ISSN (Print) :2319-8613
ISSN (Online) : 0975-4024 Seno Darmanto et al. / International Journal of Engineering and Technology (IJET)

Effects of Steaming and Steam Explosion
on Mechanical Properties of Snake Fruit
(Salacca) Fiber

Seno Darmanto”', Heru SB Rochardjo 2, Jamasri >, Ragil Widyorini™

* Doctoral S3 of Department of Mechanical and Industrial Engineering, Universitas Gadjah Mada
Lecture of Department of Industrial Engineering, Vocation School, Universitas Diponegoro
"Department of Mechanical and Industrial Engineering, Universitas Gadjah Mada
“Department of Forest Product Technology, Universitas Gadjah Mada
JI. Grafika No. 2, Yogyakarta, 55281, Indonesia
! senodarmanto@gmail.com
? heru-sbr@ugm.ac.id
? jamasri@ugm.ac.id
* rwidyorini@gmail.com

Abstract— Application of natural fiber needs treatments, such as chemical, physical and mechanical
treatments. The aim of these treatments is for getting purer, cleaner and smaller size cellulose fiber. This
paper describes the treatment of Snake Fruit frond fiber using alkali, steaming and steam explosion and
investigates the effects on mechanical properties. The single fiber was firstly subjected to alkali
treatments with 2%- 8% NaOH for 2 - 8 hours to room temperature and steaming in 1 - 2 bar. The tensile
test of single fiber was done according to standard ASTM D3379. The tensile tests show that the alkali
and steaming treatment resulted in the different tensile strength of Snake Fruit frond fiber compared
those without soaking. The highest tensile strength was found at Snake Fruit front fiber immersed in 2%
NaOH for 6 hours and steaming 2 bars. The strength also increases with combination treatment both
alkali-steaming and alkali-steam explosion with starting from 160 MPa before treated, increases as high
as 275 MPa and 225 MPa with alkali-steaming and alkali-steam explosion, respectively. These results
show that the combination of alkali treatment, steaming and steam explosion can significantly increase
mechanical properties of Snake Fruit frond fiber.
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I. INTRODUCTION

Nowadays, the utilization of natural fiber has spread from household appliances, fashion and handicraft to
transportation vehicles (including ground and air transportation vehicles). The fiber may come from stem, leaves,
frond, and fruit. The potential uses of the frond of Snake Fruit (Salacca Zalacca) are quite large and have not
been explored. Most of the benefit of Snake Fruit is consisted its fruit. However, the abundantly available leaf
fronds of this crop, which are usually buried or burned, are possible to be applied more economically through
the development of natural fiber composite. The benefits potential can also be extracted from impurity materials
include seeds, skins, and frond. In general, the absorption potential uses of the impurities of Snake Fruit is still
relatively low, and the average is used for fuel, even discarded and left to rot.

Application of natural fibers commercially for fiber composites and textiles has fluctuated. The need for
application of natural fiber to facilities and infrastructure (equipment) that come into contact directly or
indirectly with humans has increased sharply today. An increased natural fiber needs at present is closely related
to people's demands for health, environmental issues and state policies. Several studies of synthetic fiber
applications indicate that the equipment is made of synthetic fibers, and asbestos fibers contain substances
implicated carcinogen [1]. The use of the reinforcing material to increase frictional force includes a lead oxide
(PbO) and metal oxide (metal oxide) [2] pollutes the air that interferes with the respiratory tract and eye
irritation [1]. There are indications that the substances of carcinogenic cause cancer. Furthermore,
environmental issues are driven by environmental groups which have encouraged the rejection and termination
of the use of synthetic and mineral fibers. Application of synthetic fibers and mineral waste are difficult to
decompose and pollute the environment include plastics, synthetic rubber, asbestos, and fiber glass. The policy
of certain countries, especially the developed countries will be environmentally friendly technology has pushed
the objections of some people to use synthetic fibers and minerals that are not environmentally friendly.
Awareness of the negative effects of the use of synthetic fibers and mineral fibers automatically also has urged
the international community to re-use equipment sourced from either natural fibers from plants and animals
(natural fiber). By products of agricultural/plantation rind namely cashew have been applied as reinforcement in
composite materials capable of friction [2]. Development of natural fibers as textile fibers and composites
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(including Snake Fruit frond fiber) will certainly increase the value of both technical and economically benefits.
And further, the development of other Snake Fruit impurity materials (seeds, skins, and stems or leaf frond) will
promote and support the competitiveness of the Snake Fruit main products.

Natural fiber reinforcement by chemical treatment results relatively well. Chemical treatment of natural fibers
can be done by soaking or dipping into solution (solution) group containing hydroxide (OH) [3] [4], silica (Si)
[3] [4] [5][6], chloride (C1) [4] and other coatings group, along with the treatment process conditions. Methods
of treatment with a solution of alkali hydroxide are commonly called alkali treatment [3] [4]. Furthermore,
chemical treatment with a solution containing a silicon group is called silane treatment [3] [4] [6]. Next
chemical treatment using a solution containing chloride group is called benzoylation treatment [4]. Further
treatment process conditions can be done by adjusting the concentration of the solution, temperature, time,
stirring, and pH. Enhancement the concentration of alkaline in treatment will increase the strength of the color
difference [7]. Research flax fibers treated with 5% alkaline concentration on the variation of immersion time 0,
2, 4, 6 hours and the test results showed that they has an optimum level of the fibers treatment during 2 hours
with 190.27 MPa in strength and 0.44% in tensile strain. Furthermore, the weight loss test on the condition of
the working temperature to 300°C showed no decrease in weight loss of 17% for the untreated fibers to 4% for
flax fiber with alkali treatment and 0.5% to 2% for flax fibers treated with alkali to 5% [8]. Alkali treatment
with 10% on flax fibers in composition has increased tensile strength, modulus Young, and impact strength
53.4 MPa, 7.86 GPa and 10.47 kJ/m’ to 60.18 MPa, 9.21GPa and 13.09 kJ/m?, respectively [8]. In this paper,
the chemical treated Snake Fruit frond fiber was further treated mechanically through both steaming and steam
explosion process to get better performance.

Il. MATERIALS AND METHODS
A. Materials

Raw Snake Fruit frond fiber was obtained from Snake Fruit agricultural in Sleman, Yogyakarta, Indonesia
The chemicals used for extraction of fiber are NaOH, and distilled water. Then, there were few apparatus that
used in the research. They involved fiber processing, premature treatment, physical treatment, chemical
treatment and the preparation of the specimen. The tools for fiber handling comprise of saws, knives, scissors,
coarse steel brushes, steel brushes smooth, rolling and dryer. Then physical treatment equipment consisted of a
stainless steel pan, square-shaped glass vessels of various sizes, heating, steaming, and steam explosion
apparatus. The implement for the chemical treatment covered glass flask, beaker glass, measuring glass, a
square-shaped glass vessels of various sizes, glass bowl, a small pan, viper stirrer, heater and temperature
measuring devices. Next, the instrumentations of making specimen were be composed of cardboard, scissors,
knives, steel ruler, and adhesives.

B. Fibrillation and Purifying Method

1) Fibrillation into Micrometer Scale: First, the Snake Fruit fronds were visually selected by basing old
level and green color. They are taken and cut along 1 m from base point. Next, the each Snake Fruit frond was
broken down into a single fiber. Single fiber fibrillation was done through several stages of work includes the
selection frond stems, cutting to size 50 cm, cleavage, soaking, drying, brushing and the separation of a single
fiber to the other components.

2) Treatment of Low-Pressure Steaming: After first treating by submersion with distilled water and forced
drying in an oven, a single fiber was then steamed at 1 bar in pressure for 60 minutes.

3) Alkali Treatment: The mechanism of alkali treatment was done through several stages including the
preparation of a single fiber, the preparation of 2% - 8% sodium hydroxide solution, dipping of a single fiber in
the sodium hydroxide solution during 2-8 hours, forced drying of the single fiber at 80°C — 90°C and fiber
storage.

4) Continued Steaming: The second steaming of the single fiber was in principle done by passing the
saturated steam pressure of 2 bars and detention during 60 minutes.

5) Steam Explosion Treatment: First, the fiber that done by continued steaming was reduced into 2 mm in
length. Then the small fiber was flowed steam in steam explosion apparatus at 5 bars in pressure and 25 times of
released steam rapidly.

C. Chemical Analysis

The composition of single fiber was tested by standard gravimetric to analyze the effect of treatment on the
content of cellulose, hemicellulose, and lignin.
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Fig. 1. Some research stages of Snake Fruit frond (a) pure Snake Fruit frond fiber, (b) submersion in a solution of sodium hydroxide, (c)
single fiber after steaming, (d) tensile test specimens.

D. Scanning electron microscopy (SEM) morphological

The scanning electron microscopy was done to note data of morphology of untreated and steam exploded
fibers.
E. Tensile Test of Single Fiber

The single fiber of Snake Fruit frond had then been tested the strength. Every variation of tensile test
specimens was prepared some five specimens and then selects three specimens that provide the best testing
results. Standard of fiber tensile test specimens refers to ASTM standard D3379.

To be cut

Test Specimen
Cement or Wax
\ o
y Area A A Areg

Gage
Length

t—————— Qveroll Length —————

Fig. 2. Preparation of the tensile test specimens

The tensile test used Pearson Panke machine at Materials Laboratory Department of Mechanical and
Industrial Engineering UGM. Natural fibers generally have a non-uniform cross-sectional shape. A variation on
the physical form of fiber may affect the fiber cross-sectional area. Tensile test specimens that have been tested
tensile fiber was then printed in resin to facilitate observation of the cross section fiber using a microscope and
photographed. The photos were then transferred to a computer for the cross-sectional area was measured using
Image Pro calibrated prior notice. The fiber diameter and fiber cross-sectional area average are calculated using
the equation by ASTM D 3379.

F. Test Pull-Out

The pull-out test was carried out to determine the direct interaction fiber-matrix interface area and failure
behavior of fiber-matrix due to the compatibility of two different materials.
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I11. RESULT AND DISCUSSION
A. Physical analysis

Physical and chemical treatment have resulted in a change in the surface structure of Snake Fruit fiber. The
raw material of Snake Fruit frond single fiber has beige color and micrometer scale in dimension. Further, a
change of light brown color on the single fiber is resulted by treating with both water immersion and alkali
(sodium hydroxyl) as seen in Figure 3. Next, the color is relatively different that showed on results of treatment
with steaming. It produces dark brown color. The different color indicates that there is a transform in the surface
structure of the fiber after the treatments. The enhancement the content of alkali in the treatment shows an
enhance in the strength of the color difference [7].

(b)

(d)

Fig. 3. Changes in the color of the fiber in some treatments. Single fiber frond pure Snake Fruit (a), fibers immersion in water (b), fibers
with alkali treatment of 2% (c), fibers with alkali treatment of 2% and steaming (d).

B. Chemical Analysis

Table 1 shows substance arrangement of Snake Fruit single fiber before and after treatments. The alpha-
cellulose proportion shows an increase when treated the alkali and alkali followed by steaming or steam
explosion. This statement was also noted by Abraham et al. [9] who explained that there is an augment in the
percentage of alpha-cellulose fiber jute which is subjected by steaming followed by the release of steam quickly.
Deepa et al. [10] also support the argument that content of alpha-cellulose will increase on fiber that treated
alkali followed steaming by the release of steam quickly.

TABLE 1. Composition of pure single fiber, after the alkali treatment, steaming, and steam exploded*

Alfa cellulose | Hemicellulose | Lignin

(%) (%) (%)
Pure fiber 47.18 31.89 22.27
Alkali 3% 51.50 22.59 31.49
Alkali 3% + steaming 54.53 18.83 26.33
Alkali 3% + steam explosion 10x | 54.34 21.83 22.58

*Based on extracted free
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C. Fourier Transfer-Infra Red (FTIR)

As seen in Fig. 4, the investigation of the fiber using FTIR analysis shows that there is no basic change in the
compositions of the fiber that treated at low alkali concentration by both untreated and 2% (w/v) as seen in
SA0TO, SA2T6, and followed by steaming (SA2T6S). This means that there is no principle change in the
contents of the fiber. The change is only happening on the intensity of each group. Conversely, the trend shows
slightly different on the fiber with treating at high alkali concentration by 8% (w/v) and followed by steaming as
seen in SA8T4S. Refer to the Table 1, this clearly seen that the change is by the percentage variations.

25

20 SA2T6S

Transmittance (%)

4.000 3.750 3.500 3.250 3.000 2.750 2.500 2.250 2.000 1.750 1.500 1.250 1.000 750 500

Wave length (1/cm)
——SA0T0 ——SA2T6 ——SA2T6S ——SAS8T4S

Fig. 4. FTIR Result
D. Scanning Electron Microscopy (SEM)

(d
Fig. 5. SEM on fiber surface after treatments: (a) untreated fiber, (b) 2% of alkali, 6 hours and steaming, (c) 3% of alkali, 5 hours and
steaming, and (d) 8% of alkali, 4 hours and steaming.
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The SEM photomicrograph, as seen in Fig. 5b, Fig. 5¢ and Fig. 5d, shows that the steaming treatment breaks
the bonding of the fiber with other material as shown by the clearest border between each fiber layer. The
broken parts of this fiber, which likely to be other than cellulose parts, will wash away during washing, resulted
in the increase in Alfa cellulose percentage as presented in Table 1. Although the steaming treatment can break
the bonding of the fiber, it is not effective to treat with higher alkali percentage as seen in Fig. 5d.

E. Tensile Strength Analysis

The variation in alkali content and time of immersion affects the mechanical properties of the fiber. It was
illustrated that concentration of alkali clearly determines the fiber tensile strength. As shown in Fig. 6, the
strength increases with increasing alkali contents until 2% of alkali contents and further, the enhancement in
alkali contents tend to reduce tensile strength. That meant that the percentage of 2% is the optimum value for
this case. The tensile strength, beginning from 160 MPa for untreated fiber, rises as high as 275 MPa at the best
treatment point. The soaking time also influences the tensile strength. As shown in Fig. 6, the treatment in 6
hours gives a higher strength compared to that of 2 hours, 4 hours and 8 hours.
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Fig. 6. Tensile strength vs alkali concentration

Effect of treatment of alkali on natural fibers in some research shows increased in mechanical properties in
which research flax fibers treated with an alkaline composition of 5% on the variation of immersion time 0, 2, 4,
6 hours showed that the strength and tensile strain composite has optimum value for the treatment of fibers for 2
hours at 190.27 MPa and 0.44%. Alkali treatment of the fiber coconut fiber would be the optimum composition
of 5% and 4 hours soaking time [11] and showed long soaking time decreases for high composition [12] [13].
Different patterns in spite of increased strain and Young's modulus, alkali treatment to a single fiber of coconut
and Curaud (with the composition of 2%, 10% and 15% for 1 hour and 2 hours) resulted in a decrease in tensile
strength [14] [15].

F. Pull-Out Test

Interfacial tension between the fibers with resin tends to decrease for the treated fibers on changes in the
surface of the fibers and impurities are still attached to the fiber surface. Pull-out test by the polyester resin show
shear stress of fiber without treatment reach 4.5 MPa higher than 3.9 MPa for fiber with treatment 2% of alkali
and 2 bars in steaming. Effect of combination treatment with the alkali and steaming actually produce roughness
on the surface of the fiber. The changes should improve the surface structure of the bonds between the fibers
and the resin surface and further increase the interfacial tension. On the other hand, the presence of impurities
fibers is still attached to the surface of the fiber shown in Fig. 5b, it will impede the penetration of the resin to
the surface of the fiber and effect on interfacial tension.

G. Diameter Reduction by Fibrillation

Mechanical treatment by the steam explosion can affect the mechanism of fiber fibrillation. As shown in Fig.
7, the micrograph of steam exploded Snake Fruit frond shows fibrillation, which has taken place during the
steam explosion process. There is fibrillation that is signed by reducing dimension from 300 pm to 50 um in
diameter. Mechanical treatment on steam-exploded hemp shaves shows defibrillation by SE severity logR0 =
4.45 allows to uncover the internal structure [16]. Application of steam explosion during mechanical treatment
further removed the amorphous materials (lignin, hemicellulose, etc.) from the inner part of the fiber via
depolymerisation and fibrillation [9]. Next the result of fibrillation of hemp fiber by the steam explosion has
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been classified into three variants and was fractionated through sieves with meshes of three sizes (630um,
160um, and 63um). It results finest fibers with the diameters less than 63 um from 4% to 15 % [17].

S oum
(a) (b)
Fig. 7. Single fiber before (a) and after (b) explosion

The mechanism of steam penetration affects the mechanical properties of the fiber during the physical and
mechanical treatments. It was noted that steaming and steam explosion on fiber tends to upgrade the fiber tensile
strength. As shown in Fig. 8, the strength increases with combination treatment both alkali and steaming and

alkali and steam explosion. The tensile strength, starting from 160 MPa before treated, increases as high as 225
MPa with the alkali and steam explosion.
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Fig. 8. Tensile strength vs steaming and steam explosion treatments

1VV. CONCLUSION

Few treatments that consist of physical, chemical and mechanical treatment effect on removing the impurities
of Snake Fruit frond fiber. Snake Fruit frond single fibers were subjected to alkali treatments with 2%- 8%
NaOH for 2 - 8 hours to room temperature and steaming in 1 - 2 bar. The tensile tests showed the alkali and
steaming treatment resulted in the different tensile strength of Snake Fruit frond fiber compared without soaking.
The highest tensile strength (275 MPa) was found at Snake Fruit frond fiber immersed in 2% NaOH for 6 hours
and steaming. These results show that the combination of alkali treatment and steaming can increase mechanical
properties of Snake Fruit frond fiber. The strength also increases with combination treatment with starting from
160 MPa before treated, increases as high as 225 MPa with the alkali and steam explosion. These results show

that the combination of alkali treatment, steaming and steam explosion can increase mechanical properties of
Snake Fruit frond fiber.
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