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Attachment 1 

General Description of the Bayer process 

for alumina production 
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Al-1 

:?E:>~EHO:.L DESCRIPTION OF THE BAYER PROCESS 

FOR ~LLiMitJA PRODUCTION 

I~ "::""oouc ti on 

Attachment 1 

;-:-.e B.:l)·er process was named after the Austrian Karl Josef 
:::a···-=•· t·1t-.o, while serving as a inanufactring chemist in 
!~·;...,.zsia. filed two patents for the production of alumina from 
3:....1,;ite. 

~~e ~irst of these in 
precipitation of alumina 
al~~inate liquor. This 

1888 described a 
hydrate by seeding 

was a departure 

process for 
from sodium 

from the 
J~'~ i 11 e-Pechiney carbon dioxide precipitation process. 

T~e s2cond of Bayer's patents (1894) claimed a process for 
digtsting bauxite with the sodium aluminate liquor 
~~n~~ntrated from the previous cycle, rather than extracting 
t;.:? .:01._1;:,ina by the Deville-Pechiney calcination of bauxite 
""i ~;, sodiwri carbClnate. 

n,~~~ two discoveries constitute the process used to this de 
for the manufacture of most of the world's alumina. 

T~~ basic chemical reactions of the process are indicated in 

Fi·.J ·•~1. 

Th~ proces~ may be followed in the generalized blo~k-and-line 
flo~heet in Fig.A2. 

Th~ first step, raw material 
tran~portation, 

grinding. 
material 

preparation, involves mining, 
handling, proportioning and 

The seco1•d step, digestion involves the extraction of alumina 
from bau;.:i te- by a solution of sodil;m aluminate and sodium 
hydroxide initially week in sorlium aluminate at elev•ted 
t~mp~ratures. The aluminium silicate with which all bauxites 
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at-~ i::ontaminated to ,>ome degree!' react with sodium hydroxide 
to form sodium aluminium silicate. It is only because this 
so~i~~ aluminium silicate has a very low solubility that the 
Ba);er process can produce the low-silica high-purity alumina 
needed for commerci..sl aluminium production. 

T::.? !:hird major step is clarification. Her& the bauxite 
r~sidu~ (the red mud) is separateo from the sodium aluminate 
·:5ol•..:~io11 t>y sedimentation and filtration. The mud is usually 
•'la:ned continuous I y in counter-current decantation (CCD) 

.,,.·-::...tipr.;ent before being discarded. 

Ii-. ~'-,e fourth step, precipi talion!' the clarified sodium 
= 1L11o~n.:. te solution is cooled to supersaturation and seeded 
,.,~ t!i aiumiria hydrate. After precipitation the hydrate is 
cla~sified, separating coarse product fractions and fine 
fractions, which are retained as seed for succeeding 
precipitations. In most plants the spent liquor from the 
p~~cess~ before being recycled, passes through an evaporation 
cp~ration to remove the excess dilution added as wash-water 
i ·, various steps in the process • 

Whild the basic process has remained unchanged since Bayer's 
inveqtions nearly one hundred years ago, there have been a 
.-,L·•;•tler of modifications and improvements. 

The·:;e developments have been largely determined by: 

a) the physical, chemical and mineralogical characteristics 
of the ores 

b) the economics of materials (and equipment) used in the 
process, particularly bauxite, caustic soda, and fuel, 

c) environmental imp~ratives and 
d) product quality desired by the manufacturers of 

aluminium. 

Req~ireJ Propertles of Alumina 

A!u~inium is produced ~xclusively by the 
· ... ·due tion of alumina dissolved in molten 
c.air·bori is .some form as electrodes. This is 
Hall-Herault process discovered in 1896. 

electrolytic 
cryoli te using 
th• well-known 
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Figure A 1 

BhSIC REACTIO~S OF BAYER PROCESS 

Al 2o3 .H 20(S) + 2NaOH + 2H }.o Digested at 23o0 -2ao0 c 
__,_;:.. 

2Na[Al(OH) 4 ] ( 1 ) 
-E---

(Boehmite or Diaspore) (caustic Soda) (Sodi\lt\ Ali.:rninate) 
> .... 
I ____.,. 

Al 2o3 .3H 20(S) + 2Na0ll Digested at 110°-14s0 c 2Na[Al(OH) 4 ] ( 1 A) w 

~ 

(Gibbsite) 

2NalAl{OH) 4 J Precipitation S4°-6o0 c 
____.,. 

Al 2o 3 .3H 20(S) + 2NaOH ( 2) 

~ 

P.l 203" 3U 20 (S) Calcination 1000°-1200°c -~ Al 2o3 (S) + 3H 2o(v) (3) 

(Gfobsitc) (1\hrnina) 
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For most of the commercial applications of aluminiL1m. for 
example in the electrical industry and for the proci~;.::::tior. of 

alloys to very close specifications, the metal 1nust be of 

high purity. Because of the high energy of f0t-1ilc?tion of 

alumina as compared with the oxides of the c-ommon metals, the 

latter, if present, would be reduced to metal Ltnder· the 

electrolysis condition and therefore it is not pos~ible to 
produce pure Metal in one operation by redL.ction of an i.r1pL1:--e 

ore. Hence a very careful control on the quality of the ffiain 
raw materials, alumina, carbon, cryolite, and alum.ini:_,;n 
fluoride, is necessary to be able to meet the nori•:~l 

production grade of 99.B 7. plus metal. 

The most critical impurities are silicon and iron and th:_ .. 

main difficulties in manufacture of aluraina arise from tn-=: 

necessity to keep the percentage of these elements to ver\ 

Stnall values. 

Titanium and vanadium must be controlled to give CQnd•-·=~ivi.t-. 
grade metal, and soda and phosphorus affect t.ne •~·c- t.t• 

operation, the former by disturbing the flu:{ cor..po::::i ~ic·r­

which must always be kept close to that of cryolite which .i~ 

3NaF.AlF of the electrolysis. 
': 

A typical analysis for reduction grade alumina is give~ ir. 

Table Al. 

Al 0 98.5 -99.4 'l. 
~ 3 

Na 0 
2 

0.30 -0.65 7. 

SiO 0.015-0.025 7. 
2. 

Fe 0 
2 3 

0.010-0.025 7. 

TiO 0.001-0.005 'l. 
2 

v 0 0.001-0.005 'l. 
1 ! 

p 0 0.001-0.002 'l. 
l I 

Ga: 0 3 . 0.005-0.008 'l. 

Cao o.os -0.10 % 

Loss on ignition 0.05 -0.50 ;. 

l'1gO 0.001-0.003 ;. 

ZnO O.OrJS-0.020 7. 

so 0.001-0.020 I. 
:J 
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The physical properties affecting the perfor~ance of the 
reductio~ plant are, degree of calcination (th~t is. the 

extent to which the alumina has been converted from tnE 
active kappa form to the non-water .absorbent alpha form with 
associated recrystallisation), the angle of repose (Nhich 
affects handling 
distritution. 

properties), and the grain size 

There is a broad difference in practice betwe~n Europea~ a~u 
American producers. The traditional European plants me.•=~ 

so-called floury, while American producers mc-ke s?ndy 
alumina. There are lots of qualities between the two 
traditional ones shoNn in Table A2. 

Comparative Table 

SOME PHYSICAL SPECIFICATIONS OF TYPICAL SANDY At;[; :=-:_c .. u.~ { 
• ALUMINA 

• 

• 

' 

Parameter!' 

Loss on Ignition (LOI) 

Specific Surface Area 

a. Al 0 
~ 3 

Bulk Density 

Angle of Repose 
+ 100 Mesh (149 µm) 
- 325 Mesh (44 µm) 

Typical 
Floury 

0.3 'Y. 

5-10 mZ/g 

60-70 % 

0. 95-1. 0 t/ml 

40-45~ 

0.1 'l. 

50-55 'Y. 

Typical 

Sandy 

o. 9-1.:: 7. 

40-4~• r · I•,: 

20-:.c: ~-

0.88 t/m 

2-E. i. 

6-10 f. 
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Raw Materials 

Alumin;_um is the third most abundant element in th~ 

crust but only a comparatively small proportion 
aluminium minerals can be used commercially 

ecir-tt. · s 

.:if !:he 

~or 

production of alumina. The patent literature teems ~ith 

ideas for making alumina from clay or feldspatt-.ic ty~:- uf 
mineral but in practice virtually the whole of the alu~ina 

for metal production is made from the hydr~ted alumi~a o-~~ -

~he bauxites - usjng the classic Bayer process in Gne cf it~ 

forms. 

The Bayer process depends on the variations in ;;;oluuilitt' c.f 

hydrated alumina in sodium aluminate solutions ~ith ch~n~~ cf 
concentrations of soda and temperature; the solu~ility a~ tre 
alumina varies widely according to the particular h'!::··--·:~e 

cof'\cerned. Alumina occurs naturally in baw-:ite in tr.e 

cf the trihydrate gibbsite or the monohydrate (coe~~ite 

diuspor). Alumina in the trihydrate form is r:,'-ict. 

soluble t~an monohydrate alumina in aluminate sclutiGn~ 

given soda concentration and tempel""ature ano r-.~-·ct? 

: .•• --· t"Jf ••• 

;::.:re 

of 

commercial extraction process varies very gre~tly. depeG~ing 

on the particular ore. 

The main large deposits of bau>:ite are in 

(Queensland, Northern Territory and West Australia)~ Jam?1ca. 

the Suianas, Ve.,ezuela anci Brazi 1 in South Am:?!'" .i.cc.. ~.~>:. t 

Africa (Guinee, Ghana and Cameroon). Vietnar. •• In::~~ -= ...... 

Indonesia in Asia and Europe. 

Table A3 gives typical analyses of ores from aiff~rF~~ 

regions. Table A4 shows some minerals occurr1n9 ir. t:;.:.u::!t<: -· 

The first point to note is the low 
Every unit of combined silica 
kaolinite o~ halloysite) reacts in 

combined si l .;.c.:- -::on t·~ ;·,-::.. 

(i.e. silica ~res~nt as 

the extra;: ti on p:-c;,ces':i. to 
form an inscluble sodium-al uminiwn-hydro:. i 11.::::: ~-F· .c.•-:' 

approximate composition 3(Na.D.Al.0 .• 2Si0 .. 1-::H 0).l~c; 1 • 
~ .. ·~ . . . 

where X:coz-,20H-,2Al0 ,so~-,etc. and cons..-qL1e:1tl, rr.-OL•=e~ 
0 ~ 4 

the possible alumina yield and takes soda from the = 1rn11 t.. 

It is rare for ores of above 5-7 X SiO to be ec0n~m~c. ln~ 

percentage of quartzitic silica is import~nl. Cu~rt~ i~ 
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present in significant quantities in the South American and 
Australian ores but it is vertually absent in thE European 
and Ghana ores. Its signific~nce is that unaer tne 
relatively severe conditions requirec1 to atti\cl-: boeh.:.i te 
bauxites the quartz is attacked in a similar mann2r to the 
combined silica, increasing the soda and alumin~ lns~es. 

The second point is the loss on ignition is relc.ticn to ':he 
alu.r.ina content. The broad difference between the ELTCr:>e:?.n 
ores (i.e. from temperate regions), which arR pred=min~~tly 

boehmite monohydr~te, and the ores from the tropical reg1cn5, 
which are mainly trihydrate gibbsite. should be r.;:;tea. The 
Jamdican and the Gueensland ores hdve relati~Elv ~~w~r 

hydratior. than the South American indicating a ,;.i;:eo tr-i- c;nc! 
monohydric ore • 

The percentage of other constituents, in p.:.r- tic•_; l :3r : :--.::.;-1 

oxide and ti tania, is significant as affecting th~ .:.,r.o;_;:-1~ .::Jf 
residue produced • 

The other basic raw materials for the process are ~=j~ 
(either as caustic or soda ash) , 1 ime, and water. Th·:.. c.u.o ~ - -: -:. 
cf process water is not critical • 

ANALYSIS OF CHARACTERISTIC BAUXITE GF:ES 

France Ghana Guyana Jamaica W2ipe Gc:.v: ~- ._· J ~. e .,_ 
SiO combined, 'l. 5.0 1.2 3.0 2.5 3.0 :::.c ... •l..J ! 
SiO quartz, 'l. 1.5 ~. c-· (; .. ; 

~ 

Al 
1 o,' 'l. 54.0 54.0 59.0 50.0 59.: .- - .- --·· . ~. .. - . ' 

Fe 0 7. 25.0 16.0 3.0 19.0 7. lt • ,- < 

' .l. ~ • _.\ - ..... ~ :. 
TiO 2 , 'l. 3.0 1.8 3.0 2.5 -. It: -. -· ., 

L.O.I., 'l. 11.5 27.5 29.5 25.0 26.0 -. - r -- ·. 
L•t • •-• - .. •. \J 

Al 0 
Ratio 

. '· 10.8 45.0 19.6 20.0 .!. c;·. 6 .! .i;. -. r • 
__ .... _~---
comb.SiO~ ~· ' . ._ 

Moles H 0 1.13 2.9 2.9 2.B :.: • 5t"· ;~.7e, - ' 
.. ·-· ... -·--

Al 0 . 0 
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Table A4 

SOME MINFRALS OCCURRING IN BAUXITES 

Gibbsite 
Boehmite 
Dias pore 
Quartz 
Kandites 

Al(OH) 
;i 

AlO.OH 
or Al 0 .3H 0 

2 .- -
or Al. o _ .H_ o 

AlO.OH or A 1 .. 0 r • H. 0 
SiO 

... ~ . 
2 

Al Si 0 0 (0H) or Al Q .2Si0 .~H 0 
(kaolinite, nakrite, 
Halloysite 

4 .;1 = :.: ~; 
dickite~ metahalloysite) 

Hematite 
6oethite 
Al-Goethitc> 
Calcite 
Anatase,Rutile 
Crandal lite 
Apatite 

Chamosite 
Smectites 
lllite, hydromuscovite 
Lithiophorite 
Muscovite 
Siderite 
Pirit~, Marcasite 
I lmri!ni te 
Zircon 
Hausmannite 
Etc. 

AI,Si,010(0H)s(H20)! 
Fe 0 

2: ~ 

FeO.OH 
Fe Al O.OH 

1 -x x 
CaCO, 
TiO 

: 
" 

CaAl CPO ) (OH) .H 0 
: 4 ~ s : 

Ca (PO .CD )CF.OH.Cl) ; 4 . ~ . 

(Fe~+, Fe:i +•Mg~ A.l); (Si~ A~. C, r 1 (,:-I 1: 

(Na, Ca} (A 1 , Mg ) Si.;. 0, c. c GH : : • r. h ~ C 

(K,H;O)Al
2

[(H
2
0,0H):AlS1:0:

0
] 

(Al ,Li) (Mr.0. ) {CH). .. ~ 

KAI CAlSi 0 )(OH.F) 
2 . I 0 : 

FeCO 
3 

FeS2 
FeTiO 

J 
ZrSiO 

4 
MnO.Mn 0 

': 

Most bauxite occurs near the earth's surfaca and t~~r£rcr~ 
mining follows the usual open cast method. Th~ pnv&i~~l 
nature of the ore varies greatly. European and W~st ~fr1c~n 
ores are moderately hard rocks, but Jamaican ore i~ cf eartny 

nature with . fundamentally very small ~article size: the 
Queensland ore is unique in being in the form of D~llut~. 
Some bauxites (for example, Ghana and Gueensland ores) c~n 
with advantage be beneficiated by screening and w~t~r wa£h1ng 
which removes the clay-like high silica fractions. lWE-;·. f ... w:. 

the Caribbean and South America are always part1~llv ~r1e~ 
before shipment. 
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The alumin~ cycle 

The alumina c:yc:le consists of two parts, namely!!' the s::l•_:tion 

of alumina from the ore and the deposition of .aiun.: '~ :n.•:n 

hydrate from the liquors. At both ends of thE system. _,.i..,.nt 

design depend~ on the solubility data of the ~articular 

hydrate concerned, in caustic: soda liquors. 

The solubility of gibbsite, the alumina trihydrate, 
greater than that of the alumina monohydrates, i.~. bc~~K1te 

and diaspore. Figure A3 shows the solubili-::.·1 c.:.~a foi­

gibbsite, boehmite and diaspore, 1r.ea.sured in S\·nt;-.i:::i= 

solutions • 

Speaking generally, the more alumina one can tot.~ ~ 1~c1 

solution par unit volume of liquor the smaller the 

unit wi 11 be. In a plant using boehmi te ~re tt-.en,• 

theoretical limit to the temperature that cc-.r. b>:: 

Higher temperature means higher pressure e.nd her.-=e- ~ .. : -;r~...-
costs per unit plant volume. On the c~her hand. tl1= :-:.-1.~r 

the temperature the lower the concentration of :=od.;. ;_;,::': =-=; 
be used. The c:hoic:e is an economic one. 

From Fig. A3 it is seen that the uppe1- tempe:ratw·-e lir..1l f~. 

gibbsitic bauxites is about 150 °C. This is becaus• at 

temperatures above this a hydrotherm~l trensf~rc.2t1G L: 

trihydrate to monohydrate occurs in alkaline iicu~r~ 

therefore a solution approaching saturation with resp:=: 

trihydrate wi 11 be unstable with reference to mor.oL·, er.:-. v. :. ;-,.;; 

boehmite .. 1111 separate out. This sets an imp=·:-t.~1:t _ ;::~.:·: 

temperature limit cf about 150 'C on a ple.nt tr-eat1 .. ~· ~· 

trihydrate ore and which utilises the high de~re~ o: 

solubility •• 

For monohydrate digestion the trend of incr eas1n~1 ~ . .:..u£-. ·- .:.'.:1~ 

temperatur~ represents a determinative: factor. t·:o1.;.:•.da•; ~ t ""' 

optimum digestion temperature for boehmi te lays in thi::· r .::.r gt.:· 

of 240 to 250 °C. Digestion at higher- ten.per-a t.ur-P.>. 

ranging from 260 over 280 to 300 r·c, howe,,,e:·. '~'· r,c. 

economically be performed in the autoclave.- syster. •. V1ge::t.1:;r 
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COl•St. Na20 

A/C 
ratio 

• • 

• Al203 
rnolar ratio 

1.203 
.80 ... 1 STABLE SOLID PHASE 

(Al(OHJ) 
GIBBSITE 

1. 374 .700 

1.924 .500 

2. 405 .400 

3.207 .300 

• • • ~ , 
• 

-~~STABLE SOLID PHASE 
IAI OOH) 

BOEHMrre 

,-, .,...,..- y < __... 
~ ~;: 

~/ 

""-"/ 
// 

/ / 
4. 81 .200 y I -f I ' I /I I I I -t I I I I I I I I I I 1 

10 "J go 100 110 120 130 140 1 so 160 110 1 ao 190 200 210 220 231 240 250 a>o m 200 290 ° c 

Fig.AJ 

• 

EQUILIBRIUM A/C RATIOS IN SYNTHETIC LIQUORS FOR Gl88SITE,BOEHMITE 
AND DIASPORE IN THE FUNCTION OF THE TEMPERATURE AND CAUSTIC C~CENTRATIONS 

> ... 
I ... ... 



• 

• 

• 

' 

• 

• 

• 

Al-12 

at these temperatures can advantageously be c.:orried out 

merely by the use of the tube reactor. In ~ddition to the 
intensification of the digestion process (short f"ete~tion 

time, low molar ratio, i.e. high A/C r-atio, alu,-:iinc. y1 e~d 
close to that of theoretical), also hath the inhe:rent 
inv~stment costs for the equipment and the energy co01st•mpt.a.on 
diminish considerably. 

Increasing the number of flashing stages for a given f1nc.l 
digestion temperature helps to increase heat efficie~cy. 

On digestion, the main adventages of the tube aige~-:ion 
system are: 

1) elevation of the digestion temperature 
2) decrease in energy consumption 
3) reduction in investment costs 
4) higher alumina yield and 
5) si~ple maintenance. 

By incr-easing the temperature the amount of flashed ~?t~r ~~~ 

be high enough that evaporation can be omi ttt=d i 7 !:" ... c; ! l 

c!l•T;ounts of red mud (e.g. 0.5 t/t alumina) f~rr.. c.f :.;-,e, 

bauxite. Also, owing to the piston-like strea- of the sl~rr~ 

in the tube digester, the uneven holding-time ;"";r-,1c:-1 c_."'·~ .. ~ 
distrubs the digestion in autoclave series) can ~~ ~in~~~:Ed. 

Due to the higher digestion temperature 
properties of the red mud are improved, 

the sett:1ng 
therefore tne 

underflo.t solids concentration is higher, resL,lt.;..-,g 
dissolvec caustic soda and alumina losses • 

; -

Despite of the advantages of the tube digestion s~s~e~. 1~~ 

use is limited to the Stade plant in West Genrr.:Hi'.1 ,;:.nr_ ; r10? 

Mosonmagyarovar plant in Hungary. The answer app~r~r!tl' -ieE 

in the fact that: 

a) the advar1tages of the tube digestion are in r "i:5p.;:;= t of 

the high temperature digestion and 

b) the main expansions (viz. Australia, Braz1 I, ··.·~r1l=:.L .·1c:-'• 

have been 'low temperature plants' • 
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lhe Soda Cycle 

The next cycle is the soda cycle. This reiativ~ly Sl~µl~ 

cycle is shown, in principle, in Fig.A4. 

The main loss of soda from the liquor circuit is ti--ae ..:t • .:o: .;..~al 
loss a.t the extraction plant, due to reacti.o;-, l·.~ U. the 

combin~d silica in the ore to form the almo:;t inso.:.ut.le 

triple zeolitic type of t::ompound. This, ultimately~ goes c•_at 
of the system ,.,ith the red mud residue • 

In addition to this fixed chemical soda loss, the muc. as 
disposed of, always contains some adherent soda li.:;..ior -.;._ -_· ;:c. 

incomplete washing and also due to soda absorb~d bv tt-.e .r.ud. 

The extent of this physical loss varies cc;1:.ic.;:.:, ='~ l y 

according to the method of disposal of the mud. 

Next there are inevitable losses of liquor by l~c-kagE;:;, tc:.r­

example, from pump glands and general spillages~ an~ fin~ll,~ 

the loss of soda in the hydrate. This consists c,-; r.-.:. r._ • .:: •• ~= . 
the soluble soda, i.e. entrained liquor, which car, o.:: ~ ._;:':. 

down to a .,ery low vahae of 0.01 '1. on '.:he hycira~e. il> :;,:..:;.:. 

washing techniques, and a much larger fixed sod~ l~~~ c~ t~~ 

order of 0.2-0.4 '1. on the hydrate. This soda is tr.~u~:·,: ~c­

be locked up in the hydrate crystal lattice. Tt'1c '°'ct ... i~: c- _;.,Jr. 

content depends on the alumina potential during de='=·"·P=>Sl: .:.on 
and is controllable within limits. 

Overall these soda losse~ from the circuit must b? 

addition of fresh soda and this can be addeo 
.;.::-~£: '-: 

caustic, liquid caustic, or from a soda-ash lime- c:.1..•;.t:::::1.; 

unit on the site. The choice is an economic one. SE~~r~~& 

causticising adds to the residue and cannot be carr J.e-~ ;::. 

more than about 90 'l. efficiency. Solid caustic J.n· ... cl ve::. 

t -- _,_, 

least introduction of water into the system .;.s i ~ c=.·, ti'=' 

dissolved in process liquors. 
pay the alkali supplier for 

problems are obvious. Liquid 
and it is widely used. 

On the other hand~ or.;::. :-ia• t.c 

evaporation and tt1£: ;-,=";•Cl~ .l.ng 

caustic is the most ccnv~~-~nt 

The actual consumption of soda expr~ssed at 100 . , . 
soda ranges from about 4-16 '1. on the alumin.;;. madt-. ae~.-:."Jt.>nt 
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on the silica content of the ore. Since caustic cost~ i~ the 

region of USS 200 to 300 per ton is 1988, th2 inp~rtance of 

having high alwnin-s to silica ratio in the ore is ob.riou:;. 

Silica Cycle 

The control of si 1 ica in the circuit is important to ensLc~e 

the required purity of the alumina. Figure AS ilh1:trrtes 
this cycle. 

Silica exists in bau:-dte in two main forms • 

reactive silica, as minerals of the kacli;,ite type \•1:--.~ch are 

readily attacked by caustic liquors with solution cf =~I:c?. 

This attack is very rapid under the extraction c~~cit~o~~-

Secondly, sili~a exists as quartz 

attac~ed by caustic liquors at 

increasingly attacked at higher 

corresponding loss of alumina anG 

which is not re~=-:1 

low temper.:. ~L•res 

temperature5 

soda. The ,.._ .. ----
~,_.-·. ~- .in 

Northern Australian ore is an intermediate nature • 

distributed, and although unattacked at 140 ·=c~ it i~ -::~0--1.i·.-

attai::ked at 190 "C when monohydrate is being e::trc.c t.""°d 

per hour). Where the quartz is in a relativel·/ m.:.<::o:.lve 

as, for example, in Guyana ore, it is not ~ttac-~~ 

'. :c . ,- .. --. - ...... 

extracting the ore for trihydrate at 140 ·- C ar.c cc.r. t.<: 

renaoved from the system as a coarse sand. In Gui nee? ::.au;:: te, 

on the other hand, the quartz is very fine grc;in. un1for;~~v 

distributed and is appreciably attacked even at i:D :c . 

Simultaneous!}' with solution of the silica, de:oil.l:...:·:i-:--r. :.,f 

the solution occurs by deposition of the relativel: i~s~!u~lt 

triple compound. The most likely composit.lc~ ~f ~~~ 

desilication product, i.e. sodium-aluminium-~.oros: . .lc~~~ 

formed during the digestion proc~ss i: 

3(Na
2 

O.Ali O~ .2Si0
2 

.1-2H• 0) .Na
2 

X ,where X :co=,- .20h- .:.:;dO .S_ 

etc. The rate of deposition is accelerated by tnE ~· ".::-sE":-·':t-

of the triple compound in the sol id phase ac tir.g ;.s '"' ::<.>e-c 

•nd by high temperature. 
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It is necessary to reduce ttw silica in the liquor passing to 
the decDfftposer to such a value that contamination of the 
hydrate produced during deco.position is minimised. This 
desilication process is only partially completed in the 
digestion plznt unit and it is completed during settling. In 
practice the ai• is a figure of not greater than O.S-0.6 g 
Si0

1 
per 100 g of caustic soda in the solution. 

An interesting point is that with some very high grade low 
silica ores the quantity of the triple compound is so low in 
relation to the liquor volume that d~silication rate is too 
slcnt • 

The chemical reactions of the silica also affect the scale 
deposition on the bauxite slurry and liquor heat exchange 
surfaces. That is why a predesilication process has been 
introduced when indirect heating is applied in the digestion 
unit. 

The Red Mud System is, of course, not cyclic, as the 
is to get rid of the mud from the cycle. This part 
proces~ has an enormous influence on the plant cost, 
location, and product quality • 

object 
of the 

plant 

The composition of the sand fraction depends on the ore. tt 
can contain qualite an appreciable amount of quartz 
Guyana ore, or be pr-edominatly iron oxide if from 
ores. Due to its size, > 250 mesh, (63 µ•) and its 

as t:·om 
European 
physical 

nature, it has a relatively high settling rate compared with 
the tAain bulk of mud and can, therefore, be readily separated 
in continuous settling equipment. It is practice to use a 
conventional bowl and rake classif 1er, although wet cyclones 
and hydroclones have been used in some plants. Some of the 
wetting liquor can be removed from the rakes by spray 
washing, but it is very difficult to achieve good back 
drainge of the wash. The sand is usually collected in a 
hopper and dumped by truck. 

Separation of the red ~ud from the alumina-rich liquor is 
carried out by sedimentation followed by control filtration • 
In this process there are two -.in objectives. Firstly, to 
produce a rich aluminate liquor sufficiently free from 
•uspended solids to prevent contamination of the hydrate 
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deposited later. The standard required is very high. 
•entioned in discussing decomposition, the depusition 
alumina in the decomposers is of the order of 60 
solution. If the solids in suspension were say 5 ppm this 
would correspond to 0.008 % in the alumina m3de and with 
Fe

1
0

3 
content of about 55 % in the mud, a contribuution of 

0.005 to the Fe 0 in the product (c.f. required level of 
2 3 

As 
of 

g/l 

0.012 in alumin~). The second objective is to remove as much 
as practicable of the adhering liquor from tt.e mud before 
disposal, using the mini111Um a1ROunt of thP wash water. 

The mud always possesses soate degree of flocculation 
depending on the type of ore and extraction conditions but it 
is universal practice to increase this by addition of starch 
and/or synthetic flocculants. 

The traditional design of thickener was originally used~ that 
is, the multiple tray unit with all trays in parallel and 
comnten mud offtake, but the modern tendency is to use large 
single-tray units which are much easier to clean and control. 
A successful design used is to have the arm carrying the 
rakes above the liquor level, the rubber-blade rakes being 
attached to hanging rods and freeto trail along the bottom. 
Mud offtake can be either at the centre or from side outlets, 
and i_ is common to control the outflow by a timer. The mud 
is usually washed in a counter current washing system. 

The tendecy is to use single tray units instead of multitray, 
to obtain better control of efficiency. The number of stages 
used is an economic balance between capital cost, cost of 
soda, and cost of fuel for evaporation of wash water. Five 
or six stages are common but some plants use ten. 

Water Cycle 

Washing of the residues to avoid loss of soda involves 
addition of ·water to the circuit and obviously there mu5t be 

a corresponding re•oval sont1twhere. ~igure A6 sho~s in simple 
for• the water cycle. 

Water enters, in the ore as free •oisture and 
hydration of the alu•ina, for •ud washing 

as water of 
general floor 
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and for hydrate washing. It is rt:!'mu''ed as moisture 
and a.Jd, and as free moisture and '"'"'ter of 

in the hydrate filter cake, ultimately lost during 
calcination • 

By far the doainating factor is the water put into the 
circuit for aud washing, which amounts to three to four cubic 
metres of water per ton dry mud, if no red mud filtration is 
used. To preserve the water balance soge form of evaporation 
plant is necessary. For this purpose conventional 
evaporators or flash evaporators can be used. The usual 
practice is to evaporate liquor returning to the e::tract.ion 
step in conventional multistage evaporators. The e·.-apotation 
rate and the type of evaporator is determined in ccnnention 
with the heat economy of the process • 

At the extraction end of the cycle high te!!.perature c.md 

relatively high soda strength is required to dissolve ~he 

alumina and at the other end a low temperature and wec.~:er 

liquor is required to obtain as big a deposition of hydrate 
as is economically practicable • 

Liquor Impurities 

There is one more vital cycle-this is the liquor impurities 
cycle. The main impurity in works liquors is sodium 
carbonate produced by degradation of organic matter in t~e 

ore, and from the raction of the· calcite and dolomite content 
of bau~ite with the caustic liquor. Liquors in European 
plants usually contain about 12 7. - 15 7. of the total soda in 
the form of carbonate. The pick up of carbon dio::ide is 
quite considerable where open red mud slurry ponds are 1.1;;ed 
an6 this enters the liquor circuit in the pond water us~d for 
mud washing. 

Bauxite contains many elements in small quantities end 
several of these form soluble compounds when treated "'i th 
caustic and appear as sodium salts in the liquors. The 
liquors contain vanadates, phosphates, arsenates, f luorid~s, 
gallium and a few other inorgar.ic salts, and several kinds cf 
organic compounds from the organic matter in the ore • 
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All these impurities tend to accumulate in the liquors and 
hence the use of some purifying processes may be necessary • 
The balance is usually maintained by treatment of part of the 
liquor with lime which precipitates the acid radicals as 
calcium salts. The particular liquor chosen and tne quantity 
treated must be such that the carbonate and other salts 

causticised are suffiecient to preserve the balance~ while on 
the othe• hand, simultaneous losses of alumina due to calcium 
aluminate formation are minimised. 

A portion of this lime sludge may return to the clarification 
filters as filter aid and ultimately all the sludge arri~es 

in the mud washing circuit for ultimate disposal. 

In plants treating monohydrate or the extraction liquor 
concentration must be upwards of 150-200 g/l caustic Na.0 a~d . 
when producing this in the evaporators some of the carbonate 
is thrown out of solution. Part of this remains as a depo:it 

on the tubes and consequently gradually reduces the heat 
transfer coefficient and it is therefore necessary to w~sh 

the tubes periodically, perhaps every 96-120 hours • 

• Conversion of Hydrate of Alumina 

The final stage in the production is the conversion of the 
Bayer hydrate to alumina. This is done in rotary calciners 
or stationary kilns fired with either fuel oil or natural 
gas. 

The product slurry originating from the deceomposers is 
filtered on rotary disc or drum vacuum filters using either 
metal or, recently, polypropylene cloth. The cake is sprdy 

washed with condensate and the final cake contains about 8-12 
% of free moistu~e. This, together with the combined weter 
in the hydrate, gives a furnace feed. 

The physical. and chemical changes that occLr in the 
calcination process are subjects of a num~er of p~pers. 

• Br~efly, the first effect in that of dr)ing off the free 
water and the next is dehydration nf the trihydrate to 
dehydrate alumina. This occurs over a range of te~per~ture 

of about 180-600 °C. 
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The rate of release of the water at this stage is so rapid 
that self-fluidisation of the charge occurs in 
of the kiln. In fact the hydrate appears to be 

this section 
boiling and 

flows like water and one of the main arts of kiln design is 
to control this process. It is usual to provide a 
desiccating section, unlined and fitted with alloy steel 
lifter plates, eas baffles etc: to promote heat transfer. 
The remaider of the kiln is lined with relatively high 
alumina brick and is provided with a number of brickwork dams 
to retard the rate of p3ssage of the alumina down the kiln • 
The dehydrated alumina in the middle portion of the kiln is 
principally in the form of active alumina and this persists 

up to a temperature of 900-1000 °C. Further calcination up 

to 1200-1300 °C converts this to the non-absorbent alpha 
form, i.e. fluory type alumina. 

Alumina calcined up to about 1000 °C retains the physical 
nature of dry hydrate, is runny, and has A low angle of 
repose but during conversion to alpha and further heating, 
physir-al changes involving recrystallisation occur which ledd 
to a more fluor-like product of higher angle repose. 
American reduction plants prefer the "sandy" type which may 
contain up to 1.5 % residual water but tra~itional European 
users demand the floury non-absorbent product. 

Many alumina works produce alumina for other purposes than 
reduction (for example, for abrasives arid refractories) and 
for these the kilns must be run under specially controlled 
conditions to ensure the Cl'rrect degree of recrystallisation. 

Because of the boiling phenomena and the general physical 
size of materi•l, the exit gases have a very high dust 
content, and an elaborate dust treatment plant is absolutely 
essential. The gases are first passed through multiclones, 
then the · suction fan, and finally, electrostatic 
pnrcipitators • 

The dust is recycled b•ck to th• kiln usually mixed with feed 
hydr&te. The dust recirculating load c•n be 2-1~ times the 
kiln output. 
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The hot alumina is coolea in recuperator coolers, often of 
the satellite type!' with supolementary water cooled tubular 
of fluidised coolers, scree.,ed and transferred to b•tlk silos • 

The newest constructions are the fluid bed calciners and the 
so-called gas susrension calciners. The benefit of these 
types of calc.iners is the lower er.ergy consumption, but the 
breakage of the hydrate during calcining is higher than that 
of in the rotary kilns • 

Measurement and Control 

There is, of course, considerable use of instrumentation and 
automatic control techniques. These are very much affected by 

the tendency of many of the plant liquors to deposit scale 
and special designs are required to ensure continuity of 
operation of the sensors. 

Detection of level is best carried out by reaction or a 
differential pressure cell, the tappings 
purged by non-scalling liquors, water, 
detection is carried out similarly • 

being continuously 
or air·. Pres='-lre 

Liquor and slurry flows can be measured using 
flowmeters and there are and reasonable 
radiation density meters for measuring slurry 

electromagr'letic 
successes w;th 
consistencies. 

One important property of alumir.ate liquors is that the 
boiling point elevation at a given soda concentration is not 
affected by alumina is solution nor by solids in suspension. 
Henr.e it is possible to monitor soda concentration, for 
example in the evaporator plant, by means of a differential 
thermometer • 

The key point of control is the correct proportioning of the 
ore and liquor fed to the extraction plant • 

There is a tendency towards using computer control of the 
circuit but, so far th• normal practice is to have a number 
of individual control rooms, ~uch as for extraction, mud 
separation, •vaporation, and calcination. 
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Attachment 2 

1. ORIGIN, CHEMICAL AND PHASE COMPOSITION OF SAMPLES 

In this report the processing of characteristic samples 
1u;-:il and IC'S-3 are reviewed . 

The lumpy bauxite samples marked ICS-2 and ICS-J amounting 

to 10 kg each have been crushed in a jaw crusher first 

then in the hammer mill and finally ground to less than 

90 1um in a ball mill. Their grain size distribution is 

indicated in Table ri2-1 and Fig.A2-1. Grinding fineness 

was chosen to be 90 1um because this grain size is yet 

sufficient for the digestion of di2sporic bauxites by 

the Bayer process and the soda-lime-sintering of the sa~e, 
respectively, too. Instructions of the Soviet pyrogenic 

plants determine this parameter by specifying the 88 1um 

sieve residue to be maximum 10 %. Chemical composition 

of these samples are given in Table A2-2_ the phase co~po­

ai tion, however, in Table A2-3. 

It can be established that while sample 2 can be regarded 

as good quality bauxite /M = 6.89/, sample 3 represents 

poor quality ore /M = J.77/. Iron content of samples parti­

cularly that or sample J is high /17.5 % and 22.1 %, res­

pectively/. High C02-content is not of advdntage, howeve~, 

the v2o5-content is worthy of attention. fhe A1 2o 3-conten~ 
of samples is mainly present as diaspore, however, consi­

derable amounts are bound t~ chamosite and clay minerals 

/kaolinite, illite, halloysite/, too . 
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Table A2-1 

Grain size distribution of characteristic bauxite samoleE 

/ICS-2 and ICS-J/ after grinding in water to less thar. 

90 1um, i 

Grain size 
ICS-2 /M = 6.89/ ICS-JIM = J. 77 I 

1um 

80-90 1.0 1.1 
6)-80 2.1 2.2 

40-63 l.J 1.1 

25-40 7.0 6.5 

-25 88.6 89.1 
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Table A2-2 
Chemical composition of characteristic bauxite samples /ICS-2 and ICS-j( 

Sample Al2o3 Si02 Fe2o3 Cao MgO Na2o K20 S Ti02 co2 P2o5 v2o5 Cr2o3 LOI. 0org Module 
~ ~ % % % ~ % ~ ~ ~ % % ~ ~ ~ >' 

N 
I 

ICS-2 52.4 7.6 17.5 1.5 0.4 0.12 0.20 0.04 6.J 1 .. 60 0.20 0.12 0.006 12.5 0.14 6.89 
,,. 

ICS-3 44.2 11.7 .... 22.l 1.6 O.J 0.06 0~40 0.08 5.6 2.57 0.16 0.11 O.OJ 12.4 0.12 ).77 
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Table A2-J 

Phase comoosi ti on of bauxite samples ICS-2 a1•d ICS-) 

Sample ICS-2 ICS-3 
• /M=6.89/ /M= 3.77/ 

Al 2o
3 

I in gibbsite 1.4 

diaspore 45.l )2.2 
• clay minerals* 6. 9 /cham. 2. 7/ 10. 2 /c'nar.t.2.0/ 

. hematite 0.2 0.2 

crandallite 0.2 0.2 

total 52.4 44.2 

Si02 ~ in * 7. 6 /charn. 2. 7/ 11. 7 /chan.2.0/ • clay minerals 

Fe2o3 ~ in * 5. 0 /chanosite1 J.7 /char.iosite/ clay minerals 

goethite 1.0 2.0 
• 

hematite 10.6 14.4 

siderite 0.9 2.0 

total 17.5 22.1 

Ti02 
., in anatase. 4.7 4.1 ,. 

rutile 1.6 1.5 
total 6.) 5.6 

• Cao ~ in calcite 0.8 1.5 
dolomite 0.2 

crandallite 0.1 0.1 

• total 1.1 1.6 

MgO ~ in dolomite 0.1 

clay minerals* 0.4 /char.1 osite/ 0. 3 /chamo~ite/ 

tctal 0.5 0.) 
• P205 ~ in crandallite 0.2 0.2 

• 
* Hoi:.e: in kaolinit~ and charnosite 
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2. LIABILITY TO COMMINUTION AND GRINDING OF ORES /1/ 

The tests were aimed to find out the feature of ores duri~g 

comminuticn /crushing/ and grinding, moreover the change 

of grinding fineness while grinding in ball mill in alkaline 
medium. 

2.1 Crushing tests 

The tests were carried out with the sample ICS-3 in a jav 

crusher first and then in a ;,ammer mill. Bauxite was crush~d 

at a perfo~mance rate of 6 kg/h with a jaw crusher featuring 

a gap of 8 mm. Crushed material was classified by a set 

of screens. The particle size distribution is given in 

Table A2-4 and similar figures relative to bauxites of 

other types and origin are alsQ indicated for comparison. 

Precrushed material was further comminuted om a har::mer 

mill provided with a screen plate with the aperture of 

1 mm. Crushing performance was 5 kg/h. Screen analysis 

of the crushed material is as follows: 

diameter mm mass ~ 

+ 0.50 12.) 
+ 0.20 JJ.5 
+ 0.09 51.9 

- 0.09 48.2 

On basis os the comminution tests the material could be 

graded as a hard substance rather difficult to crush. 

At the same time the particle size distribution of the 

fractures is considered to be favourable. This is duer 

to the brittleness of the material - apart from its ~a~:~eaa -

thus upon a mechanical effect /particularlay the i~;ac:~~~ 

effect of the hammer mill/ it gets easily comminuted. 
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Table A2-4 

Grain size di~tribution. i, on comminuting different kind 

of bauxites 

Origin and + J.15 + 2.00 + 1.00 + 0.50 
type mm mm mm r.11!1 

Iranian bauxite 
ICS-J /diasporic/ J.6 21.2 45.0 60.2 

Boke bauxite 
/Guinea, gibbsitic/ 6.9 JJ.8 57.8 65.5 
Kincsesbanya bauxite 
/Hungary, boehmitic/ 6.2 24.0 48.0 61.8 

-

Note: Performance of comminution is 6 kg/h with the Ira:'lia:'l 

sample and 10 kg/h with the other ones 

0.50 
=~9?1 

""C ..., J .... o 

)4.5 

.... ~ 2 
~~-



• 

• 

' 

• 

• 

• 

A2-8 

On carrying out plant scale operation heavy wearing of 

hammers and screen plate has, however, to be reckoned 

with. 

2.2 Grindability tests 

From the point of view of the characterization of materials 

to be ground the resistance to mechanical load and grinda­

bili ty 1 respectively, is of primary importance. The ceasu~e 

of grindability should indicate the result of comminution 

relative to the unit of energy consumption. Simplifying 

the problem, the result of comminution is characterized, 

apart from accepting the Rittinger priciple, i.e. the 

relation between the energy consumption and surface 

increment, by the increment of specific surface and the 
grade of dispereity, respectively. 

Vere 

s - k . W· , 
where: s = new surf ace area produced, 

w = energy consumed, 

k = proportionality factor 

then the grindability would read: k = s 

This provides the magnitude of new surface area produced 

on the expense of unit energy consume~. 

Hardgrove method 

Principle of method: The procedure is based on the Rit~:~;:~ 

rule declaring that the energy consumed to grinding is 

proportional to the new surface area produced. With pra::i:al 

application a determined amount of energy is transferred 

to the sample adequately prepared and the result of sri~~i~g 

i.e. the extent of &etting finer is determined by si9v!~g. 
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Feature of the testing device. The grinding device co~sista 

of a lower grinding bowl. Eight nos of 25.4 mm diameter 

steel balls are placed uniformly in its circular race-~ay 

on the bottom. The balls are rolled by a rotating disc 

impsing an accurate load /28.9 ! 0.22 kg/ from above. 

Grinding is effected by the compressive and frictional 

effect. After 60 nos of revolution the device is autoh.a~i­
cally switched off • 

Implementation of the test: Prior to testing the material 

h~s to be dried to constant weight then precrushed to 

within 0.59 and 1.19 mm particle size. Confinement is 

performed by suitable sieves. Particles greaterh than 

1.19 mm should repeatedly be crushed as long as th~y fall 

through. Grains smaller than 0.59 mm are not involved 

in the test. Fifty grams of the dressed material should 

be placed into the grinding area uniformly spread in the 

circular race-way amongst the grinding balls . 

After 60 revolutions of the grinding disc ground sample 

has to be sieved through a 74 1um aperture sieve and the 
oversize and undersize be determined. 

Calculation of results: As already mentioned, the Hardgrove 

method is based on the Rittinger rule. Accordingly, the 

grindability index of the material tested would be: 

s 
Hi = ~ . 100; 

where: S = increase of specific surface area /m2/kg/ 

S0 = increase of specific surface area /m2/kg/ 

occurring in the·course of grinding of the 

reference standard material 
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The reference standard material is the anthraci:~ ccal 

originating from the St.Jerome shaft /Sommerset, US~/, 

the increase of specific surface area amounts to 56.5 

~2/kg. The grindability of this kind of coal a~ou~ts tc 

100 %. 

Uith oractical tests instead of considering the incre~e~~ 

of surface area an empiric formula has been set up accor~~~; 

to which: 

H. = 13 + 6.93.Y 
i 

where: W represents the 74 1um sieve undersize /g/ ~ate~~a~ 

resulting from 50 g of ground sample. 

Higher H. represents better grindability. T~e final res~lt 
i 

is calculated from three parallel tests by making the 

arithmetical mean. Deviation of individual findings ~us~ 

not exceed 20 ~' otherwise the test has to be repeated. 

Hardgrove index number of the ICS-3 Iranian sa~ple ano~~ts 

to 58. In Table A2-SH.-numbers of other kind of bauxites 
i 

are a~so given for comparison. /It should be noted that 

the scale is not linear, i.e. an Hi twice as high does 

not mean twice as good grindability!/ 

On basis of the index number the material is hard to ~ri~~-

2.) Grinding tests with digestion liquor 

This method was developed for modelling the industrial 

process. The grinding tests were made with caustic liq~or 

on the ICS-J sample in a 5 litres capacity labor3torr 

ball mill with a ball charge of 5 kg/mixed diameters ra~gi~; 

from 10 to JO mm/ at a revolution of 65/min. Startir.~ 

~aterial was that crushed in the hamm~r mill which was 
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Table A.2-5 

Grindability of different kind of bauxites by the 

Hardgrove method 

Origin and type Hi 

Iranian bauxite XCS-3 /diasporic/ 58 

Boke bauxite /Guinea, gibbsitic/ 93 
Ghana bauxite 58 
Gujarat bauxit /India/ 51 
Kincsesbanya bauxite /Hungary, 
boehmitic/ 136 

Bakony bauxite /Hungary, boehmitic/ 111 
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mixed with plant liquor /Na2oc = 19).2 g/dm3 , molar ratio 

= J.05/ to produce a slurry ~ith solids concentration 

of JOO g/l. Three kind of grinding fineness was intended 

to set during the grinding tests i.e. 160, 100 and 63 

1um as upper grain limit. Grinding was performed as long 

as no sieve residue remained with the sieves mentioned. 

Grinding times required in order to attain at the cor~es-
ponding fineness are as follows: 

160 1um 1.5 hours 
100 1um ).0 hours 

63 1um 4.5 hours 

In Table A2-6 the time requirement for grinding several 

types of bauxite to grain size less than 160 1um are indi­

cated. Then various fractions of bauxite sample ICS-3 

were separated on the wet screen. The grain size 

distribution is given in Table A2-7. Grinding with diges~io~ 

liquor to grain size less than 100 1um has been repea~ed 

at various solids con~entrations i.e. 200, JOO, 400, 500, 600 a~d 
300 g/dm3 . The results are given in TableA2-8. 

According to the grinding tests carried out with digestion 

liquor, on increasing grinding fineness the time devoted 

to grinding increases nearly linear..!L.:.. This means that 

in this range of fineness the disproportionate energy 

demand not yet occurs as it often was experienced with 

grinding procedures to great fineness. This can in all 

probability be attributed to the wet or alkaline ~edia 

hindering aggregation . 

2.4 Ory grinding tests 

It itas aimed, apart from te3ting the ;rinding character 
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Table A2-6 

Tine requirement /min/ for grinding in digestion lic~c~ 

of different kind of bauxites to grain size less than 160 

Origin and type Time, min . 

Iranian bauxite, ICS-3 /diasporic/ 90 

Boke bauxite /Guinea, gibbsitic/ 75 
Tatabanya bauxite /Hungary, boehmitic/ 45 

Bakony bauxite /Hungary, boehmitic/ 70 

Kincsesbanya bauxite /Hungary, boehmitic/ 45 

. '.!:" .. 
1-
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Table A2-7 

Grain size distribution, ~. of the individual fractions 

after grinding with digesting liquor of bauxite samole !CS-3 

Size, 1um Ground Ground Ground 
to 6) 1um to 100 1um to 163 1ur::. 

125-160 4.8 

100-125 J.7 
80-100 1.8 8.0 

63-80 0.9 11.0 

40-63 1.6 J.O 15.0 
25-40 5.4 8.0 23.2 

25 9).0 86.J 34.3 
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Table 1.2-o 
Time requirement of grinding to grain size less than 100 , ~ ... ,_ 
of bauxite samole ICS-J in function of solids concen~ra~i=~ 

in the course of grinding with digestion liquor 

Solids 5ontent, Grinding time, 
g/dm min . 

200 185 

JOO 180 

400 180 

500 185 

600 170 

800 175 
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of the material, to dress and prepare the samples requi~ed 
for the experiments. The tests were carried out with the 

bauxite aamples ICS-2 and ICS-3 int the ball mill outlined 

with the grinding with digestion liquor. After grinding 

for 1 hour each the substance was sieved through a 160 ,~= 

sieve. Sample ICS-2 resulted in 50 ~ oversize material 

and sample ICS-3 in 55 j oversize material. Another ~ill 

of size 0 400x400 llli~ with cylpebs charge was also used 

and bauxite samples were ground for 1 hour. The 63 1u~ 
sieve oversize material was 43 I for sample ICS-2 and 

40 ~ for sample ICS-J. The samples exhibited strong adhesic~ 

and became strongly deposited on the wall of the mill 

and the surface of milling media. In order to decrease 

adhesion a surfactant /triethanol amine/ was added in 

an amount of 0.1 ~' even then the samples could not entirely 
be ground to below 63 1um. 

The minus 63 1um fractions: for ICS-2 sample = 35.8 ~ 

for ICS-3 sample = 34.4 %. 

Based on the experiments the dry grindability of both 

samples is considered to be poor, however, they feature 

equal characteristics . 

2.5 Grinding tests with the use of water 

It was aimed to scrutinize the grinding feature only, 

its indu~trial application is out of the question. 

The tests were carried out similarly with the same san?~es 

in the 5 litres capacity ball mill by the use of water 

at a solids concentration of 400 g/dm3 . On brinding for 

5 hours each a fineness of 90 1um could be achieved with 

both oamplna. Thto indicates a very difficult grindabil!:y. 
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2.6 Swnmary of the grinding tests 

On summarizing the crushing and grinding tests it ca~ 

be established that 

- samples· ICS-2 and ICS-) exhibit equal properties, 

- in plant scale processing of the ores high abrasion 

of the crushing and grinding units have to be reckoned 

with, 

- dry grinding of materials causes problems /due to consi­

derable aggregation/ and grinding to grain size less tha~ 

6) 1um could not be performed ·even on the addition of 

a surfactant /grinding aid/, 

- grinding in water can be performed to a fineness of 

minus 90 1um, however, at the expense of long time and 

high energy requirement, 

- with the grinding with digestion liquor counting for 

industrial application the performance or ball mill dec~eases 

proportionally to the increase of gr~nd~ng fineness, i.e . 

the specific energy demand increases, 

- the most suitable grinding system is the following: 

grinding of bauxite in the jaw crusher, then in the ha~~e~ 

mill and finally grinding with digestion liquor in the 

ball mill at a solids concentration ranging from 600 to 

800 g/cmJ, 

- grinding solids concentration practically does not 

influence the time and energy demand of grinding in the 

range of 200-800 g/dm3, 

- the Hardgrove index number for the sample ICS-3 is 53 
being a characteristic figure for hard to grind bauxites. 

Sample ICS-2 exhibits crushing and grinding properties 

similar to those of sample !CS-3, 

- grain size distribution of samples ICS-2 and ICS-3 g~J~~i 

to belo\1 90 1um is reprcsantcd in Table A2-1 and Fig . 
A2-1; about 89 ~of the samples are of grain size less 
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than 25 
1

um, 

- froo the point of view of both the desilication and 

digestion the grinding fineness/minus 90 1um/ is consid~~~= 

to be sufficient. 

Literature 

/1/ Mrakovicsne, Torok K.: Grindability tests. SZIKKT!, 

Scientific Publications. Budapest, 1988 . 
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3. Baiich sc:ue investigations on Iranian bauxite nrocessing 

by sintering process 

Sor.te tests for orientation were carried out on a 

bauxite sample having an Al203/Si02ratio of 5.5. Later on 
more detailed tests were perfected by a representative 
sample marked "ICSJ .. composited and sent to Institute VAIU 

by Aluterv-FKI. The Al203/Si02 ratio of the sample "ICSJ" 
was 4.1 • 

3.1. Tentative beilch r.c~lc tests on ba·JXi te sample with 

Al203/Si03 ratio of 5.5 

The bauxite received first was sampled. The chemical 

composition of the four samples obtained was determined • 
The measured data and their mean values are given in 
Table A2-9 • 

The mineralogical composition of the bauxite sample was 

identified by X-ray diffractometry (XRD) -~ it follows: 

diaspore, kaolinite, clorite, mica, hematite, anatase, 
ilmenite, calcite. 

Based on these data the bauxite was ranked as suitable for 
producing alumina by sintering process [2] • 

When the sodium carbonate (soda) and limestone dosage is 
calculated for the sinter feed composition so as to obtain 

a sinter consisting of water-soluble sodium-aluminates and 

sodium-ferrites and insoluble dicalcium-silicates [J] . 
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Table ~.2-9 

Chemical composition or Iranian bal.u:ite sample 

Denomina- Si02 Al203 Fe2o3 Ti02 CaO K20 Al203 L.O.I. so) 
ti on Si02 

ratio 

1-st sample 8.4 45.9 24.2 5.4 2.5 0.54 5.5 
2-nd sample 8.4 46.1 24.9 5.5 2.5 0.54 5.5 
)-rd sample 9.0 45.9 24.4 5.4 2.5 0.53 5.4 
4-th sample 8.4 45.8 24.2 5.4 2.5 0.5) 5.5 

Mean value 8.4 45.9 24.4 5.4 2.5 0.5) 5.5 12.9 not ob-
served 

(L.O.I.: Loss on ignit!on) 

rr raw material is bauxite, on the calculation or lime­
stone dosage the bauxite Ti02-content is neglected provided 
that it does not exceed 2.5 ~, sine~ very small amount or 

CaO forms perowskite (CaTi03), and formation or Ca-?la-sili­
cates does not hinder the extraction yield or main con­
stituents [4]. 

Titania content of the given bauxite sample was 5.4 ~­
Consequently it was necessary to clarify whether or not to 
consider the perowskite formation when calculating the lime­
stone demand in the sinter feed composition. The sinter 

process and the leaching or the main components were com­
pared to the regular limestone dosage • 

Two mixtures were composited for these tests . 

__ I----
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For the first mixture limestone and soda dosage were calcu­

lated by the following molar ratio formulas: 

= 1; cao = 2 Si02 

For the second mixture the molar ratio formulas used, res­

pectively: 

= 1; cao = 2 ; 
Si02 

cao = 1 Ti02 

The sinter feed was composited by the following method: 

the bauxite, the calculated amount of soda and limestone 

were mixed, the mixture was crushed in a laboratory 
porcelain mortar until min 90 ~ were less than 0.088 mm . 

The crushed mixture was briquetted by hand-press and the 

briquettes were sintered in a laboratory furnace . 

A holding time of 45 minutes was used uniformly at the sin­

tering temperature. Both composition of sinter feed were 

treated (sintered) at temperatures of 1100, 1150, 1175 and 

1200 °c. 
The sintered samples were leached by a standard method for 

measurement of the extraction yield of the main constituents 

at favourable leaching conditions. 

The standard leaching procedure was carried out at a tempe-
o 

rature of 90 C with a solids to liquid ratio of 1:10 and it 

lasted 15 minutes. Week alkaline solution (0.5 mole NaOH) 
was used as solute in order to get an aluminate liquo~ with 

a Na 20/Al 2o 3 molar ratio of about 1 .5 . 
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The extraction yields calculated from the ~hemical composi­
tion of the sintered and mud samples are shown in Table 

2-10 • 

Table 2-1~ 

Extraction yields, \ 

--------
Temperature oc 1100 1150 1175 1200 

Na2o Al203 Na20 Al203 Na2o Al203 Na20 Al203 

1-st mixture 95. 9 92.3 96.6 93.1 96.5 92 .6 95.4 92 .8 
2-nd mixture 94.5 92.3 95.9 93.0 95.06 93.2 93.03 93 .8 

The observed high extraction yields show that the desired 
phase formation reactions take place almost completely still 

at 1100 °c. 

0 The test results in the temperature range of 1100-1175 C 
indicate that the higher the sintering temperature is the 

0 higher extraction yields are obtained, however, at 1200 C 
the yields slightly decline. Decline of the extraction 

0 yields indices at 1200 C can be interpreted by increasing 
part of the solids that melts during the sintering treat­
ment. 

The extraction yields of sinters resulted from the 1175 and 
0 1200 C treatments were compared. Although the Al 203 ex-

traction yields were less, but the sodium recovery was 
1.5-2.4 ~higher as the sinters, in which the limestone had 
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been added for only to the silica content compared to the 

mixtures, in which the limestor.e dosage had been was calcu­

lated by taking both the silica and titania content of the 

bauxite into consideration • 

The XRD patterns show that sinters obtained from the first 

set of mixtures are solid phase solutions of sodium-alu-

mof erri te, perowskite, a-dicalcium-silicate and sodium­

calcium-silicate phases. In sinters resulted from sintering 

treatment at 1100 °c negligible acount of a•-c2s (i.e. 

alpha'-dicalcium-silicate) was observed. This a•--c2s phase 

partly desintegrates even during the standard leaching and 

calcite forms as secondary phase. The iron-oxide was found 

only as sodium-alumo-ferrite in the solid phase solution. 

It is characteristic for the sinters obtained from mixtures 

in which the limestone had been dosaged for both the silica 

and titania, that these sinters contained more a.mount of 

a•-c2s. The a•-c2s phase is considerably more than the 

p-form in the sample treated at 1100 °c • 

Though sinter resulted from 1175 °c treatment contained less 

a'-form than a-form, the amount of a'-form is more compared 

to the samples originate from mixtures in which limestone 

were dosaged only to the silica. 

The secondary calcite content in the mud samples resulted 

from standard leaching is proportional to the a'-dicalcium­

silicate contents of the sinters. Two-base calcium-ferrite 

formation is an additional feature of sinters. The two-base 

calcium-ferrite decreases the sodium-ferrite content in the 

solid phase and increases the sodium-calcium-silicate at the 

same time, thus reducing the sodium recovery from the 

sinter. 
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As observations imply, limestone dosage for both the 

silica and titania results in two significant negative 

side-effects during sintering. The first is the formation 

of a'-fonn of dicalcium-silicate that leads to secondary so­

dium and alumina losses, especially during leaching, and the 

other is the calcium-ferrite formation that results in less 

sodium recovery. 

Consequently further tests were done by mixtures in which 

limestone was dosaged for only to the silica, calculated 

from dicalcium silicate formation in sintering • 

3.2. ~nch scale tests on the representative sample ----------------------------------------------
Further investigations were done by t~e representative Ira­

nian bauxite sample. 

Chemical composition of the sam~le is shown in Table A2-11 

The mean composition was used for calculating the mixture 

composition. 

Chemical composition of the representative Iranian sample 

--------------------------------------------------------------
Denomi- 5102 Al 20 3 Fe 20 Ti0 2 Cao K20 Al 20 3 L.O.I. 303 

nation Si02 
----------------------------------------------XAtiQ ___________ 
1-st sample 11.5 47.4 20.8 5.4 1. 3 0.6 

2-nd sample 11.6 47.3 20.6 5.4 1.3 0.7 

3-rd sample 11 . 5 47.2 20.6 5.4 1.4 0.6 

4-th sample 11. 7 47.7 20.7 5.3 1. 4 0.6 

?·lean value 11.6 47.4 20.7 5.4 1. 35 0.6 4 .1 12.5 0 .14 
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These figures agree with chemical composition of sample 

marked "ICSJ". 
Limestone and soda dosage for further sitering tests were 

calculated with the following formulas: 

Na 0 2 = 1; 
cao 
Si02 

= 2 

3.2.1. Rheological testing of bauxite slurries 

It is known that water content of the sinter feed affects 
to a great extent the capacity of the sintering kilns and 

the specific heat consumption of the process step. 1 % 
decrease in moisture content of the sinter feed results in 

a 2 ~ specific heat consumption saving. Therefore it is 

desirable to keep the moisture cont~~t of the sinter feed 
as low as pos&ible. The attainable lowest moisture content 

is determined by hydro-transport tests, so as the slurry be 

pumped from the mill discharge tank, from the following 

tanks and be pulverised through the pulveriser head of the 

kiln feed. 

Alumina-containing mixtures to be sintered have a non­

Newtonian character. These fluids unlike the Newtonian 

ones have no permanent viscosity. Their viscosity depends 

on the shear forces and increase in force causing a 

decrease in viscosity as the structure of the fluid 
destructs [5,61. 

Rheology of the non-New'to.1ian fluids are ch.:i.racterised by 

structural viscosity, ultimate displacement stress, plastic 

viscosity etc. 
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In this investigation a quick evaluation method was used, 

as it is described in a more detailed form. 

A ring having a diameter of 35 mm and a height of 35 m.~ was 

placed onto a horizontal flat surface. The dry composites 

were mixed with water for preparing mixtures with various 

moisture content3. The mixture was then heated to a tempe­

rature of 60 °c. The ring was filled with slurry, and 

after removal of the ring the spreading of the slurry was 

measured. Mixtures with moisture contents of a range from 

36.5 to 41.3 % were tested. Results showed that mixtures 

with moisture contents of above ·39 ~ flow away in every 

direction and form a circle with the diameter of 70-86 mm. 

These results are similar to those of the mixtures of the 

existing Soviet plants . 

3.2.2. Investigations during heating of mixtures 

Experiments were carried out in order to clarify the tempe­

rature range of sinter formation ~nd determination the 

melting point. A dilatometer with a construction of vAIU 's 

own was used for the tests. The tempera~ure and height of 

the briquettes were automatically recorded as heating 

progressed by this equipment. For this purpose briquettes 

with a diameter of 11 mm and height of 12 mm were pressed. 

When sintering process was studied the rate of heating was 

15-20 °c/mi~ up to 700 °c and then 5-10 °C/min . 

Test results show that variations in height change wi t!1 in­
creasing temperature (Fig.A2-2). At the beginning the 

height increases possibly due to the linear thermal expan­

sion. Then the rate decreases and this pheno~enon can be 

characterized by the slope of the curve with respect to the 
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time-axis. The negligiblP. rate of contracting can be a 

consequence of the increasing surface tension and/or of 

release of gases from solid-phase reactions among the mix­

ture constituents. The increasing speed of contracting is 

a sign of softening and melting of the material. 

The initial temperature of sintering (contracting) (T') 

and melting point (T
3

) was determined from the recorded 

curves • 

T2 represents a temperature where the rate of contractir.g 

slightly decreases due to the end of melting of the 

eutectic mixture (sodium-ferrite-dicalcium-silicate), that 

forms in insignificant amount during heating. 

Temperature range of sintering is the difference between 

the melting point and the initial temperature of contract­

ing. In this case T3-T 1 = 140 °c was found. 

3.2.3. Sinter feed testing by thermogravimetry 

Sample from mixture for sinter feed was measured on a Deri­

vatograph of the Hungarian firm, MOM, up to 1000 °c with an 

aim of studying the thermal effects that accompany the 

heating process. 1000 mg charge and 8-9 °c/min heating 

rate was used. 

A thermogram of a mixture prepared with Iranian bauxite is 

shown on Fig.~2-3. The thermogram endothermic reactions are 

recorded at temperature of 150 °c soda loses its cristal­

line water (dehydration), at 520 °c diaspore loses its 

cristalline water, at a temperature of 815 °c soda melts 

and desintegrates and at 865 °c Caco 3 desintegrates. 
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The mass losses during the heating amounts up to J0.2 i, as 

thermogravimetric curve (TG) shows. 

These results had been taken into consideration when heat 

consumption of the sinte~ing kiln was calculated. 

l.2.4. Grain size distribution of the sinter feed 

Completeness of sintering reactions depends on grain sizes 

of ground mixture. As experience gathered at plants 

processing low-grade bauxites shows, it is favourable for 

gaining maximum extraction efficiences to keep the grains 

higher than 88 lJill less than 10 3. Laboratory screen test 

results are given in Table A2-12. 

Screen test results 

Screen residue, 3 

+160 lJJll 

+ 88 lJJll 

+ 53 imi 

- 53 ).Ill 

0.33 3 

5.86 3 
9.88 3 

83.83 3 

Table 2-12 

A mixture like given in Table A2-12is suitable for sinter­

ing process . 
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Fig.A2-3 
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3.3.1. Study of the effect of sintering temperature on 

phase-formation process 

Mixtures were composited on the following molar ratios for 

studying phase-transformation reactions during sintering: 

= 1; cao = 2 Si02 

Briquettes made from the mixtures were sintered at tempera­

tures of 1100, 1150, 1175, 1200 and 1230 °c. After this 

sinters were leached by the standard leaching procedure. 

Extraction yields resulted from standard leaching of sin­

ters are given in Table A2-13 • 

Table J\.2-13 

Extraction yields, ~ 

t 0 c 1100 1150 1175 1200 1230 

yields 95.9 92.4 94.1 93.5 94.4 96.5 96.8 93.1 97.1 94.1 

As the results show, high extraction yields were obtained at 

all sintering temperatures. The maximum yield was obtained 

at 1175 °c for Al 203 , and 1230 °c for sodium. 
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XRD patterns show that sinters contain solid solution of so­

dium-aluminate and sodium-ferrite, B-C2S (B-dic~.lcium-sili­

cate) and perowskite. The sodium and alumina losses can be 

interpreted as a consequence of sodium-aluminate 

formation. In muds obtained from standard leaching method 

presence of c2s, calcite and amorphous ferri-hidroxide 

was observed. 

Test results verify, that all main phase-formation reactions 

take place still at a temperature of 1100 C, and later a 

recristallisation can be stated • 

3.3.2. Porosity tests on sinters 

Leaching character depends not only on the mineralogical 

composition of the sinter, but on its phisical nature, 

namely on the porosity as well. Porosity (c) is defined as 

ratio of pore volumes to total bulk volumes of sinter, ex­
pressed in percents. Sinters obtained from bauxite co~­

posites have usually small porosity number, their pores have 

closed character [7]. 

Measurement method used for determination of porosity of 

sinters is based on saturation of pores by carbon-tetra­

chl oride . 

Porosity of sinters in the function of sintering temperature 

is shown in Figure A2-4. As results show the higher the 

sintering temperature is the smaller the porosity of the 

sinter. A significant decline can be observed at a te~pera­

ture of 1230 °c. If porosity of the sinters are small, 

water for leaching can not properly reach sodiQ~-aluminate 

trapped into the sinter. This phenomenon causes alumina 

losses . 
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High porosity makes possible for leaching water to reach the 

su~face of dicalciW!l-silicate. This is advantageous for the 

secondary reactions and for obtaining higher alumina and 

sodium losses. 

On the basis of tests carried out, an optimum sintering 

t L "d d t b f 1175-1200 °c. empera~ure provi e o e o 

3.J.3 •. Technological behaviour of sinterF. during leaching 

Preliminary tests revealed that sinters result~d from 

sintering at a temperature of 1175-1200 °c are quite suit­

able for leaching. 

Leaching tests were carried out by percolating the coarse 

sinter. Laboratory leaching unit modelled the large-scale 

process by using a continuous flow of solution. Filtered 

liquor from zones were fed to the next zone. Five zones 

were used. Fig.A2-5 shows the drawing of the laboratory 

leaching unit. 

45 grams of sinter was put into a basket that had been 

placed into the glass. Glass had been filled with alurnina­

te liquor solution previously. Basket was placed into the 

glass so that some empty volume could get underneath, simi­

lar to those of circumstances in large-scale equipment • 

Leaching liquors are fed from upwards and are discharged 

from below the basket. 

The described leaching procedure models simulates process 

conditions in large-3cale equipment. Leaching solutions 

obtained from previous leaching of fine-grain sinter are 

sprinkled onto the sinter. Liquid to solids ratio is 



A2-34 

• 

Fig.A2-4 
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selected so that a similar concentration of given stage 

should be obtained. In the first zone mud is washed by 

fresh water • 

Leached mud is crushed in wet condition. A part of the mud 
is re-leached at standard conditions at a temperature of 

80 °c. This leaching lasts for 10 minutes. Mud is then 

washed by hot water. Muds after leaching and after the 

standard final leaching are analysed. Leaching efficiency 

is calculated from difference between the sodium and alumina 

extraction yields in muds after normal leaching and muds 
after final leaching. 

Grain size distribution corresponds to those of ones in 

large-scale plants, as follows: 

-8 +7 mm 25.0 i 
-7 +5 mm 30.0 • ,. 
-5 +3 mm 14.5 % 

-3 +2 mm 4.0 % 
-2 +1 mm 4.0 % 
-1 mm 22.5 % 

N~O and A1203 concentration of solutions that enter into a 

given zone are similar to concentrations in a large-scale 
plant • 

Sinters are leached for 4 hours at a temperature or 85-90 
0c. Holding time was JO minutes in 5th and 4th, 60 minutes 

is 3rd, 2nd and first zone . 

Test conditions and results are summarized in Tables A2-14 

A2-l5 and A2-16 • 
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Results s~ow that by using continuous leaching of sinters 

high sodium and alumina exraction yields can bP. obtained. 
0 

At sinter resulted from heating at a temperature of 1200 C, 

alumina extraction yield is higher by 2 i, than that of 

sinter treated at 1175 °c. This can be a consequence of 
more perfect cristallisation of 6-dicalcium-silicate from 

a•c 2s fore. This a-form is more inert in contact with alu­

minate liquor, so secondary alumina losses are bss [8] • 

As final leaching tests reveal (1-2 ~ alumina and 3-4 ~ so­

dium extraction increase), in continuous leaching some 

sodium-aluminate and aluminate liquor remains in the pores 

of the sinter. Al 20 3 extraction yields obtained after final 

leaching are less than those of by standard leacring. This 

imply that secondary reactions take place with hydrogarnet 

and sodium-alumo-silicate formation • 

Higher sodium extraction yield can be a consequence of 

desintegration of sodium-ferrite. 

Continuous leaching proved to be e::fective proceduers in ca­

se of processing Iranian bauxites by sintering. At sinters 
0 obtained at an optimum sintering temperature of 1200 C, ex-

pected alumina extraction yields is 91 ~, sodium recovery is 

95 ~-

Aluminate liquor desilication, carbonisation, precipitation 

and calcination tests were not carried out, since process 

parameters are independent from the raw material. Design 

parameters can be determined on plant experience • 
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Exuericental unit for the leaching of the sinter 
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Test Zone Leaching 
serial serial solution 
number number for zone 

• • • • • 

Continuous leaching test results of sinter No.62 
(sintering temperature 1175 °c) 

Liquor composition, g/dm3 caustic 
Initial caustic Final molar 

Al 2o 3 Na2 Ocaus~olar Al203 Na20caust ratio 
ratio 

• • 

Table A2-14 

return from Moisture 
water mud content 

pond of mud,1. 
Al203 Na20caust 

--------------------------------------------------------------------------··------------------------- ~ 
5 63+85 82 .6 82 .2 1. 64 154.0 138.0 1 .45 
4 70 62. 0 62. 0 1. 65 119.6 110 .1 1 • 51 

1 3 70 32. 6 40.3 2. 03 82. 9 77.3 1.54 
2 70 14.3 22.9 2.60 44.6 46.5 1. 71 
1 70 water 18.2 26.0 2.36 - 6.2 

----------------------------------------------------------------------------------------------------
5 70+85 78.0 80.6 1. 70 140.3 127 .1 1 .49 
4 85 60.0 60.5 1. 66 108. 6 100.8 1.53 

3 3 80 30.0 33.3 1.83 77.0 69.8 1. 49 
2 80 13.7 15.5 1. 87 43.4 40.3 1.53 
1 70 water 17.6 18 .2 1 • 91 5.2 6.4 59 .5 

-----------·-----------------------------------------------------------------------------------------

"' I 
~ 
~ 
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Continuous leaching test results or sinter No.59 
(sintering temperature 1200 OC) 

• • 

Table 1\2-15 

------------------------------------------------------------------~----------------------------------
Test Zone Leaching Liquor Jomposition, g/dm caustic return from Moisture 
serial serial s:olution Initial caustic Final molar water mud content 
number n:tmber for zone Al20

3 Na 2ocaus~o lar Al20
3 Na 2ocaustatio pond of mud,% 

ratio Al2 °:J Na2°caust 
------------------------------------------------------------------------------------------------------

5 56+85 82. 6 82 .2 1. 64 150.5 1.3.3 . .3 1.46 
4 70 62. 0 62. 0 1. 65 112.7 102 . .3 1 .49 

2 3 70 32. 6 40.3 2.03 83.4 82.2 1 • 62 
2 70 14.3 22.9 2.60 46.4 49.9 2 .14 
1 70 water 18.4 23,9 2 .14 3.5 5.6 

----------------------------------------------------------------------------------------------------
5 56+85 78.0 80.6 1. 70 151 . 5 138.0 1.50 
4 85 60.0 60.5 1 . 66 106 .3 99.2 1 ,53 

4 3 80 30.0 33.3 1.83 70.9 65 .1 1.51 
2 80 13.7 15.5 1. 87 35 .1 31 • 0 1. 45 
1 70 water 1J.6 1.99 2.4 J.O 48.7 

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

;::.. 
N 
I 
w 
'° 
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Table A2-16 

Chemical composition of sinters, muds and extraction yields for Na2o and Al203 

----------------------------------------------------------------------------------------------------
Test Chemical composition, 3 Yields, 3 Moisture 
serial Samples --------------------------------------------------- 3 
number Si02 Al203 Fe 2o3 Cao Na2o Al203 Na2o 

----------------------------------------------------------------------------------------------------
Sinter No.62 8.2 32. 9 15 .1 15.4 24.8 
Mud '\fter standard leaching 15.6 3.5 31. 6 33.6 1 • 8 95. 0 96.6 )II 

89.1 
IV 1 Dud after continuous leaching 12.7 7.2 29.9 31 .s 3.0 94.0 I 

""' 1 Mud after final leaching 12.5 5.9 30.6 32.6 0.77 91.3 98.5 0 

3 Mud after continuous leaching 13.2 6.4 30.7 31.9 3 .1 90.5 93.9 59.5 
3 Mud after final leaching 13.3 4.8 31.9 33.3 0.78 93.2 98.5 

----------------------------------------------------------------------------------------------------
Sinter No.59 8.1 32. 8 15.0 15.4 25.0 
Mud after standard leaching 15.6 3.5 32.2 33.4 1 • 7 95 .1 96.8 

2 Mud after continuous leaching 13.9 5.9 30.7 32.3 2.4 91. 3 95.3 
2 Mud after final leaching 13.4 4.7 31. 6 33.5 0.78 93.3 98.5 
4 r.ud after continuous leaching 13.7 6.3 30.7 32.4 2.5 90.7 95.2 48.7 
4 Uud after f i~al leaching 13.8 4.6 32 .1 33.7 0.69 93.5 98.7 

-----------------------·-----------------------------------------------------------------------------
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4. BENCH-SCALE TESTS ON I VARIANT BAUXITE PROCESSING 

BY BAYZR-PROCESS 

4.1. Predesilication tests 

Predesilication is adopted in processing high silica ba~xites. 

It is aimed to dissolve considerable portion of reactive 

~ilica present as kaolinite in bauxite and precipitate 

the same to form sodium aluminium hydrosilicate prior 

to preheating of slurry and digesting, respectively. In 

this way severe scale formation on heating surfaces of 

slurry preheaters, digesters or tube reactors can be avciced. 

Both characteristic Iranian bauxite samples prepared for 

the technological tests are of high silica content /~odule 

6.89 and ).77/ therefore in the case of processing the 

desilication procedure has to be performed. 

In the course of bench-scale tests the desilication was 

carried out in a 5 litres capacity, electrically hrc~ed 

and mechanically agitated digester at the parameters adop~ed 

with the refiner1~s using the European Bayer technolosy: 

0 Temperature: 100 C 

Solids concentration: 300 gpl 

Caustic soda concentration of liquor: 161.6 gpl ;;a20c. 

Samples were withdrawn from the reactor in intervals of 30 

minutes, 1, 2, 4 and 8 hours. The samples were centrif~ge=. 

The Na2oc-, Al 2o
3

- and S102-content of liquor was a~alysed, 

the solid phase washed alkaline-free, then dried and dressei 

for chemical an~lysis. The efficiency of desilication 

was calculated from the Na201s102 molar ratio measured 

i~ the solid phase. It ensues from the composition of 

~dium aluminium silicate that were the entire SiO .. -~c~::~: 
~ 

bauxite converted, the Na20/Si02 molar ratio wou!= 

,_ !Oretically be 0.688/. On expressing the Na201s102 ~c:ar 
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ratio achieved during predesilication in term~: of'precen~age 

of the theoretical /0.688/ value one gets the proportion 

of total silica content of bauxite that had been converted 

into sodium aluminium hydrosilicate. 

The results of predesilication tests carried out with 

bauxite ICS-2 are shovn in Table A2'-17and Fig. A2-6. 

It can be seen from the results that under the given para­

meters 72.7 % of the entire silica content of bauxite 

has been converted into sodium aluminium hydrosilicate. 

The non reacted proportion is present in the form of c~awcs:te 

and other non soluble minerals which do not react with 

the digestion liquor under the conditions of predesilication. 

The results of predesilication tests carried out Yith 

bauxite ICS-3 are shown in Table A2-18 and Fig .. !\2-7.. Under 
similar desilicating parameters and within 8 hours a maxinum 

efficiency of 52.7 % has been achieved. The results indicate 

that the average sample having a module of J.77 comprises 

considerable proportion of silica in the form of minerals 

/chamosite, chlorites, etc./ which do not get dissolved 

under the conditions of desilication. Part of silicates 

/first of all the chamosite/ remains unchanged even after 

the high-temperature digestion. 

The predesilication is motivated in the course of processi~g 

the ores characterized by the average samples cited . 
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Table .'\2-17 

Predesilication test 

Bauxite: ICS-2 
0 

Tempe~ature: 100 C 

A2-43 

Solids concentration: 300 gpl 

Sampling: JO', 1 h, 2 h, 4 h, 8 h 

Sampling 

time 

initial liquor 161.6 

JO' 
1 h 

2 h 

4 h 

8 h 

160,4 

157.6 

157.2 

151.1 

150.2 

Liquor analysis 

Al 2o3 Molar ratio 
gpl 

8J.O 
91.0 
88.5 
89.0 
8).9 

8J.6 

).20 

2.90 
2.92 
2.90 

2.96 
2.95 

Si02 
gpl 

0.48 

1.17 

0.95 

0.72 
0.4) 

0.)9 

Chemical composition of the solid phase 

)0' 

1 h 

2 h 

4 h 

8 h 

Al 2o3 Si02 Fe2o
3 

Ti02 L.QI. 

~ % ~ ~ % 

50.6 
50.1 

50.2 

50.2 

49.6 

8.4 

8.1 

8.2 

t3. 2 

8.4 

17.4 

17.1 
16.9 

16.8 

16.7 

6.4 

6.2 

6.1 

6.1 

6.1 

12.4 

12.4 

12.5 

11.8 

11.8 

Cao 

~ 

1.9 

1.6 

1.5 
1.4 

1. 5 

MgO 

~ 

0.6 

0.6 

0.6 

0.5 
0.5 

Na2o Na2o E~fi-
-- C' "'"C .. % s~o 2 -~-- " 

~-,r. 

2.) 

~.6 

).1 

).7 
4.l 

0.28 

0.)) 

0.39 

0 • .:.6 

0.50 

4C.7 
LE.O 

55.7 

72.7 
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Fig.A2-6 
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Table .~.2-18 

• Predesilica·i:ion test 

Bauxite: ICS-3 
• Temperature: 100° c 

Solids concentration: 300 gpl 
Sampling: 30 I I l h, 2 h, 4 h, 8 h 

Liguor analrsis 
Sampling Na2oc Al2o3 Molar ratio Si02 

• time gpl gpl gpl 

initial liquor 161.6 83.0 J.20 0.48 

30' 144.4 79.6 2.99 C.74 • 
l h 149.4 81.4 3.01 0.61 

2 h 142.1 77.9 J.00 0.41 

4 h 142.4 78.9 J.00 0.41 

8 h 143.9 78.9 J.00 0.35 
• 

Chemical comEosition of tre solid 12hase 

Al20J Si02 Fe2o3 Ti02 LQ.I. CaO MgO N~O N~O Ef ficier:~y 

~ ~ ~ j ~ ~ ~ ~ Si02 3 
Mr. 

JO' 47.J 11.2 20.0 5.J 11.6 1.4 0.5 2.2 0.20 29.4 

1 h 47.J 11.0 20.0 5.J 11. 7 1.4 0.5 2.4 0.2) )2.? 

2 h 47.4 11.2 19.9 5.2 11.5 1.4 ~ J.l 0.29 41.6 

• 4 h 47.J 11.2 19.7 5.2 11.3 l.J 0.5 J.7 0.)4 49.6 

8 h 47.0 11.1 19.5 5.1 11.4 1.5 0.6 J.9 0.)6 52.7 

• 

• 
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Fig.A.2-7 
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~2.DIGESTION TESTS 

4.2.1.Testing methodology 

Digestion tests were carried out with the average bauxite 

samples ~arked ICS-2 and ICS-) of modules 6.89 and ).77, 

respectively. The composition was given in Ch~pter 1 . 
Corresponding to the grinding fineness adopted for diasp~~~: 

bauxites, both bauxite samp.les were ground to be low 90 ;i;.-:::. 
and were admeasured in the air-dry state to the digestion 

tests. For the investigation of the effect of grinding 

fineness al~o samples having been ground to below 125 1uc 

and 160 
1

um were used with some experiments . 

Corresponding to the usual practice with the investigation 
to qualify bauxites, plant liquor resulting from the precess 

liquor circuit of the Almasftizito Alumina Plant /Refir.e~y/ 
which also comprised the common impurities was used as 

digestion l:quor. Main components and impurities of the 

digestion liquor are as follows /impurities comprised 

with liquors of lower or higher concentr~:ions than that 

give~ do change proportionally/ . 

?la2ot 188.8 gpl 

Na20c 161.6 gpl 

Al 2o3 
8).0 gpl 

Molar ratio J.2 

Na2co3 
42.7 gpl 

0org 
4.4· gpl 

V205 0.6 gpl 

so 3 
0.9 gpl 

F 1.6 gpl 

The bench-scale digestion tests were carried out in a 
5 litres capacity electrically heated mechanically ag::~:~: 
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digester at temperatures of 260 and 280° C. Lime addition 

was performed in the form of lime milk with a concentratio~ 

of 200 gpl solids content, the lime having been slaked 

with water. Heat-up prior to reaching digestion tempera~~re 

took 1 hour to 1 hour and 10 minutes. No laboratory rnodelli~g 

device for the tube digestion can be made due to the seal: 

diameter of th~ tube, however, we are in possession of 

several comparative data concerning digestion carriea 

out in laboratory digester and plant scale tube digesting 

facility, thus modelling of the tube digestion was per!o~=e~ 

simila~ly in the laboratory digester and intensive a&ita~~c~ 

was applied. The tests carried out at 260° C serve to 

the modelling of solution with digesters and tube reactors, 

while the tests performed at 280° C serve exclusively 

to the modelling of the solution with the tube reactor . 

After digestion the slurry having been recooled down to 

70-80° C was separated with a centrifuge at a revolutior. 

of 2000/min. The sodium aluminate solution was analyzed, 

however, the red mud treated with hot water containing 

2 gpl of Na2o to reslurry it three times, then repeated!~ 

centrifuged and dried. The cake was made it analyzed. 

The Al~o3-recovery was calculated from the analyses of 

starting bauxite and red mud resulted after digestion 

according to the formula 

Al203-recovery /%/ = [1 

below: 

Al20)rm·Fe20Jbx 

Al20Jbx.Fe20Jrm l x 100. 

-
Chemical analysis of red mud samples was made by the a~c~:c 

absorption method, the mineralo~~c co~positio11, howev~~, 

was determined by the X-ray diffraction, and derivatog~a;~:~ 

method and by the infra red spectroscopy . 
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4.2.2.Digestion tests carried out on the ICS-2 bauxite sa:::::~e 

having a module of 6.89 

The digestion of diasporic bauxites can be performed at 

high temperatures and by the addition of lime. The CaO 

added to digestion, apart from promoting the dissolution 

of the diasporic mineral, consid~rably reduces the boun~ 

Na20-losses. In the presence of lime part of the reac~ive 

silica gets bound during digestion as a hydrogarnet mine~al 

/further on CASI of composition JCaO.Al 2o3 .kSi02/6-2k/H20 

instead of sodium aluminium hydrosilicate diminishing 

the losses of reagent hereby. In the course of digestion 

the Cao-addition was optimized by considering both the 
Al2o3 and Na2o losses bound in red mud. The experiments 

aiming to determine the optimum amount of lime to be adced 

were carried out at the following parameters: 1.55 mola~ 
ratio for the admeasurement, 160 gpl digestion liquor 

concentration, 260° C a· ~ 280° C and zero to 10 % of lii:':e 

addition calculated on dry bauxite. 

Chemical analyses of the sodium aluminat~ liquor and red 

mud corresponding to the tests carrie~ out at 260° C as 

well as the digestion recovery data ~re summarized in 

Table A2-19.The mineral composi~ion of red muds are give~ 

in Table A2-20 Figure A2-c3 indicates the formation of 

Al 2c
3
-recovery and the undigested amount of diaspore in 

function of the amount of lime. In FigureA2-9'the for~atio~ 

of Na2o- and Al 2o3-losses bound in red mud /i.e. the 

Na20/Si02 and A1 203/Si02 ratios/ are indicated. It reveals 

from the test results and figures that at 260° C and wi:ho~: 
any additive considerable part of diaspore content of 

bauxite remains und igeoted, however, u11d iGestcd d iazp~:·~ 
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Table 2-19 

Effect of lime addition for digestion 
i-'odellin; of autoclave and 'tube dii;estion 

Bauxite: ICS-2 
Digestion temperature: 260° C 
Holding time: 1 hour 
Calculated molar ratio: 1.55 
Lime addition: 0-10 i /for dried bauxite/ 
Digesting liquor: Na20c: 161.6 gpl; Al 2o

3
: 8).0 gpl; 

Na20t: 188.8 gpl; Si02 : 0.48 gp~ 

'' .,. . L•• • • • • 
- ..., . ,. 
-". -

Quantity of lime added i 

0 J 5 7 10 

Sample · ICS-2 ICS-~ I(;S-2 ICS-2 ICS-2 
Ch Ml M2 MJ 'fl· L" ..... 

Liguor anallsis 
·after di~estion 

Na2oc gpl 145.8 148.0 147.7 140.8 147.9 
Al 2o

3 
gpl 1)0.4 156.7 154.7 142.0 i.:.5. 5 

Na2ot gpl 172.9 178.8 180.J 169.6 176.l 
Si02 gpl 0.4 0.48 0.48 0.45 o.~s 

M.r. 1.84 1.55 1.57 1.61 
, ,_ 
.l.. ~::> 

Chem.comEositon of 
red mud A1 2o3 % 32.8 19.J 15.9 15.3 :s.2 

S102 % 11.8 14.2 14.) 14.0 13.8 
Fe2o3 % 26.2 )0.4 Jl.3 29.6 27.l 
Ti02 % 8.8 9.9 9.8 9.7 - .... - --. ., 
L.Ol % 9.0 8.2 8.2 8.7 :, !'"' 

, . " 
Cao % 1.8 7.2 10.1 1).2 . , . _c ..... 

MgO j 0.7 0.9 1.0 1.0 - ---. -
Na2o % 8.1 8.1 7.8 7.0 
Na20/S102 0.68 0.57 0.56 0.50 ' ----. ., 

Al 2o31s102 2.78 1.)6 l. ll 1.09 - . "' 

g 2Q
3 

yield% 58.2 78.8 8).0 82.7 -- -- ' . 
..... - • ..,J 
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Table A2-20 

Hineralogical comoosition of red muds 

/Effect of lime addition/ 

~!o.!ellin.; of autoclave a.'ld. "tube di~estion 
Bauxite: ICS-2 

Digestion temperature: 260° C 

Holding time: 1 hour 

Quantity of lime added ~ 

Sample 

0 

ICS-2 
Ch 

Al 2o3 i in:diaspore 21.7 
sodalite 2.0 

cancrinlte 4.7 

CAS 0.4 
undigested 

) 

ICS-2 
Ml 

4.6 

2.5 
5.7 
2.9 

5 

ICS-2 
M2 

1.0 

2.7 

5.8 
J.5 

7 

ICS-2 
MJ 

0.6 

2.8 

5.8 
).) 

lC 

ICS-2 

0 

2.2 

5.J 
5.5 

~ilicates 4.0 J.6 2.9 2.8 1.6 
/char.iosite/~~~~~~~~~~~~~~~~~~~~~ 

total )2.8 19.J 15.9 

Si02 i in:sodalite 

cancrini te 

CAS 

undigested 
s.ilicates 
1cn:uno5ite/ 
total 

Fe2o
3 

3 in~goethite 
hematite 
undigested 
silicates 
I cham ./ total 

Ti02 3 in:perowskite 

Na-titanates 
+ rutile 

total 

CaO 3 in:perowskite 

CAS 

calcite 

total 

2.J 
5.5 

4.0 

11.8 

1. 7 

17.0 

7.5 
26.2 

0.9 

7.9 

8.8 

0.6 

0.7 
0.5 
1.8 

2.9 J.2 
6.7 6.8 
1.0 1.4 

J.6 

14.2 

1.4 

22.J 

6.7 
J0.4 

2.9 

7.0 

9.9 

2.0 

4.7 

0.5 
7.2 

2.9 
14.J 

1. 2 

24.7 

5.4 
Jl. 3 

4.7 
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Fig.A2-8 
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CHANGING OF Na20/ Si02 AND Al203 /Si02 W. RATIO IN 

RED MUD VS. QUANTITY OF LIME ADDED TO DIGESTION 
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re~ains even with the addition of J or 5 % of Cao. In 

the tests carried out with 7 and 10 % of lime additive 

calculated on the dry weight of bauxite practically all 

the diaspore got digested and the Na20-losses were also 

favourable. The Na20.'Si02 w~ight ratio in red mud was 

0.50 and 0.49, respectively, compared to 0.69 as the theo~e­

tical value. On further increasing the amount of lime 

additi~e, owing to the Al 2o
3
-losses bound in calcium alu­

minium silicate, the AI 2o
3
-recovery decreased, however, 

relative to the Na20-losses no considerable decrease was 

observed. 

Based on the results and taking both the Al 2Q3
-recoverv 

and the bound Na2o- losses into account 7 3 of lime additic~ 

is considered tu be optimum.· 

Test results carried out at 280° C and with various amounts 

of lime are given in Ta.bl es A2-21, A2-22 and in Figures 

A2-10, A2-11. It can be seen from the data and figures 

that the diaspore gets practically full7 digested at 280° C 

in the presence of as low as 3-5 3 of Cao. The reduction 

of Na20-losses, however, gives reason for the addition 

of more /7 3/ lime. Considering that in the presence of 

that high amount of lime the digestion of diaspore gets 

completed even at the lower /260° Cl temperature, from 

the point of view of chemical technology 260° C is adequate 

for the digestion temperature, ho~evlr, owing to energetic 

aspects the investigation of the probable application 

of the tube reactor with its final temperature of 280° C 

could also come up . 

It should be noted that the high Ti02-content of bauxite 

binds conside:able amounts of lime in form of CaTi03. 

The 260° C ta~~s were repeated in a way that lime milk 

was added under pressure to the bauxite slurry when the 
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Table A.2-21 

Effect of lime addition for digestion 
Ho1elJ · of tube diGestion 

Bauxi ; ICS-2 
Digestion temperature: 280° C 
Holding time: 1 hour 
Calculated molar ratio: 1.55 

Lime addition: 3-10 ~ /for dried bauxite/ 

Digesting liquor: Na2oc: 161.6 gpl; Al 2o3 8).0 gpl; h.r.: J.~ 

Na20t: 188.8 gpl; Si02 0.48 gpl 

Quan+.ity of lime added % 

3 5 7 10 

Sample ICS-2 ICS-2 !CS-~ IC~-2 
M5 M6 M7 .. -

... -.~ 

Liguor anal~sis after 

digestion Na2oc gpl 149.2 146.7 142.5 152.;. 

Al 2o
3 

gpl 158.3 155.7 151. 3 150. :· 

Na20t . Jl 175.5 172.6 167.8 179.~ 

Si02 gpl 0.45 0.45 0.4 0.35 
M.r. 1.55 1. 55 1.57 1.57 

Chem. comEosition of red mud 

Al 2o
3 3 15.7 15.7 15.l 15 . .:.. 

Si02 3 14.9 14.4 14.0 lJ.7 
Fe2o

3 3 31.9 JO.O 29.5 27.-;; 

Ti02 3 10.5 9.6 9.4 c , 
J. -

L.CU 3 7.6 8.2 8.5 ~ -- -...J. -

Cao 3 '7. 8 10.5 12.4 1 ,. -
~ -•""". -

MgO 3 1.0 0.9 0.9 r -
.,.; . ~ 

Na2o 3 8.5 8.1 7.2 ,. -0.:. 

Na20/Si02 0.57 0.56 0.51 (j. L 3 

Al 20
3
/Si02 1.05 1.09 1.03 l. :!.2 

&2Q3 ~ield 3 8).6 82.5 82.9 :: , ~ -........ 
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Table A2-22 

Mineralo(aical comoosition of red muds 

/Effect of lime additioni 
Hodellin~ of tube di&estion 

Bauxite: ICS-2 
Digestion temperature: 28C0 c 

• Holding time: 1 hour 

Quantity of lime adde~ ., ,, 

3 5 7 10 

Sample ICS-2 ICS-2 ICS-2 ICS-~ 
M5 M6 M7 ··-!.• .. : 

• 
Al 2o3 % in:diaspore 0.7 0.5 0.5 I) 

sodalite 3.0 2.6 3.1 ::> -_.o 

• cancrinite 6.6 5.8 5.7 5.5 
CAS 2.8 4.0 J.l 5.2 
undigested silicates 2.6 2.8 2.7 1.5 
/chmcs~"te/ 

total 15.7 15.7 15.l 15.4 
• 

5102 % in~sodalite J.5 J.2 J.6 J.O 
cancrinite 7.8 6.8 6.6 6.5 
CAS l.O 1.6 1.1 2.5 

unfc~gesteA s;licates £:. 6 2·.8 2.7 l. 7 
c mnos::..~e 

total 14.9 14.4 14.0 1).7 

Fe2o
3 

3 in:goethite 1.4 1.1 1.1 1.0 

hematite 25.7 23.7 2).4 23.7 
undigested silicates 
/c!-i.1r.1o!:i te/ 

4.8 5.2 5.0 J.2 

• total 31.9 30.0 29.5 27.9 

Ti02 % in:perowskite ).1 3.2 9.1 c , 
"'. -

Na-titanates+rutile 7.4 6.4 0 0 

total 10.5 9.6 9.1 
,.. . 
";: • .!. 

Cao 3 in~perowskite 2.2 2.2 6.4 6.-
CAS 1.6 7.5 5.2 

,.. 
'"::• ... 

• ~alci te 1.0 0.8 0.8 1.:: 

tota.~ 7.8 10.5 12.4 , ~ -
'"' -_ ....... -

• 
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F.:.g.A2-10 

Al203 YIELD AND UNDIGESTED DIASPORE VS. - -
QUANTITY OF LIME ADDED TO DIGESTION 
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Fig.A2-11 

CHANGING OF Na20/Si02 AND Al203/Si02 W. RATIO IN -
RED MUD VS. QUANTITY OF LIME ADDED TO DIGESTION 
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digestion temperature was reached. According to the resul~s 
no evaluable deviation was found for digestion recovery 

and bound Na20-losses compared to the method of adding 

lime prior to heat-up. 

4.2.2.2.Di,&e.!t!.o!! te!.t!. _!!ith_digesii£n_liq~O£S_of ya£i£U!. 
£O!!C~n,!ratio!!s_ 

The effect of concentration of digestion liquor was inves­

tigated at 260° C with the additicn of 7 % of CaO calculated 

on dry bauxite. Comparative digestion tests were made 

with digestion liquors having various i.e. 141.2; 

161.6 and 182.4 gpl Na2o concentrations. Chemical analyses 

of the aluminate liquors and red muds moreover the digestion 

recovery data are given in Table12-23,the miner~l compo­

sition of red muds, however, in Table A.2-24. According to 

the results, the digestion recovery is practically the 

same at the given pararaeters and in the range of concentration 

investigated. In the course of making the design the opti~~~ 

concentration may be modified within the given limits 

taking the energetic and technologic aspects into consice~a~icn. 

~.2.2.3~iKe!.tio!! ie.!t.! ~n_b~u~ite_s~m.E,l~s_g£o~n~ io_v~rio~s­

!_r~i!! ,!i~e!. · 

A comparison of digestibility of wet ground bauxite sa~ples 

of grain size less than 90 1um and 160 1um was made under 

equal digestion parameters and the same amount of lime 

addition. The t6st results are given in Tables A2-25 and 

~ . 
On the intensive agitation in the laboratory digester 

both bauxite samples were practically digested with a 

uimilar digestion efficiency. It ohould be noted that 
even in the sample ground to below 160 

1
um more than 90 3 
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Table A.2-23 

Digestion tests at different digesting liquor concentra:~=~ 
~!od.ellin.; of autoclave and tube digestion 

Bauxite: ICS-2 

Digestion temperature: 260° C 

Holding time: l hour 

Calculated molar ratio: 1.55 
Lime addition: 7 I /for dried bau~ite/ 

Sample ICS-2 Kl 

Di~estin~ liguor 

Na2oc gpl l'~l. 2 

Al 20
3 

gpl 72.6 
M.r. 3.2 

Ligour anallsis after 

di~estion Na2oc gpl 130.2 

Al 2o3 
gpl 130.7 

M.r. 1.64 

Chem. comeositicn of red med 

Al 2o
3 

% 15.7 

Si02 % 14.0 

Fe2o
3 

% 29.J 

Ti02 % 10.0 

L.O.I. % 9.1 

Cao % 11. l 

MgO % 0.9 

Na20 % 8.1 

Na201s102 0.57 

Al 2o
3

1s102 1.12 

Ca0/Si02 0.79 

A1 2Q3 
yield % 82.1 

ICS-2 K2 ICS-2 K3 

161.6 182.4 

83.0 93.S 

3.2 3.2 

140.8 157.9 
142.0 162.J 

1.61 1.61 

15.3 15.4 

14.0 13.:: 

29.6 29.6 

9.7 9.7 

8.7 8.4 
lJ.2 lJ.5 

1.0 o.~ 

7.0 7.J 

0.50 0.53 

1.09 1.11 

0.94 0 ---~= 

82.7 82.6 



A2-61 
Table A2-24 

Mineralor,iic~l composition of r~d muds 

/Tests at different liquor concentration/ 
• itodelli:-"1 of autocla·.,..e and tube di~estion 

Bauxite: ICS-2 
Digestion temperature: 260° c 

• Holding time: 1 hour 

Digesting liquor Na2oc conc.gpl 

141.2 161.6 182.4 

Sample ICS-2 Kl ICS-2 K2 ICS-2 KJ 
• 

Al 2o
3 

% in;diaspore 0.6 0.6 0 
sodalite 2.J 2.8 2.3 

• cancrinite 5.5 5.8 5.1 
CAS 4.7 J.J 5.4 

~iges~~d/'3ilicates 2.8 2.8 2.6 
ano:;~ .. e 

total 15.9 15.3 15.4 

Si02 % in: sodali te 2.8 J.J 2.7 
• 

cancrir.ite 6.6 6.8 6.1 
CAS 1.8 1.1 2.5 

• ~s"f!ed i3ili'!ates 2.8 2.8 2.6 
Sl. ;;e 

total ll;. 0 14.0 13.9 

Fe2o3 % in:goethite :... J 1.0 1.2 

hematite 22.8 22.4 23.6 

~~txd~ilicates 5.2 5.2 4.8 
.., ... ve 

-total 29.J 29.6 29.6 

• 
Ti02 % in:perowskite 2.9 9.7 4.7 

Na-titanates+rutile 7.1 0 5.0 

total 10.0 9.7 9.7 

• Cao % in:perowskite 2.0 6.8 ).) 

CAS 7.9 5.4 9.0 

calcite 1.2 1.0 1. 2 

total 11. l lJ.2 lJ.5 

• 

• 
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Table A.2-25 

Effect of grain size of bauxite 
lfodelli~ of autoclave and tube digestion 

Bauxite: ICS-2 <90 1um; ICS-2 <:.. 160 1um 

Digestion temperature: 260° C 

Holding time: 1 hour 
Calculated molar ratio: 1.55 

Lime addition: 10 % /for dried bauxite/ 

Digesting liquor: Na20
0 

161.6 gpl; Al 2o3 BJ.O gpl; M.r.: 

Na2ot 188.8 gpl; Si02 0.49 gpl 

Sample 

Liaour analysis 

after digestion 

Na2oc gpl 
A1 2o3 gpl 

Na2ot gpl 
Si02 gpl 

M.r . 

Chem. compositoP of 

red mud A1 2o
3 

% 
5102 ~ 
Fe 2o3 % 
Ti02 % 
L.O.I. % 

Cao % 
MgO % 
Na2o % 
Na20/Si02 
A1 2o

3
1s102 

A~_2QJ yield % 
Ca0/Si02 

Grain size of bauxite sample~ 

147.9 140.0 

146.5 142.2 
176.1 167.1 

0.45 0.42 

1.65 1.62 

15.2 14.9 

13.8 13.4 
27.1 27.0 

8.9 10.J 

9.4 8.6 

16.4 16.0 
0.8 1.1 

6.8 6.4 

0.49 0.48 

1.10 1.11 

81. J 81.6 

1.19 1.1? 
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Table A2-26 

Mineralogical composition of red muds 

/Gffect of grain size of bauxite/ 
3!odelli~ of tube di,;estion 

Digestion temperature: 260° C 
Holding time: 1 hour 

Grain size of bauxite 

Sample ICS-2 <. 901um ICS-2 

Al 2o3 % in:diaspore 0 

soda.lite 2.8 

cancrinite 5.J 
CAS 5.5 
undigested silicates /ch."W./ 1. 6 

total 15.2 

Si02 % in:sodalite J.2 
cancrinite 6.J 
CAS 2.J 

undigested silicates /ch:3r:i./ 2.0 

total 13.8 

Fe2o
3 

% in:goethite 0.7 

hematite 22.5 
undigested silicates /cham./3. g 

total 27.1 

Ti02 % in:perowskite 8.9 

Na-titanates+rutile 0 

total 8.9 

Cao % in:perowskite 6.J 

CAS 9.2 
calcite 0.9 

total 16.4 

<:::15C /'.:.":':". 

0 

3.0 
4.5 

4.6 

2.2 

14.9 

J.6 

5.4 

1.6 

2.e 

13.4 

o.s 
21.0 

5.2 

27.0 

10.J 

0 

10.J 

7.2 

7.5 
1. 2 

16.v 
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of the material was in the range below 100 1um. 

Based on the practice of plants processing diasporic bauxites, 

grinding of the ore to below 90 1um is proposetl for the case 

of industrial processing. In favour of perfect digestion 

g~inding to this grain size is a firm solution, coarser 

grain size would cause erosion problems according to i~dus~~~al 

practice . 

4.2.2.4.Qi_Ke~tio~ !_e~t~ £a£ried £Ui .f.0£ th~ de!_e~mln~tio~ 

£f_v~t~i!!!.U!!!. £i_Ke~tio~ !!!.Ola£ £a!.i.£ Lb~u.!_ite_t£ li~u£r_ratloL 

For the determination of the optimum after-digestion molar 

ratio a curve characteristic of the digestion was plotted. 

A set of experiments comprising six digestion tests was 

performed with a digestion liquor having a caustic concentra~icn 

of 161.2 gpl Na2oc, at 260° C with the addition of optimum 

/7 ~/ amount of CaO and various admeasurements of bauxite 

values. Calculated molar ratio of admeasurement was selected 

within the range of 1.)-1.7. The analyses of the aluminate 

liquor and red mud pertaining to the test series are given 

in Table A2-27 and the mineral composition of the three 

red muds in TableA2-28. The characteriotic curve plottea 

from the experimental data is given in Figure A2~1~0n 

basis of the investigation of the efficiency data of digestio~ 

and the undigested values of diaspore the optimum molar 

ratio asJuring complete digestion is c~nsidered to be 

1.55 . 
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Table A2-27 

Characteristic digestion curve for determination ooti~u~ 
molar ratio 

ifodellifl-.1 of tube di.;estion 
Bauxite: ICS-2 
Digestion temperature: 260° C 
Holding tim~: 1 hour 

Calculated molar ratio: 1,)-1,7 
Lime addition: 7 % for dried bauxite 

Liguor anal ls is after dieaestion 

Sample Na2oc Al 2o
3 

Molar Na2ot 
gpl gpl ratio gpl 

Digesting 
liquor 161.6 8).0 ).20 188.8 

ICS-2 Mv-1 138.2 J.60.1 l.42 166.4 

ICS-2 Mv-2 139.4 162.7 1.41 166.7 

ICS-2 Mv-3 141.6 164.0 1.42 166.5 
ICS-2 Mv-4 140.1 153.6 1.50 168.3 . 
ICS-2 Mv-5 14Q.8 148.5 1.56 167.5 

ICS-2 Mv-6 143.0 137.8 1. 71 169.5 

Chemical composition of red mud 

Sample Al2o3 Si02 Fe2o3 Ti02 L.O.I. CaO MgO 

~ ~ ~ ~ ~ ~ ~ 

ICS-2 Mv-1 24.0 12.2 25.J 8.6 10.2 10.2 0.8 

ICS-2 Mv-2 19.7 1).2 27.l 9.2 9.8 11.J 0.9 

ICS-2 r.tv-3 17.9 1).5 27.6 9.J 9.7 11.J 0.9 

ICS-2 Mv-4 15.8 1).9 23.5 9.5 9.5 11.5 0.9 
ICS-2 Mv-5 14.8 14.l 28.6 9.5 9.4 11.7 1.0 

ICS-2 Mv-6 14.9 14.0 28.8 9.5 9.4 12.3 1.0 

Si02 Calc::la-:e:: 
gpl mo la:- ra~:.c 

0.48 

0.4 1.30 
0.4 1.40 

0.4 1.45 

0.4 1. 50 
0.4 1. 55 
0.4 1. 70 

N820 A12o3 Al~O- j·!.-e :.: 
t:. ) 

~ SiO:- .. 
i1 

t:. 

6.6 1.97 ,..: -:. 
C·-· .... 

6.9 1.49 -::: .., 
I_,• . 

7.4 1.30 -- -1:.) 

7.5 1.14 :: • = ...,_. ~ 

7.5 1.05 -- -=~.: 

7.5 l .!"l6 -- -
=~· 
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Tatle A2-2;3 

riineralogical comoosition of red muds 

/Effect of calculated molar ratio/ 
rtodellin; or tube digestion 

Bauxite: ICS-2 

Digestion temperature: 260° C 

Holding time: 1 hour 

Lime addition: 7 I for dried bauxite 

M.r. 

1.50 

Sample ICS-2 Mv-4 

Al 2o3 % in~diaspore 1.6 
sodalite 2.0 
cancrinite 6.8 

CAS 3.2 
undigested 
silicates /chan./ 2.2 

total 15.8 

Si02 3 in:sodalite 2.3 

cancrinite 8.0 

CAS 1.4 

undigested 
silicates /chan I 2.2 

total 1).9 

Fe 2o
3 

3 in:goethite 1 • 2 

hematite 19.) 
undigested 8.0 
silicates /chan . 
total 28.5 

Ti02 3 in:perowskite 5,3 

Na-titanates+ 
rutile 4.2 

total 9.5 
Cao 3 in:per0wskite ).7 

CAS 6. '~ 
calcite 1.4 

total 11. 5 

after digestion 

1.56 1. 71 

ICS-2 Mv-5 ICS-2 ., ~ 

.•.V-0 

0.) 0 

2.3 2.2 

5.5 5.7 
4.2 4.7 

2.5 2.3 

14.8 14.9 

2.9 2.7 

6.8 6.9 

1.9 2.1 

2.5 2.3 

14.1 14.0 

1.1 1.0 

22.8 2).5 

4.7 ,, -; - .... 
28.6 .... :::: :. 

&:.- • -

4.8 /, ' -.-

4.7 5.l 

9.5 - -....... ... . ... 
).4 J.: 
7.0 .., -

I • ":: 

1. 3 l. -
11. 7 . - -' , . -- . ,.,, 
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Fig.A2-12 

CHARACTERISTIC DIGESTION CURVE 

Bauxite 

Digestion temperature 

Holding time 

Lime addition 

Digestion liquor cone_ 

ICS-2 

2so0 c 
1 hour 

7 °/o 

theoretical yield -----------------------------
85 

80 

75 

70 

65 

1-'3 

·"" ( . 
I 
0 

I . 
I 
• 

I 
• 
0 

I 

1·4 

-"--·-·-·-o --·"-"' ·"'° 

1·5 1·6 1-7 

Molar ratio after digestion 

1.a 



• 

• 

• 

• 

• 

• 

• 

• 

• 

A2-63 

4.2.2.S.!!~~~!.~-~!!.~-~!._!h.e_ d~~~!.'!!lt~!!._!>f...EEti.!!!~­

!:.et~l'!j; !.CUI_ ti!!!.e_ 

For the determination of optimum digestion retention ti~e 

the tests were carried out with a digestion liquor having 

a concentration of 161.6 gpl of Na2oc at 260° C and with 

7 ~ of Cao·addition. After achieving the final digestion 

temperatures, samples were withdrawn under pressure after 

10, 20, )0 and 40 minutes and 1 hour, respectively. The 

aluminate liquor and red mud samples were analyzed as 

usual and the results are given in Table A2-23. It can 

be seen from the results that bauxite got digested comoletel; 
after )0 minutes and the Al 2o

3
-recovery reached the maxi::;!.:::; 

value i.e. 82.J ~-

The results have the meaning for the industrial practice 

that in the case of adopting tube digestion a retention 

time of half an hour would be sufficient because in this 

case the slurry flows like a piston. In the case of diges~ic~ 

in autoclaves a retention time of about 1 hour would be 

required for the perfect digestion as a consequence of 

the forward hurry or the slurry. 

4.2.JDigestion t~sts on the characteristic bauxite samole 

ICS-J havin5 a module of J.77 

Bench-scale digestion tests were carried out with the 

low /J.77/ module characteristic bauxite sample by the 

similar system as it had been done with the 6.89 module 

bauxite. The results or testing series are summarized below . 

DiGeation tests were carried out with J, 5, 7 and 10 3 of 
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Table .A2-29 

Influence of the holding time 

• Hodelling of autoclave and tube digestion 
Bauxite: ICS-2 
Digestion temperature: 260° c 
Holding time: 10', 20', JO I, 40', l hour 
Calculated molar ratio: 1.55 
Lime addition: 7 % for dried bauxite 

Liquor analysis after digestion 

• Holding NafOc Alf OJ Molar 
time gp gp ratio 

Digesting liquor 161.6 8).0 J.20 

• 10' l.:.J.0 145.2 1.62 

20' 142.0 147.8 1.58 
JO' 141.4 149.1 l.56 
40' 14).2 152.0 1.54 
1 h 142.7 • 151.4 1.55 

Chemical com~osition of red mud 
• Holding AI2o3 

S102 Fe2o3 
T102 L.O.I CaO MgO N820 Al2o3 Al203 time j I I % I I I ' Si02 yield ~ 

10' 19.9 13.J Z].2 9.2 9.7 11.8 0.9 6.9 1.49 75.6 
20' 16.7 14.0 27.9 9.4 9.9 12.1 0.9 6.8 1.26 80.0 

JO' 15.1 14.2 28.9 9.5 9.9 12.4 0.9 7.3 1.05 82.J 

40' 15.J 14.2 28.9 9.5 9.9 12.6 0.9 7.1 1.04 E2.3 
• 1 h 15.0 14.1 28.7 9.5 9.6 12.J 0.9 7.2 1.06 82.2 

• 

• 
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CaO addition calculated on the weight of dry bauxite, with 

a digestion liquor concentration of 161.6 gpl, ad tempera­
tures of 260 and 280° C. Aluminate liquor and red r.ud 

analysis pertaining to the d!6estion tests carried out 
0 at 260 C, morover the bound Na2o- and A1 2o

3
-losses and 

Al 2o3-recovery data are given in TableA.2-)~, while the 

phase analysis of red muds in Ta~le A2-31 Al2o
3
-recovery 

data of the amount of undigested diaspore is indicated 

in Fig. A2-13.. The ratios of Na20/Si02 and Al2o3/Si02 
characteristic of

1
bound losses in function of the amount 

of Cao added are indicated in Fig. ~-14~ Maximum Al 2Q
3
= 

recovery achieved was 69.6 I. The Na20tSi02ratio can be 

reduced to within 0.52-0.53. T~e digestio~ of diaspore 

gets completed by the aldition of 7 i of CaO. The add~k~ --o; 7 i of lime is considered to be optimu~ from the point 

of view of both the bound Al 2o
3
- and Na20-losses. 

On repeating the digestion tests a~ 280° C the Al 2o
3
-recover7 

ranging 69.8-72.J i was achieved. The only difference 

compared to the results obtained with 260° C lies in the 

condition that the diaspore has become digested even at 

a lime addition of as low as J i of Cao. The addition 

of 7 ~ of lime, however, is motivated by the intention 

to reduce bound Na29-losses also even at 280° C . 

The test results are summarized in Tables ~-32 and .~-33 

c.:id indicated in Fl.gs .A2-15 and ~2-16. 

of various concentrations 

Similarly as with sample ICS-2 the digestibility of ba~xi!e 

was investigated at 260° C by the use of digestion liq~c~ 

/or Na2oc conccntrat1on3: 138; 16!.6 and 180 gpl/ ar.d 



• 

• 

• 

• 

• 

• 

• 

• 

• 

A2-71 

Table A2-30 

Effect of lime addition for digestion 
~odelling of autoclave and tube digestion 

Bauxite: ICS-3 
Digestion temperature: 260° C 

Holding time: 1 hour 

Calculated molar ratio: 1.55 

Lime addition: 3-10 ~ /for dried bauxite/ 

Digesting liquor: Na20c: 161.6 gpl; Al2o
3 

83.0 gpl; M.r.: J.2 

Na20t: 188~8 gpl; Si02 0.46 gpl 

Quantity or lime added % 

) 5 7 10 

Sample ICS-3 Ml ICS-3 .M2 ICS-3 M3 ICS-J i·~4 

Liguor anal.1sis after 
digestion Na2oc gpl 146.J 1)1.5 130.6 134.5 

Al 2o
3 

gpl 145.9 142.3 141.5 142.0 

fla2ot t;pl 174.5 158.0 155.0 160.1 

Si02 gpl 0.45 o.4u 0.40 0.40 

M.r . 1.65 1.52 1.52 1.56 

Chem.comEosaion of red mud 

Al 2o3 % 22.2 18.0 17.1 16.2 

S102 % 15.0 16.2 15.6 14.2 

Fe2o
3 

% 26.7 29.1 28.1 25.5 

T102 I 7.J 7.4 7.1 6.5 

L.O.I. I 9.5 9.1 9.5 11.3 

CaO I 6.2 9.2 11.5 17.0 

MgO I 0.8 0.8 0.8 O.o 

Na"O % 8.8 9.6 8.J 7.4 

Na20/Si02 0.59 0.59 0.53 0. '32 

Al 2o31s102 1.48 1.11 1.10 1.14 

Al_2Q~ xield % 58.4 69. l 69.6 68.2 
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Table A2-31 

Mineralogical comoosition of reJ muds 

/Effect of lime addition/ 
• 

Bauxite: ICS-J 
Digestion temperature: 260° c 

• Holding time: 1 hour 
lfodelli~ of autoclave and tube digestion 

Quantity of lime added % 

3 5 7 10 

ICS-3 ICS-3 ICS-3 ICS-3 
• Sample Ml M2 M3 w~ . 

Al2o3 I in:diaspore 7.4 1.2 o.~ 0 

• sodalite 3.1 4.5 3.4 3.2 
cancrinite 5.9 7.6 7.1 5.9 
CAS 2.2 3.3 4.9 5.5 
undigasted 
silicates /chan./ 3.6 1.4 1.:; 1.6 

• total 22.2 18.0 17.1 16.2 

S102 % in:sodalite 3.7 5.0 3.9 J.8 

cancrinite 6.9 8.7 8.5 6.9 
• 

CAS 0.8 1.1 1.9 1.9 

undigested 
silicates /chan./ J.6 1.4 l.J 1.6 

total 15.0 16.2 15.6 14.2 

Fe2o3 % in:goethite 2.0 1.8 1.6 1. 5 

hematite 18.1 24.7 24.1 21.0 

• undigested 
silicates /ch?...r.1.1 6.6 2.6 2.4 J.O 

total 26.7 29.l 28.l 25.5 

• Ti02 % in:perowskite 2.0 J.J 2.9 6.5 

Na-titanates+rutile 4.7 4.1 4.2 e 
total 6.7 7.4 7.1 6.5 

Cao % in:perowskite l. l~ 2,J 2.0 4.6 

• CAS ).6 5.4 8.0 9.1 
calcite 1.2 1.5 1.5 ~-3 
total 6.2 9.2 11. 5 17.~ 

• 
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Fig.A2-13 

Al20 3 YI ELD AND UNDIGESTED DIASPORE VS. --
QUANTITY OF LIME ADDED TO DIGESTION 

Bauxite = ICS-3 

Digestion temperature 2so0 c 
Holding time 1 hour 

Digestion liquor cone. (Na20c) 161·6gpl 

)( )( Al203 yield 
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Fig.2-14 

CHANGING OF Na2QL§_02 AND Al2Q3!2!.Q2 W. RATIO IN 

RED MUD VS QUANTITY OF LIME ADDED TO DIGE.STION 
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Table A2-3~ 

Effect of lime addition for digestion 
i'1odelling of tube di~estion 

Bauxite: ICS-3 
Digestion temperature: 280° C 

Holding time: 1 hour 

Calculated molar ratio: 1.55 
Lime addition: 3-10 I /for dried bauxite/ 

Digesting liquor: Na2oc: 161.6 gpl; Al2o3:83.l gpl; 1.f .,... • ·- .... .. ? .... . -
Na2ot: 188.8 gpl; Si02:0.48 gpl 

Sample 

Liquor analysis after 

digestion Na2oc gpl 
Al 2o

3 
gpl 

Na2ot gpl 

Si02 gpl 
M.r. 

Chem. composition of 

red mud Al 2o3 I 
Si02 S 
Fe2o3 I 
Ti02 I 
L.O.I. I 
Cao I 
MgO ~ 

Na2o I 
Na20/Si02 
A1 2o31s102 
g 2Q3 yield I 

Quantity of lime added I 

J 

ICS-J 
MS 

132.0 

143.-7 
160.1 

0.40 
1.51 

16.9 

16.9 

J0.5 
7.7 
7.8 
6.9 

0.9 
10.2 

0.58 
1.0 

72.3 

5 

ICS-3 
M6 

1;3.1 

1~5.J 

156.2 

0.45 
1. 51 

17.2 

16.8 

29.5 
7.4 

8.5 
8.9 
0.8 
9.6 

0.57 
1.02 

70.8 

7 

ICS-J 
M7 

131.3 
142.8 

156.4 
0.45 
1.51 

17.1 

16.2 

28.J 

7.2 
9,3 

11 .2 

0.8 
8.8 
0.54 
1.06 

69.8 

10 

ICS-3 
:.:a 

lJJ.5 
142.6 

157.0 
0.45 

1.54 

16.J 

14.5 
27.4 
6.6 

10 .4 

15.l 
o.a 
7.7 
0.53 
1.12 

70.2 
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Table A2-33 

. Mineralogical composition of red muds 
/Effect of li~e addition/ 
Kodelli"b of tube di0estion 
Bauxite: ICS-3 
Digestion temperature: 280° C 
Holding time: 1 hour 

Sample 

Al2o3 I in:diaspore 
sodalite 

cancrinite 

CAS 

undigested 
silicates /chart./ 
total 

Si02 I in:scdalite 
cancrinite 

CAS 
undigested 
silicates /ch.-:in./ 

total 

Fe2o3 I in;goethite 

hematite 
undigested 
silicates /c'.,ar.i./ 

total 

Ti02 ~ in:perowskite 

Na-titanates+ 
rutile 

total 

Cao % in:perowskite 

CAS 

calclte 

total 

Quantity 

J 

ICS-J 
M5 

0.7 
4.4 

8.7 

1.8 

l.J 
16.9 

5.1 

9.9 
0.6 

l.J 

16.9 
1.5 

26.6 

2.4 

J0.3 
4.0 

~-7 
7.7 

2.8 

J.O 
1.1 

6.9 

of lime added 3 

5 7 10 

ICS-J ICS-J ICS-3 
M6 M7 ?-!8 

O.J O.J 0 

4.J J.7 J . .!,. 
8.0 7.7 6.5 
J.J 4.1 5.4 

l.J 1. J l.C 

17 .2 17.1 16.3 

5.0 4.4 4.0 

9.4 9.0 7.5 

1.1 1.5 1.9 

l.J 1. J 1.0 

16.8 16.2 14.5 

1.4 2.0 0.5 

25.7 23.9 24.7 

2.4 2.4 1. g 

29.5 28.J 27.4 

2.8 J.9 6.6 

4.6 ~-~ 0 

7.4 7.2 6.6 

2.0 2.7 4 ;. . ., 
5.4 6.7 ~ ~ 

o.~ 

1.5 1.8 1.6 

8.9 ll. 2 15.l 
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Fig.A2-15 

Al203 YIELD AND UNDIGESTED DIASPORE VS. --
QUANTITY OF LIME ADDED TO DIGESTION 
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Fig.A.2-16 

CHANGING OF Na20/Si02 AND Al2.Q3!.§!Q2 W.RATIO IN 

RED MUD VS OUANTITY OF LIME ADDED TO DIGESTION 
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7 ~ of lime additive. The results are given in Tables A2-J.; 

and A2-35. 

Minimum amount /1.<J'/. of Al 2o3t of undigested diaspore rewa~~e= 

in the case of 138 gpl digestion liq~or. However. at 161.6 
and 180 gpl concentrations practically no undigested dias;c~e 
was left. 

4.2.3.3.Q~e~!~ _ te~~-~_£ri~<!.__£ut_ ~-~~~~ .&i:E.!!_nd_ to_ 

~ 2!! !. ~ !. _;,£ aj. E. ..§.!. ~ -

Parameters and results of comparative digestion tests 

carried out on samples ground to below 90 1um and 160 1un 

arc given in Tables.A2-36 and A2-37 • 

lli th the aample ground to below 160 1um the Al 2o3-recover:; 

is leas by about 4 ~' however, with the sample ground 

to finer size than 90 jum the digestion of diaspore is 

practically completed. 

4.2.3.4.01:$~~ i~ _ ~!.~.-~!!!inA ..!£. _liete.!:~E.EL i~ _ o_p!_im.!!,~ 

!!!~~~.!:~!~L~~~iELt~l~.!!.~-~iioL 

In order to determine the optimum digestion molar ratio 

digestion series comprising six tests at 260° C and by 

the optimum addition of 7 ~ CaO were carried out. The 

parameters and results are given in Tables A2-33 and .1\2-39 

The characteristic digestion curve plotted on basis of 

the experimental data are shown in Fig. A2-17. Based on 

the results the optimum molar ratio assuring pcrf'ect dige.s-.::.::: 

is considered to be 1.55 . 
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Table A2-34 

Digestion tests at different digesting liguor concentratic~ 
i:.fodelling of autoclave and tube digestion 

Bauxite: ICS-J 

Digestion temperature: 260° C 
Holding time: 1 hour 

Lime addition: 7 i for dried bauxite 
Calculated molar ratio: 1.55 

Sample ICS-J Kl 

Digesting liguor 

Na2oc gpl 138.0 
A1 2o

3 
gpl 70.4 

M.r. J.2 
Liguor anallsis after 
disestion 

Na2oc gpl 116.9 
Al2o

3 gpl 122.2 
M.r. 1.57 

Chem.comEosition of red mud 
Al 2o

3 
% 18.9 

S102 % 15.7 
Fe2o3 3 26.9 
Ti02 3 7.0 
L.O.I. 3 10.4 
Cao 3 11.1 
MgO 3 0.7 
Na2o 3 8.7 
Na20/Si02 0.55 
A1 2o31s102 1.20 
CaO/S102 0.71 
&2Q3 ;i£1eld 3 64.9 

ICS-J K2 ICS-J !\:J 

161.6 180.0 
8J.O 92.5 
J.2 J.2 

130.6 153.0 
141.5 166.8 

1.52 1.51 

17.1 17.J 
15.6 15.9 
28.1 28.J 
7.1 7.2 
9.5 9.9 

11.5 11. 7 
0.8 0.8 
8.J 8.4 
0.53 0.53 
1.10 1.09 
0.74 0.735 

69.6 69.4 
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Table.! A2-35 

~ineralogical compc~ition of red muds 
/Effect of dig. liquor concentration/ 

?IoC.elling of autoclave and t~be digestion 

Bauxite: !CS-) 
Digestion temperature: 260° C 
Holding time: 1 hour 

Digesting 

- Na20cgpl 138.0 

Sample ICS-3 Kl 

Al 2o
3 

j in di as pore 1.9 
sodalite 4.0 

cancrinite 6.7 

CAS 4.7 

undigested 
silicates /c!1a:1./ 1.6 

total 18.9 

Si02 % in sodalite 4.7 

cancrinite 7.8 

CAS 1.6 

undigested 
silicates /chan./ 1.6 

total 15.7 

Fe2o
3 

3 in goethite 2.0 

hematite 21.9 

undigested 
silicates /ch:>.r.i./ J.O 
total 26.9 

Ti02 3 in perowskite 2.7 

Na-titanates+ 
rutile 4.3 

total 7.0 

Cao 3 in perowskite 1.9 

CAS 7.7 

calcite 1.5 

total 11. l 

liquor concentration 

161.6 180.0 

ICS-3 K2 IC3-J 7.3 

0.4 0 

J.4 J.6 

7.1 7.J 

4.9 5.1 

1.J 1. J 

17.1 17.J 

J.9 4.2 

8.5 8.6 

1.9 ~-. 8 

1.3 1. 3 

15.6 15.9 

1.5 1.1 

24.1 24.8 

2.4 2.4 

28.1 28.J 

2.9 J.3 

4.2 J.9 
7.1 7.2 

2.0 2.3 
8.0 8.4 

1.5 1.0 

11. 5 11. 7 
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Table A2-=!6 

Effect of grain size of bauxite 
!todellir._; of autoclave a."ld tube digestion 

Bauxite: ICS-J < 90 1um; ICS-J <:.160 
1

um 

Digestion temperature: 260° C 
Holding time: 1 hour 
Calculated molar ratio: 1.55 

Lime addition: 7 % /for dried bauxite/ 

Digesting liquor: Na2oc 161.6 gpl; Al2o
3 

8J.O gpl; M.r.: J.2 

Na2ot 188.8 gpl; Si02 0.48 gpl 

Grain size of bauxite 

Sample < 90 1um < 160 /urr. 

Liguor anal ls is 
after dig:estion 

Na2oc gpl lJQ.6 131.5 
A12o

3 
gpl 141.5 140.9 

Na2ot gpl 155.0 156.8 
Si02 gpl 0.40 0.40 

C . . M.r. 1.52 1.54 hem.comEosition of 
red mud Al 2o3 % 17.1 19.1 

Si02 j 15.6 16.4 
Fe2o

3 
3 28.1 28.0 

Ti02 3 7.1 7.0 
L.O.I. 3 9.5 7.7 
Cao 3 11.5 12.0 
MgO % 0.8 0.9 
Na2o 3 8.J 8.J 
Na20/S102 0.53 ) . 51 
Al 2o31s102 1.10 1.16 
A1 2Q3 yield 3 69.6 65.9 
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Table A2-37 

Mineralogical componition of red mud~ 

/Effect of grain s:ze of bauxite/ 

~odellin,; of autoclave and tube di~~stion 
Bauxite: ICS-3 
Dig~stion temperature: 260° C 
Holding time: 1 hour 

Sample 

Al 20J j in:diaspore 
sodalite 
cancrinite 

CAS 
undigested 
silicates /chan./ 

total 

Si02 ~ in : sodali te 
cancrinite 

CAS 

undigested 
silicate::; /char.I./ 

total 

Fe 2o _. 3 in:goethite 
hematite 

undigested 
silicates /ch.1r.1./ 

total 

Ti02 % in:perowskite 

Na-titanates+rutile 

total 

Cao % in:perowskite 

CAS 
calcite 

total 

Grain size 

< 90 1um 

0.4 
).4 

7.1 

4.9 

1.) 

17.1 

3.9 
8.5 

1.9 

l.J 
15.6 

1.6 
24.1 

2.4 

28.1 

2.9 

4.2 

7.1 

2.0 

8.0 

1.5 

11. 5 

of bauxite 

<160 ;ur.. 

1.6 
4.2 

7.9 
4.0 

1.4 

19.1 
4.7 
8.9 

1.4 

1.4 

16.4 

1.4 

24.0 

2.6 

28.0 

4.9 

2.1 

1.0 
J.4 

6.6 

2.0 

12.0 
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Table }.2-33 

Characteristic digestion curve ro~ determination ootir.i~:: 

molar ratio 

If::>deU:il'lb of autoclave and t'.lbe d~estion 

Bauxite: ICS-3 
Digestion temperature: 260° c 
Hol1ing time: 1 hour 
Calculated molar ratio: 1,3-1,7 
Lime addition: 7 % for dried bauxite 

Liguor analisis after di12estion 
Sample Na2oc Al2o3 Molar Na20t Si02 Calcula-::e:: 

gpl gpl ratio gpl gpl mola:- :-a::io 

Digesting 
liquor 161.3 82.3 J.2 188.8 0.48 
ICS-3 Mv-1 139.5 160.5 1.43 164.2 0.25 1. JO 

ICS-3 Mv-2 140.1 162.3 1.42 164.0 0.25 1.40 

ICS-3 Mv-3 142.2 161.4 1.45 164.3 0.30 1.45 

ICS-3 Mv-4 143.8 158.7 1.49 164.3 0.30 1.50 

ICS-3 Mv-5 146.0 143.6 1.56 165.0 0.30 1.55 

ICS-J l~v-6 149.4 144.8 1. 70 166.J O.JO 1. 70 

Chemical comEosition of red mud 
Sample Al2o3 Si02 Fe2o3 T102 L.O.I. CaO MgO N~O Al2o3 Al203 

~ % I % s % % % 5102 yiel:! ~ 

ICS-) Mv-1 23.2 14.1 25.8 6.5 9.9 10.7 0.7 7.4 1.64 55.0 

!CS-) Mv-2 19.7 14.9 26.J 6.8 9.8 11.5 0.8 7.9 1.32 62.5 

• ICS-) Mv-3 18.9 15.) 27.0 7.0 9.6 11.5 0.8 8.2 l.2J 65.~ 

ICS-J Mv-4 18.2 15.6 28.9 1.0 9.2 11.7 0.8 8.4 1.17 6S -"' . "" 
ICS-3 Mv-5 17.7 15.6 28.7 7.1 9.0 11.5 0.8 8.4 l.lJ 'C : o .... -

' ICS-J Mv-6 17.5 15.9 28.5 7.1 9.1 11.6 0.9 8.4 1.10 6?.J 

• 
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A2-a5 

Table A2-Jg 

Mineralogical comnosition of red muds 

/Ef f~ct of molar ratio/ 
?:odelli~ of autoclave and tube digestion 

Bauxite: ICS-J 
Dig~stion temperature: 260° C 
Holding time: 1 hour 

M.r. after digestion 

Sample 

Al 2o3 i in;diaspore 

sodalite 

1.49 

ICS-J Mv-4 

0.8 

J.2 
cancrinite 7.8 

CAS 4.8 

undigested 

1.56 

ICS-3 Mv-5 

0.3 

J.4 

7.9 
4.8 

1. 70 

ICS-J 

0.4 

J. !;. 
7.4 

4.1 

.. , .·.v-= 

silicates /c~~-~'-~1~.6~ ____ ___;;1~-~3:;._ ____ ~2~·~2 __ _ 

total 

S102 % in ~ sodali te 

cancrinite 

CAS 

18.2 

J.6 

9.0 
1.4 

17.7 

J.9 
9.0 
1.4 

17.5 

J.7 
8.4 

1 .. 6 

undigested 
silicates/chan.L~~l~-~6;..._~-~-_.:;:.l~-~3~~~~---'2~·~2~~~ 
total 15.6 15.6 15.; 

Fe2o
3 

% in:goethite 1.5 1.1 1 I. .-
hematite 24.4 25.2 2., ... 

~."' 

l.411digested 
s i 1 i cat es I ch;:n ./ J . 0 2 . 4 4 • : ;.;.;.._.:::..:...::_ ____ ___:::..;....,;..._ ____ __;,~-~ 
total 28.9 28.7 25.S 

Ti02 % in:perowskite 4.0 J.9 s.: 
Na-ti tanates+rutile_---::::3.:..· .:.0 _____ _,3~·:..:2=-------=2;.;.·~·J __ _ 

total 7.0 7.1 

CaO ~ in:perowskite 2.8 2.7 

CAS 7.9 7.8 

calcite 

total 

1.0 

11. 7 

1.0 

11. 5 

7. ,_ 

J.5 
6 . .: 
, -
J.. -

. . , 

.L .!.. -::: 
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Fig.A2-17 

CHARACTERISTIC DIGESTION CURVE 

Bauxite 

Digestion temperature 

Holding time 

Lime addition 

ICS-3 

260°C 

1 hour 

7 °/o 

Digestion liquor conc.(Na20c) : 161·6 gpl 

Al203 

yie( d 0/o 

80 _________________ t_~~~e!i~=1!_ti~~<! __ 

1·3 1-4 1·5 1·6 1·7 
Molar ratio after digestion 

1·8 



A2-87 

The results of tests carried out for the determination 

of optimum retention time are saomarized in Table l\2-40. 

Similarly as with sample ICS-2, the temp~rature of 260° C 
and a retention time of JO minutes was sufficient for 

the perfect digestion of diaspore. 



.. 

• 

• 

• 

• 

• 

A2-88 

Table A2-40 
Effect of the holding time 
1fodall~:1:; of autoclave a.."ld tube digestion 

Bauxite: ICS-3 
Digestion temperature: 260° C 

Holding time: 10 minutes - 1 hour 
Calculated molar ratio: 1.55 
Lime addition: 7 ~ /for drie~ bauxitei 

Digesting liquor: Na2oc l61.6 gpl; Al2o3 8J.O gpl; M.r.: J.2 
Na2ot 188.8 gpl; Si02 0.48 gpl 

Holding time 

lo min . 20 min. 30 min. 1 hour 

Liguor analisis after 

disestion lla2oc gpl 130.0 1)1.4 132.5 lJJ.1 

Al 2o
3 

gpl 133.9 141.2 144.5 144.0 

Na20t gpl 154.1 155.7 156.0 155.6 
Si02 gpl 0.40 0.40 0.40 0.40 

M. :- • 1.51i- 1.51 1.51 1. 52 

Chem. comoosition of 

red mud Al2o
3 

~ 18.4 18.1 17.7 17.6 

Si02 ~ 16.1 16.1 J6.J 16.l 

Fe2o
3 

~ 28.0 28.2 28,6 2;.5 
Ti02 % 7.1 7.3 7.3 7.3 

L.O.I. % 9.0 8.6 8.4 7.6 

Cao ~ 1~.4 12.0 12.4 12.3 

MgO ~ 0.8 0.8 0.8 o.~ 

Na2o ~ 8.4 9.6 8.4 c :: .... _ 
Na20/Si02 0.52 0.53 0.52 0.5: 

Al 2o31s102 1.14 1. J 2 1.09 1.~~ 

A1 2QJ yield ~ 67.1 67.9 69.1 70.: 
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Attachment J 

Technological flow-sheets, material balances 

and water balances 
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:..!=t?s~=~~ 8.J.:.!x:i te ~~:=!~e.= s :>.!3 

.; I : : :o o . .;~ :: I ~=~~ c .::5 

:. I r:: \}.~..: : I .:.~7 c .. .:.::-
:i ~ ~.;j ~-.;~ : I :;~.j :.i11 220 

1271 

110 

r---...:: 
4J ) ( ~at.ion of :-ti.~t~ r Li::te b:ir:iing 

t • 3:.:rnt. li::ie ~~ix~ure t:?ti tc !"!t:d 
s I ..:;;, T ~; s I l3l n_r.;7 

67 

I 
L I 3073 .: nt t. I 265 0.239 - t I <>525 5.(:5 t ! 393 ('\ 'IN: 

16 
i>r~a::.i.::in of li!:c ::ti.L~ 753 ,...._.,, 

' • -
• ( '\5458 

Si:iterin9 -
Lime milk t t 

s ,;a 0.03 Sinter Soda solu::ion .. .i.32 0.2-l 
:: :.a:> 0.21 .;920 r- 5-1-1 0.45 

t ........ "'l.P ::~;,~ I - - ' 
Le3ehinc; ;;.-; )J ' ' ' .. 

Alu::iinate liquor Red :::iud to cHspcsal 

12255 9.79 s 3095 1.~5 

15FO • L H> o.J.; 
s~ ... t 3445 1.3g 

1 ~(~ilic:.ltim in dic:es~ f 'i'Lls..'UnJ 
t 

• I Alt.?'lir.a::e liquor 
... 
IZ: 

112211 9.9 . 

~r--- 2-:;--, ...-, 3677 
i=--.. 

( ~1liC3t.lC."\ Olith l.iJ:e c Vac-~u.-u cooling F ,, t -
• 

fA'l"uoinate liquor I \-~i::e r.tud .!>,lu.':!inatc liquor 

d69a 1.12 j L'LLJ2J 0.03 3.;99 2.79 
LI 102 0.114 

5,;'!) I • • - t I 202 0.14.J 

car!:>onization ) t Preci!;'itation 
1204 

'"-~ ~ ~ ~ 

• t 2a3 34 ' ' 

Soda solution I Spe:it liq..:or 

7752 6.35 I 
610 I 'l • 3094 2.55 

..... -Al'--.irote hvcirate 
33r.2 s I~;:)) > • Evaporation -L 3.;2 

• 

t ! 1aa2 Rege:ieration 

I I 
10::0 

' EvilTJOr at...-G liquor flat.er ..... • 
I mo 2.1a I rrcxluct h;.-dratc was~ing J ~-.:~.:.:..:: !n'..:d 3 

s 90 0.0) 

• 859 ./ l 
,,.... Hl 

173 r. 0.114 
t 268 (). ~ .;.; 

Pro!-.:::t hydrate t 
D • n om .L n a t i 0 n s lSCO • 

L I(,') 

! 16€-0 

• '6(.0 

th,• ~-\Aterl.11 c ~-- r..1tte:i of fl.Ooi C.1 lc i ~ ..1 Li.;:i 

. Vol;As I t 
;.l.inu'..1 

s SOiid r-;1.- IOCO ... Ll .u.: . l.lM 



• 

• 

• 

A3-2 

Te=~~oi~~ic3! :10-.-s~ee::. and oa::.erial !lo-J !or t ton of alu."!l!~a 

Hi5~ q::a:i~y ba~xi~~. 33:er proces~, aut~~l3~e diges::.ion 

Seda ash Bau.."<ite Li:::estone 
12~ s ! 23.;3 o .... ., ~o_J; 0.1.;.; 

T I t". 0.12.; L .;-. 0.".:~ -· -~ 

i'.:?t~:- ~-~ L....:...L.2ill7 n ~~., L..k...L'".:i} o.;1; 
S;:."a:i 

JO '\. 
4d2 4~ \' 

Fuel 40 ~J -
Causticization ) ( Grinding c Lirte burning \no 

\CJ;))~ - ) i ) i 10i2 
:take-~? ca::stic 

Predesilication) 
Dur::l::. lir.ae 

9Hi 831 563 0.16i 
I 1c.;69 

"' ' water 2~15, ~ 
J 

' Slurry adjusblent ( Licie slaking ) Spent liauor 
162d7 13.230 ~ l Stea_; 1.;35 ' 

Digestion feed ... .. 
' SI Lir.ie milk 2662 . 0.832 Evaporation, salt~ L I 16-17; 13 4,9 SI iOJ 0.2)5 rer.ioval 

J: I 191Ji 14 1.ll 4-H~ ... , 7.!7 
E•.".!?.J3JO/ '\. Soda salJ: ~· 

H. o. ster.i ' 
•.i=.-. 1. n.·> -

I Stro::lg liquor 2765 \ 

( Autoclave digestiat 2'153 2.o55 
11' 

t 11a21 422 ~ " Fl.~s., "'""' .., 3834 1st washer overflo';{ .. 
Dig~~tion liquor ' ~ 7900 6.895 aaJUSti:lent 

Dilution ) I t 

' 
Digestion liquor 

H5i6 12.426 
I Settling 

I I ' I 

' Alu.-niaate liquor 
Settler undcrf lo~ 

16257 13.200 
~ I 15;6 O.S02 

t Scent i""" ... t LI 42].I 3 25:! , 
t I r,;~'O 3.75~ ) Product hydrate Heat exchange l / 5109 

s I 1516 n c.,7 
~ i T, I 17,; n 1~.; !water 998 

t 116"2 n ll/'\1 . 
Preci:>itation Water 

992 .... ' 
Red mud wa!lhin9 ) 

t ( Hydrate wa:ihing \' \ 
Filtration 

/ ' ~ud causticiz.:Jt.io~ .'\ - 'I 
W.lSlll.'1.1 product hydr:1tr: w.it~r •snn ,J 

SeeJ hydrate r-fi-1.216 o.6:?i 
S I 1,102.! 4.Jo') L 176 0 !in c ) t I 1692 0.80J Filtration 

fi-t--d•·'~ •• llA) m I Jll'f Fuel 
')() .... J\ I 
~ Calcin3tion ~ 

~I nnl to di::1«..:tl 
Denomination _i ~µ~···1 __ ~_Q. 'V'_ 

• J d ' ~·.l.l._ r. ,;;, .--4-
nus, k•J Vol1J:U, m 

6Q;, Alun~na ...... ..-.....,.J ___ l~ 
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A3-3 
'!'.i~le ,\3-l 

Tec:.~.olc-;i~.:il !lo·J-s~eet a::.d o.:i::erial !le.., !or 1 ton o! al:.;.-:::.::ta 

Hig~ ~~:ility b:J.:l..'<ite, 3.iyer process, tu!>e diges::.io:i 

So:!.J :is!\ Bau.'<ite Li;::estonc 
12.i s I 235<i 0.736 S I ~11 0. ]?:; 

T I 17.1 n_ 12..: LI .:3 O.C~;i 

fta~.?::" .;11 "'I "l!=...., n ·~ . ..., t I ''5" o.:.~; en.: \J ,J Fuel 39 St;a.~ ,'\ .Z6.l J -
( Causticization Grinding ( Li Me burnin1 '.:13 

~ 

\CJCO, J ~ " ~ ria:ce-:i? c~~s::.ic Burnt lir.te 
O.ciOO 

Prec:iesilication 
546 0.16l d02 

I ~l 'lfater 2!-t2 l 
I --·~ 

' ~rry adjustment ( Lii:ie slaking ) S;ient li:::ior 
1620.: ll.277 • l Stea."':! 1323 

... 
p•; Digestion feed 

' • \ 
SI Li:::e 111illt 2655 a.SD Evapor~tion,s&lt~ LI t:oon 12.953 SI 6S-5 0.233 remo·..-al 
'" ,-, ~::;";.l n.~s:i LI :2·j-;-;, .l.b.,; 

==~·ap. 3:i0o/ \. SOOa sal~ Fuel 117 ,i t I 3;,;.; 2.~.,.; 

I Strong liquor 
r;-ube digestion J 2:-a1 1.~43 I 

t 6610 5,:9 l ' ... , ,.,., ~~ ..... 4234 1st washer over!!~" ... 
Dicestion liquor ' ~ 8713 7.647 adjustment 

Dilution I t 
l Digestion liquor 

103Cii d.116 
I Settling 

I I 

' ' i\lu."'!linate liauor 
Settler undcrfJo-,, 

17832 ll. 778 SI 1553 0.51)1 
t Snr_nt .icr.ior t LI .1n2 :J 2.U - t I =:.i75 ). 7H 

Heat exchange P·oduct hydrate 
Caust.salt..li~i 5105 ST 1c;1.:: 0.627 

- t I I AC» n ¥lJ tl.l_tcr 990 "\ ./ 
t I ni.; 1.030 

( Precipitation ) ) W3tcr 992 .. ~ Red nud washing 
~ 

t ( Hydrate washing ) 1c;7c; \ ~ \ 

) Filtration 
I~ Mud causticizilt..ion 

'\' l 
\\ashed praluct hyd1:1t~ W.ltcr 

191>~ "'' Seeod hydrate S I 1Sl6 o.t.11 rt! 1·16 0.111> s 1 i...·.;20 ".Jo:s 1692 0.803 Filtr'1tlon 
Hrlrl-~02 1.o_J 

i\5.: 1.-1o.>a Fuel 90 

•• ' \ I 

' Gil:! _ Calcination 
~ Oal nul to dt~.r-oo.il 

l 
. __ 

D•nomination IT.:!_J_7'.1J__Q.i_!_L 
~J _-1. •. L:.:_ 

Ma:...:r i~ l !lo.., AlU:'ILn.1 ....1. ~-· __ ..1..1:.!.i_ 

~!Ml, 119 Vcl11ro, m 1000 

-



A3-4 
( 

( 

• 

( Table A3-4 

• Technological Nater balance 
( LON quality bauxite sintering variant 

kg water/t alumina 

( 

solid liquid 
phase phase 

IN: Sinter feed . • . 
Mith bauxite 318 257 
Mith limestone 60 

( Aluminate liquor autoclave 
desilication: contact heating 1580 
Mud washing 6950 

( 
Lime burning 5 

Hydrate washing 1000 

• 
( 

Total 31E' 985:2 

( 
Grand total 10170 

• 
( 

( OUT: Sintering 4237 
Aluminate liquor autoclave 

( desilication: flash steam 1160 
Evaporation 3256 
Vacuum cooling 178 

( Lime burning, flue gas losses 9 

Mud disposal 310 350 

• ( Calcination 540 130 

Total 850 9320 

Grcmd total 10170 
t 
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• 
Table A3-5 

Technological water balance 
High quality bauxite, autoclave digestion 

kg water/t alumina 

solid liquid 
phase phase 

IN: Bauxite: bound 258 
( adhesive moist. 124 

Alkaline condensate 

( to lime slaking 2915 
• to hydrate washing 992 

to mud washing and 
( causticization 2271 

to salt causticization 98 

( to soda ash causticization 428 
• Direct heating 270 

(. 
Make-up water 2091 

·, Other consumptions 101 
... 

( 
Total 258 9290 

( Grand total 9548 

( 
OUT: Filtered mud: bound 225 

liquid phase 1200 
( Product hydrate: bound 525 

adherent 176 

( Evaporation 3588 
Digestion flash vapour 3834 

Total 750 8798 

' ( 
Grand total 9548 
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• 
Table A3-6 

~ 
Technological water balance 

High quality bauxite, tube digestion 
kg water/t alumina 

sol]_d liquid 
phase phase 

IN: Bauxite: bound 257 
( adhesive moist. 124 

Alkaline condensate 

( to lime slaking 2842 • 
to hydrate washing 992 
to mud washing and 

( causticization 2537 
to salt causticization 98 

( to soda ash causticization 411 
• Direct heating 270 

( 
Make-up water 2001 
Other consumptions 101 

• 

' Total 257 9376 

( Grand total 9663 

{ 
OUT: Filtered mud: bound 224 

liquid phase 1196 
( Product hydrate: bound 525 

adherent 176 

• ( Evaporation 3308 
Digestion flash vapour 4234 

\. 

Total 749 8914 
~ ( 

Grand totill 9663 

l 
• 

irwatbls.doc/88.09.29. 
l 

l 
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Main equii;ment list 
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• 

• 

• 
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• 

MAIN EQUIPllENT LIST Attachment 4 

• 

Number Total 
Total Operat- Weight 

ing (t) 

MECHANICAL EQUIPMENT 
FOR SHlTERIHG PROCESS 

• 1. Bauxite receivins and crushing: 
1a Bauxite storage 

1. Hammer mill with vibrating screen 1 1 24 

• Cap.: 160 t/h 
2. Front end loaders J 2 

Bucket cap. : 1.J mJ 

• J. Rubber belt conveyors 1 1 6 
B = 1000 mm 

L = 10 m 
Cap.: 160 t/h 

4. Ru bbe1· belt conveyor 1 1 JO 
B = 1000 mm 

L = 150 m 
• 

Cap.: 160 t/h 
5. Rubber belt conveyor with weighing 1 1 40 

• belt 

B = 1000 mm 
L = 200 m 
Cap.: 125 t/h 

6. Apron be 1 ts with speed control 1 1 15 
B = 1000 mm 
L = 8 m 

• Cap.: 160 t/h 



• 

• 

• 

• 

• 

" 

A4-2 

7. Apron belts with speed control 
B = 800 mm 

L = 6 m 

Cap.: 85 t/h 
8. Electric hoist 

Cap.: 5 t 

Number Total 
Total Operat- Weight 

ing (t) 

2 1 16 

1 1 



A4-3 

• 

Number Total 
• Total Ope rat- Weight 

ing (t) 

2. Limestone receivinfi and crushing 

2a Limestone storage 

• 1 • Jaw crusher with vibrating screen 1 1 25 
Cap.: 80 t/h 

.. 2. Apron belt wi'th speed co:.1trol 1 1 8.5 
B = 800 mm 
L = 6 m 

Cap.: 80 t/h 

J. Rubber belt conveyor 1 1 26 
• 

B = 800 mm 
L = 150 m 

• Cap.: 80 t/h 

4. Apron belts with speed control 4 2 20 
B = 800 mm 
L = 6 m 

Cap.: 40 t/h 

5. Rubber belt conveyor 1 1 20 
B = 800 mm 
L = 110 m 

Cap.: 40 t/h 

6. Rubber belt conveyor with 1 1 12 
weighing be 1 t 

B = 800 mm 

L = 45 m 

• Cap.: 40 t/h 

?.*Dunt collecting f acili·;y with 1 1 2.5 
exhaust fan 

• Cap.: 3500 m3/h 
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Number Total 
Total Operat- Weight 

ing (t) 

8. Front end loaders 2 1 
Bucket cap.: 1.J m3 

9. Electric hoist 1 1 1 
• Cap.: 5 t 

• 

• 

• 

' 

• 

• 
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• 

• 

• 

• 

• 

) • Lime burning 

)a Lime slaking 

A4-5 

1. Shaft kiln for burning limestone 

with elevator, exhaust fan, dast 
collector gas purifier, with 

burnt lime extractor, vibrating 

feeder, rubber belt conveyor, with 
fuel oil supply eyste11, with elec­

trical equipnent, process control 

and instrumentation 

Cap.: 70 t/day (CaO) 

2. Lime slaking drum 

- 1.8 m x 10 m 
Cap.: 10 m)/h slaked lime 

).*Burnt lime silo with feed and 

discharge facilities 

Cap.: 100 t 
Feed and disch. cap.: 5 t/h 

4.*Flat bottom tanks 
Volwte: 25 m) 

5. Agitators for tanks with gear­
boxes, couplings and electric 
motors 

6. Centrifugal pumps for slaked 
lime 
Cap.: 10 m)/h 

Nw:iber Total 
Total Operat- Weight 

ing (t) 

1 1 )00 

1 1 10 

1 1 12 

) 2 10 

2 1 6 

4 2 2 



• 

• 

• 

• 

• 

• 

• 

4. Soda ash receiving and storage 

1.*Soda ash silos with pneumatic 

feed and discharge facilities 
f 10 m x 27 m 
Volume: 2000 mJ 

Number Total 
Total Operat- Weight 

ing (t) 

2 2 480 
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• 

Number Total 
• Total Operat- Weight 

ing (t) 

5. Wet grinding 

1 • Multi-chamber ball mills with 2 1 140 
• vibrating screens 

' 2.6 m x 13 m 
• Cap.: 125 t/h 

2. Rubber belt conveyors with 2 1 6 
weighing be 1 ts and speed control 
B = 800 mm 
L = 8 m • 
Cap.: 125 t/h 

3.*Flat bottom tanks 5 4 13 

• Volume: 6.3-50 m3 
4. Agitetors for tanks with gearboxes, 4 3 6 

couplings and electric motors 

5. Centrifugal pumps for slurry 4 2 4 
with speed control 
Cap.: 180 m3/h 

6. Centrifugal pumps for slurry 2 2 1.5 
• Cap.: 30 m3/h 

?.*Centrifugal pumps 2 1 2 

• for water 
Cap. : 50 m3 /h 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

A4-8 

6. Adjustment tanks 

1.*Tanks with conical bottom 

- 9 m x 20 m 
Volume: 1000 m3 

• 

Number Total 

Total Operat- Weight 

ing (t) 

11 11 770 
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• 

Number Total 
Total Ope rat- Weight 

ing (t) 

6a High nressure pumn station 

1 • Piston slurry pumps with 6 2 156 
• suction and delivery dash pot 

Cap.: 120 m3/h 

Head: 30 bar 
2. Overhead travelling crane 1 1 12 

Cap.: 5 t 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

A4-10 

7. Sintering 

1. Rotary kilns with coolers, 
cyclons, gas purification systems 

and with oil heating system and 

exhaust fans 

~ 5 x 120 m 

Cap.: 1600 t/day 

2. Rubber belt conveyors 

B = 800 mm 

L = 150 m 

Cap.: 65 t/h 

Number Total 

Total Operat- Weight 
ing (t) 

3 2 6750 

2 1 60 
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Number Total 
• Total Operat- Weight 

ing (t) 

8. Sinter crushing 

1 . Bucket elevators 2 1 JO 
Cap.: 65 t/h 

2. Screen classifiers J 2 13 
Cap.: 65 t/h 

J. Jaw crushers J 2 54 
Cap.: 50 t/h 

4. Double deck vibrating screens J 2 36 
Screening area: 2.5 m x 6 m 

5. Ccne crushers J 2 255 
Dia: 2200 mm 
Cap.: 70 t/h 

• 
6. Rubber belt conveyors 3 2 12 

B = 800 mm 
L=6m 

Ca::;>.: 65 t/h 

7. Rubber belt conveyors 3 2 10 
B = 800 mm 
L = 8 m 
Cap.: 60 t/h 

8. Rubber belt conveyors 3 2 9 • 
B = 600 mm 

L = 10 m 
Cap.: 15 t/h 

' 
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.. 

Number Total 

' Total Operat- Weight 
ing (t) 

9. Sinter leaching 

1 . Belt extractors 2 2 1740 
Cap.: 70 t/h 

2. Jigging screens 6 6 120 
Surface: 41.5 m2 

3.*Flat bottom tanks 19 14 82 
Volume: ~ 6.J-100 ID-' 

4. Agitators for tanks with 19 14 45 
gearboxes, couplings and 
electric motors 

5. Centrifugal pumps for slurry 8 4 12 

• 
with speed control 
Cap.: 220-300 m3/h 

6. Centrifugal pumps for slurry 22 13 24 
Cap.: 30-100 m3/h 

• 

• 
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Number Total 
.. Total Operat- Weight 

ing (t) 

10. Autoclave desilication 

1 • Autoclaves 14 14 280 

; 2 .5 m x 14 m 
Volume: 50 mJ 

2. Flash tanks 4 4 52 • 
~ J.6 m x 5.6 m 
Volume: 50 mJ 

3.*Flat bottom tanks 4 4 16 
Volume: 6.J-100 m3/h 

• 4. Agitators for tanks with 4 4 7 
gearboxes, couplings and 
electric motors 

• 
5. Centrifugal pumps for slurry 4 2 4 

with speed control 
Cap.: 150 m3/h 

6. Centrifugal pumps for slurry 2 2 1 
Cap.: 30 m3/h 

• 

• 



• 

• 

• 

• 

• 

• 

.. 
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11. White mud No.1 settling 

1. Single chamber settler 

I 20 m x 4 m 
Volume: 1500 m3 

2. Vacuum drum filters with 
filtrate receivers 
Surface: 10 m2 

3.*Flat bottom tanks 
Volume: 6.J-200 m3/h 

4. Agitators for tanks with 

gearboxes, couplings and 
electric motors 

5. Centrifugal pumps for slurry 
with speed control 
Cap.: 200 m3 /h 

6. Centrifugal pumps for slurry 
Cap.: 15-100 m3/h 

?.*Centrifugal pum~s for water 
Cap.: 15 m3 /h 

Number Total 
Total Operar- Weight 

ing (t) 

1 1 87 

2 1 18 

8 5 39 

8 5 21 

2 1 3 

8 5 6 

2 1 1 
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• 

Number Total 
Total Operat- weight 

ing (t) 

12. Control filtration 

1 • Pressure fil te:r-s 2 1 22 
Surface: 125 m2 

2.*Flat bottom tanks 6 5 23 

• Volume: 6.J-50 mJ 

J. Agitators for tanks with 5 4 8 
gearboxes, couplings and 
electric motors 

4. Centrifugal pumps for slurry 7 4 5 • 
J0-100 mJ/h Cap.: 

5. Centrifugal pumps for liquor 2 1 1.5 

• Cap.: 60 m3/h 

• 

• 
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• 

.Number Total 
.. Total Ope rat- Weight 

ing (t) 

13. Flash cooling, :precipitation 

1. Vacuum flash vessels 3 3 30 
• ~ 2 m 

2. Shell and tube type 2 2 36 

• heat exchangers 

Surface: 180 m2 

3.*Hydroseparator 1 1 25 
- 7 m x 19 m 
Volume: 400 m3 

• 4. Vacuum disc filters with 2 1 40 
filtrate receivers 
Surface: 100 m2 

5. Pressure filters 2 1 22 
Surface: 125 m2 

6. Vacuum drum filters with ) 2 24 
filtrate receivers 
Surface: 10 m2 

~.*Precipitator tanks with 7 7 630 
" conical bottom 

Volume: 1000 m3 

• 8.*Flat bottom tanks 15 10 59 
Volume: 6.J-50 m3 

9. Agitators for tanks with 15 10 19 
gearboxes, couplings and 

• electric motors 
10. Centrifug~l pumps for slurry 16 11 14 

Cap.: 15-100 m3/h 
11 • Centrifugal pumps for liquor 8 4 7 

Cap.: 15-100 m3/h 



A4-17 

• 

Number Total 
Total Ope rat- Weight 

ing (t) 

14. Deen desilication 

1 • Single chamber settlers 2 2 24 
f 20 m x 4 m 
Voll.fme: 1500 m3 

2. Pressure filters 3 2 33 
Surface: 125 m2 

3. Vacuum drum filters with 4 2 32 
filtrate recievers 
Surface: 10 m2 

• 4.*Flat bottom tanks 23 17 14J 
Volume: 6.3-200 m3 

5. Agitators for tanks with 23 17 82 
gearboxes, couplings and 
electric motors 

6. Centrifugal pumps for 6 3 7 
slurry, with speed control 
Cap.: 230 m3 /h 

?. Centrifugal pumps for slurry 14 12 10 

• Cap.: 15-25 m3 /h 

8. Centrifugal pumps for liquor 4 2 2 
Cap. : 15 m3 /h 

• 

• 
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• 

Number Total 
• Tctal Ope rat- Weight 

ing (t) 

15. Carbonisation and filtration 

1.*Hydroseparator 1 1 40 
• 4 10 m x 28 m 

Volume: 1000 m3 
2. Vacuum disc filters with 3 2 40 

filtrate recievers 
Surface: 100 m2 

). Vacuum drum filters with 3 2 36 
filtrate ~eceivers 

• Surface: 20 m2 

4.*Flat bottom tanks 25 21 180 
Volume: 6.3-250 mJ 

• 
5. Agitators for tanks with 25 21 105 

gearboxes, couplings and 
electric motors 

6. Centrifugal pumps for slurry, 6 3 7 
with speed control 
Cap.: 230 m3 /h 

• 7. Centrifugal pumps for slurry 21 13 15 
Cap.: 30-50 m3/h 

• 

• 
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• 

Number Total 
Total Operat- Weight 

ing (t) 

16. Carbonised hyd~ate filtration 

1 • Pressure filters 3 2 15 
Surface: 125 m2 

2.*Flat bottom tanks 7 6 32 
Volume: 6.J-160 m3 

J. Agitators for tanks with 7 6 20 
gearboxes, couplings and 
electric motors 

4. Centrifugal pumps for slurry 2 1 2 
• with speed control 

Cap.: 200 m3 /h 
5. Centrfugal pumps for slurry 6 4 5 

Cap.: 30-100 m3/h 

6. Centrifugal pumps for liquor 2 1 1.4 
Cap.: 60 m3/h 

• 

• 
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• 

Number Total 

• Total Operat- Weight 
ing (t) 

17. Hydrate storage 

1.*Flat bottom tanks 1 1 ) 

• Volume: 6.) m) 

2. Agitator for tank with 1 1 1.2 

gearbox, coupling and 
• 

electric motor 
). Centrifugal pumps for slurry 2 1 1 

Cap.: 50 m) /h 

• 

• 

• 

• 

• 

• 
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• 

Number Total 

• Total Ope rat- Weight 
ing (t) 

18. Calcination, alumina storage 

1 . Pan filters with filtrate 2 1 24 
• receivers interstage pumps, ta..11ks 

Surface: ~~5 m2 

2. Fluid bed c.tlcining kiln, with 1 1 
cyclons electrostatic dust precipi-
tator, exhaust fan, alumina 
ccoler, oil heating system 
Cap.: 700 t/de.y 

• 3. Centrifugal pumps for liquor 4 2 2 
Cap.: 20 m3/h 

4. Alumina silo feed and 2 2 7 • discharge units 

5. Vaggon feed units 2 2 1.6 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

• 

A4-22 

19. Evaporation 

1. Five effects, counter current, 

forced circulation evaporator 

units with flash tanks, p~e­

heaters fead and circulation pumps 
Cap.: 65 t/h evaporated water 

2.*Flat bottom tanks 

Volume: 6.J-200 mJ 
). Agitators for tanks with 

gearboxes, couplings and 

electric motors 

4. Centrifugal pumps for liquor 
Cap.: 65-100 m)/h 

5.*Centrifugal pumps for 

condensate water 

Cap.: 60-100 mJ/h 

Number Total 

Total Operat- Weight 

ing (t) 

2 2 400 

13 13 80 

8 8 30 

8 7 

7 4 6 



• 

20. Vacuum station 

1. Water ring vacuum 
• Cap.: 7500 mJ/h 

2. Air blowers 

.. Cap.: 2000 mJ/h 

J. Electric overhead 

travelling crane 
Cap. :5 t 

• 

• 

• 

• 

• 

A4-23 

pumps 

Num her Total 
Total Operat- Weight 

ing (t) 

3 2 14 

J 2 J.6 

1 1 12 
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• 

Number Total 
• 'rot al Ope rat- Weight 

ing {t) 

21. Comnressor station . 

1. Turbo-compressors 3 2 24 
• Cap.: 15000 Nm3/h 

Pressure: 5 bar 
2. Air tanks 3 3 15 

Volume: 50 m3/h 
Pressure: 5 bar 

J. Electric overhead 1 1 14 
travelling crane 
Cap.: 12.5 t 

• 

• 

• 

• 

• 
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• 

.. N..unber Total 
Total Ope rat- Weight 

ing (t) 

MECmIAICAL EQUIPl-IENT 
FOR BAYER PROCESS 

• 
1 • Bauxite receiving: and crushin~ 
1a • Bauxite s.L1rag:e 

• 
Low quality bauxite 

Autoclave and tube digestion 

1 • Jaw crusher with vibrating screen 1 1 31 
• Cap.: 140 t/h 

2. Hanuner ruill with vibrating screen 1 1 23 
Cap.: 140 t/h 

• J. Apron be 1 t with ;peed control 1 1 18 
B = 1000 mm 

L = S m 

Cap.: 140 t/h 
4. Rubber belt conveyor 1 1 8 

B = 1000 mm 

.. L = 10 m 
Cap.: 140 t/h 

5. Rubber beit conveyor 1 1 8 • 
B = 800 mm 

L = 10 m 
Cap.: 100 t/h 

6. Rubber belt conveyor 1 1 48 • 
B = 1000 mm 
L = 220 m 

• 
Cap.: 140 t/h 



A4-26 

• 

Number Total 
• Total Operat- Weight 

ing (t) 

7. Apron belts with speed control 4 1 32 
B = 800 mm 
L = 6 m 

• Cap.: 110 t/h 
8. Rubber belt conveyor 1 1 50 

B = 800 mm 
L = 250 m 
Cap.: 110 t/h 

9. Rubber belt conveyor with 1 1 4 
weighing belt 

• 
B = 800 mm 
L = 6 m 
Cap.: 75 t/h 

• 
10. Front end loaders 3 2 

Bucket cap. : 1.J m3 
11 . Electric hoist 1 1 0.8 

Cap.: 5 t 

• 

• 

• 
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• 

Number Total 
• Total Ope rat- Weight 

ing (t) 

1 . Bauxite recei vinfi and crushine;: 
1 a. Bauxite storas:e 

High quality bauxite 

Autoclave and tube digestion 

1. Jaw crusher with vibrating screen 1 1 28 • 
Cap.: 100 t/h 

2. Hammer mill with vibrating screen 1 1 20 
Cap.: 100 t/h 

3. Apron belt with speed control 1 1 16 
• B = 800 mm 

L = 8 m 
Cap.: 100 t/h 

4. Rubber belt conveyor 1 1 6 
B = 800 mm 

L = 10 m 
Cap.: 100 t/h 

5. Rubber belt conveyor 1 1 6 
B = 800 mm 

• L = 10 m 
Cap.: 100 t/h 

6. Rubber belt conveyor 1 1 30 • 
B = 800 mm 
L = 150 m 
Cap.: 100 t/h 

• 

• 
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• 

Number Total 

• Total Operat- Weight 
ing (t) 

7. Apron belts with speed control 2 1 15 
B = 800 mm 

L = 6 m 
• Cap.: 75 t/h 

8. Rubber belt conveyor 1 1 40 
B = 800 mm 
L = 200 m 
Cap.: 75 t/h 

9. Rubber belt conveyor with 1 1 4 
weighing be 1 t 

• B = 800 mm 

L = 6 m 
Cap.: 75 t/h 

10. Front end loaders 3 2 
Bucket cap. : 1.3 m3 

11 . Electric hoist 1 1 0.8 
Cap.: 5 t 

• 

• 

• 

• 
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• 
Number Total 

Total Operat- Weight 

• ing (t) 
2. Limestone receivin~ and crushins: 
2a. Limestone storage 

Low quality bauxite 

Autoclave and tube digestion 

1 • Jaw crusher with vibreting screen 1 1 27 
Cap.: 100 t/h 

2. Apron belt with speed control 1 1 8.5 
B = 800 mm 
L = 6 m 
Cap.: 100 t/h 

3. Rubber belt conveyor with speed 1 1 45 
• control 

B = 800 mm 
L = 220 m 
Cap.: 100 t/h 

4. Apron belts with speed control 4 1 28 
B = 800 mm 
L = 6 m 
Cap.: 80 t/h 

5. Rubber belt conveyor with 1 1 31 
• weighing belt 

B = 800 mm 

L = 180 m • 
Cap.: 80 t/h 

6.* Dust collecting facility with 1 1 2.5 
exhaust fan 

• Cap.: 3500 m3/h 
7. Front end loaders 2 1 

Bucket cap.: 1.3 m3 
8. Electric hoist 1 1 1 • 

Cap.:5t 
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• 
Number Total 

Total Ope rat- Weight 

• ing (t) 
2. Limestone receiving: and crushins 
2a. Limestone storag:e 

High quality bauxite 

Autoclave and tube digestion 

• 1 . Jaw crusher with vibrating screen 1 1 25 
Cap.: 80 t/h 

2. Apron belt with speed control 1 1 8.5 
B = BOO mm 

L = 6 m 
Cap.: 80 t/h 

3. Rubber belt conveyor with speed 1 1 30 
• control 

B = 800 mm 

L = 150 m 
Cap.: 80 t/h 

4. Apron belts with speed control 2 1 12 
B = 600 mm 

L = 6 m 
Cap.: 40 t/h 

5. Rubber belt conveyor with 1 1 21 
weighing be 1 t 

B = 600 mm 

• L = 130 m 
Cap.: 40 t/h 

6.* Dust collecting facility with 1 1 2.5 
exhaust fan 
Cap.: 3500 m3/h 

7. Front end loaders 2 1 
Bucket cap.: 1.J mJ 

• 8. Electric hoist 1 1 1 
Cap.: 5 t 



A4-31 

• 

Number Total 

Total Operat- Weight 

• ing (t) 

• 

• 

• 

• 

• 

• 

3. Lime burning 

Ja. Lime slaking 

Low quality bauxite 

Autoclave and tube digestion 

1. Shaft kiln for burning limestone 
with elevators, exhaust fans, dust 

collectors, gas purifiers, with 

burnt lime extractors, vibrating 

feeders, rubber belt conveyors, 
with fuel oil supply system, with 

electrical equiJIIlent, process 

control and instrumentation. 
Cap.: 250 t/day 

2.* Burnt lime silo with feed and 

discharge facilities 

~ 8.5 m x 12 m s.s. conical bottom 
Cap.: 750 t 

Feed and disch.cap.: 16 t/h 
J. Lime settler 

q 20 m x 5 m s.s • 

1 :J slope bottom 

4. Lime slaking drums 

~ 1.8 m x 10 m 

Cap.: 80 mJ/h slaked lime 

5. Rubber belt conveyor with 
weighing belt 

B = 600 mm 

L = 15 m 

Cai>.: 20 t/h 

6.• Flat b0ttom tanks 

Vol'Ur.le: 6.J-100 mJ 

3 3 1200 

1 1 45 

1 1 100 

2 2 20 

2 2 12 

4 J 27 
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• 

Number Total 
Total Operat- Weight 

• ing (t) 

7. Agitators for tanks with 3 2 6 
gearboxes, couplings and 
electric motors 

s. Centrifugal pumps for slurry 10 5 6 
• with speed control 

Cap.: 10-95 m3/h 

9. Centrifugal pump for 1 1 1 
slurry 
Cap.: 30 m3 /h 

10.* Centrifugal pump for 2 1 2 
water 

• 
Cap.: 65 m3/h 

• 

• 

• 

• 

• 
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NUiilber Total 
Total Ope rat- Weight 

• ing (t) 
). Lime burn ins 
)a. Lime slakin~ 

High quality bauxite 

Autoclave and tube digestion 

• 1. Shaft kiln for burning limestone 2 2 700 
with elevators, exhaust fans, dust 

collectors, gas purifiers, with 

burnt lime extractors, vibrating 
feeders, rubber belt conveyors, 

with fuel oil supply system, with 

electrical equipnent, process 

control and instrUiilentation. 
Cap.: 175 t/day 

2.* Burnt lime silo with feed and 
• 

1 1 35 
discharge facilities 
d 8 m x 10 m s.s. conical bottom 
Cap.: 500 t 

Feed and dis ch. cap. : 16 t/h 
). Lime settler 1 1 100 

- 20 m x 5 m s.s. 
• 1 : ) slope bottom 

4. Lime slaking drum 1 1 10 

• ~ 1.8 m x 10 m 
Cap.: 80 m3/h slaked lime 

5. Rubber belt conveyor with 1 1 6 
weighing be1··; 

• B = 600 mm 

L = 15 m 
Cap.: 16 t/h 

• 6.• Fl~t bottom tanks 4 J 18 
Volume: 6.J-50 m3 
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• 
Number Total 

Total Operat- Weight 

• ing (t) 

?. Agitators for tanks with 3 2 4.5 
gearboxes, coupling.3 and 
electric mctors 

8. Centrifugal pumps for slurry 10 c; 4.5 .J 

• with speed control 
Cap.: 10-65 m3/h 

9. Centrifugal pump for 1 1 1 

slurry 

Cap.: 30 m3 /h 

10.* Centrifugal pump for 2 1 2 
water .. Cap.: 65 m3 /h 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

• 

• 

4. 

A4-35 

Soda ash handling and causticization 

Low quality bau..~ite 

Autoclave and tube digestion 

1.* Soda ash silos with pneumatic 

feed and discharge facilities 

f 10 m x 18 m with conical bottom 
Volume: 1400 m3 

2.* Day bin with feed and 

discharge facilities 

~ 4 m x 8 m with conical bottom 
Volume: 50 m3 

Feed and disch.cap.: 10 t/h 

J. Pressure belt filter 

Filtration area 20 m2 

Cap.: 5 t/h 

4. Rubber belt conveyor with 

weighing be 1 t 

B = 500 mm 

L = 5 m 
Cap.: 10 t/h 

5.* Flat bottom tanks 
Volume: 50 m3 

6. Agitators for tanks with 

gearbo:(es, couplings and 

electric motors 

7. Centrifugal pumps for slurry 
Cap. : 25 m3 /h 

8. Ce~trifugal pumps for liquor 

Cap. : 25 m3 /h 

Number Total 

Total Operat- Weight 

:1.ng (t) 

2 2 140 

1 1 10 

1 1 6.5 

1 1 1.5 

5 5 26 

5 5 7 

2 1 1 • 5 

4 2 3 



• 

• 

• 

• 

• 

• 

A4-36 

4. Soda ash handling and causticization 
High quality bauxite 

Autoclave and tube digestion 

1.* Soda ash silos with pneumatic 

feed and discharge facilities 

; 8 m x 14 m with conical bottom 

Volume: 700 m3 

2.* Day bin with feed and 

discharge facilities 

~ J.5 m x 8 m with conical bottom 
Volume: 50 m3 

Feed and disch.cap.: 6 t/h 

J. Pressure belt filter 

Filtration area 20 m2 

cap.: 5 t/h 

4. Rubber belt conveyor with 

weighing be 1 t 

B = 500 mm 

L = 5 m 

Cap.: 6 t/h 

5.* Flat bottom tanks 

Volwne: 25 m3 

6. Agitators for tanks with 

gearboxes, couplings and 

electric motors 

7. Centrifugal pumps for slurry 

Cap.: 25 m3/h 

8. Centrifugal pumps for liquor 
Cap. : 25 mJ /h 

Number Total 

Total Operat- Weight 

ing (t) 

2 2 90 

1 1 8 

1 1 6.5 

1 1 1.5 

5 5 21 

5 5 6 

2 1 1 .5 

4 2 3 
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Number Total 
Total Operat- Weight 

ing (t) 
5. 'Wet grinding: 

Low quality bauxite 

Autoclave and tube di6~s~ion 

1 . Rubber belt conveyors with 3 2 6 
• weighing be 1 ts 

B = BOO mm 

L = 50 m 
• 

Cap.: 50 t/h 
2. Multi-chamber ball mills with 3 2 360 

conical screens 

~ 2.6 m x 13 m 
• Cap.: 50 t/h 

J. Classifier screens 9 6 11 
4.* Flat bottom tanks 2 2 20 

Volume: 200 m3 

5.* Flat bottom tanks 6 5 19 
Volume: 6.J-50 m3 

6. Agitators for tanks with 7 6 19 
gearboxes, couplings and 
electric motors 

7. Centrifugal pumps for slurry 8 3 10 
with speed control 

• 
Cap.: 70-200 m3/h 

8. Centrifugal pumps for slurry 2 2 2 
Cap.: 30 m3/h 

9.* Centrifugal pumps for water 2 1 1.5 

• Cap.: 60 m3/h 

• 
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Number Total 
Total Operat- Weight 

.. ing (t) 
5. Wet g:rinding: 

High quality bauxite 
Autoclave and tube digestion 

1 . Rubber belt conveyors with 3 2 6 
• weighing belts 

B = 800 mm 

• L = 50 m 
Cap.: 35 t/h 

2. Multi-chamber ball mills with 3 2 31 5 
conical screens 

' 2.2 m x 13 m 
• 

Cap.: 35 t/h 
3. Classifier screens 9 6 11 

4.* Flat bottom tanks 2 2 20 
Volume: 200 m3 

5.* Flat bottom tanks 6 5 19 
Volume: 6.J-50 m3 

6. Agitators for tanks with 7 6 19 
gearboxes, couplings and 
electric motors 

7. Centrifugal pumps for slurry 8 3 8 
with speed control 
Cap.: 70-140 m3/h 

8. Centrifugal pumps for slurry 2 2 2 
Cap. : JO m3 /h 

9.* Centrifugal pumps for water 2 1 1.5 
• Cap.: 60 mJ/h 

• 
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Number Total 
Total Operat- Weight 

• ing (t) 
6. Slurri stora~e and 

Eredesilication 

Low quality bauxite 

Autoclave and tube digestion 

1 . Shell and tube type heat 18 12 22 
exchangers 

Shell dia: ~ 273 x 6.J mm 
Heating tubes: 3 x p 108 x 4 mm 
Surface: 12 m2 

2.* Flat bottom tanks 5 4 85 
Volune: 500 m3 

• ).* Flat bottom tanks 3 3 22 
Volume: 6.J-200 m3 

4. Agitators for tanks with 8 7 55 
gearboxes, couplings and 
electric motori 

• 

• 

• 



6. Slurry storage and 

predesilication 

A4-40 

High quality bauxite 

Autoclave and tube digestion 

1. Shell and tube type heat 

exchangers 

Shell dia: ~ 219 x 6.3 mm 

Heating tubes: 3 x p 76 x 2.9 mm 

Surface: 10 m2 

2.* Flat bottom tanks 

Volume: 500 m3 

3.* Flat bottom tanks 
Volume: 6.3-200 m3 

4. Agitators for tanks with 

gearboxes, co~?lings and 

electric moto:·s 

5. Centrifugal pump§ for slurry 
with speed control 

Cap.: 210 m3/h 

6. Centrifugal pumps for liquor 
with speed control 

Cap.: 120-250 m3 

7. Centrifugal pumps for slurry 

Cap. : 30 m3 /h 

Number Total 

Total Operat- Weight 

ing (t) 

18 12 22 

4 3 68 

3 3 22 

7 6 t.J7 

J 2 ).3 

4 2 4.4 

1 1 0.8 
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Number Total 

Total Ope rat- Weight 

• ing (t) 

7. H.P. numn station 
Low and high quality ba~"'Ci te 
Autoclave digestion 

1 . H.P. diaphragm pumps with speed 3 2 165 
control, with suction and 
delivery dashpots 
Cap.: 230 m3 /h 

Head: 70 bar 

2.* Flat bottom tank 1 1 1.6 
Volume: 6.3 m3 

3. Agitator for tank 1 1 0.9 
• 

with gearboxe, coupling 

and electric motor 
4. Overhead travelling crane 1 1 15 

• 
Cap.: 5 t 

• 

• 

• 

• 
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• 

Number Total 

Total Operat- Weight 

• ing (t) 
7. H.P. uumu station 

Low and high quality bauxite 
Tube digestion 

1 • H.P. diaphragm pumps with speed 6 4 276 
control, with suction and 

delivery dashpots 

Cap.: 80-150 m3/h 

Head: 120 bar 

2.* Flat bottom tank 1 1 1.6 
Volume: 6.J m3 

J. Agitator for tank 1 1 0.9 
• with gcarboxe, coupling 

and electric motor 

4. Overhead travelling crane 1 1 15 
Cap.: 5 t 



A4-43 

.. 
Number Total 

Total Operat- Weight 

" ing (t) 
8. Autoclave di~estion 

Low and high quality bauxite 

1 . Autoclaves for heating 22 22 1496 
bauxite slurry with 

• flash steam 

4 2 .5 m x 14 m 

• p = 60/35 bar 
Volume: 50 m3 

2. Autoclaves for heating 8 8 544 
bauxite slurry with 
life steam 

• ~ 2.5 m x 14 m 
p = 60/80 bar 
Volume: 50 m3 

3. Autoclaves for ensuring 4 4 244 
the required holding time 
~ 2.5 m x 14 m 

p = 60 bar 
Volume: 50 m3 

4. Flash tanks 20 20 223 
• ~ 2.8 m x 5 m 

p = 6-25 bar 

' 
Volume: 25 m3 

4. Flash tanks 2 2 18 
~ 2.8 m x 5.5 m 
P = 6 bar 

• Volume: 30 m3 

5. Condensate blow-off 22 22 9 
vessels 

• Voluma: 0.22-2,2 mJ 



A4-44 

• 

Number Total 
Total Operat- Weight 

• ing (t) 

6. Condensers 2 2 3.7 
Volume: 3 m3 

?.* Flat bottom tanks 6 6 23 
Volume: 6.3-100 m3 

8. Agitators for tanks with 6 6 18 
gearboxes, couplings and 

• electric motors 

9. Centrifugal pumps for 4 2 4.4 
slurry with speed control 
Cap.: 270 m3/h 

10. Centrifugal pumps for slurr7 2 2 2 • 
Cap. : 30 m3 /h 

11. * Centrifugal pumps 
Cap.: 60 m3 /h 

for W3.ter 4 2 4 

• 

• 

' 

• 
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• 
Number Total 

Total Operat- Weight 

• ing (t) 
8. Tu be di&es-tion 

Low and high quality bauxite 

1 • Shell and tube type heat 4 4 13 
exchangers for heating the 

• bauxite slurry and adjusting 
liquor using law pressure steam 
Shell dia: 368 x 14 mm .. 
Heating tu bes: 3x ~ 108 x 8 mm 

Surface: 14 m2 

2. Shell and tube typE: heat 156 156 493 
exchanger for heating the 

• bauxite slurry and adjusting 
liquor using flash steam 
Shell dia: 368 x 14 mm 

• Heating tu bes : 3x~ 108 x 8 mm 
Surface: 14 m2 

3. Shell and tube type heat 40 40 126 
exchanger for heating the 
bauxite slurry with molte~ 
salt. 

• Shell dia: 368 x 14 mm 
Heating tubes: 3x~ 108 x 8 mm 

4. Holding tu bes 2 2 320 • 
~ 273x16 mm - 1600 m 

5. Flash tanks 24 24 158 
~ 2.8 m x 5 m 
Volume: 25 m3 

6. Flash tanks 2 2 18 
~ 2.8 m x 5.5 m 
Volume: • 

30 m3 
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• 

Number Total 
Total Opera.t- Weight 

• ing (t) 

7. Condensate blow-off vessels 2 2 4.8 
f1.6mx2.7 m 
Volume: m3 

8. Condensers 2 2 3.7 
• - 0.9 m x 4.9 m 

Volume: 3 m3 

.. 9.* Flat bottom tanks 6 6 23 
Volume: 6.3-100 m3 

10. Agitators for tanks with 6 6 18 
gearboxes, couplings and 
electric motors 

• 11. Centrifugal pumps for slurry 8 8 10 
with speed c~ntrol 
Cap.: 300 m3/h 

• 12. Centrifugal pumps for slurry 2 2 2 
Cap.: 30 m3/h 

13.* Centrifugal pumps for water 4 2 4 
Cap.: 60 m3/h 

14. Molten salt heating units 2 2 
with molten salt heaters, 

• fuel oil burner plants, 

combustion ai~ preheaters, 

• ducts, self-supporting stacks, 
with salt storage tanks, molten 
salt circulating pumps, 
instrumentation 

• Cap.: 65 GJ/h 

Molten salt outlet temp. : 330 OC 

Molten salt inlet temp.: 280 OC 

• 
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• 

• 

9. Red mud settling and washin~ 
Low quality bauxite 
Autoclave and tube digestion 

• 
1. Single chamber settlers 

with slope bottom and cable .. 
torque rakes 

- JO m x 6.6 m 
1:16 slope bottom 
Volume: 4JOO mJ 

• 2. Single chamber washers 
with slope bottom and cable 
torque rake, equiped with 

• feed tanks 

f JO x 6.6 m 
1:16 slope bottom 
Volume: 4JOO mJ 

J.* Flat bottom tanks 

~ 10 m x 6 m 
Volume: 500 m3 

4.* Flat bottom tanks 
Volume: 6.J-200 mJ 

• 
5. Agitators for tanks with 

gearboxes, couplings and 
electric motors 

• 6.* Tanks with conical bottom 

~ 2 m x 6.5 m 
Volume: 15 m3/h 

• 

Num. ber Total 

Total Operat- Weight 
ing (t) 

2 2 270 

• 

6 5 810 

2 2 50 

7 7 J5 

9 9 25 

5 4 20 
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• 

Number Total 

Total Ope rat- Weight 

• ing (t) 

7. Centrifugal pumps for slurry 21 10 26 
with speed control 

Cap.: 50-140 m3/h 

8. Centrifugal pumps for liquor 14 6 16 
• with speed control 

Cap.: 90-320 m3/h 

• 9. Centrifugal pumps for slurry 4 4 4 
Cap.: 30 m3/h 

• 

• 

• 

• 

• 



A4-49 

• 

9. Red mud settlins and washins 
High quality bauxite 

Autoclave and tube digestion 

1. Single chamber settl:rs 
• 

with slope bottom and cable 
torque rakes 

~ JO m x 6.6 m 
1:16 slope bottom 
Volume: 4JOO mJ 

2. Single chamber washers 

with slope bottom and cable 
• torque rake, equiped with 

feed tanks 
; JO x 6.6 m 
1:16 slope bottom 
Volume: 4JOO mJ 

J.* Flat bottom ta~ks 

• ~ 10 rn x 6 m 
Volume: 500 mJ 

4.* Flat bottom tanks 
• 

Volume: 6.J-200 mJ 

5. Agitators for tanks with 
gearboxes, couplings and 

• electric motors 

6.* Tanks with conical bottom 

~ 2 m x 6.5 m 
Volume: 15 mJ/h 

• 

Number Total 

Total Operat- Veight 

ing (t) 

2 2 270 

6 5 810 

2 2 50 

7 7 J5 

9 9 25 

5 4 20 



A4-50 

Number Total 

• Total Operat- Weight 
ing (t) 

7. Centrifugal pumps for slurry 21 10 26 
with speed control 
Cap.: 50-130 m3/h 

• 8. Centrifugal pumps for liquor 14 6 16 
with speed control 
Cap.: 90-210 m3/h 

9. Centrifugal pumps for slurry 4 4 4 
Cap.: 30 m3/h 

• 

• 

• 

• 

• 



A4-51 

Number Total 
Total Ope rat- Weight 

• ing (t) 

10. Addit~ve Ereuaration 
Low quality bauxite 

Autoclave and tube digestion 

1 . Flocculant (starch) preparing 1 1 7 
equipment complete with feed 

• and discharge facilities, with 

bins, re pulping and control 
units 
Cap.: 170 kg/h 

2. Synthetic flocculent (ALCLAR) 1 1 2 
prepering and charging unit 

complete with tanks pumps, 
fittings and control system 
Cap.: 6 kg/h 

).*Flat bottom tanks 2 2 9 
Volume: 63 m3 

4. Agitators for tanks with 2 2 4.2 
gearboxes, couplings and 

electric motors 

5. Centrifugal pumps for 2 1 1 .2 
slurry 

• Cap.: 10 m3/h 

• 

L__ _______________________________ -- - J 



A4-52 

• 

Number Total 
Total 

• 
Ope rat- Weight 
ing (t) 

10. Additive EreEaration 
High quality bauxite 

Autoclave and tube digestion 

1. Flocculant (starch) preparing 1 1 4.5 
equipment complete with feed 

and discharge facilities, with 
bins, re pulping and control 
t.;.nits 

Cap.: 100 kg/h 
2. Synthetic flocculent (ALCLAR) 1 1 1.5 

preparing and charging unit 
complete with tanks pumps, 

, fittings and control system 
Cap.: 4 kg/h 

3.* Flat bottom tanks 2 2 9 
Volume: 63 m3 

4. Agitators for tanks with 2 2 4.2 
gearboxes, couplings and 
electric motors 

5. Centrifugal pumps for 2 1 1.2 
slurry 

• 
10 m3/h Cap.: 

• 

• 



A4-53 

• 

Number Total 
Total Ope rat- Weight 

• ing (t) 
11 • Mud causticization and red mud 

filtration 

Low quality bauxite 
Autoclave and tube digestion 

1 • Vibrating screens 6 4 4.8 
Feed cap.: 75 m3/h 

2. Red mud filters with receivers 14 12 490 
and with roller discharges 
Surface: 100 m2 

3. Screw conveyors 4 4 32 
Cap.: 45 t/h 

4. Reactors for decreasing the 4 2 14 
red mud viscosity 

5. H.P. diaphragm pumps with 2 1 92 
speed control, with suction 
and delivery dashpots 
Cap.: 110 m3/h 

Head: 65 bar 
6. Water ring vacuum pumps 4 3 18 

Cap.: 9000 m3/h 
7. Air blowers 2 1 5 

Cap. : 2400 m3 /h 

8. Condenser with moisture trap 1 1 8 • 
~ 2 .2 m x 5 m 

9.* Flat bottom tanks 23 20 147 
Volume: 3 .2-200 m3 

• 10. Agitators for tanks 20 ~7 68 
with gearboxes, couplings 
and electrjc motors 



A4-54 

• 
Number Total 

Total Operat- Weight 

ing (t) 
• 

11 • Centrifugal pumps for slurry 2 1 J 

with speed cont~ol 

Cap. : 280 mJ /h 

12. Centrifugal pumps for 2 1 J 

liquor with speed cont.L·ol 

Cap.: 260 mJ /h 

13. Centrifugal pumps for 6 5 6 
• 

slurry 
Cap.: 50 m3/h 

14.* Centrifugal pumps for 3 2 3 

water 

Cap.: 20-120 nJ/h 

15. Overhead travellin[ cranes 3 J 24 

Cap.: 5 t 

• 

• 



• 

• 

• 

• 

• 

, 

• 

• 

• 

A4-55 

11. Mud causticization and red mud 
filtration 

High quality bauxite 

Autoclave and tube digestion 

1. Vibrating screens 

Feed cap.: 75 mJ/h 

2. Red mud filters with receivers 

and with roller discharges 
Surface: 100 m2 

J. Screw conveyors 

Cap.: 45 t/h 

4. Reactors for decreasing the 
red mud viscosity 

5. H.P. diaphragm pumps with 

speed control, with suction 
and delivery dashpots 
Cap. : 55 mJ /h 

Head: 65 bar 
6. Water ring vacuum pumps 

Cap. : 5000 mJ /h 

7. Air blowers 

Cap. : 1 000 mJ /h 

8. Con~enser with moisture trap 

~ 2 .2 m x 5 m 

9.* Flat bottom tanks 
Volume: J.2-200 mJ 

10. Agitators for tanks 

with gearboxes, couplings 

and electrir motors 

Number Total 

Total Operat- Weight 

ing (t) 

J 2 2. Li. 

5 4 

2 2 16 

2 1 7 

2 1 56 

J 2 9 

2 1 J 

1 1 8 

18 16 102 

16 14 38 



A4-So 

• 

Number Total 

Tot....Ll Operat- Weight 
• 

ing (t) 

11 • Centrifugal pumps for slurry 2 1 2.2 
with speed control 

Cap.: 150 m3/h 

• 1~ • Centrifugal pumps for 2 1 2.2 
liquor with speed control 
Cap.: 150 m3/h 

• 
13. Centrifugal pumps for 6 5 6 

slurry 
1 Cap. : 50 m"' /h 

14.* Centrifugal pumps for 3 2 3 
• water 

Cap.: 20-120 m3/h 

15. Overhead travelling cranes 3 3 24 
Cap.: 5 t 

• 

• 

• 

• 



A4-57 

• 

Nucber Total 

• Total Operat- Weight 

ing (t) 
12. Cont~ol filtration 

Low and high quality bauxite 
Autoclave and tube digestion 

• 1. Pressure filters 4 J 44 
Surface: 125 "J1

2 

2.* Flat bottom tanks 5 5 27 
Volume: 6.J-200 m2 

J. Agitators for tanks 5 5 16 
with gearboxes, couplings 
and electric motors 

• 
4. Ct:?ntrifugal pumps for 2 1 4 

liquor with speed control 
Cap.: 410 m3/h 

• 
5. Centrifugal pumps for 5 J 5 

slurry 

Cap.: J0-150 mJ/h 

• 

• 

• 



A4-5u 

• 

Total 
Total Operat- l:eight 

ing (t) 
13. Heat interchan~e 

Low and high quality bauxite 
Autoclave and tube digestion 

• 1 • Plate heat exchangers 3 2 14.4 
Surface: JOO m2 

2.* Flat bottom tanks 3 J 30 
Volume: 200 m3 

J. Agitators for tanks 3 3 18 
with gearboxes, couplings 

and electric motors 
• 4. Centrifugal pumps for 4 2 8 

liquor 

Cap. : 410 mJ /h 
• 

• 

• 



A4-59 

• 
NW!l ber Total 

Total Operat- Weight 

• ing (t) 
14. Precinitation and hldrate 

classification 

Low and high quality bauxite 
Autoclave and tube digestion 

• 1. * Precipitator tanks with 16 15 2896 
conical bottom, air agita-
ted • 
~ 10 m x 31.5 m 
Volume: 2000 mJ/h 

2. Wash liquor preheater 1 1 5 .1 
Surf ace: 160 m2 

• J. Interstage coolers 2 2 40 
Surface: 150 m2 

4.* Hydrosepe.rators 2 1 192 
• with 60° cone bottom 

~ 10 m x 18 m s.s. 
5.* Flat bottom tanks 7 6 20 

Volume: 6.J-200 m3 
6. Agitators for tanks 6 5 8 

with gec:1.rboxes, couplings 

• and electric motors 
7. Centrifugal pumps for 4 2 9 

• slurry wlth speed control 
Cap.: 170-600 m3/h 

8. Centrifugal pumps 8 5 14 
for slurry 

• Cap.: 160-320 m3/h 
9. Centrifugal pumps f'Jr 5 4 5 

slurry 

Cap.: J0-6~ mJ/h 
• 



• 

• 

• 

' 

• 

• 

• 

• 

A4-60 

10.* Centrifugal pumps for 
water 
Cap.: 210 m3/h 

Number Total 
Total Operat- Weight 

ing (t) 

2 1 3 



• 

• 

• 

• 

• 

• 

• 

• 

A4-61 

15. Hydrate filtration 

Low and high quality bauxite 

Autoclave and tube digestion 

1. Disc filters with receivers 

Surface: 100 m2 

2. Pan filters with receivers, 

interstage pumps, tanks 

Surface: 20 m2 

3. Rubber belt conveyors 

B = 800 mm 

L = 15 m 

Cap.: 35 t/h 

4. Rubber belt conveyor 

with weighing belt 

B = 800 mm 

L = 60 m 
Cap.: 50 t/h 

5. Condenser with moisture 

trap 

~ 2 m x 5 m 
Volume: 15 m3 

6.* Flat bottom tanks 

Volume: 6.3-120 m3 

?. Agitatcrs for tanks with 

gearboxes, couplings and 

electric motors 

8. Centr.ifugal pumps for slurry 

with speed control 

Cap.: 320m3/h 

9. Centrifugal pumps fer slurry 
Cap.: J0-120 m3/h 

Number Total 

Total Operat- Weight 

ing (t) 

5 4 100 

2 2 30 

2 2 12 

1 1 

1 1 10 

11 11 70 

9 9 17 

3 2 5 

4 J 4 



A4-62 

• 
Number Total 

Total Operat- Weight 

• ing (t) 

10. Centrifugal pumps for liquor 2 1 3 
Cap.: 400 m3 /h 

11 • Centrifugal pumps for liquor 5 3 5 
Cap.: 30-120 m3/h 

12. Centrifugal pumps for 2 1 2.2 
water with speed control 

• Cap. : 200 m3 /h 

13.* Pulley-blocks 6 6 J 
C'ap.:2t 

14. Electric heists 2 2 2 
Cap.: 5 t 

• 
15. Elevator 1 1 4 

Cap.: 1 t 

• 

• 

• 

.. 



A4-63 

• 
Number Total 

Total Operat- Weight 
ing (t) 

• 16. Calcination 1 alumina storaez:e 
Low and high quality bauxite 
Autoclave and tube digestion 

1 . Rotary kilns with cyclons, 2 2 
bucket-elevators, electrostatic 
dust precipitators, exhaust fans, 
alumina coolers, oil heating 

• system and diesel emergency 
drive units 
Cap.: 350 t/day 

2. Alumina silo feed 2 2 7 
• and discharge units 

J. Waggon feed units 2 2 1.6 

• 

• 

• 

• 



A4-64 

• 
Total Ope rat- Weight 

ing (t) 
17 • Evanoration • 

Low quality bauxite 

Autoclave and tube digestion 

1 . Five effect cou~ter -current 2 2 380 
forced circulation 

evaporators, with flash tanks, 
preheaters, feed and circulation 

• pumps 
Cap.: 60 t/h evaporated wate ... 

2. Superconcentrator with 1 1 45 
feed and cirulation pumps, 
preheaters and flash tanks 

• 
Cap.: 15 t/h evaporated water 

J. Strong liquor preheater 1 1 4 
? Surface: 50 m-

• 4.* Flat bottom tanks 11 11 72 
Volume: 6.J-200 m3 

5. Agitators for tanks with 6 6 26 
gearboxes, couplings and 
electric motors 

6. Centrifugal pumps for 8 5 8 
.. liquor 

Cap.: 30-70 m3/h 

• 7. Centrifugal pumps for 2 1 4 
water with speed control 
Cap.: 700 m3/h 

8.* Centrifugal pumps for water 
Cap.: 25-80 m3/h 

8 4 5 

• 



A4-65 

• 
Nu:nber Total 

Total Ope rat- Weight 

• ing (t) 
17. Eva"Dora"tion 

High quality bamcite 
Autoclave and tube digestion 

1. Five effect counter current 2 2 360 
evaporators, with flash tanks, 
preheaters, feed and circulation 
pumps 

Cap.: 50 t/h evaporated water 
2. Superconcentrator with 1 1 45 

feed and cirulation pumps, 
preheaters and flash tanks .. 
Cap.: 15 t/h evaporated water 

3. Strong liquor preheater 1 1 4 
Surface: 50 m2 

4.* Flat bottom tanks 11 11 72 
Volume: 6.J-200 m3 

5. Agitators for tanks with 6 6 26 
gearboxes, couplings and 
electric motors 

6. Centrifugal pumps for 8 5 8 
• liquor 

Cap.: 30-70 m3/h 

• 7. Centrifugal pumps for 2 1 4 
water with speed control 
Cap. : 600 m3 /h 

8.* Centrifugal pumps for water 8 4 5 

' Cap.: 25-50 m3/h 



A4-66 

• 
Number Total 

Total Ope rat- Weight 

• 18. 
ing 

Salt removal 

Low quality bauxite 

Autoclave and tube digestion 

1. Pressure filters 2 1 16 
Surface: 125 m2 

2. Vacuum drum filter 1 1 8 
with receiver 

Surface: 12 m2 

J.* Flat bottom tanks 8 8 41 
Volume: 6.J-200 m3 

4. Agitators for tanks with 8 8 17 
gearboxes, couplings and 
electric motors 

5. Centrifugal pumps 5 4 3 
• for slurry 

Cap.: 10-30 m3/h 

6. Centrifugal pumps 3 2 2 
for liquor 

Cap.: 20-100 m3/h 

• 

• 

• 

• 
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• 
Number Total 

Total Operat- Weight 
ing 

• 18. Salt removal 
High quality bauxite 
Autoclave and tube digestion 

1. Pressure filters 2 1 16 
Surface: Ba m2 

2. Vacuum drum filter 1 1 8 
with receiver 

• 
Surface: 12 m2 

3.* Flat bottom tanks a a 41 
Volume: 6.J-200 m3 

4. Agitators for tanks with a 8 17 
• gearboxes, couplings and 

electric motors 
5. Centrifugal pwilps 5 4 3 

• for slarry 

Cap.: 10-30 m3/h 
6. Centrifugal wmps 3 2 2 

for liquor 
Cap.: 20-50 m3/h 

• 

• 



A4-68 

• 
Number Total 

Total Operat- Weight 
ing (t) 

19. Vacuum station 

Low and high quality bauxite 
Autoclave and tu be digestion 

1 • Water ring vacuum 3 2 17 
• pumps 

Cap.: 11000 m3/h 

• 2. iir blowers 3 2 3.6 
Cap. : 2000 mJ/h 

3. Electric overhead travelling 1 1 12 
crane 

Cap.: 5 t 
• 

• 

• 

• 

• 



I 
A4-69 

• 
Number Total 

Total Operat- Weight 
ing (t) 

20. Comuressor station 
Low and high quality bauxite 
Autoclave and tube digestion 

1 • Screw compressors with air 2 1 12 

" filters, interstage and 
after coolers 
Cap.: 8000 Nm3/h 

2. Air tanks 2 2 5 
Volume: 50 m3 

J. Electric overhead travelling 1 1 14 
crane • 
Cap.: 12.5 t 

' 

• 

• 

.. 
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• 
Nu.-:iber Total 

Total Operat- Weight 
ing (t) 

21. Oil storag:e 
Low anci high quality bauxite 
Autoclave and tube digestion 

1 • Oil storage tanks 2 2 15 
• f ~8.5 m x 13.5 m 

Volume: 3000 m3 
• 2. Oil unloading 4 4 2 

facilities 
J. Gear pumps 6 3 3 

Cap.: 10-65 m3/r. 

• 

• 

,, 

• 



' 

• 

• 

' 

• 

• 

A4-71 

22. Vorkshon and open air storage 

1. Engine lathe 

2. Vertical boring and turning 

machine 
3. Universal milling machine 
4. Horizontal boring mill 
5. Ventical milling machine 
6. Shaping machine 

7. Hydraulic slotting machine 
8. Universal surface grinding 

machine 

9. Multiple profiling machine 
10. Radial drilling machines 
11. Upright drilling machine 

12. Universal tool grinding 
machine 

13. Radial drilling machine 
(:portable) 

14. Framed saws 

15. Hydraulic pr~ss 
16. Hydraulic horizontal combina­

tion die 
17. Laying out benches 
18. Manually operated pipe 

bending machines 
19. Smith's earth 

20. Hand pumps for hydraulic test 
21. Air forging hammer 

22. Carbide speeder 
23. Windins machine 

Number 
Total Operat­

ing 

8 

1 

3 
1 

1 

2 

1 

2 

2 

1 

1 

1 

2 

1 

1 

2 

2 

1 

2 

1 

1 

1 

8 

1 

3 
1 

1 

2 

1 

2 

1 

2 

1 

1 

1 

2 

1 

1 

2 

2 

1 

1 

1 

1 



A4-72 

" 
Number 

Total Operat-
ing 

24. Vacuum impregnating u~it 1 1 
with vacuum pump 

25. Table drilling machines 3 3 
26. Table grinding machines 2 2 
27. Pedestal grinding machines 3 3 , 28. Vulkanizer sets 3 3 
29. Welding machines 3 3 
30. Portable welding machines 8 8 
31. Electric overhead 2 2 

travelling cranes 
Cap.: 8 t and 5 t 

32. Frame 
• 

crane 1 1 
Cap.: 12.5 t 

• 

' 
• 

• 
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.. 

Number 
Total Operat- Spare 

ing 
Motor vehicles 

1 • Auto crane 1 1 
Cap.: 40 t 

2. Auto crane 1 1 

Cap.: 10 t 
J. Auto crane 1 1 

Cap.: 6.J t 
4. Trucks 4 4 

Cap.: J.5 t 
5. Tilting-platforms 2 2 

trucks 
Cap.: 6 m3 

6. Trucks with electric 3 3 
• platform 

Cap.: 3 t 
?. Trucks with electric 3 3 

platform 

Cap.: 2 t 
8. Trucks with electric 2 2 

' 
forks 
Cap.: 2 t 

9 . Trolley trucks • with 2 2 
electric forks 
Cap.: 2 t 

10. Trailers for trucks 4 4 
.. Cap.: 2 t 
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A5-1 

Attachment 5 

PRICE LIST OF THE MAIN EQUIPMENT 

Informative prices (FOB at European Port) are given for each 
of the main equipment listed below: 

1. Sintering process 

1. Hammer mill with vibrating screen 
Cap.: 160t/h 

2. Jaw crusher with vibrating screen 
Cap.: 80 t/h 

Ca:p. : 50 t/h 

3. Shaft kiln for burning limestone 

with elevator, exhaust fan, dust 
collector, gas purifier, with burnt 
lime extractor, vibrating feeder, 
rubber belt conveyor, with fuel oil 

supply system, with electrical 

equipment, process control and 
instrumentation 

Cap.: 70 t/day Cao 

4. Lime slaking drum 

f 1.8 m x 10 m 

Cap.: 10 m3/h slaked lime 

5. Multi-chamber ball ~ill with 
vibrating sc:..·een 

f 2.6 m x 13 m 
Cap.: 125 t/h 

million 
of Rls 

15 

18 

13 

120 

8 

54 



A5-2 
• 

million 

of Rls 
6. Tank with conical bottom 

f 9 m x 20 m 
Volume: 1000 mJ 15 

7. Piston slurry pump with 
suction and delivery 
dash pot 

• Cap.: 120 m3/h 

Head: 30 bar 27 
8. Rotary kiln with cooler, 

cyclon, gas purification 
system and exhaust fan 

• 5 m x 120 m 
Cap.: 1600 t/day 587 • 9. Double deck vibrating screen 
Screening area: 2.5 m x 6 m 7 

10. Cone cruscher 
• Dia: 220 mm 

Cap.: 70 t/h 61 
11. Belt extractor 

Cap.: 70 t/h 306 
12. Jigging screen 

Surface: 41.5 m2 
9 

1 13. Autoclave 

~ 2.5 m x 14 m 
Volume: 50 mJ 8 

14. '!i'lash tank 

~ J.6 m x 5.6 m 
Volume: 50 mJ 5 

.. 15 • Single ~hamber settler 

~ 20 m x 4 m 
Volume: 1500 m3 2S 



• 

' 

.. 

' 

• 

16. Vacuum drum filter with 

filtrate receiver 

A5-3 

million 

of Rls 

Surface: 10 m2 5 
Surface: 20 m2 8 

17. Pressure filter 

Surface: 125 m2 12 

18. Vacuum disc filter with 

filtrate receiver 
Surface: 100 m2 

19. Shell and tube type 

heat exchanger 

Surface: 180 m2 

20. Hyd~oseparator 

t 7 m x 19 m 

Volume: 400 m3 
21. Hydroseparator 

f 10 m x 28 m 
Volume: 1000 m3 

22. Pan filter with filtrate 
receivers, interstage 

pumps, tanks 

Surface: 25 m2 

23. Fluid bed calcining kiln 

with cyclons, electrostatic 
precipitator, exhaust fan, 
alumina cooler, oil heating 
system 

Cap.: 700 t/day 

13 

16 

7 

27 

15 

444 



• 

• 

• 

1 

" 

A5-4 

24. Five effects, counter current 

forced circulation evaporator 

unit, with flash tanks, 

preheaters, feed and circula­
ti\ln pumps 

Cap.: 65 t/day evaporated water 
25. Wa7.er ring vacuU& pumps 

Cap.: 7500 mJ /h 

26. Turbo-c,·· 1pressor 

Cap.: 15000 Nm3/h 

Pressure: 5 bar 

million 
of Rls 

151 

22 

43 



• 

' 

f 

• 

l 

• 

A5-5 

2. Bayer process 

1. Ja~-r cruoher with vibrating screen 
Cap.: 140 t/h 

2. Hammer mill with vibrating screen 

Cap.: 140 t/h 

J. Shaft kiln for burning limestone 

with elevator, exhaust fan, dust 

collector, gas purifier, with burnt 

lime extractor, vibrating feeder, 

rubber belt conveyor, with fuel oil 

system, with electrical equipment, 

process control and instrumelltation 

Cap.: 250 t/day 

Cap.: 175 t/day 

4. Lime settler 

~ 20 m x 5 m s.s • 

1 : 3 slope bottom 

5. Lime slaking drum 

~ 1.8 m x 10 m 

Cap.: 80 m3/h slak~d lime 

6. Pressure belt filter 

Filtration area: 20 m2 

Cap.: 5 t/h 

7. Multi-chamber ball mill 

with conical screen 

p 2.6 m x 13 m 
Cap.: 50 t/h 

million 

of Rls 

22 

15 

160 
140 

17 

8 

18 

54 



A5-6 

million 
of Rls 

8. H.P. diaphragm pamp with 
speed control, with snr::"i=ion 
and delivery dashpot 
Cap.: 230 mJ /h 

HeaJ: 70 bar 97 
Cap.: 150 mJ/h 
Head: 120 bar 92 

f 
9. Autoclave for heating 

bauxite slurry with 
.. 

life steam 

f 2 .5 rJ x 14 m 
p = 60/80 bar 29 

10. Molten salt heating unit with 
• molten salt heater, ducts, self-

supporting stack, with salt 
storage tank, molten salt 

• circulating pumps, instrumentation 
Cap.: 65 GJ/h 98 

11 • Single chamber settler 
with slope bottom and cable 
torque rake 

~ JO m x 6.6 m 
1:16 slo~e bottom 22 

l 
12. Vacuum drum filter for 

filtering red mud with 
receivers and with roller 
discharge 
Surface: 100 m2 

15 
13 • Vacuum drum filter 

• 
with receivers 
Surface: 12 m2 

6 



• 

" 

, 

• 

1 

• 

• 

• 

A5-7 

14. Disc filter with receiver 

milliOil 
of Rls 

Surface: 100 m2 15 
15. Pan filter with receivers, 

interstage pumps, tanks 
Surface: 20 m2 

16. Pressure filter 

Surf ace: 12:i m2 

Surface: 80 m2 

17. Precipitator tank with 
conical bottom, air agitated 

~ 10 m x 31.5 m 
Volume: 2000 m3/h 

18. Hydroseparator with 

60° con bottom 

~ 10 m x 18 m s.s. 
19. Rotary kiln with cyclon, 

bucket-elevator, electrostatic 
dust precipitator, exhaust fan, 
alumina cooler, oil heating 

system and diesel emergency 
drive unit 

Cap.: 350 t/day 

20. Five effect counter-current 
forced circulation evaporator, 
with flash tanks, -preheat ·-... i, 
feed end circulation pumps 

Cap.: 60 t/h evaporated water 
21. Superconcentrator with feed 

and circulation pumps, 
preheaters and flash tanks 

Cap.: 15 t/h evaporated water 

14 

12 

9 

29 

27 

311 

151 

72 
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• million 

of Rls 

22. Water ring vacuum pump 

Cap.: 11000 mJ/h 25 
• Cap.: 9000 mJ/h 23 

23. Screw compressor with air 

filter, interstage and 

after cooler 
Cap. : 8000 NmJ /h 40 

24. Plate heat exchauger , 
JOO m2 Surface: 42 

• 

• 

• 

• 




