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Abstract

Although lignocellulosic, fiber-thermoplastics composites have been used for severd decades, recent
economic and environmental advantages have resulted in significant commercid inteterest in the use of these
fibers for severd applications. Kenaf is a fast growing annua growth plant that is harvested for its bast
fibers. These fibers have excellent specific properties and have potential to be outstanding reinforcing
fillers in plastics. The modulus and strength of kenaf-PP compatibilized composites increase significantly
with the addition of the kenaf fibers and some comparisons with conventiona composites are presented.
Although the strength of the composites are lower than typica glass composites, the modulus of the highly
loaded kenaf composites are comparable to glass fiber composites. The kenaf composites aso have the

added advantage of being reprocessed without significant loss in properties, which is unlikely in case of
glass composites.

This paper aso reports the structure-property relaionships of using compatibilizers and PP impact
copolymers in lignocellulose-PP composites. Dynamic Properties will aso be reported giving insights into
the mechanical response of the composites a different temperatures, creep behavior and some ingghts into
the gtructure-property relaionships of the composites. The dynamic mechanica properties are affected
by the amount of fiber in the composite and also the addition of coupling agents. Due to the
better adhesion between the polymer matrix and kenaf fibers, the coupled blends have better high
temperature modulus and higher softening temperatures than the uncoupled blends. The creep
properties aso improved by coupling agent. The coupled blends have a lower creep compliance
than the uncoupled blends indicating a better dimension stability: inspite of a lower creep
compliance the melting temperatures of coupled samples are lower than that of uncoupled
samples. This may indicate that the coupled blends have more defects in the polymer crystals.



Tensile lzod

Tensile Tensile Failure Flexural Flexural lzod unnotch-
KENAF Strength |Modulus _[Swain __|Strength _(Modulus _|notched _|ed
40 coupled .
PP 55.8 6 2.36 81.8 5.91 28.27 157.3
50 uncoupled _
PP 333 9.3 1.1 55.2 8.03 33.92 87.56
50 coupled
PP 65.8 8.3 1.82 98.1 7.3 36.65 167.51
50 uncoupled N
PE 11.89 4.57 1.01 18.41 2.13 57.9 81.2
50 coupled
PE 26.52 3 3.1 33.11 2.12 109.8 252.8
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Table 1 Comparison of Properties of Kenaf-Fllled PP with Commercially Filled Polypropylenes.

Gilled/Reinforcement

% lifler by weight
% tilles by voluine

Tensile Modulus, Gi’a
Specilic ‘Yensile Madulus, GPa

‘Yensile Suength, MPa
Specific Teasile Strength, MPa

Flongation at Break, %

Flex Streagth, MPa
Specific Flex. Strength, MPPa

Flex. Modulus, (GPa
Specific Flex. Modulus, GPa

Notched lzod hupact- Hm
Specific Gravity

Water Absorption %- 24 hr

! CaCO3

Glass ¢
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| ' ! { 1
! | | ‘
0 50 40 40 40 a0 i 40
0 40 32 18 3 s 19 s
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' H
1.7 1.1 4.4 4 35 L 9. 7 16
1.9 ’ 4.5 3.0 28 ¢ 13 1 6.0
: ! |
13 62 53 315 ' 25 i 110 T
37 54 54 28 ; 20 ! 89 3|
; .
>>10 2.2 A X X | 2.5 2.3
41 91 ' go 63 | 48 1 131 62
a6 . 85 | 82 50 1 38 107 49
I.4 78, 39 . 43 31, 62 6.9
.6 73 4.0 34 ;25 5.0 5.5
24 32 21 12 32 107 27
0.9 107 ' 0.98 121 Loaas 1.23 1.26
002 | 095 . 057  0.02 0.02 0.06 0.03
' i

“+ fixperimental work at IW and FPL....
Datn for talc/CaCO3 from Modern_ Plasiics _Encyclopedia, 1989, lor_glass/mica from Materials _Selector, 1993.

* chemically coupled glass fibers

ONP is recycled ncwspaper
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Notched 1zod Impact Toughness Vs. # of Processing Cycles
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Table . Composition of PP/kenaf fiber blends.

Sample | Polymer Polymer Polymer | Kenaf Coupling
D Type MFR g/10 wt% Fiber Agent
min wt% wt%
HP Solvay 12 50 50 0
1602 '
HP-Ma | Solvay 12 47 50 3
1602 ‘
ICP1 Amoco 2.5 50 50 0
3143
ICP1-Ma | Amoco 2.5 47 50 3
3143
Table Il. Mechanical properties of PP/Kenaf fiber blends.
Sample Izod (J/m) Tensile Tensile Failure
iD
Notche|UN-notch{ Strength | Modulus | Strain
d .
(Map) (GPa) %
HP 33.80 | 87.60 33.30 9.30 1.10
HP-MA | 36.70 | 167.50 65.80 8.30 1.82
ICP1 41.30| 76.30 25.60 12.98 0.94
ICP1-MA | 74.30 | 211.85 52.50 7.45 2.48




Table Ill. Therma properties of PP/kenaf fiber blends.

Sample{Tc °C| Onset Tc' |Hc J/igm|Tm °C|Onset Tm °C|Hf J/gm
°C

HP 120.7 125.0 464 | 167.3 154.3 47.3

HP-MA |120.0 125.6 48.0 166.5 153.1 46.2

ICP1 119.9 124.2 41.5 169.3 158.5 39.2

ICP1- 1247 130.1 41.5 1676 | 151.9 37.5

MA

Table IV. DMA transition temperatures of PP/Kenaf fiber blends.

Sample | E" transition temperatures (C) Ts (C)
iD ‘

hi B a
HP 9.3 76.6 161.6
HP-MA - 9.6 79.3 162.4
ICP1 -47.0 8.6 80.5 163.3
ICP1-MA| 493 8.9 79.2 162.1
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