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5AUXITE, THE -:\AW MATERIAL OF ALUMINA PRODUCTIJN 

Bauxite was discovered in 1821 by a French professor, 

Pierre Berthier, near Les Beaux en Provence and it got its 
name from this French place. 

Bauxite is a mixed rock of aluminium hydroxide minerals 

with varying amour~ts of hematit~ goethite, kaolinite, anat~se, 
rutile, ilmenite etc. cont~~inants. 

Characteristic Types of Bauxi~ 

The composition of bauxite can - in general - be charac
terized by the data listed in Table 2.1 /1/. 

Composition of Bauxite 

Chemic'ii 

Si0 2 : 0.5-10 per cent 

0.5-8 p&r cent 

10-34 per Cf.nt 

Table 2.1 

Mineralogical 

Kaolinite Al .1/0H/ 8• Si 
4

:J10 
Quartz Si0 2 
Hematite Fe 2o3 
Goethite Fe 2o3

.H 20 

Anat!'l.se} 
Rutile 

In gibbsite, boehmite, dias

pore, kaolinite, gc,ethi tc. 

Trace elements: Mn, ~' V, Cr, Ni, ~a, Ca, Mg etc. 

Organic matter 
~~~~~~~~~~~~~~~~~~~~~~~ 

-~I 
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On the basis of their mineral composition, bauxites can be 

listed into t~1e following five types: 
pure gibbsitic bauxites 
gibbsitic bauxites containing quartz 

mixed bauxites /gibbsitic + boehmitic/ 

boehmitic bauxites 

diasporic bauxites 

With respect to the selection of thP. process technology, 

the mineral composition is of vital importance. 

As regards q'.lantitative distribution of the &.tX"'e 5 types, 

pure gibbsitic bauxites and gibbsitic bauxites containing quartz 

occur in the largest amount, the laterite bauxites falling bas

ically into these two groups. Because of £conomical considera

tions, generally that type is called gibbsitic bauxite, in which 

the Al
2
o

3 
content in the monohydrates /boehmite + diaspore/ 

is Jess than 5 per cent. 

Karstic bauxites are generally of boehmitic or diasporic 

type. though they can have considerable gibbsite content, too. 

The tenn diasporic bauxite is used in case when at least 5 per 

ceut of the Al 2o
3 

content is bound in diaspore. 

Table 2. 2 ill u.strates the mineral composition of some 

characteristic bauxite types: it gives the distribution of the 

main components between the mineral phases and states the type 

·)f the given bauxite from t 1e point of view of the pro~essing. 

.,.I 
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Mineralo~i~al ComEosition of Bauxite SamElcs 
/~~ta determined by ALUTERV-FKI/ 

Table 

Component fa Bawci te Sample 
No 1 ~io 2 No 3 No 4 No 5 No 6 No 7 

Al 2o3 
in 

gibbsite 42.3 37.9 25.5 45.0 16.2 1.5 
boehmite 3.1 2.0 1.0 7.8 24.5 17.2 49. 5 
diaspore 0.2 o.8 1.0 0.8 1.3 35.0 
kaolinite 1.4 1.5 2.7 3.4 4.7 3.8 8.4 

illite and trace 0.9 cericite 
goethite 0.5 1.4 2.7 2.1 0.2 

hematite 0.6 0.4 1.0 0.4 
maghemite and 
magnetite o. 5 
chamosite trace 

c orund '.:.m 0.5 
lithiophorite 0.2 
crandallite 0.1 
amorphous 4.0 

Al. 20~ total 48. 4 44.0 38.9 57.0 49. 2 56.0 60.5 

Si0 2 in 
kaolinite 1.6 1.8 3.2 4.0 5.5 4.5 9.9 
illite and 
cericite trace 1.5 
chamosite trace -
quartz 0.5 0 7 8.5 1.0 0.1 

Si0 2 total 2.1 2.5 11. 7 5.0 5.5 4.6 11.4 

2.2 

No 8 

2.5 
2. '3 

38.9 
4.7 

o.6 

1.2 

51.0 

5.5 

1.1 

0.7 

7.3 
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Table 2.2 /cont./ 

Component ~ Bauxite Sample 
Ne 1 No 2 ifo 3 No 4 No 5 

Fe2o3 
in 

hematite 15.l 15.3 10.5 6.0 9.7 
goethi te 4.2 10.2 11.0 1.0 10.2 
maghemite 2.0 
magnetite 3.5 
chamosite 
siderite 0.4 

Fe 2o,J total 19.7 25.5 27.0 1.0 19.9 

Ti0 2 in 
rutile 0.5 0.4 o.8 0.4 0.6 
anatase 2.2 2.2 1.5 2.1 1.7 

Ti0 2 total 2.7 2.6 2.3 2.5 2.3 

Origin of the bauxite samples: 

South Manchester Jamaica /gibbsitic/ 
Aya-Nyinahin, Ghana /gibbsitic/ 

N0 
, 
u 

18.5 
" i:; c. • ,I 

21.0 

1.7 
0.9 

2.6 

Go\e, Australia /gibbsitic with quartz/ 

No 7 

.3 .1 
5.5 

8.6 

2.8 

2.8 

No 1. 

No 2. 

No 3. 
No 4~ 

No 5. 
No 6. 

No 7. 
No 8. 

Weipa, A~stralia /gibbsitic + boehmitic/ 
Iszkaszentgyorgy, Hur_gary /gibbsitic + boe!'unitic/ 
Itea, Greece /diasporic/ 
Severoonieshk, Soviet Union /boehmitic/ 

Lang Son, Viet Nam /dias~oric/ 

No 8 

15.2 
7.6 

0.7 

2.2 

25. 7 

1.1 

2.0 

3.1 

44( ~1 

' 
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Bauxite ~aserves and Quality 

The world bauxite production in 1970 was 58.2 million 
tons, whereas the total amount of extracted bauxit~ up to 
1970 reached 636 million tons /1/. The world consumption in 
1976 increased to 80 million tons. 'M'iereas De Weisse estimated 
the total ore reserve to b£ 8 billion tons only in 1972 /1/, 
Letze /2/ in 1978 states 9lready 38 billion tons for the same. 
This suggests ·as if the reserves were unexploitable. Lotze 
describes, ho1Vever, that in case of an overall examination of 
the specific 1Jauxi te costs in the alumina production, more~yer, 
the mining and transportation costs, merely 12 per cent of the 
total reserve fall into the most favourable cathegory of costs. 
As much as 95 per cent of this reserve is found in the terri
tory of Jamaica, Guinea, Aus~ralia, Greece and Suriname. In 
several cases the specific costs of the - otherwise of very 
good quality - ore are significantly increased as a consequence 
of the geographical situation of the reserve, the poor infra
structure and the great transportation distance. This c·v:plains 
why most of the bauxite importing countries make efforts to 

process domestic raw materials with poorer quality and lower 

Al-content /3/. 

Evaluation of Bauxites for Alumina Production 

Evaluation of bauxites for alumina production is based 

on the fact ~hat more than 90 per cent of the world's total 
alumina is produced by the Bayer technology in which Al 2o3 
and NaOH losses, at alkaline digestion of bauxite, are propor
tional to the reactive Sio 2 content of bauxite. The composi

tion of the sodium-alUJI1inium hydrosilicate formed can be given 
by the following summarized fonnula: 

.. .! 
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where: X 

In case of producing bauxite for the market, investiga
tions related to fulfilling of the qualit_tive requirements 

stated in the t~~port conditions are mostly restricted to 

the chemical '.lllalysis of the major components. The basis of 
trar~sportation contracts is still formed by the basis number 

B = Al2o
3 
~ - 2Si02 ~. 

According to the data available during the period of 

1955-1970 /4/~ the price of bauxite could be determined by the 
following equation: 

Price of bauxite = /B - 29/ • 0.40 US t per ton 

The basj_s of evaluation in the USA is often not the total 

Al 2o3 content, but only that part of it which is "availablP" 
/soluble/ unde!' standardized conditions, moreover, distinction 

is made between the reactive /kaolinite/ and non-reactive 
/quartz/ Si02 content, too. 

In certain countries, like in Hungary, too, where the 
content of contaminants in the bauxite is unfavourably high 

as regards alumina production, the basis number is used in a 
modified fonn: B = Al 2o3 - 2Sio 2 - Cao - MgO. 

Another widespread system - colDIT'only used in the USSR, 

for example - is the classification of bauxites on the basis 

of +.heir ''module" defined as the quotient of the Al
2
o

3 
and 

Si0 2 ::::or1tent of bauxite /Al 2o
3 

per cent/ Si0
2 

per cent/. 

The module emphasises the effect of Si0 2 content on the 

caustic soda consumption, but realistic valu~ oi the bauxjte 

is given only by simultanecus determination of the Al?o
3 

con
tent, too. 

• 
. ·-~I 
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Al-hydroxides and Al-oxidts are of vital importance am~~~ 

ti;e Al-minerals of bauxites and tne compounds formed during 

alumina production. Their structural characteristics are il

lustrated in Table 2.3 based or the putlications of ALC,.)A ::e-

search Laboratories /5/. 

Aluminiumhydroxides 

Al-hydroxides may occur in trihydrate fonn /gibbsite, 

bayerite, nordstrandite/, monohydrate form /boehl!lit~, diaspore/ 

and as alumogel. 

A.lumogel plays a significant role principally during baux

ite formation, it is a metastable state, which rccrysta~_lizes 

later on to gibbsite. 

There is no natural bayerite occurrence, it is ~~!"med 
generally at low temperature in dilute, alkaline s :.J. ·-it-:. ':>n.:. 

In case of being stored for a longer period or heating ~P ~f 
the solution, it is transformed into gibb?ite. 

Gibbsite is the main com:ronent of tropical laterite-baLtx

i tes, al though it occurs in the North-American and E'-iropPar_ 

deposits, too. The crystal habit of natural ,gib"t-site is ~e:·.
erally pseudohexagonal, laminated, whereas arti !i c:ic;'. gi t~:si. • 
may form ~longated pseudohexagonal prisms. 'I'"he grair.:3 :::if g: L -::s

i te precipitated in the course of the Bairer process are 8.ggr·"'

,gates of laminar and prismatic crystals. 

Nordstrandite was produced artificially by an Americ~~ 

chemist, Nordstrand, only in 1956. It has been det~rted ty 
bauxite deposits. Da·:is ~m.i 0e•1eral researchers in various 

Hill /6/ found it in .ramair:an Bau.xi tes. Its chemir:'11 

chRracteristics are 3imilar to those of the gibbsitP. 

• 
-~I 
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Structural Pro:12erties of OxideB and H~roxid<ls 
Table 2.3 

Crystal Spa~e 
Mo.i.eculeA Unit Axis Length,a Density 

Phase Formula system Group per Unit Angle Reference 
Cell a b c g/crl -·-..._ 

Gibbsi te Al/OH/3 
Mono- 5 4 8.68 5.07 9.72 94°34' 2.42 Saalfeld 
cline 

C24 /1960/ 

Gibbsitc Al/OH/3 
Tricline ••• 16 17.33 10.08 9.73 94°10• •••• Saalfeld 

92°08• /1960/ 
90°0• 

5 90°16' 
N 

Bayerite Al/OH/3 
Mono- C24 2 5.06 8.67 4.71 2.53 Rcthbauer I 

cline et al 
(1J 

Nord-
c~ 109°20' strandi te Al/OH/ 3 

Tricline 4 8.75 5.07 10.24 •••• Saalfeld i 1 97..;40' and 
- ..... 88°20' Jarchow 

D17 2.868 
,. 

Boehmite Al OOH Ort ho- 2 12. 227 3.700 3.01 Swa;,.1eon ' . 
24 ••• 

rhombic and Fuyat 

Diaspore Al.OOH Ortho- Dl6 2 4.396 9.426 2.844 ... 3,44 Swanson 
rhombic 24 and Fuyat 

Corundum A1203 
6 2 4. '/58 12. 991 3,98 Swanson, Hexahonal n3d - ... 

/Rhombic/ Cook et al 

\. 

-



........_.._ ~ .. --

-, () 
- - :,: 

':'!':J·J.gh of nc pra~tica::.. il!lpJ rtance. it should be noted 

~.ere t!1at KarsuJ in /7 / discovered a new mineral in a °00.'.J.xi te 

aeposit near Montenegro of 2Al 2/0H/6 • H2o composition, named 

tucanite by him. 

Nemecz and Varju /8/ detected the mineral scarbonite 

l2Al/OH/ 
3 

• Al 2/co 3;
3 

composition in the Pilisvorosvar ba.ux

i te deposit. 

Boehmite is the most important aluminiu.~ mineral of karst

ic bauxites. It can be easily produced artificially from gibb

site in dige5te.r.:>, at a temperature of 150 °c in water medium. 

Boeh.mite often forms small crystals dispersely mixed with irJn 

minerals, so that it can no+. be identified even b/ optical 

methods. The particle diameters vary between 100 ~ and 1000 ~
In certairt deposits, however, it occurres in a wel: crystalliz

ed form. The gignificant deviation of the crystallization de

gr3e obviously affects its solu~ility. 

Diaspore is tre chemically least active form of aluminium

hydroxides. It is an ~mportant mineral of Greek, Rumanian, 

Ural /USSR/, Chinese, Viet-Namese etc. bauxites. It can be 

produced artificially by hydrothermal process from aluminium

hydro xide in water medium, by digesting it at 280-420 'le tem

perature a!'~n 140 bar pressure. 

Aluminium Oxides 

Several modifications of aluminium-axides are known, the 

most stable of which is ~ -Al2o
3

, corund1.Jm, occurring .i.n the 

nature, too. The alumina used for alumin.ium electrolysis is 

a mixture of cC-Al 2o3 
and the so-called intermediate Al 2o3-

modi fi cations, which are produced by ignition of gi bbsi te to a 

temperature higher thanl<X'lO 0 c, sometimes in the presence of 

a mineralizator. By heati.ng up any kind of alurniniurn-hydr0xide 

t-J highP-r temperatures, ol:.-Al 2o3 
/corundum/ ir; formed as .., 

• 
·~ 

' --*'--'"'~I 
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L;. ?JRT .. U'L'E OF THE BAYER TECi-iNOLDGY IN THE A"!~INA PRODUCTL'JN 

At present, more than 90 per cent o·: thE ·;:-Jrld's al~·min'3. 

l" pr:'.\duced ':y the Bayer pro ::!ess, a f"imple techno.:.ogy provid

ing high purir-,y final prriduct. Apart from some exceptional 

l-:i~al condition::>, bauxite is processed almost solely by thi.;:; 

technology. 

As a beneficiation process, alumina produ~tion releases 

t!:e Al ;:io 3 content of bauxite from other accompanying oxides 

thus providing alumina suitable for 2lectro:i.~rsis in a cryoli te 

melt. 

Characteristics ,1f the Bayer Techn:'logy 

The basic theory of the Ba.ye-;: proc-esn was eh1.b0rated t-.y 

: .• <T. Bayer and described .i.n his patents in 1857 and 18g;:; /9/. 
i:::.e first patent refers to the d9sintegration of sodium-alu

minate solutions with the aid of seed crystals of aluminium

hydroxide or of carbonic acid, that is, to the precipitation 

~nd carbonation processes. Th~ second patent formulates ~he 

concept that the All,3 car.tent of bauxites can be dissolved 

in sodium-hydroxide solut:!.ons, with the f".l rmation of sodium

nluminate, a process called digestion nowadays. 

Industrial pra~tice of the Bayer technology is based, up 

to this time, on the above two concepts which can be described 

by the following reactions: 

a/ for gibbsitic bauxites: 

Al /OH/) + NaOI! 
>100 °c 

<HJO 0 c 
NaAl/OH/4 

-"'I 
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b/ for bo~~itic bauxites: 

>200 °c AlOOH + NaOH + H,p 
'-

c/ for diasporic bauxites: 

I) 

AlOOH + NaOH + Ca/OH/2 + H
2
o > 240 C 

Na.Al/OH/4 

NaAl/OH/ 4 + Ca/OH/ 2 

In case of reaction c, Ca/OH/2 can obviously not be re
garded as final product, but undergoing subsequent reactions 
it will generally f, rm calcium-aluminium-silicate. 

The temperature of digrstion in the above reaction equa
tiom is always determinea ~ the solubility of the Al-mineral 
chara~terizing the given bauxite.On digesting diasporic baux
ites, burnt lime is added in 2-6 weight per cent of the dry 
bauxite, to promote the total dissolution of diaspore. 

In recent years the digestion technology of goethitic 
bauxites has been developed as new technology aiming at trans

forming the Fe1_xAlxOOH - composition alumogoethite into hema
tite. The A1 2o3 content built into the aL.unogoethi te-lattice,1:.'.p
proo.ch:ing often the limit value /x = 0.33 molar per cent Al/, be
comes soluble this way, and an easily ~eparable, brown, he
rnati tic type red mud is fonned. The reaction equation in such 

cases is the following: 

d/ for goethitic bauxites: 



Fe1 Al OOH + NaOH -x x 

2-13 

> 220 °c 
catalyzer 

At higher temperatures CaO /10/ is added as catalyzer, 
at lower temperatures Cao, anions /SO~-; Cl-/ and 

I 2+ 2+; . 
whereas 
cations Fe ; Mn are added s1multa..~eously for the same 

purpose /11, 12/. 

A simplified flow-sheet of the Bayer process is shown 

in Fig. 2.2 /13/. 

The most important operations of the technology are bPllX

i te preparation /crushing, grinding/, digestion, red mud sep
aration /thickening, washing, filtration/, precipitation, cal

cination, evaporation. 

Operational units of the Bayer technology are displayed 

in Fig. 2.3 /13/. 

Variants of the Bayer Technology 

Depending on the type of the bauxite to be processed tw::~ 

different variants of the Bayer process have been de·;eJ.::rp~c'l. 

The Al
2
o

3 
content of gibbsitic /trihydrate/ bauxites cru: 

eaei.ly be dissolved: it is digested, consequently, at a tam

perature of maximum 140-145 °c, in a digestion liquor of rel

ativfly low concentration /120-140 g/l Na2ocaust/' whereas 
boehm.itic and diasporic /monohydrate/ bauxites are J.igested at 
a temperature of abo-1e 200 °c fet 240-250 °c in modern 
plants/ and at a higher liquor concentration /180-250 g/l 

Na
2
o t/. The first technology is called the "American'', 

ca1..1s 

I 

I 

I 

I 

l 
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whereas the second one the "European :r var !.l:l.Il t because, due 
to the devia~ing characteristics of the processed bauxites, 
the two technologies have developed separately on the two con
tinents. 

The most important characteristics are summarized in Ta
ble 2. 4 /14/. 

Recently, an approach of the two variants to each other 
can be experienced, as gibbsitic bauxites, containing some per 
cents of boehmite and a major amount of alumogoethite are also 
digested at a 240-250 °c temperature. In case of the "European" 
variant it is a definite endeavour to decrease the concentra

tion of the digestion liquor even below 200 g/l Na2ocaust 
content. 

In case of the "American" technology, on the other hand, 
due to energy-saving considerations, there is an endeavour to 
increase the precipitation concentration, obviously in such a 
way that the coarse grain-size cf hydrate would be retained. 

Feasibility of the Bayer Process 

The difficulties of the technology are inflicted by the 
reactions b~tween the minerals of l.Jauxites accompanying the 
Al-~xides and the digestion liquor. The meat serious dis
advantage of these reactions lies in the transformation of the 
Sio2 content into Na-Al-hydrosilicates of sodalite or cancri
nite structure, which are insoluble in the :iquor and, 
when leaving the process together with the red mud, they cause 
Na2o and Al 2o

3 
losses. The caustic soda consumption vs. avail

able alumina is illustrated in Fig. 2.4 /4/. 

It was mentioned already that, due to the above facts, the 
reactive Si0 2 content detennines the market price ~f bauxites. 
In addition to the Si02 content, Ti0 2 contem; must also be tak-
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Mai!1 Characteristics of the European and American 

Variants of Digestion 

Typical Parameters 

Temperature
0
at the end of 

digestion, C 

Temperature af~er 
recuperation, C 
Pressure of digesters, 
kg/cm2 

Composition of solution 
after digestion: 

Caust. Na2o g/l 

Al203 g/l 
Molar ratio 

Caust.Na2o/total Na2o % 
Al~O~ produced of 1 ~ of 
dige~tion liquor, kg 

Table 2. 4 

European Bayer Amer~can Bayer 
Variant Variant 

200-235 /250/ 140-145 

135-185 110 

12-30 /50/ 4 

200-300 120-140 

190-300 125-150 
/1. 40/1. 50-1. 75 1. 50-1.60 

90-93 60-80 

90-150 50-80 

Composition of Dry Baux
ite and Red mud 

Mono hydrate Red Mud Trihydrate Red Mud Bauxite Bauxite 

Loss on ignition% 11. 5-12. 5 8-10 29-30 10 

Total Al .:::03 % 53-56 16-20 55-57 20-22 

Si0 2 % 4.0-7.0 8-12 2.0-3.0 10-12 
Fe2o

3 
"/, 24-26 40-50 7-~ 35-.~'."' 

TiO ') ·~ 2.5-3.0 5.5-6.5 2. 5-3 .o 10-1:!. 
Sao 0.2-0.4 0.1 

Na20bound % 5.o-8.o 4 .0-5. 5 
Available ;.i

1
o3 /Al 2o3-sio2% 49-52 52-55 

Al 2o
3
/Fe2o3 

ratio 2.10-2.30 0.22-0.30 6.0-7.0 0.50-0.60 

Sp~cific red mud 
quantity kg/t Al 2o

3 
1000-1400 350-450 

A.16°~ digestion 
re o ery, ·% 84-89 91-93 
Recovery related to avail-
able Al 20~, fa 95-96 96-98 

~1 

.. .1 
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~n into c~nsideration in the European variant of the Bayer 
technology, as it forms Na-titanates of various composition 

with the digestion liquor, thus increasing the NaOH consump

tion of the alumina production /15/. 

The feasibility of the Bayer process is basically deter

mined by economical consideratiom1, the latter being the func
tion of the raw material consumption - depending on the qual
ity of bauxite -,of the technical level of technology and equip
ment, and of the economy of energy. The plant size is obviously 
a determinant factor, too. At present, the Bayer technology can 
be applied with favourable economy even for processing bauxites 

of 6. 5-7 pt::.1.· cent Si02 content. ETJ)ressed by the basis mun
ber, the lower limit of economic operation is at 32-35, depend
ing significantly on the fact whether the plant processes baux
ite produced in its own industrial verticum or imported bauxite, 

• on the capacity of the plant, on the technical level ·~nd on the 

depreciation rate. The tendency is to develop further ~he Bayer 

technology to make it suitable for processing ~~xite~ ~f sub
sequently l~wer quality by increasing the proportion of r(·cover-· 
ed caustic s"oda mid_ by approaching the theoretical alun:ir.a 

yield. 

In case of processing imported bauxites, the condition of 

economic production in the long run is generally to use c::-es 
a minimum basis number of 40, whereas in case of pro~eS8·· 

ing local bauxites the :equired basis number is 30 to 32. 

Expected Future Development of the Bayer Process 

FUture development of the Bayer process is characterized 

by further raising of the digestion temperature using tube 
digester units, and by the general prevalence of fluid bed 
calcining process. Considering the future development, great
est attention should be paid to the following technologies: 

. ~1 

j 
' 
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Bayer hydrochemical process /16/ 

Technology based on iron-"!'lydrogranate formation /17/ 
and 

Complex processing of red mud /see page 2-28/. 

The basis of the Bayer tiydrochemical process is that by 

digesting at extremely high concentrations /about 500 g/l 

Ha2oc' at a molar ratio above 11 and at high temperature, approx
imately 300 °c/ calcium-sodium-silicate is formed from the 
sodium-aluminium-hydrosilicate of the red mud, and most of its 
Na2o and AJ.2o3 content is recovered by washing. Na

2
o and Al

2
o

3 
recoveries from red mud may reach 90 per cent. The industrial 
realization of the technology elaborated by Ponomariov and 

Sazhin has not yet been solved tecause of the difficulties 
due to the use of extre~ely high liquor concentrations 
and high molar ratios, the probleq of rapid red mud 
separation and those of the sodium-alum5.nate separation. 

The essence of the technology based on the formation of 
iron hydrogranates is that sodium-aluminium-hydrosilicates may 
be transformed, under certain conditio~s, into calcitl:!!-i~on

hydrosilicates. T!1ese compounds can be characterized by the 
following formula: 

where: A = ca2+, Mg2+, Fe2+, Mn2+ 

B = Al 3+, Fe3+, cr3+ 

The productior.. of an iron-hydrogranate type compound may 
be reckoned with both at bauxite and red mud processing. 

Practical realization of the process for direct process
ing of bauxites is rather uncertain, as a consequence of the 
high molar ratio of the digestion liquor and the little amount 

• 
. -.\I 
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u! bauxite which can be proce£sed in the unit liquor volume. 
Processing of red mud with the same technology seems to be 

more realistic. 

SINTERING AND COMBINED PROCESSES 

According to realistic forecasts, the Bayer technology 
will :further be the dominant method for processing good qual

ity bauxites of 3-6 per cent Si02 content. 

The uneven distrieution of bauxite reserves, the increase 

in the price of bauxite and in the transpo~tation costs, the 
possibility of exhausting the present reserves of high quality 
ore, and the great reserves of the poorer quality bauxite and 
other aluminium containing minerals inspired several countries 
to elaborate an economical techl1ology suitable to process poor 
quality bauxites, clayey bauxites, bauxi tic clays and .)ther 
aluminuous materials /nepheline, al.unite, clay, fly ash, 

industrial wastes etc./. 

Raw materials, which can not be processed economically by 

the Bayer technology are processed to alumina. by sintering and 
Bayer sintering combined processes an a large industrial 
scale. Research work for developing acid methods is carried out 
in laboratories and pilot plants, principally with th~ ot ,je:c

tive to process aluminium-silicates /clays, ka.oline/ of low 

iron content /18, 19, 20/. 

Sintering Processes 

The first sintering method which can· be considered as the 
first industrial alumina production process, was elaborated in 

185£-1860 /Saint-Claire Deville/ /14/. The mixture of ground 
bauxite and soda was sintered at a temperature of 1000 to 
llOG 0 c, the produced sodium-aluminate was dissolved, separ~ted 
from the insoluble residue, and then the alumin.ium-hydroxide, 

....1 
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~recipitat~d by co2 gas, was calcined. Later on the more eco
nomical Bayer process took the place of the above technology 
in the industry. 

Attempts were made to substi~te soda with sodium-sulphate 
and a rEducing agent /Peniakov/, tut, due to the complicated reac
tions principally, this method has not spread in the industry 
/21/. 

MUller's patent specification sutmitted in 1880 /22/ was a 
significant advancement. Apart fonn the sGda he recomnended to 
add magnezite for binding the silica, tut he calculated the cao, 
to be added on the l:Bsis of the AI2o3 content of the raw mate
rial. Pakard stated in 1902 that limestone m:.ist be calculated 
on the be.sis of the Si02 content. He considered the molar ratios: 

= 2 and = 2 

to be optimal /23/. The amount of eao is calculated basically 
the same way even at present, tut the amount of Na2o was modi
fied on the ~is of composition of the resulting compounds 
clarified later. 

The metnod was further developed in the Soviet Union, and 
a large scale industrial technology was developed for bauxite 
sinterillf" and for complex processing.of nepheline /21, 24, 25/. 

The technology consists basically of the following phases: 
- production of sodium-aluminate at high temperature, 

above 1000 °c /sintering/ 
dissolution of sodium-al.uminate from the sinter prod11ct 
/leaching/ 
decreasing the Sio2 content of the solution /desilica
tion/ 



~-eparating Al/0!1/ 
3 

fr•m the solution by intr3ducing 

'), g:ls /carbvnization/ 
calcining of Al/OH/

3 
/calcination/ 

The process is outlined in Fig. 2.5. 

As the lime bounds Si0 2 in form of insoluble dicalcium

silicate, the sintering method theoretically can be used tor 

processing raw materials of high silica content. Its econcmic 

utilization is limited, however, by the fact that whereas 2.0-

2.5 tons of bauxite, about 0.3 ton of standard equivalent of fuel 

oil and about 300 kWh energy is required to produce 1 ton of 

alumina by the Bayer technology, in case of sintering poor 

quality bauxites, about 3 tons of bauxite, 2-3 tons of lime 

and soda, 1.5-2 tons of standard fuel and about 900 kWh energy 

is required. Accordingly, the material flow is 2.5 to 3 times 

higher than that of the Bayer process /26/. The total investment 

costs ar-: about double of those of the Bayer pr·Jcess. 

Combined Bayer and Sintering Processes 

Aiming at decreasing the drawbacks and utilizing the ad

vantages of the Bayer and sintering processes resp. the so

called combined processes had been developed. Two variants are 

mown, the parallel- and the series-combined process /90/. 

Parallel-Co~bined Process 

The essence of the process is to estatlish, beside the 

Bayer line processing good quality bauxite, a sintering 

line processing lower quality /of higher Si0 2 content, and 

cont<uninated/ bauxite and to mix the aluminate liquors f~nned 

in the two lines before precipitation. This method makes pos

sible to use cheaper Na2co 3 and soda salt removed from t.he 
Bayer circuit for making up caustic soda J.osses. Utiliza

tion of the Bayer soda salt in the sinteri~g process is suit-

, -.\I 



' . ---
' 

-'* • 

'" " 

Na2C03 

BAUXITE 

"" 
GAS 

SCRUB811'G 

4 
r-~~~~~~~ 

~ t I .. , GRll'-OING h"9'iADJUSTMENTt----'i SINTERING 
LEACHING I MU~ 

SEPARATION 

LIMESTOt£ 

SODIUM-ALUMlt-IUM SILICATE 

AL.~INATE 

LIQUOR 

DESILICATION

SEPARATION 

' 

C02 
----.....jEVAPOUTIONI• l5EPARATION ,.. ---1CAR90NIZATION ,. I 

Al(OH':J 

CALCINATION 

Fig. 2.5 

SINTERING PROCESS 

I ., ALUMINA (Al203) 

'-~ 

I\) 

I 
r0 .,. 

, ,, 

• 



2-25 

atle t) rem)'.re certain contaminants of the circuit, "too, e.g. 

::>!'ganic matter etc. The aluminate liquJr of low m'.):ar ratio 

formed in t!:e sintering branch also affects favourably the 

precipitation process. The scheme of the process is shown in 

Fig. 2.6. 

This process is the most economic one in case the bauxite 

can be mined selectively into two qualities with a higher 

a.~d a lower Si0 2 content, respectively, or the two 

q~alities are found separately. The proportion of the sinter

ing branch, however, ~ay not generally exceed 10 to 15 per 
cent of the total production, otherwise the soda balance can or.ly 

be maintained by carbonizing part of the aluminate liquor. 

Series Combined Process 

The essence of the process is that a considerable prcpor

"tion of the Al
2
o

3 
content of the bauxite of re la ti ~1e"!.~\- l::>w 

quality, 3-6 module, is dissolved by the E..lyer techLcJ~gy, 
the red mud formed is sintered by the i....se of limestone ~ 11.j ~;·r~:

alumina te liquor obtained after leaching the sinter product 

is mixed and precipitated with that of the Bayer line. 

~he technology is illustrated in Fig. 2.7. 

The series combined process is ad.vantageous firs~ 0i~ all 

for processing bauxites of an iron content of 1.';' ~'-' J..~ p2r· · ~ .. ": 

Fe
2
o

3
, max., as by sintering the red mud of higher i.r .. m con·

tent, ferri tes of relatively low melting p:iint are formed and, 

consequently, the sintering temperature interval will decreas~. 

To avoid this, attempts are made to perform sintering by charg

ing bauxite or reducing agent to the red mud before sintcring. 

In case the major part of Al-minerals in t;he poor qual it:: 

bauxite is gibbsite, the economy of the technology may 3p

proach that of the Bayer process, as a conse::{uence of trie 

cteap atmospheric digestion. 
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---~ 



·~ .,,,, 
• 

-~ .. 

\. 

RED MUD 
(LEACHED. SINTER) 

BAUXITE 
BAVER 

QUALITY 

DIGESTION IDft..LITION 
SEPARATICN 
(WASHING) ~-, 

I 
I 

SALT 
SE PAjb1(fl ON 

----, I 
--, t I 

I I I 

I 
I I 
I , 1 I .._ __ _ 
I 2 

I L----, 
13 I 
I I 

PURIFICATION 

I I 
I PREC:IPITAOONI L-1 DESILICATICN EVAPORATION 

Al(OH)J 

CAL CINA TION I • ALUMINA 

SODA 5ALT 

Fig. 2.6 

PARALLEL COMBINED PROCESS 

SINTERING 1 • S;:::occ::::::SOOA ASH 
(;~ 
~s, 

LEACHING 

SEPARATION 1----~MUD 

'··~ 

'\.) 

I 
'\.) 

:J'I 

J. 

,. ,, 



.... 
·~----,.,,, 

• 

BA:.JXIT~ 

_- ~ 

\. 

CaC'.)3 C"' I ~a2 -.13 Sl')CA SAL: 

r-- .--r----, • ~-'-' 
! I I coo:..1~i'J I ! r 

LusH:NG j~f.-4 .... CR1ND1NG D1GEST10~ o:L~Tioi ] .. 1 sc:~:~:10Nl •'.ADJJSTtvENT 

SALT
SEPARATICN 

CON"!'ROL 
Fil TRATION 

I 1,. ___ _ 

~ 
EVAPORATICJ-ll• ISE>=>ARATIOtl \...-.-J PRECIPI -

WASHING I l TA llON I 

·----, 

SINTE RING 

LEACH~ 
SEPARA~.l~~l L ,_ 

' r---~- 1 
DESILICATIOtl ~ 

j 

C~~~1NA~I~ • ALUMltlA (Al203) 

Fig 2 7 
SERIES COMBlt·JEO PROCESS 

MUD 
--.. 

-

'-~ 

J 

t 
, . 
• 



2-28 

An overall evaluation of the series-combined prJcess as 

against the Bayer and sintering process is illustrated in the 
table below /27/: 

Comparison of the Bayer, Bayer-Sinter and 

Sinter Processes 

Parameters 

Investment per unit pro

duction, % 
Production cost, % 
Labour per ton Al 2o

3
, fa 

Bayer 
Process 

100 

100 

100 

Complex Processing of Red Nud 

Combined 
Bayer-Sinter 

Process 

150 

l~ 

136 

Table 2.5 

Sinter 
Process 

:go 
182 
163 

The complex processing of Bayer red muds can be consider

ed as a modified variant of the series-combined process in 

which the extraction of Al 2o3 
and Na2o content of red mud is 

preceeded by the removal of iron. 

At present, separated smelting of mud to pig iron and se1f
desintegrating calcium aluminate slag subsequent to its reduction 

can be considered as the most elaborated process. Alumina can be 

leached out from the slag and the remaining secondary mud can be 

utilized for cement production. Industrial realization of the 

process is hindered at present because of its high investment 
costs /28/. 

Sintering Process with the Fonnation of Calcium Alwninate 

Raw materials of high silica content - generally above 

l~ per cent - can best be processed by means of ~he methods 

based on calcium aluminate production. Processing of bauxite 

with sintering by limestone was firstly introduced in the 

.. ,_ ~ 
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Gard3...,.,,.._e picc-t, :<'ranee /14/. Later on the so-called "self-

dss] nteg:·r~+.ing'' sinter prod1_1.cing process was elaborated based 

on intensive n::aearc1! work in several countries, like Poland 

/29/, -~he Soviet iJru0n /30/ a..-id Hungary /31/, -vhich provides 

3.dvan~ageou3 processir...g t>ossi bili ties for raw materials /clay 

rnolin2, slate, fly ash etc./ comprising at least 30 per cent 
u

2
o

3
, and Si0

2 
a.."1.d Fe

2
o

3 
corresponding to the following minimal 

wei.~ht ratios: 

~2 and 

In case of higher Fe
2
o

3 
content, reductive sintering by 

Cd.9.l or reductive smeltjr-.g is performer _124/. 

The es2 ... rncF of <;iii? Ue"Gnod is th.at r:.t t a high temperature 

/s.i:.nve :!_;::;)Q 0 c/ (:'.i.iciu.m-::-,lw.-:iinate and calcium-silicate are 

tu;inf,ri i>. the :l.LX"L~':::, -_,i.- t~!e raw !IlB.terial and calcium-carbonate. 

Tn the cc ••:e's-? of the ·:.:>r.t~:-0lled s:~oling process the sinter pul

-,f..:. .i'.;e:s by :i_t~;;?}f 5...e. 1 :; b£.:come~ "self-desintegrated" due to 

pc•li.Do,-pl:.:. tra~sforme7.~.oL of dica . .i. cium-silicate. Cal.cium-aluminate 

~ .3 :: >::<Lcbcd ·11i tli a we:::.:,- ~·)da soluti::m and a. sodium-e.luminate so-

l :•ti.Jr:, _;g ~(',rm2d. frc,;r. which Al/OH/1 is pracipitated by co 2 gas. _, 
A::. u:::iLia Lf; pc\)O<.<ced from alwr.ini um-hydroxide by calcination. 

LeE..;:"ed ~i nte~ iz ;;.'s.2C. for ;:;emer:.t ~roduction. Na2co 3 solution 

L rec~;-r:12d. 

., "1·~-:-1 .... .,; J•· .• 

!"':_:.;,~·.i.tt: i,r•"' :·~ .. ct t.::-.:;it thi:3 f'cs'.H'C ~~hows the equilitrium of 

p:, r•: c·:•w::''-·r1c::n·~~: ! ·.,a,:i '. :·e L0:i, tionf;h1 f-.1 arc vta.lid in tendency 

f.;r ~ .... !du:1tr·t.al r,.:, : ... ti·::r::: ·:1r..r,r-:i~..:ifir~ sevP.ral contaminants, too, 

. 
·~ • .1 



i 
I :-,. 

Fig. 2.8 

EQUILIBRIUM DIAGRAM OF TI-iE 
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follows that the actual Na2o-Al2o3
-H20 equilibrium diagram of 

the solutions of a given alumina plant will always deviate 
from the values given in the literature. First of all let us 
mention here the effect of soda and organic material on the 
equilibrium solubility. 

Stability ranges of the equilibrium phases are also dis
played in Fig. 2.8. 

Equilibrium Solubility of A12o3 

The triangle diagram describes the entire system, but, as 
regards alumina production, only tr-e range up to 30 per cent 
Na2o content has practical importance, consequently the equi
librium marked by the OB curve is especially important. This 
fact exp~9.ins °C.Lat in lieu of the triangle diagram, the Al2o

3
-

Na2o rectangular co-ordinate system is preferably used. This 
diagram is shown in Fig. 2.9 /21, 33/ where equilibrium iso
therms and the straight lines corresponding to caustic molar 
ratios /o(c/ are displayed. The te:nn caustic molar ratio means 
the quotient of numbereo of moles of caustic Na2o and Al 2o3: 

g/l 

g/l g/l 

102 

Na2ocaust represents the sum of free NaOH end of 
bound in sodium-aluminate. This definition corresponds to 
the European practice, whereas in the .American /English-writ
ten/ technical literature the Na2o content is e:x:presaed in 
terms of Na2co

3 
and the A/C /alumina g/l per caustic soda g/l/ 

quotient js used, instead of ot:. molar ratia. An advan-c 
tage of the latter quotient lies in the fact that it provides 

·~I 

• .1 
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direct information about the changes of Al 2o3 content in case 

cf similar Na2o concentration. Conversion: oC c • A/C = 0. 96. 

Theo( c molar ratio, however, determines the deviation 

of the system from the theoretical sodium-aluminate composi

tion. 

In the Europe6ll practice even tQ.e carbonate soda content 

of liquors is expressed in terms of Nti20. In Europe the A12o3/ 
Na

2
o weight ratio is also used at certain plants /e.g. Pechi-

ney/. 

Fig. 2.10 illustrates the equilibrium solubility of tri

and monohydrates /34/. By recalculating the same data Fig. 
2.11 W&i obtained, where d:. c molar ratio is also marked on the 
equilibrium curves. This figure illustrates the fact that be

tween 140-160 °c, gibbsite is transformed into boehmite of 

significantly lower solubility. 

For the representation of the Bayer process circuit the 
Ifa

2
0-A1

2
o

3 
ar.i.d A1 2o

3
-H20 rectangular co-ordinate systems are 

generally used in practice as being easy to handle. They can 

favourably be applied for comparing the technologies of var
ious plants or to record the development in the technology 
of a given plant. For example, Fig. 2.12 and Fig. 2.13 il
lustrate the technol:>gical development of the AlmasfUzitc5 Alu

mina Plant between 1955-19'{5 /35/. 

Lines between single points represent the following 

processing stages: 

0-1: adjustment of digestion liquor by the mixing of 
strong liquor, spent liquor and fresh caustic soda; 

1-2: desilication of bauxite slurry; 

• 
4 

' 

' 
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EQUILIBRIUM RATIOS FOR TRIHYDRATED ALUMINA OVER 
A TEMPERATURE RANGE OF ·.oo TO 140°C 

~ 
:r 

~ 20 /,l) 60 80 100 do 1lo 1'o •o 200 m 2'° 2:. 
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~ 
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FAEE SOOA CONCENTRATl<»f, gi'I No20 

Fig. 2.10 

EQUILIBRIUM RATIOS FOR MONOHYDRATED ALUMINA OVER 

A TEMPERATURE RANGE OF 100 TO 260°C 
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2-3: digestion; 

3-4: dilution and mud separation; 
4-5: cooling of the aluminate liquor; 
5-6: precipitation and hydrate filtration; 
6-0: evaporation of spent liquor. 

By comparing the states for 1955 and 1975, the most char
acteristic visible change id the approach of digestion and 
precipitation concentrations to each other. As a consequence, 

the amount of water to be removed by evaporation was consider
ably reduced. 

Lower cpustic concentration for extraction was balanced by 
higher digestion temperature. 

Shifting of positions of points 0 and 1 to each other in
dicate that in 1955 soda losses were made up 0y adding caustic 
soda to the strong liquor to increase the concentration of 
digestion, whereas in 1975 only part of the spent liquor was 

evaporated, although to higher concentration than required for 
digestion: soda- and vanadium-salts were removed from this 
concentrated liquor, then it was dilut10!d with spent liquor to 
attain at suitable caustic concentration for digestion. 

Step 1-2 again appears as a significant change showing 
causticization prior to digestion. Essentially sodium-alu
minium-silicate formed during desilication of slurry is part

ly transformed into calcium-aluminium-silicate by lirae addi
tion. Thus caustic soda losses are lowered and silj~ate scal
ing in preheaters and digesters is re~uced at t~a same time. 

Generally, the up-to-date technology is characterized by 

the diminishing of the area enclosed by points 0-6 in Fig. 
2.12 and Fig. 2.13. 

'"'-"-ll 

' 



2-39 

STRUCTURE AND CHARACTERISTICS OF SODIUM-ALUMINATE LIQUORS 

In spite of its great significance as regards the com
plete Bayer technology, the structure of sodium-aluminate 
solutions has not been cleared up definitely yet. There is, in 
fact, no definite explanation for why the reaction 

Al/OH/ 3 + Na(. d NaAl/OH/4 

can not be reversed by higher efficiency than 50 to 55 per 
cent, achieved in the.industrial practice. 

Efficiency of the precipitation process is expressed by 

the following formula: 

Precipitation efficiency, % _ oC starting] • 100 
o< final 

where: a< starting and o( final are the molar ratios of the 
aluminate liquor at the beginning and at the end of 
the precipitation process, respectively. This effici
ency determines the effectiveness of the total Bayer 
process, too, representing the amount of A1 2o3 pro
duced in a cycle with th~ unit-amount of sodium-hy

droxide. 

Three theories have been developed regarding the struc
ture of aluminate solutions: concepts supposing colloide, 

composite or ionic structures /32/. 

Theories Relating to the Structure of Aluminate 

Solutions 

According to the supporters of the colloide structure, 

f. 
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sJdium-aluminate solution is built up from aluminium-hydroxide 
particles in the S'Jdium-hydroxide, and fuere :i!:; no s:xlium-aluminate 
compound in the s~lution. Precipitation of aluminium-hydroxide 
is considered as the coagulation ~f a sol out of the colloide 
~'Jlution. 

According to the theory of composite structure, both col
loide aluminium-hydroxide and sodium-aluminate dissociated to 
ions are present in the aluminate solutions. Their proportion 
is a function of the concentration, temperature and molar ratio 
of the solution. Precipitation of aluminium-hydroxide is de
scribed, for example, as follows: 

ionic 
aluminate 
solution 

hydrolysis associated 
with formation of 
colloide aluminium
hydroxide particles 

coagulation 

of aluminium
hydroxide sol 

Ionic theory regards aluminate solutions to be real 
solutions, in whL:!h aluminium is present in the form 
of sodium-aluminate. fl.nalysis of physical characteris
tics of dif~erent sodium-al1.1D1inate solutions proved with 

absolute certainly the ionic character. Fig. 2.14 /32/ illus
trates the density, viscosity and conductivity of sodium-alu
mina.te solution and NaOH + Na2co

3 
solution. The similar char

a~teristi~s of the curves indicate the ionic stru~ture ~ the 

sodium-aluminate solution. 

Recent Results of Research on the Structure of 

Aluminate Solutions 

Hungarian researchers have studied recently the structure 
cf aluminate solutio~s with new examination methods /36/. A 
secondary mercury - mercury-oxide electrode was modified for 
me11suring hydroxide ion activity, up to a. r.oncentration of 
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10 M/dJ. The change in the structure of aluminate solutions 
was also studied b~· measuring the activity of the water with 
the aid of isopiestic method. Conductivity measurements have 
also been utilized to determine the particle-concentration in 
the solution. 

On the basis of these investigations, aluminate solution 
systems can be modelled as follows: 

+OH-
Al/OH.14 ~========== 

- OH-

Al O/OH/2-2 6 

Al/01i/4 • OH-

Based on the above model, the optimal course of the pre
cipitation process can be described by the following scheme: 

Al/OH/4 

·~-~I 
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The first two stages are obviously water-producing proc

esses, and on2.y the last irreversible stage brings about a 
decrease in wa~eI iCtivity, due to t~e more intensive hydrata

ti~n of hydroxide ions. Formation of Al/OH/4 • OH- and 
Al 20/0H/~- • OH- ions works against precipitation as it pushes 

the equilibrium in undesirable direction. 

Characteristics of Aluminate Solutions 

Most data available regarding the charactei·istics of the 

alumir...a.te solutions refer to the density, visco~ity and con

ductivity as illustrated already in Fig. 2.14 /24/. These data 
are important from the point of view of the practical technol

ogy, too /e.g. material transportation, dimensioning of equip

raent, etc./, moreover, they can also be used for indirect deter

mination of the composition of solutions. 

By measuring the density arid electric conductivity, for 

r:·xample, the composition of digestion liquor and the molar 
:.-atio after digestion can be determined; the precipitation 
process can be followed up and the solids content of the var

ious slurries can also be checked /37, 38/. 

As for the technology, highest importance is attritr~ted 

to the equilibrium and stability conditions of alwn;_nate so

lutions. Several data have already been rer·erred to them in 

the previous chapters. For the sake of supplementation, at

tention is called to the fact that the stability of aluminate 
solution is sometimes given in the literature by the degree 

of oversaturation, as expressed for a given solution by the 

f )l.lowing fo!'Illula: 

oC equilibrium 
"l = 

of: oversaturated 

= __ A_l.;;2_o.3.__o_v_e_r_s_a_t"!_u_r_a_t_e_d_ 

Al 2o3 
equilibrium 

... 
..1 
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Si02 content of bauxites brings about not only sig
nificant Na2o and Al2o3 

losses in the alumina production but, 

due to its solubility in liquors and to its complicated reac
tions, it may contaminate the alumina, it forms scalings at 
various points of the circuit, moreover, it may considerably 

affect the technological behaviour of red JDUd, too /91/. 

eao takes part in the different phasP.-transformations 
either as a desintegration product of contaminating minerals 
of bauxite /calcite, dolomite/ or as burnt lime, charged on 
purpose. 

As regards the most important phase transformations, ti
tanium and iron minerals of bauxite have to be taken into con
sideration, too. 

The compositio~ of sodium-aluminate hydrosilicates form
ing in the Bayer process in case of high temperature digestion 
/200 - 240 °c/ can be summarized as: 3/Na2o A12o

3 
• 2Si02/ • Na2x ·• aq. This formula may obviously undergo minor 
changes, depending on the conditions of the formation of the 
compound and on the composition of the solution. Formation of 
mineralogically different Na-Al-hydrosilicates must generally 
be r·eckoned with, and even their relative proportion is vary
ing. For the illustration of the above? Fig. 2.15 shows the 
effect of addition of NaCl and Na2so 4, resp. to digestion 

liquor, and the distribution of sodium-aluminium-hydrosilicates 
of different types /39/. The phenomenon that the addition of 
N~Cl or Na2so4 may bring about chloride-sodalite or nosean 
formation against hydroxide-sodalite, creates the possibility 
0f making up part of the caustic soda losses L1Y NaCl or 
sodium-sulphate /40/. 
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For the determination of vario\18 eodium-aluminium-hy

droeilicates, X-ray diffractometrr can be used to differen
tiate between the phases displayed in Table 2.6 /41./. 

Digestion Tests at Different Parameters 

Digestion Conditions 

Phase Denomination 

Di=tribution of sodalites 
3/Na2o • .AI2o3 .2SiO~a2co3 .2a2o 
3/Na2o.Al.2o3 .2SiO~a2so4.2H2o 

Distribltion of cancrinites 

{ 
3Na20/NaHC03/caO ·l 
4A12o3.9Si02.2H20J 

1/Na2o.Al2o3 .2SiO~a2co3 .2a2o 
3/ffa20.A12o 3.2Si0~G2so4 .2H20 

)CaO.A12o3.kSi02.v6-2k/H20 

Na20.8CaO.J.Al 2o3
.5Si02 

Ca0.2Al.2o3.2Si02.H20 

240°C-60' 
3 ~ cao 

1.1 

1.1 

2.2 

2.4 

0.1 
0.9 

4.0 

1.9 

1.8 

1.8 

SAllPLE 

Table 2.6 

240°C-60' 

2.0 

2.9 

4.9 

2.8 

2.3 
1.6 

6.7 

0.3 

traces 

traces 

'"'-~1 



2-~7 

Independently from the condition t~at, subsequent to 
grinding of bauxites, the st1 ucture of sodium-aluminium-hy
drosilicate precipitating from the solution in the course of 
preh~ating /due to dissolution of the caolinite/ may be of 
the zeolite and sodalite structure, all compounds would trans
form into sodalites and cancrinites described above during 

digestion. 

Solubility of the forming sodium-aluminium-hydrosilicates 

decreases significantly, as the temperature increases /42/: 
this practically brings about the precipitation of sodium-alu
minate-hydrosilicates in the course of digestion /or preheat
ing and digestion/ or, in certain cases, it may cause scaling. 

Special attention should be devoted to the behaviour of the 
Si0

2 
content of bauxites in a tube digeeter unit. VAW experi-

. mental data are shown in Fig. 2.16 and Fig. 2.17 /43/. Fig. 
2.16 illustrates the change of Si02 content in the tube digest
er, in the function of temperature. The :!igure clearly shows 
that the Si0

2 
content remaining in the solutioh decreased 

from 3.2 g/l. to 0.4 g/l, between temperatures of 140 and 200 °c, 
and it was not higher after digestion, than in a system of 
conventional digesters, even if processing bauxite of 8 per 

cent s102 content. 

Pig. 2.17 illustrates the reaction products of quartz 
and caolinite minerals after tube digestion of 150 seconds, 

in the function of the temperature. The figure shows that, 
owing to the short residence time, not only a significant 
part of quartz remained unchanged even if acnieving a final 
temperature of 270 °c, but the same applies to a small por
tion of caolinite, too. Si02 content of the solution repre-

sents a minor value. 
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Depending on the degree of crystallization and on the 
temperature of digestion, calcite and dolomite content of 
bauxite.s desintegrates forming carbonate soda. In case of Hun
garian bauxites, 70 per cent of calcite and 92 per cent of 
dolomite desintegrates already at a temperature of 210 °c. The 

formed phases are listed in Table 2.7 /44/. 

l. 

2. 

3. 

4. 

s. 
6. 

7. 

8. 

q_ 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

Phases Formed During Digestion 

Phases 

3cao.Al2o3 .6H2o 

ea
3

Al 2o
3 

• 8-12H20 

CaA1 2o4 
Ca/OH/2 
eaco

3 
3CaO.Al2o

3
.kSi02./6-2k/H20 

Na2o. 8Ca0.3Al203°5Si02 

CaTi03 

MgA1204 

Mg/OH/2 

MgC03 

Mg6Al 2co
3
/0H/16.4H20 

Mg4Al~A12Si 2/o1ofOH/8 
Mg2Al 4Si5018 

Naea~5si7Alo22 
/Ca, Mg/ titana.tes 

MgTi03 

r .. 

Table 2. 7 

ASTM Code Number 

3-0125 

2-0083 

1-0688 

4-0733 

5-0586 

3-0125 

8-:!.86 

9-365 

10-62 

7-239 

8.479 

14-91 

11-157 

12-244 

10-431 

13-552 

6-0494 

... _.1 
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Q'.lantitative distribution of Ca- and Mg-containing phases 
formed in the red mud at a temperRture of 210 °c is shown in 

Fig. 2.18 /44/. 

Formation of ca-Al-hydrosilicates, which can be described 
by the hydro grana te structure of 

com:posi tion is essentially important in this system. Pra.ctical-

17 the value of k detel'T':ines the rate of Na2o regeneration and crf 

A12o3 
losses opposite in direction. In the course of digestion 

the value of k is generally o.8-o.9 and the value of k = 2 
can be approached only by treating the red mud with burnt lime 

/causticization/. Si02 content of ca-Al-hydrosilicates as com
pared to the Na-Al-hydrosilicates is only about 50 per cent. 
cao addition to diasporic and goethitic bauxites must be op
timized, therefore,so thatnosign:i.:f.i.amt excess Al 2o3 losses occ·.lr. 

Phase Transformations During Digestion 

In the course of the digestion process of the Bayer tech
nology simultaneous and consecutive reactions take place be
tween the mineral components of bauxite and the digestion li~
uor. With regard to the reactions detailed in the above, typ
ical phase transformations are illustrated in Table 2.8 /45/ • 

•• 
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Characteristic Phase Transformati0na During Digestion /45/ 

Ba.uxi te Minerals Reaction Products Formed 
Without Additives 

Gibbsite, Boehruite, Nordstrandite Al/OH/4 
Dias pore /Al/OH14/ 

Quartz, Kaolinite, Halloysite NAS 
Chamosite 

Hema.ti te 
Goethi te 

Ilmenite 
Anatase, Rutile 
Calcite, Dolomite 

Sideri te 

Crandallite, Apatite 
Al unite 

Pyrite 

Lithiophorite, Todorokite 

NAS 

Fe?.-xAlxo 3 
Fe1 _xAlxOOH 

FeTi03 
Na-titanates 
Ca- and Mg-
compounds 

Ca3/P04/2 

Fe 2+ 

'1_ 

co'" 3 

co 2-
3 

Fe2+ 

ro3-
4 

Al/0Hr4 
so 2-

4 
Fe 2+ 

s2-,so~
Mn2+ 

Mn 4+ 

Table 2 .8 

Reaction Products Formed With 
Cao-Addition 

/CA/ 
/CA/, Al/OH;"; 

OAS 
CAS 

/Fe 2o3 + Al/0Hf'4/ 
Fe 2o) + Al/0Hf'4 

FeTi03 
CaTi0 3 
Ca- and Mg
compo und s 

Ca3/P04/2 

'-~ 

N 
I 

\Jl 
N 

I 

l 
f 

, . . ~ 



-..... ,_ ... ·-· 

2-53 

of bauxite, 

performed 
of the 

The table sho~~ the IDGst iraportant minerals 

and their reaction pr~ducts in case of digestion 

without 0r in presence of lime, resp. The rate 
individual reactions and the quasi equilibriums ar determined 
by the conditions of concentration, temperature and duration 
of the digestion. Selection of the digestion parameters pro

vides a possibility to avoid certain unfavourable reactions, 
such e.g. in case of low digestion temperature, short digestion 
time and low liquor concentration smaller or more consider
able amounts of quartz, chamosite, anatase, rutile, calcite, 

dolomite and siderite may get unchanged into the red mud. 

Another possibility is the transformation of certain un
favourable phases by lime-addition, when, for example, Na-Al
hydrosilicates, Na-titanates and Na-phosphates transform into 

calcium-compounds. 

Finally, the conversion of iron minerals can also be real

ized in the digestion process by adding burnt lime and cata
lyzers /11/: alumogoethite and - under certain conditions -
alumohematite, too, can be transformed into hematite by simul

taneous dissolution of the isomorphically built-in Al-content. 

Consequently by the selection of technological parame

ters, the composition of the forming compounds can be influ
enced, thus affecting the NaOH and Al 2o3 losses of the Bayer 
process, moreover, the separation and washing conditions of 

red mud. 

Equilibrium diagram of Na-titanates forming from the 
titanium minerals of bauxites is shown in Fig. 2.19, based 

on Wefers' data /15/. 

In the Na
2
o-cao-A1

2
o3-Ti02-H20 system the perovskite be

comes the most stable phase, especially at higher temperatures 

/46, 47/. 

... _~I 
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Wefers had also studied the Na20-Al 2o3-Fe 2o3-H20 system 

/48/. Based on his data the kinetics of the transformation of 
goethite to hematite, taking into consideration va~ious diges

tion temperatures, is ill115trated in Fig. 2.20. The figure 
clearly shows that the transformation of goethite, used as 
model material, is promoted by the presence of hematite in the 
base substance, and that its rate increases parallelly with 

the rise of the temperature. 

It is mentioned, however, that the alumogoei.hi te present 

in bauxites is a much more stable phase, than the model mate-

rials of the above tests. 

BAUXITE PREPARATION, CRUSHING AND GRINDING TECHNOLOGY AND 

EQUIR«ENT 

Bauxite Preparation 

The mined bauxite is transported to the alumina plant 

either in its original state, or after being washed or crushed 

in the mine. 

In case the alumina plant is situated right in the vicinity 

of the mine, the bauxite can be carried to the plant by belt 

conveyor /Fria, Guinea/, but it can also be transported by 20 
/Ajka, Hungary/ to 50 ton capacity trucks, light railway /Lin

den, Guyana/, normal-gauge railway /AlmasfUzito, Hungary/ or 

by ropeway /Korba, India/. 

Railway transport is especially suitable for spanning 
greater distances, though some example can be found when baux

ite is carried by belt conveyor even for 18 km-s /Gove, Aust-

ralia/. 

Naturally, if the alumina plant and the bauxite mine are 

situated on two different continents, the bauxite is ship~ed 

... ~1 
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from the port of the mine to that of the alumina plant /from 

Australia to Protoscuso, Sardinia, to Stade, GFR etc./. Seventy 
per cent of the bauxite is transported in ships of less than 
40,000 t DW. Some of the bauxite producers have a fleet of 
their own /Jamaica, Guyana, etc./. 

Several proposals have already been made concerning the 
hydraulic transporation of bauxite, yet it has not been adopted 
in practice up to this time, as separation of the dispersed 
fine ba.ux:i te from the conveying medium /water/ wo.tl.d surely 
inflict problems. 

The ba.uxi te reaching the plant area is generally di:::icharg

ed from the conveyqr belt into bins or it is immediately deliv
~red to the storage area. Bauxite delivered in railway trucks 
is discharged either by cranes /Magyar6var, Hungary/, or it is 
unloaded from self-discharging railway trucks into hoppers 
situated by the rails or.below them /an old system at Ajka, 

Hungaryj or the waggon is taken to the rotary waggon tipper 
the angle of swing of which can come close to 180° /Almasftizi
to, Hungary/. 

Bauxite arriving by ships is generally unloaded by cranes 
and carried by belt conveyor to the plant area. 

The ...mount of bauxite stored on the plant area is deter
mined first of all by the duration~f shortages in the course 
of delivery. Where the mine is situated close to the alumi!lB. 
plant /Fria, Guinea, or the alumina plants in Jamaica/ a 2-3 
days' stock is sufficiP"'lt. In case of ship delivery at least 
an amount corresponding to one and a half or two ships has to 
be stored; if the transportation is retarded as a consequence 
of bad weather-conditions in wintertime or thP. monsoon period, 
the accumulation of 2-3 months' stock may b, ~sary. 

Bauxite is stored in its original state /lump size max. 

' 
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300 mm/, generally in an open-air storage area. Crushed baux

ite can also be stored; this is advantageous for the homogeni

zation /Almasfilzito, Hungary/. At monsoon areas part of the dry 

bauxite is stored in cov~red store-houses and it is mixed with 

the wet bauxite during the monsoon period in order to reduce 

adherent moisture. 

One of the advantages of storing greater stock of bauxite 

is the possibility of homogenization. Accor.ding to the basic 

principle of homogenization bauxite is deposited in horizontal 

layers /e.g. from the conveyor belts located above the storage 

area, Ziar, Czehoslovakia/, and is picked up vertically by 

shovel crawler loaders, or pushed by bulldozers through the 

grating into the hopper and rubber belt system located below 

the storage area /Obrovac, Yougoslavia/. 

In the plant at Almasftizito the homogeni?.ation of bauxite 

takes place in a 100 thousand tons capacity circul~r storage 

area. In the plant at Ajka, where the bauxite is delivered by 

trucks, ca~culations during the course of design showed that 

the bauxite delivered in small lots gets homogenized to such 

an extent, without adapting any particular storage regulations, 

that the flu~tuation of the AJ. 2o3 to silica ratio /module/ 

remains within two units. 

In a commonly used storage system the storage area is di

vided into two rectangular parts; the banxite is stratified 

~vrizontally on the first and processed in vertical cuts from 

the second. 

Together with the bauxite seVE!ral different m::! ning-con

taminants reach the plant: fractures of wood, iron and lime

stone, pieces of blasting wire etc. Great lumps of lirnesto~e 

and oversized fractures of bauxite can be sepRrated by cov8r

ing the bins with wire screens and thus, when tilting the 

screen-0over periodically, the great fractw 2s fali beside 

the bins. For removing the great limestone fractu.res the 
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wobbler "grizzlies" consisting of finger-biscuit shaped elements 
prov~d to be satisfactory. The fine-grain bauxite falls through 

the openings, while the limestone advances and thus it can be 

removed /a common system in Jamaica/. Pieces of iron are remov
ed after crushing but before grinding by a magnetic separator. 

In cases when the moisture content of the bau~ite is high 

and/or the major parf; of the product is tra~sported for a long
er distance, the bauxite is dried. The drying procedure takes 

place in oil-fired rotary kilns, the drying temperature is 

abt. 150-200°. Flue-gas can also be used for drying /e.g. Lud
wigshafen, GFR/. Dried bauxite is processed later by dry or wet 

grinding. 

In the past bauxite was dried partly for the purpose of 

dry grinding. Bauxites with goethite-content were gene~ally 

dried at about 400 °c. This promoted bett~r digestibility and 
settling, and, at the same time, ~he o~ganic matter content of 
bauxite had been also decreased. 

Bauxite Crushi '1.g 

The purpose of crushing the bauxite is to prepare i~ for 
the grinding process. Generally it is advisi.1.ble to feed baux

ite with a maximum grain-size of 50 mm into t~1e grinding mill. 

As the grain-size of certain bauxites in extracted form is 

smaller than 50 mm, it is unnecessary to crush them /Weipa, 

Australia/. 

Bauxite is crushed in roller-, jaw- or hammer mills. An 

up-to-date equipment is the differential cylindric crusher, 
which is suitable first of all for processing softer bauxites 

/Fig. 2.21/. Hammer mill ie: a simple means for crushing harder 
bauxites, while the softer ones 0ften stick to the wall of 

the mill. For "'~moving the adhered 'ua.1.ixi te the wall is equip

ped with a movi~g belt or revolving rollers /Fig. 2.22/. /Ajka, 
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Hwigary/. In case of extremely wet bauxites, however, this 
kind of crusher gets 0ften plugged. As the energy requirement 
of crushing is rather high /1-3 kW/t/, it is advisable to 
classify the bauxite before crushing. Classifying can be done, 
among other methods, by vibrating screens. 

While adhesion makes +,he crushing of wet tauxites diffi
cult, in case of dry bauxites the dust formation is consider-
0~1e. Care must be taken for the exhaustion, and the dusty air 

must be forced through a scrubber. It is advisable to re-cir
culate the Yrlter used in the scrubber and, when the efficiency 
of dust precipitation worsens, to spray the slurry over the 
stored bawd te. 

Bauxite Grinding 

Bauxite grinding is necessary first of all because of 
mechanical engineering aspectR, since in the course of the sub
sequent procedures the coarse fraction of bauxite settles on 
the bottom of the vessels, cloggs the preheating tubes, depos
its in the return chambers of the preheaters, and wears out 
the stirring equipment and bearings. The que~tion of favour
able digestibility can not be neglected either: decline in 
the digestion output caused by coarse grinding may exceed 10 1o 
in case of hard, diasporic bauxites. It is expedient there
fore, to grind such kind of bauxites to b~low 60 /ml grain
size. 

Recently dry grinding of bauxites is driven into the back
ground, even those dried for transportation purposes undergo 
wet grinding before digestion. 

In case of extremely soft bauxites, grinding may have a 

repulping nature /Jamaica/: rotating the mixture of bauxite
digestion liquor in drums covered by screen, the bauxite dis
aggregates and passes through the holes of the screen in the 
form of small grains. 

' • 
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Harder bauxites are ground in single or multichamber ball

mills or rvd-mills. Rod-mills provide more uniform granulo
metry of the ground bauxite. In case of fine grinding of hard 
bauxites, the ratio between the length and diameter of the mill 
/L/D ratio/ is 3 to 4, while in case of coarse grinding of goft 
bauxites it is about 1.4 to 1.7. 

In the "multichamber" ball~lls individual chambers are 
separated by slotted discs allowing thus only the fine product 
to pass into the next chamLer. The concentration of the ground 
slurry in the individual chambers may range between 300 and 
1000 g/l. 

Soft bawd tes can generally be ground with lower soJ.ids 
concentration, because the disaggregated part can increase the 
viscosity of the slurry to such an extent that the striking 
effect of the balls will diminish when considering harder lumps 

of ore. 

Balls of different sizes are placed into the mill /50-

100 mm/. While grinding the balls gradually wear off /the ball
loss can amount to 5 kg-s for 1 ton of alumina/ md larger 
balls are charged in order to make up for this loss. 

Grinding is performed in open or closed circuits. Open
circuit grinding requires reduced equipment, but the risk is 
greater that the coarser grains would proceed and bring about 
operating troubles as it had b~en described above. 

Closed circuit grinding demands less energy consumption, 
however, the recycled coarse grains usually cause significant 
a brasio::i in the classifying systems, the equipment is rather 
complicated and part of the saved energy must be invested in 
the p:.unpir.g procedure. Classification can be perfonned in 
hydrocyclones or trammel screens /Fig. 2.23/. 

-~1 
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Hard bauxites ~an inflict a si~nifica.nt abrasion of the 
hydrocyclones or of the impellers of the pumps. 

Several experiments have been perfonued in the field of 
autogenous grinding /i.e. grinding without balls/ of bauxites. 
Experiments with hard~r bauxites showed more favourable results, 

however, in the practice it is necessary to classify and to use 
an additional mill for grinding the coarse part of the raw ma.
t~~ial. Therefore, when working with harder bauxites, it seems 

t be safer to use two series-co4nected ball mills. 

On the basis of the above, designing of an alumina ple.nt 
must be preceeded by the correct analysis of the grindability 
of bauxite, since the grinding energy forms a significant part 
of the plant's energy-demand and, at the same time, insufficient 
grinding would cause serious operating difficulties in the 
cou:se of the further procedures. 

Two qualifying methods are used for characterizing the 
grindability of bauxite: 

The Hardgrove-index can be calculated from the result of 

grinding test carried out in the laboratories; the Hardgrove
L~dex of hard bauxites is low /50-60/ while that of the soft 
bauxites, e.g. that of the Hungarian bauxites, is about 100-
120. 

The Bond working-index is very useful for application as 
on the basis of the grinding test it determines the energy 
r~quirement of grinding 1 ton of bauxite. This value is 

9-11 kWh/t for soft bauY.ites and can exceed 15 kWh/t in case 

of harder bauxites. 

'Die efficiency of grinding under plant conditi~ns can be 
contrcJlled by wet screening of the bauxite slurry. The result 
of the screening /"R" residue curve/ giYes generally a straight 

'°'· *'ll 
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line in the Rosin-Rammler diagram. The slope of this line 
gives the grindability of the matter, and the grain-size be
longing to the 36.8 ~ residue gives the average grain-size. 
Every ground material can properly be characterized by these 
two numbers and the grinding curve can be determined from some 
screening data /Fig. 2.24/. 

When classifying,the two products give two deviating curves 

in the diagram, providing a possibility for evaluating the ef
ficiency of the classification. 

PREDESILICATION TECHNOLOGY AND EQUIPMENT 

After grinding - and, in some cases, adjusting by digestion 
liquor - the bauxite slurry is preheated to the digestion tem
perature. During this heating,part of the bauxites reactive si
lica content /in case of higher temperature the total silica 
content and part of the quartz/ is dissolved in the digestion 
liquor. The silica content of the solution first shows a sudden 
increase, then a fast decrease as sodium-aluminiUm. silicates 
separate from the solution, finally it approaches asymptotic
ally the equilibrium value. 

On the basis of Leii;e:i.zen's formula /49./, in the first 
approach the equilibrium value is independent from the tem

perature: 

-6 Se = 26 • 10 • N • A 

where: N = caustic Na2o concentration, and A = Al 2o3 concentra

tion in g/1-s. 

Desilication is a reac·~ion of the first order 
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-dS /dt = k' /S - S I or 
I' e· ' 

log/S - S / = -kt + G e 

where: t = time in hours. 

The value of k can be calculated from the following for-
mula: 

logk = B-2000/T-l.5 x logA1 2o3 

where: T means the temperature in K°, the value of B depends 

on the sodalite "seed" present. The formulas show that 
as the slurry is heated in preheaters to the digestion 

temperature,more and more silica precipitates from the 
solution in the form of sodalite and forms scales 

on the heated t'.lbe-walls, worsenin-s by that significantly 

the heat transfer coefficient. Th~ heat transmission 
capability of the preheaters decreases in time and, 

therefore, the preheaters must be taken off-stream and 
cleaned after a certain period of run. 

In case of similar digasting conditions a low digestion 

molar ratio would increase the equilibrium silic& concentra
tion th.ls, when processing gibbsitic bauxites the silica level 

is always higher than in case of diasporic bauxites. 

To prevent sodalite precipitation and scale formation in 

the preheaters it is advisable to preheat the bauxite slurry 

already before d;~estion to the highest possible temperature. 
This process ]s called predesilication. The effi~iency of 
predesilication may be increased by extending it3 duration. 

Accordj ng to the expnriments of processing Hungarian bawci tes 
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De•::reasing of the silica content of the liquid phase of 

t!':e digestiJn slurry may be promoted by perfonning the aesili

~~ti Jn at high solids concentration. Therefore, it is expedient 

tJ dil:1te the slurry by the digestion liquor only after desili

·~3.tion. Another advantage of this method is that significantly 

less material has to be handled in the desilication. The high 

:"olids concentration after grinding can generally be achieved 

in case of harder tropical bauxites /up to 1000 g/l/, while 

ti:.c softer boehmi tic ones can often be ground only at a solids 

con~entration of 300 to 400 g/l. 

In practice, it is advisable to perfonn the desilication 

at the highest admissible temperature /100 °c or above/. 

Desilication can also r~ promoted by adding desilicated, 

fi!. tered product or filtered red mud as seed to the desilica

ticn process /50/. Desil ication is generally performed in 

large tanks; it must be taken into consideration, however, that 

part of the matter overtakes the bulk and, therefore, after a 

given retention time the efficiency of desilication is always 

lezs as compared to that achieved under laboratory conditions. 

T·.' eliminate this effect desilication is perfonned instead of 

"' ~~ingle large tank in more smaller tanks, where the effect 
1)f overtaking decreases. For security purp·::>ses 8-10 hours of 

:·etention time is maintained. In case of indirectly heated 

tanks silica scales will deposit on the heating surface so the 

heating surface and the heat transmission coefficient decrease 

ta a very low degree. It is a routine process, therefore, to 

preheat the slurry going to desilication in tube-bundla pre

i:eaters by flash steams and to provide spare preheate,rs. 

:o'inally, desilicated slurry can be heated directly in 

fJ ~wh cnnd•mser~::; with waste steam dr&wn, for example, frr.>m the 

. '-~I 
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last f~~sh tank or from the steam-operated slurry pumps. Ob
viously in case of direct heating the slurry is diluted by the 
condensating steam, and this requires a surplus evapcration. 

Desilication tanks are series-connected. Their stirring 
with air-lift pumps is partly favourable, as in this case 
transfer of the slurry from a tank in to the other is simple, 
though the treatment causes the cooling of the slurry. There
fore, it is advisable to apply mechanic£J. agitation, and to 
transfer the slurry by cascade arrangement of the tanks, or by 

pumping. 

The term predesilication has been used here above because 
this process is performed uefore digestion. Desilication proc
ess, however, may also be inserted in the course of digestion, 
in an i1.~ermediate retention tank, where the higher temperature 
accelerates the precipitation of the silica. 

This is especially expedient for low silica bauxites, be
cause in that case the desilication reaction is slow. 

Even after the digestion procedure it may be useful to 
desilicate the aluminate liquor, in order to improve the qual
ity of alumina by decreasing its Si02 content. In ~rder to 
achieve better results as high temperature and retention time 
should be achieved as possible a11d the addition of seed may 
also be useful. 

. . . . 
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Digestion Technology 

'I'he digestion technology is detennined principally by the 

c!1effiical composition of bauxite and the mineralogical form of 

its components; it is also a significant factor whether floury 

c. r sandy al".llllina is going to be produced. 

As regards the chemical composition of bauxite the minimum 

Al 2o
3 

content of bauxite to be processed is about 40 ~' the 

maximum Al 2o3 content practically does not exceed 60 ~. The 

total Al 2o
3 

content is the main factor determining specific 

bauxite consumption. 

As regards the mineralogical form of the AI 2o
3 

content of 

bauxite: 

Prom the Al 2o
3 

minerals of bauxite the gibbsite, Al 2o3 
• 

• 3H20; bGehmite, Al 2o3 • H20 and diaspore, Al 2o
3 

• H2o can be 

dissolved under adequate tecrnological conditions, while other 

1\1 20
3 

bearing minerals /first of all kaolinite, Al 2o
3 

• 2Sio 2 • 

• 2H20/ can not be diss:ilved, yet in the course of digestion 

t:'iey may cause excessive alumina losses. 

The ab)ve listed Al 2o3 
bearing minerals can be found in 

t!1e bawci tes in a mixed form. Three main bauxite types are 

distinguished: gibbsitic, boehmitic and diasporic bauxites. 

In gibhsiti~ bauxites the Al 2o
3 

content occurs preddom

inantly - praetically at least in 80 to 90 per cent - in the 

forra of Al 2o1 
• 3H2o. These kinds of bauxites can be easily 

digested in sodium-aluminate liquors. ~~ the Fria AlUII?1na 

Plant the Al?.C) content of the gibbsitic bauxite is dissolved 
in open tnnY:r~ <::.t 8 t,e:nperature of about 105 °c. At the other 

2.J11mina pJants pro~e:rning gi bbsi tie bauxite the digesting 

./ 
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temp£'rat.<.re is 14.0 to 145 \::-, as a-: a !1igher temperat .• re gid:.

si te is transformed int0 the less S,}l u~le boe'.:mi te and a sig

nificant part of the Al
2
o

3 
c:mtent is separated ot:t in this 

latter form. Such kinds cf bauxites are generally digesteG. t:; 

loVt-concentration digestion liquor, 100-130 g/l Na2o and the 

J:,ilants usually produce sandy alumina. These are th-- main fea

t·1res of the "American Bayer process". 

Thf, digestion of boerimi tic bauxites requires a temperature 

of 200 °c at least. Owing to practical considerations, how

ever, dj gestion is performea 5enerally at about 240-250 ::>C at 

preaent. The concentration of the digesti.011 liquor is 18")-

240 g/l kNa 20 and the pJant generally produces floury alumina. 

Thesr; are the characteristics of tte "European Bayer -:Jr.Jcess''· 

When processing mixed gibbsi tic-boehrii tic bauxites !"iavin.:; 

a ~ibbsi te com;ent of less than ?,O per r:ent, r:igh digestion 

temperature /24C to 250 °r:,/ is prefe-::·:red !:owaCays evec, in 

case of low conc·:ntraticn .i;_;;;est:on liqu.or. In this C:l2~ :-iU:Pr 

f·tctors of technology correspond ·to t'rie pErametPr2 ,')f th:: 

American Bayer !Jrocess and the prodiA.ct is s1,ndy 8l;,unina /e.g. 

Al part, .Tamaic3./. 

Diasporic bauxites are digested at 240 tJ 260 °c, gener

all v with high digestion liquor concentrati,x. 1nd utilizinf:': 

the European Bayer tedwnlogy. DLge~tion temperature can be 

decreased only by using additive3. 

Differences in the digestion temperature d;J n,.>t neceo33ar

ily imply si;;1ilar differences in the steam conr:;u.mp~i.on mde:· 

the conditions of up-to-date technologL.~;;. As it will be sic~f~n 

Whe!) discussing the heat-balance Of the dige::;tion, t"riC [,eat 

recovery connected to the mul tist'.3.ge flashing ptcTmi t::; to 

reach a low specifi8 steam consumption even in c11se ,;f high 

temperature digestion and the wat(!r eliminat~rl ty fJ u.;;1,:n,~ 

r~sul ts in savings i11 the evapor;:itirrn /1~'/. 
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t~' sta(P~: git~~ite is digested in the first 

t·~.=:~ide ad.C.ed t,) t~;.e second stage - boehmi te 

,_::.,;es ti Jn. 'Le aJ. ·uninate l iq:..i.ors are o::ombined. 

-~'" ·_tp-t0-datE s0lution of the above "sweetening process" 

L: to 2.d.J "trih:;dr::;.te" 3lurry to one of the flashing stages of 

t; .. m.moi1ydrate d:.t;E:stion. '}i'.Jbsi te is digested ''free of charge" 

~:;.j_ m·J:::ir ratio of the coe!uuite digedtion is lowered. 

Sdet:!ti·:1:1 of Digestion Parameters 

Vuhm:e 6. :::hapter 3. 3 cm tec!mological testing of bauxite 

ci•c-:~sri bes the ",_;haract<?ristic curve of the digestion" and the 

_'.::;ncept JI the "Jptirr:.a: m:Jla:c ratio". This characteristie eu.rve 

serves as the basis of the digestion technology. It is prin-

0i :~·al ;y dster~nir.ed 211 tr.c: basis ··'f prelimi:1ary economic ;::alc·-~
:- .. ~i !ns v:~1stLer to ·.,;.s~ .,igh ('.'!" low -::.emperature digesti•YO. tee!·~·-

tL< O!Jt"i'.t18.:'.. 111.gesti ~Tl c·)nc~m-Cration, too. Finally, the cha:-

'lC't,.:,ristic ci.~r.re t-;JF:ci.fie::1 the mo1ar ratio to be cr..osen 3.S the 

(_,,_;,.-) i ~; 

'. 
-,~ l· ;ns 

of 

in 

.._, 
une 

trie 

d i[;esti•.m. With regard t.1 the inevi table f2.11Gtua

pl8..nt, t!-1P s:1ggested r;,")18.r ratio is gern~rall:; higri-

<e.'." by ~--3 per c~nt U-.a:1 the optirr.al o:::ie, in order t,) avoid the 

A~~ the= s.:une ~ime, 1i; .i.s of princip8."' im-oJrts.nce :~·ff the Re

::ted mJ1ar r:-:.t:i.o tc) be as ~·lr:.se trJ -':J1P optimu.r.1 a.s p·1ssibl·:, 

~-"~-:, Hl Vlt.!W cJ( rA;:,r:tiGn kint:Gl~~. <U1d that 1lf the ::n1rse1u2nt 

p :· ' ( .,, .,, ';;,_:. A h.:.;c:·r;f:r rr,:J •t <l.!' C«it CLO WO u.lcl rmfa.vouraCJ.y ::nflL<enc e 

cecommend':i t'r.e f")1lowint; dif~erentiaJ 

•: 1.·J:t"ti'->r. f::~ '~·?:~r·r<.r·~l·,g ~~,e digestion pr0cefrn '.Jf Al~0 3 be3.r

:~1< ::~ 1 :i··l'dl': 

.. / 
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= Al
2
o

3 
concentraticn of the liquid phase, kmol.m-3 

2 -l = diffusion coefficient, m.s 

r = thickness of diffusion layer, m 

S = characteristic specific material transfer area 0f 
2 -1 

the mineral, m.kmol. 

CAt= the A1
2
o

3 
c~ncentration, kmol.m-3 in case of t~tal 

dissolution of the aluminium-oxide content soluble 

by the given digestion technology 

CAe= equilibrium. A1
2
o

3 
concentration of the liquid phase 

kmol.m-3 

The !'allowing interesting cor.cJ.Jsions j'J.st] fj e: ·t,:1 ···.;:·t~, 

to·J, can be derived from the above fjrmul~~= 

a/ under similar digestion •-:!'.)ndi tions the rate of re·-F

tion is greater. if the :;:-:L1ble .-l/1 5 ~-:mten·i; 0f thr, 

bauxite charged into tr:e di.gestinn l i1uor is more than 

the amount necessary t'J ach ",eve tfF' c1 1Ji 1 i. bcil:m AJ ~-' ~ 

concentr9.tion. 

b/ in case the soluble Al,}J- content ,;f t:L~ ~ia.u.xi te :-;r1c!·.:·;1 
'- j 

is less than the amount necessary t,> ;:: r:r:i r~v·~ ~!-': r: ":! ·111 i -

li brium A1
2
o

3 
concentration, the Al 2n~ r:. nr::rntrat i -,n 

of the liquid phase tends towards th P. m;·i xi mum v1l1,<':, 

which w!'ls detennined by the amount mea~:1tred i.n, w:'.. tL 

a. slower rate than under the rrevirius c,nditi•m. 

c/ finally, in caR8 of addinf~ S(; mucl': r.>i1Jxi tP. ~1~~ 1. · rr;c;,'~' 

an Al
2
o

3 
concentration r::orre:.;nndinL' t" tlli' c-·r-1·:1; t-~·i"m 
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.'.;2havi·)tlr o:- Con-:aminants Durin 

'I'he -::;ehavLlur of silica during the digesti·Jn dep•.mds on 

i L chemical f·1rm, the temperature and the duration of the di

ct::::tion. The chemically not bound silica and quartz start to 

:r::'! ;t vri th the sodium-alwninate liquor only at higher digest

in,_; temperatures, generally ah:ive 150 °c. Thus, in case of di

~?:·::::-!:. ing 8.t ::i 1 Clw tP.mpP.r::itu::-e~ the part of the total arl.l-iunt of 

::iO') present in the form of quartz migrates into tne red mud 

,~nd .~an be remo'.-ed in tte form of "sand", separated after the 

.1ie:,<-.tion, 'ff togeth€:r ...-ith the red mud, without causing any 

'. ):::st:!s ir.. the al;..L"Ilina and caustic soda. 

'l'he chemically bound Si0 2 /pn.ncipally in kaolinite, 

\: ·. ~ • 2Sio
2 

• 2H
2
0 or in other alumir,ium-si1 icates/ re8.~t~ 

we_ t~. tr.e liquor already d.;;rini?; the desilication and -U-:is :--e

~,u~ t:-: in the formation 0f the; foll :lwing c0mpo·.md: 

/.'::'~re: X 
?1,..,~' - • 
• ._.. j~ ' 

T·'r )ID the form 1lla ;:i.hDve it can be cal c1.i.late::l that 1 r:r; 

·d .·'.i0
7 

L:nd~; ab011t 1).7 kg Na;/) /o.g kg U:=tOH/ &nd /ir'. c:a:;e ,, 

i' net :rn alumi:'lat~: ion/~). -~5 kg Al 2 1:J~. 
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sible at low -temperatures. Mere exactly, ec)n.OI:l"i.·~' c::::l·::'..llati~~1:~ 

will decide upon whether to choose low digesti Jn t o?.mperatu!·e, 

whan only AI 2o
3 

present in the form of gi bbsi te can be extr'3.•·t

ed from the bauxite but the silica bound in tr.e form of quart= 

will not take part in the reaction, or to choose higt digestior. 

tempera.tu~, when both the boehmite and the diaspore content 

will be dissolved, but the sil:.ca present in the form of quartz 

will also take part in the reaction. 

An extreme example is, for instancP., the gibbsitic bauxite 

of Madagascar having a reactive Si02 content of about 2 per 

cent and a quartz content ~f 16-18 per cent. This kind of ba~x

i te can be digested economically only at l~w temperatures. 

It ~'J.st be noted that silica content of certain bauxites 

/e.g. Australian ones/ have such a compact crystal structure 

that sodali te formation takes place rather slowly even at hi§'"'.:

er temperatures. In case of digesting such kinds of bauxites 

- if other factors justify higher digestion temperat~re - re

tention time of silica at high te~perature has to be shortenea 

significantly /e.g.: to 10 minutes/. This can be realized in 

the so-called two-way digestion system, detailed later in thi:; 

chapter. 

Iron content of ba.11xi tes plays no significant role in tl:c 

digestion process i +,self. Yet three facts m«..i.st be pointed o:..;t 

in this field: 

red muds of the bauxites having their iron-oxide content 

present in form of goethi te, have generR.1 ly unfavourable 

settling and filtration characteristics, Settl"?rs, w8.~1h

ers and filter equipments have to b<? r)Versized and thL~ 

results in excess investment expenditures cost", 

- goethi te generally has sor1e Al 2o3 
content which builds 

into the crystal-lattice by isomorphic substi tuti'm 

/alumogoethite/; this can amo11nt to ? per r.ent of th!'! 

total Al?O) content. 

/ 
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hewatite shows favourable characteri~tics from th~ 
point of view of rzd mud settling and filtratian, 

though it can also contain some Al~03 built-in by iso
morphic svbstitution which may range to 1 per cent. 

In order to solve the above problems the digestion tech
nology utilizing additives has been worked out. This is be.sed 
on the fact that the addition of reactive CaO, certain Na-salts 

and/or catalysts /e.g.: hydrogranate compounds/ to the slurry 
digested at high temperature has several favourable effects: 

a/ the major part of goethite is converted into hematite 
and, consequently, red mud settling conditions im-
prove; 

b/ Al 2o3 built into the goethite by isomorphic substitu
tion is released from the crystal-lattice and becomes 
soluble, thus increasing the amount of total soluble 
Al 2o

3 
and decreasing hereby t~e specific bauxite and 

caustic consumption; 

c/ CaO may partly substitute Na2o in sodalite by giving 

a compound of 3Ca0 • Al 2o
3 

• kSi02-composition and 
thus can be saved; 

d/ in case the additive is choosen properly /NaCl, Na2so4/, 
its caustic content can partly substitute the Na 2o con
tent of sodalite as well; this practically means that 
part of the more expensive caustic soda can be substi
tuted by a cheaper sodium-salt. 

The two-valent iron-oxide is an unwelcome contaminant of 
bauxites. Digesting such bauxites brings about a signjficant de
cline in red mud settling and in the sedimentation of the float
ing contamination of the clear zone of the settlers. Siderite, 
Feco

3
, is an essentially detrimental contaminant of bauxites, 

I ... 



as it increases the s1da conter.t of the liquors, to1. 

Titanium content of bauxites /anatase, rutile or brookite/ 
in the form of Ti02 is transformed into sodium-ti~anate, 
2Na2o • Ti02, during digestion. In the course of red mud set

tling and washing the sodium-titanate undergoes hydrolysis and 
various sodiu.m-hydrotitr..nates may fonn /e.g.: Na2Ti5o13 etc./. 
Finally ~ kg of Tio2 will bind 0.1 kg Na2o er even less. On the 
other hand at higher temperatures a~d in the presence of lime 
titanate forms calcium-titanate /CaTio

3
/ and though the caustic 

consumption decreases the calcium-titanate inflicts a relatively 
hard deposit on the high temperatt,re preheaters, which is 
difficult to remove /15/. 

P2o5 is ~ieRolved in the digesting liquor, and, it pre
cipitates in the alumina-hydrate as Na

3
P0

4
, forming generally 

a double salt with the NaF or a triple salt with the NaF and 
Na3vo 4, which ~an be removed by washing. In case the bauxite 
contains lime, or lime is added to it, P2o5 

is precipitated in 

the form of calcium-phosphate /ca3/P0 4/ 2/ and apatite ca5/P0 4/3 x~ 
/X being mainly F/ and leaves the system with the red mud. 

Major part of the v2o5 is dissolved in the course of 
digestion as sodium-vanadate. It is ~ffected to a smaller 
extent than P2o5 by the presence of lime. v2o5 

f0nns a triple 
Ealt with the P2o5 and the fluorine /F/ present, which crys
tallizes in form of octaeders. 

If there is no P2o5 present, the separation of v2o5 
is 

more complicated, as the solubility of the double salt form
ed with NaF is higher. In such cases v2o5 

is separated from 
the spent liquor or from the strong liquor by cooling. Either 
form of the thus separated "V2o5-salt" is a by-~roduct of 
high value as raw material of V-containing product9. 

The fluorine ;~; cont?nt of bauxites als0 react8 with the 

~' 



liquur and the NaF formed deposits as a hard layer on tLe walls 

of the evaporators, but it can be washed off by water. The 
fluorine-level cf the cycle may be decreased by separation of 
t~e above mentioned double or triple salts, or - in case of 
much F and less P

2
o

5 
and v2o5 

present in the solution - by se

r,?.ration of an independent "fluorine-salt": 

The co
2 

content of bauxite is generally bound in the form 

of calcite or magnesite /dolomite/. During digestion the co2 
forms carbonate soda /Na2co

3
/, a contaminant of ~he plant liq

uors that is difficult to remove. In some cases the siderite 

content of bauxite is the so:irce of co2. 

The organic material content of bauxite is mainly dissolved 

during digestion and, though it gets partly degraded to oxalate 
and soda, both the residual organic matters and soda and oxa
late are unwelcome contaminants; their role in the pro~ess and 

the way of their removal will ue discussed later. 

The gallium content /Ga/ of certain bauxites also dis

solves during the digestion process. Gallium ~~tal can be ex
tracted from the strong liquor by electrolysis or other process-

es. 

Heat Balance of the Digestion 

Heat talance of the digestion is d~alt with in more detial 

here, becaus~ the :r>rinciples expounded can be used also with 
two other plant secti1ms, i.e. flash co:>ling of the aluminate 

liquor and evaporation. 

Ba.uxi te and digestion liquor have to be he·ited up to the 

temperature of digestion in preheaters and digefters. For this 
purpose the heat content of previously heated ur. slurry in 
used in ccunter-curT~nt,reducing hereuy the required stear.i 
consumpti1n. By the multi-stage f~ashing of the hot slurry and 



the heating ~p of the cold slurry by means of vapours releasec 
during flashing, considerable heat recovery car. be achieved. 

Fig. 2.25 gives a schematic flow-sheet 
where: T. = temperature of inp~t slurry 

l. 

Tf = temperature of flashed slu:rv 

Tr = temperature of recovery 

Td = t 3Dlperat1.1re of digestion 

sh = heating steam 

Se = flashing vapour 

Ch' Cc = condensate waters 

of digestion, 

Owing to given physical limitations the cold slurry 
/Tl/ can not be heated up to the temperature of digestion 
/Td/ by the heat content of the: cooling hot slurry, but 
only to the so-called final temperature of recovery /Tr/. Fur
ther heating of the slurry from the temperature of recovery 
to that of digestion if; carried out with live steam /indirect
ly or directly/. 

Let us examinate the counter-c1 .... .:-rent heat recovery in the 
i-t diagram /Fig. 2. 26/. I'he change of heat content of the 
slurry cooling down is 

where: Gs =mass of the slurry 

-· G G ~T s s 

c = specific heat of th~ ~lurry s 

6T = temperature difference /Td-Tf / 

Let us take a quantity of slurry where J c s s = 1. 

-~I 
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Fig. 2. 25 

SC HEMA TIC FLOW- SHEET OF l'IGESTION 

Fig. 2. 26 

FLOW-SHEET OF DIGESTION IN i-T DIAGRAM 



If nJ heat w~re lost, the slJpe .Jf tl:e line A~ wJ:..i.ld ~-0 

45°. :r: practice part of the heat is lJst, tLis can be 
taken into account as an efficiency, ~ s 

6 i = 'Z s . /1T 

and the slope of the line A~ will be greater than 45°. 

The cold slurry is heated up from the initial temperature 
Ti /point C/ to the temperature of re~overy Tr /DI along the 
straight line ~- In practice the slope of the straight line 
en is always smaller than that of AI3 and smaller than 45°. 

Namely part of the Al::>03 is dissolved in the liquor; this endJ
thennic reaction extracts heat from the slurry, end heat is 

lost, too. The ratio of the slopes of the two lines represents 
the total the:nnal efficien~y of the recovery. 

Special attention has to be drawn to the fact that the 
heat transferred from the wanner slurry is not available J~, 

the same temperature for the colder sl" .. rry. The temperature:: 
of the two slurries deviate by a temperature gap from each 
other in the course of recoYery: ~C and AD resp. 

This temperature gap is composed of 3 factors: 
1. dtb is the temperature gap resulting from thE· 'r .. J il

ing point rise. Namely the temperature of the flasi: 

steam is lower from the outset than that of ~he 
slurry, the difference being the boiling point rise 
which, according to experience, can be considered 
as constant in the course of flashing. 

2. dtf is the ·temperature gap resulting from throttl inv 

of the flashing vapour and may be reduced by i!1Cr(·n.~;

ing the number of stages. 
3. dth is the temperature gap due t•) r~strir.tf:d r.~8tin.

surface area and may be reduced hy increasin,r~ t.:;r~ 

latter. 



_- -= 1 

Steam ~Jndensing at temperat~re t transfers its heat con

t::nt tn the inp;1~ s::. urry having temperature T
0 

and heats it up 

t-:i the temperature •r
1

• The temperature difference of t - T1 

corre~ponds to the temperature gap ~th. 

3a3ed on the known relations: 

t - ·r _ ___..2. ln lltm 

where: K is the heat transfer coefficient, F is the heating 

surface area of the preheater, t - T1 is the Lewpera

ture gap due to the limited heating surface areas and 
ln fltrr, is the :::i:r..:;rage logarithmic tempP- ra-iur..; c-t..i...ffer

enc8 in the .::our3e of heating up. 

Let -.ts considE:r tr.e heat balance of the first f:'._3.~'Linc; 

stage /Fig. 2.28/. 

Heat-Exchanger 

whi:>re: g
1 

is the amoun.t of vapour released in the first fh:r]L 
" . 

"t:ank, i
1 

the specifie heat conte~t of stealll, i] that 

of ~hf' c0nden::::ate, and r 1 is the latent he'.'lt of the 

vap~n.tr. 

B:vpres.:>ing the he2t los~; g1 in tenn8 of efficierH~y, it 

W'lll]rl. \'(!~1.d: 

·,, 

. ~1 
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Fig. 2.27 

HEAT TRANSFER IN PREHEATERS 
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FLOW-SHEET OF FLASHING ST~GE 
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Flash Taruc 

") Qc: 
;:..-v.,,1 

" = gl • il + /Gscs - gl/ ii + qe 

" = gl /i1 - ii/+ qe = glrl + qe 

Expressing the heat loss ge in terms of efficiency, it 

would read : 

Reducing the two equations and summarizing the efficiency 

symbols in a single factor, 'Z we shall obtain: 

A more detailed examinat.i.on of the individual flRshing 

stages can be made on the basis of Fig. 2.29. 

The starting temperature that can be considered for heat

exchange in the course of cooling-down of the hot slurry is 
Td - dtb /point A'/ i.e. the digestion temperature reduced by 
the boiling point rise. As the warming up slurry enables cool-
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DETAILED DIAGRAM OF THE HEAT R ECOVE.RY 
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ing down of the flashing slur~y only to the point D', the 

difference Dl5' is maintajr1ed by the tem'ilere.ture gap dth. This 
difference could only l.1e reduced by i·1r:easing the surface 

area. Summarizing the above the process is the following: 

The slurry can be considered as flashing along the line 

A'D' /i = constant/, the amount of flashed vapour is g1 , the 
utilizable condensing heat of which in the heat-exchanger would 

be :C' A' ' i.e. 6 i 1 = g1 r 1 • 

Heat transfer is terminated at point A" and the ~lurry 
enters the subseqi·. mt flashing stage where the preced.ing pro

cedure is repeateJ. 

It can be clearly seen from the figure that the amounts 

of heat transferred to the wa1"'!Iling up slurry are on and on di
minishing, even if taking identic preheater surface areas and 
heat transfer coefficients into considrration, and the cold 

slurry is heated up to temperature Tr only. 

From Tr to Td the slurry has to be heated up by high

pressure steam. Steam requirement of this operation is: 

G c • s s 

" where: ih' and ih resp. represent the enthalpy of the high-

pressure steam and its condensatP. 

Though conditior.s are more complicated in the plant prac

tice, ev<Jry factor may be calculated on the basis of lmown 
data. C~lculations are mad~ by co~puter and ready programs 

are available. 
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It should be noted that the heat of conden:3ate :of the 

vapours flashed from the slurry are used in the rec r.:e ry sys
tem similarly as the heat of the slurry. The two systems had 
already be.-:n combinej in the above calculation. The operative 
solution is the successive flashing of the condensqte waters 
of the flashed vapour into the steam space of the prehea-:.e!'S 

of the corresponding stage. 

The temperature of recovery :Pn raised - thus redu~ing 
the high-pressure steam requirement - by raising the tempera
ture of the cold slurry by m~ans of low-pre::;sure steam. Tr.us 
h;_gh-pressure steam can be rep:_aced by less expensive l;)w

pressure steam. 

Tnstegd of the conventional preheaters,d;gesters may ~isJ 

be ~ed to preheate the ~lurry. The advantage is iess Beale 
formation, easier cleaning. However, the heat transfer coef
ficient of -+;he digesters is lower, than that of the prehea-:.•·rs, 
as the entering slurry is mixed with the hotter slurry in tr.e 
di5edter, reducing thereby the pos;-ibili-+;y of favourable Leat 
transfer. The investment cost of the di"Sesters is "highr;r than 

that of the preheat~ra and in general, the differences are 
not counterbalanced by the lower cleaning costs. 

Machinery of Digestion 

For the industrial realization of digestion the system 

described in the previous chapter /"Heat balance of diges
tion"/ is built up in commercial scale. The s1 urry is he<=ited 
up in. preheaters and/or digesters until it reache:J the tem
peraturP. of recovery e.ad than it is heated further 5-n di
gesters to the digestion temperature. Tr.e aigested sl:.<rry 
cools dow.'l, while it emi t.s fla.:ih steam in the flas'i tank:~ 

and t:-ansfers its heat to the cold slurry. 

The general scheme of the ahovf: Gy!;ter.i is sh·)vm in 

Fig. 2. 30. 

·~- .. 1 

/ 
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In up-to-dste plants three major versions of digestion 
systems are coIIDDonly used~ 

1. preheatar-digester system 
2. two-way system 
3. tube digestion 

1. Preheater-Digester System 

In this system the mill slurry is completed with the re
maining part of the digestion liquor before or after the de
sili cation and the total ..llllount of slurry is deliv~red by 

centrifugal-, piston- or diaphragm pumps to the digestion line 
consisting of preheaters and digesters. 

Feed J:"mp 

Centrifugal pumps are generally used only in case of low 
digestion temperature because, when transporting slurry of 
high so1ids concentration. their performance is low and the 
control of quantity is inadequate. 

Piston pumps are adapted from the o~l-industry. There are 
two problems concerning their application: 

comparatively low performance 
- intensiv~ abrasion during operation 

The performance limit of the piston pumps is about 
200 .//h and this requires the installation of 2-3 u~1:.. ts for 
the digester lines generally us£d ~t present. A$ a conse
qu!nce of a~rasion, the maintenance cost of the pumps is higt. 
and their o eration time is low. The average cycle time be
tween two maintenance periods ic 70-250 },ours, however, it 
can be snorter in CE~se of diasporic bauxi tee. 

A significant lenghtening of the cycle time of piston 
pumps wa3 achieved by the flushing liquid system: Fig. 2~~1. 

... _"'I 
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The pistc:i. fL.·s-~ sucks the liquor in, the slurry-side 
suction valve open3 only later, thus no slurry can enter the 
opera~ing cylinders. In the pressure-step the liquor in the 
cylinder pushes t~e slurry forward into the delivery pipe. The 
total amoJDt of the flush liquor and slurry iB in every case 
more than that of the original slurry. 

Because of the short duration and high maintenance ex~ 
penses, Europaan prvducers switched over to the usage of diaph
ragm pumps /Emmerich, Marep-Pechinfy/. As i-'.; can be seen from 
Fig. 2.)2. the slurry does tlot contact t~e cylinder, the trans

~ tting medium is oil. The operation time of diaphragm pUT.ps 
ranges between 1000-3000 hours. 

Preheaters 

The preheaters are generally of multipass tube-bundle 
type. The diameter of the tube~ is 38 to 57 mm, th~ total 
heating ~urface area is 200 to 500 ~. The advantage of the 
preheaters is that the investment cost of 1 ~ heat transfer 
area is essentially less than in case of digesters. 

On the other hand, their disadvantage is that they are 
more easily clogged than the digesters by mechanical contami
nants entering with the bauxite /pieces of wood, wire, small
er fractures of iron etc./. Preheaters are designed for 1.5 
to 2 m/sec flow-rate of the slurry, diminishing thus the 
danger of scaling. 

Slurry is generally heated up to 150 to 180 °c in the 
pr~heaters, as at a higher temperature hard scaleJ /first of 
all calcium-titanates/ may form. The heat transfer coeffi
cient of the preheaters is 2000 to 4000 W/rrfK; as it decreases 
in time and the thermal capacity of the line declines, addi
tional heating with low-prei..1sur·'! steam and, finally, clean
ing of the preheaters is necessary. The cycle-time of the 
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preheaters is 3 to 6 months. Cl8aning is carried out ei~her 

mechanically by high-pressure /'70~L"../ pumps, or by. acid treat
ment. Spare-pran~aters are g~nerally provided to op~rate during 
cleaning periods. 

Digesters 

Digesters are generally applied in the last stage of the 
digestion series,where heating is performed directly or in

directly by means of high-pressure steam. There are, however, 
systems /La Barasse, France; Ajka, Hungary/ utilizing digest
ers instead of the preheaters, too. 

The advantage of the digesters lies in the fact that the 
formation of scales may be minimized in them, especially in 
case, if proper ~are is taken to ma.~.ntain an intensive flow 

rate of slurry /3 to 4 m/sec/ near the heat transfer tubes by 
stirring. 

The heating surface of digesters heated by flash steams 
is a pipe, a register or a 8piral tu1e, and of those heated 
indirectly_ by high-pressure steam is principally a spiral tiJ.r,e. 
The cycle time of digesters may exceed even 1 year's time, 
their cleaning is generally carried out manually. 

Depending on technology and capacity ~;f the plant the 
volume of digesters can vary between 50 and 600 m3

• 

Flash Tanks 

The dimensions of the flash tanks are determined by the 
amount of steam released in the different stages. The deter
mination of the dimen~ions is based on the admissible volu
metric and surface loads. 

.. ~I 

...1 
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Tt.e basis of dimensioning 

for volumetric load: b = X • P-n • k--!Il 

for surface load: T = Y • P-n • k-m 

where: p = i:ressure in th·~ flcish tank 
k = density of the slurry /Be0 

/ 

x = 2100 
y = 8000 

value of the exponents: 
n = 0.1 
m = o.6 

The level of the flash tank is generally controlled by 
isotopic detection. The control valves may be substituted by 
throttling orifices, whjch car. be satisfactorily 0pera.ted 

within the ranges of certain capacity limits. Parallelly with 
the depositing of the line an add~tional heating with low
pressure steam must be applied. 

As it was mentioned al.ready pro·v-is~.:m should be made in 
the diged~ion for collecting the condensate water aria flash
ing it generally to the subsequent stage; a certain number of 
uni ts may also be coupled together. The alkaline conde~1Sa.te 
originating from the flash atP.ams is utilized as wash water 
in the red mud washing. 

The pure cond en.sE.te of digestion is flashed into the 
low-pressure Jteam p~peline /the resulting savings are 0.6 
to 0.7 t of steam per ton of alumina/, later it is returned 
to the ~0wer plant. Its purity is checked on the basin of 
conducti vi. ty. 

/ 
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2. Twc-Way Digestion 

The two-way digestion is preferably used in several pJants. 

In this system the mill slurry is not mixed with the remaining 
part of the digestion liquor, the latter is preheated separate

ly in the preheaters by the flash steam of the total amount 0: 
slurry. The mill slurry is pumped into the digesters - direct

ly or after a one-two staged preheating process - where it 
contacts the preheate- liquor; the sJurry is heated to -the 

digestion tempert~ture usually by direct steam. This systb~ has 

several advantages: 

As cnly the lic_uor passes through the preheaters ::. t can 

bd fed by series-coupled centrifugal pumps. In practice one 

centrifugal pump is installed after t'!ery third preheater. The 

size of the expensive piston- and diaphragm pu:nps, delivering 
the mill slurry only, can be reduc2d considerably. Preheaters 

are scaled only after a longer time and their cleaning can be 

carried out by simple acid hanJ}ing /H2so 4, HCl etc. + inhi

bitor/. 

A further ac.-rantage may arise from the fact that the ba.ux

i te remain~ in the digester for a very short period /e.g. for 

10 minutes/, and thus, part of the reactive silica content 
does not react with the liquor. In case of certain bauxites 

this decreases the caustic soda consumpti~n. 

The two-way ~~gestion, however, can not be considered as 

satisfactory as regards the heat economy, since total steam 

consumption is higher than in case of the uniflow process. 

The centrifugal pumps of this system Cl.eli vering the 1 iq

uor are usually operated by steam, the exhaust steam is used 
for preheating purposes or it is flashed j_nto the low-pressure 

system. 

-~-
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By direct steam the slurry ~an be heated up to the tem

perature c0rresponding to the saturated steam-pressure or /as 
a C·)nsequence :Jf boiling point rise/ even above that, without 
any temperature gap. This means that in case of gibbsitic baux

ites energy reauirement of the system can be provided by the 
back-pressure steam of turbines, too, giving an extra produc
tion of electric power. Of course, the dilution of the slurry 

must be reckoned with. 

Tube Digestion 

The up·-to-date mechanical digestion system is the tube 
digestion process. It is proved that increasing the digestion 
temperature by 10 °c the re"tention time can be decreased to 

its half, wnile the output remains the same. Therefore, at 
around 280 to 300 °c, digestion requires only a few minutes. 

The heating surface is formed oy tubes; the amount of 
steel required for 1 ~ heating surface area weighs 120 to 
140 kg, that is about half the weight of steel required in 

case of digesters. 

Tube digestion becam~ widespread first of all i_1 West 
GF-rmany; in Stade the whole plant operates on tube digestion, 
whereas in other plants the old digester lines operate pa

rallelly with the tube digester. 

In the West German /VAW/ system a duplex-tube is used 

as heat-exchanger. The heat content of the slurry is recu
perated to 210 c'c; the adC: ... tional heating up to a tempera
ture above 250 °c' is performed by salt solution /Fig~ 2.33/. 

In Hungary there is an experimental tube-digester unit 

operating at the Magyarovar Alumina Plant. The unit is 
equipped with multi-tube one-way preheaters - this gives 
the opportunity tc improve the ratio of tube-diameter to 
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heating surface area. Di..gestion temperature is 260 to 265 °c. 
The average heat transfer coefficient during one month's cycle 

was 1850 W/iK. Deposits formed in the temperature interval 
up to 250 °c can be removed relatively quickly and with a sa
tisfactory efficiency, whereas the removal of deposits formed 
above 250 °c has not been solved yet properly. On the basis 
of plant experiences a 120 J/h capacity digester unit is being 

designed /Fig. 2.34/. 

The tube-digester is fed by flush liquor pl.lillpS with cycl~ 

time of about 1000 ope~ting hours. 

Significant calorific advantage~ of the tube-digestion 

process are the essentially higher heat transfer coefficient 
and the more favourable recovery and calor~fic eff i~iency as 

compared to the preheater-digester systems. 

RED MUD THICKENING, WASHilTG AND FILTRl\.TION TECHNOLOGY AND 

EQUIHtIENT 

The ~epartm~nt of red mud settling and washi~ performs 

the work of separating the solid red mud residue of the di

gestion from the aluminate liquor and of washing out the 

A1
2
o

3 
and NaOH content of the red mud slurry. 

Because of space utilization consideration multi-chamber 

units were used formerly for red mud settling and washing: 
the flow conditions in them, however, turned out to be unfa
vourable and the amount of red mud settled per unit surface 
area was significantly less than in a single chamber equip

ment. As a con.9equence single chamber settlers and washers 
with great diameter are predominantly in une at present. 

Grain-nizf: diztri hJtion of red mud suspensionr> iB gen

era] ly i.ru10mo~eneom: 1=md the grains are em'rH!ddP.d in a solv-

l ' 
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ate w· 3.pper. Iru.e to the pres~ure o::-igin::it::.ng frc.m tte upper 

muu :!.ayers, the volume of the latter may vary as a fu .• '"l.ction 

:;f the deptr~; the mud is compressible. Its compressibility is 
alsJ dependir.g on the type of bauxite, the digestion technology, 

the settling accelerator additives bein ... used anti on the age 
vf ~ud. Basic design parameters are provided by batch settling 

ex.f,eriments. 

Theory uf Settling 

Tl:e i.nstantaneous settling velocity of solid grains in the 

liquor is determined by the equilibrium of gravity and fric
tion forrc~. Settling v~}ocity can cnly be calculated exactly 
ir. case of laminar motion of a single ball-shaped grain, using 

Stokes' rule. The size of the balls is a significant factor: 

g ' /1/ 

wl~ere: Us represents the settling velocity of the solid grain; 

"d" i. ts diameter; .J s and $ f the density of the grain 
and of the settling medium resp.; i the viscosity of 
the settling medium and g the gravi--cy acceleration. 

Settling tests of polydisperse suspensions revealed, how

ever, that Stokes' rule is observed only in low solids con
centration. In case of higher solids conc"'!ntration, moreover, 

in cese G~ adding settling aidn, collective se~tiing of dif

ferent size grains is experienced even in polydispersc sus-

pensions. 

Several 8emi-emp1ric formulas were elaborated on the re

lationBhip of the settling \.·eloci ty and sol:i.ds concentration, 

which arP- ~elatively accurate in a narrow interval even if 

/ 



. . \ . . . ' . . . . . ' . . 

considering compressible suspensions. These fonnulas can be 
checked by static settling tests performed in a small-size 
settling tube. The most widely accepted among these is the 
Richardson-Zaki formala /6/: 

Uc = u /1 - oec/1 sH 

where: UsH is the Stokes-velocity of the hydrated /solvated/ 
particle; oC the volumetric correction factor due to 
the solvation; c is the volumetric ~~rrection factor 
of the solid material; n is a factor determined empir
ically, depending on the Reynolds-number; in case of 
red mud n ~ 4. 1. 

Dimensioning of Thickeners 

Several studies had been worked ou~ aiming at determining 
plant conditions by utilizing the reqults of the settling tests 
carried out after laboratory digestion. In these tests the 
slurry ~iluted to the required concentration - after addition 
of the proper settling aid - was mixPd and poured into a 30-
50 cm high cylinder anj the time dependence of clear zone 
formation '!fas determined. The straight section of the settling 
diagram plotted vs. time was taken as basis of the settling 
rate, and the following simple relationship was used: 

M s =-
h 

where: S means the required surface area of the settler /~/, 
M the liquor overflow per hour of the settler /~/h/ 

and h the clear zone formed in an hour above the mud 
in the settling tube /m/h/. 

-
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'r!:i8 !'elaticnship, however-, is n·.:;t of general validity, 

it does not give .. he ~·Jlids c0ncentr?.tion of the underflow, 
and, especially i~ case of voln:ninous muds with unfavourab,e 
settling characteristics, provides unreal results. The correc~ 

dimensioning of settlers id very important, as: 
the total investment cost of this plant section, espe
cially in case of muds with unfavourable settling char

acteristics, may exceed 5 per cent of total investment 

of •;he alU111ina plant; 
imp..L.::per operation or settlers may deter·i.orate the 

quality of alumina; 
operating trouble of settlers and washers may consider

ably increase the Al
2
o

3 
and NaOH losses at the end of 

the washing line; 
the muddy overflow may bring about an a ~oprecipi~a~ing 

process, the precipitated gibbsite has poor P~~~ling 
characteristics and thus it may cause production break-

down. 

A method for the safe dimensioning of settlers anc washers 

developed at AI.UTERV-FKI will be described in Volume 7. 

Principle of Counter-Current Washing 

The dense red mud slurry from the underflow of the set

tler is diluted by the overflow of the second washer and then 
it is fed into the first washer. The oi•erflow of the first 
washer is the "diluting liquor", used for diluting the slurry 
leaving the digester to the required settling /and precipita

tion/ concentration before feeding it int0 the settler. 

The process contin11es on the same principle; slurry from 

the underflow of the first washer is diluted by the overflow 
of the third washer and the mixture enters the second washer. 
The underfl0w of the second washer is diluted by the overflow 

- . ~1 
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of the f:iurth one, it enters the third washer and so on. 

Denoting the overflow of an individual washer by Tn, its 

underflow by Kn and the ~oncentration by Cn, the following 

equations can be constructed: 

Balance of liquor 

Balance of 
dissolved material 

/Na2o or Al 2o3/ 

A numerical example is shown in Fig. 2.35: 9 J digested 
liquor of 234 g/l caustic s0da concentration is discharged 
from the digester per each ton of mu.d and the task is to r. iV•:' 

less than 6 kg/t dissolved loss in the v.nderflow of the last 

washer,while producing 14 J aluminatc liquor of 150 g/l con
centration. The problem was chosen so that the concentrations 
would corres~ond to Na2o in the European Bayer process, and 

to Na2co
3 

in case of the .American one. 

The amount of liquor dischargED. through the underflows is 
uniformly 5 J/t, presuming a mud of poor compression charac

teristics. 

It can be seen that six Vn:i.Rhing stages are necessary in 
order to achieve a final lo~s of 6 kg/t. In case the mud gets 
compressed more intensively and 3 ~ liquor is discharged in 
the underflow per each ton of mud, the ta::tk can also be solved 

by four washing stages. •rhis fact illustrates the importance 

of compression. 
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intensifi12d in c~se p~~..:per care is t:lke:n !'l··t tJ iea·;~ und.i,!P;~t

ed AL,O., in the ::.·ed. mud. Satisfactury compressLin may als) te 
'- .) 

pro~oted by digeeti·.)n with acditi·.res, r~y keepi.ng the tydr) 1 ysL 

at a minimum value, b;r selecting ade: 1p::tte settling aids and ~Y 

proper d~mensioning of tne settlers a!'ld w-ashers. 

The above numerical example refers to ideal ~onditions. 

The losses arising from the washing are, in fact, always r:igl:,,.r 

than that given from the above simplifted calculations. One 

reason for this lies in the fact that the liquor discharged 

through the 1.mderl.'_ow has always a higher S•Jda concentratiJn, 

than that of the overflow. 

One possible explanation for this fact i3 that the red ;r:,;d 

adsorbs part of t:1e soda, which gets partly released in -t;te 

<;~_lbsequent stag~. E.g. th~ ad~'H'p-;;ion of a giver- red r.iud had 

the following relc.ti•jn with tr:e tH::tual c0ncentrati•Jn: 

., 

~ - G.43 --- --

where: "a" means the adsorbed Na?() in ter:ns of percentage ··f 

mud and "c" the Na :P conceri-cr::;tion yf the :.:;oluti -:m i.!"L 
·- c 

g/l. 

Though the abo 1Te formula is by no means of gener;:i.1 vai id

it~ it expresses the basic principle that the Na2o concentra

tion of 'the indi•1idual members of a washing 1 ine is, in all 

cases, higher than that calculated from the IIlh.terial balance. 

Instead of assuming adsorption, 3r::andrett /52 I intro

d~ces an E-far::t·:ir, c:h8.racterizing the imp~rf.-ct. mixinfr,: 
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E = 

where: Ck represents the actual underflow concentration. The 
value of E varies between 0.7 and 0.9. The values cal
culated by the adsorption-formula gives also a result 
of 0.7-0.9 for E. Consequently, any of the methods can 
be used as a f ~rs+. approach for designing. 

The other reason of deviating from the idealized scheme 
may be the autoprecipitation itself. On the first hand the 
pr~cipitateJ gibbsite increases th~ amount of mud i.e. the 
higher washing stages shall be calculated for a higher red mud 
quantity. On th~ other hand the gibbsite decreases the com
pression of th~ red mud and thus the amount of liquor discharg
ed ·through the '..lilderfiow will increase. Both cases result in 

increasing caustic soda loss. 

An accepted method for inhibiting the autoprecipitation 
is to charge spent liquor to the d~lution or to the underflow 
of the settler increasing by that the melar ratio of the whole 

counter-current washing system. 

An interesting characte~istic of the counter-current wash
ing series is that different liquors can be fed into it,with
out causing any significant increase in the soda loss. 

A good illustration for this case is the feeding of spent 
liquor into the settler. Diluted causticized liquor may also 
be fed to one of the washers: the overflow of a certain washing 
sT.~ge /second or third/ ma7·be causticized in order to release 
more considerable amount of Na2o from Na2co3 and feed it back 
tc the washing line. In case the introduced liquor is fed in
to a washer with similar concentration the increase in the 
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soda loss at the end of the line is minimal. 

The inte:nnediate causticization mentioned earlier shJuld 
be perfo:nned as far as possible with a liquor of low soda 

concentration /10-40 g/l/, using slaked lime and a tempern.ture 
above 90 °c. 

The method is applied by several alumina plants on oper

ating scale -uid it is sometimes s~pplemented by salt separation. 
The efficiency of lime /aiuount of active CaO producing caus
ticized soda/ can exceed even 90 per cent /89/. 

In the course of design the material balance of the 
counter-current washing line is calculated by comp· ~ers with 
special regard to the technological characteristics of baux
ite and red mud determined by laboratory analysis and by the 
consideration of all the above correction factors. 

Filtration of Red Mud 

Filtration for separating the red mud from the aluminate 
liquor is becoming increasingly widespread, simultaneously 
with the modernization of the filters. 

In case of red muds w~th favourable filtration character
istics, the digester slurry may be filtered directly, however, 

as the viscosity of the digested slurry is relatively high 
and its solids content low, this method h~s no~ become common 
in practice. 

The number of stages after which filtration is introduc
ed will be determined by experiments and economic calcula
tions. Generally, filtration can supplement economically 3 to 
4 washing stages depending on the settling and filtration 
charact~ristics of the red mud. These two characteristics are 
genez . .ily in correlation: in case of poorly settling muds the 

• 
... _~I 



fil tratiJn per:f-Jrmance will also be low /40-50 k<:g/mth/, whereas 

witn muds :.;f :·,·,·c1 .. ff~tl-:? sett~ing cha1·acteristics a filtrs.tion 

perf;Jrmance :Jt' ?J•.~; kg/!!!1-i can be achieved. The fil trat:i_.:m con

ditions can generally be improved by adding lime or otfier ad

ditives to the bauxite. 

An important advantage of filtration is t~1at it closes the 

washing system and no unfiltered slurry can be delivered to the 

red mud po1~i. This prevents the rising of soda and alumina 

losses tu considerably high values es~eciRlly in times of oper

atin.g troubles. 

The filtered mud contains 40 to 50 per cent of adhered 

moisture: it is generally pumped to the red mud pond after be

ing repulped by water /to around 200 g/l solids content/. The 

soda and alumina content is leached out by the water of the 

pond and can be recharf;ecl :.nto the washing line. 

The red mud is not alV1a~·s washed on the filters the!Us~l vr>:.2 1 

3.s re la ti vely small amounts of water pass through the fiJ:te:.:'-· 

ing medium. Re pulping of red mud "ty water 9nd its repea te:l 

fi 1 tration can be a~ vantageous depending on the econom::_ .:_~ cor.-

di tions-. 

It shJuld be noted that part of the extra-fine-grair.. r:od 

I'lnd passes through the filter cloth and reti:.rni::'lg, it 1 oads 

the v/3.shing line and causPs hydrolysis lo~~ses. 

Equi;pment of Red Mud Settling, Washing and F'ii ti'A. t::..2!1 

Instead of the multi-chamber set t1ers genern.lly used 

previously - requiring less space but having a low sperific 

performance - pre:dominant1y single-chamb~r conical or flat 

bottomed /:F'ig. 2.36/ settlers and washer.s are used e.i.t prer::ent 

with cen~ral or peripheric~l drive and wi~h central or side 

dj ~;charge. •;·he diamctP.r of th•~ settler~.; i;; c:rimmonly b2t•'Vet!n 
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Tr,e iis&.dvantage of settlers with central discharge, cone 

b.:'ttJm and central drive lies in the fact that a special foun

de.tion is required to ensure the easy accesi bili ty; their spe

cific performance is on the other hand higher and they can be 

"''luipped with cable-hauled rake arms. ~hey provide automatic 

tcJ!·que relief; the hinged arms are lifted when deposit is form

ed. at the bottom. Rigid agitators applied :in se"°:tlers with flat 

b._,ttrJm and side discharge may get distorted, or even broken if 

clogging occurs, therefore, they are normally provided with an 

::.:.u.~;omatic lift-out device, too. 

The advantage of sett~ers with flat bottom and side dis

r_;~1arge i::i, h0weverr that their investment cost is low and they 

reqaire a more simple foundation. On t!1e other hand, by direct

ing the mud outwa·cds to the _peripheries, ti~e thick.:!n~.!1g eon-

rii tions for the red mud are w0rze tr.an in case of settler:::; 

wit~ c3ntral discharge. 

In some plants Kelly filters are applied for red m1.id fil

tration. In the Magyar6var Alumina Plant Dorr-Oliver type ro:1 l-· 

discharge drum filters of 50 m" surface area arc in operation. 

The thin mud layer forming on the surface 0f these t il te ::·s is 

removed by a s Eoparate cylinder 'ind then it is scraper'!. •Jr£' by 

bl'3.des, thus renewing the fi::..ter surface /F'ig. 2.37/. These 

fil ten> are manufactured in Hungary, ')n the bP..sis of the Dor.c-

:'li ver licen::::e. 

Causticization of Red Mud 

In plants where the price of caustic soda is high and the.t 

of the lime i~; low /e.g. if the plant burns limf~ from a nearby 

31 ".;uat~d limestone clep(1:•i t/, rea mud causti cization can be nd

v~mtr.1.geous. 'l'tii::i t'J pert'orinecJ hy adding lime s·lurry or 'burnt 

• 
' .... 1 
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Fig. 2.37 

ROLL DISCHARGE OF RED MUD CAKE 
1. Filter ctum, 2. Cake, 3. Discharge rol, 4. Hair-pin scra~r 
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lime at the highest p-:>asible temperature to the widerfiow of 
the last washer slurry having low soda concentration. The lime 
release part of the caustic soda from sodium-aluminium-silicate 
to form calcium-aluminium-silicate. In order to release 1 kg 

of Na
2
o, 3 to 4 kg of liae 11.re charged to the mud. The effici

ency of causticizing can be as high as 30 to 50 per cent. Effi
ciency can be further i.nq>roved by a higher retention time. A 
practical formula of the efficiency is given in the following: 

1 •5 • T • /l-e-0.534t/ 
~ = • 100 

/L + 2.5S/. /70 + 3C/ 

where: t = efficiency, per cent; 
L = lime charged to the mud, in terms of mud percentage 

/available CaO content min. 72 per cent/; 

T = temperature, 0 c; 
t = time, hours; 
S = Si0

2 
content of the mud, per cent; 

C = Na
2
0 content of the original solution, g/l. 

In case of causticizing with 10 per cent of lime, at 90 °c 
temperature a mud having 6 per cent of Si02 in a 10 g/l Na2o 
solution, an efficiency of 48 per cent can be expected in 

4 hours time. 

In the course of causticization, the solution becomes 

more concentrated and, when recharged to the washing line 
after filtration, it increases the caustic soda concentration 
of the washill8 lUJ.e. The best way, therefore, is to caus

ticize after 5 to 6 washing stages. 

It must also 
lime would bind a 
solution entering 

be taken into account, however, that the 
certain part of the Al 2o3 content of the 
the causticization, thus causing alumina 
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losses and the segregated calcium-aluminate even deteri0rates 

the filtration conditions of the red mud. In order to reduce 
these unfavourable effects, the time of causticizat).on should 
not exceed 4 to 5 hours. 

Red Mud Disposal 

Red mud slurry leaving the last washing stage, or filtered 
red mud repulped with water is pumped to a red mud pond. Dams 
for the red mud disposal are made of locaJ. material /earth, fly 

ash, etc./. Red mud is stored nonnally up to a 10 m layer thick
ness. Water is recycled from the clear upper zone of the pond 
to the alumina plant ar..d is introduced into the last washer. 

In order to avoid soil contamination the bottom of the red 
mud lakes has to be sealed. Sealing ~an be done with plastic 
foil or with a 0.5 to 0.7 m thick clay layer. Drainage can be 
used as well to collect water bafore entering the soil: the 
costs of investment of this system are very high but the +,er
ri tory may be recultivated. 

L1 the system Giulini - KHD red mud is filtered by roll
discharge filters and, after addition of chemicals, it is pump
ed without repulping by diaphragm pumps to the disposal. Red 
mui solidifies in this case and it can be piled up to 20 to 
30 m height. Aft~r certain time the territory may even be re
cultivated. 

As sea water is neutralizing the soda content of red mud, 
in cases where deep valleys are available in the bottom of the 
sea some of the factories pump their red mud into the sea by 

pi~eline or discharge it from ships into these valleys. 

.... 1 
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PRECIPITATION TECHNOLOGY AND EQUIPMENT 

' Theory of Precipitation 

The be.sic principleE of precipitation were already record
ed in the first Bayer-patent of 1887, in which he stated that 
the sodium-aluminate solution coJ1111ences to decompose if pre
viously precipitated aluminium-oxide-hydrate is added to the 
solution kept in motion. The above basic principles are still 
valid today, though despite almost 100 years of research work 
the theoretical establishment of the precipitation mechanism 

is not yet completed. 

In practice the sodium-al.uminate liquor of the settler over
flow filtered in order to remove its floating contaminar;ts, then 

cooled to increase its supersaturation is seeded and agitated 

in large tanks. 

Two task~ must be solved in the course of precipitation: 
the first one is to achieve the highest amount of precipitated 
A1

2
o

3 
out of 1 J solution, i.e. to achieve the highest possible 

efficiency, thus ensuring the high efficiency of the circuit it
self and~ correspondi.c.igly, the decrease in the material flow, 
steam consumption and investment costs. The other task is to 
produce alumina hydrate of the required physical characteris
tics. Principally the grain-distribution is meant here under 
the physicp.l characteristics, which is significant as regards 
metallurgical considerations, and, at the same time, it can 
not be considerably influenced during calcining. Other physi
cal characteristics can be formed mainly by the calcination 

-process. 

Two ba'3ic types of alumina hydrate produced by precipita

tion are distinguished: 



:. Fine grain-size alumina hydrate of the European tech
nology giving floury alumina by intensive calcination. 

?. Coarse grain-size, compact hydrate of the American 
technology giving sandy alumina by moderate calcina
tion. 

A comparison between the approximative grain-size distri
bution of the two hydrate-types is described as follows: 

Grain-Size Distribution of Sandy and Floury 
Typt:l Hydrate 

Table 2.9 

Grain-size floury sandy 

+ 150 micrometer 2-4 % 2-6 % 
+ 74 micrometer 18-20 % 55-60 :"' 

+ 44 micrometer 55-58 fo 88-94 % 
44 micro::ne~er 42-45 % 6-12 'Ii 

Four principal mechanisms are distinguished in the course 
of precipitation: nucleation, crystal growth, agglomeration and 
breakdown. The numerous data compiled in the relevant litera
ture can not be utilized for the elaboration of general rela
tions, as the kinetic constant of the process may significantly 
be influenc·ed by the contaminantEl of plant liquors and, to a 
certain extent, by the mod~ of agitation. The plant precipita
tion technology is based generally on self-made prescriptions, 
which do not correspond always to the theoretical optimum. 

The importance of the four mechanisms in the two technol
ogies is summarized in the followings: 

l. Nucleation: in the Europea;i /floury/ techn0logy the 
alurninate liquor is cooled to 50-56 °c in order to 

"-~I 
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acnieve the highest possible efficiency by decreasing 
the equilibrium Al2o3 concentration. The low tempera
ture at the same time provides favourable conditionr.: 
for spontaneous grain formation: however, the "&econd
ary" nucleation - due to the effect of the seed - has 

much greater importance in this technology, the seed 
charged is 3 to 5 times the amount of the production. 
The effect of the secondary nucleation, therefore, 
practically damps the effect of the primary nucleation. 
The small sized grains formed by the primacy nuclea
tion get partly into the final product,as generall7 
there is no proper classification in the European tech
nology and partly increase in size, though their growth 
is rather limited. 

Precipitation in the American technology starts at 
high temperature, when no primary nucleation or only 
a rather limited one takes place. 

Adequate theoretical relationship for the primary nuc
leation can not be found in the relevant literature, 
just because of its smaller importance. Halfon and 

Kalliaguine /53/ assume that the rate of nucleation 
is proportional to a certain power of the oversatura
tion. According to their opinion at the same time, sec
ondary nucleation is the significant mechanism in the 
process. 

2. Growth of Crystals: the growth of crystals in both 
technologies can be described by nearly similar rela
tionships. 

Adamson, Bloore and Carr /34/ give the following for
mula for the discontinuous precipitation process: 

l 

,._ 

"-~l 
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- dZ -= , 
dt 

where: Z = X-Xe' that is the difference between the 
actual and the equilibrium concentration; F = 
the active surface area of the seed and K' = 
a constant, depending on the temperature. 

The equation can be integrated giving: 

wl:ere: z = x - x o o e /X
0 

is the starting Al 2o3 con-

centration/. 

In practice the European technology utilizes series 
connected precipitator tanks, whereas in the .American 
technology batch precipitators are favourized. The 
advantage of the series connected tanks lies in the 
smooth and uniform technological running and simple 
handling, but one of their disadvantage is that in 
every subsequent tank the aluminate liquor is mixed 
with a solution of higher molar ratio, and this 
causes the slow-down of the precipitation process. 

In case of continuous precipitation the Shimosato 
formula is applied in the Hungarian technology: 

dA I - ~ = K /c1 + r/ /A - Ac • 
dt 

A - A ·e 

*'-., 
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A represents the actual, A the starting, A o e 
the equilibrium. Al 2o3 

concentration; t is the 
time; c1 the seed concentration; r the activity 
coefficient of the seed, K and K' are constants 
depending on the temperature and the caustic 
soda concentration. The constan1swere determin
ed on the basis of actual plant ~ata. 

In case the problem is investigated from the crystal 
growth's aspect, the crystal growth rate G can be 
divided in two parts, one depending on the supersatu
ration and the other on the grain-size. 

G = g/c/ • D/r/ 

The expression g/c/ follows the quadratic rule de

scribed above. 

On the basis of the McCabe-rule /D/r/ = 1, that is, 
the growth rate of all crystals is equal in th? first 
approximation, independently from their sizes. The 
alumina hydrate precipitated disperses among the 
existing nuclei and seed grains in proportion of their 
surface areas and the total growth of a crystal comes 

to 1-2 ;um-s in a cycle. 

It can be mentioned here that the surface activity is 
significantly influenced by the contaminants, prin
cipally the organic matten:i and especially oxalate, 

Fe and Ca ions, etc. 

3. Agglomeration: While the agglomeration has no prac
tical importance in the Eu~opean technology, in the 
American practice the alumina hydrate precipitated 
under adequate conditions sticks togeth~r the seed 

! 
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grains to form large compact alumina-hydrate grains. 
The agglomeration is principally dependent ~n the 
number of impacts of the grains, bu.t it is also in
fluenced by the cohesion between the grains. 

Halfon and Kalliaguine came to the conclusion that the 
rate of agglomeration is proportional with the fourth 
power of the difference between the startjng and the 
final concentration. 

Instead of a detailed description of the agglomeration 
relationships let us describe a practical method based 
on an article of Sakamoto and his collaborators /54/, 
which helps the estimation of the expectable occur
rence of agglomeration. 

In their view agglomeration largely depend~ on the 
balance of the gibbsite precipitation rate A as bind
ing agent, and the amount of gibbsite B required for 
holding strongly the flocculated particles. 

A factor P was determined as the "driving force of 

agglomeration" 

A Ku2 /Go + Go/ 
p = - = ~~~..;_~......;;::~~-

B G0 + Ge • /1 - u/ 

where: u is proportional with the difference of the 
actual and equilibrium concentration at ~ 
given temperature, G

0 
is the amount of ~eed 

at the beginning of precipitation, Ge the 
amount of precipitated gibbsite in case of 
equilibrium, K is a constant, depending on 
the surface area of the seed, supersaturation 

and temperature • 

... "'1 

1 
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The value of P draws near to 0.1 in case cf effective 

agglomeration. By the use of the above formula the 
value of P can be calculated for different concentra
tions, molar ratios and seed surface values, moreover, 

conditions for the possibility of agglomeration can 

be determined. 

The value of P on the figure annexed is illustrated 
as a function of concentration and molar ratio, at a 
temperature of 70 °c /Fig. 2.38/. It is apparent from 

the figure that the optimum of agglomeration ranges 

between 90-100 g/l Na2o concentration. 

In case of the above low concentrations P-val.ue is 

adequate even at a molar ratio of 1.6, whereas in 
case of European concentrations, adequate agglomera
tion would be ensured only at a molar ratio below 1.4. 

Plant conditions /presence of soda, oxalate, other 
organic substances an contaminants/ can naturally 
cause significant shift in the numerical figures, the 

trend remaining the same. 

In practice the concentration of 110 g/l and the 
molar ratio of 1.5 are the upper limits of efficient 

agglomeration. 

In case of contaminated liquors the molar ratio is 
often reduced to below 1.4 in order to achieve ef
fective agglomeration e.g. by the "sweetening proc
ess", though in such a case the increase of autopre

cipi tation during thickening and washing can not be 

avoided. 

Breakdown: The breakdown, contrary to the above, is 
solely a mechanical phenomenon, as it is the conse-
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quence of collision between the particles themselves 

and between the particles and the wall /or agitator/: 
the phenomena~ ~an be described by the function of 
probe.bility density. In case of up-to-date agitation 

systems /air lift and Ekato stirrer/ it has no great 
importance, and is practically negligible. 

Precipitation SJBtems 

Floury Al.tnnina Production 

Precipitator tanks of plants producing f~oury alumina are 

generally series-connected, 10-15 tanks in one line. Seed is 

filtered, repulped by the filtered and cooled aluminate liquor 

and is added into the first /sometimes partly in the second/ 

tank of the series. 

As it was already mentioned, classification of alumina hy
drate in plants producing floury alumina is of no imp0rtance. 
In case of high seed ratio and concentration the hydroseparator 

would have minimal classification ability - the difference be

tween the general grain-sizes of the underflow and the overflow 
would be only a few micrometers - in the practice, therefore, 
the total quantity of seed is filtered and tray thickeners are 

only applied for thickening the finest grains passing through 

the filter cloth of the hydrate filters. The thickened slurry 

is then fed back to the seed filters. 

Thie thickening stage can be ever left out of the process 

as it is, for example, in the New Ajka Alumina Plant. In plants 

producing floury alumina, consequently, the seed is practi~al

ly the samo,ae the product hydrate. 
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Sandy Al..unina Production 

Batch Precipitation 

in plants applying batch technology pr~cipitation with the 

fine and coarse seeds is performed separately in the so-called 
special and normal tanks. The optimum conditions of agglomera

tion taking place in the special tanks dP.viate significantly 

fro~ the necessary conditions of satisfactory efficiency of 
precipitation,consequently the smallest possible volume /20-

40 per cent/ of aluminate liquor is precipitated in the special 

tanks in the presence of fine seeds, and the rest in normal 

tanks to achieve a better circuit efficiency. The total precip

itation volume is generally divided approximately in 2:1 pro

portion between the special P~~ normal tanks. 

In order to promote agglomeration, the special tanks are 

generally - but not exclusively - fed with aluminate liquor 

of 4-5 °c higher temperature than the normal ones. The lower 

1;empera"turtt·applied in the normal tanks promotes precipitation 

efficiency. 

Classification of precipitated hydrate is performed in 

steep~cone hydroseparators /thickeners/. The low solids content 

due to little seed charge, the high temperature at the end of 
precipitation and the low liquor concentration ensure favour

able classifying conditions for the classification. The solids 
concentration of the underflow rises to abov~ 1000 g/l, it has 

hardly more moisture content than the filtered hydrate. Con

sequently, neither the coarse nor the fine seed have to be 
filtered, unless oxalate destruction is necessary. 

The technological scheme of batch precipitation is il

lustrated in Fig. 2.39. The hydrate slurry is fed to the 
primary thickene1· /PT/ the underflow contains the product 

hydrate and is filtered. The overfi.ow is fed to the second-
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ary thickener /S"::/. The t.:nderflow of ST is the coarse seed, the 
overflow is !"ed to the tertiary thickener /TT/. The underflow 
of TT is the fine side, the overflow is the spent liquor. 

Continuous precipitation has not yet become as familiar 
in plants producing sandy alumina as the batch te~hnology. Many 

of the plants ap}Jlying continuous precipitation returned to the 
batch system, as the results did not prove to be satisfactory. 
In case of continuous precipitation, in fact, the first tank -
where the fine seed is charged in - contains already slurry of 
higher molar ratio since the velocity of precipitation is high, 
consequently the low starting molar ratio necessary to the ag

glomeration is not ensured. The hydrate separated in the first 
tank - its amount nearing to that of the fine seed charged in -
also increases the starting se~d na.tio and affects adversely the 
agglomeration. The above disadvantages can be moderated by re
ducir..; the molar ratio of the aluminate liquor. 

At the same time, due to th"S mixing of slurries with al

ways higher molar ratios from tank to tank in the continuous 
precipitation, the dL ~omposi ti on ra·~e is slower as c.:ompered t-:.· 
the batch precipitation. This has a further unfavourable effect 
on the precipitation efficiency and, associated with the hi&h 

precipitation temperature necF.HS&ry for the production of 

coarse hydrate, brings about a decline in the economy of pr0-· 

duction, too. 

The conceptual schemes of continuous precipitation syst~ms 
are illustrated in Fig. 2.40 /55/. In the simplest system thP. 
fine and cop_:·se seed are introduced together into the first 
tank /a/. In other plants they are fed separateJy, the fi~e 
seed advantageou·s for the agglomeration enters the first 

tan~ and the coarse seed the 3rd or 4th tank, where the agglom
eration has practically come to an end already /h/; or s0th 

the fine and the coarse seed are charged into separate line~ 
In an other versi.on coarse seed is added into the ·i ine fonuo::.c-

_, 
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ly treated by fine seed after the agglomeration stage, with 
the aim to improve the precipitation efficiency. 

A ve-ry importa..~t operation in the course of continuous 

precipitation is the intermediate cooling. This makes possible 
~u apply the highest advantageous temperature for the agglomera
tion at the beginning of the precipitator line, and to cool 

down the slurry after the agglomeration stage in order to reach 
the final temperature necessary to increase the final molar 
ratio. Intermediate cooling is introduced at that point of 
precipitation, where the molar ratio comes near to 2.0. Coarse 

hydrate is charged after intermediate cooling. 

Equipment of Precipitation, Classification and 
Hydrate Filtration 

Control Filtration 

Control filtration of al.uminate liquor is performed almost 
solely by Kelly pressure filters. Dorr-Oliver type filters ~.lp 

to 400 J filtering surface area are generally used. Filtration 
is performed thro~gh a filtering aid, generally lime hydrate. 
A disadvantage of the Kelly filters is that the filtering aid 
can be removed only after opening the filter. 

In Hungary the LVAZS filter is used, a practical equipment 

available also in automated version. Its advantage is that the 
filtering aid is removed at the end of the cycle time by wash
ing off with water and the filter need not to be opened. Its 
disadvantage is, however, that the size of the largest unit 
is only 125 J. 

The performance of pressure filters is o.8 to 1.5 ~/rhi, 
in case a suitable filtering aid is used. 

... ~1 
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Cooling of the Aluminate Liquor 

For cooling the aluminate liquor plate heat exchangers be

come increasingly widespread. There are heat exchangers construct
ed abroad considerably exceeding already 380-420 l the size of 
units generally used in Hungary at present. The cooling medium 
is spetlt liquor. Due to the excellent heat transfer coefficients 
- about 2000 W/~K - the temperature. of the spent liquor draws 
near to thnt of the aluminate liquor. No special treatment is 
required for the filters, they can be cleaned without dismantl
ing, by the change of flow directions. 

In plants producing sandy alumina flash cooling system is 
used generally, releasing significant amount of water from the 
voluminous aluminate liquor. Cooling is generally applied in 
3 stages, and the steams /and gases/ are sucked off by v.'icuum 
from the last stage. The heat transfer /flash steam to SJ'ent 
liquor/ is less efficient than in the plate heat exchangers 
and even the temperature gap is greater because the increase of 
boiling point must also be reckoned with. 

The system operates practically the same way as the diges

tion heat recovery, ~onsequently it will not be detailed in 
this chapter. 

The intermediate cooling mentioned in the chapter on con
tinuous precipitation is generally solved by flash cooling in 

one stage applying vacuum suction. 

Precipitation, Classification, Filtration 

Precipitation waE originally performed in mechanically 

agitated, flat-bottom tanks. Later on air-lift agitation was 
developed, too. At present, the greatest tanks in Hungary are 

--~I 
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of 2100 J, air agitated and the bottom is shaped in a special 
form to prevent scaling Fig. 2.4l. A!3 the investment cost of 
tanks with conical bottom is more expensice, new plants have, 
in the meantime, retuni.ed to erecting mechanically agitated, 
flat-bottom tanks. 

There are two widespread agitation methods: the draft-tube 
propeller system in the cone bottomed tanks, where the slurry 
is either lifted in the central tube by the propeller stirrer 
or it is pushad down from upwards, and the MIG-system stirrer 
of the flat-bottom tanks /Fig. 2.42/. 

Slurry transfer introduces some problems. In the Ajka. 
Alumina :'lant an overflow channel was installed which solved 
the level control problem, too. In other plants the tanks are 
located in cascade-system or have subsequently decreasing di
mensions. 

The botv~m cone-angle of the steep coned thickeners is 
60°: their diflJlleter is determined by ~he throughput. Tray 
thickeners are of 30-40 m diameter and 2 meters high units with 
central discharge, the slope of the cone is about 4 per cent. 

In case of floury technology disc filters are used for the 
seed hydrate filtration having maximum surface area of 240 ~

The seed is generally not washed /Fig. 2.43/. 

The discs have individual discharges, ~he filtered hyd~ate 
is separated by blowing high-prf;ssure air into the discs cover
ed by filter cloth. 

Several plants apply vacuum drum filters for the filtra
tion of product hydrate wtich can hav£ 0.8-2.0 t/ilh perfonnance 
in case of 10-12 per cent adhel·ed m<.,isture. 

In order to achieve better washing performance the hydrate 
on the filters is washed by water and several filters are c~n-

... _~I 
: 
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nected in counter-current: the filtered hydrate is repulped by 

water, then it is filtered on a second filter and washed, where

as part of the wash water is utilized to wash the primary fil-

ter. 

In case of sandy alumina production disc filters are also 

used, though rotary table filters /pan-filters/ are the most 
widespread. The pan-filter consists of filter plates on a hori

zontal disc, the 'M::l.Sh water passes through in counter-current 
flow and washed-off hydrate is removed by tilting the plates. 

The amount of water used for aluminate hydrate washing 

figures 0.2-1 J/t alumina depending on the technology applied. 

CALCINATION TECHNOLOGY AND EQUIPMENT 

Technology of Calcination 

The aim of the calcination is to remove the adhered mois

ture and bound water content of the a:umina hydrate at a high 

temperature, thus producing alumina consisting of a mixture of 

alpha- and gamma aluminium-oxide. 

The subsequent processes taking place in the course of tne 

calcination of the alumina hydrate are discussed under chap+,er 

2. of the present volume. Howe•rer, the importance of the dif

ferent phases /etha, theta, chi, kappa and delta/ found by 
constant recrystallizations in the course of calcination is 

practically negligible. Above 1000 °c - i.e. the minimum tem
perature of the calcination - solely alpha- and gamma aluminium

oxides exist. From practical point of view gamma aluminium
oxide is read~ adsorbing water and this has to be taken into 

account when storing and transporting it. 

The chemical impurities of alumina are practically the 
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~rune as those of the hydrate. However, the Si0 2 content as a 
c~nseq~ence of the erosion of the kiln lining, and the Fe2o

3 
content due to wearing of the steel structure rise to a higher 
level than it is expected from the composition of the hydrate. 
Part of the Na2o content, at the same time, volatilizes in 
form of a sodium-salt at higher temperature. Excess S and v2o5 
content may get into the alumina from the fuel oil, and this 
has to be taken seriously into consideration when selecting 

the type of fuel. 

The physical characteristics of the alumina depend partly 
on those of the alumina hydrate. It is principally the grain 
distribution of the hydrate which undergoes the most minor 
change in the course of calcination: in case of adequate calcin
ing parameters the desintegration - characterized by the in

crease of grain fraction below 44 ;u - amounts to 2 to 3 per cent. 

On the basis of physical characteristics, in fact, two 
fundamental alumina variants are distinguished: 

Floury alumina, principally produced in Europe and fed to 

SOderberg-type cells. 

Sandy alumina, produced in plants operating by the American 

technology, and processed in cells with prebaked anodes. 

The comparison of the most significant physical character
istics between 'the two alumina qualities is illustrL :ed in the 
table below: 
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?!:.ysic?l :~!:.ar-~cteristics of Fl Jury and Sandy 
Ahuninas 

Table 2.10 

Physical characteristic 

loss on ignition 
specific surface area 
alpha alumina content 
bulk density 

angle of repose 

+ 100 mesh 

- 325 mesh 

floury 

alumina 

o. 3 ~ 
5-10 m

2/g 
60-70 ~ 

0.95-1 t/m3 
40-45° 

0.1 ~ 

50-55 " 

sandy 

0.9-1.2 1a 
40-45 rl/g 
20-30 ah 
o.88 t/m3 
28-32° 
2-8 ~ 
6-10 ~ 

It should be noted that the physical characteristics are 

generally interconnected: in case of lower calcination temper
ature, specific surface area, and loss on ignition are higher 
angle of repose and alpha c0ntent are lower, and vice versa. 

Equipment of Calcination 

The com·entional alumina calcining equipment is the rotary 

kiln with refractory brick lining: its diameter is 2-4 m, the 
length is 50-120 m and the slope of the kiln is 2-3 per cent. 
The alumina hydrate is fed into its upper side, whereas firing 
is performed at its lower end and the final product also leaves 
th rough this end. 

In the Pfeiffer kilns alumina falls through the apertures 
at the end of the kiln into planetary coolers provided with 
:makes for heat recovery and the cold air passing through t,.,. 

coolers is warrnec up in counter-current, entering after that 
the combustion chamber as secondary air. 

Firing of t~f:! calcining kUns is performed by fu.P.l l)i :! or 
by nat11ral gas: the former is atomizP-d by steam or mechanir.al ly 

ft 

-~I 

rl 
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by high pressure. The conventional rotary kilns operate at 
5000-6000 KJ/kg of alumina specific heat consumption. 

The first rotary kiln combined with preheater cyclones was 
built within the frames of the expansion work of the AlmasfUzito 

Plant /Fig. 2.44/. 

The hydrate is preheated approximately to 600 °c :in a 3-stage 
cyclone system a...id the final calcination occurs in the rotary 
kiln itself. Alumina is cooled in the recuperator tubes and in 
the additionally coupled fluidizing coolers, and preheated air 
is utilized within the system. The actual specific consumption 

achieved by this system at the AlmasfUzito Plant approximates 
a value of 3800 KJ/kg. 

The KHD-system installed in the New Ajka Alumina Plant 
recuperates the heat content of the alumina in a system using 
cyclones and recupe~ators. 

In the course of developing the cyclone-kilns the fluid 
bed calcining proved to be the most effective. This is princi
pally utilized for the production of sandy alumina of even grain 
distribution in which the proportion of grains below the size 

of 5 ;i is negligible. Calcining is performed in a fluid layer 
of great volume operating at 1100-1200°c fer a:memi IB"i<Xl of 30 to 
60 minutes, using return cyclones and a dust trap /Fig. 2.45/. 

Alumina hydrate is charged by a duplex screw conveyor sys
tem into the Ven~~ri-tube type fluidizing feed~r. At this stage 
the adhered mois,;ure content of the hydrate is eliminated. Dry 

and mildly dehydrated hydrate is carried by the combustion gas
es into two series-connected cyclones, where its major part is 
separated, then it enters the Venturi-tube fluid bed preheater 
above the return cyclone of the calcining kiln. Combustion gas
es are cooled as a consequence of the heat exchange with the 

hydrate and the latter is heated up to 310-370 °c. The corres-

• .J 
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:;:))!'".ding figure of L.O. I. is about 5 1. Hydrate is separated in 

a cycl·Jne then it enters the fLlid bed calcining kiln where it 

is he~ted ur to 1100 °c. 

TECHNOLOGY Afffi EQUIPMENT OF EVAPORATION 

Water-Balance of the Alumina Plant 

Water enters the circuit of the alumina plant at several 

stages and later on it must be removed keeping in view the 

equilibrium of the circuit. At the same time the alun.inate liq

uor is dilut~d at several stages also inside the circuit and this 

must be compensated by the removal of water at some other points 

of the circuit; as it will be seen later, the major part of this 

water will enter the circuit again. The removal of the water is 

the task of the evaporation, which is inserted into the tech

nological process between precipitation and digestion. 

Two circuit-balances will be described in the following 

for the purpose of illustration: one f)r processing gibbsitic 

bauxite and producing saney a.hmrina,end the other for processing 

boehmitic bauxite and producing floury alumina. The balances 

refer 

1. 

to the production of 1 ton alumina. 

Processing low Al 2o
3 

and Si02 content gibbsitic baux

ite for sandy alumina production 



Input: 

bauxite adh.moisture 

Bauxite bound water 
Liquid caustic soda 
Direct steam heating 
Hydr-cite wash water 
Red mud wash water 

Sand wash water 
Oxalate wash water 
Lime slaking water 

False water 

Total: 

0.30 t 

0.65 t 

0.07 t 

0.69 t 

0.54 t 

4.11 t 

0.33 t 

0.40 t 

0.06 t 

0.50 t 

7.65 t 

.?-141 

Ontput: 

Flashing at digestion 
Red mud liquid phase 

Red mud solid phase 

Sand 
Hydrat~ adh.moisture 

Hydrate bound water 

Oxalate slurry 
Evaporation 

Total: 

0.92 t 

1.84 t 

0.09 t 

0.05 t 

0.19 t 

0.53 t 

0.03 t 

4.00 t 

7.65 t 

In case of selecting only those items from the above bal

ance, which enter the circuit from outside, or which ~.?ave it 

finally, the following balance results: 

Input: Output: 

Bauxite 0.95 t Red mud 1.93 t 

Liquid caustic soda 0.01 t Sand 0.05 t 

DirP.ct steam 0.69 t Hydrate 0.72 t 

Make-up water, Oxalate slurry 0.03 t 
red mud washing 1.12 t Evaporator c1Jndenser 0.60 t 

False waters 0.50 t 

'l'otal: 3.33 t Total: 3.33 t 
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') 
'-. PrJ~essing average quality boehmitic bauxite far 

floury al i.AI!l.i.na production 

Input: Output: 

3auxite adh.moisture 0.49 t Digestion flashing 2.43 t 
Bauxite bound water 0.32 t Red mud liquid phase 2.82 t 
Liquid caustic 0.22 t Red mud bound water 0.11 t 
2ed mud wash water 5.91 t Hydrate adh.moisture 0.22 t 
0uusticization of Hydrate bound water 0.53 t 
soda 0.12 t Evaporation 3.07 t 
Hydrate wash water 1.02 t 
False waters 0.50 t 

Total: 9.18 t Total: 9.18 t 

Items entering the process from outside or leaving it 
finally: 

Input: Outpu.t: 

Bauxite 0.81 t Red m~- 2.93 t 
Liquid causti~ 0.22 t Hydrate 0.75 t 
Make-up water, 
red mud washing 2.60 t 

Evaporation condenser 0.45 t 

False water o. 50 -i; 

Total: 4.13 t Total: 4.1~ t 

Consequently the actual evaporation requirements - 3 to 
4 tons of water for 1 ton of alumina - are significant in '.:>r.Jth 
technological processes and the steam consumption, operational 
costs, investment and capital costs constitute important fac
tors in the costs of the alumina. 

....1 
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Theory of Evaporation 

:n case a liquid or a solution is heated through a heat
transferring wall by steam the liquid, or the solvent of the 
Sc)lution - water ir .. case of alumina production - is transfonaed 
int0 vapour as soon as the temperature along the wall increases 
to a value corresponding to the vaporization pressure, Pv + Hg; 
where p is the pressure of vapour space above the fluid level, 

v 
H is the distance of liquid particles from the surface of the 
fluid and g the density of the liquid. The liqui1 is transform
ed into vapour in the fr- ·.""Ill of bubbles which move upward, carry
ing a liquid flow with them. When ascending the warm liquid :low 
reaches a level of lower pressure, thus bubbles will fo~ ~so 
inside it. Reaching the surface the liquid becomes free of 
bubbles and its relevant part is evaporated. The evaporation 
absorbes heat, consequently the liquid cools down and flows 
downwards again. 

Surface area formation of steam bubbles requires work, con
sequently the liquid has to be overheated in order to be evav-
0rated. In case of evaporating a solution, having always lower 
vapour pressure than the clear solvent has, the necessary degree 
of overheating is even higher. The boiling point rise, corre
sponding the decrease of vapour pressure, is between 10 and 20 °c 
in the alumina plant's practice, and it increases parallelly 
with the concentration of the liquid. 

With regards to the fact that the heating steam condenses 
on the heating surface, a heating steam of higher saturation 
temperature has +0 be applied than the evaporation temperature 
of the overheated liquor. 

As the temperature of the more ~oncentrated solution in-
8reases, the difference between this temperature and that of 
the heating steam /regarded as the m••tive force of heat transfer/ 
decreases: consequently the heat tr~nsferred through the wall 
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and the amount of the evaporated liquid will decrease, too. 
The temperature of the heating steam can naturally be increased 
in order to intensify the evaporation performance, though 
- as it will be seen later - the contaminants of the aluminate 
liquor and the advantages of utilizing back press•_u-e steam of 
turbines for the heating set certain limits to this. 

Lower temperature haating steam can be utilized i:!' the 
evaporation area is under vacuum. In this case gases contained 
in the condensating steam /including air/ can be remov€d, too. 

Obviously, the vapour of the evaporated solvent has to be 
removen, too. This vapour i~ utilized fo~ heating up a further 
unit, where the liquor partl~ evaporated previously is also 
introduced, or - in case its temperature is low - it is flashed 

into condensers. 

Heat Engineering Considerations 

q,,alculation of Heating Surface Area 

The following general formula can be used for calculating 
the heating surface area: 

Q=F.K.£:.t /1/ 

where: ~t represents the average difference between the satu
ration temperature of the heating steam and that of the 
liquor, K is the heat transfer coefficient, and F the 
heating slll'face area. 

The K factor depends on the difference of temperatures 
and this has to be taken highly into consideration in the course 

of designing evaporator units. 
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Steam consumption of the evaporation can be calculated on 
the basis of the laws of conservation of matter and energy: 

For the area of evaporation 

where: Q represents the heat transferred through the wall; G~ is 
" the mass of the solution to be evaporated, G0 is the mass 

of the evaporated solution, whereas Gs represents the 
" mass of the evaporated water; i~, i 0 and is are the cor-

responding heat contents. The values enumerated are re-

latiD8 to unit time. 

Keeping in view that 

the above equation may be converted as follows: 

/2/ 

Relating to the heating surface area, the thermal balance 
of the input and output heat quantities are demonstrated in the 

equation below: 

f 
• 

.. "I 
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out of this 

Q 

Gh = -----
ih - ic 

/3/ 

where: Gh is the mass of the heating steam; ih its heat content 
and ic the hea~ content of the condensate. 

Using the equations 1, 2 and J, first the value of Q, then 
Gh' i.e. the quantity of the required heating steam and finally 
F, the necessary surface area can be calculated. 

Theoretically, 1 kg of heating steam is necessary for evap
oratihg 1 kg of water. The actual steam consumption is generally 
higher as 

the h~at of evaporation is lower in the higher pressure 
heating area than in the lower pressure evaporation 
area; 
the heating steam requirement is aJs0 increased by the 
heat losses; 
finally, the temperature of the solution entering the 
evaporator is generally lower, than that of the evapora
tion area. In practice, therefore, preheated solution 
is fed into the evaporator. 

Multiple Evaporation 

As it was mentioned formerly, the vapour generated in an 
evaporator can be again utilized as heating ::Jteam in a further 
evaporator body. In such a case only the first body must be 
heated with live steam and all others with the vapour of the 
previous bodies. The vapour of the last body is condensed. 

Using triple-, qua~ruple- or quintuple effect evapora

tors subsequently 0.5, 0.37 and 0.3 kg heating steam, resp. are 
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required jri ·1rder to evaporate 1 kg of water. An additional ad
vantage of this system lies in the fact ~hat only 0.5 to 0.3 kg 

or even less steam enters the condenser, the cooling water con

sum~tion of which will decrease proportionally. 

In practice the multiple evaporation is performed by provid

ing each unit with the same heating surface area aiming at es
tablishir.g an even distribution of temperature differences. Each 
further unit of the evaporator line will naturally involve excess 

investment and operation costs. The number of stages required 
for the evaporation process is consequently determined by eco
nomic calculations. "Nhen making the economic calculations the 
production cost of steam, the operation cost and capital costs 
of the units, moreover, the economy of the total alumina plant 
under given evaporation must be taken into consideration. A real 
advantage arises from the fact that back-pressure steam leav
ing the turbines which has already produced electric energy can 

be utilized for heating the evaporator units. 

It must be mentioned that originally uniflow equipment had 

been used in the alumina plant practice, where the steam and 
the liquor advanced in the same direction from one unit into the 
other one. Keeping in mind, however, the facts described in the 
chapter on desilication the system shows disadvantages: The 
spent liquor has a high temperature when entering the unit and, 
consequently, significant silica deposition is experienced 
principally in the first unit and in the second one, too, which 
necessitates the acid treatment of the unit at times. At the ERDe 

time, at low temperature both in the last unit and in the last 
but one carbonate soda is deposited out of the concentrated so
lution and this necessitates frequent stoppages of the equip

ment in order to eliminate the scaling by washing. 

Therefore, modern equipments are working in counter-current 

system: spent liquor enters the circuit at the last unit from 

·---'ill 
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tr.e steam-side and is transferred into tte last but one unit 
by pump, and so on. The concentrated S)lution is directed to a 
flashing line finally, where it is further concentrated. The 

danger of silica deposition decreases in this system to such 
an extent that a single acid treatment per year is sufficient. 
The soda scaling is also less, thus a weekly water treatment 
would satisfactorily remove it both from the first and second 

body. 

Tapped steam can also be obtained from the individual evap
orator bodies and the closer the tapped unit steam is situated 

to the end of the line, the smaller will be the amount of ex
cess live steam /back-pressure steam/ consumed by the first 
body. Similarly, the closer the unit is to the beginning of the 
line from where this steam is tapped, the higher will be its 
temperature. Consequently, steam of the proper temperature can 
be tapped from the evaporator s~t preheating both the spent 
liquor and other alumina plant li~uors, thus decreasing the 
boiler steam consumption. 

The steam economy can also be improved by ratiorial utiliza

tion of condensate waters. The condensate water of live steam 
is returned to the power plant under pressure, at as a high 
temperature as possible /its amount may exceed even 90 per cent/, 
and this results in savings in the boiler steam consumption. 
The so-called alkaline condensate, originating from the va
pours of the evaporator bodie~ can also be utilized partly for 
preheating the spent liquor to be evaporated, but its major 
part is returned to the circuit as make-up water. It is prin
cipally utilized as hydrate wash water, as it is significantly 
purer than the alkaline condensate water of. the digestion, and 
the balance is added to the red mud washing. Calculation of the 

necessary number of stages and heating surfaces is made nowa
days exclusively with the aid of computers. 

. ·~I 
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Mechanical Equipment of Evaporation 

On the basis of the principles envisaged in the above, 
evaporation is performed at present in high capacity multiple 
stage sets evaporating 100-200 t of water per one hour. 

It must be taken into consideration when designing the 
evaporator units that the required heating surface area should 
be located in the smallest possible unit, optimum circulation 
conditions must be established, no cal"X'J-over of drips from the 
vapour area is allowed into the condensate water and care should 
be taken for the continuous removal of condensate "8ter from 
the equipment. 

In the oldest type evaporators of the Robert-system, the 
heating- and vapour area were located in the same unit. These 
equipments, however, did not allow the satisfactory agitation 
of the liquor. 

Inclined tube evaporators have been installed in all three 
plants of Hungary, .. ~1ere more intensive circulation conditions 
for the solution are maintained /Vogelbusch/. 

In the New Ajka Alumina Plant Kestner evaporators were 
installed combining several up-to-date theories /Fig. 2.46/. 
The units operate by the falling film-type mechanism: the liq
uor is pumped into the upper section of the vertical tube
bundle in such a volume that the tubes are not filled up and 
the evaporation takes place by evaporating the water from the 
liquor film flowing downwards on the inner-side wall of the 
tube. As this liquor film is very thin, the evaporation can be 
performed with favourable efficiency. 

Flash condensers are used between the preheaters for 
utilizing the vapours: the heat transfer, therefore, takes 
place directly. ·Though the liquor is diluted by the flashed 

.. .1 
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vapour in this method, the temperature of the liquor entering 

the subsequent unit is significantly higher than that in the 

other type equipment, and it draws near to the evaporation tem-

perature. 

The hot, evaporated solution leaving the last liquor-side 

unit - i.e. the first steam-side one - is flashed in 3-4 
stages and the vapours released in the flash tanks are also 

fed back to the preheater located between the units. 

The vacuum required for the equipment is generated by steam

j et ejectors operating at 1.3 MPa in Ajka ~ by airp~ps in 

other plants. 

Vapour from the last stage is fed j_nto flash condensers 

where cold cooling water is fed, too. In case if no sufficient 
amount of cooling water is available the warmed-up water from the 

condenser is fed into a cooling tower. 

Cooling cells with forced cooling by means of fan are up

to-date units with e~sentially less space requirement and in

vestment cost than those of the cooling towers. 

Flash Evaporation 

Another up-to-date system of evaporating the spent liquor 

is the multi-stage flash evaporation. Thjs system is based on 
the same principle as the counter-current heat recovery diges

tion, or the flash cooling of alumina liquor. 

Spent liquor is heated up to about 130 °c in a series of 
multi-stage preheaters and then it is flashed in 8 to 10 stages: 

flash vapours of the first 6 to 8 stages are ·11Sed to preheat 

partly the spent liquor and partly the produced strong liquor, 
while the vapours of the last two flashing stages are condensed 

in a pRrtitioned condenser. 

.,,.I 
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An example is given in Fig. 2.47. Spent liquor is charged 
into the evaporator between the 6th and 7th preheater stages 
corresponding to its temperaturP, from there it passes towards 
the first preheater unit, then it is flashed in 10 stages. 
Strong liquor is cooled down in the 10th flashjng stage /X.I 
below the temperature of the spent liquor, then it is again heat
ed up to about 70 °c by the flash steam of t:!".e 8th and 9th stages 
/VIII. and IX./. Part of the strong liquor can be fed back into 
the evaporsJ.tor together with the spent liqu0r adjusting thus the 
concentration of strong liquor to the optimum level and decreas
ing the danger of silica scaling. 

The evaporator is heated by the counter pressure steam of 
300 to 500 KPa of the turbine. Pure condensate water is fed back 
to the power plant. 

Alkaline condensate water of the first preheater is fla~h
ed into the steam spaces of the subsequent preheater units and 
it is transferred from the last one to make-up wash water. 

Flash evaporation is principally applied in the sandy tech
nology requiring relatively minor evaporation of diluted solu

tions. Due to silica scalings spare preheater unite are applied 
in the higher temperature stages. 

~1 
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CONTAMINANTS OF SO~IUM-ALUMINATE SOLUTIONS 

Minerals contaminating the bauxite have disadvantageous 
effects on the Bayer technology not only by forming phases which 
increase the NaOH and Al 2o3 

losses and decrease the separability 
of red mud, but by dissolving and accUa.11ulating in the digestion 
liquor, too. 

Most important contaminants soluble in the digestion liq
uor are Si02, carbonates, sulphur-compounds, organic material, 
moreover, phosphore and zinc. Vanadium and gallium content al
so soluble in the liquor, however; not only contaminate the liq
uor but, being separated from the circuit liquor of the alumina 
plant, they cor.stitute the basis of large scale industrial pro
duction of valuable by-products. 

The role of minerals containing silica was already dealt 
with in detail, therefore, we only refer now to the fact that 
an important part of the Si0 2 content of the aluminate liquor 
entering the precipitation separates c~ the aluminium hydrate 
and contamiiJS.te~ the alumina. Consequently, due care must be 
taken to decrease the Sl02 content of the liquor. 

P2o5 content of bauxites is gen~rally 0.1-0.3 per cent, 
and this dissolves easily in the digestion liquor by simulta
neous Na

3
P0 4 formation. In certain bauxites, however, the P2o5 

contained in form of apatite /c~5/F, Cl, OH/ /P0 4/ 3 and cran
dallite CaA1. 3H/OH/6 /P04/ 2 amounts even to some per cents. In 
case the P2o5 

content of the aluminate liquor exceeds the val
ue of 0.6-0.7 g/l, it must be separated by cooling the evapo
rated strong liquor to 20-30 °c and by simultaneous separation 
~f soda or V-containing salt. If the bauxite is digested by 
CaO addition, ca

3
/P04/ 2 is formed ensuring the low P2o5 level 

of the circuit and low P content of the alumina. 

'--.ill 
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=auxites are generally contaminated by zinc, which dis

~':,~ •1es in the digestion liquor in the form of Na2Zn/OH/ 4• Ac
~ording to the data of some Hungarian experts, one-third of the 
ba~xite's Zn content gets dissolved and this amount precipi
tates completely during decomposition /56/. Removal of zinc 
f~om the solution can be realized by Na2S-addition, which pre

~ipitates it in the form of aphalerite /57/: 

ZnS + 4Na0H -.-
The most important contaminating sulphuric compounds of 

bau.xi te are different sulphides and sulphates, and pyri ~e and 
alunite as minerals. Solubility of sulphides in the liquor de
pends consideraoiy on their mineral modification. The presence 
r.;,f sulphides in the aluminate solutions increases the solubil

ity of iron end, consequently, the iron content of the alumina, 
too. The reaction of pyrite with the aluminate solutions can 

CP described by the following equations: 

Su~~ ~tes form Na
2
so

4 
which, in case it accumulates, must 

re~~larly be removed from the circuit. However, the SO~- is 
built in even at relatively low concentrations into the Na-Al

hydrosilicates, and its equilibrium concentration in the liq
uor wiil not exceed 1-2 g/l. Considerable Na2so 4 concentration 
/lo-:io g/J../, must, however, be reckoned with in case great sur
plus of Na

2
s is added for the Zn-removal, as the former gets 

gradu~lly oxided. 

. 
·~ 
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•"..'onstant ~)ntaminants of the s.:idium-aluminate solution 
are NaC:!. and Na?. The f'Jnner enters +:he circ'_li t mainly as tte 
contaminant c,f NaOH /especially in cate NaCl ¥18.S electrolysed 
in diaphragm cell/, whereas NaF enters into it from the ba1;x
i te. 

In the follcwings major concern is given to the two most 
important contaminants of the aluminate solution: Na

2
co

3 
and 

irganic material. 

Carbonate Soda Content of Aluminate Solutions and its 
Regeneration 

Calcite, dn1omite and 3iderite contaminating the bauxite 
desintegrate with an efficiency depending on the digestion 

parameters and on the stability /degree of crystallization/ of 
tte given mineral according to the f1ll0wing general reaction: 

CoJ>..sequently, carbon1+.es have highly disadvantageous 2f:::'e~t 

by forming carbonate soda from NaOH. An additional disadvant<i~~e
ous effec~ of dolomite is that it causes aluminium los~es, t10, 
and forms phases causing significant f rott fonnation in the 
c.:rnntc r-current washing series. 

On the basis of data collected from FKI /Research Institut2 
for Non-Ferrous Metals/, the solubility of Ha2..:;o

3 
in synthetic 

aluminate liquor is illustrated as a f"..mction .1f the caustic 

Na2o concentration and the temperature, in Figs. 2.48 and ?..49. 
The figures show that the solubility of caustic soda decreases 
aignificantl 7 as the cau:~tic Na 2o concnetration increacP.-;, hut 
it depends 0nly slightly ·1n the temperature. ~)01'..1bility 0f c<t1rn

tic: soda in higher temperature ranges fr di~pl~yed in Fig. ,-1 .50, 
on the ba~i3 of Eremin's data /5S/. 

... _"'I 
: 
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The figures apparently show that the carbonate level of 
the circujt ~an favourably be affected by making use of the 
fact, that tb:: increasing of the caustic Na2o concentration 
reduces the solubility of the carbonate soda in strong liquor, 
a.~d thus the soda can be eliminated. Figure 2.51 illustrates 
the shaping of the circuit salt level in the Ajka Alumina Plant 
/Hungary/, as related to the CaO + Jl&O content of bauxite /59/. 

As regards the soda salt separation, the effect of the or
ganic material on increasing the solu~ility of carbonate and on 
decreasing the filterability of the separated soda salt can 
generally be eliminated by heat-treatment of the evaporated 
strong liquor. The filtered salt is regenerated in order to de
crease the NaOH losses by the well-known causticizing reaction, 

2NaOH + Ca003 

An up-to-date meth~d of soda regeneration is the side stream 
causticization in the washing series, a version of which is il
lustrated in Fig~ 2.52 /89/. The essence of the method is tha~ 
/generally/ the o·verflow of the 3rd stage of the red mud wash
ing series is caueticized by lime slurry. It is of basic impor
tance that the concentration of the solution going to caustici

zation should not exceed 40 g/l Na2ocaust• According to the Hun
garian plant practice, in case 0.5 mol Ca/OH/2 is added per 
1 mol Na2co~, the optimum efficiancy is at a temperature of 
90 °c and a-reaction time of 2 noure. This way 40 per cent caus
ticizing efficiency can be realized. 

In case a rel~tively higher carbonate soda level ii admit
ted in the circuit, ·~hie can be maintained often without soda 
salt separation, simply by side-streac causticization. On the 
either hand, if the bauxite has high carbonate contamination or 
if about 10 per cent carbonate soda level is required to be 
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':lainta:ned ir. tLe plant, soda sai t separation is necessary, 
tct>. In 8ucn .:.:ases the up-to-date method is to causticize the 
~eleci:Pd ~alt by dissolving it in the overflow of the given 
N~sher, be:aus~ the equilibrium of the causticizing process 
d~es not depend on the starting caustic ~oncentration but on 
~he equilibrium solubility of Gaco

3 
and 3CaO.Al

2
o

3
.6n

2
o of the 

solution. Unified flow-sheet diagram of soda salt separation by 
heat treatment and of the side-stream causticization is illus
tratad in Fig. 2.53 /60/. 

ALCAN has elaborated a new method recently for the separa
tion of Na2co3 from the Bayer solutions, which is based on the 
phenomenon that the solubility of caustic soda in tbe liquor 
decreases to its one-eights or -tenth if it is cooled down 
from + 10 °c to - 10 °c. The Na2so 4 concentration decreases in 
similar proportion, too. The plant techniques introduced in 
1974 in the Arvida ALUl!ina Pl'Jnt res\.tl ted in an increase of 
c·-1.«.ts"tici ty ::-.!· the soluti:1n from ?'.' to 90 per cent /61/. 

Pechi!1ey recommended I ecer .. tly be.ri'..llil-alumina.te trea"tment 
for purif5..cati-.>n 0f Baj·er soluti0ns, ''Vhich is e.dequa.te to re
move, bei::.d.e.3 the car~8nate chloride and organic matter, prin
:ipa..1 :y oxs.l'lt'!, t-:>o. 2'r:ey B"tate that the process is e:onomic 
~.f' barium-a:i..uminaie is cont:'..nuouc~ly re:g~nerated. Caustic con
t~nt of the solutions can, in el 1 cases, be reduced to below 
6 per cen-t;, thi!'! chloride will dec".'ea.se t•J below l per cent Md 

the Corg content to below l. 5 per cent of the total Na2o. Oxa
late content of tte !iltered hydrate decreasea to its one
third - ·me-fJu.rth. Efficiency of precipitation increases by 

8-10 kg Al?03/~ /62/. 

Role of Organic Matter in the Alumina ~lant Solutions 

Bauxites generally contain 0.05-0.3 per cent 0rganic mat
t.er. This runount is Hsually considerab~ y les3 in karsti~ baux

i t"?ci /0.()5-0.J') p~r· .::P.nt/ ti'ian in J..:Jtheritf' bauxites /0.2-

0.1 per cer.t/. 
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Organic mat~er content 0~- cauxi tes pa1·tly dissolves in 
t:1e li'.pJr :luring digestion and it is enriched to equili ~rium 
level. Apart rrc~ the bauxite, considerable organic contamina
tion of the Bayer circuit comes from the desintegration of 
starch /flour/ charged for promoting the red mud settling, too. 

Accumulation of organic matter in the Bayer ~ircuit has un
favourable effects on nearly all the process stages. In spite 

of this, the problem has not got a final solution yet. In the 
following, first the role of organic matter in the Bayer tech
nology, than the problems arising from its quantitative and 
qualitative determination, and finally the elimination possi
bilities of technological difficulties related to the effects 
of organic matter will be discussed. 

Effect of Organic Matter on Technology 

Development of the organic matter equilibrium in the Bayer 
c!:-cuit is illustratecl in Fig. 2.54, 'ty the organic matter ba}
ance of the Alma.sflizi to Alur.1ina Plqnt /Hungary/ rec0rded in 

1 J62. The figure shows that abo1.lt 3G p~r cent ''.'f the organic 
matter came from the flour charged as settling aid and that 
not only the quantity separated b:,· hydrate, but also that sepa
rated by carbonate salt has a ~ignificant role in the fonnation 
of the equilibrium /63/. 

In the course of analysing certain operations of the Rayer 
technology, the technical literature deala especially with the 

problem of precipitation /64, 65/. As regards organir. matter 
fractions, especially sodium-oxalate is considered to be dis
advantageous, as adsc..rbed on the surface of the hydrate signif
icantly decreases its seeding effect, and the efficiency of 
precipitation, too. Fig. 2.55 illustrates the pr~cipitation 

data gained from the permanent processing of Weipa bauxites. It 
can be well '.)bserved that the organic matt8r ~ontent increr,:;ed 
from 4.6 g/l. to 6.9 g/l, and due tr1 tripli~11ti1n 1)f fJrJCii 1im-

'"'-~1 



FROM FLUOR 
0 40 kg/t 

FROM BAUXITE 
l 50kgft 

. ...... . --· 

.._ FRCJo4 BAUXITE 2 40 kg/t 

~FROM FWOR 1.0 kglt 

..-- FRC»4 OTHER SUBSTANCE~ 

..,.0 2 DESINTEGRATION 

-~~ ..,. WITH SALT 0. 9kg/t 

.-..-~ _,.WITH HYDRATE 0. 5 kg/t 

Fig.2. 54 
I •• I • 

ORGANIC MATTER BALANCE IN THE ALMASFUZITO 
ALUMINA PLANT IN 1962 

2 3 
TIME, DAYS 

I AFTER HAVING PROCESSED EURJPEAN BAUXITE FOR A LONG Tfl.£ 
11 AFTER HAVl~~G PROCESSED WEIPA BAUXITE FOR 5 MONTHS 

Fig.2.55 

DECOMPOSITION CURVES (EUROPEAN AND WEIPA BAUXITES) 
PREGNANT LIQUOR· 150g/I Na20, 1509/1 At2031 MOLAR RATIO 1.645 
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!".:..A..-r..'lni te t!:e r re,-: pi :at:'!! e:fi~iency do::·:reqsed c-n:.siderr: ll y. 
/..t t:-,e sa..":le t~'.':J.•·, t~:e fra~ti~:::: te~·::>w 1·1 /L"!l ': _:.__/::Jj~ in~reas

ei fr')m 15 to 35 per cent. The s~udy /65/ p')ints als.J at tr.e 

fa~t that thE disad,:antageous effect of sodium-humani tes on 

t[.e precipitation efficiency as compared to sodi:.un-:Jxalate i::: 

g-reater by one order of rnagni tude as it is shJwn in Fig. 2. 56 

and 2.57. 

Acco!'ding to Bell's tests /66/, 70 per cent of the stard~ 

is bound very hard on the surface of the red mud; 10-15 per cP.:r,t 

is desorbed in the settlers and about 5 per cent in the washers. 

Other organic matters occurring in the plant liquors have·gen

erally a smaller effect on the adsorption of the starch. 

According to Hermann's and Jung's tests /67/, when process

ing Gove and Weipa bauxites 61.7 per cen~ of the organic matter 

n.r.+.ering the CiL~cui t leaves wi "th the red mud and 25. 6 per cent 

is transformed into so:iium-0xalate. As ttie s·Jlubil i ty of sodi'A:J

·Jxalate depends ·•n tr.e :·h')O concentration, the Na./~?U. acc11ID.~.J.la-
- - - 4 

'tes in the hydrate wa::;!': .... -ater. 

The organic matter contributes significant1y to the over

~at1.iration of aluminate solution.'3 by soda. T!·,is causes tPchnol

'.lgical difficulties ~d surplus expen~;.~s in soda saJ t separa

tion anc evapor~tion. On the other har.d, high soda concentra

ti'm :iecreases signifi .:;J.r:tly the efficiency of precipi tatbn 

and promote~ sealing. The t?ffect of organic matters /humic aci.1~ I 

on the s0lubility of c~rbonate soda is sl1own in Fig. 2.58. The 

figure clearly shows th::\t, d:.ie to the imfav·Jurable filteratiil-

i ty of the poorly crysta.ll ized soda, the soda cor.tent 0f the 

solution after fJ.l trRtion is about two-fold of tr.e 3')lution 

with no organic matter. 
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Identificatio~1 of Organic Matter of the Solutions 

An indispensable condition of revealing and resol,·..1..ng the 
organic matter problem is to identify not only the total organ
ic material content, but also its different fractions as regards 
both quality and quantity. 

A reliable measuring method of the total organic matter con
tent is based on peroxi-disulphate oxidization /68/. Elaboration 
of detailed fraction analysis has been solved rece~tly by Hunga
rian and Canadian researchers /'36, 69/. For the illustration of 
the compositions of different aluminate solutions Table 2.11 
based on the tests of Hungarian researchers, is presented /36/. 

Lever /69/ classified the organic matters of the Bayer cir-
cuit into three groups: 

humic acids, starting degradation product of which has 

a molecular weight of above 500 
intermediate degradation products forming "building 
blocks" of the great humin mo1-ecules, such as benzine
carboxilic acids and phenolic acids 
low molecular weight degradation products, such as formic 
acid, acetic acid and oxalic acid etc. 

Lever examined liquor samples of two plants processing 
Jamaican bauxites. He found 8.5 g/1 Corg content in the liquor 
of of the plant operating at 135 °c digestion, and 15 g/l Corg 
in that operating at 240 °c digestion. The proportion of the 
humic acid in both liquors was 25 per cent, whereas that of the 
intermediate degradation product was 22 per cent. He found, 
however, characteristic deviations in the group of intermediate 
degradation products, in the amount of certain fractions. 

... _~I 
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Distribution of Organic Components in Aluminate Solutions 

~ 

" 

Sample 

Model aluminate solu-
tions 

, 
~. 

2. 
3. 

Plant !)roclucts 

Plant liquor of 
AlmasfUzi to 

Altm1ina hydrate 
af Almas fUzi to 

Plant liquor of 
Giul ini 

Total 
amount 

of 
organic C1-C5 
carbon 

Ji-66 g 

Fatty 
acids 

0.539 22.9 

o. 435 13.0 
4.81 23.1 

6.62 52.8 

0.032 43.7 

16.1 28.5 

Table 2.11 

Components expressed in organic carbon 
/in the ~ of the total amount of org.carbon/ 

Aliphatic Aromatic. Humic Amino Fulvio Non-amino 
dicarbox1.lic poly- acids acids acids acids 
acids carboxilic r.'1ntRin-

acids ing N 

15.6 28.2 1.2 3.3 28.8 not meas-
ured 

29.5 8.1 14.5 4.9 22.1 8.5 
56.5 o.o o.o 13.5 3.1 1.9 

10.9 11.5 3.4 3.3 13.3 4.4 

50. 8 1. 3 5.1 not measured 

12.0 27.5 1.0 0.6 26.8 3.6 

'-~ 

N 
I 
I-' 
-J 
0 
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Reducti·Jn of the Unfavourable Effect of Organic Matter 

At present, principally in plants processing tropical 
bauxites, regular separation of oxalate content is performed, 
utilizing the fact that the solubility of sodium-oxalate is 
depending on the Na2o concentration. In Hungary, oxidization of 
runino acids by sodium-hypJchlorites is applied on plant level, 
to uphold the e~uilibrium. Successful tests were performed with 
different adsorbents, too, but the overall spreading of this 
method has up to now been restricted by the relatively high 
cost of the adsorbents and by the problem related to th3ir re
generation. 

In the European alumina plants organic iDB.tter is removed 
even presently with soda salt. In such cases, however. care 
must be taken not to return the organic matter into the system 
after causticization. To lolve this problem, soda salt is roast
ed at some places, or utilized in other chemical plants or pu
rified from the major part of the crganic material by crystal
lization. 

For oxalate removal, separate evaporation of hydrate wash 
water can be taken into consideration. 

In the course 0f processing, certain degradation of the 
organic matter takes place spontaneously. This phenomenon 
serves as the basis fer researches on the oxidative destruc
tion. 

.. ~1 
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V ArlADIUM AND GALLIUM REOOVERY AS BY-PRODUCTS 

Amonc the trace elemrnts of bauxites, gallium and vana
dium are of special importance a.S they accumulate in the 
Bayer circuit to such an extent which makes possible their 
industrial recovery. Most important raw materials of gstllium 
prod~ction at present are the bauxite and the alumin~ plant 
liquors, respectively, all over the world,·and they can also 
be regarded in E~veral countries as not quite exclusive but 
the most important raw material sources of V-production, too. 

Vanadium Reccverz 

Hungarian researchers /70/ established by means of elec
tron-micro ;i·~abes that the dispersion o:t· vanadium in baux
ites is statistically even, that is, neither separate V-miner
al nor local accumulation can be detected. Based on dissolu
tion tests the amount of dissolved V is considered to be pro
portional to the hematite content of bauxites, and the partial 
dissolut:.on is attributed to the pr,rtion built into the goethi
te lattice as an isomorph contamina.n~, which can not be dis
solved by the traditional technology. 

Under usual digestion conditions 30-40 per cent of the 
bauxites' V-c:mtent can be dissolved in the digestion liquor 
in the form of Na

3
vo 4• 

The degree of dissolution deviates in case of different 
bauxite types. Roa~ting of bauxite increases the amount of 
dissolved vanadium, due to decomposition of the goethite lat
tice. 

As regards V-equilibrium, not only the ~a3vo 4 content of 
plant liquors has to be taken into account, but their NR 2P0

4 
• 

• NaF and Na3Aso 4 content, too, as these form octahedron crys
tals of the composition 

. -41 
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which can substitute each other isomorphically. 

Solubility of the v2o5-P2o5-F salt systtf.lle in function of 
the temperature, in a liquor of 130 g/l Na2oc and a molar ratio 
of 4 is illustrated in Fig. 2.59, which showe that the solu
bility of v2o5 decreases significantly by cooling-down of the 
solution /71/. This phenomenon provides the basis of vanadium 
salt separation. 

Equilibrium concentration of v2o5 is affected by the amount 
1f calcite or dol<miite impurities fed with the bauxite, Cao add
ed to the bauxi~e in order to intensify digestion, or utilized 
in side stream caust~cization in the washing lines. 

v2o5 dissolution in function of the v2o5 concentration of 
the digestion liquor is illustrated in Fig. 2.60, whereas Fig. 
2.61 shows the changes of v2o5, P2o5 and F content, in function 
of Cao content of the red mud /71/. 

V-salt separation from the alumina plant liquors is gen
erally performed at present by cooling down the evaporated 
liquor /strong liquor/ to a relat~vely low temperature. This 
way a salt with rich V content can be crystallized even from 
liquors of considerably low P2o5 content. This is shown by the 
curves of Pig. 2.62, where the equilibrium v2o5 concentration 
is illustrated in the function of crystallization period, when 
cool ir.g liquo; ·s with different P2o5 content /71/. 

..1 
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LIQUOR CONCENTRATION: k Na20= 130g/I 
Mr: 4.0g/l 

1v-i0s 
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I I I . 
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VANADIUM SALT 
SEPARATION 

Fig. 2.59 

CHANGE OF SOWBILITY OF VANAOIUM-PHOSPHORUS-FWOR 

SALT SYSTEM vs. TEMPERATURE 
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1. HAllMIA BAUXITE • 3. S •1. CaO 210-C 

2. HAL.IMBA BAUXITE • 3. S •1. CaO 240'C 

3. ISZKA BAUXITE • 3.5 •1. CaO 240'C 
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Fig. 2.60 

V205 DISSOLUTION vs. V205 CONCENTRATION 
IN THE LIQUOR IN CASE OF DIGESTION WITHOUi 
ADDITIVES AND WITH 3. S PER CENT OF CaO, RESP. 
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_: 'i.~ ,:-:.,,~Jient to separate first a soda salt with low 

.:· ') cor~~er1t '.it n Higher temperature, a."'l.d to produce crystals 

~ :· ~·id" V cont ::n:. 'by further cooling of the filtrate. For the 

·~ke of illustre.~ion Table 2.12 displays some data with respect 

~-· +he composition of V-salts of Hungarian alumina plants i72/. 

~omponents 

Adhe~ent moisture 

F 

V205 

P205 

Na,::CO 3 

Na2'c 

1 -'· •. · Jli ·r~!l h yd r .. .-t. ~ 

Com,eosi t).on of V-Salts 

Almaaf'Uzito 

34.6 1' 
3.4 

12.5 

13.5 

:::._. l 

1 /'\ 
~ . '-

'J?.2 

Table 2.12 

AjkE'- Magyar6var 

37.2 ~ 44.7 1' 
3.2 3.8 
6.5 13.0 

16.9 16.5 

5.9 3.2 

1. 4 4.2 

30. 5 17.0 

\'-e:a1.t i.F generall! processe1 i.nt.o v2o5 containing prod-

1i.cts of variou::t ;: ..<ri ty, or into ferrovanadium. Most of the 

V/'s oroductl·l!l pr"'ce}~·ies ca!l be charactarized by the follow

ing pr.:.1cess staG~o /73/: 

1. B~neficiatioc, i.e. generally a fractionized crystal-

1izati-:·n. 
2. Di9s0lution of the crystal, production of vanadate 

so1 ~J.t:on. 
). Purif.i.cetion of vanadate solution, a determining 

factor as regards the purity of the final )':>roduct. 

'fhis pr0:icess can be performed by Cl ifferent methods, 

i...Asen. on: 

) 
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a/ removal of impurities /crystallization or bound• 
ing of the impurities/ /74/ 

b/ bounding of v,Anethods applying line or 8111Donium 

Bal ts//75/ 
c/ ion-exchanging /with liquid ion exch&nBera or with 

synthetic resins/ /76, 77/ 
d/ electrochemical separation of v2o5 /78/. 

Pig. 2.63 illustrates the scheme of v2o5 produc+ion applied 

in Hungary. 

Gallium Recovery 

Ga is a highly significant rare metal of present times. 
Its production on industrial scale which, in the given case, 
involves some tone/year order of magnitude, dates back to a few 
decades only /79/. Ga content of b!Lu.xites is generally between 

0.002-0.006 per cent. During iigeetion 60-70 per cent of this 
amount is dissolved in the eo1Uum-alumi,..11te solution an.d accu

mulates to o.15 to o.25 g/l. 

The first Gri-producing methods were based on the fact that 
Ga.-hydro~ide has more acidic characteristics tha.n the al:uninium 
hydroxide does. Beja /80/ and Farary /81/ e~tracted Ge. from Ga
and Al.-hydroxide mixtures. The sudden development of Ga-prod1~.~
tion is attributed to Pierre de la Breteque's /82/ iavention, 
who discovered that the gallium cm1 directly be electrolysed 
from the plant alumina.te solutions on a continuously purifhd 
Hg-cathode. Further development of this invention ·NB.a the ap ... 
plication of Na-amalgam cathode and the recognition of amalgam 
reduction, which led to the developing of different construc

tion intensive cells /83/. 

Process flow pattern of the amalgam cathode process is 

illustrated in Fig. 2.64 /84/. 

Oi\I 
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ThP. ~coplPX technology of the Ajka Alumina Plant for Ge.
production of 6N purity r,onsists of the following mail" stages: 

l. Purification of liquor before electrolysis. 

2. Beneficiation electrolysis, separation of Ge. in an 

amalgdIIl cathode electrolysis cell. 

3. Desintegration of Ga-amalgam by producing Na-gallate, 

and filtration of the solution. 
4. Fine electrolysis and preliminary acid purification, 

produ~ing 4N purity metal. 
5. Electrolytic refining, in more stages if required, up 

to e·1 en 6N purity. 
6. Zone smelting. 

High purity Ga2o3 production has to be mentioned also 

which can be realized starting froirt Na-·gallat~ solution or Ga 

metal. 

In spite of the relatively high production and up-to~ate 

methods, a worldwide intention has been experienced to avoid 

applicati0n of Hg which is an environmental contaminant, harm
ful to health, and to extract Ge. on a soL.d cathode. It is 

well 1crlovm from the technical literature ~hat principally the 

V 
2
o

5 
and organic content of tl'.e plant liquors sets limits 

to this process /85, 86/. In the recent years several soluti,:,ns 

have ~=~n suggested to ~on-Hg cathode recovery of Ge. from alu
mina plant liquors, by preliminary intensive purification of 

the liquor. 

Two main trends ~an be mentioned~ 
recovery on solid cathode or on Ga-Al liquid cathode, 

extraction fro~ alkaline medium /87, 88/. 
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