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ABSTRACT KEYWORDS

The influence of chemical treatments on the properties of cantala fiber as Cantala fiber; chemical
well as on the quality of the interfacial bonding of cantala fiber/rHDPE was ~treatment; interfacial
investigated. The fibers were treated with alkali, silane, and a combination of bonding; surface energy;
both. The results showed that the loss of hemicellulose and lignin after the ~ thermal stability

alkali treatment, and the presence of a silane layer on the fiber surface after a2

the silane or alkali-silane treatment, improved the thermal stability, surface BoCh BRET4E: fb 22 ib 1,
energy, and IFSS. The highest surface energy of 45.37 mN/m was obtained L 454 RIARE BFaE
during the alkali treatment (NF12). The alkali-silane treatment with 0.75% wt {3

of silane (NSF075) gave the highest thermal stability and IFSS value.

BE

AW T A AR HE S 1 K b7 BRET 4 RE 52 i DA K 15 K 7 R ET-4E/rtHDPE
RS A BRI . F4E0 DI e P 4L S TAL B, 4553
LKW, BRACHE SR T LT A &, e sk bl-fek e Kb BE 5 4T 4%
TR Z A AESE i T HFeetE. RTHAER IFSS. 7ERALIE (NF12) Ak
MR AR TAE N 4537 mN/m. ] 0.75% (EEHEL) ki (NSFO75) #t
AT WL e A BT AT 75 380 g5z 1 () RS e PEANIFS ST

Introduction

Awareness of the importance of preserving the environment has encouraged the development of
alternative materials that are environmentally friendly and recyclable, such as natural fiber/thermoplastic
composites. The natural fibers act as a reinforcement, while the thermoplastic serves as the binder
material. Natural fibers have several advantages such as low price, low density, abundance, biodegrad-
ability, and high toughness (Mohanty, Misra, and Drzal 2001; Valadez-Gonzalez et al. 1999). In view of
all these factors, natural fibers have the potential to replace synthetic fibers in polymeric composites.
Agave cantala Roxb, as shown in Figure 1(a), is a natural fiber-producing crop. In Indonesia, this
plant is cultivated in East Java, Central Java, Yogyakarta, West Java and North Sumatra. Cantala fiber
(Figure 1b) is mostly used as rope, for weaving, and crafts. As 55% of the fiber is comprised of
cellulose, it can be developed as reinforcement in polymer composites (Palungan et al. 2015).
However, like other natural fibers, the cantala fiber has some drawbacks, namely its relatively
poor adhesion with polymers (Dittenber and GangaRao 2012), relatively low thermal stability
(Bledzki and Gassan 1999), and high moisture absorption (Cao, Sakamoto, and Goda 2007).

CONTACT Wijang Wisnu Raharjo @ m_asyain@yahoo.com e Mechanical Engineering Department, Faculty of Engineering,
Sebelas Maret University (UNS), JI. Ir. Sutami 36A, Surakarta 57126, Indonesia.

Color versions of one or more of the figures in the article can be found online at www.tandfonline.com/WJNF.
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Figure 1. (a) Agave cantala roxb and (b) cantala fibers, Raharjo et al.

Interfacial bonding plays an important role in determining the mechanical properties of a
composite (Zhao and Takeda 2000). The existence of a hydroxyl group (OH) in natural fibers
prevents good bonding with the hydrophobic polymer and obstructs the effectiveness of the load
transfer between the fibers and the matrix (Gan, Tian, and Yi 2014). Various chemical treatments
have been carried out to improve the interfacial bonding (Li, Tabil, and Panigrahi 2007; Sawpan,
Pickering, and Fernyhough 2011b). Among the various treatment methods, alkali and silane are the
most widely used treatments. Alkali treatment creates mechanical interlocking and increases the area
of exposed cellulose on the fiber surface, whereas silane treatment generates a coating on the fiber
surface that adheres to the matrix. The effectiveness of silane in improving the interfacial bonding
depends on its concentration. A low concentration will lead to inadequate coupling between the fiber
and the matrix, while an excessive concentration will cause the silane to agglomerate on the fiber
surface (Gyoung et al. 2010). Treatment with a suitable alkali-silane concentration will enable the
creation of good bonding between the fiber and the matrix. However, only a few works have
considered the concentration of silane for improving interfacial bonding. In addition, there is not
much information in relation to the utilization of cantala fiber as reinforcement for polymer
composites. In this study, alkali, silane, and a combination of both were applied to the cantala
fiber. The effectiveness of the fiber treatment and the silane concentration was investigated through
the properties of the fiber such as its chemical composition, density, surface morphology, thermal
behavior, wettability, and the IFSS of the fiber/rHDPE.

Materials and methods
Materials

The cantala fiber was supplied by CV Rami Kencana, Kulonprogo, Indonesia. The fibers were
extracted from the leaves of the Agave cantala Roxb using the mechanical retting method. Prior to
the treatment, the fibers were heated at 110°C for 45 minutes. The rHDPE flakes were obtained from
CV Vanilla Plastik, Sukoharjo, Indonesia. The material has a melting temperature ranging from
108.5 to 139.5°C with a heating rate of 10°C/min, a density of 1,014 kg/m3, and a melt flow index
(MFI) of 2.43 g/10 min at 180°C (Raharjo, Sukanto, and Anwar 2015).

Sodium hydroxide (NaOH) from Merck was used for the fiber surface treatment. Amino
ethylamino propyl tri-methoxy silane (AAMS) was used as a coupling agent between the fiber and
the matrix. It was supplied by Dow Corning. It has a specific gravity of 1.03 with a viscosity of
5 mm®/s. The chemical structure of the silane coupling agent is shown in Figure 2.
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Figure 3. (a) Reaction in alkali treatment, (b) reaction in silane treatment, (c) reaction in alkali- silane treatment, Raharjo et al.

Alkali treatment

The alkali treatment was conducted by immersing the cantala fiber in 2 wt% of NaOH solution at
room temperature for 12 hours. The chemical reaction of the alkali-treated fibers is displayed in
Figure 3(a). Furthermore, the fibers were rinsed several times until pH~7 was reached. The wet fibers
were dried at room temperature for 48 hours, followed by heating in an oven at 70°C for 10 hours.

Silane treatment

The silane treatment was performed by soaking the cantala fiber in a silane solution at a concentra-
tion ranging from 0.25 to 1 wt% in distilled water at intervals of 0.25%. Acetic acid was added to the
silane solution to obtain a pH within the range of 3-4. The cantala fiber was soaked in the solution
for four hours. After that, the wet fibers were kept at room temperature for 48 hours before being
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Table 1. A nomenclature used for various treated and untreated cantala fibers.

Treatment type Code Description

Untreated UF Fiber without treatment

Alkali NF12 Fiber treated with 2 wt% NaOH aqueous solution for 12 hours

Silane (SF) SF025 Fiber treated with 0.25 wt% silane aqueous solutions
SF050 Fiber treated with 0.50 wt% silane aqueous solutions
SF075 Fiber treated with 0.75 wt% silane aqueous solutions
SF1 Fiber treated with 1.00 wt% silane aqueous solutions

Alkali-Silane (NSF) NSF025 Silane treatment of alkali treated fibers in 0.25 wt% silane aqueous solutions
NSF050 Silane treatment of alkali treated fibers in 0.50 wt% silane aqueous solutions
NSF075 Silane treatment of alkali treated fibers in 0.75 wt% silane aqueous solutions
NSF1 Silane treatment of alkali treated fibers in 1.00 wt% silane aqueous solutions

ssdried at 70°C for 10 hours. The schematic diagram of the reaction involved in the production of
the silane-treated fibers is presented in Figure 3(b).

Alkali and silane treatment

In the alkali-silane treatment, after the cantala fiber had been treated initially with NaOH solution, it
was immersed in a silane solution. Here, the silane concentration ranged in between 0.25 to 1 with
intervals of 0.25%. The chemical reaction of the cantala fiber following the alkali-silane treatment is
displayed in Figure 3(c). The nomenclatures for the various surface treatments of the cantala fiber
used in this work are presented in Table 1.

Chemical analysis

The chemical composition of the fibers was evaluated by chemical analysis. In this analysis, the
percentage values of a-cellulose and hemicellulose were determined using ASTM D1103-60, while
the lignin content was evaluated according to SNI10492-2008.

Density measurement

The fiber density measurement was in accordance with ASTM D3800. The average of ten measure-
ments was used to determine the fiber density. Diesel fuel, with a density of 0.85 g/cm’, was used as a
solution.

Fourier Transform Infrared Spectrometry (FTIR)

The alteration in the functional groups in the treated and untreated fibers was observed by Shimadzu
IR Prestige-21. The fibers were ground into powder and then mixed with potassium bromide (KBr).
The ratio of fiber powder to KBr was 1:200. The transmittance spectra were recorded in wavelengths
of between 500 and 4000 cm™" at a resolution of 2 cm ™" for 45 scans.

Thermogravimetric Analysis (TGA)

The thermal stability of the untreated and treated cantala fiber was analyzed using thermogravi-
metric (TG) techniques. The measurements were performed using a Perkin Elmer Diamond TG/
DTA. The scanning of each specimen with a weight of around 5 mg was done at a temperature of
30-1000°C with a heating rate of 10°C/min.
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Figure 4. Pullout test sample, Raharjo et al.

Single-fiber pull-out test

The IFSS of the cantala fiber-rHDPE was investigated by a single-fiber pull-out test. The sample was
prepared by putting the cantala fiber between two sheets of rHDPE film on an aluminium mold.
Furthermore, the sample was heated at a temperature of 150°C for 15 min at a pressure of 1.5 bars
using a hot press. The length of the embedded fiber in the matrix was controlled by drilling a hole.
Finally, the sample was mounted on a paperboard before being tested (Figure 4). The pull-out test
was conducted on a universal testing machine JTM-UTS510. The gauge length was set at 10 mm
with a crosshead speed of 0.10 mm/min at ambient conditions.

Scanning electron microscopy

The surface morphology of the untreated and treated fibers was examined by environmental
scanning electron microscopy (ESEM) type VEGA 3 TESCAN.

Contact angle measurement

The measurement of the contact angle was conducted by photographing liquid droplets on the fiber
surface using an Olympus ZX7 microscope. The droplet volume was controlled at 1.5 ml using a
micropipette. Distilled water and ethylene glycol were used to investigate the fiber surface properties.
The fiber surface energy was estimated from the value of the contact angle (0) using the Owens-
Wendt method, as indicated by Eq. (1) (Owens 1969):
e iili's [illIRe [iliirs Ll
Yiiico®) =2 Y§ VT2 ¥E VI (1)

where the superscripts, d and p, are related to the dispersive and polar surface energy, respectively,
and the subscripts S and L for the solid and liquid circumstances are correlated as well.

Result and discussion
Surface morphology

The SEM images of the untreated (UF) and alkali-treated fibers (NF12) are presented in Figure 5.
The UF surface (Figure 5a) was covered by impurities such as waxes and fats, so the surface
topography of the UF was smoother than that of the NF12. On the contrary, the NF12 surface
looked clean with many grooves (Figure 5b). This indicated that the alkali treatment had effectively
eliminated the impurities and hemicellulose from the fiber surface. A similar result was also obtained
by other studies (Zhou, Cheng, and Jiang 2014).

Figure 6 shows the surface structure of the silane-treated fiber (SF). During the treatment, the
silane molecules built a link with the fiber constituents. So, at the end of the process, a layer of silane
was present on the fiber surface. The added concentration of silane encouraged an increase in the
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Figure 6. (a) Indicates SF025, 6(b) indicates SF050, 6(c) indicates SF075, 6(d) indicates SF1, Raharjo et al.

deposition of silane on the fiber surface. The surface morphology of the alkali-silane-treated fiber
(NSF) is displayed in Figure 7. After the treatment, the NSF surface became rougher compared to
that of the UF and NF12. In addition, the surface topography of the fibers after undergoing the
alkali-silane treatment was similar to that of the silane-treated fibers. This observation was in line
with the result of previous studies (Gan, Tian, and Yi 2014).

Fiber density

Table 2 presents the density of the untreated and treated cantala fiber. It was observed that all the
treatments resulted in an increase in the fiber density. In the case of alkali treatment, the impurities and
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Figure 7. (a) Indicates NSF025, 7 (b) indicates NSF050, 7 (c) indicates NSF075, 7 (d) indicates NSF1, Raharjo et al.

Table 2. The average density of the untreated and treated cantala fibers.

No Treatment type Code Density (g/cm?)
1 Untreated UF 1.056 + 0.0145
2 Alkali NF12 1.377 + 0.0189
3 Silane (SF) SF025 1.098 + 0.0201
4 SF050 1.120 + 0.0428
5 SF075 1.125 + 0.0230
6 SF1 1.130 + 0.0125
7 Alkali-Silane (NSF) NSF025 1.372 + 0.0136
8 NSF050 1.374 + 0.0124
9 NSF075 1.380 = 0.0223
10 NSF1 1.382 + 0.0177

low-density amorphous components were removed from the fibers. Besides, the new structure of
cellulose component, i.e., cellulose-II, which is more stable and compact compared to that of cellu-
lose-I will be formed. This mechanism was also notified by (Jacob et al. 2005). The elimination of
amorphous material and the formation of a denser structure will reduce the volume of fiber and
increase the weight of fiber, so that, the density of the NF12 was higher than that of the UF. An increase
in fiber density was also found to have occurred in hemp fibers (Sawpan, Pickering, and Fernyhough
2011a) and Borassus fruit fiber (Boopathi, Sampath, and Mylsamy 2012) following treatment with alkali.

In silane and alkali-silane treatments, the silane layer on the fiber surface encouraged an
increase in fiber density. The NSF had a higher density than the UF, SF, and NF12. The alkali
treatment cleaned off all the impurities from the fiber surface, and this elimination of fiber
surface defects was followed by a coating of silane, which prompted the enhancement of the NSF
density. The increase in the silane concentration caused an increase in the density of the SF and
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Table 3. A number of fiber constituents (weight %) presents in the treated fibers.

Treatment type Code Alfa-cellulose Hemicellulose Lignin
Untreated UF 59.47 27.71 9.1
Alkali NF12 68.74 15.76 7.96
Silane (SF) SF025 58.24 28.14 8.84
SF050 59.60 24.97 11.42
SF075 60.95 27.08 10.25
SF1 63.63 32.27 7.35
Alkali-Silane (NSF) NSF025 66.7 23.96 9.33
NSF050 65.8 2541 121
NSF075 66.5 23.57 12.36
NSF1 69.83 19.57 10.92

NSF. This was due to the addition of a silane deposit on the fiber surface. In another work,
treatment with silane and alkali-silane also increased the density of hemp fibers (Sawpan,
Pickering, and Fernyhough 2011a).

Chemical analysis

Table 3 presents the chemical composition of the untreated and treated fibers. After the alkali
treatment, the percentage of hemicellulose and lignin in the NF12 was lower than in the UF. The
cleaning away of hemicellulose and lignin from the fiber surface enhanced the cellulose content in
the NF12. A similar tendency was observed when napier grass fibers were treated with 2 and 5 wt%
of NaOH aqueous solutions (Reddy et al. 2012).

For the silane treatment, the chemical composition of the SF was similar to that of the UF. There
was no significant change in the amount of cellulose and hemicellulose as the silane solution was
unable to dissolve the cellulose, hemicellulose and lignin. Similar results were also found for husks
(Tran, Bénézet, and Bergeret 2014). In contrast, after the alkali-silane treatment, the hemicellulose
content was reduced in the fibers but the cellulose content increased compared to the UF. This was
because the impurities and hemicellulose were eroded during the alkali treatment. This encouraged
the enhancement of the total percentage of cellulose after the second treatment using silane. The
increasing silane concentration during both the silane and alkali-silane treatments had no significant
effect on the alteration of the chemical composition in the SF and NSF, respectively. This was due to
the fact that silane can not remove hemicellulose and lignin from the fiber surface (Kabir et al. 2013).
During silane treatment, the enrichment of silane concentration encouraged the slight increase in
hemicellulose content. This enhancement was contributed by a coupling between silane molecules
and hemicellulose which were deposited on the fiber surfaces. The similar phenomenon occurred on
the alkali-silane treatment, silane would form a coupling with cellulose which was presented on the
fiber surface after alkali treatment. Therefore, the relative amount of cellulose would be slight
increasing.

FTIR Analysis

The spectra of the untreated and treated cantala fibers are displayed in Figure 8. The functional
groups appeared in the fiber component, and their related IR spectra (wave numbers) are listed in
Table 4. The peak around 3400 cm ™' indicated the vibration of the hydroxyl group (OH) in the
cellulose of the cantala fibers (Orue et al. 2015; Sawpan, Pickering, and Fernyhough 2011a). Both the
SF and NSF led to the overlapping vibration of the hydroxyl group (OH) derived from cellulose and
silane. It was marked by the enhancement of the intensity in the region.

The peak around 2850 cm ™' was caused by the symmetrical stretching of CH, (Le Troedec et al.
2008). This peak appeared in all the fibers. Meanwhile, the peak at 1732 cm™' was assigned to the
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Figure 8. FT-IR Spectra of fiber, Raharjo et al.

Table 4. Infrared transmittance peaks of fiber constituents.

Wave

number Functional groups References

3400 -OH stretching vibration from the cellulose, and silane (Orue et al. 2015; Sawpan, Pickering, and Fernyhough
2011b)

2850 CH2 symmetrical stretching (Waxes and oils) (Le Troedec et al. 2008)

1732 >C = O Stretching of a carboxylic acid or ester (Le Troedec et al. 2008; Sawpan, Pickering, and

(hemiselulose) Fernyhough 2011b)

1370 -Si-O-Cellulose (Valadez-Gonzalez et al. 1999)

1246 C-O Stretching of acetyl (lignin) (Sawpan, Pickering, and Fernyhough 2011b)

1031 -Si-0-Si- asymmetric stretching (Valadez-Gonzalez et al. 1999; Zhou, Cheng, and Jiang
2014)

895 -Si-OH (silanol groups) (Valadez-Gonzalez et al. 1999; Tran, Bénézet, and Bergeret
2014)

carbonyl (C = O) groups present in hemicellulose (Le Troedec et al. 2008; Sawpan, Pickering, and
Fernyhough 2011a). After the alkali and alkali-silane treatments, the removal of hemicellulose from
the fiber surface caused this peak to disappear. However, as the silane treatment was unable to
remove the hemicellulose, the SF had a similar peak to the UF. The peak at 1246 cm ™" was related to
the C-O stretching of acetyl (lignin) (Sawpan, Pickering, and Fernyhough 2011a). In NF12 and NSF,
lignin was discarded from the cantala fiber surface, so the peak did not appear. Meanwhile, there
were no changes in the FTIR spectra of the SF as the silane treatment was unable to eliminate lignin
from the fiber.

In Figure 8, the new peaks that appeared at 1595 cm™ are believed to have emerged from the
vibration of the NH, groups in the organosilane agent. It indicated that the silane had been chemically
grafted onto the fiber surface. Similar results were obtained with sisal fibers using aminoethyl amino
propyltrimethoxysilane (Orue et al. 2015; Zhou, Cheng, and Jiang 2014). The absorption bands at
1370 cm™" confirmed the presence of Si-O from the Si-O-cellulose bond in the SF and NSF (Valadez-
Gonzalez et al. 1999). The presence of a new peak at 1031 cm ™" could be identified as the Si-O groups
from Si-O-Si bonds (Valadez-Gonzalez et al. 1999; Zhou, Cheng, and Jiang 2014). These suggested that

1
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the intermolecular condensation between the adjacent Si-OH groups had been completed. It showed the
reaction between the hydrolysed silane and the cantala fiber. The observed peaks at 895 cm™ for the SF
and NSF were associated with the formation of silanol groups during the hydrolysis of silane (Tran,
Bénézet, and Bergeret 2014; Valadez-Gonzalez et al. 1999). As for the SF and NSF, the new peaks at
1595 and 1031 cm™" did not change significantly when the silane concentration increased. This may
have been because the molecular interaction between the silane and the fiber component was weak, so
the changes on the fiber surface were too small to be detected by FTIR.

Thermal analysis of fibers

The thermogravimetric analysis (TGA) and differential thermal analysis (DTA) curves of the
untreated and treated fibers are presented in Figure 9 and summarized in Table 5. It can be seen
that the fiber degradation was indicated by three stages. In the first stage, between 30-220°C, an
initial weight loss was observed in the untreated and treated fibers (Figure 9a). In the UF, the weight
loss of about 5.6%, which appeared at around 120°C, was related to surface water evaporation. After
the alkali treatment, the weight loss of the NF12 is found to be lower than that of the UF (Table 5).
This indicated that the alkali treatment had transformed the fibers to make them less hydrophilic.
On the contrary, the weight loss in the SF and NSF was higher than that in the UF. It was attributed
to the removal of absorbed moisture by the cantala fiber and the generation of moisture by self-
condensation reactions.

The second stage had two sub-stages. In the first sub-stage, between 220 and 300°C, the initial
decomposition temperature (IDT) of the UF was found to be around 220°C (Figure 9a), with a
weight loss of 5.8% (Table 5). After the alkali treatment, the IDT of the NF12 shifted to a higher
temperature, ie., 265°C (Figure 9b). This enhancement was associated with the removal of the
amorphous material, which was more sensitive to heat than the crystalline component. In the case of
the SF12 and NSF12, there was an increase in the IDT in comparison to the UF. It indicated that a
silane layer on the surface of the UF and NF12 protected the fibers from thermal decomposition at
the higher temperature. A similar result was observed by (Singha and Rana 2012) for grewia optiva
fibers treated with 3-aminopropyltriethoxysilane.
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Figure 9. (a) Thermogravimetric analysis (TGA), 9(b) differential thermal analysis (DTA), Raharjo et al.
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Table 5. Thermogravimetric result of treated and untreated cantala fibers.

Temperature range (°C)

30-200 200-300 300-400 400-600
Temp (°C)/
Treatment type Code % wt loss IDT (°C)/% wt loss ~ PDT (°C)/% wt loss ~ PDT (°C)/% wt loss
Untreated UF 120/5.6 220/5.8 346.5/51.1 449.5/88.5
Alkali NF12 153/5.3 265/5.4 359.3/42.1 465.5/86.8
Silane (SF) SF025 135/6.3 256/6.7 357.8/62.4 488.9/91
SF050 141/7.8 238/9.2 357.3/65.5 506.3/92.1
SFO75 129/7 252/7.4 356.5/58.5 501.2/86
SF1 134/7.9 242/8.2 359.1/65 481.1/91.2
Alkali-Silane (NSF) NSF025 138/9.1 243/10.2 347.9/52.5 483.3/92.4
NSF050 135/8.3 232/9.5 352.5/54.05 501/86.2
NSF075 134/6.6 243/7.6 354.4/53.7 507.1/88.7
NSF1 125/7.3 220/9 345.8/48.2 507/85.2

The second sub-stage started from 300 to 400°C. It was associated with the decomposition of
cellulose (Figure 9b). After the alkali treatment, the UF peak at 346.5°C shifted to a higher
temperature (359.3°C). This was related to the removal of a vast majority of the amorphous material.
A similar result was observed by (Orue et al. 2015; Zhou, Cheng, and Jiang 2014) for sisal fibers. In
the case of SF and NSF, the peak decomposition temperature (PDT) of cellulose shifted to the higher
temperature. This indicated that a silane layer on the surface of the SF and NSF enhanced the heat
resistance and the decomposition temperature of the fibers.

The third stage, between 400 and 600°C, was associated with the combustion of the degraded
material in the previous stage and the decomposition of lignin (Joseph et al. 2003). For the UF, the
DTA curve showed a maximum weight loss rate at 449.5°C. After the alkali treatment, the PDT
shifted to a higher temperature (465.5°C), thereby suggesting that the thermal stability of the NF12
had improved significantly. In the case of the SF and NSF, the PDT appeared at the higher
temperatures (481-507°C). The silane layer prevented structural damage to the fibers, thereby
enhancing the thermal stability of the SF and NSF. When the silane concentration was enhanced,
the highest thermal stability was obtained for the SF050 with silane treatment and the NSF075 with
alkali-silane treatment. This was because the SF05 and NSF075 had better silane-fiber bonding than
the others. The excess silane concentration could have encouraged the agglomeration of silane on the
fiber surface, thereby weakening the interface between the fibers and silane.

Contact angle and surface energy

The potential of the fiber-matrix adhesion can be predicted from the wettability of the fibers. To
evaluate the wetting behavior of fibers, the contact angle and surface energy values are discussed.
Table 6 shows the contact angle and surface energy for the untreated and treated cantala fiber. In
water and ethylene glycol, the untreated fibers had a higher contact angle with lower surface energy
compared to the treated fibers. This indicated that the UF was hydrophobic with a low polarity, so it
was difficult for it to be wetted. The existence of a non-polar material, such as wax, oil, pectin, and
lignin, on the fiber surface caused the UF to become hydrophobic.

During the alkali treatment, the non-polar components were cleaned from the fiber surface, as
observed in the chemical analysis, FTIR, and TGA. The elimination of the non-polar components in
the NF12 caused an increase in the polarity from 35.44 to 43.47 mN/m and in the surface energy
from 37.57 to 45.37 mN/m. A similar case was found in hemp fibers (Pietak et al. 2007). The silane
modification and alkali-silane treatment also augmented the polar components and the surface
energy. The enhancement was caused by the reaction between the polar components of the silane
and hydroxyl groups in the cantala fiber. This phenomenon was in agreement with the results
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Table 6. Surface energies of untreated and treated fibers as derived from contact angle measurements.

Contact angle in distilled Contact angle in ethylene  Dispersion Polarity  Surface energy

Material water (deg) glycol (deg) (mN/m) (mN/m) (mN/m)
UF 72.96 71.47 2.13 35.44 37.57
NF12 66.57 66.18 1.90 43.47 4537
SF025 72.31 70.98 2.08 36.31 38.39
SF050 71.84 71.38 1.72 38.13 39.85
SF075 71.96 69.85 247 35.46 37.93
SF1 71.70 68.51 3.05 34.09 37.14
NSF025 71.94 70.00 2.39 35.73 38.11
NSF050 69.88 67.34 2.78 36.81 39.59
NSF075 69.52 68.94 1.86 40.23 42.09
NSF1 69.61 66.74 2.96 36.58 39.54

reported by (Feresenbet, Raghavan, and Holmes 2003). The highest surface energy of 45.37 mN/m
was obtained after the alkali treatment.

With the added silane concentration, the maximum increase in surface energy was found in SF05
for the silane treatment and in NSF075 when the alkali-silane treatment was used. This was caused
by an increase in the polar units of amino silane grafted onto the fibers. The excessive silane
concentration could have encouraged the enhancement of surface roughness, thereby leading to a
decrease in the surface energy. These observations were in line with the results of the morphological,
chemical and FTIR analyses.

Interfacial Shear Strength (IFSS)

The interfacial shear strength (IFSS) of the cantala fiber/rHDPE as a function of the fiber treatment is
depicted in Figure 10. It was found that all the fiber treatments enhanced the IFSS. For the UF/rHDPE,
the IFFS value was about 2.4 MPa and it increased to 2.7 MPa after the alkali treatment. This was due to
the removal of the non-cellulose material from the fibers to increase the interfacial fiber-matrix
bonding. A similar tendency was observed by (Gan, Tian, and Yi 2014; Orue et al. 2015).

Similar to the alkali treatment, silane also significantly enhanced the IFSS value of the cantala
fiber/rHDPE. The IFSS of the SF/rHDPE was higher than that of the UF/rHDPE. The IFSS of the
rHDPE composite based on the SF025, SF050, SF075, and SF1-treated fibers were 3.1 MPa, 3.4 MPa,
3.1 MPa, and 2.5 MPa, respectively. As for the silane treatment, the IFFS of the SFO5/rHDPE
(3.4 MPa) increased by 41.7% compared to that of the UF/rHDPE (2.4 MPa). The chemical bonding
between the rHDPE matrix and the amino groups of silane, which were embedded in the fiber
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Figure 10. Average IFFS, Raharjo et al.
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surface, led to an increase in the IFSS value. A similar observation was also reported by (Orue et al.
2015) for sisal/PLA, and by (Gan, Tian, and Yi 2014) for sisal/PP.

In the alkali-silane treatment, the IFSS of the NSF/rHDPE was in the range of 2.4-3.6 MPa, which
was higher than that of the UF/rHDPE. The alkali treatment produced roughness in the fiber surface
and increased the exposed area of the OH groups on the cellulose, thereby improving the quality of
the interaction between silane and the fibers. Besides that, it generated a covalent bond between the
silane group and the matrix chain. The highest IFSS values were found for SF050 (3.4 MPa) and
NSF075 (3.6 MPa) for the silane treatment and alkali-silane treatment, respectively. The excess silane
concentration would have encouraged the formation of a weak boundary layer. Therefore, the IFSS
value decreased at the higher silane concentration.

Conclusion

Alkali, silane, and a combination of both treatments were used to improve the properties of cantala
fiber as well as the interfacial adhesion of cantala fiber/rHDPE. All the treatments resulted in an
increase in the fiber density, thermal stability, surface energy, and IFSS. The amorphous materials,
such as hemicellulose and lignin, were mostly removed by the alkali treatment, as confirmed by the
chemical analysis, FTIR, and TGA. The alkali treatment produced the highest surface energy of
45.37 mN/m. After the silane and alkali-silane treatment, the FTIR and TGA confirmed the presence
of the amino group. It indicated that the silane had been successfully grafted onto the fiber surface.
The presence of a silane layer improved the thermal stability, surface energy, and the IFSS of the
cantala fiber/rHDPE. The highest thermal stability was found in the NSF075, i.e., up to 507.1°C. The
improvement in the interaction between the fiber and the matrix increased the IFSS of the treated
cantala fiber/rHDPE. The highest IFSS value of 3.6 MPa was found in the NSF075.
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