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DEVELOPMENT TRENDS IN THE ALUMINA PRODUCTION 

AIME and ICSOBA meetings provide a good survey about 

the n~west achievements of alumina production. The presen

tations on these meetings - concerning nearly every question 

of alumina production in detail - were published in the 

volumes of "Proc, of AIME Annual Meeting - Light Metals", 

"Alumina Until 2000. Proc. of ICSOBA Symposium, Tihany, 

Hungary, 1981", "Proc. of Bauxite Syrnp. J.Geol. Soc. of 

Jamaica No v. 1982" and in various "TRAVAUX" Volwnes of 

ICSOBA. But ove=all studies are also not lacking (e.g. 

[1, 2, 3, 4] just to mention a few). 

Tn the Present -paper instead of enlistin2 tAle :ihdividnstl results 

of development - attempt is made to draw up the main trends 

of technical progress on the basis of the analysis of the 

present situation ~nd the prospects of alumina production. 

The alterations in aluminium production capacities, 

in production and consumption figures of the past decade, 

further the expectable data up to the early nineties are 

shown in Fig.1. The same data for alumina can be seen in 

Fig. 2. In both cases ::he expected iracreases of the produc

tion capacity figures contain only plants under construc

tion based on literature reports. 

Fig.3 is a diagram of the various cost components of 

alumina production and Fig.4 is a comparison of these with 

bauxite and alumina prices. ·rhe data of 1961 and 1975 

relate to alumina plants designed in those respective years, 

whilst the 1985 data are average values calcul~ted from the 

effective data of 16 operating plants out of which 10 are 

older and 6 are new ones. 
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Fig.S shows the change in specific investment costs, 

in rates of interest and in bauxite-, alumina- and fuel-oil 

prices, further two construction indices, covering the same 

period (1963 to 1985). 

The following main conclusions can be drawn from the 
above data: 

Over-capacities of aluminium smelters and alumina plants 

seem to be lasting ones. This is one of the reasons why 

free market prices do not cover even the production costs 

at many producers. 

The structure of production costs suffered a substantial 

change in the past 20 years. T~e proportion of energy 

costs increased in 1975 compared to 1965, while the 

capital cost charges reached nearly half of the 

total costs in newly established plants by today. 

The increase of capital costs per unit capacity was con

siderably more rapid than the inflation rate, but this 

can not be explained by the change of material prices, 

of construction costs, r1or by the modified technical con
tent. 

Plant~ under construction are preferably located together 

with smelters in places where abundant raw material de

posits and cheap energy sources are simultaneously present. 

There is a keen competitlon for the exploit~tion of ex

isting capacities, keeping these alive. Bauxite producers 

are compelled to mine their best quality bauxites to 

satiJfy actual market demanJs which become more and more 

d~manding. In case of existing plants those having lower 

\ariable costs reach a favou~Ji:>le position step by step, 

whicn results in the geographical rearrangement of pro

duction. 
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Decisions to establish new capacities can only be ex

pected after the reasonable utilization of existing 

ones. However, in order to reduce capital cost charges, 

the reconstruction or expansion of existing plants will 

have preference compared to green field establishments. 

The above conclusions concerning the alwniniwn ~nd 

alumina industries are well reflected in the area of develop

ment efforts as well. It can be stated in general that the 

reduction of energy consumption was in the center of techni

cal progress during the past decade, while the main mooving 

force of todays' development efforts is to increase capital 

efficiency due to the rapid increase of capital expenses. 

Increasing energy costs drew the attention to the ef

ficiency of the process cycle and the aluminate liquor pro

ductivity in the past decade. It can be seen from the data 

shown, that the increase of inveHtnent good prices is sim
ilar to the oil price boom. This fact has put the in

crease of c~~ital productivity in the limelight. Th~s 

means that besides or instead of looking for optimum energy 

consumption, the optimum of capital productivity should be 

strived for. In the forthcoming considerations this aspect 

shall prevail. 

The Scientific Conunittee of the Symposiwn "Alumina 

Production until '.?000" stated a!"' main trends of development 

of the Bayer technology the following: to develop an energy 

saving technology; to increase the role of high tem!:·erat11re 

digestion; to introduce high car>acity equipment, a fully 

automated process and a computerized control systein. 

The ma.in plant unitfl of the Bayer process are diyes

tion and precipitation. Let us survey these two basic units 

from the point of view of liquor cy~le and plant producti

vity. 
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Optimum conditions of precipitation. 

It could be said, that the main line of devel~pment 

consists of those efforts, which assure besides the high 

liquor yields of the European Bayer process (70-80 g/dm3) 

the properties of American Bayer p~oducts. As a matter of 

fact in the latter case the liquor yield is only 40-

50 g/dm3, but precipitation holding times are much shorter, 

only 30-50 hours versus 50-90 hours of the European process. 

Several reviews have been published in this field (e.g. 

[5, 6, 7)). 

Possibilities are, however, not exhausted by far. 

Further efforts are necessary to combine the increase of 

high precipitation yields with the required alumina quality. 

Trends of development are: 

increase of Na2ok concentration 

modification of the precipitation technology. 

In the course of precipitation the Al2o3 content of 

the aluminate liquor changes continuously. In our previous 

publication [8] it was established that a certain tempera

ture belongs to every Na2ok concentration and molar ratio, 

where the rate of precipitation is the highest. The tempe

rature regime belonging to the highest rate can be deter~ 

mined here with (see Fig.6) and by implementing the same, 

very favourable molar ratios can be attained in synthetic 

aluminate liquors at various precipitation times bS shown 

in Fig.7. 

It has to be emphasized ~hat such temperature regim~s 

show an optimum for precipitation yields only. An optimum 

considering also the required grain size and properties can 

be a different one (9). A similar conclusion was drawn by 
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Ljapunov and Davidov in respect of the optimum temperature 

regime in their paper of 1983 [1~). 

The results in plant liquors are, however, far less 

favourable than in synthetic ones due to the liquor impuri

ties. There are several publications dealing with the 

influence of various impurities on the precipitation rate 

(11, 12, 13). It can be stated in general, that the ef

fect of inorganic impurities on the precipitation rate is 

similar to that of the increase of the caustic Na2o con

centration, although its extent is cuch less, approx. SO t. 

Liquor impurities should be removed to increase the 

precipitation yield. Several processes exist for this aim. 

The liquor causticization with burnt lime in the course of 

red mud washing is the most abvious solution for the regene

ration of caustic Na2o from carbonate salts. The amount of 

regenerable caustic is, :1owever, limited in this process 

step because of the formation of 3Ca0.Al2o3 , therefore an 

additional carbonate salt removal is also usually required 

by means of a high concentration evaporation of th~ liquor 

(in a so-called crystallizing evaporator). Examining the 

different possibilities and ratios of soda salt removal it 

can be stated that the European Bayer process allows an 

8-12 % carbonate level in practive [14, 15). It would be 

of interest to investigate the possibilities of reducing 

the carbonate content of the American Bayer liquors as one 

of the most promising ways of increasing its efficiency. 

The removal of v, P and F salts can also take place from 

the spent liquor [16). 

Investigating organic impurities we found that the 

humic acids reduce the precipitation yield and cause finer 

grain sizes in every case. Others came to the same r~sults. 

The effect and removal of organics has been investigated by 

several researchers [17, 18, 19]. Oxalate can be removed 
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from the precipitated llquor and/or the hydrate wash water, 

whilst the removal of other organics can be solved either 

by various additives {like barium aluminate, magnesium 

hydroxide, some organic additivr~, etc.) or by liquor igni

tion, f~rther by calcining the carbonate salts precipitated 

by superconcentrating the liquor in evaporators. Our latest 

results show that the so-called wet oxydation of the liquor 

at tecperatures above 200 °c gives also favourable results 

[ 20]. 

The precipitation technology has developed substan

tially in the past years in order to combine the conditions 

of good precipitation yields with the required physical 

properties of the alumina. For this aim the agglomeration 

technics, the multistage seeding and the necessary classifi

cation of the hydrate grains and last but not least cooling 

to assure the required temperature re~ime were introduced. 

Todays' batch and continuous precipitation technologies are 

the combination of these elements adjusted to local condi

tions as shown in Fig.8. 

Developments in digestion 

The effect of the specif~c volume of digestion liqu~r 

on the liquor efficiency is well known. Development of 

this operation is first of all related to monohydrate bauxite 

processing. The trend of increasing ~igestion temperature 

is determinant. The optimum temperature is nowadays usually 

in the range of 240-250 °c in autoclaves and 260-280 °c in 

tube digesters. Besides the great intensity of digestion 

(short retention time, low molar ratio, a yield near to 

theoretical) the energy consumptior is also considerably 

reduced, furthermore great advantages originate frorn im

proving the red mud properties (settling, high denFity 'om-
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pression zone, filtrabilicy). As a result of these the 

Fe2o3 content of the pregnant liquor has cecreased to 

10-30 mg/l without control filtration in one of the Hun

garian plants. Besides the substantial increase in capa

city the amounts of Na 2o and Al2o3 attached to the red 

mud have 1ecreased by SO % at the same time. 

The Hungarian version of the tube digester (Fig.9), 

which includes the possibility of further temperature in

crease, is a multiple stream (3 tube) syst~m and is char

acterized by the cyclical change of the slurry and diges

tion liquor streams in the tubes assu~ing thus the dissolu

tion of the scales formed during operation. The streams 

are united at the final temperature of ~igestion and in 

this way the total volume of the digestion liquor works 

for the dissolution of the aluminium containing minerals. 

The development of digestion technology brings re

sults mainl~· in such plants, where the increase of diges

tion temferature is limited or can only be ac~ieved by 

means of huge investments. The hfdrothermal transformation 

of goethite ~o hematite can be realized at digestion tem

peratures of 220-250 °c by various additives (e.g. iron 

hydrogarnets) [22, 23, 24]. The main advantages of these 

processes versus the conventional ones using only burnt 

lime are the following: 

The goethite-to-hematite transformation can be realized 

safely even in the case of bauxites with very stable goethite 

contents (e.g. Guinean bauxites). 

The minimum temper cure required for the transforma

tion can be reduced by 20-30 °c, the retention time by 

40-70 % and the burnt lime consumption by 20-30 t. 

The chemical Na2o losses can also be reduced similarly 

to the causticization of red mud, but in this case a lower 
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Epecific Cao consumption can be achieved, because the Fe 3+ 

ions are built into the hydrogarnet structure and con

sequently the Si02 content of the latt~r gets higher and 

its Al2o 3 content lower (Figs.10, 11). 

The reduction of the specific amount of water to be 

evaporated is important from the point of view of both the 

energy consumption and the efficacy of the ~rocess cycle. 

This can be achieved by reducing the amount of water used 

for washing the red mud and the product hydrate, by avoid

ing miscellaneous dilutions ~arazite ~aters)and by flash 

cooling the hot slurries and liquors. Over and above the 

known devalopments in equipment (filters instead of sett

lers, reconstruction of the settlers themselves, etc.) 

substantial results can be achieved by up to date f loccu

lants, the use of which is at the same time more favour

able from the point of view of accumulation of organics 

than that of the formerly used starch or flour (25]. 

The modernization of settling and red nud washing 

also results in the diminishing of attached caustic and 

alumina losses. In case of bauxites with higher Si02 con

tents the chemical Na2o losses cause also large expenses. 

Reduction of these expenses justify beside the mentioned 

technology using additives (hydrogarnet) even the causti

cization of the red mud, whereby 50-60 \ of the chemical 

Na2o losses can be recovered at 95-100 °c by adding 3 mol 

cao per mol Na2o. 

According to our newest results in a so called complex 

causticization process (15) the causticization of the car

bonate content of the liquor, of the removed carbonate salt 

and that of the red nud is united into a single process. 

This process ca~ be adjusted for a relatively small inves~

ment to the exiE•ting Bayer process. 
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To extend the limits of the Bayer process for process

ing medium and low grade bauxites (with high s10
2 

contents) 

it is possible to treat the red mud hydrothermally at a 

temp~rature of 300 °c resulting in hdyrogarnet formation. 

Using a caustic liquor with a molar r.atio of 4. 5 90-95 ·t of 

the Na2o content and 20-25 % of the Al
2
o3 content can be 

recovered in a self-supporting process with a spe~ific lime 

consumption as low as 2.5 kg Cao per kg regenerated Na2ok. 

The technical preconditions of the industrial :realization of 

this ~rocess can ~e met by further developing the t~be diges

tion. 

wi! ·. 

Sununing up it can be stated that one can not count 

a significant change of the present situation in 

+ ·"? aluminium industry and within the same in the alumir:t 

i, -.us try o; the world in the near future. Excess capacities, 

depressed prices and the geographical rearrangement of this 

industry towards areas assuring more favourable production 

costs will ~cay characteristic. 

The promoter of technical in.provement will be more and 

more the better exploitation of capital goods, the increase 

of the efficiency of the plant. The technological possibili

ties, including the equipment suitable for these and the 

main trends of development are summarized on the basis of 

the abovementioned in Table 1. The importance of increasing 

the digestion temperature, of purifying the process liquors 

and of increasing the precipitation concentration is to be 

repeatedly emphasized. 



Table 1. 

MAIN TASKS OF THE TECHNICAL IMPROVEMENTS OF ALUHINA PRODUCTION 

Main directions of R + D 

1. Improvement of efficacy of pre
cipitation by increasing the 
Na20k concentration of the 
liquor 

2. Increasing the di9estion tempe
rature at the proc:essing of 
monohydrate bauxites 

Tarc:iets 

To reach good perfor
mance in precipitation 
while securing requ
ested alumina qualj
ties 

To improve kinetics, 
to reach the theore
tical yield, to con
serve energy, to 
obtain well handable 
red mud 

Possible &olutions 

Purification of solution 
·emoval of carbonate salts and 
regeneration of their Na 2o con
tents by 
• crystallizing evapo~ati~n 
• causticj.zation in the w~shing 

line 
• complex causticization 

- removal of organics by 
feeding magnesium salts 

• evaporation of hydrate wash 
water, oxalate separation 

• liquor and/or salt ignition 
• wet oxidation 

Development of technology 

• agglomeratior 
• hydrate classification 
• multistage seeding 
• cooling during precipitati0n 

In autoclaves at 240-250 oc 

in tube digestor at 260-280 °c 

-0 
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Main directions of R + D 

3. Increasing efficacy ~f ex
isting digestion lines 

_ -~· _Energo-technology, increase 
of capital productivity, 
optimization of the process 

s. Reduction of caustic 
consumption 

Targets 

~o release the limita
tions of the equip
ment by increasing 
the temperature and by 
modifying the techno
logy 

To minimize produc
tion costs, to in
crease plant produc
tivity 

To reduce chemical 
and attachea losses 

Table 1. (cont.) 

Possible solutions 

Technology using additives 

Coordination of digestion and pre~ 
cipitation parameters and of the 
quantity of water to be evaporated 

- C~rbonate salt causticization 
- Red mud causiticization 
- Comolex causticizati~n 
- Hydrotermal (high temperature) 

treatment of red mud (in case of 
medium and poor quality bauxites). 

- Modernization of red mud washing ly 
• modification of settlers 
. heavy-duty filters 
• up to date f locculants 

--
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Fig. l 

ALUMINIUM CAPACITIES, PRODUCTION AND CONSUMPTION 

. 
I 
16.S 

••• 

,..-,,. .. _ .. .--··_..."" 
14.J 14.1 

.,,"' _.,, 
---

--------•. ., ...... 

-·--WORLD CO'fSUHPTIOJI fPAiHARY • S[[. I 

-- --WORLD CAPACllY 

---VGAl.'D CONSUHPllON 

---WO'Rl°D PRODUCTION 
I PAIHAAYI 

-·· -WU1£RH WORLD UPACl1Y 

------tX)t[[1£D 

• •' • •' ,.,. WUURN WORLD CONSUHPllON 

•. • • • • • •WUHAN WORLD PRODUCTION 

:1 
I 1.-----------------------~ T--.,--·~--.---....----..--

,,1J ttn 1"4 1t7S 19'76 1'71 1'11 1t1t 1tl0 1HI ttl2 ttlJ 1914 ltH 1tll ttl1 ltU 1tlt tttO 1ttt JH' 



- 13 -

ALUMINA CAPACITIES AND PRODUCTION Fig.2 
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CHANGE IN 
PERCENTAGE DISTRIBUTION OF 

PRODUCTION COSTS FOR ALUMINA PLANTS 

~CAPITAL COSTS 

Fig. 3t 
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CHANGE IN 
PRODUCTION COSTS OF ALUMINA 

VERSUS BAUXITE AND ALUMINA PRICES 
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PRECIPJTATION MOLAR RATIO AT OPTIMAL 
TEMPERATURE CONDITIONS 
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