ISBIE -3 -ROIST 2058 - -TRN0b
Year ] 13 1% 17 18 1% » u 7] i B Salv.val. Tetal
- -e ] ] ] ] [} ] [} v ' ] ] ] ] ]
8.Cask inflow 126 1160 1I2%0 1300 11200 11200 1Y BB U0 11 1IN0 " 22560
1.5aies revesue 11200 1130 11200 11200 112060 112006 11200 11200 11200 13300 11209 3600
§.Cash o:tfloe -§333 -3 8323 638 -3 -BAT0 -RWT -8 -Re33 8613 403 8383 -21501
1.Tctal equaty ] ] (] 0 0 (] (] ] (] (] 0 B33 %S
2.Replazesent -8 -1 -118 -0 -0 -ns =118 -1i8 =14 -1 -ne -12206
S.hepapeent of outside .
firarcang 1% -1 -1 -1 -1% -1 -1 1M 1N -l -1% ~3000
§.Iaterest oa outside
fizanzang -163 -1% -133 -1 -103 -% -1% ) -43 - -13 -3150
Siecating costs “1520 <7320 1520 <1520 <15 -YSM0 7520 TS0 -YSH -DSN0 1S -154740
b.Cerpzrate tan [} [} L] 0 ] ] 0 [] 9 ] ] [ ]
C.het cash floe r{1)) 82 wn W9 70 m uy us 787 m? m 6383 13999

B.Cusslative net
cash floe RALTS LS {71 1B U1 (IS YT B | 7 SR Y1) RS (1Y) -110 2087 L)1} B 1




25N g.alaly Saunte autociave digestion

Cash Flow tatle tor equily

Eschaage rate RLS XS per USD

Tatle 13-32/8

aillion of Ris

Year 1 1 3 [} ] [ 7 ] ] 14 1 12 13
' ¢ 4 H ! ! H ' ' H ! H '
2.0ast nllca L} (] [} 30 M2 W NN (IS8 LR 1100 (1200 2200
1.%aies reeeme () [ (] 06 11200 11200 11206 11200 1126 LI 11200 11366 11288
Lash o tiice ~7e3  -I000T  -1BMW -A432 -B631 -SeEh 5601 I3 Rk -R201 -RIGE -MITL -bISE
1.7:%1 e5aty R -NNT -I% -1IN [ ¢ (] (] (] 0 ] L] [
L.3egiazenent [ [ ) [ () () () -443 -643 443 -#43 -443 -543
3. Bezipoet of culside
LRT4TH (] (] ] ] -1% -1% -1% -150 -9 -15¢ -8 -150 -150
4. Interest 28 gulside
f1racieg L] [] [] (] -300 -28% - =253 -4 =123 -210 -193 -1%¢
3.3;erater; costs ] ] ¢ -2 -um -um Ml -us o -M -Nm St M -hie
b.2orzcrate tar (] (] (] ¢ () () [} (] L] [ (] [ [
C.%et cash flee -1 -N701  -L% 1173 b pil ) 3" 49 (11 ] 15" L1 L7y N
8.Cunslative net
cash fio -J338 -32545 -A3MAL 42363 -3e'94 -3L410 -ISEMD -G -13858 -1085%  -5843 -8 228
Year 1" 13 14 1 18 1 <] rH p] 3 A Silv.val. Tetal
P [ ] [} ] L ] ] [] ] 1] [ ] [ ] [ 1] ]
A.2ash iafioe 11200 11200 11200 120 L1200 {1300 11200 14200 11200 11200 11200 0 235600
1.Seies revence 13200 11200 11200 U0 11200 11200 11200 120 11300 IGO0 11200 39600”
9.Cask o.tlicw -bI81 8126 -GII1  -80%% 4081 4086  -60S1 -3 -4021  -8006  -3991 3630 -143248
1.Tot) equaty ¢ (] ] [ 0 0 (] ] 0 (] ] Wl -39501
2.Fezlacenent -443 -b43 B 1} -433 -3 ~543 -445 -443 -483 -443 R 1} -10963
3.7e5a0neat of cilside
1imavCang -1%0 -1% -15% -15% -15% -130 -150 -1% -130 -150 -1% -3000
4.1 %rest on oulside
fi=avzing -163 -150 -133 -1 -103 -9 -13 -40 -4 -30 -13 -31%
5.C;eratsry costsy 11 VR 11 TS 11 ] DS 11 SRS 11 ) S 11 J SR 1 ) NS 1T PR 1 [ SRS 11 | SRS 11 [ -106832
6.Cerperate tas ] ) (] L] [} ] 0 [] (] 0 [] 0
C.Net cash flcw 3039 2] 3009 104 11 3134 e 11 nn 5194 3209 330 IR
B.Curulative et
9287 L4361 19430 20550 29473 34807 39956 43120 %0299 53493 40702 44332

coih floe




Cash Flow tatle for euity Table 13-12/E
Mgk cality bagrate tude digestion Exchasge rate BLS 26¢ ger USD eillise of Kis
Tear 1 1 3 ] b} é 7 L] L} 16 111 12 13
.- ' ! ! ' ' 4 H ' ' ' ! ! H !
A.2ask jatlew ] (] L} 5630 11360 1IN0 100 11200 LIS 1120 11200 LN 1IN
1.3ales reveone (] U ] b TE T Vi R ¥ e 10 1160 11200 11360 11200 1100 11209
E.Cas) suttice STSI? 0 -TTe%0 10721 -3 9530 SIS S5O0 G145 B30 -BRIS -6100 4085 4070
1.Tctal equity -13Y -2 -oTal -1 ] ¢ 0 (] (] ] 0 (] L]
2.Replaceseat ¢ [} ] [ ] (] () -840 -680 -430 -840 ~440 -440
3.8epaprent of catside
fizancing L] ] ] ¢ -15 -15% -150 -150 -15% -150 -1% -15 -13%0
8. Iaterest oo outside
fiaazcing ] ] ] (] -300 -3 -1 -13% -0 -3 il 193 -180
$.3perating costs ] ] ¢ B -0 5160 5100 -S100 -5100  -S100  -3100 5100  -5100
. &.Cerperate tax (] (] [} ¢ [} ¢ [ ] 0 0 [} [} [ 0
C.%et cash flow -154% 2N -1 12 3630 5853 598 5033 076 %33 5100 My N
B.Cusalative aet
cash flow -THY 31189 -R1910  -4CS34 34990 -TSNIY 2NNy -lESEd 135K g4 -3 178 8916
Yesr H ] 13 1 1 (] 1§ 0 i Fed 3 U Salv.val, Total
..... ] PR, | 1 1] [} ) 1] (] ] ] [] 1 [] []
&.5a0N infles 11200 L1300 K200 131200 11260 1M200 11200 i1X00 LT 11200 11200 0 239400
1.Sales revesve 100 11200 11200 B1200 13200 15200 {1200 1200 Q1200 13200 11200 229500
B.Cash outflcs -6233 4040 6023 4010 -399F -3530  -3985  -59%0 -5935  -5920 -390 813 -13:8%1
L. T:tal equitly L] 0 [ 0 0 0 0 0 ] (] 0 5573 -37484
2.Repianesent -4 -440 -840 -6 -840 -440 -840 -b49 -440 -440 -440 -10880 -
J.3epayeent of outside
fisancing -150 -1% -1% -1 -1% -150 -15% -150 -130 -1%0 -150 -3000
4.Interest o outside
finanging -163 -1% -13% -120 -108 -9 -13 -80 -4 -3 -13 319
3.Czerating costs -3106 <3100 3100  -3100 3100  -3100 - -5100  -5100  -5100  -5100  -5100 -1
§.Cerporate tas ] (] ] Y [ 0 [ 0 L] (] 0 ]
C.%et cash flow 5143 5160 13} ) i 5203 120 3233 5250 5263 5280 3295 3373 4990y
0.Cusulative net
cash flow 1680 19331 223% 27586 3I791 38011 A370  AEN%6  S3T61 59041 4336 69900
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To he region of Jajarm the bauxite mining heas no dangerous
e
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Contrzr»y to +this the '"red—mud" as a side-product in the
process of aluaina ©production represents a considerable
dznzer +©to +that underground-water resources which supsly
drinking and irrigation wzter to regions of considerable
extension - if it can filter into the loose sedimenteary

rocks on the surface or close to it.

To avoid the hazards of red-mud disposal in ponds it is
highly recomnmerded to choose +topograshical depressions
("closed vallers" opreferably) in impermeable rocks o
dispose the mud. Terrains formed by the lower parts of <the
Shemshak-Formation or wvolcanic rock like basalt and its
tuffs are suitable to this purpose. Aryhow, a thorough
geolozicel, hydrc sologicel and soil-engineering research is

to be dore in order to select the proper site.

However, contanination of underground waters by the caustic
cen be prevented by using the technology of "dry-red-mud"
d:sposal. This technology is used in one Hungarian alumina
plant (Magyarbvér Alumina Plzut), and it is used in soxm

other alumine plants as well. For the Bayer process vorianis

the "dry-red-mud" disnosal is envisaged.




17. EFFECT OF CHANGES IN BAUXITE QUALITY ON THE
SPECIFIC CONSUMPTIONS AND PRODUCTION COSTS AS VWELL AS
THE TOTAL INVESTIENT COSTS IN THE FUNCTION OF THE PLANT

CAPACITY
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17. EFFSCT OF CHANGSS I BAUXITE QUALITY OU THE SPECIrI C
COI'SULIPTIONS AND PRODUCTION COSTS AS WELL AS THE TOTAL
UVESTIENT COSTS I THE FUNCTIOHN OF THE PLALT CAPACIY
A+ the present phase of the bauxite prospecting - as it wes
stated before the average composition of the bauxite to bhe
processed and the adequate plant capacity can nect ©be
determined yet. The selected plant capacity (200,000 tons

quality to be
(moéulus 3.77

ect realization

per year) may be less and the expected bauxite
processed may vary between the studied values
6.83)

(Feasibi

I order to facilitate the decision making we have made some

n L

2.2 in the next phasz ol the proj

lity Study phase).

informative calculations on the invesiment and production

costs in the function of the piant capacity (from 75,000 t/v

to 200,000 t/y) and that of the bauxile modulus (betiween
3.77 and 6.85).
In the calculaiions 1ine following bauxite gualities were
taken into consideration.
IC5-2 IC5-3 (calculatea
values)
Al203 52 .4 44,2 43.3
5ils 7.0 1. 9.0
Hodul,
AIEG /510, 6.05 3.77 5.0
I+ is important %o point out that with the increasing
modulus the A1203 content is increasing significwatly,
too whilce the 310y corntent is decrcasing.




T< should bz emzhasized that in these cases (when the

A1203 content is chonging significantly) the =cdulus cof

tne bzuxite (A1203 to S5ilo rztic) iz not sufficient *o
harasieorize the bauxite gqualit;. Prom tochmolegical peoint

® yiew gme of the bhest characieristic index for the lauxite

In this interpreiaticn the fellewing availatle 2lumina
ccntenis (£15,0,-53i0,5) belong to the a2bore considered
2-3 2
touwite moduluz:
Avoiloable alumina, %
H R R e ’ K o
.onuias (.".1203 - 5-02 )
77 32.5
5.0 38.7
6.£¢ Ln.g
Tre inveostigoticn of  the offect of the bounite gquzlity on

ti.e invesziment and production costs was st
fincticn of the available aluminz content (Al
S0, %) of the bauxite. (The bauxite modulus values are
indicated in the figures.) In cace of the sintering
s all calculated values were extrapolated tased on the
a given by VATII, for the following one hauxite
composition only: Aly0g: 47.4 . $10p 11.6 % (modulus:

4.1), the srecific baurite econrumptian: 2,573 +/4 (in 2y
r

ead cala Tt fa) P AN Ve /e o, ” e
pataht ) Taa00, counzumpticon 220 kg/t, fuel comaumniion

- el
- ™ Yi Ay WL oy 27 » FAM Y (P AR e -
T NAURKLINE purpertlng OonLy MlLniouL CARLCINLolOoN) DT TS T.
5 - h) n cad -V d . & e 3 [ (o] [V ] Aad Lo
Tea o ALaQe mi2Yd yao Zound s high as WU L rodaved O

c
e aluning content of the bauxite.
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significantly by the bauxite quality, therefore the specific
bzuxite conszumption is 1n¢luencea bj the A1203 content

0l the bazuxite only.

Trhe specific Dbauxite consumptinn in the function of the
bzuxzite queality is shown in Fig. 17-1/A for the sintering

process and in Fig. 17-1/B for the Bayer process.

In the specific consumption figures the tendercy of the
imrorted soda ash consumption has a specizl importance.
Pigs. 17-1/A znd 17-1/B show that the sintering process has

a lower spec:! “ic consumption if the modulus of the processed
bauxite is iess than 4.5. If the A1203 to S5i0, ratio
is hicher than 4.5, the Boyer process hez the lower specific

consumntion,

2.553 t/t) even if the processed baunitc has an AlnCs
to 8iC, ratio of 3.77, is less than the reguirement of
- . v\ ] R . ] .
sintering only (0.53%4% t/t) at the sintering process.

ig. 17-2 shows the total investment costs in function of
=d Yig. 17-4 the total investment cost

a
in funection of the plant capacity for both processes.

he investment costs of the sintering process atv  the
£ 200 kt/yecar and in a bauvite medulus renge from

)
.0 are 35-40 ¢ hirher then in the canme of the Bayer

3.77 to ©

e e (.v the dicentic ar t R 1'7_ The + Lo e
procecs (Lube digestion ian = 2 1~ investment
costs of the Bayoer process at cach oxamined production
capnoits shew sirmifiecantly betior valuves than thouse for

sinteri: t process (Miga. 17-4).
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In PFig. 17-3 the totzl investment costs of the Bayer tube
diszestion process is plotted in the function of the bauxite

quzlity in the range of 75,000-200,000 tpy plant capacity.

Tre expected production costs can be seen in Fig. 17-5 and
17-5. Fig. 17-5 shows the comparison of the production costs
o the Barer tubts digestion and sintering process in thne
furnction of the bauxite quzality, in Fig. 17-6 the production
of the Barer +tube digsstion process are plotted at

s
gifferent plant capzcities.

The bzuxite guzlity has a greater influence on the
production costs at the Bayer process than at the Sintering
one (Fig. 17-25). Howaver, the production costs of the Baye

process, even if processed bauxite with a modulus of 3.77
is 1less Lty about 2000 Rls/t than those of the Sintering
process. t a modulus of 5 the difference is more than 60CC

1s/%.

On the basic of the above statements +the following

conclusions can k2 arawn:

- above the bauxite modulus value of 4 the Bayer process is
moere advantagscous in 21l respects than the sintering one,

- the quality of the product alumina manufactured by the
Bryer process is much betier and less contaminated than

the alumina produzed by the Sintering process.

v thie present Pourite cexplorations indicate o better
bruxite ovalit; than that considercd for the low qualiiy
surite durin:g the elaboration of the variants, the

Jleetion of the Bayer procesc can be rather more justiified.




SPECIFIC CONSUMPTIONS IN THE -FUNCTIOM OF
BAUXITE QUALITY

SINTERNG PROCESS
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. ,* f 1 SPECIFIC CONSUMPTIONS IN THE FUNCTION
I OF BAUXTE QUALITY
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TOTAL INVESTMENT COSTS IN THE FUNCTICN OF BAUXITE QUALITY

35000 200,000 tons alumina /year
Millions 34 640
of Rls | N SINTERING PROCESS
! 32462
30000 - 30900
&M BAYER PROCESS TUBE DIGESTION
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Fig.17-3

TOTAL INVESTMENT COSTS IN THE FUNCTION

OF BAUXITE QUALITY
BAYER PROCESS TUSE DIGESTION
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Attachment A1

GENERAL DESCRIPTION OF THE BAYER PROCESS
FOR ALUHMINA PRODUCTION

Introduction

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 of alumina hydrate by seeding from =odium
aluminate liquor. This was a departure from the
Deville-Pechiney carbon dioxide precipitation process.

The second of Bayer's patents (1894) claimed 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.AM.

The process may be followed in the generalized block-and-line
flowsheet in Fig.A2.
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The first step, raw material preparation, involves miring,
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 wusually
washed continuously in counter-current decantation (CCD)

equipment before being discharded.

In the fourth step, precipitation, the clarified sodium
aluminate solution is cooled to supersaturation and seeded
with alumina hydrate. After precipitation +the hydrate is
classified, separating coarse prcduct fractions and fine
fractions, which are retained as seed for succeeding
precipitations. In most plants the spent 1liquor 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 Bayer's
inventions nearly one hundred years ago, there have been a
number of modifications and improvements.
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Tkese developments have been largely determined by:

a) the physical, chemical and mineralogical characteristics
of the ores

b) the economics of materials (and equipment) 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 by the electrolytic
reduction of alumina dissolved in molten cryolite using
carbon is some form as electrodes. This is the well-known
Hall-Herault process discovered in 1886.

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, 1is 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
small values.




Figure Al

BASIC REACTIONS OF BAYER PROCESS

Al.0..H.O(S) + 2NaOH + 2H.0O Digested at 230°-280°C — 2NalAl(OH) ,] (1)
2232 2 4
(Bochmite or Diaspore) (Caustic Scoda) ' (Sodium Aluminate)
Al.0..3H,0(S) + 2NaOH Digested at 110°-145°C - 2Na[ALl (OH) ,] (1A)
293" ; 4
(Gibbsite)
2Na[AL(OH) ,) Precipitation 54°-60°%C T Al.,0,.3H,0(S) + 2NaOH (2)
3 5 29372
A1,0,.3H,0(S) calcination 1000°-1200°%¢ -—> Al,04(S) + 3H,0(v) (3)

(Gibbsite) (Alunina)
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Titzniuz and vanadium must be controlled to give conductiviiy
grade metal, and soda and phosphorus- affect the bath
operation, the former by disturbing the flux composition
which must always be kept close to that of cryolite which is
3NaF.AlF3 of the electrolysis.

A typical analysis for reduction grade alumina is given 1in
Table A1.

Table A1.
Aly04 98.5 -99.4 %
Na,0 0.30 - 0.65 %
510, 0.015- 0.C25 %
eyl 0.010- 0.025 %
Ti0y 0.001- 0.005 %
V505 6.001- 0.005 %
P05 0.001- 0.002 %
Gay03 0.005- 0.008 %
Cal 0.05 - 0.0 %
Loss on ignition 0.05 - 0.50 %
Mg0 0.001- 0.003 %
Zn0 0.005- 0.020 %
S04 0.001- 0.020 %

The physical properties affecting the performance of the
reduction plant are, degree of calcination (that is, the
extent to which the alumina has been converted from the
active kappa form to the non-water absorbent alpha form 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
alumina. There are 1lots of qualities between the two
traditional ones shown in Table A2.

Table A2

Comparative Table

SOME PHYSICAL SPECIFICATIONS OF TYPICAL SANDY AND FLOURY

ALUHINA

Typical Typical
Paraneters Floury Sandy
Loss on Ignition (LOI) ¢c.3¢ 0.9-1.2 %
Specific Surface Area 0.5-10 m2/g 40-45 mz/g
alfa Al,04 60-70 % 20-30 %
Bulk Density 0.95-1.0 t/m3 0.88 t/m3
Angle of Repose 40-45° 28-32°
+ 100 Mesh (149 micron) 0.1 % 2-8 %
- 325 Mesh (44 micron) 50-55 % 6-10 %

Raw Materials

Aluminium is the third most abundant element in the earth's
crust but only a comparatively small proportion of the
aluminium minerals car be used commercially for the
production of alumina. The (atent 1literature +teems with
jdeas for making alumina from clay or feldspathic type of
mineral but in practice virtually the whole of +the alumina
for metal production is made from the hydrated alumina ores -
the bauxites - using the classic Bayer process in one of i&s
forms. ‘ :
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The Bayer process depends on the variations in solubility of
hydirated alunina in sodium aluminate solutions with change of
concentrations of soda and temperature; the solubility of the
alumina varics widely according to the particular hydrate
concerned. Alumina occurs naturally in bauxite in the form
of the trihydrate gibbsite or the monohydrate (boehmite and
diaspor). Alumina in the trihydrate form is much more
soluble than monohydrate alumina in aluminate 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 Guianas, Venezuela and Brazil in South America, West
Africa (Guinee, Ghana and Cameroon), Vietnam, India and

Indonesia in Asia and Europe.

Table A3 gives +typical analyses of ores from different
regions. Table A4 shows some minerals occurring in bauxites.

Table A3
ANALYSIS OF CHARACTERISTIC BAUXITE ORES

France Ghana Guyana Jamaica Weipa Gove Guinee
S102 combined, % 5.0 1.2 3.0 2.5 3.0 2.6 1.8

Si02 quartz, % - - 1.5 - 2.0 0.4 0.8
Al203, % 54.0 54.0 59.0 50.0 59.0 50.0 45.0
Fe203, % 25.0 16.0 3.0 19.0 7.0 19.5 24.1
Ti02, % 3.0 1.8 3.0 2.5 2.5 3.2 2.2
L.0.I., % 11.5 27.5 29.5 25.0 26.0 24,0 25.0
Ratio

A1203/comb. Si02 10.8 45.0 19.6 20.0 19.6 19.2 37.0
comb, Si02
Moles H20/A1203 1.13 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 of combined silica (i.e. silica present as
¥aolinite or halloysite) reacts in the extraction process tc
form an insoluble sodium-aluminium-hydrosilicate of
approximate composition 3/Na20.A1203.28102.(1—2)H20/Na2X,
where X:C05°~, 20H™, 241057, 50,27, ete.

and consequently reduces the possible alumina yield and takes
soda from the circuit. It is rare for ores of above 5-7 %
S5i0, to be economic. The percentage of quartzitic silica
is important. Quartz is present in significant quantities
in the South American and Australian ores but it is
virtually absent in the European and Ghana ores. Its
significance is that under the relatively severe
conditions required to attack boehmite bauxites the
quartz is attacked in a similar 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 1lower
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.
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Table A4
SOME MINERALS OCCURRING IN BAUXITES
Gibbsite Al(OH)3 or £1505.3H0
Boehmite A10.0H or A1203.H20
Diaspore Al10.0H or A1203.H20
Quartz 510,
Kandites A1,8i,04,(0H)5 or
A1503.2530; .2Hy0
(kaolinite, nakrite,
dickite, metahalloysite)
Halloysite Al, Si, 049(0H)g (Hy0)y
Hematite Fe203
Goethite FeO.OH
Al-Goethite Fe1-xA1xO.OH
Calcite CaC04
Anatase,Rutile TiO0,
Crandallite CaA13(P04)2(0H)5.H20
Apatite Cag (PO, .C04)(F.0H.C1)
Chamosite (Pe?*,Pe3* Mghl) g (SipA15040) (0H)3
Illite, hydromuscovite (K,Hy0)Al,/(Hy0,0H),A15815040/
Lithiophorite (A1,Li)(HnO5)(0H)»
Lithiophorite (A1311)(lin0, ) (O3 ),
Muscovite KA12(AISi3010)(OH5F)2
Siderite Fe003
Pirite, Marcas FeS,
Ilmenite FeTiO3
Zircon ZrS510,

Hausmannite MnO.Mn203
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Host bauxite occurs near the earth's surface and therefore
mining follows the usual open cast method. The physical
nature of the ore varies greatly. Buropean 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 ores) can
with advantage be beneficiated by screening and water washing
which removes the clay-like high silica fractions. Ores from
the Caribbean and South America are always partially dried
before shipment.

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. boehmite
and diaspore. Figure A3 shows +the solubility data for
gibbsite, boehmite and dJiaspore, measured in synthetic
solutions.

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 volume. 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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Prom Pig. AjJ 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 1liquors 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 wutilises +the high degree of
solubility.

For monohydrate digestion the tiend of increasing digestion
tenmperature represents a determinative factor. Nowadays the
optimum digestion temperature for boehmite lays in the range
of 240 to 250°C. Digestion at higher temperatures 1i.e.
ranging from 260 over 280 to 300°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 of the digestion process (short retention
time, low molar ratio, i.e. high A/C ratio, alumina yield
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
bauxite. Also, owing to the piston-like stream of the slurry
in the tube digester, the uneven holding-time (which always
disturbs the digestion in autoclave series) can be minimized.

Due to the higher digestion temperature the settling
properties of the red mud are improved, therefore the
underflow solids concentration is nigher, resulting in less
dissolved caustic soda and azlumir . losses.

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. The 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 ecycle. 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.




In addition to this fixed chemical soda 1loss, 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 1loss varies considerably
according to the method ¢f 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 % 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 tresh soda 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
ieast introduction of water into the system as it can be
dissolved in process ligquors. 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 consumpiion 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 costs ir the
region of US$ 200 éo 300 per ton is 1988, the importance of
having high alumina to silica ratio in the ore is obvious.
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Silice Cycle

The control of silica i.. the zircuit is important +to ensure
the required purity of the alumina. Figure A5 1illustrates
this cycle.

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 of silica.
This attack is very rapid under the extraction conditions.

Secondly, silica exists as quartz which is not readily
attacked by caustic 1liquors 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 .ne quartz is in a relatively massive form,
as, for example, in Guyana ore, it is not attacked when
extracting the ore for trihydrate at 140°C and can be
removed from the system as a coarse sand. In Guinea bauxite,
on the other hand, the quartz is very fine grain, uniformly
distributed and is appreciably attacked even at 120°C.

Simultaneously with solution of the silica, desilication of
the solution occurs by deposition of the relatively insoluble
triple compound. The most 1likely composition of the
desilication product, 1i.e. sodium-aluminium-hydrosilicate
formed during the digestion process is
3/Nay0.41504.25105. (1-2)Hy0/ . NayX, were:

X:C0427, 20H™, 2A10,”, 50427, etc. The rate of

deposition 1is accelerated by the presence of the triple
compound 4in the s8o0lid phase acting as a seed and by high
temperature.
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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 1is only partially completed in the
digestion plant unit and it is completed during settling. 1In
practice the aim is a figure of not greater than 0.5-0.6 g
Si0, per 100 g of caustic soda in the solution.

An interesting point is that with some very high grade 1low
silica ores the quantity of the triple compound is so low in
relation to the liquor volume that desilication rate 1is too
slow.

The chemical reactions of the silica also affeet +the scale
deposition on the bauxite slurry and 1liquor heat exchange
surfaces. That is why a predesilication process has been
introduced when indirect heating is applied in the digestion
unit.

The Red kud System is, of course, not cyclic, as +the object
is to get rid of the mud from the cycle. This part of the
process has an enormous influence on the plant cost, plant
location, and product quality.

The composition of the sand fraction deperds on the ore. It
can contain quality an appreciable amount of quartz as from
Guyana ore, or be predominatly iron oxide if from European
ores. Due to its size, 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, be
readily separated in continuous settling equipment. It is
practice to use a conventional bowl and rake classifier,
although wet cyclones and hydrocylones have been used in
somc plants. Some of +the wetting liquor can be removed
from the rakes by spray washing, but it is very




difficult to achieve good back drainage of the wash. The

sand is usually collected in a hopper and dumped by

truck.

Separation of the red mud from the alumina-rich 1liquor is
carried out by sedimentation followed by control filtration.
In this process there are two main objectives. Firstly, to
produce a rich aluminate liquor sufficiently free from
suspended sclids to prevent contamination of the hydrate
deposited later. The standard required is very high. As
mentioned in discussing decomposition, the deposition eof
alumina in the decomposers is of the order of 60 g/1
solution. If the solids in suspension were szy 5 ppm this
would correspond to 0.008 % in the alumina made and with
Fep03 content of about 55 % in the mud, a contribution of
0.005 to the Fep0O3 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 parallel 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.




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 balznce 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 1loss of soda dinvolves
addition of water to the circuit and obviously there must be
a corresponding removal somewhere. Figure A6 shows in simple
form the water cycle.

Vater 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 1is +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 extraction
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 c¢ycle high temperature and
relatively high soda strength is required +to dissolve the
alumina and at the other end a low temperature and weaker
ligquor is required to obtain as big a deposition of hydrate

as is economically practicable.

Ligquor Impurities

There is one more vital cycle-this is the 1liquor impurities
cycle. The main impurity in works 1liquors is sodium
carbonate produced by degradation of organic matter in the
ore, and from the reaction of the calcite and dolomite
content of Dbauxite with the caustic 1liquor. Liquors in
European plants usually contain about 12 - 15 % 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 +{he 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 1liquors and
hence the use of some purifying processes 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 1liquor
concentration must be upwards of 150-200 g/l caustic Nay0 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 o0il 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 1is spray
washed with condensate and the final cake contains about 8-12
% of free moisture. This. together with the combined water
in the hydrate, gives a furnace feed.

The physical and chemical changes that occur in the
calcination process are subjects of a number of papers.
Briefly, the (first effect in that of drying off the free




water and the next is dehydration of +the trihydrate to
denydrate alumina. This occurs over a range of temperature
of about 180-600°C.

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 wusual +to provide a
desiccating section, unlined and fitted with alloy steel
lifter plates, eas baffles etc: to promote heat transfer.
The remaider of the kiln is 1lined 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 900-1000°C. Further calcination up
to 1200-1300°C converts this to the non-absorbent alpha
form, i.e. fluory type alumina.

Alumina calcined up to about 1000°C retains the physical
nature of dry hydrate, is runny, and has a 1low angle of
repose but during conversion to alpha and further heating,
physical changes involving recrystallisation occur which lead
to a more fluor-like product of higher angle repose.
American reduction plants prefer 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, and 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 fluidised 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
breakage 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 techriques. 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
differentizl pressure cell, the tappings being continucusly
purged by non-scalling liquors, water, or air. Pressure
detection is carried out similarly.
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Licuor and siurry 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 1liquors 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 tc¢ 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, CHEMICAL AND PHASE COMPOSITION OF SAMPLES

In this report the processing of characteristic samples
IG5~z and ICS-3 are reviewed.

The lumpy bauxite samples marked ICS-2 and ICS-3 amounting
to 10 kg each have been crushed in a2 jaw crusher first
then in the hammer mill and finally ground to less than

90 Jum in a ball mill. Their grain size distribution is
indicated in Table A2-1 and Fig.32-1. Grinding fineness

was chosen to be 90 yum because this grain size is yet
sufficient for the digestion of diasporic bauxites by

the Bayer process and the soda-lime-sintering of the sare,
respectively, too. Instructions of the Soviet pyrogenic
plants determine this parameter by specifying the 88 Ju=
sieve residue to be maximum 10 %. Chemical composition

of these samples are given in Table A2-2. the phase compo-
sition, however, in Table A2-3.

It can be established that while sample 2 can be regarded
as good quality bauxite /M = 6.89/, sample 3 represents
poor quality ore /M = 3.77/. Iron content of samples parti-
cularly that of sample 3 is high /17.5 % and 22.1 %, res-
pectively/. High C02—content is not of advantage, however,
the V205—content is worthy of attention. The A1203-content
of samples is mainly present as diaspore, however, consi-
derable amounts are bound to chamosite and clay minerals
/kaolinite, illite, halloysite/, too.




Table 22-1

Grain size distribution of characteristic bauxite samples

/ICS-2 and ICS-3/ after grinding in water to less than

29_/22;_2

Grain size

80-90
63-80
40-63
25-40

ICS—Z/H = 6.89 II
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Table A2-2
Chemical composition of characteristic bauxite samples /ICS-2 and I1CS-3/

Sample 1\1203 5102 1""e203 Ca0 MgO Na20 K20 S TiO2 002 P205 V205 (.3!‘203 LOI. Corg Module

% % % % % % % % % % % % % % %

- A4 §

1CSs-2 52.4 7.6 172.5 1.5 0.4 0.12 0.20 0.04 6.3 1.60 0.20 0.12 0.006 1:2.5 0.14 6.89
1CS-3 5.2 11.7722.1 1.6 0.3 0.06 6.40 0.08 5.6 2.57 0.16 0.11 0.03 12.4 0.12 3.77
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Table A2-3
Phase composition of bauxite samples ICS-2 and ICS-3

Sample ICS-2 ICS-3
/¥=6.89/ /M= 3.77/
A1203 % in gibbsite - 1.4
diaspore 45.1 32.2
clay minerals® 6.9 /cham.2.7/  10.2/chan.2.0/
hematite 0.2 0.2
crandallite 0.2 0.2
total 52.4 44 .2
SiO2 % in clay minerals™ 7.6 /cham.2.7/ 11.7 /chan.2.0/
Fe203 % in clay minerals™ 5.0 /chanosite/ 3.7 /chamosite/
goethite 1.0 2.0
hematite 10.6 : 14.4
siderite 0.9 2.0
total 17.5 22.1
TiO2 % in anatase, 4.7 4.1
rutile 1.6 1.5
total 6.3 5.6
Ca0 % in calcite 0.8 1.5
dolomite 0.2 -
crandallite 0.1 0.1
total 1.1 1.
Mg0 % in dolomite 0.1 -
clay minerals® 0.4 /chamosite/ 0.3 /chamesite/
total 0.5 0.3
P205 % in crandallite 0.2 0.2

* Woce: in kaoiinite and cihamosite
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2. LI'BILITY TO COMMINUTION AND GRINDING OF OQRES /1/

The tests were aimed to find out the fea . of ores during
comminution /crushing/ and grinding, moreu er 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 jzw
crusher first and then in a hammer mill. Bauxite was crush=4d

at a performance rate of 6 kg/h with a jaw crusher featuring

a gap of 8 mm. Crushed material 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 compariscn.

Precrushed material was further comminuted on a2 hanmer
mill provided 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 %
+ 0.50 12.3
+ 0.20 33.5
+ 0.09 51.9
- 0.09 48,2

On basis of the comminution tests the material could be

graded as a hard substance rather difficult to crush.

At the same time the particle size distribution of the
fractures is considered to be favourable. This is due

to the brittleness of the material - apart from its herinzzz -
thus upon a mechanical effect /particularlay the impactirng
effect of the hammer mill/ it gets easily comminuted.
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Table A2-4

Grain size distribution, %, on comminuting different kind

of bauxites

Origin and + 3.15 + 2.00 + 1.00 + 0.50 - .50
type ) mm mm mm mm povten

Iranian bauxite

ICS-3 /diasporic/ 3.6 21.2 45.0 60.2 52.8
Boké bauxite

/Guinea, gibbsitic/ 6.9 33.8 57.8 5.5 34.5
Kincsesbdnya bauxite

/Hungary, boehmitic/ 6.2 2.0 48.0 61.8 3s.2

Note: Performance of comminutior is 6 kg/h with the Iranizan
sample and 10 kg/h with the other ones




On carrying out plant scale operation heavy wearing cf

hammers and screen plate has, however, to Je reckoned

with.

2.2 Grindability tests

From the point of view of the characterization of materials
to be ground the resistance to mechanical load and grindz-
bility, respectively, is of primary importance. The measure
of grindability should indicate the result of comminution
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 dispersity, respectively.

liere
S =k . W;
where: S = new surface area produced,
= energy consumed,
k = proportionality factor
then the grindability would read: k = G§-

This provides the magnitude of new surface area produced

on the expense of unit energy consumed.

Harderove method

application a determined amount of energy is transferred
to the sample adequately prepared and the result of grisiirg
i.e. the extent of getting finer is determined by sievinz.
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Feature of the testing device. The grinding device consis<s
of 2 lower grinding bowl. Eight nos of 25.4 mm diameter
steel balls are placed uniformly in its circular race-wzy
on the bottom. The balls are rolled by a rotating disc
imposing an accurate load /28.9 ¥ 0.22 kg/ from above.
Grinding is effected by the compressive and frictional
effect. After 60 nos of revolution the device is automa::i-
cally switched off.

Implementation of the test: Prior to testing the materizal
has 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
through. 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 Jum aperture sieve and the

oversize and undersize be determined.

Calculation of results: As already mentioned, the Hardgrove
method is based on the Rittinger rule. Accordingly, the
grindability index of the material tested would be:

H, = . 100;
So
where: S = increase of specific surface area /m2/kg/
S° = increase of specific surface area /m2/kg/
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, US&/,
the increase of specific surface area amounts to 56.5
m2/kg. The grindability of this kind of coal amounts to
100 %.

Yith nraétical tests instead of considering the incremen<

of surface area an empiric formula has been set up accordiing
to which:

Hi =13 + 6.93.¥W
where: W represents the 74 Jum sieve undersize /g/ material

resulting from 50 g of ground sample.

Higher Hi represents better grindability. The final result
is calculated from three parallel tests by making the
arithmetical mean. Deviation of individual findings mus<T

not exceed 20 %, otherwise the test has to be repeated.

Hardgrove index number of the ICS-3 Iranian sample amcunts
to 58. In Table AZ-SPanumbers of other kind of bauxites
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!/

On basis of the index number the material is hard to grinz.

2.3 Grinding tests with digestion liquor

This method was developed for modelling the industrial
process. The grinding tests were made with caustic liguor
on the ICS-3 sample in a 5 litres capacity laboratory
ball mill with a ball charge of 5 kg/mixed diameters rang
from 10 to 30 mm/ at a revolution of 65/min. Starting

"z
TS

-

material was that crushed in the hammer mill which was




A2-11

Table A2-5
Grindability of different kind of bauxites by the

dardgrove method

Origin and type H

Iranian bauxite ICS-3 /diasporic/ 58

Boké bauxite /Guinea, gibbsitic/ 93
Ghana bauxite 58
Gujarat bauxite/India/ 51
Kincsesbdnya bauxite /Hungary,

boehmitic/ 136

Bakony bauxite /Hungary, boehmitic/ 111
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mixed with plant liquor /NaQOc = 193.2 g/dm3, molar ratic
= 3.05/ to produce a slurry with solids cencentration
of 300 g/1. Three kind of grinding firenese was inteniad
to set during the grinding tests i.e. 163, 100 znd 63
Jum as upper grain limit. Grinding was performed as long

2s no sieve residue remained with the sieves mentioned.

Grinding times required in order to attain at the corres-

ponding fineness are as follows:

160 Jum 1.5 hours
100 /um ~.0 hours
63 Jum 4.5 hours

In Table A2-6 the time reguirement for grinding several
types of bauxite to grain size less than 160 yum are indi-
cated. Then various fractions of bauxite sample ICS-3

were separated on the wet screen. The grain size
distribution is given in Table A2-7, Grinding with digestic=
liquor to grain size less than 100 Jum has been repeatzd

at various solids concentrations i.e. 200, 300, 400, 3
800 g/de. The results are given in Table A2-£.

According to the grinding tests carried out with digestion
liquor, on increasing grinding fineness the time devoted

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 procedures to great fineness. This can in all
probability be attributed to the wet or alkaline mediz
hindering aggregation.

2.4 Dry grinding tests

It was aimed, apart from testing the grinding character
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Table AZ-6

Time requirement /min/ for grinding in digestion liguor

of different kind of bauxites to grain size less than 1o6( e

Origin and type Time, min.
Iranian bauxite, ICS-3 /diasporic/ 90
Boké bauxite /Guinea, gibbsitic/ 75
Tatabdnya bauxite /Hungary, boehmitic/ 45
Bakony bauxite /Hungary, boehmitic/ 70

Kincsesbdnya bauxite /Hungary, boehmitic/ 45
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Table A2-7

Grain size distribution, %, of the individual fractions

after grinding with digesting liquor of bauxite sample IC3-3

Size, Jum Ground Ground Grouncé
to 63 yum to 100 Jum to 163 Jum

125-1€0 - - 4.8
100-125 - - 3.7
80-100 - 1.8 8.G
63-80 - 0.9 11.0
40-63 1.6 3.0 15.0
25-40 5.4 8.0 23.2

25 93.0 86.3 34.3




A2-15

Table A2-5 -

Time requirement of grindineg to grain size less than 190 /35

in the course of grinding with digestion lgguor'

Solids Sontent, Grinding time,
g/dm min.
200 185
300 180
400 180
500 185
600 170

800 175
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of the material, to dress and prepare the samples required
for the experiments. The tests were carried out with the
bauxite samples ICS-2 and ICS-3 in the ball mill outlineZ
with the grinding with digestion liqucr. After grinding
for 1 hour each the substance was sieved through a 160 JuR
sieve. Sample ICS-2 resulted in 50 % oversize material

and sample ICS-3 in 55 % oversize material. Another mill

of size @ 400x400 mm withk cylpebs charge was also used

and bauxite samples were ground for 1 hour. The 63 s

sieve oversize material was 43 % for sample ICS-2 and

4G % for sample ICS-3. The samples exhibited strong adhesicn
and became strongly deposited on the wall of the mill

and the surface of milling media. In order to decrease
adhesion a surfactant /triethancl amine/ was added in

an amount of 0.1 %, even then the samples could not entirely
be ground to below 63 Jum.

35.8 %
34.4 %.

The minus 63 Jum fractions: for ICS-2 sample
for ICS-3 sample

Based on the experiments the dry grindability of bot
samples is considerei 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 samples
in the 5 litres capacity ball mill by the ' 2 of water

at a solids concentration of 400 g/dm3. On grinding for

5 hours each a fineness of 90 Jum could be achieved with
both samples. This indicates a very difficult grindabilizy,
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2.6 Summary of the qrinding tests

On summarizing the crushing and grinding tests it can
be established that

- samples ICS-2 and ICS-3 exhibit equal properties,

- in plani scale processing of the ores high abrasion

of the crushing and grinding units have to be reckoned
with,

- dry grinding of materials causes problems /due to consi-
derable aggregation/ and grinding to grain size less than
63 Jum 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 Jum, 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 decrezses
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 hazzer
mill and finally grinding with digestion liquor in the

ball mill at 2 solids concentration ranging from 600 to

800 g/cm3,

- grinding solids concentration practically does not
influence the time and energy demand of grinding in the
range of 200-800 g/dm>,

-~ the Hardgrove index number for the sample iICS-3 is 38
being a characteristic figure for hard to grind bauxites.
Sample ICS-2 exhibits crushing and grinding properties
similar to those of sample ICS-3,

- grain size distribution of samples ICS-2 and ICS-3 grourd
to below 90 Jum is represented in Table A2-1and Fig,

A2-1; about 89 % of the samples are of grain size less
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than 25 Jum,

- from the point of view of both the desilication and
digestion the grinding fineness/minus 90 /um/ is considerad
to be sufficient.

Literature

/1/ Mrdkovicsné, Torok K.: Grindability tests. SZIKKTI,
Scientific Publications. Budapest, 1988.




3. Gench sczle investigations cn Ircnian bauxite processing

by sintering process

Soie tests for orientation were carried out on a
bauxite sample having an A1203/Siozratio of 5.5. Later on
more detailed tests were perfected by a representative
sample marked "ICS3" composited and sent to Institute VAHI
by Aluterv-FKI. The A1203/SiO2 ratio of the sample "ICS3"
was 4.1.

3.1. Tentative beiach scale +tests on bauxite sample with
A1203/Si()3 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].

Vhen the sodium carbonate (soda) and limestone dosage 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 [3].
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Table 22-9

Chemical composition of Iranian bauxite samples

Denomina- SiO2 A1203 Fe203 TiO2 Cal KZO A1203 L.0.I. SO3
tion [31e})
ratic

1-st sample 8.4 45.9 24.2 5.4 2.5 0.54 5.5

2-nd sample 8.4 46.1 24.9 5.5 2.5 0.54 5.5

3-rd sample 9.0 45.9 24.4 5.4 2.5 0.53 5.4

4-th sample 8.4 45.8 24.2 5.4 2.5 0.53 5.5

Mean value 8.4 45.9 24.4 5.4 2.5 0.53 5.5 12.9 not ob-
served

(L.0.I.: Loss on ignition)

If raw material is bauxite, on the calculation of lime-
stone dosage the bauxite TiOz—content is neglected provided
that it does not exceed 2.5 %, since very small amount of
Ca0 forms perowskite (CaTiO3), and formation of Ca-Na-sili-
cates does not hinder the extraction yield of 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 perowskite 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 mclar ratio formulas:

Na,0 1 cao _,
= 1; €a0 _
A1203 + Fe203 + 503 SJ.O2

For the second mixture the moclar ratio formulas used, res-

pectively:
Na,o _,. Ca0 _, cao _
A1203 + Fe203 + SO3 5102 T:I.O2

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 2 laboratory
porcelain mortar until min 90 % were less than 0.088 mm.
The c¢rushed mixture was briquetted by hand-press and the
briquettes were sintered in a laboratory furnace.

A holding time of 45 minutes was used uniformly at the sin-
tering temperature. Both composition of sinter feed w.:re
treated (sintered) at temperatures of 1100, 1150, 1175 and
1200 °c.

The sintered samples were leached by a standard method for
measurement of the extraction yield of the mair constituents
at favourable leaching conditions.

The standard leaching procedure was carried out at a tempe-
rature of 90 oC with a solids to liquid ratio of 1:10 and 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,0/A1,04 molar ratio of about 1.5.
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The extraction yields calculated frcm the chemical composi-

tion of the sintered and mud sazmples are shown in Table

2-10.

Table A2-10

Extraction yields, %

Temperature _C 1100 1150 1175 1200

Na20 A1203 Na20 A1203 Na20 A1,04 Na,0 A1203

1-st mixture 95.9 92.3 96.6 93.1 96.5 92.6 95.4 92.8
2-nd mixture 34%.5 92.3 95.9 93.0 95.06 93.2 93.03 93.8

The observed high extraction yields show that the desired

phase formation reactions take place almost completely still
o

at 1100 "C.

The test results in the temperature range of 1100-1175 OC
indicate that the higher the sintering temperature is the
higher extraction yields are obtained, however, at 1200 °c
the yields slightly decline. Decline of the extraction
yields indices at 1200 oC can be interpi.eted by increasing
part of the solids that melts during the sintering treat-
ment.

The extraction vields of sinters resulted from the 1175 and
12¢0 ¢ treatments were compared. Although the A1203 ex~
traction yields were less, but the sodium recovery was
1.5-2.4 % 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-
moferrite, perowskite, p-dicalcium-silicate and sodium-
calcium-silicate phases. 1In sinters resulted from sintering
treatment at 1100 ¢ negligible amount of a'—CZS (i.e.
alpha'-dicalcium—silicate) was observed. This a‘-028 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'-CZS. The a'-Czs phase is considerably more than the
B-form in the sample treated at 1100 oC.

Though sinter resulted from 1175 ©C treatment contained less
a'-form than p-form, the amount of a'-form is more compared
to the samples originate from mixtures 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'-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 increases the sodium-calcium-silicate at the
same time, thus 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.

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 A2-11

Chemical composition of the representative Iranian sample

8102 A1203 Fe20 TiO2 Ca0 K20 A1203 L.0.I. SO3
SiO2
ratio
11.% 47.4 20.8 5.4 1.3 0.6
11.6 47.3 20.6 5.4 1.3 0.7
1.5 47.2 20.6 5.4 1.4 0.6
11.7 47.7 20.7 5.3 1.4 0.6

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 "ICS3". .

Limestone and soda dosage for further sintering tests were
calculated with the following formulas:

Na20

A1203 + Fe203 + 503 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 % 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 [5,6].

Rheology of the non-Newtonian fluids are characterised by
structural viscosity, ultimate displaceiient stress, plastic
viscosity ete.
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In this investigation a quick evalvation 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. MHixtures with moisture centents 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 OC/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 contracting 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 of softening and melting of the material.

The initial temperature of sintering (contracting) (T;)
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-
ing. In this case T3-T4 = 140 oC 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.A2-3, 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 9c soda melts

and desintegrates and at 865 °C CaCO3 desintegrates.
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The mass losses during the heating amounts up to 30.2 %, 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 of 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 efficiences to keep the grains
higher than 88 um less than 10 %. Laboratory screen test
results are given in Table A2-12,

Table A2-12

Screen test results

Screen residue, %

+160 um 0.33 %
+ 88 um 5.86 %
+ 53 um 9.88 %
- 53 um 83.83 %

A mixture like given in Table A2-12is suitabie for sinter-
ing process.
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3.3.1. Study of the effect of sintering temperature on

phase-formation process

Mixtures were composited on the following molar ratios for

studying phase-transformation reactions during sintering:

NaZO -1 ca0o -,
+ Fe203 + SO3 3102

A1203

Briquettes made from the mixtures were sintered at tempera-
tures of 1100, 1150, 1175, 12C0 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 pA2-13

Extraction yields, %

t °c 1100 1150 1175 1200 1230

Na,0 A1,05 Na,0 A1,0; Na,0 A1,0; Nay0 41,03 Nay0 A1,04

vields 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 A1,03, and 1230 °C for sodium.
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XRD patterns show that sinters contain solid solution of so-
dium-aluminate and sodium-ferrite, B-C,S (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 C,5, 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 mineralogical
composition of the sinter, but on its phisical nature,
namely on the porosity as well. Porosity (g) 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 function of sintering temperature
is shown in Figure A2-4. 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 . 1f 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
temperature provided to be of 1175-1200 oC.

3.3.3.. 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 f2d 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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selected so that a similar concentration of given stage
should be obtained. In the first zone mud is washed by

fresh water.

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 finazl 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 mn 25.0 %
-7 45 mm 30.0 %
-5 43 mm 14.5 %
-3 +2 mm 4.0 %
-2  +1 mm 4,0 %
-1 mm 22.5 %

NaZO and A1203 concentration of solutions that enter into a
given zone are similar to concentrations in a large-scale

plant.

Sinters are leached for 4 hours at a temperature of 85-90
. Holding time was 30 minutes in 5th and 4th, 60 minutes

is 3rd, 2nd and first zone.

Test conditions and results are summarized in Tables A2-14
A2-15 and A2-16.




A2-36

Results show that by using continuous leaching of sinters
high sodium and alumina exraction yields can be obtained.

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 pB-dicalcium-silicate from
a'C,3 form. This B-form is more inert 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—aluminate and aluminate liquor remains in the pores
of the sinter. A1203 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.

Continuous leaching proved to be effective proceduers in ca-
se of processing Iranian bauxites by sintering. At sinters
obtained at an optimum sintering temperature of 1200 oC, ex—
pected alumina extraction yields is 91 %, sodium recovery is

95 %.

Aluminate liquor desilication, carbonisation, precipitotion
and calcination tests were not carried out, since process
paraneters are independent from the raw material. Design

parameters can be determined on plant experience.
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Exverimental unit for the leaching of the sinter

sinter
mud -'-1 aluminate

|- liquor

hot water
B e |..__.’
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i Table A2-14
i Continuous leaching test results of sinter No.62
(sintering temperature 1175 °0)
Test Zone Leaching Liquor composition, 5/dm3 caustic return from Moisture
serial serial soluticn Initial caustic Final molar water mud content
number number for zone A1203 Naqums@olar A1203 Na2anmt ratio pond of mud,?%
ratio A1203 Nazocmmt
T -- B ittty >
5 63+85 82.6 82.2 1.64 154.0 138.0 1.45 S
; 4 70 62.0 62.0 1.65 119.6  110.1  1.51 “
1 3 70 32.6 40.3 2.03 82.9 77.3 1.54
2 70 14.3 22.9 2.60 44.6 46.5 1.7
1 70 water 18.2 26.0 2.36 - 6.2 -
5 70+85 78.0 80.6 1.70 140.3 1271 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 1.9 5.2 6.4 59.5




—

Table A2-15

Continuous leaching test results of sinter No.59
(sintering temperature 1200 ©C)

Test Zone Leaching Liquor composition, g/dm caustic return from Moisture
serial serial solution Initial caustic Final molar water mud content
number number for zone I*.1203 Na O rgola.r A1203 Na a, causga'tio pond of mud,%
ratio 1&1203 Nazocaust
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 s
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 60.9 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




Chemical composition of

sinters, muds and extraction yields for Naj,0 and Al,04

Table A2-16

Test Chemical composition, % Yields, % Moisture
serial —_— —— %
number S10, Al,04 Fe203 Ca0l A1203 Na20

Sinter No. 8.2 32.9 15.1 15.4

Hud standard leaching 15.6 3.5 31.6 33.6 95.0 96.6 >
1 ud continuous leaching 12.7 7.2 29.9 31.5 89.1 94.0 I3
1 Mud final leaching 12.5 5.9  30.6  32.6 91.3  98.5 ©
3 Mud continuous leaching 13.2 6.4 30.7 31.9 90.5 93.9 59.5
3 Hud final leaching 13.3 4.8 31.9 33.3 93.2 98.5

Sinter No. 8.1 32.8 15.0 15.4

Mud after standard leaching 15.6 3.5 32.2 33.4 95.1 96.8
2 HMud continucus leaching 13.9 5.9 30.7 32.3 91.3 95.3
2 Mud final leaching 13.4 4.7 31.6 33.5 93.3 98.5
4 fud continuous leaching 13.7 6.3 30.7 32.4 90.7 95.2 48.7
4 Hud final leaching 13.8 4.6 32.1 33.7 93.5 98.7
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4. BENCH-SCALE TESTS ON I VARIANT BAUNITE PROCESSING
BY BAYER-PROCESS

4.1. Predesilication tests

Predesilication is adopted in processing high silica tauxizes.
It is aimed to dissolve considerable portion of reactive
silica 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 bte avoiced.

Both characteristic Iranian bauxite samples prepared Zcr
" the technological tests are of high silica content /mcdule
6.89 and 3.77/ therefore in the case of processing the

desilication procedure has to be performed.

In the course of bench-scale tests the desilication was
carried out in a 5 litres capacity, electrically heated
and mechanically agitated digester at the parameters adopzed

with the refineries using the European Bayer technology:

Temperature: 100° ¢
Solids concentration: 300 gpl

Caustic soda concentration of liquor: 161.6 gpl 3320n-

Samples were withdrawn from the reactor in intervels of 33
minutes, 1, 2, 4 and 8 hours. The samples were centrifuges.
The Na20c-, A1203— and SiOa-content of liquor was znalrsed,
the solid phase washed alkaline-free, then dried and Zressz2i
for chemical anzlysis. The efficiency of desilication

was calculated from the Na20/5102 molar ratio measurez

in the solid phase. It ensues from the composition of

sodinm aluminium silicate that were the entire Si02—cc::e::
of bauxite converted, the Na20/SiO2 molar ratic would
Mheoretically be 0.688/. On expressing the Na20/5102 =slar
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ratio achieved during predesilication in terms -f prscentzza2
of the theoretical /0.688/ value one gets the proportion
of total silica content of bauxite that had been ccrnverza3

into sodium aluminium hydrosilicate.

The results of predesilication tests carried out with
bauxite ICS-2 are shown in Table A2-17and Fig.A2-6.

It can be seen from the results that under the given para-

meters 72.7 % of the entire silica content of bauxite

has been converted into sodium aluminium hydrosilicate.

The non reacted proportion is present in the form of chamecsitz
and other non soluble minerals which do not react with

the digestion ligquor under the conditions of predesilication.
The results of predesilication tests carried out with

bauxite ICS-3 are shown in Table 22-18and Fig.3a2-7.. Under
similar desilicating parameters and within 8 hours a maxirmunm

efficiency of 52.7 % has been achieved. The results indicaze
that the average sample having a module of 3.77 comprises
considerable proportion of silica in the form of minerals
/chamnosite, 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 prccesszing

the ores characterized by the average samples cited.
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Table A2-17

Predesilication test

Bauxite: ICS-2

Temperature: 100° ¢

Selids concentration: 300 gpl
Sampling: 30', 1 h, 2 h, 4 h, 8 h

Liquor analysis

Sampling Na20c A1203 Molar ratio

Si0

time gpl srl 5912

initial liquor 161.6 83.0 3.20 C.48
30" 160, 4 91.0 2.90 1.1
l1h 157.6 88.5 2.92 0.95
2h 157.2 89.0 2.90 0.72
4 h 151.1 83.9 2.96 0.43
8 h 150.2 83.6 2.95 0.39

Chemical composition of the solid phase

A1203 8102 Fe203 TiO2 LOI. Ca0 HMg0 Na20 NaZC éffii

% % % % % % * % 510, ~*;~°4

30' 50.6 8.4 17.4 6.4 12.4 1.9 0.6 2.3 0.2z &£C.7
1 h 50.1 8.1 17.1 6.2 12.4 1.6 0.6 2.6 0.3 &z.0
2h S0.2 8.2 16.9 6.1 12.5 1.5 0.6 3.1 0.3% 355.7
4 h 50.2 8.2 16.8 6.1 11.8 1.4 0.5 3.7 0.45 &5.8
8h 49.6 8.4 16.7 6.1 11.8 1.5 0.5 &4.i 0.5 7.7
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Fig.A2-6
PREDESILICATION TEST
Bauxite : 1CS=2
Temperature : 100°C
Solids concentration : 300 gpl
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Table A2-138

redesilication test

Bauxite: ICS-3

Temperature: 100° ¢

Solids concentration: 300 gpl
Sampling: 30', 1 h, 2 h, 4 h, 8 h

Liguor analysis

Sampling Na,0,  Al,0; Molar ratio Si0,

time gpl gpl gpl

initial liquor 161.6 83.0 3.20 0.48
30° 1644 79.6 2.99 0.74
1h 149.4 81.4 3.01 0.61
2 h 142.1 77.9 3.00 0.541
4 h 142.4 78.9 3.00 0.451
8 h 143.9 78.9 3.00 0.35

Chemical composition of the solid phase

A1203 SiO2 Fe203 TiO2 IOI. Ca0 Mg0 Na20
% % % * % % % %

Na20
8102

Sae

30' 47.3 11.2 20.0 5.3 11.6 1.4 0.5 2.2
1h 47.3 11.0 20.0 5.3 11.7 1.4 0.5 2.4
2h 47.4 11.2 19.9 5.2 11.5 1.4 0.5 2
Lh 47.3 11.2 19.7 5.2 11.3 1.3 0.5 3.7
8h 47.0 11.1 19.5 5.1 11.4 1.5 0.6 3.9

0.20
0.23
0.29
0.34
0.36
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Fig.a2-7
PREDESILICATION TEST

Bauxite - 1CS -3
Temperature _ : 100°C
Solids concentration : 300 gpl
Initial Na,0¢ conc. : 161:6gpl
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4.2.DIGESTION TESTS

4.2.1.Testing methodology

Digestion tests were carried out with the average btauxite
samples marked ICS-2 and ICS-3 of modules 6.89 and 3.77,
respectively. The composition was given in Chapter 1.
Corresponding to the grinding fineness adopted for diaszcri
bauxites, both bauxite samples were ground to below 90 78T
and were admeasured in the air-dry state to the digesticn
tests. For the investigation of the effect of grinding
fineness also samples having been ground to below 125 Jum

and 160 Jum were used with some experiments.

Corresponding to the usual practice with the investigation
to qualify bauxites, plant liquor resulting from the prccess
liquor circuit of the Almdsfiizité Alumina Plant /Refinery
which 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 thzz

given do change proportionally/.

Na20t 188.8 gpl
Na20c 161.6 gpl
A1203 83.0 gpl
Molar ratio 3.2

Na2003 42.? gpl
Corg 4.4 gpl
V,0q 0.6 gpl
so3 0.9 gpl
F 1.6 gpl

The bench-scale digestion tests were carried out in a
5 litres capacity electrically heated mechanically agizTztsi
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digester at temperatures of 260 and 280° C. Lime addition
was performed in the form of lime milk with a concentrazion
of 200 gpl solids content, the lime having been slaked

with water. Heat-up prior to reaching digestion temperazure
took 1 hour to 1 hour and 10 minutes. No laboratory modzlling
device for the tube digestion can be made due to the smzll
diameter'of the tube, however, we are in possession of
several comparative data concerning digestion carried

out in laboratory digester and plant scale tube digesting
facility, thus modelling of the tube digestion was perfcrmed
similarly in the laboratory digester and intensive zagitation
wvas 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 Na20 to reslurry it three times, then repeatedly
centrifuged and dried. The cake was made it analyzed.

The A1203—recovery was calculated from the analyses of
starting bauxite and red mud resulted after digestion
according to the formula below:

Al,0,. .Fe,0
A1203—recovery /%] = {1 - 2 drm 2 3bx

x 100.
A1203bx'Fe203rm

Chemical analyéis of red mud samples was made by the azcmic
absorption method, the mineralogic composition, however,

was determined by the X-ray diffraction, and derivatograzaisz
method and by the infra red spectroscopy.
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4.2.2Digestion tests carried out on the ICS-2 bauxite szzzls

havineg a module of 6.89

The digestion of diasporic bauxites can be performed at
high temﬁeratures and by the addition of lime. The Cal
added to digestion, apart from promoting the dissolution
of the diasporic mineral, considerably reduces the bouné
Na20—losses. In the presence of lime part of the reactive
silica gets bound during digestion as a hydrogarnet minzral
/further on CAS/ of composition 3Ca0.A1203.k8102/6—2k/H20
instead of sodium aluminium hydrosilicate diminishing

the losses of reagent hereby. In the course of digestion
the Ca0-addition was optimized by considering both the
A1203 and Na20 losses bound in red mud. The experiments
aiming to determine the optimum amount of lime to be acdi=d
were carried out at the following parameters: 1.55 molar
ratio for the admeasurement, 160 gpl digestion liquor
concentration, 260° C and 280° C and zero to 10 % of lime

addition calculated on dry bauxite.

Chemical analyses of the sodium aluminate liquor and red
mud corresponding to the tests carried out at 260° C as
well as the digestion recovery data are summarized in
Table A2-19.The mineral composition of red muds are given
in Table A2-20 Figure A2-3 indicates the formation of
Al203—recovery and the undigested amount of diaspore in

function of the amount of lime. In Figure A2-9 ‘the formation
of Na20— and A1203-losses bound in red mud /i.e. the
Na20/SiO2 and A1203/Sio2 ratios/ are indicated. It revsals
from the test results and figures that at 260° C and wizhous
any additive considerable part of diaspore content of

bauxite remains undigested, however, undigested diaspors
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Table 2-19
Effect of lime addition for digestion
tiodelling of autoclave and tube digestion
Bauxite: ICS-2
Digestion temperature: 260° C

Holding time: 1 hous
Calculated molar ratio: 1.55
Lime addition: 0-10 % ,/for dried bauxite/

Digesting liquor: Na20c: 161.6 gpl; A1203: 83.0 gpl; M.r 3.2
Na20t: 188.8 gpl; Si02: 0.48 gpl
Quantity of lime added %
0 3 5 7 10
Sample Igi—z ICﬁIQ ICSEQ ICﬁSQ ISE—Z
Liguor analysis
after digestion
20 epl 145.8 148.0 147.7 140.8 147.9
A1203 gpl 130.4 156.7 154.7 142.0 145.5
Na20t gpl 172.9 178.8 180.3 162.6 1735.1
SiO2 gpl 0.4 0.48 0.48 0.45 0.%5
M.r. 1.84 1.55 1.57 1.61 1.55
Chem.compositon of
red mud A1203 % 32.8 19.3 15.9 15.3 5.2
810 % 11.8 14.2  14.3 14.0 13.5
Fe203 % 26.2 30.4 31.3 29.6 7.1
TiO2 % 8.8 9.9 9.8 G.7 3.%
Lol % 9.0 8.2 8.2 8.7 .0
Ca0 % 1.8 7.2 10.1 13.¢2 2.k
Mg0 % 0.7 0.9 1.0 1.0 .2
Na20 % 8.1 8.1 .8 7.0 £.5
Na O/SiO2 0.68 0.57 0.56 €.50 2.=%
3/810 2.78 1.36  1.11 1.0¢ .18
Al 93 yield % 58.2 78.8 83.0 g£2.7 U5
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“ineralogsical composi
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tion of red muds

/Effect of lime addit

ion/

Jedelling of autocla ad. tube digestion

Bauxite: ICS-2
Digestion temperature

Holding time: 1 hour

: 260° ¢

Quantity of lime added %

0 3 5 7 10
ICS-2 I1CS-2 ICS-2 ICS-2 iCs-2
Sample Ch M1 1 M3 w4
A1203 % in:diaspore 21.7 L.6 1.0 0.6
sodalite 2.0 2.5 2.7 2.8 2.2
cancrinite 4.7 5.7 5.8 5.8 5.3
CAS 0.4 2.9 3.5 3.3 3.5
undigested
silicates 4.0 3.6 2.9 2.8 1.5
/ehamosite/
total 32.8 19.3 15.9 15.3 15.2
SiO2 % in:sodalite 2.3 2.5 3.2 3.3 3.2
cancrinite 5.5 6.7 8 6.8 €.2
CAS - 1.0 1.4 1.1 .3
undigested
ilicates 4.0 3.6 2.9 2.8 2.2
chamosite/ N
total 11.8 14.2 14.3 14.0 12,
Fe203 % in:goethite 1.7 1.4 1.2 1.0 .7
hematite 17.0 22.3 24.7 22.4 2z.5
undigested P
silioates 7.5 6.7 5.4 5.2 3, C
/cham./ total 26.2 30.4 31.3 29.06 27.1
TiO2 % in:perowskite 0.9 2.9 4.7 9.7 z.:
Na-titanates -
+ rutile 7.9 7.0 5.1 2 g
total 8.8 9.9 9.8 5.7 .32
Ca0 % in:perowskite 0.6 2.0 3.3 6.8 2.2
CAS 0.7 4.7 5.8 5.4 s,z
calcite 0.5 0.5 1.0 1.0 c.z
total 1.8 7.2 10.1 13.2 -
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Fig.A2-8

Al,03_YIELD AND UNDIGESTED DIASPORE VS.
QUANTITY OF LIME ADDED TO DIGESTION

Bauxite + 1CS-2
Digestion temperature » 260°C
Holding time : 1hour

Digestion liquor conc{Na,Oc) = 1616gpl

e Al,03 vield
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rig.A2-$
CHANGING OF Na,0/Si0; AND Al,03/Si0; W.RATIO IN

RED MUD VS. QUANTITY OF LI!ME ADDED TO DIGESTION

Bauxite : 1CS-2
Digestion temperature : 260°C
Holding time * 1 hour
Digestion liquor conc.(NaOc) : 161-6gpl
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remains even with the addition of 3 or 5 % of Ca0. In

the tests carried out with 7 and 10 % of lime additive
calculated on the dry weight of bauxite practically all

the diaspore got digested and the Na20—losses were also
favourable. The Na20/8102 weight ratio in red mud was

0.50 and 0.49, respectively, compared to 0.69 as the theore-
tical valué. On further increasing the amount of lime
additive, owing to the A1203-10sses bound in calcium alu-
minium silicate, the A1203-recovery decreased, however,
relative to the Na20—losses no considerable decrease was

observed.

Based on the results and taking-both the Alzga—recovegy
Py

and the bound Na20— losses into account 7 % of lime additicn

is considered to be optimum. -

. 0 . .
Test results carried out at 280 C and with various amounts

of lime are given in Tables A2-21, A2-22 and in Figures

A2-10, A2-11. It can be seen from the data and figures
that the diaspore gets practically fully digested at 230° ¢

in the presence of as low as 3-5 % of Ca0. The reduction

of NaQO—losses, however, gives reason for the addition

of more /7 %/ lime. Considering that in the presence of
that high amount of lime the digestion of diaspore gets
completed even at the lower /260° ¢/ temperature, from

the point of view of chemical technology 260° C 1s adequazte
for the digestion temperature, 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 T102-content of bauxite
binds considerable amounts of lime in form of CaTiOB.
The 260° C tests were repeated in a way that lime milx

was added under pressure to the bauxite slurry when the
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Table A2-21

FEffect of lime addition for digestion
liodelling of tube digestion

Bauxite: ICS-2

Digestion temperature: 280° ¢

Holding time: 1 hour

Calculated molar ratio: 1.55 )

Lime addition: 3-10 % /for dried bauxite/

Digesting liquor: Naaoc: 161.6 gpl; A1203 83.0 gpl; M.r.: 3.2
Na,0, : 188.8 gpl; SiO2 0.48 gpl
Quantity of lime added %
3 5 7 10
Sample IgS—2 ICS-2 ICS-2 IC§:2
5 M6 M7 =3
Ligquor analysis after
digestion Na20c gpl 149.2 146.7 142.5 i52.6
A1203 gpl 158.3 155.7 151.3 130.0
Na20t gpl 175.5 172.6 167.8 175.9
$i0, gpl 0.45 0.45 0.4 .25
M.r. 1.55 1.55 1.5 1.67
Chem. composition of red mud
A1203 % 15.7 15.7 15.1 i5.%
SiO2 % 14.9 14.4 14.0 13.7
Fe203 % 31.9 30.0 29.5 27.9
TiO2 % 10.5 9.6 9.4 s.1
LAl % 7.6 8.2 8.5 .8
Ca0 % 7.8 10.5 12.4 2.3
Mg0 % 1.0 0.9 0.9 .S
Na20 % 8.5 8.1 7.2 6.6
Na20/SiO2 0.57 .56 0.51 2.43
A1203/SiO2 1.05 1.09 1.08 1.12
ﬁlggg_liﬁli % 83.6 82.5 82.9 z1.0
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Table A2-22

/Effect of lime addition/
ilodelling of tube digestion

~ineralogical composition of red muds

Bauxite: ICS-2
Digestion temperature: 280° ¢
Hoiding time: 1 hour
Quantity of lime added %
3 5 7 10
Sample ) Igg—a IC§E2 IC§;2 =52
A1203 % in:diaspore 0.7 0.5 0.5 J
sodalite 3.0 2.6 3.1 2.0
cancrinite 6.6 5.8 5.7 5.3
CAS 2.8 4.0 3.1 5.8
undigested silicates 2.6 2.8 2.7 1.5
/chanesite/
total 15.7 15.7 15.1 i5.&4
5102 % in:sodalite 3.5 3.2 3.6 3.0
cancrinite 7.8 6.8 6.6 5.5
CAS 1.0 .6 1.1 .5
u:ylc' ég_lsotseid,: es/'llicates 2.6 .8 2.7 1.7
total 14.9 14.4 14.0 13.7
Fe203 % in:goethite 1.4 1.1 1.1 1.0
hematite 25.7 23.7 23.4 23.7
undigested silicates 4.8 5.2 5.0 2,2
/chamosite/
total 31.9 30.0 29.5 27.5
TiO2 % in:perowskite 3.1 3.2 9.1 z.1
Na-titanates+rutile 7.4 6.4 0 >
total 10.5 9.6 9.1 c.1
Ca0 % in:perowskite 2.2 2.2 6.4 2.4
CAS 1.6 7.5 5.2 c.4
calcite 1.0 0.8 0.8 1.0
total 7.8 10.5 12.4 2.2
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Fig.A2-10
Al,0; YIELD AND UNDIGESTED DIASPORE VS.

QUANTITY OF LIME ADDED TO DIGESTION

Bauxite ‘ . 1CS-2
Digestion temperature : 280°C
Holding time : 1 hour

Digestion liquor conc.(Na,O¢) - 161-6 gpl
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Fig.A2-11

CHANGING OF Na;0/Si02 AND Al,03/Si02 W, RATIO IN
RED MUD VS. QUANTITY OF LIME ADDED TO DIGESTION

Bauxite " 1CS-2
Digestion temperature = 280°C
Holding time : 1 hour

Digestion liquor conc(Na;Oc) : 161.6 gpl
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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.

The effect of concentration of digestion liquor was inves-
tigated at 260° C with the addition of 7 % of Ca0 calculated
on dry bauxite. Comparative digestion tests were made

with digestion liquors having various i.e. 141.2;

161.6 and 182.4 gpl Na20 concentrations. Chemical analyses
of the aluminate liquors and red muds moreover the digestion

recovery data are given in Table 22-23, the mineral compo-

sition of red muds, however, in Table 22-24, According to

the results, the digestion recovery is practically the

same at the given parameters and in the range of concentrasic:
investigated. In the course of making the design the optimum
concentration may be modified within the given limits

taking the energetic and technologic aspects into considerazicn.

A comparison of digestibility of wet ground bauxite samples
of grain size less than 90 /um and 160 Jum was made under
equal digestion parameters and the same amount of lime
addition. The test results are given in Tables A2-5 and
£2=26.

On the intensive agitation in the laboratory digester
both bauxite samples were practically digested with a
similar digestion efficiency., It chould be noted that

even in the sample ground to below 160 /Um more than 90 %
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Table A2-23

Digestion tests at different digesting liquor concentration
tlodelling of autoclave and tube digestion

Bauxite: ICS-2
Digestion temperature: 260° C

Helding time: 1 hour
Calculated molar ratio: 1.55
Lime addition: 7 % /for dried bauxite/

Sample - ICS-2 K1 ICS-2 K2 ICS-2 X3
Digesting liquor
Na20c gpl 141.2 161.6 182.4
A1203 gpl 72.6 83.0 93.8
M.r. . 3.2 3.2 3.2
Ligour analysis after
digestion NaZOc gpl 130.2 140.8 157.2
A1203 gpl 130.7 142.0 162.3
M.r. 1.64 1.61 1.61
Chem. composition of red mud
A1203 % 15.7 15.3 15.4
SiO2 % 14.0 14.0 13.¢
Fe203 % 29.3 29.6 28.6
TiO2 % 10.0 9.7 9.7
L.0.I. % 9.1 8.7 8.4
Cal0 % 11.1 13.2 13.5
Mg0 % 0.9 1.0 0.6
Na20 % 8.1 7.0 7.3
Na20/3i02 0.57 0.50 0.53
A1203/SiO2 1.12 1.09 1.11
CaO/SiO2 0.79 0.94 0.¢2
51293 yield % 82.1 82.7 £€2.5
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Table A2-24

Mineralogical composition of red muds

/Tests at different liquor concentration/
ifodelling of autoclave and tube dizestion
Bauxite: ICS-2

Digestion temperature: 260° C

Holding time: 1 hour

Digesting liquor Na20c conc.gpl

141.2 161.6 182.4

Sample ICS-2 K1 ICS-2 K2 ICS-2 K3

A1203 % in:diaspore 0.6 0.6 0

sodalite 2.3 . 2.8 2.3
cancrinite 5.5 5.8 5.1
CAS 4.7 3.3 5.4
epgéggitu /5111cates 2.8 2.8 2.6
total 15.9 15.3 15.4
SiO2 % in:sodalite 2.8 3.3 2.7
cancrinite .6 6.8 6.1
CAS 1.8 1.1 2.5
ep?wrgéﬁﬁg/silicates .8 2.8 2.6
total 14.0 14.0 13.9
Fe 03 % in:goethite 1.3 1.0 1.2
hematite 22.8 22.4 23.6
%arfitgd/silicates 5.2 5.2 4.8
total 29.3 29.6 29.0
TiO2 % in:perowskite 2.9 9.7 4,7
Na-titanates+rutile 7.1 0 5.0
total 10.0 9.7 9.7
Ca0 % in:perowskite 2.0 6.8 3.3
CAS 7.9 5.4 9.0
calcite 1.2 1.0 1.2
total 11.1 13.2 13.5
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Table A2-25

Effect of grain size of bauxite
Modelling of autoclave and tube digestion

Bauxite: ICS-2 <90 /um; ICS-2 <160 Sum
Digestion temperature: 260° ¢

Holding time: 1 hour
Calculated molar ratio: 1.55
Lime addition: 10 % /for dried bauxite/

Digesting liquor: Na.20c 161.6 gpl; A1203 83.0 gpl; H.r.:

Na20t 188.8 gpl; SiO2 0.49 gpl

(W)

Grain size of bauxite samples

Sample < 90 /um < 166 yum

Ligour analysis

after digestion

Na20c gpl 147.9 140.0
A12O3 gpl 146.5 142.2
Na20t gpl 176.1 167.1
SiO2 gpl 0.45 0.42
M.r. : 1.65 1.62
Chem. compositon of
red mud Al203 % 15.2 14.9
SiO2 % 13.8 13.4
Fe203 % 27.1 27.0
Ti0, % 8.9 10.3
L.0.I. % 9.4 8.6
Cal % 16.4 16.0
Mg0 % 0.8 1.1
Na,0 % 6.8 6.4
Na20/SiO2 49 N.48
A1203/SiO2 1.10 1.11
Alng yield % 81.3 8l.6
Ca0/8510 1.19 1.19

2
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Table A2-26

Hineralogical composition of red muds

/Effect of grain size of bauxite/
todelling of tube digestion

Digestion temperature: 260° ¢

Holding time: 1 hour

Grain size of bauxite

Sample I1CS-2 « 90/um ICS-2 «£ 190 /53

A1203 % in:diaspore 0 0

sodalite 2.8 3.0

cancrinite 5.3 4.5

CAS 5.5 4.5

undigested silicates /cham./ 1.6 2.8

total 15.2 14.9

8102 % in:sodalite 3.2 3.6

cancrinite 6.3 5.4

CAS 2.3 1.6

undigested silicates /cham./ 2.0 8

total 13.8 13.4

Fe203 % in:goethite 0.7 .8

hematite 22.5 21.0

undigested silicates /cham./3 9 5.2

total 27.1 27.0

TiO2 % in:perowskite 8.9 10.3
Na-titanates+rutile /) 2

total 8.9 10.3

Ca0 % in:perowskite 6.3 7.2

CAS 9.2 7.6

calcite 0.9 1.2

total 16.4 16.0
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c¢f the material was in the range below 100 yum.

Based on the practice of plants processing diasporic tauxiztes,
grinding of the ore to below 90 /um is proposed for the czss
of industrial processing. In favour of perfect digestion

grinding to this grain size is a firm solution, coarser

— e — — — — — e — o a— m— e . e—— o o a—— —

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 concentrzticn
of 161.2 gpl Naj0_, at 260° C with the addition of optimum

/7 %/ amount of Ca0 and various admeasurements of bauxite
values. Calculated molar ratio of admeasurement was selected
within the range of 1.3-1.7. The analyses of the aluminate
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 Table A2-28. The characteristic curve plotted

from the experimental data is given in Pigure 22-12.0n

basis of the investigation of the efficiency data of digesticn
and the undigested values of diaspore the optimum molar

ratio asguring complete digestion is considered to be

1.55.
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Table A2-27

Characteristic digestion curve fcr determinatioen optimuz

molar ratio

tlodelling of tube digestion

Bauxite: ICS-2

Dizestion temperature: 260° ¢
Holding time: 1 hour

Calculated molar ratio: 1,3-1,7

Lime addition: 7 % for dried bauxite

Liquor analysis after digestion

Sample Nazoc A1203 Molgr Na20t SiO2 Calculaz3§
epl gpl ratio £pl epl molar ratio

Digesting

liquor 161.6 83.0 3.20 188.8 0.48 -

ICS-2 Mv-1 138.2 160.1 1.42 166.4 0.4 1.30

ICS-2 Mv-2 139.4 162.7 1.41 166.7 0.4 1.40

ICS-2 Mv-3 141.6 164.0 1.42 166.5 0.4 1.45

ICS-2 Mv-4 140.1 153.6 1.50 168.3 0.4 1.50

ICS-2 Mv-5 140.8 148.5 1.56 167.5 0.4 1.55

ICS-2 Mv-6 143.0 137.8 1.71 169.5 0.4 1.70

Chemical composition of red mud

Sample  Al,0; Si0, Fe0 TiO, L.0.I. Ca0 g0 Na0 Al,0y 405 yield
% % % % % % % % 8132 e

ICS-2 Mv-1 24.0 12.2 25.3 8.6 10.2 10.2 0.8 6.6 1.97 63,

ICS-2 Mv-2 19.7 13.2 27.1 9.2 9.8 11.2 C.9 6.9 1.49 73.

ICs-2 Mv-3 17.913.5 27.6 9.3 9.7 11.3 0.9 7.4 1.30 7Z.
ICS-2 Mv-4 15.813.9 23.5 9.5 9.5 11.5 0.9 7.5 l.14 .
ICS-2 Mv-5 14.8 14.1 28.6 9.5 9.4 11.7 1.0 7.5 1.05 z2.
IC5-2 Mv—6 14.914.0 28.8 9.5 9.4 12.3 1.0 7.5 1.6 Zz.

N O W w0 W
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Table A2-23

“ineralogical composition of red muds

/Effect of calculated molar ratio/
liodelling of tube digestion

Bauxite: ICS-2

Digestion temperature: 260° ¢
Holding time: 1 hour ,

Lime addition: 7 % for dried bauxite

M.r. aftar digestion

1.50 1.56 1.71
Sample ICS-2 Mv-4 ICS-2 Mv-5 ICS-2 Zv-5
A1203 % in:diaspore 1.6 0.3 0
sodalite 2.0 2.3 c.2
cancrinite 6.8 5.5 5.7
CAS 3.2 4.2 L7
undigested
silicates /chan./ 2.2 2.5 2.3
total 15.8 14.8 14.9
5102 % in:sodalite 2.3 2.9 2.7
cancrinite 8.0 6.8 €.5
CAS 1.4 1.9 2.1
undigested
silicates /chan/ 2.2 2.5 2.3
total 13.9 14.1 14.0
Fe203 % in:goethite 1.2 1.1 1.0
hematite 19.3 22.8 23.5
woigestal 8.0 R
total 28.5 28.6 ZZ.5
T102 % in:perowskite 5.3 4.8 L.k
Na-titanates+
rutile 4,2 4.7 .1
total 9.5 9.5 .2
Ca0 % in:perowskite 3.7 3.4 .1
CAS 6.4 7.0 T.E
calcite 1.4 1.3 2.7
total 11.5 11.7 iz
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Fig.A2-12
CHARACTERISTIC DIGESTION CURVE
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For the determination of optimum digestion retention time
the tests were carried out with a digestion liquor having
a concentration of 161.6 gpl of Na20c at 260° C and with
7 % of Ca0-addition. After achieving the final digestion
temperatures, samples were withdrawn under pressure after
10, 20, 30 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 complatals

v
——

after 30 minutes and the Al,0.,-recovery reached the maximun
-
value i.e. 82.3 %.

The results have the meaning for the industrial practice

that in the case of adopting tule 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,.3Digestion tests on the characteristic bauxite sample
ICS-3 having a module of 3.77

Bench-scale digestion tests were carried out with the
low /3.77/ 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 bpelcw.

Digestion tests were carried out with 3, 5, 7 and 10 % o?
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Table A2-29
Influence of the holding time

flodelling of autoclave and tube digesvion
Bauxite: ICS-2

Digestion temperature: 260° ¢

Holding time: 10', 20', 30', 40', 1 hour
Calculated molar ratio: 1.55

Lime addition: 7 % for dried bauxite

Liquor analysis after digestion

time - g2 8pt 3 retie
Digesting liquor 161.6 83.0 3.20
10! 143.0 145.2 1.62
20! 142.0 147.8 1.58
30t 141.4  149.1 1.56
40° 143.2 152.0 1.54
l1h 142.7 151.4 1.55

Chemical composition of red mud

Holding A12037 SiO2 Fe, 0 TiO2 L.0.I Ca0 Mg0 Na20 A1203

273

time " R % * % % % S0,

[
—

W N

—
[gIR V)

"‘
[N

10' 19.9 13.3 27.2 9.2 9.7 11.86 0.9 6.9
20' 16.7 14.0 27.9 9.4 9.9 12.1 0.9 6.8
30° 15.1 14.2 28.9 9.5 9.9 12.4 0.9 7.3
40' 15.3 1.2 289 9.5 9.9 126 0.9 7.1
lh 15.0 14,1 28.7 9.5 9.6 12.3 0.9 7.2

1.49
1.26
1.05
1.04
1.06

m O O =
[ASTENAC I S S IR |
o W w o o

m
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Ca0 addition calculated on the weight of dry bauxite, witz
a2 digestion liquor concentration of 161.6 gpl, ad temperz-
tures of 260 and 280° C. Aluminate licuor and red mud
analysis pertaining to the digestion tests carried out

at 260° C, morover the bound Na20— and A1203—losses and
A1203—recovery data are given in Table A2-33, while the

phase analysis of red muds in Table A2-31 1]1,0,-recovery

273

data of the amount of undigested diaspore is indicated

in Fig. A2-13. The ratios of Na20/SiO2 and A1203/Si02
characteristic of bound losses in function of the amount
of Ca0 added are indicated in Fig. A2-14., Maximum A1293:
recovery achieved was 69.6 %. The Na20/8102ratic can be

reduced to within 0.52-0.53. The digestion of diaspore
gets completed by the addition of 7 % of Ca0. The addi:ign
of 7 % of lime is considered to be optimum from the point
of view of both the bound A1203- and Na20—losses.

On repeating the digestion tests at 280° C the A1203—recovery
ranging 69.8-72.3 % was achieved. The only difference
compared to the 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 Ca0. 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 32-32 and A2-33
and indicated in Figs.A2-15 and A2-16.

d.2.3.2.Digestion tests carried out in digestion liquors

Similarly as with sample ICS-2 the digestibility of bauxize
was investigated at 260° ¢ by the use of digestion liguor
/of Na20c concentrations: 138; 161.6 and 180 gpl/ and




A2-71
Table A2-30

Effect of lime addition for direstion
liodelling of autoclave and tube digestion

Bauxite: ICS-3
Digestion temperature: 260° ¢

Holding time: 1 hour
Calculated molar ratio: 1.55
Lime addition: 3-10 % /for dried bauxite/

Digesting liquor: Nazoc: 161.6 gpl; A1203 83.0 gpl; M.r.: 3.

n

Na20t: 188.8 gpl; 8102 0.48 gpl
Quantity of lime added %
3 5 7 10
Sample ICS-3 M1 ICS-3 M2 ICS-3 M3 ICS-3 ¥4
Liquor analysis after
gigestion Na,0_ gpl 146.3  131.5  130.6 134.6
A1203 gpl 145.9 142.3 141.5 142.0
Na,0, cpl 174.5  158.0  155.0 160.1
8102 gpl 0.45 0.40 0.40 0.40
M.r. 1.65 1.52 1.52 1.56
Chem.composition of red mud
Al203 % 22.2 18.0 17.1 16.2
SiO2 % 15.0 16.2 15.6 14.2
Fe203 % 26.7 29.1 28.1 25.5
TiO2 % 7.3 7.4 7.1 6.5
L.0.I. % 9.5 9.1 9.5 11.3
Ca0 % 6.2 9.2 11.5 17.0
Mg0 % 0.8 0.8 0.8 0.t
Na,0 % 8.8 9.6 8.3 7.4
Na20/SiO2 0.59 0.59 0.53 0.5z
A1203/SiO2 1.48 1.11 1.10 1.1%
51293 yield % 58.4 69.1 69.6 €3.2




Table A2-

31

Mineralogical composition of red muds

/Effect of lime addition/

Bauxite:

Digestion temperature: 260° C

ICS-3

Holding time: 1 hour

Modelling of autoclave and tube digestion

Quantity of lime added %

3 5 7 10
ICS-3 ICS-3 ICS-3 ICS-3
Sanple M1 M2 M3 ol O
A1203 % in:diaspore 7.4 1.2 0.4 0
sodalite 3.1 4.5 3.4 3.2
cancrinite 5.9 7.6 7.1 5.8
CAS 2.2 3.3 4.9 5.5
undigested
silicates /chan./ 3.6 1.4 1.3 1.6
total 22.2 18.0 17.1 16.2
SiO2 % in:sodalite 3.7 5.0 3.9 3.8
cancrinite 6.9 8.7 8.5 6.2
CAS 0.8 1.1 1.9 1.¢
undigested
silicates /chan./ 3.6 1.4 1.3 1.5
total 15.0 16.2 15.6 14.2
Fe203 % in:goethite 2.0 1.8 1.6 1.5
hematite 18.1 24.7 24.1 21.C
undigested
silicates /ehop./ 6.6 2.6 2.4 3.C
total 26.7 29.1 28.1 25.5
TiO2 % in:perowskite 2.0 3.3 29 6.5
Na-titanates+rutile 4.7 4,1 h,2 0
total 6.7 7.4 7.1 6.3
Ca0 % in:perowskite 1.4 2.3 2.0 L.5
CAS 3.6 5.4 8.0 c.1
calcite 1.2 1.5 1.5 3.3
total 6.2 9.2 11.5 17.2
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Fig.A2-13

Al,03 YIELD AND UNDIGESTED DIASPORE VS.

QUANTITY OF LIME ADDED 7O DIGESTION

Bauxite * 1CS-3
Digestion temperature = 260°C
Holding time : 1hour

Digestion liquor conc.(Na20O¢) : 161-5gpl
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CHANGING OF Na;0/Si0; AND Al,03/S5i0, W. RATIO IN

RED MUD VS QUANTITY OF LIME ADDED TO DIGESTION

Bauxite : 1CS-3
Digestion temperature : 260°C
Holding time : 1 hour

Digestion liquor conc.(Na,0. : 1616 gpl

0 o Na,0/5i0; ratio

R e e e @ X Al203ISl02 ratio
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Tahle A2-32

Effect of lime additior_for digestion

tlodelling of tube digestion

Bauxite: ICS-3

Digestion temperature: 280°

Holding time: 1 hour

C

Calculated molar ratio: 1.5%
Lime addition: 3-10 % /for dried bauxite/

Digesting liquor: Na20c: 161.6 gpl; Al
Na,0,: 188.8 gpl; Si0

2°t°

2053
2

+83.1 gpl; ¥.r.: 3.
:0.48 gpl

Quantity of lime added %

3 5 7 10
IC3-3  ICS-3  ICS-3  ICS-3
Sample M5 M6 M7 =3
Liguor_analysis aft:r
digestion Na,0, gpl 132.0  133.1 131.3  133.5
A1203 gpl 143.7 145.3 142.8 1L2.6
Na20t gpl 160.1 156.2 156.4 157.0
510, gpl 0.40 0.45 0.45  0.45
M.r. 1.51 1.51 1.51 1.35
Chem. composition of
red rud A1203 % 16.9 17.2 17.1 12,53
SiO2 % 16.9 16.8 16.2 iL.5
Fe203 % 30.5 29.5 28.3 27.6
Ti0, % 7.7 7.4 7.2 5.6
L.0.I. % 7.8 8.5 9.3 17.4
Ca0 % 6.9 8.9 11.2 12.1
Mg0 % 0.9 0.8 0.8 2.8
Na20 % 10.2 9.6 8.8 7.7
Na20/SiO2 0.58 0.57 0.54 0.33
A1203/5102 1.0 1.02 1.06 1.12
AL,0, yield % 72.3 70.8 69.8  7o.2
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Table &2-33

~ineralogiczl composition of red nuds

/Effect of lime addition/
Hodelling of tube digestion
Bauxite: ICS-3

Digestion temperature: 280° ¢

Hciding time: 1 hour

Quantity of lime added %

3 5 7 1¢
ICS-3  ICS-3 ICS-3  I{3-
Sample M5 M6 K7 ]
A1203 % in:diaspore 0.7 0.3 0.3 G
sodalite 4.4 4.3 3.7 3.5
cancrinite 8.7 8.0 7.7 5.5
CAS 1.8 3.3 4.1 5.4
undigested
silicates /chan./ 1.3 1.3 1.3 1.0
total 16.9 17.2 17.1 18.3
8102 % in:sodalite 5.1 5.0 L. 4 £.0
cancrinite 9.9 9.4 9.0 7.9
CAS 0.6 1.1 1.5 1.9
undigested
silicates /chan./ 1.3 1.3 1.3 1.0
total 16.9  16.8 6.2  1-.5
Fe203 % in:goethite 1.5 1.4 2.0 z.8
hematite 26.6 25.7 23.9 2=.7
undigested
silicates /cham./ 2.4 2. 2.4 1.2
total 30.5 29.5 28.3 z27.4
Ti0, % in:perowskite 4.0 2.8 3.9 2.9
Na-titanates+
rutile 3.7 4.6 3.3 2
total 7.7 7.4 7.2 2.5
Ca0 % in:perowskite 2.8 2.0 2.7 -.€
CAS 3.0 5.4 6.7 z.¢
calcite 1.1 1.5 1.8 1.5
total 6.9 8.9 11.2 IS
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Fig.A2-15
Al,03_YIELD AND UNDIGESTED DIASPORE VS.
QUANTITY OF LIME ADDED TO CIGESTION

Bauxite : 1CS-3
Digestion -temperature : 280°C
Holding time : 1 hour

Digestion liquor conc.(NazOc¢) : 161-6gp!
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CHANGING _OF Na;0/Si0; AND _Al,03/Si0, W.RATIO IN

a2-738

RED MUD VS QUANTITY OF LIME ADDED TO DIGESTION

0.6

Na,0
SiO2

0.5

0-4

03

Bauxite * 1CS-3
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o

7 % of i1ime additive. The results are given in Tables A2-33
and A2-35.

Minimum amount /1.9% of A1203/ of undigested diaspore remzired

et
[8)}
jot
O

fL
[
v
/2] .
i3
()
'y
1w

in the case of 138 gpl digestion liquor. However, at
and 180 gpl concentrations practically no undigested

was left.

Parameters and results of comparétive digestion tests
carried out on samples ground to below 90 yum and 160 Jum
are given in Tables A2-3 and 1A2-37.

Uith the sample ground to below 1690 /um the A1203—recovery
is less by about 4 %, however, with the sample ground

to finer size than 90 Jum the digestion of diaspore is
practically completed.

In order to determine the optimum digestion molar ratio
digestion series comprising six tests at 260° C and by
the optimum addition of 7 ” Ca0 were carried out. The
parameters and results are given in Tables A2-33 and A2-39

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 perfect digez<icn
is ccnsidered to be 1.55.
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Table A2-34

Digestion tests at different digesting liquor concentration
ilodelling of autoclave and tube digestion

Bauxite: ICS-3
Digestion temperature: 260° C

Holding time: 1 hour
Lime addition: 7 % for dried bauxite
Calculated molar ratio: 1.55

Sample . ICS-3 K1 ICS-3 K2 . ICS-3 K3

Digesting liguor

Na20c gpl 138.0 161.6 180.¢C
A1203 gpl 70.4 83.0 . G82.5
M.r. 3.2 3.2 3.2

Liguor analysis after

digestion
N320c gpl 116.9 130.6 153.0
A1203 gpl 122.2 141.5 166.8
M.r. 1.57 1.52 1.51

Chem.composition of red mud
Al203 % 18.9 17.1 17.3
8102 % 15.7 15.6 15.¢
Fe203 % 26.9 28.1 28.3
TiO2 % 7.0 7.1 7.2
L.0.I. % 10.4 9.5 9.9
Cal0 % 11.1 11.5 11.7
Mg0 % 0.7 0.8 0.8
Na,0 % 8.7 8.3 8.4
N320/8102 0.55 0.53 0.53
A1203/SiO2 1.20 1.10 1.CS
CaO/SiO2 0.71 0.74 0.732
Alng_yield % 64.9 69.6 6c.4
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Table A2-35

Aineralogical composition of red muds

/Effect of dig. liquor concentration/
liodeliing of autoclave and tube digestion
Bauxite: ICS-3

Digestion temperature: 260° C

Holding time: 1 hour

Digesting liquor conzentration

- Na,0Oc gpl 138.0 161.6 180.0
Sample ICS-3 K1 ICS-3 K2 ICS-3 X3
A1203 % in diaspore 1.9 0.4 0
sodalite 4.0 3.4 3.6
cancrinite 6.7 7.1 7.3
CAS 4.7 4.9 5.1
undigested .
silicates /chan./ 1.6 1.3 1.3
total 18.9 17.1 17.3
3102 % in sodalite 4.7 3.9 4.2
cancrinite 7.8 8.5 8.6
CAS i 1.6 1.9 1.8
undigested
silicates /chan./ 1.6 1.3 1.3
total 15.7 15.6 15.9
Fe203 % in goethite 2.0 1.6 1.1
hematite 21.9 24.1 24.8
undigested
silicates /cham./ 3.0 2.4 2.4
total 26.9 28.1 28.3
TiO2 % in perowskite 2.7 2.9 3
Na-titanates+
rutile 4.3 4.2 3.9
total 7.0 7.1 7.2
Ca0 % in perowskite 1.9 2.0 2.3
CAS 7.7 8.0 8.4
calcite 1.5 1.5 1.0
total 11.1 11.5 11.7
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Table A2-~26

Effect of grain size of bauxite

flodelling of autoclave and tube dizestion
Bauxite: ICS-3 < 90 /um; ICsS-3 <160 um
Digestion temperature: 260° C

Holding time: 1 hour
Calculated molar ratio: 1.955
Lime addition: 7 € /for dried bauxite/

Digesting liquor: Hazoc 161.6 gpl; A1203 83.0 gpl; M.r.: 3.2

Na,0, 188.8 gpl; Si¢

27t 2

0.48 gpl

Grain size

of bauxite

Sample < 90 Jum < 160 Jum

Liquor analysis

after digestion
Na 0, epl 130.6 131.5
A1,05 gpl 141.5 140.9
Nay0y epl 155.0 156.8
5i0, gpl 0.40 0.40

Chem.compositign of -r- 1.52 1.54

red mud A1203 % 17.1 19.1
510, # 15.6 16.4
Fep05 % 28.1 28.0
T10, * 7.1 7.0
L.0.I. % 9.5 7.7
Ca0 % 11.5 12.0
Mg0 7 0.8 0.9
Nay0 % 8.3 8.3
Na,0/810, 0.53 0.51
A1503/510, 1.10 1.16
Ai0y yield % 69.6 65.9
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Table A2-37

Nineralogical compesition of red muds

/Effect of grain size of bauxite/
Ydodelling of autociave and tube digestion
Bauxite: ICS-3

Digestion temperature: 260° C
Holding time: 1 hour

Grain size of bauxite

Sample < 90 ,um <160 ,um
A1203 % in:diaspore 0.4 1.6
sodalite 3.4 4.2
cancrinite 7.1 ‘ 7.9
CAS 4.9 4.0
undigested
silicates /chan./ 1.3 1.4
total 17.1 16.1
8102 % in : sodalite 3.9 4.7
cancrinite 8.5 8.9
CAS 1.9 1.4
undigested -
silicates /cham./ 1.3 1.4
total 15.6 16.4
Fe203 % in:goethite 1.6 1.4
hematite 24.1 24.C
undigested
silicates /cha./ 2.4 2.6
total 28.1 28.0
TiO2 % in:perowskite 2.9 4.9
Na-titanates+rutile 4.2 2.1
total 7.1 7.0
Ca0 % in:perowskite 2.0 3.4
CAs 8.0 6.6
calcite 1.5 2.0
total 11.5 12.0




Table A2-38

Characteristic digestion curve fer determinztion oo

A2-34

-5 ey
PP perd-ow

melar ratio

Ilodelling of autoclave and tube digestion

Bauxite: ICS-3

Digestion temperature: 260° ¢

Helding time:

1 hour

Calculated molar ratio: 1,3-1,7
7 % for dried bauxite

Lime addition:

Ligquor analysis after digestion

Sample

Na,0

A1,0

Molar

Na,0

gpf ¢ g§13 ratio gilt gp12 meclar ratio
Digesting
liquor 161.3 82.3 3.2 188.8 0.48 -
ICS-3 Mv-1 138.5 160.5 1.43 164.2 0.25 1.50
ICS-3 Hv-2 140.1 162.3 1.42 164.0 .25 1.30
ICS-3 Mv-3 142.2 161.4 1.45 164.3 0.30 1.=5
ICS-3 Mv-4 143.8 158.7 1.49 164.3 0.30 1.30
ICS-3 Mv-5 146.0 143.6 1.56 165.0 0.30 1.55
ICS-3 Mv-6 149.4 144.8 1.70 166.3 .30 1.79
Chemical composition of red mud

Sample A1203 SiO2 Fe203 TiO2 L.0.I. Ca0 g0 Na20 A1203 A1203

% % % % % = % % 510, yield =
ICS-3 Mv-1 23.2 14.1 25.8 6.5 9.9 10.7 0.7 7.4 1.64 5.0
ICS-3 Mv-2 19.7 14.9 26.3 6.8 9.8 1.5 0.8 7.9 1.32 82.5
ICS-3 Mv-318.9 15.3 27.0 7.0 9.6 11.5 0.8 8.2 1.23 €5.0
ICS-3 Mv-4 18.2 15.6 28.9 7.0 9.2 1.7 0.8 8.4 1.17 ¢t.5
ICS-3 Mv-517.7 15.6 28.7 7.1 9.0 11.5 0.8 8.4 1.13 6c.2
ICS-3 iiv-6 17.5 159 28.5 7.1 9.1 11.6 0.9 8.4 1.10 ¢z.3
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Table aAz-33

“ineralogical composition of red muds

/Effect of molar ratio/

Todelling of artoclave L& tube digestion
Bauxite: ICS-3

Digestion temperature: 260° C

Holding time: 1 hour

M.r. after digestion

1.49 1.56 1.70
Sample ICS-3 Mv-4 ICS-3 Mv-5 ICS-3 uv-0

A1203 % in:diaspore 0.8 0.3 0.4
sodalite 3.2 3.4 3.4
cancrinite 7.8 7.9 7.6
CAS 4.8 4.8 L.1

undigested
silicates /chan./ 1.6 1.3 2.2
“otal 18.2 17.7 17.5
8102 % in . sodalite 3.6 3.9 3.7
cancrinite .0 9.0 8.4
CAS 1.4 1.4 1.9

undigested
silicates/chan./ 1.6 1.3 2.2
total 15.6 15.6 15.2
Fe203 % in:goetbite 1.5 1.1 1.4
hematite 244 25.2 23.C

undigested
silicates /chon./ 3.0 2.4 L,
total 28.9 28.7 2E.3
TiO2 % in:perowskite 4.0 3.9 5.1
Na-titanates+rutile 3.0 3.2 2.2
total 7.0 7.1 7.1
Ca0 % in:perowskite 2.8 2.7 3.5
’ CAS 7.9 7.8 .2
calcite 1.0 1.0 1.2
total 11.7 11.5 11,9
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Fig.A2-17
CHARACTERISTIC D!GESTION CURVE

Bauxite : [CS-3
Digestion temperature : 260°C
Holding time 1 hour
Lime addition 7 °lo
Digestion liquor conc.(Na,0¢) : 1616 gpl
yield"lo
i theoretical yield _
70L /0’0-._0-.—0——0
d
60} |
|
o
50F
40t
13 % 15 18 17 18

Molar ratio after digestion




The results of tests carried out for the determination

of optimum retention time are summarized in Table a2-49.

Similarly as with sample ICS-2, the temperature of 260° C
and a retention time of 30 minutes was sufficient for

the perfect digestion of diaspore.
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Table A2-40
cffect of the holding time
s.edelling of autoclave and tube digestien

BEauxite: ICS-3

Digestion temperature: 260° ¢

Holding time: 10 minutes - 1 hour

Calculated molar ratio: 1.55

Lime addition: 7 % /for dried bauxite/

Digesting liquor: Na 0c 161.6 gpl; A12 3 83.0 gpl; M.r.: 3.2

2
Na,0, 188.8 gpl; 8102 0.48 gpl

2t

Holding time

lo min. 20 min. 30 min. 1 hour
Ligquor analysis after
digestion Na 0 gpl 150.0 131.4 132.5 133.1
Al 03 gpl 138.9 141.2 144.5 144.0
Na20t gpl 154.1 155.7 156.0 135.6
8102 gpl 0.40 0.40 0.40 C.&0
M.r. 1.54 1.51 1.51 1.32
Chem. composition of
red mud 1, 3 % 18.4 13.1 17.7 17.06
SJ.O2 16.1 16.1 16.3 16.1
2 3 % 28.0 28.2 28.6 2%.3
T102 % 7.1 7.3 7.3 7.3
L.0.I. % 9.0 8.6 8.4 7.5
Ca0 % 12.4 12.0 12.4 12.3
Mg0 % 0.8 0.8 .8 0.5
Na20 % 8.4 8.6 8.4 s.2
Na O/SiO2 52 0.53 0.52 c.s:
03/SiO 1.14 1.12 1.09 1,23
Al 03 yield 2 67.1 67.9 69.1 70.1
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Technological flow-sheets,material balances

and water balances
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A3-1

Tecansiogical fiow-sheer and material - oW for 1t tea of alumina sroduced

nauxite sintering nrecess

TXle A1

Limescoav Bauxite Crlzined soda
- Vile Cual 2 23w
b3 Q.0 H <37
IS 0.19 T e 220
1273
10
43
‘—C Lipe buraing ) Preneration of nixture
1
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' L Q73 o) L 265 0.233
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-——( Pregaration of lime m@ 133_231_\ i ,
C . ] 5458
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? Zgg ggi Sinter Soda solution
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N N « £
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s '
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Table A3-2

Techanological Ilow-sheet and material flow for 1 ton of alunina
High gualizy bauxite, Saver process, autoclave digestion

Soda ash Bauxite Linestone
129 sl23k3 0..33 Slen 0.331
L 124 0.124 L 39 C. 39
wWatar 13 * 19357 0.3 L | 953 0. 33
S 303
Stean 30 432 \ ’ Fuel 40
T Al —— LN

NGy P
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J | I -
{ 3 N |
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Table A)-)

Tecinological flo«—sheet and naterial flow for 1 ton of alumina

Hiza suality bauxite, 3ayer orocess, tube digestion
31 = 4 8 9

Soda ash Bauxite Lirestone
24 | S ] 233 0.736 S | 3t 0.325
L 124 0,324 L} 34 .Cs0
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IN:

0UT:

Technologiczl water balance

Table A3-4

Low quality bauxite sintering variant

kg water/t alumina

Sinter feed :

with bauxite

with limestone
Aluminate liquor autoclave
desilication: contact heating
Mud washing
Lime burning
Hydrate washing

Total

Grand total

Sintering

Aluminate liquor autoclave
desilication: flash steanm
Evaporation

Vacuum cooling

Lime burning, flue gas losses
Mud disposal

Calcination

Total

Grand total

solid
phase

318

liquid
phase

257
60

1580
6950

1000

318

310
540

10170

9852

4237

4160
3256
178

350
130

850

10170

9320
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Table A3-5
Technological water balance
quality bauxite, autoclave digestion
kg water/t alumina

solid liquid
phase phase
IN: Bauxite: bound 258 -
adhesive moist. - 124
Alkaline condensate
to lime slaking - 2915
to hydrate washing - 992
to mud washing and
causticization - 2271
to salt causticization - 98
to soda ash causticization - 428
Direct heating - 270
Make-up water - 2091
Other consumptions - 101
Total 258 9290
Grand total . 9548
OUT: Filtered mud: bound 225 -
liquid phase - 4200
Product hydrate: bound 525 -
adherent - 176
Evaporation - 3588
Digestion flash vapour - 3834
Total 750 8798

Grand total 9548




IN:

A3-6

Table A3-6
Technological water balance
High quality bauxite, tube digestion
kg water/t alumina

solid liquid
phase phase
Bauxite: bound A 257 -
adhesive moist. - 124
Alkaline condensate
to lime slaking - 2842
to hydrate washing - 992
to mud washing and
causticization - 2537
to salt causticization - 98
to soda ash causticization - 411,
Direct heating - 270
Make-up water - 2001
Other consumptions - 101
Total 257 9376
Grand total 9663
: Filtered mud: bound 224 -
liquid phase - 1196
Product hydrate: bound 525 -
adherent - 176
Evaporation - 3308
Digestion flash vapour - 4234
Total 749 8914

Grand total 9663
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Main equipwment list
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HAIN EQUIPHENT LIST

HECHANICAL EQUIPMENT
FOR SINTERING PROCESS

1. Bauxite receiving and erushing

1a Bauxite storage

1. Hammer mill with vibrating screen

Cap.: 160 t/h
2. Front end loaders
Bucket cap.: 1.3 m3
3. Rubber belt conveyors
B = 1000 mm
L=10m
Cap.: 160 t/h
4, Rubber belt conveyor
B = 1000 mm
L=150m
Cap.: 160 t/h

5. Rubber belt conveyor with weighing

belt
B = 1000 mm
L =200m

Cap.: 125 t/h
6. Apron belts with speed control
B 1000 nm
L=8nm
Cap.: 160 t/h

Attachment &

Number Total
Total Operat- Weight

ing (t)
1 1 24
3 2
2 2 12
4 1 30
1 1 40
1 1 15
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Number Total
Total Operat- Weight

ing (t)
7. Apron belts with speed control 2 1 16
B = 800 mm
L=6nm
Cap.: 85 t/h
8. Blectric 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

22 Limestone storage

1. Jaw crusher with vibrating screen
Cap.: 80 t/h
2. Apron belt with speed control

B = 800 mm
L=6m
Cap.: 80 t/h
3. Rubber belt conveyor
B = 800 mm
L =150m
Cap.: 80 t/h
4, Apron belts with speed control
B = 800 mm
L=6m
Cap.: 40 t/h
5. Rubber belt conveyor
B = 800 mm
L=110m

Cap.: 40 t/h
6. Rubber belt conveyor with
weighing belt

B = 800 mm
L=45nm
Cap.: 40 t/h

.*Dust collecting facility with
exhaust fan
Cap.: 3500 m3/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
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Number Total
Total Operat- Weight

ing (t)
8. Front end loaders 2 1
Bucket cap.: 1.3 m3
9. Electric hoist 1 1 1

Cap.: 5 ¢
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3. Lime burning

3a Lime slaking

. Shaft kiln for burning limestone
with elevator, exhaust fan, dust

collector gas purifier, with

burnt lime extractor, vibrating
feeder, rubber belt conveyor, with
fuel o0il supply system, with elec-
trical equipment, process control

and instrumentation

Cap.: 70 t/day (Ca0)

Lime slaking drum

¢ 1.8mx10m

Cap.: 10 m3/h slaked lime

3.*Burnt lime silo with feed and

discharge facilities
Cap.: 100 t
Feed and disch. cap.: 5 t/h

4.,*%Flat bottom tanks

Volume: 25 m3

. Agitators for tanks with gear-

boxes, couplings and electric
motors

. Centrifugal pumps for slaked

lime
Cap.: 10 m3/h

Total

Number Total
Operat—- Weight

ing (+)
1 300
1 10
1 12
2 1C
1 6
2 2
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&. Soda ash receiving and storage

1.*Soda ash silos with pneumatic
feed and discharge facilities
ﬁ 10mx27m
Volume: 2000 m3

Number Total
Total Operat- Weight
ing ()

2 2 480
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Number Total
Total Operat— Weight
ing (t)

5. Wet grinding

1. Multi-chamber ball mills with 2 1 140
vibrating screens
§2.6mx13m
Cap.: 125 t/h

2. Rubber belt conveyors with 2 1 6
weighing belts and speed control
B = 800 mm
L=8m
fap.: 125 t/h

3.*Flat bottom tanks 5 4 13
Volume: 6.3-50 m3

4, Agitators for tanks with gearboxes, 4 3 6

couplings and electric motors

5. Centrifugal pumps for slurry 4 2 4
with speed control
Cap.: 180 m3/h

6. Centrifugal pumps for slurry 2 2 1.5
Cap.: 30 m3/h

7.*Centrifugal pumps 2 1 2
for water
Cap.: 50 m3/h
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Number Total
Total Operat—- Weight
ing (t)

6. Adjustment tanks

1.*Tanks with conical bottom 11 11 770
f 9mx20m
Volume: 1000 m3
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6a High pressure pump station

1. Piston slurry pumps with
suction and delivery dashpot
Cap.: 120 m3/h
Head: 30 bar

2. Overhead travelling crane

Cap.: 5 t

Number Total
Total Operat- Weight

ing (t)
6 2 156
1 1 12
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7. Sintering

1.

Rotary kilns with coolers,
cyclons, gas purification systems
and with oil heating system and
exhaust fans

$5x120m

Cap.: 1600 t/day

Rubber belt conveyors

B = 800 mm

L=150m

Cap.: 65 t/h

Number Total
Total Operat- Weight

ing (t)
3 2 6750
2 1 60
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8. Sinter crushing

Bucket elevators
Cap.: 65 t/h

Screen classifiers
Cap.: 65 t/h

Jaw cruslers

Cap.: 50 t/h

Double deck vibrating
Screening area: 2.5 m

. Cone crushers

Dia: 2200 mm
Cap.: 70 t/h

. Rubber belt conveyors

B = 800 mm
L =6mn
Cap.: 65 t/h

. Rubber belt conveyors

B = 800 mm

L =8m

Cap.: 60 t/h

Rubber belt conveyors
B = 600 mm

L=10m

Cap.: 15 t/h

screens
x 6m

Number Total

Total Operat-- Weight
ing (t)
2 1 30
3 2 13
3 2 54
3 2 36
3 2 255
3 2 12
3 2 10
3 2 9
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Number Total
Total Operat- Weight

ing (t)
9. Sinter leaching
1. Leaching belt 2 2 1740
Cap.: 70 t/h
2. Filter thickener 6 6 120
Surface: 41.5 n?
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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Number Total
Total Operat- Weight
ing (t)

10. Autoclave desilication

1. Autoclaves 14 14 289
¢ 2.5mx 14 m
Volume: 50 m3

2. Flash tanks 4 4 52
$ 3.6 m x 5.6 m
Volume: 50 m3

3.*Flat bottom tanks 4 4 16
Volume: 6.3-100 m3
4, Agitators for tanks with 4 4 7

gearboxes, couplings and
electric motors
5. Centrifugal pumps for slurry 4 2 4
with speed control
Cap.: 150 m3/h

6. Centrifugal pumps for slurry 2 2 1
Cap.: 30 m3/h
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Number Total
Total Operat- Weight
ing ()

11. White mud No.1 settling

1. Single chamber settler 1 1 87
ﬁ 20mx 4m
Volume: 1500 m3

2. Vacuum drum filters with 2 1 18
filtrate receivers
Surface: 10 m®

3.*Flat bottom tanks 8 5 39
Volume: 6.3-200 m3/h

4, Agitators for tanks with 8 5 21
gearboxes, couplings and
electric motors

5. Centrifugal pumps for slurry 2 1 3
with speed control
Cap.: 200 m3/h

6. Centrifugal pumps for slurry 8 5 6
Cap.: 15-100 m3/h

7.*Centrifugal pumps for water 2 1 1
Cap.: 15 m/h
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Number Total
Total Operat- Weight

ing ()

12. Control filtration

1. Pressure filters 2 1 22
Surface: 125 m®

2.*Flat bottom tanks 6 5 23
Volume: 6.3-50 m3

3. Agitators for tanks with 5 4 8
gearboxes, couplings and
electric motors

4. Centrifugal pumps for slurry 7 4 5
Cap.: 30-100 m3/h

5. Centrifugal pumps for liquor 2 1 1.5

Cap.: 60 m3/h
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Number Total
Total Operat- Weight

ing (t)

13. Flash cooling, precipitation

1. Vacuum flash vessels 3 3 30
é 2 m

2. Shell and tube type 2 2 36
heat exchangers
Surface: 180 m2

3.*Hydroseparator 1 1 25
§ 7mx19m
Volume: 400 m3

4. Vacuum disc filters with 2 1 40
filtrate receivers
Surface: 100 m?

5. Pressure filters 2 1 22
Surface: 125 m®

6. Vacuum drum filters with 3 2 24

filtrate receivers
Surface: 10 m2
7.*Precipitator tanks with 7 7 630
conical bottom
Volume: 1000 m3

8.*Flat bo*tom tanks 15 10 59
Volume: 6.3-50 m>
9. Agitators for tanks with 15 10 19

gearboxes, couplings and
electric motors

10. Centrifugal pumps for slurry 16 11 14
Cap.: 15-100 m3/h
11. Centrifugal pumps for liquor 8 4 7

Cap.: 15-100 m3/h




A4-17

Number Total
Total Operat— Weight

ing (t)
14. Deep desilication
1. Single chamber settlers 2 2 24
Q 20 m x 4 m
Volume: 1500 m3
2. Pressure filters 3 2 33
Surface: 125 me
3. Vacuum drum filters with 4 2 32
filtrate recievers
Surface: 10 m2
4.*Flat bottom tanks 23 17 143
Volume: 6.3-200 m>
5. Agitators for tanks with 23 17 82
gearboxes, couplings and
electric motors
6. Centrifugal pumps for 6 3 7
slurry, with speed control
Cap.: 230 m3/h
7. Centrifugal pumps for slurry 14 12 10
Cap.: 15-25 m3/h
8. Centrifugal pumps for liquor 4 2 2

Cap.: 15 m3/h
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Number Totzal
Total Operat- Weight
ing (t)

15. Carbonisation and filtration

-

. *Hrdroseparator 1 1 40
§1omx28m
Volume: 1000 m3
2. Vacuum disc filters with 3 2 60
filtrate recievers
Surface: 100 m°

3. Vacuum drum filters with 3 2 36
filtrate receivers
Surface: 20 n°

4 *Flat bottom tanks 25 21 180
Volume: 6.3-250 n3

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 m°

2.*Flat bottom tanks 7 6 32
Volume: 6.3-160 n’

3. 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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17. Hydrate storage

1.*Flat bottom tanks
Volume: 6.3 m3

2. Agitator for tank with
gearbox, coupling and
electric motor

3. Centrifugal pumps for slurry
Cap.: 50 m3/h

Nuniber Total
Total Operat- Weight

ing (t)
1 1 3
1 1 1.2
2 1 1
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18. Calcination, alumina storage

1. Pan filters with filtrate
receivers interstage pumps, tanks
Surface: 25 n
2. Fluid bed calcining kiln, with
cyclons electrostatic dust precipi-
tator, exhaust fan, alumina
cooler, o0il heating system
Cap.: 700 t/day
3. Centrifugal pumps for liquor
Cap.: 20 m3/h
4, Alumina silo feed and
discharge units

5. Vaggon feed units

Number Total
Total Operat- Weight

ing t)
2 1 24
1 1 490
4 2 2
2 2 7
2 2 1.6
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Number Total
Total Operat- Weight
ing (t)

19. Evavporation

1. Five effects, counter current, 2 2 400
forced circulation evaporator
units with flash tanks, pre-
heaters fead and circulation pumps
Cap.: 65 t/h evaporated water

2.*Flat bottom tanks 13 13 80
Volume: 6.3-200 m>

3. Agitators for tanks with 8 8 30
gearboxes, couplings and
electric motors

4, Centrifugal pumps for liquor 8 5 7

Cap.: 65-100 m3/h
.*Centrifugal pumps for 7 4 6

w

condensate water
Cap.: 60-100 m3/h
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20. Vacuun station

1. Water ring vacuum pumps
Cap.: 7500 m3/h

2. Air blowers
Cap.: 2000 m3/h

3. Electric overhead

travelling crane
Cap.:5 t

Number

Total

Total Operat- Weight

ing
3 2
3 2
1 1

(t)

14

3.6

12
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Number Total
Total Operat- Weigh<
ing (t)

21. Compressor station

1. Turbo-compressors 3 2 24
Cap.: 15000 Nm3/h
Pressure: 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. 0il storage

1. 0il storage tanks 2 2 150
$ 185 mx 13.5 m
Volume: 3000 m>

2. 0il unloading 4 4 2
facilities
3. Gear pumps 6 3 3

Cap.: 10-65 m3/h
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Number Total
Total Operat- Weight
ing (t)

MECHNAICAL EQUIPHENT
FOR BAYER PROCESS

1. Bauxite receiving and crushing

1a. Bauxite storage

Low quality bauxite
Autoclave and tube digestion

1. Jaw crusher with vibrating 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=8nmnm
Cap.: 140 t/h

4. Rubber belt conveyor 1 1 8
B = 1000 mm
L=10m
Cap.: 140 t/h

5. Rubber belt conveyor 1 1 8
B = 800 rm
L =10m
Cap.: 100 t/h

6. Rubber belt conveyor 1 1 48
B = 1000 mm
L 220 m
Cap.: 140 t/h




10.

11.

A4-26

Apron belts with speed control
B = 800 mm

L =6m

Cap.: 110 t/h

Rubber belt conveyor

B = 800 mm

L =250m

Cap.: 110 t/h

Rubber belt conveyor with
weighing belt

B = 800 mm
L =6m
Cap.: 75 t/h

Front end loaders
Bucket cap.: 1.3 m3
Electric hoist
Cap.: 5 ¢t

Number Total
Total Operat- Weight

ing (t)
4 1 32
1 1 50
1 1 4
3 2
1 1 1
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Number Total
Total Operat- Weight
ing (t)

1. Bauxite receiving and crushing

1a. Bauxite storacge

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

3. Apron belt with speed control 1 1 16
B = 800 mm
L=8nm
Cap.: 100 t/h

4. Rubber belt conveyor 1 1 6
B = 800 mm
L =10m
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 30
B = 800 mm
L 150 m

Cap.: 100 t/h




A4-28

Number Total
Total Operat— Weight
ing (t)

7. Apron belts with speed control 2 1 15
B = 800 mm
L=6m
Cap.: 75 t/h
8. Rubber belt conveyor 1 1 40
B = 800 mm
L =200m
Cap.: 75 t/h
9. Rubber belt conveyor with 1 1 4
weighing belt
B = 800 mm
L=6m
Cap.: 75 t/h
10. PFront end loaders 3 2
Bucket cap.: 1.3 m3
11. Electric hoist 1 1 1

Cap.: 5 t




A4-29

Number Total
Total Operat- Weight
ing t)
2. Llimestone receiving and crushing

2a. Limestone storage

Low quality bauxite
Autoclave and tube digestion

1. Jaw crusher with vibrating screen 1 1 27
Cap.: 100 t/h

2. Apron belt with speed control 1 1 8.5
B = 800 mm
L=6m
Cap.: 100 t/h

3. Rubber belt conveyor with speed 1 1 45
control
B = 800 mn
L=220m
Cap.: 100 t/h

4. Apron belts with speed control 4 1 28
B = 800 mm
L=6m
Cap.: 80 t/h

5. Rubber belt conveyor with 1 1 31
weighing belt
B = 800 mm
L =180m
Cap.: 80 t/h

6.* Dust collecting facility with 1 1 2.5
exhaust fan
Cap.: 3500 m3/h

7. Front end loaders 2 1
Bucket cap.: 1.3 m3

8. Electric hoist 1 1 1

Cap.: 5 t




A4-30

Number Total
Total Operat- Weight
ing (t)
2. Limestone receiving and crushing

2a. Limestone storage

High quality bauxite
Autoclave and tube digestion

1. Jaw crusher with vibrating screen 1 1 25
Cap.: 80 t/h

2. Apron belt with speed control 1 1 8.5
B = 800 mm
L=6m
Cap.: 80 t/h

3. Rubber belt conveyor with speed 1 1 30
control
B = 800 mm
L =150 m
Cap.: 80 t/h

4, Apron belts with speed control 2 1 12
B = 600 mm
L=6nm
Cap.: 40 t/n

5. Rubber belt conveyor with 1 1 21
weighing belt
B = 600 mm
L =130 m
Cap : 40 t/h

6.* Dust collecting facility with 1 1 2.5
exhaust fan
Cap.: 3500 m3/h

7. Front end loaders 2 1
Bucket cap.: 1.3 m3

8. Electric hoist 1 1 1

Cap.: 5 t




A4-31

Number Total
Total Operat- Weight

ing (t)
3. Lime burning
3a. Lime slaking
Low quality bauxite
Autoclave and tube digestion
1. Shaft kiln for burning limestone 3 3 1200

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.: 250 t/day
2.* Burnt lime silo with feed and 1 1 45
discharge facilities
¢ 8.5 mx 12 m s.s. conical bottom
Cap.: 750 t
Feed and disch.cap.: 16 t/h
3. Lime settler 1 1 100
¢ 20m x 5 m s.s.
1:3 slope bottom
4, Lime slaking drums 2 2 20
§1.8mx10m
Cap.: 80 m3/h slaked lime
5. Rubber belt conveyor with 2 2 12
weighing belt
B = 600 mm
L=15m
Cap.: 20 t/h
6.* Flat bottom tanks | 4 3 27
Volume: 6.3-100 m3




A4-32

Number Total
Total Operat- Weight

ing (t)
7. Agitators for tanks with 3 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.: 30 m3/h
10.* Centrifugal pump for 2 1 2
water

Cap.: 65 m3/h




A4-33

Number Total
Total Operat- Weight

ing (t)
3. Lime burning
3a. Lime slaking
High quality bauxite
Autoclave and tube digestion
1. Shaft kiln for burning limestone 2 2 700

with elevators, exhaust fans, dust
collectors, gas purifiers, with
burnt lime extractors, vibrating
feeders, rubber belt conveyors,
with fuel o0il supply system, with
electrical equipment, process
control and instrumentation.
Cap.: 175 t/day
2.*% Burnt lime silo with feed and 1 1 35
discharge facilities
é 8mx 10 m s.s. conical bottom
Cap.: 500 ¢t
Feed and disch.cap.: 16 t/h
3. Lime settler 1 1 100
¢ 20m x 5 m s.s.
1:3 slope bottom
4, Lime slaking drum 1 1 10
¢ 1.8 m x 10 m
Cap.: 80 m3/h slaked lime
5. Rubber belt conveyor with 1 1 6
weighing belt
B = 600 mm
L=15m
Cap.: 16 t/h
6.* Flat bottom tanks
Volume: 6.3-50 m>

18

-
W




A4-34

Number Total
Total Operat- Weight

ing ()
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.: 10-565 m3/h
9. Centrifugal pump for 1 1 1
slurry
Cap.: 30 m3/h
10.* Centrifugal pump for 2 1 2
water

Cap.: 65 m3/h




A4-35

Number Tocal
Total Operat- Weight

ing (t)
4. Soda 2sh handling and causticization
Low quality bauxite
Autoclave and tube digestion
1.* Soda ash silos with pneumatic 2 2 280

feed and discharge facilities
§ 10 m x 18 m with conical bottom
Volume: 1400 m°
2.* Day bin with feed and 1 1 10
discharge facilities
$ 4t m x 8 m with conical bottom
Volume: 65 m>
Feed and disch.cap.: 10 t/h
3. Pressure belt filter 1 1 6.5
Filtration area 20 m°
Cap.: 5 t/h
4, Rubber belt conveyor with 1 1 1.5
weighing belt
B =500 mm
L=5m
Cap.: 10 t/h
5.*% Flat bottom tanks 5 5 26
Volume: 50 m3
6. Agitators for tanks with 5 5 7
gearboxes, couplings and

electric motors

7. Centrifugal pumps for slurry 2 1 1.5
Cap.: 25 m3/h
8. Centrifugal pumps for liquor 4 2 3

Cap.: 25 m3/h




A4-36

Number Total
Totzl Operat- Weight

ing (t)
4, Soda ash handling and causticization
High quality bauxite
Autoclave and tube digestion
1.* Soda ash silos with pneumatic 2 2 180

feed and discharge facilities
# 8m x 14 m with conical bottom
Volume: 700 m3
2.* Day bin with feed and 1 1 8
discharge facilities
¢ 3.5 mx 8 m with conical bottom
Volume: 50 m
Feed and disch.cap.: 6 t/h
3. Pressure belt filter 1 1 6.5
Filtration area 20 m°
cap.: 5 t/h
4. Rubber belt conveyor with 1 4 1.5
weighing belt
B =500 mm
L=5m
Cap.: 6 t/h
5.*% Flat bottom tanks 5 5 21
Volume: 25 m-
6. Agitators for tanks with 5 5 6
gearboxes, couplings and

electric motors

7. Centrifugal pumps for slurry 2 1 1.5
Cap.: 25 m3/h
8. Centrifugal pumps for liquor 4 2 3

Cap.: 25 m3/h




A4-37

Number Total
Total Operat- Weight
ing (t)
5. Wet grinding

Low quality bauxite
Autoclave and tube digestion

1. Rubber belt conveyors with 3 2 6
weighing belts
B = 800 mm
L=50m
Cap.: 50 t/h
2. Multi-chamber ball mills with 3 2 360
conical screens
ﬁ 2.6mx 13 m
Cap.: 50 t/h
3. Classifier screens 9 6 1"
4.* Flat bottom tanks 2 2 20
Volume: 200 m>
Flat bottom tanks 6 5 19
Volume: 6.3-50 m3
6. Agitators for tanks with 7 5 19
gearboxes, couplings and

\n
*

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




A4-38

Number Total
Total Operat— Weight

5. Wet grinding

High quality bauxite
Autoclave and tube digestion

Rubber belt conveyors with
weighing belts

B = 800 mm

L =50m

Cap.: 25 t/h

Multi-chamber ball mills with
conical screens

¢ 2.2mx 13 m

Cap.: 35 t/h

Classifier screens

Flat bottom tanks

Volume: 200 m3

Flat bottom tanks

Volume: 6.3-50 m3

Agitators for tanks with
gearboxes, couplings and
electric motors

Centrifugal pumps for slurry
with speed control

Cap.: 70-140 m3/h
Centrifugal pumps for slurry
Cap.: 30 m3/h

Centrifusgal pumps for water
Cap.: 60 m3/h

ing

(t)

315

11
20

19

19

1.



A4-39

Number Total
Total Operat- Weight

ing (t)
6. Slurry storage and
predesilication
Low quality bauxite
Autoclave and tube digestion
1. Shell and tube type heat 21 14 52

exchangers
Shell dia: f# 368 x10 mm
Heating tubes: 3 x § 108 x 4 mm
Surface: 12 m?
2.* Flat bottom tanks 5 4 85
Volume: 500 m3
3.* Flat bottom tanks
Volume: 6.3-200 m3
4, Agitators for tanks with 8 7 55

gearboxes, couplings and

22

W
W

electric motors

5. Centrifugal pumps for slurry 3 2 3.3
with speed control
Cap.: 230 m3/h

6. Centrifugal pumps for liquor 4 2 4.4
with speed control
Cap.: 170-230 m3

7. Centrifugal pumps for slurry 1 1 0.8
Cap.: 30 m3/h




A4-40

Number Total
Total Operat- Weight
ing (t)
6. Slurry storage and

predesilication
High quality bauxite

Autoclave and tube digestion

1. Shell and tube type heat 21 14 52
exchangers
Shell dia: § 219 x 6.3 mm
Heating tubes: 3 x § 76 x 2.9 mm
Surface: 10 m2

2.* Flat bottom tanks 4 3 68
Volume: 500 3

3.* Flat bottom tanks 3 3 22
Volume: 6.3-200 m3

4, Agitators for tanks with 7 6 47
gearboxes, couplings and
electric motors

5. Centrifugal pumps for slurry 3 2 3.3
with speed control
Cap.: 210 m3/h

6. Centrifugal pumps for liquor 4 2 4.4
with speed control
Cap.: 120-250 m3

7. Centrifugal pumps for slurry 1 1 0.8
Cap.: 30 m3/h




7.

aA4-41

H.P. pump station

Low and high quality bauxite
Autoclave digestion

H.P. diaphragm pumps with speed
control, with suction and
delivery dashpots

Cap.: 230 m3/h

Head: 70 bar

Flat bottom tank

Volume: 6.3 m3

Agitator for tank

with gearboxe, coupling

and electric motor

Overhead travelling crane
Cap.: 5 t

Number Total
Total Operat- Weight
ing (¢

3 2 165

1 1 1.6
1 1 0.9
1 1 15



7.

Ad4-42

H.P. pump station

Low and high quzlity bauxite
Tube digestion

H.P. diaphragm pumps with speed
control, with suction and
delivery dashpots

Cap.: 80-150 m3/h

Head: 120 bar

Flat bottom tank

Volume: 6.3 m3

Agitator for tank

with gearboxe, coupling

and electric motor

Overhead travelling crane
Cap.: 5 t

Number Total
Total Operat- Weight

ing (t)
6 4 276
1 1 1.6
1 1 0.9
11 15



A4-43

Number Total
Total Operat— Weight

ing (t)
8. Autoclave digestion
Low and high quality bauxite
1. Autoclaves for heating 22 22 1456

bauxite slurry with
flash steam
¢ 2.5mx 14 m
P = 60/35 bar
Volume: 50 m3
2. Autoclaves for heating 8 8 S44
bauxite slurry with
life steam
d25mx14m
p = 60/80 bar
Volume: 50 m
3. Autoclaves for ensuring 4 4 244
the required hclding time
$2.5mx 14 m
p = 60 bar
Volume: 50 m
4, Flash tanks 20 20 223
$2.8mx5m
P = 6-25 bar
Volume: 25 m3
4, Flash tanks 2 2 18
d2.8mx5.5m
P = 6 bar
Volume: 30 m-
5. Condensate blow-off 22 22 9
vessels
Volume: 0.22-2,2 m




Ad-44

Number Total
Total Operat- Weight

ing (t)

6. Condensers 2 2 3.7
Volume: 3 m3

7.* Flat bottom tanks 6 6 23
Volume: 6.3-100 m3

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.: 270 m3/h

10. Centrifugal pumps for slurry 2 2 2
Cap.: 30 m3/h

11.* Centrifugal pumps for water g 2 4

Cap.: 60 m3/h




A4-45

Number Total
Total Operat- Weight=
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: 3x 0 108 x 8 mm
Surface: 14 m2
2. Shell and tube type heat 156 156 493
exchanger for heating the
bauxite slurry and adjusting
liquor using flash steam
Shell dia: 368 x 14 mm
Heating tubes: 3x0 108 x 8 mm
Surface: 14 m?
3. Shell and tube type heat 40 40 126
exchanger for heating the
bauxite slurry with molten
salt.
Shell dia: 368 x 14 mm
Heating tubes: 3x0 108 x 8 mm
Surface: 14 m?
4, Holding tubes 2 2 435
# 273x16 mm - 1600 m
5. Flash tanks 24 24 300
y 2.8mx5m
p= 6-60 bar
Volume: 25 m3

6. Flash tanks 2 2 18
¢ 2.8 m x 5.5 m
Volume: 30 m3




Ad-46

Number Total
Total Operat- Weignt
ing (t)

7. Condensate blow-off vessels 2 2 4.8
§1.6mx2.7m
Volume:4.5 m?

8. Condensers 2 2 3.7
$0.9mx4.9m
Volume: 3 md

9. PFlat bottom tanks 6 6 23
Volume: 6.3-100 m3
10. Agitators for tanks with 6 6 18

gearboxes, couplings and
electric motors
11. Centrifugal pumps for slurry 8 8 10
with speed control
Cap.: 300 m3/h

12. Centrifugal pumps for slurry 2 2 2
Cap.: 30 m3/h

13. Centrifugal pumps for water 4 2 4
Cap.: 60 m3/h

14. Molten salt heating units 2 2

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
Holten salt inlet temp.: 280 °C




A4-47

Number Total
Total Operat— Weight
ing (t2

9. Red mud settling and washing

Low quality bauxite
Autoclave and tube digestion

1. Single chamber settlers 2 2 270
with slope bottom and cable
torque rakes
d 30mx 6.6m
1:16 slope bottom
Volume: 4300 m> ' .
2. Single chamber washers € 5 810
with slope bottom and cable
torque rake, equiped with
feed tanks
$ 30 x6.6m
1:16 slope bottom
Volume: 4300 m3
3.% Flat bottom tanks 2 2 50
$10mx6m
Volume: 500 m3
4,* Flat bottom tanks 7 7 35
Volume: 6.3-200 m>
5. Agitators for tanks with 9 9 25
gearboxes, couplings and

electric motors

6.* Tanks with conical bottom 5 4 20
¢ 2mx6.5m
Volume: 15 m3/h




A4-48

Centrifugal pumps for slurry
with speed control
Cap.: 50-140 m3/h
Centrifugal pumps for liquor
with speed control
Cap.: 90-320 m3/h

Centrifugal pumps for slurry
Cap.: 30 m3/h

Number Total
Total Operat- Weight
ing (t)

21 10 26

14 6 16



A4-49

Number Total
Total Operat-— Weight

ing (+)
9. Red mud settling and washing
High quality bauxite
Aatoclave and tube digestion
1. Single chamber settlers 2 2 270

with slope bottom and cable
torque rakes
f 30mx6.6m
1:16 slope bottom
Volume: 4300 m>

2. Single chamber washers 6 5 810
with slope botiom and cable
torque rake, equiped with
feed tanks
¢ 30 x 6.6 m
1:16 slope bottom
Volume: 4300 n3

3.* Flat bottom tanks 2 2 50
p10mx6m
Volume: 500 m-

4.* Flat bottom tanks 7 7 35
Volume: 6.3-200 m

5. Agitators for tanks with 9 9 25

gearboxes, couplings and

electric motors

6.* Tanks with conical bottom 5 4 20
$2mx6.5m
Volume: 15 m>




A4-50

Centrifugal pumps for slurry
with speed control

Cap.: 50-130 m3/h
Centrifugal pumps for liquor
with speed control

Cap.: 90-210 m3/h
Centrifugal pumps for slurry
Cap.: 30 m3/h

Number Total
Total Operat- Weight
ing (t)

21 10 26

14 6 16




10.

A4-51

Number Total
Total Operat- Weight
ing (t)

Additive preparation

Low quality bauxite

Autoclave and tube digestion

Flocculent (starch) prevaring 1 1 7
equipment complete with feed

and discharge facilities, with

bins, repulping and control

units

Cap.: 170 kg/h

Synthetic flocculent (ALCLAR) 1 1 2
preparing and charging unit

complete with tanks pumps,

fittings and control system

Cap.: 6 kg/h

Flat bottom tanks 2 2 9
Volume: 63 m

Agitators for tanks with 2 2 4.2
gearboxes, couplings and

electric motors

Centrifugal pumps for 2 1 1.2
slurry

Cap.: 10 m>/h




A4-52

Number Total
Total Operat- Weight
ing (t)

Additive preparation

High quality bauxite
Antoclave and tube digestion

Flocculent (starch) preparing 1 1 4.5
equipment complete with feed

and discharge facilities, with

bins, repulping and control

units

Cap.: 100 kg/h

Synthetic flocculent (ALCLAR) 1 1 1.5
Preparing and charging unit

complete with tanks pumps,

fittings and control system

Cap.: 4 kg/h

Flat hottom tanks 2 2 9
Volume: 63 m-

Agitators for tanks with 2 2 4,2
gearboxes, couplings and

electric motors

Centrifugal pumps for 2 1 1.2
siurry

Cap.: 10 m3/h




A4-53

Number Total
Total Operat- Weight
ing (t)
Hud causticization and red mud

filtration
Low quality bauxite
Autoclave and tube digestion

Vibrating screens 6 4 4.8
Feed cap.: 75 m3/h

Red mud filters with receivers 14 12 490
and with roller discharges

Surface: 100 m2

Screw conveyors 4 4 32
Cap.: 45 t/h

Reactors for decreasing the 4 2 14
red rmud viscosity

H.P. diaphragm pumps with 2 1 92
speed control, with suction

and delivery dashpots

Cap.: 110 m3/h

Head: 65 bar

Vater ring vacuum pumps 4 3 18
Cap.: 9000 m3/h

Air blowers 2 1 5
Cap.: 2400 m3/h

Condenser with moisture trap 1 1 8
¢ 2.2mx5m

Flat bottom tanks 23 20 147
Volume: 3.2-200 m3

Agitators for tanks 20 17 68
with gearboxes, ccuplings

and electric motors




1.

12.

13.

14.

15.

*

A4-54

Centrifugal purss for slurry
with speed control

Cap.: 280 m3/h
Centrifugal pumds for
liquor with spesd control
Cap.: 260 m3/h
Centrifugal pum3s for
slurry

Cap.: 50 m3/h

Centrifugal pumcs for
water

Cap.: 20-120 m3/h
Overheaé trzvelling cranes
Cap.: 5 t

Number

Total

Total Operat- Weight

ing
2 1
2 1
6 5
3 2
3 3

)

24




11.

10.

A4-55

Mud causticization and red mud

filtration

High quality bauxite
Autoclave and tube digestion

Vibrating screens

Feed cap.: 75 m3/h

Red mud filters with receivers
and with roiler discharges
Surface: 100 m°

Screw conveyors

Cap.: 45 t/h

Reactors for decreasing the
red mud viscosity

H.P. diaphragm pumps with
speed control, with suction
and delivery dashpots

Cap.: 55 m3/h

Head: 65 bar

Water ring vacuum pumps
Cap.: 5000 m3/h

Air blowers

Cap.: 1000 m3/h

Condenser with moisture trap
$22mx5m

Flat bottom tanks

Volume: 3.2-200 md
Agitators for tanks

with gearboxes, couplings
and electric wotor?

Numbe~r

Total

Total Operat- Weight

18

16

ing

16

14

(t)

2.4

175

16

56

102

38




11.

12‘

13.

14.

15.

*

Centrifugal pumps fo: slurry

with speed control
Cap.: 150 m3/h
Centrifugal pumps
liquor with speed
Cap.: 150 m3/h
Centrifugal pumps
slurry

Cap.: 50 m3/h
Centrifugal pumps
water

Cap.: 20-120 m3/h

A4-50

for

control

for

for

Overhead travelling cranes

Cap.: 5 ¢t

Total
Total Operat- Weight

t)

2.2

2.2

24




12.

i

A4-57

Control filtration

Low and high quality bauxite
Autoclave and tube digestion

Pressure filters

Surface: 125 n?

Flat bottom tanks

Volume: 6.3-200 m?
Agitators for tanks

with gearboxes, couplings
and electric motors
Centrifugal pumps for
liquor with speed control
Cap.: 410 m3/h
Centrifugal pumps for
slurry

Cap.: 30-150 m3/h

Number Total
Total Operat- Weight
ing (t)

5 5 16
2 1 4
5 3 5




13.

A4-54

Total

Total Operat- Weight

ing
Heat interchange
Low and high quality bauxite
Autoclave and tube digestion
Plate heat exchangers 3 2
Surface: 300 m°
Flat bottom tanks 3 3
Volume: 200 m3
Agitators for tanks 3 3
with gearboxes, couplings
and electric motors
Centrifugal pumps for 4 2

liquor
Cap.: 410 m3/h

(t)

14.4

30

18




A4-59

Number Total
Total Operat- Weight
ing ()
14. Precipitation and hydrate

classification

Low and high quality bauxite
Autoclave and tube digestion

1.*% Precipitator tanks with 16 15 28696
conical bottom, air agita-
ted
$10mx3t5m
Volume: 2000 m3

2. Wash liquor preheater 1 1 5.1
Surface: 160 m2

3. Interstage coolers 2 2 40
Surface: 150 n®

4.* Hydroseparators 2 1 192
with 60° cone bottom
¢ 10 mx 18 m s.s.

5.* Flat bottom tanks 7 6 20
Volume: 6.3-200 m3

6. Agitators for tanks 6 5 8
with gearboxes, couplings
and electric motors

7. Centrifugal pumps for 4 2 9
slurry with speed control
Cap.: 170-600 m3/h

8. Centrifugal pumps 8 5 14
for slurry
Cap.: 160-320 m3/h

9. Centrifugal pumps for 5 4 5
slurry
Cap.: 30-60 m3/h




A4-60

Number Total
Total Operat- Weight
ing (t)

10.* Centrifugal pumps for 2 1 3
water
Cap.: 210 m3/h




A4-61

Number Total
Total Operat- Weignt
ing (t)
Hydrate filtration

Low and high quality bauxite
Autoclave and tube digestion

Disc filters with receivers 5 4 100
Surface: 100 m2

Pan filters with receivers, 2 2 30
interstage pumps, tanks

Surface: 20 m2

Rubber belt conveyors 2 2 12
B = 800 mm

L=15m

Cap.: 35 t/h

Rubber belt conveyor 1 1 15
with weighing belt ’
B = 800 mm

L =60m

Cap.: 50 t/h

Condenser with moisture 1 1 10
trap

¢ 2mzx5m

Volume: 15 m3

Flat bottom tanks 11 11 70
Volume: 6.3-120 m

Agitators for tanks with 9 9 17
gearboxes, couplings and

electric motors

Centrifugal pumps for slurry 3 2 5
with speed control

Cap.: 320 m3/h

Centrifugal pumps for slurry 4 3 4
Cap.: 30-120 m3/h




i0.

1.

12.

13.%

14,

15.

Centrifugal pumps
Cap.: 460 m3/h

Centrifugal pumps
Cap.: 30-120 m3/h
Centrifugal pumps

A4-62

for liguor

for liquor

for

water with speed control

Cap.: 200 m3/h
Pulley-blocks
Cap.: 2 t
Electric hoists
Cap.: 5 t
Elevator

Cap.: 1 t

Number

Total

Total Operat- Weight

ing
2 1
5 3
2 1
6 6
2 2
1 1

(t)

2.2




16.

3.

A4-63

Calcination, alumina storage

Low and high quality bauxite
Autoclave and tube digestion

Rotary kilns with cyclorns,
bucket-elevators, electrostatic
dust precipitators, exhaust fans,
alumina coolers, oil heating
system and diesel emergency
drive units

Cap.: 350 t/day

Alumina silo feed

and discharge urits

Waggon feed units

Number Total
Total Operat- Weight

ing (t)
2 2 1390
2 2 7
2 2 1.6




17.

A4-64

Evavoration

Low quality bauxite
Autoclave and tube digestion

Five effect counter -current

forced circulation

evaporators, with flash tanks,
preheaters, feed and circulation

pumps

Cap.: 60 t/h evaporated water

Superconcentrator with
feed and cirulation pumps,
preheaters and flash tanks

Cap.: 15 t/h evaporated water

Strong liquor preheater
Surface: 50 m2

Flat bottom tanks
Volume: 6.3-200 m>
Agitators for tanks with
gearboxes, couplings and
electric motors
Centrifugal pumps for
liquor

Cap.: 30-70 m3/h
Centrifugal pumps for
water with speed control
Cap.: 700 m3/h
Centrifugal pumps for water
Cap.: 25-80 m3/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

Number Total
Total Operat- Weight
ing (t)
Evaporation
High quality bauxite
Autoclave and tube digestion

Five effect counter current 2 2 360
evaporators, with flash tanks,

preheaters, feed and circulation

pumps

Cap.: 50 t/h evaporated water

Superconcentrator with 1 1 45
feed and cirulation pumps,

preheaters and flash tanks

Cap.: 15 t/h evaporated water

Strong liquor preheater 1 1 4
Surface: 50 m?

Flat bottom tanks 11 11 72
Volume: 6.3-200 m

Agitators for tanks with 6 6 26
gearboxes, couplings and

electric motors

Centrifugal pumps for 8 5 8
ligquor

Cap.: 30-70 m3/h

Centrifugal pumps for 2 1 4
water with speed control

Cap.: 600 m3/h

Centrifugal pumps for water 8 4 5
Cap.: 25~50 n-/h




24-66

Number Total
Total Operat- Weight
ing
Salt removal

Low quality bauxite
Autoclave and tube digestion

Pressure filters 2 1 16
Surface: 125 me

Vacuum drum filter 1 1 8
with receiver

Surface: 12 m2

Flat bottom tanks 8 8 41
Volume: 6.3-200 m3

Agitators for tanks with 8 8 17
gearboxes, couplings and

electric motors

Centrifugal pumps 5 4 3
for slurry

Cap.: 10-30 m3/h

Centrifugal pumps 3 2 2
for liquor

Cap.: 20-100 m3/h




18.

Ad4-67

Number Total
Total Operat- Weight
ing
Salt removal

High quality bauxite
Autoclave and tube digestion

Pressure filters 2 1 16
Surface: 80 m?

Vacuum drum filter 1 1 8
with receiver

Surface: 12 m?

Flat bottom tanks 8 8 41
Volume: 6.3-200 m3

Agitators for tanks with 8 8 17
gearboxes, couplings and

electric motors

Centrifugal pumps 5 4 3
for slurry

Cap.: 10-30 m3/h

Centrifugal pumps 3 2 2
for liquor

Cap.: 20-50 m3/h




19.

A4-68

Vacuum station

Low and high quality bauxite
Autoclave and tube digestion

Water ring vacuum
pumps

Cap.: 11000 m3/h
Air blowers

Cap.: 2000 m3/h
Electric overhead travelling

crane
Cap.: 5 t

Number Totzl
Total Operat- Weight

ing (%)
3 2 17
3 2 3.6
1 1 12




20.

A4-69

Compressor station

Low and high gquality bauxite
Autoclave and tube digestion

Screw compressors with air
filters, interstage and
after coolers

Cap.: 8000 Nm3/h

Air tanks

Volume: 50 m3

Electric overhead travelling
crane

Cap.: 12.5 ¢t

Number Total
Total Operat- Weight

ing (t)
2 1 12
2 2 5
1 1 14




A4-70

Number Total
Total Operat- Weight

ing (t)
21. 0i. storage
Low and high quality bauxite
Autoclave and tube digestion
1. 0il storage tanks 2 2 150
p 185 mx 13.5m
Volume: 3000 n3
2. 0il unloading 4 4 2
facilities
3. Gear pumps 6 3 3

Cap.: 10-65 m3/h




A4-71

Number

Total Operat-

ing
22. Workshoo and open air storage
1. Engine lathe 8
2. Vertical boring and turning 1 1
machine
3. Universal milling machine 3 3
4. Horizontal boring mill 1 1
5. Ventical milling machine 1 1
6. Shaping machine 2 2
7. Hydraulic slotting machine 1 1
8. TUniversal surface grinding 2 2
machine
9. Multiple profiling machine 1 1
10. Radial drilling machines 2 2
14. Upright drilling machine 1 1
12. Universal tool grinding 1 1
machine
13. Radial drilling machine 1 1
(portable)
14, PFramed saws 2 2
15. Hydraulic press 1 1
16. Hydraulic horizontal combina- 1 1
tion die
17. Laying out benches 2 2
18. Manually operated pipe 2 2
bending machines
19. Smith's earth 1 1
20. Hand pumps for hydraulic test 2 2
21. Air forging hammer 1 1
22. Carbide speeder 1 1
23. Winding machine 1 1




24,

25.
25.
27.
28.
29.
30.
3.

32.

A4-72

Vacuum impregnating unit
with vacuum pump

Table drilling machines
Table grinding machines
Pedestal grinding machines
Vulkanizer sets

Welding machines

Portable welding machines
Electric overhead
travelling cranes

Cap.: 8t and 5 t

Frame crane

Cap.: 12.5 t

Number

Total Operat-

N OW W Wi w

ing
1

N W wWwwhw




Motor vehicles

1.

10.

Autocrane

Cap.: 40 t

Autocrane

Cap.: 10 t

Autocrane

Cap.: 6.3 t

Trucks

Cap.: 3.5 t
Tilting-platforms
trucks

Cap.: 6 m3

Trucks with electric
platform

Cap.: 3 t

Trucks with electric
platform

Cap.: 2 t

Trucks with electric
forks

Cap.: 2 t

Trolley trucks with
electric forks

Cap.: 2 t

Trailers for trucks
Cap.: 2 t

Number

Total Operat- Spare

ing
1 1 -
1 1 -
1 1 -
4 4 -
2 2 -
3 3 -
3 3 -
2 2 -
2 2 -
4 4 -




Attachment §

Price list of the main equipment




A5-1

Attachment 5

PRICE LIST OF THE MAIN EQUIPHMENT

Informative prices (FOB at European Port) are given for each
of the main equipment listed below:

1. Sintering process

miliion
of Rls

1. Hammer mill with vibrating screen

Cap.: 160 t/h . 15
2. Jaw crusher with vibrating screen

Cap.:160 t/h 28

Cap.: 80 t/h 18

Cap.: 50 t/h 13
3. Shart 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 Cad 120
4, Lime slaking drum

$1.8mx10m

Cap.: 10 m3/h slaked lime 8

5. Multi-chamber ball mill with

vibrating screen
f2.6mx 13 m
Cap.: 125 t/h 54




10.

11.

12.

13.

14,

15.

A5-2

. Tank with conical bottom

FI9mx20m

Volume: 1000 m3

Piston slurry pump with
suction and delivery dashpot
Cap.: 120 m3/h

Head: 30 bar

Rotary kiln with cooler,
cyclon, gas purification
system and exhaust fan
§5mx120m

Cap.: 1600 t/day

. Double deck vibrating screen

Screening area: 2.5 m x 6 m
Cone cruscher

Dia: 220 mm

Cap.: 70 t/h

Belt extractor

Cap.: 70 t/h

Jigging screen
Surface: 41.5 m2
Avtoclave

q 2.5mx 14 m

Volume: 50 m

Flash tank

g 3.6mx5.6m
Volume: 50 m-

Single chamber settler
¢ 20mx 4 m

Volume: 1500 m3

million

of Rls

15

32

998

61

386

12

25




million

of Rls
16. Vacuum drum filter with
filtrate receiver
Surface: 10 m° 5
Surface: 20 m° 8
17. Pressure filter
Surface: 125 m2 12

18. Vacuum disc filter with

filtrate receiver

Surface: 100 m2 15
19. Shell and tube type

heat exchanger

Surface: 180 m? 16
20. Hydroseparator

¢ 7mx 19 m

Volume: 400 m3 7

21. Hydroseparator

§10mx28m

Volume: 1000 m3 27
22. Pan filter with filtrate

receivers, interstage

pumps, tanks

Surface: 25 m? 15
23. Fluid bed calcining kiln

with cyclons, electrostatic

precipitator, exhaust fan,

alumina cooler, o0il heating

3ystem

Cap.: 700 t/day 444




24,

25.

26.

Five effects, counter current
forced circulation evaporator
unit, wit!. flash tauks,
preheaters, feed and circula-
tion pumps

Cap.: 65 t/h evaporated water
Water ring vacuum pumps

Cap.: 7500 m3/h
Turbo-compressor

Cap.: 15000 Nm>/h

Pressure: 5 bar

million
of Rls

159

22

55




A5-5

Bayer process million
of Rls

Jaw crusher with vibrating screen

Cap.: 140 ©/h 22
Hammer mill with vibrating screen

Cap.: 140 t/h 15
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

system, with electrical equipment,

process control and instrumentation

Cap.: 250 t/day 160
Cap.: 175 t/day 140
Lime settler

§ 20m x 5 m s.s.

1:3 slope bottom 17
Lime slaking drum

¢ 1.8m x 10 m

Cap.: 80 m3/h slaked lime 8
Pressure belt filter

Filtration area: 20 m°

Cap.: 5 t/h 18
Multi-chamber ball mill

with conical secreen

¢ 2.6 mx 13 m

Cap.: 50 t/h 54




8. H.P. diaphragm pump with

10.

11.

12.

13.

speed control, with suction
and delivery dashpot
Cap.: 230 m3/h

Head: 70

Cap.: 150 m3/h

bar

Head: 120 bar

bauxite slurry with

. Autoclave for heating

life steam

4 2.5 mx 14 nm

p = 60/80 bar

Molten salt heating unit with
molten salt heater, ducts, self-
supporting stack, with salt
storage tank, molten salt
circulating pumps, instrumentation

Cap.: 65

Single chamber settler
with slope bottom and cable

GJ/h

torque rake

$ 30m x 6.6m

1:16 slope bottom

Vacuum drum filter for
filtering red mud with
receivers and with roller

discharge

Surface: 100 m2
Vacuum drum filter
with receivers

Surface:

12 m2

million
of Rls

97

92

29

98

22

15




14. Disc filter with receiver
Surface: 100 m2
15. Pan filter with receivers,

interstage pumps, tanks
Surface: 20 m2

16. Pressure filter
Surface: 125 n?

Surface: 80 m°

17. Precipitator tank with
conical bottom, air agitated
$10mx31.5m
Volume: 2000 m3

18. Hydroseparator with
60° con. bottom
¢ 10mx 18 = s.s.

19. Rotary kiln with cyclon,
bucket-elevator, electrostatic
dust 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,
preheaters and flash tanks
Cap.: 15 t/h evaporated water

15

14

12

29

27

311

151

72




22.

23.

24,

A5-8

Water ring vacuur pump
Cap.: 11000 m3/h

Cap.: 9000 m3/h

Screw compressor with air
filter, interstage and
after cooler

Cap.: 80900 Nm3/h

Plate heat exchanger
Surface: 300 n®

million
of Rls

25
23

40

42




Attachwment 6

Conceptional plant lay-out drawings
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