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0. Executive summaryj conclusions and recommendations 

In pursuance of UNIDO Contract No.87/144 dated 3/29 Feb.'88 
four Hungarian experts spent about two weeks each in the 
Korba Alumina Plant of Bharat Aluminium Company, India to 
study the state and capabilities or the said Alumina Plant, 

the reasons tor not achivin~ its rated capacity upto the 
present time and the possibilities for increasing the plant's 
output and improving its technical parameters. They have 
found that in spite or the serious e!torts made by th~ 

plant's persoLnel to improve the operation and the addition 
or some equipnent since the last visit of a Hungarian expert 

team some problems still make impossible to attain the rated 
capacity or the plant. These reasons are the following: 

a) the repeated failures or the steam and power supply 
systems, 

b) the high le-.-els or some contaminants in the plant liquor 
(partly caused by the othervis~ very successful test of 

adding some lime to the digestion slurry), 

c) the high amounts or non-technological ("unauthorized") 
water entering the process circuit, 

d) the inadequate precipitation efficiency caused partly by 
the high level of contaminants mentioned above, partly by 
the long-term after-effects of some power interruptions (the 
problems ~onnected with the difficulty of restarting some 
precipitartors after such failures), 
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e) the poor performance of the old seed filters and also of 

the newly installed disc filter and 

f) the poor state and obsol~teness of the plant 

instrumentation. 

By the time the tcird centrifuge and the second disc filter 
will be commissioned (about the eni of 1988) the basic 
equipnent required for attaining the rated capacity will be 
essentially in place, except for the grinding capacity, which 

until the implementation of the secondary crushers and the 

closed circuit grinding - will cuse the loss of about 5,00C 
tonnes of production per year during the maintenance period 

of one of the ball mills. 

However, in order to fully utilize the capacity of the 
equipnent, some further conditions will have to be fulfilled: 

a) the frequent steam and power failures will have to be 
eliminated or their effect be minimized by improving the 
operation of the steam boilers and by installing the Diesel 

compressors, already decided and the high pressure one 
suggested by the Hungarian team during their visit to protect 
the precipitators from the effects of the power failures, 

b) the level of the contaminants will have to be drawn down 
to acceptable levels by making continuous efforts to utilize 

the capa~ity of the three centrifuges in an optimum way, 
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c) continuous efforts will 

amount of non-technological 

circuit at least by half, 

have to be made to reduce the 

water entering the process 

d) efforts will have to be made to maintain a constant high 

precipitation efficiency by reducing th~ downtimes of the 
precipitators and by increasing the seeding ratio, 

e) the operation of the hydrate filters, first of all that 
of the disc filters will have to be closely monitored and 
efforts will have to be made to improve their productivity 

and 

f) extraordinary efforts will have to be made by both the 
operating and the laboratory personnel to compensate for the 

deficiencies of the instrumentation system. 

Some of the suggestions incorporated in the present report 
serve also the better utiliz&tion of the plants's capacity. 

These are: 

a) the use of up-to-date tube-in-tube type heat exchangers 
for replacing the present HP and LP digestion preheaters 
requiring frequent and time consuming maintenance, 

b) the evaporating of most or all of the hydrate wash water 
for improving the precipitation of the contaminants, 

c) some improvements suggested for the operation of the 

precipitator tanks, 
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d) the improvement of the precipitation by adding an extra 

precipitator to the linP. through relieving it rr~m its 

present function of storing caustic lye, 

e) the updating of the wourn-out aluminate liquor cooling 

system (PHEs), by replacing them with new ones, 

f) a modification in the air supply of the disc filters, 

g) some updating suggested for the interstage cooling system 

of the precipitators. 

Other suggestions 

reduction of the 

included in the present report serve the 
steam consumption (by bypassing the flash 

steam heated digesters with tube-in-tube type preheaters for 
improving the utilization of the heat ~ontent of the digested 
slurry), the reduction of the bauxite consumption (by 
increasing the extraction efficiency or alumina ~hrough lime 
addition after making sure t~at the adverse effects of this 

otherwise very efficient method experienced d~ring 1987 are 
eliminated), the reduction of the caustic soda consumption 

(by improving the mud washing and causticizing efficiency), 

the reduction of the fuel consumption of the calciners (by 
using an additive for reducing the adhesive moisture content 
of the product hydrate) and the improvement of the grain size 
distrib~tion of the product hydrate (by using a recently 

developed hydroseparator for hydrate classifying). 

A complete replacement and updating of the instrumentation 
system is also suggested in the present Report because they 
are very much run down and need excessive maintenance even to 

maintain their poor performance and because the whole system 
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(pneumatic control) applied during the r.onstruction of the 

Korba Alumina Pla..'1.t has become totally obssolete. The 

suggested electronic system is much more accurate, ne~ds much 
less maintenance and can be integrated into a computer 

controlled system at a later date. 

The capital costs of every suggested modification the returns 
expected of them and the pay-back times are shown in Chapter 

6 at the end of the Report. The total capital costs of all of 
the suggested modifications amount to Rs 
according to our estimate; the expec+.ed total returns amount 

to Rs per )ear (at a 200,000 tpy production 

level) and the average pay-back time would be years. Over and 
above these returns it has also te be taken 
into consideration that the majority of the suggested 

modifications also serve the attaining of the rated capacity 

of the plant and would also give lots of indirect benefits • 
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1. Preliminaries 

The designed capacity of the Korba Alumina Plant of Bharat 
Aluminium Co. in India is 200,000 tpy. The Korba Alumina 
Plant was established in the second half of the 1960 s 

based on the know-how and basic engineering design by 
Aluterv-FKI. As the plant has not attained the rated capacity 
and is producing dbout 170,000 tpy of alumina at present due 
to the shortage of electric power and modernization 
reguirements of t~e process and since then considerable R D 
work has been done in updating the tecimology throughout the 
world the plant requested UNIDO assistance in updating the 
production procecs. As the result of this request a Contract 

has been entered into between the UNITED NATIONS INDUSTRIAL 
DEVELOPI-IENT ORGANIZATION /"UNIDO"/ and Aluterv-FKI. The aim 
of this Contract is to assist Bharat Aluminiu~ Co., India in 
selecting the most suitable technology which would enable 

them to significantly reduce energy consumption and increase 
quality and productivity in the production of alumina at the 

Korba Alumina Plant and to provide assistance to the 
Government in ca_ .·ying out the project entitled "Preparation 

of a Techno-economic Study for Upgrading the Technology of 
the Korba Alumina Plant". 

:~cording to the UNIDO Contract a team of Hungarian experts 
from Aluterv-FKI visited Korba Alumina Plant from the 10th 

February to the 6th March, 1988 in order to collect ne~essary 
background information about the actual state of the plant 
and an Indian team visited Aluterv-FKI and the Hungarian 
alumina plants in ~eptember, 1988 to apprais~ themselves with 
the development work carried ont in the recent past in 
Hungary. 
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This Report contains the findings and ~ecommendations of 

Aluterv-FKI for the improvement of the technological 

parameters based on the bauxite supplied from the Amarkantak 

and Phutka-Pahar resources, as we do not have sufficient data 

about further possible bauxite supplies • 
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2. Processing or the technical data supulied by BALCO 

The examination or the technological state of the alumina 
plant was started by the analysis of the technological data 
recorded by the alumina plant. Aluterv-FKI has a 
mathematical model since 1964 for the purpose of calculating 
the material and heat balances of any Bayer alumina plant. 

Basically the model may be utilized in two ways: 

(1) Designing a new alumina plant 

According to the techr>ological system chosen, the main 
technological data ma~ be given, and the computer will 
determine the material balance for the various ·technological 
operations by mea.~s of the mathematical model. In such a way 
it is suitable for the fast calculation and also for the 
comparison of the material and heat balances oi the different 

technological variants. 

(2) Calculating the material and heat balances of operating 

alumina plants 

At this time the material balance is based on the 
technological data recorded at the alumina plant. The 
accuracy of the material balance ci•!pends on the quantity of 
data recorded and (as operational data are concerned) on the 
reliability of the different variables measured, such as 
material flow-rates, analysis data, etc. Conclusions may be 
derived from the actual data regarding technological failures 
(non-technological water getting into the process circuit, 
extra heat losses at various points, the suitability of the 
treatment of alkaline condensate, etc). 
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The data Jf three financial years were collected by 

Aluterv-FKI's experts: 

April, 1985 - March, 1986 
April, 1S86 - March, 1987 
April, 1987 - January, 1988 

The alumina plant utilized lime addition in the Digestion 

Unit for ten months. The different character of this period 
motivated, that data regarding this period was handled 
separately. Thus material and heat balances for four perio~s 
were determined by the help of our mathematical model: 

April, 1985 March, 1986 

April, 1986 January, 1987 

February, 1987 November, 1987 
December, 1987 January, 1988 

During the processing of the data we have made the following 

observations : 

The alumina production was determined by utilizing the 
follo.ring data: the composition of bauxite, the Al203 
yield based on the mud analysis, and the quantity of 
bauxite brought into the alumina plant. It was dif
ferent - expecially from the year of 1987 on - from the 

data given in the tables for hydrate production. 

Significantly more water gets into the technological 
c1rcuit at various technological operations, than required 

by the technology. This water is disadvantageous, because 
it either increases the quantity of water to be evapo-
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rated, or if the capacity of evaporation is limited, it 

decreases the quantity of water utilizable for red mud 
washing, thus causing excess caustic and heat losses. 

The process liquor concentrations may be calculated 

based on the well known chemical reactions and the techno

logical water balance. The losses may be estimated ac
cording to the analysis data. Nevertheless, in operating 

alumina plants at some technological points usually some

what lower values are measured for the process liquor 

concentrations, than it could be calculated from the 
previously mentioned balances. The dilution is due to the 
feeding of non-technological water, namely floor washing 

water utilized at different points, high pressure gland 

water and unsatisfactory flashing. The model considers 

non-technological water at the following points: 

wet griLding, slurry adjustment, desilication, 

digestion, flash tanks, dilution, settling, 
red mud washing, red mud causticization, red mud 

filtration, 
precipitation, hydrate classification, hydrate filtra

tion, 
evaporation, salt removal. 

The calculation for determining the quantity of non
technological water will be discussed at the appropriate 

place. 

The specific bauxite r.onsumption is very high in all of 

the four periods, ~he digestion yield is low according to 
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the mud an~~ysis data, and the hydrolysis losses are 

high. 

The N~O content cf the last washer mud is higher than 
t~at of the digester slurry's mud phase, which fact is in 
·opposition to what we know about the linkage of caustic to 
the mud. During the digestion sodium aluminium silicates 

and sodium titanates are formed, then during red mud 
washing a part of the Na content bound to the Na-titanates 

is dissolved. That is why the H~O content of the last 
washer mud may only be lower than that of the digester 
nud. According to the data of the Korba Alumina Plant this 

tendency is reversed, which indicates a probably 

systematic error in the analysis. 

The carbonate level and organic content of the process 

liquors demonstrates a rising tendency • 

The material balance based on the data of the fourth 
period indicates in some cases extremely high or ex

tremely low (sometimes even negative) values for heat 
losses. It may be due to several reasons: 

the selected period is shorter than required to 

reach a steady state operation, necessary for the 
calculation or the material balance, 

during the period the plant operation was charac

terized by technological disturbances, 

the data recorded at dif !erent points were un

reliable. 



• 

2~ 

Becacuse of the~e, the detailed material balance for this 
period is not given, only the characteristic technological 
data are included in Table 2-4. 

The following conclusions were dr~wn from the balances of the 
different plant units and from the analysis data given: 

Vet grinding of bauxite 

The model uses the solids content of the ground slurry as one 
of the basic data, however, there were no such data 
available, so the calculations were made with the 500 gpl 
design data. The greatest problem in the wet grinding 

operation is, that the ratio of particles bigger than JOO 
microns in diameter is around 14-16 i, and that of those 

bigger than 700 microns is 1.5-3 %. Introducing of the 
closed circuit 
considered in 

(recirculating) 
the alumina plant 

wet grinding process is 
to enable it to maintain a 

size distribution better than maintained by the existing 

method. 

The bauxite to liquor ratio cont~ol is not working reliably, 
considerably contri~uting to the low digestion efficiency. 

The uniformity of the lime addition could not be seen from 

the data. Its control is necessary. 

Slurry adjustment, desilication 

The temperature of the desilication did not reach the desired 
temperature (above 100 °c) value at any of the periods. The 

temperature of the flashed slurry is high (125-138 °c) 
indicating that the heat transfer coefficients of the 
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desilication heat-exeh&~gers is low due to scaling. A 
significant amount of non-technological water gets into the 
process (~pproximately 0.5 m)/t) in the wet grinding, 
slurry adjustment and desilication units. 

Digestion 

Some technological faults were revealed during the evaluation 
of the digestion parameters. First of all the low digestion 

yield is evident, on the other hand the poor caloric 
operating state of the digestion lines. The low yield is due 
to the boehmite content of the processed bauxite, the 
~igestion of which is difficult. In order to reduce the 

production of alumina, it was tried to reduce the molar 
ratio of the digestion, but this led to the sharp decrease of 
the digestion yield and produced a secondary unfavourable 
technological effect, namely the undigested boehmite helps to 
decompose the oversaturated aluminatc liquor (this is the 
so-called hydrolysis) in the settling and washing process of 
red mud, thus beside the decrease of the digestion 

efficiency the overall plant yield decreases even further. 

The caloric faults of the digestion have different origins: 

Because of the faults of the power plant due to different 
reasons the end temperature of the digestion does not 

reach the desisned 240 °c. Due to the steam fall-outs 
the final temperature of digestion 
time to tome, resulting in the fact 

is fluctuating from 
that a part of the 

slurry flow leaves undigested for the red mud separation. 



' 

• 

2-7 

The final temperature of the recuperation sectio- never 
reaches the designed 170 °c, it fluctuates between 

162 and 167 °c. The heat exchangers (the so called HP 
heat exchangers) heated by flash steam (2 stages) are 
raising the slurry temperature by 40 °c, while the 
digesters (3 stages) are raising it further by only 
JO 0 c. The pipes of the heat exchangers are frequently 
clogged because of the unfavourably ground slurry and they 
are demanding repeated maintenance. In the recuperating 

digesters the temperature increment produced by one st~ge 

is low, mainly due to insufficient agitation. 

The final temperature of the flashing slurry is high, it 
is between 125 and 138 °c. The reason is similar to that 

discussed earlier, and furthermore, the heat transfer 
coefficient of the heat exchangers before desilication 
(the so called L.D. heat exchangers) is relatively low as 
well. This is also the reason of the temperature lag 

mentioned at the desilication. 

Significant amounts of non-technological water get into 

the digestion. It was determined by the help of our 

model in the following way: 

The molar ratio and the concentration of the digesting 
liquor is known from the data supplied. The amount of 

dissolved Al203 is known, the chemical Na20 loss 
may be calculated using the data of mud analysis. The 
amount of flashed water may be calculated from the 
digestion temperature and the final temperature of the 

flashing slurry. The amount of water brought into the 
process by the bauxite in the form of moisture is known 
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as well. Based on all or these data the expected N~O 
and Al203 concen~rations of the aluminate liquor may-
be calculated at the end of the flash line. If th~ actual 
concentrations are lower than the calculated ones, the 

differences may- only be due to non-technological water 
getting into the system. This water may- get i?;;o the 
system by the following ways: 

with the H.P. gland .:a.ter used at the agi tat~ t"S of the 

digesters and at the pumps, 

with the water used to wash-up floors at different 
places (through the sump tanks). 

Apart from the above mentioned far.ts the concentration of 
the blow-off liquor will also decrease, if not only slurry 

but a mixture of slurry and vapour leaves the individual 
flash stages. This phenomenon is more or less similar at all 
kinds of digesting systems, and it may be featured by an 
efficiency-like parameter. Ultimately less vapour leaves the 

slurry, which is resulting in a diluting effect. This 
phenomenon may be reduced by level control in the flash tanks. 
Unsatisfactory heat insulation may also reduce the flashing 
efficiency. 

The quantity of non-technological water originating from the 
above mentioned sources is accounted by the model as a single 

item. At the elaboration of the detailed materi"ll balance it 
was shared between the desilication and the digestion in a 
50-50 ~ ratio. 
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Dilution, settling and washing 

Detailed data have been provided regarding the 

settling-washing unit. The solids content of the underflows 

was appropriate, except for the year of 1986. The hydrolysis 
loss was too high, fluctuating in the range of 59 to 100 kg/t. 

Beyond the reasons detailed at the digestion the low 
temperature of the washing line (the temperature of the first 
washer overflow fluctuates between 72 and 76 °c) also helps 
decompose the aluminate liquor, especially in the first 
washer, where the concentration is most advantageous for this 

process. A considerable amount of non-technological water 
gets into the red mud washing line, probably in the form of 

wash-up water. The reason for the low temperature of the 
washing line is the high heat loss of the red mud filtration, 

and beyond that a considerable amount of alkaline condensate 
produced in the plant (in the digestion and evaporation 

sections) gets lost; furthermore, the return water (having a 
much lower temperature) is used for red mud washing instead 
of it. 

Causticization 

The causticization efficiency is low, it is fluctuating 
between 11 and 20 i. The main problem in this technological 
?peration is the insufficiency of control, that is why the 

proper handling cannot be assured. A decisive role is 
assigned to the temperature, the residence time and to the 
proper lime addition. 
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Control filtration, aluminate liauor cooling 

No problems were observed in the operation of the control 
filtration, as the iron content of the product is in 

accordance with the requirements. 

We had no data available regarding aluminate liquor cooling, 
the temperatures concerned are not recorded systematically in 

the alllmina plant. 

Preciuitation 

The precipitation efficiency was low (appr. 49 ~) in the 

period examined. The impurities of the process liquor, the 
low value of the seed ratio (between 0.8 and 1.4) and the 
insufficient precipitation time (70-80 hours) are considered 

to be the reasons of it. After the frequent compressed air 

fall-outs, the plant is not able to restart the air agitation 
in the precipitator tanks, where the hydrate particles settle 
and compact, that is the reason why out of the 14 
precipitator tanks only 11-12 pieces are in operation at any 
given time. According to the data a considerable amount of 

non-technological water gets into the process liquor during 

this operation. 

In theory the liquor should be concentrated during the 
precipitation due to the water content of the ~rystals 
precipitated. On the basis of this the expected increase of 

the liquo~ concentration may be calculated. The lack of 
concentration increase or even the dilution of the process 
liquor fro~ time to time is the conRequencc of non

technological water getting into the precipitators or related 

equipment. 
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According to t~! inf~rmation gathered in Kurba there was no 

observable difference in the particle s~.ze distribution of 
hydrate between the overflow and underflow of the 
hydroseparator, that is why the reduction of the grain size 
resulting fro~ the liquor impurities cannot be 

counterbalanced by the classific~tion. 

Hydrate filtration 

There were no data available Oil the moisture content of the 
seed hydrate and the pre-filtered product hydrate, since 
these data are usually not recorded. 

Aluterv-FKI's experts experienced during their mission that 
the proc L hydrate is not removed from the surf ace of the 
disc filt by the compres~ed air. Due to this the 
productivity of the seed filters was reduced, they are not 

able to filter the sufficient amount of seed hydrate. 

This may also be the reason of the rather low seed ratio, 
providing one reason for the low precipitat~on efficiency. 
The moisture content of the product hydrate fluctuates 

between 9 and 11 3, it is rather high. 

We could only estimate the quantity of hydrate wash water, 

because, besides the logged N~O concentration, the 
moisture content of the pre-filtered product hydrate should 
also have been known for an accurate calculation. In our 
estimation it is in the range of 0.8-1.4 m3/t. With the 

washing technology applied, a specific value of 0.8 m3/t is 
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acceptable for the wash water. Most of the non-technological 

water may get into the proces~ with the wash water used to 

wash the filters. 

The floating h;rdra.te ecntent of the spent liquor was between 

1.5 and 2.9 gpl, calculated as A12o3 • This value is 

calculated on the basis of the molar ratio of the digesting 

liquor. The molar ratio of the digesting liquor may be 

calculated definitely 

Should 

lower 

fro~ the data of the decomposed, filtered spent liquor, 
part of t·!hich goes for evaporation, 

from the data of the make-up 

compensating the N~O losses, 

caustic addeci for 

from the estimated value of ~he scalings in the 
precipitators remo~ed either by hot spent liquor or 

by fresh caustic, 

from the estimated values of caustic and alumina 

included in the moisture content of the removed salts 
and from some mechanical losses. 

the actual molar ratj.o of the digestion liquor be 

than that of its calculated value, this indicates 

either that some hydrate has be~n left in the spent liquor at 

the filtration, or some aluminate liquor has got into the 

spent liquor at the heat exchangers. 



.. 

2-13 

Evauoration, salt removal 

Accordin6 to the recorded data, the evaporation capacit~ was 
not utili~ed more than about 77-88 ~ even at this low process 

efficiency level, so a significant reserve capacity is 

available for increasing the production. The specific steam 
consumption or the evaporation equipment is between 0.27-0.JO 
t/t of evaporated water, similar to other comparable types of 

equipnent. At this :=echnological point, a lot or non

technological water goes also into the process partly from 
the washing operations ~~d partly during the salt separation 

by washing the equipment of the salt filtering and separation 

(0.6-1.1 m3/t). 

The salt separating system was suitable for the separation of 

both V205 and soda salts in its original form. Nowadays 

the V205 salt is separated by liquor cooling in the 

evaporation plant unit. This method is well proven for 
years, and sufficient amounts of sodium carbonate and 
organics have left the process liquor ~ogether with the 

separated salt to keep the impurities at a reasonable level. 
(The sodium carbonate content was under 10 3 expressed as 

Na20c/N~Ok, the organics level was 16-18 gpl 
calculated as oxalate, based on a 140 gpl concentration 

process liquor.) 

In January - February of 1987 lime addition was introduced at 

the digestion, as an experiment. Following this, the sodium 

carbonate and organics level of the process liquor increased. 

According to our assumption the reason was the following: 
during the digestion the added lime formed insol·1ble 

calcium-phosphate with the P205 dissolved from the 



bauxite, 
level of 
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and by this way after a certain time the P205 
the process liquor was reduced, and its amount was 

insufficient to form the common vanadium-phosphorus-fluorine 

ternary salt, the so-called vanadium (or V205-) salt. 

With the vanishing of a separable vanadium salt, the 

possibility of the separation of other impurities came to an 
end, resulting in the rapid increase of the level of 

impurities. 

Digesting liauor prenaration 

The method of digesting liquor pre~aration was discussed in 

the section concerning hydrate filtration. Du~ing the da~a 

processing we found the concentration and molar ratio lower 
than the acceptable value, which res~lted from the unused 
evaporation capacity, the high quantity of non-technological 

water in the evaporation, and the high floating hydrate 

content of the filtered liquor. 

The material and heat balances for the different periods are 

given in Tables 2-1; 2-2; 2-3 and the characteristic 

technolorical data are summarized in Table 2-4. 
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TECHNO:.OGICAL MATERIAL AND HEAT BALANCt: 
Ap1•1l 1965, - March 1966. 
Alumina production 20 tph 

r• 

'l'aL!<t 2-1/1 

llATEilIAL STREU Na20 Al20) MAnn VOLUME Dl-:NS, CAUf.lTIC Al20) MOJ,AR TRl~P. lH'MC, llBA'r HOJ.Jll:l 
AT Na20 llATIO m:11•r CllllT, 
25 oC 

kg/t kg/t t/t t/h m)/t mJ/h t/mJ gpl gpl oC kJ/kgoC OJ/h RPl 

BAUXITE GRINDING 
In: Bauxite: solid phase 

moisture 
Digestion liquor 

Out: Mill alurry 
Heat loss 

SLURRY ADJUST:~E?IT 
In: ~ill slurrr 

Digestion liquor 

Out: Ad~uated alurry 
Heat lose 

SLURRY PRSHEATINu 
A:m PR::DESILICATION 
In: Adjuntcd slurry 

Fla3h :itcam 
Alkaline condenaate 
!{on-technological water 

Out: Pre~eailicated alurrr: 
liquid phaae 
solid phase 

Alkaline condens~te 
Heat lons + heat ot reaction 

DIGESTIO:l 
In: ?redesil1cated slurry 

High-pressure ateam 

1)09.72 2.710 54.2 0.903 18.1 ),000 -- 0.123 2.5 0, 123 2.5 1.000 -
752 .87 369.9) 5 .598 112. 0 4.394 87.8 1.2'14 171.3 

752.87 1679.65 8.431 168.6 5.420 108.4 1.552 166.7 

752 .87 1679.65 8.431 168.6 5.420 108.4 1,552 166.7 
1269.91 G24, Oii 9 • 4 36 1 813 • 6 7.412 148,2 1.274 171.3 

2022.78 2303,69 17.869 357.4 12,832 256.6 1,393 169,6 

2022.78 2303.69 17.869 357.4 12,832 256.6 1,393 169.6 
0.650 1 '/ ,0 - - - -
1.675 )).5 1.675 33,5 1.000 -
0.305 6 .1 0,305 6.1 1. 000 -

1982.47 1910,77 16,831 336.6 12.785 255.7 1,)16 155,1 
35 ,31 392. 92 1. )43 26.9 0,448 9.0 3,000 -2 ,527 50.5 2.527 50,5 1.000 -

2017.78 2)0),69 18,174 363.~ 13.233 264.7 1,373 155,1 
2.650 53.0 

Out: Flash effluent: liquid phaae 1950.59 2056.78 14,468 289.4 10.)21 206,4 1,40~ 189.0 
dOlid phase 67.18 246.90 1,179 2).6 0,393 7.9 ),000 

Flash steam tor 
Pure condensate 
Alkalir.e condensate 

alurry preh~ating - - 0,850 17.0 - - -
2.650 53,0 2.650 53,0 1.00, 
1.675 33,5 1.675 33,5 1.000 

r.~at loss + heat ot reaction 

• Figures in brackets are heat content• ot ateam phases in kJ/kg 

- - 27 0.133? - - 27 l1, 11l'1 
84.2 3, 35 70 3.639 

81 .9 3.3~ 56 2. 7116 

81.9 3,35 56 2.746 
84.2 3, J5 70 3 • 63') 

83.3 ),)5 63 3,218 

83.) 3,35 63 ).218 
---

149.5 --

149.5 

199,3 

- (2378) - 145 4.210 
- 35 4. 1137 

1. 71 84 3,552 - 811 0.8)7 - 128 4.200 

1 • 71 84 ) • 35 1 
(3172 ,3) 

1.56 137,5 3,426 
137,5 o.837 

(27)8) 
176 4,238 
145 4.210 

1 • :! 
O.J 

21'l.li -
2~>. 'l !"JOO 

4,4 

2~.7 500 
40, 1 

71.9"11 
1.9 -

71 • 9 211 
/16.5 
20.5 

5 ·'' 

100.4 101 
1.9 -27.2 

111, fj -
102,) 101 
1(,13, 1 

136. 3 110 
19.6 -
46.5 -
l10.0 -
20.5 

7.3 

"' I -U• 
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TAble 2-1/2 (oont.) 
MAfERIA~STREAiC~-----------~-N;;O ____ Ai2o3 _______ MASS----··--VOLUME _____ DEN~:-cAUSTIC-Ai2o3--MOLAR-TEMP:-;;;c:-ttP.AT-;oi.i»;-

AT lfa20 llA'rIO lll~A'l' COJf'r, 
25 oC 

---------------------------------------------------------------------------------------------kg/t kg/t tit t/h m3/t m3/h t/m3 gpl e;pl - oC kJ/l1r;oC OJ/h r;pl ----------------------------------·--------------------------------------------------------------------------------------
FLASHUIG OF PURE CONPRSATE 
In: High-pressure pure 

Condesate from digestion - - 2.650 53,0 2.650 53,0 1.000 - - - 178 4,238 110.0 -
Out: Low-pressure steam - - 0.159 3,2 - - - - - - (2732) B.1 -

Pure con<!esate - - 2 .491 49.8 2 .491 49.8 1.000 - - - 140 1•,205 29.3 
Heat loss - - - - - - - - - - - - 2.0 -

DILUTIOH 
In: Flash effluenct: liquid phase 1950.59 2056.78 14.468 289.4 10.321 206.4 1,402 169.0 199,3 1.56 137 ,5 3.426 136,3 110 

so lid ph:ise 67.H.l 2116.90 1.179 23.6 0,393 7,9 3.000 - - - 137,5 0.637 19.0 -
1st washer overflo.~ 40).90 306.40 6.096 137,9 6,1h9 123.0 1.121 65.7 49.8 2.17 76 3.904 110. C) -
Spent liquor 140. 91 71. 72 1 .221 21~ .4 0,9911 19.9 1.064 141.8 72.2 3,23 79 3.711 7.2 

Out: Diluted slurry 2562.58 2681.80 23.7611475.317.857 357.2 1.331 1112,9 139,4 1 .69 103 3.451 169.0 66 
Heat loss - - - - - - - - - - - - 28.0 - "' I 

RED ~UD SET~LING -... 
In: Diluted slurry: liquid phase 2~95.40 24)4.90 22.585 451.7 17.464 349.3 1.293 142.9 139.4 1.69 103 3,567 167.0 66 

solid phase 67.18 246.90 1 .179 2).6 0.393 7.9 3.000 - - - 103 0.037 2.0 

Out: Settler overflow 2112.97 2068.95 19.234 )811,7 14.891297.81.292 141.9 138.9 1.68 96 ).590 132 .6 -
~ettler underflow: 

liquid phase 382 .4) 356.86 3 338 66.8 2.568 51.4 1.300 148.9 1)8.9 1. 76 96 3,578 22.9 110?. 
solid phase 67.18 256.00 1, 193 2).9 0,J99 e.o 2. 992 - - - 96 O.flJ7 1. 9 -

Heat lo::s - - - - - - - - - - - - 11. r. -
RED MUD 'JASllI?:G 
In: Settler underflow: 

liquid phase )82 .4) 356.86 ).338 66.8 2.568 51.4 1.300 148.9 138.9 1 76 96 3.578 22.9 402 
solid ph;i.se 67.18 256.00 1.193 2).9 0.399 8.o 2. 992 - - - 96 0,8)7 1.9 -

Filtrate 60.55 0.01 5 .1'16 1 02. 9 5,077 101.5 1.014 11.9 o.o - 66 4.155 213.2 
Alkaline hydrate wash uater 2).78 11.89 o.631 12.6 0.593 11.9 1.064 - - - oO 4.033 3,0 -
:Ion-tet"hnological water - - 0.588 11.8 0.588 11. 8 1. 000 - - - 35 4.187 1. 7 -

Out: 1st washer overflow 403.90 306.40 6.896 137,9 6.149 123.0 1.121 65.7 49.8 2.17 76 3,904 40.9 -
4th washer underflow: 

liquid phase 56.96 10.74 2.695 53,9 2 ,623 52 .5 1. 014 21.7 4,1 a. 11 66 4.122 14. 7 429 
solid phase 7).10 307. 62 1.)06 26.1 0.422 8.4 2.954 - - - 66 0.837 1.4 -

Heat loss - - - - - - - - - - - - 0.7 -
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TAblo 2-1/) (cont,) 

--------------------------------------------------------------------------------------------------------
MATRAIAL STREAM Na20 Al20) MASS VOLUME DENS, CAUSTIC Al20) MOLA!l TEMP. ::il'Er.. Hf.AT :::oJ.lll!l 

AT Nn20 RATIO lrnAT COtlT, 
25 oC 

---------------------------------------------------------------------------------------------t/m3 gpl gpl oC kJ/kgoC GJ/h r. Jl l m)/h -kg/t kg/t t/t t/h m)/t 
-----~~-------------------------------------------------------------------------------------------------------------------
RED :.IUD CAUSTICIZATION 
AllD FIL7RATIO!I 
In: 4th washer underflow: 

liquid phase 56.96 10. 74 2.695 53,9 2.62) 52.5 1,014 21.7 4,1 6, 71 66 4,122 14. 7 429 

solid phase 7),10 )07.62 1,306 26.1 0,1122 8,4 2.954 - - - 66 0.837 1,11 -
Lime milk - - 0,600 12.2 0,5117 10.9 1.111 - - - 75 3.589 3,J 150 

Vash "'ater ),09 - 2. 725 54.4 2. 725 511,4 1 .ooo 1 , 1 - - 70 11.18'/ 15.0 -
Low-pressure steam - - 0.100 ).6 - - - - - - (2792.6) 10 .1 

Out: Filtrate 60.55 0.01 5,1116 1C2.9 5.077 101.5 1.014 11.9 o.o - 66 4,155 20.2 

Red mud to the pond: 
liquid phase 12.55 o.oo 0.956 19 .1 0,942 16.8 1 ,015 1).) o.o - 66 4 .152 5,2 

solid ph~ae 60,05 318. )6 1,412 28.2 0.478 9,6 2.954 - - - 66 0. ?,)? 1 • 6 -
- - - - - 10 ·'' Heat lo:ia 

~UD WASH VATSR PREPARATION 
In: Digestion alkaline condesate - - 2 .527 50.5 2 .527 50,5 1.000 - - - 128 4.200 27.2 - N 

Ev~porat1on alkaline condensate - - 1, 123 22.5 1 .1?.3 22.5 1.000 - - - 7~ 11 • Hl7 ?.O - I -
l!eturn water ).09 - O.Ci18 12 ,/1 0.618 12.4 1.000 5,0 - - 35 11,167 1.6 - ., 

Out: Red ~ud WASh water 3,09 - 2.725 54.4 2.725 54.4 1.000 1.1 - - 70 4 ,167 15.9 -
HeAt loss + condesate loaa - - 1,543 - 1 .543 - - - - - - 20 .1 

CONT!\OL FILTRATIOtl 
In: Settler overflow 2112.97 2068.95 19.234 384.7 14.891 297.8 1.292 141.9 138.9 1.68 96 3,590 1)2.6 -
Out: Filtered aluminAte liquor 2112.97 2066.95 19.234 384.7 14.891 297.8 1.292 141.9 1)8.9 1.68 94 ).590 129.6 -

- - - - - - 2.8 -
He:1t los~ 

HSA '!' !!ITERCHA?:GE 
In: Filtered aluminate liquor 2112.97 2068.95 19.234 384,7 14.691 297.8 1.292 141.9 138.9 1.68 94 3,590 129.6 -

:;pent liquor 2064.13 1050.60 17.666 357,6 14.558 291.2 1.229 141,8 72.2 3,23 46 ),711 6),7 -

Out: Cooled aluminate liquor 2112.97 2068.95 19.234 384.7 14.891 291.8 1.292 141.9 138.9 1.68 63 3,590 67.0 -
~pent liquor 2064.13 1050.60 17.808 357,8 14.556 291.2 1.229 141.8 72.2 3,23 79 3. 711 105 .4 

- - - - ~ - 1.1 
He:•t lo:is 



•• 

Tahlo 2-1/4 (cont,) 
----------------~---------------~---------------------------------------------------------------------------------------------NAftRIAL STREAM Na20 U20) MASS VOLUME DENS, CAUSTIC A120) MOLAll TY.MP, al'Y.C, 111-!AT f.OJ.I ll:: 

AT llu20 liA'l'IO 111-:AT COflT, 
25 oC 

---------------------------··-----------------------------------------------------------------kg/t kg/t tit t/h m)/t m)/h t/m) gpl gpl - oC k,J /l<goC Clol/h r. ,, 1 

--~~---------------------------------------------------------··-----------------------------------------------------------------PRECIPITATION 
In: Cooled alum1nate liquor 2112.97 2068.95 19.2)4 )811,/ 14,891297.81,292 141.9 1)8,9 1.68 6) ),'.)90 B'l,0 

::eel h)'drate: 11qu1d phaee 165.4) 02. 72 1. )811 27. '7 1, 119 22.4 1.2)7 147.B 7).9 ).29 48 ),6<)8 /1,9 212 
solid phau - 2609. 64 4.115 82 .;3 1.700 )4,0 2,1120 - - - 4 (I o.un 1,) 

Cooltng water - - 11.225 224.5 11,225 ~24.5 1.000 - - - )5 4, 1117 )iL9 

Out: P~oc1p1tated slurr)' 2278.40 48)1.5) 24.716 494.4 17.745 )54.9 1,)9) 147,8 73,9 ),29 50 ),047 75.) )17 
Prec1p1tator's scale• - 9.78 0.011\ 0,) 0,00G 0, 1 2 ,420 - - - 50 0,017 -Cooling water - - 11.2~) 224,5 11.225 224.5 1,000 - - - '•5 11. 1ll7 11;:?.) 
llcat lOBD - - - - - - - - - - - - 10 ,!} 

HYDRATE FILTRATION 
In: Prec1p1tated alurr)': 

liquid phase 2278.40 1157.74 19.097 382.0 15,423 )08,5 1,2)7 147.8 7),9 ),29 50 3.698 70.6 )17 
solid ph:\se - )67),79 5.621 112.·4 2.)22 116,4 2 ,420 - - - ,0 0.017 11. 7 - N Non-technological water - - 0.584 11. 7 0.5811 11.7 1.000 - - - 35 4, 111'/ 1. 7 - I -'" Out: Seed h)'d:·ate: l1qu1d phase 165.4) 82. 72 1. )84 27.7 1 .119 22,4 1.237 147.8 73,9 ),29 48 3,690 4.9 

solid phase - 2689. 611 4,115 82.) 1, 700 )11, 0 2. 420 - - - 48 o. fl)'/ ), '.'I 
Product h)'drate: 

liqn1d phase 48,84 24,42 0,409 8,.2 0,330 6.6 1.2)7 147,8 7).9 ),29 48 ),6')8 1.5 
so:..d phase - 984,15 1.506 )0,1 0.1>22 12.4 2.420 - - - 40 0.0)7 1.2 

Spent liquor 2064.1) 1050.60 17.886 357.8 14.558 291.2 1.22~ 141.8 72.2 ).2) 110 ) • '111 6) •. , 
Heat loss - - - - - - - - - - - - 2 ,11 

PRCDUC7 HYDRATE WASHING 
In: Pruduct h)'drate: liquid phase 48.84 24,42 0,409 8.2 0,)30 6,6 1,2)7 147.8 73,9 :L29 48 ),698 1.5 

aol1d phase - 984, 15 1,506 )0, 1 0,622 12.4 2,420 - - - 48 0.8)7 1.2 
•ash water - - 0.908 18 .2 0.908 18.2 1.000 - - - 75 4, 18" 5,7 
Low-pressure steam - - 0.0)5 0.7 - - - - - - (2792.6) 2.0 

Out: Product hrdrate - 984.15 1.506 )0,1 0,622 12 ,4 2 ,420 - - - 55 0.8)7 1 , 11 
rree water o! product hrdraie 4.90 2.45 0,1!'\5 ).7 0.177 ).5 1,044 27.7 1).8 ) .29 55 4.074 o.8 
~lkal1ne h)'drate waah water 4).94 21,97 1, 1116 2),) 1.096 21. 9 1 ,064 40.1 20, 1 ).29 60 4,0)) 5.6 
Heat loss - - - - - - - - .. - - - 2.6 
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Tabl• 2-1/5 (cont,) 

---~----------------------~--------------------------------·------------------------------------------------------------·-----llAT\:RUL STREAM Na20 A120) MA~'l VOI.UMK nRN9, CAUSTIC AlaO) MOJ.All TRMr. :ll'IW. m:1.1· :101.lll:l 
AT Nn20 llATtO m:A'I' CC\H'I', 
25 oC 

--------------------------··------------------------------------------------------------------legit legit t/t t/h m)/t m)/h t/m) r.111 gpl - oC lcJ/l11~0C O,J/h f~ I' l -------------------------------------------------------··---------------------------------------------------------·---------
EVAPORATION 
In: Spent l1quor 847.54 4)1. 37 7.347 146.9 5.978 119.6 1.229 141.8 72 .2 ).2) 79 3.711 4),) -

Allcal1ne hydrate waah water 20,16 10.00 0.535 10.7 0,50) 10.1 1 ,064 40, 1 20 ,1 ),29 (,0 4,0:33 ;! ,6 -
Cool1nr. wa~er - - )7.017 740.3 )7.017 740,) 1.000 - - - )~I ,, .11l7 1011. !.I -
Hon-technolog1cal water - - 0,J7) 7.5 0,J7) 7,5 1.000 - - - 35 11 •HI'/ 1 . 1 
Low-preaaure ateam - - 0,061 17.2 - - - - - - (2792.6) 11ll,0 -

Out: Strong liquor 867.70 441.45 5 ,065 101 .. ) ),664 7).) 1,)02 2)6,8 120.5 ).2) 70 J ,lt01 211 • ., -
Pure condenaate - - 0,861 17.2 0.661 17.2 1.000 - - - 100 4,16'/ '/ ,2 
Alkaline condenaate - - 2.552 51..0 2.552 51.0 1.000 - - - 75 It, 1137 1(,.0 -
Cooling water to tower - - )7,6'.l5 753,1 37,c,55 75).1 1.000 - - - 45 11,111'7 1111 • ') -
lle1't 1011 - - - - - - - - - - - - 1) •. , -

SALT REMOVAL 
In: Strong l1quor 220,62 112,25 1 .288 25.8 0.9)2 18,6 1,)82 2)6,8 120.5 ),2) 70 J ,481 6.J '•5 

!.(alee-up cauatio )9.55 - 0,1)) 2.7 0.088 1.a 1,511 450,0 - - 27 ),)0) 0,) -
Low-preaaure 1tea111 - - 0, 119 2.4 - - - - - - (279?.. 6) 6.7 -
Cooling water - - J.5J9 70.8 J,5)9 70.8 1,000 - - - , .. 4 .167 10 ,It - N 

·' I 

:;on-technologioal water - - 0.)7) 7.5 0,)7) 7,5 1.000 - - - )~ 4 .187 1 , 1 - ... 
~ 

Out: Vet aal t 1.8) 0.75 0.021 0.4 0.01) 0,) 1.615 - - - )0 0,037 
Salt tree atrong l1quor to the 
d1r.e1ton liquor prepar~tion 255 .10 107.49 1. 773 )5.5 1,)80 27.6 1.285 184.9 77,9 ),90 65 J,G29 fl, It -
'Aar111ed water - - ),5J9 70.8 ).539 10.a 1.000 - - - 45 4,1B7 1). 3 -
Pure condensate - - 0, 119 2.4 0 .119 2.4 1.000 - - - 140 11,?.0'.i 

1 • '· -
~echanical loasea ).24 4.01 - - - - - - - - - - - -
Heat lou - - - - - - - - - - - - 1.., -
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T.,ble 2-1/6 (cnnt.) 

----------------------------------------------------------------------------------------------------------------------------------DENG. CAUSTIC Al203 MOLAR TRMP, 31'Y.C, llY.A'l' ::01.111:: 
AT Na20 RATIO ltl!A'r COWi'. 

VO LUMB MAG:J Al203 NA20 MATERIU STREAM 

25 oC 
---------------------------------------------------------------------------------------------kg/t kg/t t/t t/h m3/t m3/h t/m3 r;pl v,pl oC kJ/k~nC OJ/h Rrl 

--------~~----------------------------------------------------·-------------------------------·------------------------------------
DIGESTION LIQUOR ADJUSTMENT 
In: Strong liquor from 

evaporation 
Strong liquor from aalt 
removal 
Spent liquor 
~~ke-up caustic + preo,aoale 

Out: Digestion liquor 
Ho11t loss 

LrnE !Hi.JC PREPARATION 
In: Burnt lime (61.9 I active CaO) 

Alkaline condensate 
Lov-prcDDure steam 
Heat of reaotion 

Out: Lime milk to the 
o~ustioization 
Reject 
Heat loss 

647.08 

255, 10 
1075 .68 

44.92 

2022.78 

329.20 3,177 7~;.5 2.732 54.7 1.)02 236.0 

107.49 1. 773 35,5 1.380 27.6 1.285 184.9 
547.51 9,320 186.5 7.586 151.7 1.229 141.6 

9. 78. 0, 166 3,3 0.106 2.1 1.566 423.6 

993.98 15.036 300.7 11.806 236.1 1.274 171.) 

0.1 )2 2.6 0.0)9 o.8 J,350 -
0.521 10,4 0.521 10.4 1.000 -
0,005 0 .1 - - - -
0.608 12.2 0.547 10.9 1.111 -
0.050 1 .o 0,015 0,) 3,350 -

120.5 3,23 70 3,401 111,1, 

77.9 3, 90 65 3.629 0,11 
72 .2 3,23 79 3,711 ,,, . ') -
92 ,3 7.56 50 3.2')1 0 '~·, 

84.2 ).35 70 3.)69 76,7 ·-
~.5 

- - 27 0.037 0, 1 
- - 75 4 .11i'! 3,3 
- - (27!)2 ,6) 0,) 

2 ,:? 

- - 75 3.569 ).3 1~>0 - - 75 o.837 0, 1 -
2.5 

.., 
I ..., 

(J 
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• 

Tnblo 2-2/1 

---------------------------------------------------------------··------------------------------------------------------------------DENO. CAUS'rIC Al203 11nr.r.r1 TEMP. nn:c. tn:A'l' nor.in:; MATERIAL STREAN Nn20 Al203 MA::lS VOLUME 
AT Nn?.O Hi. ." llJo:A'r CONT. 
25 oC 

--------------------------··------------------------------------------------------------------kg/t kg/t t/t t/h m3/t m3/h t/m3 gpl gpl oC kJ/kt:oC GJ/h r,pl 
----------------------------------------------------··------------------------------·------------------------------------
BAUXITE GRIHDING 
In: Bauxite: solid phase - 1291,118 2.690 48.6 0.897 16,2 3.000 - - - 27 0 ,03'/ 1.1 

moisture - - 0.147 2.7 0.147 2.7 1.000 - - - 27 4 .1117 O.J 
Digestion liQuor 742. 70 372 .03 5,52a 99,9 4.336 78.4 1.275 171.3 a5.8 3,2a 73 ) • (i)'/ 26.~t 

Out: Hill s~urry 742.70 1663.51 8.365 151.2 5,300 97,3 1.555 165.7 83.0 3,28 513 2. 7116 23.9 500 
Heat loss - - - - - - - - - - - - 11,0 

SLURRY ADJUST:~ENT 
In: ~ill slurry 742.70 1663.51 8.365 151 .. 2 5,380 97,3 1.555 165.7 8~.o 3 .26 58 2.746 23,9 500 

Digestion liQuor 1278.72 640,49 9,519 172.1 7.465 135.0 1.275 171.3 a5.8 3,28 73 3,6J7 /15 .9 

Out: Adjusted slurry 2021.42 2304.00 17.884 323.3 12.845 232,3 1.392 169.2 84.7 3,28 65 3.220 C1B, 1 209 
H<>at loss - - - - - - - - - - - - 1. 'I -

SLURRY PREHEATINu AND 
P!!!:DESILICATION 
In: .Hjui:ted Blurry 2021.42 2304.00 17.884 323.) 12.845 232.3 1.392 169.2 84. 7 3 .26 65 3,220 68 .1 209 

Flash steam - - 0.864 15.6 - - - - - - (2721) 42.5 
Alkaline condensate - - 1.959 )5.4 1.959 35.4 1.000 - - - 1J5 4,202 20 .1 
Non-technological water - - 0.485 a.a 0.485 a.a 1.000 - - - 27 4 .187 1.0 

Out: Predesilioated slurry: 
liQuid phase 1976.54 1916.56 17.027 307.a 12.977 234.6 1,312 152.3 147.7 1. 70 87 3,559 95,) 100 
solid phase 39.88 387.44 1. 342 24.3 0.1147 a.1 3,000 - - - 87 0.837 1.8 

Alkaline condensate .. - 2 .823 51.0 2 .823 51.0 1.000 - - - 116 4 .193 211, 7 
Soda losses 5,00 
Heat loss + heat ot reaction .. - - - - - - - - - - - 9,9 

DIGESTIO!i 
In: Predeailicated alurry 201~.42 2304.00 18.370 332.1 13.425 242.7 1.)68 152.3 147.7 1. 70 87 ).360 97.1 100 

liich pressure ateam - - 2.64 47.7 - - - - - - (3172 ,3)) 1~1.) 

Out: Flash effluent: 
liQuid phase 1946.78 206?.30 14.371 259.8 10.219 184.8 1,406 190.5 202 ,3 1.55 125 ).419 111. 0 111 
solid phase 69.64 236.71 1.176 21 ,3 0,)92 7.1 ),000 - - - 125 0.8)7 2.2 

Flash steam for alurry 
(2721) preheating - - 0.864 15.6 - - - - - - 42.5 

Pu!"e co!"lde!"lsate - - 2.640 47.7 2.640 47.7 1.000 - - - 285 4.431 60.2 
Al~al1ne condenaate - - 1.959 )5.4 1.959 35.4 1.000 - - - 135 4,202 20.1 
n~at loss + heat or raction - - - - - . - - - - - - 1 :! .4 

,,, 
I .. 
--



--· MATERU.L STREAM 

FLASHU:G OF PURE COllDEN~ATE 
In: High-pres!lure pure conden11at11 

frOlll digestion 

Out: Low-preusure steam 
Pure condensate 
Heat 101111 

DILUTION 
In: Fla11h effluent: 

liquid phl'llll 
11ol1d phase 

1at wa11her overflow 
Spent liquor 

Out: Dilute~ 11lurry 
Heat 101111 

RED MUD SRTTLINJ 
In: Diluted 11lurry: 

liqu~ :1 pha1111 
11ol1d pha11e 

Out: Settler overflow 
Settler underflow: 

liq'..lid phase 
solid pha:ic 

Heat loss 

RED NUD VASHI?IO 
In: ~ettler underflow: 

l iq·~iu phase 
solid pha.1111 

Filtrate 
Spent liquor 
Ali;ullne hyJrate wash "ater 
!lon-technological water 

Out: 1st washer overflow 
4th wa=her underflow: 

liquid phase 
solid phase 

Heat 101111 

• •• 

Tnblo 2-2/2 (cont.) 

Na20 A.120) MASS VOJ,UMB DHN:.J, CAU:.JTIC Al?.O) MOJ,AR TF.MI', fll'F.C. llF.AT 1101,J ll:l 
AT Na20 llATIO lll!A'I' cowr. 
2~ oC 

kg/t kg/t t/t t/h m)/t m)/h t/m) gpl gpl cc kJ/k~oc OJ/h ~rl 

2.640 47.7 2. 6110 47.7 1,00 - - - 2a5 4 ,11)1 60.2 

0.751 1),6 - - - - - - (273?.) 'J'/ ,:? 
1,009 )11, 1 1.089 )4.1 1.000 - - - 1110 4,20!:> ;~O, 1 

2.9 

1946.78 2067.)0 14,)71 259.8 10,219 184,8 1,406 190,5 202 ,) 1.55 125 ),419 111 .o 111 
69.64 2)6.71 1.176 21.) 0.)92 7.1 ),000 - - - 125 0.637 2.2 

480,91 )5) .07 7. oc~ 141 .1 6.9?.7 125.2 1.127 69,11 51,0 2,?.4 7) ) • fll)/1 /10, 1 
~l8,0l1 50.413 0.8'.i2 15.4 0.69) 12.5 1.229 141.4 12 .8 ).20 05 ) • 710 11. 9 

2595.)7 2707.65 24.204 4)7.6 18.2)1 329.6 1.)28 141.6 1)8.5 1.68 101 ),11~7 152.0 
5,11 - ... 

I 
l.J 

'" 
2525.73 2470.85 2),028 416.) 17.8)9 )22.5 1,291 141.6 1)8.5 1,68 101 ),591 151. 0 

69,64 2)6. 71 1 .176 21.) 0,)92 7,1 ),000 - - - 101 O.P.)7 1.A 
6'} 

2108.94 2077.)7 19,)78 350,4 15,0~2 271.8 1,289 140,) 1)8.2 1, 67 98 :.1.5911 12),4 

411.6) )87.8) ),6)8 6'· .8 2.806 50.7 1.296 146.7 1 )8.2 1. 75 98 ).5811 :?) .1 1'11 
74.00 2112. J5 1.168 21 .5 0.)9~ 7, 1 ),0011 - - - 98 0,0)7 1.0 

4,5 

411.6) )87.8) ),6)8 6~i.8 2.806 50.7 1.296 146.7 1 )8.2 1.75 98 ),584 2).1 )71 
74.80 242 .)5 1 .188 2~; ·' 0.)95 7,1 ),004 - - - 913 0,8)7 1.8 
81.50 6.75 6.)0) 111 •• 0 6,204 112.2 1.016 1) .1 1 .1 19 .87 64 4, 1119 )0.7 
)).16 17,09 0.269 ~1.2 0,?.)5 4,2 1.229 1111 ·'' 72.8 ),20 fl5 ) • '110 1.6 
)2,06 1 (j .28 o. '/'.i) 1:1.6 0,'100 12.7 1.075 116.9 2).2 ),)2 c.o 4.009 ),) 

0,588 1ll.6 0.588 10.6 1.000 - - - 25 4,167 1.6 

480 .91 )5).07 7.805 141.1 6.927 125.2 1,127 69.4 51.0 2.24 7) ;J,R94 110.1 

78.26 14,90 ).656 61i .1 ),55) 64.2 1.029 22.0 4,2 8.64 62 4 .118 17.0 
74,80 )02. )) 1.297 2;J.4 0,4)9 7. 9 2. 958 - - - 62 0,8)7 1 ,2 

),B 

)25 



• •• 

Tnblo 2•2/) (oont,) 
__ ..____ ___________________________________________________________________________________ ft·----------------------------------~·---
MATRRUL ST!lEAN Na20 Al20) MA:J:J VOLUMR DRN:J, CAU:lTIC Al20) MOJ.All TY.Ml', lll'Y.C, llY.A'r tlOJ.111:1 

111' N1~:?0 ICA'l'JO 1rn11·r COll'I'. 
25 oC 

-------------------------·----------------------------'---------------------------------------kg/t kr./t tit t/h m)/t m)/h t/m) a:pl cpl oC kJ/kgoC OJ/h Rrl 

RF.' HUD CAU5TICI?.ATION 
At::> FILTlt.\TIOI/ 
In: 4th wacher underflow: 

liquid phue 78.26 14,90 ).656 66.1 ),55) 64 ,2 1, Oil!; 22.0 4,2 8,64 62 4, 118 1'/,0 ):'!) 
coUd phaue 74. 81) )02. 33 1.297 2),4 0,4)9 7. 9 2. !>'B - - - C.2 0,6)'1 1.:! 

L1•e 1:11llc - - 0 .56!> 10.6 0.527 9,5 1.111 - - - 75 ),51\9 ~!.) 1~0 
Va:1h water 2.1 - 2,073 '1 • !) 2,073 51.9 1.000 0,7 - - C,8 It, 1117 14,0 -
Low-preaaure etea111 (4,5 bar) - - 0.2)0 It,) - - - - - - (27??.. 6) 1?,0 -

Out: Fll trate 81.50 6.75 6.)0) 114,0 6,204 112.2 1,016 1) .1 1 .1 19,87 64 4, 1119 )0 •. , -
!led 111ud to the pond: 

liquid phase 1). 7) 0,16 0.947 17' 1 0,933 16.9 1,014 2.) 2.2 128.90 68 4' 151 4,h -
eolid phaee 59,94 310,1)) 1,399 ~·5,3 0,473 8,6 2.958 - - - 60 0, 1))7 1 • ,, 

Heat lo•• - - - - - - - - - - - - 11.0 -
NUD VASH WATER PREPARATION N 

In: Dtcest1on alkaline oond•n•ate - - 2.82) ,.1.0 2,82) 51.0 1,000 - - - 116 11, 19) 211, '1 - I ... 
Evaporation alko.11ne oondeneate - - 1,162 21 .o 1, 162 21,0 1,000 - - - '/') 11, 10'1 6,(1 - ... 
Return water 2.1 - 0,1120 7.6 0,1120 7.6 1.000 5,0 - - " 4 .10·1 1 , 1 

Out: Red ~ud waeh water 2 .1 - 2.87) ,.1. 9 2,87) 51,9 1,000 0,7 - - 68 11, 10'/ 14,6 -
Heat lo•• + condenaate - - 1.'32 27. 7 1,5)2 27.7 1.000 - - - - - 17,6 -

CONTROL FILTRATION 
In: Settler overflow 2108,94 2077.)7 19.378 )~0.4 15.032 271.8 1,289 140.3 138.2 1,67 98 3,5911 1~) ·'· 
Out: Filtered alu.1nato liquor 2100.94 2077.37 19.370 )~0.4 15,032 271.8 1,289 140.3 1)8.2 1. 6'/ 96 ),5911 120,C) -

!!eat lo•• - - - - - - - - - - - - 2. !) -
HEAT Il:':'E!ICHAllGE 
In: F1ltored aluminate liquor 2108.94 2077.37 19.)78 )~0.4 15.032 271.8 1.289 140,) 1)8,2 1.67 96 ).~C)/1 120.9 -

Spent liquor 2049,02 1055.44 17.811 )~2.0 14,493 262,0 1.22~ 141.4 72.8 3,20 47 ).710 56.0 -
Out: Cooled &1W111nato liquor 2108.94 2077.)7 19,)70 )~10,4 15,0)2 271.8 1,289 140,3 1)8,2 1.57 59 3,591, 71,,) -

Spc:nt liquor 2049.82 1055.411 17.011 );!2,0 14,1193 262.0 1.229 141 .4 72.8 ),20 85 ) • 710 101 .2 -
Heat loas - - - - - - - - - - - - 1 ·" 



• • •• 

Table 2-2/4 (cont,) 

---,------------------~----------------------------------------------------~----------------------------------------------------MATERIAL STREAM NA20 Al203 MASS VO LUMB nBNS, CAUSTIC A1203 MOLAn TEMP. Sl'HC. llKAT nor.Inn 
AT Nn20 llATIO ii KAT corn. 
25 oC 

--·------------------------------------------------------------------------------------------ke;/t kg/t tit t/h m3/t m3/h t/m3 gpl gpl - oC kJ/lce<><! ClJ/h l'.)11 

---~----------------------~--------------------------------------------------------------------------------------------------PRECIPITATION 
In: Cooled alWllinate liquor 2108.94 2077.37 19.378 350.4 15.032 271,8 1,289 140.3 138.2 1. 67 59 3.594 71,, 3 -

Seed hydrate: liquor phaae 155,75 77.16 1. 314 2).0 1.065 19,3 1.234 14G.2 72 ,4 3. 32 47 3, '/02 11, 1 2:'!1+ 
!lOlid phaae - 2596.71 3,973 71.ll 1 • 6112 29. 7 2 ·'•20 - - - 4"/ O,flJ'/ 2. fl -

Cooling water - - 5.409 97.6 5,1109 97.8 1.000 - - - 47 4. 1 ti'/ 111, 3 -
Out: Precipitated alurry 2264.69 4741.92 24.651 445.7 17,775 321,4 1.387 146.2 72 ,4 3,32 49 3.063 (1G,O 300 

Precipitator'a acalea - 9,32 0,014 0,3 0.006 0.1 2 ,420 - - - 49 0,£137 - -Cooling water - - 5.409 97.8 5,1109 97.8 1.000 - - - 45 11,1117 10,11 -
Heat loss - - - - - - - - - - - - 10,) -

HYDRA4E FILTRATION 
In: Precipitated slurry: 

liquid phase 2264.69 1161.89 19.174 346.7 15,51; 280.5 1.234 146.2 72 .4 3, 32 49 3.702 14.3 300 
solid phase - 3580.03 5 .4'17 99,0 2 .2611 40,9 2.420 - - - 49 0.037 11, 1 

Non-tcchnological wster - - 0.451 8.2 0.451 8.2 1,000 - - - 35 4 .1ll'7 1.2 - ,., 
I ,,, 

Out: Seed hydrate: liquid phaae 155,75 77.16 1.314 23.8 1.065 19,3 1,234 146.2 72 .4 3.32 47 3.702 ,, • 1 - .. 
solid phase - 2596. 71 3,973 71.8 1.642 29. 7 2 ,420 - - - 47 O.fl)'/ 2.0 -

Product hydrate: li~uid phaav 59.12 29.29 0,499 9.0 0.4011 7.3 1.234 146.2 72 .4 3.32 47 3.70:? 1.6 -
aol1d phaae - 983.32 1.504 27.2 0,62?. 11.2 2,420 - - - 47 0.037 1 • 1 

Spent liquor 2049.82 1055.44 17.011 322.0 14.493 262.0 1.229 141.4 72 .8 3.20 47 3,710 56.0 -
Heat loss - - - - - - - - - - - - 2 ·'· -

PRODUCT HYDRATE WASHING 
In: Product hydrate: liqu1d phaae 59.12 29.29 0.499 9,0 0.404 7 • 3 1 • 2 34 146 • 2 72 ,4 3.32 47 3,702 1.6 -sol1d phase - 983.)2 1.504 27.2 0.622 11.22.1120 - - - 47 0.03'1 1.1 

\iaah water - - 0.897 16.2 0.89'1 16.2 1.000 - - - 75 4 .1U7 5, 1 
Lo~-pressure ateam - - 0.038 0.7 - - - - - - (2792 .6) 1.9 -

Out: Product hydrate - 983.32 1.504 27.2 0.622 11,2 2 ,420 - - - 55 0,837 1.3 -
Free water of product hydrate 4,80 2.)8 0,189 3.4 0 .181 3,3 1,042 26.5 13 .1 3,32 55 4,076 o. o -
Alkaline hydrate waah water 54.32 26.91 1.245 22.5 1,158 20.9 1.075 46.9 23.2 3.32 60 4.008 5 ·'· -
Hea<; losa - - - - - - - - - - - - 2.2 



" 

TALlo 2-2/~ (cont,) 

-~----------------~--------------------------------------------------------------------
MATERIAL STREAM Na20 U203 MASS VOJ.UMR DP.NS, CAUSTIC A1203 MOY.AR TRMP, Sl•RC, llKA'l' :101.l 11:1 

A1' Nn20 llA'l'IO lllo:A'I' COU'I', 
25 oC 

---------------------··-----------------------------------------------------------------------kg/t kg/t t/t t/h m3/t m3/h t/m3 gpl gpl - oC kJ/kgoC OJ/h ,;pl 

-~~~-~~~---------~~~------------------------------------------------------------------------------------------------
EVAPORATION 
In: Spent liquor 884.73 455,52 7.750 140.1 6.306 114,0 1.229 140.3 72.B 3.20 85 3, 710 44.0 -

Alkaline hydrate waah water 21.46 10.63 0.492 0.9 0.450 6.3 1.075 1+6.9 23.2 3,32 60 4,000 2'1 

Cooling w~ter - - 37.133 671.4 )7.133 671.4 1.000 - - - 35 4.Hl7 ~)fl' 11 

?lon-teohno lor:i cal water - - 0,400 7.2 0.400 7.2 1.000 - - - 35 1+,167 1 • 1 

Low-pressure steD.111 - - 0.842 15.2 - - - - - - (2792 .6) 112,11 

Out: Strong liquor 906.19 466.15 5,4112 96.4 ),964 71.? 1,373 228.6 117. 6 3,20 70 ).498 211.1 
Pure condensate - - 0,8112 15.2 0. !llt2 15.2 1.000 - - - 100 4 .11.17 6,11 

Alkaline oondenaate - - 2 .560 46.3 2.560 116.) 1.000 - - - 75 4. 11.l'/ 14.~ 

Cooling water to tower - - 37,773 662.9 37,773 682.9 1.000 - - - 115 4 .1137 1:rn, 'I -
Heat loss - - - - - - - - - - .. 111'3 -

SALT REMOVAL 
In: Strong liquor 230.40 118.54 1.384 25.0 1.008 18.2 1.373 228.6 117.6 3,20 70 3.498 6, 1 34 

l~ake-up cauati o 41,20 - 0,139 2.5 0,092 1.7 1.511 450,0 - - 27 ),)£!) 0.2 - N 

low-pressure ateam - - 0,127 2.3 - - - - - - (279?. ,6) 6,11 - I 

CooHng water ~.022 36,6 2 .022 36.6 1.000 35 4.18? !L '1 
N 

- - - - - - "' 
Non-technological water - - 0.1100 7.2 0.400 7.2 1.000 - - - 3) ,, , 187 1.1 

Out : Vet aal t 1.69 0.84 0.017 0,3 0,011 0.2 1.660 - - - 30 o.037 
Salt-free atrong liquor to the 
digestion liquor preparation 267.61 12).24 1.906 )4.5 1.489 26.9 1.280 179,7 82.8 3,57 65 3.627 8.1 
Warmed water - - 2 .022 36.6 2 .022 36.6 1.000 - - - 45 4.187 6.9 -
Pure condensate - - 0.127 2.3 0.127 2.3 1.000 - - - 140 4,205 1.4 
~echantcal lossea 2.40 -5.54 - - - - - - - - - - -
Heat loss - - - - - - - - - 2.8 -

DIGESTION LIQUOR ADJUSTMENT 
In: Strong liquor from evaporation 675.79 347.61 4.058 7),4 2.956 53,5 1.)73 228.6 117 ,6 3,20 70 3.498 18.0 -

3trong liquor fr~n salt removal 267.61 123.24 1.906 34.5 1.409 26.9 1.280 179.7 82.8 3,57 65 J.627 a.1 
Spent liquor 1033 .87 532 ,35 8.920 161 ,3 7.259 131.2 1.229 140.J 72.8 3,20 85 3,710 50.7 -
~:ake-up caustic + preo. acale 44.15 9,32 0.162 2.9 0.104 1.9 1.556 424.5 89.6 7,79 50 3.290 0.5 

Out: Digestion liquor 2021,42 1012.52 15.047 272.0 11.801 21),4 1.275 171.3 65.8 3,28 73 3, (1)'} 72 ,4 -
HE>at loss - - - - - - - - - - - 4.9 -

' 
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Table 2-2/6 ~cont,) 

----------------------------------------------------------------------------------------------------------~ 
MATERIAL STREAM MASS VOLUME DENS. CAUSTIC A1203 MOY.AR TEI-II'. srHC. llRAT :JOJ,Ill:l 

AT Nu20 llATIO llBA'r corn. Na20 A120) 

25 oC 

---------------------------------------------------------------------------------------------kg/t kg/t t/t t/h m)/t m)/h t/m) gpl gpl oC kJ/kgoC OJ/h gpl 

------------------------------------------------------------------------------------------------
LIME MILK PREPARATION 
In: Burnt li~e (6).) ~ active CaO) - - c .125 2.) 0.0)7 0. 7 ·~. j5 - - - 27 o.837 

\~k. conden:mtc - - 0.501 9,0 o.~01 9.0 1.000 - - - 75 4.3137 2.0 -
~uv-pressure steam - - 0.005 0.1 - - - - - - (279:? ,G) 0.3 

Heat or reaction - - - - - - - - - - - - 2,0 -
Out: Lime milk to the caustic1zat1on - - 0.565 10.6 0.527 9,5 1.111 - - - 75 ),:)69 2.9 150 

Roject - - 0,0116 0.6 0.014 0.2 ), 35 - - - 75 0. 83'1 -
Heat loss - - - - - - - - - 2.2 

• 

N 
I ... .,.. 



• • 

TECHNOLOGICAL MATRRUL AND HBAT BALANCB 
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Alumina produotion 10.25 tph 

•• • 

•rabl o 2-3/1 

--------------------------------------------------------------------------------------------------------------------Na20 Al20) MASS VOLUME DENS. CAU:JTIC A120) MOT.All '•'Er.IP. :::rEc. llEAT ~01.Ill!l MATERIAL STREAM AT Nn20 llA'l'IO 1111,A'l' cowr. 
25 oC 

---------------------------------------------------------------------------------------------kg/t kg/t t/t t/h m3/t m3/h t/m3 gpl gpl - oC kJ/kGoC GJ/h ~pl 
-------------------------------------------------------------------------------------------------------------------------------
BAUXITE GRUIDUIG 
In: a~uxite: solid phaae - 1272. 70 2.651 48,4 0,664 16,1 ),000 - - - 27 0,8)7 1 .1 

moioture - - 0,106 2.0 0,106 2.0 1.000 - - - 27 4,107 0.2 
Digeation liquor 712 .58 358.05 !L456 99.6 4.310 76.7 1.266 165.3 83.1 3.27 711 3.6~1 26.6 

Out: Nill slurry 712.58 1630.95 8.215 150.0 5,302 96.8 1.549 161.3 81.2 3.27 59 2. 7!>3 211,:? 500 
Heat loas - - - - - - - - - - 3,9 

SLURRY ADJUSTNBNT 
In: Nlll slurry 712 .58 1630.95 8.215 150.0 5,302 96,8 1.549 161.3 81.:! 3,27 59 2 .753 24,2 500 

Digeation liquor 1256. 72 6)2.75 9.6)6 175.9 7.61) 136.9 1.266 165.3 63.1 3.27 74 3,G51 11? ,) -
lime millc - - 0,260 5.1 0.252 4.6 1.111 - - - 75 3,5&9 1.4 150 

Out: Adjusted slurry 1971.30 226),70 18.131 330.9 13.167 240.3 1.377 160.6 ao.a 3.27 66 ).243 71,1 204 

Heat loss - - - - - - - - 1 .o 

SLURRY PREHEATING 
AGD PREDESILICATION 
In: Adjustc1 slurr1 1971.)0 226),70 18.131 330.9 13.167 240.3 1.377 160,6 so.a 3,27 66 ) ,2113 71 1 204 

FlAsh otea111 - - 0.974 17.8 - - - - - - (2721) 
Alkaline condensate - - 1,8)7 33,5 1.837 33,5 1.000 - - - 135 4.202 
?:on-technological water - - 0.296 5.4 0.296 5,4 1,000 - - - 35 4,167 

O~t: Predeailicated slurry: 1.69 liquid phase 1927.06 1881.89 17.061 311.4 13.109 239.2 1.301 147.0 143.5 90 3,574 100.2 100 

solid phase 39.24 381 • 81 1.367 24.9 0.456 8.4 3,000 - - - 90 0.837 1.9 

Alkaline c1ndensate - - 2 .811 51.3 2. 811 51.3 1.000 - - - 116 11,107 25 .o 
Heat loss + heat ot reaction - - - - - - - - 12.2 

DIGESTION 
In: Predesilioated slurry 1966.30 2263.70 18.428 336.3 13.565 247.6 1,)59 147,0 143.5 1.69 90 3,371 102 .1 100 

High-pressure steam - - 2 .640 48.2 - - - - - - (3172 ,3) 152.9 

Out: Flash ettluent: liquid phase 1899.05 2047.98 14.430 263.3 10.350 188.9 1.394 183.5 197.9 1.525 126.5 3,435. 114.7 110 
solid phase 68.65 215.72 1 .186 21,6 0,395 7,2 3,000 - - - 126.5 o.637 2.3 

Flash stea111 tor slurry preheating - - 0.974 17,8 - - - - - - (2721) 41'1.I• 

Pure condensate - - 2 ,6110 46.2 2.640 46,2 1 .ooo - - - 265 4,431 60.9 

Alk3line condensate - - 1 .an )3.5 1,837 33,5 1.000 - - - 135 4,202 19.0 
Heat loss + heat ot reaotion - - - - - - - - - - 9,7 

N 
I ... 
•I 
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Tat.lo 2-J/2 (oont,) 

-------- --- ----~~------------------~----------------------------------------------------------------------------MATERIAL STREAM Na20 Al20J MASS VO!.UMB DBNS. CAUSTIC Al?.OJ MOl.All TKMP. Sl'Bl:, 111-:11'1' 001.111:1 
AT NA20 llA'I IO m:n CotlT. 
25 oC 

------------------------------------------------------------------------------------------··--kg/t kg/t t/t t/h m3/t m3/h t/m3 gpl gpl - oC lc.Tlkr.oC llJ/h r.111 

-------~~---------------------------------------------------------------------------------------------------- -----------------FU.:.HUIG OF PURE CONDENSATE 
In: High-preeauro pure oondenaate 

fro111 d1geat1on - - 2.640 48.2 2,640 48.2 1.000 - - - 285 4 ,4J1 60,!J -
Out: Lov-preaaure ateam - - o. 753 1).8 - - - - - - (2 73::!) J7.7 -

Pure oonllenaato - - 1.687 34 ,11 1.887 34.4 1.000 - - - 1110 4 ,?.0~ :? II' '.I -
Heat loaa - - - - - - - - - - - - ;~ '9 -

DILUTION 
In: Flaah effluent: liquor phaae 1899.05 2047.98 14.430 263.3 10.350 188.9 1,394 183.5 197.9 1 .5:"5 126.5 J,11)'.j 1111.'l 110 

uolid phaae 60,65 215.72 1.186 21.6 0.)95 7,2 ),000 - - - 1 ?.f1 • 'j 0 • £\'J'l ;? • J -1at washer overflow 402 ,46 )02. 64 6.795 110.5 6.05) 110.5 1.122 66.5 50,0 2 .1 !• u 3, !)02 )),) -
Spent l1q1.1or 118.45 61.40 1.0)4 18.9 0,842 15.4 1.229 140.7 72.9 3, 1 ;· 86 ),712 (>. 0 -

01.1t: Diluted alurr~ 2488.61 2627.74 2).445 427.B 17.640 322.0 1,)29 140,) 1)9.9 1. (,~. 101 ),11 1,1& 1':)0. 'J 6'/ 
Heat lou - - - - - - - - - - - - :;.4 -

"' I 
RID MU~ SETTLING "' 
In: Diluted al1.1rr~: 11q1.1id pha•e 2419.96 2412.02 22.259 406.2 17.245 )14.8 1,291 140,) 1)9.9 1.65 101 ),6JO 149, 1 67 

, .. 
aol1.d phaae 68.65 215. 72 1, 186 21.6 0,395 7,2 3,000 - - - 101 0.6J7 1 .a -

01.1t: Setller overflow 2047.94 2054.19 18,989 )46.5 14.79) 268.9 1.289 1)9.0 1)9.4 1. 64 91.l '. 5!>) 122.0 -
Zettler 1.1ndertlow: ltq1.1id phaae )66.9) )49,88 ).255 59,4 2.50) 45.~ 1.297 146.2 139.4 1,7) 98 3,5u2 20,9 /11) 

aol1d phaae 7J,74 22).66 1.202 21.9 0,400 7.) ),002 - - - 98 o.nn 1 ,8 -
Heat loaa - - - - - - - - - - - - 6,2 

RED MUD \IA!>llIHG 
In: Settler underflow: ltq1.11d phase )66.9) )49.88 ).255 59,4 2,509 45.8 1,297 146.2 139.4 1,7) 98 ),502 20,9 ;,13 

aolid pha•e 7).74 223.66 1.202 21.9 0,400 7.) J,002 - - - 98 0,8J7 1.8 -
F1ltra.te 65.20 o.oo 5.260 96.1 5.184 94,6 1,014 12.5 - - 66 4, 15') 26.' -
A~kaline h~drate waa.• water )2.4, ·i6.52 0.671 12.2 0.619 11.) 1 ,005 52.4 26.7 ),2) 60 ),986 2.9 -
Uon-technologloal water - - 0.566 1o.7 0.586 10. 7 1. 000 - - - 35 4. Hl'/ 1.6 -

Out: 1at wa•h~r overflow 402 .46 )02.64 6.795 118.5 6.05) 110.5 1.122 66.5 50.0 2.19 72 ),902 )),) -
4th washer underflow: 

liquid phase ~2.09 7.96 2,864 52.6 2.806 51,2 1.028 22 .1 2,8 12 ,8) 6) 4,1'.11 1J.7 1102 
&olid pha•e 73.74 279.46 1,)05 2).8 Q,441 a.o 2.960 - - - 6) 0,8')7 1.) -

Heat loaa - - - - - - - - - - - - 5,2 -
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TAble 2-3/3 (oont.) ---------------------------·---------------------------------------------------------------_ __,,., ____ . 
MATERIAL STREAK NA20 Al203 MASS VOLUME DENS. CAUSTIC Al203 MOLAi! TEMP. :Jl•Kc. m:AT :.IOI.I 11:; 

AT NA20 llATIO llBA'r CONT, 
25 oC 

--------------------------------------------------------------------------------------------kg/t kg/t t/t tlh m3/t m3/h t/m3 gpl gpl - oC kJ/kr;oC GJ/h r:11 I 

-------------------------------------------------------------------------------------------------------------------------------RED MUD CAUSTICIZATION 
AUD FILTRATIOll 
In: 4th washer undeflov: 

liquid phase 62.09 7,96 2.884 52.6 2.806 51.2 1.028 22.1 2 .8 12 .83 63 4.131 13. 7 110:? 
solid phase 73.74 279.46 1.305 23.8 0,4111 0.0 2.9Cio - - - 63 0.037 1.3 -

Li111e milk - - 0,488 6.9 0.11110 0.0 1.111 - - - 75 3,:.09 2 ·'· 150 
Wash water 2.62 - 2. 716 49.6 2.716 49.6 1.000 1.0 - - 70 4 .187 111. 5 
Lov-press~re ate!Ull - - 0,209 3,8 - - - - - - (2792.6) 10. '} -

O~t: Filtrate 65.20 o.oo 5.268 96.1 5.184 94.6 1.014 12.5 - - 66 4 .153 26.J 
Red mud to the pond: 

liquid phase 8.97 o.oo 0.936 17.1 0.931 17.0 1.008 9.6 - - 70 4.169 5.0 -
solid phase 64.29 287.42 1.396 25.5 0.472 8.6 2.960 - - - 70 o.037 1.5 

Heat los3 - - - - - - - - - - - - 9. fl -
MUD WASH WATER PREPARATION 
In: Digestion alkaline condensate - - 2 .811 51.) 2 ,811 51.3 1.000 - - - 116 11, 1A7 2!LO - N 

I 

Evaporation a.lkaline condensate - - 0.982 17.9 0,982 17.9 1.000 - - - 75 '• .107 5.6 - .., 
Return water 2.62 0.524 9.6 0.524 9.6 1.000 5,0 35 4 .187 1.4 - ... - - -

Out: Red mud wash water 2.62 - 2. 716 49.6 2.716 49.6 1.000 1.0 - - 70 4.187 14.5 -
Heat loss + condensate losa - - 1 ,601 29.2 1 .601 29.2 1.000 - - - - - 17.5 

CONTROL FILTRATION 
In: Se~tler overflow 2047.94 2054.19 18.989 346.5 14.733 268.9 1.289 139,0 139,4 1 .64 98 3,593 122.0 

Out: Filtered aluminate liquor 2047.94 2054.19 18.989 346.5 14.733 268.9 1.289 139.0 139.4 1.64 96 ).593 119.5 
Heat lose - - - - - - - - - - - - 2.5 

HEAT I!iTERCHUIGE 
In: Filtered aluminate liquor 2047.94 2054.19 18.969 346.5 14.733 268.9 1.289 139.0 139.4 1 • '54 96 3,593 119 ,5 

Spent liquor 1901.a9 1030,33 11.J56 316.7 14.133 257,9 1.22e 140.6 72.9 3,1& 50 3,712 58.8 -
Cut: Cooled aluminate liquor 2047.94 2054.19 18.989 )46.5 14.733 268.9 1.289 139.0 139,4 1. 64 61 ).593 75. 9 -

Spent liquor 1987.89 1030.33 17.358 316.7 14.13) 257.9 1.228 140.6 72.9 3.18 86 ).712 101 .1 
Hc:lt loss - - - - - - - - - - - - 1.3 
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Table 2-3/4 (oo"t,) 

NA~RIAL STREAM Na20 Al20J MASS VOLUME DENS. CAUSTIC Al203 MOL. n nMP. f.l'l~C. m:A'r ftOJ.l IJ:: 
AT fla20 llAT:.:O lllMT CON1', 
25 oC 

----------------------------------------------------------------------------------------------kg/t kc/t t/t t/h mJ/t m3/h t/m3 gpl e;pl - oC kJ/kgoC OJ/h gpl 
-~~~-~~-~---------------------------------------------------------------------------------------------------------------PRECIPITATION 
In: Cooled aluminate liquor 2047.94 ~054.19 18.989 )46.5 14.733 268.9 1,289 139.0 139.4 1.64 61 3,593 "/'j,9 -

Seed hydratP: liquid phase 173,80 06,53 1.460 27.0 1.200 21.9 1.2)4 144,9 7J.8 ~.:?) 50 J, 702 5 .o ?.116 
solid phase - 2655.32 4.369 79,7 1.80~ J2.9 2.420 - - - 50 0,8)7 J,) -

Cooling water - - 5.4)6 99.2 5,4)6 99,2 1.000 - - - 35 4, 1tl7 111.5 

Out: Precipitated slurry 2?.21.74 4988,98 24.623 453.0 17.775 324,4 1,397 144,9 73.8 3,23 52 3.02) 71.2 JJO 
Precipitator's scales - 9.07 0.014 O.J 0,006 0 .1 2 ,1120 - - - 52 0,llJ7 - -
Cooling water - - 5.436 99.2 5 ,11)6 99.2 1,000 - - - 40 4 .107 16.6 -
Heat loss - - - - - - - - - - - - 10,9 -

HYDRA7E FILTRATION 
In: Precipitated slurry: 

liquid phase 2221.74 1149.45 18.948 345.8 15.348 280.1 1.235 144.9 73.0 3.23 52 3.702 66.5 3JO 
solid phase - 38)9.5) 5.875 107.2 2.427 44.3 2.420 - - - 52 0,837 4.7 -

Non-technological water - - 0,400 7.3 0.400 7,3 1.000 - - - 35 4,W'l 1 • 1 , ... 
Out: Seed hydrate: liquid phase 17).80 88.53 1,480 27.0 1.200 21.9 1,234 144,9 73,8 3,23 50 J. 702 5.0 .. ' .... 

solid phase - 2655. 32 4,)69 79.7 1 .805 32. 9 2 .4?.0 - - - 50 o.8:n ).) - 0 

Product hydrate: liquid phase 60.05 J0.59 0,511 9.3 0,415 7. 6 1 • 2 )4 1114 • 9 73.8 3 .2) 50 3.?0J 1. 7 -
solid phase - 984,21 1 ,506 27.5 0.622 11.42.420 - - - 50 0,8)7 1.2 

Spent liquor 1987.89 10)0,J) 17.358 316.7 14.133 257.9 1.228 140,6 72. 9 3.16 50 3.712 58.0 -
Heat loss - - - - - - - - - - - - 2.) 

PRODUCT HYDRATE WASHING 
In: Product hydrate: liquid phase 60.05 J0.59 0,511 9,3 0.415 7.6 1,234 144.9 73.8 3,23 50 3. 702 1.7 -

solid phase - 984.21 1.506 27.5 0,622 11,4 2.420 - - - 50 0.837 1 .2 
Wash water - - 0.798 14.6 0.798 14,6 1.000 - - - 75 4. 1!17 11,6 -
Lo~-pressure steam - - 0,035 0.6 - - - - - - (2792.6) 1. 7 -

Out: Product hydrate - 984.21 1.506 '?7.5 0,622 11 .4 2 ,420 - - - 55 0.837 1.3 
Free water of product hydrate 4.70 2.39 0.198 3.6 0.191 3,5 1.040 24.6 12.6 3.23 55 4 .102 0.6 -
Alkaline hydrate wash water 55,35 26.20 1,146 .~0.9 1.056 19,3 1,085 52.4 26.7 3,23 60 3.986 5.0 
Heat loss - - - - - - - - - - - •· 2 .1 
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Table 2-)/5 (oottt.) ------------------------------------------------------------------------------------------------------------------------"• 
ICATF.itIAL STREAI~ Na20 Al20) MAS::! VOLUME DENS. CAUSTIC Al20) MOLAR TEMP, Sl'HC. llHAT :JOY.I lltl 

AT NQ20 RATIO HEAT CONT, 
25 oC 

---------------------------------------------------··-----------------------------------------kg/t kg/t t/t t/h m)/t m)/h t/m3 r:pl gJll - oC kJ/kgoC OJ/h r. pl 
--------------------------------------------------------------------------------------------------------------------EVAPORATION 
In: Spent liquor 845.83 438.25 7.386 134.8 6.015 109.8 1.228 140.6 72 ,9 3,18 oc. 3,712 11),0 -

Allcnline hydrate waeh water 22.93 11,60 0.475 e.1 o.•136 o.o 1.005 52.4 26.7 ).2) 60 ).906 2.1 
Cooling water - - 33.655 b17.9 33.855 617.9 1.000 - - - 35 4.167 90.6 -
Non-technologioal water - - 0.540 9,9 0.540 9,9 1.000 - - - 35 4 .10'1 1.5 
Low-preesure ste~m - - 0,927 16.9 - - - - - - (279:?.6) 1,7,2 

Out: Strong liquor 868.76 449.93 5.341 97.5 ).9)3 71.8 1.358 220.9 114,4 3, 18 70 3,512 2),6 -
Pure condeneate - - 0.927 16.9 0.927 16.9 1.000 - - - 100 4,107 7 .1 
Alkaline condensate - - 2.448 44.7 2 ,4116 44.7 1.000 - - - 75 4 .1ll'I 13, I\ -
Cooling w~ter to tower - - 311,1167 629,0 311,1167 629.0 1.000 - - - 115 11, 10'/ 110,') 
llell.t lo:is - - - - - - - - - - - - 21.2 

SALT RENOVAL 
In: Strong liquor 220.89 114,liO 1.358 24.8 1.000 18.3 1.358 220.9 114.4 3,18 70 3,512 6.1 32 

~!ake up caustic 39.60 - 0.133 2.4 o.ooa 1,6 1.510 450.0 - - 27 3.3fJJ 0.2 
Low-pressure ~team - - 0.125 2.3 - - - - - - (2792. 6) (j .4 - .... 
Cooling water - - 2 .137 39,0 2 ,1)7 39,0 1.000 - - - 35 4 .107 5,7 - I 

!:on-technological water 0.540 9,9 0,5110 9.9 1,000 35 4 .107 1.5 
.... - - - - - - .. 

Out : Vet aal t 1.21 0.6 0,016 0.3 0,010 0 .2 1. 660 - - - 30 0.637 
Salt-free strong liquor to the 
digestion liquor preparation 257.26 115.73 2 .015 )6,8 1,618 29.5 1,245 159,0 71.5 3,66 6~ 3,602 e.o -
\'armed water - - 2 .137 )9.0 2 ,137 39,0 1.000 - - - 45 4.167 7,3 
Pure condensate - - 0.125 2.) 0.125 2.:J 1.000 - - - 140 4.205 1.4 
~echanical losses 2 ,02 -1.9) - - - - - - - - - - -
Haat loPS - - - - - - - - - - - - 2 ·'' 

DIGESTION LIQUOR ADJUSTMENT 
In: Strong liquor fro~ evaporation 647.87 ))5 .5) 3.983 72. 7 2.933 53,5 1.)58 220.9 114,4 3, 18 70 3,512 17.7 -

Strong liquor from salt removal 257.26 115.73 2.015 36.8 1 .618 29.5 1.245 159.0 71.5 3.66 65 3.682 0.8 -
Spent liquor 1023.61 530,68 8.9'.$8 163.1 7.276 132.6 1.229 140.7 72 .9 3 .17 06 3,712 52.1 
Rake-up caustic + prec. scale 42.57 9.07 0 .157 2.9 0.101 1.8 1.554 421.5 89.8 7.72 50 3,293 0.5 

Out: Digestion liquor 1971.)0 991.00 15.092 275.4 11.923 217.6 1.266 165.3 83.1 3,27 74 3,651 74 .1 
!!cat loss - - - - - - - - - - - - 5,0 -
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TAblo 2-)/6 (oont,) 
NATERIA1-Stiii;~~--~-~~~----";2o ____ Ai203-~----;A;3-------voLiiMi-~--niN9:-cAusTiC-Ai2o3--MOLAR-;gM;:-;ric:-ttv.AT-;aii»r.-

AT NA20 RATIO llV.A'r COllT, 
25 oC 

kg/t kg/t t/t t/h m)/t m)/h t/mJ gpl gpl oC kJ/k~oc OJ/h grl 

LINE NILJC PREPARATION 
In: Burnt 11me (64.2 active CaO) - - 0, 141 2.6 0,0112 o.8 ),)5 - - - 27 O,BJ? 0 .1 

Alkaline condensate - - 0,668 12.1 0,668 12.2 1,000 - - - 75 4 .18'/ ),tl 
Lo"<f-preaaure steam - - 0.005 0.1 - - - - - - (27')2. 6) 0,) 
Heat of reaction - - - - - - - - - - - - 2.J 

Out: L1me m1lk to the 
oauat1o1~at1on - - 0.488 8.9 0.440 8.o 1 .111 - - - 75 ),589 

2 ·'' 
150 

Li~e milk to the slurry 
a1ju1:t111ent - - 0.280 ~L 1 0.252 4.6 1 , 111 - - - ?!:I J.5tn 1.4 1!:10 
Reject - - 0,042 0.0 0,01) 0.2 ),)!) - - - 75 0. 8)'7 0 .1 
Heat loaa - - - - - - - - - - - - 2.6 

..., 
I .... ... 



~l~!~a ~:"'OC~c~!~~ 

Al1:11?1a p:-ocuc~!on 

l-H 

:~its Ap~!! ~:as- ~;~1! 1986- ~*~~ua~J :;57- :eee~ber ~997- ~e::a:~s 

~a:-c~ 19c5. ia:::a.-y !987. ::on::iber ~9~7 • .i&.."'l.:.:.arr 1988. 

t;i;; ~~, s~c 

tph 20.08 
15!?,400 

18.10 
159,900 

18.25 
162. 700 
18.57 

calculated 

• Bauxite qual!tT: 

• 

• 

Al20) 
S!.Ci2 
Pe2G) 

Ti02 
L.o.I. 
!'ree nter 

Digestion liquor 
tei:peratu:-e 
caustic ua20 
mol&::" ratio 

J.i:te addition 
Specific bauxite consumption 
Precies!.lication 

• " 
• ,. 

oC 
gp 

• ,. 
t/t 

te::r.perature in the !irst ta:ilc oC 
te::r.~e:ata:::"e in the last tank oC 

Digestion te:perature 
Pinal te:peratare o! heat 

recupe::-a:ion 
Te~perature in the last 

!lash tanic 
Holdir.g tiae a~ the diges

tion ~eaperature 
Pinal digest!on caustic 

molar ratio 
Digestion e!!iciency 
Bon-technological vat~: 

from grinding to 
flashing 
Plashed water 

oC 

oC 

oC 

min 

•)/t 
m)/t 

Unde:-!low solids concentrations 
settlers 
washers 

Settler over!low 
tei:ipe::"ature 
caust.l.e ?la20 
caustic colar ratio 

B&::.0/Si02 ratio in the 
red mud 

gpl 
gpl 

oC 
gpl 

48.J) 

).55 
16.05 

6.24 

2).09 
4.)) 

70 
171.6 

).)5 

2. 71 

92.J 
84 

2)7.5 

162.1 

1)7.5 

45 

1.56 
81.1 

0.)05 
2.527 

402 
455 

96 
141.9 

1.68 

0.758 

48.01 
).52 

16.50 
8.::!1 

22.94 

4.~2 

7) 
171.) 

).2!! 

2.69 

96.5 
87 

2)8 

167 .1 

125 

50 

1.55 
81.J 

0.485 
2.821 

)71 

)60 

98 
140.J 

1.67 

0.790 

48.01 
).53 

16.55 

8.24 

2 ... ss 
J.90 

74 
165.J 

J.27 
1.2 

2.65 

99 
90 

238 

167.0 

126.5 

49 

1.525 
82.9 

0.296 

2 .811 

41) 

440 

98 
1)9.0 

1.64 

0.777 

47. 75 
4.C5 

17.)0 
8.26 

22.)6 
4.00 

75 

169.9 

2.88 

J.11 

97.J 
88 

238.7 

166.5 

1)1.5 

45 

1.50 
75.1 

0.445 
J.088 

)45 
466 

96 
140.2 

1.64 

0.817 

estii;;ated 

calculated 

estimate.! 

calculated 

average 
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Table 2-4/2 (cont.) 

-----------------------
~n!~s lpr!~ ~~=s- ~;r!! 1~o5- :e~ru~7 1?57- :ece~ber 1937- ~e=ar~s 

~c-c:-. 19S7. Ja.'!u~· ~?37. ::ove:::;ber ~957 • .;a,nuar:r 1957. 

~o:-~ec~ologtca! ~a:er 

in t~e 3ui ~s~i~g 

l~to-;~c!;it&~!o~ 

Caust!ci~atton e:!!c!enc7 
te=perature 

Lll:le &:ciition 
Bu:-:it !!:e, active CaQ 

c3/t 
kg/t 

s 
oC 
kg/t 

s 
Lioe ~ilk coccentration gpl 
Vas~ •-a~er te~peratu:-e oC 
?iltrate to the 4th •-asher oC 
llu::ir.ate liquor tem;eature 

before cooling oC 
a!te:- coclin,; oC 

Spent liquor tecperature 

be!ore heat interc~.ange oC 
a!te~ heat interchange oC 

Carbonate leYel as 

lla20 in carbonatel:Ia20 
caustic 

lverage holding tioe 
Seed rat!o 
Kid-stage cooling 
~on-tec!inological water 
!r~ liquor coolir.g to 
hydrate filtration 

Tecperature in the first 

precipitator tank 
Temperature in the last 

precipitator tan~ 
Precipitation e~~ic1enc:r 
Pree water conten·t o! wet 

seed 
Pree water content o! washed 

hrs 

oC 

m3/t 

oC 

oC 

hydrate % 
Hydrate wash water m3/t 
Alkaline hydrate wash water 

caustic Na20 
!or eYaporation 

Hydrate in spent liquor 
Precipitator's scale 

gpl 

mJ/t 
gpl 
kg/t 

0.583 
60.72 
17.8 
89 
82 
61 .9 

150 
70 
66 

94 
62.6 

47.9 
79.4 

9.53 
no data 

1.3 

5 

0 .58lr 

60.9 

49.9 
48.6 

18 

10.3 
0.908 

40.1 
0.503 
1.41 
9.& 

0.555 
65.63 
19.8 
89 
79 
63.3 

150 
68 
64 

96 
59 

46.9 
84.4 

16.41 
81.6 

1.25 

3 

0.451 

57 

48.9 
49.7 

18 

10.5 
0.897 

46.9 
0.458 
2.85 

10.0 

0.588 
63.75 
12.4 

91 
66 
64.2 

150 
70 
66 

96 
61 

50.1 
86.1 

22.80 

79.C 
1.39 

3 

0.40C 

59.2 

52 .1 
49.2 

18 

10.96 
0.798 

52.4 
0.438 

1.29 
9.1 

0.185 
112.2 

11 .2 
91 

109 
66.0 

150 
70 
66 

94 
60.5 

52.0 

86.1 

24.42 
11.0 
0.8 

J 

0.473 

58.5 

53 
42 .1 

18 

11. 7 
1.438 

34.1 
1.236 
2.69 
8.16 

calculate~ 

estimated 

estimated 

calculated 

estimated 

calculated 
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Non-t!!eh..~olog!.eal vate::

!ro:::. !!Va~o::-at~on to 

dig!!stion li~~o=- a~!ust

::i!!:tt 
Strong liquo::

caustic :ra20 

t!!::t~!!ratun 

R!!::iov~d salt 

ti~ 

1.'J)/t 

gpl 

oC 
t/t 

A;:-!.: •::==-... -.,, 
~arc~ "-:-=c I - ....,_ • 

).19 

0.746 

2)6.8 

75 
0.021 

~;:-i:. 19<:::-
.:~t:.~j 1957. 

J.20 

o.aoo 

228.6 

75 
0.0175 

?!!:i::-ua::-y 
. _ ... _ 
·~=1-

::ow-~:lbe:- 1S:57. 

J.06 

1.08 

220.9 

75 
0.0154 

:'able 2~/3 ~cont.~ 

J!!C!!::lb~::' 13~7-

J'anua::-:r 1983. 

).61 

0.4)5 

2)2.2 

75 
0.0188 

?.e:~:"itS 

calculated 
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J. Suggestions for imnroving the nlant operation 

Based on the experiences gathered during the site mission and 
on the conclusions drawn from the technological data, 

suggestions are made to improve the plant operation. Though 

parts or our suggestions concern such smaller modifications 

or methods, which were already handed over to the experts of 
the Korba Alumina Plant, nevertheless they will be explained 

here in this description in details. 

).1 Suggestions concerning the technology 

The bauxite supply of the Korba Alumina Plant is in a 

critical situation. This time the plant processes bauxite 

originating from the Phutka-Pahar and Amarkantak sites. The 

bauxite resources are running out at the mentioned sites. 

Earlier, in 1979 a study was prepared and handed over by 

Aluterv-FKI on the possibility of the processing of the 
Ghandamardan bauxite. Another possibility which emer~ed 

lately is the supply of the alumina plant with the bauxite 

produced by Nalco. A series of thorough technological tests 

with the representative samples of this bauxite have to 

precede the possible change-over to the Nalco bauxite, with 
the following main elements: 

the chemical and phase analysis of the bauxite, 

the determination of the optimum digestion temperature, 

the determination of the optimum digestion molar ratio 
(possibly the utilization of the so called sweetening di

gestion technolosr may come into question, the essence of 

which is that after a digestion done at a somewhat higher 
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digestion molar ratio, by adding gibbsitic bauxite at an 
appropriate temperature during the flashing process, the 

molar ratio is reduced significantly), 
the consideration or the changes at the other points or 

the process required by the changes in the conditions or 
the digestion (evaporation, removal or impurities, etc.). 

The processing or the existing bauxite was considered when 

giving our suggestions for the improvement of the technology. 
Our suggestions include the improvement or the digestion, the 
purification of the process liquor (together with this the 

improveoent or the precipitation efficiency) and several 

smaller solutions resulting in caustic soda and energy 

savings. The instrumentation level or the alumina plant was 
reviewed and suggestions were made for the instrumentation 
of some operations which have not yet been automated. 

The material and heat balances for the modified process are 
given in Table ).1-1. The characteristic technological data 

are summarized in Table ).1-2. 

).1.1 U"Ddating the Digestion 

The most important task in the digestion plant unit is the 

increase of the digestion yield. From the analysis of the 
bauxite and mud samples gathered during the February site 
mission it can be seen that a high amount of undigested 

boehmite is present in the mud (see Tables ).1.1-1; ).1.1-2). 



• • 

TECHNOLOGICAL MATERIAL AND llEAT BALANCI 
ProJeated tor 1989 

Alu1nin1& procluat1an 25 tph 

•• 

Table ), 1-1 /1 

NA':'ERIAL S':'lU:.~IC Na20 Al20) MASS VOLUME DENS. CAUflTIC Al20) •!OJ.AR TEMP. sn:c. llt:AT ::ou n:: 
AT 11P20 llATIO lllM'r COll'r, 
25 aC 

------------------------------------------------------------~--------------------------------kg/t kg/t t/t t/h m)/t m)/h t/m) gpl gpl 

BAUXITE ORillDillG 
In: Bauxite: solid ph~ee 

moi•ture 
Digeation liquor 

Out: iill alurry 
Heat lose 

SLURRY ADJUSTNE?IT 
In: Mill alurry 

Lime milk 
Digestion liquor 

Out: AdJuated alurry 
Heat loaa 

SLURRY PREHEATING 
A~:D PREDESILICATl ON 
In: Adjuated al~rry 

Flash etear.1 
Alk~line condensate 
Non-technological water 

Out: Predesilicated slurry: 
liquid phase 
eol1d phase 

Alkalin~ condensate 
Heat lo3s + heat of reaction 

DIGESTION 
In: Predeailicated slurry 

High-pre&sure ateam 

1197. 64 2.495 62,4 0,8)2 20.8 ),000 -- 0, 101 2.5 0.101 2.5 1.000 -
726.4) 345.)6 5.205 1)0.1 4,057 101.4 1.?0) 179.1 

726.4) 154),00 7,001 195.0 4.990 124.8 1,563 174,7 

726.4) 154),00 7.801 195 .o 4.990 124.8 1,563 174,7 
- - 0,172 4.3 0.150 3,8 1,148 -

1148,48 546.03 0,232 205,0 6.414 160.4 1.28) 179.1 

1874.91 2089.0) 16.205 405.1 11,5511 288.9 1,40) 175.0 

1874.91 2089,03 16.205 405.1 11.554 288.9 1,403 175.0 
0.697 17.4 - - - -
2 ,145 5).6 2 .145 53.6 1,000 -0.121 ),0 0.121 ),0 1.000 -

1828.)8 1729.74 15.042 376.1 11.341 283.5 1,326 161.2 
46,53 359.29 1,284 32.1 0,428 10.7 3,000 -

2 .0112 71.1 2 ,842 71 .1 1 ,000 -

1874. 91 2089.03 16,)26 408.2 11,769 294.2 1.)87 161.2 
1,707 42. 7 - - - -

Out: Flash effluent: liquid ~haae 1799.11 1909.39 12.368 309.2 8.531 213,3 1,450 210,9 
solid phase 72.20 

Flash steam tor slurry preheating 
179 .65 1, 116 27.9 0,)72 9,3 3,000 -

o.697 17.4 - - - -
Pure condensate 1.707 42. 7 1. 707 42. 7 1 .ooo -
Alkaline condensate 2 .145 5).6 2 .145 5).6 1.000 -
Heat lase + heat ot reaction 

--
85 .1 

0).1 

8),1 -
85, 1 

8),2 

8).2 
---

15:?.5 --

152,5 -
22).8 ----

oC kJ/kgaC OJ/h ~pl 

- 27 0,0)7 1 • '' - 27 '' · 1fl7 0,) -
),46 72 ),6:!5 )11,0 -
),46 57 2. 71,1 )0. '/ 500 

5.0 -
3,46 57 2. 7111 )0.7 500 

- 75 3,7)8 1,2 200 
),46 72 ),6?5 5),EI -
),46 65 3,201 611, 0 219 

1 • 7 -
),46 65 ).201 84.0 219 - (276)) 43, 1 -- 1115 4.212 J;'! .o -

- 35 11, 107 0.4 -

1, 74 90 ),5)7 119. 7 109 - 90 0.8)7 2.4 -- 10fl 11, 191 )2 .2 
11.0 -

1. 74 90 ).)25 122 .1 109 - (3172.)) 1)5.5 -
1.55 118 ),)6) 122.7 125 

- 11 a o.637 2.8 -- (276,) 41.l .1 -- 228 4.293 41.8 -- 145 4.212 )2 .o -
9.4 -

w 
I ... 
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TAblc J,1-1/2 

MATERIAL STREAM Na.20 Al203 MASS VOLUME DENS. CAUSTIC A1203 MOY.All TEMr, Sl'F.C, HF.AT SOJ,Jll!l 
AT Nn20 llATIO m:AT CON'I'. 
25 oC 

---------------------------------------------------------------------------------------------kg/t kg/t t/t t/h m3/t m3/h t/m3 gpl gpl - oC kJ/kgoC OJ/h gpl 
-~-~-~-----------------------------------------------------------------------------------------------------------------------FLASHUIG OF PURE CONDENSATE 
In: llihg-preaaure pure condensate 

from digestion - - 1. 707 42. 7 1, 707 42,7 1.000 - - - 228 4.293 41 ,8 -
Out: Low pressure steam - - 0.272 6,8 - - - - - - (2732) 10,6 -Pure condensate - - 1 .4)5 )5. 9 1 .4)5 35. 9 1 .ooo - - - 1110 4.205 21 .1 

Heat loss - - - - - - - - - - - - 2 .1 

DILUTION 
In: Flash effluent: liquid phase 1799.11 1909.)9 12.)68 309.2 8.531 213,3 1,450 210,9 223.8 1.55 11 B 3.363 122.7 125 

solid phase 72 .20 179.65 1 .116 27.9 0.372 9,3 3,000 - - - 116 O,OJ7 2.8 -
1st washer overflow 382.42 )16 .62 7.756 19).9 7.025 175.6 1,104 54.4 45 .1 1.99 60 3.940 61 .1 
Spent liquor 113,1) 55.2) 0.972 24.3 o. 792 19.8 1.228 142.9 69.8 ).37 6) 3. '11 '• 7.5 -

Out: Dilute~ slurry: liquid phase 2294.66 2281.24 21.096 527.4 16.)48 409.6 1.290 140.4 139 .5 1.66 99 ~L591 187.9 67 ... 
solid phase 72 .2 179.65 1 .116 27.9 0.372 9,3 3,000 - - - 99 0.837 2.8 - I .. 

Heat loss - - - - - - - - - - - - ),4 -
RED NUD SETTLING 
In: Diluted slurry 2366.86 2460.89 22.212 555,3 16.720 418.9 1.328 140.4 139,5 1.66 99 3,453 190. 7 67 

Out: Settler overflow 1946.39 1952.39 18.047 451.2 14.003 )50.1 1.289 1)9.~ 1)9.4 1.64 98 3,594 158.9 -
Settler underflow: liquid phase )42.93 327. 00 3.042 76.1 2 .345 56.6 1.297 146.2 139.4 1. 73 96 3.58) 26.7 41) 

aol1d phase 77.55 185 .56 1.12) 28.1 0.)73 9,3 2 .998 - - - 96 0.8)7 2.3 -
Heat loss - - - - - - - - - - - - 2.8 -

P.SD MUD WASHING 
rn: Settler underflow: 

liquid phase 342 ,93 327.00 3.042 76.1 2 .345 58.6 1.297 146,2 139,4 1. 73 98 3.583 26.7 413 
solid phase 77.55 185.56 1.12) 28.1 0.)7) 9,3 2.998 - - - 98 0.8)7 2,3 -

Filtrate 56.68 - 4 .214 105. 3 4.150 103.7 1.015 13. 7 - - 75 4 .151 32.8 -
Rei mud wash water - - 2 .352 58.8 2,352 58.8 1.000 - - - 90 4.187 22.2 -
Alkaline hydrate waah water 21.85 10.47 0.452 11. 3 0.417 10.4 1.083 52.4 25.1 3,43 60 3,993 2.7 -
Non-technological water - - 0.300 7,5 0.300 7,5 1.000 - - - 35 4 .187 1.1 

Out: 1st washer overflow 382.42 316.62 7.756 193,9 7,025 175,6 1.104 54.4 45, 1 1.99 80 3,940 61.1 
4st washer underflow: 

liquid phase 39.04 3.06 2 .560 64.0 2.513 62 .8 1 .019 15.5 1.2 20.98 78 4 .143 20. 7 402 
solid phase 77.55 199.35 1.167 29.2 0.389 9, 7 2. 996 - - - 78 0.837 1.9 

Heat loss - - - - - - - - - - - - 4.1 
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Table 3.1-1 /J 
-~~-------~~---------------------------------------------------------------------------------------------------------MATERIAL STREAM Na20 Al203 MASS VOLUME DP.NS. CAUSTIC Al203 MOT.AR TEMP. nn:c. m:A'r nor.111:; 

AT Na20 11A1'IO 111-:A'r corn. 
25 oC 

---------------------------------------------------------------------------------------------kg/t kg/t t/t t/h m3/t m3/h t/m3 gpl gpl oC kJ/kgoC OJ/h ~pl 

----------~~---------------------------------------------------------------------------------------------------------------------RED MUD CAUSTICIZATIO?I 
AllD FIL'!'RATIO?: 
In: 4th washer underflow: 

liquid phase 
solid phase 

Lime milk 
Vaah water 
Low-pressure steam 

Out: Filtrate 
Red mud to the pond: 

liquid phase 
solid phase 

Htiat loss 

MUD VA.SH WATER PREPARATION 
In: Digestion alkaline oondenaate 

Svap~ration alkaline condensate 
Return water 

Out: Red mud wash water 

39.04 
77.55 

3.06 2.560 
199,35 1.167 

0.821 
1.804 
0.087 

64,0 
29.2 
20.5 
45.1 
2.2 

2.513 
0.389 
0.715 
1 ,004 

62.a 1.019 15,5 
9,7 2.996 

17. 9 1 .148 
45.1 1.000 

56.68 - 4.214 105.3 4.150 103.7 1.015 13.7 

7.14 - 0.895 22.4 0.887 22.2 1,009 0.7 
52.76 202.41 1.JJO )3.) O,J144 11,1 2.996 

2 .842 71, 1 
1.620 40.5 
0.246 6.2 

2.842 71,1 1.000 
1.620 40.5 1.000 
0.246 6.2 1.000 

1.2 20.98 78 4.143 
76 0.837 
75 3.738 
70 4, 187 

(2792 ,6) 

20.7 402 
1.9 -
5. 7 200 

13 .2 
6 .1 

75 '• • 1 ~ 1 3:? • 0 -

70 4.16) 6.5 
70 0,6)7 ?..O -

6.3 

108 4.191 
75 4,187 
35 4.187 

32 .2 
12.7 -
0.9 -

Red mui wash water to the filters -
Heat loss + condensate loaa 

2.352 58.8 2.352 58.8 1.000 
1.804 45.1 1,804 45.1 1.000 
0.552 1).8 0.552 13.8 1.000 

90 4,187 2~.2 
70 4,167 1J.2 

10,4 

CONTROL FIL~RATION 
In: Settler overflow 

Cut: Filtered al1.1111inate liquor 
Heat loss 

HEAT IllTERCHANGE 
In: Filtered aluminate liquor 

Spent liquor 

Out: Cooled aluminate liquor 
Spent liquor 
Heat loss 

1946.)9 1952.33 18.047 451.2 14.003 350.1 1.289 139.0 139.4 1.64 

1946.)9 1952.)) 18,047 451.2 14.003 350,1 1.289 139.0 139.4 1.64 

1946.39 1952.31 18.047 451.2 14.003 350.1 1.289 1)9.0 139.4 1.64 
1888.40 921.94 16.222 405.6 13.212 ))0.) 1.228 142.9 69.8 3,37 

1946.)9 1952.33 18.047 451.2 14.00) 350.1 1.289 139.0 139.4 1.64 
1888.40 921.94 16,222 405.6 1).212 330,3 1,228 142.9 69.8 3,37 

98 3,594 156.9 -

96 3,594 155.7 -
3.2 

96 3,594 155,7 -
46 3.714 69.) 

60 3. 5 94 97 . ) 
83 3.714 124.3 

J.4 

.... 
I 

'" 
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Table ),1-1/4 

---------------------------------------------------------------------·-------------------------------------------------------------MATERIAL STRSA?~ NA20 Al20J MMlS VOLUME DENS, CAUSTIC Al20J MOY.AR Ttmr. nn:r.. 111-:f.'i' :.:01.I u:; 
AT Na?.O RATIO HllAT COll'i', 
25 oC 

---------------------------------------------------------------------------------------------kg/t kg/t t/t t/h m)/t m)/h t/m) gpl gpl - oC kJ/k~oC OJ/h gpl -------------------------------------------------------------------------------------------------------------------
PRECIPITATION 
In: Cooled alumtnate liquor 1946.39 1952.33 18,047 451.2 14.003 350.1 1.289 139,0 1)9.4 1.64 60 3.~!)/1 9'1.3 

~!led h;,·drate: liquid phase 227.21 10!3.90 1.925 '16, 1 1.564 39.1 1,230 145.2 69,6 3,11) 46 ),700 II .2 331 
solid phase - 39011, 65 5.974 149.4 2.469 61.72.420 - - - 116 0. (\)7 5,8 

Cooling water - - 14,716 367.9 14.716 367.9 1.000 - - - 35 4,107 53,9 

Out: Precipitated slurry: 
liquid phase 217).60 1058.64 18,438 461.0 14,975 374.4 1.2)0 145.2 69.6 ),4) 48 ),708 82 .1 41'• 
solid phase - 4898.95 7.495 187.4 3,098 77,5 2,420 - - - 48 0.8)7 7.5 - ... 

I 

Precipitator's soale1 - 8.29 0.01) 0,) 0,005 0.1 2,420 - - - 48 0,837 - - '" Cooling water - - 14.716 367.9 14.716 )67.9 1.000 - - - 45 4.107 69.3 
Heat loss - - - - - - - - - - - - 6.3 

HYDRATE FIL~RATION 
In: Precipitated slurry: 

liquid phase 2173.60 1058.64 18.4)8 461.0 14.975 )74.4 1.2)0 145.2 69.6 ).4) 48 ),?08 82 .1 414 
solid phase - 4898.95 7.495 187.4 ),098 77 ,5 2 ,420 - - - 48 0,8)7 7.5 

Non-technological water - - 0.200 5 .1 0.200 5,1 1.000 - - - )5 4.176 o. '1 

O~t: Seed hydrate: liquid phase 227.21 108,90 1,925 48,1 1.564 )9,1 1.230 145.2 69.6 ),4) 46 3.708 6,?. 
solid phase - 3904,65 5.974 149.4 1.469 61,7 2.420 - - - 46 0,837 5,8 

Product hydrate: liquid phase 57,99 27.79 0.491 12.) 0.)99 10.0 1.2)0 145.2 69.6 ),4) 46 ),708 ?. • 1 
so lid phase - 994,)0 1,521 38.0 0.629 15.7 2,420 - - - 46 o.8)7 1.5 

Spent liquor 1888.40 921.94 16.~22 405.6 1),212 330.) 1,228 142.9 69.8 ),)7 46 3.714 69.) 
Heat loss - - - - - - - - - - - - 3 ·'· 

PRODUCT HYDRATE WASHING 
In: Product hydrate: liquid phase 57,99 2?.?9 0.491 12.) 0,399 10.0 1.2)0 145.2 69.6 ),4) 46 ).?08 2 .1 

solid phase - 994.30 1 .521 38.0 0.629 15. 7 2 .420 - - - 46 0.837 1.5 
\lash water - - 0.780 19.5 0.780 19.5 1.000 - - - 75 4, 187 6 .1 
Low pressure steam - - 0.029 0.7 - - - - - - (2792 .6) 2.0 

Out: Product hydrate - 994.)0 1,521 J8,0 0.629 15.7 2,420 - - - 55 0,8)7 1. 7 
~ree water of product hydrate 4.?0 2.25 0.199 5.0 0.191 4.8 1.050 24.5 11 .8 ),4) 55 4.082 1 .1 
Alkaline hydrate wash water 53.29 ?5.54 1.101 2?.5 1.017 25.4 1,08) 52.4 25, 1 ).43 60 :L993 6.6 
Heat loss - - - - - - - - - - - - 2.3 
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Table ) , 1-1 /'j 

---------------------------------------------------------------------------------------------------------------MAT~R IAL STREAM Na20 Al203 MASS VOLUME DENS, CAUSTIC U203 MOJ.AR TEMP, flPllC, llP.AT r.Ol.T 11:: 
AT Nn20 llA1'10 llP.AT l:1l111', 
25 oC 

kg/t kg/t t/t t/h m)/t m)/h t/m) gpl gpl oC kJ/k~oC UJ/h gpl 
--------------------------------------· ·------------------------------------------------------------------------------·· ----SPE!IT LIQUOR EVAPORATIOll 
In: Spent liquor 754.39 366.35 6.481 162.0 5.276 132.0 1.228 142.9 69.6 ),)? 8) 3. ·1111 11<1 ,(, -

Cooling water - - 3),890 847.3 33.690 8117,3 1.000 - - - 35 4,Hl7 1 :?'· ':? 
Non-technological water - - 0, 182 4.6 0, 182 4.6 1.000 - - - 35 4, HI? 0,7 
Low prensure steam - - 0.70) 1'/.6 - - - - - - ~~7C)2. Ci) It 'J .1 

Out: Strong liquor from spent liquor 754.39 366.35 4. 343 100 .6 3.140 76.5 1.36) 240.2 117.3 3,37 70 3.4130 2(,,5 
Pure condensate - - 0.703 17.6 0,703 17,6 1.000 - - - 100 11,H17 .,,,,. 
Alkaline condensate - - 1. 7110 4).5 1.740 43.5 1.000 - - - '1') It, 111'/ 1 ., •. , -
Cooling water to tower - - 34.410 661.6 )4.47 861 .a 1.000 - - - '•5 4. HI'/ 1 ( ... ~' • '· 
Heat loss - - - - - - - - - - - - 1J,6 -

ALKALINE HYDRATE WASH 
WATER EV APCRATIOtl 
In: Alka!inc hydrate waeh water 31.44 15. 0·1 0.650 16.3 0.600 15 .o 1.06) 52.4 25, 1 ),4) 60 3,993 ),9 -

Spent liquor 112.63 54.99 0.968 24.2 0.766 19,7 1.226 142.9 69.6 3,37 6) ) • ?1 It 7.5 
Cooling water - - 12.800 320.0 12.eoo 320.0 1.000 - - - 35 l1, Hl7 11 f. • <) - ,., 
r:('n-techno logical water - - 0.068 1 • ., O.OG6 1.7 1.000 - - - )'j 11 .1 B'/ O,J - I 

Low pres~ure steam 0.267 6.7 - (2792 .6) 111, '/ 
•I - - - - - - - -

Out: Strong fr~~ alk. hydrate 
wash water 144.07 70.06 0.806 20.~ 0.5'i6 14.4 1,399 250.0 121.6 3,3!1 70 3.460 11, 9 -
P\lre condeneate - - 0.267 6.7 0.257 6.7 1.000 - - - 100 4, 1f;'/ ;•'A -
Al~aline condensate - - 0.660 16.5 0.660 16.5 1.000 - - - 75 4 .1B'I ~I I:! . 
r~ltn~ water to tower - - 1).020 325.5 13,020 325.5 1.000 - - - '•5 11. 111'1 (11 • .I -

lie:i.t lo::s - - - - - - - - - - - - :t. 1 

SALT RE~OVAL :RON EVAPORATED 
:!Yr.RATE \"ASH ~~ATER 
:n: Strong liquor 144.07 70.06 0.606 20.2 0.576 14,4 1,399 250.0 121. 6 3,38 70 ),460 11,(') 17 

Low pressure steam - - 0.04'/ 1.2 - - - - - - <279?. .6) J,4 
Cooling water - - 2.204 55 .1 2.204 55 .1 1 .ooo - - - )) 4, 187 '/,(, -

Out: 'l:et salt 1 .21 0.61 0.015 0.4 0.009 0.2 1.656 - - - 30 0,8)7 
~alt r~e strong liquor to the 
cigestion liquor preparation 140.84 71.38 0,791 19,A 0.567 14.2 1,395 248.4 125.9 ).25 70 3.460 4,6 .. 
~ar~ed cooling water - - 2 .204 I i, 1 2.~04 55,1 1.000 - - - 43 4,187 9.9 -
Pure condensate - - 0.047 1.2 0.047 1.2 1.000 - - - 140 4. H!7 0,7 
Kechanical lossee 2 .02 -1.93 - - - - - - - - - - -
l!eat loss - - - - - - - - - - - - CJ,5 



Table ), 1-1 /6 

---•-------~~------------------------------------------------------------------------------------------------------·-------------MATERIAL STREAM NA20 A120) MM~S VOLIJMB PENS, CAUSTIC A120.) MOT.AR TEMP, SPEC, lllM1' :101,11>:1 
AT Nn20 RATIO llEAT COH'I', 
25 oC 

---------------------------------------------------------------------------------------------kg/t kg/t t/t t/h m3/t m3/h t/m' gpl gpl oC kJ/kgoC OJ/h gpl 

--------------------------------------------------------------------------------------------------------------------------------·--DIGESTION LIQUOR ADJUf.TNENT 
In: Strong liquor from evaporation 754.39 368.35 4.343 108,6 3.140 78.5 1.383 240.2 117. 3 3,37 70 3.460 26.5 

Strong liquor from salt removal 140.84 71 .38 0.791 19.8 0.567 14.2 1.395 248.4 125,9 3,25 70 3,460 /1,8 
Spent liquor 908.25 443.37 7.601 195.0 6.354 150.0 1.220 142,9 G9.6 3,37 63 3.714 ~·". 'l 
Non-technological water - - 0.250 6.) 0.250 6.3 1.000 - - - 27 4 .1tl7 !)(l,'l 

Make-up caustic + scale 71.42 8.29 0.253 6.) 0,164 4.1 1.543 435.5 50.3 14.24 50 3,333 1.0 

Out: Digestion liquor 1874. 91 091 ,39 13,437 335,9 10,471 261 .0 1.203 179,1 85.1 3.46 72 3.625 87.6 
!!eat loss - - - - - - - - - - - - 5 .1 

LIME MILK PREPARATION 
In: Burnt lime (80 I active CaO) - - 0.216 5.4 0.065 1 .6 3,350 - - - 27 o.837 0, 1 

Return water - - 0.792 19.P 0.792 19.6 1.000 - - - 35 4, 10'/ 2.9 
Low-pressure steam - - 0.006 0, 1 - - - - - - (2792 ,6) 0.4 
Heat of reaction - - - - - - - - - - - - 5 ,I) 

Out: Liae milk to the cauatic\zation - - 0.021 20.5 0.715 17. 9 1 .148 - - - 75 ~.738 5.7 200 
Lime milk to the digestion - - 0.172 4.3 0.150 3.81.146 - - - 75 3,736 1.2 200 
ReJect - - 0.021 0.5 0,006 0.2 3,350 - - - 75 0.6)7 -
He!lt loas - - - - - - - - - - - - 2 ·'· 

... 
I ... 
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Table J.1-2/1 (cont.) 

CHARACTERISTIC TECHNOLOGICAL PARAMETER 
Projected for 1989 

Alumina production 

Alumina p~oduction 
Design operating factor 
Bauxite quality: 

Al203 
Si02 

Fe20J 
Ti02 

L.o.I. 
Free water 

Digestion liquor 
temperature 

caustic Na20 
molar ratio 

Lime addition 
Specific bauxite consumption (dry) 

Predesilication 
temperature in the first tank 
temperature in the last tank 

Digestion temperature 

Final temperature of heat 

recuperation 
Temperature in the last 

flash tank 

Units 

tpy 

tph 

~ 

~ 

~ 

3 
3 
3 
3 

oC 
gpl 

3 
t/t 

oC 
oC 
oC 

oC 

oC 

200,000 

25 
91 .J 

48.00 

4.0 
16.2 

8.2 

22.8 

J.9 

72 
179 .1 

J.46 
1.2 

2.495 

100 

90 
240 

184 

118 
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3-10 

Units 

Holding time at the digestion 

temperature min 

Final digestion caustic molar ratio 
Digestion efficiency j 

Non-technological water from 
grinding to flashing 

Flashed water 
Underflow solids concentrations 

settlers 
washers 

Settler overflow 
temperature 

caustic Na20 
caustic molar ratio 

Na20/Si02 ratio in the red mud 

Non-technological water in the 

red mud washing 

Auto-precipitation 
Causticization efficiency 

temperature 

min. holding time 

Lime addition 
Burnt lime, active CaO 
Lime milk concentration 

Wash water temperature 
Filtrate to the 4th washer 
Aluminate liquor temperature 

before cooling 

after cooling 

m3/t 
m3/t 

gpl 

gpl 

oC 
gpl 

mJ/t 
kg/t 

% 
oC 

hrs 
kg/t 

~ 

gpl 

oC 
oC 

oC 

oC 

Table J.1-2/2 (cont.) 

80 
1.55 

85.0 

0.121 
2.842 

412 
402 

98 
139.0 

1 .64 

0.777 

0.3 
19.70 
35.4 
95 

4 

143 
80 

200 
90 
75 

96 
60 
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Spent liquor temperature 
before heat inte~change 

after heat interchange 

Carbonate level as 
Na20 in carbonate/tla20 caustic 

Average holding time 

Seed ratio 
Mid-stage cooling 
Non-technological water from 

liquor cooling to hydrate 

filtration 
Temperature in the first 

p:;:·ecipi tator tank 

in the last precipitator tank 

Precipitation efficiency 
Free water content of wet seed 

Free water content of washed 

hydrate 
Hydrate wash water 
Alkaline hydrate wash water 

caustic Na20 

for evaporation 

Hydrate in spent liquor 

Precipitator's scale 
Non-technological water from 

evaporation to digestion liquor 

adjustment 
Strong liquor 

caustic Na20 
temperature 

Removed salt 

Units 

oC 

oC 

hrs 

oC 

m3/t 

oC 

oC 

~ 

~ 

~ 

m3/t 

gpl 

m3/t 
gpl 

kg/t 

mJ/t 

gpl 

oC 
t/t 

Table 3.1-2/3 (cont.) 

46 

83 

11 .1 

73 
2 

8 

0.2 

58 
48 

52.2 
18 

10.96 
0.780 

52.4 
0.600 

1 .29 

8.29 

0.5 

241.7 

70 
0.016 (max.0.040) 
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Table ).1.1-1 

CHEMICAL COMPOSITION 

Amarkantak Phutka-Pahar Last Washer Filtered 

Bauxite Bauxite 5.Under - Caus-

yearly yearly !low Mud ticized 

Composite Composite Composite Mud Comp. 

"1987" "1987" "jan .1988" " j an. 1 988" 

L.O.I. ~ 22.2 23.9 11 .1 11.9 

Al203 j 48.4 49.6 29.1 27.7 

Si02 j 4.0 2.7 7.4 7.4 

Fe2o3 j 16.4 15.0 29.1 26.8 

Ti02 j 8.7 7.6 13.9 13.2 

CaO j 1.7 7.2 

MgO j 0.1 0.3 

N320 j 6.1 5 .1 

analysed by ALUTERV-FKI 
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Table ).1.1-2 

. MINERALOGICAL COMPOSITION .. 

\ Amarkantak Phutka-Pahar Last Washer Filtered 

Bauxite Bauxite 5.Under - Caus-

yearly yearly flow Mud ticized 

Composite Composite Composite Mud Comp. 

"1987" "1987" "jan .1988 11 II j an • 1988 II 

Al203 j 

in gibbsite J0.2 35 .6 4.2 2.8 

boehmite 11.5 8.6 12.9 12.5 

diaspore 2 .1 2 .1 J.7 2.8 

kaolinite J.4 2.3 

goethite 1.0 1.0 1.2 1.0 

hematite 0.2 0.2 0.4 0.4 

sodalite 6.J 5.5 
• calcium 

aluminiu.11 
silicate 0.4 2.7 

---------------------------------
total 48.4 49.7 29.1 27.7 

Si02 ~ 

in kaolinite 4.0 2.7 

sodalite 7.4 6.5 
calcium 
aluminium 

silicate 0,9 
• -------------------------------------------------

total 4.0 2.7 7.4 7.4 
• 



. 
• 

. • 

• 

• 

Fe203 
in goethite 

hematite 

total 

Ti02 % 
in anatase 

rutil 
sodiwn 
titanates 

calcium 
titanate 

total 

Cao 3 
in calcium 

titauate 

calcium 
aluminium 
silicate 
calcite 

total 

Amarkantak 
Bauxite 

yearly 

Composite 

"1987" 

5.6 
10.8 

16.4 

7.7 
1. 0 

8.7 

3-14 

Phutka-Pahar 
Bawcite 
yearly 

Composite 

"1987" 

5.0 
1 o.o 

15.0 

7.0 
0.6 

7.6 

Table J.1.1-2 (cont.) 

Last Washer 
5.Under -

flow Mud 
Composite 

"jan.1988" 

8.5 
20.6 

29.1 

8.9 

2.3 

1.3 

1.4 

13.9 

1 • 0 

0.7 

1 • 7 

Filtered 
Caus-

ticized 
Mud Comp. 

" j an • 1 988 " 

7.2 
19.6 

26.8 

8.5 
2.1 

2.6 

13.2 

1 . 8 

4.4 

1 '0 

7.2 
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).1.1.1 Imorovements in the setting of the molar ratio and 

reduction of the hydrolysis losses 

For increasing the digestion yield the following 

technological measures are suggested: 

The molar ratio at the end of digestion must be set to 

1.55. 

The lime addition in the digestion should be continued. 

It is necessary to decompose and transform the sodium 

titanates formed during the digestion. The sodium 

titanates, when precipitated on the surface of the most 

difficult-to-digest boehmite fraction, separate the 

surface of the latter from the digesting liquor. If lime 

is added, Ca-titanate will be formed having a looser 

structure, which does not hinder the digestion of the 

boehmite . 

The bauxite to digesting liquor and lime milk ratio 

controls have to be made more reliable. 

The final temperature of the digestion must be 240 °c. 
First of all the steam supply must be reliably assured. 

(The reasons of the frequent power plant failures must 

be determined and eliminated). The safe operation of the 

digestion pressure and temperature controls is also 

important • 

The digestion process mus be continuously checked by means 

of frequent chemical and mineralogical analyses of the 

liquor, the bauxite and the digester mud. The digesting 
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liquor and the liquid phase of the digested slurry must 

be analysed every hour. (The total and caustic K~O 

contents, the N~co3 content, the Al203 content 

may be measured reliably by the liquor analysing method 
developed by !luterv-FKI, which method will be handed 

over to the Indian Party in the frame of this work. For 

the determination oi the mineralogical composition of the 

bauxite and the mud the procurement of an X-ray diffracto

meter suitable for powder diffraction phase analysis is 
suggested, possibly in co-operation with UNIDO. A Philips 

made equip:r.ent is in operation in the Renukoot Plant of 

HINDALCO, its price is approximately 250,000 NLG. 

Aluterv-FKI's experts may cooperate in purchasing the 

suitable equipnent and in training its operating 

personnel. The digestion of the bauxite may be checked by 

observing the quantity of undigested boehmite in the 
digested red mud.) In this case the digestion yield may 

be increased either by increasing the digestion molar 

ratio or by increasing the lime quantity added. 

The gibbsite appearing in the red mud of the first washer 

must also be analysed by the X-ray diffractometer. 

Gibbsite must not remain in the red mud when digested at 

240 °c, its appearance in the settling-washing unit 

indicates a decomposition or the aluminate liquor, the so

called hydrolysis loss. The analysis is to be carried 

out at least once a day. Should the hydrolysis exceed a 

certaiu value (for example 1 ~ of the Al203 content of 
the processed bauxite; this value is presently 4 S in the 
Korba Al~~ina Plant), the molar ratio of the first washe~ 

should be inc~ea3ed (suitably by spent liquor addition). 
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By all of these measures, the digestion yield should be 

increased from the present 78-81 j to at least 85 ~-

).1.1.2 Partial bypassing of the digesters heated by flash 
steam with tube-in-tube type heat exchangers 

During the investigation performec by Aluterv-FKI's experts 
in May, 1988 suggesticns were made to replace the digestion 

H.P. heat exchangers with tube-in-tube type heat exchangers 

because of the high maintenance demand of the former ones. 

The digestion unit was examined concerning the reduction oi 

the high pressure steam consumption anR the improvement of 
- ... -

the conditions of the maintenance. / 

It is suggested that the recuperation heat exchangers and 
those digesters with recuperation function be replaced with 
tube-in-tube type heat exchangers • 

I 

The digesters bypassed in this w'ay may be utilized for 

increasing the heating surface used for live steam and for 

increa~ing the holding time. 

According to our calculations, if 50 m2 heating surface is 
installed per recuperation stage, a 60 bar steam consumption 

of 21 t/h may be attained, per digestion line. This figure 

may slightly vary as a function of the heat transfer 

cofficient. 

The installation of the 

carried out gradually. 

new recuperation stages may be 

To begin with, the originally 
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suggested replacement of the H.P. heat exchangers with tube

in-tube type ones might be done. If the results are 

favourable, the second step may follow with the replace~ent 
of the three recuperation digesters as well. The replacement 

of the L.P. heat exhangers may be realized in the third step, 

the equipment needed for this is included in Variant B of our 

suggestion. In the flowsheet prepared (Figure 3.1.1.2-1) the 
whole implementation i3 shown. 

At the live steam heated 

digesters is expected 

coefficient significantly. 

system the de-aeration 

to improve the heat 

of the 

transfer 

The above mentioned solutions may be realized by the 
installation of the following equipment: 

Variant A 

1. Heat exchangers 

Jx~ 101.6x5.7/6324x9 
L = 15 .4 m 

- 8 2 F - 12. m 

2. Pipes and valves 

3. Steel structures and 
pipe supports 

Number 
Tot. Operating 

32 32 

Price 

in RS 

5,760,000 

200,000 

520,000 
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Variant B 

1. Heat exchangers 

Jxp 101.6x5.7/~324x9 
L = 15.4 m 
F = 12 .8 m2 

2. Pipes and valves 

J. Steel structures and 
pipe supports 
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Number 
Tot. Operating 

56 56 

J.1.2 Increasing the precipitation efficiency 

Price 
in RS 

10,080,000 

260,000 

780,000 

An improvement of the precipitation efficiency may be 

attained as a result of several technological measures: 

reducing the amount of impurities in the process liquor, 

using the whole line of the precipitator tanks to provide 
an appropriate precipitation time, including the last tank 
presently used for caustic storage (so when cleaning one 
of them and using the last one as a filter feed tank, 14 

of them would always be full and operating, this would 
require the setting up of a 2000 m3 tank or two Nos. of 
1000 m3 each for storing caustic lye to be made of a 

DIN quality steel). 

I 
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utilizing an interstage cooling to provide an adequate 

temperature profile for the precipitation, 

increasing the quantity of seed added to the precipita
tion, 

classifying a part of the precipitated slurry (if the more 

active, finer part is utilized as seed). 

).1.2.1 Process liouor ~urification 

During the data processing if became clear, that there is a 
significant reserve in the evaporation capacity, which may 

even be increased by the reduction of the quantity of 

non-technological water. It is an alumina plant experience, 

that a part of the impurities of the process liquor (oxalate, 

V205, etc.) is precipitated together with the hydrate 
during precipi·~ation. (Their damaging effect is, that they 

block the most active locations of the seed from further 

crystallization, from the crystal growth and agglomeration.) 

These impurities dissolve well in the hot (90-95 °C) water 

used for hydrate washing, in this way their concentration is 

proportionally higher in the hydrate wash water than in other 

process liquors. With the increase of the N~O 

concentration the solubility of the oxalate is sharply 

decreasing, therefore, by the concentration of the hydrate 

wash water through evaporation the oxalate may be removed 
fro~ the process. The impurities contents of the Korba spent 

liquor and hydrate wash water were exa~ined (see Table 

3.1.2.1-1). As the analitycal results show, the sample was 

not representative, the V205 content of the spent liquor 
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Na20c gpl 

Al203 gpl 

N~C03 gpl 

Corg gpl 

-in Na2c204 gpl 
Molar ratio 

P205 gpl 

V205 gpl 

F gpl 

analysed by ALUTERV-FKI 
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Table 3.1.2 .1-1 

LIQUOR ANALYSES 

Alkaline Spent 
hydrate wash water liquor 

/collected or.. /collected on 

29/9/88 I 24/8/88 I 

48.7 129.5 
20.6 71 .o 
11. 7 23.9 
J.43 6.17 
1.54 J.3 
3.88 3.00 

0.53 0.35 
0.64 0.53 
0.90 0.90 
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was 1.7-1.9 g/l in the studied period. The relative oxalate 

content of the hydrate wash water is 1.24 times and its 

relativ~ V205 content is 3.2 times higher than those of 
the spent liquor (calculated for the same caustic Na20 
concentration) • 

One of the 22 t/h capacity evaporation units of the Korba 
Alumina Plant (there are two units with capacities of 22 t/h 

each and one with the capacity of 36 t/h) is suitable for the 
separate evaporation of the hydrate wash water. The organic C 
content of the hydrate wash water subjected to evaporation 

(concentrated to 250 gpl caustic N~O) would be 16.7 gpl, 
in which the oxalate content would amount to 7.9 gpl 
expressed as carbon, or 44.1 gpl as oxalate. The temperature 
of thP. process liquor leaving the evaporation is appr. 70 
0 c. At this temperature, the relative solubility of 
oxalate is about 1 3 in a liquor of about 250 gpl caustic 

N~O c~ncentration. As it has been discussed in Chapter 2, 
the P-content of the strong liquor decreaseb as a consequence 
of the lime addition in the digestion. The high v2 05 
level of the strong liquor can be lowered by cooling of the 

liquor. Taking into consideration the local outdoor 

temperature, an average 35 °c of the cooled liquor 
temperature can be envisaged. The required average 

temperature of the cooling water is 33 °c. A tubular 
heat exchanger of 55 m2 should be installed for this 
purpose. The cooled liquor is settled, the settler t·nderflow 
is centrifuged. (see Fig. J.1.2.1-1) By this way the level of 
contaminants can be lowered to the level in 1985-86 financial 
year in about 6 months. 
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As a starting measure we suggest to feed about 15 mJ/h of 

hydrate wash water into one of the 22 t/h evaporators 

together with about 20 mJ/h of spent liquor. This would 

reduce less the capacity of the evaporation and the rest of 

~he hydrate wash water could for some time still be used in 

the red mud washing circuit. On the basis of practical 

experiences gained by this method it could be later decided, 

whether to proceed with the 100 3 evaporation of the alkaline 

hydrate wash water or not. Alternatively the initial tests 

might also be done in the J6 t/h evaporator, because this is 

already connected to the existing salt settler and so no 

modifications would have to be carried out. 

The above mentioned solutions nay be realized by the 

installation of the fellowing equipment: 

1. Strong liquor tank 

V = 25 m3 

2. Strong liquor pump 

J. Heat exchanger 

s = 55 m2 

p = 16 bar 
Tube bundle typ. 

4. Hydroseparator 

¢ 6 m x a m 

Numher 

Tot. Orerating 

1 1 

1 1 

1 1 

1 1 

Price 

in RS 

170,00C 

40,000 

700,000 

600,000 



. 
• 

.. • 

• 

' 

5. Slurry pumps 

Q = 6 m3/h 

H = 40 m 

6. Centrifuges 
Q = 6 m3/h 

Solids content 230 g/l 

7. Steel structures and 
pipe supports 

8. Pipelines with fittings 
and valves 

3-24 

Number 

Tot. Operating 

2 1 

2 1 

The tanks belonging to item 6. are available 

Price 

in RS 

100, 000 

250,000 

100, 000 

100 ,ooo 

J.1.2.2 Improving the operation of the precipitator 
tanks 

The experts of Aluterv-FKI experienced during their s~ta 
mission, that the controlled pressure of the compressed air 
varied in the precipitation unit between 4.6 and 5.5 kg/cm2 

because of the fluctuating air consumption of the auxiliary 
consumers (calcination, Kelly filters, workshop). 

According 

frequent, 
out of the 
had been 

to the loc sheets, complete black-outs are also 

lasting even longer than 5-10 minutes. Six tanks 
14 precipitators were out of operation. Two tanks 
in a clogsed state for several months due to an 

earlier power failure. 
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The help of Aluterv-FKI's experts was asked by the personnel 

of the Korba Alumina Plant to describe the detailed method 

for restarting those tanks and for selecting a high pressure 

compressor aggregate. 

To improve the operation of the precipitation unit, it is 
suggested that 

the pressure control loops at the compressed air supply of 

the precipitation and desilication be maintained and put 

into operation, 

if the pressure level is from time to time still lower 

than the required one, the consumption of the auxiliary 

consumers be reduced to such a degree, that a constant 

pressure air supply of the precipitation be assured, 

due to the frequent power failures a Diesel compressor 
aggregate should ~e installed (a high pressure unit), 

for the purpose of complete draining of the conical part 

of the tanks special drain valves be installed and the 

pipelines serving for caustic cleaning and for slurry 
extraction be separated, 

the newly developed wear-resistant air feeder (see 

attached drawing No.4.4-1) providing a more disperse 

air bubble distribution be used with the precipitators 

(presently having a specific power consumption of 26-29 kW 

per tank), en~uring an energy saving of at least 18-22 %, 
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the slurry channel system of the precipitator line be up

dated by Balco. (At present the slurry flows in a cha.~~el 

mounted horizontally and its level and flow is controlled 

by means of a hole cut in the bottom of the channel. A 

separate pipe system with 600 mm diameter serves the 

purpose of bypassing the tanks and of stepping the slurry, 

provided with a separate air feeder.) The utilization of 

a single channel version is suggested which unites the two 

tasks favourably and the step-over of the material is 

perforced by waste energy, using the departure loss of the 

air lift pump. 

The majority of the above mentioned suggestions was 

discussed during the site misson by the experts of Aluterv

FKI and Balco. 

).1.2.J Uudating the hydrate filtration and washing 

Aluterv-FKI's experts handed over a suggestion to Balco at 

the plant concerning the increase of the productivit7 of the 
seed filters. The hydrate removal from the surface of the 

filter may be more perfectly accomplished by feeding the 

compressed air pulse-wise, in this way the capacity of the 

seed filters would increase and the seed ratio of 2.0 could 
be kept. 

The utilization of the DRYl·IAX 1918 additive is suggested for 

the reduction of ~he moisture content of washed hydrate 

accordin& to Figure J.1.2.J-1. By the use of the additive, 
the moisture content of the hydrate would decreasr by some 

J %; so the fuel oil consumption of the calcination could 

be reduced by about 100 kg/h. 
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1. Bar:-e !pumps 

Q = 200 l/h 

H = 5 m 

2. Pipe section with 

fitting and valves 
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Number 

Tot. Operating 

2 1 

Price 

in RS 

800 

)50 

).1.2.4 Imulementatior. of a hydroseuarator and updating 

the interstage cooling 

Experts of the Korba Alumina Plant were impressed during 

their visit to Hungary by the hydroseparator operating in the 

MOTIY Alumina Plant and by the Alfa-Laval made spiral heat 

exchangers used in the Almasftizito Alumina Plant for 

interstage cooling. The implementation of the hydroseparator 

is suggested according to Figure ).1.2.4-1. Approximately 

50 ~ of the precipitated slurry should be forwarded to the 

hydroseparator. The overflow would get to the seed filters 

after settling. The underflow of the hydroseparator would 

contain the product hydrate. The level of t~e compacted 

hydrate in the hydroseparator shouldbe indicated by a max-cin 

level indicator. 

The conceptual drawing ar.d the main technological parameters 

of the hydroseparator are shown in Figure J.1.2.4-J • 
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An interstage cooling system consisting of five serpentine 

heat exchangers is operating in the Korba Alumina Plant. It 
is suggested to replace them at the time their due change 

with spiral type ones having a good heat transfer 

coefficient, demanding 5.nsignificant cleaning and -according 

to Figure J.1.2.4-2 much less area for location. 

The above mentioned solutions may be realized by the 

installation of the following equipnent: 

Variant ).1.2.4-1 

1. Hydroseparator 

' 4 m x 10 m 

2. Steel structures and 

pipe supports 

). Pipe section with 

fittings and valves 

4. Tank with agitator 

~ 7x22 m 

V = 1000 mJ 

Number 

Tot. Operatj.ng 

1 1 

2 2 

Price 

in RS 

800,000 

180,000 

50,000 

1,800,000 
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Variant 3.1.2.4-2 

Number Price 

Tot. Operating in RS 

1 • Interstage coolers 3 3(2) 3,000,000 

(spiral heat exchangers) 

A = 100 m2 

2. Hydroseparator 1 1 800,000 

I 4 x 10 m 

3. Steel structures 180,000 

and pipe supports 

4. Pipe section with 100 ,000 

fittings and valves 

5. Tank with agitator 2 2 1 ,800 ,ooo 
~ 7 x 22 m, 
V = 1000 m3 

3.1.2.5 Renlacement of the existing P-17 plate heat exchangers 

Presently four pcs cf P-17 plate heat exchangers are 

op~~ating in parallel and due to this parallel operation 

ther·e is less velocity and consequent frequent jamming of 

them. Moreover, this design is outdated and it is very 

difficult and expensiv0 to get replacement for the worn-out 
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parts. It is suggested to replace those by the latest model 

AX-30 plate heat exchangers having four sets each with about 

372 m2 area operating in series (three if them operating 

and one spare). This would handle 500 m3/h aluminate and 

spent liquors, rep. 

one from 100 to 58 °c. 
velocity across the 

and drop the temperature or the rormer 

Because or this series operation the 

plate would by higher and this would 

reduce scaling to a considerable extent. 

1. Heat exchangers 
2 A = 372 m , Typ:AX-30 

2. Steel structures and 

pipe support 

3. Pipe section with 

fittings and valves 

Number 

Tot. Operating 

4 3 

).1.3 Reducing the caustic consumption 

Price 

in RS 

9,600,000 

200,000 

800,000 

The target mentioned in the title may be attained beside the 

improvement ~r the digestion efficiency (discussed in section 

).1.1) by increasing the effectiveness o! the causticization 

and red mud washing. The efficiency of both operations is 

reduced by the high quantity of non-technological water 

getting i,1to the process, ar.d by the low evaporation level of 

the process resulting in only a low quantity of red mud wash 

water b::-ought into the system . 
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J.1.J.1 Inu~oving the causticization 

According to the Contract, the possibility of the utilization 

of the complex causticization of the Korba Alumina Plant 

should be examined. 

The basis of the method in question is the following: 

Lime is added in a quantity of about J moles CaO/mole 
bound N~O to a part of one of the washers' under

flow and the resulting slurry is heated up to 95 °c. 
At this point the caustic N820 concent~·a-

tion of the liquid phase must not be higher th .. ·n 40 gpl, 
that is why the underflow of that whasher stage should be 
treated which is best corresponding to this condition. 

1:e lime added takes part in the following chemical 

reactions, in sequence: 

- 1. it forms calcium aluminate with the Al203 

content of the liquid phase, 

- 2. it causticizes the N82C03 'ntent of the liquid 

phase, 

- J. it forms calcium aluminium hydrosilicates by being 
incorporated into the sodium aluminium hidro

silicates of the red mud. 
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The newly formed calcium aluminate may be decomposed by 

treating it with sodium carbonate salt in a later phase. 

The carbonate content of this salt becomes causiticized 

and approximately 40 ~ of the Al203 content bound 
into the calcium aluminate will be dissolved again. 

The temperature should be kept over 90 °c during the 

treatment. The required holding time is around 4 hours. 

As it may be understood from the description, the method is 

only suitable where a significant quantity of sodium 
carbonate salt is separated from the process liquor. The 

qua.~tity of separable sodium carbonate is small in the Korba 

Alumina Plant, as the co2 content of the bauxite is very 

low. The salt separated in Korba to balance the impurities 

level contains a considerable quantity of V205, P205 
and oxalate, which, when causticized in the red mud washing 

line, would get into such equilibrium conditions, that most 

of its damaging components would get back into the process. 

Because of these reasons the utilization of the complex 
causticization is not suggested for the Korba Alumina Plant. 

Instead of it the optimization of the conditions of the 

traditi~nal atmospheric causticization is suggested. 

For the improvement of the efficiency of the causticization 

it is necessary that 

the temperature of the causticization be 95 °c (for the 
direct steam heati11g a temperature control is suggested), 

the lime addition be uniform (a ratio control is necessary 

between the last washer underflow and the lime milk flow-
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rate based on flow and solids content measurement; the 

Na20 content of the red mud must be analysed regularly 

for determining the optimum lime addition), 

the N~O content in the liquid phase of the causticized 
slurry should not be higher than 20 gpl. 

The causticization was calculated in two variants of lime 

addition, namely for 80 kg/t and 140 kg/t, respectively. In 

the first case 25 3, and in the second case 35 3 of 
causticization efficiency might be achieved. For the 
improvement of the heat economy of the washing line it is 

practical to heat the filtrate which was cooled down on the 

filter up to 90 °c with the excess heat of the digestion 

pure condensate. 

Figure 3.1.3.1-1. 
variant.) 

The suggested modifications are shown in 

(The figures correspond to the 35 3 

3.1.3.2 Reducing the quantity of non-technological water 

getting into the process 

Approximately 3 m3/t of non-technological water gets 

presently into the process, which amount should be reduced 
to about 1.5 m3/t. 

The ~ethod of 

measures, the 
operation. 

reduction demands first of all technological 
racionalization and strict control of the 

The measures are as follows: 

adjustment and frequent checking of the gland water of 

agitators and pumps, 
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ec~nomical utilization of floor washing water and its 
sub~titution with spent liquor or washer overflow, 
wherever possible, 

checking and elimination of leakages, installation of 
reliable level measurements and controls for the tanks 
wherever practical or level signalizations for tanks 
where the level is not controllable, 

feeding the washing liquors with different concentrations 
into appropriate tanks at the evaporation cleaning 

operations, 

reparation of the level controls of the flash tank line, 
regular checking of their operation. 

At the preparation of the mud washing water efforts should be 
made that its temperature be as high as possible. 

First of all the red mud washing water should be composed of 
the alcaline condensate of digestion and of that part of 

evaporation condensate which is not utilized for hydrate 

washing. 

It is practical to use the return water from the red mud pond 
for lime slaking. This solution has the advantage that the 
carbonate brought in with the return water becomes 
causticized and does not increase the carbonate level of the 

process . 
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3 .1 .4 Uew devices for calcination in alumina uroduction 

3.1.4.1 Conventional calciners 

The task or the calciner is to remove the adhesive moisture 
and the crystal water o! the aluminium hydroxide, which is 
carried out at a temperature of 1,000 to 1,200 °c 
depending on the alfa to gamma ratio of the alumina ~roduced. 

Nowadays rotary kilns are still in general use for calcining 
aluminium hydroxide into alumina where the hot alumina is 
cooled either in a planetary cooler rotating together with 

the kiln or in an independent rotary drum cooler. 

The heat consumption of the conventional rotary kilns varies 

between 4,600 and 5,400 MJ for one tonne of alumina, 
depending on their capacity. This heat demand is met by 

burning fuel oil or natural gas. 

Such kilns have significant surface heat los~es, because the 

long rotary drums can not be properly insula.ted. The 
utilization of the heat content of the hot stack gases and of 
the hot alumi~a is also poor. 

The alumina 
1,200 °c to 

should be cooled froc a temperature of 1,000 to 
an outlet temperature of 80 to 100 °c 

either in 

means of 
transf e:r 

a planetar .. coole::- or in a rotary drum cooler by 
the combustion air. Because of the poor heat 

between air and alumina the planetary coolers are 
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generally provided with gi~.ls while the rotary drum coolers 
are often spr~yed with water to reach the requirP.d outlet 
temperature of the alumina. At these devices a significant 

part of the heat content of the alumina is not utilized for 

air preheating, but it is lost • 

The stack gases have~ to be cooled to a temperature of 250 to 
JOO 0 c before the inlet of the electrostatic dust 
collector to make possible the operation of the latt£r. The 

gases are cooled by the hydrate fed into the kiln. The heat 
transfer between these two s~bstances is also poor in spite 
of the various devices used to improve it, therefore, one 
part of the rotary kiln used for hydrate preheating and 

drying is not insulated in order to enable the stack gases to 
cool to the adequat~ outlet temperature by means of surface 

heat losses. 

J.1.4.2 Reduction of heat consumption of calcination by 

cvclones 

From the above facts it is evident, that the heat consumption 

of the calcination can be reduced by proper utilization of 
the heat content of the alumina and of the stack gases, as 
well as by a reduction of the length of the rotary kilr., 

since a long 

because of 
insulation. 

drum leads to significant surface heat losses 

the limited possibilities of its thermal 
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The technical developments for improving the utilization ~f 

the heat e~ntent of the alumina and of the stack gases, as 
well as for the reduction of the surface heat losses started 
almost simultaneously. 

Cyclones were installed for a better utilization of the heat 
content of the stack gases. These cyclones took over the 

tasks of preheating and of drying from the rotary kilns. The 
cyclones insulated both insicP. and outside have improved the 
utilization of the heat content of the stack gases. The 
hydrate is preheated to a te~perature of about 500 °c in 
them, a significant part of its adhesive moisture and 
crystal water is removed, while the stack gases can be cooled 
to a tem~erature of 140 to 180 °c depending on the !uel 
characteristics. _The heat consumption can be reduced by 500 

to 700 MJ per tonne of alumina by the cyclones installed for 
the utilization of the heat content of the stack gases. That 
means that the specific heat consumption of a rotary kiln 

provided with a cyclone type preheating system is 3,900 to 
4,500 MJ per tonne of alumina, depending on the capacity of 
the calciner. 

Such calciners are in operation in one of the Hunga~ian 

alumina plants with capacities of 500 to 550 MTPD. The heat 
consumption of these calciners is 3,890 MJ per tonne of 
alumina in case of the optimal load, while the yearly average 
amounts to 4,020 NJ per tonne of alumina. 

The heat content of the alumina can also be utilized in 
cyclones. 
bed water 

These cyclones are usually connected to a fluid 
cooler to ensure the optimal preheating of the 
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combustion air. A good heat tra.nsf er can be achieved between 

the alumina and the air in cyclones provided with proper 
inner and outer insulation. This results in an outlet 
temperatl.lre of the alumina of 200 to 250 oc , while the 
combustion air is heated to a temperature of 620 to 670 °c. 

The thermal energy saving is about 500 to 570 MJ per tonne 
of alumina when using cyclones as alumina coolers. 

There are calciners in operation in another Hungarian alumina 
plant provided with cyclones for alumina cooling. Their 
capacity is similar to that of th~ previously mentioned 
calciners, whereas their average net specific consumption is 

4,000 MJ per tonne of alumina. 

Installing cyclone systems to both ends of a rotary kiln, a 
thermal energy saving of 1,000 to 1,270 MJ per tonne of 

alumina can be achieved, which means that the hydrate can be 
calcined with a heat consumption of 3,400 to 3,500 MJ pP.r 
tonne in a rotary kiln with a capacity of 500 TPD or above 
that. 

The above data are valid, if the hydrate has 10 to 12 per 
cent adhesive moisture and the calcination temperature is 

1,100 °c. 

The alumina leaves the cyclone cooler system at a temperature 

of 200 to 250 °c. It is further cooled in a fluid bed 
water cooler to a temperature of 80 to 100 °c. The amount 
of the termal enersy recovered by the fluid bed water cooler 
is not included in the figures given above. The hot water 
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obtained from the fluid bed water cooler can be utilized in 
the alumina production process, which results in additional 

savings in the heat consumption. 

The specific heat consumption or the calciners is 
considerably influen~ed beside the characteristics or the 
alumina and the type of the calciner - by the inner and outer 
insulations. The bo~y of the kiln has to be insulated so 
that the temperature at its outer surface should not exceed 

250 °c and the temperature of most or the kiln surf ace 
should be below 200 °c, whereas the surface temperature of 
the cyclones provided with inner and outer insulation should 

not exceed 60 °c and be 40 °c as an average. 

3.1.4.3 Details of the solutions 

Utilization of the heat content of the stack gases 

The first rotary kiln provided with a cyclone system for the 
utilization of the heat content of the stack gases was 
constructed in 1965 in the frame of the reconstruction and 
expansion of a Hungarian alumina plant. The technical 
designs were prepared by Polysius (FRG) on the basis of their 

experiences gained in the cement industry. The so-called 
Dopol tower system designed by them is shown in Fig. 

J.1.4.J-1. 

As the flow-sheet shows, the mixture of the aluminium 
hydroxide and the collPcted dust is fed into the outlet stack 

gas pipe of Cyclone II. and heated to a temperature of 150 to 
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170 °c. After that it is precipitated in Cyclones Fig. 

3.1.4.3-1. The hydrate dried in the ~yclone s~stem is fed 

into the ro~ary kiln at a temperature of 500 °c, while 

the temperature of the stack gases is 140 to 180 °c after 
the Cyclones I. before entering the electrostatic dust 

collector. 

Some improvements have been carried out on the cyclone s~stem 
since it was first commissioned and these have resulted in 

a troublefree, safe and wel! controllable operation of the 

cyclone system. 

As a practical solution the product hydrate filters are 

installed at the top of the cyclone tower, but it is also 
possible ~o charge the filtered hydrate to the feed pipes of 
Cyclones I. with a bucket elevator or some other 
transportation system. 

Utilization of the heat content of the alumina 

Rotary kilns provided with cyclone systems for the 

utilization of the heat content of the alumina were 

constructed in 1972 in another Hungarian ~lwnina plant. The 

final system developed after serveral modifications is shown 
in Fig. J.1.4.J-2. 

The calcined alumina discharged from the kiln is fed to the 

outlet combustion air pipe of Cyclone II. - usually through a 

so-called stone or brick separator - where its heat content 
is transferred to the combustion air and it is precipitated 
in Cyclone I. The air leaving Cyclone I. at a temperature of 

620 to 670 °c is us~d for the firing • 
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After the counter-current heat exchange between the alumina 
and the combustion air the alumina leaves Cyclone III. at a 
temperature of 200 to 250 °c. It is usually further cooled 
by a fluid bed water cooler. 

The system pre~ented in this figure operates trouble-free 
even with a floury type alumina. 

Rotary kiln 

Significant reduction in the length ~f the rotary kiln can be 
achieved by using cyclone systems, because in this case the 
cyclone systems take over the drying, preheating and 
partially also the calcining functions of the kiln. As an 
example the length of a 100 m long rotary kiln can be 
reduced to 50 m by the installation of cyclone systems at 
both ends of the ~iln, which means that the surface heat 
losses ~an be reduced by 40 to 50 per cent (taking into 
consideration the surfa~e heat losses of a planetary or a 
rotary drum cooler). 

Determination of the optimum length of a rotary kiln is an 
engineering job in case of a new kiln design, whereas the 
extent of the shortening of an operating kiln to be modifiec 

has to be determined on the basis of its origir.al size and 
the location of its bP&ring rollers and driving unit. 
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An infor~ator¥ heat balance of a 1,000 MTPD rotary ~iln 
installed with preheater and cooler cyclone systems is the 
following: 

Heat Losses 

Hea~ Input 

Stack gas 
Radiation, convection 
Discharg~ product 

Reaction heat 
Unaccounted 

Total: 

Fuel combustion 

Hydrate 

Total: 

J.1.4.4 Stationary calciners 

Our cyclone 

modification 
systems described above 
of conventional rotary 

6-f.9 MJ/t 
544 MJ/t 
198 MJ/t 

1, 965 MJ/t 
93 MJ/t 

3,449 MJ/t 

3,370 MJ/t 
79 MJ/t 

3,449 MJ/t 

can be used for the 
kilns, primarily of 

alumina calciners, possibly of cement calciners, but these 
systems can be used at the designing of a new calciner, too. 

Fur4;her reduction of the heat consumption can be achieved by 

the complete elimination of the rotary kiln. This can be 
achieved by using stationar·y (fluid bed, flash, gas 
suspension) ealcination F~stems, the heat consumption of 
which is less by a further 300 to 500 MJ per tonne of ~lumina 
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than that of our system suggested here, as a result of 
further possibilities in the reduction of the surface heat 
losses. 

A di~~~vantage of stati~nary calciner systems can be the 

higher attrition of the al~ina, which is particularly 

detrimental in the production of sandy alumina.. 

J.1.4.5 Advantages of the Aluterv-FKI cyclone system 

calciner in alumina production 

1) fhe system gives a possibility to modify in an economical 
way the conventional rotary ki.1..'lS having high heat con-

1mmJ1tion. 
2) The hea·t consumption of the modified calciner kilns is 

close :o that of the most up-to-date stationary calciners 

and the capital costs of the mQdification are signifi
cantly less than those of a new stationary calciner . 

J) As a result of the modification the capacity of the kiln 

4) 

5) 

can be increased by nearly the same percentage as the 

heat consumption is reduced by. 
The stability of the rotary kiln improves as a result of 
its shortening increasing the life of the brick lining 

and consequently reducing the maintenance requirements. 

The modification of operating rotary kilns can be carried 

out at a minimal production loss, since the towers with 

the cyc~ones can be constructed above the operatin~ kilns 
and they have to be stopped only for the time req~lred 
for cuttin~ both ends of the kilns and for installing the 
connection pipes to the cyclone systems. 
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J.2 Suggestions for the imnrovement of maintenance 

Aluterv-FKI gave suggestions in 1978 for the organizational 

formation of the maintenance division of the Korba alumina 
plant basen on its PXperiences gathered in Hungarian alumina 

plants. Data regarding the amount of working hours spent on 
the maintenance of the main equipment were also handed over 
together with the time required for the smaller maintenance 
works as a function of thP cycle time in the form of -tables. 

The Korba Alumina Plant established its maintenance 
organization in the past 8 years and by the beginning of 

1988 the working hours spent on the maintanance of the 

equipment are close to, in some cases are equal to the values 
of the Hungarian practice. This fact proves the gradual 

improvement of the maintenance activities. 

J.2.1 Reconditioning of worn-out narts in the alumina 
industry 

Almost in all plant units of the alumina plants the parts of 
the equipment are exposed to severe wear and abrasion. The 
worn-out parts can cause failure of ei:-_uipment, of plant uni 1:$ 

or even of a whole technological line. 

To reduce the harmful effects of wearing and abrasl.on 
different kind of hardsurfacing techniques have been tried 
and introduced in the Hungarian alumina piants. 



• 

• 

• 

3-47 

The aim was twofoli: 

to increse the cycle time of equipnent, and 

to decrease the cost of maintenacce. 

Wear-resisting layers can be made by one of the following 

su~face treatment technologies: 

- Hardening: Induction hardening 
Flame hardening 
Electron beam hardening 

Thermo-chemical d~£fusion handling: 
Chroma ting 
Carbo-titanizing 

Nitriding 

Carbonization 

Vanadizing 

- Gabranic plating: 
Hard chro~ium plating 
Hard nickel plating 

Hardsurfacing: 
Powder dispersion 
Metalpowder dispersion 

Hardf acing 
Metal cladding 

- -... 

,., 
,,,;;,. , . .... . 
_;.:. .. 
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The main reatures or hardsurfacing techniques applicable for 
both the mar.ufacture or new parts and reconditioning of 

wornout ones are summarized in the Table 3.2.1-1 • 

The techniques listed in Table make it possible to create a 

wear-resisting layer on a fairly tough base material. 

On the basis of practical ex~eriences highly alloyed welding 
materials gave the best results in case of wear and abrasion 

caused by bauxite minerals and hydrate. 

If machining or the treated surface is required, such type of 
hardsurfacing technique should be selected, which gives a 

surface quality machinable by machine tools available in the 

central workshop of the Alumina Plant. 

The economy or recondittoning or worn-out parts is as 

follows: 

It is more reasonable to rebuild the worn-out 10 to 20 ~ 
than to throw away the still sound 80 to 90 S of the part. 

By using regular reconditioning the stock of spare parts 

can be reduced. 

By selecting a proper hardsurfacing technique the use of 

expensive alloys for base material is not necessary. 

Application of structural steel is satiofactory. 
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By hardsurfacing the equipnent parts the cycle time of the 

equi:fE!lent exposed to severe wear and abrasion is extende~. 

It was found in many cases that not the hardneEs of the 
surf ace exposed to severe wear but the percentage of harder 

components of the layer was decisive as regards resistance to 

wear. 

Such harder components are different kinds of carbides. The 

good resistance of carbides against abrasion can be used only 
when the carbides are fused in a tough base m~terial. In 

this case the hardfaced layer can not be chipped. 

J.2.2 Hardsurfacing techniaues used in the Hungarian alumina 

plants 

In the Hungarian aluminium industry the following 

hardsurfacing techniques are used for both reconditioni~g of 

worn part~ and the manufacture of new ones: 

a) Hardfa~ing with arc wel~ing 

b) Metal powder dispersion 

a) Hardfacing with arc welding 

This technique is performed the same way as the conventional 

arc welding. 

The weldability of highly alloyed steel causes many problems 

(such as crevice, chipping, sensitivity against corrosion, 

etc.). 
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Reconditioning 

~hin layer technique 

~hic~ness or coatir.g: 0.05-0.J ::::o ~hisicness o! coat~::i.g: 1.5-6.0 l!l!!I ~hic~r.ess or coatir.g: 0.05-).0 == 
1. T:~~!"::a! -"!~a.l -=~~":!!':a:s: 

dii!~se e~:==~~~~&. =~~~e= 
sophist!cate:! tec~~oJog:r 
hardness: ~2~~ E\ 
resistaece to ¥e~r: good 
corrosior. :esis~a:lce: good 

2. :tit:-1:!:=:0:-: 
- ha~ci..~ess: ~;a =-v 

rPSistance to wea:-: good 
- brittle sur!'ace 

). ~eta! ~o~:!e:- :!is~e:-sion: 
col! cis;e=s~on no~ :ispersion 
•castolin• type cispersion 

P..&i::i. !'eatu~s: 
- harci."lHS: ::.u. 62 !!RC 

760 F.V 
- manual tec!l.."lolcu (it can l:e 

aechani:i:e.i) 
- cOC1pres~ive strength o! the 

lalo·er is lo'll 
- co~~osi!!on: lov celtins ~o1~~ 

metal with hard getal pov~er 
additlves 

- oetals o! high :elting points 
can not :e processed 

- low i:pac~ er.er~ o! the powde:-
- output ra~e: 4-c kg/h 
- the sur!ace generaly requires 

machir.ing 

~- Plas~a ~owder dis~ersion: 
Every me~a:, ~etai ca:-;ide, 
ni~ride, ox~de, boride, silicide 
can he dispersed 

Main !eat-;:-e~: 
- p1as~a er.s~res a u."lique high 

temperature 
ow heat input 

very high i~pact energy 
(10 to 20 ti=es higher than 
that o! the metal powder dis
persion technique) 
automatically controlled 
technical paraoeters 
the technique may be repeated, 
ensures the same quality in 
di!terent layers 
porosity o! the surface is low 
hardness: 1200-)700 HV 
machining ot di3per3ed layers 
generally not required 
output rate: 
4 to 8 kg/h with metal 
2 to 4 kg/h with carbides 

1. :-~~~~: ~~¥ie:- YelC.i?tt: 
~ostl7 usea for recon~i~ionir.g 
or ~ress :1es. (?.etal po'llder 
welding is not used in the 
maintenance work or the 
Hungaria.~ alm:.iua plants). 

1. ~etal ~ovier dis~ers!or. 
Casto ... in t;rpe 

2. Electri~ arc ~eldin~: 
- vi~h coa~ei eLec~ro~~s 
- with pipe electrodes 

). ~eci technolo51: 
h~~ or cachinize~ 
har:!sur!acing 
mechanical cleaning of 
the surface 

Rain !"eat:.;::-es: 
- the quL.i~7 oi work depends 

upon hucan !actors 
- hardr.ess: max. 60 HP.C 

700 H\" 
- hihg welding rate 
- good reliabilit7 or the 

hardtaced layer, no peeling orr 
a!ter hard!aci~g machining is 
required, in case or great 
har:iness gachining is ciif!icult 
de!oro!nation, warping can occur 
t~:ckness o! the laye:- 1.5-S ~ 

- main fields or its application: 
reconditioning o! equi:;::::ent 
parts not requiring machining. 

) • F.ardsur!'acinir ( :oa. ~-'.ich.5as i. 

V.ain !'eatu~s: 
Tec::."loio0; of har~surfacing is 
well cechanized, indepen~ent 
fro~ hum;ui !actors 

hariness: 60 HCC 
700 HV 

high welding rate 
- good rel!.abilit;,· o! the 

technolog"J 
rough sur!ace, machining is 
Tequired; in case or great 
hardness machining is di!!icult 

- heat load is high but uni!orm 
and can be controlled 

- no signi!icant warping occurs 
- thickness of the layer: 1.5-8 cm 

in case o! highly alloyed steel 
cracks may occur 

it - output rate: 1 to ) lc:g/h 

plasca dispersion 

4. Hardsur!acing with powder !illed 
electro::es: 

- main features are the same as 
for point J but the rate is 
higher, more than 10 kg/h. 

Remarks: In case of hardsurfacing 
ol new p3rt1 the b&ae material 
can be selected in such a way that 
a special underlarer is not required. 
In case o! recond1tionin~ the use 
o! underlayer 1olves the problem 
o! weldability. 
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Such types of electrodes should be selected, which ensure the 

forming of an austeniti~-~erritic structure, as this 

structure has favourable characteristics such as: 

it is not inclined to hot crack, 
has great elongation and good toushness, 

has high strength, 
has good corrosion resistance, 

its hidrogen absorpiton charac~eristic is goo~. 

Some practical examples of reconditioning techniques used in 
Ajka and AlmasfUzito Alumina Plants are given in Tables 

J.2.1-2 and J.2.1-J. 

The electrodes used in Hungarian alumina plants are shown in 

Table J.2.1-4. 
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Tnble ),2,1-:? 

REPAIR OF BQUIPMBNT PARTS BXPOSEU TO WEAR AND ABRASION IN TH!: AJKA ALUMINA Pr.ANT 

-~~------------------------ --------------··----------------------------------------------------------------------------------lle1n1u•k11 Serial 
llo 

Den0111tnation or 
the po.rt 

Material or tho part 
o.a per Dm 

Hungarian oq u1 val ont 
atandard 

Prohoat-
1nc 

oC 

!4<Jthod 
or 

repair 

Ropa1r1nc matovinl 

type Manurnoturer 

--~~-------------------------------------------------------------------------------------------------------------------------1'i•\ oar bide 60 Caopel 
Jo'llmUvuk 
llu111~1,ry 

Uao or undurlnyor 
1. 

2. 

). 

". 

5. 

6. 

7. 

Hamaore or ha111111er 
mills 

Interconnecting 1hart11 
or digoetera 

P1aton rode (tor hydraulic 
ayate111 or tho 1110 bi l 
crane type CK) 

Control valve• 

Shatt enda tor 
disc rn tors 

NoaslH tor ga• 
burner• or rotary 
kilns 

Screw conveyor• tor hydrate 
teed to rotary kiln• 

A50 

C45 

rrNi 1teel 

A50 

A60 

KL2 

St 50-2 

C45 

X10 CrNiTi 
169 

St 50-2 

St 60-2 

HII 

250 

150 

150 

250 

200 

200 

250 

lf•rd11urtao' ·l 
by 11lootr!o 
aro well.ling 

Caetolin type 
me·tnl powder 
diopornion 

Eutallcy type 
metal powder 
dilJperaion 

Ca•tcl1n type 
metal powder 
dilperaion 

10009 Borotex 
metnl powder 

Eutalloy 
Cro111tooh 
10600 metal 
powder 

Durohoo N 
motnl 
powder 

Cantolin 
Hutoctic 

Ca11tol1n 
Euloctio 

Caatolin 
Rutc.otio 

Caatolin type 10009 borotex Ca11tolin 
mfttal powder metal powder Butootio 
d11peraton 

Ca•tol1n type 
metal powder 
diaperoion 

10009 Borotex 
metal powder 

Hardeurracing Tricarbide 60 
by electric electrode• 
a1•0 welding 

Caatol1n 
Eutectic 

C1epel 
F6mmUvek 
llungary 

nononnn1•y 

For underlnyor 
Cnntolln \ypu 
muturlnl tn u11od 

Uee ot undurlayer 
neconrrnry 

Uee ot unJerlayer 
neaenanry 

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

... 
I ... 

N 
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REPAIR OP BQUIPMBNT PAR·rs BXPOSRD TO WEAR AND ABIUSION IN THI ALMABPUZITt'I ALUMINA rJ.ANT 

Serial 
:10 

Den011lnation ot 
the part 

1, Shatt• ot th• digester• 
(parta between the gearbox 
and the ahaf't or the 
acttator) 

2. Thruat bearinga ot 
dlgeaters (buah and 
sleeve) 

), Peedtng screws tor 
rotary k1ln11 

-· Hydrate flush a1xes 
bladea before tho 
feeding ac rews 

5. Running surface or orame 
wheel a 

6. Places tor bearing• 
on ahatta or 
cleotr1o aotora 

7. Halt ahatta or 
gearbox•• 

6. New valve aeata 

Material or the pArt 
aa per UIN 

Hungarian equ1valont 
standard 

A70 St 70-~ 

A60 St 60-2 

A)8 USt 37-2 

A)8 USt )7-2 

oaat steel 

A60 St 60-2 

A60 St 60-2 

A45 St 45 

Pro heat
ing 

Method 
or 

repair oC 

150 r.aatol1n type 
·natnl powdtr 
dlcpo1•aion 

250 Hardaurtao1nr 

250 

250 

150 

Hardaurtao1nr 

Hardsurtao1ng 

C02 
hardsurtao1ng 

C02 
hardsurtao1ng 

C02 
hardsurtao1ng 

Hardaurtao1ng 

Ropn1r1ng mate:riul 

type Manutaotu:rer 

10009 Borotex Cnctolln 
Eutectic 

FOX DUR 600 BUhler 
eleotrodoa 

POX Super 
Du:r WOO 
alectrodoa 

J'OX Super 
Dur WOO 
electrode• 

DCMS·JO 
electrode• 

VJH1; BMK6 
electrode a 

VJH1; BMK6 
electrode a 

SAS 2JO 
el1otrodn 

Bllhllr 

Bllhler 

Caepel 
F6mmUvek 
llunga:ry 

Caepel 
F6mmUvek 
l111nenry 

CHpl'l 
FllmmUvek 
llunc:\ 1•y 

IH:lhler 

•• 

Tnble ),2,1-3 

llamnrk11 

In caoo ot dcop wear 
hn:rd f llC 1 llR llUh lll1• 
POX llllll c,oei 
eluotrculo 1 n 
roqu 1 r"d 

For mo.t1um ln;yar 
16/8 Crtlt elec
trodon, tor 11n1lor
lnyci· l11lhl,·r Jo'ox 
A? el,.otro1\ou 

For underlt\yar 
DUhlor Jo'OX A7 
e loot 1•oclc111 

For undorlayer 
DUhlor JIOX A7 
elootroduu 

Mnde b,v a 1 r11~le 
purpono m11ohin11 

Made by a1ngle 
f'Jrpoue maohin11 

);'\r\u by lill~le 
purpoea mnohina 

Mada by aingle 
purpoua mnohine 
Protectinr; f.:\11: 
argon 

.... 
' UI ... 
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Table 3.2.1-4 

Fol,~~ing electrodes are usec in the Hung~~i~n 

al~r:iina pl.:ints: 

Electroccs 
'I':r 1.::? ~ !. "lrr ~

factur er 

EK B18/Ss Cscpcl 

Earr.ness 
cf laye:r
HRC (HB) 

Clle:."':'..ical 
ccrripcsi
ticn 

C: 0.08 
Mn: 1.4-1.6 
Cr: 19 
Ni: ~ 
Nb+Ta: 0.8 

Rer.ark 

used for underlayer 

Ef ~-:n 14 Cscpel 250-400 HB C: 1.2-1.4 used for ovcrlayer 
.Mn: 12.00 16.00 

E: E :'-!.."1 Cr Csq:el 1scr2ro H2 C: 0.2 used for overlayer 
Mn: 23 
Cr: 10 

'i'ricarbiJ CseFel 
60 

55-60 C: 3.5-6 used for overbyer 
Mn: 4.~5.5 

ro:-: Si.S ~\ Eohlcr 

FO:·~ Sur-~r Pi:hler 68-72 
cur W7CCr 

ro:~ Su~r BOhlcr 6Cr65 
dur ~·;80 

mx c:1.:.?:" 6cn I3('.hkr 54-58 

FD:·: i:?A'..':ll.d 63-6:1 
Le• :u r- i. t. r-2 

Gridur ~(, :Olc!~::;cr- 51)-(j() 

Gr 1 <.C:.;h0 i tr. 

G::h:~r ., ' 
.~ •t ML·::;:..;er- 42 

Gri .. .,she.i.r.i 

Cr: 17-22 
W: 4-5.5 
V: 4-5.5 

C: 0.003 
.Mn: 0.9 
Cr: 20 
Ni: 10 
Nb. killed 

WC: 70 
ere: 10 
Fe: 20 

\\C: 80 
Fe: 20 

C: 0.5 
Si.: 2.3 
r.:n: o. 4 
Cr: 9.C 

C: ·1. 7 
Cr: 30 

C: 0. 5 
Cr: .,, 9 
Si: 1.5 

C: O.OS 
Ni: 60 
Cr: -
\·:: 

used for undcrlayer 
Gives austenitic 
st...1'"llcturc 

used for overla:ier 

used for overlajer 

used for ovcrl.:\:,.er 

u~ed for ovcrl.:i:,er 
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El.ect:..~es 
T';pe ~~u-

P.arc1.ness 
of layer 
P.RC (EB} 

Oi< 61 81 

CK 85 58 

CK 83 65 

castolin 
6ee> 

PS 

fact:urc...r 

ESAB 47-52 
53-57 

58-63 

Castel.in 360 EB 
Eutectic 

Avesta 

b) Met.:il po·r1der dispersion 

Chanical 
composi
tion 

C: 0.06 
Mn: 1.5 
Cr: 20 
Ni: 10 
Nb: 0.7 

C: 0.35 
Mn: 1 
Cr: 1.5 
W: 8 
Co: 2 
Nb: 0.8 

C: 0.7 
Mn: u.4 
Cr: 2.0 

Cr/Ni type 

C: 0.03 
Cr: 22 
Ni: 14 
Mo: 2.5 

Table 3.2.1-4 (cont.) 

used for nncerlayer -

used for ·.mderlayer 
and for overlayer 

use<l against corrosicn 
load 

The following metal powder dispersion techniques are 

used in the Hungarian aluminium industry: 

C;stolin met~powder dispersion, 

EutallLY process, 

plasma po~der disp~rsion. 
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J.2.2.1 Castolin metal nowder disnersion 

The castolin technique can be regarded as a conventional 
hardfacing method, using oxi-acetylene welding torch to spray 
pulverous alloys on the surface of equipnent parts. In the 
gas ~ixture the metal powder warms up, gets melted and bounds 

to the equi1~ent part. The Castolin technique can be 
pe~formed both for rotating and plain surfaces. Generally 
the technology consists of two phases. At first the 

lL~derlayer is sprayed on the surface which promotes the 
adhesion at the equipnent parts. In the second phase the 

overlay is sprayed which bounds well to the underlayer. 

The castolin technique is a "cold" metal powder dispersion 

riethod as the layers are not bound by diffuse adhesion to the 
base material. This hardsurfacing technique can be used in 
ttose cases where no dynamic loads are expected • 

J.2.2.2 Eutalloy process 

The Eutalloy process is a hards~rf acing method using a 

spechd weld:'."lg torch to spray pulverous alloys on the 

surfac~ of equipment parts. Due to the pressure drop the 
gas mixture draws the metal powder through the flame. The 
metal powder warms up in the flame and collides with the 

surface of the base material. The powder gets melted and 

bounds to the base material. 

The Eutalloy process uses a specially designed welding torch. 
The oxigen and acetylene get into a mixing chamber. The 
design of this ch~mber differes from the standard solutions. 
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The pul,·erous welding material is mixed with the gas through 

a nozzle connected to the chamber • 

A plastic holding ~ank for powder can be connected to the 
welding torch ?Jy a bayonet clutch. The other parts of the 
welding torch, finger pipe, nozzle etc. are of standard 
solution. 

Before welding it is necessary to preheat the surface, 
because the powder adheres only to a hot surface. In most 
cases it is sufficient to preheat the parts by the welding 
torch, in case of edge welding the preheating may be omitted. 

For preheating of big and complicately shaped parts a heat 

treatment 
preheating 

in a 
might 

furnace is recommended. Important rule: 
be done only up to 350 °c, the appearing 

of a blue colour. 

When the blue colour appears, the flame should be kept at a 
distance of 40 to 50 mm from the part and the surf ace should 
be sprayed uniformly with metal powder. The quality of the 

first layer is very important, as it protects the base 
material from further oxidation, which would take place at 
higher temperatures. 

Further work depends 
built up. If only a 
thick layer can be 
layer is melted in 

work should be done 
reaches its proper 
melting. 

upon the thickness of the layer to be 
thin layer is needed (a minimum 0.05 mm 
dispersed), only the first protecting 

without any further powder feed. The 

carefully, because the welding material 
mechanical characteristics only by 
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Good melting occurs when the colour of the part is dark 
purple • As the melting of the welding material can be 

observed easily, harmful overheating can be avoidee. The 
core or the flame should be kept at minimum 5 to 10 ~ from 
the surface, otherwise the material can get overheated. This 
technique is basically different from the Castolin 

metal powder dispersion L. ~thods, where the adhes-ion of the 
molten metal can not be increased beyond a certain extent. 
Here a good diffusion bond takes place in the course of 
melting which follows the metal powder dispersion phase. 

It follows from the above that, when building up a thicker 
layer, the powder should be fed batchwise, as in the course 
of dispersion of the powder the surface cools somewhat, 
thus the dispersed layer has to be molten in. 

The above discussed practical advises should be followed 
thoroughly, when building up edges • 

Su."lllllarizing the advantages of the Eutalloy technique, it can 
be stated that this technique is one of the most applicable 

methods for welding highly alloyed steels. 

The working temperature of the Eutalloy technique is only 
about 800 oc compared to the 3500 oc local fusion 
temperature of arc welding, the heat load of the welaeci 
material is lower and the heat distribution ie more uniform. 

Using this technique to worn out parts thrown away earlier 

they can be reconditioned with small effort. As the 
thickness of the layer can be easily controlled by the powde.:
feed, little machining is required after welding. 
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The following powders give good wear and abrasive resitant 

layers: 

Borotec 10009 
Nickel based alloy 

This alloy has good fusion characteristics and good edge 

firmness quality, thus it is used for reconditioning or 

cutting to<'ls and shears. Its resitance to wear is 

excellent, 10 times better than that of hardened C60 steel. 

Bending and drawing tools may also be rebuilt with this 

material. 

Chemical composition: Ni: 12 j 

Cr: 15 j 

Si: 4 j 

B: 4 j 

C: 0.7 j 

Hardne~s: Max 275 HY (62 HRC) 
Thermal heat expansion coefficient: 1).6x10-6 Jc-1 

BronzoChrom 10185 

Nickel based alloy 

This alloy has good impact, corrosion and wear resistance 

characteristics. Because of its good fusion characteristics 

it is used to build up very thin (0.05 mm) layers. 

Chemical composition: Ni: 91 ~ 

Cr: 4 3 
Si: 4 1. 
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Hardness: Max 410 HV (42 HRC) 
Thermal heat expansion coefficient: 16.2x1o-6 °c-1 

- ChromTec 10680 

Nickel based alloy 

This is used in those cases, when the higher hardness of the 
part is not essential. As the viscosity of the fused 

material is high, it is excellent for repairing damaged 
edges and angles. 

It is used mainly for preparing underlayers in those cases 
where a thick layer is required. 

Pretreatment of the surf ace 

A good quality layer can only be obtained, if the surface to 
be handled is perfectly clean . 

Before applying the Eutalloy powder dispersion technique the 

surface has to be machined by using a tipped tool (marked 
K10). The best surface can be provided by grinding in radial 
directions. Sharp edges should be avoided, transitions to be 

machined at a 30 ° angle. As the pretreated surface has to 
be kept clean, the powder dispersion has to be performed as 
fast as possible. 
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Preheating and dispersion 

Prior to dispersion the surface of the part has to be 
preheated up to about 100 to 350 °c. The welding torch has 
to be kept in such a distance from the part that the end of 
the flame just touches its surface. The welding torch should 
be moved slowly and uniformly and the flame should be kept 

perpendicular to the surface of the part. In case or 
cylindric parts a good dispersion can be attained by chucking 
the part in a lathe. The part can be rotated with a speed of 

15 to 20 r.p.m. Using automatic feed, the feed rate may be 5 
mm per rotation. 

The thickness of the dispersed layer 

By using the RW Eutalloy and Castolin devices the thickness 
of the layer can be controlled accurately. However, it 
should be kept in mind that after melting the thickness of 

the layer will decrease by about 25 per cent. 

To ensure a good fusion and bond the maximum thickness of a 
layer dispersed in one working phase should not exceed 0.5 
mm. If a layer thicker than 0.5 mm is required, the final 
thickness should be attained by dispersing two or more 
layers. In this case the second layer should be dispersed and 

then fused after the fusion of the first layer. 

This process should be continued until the final hardfacing 
thickness is reached. Due to economic considerations the 
thickness of hard surfaces obtained by the Eutalloy technique 

is generally between 0.6 to 1.5 mm . 



• 

• 

J-62 

J.2.2.J Plaswa powder disnersion 

The plasma metal dispersion has been developed from the 
metal powder dispersion technique begun in the early years of 
this century. The physical concept of "plasma" was 
introduced by LANGi.nJIR in 1923 for the special gas condi~ion 
in which the gases become conductive by separating the 

electrons from the atoms. This condition is often called as 
the fourth state of materials and in most cases is connected 

with high temperature. 

The plasma metal dispersion operates with partly ionized ar!d 
fully ionized plasmas. Thus there are electrons, ions and 

neutral particles in the plasma. 

The first plasma dispersion devices we~e developed in 1939 
already, but devices good for practical a~plication appeared 
in the market only after 1956. From a laboratory technique 

the plasma metal dispersion has become a practical procedure 

widely u~ed in the different fieldo ~f indust~y. 

The plasma dispersion techn~que is used to improve the 
quality of the surface of an equipment part to such an 
extent, which can not be achieved with the base material 
only. This technique is used not only for a single part, but 
for parts of serial production. In case of a single part a 
manually operated dispersion burner is used, which allows 

the combination of different kinds of materials, e.g. the 
dispersion of high melting point materials or anti-corrosive 
materials onto mild steel, the dispersion of ceramics onto 
metals or vice versa, moreover the dispersion of plastics 

onto other materials, or metals onto plastics. 
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The dispersion techniques widely used in the industry are the 
arc, the flame and the plasma dispersion techniques. The 
main features of these three dispersion techniques are drawn 
up in Table (J.2.1-5). It can be seen from the table 
that out of the three dispersion techniques the plasma 
dispersion offe~s the best quality or layer and a wide 
variety of applicable materials. 

The mo~~rn plasma dispersion device available in the market 
has :m e1'lctrical output at the burner of up to max. 70 kW 

(max. 100 kW at the rectifier) using two-atomic nitrogen gas 

for plasma gas. 

The gas velocity exceeds 1000 m/s and the velocity of the 
powder particles reaches 600 m/s. Due to the high kinetic 
energy of the particles the layer has a good adhesive bonding 

to the surface of the base material. 

High performance devices work with pure argon or argon-
__ ,.i 

cw ..... 

the media are that they ensure a stable arc and low working 
tension. Though the entalpy of argon and helium is lower than 
that of the two-atomic gases, however, the temperature of the 
plasma is at a given energy higher than in case of nitrogen 

and hidrogen. 

A further advantage of the plasma technique is that all the 

working parameters (gas pressure, gas flux, electrical 

output, powder load) can be adjusted before putting the 
device into opcr3tion. After pushing the start button the 
control system of the equipment adjusts and controls the 

working parameters to the prescribed values. 
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Tedmologies 

F' la::-e dispcr-
sion 

E lcctric arc 
dispc:rsion 

Plusnu 
<.iis~..crsion 

I • • 

Table 3. 2.1-5 

THE MAIN FEATURES OF THE FLAME, ELECTRIC AND PLASMA DISPERSION TECHNOLOGIES 

H:i:...crial for clis- AvailDblc energy for lleat rcsistanoo Output ~ired 
lA.!rsion ag.:iinst the en- "l;no.-1-11011" 

vironmant of tl"c 

sha1:c material n-clting acooleration ~"ltcdal to be 
cllzporscd -

wire mos Uy 
T=3CX::0 OK lrM great oxidation 10.-1, metal 5 to little 

rrctals cncryy d:m- V=150 m/s nnd cad.>onntion 8 kc;/h 
sity 103-104 ceramic 1 to 
W/an2 2 kCJ/h 

pa.-JCler e\iery kind V=3<r60 m/s 

only conductive T=4CXX>- lc:w very strong high, 15 to 25 kg/h little 
wiro iootals 10C(X) OJ( V=150 m/s 

energy den-
sity 10~•-105 
W/an2 

only every kind T=1CXXX>· high weak tredium,rrctal much 
po.·;dcrs 2CXXX> °t~ V=GCX) m/s 4 to 8 kg/h 

energy den- ceramic 
sity 10!>-106 2 to 4 kg/h 
W/cn2 

I l I 
l 

I 1 
,. 

l versatility quality 

w 
I 

"' .. 
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The fluctuations in the plasma flux are compensated 

automatically within a range of ± 2 ~- If the deviations in 

the cooling of the plasma device, in the gas pressure or 

in the plasma flux are more than ± 2 j, the device stops 

automatically~ 

This stoppage is also controlled automatically. The output 
of the device decreases gradually and the final switchoff 
phase ends in a pure argon plasma gas flow. After the 

switch-off, the controlled argon after-flow serves for 
cooling the nozzle and the electrode, thus increasing the 

service life of these two parts. 

The plasma 
manufacture 

dispersion technique may be used for the 

of new equipnent parts as well as in the 

maintenance work for reconditioning the worn-out parts. 

The plasma dispersion technique is mostly used in the 

following cases: 

wear resisting protecting layers, 

heat isolating layers, 
inlet layers, 
corrosion resistant layers against hot gases. 

In the following paragraphs some practical applications are 

shown and the metals, carbides and oxides are discussed in 

more details • 
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Tungsten 

Tungsten has the highest melting point (3410 °c) among the 

metals, its density is 19.) g/cm3. It has good heat and 
electric condictivities and its resistance against contact 

erosion is fairly good. 

Tungsten can be well dispersed by argon, argon-

hydrogen or nitrogen plasmae. 

Molybdenum 

Its melting point is fairly high (2620 °c), its density is 

10.2 g/cm3, much lower than that of tungsten, which is 

advantageous in certain cases. 

Because of this and some other reasons molybdenum is widely 
used in the plasma dispersion technique. Molybdenum has good 

dispersion characteristics, gives a thick splashed structure 

with good friction and abrasion resistance features. 

In the manufacture of tools the substandard parts can be 

repaired by the molybdenum plasma dispersion technique. 

Instead of manufacturing new parts the repair of substandards 

parts offers an economical advdntage. 
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Carbides 

hre 

They 

carbides are rarely used in the dispersion technique. 
are mostly used with binding materials as in the synter 

technique, too. 

For tungsten carbide, the most important hard carbide the 

binding material is cobalt in most cases, for chromium 

carbide a chromium-nickel alloy. 

For the dispersion of hard carbides argon or an argon

hydrogen mixture are used, but pure nitrogen can also be 
applied. As the decomposition temperature of tungsten 
carbides is exceeded in the plasma dispersion technique, the 
composition of the layer will be different from the 

composition of the powder. 

The quality 
flux of the 
holding time 

of the layer will depend mostly upon the heat 
plasma gas into the metal (carbide) powder, the 
of the powder in the plasma gas, the particle 

size of the tungsten carbide and its cobalt content. 

Fine powders 

particles. As 

decompose easier than the powders with coarser 

the carbon loss in the layer can exceed 50 ~ 

in some circumstances due to decomposition, the remaining 

carbon content can decrease below 3 ~-

The hardness of the layer depends partly on th.~ starting 
cobalt content and partly on the dispersion conditions. Some 

informative value for the 
dispersion with a 12.5 ~ 

hardness of a tungsten carbide 
cobalt content is 1000-1300 

kg/mm2 measured by the Vickers method in case of 100 to 

JOO g load. Chromium carbide dispersions are softer, the 
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carbide is Cr3c2 which decomposes during dispersion, the 

hardness is only 800 kg/mm2 • 

Hard metal splashing is mainly used to provide wear and 

abrasion resistant surfaces; tungsten carbide with cobalt as 
binding metal is more advantageous is case of room 
temperature, but for higher working temperatures and 

corrosive conditions cr3c2 carbide with Cr-Ni binding 

materials is more favourable. 
Mechanical stirrers for the chemical industry are coated with 

tungsten carbide and cobalt materials, but chromium oxide 

coatings are also widely used. 

Oxides 

The application of oxides is increasing in the plasma 
dispersion technique. In case of wearing load aluminium 
oxide alloys with J, 10 or 40 per cent titanium oxide 
additive work well. With the plasma dispersion technique 
these alloys ensure about 2400 HV microhardness, which is 
much better than the maximum hardness of 1100 HV attainable 

with hard chromium coating. 

Chromium 
it gives 
applicable 

The layers 

oxide can be easily used in the plasma technique, 
a good, wear resistant coating. The method is 

in pump manufacturing. 
dispersed by titanium-oxide (Ti02 ) are not as 

hard and wear resistant as the layers made from Al203 or 

Cr203 oxides, but the structure of the coating is dense 
and very fine surf aces can be machined by grinding and 

polishing. 
The plasma dispersion technique 

in the AlmasfUzito Alumina Plant, 

worn-out parts. 

has been used succesfully 

for reconditioning of 
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J.J Suggestions regarding the instrumentation and control 
systeo. 

J.J.1 Review of the nresent state of instrumentation 

Aluterv-FKI's experts studied the instrumentation and process 

control system of the Korba Alumina Plant during their site 
mission. Basically pneumatic type instruments are used 
except for the temperature measurements throughout the plant. 

There are some problematic measurements regarding the 

sensing method of parameters to be measured (dip tube with 
air bubbling at level measurements, weir boxes at flow 

measurements, dip tube systems at density measurements, etc). 
Other problems arise in connection with the pressure 

measurements with the pressure tapping devices (oil seal pots 
are frequently clogged). At some applications the control 
valves are the source of problems regarding their life 
du~ation (settling and washing area). With the present 
manpower an~ equipment (the number of qualified personnel, 

the lack of calibrating devices, repairing instruments, 
machines, etc.) it is very difficult cope with the 

requirements of keeping all the instruments in operation. 

3.J.2 Updating the nresent instrumentation and control 
system 

Ta.~ing into consideration the future development, the 
existing instrumentation system should be modified 
electronic instruments instead of the pneumatic ones. 
ser.sing and signal processing is based on the standard 

using 

The 
4-20 

mA signal range and after an electro-pneumatic signal 
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conversion the remaining control valves could get their 

control signal using pneumatic actuation. The signal 

conversion could be done by using either e/p signal 

converters or control valves equipped with electro-pneumatic 

positioners • 

At some control points the complete elimination or the 
control valves by replacing them with r.p.m. regulated pump 

drives would provide the following benefits: savings in 
electric power consumption regarding liquor/slurry delivery, 
reduction or pump wear as the pumps would run on a lower 

r.p.m. when a smaller quantity of fluid had to be delivered, 
not to mention the elimination of wearing and maintenance of 
the control valves. This method may favoura~iY be applied 
where slurries of abrasive nature or liquors of huge 
quantities are to be pumped through a pipe system having 
considerable dynamic losses, as the flow-rate of the fluid 

would be controlled, instead of increasing or reducing the 
hydraulic resistance of the piping system (as in c~se of 
control valves), with the modification of the r.p.m. or the 
pump drive. 

Based on 
following 

the experiences gained during our site mission the 
suggestions are made regarding the updating of the 

instrumentation: 

Control rooms 

The modernized control system is suggested to be 
constructed using electronic central devicea having the 
capability to couple them to a higher level system 
(microprocessor system, data logger) in a later phase. The 
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roocs need to be renovated and updated as w~ll, having new 
control panels and equipment. The area control rooms are 
suggested to be organized in the following way: 

No. 1 - Ball-mil. ·Jesilication and Digestion control room. 
No. 2 - Settling and washing, Red mud filtration and Lime 

handling control room. 
No. 3 - Hydrate filtration and precipitation control room. 
No. 4 - Calcination 
No. 5 Evaporation 

Two new control 
instruments of the 
instruments of the 

control room. 
I., II. and III. control room. 

rooms are to be contstructed one for the 
thre evaporators, and another one for the 
hydrate filtration and precipitation. The 

remaining control rooms need renovation. Provision is kept 
for installing new, six channel recorders for each control 
rooms as well as totalizers for accounting the important 

material inputs and outputs of the plant units. 

A serious cooperation is needed with the power electric 
department and the mechanical engineering department to 
determine those equipment that are to be remotely operated 
(some pumps need closed delivery valve when started, it means 
remote operation of the corresponding valves). The display of 

the running status for the main equipment of the plant unit 

is suggested to be brought into the control rooms. The cost 
estimate for the above mentioned items is included in the 
appropriate lines of the cost estimation table. 
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Level measurements 

For measuring the level in atmospheric tanks the dip tube 
system is used. With its frequent clogging and scaling it 
demands a lot of time-consuming maintenance activity. It 
should be replaced by extended diaphragm type transmitters 
and transmitters having a wafer element in their diaphragm 
type sealing syste~. The use of these transmitters is 
suggested in the evaporation, red mud filtration, hydrate 
filtration. 

For measuring the level in the flash tanks in digestion, 
dP transmitters are used with steam purging. Though this 
method seems to be more reliable as compared to the 
previous one, it needs checkings. The garmna-ray level 
measurements using radio-isotopes are much better according 
to the experiences gained with their application in the 

Hungarian alumina plants. Because there is no direct 
contact between the process liquor and the sensing parts 

of the level measuring loops, this method is not going to 
give maintenance troubles for the instrumentation personnel. 
The use of multi-channel central devices provide the 
benefit of cost reduction as there is the possibility for 

having common power supply units for the central 
instruments for a whole line of flash tankR. 

For measuring the level in hydrate bins and alumina silo~ 
the testing of a special istrument designed for this kind of 
application was suggested. The name and address of such firms 
were given to the experts of the Korba Alumina Plant to make 
contact with them. 
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Flow measurements 

For measuring slurries and liquors either weir boxes or 
segmental orifice plates are used. These kinds of measuring 
devices have the following problems: they need regular ~~d 
frequent checking and cleaning, they are not sufficiently 
accurate and reliable. Instead of them the utilization or 
electromagnetic type flowmeters is suggested. When sizing 
and selecting them the following requirements must be met: 
the proper velocity range of the flowing fluid must be 

assured (1.0-1.5 m/sec at maximum flow-rate), the lining 
of the flowmeters must be made of polytetra-f luorethylene 
(TEFLON), the sensing electrodes must be made of corrosion 
and abrasion resistant materials, preferably with the 
provision of the possibility of boiling away the deposits 
(self cleaning), the applied electromagnetic field must be 
of the switched d.c. kind and, last but not least, prior 
to their installation for protecting the inside lining 

they are to be equipped with protective flanges. 

For measuring the H.P. steam consumed by the digestion, 
the steam parameters (pressure, temperature) must be 

evaluated whether they are sufficiently constant. It is 
advisable to use automatic pressure and temperature 
compensation, if the mentioned parameters fluctuate 
resulting in the variation of the specific volume of the 
steam to be measured. Special computing devices are 

available f ·om s~veral instrument manufacturers for this 
purpose. On th~ basis of the state equations of the steam 
the ~omputing device computes the flow-rate taking into 
considera.:ion the actual values rf the auxilia.ry parameters 

(pressure, temperature). 
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- For ceasuring the fuel oil consumption cf the calcination, 
instead of the rotameter presently used, the application 

of a rotary piston type flowmeter is suggested. This type of 
instrument works reliably and accurately in the Hungarian 
alumina plants if the following requirements are met. 

At least two fine filters should be installed parallel to 
each other and upstream of the flowmeter, one of them works, 
the other is a hot spare. Should the working filter get 
clogged, it may be cleaned after the flow is valved to the 

other one. Whatever fine the filter used, 
of the flowmeter is best assured by the 
of the fuel oil to be measured (the daily 
be heated, be high enough to let the sand 

particles settle down, and the suction 
oil pump should be installed at a height, 
sufficiently clean). 

the protection 
proper treatment 

fuel tank should 
and other solid 

pipe of the fuel 
where the oil is 

For measuring solids flows (bauxite and hydrate) it is 
suggested to replace the existing weighing belts. The 
type of weighing 1ei~3 proven to give the best results in 

the Hungarian alumina plants are eletronic ones having 
practically no moving parts. 

Pressure measurements 

To avoid the problems caused either by the clogging of the 

oil pots' input section or by the escape of the oil the 
pressure tapping points should be modified to make them 
suitable for the use of the diaphragm type sealing system. A 
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lot or time-consuming m&intenance work may be avoided 
regarding the cleaning of oil pots and the proper refilling 

of oil pot - inpulse pipe - transmitter chamber systems. The 
pressure measurements may be made reliable with manufacturer 
made diaphragm type sealing systems • 

Density measurements 

The presently used density measurement systems utilize the 
double dip tube method provided either with a reference 

chamber or with transmitter zero elevation. The problems 
mentioned about the dip tube system at the level measurements 
stand for the density measurement systems as well, regarding 

the primary elements of them. For a more reliable and 
accurate solution the application of gamma-ray density 
measurements was suggested. This method has all the benefits 

which come together with the fact that no parts of the 
instruments are wetted by the process liquors. These kinds 
of instruments are succesfully used by the Hungarian alumina 
plan.ts, as they are of the so-called "install and forget it" 
type instruments regarding maintenance work. 

Temperature measurements 

The majority of the temperature measurements in the Korba 

Alwnina Plant uses a two wire system. Even if the platinum 
sensors are perfect and accurate, the measurement is loaded 
with an error which is due to the fact, that the ohmic 
resistance of the cable (which depends on the ambient 
temperature) between the resistance bulb and the central 
instrument is included only in one arm of the Wheatstone 

bridge of the instruments. This means that not only the 
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sensor's resistance is changing (with the measured 

temperature), but the cable's resistance, too (the latter 

with the ambient temperature). With the suggested three wire 

system the resistances of two wires of the cable are 

included into separate arms of the Wheatstone bridge, 

respectively, assuring a complete compensation of the 

variations of the ambient temperature. The third wire is 

coupled to the high input impedance instrument, that is why 

the change of the wire's resistance has no effect on the 

accuracy of the measurement. 

The suggested modification of the equipnent in the digestion 

(tube-in-tube type heat exchangers) would require the 

application of a new type of temperature sensor. This is a 

kind of surface temperature measuring device, having a very 

small heat capacity. They are installed to the outside 

surface of the small diameter slurry pipes of the tube 

heating elements providing proper heat contact and requiring 

proper heat insulation, using or course a three wire cable 

system. 

1. Surface temperature sensors 

MINCO THERAAL RIBBON 
(thin, flexible resistance thermometer detector) 

range: -200 to 200 °c 

CAREL COI·1POHENTS LTD 
24 ENDEAVAOUR WAY, WIMBL3DON 
LO?!DO!f , Si-11 9 SUH 

TEL.: 01-946 9882, TELEX: 928717 
FAX: 01-946 6259 
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2. Resistance thermometers for measuring surface temperatures 

Order Ho.: 7MC10)2-1AA-Z 

SIEYENS INDIA LTD 
Representative Offices in Bombay, Ahmedabad, Banglore, 

Calcutta, Hyderabad, Madras, New Delhi 

Control valves 

Two methods are used in the Hungarian alumina plants for 
modifying the flow-rate of different slur=ies. One of them 
uses special slurry valves, the other the r.p.m. regulation 
of the delivery pump. 
Unfortunately these control valves are not commercial 
types, they were developed by the Hungarian alumina plants. 
The basis of these control valves is the traditional hand 
operated straight valve body, provided with a seat and a 
plug made of tungsten carbide (WIDIA) and a pneumatic servo 
motor equipped with an electro-pneumatic positioner. The 
seat and the plug are similar to those which are used in the 
control valves of the flash tank level control loops. It is 
suggested for the experts of the Korba Alumina Plant to make 
a trial with this kind of control valve. As they have a 
source for these kinds of seats and plugs (flash tank 

level control valves) it would be practical to construct 
and try at least one of such control valves. 

As for the r.p.m. regulation of slurry pumps, two kinds 

of regulators are used in the Hungarian alumina plants. 
Ona of them is th~ so-called hydraulic coupling, which is 

installed between the electric motor and the pump. This 
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is a kind or hydro-motor, its loaded shaft is driven by 
the oil filling which transfers the momentum or the 
electl·ic motor. There is a slip between the constant 

r.p.m. or the driver shaft and the changing r.p.m. 

driven one, which depends on the level or oil filling. 
changing the level of the oil filling the slip, that 

the r.p.m. of the driven shaft may be changed, which 
a change or the pump r.p.m. as well. 

of the 
By 
is 

means 

The other type or r.p.m. regulating unit controls directly 
the r.p.m. or the driving motor or the pump using frequency 
converter power electronics (thyristor). 
Both or the regulators are working satisfactorily in 
Hungarian alumina plants. 

The control valves used for the high pressure condensate 
level controller loops are single seated angle body valves. 
When sizing these control valves the vapour formation 
within the valve body must be taken into consideration. Some 
supporting information was mailed to the Korba Alumina 

Plant including a method for the sizing or control valves 
for flashing service. 

With the suggested equipment modification (tube-in-tube heat 
exchanger) a new method is suggested for the condensate 
separation. Though this is specified by the mechanical 
engineering side, it is one kind of a regulator without 
auxiliary energy, its operation is based on the theory of 
thermodynamics. The valve begins to open, when "cold" 
condensate enters it. When the condensate begins to run out, 
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some "hot" steam enters the valve, and it begins to close. As 
a result, it lets through only the condensate flow and stops 

the flow of the steam . 

The manufacturer of a so called STEAM GARD device is: 

ENGINEERING RESOURCES INCL. USA 

They have representatives in Austria: 

CIRKEL-A 

Verfahrenstechnische Gerate G.m.b.H. 

1150 Wien, Pillergasse 13-15 
TEL.: 0222/872674 
TELEX: 134436 cirk a 

3.J.J Instrumentation in the service cf process control 

For improving the technological operations, modifications are 

suggested for some measuring and ~~ntrol loops. Basically 
with the suggested system modifi~,ation (from pneumatic to 

electronic) the new, more accurate and reliable measurements 
and controls will significantly improve the control of the 
process. The cost of instruments needed is included into the 
cost estimation. 

Preparat:on of digesting liquor 

The most important target is to provide a stable, defined 
concentration of the digesting liquor. This may be achieved 
by blending the components in the desired ratio. An updated 

ratio control at the liquor preparation would assure the 
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quality or the digesting liquor based on the reliable 
measurements and control of the flow-rates of the components, 

taking into account the laboratory dat~ with a slight 
modification of the ratio value when it is necessary. 
The proposal for the control system is given in Fig. ).).)-1 • 

Control of the bauxite to digesting liquor ratio 

With the new measuring devices for bauxite and liquor flows 
(a reliable weighing belt and magnetic flowmeters) the 

desired ratio value may be assured. The periodic laboratory 
analysis data regarding bauxite and liquor quality and the 
target molar ratio must be taken into consideration when 
adjusting the ratio of the components. The installation of a 

flow control loop is suggested for assuring a proper lime 

addition. The flow-rate of lime milk would be determined by 
the mass flow of bauxite in the adjusted slurry. This signal 
may be produced from the flow-rate signal of the slurry 

(volumetric flow) multiplied by a signal which is 
proportional to its solids content (a gamma-ray density 
measuring loop would provide the latter). 

Control loops for the dilution 

The purp~se is twofold. The proper settling of the solids is 
to be assured in the settlers and the hydrolysis losses are 
to be reduced by adding some spent liquor. Flow control 

loops are suggested for the first washer overflow and for the 
spent liquor cascaded with a dilution density control loop. 
The two liquor flows should be connected into a ratio control 
loop. This ratio may be modified, if necessary, based on the 

data of the periodic lab analyses. 
The proposal for the control system is given in Fig. ).J.J-2. 
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The protection of plate heat exchangers 

The plate heat exchangers are very sensitive 
That is why the reliable operation of the 
loops is very important on both sides. 
pressure measuring loops are there, their 
complete control loops is suggested. 

Compressed air system 

to overpressure. 
pressure control 

At present only 
completion to 

It is 
supply 
First 

very important to assure a reliable compressed air 
of the precipitator line and of the desilication. 

priority should be provided for them. (See the 

corresponiing section for ~echanical engineering.) 

Measuring loops for the hydroseparator 

lor the reliable operation or the hydroseparator the 
installation or a solids level alarm loop is suggested to 
indicate if the level or the compacted solids is between the 
maximum and minimum values. The utilization of a gamma-ray 

level alarm is suggested. For measuring the solids content 
of the hydroseparator underflow a gamma-ray density measuring 
loop is suggested, namely the type which may be installed 
around the slurry pipeline. 

Instrumentation for the interstage cooling 

For achieving the desired temperature prof'ile of the 
precipitation line, interstage coolers are provided. To 
improve the e!!iciency or the cooling, the utilization of 
temperature control loops is suggested. 
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prepared may be assured 
For density measurement 

by 

the 
utilization of a ganma-ray density transmitter is suggested. 
To prevent the clogging, scaling of them a thorough flushing 
is to be provideg utilizing remote controlled valves (on-off 

operation). 

Causticization, wash water preparation 

The lime milk added is to be controlled in the function of 
the solids mass flow-rate of the last washer underflow. The 
flow-rate signal multiplied by the signal of the solids 
content will provide the set point of the lime milk flow 
controller. The utilization of a temperature controller is 
also suggested at this point for achieving the desired 95 
0c causticization temperature using LP steam for direct 
heating . 

3.J.4 Suggestions for installing a communication system 

To make the plant operation more effective, the installation 

of a communication system is suggested. It is intended to 
accelerate the exchange of information between the field 

operation personnel and the operators in the control rooms. 
The provision of interconnection of the control rooms is also 
suggested in the frame of the communication system. 

This system is succesfully operating in the Hungarian alumina 
~lants with the following features: it is organized around 

the control rooms with its central units located in 
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the same and its field units are placed in the vicinity of 
the technological points where the operators are performing 

their activities (closing and opening valves, starting and 

stopping pumps, etc.). There is a possibility to communicate 

wi+h the individual field operators or to give general 
announcements concerning the plant unit. The field operators 

are able to report to the control room only, because they 
cannot communicate with each other directly. The number of 

central units is equal to the number of control rooms and 
depending of the size of plant units 2 to 4 field units are 

sufficient for each control room. To help the field service 

activities of the instrumentation personnel the utilization 

of at least 6 to 8 walkie-talkie units is also suggested. 

J.J.5 Suggestions for the installation of a management 
info system 

After updating the instrumentation (that is, all the 

instruments regarding the main technological parameters are 

electronic types) the possibility of installing a data logger 

is given. This data logger collects the data of 30-40 
measured or controlled parameters. The system has the 

capability of performing calculations to provide information 

about the state of the plant in a condensed form for the 

plant management. Printing and logging devices are also 

included as well as the possibility to check any processed 

value collected at any time • 
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3.3.6 Imnr~ving t~e maintenance activity of the 
instrw:entation nersonnel 

Manpower 

The existing personnel is not sufficient to perform all the 
duties of maintenance work regarding the instrumentation of 
the whole alumina plant and the steam plants. The total 

number of the existing measuring and control loops is more 
than 700. The number of skilled technicians and helpers 
together is around 40 according to the data given by the 
experts of the Korba Alumina Plant, which figure is lower 

than sanctioned by the Local Management. For a rough 
comparison the instrumentation personnel of the Ajka 
Alumina Plant is give here. 

The task of this personnel is in connection with the alumina 
plant instrumentation (the number of measuring and control 
loops is around 400) • 

Electronics technicians 

Instrument technicians 
Fitters 
Lathe operator 
Helpers 

Total 

15 
11" 

12 

1 

4 

43 

It must be noted that whenever it is necessary the other 

departments give helping h.:o,nds at the installation and 
dismantling of control valves, magnetic flowmeters, etc. The 
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Ajka Alumina Plant has also some kinds of service contracts 
for the maintenance of some special equipnent. 

With the future electronization of the instrumentation of the 
Korba Alumina Plant the employment of electronics 

technicians is suggested. 

Referring to the new types of instruments suggested, their 
demand for maintenance work seems to be reduced. With this 
in mind the personnel is suggested to be doubled gradually 
including the employment of electronics technicians. 

Equipnent 

The equipnent of the instrumentation repair shop should be 
modernized for assuring the effective maintenance work. Not 

only special calibrating devices are necessary (temperature 
bath for calibrating resistance thermometers and 
thermocouples, calibrating devices for checking and setting 
pressure and dP transmitters), but also special tools for 

making the fitting, installing activities easier and quicker. 
The installation of an instrument lathe is suggested for 

making fine parts of the instruments to be repaired. When 
ordering the new electronic instruments it is suggested to 
purchase special calibrating devices, tools for their quick 
calibration directly from the manufacturer (for example a 

flow simulator for calibrating magnetic flowmeters). 
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).J.7 Suggestions fo~ the priorities of the activities 

Considering the high cost of the updating of the 
instrumentation and control syste~, it should be done 
gradually. A proposed priority order is given as follows: 

modernization of the instrument repair shop for 
testing and calibration of electronic instruments 
specialized measuring de~~~c~s to be installed 

updating process, w~lkie-talkie units, 

(Approxima~ely: 1,100,000 Rs) 

repairing, 
including 

during the 

etc., 

modernization of digestion instrumentation, of important 
operational instruments like steam flow, pressure, 

temperature, slurry flow; installation of a loudspeaker 
network for the digestion area, communication links between 
the digestion control room and the control rooms of connected 
processes (evaporation, grinding, settling and washing), 
(Approximutely: 16,ooo,ooo Rs) 

modernization of the instruments of ~he precipitation, 
hydrate filtration area, first of all of vital instruments 

like PHE overpressure protection, liquor flowmeters, 
loudspeaker network for the area, communication links to the 
control rooms of connected processes, (Approximately: 

10,000,000 Rs) 

modernization of the instrumentation of the settler and 
washer area, loudspeaker network, communication links to 

other control rooms, (Approximately: 6,000,000 Rs) 
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modernization of the instrumentation of evaporation and 
the remaining plant units, loudspeaker network, 
(Approximately: 12,400,000 Rs) 

modernization of the instrumentation by providing 
ultimately the data logger as a management reporting 

system, (Approximately: 1,200,000 Rs). 

J.J.8 Cost estimation for updating the instrumentation 

Instrumentation 

Denomination 

- elect~onic trans-
mitters (p, dP) 

- gamma-ray level measure-
men ts 

- gamma-ray level alarms 
- gamma-ray density 

meas·urement s 
- magnetic f lowmeters 
- rotary piste · type 

f lowmeters 

- alumina silo level 
measurements 

- cable modification 

for Pt 100 
- new temperature 

measurements 

Estimated 

unit price 
(in Rs) 

50,000 

J00,000 

150,000 

J00,000 
150,000 

150,000 

50,000 

4,000 

1o,000 

Number of Total price 

devices (in Rs) 

90 4,500,000 

14 4,200,000 

2 300,000 

10 3,000,000 
16 2,400,000 

2 300,000 

2 100, 000 

70 280,000 

40 400,000 
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Denomination Estimated Number of Total price 

unit price devices (in Rs) 

(in Rs) 

---------------
- variable speed 

drives 200,000 
- level control loops 

for digef:.tion pure 

condensate 50,000 
- central instruments 

- indicators, controllers 40,000 
- 6 channel recorders 60,000 
- electronic totalizers 30,000 

- two new control rooms 
(panels etc.) 400,000 

- renovation of three 

control rooms 400,000 

SUB TOTAL FOR INSTRID~ENTATION 

ADDITIONAL 5 3 FOR INSTRUf;JENTS 
NOT COVERED 

INSTRUMENTATION 

10 2,000,000 

8 400,00 

120 4,800,000 

10 600,000 

50 1 ,500 ,ooo 

2 800,000 

3 1,200,000 

26,780,000 

1,340,000 

28,120,000 
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Denomination 

Equiument for instrument 
reuaire shon 

Loudsueaker network for 

plant units 
Communications links 

between control rooms 

Walkie-talkie units 

Data logger !or 40 
analog signals 

CRT terminals + nrinters 

for control rooms 

Mounting materials 
(20 3) 

Erection, installation 

costs (15 3) 

J-89 

Estimated 
unit price 
(in Rs) 

90,000 

75 ,000 
12,000 

350, 000 

-----------------------------~~~ 

GRAND TOTAL FOR UPDATING 

ROUNDED FIGURE: 46,700,000 Rs 

Number of Total price 
devices in (Rs) 

1G 

10 
8 

5 

1,000,000 

900,000 

750,000 
96,000 

1,200,000 

1,750,000 

6,764,000 

6,100,000 

46,680,000 
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4. Technical material handed over to Balco at Korba 

4.1 De-aeration of the digesters 

The gradual leading off from the digesters of the inert gases 

forced during the process may be achieved by a small size 
hole bored into the output slurry pipe. If this de-aerating 
hole is not prepared during the maintenance work (if the 
slurry pipe is replaced), then the gas phase formed during 

the operation will occupy the upper part of the digester 
displacing the slurry to be digested. 

The heating coils of the digesters containing some gas phase 
are not able to heat up the slurry sufficiently resulting in 
the sharp degradation of the digestion yield. That is why 
the slurry pipes of all heated digesters must be checked 
during maintenance. The location and shape of the de-aeration 

hole is shown in Fig. 4.1-1 • 

4.2 Replacement oi the slurry preheaters with tube-in-tube 
tyne heat exchangers 

The cycle time of the vertical floating head type heat 
exchangers is not satisfactory. Because of the frequently 
required cleaning, the difficult maintenance work and the low 
heat transfer coefficient the rep:acement of the preheaters 
with tube-in-tube type heat exchangers was suggested. 

Drawings were handed over to Balco in Korba (Figs. 4.2-1, 

4.2-2, 4.2-3) containing the eq~ipment and piping information 

about the tube-in-tube type heat exchangers suitable for 
replacin~ the floating head type preheaters. Based on the 
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technical material handed over the replacement or two 

preheaters will be carried out by the experts of the Korba 

AlU&Ilina Plant at one or t.1e digesting lines • 

4.3 Cleaning of the precipitator tanks 

It is practical to clean the first six tanks of the 
continuous precipitator line by taking them out of operation 

every half year, while the remaining tanks should be treated 

similarly every year. 

A horizontal preheater with 200 m2 heating surface is used 
for preheating the liquor utilized for the caustic cleaning 

of the precipitators. For dissolving the scalings the 2000 

m3 volume of the precipitator is completely filled up with 
caustic washing liquor and it is circulated during the 

cleaning process. The cleaning of the tanks lasts prese~tly 

for 14 to 18 days • 

A sectioned washing chamber cleaning method was suggested, at 

which the use of 500 to 800 m3 washing liquor is 

sufficient. 

The construction of the sectioned washing chamber syste~ is 

shown in Fig. 4.3-1 enclosed. With this method the solution 
of scaling is more 

(0.8-1.5 m/sec) at 

effective because or the high velocity 

the contact surface between the scaling 
and the liquor phase, so the cleaning of the tank may be 

finished in a shorter period • 
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4.4 Updating the air-lifts of the nrecipitator tanks 

By the modernization of the air-lifts in Hungarian alumina 
plants the overall efficiency of the circulation was improved 

during the pas~ decade and the electric power consumption 
was reduced by 18-22 ~. 

The result of the modernization has two components: 

the air feeder made of wear-resistant material according 
to the enclosed drawing No. ~.4-1. (The modified air 

feeder is capable of providing a more disperse air bubble 

distribution, so the slip of the slurry relative to the 
air is reduced. The average size range of the air 
bubbles is 6-12 mm. Previously the air feeders were made 

of non-wear-resistant material and so at the end of the 

cycle time they were worn out. Because of the worn out 
feeders the flow conditions got out of tune and the air 
consumption increased.) 

the reduced ai~ pressure before the air feeder. (Pre
viously the pressure of the compressed air was between 

5.2 and 5.4 ba~. According to the operational experiences 

the pressure of the compressed air may be reduced by 0.25 

bar without the degradation of the agitation.) 

These two modificatiqns result in the decrease of the 

electric power co~sumed . 
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4.5 Increasing the productivity of the seed filters 

According to the practice of the Hungarian alumina plants the 
seed material is filtered by disc filters from the 

precipitated slurry. The previous construction of the disc 
filters used compressed air with a slowly rising pressure (up 

to 0.4-0.5 bar) to remove the hydrate. 

This slowly rising air pressure did not assure the removal of 
hydrate from the whole area of the disc segments. Because of 
this the productivity of the filter was smaller, averaging 
between 0.8 and 1.0 t/m2h. 

The modernisation of the filters resulted in the increase of 
the productivity. It was achieved by an impulse-like 
pressure increment (0.4-0.6 bar), applied at the beginning or 

the separation of the lydrate cake. The compressed air 
almost completely removes the seed material by its dynamic 

effect from the surface of the filter segments. This method 
of filter cake removal is especially suitable in cases when 

the moisture content of the hydrate is high or it varies with 
the time. The cake separation system operating according to 
the new method is shown in Figs. 4.5-1 and 4.5-2. 

The capacity increase is about 15-20 ~ but it depends on the 
size distribution of the hydrate particles, or the moisture 
content ot the hydrate and or the quality of the filter cloth 
used • 
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Care should be taken that the pressure of the compressed air 

does not exceed the maxi~um 0.6 bar value, othervise the 

filter cloth or the filter segments may be torn • 
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5. Technical materials sent to BALCO 

5.1 Start-un and operating nrocedure for continuous 
digester lines after maintenance 
(According to the practice of Hungarian alumina plants) 

After fir&ishing the maintenance work but prior to filling up 

the continuous line the digesting system must be thoroughly 

checked once more. The functioning of fittings, safety 
valves, gaskets, rapture disks, contact manometers, other 
manometers, thermometers must be checked and - if required -
the maintenance must be completed. 

If the line is suitable for safe use and all the equipnent 
necessary for its running are ready for start-up, the 
digesting line must be started in the following sequence: 

5.1.1 Leakage test 

Compressed air or steam is to bP used for the test. 

cf liquids is not allowed as they are incompressible 
draining of the system is also problematic. 

The use 

and the 

The leakage test is to be done in several steps. First the 

preheaters and digesters are filled with compressed air or 
steam up to a pressure of 10 ~~r from the delivery pipe of 
the H.P. pump. The leakage of the system must be checked at 

this pressure. The test lasts for 20-25 minutes. Then 
assuring a free flow for the steam or compressed air to the 
flash tanks the flash tank line is to be pressurized at a 
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pressure level of 3 to 4 bar. After the leakage test the 
pressure of thP system is to be released through the last 
flash tank and thr~ugh +,h~ pressure shock absorber of the 
H.P. pump. 

5.1.2 Start-uu with slurry 

After setting the overpressure protection of the piston pump 
the delivery of the slurry can be started in such a way that 
the air can leave the system. The agitators of the digesters 
must be started. The whole digester line must be gradually 
filled up with slurry. After filling up the digesters the 
slurry pump must be stopped, the hand-operated valve located 
after the pump must be closed carefully. 

According to the Hungarian practice there is a hand operated 
air purging valve located in the nlurry line between the last 
digester and first flash tank. During the filling-up period 
this valve must be opened to allow the air/gas phase to leave 

the system. When the system is completely filled with 
slurry, the line pressure hand valve must be closed and the 

heating of the digesters can be started. The heating-up 
procedure is to be controlled cautiously in such a way that 
the pressure and temperature be raised uniformly up to JO bar 
and 238 °c. Should the pressure of the digester line rise 
suddenly in spite of the slow heating, with the very cautions 

opening of the hand valve at the end of the line some slurry 

must be released to the flash tanks (15°-20° opening of 
the hand wheel of the hand valve accompanied by a soft 
hissing sound of the flowing slurry). If necessary, the 
heating should be reduced. For the time of slurry releasing 
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both the hand valve and the automatic control valve (the 
latter switched to hand operation) can be opened very 
slowly. Then the control valve must be closed again. At 

this time all the vapour valves of the flash tanks are 

closed. 

Subsequently the piston slurry pump and the pressure shock 

absorber should be pressurized and the pressure or the 
filled digester line must be released towards the flash tank 
line very slowly with the gradual opening of the hand valve 
at the end of the digester line. Then the piston slurry pump 

can be started with its lowest RPM and the line-pressure 
control valve can be opened very slowly. If the filling up 
of the digester line was not proper and a considerable amount 
of air/gas was left in the system, the control valve would 
have to handle slurry and gas phases alternately, which would 
make the spindle of the control valve vibrate and strong 
cracking sounds would be heard. This vibration can reach a 
level when the plug of the valve can break off. That is why 

the proper operation of the line pressure control valve has 
such a great importance, that is, no gas or air phase is 

allowed to remain in the system. 

As long as the hand valve is not opened fully, the control 

valve is not al lowed to be opened. lfaen starting the s lurlj 
flow from the digesters towards the flash tanks the automatic 
control valve should be manually operated. 

Following these t!'le heating control loop must be switched 
from hand operation to automatic control in the control room • 
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If the temperature 
prescribed values, 
raised. The slurry 

and pressure or the slurry attains the 
the RPY of the piston pump can slowly te 

flow should be increased so that the 
digestion temperature and pressure would not drop. 

The vapour discharge from the flash tanks must be starte~ 
with the highest pressure tank and must be continue~ 

gradually towards the lowest pressure one PB.¥ing attention to 
the pressure in the flash tanks. The vapour valves must be 
opened carefully to avoid the escape of the liquid phase 
together with the vapour. 

The slurry level in the flash tanks must be set by manual 
control and only after balancing it can the controller be 
switched to automatic operation. 

The flash tank pressures should be set to the following 
values in a 240 0 c digestion: 

1st flash tank: 16-20 bar 
2nd flash tank: 10-14 bar 
3rd flash tank: 8-9 bar 
4th flash tank: 6-7 bar 

5th flash tank: 5-6 bar 
6th flash tank: J.5-4.5 bar 
7th flash tank: 2.5-J.5 bar 
8th flash tank: 1-1.5 bar 
9th flash tank: 0.2-0 .5 bar 
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The quality of the vapour must be checketl every 5 minute5 as 
long as the equilibrium is reached follo~ing a s~a~~-~~. 

Should the vapour be contaminated with slurry, the ope::::.::g 
degree of the corresponding vapour valve must be ~ed~:e:.. 

Finally the vapour valve must be set in such a way that -=~e 

vapour be pure and the automatic contrcl loo!) be able "";o 

control the level in the flash tank. 

The nressure gauge should be continuously anc tho~o~~~:l 
checked during the whole filling un veriod! 

5.1.J Continuous operation of the digestion and f las~ •--·r r..c;. __ _ 

line 

The operation of the digestei· line must be checked \-;i th t?:e 
pressure and temperature data of the individual vesse:s. 
Changes can happen in a short period of time, so ~~e 
supervision of the line is essential. The observea ca~a 

should be recorded in the shift log. 

The level of slurry in the digesters is very i~~o~a::~ 
considering the residence time and the scaling of the neat:~g 

coils (the scaling on the heating coils is more extensive, :: 
the digester is not full of slurry). Generally the diges-:ers 
are de-aerated i;nrough a hole bored into the inside sec-::~::i 

of the slurry transfer pipes. 

5.1.4 De-aeration of the heating coils 

The de-aeration of the heating system is necess~r:r ..... -..... 
maintaining the heating efficiency and for chec~:i:ig -::.e 
operation of the flash tanks. 
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de-aeration procedure the accident-free flow of 

or contaminated vapour must be assured to the 
then either the upper or the lower de-earator 

the heating coil mus be carefully opened. Should 
the escaping vapour be contaminated with slurry, the 
procedure must be stopped and the vapour contamination must 
be eliminated by the careful partial closing of the 
corresponding flash tank's vapour valve. If the coil is 

de-aerated because of insufficient heating, the normal 
temperature values will be restored after finishing the 
de-aeration. Otherwise the de-aeration procedure must be 
repeated. 

The digester pressure control valve must be controlled in 

such a way that in case of manual operation the pressure of 
the line remain constant. 

The level control loop must control the level in the flash 

tank properly. Should the latter increase in spite of the 
control loop, the vapour valve must be slightly closed. If 
it sank. the vapour valve should be opened a bit further. If 
the level control loop of the first flash tank does not work 
properly, the level alarm of the loop means that the flash 
tank is filled up with slurry. If the level alarm did not 
work, the pressure measured on the flash tank or the 

contamination of the vapour leaving it would indicate its 
filled-up state. In this case the vapour valve of the first 
flash tank must be closed to a sufficient degree so as the 
proper sl~rry level in it be reached again • 
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The stuffing box of the digester agitator is cooled with 

industrial water. The efficiency of the cooling must be 

checked frequently to avoid overheating. 

Two to four digesters are heated with high pressure (70 bar) 
steao. In normal operation there is an automatic temperature 
control in the function of the slurry temperature. In case 

of some disturbances this control loop must be switched to 
manual operation and according to the slurry temperature the 
steam control valve must be opened or closed. 

If the feeding of the slurry stops due to some reason, the 
automatic temperature control loop will close the steam valve 
(loop in AUTO mode) so the pressure cannot increase above the 

al 1 owed one • 

5.2 Technical data on the slurry piston pumps with 
liquor flushing 

The technical material containing drawings and descriptions 
was mailed to the Korba Alumina Plant. 

5.J Technical literature on instrumentation 

The prospectuses were mailed to the Korba Alumina Plant. 

5 .4 !~ethod for increasing the classification efficiency 
of conventional hydroseuarators 

The prospectus was handed over to the experts of the Korba 

Alumina Plant during their visit to the MOTIM Alumina Plant. 
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6. Economic effects of the proposed process modifications 

The enclosed Table 6-1 includes the summarized investment 
costs of machanical, civil and electric engineering, steel 

structures and instrumentation. 

The economical issue of the proposed process modifications 

are the following respectively: 

General modifications (improvement of the digestion yield, 
molar ratio, replacement of the LP and HP heat exchangers to 
tube in tube elements, improvement of the red mud 
causticization efficiency, improvement of the instrumentation 
of the plant, reduction of the non-technological water inlet) 
result the following change specific consumptions 

Wet bauxit, t 
Caustic soda, t 
Burnt lime (80 % CaO),t 

Flour, t 
Steam, t 
Fuel oil, t 

Power, kWh 

-0.160 

-0.0143 
+0.1032 
-0.0001 

-0.031 
0 

-15.5 

An additional effect of these modifications is an increase in 
the plant capacity by 27 thousand ton alumina per year. 

The material and energy costs decrease ~¥ 78.48 Rs/t alumina 
i.e. 14,666,500 Rs/year. 
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The sum of the investment costs are 1),100,000 Rs. (see Table 

6-1, variants J.1.1.1, J.1.1.2-A, J.J.2-1, J.J.2-2) 

A decrease in the steam consumption is a consequence of the 
replacement of the three recuperation d~gesters per line. 

The specific material and energy consumptions change as it 
follows: 

Wet bauxit, t 0 

Caustic soda, t -0.0004 
Burnt lime, t 0 
Flour, t 0 
Steam, t -0.639 
Fuel oil, t 0 
Power, kWh 0 

Increase in the alumina production capacity is 1 .26 
thousand tons alumina per year. 

The material and energy costs decrease by 66.4 Rs/t alumina, 

i.e. 12,491,800 Rs/year. The excess investment costs is 
5,430,000 Rs. 

Installation of the liquor purification results in further 

alumina production capacity increase by 5.95 thousand tons 
alumina per year. 
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The specific material and energy consumptions change as it 

follows: 

Wet bawtit, t -0.001 

Caustic soda, t +0.00018 

Burnt lime, t 0 

Flour, ., 0 

Steam, t -0.118 

Fuel oil, t 0 

Power, kWh -4.29 

The material and energy costs decrease by 13.73 Rs/t alumina, 

i.e. 2,644,700 Rs/year. 

The required additional investment cost is 2,730,000 Rs (see 

J.1.2.1 variant in Table 6-1). 

Modernization of the precipitation described in Chapter 
J.1.2.4 makes it poRsible to increase the plant capacity by 

an additional 5.9L th~usand tons alumina per year. 

The expected changes in the specific consumptions afte1· the 

modernization of the precipitation is the following: 

Wet bauxit, t 

Caustic soda, t 
Burnt lime, t 
Flour, t 

Steam, t 
Fuel oil, t 

Power, kWh 

-0.002 
+0.00029 

0 

0 

-0.092 
0 

-19.8 
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The material and energy costs decrease by 21.05 Rs/t alumina, 

i.e. 4,210,000 Rs/year. The required additional investment 

costs is 4,820,000 Rs. 

5 kg fuel oil per ton alumina has been envisaged by using the 

DRYUAX dewatering additive in a dosage of 0.122 kg/t alumina. 

The material and energy costs decrease by 14.48 Rs/t alumina, 
i.e. 2, 896, 400 Rs/year. The re(!_uired investment costs only 

1,150 Rs. 

Table 6-2 shows the common effects of the individual process 

modifications on the specific ~onsumptions. 

The following unit prices have been taken into account in the 

economic calculations. 

Wet bauxit 193. 72 Rs/t 

Caustic soda 6255 Rs/t 

Burnt lime 744 Rs/t 

Flour 5070 Rs/t 

Steam 100.03 Rs/t 

Fuel oil 3483 Rs/t 

Power 0.67 Rs/t 

DRYMAX 93'+ 1000 GBP/t 1. e. 24000 Rs/t 

-



Investment cost 
in Rs 

Table 6-1 

--------------------·--------------------------------------------------------------------------------
Plant unit Civil Mechanical 

engineering engineering 
Steel 
structure 

Instrumenta- Engineering Component 
ti on costs tot bl 

Remark 

---------------------------------------------------------------------------------------------------- ~ I 

J.1.1.1 - - - - - 1 '650 '000 Vt 

J.1.1.2 200,000 5,960,000 520,000 650, 000 730,000 8,060,000 A variant 

J00,000 10,)40,000 780,000 850,000 1 ,220,000 13,490,000 B variant 

J.1.2.1 170,000 1,960,000 100,000 J00,000 200,000 2,730,000 (Purification) 

J.1.2.J - 1 '150 - - - - (Dry max) 

3.1.2.Ll-1 460,000 2,650,000 180,000 1,100,000 430,000 4,820,000 1. variant 

J .1 . 2. '+-2 550,000 5,700,000 180,000 1,200,000 760,000 8,390,000 2. variant 

3.1.2.5 400,000 10,400,000 200,000 300,000 - 11,300,000 (Heat ex-
changers) 

J.J.2-1 560,000 100,000 50,000 800,000 120,000 1,630,000 2 po s of &iew 
control rooms 

J. J .2-2 200,000 80,000 150,000 1,200,000 130,000 1, 760, 000 Renovation of 

J pcs of 
control rooms 

·-----------------------------------------------------------------------------------------------------
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Table 6-2 

SPECIFIC AND YEARLY 
MATERIAL AND ENERGY CONSUMPTIONS AND COSTS 

-----------------------------------------------------------------------------------··---
Units 

Base 
1987.February
November 

Propooed Ditterences 
of 

------------------------------------------------------------specific yearly specific yearly specific spe~itic 
consumpti~n costs in 

Rs 
---------------------------------------------------------------------------------------AJ.umina t - 159, 900 - 200,000 
l!et bauxite t 2. 759 441, 160 2.596 519,.300 -0 .16.3 -.31 .58 
Caustic soda t 0 .1085 17, 350 0. 0942 7 18, 854 -0.0142.3 -89. 01 
Burr.t lime t 0 .141 * 22,545 0.21G2** 4.3 ,240 +0.10.32** +76.78 Flour t 0. 0024 384 0. 002J 4CO -0. 0001 - 0.51 H.P. steam t 2 .640 '+22, 170 1. 707 341,400 -0. 9.3.3 -9.3 • .3.3 
L.P.steam t 0.910 145,550 0.963 192, 600 +o.os: + 5.JO Total steam t 3,550 567,610 2.670 534,000 -0.880 -88.03 
Fuel oil t 0 .124 19,830 0 .124 24, 800 0 0 
Power Mwh 0.3.30*** 52,767 0 .2 904 58,080 -0.0396 -26 .53 
---~-----------------------------------------------------------------------------------~otal 
Yearly material and energy costs 
Total investment costs 

* in 6u.2 % a.Cao 
** in 80 3 a.Cao 
*** estimated 

-158.88 
31 ,776,000 Rs 
37,380,000 Rs 
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