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Interfacial and Durability Evaluation of Jute and Hemp Fiber/Polypropylene Composites
Using Micromechanical Test and Acoustic Emission
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ABSTRACT

Interfacial evaluation and durability of Jute and Hemp fibers/polypropylene (PP) composites were investigated.
Moisture content of various treated conditions were measured by thermogravimetic analyzer (TGA). After boiling
water test, mechanical properties and IFSS between Jute, Hemp fibers and PP matrix decreased. On the other hand,
work of adhesion increased due to swelled fibril by water. Surface energies of Jute and Hemp fibers before and
after boiling water test were obtained using dynamic contact angle measurement. IFSS was not always consistent
with thermodynamic work of adhesion. In boiling water case, since Jute and Hemp fibers could be swelled by
water, surface area and moisture infiltration space increased. Environmental effect on microfailure modes of Jute or
Hemp fibers and Jute or Hemp fibers/PP composites were obtained by observing via optical microscope and by
monitoring acoustic emission (AE) events and their AE parameters. After boiling water test, unlike Hemp fiber,
microfailure process of Jute fiber could occur due to low tensile strength by swelled fibril. In addition, AE events
occurred more and AE amplitude and energy became lower than those of before boiling water test.
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Table 12 Jute®} Hemp Ad5-2] thEA 316F 2491 cellulose,

Table 1 Chemical compositions of Jute and Hemp fibers

Contents (%)
Composition  Chemical structure
Jute fiber” Hemp fiber”
Cellulose %%ﬁé‘” 58-63 60-72
emt Eae- e NS 2124 11-19
Cellulose | ‘emvenvonen

("T F e, e

Lignin ~EE T 12-14 2-5

a) Cited from Ref. 16
b) Cited from Ref. 17

hemi-cellulose®} lignin®] 383 AL yehflE Zlolth
Cellulosed= 4 8-0] ZTAL o|&1 9= FAHEOZ cellulose
9] $Abv|e A3 T E cellulose Bk 24719 4
e FAFod mude F4aiy, FEoF A3
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A Aee fd4 2 ol @& Mg 7 AFE FAATIA
Y AR 4258 7w dich of Wi A FxEy gt
AT 5 F2 AF 3 e 9 UEe FEE S
7]}, hemi-cellulose®] o] W42 AANLEE AHsidut.
Lignin2 Hadfol siehd FANE 5 7P 5348 it
B2 opdzx gdsiA HaA 9A ¢S EF Fo ¥A
olt}, ol FHd-ZEug 7|E TR 3t gA4"E FEFY
B35 RMERAN EA HZet NZE AR ZFA7IE
A 9 o), B4 AEE ZFustA s 98
JE Ao Bes "ojmeln He 1 AFE PIste
Hadae JIAH=E golze7|= 3t

Fig. 2% Jute9} Hemp Afol dolsfat thHA ol e
2 HoZch & 44 dHde ezt 52 e ot
\73‘0] FAFAE %h:} a3, Jute HGE FHo| o
74%_ & 2ojZth dusiy, Jute {4 Hempidio B
g g bundleo @A 24=9)tth ol2{gt 489 bundle
AW 2ol 4FL &b dukstd, A9 bundle2 HF
®HY ARzl FFg F7) EHEO\E} 4% bundled] e

B



204 $ 3 ¥ 2007. 6

A HARE T SFYEL o8 Jute and Hemp A¢/Eeizeud SgAre) Wy @ Ad Bt 59

= Aoz g3g Zot old A 2% 4L ALE
$Ho] A bundle WE H4 JRE siA drh
Fig. 3& #2270l ©Z Jutee} Hempid-R-2| TGA AIE
Holzch Hempe] @3 YL Jue HSET} o ¥} 1
2l S8 FREE B8 § AF olF, 715 o Jute
QL= ok 6.5 wit%, Hemp fiber= F 52 wt% 3713ttt

Fig. 2 Morphology in diameter direction and cross-section of natural
fiber; (a) Jute fiber and (b) Hemp fiber.
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Fig. 3 Thermogravimetric Analysis (TGA) curves of Jute and Hemp

fiber with treated condition; (a) Jute fiber and (b) Hemp
fiber.
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Table 32 micro-droplet AJELo2 &AW Az =&
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Table 2 Mechanical properties of Jute and Hemp fibers

Fiber Boiling Water Diameter Strength Modulus Elongation 2 3
74 4
Types Condition (um) (MPa) (GPa) (%) cov B @ A % A,
36.5 1022 90 1.2
Before .5) G31)" (18) ©0.4) 324 1144 33 1015 2.1 1170 3.9
Jute
36.6 709 49 1.6
After .4) 209) (12) (0.4) 29.5 795 3.4 714 33 932 5.7
14.4 109 22
Before 3.9) 1522 (433) @3 ©7) 284 1724 3 1248 5 1978 9
Hemp
203 64 3.0
Aft 206 (436 .
er (5.4) 1 (436) en ©.7) 36.2 1306 3 1148 6 1492 3

1) Standard deviation (S.D)

2) Coefficient of variation (COV) for fiber tensile strength (%)=S.D./mean x 100

3) Scale parameter for fiber tensile strength
4) Shape parameter for fiber tensile strength
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Table 3 IFSS of Jute and Hemp fibers/Polypropylene using microdroplet test
Fiber Types Boiling Water Diameter Embedded Area Load TFSS
P Conditions (um) length (nm) (um?) (g (MPa)
50.2 820 72.0 5.4
1
e Before ©69) (152) 129135 (28992) 2.4) ©09)"
46.3 797 26.4 2.1
ft 11
After ©7 (357) 6928 (59330) (16.7) ©6)
Before 303 801 77139 22.7 2.8
Hem (8.6) (248) (34457) (7.6) 0.7)
i After 315 981 94872 146 15
(6.6) (265) (24328) (4.9) 0.2)

1) Standard deviation (S.D.)

Table 4 Acid-base interaction and polar-dispersion surface energy component (mym’) Jute and Hemp fiber

ili t
; Before 28.5 34 0.8 31.6 215 93 30.5
ute
After 35.7 7.8 0.9 40.1 21.8 18.4 40.2
Before 30.6 6.9 1.7 373 20.7 18.1 38.8
Hemp
After 34.8 8.8 1.0 40.4 21.0 20.8 41.9
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Fig. 4 The single fiber cumulative strength distribution for 20mm
gauge length of the before and after boiling water test; (a)

Jute and (b) Hemp fibers.
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Fig. 5 Comparison of force vs embedded area before and after boiling
water tests; (a) Jute fiber and (b) Hemp fiber.
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Fig. 6 Dynamic contact angle of Jute and Hemp fibers and polypropylene
in water: for (a) Jute fiber (b) Hemp fiber; and (c) polypropylene.
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Fig. 7 Relationship between IFSS and work of adhesion between natural
fibers and polypropylene.
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Fig. 8 Optical photos of pull-out patterns of natural fibers/PP after
boiling water test using microdroplet test; (a) Jute fiber and
(b) Hemp fiber.

Fig. 9 Microfailure modes of Jute and Hemp fibers under tension;
(a) Jute fiber and (b) Hemp fiber.
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Fig. 10 AE amplitude and AE energy of Jute and Hemp fibers/PP
composites: (a) before; and (b) after boiling water test,
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