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1. :::ixec-u. ti ve s1.a.mary 

'Iec!mical aJ:d. econoiuic aspects of be:.1eficiatir.._:7: Greek baux."tes 

wi "t:J. tD.e oo~ective of producinr; a hi~)· a1-~.uina, low ir01: 

oauxi~e &rade to be marketed domestically as well as abroad, 

ha~;e 'been investi;:;a ted U..'1.der a subcontract from v~·:roo, Vier .... 'la 

for i..~DP, ii ew York and the ureek Government. 

Currer::.t local demand for the refractory f:rade bauxite product 

was found ~o be around 12 thousand tons/yr. 

r:;:'h.i. ~ 1:i.ay increase significantly to enable supply of refractory 

products to the Soviet Union, a'ld to i::uropean anC. i·.id.cile Ea.st 

countries. Current ::.:.uropean demand for refractory [;rade bauxite 

is in the ra:ir;e of 300 ,ooo tons. Gree,k pla:1 "'~ should. be a1Jle to 

sell upwards of 40, 000 tons calcined bauxite a11d its total out-

put of the iron oxide by-product. The market for iron oxide 

pigments in Europe is in the 100,000 ton ranGe. 

Ambient temperature leachin& by hydrochloric acid, the most 

advanced technology curr~vtly available for the purpose, has 

been derno:astra ted to be suitable to remove over 90 % of t:he 

iron in the ~auxite ieed. Raw rr.aterial selection is however , . 
a key factor in tne technical and the econo~ic viaLility of 

the project, as varlous alumina and iron oxide bearing illinerals 

have been shown to react differently to leaching by HCl. Also, 

the refractory industry has some strict requirements un the 

physical properties of the 'white' calcined bauxite, and these 

properties are lareely ietermined by the w.·1erological structure 

of the raw material. 
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Al thou.sh tJ:1e availability of axcelleut ra\·! r:iaterial iu 1 .• reece 

nas been der.:ionstrated, thP. t,overnruent acei..cy pro.'.Il.otir.t the 

project in Greece had ciifficul ties in ob"tainin~: su:'."ficie1: t 

quantities of these grades fror:i the private sector CO>ilpanies 

operatinc tl1e state owned mines. Consequently t:i.1e pilot sc:.:.le 

tests could be run 011ly on a lower crade. A calcined re:Cractory 

bauxit~ com.parable to the Chinese bauxites and a red iron 

oxide pigme;.1t comparable to -Bayferrox 645 were produced and 

tested in I·:innova' s Pees, Hungary and Andri tz' s Vien..--ia, Austria 

pilot plant. 

For 40,000 ton output of calcined bauxite about 68,0CO tons 

of the :iaterial tested in the pilot plant have to be processed, 

and soue 21,000 tons hydrochloric acid have to be added to 

cowpensate for chloride loss mainly due to the extremely 

hi;::h Ca+I·:c content of th.is feed. i~ain equipmer.t needed L1clude 

lec.ciai.10iwasr~in; towers, spray roasti1•g I Andri tz-i~uth.rer/ type 

acid re;_;eneratio::. equipment and tu.nr..el kiln for calcina tioi~. 

The plant consumes some 11.5 thousand tons fuel oil, 6 milliou 

k',lh power and 1.6 ffiillion m3 process water. Site area req_uired 

is 40 acres. ;:.~c,st suitable location is close to an alumina 

plant. 

Eased on labora-r,ory data eetirates appea;:- hi. the li.eport for 

a 40,000 ton output plant on the [ray/yellow baux1t~ of the 

3rd horizon in the Parnassu~-Kiona-region. In this caee 15 % 

less bauxite, 60 96 lee~ hyd,·ochloric acid, 25 96 less power, 

'.35 96 lese fuel oil and 40 96 less •.vater are required, and 

-40,0CO tons top r,rade refractory material comparable to the 

Guyanese RASC gra.de can be produced. In tb.iL" caee, however, 



•. 5 - -
about 45 % less iron oxide piccent is gained. 

Total investr:ient outlay for a 40,0CO ton pla."'lt is 3,40C 

/3,000/* million Lrs. i:rocess eq_uipwer:t \·TOuld cost 2,100 

/1,a50/ :nillio:n., kJ.:ow-i1ow and rights to t!1e teclrnolo[;ies 

used cost about 21C /185/ million. The working capi-cal 

requirement is esti!nated to about 190 /165/ mill..1..on Drs. 

Eanpower requirements for a 40,000 ton plan.t operatinr; for 

8000 hours a year can be covered by 3 university graduates, 

23 other e11Gineerinf1 and ad.ministra ti ve staff and 50 skilled 

a.--id s~:-:ii-s'.r~illed workers. A plant is erected and installed 

in about two years. l'roduction start-up takes 6 mo1:..ths, 

running-in. another six. 

Total prod~ction cost is calculated to be about l,GOO /850/ 

raillior. :Jrs /excluding depreciation/ • .Lauxi te, IICl an<i fuel 

oil account for 31 I 42/, 13 /7 I ar.1.ci 28 /21/ per cPnt oi t~'1e 

cost of op~ration, respectively. Fuel oil price used in the 

report is abou--c twice the /current Wester~~ ::~uropean one. 

The operatir.c: cost before depreciation is .,rs 21,,t+OC /21,175/ 

per ton of calci:l:1.ed tauxi te. The proG.uct cor.,paral>le to tl1e 

Chinese refractory r,rades could fetch between Ls_}-114 and 

135 I iJrs 15, 400 to 18, 200/ per ton. '..L'he hi.:;h gre.de raw 

material co~ld yield a calcined bauxite matching the raarket 

standarn Guyanese !lASC grade and sell for an ex-works price 

of Drs 22,400 tc 26,60G. Iron oxide pi~ent sola at Drs 28 

per ks solid~ couji acd about 50 % /15 %/to the sales 

reveD.;,e of the plant. 

*Figures in brackets apply to use of high grade feed. 
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l'rofi tabili ty of a plant usine uediu1;i ;::;rad.e I·eeC. is -~o-;:; 

satisfactory. '::.he pay-back period for a 40, COO to:i. pla~:t 

is 21 years. 

The alter~ative plant using hich crade bauxite ice( would 

heaefi t fro;-;i its 1r.ore .favourable CTinerolo;:_ ical a:1d ci1enical 

cor.~posi tion throu.;11 r:iuch lower hydrocr.J.oric acid losses, 

lower r:iaterial flows and higher price for t~e calcined bauxite, 

etc. The internal rate of retun1 on the owners' equity is 

calculated. as 10. 5 % when no outside loa.--i. is useG. arid as 14 % 

when forei01 exchan.~e component of the investment outlay is 

covered by a ?orex loan with 7 % interest. 

The project'n irnpler.ientation could result in impor"t substi"tution, 

create a Lew value added eA"})Ort iteo and provide work for 70 to 

100 persor.s in the country. 

For a full bankable feasibility study, there would be require~ 

i/ a sueciiication of the correct feed material; - ~ 

ii/ furt:1er larce scale tests on the finally Gpecifieci. 
f·eed ~:aterial in order to deteruri.r.e consuruptio~1 fisures 
and ot:ner data; 

iii/ r:iarket stt:dies on ·ooth the local aY-.d foreit~n r;iarkets; 

iv/ the selection of the site. 
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2. Back~-round and hi;itory of the project 

2.1. Introduction 

Dissolution with hydroc!lloric acid, with all its advantages, 

r.as been known for a long time in hydrometallurt;y. l'letals 

are dissolved out of their ores usually faster and with a 

better efficiency than by the more usually applied sul

phuric acid, but hydrochloric acid's higher price and the 

difficulties in treating the chloride solutions formin~ as 

wastes, also the sgrious corrosion of the equipment have 

prevented its propagation in practice. 

Lately the industrial development has permitted the pro

duction of corrosion resistant equipme1.1.t, includinc the 

apparatus of the Ruthner firm for decomposing chloride solu

tions with a process of spraying calcination. The metal 

chloride solution is sprinkled in a reactor at 300-900 °c 

where the following reactions occur: 

NeC12 + xH20 .. HeO + 2HC1 +·3/x-l/H20 -
2 MeC12 + xH20 1 

+ ~ 02' 'Me2o3 + 4HCl + /x-2/ H20 

2 NeC13 + xH20 < f>1e2o3 + 6HC1 + /x-3/ H20 

2 MeC13 + xH20 ... ~ o2~Me02 + 6HC1 + /x-3/ H2o 

The solution drops evaporate, the metal chlorides are de

composed and solid metal oxides and gases containint; l:.ydro

chloric acid are the results. The hydrochloric acid gas is 

absorbed forming concentrated hydrochloric acid that can 

be used ac;ain !or leaching. This process is closed with 
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respect to the aggressive acid reagent and in compe.rison 

with the former processes it does not pollute the e.u.viron-

ment. 

In Hungary the Mecsek Ore Mining Enterprise and the Ta

tabanya Coal Kines have long been working with hydrome

tallurgical processes. utilizing the Ruthner process of 

acid regeneration, a new process was developed for low

eri:ag t.i1e iron content of bauxi tea with hydrochloric 

acid, known as TATAB.nNYA Process /l/. Some of the features 

of the TATAE.:J~YA Process: 

- selective dissolution /90-95 % of the iron can be 

removed from the bauxite, while only 0,5-7 % of 

Al2o3 is dissolved/; 

- relatively coarse grained feed can be used; 

- the phases are separated without use of filter; 

- very good acid utilization. 

The TATABi.NYA Process had been tested for use on rauxi te 

of different orir,in /China, Malaysia, Yugoslavia, lluneary, 

etc./ and type /diasporic, gibbsitic, boemitic, etc./. It 

was found that diasporic bauxites are best suited for this 

treatment. 

After years of detailed investigation the construction of 

the first plant to operate on the TATA.U1.HYA Processes was 

started in 1985. The plant located in lees, Hungary, has 

a dc~i;:i1 capuci ty of 10.000 tone/ year refractory 1:,rade 

bauxite and some 3.000 tons pionent grade iron oxide and 

is due to sta=t production in 1987. 
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This report covers the techno-economic aspects of the 

possible use of the TATABANYA Process in Greece. 

2 .2. :.istory of activities connected wi tn the vroj >:-Ct 

2.2.1. h .. i tial tests 

Tl.Le .~:irsii Creek bauxite samples on which the ·n1.'.i.'i..i.i_;1,;. 

Frocess was used were received back in 1981/82 tiu·o"Li.L!l. 

t:i1e Lood services of i•iineral he sources and i·line Deve-

lopment 3.A. 

~hese samples were taken from the so-called "3rd oauxite 

horizon" of the iarnassus-Kiona-Helikon area that holds 

at least 3 million tons of economically recoverable 

deposits /2/. The different bauxite grade~ had beeLJ tested 

in 1981/83 in our Pees, Hungary, laboratory. The tests 

included laboratory leaching tests on a few hundred kilo 

material and subsequent calcination of the sauipl1~s. Tl1e 

technical results were extremely encoura£~nG• Ta"ules 2/1 

and SJ1.. present data for sample 3 /a ~~ray-yellow colou1· 

lurapy material/ :-eceived in 1982. '.Lhese data have teei-.. 

confir1.ied in tests by Ideal Refractories, Ath'3ns. '' first 

estimate of the economic feasibility made in 1983 indicated 

that it was worthwhile to pursue the matter. 

A.f"ter ~~;1.co/1.,~;D? ar.;reed to support further work oit ti.e 

subject, HI:J,,OVA was subcontracted to prepare this techuo

ecoaoini <' reaBi liili l.y s t,udy on the producti.Ott of deiroi.ed 

refractory bauxite in Greece. Concurrently Dr. z • .. ,ack, 

expert on mineral resources evaluation & mine development, 
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with several years of experience in the ·~reek bauxite 

minin~: was retained to assist in selectinc the suitable 

· l·auxi te samples for use in the study and to assess the 

marketing possibilities for the products. Dr • ..:..,. i·lack 

produced this report in December 1984 containinr many 

useful data and recommendations, some of which will be 

used in ~his report /2/. 



- 11 -

'!'able 2/1 

Comparative data on the chemical composition 

Composition l 2 

Al2o3 69.0 91.82 

Fe2o3 
9.7 0.86 

Si02 2.8 3.85 

Ti02 2.9 3.28 

CaO 1.1 0.21 

MgO 

Na2o 0.13 0.13 

L.O.I. 14.2 -
99.83 100.15 

1 = Bauxite sample 3/82 

2 = Calcined product from Sample 3/82 

Table 2/2 

Characteristic data of calcined product of Sample 3/82 

from laboratory test made in 1982. 

parameter value 

corundum 85 % 

mullite 3 % 

glass 8 % 

water absorbtion 3 % 

bulk density 3.45 gr/cm~ 

., 



2.2.2. 

'.:'.:3 ;::2..:le cle2.r to t:;.e re.r-res 2:• tc. ti ves of the mine o-

::t;;:a tors tL.c. ~ \rn ·.rcre t~oL:c; to C:o la.;:-~.e scale testinc:; 

· ~· ~.'.' ·.:::. ... xi te:s C:e posited. in t.":~s I tea !'.arbour of one 

• ~.<;;.C~\: ci;i ~ ... ot joir. US 

:. ,,J · t:,e ·:~.":it to ~auxi te lar:.:..ss:; ~·~i:.inc Co.;:pany /:i·-.IC/ 

·;~ ~er~ ta:d t~2t the :rades we worked with previously 

·,·; .J. t L.e Lir.e o:;F:ra tors pro1.1icec'. to make available to 

Eack i11 1:une;ary, chemical data on eight erades, as well 

as mifierolo:ical data on five of them were reviewed. 

Leaching and calcination tests were performed in early 

1985 or~ four samples of 50 kg each repr~senting 2 grades 
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each of the two mine operators. It should be noted that 

samples received from NBMH were blends of different ma

terials and one of the samples furnished by ll·IPC satis

fied the criteria appearing in Column 1, Table 2/3, also 

to be found in Appendix 3 of /2/. Laboratory tests con

firmed that the various grades show individual behaV'ic•.u

when leached and that the three grain size fractions 

0.315 to 1.1 to 5 and 1 to 15 also behave differently. 

This latter difference was found to be more marked for 

the sample material received from HEHH. 

The 1 to 5 mm grain size fraction of sample D, a grey/ 

/red material, Lould be leached to have a 2.46 % Fe2o3 
content when calcined. Its 0.315 to 1 mm fraction had 

a residual iron content of 1.86 96 after calcination. 

It was, therefore, agreed that -4mm material will be 

used in the pilot-scale test. Although sample A performed 

similarly, its price was about 50 % higher. /HIMIC information/. 

2.2.3. Pilot-sec.·!' leaching 

Sample material for the pilot-scale tests wae delivered 

by HI~IC in June 1985 in two shipments of 20 tons and 40 

tons, respectively, and it was then made clear to us that 

it was not possible for HIMIC to provide more. Results 

of the chemical analysis performed in our laboratory on 

homogenized samples taken from the two shipments are shown 

in Table 2/3. Some 10 ro of the material received was found 

to be +4 mm, another 11.2 % of the material was -1 mm. 

The minerological composition o! this material is given 

in Table 2/ 4. 
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. Table 2/3 

Chemical composition of different bauxite grades 

/all data in w. %/ 

Component 1 2 

Al2o3 min. 62 68.35 

Fe2o3 max. 18 13.0l 

Si02 max. 3.5 l.22 

Ti02 /max. 3.0/ 2.75 

cao max. 1.3 0.69 

r-igO max. 0.2 0.10 

Ha2o+K20 max. 0.2 0.37 

L.O.I. /max.15.0/ 13.12 

3 

56.7 /!/ 

18.6 /l/ 

2.1 

2.4 

3.0 /!/ 

2.0 /!/ 

0.1 

14.7 

1 = Specification for "guaranteed quality" by lJNIIX> expert /2/ 

2 • Established by MINNOVA for blend D 

3 • Established by :-:.rra;ov A to be the average composition of the 

60-ton feed for the pilot-scale test. 

I 
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Material received by the first shipment was fed into 

the pilot plant column without delay to compensate for 

the time spent for material selection. Further quantiti~a 

were fed into the system subsequently. In view of the 

large -1 mm fraction, flow problems were anticipated 

that were thought to result in lower leaching rate, thus 

aeerevating the product quality problem arising from the 

presence of +4 mm material. Fip;ure 2/1 shows the pilot

scale leaching plant, demonstrated to representatives of 

Utl!!X) and HUiIC in July, 1985. Pilot-scale leaching of 

the 60 t sample, described in detail in the Interim Report/3/, 

was completed by the end of October, 1985. The first 8 tons 

produced were calcined at the Budapest facility of Magnezite 

Works, Budapest. Approximately 6 tons of calcined and some 

29 tons of uncalcined, de-iro~ed bauxite were collected 

in December, 1985 by HIMIC and shipped to Greece. The 

leached, uncalcined product was analized chemically, as 

well as for its mineroloeical composition by both MINHOVA 

and Societe Helleniqve de Surveillance S~A., Athens. The 

results appear in Tables 2/5 and 2/6. 

2.2.4. ~ilot-scale calcination 

In the calcination tests bricks were pressed from the de

ironed bauxite with 6 % moisture, using pressures of 800 

to 1.200 bar; drying ar.d calcinatio~ were carried out in 

a tunnel kiln with eas firinc, /\lidth: 2.2 m, length: 

1'14 m/. The r;ree11 bricks w~re dried for 4 days at 6C to 

80 °c. The tunnel kiln had a maximum temperature of 1.660 °c, 
•the height of the stacks was 1.3 m. The material was fired 
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Table 2/4 

Minerological composition 

/all data in w. %/ 

Component 

Dias pore 

Boellmite 

Hematite 

Goethite 
l 

- 17 -

l 

58.7 

7.5 

1.0 

13.0 

,uartz ·I 1.5 
. ! 

Caolinite I 1.0 

Ru tile 0.6 

I Anatase I 1.8 
I Calcite 

I 
I 4.2 
' I 

Corundum -
Other minerals and 
H20 

I 

4.7 

I 100.G 

2 

64.0 

-
4.1 

18.; 

-
6.6 

0.1 

;.5 

-
2.0 

1.0 

. 
100.2 

1 • Averac;e value, established by the I·letal i.\.esearch Ineti tue, 
Budape3t, for ea;nple~ taken fror.i the two bauxite shimpents 
subsequently processed in NllmOVA pilot plant. 

2 •Typical composition of diaspore-type Greek bauxite as it is 
given by the U~IIO expert in this Technical report /2/. 
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at SK 29 to 30 for 4 hours and spent al toge ~her 100 hours 

in the kiln. Figure 2/2 shows the temperature distribution 

of the kiln. 

Several samples have been taken from this material. These 

were subsequently evaluated by the refractory make1s MIM, 

Budapest, and Ideal Refractories, Athens, as well as 

Surveillance, Athens. Chemical analysis data are presented 

in Table 2/7. 

Minerological analyses of calcined, refractory material 

made from the pilot-scale test product were also performed 

both by MU: and Ideal Refractories. These results are 

given in Table 2/8. ~espective results by Surveillance, 

if any, did not reach us in time to be included here. 

The calcined, refractory grade bauxite from the pilot-scale 

test was measured in the laboratories of Mil•l, Budapest for 

its physical properties. rlesults are presented in Table 2/9. 

Different compositions have then been made using the dried 

material from the pilot-scale test, clay;-alwnina and other 

ingredients, to adjust the properties of the raw material. 

Tests with these compositions, data from which are 
'• 

presented in Table 2/9, confirmed that all relevant para-

meters of the refractory material made from such compositions 

were acceptable. I'licroscopic investigations presented in 

Fir;ures 2/3 and~ confirmed that the relative inr4omogenity 

of calcined material was significantly reduced in the product. 
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Table 2/'J 

Chemical. analysis data 

/all data i:a. w. ~ 

Component 

Al203 

• Fe2o3 
Si02 . 
Ti02 
cao 

MgO 

Na20+K2o 
L.O.I. 

- 20 -

1 

77.3 

1.65 

.2.14 

2.81 

0.57 

x1 

x 

14.62 

2 3 

75.5 56.7 

1.96 18.6 

4.75 2.1 

3.22 2.4 

0.07 3.0 

0.10 2.0 

0.18 0.1 

14.46 14.7 

l • MINNOVA analysis [ of the. de-ironed product 

2 • Surveillance analysis from the pilot-scale teat 

3 • MINNOVA analysis /of the f c.ed of the pilot scale teat 

I 
I 

I 

' 
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Table 2/6 

Minerological composition data 

/all data in w. %/ 

Component .:!.n bauxite feed 

Diaspore 58.7 

Boehmite 7.5 

IHemati te 7.0 

Goethite 13.0. 

·.,:ua::-tz 1.5 

Caolinite l.O 

Ru tile o.6 
Anatase 1.8 

Calcite 4.2 

/ 

-· 

in de-ironed product 

77.4 

12.6 

1.5 

-
1.5 

1.5 

0.7 

2.1 

-
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Table 2/7 

Chemical composition of the product from the pilot-scale 

test /calcined/. 

/ill data in w. 'it/ 

Component l 2 3 

Al2o
3 88.37 89.51 88.0 

Fe2o3 1.98 2.53 2.28 

Si02 3.58 3.37 5.53 

Ti02 3.49 3.68 3.75 

cao o.6a 0.10 0.08 

HgO x 0.20 0.12 

K20+l~a2o 0.20 0.12 0.21 

1 • Average from repeated analyses by Mil1. 

2 •As found by Surveillance /4/. 

3 • Calculated from ~olumn 2 of Table 2/5 

4 

min. 88 

max. 1.7 

max. 6.5 

max. 3.5 

max. 0.2 

max. 0.2 

max. 0.2 

4 • Preliminary target specification, confirmed by lilUID 
e~ert /2/. / 

•I 
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Table 2/8 

. Ninerological analysis data 

/all data in w. %/ 

Components l 2 3 4 5 6 

Corundum 60 f"/80 60 75 75 80-90 

Nullite 15 tv'lO 10 0 0 max. 

Tialite 10 "" 5 10 10 10 max. 

Glass phase 15 > 5 20 10-15 15 max. 

1 • As found by MII-1, Budapest; /no additive/ 

2 = As found by HINIC; /no additive/ 

3 ,. As found by Ideal Refractories /Athens/; /no additive/ 

4 • As found by Ideal Refractories; /sample prepared with 
catalitic aGent/ 

5 • As found by Ideal Refractories; /sample prepared with 
catalitic agent and ground and sized/ 

6 • l'reliminary target specification confirmed by ~NIOO 
expert /2/. 

I 

I 

5 

6 

8 
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Table 2/9 

.comparative data on physical properties chemical and 

minerolo£ical composition 

rroperties 1 2 

Bulk density /gr/cm3/ 3.25 3. 38 

water absorbtion /%/ 4.8 2.8 

porosity 15.4 9.5 

Chemical composition 
/in w. %7 

Al2o3 88.37 88.58 

Fe2o3 
l.98 l.41 

Phases /in w. %/ 

Corundum 60' 80 

Nullite 15 10 

Tiolite 10 ' 5 ~ 

\ 
' 

Amorphous 15 5 

, • Calcined beneficiated bauxite /as is/ 

2 • Composition containing 75 % beneficiated bauxite 
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Fie;ure 2/3_ 
Struc:ture of the calcined refractory grade bauxite 

./Magnification factor: 42/ 

"Figure~~ 

Structure of the material made from a composition contain

ing 75 % dried, uncalcined refractory grade bauxite from 
tllf• pil;1L :;1:r.du LnuL and ;>r_,; '/. t1l11Tnir1ri, r~r·rHmrl, fired at 

1 .630 °c and screened to -5 mm. /Magnit'ieation factor: 42/ 
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A brick made from composit2on named G-2 was subjected 

to a slag corrosion test according to the method described 

in Hungarian Standard 5917-83. Slag composition charac

teristic for Siemens-Martin furnaces with a basicity of 

2.iwas used in test conducted at 1.580 Celsius. Penetration 

was similar to that established for other high-alumina 

refractory products. 

2.2.5. Regeneration/Iron oxide 

In the mean time two batches of 5 m3 each spent liquor 

had been processed at Vienna facility of Maschinenfabrik 

Andritz, Ruthner Division. The chlorine content of the 

spent liquor had been successfully converted to hydrochloric 

acid and between 200 kg and 660 kg iron oxide /as shown 

in Table 2/10/ were collected for each batch in the reactor 

and in the cyclone of the regeneration plant, respectively. 

A discussion of the process was held with representatives 

of UlU:OO and HIMIC. HIMIC was subsequently given 50 kg 

samples of the +.wo reactor oxide grades produced. 

A detailed description of the test and its results are 

to be found in the In~erim Report. 

A sample of the reactor oxide produced from the unpurified 

liquor has been treated in MINNOVA laboratory in Tata

banya to free it from water soluble chloride residues 

that did not dissociate at pyrolisis temperature /Cac12 
and others/. For this purpose lime milk was used and the 

re8ulting product was washed repeatedly with water. 
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Table 2/10 

Chemical composition of iron oxide samples 

/average values in %/ 

Component 1 2 3 

Fe2o3 97 94.8 70.3 

FeC13 
2.6 6.8 -

CaC12 - - 17.l 

Si02 0.4 0.4 -
Al2o3 - - 3.8 

Plf!P - - a.2 
other chlorides - - 0.6 

1 • Reactor oxide from the purified liquor 

2 • Cyclone oxidP from the purified liquor 

4 

68.3 

-
16.6 

-
3.9 

7.6 

3.6 

3 • Reactor oxide from the unpurified liquor 

4 • Cyclone oxide from the unp
1
urified liquor 

I 
I 
I 
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A one-liter sample of a suspension containing 37.4 % solids, 

appropriately conditioned, was examined in the laboratory of 

a major paint maker for its suitability as a pigment for use 

in /a/ concrete products, /b/ in dispersion ~aints and /c/ 

in alhyd-type paints. The examinations were conducted 

according to the Hungarian Standards 10962 /'~lan-made iron 

oxide red pigment"/, 21191 /"Pigm~nts based on iron oxide"/ 

and 21189 /"l'igments for the cement & concrete industry/. 

The results also were compared to the properties to those 

of the industry standard products of Bayer AG, Leverkusen. 

Samples of pigmented concrete and of paints formulated were 

prepared, a set of which is being attached to RI11IC's master 

copy of this report. The ~esults of the examinations are 

shown in Table 2/11. 

2.2.6. Additional tests on possibilities to improve 

refractory properties 

In Hay 1986 the test results then available have been discussed 

in Athens, where representatives of UNDP, UNilX>, HIMIC, Ideal 

Refractories and MINNOVA participated. The general feeling 

was that the raw material used for the pilot-scale test was 

not optimal and as a consequence th~ properties of beneficiated 

product were not up to the highest standard. Upon HIHIC•s 

special request, MINNOVA agreed to perform additional laboratory 

tests on two more bauxite samples. MINNOVA representatives 

at the meetine asked that the type of bauxite called "grey/ 

/yellow" by the muro expert and described on pat;e 18 of his 

report be provided by HIMIC for these tests. 
I 
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Table 2/11 

·Properties of iron oxide extracted from 60 t sample in the 

pilot plant beneficiation test /after treatment/ 

Properties 

Iron oxide content /%/ 

Si02 + Al2o
3 

Sieve residue /%/ 

on 45/um mesh 

on 125.,AUil mesh 

pH of the suspension 

water soluble salts 

organic content 

"blooming" 

alkali resistance 

colourinc; power 
/ratio of pigment 
to cement for same 
effect/ 

compatibility with 
acrilate dispersion 

compatibility with 
alhyde resin 

l 

0.3 

0.3 

6-8 

1.5 

none 
permitted 

none 
permitted 

no colour 
-change 

2-5' 

-

2 

82 

4.5 

0.025 

0.025 

0.005 

6 

1.2 

none 

none 

no colour 
change 

4.5 

no 

yes 

3 

86-88 

6 

0.05 

0.05 

6 

0.4 

none 

none 

no colour 
change 

3 

yes 

yes 

l • Values specified in relevant Hungarian Standard 

2 • Sa.Jiple 

3 • Bayf errox brand product 
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... 
The samples - 35 kg each - were received early July, 1986. 

The sample 457/1 had a pale yel].pw/brown colour, sample 

457/2 had a fuller hue of the same colour. ~oth samples 

turned out to be blends of different grades. ~he samples 

lost their yellow hue when washed in water. The chemical 

composition of the two samples is shown in :;:able 2/12, 

the minerological one in Tables 2/13 and 2/14. 

Both samples were then leached in laboratory glass columns 

for 96 hours at 80 °c by using a hydrochloric acid 

concentration of 438 gr/l in order to establish the limiting 

residual iron oxide ~ontent. The results are shown in Tables 

2/12, lL.!l and 2/14. 

Galcination of the samples was deemed u1mecessary as properties 

superior to those of the beneficiated product from the pilot

scale test could not be expected. 

In another attempt to improve the properti~s, beneficia•ed 

Greek bauxite from the leachinc/washing stage was subject&d 

to maenetic separation in high intensity magnetic separator. 

Field streneth values between 10.000 and 15.000 gauss have 

been used and the material was passed through the system 

repeateJly in order to get a first indication of the technical 

• viability of such a treatment of the sample. Table 2/15 shows 

the results. It should be noted that magnetic separation tests 

done on Guyana refractory grade bauxite in the United States, 

as well as similar investie;ations conducted in Brazil have 

been reported in the literature /4/. 
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I '1 . '12 ~a,, e :.1 

. C::.e~ical c:oiaposition of samples 457/1 a,1d 4-_,7/2 before /1/ 

ahd. a~" tnr /2/ leaching 

Compo;;.e:1 t 457/1 457/2 
1 2 1 2 

Al 20.,. 67.75 78.25 t,3p '.;5 78.2 
- ) 

JiC.., 1.49 0.97 2.23 0.9~ 
.__ 

l'e
2
(,

7 9.09 2.78 l?.;2 2.Gs 

f '~ iO?. - 3.18 2.9c, 2. ·)::, 2.')3 
' 

~CaG 1.15 0.01 1.26 -
I • 

1;:2: * 0.02 K P.01 

+ :.a2C1 * 0.02 * 0.02 

f ~c f ,) )~ ii 0.13 ii 0.13 

lL.C .L 14.78 14.79 13.IJ'.; l).OE 

.i 
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Table 2/13 

Minerological composition of 457/1, before /1/ and after /2/ 

leaching test 

/all data in w. ~ 

Component l 2 

Dia spore 78 84 

Boehmite 6 10 

Anatase .2 2 

Ru tile l l 
. 

Hematite 8 3 

Goethite 4 -
Calcite 1 ' -

Table 2/14 

Minerological composition of _457/2, before /l/ and after /2/ 

leaching test 

/all data in w. %/ 

Component 

Diaspora 

Boehmite 

Anatase 

Ru tile 
I 

.lematite 

Croethi te I 
I 

Calcite 

'l 

56 

I 20 

2 

1 

14 

5 

2 

\ 
\ 

2 

83 

- 11 
I 

2 

1 

3 
.• -
-

,. 

., 

'. 

I•' 
, I 

I ' 
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'.l'able 2/15 

Results of a laboratory magnetic separation test 

/All data in w. %/ 

Haterial 1 2 

Initial sample 100 1.8 

paramagnetic fraction 6.87 2.7 
diamaenetic fraction 93.13 1.73 

Diamarnetic fraction from 
the first run 

paramaenetic fr. 3.82 2.5 
diamagnetic fr. 89.3 1.6 

3 

100 

10.5 
89.5 

5.61 
83.88 

l = Relative amount of fraction /initial sample = 100 %/ 

2 = Fe2o
3 

content of fraction 

3 =Relative amount of Fe
2
o3/Fe2o3 content of initial 

sample = 100 %/ 
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3. Evaluation of the test results 

Host hydrometallurc;ical processes are made cumbersome and 

costly by the following technolo£ical stages: 

- the grinding of the raw materials 

- the provision of the higher than ambient temperature 

required for the chemical reactions 

- the :aixing and the separation by filtration of the fluid 

and solid phases 

- the evaporation of the so arising relatively dilute 

solutions and its power consumption. 

The tech .• "lology joint:!.y developed by Tatabanya Coal Hines, 

Hecsek Ore Nines, both of Hungary and Andritz-Ruthner Industrie

anlagen .AG, of Austria, for reducing the iron content of 

bauxites by hydrochlorid acid treatment is a hydrometallurgical 

process without the above star,es. At ambient temperature, 

namely, concentrated hydrochloric acid does not attack the 

aluminium minerals and it dissolves iron from bauxite se

lectively. By keepin& the flow of the solution at a slow 

rate the mixing of the fluid and solid phases and the 

production of a slurry can be prevented while the proper 

permeability of the bauxite bed can be insured by the correct 

determination of the upper and lower particle sizes of the 

bauxite. To ensure a possible maximum iron concentration in 

the iron chloride solution arisine during digestion, a 

countercurrent leaching process has been developed • 

.. ········--·----------
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·!.o ::neet the above- <Ti· er1a t!" :...ax.ia.wn and minirau;r. particle 

sizes, the rz.te of sv: v:.; . .-~t flow, the r.~nber of tL.e aci<i treati1 .. 0 

ani ts con .. "1.ected in cc ..i:: tercurre:u. t an<i the duration of the acid 

treatment best suite~ for the process must be deter~ined 

separately for each type of ,bauxite. 

TlJ.e efficiency of th€: chemical processes taking place durinc 

tt.e acid treatment ar: i the residual iron content in tile product 

following it depends .at only en the above outlined requirements 

but also on the minel.:..logical composition of the starting 

material. 

~o establish the rel~tionships valid for the diasporic Greek 

bauxite examinations ·11ere launched in 1983 at the Departme:at 

of ~i.ineralogy of the Ghemical tJniversi ty of Veszprera under 

the e;uidance of Prof. E. Hemecz. The report cirawn up on their 

result is enclosed as hru1ex I of this Report. 

'.l1ests done prior to ;,~1d under the LNIOO Sub ·Contract p:::-ovided 

some information reg~rding the type of correlation that 

exists between the mjneral co~position of the bauxite feed 

and the conditions oi leaching. 

Tables 3/1 and 2J..l sLow the mineralogical composition of 

9 bauxites received from Greece, their initial and eventual 

iron oxide content a~ well as some computed parameters. 

Although the data is not sufflcient for a full statistical 

correlation the i'ollt1wing obsorvations can be made: 



- 36 -

Table 3/1 

Initial minerological composition and iron oxide contents 

of Greek bauxites tested in 1982 

Samples :unerol o gi cal Iron oxide 
composition content /'lo/ 

ini"tlSl in in 
calcined 
product 

1/82 much goethite, little 
hematite 16.7 1.3 

2/82 little goethite, medium 
hematite 13.4 1.6 

3/82 little goeth.i. te, medium 
hematite 8.5 2.0 

4/82 little goethi te, much 
hematite 13.7 2.2 

..... ··-- . -·- ~ . -.. ,... ~ . . .. ., . ...... ... . _,__. ,._ ··-·· ....... . .. 
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Table 3/2 

The effect of initial mineralogical composition on the iron oxide content of the 

calcined beneficiated bauxite 

Sample 

"An "Bu 60 475/1 475/2 

lematite, '6 11 22 7 /1.5/ 8 /3/ 14 /3/ 
Goethite, % 2 2 13 1-1 4 /-/ 5 /-/ 
Initial Fe2o 3, % 12.2 23 17.8 9.1 15.5 
Fe2o3 in c&lcined 

product, % 2.45 3.54 2.5 2.8 2.7 

Diaspore, % 73 I 30 59 78 56 
Boehmite, % 4 35 8 6 20 

Dias-pore I 18.25 I Boehmite 0.86 7.4 13 2.8 

Hematite • 100, % I 90.2 95.7 39.3 87.9 90. 3 
initial Fe2o

3 

'?,, Eemati te, % 87.5 90.9 80 80.4 89.2 

~ 
-:i 

I 
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1. Iro:n. oxide rer:iaini:~f .i.11 tLe calcine~ re:·ractory trade 

bauxite is not proportio:r1al to the initial iroi. oxide 

contents of tne bauxite feed. 

2. Goet~ite type iron oxid~s can fully dissolved wiU1 the 

Tatabanya process from d.iasporic bauxites. 

3. Eew.atite type iron o:xides can be removed with ~i.e 

Tatabanya process with an 80-91 % efficiency from 

diasporic bauxites. 

4. The ratio of diaspore to boeht1i te does not appear 

to have an effect on tte solubility of her:iatite. 

5. The iron oxide content of the calcined beneficiated 

bauxite apparently alst ~epends on factors other tl~an 

minerolocical co~position. 

The rate of acid treatment depends on the diffusive processes 

takins place in the particles. A lower cor:.centratioa e:radient 

reduces the rate of diffusion, with increasin;_:; particle size 

the time required for the reduction of iron grows exponentially. 

If the particles of i;he Greek bauxite are 4 :nm the acid 

treatme:it of the charge in O!~e column takes 3(; days. It 

has been establisheC. that a sincle Illm lari_,er particle size 

would increase benef iciation time by nearly 100 per cer.t 

while if the maxicum particle size is, say, 3.15 mm, the 

beneficiation of the bauxite examined would require a shorter 

period of time /1''ir:ure 3/1/. It should however be remembered 

that the smaller the particle size to which the raw bauxite 

is ground, the more will be the dusty fraction, unsuited 
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for the intelldeci process. Besides, the recit<ctiou o 1 i,.,r; 

particle size would increase the dancer of ~ist'..T"cc Ilow, 

canal f'orr.ation and disturbances ir;. t:i.e perwea'uili ty. 

The formation of canals would result in uneve~ co~tact 

between the bauxite and the a~id. 

The smallest particle size ard the pertainin;~ maximum flow 

rate must be established by ru.nnin<.:: tests. In tr ... e course of 

pilot tests the flow rate was C.eteru:.ined at 7.5 cw./h /this 

is the rate at which the liquid level rises in an empty 

column/. The permissible smallest particle size may be 

somewhere between 0.5 and 1.0 mm. 

The pilot scale test has show:-i t:-...at the :c~arcl diasporic structure 

of the Gree:.: bauxite is one of its ;reat assets, i.e. it is 

not prone to fraJcentation by the acid. ~ccordincly the 

probability of disturbances of flow is much lower than with 

gibbsitic bauxites. 

The acid treatment cycle usin~ five columns applied in the 

large-scale laboratory experL.ients was chosen 0..-1 the basis 

of experience cained with Eur.1.[:arian bauxites, tut the r•i )1er 

stability of the Greek bauxites allows higher rates in washins 

and favourable modifications of the technolo8ical cycle. 

According to the ~edified teciUlolo~y acid treatment cycles 

can be completed in 40 day with only four columns: three times 

ten days in each cycle for the acid treatme:~t which leaves 

ten days for washing and dischar;;e. 'fhis modification reduces 

the specific investment cost with Greek bauxite. 
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As regards further processin!:·, the (.reek uai.;.xi te offers 

a further advan:.a~;e in tnat a£"ter wasllin~·;, it r .. eeC.s ao 

filtration. After drainin£ via the bottom of the colw~~ 

t:1e moist1.,.;.re content of the l-auxi te will ue as low a::; l:;. 

to 20 % /30 to 35 % with the iiungarian bauxite/. 

From the diasporic bau_.d te e::ar.lined, u~ider a pressure of 

approximately 1000 'bar, bric1:s can be produced, without 

bondins materials, by dry prcssint: or semi-dry pressing 

and calcined in tunnel kil~s. 

Tr1e calcined re:ractory .~racie liauxi te :;:.acie in tL.e pilot 

scale test was found to be o:· mediura quali Ly, co11.paral;le 

to Chinese Grade I and Grade II uauxites. Its properties 

co not match those or tr:e rr; .y ba\;.xi tc :f.'rotn ti.Le 7·n: 

horizon of' ·c:-te "l.'arnassus-::i,);:a-1:eliko~: 11 rcr ion tes te~ 

in laboratory. 

The by-product :·roru the pi lo,_, scale (.;e1lcl icia ti on of 

bau:xi te could be turr.Led into a pi.zmen t f:Tacie iro~:i. oxide 

comparable to i,ayf errox grad products. 
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.c-rac:e bauxites 

In tl;.is chapter coruprehensi vc inforrr.:a "Lion on the t11artet ::or 

refractory .sra<J.e bauxites f;iYeU by the '[j~,:!:,,() i'..xpert in l,is 

i~eport /2/ will be cor.iplemen ted ar.d a production pro :ra;a;;:e 

will be proposed for products based on Greek ra\-1 material. 

4.1. Refractory ~rade bauxi~es 

The bauxite world productio:::1 is in the ran.· e oi' SO to 90 

million tons per year; nearly 95 % of all tau.xi te mir:.ed is 

converted to alumina by the :i;ayer process and o:,ly auoLt 

one and a half percent is so:d as refractory grade bauxite. 

Tr.e market lead.er is Guymin /Guayana/ with a 1985 prociuction 

capacity of 950 thousand tons calcined bauxite, actually 

sellir.c about SOC thousand tons refractory [;rade a1i<l al.Jou t 

100.000 tons abrasive ~rade raterial. China's export crows 

at a rapid pace and its sale:: are reportedly approacl:linf_; 

0. 5 million toHs a year, par»; 01· this being calcL:ed i.1 

I·.assa, near Li vorno in Italy. Surinam, kalaysia anci the :..:.:>A 

are producin1::; be Lween 50. 000 and 100. OCU toi1s re i'rac tory 

grade bauxite each. India an:: Bra:c:il are also proC.ucers, 

mostly for the domestic markt:t. Sou th Atrica is SE:llin;; 

a comparaule material called Andalusite. Australia does not 

sell refractory r,rade bauxitn yet, but a part of its calcin

ed abrasive grade material /:~nnual production in 1980=285.000 

tons/ is processed in to brow:1 fused alumina and sold to 

refractory makers as high al~mina, low iron material. 

Refractory grade bauxite is :.ormally offered as a calcined 
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product. It typically has low iro:i a:id low silica co:~ i..e.•:. 

The industry standard, agains~, which the ot;1ers are Jt<C.Le1.: 

is tLe so-c:all ed Refractory ,·,n::re::a te ::iupercalcined /'ru'..SC/, 

available from Guo.yar~a throuc;~1 the U.S. Company Fhilip 

Brothers. '.2}.1is product is specified to have wax. 2. 5 ',~ 

Fe2o3
, max. 7.5 :;; Si0 2 , rr.ax. 3.5 /~ '.rio 2 and min. 8b,5 ;~ 

Al2o
3 

/the latter often nearer to 90 ';~/. /5/ 

The Shant;hai International '.i'rading Co. Lar:cliGG the export 

of sor.ie of the Chinese refractory erade calcined. Lia1.:xi tes 

only specifies .Al2o3 and iron oxide contents. 'ihe latter is 

max. 2 5~ the former is min. 85 % for 'Super Grade' and min. 

80 ~for 'better Grade'. /6/ 

Minmetals also sells Chinese :efractory grade bauxite. 1wo 

e;rades are offered: Grade I a:1d Grade II. Grade I typically 

has 87.50 1~ Al 2o3
, 6 ';~ Si0 2 , 1.50 ~·~ Fe2o

3
, 3.70 ;~ 'J:i0 2 , 

0.20 loss on ignition and a bulk specific ~ravity of 3.10 

g/ cm3. Grade II has 84. 50 % Al2o3 , 6. 50 % Si02 , 1. 50 ';b 

Fe2o
3

, 4 }~ Ti0 2 , 0.20 ;·b loss on ifnition and a l.Jlz of 2.80 

g/cm3 /5/. Most producers offer lower quality ~rades as well 

• - Guyuine has a 84 >~ min. "1207, :3G ;.c iua.terial, the C}·.i1~ese . ) 

are sellin:::; "calcined dias:poras" /having 5G to 70 ~~ Al 2o3/ /6/. 

These materials are often treated before calcination. Chinese 

and Indian refractory bauxitesare handselected, and partially 

calcined. Guayanese bauxite is washed, dried and screened. 

none of the :products available on the market is known to 

have undergone hydrometallurgical beneficiation, though. 
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Tecr .. nical t:evelop;:ae:u.t in the .,.,arket is ,';oir~i- i1~ tLe ,'.irection 

of in.creased Al2o3 cor. tent /u.p to :;-; %/, ~ ecrcasec. .. il 2 I as 

low as 3.25 %/, · ... 'i0 2 /as low as 2.5 ~:./ aad }'e2C;. con-.e .. ts 

/as low as 1. 25 %/. Guyr:iine, the state owr.ed producer oi the 

ii.ASC [rade aios at a specification of E·.:3G min. 3.c· aud max. 

5 % porosity and is reported to be working on a flotation 

method to reach this. /7/ 

4.2. 0ses 2~.d applicat..;.ons 

1he l:lain use for ~aterial called refractory £rade oauxite 

is in the prodl.i.ction of hiGh alumina refractories. Th2se 

represent a r-:rowi1;.g portion cf the refractory ca terials 

used, as alucir~o-silica te ba< 2d prodi..;.cts lose t::rou:rl.d du.e 

to inferior refractoriness a .. d stre:vth. :1.efractory i_;rade 

bauxite's u.se, however, is not lil:lited to refractory indu::;-

try: it has ot::-i.er applica tio: s as ar .. ti-skici surfacin_~ of 

roads and floors, is used in tte manufacture of ii.it_.h 

strength porcelain as well as in coatincs of weldin1:; rods, 

etc. ·.:he u.~calcL'1ed lm·1-iron uauxi te he>::; various adC:.i tior .. al 

applications. ·,;he~1 processed into alur.iinu:n SOllp~mte it, is 

widely used ir ... water purificz. tion a:-.d in paper raanufact~re. 

As thermally act~ va ted lauxi t£, i i:. is solC. in the :_. 3,"t as an 

absorba~1.t for uesulphurisation, decolorisation and as dry-

ing agent in food and chemical processing industries. 

As the refractory use ~ompone.1t of the de;:;iand decreases with 

technical process in steel me.'.:ini; /specific consumption of 

refractories was reduced in v:-Germany from 26 kg in 1960 

I 

I 
I 
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to 15 k;~ L.'l 1S8C for a ton of steel/ ar.:.d ne ... ati ve , .ro\..r:;l. 

of the iro:i a.1:.C. steel industry i::. many parts of tae worlo, 

anci non-refractory uses of the same c;rade stagnate or i;row 

/ e.c. in water purification/ it is Lard -co say whetli.er more 

or less hi c)1 alumna, low iron bauxite can be sold in 5 or 

10 years ti::e. 

4.3. l'rices 

?rice i!1.1orrnation appearin.r, in Industrial i<inerals, a month

ly publis1:.ed by Eetal Bulletin J 01.A.rnals, Ltd. in London 

provides a periodical cuide to the prices obtained by pro

ducers and C.ealers. In the past 5 years the three ill.ajar 

:_:,rades on tr~e market have beE.~: quoted a.s appears in '...'al>lF,; 

The RASC :-:rade from Guayana rave suffered some price loss 

in the early 1980's, but as the supply situation normalized, 

its price has not cha:ac;ed much in dollar terr.is. I European 

users able to buy full shiplcads are of course payinr:: up 

to 30 % l£;ss ia t~1eir own clA.:rrency LOW as ti;G c:ollar fell./ 

Chinese prod.l<cers could conU imously improve th~ quality 

of their product and this is reflected L:1 the prices, too. 

The present averace prices of L 85 an<i 77 are the equiva

lent of uSD 127.5 and 115.5, respectively, which says that 

the RASC is still considered to be superior to the Chinese 

Grades. This difference is even more pronounced tban it 

may seem since the price for the Guyanese material is quoted 

F.O.B. Baltimore and there is additional freight of USD 35-

60./ton plus to be paid by the 1'uropean user. The authors 
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Table 4il 

Prices of refractory grade b: .uxi tes 

/Source: Industrial Hinerals:. London/ 

-- --
Chinese bat:..ite Chinese bauxite 
Grade I I typical 
85 % Al2o3/ 

Grade II /typical 
80 % Al2o3/ CIF 

CIP Europea:. 
port /L/t/ 

European port 
/L/t/ 

-
:August, 1981 76 68 

January, 1982 73 62.5 

0eptember, 1982 73 62.5 

I<'e bruary, 1983 - 73 62.5 

December, 1934 78-80 71-73 

:2e1.Jruary, 1985 78-80 71-73 

July, 1985 84-86 76-78 

·larch, 1986 84-86 76-78 

-
Guayana 
bauxite 
!\ASC 
FOB Bal tlmore 

/$/ti 

204.16 

214.53 

200.95 

172.23 

164.28 

164.28 

164.28 

164.28 
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are not aware of a numerical f or~ula that could be used to 

weigh the influence of the v&rious technical parameters on 

the price of this material. ::.._t is apparent, though, that 

Al2o3 and Fe2o3 
contents are just two of the many factors 

effecting the price, one of ~he reasons being that the 

different grades are not nec.::ssarily subs ti tu table for each 

other. 

Actual contract prices are e"'fected, amon./j other thint:.s, 

by the customers' ability to by a full shipload on the one 

hand and on the r;rain size, C:elivery times, and vendor's 

reliability record, etc. Gro1.nd and sized grain fractions 

would typically sell at a 15 to 20 pct. premium over the 

standard rtASC price. ~he cos . to the refractory maker may 

include freit;nt, customs dut: , handline; charzes, commissions, 

etc. Of these freie;ht, espec.:_ally if by rail, can be c;,ui te 

significant. /Users in Centr<.:..l Europe are paying up to 

Dr.;, 100/ton for freight./ 

A comparison of the prices of refractory erade bauxite 

with abrasive zrade /min. 86 % Al2o3, permitted to have 

up to 5 % each of iron oxide and titania/ shows this 

latter .;rade to have stable ~.rices of about 20 % less than 

the Chinese Grade II. Indust::ial .LUnerals has been quoting 

a price ranz;e between ii 57 a:.d 66/ton for the past 24 months 

/USD 85.5-99/ton/ for abrasi\-e grade calcined bauxite, CIF 

European port. 



- 48 -

Althou;h refrac-tory crade calcined bauxite prices have been 

fairly stable recently and this is what this report assumes 

for the liie of the project as well, there is a potential 

for chan:;es: Political distu~ba:..ces can result in a shortac;e 

of supply as experienced towo.rds the end of the 1970's, an 

i:acrease in the energy prices /at their lowest level for 13 

years in real terllls at the ti~e of writin6/ could push up 

cost of calcination, etc. 

As ma~y refractory wakers are developine new products and 

contim~ously try to cut costs to make existing ones there 

is plenty of opportunity to exploit the individual benefits 

of a new material. 
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4.4. ~he Greek prod~cts: possible mar~ets 

This report covers experimen.al work conC.ucted on several 

Greek bauxite grades. In the authors opinion, which is in 

full a;reeoent with the reco. :.:endation given by the u:-:1:...0 

Expert in his £-.eport /2/, tLc objective of a project to 

beneficiate \..rreek bauxite shculd be to produce a product 

quality that is seco::id to no:.e in the market. This is 

definitely not the case with the product from the pilot 

scale test, althoush this material is a high alumina, low 

iron bauxite. 

As a laboratory work showed /:.:able 2/1 and Table 2/2/ 

sawple 3/82 could be process d. into a calcined product 

that is superior to RASC gra e. As a result of the beneficia

tion, it would have a higher deGree of reproducibility and 

homoc;enity. There are indica~ions from further tests 

conducted by third parties, ·.,hat this material could yield 

an excellent quality brown f••sed alumina, sold normally as 

abrasive as well as raw mate: ·ial for high alumina refracto

ries. Further work could expose additional benefits of the 

material over competition, a8 well as further applications 

possibilities. 

In Greece the beneficiated b<:1.uxi te could subs ti tu te imports 

now run....-1ing in the range of ~.0-15 thousand tons a year. It 

could be used also in Greece to produce high quality 

refractory products for expor·t in the Middle East, in the 

Soviet Union and other count:..·ies. \"Jhile the Soviet Union is 
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the biggest steelmaker in tnc world and it has its own 

refractory producers, Creek- .·oviet trade .;:-elations cay 

prove close enouch to providr opportunity for the development 

of this business. The fact t~-..at the Soviet union is playing 

a key role in tri.e estaolishlil ... n.t of the new Greek alumina 

plant is protably ixportant, as lar[e Soviet exports are 

due that will have to be bal<..l1ced by Greece. 

Steel making is at a relativ~ly low output level in the 

Middle East now. Current proc..:uction is reportedly about 5 

million tons a year. There is appaFently no local refractory 

production in the ret,ion. As detailed statistics were not 

available to tl1e authors, co" _3umption of refractory grade 

bauxite and equi val en ts has -•. een estimated as follows: 

:r.ela tiar; EEC:' s ir:lports of so; -.e 300. COO tons refractory 

crade calcined bauxite and i~s steel production of roughly 

125 million tons to the steel production in the Eiddle 

East, the latter's consumption is put in the 12 to 15 thousand 

ton ranee. 

It should also be possible to export the refractory grade 

calcined bauxite. In this ca:::e m.arkets would include the 

Soviet union, European count~ies, etc. 
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The perforI.a~1ce of a bcneficiation plant produ.ci11r: refractory 

[rade bauxite will depe~d to a lar~e extent on its raw 

material, as de;,10nstrated ir: cr_apters 2 and 7 of this report. 

The use of inferior raw rr.atE: :·ial will result in lower proC.uct 

quality aad may also increa[~ prcduction costs. As input 

raaterial varies over time, c~:e approach can be to ble~1ci. t!1e 

raw rr:aterial an.d/ or ti:1e pro.:.uct to ensure consistent quality 

for the latter •. \.:n.other way can be to produce more than one 

final product crad.e. It may be practical from the marketini; 

point of view also, to have several product £rades at 

different prices, for diffe:e~t customers. As treatcent time 

increases ~uasi-expone~tialiy with decrease in residual 

ironoxide content and leach: :i'; time is an important element 

in the cost of operation, a~ uescribed in Section 7.2, it 

may be prohibitive for cost reasons to keep processine an 

iuf erior raw material for an extended period of time. 

~he price of the beneficiatEd material will be affected by 

the cost to oake it as well as by the supply/demand situation. 

The extent to which competL.''; materials be subs ti tu ted a~:-id 

vica versa will be ioportan", too. ~ven in the hypothetical 

case of a full two-way subs.itutability, however, there 

would be differences in t~e prices obtained for the two 

equivalent materials. In th~s report the assumption has been 

made that the top quality m:. cerial characterized in Tables 

2/1 and ]./2 co11l d be sold fer net ex-plant price in the rar.ge 

of USD 165 to IDrs. 22,. ~)0 to 26, 600/, this range being 

centered on 90 % of the CI? 2rice of the RASC grade, lumps, 

loose /1 LSD= Drs 135/. 
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'Ihe 1::edi~;;i crad.e produced in ~l.J.e pilot plar:t and ci1aracterizeJ. 

in ~ables 2/7, 2/S and 2/9 cc;.ld be used as hish alumina, 

low iron refrac~ory ~aterial, ~oo. irice of this material 

has been relateG. i.:i this :r.-eport to that of the Chinese 

refractory bauxites. '.i.'~~e net ex-plant selling price ran:::,e 

for this gra~e has ~een selected as letween Drs 15,480 and 

18,200/ton /USD 114-135/, ce~tered on the avera~e of prices 

o1 ti1e Chinese Grade I a:id II ma :erials. 

P.evc!'l.ue estir.ia tes in J:aole I/ 2 :or plant capacities ranting 

from 20,COO Lo 80,0CO toris La-:e becr.i. :::iade for the two 

e") trer:i.e cases of prod\.,;.cing lCO % top grade or 100 5~ mecium 

t.rade product, takinc; both lo"; and hi[_;h limits of the p:cice 

:ra!".ces into account. Price pr,:::::iium possible for r,round 

~a~erial sold in bacs is not considered in ·he Taole, but 

a 6 percer.t export subsidy is. 
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Table 4/2 

Export1 revenue from bauxite ;ales 

/in '000,000 Drs/ 

Peec, grade 85 

-

cil_i.t.p-l:.t _in ___ ~ _-, 4c 1. 1oco to:1s _ _ . 

L_
3 
I 

! CJ i 
i~eve!'~ll e at 

1. lSJ 114 ner ton 
/Lrs l~,l~O + G %/ 

2. LJ~ 165 per ton 
/;,rs 22, LrGO + 6 1J 

4. l::3D 197 n.;r tor:. 
Ii rs 2 c , ~ co + \ %/ 

CD l::xport sl.i.bsidy: G 56 

I ! 

I 

- ' 

979 

t 33 

1. 
! 

1, 306 f 
I : .. ;. 

l 

:J:>c f, 
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5. Iron oxid.e 

5.1. I~troduction 

In the TA'.i.AB,.::YA p~ocess refr.:.ctory 2_:;raC.e bau:ci te is pro

duced by removinc a r::a~or par: of tr.e .initial iror: oxide 

content of the feedstock. The iron chemically bound in 

iron chloride at the end of t:rn leachin[_'; sta;ve is t-..;.rned 

i~:to iron oxide a:;ain in the a.cid re~eneration sta,r.:,e. 'lhis 

iron oxide has a various impu::ities depending on the compo

sition of the liquor, o:i. the :;~oastint; temperature, and on 

other factors. It is apparent fro::i Table 2/10 in Chapter 2 

that there is a substantial a:ou:;.t of impurities in the 

iron oxide pro~uced from the :ntreated liquors of the 

leachin:;/\-1as!1i:r.f; stage. Imp<.;.r ~ties could be si@lificar.tly 

reduced by intemed.iate io:i.-e .. :cLange purification, uescribed 

in detail in the Interi~ Repo,t. Ttis towever is a costly 

process. The alternative way, that is to purify iron oxide 

afterwards, is r.mch cheaper. s ~atle 2/11 in Chapter 2 

shows this material is simile.~ to what is used as pi1~ment 

for colourin5 co~crete and so 1e other buildinc materials. 

!{especti ve laboratory tests d ::scribed in Chapter 2 co:1l i::c;:1eU. 

this and indicated. further tr. ,t it may be possible to use 

the purified and processed re enerated iron oxide in 

alkyd resin paint systems. Ba.'ed on consultations with 

RTR-Ruthner GmbH the authors :'~eel, however that it will 

not be economically feasible ~o process iron oxide from 

Greek bauxite for use in the '"errite industry, as proposed 

by the U!H:OO expert in his Rer,ort /2/, purity requirements 

there being more strict. 
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S. 2. ',_'Le :~ar:;:e-c 

Iron oxide is the sec oad lar ;est colou1 in tl.1e worlL~, ai ter 

titaniu;n dioxide; its market 3hare exceeds that of all other 

colou.;:·ed pi.:_;uents cor.lbi:::led. I'::-esent estimated world market 

is 670.000 tons, abo"J.t 50 ~, oi' which is supplied by Bayer 

of Leve:drusen, 1~er:nany and it.3 subsidiaries. Various chP-mical 

processes are used to supply :tbout 85 ,~ of the market; the 

balru1ce is natural iron oxides. ::'he most ir.tporta.nt use 

/ (0 ~j worldwice/ is to colour cor:crete. /Coloi;.red mortar, 

concrete pavin~ stones, coucrate roof tiles, etc./ 

Coatin,; applications /29 % wc .. -lciwid.e/ including anticor

rosion paint, latex, etc. as ~11 as use in the plastic, 

I trash bar,s/ pap€r and other :..:ndustries s:.1ould also be 

mentioned. Iron oxide red ace :,unts for approximately 43 ,.i of 

the liS iron oxide consumption, with yellow, black and brown 

following /8/. The authors es~imate that the Greek market 

for recenerated iron oxide pi~ment could be developped to 

reach 5.000 tons a year. 

Iron oxide pi::,r.:ents co:-:tribut; little to the cost of tbe 

coloured product, as t1.1ey are relatively cli.eap a.11ci are used 

in low percer"tages /Bayer rec Jrmne11ds the use of ~,, parts 

piguent for 100 parts cement :or concrete colourin~; appli

cations/. Nanu:facturers noI'!:la. .. ly offer a ranc.e of shacies 

in red, brown, yellow and bla ;k. ·J:he prices of the Hayer 

products are up to 30 96 above those of the competition. Bay

ferrox Brown 645 T, a grade s~milar in shade to the pigment 

made from the material used 11 the pilot scale test, is 

currently sold in Austria for oS 1988 /USD 136/ - per 100 kg 
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/miniou~:i lot size 500 k!j, ex warehouse in :ielli:.1.a. ~l•e 

export c;.uota ti on price for t::1e saue rrade for a lGCO to:ls/ year 

has been stable for the past years at arou:::.1.ci iL 2GOC/to;-.. 

/US:J 1000/ ton/ ?CO Furth/GerrJ.an:r • .i(ecl ar .. c. yellow ,Tades 

are sold at wi thi~1 10 ;S of t:l~is price, black is about 35 .o 

cheaper. Ln opera tor of _<.u tfL~er spray-roastin,c, ec;.uiprr.e:1;:; 

in ·;:-c errr:arq is obtainine; "Le-~ween :;:~-~ 5CC aEd 80C/ ton iron 

oxide /iJSD .25 - .50/k:/, wh:.cn however requires further 

condi tionin.::; wnen used as a ~-iisraent. 

5.3. Revenue froo iron oxit~ sales 

To estiraate t~ne revenue fro::;i iron oxide sales it is asst<illed 

tJ.1at iron oxide produced in :;te bauxite beneficia ti on plant 

will be processed to piQDent crade uo5inr; a proprietary tech

nolor:y. Co~~siderins the fir~e t;ranulocetry of tL.e spray 

roasted iro~ oxide, this is -.;est done wi t:iin the plant. For 

simplicity's sake, one gr8.de only is considered, altbouc)1 

it should be possible to pro~uce different shades of brown 

and possitly rtd. 

'.:.'able j/l shows the revenue:.; for various plar.t sizes 'uased 

on u~e ass:12ption tt1at the t..(1tal a;;iom:t is soJ..d at orie 

price. (uar. ti ties used in t}· • .::_ s table have ueen taken from 

tl1e material balance in SecLo::: 6.1. and from similar talan-

ces not appearin~s in the Pep.;rt. In order to malce a ser.si-

tivity analysis ~ossible, a ~rice range has been used. This 

is centered on Drs 21/kg /USJ .15/kg/, and covers the Drs 14 

/USD .10/ to Drs 28 /USD .20/ ran~e. The low price is propos

ed to attract sufficient int~~est for the product and to 

leave room for cost of promo,ion and distribution. 
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In this chapter techr:ical and technolo;ical irSormation 

is given on t[1e 'I:ataoLviya process a.r1.d. on a pla.-:t i.-:i t::i 

a:1 a;1L'. .. ~al output of 40 .000 to!1s of calci::::.ed. refractory 

craG..e tauxi te, based on the u.-a of the saoe raw material 

as in the pilot plant test. Estimated material flows and 

bala:ices appear also for the high £rade raw raaterial /83/ 

known frora earlier testing for the sake of co~parison 

as well as to :nake tne financial and business evaluation 

in subseque~t parts of this Report possible. 

Using the findia~s fro~ laboratory and pilot plant tests, 

detail.ed ir ... foruation is proviG.ed on the material flows 

of the plant, on the in.divi~-;;.21 processes and techr..olor;ical 

steps incluiin.r; pollution CO!'°J. ~rol ar~d. enviro:'.oental 

protection measures. Easic e::~ineerin; data is presented 

for the equipwent and uachir""e:·y r.eed.ed.. Loca~ior.. criteria 

are reviewed briefly and a layo~t is propo~ed. 

Data from this cr~pter togeth0r with data on other plant 

variants ~euerated similarly is used in sutsequent part of 

this Report for purposes of f ir~ncial and economic 

evaluation. 
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~:a-;:.erial l;aJ..a:1ces 1·or tLe . . E:•. ic::-;;. ra '.e raw mai:.erial are 

product and in lable 2/10 ~or the iron oxide product. 

T!~e r.::leva;1t c:ce::!iical reac-,-1ons takin:· place in the leaci~in · 

step are as follows: 

.Al203 
, . 

:;:c1 2 AlC1"2; '7, T- 0 + r + _, n2 _, 

·- ,.. ~~Cl 2 FeCl- 3 E20 ~E-?\....'·i: + c + -, ,.,. 

r- ~ .-.. 
+ 4 FCl '.i:iCl, + 2 -"·20 ~1'...,2 

'l 

cao + 2 -: ,,, 
.::..'vJ.. CaC12 + :~20 

l·:c,O + 2 ti Cl -- r1 .·._::v 2 + ;:20 

_·~_o._._l_c_;:-_ _, _..;..• _l a::-.~ : • 2 s::ow vario-...•.s 

pro~~ct, i~dicatin~ also t. e yiel~s o~ the above cheiical 

reactions for lDe me~ium :a~e =aterial. Results for t~e 

Li,~::~ ::.a terial are ::or orie. :.:a tioL only. 

'::'Le full r:i.aterial balance ·. JseC: on the pilot scale test of 

tte raeC.L.;.::i grade ::naterial <.ppears in '.!:able •V3. 

A Shar1ky dia '.ram of oa teri<.l flows connected with bauxite 

appear in '.i.'a~Jle f:/4. 
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Iri ~:i -,.._:::::e F/l material flows for r:iedium crade /85/ 

raw ma"te:-ial are presented in a block C.iar,ram. 



Table r-/1 

Distri bu tio~1 o:f elcr:w~. ~s o~ tLe 1.:i.e~ i1~ .. 1 £,radc feed. Let\·reen the i1roductr> 

_:1 c: :c:: ts l~l c:i1e:. ts :i•:lement~~ 
i~1 the :recd. in t~.c cn.lcj_ .ed Dis sol verl in the i1·011 oxic~e 

/1/ '· .... ;-'- /')I 
L•<lL<-...L ~C '-/ IJY'O(;;.~ct 

lo to11 ··-~., COl>. tOll ~·o to~1 

Al 2o
3 

:J4.0 3,:., i::,1c: 89.51 "7. ~:· (: f . I 
,,/_/,'..)\.Ir 812 2.2 597 /4/ 

Fe2o
3 17.8 12,C70 2.?3 1,012 ll,C58 -)l. G 11,0~)8 

~iO 2.0 1, 3:;..G 3.37 1,348 8 o.6 8 2 
l Ti02 2.3 l 9 :>t:O, 7i r(> 1,472 88 C:>. 6 B8 ~ • t·o t f 
" CuC.J 2 • ') l,9t·Cr C •. L • 40 J 1,')~u ~..;:~:..U I 

- I "t/ I 

I ' I 1 20s L-..- s ~\:[p 1.9 1, 2:_;~, 0.2 
I 

80 - /4/ ! 

I ' l _, . ' . 
K2o+:~a2o 0.1 68 0.12 48 20 029.4 - /4/ j 

J ~ - I 7 7. 2 .Fli moisture tl. 9 3' ~;2 3 - .J,.J _,~ - l -
loss on 

9 ' 3 u r:f: :; -i!..,"U. 14.l 9,561 o. 49 I 19G I -, 

I 

Total 100,0 67,3G~1100,0 I lC, OCO 27, 8Gi3 - ' 11,751 

Hotes: /1/ '.:.'a:.;:en iro;11 'i'aule 2/~. Colui:::1 3 a11d adjusted for t..CJ ~s moisture 

/2/ T2.ken fror:i a1 A•:..alysis ty S1~rveillancc, _;,thens 

/3/ ~·,vapora tes dta:in:_ dr·yinc and calci11a tion 

/4/ 1-lisslric ~aterial dioc:~ar eel as waste cas or efflue.r-it 

(:1 

/0 

5.1 
94.1 

0.07 

0.7 

-
-
-
-
-

99.97 

t 
; 
~ 

C"\ 
r-' 



~able ·:/2 

:::1ntribution of the eletae.ats of the 11.i.c~h r;rade feed het',..,cen the products 

~~:::. e:nen-ts /1/ iJ.ements in tl1e /2/ 
in the feed calcined. t.;auxite 

/b -c.oL. 70 l..O<l 

AL)O-
... ') 

1.:>5. Td 38,024 91.82 3G,G73 

:·'c203 9.25 5,345 0.86 343 

Si0
2 2.G7 l,?43 3.8() 1, '.)58 

'.L iO I 2.76 l,'JJ3 ). ?.8 l, ·~10 
2 

' ,· . ., .. - .,.. c. ~l. •.) ·' ' ' ' ............ ,_, ·:· .. ~,_.~ - ......... ,/ 

:·a2+~~20 0.12:) 72 0.13 '.)2 

'lO' _ _._,ly> ., I·:; I 
.• J. 0 v ... - ~-· -;; '~·. 91 2.G3·) I - -
loss on 
iQ1.. 

;~ otal 

_ o -~~ ·~ rJ : -----

I- I 13.4) 7.775 I , I -. I 

1-\ I )1-:-1 ... ~·7, S02 ·100,lC . ,./, _, - .-· 

Il l,._ 1 -.~ ·"~o.-· "'"·l 2/1 ., 1 ·· · 1 , - o" ... ~n .c L ,.1 --<· ... ' e , vO W.lH 

I . 
I 21 >i'a'··e~' f'i··~-~ ';'"'."l"' ')/l .... - .. _,I,... - ......... '~ _._ ...... u t;...; '- , 

/3/ and /4/ see 1a~le 6/1 
Column 2 

-
,t() 'c:co 

a;d ad J:.: s tecl 

J.:,1.er:~e·:1ts in the 
iron oxide product 

,J \;OU 

LL.d 712 I 4/ 

:y_::. 3 5,002 

u.1 5 
. ., 
. • u 288 

.. ~ I,, I 
- - /4/ 

- -
- -

luC:•. O L·,007 

1or '~ • 0 ;~ u;oisturf! 
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:'able </?: 
I·~a·:.erial balances of a 4G ,COO ton plar..t to process 
Ledil'-:.:i rade /85/ bauxite 

_ ~uantity 
TI'/yr. t/yr. 

In: .:.:au::d te 

nyetrochloric acid 

Out: Iron clr.loride liquor 

De-iro.:::ed bauxite , 

Calcium + i"Ia_::;nesiuo 
solution 

'::ashing 

I<.: .Je-ironed bauxite 

Process water 
Out: '':!Lite' ba.uxi t e 

4G,128 
76, 737 

59,343 
34,002 

15,39G 

34,C02 
96,582 
33,948 

J.cidic wast water I. 6,823 
.h.cidic wash water II. 27, 371 
Acitic wash water III. 61,921 

; .. c:.:-: re ··en<Sration 

.J..n: Iro~ chloriC..e liq_uor 53,864 
Acidic wash water T 6,823 -· 
Acidic wash water II. 27,371 
frocess water 39,500 
Coolii:.:; water l,67G,500 
Fuel oil 2,700 

Steam 

67 ,808 
88,247 

SS, 61~1 

'.;b' 783 

20, G31 

56,783 
96,582 
55,675 
7,232 

27,918 
02,540 

7t>,641 

7,232 
27,918 
33,500 

l,C76,)GO 
2. ~00 

29,500 

3peci.:ic 
weid:..t itema:cks 
t/~:-, 

1.47 
1.15 

1.46 
l.G7 

1.34 

1.67 
1.00 
1.64 
1.06 
1.02 
1.01 

1. 46 

1.0G 

1.02 

1.GO 

1.00 

0.9) 

5 :b moisturt 

330 g/l ECl 

130 g/l ~·e 

20 % moisti.:::. 

20% moisturE 

150 g/l HCl 

50 g/l ECl 

l g/l ECl. 

130 g/l ECl 
150 g/l ECl 

50 g/l HCl 

Caloric value 
4.1 Ev It 
160 °c, 
saturated 



- 64 -

Taole 6/3 /Cont'd/ 

~ l::i:.'011 oxid..e 
Sµe:·~ t 
cool in:, water 
.r'l"ue ::-as 

'-· 

[Cl 

~~f1i11 acidic liquor 
C:o:-~de:r.sa ti on w·ater 
Acidic co~1~l er:~a te 

I1~: ·:,1~i t e oauxi te 

:.Cuel oil 

Sl2.lced li:::ie 
'.:a tcr for flue 
:_:as scr~.~-c~er 

01;.t: CalcL:ec~ tau~dte 

· .. ·as ::;e liC'\J.Or f:-o:r1 
il~e cas SC~UGLer 

i..,uantity 
7 

~//yr. t/-:rr. 

2'";,136 

1, 67€ ~ 500 
5; , )CO 

5,: '103 

:;:~,oso 

2-:. , 5CO 

-· ... "' -:..co 

3~· .' 338 

':c?OO 

250 

136 :oo 

12,754 

1, 676, 500 

66,824 

33,742 
29,500 

33.823 

55,675 
5,300 

374 

187,000 

40,000 

158,'J~O 

~ro(vc:io~ o~ iro~ oxi~e pi - ......... 
... .a. l.J 

Ir:.: Iro::1 o:-::id.e 

l)roccss 1·1a ter 
Slaked lime 
Additive 

Gut: Iron oxide sl~rry 

Spe~t wash water 

17 
40 

12,754 
318,8~0 

25 
48 

22 ,ooo 
309' 677 

-----~-------------

Speciiic 
weicl:t 

t/m3 

0.47 

1.00 

1.15 
1.02 

1.00 
1.02 

1.67 
0.93 

1.50 

1.00 

1.52 

l.Cl 

o. 47 
l.CO 
1. 50 
1.20 

1.20 
1.05 

'ooo 
7 

:.;://year 

330 t,/l .:-~Cl 

6.8 g/l ::I Cl 

6.8 g/l HCl 

20 ~~ r.:oist'J.re 
c;,,~:o:::·ic vall.:.e: 
41 i·~J"/t 

'coo · )/ ~.;:i year 

50 % water 
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8.C ic. i r 

0.85 

iron oxide 

ACID REGENERATION 

hy<l:rochloric 

HCl complement 
0.53 

~ dressed ba.u:x:i te 

1. G7 

~ 
iron chloride solution 

---=..Jo..:-

ca++ +r11g ++ 
solution 

0.51 
wash water 

2.42 

.iASHING 

de-i:c0 1;1ed 
bau:d te 
1.42 

1.70 



~i 
,,., I 
(-) ! 
--t; - I 

c::t I 
I 

2: 

".> 

i 
i 

_:'~?le 6Jlr 

acidic 
wash water I 

o.1s 

acidic 
wash water III 

1.56 

Shanky diagram for the 
40/85 plant 

""a++ +~·ti-++ \J _\Ju 

solution 
o.51 

was}1 water 
2.42 

.lASHilJG 

moisture 
1.19 

locs on 
ignition 

o. 21_ 

de-:i.r..J•.1ed 
bau:-.i te 
1.42 

white 
baux:i te 

1. 

dried 
white 
bauxite 

1.29 

CALCilJATION 
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Ca/Mg solution 
20,63f t 

proces: 
96 

Bauxite 
from the mine 

90.070 t 
/6. 7 % moist./ Dressed bauxite.,_ ____ _.... ______ ., 

67 ,soo t 
Acidic deiron ~ed . 

56_, 783 t baUXl 

PREPARATION 

Bauxite, -1 mm 
19,670 t 

/0.7 % moist./ 
I 

__________ _J 

Fresh HCl 
21,423 t 

t----

LEACHING I:von chloride 

88,247 t 

cooling water 
l,67G,500 t 

I 

HCl 

flue gas 

54•106 Nm3 

iquor 
71:3,641 t 

process water 
33 ,500 t 

HCl REGENERATION 66 ,s24 t 
L...--------.,.---.,---...,.-

SECl\ON 1 

cooling vvater 
i.676,500 t 

condensation water 
29,500 t 

thin acidic liquor 
33,742 t 

acidic condensate 
'33,823 t 

A-::: id~c 



proc:ess wa.. ter 
96,582 t 
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Acidic wash water :II 62,ro t 

slaked lime 
374 t 

1 

wash wa~er 
1£)7 1000 t 

4 

eidic deiron ed 
-...;;.5_6_, 783 t bauxi i ~ 

I 
l 

White bauxite 

c 9.1 c ine.·1 
________ ..._ Ref-::-actory ,gra 

Bauxite 
CALC INATI ON :m chloride 

.nquor 
B, 641 t 

s water 
00 t 

.. 

-

sate 

A~id~c wash water 
I 

7 '23 2 t 

Acidi·~ 
wash water II 

27 ,918 t 

I 

flue gas 

136·106 r!m3 

40,000 t 

• 

~Naste liquor 
l5c3 7950 t 

sla'{ed 1 i.me 
25 t 

' 

Iron oxide 

12,754 t 

additive 
48 t 

process water 
118 ,s50 t 

, 
' 

PIGLIENT MAKING 
Pigr.1ent 3uspensi::m 

22,000 t 

1 

wa~~h water 
3 09 6Tf t 

' 
______ , 

FigurE- 6/1 
Block schematic with 
material flows 
/Plant size: 40. JOO tons/yr/ 

Feed grade: '85' 
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• 2. :rcc~:ss~s 

are 01.~tside "t': .. e '.i:en1s o:· .. _:_erence for ti.is pro~ect as 

it \·;as iel t tl:.at ~l-;.e J:J.iY-les as't::ed ""GO supply t~--e ra\1 Llaterial 

would cieli ver tJ.1e re(1.'..l.ire:. ,~rai:i si:::e. It appearec.l, 1.:.0\·rever, 

that f eeci. :for -';;he plant wL.l have to be pu.rcr.ased frow 

a m::1ber o~ mir ... es, possibl~~ 3 or 4. Tnese will be able to 

su:pply a consisteEt c,rain .;i~e bauxite, thoubh tnis r::..ay 

differ from ~ine to ~ine. 

If ~l-:is si t1.A.atio:J. prevails ii1 the future, a ciressinc facility 

has -:o te providec. at the auxi te processi::--<_; plant. In~nr.::.in:..:; 

r.:a terial has to be stored l estimated. stora,·e requirecient 

is 75 C.ays' supply i.e. so .. e 15,CCO tons bauxite/, crusheli, 

~raded, crou~d, dried, scr .n~ed, possibly blended ahd stored. 

:2 le -..~re ',/2 shows a ~·1owsl.e . t :!.evelo:;:ped for ti1e hi[;h L:,rade 

/83/ "l.'ai.·1 waterial based on the limited info""'.'r..iatioE available 

or: this ::1ateyial. 'lhe dres .::..!1,.,. v.ni t is laid out for 

78, CO.'.) to:1s 'cau::i ~e of as- i:-.e1 r,rade /moisture cor ... ten t: 

7. 22 %/. Lpar-c :rom the p:::· c:.t:.ctio~·.1. o :£.' 57, BOO tons bauxite 

suita~le for processing i~ the leachin~ sta:e, som& 18,000 

tons of :Cir.es /-0.5 m:rJ./ is ;;iroduced /rr.oisture co1:..tent: O. 7 %/. 
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: .ollcr cr~,s:e~1-------' 
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Crus!-.i ~: · [\ - .- .. ~·---_... .... ...- ___.. ___ ... G. )-1 :a .. 
-~I_, J ~ .. ~ 2 ~ I J - ~ ,~ -~·i L____ -" \-1 :i.i1l 

\_~ 
37.120 " 
/7.22/ 

Note! FL~:urcs ir-1 pare~i.t:1~esis indicate :-::oisLt•re con:..c:::. 

Fi. ure (. /2 

Eaterial flows :or prcparatiot1 
a 40,000 tor1 pla~,-c usi.,. !.L !1 

0 .. ·~,aux 2 '·· n ~ 01' 

rac'e /:;,;, fee~'.s ~oci: 

~Jryii1 ·; .__..... .Jc r c er .. i 11;; 

~---· I 

/.7/ 
J ~ 
l~, (\._;(.; t 

/u.7/ 

.._ 
c 
I 

0-G •)Ia: 
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:::,a:..t:~i te Lav:.:-. .:_:: s-..;_i ta'.;le gr-ai ~ size is trcatect wit:. 

tauxi te a::d. the aciC:. is slo·. -.._y flowil<; trn·ou.;h tL.e fiLi.. 

'il:.e acid cycle /see ~'L:ure 3 I is ca!Tied out in four 

colu::-.:-:s n:;..:.'.l°:·ered i::;:r 1, 2, 3 :.::d 4. 1st' s assur:'.e tha"'t 

colur::Y: l is e::p-':y a::d read.:';' :or fillir<-, col"C.;ru> 2 is 

fe.::.. \"ii -;;;1 aciG., colu::rr ... 3 recc.::.ves tLe solution leav~~1~ 

col~~~ 2 a~d colu~n 4 teliv:~s the eolution to the collec~i~g 

-'cank of t:·1e :cycl:coc:uoric ac.::.::.. re.:;enerator: 

.Ai'te:r a ce:·ta2.n time, w.ien «.;:e ion co:1ce.::tration of t:r..e 

solu tio~ lea vi:::: coLi.:-.:r~ 4 t : i:~s to C:..ecrease a~1c.. reac:J.es 

a cle'te:r~i:-.ed li::i t value /L J-120 ;:,/l 7:e/, the cycle is 

stepped forwarC:.. ':'r.:.e soluti .r. of col'Ll.:.-nn 4 is C.eli vered to 

tt.e previously Lilled. or JC: t 'bein; fi.lled colur.:rn. 1. 

Colu:D 2 is discohr1ected fr .n the acid, rinsin~ is started 

in it. :;.:r:..e otl:er coh-wL1s ar also stepped up. In column 1, 

after .sa~uratio::: with solu~- --0~1, tL.e so-called "calciu•:./ 

/;;::.agc.esiu:n solutior:.. 11 appea1 .. v;Lich is neutralized. After 

- . ' 3+ d eco::i?osi tion o~ t::.e caroo.~ ::es, J: e concentration 

increases in t!:e solution 1 ::a vin;: colu.ran 1 a::.G. at a ci ven 

cor.cer~tration the solution : 3 switched over towards the 

pyroliser. 10 days after t;· start of chargin;, the Fe3+ 

content in the solution bec~ns to decrease and the cycle 

is stepped up a3ain. Columr~ 3 is rinsed, column 2 is char~ed. 

In this sequence column l iJ beine charged again on the 

40th day. 
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"b&'_~::i te re::.ovs.l 

.6 = fii.lir_- + c::::-aL:Lir::; L:.e co:. __ :i_-_;.::J:::a.:_nesh;.m f!Olutio:: ... + 
pro·2-~c-:;io:-i o.: iro~-:.. c::io:ri .<= so:i.:. ti on for t~:e PJ-"TOlize:c 

t1.:ccee 

co::..:.::::': 
::~~.:~1t: er (' p e r a ... i 0 n. s \., \.. 

l _;_; c D I " n '-' 

i 
-..; 

2 ~~ ~ -, ! _A_ _.., IJ .LJ .L 

I 7; I -- "\ J:'. c J) .\. 
!. 

l -· 
-, :J A " :u " \_, ~ v 

l 

0 10 20 ~ _) 40 50 60 /days/ 

::::-~~e 11L 11 co:.:prises tL.e follc- ·rinr: steps: 

- drainin: the aci~ frou t~e bauxite; 12 hours 

- ri:i::six~ wi tl~ water; 1~2 .wurs 

- drainir-.;~ wi tr. wash water; 3 ho\.;.rs 

- reuovin::_-: t:r .. e bauxite; 23 hours 

~:r~e tir.'13 req,uire;::l for phase 11 Y is as follows: 

- cLart;inc: fill inc; the co· .u::::.n voic::: in the bauxite fill of 
ti1e iron chloriC.e solution; 60 hours 

draininc the calcium/mac:esium solution; 25 hours 

- iron chloride solution t.j the pyrolizer, 155 hours 

l 
' 
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-:;o pe:::::::.i t t~.e co::~ti!-:."'J.ous filli:: of a. colu::J1 wi t!1in t:ne 10 days' 

cycle i:. eacL of the six leac:1i:-~c uni ts •. A.f Le:: fillin; ke 

ta~:'.cs are closed with a cover preven tir.r tl:e escape of acid 

:u:;1es. :2'i 1. ~e C/t,. shows the s2ctional view of tl~e leachi:1c 

1J-'1i ~ 
-~ ....... - v. 

::-c.r i:::.,_· 1 eacLi1 .. ~; lC-)3 l/:r.o'J.r o ::: 30 % ECl sl:ould flow tlrro'J.~h 

t~1e -cauxi te c;~arc;a •. ·• defi::J.i t-:; Lydrostatic pressure uust te 

p~ovi~cd for this purpose at t~e bottom of the bauxite c~ar8e• 

:rrom t:-ie pilot pla:~t expcri2:·.-::es, t:'lis ca.::-i be achieved by 

lauxi te ctar:~e. 'lrie leached aud thorouchly rinsed white :._.auxi te 

is rer;1oved. tl~rou::_:h larce opet.L'lc;s at tha bottorr. of tLe colur!ln. 

'.2Le ba.uxi te is fed orl to a co~-:.vcyor which ir.1. turn forwarcis 

it to a co•iered ·u..p area, wher::: ti1e water is allowed to drain. 

6.2.3 Ca.:1..cir:.atio:~ 

In accor·da:-.ce ·wi tr.. the requi:: ;~:.ei.1ts of the tunnel kiln used. 

for calcination t!le ·oauxi te L: :pressed into bri_cks. Tne crude 

white bauxite should have 5 - 7 % moisture for this operation. 

Therefore, it must oe dried t::fore pressing. Hoist white bauxite 

spread in a layer of 30 cm th~ckness will dry to a sufficient 

extent within 7 - 9 days wi th·:,..._t forced dryinr:. The dry 
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3 C'.·)nve:; :;r' belt 

4- Jis~.r.argir.<: screw 

5 Conveyor belt with ~ars 

L __ 

w 'I r~: 11 
I ri " 

II 
_) 
I 
I 

: l 
(, 

I 
i 

1 1 

¢ ~ , ~G ·t ,, ~ 

i-------,-----· 

I 

' 

Ii 

R 
/ / 

Fir.;ure C/~ 
Sectional view of the leachi1 g plant 
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wLi .. -'::e 'La.:..,::i te is cl·~z..r~eci o:-... ~c a :ru':ter cci:veyor eel t 

o ..... ~o t•·.::i kiL~ '.;:rclle:;:s. 9. 5 :L .. .3 o: "bric:~ :::ay ":.le loaC.:.ed m:i. 

x 2.5 Ll trollEy. :e:cre calcina ti or .. , t:i.:..e Goisti.xe 

~.ex: 1;~1e cars pass iri.to the -.. '.:.~-:.~el kiln :..'or calci:1ation. 

i .-. _;:;. expectec to yield rela~ively 

li ttl.2 ::i:: .. cs, cx .. e to its r.:ec: :;::<icaJ. properties. A jaw 

cr~s:.c:r ca: .. ~e -.. 1.s~~ to tree.:~ - · to -4C r.rr:i. Ir~ a f;..;.rtf'ler 

crus~~i~.,~ s'":a=.e, -10 i .... , ~;1atcrie.l is prociuceu. l\.oller crc.s: ... ers 

a:c::l a 2-level vi8ra-:io.r ... SC'S _ can be used to pr·odi;ce va:-io:..~s 

r-ra.L;. sizes, sucr1 as t?ie OlJ.8 ;;os t i.a deua~J.d: 1-3 i:.n as well 

as 0.5 - 1.6 :r_.1, 1-3 r:.m, 3-c :.L.-;1, etc. 

<.~rLlc'. t\e 24G i;oi,;rs' J.eac.l-~L -, c:.;cle, a hich FeCl- solutioY-... 
) 

7 
'1··~· 140 'l .. .)+; , - ff / )v- ::,/ ..: e -r:.ay 02 Grc :.:~ o · fro~~ the fres!1ly cL.ar1_:,eci. 

bauxite for approx. 155 hour: a~d delivered for receneration 

to the pyrolysis type acid re~eneration unit. For a 

continuous operation of the ; -rolizer 6CO m3 solution has 

to be stored •. 1.rcJrinr.~ the sto:: - e the solid particles floati:r ... ::, 

in the iron chloride solu.tio:: will settle and ca .. -i be reraoveG.. 
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~~c reLa~e~at~d acid fro~ :~e pyroli~cr is fed i~to 

a c:.;.:·f s:::· ta;1:.C, •t1J.i.ere ires~- acid is aG.C.ed. to co:r..pe~1sa "te 

icr losses. 

J.~.<: ~et~·.oc. l ... seC:. i::. -:.~~c pi:=..:-: plaict test to up'""rad.e tLe 

a:. ioL sxci.a~. e pl'ocecii..re ::.s beer;. .Lol.i..:.c: to rec;,uire ~.1uc~1 

eQ'J.i:_J.::ei~t i:. co:::..!_);:irisor. '.·:i ~~. t:C.e possible ce~:efi t a.;.1~ 

:?.cou:.:,ce·:l a :·,i:.:rL anou.:::~t o:: ·.:aste solutions with Li1:,i:1 

~l.e:.:-efo1·e an al ter::a~i ve r ::_~ocess is co1:sidered. to l'E:LlOY~ 

"L;1e con;,c.:.;_.L-c8.rL·cs fro~:i tl"le i:-on oxi:":.e pO\·!der a1:d co~~.i.l.'uion 

i. i:. fer c:,ze as a pi >::e:1. t wi "c:-. good color inc properties. 

i:;:..e iro:1 o.xLle powder lea·. inc; tL.e pyroli•:er is GixeC. 

ir;. a \,a;i.k with a:-:i -:a tor wi "'.:r. \1-a te:: ar:..d a liL1e milk 

sol:., "vio.1 accord.in~ to i '~s c~i.loriC:.e co~L ~e.1t. 'llle slur:cy 

is :pu:;:ps:.l into a tank wit:~ conic"'-l bottom for settlir·~· 

·Ille t.Lick part is separa.~ :: :::·ro:u wost of the liquid o.rL 

a vacuu:a filter. ihe reta: :·_od iron oxide is a 1:;ain mixed 

with water in the tank wi<i1 acitator. The slurry is 

settled a..'ld filtered. Has: ~.n['. with water is repeated. 

Ihe washing efficier.cy is .Lncreased by sprinkling wash 

water 011to tr.e filter dur. ·:..'. filtering. 
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co:-.. ~-::::1-'c is preparerl fro:::: the :Ci_;_ -~ered iron oxide a~~:~ t~~e 

e::::d pro,~1<ct are tle.:-:.C.ed i:1to t".:,is. J::wo l:all _ ... ills con.:.1ected. 

ia series are used. for fi:-..e ,~ri~:.Jinc;. ':he piJ•ent slurry 

is s·::.on.:·_:_ i:~ ta:.1~~s \ri t":: a,--;i ta tcrs. ~he product can be 

__.-i ci:::·e · /5 s~J.C':!S the te:1tati ve :1ow-sr1eet oi: iron oxi:ie 

plirificatio~ and piL~eat proi~ction. 

'.;..!.:.e t'JO lar::;e -dater cor:..si;.:ners ~ ;:oe the Lydrochloric acid 

re e:.1erator a!l~. U.e iron oxi<ie purifier. If tr.irou«): now 

type cooli~: is use~, cooli~~ i~er used in the pyroli~er 

~an be used for rir:..sinc t~e ir -· oxide. ihe iollowins 

re::uire1:.ie:.1t is to ce r;:.ade on t~.e coolin~ water in this case: 

co:1tea-'V of solids 

- p'.: , alue 

- ~.l·:.c.O ,1 consu..."Ilption 

- ter:.peratu.re 

- free co 2 

max. '.:! mc/l 

7-8 

max. 17 G-er;-.ia.~.1. C:et:;ree 

4,5 wr,/l 

max. 22 °c 

not permitted 

'.iater treatment is dete!'I!lineci ·oy the quality characteristics 

of the available sweet water. .s a site for the plant has 

no~ yet been selected, it is a 0umed that sufficient volume 
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. ;i ti-:. Y.:,-clro cl:lG:r. ~c acid lo::es and the oxidation products 

~:re r_ /z..:.. 4;pcn t. coolin:~ ·.:.:ct ~I' fror:i the pyrol : .. ::.;e::.· wi "'v'1 

a tc:1pe1·at;lire of app:.oxi: • .a; :;ly trO 0c is useC. as process 

r r· 
~ ---"-'-

4 ,lCO ton:> o: sL.J.::J.::e is !:;e· :::·atcd from it. 
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1!·:..e s 1.~::. e is c:xpecteci to ~~ave t'.:e :;ollowi:u· ::;aL:. 

c:·01.~pO C?. ~: S: 

f l/r. ;' . .cl. v·-- -r• 
) 

"•>> ·2T· c v.8...:ili. L 2 : 
'" 

Iror1 oxic e powc:nr: 

·.:a t~r: 45 'io 

I~1e salt r - sl:..t of tec~:;.olo .ical or.i ·L;. L~ tl:e waste 

:ro:::: the plant is estL.ua-:ed ;,OJ., to 

exceeci 

CaC12 0.21 % 
- . Cl ct i· ... 

2 0.17 /J 

~.aCl+LCl O.GO) % 

'.L.e ~ources of flue ras ir.:. t::;.e 1)la11t are -::1:..e pyroliur, 

t~1e .:\~.:.~iel kiln, and t:1e stea:.J .. 8Jler8. tor. , 

to cater. iro~~ oxide dust. -~11 il.ue ;_c.ses s~.ould ,:o 

tl~rou:·h a wet scrubber. 

'l al1l e G/ j siJ.ows the estimated :parai.aete:cs o:· the flue ':,as es 

emitt~~ fro2 the plant. 
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plaLt. 

ihe ta1~ park nerves for tte stora.~e and the bufferint of 

~aterial circalation a~on~ t~e tlfferent solutions, fr2sh 

I.CL :ce.:~e~~::rated i1Cl, etc. 

bauxite treatoent does zwt 

pr0vii~c satis:facto:.::-y "!'esul tE .. l'or coctinaous pro~uctio ., 

without teat i~s~latio~ are to he used the solutions red 

L~to .it should have a ~:linL ..... te~pera. ture of 2 ~·. 7c or, 
.. .1-,.) .J• 

\.. :rap:~i :;e l~ea t ezc;1a:~"- E:rs cs.:~ te cor:.r.ected to each coh~ .. m 

to i:i:1crease the te:npera ture ;-:.: the :particv.lar solutions. 
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. . : . 
::-:=<or pieces of i' 0 .:· 

~3~le C/6. A core ~etaile and accurate equip~ent 

clocu:ne::-ca tio~1 of the pla~t ~. 

Letter s:y::::.:01s in t:ne "l. t<.~.1ter of U>ll ts" col~!1 !' ... ave 

~ = :: 0. of ir..r, t2.ll ed t;.;::..i ts .II. 

-
.. ; 0. - '"" o.t' fur.ctionin_-· ur~i ts 

n = _; 0. 01· star ... C.-ty :;..r.i.~:_ ts. v 

L:-:.alloyc.l st::-uc:.:u:::::ll stes. is suitable for cooli!:.~: water, 

stea:.~ a!1d fuel oil pipes. l'.arc PE pipc:3 are proposed :Cor 

l;,;·1-·'rJchlos..~ic acic~, irorc c :o:::ic: e and waste solutions • ...:pecial 

pipL< ua tcrial 11scessar:' :·or tl".e hi.r:h te.-.1pera ture 

op2ratlo~ of the pyroliz:~ is assu~ed to be suppli8d Ly 

tL2 Co·:· ::ractor deli verinr· tr~e pyrolizer unit. 



1l'n blc :; /;:., pa: ·e i 

Equip:1eLt l:i.st of .10.CCO to~-, pla:1t 

~-~--~~~~~~~~~~~~~~~-

Technolo ica1. stcr• .1r.~:·io.l ~;am~! o. '..l~·ii. t 
1·to. 

'l'cc:11,ical ciata ~;t..n;:i 1::1· oJ' w.i.·L 
A 

1. Leachjr.·~· .. as:.~::r 1. l'ront char- er ('poo»1 si· ''n• J n·3 ~) ~ .. .... .::._, \.,... • - lJ 

2 2. Ch::::..r'C' in · corwcyor \/ =:- (()(I TI~TI' 

L = 3'.) ia;a 

3. Co1.veyor wi·tL C: i.sc11ar:_;ir.;: 'J = (CJ() ;-:-,1i1 
car L ,..,, G5 min 

2 

.,. . 

5. 

6. 

7. 

8. 

• ~ ..... "l • 

._; •· ,,J. >.14.- '-._ ~ .... H • I,• ..... \..' ......_ lA ~• 

Over f1 ow tan~c 

Iron c:110::-ide collector 
tan~·. 

Haste acid tartk 

Dilute ci.cic;_ tar;k 

~ I . ., 

\. ·~ l '-

acid -r cr.1 i~; ,.a.:·!t 
ruU:;cr coatlu;: 
dia. 4.4C x) rn 

24 

lolycU.yle~·e ta:.:.k 
dia. G.'. ~~ 'J rn 24 

Steel tank with 
acic,-res is ta.11t 
rubber lir.ir: 
dia. L.3 x 5 m 4 

Steel tar;k wi t~i. 
acid-rc~;istant 
ru L 1Jcr lini11: 

• • • ' C' aia. '-··:; x :; m 

Stef~l tank with 
aci ,'-:.c·cs is t;:·_ : t 
n:V r:r· ii :.i: 
(\.i ~~ • ( • ~' :.: ..-' ~{'. 

2 

. 

r:. 

1 

2 

2 

24 

21; 

4 

2 

,, ., 

c 
-

1 

- ()) 



Ta~le (/~ pa~r ii 

Equiprnerc.t list of 40 .000 tori plant 

TPchlwlo, ic~•l st~;11 '.::c:'ial : .. J.:;.c or u;-~i t 
lj,O. 

9. ry,:roclil'~ ~ic acici tar•k 

10. \;ater tm.k 

11. I~ee 1 ~ '':"'\~ 

12. l.Jnder_~round shaft tank 

13. St.a~· t purn p 

14. Tra:-.sf er pt~;Jp 

15. liCl p;.u:;.p 

1(. I:.:_·on c:Jori·5e p~i .. p 

lcc .. _4ic~-il (~.:.~.a 

,_-:tc:_:l t::t1J~ \fj_ tli 
aci l' -1·t-'.'. ;~ -1. ~ -:.~1:r: t 

' - l' . I'l- L ~Jur 1J1.1~1!: 

dia. 6.j x () m 

.'.::-l.£el tank 
dia. 4 x 4 m 

~; ( "'l 1 · · ~·- ..1 • ,.. .., -~- :-, -t· r-~ '~ -~ .... 

v = 2 
-L 

! .. ~ •' 

Steel ta::1k with 
fl.Ci (- l"? s i:' t"':..L. t ru o
b er l j_ ;-.i.in~ and 
a; i ta tor, 

.:l,J:l usr- of u:-,i t 
/, 

t~ ;J c 

1 1 

1 1 

48 48 

dia. 2 x 2 m 3 3 
Acid r.r;sl :::-:.n.:-:.t 
Q = 12 L'l3/hour 
:ii. = li; m 

Acid Te sis tu;, t 
c, = 1 ra.3/ hour 
I1 = 2/i !il 

Acic: r co i ~- tetn c 
~ = 10 l:J)/ ~-.Ol~ r: 
L = 24 m 
1~ c i 'l re ; i ~ l n · t. 
,( ::. lC) ~.-: j' .. 0 ... 
ti r> I 
J:. =-= L..·: .. l 

5 

52 

2 

2 

3 2 

4U 4 

1 1 

1 l 

OJ 
(;; 



'; - l .- .'~ 
~-~~ ria e: iii 

Lqui:p::1er:t li~t of 4C.c:o tori. plar,t 

Tecl:..;:iolo- ic2.l str-p Serial "'c:i:ue o;· <.<~.it 

no. 

17. ·,·fast;:; li.::;:.:or pu::p 

13. Dilute~ ;~Cl pi_:'.:i:p 

is:. \':'C" ter p;~~:~p 

20. J..isc11zt::- iu:-- sc!·c~~·l 

21. Trolley hoist 

22. •• 'hi te bat;::d te 
disci1ar: :: conveyor 

23. 'Jtii te l 1a"L:xi tc 
collectL. conveyor 

24. Cor:veyo:r 

2 ~ • Coverc.'J sto:-c- ':"" ~:·a:r< 

'-----~------~ 

J_.cc:~l~ic~tl C.u ~u :, u:-:w c r o .;_ "' i-.i ;~ 
A J::. c 

-~-~---~-----------~---~----------------------~-~-· 

i'ccicl _»_<''.:_;:.a:,t 
= 12 it •. / ~ .. c·l.~~c 

l1 = li.· ra 

i~Ci(~ 1.'CE i ~· :~~ilt 
l = 12 ,.:-~_,/~,our 
L :-: ll: ;ii 

·-,_ -
--

'd.i t1~1 
cty: 
dia. 

lC iii~ I~ lo , . r 
~~ 4 ~ 

cea~ x ~otor 

~ t/~our 
2SC x 5.0CC ~ 

I:lectricnJ_ opera ti on 
!Jti''.L\..u::.l opsra -Lio~• tor 

l 

l 

1 

~-

1 t loa~ 4 

,\ = (,CCJ r;;;n 

L = 70 [;} 4 

\'! = 8(;() :::.::: 

1 = 20 ill 1 

1
r'1' ~ COC1 rr~~ 

L :-.: ) ') r:t 1 

;, i:--- '-~' c.1 : ~~.2\_l : : c~ 1 

1 

1 

1 

4 

4 

4 

l 

1 

1 

0:-



'i'abl e C/r-. pa· {: :i_ v 

Bquip1:Jen t list of •iC .c CC toL plc-~;1t 

Technolo[:ical ste}:.' :~c1'i::tl ::ane o.:.· u:;.i t 
~o. 

2. Calcin.s tio~: 1. rro;-.. t char ·er 

2. 

3. 

4. 

'") ~ 

CL:;.r, L< __ con vcy<.'l' 

Stor::i.--t, bVLfcer 
/for t:1e pr;;ss/ 
i>r.Lck press 

r.:-, )• r. " -.."' ~-l -

C(! l<J.1) :"'., "L 

(.,. Dry it~- tum: el 

7. }'l::.r.1ace car 
tr211c:;::_· ~:r cievi ce 

8. '.i'un11el ',iL. 

9. Car disci1arf:·i!1g 
eq_u.ip!~r::at 

1L1. Chai:~ scr.::i.per 

11. Ju.w crusher 

12. C!-,ai :: scrnrer 

1 -:; 
·"' . L--t ,# -le\·E:l scr·,_-.·(:: .. 

'.l:·ccr~:~.ic<:~l (:o.ta 

Scoop si :_:(:: 2 m3 

~- :::: {)() (_; ;;1~· . .i 

v :::: 10 
7, 

IJJ.""' 

J:yc~r<:1ulic op8rc;.tloa 
Ciy.: (i t/~lOllr 

··;1l !: __ 1 _ :_1~.r CYpf;ro.tc·~~ 

c·1..:.'.: c. L/; :Yur 

L = 70 Ill 

15 cani/day 
; '-' v c ,., 15 i· ,. i' l0 l' ,. 
1·.c.;,.~. C-i. .· .1. .. _.. ·~-

= 1.7(;() c, 
r~ = lAO m 

t er;1p. 

riecL:,uically operated 

L = l~ rn 
C Ly. : C. t/Lour 

wit~ air coolih• , 
lti t/i;oi.a· -
max. luu,p E3ize: )C(J utm 

I. = lU :J 
·"·' 'T • c· -'/' O"r ·1..._,. i..,.. • • ,_, v r.... ... ... 

.:,l' r· 
') . 
,_ i1.U.' 

\. i . :1. ~" i (_) _;-: 
_,/ UH.l' }. ~ .... ~•• 

--------
1Ju;:,u<!~:' of ·...i.ui t 

1i b c 
-

l 1 

1 1 

1 1 
I 

\.'. 

1 1 (_) 

1 1 

1 1 

1 1 

1 l 

1 1 

1 1 

1 1 

l l 

1 1 



Table G/6 pa::.e v 

Equip:nent list of 40.000 ton pls.nt 

Technolof~ical step 3.:::'ial l.a:.;e o:r -c.~·~i t 
nci. 

14. 

15. 

lG. 
17. 

18. 

19. 

3. llCl reeeneration 1. 

2. 

3. 

11 •• 

Conveyor 

Jaw crusher 

Gas scrubcer 

.iioll crus1•er 

Conveyor 

Front charr-;er 

Andri tz- ,u tlmer 
iron chloric.ie C: c
compositio~ equipment 

IroE chloride 
settlin(; tai.i: 

llneri.· ency \·:at E:r ta; :..k 

Iroa cLloriC:.e }m1.1p 

~· e C:.1 ~·:-_i cal l~ a t:1 

·.i = t-,({; m.:.n, 
L = 5 .u 

Lnx. lu:-:ip :_ii~e: 80 r;1m 
Cty.: 6 t/1.1.our 

7 

Cty.: 10.300 ::m...1/l1our 

r:ax. 1-ump s:L~e: 15 mm 
C ty.: C t/l1our· 
\'I == COO mm, 
L = 12 m 
Scoop size: 1 m3 

7 

Cty.: 7.2".J m:.i/hour 
'hyciroc1.1.loric acid with 
wl th 3 ;.o r,/l 

Steel, with conical 
bottoQ and acid-resistant 
rubber 1L1in: 
dia.: 2. 5 Y. 10 r:l 

~.>\..eel, 
dici.: 2 x 2 m 
i\ci,~-ri :'.l;;t:J.::: 

Q = 10 1.l:'.:·/itO'\.T 
H ::: 24 UL 

Lu;:i';..101· of U.Lit :' 
A :Ll C 

2 

l 

1 

1 

2 

1 

•7 
.) 

1 

2 

2 

1 

1 

1 

2 

1 

1 

3 

1 

1 1 

\..!) 
f-' 



Table 6/6 pace vi 

Equipme:nt list o.1: 40.000 ton plant 

Technolo;·ical step Jerial i:a:1e of m:i t 
no. 

5. Slurry prnnp 

G. \iater pu:t:p 

7. Iron oxide bunker 

4. Iron oxi(:c pi<·-
ment prodl.H;tion 1. Bucket charcer 

2. Char1=iri1 bu..'1ter vri th 
balance 

3. Tank with acitator 

4. Slurry pump 

5. Settlinc ta1.Jc 

E. Slurry pu;np 

7. Vacuum G.ru . .:n filter 

8. llisc}-,~r, in,; r:_c:.'ew 

'.J.;ech11ical data Nu.1·1bf:r of u1i t 
A B C 

Actd resi~t<:~~1t 
Q = 12 m3/hour 
E = 16 ta 1 1 

C... = 4 rn3/hour 
11 = )6 IJ 1 1 - \.~ 

V = 5G rn 3 N 
1 1 

Cty.: 2 m3/hour 1 l 

"') 
V = 10 m-, 5 t 1 1 

Steel taiilc 
V = 75 m3 1 1 

t.;;; = 40 m3/hour 
H = 24 m 1 1 

Steel 
V = 40 ra3/hour 2 2 

(i = 40 r.13/ hour 
Ii = 24 m 1 l 

Cty.: 20 w)/:wur 
irori oxide sll~rry 1 1 

Cty.: 2 t/L.ol<l' r:ioi st 
iro> o~.;.i ·' ;> 1 1 



'.lable C/ 6 p2-~:e vii 

.Eql:..ipr;ient list of t.,.0 .000 ton plant 

Teclmolo~ical s tcp Scri:--,1 Larue of unit 
no. 

5. Neutraliz.::i.tio:-i 
of waste liquors 

9. Storc.v· e tank for 
filte~ed iron oxide 

lC. Ch~rsin~ sccw with 
balm1ce 

11. 'l'a11k with aei ta tor 

12. Slurry pump 

13. Lall mill 

14. Stora~e tar~ 

15. :Gall mill 

16. Slt,rry pu::lp 

1 7. Storas e tal1k 

1. Sla1-:ing tank 

2. Disc:1ar,- e screw 

3. Li :!le milk ta r~k 

4. i! cu tr al i 2.i:r::· tar:.}: 

5. Settli r:_ bus in 

iechl~.i c:~J. data 1. u;;11Jer of un.i t 
A b u -

V = 8 m3 1 1 

Cty.: 6 t/iiour 1 1 

V = 10 rr,3 1 1 

Ct = 10 m3/hour 
11 ..., le) u 1 l 

1..0 

l ' in": vollnw: 4.5 m3 'Jl 

~ I ' c1 ! .'.1.J l r> 1 1 

Steel .nk \!l uh 
a;:_ i ta ,_ 0r 
V = 10 m3 2 2 

IHllinr; volu.ce: 2.2 f.13 1 1 

(.! = 12 m3/i1our 
H = 24 m 2 2 

Steel tank with 
ar;i ta tor 
dia. f,.3 x 5 m 2 2 

Steel, dia. l.5xl.5 m 1 1 

Cty.: 20u kr}hour 1 1 

V = 10 rn3 1 1 

V =- 2 ~) m3 1 1 

V = 2CJC :a3 2 2 



Tatlc 6/6 pa~e viii 

Equipraent lj st of 40. 000 to"1 plfl!!. t 

Tech...'lolo __;i cal s te:p ~·.cria.l :: a1;1t'- o i' t:~1i t 2·cci1nical cia ta I:tu.;L 21' o 1' unit 
liO. .h. L c 
6. Floe cul a:-i t tank v = 5 m3 1 1 

7. ~l•.crry pt::::p Q := 2 m3/>.our 
l.l = 12 '11 2 2 

8. Punp ,, = 50 rn3/ho-..1r 
11 :: 2 4 m 2 1 1 

6. water trea tme:1 t 1. Collec~or tasin with I 

af'l'3. ·~or Y = 1.000 rn: l 1 ~ ..... 

2. ·,;a tP.r pu1:.:ip Q ::: 2 ~G rn3/Lour 
Ii = 55 m 2 1 l 

3. Sand filter p == I:13/hour 2 2 

4. Filter rinsinc: pump Q = 2 5 m3/1iour ,, 36 Ul 1 1 ll = 

7. Fuel oil storace 1. Gear pump Q = 380 l/minute 
p = 5 bar 2 1 1 

2. Gear pur.:ip Q :: 1(, l/r.:ir:.ute 
p = 5 bar 2 l l 

7. Storage tank Gteel, V = 450 m3 ~·. 

dia.: (,.3 x 5 Ill 6 6 

4. Oil fil tc-r Q :!: 40C l/:ninute 2 1 1 

5. Oil filter Q :.: 20 1/ l:linu t e 4 2 ") ... 



Table (i/6 pa_ e ix 

Equipment list of 40.000 tou plant 

Technolot,ical step Scri.::i.l i,arne of unit ieci~ .. ic::i.l data 
)',r 
·' J \,..•. 

~~~~~~~~~~~~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

8. \·ii~1ter operD.tion 1. Co:.Hiensa te tank 

2. Grup}'i te hu'.lt 
exc:1an1,er 

3. Harr;1 water pump 

9 \ ', + "" ...• C' + i (' ,,. "',,., '"',, ' ' - . • . \\ .. -"". ~- ~ '-~--·-··· l. Central processor ment a~.:.d 
system 

co:1trol 

2. 

3. 

Colour display 
with disc drive 

Na[~ctic disc unit 

4. Printer 
5. I.evcl SC11SOI!: 

6. Temperature sensor~ 

7. '\larrJ sen so l.S 

8. Pump a~~ivators 

~.tecl, 
v ::: ::'J m3, 

Suri'Gce: 0.) 

'l' = c;e, OC 
~ = 25 m)/Lour 
li = 36 m 

1 r- 2 
• ) i:l 

- OJ' Ji,i;:'./1 'J':~.:JJ Ci!U:•J'.e.Ls 

I11te1· ~·ace l:~, 232 

2 x 27 l·;l;yte 
Wine!• "''stcr disk 

l E:-yte floppy 

Inductive 

wi tl~ mo.r.nc;tic 
valve 

:;ui:~l.er o~· unit 
A .13 C 

1 ... 1 

48 48 

2 

2 

2 

4 
2 

1 

1 

1 

2 

1 

1 

1 

1 

2 

1 

•.( 

' 



Ta~lc G/~ pa e x 

Equi.p;.aent list 01' .1C .uuc ton pla~;;.. 

~l:eclu:olo:;icul st~p 2c:r:ia.l ~:a:.1r: of 1.~ .• i t 
:lo. 

l'ecLEical \~Cl.ta j,l,l;;;l.Jt~l' o.: '..t:.i -';:,~· 
A L C 

----~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--~~~~~~~~~~~~~~~~~~-~~~~ 

10. Auxil.iary cquipr::n~t 

10.1. Corapressed air 
supply 1. Co~prcosor 

2. Coi.:rpres~;ed air tan1~ 

10.2. HCl complement 1. Storat_::e tank 

10.~. Steam eenera
tion 

2. Discharee pump 

Steam r:enerator 
incl... water 
treatment unit 

Cty. : 1 ~o >ili15/ho-u r 

V = 20 m3, 
p = G tar 
Steel, with acid
resistant :-cujber linine, 
dia.: 6.3 x 1

) in 

Acid-resistant, 
(< -~ 24 m)/hO'H' 

11 = 21r rn 

{ )~og~/~~~~rated s V am 

1 1 

1 1 

j 3 
I 

1 1 

2 2 1 

I 

\..() 
( .... 
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1.:~:e:-, site selectio~. c~:-i teri3. fo1· ~~J.e Lauxi te beneficia:..i.cn 

:plar:.t are c~s-:8lo~;ie:: availa'Jili ty :i.r..C. co:::t opti:.nu::n issuc.s 

have to ~e consi~erei. 

2equire~snt data fro~ earlier ~6ctioLs of this ~hapter 6 

is t:.se to calc-c.late t~le r-a:~"'..:neters for a 40,00C tor .. s pla;.1t 

:aid. ou.t to process "tt_e ::ieli.i-c.r~ 6:::-aG.e /'85'/ bauxite arrivi:~~ 

:::.J.:: _ .~.:c, estL.:.s.tcs :or a plar:t with similar out1n.;.t capacity 

bauxite a:~ also given. Thcs2, however, 

~csul~s were used to renerata thee. 

1 • .i..3.Ed 

Grade '83' 

310 ::.: l5G m 290 x 540 ·~ 

14.0 l:l 15.7 ha 

34.5 a(!re 38.7 acre 

'Ih:is is bc..sed on tLe tentative layout in Se~tio!'l 6.). 

:i?i:-:-ure p::opose(i for Grade '83' includes bauxi t~ handling. 

A sc~:e:-'"atic C.ia~!'a:n cf t"c.is appears ir. :Fir:ure G/8. /If it 

proves to be r.ccessary to dry the C-1 :r.m fraction, waste 

b.ea t f:com t:C1e tunnel kiln should be used./ 

Au increase of the plant outp1..A.t capacity by 20 % in either 

case; would require an aid.tional land area of up to 10 %. 
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-.....;,,_-..__ ' :· i ,-ure G/8 

Sc~e~atic for preparation ci 
crad.e '8 3, bauxite' 

:or use in plar.t 
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rec;_:;.,irs . ...le~-1 t for ti::c pla:::t 

/22 5, GC0 to.n.s L1 ti1e case 

loose 
t:"" r ~ · . . r ._, '-" ..... / 

i~J. ~=---·~.2 
L-~;-- St}a / r~:c .. ~ 

loos2 
~.1 ro&:~ / sea 

··.- r-

i.:c ..... ,. S 

sea / 

~he total ~aterial f" on:arC.i :L< 

is ir. tl-.e on: er c.::: 21~,u: .. c ·:...o,,. ... s 

o::: f.:.i;i1 q_uality f eeC./ per year. 
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~~is is descri~eJ iu detail in SEc~ion 6.2.7. I~e 4C/3~ 

pl.ax~ ·.-rill p:-odu.ce approxir.:ately t:.:.e follO\·:L:..- <·:astes: 

-"-·1~;.o f1.A.::! 1~S l:;;J . lC 6 : ,-A3 /'T . ~~-as es, ..,'fl.U J 

,-

1:t3.S ::c ,_,ra·~e::- 1.7 . ~ ,~ 0 -4-I, .. ,. ..L \.; :... .J-

sc:iC:. '\·taste I sl·v.il~e/ 4.0 
I t;yr 

:-· '°' I,'-,.'-,'":.· .,..._,, ,...J '' ,, \_.""! d 
- .. ~ ~ "-1 '-'I·.,.) l:'· .'·' _._ "t -,/0 .A...J-~ 

at~u. "t 40~~ of "tf".:.e ~~· ... aste i:.'a te::~ proC.uceC: "'e::1 , 
+o··-/·r,... .,..; ~ ..... 

.. J.J. .;;- ' o- .... _,.v 

.)oJ..Ll ·.;:..ste is estir:i.at9G. for 2.5 to:::/yr. 

o:~ pla..:.t ec·..;.::_:p::~e~ ... t ----------
r.:.:.i.s is C.e::.ived i:-0.:1 Sectio:::• 6.:: ar~u esti;.:atei as 

4,?CC ~OGS £or t~e 4J/85 pla~t. 

recu.ire;.icn ts --------
Iased O.i.1 the e}.perience fro;n ln:::.OVA' s ?ECS plant, prior 

to co:.~~:1issio~lin;:; a workforce: of 30 to 35 is .. 1eeci.ed. in :.he 

-----i 
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Lor a C,s.1.1.xi te fer.e.~.'ici.atic. 

ri:;_a.;.t \-riti: a,~ a:::.ci.:al output of ,.C,COC tons /Ieeci: Grade'::-)'/. 

~-3 v1.c:l as Lo~,~ o:::ir'.e as fa::..· as ::;oss:;. l;le from t~ce calcL.eC:. w!1i tr: 

:::~.e fi,-·~:::-es in tl:..e ci.rawL~g are explai~1eG. :..:elow: 

2. :.u~~i.:er ior -C.) :x-.1 fraction 

3. JJryer 

/~. Gas bcri;.1.:.l..er 

5. :a~~ita ~e~d co~veyor belt 

:::. c:z:.c :~L~. I .. asl~ir<~ col i;;~.n 

7. ''..! 1:'... ~e' J3.',:.xi -ve cc:·,veyor tel t 

lG. ·1:::ollc7 :oadL~:; uacf-_ine , 

11. ~:)r~· i:1 -- ttll'..:::el 

12. '.i:u:::.::;cl }::il.:-_ 

13·. '..'rolJ.ey ur:.loadL< ... 12 .. c!Line 

lt,. C::~lcit:s( bai;_xite, La:.1.dlhq:; 

1 ..., 
-I• 

StearJ :: ~:-.z;rator 

lJ. -.. :r: .. ·clizer 

20. lror. o~:ide, washing 

21. Pic;r.ent shop 

22. i'a:.1k park 

23. waste liquor treatment 
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esti .. ~c..L;ed :o:r <'..: ter::a ti ve plant capacities for processin::; 

a r-2:.·1 2a.'\>::ri:..:.l similar to the grade tested in the pilot 

/see :.::ables 2/3 and 2/4/, to be referred to as 

Gra·:.e r35. t .. o~r plar~t size3 with outputs of 20, 40, 60 a:::.d 

SC ~1&.;..s::;:; i tons :;.:efractory grade bauxite, r~specti vely 

will '::e covered. Invest2ent and. operatin;; costs given 

:r..ave teen reachec1. en individual assess:nent in each case. 

7he 40 thc·..i.sa:rLd. ton plar.t is selected as tase variant. 

i~1e cost fi£:t:.re3 used in the report are, as a rule, actual 

at t:!1s ti;;:e of i.1ri tir:.:~. Prices of imported equipment incll.lde 

sea f::ei:;:;.t, t-..;.t :!10 icport d'.lty • 

. :.1·;;ho. ~- lL::.i te::l a:uoun t of enrir:..eeri!l[; inf orma ti on coulc be 

devclopei fo1· the cauxi te srade tested in laboratory in 

1S32/83 with excellent res~lts /to be referred to as Grade 83/, 

an at~dGpt tas been made in this section to estimate, for 

tle p~rposes of compariso~, the i~veatment and operatin~ 

c~sts :or a 4C.COO ton Graie 83 plant. 

Eased on tables containinc relevant data developed for 

altu0ether 5 variants, comparisons will be made and an 

evaluation will be given. 
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7.1. Investment cost 

Investment cost of realizing the project will depend on 

site selection, on the scope of the project, feedstock 

grade, capacity installed, and on other factors. In this 

section estimates for the investment cost will be Liven 

talcing the effect of t:he feedstock grade on the one hand 

and that of the installed capacity on the other, in con-

sidera tion. Followint; a request by EE:IC, local and Forex 

components of cost of equipment and machinery have been 

estimated for each ite~. 

Table 7/1 lists cost of equipment, .installation cost, as • 
well as the cost of buildinG and construction for the base 

variant of 40.000-ton annual capacity. Cost of land is 

estimated for Drs 500,000 per acre unit cost inclusive 

site preparation. The cost of making the necessary amount 

of electrical power and water available to the plant as well 

as those of making the plant accessible by road and/or rail 

are not included in the fi131lres given. TL_ cost estimates 

for the individ'-lal plant sections have been based on the 

equipment list in Section 6.3, as well as on respective 

data from rn:::.OVA' s own Pees plant now under construction. 

Al though it is not cle~.r at · .... 1is time, if bauxite can or 

cannot be purchased from ·~hs !!lines in the required grain 

size ranee of 0.5 to 4 mm, and it may prove necessary to 

allow for in-plant dressing facilities, these have not been 

included in the Table, as too little is known at this stage 



'~'a:le 7/1 

Cost o :::.· fixe:d ~ssets for a 40 .000-ton capac.i ty plant /Crade '85' / 
/all f i :ures in /OOC. 000 Drs/ 

Cost of Cost of Cost of 
I'lant section :>uilr'ins ai:d ~~~uipment a~1d L1stallation 

Cor.strJ.ctior:. ... f ' • 

LC:i.c~.inery -
'J..'otal/ :<'ore:;/':;ree:k 

Site, ctevelopped 17 - - - -
Subtotal, site 17 - - - -
Leaching/ dashi J.g 75 528 40 488 92 

HCL regeneraticn 7 564 520 44 79 

Calci:::1a.tion 65 380 380 - 65 

Gas Scrubber 11 72 72 - 12 
! 

\;'aste '.ireatr:wnt 2 18 - 18 2 

ri£.,f.lent :c l'OCeSSill[; 45 7G 76 - 14 

s~btotal, ~recess 
205 Hi38 1071 550 251 ~<quipii1eL:; 

Total 

17 

17 

681 

650 ' 
510 

95 

23 

135 

2094 

, 

~ 
0 
\.0 



:c12:L.:: '."/l /.-::ii:~.'.1/ 

i- ... ~· --·-----·-- ---·- ~:o!3t oi.· 
~~'~l't 

~ _ _ <. . '.~1).3 t, of CL):J\,; of 
.,L,' .!.OU ;-,l;l;;. , .. a>l(l ·,-., . ,..,,.,ta 11 

·- L ..... _._ u ;. .1 :. • . "·" l l D - 'i 11. 
li.:::; u1llation 

l:o!•S tJ 1_tc Uo1 ;.:;icnL.cry 

l} .. ~ -;;i:1~-, :._:e,_·:e1"'s aw1 OJ.cl f3 

"-lc:ct-r2c .i.ov1er .\J 1J_t)ly, 
Ll:_.riti~1~ 

~~tc~_t::i \~:~~ :~t"'ator i!1cl. ·,,atPr: 
,';::ea t-i:1e:.1t 

f~ C'. '_ru;:lC:::tatiOll 
('.o~~t.rol 

I ... ) ,f?~ .. ~-·~'3)l)lj' 

C'::L::p.:essed :\1.r 

'-1.lld .i.;rt1,·~oss 

.... 
0-ll p·~;l-:,r 

I 
I 

I 
\ ' 

40 

9 

9 

22 

;:e:
1
011

0 

s~::a''.:,:::,,H~r·cllinl g -~ 
,':-i·i:·· 12 

, J. ;.) r,:1.J. _.: U !'C ~ .. ; ;. ,_'1...::~\. 
1- ---

1 14 
I 

15 

51 

. "'7 

12 

8 

9 

7 

14 3 

15 5 

51 > 

37 - 11 

1:.:' : 4 

8 I 1 

9 : 3 

7 2 

'l'otal 

62 

29 

29 

48 

38 

9 

15 

21 
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'l'otal in·:es t;.1e!1t cost 

I i>.11 cost ~·L:ures in ~oc.:, .ooo :.rs/ 

.::;stL:.1a te Feedstock 
:·or 

.cla!1t capacity 
in 'UOG to~:s C radc '8?' 

20 40 60 80 

Pla~t site, developed 12 17 21 27 

Sub-Subtotal, Site 12 17 21 2? 
I 

Crude BauxitP. Preparation - - - -
... ' . ;·' ' . .ueac:unc ,,as,nr~g 442 (81 795 920 

J:Cl He·-.ar:.e:::'O.tion 4·W ·~ ')0 7UG 870 

Calci::a tion 433 ::.10 57U 5JO 

,,__··as ~;c~~\.~~~L·er 77 ~~i 5 lCd llC 
I 
(,:as t ~ ·.c rca _.~::!e~1 t 1 ';) 2'3 27 ;o 
I 
l?i - :.:ent .: rocessin: 

! J4 135 lCO 175 

;~u b- ::,_~ 1~ total, 11·5:_21094 2;440 2,101 
I - -- • t i .-.. C" ........ , ....... , .. ·, .. r rOCC0;:, ~-1_-•.-.l-L.L•l 

I (;rade '83' 

40 ~-O* 

J. 9 15 

19 15 

88 88 

584 :,04 

ti)O 450 

510 -
84 55 

23 23 

95 )'.) 

1,834 l,2J5 

-

~ 
I-' 
·~ 

I 



:able 7/3 /Cont'd/ 

~stLiate 

for .r·1ant capacity 
in ~ 000 to us 

20 

I·ipir.::::, Sewers and r~oads 54 
.~lectri.c :Power 2upply/ 
Lightine 25 
Stea~1 Ge~:erator, incl. 
·::ate r ~:·ca t:.!en t 46 
Instrumer.ta tion and Frocess 
Control 46 

·.rater Snpply 30 
Conprecsed Air Supply 8 

I'uel Oil Storar:e/I:~ar;.jlin::; 12 
?inal J':r:oduct LaHdliag/ 

~ ::ac \~ill ~ 17 
~: 

'-~~b- ._~1.~ ·:.to t~l • I ~Jxili1ry =acilitios 238 . 
, lan-t .· <i_,,a._,e;:ieut a!·,rj_ ' . .'el.fare 

j-'-·Ui lc'Li r:.,'': I 31 
.. ~. ... -~ ~ ··. - ..... ;.,, Jtorcs, etc. 29 "·"-··l•• ve.cc .•• L: •• >u0pS 1 

I 
J-~u1;-. :._, -~ ~otal, . 'l .. 'l'l .~l.tl''.:J co ,. r \, r; •. l _ .)u ,, ... .i o .,J._ , > i~ed M:;scts 1 ;::120 

Feed stock 

Grade '135' I 
40 60 80 

62 71 77 

29 33 35 

68 81 98 

48 49 49 
38 41 45 

9 10 11 

15 17 18 

21 24 26 

230 32\i 359 

')4 36 33 
29 31 32 

63 67 70 

2 4b4 2 8)4 ·5 154 

Grade '83' 

•0* 'i 40 

:;a 58 
. 

27 29 

55 55 

·10 47 
30 30 

d 8 

10 12 

-
~ 21 

2 'Z ~ 
j·r 2Ci0 

';:: ~ 34 _, ., 

2:) 29 

C'i 63 

1 : 07 2 176 

~ ......, 
VI 
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Table 7/t. 

Consumption data estiinatec'. for various pla::ts 

Input l. 'ii t; I ~(1/c_. 

Bauxite ton l 3:~~-~~.+ 

ac1 ton I 11,200 

Slaked lime tor; I l,'1GO 

'.Precipitant k,-
'-' l ll,8CO 

k~ I 24 ,ooo 
Additive for I 
~ir;ment makin,"; 

I I 

Va:C'iaL tc 

lC/EJ:, ·.•v/0') 

C'l ,GC8 lC;l, 712 

21, 1WO 31,200 

2,800 4,200 

22,000 31,700 

48,000 72,000 

. ' . :::>L' / L~ ...i 

i·5),Cl1.. 

40, 5oc· 

~.coc 

42,000 

96,000 

._.----- ··-·~...-.- .•. -, ....... ____ ·-~-·~----· .. --~-·- ---- ._..._ ... ~ --
l ' 

(Fuel Oil 

rsteam . 

J, Compressed Air 

Electric Fower 

Proce~s water 
-

rl?otable ·,iater 

Spares and wear 
ltarts 

I ton I 5 , 6 7 '.' 

' ton j 14 1 7 )CJ 

' 'OCO m3 820 

~ 1: ';.'h 3,EOO 

'OOO m5 8:15 

'OOO m3 25 

1 000 ~)rs ;.c,coo 

lJ , i!OO 17,125 22,850 

2' 1 r:iOO __,, - 44,250 5S,000 

900 980 l,OCO 

6,170 8,700 11,000 

1,710 2,590 3,47C 

27 30 33 

40 ,ooo 42,000 43,000 

-~ .. I . 

"G' ~O ---· 

57 ,LuC1 

lU,CCG 
' 

2,occ 

10,000 t ....., 
~-' 
\() 

t. 
24,000 

7' 350 

1 (_,, )(;(; 
!' 

860 t • . 
4' 570 r 

r 

990 r. 
~ 

27 
I 

35,0GO 

~ 



Unit 

Drs/unit 

4,455 
6,193 

7 

6,100 

-
-

24,0CO 

7,000 

-

-
-
-
-
-

Table ?/5 
Cost of operation estimated for various plar.ts /Plant capacities in 'ooo tons/ 

/all cost fi~ures in '000.000 Drs/ 

Cost item Cost for 

!Feedstock Grade '35' I Grade ''33' 

Plant . % of total 
capacity 20 40 60 80 40 operating cost 

Crude Bauxite, tor. 151 302 453 604 
353 42.27 

Cost of Transport.r~J-~J.~ 7 14 21 28 16 1.89 

Hydrochloric acid, ton 7? 130 190 247 61 7.2 
All other materials 12 22 31 40 16 1.89 

Sub-Subtotal, Materials 242 463 695 379 451 53.?5 

Fuel Oil, ton 136 274 411 543 176 20.77 
Electric Pow er, kWh 25 43 60 77 32 3.77 
Other 

Utilities/supplies 3 5 7 9 3 o.~5 

-
Sub-Subtotal, ~tilities 164 322 l~7'5 634 211 24.91 

Royalty on refr. sales 7 14 21 28 22 2.6 

Royalty on pigment sales '3 16 24 32 9 1.6 

Sub-Subtotal, Joyalties l':; 30 45 60 31 7. ,.. ,.. 
:; • '::Jt~ 

Subtotal, Variable costs Lil '7 '314 1,211 1,604 691 81. )'."l, 

t-' 
l'J 
0 



Table 7/5 Cont'n 

Cost Cost for 
Feeclstock Grarle '~Vi' Gracte '~3' Plant 

?O 40 60 80 LW Ii of t otaJ capacity 
0 ~ a tinfT cost 

~ages and Salaries loo- 109 lP3 127 10') 12.97 I I'-' 
;\) 
I-' Wactory overhead 40 42 43 45 36 4.25 

~dministrative costs C3 11 13 14 11 1.3 

bubtotal, Fixed Costs 14g 162 174 1'36 156 1q.4? 

Total 565 976 1,395 l,79C ~47 100.00 
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'-2i~e pu.!·c~~a::e price of .0rs 4455/tcn is useri i:t t:".:s .i.tcpcrt for 

t:~e C. j to 4- .;:c."":l ;::eci.i'..1-ffi ;rac.e /' 85' I tau:xi te ass-..i.Li:.1:. a 10 76 

surc:;.ar·::_e for C.ressin::. A di:ffere~.t assu:-Jptior:. is ::-~a·-'e .i. o:c 

"·e"'' i·· "·"°P""'='t a···c.· ··' ., 22-2·· 1• ·to··~ - ,,·,, '•·/· ~ •· J.G. -- ~._.,,.._ ~.., ... ~ ecs 01. J vC ucr .l_,0~ I;; • To.v! 

caterial boli;~t as-~ined for DSD 42,-/tou /Drs ~~7G/ton/ 

/Drs ~.2C5/ton/. '.i.'al·le 7 /6 shows Low a unit price of 

Drs fl~l3/ to:·1 was fi-:.ally arrived at, 1..;aseC:. on. t:1e 1.J.a terial 

Cost of tra~sportation: Drs. 7.-/ton kiloraeter /so~rce: 

r-.LilC./ A:1 ave:::-a,~·e road distar~ce of 30 :.Cm is assunied. 

llydroc?1loric acid: D:rs 6100/ ton /3C %/ 

Fuel oil: vni t cost of Drs 24p00 tas been assuried, al t::1oll,Gh 

LI::rc stated :Urs 27,lSO. 

It should l:e :;.oted, Lowever -chat prese.~t world market prices 

for s11i tacle q_uali ty i\lel oil grades are up to 50 % lower 

/from CS~ 80/ton, equal Drs 10,SOG/. 

- J::lectric p::Mer: :..,,rs 7000/k':fa /so-i~rce: ::Hi.IC/ 

.hdcii ti ve for pi£r.:ient r.iakin ~: Irs 220/k!: /preliminary 

ir.for~.mtion o::itaL,ecl :'ro~ owr.er of tecLHoloi_y/ 

- ::2recipi ta:~"G: ::Jrs :,oo/kE 

.r{oyal ty o~~ refractory sales: rnm~in~: at a rate oi 2 ~6, 

/prelioinary info:rmation obtained. fro::J owner of 

teci"i.nolocy/ 

- Royalty on pigment sales: running at a rate of 5 % 

/preliminary information obtained from owner of 

technology/. 
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.-. ., - ,_,. I -

J..'8.:..J..e I I:; 

Cvst estiLate for Grade '83' bauxite 

/lla.r:t capacity: 4C.COC tons/ 

Raw :rat ::::rial procureo.e:it 

~ra11.sportation 

Loss sold. rejected. 
raw rr.at1;:::-ial 

fi_a·.-r :Jaterial ir .. put 

/l/ ~qual to ~3~ 42/ton 

12/ 174.SS :;_;rs/ton 

/3/ to l.:S.J 3J/ton 

Q1~anti ty 
( to::s) 

78,000 

18,EOO 

57,800 

?rice Cost 
(IJrs/ tor~) "1.,;CC Drs) 

5,670/l/ 442,260 

13,0'.;u/2/ 

5,265/3/ /97,929/ 

6,193 :,57,931 
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Tl1e ;rrai::.ai:u.g- require:.ien ts for a sr:..ift in a 40 .ccc to:• 

~laLt c:.re f'i Vt:!1 in _;_a':Jle 7 / 1. :Cased. on a J-:i·.our won:~.:1::: 

day and a :::'i ve-day week, takinv 20 workinc days as Ll-..e 

avera,c,e paL.:. holic'.ays ar~d further 10 workine ciays as lost, 

the cor~ti!'~uous operation of the plant for 8000 hours 

a year o.a'kes it nee;essary to budget for 4.5 shifts. 

Tbe cost of raan-power for the same plant is shown in 

~able 7/b_ \·;a[e and. salary rates are based on riI~aC's 

inforcal:ion, cost-to-e:nployer fi.;ures have been calculated 

on tLe basis of 14 ~onthly pays a year. Social security 

con-cributions are estimated at a rate of 35 ~u. In tne larger 

pla~t~.- t.., .. 10 adcli tior•.al se;.ni skilled workers are foreseen 

for eacl: sllift in the leaching/washing ciepartmer. t, resul ";in£; 

in an a~ditional cost-to-employer of Drs 9.36 million for 

each 20.000 ton capacity increment. 

I'actory overhead includes spare and wear parts estimated 

as 1.0 to 1.5 % of ~he total cost of fixed asGets, as well 

as auxillary ruaterials and supplies. Administrative costs 

ii1cluclin; cost of repair, communications, office supplies, 

etc. have been estimated as approximately 10 % of the 

salaries. 

Depreciation figures have been calculated from the original 

value of fixed assets using the straiGht line method, 

applying a uniform rate of 9.25 %, derived from 10 % 

for equipment and 5 % for buildings. /Table 7/9./ 
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Table 7/9 

Depreciation schedule /straight line depreciation/ 

20/85 40/85 60/85 

Auxiliary facilities 238 290 326 

Process equipment 1 522 2 111 2 461 

Buildings 60 63 67 

Licences 152 211 246 

Capital expenditure 388 520 605 

Total 2 360 3 195 3 705 

Annual cost /9,25 %/ 218 296 343 

Residual val"t.e after 
10 years 180 235 275 

80/85 

359 

2 725 

70 

273 

672 

4 099 

379 

309 

40/8~ 

260 

1 853 

63 

185 

463 

2 824 

261 

214 

I 
....., 

"' -.1 

I 
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As can be seen from Table 7/5 the inputs with the largest 

relative cost are /a/ the raw material /24 to 31 % for 

Grade '85' and 42 % for Grade '83'/ and /J/ the cost of 

fuel /22 to 27 %/.Operating costs for a plant processing 

high grade /83/ material are some 20 % below those of the 

comparable Grade '85' plants, despite the former's higher 

bauxite cost. 

If the white bauxite is left uncalcined, tie estimated 

savinr;s for 40,000 ton output a~as follows: 

million Lrs 
electric power 5.4 

fuel oil 128 

spare parts, supplies 8 

labor 12.8 

154.2 

The total cost of operation of the 40/85 plant is reduced 

to rrs 822 million, that of the 40/83 plant to IJrs 693 million. 



.L c 

-. ~-

•J 

- ._,1_: 

- .... ~ . __ ...... ·- ------·----6-

.... -. c- _, _. 

-~a . . ·:: 

- ':'"' ;-

. ·._, 
-, ; . 

.• .. 

-- ·_, - .::; ·• _..I._-_-•.• :.: ' 

. . 
0_.:l1:! ~-!.~,.J. 

-~o 

• : 1_,.;,.... --

. - .-- - --. -· .... -. , .. 
••-'-"' J~ _ ........ ··-

) :~ _._ 

- ' ,... 
...... f;; 

-::1? .:v.;.:ci:.n. ... ~;:. prices case. :I:la .. -.,; 20/35 WO\.il:l break eve£'~ if its 

revc:nie w.1e:.ld i:.c:r·ease by 3 %. If 75 ;~ of t:J.e depreciation 

ca:culate~ i~ ~a~le 7/J is included in the cost of operatim1, 
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.!.~ a pro:i~. _o b~cak ev~n L(/85 plan~'s revc.~e wo~l~ 



' 
Table 8/1 

Revenue /in million Drs/ 

Feed r;rade 85 

Plant size ~rs/ 20 ~~c ton 

Refractory bauxite 19,292 386 772 

100 % export) 28,196 - -
Iron oxide pir,ment 
700 t sold in Greece 28,000 20 20 

the balance for 
export 2J,680 141 304 

Total ?47 1 OS6 

60 80 

1 158 1 543 

- -
20 20 

466 628 

I 

1 644 l 2 191 

83 

trO 

-
1 128 

I 
20 

151 

l 2~9 

i 
j 

..... 
VI 
0 



- 131 -

'.i:able 3/2 

:Erofi tac·ili ty o:i opera "tion 

Drs fi~~res in millions 

--·- .... _ --·--·--------~ .. _ ~-· ..... -a. .... .... - • . 

·a~ia~--r~;j;-Varia.:1~s 20/85 40/85 GC/85 

547 1 O·"( 1 C,t~<- 2 lS~l ' 1 299 
~ 

'eve!1ue: :· ,.; I ' 
' 

! " 
.• 

Cost of opr~:::·a ti on i " 
I 

less c.ep:-eciatior:. 5~5 01.:~ ' 1 335 . 1 7~G 347 . 
1.;ross p:::-o..:i t /loss/ /18/ I 120 ~ 2:~.:.; 401 '~ j2 

' i -· _) ' 

~otal 
i i 

il;.vestraei~t cost t • 
1 less f ra~1 t /1/ 1 8'.;il l2 537 2 ::ec ) 333 2 242 

! 

I ' : • i ,:ay-back period /years/ t 21 1 .,_. :~ I S.3 ' s.c - I I , I 

• 
! i ' 

:~·epreciatio , ;- ; r 135 1 254 ~ 2·)8 
; 

::;33 ~ 224 r [ ' ; 

} 

I 
. ' . ; 

I 

~et profit//loss/ i ' 

1 
i i I 

P.i'ter 1-i/ /203/ ;131~11 /3':,/ I ~8 

• 2231 

/l/ Graut: 25 )'o of '.i:otal Investment Cost /Law 12.,,2/32/ 



------------~--..-----------------

- 132 -

8.2. ~e~sitivity 

'.l:i:le e:;"fect of t;he price of the raw .aaterial, t::.e sL~ ·le 

bi,._,:rest i te:::. in cost of production, can be exa.nL•eu llSiLt~ 

the seGsitivity curve of Fi~~re 8/1. 2eedstock price l~s 

been varied in a range of .! 25 70 of the mec.iian val'lAe. 

Gross profit of 40/85 plant increases by :Urs 140 millio;i 

to almost 4-fold over the ! 25 ~ bauxite feed prices ranee. 

This effect is even ~ore pronounced for larger plants. 

'J:he effect of the fuel price ca.1. be seen in .FL.ure d/2. 

A ran;._,e irom Drs 24,000, the price chosen for us~ in the 

calculation of the operatinc cost, to Drs 14,850 /~~D 110/ 

has been selected. IJross profit of tL.e 4C/cYj plant increases 

by Lrs 100 cillion over the full fuel price rant:;e. 

In ::·1 r-ure 8/3 the effect of the iron oxide content of the 

feed on the cost of spent acid regenera tiou is sL.owr~. (;ost 

of equipment was kept constant for the sake of simplicity. 

A:s iron in the feed gets higher decreasirg cost of bauxite 

feed caru~ot balance increasing cost of regeneration /in

cluding cost of complementary iiCl/. 

1''irures 8/ 4 a:!d .§L2_ show the effect of the selline price 

of the calcined refractory bauxite and the level of production 

on Lross profits of the 40/85 and 40/83 plants respectively. 

Changes in the iron oxide ~igment sales proceeds would have 

about half of the effect in the case of the 40/85 plant, and 

about one-seventh in the 40/8' plant, compared to those 

caused by changes in tbe proceeds from bauxi·te. 
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Figure 8/3 
Cost of feed and cost of HCI regeneration 
vs iron oxide content of feed. 
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10 2C ?'A ,_, 

Sellir1t; price, refractory Lauxi -i;e /QGC .Dr:;:/ ~o"1 

0 

':'he effect of tr:e se11ir:,-- pr:r:c 0r 
t~·.e calcir·ed refractor~r :)a ixii,e aui 
of the level of -oror~uc t. i .J-r: m t ~1e 
gross pr!Dfit of tlie 40/:''.) pla~,t, 

10 20 30 
Selling price, refractory bauxite /QOO Drs/ton 

Fi~ure 8/5 The effect of the sellin~ price of 
the calcined refractory bauxite and 
of the level of production on the 
gross profit of the 40/q3 plant 

1 
I 
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::h!'Ures 8/6 a:id 8/7 show at wiat level of pro~\.i.ct.io1. 

the 40/85 and 40/83 plant break even, respectively. 
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22,979 
Calcined bauxite, level of production/tons 

Break even point for the 40/15 plarit 

10,260 40,000· 

Calcined bauxite, level of produ~tion/tons 
Figure 8/7 Break even point for the 40/83 plant 
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8.3. l~ina.::1cial evaluation 

As apparent from the section 8.1 plants havir:.r, an outp1.1.t 

capacity of 40, 60 and 80,000 tons show a gross profit when 

the products are sold at the maximum projected prices. Only 

the larf_~est plant cor .. sidered ·shows a net profit, however, 

under the same price conditions. ~he use of the medium 

grade bauxite to feed a beneficiation plant can therefore 

not be recommended unless fuel price and bauxite cost are 

significantly reduced. _ 

In an atterapt to demonstrate the level of economic viability 

to be expected from using the high grade feed, two financing 

models are considered. In one it is assumed that prouoters 

and collaborators will provide 75 % of the capital require~ent 

of the project, 25 % coming from a Government Grant. Ir. the 

other codel 35 % foreign loan is assumed, 40 % is brought in 

by t~e promoters/collaborators and 25 % is covered by 

Government Grant. ·J:he use of Greek loan is not considered 

because of its high interest cost. 

Workin.; capital is financed .from a short term loan subject to 

21.5tinterest. 

Het cash-flow and total net present value analyses for the 

first model appear in ~ab:es 8/3 and 8/4, 

in Tables §12. and 8/6. 

for the second model 

I 



Table g/3 
Projected inco~e statement for the plant 40/93; financing model No. i* 

/values in ~000,000 Drs/ 

!Year 1 2 3 4 5 6 7 ~ 9 10 

Sales revenues - - ·~44 1 299 1 239 1 290 1 299 1 ?99 1 299 1 299 
Cost of operation - - 600 '347 

Gross Profit - - 24/J. 45? 

Depreciation - - 261 261 

Taxable Income - - /l?/ 191 

Taxes - - - 14 

Het profit - - /17/ 107 

Net cash flow - - ?4LJ. 36S I 

* Total Investment Outlay: 2 9q9 Mio Drs 

Grant : 25 % = 717 Mio Drs 
Equity: 75 % = 2 242 Mio Drs 

Tax Rate: 4'3 %, no tax holiday 

g47 

452 

?fil 

1)1 

9? 

93 

3FO 

Net cash flow: net profit plus depreciation 

847 8LJ.7 q1~7 847 847 

45? 45? '+5? 452 452 

?61 ?61 261 ?61 261 

191 191 191 191 131 

9? 9? 9? 9? 92 

'33 9·3 99 99 99 

3601 360 360 360 360 

11 12 

1 299 l 29') 
847 q47 

'+5? 452 

261 ?61 

191 191 

9;) ').? 

<)) 99 

3(,() 360 

Hesidual 
value 

-
-
-

?llJ. 

-
-

-

214 

'Pot al 

? <3?4 

9~? 

3 706 

I-' 
\.>-I 
\.0 



Table 8/4 

Calculation of present value and internal ra-'..:c of return1 on owners' equity /fit•ancin.g rnodE:!l 

No 1/ for plnnt 4-0/83 

/values in /000,000 ~rs/ 

Year l 

A. Cash inflow 

1. Sales revenue -
IB. Cash outflow 

/1+2+3/ 
900 

1. Total inv. 
outlay 900 

2. Operating 
cost -

3. Taxes -
. ·- - - - --

c. Net cash flow /900/ 
/A-B/ 

D. Present value3 /900/ 

2 

-
1 342 

1 3tt2 

-
----

/1 3421 

/1 2131 

3 4 5 6 

844 1 29j 1 299 1 29') 

GOO 931 939 939 

- - - -
600 847 847 847 

- 84 92 92 

244 3E8 360 360 

200 273 242 220 

:Notes; l. Frices chan[;cs, appreciation not considered. 

7 8 9 10 11 

1 299 1 299 1 2')9 1 299 l 299 

939 939 939 9·5~ 93lJ 

- - - - -
847 847 847 8tt7 847 

92 92 92 92 92 
··-~· - -

360 360 360 360 3GG 

199 180 163 147 133 

2. Sal vace vall~e: Land: 17, of buildinrs: 200, of plant equipment: 375, 

3. l'resent value: disco1;.nted at the internal rate of' return of 10. 5 % 

i-J 
.f ... 
0 

12 0ul vag01. l'oto.J 
value 

1 299 -
933 /750/ 

- /750/ 

847 -
92 -

360 750 

121 227 

wor}cinc 
capital: 165 

1 253 

-8 



Tatlc ~/.5 

l.rojected Income ;3tate:::ert for the pl::int 4(/0.3; fir:arcing :-:10rlel r~o.?* 
/Values in /QQO,OCO Drs/ I-' 

+:-
1-' 

Ii ear 1 ;:> 3 l~ 

Sales revenues - - 1 11.I+- l 23) 

Cost of o~eration - - f CO 8 1+7 

Sross profit - - 244 .'.l5? 

nterest on 
Forex loan - - - ?4.6 
!Interest on 
short term loan - - 35.5 35.5 

Depreciation - - ?61 ?Gl 

Taxable Income /52.2/ 45.4 

Tax - - - 21. ~ 

Net profit /52 .?/ 59.l 

Loan principal 
repayment - - - 137.4 

Net cash flow - - ?03.8 13?."1 

*Total investment cos 't: 
Working capital: 165 ~io 

2 ~34 Mio Drs 
~rs 

G t • 25 r:' - '7"':1 T • • ·1 ran . _ 1? - , u) 1.io __ .rs 
Forex loan: 35 % = 9)? ~io Drs 
Equity : 40 S'o = 1 17;'-1 f.io Drs 

5 r 
0 

1 299 1 23J 

'147 3'+7 

45? 45? 

65 55.4 

35.5 35.5 

?61 261 

90.5 100.l 

43.4 43 

47.l 52.1 

137. l~ 1~7.4 

170.'7 175.7 

7 3 9 1() 11 1? n(;~.:~ ·'.·:a1 
v ·-. 1 ._, c; 'l otal 

1 ?9') 1 ;:)') 1 ?9'J 1 2)J l ZlTJ 11 2)J -
'Y17 :v+ 7 0,L~7 nw7 SW? ' 0 11.'/ -I 

452 45? 41)? 45? 4 5:' ! 45? -
i 

---
I 
I 

45.8 36.2 26.5 16.8 7.21 - -
35.5 35.5 35.5 35.5 35.5 35.5 -

261 ?61 ?61 ?f,l ?61 ?61 ?11~ -~~ o? 11 

lU).7 119.3 l?).O 131.7 141.3 155.5 -
- - ---

5?.'7 5'/. 3 62 66.6 71.? 7h.6 -
57.0 62 67 72.1 77.1 10.9 .. 522.; 

----

1 099.; 137.4 137.4 17;'7.4 137.4- ].7i(
0

LI - -
110.G 1 ~5.f, l)OJ) 1)5.'7 ;ion. 7 3h1.j 2 247 

-
Interest rate of Forex lonn: 7 ':., i\epo:rr::ert in 

16 ser~iestf)rs; rr:race period of two se:-:1cstcrs 

lr:teres: rate for short; ter:·: lom.: -oi. 5 % 

rL'D.X ~\.r::c: It))~;, r . o i. n x l 1 o l i_ '~ n :1 
----------------------- -.f>' c~-~

t' ( ':.r 
:·tn 1

: , (:c l)1--~·:it':_ 1 p·J·,; r·,·;-1·, ..... ~,: 
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Tahle 8/6 

Calculation of pres€.:1t value a,1~ internal rate of reti.r:.::T.1.1 0:1 ow:ciers' equity 

/financing mod.el 1:0 2/ for plant 40/83. /Values in ,..000,000 Drs/ 

Year 1 t2 3 4 r- ,. 
7 8 9 J 0 

i 
A. Cash inflow 

1. Sales revenue - i- 844 1299 1290 12'.)J 12JJ 1299 1209 

L. Cash outflow 
/1+2+3/ 400 734 E35.5 lllC.3 1128.3 1123.2 1118.4 1113.4 1108.4 

1. Investr:ient 
costs 

a/ Eqni ty funds 400 734 - - - - - - -
b/ Forex loan 

principal 
repayment - - - 137.4 13·7~4 137.1 137.4 137.4 137.4 

c/ Interest on 
Forax loan - - - 74.6 65 55.4 45.8 36.2 2G.5 

d/ Interes+, on 
short term 
loan 35.5 35.5 35.5 3:;. 5 35.5 35.5 35.5 

2. Operation cost - - 600 847 847 847 847 847 847 

3. Taxes - - - 21.8 L'r)e4 48 52.7 57.3 62 

c. net cash flow4 
/A+B/ 1400; /7>"t/ 209 183 171 17(1 181 186 1:)1 

D. Present value4 I 1\(.(J/ I(;.• • l·'·C l ') ·.: lCl 91 r·I') 
7~ G7 l~•ti '-- ~· Uc. 

10 11 

1203 12S;'.) 

1103. 4 1098. 4 

- -

137.4 137.4 

16.8 7.2 

35.5 35.5 

847 847 

66.6 71.2 

lSJ:_) 201 
(,Q 51, 

12 

1299 

957.1 

-

-
-
4 35. ~ 

847 

74.6 

34.2 

£31 

1--' 
+= 
[\) 

!:ial-,.., I 
.ya~reL I 
~ r: .. ~ \ , r:: 

-
I 

/750/ 

/75G( 

- tJ. 

-

-
-
-

?r.;v J. 
' 

lS,': ; 
-~---··-

1,._'t;• 

0~ ~. 

09'. 

(, :.( 
.. 
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usil:c tl:e first r.iodel an internal rate of return of lL·. 5 % 

on tl::.e owners' equity results. Since the Gree;~ syste~ of 

irnestment pron:otion offer3 no tax holiday tile profitability 

of the veat~re can be improved if outside capital available 

at relatively low cost is used. Lnder the selected fina.r1cL:.; 

i:.od.el L;.clu.G.ir.~: outsic!.e :'.::'ina:-:cin:; t~1e IR...'l calculated r'ro:J 

tl:~e discour:..ted cas:J. flews is 14.0 s~. :::his to.:;et~1er 1 .. :i t:C.. t~.e 

pay-oac~ perio~ of S years appearin~ in ~able 6/2 ~a~e t~e 

beneficia-cioa of hich grade Greel{ tauxi te by the 'l.A'.l:;l..li,;.1;YA 

leachL1r::/acid recovery technology an interestinc:; iC:ea to 

pursue. 

~he naL1 reasons for the superior economic and financial 

perforoance of the 40/83 plant over 40/85 are as follows: 

- leachinr; is more efficient as bauxite feed h.a.s nore 

favourable QinerolOQ', 

less hyC.roc:i:lloric acid is lost as Ca+Mg level in feed 

is lc1·1er, 

- material flows are lower, 

- sales revenue is hit,her, despite 10\·:er pir::ment output, 

as top ,crade calcined refractory grade bauxite car. be 

produced. 
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~:-~e prod.uct.i.o~::. of calcinaC. O.eironeu uauxi te frow raw ua "t;criaJ.. 

available in \.::reece would hs.ve the :!:ollo,·1Li.g positive effects 

on t~:..e Greek natiofaal ecor .. o:Ily: 

0tilisa tiou of local 1.nineral rE:sources for products with 

value aQdeQ possible. 

- .A:::~n11al i:aports o:: sooe 10-15 thoi.;.sa::d to:1s of refractor;:,r 

tauxi te \·iorth some 1. 5 millior.. l. S Dollars substi -.;utet.l by 

low import content local produc~. 

- .Exports pot er ... tial of a few million US Dollars a year 

created for either refractory crade calcined bauxite, 

or refractory product made of it. 

- ~wploymer ... t for 70 to 100 pers::ins in a modern plant. 
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