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	 	 ABSTRACT	

During	 the	 last	century,	 that	 the	natural	 fiber	reinforced	polymer	composites	have	become	an	attractive	economically	and	
ecologically	composites	 .Oil	palm	fiber	(OPF)	reinforced	epoxy	composites	which	can	be	used	in	several	applications	like	car	
industry	 and	 constructions	 were	 manufactured	 casting	 methods.	 In	 particular,	 the	 effects	 of	 alkaline	 treatment,	 silane	
treatment	 and	 acetyl	 treatment	were	 investigated	 for	 30	wt%	 of	 OPF	 reinforced	 epoxy	 composites.	 The	 tensile	 test	 and	
scanning	 electron	microscopy	 (SEM)	were	 carried	 out	 to	 determine	 the	 effect	 of	 chemical	 treatment	 on	 the	mechanical	
properties	of	the	composites.	The	results	showed	that	chemical	treatments	on	the	fibers	can	enhance	the	tensile	strength	of	its	
composites.	Improvements	are	governed	by	the	removal	of	hemicellulose	and	lignin	from	the	fiber,	which	provides	a	platform	
for	better	 chemical	 reactions	between	 fibers	and	matrix.	Silane	 treated	OPF	/epoxy	 composited	achieved	high	mechanical	
properties	compared	to	untreated	and	another	treaded	epoxy	composites.		

Index	Terms:	natural	fiber,	OPF,	chemical	treatment,	mechanical	properties	and	morphological	characterization	

1.	INTRODUCTION	

There	 is	 a	 growing	 attention	 that	 non‐renewable	
resources	 are	 becoming	 limited	 [1].	 Consequently,	 the	
dependency	on	renewable	 sources	has	been	wine	more	
acute.	 This	 century	 may	 be	 known	 as	 the	 cellulosic	
century,	 because	 of	 the	 discovery	 of	 many	 more	
renewable	 plant	 resources,	 as	 raw	 materials	 for	
production	of	new	products	[2].	

Natural	fibers	in	simple	definition	are	fibers	that	are	not	
synthetic	or	manmade.	They	can	be	sourced	from	plants	
or	 animals	 [3].	 The	 use	 of	 natural	 fiber	 from	 both	
resources,	 renewable	 and	 non‐renewable	 such	 as	 oil	
palm,	 sisal,	 flax,	 and	 jute	 fibers	 to	 produce	 composite	
materials	 gained	 considerable	 attention	 in	 the	 last	
decades,	and	so	far.	The	plants,	which	produce	cellulose	
fibers	can	be	classified	into	bast	fibers	(jute,	flax,	ramie,	
hemp	 and	 kenaf),	 seed	 fibers	 (cotton,	 coir,	 and	 kapok),	
leaf	 fibers	 (sisal,	 pineapple,	 and	 abaca),	 grass	 and	 reed	
fibers	 (rice,	 corn,	 and	wheat),	 core	 fibers	 (hemp,	 kenaf,	
and	jute)	as	well	as	all	other	kinds	(wood	and	roots)[4].	

Oil	palm	(Elaeis	guineensis	 Jacq.)	 is	 the	highest	yielding	
edible	 oil	 crop	 in	 the	 world.	 It	 is	 grown	 in	 more	 than	
forty	 countries	 and	 covering	 about	 eleven	 million	
hectares	 around	 the	 world.	 The	 cultivating	 oil	 palm	
concentrates	 in	 West	 Africa,	 Indonesia,	 Malaysia	 India	
and	 Latin	 American	 countries.	 The	 production	 of	 oil	
palm	 biomass	 in	Malaysia	 alone	 is	 about	 thirty	million	
tons	 annually	 [5].	 The	 four	 kinds	 of	 fiber	 that	 can	 be	
extracted			from	the	oil	palm	tree	are:	empty	fruit	bunch	
(EFB),	trunk,	fruit	mesocarp	and	frond	fiber.	The	empty	

fruit	 bunch	 is	 the	 fibrous	 mass	 left	 behind	 after	
separating	 the	 fruits	 from	 the	 sterilized	 (steam	
treatment	 at	 294	 kPa	 for	 1	 h)	 of	 fresh	 fruit	 bunches.	
Among	the	various	part	of	an	oil	palm	tree,	EFB	has	the	
potential	 to	 yield	 up	 to	 73%	 of	 fiber.	 	 	 Hence,	 it	 is	 the	
preferred	choice	in	terms	of	availability	and	cost.	 	It	has	
been	rewarded	that	the	palm	oil	industry	disposes	about	
1.1	ton	of	EFB	per	every	ton	of	oil	produced	[6].		

There	are	numerous	advantages	in	the	use	of	plant	fibers	
as	raw	materials	for	the	manufacturing	of	new	products.	
The	benefits	of	plant	fibers	include	low	density,	low	cost,	
suitable	 specific	 strength,	 reduced	 tool	 wear,	 best	
thermal	 insulation	 properties,	 and	 lessened	 health	
problems	 such	 as	 skin	 and	breathing	 irritation.	Being	 a	
renewable	source,	the	process	of	recycling	plant	fibers	is	
possible	without	 ill‐effects	 to	 the	environment	affecting	
[7].	 These	 benchmarking	 properties	 offer	 an	 extensive	
choice	of	plant	fibers	in	the	composite	field.	This	poses	a	
challenge	 for	 the	 synthetic	 fibers	 as	 plant	 fiber	 can	 be	
used	as	a	replacement	for	the	synthetics.		

The	natural	fibers	are	not	a	problem‐free	alterative.	For	
they	 also	 possess	 certain	 shortfalls	 in	 properties.	 First,	
their	 structural	 compositions	 (cellulose,	 hemicelluloses,	
lignin,	 pectin	 and	waxy	 substances)	 allow	 for	moisture	
absorption	 from	 the	 environment.	 This	 leads	 to	 poor	
bonding	 with	 the	 matrix	 materials.	 In	 addition,	 the	
chemical	 structures	 of	 the	 fibers	 and	 matrix	 are	
different,	 so	 couplings	 between	 these	 two	 phases	 are	
challenging.	 This	 causes	 ineffective	 stress	 transfer	
throughout	the	interface	of	the	composites.	As	such,	it	is	
a	must	for	certain	chemical	treatments	on	the	surface	of	
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natural	fibers.	These	treatments	are	usually	based	on	the	
use	 of	 reagent	 functional	 groups	 that	 are	 capable	 of	
reacting	 with	 the	 structures	 of	 the	 fiber	 and	 changing	
their	composition.	Hence,	these	chemical	treatments	can	
reduce	the	tendency	of	moisture	absorption	of	the	fibers.	
This	 facilitates	 for	 greater	 compatibility	 with	 the	
polymer	matrix	 [8].	Table	1	shows	 the	recent	works	on	
treated	natural	fiber	reinforced	polymer	composites.	

Table	1:	The	recent	works	on	treated	natural	fiber	
reinforced	polymer	composites.	

Fiber‐matrix	
composites	

Treatment	 Effects	 	 on	
composites		

Ref.

banana/epoxy	 Alkaline	
treatment	

Causes	 better	
mechanical	
properties	 of	 the	
resulting	
composite	

[9]

sisal–oil	
palm/	 natural	
rubber	

Alkaline	
treatment	

the	tensile	strength	
of	 the	 epoxy	
composites	 were	
increased	

[10]

jute	/	epoxy	 Silane	
treatment	

significant	 increase	
in	 the	 interlaminar	
shear	 strength	
(ILSS)	 of	 the	
thermoset	 epoxy	
composites.	Also,	

increase	 in	 the	
tensile	 and	 flexure	
properties	of	saline	
treated	 jute	 epoxy	
composites	

[11]	

Sisal	 fiber	 –
epoxy	

saline	
treatment	

most	 effective	 in	
reducing	the	intake	
of	 moisture	 by	
fibers	 in	 humid	
environments	

[12]

Bleached	soda	
pulp	 fiber/	
epoxy	

saline	
treatment	

Improvement	 of	
the	 mechanical	
properties	 and	
reduction	 of	 water	
absorption	 of	 the	
resulting	
composites.	

[13]

Sisal	 fiber	
/epoxy‐
unsaturated	
polyester	
polymer	
mortars	

Acetyl	
treatment	

Surface	 treatment	
caused	 to	 increase	
adhesion	 between	
the	 fiber	 and	
matrix.	 Fracture	
properties	of	epoxy	
composites	 were	
increased	

[14]

	

The	 aim	 of	 the	 present	 work	 is	 to	 study	 the	 effects	 of	
chemical	 treatments	 on	 mechanical	 properties	 of	 the	

OPEFB	 fiber/epoxy	 composites.	 Tensile	 test	 and	
Scanning	Electron	Microscopy	 (SEM)	were	employed	 to	
characterize	the	OPEFB	fiber	/epoxy	composites.	

2.	MATERIALS	AND	METHODS	

2.1	Materials	

Oil	palm	Empty	fruit	bunch	(OPEFB)	fiber	is	obtained	as	
a	waste	material	after	the	removal	of	oil	palm	seeds	from	
fruit	 bunch	 for	 oil	 extraction.	 OPEFB	 fiber	 used	 in	 the	
study	 was	 obtained	 from	 Polycomposite	 Sdn.	 Bhd.	
Kajang,	 Malaysia.	 These	 fibers	 were	 sieved	 using	 a	
motorizing	sieve	shaker	to	get	the	size	range	from	300	to	
600µm.	Epoxy	polymer	(8950‐1A)	and	Hardener	(8950‐
1B)	were	obtained	from	Miracon	(M)	Sdn	Bhd.	Malaysia.	
Chemicals	 used	 for	 the	 surface	 modification	 of	 fiber:		
sodium	 hydroxide,	 triethoxy	 (ethyl)	 silane	 coupling	
agent,	and	acetic	acid	were	obtained	from	Quasi	(S)	Sdn.	
Bhd.	Bangi,	Malaysia.	

2.2	Surface	modification	of	OPF	

2.2.1.	Alkaline	treatment	

The	 short	 fiber	 size	 ranging	 from	 300	 ‐	 600	 µm	 was	
soaked	in	a	5%	concentration	of	alkaline	solution	for	two	
hours	 at	 room	 temperature	 (29	 oC).	 Then,	 the	 treated	
fibers	were	filtered	out	and	washed	with	distilled	water	
several	times	until	eliminated	all	 the	sodium	hydroxide.	
Finally,	the	fiber	dried	in	the	oven	for	48	hours	at	50	oC.	

2.2.2.	Silane	treatment		

The	 fibers	 were	 soaked	 in	 triethoxy	 (ethyl)	 silane	
coupling	agent	solution	(alcohol	water	mixture	at	60:40)	
for	 2h,	 and	 the	 pH	 was	 adjusted	 between	 3.5	 and	 4.0.	
Then,	 the	 fibers	 were	 washed	 with	 distilled	 water	 at	
room	temperature	and	soluble	impurities	were	removed	
by	filtration.	Finally,	the	fiber	dried	in	the	oven	for	24	h	
at	51	oC.	

2.2.3	Acetylation	treatment		

EFB	fiber	were	immersed	in	acetic	acid	solution	at	50	oC	
for	2	h.	then,		the	fibers	were	washed	with	distilled	water	
at	 room	 temperature	 and	 soluble	 impurities	 were	
removed	by	filtration.	Finally,	the	fiber	dried	in	the	oven	
for	24	h	at	51	oC.	

2.3	Fabrication	of	epoxy	composites	

Similar	 procedure	 was	 followed	 to	 prepare	 treated	
(alkaline	 treated,	 silane	 treated	 and	 acetylated)	 fiber/	
epoxy	 composites.	 The	 epoxy	 resin	 and	 the	
corresponding	 hardener	 were	 mixed	 thoroughly	 in	 a	
ratio	 of	 2:1	 by	 weight.	 Then	 the	 required	 amount	 of	
treated	and	untreated	 fibers	 (30	wt	%)	was	distributed	
on	 the	mixture	 and	 stirred	well	 uniformly	 to	minimize	
air	 entrapment.	 Mixture	 was	 then	 poured	 into	 the	 an	
aluminum	mold	 having	 dimensions	 of	 200	 ×	 200	 ×	 14	
mm3	 at	 room	 temperature	 to	 cure	 for	 24	 h.	 finally,	 the	
samples	were	cut	into	suitable	size	to	do	different	tests.	

2.4.	Characterization	methods	

2.4.1.	Tensile	Test	
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The	tensile	test	was	conducted	in	accordance	with	ASTM	
D638,	on	dumbel	shaped	specimen	with	gauge	length	of	
50	 mm	 and	 cross‐section	 of	 13	 mm	 ×	 3	 mm,	 using	 an	
universal	testing	machine	(Model	No.	8801	UK,	Instron)	
at	 ambient	 temperature	 with	 a	 crosshead	 speed	 of	 5	
mm/min,	 using	 a	 10	 kN	 load	 cell.	 Five	 replicate	
specimens	 were	 tested	 for	 each	 composite.	 Data	 were	
measured	 using	 Blue	 Hill	 v.2.5	 software.	 Tensile	
properties	 are	 very	 important	 single	 indication	 of	
strength	 in	 a	 material.	 These	 tests,	 which	 were	
conducted	 for	 the	 purpose	 of	 knowing	 the	 amount	 of	
force	required	to	pull	and	fracture	the	samples	apart,	as	
well	as	find	out	how	much	the	extension	of	the	samples	
during	stretching	before	a	fracture	occurs.	

2.4.2	Scanning	electron	microscope	(SEM)	

The	fracture	ends	of	the	tensile	specimens	of	treated	and	
untreated	 OPEFB	 fiber	 /	 epoxy	 composites	 were	
observed	 by	 using	 SEM	 (Hitachi	 S‐3400N)	 	 whichwas	
operated	in	high	vacuum	mode	at	an	accelerating	voltage	
of	15	kV	respectively	with	magnifications	of		500X	.	The	
fracture	specimen	samples	was	coated	with	gold	before	
observed	using	 the	 SEM	machine	 to	 enhance	 the	 image	
resolution	 and	 avoid	 electrostatic	 charging	 for	 a	 better	
image	resolution.	

3.	RESULTS	AND	DISCUSSION	

3.1	Effect	of	chemical	 treatment	on	 tensile	 strength					
of	OPEFB	fiber/epoxy	composites	

Table	2	shows	the	tensile	strength	of	30	wt%	of	UTEFB	
fiber	 /	 epoxy	 composites,	ATEFB	 fiber	 /epoxy,	AATEFB	
fiber	 /epoxy),	 STEFB	 fiber	 /epoxy	 composites.	 The	
effects	 of	 various	 chemical	 treatments:	 alkaline,	 acetyl	
and	silane	treatment	on	the	many	of	the	properties	were	
found	 to	 be	 superior	 for	 the	 treated	 epoxy	 composites.	
The	 increase	 in	 the	 mechanical	 properties	 like	 tensile	
strength	 and	 tensile	 modulus	 indicate	 that	 bonding	 of	
the	epoxy	matrix	to	treated	fiber	are	stronger	compared	
to	untreated	fiber	epoxy	composites.	The	hydrophilicity	
of	 treated	 fibers	 decreases	 due	 to	 alkaline,	 acetyl	 and	
silane	 treatment.	 This	 may	 favor	 a	 better	 hydrophobic	
fibril/hydrophobic	matrix	interfacial	adhesion	and	hence	
increases	the	mechanical	properties.	

Table	2:	Mechanical	properties	of	treated	and	untreated	
epoxy	composites.	

Sample	ID	

of	 the	 epoxy	
composites	

Strain	 at	
break	(%)	

Tensile	
modulus		
(MPa)	

Tensile	
strength		
(MPa)	

UTFE		 4.09	 1342	 11.48

ATFE		 3.53	 1726	 12.22

AATFE		 3.79	 1708	 13.88

STFE		 2.24	 2582	 15.83

	

From	Figure	1,	we	can	observe	that	the	tensile	strength	
of	 UTFE	 composites	 is	 11.48	 MPa.	 In	 the	 original	

untreated	 fiber	 epoxy	 composites,	 cellulose	microfibrils	
were	 enveloped	 and	 joined	 together	 by	 hemicellulose	
and	 lignin	 constituents.	 Cellulose	microfibrils	were	 also	
joined	 together	 through	 hydrogen	 bonding	 (‐OH).	 The	
hemicellulose	 and	 lignin	 provided	 adhesion	 to	 hold	 the	
cellulose	 microfibrils	 in	 position.	 These	 orientations	 of	
fiber	 constituents	 gave	 structural	 stability	 to	 the	 fibers	
against	 fibers	 loading,	 but	 this	 presence	 of	 hydroxyl	
group	in	the	fibers	led	to	poor	bonding	with	the	matrix.	
The	 weak	 interface	 bonding	 reduced	 the	 epoxy	
composites’	 load	 carrying	 capacity	 and	 thus	 the	 epoxy	
composites	failed	at	lower	strength.	

	

Figure	1:	Tensile	strength	of	treated	and	untreated	
epoxy	composites.	

	

From	Figure	1	,	the	tensile	strength	of	ATFE	composite	is	
12.22	 MPa	 and	 it	 is	 the	 lowest	 tensile	 strength	 value	
compared	to	other	treated	fiber	epoxy	composites	which	
only	 enhanced	 the	 tensile	 strength	 by	 6.4%.	 These	
treatments	effectively	removed	the	hemicellulose,	 lignin	
and	their	associated	hydroxyl	groups	from	fiber	surface.	
This	facilitated	strong	fiber‐matrix	interface	bonding.		On	
the	 other	 hand,	 this	 treatment	 cause	 these	 cellulose	
microfibrils	began	 to	 lose	 their	 structural	 strength.	Due	
to	this,	alkaline	treatment	improved	the	tensile	strength	
of	the	ATFE	epoxy	composites	but	not	like	other	kinds	of	
treatments.		

Fom	Figure	1,	the	tensile	strength	of	AATFE	composite	is	
13.88	 MPa	 which	 improved	 the	 tensile	 strength	 by	
20.9%	 in	 comparison	 with	 UTFE	 composite.	 During	
acetylation,	 fiber	 s	 underwent	 two	 stages	 of	 chemical	
reactions.	First,	hemicellulose	and	lignin	coverings	from	
fiber	 surfaces	 were	 removed	 by	 the	 acetyl	 groups.	
Second,	 hydroxyl	 (‐OH)	 groups	 of	 the	 fiber	 were	
esterified	 by	 acetyl	 groups	 and	 eliminated	 from	 the	
fibers.	 This	 provided	 the	 hydrophobic	 fiber	 surfaces	
more	 accessibility	 to	 cellulose	 microfibrils	 for	 matrix	
adhesion.	As	a	result,	 strong	 interface	bonding	between	
the	 fiber	 s	 and	 matrix	 took	 place	 in	 the	 epoxy	
composites.	 Strong	 interfaces	provided	higher	 frictional	
resistance	 against	 tensile	 loading	 increasing	 the	 tensile	
strength	of	the	AATFE	composites.	

From	 Figure	 1	 we	 observed	 that	 STFE	 composites	 has	
the	 highest	 tensile	 strength	 value	 of	 15.83MPa	
properties	 compared	 with	 those	 of	 other	 treated	 and	
untreated	fiber/	epoxy	composites.	The	silane	treatment	
enhanced	 the	 tensile	 strength	 of	 UTFE	 composites	 by	
37.9%.	 During	 silane	 treatments,	 silanol	 molecules	
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formed	 in	 the	 presence	 of	 moisture.	 One	 end	 of	 the	
silanol	molecule	reacted	with	fiber	hydroxyl	groups	and	
formed	bonds	with	the	fiber	s	while	the	other	end	of	the	
silanol	molecule	reacted	with	the	matrix.	These	chemical	
couplings	 (linkages)	 between	 fibers	 and	 the	 matrix	
provided	 strong	 interface	 bonding	 in	 the	 epoxy	
composites.	 As	 a	 result,	 strong	 bonding	 between	 the	
fiber	 s	 and	 matrix	 occurred,	 and	 composites	 exhibited	
high	strength.	

The	 variation	 of	 tensile	 modulus	 for	 different	 treated	
epoxy	composites	is	given	in	Figure	2.		Generally,	all	the	
chemical	treatments	that	used	in	this	study	increased	the	
stiffness	 of	 the	 treated	 composites	 as	 compared	 with	
untreated	 composite.	 STFE	 composite	 has	 the	 highest	
value	 of	 2582.88	 MPa,	 showing	 increase	 in	 tensile	
modulus	by	92.39%	compared	to	UTFE	composite	which	
has	tensile	modulus	value	1342	MPa.	Alkaline	treatment	
also	 effect	 on	 the	 stiffness	 of	 ATFE	 composite,	 thereby	
cause	to	 increasing	 in	modulus	by	28.61%	compared	to	
UTFE	 composites.	 On	 the	 other	 hand,	 only	 27.27%	
increasing	 in	 tensile	modulus	 came	as	a	result	of	acetyl	
treatment	which	consider	the	lowest	effect	compared	to	
alkaline	and	silane	treatments.		

	

Figure	2:	Tensile	modulus	of	treated	and	untreated	
epoxy	composites.	

	

From	Figure	3,	we	observe	that	UTFE	composite	has	the	
maximum	deflection	value	4.09%,	while	the	deflection	of	
ATFE	 composites	 is	 3.53%.	 The	 alkaline	 treatment	
decreased	the	elongation	at	break	because	of	the	strong	
interfacial	 bonding	 between	 the	 treated	 fiber	 and	 the	
composite.	Also,	we	observe	that	the	elongation	at	break	
of	 AATFE	 composite	 decreased	 to	 3.79	 %.	 The	 acetyl	
group	 (CH3CO‐)	 reacts	 with	 the	 hydroxyl	 groups	 (‐OH)	
that	 present	 in	 the	 amorphous	 region	 of	 the	 fiber	 	 and	
remove	 the	 existing	 moisture,	 thus	 reducing	 the	
hydrophilic	nature	of	 the	 fiber	and	 	 this	provide	 	 rough	
fiber	 	 surface	 topography	 that	 gives	 better	 mechanical	
interlocking	with	the	matrix	which	cause	to	increase	the	
tensile	 strength	 and	 decrease	 the	 elongation	 at	 break.	
The	 elongation	 at	 break	 of	 STFE	 composite	 is	 lowest	
value	 2.24%	 compared	 to	 treated	 and	 untreated	 fiber	
epoxy	 composites	 this	 cause	by	 Silane	molecules	which	
form	a	 chemical	 link	between	 the	 fiber	 surface	 and	 the	
matrix	through	a	siloxane	bridge,	and	this	lead	to	strong	
fiber	matrix	adhesion	and	reduce	the	plasticization	of	the	
epoxy	composites.	

	

Figure	3:	 Elongation	 at	 break	of	 treated	 and	untreated	
epoxy	composites.	

Figure	4	 (a)	 shows	 the	 SEM	of	 the	 fractured	end	of	 the	
tensile	 specimens	 of	 the	 UTFE	 composites	 under	
magnifications	 500X.	 It	 was	 observed	 that	 some	 holes	
appeared	 on	 the	 fracture	 surfaces	 of	 the	 untreated	
samples	and	some	gaps	were	present	between	the	fiber	s	
and	 the	matrix	 interfaces.	 Under	 the	 loading	 condition,	
fibers	 were	 pulled	 out	 from	 the	 matrix	 and	 so	 low	
strengths	 were	 exhibited.	 This	 was	 presumably	 due	 to	
the	 presence	 of	 hemicellulose	 and	 lignin	 coverings	 on	
the	fiber	s	surface	which	hindered	the	cellulose	surfaces’	
reaction	 with	 the	 matrix.	 Due	 to	 this,	 weak	 interface	
bonding	 between	 fiber	 and	 matrix	 took	 place	 and	 the	
composites	 suffered	with	 stress	 being	 transferred	 from	
the	matrix	 to	 the	 fibers.	This	observation	was	a	 further	
indication	 of	 the	 low	 strength	 and	modulus	 values	 that	
were	achieved	under	mechanical	testing	of	the	untreated	
samples.	

On	the	other	hand,	Figure	4(b)	shows	the	SEM	image	of	
ATFE	 composites	 tensile	 fractured	 specimens	 showed	
thin	treated	fibers	and	shearing	off	of	the	fiber	evidenced	
the	 good	 adhesion	 characteristics	 of	 the	 fiber	 with	 the	
matrix.	 The	 alkaline	 treatment	 led	 to	 reduce	 the	 fiber	
diameter	 and	 increased	 the	 surface	 area	 of	 contact	
between	 the	 fiber	 and	matrix	 and	 hence	 improved	 the	
bonding	 characteristics.	 The	 SEM	 images	 revealed	 the	
significance	of	alkaline	treatment	and	 improvements	on	
tensile	properties	of	epoxy	composites.	As	a	result,	these	
observations	 were	 compatible	 with	 the	 better	 tensile	
properties	 of	 the	 ATFE	 composites	 compared	 to	 UTFE	
composites.	

Figure	 4(c)	 shows	 The	 SEM	 of	 tensile	 fractured	
specimens	 of	 STFE	 composites	 compared	 to	 UTFE	
composites	under	magnification	500X.	The	broken	fiber	
ends	 can	 be	 seen	 instead	 of	 pull	 out	 phenomenon.	 The	
cracks	on	the	 fiber	ends	support	the	 fact	 that	the	 fibers	
have	 undergone	 more	 breakage	 rather	 than	 pull	 out	
which	 affirms	better	 interfacial	 adhesion.	 	On	 the	other	
hand,	the	silane	treatment	caused	the	roughness	for	the	
fibers	 which	 enhanced	 the	 mechanical	 interlocking	
between	 the	 fiber	 and	 the	 matrix.	 	 Also	 the	 Strong	
bonding	between	 the	 fiber	and	 the	matrix	 indicates	 the	
effective	coupling	action	of	silane.	

The	 surface	 morphology	 of	 the	 tensile	 test	 fractured	
specimens	 of	 AATFE	 composites	 compared	 to	 UTFE	
composites	 are	 shown	 in	Figure	4	 (d).	 	 The	SEM	 image	
reveals	 the	 significance	 of	 fiber‐matrix	 adhesion.	 From	
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this	 figure,	 acetylation	 treatment	 leads	 to	 decrease	
hydrophilic	 nature	 of	 the	 fiber	 and	 rough	 surface	
topography.	 The	 lowering	 of	 the	 impact	 strength	 is	
consistent	with	the	improved	fiber‐matrix	adhesion	and	

the	 increased	 tensile	 strength.	 As	 a	 result,	 improved	
interaction	 leads	 to	 a	 perfect	 bonding	 resulting	 in	 the	
failure	of	the	epoxy	composites	at	low	impact.	

	

untreated	

	

 Alkaline	

(c) Silane	

	

(d) Acetyl	

Figure	4:	SEM	of	fractured	surface:	(a)	UTFE;	(b)	ATFE;	(c)	STFE;	(d)	AATFE.	

	

4.	CONCLUSIONS		

The	 alkaline	 treatment,	 silane	 treatment	 and	 acetyl	
treatment	 of	 OPF	 improved	 the	 adhesion	 between	 the	
fibers	 and	 epoxy	 polymer.	 Tensile	 test	 results	 showed	
that	 both	 silane	 and	 acetyl	 treatment	 showed	 the	 best	
enhancement	 in	 tensile	 strength	 and	 tensile	 modulus.	
SEM	 showed	 the	 good	 interaction	 between	 the	 treated	
fiber	 and	 epoxy	 matrix.	 Silane	 and	 acetyl	 treatment	
enhanced	 the	 tensile	 strength	 of	 the	 epoxy	 composites	
by	37.9	%	and	20.9	%	sequentially	an	alkaline	treatment	
of	fibers	with	5%	NaOH	increased	the	tensile	strength	by	
6.4%	 compared	 to	 untreated	 fiber	 epoxy	 composites.		
From	 the	 study,	 it	 can	 be	 concluded	 that	 	 the	 chemical	
treatment	for	OPF	exhibit	higher	properties	of	the	epoxy	
composites	 	 due	 to	 better	 interfacial	 adhesion	 between	
the	treated	fiber	and	epoxy	polymer.		
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