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1. GENERAL ASPECTS FOR MAKING A FEASIBILITY STUDY 

OF AN ALUMINA PLA~T 

Feasibility studies are prepared to investigate the tech

nical a~d economical possibilities of setting up an industrial 

1 plant t0 produce alumina and/or related products and to out

line those conditions tha~ have to be fulfilled for the imple

mentation of the plant in question. /"Feasibility" means only 

that mode of implementation when the established industrial 

plant operates in a profitable way./ 

Feasibility studies are usually prepared before technical 

offers are given, conceptual process and engineering designs 

/CPEDs/ and detailed designs are worked out. 

lows: 

The task of a feasibility study can b6 detailed as fol-

a/ Elabor·ation of the optimum process technology based 

on the most up-to-date technical level and adopted 

for the given bauxite type. 

b/ Preparation of a capital cost estimatP. for the whole 

project, usually broken down to construction, machine

ry, transportation, etc. costs and/or to local and 

hard currency cost elements. 

cl Examination of the proposed plant site/s/ and the en

vironment from geophysical and environmental aspects, 

including the mode of the transportation cf the raw 

and auxiliary materials and of tPe product and t~e 

possibilities of waste /red mud/ disposal. 

d/ Preparation of general lay~ut/s/, showing - if neces

sary - the possibilities of plant expansions. 

el Investigation of the eco1omical and financial feasi

bility of the proposed project including examination 

of the conditions of optimal implementation. 

I 
l 
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fl Elaboration of a market analysis for the marketing 

of t~e alumina and/or related products. 

Feasibility studies contain mostly des~r~ptive material 

supplemented wi~h the necessary tables, figures and photo

grai::f'ls. They usually appear in a hardbound, book like form. 

Sometimes certain parts of the study's content may be 

compiled separately in a volume of appe~dices in oraer to make 

the main volume easier to handle, however, this is not neces

sary in every case. 

2. EVALUATION OF THE RAW MATERIAL - BAUXITc 

As a first approach the alumina technologi~t evaluates 

the geological reports compiled as described ir. Volume 1. 

He will look first of all for the total amount of the avail

able /economically recoverable/ bauxite reserves, because this 

figure sets the limit for the maximum capacity uf the projected 

alumina plant. As a rule of thumb the maximum yearly production 

capacity of the alumina project may be one hundredth of the re

coverable bauxite rese~ves. /This provides for a 40 to 50 year 

lifetime of the project, as usually 2 to 2.5 tonnes of bauxite 

are required for 1 tonne of alumina produced./ There are a few 

exceptions to this rule of thumb.e.g. if the alumina content 

of the bauxite is very low /35 to 40 per cent in some West 

Australian ores/ and, therefore, the req~ired bauxite amount 

exceeds 3 tonnes per tonne of alumina, the maximum yearly pro

duction capacity shall not exceed 0.7 to 0.8 per cent of the 

recoverable bauxite reserves. On ~he other hand if there is a 

possibility to supplement the project's bauxite supply from 

another, not too distant bauxite deposit during the second half 

of its life-time, the yearly production c~pacity may be set 

higher. 

--- __ · ~-, 
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The second question the technologist will raise concerns the 

mineralogical type 0f the bau~ite. A~ already explained in the 

previous volumes, the avail&ble alumina content of the ore may 

be present in the form of gibbsite, boehmite and/or diaspore. 

Boehmite can be digested only under much more severe condi

tions /higher temperature and pressure, usually higher ~austic 

concentration/ th~·1 gibbsite and diaspore requires even higher 

temperature, pressure, concentration and the addition of some 

2 to 5 per· cent of burr1t lim~ for its d~gestior •. Therefore, it 

is of a great technological and econo~ical interest, which of 

these minerals will determine the digestion technology. A num

ber of comparative economic calculations have shown that about 

7 to 10 per cent of the available alumina may be sacrified for 

the sake of a simpler digestion technology /i.e. if at least 

90 to 93 per CPnt of the available alumin~ content is present 

in the form of gibbsite, a low pressure and low temperature 

digestion can be chosen; if at least 90 to 93 per cent of the 

available alumina content is prese~t in the form of gibbsite 

plus boehmite, the diaspore content may be left in the dige5-

tion residue; "available alumina" means here the total alumina 

content of the gibbsite, bochmite and diaspore phases/. If the 

amount of the less digestible mineral falls in the range of 

about 10 to 20 per cent of the available alumina content, some 

combined digestion technology /two-step digestion; sweetening 

process - see Volume 21 might be chosen. The chances of the 

sweetening process will be greatly enhanced if the bauxite re

serve contains an easily separa~le part of more or less purely 

gibbsitic ore. Above 20 per cent of the less digestible miner

al ~he bauxite should be dige~ted under the condition determin

ed by that mineral i.e. an ore with a 75:25 gibbsite:boehmite 

ratio requires "boehmitic" digestion, an ore with the same 

boehmite:diaspore ratic a "diasporic" one. 

In this way tt1c knowledge about the mineralogical type 

Jf the bauxite will help tn estiMate the capital and operat

ing /f~rst of all steam/ costs of the digestion and the type 

and probable costs of the requir~d steam/power plant. 

----"=-'' 
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The third question tt1e technologist will have to examine 

in detail is the chemical and miner~l~gical com~osi:ion of the 

bauxite, first of all its alumina and silica content. On the 

basis of these figures he may estimate the specific bauxite and 

caustic soda consumption of the proposed plant. As the produc

tion of one tonne of 4lumina requires the digestion of about 

1050 kg Al 2o3 /50 kg being t~e estimated total of various tech

nological losses per tonne of product/, this figure has to be 

divided by the digestible Al 2o3 content of the ore to get the 

most probable specific dry bauxite consumption. /"Digestibl6 

Al 2o3 content" means Al 2o3 in gibbsite in gibbsitic bauxites; 

Al 2o3 in gibbsite plus boehmite in boehmitic bauxites; Al
2
o

3 
in gibbsite plus boehmite plus diaspore in diasporic bauxites./ 

Knowing the percenta~e of the adhesi..va .noisture specific wet 

bauxite consumption /tonnes of wet bauxite processed to ge~ 

one tonne of alumina/ can easily be c~lculated. 

105 Dry nauxite tit ~ ----,:--=--~--~ 
digestible Al 2o3 % 

Wet bauxite tit - dry bauxite tit 100 
- 100 - adh.moisture %" 

Having an estimate for the specific dry bauxite consump

:ion and knowing the percentage of reactive silica in it, the 

probable caustic soda lo5ses can be estimated in the following 

way: first these two figures are multiplied to get the total 

amount of reactive silica intrcduced intv the plant with the 

bauxite. 1 kg reactive silica cau~es roughly 1 Kg of NaOH loss 

/0.91 kg/kg during the che~ical reaction leading to the forma

t ion of desilication product, the rest through secondary ef

fects such as the increase of the amount of red r.'Jd/. Sorr.e 

15 to 20 kg per tonne of alumina are added for other, non-si

lica-re~ated causti~ losses to the above product and this gives 

I 
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a rough estimate of the procable caustic soda consumption of 

th~ projected p:ant. Causti~ soda ~git = 10 x dry bauxite 

tit x Si0 2 % + /15 to 20/. 

It has to be taken into consirteration that under "gibbsit

ic" digestion conditions /low temperature, pressure and caustic 

concentration, relatively short digestion time/ only the silica 

content of the clay minerals will react with the caustic liquor 

whereas under the more severe conditions of the "diasporic" di

gestion other silica-bearing minerals /first of all quartz/ may 

be d~gested, too. That means th~L in the case of gibbsitic ores 

the term "reactive silica" cover3 only the Si02 content of the 

clay minerals but in the case or diasporic bauxites it ext~nds 

on the total Si0
2 

content. Boehmitic bau~ites usually stand 

betwe~n these two extremes, for safety's sake we usually ca~

culate with the worse /i.e. diasporic/ condition during the 

preliminary calculations. 

It has to be mentioned that ~ha digestion of quartz re

duces the available Al 2o
3 

content of the bauxite as it takes 

about O.C5 kg Al
2
o

3 
per kg of quartz into the desilication 

product. This has to be taken i~to consideration when estimat

in' the bauxite consumption. /This problem does not arise in 

connection with kaolinite since the latter has an Al 2o3 :si02 

ratio of 0.85./ 

3. TECHNOLOGICAL EVALUATION OF REPRESENTATIVE BAUXITE SAMPLES 

SELECTION OF REPRESENTATIVE SAMPLES 

Representative samples have to be selected to ensure that 

they represent all important characteristics of the given baux

ite reserves. They are compiled from a number of individual sam

ples, which have to be selected considering the following aspects. 
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a/ Every block of the bauxite reserve has to be repre

sented by at least one sample, the amount of which 

should be proportional to the total amount of ore in 

the given block. If a block contains two or more d:s

tinguishable ore types and/or qualities, all of t,·em 

should be separately represented with sample quanti

ties corresponding to their amounts. Large blocks 

should be represented by ~0re samples, say one for 

every million tonne of ore. 

b/ The chemical and mineralogical composition of the in

dividual samples should approximate as close as pos

sible the average of tha block represented. 

cl Should the chemical and/or mineralogical composition 

of the individual samples significantly deviate from 

those of the blocks, care has to be taken that at 

least the composition of their weighted average falls 

as close to that of the whole reserve as possible. 

The form and amount of the representetive samples are de

termined by the tests which are to be carried out on them. All 

necessary laboratory tests /chemical and mineralogical analyses, 

digestion and settling tests, etc.I can be carried out on a sam

ple of about 50 kg. The above test do not require lumpy ore, 

even ~amples from empire drill holes can be used for their pur

pose. On the other hand if grinding and/or beneficiation tests 

are to be carried out, too, lumpy samples are required. The 

latter may originate from core drillings /dia 50 mm minimum/ 

or from test pits and cuttings. Since the chemical composition 

of lumpy samples is less defined, a possible solution is to 

use a fine sample fer analysis and v~gestion and settling tests 

and another, lumpy one for beneficiation and/or grinding tests. 

The latter may be compiled from the material of 5 to 10 test 

pits or cuttings. 

The amount of bauxite f'equired for pilot plant tests is 

of the ordP.r of magnitude of 100 tonnes. Since up-to-date lab-

-- =,tT 
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oratory tests usually furnish enough and reliable data for de

signing the process, pilot plant tests are seldom required. 

Should the beneficiation tests be successful, the problem 

of selecting a representative sample will be more comrlicated. 

In this case all individual samples are required ir. a lumpy 

form because they have to be beneficiated /individually or as 

a composite sample/ according to the beneficiation technology 

determined by the /preliminary/ beneficiation test results. 

PREPARATION OF THE REPRESENTATIVE SAMPLES 

First step of the pre~aration of the representative sam

ples is the chemical and mineralogical analysis of the indi-

v ~dual samples selected according to the points of view de

scribed in :he previous chapter. For this purpose all individ

ual samples have to be sampled according to the standard pro

cedure /quartering, etc.I. Since the number of the individual 

samples may be around 100, the required amount of an~lytical 

work is usually quite significant even if the chemical analysis 

covers only the five main components /Al 2o3 , Si02 , Fe 2o3 , Ti0 2 , 

L.O.I./ and the mineralogical one only the most important min

erals /gibbsit~, boehmitc, diaspore, kaolinit~, quartz, hemat

ite, goethite/. 

On tt.e basis 0f the analysis results it can be decided, 

which samples should be included into the composite ones. It 

is very important to consult the geologist and the mining ex

pert before making this decision. E.g. if a sample proves to 

be of sub-cut-off quality /low alumina and/or high silica con

tent/, it can be le~t out of the composite samples only if the 

above experts deLide that the ore body represented by it can 

be left out of the mining program without extremely high ad

ditional mining costs. 

• 
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In some cases it can De advisable to prep~re two or three 

composite samples of different grades by app.ying different 

cut-offs. By applying a stricter cut-off /higher minimum per

centage for alumina and/o: a lower one for silica/ the quality 

of the ore to be processed improves but the reserves diminish. 

A "looser" cut-off means decreasing ore quality /i.e. higher 

processing costs/ but larger reserves. The variou~ cut-offs 

can however, be not applied in a mechanical way but only after 

consulting the geologist and the mining engineer again. They 

will decide, which of the sub-cut-off samples have to be in

cluded in the various composite samples and which of the abcve

-cut-off ones have to be left out of them beca~se of the teclr

nical and/or economic limitations of the mining procedure. 

After deciding the principles of compiling the composite 

samples /how many different composite samples hav~ to be pre

parea and which individual samples have to be included in 

which of them/ the required weight of each component has to be 

calculated starting from the assumption that the total weight 

of each comr,osite should be about 50 kg. Si' ,e this weight is 

usually in the range of 0.5 to 1 kg per sample, a larger part 

/say, half/ of each individual sample has to be crushed in or

der to reduce sampling errors. Then the calculateo amount of 

each sample is weighed out to form the composite samples. These 

samples have to be thoroughly mixed, usually in a rotating drum, 

for 1 or 2 hours. After applying the standard quartering prac

tice a part of each composite is bottled and sealed /usually 

2 to 4 bottles of 5 kg each per ~omposite sample/ while the 

rest of each composite is used for chemical and mineralogical 

analysis and technological tests except for crushing and/or 

grinding tests. For the latter purpose othP.r composites have 

to be prepared from the uncrushed parts ~f the indi~idual sam

ples. In this case homogenity and exact chemical composition 

of the composites is of a lesser interest, however, one has 

to take care that the proportion of lumps and fines, and that 

of the harder and softer materials should be close to that of 

the run-of-the-mine or~. 

I 
1 
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Laboratory testing and subsequent economic calcula~ions 

will show the g~d1e of which composite sample should be chosen 

when designiPJ th€ plant. This will be a compromise between 

p ian t capacity and 1 i fe-t ime 01. one Ii and and operating costs 

/bauxite, caustic soda ~~u energy consumption/ on the other. 

The sam~le corresponding to this "optimum grade" is called 

"rei:ires1:::ritati11e sc:?.mple" and the sealf;d bottles containing it 

are treated a~cording:y. 

The procedure is slightly different if preliminary tests 

show that the ~re can be profitably upgraded by some benefi-• 
ciation process /washing and/or sieving, etc./. In this case 

first of all it has to be decided if all the ore or only a part 

of it should be beneficiated, since the quality of the better 

part of the ore ccn be usually only slightly improved /but a 

part of it gets lost during the beneficiation process/ whereas 

i~ the case cf the lower grades a significant quality increase 

more than compensates for the lost quantity. The geologist and 

the mining engineer has to be consulted again before this de

cision is made beca~se they know if the different qualities 

can be separated prior to the benefic1ation at acceptable costs. 

After this decision the individual samples representing the ore 

bodies to be benef iciated should undergo the same beneficiation 

procedure /all of them if the decision calls for the beneficia

t ion of all the bauxite/, and the composite samples /or rather 

ont ~omposite sample in this case/ should be compiled of them 

arid of the untreated ones, if any, in proportion to the ore 

bodies represented by them. When calculating the weights one 

has to consider the different beneficiation losses character

istic of the various ore qualities. 
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CHEMICAL, MINERALOGICAL ANO MORPHOLOGICAL INVESlIGATICN OF 

THE REPRESENTATIVE SAMPLES 

The composite sample/sf prepared according to the pre

vious chapter first of all undergo a chemical and mineralo

gical investigation. The chemical analysis extends over and 

above the five main compon~nts mentioned above to the follow

ing/usually minor/ constituents: 

F€0, CaO, MgO, ZnO, MnO, P2o5 , v 2o5 , Cr 2o3 , Ga 2o3 , F, S03 , 

C0
2

, organic tarboP. 

In some rare cases some other components such as sul

phidic or pyritic S or Zr02 , etc. are determined too. 

The description of the analytical procedures can be found 

in Volumes 3 and 8. This volume deals with the conclusions 

which can be drawn from the analysi~ results. 

The ~mount and mineralogical form of the above components 

will help to determine the necessary technological tests to be 

carried out. 

The predominant form of the alumina minerals determ~nes 

the temperature and concentration range to be applied during 

the digestion tests. Gibbsitic bauxites are usually digested 

at a temperature of ~40 to 156 °c ~nd with relatively low 

liquor concent~ations. The usual tempe~ature range for boeh

m' tic ores is 240 to 250 °c, liquor concentrations are slight

ly higher. Diasporic bauxites should be tested at 240 to 260 
0 c, with even higher liquor concentrations and by adding var

ious amounts of lime to determine the optimum lime addition. 

·In the cas~ of mixed-type bauxites usually two of the above 

temperature ranges have to be tried out simultaneously, and 

the applicability of the two-step digestion and the sweeten-

ing has to be tested, too. 

I 
---~' 
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Low reactive si:ica contents /less than 2 per cent/ indi

cate some diff ic~ltie~ to be expected during predesilication 

and cesilication anu during or af:er digestion. In case of re

active silica ccntents less than 1 per ce~t these dif~iculties 

may turn out to he critical. Therefore, in such cases a ~reat 

emphasis has to be laid on the predcsilication and desilication 

tests, the effect of extended digestion times and of holding 

the digested slurry for so~~ hours near the atmosperic boiling 

point has to be tested. 

Bauxites with tigh reactive silica content above 6 or 7 

per cent can only be orocessed with very high caustic soda los

ses. The mud of such bauxites may be ecconomically causticized 

with b~r~~ l~me, therefore, mud causticizing has to be tested, 

too. 

5hou~d the sample contain a significant amount of quartz 

/say, mor~ than 0.5 per c2nt/, tests should ccver th2 determina

tion of its digestion :·ehaviour at various temperatures, liquor 

concentrations and holding times. Coarse quartz is usually not 

appreciably digest~d below 200 °c but some very fine types of 

quartz may be partially or fully digested even at 140 °c. In 

such cases digestion temperatures of 100 to 120 °c have to be 

tested, too /naturally only in the case of gibbsitic bauxites 

as other types can not be digested at such temperatures/. 

These problems can be very complex if the ore contains 

gibbsite and a significant amount of boehmite and quartz si

multaneously as it is the case with some West-Australian 

bauxites. In this case the aim of the digestion tests shou~d 

be to find such conditions under which the maximum amount of 

boehmite may be extracted while digesting as little quartz as 

possible. If this proves to be impossible, sometimes the whole 

amount of boehmite has to be abandoned in order to avoid the 

high caustic and alumina losses connected with the digestion 

of quartz. In other cases /e.g. with Weipa bauxite/ the com-

I 
1 
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binatio'l of a ti~:Jh aigestion tefTlpcrature /about 240 °.::.1, low 

caus:!c cuncentra:1on /near ~00 g/l c~us:ic Na
2

01 and short 

re:en:i~n tirr-e /about -o minutes/ may help to extract most of 

the boehm1te content with minimum extra losses due to a low 

digestion rate of quartL. Results of the morphological tests 

help to predict the behaviour of quartz during the digestion 

tests. 

Very low Fe 2o3 contents /beloN 4 per cent/ may augur set

t ling d.:.fficulties and relative~y high "soluble" iron contents 

/up to 20 ppm in some cases/ in the pregnant liquor. In case 

of such Dauxites a special emhasis has to be given to the set

tling tests and the "soluble" iron values have to be monitored. 

Ver·y high Fe 2o3 contents 120 per cent or more/ herald a 

larpe amount of digestion residue /red mud/, the handling and 

disposal of which ffiay cause serious problems. Extensive set

tling, filtrati0n and oe~at~ring tests have to be carried out 

on mujs of su~h bauxites. 

Tt·,e mineralogical form of the iron content is often of 

crucial interest. Most bauxites contain Fc
2
o

3 
in the form of 

hematite and/or goethite. While hematitic bauxite~ usually 

yield well-settling muds, digestion residues of goethitic 

ores exr1ioit poor s~ttling characteristics in most cases. 

T~e few exceptions of well-settling goethitic muds /e.g. 

t h o :; c o f G h a n a i a n b a u x i t ""' s I o n l J s t r e n g t h e n t h e r u 1 e : t ti e i r 

morphological investigation sr1ows that they contain goettiite 

in an unusually well crystallized form. As a rule of thumb 

high goethitc content in the bauxite requires extended, thor

ough settling tests. On the other hand, t~e transformation 

of gocthite int0 hemati'...e not only improves the settling 

characteristic~ ot the mud but it sets fr(.•e its alumina con-

tent which may amount to 25 to 30 molar per cent of tt1e goet

h i tc phase. These two advantages ma~· make the use of a high 

temperature digestion profitable even with tipically gibbsitic 

___ -_91 
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ort.s s_1ct. as some Jar-·aican bauxites. Tth:refore, digestion tests 

r1.:ive to bt ·..:arried out with goetl-:itic baux.:.te:> to determine 

these diges:ion conditions under w.1ich this goethite-to-hemati

:c rr'.ase transformation o·..:curs. /For :ietails sec Volumes 2 and 

6. I. 

If a s.:.gni; icant ar.ount of bivalent iron is present in 

the bauxite, it is important to determine the mineral that 

contains it. FeC in magnetite will probably not cause any 

trouble bc1: FcO ir. siderite will decausticizc the plant liquor 

and cause additional operating costs. /The really harmful com

ponent in t:t .. i s case i s not Fe 0 bu t the carbonate b our . .:. to i t . 

The latter will show up in the co 2 content, too.I. Since alu

minate liquors of alumina plants processing FeO containing 

bauxites usually contain more "soluble" iron, laboratory tests 

should extend in such cases to the determination of the latter 

and - if necessarJ - to the testing of some iron removal tech

nics to ensure a proper product quality. 

Titania bearing minerals are gener~lly insoluble at low 

digestion temoeratures so they usually do not require special 

attention :n gibbsitic bauxites. Ti0 2 content of boehmitic, 

diasporic and mixed-type bauxites partially or fully reacts 

with the caustic soda con•ent of the digestion liquor under 

the harsher digestion conditions required by them, forming 

sodium-hydro-titanates of various compositions. As the rate 

of reaction of the titania minerals is usually lower than 

that of the boehmite, but higher tt1an that of the diaspore, 

Ti0
2 

rarely affects the extraction of boehmite, but it may 

inhibit the extraction of diaspore and prevent the goethite

-to-hcmatite transformation. Digestion of diasporic bauxites 

requires the addition of enough lime to combine with the dis

solving titania in order to counteract the above inhibition, 

and the same applies for the goethite transformation. The 

amount of lime to be added can be estimated from the Ti0 2 
p e r c e n t a g c o f t t1 c b au x i t e , a n d t h e op t 1 mum l .i m c add i t i on has 

I 
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to be dete~mined by digestion tests using different lime quan

tities. 

For boehmitic bauxites only high Tio 2 contents may be of 

some significance since the formation of various sodium-hydro

-titanates may increase the ca·Jstic soda losses of the process. 

Since the above compounds teno to hydrolize in liyuors of lower 

caustic soda concentrations suLh as those in the red mud wash

ing line, the actual losses rarely exceeo a :enth of those 

calculated by assuming the for~aLi0r. 01 sodium-tri-, tetra- or 

hexatitanates. Anyway, boehmitic bauxites with high Tio
2 

con

tents /say, above 6 per cent/ have to be t~sted for their Na
2

o 

to Ti02 ratios after digestion and after a simulated washing. 

Should the washed residue contain too much Na 2o bound to Ti0
2

, 

mud causticizing should be tested, too. 

Bauxites of lateritic origin cont~in only negligible a

mounts of Cao, but must European and Jamaican bauxites con

tain significant quantities, sometimes more than ; or even 2 

per cent. Cao itself is not harmful for the Bayer process, 

more or less lime is usually added to the digestion or other 

technological steps. The harmful component is co
2

, usually 

associated with Cao /forming Caco3 , limestone/, which ~ends 

to decausticize the ca~stic soda of the prucess liquor, es

pecially if the bauxite requires a high-temperature digestion 

/as boehmitic and diasporic European bauxites do/. If the che

mical and mineralogical analysis shows the presence of a sig

nificant amount of Caco3 , digestion tests have to be extended 

tc determine the decausticizing effect of the same at various 

temperatures, liquor concentrations and holding times. 

MgO comes usually together with Cao as dolomite though 

other minerals may contain it, too. The same appiies for the 

decausticizing effect of the co 2 associated with it as for 

the co2 associated with Cao, including the necessary tests 

to determine its decausticizing effect. But a high MgO con-

L 
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tent /say, above O.J or 0.4 per cent/ may cause another prob

lem: since a magnesium aluminium hydrosilicate of the composi

tion of Mg
4

Al
4 

Si
2
o

10
10H18 may form during digestion, and this 

material may cause strong foaming along the mud washing line, 

muds of high MgO bauxites should be investigated for the pre

sence of the laminar crystals of this compound and if they are 

found, the washing process has to be designed accordingly. 

Since alumina specifications usually prescribe a ZnO con

tent of or below 0.01 per cent, baJxites with ZnO contents of 

0.01 per cent or above that have to be tested for the solubil

ity of their ZrO content. The ~~sts should be carried out with 

plant liquors since the solubility /the ratio of the dissolved 

amount of ZnO to the total contained in the bauxite/ usually 

depends of the ZnO conce!' t rat ion of the digest ion liquor. 

Manganese does usually not require special action. It is 

not harmful for the process s}nce it does not contaminate the 

product but leav~s the plant with the digestion residue. In 

earlier times s~me plants used to add mangan~se dioxide or 

sodium manganate to oxidize organi~ materials but this solu

tion proved to be quite ineffective. A French patent suggests 

the use cf manganate or permanganate for the reduction of the 

"s0J·.1ble" iron content of the pregnant liquor. Tne presence 

of b~valent manganese may help the goethite-to-hematite trans

formation and replace a part of the lime required for it. 

In the case of phosphate it is important ~o know in what 

mineral form it is present since the phosphate content of 

apatite is virtually insoluble under the usual diges~ion con

ditions /and a small amount of lime added to the digestion 

will precipitate the little dissolved phospate/ but that of 

iron or aluminium phosphate /e.g. crandallite/ wiJl be more 

or less quantitatively digested. Since phosphorus is one of 

the undesirable contaminants of alumina, the phosphate con

tent of the aluminate liquors has to be kept low, therefore, 

' 



a roughly stoichiometrical amount of lime has to be added to 

the digestion. The optimum amount of lime has to be determin

ed by digestion tests. 

Vanadium content of the bauxite is usu~lly par·tially dis

solved during digestion, in the form of sodium vanadate. The 

solubility depends very much on the digestion conditions,first 

of all on the temperature, digestion time and the original 

v 2o
5 

content of the digesting liquor. Its extraction yield 

may be significantly increased ty the goethite-to-hematite 

transformation which suggests that at least pa~ of it may be 

someh~w asssociated with the goethite content of the b~uxite. 

In case of v
2
o

5 
contents of 0.1 per cent and above that diges

tion tests should include the determination of the solubility 

of v2o5 • 

cr
2
o

3 
content of bauxites very rarely exceeds some hun

dredths of a per cent, and it usualiy accompanies iron oxides 

into the red mud. In case of high chromium contents its di

gP.stibility should be tested under the chosen digestion con

ditions. 

Most of the Ga 20
3 

content of the bauxite is usually dis

solved during digestion together with alumina and buil~s up 

to an equilibrium level in the plant liquors. This level 

/0.1 to 0.3 g/l in pregnant liquors/ depends on the bauxite's 

original Ga 2o3 content and its solubility. Gallium content of 

the process liquors may be extracted in various ways to win a 

valuable by-product. Gallium recovery is economically feasi

ble only if the ore contains at least about 0.01 per cent 

Ga
2
o

3
. Such bau~ites should be testej for the solubility of 

their Ga 2o3 content. 

Fluorine is not a contaminant of alumina but may cause 

technological troubles by forming hard crusts in some equip

ment, first of all in evaporator tubes. The solubility of 
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fluorine /present in the form of various fluorides, apatite, 

etc./ should be ~ested for every bauxite containing more than 

o.~ per cent of F. 

Sulphate content of the bauxite /often occuring as aluni

te/ gets usually quantitatively digested thus decausticizing 

the process liquor but causes technolcgical troubles only in 

very large amounts /say, above 1 per cent/ since the forming 

sodium sulphate may be bound in sodium-aluminium-silicate 

/noselite/ by the reactive Si02 content of the bauxite. Ac

cording to newer theories small amounts of so3 will not cause 

additional caustic losses. Should a significant amount of 

sulrhate be present as gypsum, :t~ digestibility has to be 

tested under the chosen digestion conditions. 

Various carbonates /as mentioned previously/ de~austicize 

the process liquor, too. Since the decausticizing effect de

pends on the digestibility of the carbonates present in the 

ore, bauxites cont:::.ining more than 0.5 per cent of co 2 have 

to be tested under the chosen digestion conditions for the 

digestibility of their carbonate content. 

The term "organic carbon" covers a wide range cf com

pounds. The most harmful of them ~re oxalic acid and those 

compounds which may break down and form sodium oxalate dur

irig digest ion because high oxalate concen t r·a t ion in the proc

ess liquor results in a low precipitation yield and a very 

fine sized product hydrate. Oxalic acid contents higher than 

0.01 per cent may cause troubles. Otherwise, total organic 

carbon contents up to 0.1 per cent may be considered unharm

ful. Bauxites with higher organic carbon contents require a 

chromatographic analysis of the organic matter and preferably 

sane solubility tests under the chosen digestion conditions, 

too. A correct testing procedure would involve repeated di

gestions and hydrate precipitations until the various organic 

compounds reach their equilibrium levels in the liquor but 



I 
such tests are very rareiy d~1ne because of their enormous time 

requirement. Bauxi~s with a total organic carbon content high

er than 0.2 per cent should definitely undergo such a testing. 

Sulphidic S /usually in t~e form of pyrite, 

rare contaminant of bauxites. Should it be present, it may 

cau&e a wide ~ange of troubles, e.g. sec:ling problems, high 

"soluble" iron contents of the pregnant liquor, co"rosion 

problems. etc. Bauxites with more than 0.5 per c-::nt cf ~u~

phirlic S are usually considered unsuitable for the Baytr 

process. For su~h bauxites it should be tried i~ they could 

be economically beneficiated. Bauxites with a mea5urable /but 

lower than O.~ per cent/ sulphidic S co~tent snould be tested 

for "soluble" iron, preferably in repeated cycles to ensure 

that the liquor's sulphide content be near to the equilibrium 

level. ~ome bauxites contain so~e tenth of a per cent of Zr0
2

. 

It has no ~nown harmful ~ff~ct on t~e Bayer process. Some anal

ysis methods add it to the ~ilica content, some others to the 

alumina percentage. This is the only reason why it is sometimes 

analysed separately. 

EVALUATION OF CRUSHING AND GRINDING TESTS 

Crushing Tests 

In the course of tests performed with raw bauxite the 

material is passed first through a jaw-crusher of 8 mm bottom 

aperture, then thro~gh a hammer mill with 3 to 4 mm ap0rcure. The 

granulometric analysis performed before and after crushing -

which generally refers to the range between 0.1 to 6 mm in 6 

sections - and the avcrag~ grain Sile gives the first informa

tion wether pizolitic constituents difficult to crush a~e pres

ent in the bauxite. Plocting the grain distribution on a 

Rosin-Rammler diagram, straight lines arc obtained in case of 

normal crushability, however, a curve is o~tained in casn pi

zolitic constituents arc present. 
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Hardgrcve Index 

The Hardgrove Index gives a qualitative indication re

lative to the grindability of bauxite and has an important 

role in the selection of the diameter of the mill . 

. ~ Hardgrove Index of hard, diasporic bauxites ranges from 

50 to 60; such bauxites have to be ground in larger mills 

with smaller diameter. Soft bauxites, e.g. Hungarian bauxites, 

are characterized by a higher Hardgrov~ Index, 110 to 120: 

such bauxites are ground expediently in shorter mills having 

larger diameter. 

Bond Index 

The Bond Index can be used directly for the dimensioning 

of the mills on the basis of the following formula: 

where: T = 
K1 = 
LK = 
DK = 
c = 

T 

designed 

constant 

external 

external 

degree of 

K L D 2 · 65c 1 K K 

quantity of ground bauxite, 

length of the mill, m 

diameter of the mill, m 

grinding, characterized by 

the following relationship: 

c = 

t/h 

-~· 
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x and x = are resp. the sieve openings, 
1

um, through 0 1 

which 80 per cent of the original bauxite 

resp. ground bauxite is passed 

B = Bond Index a 

On the basis of the above fo·mula, the length of the mill 

can be determined, provided the necessary diameter has already 

been estimated on the basis of the Hardgrove and Bond indexes. 

Power requirements of the millcan be calculated on the 
basis of the formula below: 

where: p 

K2 
r 

f 

e 

= 
= 

= 
= 
= 

P = K2 .r.f .e.L.o2 · 5 

expected power consumption, kW 

constant 

3 volumetric density including balls, t/m 

degree of filling-up 10.3 to 0.4, in practice/ 

proportion of the actual revolution number and 

"critical" revolution number 

In the practice mills are selected by special firms on 

the basis of tests performed with the bauxite. 

EVALUATION OF PREDESILICATION TESTS 

The main purpose of evaluating predesilication tests is 

to decide whether predesilication can be performed on the 

solids concentration of the slurry to be digested, this being 

the simplest technical solution though requiring more tanks. 

---=--- -~ 
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In case pr< desilication performed on the concentration of 

digestion slu~ry is not satisfactory, predesilication of mill 

slurry can be taken into account. The actual solids concen

tration is determined by the grindability of the bauxite. As 

regards predesilicat~on, a higher concentration can save 

tank capacity. In case of hard tropical bauxites, solids 

concentration of the mill slurry can be as high as 1000 g/l. 

Though these bauxites are generally of gibbsitic composition, 

their predesilication performed at high concentration can be 

advanlaJeous from apparative r·easons. 

As regards the temperature of predesilication, tests 

show generally favourable effect of higher temperdtures. As 

waste-heat of digestion is available for adjusting the tem

perature of the slurry, predesilication is performed general-
o ly at about 100 C. 

Caustic concentration of the liquor during the predesili

cation is determinec by the optimization of the total circuit. 

The higher liquor concentration used in the digestion of 

boethmitic-diasporic bauxites is favourable in general as 

regards the efficiency of predesilication. There is a possi

bility to perform predesilication in spent liquor, too, but 

it has to be taken into account that dissolution of silica 

is slow at lower concentrations and, therefore, higher tem

perature and longer retention time have to be provided. 

Predesilication tests give the relationship between re

tention time and efficiency of desilication. As regards the 

designing work, retention time is chosen for that point where 

the curve becomes horizontal. On the basis of reaction kinetics, 

it is reasonable to distribute the tota~ predesilication vol

ume in minimum three tanks, thus ensuring an even distribution 

of the holdir.g time. In case the tests indicate that addition 

I 
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of seed is advisable the possibility of charging it has to be 

provided. 

Summarizing the above parameters, minimum 80 per c.ent 

predesilication efficiency has to be ensured even und~r plant 

conciitions. 

EVALUATION OF DIGESTION TESTS 

The objective of the digestion test is the determination 

of optimum digestion parameters in the view of optimization 

of the total plant. This will be detailed under chapter 4. 

Here the most important parameters will be enumerated which 

have to be supplied for optimization and for the selection 

of technology. 

The effect of grain distribution of the ground bauxite 

on digestion is negligible in case of soft bauxites: in case 

of hard, diasporic bauxites, however, the grain distribution 

has to be fixed, whicn gives the ~ossibility to reach an ad

equate efficiency in digestion. This can be as low as 60 
1

um. 

Digestion temperature will be determined finally by op

timization on the basis of characteristic curves of digestion. 

It has to be taken into consideration that though a higher 

temperature is advantageous as regards digestion efficiency 

and a lower molar r·atio can be reached after digestion, the 

investment costs of both the digesting equipment and the steam 

generating plant necessary fer producing high pressure steam 

will increase. Furthermore, it has to be taken into accou~t, 

that silica bounds more caustic soda at a higher digestion 

temperature. 

In case of goethitic type bauxites an additional aspect 

can be the improvement of settling characteristics of the red 

mud formed in a high temperature digestion. 

I 
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Retention time can be reduced in case of high pressure, 

high temperature digestion and this may diminish the invest

ment costs. In case Jf digestion by additives, transformation 

of goethite, which is advantageous from several points of 

view, may require a longer retention time. 

Crystal structure of silica in certain types of bauxite 

is so compact that it dissolves slowly. In such a case the 

possibility of selecting double-stream digestion /otherwise 

disadvantageous, from energetic point of view/ as one of the 

variants should also be investigated, because the short reten

tion time of bauxite in the digester may be advantageous as 

regards soda consumption. 

The effect of liquor concentration is not of primary im

portance concerning the digestion parameters. 

In case of bauxites forming sand during digestion the 

relative tests give information to help the design of the 

sand separation. 

EVALUATION ~F RED MUD SETTLING TESTS 

Red mud slurry produced in the laboratory is used for 

the tests. During the se~tling gamma rays are scanning the 

settling tube alternately up and down in ~hort periods and 

,I t he i r abs o r p t ion i ·, meas u red . On t he bas i s of the p 1 o ts thus 

constructed, t~~ ~ud concentration at different times and 

heights can be determined. Settling is continued uµ to 48 

,~ hours to determine the final settL.ng concentration formed 

at the bottom of the settlers, too. On the results thus gain

ed proper dimensions of settlers and washers can be calculat

ed by computers and the optimum operating conditions can be 

determined, too. Fig.7.1 illustrates the relationship between 

the settling performance and the depth of the clear zone at 

given underflow solids-conc~ntration /300 glll. 
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CLEAR ZONE HEIGHT vs. SETILING PERFORMANCE 
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The summary of the results is illustrated in Fig.7.2 dem

onstrating the expectable underflow concentration and set

tling pe:formance as a function of any given clear zone height. 

On the basis of this set of curves optimizing calculations aim

ing at de~igning the most economic red mud settling and washing 

system may be done. As it can be seen from Fig.7.2 the perfor

mance of the settler may be increased by decreasing the clear 

zone. This procedure has certain limits, as in the case of a 

small clear zone the floating mud-content of the overflow in

creases, deteriorating the quality of the alumina. In the prac

tice it is advisable to maintain a clear zone of 2 to 2.5 m 

for settlers of 6 m height. 

INVESTIGATION OF THE CONTAMINATING MATERIALS 

Chapter 3 describes the conclusions which 

can be drawn from the amount and the mineralogical form of 

the contaminating materials of the bauxite. The present chap·· 

ter deals with some further conclusions derived from additional 

tests. 

Digestion tests and subsequent chemical dnd mineralu~:~a1 

analysis of the residue give information about the digestit

ility of the calcium-bearing minerals, e.g. calcite, dolomite, 

etc. under various conditions. They show, how much of the baux

ite's own Cao content may be subtracted from the lime require

ment of phosphorus control and/or goethite-to-hematite trans

formation. 

Should the digestion residue of high MgO bauxites con

tain significant amounts of the laminar crystals of magnesium

-aluminium-hydrosilicate mentioned previously, caution has 

to be taken to prevent or at least reduce foam formation in 

the red mud washing equipment. A well-proven method for this 

is the rigorous checking of air being mixed into the slurry at 

pump glands by suGking slurry from empty tanks, etc. 

- - - -_ ~' 
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If a high ZnO content of the bauxite is combined with a 

high ~olubility of it and calculations show that the ZnO con

tent of the product may exceed the specification limits, a ZnO 

removal process has to be incorporated into the technology. 

The most widely used process consists of the addition of Na 2s 
to the settler overflow and the holding of the treated preg

nant liquor for about 2 hours before control filtration. 

Digestion tests give information whether and how much 

lime is required for phosphorus control. The required amount 

has to be fed in solid or slaked form into the process, pre

ferably to the bauxite grinding where it can be throughly 

mixed with the bauxite slurry. 

High v 2o5 content of the ore and medium or high solubil

ity of the same result in high v2o5 contents in the plant 

liquors /in some cases as high as 2 or 3 g/l v2o5 in the 

strong liquor/. The solubility of sodium vanadate strongly 

depends on the sodium fluoride and sodium phosphate concen

tration of the liquors since they crystallize in the form of 

double and triplP. salts. Therefore, when designing a vanadium 

removal system, the probable fluoride and phosphate content 

of the liquors have to be taken into consideration, too. Since 

the solubility of the double and triple salts varies strongly 

with the temperature, they crystallize at the lowest tempera

ture points of the process, usually in the precipitators and 

so tend to contaminate the product hydrate. This can be pre

vented by using a higher amount of very hot /90 to 95 °c1 
hydrate wash water and/or by putting a holding tank between 

the first and second stage of the product hydrate filtration 

where the slurry consisting of hydrate and wash water /pre

ferably the surface wash water of the second filtration stage/ 

can be held for 15 to 30 minutes at a temperature near the at

mosphe~ic boiling point to enable the crystals of the double 

an~ triple salts to be dissolved. Hungarian alumina plants 

had good experiences with sieving ~he coarse /0.8 to 1 min./ 

~·. 
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crystals of the triple salt out of the precipitated slurry. 

Recently the phosphate level of the plant liquors decreased 

sharply because of the high Cao content of the bauxite pro

cessed. Since that no triple salt crystallizes and the crys

tals of the double vanadate-fluoride salt are much finer so 

the sieving lost its efficiency. Another efficient method of 

vanadate control can be the separate evaporation of the vanad

ate-rich alkaline hydrate wash water and the crystallization 

of the double or triple salt after cooling the resulting strong 

liquor to 30 or 40 °c. There is a possibility to remove the ex

cess vanad:um conc~nt of the process liquors together with the 

carbonate salt if such is precipitated from the strong liqucr, 

though in ttlis case the v2o 5 content is usually lost whereas 

the two previous methods give salts with high /10 to 20 per 

cent/ v2o5 contents which can be economically processed to 

pure v2o5 or sodium polivanadate. The most economic method of 

vanadate-removal has to be chosen by calculating the v2o5 , 

P2o5 and F balances of the projected plant on the basis of the 

chemical analysis and solubility tests carried out on the rep

resenlative sample and compa~ing the costs and possible benefits 

of the available methods. 

Chromium rarely requires any action. 

Gallium is not a harmful contaminant of the aluminium 

for most prnc~ical uses, therefore, few customers prescibe a 

maxi;;,1~m Ga 2o3 conr:cnt for the alumina. On the other hand gal

lium can be a profitable by-prod~ct of an alumina plant. For 

practical purposes at least 0.1 kg Ga 2o3 should be dissolved 

per tonne of alumina produced to support a viable Ga-extrac

tion, i.e. the product of the sp~cific bauxite usage, the 

bauxite's Ga 2o
3 

content and the solubility of it /the two 

latter expressed in per cents/ should be at least 1,0, other

wise the equilibrium concentration of the plant liquor will 

be too low. Should this minimum requirement be met, the cal

culation of a preliminary material balance will help to es-

I 
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timate the amount of the extractable gallium which is usually 

between 10 and 20 per ce~t of the dissolved quantity. Economic 

calculations may be carried out to decide if the ex~raction is 

economically feasible and which of the known processes should 

be applied. /For details of the gallium extraction processes 

see Volume 2.1. 

On the basis of the fluorine solubility tests a preliminary 

F balance can be calculated. Comparing this balance with those 

prepared for v2o5 and P2o5 it can be decided whether the crys

tallization of the double and/or triple salts mentioned above 

will keep the fluorine level of the plant liquors within ac

ceptable limits /s4y, 2 g/l F in the strong liquor/ or a sep

arate fluorine removal process has to be designed. If the 

technology contains a step of Na 2co3 crystallization from the 

strong liquor, t~e excess fluorine will crystallize in the form 

of NaF together with the carbonate salt, expccially if some 

extra holding time /preferably 6 to 8 hours/ is provided to 

promote the crystallization of sodium fluoride. A salt wit~ 

a relatively high NaF content could be crystallized from medium 

concentration Hungarian plant liquors /200 to 220 g/l caustic 

Na 201 during a holding time of 10 to 12 hours as at such con

centrations sodium carbonate has not yet precipitated. This 

technology was profitable when a consumer /a manufacturer of 

synthetic cryolite/ could be found for the high-fluorine salt. 

In case of high sulphate content in the bauxite a rough 

sulphate balance has to be calculated taking into considera

tion its solu~ility and the reactive silica content of the 

ore, too. If the balance shows that the sulphate content of 

the plant liquors would reach unacceptable levels, some sodium 

sulphate has to be removed from the process. If the carbonate 

balance of the plant is maintained by crystallizing sodium car

bonate from the strong liquor, sodium sulphate will crystallize 

together with the carbonate. The trouble is that sulphate can 

not be causticized as easily as carbonate and, therefore, the 
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mixed salt either has to be discarded or its values can be re

covered only in a sophisticated way. So it may be advisable to 

try to crystallize the carbonate and sulphate salts separately. 

A co2 balance has to te calculated for most projected 

alumina plants on the basis of the bauxite's carbonate content, 

the digestibility of it, the probable amount of co 2 to be bound 

in cancrinite /a carbonate containing mineral in the desilica

tion product/, the probable carbonation of the liquors from 

the atmosphere /strongly depending on the agitation system -

airlifts or mechanical agitation - applied in the precipita

tion and in some other large tanks/, tPe degradaticn of the 

bauxite organics and of the flocculants applied at the red 

mud settling and washing a~d some other co2 sources, e.g. th~ 

water returned from the red mud 0isposal area, etc. If the to

tal of the "ins" exceed that of the "outs" by some 5 to 10 kg 

per tonne of alumina, the balance may be maintained by causti

cizing the overflow of the second or third /or in some cases 

that of the first/ red mud washer with lime. When using the 

proper amount of lime /half to two thirds of the stoichiometric 

quantity/ and carefully controlling the lime addition this can 

be done without high alumina losses. Lime can be added for the 

same purpose to the digestion, too, but it will work there ef

ficiently only if the caustic concentration is low and the cartxnate 

to caustic ratio /"carbonate level"/ is high /i.e. the "liquor 

causticity" is low/. Should the total of the co 2 inputs exceea 

that of the outputs by more than 10 kg, the balance can be 

restored by crystallizing sodium carbonate from the strong 

liquor, separating it from the same by filtration or centri

fuging and causticizing the separated salt with lime /usually 

at a temperature of 80 to 90 °c and at a concentration of less 

than 100 gpl Na 201. This process is much more expensive because 

of the costs of evaporation /except if evaporation is required 

anyway to maintain the water balance of the process/ but it 

has the advantage that the carbonate content of the separated 

soda can be causticized with a yield exceeding 90 per cent and 
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that the a~umina losses connected w~:h ~t ~re neg~:~:bi~. If 

re q u i red , t h e two s u g g es t e d p r o c e s s <.: .:: f ·.::· " c a r bona : ,; ~-.:: r. '. c v a l 

may be combined. 

If the oxalic acid conter.t ·:.T •r._:- t:;:;.,;<:".e ·~····.~ea~ G.o~ per 

cent, steps should be taken to remc~c sodlu~ oxaia~e f~cm the 

process liquor. Since its solut:~:ty greatly va•:es wi~h the 

temperature, it can be crystali1zed from cool~o s:rong liqcor, 

or it can be separated by wasr.ing tr·e f•r1e Sf:ec, on ti1e su!"

face of which it tends to acct.;~' .. ..:.a::.c. Tne Nc..~.U con~ent of the 

sodium oxalate may be recovered by ca~sticizing it with lime. 

Some of the other compounds in the bauxite's organic 

content /e.g. simple compounds like formic anc acetic acid, 

etc./ cause little trouble but tnose with high molecular 

weights tend to increase the v:.scos1ty of tt1e plant liquors 

quite significantly. So the res~lts of the chromatographic 

an a l y s i s g i v e so rn e c 1 u e s ab o u t t r·, •.; t r c u r..:.. e s t o b e e x p e c t e d . 

The saturated liquor from the repeated ~igestion and pre~i

pitat ion tests may be used for v:bcasity tests and various 

oxidation and ott1er purification u~1..1~;,.)~cg ... cs may be tried 

on i t I e . g . ox id at ion w i t h soc i u ~1 '1 yr; cc h :-;. o r i t e , ad so r p t i. on 

on charcoal or activated carbon, ~!c./. 

The testing of the liquor origin~ting from t~~ r0p~~ted 

digesti0n of sulpridic bauxite~, will ·~r·'•t: w~1::i.t tvpe 'J;· action 

has to be taken to improve scttLng,d r·,,r~uce "~rilub~~!" iron, 

etc. These measur·es have to be incropc;--at.f·d in tr•(· plant de

sign • There are s u g g es l. ~on s to pr· Pr: l p : ' . " ::,i 1 J p h i (j f: w i U1 z inc 

compounds but we feel that suc 1 1 a :;olu1. 1.»n would be too r·isky 

s i n c e a n 0 \I c r d 0 s a g e w 0 u l d m e a n t h (: <: () n 1:. i:l .11 l r.,.1 :. l 0 n r) f t h c p r 0 -

duct with zinc, one of the wor~-;t r onr. :~:·1ir1;tn'..:,. 

zro
2 

in the bauxite dc,es not r·:~quir1~ an{ actiun. 

I 
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4. SELECTION OF PROCESS TECHNOLOGY ON THE BASIS OF THE 

TECHNOLOGICAL TESTS 

In the previous chapter, the major parameters to be sel~ct

ed from the preliminary tests of bauxi ~ for elaborating the 

final technology of the pl2nt were described. In the following 

distinction will be made between those parameters which can be 

regarded as final already during the tests and those which only 

serve as starting variants for the joint optimization of the to

tal plant. 

Crushing and grinding tests provide the opportunity for 

the final selec~ion of technology and equi~ment of bauxite 

crushing and grinding. Though the concentration of digestion 

liquor - which is only determined after optimization - affects 

the concentration of the grinding liquor, too, but the question 

can be solved right at the beginning by performing the grinding 

tests both at higher and lower liquor ~oncentrations /e.g. 180 

and 120 g/1 Na 201. The two different liquor concentrations gen

erally do not give such a difference as regards grinding, that 

the selected equipment should be modified. 

In case of diasporic bauxites, the raw material should be 

ground to an extra fine size in view of effective digestion 

in this case final selection of the grinding equipment can be 

performed only after the digestion tests have been finished. 

Determination of the final technology of desilication i$ 

related to the digestion technology, consequently the desilica

tion technology is finalized only after finishing tne optimiza

tion. It is expedient to checK variants of heating of the slur

ry going to desilication in surface or flash condensers. 

As regard~ digestion tests, all variants have to be takP,n 

into account as ba~ic data, which can be advantageous at least 

in one aspect. For eY mple, high temperature brings about low 
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temperature de~reases the eq~ipment cost and the caustic soda 

c~nsumption, wherea~ low digestion liquor concentration may 

result in ~1aporation savings, etc. Spare digester series or 

spare diges~~rs and preheaters, single and double stream di

gest ion, shorter or longer flashing series, digesters of smal

ler or greater dimensions, etc. may be taken into account. 

As regards settling and washing, the calculations described 

under chapter 3. determine dim~~sions of settlers and wasi~

ers. Howe1er, aiming at good produ:t quality, it is expedient 

to oversize a little the settlers and to ~ec~on with one spare 

washer which can replace the others during the maintenance pe-

riod. 
The o~jective of the optimization is the number of the washing 

stage~. 

Both tne filtration and causticization of red mud can be 

considered as surplus variants against the open washing series. 

In the course of elaborating the technology of red m11d 

washing, the causticization in the washing series and the uti

lization possibilities of wash water recoverable from the red 

mud pond have also to be taken into account. 

The equipment of aluminate liquor control filtration is 

determined by the heating surface area w~ .ch can be calculated 

from the given amount of the aluminate liquor: th~re are mostly 

two variants that can be reckoned with in this case, depending 

on whether the concentration of the filtered aluminate liquor 

corresponds to the production of floury or sandy alumina. 

There are two ba3ic variants of aluminate liquor cooling: 

surface /in general, plate/ heat exchangers 1nd flash cooling. 

It is expedient to take both into account among the variants 

to be optimized. 
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variable parameter of precipitation is t''L' dimension and 

numb~r of the precipitation tanks, the relat~d number of stages 

a.rd thf:' rrecipitation time. The seed ratic cf the sci.1dy t~ch

nology can be varied within rather narrow limits, consequently, 

the n1~c.essary eq:.;ipmer.ts of seed cla.ssifi::::ation and ;..>1~oduct 

ti_ydrate filtrat:ion can be dimens .. ..;1ied d.S f.!.nal and they should 

rh.•t be incJude•j :ntci the opti'!lization. 

In the floury tect1,·o>Jg_y, how(;ver, separate optimiz&tion 

can be performed by varying the seed ratio, as it can signifi

cantly affect the precipita~i0n ratio and the number of filtra-

:.;01 un.!.ts. 

Dimensioning of equipme~t5 for calcination does not con

stitllt~ part of the optimization: both for sandy and floury 

alumina production "ready to wear" equipments are available 

in wid~ c~racity range. Here at most the rotary kiln and fluid

-bed variants can be compared, on the basis of operating and 

investment c0s~s. 

T~c affiount cf e~aporated water is included into the opti

mization in form of 5everal variants. lhis is determined by the 

selected digestion and precip::ation technology but, at the 

same time, also reacts on the digestion technology and affects 

red mud washing. For both basic types - multistage or flash 

e~aporation - equipments are available in various dimensions. 

The contaminants of the circuit liquors must also be tak2n 

i~to consideration and, principally in cases the bauxite has 

high co2 and/or organic material content, it 15 expedient to 

select units operating at high concentration in order to in

ten~ify salt separation. 

In case of evaporation, those advantages should also be 

taken into account which arise from the utilization of the 

exhaust steam of the turbine, and which arc taken into account 

I 
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in the form of v1rying price of the counter-pressure steam. 

Apart from this a significant item can be the amount of steam 

originated from the flashing of condensate of high pressure 

steam used in the digestion, too, which is used for heating 

the evaporation process. 

On the basis of the above, starting parameters of the 

variants to be optimized are constructed. 

Calculation of Material and Heat Balances 

Calculation of material and heat balances is ~erformed by 

computer programs, which calculate the detailed composition, 

volume, mass, density, heat-capacity and temperature of 60 dif-

ferent materials. 

Most important input data of the program are: 

major constituents of bauxite, for more types of 

bauxite-qualities or bauxites mixed in different ratios, 

if required 
digestion temperatures on the basis of laboratory tests 

number of flashing stages 

underflow concentrations of settlers ar.d washers in 

different variants, based on the relationships obtained 

from the settling tests 

number of the washing series, in several variants 

parameters of red mud causticization 

parameters of red mud filtration 

two basic varian~ of aluminate liquor cooling /sur

face heat exchange and flash cooling, resp./ 

dimension and nijmber of the precipitation tanks, in 

several variants 

different variants of seed ratio /floury alumina pro-

duction/ 
quantity of evaporated water, in different variants. 

I 
' 
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The blocks installed into the program /digest1or., counter

-current mud washing and filtration, causticization, precipita

tion, evaporation/ are based principally or the relationships 

elaborated in Volume 2. 

The blocks can be replaced or substituted or. tt1e basis of 

recent research results, elaboration of theoretical relation

ships and plant achievments. Relationships built into the 

blocks involve the widest possible range of pa~ameters, so 

that the calculation could be carried out among conditions 

that differ from the usual plant practice, too. The program 

is static and it practically involves the expectable general 

values of a longer operation period. Obviously, fluccuations 

also occur in the plant practice, their effect is contained 

in the program on the basis of statistical estimations. 

The program is not meant to describe transient phenomena 

/starting of a plant; downtime, etc./, it is suitable, however, 

to process several operation variants occurring in the prac

tice: during maintenance time of a digester line e.g. the re

maining digester lines can be overloaded to a certain extent, 

in order to decrease the production loss, and/or the digestion 

liquor concentration can also be increased without inflicting 

any major changes in the plant parameters. Special attention 

is called to the fact that though the program calculates the 
'> 

heat content of solid materials, solutions and slurries, it 

also pro:ides the opportunity to realize several different 

t.~a.t schemes bas:!d en the above. Different power plant schemes 

calculated by a special computer program belong to each heat 

scheme of this kind. 

As a matter of fact, the program calculates total material 

and heat balance for each input variant, and on this basis the 

specific consumption values of the most important raw material&, 

moreover, the quantitative data of energy consumption can be 

determined. Their utilization possibilities are discussed in 

t~e next chapter. 

-- -~---,..._I 

.. 
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for sake of example the number of ind~p~ridt:nt variablt:s can 

be estimated as follows: 

Independent variable Number of Value of indep. 
variables variable 

Digestion temperature 2 140-250 oC 

Number of flashing stages 2 121 2, 3, or 8, 9' resp. 

Digestion system 2 1 or 2 strearr., resp. 

Number of digester lines 2 2, 3 

Number of washing stages 3 6, 7, 8 

Aluminate liquor cooling 2 flash, surface 

Dimensions of precip.tanks 2 2000-3000 3 m 

Precipitation time 2 121 30, 40 or 60 70 hours 

Evaporated water 4 1 , 2, 3, 4 m3tt 

According to the above, the number of total variants ex

hibits 1000 order of magnitude. In practice, however, after 

having some variants run, the number of variants to be tested 

can be diminished, if eliminating those variants by preliminary 

estimations which are not expected to be satisfactorily econo

mical. The method of evaluating the remaining variants is de

scribed in Chapter 4. 

Examination of Material a~d Investment Costs 

In posession of the mathematical program calculated by 

the computer, the next objective is to feed the input data into 

the computer. Part of the data is constructed by the independent 

variables enumerated in Chapter 4. ; apart from them, several 

data necessary for the calculation must be fed in, but their 

value does not undergo considerable modifications in the indi

vidual ~ariants or it can be determined with a simple method. 

As it was already mentioned in Chapter 4., some trial 

runs are performed at the beginning with the basic variants in 

order to estimate the expectable range of optimization, lhus 

the number of variants is diminished. 

.. : 



• 

j 

J 
l 

7-38 

After this all the variants worth to be tested are fed in; 

based on them the computer prints the material and heat balance 

and provides at the same time the expectable specific values 

of all the important materials. Multiplying this values by the 

known unit prices, the specific material cost per variants for 

the most important materials is got. 

Completing the material costs by the costs of wages and 

administration costs gives the operational costs. In practice, 

it is generally unnecessary to mark the wage and administration 

costs per each variant. Calculations start from the variant 

having the lowest wages and only the rise in wages of the other 

variants compared to the basic variant is taken into account, 

if necessary /e.g.: variant without and with filtration/. 

Evaluation of steam consumption costs corresponding to 

the variants necessitatees running of a separate power plant 

computer program and determination of the costs of high and 

low pressure steam and electric energy produced on the basis· 

of fuel costs, other operational costs and investment costs. 

Costs of purchased electric energy ie generally known but 

it has to be taken into account that a fee corresponding to 

different consumption levels has to be added. 

Evaluation of investment costs of the individual variants 

means a hard engineering task. Capacity of the alumina plant 

machinery and equipment can not be varied continuously and 

prices of equipment available in machine factories or manu

facturable on the basis of finished designs have to be taken 

into account. Therefore, the most reasonable capacity of the 

equipment has to be determined for each variant, selected 

from the available assortment if possible, as designing or 

manufacturing of new types of equipment is generally more 

expensive. 

' 
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In the frame of investment costs, land and site develop

ment, building and civil works, construction, transport and 

other costs have to be taken into account, too. Working capital 

is taken into consideration only in case of variants in which 

significant change is anticipated. 

Both for the operation costs and investment costs the so

-called discounted value is calculated and the sum of the two 

gives the characteristic value of the variants to be compared. 

It is expedient to examine the vicinity of the optimum va"iants 

in more details in order to determine the final optimum. 

The computer program is suitable for the evaluation of 

different operational manners. ~conomic effect of taking out 

certain equipment for general overhauling can be pre-e~timat

ed this way. This calculation is indispensable in case of 

elaborating a long term production program. 

On the basis of the computer program the economy of the 

expansion of an existing alumina factory can be worked out, 

too. Expansion programs have, in general, several variants, 

too, though often technical limits are set to some of them 

by local conditions. 

As regards the optimum variant selected on the above ba

sis, the material and heat balance, material consumption are 

available in the print of the computer program, and the ne

cessary equipments are selected already. On this basis the 

final ter.hnology can be elaborated in detail and the list of 

equipment suitable for the invitation of tenders can be pre

pared. 
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Remark 

An interesting application of the computer program is the 

comparison of the bauxite quality to the average lifetime of 

given bauxite reserves. Processing of the total reserves gives 

generally a lower quality bauxite and higher material costs of 

the alumina production, as a consequence. However, lifetime of 

a given capacity alumina plant becomes longer, or a bigger 

alumina plant can be constructed for a given lifetime - 30 to 

35 years, in the practice. 

On the other hand leaving out low quality bauxite from 

the mining, the bauxite quality will be improved, but the 

lifetime of the factory, resp. its capacity will decrease. 

- - _;s' 

' 



! 

7-41 

5. DETAILEO DESCRIPTION OF THE CHOSEN PROCESS TECHNOLOGY 

In order to demonstrate the usual method of describing the 

process technology, a general model is given referring to no 

specifi~d alumina plant processing gibbsitic bauxite and pro

ducing sandy alumina. Fig.7.3.a and b. 

The process technology is generally independent from the 

plant size. Even in case of several capacity variants, the in

dividual variants differ mainly in material and heat flow/hour 

and the amount or capacity of the equipment installed. 

The design of the hourly alumina production is calculated 

allowing down time required for the maintenance of the various 

equipment. The actual production is generally 90 to 92 per cent 

of the capacity calculated on the basis of continuous produc

tion. 

DETAILED MODEL DESCRIPTION OF INDIVIDUAL PLANT UNITS 

Bauxite reception, storage 

Bauxite with an adherent moisture of about 9 per cent and 

maximum 30 mm lump-size is moved by a ~onveyor belt to the 

storage area. The capacity of this system assures the receiving 

of the bauxite quantity delivered by the mine. 

Bauxite is stored in 2 blocks, ~hile one block is filled, 

the other supplies the bauxite for the process. The stcrage 

area holds one week's bauxite stock. 

- - -- _,..-. 
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Wet grinding, predesilication 

Bauxite is recovered from the storage area by front end 

loaders through chutes located below the gr0und level. Then 

it passes via apron feeders and conveyor belts to the wet 
grinding ball mills. 

One mill is in operation - the second serves as a spare. 

The quantity of bauxite fed into the ball mill is measur

ed and grinding liquor is added in proportional quantity so 

that the solids concentration of the ground slurry would be 

600 g/l. About 25 per cent of the test tank li~uor is used as 
grinding liquor. 

Lime at a rate of 0.1 per cent Cao of dry bauxite is 

also fed into the ball mill in the form of lime slurry con

taining 200 g/l Cao. 

The slurry flows from the mill into a slurry surge 

tank from which a centrifugal pump delivers it to the storage 
tanks. 

From the storage tanks the slurry is transported by a 

centrifugal pump into the slurry heating condenser. Here it 

is heated to about 100 °c by a part of the steam released 

from the last flashing stage of the digester line. This en

sures the necessary tempera~ure for predesili~ation. 

The heated slurry flows into a conical tank from whi~h 

it is pumped into the first tank of the predcsilication tank 
line. 

Predesilication of the preheated mill slurry is carried 

out in 3 series-connected tanks. 
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Slurry delivered into the first tank of the predesilicat

ing tank line flows contiruwsfy over the tank line, while the 

dissolved Sio2 content of the liquid phase decreases to a 
suitable level. 

The line ensures the minimum holding time of 8 hours which 

is necessary for predesilication. 

Test tank liquor preheating, digestion, sand removal, 
dilutio~ 

Test tank liquor is pumped from the test tank into the 

preheater series. After the second stage part of the liquor 

is branched off /at about ~06 °c1 to the ball mill, the bal

ance is heated up to about 156 °c and then enters the first 

digester of the digester line. 

The first three preheaters of the series are heated by 

flash steam, the last two by 1 MPa live steam. 

Slurry from the last tank of the predesilicating tank 

line is fed by centrifugal pumps into the first diegester 

of the digester line, too. 

Slurry is directly heated by 1 MPa steam injected inLo 

the first digester of the digester line to the required tem

perature of 140 °c. Two subsequent digesters of the line en

sure the necessary retention time at the digestion temperature. 

Slurry digested at a temperature of 140 °c is flashed in 

3 stages to 110 °c. The flash steam heats test tank liquor 

and mill slurry. 

Alkaline condensate leaving the preheaters heated with 

flash steam is carried by centrifugal pumps into the red mud 
wash water tank. 
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The condensate of the preheaters heated by 1 MPa steam 

is returned to the power plant after flashing into the 

0.6 MPa steam network. 

Sand is separeted from the digested slurry in hydro

cyclunes, then fed to rake classifiers, where its soluble 

Na
2
o and Al

2
o

3 
content is washed with red mud wash water in 

a counter-current system, then it is repulped a~d pumped to 

the red mud pond. 

The overflow of the hydrocyclones is diluted in tanks 

by the overflow of the 1st washer and the sand wash to 

105 g/l caustic Na2o concentration. Diluted slurry of about 

103 °c is pumped by centrifugal pumps to the red mud settlers. 

The red mud content of the diluted slurry is separated 

from the aluminate liquor in two ~arallel operating single 

comparment settlers. Aluminate liquor obtained as an over

flow of the settlers is fed into surge tanks and from there 

it is pumped to the control filtration. 

The underflow of the settlers is pumped into the counter

-current washing system, where the greater part of its soluble 

Na
2
o and Al

2
o

3 
content is washed out. The washing systems con

sist of 7 series-connected washers. During the maintenance or 

repair of any of the equipment the wa~hing line operates in 

6 stages. 

Spent liquor is introduced into the 1st washer in order 

to decrease autopreci~itation losses. The solution obtained 

during salt removal is pumped to the 2nd stage of the red mud 

washing line. 

In order to maintain 88 per cent causticity of the proc

ess liquor the 2nd washer overflow is heated to about 85 °c 
by live steam and causticized with the necessary quantity of 
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lime. The causticized solution is pumped to the first stage 

of the red mud washing line. 

To promote settling a synthetic f locculant is added to 

the settlers and washers~ 

The overflow of the 1st washer flows into a surge tank 

from where it is pumped into the diluting tanks. The un1•er

flow of the last washer is pumped through surge tanks to 

the red mud pond. 

l~ order to decrease the contamination of the aluminate 

liquor ubtain~as an overflow of the settlers it is filtered 

on Kelly-type pressure filters on a lime precoat. After fil

tration the used precoat is removed by industrial water from 

the filter surface and the slurry obtained is lead to the red 

mud pond. 

The aluminate liquor flows from the filters into the 

storage tanks from where it is pumped to the aluminate 

coolers. It is cooled with spent liquor in plate heat ex

changers to 75 °c, while the spent liquor is heated to 

ab0ut 88 °c. 

The cooled aluminate liquor flows into storage tanks 

from where it is pumped into the first tanks of the precip

itator tank lines. 

The heated s~3nt liquor flows similary into a storage 

tank. One part of it is pumped to the 1st washing stage of 

the red mud washing line, while the second part into the 

spent liquor storage tanks of the evaporation plant unit and 

the third part into the test tanks. 
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Precipitation, hydrate classification 

Precipitation of the dissolved Al 2o3 from the cooled alu

minate liquor in the form of c~ystalline alumina hydrate is 

carried out continuously in series connected,air agitated pre

cipitator tanks with conical bottoms. Eack tank line consists 

of 11 series-connected tanks f~om which 1 holding tank in 

each line serves as spare. Holding tanks will store hydrate 

during maintenance of the calcining kilns. 

The cooled aluminate liq~or as well as the coarse and 

fine seed introduced into the first tanks passes through the 

tank line in about 40 hours, during which period hydrate pre

cipitates from the aluminate liquor and agglomerates to the 

required grain-size. 

In order to ensure better precipitation efficiency the 

slurry leaving the third tank of the series is cooled by 

water by about 5 °c in heat exchangers. 

A three-stage classification serves to separate from the 

precipitated hydrate slurry the coarsest grained product hy

drate and the finer hydrate fractions which are recycled as 

seed. 

The hydrate classification system consists of primary 

thickeners, secondary thickeners and tray thickeners. 

The precipitated slurry flows from the last tank of the 

precipitator lines through a channel system into the primary 

thickeners which separate the product hydrate. The overflow 

enters through a channel system the secondary thickeners which 

separate the coarse seed, while the underflow and the injected 

alkaline hydrate wash water is transported by pumps into the 

hydrate storage tanks. 
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The coarse seed from the underflow of the secondary thick-
;.-. 

1 eners is injected by aluminate liquor, pumped into the second-

ary thickener underflow tanks and from there into the first 

tanks of the precipitation line. 

The overflow of the secondary thickeners flows through a 

channel system into the tray thickeners. The overflow of the 

hydrate holding and storage tanks is fed into the same tray 

thickeners. 

The underflow of the tray thickeners - the fine seed - is 

pumped to oxalate removal. The seed returned from there is 

charged into the first tanks of the precipitation lines. 

The overflow of the tray thickeners - the spent liquor -

flows into the tray thickener overflow tanks and then is pumped 

into the plate heat exchangers. 

A caustic descaling system is designed to quickly remove 

scales formed in the precipitation and classification tanks 

and piping. 

The product hydrate is filtered on pan filters. The first 

filtrate is pumped into the underflow of the primary thickeners. 

The filtered hydrate is washed on the surface of the filters in 

two stages by warmed-up alkaline evaporator condensate and is 

transported by belt conveyors to the calciners. 

To remove sodium oxalate the fine seed or a fraction of 

it is filtered, washed with hot water which dissolves the 

J oxalate and then refiltered. The filtrate is treated with lime 

slurry to form calcium oxalate. The obtained slurry is settled, 

the liquor is pumped to the red mud washers and the thickened 

calcium-oxalate slurry is delivered to the red mud pond. 

The oxalate-free fine seed is slurried with aluminate 

liquor and reGycled into the fine seed storage tanks. 
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Evaporation 

Evaporation is carried out in a quintiple effect evaporator. 

Spent liquor heated u~ in the plate heat exchanger is pumped 

into spent liquor tanks from which the evaporator is supplied. 

From the evaporator liquor is pumped into the strong 

liquor storage tank, from which it is fed into the test tanks. 

The mixture of spent, strong and make-up caustic liquor 

is delivered From the test tanks into the tube and shell heat 

exchangers of the digestion by centrifugal pumps. 

The pure condensate of the evaporator is pumped indirectly 

to the power plant, while the alkaline condensate formed from 

secondar} vapours is used for hydrate and red mud washing. 

Calcination 

The filtered and washed hydrate is calcined in fluid-bed 

/flash/ calciners. 

The calciners are fired by fuel oil. The calcined alumina 

is cooled by water in fluid coolers and it is transported 

pneumatically into the alumina silo. 

During the repair or maintenance work of the kiln excess 

hydrate is stored in the last tanks of the precipitator tank 

line. 

Lime burning and slaking 

Lime consumption of the alumina plant is fulfilled by 

burning limestone. Burnt lime is transported into the lime 

I 
!j 
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slaking drum. Lime is slaked with hot water. Lime slurry con

taining 200 g/l Cao is pumped into the storage tank; the re

quired quantity of lime slurry is pumped into the individual 

plant units through a recirculating loop. 

Caustic storage 

Caustic soda losses of the precess are made up by a 50 

per cent NaOH solution. Causti~ arrives by ships at the port, 

it is discharged and fed by pumps into the storage tanks. 

The liquor is pumped from the storage tanks partly for 

descaling purposes into the various equipment, partly as a 

make-up into the test tanks. 

Fuel storage 

Fuel oil arrives by ships to the port where it is dis

charged and fed by a pump into the storage tanks in which 

one week's fuel requirement is stored. Fuel oil will be 

pumped to the daily fuel tanks of the power plant, calcina-

tion and l;me works. 

Alumina storage 

A 50,000 t capacity silo is provided. Alumina is trans

ported by belt conveyor to the ships. 

Compressor station 

Compressed air is supplied by turbocompressors at a max. 

0.7 MPa p~essure. Air dryer units located in the compressor 

house provide proper air quality for the pneumatic instruments. 
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Power plant 

Steam is supplied by a power plant characterized by the 

initial parameters of 6 MPa and 480 °c. Overheated steam is 

produced in 3 residual fuel oil fired boilers and expanded in 

extraction/backpressure turbines. The 1 MPa steam requirement 

of tne digestion is covered by extraction, the 0.6 MPa steam 

for evaporation and other plant units by the back-pressure of 

the turbines. 

The power plant produces as much power as corresponds to 

the technological steam consumption, the balance is taken 

from the national grid. 

Process control 

Process control system of the Alumina Plant is composed 

of analogue electronic measuring control loops. Control is 

effected by servomotors using pneumatic au~iliary power. The 

control system is supplemented with a low performance digital 

computer for data logging and techno-economic calculations. 

The number of measuring and control loops has been determined 

so as to enable the plant to meet up-to-date operational re

quirements. Six decentralized control rooms are established 

throughout the plant compri~ing the central inetruments of 

2 or 3 plant units each. 

Laboratory 

The laboratory is equipped and instrumented to carry 

out the work enlisted below: 

Analysis of raw- and auxiliary materials and quality control 

of the final product. 

Systematic analysis of samples /liquors and slurries/ taken 
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from various points of the process circuit. 

Research activity for technological development. 

Red mud pond 

The specific quantity of dry red mud amounts to about 

1.25 ton per ton of alumina and its average moisture to 50 per 

cent which give a storing capacity requirement of 1.6 m
3
tt of 

alumina. 

Red mud is pum~·erl into the storage area, the pipeline is 

constructed to make possible uniform, complete filling up of 

the area. Dams for the red mud ~torage area are made of local 

material. 

Water is recycled from the clear upper zone of the pond 

to the alumina plant. 

Water economy 

Part of the fresh water is passed through a purification 

plant t~ the drinking water network, the rest is pumped to the 

industrial water softening plant. 

Cooling water requirdment is satisfied by a recirculating 

cooling water system. The cooling facilities are forced venti

lated, cross-stream water film units with steel structure. 

Alkaline contaminated rainwater is separated from the 

rest, collected in an alkaline rainwater reservoir and used 

for technological purposes. 

Rainwater from other areas /roads, pavements, roofings, 

etc./ is drained to the collecting ditch at the periphery of 

the plant. 

, 
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DESIGN PARAMETERS 

Production 

Alumina production. tpy 

Hourly design rate. t 

Design operating factor. % 

Bauxite 

/average sample/ 

Si02 

Fe 2o3 • 

Ti02 • 

P205' 

v205• 

Organic 

L.0.1., 

% 

in gibbsite. % 

in boehmite. % 

total. % 

in kaolinite.% 

in quartz, % 

% 

% 

% 

% 

carbon, % 

% 

Free water in wet bauxite, 

/year's average/ 

Lump size of ore, mm 

7-54 

wt" 

500.000 

62.5 

92.0 

1a.ooo hrs/year/ 

48 

40 

4 

3 

2 

1 

25 

3 

0.1 

0.1 

0.2 

23. 

9 

max.30 
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Grinding, predesilication 

g/l Solids content, 

Lime added, " of dry bauxite 

Predesilication holding time, hrs 

Predesilication temperature, 
0 c 

Test tank liquor caustic Na2o, g/l 

Test tank liquor caustic molar ratio 

Temperature of grinding liquor, oc 

Digestion 

Temperature, 
0 c 

Holding time at 140 °c, hrs 

Digestion efficiency for gibbsite, " 

Soda losses at digestion: 

for reactive silica, 

carbonation, 

3ound in other salts, 

~;igestion residua, 

Sarj/mud, 

~ud specific gravity, 

Final caustic molar ratio, 

kgNa20tkgSi02 
kgNa201t dry bauxite 

kgNa201t dry bauxite 

t mud/t dry bauxite 

" g/cm3 

caustic Na20tA12o3 

Red mud settling, washing 

caustic N~O cxntent of the settler 

overflow, g / l 

M>lar :ratio of the settler owrflcw, g I l 

Solids content of the settler 

underflow, g/l 

Solids content of the washer 

underflows, g/l 

Flocculant addition to settler, git dry mud 

Flocculant addition to washers, git dry mud 

600 

0.1 

8 

100 

140 

2.8 

106 

140 

0.5 

98 

0.69 

0.5 

0.9 

0.5 

5 

3.5 

1 .4 

105 

1.55 

500 

500 

50 

60 
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Settling temperature, oc 

Temperature of interstage causticizing, 0 c 

Retention time at causticizing, hrs 

102 

85 

2 

Lime addition, kgCaO/t alumina 3 

Temperature of red mud wash water, 0 c 80 

Wash water for sand washing, tit 3 

Moisture of sand, % 30 

Control filtration 

Flow rate, m3 tm2
h 

Lime precoat, kgtm3 aluminate liquor 

Heat Interchange 

Aluminate liquor, oc in 

Aluminate liquor, oc out 

Spent liquor, oc in 

Spent liquor, oc out 

Precipitation 

Aluminate liquor: 

Caustic Na 2o, 
Caustic molar ratio 

g/l 

Causticity, ca~stic Na 2ottotal Na
2
o, % 

Average seed ratio 

Holding time, 

Molar ratio of spent liquor 

Mid-stage cooling of precipitators, 

Solids content as Al/0Ht
3 

in tray 

thickener overf lo~, 

hrs 

oc 

g/l 

Various dilutions, t water/t alumina 

0.5 

0.2 

99 

75 

6"" 0 

88 

105 

1.55 

0.88 

1.0 

40 

2.8 

5 

1 .o 
0.5 
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-
Product washing and calcination 

Moisture of product hydrate, % 12 

Wash water to filters, m3 /t alumina 0.6 

Na2o in alumina, % 0.4 

.. Kiln and loadout losses, % of product 0.5 

Product purity, % 99.4 
/calculated on an ignited basis/ 

Evaporation 

Evaporated water, tit alumina 4.2 

Oxalate removal 

Wash water, m3 /t alumina 0.4 
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6. LOCATION ANO LAYOUT 

The location of the alumina plant must carefully be se

lected, based first of all on the aspects discussed in details 

in Volume 2. The aptitude of the selected territory, its even

tual slope - which may be even advantageous as r~gards l~yout 

of the plant - the soil structure, connections of the terri

:ory w'th the transport and storage facilities of bauxite, 

auxiliary materials, products and wastes /principally red mud/ 

are all important factors in selecting an adequate location 

for an alumina plant. 

Expropriation costs of the territory belonging to the 

investment costs, or its rent, being part of the production 

costs can not either be neglected in certain cases. 

The most important aspect is to transport the bauxite 

from the vicinity of the alumina plant, if possible, conse

quently the plant is generally located close to the bauxite 

mine or, in case of sea :ranspor~, close to the port. This 

way the transportation costs of bauxite of 2 to 3 times 

greater weight than the product alumina can significantly 

be reduced. 

Obviously, another important aspect is that the product 

alumina should not ~e transported to a long distance from 

the plant. Consequently, the plant should be located close 

to the port or railway or a good qu3lity high road /Almas

fUzit6-r~tabinya/ . 

Transportation of other materials necessary to the 

alumina production - first 0f all the fuel oil amounting 

about 40 per cent, and caustic soda of about 10 per cent 

of the weight of alumina - can not be neglected, either. 

In case of power plant based on coal, the transportation 

. ' 
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possibilities of coal must also be reckoned with. 

Here it is mentioned that, though the red mud pond can be 

situated even 5 to 10 kms off the plant, its subsoil must 

also be carefully selected in order to prevent environment 

contamination by the leakage of alkaline solution. However, 

the long distance of the.red mud storage from the plant 

requires excess pipeline and pumping capacity. 

In case of locating the plant at the port, alumina leav

ing and the fuel oil and liquid caustic soda arriving in 

tankers require all the necessary facilities for loading in 

and out and for storage. 

Due to the above facts, lccating the alumina plant is a 

difficult task which can only be solved by taking the lo~al 

conditions, the alumina production technology and the trans

portation possibilities into consideration simultaneously. 

According to the above considerations it is expedient 

to carry out preliminary soil mechanics investigations on the 

selected place. Loose soil e.g. requiring piling may signi

ficantly increase the investment costs. 

Layout of the plant units and auxiliary ,hops on the 

selected area must be decided principally on the basis of the 

above facts but, at the same time, care must be taken to 

realize the most logical technological connections of the plant 

at the lowest possible cost requirements /e.g. minimum costs 

of pipe network, low pumping requirements, short cables, etc./. 

Bauxite reception and storage has to be clo$e to the place 

of the bauxite~ arrival and the bauxite grinding and predesili

cation section have to be connected to it at short distance. 

At the same time, transport of bauxite dust by the prevailing 

wind to the "white•• section of the plant has to be avoided. 

Proceeding with the layout of the plant units, the logical 

order of the Bayer circuit, and the shortest possible connection 
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are further kept in view. The digestion, red mud settling and 

washing, control filtration and aluminate liquor cooling section 

·have to be located subsequently. Out of these the red mud settling 

and washing sections should be arranged to a corner of the 

selected area, so that no difficulties arise in pumping the 

red mud to the storage area. Situating the red mud settlers 

and washers on a sloping area, significant electric power can 

be saved by gravitational transport of the overflows /Ajka/. 

Aluminate liquor control filtration and cooling sections 

have to be located close to the precipication and hydrate 

classification plant sections, which require generally con

siderable area and impose the highest load on the soil. 

Situating precipitation on a sloping area, gravitational 

transport of the "white" slurry can also save electric power. 

Hydrate filtration must be located close to the hydrate 

classification plant, and to the calcining section. 

The evaporation plant unit and the relevant cooling 

towers are located close to each other, neither fo~getting that 

the evaporator is connected in the tech~clogical circuit to 

the digestion and bauxite grinding sections. Generally, 

liquor storage tanks are arranged so as to solve this problem. 

Locating the power plant is one cf the most difficult 

problems because the transport of combustibles /fuel oil, 

coal, gas/ has to be ensured on one hand, and the power plant 

should not be far from the major steam consuming sections, on 

the other hand. Especially the high pressure steam pipe con

nected to the digestion requires high investment costs. 

Central electric distribution station supplying the whole 

plant must be located so that its distance from the trans

former .substations and the distance of the latter from the 

individual plant units be minimum. 
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The water plant has to be located close to the cooling 

towers, taking into consideration .ne distance of the water 

source supplying the plant. Canalization system shall comply 

with the natural slope of the territory. 

The central workshop servicing the whole plant must not 

be far from the plant sections requiring the most intensive 

maintenance: bauxite preparation, digestion, power plant, etc. 

Naturally the warehouses, the garage and the laboratories 

must also be located to the best suitable places. 

Change rooms, bath , dining hall, management building have to 

be situated to close access. 

In locating the instrumentation, both the central control 

room and the control rooms by plant sections have advantages 

and disadvantages. This will be discussed in details in the 

next chapter. 

In actual designing work of layout the magnetic tables 

prooved suitable. It is generally expedient to elaborate more 

layout drafts for a plant, and to analyse them by taking their 

photos. Then calculations can be done relative to the total 

length and costs of the technological pipelines and the dis

tances to be covered during maintenance. 

Based on the layout the inside road network of the plant 

can also be drawn with regard to the aspects of servicing the 

plant units and the minimum investment costs as well. The 

possibilities of transporting the required minor materials 

/refractories, fittings, sealings, lubricants, etc./ from the 

store hous~ to the plant have to be considered. 

Master plot plans representing the final layout of the 

plant are prepared generally in 1:2000 scale and form an 

essential part of a Feasibility Study. An example is given 

ih Fig.7.4. 

7 

I 

,) 



D 
STORES 

BAUXITE 
,RECEIVING 
CRUSHING 
c::::J 

n 

~ 

r l '----~ D []9]1\(" 
G.\RAGE 

WORK SHOP 

C ALCINA Tl ON 

CRUSEO 
BAUXITE STORAGE 

L I 

RED MUD 
SETTLING,. 
WASHING 

[-PRECIPITATION I 

,,_H_vo_R_. c_L_. ....k.-OMPR. j J , (~~~--o r--~..:=~====:::::-~-;:,~=t~ 

I n EVAPORATION m~~ ~ ~t'l! REMOVAL ~ 

r· DJ ~ ~g TOWERP 
POWER 
PLANT 

BAUXITE STORAGE '. IOIL STORAGEQ l SODA WATER WORKS 

D pTOR 

) D ,,_,,_~ ""'========= --......... 

Fig. 7. 4 

LAYOUT OF ALUMINA PLANT 

·-;--- . --- -· 

-.. 
I 
.~. 



., 

.. 
" 

7-63 

7. PROCESS CONTROL AND INFORMATION SYSTEM 

The system has the following tasks: 
to control the essential parameters of the technologi

cal process maintaining the d~sired values 

to produce all the necessary information about the 

process based on measured data 
to s~gnal and record the extreme values of the measured 

parameters 
to record the data of mass an1 energy streams, pres-

sures, and temperatures 
to provide communication between the operational 

personnel and plant management. 

The measuring and control system built up from electronic 

analogue elements makes possible the controlled run of plant 

units. Decentralized control rooms supervise the major technolo

gical uni~s, collecting the information necessary for running 

the plant. 

The central alarm systems provide information about the 

exceeding of extreme values of parameters. The loudspeaker 

system transmits orders for the operational personnel. The 

central data logger accomplishes the systematic logging of the 

data available. 

The fire ~1arm network facilitates the quick localization 

of accidental fire events. The time-signalling system controlled 

by a central unit, the industrial TV-chain, and telephone net

work ~ompletes the process control system of the alumina plant . 

' . : 
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PROCESS INSTRUMENTATION 

The measuring and control loops are built up from 

electronic analogue transmitters, central devices, and signal 

converters. 

The character and lay-o~t of technology calls for the 

application of sensors and final control elements of rugged 

construction, erected under the open air. The peculiar char

acteristics of fluids to be modified require the use of spe

cial final control elements /e.g. high pressure drop in con

trol valves handling flashing slurries, erosive slurries 

with considerable f iow rates in pipelines, etc.I. 

The ~entral elements of measuring and control loops -

controllers, receiver instruments, recorders etc. - will be 

mounted on the panels of control rooms. The control rooms 

are air-conditioned, double-floored with double doors. 

D~SCRIPTION OF A PROCESS CONTROL SYSTEM 

Grinding 

Rat'o control loops provide the quantitative ratio con

trol of bauxite t~ liquor in the mil!. A separate ratio con

trol loop controls the liquor fed after the mills, in the 

function with the total bauxite flow. The levels of mill 

slurry tanks and bauxite slurry tanks are controlled . 

Predesilication 

In order to ensure the required molar ratio after diges

iion, the adjustment of bauxite to liquor ratio is controlled 

before digestion. The C~lntrol loop for regulating the adjust

ing liquor is constructed to take into account the slurry flow 

• 
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rate of the digester lines, the concentration and flow rate 

of the adjusting liquor, and in addition, the lab analysis 

data feedback of the slurry samples taken at the end of di

gester line. The latter discrete data are fed m3nually into 

the loop. The level of slurry tank which feeds the slurry 

pumps is controlled, toe. 

Pump Statio~ 

The slurry pumps are provided with rotary speed regula

tion by thyristor control units. Pressure measuring loops 

are established, and interlocked with the overpressure protect

ing system of pumps. 

Digestion, Dilution 

The flow rate of slurry fed into each digester line is 

measured. Temperatures of d·gester lines are checked by multi

-poin~ recorders. Temperature and pressure control loops hold 

the two important parameters constant. Flash tanks are suppli

ed with level control loops. Conductivity measuring loops 

ensure purity of condensate water fed into the Power Plant. 

Control loops are designed to maintain specific gravity of 

slurry and to control the level of pure condensate receivers, 

diluting tanks, second washer overflow tanks, etc. 

Red Mud Thicke~ing and Washing 

Settlers and washers are provided with transition zone 

level control loops. The turbidity of se,tler overflow is con

tinuously measured. The wash water flow is controlled, the 

flow controller is tracking the signal coming from the level 

indicator of the causticizing tank. The levels of transi-

tion zones of settlers and washers, the overflow tanks, and 

wash water tanks, are controlled. 
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Control Filtration 

The operation of filters is accomplished by interlocked 

and remote controlled on-off valves. The tanks are provided 

with level measuring loops. 

Heat Exhange 

The plate heat exchangers have overpressure protection 

on both sides. Pressure control loops are built up. inter

locked both at the aluminate liquor and spent liquor inputs. 

The aluminate liquor - delivered to the precipitator lines 

is flow-controlled. A cascade control loop may be formed 

using the level signal of the cooled aluminate liquor to be 

tracked. 

The pressures of aluminate and spent liquors, and the 

level of the cooled aluminate liquor tanks are controlled. 

Precipitation 

The pressure of agitating air is controlled, its flow rate 

is measured. Temperature of interline cooling is maintained by 

a control loop. Hydrate level is measured in the hydrate 

storage tanks. The underflow density of hydrate storage tanks 

is controlled. 

Hydrate Cla5sification 

The primary and secondary thickeners are provided with 

hydrate level measurement and underflow d~nsity control. The 

required seed hydrate flow rate is adjusted. 
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Hydrate Filtration 

Hydrate level measuring loops measure the height of 

hydrate in the storage tanks. 

Control loop maintains the balance between the hydrate 

filtration production and calcination consumption taking into 

account the flow rate and density of hydrate slurry to be 

filtered, and the mass flow of h~drate to be fed into calcin

ing kilns. The flow rate of hy~rate slurry is ~ontrolled. 

Calcination 

The fluid-bed type calcining kilns are delivered with 

complete process control system. The plate heat exchangers 

are protected against overpressure at both sides. 

The water tanks and soft water tanks are provided with 

level control loops. 

Evaporat~on 

The evaporators are supplied with measuring and control 

loops specified by the manufacturer, e.g.: evaporator body 

level control loops, spent liquor feed-flow control loops, 

flash tank level measuring loops, concentration measuring 

loops. Ratio control loop performs the appropriate mixing 

! of spent and strong liquors. The continuous measurement of 

test tank liquor concentration supplies the signal to be 

tracked. Conductivity mea~urements protect the quality of 

pure and alcaline condensates. 

I 
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Salt Removal 

The pressure filters are provided with independent 

automation. The technological unit is provided with tank level 

Measuring loops and a temperature control loop. 

Lime Slaking 

' 
Density control loop kP.eps constant the lime milk 

density. Samples are taken continuously from the delivery 

pipe of the pump. A nuclear density gauge measures the recir

culated sample, while a control valve modifie~ the water fed 

into the pump suction pipe. 

Summary 

The process control system of an alumina plant may con

tain not far more than 300 measuring and about 265 control 

loops. 

, 
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8. NON-TECHNOLOGICAL UNITS 

SUPPLY OF ENERGY 

Several possibilities for the heat and electric energy 

supply of the alumina plan€s exist, depending on the applied 

technology and surroundings of the site taking in all cases 

the economy into consideration. 

a/ Purchased steam and electric power /Fig.7.5.a/ 

In case a communal or heat-supplying power plant operates 

in the close vicinity 12-3 kms/ of the site, there is an 

opportunity for direct purchase of both the steam and electric 

energy. In this case, pipe line for the steam supply and a 

reception station for the electric energy supply are to be 

II built /e.g. Ajka Alumina Plant/. 

! 

l 
J 

If a reliable electric energy network exists at the site, 

it is expedient to supply, from it the electric energy require

ment of the plant. Based on economic considerations, choice 

should be made between two basic variants: 

b/ Purchased electric energy and own steam production 

/Fig.7.5.b/ 

Total electric energy requirement of the plant is covered 

from the national grid. For steam supply a boiler plant is 

constructed for the pressure required by tne digestion tech

nology. Heat requirement of evaporation and other processes is 

covered from this steam by pressure reduction /e.g. Korbal. 

cl Combined he~t- and electric energy production /Fig.7.5.c/ 

A power plant is erected in the territory of the plant 

for own electric energy production by a back pressure turbine. 

This variant make& possible to utilize part of the technologi

cal steam /mainly that used for evaporation/ for electric 
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energy production. Only the difference has to be purchased . 
from the national grid /e.g. AlmasfUzito, Obrovac Alumina 

Plants/. 

In case of low temperature digestion technology the 

total electric energy can be produced in the plant, if adequa~e 

boiler pressure is selected, and an extraction/back-pressure 

turbine is installed. The national grid in this case serves 

only for compensating the load fluctuations, and for providing 

emergency energy in case of break-d-0wn. 

The increase of energy costs wor~s in favour of variant cl 

because the combined process makes possible ~heap energy pro-· 

duction, thus compensating eco~omically the excess investment 

required. 

d/ Independent power plant. /Fig.7.5.d/ 

In case tha alumina plan~ is located to a site where the 

national grid is not reliable or available, an independent 

power plant has to be established. 

In this case the power plant is basically the same as 

that described under point cl, with the supplementation that 

the electricity requirement exceeding the capacity of the 

back-pressure or the extraction back-pressure plant has to 

be produced by the ir.stallment of a condensing turbine. 

In this case higher spare capacity has to be provided 

for the ~afe energy supply of the alumina plant, moreover a 

Diesel aggregate for emergency energy in case of power plant 

breakdowns, and for re-starting the power plant has to be 

installed. 
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DISTRIBUTION OF ELECTRIC ENERGY 

The electric energy requirement of the alumina ~lant is 

produced in its own power plant and/or is taken from the 

national grid. 

In the combined system the medium voltage e.g. 6 kV 

busbar of the power plant switch gear is fed by the turbo

alternator. This can be ir.terconnected to the national grid 

e.g. by ~ 7016 kV transformer. 

For electric energy distribution, ~~o voltage levels 

can be selected. For medium voltage e.g. 6 kV insulated 

~ystem, for low voltage a 3801220 V direct earthed system 

may be chosen. 

Motors of the heavy-duty machinery and equipment con

suming electric energy abov~ 160 kW are generally directly 

connected to the medium voltage, e.g. 6 kV switchgears. 

Such machinery and equipment are e.g.: compressors, feeding 

pumps of boilers, pumps of aluminate liquor cooling, control 

filtration, hydrate classification and filtration, and water 

works. Motors of 90-160 kW load are fed by the 0.38 kV switch

gears of the 6.6/0.38/0.22 kV transformer stations, while 

smaller motors are supplied by indoor plug-in motor control 

centres. Transformers are located outdoors, the 0.38 kV switch

gears indoor in the switching houses of the transformer 

stations. 

Consumr~~ are connected to the power supply system by 

junction boxes, and safety push button stations are required 

in the olan~ for their operati~~- Control rooms of the plant 

are provided with control desks, containing c0ntrol and lock

ing devices. 

• 
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Cabling throughout the plant consists of an overhead 

system with cable racks mounted possibly on pipeline support

ing system. 

ILLUMINATION 

In up-to-date plants on-off switching of the yard area 

illumination is effected by photoelectric switches operating 

on 20 Lux. Yard area and some plant departments are illuminated 

by mercury vapour lamps, other departme~ts by electric bulbs. 

Illumination system is fed by two independent sources. 

POWER FACTOR CORRECTION 

Power factor correction of the 6 kV system is performed 

by turbogenerators and synchronous motors, that of the 0.38 kV 

system by capacitors linked to the busbars of the transformer 

stations. 

CONTACT PROTECTION AND LIGHTING PROTECTION 

Eartning network of steel strips and pipe electrodes 

are set up within the plant area. 

In the 6 kV system, consumers' body is linked to the 

earthing network. 

Medium voltage system equipment is protected by a 

selective earth-fault protection, while 380/220 V system is 

earthec directly. 

For portable lamps a 24 V safety system is used. 

All outdoor steel t~nks, columns, pipelines, steel 

structures of buildings are connected to the protective 

earthing network. 
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COMPRESSOR STATION 

Compressed air requirement of the alumina plant is met 

by turbocompressors operating at 7 bars pressure. Air require

ment depends mainly on the precipitation system used. Normally 

two compressors are installed, one in operation, the other a 

standby. Compressors are provided with coolers, lubrication 

and automation. 

For air supply of pneumatic instruments air drier units 

are mounted. 

LABORATORY 

Up-to-date· control of t~e process circuit is the precondi

tion of pro~er running of the alumina plant. 

The task of the laboratory is: 

collection and preparation of representative samples 

at prescribed places, in adequate quantity any 

frequency; 

chemical and physico-chemical investigation of the 

samples; 

registration of all analysis data in log-sheets; 

performance of technological control tests and 

research work at parttcular points of the process 

in order to clarify sper.ial problems arisi~g in the 

plant; 

checking of measuring instruments installed at 

particular points of the process. 

!. 
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WORKSHOPS, STO~ES, GARAGE 

The farther the alu~ina plant is situated from other 

ch~mical plants, the more the necessity of having its own 

~~r~shop arises. The staff of the plant maintenance car. 

amount up to 40 per cent of the total personnel requirement 

of the alumina plant and can be reduced only if outside con

tractors are available in the vicinity. 

Normally, a central workshop is built, consisting of 2 to 

6 halls, and pro~ided with cranes, offices, social premises and 

an adjacent open-air mounting area. 

The halls accomodate maintenance groups for: 

machinery and equipment 

b~ildings and contructions 

electricity, instrumentation and control 

repair of v&hicles. 

Stores are built for maintenance and building materials, 

spare parts, hazaraous materials, gas cylinders, chips and 

waste. 

SAFETY PROVISIONS 

Adequate safety equipment has to be in~talled through

out ~he plant. Stair~~ses and guard rails are installed in 

such a manner as to ensure speedy exit from dangerous areas. 

The moGt important safety equipment installed at different 

points of the plant are: safety showers, eye-wash fountains, 

strechers, etc. 

• 
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9. STANDARDIZATION 

Three main groups of alumina plant equipment can be 

distinguished: 

1. "Standard equipment" means all equipment produced in mass 

by several manufacturers throughout the world, having 

specific dimensions of components to allow for easy inter

changeability. 

2. "Non Standard Equipment" means equipment produced by 

certain specific manufacturers and having components which 

are not easily inter-changed by components from other 

manufacturers. 

3. "Propr ietor·y Equipment" means equipment designed and 

manufactured solely by the Contractor and/or its Sub

contractors and manufactured by agents, under licence of 

the Contractor and/or Sub-Contractor. 

Btandardization refers mainly to the machinery and eqvip

ment belonging to the first group. These are: pumps, electric 

motors, driving units, rubber belt- and apron belt- conveyors, 

valves and fittings, vehicles and lifting devices, etc. A large 

number of these machinery and equipment is installed in almost 

all sections of the alumina plant. 

Based on the analysis of the material balance of the 

alumina plant it can be stated that the quantity of the 

transported, handled, stored or cont~olled materials ranges 

from some cubic meters or tons to several thousand cubic 

meters or tons. Insisting on selecting the above machinery 

and equipment in strict accordance with the quantities found 

in the material balance when designing the alumina plant would 

nece~sitate the selection of a large number of machinery and 

equipment of different parameters. Though this solution would 

give th~ minimum of investment costs, experience proves, 

• 
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however, that more favourable results a~e attained even as 

regards the investment costs in case of pur~hasing more units 

of identical type"of equipment from the s~me producer. There

fore it is reasonable to divert from meeting the exact require

ments stated in the mate~ial balance, and to determine 

standard ranges of performance which make possible the in

stalment of a reduced number of_ ~ypes of machinery and equipment. 

The use of these machinery and equipments types is advan

tageous principally during operation, because a higher safety 

can be achieved with less spare parts. Maintenance costs are 

also more favourable: fewer types of machinery and equipment 

can be maintained with lowe· investment cost. 

Machinery and equipment of the second and third group 

serve for special technological processes of the alumina 

plants. They are generally used is small numbers, and their 

use is restricted to individual plant sections. These equip

ment are: mills, digesters, settlers, calcining kilns, 

evaporators, etc. Standardization of these machinery and 

equipment can principally be of interest in connection with 

capacity extensions, when it is expedient to install the same 

type of new equipment as the existing one. 

Beyond the advantages discuss~d in the above, the in

stallment of the same type of machinery and equipment as the 

existing one has a further advantage, namely that the operators 

do not need training, the machinery or equipment can be put on 

stream without troubles in the operation. 
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10. INFRASTRUCTURE AND SOCIO-ECONOMIC ENVIRONMENT 

Beyond the industrial development policy of the state 

and the location of the raw material sources and of the plants 

processing the final products, in selecting the site of the 

alumina plant the local conditions, namely the infrastructure 

and the socio-economic environment have to be considered also. 

INFRASTRUCTURE 

The indispensable precondition of establishing and operat

ing a plant is the existence or realization of the infrastruc

ture, energy supply, transport facilities, water supply, com

munication and housing colony. 

When selecting the site of the plant, first of all the 

possibilities of the energy supply have to be studied. The 

operation of the alumina plant requires about 3 tit steam 

and about 300 kWh el~ctric power per ton of alumina. In the 

chapter on Non-Technological Units, the four main variants 

of energy sup~ly have been discussed in detail. The selection 

of the optimum variant is al~ays based on economic calcula

tions. 

Transport of materials used for alumina production and 

of the final product/sf leaving the plant can be done on road, 

railway or water. When selecting the site, it has to be 

studied whether the exi~ting lines are suitable for transport 

as regards load bearing c~acity, utilizatio~ of capacity, 

availability of loading and unloading equipment, storage a~d 

expansion possibilities. 

In case of river transport, the fluctuations of the 

water level have to be taken into consideration in order to 

determine the maximum draft of the ships to be used. 

I 
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In case of sea transport, the water depth <, f the existing 

port and its dredging conditions, ebb and tide levels and 

weather conditions partly determining the size of the snips 

have to be investigated. If the port has tn be closed tem-

porarily due to certain weather conditions, this has to be 

taken into account when determining the stori~g capacities 

for the materials and products. 

TransportaLion problems of the operating plant, and 

those arising in the course of construction, erection and 

mounting have to be salved.The outline dimensions of the 

equipment and the weight of the biggest machine must be 

known, and the suitability of the existing roads /e.g. 

existence of sharp curves/ for the transport of the machinery 

and equipment to the plant has to be investigated. Prescrip

tions for the transport of equipment with great dimensions have 
-·to be studied. For railway and river transport, the 

prescriptions and the existence of adequate loading and 

unloading facilities at the station or port and of the con

nection between the railway or the port and the public road 

must also be checked. 

Water requirement of the alumina plant, 4 to 6 m
3
tt 

alumina, for technological, cooling and social /bath and 

drinking/ purposes is quite significant. The availability 

and quality of water from surface or underground sources has 

to be checked and the costs of water extraction and treatment 

have to be determined. 

Communication possibilities of the site - e~istence of 

telephon and telegram network - is also an important factor. 

Their P.xistence on the area is advantageous during the con

struction period, as in opposite case provisions have to be 

established involving higher investment costs. 

Existence or proximity of a housing colony means that 

the necessary labour is available during construction, 

I 
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erection and mounting as well as during operation period. If 

this is not the case, still the necessary social establish

ments /shops, sport- and cultural facilities, communication, 

etc./ are partly available for th€ work-force resettled from 

rural areas, and this means an other reduction possibility of 

the investment costs. 

SOCIO-ECONOMICAL ENVIRONMENT 

In the frame of socio-economic environment, geographical 

and climatic condition~ waste disposal availability of labour, 

of local contractors, legal questions, and other questions 

posed by the owner have to be studied. 

In the frame of geography, data relative to the follow

ing information have to be collected: altitude of the 

territory above sea level, its configuration, slope, 

loadability, composition, earthquake frequency, etc. These 

factord can affect considerabiy the costs of investment. 

Uneven configuration may raise the costs of terrain correc

tion, a poor load bearing capacity or frequent earthquakes 

require special foundations. In case there is no impermeable 

layer in the soil, the red mud disposal can be realized 

only applying artificial insulation. Sometimes, slope of 

the territory can be advantageous in locating certain plant 

units /see in Chapter on location and layout/. 

As regards c~imatic conditions, characteristics of the 

territory such as wind, precipitation, temperature have to 

be studied. In case of wind, information on thz charac

teristic and prevailing wind directions, average and maximum 

wind velocity has to be collected. Wind velocities and pre

vailing wind directions ~ave to stuaied in connection with 

disposal of materials emitting dust, from environmental 

protection point of view. The role of the wind can not be 

• 
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neglected in compiling investment costs, either; in case of 

high wind velocities excess investment costs have to be taken 

into account, es~ 0 cially for the high buildings. 

As regards precipitation, annual average, maximum and 

minimum values have to be studied and compared to the cor

responding data of the natural evaporation from the territory. 

On areas where the annual precipitation is restricted to a 

shorter period of the year /monsoon period/, it is reasonable 

to make pro~isions for separate drainage of the precipitate 

water, thus avoiding excess evaporation of the precipitation 

water and saving evaporation steam. 

The proportion of precipitation and natural evaporation 

can affect the water requirement, too. In tropical regions 

the quantity of recycled water from the red mud pond is the 

function of the natural evaporation. In case of higher rate 

of evaporation, the make-up water requirement increases, and 

it decreases in monsoon periods. 

Knowledge of the annual average, maximum and minimum 

values of temperature is necessary from the point of view 

of technology and of the protection of personnel. 

During erection and mounting of the alumina plant, con

tractors, skilled workers and different maintenance work 

are necessary. It has to be investigated cautiously, ~hether 

contractors are available in the vicinity, what is their 

quality,and their facilities and whether the labour neces

sary to the operation is available. The part of the maintenance 

work that can be assigned to constractors has to be estimated. 

All these questions make necessary to investigate fiscal and 

legal regulations, right of labour, as working time, over

time, service requirements, as supply of electric energy 

and water, dining pos5ibilities, boardi~g prescriptions, 

transport of labour force, etc. 

' 
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Parallel to the more and more strict environmental pre

scriptions, disposal and devastation of wastes have to b~ 

considered • 
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11. FINANCIAL ANO ECONOMIC EVALUATION 

The time horizon of the financial and economic evalua

tion is the life of the Project, determined by the useful 

life of the main equipment and, sometimes, by the quantity of 

bauxite reserves, too. In case of alumina plants the life of 

the Project is usually 25 to 30 years. Therefore a dyr.amic 

calculatior is n•:cessary, which has the drawback that cost 

and profit data emerging in different points of time can not 

be compared directly, they have to be transformed for the 

point of time at which the implementation of the Project 

starts, by discounting methods. The result of the calcula

tion gives the net present value /NPV/ of the project. The 

project is profitable in case the NPV is positive. For the 

measurement of the exact profitability of the project, the 

internal ~ate of return /IRR/ is used. 

CAPITAL COST ESTIMATES 

The capi~al cost is divided into three major categories, 

namely: 

Direct Costs 

Indirect Costs 

The sum o~ the two is the fixed capital cor.stituting 

the resources required for constructing and equipping an 

investm~r.t project. 

Working C~pital Costs 

Theycorrespond to the resources needed to ope~ate the 

project. 

I 
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DIRECT COSTS 

Costsof Building and Construction Work 

are based on complex final unit prices obtained from 

the Owner during construction of other alumina plants, and 

gathered in the couree of designers' and contractors' con
sultations. The most important and most frequent items are 

as follows: 
Earthmoving 

Concrete 
Reinforced concrete 

Buildings 
Roofing and siding 

Steel structures 
Heavy and light road constructions 

Railroads 
Construction and sealing costs of red mud pon~ etc. 

Costs of Erection and Mounting of Machinery and Equipment 

These co~~s are estimated on the basis of manhour require

ment and on average hourly wage of erection and mounting. The 

manhours are determined from experience gained during the con
struction of other alumina plants and from data ootained from 

the suppliers of the main equipment. 

The corrected total manhours are then multiplied by the 

average ho~rly wage of erection and mounting. 

Othfr co~ts included in this category are: 
Auxiliary mounting material cost 
Renting fees for mounting machinery 

Vendor's mounting managerial costs 
Vendor's mounting managerial l~cal costs 
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Out&ide battery Limits costs /e.g. Port facilities, 

Water intake, Pipelines, etc.I. 

Cost of power plant and transmission lines from the Power 

plant and the national grid /if any/. 

Cost of acquisition, preparati~n and improvement of 

land. 

Freight and marine insurance cost from imported sources 

to the &ite. 

Cost of uninstal~ed spares. 

Contingency. 

Indirect Cotit include the following: 

Pre-investment studies, preparatory investigations, 

conceptual design, tendering. 

Cost of transfer of technology and know-how, 

detailed engineering design, training and tendering. 

Cost of administration, supervision, construction 

management, living costs of the experts, equipment 

supplies and facilities for plant development. 

Bureau machines, furnishing, etc. 

Cost of start-up and complex trials. 

This contains unfavourable specific consumptions, 

i.e. higher costs during the filling-up and start-up periods, 

when the Al 2o3 is dissolved into the process stream. Addi

tionally, part of the required seed material /alumina hydrate/ 

has to be purchased from external sources. 

Costs of cold, and hot water running tests of equipment, 

electric energy, wages as well as necessary temporary solu

tions or modifications, and the initial filling-up of lubri

cants will be charged to this account too. 
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~ontingency 

Preliminary and capital issue expenditures. 

Remark: ~s soon as the capital costs are summarized, an 

investment schedule is prepared showing capital 

cost emerging in half year periods. 

Working capital costs include: 

Materials inventory and spare parts. 

The value of the materials necessa~y for the continuous 

operation is determined on the basis of the required stock 

and the frequency of the supply. 

Materials in process, semifinist1ed goods /hydrate/. 

On the basis of the material balance and list of 

equipment, the materials in process /NaOH and Al
2
o

3
, 

including A1 2o3 in seed/ are calculated for each 

machinery and equipment and summarized. 

Alumina hydrate stored in the plant /if any/ is 

added. 

Finished goods /alumina/ 

Cash on hands 

Net receivables 

SOURCES ANO APPLICATIONS OF CAPITAL COST 

Sources and applications of capital costs are summarized 

for half year periods up to the point of time of commission

ing of the plant. The most important items are: 

Sources: 

Long term loans /suppliers' credit, financial loan, etc./ 

Short term loans 

Equity /cash/ 
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Applications: 

Fixed capital /fixed assets/ 

Working capita.I 

Financing costs /current liabilities/ 

Sources and ap~lications have to be distributed between 

lor.al and foreign costs, tvo. 

OPERATING COST ESTIMATES 

Material Cos-cs 

In determining the material cost, the specific material 

consumption value~ as given in the material and heat balance 

are taken into consideraticn. 

All prices are calculated on the basis of informations 

gathered from the potential suppliers, transport costs in

cluded. Bauxite pr!ce may include the coe. 1f bauxite levy, 

too. 

Cost of bauxit~, caustic soda, fuel oil, coal, settling 

aid, lime or limestone and water are worked out generally as 

separate items of the operation costs per l ton of alumina and 

for one year. Filter cloth, grinding balls, Na 2s, H2so4 , 

lubricant, diesel oil, etc. r~quired in the pro~ess are 

summed up under "other materials" it~m. 

Cost of maintenance and repair materials are taken at 

say 2 per cent of the capital investment cost of the olant. 

Excess costs are taken into account until the total 

capacity is aLhi~ved /say 3 years/ for the following 

specific material consumptions: 

Bauxite, lime, limestone up to 10 per cent. 

Caustic soda up to 20 per cent. 

Fuel oil, coal up to 30 per cent. 
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T~e sum of the operating costs for each year is taken into 

consideration in the cash flow analyses. 

WAGES AND SALARIES 

The required number of operating personnel is planned 

for a modern and advanced level of technology and plant or

ganization. The basis of the planning are generally 5 man-da)S 

per week and an 8 hour shift per day, i.e. 260 man-days 

annually. The wages are broken down in the following cate

gories: 

Categor1: 

I. Technical and financial management 

II. Engineers, technicians, foremen, booking clerks, 

off ice rs 

III. Skilled and unskilled workers 

IV. Non-skilled workers 

In the cash flow analysis it is assumed that the 

employees are required from the second half of the 4th year. 

As general orientation the total number of employees is 

estimated as follows: 

Alumina production 

tpy 

600,000 

1,000,000 

2,000,000 

Estimated total number 0f 

employees 

600 

750 

1,000 

All wages ar.d salaries include benefits, as NHT. pensions, 

NIS, Health ~tc. 
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TOTAL OPERATING COSTS 

Over and above the material costs and wages, the total 

operating costs include: 

insurance costs, say 0.5 per cent for the total in

vested capital, pro~erties tax on the basis of the area and 

value of the land acquired, and administration costs, say 

2 to 3 US S per ton. 

PROJECT FINANCING 

A Feasibility Study has to be backed by the assurance 

that resources are available for the project if the con

clusions of the study provrJ positive and satisfactory. 

Initial capital inves~ment are covered by equity and long 

term loans /suppliP.rs' credit and loan/, to varying ex

tents, working capital requiremer.ts are met by short- and 

medium term loans from national bank sources. Equity is 

raised by issuing shares that can amount to 30 to 60 per 

cent of the investment. 

I"terest rate of long term loans is generally 9 to 10 

oer cent, that of short term loans above 10 per cent. 

FINArJCIAL VIABILITY 

Sales price of alumina 

As no world market for the alumina exists 4nd con

sequently no world market pri~e for the alumina is avail

able, the expected sales price of alumina has to be esti

mated for the economic calculation of the project. This is 

made in practice on the ba~is of forecasts of the price of 

aluminium and of the exchange ratio of alumina 'o aluminium 

5 to 6 for long term contracts, and fairly constart for 
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longer period~ of time. Besides covering operating costs 

the price has to support debt services and profit too. Low 

alumina prices have contributed significantly to the post

ponement of investment projects of alumina plants in the 

last 5 years. 

DEPRECIATION 

Depreciation charges are calculated on the original 

v~lue of fixed capital, according to methods and rates 

adapted by the tax authorities of the country. They form 

part of the total cost~, are, however, not influencing the 

value of cash flow, only that of the net profit before 

taxation. 
The average depr~ciation time in an alumina plant is 15 to 

20 years. 

CA~ITAL REPLACEMENT 

It is calculated for the replacement of fixed assets 

worn off yearly in an average of 1 to 2 per cent. 

Besides, investment costs of oeriodical expansion of red 

mud storage are figuring also under this item. 

INCOME TAX 

It is determined by the law of the country and may 

amount to 50 to 55 per cent of chargeable income. 

CASH FLOW ANALYSIS 

The ~nf low of funds from financial resources and sales 

revenue must be synchronized with the outflow of expendi

tures and production costs. 

• l 
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A cash flow table has to be prepared for this purpose, 

particularly important in the early years of operation, 

when output is usually below capacity, while the burden of 

debt service is usually the highest. Cash flow table should 

be prepared for all possible alternatives of financing, in

dicating the amounts and timing of finance needed. 

The cash flow cumulative cash balance should never 

become negative! 

NET PRESENT VALUE 

rhe net present valve /NPV/ of a project is defined as 

the value obtained by discounting, separately for each year, 

the difference of all cash outflows a~d inflows throughout 

the life of the project at a fi~P,d, pre-determined interest 

rate to t~e point at which the implementation of the project 

starts. 

wh~~e: Ni is the net c~sh flow of a project in the ith year 

and ai the jiscount ~actor of the same year ob~ained from 

present value tables. 

The discount rate /or cut-off rate/ reflects the op

portunity cost of capital, the possible return on the same 

amount of capital invested elsewhere. The discounting 

period should be equal to the useful life of the project, 

e.g. 25 years in case of alu~ina factories. 

r 
I 
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PROFITABILITY 

For the measurement ~f the exact profitability of the 

project, the internal rate of return /IRR/ is useJ. It is 

the discount rate at which the present value of cash in-

f lows and outflows is equal, and the net present value /NPV/ 

is zero. The procedure used to calculate the IRR is tne same 

as the one used to calculate the NPV. The internal rate of 

return is calculated ~or beth the investment /return on in

vestment, R.O.I./ and the equity /return on equity, R.O.E./ 

and constitutes the best way for comparing project variants. 

SENSITIVITY ANALYSIS 

In the frame of sensitivity analysis, thL rate of 

change of R.O.I. and R.O.E. is determined on the effect of 

revenue, operating costs, capital costs and credit condi

tions. Data are plotted in a spider diagram. 

BREAK-EVEN POINT 

The break-even point is the capac{ty utilization at 

which sales revenue and production costs match each other. 

As for its calculation, certain conditions should be ob

served !e.g. production costs are proportional to, fixed 

operating costs, however, independent fr~m the volume of 

production; etc./ which will not always exist in practice. 

Data from a nor~al year of production are taken. The 

analysis of break-even point should only be considered as 

a tool supplementary to other evaluation methods. 

-~ 
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12. MARKETING 

Prospective up~rowth of the alumi1a market. 

I~ ca$e of alu•ina industry the indirect method o1 marketing, 

i.e. "assesing the curr~nt demand an~ p~ojecting it into the 

future" is not feasible fG~ different raasons and the forecast 

of the prospective upgrowtt_ is or.e of the ~ost embarrassing 

tasks when preparing a Feasibility Study for an alumina plant, 

for several reasons. 

First of all the alumina market is not independent, it 

is connected strongly to the aluminium market and the present 

market policy of the latter - holding back of the investment -

has a decisive influence on the alumina market coo. 

Besides there is no open market for the alumina, the 

majority of the big firms use their alumina for their own 

smelters and therefore the marketin~ and the price of alumina 

is deter~ined in most case& by the business po~icy of the 

firms, first of all of the "big six". /Alcoa Alcan, Alusuisse, 

. 'ech itiey :o Reynolds and VAW/. 

~inally the oil price raise in 1973 had a detri~ental 

effect on the aevelopment of the alumina/aluminium idustry as 

t~e rise of oil price affected seriously the cost of produc

tion of t• is high energy consuming industry and raised 

considerably the costs of investmP.nt too. 

As a consequence of the above, the average successive 

annual rate of increase ~f production of ~ to 9 per cent of 

the years between 1955 and 1975 ~~m~ to a standsttll in 1975 

and the stagnation of production has continued since. The 

extension of the existing pl~nts and building of new plants 

planned for the end of the '70-i~s ha~ been postponed with a 

few exceptions to the first years of the '80-ies. 

-----="' 
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According to the ~pinion of economic investigators, 

however, this recessior. of the ir.crease of alumjna/aluminium 

production is of temporary character only. Though the rate of 

in~rease of aluminium production will be less after 1980 than 

it was before 1975, it might rise again to about 6 to 7 per 

cent per year in the 80-ies and this trend will be kept up to 

the end of the century. 

This optimistic op~nion is ~otivated by several reasons, 

fir~t of all by the fact. that the stagnation of the produc

tion is not caused by market conditions and the 1emands are 

still increasing continuously. The cautios retention of the 

extensions and new investments has lead to a considerable 

decrease of the stocks in aluminium metal even in the most 

jndustrialized countries and this is already animating the 

market. 

Aluminium is still one of the most favoured metals due 

to its low price and advantageous characteristic~ Aluminium 

has high strength, low specific gravity, comparatively good 

resistan~e to corrosi~n and good electric and thermal con

ductivity. It has wide application in the building, packag

ing, aircraft and motorcar industries, and is widely used in 

the e!ectric industry. 

Comparing the increase of the aluminium production to 

that of the other nan-ferrous metals gives a still more ccn

vincing picture of the above men~ioned optimistic forecast. 

World aluminium production exceeded copper and zinc produc

tion, and has been keeping its second place behind steel 

since the ea"ly sixti•s. 

Thus in spite of the present stagnation, the fl; tu re 

growth of the aluminium demand at ~bout 6 per cent rate oi 

;r,crease may be forecast up to the end of the century and 

this may form a reliable basis of alumina/aluminiJm market

ing. 

----=-"'' 



7-95 

PRICE FORECAST OF ALUMINA 

Another· importaLt fact affecting the alumina market is 

that alumina tends to get released slowly from the contr~l 

of big companies. ~hile in the early fifties only 4 to 6 per 

cent of the world alumi~a production was sold and bought at 

open market, this proportion has exceeded 30 per cent since, 

parallelly with the efforts made by developing countries 

possessing large bauxite reserves or abundant sources o,. 

-1 energy to develo~ their national industry. Thus a more realistic 

world market price is expe'cted to be formed par=-l.lelly to the 

increasing share of developing countries in the world market 

\1 
:1 

of alumina. 

The realistic price of alumina in the future can be deduced 

from the more reliable forecasts of the price of aluminium 

ingot on the basis of the usual rate of exchange of 5:1 to 5.5:1. 

As fo;· the aluminium, the es+: ima ted trend of its world 

market price is found in Fig.i.6. 

The chapter on marketing has to be supplemented with 

tables generally containing the fol~owing informations: 

world bauxite, alumina and aluminium production in tne 

previous 5 to 10 years; 

latest bauxite, alumina and aluminium production 

capacities; 

current and planne~ capacity increases in bauxite, 

alumina and aluminium production; 

distribution of alumina production on the basis of 

further processing; 

inter-area seaborn trade in alumina. 

All these information contributes to the reliable detec

tion of favourable marketing possibilities of the produced 

alumina, 

-----· 

• 
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13. ENVIRONMENTAL PROTECTION 

An accompanying phenomenon of the development of in

dustrialization is ~he increase of air-, w~t~r- and soil 

contaminations. These contaminatio~s rise at certain in

dustrial districts to values delaterious to the living 

organisms. Therefore, prescriptions and laws have been 

elaborated fvr environmental protection in more and more 

countries of the world, which must strictly be kept when 

designing new establishments. 

Though the detailed description of the environmental 

protection is not the principal objective of a Feasibilit~ 

Study, still the problem can not be neglected, and a 

chapter has to deal with those siting, technological and 

mechanical solutions which must be considered from the 

point of view of environmental protection. 

In case of alumina production the main environmental 

contamina~ts are: dusts of different solid, raw and auxil

iary material~ /bauxite, lime, lime stone, coal/ and of 

the alumina; injurious so2 and CO content of the 

flue gases of fuels /coal, fuel oil/; dusting of coal

-ash, the waste of coal-firing; soil- or water contami

nating effect of liquor solutions of alumina production 

and of acids used for cleaning of equipments; dusting of 

red mud, the waste of the alumina production,and its soil

and water contaminating effect due to its liquor content. 

Beyond the above, environmental contamination is also 

caused by fecal wa~~e waters. 

In order to eliminat~ or reduce environmental con

tamination, the followings have to be taken into considera

tion for the elaboration of the Feasibility Study: 

_____ ,,, 
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1. It is expedient to d~termine the site of the alumina 

plant in a Tew km's distance from the habitation, on 

consideration of the prevailing wind cirection. 

2. It is expedient to introduce forest belts between the 

habitations and the plant. 

3. Offices ~od maintenance shops within the plant should 

be located far from the ob.iects causing environmental 

contamination. 

4. Raw- an~ auxiliary materials and final product 

susceptible to dusting should be disposed in closed 

storehouses, and care must be taken for avoiding dust 

formation of these materials during transportation 

/e.g. dust exhaustion, minimum slope at transmission 

points, covered convey0r belts, etc./. 

5. Application of effective dust collectors at firing 

equipment and selection of adeqJate stack-height can 

ensure to keep the released Gust and toxic gQses below 

the prescribed value. 

6. Red mud and slug deposits causing dust-formation should 

be drenchP.d with watP.r to prevent dusting. After the 

red mud- and slug ponds are filled, it is expedient to 

plan their rehabilitation for agricultural purposes 

e.g. by covering them with arable soil. 

7. In order to prevent liquor contamination of the soil, 

the territory of the alumina plant has to be covered 

~ with liquor-proof concrete, and adequate drainage has 

to be provi~ed TOr collecting the spilled liquor and 

to re-charge it into the system. 
'. 

8. In order to prevent soil contamination the red mud pond 

has to be selected so that its base soil be formed if 

possible by a natural impermeable layer. In case this 

is not possible, artif!c~al insulation has to be realized 

for preventing the liquor contamination of the soil. 

...,-, 
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Protection of the landscape and of valuable agricul

tural te1·r i tor ies also be long to the frame of environ

mental protection. T~e protection of landscape is parti

cularly important in region& of intensive foreign tourist 

traffic. In such case~ special care must be taken for 

reducing the detrimental effects of industrial location 

on t~e environment. One solution is to surround the in

dustrial site by forest belts. 

-------· 
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14. EXAMPLES OF BREAKDOWN OF INVESTMENT AND OPERATING COSTS 

INVESTMENT COSTS 

For illustration, the breakdown of estimated investment 

cost of a 500,000 tpy capacity is given in the Ta~le 7-I. The 

prices are cRlculated on 1979 price basis. 

The plant is supposed to process a gibbsi~ic/boehmitic 

type bauxite, at high temperature with medium ctncentration 

digesting liquor. The precipitation is performed at relatively 

low con~entration and molar ratio, and the final product is 

sandy alumina. 

Capital costs include all costs inside the fence with 

power plant and a red mud pond built for 8 years of procud

tion. Besides, it includes all indirect costs as design and 

know-ho#, erection &nd mounting, management, training and 

start-up costs, etc. 

Exclud6d are: capital costs of port and port facilities, 

external roads, railway, conveyors, external water system 

power ~ransmission line - if any contingencies and housing 

"olony. 

Indirect costs were calculated on the basis of actual 

.ata of plants realized under Hungarian guidance and on the 

baeis of international standards and regulations. 

Working capital was partly calculated on the basis of 

material balance and frequency of deliveries, partly estimated 

basec on experience. 
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Area 

Terrain correction 
land acquisition 

Preparation work of 
the invest111ent 

Road network inside 
the fence 

Waste water, sewers 

Alu111ina plant 

Alumina storage 

Power supply 

Power plant 

Measurement, control 

!!later treat111ent 

Compressor station 

Yard piping 
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C,\ rTAL COST ESTIMATE OF 5X>,OOO TPY ALUMINA PLANT 

/In ter•• of 1179. pricea. Millio11 USS/ 

DIRECT CAPITAL COSTS 
Bui ldin9 Machinery Erection 
work and equipment and •ounting 

6.0 

1. 2 

0.8 

o. 5 

10. 5 88.8 6 .5 

0.8 0.3 

0.3 12. 7 1.8 

2.1 26.3 2.8 

1.0 1. 1 

2.0 !5.6 0.8 

0.1 1.6 o., 
0.6 4.2 1 .1 

Workshop, stores, garages 1.4 2.4 0.5 

Management and welfare 1.5 1.2 
building, laboratory 

Steel structures 10.1 4.2 
/build in gt 

Red mud disposal 5.8 
/for 8 years/ 

5pare parts 4.0 

Mounting auxiliary 6.4 
materials 

Freight 

Total direct 34.4 164.2 25.3 
capital costs 

t 
1.abl• 7-t 

Other• Tota· 

6.0 

1.2 

0.8 

o. 5 

105.8 

1 • 1 

14.8 

31.2 

R .1 

8.4 

2.6 

5.1 

4.3 

2. 7 

14.3 

5.8 I • I 

4.0 i 
I 

6.4 

4.8 4.8 

4.8 228.7 
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Area Building 
work 

Hire fees of mounting 
machinery 

Manufacturer's 
sup-.rvision 

Design + know-ho,., 
training ab•·oad 

Constr~ction manag~ment 

General project management 

Training costs 

Local costs of manufac-
turer's supervisers 

Insurance 

Cost of start-up, 
complex trials 

Total indirect capital 
costs 

Total direct + in-
direct capital coat a 

Materials stored 

Materials in the process 

Alumina 

Cash on hand 

Net receivables 

Total working capital 

Financing costs 

Total application~ 

34.4 

7 ___ -_!QI 
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Table 7-1 lco~tl 

' 

Machinery Erection Others Total 
and equipment and mounting 

8.0 8.0 

e.o e.o 

1g_4 1g.4 

5.7 5.7 

3.3 3.3 

0.5 0.5 

1. ') 1.0 

2.0 2.0 

3.3 3.3 

14.0 35.2 49.;2 

1154.2 39.3 40.0 277.9 

WORKING CAPITAL .. 
I 

2.7 

5.9 

4.5 

5.7 

7.7 

26.5 

11. 6 

316.0 
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Cash on hand and net receivables are estimated values. 

"=inancial costs were calculated on the basis of credits at 

actual rates of interest. 

OPERATING COSTS 

Total operating costs is the sum of mat~rials cost, 

wages and salaries, insurance cost, property-tax and admi

nistration costs. 

Material Costs 

In determining the material costs, the consumption 

figures are taken from the material and heat balance in

cluding the ~nergy balance of the power plant. 

The prices of materials are average 1979 prices of a 

country having its own bauxite reserves, but importing all 

other materials. 

As regards costs of bauxite production, 10 ~/t were 

taken into account, corresponding to the estimated costs 

of production. It should be kept in mind, however, that 

bauxite levy in some countries can be as high as 20 2/t. 

' 
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MATERIAL cos~s 

Specific Annual IJnit Costs 
Item Unit con sump- con sump- price specific annual 

tion ·.:ion 
per ton /tons/ z UZ/t million z 

B~_uxite t 2.8 1,400,000 10.0 28.00 14.0 

Caustic soda t 0.08 40,000 200.0 16.00 8.0 

Fuel oil t 0.40 200.000 100.0 40.00 20.0 

Limestone t 0.16 80.000 5.0 0.80 0.4 

Other mate- t 1.60 0.8 
rials 

Maintenance t 16.00 8.0 
materials 

102.40 51.2 

WAGES AND SALARIES INCLUDING BENEFITS 

; 
• i 

Category Average Persons Costs on wages 
Z/person/year million Z 

I. 30,000 10 C.3 

II. 24,000 150 2. 1 

Wages and salaries I. +II. 2.4 

III. 6,000 350 2. 1 

IV. 4,000 100 0.4 

Costs on wages /III+IV/ 
r-. 

Total 610 4.9 

UZ/t 9.80 
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TOTAL OPERATING COST 

Taking the insurance costs at 0.15 per cent of the 

total invest capital, and administration costs at 2.00 Zit, 

the to~al operating costs are: 

Material cost 

Wage cost 

Total direct production cost 

Wages and salaries 

Insurance cost 

Administration cost 

Total operating cost 

Zit 

Million Z 

51.2 

2.5 

53.7 

2.4 

0.4 

1 .o 

57.5 

115.00 

,. 
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