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Abstract 

HUNGALU Ajka Aluminiumindustrial Ltd. has two more or 
less independent alumina plants with a half million 
t/year capacity. 
Quality of metallurgical grade alumina has been impro-
ved during the latest several years. Especially chemi-
cal impurities were decreased such as iron, soda 
and silica content of alumina produced. 

An alumina hydrate product family has been developed 
as well in HUNGALU Ajka Aluminiumindustrial Ltd. 
A special fine alumina hydrate production process is 
described by the authors which is being used to produ-
ce alumina hydrate with less than ëø\ particle 
size (dj- ). 
The central unit of this plant technological system is 
a 300 m precipitation tank. 
Reflecting environmental concerns some types of 
synthetic zeolites and silica based products (Na-A; 
Na-X; Na-Y etc.) have also been developed on the basis 
of spent liquor of the Bayer process in different for 
several purposes. The essence of this development work 
has been summarized in this study. 

Introduction 

HUNGALU Ajka Aluminiumindustrial Ltd. has two alumina 
plants. According to its strategic plan one of them 
is to produce a good quality of metallurgical grade 
alumina and another one is to be transformed into pro-
duction lines for nonmetallurgical alumina and silica 
based products. 
This study shows two types of development process: 
firstly improvement of metallurgical grade alumina 
produced in so called "new plant" and secondly the few 
alumina and silica based products as aluminium trihyd-
rates with fine particle size distribution and some 
types of synthetic zeolites (NaA; NaX; NaY) as well as 
silica based filling materials. 

These newly developed metarials are environment fri-
endly and used in detergent and cosmetic industry. 

1 . Improving the quality of amelter grade alumina 
produced in Ajka Alumina Plant. 

HUNGALU Ajka Aluminiumindustrial Ltd. has two alumina 
plants connected to each other. The "new" alumina 
plant was established in 1973 based on HUNGALU 
ALUTERV-FKI design with 3oo kt/y capacity. It was a 
typical floury alumina technology using hungarian bau-
xite as raw material to produce alumina with a better 
quality regarding chemical contaminations and particle 
size distribution. 

1.1. Decreasing the level of chemical impruities 

As it is known the most important impurities of alu-
mina are iron (Fe20~) and soda (NsuO,). That is way 
they have been in the focus of different development 
processes (1,2,3). Figure 1. shows the trend of iron 
and soda content of alumina between 1985 and 1991 
in Ajka Alumina Plant. 

Figure 1. 
Iron and soda content of alumina in 

Ajka Alumina Plant 
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In 1989 a very effective control filtration techno-
logy was launched applying LVAZS type press filters. 
This control filtration technology and system is based 
on calcium aluminat additive metarial which is created 
from burnt lime using spent liquor. This calcium alu-
minat slurry is used as filling material to form an 
effective additive filter cake on the surface of press 
filters after an aging process. 
The main parameters of this control filtration process 
are shown in Table 1., comparing to the traditional 
Ca(0H)p control filtration method used in Ajka Alumina 
Plant. 

Table 1. 
The main parameters of calcium aluminate and 
calcium hydroxide control filtration process 

Name of 
parameters 

calcium aluminate calcium hydroxide 
control filtration 

quantity^of lime 
/kgCa0/m liquor/ 
efficiency of filt-
ration, /%/ x 
FepO.-, content in 
aluminat liquor after 
filtration, /mg/1/ 
Capacity0of filter 

/nrVmTi/ 
periodic time /h/ 

0,1 

64 

8-1 o 

1.6 
4-5 

o,35 

5o-6o 

8-1 o 

1.2 
4 

it is determined by following phrase: 
efficiency 
of filtrat. 

Feo0? (b.f.) Feo0n (after f.) 
Fe|ÈL before filtration (b.f.) 

x100 

1129 

Essential Readings in Light Metals: Alumina and Bauxite. 
Edited by Don Donaldson and Benny E. Raahauge. 

2013 The Minerals, Metals & Materials Society. Published 2013 by John Wiley & Sons, Inc. 



■DMjDGCÍMfeDí From Light Metals 1992, Euel R. Cutshall, Editor 

This calcium aluminate control filtration method has a 
great advantage: after filtration period the filter 
cake can be used in caustification section of Bayer 
process,thus the lime is used for two purposes, 
firstly as an additive filter material and secondly as 
a caustification reagent. 

As it can be seen in Figure 1. soda content of alumina 
has been decrasing'effectively. The main reason of it 
that the precipitation technology has been transfor-
med. The newly supplemented precipitation process is 
seen in Figure 2. 

Figure 2. 
The precipitation technology of Ajka Alumina Plant 

Figure 4. 
The trend of -45 ì fraction of alumina produced 
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(1): aluminate liquor coolers 
(2): precipitation tanks 
(3): interstage slurry coolers 
(4): disc filters for seed hydrate 
(5): drum filters for product hydrate 

As this figure shows four additional interstage coo-
lers have been intstalled providing easy temperature 
control in the precipitation line. 

Recently the temperature regime has been modified ac-
cording to the diagram depicted in Figure 3. 

Figure 3. 
The precipitation temperature regime in 

Ajka Alumina Plant 
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This temperature regime facilitates increasing preci-
pitation yield, but the main role is to increase of 
the particle size of aluminium hydrate. 
The quantity of seed hydrate has been increased as 
well and several another measures have been taken 
(4,5,6). 
Measure like surveying number of particles on contino-
us basis assuring the adjustment of main technical pa-
rameters and resulting in precise control of particle 
distribution. 
Changing the precipitation technology the particle si-
ze distribution has continously been changed and 
-45 /U fraction has been being decreased as it is de-
picted in Figure 4. 

Analysing the situation of other impurities of alumina 
shown in Table 2. the following can be stated: 

- PpOj- content is unchanged 
- SiOi, TiOp, ZnO, have been decreasing in harmony 
of òîå effect of control filtration 

- CaO content has increased because of using lime 
in control filtration 

Table 2. 
Impurities of alumina produced in Ajka Alumina 

Plant (in percentage) 

1985. 1986. 1987. 1988. 1989. 1990. 1991.1. 
halfyear 

A1203 

Si02 

Ti02 

Fe203 

P2°5 

Na20t 

CaO 

-45/urr. 

ZnO 

slope 
grad. 

99,29 99,16 99,19 99,23 99,36 99,31 99,40 

0,016 0,019 0,019 0,018 0,016 0,017 0,013 

0,006 0,006 0,005 0,006 0,006 0,005 0,004 

0,039 0,042 0,045 0,045 0,043 0,033 0,022 

0,001 0,001 0,001 0,001 0,001 0,001 0,001 

0,36 0,44 0,42 0,40 0,45 0,29 0,25 

0,008 0,009 0,009 0,007 0,011 0,014 0,016 

31,9 33,7 31,7 33,5 27,7 22,2 21,4 

0,015 0,018 0,016 0,013 0,013 0,015 0,010 

33 31 32 33 33,5 32 32 

1.2. Increasing whiteness of aluminium trihydrate 

Using aluminium trihydrate for nonmetallurgical purpo-
ses generally claims a high value of whiteness (plas-
tic and cosmetic industrial filling material, etc.). 
As it has been shown above the general level of impu-
rities of alumina has been decreased in Ajka Alumina 
Plant.Especially iron content of alumina has decreased 
sharply, but unfortunately whiteness of alumina has 
not changed parallel. Aluminium trihydrate produced in 
Ajka Alumina Plant has a slight pink colour despite 
the several experiments to eliminate it. 

1.2.1. Organic level in A.jka Alumina Plant 

It is generally known that organic content of Bayer 
liquor /especially the so called colouring organic 
compounds/ has an effect on whiteness of hydrate. 
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The general level of organic impurities has been inc-
reasing recently in Ajka Alumina Plant as it is depic-
ted in Figure 5. The quantity of flour and synthetic 
flocculants are described in this figure as well. 

Figure 5. 
The organic level and quantity of flour and 
synthetic floculants used in Ajka Alumina Plant 

1985 '86 

The general mass balance of organic material has a 
small shortage as it is described in Figure 6. The 
reason of it may be the spontaneaus transformation and 
the increase in organic level of Bayer liquor. 

Figure 6. 
The general mass balance of organic material 

in Ajka Alumina Plant 
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The organic level of Ajka Alumina Plant is not a gene-
ral problem: the organic content of hungarian bauxit 
used is low. But in respect of hydrate colour is to be 
further investigated. 

1.2.2. Experimental results in increasing whiteness 
of hydrate 

There are several methods for decreasing organic level 
of Bayer process. Some of them are also effective in 
respect of hydrate colour as well (7). 
The quantity of colouring organic compounds in Ajka 
Alumina Plant is about 6 %, and only a very well 
method can be used for its removal. 
The main point of this development work was to avoid 
the huge investment cost during the intruduction to 
plant process. 
A laboratory test system has been established which is 
appropriate to examine the effects of different addi-
tlv materials. Photoextinction measurement method 
was applied to determine the results using VARIAN 300 
AAS type photometer. 
Three types of additiv materials have been used: cal-
cium hydroxide, MAGNAFL0C 369 and NALC0 81o3. By the 
use of calcium hydroxide an additive filter cake has 
been created with a thickness of 15 mm. Three parallel 
samples have been filtered in this laboratory equip-
ment. The results are summarised in Table 3. 

Table 3. 
The effect of calcium hydroxide control filtration 

on colour of aluminate liquor 

No. 
A l o 0 , 

gh3 

Base 135.2 
1 . 137.2 
2 . 137.2 
3 . 138.2 

Aluminate 
Nao0 
g / 1 

124.0 
126.5 
124.0 
124.0 

l i q u o r 
Feo0., 
mg71J 

15 .0 
7 .0 
7.0 
6.0 

Corg 
g / 1 

3 .48 
-
-

4 .14 

Ext inct ion 
p e r c e n -

- t a g e 

0.480 
0.450 6.25 
0.440 8.33 
0.450 6.25 

In the second phase MAGN0FL0C 369 has been used crea-
ting additional filter cake in the way mentioned abo-
ve. 
Different quantities of additive materials and diffe-
rent temperatures have been investigated as they are 
described in Table 4. 

Table 4. 
The effect of MAGNAFLOC 369 on colour of aluminate 

liquor in control filtration 

quan t i -
No. t y of 

M.369 

/ppm/ 

Base -
1 . 200 
2 . 200 
3 . 200 
4 . 300 
5 . 300 
6 . 300 

- tem-
p e r a 
t u r e 

/C° 

~ 
90 
80 
70 
90 
80 
70 

Aluminate l iquor Ext inct ion 

Al„0o 

gh3 

127.5 
129.3 
130.1 
129.5 
129.5 
128.0 
128.3 

NagO F e 2 0 3 

g / 1 mg/I 

117.8 17 .0 
119.0 5.0 
117.8 5.0 
117.8 5 .0 
117.8 5.0 
117 .8 4 . 0 
117.7 5.0 

p e r -
Corg - c e n -

g / 1 t a g e 

4 .20 0.523 
3.84 0.355 32.1 

- 0.335 35 .9 
3 .48 0.320 3 8 . 8 

- 0 .325 37 .8 
- 0 .3Ю 4 0 . 7 

3 .84 0.310 40 .7 

In the third phase NALCO-8103 has been used in the sa-
me way mentioned above (8). Different quantities of 
additive materials have been used as they are shown in 
Table 5. 

Table 5. 
The effect of NALCO 8103 on colour of aluminate 

liquor in control filtration 

quan-
No. t i t y o 

N-8103 
/ m g / 1 / 

Basexl -
Basexx2 -
1 . 40 
2 . 60 
3 . 80 
4 . 100 

Aluminate 
> 

А 1 Ж Nao0 
/gfl/ /gh/ 

153.4 140.0 
153.9 139.3 
156.3 139.9 
154 .8 139.9 
153.2 140.7 
153.8 139.7 

l i q u o r 

F e 2 0 3 

25 
9 

12 
12 
11 
12 

Cv, + 

/kwL 

0.11 
0.10 
0.09 
0 .07 
0.07 
0.06 

E x t i n c i t i o n 

- p e r c e n -
t a g e 

0.95O 
0.931 6 .9 
0.82o 13 .7 
0.878 7.6 
0.738 22 .3 
0.714 24 .8 

3f without filtration 
*s after Ca(0H)2 filtration without NALCO-8103 

Summarising the results of this experimental work the 
following findings can be stated: 

- the calcium hydroxide additive filter cake has only 
little effect on the colour of aluminate liquor, 

- both MAGNAFLOC 369 and NALCO 8103 can be used as 
additive material to increase whiteness of hydrate, 
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- using MAGNAFLOC 369 additive material it has 
been found that the lower the temperature the 
higher the effect on the colour of aluminate li-
quor. 

The experimental work is to be continued: further ex-
periments are to be made in laboratory and industrial 
plant tests are needed. 

2.1 Production process and technology 

The essence of the production process of ALOLT 90F 
product is a special precipitation technology in the 
presence of A1„CS0^)_ additive. The kinetic parameters 
which have been presented in (9) show that some 1.0 to 
4.0 % A1?(S0. )„ is to be applied relative to the amo-
unt of pregnant liquor. 

2. Production of ultra fine aluminium trihydrate 

As it has been presented in (9) an aluminium trihydra-
te product family was developed in HUNGALU Ajka Alumi-
niumindustrial Ltd. The main parameters of this ALOLT 
family are summarised in Table 6. and their physical 
characteristics (grain size distribution) are depicted 
in Figure 7. 

The production scheme of this industrial technology is 
shown in Figure 8„ The central units of this process 
are the two 300 m precipitators which determine the 
capacity level at about 5000 t/y. 

Figure 8. 
Flowsheet of the production technology 
of ultra fine aluminium trihydrate 

Table 6. 
Parameters of the ALOLT product family 

AL0LT1 AL0LT2 AL0LT8 AL0LT30 AL0LT50 

A1(0H)3 (50 99,5 99,5 99,5 99,5 99,5 

Si02 (%) 0,015 0,015 0,015 0,015 0,009 

Fe203 (50 0,017 0,017 0,017 0,017 0,010 

Na2°total W ) °'3° 

N a2°soluble ( % ) ° ' ° 3 

Moisture 0 0 0,2 

L.O.I. (50 34,5 
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(loose) (kg/mJ) 1200 
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Figure 7. 
Grain size distribution curves of the ALOLT 

product family 
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In the study mentioned above (9) the different produc-
tion process of the ALOLT family have been presented. 
In this study an industrial production process of the 
ALOLT 90F product is to be shown. 

Ë 
Q O ^ Z D 

1. 
2. 
3. 
4. 
5. 

Kelly type filter 
additive material feeder 
precipitation tank 
belt filter 
spray drier 

As it can be seen the pregnant liquor goes to a cont-
rol filtration station (including Kelly filters) to 
decrease the iron content below 4-6 mg/l expressed in 
Fe?0.,. In the first step of precipitation process the 
additive material is to be added. The precipitation 
time is about 50-70 hours, using mechanical agitated 
tanks. After precipitation aluminium trihydrate can be 
separated in belt filter and can be dried in a spray 
drier. 

2.2 Results and parameters of the product 

Aluminate liquor of the Bayer process was used as raw 
material. After the control filtration the iron con-
tent was below 5 mg/l (expressed in Fep0~). The rela-
tive amount of Al?(SO.)., was 4-5 % regarding to the 
aluminate liquor. 

The parameters of this batch precipitation are depic-
ted in Figure 9. 

Figure 9. 
Parameters of precipitation process of 

ultra fine aluminium trihydrate technology 

«8 TIME (hours) 
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aluminium trihydrate produced in this process resul-
ted a very high value of whiteness with very low va-
lue of impurities as summarised in Table 7. 

Table 7. 
Parameters of ultra fine aluminium trihydrate 

Fe9Dq 
Ti6„J 

V2°5 

ZnO 
SO-, 
C i 

whiteness 
d50 
conductivity 
BET surface 
+ 45 /um screen rest 

0,49 
0,009-0,014 
0,006-0,01 
0,001 
0,001 
0,0004-0,0005 
0,007-0,009 
0,008-0,011 
0 
0,02-0,027 
97,3-99,5 
1,0 
30^0 
8-15 i 
max. 0,1 

/g 

Grain size distribution curve is shown in Figure 10. 
and electron micrograph in Figure 11. 

Figure 10. 
Grain size distribution curve of ultra fine 

aluminium trihydrate 

This aluminium trihydrate is to be used in plastics 
and cable industries as filling material and it has 
been tested in cosmetic and ceramic industries as 
well. 

3- Development of alumina and silica based product 
fitting to the Bayer process 

Crystalline aluminium hydrosilicates (zeolites) occur 
in large quantities in the nature. However, their in-
dustrial users demand an increased purity and well-de-
termined composition, therefore more and more of them 
are manufactured by synthesis. The end product and by-
products of the Bayer process can be used as raw mate-
rial in these processes. Obviously the water glass and 
the hydroxide (or carbonate) of the relevant alkali 
metal are to be used as basic materials, together with 
some additional compounds. 
Zeolites are important materials ofthe modern chemi-
cal industry and environmental protection and innume-
rable zeolite structure compounds have been developed 
(10). 

RTMGALU Ajka Aluminiumindustrial Ltd. strives to di-
versify its activity in developing and introduceing 
new, "easy to sell" products. 

3.1 Development of synthetic zeolites 

100 

90 
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E 

Zeolites have special adsorption and ion-changing pro-
perties provided by their special molecular structure: 

M2/n0. AlgO.. xSiOg. yH20 

M: positive ion with "n" valencies 

The three-dimensional picture of "x" type zeolite is 
depicted in Figure 12. There is not possibility to 
analyse this structure deeply but it can be seen that 
there are different size channels in it. 

Figure 12. 
Three dimensional picture of "X" type zeolit 

structure 

Figure 11. 
Electron micrograph of ultra fine aluminium trihydrate 
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The size of these channels can be varied by changing 
M positive ion (Na,K,Ca,etc.) or transforming this 
structure (changing k±2Q /s±0 molecular ratio). Both 
methods are used. 
If M is a Na ion, this structure is a so called 4A 
type (diameter of one channel is 3.6 angstrom), if 
A12^)3/'Si02 m ° l e c u l a r ratio is betwen 2 and 3 the 
structure is X type and if this figure is betwen 3 and 
5 the structure is Y type. The diameter of the channel 
in case of NaX is 7.4 angstrom. 

1 cm = 3 /um 
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The zeolite structure can adsorb different molecules 
according to their channel diameter in are reversible 
way. 
In the (9) study the principle, the production tech-
nology and an 1500 t/y pilot plant have been presented 
to produce 4A type zeolite for detergent and adsorbent 
purposes. 

Recently a new X type zeolite production technology 
has been developed in HUNGALU Ajka Aluminiumindus-
trial Ltd. The essence of this process is to be analy-
sed in this study. 
The NapO-SiOo-AlpO^-HpO system can be analysed in 
Figure %3-

Figure 13. 
NapO-SiOo-AloOo-HpO system phase diagram 

Al203 

It is stated that "X" type zeolite can only be 
crystallized in the following molar ratio: 

8 Si02 x AlgO- x 3 Na20 x 120 HpO 

The crystallisation process consists of two parts: in 
the first one the Bayer process spent liquor and water 
glass are mixed and NaOH is used to provide the app-
ropriate molar ratio mentioned above. A well-determi-
ned gel form is to be created which is used in the se-
cond step to crystallize zeolit-structure. 

The flowsheet of this experimental system is depicted 
in Figure 14. The central unit is a 300 1 mechanically 
agitated reactor with gel formator. 

Figure 14. 
Flowshet of "X" type zeolit crystallization 
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During the experiments the effect of pH and H„0/Nap0 
molar ratio were examined on the Alp0-/Si0p molar ra-
io and crystallinity of the zeolite product. The other 
parameters for example mode and ratio of feeding of 
reactants, temperature and length of gel-formation we-
re fixed. The experimental data are depicted in Figu-
re 15. 

Figure 15. 
Experimental data of "X" type zeolite 

crystallization 

pH 
13.8 13,6 13.4 13.2 13.0 178 

5-

AI7O3/5ÍO2 

40 50 60 

- H 2 O/NQ 2 0 

Chemical parameters of the product zeolite are summa-
rized in Table 8. and the grain size distribution of 
it can be seen in Figure 16. 

Table 8. 
Chemical parameters of "X" type zeolit 

A1203 

Si0o 

Na20t 

BET surface 

Ion exc.cap. 

d50 

27 - 29 % 

54 - 56 % 

16 - 18 % 

9-13 m2/g 

120 mg CaO/g zeolit 

1,2-2,0 ,um 

Figure 16. 
Grain size distribution of "X" type zeolite 

This zeolit production technology fitted to the Bayer 
process has the following advantages: 
- it does not decrease the capacity of the Bayer pro-
cess because of using spent liquor as raw material 
(in traditional method aluminium trihydrate is used) 

- it enables the investors to reduce the investment 
cost by 10-20 % 

- the production cost of zeolite is lower by 20-30 % 
than it is in traditional method. 
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3.2 Development of other silica based products 

Several silica based products can be produced using 
water glass and aluminate or pregnant liquor as it can 
be seen in Figure 17. 

Figure 17. 
Silica based products 
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There is a real possibility to produce different kinds 
of silicate and SiOp based filling materials. 

A new hydrated SiOp filling material production tech-
nology has been developed in HUNGALU Ajka Aluminiumin-
dustrial Ltd. 

This hydrated SiOp so called amorphous silica without 
crystallic water and it does not have silica's special 
X-Ray picture. Water content of it is less than 14 %. 
Generally this material is produced from water glass 
using HpSO. or HC1 to precipitate it. 

This new process uses gasouos C0„ which creates Na?C0_ 
in the reaction mixture. NapCO- can be handled in the 
Bayer process so this production process can be fitted 
to it very easily. 

During the caustification process Na?C0„ is transfor-
med into NaOH using Ca(0H)p thus the production cost 
and the investment expenditure of hydrated SiOp can be 
reduced. 

The flowsheet of production process shows (see Figure 
18.) that water glass is fed into the reactor and ga-
seous CO, 2 reacts with it: 

Na2Si03 í2ñî3 H2Si03 + Na2C03 

Figure 18. 
Flowsheet of production process of hydrated SiOp 
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During this experimental work the effect of flow rate 
of carbonising COp on the time of precipitation has 
been investigated. The results are summarized in Figu-
re 19.; the higher the speed of COp the lower the pre-
cipitation time. 

Figure 19. 
The effect of flow rate of COp on the precipitation 

time in hydrated SiOp production process 
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Different kinds of silica based filling materials can 
be produced by changing the parameters of production. 
Table 9. shows two types of them (ATASIL1; ATASIL2) 
whichdiffer first of all in their BET surface value. 

Table 9. 
The main characteristics of ATASIL1 and ATASIL2 

Si02 

Fe203 

Na20 

2-

L.O.I. 

BET surface 

DBP 

a lka l in i ty 

(%) 

(%) 

(%) 

( » 

(m2/g) 

(ml/100g) 

ATASIL1 
85-88 

0.06 

1.0 

0.5 

5.0-8.0 

100-160 

240-260 

8.5-9.5 

ATASIL2 
85-88 

0.06 

1.0 

0.5 

5.0-8.0 

160-230 

240-290 

8.5-9.5 

These products are to be used mainly in plastics and 
rubber industry as filling materials. 
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