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ABSTRACT

Hemp fibers are one of the strongest and stiffest available natural fibers and
therefore have great potential for use in composite materials. This paper investigated the
impact response of reinforcing PP by hemp fibers. Hemp fibers were added at (30%,
33%, 35%, 37%, and 40% wt). Influence of fiber’s content on cnmpnéite tensile strength
and strain were revealed and the results show that at 33% wt the tensile strength of PP
and hemp fiber composites was improved by 12.75%. At 33% wt.,',the fibers were
longitudinally, at 45°, horizontally, and randomly oriented. The influence of fiber’s
orientatfon on both stress and strain of the cnmposites wan studied and the results 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 tensﬂe strength of the
composites at 33% wt was. highly improved when the fibers were weaved and the tensile
strength of the composite was improved by 25.98%. The effect of hernp fiber .on the
- hardness of PP was deliberated where the hardness of the ¢o‘n1posite was increased by
5.77% better than that of pure PP. . »
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1. INTRODUCTION
‘ Polymers have = replaced many

conventlonal materials . in  various
applications which are obviously due to
- the advantages of polymers

conventional materials [1]. Polymetic
materials have been successfully used in
different mdustr1es

semlconductor, b10med1ca1 aufomoti.ve,
and aerospace, because of their unique
oroperties, such as resistant to abrasion,
- low " heat conduction,- low moisture
absorption, and sufficient hardness end
strength [2]. The stress transfer in V'a
composite depends
orientation, stress concentration at the
fiber ends, fiber length, interfacial shear

strength and compatibility between fiber

and matrix [3]. ‘The moisture absorption -

by composites containing natural fibers

has several adverse effects on - their

" . properties and thus affects their long-term

“ performance. * For example,

moisture decreases their mechanical
properties, it was found that, the moisture
absorption increased almost linearly with
the fiber Ioading [4]. The ménufacturing
methods of . natural fiber thermoplastic

composites have been modified lay-

up/press moulding, pultrusion, extrusion,

and injection moulding [5]. Currently,

‘over

including -

largely “on fiber

increased -

CHUML I3

plenty, of " research material is beirig

“generated on the potential of cellulose

based fibers as reinforcement for plaétics
and also many attempts have been made to

use natural fiber -composites 'in"place of

| glass mostly in non-structural applications

[6]. The

properties of lingocellulosic composites

physical and mechanical
largely depend on'the type of matrix,
content and properties' of | the
reinforcement fillers and ﬁller_—matrix
interaction, also better dispersion of the
filler can be achieved by effective mixing
of the components and a proper
compounding process [7]. The objective
of this work is to investigate the
compatibility between PP and hemp fibers
to develop a new composite material.
Large amounts of hemp fibers are being
produced in Egypt as a result of the annual
pruning or harvestihg process of the trees.
In this work we' reported studles on the
of filler and® fiber

orientation on the mechanical properties

effects loadmg,

of hemp fiber reinforced PP composites.

2. EXPERIMENTAL WORK
PP sheet was supplied from the

‘mar'ket of 295x220x0.3mm. The sheef was
cut into layers of 50x50x0.3 mm then they
weighted

balance of 0.001 gm accuracy.

together using a sensitive
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The composite was prepared by
' initially placmg a foil of alummum inside
the die , to prevent the d1rect contact
between the spec1men and the lower part

of the die. A layer of PP was placed above

the alummum forl then the ﬁbers were .

"added and umformly drstrrbuted above the -

’ first layer of PP. A second layer of PP was

“placed above the fibers, then the

L alumlnum fo1l was placed above the‘
_ composrte to 1nsulate the specrmen from

- the" punch’ and the ‘composite  was -

compacted at. 1.2 ‘MPa under steady
heatlng.of l70 C° for-S_ minutes.

Hemp fibers which submerged in a
water for 4 to 8 days were chopped into
50mm length using a guillotine and using
the usual treatments for the production of
the hemp fibers. Then, the fibers are added

to PP at 30%, 33%, 35%, 37%, and 40%

wt with different orientation. The tensile
test was conducted on Computerized
Universal Testing Machine (model WDW-
300, serial no: 5126 EXW Date 2010
YO05M, China) with a 5 KN load cell. The
specimen of dimensions 50x15x7mm was
clamped by the jaws of the testmg
machine where the force and extension
were initially zero and the test was

performed under constant strain raté - of

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

* 2.5mm/min. Three specimens at each

fraction were tested to failure. Hardness

test was done using shore. Scanning

electronic microscope (SEM) was used to

examine the fracture samples.

3. RESULTS and 'DESCUSSION

Frgure l shows the stress strain

curve of bench mark values of pure PP.-
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Fig.l Stress and strain curve of pure PP

At 40% wt,- weighted percentage
there was no any‘ con,rlection between PP
and ﬁblers because of very week bonds
between PP and fibers due to higher
weight fraction of hemp fibers.

~ In general, at the proper fabrication
conditions addition of hemp fibers to PP
improved the stress of the composites
greater than that of pure PP as in Figure 2.
At 30%, 33%, 35%, and 37% wt of fibers,

the average tensile strength of the

composites was improved by 3.91%,
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" 12.75%, 6.19%, and 2.59% respectively.
' This attributed to good interfacial bonding
at the filler—matrix interface, better
adhesion between PP and hemp fibers,

good coherent, -and strong interactions

between them.
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Fig.2 Ts of PP/hemp fiber composite at different

fractions of fiber

The average tensile stfength of the
cofnposite at fiber loading of 33% wt was
higher than that of other fiber’s content,
due to very good connection between the

fibers and PP, uniform load distribution,

better adhesion, and improved interfacial -

* bonding, which made the composite more
stronger. The average tensile strength of
the composites was decreased as the fiber
ldading decfeased below 33%'wt, because
of lower fiber fraction, which decreased
the ability of the composite to carry the

loads. Also, when the fiber fraction
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increased greater than 33% wt, the
average tensile strength of the corﬁposite

was less than that at 33'% wt, due to higher

- fiber fraction, lower adhesion between the

fibers and PP, and week coherent between

them. -
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Fig.3 Strain of PP/hemp fiber composite at

different fractidns of fiber

- The strain of the composite at any
fiber fraction was lower than that of the
pure PP shown.in Figure 3. As the fiber
content increased, :th'e strain décreased
because hemp fibers increased the
stiffness and rigidity of the composites so,
its tendency to eléngate was reduced. The
strain of the composites at 30% wt, was
greater than that at 37%wt, 35%wt, and
33%wt. The ductilit'y;-of the corhposites at
30%wt, 33%wt, 35%wt, and 37%wt was
reduced by 49.6%, 57.7%, 62.03%, and

66.8% respectively.
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At 33% wt of hemp fibers, the

fibers direction was varied. The fibers

were placed longitudinally, randomly
(where the fibers were chopped into 3mm
length), at 45°, and horizontally. Also, at
33% wt, the fibers were weaved before the

composite was formed. Three specimens

were manufaetlired.at eaeh olgientation; By

v'changing the orientation‘ of fiber at the’

same fiber’s .content changed the stress
and stram of the composxtes as shown in

2 Flgures 4and5. -

1}

Tensile strength (M Pa)

Pore  Longitudinal Random At 45 degree Horizontnl Woven

Flg 4 Ts of PP/hemp fiber composite at dlfferent
orientations of fiber

" The stress of 'thescomposite when

the fibers were oriented longitudinally was

higher than that of the other orientations. .

The average tensile strength of "the
increased by 12.75%
greater than that of pure PP. When the

composite was

fibers were randomly and horizontally

oriented, the. improvement - of the

flmproved 1nterfa01a1 bonds

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

composites tensile strength was nearly

"~ equal and less than that of the other

orientations . due to lower interfacial
bonding action, separation of ﬁbers from
PP layers wheh the composiies was
undergone the test. But, when the fibers

were placed at 45‘0 the tensile strength

was mcreased and 1mproved by 9. 75%

This attrlbuted ‘to  better .adhesmn,
and good
coherent. Also -when. the ﬁbers were

weaved like spm the tensile strength of

the comp051tes was great]y mcreaSed and

K - xmproyed by 25}.98% d_ue to higher

adhesion, better. interfacial bonds due to
penetration of molten PP through the fiber
spin. ' |

0.6

Pure Longitudinal Random At 45degree  Horizontal ~ Woven

Fig.5 Strain of PP and hemp fiber composite at .

" ‘different orientations of fiber

When fibers were randomly

" oriented, the strain of the composites was
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greater than that of ’the other orientations.
When the fibers were oriented at 45° , the

'strain was less than that of the other .

orientations, becelise ofa good connection
between the fibers ehd PP due to rough
surface of PP Iayers, and penetration of
fibers into slots made in PP surface at 45°.

"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
composites. The.averag'e bench value of
PP hardness number was 88.4 HA. But

that of PP and hemp fibers composite was

increased by 5.77% better than that of

pure PP as shown in Figure 6.

‘%

X 8 8 8 2 8 &

Average hardness nomber (HA) -

R

R

* Pure © " With hemp

Fig.6 The average hardness number of PP/hemp

fiber composites

The failure of the composites and

interfacial bonding between the fibers and -

matrix  were examined using a scanning

electron  microscope  (JSM-5500LV)

M. 17

supplied by JEOL Company :Lim-i,ted,
The

perpendichlar to the electron beam, and

Japan. samples were viewed

different'portionl of the fractured surface

were examined. Figure 7 showed the

surface morphology of hemp fibers.

Fig.7 SEM observation of the surface
morphology of hemp fibers

SEM micrographs showed that, the
fibers were well connected to PP as
represents by arrows in Figure 8. The
interfacial adhesron between hemp ﬁbers
and PP mduced hxgher 1nterfac1al bonding, |
1ncreased the effective. contact area
betweeh the fiber ahd 'PP. The ﬁhers were

also very well dispersed resulted in

improved mechanical properties.

Fxg 8 SEM photo of the mduced adhesnon
between the fibers matrix
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. 'The fibers were. tear. when 'the

‘samples were undergone the test and also -

kinks were produced as illustrated by
-ar'rows'in Figures 9 and 10. It' is obvious
.that, separation 'occurred 'at 'the -ﬁber-
matrlx interface as shown by arrows in
»Flgure 10. Under the loadmg condmons
fi bers were pulled out from ‘the matrlx
due to the presence of hemicelluloses
lignin and cellulosic matters present on the
it resists the'stress

fiber surface. _Thus;

': transfered from the matrix to the fiber (8].

These constituents covered the reactive

hydroxy! groups of the fiber and lowered

the effective interaction with the matrix

[8].

268 0006 Jet-SS5eald

Fig.9 SEM photo shows the fracture of fibers
due to kmks

Flg 10 SEM photo showmg tearmg of fibers
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Fig.11 SEM photo shows the separation of
" fibers in the samples

4. CONLUSION -

In general, reinforcing PP with
hemp  fibers improved the stress of the

composites where at 30%, 33%, 35%, and

37% wt of fibers the average tensile

strength of the composites was improved

by 3.91%, 12.75%, 6.19%, and 2.59%

respectively. On the other hand, the strain
was decreased due to the increasing of
Also, by

varying the fiber’s orientation, both the

stiffness of the composite.

stress and strain of the composites were
affected. Also, the tensile stl'ength' of the

composites was - greatly - increased and

:'1mproved by 25. 98% when 33%wt of

ﬁbers were weaved llke spin. Also the

'average ‘hardness number the composrtes
- was mcreased by 5. 77% better than that of

pure PP.
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