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ABSTRACT

This study investigated alkali treatment effects on tensile properties of plain woven jute-fiber-
reinforced green composites under thermal fatigue. Concentrations of the alkali treatment were 1%
and 15%. Thermal fatigue tests of non-treated and alkali-treated green composites and polylactic acid
(PLA) were conducted at temperatures of 35-80°C. The maximum number of cycles was 103 cycles.
Quasi-static tensile tests were conducted using non-treated and alkali-treated green composite and
PLA samples after thermal fatigue. Surfaces of non-treated and alkali-treated jute fibers were
observed. Results show the following. Tensile strength of non-treated green composite decreased
along with an increased number of cycles. Tensile strengths of 1% and 15% alkali-treated green
composites exhibited almost no change until 10? cycles. Young’s moduli of non-treated and 1% and
15% alkali-treated green composites exhibited almost no change until 10? cycles. Tensile strengths of
1% and 15% alkali-treated green composites at 10° cycles were lower than those of 1% and 15%
alkali-treated green composites at 10? cycles. Furthermore, Young’s moduli of non-treated and 1%
and 15% alkali-treated green composites at 103 cycles were lower than those of non-treated, 1% and
15% alkali-treated green composites at 10% cycles. Tensile properties of PLA remained almost
unchanged under thermal fatigue. Surface observations revealed a smooth surface of non-treated jute
fiber. However, surfaces of 1% and 15% alkali-treated jute fiber were not smooth. Therefore, tensile
strength of green composite under thermal fatigue can be improved by surface roughness of 1% and
15% alkali-treated jute fiber up to 10 cycles.

Keywords: green composite, natural fiber, polylactic acid, surface treatment, tensile property,
thermal fatigue.

1 INTRODUCTION
Natural fiber reinforced biodegradable polymer (green composite) exhibits good
mechanical performance because of the high specific modulus of natural fiber. Recently, a
honeycomb structure using green composites are demanded for next-generation electric
vehicles [1]. Therefore, mechanical properties of the green composites [2]-[11] have been
assessed for use in such vehicles.

Many electric vehicle components undergo thermal fatigue. For this reason, mechanical
properties of green composite should be investigated under thermal fatigue.

Katogi et al. [12] reported residual tensile properties of green composites under thermal
fatigue. At temperatures of 35-45°C and 35-55°C, the tensile strength of green composites
at 10° cycles became lower than that of a green composite at 0 cycles.

Generally, interfacial adhesion between natural fibers and biodegradable polymers is not
good. For this reason, many reports have described mechanical properties of surface-treated
natural fiber and composites [13]-[15].

Katogi et al. [16] elucidated some effects of alkali treatment (1-5% concentration) on
tensile properties of jute fiber under environmental temperatures. The tensile strength of 1%
alkali-treated jute fiber showed a maximum value under 100°C. Haraguchi et al. [17]
reported impact properties of ramie plied yarn reinforced green composite after alkali
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treatment. The impact properties of ramie plied yarn reinforced green composite were
improved by 15% alkali treatment. In this way, tensile properties of green composites under
thermal fatigue can be improved by 1% and 15% alkali treatment.

This study examined thermal fatigue effects on tensile properties of green composite
using alkali-treated jute fiber. In addition, tensile properties of polylactic acid (PLA) were
investigated after thermal fatigue.

2 SPECIMENS AND SURFACE TREATMENT
2.1 Materials

The matrix was a PLA sheet (Ecodear 250-1B01CA; Toray Co. Ltd.). Reinforcement was
of plain woven cloth of jute fibers.

2.2 Alkali treatment

Alkali treatment of the plain woven jute fiber cloth was conducted. The alkali treatment
concentrations were 1% and 15%. The treatment time was 2 hr. The environmental
temperature was room temperature. Fig. 1 portrays plain woven jute fiber cloth before and
after alkali treatment. Furthermore, Fig. 2 shows jute fiber surfaces before and after alkali
treatment. As shown in Figs 1 and 2, the color of plain woven cloth of jute fiber changed
from yellow to brown when 1% and 15% alkali treatments were applied. And, surface of
jute fiber became gradually rough up to 15% concentration of alkali treatment. The surface
of alkali-treated jute fiber will be discussed in the following Section 4.2.

2.3 Molding method and specimens

Molding of the green composite was done using vacuum compression molding at 1.7 MPa
for 10 min. The molding temperature was 190°C. Thereafter, the mold was cooled to room
temperature. The fiber volume fraction of the green composite was 45%. The green
composite specimen was 150 mm long, 10 mm wide, and 2.0 mm thick.

The PLA plate molding method was vacuum compression molding at 0.4 MPa for 10
min. The molding temperature was 190°C. Thereafter, the mold was cooled to room
temperature. The PLA specimen was dumbbell-shaped. The PLA specimen size was 85 mm
long and 4.0 mm thick.

3 TESTING METHODS
3.1 Thermal fatigue testing

Thermal fatigue tests were conducted of non-treated and alkali-treated green composite and
PLA. The temperatures were 35-80°C. The heating time was 90 s; the cooling time was 90
s. The maximum number of cycle was 10° cycles. The number of specimens was five.

3.2 Quasi-static tensile testing

Before and after thermal fatigue testing, quasi-static tensile tests of non-treated and alkali
green composites were conducted based on Japanese Industrial Standard (JIS) K 7054. In
addition, quasi-static tensile test of PLA was conducted based on JIS K 7162. The gauge
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Figure 1:  Plain woven jute fiber cloth before and after alkali treatment. (a) Non-treated;
(b) 1% alkali-treated; and (c) 15% alkali-treated.
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Figure 2:  Jute fiber surfaces before and after alkali treatment. (a) Non-treated; (b) 1%
alkali-treated; and (c) 15% alkali-treated.
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length was 25 mm. The environmental temperature was room temperature. The crosshead
speed was 1.0 mm/min. The number of specimens was five.

After quasi-static tensile testing, fracture morphologies of non-treated and alkali-treated
green composites were observed using optical microscopy (SZY7; Olympus Corp.).

4 RESULTS AND DISCUSSION
4.1 Quasi-static tensile property after thermal fatigue testing

Fig. 3 shows tensile properties of PLAs before and after thermal fatigue. The tensile
strength and Young’s modulus of PLA at 0 cycles were, respectively, 59 MPa and 3.3 GPa.
Scattering of the tensile strength and Young’s modulus of PLA was low before and after
thermal fatigue. The tensile strength and Young’s modulus of PLA remained almost
unchanged with an increase of number of cycles until 10° cycles. From that result, one can
infer that tensile properties of PLA were unaffected by thermal fatigue.

Fig. 4 depicts thermal fatigue effects on tensile properties of non-treated and alkali-
treated green composites. Tensile strengths of non-treated and 1% and 15% alkali-treated
green composites at 0 cycles were, respectively, 73 MPa, 83 MPa, and 48 MPa.
Furthermore, the Young’s modulus of non-treated and 1% and 15% alkali-treated green
composites at 0 cycles were, respectively, 8 GPa, 9 GPa, and 6 GPa. Scattering of tensile
strength and Young’s modulus of non-treated and 1% and 15% alkali-treated green
composites were low before and after thermal fatigue, except for scattering of tensile
strength and Young’s modulus of 1% alkali-treated green composite at 10 cycles. The
tensile strength and Young’s modulus of 1% alkali-treated green composite showed the
maximum value under all numbers of cycles. Moreover, the tensile strength and Young’s
modulus of 15% alkali-treated green composite showed minimum values at all numbers of
cycles. When 1% alkali treatment was applied, the tensile properties of the jute fiber were
increased by an increase in the rate of cellulose in constituent materials of jute fiber [16].
When 15% alkali treatment was applied, the cellulose I in jute fiber constituent materials
changed to cellulose II [18]. The green composite tensile properties were affected mainly
by the rate and modification of cellulose in constituent materials of alkali-treated jute fiber.

The tensile strength of non-treated green composite decreased monotonously with the
number of cycles up to 10° cycles. Nevertheless, the Young’s modulus of the non-treated
green composite remained unchanged up to 10? cycles. Tensile properties of 1% and 15%
alkali-treated green composites remained almost unchanged up to 10? cycles. Tensile
strengths of 1% and 15% alkali-treated green composites at 10° cycles were lower by 23%
and 28%, respectively, than those of 1% and 15% alkali-treated green composites at 10?
cycles. Young’s moduli of non-treated, 1%, and 15% alkali-treated green composites at 10°
cycles were lower, respectively, by 31%, 30%, and 27% than those of non-treated, 1% and
15% alkali-treated green composites at 10? cycles.

Results show that 1% and 15% alkali treatments can improve the fiber—resin interfacial
adhesion. In this way, tensile properties of 1% and 15% alkali-treated green composites
under thermal fatigue were unaffected because of the prevention of debonding at the
interface between the fiber and resin up to 10 cycles. Even when 1% and 15% alkali
treatments were conducted, tensile properties of green composite decreased because of
debonding at the fiber—resin interface during 107 cycles.
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Figure 3:  Tensile properties of PLAs before and after thermal fatigue. (a) Tensile
strength; and (b) Young’s modulus.
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Figure 4.  Effects of thermal fatigue on tensile properties of non-treated and alkali-treated
green composites. (a) Tensile strength; and (b) Young’s modulus.
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4.2 Fracture morphology of non-treated and alkali-treated green composites

Figs 5 and 6 respectively show the fracture morphologies of non-treated and alkali-treated
green composites at 0 and 10° cycles. Fracture morphologies of non-treated and 1% and
15% alkali-treated green composites at 0 cycles were smooth. However, considerable yarn
pull out was found in the fracture morphology of non-alkali-treated green composite at 10°
cycles. Fracture morphologies of 1% and 15% alkali-treated green composites at 10° cycles
were smooth. As shown in Fig. 2, the surface of non-treated jute fiber was smooth.
However, surfaces of 1% and 15% alkali-treated jute fiber were not smooth. Moreover,
surfaces of 1% and 15% alkali-treated jute fibers were very rough compared to those of
non-treated jute fiber. Elementary fibers were found on the 15% alkali-treated jute fiber
surface. When the jute fiber was immersed in alkali solution, constituent materials on the
jute fiber surface probably dissolved with increased alkali treatment concentration. Effect
of concentration of alkali treatment on surface roughness of jute fiber will need to examine
for clarification of mechanism in the future.

Results show that fiber—resin interfacial adhesion was probably improved by surface
roughness of 1% and 15% alkali-treated jute fibers up to 10? cycles. However, debonding
probably occurred at the fiber—resin interface because of decreased interfacial adhesion by
attributable to the different thermal expansions of non-treated and alkali-treated jute fibers
and PLA over 10% cycles. In addition, the fracture origin of 1% and 15% alkali-treated
green composites might be initiated by debonding at the fiber—resin interface because of the
surface roughness of 1% and 15% alkali-treated jute fibers. Results show that tensile
strength of the green composite under thermal fatigue can be improved by surface
roughness of 1% and 15% alkali-treated jute fibers up to 10° cycles.

5 CONCLUSIONS
This study investigated thermal fatigue effects on tensile property of alkali-treated green
composites. Results suggest the following conclusions.

Tensile strength and Young’s modulus of 1% alkali-treated green composite showed
maximum values under all numbers of cycles. The tensile strength and Young’s modulus of
15% alkali-treated green composite showed minimum values under all numbers of cycles.
These results suggest that tensile properties of green composites were mainly affected by
rates and modifications of cellulose in constituent materials of alkali-treated jute fiber.

The tensile strength of non-treated green composite decreased monotonously with
increase in the number of cycles up to 10° cycles. However, the Young’s modulus of non-
treated green composite did not change until 10? cycles. Tensile properties of 1% and 15%
alkali-treated-treated green composites remained almost unchanged until 10?> cycles. By
contrast, tensile strengths of 1% and 15% alkali-treated green composites at 103 cycles were
much lower than those of 1% and 15% alkali-treated green composites at 10 cycles. In
addition, Young’s moduli of non-treated and 1% and 15% alkali-treated green composites
at 103 cycles were lower than those of non-treated and 1% and 15% alkali-treated green
composites at 10? cycles. Nevertheless, the tensile strength and Young’s modulus of PLA
remained almost unchanged under thermal fatigue. Fracture morphology observations
revealed large yarn pull out in the non-alkali-treated green composite at 10° cycles. Fracture
morphologies of 1% and 15% alkali-treated green composites at 10* cycles were smooth.
Surface observations revealed smooth non-treated jute fibers, but non-smooth surfaces of
1% and 15% alkali-treated jute fibers. Results show that the tensile strength of green a
composite under thermal fatigue can be improved by surface roughness of 1% and 15%
alkali-treated jute fibers up to 107 cycles.
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Figure 5:  Fracture morphologies of non-treated and alkali-treated green composites
before thermal fatigue (0 cycles). (a) Non-treated; (b) Alkali treatment 1%; and
(c) Alkali treatment 15%.
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Figure 6:  Fracture morphologies of non-treated and alkali-treated green composites after
thermal fatigue (103 cycles). (a) Non-treated; (b) Alkali treatment 1%; and (c)
Alkali treatment 15%.
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