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ABSTRACT

PREPARATION AND CHARACTERIZATION OF MICRON SIZE
SERPENTINE FILLED ABS COMPOSITE

Alakog, Mustafa Can
M.S., Department of Polymer Science and Technology
Supervisor: Prof. Dr. Teoman Tinger
Co-Supervisor: Assoc. Prof. Dr. Goknur Bayram

November 2008, 64 pages

Micron size non-treated / silane coupling agent (SCA) treagedestine filled
acrylonitrile-butadiene-styrene (ABS) composite preparation andctesization of
composites in terms of mechanical, thermal, flow propeeias morphology were
studied in this work. First step of the study was the rgdection of the as collected
serpentine mineral. Secondly, three types of silane coupliegt dgeatments were
applied to serpentine which weremethacryloxypropyltrimethoxysilane (A-174),
-(3,4-epoxycyclohexyl)-ethyltrimethoxysilane (A-186) and -mercapto-
propyltrimethoxysilane (A-189). Non-treated and three different typesSCA
treated serpentine minerals were melt mixed with ABS. tdeaited serpentine filled
ABS composites had the serpentine weight fractions of 2%, 5%,ab@k20%. On
the other hand, SCA treated ones had serpentine weighofraaif 2%, 5% and
10%.

Morphological analysis showed that SCA treatment was parggtafé in interface
interaction enhancement and A-186 gave the best results accordimgagraphs.

There wasn't any critical mechanical property loss up to 20% rsmpeaddition.



Tensile tests revealed that SCA treatment increased i sirength values of
composites compared to non-treated serpentine filled compositesdrdance with
morphological study, best result was obtained from 5% A-186 tresgubntine
filled ABS as 12.9% improvement in yield strength value. Peredorigation at
break values were increased with filler addition and greatestase was observed
in A-189 treated samples. Serpentine addition had no net effect on’S ddodulus
values. According to the impact testing results, A-189 treategkes had improved
toughness compared to non-treated samples in accordance with eloagdtieak
values. However increasing filler content resulted with deeréa impact strength
values. DSC analysis showed that glass transion tempesaasgecially for SCA
treated samples, were decreased compared to neat ABSilleithadidition. This
result suggests that SCA may had the plasticizing effechercomposite. Flow
properties of composites were not different from neat ABS up t@ad@diion, when
the filler concentration was further increased melt flow xdealues were

dramatically decreased.

Keywords: Serpentine, ABS/Serpentine Composite, Filler, Siameling Agent
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M KRON BOYUTLU SERPENT N KATKILI ABS KOMPOZ T N N
HAZIRLANI | VE KARATER ZASYONU

Alakog, Mustafa Can
YUksek Lisans, Polimer Bilimi ve Teknolojisi
Tez Yoneticisi: Prof. Dr. Teoman Tinger

Ortak Tez Yoneticisi: Dog. Dr. Goknur Bayram

Kas m 2008, 64 sayfa

Bu cal mada mikron boyutlu lem uygulanmam/silan balay c lar(SCA)
uygulanm serpentin iceren akrilonitril butadien stiren compositlerininfteaz  ve
bu kompozitlerin mekanik, s|, akanl k 6zellikleri ile morfolojileri ¢al Im tr.
Cal man n ilk basamanda, toplanm olan serpentin mineralinin boyut kigultme
i lemi yap Im tr. kinci olarak -metakriloksipropiltrimetoksisilan(A-174), -(3,4-
epoksisiklohekzil)-etiltrimetoksisilan (A-186) ve-merkaptopropiltrimetoksisilan
(A-189) silan balay c lar serpentine uygulannir. lem uygulanmam ve silan
ba lay c uygulanm serpentin/ABS kompozitleri, eriyik katrma yodntemiyle
hazrlanmtr. lem uygulanmam serpentinle haz rlanan kompozitlerin fikca
serpentin oranlar 2%, 5%, 10% ve 20%'dir. Silanlagc uygulanan kompozitler

a rlkca 2%, 5% ve 10% serpentin icermektedirler.

Morfolojik analiz gostermitir ki silan balayc uygulamas, araylzeydeki
etkile imin geli tirilmesini k smen saam tr ve mikrograflara gore en iyi sonug A-
186 silan balay c syla elde edilmiir. 20% serpentin icerine kadar mekanik

Ozelliklerde kritik bir kay p yaanmam t r. Gerilme testleri, serpentin silan tay c

vi



uygulamas yaplan kompozitlerin ¢ekme gerilme dayan mlar n nlemi
uygulanmayan serpentin eklenen kompozitlere gére daha yuksekuoidwrtaya

¢ karm tr. Morfolojik ¢al malara uygun olarak 5% serpentin iceren kompozitte
maksimum c¢ekme gerilmesi d&i 12.9% art gostererek en buyuk gdhni
sergilemitir. Kopmada ylzde uzama deleri serpentin eklenmesiyle birlikte art
gostermitir ve en fazla art A-189 uygulanan kompozitlerde gorulntiir. Serpentin
eklenmesinin elastik moduliine belirgin bir etkisi saptanmamDarbe dayan m
testlerinin sonuglar na gore, kopmada uzama sonuclar yla uyumlekide, A-189
uygulanan kompozitlerin toklw, katk s z ABS’ye gore artnt r. Ancak, kompozitin
icindeki katk maddesi artrId nda toklukta dii godzlemlenmitir. DSC analizi,
Ozellikle silan uygulamas yap lan kompozitlerde, serpentin eldsiyie birlikte
kompozitlerin cams gec¢iscakl nn, ABSnin cams geci scakl na gore
di th Unl gostermtir. Bu sonugla birlikte silan uygulamas nn kompozitler
Uzerinde plastikldirici etki gostermi olabilecei anla Im tr. 2% serpentin
eklenmesine kadar kompozitlerin ak Ozellikleri ABS'ye gore farkllk
gostermemitir ancak daha yuksek serpentin eklenmesi durumunda kompozitlerin

eriyik ak indisi dramatik bir bicimde azalntr.

Anahtar Kelimeler: Serpentin, ABS/Serpentin Kompoziti, Katkaddesi, Silan
Ba lay c
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CHAPTER 1

INTRODUCTION

1.1  Composite Materials

Composites are materials made from two different matehalsremain as separate
phases and where one of the materials is a binder or matrix aoithénenaterial is a
reinforcement [1].The advantage of composites is that they usually exhibit the best
qualities of their components and often some qualities neithepawent posesses.
Composite materials can be broadly classified into four diffeoatégories as
laminated composite materials, particulate composite rafgefibrous composite

materials and combinations of some or all of these thypst2].

Laminated composite materials (LCM) consist of two or moredfit materials that
are bonded together. Lamination is used to combine the best saggfethe
constituent layers. In “bimetal” type LCM, two differentpgs of metals usually
having significantly different thermal expansion coeffients laminated to be used
in temperature measurement devices. “Clad metals” ischddi LCM in which one
type of metal is sheathed in another. “Laminated glass” typevsloped uniquely
for automotive industry by placing polyvinyl butyral (a very tough also flexible
polymer) layer between two glass layers [2].

Particulate composite materials (PCM) consist of pagidf one or more materials
suspended in a matrix of another material. The type of compositefised
according to the type of matrix and particulate. They can lassiied as both

metallic or non-metallic. As a result of this classifiocat there are four types of



PCM: “Nonmetallic particles in nonmetallic matrix” (contxe- particles of sand and
gravel that are bonded together with a mixture of cement and)w&tstallic
particles in nonmetallic matrix” (solid rocket propellants — atum powder and
perchlorate oxidizers in polyurethane or polysulfide rubber matrix)etaMc
particles in metallic matrix” (lead particles in copperlogs to improve
machinability) and “Nonmetallic particles in metallic migt (cermet — ceramics

suspended in a metallic matrix) [2].

As the name indicates, fibrous composite materials (FCM) fibess as the
reinforcement part. Principal fibers used in FCM are glastion (high modulus or
high strength), aramid (or tradename as Kevlar — very)ligloron (high modulus or
high strngth) and silicon carbide (high temperature resistamasti Matrix materials
chosen for FCM are polymers (thermoplastic and thermoset rasimgyals (silicon

carbide, carbon) and metals (aluminium alloys, titanium alloyignted eutectics)

3].

1.2  Composite Materials Using Polymers as Matrix

Although polymers have numerous advantages (such as light weighkt, oéas
processing, cost etc.) over conventional materials, furtheroweptents are being
studied since 1950’s by combining polymeric materials with diftengaterials. The
studies resulted with two main categories of polymeric comosite of which can
be named as “particulate filled polymer composites” and anathercalled “fiber

reinforced polymer composites”.

Fibers used in advanced polymeric composites (continuous fibers; suglass,
carbon or graphite, aramid, high strength polyolefin, boron, silicopidz fibers)
have high aspect ratio, high stiffness and strength. Thesposies are used in
primary structural applications and considered as high-performatnoetusal
materials. The fiber types (like whiskers), which areduse lightly loaded or
secondary structural applications have lower values in propentestioned

above[4].



In these type of composites fibrous part has the roles of:
- carrying the load. In a structural composite, 70 to 90% ofohe is carried
by fibers.
- providing stiffness, strength, thermal stability, and p#teuctural properties
in the composites.
- providing electrical conductivity or insulation, depending ontyipe of fiber
used.

On the other hand matrix material:

- binds the fibers together and transfers the load to the fibers prgvididity
and shape to the structure.

- isolates the fibers so that individual fibers can act séplgr stopping or
slowing down the propagation of a crack.

- provides a good surface finish quality and aids in the production chape
or near-net-shape parts.

- provides protection to reinforcing fibers against chemicahclt and

mechanical damage (wear).[5]

1.2.1 Particulate Composites with Polymer Matrix

Traditionally, “fillers” are considered as additives which nratlely increase the
modulus of the polymer without an improvement in strength (ten8dgural)

because of their geometrical features, surface area or adlecoimposition. They
mainly reduce cost by replacing with the more expensive polymeiaatet molding

cycles by increasing thermal conductiVié}.

However “reinforcing fillers” are discontinuous additives of whiform, shape,
and/or surface chemistry have been suitably modified with thectolge of

improving the mechanical properties of the polymer, partibusarength [6].



Particulate filler materials can be categorized under twbgreups; “Mineral

Fillers”, “Synthetic Particulate Fillers”.

1.2.1.1 Mineral Fillers

Mineral fillers are a vital and significant part of theond’s polymer industry.
Consumption in rubber and plastics is currently estimated to be dvemnilion
tonnes per year in Western Europe [Vihe types of mineral fillers in general are:
Calcium Carbonate Minerals, Dolomite, Kaolin, Calcinated ClMica, Talc,
Montmorillonite, Barite, Calcium Sulfate Products, Wollastorated Crystalline

Silicas. The most important mineral fillers used arbaaates, clays and talcs [7].

Calcite (calcium carbonate) and dolomite (calcium-magnesiutooates) are the
main carbonate fillers used in industry [7]. They primarily redcmsts together with
affecting mechanical properties in a little portion. Howeverparticular polymer
systems, they may be considered as multifunctional fillete warious effects on
rheology, processing and morphology [6]. Main matrix materials applied®?VC

(nearly 80%), thermosets and fiber glass reinforces unsatyralgesters.

Clay minerals are aluminium silicates of either the teyeted kaolinite type or
three-layered montmorillonite type. Two clay minerals are contynused in the

polymer industry, which are namely montmorillonite and kaolinite.

Montmorillonite, also known as bentonite which is a member ofllggijcate
minerals (layer silicate) is the main raw material f@nocomposite studies with
polymeric materials. It is shown that nano sized montmorillonddit@an to
polymers results in an improvement in mechanical propertiesmti and barrier

properties and fire resistance [7].

Kaolin which is also a member of phyllosilicates is widely knasn‘China clay”
[8]. Kaolin, which is a plate-like filler has a relatively laagpect ratio. It imparts

certain mechanical property improvements to thermoplastiég diher plate-like

4



materials, kaolin can improve dimensional stability (warpstasce), isotropy, and
surface smoothness, a common problem with high aspect ratio fibrous

reinforcements [6].

Talc, natural mineral found worldwide is the major constituentocks known as
soapstone and staeatite [9]. Talc has the lowest hardnes®valueerals as 1 in the
Mohs Hardness Scalé€rimary reasons for using talc include improvements in
mechanical properties such as heat deflection temperature (HiQiOity, creep
resistance, and sometimes impact resistance, as welvas shrinkage. Additional
secondary benefits include improvements in dimensional stalalitg lower

permeability [6].

1.2.1.2 Synthetic Particulate Fillers

Synthetic particulate fillers are composed of carbon blagkithstic silicas
(precipitated and fumed silica), aluminium hydroxide, magnesiuntokigke and
antimony oxides. The main interest is focused on carbon black diflen all
synthetic particulate fillers. Precipitated silica and édmsilica are used as
reinforcing filler in hydrocarbon and silicone elastomers, alumirameh magnesium
hydroxide are used as flame-retardant fillers in elastonteesmosets and some
thermoplastics and antimony oxides (antimony trioxide and pentoxide)saresed

as flame-retardant fillers [6].

Carbon blacks are soots produced by incomplete combustion of volatileicorga
materials, principally oil and gas [6]. They are mainlycdus® reinforcing agents for
elastomers, especially in automotive tires (90% of the uibiza Other areas of

application are conductive fillers, pigments and stabilifmrsutdoor usage.

1.3  Layered Silicate Minerals

Layered silicate minerals (phyllosilicates or sheet aiéis) include a group of

minerals which has Mg, F&€*, F€*, Ni** and K’ in their composition besides silica.



Their structure can be regarded as a result of the combinatitetrathedral and
octahedral layers. They contain hydroacids of the {@kup and other additional
anions and water. Tetrahedral represents a hexagonal net coin-sikygenous
tetrahedrons in which three of the four oxygen ions are common. Toedskayer,

octahedral is formed by the ions of aluminium, magnesium or lrandre in the

octahedral coordination (Figure 1.1) [10].

@ and © — silicon

() and {: — oxzygen

@ cluminium, magnesiim ete.

O and F —  hydroxyl

Figure 1.1 A single tetrahedral (up side left), a sheet structurelichsietrahedral
arranged in a hexagonal network (up side right), a single at&hit (down side
left) and a sheet structure of octahedral units (down sitié) ri

Two, three and multilayer structural types of layeredegitis are present. They can
be distinguished according to the kind of relationship that exists eetulee
tetrahedral and octahedral layers. The packets in the 1:llaypeed silicates are
composed of one tetrahedral and one octahedral layer. Serpentinkaali
minerals are of this type of mineral. In three-layerditades (2:1) the packets
consist of two tetrahedral layers and one octahedral layertesit between them. In
the multilayer types (2:1:1) structuiseconstituted by a layer of brucite Mg(GHor
gibbsite AI(OH} in the interlamellar space (Figure 1[20].
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Figure 1. 2a) 1:1 — Kaolinite - AlSi4Ox(OH)s (b) 2:1 — Montmorillonite -
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1.3.1 Serpentine

Serpentine mineral is a member of 1:1 layer type phylloggigcdts general formula
is MgsSi,Os(OH), but it usually contains the impurities of’Feln the crystalline
structure of serpentine, the layers of hexagonal networks are cednpbsilicon-
oxygen tetrahedrons from two layered packets combining with the ocahleger in
which M¢f* ions are in an octahedral environment of2€hd 4(OH) ions. Three
polymorphs of serpentine are found; antigorite, lizardite and chmysdtil is
recognized by its variegated green color and its greasy lusbsrits fibrous nature.
Serpentine is a widely distributed mineral found in nature (Gan&duth Africa,

Russia, Greece, England, Turkey, etc.) usually as an diternaf magnesium



silicates, especially olivine, pyroxene and amphibiole. It foayn by the reaction

from fosterite as follows:

2Mg28|04 + 3HO — M@|205(OH)4 + Mg(OH)4

Forsterite Serpentine Brucite

Antigorite and lizardite are generally massive and firsrgd however chrysotile is
fibrous. The asbestiform variety, chrysotile constitutes thedis approximately 90-
95% of the asbestos deposit. Before it is found to be carcinmgdnternational
Agency for Research on Cancer, it was mined in lots of diftdocations to be used
as fireproofing and as an insulation material against heat acttigity. Massive
serpentine is often used as an ornamental stone and mayuableahs building
material [10-12].

1.4  Silane Coupling Agents

The natural surfaces of some type of the reinforcing elenaeatkess than optimum
for dispersion into polymers and for interaction with polymers. Furtbee, it must
be kept in mind that the surface of the reinforcing element playsi@al role in

determining the properties and processing behaviour of composites.

Silane coupling agents are the most widely used surface modispescially in
plastics industry. Following performance benefits can be obtainsdame coupling
agents: modified surface characteristics (hydrophobicity), ougat dimensional
stability, improved filler dispersion (no agglomeration), inceghwet-out between

resin and filler, improved mechanical properties and controlledabiall properties

[6].

Common silanes have the general formula Y-{g5i(X); represented in Figure 1.3
and Y-(CH),Si(CHs)(X)2. The silicon functional group X is a hydrolyzable group
chosen to react with surface hydroxyl groups of the filler to prodwstalde bond,

and is usually halogen or alkoxy. The organofunctional group Y hsiytitpound to
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the silicon with a short carbon chain and links with the polymers §loup has to
maintain maximum compatibility with the resin system. Bondingh® polymer
takes place by chemical reactions or physicochemical intengcguch as hydrogen
bonding, acidbase interaction, interpenetration of the polymer network
(entanglement), or electrostatic attraction. The group Y b®yon-functional or
functional (reactive) [6].

X
YMﬂli

|
X
X = silicon-functional group

% = organofunctional group

Figure 1.3General structure of organosilanes

1.4.1 Silane Coupling Agents & Fillers

Organosilanes utilize the reaction with surface hydroxyl graagsroduce a stable
covalent bond and a stable layer on the filler surface (Figure T, they are
most effective on fillers with high concentrations of reactivalroyyls and a
sufficient amount of residual surface water. Silica, d#isgincluding glass), oxides,

and hydroxides are most reactive towards silanes.

OH ?H
Y—[CHﬂa—Tl—ou HO Y—[CHzls—SII—D
HO -H;,0 ?
Y—[CH;,:la—?l—-OH Y—[CH2]3—SII—O—H
OH OH
Inorganic Inorganic
Substrate Substrate

Figure 1. 4Mode of reaction between a silanol and an inorganic surface
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Firstly, fixation of the silanol on the filler surfaceascomplished through hydrogen
bonding with the surface OH groups. Until the water moleculeinsirglted, this
reaction is thought to be reversible. As long as there is omyoggn bonding, the
silane can still remove on the filler surface. The covalend [silane—O-filler] fixes
the silane on the filler surface. The silane form a monolayethe filler surface.
Explaining the exact nature of the surface layers and tke&tionship with the
coating conditions is very hard. The current understanding is thaedihdyers on
mineral surfaces are thicker than the theoretical mono(&ygure 1.5) Such layers

are very complex and depend on the coating conditions used, the nature of the

mineral surface, and the chemistry of the reactive functiceslitiesent [6].

Figure 1. 50verview of a silanized surface

1.4.2 Types of Silane Coupling Agents

1.4.2.1 Vinylsilanes

These types of silanes have the hydrolyzable group of methoxy, etRexy,
methoxyethoxy or acetoxy generally. They are applied to polymetrsatbacross-

linked by a free radical process (peroxide cure) [7].
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1.4.2.2 Methacryloxysilanes

Methacryloxysilanes provide more reactive forms of unsaturdtian vinylsilanes.
They are used extensively in free-radical curing formulationgevegtra reactivity
is needed. Commercial products usually contaimmethacryloxypropyl groups. Their

major advantage is to decrease the viscosity of the applieplosim [7].

1.4.2.3 Epoxysilanes

3-glycidoxypropyltrimethoxysilane is the main epoxy type silane cogpéigent.
They are relatively expensive and are principally used in epdaiewhich they are
superior to other silane coupling agent types. Like methacrylargs, reduction in

viscosity value is the best feature of epoxysilanes otiear surface improvement

[71

1.4.2.4 Aminosilanes

Aminosilanes are widely used types of silane coupling ageititsam application
area including epoxies, phenolics, urethanes, polyamides, some tresticopl
polyesters and elastomers. The commercial ones are usualtiydrasaminopropyl

functionality. They give great stability to aqueous solutionskantiost silanes [6,7].

1.4.2.5 Sulfur Functional Silanes

This silane coupling agents are specifically designed for sglfiting elastomer
systems. However they are still used in considerable amouritsduistry. Two
principal dorms are -mercaptopropylsilane and various polysulfidic silanes
(especially tetrasulfide). Although both two types are véigcave, mercaptosilane

11



is the most efficient one. There has been a remarkabletlgrionthe use of the
tetrasulfide due to its key role with precipitated silicatihe development of low

rolling resistance or green tyres [7].

1.5  Acrylonitrile — Butadiene — Styrene (ABS)

ABS copolymer is the copolymerization product of three polymessjlanitrile,
butadiene and styrene. ABS is patented in 1948 by United States Rubrbpary
as a “Composition of butadiene-acrylonitrile copolymer and styrendeaitrile
copolymer”. From the beginning of 1950s till today it is an importaetmoplastic
utilized in many areas like house-hold appliances, camera houséaigphone
handsets, automotive industry, pipe and fittings, refrigeratorslifeiis the fourth
thermoplastic (after polyethylene, polypropylene, polyvinyl chloridgand

polystyrene) in terms of annual production rate and saléRi 1S [13].

Monomers ratios and production techniques may vary but there are si® ba
properties which characterize ABS plastics materials; goakcellent toughness
and high mechanical strength. All variations of ABS polymergehthese two
properties in common. If the contributions are investigated monbgneronomer;
acrylonitrile gives chemical resistance, heat restgaand high strength; butadiene
contributes toughness, impact strength and low-temperature propéstytiae;

styrene gives rigidity, surface appearance (gloss) and padxktyy14].

Two paths are followed in ABS manufacture which are blends aofersty
acrylonitrile copolymers with butadiene-acrylonitrile rubber anrpolymers of
polybutadiene with styrene and acrylonitrile (Figure 1.7). Therlast dominantly

applied way of producing ABS.
First method is applied via simple melt mixing of two types opatymers

mentioned above. A typical blend consists of 70 parts styrenesaitrife (70:30)

copolymer and 40 parts butadiene-acrylonitrile (65:35) rubber.
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Figure 1. 6Grafting reaction of butadiene onto SAN [14]

Interpolymers are produced by copolymerizing styrene and acrylenitri the
presence of butadiene rubber by using batch or continuous emulsion polymerizati
(Figure 1.6). The resultant materials are a mixture of polybetadiSAN copolymer
and polybutadiene grafted with styrene and acrylonitrile. The nextumade up of
three phases: a continuous matrix of SAN, a dispersed phaséybtitadiene and a
boundary layer of SAN graft. The graft polymer provides the lirtkvben the other
two components and therefore responsible for improving the propetfieke
mixture. Because of the similarity in chemical compositioretwben SAN
copolymer and SAN monomers grafted onto the polybutadiene molecule,tthes
components are soluble. This provides the mechanical bonding betwegyidlaad
the rubbery phase. The resulting polymer in this production techniquevama in
SAN-rubber ratio, the styrene to acrylonitrile ratio in th&NScomponent, the
amount of grafted SAN, rubber particle size and particke digtribution, cross-link
density of the rubbemyse of modified styrenes such agthyl styrene to increase
heat deflection temperatures, use of saturated rubbers indtgedyloutadiene to

improve weatherability [11,15,16].
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Butadiene Monomer Styrene+Acrylonitrile Butadiene+Acrylonitrile
Monomers Monomer

Polybutadiene Styrene — Acrylonitrile Butadiene -
Copolymer Acrylonitrile

Copoigr
Graft Styrene+
reacton Acrylonitrile
with Monomers
Polybutadiene-Styrene-
Acrylonltrlle Graft

Melt Mixing Melt Mixing

ABS Graft ABS Polyblends
Polyblends

Figure 1. 7Chemical steps involved in the preparation of ABS

1.5.1 Special Grades of ABS

For the purpose of being a suitable plastic for various applicaspasjal grades of
ABS resin are developed and adopted for these different reguitemThese
alterations can be generally done by variation in the monomer ciiopssor

blending with another polymer to improve the relatively weaperties.

Being a multiphase polymer blend, the effects of the compaaitiamd structural
features in ABS are complex and interdependent. However sometigated
variations have clear results. Shifting the AN content AN Srom 20-30%, which
most general purpose ABS contain, to 35% improves chemicaltaress
significantly. It is also indicated that AN in SAN improvib® crazing resistance of

SAN, creep and fatigue performance also improve as the ANrtarit¢he SAN is
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increased. On the other hand, increasing the molecular waighe SAN matrix
increases impact toughness. It is also found that the rubb&lgadlume fraction
alone is the most important parameter controlling modulus valugsB&f resins
since the modulus of rubber is almost 1000 times smaller thamdkelus of the
matrix SAN [17].

ABS is blended with polycarbonate to obtain high dimensional stabily
shrinkage, low moisture absorption, high stiffness and hardness, ¢gcidcel
properties in the low voltage and low power range and good impastaree at
temperatures starting from -50°C. Another common example tordbig is the
addition of polyvinyl chloride to ABS. These blends offer excellerocessability,
high impact strength, UV stability, flame resistance, Wweability at a low cost, and
excellent cost-to-performance ratio. Blending of ABS with aryle material such
as poly(methyl methacrylate) can allow a matching of theacéire indices of the
rubbery and glassy phases and provides a low level of contamineiegal such as
soap and in absence of insoluble additives, a reasonable transp&®riypk
polymer may be obtained. Furthermore, ABS is blended with therstapla
polyesters for obtaining excellent moldability, stress-crasistance, high gloss, low
shrinkage, good dimensional stability, good wear and abrasion resistgoad
thermal, weathering and solvent resistance (to gasoline and witspr Another
blend is ABS with polyamides in the presence of compatibilrause of high
immiscibility. These blends shows good processability and flow, gaddce finish
(gloss or matte as required), high heat, chemical, oil, wedrabrasion resistance,
dimensional stability, low temperature impact strength, retlnceisture sensitivity
and economy [13,18,19].

1.5.2.1 ABS - Filler Composite Studies

Jiang et al.[20ktudied with ABS, reinforced by micron-size (MCC) and nano-size
precipitated calcium carbonate particles (NPCC) through ewtipounding for
investigating mechanical properties. They found that MCC hayfeehimodulus but
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lower tensile and impact strength than neat ABS. However, NRC@ased
modulus of ABS while maintained its impact strength due to largerfacial area

and cavitation toughening.

ABS-metallic powder or filament and ABS-carbon fiber composées used in
electromagnetic interference (EMI) shielding studies. Lu tGal¢21] studied the
electrical conductivity and shielding effectiveness of nickedted carbon fibers-
ABS composites. As the fiber content increased in the compdditecoated carbon
fibers-ABS, the resistivity decreased. At the samer fgmntent, the conductivity of
the composites filled with Ni-coated carbon fibers was muchtgreban that of
ordinary carbon-filled composites. It was understood that to rehehsame
resistivity with carbon-fiber-filled composites, the use ofcNated carbon fibers as
filler can greatly decrease the required volume fractiorfitmdrs. The shielding
effectiveness of ABS resin filled with 10 vol% of Ni-coatedhmn fibers was about
50dB. On the other side Tzeng et al.[22] studied EMI effecéise of copper and
nickel-coated carbon fiber-reinforced ABS composites. They olsddhat lengths
of nickel coated carbon fibers are smaller than the copper coeteon fibers. As a
result their composites showed superior EMI shielding effectasemnéth respect to
copper coated ones due to excellent bonding between nickel coatinfijbersd

together with longer fiber length distribution.

Liang [23] studied tensile and flexural properties of silane coupigated hollow
glass bead-filled ABS composites. He observed an approximatebr lincrease in
Young's modulus, an increase in tensile and flexural strength up todi%me
fraction of addition and a decrease in that values after volumetidn of addition

was over 5%.

Tjong et al.[24] studied mechanical and thermal properties afbigtyl orthotitanate
treated potassium titanate whisker filled ABS compositesy Thand that both
modulus and stress at break increased, impact strength waasktwith increasing
whisker content and strain at break was not affected significeftighermore, it
was understood that potassium titanate whiskers have a dtext on the

thermooxidative stability of ABS.
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Gulsoy et al. [25] investigated physical and mechanical propestieronze powder
filled ABS composite. They found that yield and tensile strengifcgmt elongation,
impact strength, melt flow index values were decreased asiitéig hardness, vicat
softening point and heat deflection values were increased withaising bronze

volume percentage in the composite.

Kim et al. [26] studied the synergestic effect of triphenyl phase nanocomposite
(TPP),(synthesized by intercalating TPP into galleries of#thype silicates) epoxy
resin and silane coupling agent mixtures on thermal stabiizanhancement of
ABS. TPP addition alone slightly improved the thermal stabilitowever epoxy
resin together with TPP resulted with a significant decrealmiting oxygen index.
Further enhancement is obtained by the addition of silane couplingasytre third
component. In this study, another phosphorus type flame retardanat2 @t
dimethylphenyl resorcinol diphosphate (DMP-RDP), is also used an@bad_high
as 44,8 was obtained after synergestic effect of epoxy redigilane coupling agent
addition.

Liu B. et al. [27] investigated the thermal stabilitignfie retardancy and rheological
behavior of magnesium hydroxide sulfate hydrate (MHSH) whisker-é@8posite
and the effect of zinc stearate as a dispersion adddaivdBS/MHSH composite.
Addition of zinc stearate improved the dispersion of MHSH in AB&rix Heat
release rate and mass loss rate are considerably decwvattséacreasing whisker
content while composites with zinc stearate has much more lwetrrelease rate.
Viscosity and the storage modulus were increased at low frequaorey with
increasing MHSH content and ABS/MHSH composites exhibit distsotd-like
response at terminal zone than ABS.

1.5.2.2 ABS - Clay Composite Studies

Wang et al. [28,29,30] studied firstly on preparation and thempnoperties of

ABS/montmorillonite nanocomposite. Direct melt intercalation sgslied and they
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obtained a kind of intercalated-delaminated nanocomposite struatgreT @A
results proved that an improvement in char formation and thermiailityt was
achieved. In a different work, they chose particle size ohtmorillonite as the
variable. 5um and 38um particle sizes were selected, AB8&#dcomposites were
prepared and their structure and flammability properties weresiigated. It is
observed that 5um sized nanocomposite had a kind of intercalatedrae&sin
structure, whereas 38um sized nanocomposite had an intercalatetdrs. Both
nanocomposite showed a lower heat release rate peak and highel 8iahitity
than neat ABS. In addition exfoliated-intercalated nanocompositerpexfl a better
fire retardancy characteristic. Another study was madeotopare the thermal
stabilities of ABS/MMT nanocomposites with ABS/MMT nanocomposivgsh
conventional fire retardants decabromodiphenyl oxide and antimony oxideatidre |

showed a lower heat release rate peak and higher limitingeoxgdex value.

Ma et al. [31] studied morphologies, thermal stability and fifeility properties of
ABS-graft-maleic anhydride/clay nanocomposites. The sizeligpersed rubber
domains of ABS-g-maleic anhydride and the uniformity of dispersioninzisased
with respect to neat ABS. An intercalated/exfoliated strectuas obtained. This
intercalated/exfoliated structure of ABS-g-maleic anhydridefOMd better barrier
properties and thermal stability than intercalated ABS/OManocomposites.
Furthermore, ABS-g-maleic anhydride/OMT nanocomposite had disartly low

flammability compared with ABS/OMT nanocomposite.

Patino-Soto et al. [32] studied morphological and thermal propertidB8ficlay
nanocomposites with two different acrylonitrile content and thrderdiit organo-
modified clays (Cloisite 10A, 20A and 30B-with three different qumeter
ammonium salts) plus natural sodium clay. Results showed thaBBevith higher
acrylonitrile content produced a greater intergallery spaduegto greater polarity.
On the other hand, the greater clay intergallery spacingobt@sned from Cloisite
20A (very slightly polar) which had greater intergallery @pag initially. However
the greater increase in intergallery spacing (from ingjiEacing in the plain clay to
the final nanocomposite) was obtained from Cloisite 30B which aentabst polar
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organo-modifying groups. Cloisite 20A and 30B modified ABS/clay nanocaitegos
with higher acrylonitrile content produced nanocomposites with higheaggor
modulus, higher degredation temperature and better flame retarddneyas
understood that polarity and intergallery spacing plays an importlat in
determining dispersion.

Choi et al. [33] studied the role of laponite, the second cldy mdntmorillonite, as
a colloidal stabilizer in ABS/clay nanocomposites. Laponitédga low aspect ratio
clay, reduced the particle sizes of ABS/clay nanocompositeeteenhanced
colloidal stabilities and increased viscosity of the lateR&S/clay nanocomposites
showed exfoliated structures and as ratio of sodium montmorillanltponite was
increased in nanocomposite, dynamic moduli was increased becadgens

montmorillonite had higher aspect ratio than laponite.

1.6  Aim of the Study

The aim of this study is to prepare and characterize sampefited ABS
composites. SCA treated and non-treated serpentine filled cosgosiaving
different filler compositions were prepared and their morphologitatacterization
by scaning electron microscopy, mechanical characterizatioertsjlé and impact
testing, thermal characterization by differential scanngadprimetry and flow

characterization by melt flow index tests were done.
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2.1 Materials

CHAPTER 2

EXPERIMENTAL

2.1.1 Acrylonitrile Butadiene Styrene Copolymer

ABS was used as polymer matrix in this study and it was obt&iogdArcelik as
LG HF 380 grade. As the abbreviation indicates (HF-high flow), gtmadability

and excellent processibility are key characteristics ofghasle. It is utilized in the

applications such as; air-conditioner, telephone, electric farermtoy, kitchen

good. Table 2.1shows some of some properties of LG HF 380 gi@galymer.

Table 2. 1Some properties of ABS

Property Method Condition Unit Value
Melt Fow Index ASTM D1238 220°C /10 kgl g/10 min 43
Specific Gravity ASTM D792 23°C - 1,04
Mold Shrinkage ASTM D955 - % 04-~0
Tensile Strength at Yield ASTM D638 50mm/min kgfcm 450
Elongation at Yield ASTM D638 50mm/min % >5
Elongation at Break ASTM D638 50mm/min % >10
IZOD Impact Strength ASTM D256 1/4", 23°C kg.cm/gm 25
Rockwell Hardness ASTM D785 R-Scale - 106
Heat Deflection Temp. ASTM D648  1/4", 185K °C 86
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Table 2.1(Continued)

Property Method Condition Unit Value

Vicat Softening ASTM D1525| 5kg, 50°C/hr °C 94
Temperature

Flammability uL94 1/8" class HB

2.1.2 Serpentine

Serpentine mineral was used as the filler in this studyast collected from Beynam
region in Ankara. The mineral was collected in its natura sizd size reduction
procedure was carried out. The detailed information was giveh.i. Thesis of S.
Tan [34].

2.1.3 Silane Coupling Agents

Three different types of SCA, A-174, A-186 and A-189, were apptiesktpentine
in order to increase the interaction between the interphasekyfand polymer.
They are obtained previously from Union Carbide Company, which doexisbbn

the market presently. Chemical structures and some propefrties SCA are listed

below in Figure 2.1 and in Table 2.2, respectively.
A-174, -methacryloxypropyltrimethoxysilane, has methacryloxy functigndrhis
SCA was selected for application due to suitability of usagh WBS stated in

information sheet of the company.

A-186, -(3,4-epoxycyclohexyl)-ethyltrimethoxysilane has epoxy functionalitys
SCA was also selected due to the same reason statkd #t.
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A-189, -mercaptopropyltrimethoxysilane, has mercapto or sulfur containing

functionality. This SCA was chosen in order to make comparisoneketwther
applied silane coupling agents.

CHz O

OCH,
H2C=c—|cl—o ne EZ—Si—OCHg, (a)
OCH,
o
OCH;, OCHj,
CH:—CHZZ—Si—OCH3 HS—HZ—(Hiz—g—Sl—OCHg,
2 OCH;, £CH3
(b) (c)
Figure 2. 1Chemical Structures ¢&) A-174 (b) A-186 and(c) A-189
Table 2. 2Properties of SCAs
Property A-174 A-186 A-189
Specific Gravity 1,045 1,065 1,057
Viscosity @ 25°C (cp) 2 5,2 2
Boiling Point at 760 mm Hg (°C) 255 310 --
Solubility in Acetone Soluble Soluble Soluble
Solubility in Benzene Soluble Soluble Soluble
Solubility in Ethyl Ether Soluble Soluble Soluble
Solubility in Water Reacts Reacts Reacts
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2.2 Experimental Procedure

During this study, the first step was the particle size mamluof serpentine mineral.
Then SCA treatment was applied with three types of silaBesaposites with
different compositions were prepared by extrusion. Prepared composites

injection molded for characterization purposes.

2.2.1 Size Reduction of Serpentine

Tan [34] studied nanocomposite production of serpentine and polypropytethed |
study, serpentine, collected from Beynam region in Ankara,haasnered, ground,
rolled and pulverized respectively in order to reduce the parizk. Before further
size reduction of as received pulverized serpentine (which wamettfrom Tan’s
study) was done in this study, it was wet sieved with ethanabkimg 400 mesh (38
n) screen. Serpentine collected from sieving was dried ewadlyf ball milling in

agueous ethanol medium was done. After all size reduction proceparesle sizes

were measured with Malvern Mastersizer 2000 and the folgpwasults were found.

Table 2. 3Final value of average patrticle size of serpentine powftiar size

reduction process

d (0.1) d (0.5) d (0.9)
1.204mm 3.302mm 8.772mm

2.2.2 Silane Coupling Agent Treatment

2 weight-% (SCA/[serpentine+SCA]) A-174, A-186 and A-189 treatpestine
minerals were prepared. Firstly, required amount of SCA dissolved in 50cc
ethylacetate to obtain 2.5 weight-% (SCA/[SCA+ethyl acPtate mixture.
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Ethylacetate was >99.5% pure because SCA have a risk towghowater. The
stock solution of SCA/Ethyl acetate was added into the micrea sierpentine and
they were mechanically mixed. Then controlled evaporatiothef mixture was

carried out till the ethyl acetate was removed from theure.

2.2.3 Melt Mixing by Extrusion

ABS/treated and untreated serpentine were mixed by using a treiw sxtruder
with a model of Thermoprism TSE 16 TC. It is a co-rotatingn tscrew extruder
having an L/D ratio of 24. Moisture content of ABS is removed paa@xtrusion by
drying ABS pellets at 85°C for 4 hours. Serpentine and ABSfe@ to the extruder
from separate feeders. Table 2.4 shows the extrusion praéssies and Table 2.5

lists the prepared composites.

Table 2. 4Extrusion process variables

Process Variable Value
Barrel Temperatures (from hopper to die, 160 — 170 — 190 -
respectively) , °C 200 - 220
Screw Speed, rpm 250
Feed Rate (ABS+Serpentine) , g/min 20
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Table 2. 5 Prepared ABS-Serpentine Composites, compositions and SCA

contributions

Sample ABS Serpentine A-174 A-186 A-189
Code Content (%) | Content (%)

ABS-Blank 100 -- -- - -
ABS-2 98 2 -- - -
ABS-5 95 5 -- - -

ABS-10 90 10 -- - -
ABS-20 80 20 -- - -

ABS-2-174 98 2 7 = =

ABS-5-174 95 5 Vs = =

ABS-10-174 90 10 7 = _

ABS-2-186 98 2 -- 7 -

ABS-5-186 95 5 -- 7 -

ABS-10-186 90 10 -- v -

ABS-2-189 98 2 -- -- v

ABS-5-189 95 5 -- -- S

ABS-10-189 90 10 -- -- 7

2.2.4 Injection Molding

Injection molding was carried out by using a laboratory scalectioje molding

machine, Daca Instruments Micro Injector. Pelletized commositre dried for 4

hours before they were injection molded. The barrel temperaace mold

temperature was set to 220°C was set to 80°C, respegctivel
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2.3 Sample Characterization

Prepared samples were analyzed in terms of structurahamieal, thermal and flow
characteristics for investigating the changes after additidiller to the polymer.
Scanning electron microscopy (SEM) was done for structural dbawation,
tensile testing, impact testing are done for mechanicabctaization, differential
scanning calorimetry (DSC) is done for thermal charactésizand melt flow index

(MFI) test is done for flow characterization.

2.3.1 Tensile Testing

Instron Tensile Testing Machine TM1102 was used for tensilengeshnjection
molded dumbbell specimens (Figure 2.2) having dimensions in the Zabhwere
used in the testing. The drawing rate was 50 mm/min and tesésdone at room

temperature.

T [

y
—
| A

Figure 2. 2Representation of a dumbbell shaped specimen

Table 2. 6Dimensions of dumbbell specimen

Abbreviation Value
lo, Distance between grips, mm 80
l, total length of sample, mm 112
w, Width of sample, mm 7
t, thickness of sample, mm 2
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2.3.2 Impact Testing

Injection molded specimen having dimensions of 60mm x 7mm x 2mm wged in
unnotched charpy impact test. Tests were performed by using a pengopact

tester of Coesfeld Testing Machine according to ASTM D256@m temperature.

2.3.3DSC

Thermal properties of specimen were investigated with D&E under nitrogen
atmosphere. The test machine was Dupont Thermal Analyst 2000 9186.
Measurements were done in the temperature interval of 25 to 2808Gcanning
rate of 20°C/min.

2.3.4 MFI

Melt flow index test was done under 2.16 kg load at 220°C by usingeaféld
Material Test, Meltflixer LT according to ASTM D1238.

2.3.5 SEM
SEM analysis was done by using a JEOL JSM-6400 model low voltazgmiag
electron microscope. The fracture surface of the tensitsgespecimen from all

types of concentrations were analyzed in this test. In ordexch@eve electron

transfer, a thin layer of gold was applied to all specimen.
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CHAPTER 3

RESULTS AND DISCUSSION

3.1 Morphological Characterization

Morphological characterization of composites was done by SEM sasa§urfaces

of the samples fractured in tensile testing were used i &talysis.

3.1.1 Scanning Electron Microscopy Analysis

SEM analysis was used to examine surface characteristicspgeomity of
dispersion of serpentine particles in ABS matrix, modificatiothefinteraction on
the polymer-clay interface after SCA treatment and to igwdiserve particle size
distribution which was obtained experimentally. Micrographs of coitgmsre
given for ABS-5, ABS-10, ABS-20, ABS-2-174, ABS-5-174, ABS-10-17BSA2-

186, ABS-5-186, ABS-10-186, ABS-5-189 and ABS-10-189 from Figure 3.1 to
Figure 3.11, respectively.

Micrographs of non-treated serpentine filled composites are giv&igure 3.1 to

Figure 3.3. There is a homogeneous distribution of filler througtribmaVeak

interaction on the interface of serpentine and ABS, and largé&es and holes with
varying sizes were observed in Figure 3.2.b. Figure 3.3.a givddea about the
homogeneity of the distribution of clay particles. Neverthelesserpentine particle
having an approximate diameter of 20um embedded in ABS matrikeaeen in
Figure 3.2.b. This particle, because of its unusual big s&zeained in the fracture

surface although it shows no clue of adhesion with polymer matrix.
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Starting from Figure 3.4 to Figure 3.6, A-174 SCA treated séirpe filled

composites are given. All compositions of composites for tipis 6f SCA treatment
are displayed. There is no significant change in the morphologpatfix when

compared with non-treated ones. It was seen that weakly adhguedtser particles
were drawn from their embedded places upon fracture in Figure Bidwaever, a
weak adhesion between filler and polymer was observed espexi&ligure 3.6.a.
We preferred to work on large size particles, although they apgsddom. Low
resolution of the SEM device at high magnifications madefficdit to follow the

presence of adhesion between polymer and filler through analysiengbosites
containing A-174 SCA. As shown in Figure 3.5.b and 3.6.a we hardgnabany

strong adhesion.

Figures 3.7, 3.8 and 3.9 show A-186 SCA treated serpenting ¢idimposites. 2%,
5% and 10% addition of clay were monitored. Good chemical bonding eveated
interaction between serpentine and ABS was shown in Figure Biguse 3.8.b and
Figure 3.8.c with high magnifications such as x10000 and x20000. IreFsg8ia, a
large serpentine particle, which is almost fully contactepiolymer matrix was seen.
It differs from other big particles by having almost no vagaaound it, interaction
between serpentine and polymer was achieved. Closer viewhisofelkevated

interfacial interaction are given in Figure 3.8.b andc3.8.

5% and 10% A-189 SCA treated serpentine added composites weredsaadrtbe
images were given in Figure 3.10 and 3.11, respectively. Ak vegthesion is
observed similar to the one in A-174 treated composites. There/aaamncies

between the polymer and filler which can be clearly sedfigure 3.11.

Additionally, it must be stated that fracture surfaces aroundebigerpentine
particles exhibited a more rough character compared to more bkosmgsly

distributed sections of the specimen. Furthermore, littlétieay some containing a
non-adhered serpentine particle and some being a cavity, wergazbaesund those
bigger serpentine particles. Micrographs explaining this morpholagyeaeen on
Figure 3.2.b, Figure 3.5.b, Figure 3.6.a, Figure 3a8dFigure 3.10.b.
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3/2008 | HV | mag | WD |spot — 50 pm
10:05:40 AM |20.00 k|2 000 x| 8.9 mm | 5.0 METU CENTRAL LAB

32008 | HV ‘ mag ’3’\/5 spot : — 50 m —
0:24 AM [20.00 kV|2000x| 9.0 mm| 5.0 METU CENTRAL LAB
(b)
Figure 3. 1SEM image of fractured surface of ABS& x2000-1(b) x2000-2
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(b)
Figure 3. 2SEM image of fractured surface of ABS-H) x500(b) x3000
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10?23720‘08‘ HV ‘ mag spot,

10:26:09 AM | 20.00 kV |25 227 x| 9.5 mm | 5.0 METU CENTRAL LAB

(b)
Figure 3. 3SEM image of fractured surface of ABS-20 (a) x2000 (b) x25227
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(b)
Figure 3. 4 SEM image of fractured surface of ABS-2-174 (a) x1000 (b) x2000
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(b)
Figure 3. 5SEM image of fractured surface of ABS-5-174 (a) x1000-1 (b) x1000-2

34



(@)

(b)
Figure 3. 6 SEM image of fractured surface of ABS-10-174 (a) x1000-1
(b) x1000-2
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(b)
Figure 3. 7SEM image of fractured surface of ABS-2-1@) x500x(b) x20000
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(b)
Figure 3. 8SEM image of fractured surface of ABS-5-1@) x2000(b) x10000
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(€)
Figure 3. 9(cont'd) SEM image of fractured surface of ABS-5-18%$x20000
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(b)
Figure 3. 10SEM image of fractured surface of ABS-10-18&%x2000-1
(b) x2000-2
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(b)
Figure 3. 11SEM image of fractured surface of ABS-5-1@9 x500(b) x2000
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(b)
Figure 3. 12SEM image of fractured surface of ABS-10-1&9x500 (b) x10000
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3.2. Mechanical Analysis

Tensile testing and impact testing were applied to serpeiitese ABS composite to
investigate the effects of filler, the order of additionfibkér and SCA treatment to
filler on mechanical properties. Results are graphicaflyesented and all numerical

data related to mechanical testing are given in Appendix A.

3.2.1. Tensile Testing

Tensile testing was done on applied to injection molded dumbbelhsgeto obtain
information about resistance against one-directional stress angaébn response
against this force. The data obtained from stress-strainadmsgwere evaluated and
characteristics of prepared composites were compared in t#ryield strength,

elongation at break and Young’s Modulus.

3.2.1.1 Yield Strength and Elongation at Break

Mineral type fillers are usually added to improve mechamoaperties of polymers.
Yield strength gives crucial information about mechanical prasehecause it is the
measure of the force that a material can withstand befasaffiérs macroscopic
plastic deformation. It is an important design parametemwdf®osing the right
material for application.

The results of tensile testing are shown in Figures 3.12-3.H1, the upper limit of
addition of filler was determined by examining the point where machl

properties have a critical change in a negative manner. 2d#on appeared to be
the limiting point because all yield strength, elongation atkbaea impact strength
(which will be discussed in the following section) propertielilgted a numerical

loss. Elongation at break and impact strength losses wanee significant ones.
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The results for non-treated serpentine added fillers are shofvgure 3.12 and the
results of the SCA treated composites are shown in Figure 31¥3aBd 3.15. From
the yield strength point of view, there wasn’t any loss up to Zifétuding 10%) in
all types of composites. Furthermore, 5% addition of serpegtue the best results
compared with 2% and 10% additions. SCA treatment has a positaat tfivards
yield strength properties. All of the SCA treated compositage greater yield
strength values compared to non-treated ones. This was due teséaciaterface
interaction between serpentine and ABS undoubtedly. As seen in Hdi#reand
3.16, ABS-5-186 had the greatest mechanical property improvereaching to
12.9% advancement in yield strength value.

The elongation at break values of ABS was influenced with Hee &iddition. There
was an increase in percent elongation values in 2% and 5% ordsuddion
compared with maximum elongation of neat ABS which can be sean Figure
3.12 to Figure 3.15 for individual sets and in Figure 3.17 for summaail séts of
composites. There was a slight increase in elongation at baésds\for ABS-10 and
ABS-10-189 values but ABS-10-174 and ABS-10-186 had the same elongation at
break values with respect to the neat ABS. As a resuoitte of the composites had a
lower value compared to neat ABS. Three composites; ABS-2, ABE¢4 and
ABS-10-186 had nearly the same values and all of other compabsites got a
higher value compared to neat ABS. Abu Bakar et al. [35] sugfyé@sttheir study
with SCA treated kaolin/polypropylene composite that the inergaglongation at
break value was due to the plasticizing effect of coupling agent2% filler added
composites, especially for ABS-2-189, this was true for serp#ABS composite.
Furthermore, the lack of interaction between filler and couggent resulted with a

failure in hindering the plastic deformation of the polymerrimat
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Figure 3. 14Yield Strength and Elongation at Break values for ABSiBland A-
174 SCA treated serpentine filled ABS composite
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Figure 3. 15Yield Strength and Elongation at Break values for ABSaBland A-
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3.2.1.2 Young’s Modulus

Young's modulus is the key indicator of the “stiffness” or “rigitiiiyhich quantifies
the resistance of the material to uniaxial tension [36]. Eiduil8 compares the
modulus of neat ABS, 2%, 5%, 10% and 20% serpentine filled ABS compoAit
slight and linear increase in the modulus value up to 10% additioohgasved but
it decreased to a value near to neat-ABS for 20% addition. Segmngh of
composites which were filled with A-174 SCA treated serpentiiedf ABS
exhibited a linear decrease response to increasing filleemiownthich is shown in
Figure 3.19. A-186 and A-189 treated serpentine filed ABS compositesed
almost a constant response for modulus value to filler additidested in Figure
3.20 and 3.21. Serpentine, which is a soft filler, but not fiasdalc, with its sticky
and soapy feeling was apparently not very effective in altahiegnodulus of the
matrix. Actually Kim et al. [37] found an interesting resatdecrease in modulus
value in their study with a clay/polymer composite prepared wiaB/&loisite 25A.
Furthermore, in that study, the percent elongation at break wasfaund to be
increasing up to 5 times of the neat ABS upon 3% and 5% SCA tidageaddition.
where in our case we also observed enhancement in elongatioralatvahges for
most of the composites. Particularly for A-174 treated compdite reduction in

Young's modulus value should be the result of plasticizing effeSC#.
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Figure 3. 21Comparison of Young’s Modulus values of ABS-2-186, ABS-5-186
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Figure 3. 22Comparison of Young's Modulus values of ABS-2-189, ABS-5-189
and ABS-10-189
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3.2.2 Impact Testing

Impact testing provides information about toughness of the matdriabtched and
notched specimen are tested either by Izod Impact testing goyCinapact Testing,
respectively. Charpy impact testing was applied to unnotcheglssnwith a
swinging pendulum and obtained data were in terms of energy lossip@rea as
kd/nf. 43 pendulum was used for breaking samples however the equipmgnt w
insufficient to completely break samples having filler additd2%. Therefore, 2%
filler added ABS regardless of SCA treatment maintainedoitgthness against

impact forces. Data related with non-broken samples weraiitded in the study.

The results were summarized in Figure 3.22. It was observeththheased addition
of filler has reduced the toughness as expected since clayiltgpe dre known to
convert ductile type of failure to brittle generally [7]. st case, ABS already has
some brittle character from the contribution of polystyrene, iaddily, serpentine
insertion boosted that property at 5% and after 5%. A dramatieakrin impact
strength occured in 20% filler addition because of high concentratisarpéntine
particles. Lastly, results indicated that A-189 SCA treassipentine filled
composites showed the best impact strength values which agrdegercent
elongation at break results. The greatest improvement in peicergation values
were obtained with A-189 treated composites which indicatédhtbaarea under the
stress-strain diagram was also increased(taking into acc¢bantyield strength
values were also increased) and toughness was increasedotiliise due to the
good wetting or dispersion effect of SCA. A-189 could have contributedabe of
particle dispersion of serpentine in ABS matrix. Bettdeffilispersion would have
reduced the stress-concentration sites which are very sensitivepact loading
[35].
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Figure 3. 23Impact Strength data of totally broken samples

3.3. Thermal Characterization by DSC Analysis

Thermal analysis was performed to observe the effects of nteariléer and SCA
treated filler contribution on thermal property, mainly on gtasssition temperature
(Tg). DSC thermograms of the composites are given in Appendix B ahk: B.1
lists the T, values of neat ABS and composites. It can be concluded thatithan
average difference ingivalues between neat ABS and serpentine filled ABS such as
4 - 45°C. 12 out of 13 samples have lower glass transitionsarethpvith neat
ABS. Stiffness of the chains are somewhat decreasedntibgdiiction of the
serpentine particles weakly adhered to the polymer matrix arah freedom for
motion of chain segments were created. [36] It seems tHa@d9Atreated serpentine
filled ABS composites gained the biggest free volume accordirthese results
because they have the greatest decreasg valilies, 6,5°C in average, with respect
to neat ABS. In addition, this decrease ywalues, particularly seen in SCA treated

composites, could be the result of plasticizing effect of tupling agents.
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Table 3. 1T, values derived from DSC thermograms

Sample Code T(°C) Sample Code T (°C)
ABS-Blank 108.5 ABS-10-174 101.9
ABS-2 105.6 ABS-2-186 104.5
ABS-5 106.6 ABS-5-186 103.0
ABS-10 109.1 ABS-10-186 104.8
ABS-20 104.6 ABS-2-189 101.8
ABS-2-174 104.0 ABS-5-189 101.7
ABS-5-174 103.3 ABS-10-189 102.0

3.4. Flow Characteristics Determination by Melt Flow Index(MFI) Analysis

MFI is a measure of the ease of flow of a thermoplgsiigmer. The mass of molten
polymer flowing through a capillary under a pressure maintaingdardefined mass
for a certain period of time gives MFI value of the samptethis study, all the
measurements were done with a load of 2.16 kg and 10 minutes sampéngdie

done for all samples. Table 3.2 gives the results diifRemeasurements.

Table 3. 2MFI results of all samples

Sample Code | MFI Value (g/10 min)| Sample Code MFI Value (g/10
min)

ABS-Blank 3.63 ¢ 0.06) ABS-5-174 2.58 ¢ 0.10)
ABS-2 3.58 ¢ 0.05) ABS-10-174 1.71 ¢ 0.06)
ABS-5 3.14 ¢ 0.05) ABS-2-186 3.78 ¢ 0.11)
ABS-10 2.81 ¢ 0.05) ABS-5-186 3.17 ¢ 0.02)
ABS-20 1.42 ¢ 0.07) ABS-10-186 2.23 £ 0.04)
ABS-2-174 3.81 ¢ 0.04) ABS-2-189 3.71 ¢ 0.04)
ABS-5-189 3.07 £ 0.0) ABS-10-189 2.44 & 0.09)
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The MFI values show that at 2% addition of serpentine with Sf@Atrhent,
viscosities were slightly decreased compared to neat AB&hwvguggests that for 2%
SCA treated serpentine filled composites, surface modificaifoserpentine was
achieved and plasticizing effect of SCA was observed [38].AB$-2, the MFI
value was very close to that of ABS-Blank. However, as eepe addition of
serpentine more than 2% to ABS ( which was defined as high flesvidy producer)
decreased the MFI values or increased the viscosity. Thibeamise of hindering
effect of serpentine particles and possible agglomerates fmthef the composite.
As the filler content increased, MFI value was further ei@eed. Viscosity of SCA
treated serpentine filled composites also increased whemnr fliiglition was
increased. There was not any significant difference betW#drvalues for different
types of SCA. A representative figure for the melt flow rabteristics of

ABS/serpentine composite is given in Figure 3.23
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Figure 3. 24MFI for A-174 SCA treated serpentine filled ABS composite
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CHAPTER 4

CONCLUSIONS

Morphological analyses were done with SEM. It was found thatildistvn of the
filler serpentine through ABS matrix was homogeneous. The inikemaat polymer-
filler interface was examined and it was determined thatettwas a very weak
interaction between non-treated serpentine and polymer. Howeithr SCA
treatment an improvement in the adhesion was observed espiecgiyples treated
with A-186 SCA. Rough fracture surfaces were determined aroundrtsggpentine

particles compared to surface around average serpentinsdgsarti

Mechanical tests were performed in order to characterizéletemnsd properties.
Yield strength, percent elongation at break and Young's Modulus values we
investigated in tensile testing part. There was not any diamachanical property
loss up to 20% of filler addition. SCA treated samples gavéeakeresults for yield
strength property because of altered interface interacti&s-2+186 had shown
12.9% improvement in yield strength value with respect to n&8. A he percent
elongation at break values were increased after filler addithether SCA treatment
was applied or not. ABS-2-189 composite had a percent elongationait \atie
nearly 2.5 times higher than neat ABS which could be the plasticeffect of SCA.
Serpentine addition did not change the Young’s Modulus values significaihiy.
most interesting results were taken from ABS-20 and A-174 S€#&ew samples,
such that they had a decrease in Young's Modulus value with dididition. This
ineffectiveness in improvement in elastic modulus value wasihppsiue to the

softness of serpentine with its sticky and soapy feeling.

In unnotched Charpy impact testing, 2% serpentine filled compositgre not
broken with the equipment like the neat ABS. It can be concluudup to 2%
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addition, no dramatic decrease occurred. However starting H%mof addition,
toughness of the ABS could not be maintained and in 20% addition, thesgeaEs
significant. Best results for impact testing were obtaimedfA-189 SCA treated
composites, which had the greatest percent elongation improvetrengh all

composites.

Thermal analysis showed that the glass transitions of compoegsitiee decreased by
4-4.5°C in average upon filler addition. The greatest deciaakgwas observed for
A-189 SCA treated samples as 6.5°C in average. This was pydbadrhuse of a
decrease in chain stiffness. For SCA treated compotgites,ld be the plasticizing
effect of the coupling agents that created a larger differend, values compared to

T4 values of non-treated composites.

MFI analyses have shown that 2% addition of serpentine did not dffediow
properties of composite negatively compared to neat ABS. In additio@% filler
addition, all MFI values of SCA treated composites have foarm tlarger than neat
ABS. This could be the result of surface modification of composigh SCA
treatment. However, the viscosities of all compositegandiess of SCA treatment,
were increased significantly with filler addition over 2%. sTtias due to hindering

effect of serpentine particles to the flow.
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APPENDIX A

TENSILE PROPERTIES DATA

Table A. 1 Average Yield Strength and Percent Elongation at Break ¥ditue

Composites
Sample s (MPa) e (%)
ABS-Blank 48.0 (x0.8) 2.4(+0.8)
ABS-2 47.0 (+2.4) 2.4(+0.8)
ABS-5 47.8(x0.5) 3.9(x0.9)
ABS-10 47.7(x0.7) 3.3(x1.0)
ABS-20 46.0 (x0.2) 1.25(x0)
ABS-2-174 50.5(x1.2) 3.4(x1.0)
ABS-5-174 52.5(+1.0) 3.8(x0.3)
ABS-10-174 49.2(x0.5) 2.4(£0.7)
ABS-2-186 48.9(+0.5) 3.1(x1.1)
ABS-5-186 54.2(+0.4) 2.7(+0.3)
ABS-10-186 47.8(x0.2) 2.4(£0.6)
ABS-2-189 50.1(+0.6) 5.7(+1.5)
ABS-5-189 50.4(x0.5) 3.6(z0.8)
ABS-10-189 50.3(+0.6) 3.1(+0.6)
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Table A. 2Young’s Modulus Values for Composites

Sample E (GPa) Sample E (GPa)
ABS-Blank 3.42 (x0.2) ABS-10-174 2.77 (£0.3)
ABS-2 3.59 (x0.2) ABS-2-186 3.55 (£0.2)
ABS-5 3.75 (20.2) ABS-5-186 3.59 (£0.4)
ABS-10 3.82 (x0.1) ABS-10-186 3.43 (x0.6)
ABS-20 3.50 (x0.0) ABS-2-189 3.72 (x0.2)
ABS-2-174 3.92 (£0.2) ABS-5-189 3.81 (x0.2)
ABS-5-174 3.65 (£0.2) ABS-10-189 3.62 (x0.1)

Table A. 3Impact Strength Values for Composites (The composites whiatoare

included in this table were not broken)

Sample Energy Absorbed Sample Energy Absorbed
(kd/m?) (kJ/m?)
ABS-5 27.7 (£2.9) ABS-5-186 18.2 (£1.6)
ABS-10 18.0 (¥1.8) ABS-10-186 18.2 (+1.5)
ABS-20 5.1 (x1.3) ABS-5-189 36.8 (£3.2)
ABS-5-174 22.5 (£1.3) ABS-10-189 22.3(¢4.0)
ABS-10-174 14.7 (+2.4)
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APPENDIX B

DSC THERMOGRAMS

Figure B. 1DSC Thermograms of ABS-Blank, ABS-2, ABS-5, ABS-10 and ABS-
20
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Figure B. 2DSC Thermograms of ABS-2-174, ABS-5-174, ABS-10-174, ABS-2-
186 ABS-5-186, ABS-10-186
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Figure B. 3DSC Thermograms of ABS-2-189, ABS-5-189 and ABS-10-189
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