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ARTICLE INFO ABSTRACT
Article history: In this study, the distribution of walnut shell ash and cone ash, which were used in different
Received 26 February 2020 proportions as the filling materials of SBR rubber compounds, in the matrix were investigated by
Revised 06 March 2020 the developed image processing program. Styrene-Butadiene Rubber (SBR 1502) was employed
Accepted 09 March 2020 as the main matrix material. Adhering to the same compound in the experiments, in addition to
Keywords: the carbon black in the compound, 5 different and 10% by mass of Walnut Shell Ash (WSA) was
Cone ash added to the dough, and the Cone Ash (CA) by 5% and 10% by mass, creating a total of 5
Filling _ different compounds. SEM images of the rupture surfaces were taken and transferred to the
Image processing developed image processing program, in which the areas covered by walnut shell ash and cone
SBR : : : : -
Walnut shell ash in the images were determined. The number of designated surface areas and the area it

covers on the image were removed.
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1. Introduction glass sphere, rice husk, wollastonite, mica powder, gum,

carbon black, phosphate, nano clay, silica, calcite, blast
furnace flue powder, regenerated rubber, wood ash, and
nano calcium carbonate, etc. are added to the rubber
compounds [9-15]. Environmental awareness is one of
the primary reasons that scientists use different materials
that cannot be recycled as fillers. Also, there are many
studies to improve the mechanical and physical properties
of the compounds and to decrease the cost.

In our previous study [16], a certain proportion of
carburized hazelnut shells were added to a Nitrile-
Butadiene Rubber (NBR) matrix rubber paste, and as a
result, made a study to determine the effect of crosslink
density on the mechanical properties. Although it causes
an increase in the stiffness of the compounds with
increasing crosslink density, it is advantageous in rupture
strength and rupture elongation. It was also sorted out
that increased nutshell ash increased density [16]. In
another study, the recovery of the mechanochemical
properties of Ethylene Propylene Diene (EPDM) rubber,
which is a waste, was carried out as a recovery material
under a specific working condition using Disulfide Oil
(DSO0), which is an oily waste produced in gas refineries.

Rubber materials are used in many industrial areas
such as automobile wheels, windshield wipers, toys,
water pipes and seals and especially shoe soles. That's
why; Many scientific articles and studies on rubbers,
fillers, and mechanical properties have been made [1-5].

With the increase in the use of synthetic rubbers, it also
brought forward some features sought in elastomer
materials. These are lightness, flexibility, dimensional
stability, tensile strength, dielectric properties and wear
resistance. Also, aging properties are desired. It is a
known fact that synthetic rubbers have an aging feature in
a long time compared to natural rubber. It is necessary to
investigate the use of SBR rubber on the shoe outsole. To
have the properties expected from the product to be
obtained from SBR and other rubber compounds, a large
number of fillers and additives are added to the
compound pulps [6]. Moreover, carbon black and silicate
groups are the leading materials added to the rubber
paste. However, due to the unstable oil prices, it has been
given importance to use organic and inorganic materials
as fillers [7,8]. It is remarkable that different fillers such a
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20-80% of waste rubber was incorporated into the raw
rubber. Crosslink densities sol-gel and Mooney Viscosity
methods were used in the produced compounds. In the
compounds up to 60% by mass, no adverse effects were
observed on combustion and optimum hardening time
[17].

It is known that the distribution of filling materials
added to the rubber matrix significantly affects the
mechanical and physical properties. It is not possible to
determine the fill distributions by looking only at the
SEM images. For this reason, it has become important to
analyze SEM images using image processing methods.
Image analysis is an approach used to obtain meaningful
information from images by putting algorithms on image
data or performing a series of calculations in images [18].
Image processing work generally consists of data
collection, data processing and interpretation of data [19].
In recent years, the use of image analysis has become one
of the very powerful analytical techniques in evaluating
material images, as in every field. This is done by using
pictures taken through a camera and by applying a
standard procedure to evaluate the data obtained from
pictures [20].

This study aims to identify the volumes occupied by
the fillings in the matrix material due to the recovery on
the rupture surfaces with the help of image processing on
SEM images and to design a standard operating
procedure that will provide comparable results in future
studies. In the study carried out, SEM images were
analyzed with the help of the developed image processing
software. The Otsu method was used to divide images in
this study into correct sections [21].

2. Material and Method

SBR, filling and additive materials used in the study
were supplied by all LBS Composition and Laboratory
Technologies LTD of Turkey. The properties and trade
names of rubber and fillers used in the study are given in
Table 1. Pine cones were collected from pine trees in the
central district of Manisa in Turkey. The walnut shells were
collected from the walnut tree in Inegol of Bursa in Turkey.
5 different compounds were obtained by adding walnut
shells and cones of 5% and 10% to the compounds used in
experimental studies. These are expressed as O (Original),
WSA5, WSA10, CA5, CA10. Filling and additive ratios
added to the compounds shown in Table 2 are given by
mass ratios.

The dough compounds preferred in the experiment
were homogenously mixed for 5 minutes at 80 °C and 60
rpm in a laboratory-type Banbury. The mixed dough was
conditioned for 24 hours under room conditions. Then, in
addition to carbon black, in the SBR rubber two-cylinder
open mixer (Guncanlar brand), 0 %, 5 %, 10 % walnut shell
ash and cone ash were added to the compounds and mixing
was continued for another 5 minutes. Finally, sulfur,
process facilitators, anti-aging, vulcanizers were added and
mixing was continued for another 2 minutes. In total,
mixing was carried out for 12 minutes at 60 °C and 40 rpm
and the process was completed. After the mixing process,
the vulcanization process was completed by holding the
dough mixture under the pressure of 160 °C and 16 MPa for
6 minutes in 180x120x3 mm hot press molds.

Table 1 Technical properties of filling materials used in the study

Filling Trade Names Density (g/cm?®) Grain size (um)
Styrene-Butadiene Rubber SBR 1502 0.4 -
Carbon Black HAF N330 1.8 0.028
Silica Egesil BS 20 A 2 20
Walnut Shell Ash - 2.2 20
Cone Ash - 2.1 10

Table 2. Mass ratios of fillers and additives used in the compound
Filling and Additives o} WSAS5 WSA10 CA5 CA10
SBR 1502 100 100 100 100 100
Carbon Black 70 70 70 70 70
Walnut Shell Ash 0 5 10 0 0
Cone Ash 0 0 0 5 10
Zinc Active 4 4 4 4 4
Sulfur 15 15 15 15 15
DPG 1 1 1 1 1
DM 1 1 1 1 1
Ccz 1 1 1 1 1
Stearic acid 2 2 2 2 2
PEG 4000 2 2 2 2 2
MBT 55 5.5 55 55 55
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All experiments and conditioning processes were
carried out by the 1SO norms set for rubber-based shoe sole
materials. Samples were made after 24 hours at 23 ° C (£
2 ° C Temperature tolerance) and 50% relative humidity
before testing.

The tensile test was carried out on the Tinius brand
H25KS model pulling device at 10 mm/s pulling speed
according to ISO 37 standard. After the rupture test, the
morphology of the rupture surfaces of the samples was
examined by using Zeiss Ultra/Plus scanning electron
microscope (SEM). The rupture surfaces of the samples are
coated with 5 nm thick pure gold to increase its
conductivity [22]. During the examination of the
microstructure images, the operating voltage of the
microscope was chosen as 20 kV.

To detect the volumes occupied by the fillings in the
matrix material due to the recoveries they create on the
rupture surfaces, it is necessary to check the regions where
the rebounds and to perform image analysis accordingly. In
computerized image and image processing, point-based,
statistical, spatial filtering, Fourier transform and
morphological processes can be used to highlight or
characterize the images [23]. In this study, the Otsu method
was used for the segmentation of SEM images in image
processing. The grassy algorithm divides pixels into two

SL“IS‘IO 20.0kV 29.5mm x250 SE

Number of Clumps = 57
Ratio to Total Area = % 2,76

classes, as foreground and background, and calculates them
based on a single density threshold. Thus, the variance
between classes is maximized.

Otsu Algorithm:

1. Calculation of all point densities

2. Calculation of the probability of the initial weights
w;(0) and their mean p;(0)

3. Weights of all possible threshold values (t = 1,...) are
updated for maximum intensity w; and averages pi

4. Class variance o3(t) is calculated

5. Desired threshold reaches maximum

Each of the recovery created by the fillers in the matrix
material on the rupture surfaces was found separately on the
SEM image and the volume it occupied on the image was
given in percentage. In this study, SEM images were
analyzed with the help of developed image processing
software.

3. Evaluating Experimental Studies

SEM images of the compounds formed by adding 0, 5%
and 10% cone ash and walnut shell ash to the original
mixture are given in Figures 1-5.

Number of Clumps = 52
Rato to Total Area = % 83

Figure 2. SEM and analysis results of the rupture surface of CA5 compound
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Number of Clumps = 133
Rato to Total Area = % 13,25

Size Range
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Figure 3. SEM and analysis results of the rupture surface of CA10 compound

Number of Clumps = 55
Ratio to Total Area = % 4,25
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Figure 4. SEM and analysis image of the rupture surface of WSAS5 compound

Upload  Analysis

Number of Clumps = 89
Ratio to Total Area = % 11,36
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Figure 5. SEM and analysis results of the rupture surface of WSA10 compound

When the rupture surfaces were analyzed as shown in
Figures 1-5 with the help of the developed image
processing software, it was observed that the fillings were
detached from the material during drawing and as a result,
deep gaps were formed on the sample surfaces. It is
understood from the SEM images and image processing
software results that the filling density increases as the ratio
of cones ash and walnut shell ash added to the compounds
increases. When Figures 1-5 are examined, it is seen that as
the rate of addition of walnut shell ash and cone ash in the
compounds increases, the fillings are distributed

heterogeneously in the main matrix and grouped by
agglomerating among themselves. It seems that the hollow
structure has increased with the increase in the amount of
CA and WSA. It was observed that the grain sizes of the
fillers added to the compounds are not homogeneous and
their geometric shapes are different from each other. In
Figure 6, the results of the clumping number and density
analysis are presented graphically with the help of the
image processing software of the SEM images of the
compounds.
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Figure 6. Clumping analysis results with the help of image processing software developed SEM images of the compounds

It has been understood from the results of image
processing software developed that the increase in filling
rates in the compounds increases the number and density of
recovery in the compounds. The highest clumping density
occurred in the compound CA10. The lump rate in CA10
compound increased by 583.7% compared to that of
compound O. The lowest aggregation amount was observed
in 5% walnut shell ash added compound, namely WSA5
compound (153.98%). It is understood from the graph that
there is an increase in other compounds compared to the O
compound. It can be understood from the results that the
clumping density of SEM images also increases. Although
the number of agglomeration seems to be high in unfilled
material, the fact that the percentage rate in the material is
low indicating that the area covered by the agglomeration is
low. In similar studies, it was found that with the increasing
amount of fillers, especially recycling materials used in the
compounds may cause lumps in the rubber matrix [16, 24].

4. Conclusions

With the developed image processing software, in this
study, the aggregation density of SEM images was
determined by visually trying to predict the agglomeration
density of SEM images before detecting clumps on SEM
images. Thanks to this method, more accurate information
has been revealed based on numerical data. It was observed
that lumps increased with an increasing amount of filling
added to the compounds. It was determined that the number
of clumping fell. The utility of the method presented in this
study has been proved in similar studies.

Declaration

The author(s) declared no potential conflicts of interest
with respect to the research, authorship, and/or
publication of this article. The author(s) also declared that
this article is original, was prepared in accordance with
international publication and research ethics, and ethical
committee permission or any special permission is not
required.

References

1.

10.

11.

Biilbiil, S., M. Yagar, and N. Akeakale, Effect of changing
of filling materials in NR-SBR type elastomer-based
rubber  materials  on mechanical properties.
Polymer(Korea), 2014. 38(5): p. 664-670.

Hedayatollah, S.G. and J.A. Azam, Nanocomposites based
on natural rubber, organic nano clay and nano-calcium
carbonate: a study on the structure, cure behavior, static
and dynamic-mechanical properties. Applied Clay Science,
2016. 119: p. 348-357.

De, D., P.K. Panda, M. Roy and S. Bhunia, Reinforcing
Effect of Reclaim Rubber on Natural
Rubber/Polybutadiene Rubber Blends. Materials and
Design, 2013. 46: p. 142-150.

Malas, A., P. Pal and C.K. Das, Effect of expanded
graphite and modified graphite flakes and the physical and
thermo-mechanical properties of Styrene Butadiene
Rubber/Polybutadiene Rubber (SBR/BR) blends. Materials
and Design, 2014. 55, p. 664-673.

Mohan, T.P., J. Kuriakose and K. Kanny, Water up Take
and mechanical properties of Natural Rubber—Styrene
Butadine Rubber (NR-SBR) — nanoclay composites. J. of
Industrial and Engineering Chemistry, 2012. 18: p. 979-
985.

Akgakale, N. and $. Biilbiil, The effect of mica powder and
wollastonit fillings on the mechanical properties of
NR/SBR type elastomer compounds. J. Rubb. Res., 2017. p.
20(3): p.157-167.

Furtado, C.R.G., J.L. Leblanc and R.C.R. Nunes, Fatigue
resistance of mica-carbon black Styrene Butadiene Rubber
(SBR) compounds. Eur. Polymer J., 1999. 35: p. 1319-
1325.

Furtado, C.R.G,, J.L. Leblanc and R.C.R. Nunes, Mica as
additional filler in SBR-Silica compounds. Eur. Polymer J.,
2000. 36: p.1717-1723.

Saramolee, P., K. Sahakaro, N. Lopattananon, .K. and
J.W.M. Noordermeer, Compatibilisation of silica-filled
natural rubber compounds by functionalised low
molecular weight polymer. J. of Rubber Research, 2016.
19(1): p. 28-42.

Alfaro, E.F., D.B. Dias and L.G.A. Silva, The study of
ionizing radiation effects on polypropylene and rice husk

ash composite. Radiation Physics and Chemistry, 2013. 84:
p.163-165.

Kim, S.M. and K.J. Kim, Effects of accelerators on the
vulcanization properties of silica vs. carbon black filled



013 Bulbul and Serdar, International Advanced Researches and Engineering Journal 04(01): 008-013, 2020

natural rubber compounds. Polymer (Korea), 2013. 37(3):
p. 269-275.

12. Ge, X., M.C. Le and U.R. Cho, Fabrication of EPDM
rubber/organo-bentonite  composites,  influence  of
hydrochloric acid on the characteristics of modified
bentonite and final products. Polymer (Korea), 2014.
38(1): p. 62-68.

13. Prasertsri, S., F. Lagarde, N., Rattanasom, C. Sirisinha and
P. Daniel, Raman spectroscopy and Thermal Analysis of
Gum and Silica-Filled NR/SBR Blends Prepared from
Latex System. Polymer Testing, 2013. 32: 852-861.

14. Yan, G., Z. Junchi, Y. Xin, H. Dongli, X. Meimei and Z.
Liqun, Preparation and performance of silica/sbr master
batches with high silica loading by latex compounding
method. Composites Part B, 2016. 85: p. 130-139.

15. Biilbil, S. The effect of various inorganic and organic
fillers on the mechanical properties of NR-SBR type
elastomer materials [dissertation] Karabiik (TR): Karabiik
University; 2014.

16. Biilbil, S. Dogal atik malzemelerle yeni NBR bazli
bilesiklerin hazirlanmasi ve Karakterizasyonu. BSEU
Journal of Science, 2019. 6 (Prof. Dr. Fuat SEZGIN Bilim
Y1l Ozel Sayist) p. 42-49.

17. Sabzekar, M., M.P. Chenar, G. Zohuri, and S.M.
Mortazavi, Investigation of mechanical, thermal, and
morphological properties of EPDM compounds containing
reclaimed rubber. Rubber Chemistry and Technology,
2017.90: p. 765-776.

18. Sastry, S.S., B. Rao, K.B. Mahalakshmi, K. MALLIKA,
C.N. Rao and, H.S. Tiong, Image analysis studies for
phase transitions of ferroelectric liquid crystals. ISRN
Condensed Matter Physics, 2012, p. 1-8.

19. Sudheer, K. P. and R.K. Panda, Digital image processing
for determining drop sizes from irrigation spray nozzles.
Agricultural Water Management, 2000. p. 45(2): 159-167.

20. Sastry, S.S., M. Sailaja, S. Lakshminarayana and S.T. Ha,
Computation of Liquid Crystal Display Device Parameters
Through Image Analysis, Int. Journal of Engineering
Research and Application, 2017. 7(7): p. 24-31.

21. Fan, H., F. Xie, Y. Li, Z. Jiang, and J. Liu, Automatic
segmentation of dermoscopy images using saliency
combined with Otsu threshold. Computers in biology and
Medicine, 2017. 85: p.75-85.

22. Flegler, S.L., JW. Heckman and K.L. Klomparens,
Scanning and transmission electron microscopy. England:
Oxford University Press, ISBN 0-19-510751-9, 1993.

23. Sezgin M. and B. Sankur, Survey over image thresholding
techniques and quantitative performance evaluation.
Journal of Electronic Imaging, 2004. 13(1): 146-165.

24. N. Akcakale, Effects of carburized rice husk powders on
physical properties of elastomer based materials, KGK-
Kautschuk Gummi Kunststoffe, (2017) 70 (10-17): p. 49—
54.



