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S5AUXITE, THE RAW MATERIAL OF ALUMINA PRODUCTTON

Bauxite was discovered in 1821 by a French protessor,
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 amourits of hematite goethite, kaolinite, anatase,

rutile, ilmenite etc. contaminants.

Characteristic Types of Bauxite

The composition of bauxite can - in general - be charac-—
terized by the data listed in Takle 2,1 /1/.

Composition of Bauxite

Table 2.1

Chemical Mineralogical

Gitbsite A1,0,.3H,0
A1.0,: 40-65 per cent Boehmite} 0. HO

273 1
Diaspore 2”372

Kaolinite AlA/OH/g.Si4Jl

510, 0.5-10 per cent QO

2 Quartz SiO?
i N
Fe20 : 3-30 per cent Hematite Fe2L3
3 Goethite Fe,0).H,0
Ti0,: 0.5-8 per cent Anatase TiO2
’ Futile

In gibbsite, boehmite, dias-
pore, kaolinite, goethite

H?O: 10-34 per cent

Trace elements: Mn, °, Vv, Cr, Ni, %a, Ca, Mg etc.

Organic matter




On the basis of their mineral composition, bauxites can be

listed into the following five types:
- pure gibbsitic bauxites
- gibbsitic bauxites containing quartz
- mixed bauxites /gibbsitic + boehmitic/
-~ boehmitic bauxites
- diasporic bauxites

With respect to the selection of the process technology,
the mineral composition is of vital importance.

As regards quantitative distribution of the above 5 types,
pure gibbsitic bauxites and gibbsitic bauxites containing quartz
sccur in the largest amount, the laterite bauxites falling bas-
ically into these two groups. Because of economical considera-
tions, generally that type is called gibbsitic bauxite, in which
the A1203 content in the monohydrates /boehmite + diaspore/

is less than 5 per cent.

Karstic bauxites are generally of boehmitic or diasporic
type, though they can have considerable gibbsite content, too.
The term diasporic bauxite is used in case when at least 5 per

cent of the Al2O3 content is bound in diaspore,

Table 2,2 illustrates 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 tie point of view of the processing.




Mineralogi~al Composition of Bauxite Samples

/Cata determined by ALUTERV-FKI/

Table 2,2

Component %

Bauxite Sample

Nol Mo2 No3 No4 N 5 No6 No7 No$8
A1203 in
gibbsite 42.3 37.9 25.5 45.0 16.2 - 1.5 2.5
boehmite 3.1 2.0 1.0 7.8 24.5 17.2 49.5 2.8
diaspore 0.2 0.8 1.0 0.8 1.3 35.0 - 38.9
kaolinite 1.4 1.5 2.7 3.4 4.7 3.8 8.4 4.7
illite and trace 0.9
cericite
goethite 0.5 1.4 2.7 2.1 0.2 0.6
hematite 0.6 0.4 1.0 0.4
maghemite and
magnetite 0.5
chamosite trace 1,2
corundvm 0.5
lithiophorite 0.2
crandallite 0.1
amorphous 4.0
A1203 total 48,4 44,0 138.9 57.0 49.2 56.0 60.5 51.0
SiO2 in
kaolinite 1.6 1,8 3.2 4.0 5.5 4.5 9.9 5.9
illite and
cericite - - trace - - 1.5 -
chamosite - - trace - - - 1.1
quartz 0,5 0.7 8.5 1.0 - 0.1 - 0.7
SiO2 total 2.1 2.5 11.7 5.0 5.5 4,6 11.4 7.2

)




Table 2.2 /cont./

Co

mponent %

Bauxite Sample

Nel No2 No3 No4 No5 No 3 No7 No 8
Fe203 in
hematite 15.1 15.3 10.5 6.0 9.7 18.5 3.1 15.2
goethite 4.2 10.2 11.0 1.0 10.2 2.5 5.9 7.6
maghemite - - 2.0 - - 0.7
magnetite - - 3.5 - - -
chamosite - - - - - 2.2
siderite 0.4 - - - - -
Fe2O3 total 19,7 25.5 27.0 7.0 19.9 21.0 8.6 25.7
TiO2 in
rutile 0.5 0.4 0.8 0.4 0.6 1.7 - 1.1
anatase 2.2 2.2 1.5 2.1 1.7 0.9 2.8 2.0
TiO2 total 2.7 2.6 2.3 2.5 2.3 2.6 2.8 3.1

Origin of the bauxite samples:

1. South Manchester Jamaica /gibbsitic/

2. Aya~Nyinahin, Ghana /gibbsitic/
3. Gove, Australia /gibbsitic with quartz/
4, Weipa, Australia /gibbsitic + boehmitic/

@ ~J O W
¢« e o

Itea, Greece /diasporic/

Lang Son, Viet Nam /diasporic/

Severoonieshk, Soviet Union /boehmitic/

Iszkaszentgydrgy, Hur.gary /gibbsitic + boehmitic/
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Bauxite Teserves and Quality

The world bauxite production in 1970 was 58.2 million
tons, whereas the total amount of extracted bauxite up to
1970 reached 636 million tons /1/. The world consumption in
1976 increased to 80 million tons. Whereas De Weisse estimated
the total ore reserve to be 8 billion tons only in 1972 /1/,
Lotze /2/ in 1978 states already 38 billion tons for the same.
This suggests as if the reserves were unexploitable, Lotze
describes, however, that in case of an overall examination of
the specific hauxite costs in the alumina production, moreover,
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 cvplains
why most of the bauxite importing countries make efforts to
process domestic raw materials with poorer quality and lower
AM-content /3/.

Evaluation of Bauxites for Alumina Production

Evaluation of bauxites for alumina production is baged
on the fact that more than 90 per cent of the world’s total
alumina is produced by the Bayer technology in which A1203
and NaOH losses, at alkaline digestion of bauxite, are propor-
tional to the reactive SiO2 content of bauxite, The composi-
tion of the sodium-aluminium hydrosilicate formed can be given
by the following summarized formula:

3/Na0 . a0, . 2510,/ . Na,X . ag




2-

wheres X = CO3

; SO0, ; 20H ; 2C17; 2A10. ; etc.

3

2—~
4

In case of producing bauxite for the market, investiga-
tions related to fulfilling of the qualit_tive requirements
stated in the transport conditions are mostly restricted to
the chemical analysis of the major components. The basis of
transportation contracts is still formed by the basis number

B = AL,0y % - 2510, %.

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 & per ton

The basis of evaluation in the USA is often not the total
Al203 content, but only that part of it which is "available"
/soluble/ under standardized conditions, moreover, distinction
is made between the reactive /kaolinite/ and non-reactive

/quartz/ SiO2 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 form: B = A1203 - ZSiO2 - Ca0 - MgO.

Another widespread system — commonly used in the I'SSR,
for example - is the classification of bauxites on the basis
of their "module" defined as the quotient of the Al203 and
SiO2 content of bauxite /'1\1203 per cent/ SiO2 per cent/.

The module emphasises the effect of 8102 content on the
caustic soda consumption, bhut realistic valu~ or the bauxite
is given only by simultaneous determination of the Al?o3 con-
tent, too.

- Wea
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LTV TIATIYTRRIXIDES AND -0XIDES

Al-hydroxides and Al-oxides are of vital importance am.ne
ti.e Al-minerals of oauxiies and tne compounds formed during
aiumina production. Thelr structural characteristics are il-
lustrated in Table 2.3 based or the puklications of ALCQOA Ze-

search Laboratories /5/.

AMuminiumhydroxides

Al-hydroxides may occur in trihydrate form /gibbsite,
cayerite, nordstrandite/, monohydrate form /boehmite, diaspore/
and as alumogel,

alumogel plays a significant role principally during baux-
ite formation, it is a metastable state, which recrystailizes

later on to gibbsite.

There is no natural bayerite occurrence, it is formed
generally at low temperature in dilute, alkaline s»lution:,
Tn case of being stored for a longer period or neating io =2f
the solution, it is transformed into gibbsite.

Gibbsite is the main component of tropiczl laterite-baux-
ites, although it occurs in the North-American and Europeanr
deposits, too. The crystal habit of natural gitisite is ger-
erally pseudohexagonal, laminated, whereas artificial gilbosil?
may form elongated pseudohexagonal prisms. The grains of gitts-—
ite precipitated in the course of tlie Baver process are aggre-

gates of laminar and prismatic crystals.

Nordstrandite was produced artificially by an American
chemist, Nordstrand, only in 1956. It has been detected by
several researchers in various bauxite deposits. Davis =nd
Hill /6/ found it in Jamairan Bauxites. Its chemical

characteristics are similar to those nf the gibbsite.

e




Structural Properties of Oxides and Hydroxides

Table 2.3
Mo.ecules
Crystal Space Unit Axis Length ] Density
Phase Formula system Group g:§1Unit 8 b c ' Angle g/cd Reference
5 o}
Gibbsite Al/0H/, Mono- C: 4 8.68 5,07 9.72 94734' 2,42 Saalfeld
3 cline 24 /1960/
Gibbsite Al/OH/, Tricline ... 16  17.33 10,08 9,73 94°10’ .... Saalfeld
3 92908" /1960/
900’
Bayerite Al/OH/, Mono- 034 2 5.06 8,67 4.71 90°16’ 2.53 Rcthbauer
cline et al
Nord- . 1 Omns
strandite Al/OH/3 Tricline Cj 4 8.75 5.07 10,24 183”%8' cese Saglfeld
an
88°20° Jarchow
Boehmite Al00H  Ortho- Dyl 2 2,868 12.227  3.700 ... 3.0l Swanson
rhombic and Fuyat
Diaspore A1OOH  Ortho- D% 2 4.396 9.426  2.844 ...  3.44 Swanson
rhombic and Fuyat
Corundum A1203 Hexahonal ng 2 4.7158 - 12,991 oo 3.98 Swanson,
/Rhombic/ Cook et al




Though of nc practical importance, it should be noted

tere that Karsulin /7/ discovered z new mineral in a bauxite
a=posit near Montenegro of 2A12/'OH/6 . HZO composition, named
tucanite by him.,

Nemecz and Varji /8/ detected the mineral scarbonite
12Al/0H/3 . Al2/003/3 composition in the Pilisv3rdsvdr baux-
ite deposit.

Boehmite is the most important aluminium mineral of karst-
ic bauxites. Tt can be easily produced artificially from gibb-
site in digesters, at a temperature of 150 °C in water medium.
Boehmite often forms small crystals dispersely mixed with iron
minerals, so that it can not be identified even by optical
methods. The particle diameters vary between 100 2 and 1000 %.
In certain deposits, however, it occurres in a well crystalliz-
ed form, The significant deviation of the ecrystallization de-
grze obviously affects its solurility.

Diaspore is the 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-
hydroxide in water medium, by digesting it at 280-420 °C tem-
perature awn 140 bar pressure.

Aluminium Oxides

Several modifications of aluminium-oxides are known, the
most stable of which is df-A1203, corundum, occurring in the
nature, too. The alumina used for aluminium electrolysis is
a mixture of °C-A12O3 and the so-called intermediate A1203-
modifications, which are produced by ignition of gibbsite to a
temperature higher than.lGX)OC, sometimes in the presence »f
a mineralizator. By heating up any kind of aluminium-hydroxide

t> higher temperatures, dC—A1203 /corundum/ is formed as -

C Wea




Fal P R ™ - 3 —~ - = a7 S yv T cewia e < -
tinn. orodact, Jecomposition seuence of a2luminismhvdroxides
-+
[

2% neating is shhem in Pig, CL1 /5
1t XORTANCE OF THE BAYER TECHNOLOGY IN THE AUMINA PRODUCTION

At present, more than 90 per cent o7 the world’s alrmins=
i1 produced 'y the Bayer proczess, a simple technology provid-
ing nigh purity final prnduct. Apart from some exceptional
local conditions, bauxite is processed almost solely by this
technology.

As a beneficiation process, alumina producztion releases
the Al;,O3 content of bauxite from other accompanying oxides
thus providing alumina suitable for electroliyrsis in a cryolite
melt,

Characteristics of ihe Bayer Technology

The basic theory of the Baye. process was elaborated by
~.«d. Bayer and described in his patents in 1887 and 1392 /3/.
Tne first patent refers to the dssintegration of sodium-aiu-
minate solutions with the aid of seed crystals of aluminium-
hydroxide or of carbenic acid, that is, to the precipitation
and carbonation processes, The second patent formulates “he
concept that the Al203 cortent of bauxites can be dissolved :
in sodium~hydroxide solutions, with the formation of sodium-~

sluminate, a process called digestion nowadays.

Industrial practice of the Bayer technology is based, up
to this time, on the above two concepts which can be described
uy the following reactions:

a/ for gibbsitic bauxites:

>100 °c
AJ/OH/3 + NaoH S — NaAl/O'r{/A

<100 °c
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b/ for bozhmitic bauxites:

[e]
A1OOH + NaOH + H,0 =290 G NaAl/OH/,

¢/ for diasporic bauxites:

n
ALOOH + NaOH + Ca/OH/, + H,0 =240 C, Na&l/OH/, + Ca/OH/,

In case of reaction ¢, 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 digestion in the ahove reaction equa-
tioms is aiways determined by the solubility of the Al-mineral
characterizing 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 Fel_xAleOH ~ composition alumogoethite into hema-
tite. The A1203 content built into the alumogoethite-lattice,zp-
proaching often the limit value /x = 0.33 molar per cent Al/, be-
comes soluble this way, and an easily separable, brown, he-
matitic type red mud is formed. The reaction equation in such

cases is the following:

d/ for goethitic bauxites:




s Q
_ AL O0H + NaOH Z20 C Fe,0, + xNaAl/OH/,

catalyzer 273

Fel

At higher temperatures Ca0 /10/ is added as catalyzer,

whereas at lower temperatures Ca0, anions /SO4 ; C17/ and
cations /Fe2+; Mn2+/ are added simultaneously 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 brux—
ite 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 two
different variants of the Bayer process have been develoned.

The A1203 content of gibbsitic /trihydrate/ bauxites can
easily be dissolved: it is digested, consequently, at a tem-
perature of maximum 140-145 0C, in a digestion liquor of rel-
atively low concentration /120-140 g/1 Na2ocaust/' whereas
boehmitic and diasporic /monohydrate/ bauxites are digested at
a temperature of above 200 O¢c fat 240-250 °C in modern
plants/ and at a higher liquor concentration /180-250 g/1

¢ et . " . "
Na2ocaust/' The first technology is called the "American”,
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whereas the second one the "European® variant because, due

to the deviating characteristics of the processed bauxites,
the two technulogies 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/1 Na20

caust
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 difficvlties of the technology are inflicted by the
reactions between the minerals of bauxites accompanying the
Al-hydrexides and the digestion liquor. The mc3t serious dis-
advantage of these reactions lies in the transformation of the
Sio2
nite structure, which are insoluble in +the liquor and,

content into Na-Al-hydrosilicates or sodalite or cancri-

when leaving the process together with the red mud, they cause
Na20 and A12O3 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 SiO2 content determines the market price of bauxites.

In sddition to the 8102 content, TiO2 content must also be tak-
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Main Characteristics of the European and American

Variants of Digestion

Table

2.4

Typical Parameters

European Bayer Amer:ican Bayer

Variant Variant
Temperature at the end of
digestion, °C 200-235 /250/ 140-145
Temperature after
recuperation, C 135-185 110
Pressure of digesters,
kg/ctt 12-30 /50/ 4
Composition of solution
after digestion:
Caust. Na20 g/l 200-300 120-140
A1203 e/1 190-300 125-150
Molar ratio /1.45/1.50-1.75 1.50-1.60
Caust.Na2O/fotal Na,0 % 90-93 60-50
A1,0, produced of 1 o of
digestion liquor, kg 90-150 50-80

Composition of Dry Baux- Monohydrate o . . . Trihydrate [ . .4

ite and Red mud Bauxite Bauxite

Loss on ignition % 11.5-12.5 8-10 29-30 10
Total AlﬁOB % 53-56 16-20 55-57 20-22
Sic, % 4.0-7.0 8-12 2.0-3.0 10-12
Fe263 % 24-26 40-50 7-9 3640
Ti0, % 2.5-3.0 5.5-6.5 2.5-3.,0 10-12
ra0 0.2-0.4 - 0.1 -
N2, Oy ina 7 - 5.0=8.0 - 4.0-5.5
Available Al,0

/A1,0,-510,%7 3 49-52 - 52-55 -

Al203/F3203 ratio

2.10_2.30 0022-0030 6.0"7-0 0050-0060

Sprcific red mud

quantity kg/t Al2o3 1000-1400 350-450
A1.0, digestion

re ogery,'% 84-89 91-93

Recovery related to avail-

able Algg}, % 95-96 96-98
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sn into consideration in the European variant of the Bayer
technology, as it forms Na-titanates of various composition
with the digestion liquer, thus increasing the NaOH consump-
tion of the alumina production /15/.

The feasibility of the Bayer process is basically deter-
mined by economical considerations the latter being the func-
tion of the raw material consumption - depending on the qual-
ity of baurite -, 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 per cent SiO2 content. Erxpressed by the basis num-
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 industrisl 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 the Bayer
technology to make it suitable for processing beaxite~ .f sub-
sequently lower quality by inéreasing the proportion of reccover-
ed caustic soda end by approaching the theoretical alumira

yield.

In case of processing imported bauxites, the condition of
economic production in the long run is generally to use cves
s minimum basis number of 40, whereas in case of proceass-
ing local bauxites the -required basis number is 30 to 32,

Expected Puture Development of the Bayer Process

Puture 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:




- Bayer hydrochemical process /16/

~ Technology based on iron-hydrogranate formation ,17/
and

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

The basis of the Bayer hydrochemical process is that by
digesting at extremely high concentrations /about 500 g/1
Nazoh,ata molar ratio above 11 and at high temperature, approx-
imately 300 oC/ calcium-sodium-silicate is formed from the
sodium-aluminium-hydrosilicate of the red mud, and most of its
Nazo and A1203 content is recovered by washing. Na20 and A1203
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 extremely high 1liquor concentrations
and high molar ratios, the problemg of rapid red mud

separation and those of the sodium-aluminate separation.

The essence of the technology based on the formation of
iron hydrogranates is that sodium-aluminium-hydrosilicates may
be transformed, under certain conditions, into calcium-iron-
hydrosilicates. These compounds can be characterized by the
following formula:

A3B2/Si0 8+ 3-x [/OH/;J .

2+

wheres A = Ca®*, Mg?*, Fe*, Mot

B = Al3+, F93+, Cl'3+

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




ot bauxite which can be procecsed in the unit liquor volume.

Processing of red mud with the same technology seems to be
more realistic.

SINTERING AND COMBINED PKOCESSES

According to realistic forecasts, the Bayer technology
will further be the dominant method for processing good qual-
ity bauxites of 3-6 per cent Si0O, content.

The uneven districution of bauxite reserves, the increase
in the price of bauxite and in the transportation 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 techunology suitable to process poor
quality bauxites, clayey bauxites, bauxitic clays and other
aluminuous materials /nepheline, alunite, 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 o & large industrial
gcale. Research work for developing acid methods is carried out
in laboratories and pilot plants, principally with the ot jec~
tive to process aluminium-silicates /clays, kanoline/ 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
1108 OC, the produced sodium-aluminate was dissolved, separated
from the insoluble residue, and then the aluminium-hydroxide,




vrecipitated by 002 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 substitute soda with sodium-sulphate
and a retucing agent /Peniakov/ but,due to the complicated reac-
tions principally, this method has not spread in the industry

/2Y/.

Milller’s patent specification sutmitted in 1880 /22/ was a
significant advancement. Apart form the scda he recommended to
add magnezite for binding the silica, but he calculated the Ca0,
to be added on the basis of the A1203 content of the raw mate-
rial. Palard stated in 1902 that limestone must be calculated
on the basis of the 8102 content. He considered the molar ratios:

Na, 0
220 2 and —2— -2
SlO2 A1203

to be optimal /23/. The amount of Ca0 is calculated basically
the same way even at present, but the amount of Na20 was modi-
fied on the »asis of composition of the resulting compounds
clarified later.

The method was further developed in the Soviet Union, and
a large scale industrial technology was developed for bauxite
sintering 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-aluminate from the sinter product

/leaching/
- decreasing the SiO2 content of the solution /desilica-
tion/




- cepzrzating Al/OE{/3 fr-m the solution by introducing J
“). gas /carbonization/ |
- calcining of AI/OH/3 /calcination/ %

The process is outlined in Fig. 2.5.

As the lime bounds SiO2 in form of insoluble dicalcium- )
silicate, the sintering method theoretically can be used tor i
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
il 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 1lime
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 are about double of those of the Bayer piocess.

Combined Bayer and Sintering Processes

Aiming at decreasing the drawbacks and utilizing the ad-
vantages of the Bayer and sintering processes resp. the s0-
called combined processes had been developed. Two variants are
known, the parallel- and the series-combined process /90/.

Parallel-Combined 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 SiO2 content, and
contaminated/ bauxite and to mix the aluminate liquors formed
in the two lines before precipitation., This method makes pos-
sible to use cheaper Na2003 and soda salt removed from the
Bayer circuit for making up caustic soda losses. Utiliza-
tion of the Bayer soda salt in the sintering process is suit-
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avle t53 rem>ve certain contaminants of the circuit, tJo, e.g.
srganic matter ete. The aluminate liquor of low molar ratio
formed in the sintering branch also affects favourably the
precipitation process. The scheme of the process is shown 1in

Fig. 2.6,

This process is the most economic one in case the bauxite
can be mined selectively into two qualities with a higher
and a lower SiO, content, respectively, or the two
ualities are fouﬁd separately. The proportion of the sinter-
ing branch, however, may not generally exceed 10 to 15 per
cent of the total production, otherwise the soda balance can oxnly
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 Al203 content nf the bauxite of relativeli low
quality, 3-6 module, is dissolved by the Euyer techncl cgy,
the red mvd formed is sintered by the use of limestone "n3 -r.
aluminate liquor obtained after leaching the sinter product
is mixed and precipitated with that of the Bayer line.

The technology is illustrated in Fig. 2.7.

The series combined process is advantageous firs* oi all
for processing bauxites of an iron content of 17 Lo 18 pae ot
F8203, max., as by sintering the red mud of higher iron con-
tent, ferrites of relatively low melting point are formed and,
consequently, the sintering temperature interval will decrease.
To avoid this, attempts are made to perform sintering by charg-
ing bauxite or reducing agent to the red mud before sintering.

In case the major part of Al-minerals in the poor qualiiy
bauxite is gibbsite, the economy of the technology may zp-
proach that of the Bayer process, as a consejuence of tne

cheap atmospheric digestion,
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An overall evaluation of the series-combined proycess as

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

Comparison of the Bayer, Bayer-Sinter and

Sinter Processes

Table 2.5

Bayer Combined Sinter

Parameters Process Bayer-Sinter Process

Process
Investment per unit pro-

duction, % 100 150 190
Production cost, % 100 146 182
Labour per ton A12O3, % 100 136 163

Complex Processing of Red Mud

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 A1.0, and Na20 content of red mud is

273
preceeded by the removal of iron.

At present, separated smelting of mud to pig iron and self-
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 Formation of Calcium Aluminate

Raw materials of high silica content - generally above
15 per cent - can best be processed by means of che methods
based on calcium aluminate production. Processing of bauxite
with sintering by limestone was firstly introduced in the




(ardan~e pla~i, France /14/. Later on the so-called "seif-

szsintegrating” sinter producing precess was elaborated based
on intensive reasearcr work in several countries, like Poland
/29/, the Soviet Tmion 30/ and Hungary /31/, which provides
advantageous processing possibilities for raw materials /clay
aclinz, slate, fly ash etc./ comprising at least 30 per cent
and Si0

weizht ratios:

-~

5 and Fe203 corresponding to the following minimal

A1.0
2 . <2 agng —23- =25

A1203 Fe203

In case of higher F9203 content, reductive sintering by

oual or reductive smelting is performed /24/.

The sszzence of tuc method is that at a high temperature
Jarave 1200 OC/ saicium-~luminate and calcium-silicate are
tormed i, the mixivrz of the raw material and calcium-carbonate.
Tn the ccurse of the cortwolled ccoling process the sinter pul-
ve:ines by ite=2lf I.e. 30 becomes ngelf-desintegrated”™ due to
oclimorpk trangformatics of dicsicium~silicate. Calcium—aluminate
i3 ieached with a wecoi soda solution and 2 sodium-eluminate so-
iutign, S Sorm2d from which Al/0H/, is precipitated by CO, gas.
Aiumina s produced from aluminium-ﬁydroxide by calcination.
Leg.oned sinter iz us2é for cemert production. Na2003 solution

iz recycled.
Na 0 - &l,u, ~ il,C SVSTEI
< o i<

Poor1iibriun diagran of the Na25«Al203—H20 system at 30 ¢c

19 snowi n Tig. -5 /5327,

Nospdte tee fact thalt this fogurd ahows the equilitrium of
pure comoonents, tasie celationshipl are valid in tendency
for roduatrial so.uticns cornrising several contaminants, too,

thouegh th. wurericz) val 3 mey Aiffer significantly. It
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Fig.2.8

EQUILIBRIUM DIAGRAM  OF THE
Na20 -Al203-H20 SYSTEM AT 30°C
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follows that the actusl Nazo-Al203-H2O 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 Alzgl

The triangle diagram describes the entire system, but, as
regards alumina production, only tke range up to 30 per cent
N32
librium marked by the OB curve is especially important. This
fact explains ti.at in lieu of the triangle diagram, the A1203-
N32
diagram is shown in PFig. 2.9 /21, 33/ where equilibrium iso-
therms and the straight lines corresponding to caustic molar

O content has practical importance, consequently the equi-

0 rectangular co-ordinate system is preferably used. This

ratios /;(c/ are displayed. The term caustic molar ratio means

0 and Al1.,0,:

the quotient of numbere of moles of caustic Na2 203*

Na2ocaust &/1

Na Ocaust 5/1

L = 62 = 1.645 . —2
A1203 g/1 A1203 g/l
102
Na20caust represents the sum of free NaOH egnd of
bound in sodium-aluminate, This definition corresponds to

the European practice, whereas in the American /English-writ-
ten/ technical literature the Nazo content is expresaed in
terms of Na2003 and the A/C /alumina g/1 per caustic soda g/1/
quotient Js wused, 1instead of °<C molar ratie. An advan-~

tage of the latter quotient lies in the fact that it provides
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Fig.2.9
EQUILIBRIUM ISOTHERMS  OF THE Na20-Al203-H20 SYSTEM
AT 30, 60, 95,150 AND 200°C
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direct information about the changes of A1203 content in case
of similar Na,0 concentration. Conversiont oC . . A/C = 0.96.

Thec:('c molar ratio, however, determines the deviation
of the system from the theoretical sodium-aluminate composi-
tion.

In the European practice even the carbonate soda content
of liquors is expressed in terms of Na,C. In Europe the A1203/
Na20 weight ratio is also used at certain plants /e.g. Pechi-
ney/.

Pig. 2.10 illustrates the equilibrium solubility of tri-
and monohydrates /34/. By recalculating the same data Fig.
2.11 was obtained, wherec('c molar ratio is also marked on the
equilibrium curves. This figure illustrates the fact that be-
tween 140-160 OC, gibbsite is transformed into boehmite of
significantly lower solubility.

Bayer Process Circuit in the Nazo-A1203-H20 Systen

For the representation of the Bayer process circuit the
Nazo-Alzo3 and A1203-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 Pig. 2.13 il-
lustrate the technological development of the Almdsfiizité Alu-
mina Plant between 1955-1975 /35/.

Lines between single points represent the following
processing stages:

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

1-2: desilication of bauxite slurry;
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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 cham—
acteristic visible change is 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 crustic concentration for extraction was balanced by
higher digestion temperature.

Shifting of positions of points O and 1 to each other in-
dicate that in 1955 soda losses were made up oy 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 diluted 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 lime addi-
tion. Thus caustic soda losses are lowered and siljcate scal-
ing in preheaters and digesters is reduced at the 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,
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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/ + NaCd —— NaAl/OH/,

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:

d’ .
Precipitation efficiency, % = |1 - X starting

. 100
< final

where: “fstarting 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, tco, representing the amount of A1203 pro- i
duced in a cycle with the 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,




|

r

sodium—aiuminate solution is built up from aluminium-hydroxide
particles in the sodium-hydroxide,and there is no sodium-aluminate

compound in the sslution. Precipitation of aluminium-hydroxide
is considered as the coagulation of a sol out of the colloide
s2lution.

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 - hydrolysis associated coagulation
aluminate with formation of of aluminium-
solution colloide aluminium- hydroxide sol

hydroxide particles

Ionic theory regards aluminate soiutions to be real
solutions, in which aluminium is present in the form
of sodium-aiuminate. Analysis of physical characteris-
tics of Jdifferent sodium-aluminate solutions proved with
absolute certainly the ionic character. Fig. 2.14 /32/ illus-
trates the density, viscosity and conductivity of sodium-alu-
minate solution 2nd NaOH + Na2CO3 solution. The similar char-
acteristics of the curves indicate the ionic struczture : ¢ the
sodium-aluminate solution.

Recent Results of Research on the Structure of
Aluminate Solutions

Hungarian researchers have studied recently the structure
¢f aluminate solutions with new examination methods /36/. A
secondary mercury - mercury-oxide electrode was modified for
measuring hydroxide ion zactivity, up to a concentration of

. -
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10 M/dr’. 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 part1c1e-concentrat1on in
the solution.

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

AL/0H/; = + OH > AL/OH/, . OH
- OH™
- H20 + H2O
- + OH - -
A1,0/0H/¢ = — > A1,0/0H/g~ . 04
N Z OH
- H,0 + H,0
N 0
A1,0 /ox-x/54 on W A1/0H/y

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

1,0 _ - H,0

- OH

= A160,/OH/5y o,

4*..A1/0H/3
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The first two stages are obviously water-producing proc-—
esces, and only the last irreversitle stage brings about a
jecrease in water ictivity, due to the more intensive hydrata-
tion of hydroxide ions. Formation of Al/bH/z . OH and
AlZO/OH/g— . OH™ ions works against precipitation as it pushes
the equilibrium in undesirable direction.

Characteristics of Aluminate Solutions

Most data available regarding the characteristics of the
aluminate solutions refer to the density, viscority 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-
ment, etc./, moreover, they can also be used for indirect deter-
minetion of the composition of solutions.

By measuring the density and electric conductivity, for
syample, the composition of digestion liquor and the molar
;atio after digestion can be determined; the precipitation
process can be followed up and the gsolids content of the var-
jous slurries can also be checked /37, 38/.

As for the technology, highest importance is attributed
to the equilibrium and stability conditions of aluminate so-
Jutions. Several data have already been rererred to them in
the previous chapters. For the gsake of supplementation, at-
tention is called to the fact that the stability of aluminate
solution i8 sometimes given in the literature by the degree
of oversaturation, as expressed for a given solution by the
fr1lowing formulas

o equilibrium A12O oversaturated

” = - 3

oL oversaturated A1,0, equilibrium




Na20 - Ale - 8102 - Cad - H20 SYSTEMS

3

SiO2 content of bauxites brings about not only sig-
nificant Na20 and A1203 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 mud, too /91/.

Ca0 takes part in the different phase-transformations
either as a desintegration product of contaminating minerals
of bauxite /calcite, dolomite/ or as burnt lime, charged on
purpose,

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

0 - A,0, - Si0, - H,0

The Partial System Na2 203 2 5

The compositior of sodium-aluminate hydrosilicates form-
ing in #he Bayer process in case of high temperature digestion
/200 - 240 °C/ can be summarized as: 3/Na0 . A1203 .

. 2Si02/ . Na2X . ag. 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 reckoned 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 Na2304, resp. to digestion
liquor, and the distribution of sodium-aluminium-hydrosilicates
of different types /39/. The phenomenon that the addition of
NaCl or Na2804 may bring about chloride-sodalite or nosean
formation against hydroxide-sodalite, creates the possibility

of making up part of the caustic soda losses uy NaCl or
sodium-sulphate /40/.
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For the determination of wvarious sodium-aluminium-hy-
drosilicates, X-ray diffractometry can be used to differen-
tiate between the phases displayed in Table 2,6 /41/.

Digestion Tests at Different Parameters

Table 2.6

o SAMPLE o

Digestion Conditions 240°C-60’ 240°C-60’
3 £ Ca0

Phase Denomination A1203 v 4
Diztribution of sodalites
3/Na20.A1 28102/Na CO 2H 1.1 2.0
3/“&20.Al 28102/N8280 2H 1.1 2.9

2.2 4.9
Distribution of cancrinites
{3Na 20/NaHC0,/Ca0. 2.4 2.8
3/N320.A1203 28102/N32003 2H20 0.7 2.3
3/Na20.A1 -28i0,/N&,50,. 2H,0 0.9 1.6 |

4.0 6.7 '
3Ca0.41,0 3.k5102.,6-2k/ﬂ2o 1.9 ' 0.3
Na20 8ca0. 3Al 03¢ 55102 1.8 traces
Ca0,2A1,0,.28i0,,.H,,0 1.8 traces

273° 2° 2
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Independently from the condition that, subsequent to
grinding of bauxites, the styucture of sodium-aluminium-hy-
drosilicate precipitating from the solution in the course of
preheating /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

SiO2 content of bauxites in a tube digester unit. VAW experi-
_mental data are shown in Fig., 2.16 and Fig. 2.17 /43/. Fig.

2.1€ illustrates the change of 5102 content in the tube digesi-
er, in the function of temperature. The figure clearly shows
that the 5102 content remaining in the solutio. decreased

from 3.2 &/1 to 0.4 g/1, 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 8102 content.

Fig. 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 acnhieving a final
temperature of 270 °C, but the same applies to a small por-
tion of caolinite, too. 5102 content of the solution repre-

gsents a minor value,
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The Whole Na20 - A12O3 - 3102 - Ca0 - H20 Systen

Depending on the degree of crystallization and on the
temperature of digestion, calcite and dolomite content of
bauxities 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/.

Phases Formed During Digestion

Table 2.7
Phases ASTM Code Number
1. 3Ca0. Al 203 6H20 3-0125
2. CayAl,04 . 8-12H,0 2-0083
3. CaAl0, 1-0688
4, Ca/OH/, 4-0733
S CaCO3 5-0586
6. 3Ca0.A1,0 203 kSiO2./6-2k/H2O 3-0125
7. Na,0 ,8Ca0.3A1,0 203e .5510, 8-186
8. CaT103 9-365
9. MgAl,0, 10-62
10. Mg/OH/, 7-239
11, MgCO3 8.479
12, M36A12003/OH/16.4H20 14-91
13. Mg4A12/%l2SiQ/blo/bH/8 11-157
14. Mg,oAl 815018 12-244
15. NaCa,Mg;S5i,Al0,, 10-431
16. /Ca, Mg/ titanates 13-552

17. MgTio, 6-0494
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Quantitative distribution of Ca- and Mg-containing phases l
formed in the red mud at a temperature of 210 %c is shown in
Fig. 2.18 /44/.

Formation of Ca-Al-hydrosilicates, which can be described
by the hydrogranate structure of

3CaO.Al203.k3102/5-2k/.H20

composition is essentially important in this system. Practical-
ly the value of k determines the rate of Na20 regeneration and of
A1203 losses opposite in direction., In the course of digestion
the value of k is generally 0.8-0.9 and the value of k = 2

can be approached only by treating the red mud with burnt lime
/causticization/. $i0, content of Ca-Al-hydrosilicates as com-
pared to the Na-Al-hydrosilicates is only about 50 per cent.

Ca0 addition +to diasporic and goethitic bauxites must be op-
timized, therefore,so that no significant excess A1203 losses occur,

Phase Transformations Durigg Digestion

In the course of the digestior process of the Bayer tech-
nology simul taneous and consecutive reactions take place be-
tween the mineral components of bauxite and the digestion lig-

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 Transformations During Digestion /45/

Table 2.8

Bauxite Minerals

Reaction Products Formed
Without Additives

Reaction Products Formed With
Ca0-Addition

Gibbsite, Boehmite, Nordstrandite AL/08/, /CA/
Diaspore /AJ/OH/Z/ /CA/, Al/bH/z
Quartz, Kaolinite, Halloysite NAS CAS
Chamosite NAS Fe* CAS
Hemat?te Fe,_,Al,0, /Pe0q + n/on/,/
Goethite Fel_xAleOH F8203 + Al/bH/z
Ilmeni te FeTiO3 Fe'l‘iO3 N
Anatase, Rutile Na-titanates . CaTiOy .%
Calcite, Dolomite Ca- and Mg- COS- Ca- and Mg- ;
compounds compounds ;
o {
Siderite CO3 ?
Fel* .
Crandallite, Apatite Cay/P0,/, roi‘ Cay/P0,/,
Aluni te Al/bn/’4
502~
4
Pyrite Fel*
32',so§‘
Lithiophorite, Todorokite Mn2+

Mn4+
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The table shows the mcst important minerals of bauxite,
and their reaction products in case of digestion performed
without or in presence of lime, resp. The rate of the
jndividual 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 eg. in case of low digestion temperature, short digestion
time and low liquor concentration smaller or more consider-
able amounts of quartz, chamosite, anatase, rutite, calcite,
dolomite and siderite may get unchanged into the red mud .

Another possibility is the transformation of certain un-
favourable pheses by 1ime-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-
jzed 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 sel ection of technological parame-
ters, the composition of the forming compounds can be influ-
enced, thus affecting the NaOH and A1203 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 Na2O-CaO-AlOO3-TiO?-H20 gystem the perovskite be-
comes the most stable phase, especially at higher temperatures
/46, 47/.

<+



200 » » 1{ o NaTi0s
\
Na;Ti307- 2H20
1501 | 1\‘ o ,
S0100 200 400 600 gp! NayU
A ANATASE o NaTigO13 o Na2Ti307-2H20 ¥ NayTi, 05

e BROOKITE X Na(>+x)Ti,0g = NazTi3 07

Fig.2.19
EQUILIBRIUM DIAGRAM OF Na- TITANATES




Wefers had also studied the NaZO-Al 20 3—Fe 2O 3-H20 systen
/48/. Based on his data the kinetics of the transformation of
goethite to hematite, taking into consideration various diges-—
tion temperatures, 1is j1lustrated in Pig. 2.20. The figure
clearly shows that the transformation of goethite, used as
model material, 1is 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 alumogoeihite present
in bauxites is a much more stable phase, than the model mzte-

rials of the above tests.

BAUXITE PREPARATION, CRUSHING AND GRINDING TECHNOLOGY AND
EQUIPMENT

Bauxite Preparation

The mined Dbauxite 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 gituated 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 /Almdsfizitd, 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 lm-s /Gove, Aust-
ralia/.

Naturally, if the alumina plant and the bauxite mine are

situated on two different continents, the bauxite is shipyped
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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 bauxite from the conveying medium /water/ woild surely
inflict problems,

The bauxite reaching the plant area is generally discharg-
ed from the conveyor belt into bins or it is {mmediately deliv-
ered to the storage area. Bauxite delivered in railway trucks
is discharged either by cranes /Magyarévdr, Hungary/, or it is
unloaded from self-discharging railway trucks into hoppers
situated by the rails or.below them /an old system at Ajka,
Hungaryfd or the waggon is taken to the rotary waggon tipper
the angle of swing of which can come close to 180° /Almds fiizi-

t6, 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 -0of shortages in the course
of delivery. Where the mine is situated close to the alumina
plant /Fria, Guinea, or the alumina plants in Jamaica/ a 2-3
days’ stock is sufficiemt. In case of ship delivery at least
an amount corresponding to one and a half or two ships has %o
be stored; if the transportation is retarded as a consequence
of bad weather—conditions in wintertime or the monsoon period,
the accumulation of 2-3 months'’ stock may b 2g8ary.,

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 /Almdsfiizit§, Hungary/. At monsoon areas part of the dry
bauxite is stored in covered store-houses and it 1s 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. According 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 Almdsfiizité the homogenization of bauxite
takes place in a 100 thousand tons capacity circular storage
area., In the plant at Ajka, where the bauxite is delivered by
trucks, calculations 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 fluctuation of the A12O3 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 bauxite is stratified
huorizontally on the first and processed in vertical cuts from
the second.

Together with the bauxite several different mining-con-
taminants reach the plant: fractures of wood, iron and lime-
stone, pieces of blasting wire etc. Great lumps of limestone
and oversized fractures of bauxite can be geparated by cover-
ing the bins with wire screens and thus, when tilting the
screen-cover periodically, +the great fracturess fall beside

the bins., For removing the great limestone fractures the




wobbler "grizzlies" consisting of finger-biscuit shaped elements
proved 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 bauxite is high )
and/or the major part of the product is transported for a long-
er distance, the bauxite is dried. The drying procedure takes
place in oii-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 gencirally
dried at about 400 °C. This promoted better digestibility and
settling, and, at the same time, che organic matter content of
bauxite had been also decreased.

Bauxite Crushing

The purpose of crushing the bauxite is to prepare it for
the grinding process. Generally it is advisable to feed baux-
ite with a maximum grain-size of 50 mm into the 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 firsi of all for processing softer bauxites
/Fig. 2.21/. Hammer mill is a simple means for crushing harder
bauxites, while the softer ones often stick to the wall of
the mill, For ~emoving the adhered vauxite the wall is equip-
ped with a moving belt or revolving rollers /Fig. 2.22/. /Ajxa,
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Hungary/. In case of extremely wet bauxites, however, this
kind of crusher gets often 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 the crushing of wet tauxites diffi-
cult, in case of dry bauxites the dust formation is consider-
shle, 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 water used in the scrubber and, when the efficiency
of dust precipitation worsens, to spray the slurry over the
stored bauxite.

Bauxite Grinding

Bauxite grinding is necessary first of all because of
mechanical engineering aspects, 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 question of favour-
able digestibility can not be neglected either: decline in
the digestion output caused by coarse grinding may exceed 10 %
in case of hard, diasporic bauxites, It is expedient there- i
fore, to grind such kind of bauxites to below 60 Ve grain-
size,

Recently dry grinding of bauxites is driven into the back-
ground, even those dried for transportation purposes urdergo
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 rod-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 s=oft
bauxites it is about 1.4 to 1.7. '

In the "multichamber™ ball-mills individual chambers are
separated by slotted discs allowing thus only the fine product
to pass into the next chamber. The concentration of the ground
slurry in the individual chambers may range between 300 and

1000 g/1.

Soft bauxites can generally be ground with lower solids
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/ ind larger
balls are charged in order to make up for this loss.,

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

Closed circuit grinding demands less energy consumption,
however, the recycled coarse grains usually cause significant
atrasion in the classifying systems, the equipment is rather
complicated and part of the saved energy must be invested in
the pumping procedure., (lassificaticn can be performed in

hydrocyclones or trommel screens /Fig. 2.23/.




BAUXITE DIGESTION LIQUOR

SCREEN
-

BALL MILL

. T
-
L) L
GROUND SLURRY
Fig.- 2.23

CLOSED CIRCUIT GRINDING




2-67%

Hard bauxites can 1nflict a significant abrasion of the
hydrocyclones or of the impellers of the pumps.

Several experiments have been perforued in the field of
autogenous grinding /i.e. grinding without balls/ of bauxites.
Experiments with harder 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-
terial. Therefore, when working with harder hauxites, it seems
t be safer to use two series-cornmected ball mills,

On the basis of the above, designing of an alumina plent
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
course ¢f the further procedures,

Two qualifying wmethods 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-
i;: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
93-11 kWh/t for soft baurxites and can exceed 15 kWh/t in case
of harder bauxites,

The efficiency of grinding under plant conditions can be
controlled by wet screening of the bauxite slurry. The result

of the gcreening /"R" residue curve/ gives generally a straight




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 Leiteizen’s formula /49/, in the first i
approach the equilibrium value is independent from the tem- :
peratures

S =26 ,107° ., N . A

wheres N = caustic Na20 concentration, and A = A1203 concentra-
tion in g/l-s.

Desilication is a reaction of the first order
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-ds/dt = k’ /S - Se/, or

log/s - 5,/ = -kt + C

where: t = time in hours,

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

logk = B-2000/T-1.5 x logA12O3

where: T means the temperature in KO, 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 tube-walls, worseniny by that significantly
the heat transfer coefficient. The 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 digesting conditions a low digestion
molar ratio would increase the equilibrium silica concentra-
tion thus, when processing gibbsitic bauxites the silica level
is aiways 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 digestion to the highest possible temperature,
This process is called predesilication. The effirciency of
predesilication may be increased by extending it3 duration,

According to the experiments of processing Hungarian bauxites




ti.e2 practical equilibrium in predesilication is reaciied in

S=& Lours’ time,

Decreasing of the silica content of the liquid phase of
tne digestion slurry may be promoted by performing the aesili-
~1tion at high solids concentration. Therefore, it is expedient
ty dilute the slurry by the digestion liquor only after desili-
~ation. Another advantage of this method is that significantly
less material has to be handled in the desilication. The high
cclids concentration after grinding can generally be achieved
in case of harder tropical bauxites Jup to 1000 g/1/, while
tne softer boehmitic ones can often be ground only at a solids
concentration of 300 to 400 g/1.

In practice, it is advisable to perform the desilication
at the highest admissible temperature /100 °C or above/.

Negilication can also te promoted by adding desilicated,
Tiltered product or filtered red mud as seed to the desilica-
ticn process /50/. Desilication is generally performed in
large tanks; it must be taken into comsideration, nowever, that
part of the matter nvertakes the bulk and, therefore, after =z
given retenticn time the efficiency of desilication is always
less as compared to that achieved under laboratory conditions.
To eliminate this effect desilication is performed instead of
¢ single large tank in more smaller tanks, where the effect
ot overtaking decreases, For security purposes 8-10 hours of
retention time is maintained., In case of indirectly heated
tanks silica scales will deposit on the heating surface so the
healing surface and the heat transmission coefficient decrease
to a very low degree., It is a rcoutine process, therefore, to
preh=at the slurry going to desilication in tube-bundles pre-
neaters by flash steams and tc provide spare preheaters.

Finally, desilicated slucry can be heated directly in

flash condensers with waste steam drawn, for example, from the




last fash 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-1lift 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 mechaniczl agitation, and to
transfer the slurry by cascade arrangement of the tanks, or by
pumping.

The term predesilication has besen used here above because
this process is performed vefore digestion. Desilication proc-
ess, however, may also be inserted in the course of digestion,
in an incermediate 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 510, content. In order to
achieve better results as high tempe;ature and retention time
should be achieved as possible and the addition of seed may
also be useful.




JESTION TETHNOLOSY AND EQUIPMENT

Digestion Technology

The digestion technology is determined principally by the
cnemical composition of bauxite and the mineralogical form of
its components; it is also a significant factor whether floury
cr sandy alumina is going to be produced.

As regards the chemical composition of bauxite the minimum

A1203 content of bauxite to be processed is about 40 %, the

ma ximum A1903 content practically does not exceed 60 %. The
total AlQO3 content is the main factor determining specific
bauxite consumption.

As regards the mineralogical form of the A120 content of

3

bauxites

273
. 3H,0; bcehmite, A1,0, . H,0 and diaspore, A1,0, . H,O can be
2 273 2 273 2

From the Al,0, minerals of bauxite the gibbsite, Al,0, .

dissolved under adequate technological conditions, while other
Al,)O3 bearing minerals /first of all kaolinite, A1203 . 25102 .

. 2H20/ can not be diss2lved, yet in the course of digestion
ihey may cause excessive alumina losses.

The above listed Al2O3 bearing minerals can be found in
the bauxites in a mixed form. Three main bzuxite types are
distinguished: gibbsitic, boehmitic and diasporic bauxites.

In gibbsitic bauxites the Al?O3 content occurs preddom-
inantly - practically at least in 80 to 90 per cent - in the
form of AlQQX . 3H20. These kinds of bauxites can be easily
digested in sodium-aluminate liquors. "m the Fria Alumina
Plant the AIQC% content of the gibbgsitic bauxite is dissolved
in open tanks =zt & temperature of about 105 °C. At the other

elumina plants processing gibbsitic bauxite the digesting

»n
[}
N
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temperature is 149 to 14% "0, as a%t a aigher temperature girvt-—

site is transformed into the less solutle boenmite and 2 sig-
nificant part of the A1203 content is separated out in this
latter form. Such kinds of bauxites are generally digested bty
low=~concentration digestion liquor, 100-130 g/1 Na2O and the
plants usually produce sandy alumina. These are th- main fea-
tires of the "American Bayer process".

The digestion of boehmitic bauxities requires a temperature
of 200 °C at least. Owing to practical considerations, how-
ever, digestion is performed generally at about 240-250 ¢ at
present. The concentration of the digestion liquor is 180-

240 g/1 kNa2O and the plant generalliy produces floury alumina.
These are the characteristics of the '"European Bayer drocess",

When prccessing mixed gibbsitic-boehmitic bauxites having
a gibbsite content of less than 20 per cent, high digestion
temperature /24C to 250 OC/ is preferred nowacays even in
case of low concentraticn digestion liquor., In this caze other
factors of technolcgy correspond to the perameters of the
American Bayer nrocess and the product is sandy zlumina /e.z.

Alpart, Jamaica/.

Diasporic bauxites are digested at 240 to 260 ¢, gener—
allv with high digestion liquor concentration and utilizing
the European Bayer technalogy. Digection temperature can be
decreased only by using additives.

Differences in the digestion temperature do nut neceszar—
ily imply siwilar di{ferences in the steam consumption under
the conditions of up-to-date technologics, As it will be seen
when discussing the heat-balance of the digestion, trie heat
recovery connected to the multistage flashing permits to
reach a low specific steam consumption even in cage of high
temperature digestion and the water eliminated by flashing

results in savings in the evaporation /37/.




Irothep tecinstogy upriiad a2t few plants is to carry out
disootion Lo v sStagest givivite 1s digested in the first

aee and i resiiue added the second stage — boehmite -

in up-tu—date soluticn of the above "sweetening process"
i: to 224 "trihydrate" slurry to one of the flashing stages of
ti« mononydrate digestion. fiLbosite is digested "free of charge”

ard motar ratio of the boenmite digestion is lowered.

selention of Digestion Parameters

Voluma 6, chapter 3.3 on technological testing of bauxite
qrscribes the "characteristic curve of the digestion” and the
ssncept »f the "optimal mhlar ratio". This characteristiic curve

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

~rivally determined cn thoe odasis ~f preliminary economie calcu—
1.4iams  whether to uce oigh or low ~emperature digestion tech.-

t
wirass, and Tnese caleutations give tne first indication of
the ocptimal digestim ~oncentration, too. Finally, the char-
arteristic curve specitfies the molar ratio to be chosen ag the
of +tne digestion. With regard to tne inevitable fluctua-
+isns in the plant, tre suggested wolar ratio is generally high-
ar by -3 per cent than the optimal one, in order to avoid the

securrence o1 uadigested AL 24 1in ti:e mud.
= ” 3

A% the seme %ime, 1% iz of principa’ imoortance for the se-
aied molar retio to be as close to the optimum as porssi
Coieoin view of reaction kinetice and ihat of the surse

~enosns. A higner moiar ratio would unfavouray iafluence

e

t . Lverall econcmy of tha plant.
rorconaros SO recommends the Sollowing differential
saaation far deseriting the digestion process of Al C, bear-

P owmornevalon
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where: CA = A12O3 concentraticn of the liquid phase, kmol.m—3

D = diffusion coefficient, .3

r = thickness of diffusion layer, m

§ = characteristic specific material transfer area of
the mineral, . kmol. t

CAt= the Al2O3 concentration, kmol.m_3 in case of total
dissolution of the aluminium-oxide content soiuble
by the given digestion technology

CAe: equilibrium A1203 concentration of the ligquid phase

mol.m ™3

s
mn

The following interesting corclusions justified uy “ev

too, can be derived from the above formules

a/ under similar digestion conditions the rate of reuc-
tion is greater, if the c¢:luble ,1901 content of the

vauxite charged into tre digestion linuor is more than

N

3

the amount necessary to achieve the equilibrium Al.

concentration.

b/ in case the soluble AZL,)O.j content of tie bauxite zddau
is less than the amount necessary to acnieve the enii-

N noneentration
2

0f the liquid phase tends towards the maximum value,

Jibrium Al203 concentration, the A1?0

whicn was determined by the amount mearured in, with

a slower rate than under the previous c.nditinn.

¢/ finally, in case of adding o muck tauxite an o rench

an Alzou concentration correcponding to the caquilrbrium




vl ooe, *he o e-rimTyon owill tcHe the Dyiiowing forms

d:ﬁ /2
-2 -k /2 C.,
it 7 YAe A

Sahaviour of Conzaminants During Digestion /93/

“he vehaviour of silica during the digestion depends on
itz ohemical form, the temperature and the duration of the di-
ce=tion. The chemically not bound silica and quartz start to
ran~t with the sodium-aluminate liquor only at higher digest-
ings temperatures, generally above 150 %c. Thus, in case of di-
zooting at a low temperature, the part of the total ambunt of

210, present in the form of guartz migrates into the red mud
~nd can be removed in the form of "sand", separated after the
aige=tion, sr together with the red mud, without causing any

1,zses in the alumina and caustic soda.

The chemically bound E10, /principally in xaolinite,
1.0, . 2510, . 2H,0 or in other aluminium-silicates/ reacts
with the liquor already during the desilication and this re-
sults in the formation of the following compound:

3/Na20 . q1203 . 9310¢/ . Na,{ . nH,C

N

shores ¥ o= oz wwn—valent anion /SOZ'; 2C17; TALO, etel/

Prom the formula above it can be caleoulated that 1 g
S 130, binds about 0.7 kg Nayd /0.9 kg NaOH/ and /in case
i not an aluminate ion/ 0.75 kg AlS0,.

™oepel re, when selecting the digestion trchnology bruiir-

iteo ot ciget opearts oontent chould be digested au Tar a3 p -




sible at low temperatures. Mcre exactly, economic calculatione
will decide upon whether to choose low digestiorn temperature,
when only A1203 present in the form of gibbsite can te extract-
ed from the bauxite but the silica bound in the form of quart:z
will not take part in the reaction, or to choose high digestion
temperaturft, when both the boehmite and the diaspore content
will be dissolved, but the sil .ca present in the form of quartiz
will also take part in the reaction.

An extreme example is, for instance, the gibbsitic bauxite
of Madagascar having a reactive 3102 content of about 2 per
cent and a quartz content of 16-18 per cent. This kind of baux-
ite can be digested economically oniy at low temperatures,

Tt must be noted that silica content of certain
/e.g. Australian ones/ have such a compact crystal structure
that sodalite formation takes place rather slowly even at high-
er temperatures., In case of digesting such kxinds of bauxites
- if other factors justify higher digestion temperature - re-
tention time of silica at high temperature 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 bauxites plays no significant role in the
digestion process itself. Yet three facts must be pointed out
in this field:

- red muds of the bauxites having their ircn-oxide content
present in form of goethite, have generally unfavouratle
settling and filtration characteristics, Settlers, wash-
ers and filter equipments have to be overszized and this
results in excess investment expenditures cocts,

- goethite generally has somne A1203 content which builds
into the crystal-lattice by isomorphic substitution
/alumogoethite/; this can amount to 2 per cent of the

total Al,)o3 content,




- hematite shows favourable characteristics from the
point of view of red mud settling and filtration,

3 built-in by iso-

morphic svbstitution which may range to 1 per cent.

though it can also contain some Al,.0

In order to solve the above problems the digestion tech-
nology utilizing additives has been worked out. This is based )
on the fact that the addition of reactive Ca0, 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, coasequently, red mud settling conditions im-
prove;

b/ Al203 built into the goethite by isomorphic substitu-
tion is released from the crystal-lattice and becomes
soluble, thus increasing the amount of total soluble
Al203 and decreasing hereby the specific bauxite and
caustic consumption;

¢/ Ca0 may partly substitute Na20 in sodalite by giving
a compound of 3CaQ . Al203 . kSiOz-composition and
thus can be saved;

d/ in case the additive is choosen properly /NaCl, Na2SO4/,
its caustic content can partly substitute the Na20 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
tauxites, Digesting such bauxites brings about a signjificant de-
cline in red mud settling and in the sedimentation of the float-
ing contamination of the clear zone ¢f the settlers, Siderite,
FeCO3, is an essentially detrimental contaminant of bauxites,




as it increases the sa2da contert of the liquors, too.

Titanium content of bauxites /anatase, rutile or brookite/
in the form of TiO2 is transformed into sodium-titanate,
2N320 . TiOQ, during digestion. In the course of red mud set-—
tiing and washing the sodium-titanate undergoes hydrolysis and
various sodium~-hydrotitrnates may form /e.g.: Na2T15013 etc./.
Finally I kg of TiO2 will bind 0.1 kg Na20 cr even less, On the
other hand at higher temperatures and in the presence of lime
titanate forms calcium-titanate /baTiOB/ and though the caustic
consumption decreases the calcium-titanate inflicts a relatively
hard deposit on the high temperature preheaters, which is
difficult to remove /15/.

P205 is dissolved in the digesting liquor, and, it pre-
cipitates in the alumina-hydrate as Na3PO4, forming generally
a double salt with the NaF or a triple salt with the NaF and
Na3VO4, which can be removed by washing. In case the bauxite
contains lime, or lime is added to it, P205 is precipitated in
the form of calcium-phosphate /Ca3/PO4/2/ and apatite CaS/PO4/3X7
/X being mainly F/ and@ leaves the system with the red mud,

Major part of the V205 is dissolved in the course of
digestion as sodium-vanadatz. It is =ffected to a smaller
extent than P205 by the presence of lime. V2O5 forms a triple
salt with the P205 and the fluorine /F/ present, which crys-
tallizes in form of octaeders.

If there is no P205 present, the separation of V205 is
more complicated, as the solubility of the double salt form-
ed with NaF is higher. In such cases V205 is separated from
the spent liquor or from the strong liquor by cooling. Either
form of the thus separated "V205—sa1t" is a by-rroduct of
high value as raw material of V-containing products.

The fluorine ,// content of bauxites alsn reacts with the




ligquor and the NaF formed deposits as a hard layer cn the walls
of the evaporators,but it can be washed off by water. The
fluorine-ievei of the cycle may be decreased by separation of
ne above menticned double or triple salts, or - in case of
much F and less P205 and V205 present in the solution - by se-
paration of an independent "fluorine-salt":

The 002 content of bauxite is generally bound in the form
of calcite or magnesite /dolomite/. During digestion the o,
forms carbonate soda /N82003/, a contaminant of the plant liq-
uors that is difficult to remove, In some cases the siderite
content of bauxite is the soarce of C02.

The organic materiel 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-
jate are unwelcome contaminants; their rcle in the proress and
the way of their removal will be discussed later. -

The gallium content /Ga/ of certain bauxites also dis-
sclves during the digestion process. Gallium retal can be ex-
tracted from the strong liquor by electrolysis or other process-

eS8 .

Heat Balance of the Digestion i

Heat talance of the digestion is dealt with in more detial
here, because the principles expounded can be used also with
two other plant sections, i.e., flash cooling of the aluminate
liquor and evaporation.

Bauxite and digestion liquor have to be heited up to the
temperature of digestion in preheaters and digesters., For this
purpose the heat content of previously heated up slurry is
used in ccunter-currznt,reducing hereby the required stean
consumption. By the multi-gtage flashing of the hot slurry and




the heating up of the cold slurry by means of vapours released
during flashing, considerable heat recovery car be achieved.

Fig. 2.25 gives a schematic flow-sheet of digestion,
wheres Ti = temperature of input slurry

Tf = temperature of flashed slurrv
Tr = temperature of recovery

Td = tamperature of digestion

Sh = heating steam

Se = flashing vapour

C

h? Cc = condensate waters

Owing to given physical limitations the cold slurry
/Tl/ can not be heated up to the temperature of digestion
/T8/ 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 ic carried out with live steam /indirect-
ly or directly/.

Let us examinate the counter-current heat recovery in the
i-t diagram /Fig. 2.26/. The change cf heat content of the
slurry cooling down 1is

Ais = GSCS AT

where: Gs = mass of the slurry
Cg = specific heat of the slurry
AT = temperature difference /Td-Tf/
Let us take a quantity of slurry where Gscs = 1.
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Fig- 2.25
SCHEMATIC FLOW-SHEET OF DIGESTION

Fig. 2. 26
FLOW -SHEET OF DIGESTION IN i-T DIAGRAM




If no heat were lost, the slope of the line AT would ‘e
0 . . ..
457, Iv practice part of the heat is lost, this can be

taken into account as an efficiency, 7 s

Ai:’ZS.AT

and the slope of tne line AF will be greater than 45°.

The cold slurry is heated up from the initial temperature
T, /point C/ to the temperature of rezovery Tz'/D/ along the
straight line CD. In practice the slope of the straight line
CD is always smaller than that of AB and smaller than 45°.
Namely part of the Al?O‘ is dissolved in the liquor; this endo-
thermic reaction extracts heat from the slurry, end heat is
lost, too. The ratio of the slopes of the two lines represents
the total thermal efficiency of the recovery.

Special attention has to be drawn to the fact that the
heat transferred from the warmer slurry is not available or.
the same temperature for the colder sli.rry. The temperature:
of the two slurries deviate by a temperature gzp from each
other in the course of recovery: BC and AD resp.

This temperature gap is composed of 3 Tactors:

1. dtb is the temperature gap resulting from the hoil-
ing point rise. Namely the temperature c¢f the flasn
steam is lower from the outset than that of *he
slurry, the difference being the bciling point rige
which, according to experience, can be considered
as constant in the course of flashing.

2. dtf is the temperature gap resulting from throttling
of the flashing vapour and may be reduced by incrcas-~
ing the number of stages.

3. dth is the temperature gap due to restricted teatin.-
surface area and may be reduced by increasing tie
latter,




Let ue foret irnvesticste in more detail the process Tak-
ing olace in the neat-exchangers /Rig., 2.27/.

Steam condensing at temperature t iransfers its heat con-

tont to the input slurry having temperature T0 and heats it up
ta the temperature Tl' The temperature difference of t - T,
corresponds tc the temperature gap dth.

dased on the kncown relations:
t -1

KF =G . ¢c_ . 1lIn =— S -G . cg - in Atm
t - Tl

wheres K is the heat transfer coefficient, F is the heating
surface arez of the preheater, t - Tl is the tLempera-—
ture gap due tc the limited heating surface areas and
1n Aim is the average logarithmic temperatur: differ~

ence in the course of heating up.

Iet s consider the heat balance of the first flasiing
stage /Fig. 2.28/.

Heat-Exchanger

-" -
Cen/Ty = T/ + 4 = & /iy = 11/ = &5y

5

wheres 2, is the amount of vapour released in the first flagoh
” .
tank, il the specific heat content of steam, i] trat
of *he condensate, and ry ig the latent heat of the

vapour.,

Expressing the heat loss £, in terms of efficiency, it

wonld veads
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HEAT TRANSFER IN PREHEATERS
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FLOW-SHEET OF FLASHING STAGE




vsCs 1= 187
Flash Tank

sy _ : - )
Goog » 1g = 8y » 1 + /Gy — &/ 1] +q,
”
. o, . ., _
Goeg /il = i/ = Ggeg Biy = & /i) - 1/ + a, = &) + e

Expressing the heat loss 8o in terms of efficiency, it

would read:

Gscs . Ail = 9 eglrl

Reducing the two equations and summarizing the efficiency |
symbols in a single factor, Z we shall obtain:

ATy = T4

A more detailed examination of the individual flashing

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
Ty — 4ty /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 RECOVERY
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ing down of the flashing slurry only to the point D’, the
difference DD’ is maintained by the tempersture gap dt . This
difference could only ve reduced by iir.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 gy the
utilizable condensing heat of which in the heat-exchanger would
be D'A’’ i.e. Ai, = gy

Heat transfer is terminated at point A" and the slurry
enters the subsequ.:nt flashing stage where the preceding pro-
cedure is repeated.

It can be ciearly seen from the figure that the amounts
of heat transferred to the waiming up slurry are on and on di-
minishing, even if taking identic preheater surface areas and
heat transfer coefficients into consideration, 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:

T, - T,
Sthc._"._——
R

h ~ 'n

]
where: i;, and iﬁ resp. represent the enthalpy of the high-
pressure steam and its condensate,

Though conditions are more complicated in the plant prac-
tice, every factor may be calculated on the basis of kmown
data., Calculations are made by computer and ready programs
are available.

L Y




It should be noted that the heat of condensate ~f the
vapours flashed from the siurry are used in the recsvery sys-
tem similarly as the heat of the slurry. The two systems had
already be<n combined in the above calculation. The operative
solution is the successive flashing of the condensate waters
of the flashed vapour into the steam space of the preheaters
of the corresponding stage.

The temperature of recovery can raised -~ thus redu-ing
the high-pressure steam requirement - by raising the tempera-
ture of the cold slurry by means of low-pressure steam, Thus
high-pressure steam can be rep.aced by less expensive low-
pressure steam,

Instead of the conventional preheaters,d’gesters may 213>
be used to preheate the slurry. The advantage 1s less scale
formation, easier cleaning. However, the heat transfer coef-
ficient of *he digesters is lower, than that of the preheateors,
as the entering slurry is mixed with the hotter slurry in the
digester, reducing thereby the pos~ibili+y of favourable teat
transfer, The investment cost of the digesters is righer than
that of the preheaters and in general, the differences are
not counterbalanced by the lower cleaning costs.

Machinery of Digestion

For the industrial realization of digestion the cystem
described in the previous chapter /"Heat balance of diges-
tion"/ is built up in commercial scale. The slurry is heated
up in preheaters and/or digesters until it reaches the tem-~
perature of recovery czuid than it is heated further in di-
gesters to the digestion temperature. The digested slurry
cools dowa, while it emits flach steam in the flash tankeo
and transfers its heat to the cold slurry.

The general scheme of the above system is shown in
Fig. 2.30.
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In up~to-date plants three major versions of digestion
systems are commonly used:=

1. preheater-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-
silication and the total amount of slurry is delivered by
centrifugal-, piston- or diaphragm pumps to the digestion line
consisting of preheaters and digesters.

Feed Pump

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

Piston pumps are adapted from the oil-industry. There are
two proﬁlems concerning their application:

- comparatively low performance

~ intensives abrasion during operation

The performance limit of the piston pumps is about
200 /h and this requires the installation of 2-3 uuits for
the digester lines generally used At present. As a conse-
quence of ahrasion, the maintenance cost of the pumps is higl
and their o eration time is low. The average cycle time be-
tween two maintenance periods iz 70-250 hLours, however, it
can be snorter in case of diasporic bauxites.

A significant lenghtening of the cycle time of piston
pumps wa3 achieved by the fiushing liquid system: Fig. 2,71,
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FLUSHING LIQUID PUMPING SYSTEM




The pistcn fiist sucks the liquor in, the slurry-side
suction valve opens only later, thus no slurry can enter the
opera*ing cylinders. In the nressure-step the liquor in the
cylinder pushes the slurry forward into the delivery pipe. The
total awount of the flush liquor and slurry is in every case
more than that of the original slurry.

Because of the short duration and high maintenance ex-
penses, Europz2an pruvducers switched over to the usége of diaph-
ragm pumps ,Emmerich, Marep-Pechiney/. As i’ can be seen from
Fig. 2.32. the slurry does not contact the cylinder, the trans-
mitting medium is oil. The operation time of diaphragm pumps
ranges between 1000-3000 hours.

Preheaters

The preheaters are generally of multipass tube-bundle
type. The diameter of the tubes is 38 to 57 mm, tha total
heating surface area is 200 to 500 mf. The advantage of the
preheaters is that the investment cost of 1 of heat transfer
area is essentiaily 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
precheaters, as at a higher temperature hard scales /first of
all calcium~titanates/ may form. The heat transfer coeffi-
cient of the preheaters is 2000 to 4000 W/ifK; as it decreases
in time and the thermal capacity of the line declines, addi-
tional heating with low-pressur< 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. Cleaning is carried out ei+her
mechanically by nigh-pressure A'0MA/ pumps, or by acid treat-
ment, Spare-pren2aters are generally provided to operate 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 care is taken to maintain an intensive flow
rate of slurry /3 tc 4 m/sec/ near the heat transfer tubeg by
stirring.

The heating surface of digesters heated by flash steams
is a pipe, a register or a spiral tule, and of those heated
indirectly bty high-pressure steam is principally a spiral tute.
The cycle time of digesters may exceed even 1 year’s time,
their cleaning is generally carried out manually,

Depending on technology and capacity of the plant the
volume of digesters can vary betweei: 50 and 600 nf.

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 dimensions is besed on the admissible volu—
metric and surface locads,
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for volumetric load:

for surface load: T=Y., PR, K

where: P = pressure in the flash tank

k = density of the slurry /Bé%/
X = 2100

Y = 8000

value of the exponents:

n =0.7

m = 0,6

The level of the flash tank is generally controlled by
isotopic detection. The control valves may be substituted by
throttling orifices, which car be satisfactorily operated
within the ranges of certain capacity limits. Parallelly with
the depositing of the line an additional heating with low-
pressure steam must be applied.

As it was mentioned aiready provision should be made in
the digestion for collecting the condensate water and flash-
ing it generalily to the subsequent stage; a certain number of
units may also be couplied together. The alkaline condensate
originating from the flash 3teams ie utilized as wash water
in the red mud washing.

The pure condensste of digestion is flashed into the
low-pressure .steam pipeline /the resulting savings are 0.6
to 0.7 t of steam per ton of alumina/, later it is returned
to the pnwer plant. Its purity is checked on the basig of
conductivity.
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2. Twc-W%ay Digestion

The two-way digestion is preferably used in several plants.
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 oI
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 slurry is heated to the
digestion temperature usually by direct steam. This systern has
several advantages:

As cnly the licuor passes through the preheaters it can
be fed by series-coupled centrifugal pumps. In practice one
centrifugal pump is installed after every third preheater. The
size of the expensive piston- and diaphragm pumps, delivering
the mill slurry only, can be reduced considerably. Preheaters
are scaled only after a longer time and their cleaning can be
carried out by simple acid handling /HZSO4, HC1 etc. + inhi-
bitor/.

A further ac-rantage may arise from the fact that the baux-
ite remainc in the digester for e very short period /e.g. for
10 minutes/, and thus, part of the reactive silica conteat
does not react with the liguor. In case of certain bauxites
this decreases the caustic soda c¢onsumption.

The two-way digestion, 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 delivering the lig-
uor are usually operated by steam, the exhaust steam is used
for preheating purposes or it is flashed into the low-pressure
system,
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By direct steam the slurry can be heated up to the tem-
perature corresponding to the saturated steam-pressure or /as
a conseguence of boiling point rise/ even above that, without
any temperature gap. This means that in case of gibbsitic baux-
ites energy reaguirement 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 O¢ the retention time can be decreased to
jts half, wnile the output remains the same. Therefore, at
around 280 to 300 OC, digestion requires only a few minutes.

The heating surface is formed by tubes; the amount of
steel required for 1 rf heating surface area weighs 120 to
140 kg, that is about half the weight of steel required in
case of digesters.

Tube digestion became widespread first of all i: West
Germany; in Stade the whole plant operates on tube digestion,
whereas in other plants the o0ld digester lines oﬁerate pa-
railelly with the tube digester.

In the West Cerman /VaW/ sysiem a duplex-—tube is used
as heat-exchanger., The heat content of the slurry is recu-
perated to 210 OC; the adc.tional heating up to a tempera-
ture above 250 °¢ is performed by salt solution /Fig, 2.33/.

In Hungary there is an experimental tube-digester unit
operating at the Magyardévdr Alumina Plant. The unit is
equipped with nmulti-tube one-way preheaters - this gives
the opportunity tc improve the ratio of tube-diameter to
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heating surface area. Ligestion temperature is 260 to 265 °c.

The average heat transfer coefficient during one month’s cycle
was 1850 W/dK. Deposits formed in the temperature interval

up to 250 O can be removed relatively quickly and with a sa-
tisfactory efficiency, whereas the removal of deposits formed
azbove 250 O: has not been solved yet properly. On the basis

of plant experiences a 120 n/h capacity digester unit is being
designed /Fig. 2.34/.

The tube-digester is fed by flush liquor pumps with cycle
time of about 1000 operating hours.

Significant calorific advantages of the tube-digestion
process are the essentially higher heat transfer coefficient
and the more favourable recovery and calorific efficiency &s
compared to the preheater—-digester systems.

RED MUD THICKENING, WASHING AND FILTRATION TECHNOLOGY AND
EQUIPMENT

The cepartmznt of red mud settling and washing performs
the work of separating the solid red mud residue of the di-
gestion from the aluminatve liquor and of washing out the
A1203 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 gsettled per unit surface
area was significantly less than in a single chamber equip-
ment. As a consequence single chamber gettlers and washers
with great diameter are predominantly in use at present,

Grain-size diztritution of red mud guspensions is gen-

erally innomongeneous and the grains are embedded in a solv-
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ste w apper. Due %o the pressure originating from the upper

mud layers, the volume of the latter may vary as a function

>f the deptr; the mud is compressibie. Its compressibility is
alsy depending on the type of bauxite, the digestion technology,
+he settling accelerator additives bein~ used and on the age

of mud. Basic design parameters are provided by tatch settling

experiments. ,

Theory of Settling

The instantaneocus setiling velocity of solid grainsin the
liquor is determined by the equilibrium of gravity and fric-
tion forecs. Settling velocity can enly be calculated exactly
in case of laminar motion ot a single ball-shaped grain, using
Stokes’ rule. The size of the balls is a significant factor:

_d2(.?3-_?f/

U g /’1/
S 187

wheres Us represents the settling velocity of the solid grain;
ndn its diameter; ¢ s

and of the settling medium resp.; 7 the viscosity of

and § ¢ the density of the grain
the settling medium and g the gravity acceleration.

Settling tests of polydisperse suspensions reveaied, how-
ever, that Stokes’ rule is observed only in low solids con-
centration. In case of higher solids concentration, moreover,
in cese of adding settling aids, collective settiing of dif-
ferent size grains is experienced even in polydisperse sus-

pensions.

Several semi-empiric formulas were elaborated on the re-
lationship of the settling velocity and solids concentration,
which are relatively accurate in a narrow interval even if




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

U, = Uy /1 ~ oL/

wheres U_, is the Stokes—velocity of the hydrated /solvated/
particle; o< the volumetric correction factor due to
the solvation; c¢ is the volumetric correction factor
of the solid material; n is a factor determined empir-
ically, depending on the Reynolds-number; in case of
red mud n ~4.7,

Dimensioning of Thickeners

Several studies had been worked ou% aiming at determining
plant conditions by utilizing the results of the settling tests
carried out after laboratory digestion. In these tests the
slurry diluted to the required concentration - after addition
of the proper settling aid - was mixed and poured into s 30-

50 cm high cylinder and the time dependence of clear zone
formation was 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:

where: S5 means the required surface area of the settler /m/,
M the liquor overflow per hour of the settler /i/h/
and h the clear zone formed in an hour above the mud
in the settling tube /m/h/.




Thic relaticnship, however, is nst of general validity,

it does not give *he solids concentration of the underflow,

and, especially in case of veluminous muds with unfavourabe

settling characteristics, provides unreal results. The correct

dimensioning of settlers is 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 alumina plant;

imp:rcper operation of settlers may deteriorate the
quality of alumina;

operating trouble of settlers and washers may consider-
ably increase the A1203 and NaOH losses at the end of
the washing line;

the muddy overflow may bring about an a *oprecipivating
process, the precipitated gibbsite has poor sctiling
characteristics and thus it may cause production bresak-
down.

A method for the safe dimensioning of settlers anc washers
developed at ALUTERV-FKI will be described in Volume 7,

Principle of Counter-Current Washing

The dense red mud slurry from the underflow of ths set-

tler is diluted by the overflow of the second washer and then

it is fed into the first washer. The overflow 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 int» the gsettler.

The process continues 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 underflow of the second wesher is diluted by the overflow




of the fourth one, it enters the third washer znd 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 Kh—l + Tn+1 = Tn + Kn

Balance of
dissoived material Ki1°Cn1 * Thia-Chaa = /Tn + Kn/.Cn
/Na20 or A1203/

A numerical example is shown in Fig. 2.35: 9 o’ digested
liquor of 234 g/l caustic scda concentration is discharged
from the digester per each ton of mud and the task is to kive
less than 6 kg/t dissclved loss in the underflow of the last
washer,while producing 14 n’ aluminate liquor of 150 g/1 con-
centration. The problem was chosen so that the concentrations
would correspond to Na20 in the European Bayer process, and
to Nazco3 in case of the American one.

The amount of liquor discharged through the underflcws is
uniformly 5 n/t, presuming a mud of poor compression charac-
teristics.

It can be seen that six vwmshing stages are necessary in
order to achieve a final loss of 6 kg/t. In case the mud gets
compressed more intensively and 3 m liquor is discharged in
the underflow per each ton of mud, the task can also be solved
by four washing stages, This fact illustrates the importance
of compression,
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Fig. 2.35
EXAMPLE OF COUNTER-CURRENT WASHING
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proper dimensioning of tne settlers and washers.

The above numerical example refers tc ideal zonditions.
The losses arising from the washing are, in fact, always nigh=r
than that given from the above simplified calculations. One
r=ason for this lies in the fact that the liquor discharged
through the underflow has always a higher soda concentration,
than that of the overflow,

Cne possible explanation for this fact is that the red mud
adsorbs part of tlie soda, which gets partly released in the
subsequent stage. E.g. the ad=orpyvion of a giver red mud hsl

the following relztion with the aciual concentration:

where: "a" means the adsorbed Na,0 in terms of percentage ¢ i
mud and "c" the Na,Oo concentration 27 the solution in

g/1.

Though the zltove formula i1s by no means of general vali
ity, it expresses the basic principle that the Na20 concentra-
tion ¢f the individual membters of a washing line 1is, in all
cases, higher than that calculated from the manterial balance.

Instead of assuming adsorption, 3ecandrett /52 / intro-

duces an E-factor, characterizing the imperfrect mixing:




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_rst approach for designing.

The other reason of deviating from the idealized scheme
may be the autoprecipitation itself. On the first hand the
precipitated gibbsite jncreases the amount of mud i.e. the
higher washing stages shall be calculated for a higher red mud
quantity. On th2 other hand the gibbsite decreases the com-
pression of the red mud and thus the amount of liquor discharg-
ed through the underflow will increase. Both cases result in
increasing caustic soda loss.

An accepted method for inhibiting the autoprecipitation
is to charge spent liquor to the dilution or to the underflow
of the settler increasing by that the melar ratio of the whole
counter-current washing system.

An interesting characteristic 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
stage /second or third/ may be causticized in order to release
more considerable amount of Na20 from Na2003 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

B
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soda loss at the end of the line is minimal.

The intermediate causticization mentioned earlier should
be performed as far as possible with a liquor of low soda
concentration /10-40 g/1/, using slaked lime and a temperature
above 90 °C.

The method is applied by several alumina plants on oper-—

ating scale 1nd it is sometimes supplemented by salt separation.

The efficiency of lime /awount of active Ca0 producing caus-
ticized soda/ can exceed even 90 per cent /8a/.

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 with 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 has not 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
characteristics of the red mud. These two characteristics are
gener .ily in correlation: in case of poorly settling muds the

g




filtration performance will also be low /40-50 kg/dh/, wheresas

witn muds >f favourazble settling characteristics a filtration
performance o U kg/?h can be achieved. The filtration con-
ditions can generally be improved by adding lime or otaer ad-
ditives to the bauxite.

An important advantage of filtration is *taat it closes the
washing system and nc unfiltered slurry can be delivered %o the
red mud pond. This prevents the rising of soda and elumina
losses to considerably high values esnecially in times of oper-
ating troubles.

The filtered mud contains 40 to 50 per cent of adhered
moisture: it is generally pumped to the red mud pond after bte-
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 recharged inte the washing line.

The red mud is not always washed on the filters themzelves,
as relatively small amounts of water pass through the filter-
ing medium. Repulping of red mud ty water and its repeatiel
filtration can be advantageous depending on the economic con-
ditions.

It should be noted that part of tﬁe extra-fine~grain rad
mud passes through the filter cloth and returning, it loads

the washing line and causes hydrolysis locses,

Equipment of Red Mud Settling, Washing and Filtiation

Instead of the multi-chamber settlers genernlly used
previcusly - requiring less space but having a low gpecitfic
performance - predominantly single-chamber conical or flat
bottomed /Fig. 2.36/ settlers and washers are used at present
with central or perivherical drive and with central or side

discharge. “he diameter of the settlers is commonly befween
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cere of 42 = diamzt - in use,

Tre 1lisadvantage of settlers with central discharge, cone
battom and central drive lies in the fact that a special foun-
dation is required to ensure the easy accesibility; their spe-
~ific performance is on the other hand higher and they can be ,
squipped with cable-hauled rake arms, They provide automatic
torque relief; the hinged arms are lifted when deposit is form-
24 at the bottom. Rigid agitators appliedin se®tlers with flat
tuttom and side discharge may get distorted, or even broken if
clozging occurs, therefore, they are normally provided with an

zubomatic 1ift-out device, too.

The advantage of settiers with flat bottom and side dis-
charge is, however, that their investment cost is low and they
require a more simple foundation, On the other hand, by direct-
ing the mud outwards to the perirpheries, tie thicksn.ng ccen-
ditions for the red mud are worze than in cazse of gsettlers

with central discnarge.

In some plants Kelly filters are applied for red mud fTil-
tration. In the Magyarévar Alumina Plant Dorr-Oliver type roll-
discharge drum filters of 50 i surface area are in operation.

The thin mud layer forming on the surface nf these tilters is

removed by a separate cylinder and then it is scraped off by
blades, thus renewing the filter surface /Fig. 2.27/. These
filters are manufactured in Hungary, o-n the basis of the Dorp=

~liver licence,.

Cauzticization of Red Mud

In plants where the price of caustic soda is high and thet
of the lime ic low /e.g. if the plant burns lime from a nearvy
ai1tuated limestone depnsit/, red mud causticization can be ad-

vaatageous, This is perrormed by adding lime slurry or burnt




Fig- 2.37

ROLL DISCHARGE OF RED MUD CAKE
1. Filter drum, 2. Cake, 3. Dscharge roll, 4. Hair-pin scraper
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lime at the highest po3sible temperature to the underflow 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. Ir order to release 1 kg

of Na20, 3 to 4 kg of lime are charged to the mud. The effici-
ency of causticizing can be as high as 30 to 50 per cent. Effi-
ciency can be further improved by a higher retention time. A
practical formula of the efficiency is given in the following:

1.5 . T . /1-e0-234%,
<, = . 100
/L + 2.58/. /70 + 3C/

where: 9 = efficiency, per cent;
L = lime charged to the mud, in terms of mud percentage
/available Ca0 content min. 72 per cent/;
T = temperature, °C;
t = time, hours;
g = Sio2 content of the mud, per cent;
C = Naj0 content of the original solution, g/1.

In case of causticizing with 10 per cent of lime, at 90 °¢c
temperature a mud having 6 per cent of SiO2 in a 10 g/1 Na20
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 washing line. The best way, therefore, is to caus~
ticize after 5 to 6 washing stages.

It must also be taken into account, however, that the
l1ime would bind a certain part of the A1203 content of the
solution entering the causticization, thus causing alumina
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losses and the segregated calcium-aluminate even deteriorates
the filtration conditions of the red mud. In order to reduce
these unfavourable effects, the time of causticization 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 réd mud disposal are made of local material /earth, fly
ash, etc./. Red mud is stored normally up to a 10 m layer thick-
ness. Water is recycled from the clear upper zone of the pond
to the alumina plant ard is introduced intoc the last washer.

In order to avoid soil contamination the bottom of the red
mud lakes has to be sealed. Sealing can be done with plastic
foil or with & 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 ter-
ritory may be recultivated.

In 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
mud solidifies in this case and it can be piled up to 20 to
30 m height. After 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
pipeline or discharge it from ships into these valleys,




PRECIPITATION TECHNOLOGY AND EQUIPMENT

Theory of‘Precigitation

The basic principlec of precipitation were already record-
ed in the first Bayer-patent of 1887, in which he stated that
the sodium-aluminate solution commences 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-aluminate liquor of the settler over-—
flow filtered in order to remove jts floating contaminarts, then
cooled to increase its supersaturation is seeded and agitated
in large tanks.

Two tasks must be solved in the course of precipitation:
the first one is to achieve the highest amount of precipitated
Al203 out of 1 of solution, i.e. to achieve the highest possible
efficiency, thus ensuring the high efficiency of the circuit it-
gself and, correspondiagly, 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 physical 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 basic types of alumina hydrate produced by precipita-
tion are distinguished:
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1. PFine grain-size alumina hydrate of the European tech-
nology giving flcury alumina by intensive calcination.

2. Ccarse 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

Iype Hydrate
Table 2.9
Grain-size floury sandy
+ 150 micrometer 2-4 % 2-6 %
+ T4 micrometer 18-20 % 55-60 %
+ 44 micrometer 55-58 % 88-94 %
- 44 micrometer 42-45 % 6-12 %

Pour principal mechanisms are distinguished in the course
of precipitations 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 kineitic constant of the process may significantly
be influenced by the contaminants of plant liquors and, to a
certain extent, by the mode 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:

1. Nucleations: in the European /floury/ technnlogy the
aluminate liquor is cooled to 50-56 °¢ in order to
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acnieve the highest possible efficiency by decreasing
the equilibrium A1203 concentration. The low tempera-
ture at the same time provides favourable conditions
for spontaneous grain formation: however, the "second-
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 primary nuclea-
tion get partly into the final product,as generally
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- i
ondary nucleation is the significant mechanism in the j
process,

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:
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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:
- 14
1/Zt = l/'Z0 + K Ftt

wrere: 2, = X, - X, /Xo is the starting A1,0, 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 i
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 1
formula is applied in the Hungarian technology: |

dA /A - Ae/2 A - A
- E: =K /Cy + r/ /A - Ac/ . ———p— + K
Ag A,
\
J
|
J
s . S
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where: A represents the actual, Ao the starting, Ae
the equilibrium A1203 concentration; t is the
time; C, 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 constants were determin- ,
ed on the basis of actual plant data. '

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 othér 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 th2 first

approximation, independently from their sizes. The

alumina hydrate precipitated disperses among the

existing nuclei and seed grains in proportion of their i
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 matters and especially oxalate,
Fe and Ca ions, etc.

Agglomeration: While the agglomeration has no prac-
tical importance in the European technology, in the
American practice the alumina hydrate precipitated
under adequate conditions sticks together the seed
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grains to form large compact alumina-hydrate grains.
The agglomeration is principally dependent on the
number of impacts of the grains, but 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 starting 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 depends on the
balance of the gibbsite precipitation rate A s 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”

Ku® /G, + G,/
G, + Gy - /1 -u/

(o]

P =

w >

wheret: u is proportional with the difference of the
actual and equilibrium concentration at a
given temperature, Go 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.
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The value of P draws near tc 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 amnnexed is illustrated
as a function of concentration and molar ratio, at a
temperature of 70 ¢ /Pig. 2.38/. It is apparent from
the figure that the optimum of agglomeration ranges
between 90-100 g/1 Na, 0 concentration.

In case of the above low concentrations P-value 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/1 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 "sweatening proc-
ess", though in such a case the increase of autopre-
cipitation during thickening and washing can not be
avoided.,

Breakdown: The breakdown, contrary tc 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 phenomenon can be described by the function of
probability density. In case of up-to-date agitation
systems /air lift and Ekato stirrer/ it has no great
importance, and is practically negligible.

Precipitation Systems

Floury Alumina Production

Precipitator tanks of plants producing floury 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 importance.
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.

This 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 practical-
ly the samc,as the product hydrate.
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SandlfAlamina Production

Batch Precipitation

In plants applying batch technology precipitation 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 deviate significantly
from 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 iﬂ 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 ¢ .. 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
temperature 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
concentraticn of the underflow rises to above 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 thickenei /PT/ the underflow contains the product
hydrate end is filtered. The overflow is fed to the second-
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ary thickener /ST/. The underfiow of ST is the coarse seed, the
overflow is fed to the tertiary thickener /TT/. The underfiow
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 technology. Many
of the plants apprlying 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 -
alsce increases the starting seed ratio and affects adversely the
agglomeration, The above disadvantages can be moderated by re-
ducing the molar ratio of the aluminate liquor.

At the same time, due to the mixing of slurries with ali-
ways higher molar ratios from taunk to tank in the continuous
precipitation, the dc:omposition raie is slower as compared t-
the batch precipitation. This has a further unfavourable effect
on the precipitation efficiency and, associated with the high
precipitation temperature necessary Pfor the production of
coarse hydrate, vrings about a decline in the economy of pro-
duction, too.

The conceptual schemes of continuous precipitation systems
are illustrated in Fig. 2.40 /55/. In the simplest system the
fine and coa:'se seed are introduced together into the first
tank /a/. In other plants they are fed separately, the fine
seed advantageous for the agglomeration enters the first
tank and the coarse seed the 3rd or 4th tank, where the agglom-
eration has practically come to an end already /h/; or hoth
the fine and the coarse geed are charged into separate linea
In an other version coarsge seed is added into the iine forwer-

SR T




!
G, COMBINED SEEDS

ALUMINATE SPENT
LIQUOR ———— CIQUOR
pumn 1 U7 U g O i Py R ) T’—"
SEED
PRODUCT
b, SEPARATE SEEDS
COARSE SEED
ALUMINATE - SPENT
LIQUOR DL DL " ' ———’\ HDLHJQ | LIQUOR
pTM™ st ™17
- ::‘ i lL | bl >k
FINE SEED

PRODUCT
Fig. 2.40

CONTINUOUS PRECIPITATION SYSTEMS

o e W e



2-128

ly treated by fine seed after the agglomeration stage, with
the aim to improve the precipitation efficiency.

A very important operation in the course of continuous
precipitation is the intermediate cooling. This makes possible
w0 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 tc¢ 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
ﬂxﬁpate Filtration

Control Filtration

Control filtration of aluminate liquor is performed aimost
solely by Kelly pressure filters., Dorr-0Oliver type filters up
to 400 of filtering surface area are generally used, Filtration
is performed through 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 of.

The performance of pressure filters is 0.8 to 1.5 o/rh,
in case a suitable filtering aid is used.




Cooling of the Aluminate Liguor

For cooling the aluminate liquor plate heat exchangers be-

come increasingly widespread. There are heat exchangers construct-

ed abroad ccnsiderably exceeding already 380-420 of the size of
units generally used in Hungary at present. The cooling medium
is speat ligquor. Due to the excellent heat transfer coefficients
- about 2000 W/fK - the temperature of the spent liquor draws
near to that 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 vacuum
from the last stage. The heat transfer /flash steam to syent
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, consequently 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 was originally performed in mechanically
agitated, flat-bottom tanks. Later on air-1ift agitation was
developed, too. At present, the greatest tanks in Hungary are

M )
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of 2100 o, air agitated and the bottom is shaped in a special
form to prevent scaling Fig. 2.41. As the investment cost of

tanks with conical bottom is more expensice, new plants have,
in the meantime, returned tc 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 pushed 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 2lant an overflow channel was installed which solved
the level control problsm, too. In other plants the tanks are
located in cascade-system or have subsequently decreasing di-
mensions,

The bot.om cone-angle of the steep coned thickeners is
60°: their diameter is determined by the 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 areas of 240 .
The seed is generally not washed /Fig. 2.43/.

The discs have individual discharges, the filtered hydrate
is separated by blowing high-pressure air into the discs cover-
ed by filter cloth.

Several plants epply vacuum drum filters for the filtra-
tion of product hydrate which can have 0.8-2.0 t/ifh performance

in case of 10-12 per cent adhered mcisture.

In order to achieve better washing performance the hydrate

on the filters is washed by water and several filters are csn-
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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 /ban—filters/ are the most
widespread. The pan-filter consists of filter plates on a hori-
zontal disc, the wush 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 p/t alumina depending on the technology applied.

CALCINATION TECHNOLOGY AND EQUIFMENT

Technology of Calcination

The aim of the calcination is to remove the adhered mois-
ture and bound water content of the asumina 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 the
calcination of the alumina hydrate are discussed under chapter
2, of the present volume. However, 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 readily 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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same as those of the hydrate. However, the SiO2 content as a
consequence of the erosion of the kiln lining, and the Fe203
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 Na20 content, at the same time, volatilizes in
form of a sodium-sz2lt 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
Sbderberg-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 illustrc ted in the
table below:
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Prvsical Characteristics of Floury and Sandy
Aluminas
Table 2.10
floury sandy
Physical characteristic
alumina
loss on ignition 0.3 % 0.9-1.2 % '
specific surface area 5-10 n/g 40-45 /g
alphs alumina content 60-70 % 20-30 %
bulk density 0.95-1 t/n 0.88 t/nd
angle of repose 40-45° 28-32°
+ 100 mesh 0.1 % 2-8 %
- 325 mesh 50-55 % 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 content are lower, and vice versa.

Equipment of Calcination

The conventional alumina calcining equipment is the rotary
kiln with refractory brick lining: its diameter is 2-4 m, the i
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
i3 performed at its lower end and the final product algo leaves
through this end.

In the Pfeiffer kilns alumina falls through the apertures
at the end of the kiln into planetary coolers provided with
snakes for heat recovery and the cold air passing through t..
coolers is warmed up in counter-current, entering after that
the combustion chamber as secondary air.

Firing of the calcining kilns is performed by fuel oil or
by natural gass the former is atomized by steam or mechanically
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ty 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 Almdsfiizitd
Plant /Fig. 2.44/.

The hydrate is preheated approximately to 600 °Cina 3~stage
cyclone system aud 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 Almdsfiizité 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 /u is negligible, Calcining is performed in a fluid layer
of great volume operating at 1100-1200°¢C far ameen period 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 Venuvuri-tube type fluidizing feeder., At this stage
the adhered mois’ure content of the hydrate is eliminated. Dry
and mildly dehydrated hydrate is carried bty 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 oC. The corres-
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ponding figure of L.0.I. is about 5 %. Hydrate is separated in
a cyclone then it enters the fluid bed calcining kiln where it
is heated up to 1100 °C.

TECHNOLOGY AND EQUIPMENT OF EVAPORATION

Wster-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 aluninate lig-
wor is diluted 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 £rr processing gibbsitic
bauxite and producing sandy alumina,2and the other for processing
boehmitic bauxite and producing flcury alumina. The balances
refer to the production of 1 ton alumina.

1. Processing low Al203 and Sio? content gibbsitic vaux-
ite for sandy alumina production
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Input: Output:
bauxite adh.moisture 0.30 t Flashing at digestion 0.92 t
Bauxite bound water 0.65 t Red mud liquid phase 1.84 t
Liquid caustic soda 0.07 t Red mud solid phase 0.09 t
Direct steam heating 0.69 t Sand .05 t
iiydrate wash water 0.54 t Hydrate adh.moisture 0.19 t
Red mud wash water 4,11 t Hydrate bound water 0.53 t )
Sand wash water 0.33 t Oxalate slurry 0.03 t
Oxalate wash water 0.40 t Evaporation 4,00 t
Lime slaking water 0.06 t
Faise water 0.50 t
Total: 7.65 t Total: 7.65 t

In case of selecting only those items from the above bai-
ance, which enter the circuit from outside, or which _cave it
finally, the following balance results:

Input: Output:

Bauxite 0.95 t Red mud 1.93 ¢
Liquid caustic soda 0.07 t Sand 0.05 ¢t
Direct steam 0.69 t Hydrate 0.72 t
Make-up water, Oxalate slurry 0.03 t
red mud washing 1.12 % Evaporator condenser 0.60 t
False waters 0.50 ¢

Total:s 3.33 ¢ Total: 3.33 t




2. Praocessing average quality boehmitic bauxite for

floury alumina production

Input: Output:

Bauxite adh.moisture 0.49 t Digestion flashing 2.43 t

Bauxite bound water 0.32 t Red mud liquid phase 2.82 ¢

Liquid caustic 0.22 ¢ Red mud bound water 0.11 ¢t

red mud wash water 5.91 ¢ Hydrate adh.moisture 0.22 t

Causticization of Hydrate bound water 0.53 ¢

soda 0.72 ¢ Evaporation 3.07 ¢

Hydrate wash water 1.02 ¢

False waters 0.50 t

Totale 9.18 ¢ Total: 9.18 t
Items entering the process from outside or leaving it

finally:

Inputs Qutpute

Bauxite 0.81 t Red mw.. 2.93 t

Liquid caustic 0.22 % Hydrate 0.75 t

Make-up water, Evaporation condenser 0.45 t

red mud washing 2.60 t

False water 0.50 ©

Tetlals 4,13 ¢ Total: 4,12 t

Consequently the actual evaporation requirements - 3 to
4 tons of water for 1 ton of alumina - are significant in “oth
technological processes and the steam consumption, operational
costs, investment and capital costs constitute important fac-

tors in the costs of the alumina.,




Theory of Evaporation

In case a liquid or a solution is heated through a heat-
transferring wall by steam the liquid, or the solvent of the
solution - water in case of alumina production - is transformed
into vapour as soon as the temperature along the wall increéses
to a value corresponding to the vaporization pressure, P, + Hg; .
where P, is the pressure of vapour space above the fluid level,
H is the distance of liquid particles from the surface of the
fluid and g the density of the liquid. The liquid is transform-
ed into vapour in the f<-m of bubbles which move upward, carry-
ing a liquid flow with them, When ascending the warm liquid llow
reaches a level of lower pressure, thus bubbles will form also
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 evap-
srated. 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 to be applied than the evaporation temperature
nf the overheated liquor.

As the temperature of the more concentrated solution in-
creases, 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.insferred through the wall

o



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-are steam of
turbines for the heating set certain limits to this.

Lower temperature heating steam can be utilized if the
evaporation area is under vacuum. In this case gases contained
in the condensating steam /including air/ can be removed, too.

Obviously, the vapour of the evaporated solvent has to be
removed, too. This vapour i3 utilized for heating up a further
unit, where the liquor partly evaporated previously is also
introduced, or - in case its temperature is low - i{ is flashed
into condensers.

Heat Eggineerigg Considerations

Calculation of Heating Surface Area

The following general formula can be used for calculating
the heating surface areas

Q=F.K.At /Y/

where: At 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 surface 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.

}




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
73 " 3
Q + GJi) = Gi +G_i_,

where: Q represents the heat transferred through the wall; G' is
the mass of the solution to be evaporated, G is the mass
of the evaporated solution, whereas G repreaents the
mass of the evaporated water; ié, 1 and 18 are the cor-
responding heat contents. The values enumerated are re-

lating to unit time.

Keeping in view that

the above equation may be converted as follows:

Q =G /iy - i3/ + G, /ig = i/ /2/

Relating to the heating surface area, the thermal balance
of the input and output heat quantities are demonstrated in the
equation below:

Ghih = Ghic +Q
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out of this
Q
G'h= i _ 3 /3/
h c

wheres Gh is the mass of the heating steam; ih its heat content
and ic the heat content of the condensate.
Using the equations 1, 2 and i, 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-
orating 1 kg of water, The actual steam consumption is generally
higher as

- the h22t of evaporation is lower in the higher pressure
heating area than in the lower pressure evaporation
area;

- +the heating steam requirement is also increased by the
heat losses;

- finally, the temperature of the sclution 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 steam 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-, quadruple- or quintuple effect evapora-

tors subsequently 0.5, 0.37 and 0.3 kg heating steam, resp. ar2
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rejquired i» order 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-
sumntion 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-
tablishing 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. When 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 disadvaniages: The
spent liquor has a high temperature when entering the unit and,
consequently, significant gsilica 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 same
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

.
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the steam-side and is transferred into the 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=2t preheating both the spent
liquor and other alumina plant liquors, thus decreasing the
boiler steam consumption.

The steam economy can also be improved by rational 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 condensatz, originating from the va-
pours of the evaporator bodies, 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 balarice 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.
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Mechanical Eguigment 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 ¥ 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 carry-over of drips from the
vapour area is allowed into the condensate water and care should
be taken for the continuous removal of condensate water 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, .here 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 vapourss the heat transfer, therefore, takes
place directly, Though the liquor is diluted by the flashed
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vapour in this method, the temperature of the liquor entering
the subsequent unit is significantly higher than that in the
bther 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-
jet ejectors operating at 1.3 MPa in Ajke and by airpumps in
other plants.

Vapour from the last stage is fed into 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 ecsentially 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. This 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 %°Cc 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 used to preheat
partly the spent liquor and partly the produced strong liquor,
while tne vapours of the last two flashing stages are condensed

in a partitioned condenser.
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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 temperature, from there it passes towards
the first preheater unit, then it is flashed in 10 stages.

Strong liquor is cooled down in the 10th flashing stage /X./
below the temperature of the spent liquor, then it is again heat-
ed up to about 70 °C by the flash steam of tre 8th and 9th stages
/VIII. and IX./. Part of the strong liquor can be fed back into
the evaporator together with the spent liquor ad justing 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 flash-
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.
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CONTAMINANTS OF SODIUM-ALUMINATE SOLUTIONS

Minerals contaminating the bauxite have disadvantageous
effects on the Bayer technology not only by forming phases whick
increase the NaOH and A1203 losses and decrease the separability
of red mud, but by dissolving and accuwrulating 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 lig-
uor but, being separated from the circuit liquor of the alumina
plant, they corstitute 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 SiO2 content of the aluminate liquor
entering the precipitation separates c¢n the aluminium hydrate
and contamiaates the alumina. Consequently, due care must be
taken to decrease the 3102 content of the liquor.

P205 content of bauxites is gencerally 0.1-0.3 per cent,
and this dissolves easily in the digestion liquor by simulta-
neous Na3P04 formation. In certain bauxites, however, the PQO5
contained in form of apatite /CaS/F, Ccl, OH/ /PO4/3 and cran-
dallite CaAl3H/bH/é /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/1, it must be separated by cooling the evapo-
rated strong liquor to 20-30 °c and by simultaneous separation

nf soda or V-containing salt. If the bauxite is digested by
Ca0 addition, Ca3/P04/2 is formed ensuring the low P,0; level
of the circuit and low P content of the alumina.




Jauxites are generally contaminated by zinc, which dis-
¢:lves in the digestion liquor in the form of NaZZn/OH/4. Ac-
rording to tke data of some Hungarian experts, one-third of the
bauxite's Zn conient gets dissolved and this amount precipi-
tates completely during decomposition /56/. Removal of zinc
from the solution can be realized by NaZS—addition, which pre-
cipitates it in the form of sphalerite /51/

NaoZn/bH4/ + Nazs ;;:————-——45 ZnS + 4ANaOH
- ’

The most important contaminating sulphuric compounds of
vauxite are different sulphides and sulphates, and pyrite and
alunite as minerals, Solubility of sulphides in the liquor de-
pends considerapiy on their mineral modification. The presence
,f sulphides in the aluminate golutions increases the solubil-
ity of iron 2nd, consequently, the iron content of the alumina,
too. The reaction of pyrite with the aluminate solutions can
te described by the following equations:

3F852 + 9NaOH + 4H20 Fe,0, + 3NaHS + 3N8.2503 + 7H2

374

3FeS2 + 9NaOH + 7H20 FeBO4 + 3NaHS + 3N'a.2SO4 + 10H2

Suis, 2tes form N32504 which, in case it accumulatgg,must
regularly be removed from the circuit. However, the SO4 is
built in even at relatively low concentrations into the Na-Al-
hydrosilicates, and its equilibrium concentration in the lig-
wor will not exceed 1-2 g/1, Considerable Nazso4 concentration
/10-20 g/1/, must, however, be reckoned with in case great sur-
plus of NaQS is added for the Zn-removal, as the former gets

gradunlly oxided.




Zonstant contaminants of the sodium-aluminate solution
are NaCl and NaF. The former enters *ne circuit mainly as tre
contaminant ¢f NaOH /especially in cace NaCl was electrolysed
in diaphragm cell/, whereas NaF enters into it from the baix-
ite.

In the follcwings major concern is given to the two most
important contaminants of the aluminate solution: Nazco3 and
yrganic material,

Carbonate Soda Content of Aluminate Solutions and its
Regeneration

Calcite, dnlomite and siderite contaminating the bauxite
desintegrate with an efficiency depending on the digestion
parameters and on the stability /degree of crystallization/ of
the given mineral according to thke f91lowing general reaction:

MeCC, + 2NaOH = Na,l0, + Me/OH/,
J <

3

~

Consequently, carborates have nhighly disadvantageous 2frent
by forming carbonate soda from NaOH. An additional disadvantage-
ous effect of dolomite is that it causes aluminium losses, ton,
and forms phases causing significant froth formation in the
countcr-current washing series.

On the basis of data collected from FKI /Research Institute
for Non-Ferrous Metals/, the solubility of Na2C 3 in synthetic
aluminate liquor is illustrated as a function of the caustic
Na20 concentration and the temperature, in Figs. 2.48 and 2,49.
The figures show that the solubility of caustic soda decreases
significantly as the cau:tic NaQO concnetration increaces, nut
it depends only slightly on the temperature., 30lubility of caus-
tic soda in higher temperature ranges ic¢ displayed in Fig. .50,

on the basis of Eremin’s data /5%/.
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The figures apparently show that the carbonate level of
the circu’t can favourably be affected by making use of the
fact, that tle increasing of the caustic Nazo concentration
reduces the solubility of the carbonate soda in strong liquor,
and thus the soda can be eliminated. Pigure 2,51 illustrates
the shaping of the circuit salt level in the Ajka Alumina Plant
/Hungary/, as related to the Ca0 + Mg0 content of bauxite /59/.

As regards the soda salt separation, the effect of the or-
ganic material on increasing the solubility 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 NaCH losses by the well-known causticizing reaction,

Na,CO, + Ca/0H/, —————> 2NaOH + CaCO

2773 2 e 3

An up-to-date method 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 that
/generally/ the overrlow of the 3rd stage of the red mud wash-
ing series is causticized by lime slurry. It is of basic impor-
tance that the concentration of the solution going to caustici-
zation should not exceed 40 g/1 Na0 ,uste According to the Hun-
garian plant practice, in case 0.5 mol Ca/'OH/2 is added per
1 mol Nazcol, the optimum efficiency is at a temperature of
90 °C and a reaction time of 2 nours, This way 40 per cent caus-
ticizing efficiency can be realized.

In case a relatively higher carbonale soda level is admit-
ted in the circuit, ihis can be maintained often without soda
salt separation, simply by side-strean causticization. On the
other 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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mzintained in the plani, soda sait separation is necessary,

tco, In such cases tne up-to-date method is to causticize the

selected salt by dissoiving it in the overflow of the given

~asher, because the equilibrium of the causticizing process

does not depend on the starting causiic concentration btut on

the equilibrium solubility of CaCO3 and BCaO.A1203.6H20 of the

solution. Unified flow-sheet diagram of sode salt separation by )
heat treatment and of the side-stream causticization is illus-

ALCAN hLas elaborated a new method recently for the separa-
tion of Na2003 from the Bayer solutions, which is based on the
phenomenon that the solubility of caustic soda in the liquor
decreases to its one-eights or -tenth if it is cooled down
from + 10 °C to - 20 °C. The Na2504 concentration decreases in
similar proportion, too., The plant techniques introduced in
1974 in the Arvida Al.urina Plsnti resulted in an increese of
causticity oz the solution from 77 to 90 per cent /61/.

Pechiney recommended recently barium-aluminate treaiment
for purification »f Payer soiutions, which is edequate to re-
move, becidies the car®tcnate chloride and organic matter, prin-
cipally oxalzte, too, Trey state that the prccess is economic
it barium-aiuminsie is continuously regenerated. Caustic con-
tent of the solutions can, in 271 cases, be reduced to below |
€ per cent, the chloride will decrease to below 1 per cent and
the corg content to below 1,% per cent of the total NaQO. Oxa-
late content of the filtered hydrate decreases to its one-
third - one-fourth, Efficiency ot precipitation increases by
8-10 kg Al?03/m’ /62/,

Role of Organic Matter in the Alumina Plant Solutions

Bauxites generally contain 0,05-0.3 per cent organic mat-

ter, Tkis amount is usually considerably lesz in karstic baux-
ites /0.,06=0.15 per cent/ than in latherite baurites /0.2-
C.3} per cent/.
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Organic matter content of bauxites partly dissolves in
the liquor during digestion and it is enriched to equilibirium
level. Apart rrcm 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
circuit is 1llustrated in Pig. 2.54, Yy the organic matter bal-
ance of the Almdsfiizité Alumina Plant /Hungary/ recorded in
1362, The figure shows that about 30 per cent -f the organic
matter came from the flour charged as settling aid and that
not only the quantity separated by hydrate, but also that sepa-
rated by carbonate salt has a significant role in the formation
of the equilibrium /63/.

In the course of analysing certain operations of the Bayer
technology, the technical literature deals especially with the
problem of precipitation /64, 65/. As regards organic matter
fractions, especially sodium-oxalate iz considered to be dis-
advantageous, as adscrbed on the surface of the hydrate signif-
icantly decreases its seeding effect, and the efficiency of
precipitation, too., Fig. 2.55 illustrates the precipitation
data gained from the permanent processing of Weipa bauxites. It
can be well observed that the organic matier content increz:ed
from 4.6 g/1 to 6.9 g/1, and due to triplicati-n of sodium-
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- WITH HYDRATE 0.5 kg/t
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ORGANIC MATTER BALANCE IN THE ALMASFUZITO
ALUMINA PLANT IN 1962
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Fig.2.55

DECOMPOSITION CURVES ( EUROPEAN AND WEIPA BAUXITES )
PREGNANT LIQUOR 1509/l Na20,150g/! Al;03, MOLAR RATIO 1.645




ruminite the rrecivitzti-n efficiency dercreased consideratly.

4t tne same time, the fraction telow 33 um ~F A2/2H/L increas-

el from 15 toc 315 per cent. The study /65/ polnts also at the

fact that the disadvantageous effect of sodium-~humanites on

trhe precipitation efficiency as compared to sodium-oxalate ic

greater by one order of magnitude as it is shown in Fig. 2.56

and 2.57. '

According to Bell'’s tests /66/, 70 per cent of the starch
is bound very hard on the surface of the red mud; 10-15 per cent
1s desorbed in the settlers and about S 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't of the organic matter
entering the circuit leaves with the red mud and 25.5 per cent
is transformed into sodium-coxalate. As the solubility of sodiun-
oxalate depends on the Nago concentratiorn, the Na29204 accumila-

tes in the hydrate wash watier,

The organic matter contributes significantly to the over-
zaturation of aluminate solutions by soda. This causes technol-
sgical difficulties and surplus expens2s in soda salt separa-
tion and evaporation., On the other hand, high soda concentra-
tion decreases significantly the efriciency of precipitation
and promotes scaling. The effect of organic matters /humic acils/
on the snlubility of carbonate soda is shown in Fig. 2.58. The
figure clearly shows that, due to the unfavourable rfilterabil-
ity of the poorly crystallized soda, the soda cornitent of the
solution after filtration is about two-fold of tre solution
with no organic matter.
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Identificationr of Organic Matter of the Solutions

An indispensable condition of revealing and resolving 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 recently 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 molecules, 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/1 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,

[




Distribution of Organic Componentis in Aluminate Solutions

Table 2.11
Total Components expressed in organic carbon
amount /in the % of the total amount of org.carbon/
of
Sample organic Cl—C5 Aliphatic Aromatic. Humic Amino PFulvic Non-amino
carbon Fatt dicarboxilic poly- aclds acids acids acids
/1 acidg acids carboxilic nontain-
00 g acids ing N
Model aluminate solu-
tions
1. 0.539  22.9  15.6 28.2 1.2 3.3 28.8  not meas- v
ured =
-
2. 0.435 13.0 29.5 8.1 14.5 4.9 22.1 8.5
3. 4,81 23.1 56.5 0.0 0.0 13.5 3.1 1.9 '
o Plant vroducts
Plant liquor of
AlmdsFfizits 6.62 52.8 10.9 11.5 3.4 3.3 13.3 4.4
Alumina hydrate
of Almdsfiizitd 0.032 43.7 50.8 1.3 5.1 not measured

Plant liquor of
Giulini 16,1 28.5 12,0 27.5 1.0 C.6 26.8 3.6
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Reduction 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 Na20 concentration. In Hungary, oxidization of
emino acids by sodium~hypichlorites is applied on plant level,
to uphold the equilibrium. Successful tests were performed with
different adsorbents, too, but the overalil spreading of this
method has up to now been restricted by the relatively high
cost of the adsorbents and by the problem related to th2ir re-
generation,

In the European alumina plants organic matter is removed
even presently with soda salt. In such cases, however. care
must be taken not to return the organic matter into the system
fter causticization. To 30lve 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 »f processing, certain degradation of the
organic matter takes place spontaneously. This phenomenon
serves as the basis fer researches on the oxidative destruc-
tion,
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VANADIUM AND GALLIUM RECOVERY AS BY-PRODUCTS

Among; the trace elemrnts of bauxites, gallium and vana-
dium are of special importance a8 they accumulate in the
Bayer circuit to such an extent which makes possible their
industrial recovery. Most important raw materials of gallium
production at present are the bauxite and the alumina plant !
liquors, respectively, all over the world, and they can also
be regarded in ceveral countries as not quite exclusive but
the most important raw material sources of V-production, too.

Vanadium Reccvery

Hungarian researchers /70/ established by means of elec-
tron-micro rrobes that the dispersion of 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
dissolution is attributed to the pcrtion built into the goethi-
te lattice as an isomorph contaminant, which can not be dis-
solved by the traditional technology.

Under usual digestion conditions 30-40 per cent of the
bauxites’ V-content can be dissolved in the digestion liquor
in the form of Na3V04.

The degree of dissolution deviates in case of different
bauxite types., Roasting of bauxite increases the amount of
dissolved vanadium, due to decomposition of the goethite lat-
tice,

As regards V-equilibrium, not only the NaBVO4 content of
plant liquors has to be taken into account, but their Na2P04 .
. NaP and Na3AsO4 content, too, as these form octahedron crys-

tals of the composition




2N83VO4 . NaF . 19H20

2Na317‘04 . NaF ., 19H20

2Na AsO4 . NaF ., 19H20

3

which can substitute each other isomorphically.

Solubility of the V205-P205-F salt system; in function of
the temperature, in a liquor of 130 g/1 Na,0, and a molar ratio
of 4 1is illustrated in Fig. 2.59, which showe that the soliu-
bility of V205 decreases significantly by cooling-down of the
solution /71/. This phenomenon provides the basis of vanadium

salt separation.

Equilibrium concentration of VZOS is affected by the amount
5f calcite or dolomite impurities fed with the bauxite, CaQ add-
ed to the bauxite in order to intensiry digestion, or utilized
in side stream causticization in the washing lines,

V205 dissolution in function of the V205 concantration of
+he digestion liquor is illustrated in PFig. 2.60, whereas Fig.
2.61 shows the changes of V205, P205 and F content, in function
of Ca0 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 relatively 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 V205 concentration
is illustrated in the function of crystallization period, when
coolirg liquo.'s with different P,05 content /11/.
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LIQUOR CONCENTRATION: k Na20:130g/!

Mr: 4.0g/t
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Fig.2.59

CHANGE OF SOWUBILITY OF VANADIUM -PHOSPHORUS - FLUOR
SALT SYSTEM vs. TEMPERATURE
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1. MALIMBA BAUXITE « 3.5 % Ca0 210°C
2. HALIMBA BAUXITE + 3.5% Ca0O 240°C
3 ISZKA BAUXITE «3.5°% Ca0 240°C
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V205 DISSOLUTION vs. V205 CONCENTRATION
IN THE LIQUOR IN CASE OF DIGESTION WITHOUT
ADDITIVES AND WITH 3.5 PER CENT OF CaO, RESP
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Fig. 2.61

CHANCE OF V205, P05 AND F CONTENT
OF ALUMINATE LIQUOR IN CASE OF DIGESTION
WITH INCREASING AMOUNT OF CaO ADDITIVE

(HALIMBA BAUXITE)
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Tr iz erouwdient to separste first a soda salt with low
s corsent 1t 2 nigher temperature, and to produce crystals
-¢ ;ick V contznt by further cooling of the filtrate. For the
‘rke of illustre*ion Taeble 2.12 displays some data with respect

+.. *he composition of V-salts of Hungarian alumina plants /12/.

Composition of V-Salts

Table 2.12
Turponents Almdsfuizitd Ajke Magyardévdr
Adhercent moisture 34,6 % 37.2 % 44.7 %
F 3-4 302 3.8
V?OS 12.5 6.5 13.0
P205 13.5 16.9 16.5
N’aﬁCO3 T.4 5.9 3.2
NaZ'y 1.0 1.4 4,2
ioonina hydrate 7.2 30.5 17.0

- - -

v-galt ic¢ generally processed into V205 containing prod-

nets of various yirity, or into ferrovanadium., Most of the
v.0
'8
ing process staces /73/:

production prncesses can be characterized by the follow-

1, ¥eneficiatior, i.e. generally a fractionized crystal-
1izatizn.

2. Diassnlution of the crystal, production of vanadate
solution,

3. Purificetion of vanadate solution, a determining
factor as regards the purity of the final product.
Phis process can be performed by different methods,

vasend one




N
[
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£

8/ removal of impurities /crystallization or bounde
ing of the impurities/ /74/

t/ bounding of V/fnethods applying line or ammonium
salts//15/

¢/ ion-exchanging /with liquid ion exchangers or with
synthetic resins/ /76, 77/

d/ electrochemical separation of V205 /18/.

Pig. 2.63 illustrates the scheme of VéO5 production 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 tons/year order of magnitude, dates back to a few
decades only /79/. Ga content of bauxites is generally between
0.002-0.C06 per cent. During 1igestion 60-70 per cent of this
amount is dissolved in the soijum-alumirate solution and accu-
mulates to 0.15 to 0.25 g/1. .

The first Ga-producing methods were based on the fact that
Ga-hydroxide has more acidic characteristics than the aluminium
hydroxide does. Beja /80/ and Farary /81/ extracted Ga from Ga-
and Al-hydroxide mixtures., The sudden development of Ga-—prodic-
tion is attributed to Pierre de la Breteque’s /82/ iuventioa,
who discovered that the gallium can directly be electrolysed
from the plant aluminate solutions on a continuously purified
Hg~cathode., Purther development of this invention was 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. 2.54 /84/.
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The ccmplex technology of the Ajka Alumina Plant for Ga-
production of 6N purity consists of the following mair stages:

Purification of liquor before electrolysis.

r 1=

Beneficiation electrolysis, separation of Ga in an

amalgam cathode electrolysis cell.

3. Desintegration of Ga-amalgam by producing Na-gallate,
and filtration of the solution.

4, PFine electrolysis and preliminary acid purification,
producing 4N purity metal.

5. Electrolytic refining, in more stages if required, up
to even 6N purity.

6. Zone smelting.

High purity 63203 production has to be mentioned also
which can be realized starting from Na-gallate solution or Ge
metal,

In spite of the relatively high production and up~to-date
methods, a worldwide intention has been experienced to avoid
application of Hg which is an environmental contaminant, harm-
ful to health, and to extract Ga on a sol:id cathode. It is
well knovm from the technical literature that principally the
VZOS and organic content of the plant liquors sets limits 5
to this process /85, 86/. In the recent years several solutiions
have i2=n suggested to non-Hg cathode recovery of Ga from alu-
rina plant liquors, by preliminary intensive purification of
the liquor,

Two main trends can be mentioned:
- recovery on solid cathode or on Ga-Al liquid cathode,
- extraction fro. alkaline medium /87, 88/,
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