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I

Nonmetallie minerals, in general, find very wide application in industry: 

glass-making, founding, ferrous and non-ferrous metallurgy, the chemical 

and building materials industries, etc. In industrially advanced countries, 

the degree of exploitation and primary processing of nonmetallic raw mate

rials and the resulting economic effects by far exceed those in developing 

countries The growth of processing industries in developing countries is 

faster than the expansion of capacities for the exploitation and primary 

processing of nonmetallic raw materials.

As a consequence of this disparity, processing industries are increasingly 

dependent on imports of high-grade nonmetallic raw materials. In Yugoslavia 

until a few years ago there was a marked disparity between processing in

dustries and industries extracting nonmetallic raw materials. The gap has 

been narrowed in the meantime but it still exists. For instance, in recent 

years the output of nonmetals and building materials have almost invariably 

taken a share of 28 and 1.5 per cent respectively in the gross domestic 

product.

Economic problems facing Yugoslavia have compelled all its scientific 

research and other institutions to engage in intensive work on:

- substituting domestic for imported nonmetallic raw materials,

- steppino up exports of non-metallic raw materials.

To achieve this it is necessary to increase capacities and the range of 

non-metals obtained. This is being brought about by:

- intensifying geological and technological prospecting of inadequately 

explored and newly discovered occurrences of non-metallic industrial 

materials.

- developing new technological solutions for the valorisation of nonmetals 

from lower grade ores.

I
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Table 1 lists mineral deposits which are mined (continuously and occasio

nally) and being prepared for exploitation; and mineral deposits which 

are not mined (inadequately explored occurrences and possible deposits).

The list of raw materials being prepared for exploitation (imnediately 

or in the near future) has been supplemented in recent years by: phosphates, 

fluorite, zeolite and wollastonite. The possibility of processing natural 

pigments is under consideration. More interesting is that intensive techno

logical research has made possible complex valorisation of valuable non- 

metals obtained from almost uneconomical raw materials (low-grade quartz 

sands and sandstones, "kaolinised granites", "white granites", gravel-sand 

detritus, etc.). This will enable Yugoslavia to eliminate altogether or 

reduce imports of phosphates, fluorites, quartz sand, mica, garnet, kaoline, 

asbestos. Moreover it may become in important exporter of some nonm etals: 

feldspars, mica quartz sand, garnet and others.

This Paper in summary form sets out technological experiences of the Insti

tute for the Technology of Nuclear and Other Mineral Raw Materials, and 

of some other institutions in problems of extracting:

- high grade: quartz sand, feldspar, mica and kaoline from low-grade run- 

-of-mine quartz sands (and sandstones), "kaolinised granites" and "white 

granites".

- various particle sizes of high-grade gravel, garnet and associated 

metalliferous minerals from run-of-mine (raw materials contained in 

gravel-sand sediments,

- zeolite (from tufas)

- fluorite

- asbestos fibres from low-grade ores

- magnesite from low-grade ores

a) Technological experiences of extracting high-grade: 

quartz sands, feldspars, micas and kaolines

Quartz sand has been obtained exclusively from high-grade sedimentary 

deposits (Rgotina, Valjevo, PakraC, Pula, etc.). Run-of-mine sand from 

these deposits contained 97 to 98 percent SiOg and two to three percent 

other constituents (AlgO^, Fê Q-j) C^O^, KgO, N820, etc.). For use in
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SURVEY OF NONMETALLIC RAW MATERIALS "IN ' “

Table r : -v-v -  '
(- — -, ' t, j..* ; — JeJ.

I Raw materials mined II Raw materials not utilized  ̂ . ;
(permanently, occasion- a) inadequately b) possible raw
al & prepared for ex- explored materials - "
picitation) occurrences 'iUi ’ ■'i:

1. barite 1. alunite 1. amph i bo lfr'.asbes tds

2. bentonite clay 2. al-silicates 2T apatite

3. white bauxite 3. bromine 3. boric . .. w 
materials 1

4. cement marl
. * ■ . i.»

4. precious, semi-

5. diatomite .

6. dolomite

precious and
ornamental
stones

4. diamohd

5. pKlogipite

7. feldspars (pegmatites) 5. iodine
6. potassium and 

. >.. magnesium salts’ •"
8. phosphates(phosphorites)
9. gypsum and anhydrite

10. gratite
11. chrysotil - asbestos

6. piezoptic 
quartz

7. natural pigments

8. rocks for glass 
"and ceramics

7. optical fluorites

8. optical calcite ’

9. pumice

IO. natigé suîphiir
12. kaolin clays 9. volcanic scoria

• ' 1 1 . ■ - c ’ ■ '•(.
11. strontium raw

13. ceramic clay material? . ■ '

14. limestones 12. vermicolite

15. chalk 13. volcanic as

16. roofing slate
. . (pozzolan) »

17. table salt
•'w . . . • » •

18. quarts raw materials r * u

19. quartz sand * ' • .. * *

20. micas (muscovite)
-1 • ■ v', ■ -Ç.. , : V .

21. magnesite . . . : ! : . • ■# •,, ■; wf*'i *
22. brick clay .

r ' ’ ' / ■ ! .• • - * ; :
23. perlite ’ » !' * / > .'/• li’ • >:1 *'■ '■, •:*. 'y
24. pyrotilite . , . , . :■ ■ • • .i t -.--. . : ; ‘ t ■ j'-.y- 1 , f; » il*» .
25. puzzolan additives • .'>• 'i '• '!■ ';.i
26. silex ' ■ ; * . , ' ! , • ' • 'I ■ \ ",; f ? r *■ j » "̂7 Tifi \ ' : \ r\ ’ J .

27*.. . ; „■ : i. . .. v ?* ( ¿O'.'/ìl r j ï
28. rocks for stone cutting
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29. gravel and sand

30. talc and talc stone

31. engineering stone 

32..ornamental stone

33. refractory ceramic clay

34. wollastonite

35. zeolite

36. fluorite

37. garnets

the glass-making, casting, ceramics and other industries it was enough for 

their refinement to apply wet-mechanical separation (washing and classifi

cation) to obtain products of specified particle size. Products separated 

in this way possessed the necessary chemical composition for application 

in the mentioned industries.

Feldspars (potassium and sodium) were extracted exclusively from high-grade 

pegmatite ores (Prokuplje, Bujanovac, Prllep, Stnmrica). The primary proces

sing of these raw materials to obtain products of the quality required for 

application in the glass-making, ceramics and other industries consisted 

in the use of techniques of crushing and classification to the required 

particle size.

The production of mica was insignificant (hand sorting and crude classifi

cation). It was extracted from muscovite deposits which were aluays gene

tically and by site associated with pegmatites in meUmorphic rocks.

Primary processing involved hand-picking, crushing and, in exceptional 

cases, micronisation.

Kaolin (a raw material in very short supply) was obrained in low-grade form 

existing deposits resulting from hydrothermal alteration of acid magnetic 

rocks (Bratynac, Novo Brdo, Bujanovac), of the sedimentary type (Svabinci, 

Vrbica, Rudovcl, NetriS) of autochthonous origin formed by the subaquatic 

alteration of acid magma (Hotajica, KaraCevo, PehCevo) of illite glays 

(Cma). Primary processing of low-grade run-of-m1ne raw materials from 

these deposits consisted 1n crude disintegration and classification. Most
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often even this kind of processing was not eribarked upon and for this reason 

raw materials were used in their low-grade fona. The worst consequence of 

this practice was the belief that Yugoslavia did not possess high-grado 

kaolin and that it was necessary to import this material.

The construction of large capacities for the glassmaking, ceramics and 

paper industries, founding and other branches of industry created a great 

demand for high-grade quartz sands, feldspars, micas and kaolins. The demand 

could not be matched by existing primary processing capacities for the 

simple reason that these capacities were limited as were reserves of high- 

-grade raw materials. This iswhy scientific research ins

titute concentrated their efforts on developing technological solutions 

for the valorisation of the mentioned nonmetallic raw materials obtained 

from low-grade deposits: quartz sand and quartz sandstone, "kaolinised 

granites" and "white granites".

Valorisation of valuable components in lower-grade quartzs

Studies of the possibilities of complex valorisation of valuable components 

in low-grade run-of-mine quartz sands and sandstones were undertaken with 

raw material -Л a number of sites. Experience set out in this Paper con

cerns only ' tr'îObf- raw materials for which industrial capacities for primary 

processing have already been built (or preparations for construction are 

under way).

Listed among the physical-chemic3l characteristics of run-of-mine raw ma

terials are: size distribution (Table 2), chemical composition (Table 3) 

and mineralogical composition (Table 4).
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Size distribution

Granular size 
(m)

— r>---

"08LACI" i “BELA fcEKA*
C o n t e n t

’“LIM*“
*

"vBsAt*’

+ 5,0
. * . .1. t ! • • ■ • » •

- 5,0 + 2,0 3,10 i,35' •’4,51 '

- 2,0 + 1,0 4,22 -3 * ” • # * 8,10 3,59

- 1,0 + 0,6 5,57 13,96 .. 5,05 ; 3,27 j

- 0,6 + 0,1 66,89 68,44 75,00 58,63

- Oil + 0,0 20,22 17,60 10*50 30,00

100,00 100,00

Chemical composition table 3

Element or 
compound “OBLACI" "BELA REW"

C o n t e n t
-LÎPIK"

%
“VRSAC1*

Si02 93,58 93,70 92,16-93,17 80,69

A12°3 2,57 3,05 4,09- 3,95 10,86

fe2°3 0,53 0,38 0,52- 0,48 1,37

Ti02 0,10 0,06 0,15 0,20

Cr2°3 0,02 0,01 - -

CaO 0,46 0,27 0,40 0,51

HgO 0,10 0,11 0,20 0,18

k2o 1,46 1,25 r 37 2,75

Na20 0,08 0,15 0,56 0,60

S 0,23 - - -

g.i. 0,74 0,65 0,48 2,36

Mineral composition
Table 4

Component -OBLACI" C o
“BELA REKA"

r i t e n t  t (approx.) 
"LIPJK" "VR5AC"

- quartz (free) 87.94 85.87 84.02 57.48

- cal.feldspar 6.25 8.00 9.87 19.24

- sodium felspar 2.12 - - -
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- k^qlinite 2,42

- kaolinite 
montomori11oni te

3,0-4,0 5.05

12*63

- muscovite

other impurities 

(Fe2°3* Fe3°4^ 1,26

1,23

1,0-2,0 1,06 4.42

Technological schemes of complex valorisation of the mentioned valuable 

components (Table 4) were established by detailed laboratory, semi-indus- 

tiral and industrial research. Figure 1 shows the technological scheme 

of complex valorisation of quartz sands or sandstones (sandy soil) which 

in their paragenesis contain economically Interesting quantities of free 

quartz, feldspars and kaolinites, etc.("Obiaci", "Bela Reka", "Lipik"). 

Figure 2 shows the technological scheme of complex valorisation of run-of- 

-mine raw materials which apart from the earlier mentioned constituents 

contains economically interesting quantities of mica, metalliferous 

components (ilnvenite) etc. (:VraSac").

Both technological schemes, generally, use:

- disintegration technique (multi-stage for sandy soil),

- technique of wet-mechanical separation (hydraulic separators are fitted
» i‘ * •' i §

out),

- technique of mechanical attrition washing (to remove from quartz grains 

impurities such as mineral Fe20j and clày-mifd ingredients’:

- technique of concentration by flotation (selective and collective) to
;> »'. * * • ■ ‘ . ! » * 

remove impurities, feldspar and mica,

-jjte^hqique.of d^waterl/ig all products; thickening and filtration,

^ technfdufc; 6f drying, - 1 • ■ ’

- technique of purifying waste waters together with the valorisation of 

kaolinites and free quartz of granular size - 0.1 + 0.0 ran.

Research and practical experiences have shown chat the application of the 

mentioned methods makes possible: maximal utilisation of valuable consti

tuents and extraction of good quality products. For lack of space, this
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Paper does not go into details oftechnological processes and lists only 

some basic conditions for the application of concentration by flotation:

Selective_flotation:

* flotation of "metalliferous" impurities: 

conditioning:

Solid: Solution = 1:0.67 

rH = 3.2 - 3.5 (H2S04)

Collectors: cnion-sulphanate or mixture of 

thallium oil and mineral oil 

Time: variable (5 - 10 min.)

- Flotation of feldspars: 

conditioning:

Solid: Solution = 1:0.67 

pH = 2.1 - 2.2 (NaF)

Collectors: cation-type 

Time: variable (5 - 10 min.)

Flotation: 

pH = 2.1 -

Time: variable ( 2 - 5  min.)

Bu llLf 1on_of :

Conditioning:

Solid: Solution * 1:0.67 

Ph * 5 - 6
Collectors: anion ♦ cation collectors

Characteristics (chemical composition and yield by weight) of the products 

obtained are presented 1n Table 5. Chemical a/jposltlon of products obtained 

from quartz sands.



Table 5

Elements
or

compounds

C o n t e n t %

Quartz sands 
(-0.6 +

0.1 ) 
mm

Feldspar
concentrate

Mica 
concen.

Kaolin IImeni te 
concen. concentrate

5i°2 98,34-99,60 oko 70,00 oko 50,00 oko 68,00 3,46

ai2o 3 0,48- 0,16 oko 16,50 oko 33,25 oko 25,00 3,57

Fe2°3 0,075- 0,02 oko 0,09 oko 1,80 oko 0,58 41,20

™ 2 0,04-0,015 - oko 0,20 - 50,00

Cr2°3
oko 0,0004 - - - -

Cao oko 0,23 oko 0,5^ oko 0,27 - 0,46
MgO 0,10-0,04 oko 0,32 oko 1,15 - 0,30

*2° 0,20-0 ,C* 10,0-11,0 oko 6,30 oko 2,03 0,12
Na20 0,05-0,01 2,35-2,40 oko 0,80 oko 0,11 0,01
s - - - - -
g.f. 0,20-0,05 oko 0,40 oko 6,50 oko 7,57 0,36

Yield by
weight
T%

58,00-65,00 6,0-8,0 oko 8,14 1,5-5,0 0,74

Characteristics of products listed in Table 5 and of other products and 

of other products obrained by complex valorisation of run-of-mine quartz 

sands and sandstones (granular size: - 5.0 + 2.0 mm, - 2,0 +1.0 mm,

- 1.0 + 0.6 mm, - 0.1 + 0.04 mm, etc.) in keeping with the standards of 

technological processes maintained by industries that use these materials. 

This was proved by detailed semi-industrial and industrial attestation.

- Valorisation of valuable constituent in "kaolinised granites”

Studies of the possibilities for complex valorisation of valuable consti

tuents of "kaolinised granites" (disintegrated granites) were made with 

raw materials at a number rr sites ("KaraCevo", "Bare", "Motajica"). 

Industrial plant for complex valorisation (primary processing) of these 

raw materials are soon to be constructed.
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Tables 6, 7, and 8 show: size distribution and chemical and mineral 

composition of tï j relevant ri'n-of-mine "kaolinised granites".

Size distribution
Table 6

Granular size 
(mm)

C o n t e n t, T %

"KARACEV0" "BARE" "M0TAJICA"

+ 0,30 32,71 44,47 46,65

- 0,30 + 0,10 23,95 18,08 19,77

- 0,10 + 0,06 7.19 7,53 10,98

- 0,06 + 0,04 1,05 1,40 0,54

- 0,04 + 0,03 3,57 3,37 3,37

- 0,03 + 0,CL 3,76 3,12 4,24

- 0,02 + 0,01 6,25 5,50 6,33

- 0,01 + 0,00 21,52 16,53 8,12

100,00 100,00 100,00

Chemical composition Table 7

Elements compounds C o n t e n t ,  T %
(mm) "KARACEV0" "BARE" "MOTAJICA"

Si02 72,65 72,03 71,55

a i2o3 17,00 16,26 17,16

pe2°3 0,85 1.71 0,83

Ti02 0,25 - 0,12
CaO 0,58 0,98 0,70

MgO 0,27 0,20 0,40

K20 1.12 4,00 4,80

Na20 4,03 1,10 3,02

g.f. 3,18 4,12 2,50
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Hiñera! composition Table 8

Component "KARACEVC"

C o n t e n t ,  %

“BARE" "MOTAJICA"

- Na-feldspar

- K-feldspar

- Quartz (free)

- Impurities

Kaolinite

approx. 35,20 

approx. 6,85 

approx. 20,61 

approx. 35,25 

approx. 2,10

27,91

24,74-30,00

46,28

26,22

29,12

13,36

29,27

2,11

Technological schemes of complex valorisation of valuable components in 

"kaolinised" granites have been established by laboratory and semi-indus

trial testing. A general technological scheme applicable to all the men

tioned "kaolinised granites" is shown in Figure 3.

The technological scheme uses:

- technique of disintegration

- technique of wet-mechanical separation (in hydraulic separators, 

hydrocyclons and centrifuges)

- technique of selective flotation (mica, feldspar and quartz)

- technique of magnetic separation (kaolin and, where necessary, feldspars 

and micas) in high-intensity magnetic separators,

- technique of dewatering: thickening and filtration,

- technique of drying.

Selective flotation of micas and feldspars from disintegrated run-of-mine 

raw material of granular size - 0.3 + 0.06 mm, is carried out under the 

following conditions:

- Flotation of mica:

Conditioning:

Solid: Solution = 1:0.67

pH = 3.5 (H2S04)



-  12 -

Collector: cation collector 

Time: variable (about 5 min.)

- Flotation:

Solid: Solution = ':2.33 

pH = 3.2

Collector: cation-type 

Time: variable (about 5 min.)

- Flotation of feldspars:

Conditioning:

Solid: Solution = 1:0.67 

pH = 2.8 (NaF)

Modifying agent (activating agent) NaF 

Collector: cation collector 

Time: variable (about 5 min.)

Average chemical composition of products obtained according to the techno

logical scheme in Figure 3 from all the mentioned "kaolinised granites" 

and yield by weight are shown in Table 9.

Chemical composition and yield by weight of products obtained from 

"kaolinised granites":

Table 9

Element C o n t e n t, % Kaolin
or Mica Feldspar Quartz Product -0.01-0.00

compound concentrate concentrate sand -0.063-0.01 mm

Si02 - 61,05 66,33-70,20 88,30 68,00 46,20 - 55,95

ai2o3 - 24,05 18,80-18,27 7,50 19,49 36,45 - 28,26

^2^3
3,57 - 1,89 0,05- 0,20 0,25 1,14 2,09 - 1,12

T’°2 - 0,20 0,20 0,31 0,31 0,10 - 0,62

Cao - 0,20 0,20 0,50 0,40 0,30 - 0,75

MgO - 0,20 0,66- 0,20 0,40 0,60 0,08 - 0,41

K ÿ 7,44 - 5,35 11,06- 8,00 0,36 1,12 1,15 - 2,85

Naÿ 1,08 - 2,86 2,42- 4,00 2,09 5,96 0,60 - 1,41

G.2. - 4,50 0,50- 1,25 0,15 0,15 13,0j 0 , J £

Vield by 
weight - 1,15 28,00-22,90 33,50 18,80 14,00 - 21,80

TO/  I to
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Products obtained by complex valorisation of "kaolinised granites" have 

physical and chemical characteristics which come up to the standards of 

industries making use of them.

- Valorisation of valuable components of "white granites"

Raw materials fro.? the "Samoljico" - Bujanovac site were used to study 

possibilities of complex valorisation of "white granites". Industrial 

plants for complex valorisation of valuable components contained in these 

raw materials are under construction.

Table 10 shows size distribution, and chemical and mineral composition 

of crude raw materials.

Table 10

Size distribution Chemi cal composition Mineral composition

Granular 
size (inn)

T % Element
or

compound

Content % Component Content %

+0,100 10,30 Si02 74,53 - plagioclase about 34

-0,100+0,050 12,50 a i2o3 14,25 - mi crocline about 21

-0,050+0,030 15,10 Fe2°3 0,53 - gree quartz about 21

-0,030+0,020 16,60 Ti02 0,04 - kaolin-frac- about 4

-0,010+0,006 11,10 MgO 0,34 - iiiSSovite about 7

-0,006+0,003 6,50 k2o 3,58 - others about 2
-0,003+0,001 2,85 Na?0 3,51

-0,001 4,30 g.2. 0,20

100,00

The technological scheme (Figure 4) of complex valorisation of valuable 

components of "white granites" has been established on the basis of labora

tory and semi-industrial strudies. The technological scheme makes use of 

all the techniques mentioned when considering valorisation of "kaolinised 

granites". Conditions of work are also simular except for certain differenc

es in the values of technological parameters.
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Average chemical composition and yield by weight of products obtained 

according to the technological scheme shown on Figure 4 can be found in 

Table 11.

''hemical composition and yield by weight of products obtained from "white 

granites"

Table 11

Element
or

compound

C o n t e n t , %

Mica
concentrate

Feldspar
concentr.

Quartz sand 
concentrate

Granular size 

-0.1+0.04 -0.04

S10^ 56,60 69,00 98,20 76,30 66,10

a i2o 3 26,50 18,50 0,68 14,45 21 ,?C

Fe2°3 2,07 0,09 0,04 0,25 1,21

tio2 0,30 0,06 0,03 - -

CaO 0,55 0,54 0,36 0,58 0,68

MgO 0,70 0,25 0,32 0,22 0,53

MnO 0,03 - - - -

k2o 7,50 4,70 0,09 3,00 4,50

Na20 2,85 6,53 0,10 4,18 4,35

g.f. 2,70 2,80 0,09 0,33 0,60

Yield
by

weight 
T %

about

8.00
about

52.00

about

20.00
about

20.00

The physical and chemical characteristics of products obtained by complex 

valorisation of "white" granites fully correspond to the standards of 

industries which use them.

b) Technological experiences of valorisation of raw materials obtained from 

gravel-sand sediments.

These raw materials have been regarded as typical building materials. Pro

duction of gravel of varying size, 1n accordance with the requirements of 
the construction industry, has been great up to the present iay.
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Geological prospecting in recent years has shown that Yugoslavia has huge 

reserves of high-grade gravel and sand which contain economically very 

interesting quantities of garnet, magnetite, titanomagnetite, ilmenite 

and so on. Table 1? shows the average mineral composition of gravel and 

sand from sediments.

Characteristics of crude raw materials from gravel-sand sediments.

______________ Table 12

C o n t e n t ,  %
unaracten sties

¿-type II-type

- grain size of gravel 

+ 31,5 am about 7.96 about 10.00

- 31,5 + 16,0 15,87 8,00

- 16,0 ♦ 8,0 11,84 14,00

- 8,0 + 4,0 9,09 14,50

- 4,0 ♦ 0,0 55,24 53,50

- garnet 15 kg/m3 -

- magnetite 0,48 kg/m6

- titanomagnetite - 28,00 kg/m5

- ilmenite 0,60 kg/m3 20,00 kg/m13

- gold 0,032 gr/m3 0,025 gr/m3

- vanadium

- gallium

in c1 -4,0 + 0,0 irni 

0,040 %

0,003 %

Technological schemes of complex valorisation of valuable components have 

been established by laboratory and semi-industrial studies. Figure 5 shows 

a technological scheme (under "a") of the valorisation of raw materials 

from I-type sediments and a scheme (under "b") from Il-type sediments.

Both mentioned types of sediments, according to technological schemes in 

Figure 5 produce high-grade granular sizes of gravel used in all types 

of concrete (they have been attested in detail).
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Tables 13 and 14 show the chemical composition of other products obtained 

from raw materials in gravel-sand sediments:

Chemical composition of products obtained from I-type deposits

Table 13

Element
or

compound

C o n t e n t, %

-4.0-0.86

Garnet

-86.0-0.0
Concentrate 
magneti te

Concentrate
titanium

Si02 34,00 35,00 4,05 14,70
Fe 27,00 27,00 63,02 -
F e ^ - - 19,56 19,63
F e ^ - - 43,46 16,07
TiO? 1,01 1,00 4,33 35,16
a i2o3 20,50 21,00 2,17 4,62
CaO 3,00 2,80 0,85 .1,38
MgO 2,20 2,10 0,28 0,33 :
MnO 1,05 1,20 0,36 0,69- - 0,18 -

P.,0. c 0s
- - - -

As - - - -

Chemical composition of products obtained from II-type deposits

Table 14

Element C o n t e n t, %
or

compound Concentr.of titanomagnetitè Concentr. of titanium

Fe 38,80 32,26
Fe2°3 55,50 46,27
Ti02 18,75 50,00
Si02 11.50 3,60

A12°3 4,68 1,20
CaO 3,57 0,15

i

I
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MgO

MnO

k2o

NaO

Na20

2,73 0,60

2 ,10
0,06

0,41

0,07

0,03

0,04

NOTE: Vanadium and gallium are concentrated in the concentrate of titano- 
magnetite from which they are separated by metallurgical methods.

Products obtained by valorisation of gravel-sand sediments are of good 

quality and find very wide application. The problem that remains is the 

metallurgical valorisation of the concentrate of titaroraagnetite. Studies 

of the problem are under way.

c) Technological experiences of the valorisation of zeolite

Zeolites, a raw material with great possibilities of application (for dum

ping radioactive waste, purification of waste waters and waste gases, 

cleaning of spilled oil, gasification of coals, production of fertiliser, 

animal feed, etc.) were not produced in Yugoslavia until recently. Newly 

proven deposits in the vicinity of Vranjska Banja spa have made possible 

construction of plants for the classification, crushing, drying and packing 

of zeolites. The chemical composition of crude zeolites is shown in Table

15.
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Chemical composition of zeolites
able 15

Element or 
compound Content, %

Si02 61,96 - 67,17

Ti02 0,15 - 0,23

ai2o3 12,46 - 15,20

Fe2°3 0,98 - 2,05

MnO 0,05

MgO 1,30 - 1,96

CaO 3,03 - 4,35

oN 0,78- 1,32

Na20 0,70 - 1,11

H20 at 100°C 0,05 - 4,74

H20 at 1000°C 7,56 - 9,56

Absorption capacity of zeolite (its important characteristic) is as follows

Time (h) Water steam Benzole vapour

1 4,615 7,645

2 8,745 9,330

3 10,760 9,460

4 11,105 9,515

17 13,445 9:540

The technological scheme of the valorisation of zeolite consists in selec

tion, dry classification, crushing, grinding and drying. Products obtained 

(granular size): - 2.0 + 0.7 mm, - 0.7 + 0.3 mm and - 0.3 + 0.0 mm. 

Product - 0.3 + 0.0 mm can be further fragmented (by grinding) for use 

as a filler.

The basic characteristics of the obtained products (grains) of zeolite are 

shown in Table 16.
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Table 16.

Characteristics Value

- specific volume 2.4 gr/cm3
- whiteness in relation to BaSO^ 55Î

- Absorption capacity of particle:

water 20 -. 21 %

alcohol 20 - 22 %

xylolite 20 %

kerosene 20 - 21 %

linsrtd oil 18 - 20 %

- wearing of grain up to 2 %

- pH value 6.6 - 7.0 %

- surface active acidity (pKa) 1.0 - 2.5 %

- hygroscopicity after 10 days 7.0 %

Positive characteristics have been attested and products obtained find wide 

application. Research Is under May to establish possibilities of wider ap

plication of zeolite (granular size - 0.3 im).

d) Technological experiences in the valorisation of fluorite

Fluorite, a raw material with wide application (in metallurgy as smelting 

flux, in the chemical Industry to obtain fluor acid and salt, in the cement 

industry, to obtain enamel, Cryolite, opalescent glass, etc.) has been in 

very short supply in Yugoslavia. The Yugoslav industry used to meet its 

requirements by importing this raw mate ial.

However, the explored "Ravnaja" deposit offers possibilities for obtaining 

the required quantities within the country. Characteristics of crude fluo

rite (granular sizes are given for ores ggk - 85 mm fragmented to 100 % - 

15 mm) are shown in Table 17.
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Characteristics of crude fluorite

Table 17

Size distribution Chemical composition
Granular 

(mm;
size
)

T % Element or 
coumpound Content, %

+ 15 2,70 Si02 oko 29,22
- 15 + 10 3,58 Fe2°3 4,82
- 10 + 8 2,65 A12°3 2,78
- 8 + 5 6,20 Ti02 0,10
- 5 + 3 5,67 MnO 0,02
- 3 + 2 6,88 CaC03 12,60
- 2 + 1 9,89 CaF2 45,50
- 1 + 0,5 10,83 HgC03 1,50
- 0,5 + 0,3 7,99 Na20 0,08
- 0,3 + 0,1 14,78 k2o 0,08

- 0,1 + 0,06 6,18 S 2,07
- 0,6 + 0,00 21,65 Pb 0,06

100,00 others

Technological tests were carried out by applying gravity concentration of 

particles of large and small size and direct concentration by flotation. 

Gravity concentration does not produce good results in contrast to direct 

selective concentration by flotation, which is recommended as the method 

for the valorisation of fluorite.

In the first phase, whit the particles about 75 % - 0.074 mm in size, sul

phides are floated, and in the second phase - fluorites. The basic concen

trate of fluorite obtained undergoes multi-stage purification. The purified 

concentrate of fluorite contains about 98 % CaF2, and the yield of CaF2 is 
about 48 per cent.

The achieved grade of the concentrate of fluorite fully satisfies the 

requirements of all industries using this material so that its application 

is extensive.
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e) Technological experiences of the valorisation of asbestos fibre obtained 

from low-grade raw materials

Thanks to its fibrous structure and other physical and chemical characte

ristics, asbestos has many applications. It is employed as thermal insula

tion material, in the automobile industry (for brake linings), in the 

cement asbestos, chemical and electro-chemical industries and elsewhere.

Without going into details of the technology of primary processing of 

asbesto, which is well known, the Paper sets out only technological expe

riences gained from research into possibilities of concentrating asbestos 

fibre from low-grade ore (Korlade).

Low-grade asbestos ore Korlade appears in several types which differ in 

their physical-chemical characteristics: when "ore is semi-compact, with 

asbestos fibre strongly embedded in the matrix"; when ore is "soft, crum

bling, with asbestos fibre loosely embedded in the matrix" and when there 

is a very strong connection between asbestos fibre and the matrix". The 

content of asbestos fibre in the ore ranges from 1 to 2.3 %. Good results 

have been achieved with the mentioned low-grade ore by applying the tech

nological scheme for the fragmentation of ore and a four-stage separation 

of fibre (4 "Fiber Lines"). For instance, 38 % of the final product belongs 

to Class 4 (according to Canadian standards: 16 and 19 % 4-R whereas 3 % 

transforms into Class 3-3-Z), and 62 % belongs to Class 5 (according to 

Canadian standards, 55 % is 5-X and 7 % is 5-R). Fibre is completely free
A

from dust and can be spread to between 2,000 and 14,000 cm^ per gramme. 

Analyses of the characteristics of the obtained products of asbestos (spe

cific surface area, the share of magnetic fraction, analysis for R0-TAP 

and others) and tests carried out (in the cement and other industries) have 

shown that these are of good quality and therefore widely applicable.

f) Technological experiences gained from the valorisation of magnesite

"Because of the diversity of type, size and quality of raw materialin 

deposits, Yugoslavia ranks among those European countries which have a 

solid basis for the production of top-grade refractory magnesite products."
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By their origin, magnesite deposits can be divided into the following types: 

hydrothermal-metasomatic deposits and filtration deposites in serpentines 

(a. vein magnesite and b. magnesite of the web type), sedimentary deposits 

and the Adriatic Sea. As processing capacities have grown so have capacities 

for extraction from deposits. This has led to the fast depletion of reser

ves of high-grade magnesite, particularly from hydrothermal-sedimentary 

deposits. As low-grade magnesite from these deposits and the vein- and 

web-type magnesite began to be worked, great problems arose in their valo

risation (preparation and concentration).

Industrial plants for the preparation and concentration of magnesite from 

rich ores (which will not be the subject of detailed discussion) made use 

of the following technological methods:

- hana-sorting

- washing

- gravity concentration (heavy medium)

As ores have become progressively less productive and the content of main 

impurities such as silicates, calcium-carbonate and dolomite increased, 

existing and newly built industrial capacities have been equipped or will 

be equipped with new supplementary technological processes for their removal.

- decarbonisation and hydration,

- concentration by flotation,

- electronic-optical separation

These new technological techniques have made possible valorisation of magne

site from waste material of existing industrial capacities employing gravity 

concentration - preconcentration.

- Decarbonisation and hydration

Processes for the concentration of low-grade ores in heavy medium are not 

sufficiently efficacious because “silicates possess great density so that 

the separation of carbonates is unsatisfactory since the density of sili

cates approximate the density of magnesites, with magnesite ores being 

porous at that".
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To overcone these difficulties, technological processes for the gravity 

concentration of nagnesite in heavy nediun have been extended according to 

the patent of Professor Radoslav Ignjatovid. The extension involves precon

centration for the purpose of removing inpurities of small density. The 

preconcentration is then heated at tenperatures of between 970 to 1370°K 

in order to transom carbonate into oxide. Decarbonisation is selective, 

depending on the temperature. Calcinated products are then subjected to 

hydration controlled by means of specified surface-active reagents and then 

washed up to undergo concentration In heavy medium where the concentrai 

of caustic Is obtained 1n floating fraction. To following diagram presents 

the results in industrial plants of the processes of preconcentration, de- 

carbonisation and hydration:

Crude ore

-15-1 m

$102 » 12.52%, Cc=l.42%

Concentration-I

(preconcentration)

- cutoff density 2650 kg/m3
- preconcentration:

TT = 62.18 %

S102* 3.30 %

CaO * 1.22%

Decarbonisation (1370°K) 

water + reactive Hydration

Concentration II

* cutoff density 2200 kg/m3
- concentrate:

T% » 13.45 %

S102« 1.51 %

CaO - 1.41 %

R203-96.15 %

HgO -96.15 %

L. by H. - 0

slurry 
-0.8 mm
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- Concentration by flotation

Intensive work has been going on a semi-industrial and industrial bas^s to 

resolve the problaa of applying the method of concentration by flotation 

to achieve valorisation of Magnesite from wastes of existing TS separations 

and directly froa low-grade ores of all geological types (after preconcen

tration).

The results achieved point to great possibilities of concentration by 

flotation in reaoving associated aineral Si02 but also to its inadequacy 
in eliainating other carbonates, doloaites etc.

Final semi-industrial - industrial testing is under way in "Magnohrom" to 

establish optimal possibilities of using concentration by flotation for 

low-grade magnesite ores of the Suaadija zone. The tests should provide a 

technological and techno-economic basis for the construction of industrial 

flotation capacities.

- Electronic-optical separation

The method of the electronic-optical concentration of magnesite ores has 

been used for a long time. Basic conditions for the Application of electro

nic-optical concentration are as follows:

- that there is a distinct difference in colour between magnesite and the 

mineral containing impurities,

- that the size distribution of magnetite ore is suitable for tretment by 

this method,

- that magnesite is freed from the ore.

Industrial application of electronic-optical separation ("GoleS-Magura") 

and extensive studies of recent date have shown that this method can be 

used not only as a substitute for hand-sorting or in the phase of precon- 

centration but also for the purpose of obtaining specific concentrates.
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CONCLUSION

The above brief survey of technological experiences in Yugoslavia in the 

valorisation of: quartz sand, feldspar, mica, kaolin, garnet, zeoline, 

fluorite, asbestos, magnesite, gravel of varying size etc. From low-grade 

ores eloquently speaks of the efforts scientific research institutions and 

all experts employed in them are making to obtain high-crade nonmetal lie 

raw material*: and building materials from until recently non-conmercial 

ores. These efforts are regarded as justified and very fruitful as demon

strated by concrete techno-economic effects on investment programmes for 

the construction of plants in the immediate future.
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I I

PROCESSING OF NO N-M ETALlC ROW MATERIALS IN  YUGOSLAVIA

Having in  m ind that processing of num erous non -m eta lic  row  m a te ria ls  

which a re  ava ilab le  in  local and rig h  natural resources is  a v e ry  com plex  

m a tte r, as w ell as due to  the tim e lim it fo r m ore d e ta il p resen ta tio n , we 

had to  concentrate only to  a global presentation of m ore im portan t capa

c itie s  in  th is  fie ld .

Since th is  presentation is  the in tegra l p art of the paper "P reparation  and 

C oncentration of Some N o n-M eta lic  Row M a te ria ls " , the in dustry  of 

ceram ic  products, glass products as w ell as industry o f f ir e  res is tan t 

products a re  presented here  fo r th is  occasion.

INDUSTRY OF CERAMIC PRODUCTS

The ceram ic  industry  in  Yugoslavia recorded special successes during  

1981 both in  the fie ld  of production and in  the area  of econom ic indexes. 

Increased  production was the resu lt of new production fa c ilitie s  but most 

of a ll it  stem m ed fro m  the special e ffo rts  exerted  by our w ork organ isa

tions to  increase output and to make use of capacity re s e rv e s .

According to  o ffic ia l s ta tis tic s , production of a ll kinds of ceram ic  pro

dr c ts , including e lec tro p o rce la in  reg is te red  such lighs in  the period  of
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January -  D ecem ber las t y e a r, that its  grow th dynam ics was much g rea te r 

than that of the production of nonm etal raw  m a te ria ls . Thus, the index of 

growth of the physical volum e o f production w ith re la tio n  to  the previous  

year was as fo llow s:

-  In d u stry  and m ining 104 .2

-  Production o f nonm etal raw
m a te ria ls  103 .0

-  Processing o f non m etal m in e ra is -
production in  branch 0112 115 .0

I t  can be seen that production in  branch 0112 had a 3 .5  tim es g re a te r 

grow th ra te  than in d u s tria l production in  the SFR Y ugoslavia .

The follow ing ceram ic  products reg is te red  sign ificant production resu lts  in  

th is  period:

-  Production o f a ll kinds of c e ra m ic s ,
including e lec tro p o rce la in  127 .2

-  Production o f technical ceram ics
and p orce la in  128 .9

W ithin the fram ew o rk  of technical ceram ics  and porce la in  the follow ing  

growth ra tes  w ere achieved in  the production groups :

-  C eram ics  fo r home use 198

-  C eram ics fo r sew er pipes 84

-  Total ceram ic  tile s  135

-  S an itary  w are 104

-  O ther ceram ics  fo r the
building industry 84

Exports of consum er ronm etal products , in  other branches, w ith re la tio n  

to  the previous y e a r, recorded significant in creases , giving us the follow ing  

figures
-  Exports 118

w hile im p orts  of these products m aintained a somewhat low er ra te  

- Im p o r ts  113
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Production and inventory of fin ished products in  1981 w ith in  the fram ew o rk  

of the production o f technical ceram ics  and porce la in  as p er groups of 

technical ceram ics  and porce la in  as per groups of products , showed an 

unfavourable tendency which resu lted  fro m  the m arket s itu a tio n , so that 

except fo r w all tile s  and • ih e r ceram ic  t ile s , the figu res fo r the other 

products m aintained las t y e a r's  le v e ls :

Sales Index: Stock

-  C eram ics  fo r household use 100 285

-  C eram ics  fo r sew er pipes 80 239

-  W all ceram ic  tile s 118 364

-  F loor ceram ic  tile s 98 171

-  O ther ceram ic  tile s 1521 831

-  S an itary  ceram ics 100 172

The production of e lec tro ceram ics  in  Yugoslavia in  1981, except fo r 

apparatus ce ra m ic s , showed a sligh t fa ll in  production but on the basis ■ 

the existin g  stock of these products sa tis fac to ry  resu lts  w ere achieved

Index: Product Sale Stock

-  Apparatus ceram ics fo r 
low  and high tension 104 100 154

-  Insu lato rs  and other e le c tro 
porcelain  m ateria ls 92 100 77

-  Insu lato rs  of steatite and 
other e lectro ceram ics 93 97 141

The growth tendency of the ceram ic  products industry was re fle c te d  in  

b ette r supplies in  the dom estic m a rk e t, reduced im ports  and h ig h e r 

exp o rts .

Production trends

The production of ceranUc sew er pipes and ether ceram ics  fo r the construc

tion  industry With re la tio n  to  the previous year was 16% le s s . The fa ll in
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production was reg is te red  also fo r insu lators of e lectro p o rce la in  and 

stea tite  and other e le c tro c e ra m ic s , by 8% and Tfi resp e c tive ly . O ther 

cera m ic  products recorded  increases of fro m  4 -3 5  index points.

Survey of production in  terns in  1980 and 1981.

1980 1981 Index

Household ceram ics 16,471 17 ,782 108

Sew er pipe ceram ics 15,734 21 ,567 84

W all ce ra m ic  tile s 152 ,633 202,036 132

F lo o r ce ra m ic  tile s 135 ,082 152,977 113

O ther ceram ic  tile s  
(m o saic  and o th ers) 2 ,969 38 ,549 1298

C eram ics  fo r the con- 
stractio n  industry 1 ,583 1,323 84

S an ita ry  ceram ics 12,348 12,783 104

A pparatus ceram ics  fo r 
low  and high tension 8 ,505 8 ,827 104

In su la to rs  and other 
e lectro p o rce la in s 8 ,5 2 3 7 ,8 1 2 92

In su la to rs  of s teatite  and 
other e lec tro ceram ics 2 ,775 2 ,590 93

Increased  production was p a rtia lly  the re s u lt o f new cap ac ities , m ain ly  

those fo r w all ceram ic  t ile s , the new plant at Slavonska O rehovica, and 

in  g re a te r p art due to  b e tte r use of existing  capacities and reduction of 

waste as w ell as the reconstruction  and expansion of cap acities . O f s ign i

ficance was also b e tte r supplies of req u ired  raw  m ateria ls  both fro m  do

m estic and fo re ig n  sources. G re a te r dem and in  the dom estic m arket and 

exports had a favourable effect on the grow th of the physical volume of 

production.
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Problem s of re a liz ation

The increase in  resu lts  optained in  1981 w ith re la tio n  to the previous year 

was 14%. Reduced re s u lts  w ere recorded  fo r ceram ic  sew er pipes by 20%, 

fo r other ceram ics fo r the construction in d u stry  26%, fo r flo o r ceram ics  

2%, fo r insu lators o f s tea tite  and other e lec tro ceram ics  by 3%. A m ore  

im portan t reduction in  d ie  re a lis a tio n  o f ceram ic  sew er pipes and other 

ceram ics  fo r the build ing industry  resu lted  fro m  the needs of the m a rk e t, 

the presence o f these products made o f o ther m a te ri a ls , and also  the low  

production po ss ib ilities  o f ex istin g  c a p ac ities .

C eram ics  fo r household u ses, san ita ry  c e ra m ic s , apparatus ceram ics  

fo r low and high tens ion , insu lato rs  and o ther m a te ria ls  o f e lectro p o rce

la in , m aintained resu lts  at la s t y e a r's  le v e l, w hile fo r the to ta l ceram ic  

t ile s , the growth o f 18 .5  index points was reco rd ed .

P a ra lle l survey of rea lis a tio n  by types of products:

1980 1981 Index

Household ceram ics 16,287 16,328 100

C eram ic  sew er pipes 24 ,430 19 ,414 80

W all ceram ic tile s 155,498 184,210 118

FJoor ceram ic tile s 149 ,540 147,015 98

O ther ceram ic tile s 2 ,146 32 ,645 1521

O ther ceram ics fo r the 
building industry 1 ,660 1,225 74

S an itary  ceram ics 12,586 12,551 100

Apparatus ceram ics fo r 
low  and high tension 8 ,841 8 ,518 100

Insu lato rs  and other m ate
r ia ls  of e lectroporcela in 7 ,9 8 0 7 ,978 100

Insu lators  of s teatite  and 
other e lectroceram ics 2 ,658 2 ,591 97
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By puttiiiy iu iu  Optrx atiun new Cdpdciiies fo r Lite production of iiiO Saic, 

15 tim es m o re  resu lts  w ere achieved in  re la tio n  to the previous y e a r.

Im p o rts  and exports

Depending on the type o f ceram ic  product, im ports w ith re la tio n  to the  

previous year v a rie d . T h e ir s tru ctu re  was the fo llow ing:

1980 1981 Indes
tons tons

C eram ics  fo r households 3 ,994 4 ,288 107

C eram ic  sew er pipes 3 ,763 768 20

S an itary  ceram ics 202 457 226

O ther construction ceram ics 940 97 i 104

C eram ic  tile s 9 ,637 6 ,999 73

o f w hich:

C eram ic  tile s  fo r w a ll" and 
floors-unglazed 4 ,0 8 3 1 ,010 25

C eram ic  tile s  fo r w alls  and 
flo o rs  -  glazed 4 ,8 4 3 5 ,493 113

O ther ceram ic tile s  fo r w alls  
and floo rs  -  g lazed 712 496 70

The pysical volum e of im ports  w ith re la tio n  to  the previous year fo r a ll

groups of ceram ic products was 27% low er w hile fo r the other products

im ports  w ere increased . D uring  the past year w hite and unicoloured
2

w all tile s  w ere im ported to  the amount of c irc a  400 ,000  m o r 4000 

tons as w ell as tile s  and accessories fo r pools and basins which a re  

not produced in  our country. These im ports  came m ostly fro m  Czecho

s lo vak ia , Ita ly , West G erm any and Sweden. The im ports of p o rce la in  w are  

cam e m ostly fro m  the People's Republic of C h ina , Poland and H u ngary.

The im ports of san ita ry  ceram ics  and ceram ic  sew er pipes was m ostly  

fro m  C zechoslovakia. A to ta l of 452 m illio n  foreign currency d in ars  c r  

18% m ore than in  the previous year was expended on im p orts  during 1981.
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The im ports o f in su la to rs  w ithout m etal p arts  fe ll i w hile consum er goods 

showed v a rie d  re s u lts :

1980 1981 Indextons tons

C e ra m ic  in su lato rs  w ithout 
m etal parts 133 105 79

Household a rtic le s 144 311 216

P orcela in  w are 2384 2 143 90

Household p orce la in  
a rtic le s 1212 1660 137

Faience household a rtic le s 43 83 193

A rt ob jects , je w e lry , figu rines 160 48 30

P orcela in  je w e lry  and 
a rt objects 50 43 86

About 276 ,00 0  fo re ig n  exchange d inars  w ere spent on the im p orts  of the

above-m entioned consum er products.

D uring the past few  years  dom estic products have been m ore present in

fo re ig n  mafcets so that exports w ere increased  by 111%.

The follow ing physical volum e was achieved in  the given groups of products

1980 1981 Indes
tons tons

Household ceram ics 2 ,503 3 ,7 6 2 150

Sew er nipe ceram ics 7 29 414

S an ita ry  ceram ics 445 528 119

C eram ic  tile s 13,316 30,007 225

T o ta l: 1 6 ,? 7 i 34,326 211

The stru ctu re  of exports has varyous resu lts  according to  the type of pro

duct and survey of consum er a r tic le s .
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1980
tons

1981
tons Index

PROCESSING

C eram ic  tile s  fo r w alls  
and floors-ung lazed 480 1,146 239

C eram ic  tile s  fo r w alls  
and floo rs  -  g lazed 10,635 2 6 ,466 249

O ther ceram ic  tile s  fo r 
w alls  and flo o rs  -  glazed 2 ,200 2 ,3 9 5 109

Insu lators  w ithout m etal 
parts  (e le c tro p o rc e la in ) 3 ,984 4 ,8 6 4 122

Consum er Goods

C eram ic  household goods 38 -

Porcelain  w are 311 354 114

Household p orce la in  w are 1 ,724 1 ,978 115

C eram ic  w ares 185 250 135

Household faience w ares 226 295 131

J e w e lry  and a rt objects 
of porcelain 11 1 11

Tnere w ere s ign ificant increases in  both processed ceram ic products and

in  consum er goods.

To ta l exports o f products of

nonm etal raw  m ateria ls 000 din 000 din

Processed goods 2 ,9 9 4 ,3 8 1 3 ,2 6 5 ,6 9 7 109

Consum er goods 1 ,1 4 0 ,2 6 2 1 ,6 9 4 ,0 3 4 149

Nonm etals in  o ther branches 3 6 0 ,6 oc 351 ,485 97

Tota l: 4 ,4 9 5 ,2 8 1 5 ,3 1 1 ,2 1 6 118

The higgest exports of ceram ic  tile s  was to  the m arkets o f the USSR, H ungary  

and the developing countries b yb ia , Ira q  and o th e rs . K uw ait was an im portan t 

buyer of ceram ip  tile s »
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Porcelain w are and other u tensils fo r households w ere predom inantly  

exported to the USSR, H olland and G re e c e , and of san itary  ceram ics  

to  the USSR, A u s tria  and Ira q .

The amount obtained in  the to ta l exports of nonm etal raw  m ateria ls  p ro 

ducts through the m arketing  o f ceram ic goods 452 m illio n  foreign  

exchange d inars o r 98% m ore than in  1980. In  1981 exports continued 

to  r is e . The s tru ctu re  o f the assortm ent of products changes w ith changes 

in  the m arket favouring the developing co u n tries . H o w ever, a ll in  a ll ,  the 

biggest m arkets fo r ceram ic  products w ere in  the East European co u n tries .

Developm ent of Technology

The developm ent o f technology in  the ceram ic  industry d ire c tly  affects  

the production and financia l resu lts  obtained. The state of the technology 

in  the ceram ic industry  gen era lly  depends on investm ents. Favourable  

m arket conditions created  tendencies fo r the expansion of capacities and 

opening up o f new processing p lan t.

As concerns technology, i t  is  estim ated that it  is  at a satis facto ry  le v e l, 

although th ere  a re  production capacities w ith obsolete technology and 

organisation of w o rk .

The machine equipm ent and autom ation in  the ceram ic  industry has been 

m ostly obtained fro m  abroad which causes certa in  m aintenance d iffic u ltie s . 

The trend  fo r a m axim um  e ffo rt to  be made w ith dom estic po ss ib ilities  

brought about the fact that k iln s  and drying prem ises had to be b u ilt by 

dom estic m anufacturers , and m a te ria ls .

The dependence of the ceram ic industry on the po ss ib ilities  of obtaining  

im ported raw  m a te ria ls  such as kao lin  and o th e rs ,d ire c tly  depends on the 

developm ent of dom estic potential deposits of such raw  m a te ria ls . The 

ceram ic industry has at its  disposal a dom estic raw  m ate ria l basis in  

ceram ic c la y , sand and fe ld sp ar.
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The dom estic capacities of the ceram ic  industry and that of porce la in  and 

e lec tro ceram ics  have been constructed according to  the designs of la rg e  

European houses (in  Ita ly , West G erm an y, C zechoslovakia) w ith the most 

u p -to -d a te  equipm ent and autom ation fro m  abroad.

The group of producers of ceram ics and porce la in  fo r household use is  

ch aracterized  by irany years of exp erien ce , contem porary technology, and 

a la rg e  choice of form s and decor. A la rg e  assortm ent o f decor is  ava ilab le  

in  various colours and w idths. We c ite  the most im portan t m anufacturers:

-  P orcela in  fac to ry  -  Z a je c a r

-  "Boris K id ric "  -  T ito v V eles

-  "Jugokeram ika" -  Zap res ic

-  K eram icka in d u strija  "K IL " , L ib o je -C e lje

-  "K a o lin " , Bratunac

The group of m anufacturers of technical c e ra m ic s , w all and flo o r-tile s , 

san itary  c e ra m ic s , ceram ic pipes and other ceram ic  m ate ria ls  fo r the 

buiding in d u stry , is  ch aracterized  by the app lication of contem porary  

technological procedures and techniques which enables it  to  o ffe r a broad  

assortm ent o f products and designs. We lis t  some o f these m anufacturers:

-  "Boris K id r ic " , T ito v  Veles

-  "Toza M a rk o v ic " , K ikinda

-  "Jugokeram ika", Zap resic

-  "Jugokeram ika", Vojnic  

"Lab inprogres", Podpican

-  "P o le t", Novi Becej

-  "K ao lin ", B ratunac, facto ry  o f w all tile s  under construction

-  "K e ra m ik a ", OOUR P loc ice , M ladenovac

-  "G o re n le ", OOUR Construction E lem ents, T itovo V elen ie

-  " Z o rk a " , OOUR C eram ic  T ile s , §abac

-  EK K , OOUR F loor and W all M osaic T ile s , "S elena", P rile d o r
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-  "Sanakeram ", Sanski M ost

-  "K aracevo ", Kosovska Kam enica

-  "Ljubecna", TO ZD C e ra m ic s , C e lje

-  " K il" , L iboje -  C e lje

-  "K e ra m ik a ", OOUR S anitation , M ladenovac

-  "Jugokeram ika", S an itary C e ra m ic s , Z ap res ic

-  "K e ra m ik a ", OOUR P ipes, M ladenovac

The group o f m anifactu rers  of e lec tro ceram ics  produces a la rg e  assortm ent 

o f products ch aracterized  by good m ic ro s tru c tu re , m echanical p ro p erties  , 

electrophysica l and other fea tu res . A lso  produced a re  "soft" and "hard" 

p orce la in  as w ell as a special type o f e lectro techn ical porcelain  fo r high 

and low  tension . Products made of s teatite  are  also produced.

We lis t  some of these m anufacturers:

-  Industry  o f E lec tro p o rce la in , A randjelovac

-  "Rade K o n car", OOUR E lectroporce la in  F ac to ry , Novi Sad

-  "Energoinvest", Sarajevo  

e tc .

GLASS INDUSTRY

In  1981. the glass industry in  Yugoslavia reg is te red  increases and according  

to  s ta tis tic a l data the production of a ll kinds of glass was g re a te r than the 

grow th dynam ics of nonm etal raw  m a te ria ls . The grow th index of the physical 

volum e of production, is  given in  these fig u res:

-  Industry  and m ining 104 ,2

-  Nonm etal raw  m ateria ls
production 103 ,0

-  Processing of nonm etal m ine

ra ls  production in branch 0112 115 ,0



Increased  production has been re g is te re d  fo r the follow ing types of

glass products:

-  Sheet window g lass , t  105

-  Sheet castg lass , * 130

-  C ontainer g lass , t  114

-  Laboratory g lass , t  103

-  Consum er hollow  g lass ,
m achine-m ade, t  101

-  Consum er hollow  g lass-
hand-m ade, t  106

-  O ther hollow  g lass , t  150

-  G rin d e d -c ry s ta l products, t  122

-  O ther c rys ta l and sem i
c ry s ta l products 165

-  O ther technical glass 113

-  G lass wool and fib res  110

The structure  of glass im p orts  shows that glass fo r processing was 

im p o rted , nam ely:

-  Broken glass mass 138

-  G lass tubes 105

-  C ast o r ro lle d  glass w ith  
decorated surface 189

-  B ricks and tile s  of cast o r 
pressed glass 276

-  S ecu rity  autom obile w ire -  
strenghten glass 296

-  U nfram ed m irro r glass 158

-  G lass packaging, bottles  
and containers 447

-  H eadlight glass 165, e tc .

Fo r consum er needs:

-  K itchen w are of blown o r 
pressed glass

-  Household crys ta l and g rin 
ded glass w are

178

7 7 , etc



Thé s tructu re  o f exports as p er groups of the glassw are industry ind icates  

a considerable increase in  re la tio n  to  1980. Foreign exchange d in ars  in cre  

ased considerably:

1981/1980

-  H ollow  glass 134

-  Sheet glass 139.9

O f th ese , ti.e  fo re ig n  exchange in flow  in  groups had the follow ing grow th  

index:

-  Window glass 114

-  F la t cut o r polished  
glass 160

-  Cast o r ro lle d  glass  
w ith surface decora
tion 558, e tc .

R ealisation and inventories  o f fin ished products in  

the situation  in  the dom estic and fo reign  m arkets:

1981 depended upon

-  F la t window g la s s , t
Realisation
101

Inven to ry
216

-  F la t cast g lass , t 125 322

-  Packing g la s s , t 109 120

-  C u t-c ry s ta l w are 115 172, e tc

PRODUCTION TRENDS

The production of p la in  cut g lass and safety glass fe ll by 4% w ith re la tio n  

to  1980. I t  can be said  that la s t y e a r's  production was m ain tained . O ther 

types o f products showed an increase in  the range o f fro m  1 - 6 5  index  

points.

Survey of production by types o f products in  1980 and 1981:

PROCESSING tons 1980 1981 Index

F la tt window glass 110,479 116,092 105

F la t cast glass 28,935 37.508 130
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Packing glass 336,131 384 ,477 114

Laboratory glass 802 823 103

Hollow  consum er g lass-hand-m ade 10 ,440 11,078 106

Hollow  consum er g lass-m ach in e- 
-m ade 15,746 15,966 101

O ther hollow  glass 3 ,8 8 5 " ,8 3 7 150

C u t-c ry s ta l w are 2 ,2 1 0 2 ,707 122

O ther c ry s ta l and s e m i-c ry s ta l 
glassw are 7 ,2 3 9 11,945 165

Plain cu t-g lass 215 206 96

Safety glass 15,256 14,689 96

Technical g lass 732 825 113

O ther g lass products-g lass  
wool and fib res 7 ,8 2 8 8 ,633 110

Increased production was the re s u lt of new production c a p ac ities , b e tte r 

use of ex istin g  ones and reconstruction  o f ce rta in  production lin e s  as w e ll 

as the introduction o f new technology. In  1981 many w ork organisations  

set aside s ign ificant funding fo r expansion and im p ro vem ents. C apacities  

fo r packing and hollow  glass have been expanded s ig n ifican tly  w hile invest

ment undertakings a re  under way in  the Serbian G lass W orks in  P a ra c in , 

the Skopje G lass W orks, the G lass and P lastics  Factory S trazan i Hum  na 

S u tli, in  the G lass F ac to ry  in  H ras tn ik  and in  o th ers . L ikew ise , fla t g lass  

facto ries  have earm arked  considerable sums fo r m odernization o f produc

tion of production as in  the G lass Works in  Pancevo and in  o th ers .

Increased demand in  the dom estic m arket as w ell as favourable trends in  

exports w ere incentives fo r investm ents and g re a te r output. H o w ever, a 

constant shortage in  power that beset the whole econom y, had a negative  

effect on fu lfilm en t of the physical vo lum e. The sudden p rice  ris e s  of fuel 

and e le c tric  power follow ed by h igher costs of raw  m a te ria ls , made th is  

branch of industry in su ffic ien tly  accu m u la tive .
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PROBLEMS IN  REALISATION

Increased  resu lts  in  1981 w ith re la tio n  to  1980 fo r various types o f products 

showed as broad span w ith resu lts  fo r o ther products of hollow  glass and 

safety g lass rem ain ing  at la s t y e a r ' leve l w hile the re a lis a tio n  o f hollow  

glass fo r consum er consum ption ( m achine-m de) fe ll by 8% and p la in  cut 

glass by 10)fc.

P a ra lle l tab le  o f re a lis a tio n s  by types o f products:

tons 1980 1981 Index

F la t window glass 107,356 110,824 101

F la t cast glass 27,921 34,924 125

Packing glass 353 ,344 383 ,420 109

Laborato ry g lass 843 851 101

Hand-m ade hollow  glass 10,393 11,003 106

M achine-m ade hollow  glass 16,055 14,845 92

O ther hollow  glass products 4 ,015 3 ,999 100

C ry s ta l w are 2 ,273 2 ,613 115

O ther c ry s ta l and 
s e m i-c ry s ta l w are 7 ,1 8 0 11,950 166

P la in  cut glass 238 213 90

Safety glass 14,784 14,822 100

G lass wool and fib re s 6 ,9 9 8 7 ,3 2 6 105

O ther technical glass 723 830 115

IMPORTS AND EXPORTS

I m ports of g lass fo r processing and consum er consumption m ain ly  re fe r  

to  the im ports of those types of products not produced by dom estic industry  

o r produced only in  sm all qu an titites .

PROCESSING 1980 1981 Index
ton d in . ton d in .

G lass mass and 
broken glass 317 2 ,8 1 0 438 3 ,923 140

Rod and bead glass 657 10 ,804 726 13 ,737 127

G lass pipes 3 ,865 134,107 4 ,049 135,955 115

Eyeglass glass 5,516 4 ,9 0 32 1 89
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O ptical g lass 345

Window G glass 7 ,652

C oloured sheet g lass 1,091

D raw n  o r blown g l ass 22

P lat cut o r polished
glass 2 ,338

P lat coloured cut 
glass 6 ,2 2 5

D ecorated cast o r 
ro lle d  glass 944

P lat coloured ro lle d  o r 
cast glass 108

P lat w ired  g lass 1 ,762

B ric k s , tile s  o f cast 
o r pressed glass 1,944

Safety g lass fo r cars 680

W ired safety g lass 212

U nfram ed m irro r  glass 664

G lass rods o r pipes 
(m ass) 46

T in ted  cast o r ro lle d  
glass 35

R o lled ,d raw n , o r blown 
glass 3 ,1 8 0

Enam elledengraved
glass 52

Insu lating  fla t glass  
( m u lti-la y e re d ) 964

G lass fo r e le c tr ic  pipes 
and glass holders 2 ,8 2 0

G lass con ta iners 4 ,5 2 2

G lass wool and fib re s  
products 1,331

G lass fo r m edical labs 39

G lass am poules

64 ,976 265 61 ,445 96

112,436 5 ,901 67 ,4 8 3 60

22 ,760 497 12,243 54

3 ,151 82 6 ,2 5 7 199

29 ,218 1,311 17 ,560 60

140,065 5 ,5 3 3 121,218 87

12,255 1 ,'*82 2\ ,753 178

2,208 69 2 ,559 116

12,874 446 5 ,337 41

29 ,893 5 ,3 6  3 62 ,459 209

57,401 657 63 ,198 110

53,931 627 7 8 ,488 146

37,247 1 ,052 55,977 150

677 174 3 ,169 468

795 101 2 ,186 275

65 ,533 3 ,286 90 ,226 138

3 ,528 79 4 ,4 3 3 126

32 ,003 431 33,711 105

34,479 2 ,5 4 2 34 ,513 100

35,725 20 ,225 125,829 352

105,583 860 83 ,179 79

21 ,535 56 31,001 144

415 6 1,089 2621
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V ater-gaug e glass 5 6 ,8 2 3 12 8 ,621 126

In d u s tria l uses glass 329 37,465 243 29 ,280 78

G lass fo r lam ps 232 29 ,481 186 37 ,605 128

G lass fo r s ignalling  
apparatus 78 59 ,339 64 40 ,368 68

G lass fo r headlights 248 17 ,842 409 30 ,136 169

G lass fo r p rism s  and 
lenses 7 24 ,452 9 55 ,193 226

O ptica l filte rs -p o la riz in g  

Consum er goods

1 3,888 1 4 ,1 4 3 107

G lass fo r watches 2 322 1 199 62

Sunglasses 3 2,936 9 2 ,918 99

P lain  glass 16 2 ,372 6 1 ,438 61

G lass parts  fo r therm os  
flasks 4 226 1 102 45

K itchenw are of blown or 
pressed glass 361 22 ,915 642 37,511 164

Household cut c ry s ta l 
glass 87 6 ,4 3 0 67 4 ,7 0 4 73

V a ses , ash trays of 
p la in  glass 161 11,787 197 14,726 125

C ry s ta l vases,ash trays  
and s im ila r  goods 8 1,832 7 799 44

Beads and sim ulated gems 
of c rys ta l glass 466 6 ,991 641 11,988 171

Y arn s of g lass wool 
(o th er branches) 709 47 ,096 491 39,897 85

T o ta l: 1 ,3 13 ,222 1,481 ,459 113

According to  the stru ctu re  of exp o rts , the follow ing foreign  exchange 

balance was achieved:
1980 1981 Index

H ollow  glass 1 ,5 0 2 ,8 3 4 2 ,0 1 4 .6 6 7 134

P lat glass 83 ,992 117,518 139

T o ta l: 1 ,586 ,82 6 2 ,1 3 2 ,1 8 5 134

As can be seen fro m  the above, im ports  of glass w ere covered by exp o rts .



DEVELOPMENT OF TECHNOLOGY
It  is  a c h a ra c te ris tic  o f the Yugoslav glass industry to  constantly keep 

abreast of the la te s t technical achievem ents in  the w o rld , as w ell as of 

assortm ents and technology. The use o f "earth  gas" instead of conventio

nal fue ls  contributed to  the attainm ent o f a whole range of technical and 

technological and econom ic advantages:

-  high c a lo ric  value

-  perm anence o f com position and c a lo ric  value

-  b e tte r reg u la to ry  p o ss ib ilities

-  m aintenance of constant atm ospheric content, and o th ers .

In  tub k iln s , fo r the production o f drawn glass various kinds of f ir e  a re  

applied (p a r tia ll use of m ixtures o f gas and a ir ,  d iffusion) w ith the w idth  

of the tub in  the heated p art of the k iln  up to  5 .8  m . A ir  fo r burning is  led  

through reg en erato rs  and at the e n try  in to  the flam e a re  a of the k iln  amounts 

to  about 1100° C . The m axim um  tem peratu re  in  the k iln  is  about 1550° C .

In  the production of hollow  glass various kinds of kilns are  used: tu b , lite k s , 

crucib le  and o th ers . A lso  various m achines a re  used (IS —6 , s lO , IS -8 , R 7 -6 , 

e tc .)  H o llow  com m ercial glass fo r consum er consumption is  made e ith e r by 

hand o r m y m achine depending on the quantity of the s e rie s .

In  the foregoing period new capacities w ere put in to  operation and new invest

ment w orks w ere s tarted  to  expand capacities and build  new ones. Thus, the 

construction was begun of a new capacity fo r the m anufacture of optical glass  

and other types of g lass .

The glass industry  predom inantly uses dom estic raw  m a te ria ls , q u a rtz , 

sand and soda, add itions. For special needs its  im ports  various basic raw  

m a te ria ls .

In  the group of m anufacturers o f hollow  g la s s , two m ain trends can be 

signled out: packing and hollow  glass fo r consum er consumption o r com m ercial
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g lass . The producers o f packing glass a re  the fo llow ing:

-  Serbian Glass W orks, Paracin

-  G lass and G lass Wool W orks, Skopie

-  S ta k la ra , H rastn ik

-  Factory of G lass and P lastic A r tic le s , S tra z a , Hum  na S u tli

The m anufacturers of com m ercial g lass a re :

-  Serbian G lass W orks, Paracin

-  G lass W orks, Prokuplje

-  S ta k la ra , H rastn ik

-  En terprise fo r the production of tin ted  and decorative g la s s , A llbunar

-  S ta k la ra , H rp e lje , Kozina

The m anufacturers o f f la t , lab o ra to ry  and special g lass a re  :

-  G lass In d u s try , Pancevo

-  G lass Industry  and Nonm etal M in es , L ip ik

-  "B oris K id r ic " , fac to ry  of lab o ra to ry  g la s s , P u la , e tc .

The m anufacturers of pure c ry s ta l products have a v e ry  la rg e  

assortm en t. They a re :

-  G lass and G lass wool F ac to ry , Skopie

-  G lass and C rys ta l W are F a c to ry , Z a ie c a r

-  K r is ta l, Sombor

-  "B oris K id ric "  G lass W orks, Rogaska S latina

-  Serbian G lass W orks, Paracin

Finishing of glass obiects is  done by a num ber of w ork organ isations,nam ely:

-  "Zvezda" firm  fo r glassw are and m ir ro rs , Zem un

-  " U c ila " , Zagreb

-  S ta k la ra , H rp e lje , Kozina

-  G lass W orks, Prokuplle

-  Enterprise fo r the m anufacture of ligh ting  g la s s , Ilirs k a  B is trica
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G lass-cu tting  fa c ilitie s  have been set up w ithin la rg e  w ork organiations  

producing c u t-c ry s ta l w are but also among the s m a lle r ones:

-  Serbian G lass W orks, Paracin

-  " K r is ta l" , Z a ie c a r

-  D a lm a c ija -C ry s ta l, OOUR V rg o re c , K ard e iievo , e tc .

REFRACTORY INDUSTRY

The long-standing tra d itio n  of the industry of re fra c to ry  m ateria ls  in  Yugo

s lav ia  has made it  possible to  reach a high leve l o f technological develop

m ent in  th is  fie ld  of the econom y and to  be com petitive outside the borders  

of our cou ntry . H ow ever,due to  deficiencies during the past few  years in  

the supplies of dom estic raw  m ateria ls  and also because o f the increased  

physical volum e of production, th ere  has been an increase in  im ports and 

fa ll in  exp o rts . A b rie f survey is  given on the follow ing m anufacturers of 

re fra c to ry  m ate ria ls  in  our country:

-  "§am ot" -  a lu m silica te  re fra c to ry  products, A randielovac

-  "M agnezit" -  basic re fra c to ry  products, "M agnohrom "- K ra ljevo

-  "S ilika" -  re fra c to ry  products , "S ilika" -  G ostivar

-  "V atrostalna" -  Zenica

"Sam ot" -  a lum osilicate  re fra c to ry  products

In  jo ined plant u n its , the process of obstaining alum osilicate  re fra c to ry  

products began w ith  the exp lo itation  of raw  re fra c to ry  products began w ith  

the exp lo itation  of raw  re fra c to ry  clays from  two surface faces and one p it 

plant in  which the w ork is  m echanized. The raw  m a te ria ls  are  then proces

sed in  ro to r and shaft k iln s  in to  sem iproducts (c lin k e r) which is  then taken 

over by specia lized  fac to ries  in  A randjelovac and in  P a rtiza n i.

The fac to ry  in  A randjelovac specilizes in  the production of norm al and high 

alum in ising a lum osilicate re fra c to ry  m ateria ls  based upon s e m i-d ra y  and 

dray  procedures. The fac to ry  a t P artizan i specialized in  a lum osilicate  m ate

r ia ls  based upon p lastic  procedure fo r special purposes.
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The m ain feature in  obtaining a lum osilicate  re fra c to ry  products in  the fac

to ry  is  the production and technological un ity of the raw  m ate ria ls  base and 

processing cap acity . Such a technological un ity  m ates it  possible to  have 

la rg e  series  of the follow ing assortm ents:

-  raw  re fra c to ry  c lay

-  d ry  re fra c to ry  c lay

-  fire d  re fra c to ry  c lay

-  alum osilicate re fra c to ry  
bricks

-  re fra c to ry  ram m ing m n s e s

-  re fra c to ry  concretes

-  re fra c to ry  p u tty , dust and 
m o rtars  and other alum o
s ilica te  products

c irc a  300 ,000  t /y e a r  

c irc a  50 ,0 0 0  t /y e a r  

c irc a  200 ,000  t /y e a r

c irc a  150 ,000 t /y e a r

c irc a  50 ,000  t /y e a r

MAGNESITE -  basic high re fra c to ry  m ateria ls

Yugoslav m agnesites are  w ell-know n in  the w orld  as excellen t raw  m ateria ls  

fo r the production of high re fra c to ry  basic m a te ria ls . "Magnob’-om " in  K ra -  

lievo  has founded its  production on th is  raw  m a te ria l. "M agnohrom " began 

its  developm ent a fte r W orld ’War I I  and s tarted  production of sinterm agnesites  

and basic re fra c to ry  b ricks  in  1952. D uring the past few y e a rs , w ith m oder

n ization  and reconstruction  of existing  p la it as w e ll as w ith the operation  

of new p la n t, "M agnohrom " has ioined the ranks of the most m odern e n te r

prises in  the w orld  in  th is  in d u stria l b ranch.

The technological process in "M agnohrom ", takes place in  the plants fo r 

the production of:

-  s interm agnesites

-  basic re fra c to ry  b ricks  and

, -  re fra c to ry  m asses and b ricks

The production of sin term agnesites is  based on the fir in g  of previously  

prepared raw  m agnesite in  a special g ranu lom etric  com position. S intering
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is  done in  ro to r k iln s  that are  fu lly  autom ated. A fte r s in te rin g , s in te r-  

m agnesite is  stored in  silos as per g ranu lations.

The production o f basic re fra c to ry  b ricks  is  divided in to  fo u r phases:

-  preparation  of the mass

-  pressing and drying b ric k

-  firin g  in  cham ber k iln s
-  firin g  in  tunnel k iln s

The section fo r preparing  the mass includes the storage o f chrom e o re  

and silos fo r s in te r m agnesite, equipm ent fo r p repara tion  (crush ing  and 

g rin d in g ), s ilos fo r com ponents, m ixers  and conveyor equipm ent fo r  

transporting  the mass to  the pressing departm ent.

The departm ent fo r b ricks  pressing equipped exc lu s ive ly  w ith h yd rau lic  

p resses.

The sin tering  of the b ricks  is  done in  tunnel and cham ber k iln s  w ith contro l 

and regu lation  o f the fir in g  d iagram . "M agnohrom " has its  own In s titu te  

fo r R efractory M a te ria ls  which is  outfitted w ith the m ost u p -to -d a te  equip

m ent. The In s titu te  also disposes w ith com plete sem iin d u stria l in s ta lla tio n s  

which makes it  possible to  undertake sc ien tific  research  w ork as w e ll.

"S ilika" -  re fra c to ry  products

"S ilika" in  G o stivar has based its  production on the dom estic raw  m a te ria ls  

base exploiting raw  m ateria ls  from  its  m ines and fro m  those in  its  p ro x i

m ity . Rich h igh-grade q u artzite  and dolom ites o ffe r broad p o s s ib ilitie s  

fo r the production of s ilic a  and dolom ite re fra c to ry  m a te ria ls . On the ba

sis of ninety years of w o rk , it  can be concluded that "S ilika" has grown  

fro m  a sim ple plant producing s ilica  b rick  into a m odern in d u s tria l esta 

blishm ent fo r the production of a ll kinds of q u a lity  s ilic a , f ir e  c la y s , high 

alum inous, s ilic iu m -c a rb id e , dolom ite re fra c to ry  m a te ria ls .

The production program  of OOUR "A lum osilikat" includes the production  

of s ilic a , f ire  c la y , h igh-grade alum inous s iiic iu m  carbide products as 

w ell as a ll kinds of m asses, m ortar and con crete .
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The production program  of OOUR "D olom it" encompasses the production  

of converter b r ic k , dolom ite b locks and various k inds of dolom ite m asses. 

The capacity of these fact ores is  c irc a  60 ,000  t/p e r  annum .

"Vatrostalna" -  Zen ica

The "V atrostalna" plant in  Zen ica has in  addition to  the w ork organ ization  

fo r re fra c to ry  construction m ateria ls  and the overhauling of heating insta

lla tio n s , also an organisation fo r the production o f various kinds of re fra 

cto ry  m illed  products in  Busovaca. This plant produces b a s ic , sem iacid  

and acid m illed  products in  a- p lastic  and d ry  s ta te .




