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Abstract: In the present study, when the surface of kenaf, which is an environmentally friendly natural fiber,
was treated by using adhesive solution containing Chemlok 402, the effects of fiber surface treatment, fiber
content and fiber length on the cure characteristics, hardness, tensile modulus and abrasion resistance of
kenaf/natural rubber composites were investigated. The kenaf fiber contents consisting of the composites were
varied with 0, 5, 10, 15, and 29 phr at a fixed fiber length of 2 mm and also the fiber length was varied with
2, 35, and 70 mm at a fixed fiber content of 5 phr. The Tmax and tc90 values, Shore A hardness, tensile
modulus, and abrasion resistance of natural rubber composites strongly depended on the kenaf fiber content
and length. The characteristics of the composite with kenaf fibers treated with the adhesive solution containing
Chemlok 402 were higher than those untreated. This is ascribed to the improved interfacial adhesion between
the treated kenaf fiber and the rubber matrix. This study suggests that an appropriate use of adhesive solution
may be possible to increase the properties of natural fiber-reinforced composites.
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Table 1. A formulation list of natural rubber, kenaf fiber,
carbon black and additives used in this work.

Ingredient A B C E
Natural rubber 100 100 100 00 100
Stearic acid 1.5 1.5 1.5 1.5 1.5
Zinc oxide 5 5 5 5 5
Carbon black 21 21 21 21 21
N; Oil 6 6 6 6 6
Vu. HS'LG 1.5 1.5 1.5 1.5 1.5
Kumanox13 2 2 2 2 2
Kumanox3C 1.5 15 1.5 1.5 1.5
Sulfur 1.5 1.5 1.5 1.5 1.5
cZ 1.8 1.8 1.8 1.8 1.8
EKumac D 0.7 0.7 0.7 0.7 0.7
Kenaf fiber 0 5 10 15 20
Total (phr*) 1425 1475 152.5 157.5 162.5

*phr: parts per hundred grams of rubber.
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Figure 2. Variation of the Tma value as functions of fiber
content (a) and fiber length (b) for untreated and treated
kenaf/natural rubber composites.
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Figure 3. Variation of the tc90 value as functions of fiber
content (a) and fiber length (b) for untreated and treated
kenaf/natural rubber composites.
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Figure 6. Variation of the abrasion ratio as functions of

fiber content (a) and fiber length (b) for untreated and
treated kenaf/natural rubber composites.
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Figure 7. SEM images of the fracture surfaces observed
with untreated (a and ¢) and treated (b and d) kenaf/natural
rubber composites (X100 & x500). The kenaf fiber contents
were 10 phr.

oOooo oo oo o2o, 20180



ooodoob oob 0boboo bo 0 -00 OO Obho/bob boobo ooboo, 67
oo, 000bo 0 Ooob Oobo oboobo bo 0 oob oo

4. 00 O

2 ATAE AYz/AALY
AE, ey s 212 v e B2
Moo EWAL, 98T 2 Hadol
3 A qomﬂa 28 A9t d
Azl AZAGY FFol FAREE Aot

xdy

3

%Tﬁl—ﬁrﬁoblﬂI-H?B—ﬁﬂ#LUiRﬂllOEfElﬂoi

&
éé
c
—
8
§<’
N
N
]

grol Z7Fgt W, 190 gh
TS B3 59 Shore A A =9} QAAERX
Zrbehedt. olaid B4 WSk AR
10 phr o] 42} o) B% TR A e,

ks
Al
G Zo|7} 2 mmoj A 35 mme} 70 mm=E Z7}5}
E
_‘-;’_

Sxp 2

A

4

o |
1

Tmax %}, tc90 7}, Shore A 7 =2} Q1AERA
F7Fet oyt 1 '3t o] Afetere A
2] okokth. Chemlok 4028 &-9-3a Qs A2
2 AA 3 AYZHFE o] &8st Az A
AR F7 AAYE oA 2 HHE
ZAHH %"401] A ”"417‘4 o7 % AoR "}EPJ'

o He S o]Ldt mHA =
HE@/K Arolof Al Al 2k /%}

Lﬂ-lrl!‘é

¢

HJz‘El-D

—11:1 lo

References

1. D. Cho, S. G. Lee, W. H. Park, and S. O. Han,
Polym. Sci. Technol, 13, 460, (2002).

2. D. Cho and H.-J. Kim, Elast. Compos.,
(2009).

3. J. Miissig (Ed.), “Industrial Applications of Natural
Fibres: Structure, Properties and Technical Applications”,
John Wiley & Sons, Chippenham, (2010).

4. J. Gassan and A. Bledzki, Polym. Compos.,
(1999).

5. S. S. Tripathy, G. Levita, and D. Landro, Compos.
Sci. Technol., 22, 815, (2001).

6. D. Cho, H. S. Lee, S. O. Han, and L. T. Drzal,
Adv. Compos. Mater., 16, 315, (2007).

7. D. Cho, H. S. Lee, and S. O. Han, Compos. Interf.,
16, 711, (2009).

8. S. M. Lee, D. Cho, W. H. Park, S. G. Lee, S. O.

44, 13,

20, 62,

Journal of Adhesion and Interface Vol 19, No.2 2018

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Han, and L. T. Drzal, Compos. Sci.
647, (2005).

Technol., 65,

. J. M. Seo, D. Cho, W. H. Park, S. O. Han, T. W.

Hwang, C. H. Choi, and S. J. Jung, J Biobased
Mater. Bioenerg., 1, 331, (2007).

L. Liu, J. Yu, L. Cheng, and X. Yang, Polym.
Degrad. Stabil., 94, 90, (2009).

V. G. Geethamma, G. Kalaprasad, G. Groeninckx,
and S. Thomas, Composites Part A: Appl. Sci.
Manufac., 36, 1499, (2005).

Y. Ruksakulpiwat, J. Sridee, N. Suppakarn, and W.
Sutapun, Composites Part B: Engineering, 40, 619,

(2009).
Y.-S. Cho and D. Cho, Elast. Compos., 46, 186,
(2011).
A. N. Gent, “Engineering with Rubber”, Hanser

Publishers, Munich, Chapter 2, (1992).

M. Morton, “Rubber Technology”, 3" Ed., Van
Nostrand Rhinhold, New York, Chapter 3, (1987).
J. A. Brydson, “Rubbery Materials and Their
Compounds”, Elsevier Applied Science, London,
Chapter 4, (1988).

H. Ismail, M. R. Edyham, and B. Wirjosentono,
Polymer Testing, 21, 139, (2002).

M. Jacob, S. Thomas, and K. T. Varughese,
Compos. Sci. Technol., 64, 955, (2004).

H. Anuar and A. Zuraida, Composites Part B:
Engineering, 42, 462, (2011).

Y. H. Han, S. O. Han, D. Cho, and H.-I. Kim,
Compos. Interf., 14, 559, (2007).

J. M. Seo, D. Cho, and W. H. Park, J Adhes.
Interf., 9, 1, (2008).

M. S. Huda, L. T. Drzal, A. K. Mohanty, and M.
Misra, Compos. Sci. Technol., 68, 424, (2008).

A. K. Mohanty, M. Misra, and L. T. Drzal,
Compos. Interf., 8, 313, (2001).

G. Mehta, L. T. Drzal, A. K. Mohanty, and M.
Misra, J. Appl. Polym. Sci., 99, 1055, (2006).

U. S. Ishiaku, X. Y. Yang, Y. W. Leong, H.
Hamada, T. Semba, and K. Kitagawa, J. Biobased
Mater. Bioenerg., 1, 78, (2007).

Y. Xie, C. A. S. Hill, Z. Xiao, H. Militz, and C.
Mai, Composites: Part A, 41, 806, (2010).





