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Abstract

This paper presents the importance of limestone in a variety of industries with a special focus on the
use of limestone as filler in the industry of polyvinyl chloride (PVC). Of Out of all fillers, used in the
industry of PVC processing, calcium carbonate type of fillers are 80%. Fillers are used in order to im-
prove various mechanical properties of polymer such as tensile and breaking properties, density, bend-
ing strength, hardness, thermal stability, viscosity and more. Latest trends of industrial development and
demands of the processing industry for high quality carbonate fillers influenced the implementation
process of surface modification limestone and calcite, which is the main constituent of fine micronized

limestone in order to enhance its performance.
Keywords: limestone, calcite, filler, PVC

INTRODUCTION

Limestone is used in a large number of
industries including the industry for pro-
cessing of polyvinyl chloride (PVC). The
largest application of limestone is found in
the construction industry where it is used to
make plaster, concrete mixtures, in manufac-
turing various types of cement, lime and
directly in the form of various sized crushed
stone. Another important user of limestone
is metallurgy, where limestone used in ag-
glomeration, in blast furnaces and the
Besemer smelting process. Chemical indus-
try also uses a significant amount of raw
materials in the industrial production of ni-
trogen compounds, pulp, paper, soda, chlo-
rine lime, carbide, rubber and others. In ag-
ricultural, limestone is used for neutraliza

tion of acid soils, and as a feed additive.
Significant amounts of limestone are used in
the sugar industry, glass and ceramic indus-
tries. In many cases, particular industries
have established the general standards of
quality limestone, although some users set
their own internal requirements.

The quality of limestone (defined chemi-
cal composition) refers to the smallest con-
tent of CaO, or CaCO; and maximum con-
tent of impurities and harmful components,
such as Fe,0; SiO, Al,03 MgO, P,0s TiO,,
MnO, Cr,0; content of alkali, cement and
others. The group of physical properties that
determine the quality of limestone are: grain
size distribution, fortress, capacity, porosity,
colour, etc. Limestone, used as filler in a
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variety of industries, must be of high quality
finely divided materials. In the products,
based on limestone, the most important qual-
itative properties are colour (whiteness) and
shine. Also, the physical structure of mineral
and rock mass is an important factor, espe-
cially when considering the ability of grind-
ing the mineral raw materials. Within these
requirements, and for each purpose, or users,
the appropriate standards are identified. Pro-
cedures for preparation the mineral raw ma-
terials are processed to a number of Ca-
carbonate raw materials with different chem-
ical and mineral composition, in order to
obtain a large number of products for vari-
ous industries. In literature, the Ca-carbonate
mineral deposits are commonly classified as
the industrial mineral resources, while the
geologists classify them into dolomite and
limestone, [1].

LIMESTONE-FILLER FOR
POLYVINYL CHLORIDE

Among many different additives that are
necessary to polyvinyl chloride (PVC) in
order to obtain a definitive quality product, a
significant place have special additives un-
der the name fillers for PVC. The term filler
in PVC processing technology includes gen-
erally very inexpensive inorganic material,
resulting in the first task, which is to reduce
the cost of overall mixture, or the finished
product [2]. Mineral fillers, which also in-
clude limestone, with their largest applica-
tion in the industry, are just thermoplastics,
especially in PVC. Industry for the produc-
tion of PVC sets certain requirements in
terms of quality that apply to all fillers, in-
cluding the limestone: to withstand heat,
pressure and mechanical stresses with no
changes that accompany the processing of
PVC, should be well dispersed in PVC,
more white, free of impurities and foreign
matter, must not act abrasive, must not con-
tain more than 0.4% moisture, if PVC are
inactive, the fillers should be emphasized,
however the need for their inertness and
compatibility with all additives present in
the mixture.

Limestone, as well as other inorganic
fillers are added to the PVC is always in the
form of fine, dry powder and in the mixing
step of PVC with other additives, with the
aim of better and more complete homogeni-
sation. The latest trends of industry devel-
opment and requirements of manufacturing
industry for high quality carbonate fillers
were directed towards finding the test proce-
dures to improve properties of limestone as
filler. Filler in order to get that power will
improve the mechanical properties of PVC
products is done by modifying the surface of
calcite, which is the main constituent of fine
micronized limestone. The most commonly
used reagents for modification are fatty acid
salts of various fatty acids, various oils, etc.,
[2-5]. Limestone with surface-modified
mineral calcite can be very easily dispersed
in the polymer giving a homogeneous mix-
ture. Moreover, limestone modified in any
area calcite shows more improved properties
as compared to lime which was not modified
with the calcite namely: limestone becomes
highly hydrophobic and thus water repellent
and moisture which is very important for
each filler; calcite surface modification sig-
nificantly reduces the abrasive effect of
limestone; these fillers show the improved
rheological properties, higher impact re-
sistance and better electrical properties; the
use of this type of filler gets significantly
better surface finished products, given the
smoothness, gloss and its appearance [6]. It
should be noted that all of the fillers, used in
the industrial processing of PVC, 80% of
total consumption are calcium carbonate
type fillers.

POLIVINIL CHLORIDE (PVC)

Polyvinyl chloride (PVC) is more than
70 years one of the most important poly-
mers whose production capacity of about
20% of the total world production of po-
lymers. By the procedure of polymeriza-
tion vinyl chloride is obtained powder
from which further processing produces
two types of PVC and rigid and PVC soft
(flexible) PVC. Rigid PVC is obtained by
processing the polymer powder without
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special additives. Sheer is a tough, tough
and hard to process, but very stable on the
impact of atmospheric precipitation, hu-
midity and chemicals. It is used for exam-
ple for making window frames, ca-sings,
etc. Soft PVC is obtained by processing
the polymer powder with the addition of
plasticizers. At the same time a thick paste
was obtained, which is converted by heat-
ing into a homogeneous gel. Properties of
soft PVC depend on the proportion of
plasticizer. It has weaker mechanical
properties, less resistant to the action of
heat, chemical and atmospheric precipita

tions in relation to the rigid PVC, but plia-
ble and easily processed. It is used for
making insulators for cables, medical in-
struments, disposable tubes, gloves, etc. A
transparent, soft PVC, and can be used for
making transparent films, and bottles. In
general, it can be said that the properties
of polymer are determined by their inter-
nal material, and some of their properties
are similar to the properties of solid crys-
talline bodies, while the other are similar
to the properties of liquids. Physical and
mechanical properties of rigid and soft
PVC are shown in Table 1 [7].

Table 1 Physical and mechanical properties of PVC

Property Unit Rigid PVC Soft PVC
Density g/cm? 1.38t0 1.55 1.16t0 1.35
Tensile Strength MPa 40-60 10-25
Extension in breaking % 30-70 250-450
Compressive strength MPa 55-90 6-12
Hardness per Shore - D 65-85 A 40-100
Specific heat capacity JIKg 0.8-1.1 1.3-2
Thermal Conductivity W /Km (15-20) x10™ (13-17) x10*
Coefficient of thermal expansion 1/K (5-10) x10° (7-25) x10°
Temperature of constant use °C 65-85 50-70

PVC is produced nowadays in large
quantities due to good mechanical and phys-
ical properties, as well as a diverse range of
applications. PVC is non-flammable, bur-
ning in the presence of flame and chemically

inert. It is compatible with many additives,
including fillers plasticisers, stabilisers, lub-
ricants and other polymers. Figure 1 shows
the proportion of certain additives of polyvi-
nyl chloride [8].

Figure 1 Content of certain adittives in the PVC mixture
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These additives allow polymer to be mo-
re easily processed by various techniques,
and to obtain the stable products in degrada-
tion of certain mechanical properties.

PLASTICS

Plastics are defined polymeric materials
in the process of refining. Wherein it means
that the polymeric material is everything that
is processed, i.e. what the final product is
made. Also, the plastic masses are materials
obtained on the basis of polymer, having
plasticity in some condition (high-tempe-
rature conditions), and which is completely
or partially lost during transition to the other
temperature conditions (low temperature).

Moulded articles 2% %
Coated fabrics 4% %
f
2

Flooring 5%

Bottles for drin|

other products»

Plasticity of these materials allows them to
obtain the necessary forms using the meth-
ods based on plastic deformation. Plastics
are characterized that their mechanical prop-
erties are a combination of properties of
solids and liquids. In the other words, they
are solid materials which can be subjected to
high mechanical deformations reflux [9].
Therefore, plastics today are very widely
used in various industries as well as in eve-
ryday life. In particular, the increased pro-
duction and use of synthetic thermo-plastics
- thermoplastic (high temperature is easy to
shape and retain that shape by cooling),
which include PVC, as well as their use.
Figure 2 shows the consumption of PVC in
various industries [10].

Figure 2 Consumption of PVC in various industries

Plastics can be composed only of poly-
mer. However, in most cases the plastics are
multicomponent systems (so-called polymer
blends) the composition of which, in addi-
tion to the polymer, includes the following
components: binder, hardener or catalyst,
filler, plasticiser and colorant. Plastic mate-
rial consisting of polymer with filler is the
simplest kind of polymer compound, con-
sisting of a polymer matrix (matrices) as the
continuous phase and inorganic filler dis-
persed in the matrix. Fillers are used in order
to modify various properties of polymer
such as tensile properties (tensile strength
and the elongation tension); breaking pro-

perties (tensile strength and elongation), the
density increases, the modulus of elasticity
and flexural strength; it reduces the coeffi-
cient of thermal expansion and creep, in-
creases the hardness and thermal stability,
improves the surface quality of the finished
product, and modifies the thermal conduc-
tivity changing the flow properties increa-
sing the viscosity and reducing the swelling
of extrudate, and it reduces the combustibi-
lity and improves the possibility of colouring
plastics.

Mechanical properties of plastics are
of great importance to the process of refin-
ing and defining the quality of finished
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products. When plastics are usually static
testing of mechanical properties determined:
tensile strength and elongation tension, ten-
sile strength and elongation. Tensile proper-
ties are of primary importance, because
they provide information on maximum
allowable load to failure plastics and final
rupture. The plastic mass that makes un-
filled polymer, the fracture occurs at the

point where the structure is the weakest,
or at the point of creating the highest
stress as the result of deformation. Local
crack further expands throughout the ma-
terial. In the example of polyvinyl chlo-
ride-free polymer as the filler, Figure 3
shows the Van der Waals bonds between
two chains of PVC under the force of
elongation [2].

* e __-Van der Waals bonds

Van der Waals bonds
_have o be broken

Force ——»

Figure 3 Scheme of molecular connections in polyvinyl chloride (PVC):

a) Van der Waals connections between

two PVC chains; b) Breaking of the

Van der Waals connections between two PVC chains under the effect of tension force

In the plastic mass consisting of a poly-
mer with filler, the fracture may begin in a
matrix itself at the interface polymer/filler,
or within the agglomerates formed in the
filler. Tensile stress of the polymer mixture
depends on its microstructure, including the
interfacial border of the structure in polymer
/ filler, since the load is transferred from one
stage to another. Also, the properties of pol-
ymer blends are determined by the certain
shape and size of the filler particles and their
spatial distribution in the matrix, i.e. poly-
mer. Generally, it can be said that a filler-
type calcium carbonate with their presence
contributes to stronger interaction between
the PVC chains. Addition of lime in the cal-
cite which, as the dominant mineral is modi-

fied with stearic acid and mixture of the
polymer provides an even stronger interac-
tion in the system of limestone or calcite -
PVC-stearic acid which results in improve-
ment the mechanical properties of the final
product [2, 6]. Table 2 contains the values of
some mechanical properties of the blend of
PVC containing pure limestone (C) as the
filler (PVC+C) and the modified limestone
(PVC+CW-1.5, and PVC+CD-3). Designa-
tion W refers to the "wet" modification pro-
cess, D to the "dry" method, and the number
represents the concentration of stearic acid
which is used for modifying, expressed in
%. Those concentrations are taken in both
processes at which there was a full cove-
rage of minerals with stearic acid.
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Table 2 Mechanical properties of PVC blends

Mechanical properties Unit PVC+C PVC+CW-1.5 PVC+CD-3
Tensile strength MPa 52.70 54.20 53.20
Breaking strength MPa 36.50 38.20 37.90
Tensile elongation % 4.30 4.35 4.46

As it is seen in Table 2, the tensile and
breaking strength and tension elongation
have higher values of PVC blends contai-
ning calcite modified with stearic acid and
compared to the values in PVC blends
containing the unmodified calcite.

CONCLUSION

Limestone is used in different stages of
technological process of a large number of
industries including PVC industry. PVC
blend containing limestone as filler is
easily processed by different techniques
and final products have superior mechani-
cal properties, especially tensile and brea-
king strength and tensile elongation. The
quality of limestone as filler in PVC in-
dustry may be improved modifying its
primary mineral calcite with stearic acid.
Namely, the modification method pro-
vides stronger interaction in the system
limestone, i.e. calcite-stearic acid-PVC, as
compared to the interaction between two
chains of PVC, which does not contain
modified filler.
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PRIMENA KRECNJAKA U INDUSTRIJI POLIVINIL-HLORIDA™

lzvod

U radu je prikazan znacaj krecnjaka u razlicitim industrijskim granama sa posebnim osvrtom na
upotrebu krecnjaka kao punioca u industriji polivinil-hlorida (PVC). Od svih punilaca koja se koriste u
industriji prerade PVC-a, 80 % su punioci tipa kalcijum karbonata. Punioci se koriste sa ciljem da se
poboljSaju razlicite mehanicke osobine polimera kao Sto su: zatezna i prekidna svojstva, gustina,
tvrdoca, toplotna postojanost, viskozitet i drugo. Najnoviji pravci industrijskog razvoja kao i zahtevi
preradivacke industrije za Sto kvalitetnijim karbonatnim puniocima uticali su na uvodenje postupka
povrsinskog modifikovanja krecnjaka odnosno kalcita, koji je osnovni konstituent fino mikroniziranog
krecnjaka kako bi se poboljSale njegove osobine.

Kljucne reci: krecnjak, kalcit, punilac, PVC.

uvoD

Kreénjak se koristi u velikom broju  strija Secera, staklarska i keramicka indu-
industrijskih grana ukljucujuéi i industriju za  strija. U velikom broju slucajeva pojedine
preradu polivinil hlorida (PVC). Veliku industrijske grane su utvrdile opste stan-
primenu kre¢njak je nasao u gradevinarstvu  darde kvaliteta kreCnjaka, mada ima
gde se koristi za pravljenje maltera, slucajeva da korisnici odreduju svoje interne
betonskih meSavina, u proizvodnji raznih  zahteve.
vrsta cementa, krefa i direktno u vidu Kvalitet krecnjaka (definisan hemijskim
drobljenog kamena razlitite krupnode. Ssastavom) odnosi se na najmanji sadrzaj
Znacajan korisnik kre¢njaka je metalurgija, CaO, odnosno CaCOs i najve¢i dozvoljeni
gde se kreénjak koristi u aglomeraciji, u  sadrZaj necistoca i Stetnih komponenti, kao
visokim peéima i kod Besemerovog Sto su: Fe;0s; SiO; AlO3 MgO, PO,
postupka topljenja. Hemijska industrija,  TiO,, MnO, Cr,0;, sadrZaj alkalija, gipsa i
takode, koristi znadajne koli¢ine ove siro-  dr. U grupu fizickih svojstava koje odreduju
vine u industrijskoj proizvodnji azotnih  kvalitet krecnjaka spadaju: granulometrijski
jedinjenja, celuloze, papira, sode, hlornog  sastav, tvrdina, nosivost, poroznost, boja i
kre¢a, karbida, gume i dr. U poljoprivredi ~ dr. Krecnjak koji se koristi kao punilac u
kre¢njak se koristi za neutralizaciju kiselih  razli¢itim industrijskim granama mora da
zemljista i kao dodatak sto¢noj hrani. bude visokokvalitetna fino usitnjena siro-
Znacajne koli¢ine kre¢njaka koriste indu- Vvina. Kod proizvoda na bazi krecnjaka
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dobijanja ekoloskih materijala na bazi nemetalicnih mineralnih sirovina“ i Projektu TR 34006:
,.Mehanohemijski tretman nedovoljno kvalitetnih mineralnih sirovina®, koje finansira Ministarstvo
prosvete, nauke i tehnoloSkog razvoja Republike Srhije za period 2011-2014.
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najvaznija kvalitativna svojstva su boja
(belina) i sjaj. Takode, fizicka struktura
mineralne i stenske mase predstavljaju
znacajan faktor, posebno kada se razmatra
sposobnost  usitnjavanja ove mineralne
sirovine. U okviru ovih zahteva, a za svaku
pojedinaénu namenu, odnosno korisnika,
utvrdeni su odgovarajuéi standardi. Postup-
cima pripreme mineralnih sirovina prera-
duju se brojne Ca-karbonatne sirovine,
razli¢itog hemijskog i mineralnog sastava,
sa ciljem dobijanja velikog broja proizvoda
za razli¢ite industrijske grane. U literaturi
se Ca-karbonatne mineralne sirovine naj-
CeS¢e svrstavaju u industrijske mineralne
sirovine, dok ih geolozi razvrstavaju u do-
lomite i kre¢njake, [1].

KRECNJAK - PUNILAC ZA
POLIVINIL-HLORID

Medu velikim brojem razli¢itih doda-
taka koji su neophodni polivinil-hloridu
(PVC) kako bi se dobio kvalitetniji define-
tivni proizvod znacajno mesto zauzima
skup posebnih dodataka pod zajednikim
nazivom punioci za PVC. Pod pojmom
punilac u tehnologiji prerade PVC-a
podrazumeva se uglavnom vrlo jeftin neor-
ganski materijal, iz Cega proizilazi i prvi
zadatak, a to je smanjenje cene sveukupne
meSavine, odnosno gotovog proizvoda [2].
Mineralni punioci, medu koje spada i
krecnjak, svoju najveu primenu nalaze
upravo u industriji termoplasticnih masa, a
posebno kod PVC-a. Industrija za proiz-
vodnju PVC-a postavlja odredene zahteve
po pitanju kvaliteta koji vaZe za sve punioce,
pa tako 1 za kre¢njak, a to su: da bez ikakvih
promena izdrze temperaturu, pritisak i
mehani¢ko naprezanje koji prate preradu
PVC-a, neophodno je da se dobro disperguje
u PVC-u, da budu Sto vise bele boje, bez
necistoca 1 stranih materija, ne sme da deluju
abrazivno, ne sme da ima vise od 0,4 %
vlage i ako su punioci za PVC neaktivni
potrebno je ipak naglasiti potrebu za
njihovom inertno$¢u i kompatibilnoséu sa
svim dodacima prisutnim u smesi.

Kre¢njak, kao i ostali neorganski pu-
nioci, dodaju se PVC-u uvek u formi finog,
suvog praha i to u fazi meSanja PVC-a sa
svim ostalim dodacima, sa ciljem &to bolje i
potpunije homogenizacije. Najnoviji pravci
industrijskog razvoja kao i zahtevi prera-
divacke industrije za $to kvalitetnijim karbo-
natnim puniocima usmerili su ispitivanja ka
iznalaZenju postupaka kojima se pobolj-
Savaju osobine kre¢njaka kao punioca. U
cilju dobijanja punioca koji moze da
poboljsa mehanicke osobine PVC proizvoda
vrdi se povrsinsko modifikovanje kalcita,
koji je osnovni konstituent fino mikroni-
ziranog kre¢njaka. NajéesSce se od reagenasa
za modifikovanje koriste masne Kkiseline,
razli¢ite soli masnih kiselina, razli¢ita ulja i
dr. [2-5]. Kre¢njak kod kog je mineral kal-
cita povrSinski modifikovan veoma lako se
disperguje u polimeru pri ¢emu se dobija
homogena meSavina. Osim toga, kre¢njak
kod kog je modifikovana povrsina kalcita
pokazuje jos neka bolja svojstva u odnosu na
kre¢njak kod kojih nije modifikovan kalcit, a
to su: kre¢njak postaje izrazito hidrofoban i
tako odbija vodu i vlagu Sto je posebno
vazno za svaki punilac; povrSinskim modi-
fikovanjem kalcita znatno se smanjuje
abrazivno dejstvo kre¢njaka; ovakvi punioci
pokazuju bolja reoloska svojstva, vecu
otpornost na udarac i bolja elektricna
svojstva; upotrebom ovakve vrste punioca
dobija se znatno kvalitetnija povrsina goto-
vog proizvoda, s obzirom na glatkost, sjaj i
njegov izgled. [6]. Treba naglasiti da od svih
punioca koja se koriste u industriji prerade
PVC-a 80 % od ukupne potrosnje su punioci
tipa kalcijum karbonata.

POLIVINIL-HLORID (PVC)

Polivinil-hlorid (PVC) je vise od 70
godina jedan od najvaznijih polimera, ¢iji je
kapacitet proizvodnje oko 20 % ukupne
svetske proizvodnje polimera. Postupkom
polimerizacije vinil-hlorida dobija se prah
od kojeg se daljom preradom proizvode dve
vrste PVC-a i to: tvrdi (kruti) PVC i meki
(fleksibilni) PVC. Tvrdi PVC se dobija
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preradom polimernog praha bez posebnih
dodataka. Providan je, tvrd, Zilav i teZak za
preradu, ali vrlo stabilan na uticaj atmo-
sferskih padavina, vlage i hemikalija. Koristi
se npr. za izradu okvira za prozore, kucista i
sl. Meki PVC se dobija preradom polimer-
nog praha uz dodatak plastifikatora. Pri tome
se dobija gusta pasta, koja se zagrevanjem
pretvara u homogeni gel. Osobine mekog
PVC-a zavise od udela plastifikatora.
Slabijih je mehanickih svojstava, manje
otporan prema delovanju toplote, atmo-
sferskih padavina i hemikalija u odnosu na

Tabela 1. Fizicke i mehanicke osobine PVC-a

tvrdi PVC, ali je savitljiviji, rastegljiviji i
lako se preraduje. Koristi se za izradu
izolatora za kablove, medicinskih instru-
menata za jednokratnu upotrebu, cevi,
rukavica i dr). Meki PVC je providan, pa
moze da se Koristi za pravljenje providnih
boca i folija. Generalno se moze re¢i da su
osobine polimera uslovljene  njihovom
unutrasnjom gradom, pa su neke njihove
osobine sli¢ne osobinama ¢vrstih kristalnih
tela, dok su neke sli¢ne osobinama te¢nosti.
Fizi¢ke i mehanicke osobine tvrdog i mekog
PVC-a prikazane su u tabeli 1. [7].

Osobina Jedinica Tvrdi PVC Meki PVC
Gustina glem® 1,38-1,55 1,16-1,35
Zatezna Cvrstoca MPa 40-60 10-25
Produzenje pri kidanju % 30-70 250-450
Cvrstoéa na pritisak MPa 55-90 6-12

Tvrdoc¢a po Shore-u - D 65-85 A 40-100
Specificni toplotni kapacitet JKg 0,8-1,1 1,3-2

Toplotna provodljivost W/Kem (15-20)x10™* (13-17)x10*
Koeficijent toplotnog Sirenja 1/K (5-10)x10° (7-25)x10°
Temperatura stalne upotrebe °Cc 65-85 50-70

PVC se danas proizvodi u velikim koli-
¢inama zbog dobrih mehanickih 1 fizickih
svojstava, kao i vrlo raznovrsnih moguénosti
primene. PVC je nezapaljiv, gori samo u
prisustvu plamena i hemijski je inertan.

Kompatibilan je sa mnogim aditivima,
ukljuujuéi punioce, plastifikatore, stabili-
zatore, klizna sredstva, pigmente, kao i
druge polimere. Na slici 1 je prikazan udeo
pojedinih dodataka polivinil hloridu [8].

Sl. 1. Udeo pojedinih dodataka u PVC meSavini
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Ovi dodaci omogucavaju da se polivinil
hlorid lakse preraduje razli¢itim tehnikama i
da se dobiju proizvodi sa Sto boljim meha-
nickim svojstvima.

PLASTICNE MASE

Plasti¢ne mase su polimerni materijali u
postupku prerade. Pri tome se podrazumeva
da je polimerni materijal sve ono $to se
preraduje, tj. ono od ¢ega je izraden gotov
proizvod. Takode, plasticnim masama se
nazivaju materijali dobijeni na bazi poli-
mera, koji imaju u nekom stanju plasticnost
(uslovi visoke temperature), a koja se
potpuno ili delimi¢no gubi pri prelasku u
druge temperaturne uslove (nize tempera-
ture). Plasti¢nost tih materijala omogucava

Presovani proizvodi 2% ?v;.
ObloZene tkanine 4% %
©,
: Ea

Podovi 5%

Boce za pica
drugi proizv

da se od njih dobiju proizvodi potrebnog
oblika primenom metoda baziranih na
plasti¢noj deformaciji. Plasticne mase se
odlikuju time Sto njihove mehanicke osobine
predstavljaju kombinaciju osobina ¢vrstih
tela 1 teCnosti. Drugim re¢ima to su ¢vrsti
materijali koji mogu da podleZzu velikim
mehani¢kim povratnim deformacijama [9].
Zbog toga plasticne mase danas imaju
izuzetno veliku primenu u razliéitim indu-
strijskim granama, kao i u svakodnevnom
Zivotu. Posebno je porasla upotreba i
proizvodnja sintetickih termoplasticnih masa
— termoplasta (na visokim temperaturama se
lako oblikuju, a hladenjem zadrZavaju taj
oblik), u koje spada i PVC, kao i njihova
upotreba. Na slici 2 je prikazana potrodnja
PVC-a u razli¢itim industrijama [10].

Sl. 2. Potrosnja PVC u razlicitim industrijama

Plasti¢ne mase mogu da se sastoje samo
od polimera. Medutim, u najveéem broju
slucajeva plasticne mase predstavljaju vise-
komponentne sisteme (tzv. polimerne meSa-
vine) u ¢iji sastav, pored polimera, ulaze
slede¢e komponente: vezivo, katalizator ili
oc¢vrséivac, punilac, plastifikator, bojilo i dr.
Plasticna masa koju ¢ine samo polimer sa
puniocem su najjednostavnija vrsta poli-
merne meSavine, koja se sastoji iz polimerne
osnove (matrice) kao kontinuirane faze i
neorganskog punioca dispergovanog u mat-
rici. Punioci se koriste sa ciljem da se modi-

fikuju razlicite osobine polimera kao §to su:
zatezna svojstva (zatezna Cvrstoca i zatezno
izduzenje); prekidna svojstva (prekidna
Cvrstoca 1 prekidno izduZenje); povecava
gustinu, modul elasti¢nosti i savojnu ¢vrs-
to¢u; smanjuje koeficijent toplotnog Sirenja i
puzanje; povecava tvrdoéu i toplotnu posto-
janost; poboljSava kvalitet povrsine gotovog
proizvoda; modifikuje toplotnu i elektri¢nu
provodljivost; menja svojstva teCenja tako
Sto povecava viskozitet i smanjuje bubrenje
ekstrudata; smanjuje zapaljivost i poboljSava
moguénost bojenja plastike.
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Mehanicke osobine plasticnih masa
imaju veliki znacaj kako u procesu prerade
tako i za definisanje kvaliteta gotovih
proizvoda. Kod plasti¢nih masa najéesce se
statickim ispitivanjima mehanickih osobina
odreduju: zatezna Cvrstoca i zatezno izdu-
zenje; prekidna Cvrstoca i prekidno izdu-
Zenje. Osobine pri zatezanju su od primarne
vaznosti, jer daju informacije o maksimumu
dozvoljenog opterecenja do loma plasti¢ne

mase i kona¢nog pucanja. U plasti¢noj masi
koju ¢ini polimer bez punioca lom nastaje
na mestu na kom je struktura najslabija,
odnosno na mestu stvaranja najveceg napre-
zanja kao posledice procesa deformacije.
Lokalna pukotina se dalje Siri kroz ceo ma-
terija. Na slici 3 su prikazani lanci polivinil
hlorida koji su medusobno povezani Van
der Valsovim vezama koje se kidaju pri de-
lovanju sile istezanja na plasti¢nu masu [2].

Q@

+Q

) §— Van der Valsove veze
] -

+0 L 4

+& Kidanje Van der Valsovih veza

Sila ——»

SI. 3. Sematski prikaz medumolekulskih veza kod PVC-a: &) Van der Valsove veze
izmedu dva lanca PVC-a; b) kidanje Van der Valsovih veza izmedu
dva lanca PVC-a pod dejstvom sile istezanja

U plasticnoj masi koju ¢ini polimer sa
puniocem lom mozZe da zapone u samoj
matrici, na medupovrsini polimer/punilac ili
unutar aglomerata formiranih u puniocu.
Zatezno naprezanje polimerne meSavine
zavisi od njene mikrostrukture, ukljucujuci
medupovrSinsku strukturu na granici poli-
mer/punilac, posto se optereéenje prenosi sa
jedne faze na drugu. Takode, osobine poli-
merne meSavine pri naprezanju su odredene
oblikom i veli¢inom Cestica punioca, kao i
njihovim prostornim rasporedom u matrici,
tj. polimeru. Generalno se moze reci da pu-
nilac tipa kalcijum karbonata svojim prisu-
stvom doprinosi ja¢oj interakciji izmedu dva

lanca PVC-a. Ali dodatkom kre¢njaka kod
kog je kalcit, kao dominantni mineral, modi-
fikovan stearinskom kiselinom polimernoj
mesSavini, obezbeduje se jo§ jaca interakcija
u sistemu kre¢njak odnosno kalcit-stearinska
kiselina - PVC 3to kao rezultat ima pobolj-
Sanje mehanickih osobina gotovog proiz-
voda [2, 6]. U tabeli 2 su date vrednosti
nekih od mehanickih osobina PVC me-
Savina koje sadrze Cist krecnjak (K) kao
punilac (PVC+K) i modifikovani kre¢njak
(PVC+KM-1.5 i PVC+KS-3). Oznaka M se
odnosi na ,mokri* postupak modifikovanja
kalcita, S na ,,suvi“ postupak, dok broj pred-
stavlja koncentraciju stearinske kiseline koja
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je upotrebljena za modifikovanje izraZzenu u
%. Kod oba postupka su uzete one koncen-

Tabela 2. Mehanicke osobine PVC meSavina

tracije pri Kkojima je ostvarena potpuna
pokrivenost minerala stearinskom kiselinom.

Mehanicke osobine Jedinica PVC+K PVC+KM-1.5 PVC+KS-3
Zatezna Cvrstoca MPa 52,70 54,20 53,20
Prekidna ¢vrstoca MPa 36,50 38,20 37,90
Zatezno izduzenje % 4,30 4,35 4,46

Kao §to se vidi u tabeli 2 zatezna i [3] S.R. Mihajlovi¢, D. D. Vuéinié. Z. T.

prekidna ¢vrstoéa i zatezno izduzenje imaju
vece vrednosti kod PVC mesavine koja
sadrzi  kalcit modifikovan stearinskom
kiselinom u odnosu na vrednosti kod PVC
meSavine koja sadrZi nemodifikovani kalcit.

ZAKLJUCAK

Krec¢njak se koristi u razlicitim fazama
tehnoloSkog procesa velikog broja indu-
strijskih grana ukljuujuéi i industriju
PVC-a. PVC mesavina koja sadrzi krec-
njak kao punilac se lakSe preraduje razli-
¢itim tehnikama i gotovi proizvodi imaju
bolja mehanicka svojstva prvenstveno zate-
znu i prekidnu ¢vrstocu i zatezno izduZenje.
Kvalitet kre¢njaka kao punioca u industriji
PVC-a se moZe poboljsati postupkom
modifikovanja njegovog osnovnog minerala
kalcita stearinskom  kiselinom. Naime,
postupkom maodifikovanja se obezbeduje
jaca interakcija u sistemu kre¢njak odnosno
kalcit-stearinska kiselina - PVC, u odnosu na
interakciju izmedu dva lanca PVC-a koji ne
sadrzi modifikovani punilac.
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