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ABSTRACT
Polyvinyl-chloride (PVC) is mexpensrve durable, and flexible thermoplastic

material. PVC is one of the most versatile thermoplastrcs, and plays an important role in
the plastic industry. This paper 1nvest1gated the mechanical properties of reinforcing PVC
by hemp fibers. Hemp fibers were added at different weight fractions (4.46%, 6.2%,
7.75%, 9%, and 11% wt). Influence of fiber’s content on comp051te tensile strength and
strain were revealed and the results showed that, at 6.2% wt the tensﬂe strength of PVC
75, PVC 55 with hemp fiber comp051tes was 1mproved by 34. 93% and 54.8%
. respectively. At 6.2% wt, the fibers were longltudmally, at 45° honzontally, and
randomly oriented. The influences of ﬁber s orientation on both stress and strain of the
composites were studied and the results showed that, when the fibers were longitudinally
oriented, the tensile strength of the compos1tes was hlgher than that of the other fiber’s
orientation. Also, the tensﬂe strength of the composites at 6.2% Wt was highly improved,
when- the fibers were weaved The effect of hemp fiber on the hardness of PVC was

delrberated _ .._~ '
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1. INTRODUCTION

Generally natural fibers also give

positive outcome to the stiffness of the
composites while decreasing th.e density
[1]. Increased environmental dwareness,
and consciousness throughout the world
has developed an .increasing interest in
natural fibers anc%_ its applicdtions in
various fields [2]. T‘he main disadvantages
of using  lignocellulosic fibers in
thermoplastics are their pdor filler-matrix
interaction [3]. Lignocellulosic fibers llike,
sisal, coconut fiber (coir), jute, palm,
wood  have

bamboo, and

advantages, including that, they are
| biodegradable and reneyvabie, " with
acceptable specific prépertieq compared to
glass fibers [4]. The main disadvantage of
natural fibers is their hydrophilic naturé,

which results in incompatibility with

hydrophobic polymeric matrices leading -

to poor composite mechanical properties

[5]. Since the past few decades, research
and engineering interest has been shifting
from traditional monolithic materials to

ﬁber reinforced, polymer-based materials

due to their unique advantages of high .

Strength to weight ratio [6]. Natural fiber
composites are also claimed to offer
environmental advantagés such as reduced

dependence on . non-renewable

many -

energy/matérial_ sburces, lower pollutant
emissions [7]. Fiber composites can
withstand higher stresses than either of
their individual constituents because the
fibres and matrix interact and redistribut_e;
the stresses [8]. The use of agro-based '
fibers in paper and composite products has
increased in research in the fields of
chemical and materials science [9].
Natural fiber composites can be mixed and
molded using high intensity, high volume
production  machinery  where - the
processing temperature is typically kept
below 200 °C [10]. The use of natural
polymérs was superseded in the 207
century as é wide-rénge of synthetic

polymers was developed based on raw

;" materials from low cost petroleum [11].

 The greatest growth potential for NFRPCs

is in the building industries, and products
known ‘as ..‘_“wood-plastic composites”’
include  decking, industrial flooring,
landscape timber, and molding [12].
between

Insufficient adhesion

hydrop.h’obic. ‘ polyméx_'s and . hydrophilic

fibres result in-poor rhebhanical properties

of NFRPCs [13]. The purpose of the
present work is:to evali;ate the mechénical ;
pfoperties of the PVC and hemp
composites at diffqreﬁt ﬁber’s content and



Mansoura Engineering Journal, (MEJ), Vol. 37, No 3, September 2012

investigates the effect of fiber’s

orientation.

2. EXPERIMENTAL WORK
"PVC sheet was formed by injection

moldmg machme of type (HAITIAN 320
TON). Two types of PVC were used PVC
75 and PVC 55. PVC sheet was cut ‘into
layers of 50x15x3mm and weightéd
togethe‘r using a sensitive balance of
. accuracy 0.001 gram. Pure PVC 75 was
compacted at 1.8 MPa under steady heat
source of 170 °C for 10 minutes. But PVC
55 was exposed to steady heat source of
160 °C for 10 minutes under compaction
ofl2MPa.

Hemp fibers were used which cut into

50mm length. Hemp fibers were added ‘at
4.46%, 6.2%, 1.75%, 9%, and 11% wt
* with different orientation. »
| The composites were prepared using the
: classica “cqﬁtact me;,lthod”. ‘The di.e was
‘cleaned well .and a foil of aluminum was
A ﬁlaced'inside the die to prevent fhe direct
adhesion between the specimen and the
lower part of the die. PVC layer was
. placed above the aluminum foil and the
fibers were added at suitable fraction
above PVC layer. The composite was

| co'mpieted, by a second layer of PVC

above the fibers then the aluminum foil

M. 3

was placed to prevent the direct contact
between the punch and fibers.

Specimens with 15 mm width and 50 mm
length were cut from the 'manufa‘ctured
parts for tension test. The tensile test was
performed on Computerized Universal
Testing Machine (model WDW-300,
serial no: 5126 EXW Date 2010 YO5M,
China) with a SKN load cell. The
specimens were clamped by the machine
jaws and the test was at constant straiﬁ
rate of 2.5 mm/min. Three samples were
tested at each fiber’s content and the
average results have been reported.
Hardness test was done using shore.
Scanning electro'nib microscope (SEM)

was used to examine the fracture samples.

3. RESULTS AND DISCUSION

Figures 1 and 2 show the stress strain

curves of bench mark values of both pure

PVC 75 type and PVC 55 type.
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Fig. 1 Stress and strain curve of pure PYC 75
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It was found that at 11% wt 6f

fiber PVC 75 layers were separated from

hemp fibers as soon as the applied |

pressure was removed due to higher
fiber’s content.
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Fig.3 Ts of PVC 75/hemp fiber composites

Addition of hemp fibers to PVC 75
has a positive effect on the stress of the
‘composite as shown in- Figure 3. Hemp
fibers improved the stteng"ch of the
cpmposite greafer than that of pure PVC
due to strong interface bonds, and

improved interfacial adhesion.
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Fig.4 Strain of PVC 75/hemp fiber composites

The stress of the composite at
6.2% wt of fiber was greater than that of
the other fiber’s content where; the
average tensile strength was increased by
34.93% greater than that of pure PVC 75.
'fhis ascribed to better coherent between
the fibers and matrix. Increasing of the
fiber’s fraction decreased the tensile
strength less than that at 6.2% where, the

average tensile strength of the composites

at 7.75% and 9% wt was only increased

by, 18.6%, 4.63% respectively. Because of
fiber’s reduced the

interfacial bonds, decreased the adhesion

greater content
between the fibers and matrix, and weaken
the filler-matrix interfacial adhesion, so,
cfack initiation and its propagation will be
easier. Also, at 4.46% wt the. average
tensile strength was improved by only
6.44% higher than that of pure PVC 75

due to 'lower - fiber’s fraction, which



‘MEIIIVISOl'lr.a Engineering J ourﬁai,.(MEJ ), Vol. 37, No 3, September 2012

reduced the composites resistance to carry
the load. The strain of the composites was
lower than that of pﬁfe PVC 75 due to
increased stiffness and. rigidity of the
composite as illuéneted in Figure 4. The
strain of the composite was inversely
proportional with:the fiber loading where
the ductility of the composites at 4.46% wt

was higher than that at 6.2%, 7.75%, and .
But the

9% and reduced by 31.14%.
ductility at 6.2%, 7.75%, and 9% of fiber
was reduced by 40%, 49.47%, and 56%
respectively.

At fiber loading of 9% wt, there
VWas n_e connection Between PVC 55 and
hemp fibers due to higher fiber fraction, so

the fibers were separated from the matrix.
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‘Fig.5 TS of PVC 55/hemp fiber composites

As expected the strength of the
PVC 55 was 1mproved when it reinforced
with hemp fibers as represented in Figure

5 because of, the improving of interfacial
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bonds, and the improving of adhesion
between PVC 55 and fibers which
ascribed to favorable interactions and
good contact betwéen them. At fiber’s
content of 6.2% wt, the average tensile
strength of the composite was improved
by 54.8% greater than that of pure PVC 55
due to better adhesion between fiber and
matrix. The average tensile strength was
decreased as the fiber’s content decreased
below 6.2% wt this due to lower fiber’s
fraction, and bad transfer of loads from
matrix to fiber. Therefore, the composite -
resistance to withstand loads is reduced,
and the tensile strength at 4.46% wt was
only improved by 16.29%.

Also, when the fiber’s content
increased to 7.75%, the average tensile
strength of the composite was only
increased By 37.43% greater than.that of
pure PVC 55 because of strong tendency
for fiber—fiber interaction which caused
poor fiber dispersion. In such systems the
crack initiation and its propagation will be
easier at higher loadings due to lower
interfacial bonds.

As a general rule, reinforcing PVC
55 with hemp fibers reduced the strain of
the compoeites below that of pure PVC 55
as shown in Figure 6. In this figure, the

strain is inversely proportional to fiber’s
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':"fractions. The strain of compos1tes at

'4:46% wt was greater than that at both
6.2% and 7.75% wt because of, as the
fiber’s content is increased, the rigidity
and stiffness
increased, and also, as the fiber’s content

increased the micro voids presented in the

composite due to hydrophxhc nature of the

fibers were 1ncreas_ed. So, the composite’s

strain was decreased. The ductility of the
composites at 4.46%wt, \6.2%wt, and
7.75%wt  was
42.62%, and 51.09% respectively.
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Fig.6 Strain of PVC 55/hemp fiber composxtes

The ﬁbers at 6.2%
oriented longltudmally, ‘randomly (the
fibers were choppcd- into parts. of 3mm
length), at 45°, and horizontally. Aiso at
6.2% wt of fibers were weaved together to
form a spin before. the composite was
the composites

fabricated and wefe

fabricated at the proper condltlons S

of the composites is

reduced b_y, 26.69%, -

“ﬁ \Vere

A The effect of varying the fiber’s
orientation on stress and strain of the

composites is shown in Figures 7 and 8.

Tensile strength (MPa) |

Pue  Longiudindl Raodom -AtdSdegree Horionsl  Woven

. Fig.7 Ts of PVC 75/hemp fiber composites at

different fiber’s orientations

25

Pure I.ongimdinal Random At 4Sdegree Horizontal ~ Woven

Flg 8 Stram of PVC 75/hemp fiber composites

at different fiber’s orientations

The average tensile strength of the
composite when the fibers were placed
longitudinally was greater than that of the

other fiber’s orientations and increased by
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34.93% when compared to the pure PVC

| 75, because the fibers were perfectly
aligned, so the- ldad was uniformly
distributed on the ﬁBers and matrix, and
bétter interactions between them.

When the fibers were oriented at
45° and randomly, the average tensile
strength was imprbved by only 7.64%, and
.4.59% respectively. This attributed to the
separatidn of fibers from PVC 75 layers
during testing, lower interfacial bond,
lower adhesion between the matrix and
fibers, and weak interfécial interactions as

results of free spaces between the matrix

and the fibers. When the fibers were -

placed horizontally, the average tensile
strength .of the composite was improved
by 10.59% because of better coherent
between PVC 75 and fibers during
fabrication and better distribution of fiber.
When the fibers were weaved like spin,
the average tensile strength was improved
by 62.44%, because of very strong bonds,
penetration of melted PVC 75 into the
fiber spin, and better adhesion.

As expected, the strain- of the

composites was much decreased when the

‘fiber ‘oriented ldngitudinally. At random,

horizontal, and' | 4§° orientation the
ductility was reduced by 12.83%, 22.58%,
and 14.34% respectively lower than that

M. 7

of pure: PVC 75. On the other hand when
fibers were weaved the strain was highly
decreased and the ductility was reduced by
55.56% less than that of pure PVC 75.

Varying the fiber’s orientation
affected the stress and strain of the
composites shown in Figures 9 and 10.
The average tensile strength . of the
composite at longitudinal orientation was
improved by 54.8% greater than that of
pure PVC 55 because of the fiber were
perfectly aligned so the load was uniform
distributed between the fibers and matrix,
favorable interactions, and good adhesion
between the matrix and fiber.

It

121
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i

Tensile strength (M Pa)
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0 ——

Pure  Longitudinl Random At 45degree Horizootsl — Woven

Fig.9 Ts of PVC 55/hemp fiber composites at

different fiber orientations
On the other hand, when the fibers
were randomly oriented, the average

tensile strength of the composite was
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improved by oﬁly 8.76% due to poor fiber

dispersion. Also, the average  tensile
strength of the composite was élightly
increased ~ when - the . fibers

horlzontally oriented, at 45 and mcreased
by 18.5%, and 12% respectively due to
separation of fibers during the test. When,
the fiber were weaved like spin the
average tensile strength of the composites
was | highly -imprioved and increased by
75.56%.due to penetration of molten PVC
55 into the fiber’s spin, very highly strdng
bonds, and improved adh.ei'sion.

4

-0 T T — —

Pure  Loogitudinal Random AHSdegm Hur'u.onul Woven

Flg 10 Strain of PVC 55/hemp fiber composntes

at different fiber’s orlentatlons ’

The strain was affected 'as fhe
ﬁ‘ber’vs orientation wés ‘altered. When the
ﬁbersl placed vrandomly; the"ductil‘ity of the
éomposites was reduced by 27..05%.. But,
‘and at 45°

at longitudinal, horizontal,

orientation, the ductility of the composites

was reduced by 42.62%, 38.52%,. and

were

34.97% respectively. When the fibers
were weaved, the ductility was decreased
by 53.83% due to very strong interfacial

bonds and better adhesion.

The hardness of the co'mposites-
was measured using"‘ a hardness tester
“shore A”  of accuracy “0.2 HA”. The
hardness number was the average of five
measures taken at the surface of the

cc')mposites‘. Figure 11 show the a_Verage

 hardness number of pure PVC..

88
T8
844 -
82 4

76
H

Average hardness number (HA)

70

[1]

PVC(75)

F_ig.lllAvera'ge hardnéss number of PVC after

compactioﬁ at the appropriate conditions

- Addition of hemp fiber to PVC

. increased the hardness of the composites

better th?n_ that of pure PVC this due to
good interaction between ﬁbefs and
matrix, and stronger. 1nterfa01a1 adhesxon
which
composites. The average hardness number

of PVC 75, PVC 55 with hemp fibers

mcreased the stiffness of’ the
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composxte was 1mproved by 4.19%, 6.33%
respectlvely as shown in Figure 12.

92

8 B8

8 ¥ R

=]

Average hardness number (HA) -

-
2 32

5

VC(59) C ey

Fig.iZ The average hardness number of

. PVC/hemp fiber composites
t . I Yoo o

. The, fracture mechanism  was

viewed using a scanning
microscope (JSM-5500LV) supplied by
.JEOL Company Limite,d', ‘ faoan. The
- samples were placed: perpendicular to the
electron beam. Different portions of the

fractured surface from each sample were

exammed Flgure 13; SEM ‘showed the

surface morphology of hemp fibers.

A high degree of adhesion between hemp
ﬁbers and the PVC is'desireld_,‘ in order to
obtain the optimum mechanical properties
and hlgher 1nterfac1al bonding.. .As shown

" in Figure 14 by the arrows, the ﬁbrlllatlon

phenomenon can be attributed to improve

and increase the effectlve contact area

between the fiber and the matrlx and

hence’the mterfa_cxal was 1mproved

b

electron.

" The scanning

M. 9

Fig.13 SEM observation of the surface -
morphology of hemp ﬁbers '

- Fig. 14 SEM photo of the induced adhesion

between the fibers and matrix

3
XKZEE AR 90D Jam—&hi),u

Fxg 15 (a) SEM photo with X200 shows the

tearing of fibers

electron  microscope
photographs of the samples showed that,
the ﬁbers were failed by tearmg as shown
by the arrows in Flgure 15 (a) and (b).
ThlS is an mdlcatlon that the adhesion

between ﬁber and matrlx was not lost and
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the failure of the composites was caused~

by the matrix material properties. ,

Tearing ol her:

(b) SEM photo shows the fracture of the
" samples due to tearing of fibers with X300

SEM micrographs also ~showing

'separation of fibers as indicated by arrows -

in- Figure: 16 -so that the load on. the

composites was not distributed evenly
from the fiber to matrix, and a catastrophic

failure of the composites was observed. ’

Flg 16 SEM photo shows the separation of

" fibers and fracture of matrix

4. CONCLUSION
Reinforcmg PVC with hemp ﬂber has a

posmve effect on the stress- of the
composites and affected badly the strain
‘At 6.2% wt of ﬁber the ten511e strength of
PVC 75, PVC 55 with hemp fiber

composites was improved by 34.93% and

54.8% respectively but the ductllity was

reduced The hardness was 1mp10ved and

4the average hardness number of PVC 75,
- PVC 55 with hemp fibers composite was

improved by 4.19%, 6.33% respectively.
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