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ABSTRACT

PREPARATION AND CHARACTERIZATION OF ACIDIC PUMICE
POWDER REINFORCED ACRYLONITRILE-BUTADIENE-STYRENE
COMPOSITES
ALAQ, Sanaa Ali E.
M.Sc., Chemical Engineering and Applied Chemistry
Supervisor: Assoc. Prof. Dr. Seha TİRKEŞ
Co-Supervisor: Dr. Ümit TAYFUN
July 2017, 28 pages
The improvement of physical, thermal, rheological properties of acrylonitrilebutadiene-styrene polymers is still great interest of researches due to the large
applications areas. In this work, acrylonitrile-butadiene-styrene matrix and acidic
pumice particles were mixed in order to obtain composites. The composite
preparations were achieved by using co-rotating twin-screw micro-compounder and
the test specimens were obtained by injection-molding device.
The feeding ratios of acidic pumice particles were chosen 5%, 10%, 15%, and 20%
respectively. The characterizations of prepared composites were performed by tensile
test, impact test, melt flow index measurement, dynamic mechanical analysis and
scanning electron microscopy methods.
According to test results, the maximum improvements were observed for 15%
addition of AP among the composites. This composition was remarked as the most
suitable for ABS/AP composites.
Keywords: Acrylonitrile-butadiene-styrene, acidic pumice, polymer composites,
thermoplastic polymers, polymer processing
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ÖZ

ASİDİK POMZA TOZU İLE KATKILANDIRILMIŞ AKRİLONİTRİLBÜTADİEN-STİREN KOMPOZİTLERİNİN HAZIRLANMASI VE
KARAKTERİZASYONU
ALAQ, Sanaa Ali E.
Yüksek Lisans, Kimya Mühendisliği ve Uygulamalı Kimya Bölümü
Tez Yöneticisi: Doç. Dr. Seha TİRKEŞ
Ortak Tez Yöneticisi : Dr. Ümit TAYFUN
Temmuz 2017, 28 sayfa
Akrilonitril-bütadien-stiren polimerinin fiziksel, termal ve reolojik özelliklerinin
geliştirilmesi çalışmaları bu polimerin sahip olduğu geniş uygulama alnından dolayı
halen ilgi çekmektedir. Bu çalışmada akrilonitril-bütadien-stiren matrisine asidik
pomza tozu ilave edilerek kompozitler hazırlanmıştır. Kompozit hazırlama işlemi
aynı yönde dönüş yapan çift vidalı mikrokarıştırıcı ile gerçekleştirilmiş ve test
numuneleri enjeksiyon kalıplama ile elde edilmiştir.
Asidik pomza parçacıklarının besleme oraları sırası ile %5, %10, %15 ve %20 olarak
seçilmiştir. Hazırlanan kompozitlerin karaterizasyonları, çekme dayanımı testi, darbe
testi erime akış indisi, dinamik mekanik analiz ve taramalı elektron mikroskobu ile
yapılmıştır.
Test sonuçlarına göre, kompozitler arasında en yüksek artış % 15 AP eklenmesi ile
gözlenmiştir. Bu kompozisyon, ABS/AP kompozitleri için en uygun olarak
belirlenmiştir.
Anahtar Kelimeler: Akrilonitril-bütadien-stiren, asidik pomza, polimer kompozitler,
termoplastik polimerler, polimer işleme
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CHAPTER 1

INTRODUCTION

1.1 Polymer Matrix Composites
Polymer based composites include fibers and particles in polymer matrix. These
additives are introduced to increase the desired properties of the composites. For
example, the fillers in micron scale generally enhance the toughness and thermal
properties. On the other hand, nanoscale particles can increase both the mechanical
and physical properties of the polymer composites. In order to increase the
mechanical and physical properties of the composites continuous or short fibers and
whiskers, which are classified as long aspect ratio particles, can be added. The
highest increment in mechanical properties like strength and stiffness is usually
achieved by continuous fiber reinforcements. These fibers can be in the form of
woven fabrics, random mat, uni- or bidirectional fabric1.

Figure 1. 1 Reinforcement types for polymer composites: (a) Continuous fibers, (b)
Discontinous fibers, whiskers, (c) Particles, (d) Fabric, braid 2
1

Even though the final properties of the composites are affected by the characteristics
of the reinforcing agents significantly, the processing path and the starting material’s
quality can also affect the performance and the finishing property of the composites.
The aim of the composite production is to achieve desired properties combining the
finest properties of the matrix and the reinforcements while reducing their limitations.

1.2 Polymer Processing Methods
The processing of polymer can be divided into two main areas. They are powder or
pellet formations by polymer processing and obtaining polymers with useful articles
of desired shapes.
The various numbers of polymer processing methods are evolving with each passing
year. These methods are modified or freshly invented. In our study we are focusing
on extrusion and injection molding techniques. The Table 1.1 summarizes polymer
processing techniques, their characteristics, and some applications 3.

2

Process
Extrusion

Table 1. 1 Polymer processing methods and common products 3
Properties
A process for
production of on
defined length of
thermoplastics with
constant cross-section

Resin Used
Most of the
thermoplastics such as
PP, PE, ABS, PVC, PS

Flexible process, most
suitable for low cost
and high speed
molding of complex
plastic units for high
volume
Process used for
hollow plastic units
and bottles which have
thin walls.
Cost effective process
for the manufacturing
of heavy walls with
complex shaped
seamless parts.

Almost all
thermoplastics and
some thermosets;
mostly ABS, PE, PS,
PP, acrylics, and
nylons
Several thermoplastics
with PVC, PE, PS, PP,
ABS PC, nylons and
acrylics.
ABS, nylon 6,11, PC,
PVC, PP, acetal
copolymers.

Thermoforming

Process for
manufacturing quite
complex shapes.

Most commonly, PVC,
PS, PP, ABS PC,
nitrile resins.

Compression and
transfer molding

Mostly for molding
thermosets.

Casting

Method for converting
liquid resins into rigid
objects.

Urea, melamines,
epoxy, phenolics,
alkyds.
Nylons, polyesters,
PU, epoxies,
phenolics, silicones,
acrylics.

Injection molding

Blow molding

Rotational molding

3

Product Types
Pipes and tubings,
vents and drains,
garden hose, water and
gas pipes; profiles,
e.g., home siding,
refrigerator liners,
plates, signs,
packaging, fibers for
brush bristles, fishing
line; insulated wire for
homes, automobiles,
meat packaging
Camera cases
automobile parts,
blades, spoons,
garbage cans, lenses.
Fuel tanks for
automobiles, watering
cans, hollow toys.
Hollow balls,
automobile
dashboards, door
liners, storage and feed
tanks, portable toilets,
industrial storage,
athletic balls, auto
armrest skins.
Construction industry
for interior and
exterior paneling,
automobile, outdoor
signs, freezer panels,
suitcases, fast-food
disposables, egg
cartons, blister
packages,
Electrical connectors,
radio cases, handles,
buttons.
Encapsulation in
electronic industry,
automobile panels, cast
acrylic sheets used in
aircfarts.

1.2.1 Polymer Extrusion
In plastic extrusion, plastics, in pellet or granule forms, and the other materials to be
compounded with them are fed into the hopper attached to the extruder. The
materials in the hopper go through a hole at the top of the extrusion machine onto the
screw. This extrusion screw that continuously turns inside the barrel carries the
plastics into the heated area of the barrel. The screw moves the molten polymer until
it exudes through a die having a hole at the end of the extruder. The die gives a shape
to the molten polymer stream which is directly cooled by air stream or water bath.
The Figure 1.2 shows the parts of an extruder 4.

Figure 1. 2 Schematic representation of an extruder 4

The extruders are classified into single screw and multi screw extruders. Single
screw extruders are usually used for production of material with desired shape and
multi screw extruders are mostly used for compounding (mixing).
Even though twin-screw extruders are used rarely than single-screw extruders they
are mostly used for complicated compounding applications, such as chemical
reaction, devolatilization, in the polymer processing industry 4
There are two different types for intermeshing twin screw extruders. These types are
classified by the direction of rotation of the screws. They are co- and counter-rotating
twin screw extruders (Figure 1.3) 5.
4

Figure 1.3 Twin screw extuders:(a) Co-rotating screws, (b) Counter-rotating screws5

1.2.2 Injection Molding of Polymer
Another technique for the production of plastic materials with desired shape form the
powder or pellet forms of polymer is injection molding. Injection molding includes
simply two parts: heating unit which melts the pellets or powder and injection unit
which injects the molten plastic into a cooled mold by applying required pressure.
After injection polymer is allowed to cool then mold is opened and product is
removed6-8.
1.3 Acrylonitrile–Butadiene–Styrene
Acrylonitrile-butadiene-styrene (ABS) polymer is composed of polybutadiene, which
is dispersed as a grafted phase in the thermoplastic matrix of styrene and acrylonitrile
copolymer. The styrene acrylonitrile (SAN) copolymer grafted to elastomeric part
achieves compatibilization for the rubber and SAN units.
The advantages of grafting of this terpolymer are its very good toughness and
processibility, fine dimensional stability and chemical resistance. The complex
structure of the polymer gives flexibility in altering the specific properties for desired
product. Therefore, researches about ABS are still going on 9.
The ratio of the monomers can change from 5% to 30% butadiene, 15% to 35%
acrylonitrile and 40% to 60% styrene. The resulting structure is composed by long
polybutadiene chain and grafted short SAN chains. Many different grades of ABS
5

can be manufactured for various desired properties, such as high impact strength,
high flame and heat retardance, etc. 9.

1.4 Acrylonitrile-Butadiene-Styrene Composites
Acrylonitrile-butadiene-styrene (ABS) is a valuable engineering plastic used in
industry. It has good mechanical properties, higher chemical resistance, and it is also
easily processable. There are numerous applications of ABS for example, automotive
parts, construction materials, toys, etc. 10.
ABS is one of the high impact thermoplastic matrix composites. It is usually used as
an additive to enhance the toughness of engineering polymers, like nylon-6 (PA-6) 11,
polycarbonate (PC) 12, a poly(butylene terephthalate) (PBT) 13. Besides the toughness
increment, many other researches are going on about ABS. Some of these studies can
be listed as electromagnetic interference (EMI) shielding, flame retardancy, 3D
printing, etc.
The usage of ABS in EMI shielding characteristics by addition of carbon nanotubes
into ABS matrix was studied by Al-Saleh et al.

14

. In their work, the mixture was

prepared by melt mixing. The composites were prepared by compression molding
technique. On the other hand, Shen et al. blended carbon nanotubes and ABS in
solution form. After that compression molding was applied 15.
In fire retardancy properties of ABS composites Ma et al. investigated the synergistic
effect between carbon nanotubes and clay on enhancing the flame retardancy of ABS
matrix

16

. They found that the flame retardancy was dramatically affected by the

formation of a network structure. They revealed that the network structure hindered
the movement of polymer chains and enhanced the resistance to flame. Another fire
retardancy study was represented by Hong et al. They designed their strategy in order
to enhance both the flame retardancy and mechanical properties of ABS by
incorporating graphene nanosheets and metal hydroxide nanorods 17. They found that
the thermal stability of ABS was increased with the presence of graphene nanosheets
and Co(OH)2.
6

In 3-D printing applications, Kuo et al. investigated mechanical and thermal
properties of thermoplastic starches and ABS composites

18

. They found that

thermoplastic starches and ABS composites have high thermal stability, very good
mechanical and flow properties. Ning et al. worked with the effect of fiber amount
on the mechanical properties of fused deposition modeling printed carbon fiber and
composites

19

. The best performance of the printed units was observed for 5 wt%

fiber loading. However they found that higher fiber loading decreased the
performance because of the higher porosity.

1.5 Acidic Pumice
The pumice is mainly composed by SiO2 and its porous structure is achieved by
dissolution of gases, which are precipitated during cooling since the lava goes
through the air 20. Turkey has significant pumice reserve, which is about 3 billion m3
21

. The pumice types are divided into two parts. They are acidic and basic pumice.

Due to the high porosity and low density of pumice, it is mostly used in the
manufacturing of light weight construction materials 22.
In the literature, there are several pumice-polymer composite studies. The
polyaniline and acidic pumice composite were reported by Gök et al.23. They
revealed that the thermal stability of polyaniline was increased with the addition of
acidic pumice without losing conductivity at elevated temperatures. Another work
related with pumice-polymer composites was reported by Akkaya24. He aimed to
investigate the feasibility of uranium and thorium adsorption onto new
poly(hydroxyethylmethacrylate)-pumice

composite.

Akkaya

found

that

poly(hydroxyethylmethacrylate)-pumice composite can be used for extraction of
uranium and thorium ions from aqueous media.
In addition, another study was reported by Yavuz et al

25

. They investigated the

effectiveness of polyacrylonitrile-pumice composites for the adsorption of metal ions
from aqueous solutions. They found that polyacrylonitrile-pumice composites can be
utilized as a low-priced adsorbent for the removal of metal ions from aqueous media.
7

1.6 Aim of the Study
In our study, we aimed to see the possible changes in mechanical, thermal, and
morphological properties of acrylonitrile-butadiene-styrene polymer after addition of
acidic pumice into matrix. In order to investigate alterations in above mentioned
properties we performed tensile tests, impact tests, melt flow index measurements,
and dynamic mechanical analysis. To investigate the morphological changes we
analyzed the fractured surfaces by scanning electron microscopy.

8

CHAPTER 2

EXPERIMENTAL

2.1 Materials
The materials used in this study are tabulated in Table 2.1.
Table 2. 1 Specifications of the materials
Material Supplier and Trade Name
Specifications
ABS

Lustran ABS M203FC, Lanxess

Density: 1.05 g/cm3
MFI (220°C and 10 kg): 32.5
g/10min
Standard impact strength, easy
flowing

Acidic

Miner Madencilik (Nevşehir)

Pumice

A commercial product of Lanxess which trade name is Lustran ABS M203FC was
used as acrylonitrile-butadiene-styrene copolymer. Acidic pumice (AP) was used as
filler and it was supplied from Miner Madencilik (Turkey).

9

2.2 Production Methods of Composites
The both extrusion and injection molding procedures were used in order to obtain
ABS and ABS/AP composites. The processing parameters are given in details.
2.2.1 Extrusion
Before compounding ABS and AP, they were dried under vacuum at 80 oC for 12 h
to remove any moisture. The ABS based composites were prepared by using corotating twin screw extruder (Micro-compounder, 15 mL, DSM Xplore, Netherlands).
The melt-mixing parameters used for ABS composite preparations are given in Table
2.2 and image of the compounder can be seen in Figure 2.1.
Table 2. 2 Melt-mixing parameters for composite production
Parameters
Value
Unit
Process temperature

230

o

Mixing time

5

min

Screw speed

100

rpm

10

C

Figure 2.1 Lab-scale compounder

2.2.2 Injection Moulding
Cutting the samples, which were obtained from extrusion process, into chip form was
followed by injection molding via lab-scale injection molding instrument
(Microinjector, Daca Instruments, UK) to give desired shapes for the mechanical
analysis. Injection molding parameters are given in Table 2.3 and the injection
molding instrument can be seen in Figure 2.2.
Table 2. 3Injection molding parameters
Parameter
Value
Unit
o
Barrel temperature
240
C
Mold temperature

50

o

Injection pressure

8

bar

Holding time

4

min

11

C

Figure 2.2 The lab-scale injection moulding machine
The dog-bone shaped test specimens with dimensions of 7.6×2.0×80 mm3 were
prepared by injection moulding (Figure 2.3). The samples obtained by injection have
a gauge length of 50 mm.

Figure 2.3 Illustration of test specimen

12

2.3 Characterizations
Characterization methods were applied according to corresponding standards. The
given data obtained from the tests were the averages of the minimum required
number of samples.

2.3.1 Tensile Test
The tensile test measurements of ABS and ABS/AP composites were studied by
using Lloyd LR 30 K universal tensile testing machine. The tests were managed in
accordance with ASTM D-638 standard. The load cell capacity and the crosshead
speed throughout the test were 5 kN and 5 cm.min-1, respectively. We recorded the
averages of five samples for the tensile strength, elongation at break (%), and tensile
modulus. The tensile test instrument can be seen in Figure 2.4.

Figure 2. 4 Tensile testing equipment
13

2.3.2 Impact Test
The Coesfeld-Material impact tester with pendulum of 4 J was used to measure the
unnotched Izod impact strength values of ABS and ABS/AP composites according to
ASTM D256 standard. The obtained results represent the average measurements of
at least five specimens with standard deviations. The impact tester used in this study
is given in Figure 2.5.

Figure 2.5 Impact tester

14

2.3.4 Dynamic Mechanical Analysis (DMA)
The thermo-mechanical behaviors of ABS and ABS/AP composites were studied by
DMA 8000, Perkin Elmer dynamic mechanical thermal analyzer. Test specimens
with dimensions of 7.6x2.0x50 mm3 were obtained by injection moulding. The test
was carried out at a constant frequency of 1 Hz in dual cantilever bending mode. The
temperature range was from -120°C to 140°C and the heating ramp was 10 oC/min.
The DMA instrument used in this work is given in Figure 2.6.

Figure 2.6 DMA instrument

15

2.3.5 Melt Flow Index Test (MFI)
MFI tests were studied by Coesfeld Meltflixer LT. (Figure 2.7) under particular load
of 2.16 kg and at the process temperature of 230 oC. Weighted melt flow rate
measurements are the averages of at least ten specimens including standard
deviations.

Figure 2.7 MFI instrument

2.3.6 Scanning Electron Microscopy (SEM)
Field emission scanning electron microscopy technique via JSM-6400 Electron
Microscope was used for morphological characterizations of the composites.
Micrographs were recorded after coating of surfaces of fractured specimens obtained
from impact tests.

16

CHAPTER 3

RESULTS AND DISCUSSION

3.1 Tensile Test
The stress–strain behaviors of ABS and ABS/AP composites can be seen in Figure
3.1. Tensile test results of them including tensile strength, percentage strain and
elastic modulus are given in Table 3.1.

Figure 3. 1 Stress-strain curves of ABS and ABS/AP composites

17

Table 3. 1 Summary of the tensile properties of ABS and ABS/AP composites
Samples
ABS
ABS/5 AP
ABS/10 AP
ABS/15 AP
ABS/20 AP

Tensile Strength
(MPa)
35.41.7
38.81.5
42.21.3
44.11.1
39.71.6

Elongation at break
(%)
7.10.8
8.61.2
7.20.7
10.70.5
10.10.9

Elastic modulus
(GPa)
0.920.3
0.870.4
1.020.6
1.180.8
0.990.5

As seen in Table 3.1, the addition of AP including 5% caused slight increment in
tensile strength with respect to ABS itself. On the other hand, further addition of AP
lead to increase in tensile strength through 15% composition. The maximum strength
value was observed for ABS/15 AP composite. The decrease of tensile strength with
the addition of 20% of AP may be explained by lack of fine dispersion or micro
voids formed due to the air-traps. These parameters cause stress concentrations
which lead failures in mechanical tests of the composites

26

. Elongation value of

pristine ABS increased with 5% BNT addition then it remains same with 10%
addition. The maximum elongation was observed with 15% AP addition of which
tensile strength is the minimum, too. In addition to these, elastic modulus was not
affected drastically by the AP inclusions to ABS matrix.

3.2 Impact Test
The impact test results given in Figure 3.2 showed that ABS/AP composites have
lower impact strength than ABS itself. However the worst strengths were observed
after addition of more than 10% AP additions. This may be due to the possible
agglomeration of AP particles.

18

Figure 3. 2 Impact test results of ABS and ABS/AP composites

3.3 DMA Analysis
The investigations of damping properties of ABS and ABS/AP composites were
performed by DMA analysis. Storage and Loss modulus and Tan δ curves as a
function of temperature are depicted through Figure 3.3 to Figure 3.5.
As can be seen in Figure 3.3, ABS and its composites have storage modulus showing
steady decrease till -80 oC then they reached the minimum value at about 105 oC.
The smooth and sharp reductions about -75 oC and 100 oC are due to the Tg value of
polybutadiene and poly(styrene-co-acrylonitrile) phases of ABS, respectively 27.

19

ABS
ABS/5 AP
ABS/10 AP
ABS/15 AP
ABS/20 AP

7
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Figure 3. 3 Storage modulus of ABS and ABS/AP composites
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Figure 3. 4 Loss modulus of ABS and ABS/AP composites

20

150

As it is seen in Figure 3.4, the addition of AP caused reduction in loss modulus up to
15% of AP. The peak in loss modulus shows a decrease representing a lowered
dissipated energy as heat. On the other hand, successive addition of AP resulted in
increment of peak values.
ABS
ABS/5 AP
ABS/10 AP
ABS/15 AP
ABS/20 AP

108.5 oC

2.0

Tan Delta

1.5

1.0

0.5

0.0

50

100

150
o

Temperature ( C)

Figure 3. 5 Tan δ values of ABS and ABS/AP composites

When we investigate both the Tan δ and Loss Modulus curves of ABS and its
composites (Figure 3.5), there is no change in transition temperature of our matrix
with AP addition. In other words, AP has no plasticizing effect on ABS.

3.4 Melt Flow Index Test
MFI study gives useful information about the viscosity alterations of polymer melt
and its processability in composite form. As it is depicted in Figure 3.6 the addition
of AP into ABS matrix caused gradual increment in melt flow rate of the polymer.
This may be due to the poor interfacial interactions between ABS matrix and AP
particles.

21

Figure 3. 6 MFI values of ABS and ABS/AP composites

3.5 SEM Analysis
In order to study morphology of the ABS/AP composites SEM technique was used.
The micrographs of fractured surfaces of ABS/5 AP, ABS/10 AP, ABS/15 AP, and
ABS/20 AP composites obtained from impact test are given through Figure 3.7 to
Figure 3.10.

Figure 3. 7 SEM images of ABS/5 AP composite.
22

Figure 3. 8 SEM micrographs of ABS/10 AP composite.

Figure 3. 9 SEM images of ABS/15 AP composite.

23

Figure 3. 10 SEM images of ABS/20 AP composite.

As it is seen in SEM images, the surfaces are very rough revealing formation of
interphase between ABS and AP. This roughened surface might be the reason for the
lower impact strength of the composites due to the formation of stress concentrations.
In addition to increasing in roughness, the agglomerations were observed from the
images. The agglomeration occurred with increasing in AP amount might be another
reason for mechanical failure of the composites.
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CHAPTER 4

CONCLUSION

ABS matrix and AP filler based composites were prepared by micro-compounder
and injection molding methods. Addition of AP particles in to ABS matrix was
achieved homogenously proved by SEM images of fracture surfaces of the
composites.
The addition of AP up to % 15 has increased tensile strength and percent elongation
of the ABS. Further addition of the AP caused decrease in tensile strength which
might be due to the void formations or possible agglomerations of the fillers. These
agglomerations were also the reason for the drastic decrease in impact strength of the
composites.
Dynamic mechanical analysis showed that AP has no plasticizing effect on ABS. In
addition to these MFI values revealed that there are poor interfacial interactions
between matrix and filler.
SEM analysis exhibited that although the homogeneous mixing was achieved, the
agglomerations of the fillers seen at the fracture surfaces are inevitable. These
agglomerations are the main reasons for the mechanical failure of the composites. In
order to overcome this situation longer mixing time or surface treatment may be tried.
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