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ABSTRACT

Polyvinyl-chioride (PVC) is inexpensive, durable, and flexible thermoplastic

material. PVC is one of the most versatile thermoplastics, and plays an important role in
the plastic industry. This paper investigated 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 composite tensile strength and
strain were revealed and the results showed that, at 6.2% wt the tensile strength of PVC

75, PVC 55 with hemp fiber composites was improved by 34.93% and 54.8%
| respectively. At 6.2% wt, the fibers were longitudinélly, at 45° horizontally, and
randomly oriented. The influences of fiber’s orientation on both stress and strain of the
composites were studied and the résults‘showed that, when the fibers were longitudinally
oriented, the tensile strength of the composites was higher than that of the other fiber’s
orientation. Also, the tensile 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
delliberated. :

Key wards: PVC, Hemp fibers, NFRPCs, Tensile strength (Ts), and Hardness number.
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1. INTRODUCTION

Generally natural fibers also give
positive outcome to the stiffness of the
composites while decreasing the density
[1]. Increased environmental awareness
and consciousness througﬁout the world
has developed an increasing interest in
natural fibers andl its applications in
various fields [2]. T}}e main disadvantages
of using lignocellulosic fibers in
thermoplastics are their poor filler—matrix
interaction [3]. Lignocellulosic fibers like,
sisal, coconut fiber (coir), jute, palm,
bamboo, and wood have
advantages, including that, they are
le,  with

acceptable specific properties compared to

 biodegradable and renewable,

glass fibers [4]. The main disadvantage of

natural fibers is their hydrophilic nature, ;

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 advantages such as reduced

dependence on non-renewable

many -

energy/material sources, lower pollutant
emissions [7]. Fiber composites can
withstand higher stresses than either of
their individual constituents because the
fibres and matrix interact and redistribute
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
polymers was superseded in the 20%
century as 5 wide-range 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].
adhesion
hydrophobic polymers and hydrophilic

Insufficient between

fibres result in-poor mechanical properties

of NFRPCs [13]. The purpose of the
present work is to evaluate the mechanical
of the PVC and hemp

composites at different fiber’s content and

properties
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investigates the effect of fiber's
orientation.
2. EXPERIMENTAL WORK

PVC sheet was formed by injection
molding machine 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 weighted
together 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
of 1.2 MPa.

Hemp fibers were used which cut into

50mm length. Hemp fibers were added at
4,46%, 6.2%, 7.75%, 9%, and 11% wt
with different orientation. '
The composites were prepared using the
classical ““contact me;,thod“. The die was
cleaned well and a foil of aluminum was
p]aced inside the die to prevent the 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

completed 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 manufactured
parts for tension test. The tensile test was
performed on Computerized Universal
WDW-300,
serial no: 5126 EXW Date 2010 Y05M,
China) with a 5KN The

specimens were clamped by the machine

Testing Machine (model

load cell.

jaws and the test was at constant strain
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 electronic 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 PVC 75
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Fig.2 Stress and strain curve of pure PYC 55

It was found that at 11% wt of
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 strength of the
composite greater than that of pure PVC
due to strong interface bonds, and

improved interfacial adhesion.

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.
This ascribed to better coherent between
the fibers and matrix. Increasing of the
fiber’s fraction decreased the tensile
strength less than tﬁat 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
greater fiber’s reduced the

interfacial bonds, decreased the adhesion

content

between the fibers and matrix, and weaken
the filler—matrix interfacial adheston, so,
crack initiation and its propagation will be
easter. 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
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reduced the composites resistance to carry
the load. The strain of the composites was
lower than that of pure PVC 75 due to
increased stiffness and rigidity of the
composite as illustrated 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 .

9% and reduced by 31.14%. But the
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
was no connection BEMeen PVC 55 and
hemp fibers due to higher fiber fraction, so

the fibers were separated from the matrix.

T L]
1 1 1 1 1
1 1 1 ' 1
1 1 1 ] 1

Tensile strength (MPa)

-
[T -
[N R

1 3 4 3
Yolume fraction (%)
‘Fig.5 TS of PVC 55/hemp fiber composites

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

5 because of, the improving of interfacial

M. 5

bonds, and the improving of adhesion
between PVC 55 and fibers which
ascribed to favorable interactions and
good contact betweéen 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 reduged,
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 composites 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 cor’nposités at
4.46% wt was greater thaﬁ that at both
6.2% and 7.75% wt because of, as the
fiber’s content is increased, the rigidity
and stiffness of the composite‘s is
increased, and also, as the fiber’s content
increased the micro voids presented in the
composite due to ﬁydrophilic nature of the
fibers were increased. 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 PYC 55/hemp fiber composites

The ﬁberg at 6.2% w,: were

oriented longitudinally, randomly (the
fibers were chopped into parts of 3mm
length), at 45°, and horizontally. Also at
6.2% wt of fibers were weaxé’e'd together to
form a spin before the composite was
fabricated and the, composites were

fabricated at the proper conditions, o

reduced by. 26.69%,"

Montasser Dewidar, Mahmoud Bakrey, A.M. Hashim, ' !
. .Ayman Abdel-Haleem and Kh. Diab o

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

composites is shown in Figures 7 and 8.

1§

Tensile strength (MPa)

[T

P Lugitafil Reokm At $Sdegree Heromnl  Woven

. Fig.7 Ts of PVC TS!hemp fiber composites at

different fiber’s orientations

foe  Lompitedinal  Random M-l!dagree. Herwsll  Wine

Fig.8 Strain 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 load 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 improved by only 7.64%, and
4.59% respectively. This attributed to the
separation of fibers from PVC 75 layers
during testing, lower interfacial bond,
lower adhesion between the matrix and
fibers, and weak interfacial interactions as

results of free spaces between the matrix

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 longitudinally. At random, -

horizontal,_ and 45° 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,

g le interactions, d adhesi
and the fibers. When the fibers were favorable interactions, and good adhesion

between the matrix and fiber.

14

1 [ ]

oo =

Teosile streneth (M Pa)
|

-

Pare  Loogitdins! Ragdom  AtdSdepres Horpohl  Woven

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

different fiber orientations

Cn the other hand, when the fibers
were randomly oriented, the average

tensile strength of the composite was
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improved by only 8.76% due to poor fiber
dispersion. Also, the average- tensile
strength of the composite was élightly
increased ~ when - the . fibers
horizontally oriented, at 45° and increased
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 improved and increased by
75.56% due to penetration of molten PVC
55 into the fiber’s spin, very highly strong

bonds, and improved adhesion.

3'5.

Sirain

0 e

Pun  Lloogindinl  Rasdom At 45degree Horizet!  Woren

Fig.10 Strain of PVC 55/hemp fiber composites

at different fiber’s orientations

The strain was affected -as the
fiber’s orientation was altered. When the
fibers placed randomly, the ductility of the
composites was reduced by 27.05%. But,

at longitudinal, horizontal, and at 45°

orientation, the ductility of the composites

was reduced by 42.62%, 38.52%, and

were

1 . .

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 composites
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
compositesl. Figure 11 show the average

hardness number of pure PVC,

»

Average hardness pumber (HA)

8 2

PYC(75)

Fig.11 Average hardness number of PVC after

compaction at the appropriate conditicns

Addition of hemp fiber to PVC
increased the hardness of the composites
better than that of pure PVC this due to
good interaction between ﬁbefs and
matrix, and stronger interfacial adhesitl)n
which increased the stiffness of the
composites. The average hardness number
of PVC 75, PVC 55 with hemp fibers
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composite was improved by 4.19%, 6.33%

respectively as shown in Figure 12.

PVC (55

3!3!832?58.‘.‘»

Average hardness oumber (HA) -

=2

=

e

Fig.12 The average hardness nuﬁber of

PVC/hemp fiber composites
' A -

The, fracture mechanis'm.' was
viewed using a .scanning‘ electron
microscope (JSM-5500LV) supplied by
.~ JEOL Company Limited, .fapan. The
. samples were pIacedl perpendicular to the
electron beam. Different portions of the

fractured surface from each sample were

examined. Fiéure 13, SEM showed the

surface morphology of hemp fibers.

_ A high degree of adhesion between hemp
fibers and the PVC is desired, in order to
obtain the optimum mechanical properties
and Highqr interfacial bonding. As shown
in Figure 14 By the arrows, the fibrillation

phenomenon can be attributed to improve

and increase the effective contact area

between the fiber and the matrix, and

hence the interfacial was improved
! Co

L

i "

Fig. 14 SEM photo of the induced adhesion

between the fibers and matrix

Fig.15 (a) SEM photo with X200 shows the

tearing of fibers

The
photographs of the samples showed that,

scanning  electron  microscope
the fibers were failed by tearing as shown
by the arrows in Figure 15 (a) and (b).
This is an indication that the adhesion

between fiber and matrix was not lost and
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the failure of the composites was caused

by the matrix material properties.

(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 5o that the load on the

composites was not distributed evenly

from the fiber to matrix, and a catastrophic

failure of the composites was observed.

Fig.16 SEM photo shows the separation of

fibers and fracture of matrix

4, CONCLUSION _
Reinforcing PVC. with hemp fiber has a

positi{'e efféct on the stress -of the
composites and affected badly the strain.
At 6.2% wt o-f fiber, the tensili? strength of
PVC 75, PVC 55 with hemp fiber

1

composites was improved by 34.93% and
54.8% respectively but the ductility was
reduced. The hardness was improved and
the éverage hardness number of PVC 75,
PVC 55 with hémp fibers composite was
improved by 4.19%, 6.33% respectively.

7. REFFRACES
[1] Wirawan R., Zainudin E.S. and

Sapuan. S.M, “Mechanical Properties

of Natural Fiber Reinforctd PVC

Composites™ A  Review, " Sains
Malaysiana, vol.38, pp.531-535, 2009.

[2] Singha - A.S., and Thakur V.K.,
“Mechanical Properties of Natural
Fiber
Composites”, Bull. Mater. Science,
vol:31, No. 5, pp.791-799, 2008.

[3] Rezaur M.d, Monimul M.d., Nazrul

M.d., and Mahbub H, “Mechanical

Reinforced Polymer

Properties of Polypropylene
Composites Reinforced with
Chemically Treated ' Abaca”,

Composites Part A, vol. 40, pp.511-
517, 2009.
[4] Herrera PJ., -and Valadez A,
“Mechanical Properties of Continuous
Natural Fiber Reinforced Polymer
Ccl:)mposites”, composites part A, vol.
35, pp.339-345, 2004.
[5] Beg M.D., and Pickering K.L.,

“Reprocessing of Wood  Fiber



Mansoura Engineeriﬁg Journal, (MEJ), Vol. 37, No 3, September 2012 - M. 11

Reinforced Polypropylene Composites.
Part 1. Effects on Physical and
Mechaﬁical Propérties”, Composites
Part A, vol.39, pp.1091-1100, 2008.

{6] Cheung H.Y., Ho MP., Lau KT,

Francisco C., and David H., “Natural
‘Fiber Reinforced Composites for
~ Bioengineering and  Environmental
Engineering Applications”,
Composites Part B, vol.40, pp.655—

663, 2009.

[7] Joshi S.V., Drzal L.T., Mohanty A.K.,

and Arora S., “Are Natural Fiber
-Composit_es' Ehvironmenta’lly Superior
to 'G|«';ISS' Fiber Reinforced
- Composites?” Composites Part A, vol.

35, pp. 371376, 2004.

[8] Abu-Sharkh B.F., and Hamid H.

“Degradation Study of Date Palm
FiberfPolyprdpylene Composites in

Natural and Artificial Weathering:

Mechanical and Thermal Analysis”,
Polymer Degradation and Stability,
vol. 85, pp. 967— 973, 2004,

[9] Yan W., Siqun W., Dingguo Z., Cheng

X., Yang Z., and Zhiyong C.,

“Evaluation of Elastic Modulus and

Hardness of Crop Stalks Cell Wali.s by
Nano-indentation®,
Technology, vol. 101, pp.2867-2871,
2010.

Bioresource

[10] Angelo G.F., Mark T. K., and Ning

Y., “Predicting the Elastic Modulus of
Natural Fibre

Thermoplastics”, Composites Part A,

Reinforced

-vol. 37, pp. 1660-1671, 2006.
[11] Kestur G.S., Gregorio G.C., and

Fernando W, “Biodegradable
Composites Based on Lignoceilulosic

Fibers—an overview”™, Progréss in

- Polymer Science, vol. 34, pp. 982-

1021, 2009.

[12] Seung H.L., Siqun W., George M.P.,

and Haitao X., “Evaluation of
Interphase Properties in a Cellulose
Fiber-Reinforced

Composite by Nano Indentation and

Polypropylene

Finite Element Analysis”, Composites
Part 4, vol.38, pp.1517-1524, 2007.

[13] Paul W., Jan [, and Ignaas V.,

“Natural Fibers: "Can they Replace
Glass in Fiber Reinforced Plastics?”

Composites Science and Technology,
vol.63, - pp.1259-1264,  2003.



	Mechanical Properties of Polyvinylchloride (PVC) Reinforced Hemp Fibers Composites.
	Recommended Citation

	tmp.1671720843.pdf.WXz1n

