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Abstract,

The main purpose of Projsct is to increase the utili-
zation of local resources of kaolins, cusrtz sand, feldspar
and mica, Project number DP/YUG/32/C04/11-C3/%2.1,3.

The objective was to:

Assist ir the development of optimal technologies of
delamination for selected Laolins.

Recommend industrisl equipment / if possible continu-
ously/ for delamination of local kaolins in order to decre-
ase the content of kaolinite in the waste.

Zvaluate from geological and mining points of view
the deposits of local kawelins and formulgte reconmendations
for their exploitation.

Duration of the mission was 25 days.

Laboratory and some pilot plant tests of kzoline dres-
sing of local deposits had shown some possible methods of
its beneficiation and utilization. Je recommend to begin
exploitastion and dressing oZf kaolin and feldspar on
3are-Garasi deposit and erect a pilot plcnt on the same
deposit. In the case of other locsl kaolin deposits we re-
commend to finish the geological prospection and to finish
seni-industrial tests of dressing the raw kzolin. Besides,
we suggest to continue the activagtion tests of kaolin: and
bentonite and start with the activation of special calcium
carbonate fillers, We recommend to continue on the UKDP
project and improve the laboratory results by pilot plant
and seri-industrial tests. We recommend also to prepare a
new project which will study dressipg and utilization of
locel deposits of bentonites,zeolites and refractory raw
naterials ~ kyanite and sillimanite.
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IRTRCDUCTICK

Yugoslavia is the country rich in the rasw materials.
ZIxploitation of non .ferrxous me*als had excellent and verw
lons tradition, and today the ewnloitation and dressing of
ther hat a great positive influence to nationsl econexy,.

sut, utilization of deposits of non—metellic raw materiesls
had not a needed level, and many of them, such as kaolins for
paper, rubber and ceramic industries have vo import: such kind
of materials. Further, ones have to import refractory raw ma-
terials,filter aid diatomite,some specisl purposes glass
sand, and many other non-metallic raw materials,also.

Geological prospections in last years,helps in finding
nany deposits of non-metalliic rew materials including kaelin,
white burning and refractory clays,feldspars,quartz sand
for foundry,zlass and other technical uses. Further, disco-
very of new deposits of nentonites,perlites,zeolites and
Zany other.

Many of up mentiored : "w materials must be dressed before
the use in the industry processes.

Such a situation required to be solved and the Govern-
ment of SR Serbis through the Institute for Technology oZf
Nuclear and other mineral raw materials in Belgrade,asked
for UNDP cooperation in order to shorten the lenght of time
of the development of dressing and utilization of local
non-metallic raw materials, In such a way the Project
“’Utilization of local non-metallic minerals’’‘was estab-
lished and during the implementation of its Phase I, covered




kaolins, refractory and white burned ceramnic clays, mineral
pigments, chalk, phosphates,maznesite,bentcnite,bsuxite,
sjuartz,feldspar,alunite,lirestone snd other minerals so thav
it may be said that at the end of the Prolect’s Phase I.

it covered 3ll of the non-metallic rew materials which were
available not only in SR Serbia but in the country as a whole.

During the operation of Phase II. of the Project it was
realized, that it is necessary to concentrate the capacity
of the Project and slso the capacity of the Institute /hence-
forth _ referred to as ITNMS/ as its implementing agency
to cnly few selected non-metallic minerals which are in the
biggest demand and are also most important for the country
and its industries. Sc it was decided to concentratve the
effort on beneficiation and utilization of quartz sand,
kaolins, feldspars and white burned ceramic clays.

In view of such a situation and promissing targets
the Government of 3R Serbia earmarked for the activities
of Phase II, the sum of 37.095,00C dinsrs in kind and
from IPF the amount of US @ 331.064,.,The implementation of
Phase II, was programmed from 1l.0ctober 1978 to the end of
December 1981,

The UIDP contribution was mainly utilized for procure-
ment of sozme special equipment items,periodicals,recruit-
zent of foreign experts and arrangement of training. The
Government contribution was mainiy used to support locally
recruited personnel including the Project Director, main-
tenance of existing premiges and equipment of the ITNMS
as &he counterpart organization.




The Project helved to work not onlv for the repubdlic
of Serbia but also for other'republic% and autonomous pro-
vinces of 372 Yugoslevia in dressing problems of non-metal-
lic rew materials,

The ITNMS under the influence of the Project gradually
- increased the collaboration not only witz cther Institutes
in SR Serbia, but also witn the Insitutes in other republics
and abrcad.

During the life of the Project the non-metallic prob-
lens selected by scientific conunity came iander a complex
project where the ITNM3 was selected as the team lzader.
Tarough 2ll activities of the Project in the ITHM3 the
knowledge of local specialists increased so that they are
able to support the local industries with the higher level
of know-how namely in the field of dressing and beneficia-
ticn as well as in the field of utilization of non-metallic
raw materials especially kaolins, clays,feldsﬁ%rs and
quartz sand.

During the second step of the Project, it is found
importsnt to optimize before proposed methods of dressing,
- namely separation and delamination o %aolins and to deter-
mine the best methods of the activation of kaolins and
calcite, in order tc obtain high guality filler for plas-
tics,paiat and rubber. Therefore it was necessary to ask
for the UNIDO expert help.




I. RECOM-EZEDATIONS

These recommendations outline the work programme for
the solution of most urgent problems. To be in possibility
fo give a reall - help in the development of optimal techno~
logies of delamination for selected kaolins and evaluate
the local kaoiins and formulate recommendations for their
exploitation, it was necessary to study attainable: documents
they was especzally reports ITNMS, geological prospection
reports, publications in periodicals, a technical and termi-
nal reports for the Government of Tugoslavia by the United
Hations Development Orgzanization.

On the basis of hereto mentioned documents, and on the
basis of the world levels of dressing and utilizstion non-
metvallic raw materigls it is possible to give next recommen-
d¢ations:

1. E;ploitation and dressing of kaolin, 3are-GaraSi deposit.

Kaolinized granite deposit Bare-Gara$i is the greatest
in all Yugoslavia,today. Reserves of raw kaolin,found by the
geological prospection are very big.

The deposit is situated, 7 km on the west from town
Arandjelovac, on the western slopes of Bukulja Mt, It has
an elongated lenticular shape and extends in the direction




Ni - ST , with maximum lenght 3,5 km and maximum width 1,8 km,
Thickness of kaolinized granite is 40 - 50 m, but along the
faulted zones exceeds 80 m.

Overburden of the deposit is not to thick, and is com-
posed of soft sediments as clay end soil with some pebbles.
Desit is situated on the slope of the hill, what improve
draining of the water during the exploitation of the kaolin.

Testing of the raw material which has been done by
ITNMS and abroad, had shown that the kaolin contains iron
compounds in a large quantities, most times, more than 2%.
Tests on separation of iron compounds in kaolin were not
successful because iron oxides there are very fine divi-
ded and buld a thin film on the kzolinite crystals and ag-
gregates. From the stsnd point of high iron content those
kaolins are not suitable for the use in porcelain produc-
tion and as a filler in paper industry.

As nearby the kaolin deposit is located the big refrac-
tory plant, it seems a very best to use washed kaolin from
this de;csit instead refractory clays used up to day in
the plant, from the old deposit which soon will have not
a reserves of clay.

To improve economical parameters of kaoline production
for refractory plant, it is usefull to separate the feld~-
spars, which i4 a important raw material component,




- 10 -

Potassiun feldspr and acuar=z sand are snother twwo
izportant products by complex utilization of crude masteri-
al, fror Zare-Garasi deposit. Dressed feldspar, accerding

the results of ITHMS, corresponds to the I, guality accor-
ding JU Standards except slightly higher content of Cal,

Utilization of quartz; which need the second flotation
step to decrease content of feldspar . depends on economical
balance, Any how, the quality of the guartz sand, and after
the second step froth flotation is not suitable. For this
reason it will be better to use it without any peepatation,
for example for civil engineering,

To accelerate the industrial utilization of this up
to day biggest Tugoslav kaoline deposit we recommend the next:

1.1 According to the tests of geological prospection
it is necessary to divide the exploitated field in blocks
or balls with the same quslity - witn known iron oxide and
alumina content. It make possible to exploit and produce
in a2 future different types of washed kaoline, which possib-
1y can be used in ceramic industry and as a filler in paper
and rubber industries / see ARNEX 3/,

1.2 Total capzcity of production plant should not be smaller
than 100,000 tpa washed kaolin / in the first period it may
be only 50,000 tpa/see ANNEX 2/.
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1.3 To make a project of =.nloitation of the deposit and
beneficiation of raw material sco that it will be possible
To excavate raw mineral material in differen: gualities.,

l.4 Alternatively to solve +the problem of utilization
the sand fraction, waste product during the dressing pro-
cess, mainly fcr civil engineering purposes.

2. Zxploitation and dressing of Karadevo ksolin deposit.
L

The deposit is situated near the village Karacevo,
34 ¥m NY from the town 3ujanovac, in the western part of the
great granite massif of Bujanovac. It has 3n elongated len-
ticular shape with variable thickness, from 0,5 m in the
marginal pert to 31 o in the central one. The kaolinized
granodiorite passes gradually to the parent rock. In
many cases there are in the kaolinized rock blocks of
bard stone, The overburden consists of a granodiorite
gruss.

Being geologically tested the deposit i8 opened and
nined. The crude ore is presently used in small quaktities
as an addition to various ceramic bodies, The geological
reserves there are not too large.

As the miperalogical and chemical composition and
the technological properties of *he mineral raw material
are very variable, due to different stage of ksolinization
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of parent rock, o clear, *the possibilities of its utili-
zation soon 3s possible, we recommend the next:

2.1 Cn certain place, near the denosit erect z pilot

g

/or small nroduction/ plant with the capacity of abdbout

1 - 2tph, to make a tests of different types of raw material
frez the deposit and to supply for a long period the ner-
spective users.Lster may be this plant completed with the
necessary equipment and can produce up to 15.00C tpa washed
kaolir.

Electromagnetically dressed kaolin fraction is actually
a mixture of ksolinite /aporoximately 55 $/fine divided so-
dium feldspar and fine quartz sand znd seems to be suitable
not only for the production of porcelain. a sanitary ware
out also as a filler in peper and rubber industries.

2.2 To check possibiiity of production of ceramic semi-
bodies and bodies with standard properties, for production
of table ware, electrotechnical porcelain, sanitary ware
and wall tiles.,

2e3 Just after evaluation of articles 2.1 and 2.2, it
éan be possible to have a last decision about event, invest-
ment in the more large scale, However it depends orn geo-
logical reserves of the raw kzolin in the deposit Xaradevo.

3. Zxploitation and dressing of raw_kaolin from Motaiica

deposit.

The deposit is situated near the willage Bosanski
Koba§, on the northern slopes of Motajica Mt.,Bosnza.
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The psrent rock of *the kzolin is a3 granite of Late Hercynian
age, with a following modal composition: quartz - 32,57,
K-feidspar - 35 9%, vlagioclase - 23,5, muscovite - 35 and
viotite « 1,5%. The deposit vas zeologically tested geologi-
cal reserves of many milion toms in =,.3, end Cl czte-

gories are ensured.

The wet dressed ksolin is in its sranulometrr slishly
coarser than e.g. kaolin Haracevo or Djevdjelija. On the
other hand this kzolin is as far as content of zineral kao-
linite concerned one of the best kaolins in 373 Yugoslavia.
it can he therefore used in ccmbination withy anT other
more tlastic kaolins for the production of fine ceranic,
electroceraric, and sanitary wsre., Zowever, it is to be stre-
ssed tkat large Pilot plan® or semi-industrial tests should
certify first laboratory results obtained.

lhe kaolin was delaminated /fraction 10 - 53 um/ to
find the possibility to separate auartz, kzolin and feldspar
within aggregates. It is shown, that delamination of kaoli-
nite crystal aggregates teike place, but simultaneously
occurs very intensive desintegration of iron bearing
ninerals.,

We recommend :
31 To done tilot plant and seni-industrial tests to

prepare big amount of washed kzolin which mav be industri-
ally tested by users,
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3.2 Cn the basis of semi-industrizl tests carry out
technical and economical evaluation of deposit lotsjica and
its industrial utilizstion.

3.3 As the laboratory tests which we have up to day
shctm that the raw material contents only 1C % of washed
kaolin, it seems not to be-industriazlly explored in a near
future,

4, Dressing of kaolin from 3ela reka devosit.

The deposit of sand stoncs™sels reka™ is located in
the eastern part of SR Serbia, in the region of Zor. The
geological prospection has estsblished and confirmed the

reserves of sand stones in categories A+B+Cl are large
enough.

The laboratory and semi-industriezl tests have shown
that quartz sand from the deposit Bela reka in respect to
its granulation snd chemical composition. Sand stone con-
tains few percen’ of kaoline, which must be washed to ob-
tain requested quality of the glass sand. ‘Yashed kaolin -
actually a mixture of kaolinite, very fine quartz parti-
cles and potassium feldspar is principially possible to
use in local industries.

Kaolin fraction is - as said above - according the
laboratory tests a mixture of approxircately 40 % kaolinite,
15 % feldspars and 45 % fine divided quartz. However, the
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centent of iron and titania ozxides is lovw.

‘uartz sand, which was tested no%t only in :‘ugoslavia,
but also by the 3ritish Glass Industry Rescarch =xssociation
is of good guality.

For the deposit Bela reka a study for capital construc-
tion has been prepared by the ITKMS and it is expected
that a plant producing high quality guartz sand is going
to be built very soon.

We recormned:

k1 As, in this days, fugoslavia imports considerable
quantities of high quality glass sand 4t is necessary to
accelerate construction of the plant on the denosit 3ela
reka, and to make a good marketing in domestic and foreign
glass sand market, in order to provide selling of the goods
from the plant.

4,2 As it is known, the content and mineralogical com-
position of clay fraction in such a kind of sand stones

may vary in a very wide range, From this reason we recommned
to build up a settling basin in which will be this fraction
concentrated so, that it will be possible to use it for
industrial purposes in the future.
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5. Zxploitation and dressing of raw_kaolin froz_iesié

denocsit,.

“esiéi is a new deposit tested geologically in lasvt
fer rears znd occurs near the town VrEac. iccording the
results of geological prospection it is a secondery deposit,
k3olin and clay frgction is of a low zuality because of
high content of iron compoﬁnds, which cannot be removed

nor by high gradient magnetic separation.

A pilot plant production line was erected at Vrsac -
i with a capacity of one ton per hour, producing
sprr and gpartz sand as well as mica by froth flota-

Iin this case we recommend:

5.1 iievermind the content of clay fraction reach

17% in the raw material, its quality is so low, that is
possible to use it only for stone ware respectively for
wall and floow tiles productzon. The stone ware plant
/Bela Crkva/ can use this clay, but its price will be so
high, that the finel production will be no rentabile.
Eventually separation of feldspar and aurtz sand and mica
will not improve the rentability of *hs plant. Froz this
reasons we do not recommend the erection of the plant.




5.2 Technolegical and chsesnical characteristics of the
rg7 materisl recomrmends its gocd homogenization and utili-
zation for the stone ware production after milling in a raw

N
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€. Zxploitation and dressing of the ksolin on a_Zjevdjelija

Jeposit of kaolinized gabbro is actually a part of
38 larse Vardar gsbbro massif. A relatively broad zonz hrdro-
thermally decomposed gabbro extending itself from Forth to
South is well ksolinized. The best ksolinized gabbro, white
in colour, occur neezr the village Dono Konsko. However,
The geological survey is not yet completely finished.

4ashed kaolin hasd after magnetic separation a good
cuality, low content of iron and titania corpounds, but a
lit<le higher content of calcium and ragnesium, However,
for the psper fillin purposes such a content of calciur and
magnesium is not dangerous as well as for some ceramic
productions,

Deposit has a linear schape, it lies in a narrow
valley and the overburden is vulcanoklastic sediments.
From this reason, the opening and exploitation will be very
complicated and ccstly.

ie recommend :

6.1 Accelerate the evaluation of the geological prospec-
tion and calculate explottable reserves of kaolin on the
deposit Dono Konsko. Accelerate the new geological
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prospection in sarrounding of the

epesit,

5.2 On the base of geological nrospections chose 2 typi-
cal sample for semiindustrisl “ests. The washed ksolin from
these <ests, to be tested in psper, rubder znd cersmi
industries.

6.3 On the base of technical-economical study prepared
on the results of geologicil prospection and technological
tests, mske a3 last decision to start or not the erection
of the plant.

7. The_activstion of the ceramic_kaolin.

It is very good known, *thet correctly conducted and
suitzble applied minerslpsical studies alone can nrovide
exvlanations for different technological properties of
various mineral raw materials and allow %o determine the
optimal dressing method at minimum costs.

A suitable exsmple of spplied mineralogical research
is the process for increasing the green strenght of clays
and kaolins by extensive mechanical stressing of plastic
rew material passtes and by adiing a suitsble electrolyte.
Clsys and washed ke2olins contain as main comnponent clay
minerals, as ksolinite, montmorilloni*e, illite, chlorite etc.
“hese minerals are mostly in the form of microscopic and
ultramisroscopic particles which, however, do not arise
sepasrately, but are agglomerated in various compact blocks




similer to tacks of cards. Although these blocks are par-
tially disintecrated during the wat dressing of xaolin,
there still remains a large number of crvstal clusters,
which markedly affect the provecties of kszolin and those
of the final products.

There is a number of reasons why the individual clay
minerals crystals should be bound together in crystal aggre-
gates. Apart from the diagenetic changes in sediments these
are in narticuvlar the following:

The forces due to attraction by neighbouring particles.

Overlapping of ranges, in which molecizlar forces exhi-
bit mutual effects, as a result of thie considerable mutual
area size of %two neighbouring crystals.

Slectrostatic forces arifected by changes in the lattice
of clay minerals as a result of electrically unbalanced
changes in structure, as well as a result of at*racvion
between the ions adsorbed on the surface of clay nineral
particles. :

The joining effect of absorbed molecules; these are
in particulsr the oriented water molecules snd the polar
molecules of some organic compounds.

The presence of silicic acid in various forms and
that of iron hydroxides which may act as cement in crystal
aggregetes of clay minerals,

£11 of these causes / and probably certain o<hers/
are probably mutually combined in various ways so that
it is difficult to assess which t-pe of aggregation pre-
vails with some raw material,




he extansive experiments ~thich have been carried out
in racent vears have shown, thst mixing of suspensions has
in =—snT cases a comparativel:r smzll effect on the disinte-
~ratior of “the crystal azsregates of kaolinite. Jry srinding
of ¥s30lin brings about disintegration of crystal aggresates
koever, 2ven the inuividual crvstals of kaolinite are bro-
¥Yen and the non-clay substances present are likewise ground.

Optimal solution is s very extensive kneading of cera-
mic paste with addition of suitable electrolyte / the best
are N32003 and NsOH/ and hurminic acids. Zxchange positions
or “acid centres *, which are exposed during during the
delamination process, are occupied by Ne® ions. The molecu-
les of numinic acids are adsorbed on the surface of tne clay
mineral crrstals and had a function as a protection colloid.

Therefore we recomnerd:

7.1 Cons%ruct a leboratory continuous delamination
eguipment,.
72 To do a test on delaminstion of different Tugoslsv

kaolins and ceramic cleys, and results to be used ss a
base for industrial line project.

8. Activaticn of kaolin for 2 nlasticsand rudber_uses.

Kaolins have been used for a long time as a fillers
in rubber and plastics indus<ries. It has be »repared, up
to day in twe main ways: washed kzo0lin have bzen dried <o
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activated kaolins, in which, ths exchengeable lkations he
“ezn renlaced by sone heavy metals, f£ir exazple Cu or Zn.
n the cszse of calcined kszolins the consumers nseds 2 2ene-

P

figcation of their surface with silenes.
Je rzcommend:

8.1 Continue the tests on activation of selacted ksolins
o7 the compounds of Zn , snd will D2 find the optimsl reac-
tion conditions, tao build up lsboratory test line, from vhich
the product will be “ested in industry. On the dasi is of
indus=rial laboratsry Sests to project the semi-industrial

-

and industrial line.

8.2 To test the possibility of production of calcium

carbonate filler, coated by fat*y acids and the product

obtained test in rubbver, plastics and cable industries.
positive amswer, stort with the semi-industrial

In
production.

9. 4iccelerate of utilization of pyrophillite deposift Loniic,

Because, in 3 near future it will be not possible to
replace imperted kaolins for paper and rubber indus-
tries by local ones, we recommend acceleration of erection
the plant for dressing of pyrophillite Konjic. The scheme




of dressing, sugzested bry ITENS is in principal good,

Some chanzes will be necezsary to meke in near future.
Further we recommend = vesting of prrophillite from Fonjic
deposit br nsnufactoring some rafractor~ materiasls and
electronorcelain,

10 . Activation of calcite,

The major consumers of white carbonste are the pclymer
/ 3lastics and rubber/, paint and paper industries. The
actual proportion consumed by each varies from one country
to another and depends od a number of factors such as the
elative size of each industry and the availability of
carbonates compared to other fillers/extender products.

3

Of the major three end-users - p2int,polvmers and paper-
major zrowth in comsumpntion is likely to be in plaszics,
particularly if Zuropean automctive industry followe the
US example by enploying more and more plastic units in
car manufacture, and vaper, if the trend towards
neutral/alkaline sizing gathers pace.

Although chalk, limestons and marble are all varieties
of the mineral calcite, there are distinct physical dif-
ferences between them. Chalk is a soft product made up of
the shells of millions tinn~— organisms. "he individual
Particles are rounded and the oounding between particles
is weak and easily broken. Limestone, marble and dolomite
are generally crystalline rocks, whose particles and grin-
ding display the characteristic rhombohedral structure of




of compact but pointed particles.

The kev functionsl properties of carbonate filler/ex-

tender are as follows: particles size snd shape, brightness,
S 1

avsorntion characteristic and pelymer/, disper-

sion characsoristics, refractive index, and specific cra-
vity, For most spplications <he higher fineness end hig-

her brightness comsnds a price precium,

The fugoslavia is rich in high purity calcium carbo-
nates and dolomites. It is necesszrr to know a very pure

calcit deposit GadZin Han near ’iS, Vendsc near Arandje-
=

i
S

lovac snd many other deposits in SR liacedonia,3R Slovenia

and 32 =csnia.

Considering deficit of white kaolins and cther white

minersl fillers and pigments in lugoslavie it is necessery

t2 accelerate the production of white carbonate pigments

and activated fillers. This problem of prevaring of whive

pigments and fillers was discussed and ladorstory tests
starts during the mission of UKNDP expert.

Je recommend :

10,1 To do labcratory tests of milling, activation and
sizing of calcium cardonate fillers and pigments in ITIM3
product this heneficiation to he rss<T in rubber, plastics
and paints industries.

10.2 Continue in wet milling and sizing of calcium car-
bonate fillers and coatings for paper industry.




1C.3 Prenare %Sechnical-economical study of develorment of
oroduction of the calcium cardonete fillers znd pigments in
lusoslavia, from the point of viaw of Zur

L’J

e
he conftent of the study, it is necessary to teke in mind
ﬁecreasing of consurmption of crude ¢il 2nd enersr D7
caetion of ectivated calcium carnonate fillers in plastics.

11, Research and utilization of bentonite and zeclite in

agriculture.

fugoslavia has many of deposits with high qualitv ben-
vonite, Some of them are in expiotdstion., Some of them,
rainly with a lower quality will be possible to use in
asriculture for benefit the soil properties, specially in
“he areas with low humidify in the soil. (Other tvpes of
sentonite it is possible to uszs for prensring *the cattle,

Z3s 2nd chiclcen dietsry,

The seme case is @itk utilization of zeolite 3nd zeolite

tuffs which deposits nave been last rears discovered in
fugoslavia, but besides zeolites have morz possibilitr of
utilizstions : dietary for pigs and chicken, for reducing
<he ammonia in the field of ajusculture, ir deodourising

animal waste products and many others.,
‘ie reconnmzand :
11.1 To start with mineralcgical research of the compo-

sition and possible utilization of bentonites and zeolites
for agricultural uses.,




«2 o prepzre tachnical-eccnomical studr of urtilization
of the domestic hentonites and zeolites in conrnec%ion writh
nzzds of different climatic greas in the country and start
7ith practical industrial tests,

In this period of time there are increasing intsrests
in organomineral materisls, such as organonhilic bentonites.
"he needs come from paini industry, lubricants and so on.

In 3imilar way, the increesing interest is also in use of
ites, in recovery of sun energy, to effluent clean up,
3s a paper fillers etc,
Jroz the point of view of the larze geological reserves,
both raw materisls, we recommend:

12.1 tvaluate geoclogical reserves of high cualit~ bento-
nites usable for organobentonite production, and zeological
reserves of zeolites, To 40 laboratory research of miners-
logical and chemical composition and technical properties
of bYentecnites and zeolites,

12,2 Continue in laboratory research in possinilities
of zetting the organophillic bentonites and beneficiztion
of zeolites.

12.3 Prepare technical-econonizal evaluation ¢f he method
of preparing organophillic bentonites and make a troject
studies.,




13, £ilof zlznt for zgolin and clar dressing.

as it is written in Terminal report /Project findings
and recomrendations/ from 2,.9,81, all the laborasorr results
should he verified »r semi-indusitrial and Pilct Tlsnt tests,
#pich can produce enough dressed products for <echnclogical
testing of their utilizaticn. These Pilot Plant tests will
also giv2 necessary datas §or elaboration of realistic fea-
Sibility studies and investment projects, which are neces-
Sary ocefore erection of- an7 factory can be done. And Tougo-
slav econonmy is waiting for factories oroducing basic raw

naterials from local sources.

Therefore it was prepared Project Proposal -"Promotion
of the 3enefication and Use of Domestic Kaolin™. With this
project of erection Pilot Plant it is n=2cessars to agree
but with this exception, that the location of Pilot Plant
seexns from today’s point of view not the dest. Also, the
scope of sugzested equipment in details have to be revised.
In previous text it was exmnlained in details, why we do not
recommend the Pilot Plant erection in Zela Rekz., In contrary
to, the location of Pilot Plant near Zare-Garadi deposit
will have the next positive sides:

a/ Zare-GaraZi deposit is up t& day the largest deposit

in Yugoslavia, The raw kaolin have very variable properties.
9/ Cn *he depcsit soon will be eracted +he biz~est plant
for kazo0lin dressing in {ugoslavia which uill heed very
close technical background and good training of personel

for the new technological ecuipment.




¢/ Cn *the dencsit there are 2z narts of rav material with

2 1ower iron compound content and hozher content of alu-
mina. itk s2perate exploitation and dressing of this Type
of raw material will pe possible to obtain a gond cual ity
k20lin which will be usefull in paper, rudbher 3and ceranic
industries.

N

d/ In this case the Pilct Plant +ill be located in central

part of a country, not far from ITEM3 and it will be possible

to improve all the laboratory results of benefication of

21l kaolins, ceranic clays and other raw materials. In the

case, that Pilot Plant capacitr will be " tph of wrashed raolin ,
7early production in one shift will reach about 3,5 - 4,000

tons per yesr,

Je recommend :

13,1 To locate the Pilot Flant in suitable place near
the deposit -are-Garasi,

13,2 To prepare the project of the Pilot Plant in that
manner, that it will be possible to beneficiate here diffe-
rent types of raw kaolin from Zare-Garasi deposit and pro-
duce washed kaolin for a long period, and also, to benefi-
ciate here all possible kszolins 2 other raw materials

from other lowslities, It is necessary to provide classifi-
cation stage of dressing in wide range heving in mind
installation of ni~h gradient nagnetic separator.

13.3 The capacity of Pilot plant have to be of 2tnh
of washed kaolin.




15.4 It sesns, “horefore, o he establish a new UEDP
]

Project whizh con heln 2lso in +hi Ctep end in such

S
a 7a7 to help to bdring this ZFroject to 2 prantical end.

14, Supnlement of lsdozeforr erviprment of TTENS

Y go2d ecuiped with labhsretory
fosd
t=]

instruments for the dressinzg of mineral raw materials
except some types of mills, and ecuipment for exact dry
classification of very fine narticles, It is necessary to
complete lavoretory eguipment for exact dry czassifica-
tion of small samples in a ranze »etwveen 2 - 25 um, for
Z-ray diffraction anal; sis with heating chamber %o lSOOOC,
X-ray fluor=zscence anelysis, infrared analyser, optical
rmicroscope with a heeting chamber,directthermom, different

tipes od turborixers etc.

15, Few UKDP Project for utilization of local dencsits of

bentonite,zeolite and some svecial refractory ravw

naterials /sillimanite eroun/.

In addition to new UIDP project for erection of
Pilot Plant on 3are-Garasi deposit, and semi-industrial
evaluation of laborstory tests obtained in the phase 1-3
existing Project we recommend:

15.1 To prepare a necessary documentation for the esta-
blishing “*he new project which will cover a laboratory
research, semi-industrial <ests and industrial utilization of:




nreparation,
b/ Locsl demosits of
¢/ Local deposits of
utilizations.

1/ Leoczal deposits of

eanaalusite for produz

rr zeterials and for

5
Qe

henz*on

ntonit

-

es for orzanophiliic nentonite

ite for agriculsure,

zeolite for agriculture and othzr

kryanite

tion of

exnort.

/disthene/, sillimsnite and
special high nuality refracto-
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UWIDC expert work in “he Imstitute Jor
iuclea= and other Mineral Raw Ma%terials under +the -uidasnce

¢f the Projsct Jdirector.

Fe studied the reports of geological prospection
different kaolin,cuartz sand, feldspar,bentonite,zeolite,
pyrophillite and calcite deposits, reports of lsboratory
tests of this raw materials done in ITRM3 snd Technical

-

and -ferminal Reports pravared for the fugoslav Government
o7 the U%IDO., Juring his stay in ITHMS expert utilize
all knowledges which he got during his previous visities

of nop-metallic rav maeterial deposiss in Tugoslavia,

He recomrmend to cormplete some previous laboratory and
pilot plant tests and in some cases a industrial utilizatzon
of them., He sugsest priorities in the works combine with
utilization of local raw-material deposits, to reduce
dependance of fugoslavia in import of some nineral rav
rmaterials and to heve possibility to export in the future.

He give recomnendations and specify some nmethods of
~so0logical survey so, that the plent for lg20lin dressing
which are in projécting or erection, will have a raw mate-
rial sources for a long period of run. |
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. ~is gcetivity vss further corientated to activation and
delamineticn of kaolin and on sctivasion of calciuvm carbo-

nate as a filler for plastics, rudver and naints. There

’as done some initial practical experiments of preparation

of this products,

It was discussed the problens concerned the pilot and
seni-industrial tests of raw kaolin and ceranic clays and
erection of pilot plant for the kaolin and clay dressing,
on the suitable place,

-
]

it wzs recommended sore improvements in “he high zradi-
ent magnevic separation of the different ra- materials,
1ainlr of k=20lin.
The discussions take vlace with the personnel from
rav material industry about possibilities of finalizing
the results of previous laborastory and semiindustrial
tests in ITEMS, Those persomnnel demand for additional
vesting and utilization of local mineral raw materials.
They have been infcrmed about a newv possibilities of
opvircel industrial spplization of lozal »ar —atarizls

=

after dressing and about its expor: possibilities in
the future.




~

Peovnle from 3eological survey /namel of Teozsvod
“2l~rode/ hove bean informed 2bout ne rethods of esvelua-
tijon of kaolin and clar depcsits incluiinz utilizastion of
corputer,

Tomether with Troject Jirector and other workers of
I7M1S +as recommend the continuation and enlergement of

the Project and erection of Pilot FPlant for the semiindu-
striel tests of raw kaolin and clay dressing.

A1l the programme of ~Job Description” .35 in a
shor+ten number of days fulfill, The results of practical
tests, start during the expert mission in December 83 will
be discussed during next visit, ~hich is agreed bet-reen

ITi?3 and exp2rt and plened in Feobruary 1984,
Recormanded sug-estions /see Thanter I./ e consider

realistic, corresponding with results of geolegicel survey
laboratory and sami-industrial tests of mineral rmateriezl
benefication, Its effective utiliza®tion might he affect

2 ewrnandinz of Project and accelerating erecticn cf

Pilo% Plant fer the kzolin a ceramic clay dressing tests.,

It is agreed *hs UNIDC expert lMr,Jdiri Zeblrek will

& T 3
nargsuel ~f ITUEMS te help in %

J
sta~ :n continuous contact with Project Director znd othe
h atory and seriindustriael

tests,their evaluation and realisation ottained results.,




1. Zenlogical prosvection ur *o da™ have proven lzrze re-

serves of kaolin on “zre-Gar=2i daposit., Iaerse terts of

3

this reserves of kaolin contains more then 2. of iron oxiZe
in the washed kaoiin. From this reason the ¥kaolin is sui-
table mainly. Jor refractory zroduction. Gn this depcsit,
there were discovered some types of raw material with lower
content of iron bearing ninerals and ith higher content

of alumina/ see ANVNEX 4/, In the case of selective exploi-
tation of this type of raw material, if seems possibly of
its utilization in ceramiz industr7 2nd as a filler in

content of niza is

D‘

paper and rubder industries. A hig
pessible to substantizlly reduce br special trpe of hydro-
cyclones / see AWIZX 2 / snd ~hen it will be necessary, »7
nigh gradient magnetic s2paration. For this resscn it sesms
very usefull to open Zare-GarasSi deposit in ones con more
places and a raw material vith lzwer content of iron com-
pounds and higher content of alumins heneficizte in a Pilot
Plant of 2tph cspacity. The erection of the big plant in
etappes / at first apnrox.5C.C0Ctpa/ snd lster increasing
up to 12C,00C tpa will make possoble of optizsl utilizetion
of all the deposit.

Lets us crnsider that geologicgl surver c¢n “ais dsresit

will continie in the future and give more e&xsct results for
the exploitation.
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2, Zeological surver and results of industriel expleoitation

of r3-r golin of Izradevo d=amosit had sho.m thet nrevious .

datas azcoording seological raserves on %this denosit —as
e

toc optimistic. A methodics of zeolosgizal survery up to day
used do not z2llov discover not fll7 ¥20linized pearts

roz this reason rill e not in %h2 near

Zuture erected larse capacity beneficistion plant and on

the basis of our recomendations / see AFFEZX 3/is in pre-
paration investment study for erection of semi-industrial
line with a loer capacity. In the same time, will be find

8 possibility of production of raw material for ceramic
semibodies and bodies. /e consider, that geological nrospec-

tion will continue in this area.

3. The geologzical and technological investigations of
deposit and raw material Rela Reka,Sujsnovac,Djevdjelija,
Mesi¢i and Motajica are not ret finished., In many cases

is necessary to finish a geologic'al prospection of deposits,
To recognize geological reserves of mineral rav material,

In 3ll this cases it is necessary to do semi-industrial
dressing tests., In the case of deposit Mesiéi it seems

tobe much more better %o utilize its rav maierial in a raw

stage,

The sand stone -ela Reka deposit can give, after its
2eneficision, goed cuality glass and technical sands,
Content of fraction below lOum in this ry material is
lowr and its compcsition vill be from the mineralogical and
chemizal composition view point very variable. New plant
for neneficiation of glass sand is not ret finished., In
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In a future it will be hetler, the fine fraciicn contentirs-

ts in se%*ling ¥gsin for its pos=ihle u%ilizzTion in future,

1y

n to increase utulizssion of rer ¥zolin from

0 )
the deposits in Juzgoslavia, b slamination of azcregates
of kaolinite and o%ther zlz rinerals, in fractions

1C - 53um od 1C - 1C0C um is practicall - possible, ..t this
fractions contains lsrge ~uantities of not fully weathered
feldspar, biotite and ruscovite mica a2nd other iron and
titania bhearing minerals., During the nrocess c¢f dzlamina-
tion it comes clearly to the disintegrsation of +this minerals
in very fine fractions. For this reason it is nct possidle
to recomrend aprlica®tion of this metho& in industrial scale,
Cnly in tke case, ~he2n e have mineral war material which
"rill not zontent in %the fraction 1C-1CC um of iron snd ti-
tania bearing minerals, will be possible to use this method
of delaminatinn,

5. 4s ¥ugoslavia hzove large geolcogzgicel reserves of high

~uality calcite, it is possible to immediately bezin :rith
research and erection plant for

‘g

enaration of special

)]

fillers and pigments for plastics,rudbder,paint and paper

-

{

.

]

industries. Fever mind e have a hish quality raw rmaterial
7ith low con%tent of iron zomnounds and silicate, it must

be extremely fine milled and exact classified. For the
milling is suitable ball ill /for sxaxple - Zerding S z2/.
Tor classifying e need s air separasor ~rith possidbility to
clasify very exactl: lower Z., or 1C or 5 micrometers.




Intarests on *h2 ~orid -arhzf for this = n2 of Fillers
is inntrezsing der 7 d2r. Addition of Fillaers 4o she alas-
‘ics innrease The -u2lit~ of filled nlez*izs and in “he zar-e
sine necracse the snersy znd corde o0il :ensunpTicn, The
res3 ; nsuzer of calcium corbonete fillers are nlostics,

in the form of chalk vhiting, ground lirsas one, crrstvalline
calcite/dolonite or precipitsted calcium carbonate. The
principle functional propersies of the various trpes of

calcium carbonate are - pariicle size and shape,drightness,
ahsorntion charactéristics, dispersion characteristics,
refractive index and specific gravity. 4 group the calcium
carbonate fillers have the lowest &il absorption of 211
the m2jor bulk mineral fillers. 7ithin the zroup the com-
pact crrstalline calcite derived from rarble tend to have

lover 0il absorption *than *the2 more norous chelk whitings,

A varietr of carbonaie grades are available with sur-
face coatings, not onl- to lower oil absorption values

h)

but also to improve dispersion cneracteristics, so the par-
Ticles do not “clog™+hen added to the polymer but disperse
e3sily into the mix. lMost zomzonlr the surface coatings

sre f3tty acids such s*eric acid or one of its dzrivative
salts added to the filler in sufficient -uantity to ensure
that all the mineral surfaces are covered. Usually C,5 %

to 2% coating is used,
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Training of ITKMS personel

. /5-12-1983 and ©9-12-1983 /

Te expert was requested to extend a training geered
for new methods of laboratery examinations of kgolins, ben-
tonites, zeolites and other non-metallic raw materials.
Juring the discussion were tached the problems of dressing
and possibilities of use the non-metallic raw materials
in a different industries,

Also, it have been explained methods of activation
of kaolin and calcite for use as fillers in plastics, rubber
and paints.

Attendance :

Mr. Jiri BabBrek,UNIDO Expert

The trainees :

Ms. Dr. Magdalena TomaSevié-Zanovié
Mr, Milutin Dumié,dipl.ing.

The following publications were handed over this ocassion
for training purposes:

Konta J. : Keramické a sklérské suroviny,364 pp.,
Praha 1982,
2abfirek J. : A new dressing process aimed at changing

the physical properties of kaolins and
clays.- 3ilikaty,v.3,p.183-193,Praha 1973.




ANKEZX 2

Training of ITNMS technicians

/ 8-12-1983 /

The expert was requested to extend a training in the
use of new type of hydrocycloning for more effective clas-
sification of kaolin suspensicns in order to increase uti-
lisation of local kaolin deposits to produce s good quality
{inal product.

In the same time, the expert take a look to give own
opinion about proposed technological production diagramme
of the dressing kaolin,feldspar and auartz sand plant.

Attendance :

Mr. Jiri 3abfrek,UNIDC Expert
The trainees :

Mr, Miroljub Marinko, dinl.ing.
Mr. Nenad Djakovié, dipl. ing.
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Annointrent with the represensative 3IK Faralevo

: /9 -1_-1983/

Mo clesr up the situation in geological prospection
and exnloitation of ksolin from Karalevo deposit, it was
arranzed the appointment in ITHM3 with ¥r.Corad KNikolié,
Investment Director, RIY Zaracevo.

The representative of RI¥ Karalevo have informed about

ct

he fact, hat in nesr fubture +ill be not on Faradevo depo-
sit built up a larze capacity plant for kaolin dressing.

In preparing stage is feasibilitr siudr for beneficiation
line of capacitr of spprox. 1C.0CC tpa rashed k2olin.

The feldspar snd acuartz mixture - the b product ci
this pniant ill be probably separated dr froth flotation
in piznt Zujanovac, 15 kz far from Iaracevo.

Further it was discussed about possible industrial
utilization of hizk ~ualit~ bentonite from deposit, located
near ~aradevo. Preliminar~ %ests shown that this bentonite

after dressing can be used in chemical and pharmaceutical
industries, in paint and food industries. Also, 1t was
discussed about the next steps in investigation and indus-~
trial utilization.
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isiting of Hare-Garasi_kaolin deposit.

/11 - 12 - 1983 /

To inform himself about the situation of geological
prospection and possibilities of opening and exploitation
3are-Garadi deposit, UXIDO expert have visited with chief
seolosist Mr.R. Atanaskovié from Geozavol “elgrade, this
deposit,.

Deposit id divided in two parts, b a8 small river.
"he boundarv of the deposit is relativelr good determined.
The staze of zeological survey of deposit is on 3 good
level, 2nd it is necessary on a future to determine the
areas of low iron content and high 2alunina content,

To-dars shortage of water for <the kaolin dressing,
i1l be solved b7 erection of two shall dams not far froo
deposit. Cne of them is in period of opreparation works.

As a3 conclusion, from the geological point of viev
+there is no reasons against the erection of large capa-
cit venefitiation plant on Zare-Zgraidi donosift,

Tt seem as a reasonable to erect here a Pilot Plant
for keolin and ceramic clay dressing. It was recemmended
to evaluate the results of geologizal prospecticn of
Sare-Gara%i deposit by computer.
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