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Palm sugar tree (Arenga pinnata) fiber composites reinforced by polyester resin have
been obtained and characterized as an alternative material for neutron beam shield. The
content of sugar palm fiber was varied by 0, 5, 10, 15 and 20 % of volume fraction, which
was strongly related to the physical and mechanical properties. The maximum value of
mechanical properties of the composites was found to be at 10 %. The average results on
chemical composition of sugar palm tree fiber showed cellulose, hemicelluloses, and lignin
content of 47.8 %, 6.5 %, 22.3 %, respectively. As a result of neutron activation analysis,
several elements were identified, such as Cl, Mn, K, Br, La, Cr, Fe, Hg, Sc and Zn, in the
composite containing sugar palm fibers enforced by polyester resin. A possibility was studied
to use this material for protection from thermal neutrons.The counts of neutron beams
decreased as the content of sugar palm fibers increased. This fact implies that the composites
containing sugar palm fibers can be used as shield materials for neutron beams.

Keywords: sugar palm tree fiber, composites, mechanical properties, neutron radiation
shielding.

IlonyueHsl M MCCIEJOBAHLI  BOJOKHUCTBIE KOMIIOSHTLI Ha OCHOBE ITaJLMOBOTO [JepeBa
(Arenga pinnata), apMmupoBanHoro moausgupHo cMogoi. CocTaBLI caxXapHOro MnaabMOBOTO BO-
JIOKHA BapbupoBaau B mpegenax 0, 5, 10, 15 u 20 % or obwemuoit goau. Hamnyummne Mexaun-
YyecKMe CBOMCTBA KOMIIO3MTOB moaydeHsl mpu 10 % . OmpezeneH XMMUUYECKUH COCTAB KOMIIO3U-
TOB, cOAepsKaHune IeJII0I03bI, TeMUIeJUIION03LI W JUTHMHA cocTaBiaser 47,8 %, 6,5 %,
22,3 %, coorBeTcTBeHHO. METOMOM HENTPOHHO-aKTHUBAIIMOHHOIO AHAJIN3A OIPEeAeIeHO HajIume
B mamuoM kowmmosure ameventoB Cl, Mn, K, Br, La, Cr, Fe, Hg, S¢ u Zn. Baarogaps moBbimien-
HOMY COAEp:KaHuaA JUTrHuHa (YIVIepoja) HCCaeloBaHa BO3MOMKHOCTL WCIIOJIL30BAHUA TAaHHOTO
MaTepuajga AJs 3AIUTHI OT TEIUIOBLIX HeMTpPoHOB. II0KasaHo, UTO MHTEHCUBHOCTL HEMTPOHHLIX
IMyYKOB YMEHLIIIAETCS ¢ YBeJIUUEHNEM COAEPKAHNA BOJOKOH CaxapHOo majanbMbl. M3 aToro (axrta
cleIyeT, UTO KOMIIOBUTEI, COAeps;Kallie BOJOKHA CaXapHOi HaJbMbI, MOTYT OLITL MCIIOJIL30BAHLI
B KAUeCTBE BAIUTHLIX MAaTepPUaIoB I HeMTPOHHLIX ITYUYKOB.

BuroropieHH:a Ta XapaKTEepPUCTHKA BOJOKHHCTHX KOMIO3WTIB 3 IaJbMOBOIO AepeBa
(Arenga pinnata), apmoBanux moiiedipuor cmouaoro. Timbangen Sembiring, Evi Sitepu,
Martha Rianna, Aditia Warman Singarimbun, Perdinan Sinuhaji, Kerista Sebayang.

Orpumano i mocaimeHo BOJOKHMUCTI KOMIIOSHTH HA OCHOBI manmbmoBoro mgepesa (Arenga
pinnata), apmoBanoro mousiediproo cmoson. CKIagyM IyKPOBOTO MAJILMOBOTO BOJIOKHA Ba-
pioBanu y mexkax 0, 5, 10, 15 1 20 % Bix 06’emuoi wacrku. Halikpami mexaniumi BracTu-
BocTi KommosuTiBs orpumano npum 10% . Busmaueno ximiumwuii cKJIaJ KOMIIO3HUTIB, BMIicCT
LeJI0JI08U, reMinearonosu i JirHiny cramosurs 47,8 %, 6,5 %, 22,3 % signmosiguo. Mero-
IOM HEHTPOHHO-aKTUBAIIMHOrO aHAJMi3y BM3HAUEHO HAABHICTL y HJAHOMY KOMIO3HUTI eie-
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mentie Cl, Mn, K, Br, La, Cr, Fe, Hg, Sc i Zn. Hocximkeno MOMIUBICTL BUKOPUCTAHHS
JaHOTO MaTepiany /mjia 3axXucTy Big TemmoBuxX HelTpoHiB. Ilokasawmo, 1o iHTeHCHUBHICTH
HEeUTPOHHUX NYYKIiB 3MEHITYeThCA 31 301MBIIEHHAM BMiCTy IIYKPOBOI MAABMU. 3 ILOTO BUII-
JUBAE, O KOMIIO3UTH, IO MIiCTATH BOJOKHA IIYKPOBOI MaJbMM, MOKYTb OYTU BUKOPUCTaHI
B AKOCTi BaXMCHUX MaTepianiB AJsa HeHTPOHHUX IMYUKiB.

1. Introduction

Sugar palm (Arenga pinnata) fiber is a
natural fiber derived from Arenga pinnata
trees which were abundantly grown nor-
mally in tropical and humid country like
Southeast Asia [1]. This plant is a multipur-
pose palm species from which a variety of
foods and beverages, timber commodities,
biofibers, biopolymers and biocomposites
can be produced. Recently, it is being used
as a source of renewable energy in the form
of bio-ethanol via fermentation process of
the sugar palm sap. There is a great oppor-
tunity to develop this plant to produce alco-
hol fuel in countries like Indonesia and Ma-
laysia [2] because sugar palm trees are
available in abundance. The wastes from
sugar palm trees are feasible to be used as
fibers and fillers in polymeric composites
[3]. Although numerous products can be
produced from sugar palm, three products
that are most prominent are palm sugar,
fruits and fibers. It has been known that
they are highly durable, resistant to sea
water. They are available naturally in the
form of woven fiber and are easy to process.
To recognize the strength and weakness of
natural fiber composite, it is necessary to
comprehend the physical, mechanical and
thermal properties of the fibers. Several re-
searches have been studied on the chemical
and physical properties of sugar palm fiber
[4]. Chemically, the composition of sugar
palm fiber consists of cellulose, hemicellu-
lose, lignin, ash and other with composition
varies by height of the trees [5, 6]. The
cellulose, hemicellulose, lignin have the
high of carbon composition B, C, Li, He are
element content used for neutron absorption
[7]. These constituent of plant fiber contain
the stored chemical energy, which varies
from plant to plan [8]. Looking at the pro-
portion of the composition, the cellulose is
the main constituent of natural fiber, and it
provides mechanical strength [9]. The physi-
cal properties of sugar palm fiber and well-
established natural fibers such as jute,
ramie, sisal, coir and kenaf were compiled
by several authors [10-12]. In this paper
focuses mainly on the fabrication and char-
acterization of sugar palm tree composite as
an alternative for shielding material for ab-
sorbing neutron beam.
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2. Materials and methods

Sugar palm fibers were obtained from
Desa Sembahe, Kecamatan Sibolangit, Kabu-
paten Deli Serdang. The sugar palm trees
were chosen based on the average age catego-
rized as pre productive (about less than
4 years in age), productive (between 4—7 years
in age) and post productive (older than
7 years in age) sugar palm. Those palm trees
are cut in to three different parts: bottom
part, middle part and upper part.

Remaining parts of each sample were
used for the chemical content analysis. All
the samples were cut into pieces of
10x4x2 em3 size, and then dried directly
under sun light for about 2 weeks. After
drying, each type of sample was immersed
into 15 % NaOH solution for 24 h to ex-
tract the fibers from chemical components.
After that the fibers were separated and
again dried under sun light for two days.
The various compositions of sugar palm tree
fibers were of 0, 5, 10, 15, and 20 % . Each
sample was then compacted in molten state
by reinforcing with high impact polystyrene
(HIPS) having a density of 1.04 g/cm?3 as
the polymer matrix.

To determine the decrease in neutron ab-
sorption by irradiating the target (sample)
that was been arranged on the Pb plate with
a neutron beam for 18 h, then chopped
using a gamma spectrometer at the Neutron
Activation Analysis (NAA) Laboratory.

3. Results and discussion

3.1 Chemical composition

Chemical composition of sugar palm ob-
tained from different age of the palm tree
is summarized in the Table 1.

It can be seen from Table 1 that cellu-
lose, hemicelluloses, and lignin contents in-
creased with the increase of the age of
trees. It is similar to [13] with cellulose,
hemicelluloses, and lignin contents of
37.8 %, 4.71 %, 17.983 %. A good correla-
tion between chemical composition and me-
chanical properties of sugar palm fiber was
found where cellulose, lignin, and hemicellu-
loses show a significant contribution to the
increase in tensile strength, modulus, and
elongation at break of the fiber, respectively.
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Table 1. Chemical composition of sugar
palm trees

Composition Pre Productive Post
productive Palm  productive

palm palm

Cellulose (%) 44.33 48.12 51.06

Hemicellulose (%) 6.06 6.44 6.95

Lignin (%) 19.2 23.06 24.64

Moisture (%) 6.06 6.92 7.42

Extractive (%) 2.12 1.84 1.12

Ash (%) 22.23 13.74 8.81

Bulk Density 1.19 1.23 1.26
(g/cm®)

3.2 Physical properties

The bulk density of composite materials
was determined by measuring the weight
and dimension of the composite samples
based on the following relation:

W, (1)

D=—7——7"7"—,
L-W-H

where W,, L, W and H are weight, length,
width and height of sample composite, re-
spectively. All the samples were dried at the
temperature of 50°C for 24 h before meas-
uring the density. Average densities were
obtained using results from ten samples of
each group. The water absorption ability of
the palm fiber reinforced with high impact
polystyrene composites was performed based
on the ASTM D 570-98. For this purpose,
each sample was soaked in to four glass
beakers for 5 %, 10 %, 15 % and 20 % of
water at room temperature [1]. The weight
of the samples was measured before immer-
sion of the samples. After certain period of
time interval samples were taken out from
the beaker glass, wiped out using tissue pa-
pers and then weighed. The water uptake
(mass gained) was measured by subtraction
of initial weight from the final weight [12].
The percentage of water absorption was cal-
culated by the following relation:

(2)

W, - W,
W, = —L—" - 100%,

1

where W, and W; are the weight of samples
after and before soaking in to water.

3.3 Mechanical properties

Tensile and flexural properties of com-
posites were measured by a universal test-
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Table 2. Physical and mechanical proper-
ties of the composites for pre productive
sugar palm

Fiber | Tensile | Strain |Flexural|Vicker’s| Bulk
content strength | (MPa) | stress |hardness densitéf
(wt %) | (MPa) (MPa) (g/cm®)

26.17 5.12 51.22 | 12.67 1.04
5 16.04 3.98 | 46.88 | 12.01 | 0.924
10 20.22 4.66 | 48.92 | 11.66 | 0.909
15 22.40 4.22 | 45.42 | 10.18 | 0.894
20 19.38 4.05 | 42.01 9.82 0.887

Table 8. Physical and mechanical proper-
ties of the composites for productive sugar

palm

Fiber | Tensile | Strain |Flexural|Vicker’s| Bulk

content [strength | (MPa) | stress |hardness densitsy

wt %) | (MPa) (MPa) (g/cm®)
0 32.26 | 6.78 | 62.60 | 13.21 1.04
5 21.44 | 4.48 | 56.19 | 12.86 | 0.994
10 27.65 | 5.60 | 58.41 | 11.54 | 0.982
15 25.72 | 5.78 | 55.06 | 10.98 | 0.990
20 23.20 | 4.95 | 48.64 | 10.02 | 0.997

Table 4. Physical and mechanical proper-
ties of the composites for post productive
sugar palm

Fiber | Tensile | Strain |Flexural|Vicker’s| Bulk
content [strength | (MPa) | stress |hardness densitél
(wt %) | (MPa) (MPa) (g/cm®)

37.22 | 8.12 | 63.20 | 13.87 | 1.04
5 25.04 | 5.98 | 58.63 | 12.26 | 0.991
10 31.12 | 6.80 | 60.82 | 11.22 | 0.956
15 30.86 | 6.58 | 57.13 | 10.46 | 0.941
20 26.55 | 5.13 | 52.55 | 9.72 | 0.922

ing machine (Hounsfield UTM 10 KN,
ASTM D 3039/D 3039 M-00) at a cross head
speed of 2 mm/min, keeping a gauge length
of 50 mm [13]. The percentages of flexural
stress and strain were also measured by the
same machine, keeping a distance of 70 mm
between two supports on which the samples
were placed to employ load. All the samples
were tested under conditions of 50°C. On
the other hand, a software controlled
Vicker’s square based diamond indentor (Shi-
madzu) was used to measure the micro hard-
ness (H) from the residual impression on the
sample surface after an indention time of
8 sec to derive a load indention value of H in
MPa by the following relation:

P (3)

H=K'ﬁ,
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Fig. 1. The relationship between tensile

strength and various composition of sugar
palm fiber for pre productive, productive and
post productive sugar palm.

where d(m) is the length of indentation di-
agonal, P(N) is the applied load and K is a
geometrical factor equal to 1.891. Flat and
smooth surface samples were used to meas-
ure the value of H. Five times of imprints
were taken on each sample surface for each
load and the value of H was calculated from
the average measurements [14]. Density and
mechanical properties of the reinforced
sugar palm composite are summarized in
the Table 2—4.

It was noticed that cellulose, hemicellu-
loses, and lignin contents increased with the
increase of the age of trees. A good correla-
tion between chemical composition and me-
chanical properties of sugar palm fiber was
found where cellulose, lignin, and hemicel-
luloses showed a significant contribution to
the increase in tensile strength, modulus,
and elongation at break of the fiber, respec-
tively (Fig. 1-3).

The figures show that the highest value
of tensile strength, strain, flectural stress
was found for each composites of 10 % of
fiber tree. The tensile strengths were
20.22 MPa, 27.65 MPa and 31.12 MPa for
the pre productive, productive and post pro-
ductive sugar palm trees, respectively. The
value of strain for the sample containing
10 % fiber tree were 5.12 MPa, 6.78 MPa
and 8.12 MPa for the pre productive, pro-
ductive and post productive sugar palm
trees, respectively. Furthermore, the value
of flexural stress were measured to be
51.22 MPa, 62.60 MPa and 63.20 MPa for
the pre productive, productive and post pro-
ductive sugar palm trees, respectively
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Fig. 2. The relationship between strain and
various composition of sugar palm fiber for
pre productive, productive and post produc-
tive sugar palm.
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Fig. 3. The relationship between flexural
stress and various composition of sugar palm
fiber for pre-productive, productive and post
productive sugar palm.

(Fig. 4). Natural fiber and their composites
are renewable and environmental friendly.
However, a drawback is that, due to high
moisture absorption properties, there are
formations of void in the composites which
can reduce the mechanical properties of
composite such as flexural strength.

3.4 Neutron activation analysis

Before neutron experiment was carried
out, firstly, constant rate of the flux neu-
tron had to be tested to obtain the accuracy
of flux neutron by using y-ray standard
from the sources of Co0-56 and Co-60.
Based from Neutron Activation Analysis
(NAA) analyzed from the sugar palm fiber

Functional materials, 26, 1, 2019
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Fig. 4. The relationship between the Vicker’s
hardness and various composition of sugar
palm fiber for pre productive, productive and
post productive sugar palms.

Tabel 5. Element content of sugar palm

tree fiber

# Energy | Element T1/2 (o
Chanel | (keV) (barn)
6105.03(1642.04| CI-38 | 37.25 min. | 0.423
6746.79(1809.73| Mn-56 | 2.58 h 13.2
5678.69|1524.06| K—42 | 12.36 h 1.45
2065.19| 554.27 | Br-82 35.3 h 2.58
1224.05| 328.52 | La—140 | 40.27 h 9.34
1036.58| 319.96 | Cr-51 27.7 h 15.2
4811.34(1291.30| Fe-59 | 44.5 h 1.31
1088.72| 278.78 | Hg—203 | 46.61 h 4.35
3313.16| 889.21 | Sc46 | 83.81 hours| 26.3
4155.87|1115.38| Zn—-65 | 243.9 hours| 0.726

was irradiated in the Neutron Radiography
is given in the following Table 5.

Qualitatively, based on the neutron activa-
tion analysis at Table 5, several elements were
identified such as Cl, Mn, K, Br, La, Cr, Fe, Hg,
Sc and Zn on the composite containing sugar
palm fibers enforced by polyester resin.

3.5 Neutron absorption by sugar palm
fiber composite

In order to obtain the absorption by
sugar palm fiber composite, all samples
were placed in the SN-3 to be irradiated.
The average of neutron beam counts as a
function of sample thickness was depicted
in the following Table 6, Table 7, Fig. 5
and Fig. 6.

The counts of neutron beams decreased
as the content of sugar palm fibers in-
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Fig. 5. The relationship between average
counts as a function of thickness for samples
containing 0, 2, 3 and 4 gr of sugar palm
fibers, respectively.

Table 6. The average counts/min for vari-
ous weight of fibers

# of | Sampel W (g)
blok | tickness 0 9 3 4
(mm)

0 0 10550 | 10291 | 10215 | 10352
1 2.5 10352 | 10192 | 10109 | 10059
2 5.0 7238 | 4828 | 3989 | 3525
3 7.5 5243 | 2049 | 1884 | 1681
4 10.0 4376 925 775 691

Tabel 7. Average counts for various length

of fibers
No. Sampel Counts/min
of thickness
L= L= L=
block (mm) 0.5cm [1.0cm | 1.5 cm
Background 4 2 3
0 0 10501 | 10453 | 10288
1 2.5 4346 2791 3998
2 5.0 1665 745 1400
3 7.5 682 235 536
4 10.0 283 66 203

creased. This fact implies that the compos-
ites containing sugar palm fibers can be
used as shield materials for neutron beams.
However, there was no effect on various
length of fiber in decreasing beam counts.
Based from Fig. 5 and Fig. 6 resulted that
addition of weight with  decreased
counts/min. It indicated that sugar palm tree
fiber has abilty for neutron shielding [14].
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Fig. 6. The relationship between average counts
as a function of thickness for samples contain-
ing 0.5, 1.0, 2.0 cm in length, respectively.

4. Conclusions

The mechanical characteristics of a fi-
brous composite material based on sugar
palm fiber (Arenga pinnata) reinforced with
polyester resin have been studied and deter-
mined. The chemical composition of sugar
palm was determined, with content of cellu-
lose, hemicellulose and lignin being 47.8 %,
6.5 %, 22.3 %, respectively.

By neutron activation analysis, it was
found that the sugar palm fiber obtained
from the postproductive palm tree contains
a number of chemical elements, such as ClI,
Mn, K, Br, La, Cr, Fe, Hg, Sc and Zn.
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Due to high content of lignin (carbon),
this material can be used for protection
against thermal neutrons.
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