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Abstract 

The comparative economical analysis and 

energetic analysis of alumina production 

from various kinds of raw materials were 

carried out basing on industrial data. 

The main process parameters of nepheline 

raw materials processing through sintering 

adopted at large industrial scale are 

given. The said technology allows the 

wasteless utilization of nepheline to pro-

duce alumina, soda, potash, potassium sul-

phate and chloride, portland cement and 

gallium without polluting the environment. 

According to industrial data the production 

cost of alumina while using the sintering 

of nepheline raw material is considerably 

lower than in processing of high grade 

bauxites by the Bayer way due to complete 

utilization of wastes, and as for capital 

investments into the process facilities 

they are lower than those into alumina pro-

duction from bauxites, production of soda, 

potash and cement by traditional methods 

taken together. Are cited the flowsheets 

of alumina, soda, potash and portland ce-

ment production from nepheline ore, the 

process interrelationships determining the 

efficiency of raw material processing, and 

ways of further improvement of the process. 

Introduction 

In the world-wide practice alumina is 
produced exclusively from the low-silica 
gibbsite bauxites processed by the Bayer 
way. 

Given the absence of high quality 

bauxite reserves in the USSR the industrial 

processing of low grade bauxites by a com-

bined Bayer - sintering way and by sinter-

ing, nepheline processing by sintering is 

practiced for a long time, the alumina pro-

duction from alunites is carried out 

through calcination, reduction with sulphux; 

digestion and consecutive treatment of 

pregnant liquors as in the Bayer method. 

The use of some above-mentioned met-

hods for alumina production from inconven-

tional raw materials in large industrial 

scale and the use at some plants of high 

grade imported bauxites by Bayer way allows 

to compare the actual process and economi-

cal performances which is of a certain 

interest for aluminium industry people. 

The process characteristics acquired 

in industrial practice in the USSR while 

processing various raw materials in 1988-

1989 are given in Table 1. For the conve-

nince of comparison a total consumption of 

heat per ton of alumina considering its 

consumption for the generation of the steam 

and power to be consumed was calculated. 

But the given values of total consumption 

of power per ton of alumina are not suf-

ficient for unbiased comparison because in 

bauxite processing the alkali are consumed 

while in nepheline processing for alumina 

production some valuable by-products are 

obtained which are then used for produc-

tion of cement, soda, potash, potassium 

sulphate and chloride and gallium. 

Particularly, in using Kola nepheline 

concentrate with evaporation of carbonate 
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Table 1. Technical performances of various raw materials processing to obtain alumina 
(Soviet data) 

Consumption ratios in alumina production 
per ton of alumina 
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liquors originating from alumina production 

aside from alumina 0,749 t of soda is ob-

tained per ton of alumina (additional power 

consumption is 298 kg of standard fuel per 

ton of soda or 223 kg of standard fuel per 

ton of alumina), 0,295 t of potash (additi-

onal power consumption is 747 kg of stan-

drad fuel per ton of potash or 220,5 kg of 

standard fuel per ton of alumina), by sin-

tering belite mud with limestone and addi-

tives in a wet way 10,216 tons of cement is 

obtained (additional power consumption is 

149,7 kg of standard fuel per ton of cement 

or 1527 kg of standard fuel per ton of alu-

mina). Thus, the total power consumption in 

wasteless processing of nepheline rocks is 

3834 kg of standard fuel per ton of alumina 

in a wet way of cement production, while in 

a dry way of cement production using belite 

mud the power consumption will be 3574 kg 

of standard fuel per ton of alumina (power 

consumption is 125 kg of standard fuel per 

ton of cement). 

For inbiased comparison one has to 

consider power consumptions in wasteless 

nepheline processing (production of alumi-

na, soda, potash, cement) and in bauxite 

processing to produce alumina (considering 
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the power consumption for soda and caustic 

production - 1118 kg of standard fuel per 

ton of Na20) as well as organization of pro-

duction of "heavy soda" by traditional met-

hod (Salve method), of potash production by 

electrolysis and carbonization of potassi-

um chloride, of portland cement production 

from the limestone and clay by the dry way 

(Table II). 

Results of calculation of the total po-

wer consumption in production of the same 

quantity of the products (alumina, soda, 

potash, and cement - the same as in process-

ing of nepheline ore to obtain one ton of 

alumina) by various methods given in the 

right column of the Table I, show that in 

nepheline processing total power consumption 

is higher by 15-40% than in processing of 

high-grade bauxites and production of soda, 

potash and cement by traditional ways. 

It is necessary also to compare the eco-

nomical performances of the raw material 

processing in comparable variants. As is 

evident from the analysis of data given in 

the Table III the nepheline ore case is 

characterized by the maximum profit-to-spe-

cific investment ratio with the same amount 

of products (right column of the Table III). 

Thus the wasteless processing of the nephe-

line ores in the USSR is characterized by 

the minimum pay-back period, 2-3 times less 

than in processing of bauxites and separate 

production of soda, potash and cement by 

traditional ways, though nepheline process-

ing is connected with considerable capital 

investments and increased total power con-

sumption. It is explained by the low cost 

of nepheline raw material, high cost of the 

resulting products and relatively low speci-

fic capital investments in wasteless proces-

sing which are 1,5 times lower than in pro-

cessing of the high grade bauxites and sepa-

rate production of soda, potash and cement 

by traditional ways. 

It has to be also noted that processing 

of nepheline ores is not accompanied by pol-

lution of the environment by solid or liquid 

wastes, that this production employs the 

closed water circulation system. This is a 
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considerable advantage compared with bauxi-

te processing which is accompanied with the 

yield of considerable quantities of the red 

mud which is utilized nowhere and is being 

accumulated at mud fields or pumped away to 

sea. 

In spite of the fact that the USSR uses 

only about 15% of the nepheline concentrate 

produced by the treatment of apatite-nephe-

line ore from the Kola peninsula and that 

its wasteless processing is highly effici-

ent the further development of alumina pro-

duction in the European part of the USSR 

using this raw material is handicapped by 

the necessity of considerable capital in-

vestments (regardless of large amounts of 

imported alumina and soda) and by the dif-

ficulty in solving organizational problems 

due to utilization of raw material and 

yield of products relevant to the competen-

ce of various state bodies. 

The further expansion of nepheline 

processing was also hemmed in the 70-s by 

the difficulties in exploration of Kiya-

Shaltyr nepheline deposit due to new tech-

nical concepts at large industrial scale. 

Presently the financing of the expan-

sion of Kola nepheline concentrate process-

ing can be realised with the help of fo-

reign capital for establishment of joint 

ventures for production of alumina, soda, 

potash and cement. This needs special eco-

nomical assessment in collaboration with 

involved aluminium and cement companies. 

To solve the problems of advisability 

of utilization of the nepheline ore in va-

rious countries one has to examine the in-

fluence of its composition on the economi-

cal performances of the wasteless process-

ing. 

Description of the nepheline ore 

processing technology. In the USSR the nep-

heline raw material from two deposits is 

used: Kola nepheline concentrate and Kiya-

Shaltyr (Central Siberia) nepheline ore 

with the following composition: 
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Deposit 

Kola nephel ine 
concen t r a t e 
Kiya-Shal tyr 
nephe l ine ore 

Components con ten t , % 
LOI A1203 Pe 2 0 3 S i0 2 CaO Na20 KgO S03 

1.2 28.6 3.7 43.6 1.3 12.95 7.55 0.06 

4 .3 26.6 4.6 40.0 7.9 11.05 2.74 0.25 

Table II. Performances of the production of some materials in the USSR by traditional 
methods 

Products 

"Heavy soda" 

Potash 

Portland 
cement 

Technology 

Salve's ammonia 
method with 
steam calcina-
tion 

Electrolysis of 
KC1 solution and 
carbonization 

Clay and lime-
stone calcina-
tion by dry 
method яж 

Pro-
duc-
tion 
cost 
rbl/t 

Price 
rbl/t 

Speci-
fic 
capi-
tal 
expen-
ses » 
rbl/t 
year 

Consumption ratios per 1 t of 
Droducts 

Fuel 
kg of 
stan-
dard 
fuel 

Steam 
Goal 

Electric 
power 
kWh 

Total con-
sumption of 
power kg 
of stan-
dard fuel 

66.7 55 363.5 93 

162.7 165 305.7 185 

1.96 

2.6 

13.4 18.5 59.3 105.1 

62 

115 

454 

647 

141.9 

x with utilization of all production wastes 
H3€ for the plant in the center of European part of the USSR 

The processing of the Kola concentrate 

gives per ton of alumina 0,749 t of soda, 

0,295 t of potash, 1,5 kg of potassium sul-

phate, 10,216 t of cement and gallium. The 

chemical extraction from the sinter is 

87,8% of A1203, 89,1% of Na20, 86,7% of 

KpO. The extraction from the raw material 

into the finished products is: A1„0, -

84.2%, Na20 - 83.2%, K20 - 74.7%, S03 -

61%, Cl - 37%. 

In the processing of nepheline ore we 

obtain per 1 ton of alumina 0.635 t of so-

da, 22 kg of potash, 53 kg of potassium 

sulphate, 1.5 kg of potassium chloride, 

4.01 t of cement (using 33% of the belite 

mud due to limited capacity of the cement 

production facilities) and gallium. The 

chemical extraction from the sinter is: 

A1203 - 83.1%, Na20 - 84.6%, K20 - 73.94%. 

The extraction from the raw material into 

the finished products is: AlpO, - 80%, 

Na20 - 70%, K20 - 59%, S03 - 67%, Cl - 16%. 

The decrease in alkali yield is explained 

by the fact that about 20% of carbonate 

liquor is used for the feed charge prepara-

tion due to low alkaline module of the raw 

material (0.8). 

The total alumina produced by process-

ing of nepheline rocks in the USSR is about 

1.2 mln tpy, 

The flowsheet of alumina production 

from nepheline by sintering £l,2^ is given 

at Fig.1. 

The process includes the wet grinding 

of nepheline ore (concentrate), limestone 

and recycled white mud (after liquor desi-

lication) till particle size under 0.08 mm. 

The ground feed charge is subjected to 
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Table I I I . Technical and economical performances of a lumina-conta in ing raw m a t e r i a l 
p rocess ing i n the USSR 

Actual performances of e x i s t i n g e n t e r p r i s e s 

Raw m a t e r i a l 
composition 
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Raw m a t e r i a l 
composit ion 

Imported g i b b s i t e 
l o w - s i l i c a baux i t e s 

c o n t . t a b l e I I I 

Calculated performances wi th t he same amount of end 
product per ton of alumina 

Technology 

Bayer 

Production Cost of 
cost of all all pro-
products ducts 
rbl/t of rbl/t of 
alumina alumina 

371.7 447.3 

Profit Specific Profit to 
rbl/t capital specific 
of invest- capital in-
alumina ments vestments 

rbl/t/year 1/year 

75.6 1522 0.05 

Imported l o w - s i l i c a 
d iaspore-boemi te 
baux i t e s 
H i g h - s i l i c a 
baux i t e s 

H i g h - s i l i c a 
boemite 
baux i te 
Nephelines 
A lun i t e s mt 
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d i a spo re 
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r i n g ( i n 
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s i n t e r i n g 
s i n t e r i n g 
reducing c a l -
c i n a t i o n , 
hydrochemi-
ca l way 

380.7 

359.7 

432.7 
288.2 

447.5 

448.1 

438.9 
436.5 

66.8 

88.4 

6 .2 

148.3 

1349 

1288 

1603 
1064 

0.05 

0.069 

0.004 
0.139 

only alumina is produced; 
3E3E 

in joint processing with imported bauxites; 

for the projected plant 
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Figure 1: Flowsheet of alumina production from 

sintering at 1300-1350°C. Here takes place 

the main reaction of interaction between 

nepheline and limestone with formation of 

alkaline aluminates and bicalcium silicate: 

(Na,K)20.Al203.2Si02+4CaC03*(Na,K)20.Al203+ 

+ 2( J» -2CaO.Si02) + 4C02 

The feed charge with the moisture 

nepheline 

content about 30% is subjected to sintering 

in the rotary kilns. As a fuel is used the 

low sulphur fuel oil containing under 1% 

of sulphur. The sintering results in the 

sinter - porous particles mostly under 

20 mm size. The sinter is then subjected 

to leaching including wet grinding till 

particle size 1 mm, thickening of the 
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slurry with obtention of the pregnant li-

quor (silica ratio 30-35) and water wash-

ing of the belite mud. During the leaching 

of the sinter the alkaline alumlnates pass 

into the liquor: 

Na20.Al203 + 4H20 = 2Na
+ + 2A1(0H)~ 

and bicalcium cilicate is partially de-

composed giving hydrogranate and passing 

into the solution of silicium oxide: 

2CaO.Si02+Al(OH)^ +aq-»-3CaO.Al203. 

.0,4 Si02.5,2 H20 + SiO^" + aq 

With thickening of the slurry preg-

nant liquor is obtained containing about 

85 g/1 of A1203, 2,5 - 3 g/1 of Si02, 

d, ~1.48, which is then subject to hydro-

chemical treatment to obtain aluminium 

hydroxide. The belite slurry containing 

mainly £>-2CaO.Si02 is subject to repulpa-

tion washing 6 times by hot water in the 

system of thickeners and then sent to ce-

ment production. Hydrochemical treatment of 

the pregnant liquor comprises the autocla-

ve desilication using recycled white mud 

seed, the separation of the liquor flow in 

two parts one of which is subject to seed 

precipitation to obtain aluminium hydrate 

product and soda-alkaline liquor returned 

for sinter leaching. The other part of the 

liquor is subject to desilication with ad-

dition of lime reactant and to carbonizati-

on. White mud generated in the liquor de-

silication is filtered and sent to feed 

charge preparation for sintering. 

In autoclave desilication (at appro-

ximately 150°C) the sodium hydroalumosili-

cate is generated: 

Al(0H)^+Na++Si03~+aq—-Na20.Al203.1,75Si02. 

. 2H20 

and with intensive desilication (at about 

90°G) using lime-containing reactants 

yielding hydrogranate: 
2-Ca(0H)2 + A1(0H)4 + Si03 + aq *~ 

—i— 3Ca0.Al203.0.15Si02.5.7H20 
The both said compounds generate white 

mud. 
With big amounts of white mud its tre-

atment with carbonate solution to generate 
aluminium oxide is used: 

3CaO.Al203.0,15Si02.5,7H20 + C0Í"+aq—»-

—CaC0 3 + A1(0H)~ + SiO^" + aq 

Carbonization of the pregnant liquor 

is carried out at about 70°C in one or two 

stages till various degrees of neutraliza-

tion of caustic (1,5 g/1 of Na20. - 11 g/1 

of NaHCO,) using the recycled seed. 

The technology of the liquor carboni-

zation determines the coarseness and the 

impurities content in the resulting alumini-

um hydroxide which is then sent as a seed 

to the liquor precipitation stage. 

The resulting pure white alumina con-

tains 0,22-0,25 % of R00„o„, 0,022-0,032% 

of Si02, 0,008-0,01% of Fe203. The reduced 

(as much as 3 times) content of iron oxide 

in alumina is characteristic of this method 

compared to traditional Bayer method which 

can be explained by feedle solubility of 

iron compounds in sinter and by reduced con-

centration of liquor in the hydrochemical 

cycle. 

By its physical structure the obtained 

alumina is somewhere between the floury and 

the sandy types. Till present times the 

sandy alumina was not produced because the 

gross price of alumina in the USSR did not 

depend on its coarseness and considers only 

its chemical composition. 

In processing of the nepheline ore can 

be obtained the alumina with low content of 

such impurities as Na20, Si02, Fe20, which 

is very important for its utilization for 

the non-metallurgical purposes. Particular-

ly the silicium oxide content may be easily 

reduced through the increase of lime consum-

ption in deep desilication and the alkali 

content can be reduced by alteration of con-

ditions of carbonization and precipitation. 

After carbonization the carbonate alka-

line liquor is sent to neutralization of bi-

carDonates, evaporation and separation of 

soda products (soda, potash, potassium sulp-

hate and chloride). The flowsheets employed 

(Pig.2) vary with the composition of liquor 

and quality requirements for resulting 

salts. 

After sinter leaching the belite mud 
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Figure 2: Flowsheet of soda and potash production from nepheline 
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i s sent to cement production f a c i l i t y 
which permits to increase i t s efficiency 
by 27-33% as a resul t of reduction of l i -
mestone consumption, for the main phase i s 
the Mcalcium s i l i c a t e . The cement produc-
tion flowsheet i s given in Fig.3« 

be l i t e limestone 
mud 

" \ 

additives 
(bauxite and 
ferric slag 
or clay) 

dryed 
belite 
mud 

gipsum 

additives 

grinding and 
charge 
adjustment 

charge 

t 
sintering at 
1400-1450°C 

t 
clinker 

grinding of clinker 
t 

Portland cement 
Figure 3: Flowsheet of cement production 
from nepheline 

In cement production using the belite 

mud resulting after the processing of the 

Kola peninsula nepheline concentrate used 

the feed charge consisting of the belite 

mud, limestone, bauxite and ferrous metal-

lurgy slags (the consumption being corres-

pondingly 692, 621, 58 and 14 kg per ton 

of clinker) is used to produce the clinker 

characterized by the following correla-

tions: 

ш и СаО - 1,65 A1203 - 0,35 Fe203 

2 j 8 S i 0 - 0,92 
Si02 

3.2 AlgO^+PegO, 

A1„0, 
P = w 2 ,3 - 1 05 

In processing the Kiya-Shaltyr ore, 
given the absense of bauxite and the in-
creased content of alkali in the mud the 
feed charge is used which consist of beli-
te mud, limestone and clay (consumptions 
being 530, 700 and 68 kg per ton of clin-
ker) to obtain the clinker with following 
correlations: KH = 0,91, n = 2,43, 
p = 1,06. 

In clinker grinding in order to control 

the setting time of cement the gypsum is 

added in the reason of 35-58 kg per to of 

cement and up to 15% of dry belite mud. 

In wasteless processing of the nepheli-

ne ore about 30% of gallium is extracted 

too, which is connected with some additio-

nal expenses. 

Process performances of alumina production 

from the nepheline ore 

In the process of preparation of feed 

charge for the sintering the specific con-

sumptions ratio per 1 ton of alumina for 

the white mud (4™,) and for the nepheline 

ore (q ) is Чдщ/О- - 0,12 and varies with 

the technology of liquor desilication. 

Below is given the tentative composition of 

the solid phase of the recycled white mud: 

LOI A1203 SiO, CaO Ro0 2 "°" "2V 

30 16.2 10.4 36.6 5.2 

The KgO/RpO in white mud and in nepheline 

ore according to industrial data is expres-

sed by the following equation: 

2 wm 
Ro0nm, 2 wm 

K2°n 
R2°n 

0,082 

which demonstrates that the most of the 

sodium alkali has passed into the white 

mud. 

The proportioning of the limestone 

(q.) and of the recycled liquor on the ba-

sis of total alkalis (qR?0 tot^
 f o r f e e đ 

charge preparation is imposed by the ne-

cessity to maintain molar ratio in the feed 

charge best suited for the process: 

R2°ch 

A1203 

~ 0.98-1.1; 
CaO ch 

SiO, 
~1,95-2.0 

ch -ch 

The optimum ratio of the feed charge 
components corresponds to the maximum ef-
ficiency of the process taking into consi-
deration the variations in the chemical 
extraction from the sinter, in fuel con-
sumption during sintering, in the produc-
tivity of the rotary kilns, in the compo-
sition of the sinter and other factors, 

The summary of Na?0 and K?0 expressed 
as Na20 
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and is determined through the statistical 

processing of industrial data. 

1.05; C a 0 With R2°ch ch 2.0 in 
Al^O, SÏ0", 

the feed charge the limestone and total 

recycled alkali to nepheline ratio used in 

the feed charge preparation is the follo-

wing! 

q l 1.867 S i0 2 - Ca0n 0.0206 
TJačn 1.867 SiO 2 1 

(1) 

% ° г е с 

an 

0.6383 (A190, „+ q L . A190, ) -
4 n 

- R2°n ~ ^ * R2°L + ° » 0 0 6 1 7 
qn 

'1 

(2) 

where q, , q , 1R20 are the consumption 

values of limestone, nepheline and total 

alkalis (taken as recycled liquor) in the 

feed charge preparation per ton of alumina; 

Si02, CaO, A1203, R20, Na20, KgO, 101 -

the content of oxides in materials, in 

fractions of unit; indices n, t, wm, rec 

describe nepheline, limestone, white mud 

and recycled liquor. 

As follows from equation (1) the con-

tent of SiOg in nepheline and limestone is 

proportional to the limestone consumption 

for the feed charge preparation, therefore 

in alumina production is used mainly the 

limestone containing under 2,5% of SiOp 

and with decreasing of the molar ratio in 

nepheline (R20n/Al203 Q-£ 1,05) the amount 

of recycled carbonate liquor for feed 

charge preparation increases (2). 

Taking into consideration that the 

content of А120-з in alumina is 99%. the 

mechanical losses in sintering and grind-

ing are about 1% of the sinter, losses in 

liquor treatment and in calcination are 

0.44-% of the aluminium oxide that has 

passed into the liquor during leaching, 

the specific consumption of nepheline is 

expressed by a value of chemical extrac-

tion of A120, during sinter leaching -

Хд (fractions of unit): 

<U - : 
0.99 

П (A12°3 n
+2i-A12°3 )-(A12°3 + -!£ • 

,A1203 +0,01944) . (0 ,99-0 ,98564.X A ) 
(3) 

The specific consumption of the charge 

feed to the sintering is equal (in tons 

per ton of alumina): 

4ch= 1 » 1 2 W l.71.q N a 2 0 i > e c + 1 .47.q K 2 0 r e c ( 4) 

101 i n the feed charge a r e : 
qT

 qR5C) „ 
101 + 0 , 0 3 6 + 1 0 I T . ~ + 0 , 7 1 . / r e c (5) 

101 
ch 

qch/qn 
"n 

Taking into consideration that the 101 

in the sinter are 0.7% and the sinter los-

ses are about 1%, the specific consumption 

of sinter, qsin» arriving to leaching 

(tons per ton of alumina) is: 

■sin 
'ch (1 - 10Ich).0.99 

(6) 
07993 

The components of the sinter (frac-

tions of unit) considering the industrial 

data on relative losses of sodium alkalis -

0.8% and of potassium alkalis - 3,77% of 

the feed charge with flue gases as a re-

sult of dissociation of the compounds du-

ring sintering and incomplete condensation 

in the kiln and in dry gas cleaning are: 

A1„0, 
Jsin 

+ 0.01944) 

0 .99.qn .(A1203 +4 A1203 + 
Tsxn 

n 1r 

CaO .„ 
sin 

+ 0.0439) 

0.99.qn .(CaO„+ ql . Ca0T + 
qsin 4n 

'sin 

+ 0.0125) 

(••7) Si02 = 0.99.qn .(Si02 +21.Si02i ■ 

sm "П 1r 

Na2°sin = 0.982.qnL_.(Na20n+0.12Na20wm+ 

+ 5L 
q. 

Na20L + 

•sin 
qNao0 2 rec. 

n *n 
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K 2°s in - ° -953 . !n_ . (K 2 O n + 0 .12K 2 0 v m l + 

„ s i n 
+ 5b • K2OL +

 qK2or e c ) 
qn qh 

LIOgi n = 0.007 

Talcing into consideration the extrac-

tion into the pregnant liquor during sinter 

leaching is in the order of 1,2% of SiOp as 

well as aluminium oxide (Хд), sodium oxide 

(XJT), potassium oxide (XR) or total alkalis 

(XR) and some hydratation of the mud (about 

3% LOI) we obtain the specific consumption 

of belite mud, qmud, (in tons per ton of 

alumina): 

V d = 1-оз - q3in . (0.993 - Ai2o3sin.xA -

- Na2°sin ' XN - K20sin-XK-°-012-Si02gin )
( 8> 

In the same way as in (7) can be calculated 

the components content in the belite mud. 

The concentration of the pregnant liquor 

in g/1 (content of AlpO-, = C_» of the total 

R 0 
alkalis - R?°tot ~ Cs 2 tot, with preset 

d, = 1,48 and Rp°carb con"';en'f; about 

12 g/1) and pregnant liquor consumption 

(q ) in nr per ton of alumina are determin-

ed through solution of the system of equa-

tions for sinter leaching process, Here the 

moisture content of the washed thickened 

mud is 40% and the required water consump-

tion for mud washing (qwmw) is proportional 

to the specific consumption of mud and to 

the concentration of pregnant liquor: 

Iwmw °'0203 • W • cs (9) 

Concentration of the recycled soda-al-

kaline liquor sent to the sinter leaching 

and obtained after precipitation and dilu-

tion of the hydrate with washwater is: 

CA = 0.301.C& CQ
2 t o t = 0.84.CC

 2 t o t 

SA 
JSA 

Making equations for extraction of A120, 
and R20 from the sinter we obtain the 

system of two equations which allows to 

determine the AlgO, concentration in the 

pregnant liquor - С„ (g/1) and the alkaline 

liquor consumption (Чод): 

(qSA + 0.0203.qmud.c£-0.67 q ^ ) . ^ 

0.301.0* . qSA + 1000 . q 
sxn 

(10) 

. Al 0 . XA; 

(qSA+0.0203.qmud.Cs-0.67qmud) . 

. (0.9 . Cg + 12) * 0.84.(0.9.c| + 

♦ 12) . qSA + 1000.qsin.R20sin.XR 

Here the pregnant liquor consumption 

qS - 4 S A + 4wmw - °*
67 • q: mud (11) 

The amount of the sinter to be proces-
sed (q„4_) and of the pregnant liquor (qa) 

sxn s 

per ton of alumina are the main parameters 

determining the specific power consumption, 

equipment productivity and specific capital 

expences in alumina production. 

The extraction of Na20 and KgO from the 

raw material into the product per ton of 

alumina (qNa 0 p r , qR 0 p r ) considering the 

losses according to industrial data are, 

correspondingly, 4.11% and 3.97% of those 

that have passed into the liquor during 

sinter leaching is: 

% a ? 0 „ - < W ' Na2Osin.XN.0.9589 -
2 pr 

" % а 2 ° г е с - ° ' 1 2 qn ' Na2°wm 
(12) 

< W ' K2°sin-XK • 0-9603 -Vpr 
- % 0 _ -0.12qn . K 2 0 w m 

2 rec 
Here the carbonate liquor has to have 

the following NagO/KgO ratios: 

Z pr 

2 pr 

dNa„0 
2 rec 

V r e c 
(13) 

which calls for iterative calculations 

starting with (4). 

The passage of SO-, into the product is 

determined by the total balance of the 

sulphur in the fuel fed to the feed charge 

sintering (qfsin): 

^SO. - (qn . S03 + qL . SO + qf в ± п. 
Jpr n L 

. so3 f) . TSO^ 

The same for Cl: 

(14) 
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*ci 
pr 

(qn • C1n + 4 ' ^L^Cl (15) 

where Tso , TC1 - S03 and Cl extraction 

into the product from the raw material 
(fractions of unit). 

Due to the fact that S03 and Gl bind 

first of all potassium into sulphate and 

chloride the following salts are obtained 

as end products: 

K2SO4 

KC1 

K2CO3 

4KoS0 4 pr 
2.175 *S0 3 pr 

qKCl 
pr 

■ 2.099 . q 

qK„C0 
3 pr 

C1pr (16) 

= (qK 0 -1.175.qso 
*2Upr b03 

- 1.324qci ) . 1.468 

»2<»3 %a2C03 J - 1.71. %a20pr 

As every end product - soda (q d ) , 

potash (qp). potassium sulphate (q , ) , 

potassium chloride (qch) contains all four 

sals, in order to determine the yield of 

products one has to solve the system of 

four equations (16) considering the salts 

yield and the composition of products which 

is the function of the carbonateliquor com-

position and the technology of its treat-

ment. 

The amount of the carbonate liquor, 

qG1, (in rrr per ton of alumina) passing 

from the alumina production to evaporation 

and separation of salts is determined by 

the total balance of the hydrochemical pro-

cesses and with water consumption for the 

hydrate washing (nr/t), water content in 

the washed hydrate being 10%, with the ba-

lance of dilution with live steam during 

desilication and of evaporation of liquors 

into atmosphere, not considering the water 

content of the white mud returned to the 

sintering, is: 

,0. 
qCl = (1-3^wmw-°-67-qmud>-q^

Pr
+qR 

K2upr K2urec 

(17) 

The amount of carbonate liquor after 

evaporation determines the steam consumpti-

on in the soda products separation. 

In r>rer>aration of the raw material 

mixture for cement production consisting 

of belite mud, limestone and clay to obtain 

in clinker the values of KH = 0.92, n=3.2, 

p = 1.05; with addition of 15% mud for ce-

ment and gypsum grinding; the cement yield 

per ton of alumina is: 

1.65 . q,, (18) 

The exposed system with certain addi-

tions in the form of computer program de-

termines the main parameters of material 

balance, raw material consumption and qua-

lity of products obtained in processing 

the nepheline raw material. 

The power consumption and capital ex-

penses can be determined considering the 

performances of all process areas found in 

the industrial experience of the nepheline 

ore processing in the USSR. 

Approximate assessment of nepheline ore 

quality 

For approximate assessment of nepheline 

ore quality its composition and values of 

components extraction from the sinter -

A1203(XA), Na20(XN), K20(XK), yield of 

S03 (Tso3) and of Cl (TC1) are needed; 

afterwards, in order to determine the pro-

duct yield (soda, potash, potassium sul-

phate and chloride, cement, sinter) per ton 

of alumina the calculations are made using 

equations (1-6), (12-16), (18). According 

to industrial practice the extraction of 

components from the sinter: 

A 1 2 0 3 

Na20 

к2о 

-

-

-

Хд = 0 . 8 3 

XN = 0 . 8 6 

XK = 0 . 7 6 

- 0 . 8 8 

- 0 .89 : 

- 0 . 8 7 

The yield from the raw material is 

61-67% of S03, 16-37% of Cl. As an extrac-

tion values of soda, potash, sulphate and 

chloride per ton of alumina the correspond-

ing salt amounts can be used. 

In simplified and approximated form the 

product yield can be calculated using the 

yield of A1„0^ from the raw material, 

0.82 and the yield of alkalis without T A 
0.77-

0.81. In this case neglecting the aluminium 

their recyclation for sintering, TR 
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oxide and alkalis content in the limestone 

one can make calculations in the following 

sequence: 

qn n AJ.2U3 

0.99 (3*); 

n 

'RoO 
2 rec 

*n 
=0.6383.A1203 -R20n+0.00617 (2*); 

lch 'R-O 
/v 1.12 + 

гп 

LOI 

2 rec 
ln 

(4*); 

ch (5); qc ^6>' 4R 0 = qn-R2on-
£ РГ 

-UV.·RÍA, + <i %* 2 n RoO. 

.(1-TR) 

•salts 

2~rec 

(12*); q 

+ 0.00624.q_). 

SO, (14>' 1C1 (15); 
3 pr pr 

(16); q c ~ qain 1.32 (18*). 

To calculate the extraction of Na20 and 

K20 into the products the same oxides ratio 

in initial raw material can be adopted and 

for the yield of soda, potash, potassium 

sulphate and chloride the corresponding 

amounts of salts can be used. 

In the dimensionless form the cost of 

all products - Q per 1 ton of alumina is: 

K + % 1 + q 

where K, 

sd 

Kch + qc 

K„ + q p sul 
K 

V Ksul' 

Ksul + 

(19) 

K. costs of S' "p» "sul' ch» "C 
soda, potash, potassium sulphate and chlori-
de, cement related to cost of alumina 
(fractions of unit). 

Due to the fact that the power and ca-

pital expenses in the process are propor-

tional to the amounts of the processed 

sinter the efficiency of the raw material 

processing with constant price of alumina 

within one country with convertible cur-

rency circulation is determined by the 

following relationship: 

T _ _ Q _ (20) 
'sin 

As the main component of power consump-

tion is the fuel consumption the price of 

which is different in various countries in 

relation to alumina using the fuel/alumina 

price ratio, K„, one can obtain the rela-

tionship between the product cost and po-

wer consumption which gives the relative 

efficiency of raw material processing in 

various countries: 

J 2 - q sin * KT 
(21) 

where Km is fuel (1 ton of standard fuel) 

and alumina price ratio. 

Both parameters, J.. and J2, may be 

used as an index of nepheline ore quality 

for evaluation of the raw material reser-

ves, for determining the explotation area 

in order to find out approximate efficiency 

of its processing which gives the possibi-

lity to take into consideration price level 

of alumina, soda products, cement and fuel 

in various countries. 

In particular, we have made calcula-

tions of quality index for nepheline ore 

used in the USSR as well as nepheline ore 

of Razgah deposit (North-West of Iran) and 

of Agarai deposit (Pakistan) the tentative 

composition of which is given below, 

Deposit 
Components content, % 

LOI A1203 Na20 K20 Si02 

Razgah (Iran) 3.1 20 3.6 10 54.3 

Agarai 
(Pakistan) 1.0 23.5 10.63 3.96 55.54 

Deposit 

Cont. 

Components content, % 

CaO Pe203 MgO P205 S03 

Razgah (Iran) 2.2 3.7 0.9 0.4 0.05 
Agarai 
(Pakistan) 1.85 2.06 1.0 

In table IV are given values of pro-

duct yield per 1 ton of alumina in process-

ing of various raw materials, interrelation-

ship of prices as well as calculated values 

of raw material quality index, J.. and Jp, 

in relation to its processing in the USSR, 

Iran and Pakistan. 

The maximum value of parameter J2 for 

Iran was calculated indicating the minimum 

level of energy consumption compared to the 
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Table IV. Parameters spec i fy ing the q u a l i t y of va r ious 
nephel ine raw m a t e r i a l 

Parameter 

Name of nepheline deposit 

Existing plants Calculated values 

USSR 
Kola con-
centrate 

USSR Iran 
Kiya-Shal-Razgah 
tyr 

Pakistan 
Agarai 

Specific yield of products 
per 1 t of alumina, in t 

soda (qsd) 

potash (q ) 

potassium sulphate (q , ) 

potassium chloride (qcl) 

cement (q„) 

Products price to alumina 
price ratio 

soda (K ) s 
potash (K ) 
potassium sulphate (K , ) 

potassium chloride (K , ) 

cement (K ) 

Parameter Q (19) 

Sinter consumption 
per 1 ton of alumina, t 

qsin 
Fuel price (t of standard 
fuel) to price of alumina 

0.75 
0.295 
0.0015 
-

10.216 

0.317 
0.927 
1.0 

-

0.113 

2.667 

0.635 
0.022 
0.052 
0.0015 
12.15* 

0.325 
0.947 
0.971 
0.257 
0.137 

2.954 

0.264 
0.601 
0.017 
-

19.33 

0.952 
3 .0 

1.167 
-

0.252 

7.945 

0.765 
0.007 
0.291 
-

15.24 

0.545 
1.847 
0.69 
-

0.169 

4.206 

7.95 8.59 13.785 11.5 

*** r a t i o , KT 

P r i c e of alumina, Сд, 
Nepheline ore q u a l i t y 

J 1 (20 ) 

wi th complete u t i l i z a t i o n 
'*1 $ m 18.76 Rs ш 70 
*** 

R l s 

0.167 
164 r b l 

0.335 
2.01 

of mud 

0.162 
169 r b l 

0.343 
2.11 

0.0977 0.219 
21000 Rls 6629 Rs 

0.576 0.365 
5.9 1.67 

natural gas, in other case - fuel oil 
ifc ik ik jk 

considering transition of the bulk of potassium 
carbonate into potassium sulphate 

cost of the products. With utilization of 

fuel oil as a combustible having a price 

per 1 ton of standard fuel by 18% lower 

than natural gas the parameter J2 value 

would have been even higher. 

For Pakistan the value of J„ is some-

what lower than that for the Soviet nephe-

line which is explained by relatively high 

fuel prices. 

^Valuation of the raw material by qua-

lity index J2 is of course rather appro-

ximate because the capital investments in 

the raw material processing were not consi-

dered. 

The cited evaluation and economical 

assessment results prove that nepheline raw 

material even with low content of aluminium 

oxide alkalis and with elevated content of 

silicium oxide can be efficiently processed 

to yield alumina, soda products and 

cement. 
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Outlook for technology improvement 

Further improvements of technology of 

nepheline ore processing through sintering 

were achieved recently. In order to reduce 

the power consumption the dry ways of feed 

charge sintering in alumina and cement 

production are employed; the degree of uti-

lization of the secondary steam in autocla-

ve desilication and liquor evaporation, the 

high polymeric flocculants in the slurry 

thickening also contribute to improvement 

of the process. 

Efficiency of raw material processing 

can be increased in the production of finely 

dispersed aluminium hydroxide, in the pro-

duction of alumina with reduced impuri-

ties content for non-metallurgical purposes 

and with elevated silicium oxide content 

for fabrication of Al-Si alloys by electro-

lysis, in the production of caustic alkaline 

liquors, sodium hydroaluminate, in the ex-

traction of rubidium from alkaline carbonate 

liquors. 

The synthetic ceolites as well as fo-

undry, stressed, non shrinking, expanding 

and white alumina-containing cements pos-

sessing several advantageous properties can 

be produced from the white muds of alumina 

production. 

Belite mud can be efficiently used t31 

for the fabrication of binders, silicate 

bricks, for road construction, for ceramics 

fabrication, for production of some valuable 

chemicals etc. 

In order to increase the quality of ne-

pheline and other alkaline alumosilicate 

raw materials the magnetic separation can be 

employed to remove iron minerals, as well as 

chemical beneficiation consisting in alkali-

ne autoclave treatment to remove partially 

silicium oxide from the raw material in the 

form of silicium alkaline liquor used for 

fabrication of various chemicals. 

Conclusions 

The wasteless utilization of the nephe-

line raw material for production of alumina, 

soda, potash, Portland cement and gallium 

by sintering is characterized by complete 

utilization of production wastes, by absen-

ce of any environmental impact, by reduced 

capital investment and production costs 

compared with the production of the said 

products by traditional methods. 

The perspectives of the process impro-

vement, of expansion of the product mix, 

of raising it quality promise high efficien-

cy of nepheline raw material utilization 

for production of alumina. 

Certain advantage of the developed tech-

nology is the possibility to arrange the 

production of alumina and other products 

from the local alkaline alumosilicate raw 

material using cheap fuel - natural gas and 

fuel oil in oil producing countries - and 

lignite. The reduction of transportation 

cost and the cost of produced alumina com-

pared with the imported one allows to achi-

eve the high efficiency of aluminium pro-

duction in countries not possessing high 

grade bauxites. 
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