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Abstract

This article used of fly ash (FA) particles from various sources in Thailand as reinforcing filler in NR
compounds, in comparison with commercial silica. In this work, the FA particles were obtained from
Mae Moh, Rayong, and Banphong. The fly ash and commercial silica were treated by 2 %wt Si69 and
mixed in natural rubber at loadings from 30 to 75 phr. The properties of all NR vulcanizates were
evaluated through cure characteristics, mechanical properties (tensile, tear, hardness, resilience and
compression set properties). The results indicated that fly ash particles from all sources could be used as
potentially reinforcing filler in NR compounds. It was recommended that FA particles could be used to
replace commercial silica at the loading of 30 phr, these giving similar mechanical properties (tensile,
tear and hardness properties) to the commercial silica filled NR compounds. The FA/NR vulcanizates
had better elastic properties than the commercial silica/NR vulcanizates, the effect being more
pronounced for the fly ash from Mae Moh.

Keywords: Natural rubber, fly ash, silica, reinforcing filler
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Materials Content (phr)

Natural rubber Grade STR 20 100
Zinc oxide 5
Stearic acid 2
Mercaptobenzothiazole (MBT) 0.5
Diphenyl guanidine (DPG) 0.2
Sulphur 3
Silica (Commercial silica and silica in fly ash) 30, 45, 60 ,75

Table 1. Materials formulation of NR compounds
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Table 2.   Actual loading of fly ash particles in NR compounds

Types of silica Filler loading (phr)

Commercial silica 30 45 60 75
Silica in fly ash from Mae Moh 85 128 170 213
Silica in fly ash from Banphong 85 128 170 213
Silica in fly ash from Rayong 109 163 218 272
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Figure 1. Morphologies of fly ash particles
(a)  From Maemoh
(b)  From Banphong
(c)  From Rayong

(c)

(b)

(a)

Figure 2. Particle size distribution of fly ash
from various sources
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Table  3.   The chemical compositions of the fly ash particles from various sources

Sources of fly ash

Mae Moh
Banphong

Rayong

Chemical composition (%)

SiO
2

Al
2
O

3
Fe

2
O

3
CaO MgO Na

2
O K

2
O SO

3
TiO

2
P

2
O

5

35.05 20.14 9.13 9.56 2.28 1.18 1.91 1.39 0.33 0.36
35.19 19.88 5.76 10.06 2.36 0.91 1.76 2.98 0.70 0.87
27.47 16.60 7.54 31.36 1.32 1.96 1.26 7.92 0.52 0.29

Figure  3. Relationship between cure time
and silica content for NR com-
pounds filled with commercial
silica and fly ash from various
sources
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Figure  4. A model of filler formation with
rubber molecules
(a) disperse gel
(b) coherent gel
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Rubber molecular chain
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Particle

Rubber molecular chain
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Particle
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Particle
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Figure 5. Variations in delta torque and
crosslink density with different
silica contents for NR vulcanizates
filled with commercial silica and
fly ash from various sources
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Figure 6. Effect of silica content on the
modulus at 100% elongation for
NR vulcanizates filled with
commercial silica and fly ash
from various sources



86 ����������	
�	����������
������
�������	��	�����
��������

���B��� �5��!&�����������0)������#$�-�$�8*9�����
�5�������6�)7�6���
F�!��0��"�8�����	�
��	��7�
%���!����F$�	��������-�8�	�����0���!�����#$���
8*9�
����5�����"��B���!������������!����8*9�
���5��������!������
�������	
�	�!&���!����
���	��������#9
�	��������#$���)�����8�	����
��

!	�#B������6�)7�6���
F�!��0��"�8�����
����
������)������������B���)*$	�� ������-�8�	�����0
���!����8�	������
�#$�#�����0������������!�
�!	B5���&�
�#$�������8��	��

���B�������	8�	B������	�*	������	
������)�����8�	������
����������B����
�	
����������	�����0� 13� b� r>� ���������
����

!	���������&�
%�������-� ]n_�&����0-F9�'��
��
8����!	���	���+��#$� A�-&���� 
�	��������#$
���������
�#���
*�����������	�.�
�	�������
�!&������
�#$%���#���F���!&
�	��������#$���)�����
�������B�����F$�	�����"��B������
�#8�����;�����
)������������B������ )*$	�5����#-F9��#$'��
*�����
�!&��F9�
�	���B�������F$�	8�	�.�
�	������!&

��	���
����� �������#9
!	�!	��%������+����	8�	
��"��B������
�#$��	�!�%����	'�����&��B�����
��F$�	8�	�.�
�	������!&��	�#$���B��������	�*	
�����B#
	�!�

�5��!&'�8�	�����0)�����8�	������

�������	��	� �� �!&)������������B���#$�#��B���
�����	,#�8�����B����87	���+��#$� ^� -&���
�	
��������#$���)�����8�	������
���)������������
B���#B��������	,#�8�������B#
	�!��0������0
)������13����������
���������F$��-�$������0)�����
���8*9��
�	��������#$���)�����8�	������
B���8��	
���	�-#
	��7����
��)*$	���B���	�!&'�B������	�*	
8��	������80��#$
�	��������#$���)������������
B���#���(����-�$��+	8*9��
��	��7�%���!�� )*$	�� �'�
8�	��������!������
�������	)������������B�����

�!���	�����B��B����87	�-&������F$���������0)�����
�-�$�8*9���	'����B��B����87	�-�$�8*9�� ��F$�	����� �
'�8�	B����87	����	8�	
�	(�
����)*$	���B���	
�!&'����"�!��0� ���
F�!�� @33� ����6�)7�6� ���
����#9
!	�!	��%������ 
�	��������#$���)���������
���B���#B��B����87	�������������)�����8�	
������
����F$�	����� �'����8�	��������!������
�
������	)������������B�����
�!���	����!������
�
������	
�	�!&)������������B���#$����������5��!&
�	
��������#$���������
�������	��	����!9�%����	'�
��B��������	,#�8�����B����87	�#$��	�!�

�+��#$ � @3� ���	'�8�	�����0)�����8�	
������
�������	��	����!&)������������B���#$�#��
����6�)7�6����������������6�)7�6
"&!�����
)*$	�� ���&!�B����� ��������8�	
�	�#$���	
-c��������BF�!���!&���!��#��F$�����
��	
����5�!&�!�"�!9����(�
�#B����!�-!��6�!&�!��bb
����
�������	
�	�!&���!������ ��5B!;������BF�
��F$�
�	������!�������#$
��+�%���������BF�
!���!&��-��������!�%��� �-F$��5�����������+;��#

-�!		��� DXNXUfV� WSZZE� ���
�"�� �����������	
-�!		����!&BF��DXNXUfV�UXOKUNE��������"�%������
�������	-&���� ��F$���������0)��������8*9�� 
�	
��������+;��#
B����� �����������	��7����


Figure 7. Tensile strength and elongation at
break of NR vulcanizates filled
with commercial silica and fly ash
from various sources at different
silica contents
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Figure 8. SEM micrographs of continuous phase between NR and filler particles
(a) NR and fly ash from Mae Moh (Magnification of 1500)
(b) NR and fly ash from Banphong (Magnification of 1500)
(c) NR and fly ash from Rayong (Magnification of 1500)
(d) NR and commercial silica (Magnification of 10000)

(a) (b)

(c) (d)
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Figure 10. Variations in resilience and
compression  set properties for
different silica contents for NR
vulcanizates filled with commer-
cial silica and fly ash from
various sources

Figure 9. Effect of silica content on the tear
and hardness properties for NR
vulcanizates filled with commercial
silica and fly ash from various
sources
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