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Abstract: Ramie fabric-reinforced thermoset polylactic acid (PLA) composites were prepared by
using heat pressing technology. Fabrics were treated with alkali, silane, and alkali–silane respectively,
expecting an improvement of the interface between the fabric and the matrix. Scanning electron
microscopy (SEM) results indicated that after alkali treatment, impurities on the fiber surface were
removed and its diameter became finer. After the silane, and alkali–silane treatments, the contact
angles of the ramie fibers increased by 14.26%, and 33.12%, respectively. The contact angle of the
alkali–silane treated fiber reached 76.41◦ ; this is beneficial for the adhesion between ramie fiber and
the PLA. The research revealed that the tensile strength of the fiber increased after the alkali and silane
treatments. A slight decrease was noticed on the tensile strength of fibers treated with alkali–silane.
After all, three chemical treatments were done, the flexure strength of the ramie fabric-reinforced
PLA composites, improved in all cases. Among the three treatments, the alkali–silane treatment
demonstrated the best result, as far as the flexure strength and modulus of the fabricated composites
were concerned. On the other hand, water absorption of the related composites decreased by 23.70%,
which might contribute to the closer contact between the ramie fiber and the matrix. The ramie
fabric-reinforced PLA composites, prepared in this study, can meet the standard requirements of
aircraft interior structures and have favorable application foreground.
Keywords: fabric; interface; physical properties; thermosetting resin

1. Introduction
In recent years, with the global environment and energy problems becoming increasingly
prominent, the consciousness about ecological environmental protection is continuously being
strengthened. Therefore, natural fibers become more popular to replace synthetic ones in the
composites field [1–4]. However, most of the resins used to fabricate the composites are originated from
oil, which is considered to not be environment-friendly. Moreover, oil is a non-renewable resource,
and all countries face the problem of an oil shortage. Thus, biological resins have aroused wide
interest as a substitute for oil-based resins because of renewable raw materials, such as soybean oil
and rapeseed oil. Unlike petroleum oil, vegetable oils can be circularly obtained every year with no
pollution of the environment [5].
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Biological resins may include starch, polyhydroxybutyrate (PHB), thermoplastic polylactic acid,
polybutylene succinate (PBS), and various other biological resins [6]. During the composite fabrication
process, when using biological resins, injection, extrusion and compression molding processes may
be employed [7]. Biological resin includes thermoset and thermoplastic resins. The toughness of
thermoplastic resin is higher, but it cannot be dissolved easily in ethanol, acetone, and other general
solvents. On the other hand, its performance is not considered to be stable [8]. Thermoset resin is a
crosslinked polymer with a mesh structure, after heating with the curing agent included, it becomes
insoluble and infusible. It is believed that thermoset matrix composites offer excellent thermal, mechanical
and flexure performance and the composite fabrication process is simple and easy to control [9].
The raw materials of thermoset PLA are vegetable oils, such as soybean oil, linseed oil,
and rapeseed oil. However, due to different synthetic processes, most of the thermoset PLA is
nondegradable, such as acrylic epoxy soya oil resin (AESO)—researched by the University of Delaware
(USA)—and bio-based resins derived from soybean oil in North Dakota State University.
Zhang et al. [10,11] prepared bio-matrix composites using phthalic anhydride modified AESO
as a matrix and glass fibers as reinforcements for circuit boards. Adekunle [12] found that
sisal/AESO/styrene composite has higher tensile strength, flexural strength, and flexural modulus.
The effects of acidification, silane and peroxide modifications on the interfacial properties of ramie
fiber/AESO composites were investigated by Lee [13]. The results showed that the interfacial shear
strength of the composites was significantly improved after modifications.
In the study by Amiri [14], the mechanical properties of bio-based resin composites showed
improvement when using alkaline-treated flax fibers as reinforcements, and their performances could
meet the requirements of aircraft’s interior structures. Amiri [15,16] studied the long-term creep
behavior of flax/VE bio-based composites. It was found that the flax/VE composites could be
considered to be thermorheologically complex materials. Amiri [17] investigated the effect of alkaline
treatment of flax fiber as well as an addition of 1% acrylic resin to vinyl ester on mechanical properties
and long-term creep behavior of flax/vinyl ester composites. Findings revealed that alkaline treatment
was successful in increasing interlaminar shear, tensile and flexural strength of the composite but
decreased the tensile and flexural modulus by 10%. Addition of acrylic resin to the vinyl ester resin
improved all mechanical properties except the flexural modulus which was decreased by 5%. In a study
by Taylor [18], a newly developed bio-based resin, epoxidized sucrose soyate (ESS), was combined
with surface-treated flax fiber to produce novel bio-composites. The bio-composites properties could
meet and exceed those of conventional pultruded members.
Distinguished from traditional studies, this paper used the bio-based thermoset polylactic acid
(PLA), developed by Professor Jukka Seppala of Helsinki University of Technology (Finland). This PLA
is completely degradable and is considered to be more environmental–friendlier, with a great potential
for use [19–22]. It is based on a polylactic acid and its molecular formula is shown in Figure 1, where ‘k’,
‘n’, ‘m’, and ‘p’ refer to the polymerization degrees of different functional groups.
Ramie is a perennial herbaceous plant; its fiber is long, has great strength, as well as excellent
thermal conductivity [23]. On the other hand, due to the strong polarity of the fiber, it offers a more
hydrophilic, greater expansion, in a humid environment, and lower thermal stability [19,24].
Research studies have revealed that shortcomings exist for composites fabricated with natural
fiber and the thermosetting resin. These fibers are more moisture sensitive, and the interface between
the hydrophilic fiber and hydrophobic matrix is not closely combined [25–28]. It is well known that the
interface plays a critical role in the mechanical performance of composites [29]. Therefore, improvement
of the interface behavior is of extreme importance. The aim of this study is to investigate the effect of
the chemical treatment on the properties of the ramie fiber as well as the produced composites.
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Figure 1. Polylactic acid (PLA) molecular formula.
Figure 1. Polylactic acid (PLA) molecular formula.

In this investigation, composites with PLA were used as the resin and the ramie fabrics, with and
without chemical treatment, were used as the reinforcement. They were prepared using the heat
press technology. The morphology of the fibers and the composites was studied using scanning
electron microscopy (SEM) and the mechanical properties were determined by Instron Model 3369.
The purpose of this study was to explore whether ramie/PLA composites could be used in aerospace
applications, to replace composites that use glass fiber and petroleum oil-based resins, so as to save
energy and protect the environment.
2. Experimental Details
2.1. Materials
Ramie fabrics with the area density of 135.1 g/m2 and thickness of 0.291 mm, were provided
by Hunan Dongting Maye Company, China. The tensile strength of the warp and weft yarns was
44.81 MPa and 55.45 MPa, respectively. The thermosetting polylactic acid, with a flexure strength of
110.72 MPa, was provided by the Helsinki University of Technology, Finland. The curing agent,
benzoyl peroxide dibutyl paste, was supplied by Tianjin Synthetic Materials Company, China.
The release agent was produced by Beijing Carat Chemical Technology Company, China. Coupling
agent KH550 (silane) was made by Nanjing Safer Silane Coupling Agent Factory, China. NaOH
granules were given by Tianjin Wind Ship Chemical Technology Co. Ltd., Tianjin, China.
2.2. Surface Treatment
2.2.1. Alkali Treatment
The alkali solution concentration was 1 wt% (weight percentage compared to distilled water),
the ramie fabric and alkali bath ratio was 1:20. After immersing the fabrics in the alkali liquid for
60 min, at a temperature of 60 ◦ C, the fabrics were removed and washed to neutral, in warm water,
and then cured in an electro-thermal blowing oven (Model DHG-9070A, Shanghai Scientific Instrument
Co. Ltd., Shanghai, China) for 12 h. The temperature in the oven was kept at 80 ◦ C during the drying
process. All the process parameters of alkali treatment were derived from previous studies [30].
2.2.2. Silane Treatment
The silane (KH550) solution concentration was 3 wt% and the ramie fabric and silane bath ratio
was 1:20. The fabric was soaked in the silane liquid for 2 h, at the room temperature, then was removed
and cured for 12 h, in conditions identical to the alkali treatment. All the process parameters of silane
treatment were derived from previous studies [30].
2.2.3. Combined Alkali–Silane Treatment
The fabric was first treated by the alkali treatment process, then the silane treatment process.
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2.3. Fabrication of the Composites
Ramie fabric-reinforced PLA composites were prepared by using a hydraulic press (Model
Y/TD71-45, Tianjin Hydraulic Machine Factory, Tianjin, China). Ramie fabric/PLA (v/v) was 60/40,
crosslink agent/PLA (w/w) was 33/67, curing agent/PLA (w/w) was 1/99. The ramie fabric/PLA
prepreg was first pressed for 10 min, at room temperature, with pressures up to 10 MPa. Then was
heat pressed for another 60 min, at a temperature of 90 ◦ C, with pressures up to 20 MPa, this made the
percolation of PLA more uniform. Then it was pressed at pressures up to 20 MPa, at a temperature
of 115 ◦ C, for 2 min. The process continued with pressures up to 20 MPa, at a temperature of 130 ◦ C,
for 30 min, after which it was cooled down to the room temperature. At last the composites were
removed from the press and post-cured at a temperature of 140 ◦ C, for 120 min. In this study, time was
recorded after the hydraulic press reached the set temperature, and the time required for the heating
process was not included in the calculation.
2.4. Scanning Electron Microscope (SEM) Examination
The surface of ramie fibers and the composites were examined using a Model TM-1000 scanning
electron microscope (HITICH, Japan), to reveal the morphological changes after the chemical treatments
of the fabrics were carried out.
2.5. Contact Angle Test
Contact angle investigation was performed using the Model K100 contact angle instrument
(Rruss Company, Emsdetten, Germany). During the measurement, the specific fiber length was 4 to
6 mm, fiber pull-out speed was 0.01 mm/s. The experiments were performed at a temperature of 20 ◦ C
and a relative humidity of 65%. The diameter of the ramie fiber was first measured by a microscope
diameter analyzer (Model VHX-1000, Keyence International Trade Co. Ltd, Shanghai, China).
2.6. Tensile Strength Test
In order to explore the effect of chemical treatments on the fibers, tensile properties of ramie fibers
were tested by a Model YG001A electronic power meter (Taicang Textile Instrument Factory, Suzhou,
China). The test was carried out according to ASTM D3822-07 procedures. The clamping distance
was 20 mm, and the stretching speed was 5 mm/min. Twenty samples in each case were included in
the test.
2.7. Flexure Property
Composites were subjected to three-point bend test, in an Instron instrument (Model 3369,
Instron Corporation, Boston, MA, USA), in accordance with the ASTM 790-03 Standard. The sample
size was 60 mm × 12.5 mm × 3 mm. The span was 48 mm, loading gauge was 48 mm, and loading
speed was 2 mm/min.
2.8. Water Absorption
The dimensions of the specimen were 60 mm × 12.5 mm. The specimens were dried at 60 ◦ C for
24 h, then cooled down to room temperature, in a desiccator. After weight measurements were done,
specimens were immersed in distilled water for 24 h, at the room temperature. Then water on the
surface was wiped dry and weighed again. Five specimens in each case were included in the test.
3. Results and Discussion
3.1. Surface Morphology
Morphology of ramie fibers, both chemicals treated and untreated, are compared in Figure 2.
It is understandable that some impurities which are rich in their content of hydroxyls, such as
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hemicelluloses, pectin, and lignin, existed on the surface of the untreated fibers. After the
alkali treatment, the fiber surface became cleaner and some impurities were removed during
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the treatment [29]. However, the fiber surface also became rough [31] with an increase of the
length/diameter ratio. This may contribute to the combination of the sodium hydroxide, in the
This may contribute to the combination of the sodium hydroxide, in the hydroxyl, with the hydrogen
hydroxyl, with the hydrogen bonding in the cellulose, resulting in a decrease of the active groups on
bonding in the cellulose, resulting in a decrease of the active groups on the fiber surface. On the other
the fiber surface. On the other hand, the hemicellulose, lignin, pectin, ester waxy, and biological oil on
hand, the hemicellulose, lignin, pectin, ester waxy, and biological oil on the fiber surface were
the fiber surface were reduced, causing an improvement of the surface purity and the reduction of
reduced, causing an improvement of the surface purity and the reduction of the fiber diameter
the fiber diameter [5,25,32–35]. As for the silane treated fibers, impurities were noticed on the fiber
[5,25,32–35]. As for the silane treated fibers, impurities were noticed on the fiber surface. It was
surface. It was considered to be the membrane coupling agent [36,37]. Compared to the untreated
considered to be the membrane coupling agent [36,37]. Compared to the untreated fiber, no obvious
fiber, no obvious difference was seen on the surface of the ramie fibers treated by alkali alone and those
difference was seen on the surface of the ramie fibers treated by alkali alone and those treated by the
treated by the alkali–silane treatment. Similar results have been noticed by other researchers [21].
alkali–silane treatment. Similar results have been noticed by other researchers [21].

Non-cellulose impurities

(a) untreated

(b) alkali treated.

(c) silane treated

(d) alkali–silane treated

Figure 2. SEM photographs of ramie fibers with different modifications.
Figure 2. SEM photographs of ramie fibers with different modifications.

3.2. Contact Angle
3.2. Contact Angle
Figure 3 shows the water contact angle of the treated and untreated ramie fibers. From the figure,
Figure 3 shows the water contact angle of the treated and untreated ramie fibers. From the
one can see that after the alkali treatment, the water contact angle of ramie fiber increased from 57.39°
figure, one can see that after the alkali treatment, the water contact angle of ramie fiber increased
to 58.76°, i.e.,
slightly increased by 2.38%. Alkali treatment could remove the lignin and other nonfrom 57.39◦ to 58.76◦ , i.e., slightly increased by 2.38%. Alkali treatment could remove the lignin and
cellulosic substances so that the inner cellulose was exposed on the surface of ramie fiber. However,
other non-cellulosic substances so that the inner cellulose was exposed on the surface of ramie fiber.
as lignin and cellulose are polar, alkali treatments had little effect on the polarity of the ramie fiber
However, as lignin and cellulose are polar, alkali treatments had little effect on the polarity of the ramie
surface, and the contact angle more-or-less held the line.
fiber surface, and the contact angle more-or-less held the line.
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the resultant composites. A slight decrease was observed in the fiber tensile strength and
the
modulus, after the alkali–silane treatment. After alkali treatment, the impurities on the ramie fiber
water molecules found it easier to enter into the ramie fiber, resulting in a swelling of the ramie fibers
surface were removed. When the coupling agent treatment was carried out in the next step, the water
and a reduction of the bonding force between the cellulose chains. When subjected to an external
molecules found it easier to enter into the ramie fiber, resulting in a swelling of the ramie fibers and
force, the molecular chains of the cellulose were easily slipped, which would decrease the tensile
a reduction of the bonding force between the cellulose chains. When subjected to an external force,
strength of ramie fibers [40].
the molecular chains of the cellulose were easily slipped, which would decrease the tensile strength of
ramie fibers Table
[40]. 1. Tensile strengths and modulus of ramie fibers with different modifications.

Table 1. Tensile
strengths
and
modulus
of ramie fibers with different modifications.
Single
Fiber
Tensile
Strength

(MPa)
Single Fiber Tensile Strength (MPa)
Mean
Standard Deviation
Treatment
Mean
Standard Deviation
Untreated
399.47
178.74
Untreated
399.47
178.74
Alkali treatment
529.40
233.41
Alkali treatment
529.40
233.41
Silane treatment
234.40
Silane treatment 459.29
459.29
234.40
Alkali–silane
Alkali–silane
386.03
221.23
386.03
221.23
treatment
treatment
Treatment

Single Fiber Tensile Modulus (GPa)
Single Fiber Tensile Modulus (GPa)

Mean
Mean
18.30
18.30
17.40
17.40
21.12
21.12
15.62
15.62

Standard Deviation
7.88
7.88 9.09
9.09
13.2213.22

Standard Deviation

5.47 5.47
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the ramie
ramie fibers
fibers on
on its
its flexure
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strength and
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the composites
composites is
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6. It
It can
can be
be seen
seen that
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flexural properties
properties of
of the
the composites
composites
increased
silane coupling
coupling treatment,
treatment, and
and the
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silane treatment.
treatment.
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after the
the alkali
alkali treatment,
treatment, silane
Especially,
the
increase
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flexural
strength
and
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for
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Especially, the increase of the flexural strength and the modulus were highest for the alkali and silane
silane
treatment,
treatment, and
and respectively
respectively increased
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59.5%and
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51.9%.

Figure 6.
6. Effect
Effect of
of the
the different
different modifications
modifications on
on the
the flexure
flexureproperties
propertiesof
oframie/PLA
ramie/PLA composites.
Figure
composites.

This improvement trend shows close consistencies with other research works [41]. The reason
This improvement trend shows close consistencies with other research works [41]. The reason
may contribute to the shrinkage of the ramie fabric after the alkali treatment [42]. The flexure strength
may contribute to the shrinkage of the ramie fabric after the alkali treatment [42]. The flexure strength
and modulus of the composites, after the fiber was treated by silane, were increased by 48.25% and
and modulus of the composites, after the fiber was treated by silane, were increased by 48.25% and
25.70%, respectively. Due to the coupling agent KH550 film, which combined with the ramie fiber
25.70%, respectively. Due to the coupling agent KH550 film, which combined with the ramie fiber
through hydrogen bonds, and the reactive functional organic groups (R) which were left on the fiber
through hydrogen bonds, and the reactive functional organic groups (R) which were left on the fiber
surface, organic groups (R), such as -C=C-, could have been involved in the curing reaction of PLA.
surface, organic groups (R), such as –C=C–, could have been involved in the curing reaction of PLA.
Therefore, the bridge between the ramie fiber and the PLA resin was set up by the coupling agent
Therefore, the bridge between the ramie fiber and the PLA resin was set up by the coupling agent
KH550 (Figure 7). This was beneficial for the compatibility of the ramie fiber and PLA resin.
KH550 (Figure 7). This was beneficial for the compatibility of the ramie fiber and PLA resin.
Composites received the highest flexure strength and modulus, with the values of 140.37 MPa
Composites received the highest flexure strength and modulus, with the values of 140.37 MPa
and 10.36 GPa, respectively, when using the alkali–silane treated fabrics. This might be a result of the
and 10.36 GPa, respectively, when using the alkali–silane treated fabrics. This might be a result of the
double treatment. It was understood that after the alkali–silane treatment, most of the non-cellulosic
double treatment. It was understood that after the alkali–silane treatment, most of the non-cellulosic
components in the fiber were removed [43,44]. The alkali treatment improved the hydrogen bonding
components in the fiber were removed [43,44]. The alkali treatment improved the hydrogen bonding
effect and the silane treatment made the mechanical interlocking between the fiber and the PLA
effect and the silane treatment made the mechanical interlocking between the fiber and the PLA better.
better. Figure 8 illustrates the cross-section of the composites, when using the original and the alkali–
silane treated fibers, respectively. An ideal fiber/matrix adhesion could be observed in Figure 8b;
even more, the fibers in the matrix were well dispersed. It is understandable that a good dispersion
and invasion of fibers into the matrix would result in ideal mechanical properties [45].
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treated fibers, respectively. An ideal fiber/matrix adhesion could be observed in Figure 8b; even more,
the fibers in the matrix were well dispersed. It is understandable that a good dispersion and invasion
of
fibers into the matrix would result in ideal mechanical properties [45].
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3.5. Water Absorption Properties
Water absorption behavior of materials is critical to the dimensional stability of the final
Water absorption behavior of materials is critical to the dimensional stability of the final
products.
Water absorption behavior of materials is critical to the dimensional stability of the final products.
products.
The water absorption behavior of the
the composites,
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in the
the research,
research, is
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given in
in Figure
Figure 9.
9.
The water absorption behavior of the composites, prepared in the research, is given in Figure 9.
composites,
thethe
water
absorption
rate for
fiberCompared to
tothe
thesynthetic
syntheticfiber-reinforced
fiber-reinforced
composites,
water
absorption
ratethe
forramie
the ramie
Compared to the synthetic fiber-reinforced composites, the water absorption rate for the ramie fiberreinforced materials
was much
this was
true
fortrue
all the
providedprovided
in this research.
fiber-reinforced
materials
was higher,
much higher,
this
was
forspecimens
all the specimens
in this
reinforced materials was much higher, this was true for all the specimens provided in this research.
A possibleAexplanation
is the strong
water
imbibitions
of natural of
fibers
[42].fibers
Nevertheless,
one could
research.
possible explanation
is the
strong
water imbibition
natural
[42]. Nevertheless,
A possible explanation is the strong water imbibitions of natural fibers [42]. Nevertheless, one could
conclude
the fabric
treating
major role,
as far
of the
one
could that
conclude
that the
fabricmethod
treatingplayed
methodaplayed
a major
role,asasthe
farwater
as the absorption
water absorption
conclude that the fabric treating method played a major role, as far as the water absorption of the
composites
was concerned.
As can
be seen
from
Figure
9, 9,the
ramie/PLA
of
the composites
was concerned.
As can
be seen
from
Figure
thewater
water absorption
absorption of ramie/PLA
composites was concerned. As can be seen from Figure 9, the water absorption of ramie/PLA
composites decreased to 14.97% after the alkali and the coupling agent treatment, and reduced by
composites decreased to 14.97% after the alkali and the coupling agent treatment, and reduced by
23.70% compared to the untreated. The
The number
number of
of hydrophilic
hydrophilic groups
groups on
on the
the surface
surface of
of ramie
ramie fiber,
fiber,
23.70% compared to the untreated. The number of hydrophilic groups on the surface of ramie fiber,
thethe
resin,
were
two
important
factors
affecting
the
and the
the interfacial
interfacialbonding
bondingbetween
betweenthe
thefiber
fiberand
and
resin,
were
two
important
factors
affecting
and the interfacial bonding between the fiber and the resin, were two important factors affecting the
water
absorption
properties
of composites.
AfterAfter
the alkali
and and
the coupling
agent
treatment,
the
the
water
absorption
properties
of composites.
the alkali
the coupling
agent
treatment,
water absorption properties of composites. After the alkali and the coupling agent treatment, the
hydroxyl
groups
(-OH)
on
the
surface
of
ramie
fiber
reacted
with
silicon
hydroxyl
groups
(Si-OH),
the hydroxyl groups (–OH) on the surface of ramie fiber reacted with silicon hydroxyl groups (Si–OH),
hydroxyl groups (-OH) on the surface of ramie fiber reacted with silicon hydroxyl groups (Si-OH),
produced by
bythe
thehydrolysis
hydrolysis
coupling
agent,
the number
of hydrophilic
on the
produced
of of
thethe
coupling
agent,
and and
the number
of hydrophilic
groups,groups,
on the surface
produced by the hydrolysis of the coupling agent, and the number of hydrophilic groups, on the
surface
ramie
fiber, At
decrease.
thethe
same
time, the
interfacial
ofcomposites
the ramie/PLA
of
ramie of
fiber,
decrease.
the sameAt
time,
interfacial
properties
of theproperties
ramie/PLA
were
surface of ramie fiber, decrease. At the same time, the interfacial properties of the ramie/PLA
composites were improved, and the internal structure was more compact, which might prohibit the
composites were improved, and the internal structure was more compact, which might prohibit the
penetration of the water molecules into the composites, so the water absorption of the composites
penetration of the water molecules into the composites, so the water absorption of the composites
was reduced.
was reduced.
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3.6. Application Performance Analysis
3.6. Application Performance Analysis
The application performance of ramie fabric-reinforced PLA composites is showed in Table 2. It
The application performance of ramie fabric-reinforced PLA composites is showed in Table 2.
can be seen that the ramie fabric-reinforced PLA composites, prepared in this study, were provided
It can be seen that the ramie fabric-reinforced PLA composites, prepared in this study, were provided
with excellent mechanical properties, and could be applied to an aircraft’s interior structures, such as
with excellent mechanical properties, and could be applied to an aircraft’s interior structures, such as
seats, console, floor and wall panels, luggage rack, etc.
seats, console, floor and wall panels, luggage rack, etc.
Table 2. Application performance analysis of the ramie fabric/PLA composites.
Table 2. Application performance analysis of the ramie fabric/PLA composites.

Material
Flexural strength/MPa
Material
Flexural
Strength/MPa
ramie fabric/PLA composites
140.37
ramie fabric/PLA
composites
140.37
Standard requirements
for aircraft
interior structures [46]
70
Standard requirements for aircraft interior structures [46]

70

4. Conclusions
4. Conclusions
Ramie fabrics were treated by alkali, silane, and alkali–silane solutions, respectively. Then the
Ramie
werewith
treated
by alkali,
silane, acid
and (PLA)
alkali–silane
solutions,
respectively.
the
fabrics
werefabrics
fabricated
thermoset
polylactic
to prepare
the composites.
TheThen
research
fabrics
were
fabricated
with
thermoset
polylactic the
acid contact
(PLA) toangle
prepare
Theincreased
research
revealed
that
after the
chemical
treatments,
ofthe
thecomposites.
ramie fiber
revealed
that after
chemical treatments,
the contact
of the ramie
fiberthe
increased
considerably.
considerably.
This the
is considered
to be beneficial
for the angle
combination
between
fiber and
the matrix,
This
is considered
to be
beneficial for the combination between the fiber and the matrix, during the
during
the composite
processing.
composite
processing.
Surface
morphology observations indicated that the surface of the ramie fiber became much
Surface
morphology
observations
indicated
that impurities
the surfacewere
of the
ramie during
fiber became
much
cleaner, after the alkali treatment,
indicating
that more
removed
the chemical
cleaner,
after
the alkali treatment,
indicating that
more impurities
were
removed
duringincreased,
the chemical
treatment.
Meanwhile,
after the alkali–silane
treatment,
the contact
angle
with water,
on
treatment.
Meanwhile,
the strength
alkali–silane
treatment,
the contact
angle with water, increased, on the
the ramie fiber,
and theafter
tensile
of the
fiber improved
significantly.
ramieAfter
fiber,molding,
and the tensile
strength
of theoffiber
improved significantly.
the flexure
strength
the composites,
when using fabrics treated by chemicals,
After molding,
the
flexure
strength
the composites,
when
using fabrics
treated
chemicals,
was improved
in each
case.
Among
them,ofmaterials
using the
alkali–silane
treated
fabricby
received
the
was
improved
in
each
case.
Among
them,
materials
using
the
alkali–silane
treated
fabric
received
the
highest flexure strength and modulus, of 140.37 MPa and 10.36 GPa, respectively.
highest
flexure
strength property
and modulus,
of composites
140.37 MPa and
GPa,
Water
absorption
of the
was 10.36
tested.
Therespectively.
water absorption rate of the
Waterwhen
absorption
property
the composites
was tested.
The water
rate of was
the material,
material,
using the
alkaliof
treated
fabric, increased
by 25.18%.
Noabsorption
obvious change
noticed
when
using
the
alkali
treated
fabric,
increased
by
25.18%.
No
obvious
change
was
noticed
in
the
in the case of silane treatment. In the case of the alkali–silane treatment, the water adsorption ofcase
the
of
silane decreased
treatment.by
In23.70%.
the case
of the
the water adsorption
of the
theinterface,
material
material
This
mayalkali–silane
contribute totreatment,
the closer fiber/matrix
adhesion at
decreased
This may contribute
to the closer
fiber/matrix
at the interface, in this
in this case,byas23.70%.
water molecules
found it difficult
to penetrate
into theadhesion
materials.
case, The
as water
molecules
found it difficult
to penetrate
into the in
materials.
ramie
fabric-reinforced
PLA composites,
prepared
this study, can meet the standard
The ramie
PLA
composites,
prepared
in thisapplication
study, can foreground.
meet the standard
requirements
of fabric-reinforced
an aircraft’s interior
structures
and have
a favorable
requirements of an aircraft’s interior structures and have a favorable application foreground.
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