CELLULOSE CHEMISTRY AND TECHNOLOGY

CHARACTERIZATION OF UNBLEACHED PULP FROM EMPTY FRUIT
BUNCHES OF OIL PALM AS A RAW MATERIAL FOR BROWN PAPER

TRISNO AFANDI, ELVRI MELLIATY SITINJAK, RYCCE SYLVIANA PRATIKHA and FERNANDO
NAINGGOLAN

Department of Chemical Engineering, Politeknik Teknologi Kimia Industri, Medan-20228, Indonesia
= Corresponding author: F. Nainggolan, fernando.nainggolan@ptki.ac.id

Received December 21, 2023

Improper disposal of palm biomass wastes resulting from industrial palm oil production may contribute to the
environmental issues in Indonesia. However, given their abundance and availability, empty fruit bunches (EFB) can be
potentially considered as a raw material for unbleached pulp. In this study, unbleached pulp was produced from oil
palm EFB by a pulping process with alkaline pretreatment. FT-IR analysis confirmed the presence of cellulose in the
pulp, with absorption peaks at 3332 cm™ corresponding to the O-H stretching and at 1029 cm™ assigned to the
stretching of the C-O-C bond, respectively. SEM images revealed the aspect of individual fibers, with a rigid
appearance, in the pulp obtained from EFB biomass. The major crystalline peak was observed at 20 of 22.41°,
indicating the presence of cellulose. Brown paper was made from the unbleached pulp (A4 size, with a grammage of
134 g/m? and a thickness of 219.3 pm) and proved to have excellent mechanical strength. Therefore, unbleached pulp

from oil palm EFB can be recommended to be used in the manufacture of brown paper.
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INTRODUCTION

As edible oil is produced from oil palm, oil
palm (Elaeis guineensis) has become one of the
most commercially important plants in the
world.!* Many everyday things are made from oil
palm.** Indonesia is well known as the world’s
top producer of crude palm oil and palm kernel
0ils.*” As a result, a significant quantity of
agricultural waste is produced by the oil palm
plantation sector.® The biomass obtained from the
palm oil mill consists of palm oil mill effluent
(POME) (60%), empty fruit bunches (EFB) (23%),
mesocarp fiber (MF) (12%), and palm kernel shell
(PKS) (5%).%1°

EFB represents a fairly large amount of solid
waste, but its utilization is still limited. The
decomposition of EFB takes around 3 weeks.
Continuous palm oil production means EFB
biomass waste continues to pile up and becomes a
problem in palm oil processing factories. Issues,
such as greenhouse gas emissions, rising
temperatures, anomalous weather patterns, and
inefficiencies in the energy sector, have been
exacerbated by the landfills of palm oil biomass
residues.'” With great potential for producing

biofuels,!">'? as well as other essential materials,

like cellulose, for adsorbents,'>'*!3 bio-charcoal,'®
bio-aerogel,!” bioethanol,'® as well as succinate,
the use of palm biomass may offer a viable way
for solving environmental issues.

EFB are composed of 54-60% holocellulose
and 22-27% lignin.?*?! The high cellulose content
in EFB, as well as its abundance and easy
availability, can be an opportunity for utilizing
EFB biomass for making EFB pulp, which can
serve as a raw material for paper manufacturing.?
Erwinsyah et al. have used EFB pulp in making
industrial paper, such as liner, medium and duplex
cardboard.”® Dina et al. have also used EFB
biomass as raw material in making EFB pulp in
preparing biodegradable paper bags.?* EFB fibers
appear to have favorable thermal and physical
properties, they are inexpensive, biodegradable
and sustainable.?

In this research, EFB biomass was subjected to
alkaline pretreatment overnight. Then, a semi-
mechanical process was applied using a digester
reactor to produce unbleached pulp. The obtained
pulp was then used to prepare brown paper, and
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its propertiecs were evaluated. The findings
allowed concluding that EFB biomass residues
can be processed for obtaining unbleached pulp
by this affordable method, and the pulp obtained
can serve as an alternative raw material for
manufacturing brown paper.

EXPERIMENTAL
Pulping process

EFB were chopped into small pieces. An amount of
30 g of the chopped EFB was added into a solution of
300 mL of 5M NaOH and soaked for 24 hours. After
filtration, 30 g of the soaked EFB with 300 mL of 5
wt% NaOH solution was treated using a digester
reactor, with a maximum speed of 70 rpm and a
pressure of 7 bar. Then, the same procedure was
carried out, varying the concentration of the NaOH
solution (10 wt% and 15 wt%) and the treatment
temperature (100 °C and 160 °C).

Brown paper was prepared from the unbleached
pulp that was considered optimum (A4 size, with a
grammage of 134 g/m? and a thickness of 219.3 pm)
and was then subjected to standard tests in order to

Empty Fruit
Bunch (EFB)

Chopped Empty
Fruit Bunch

(EFB)

Characterization

Table 1

determine its mechanical and other

characteristics.

properties

RESULTS AND DISCUSSION
Pulping process of EFB

The pulping process uses a semi-mechanical
process using a digester reactor and alkaline
treatment using NaOH, with  varying
concentrations of 5 wt%, 10 wt% and 15 wt%.
The procedure followed for obtaining unbleached
pulp and the other process steps are shown in
Figure 1, while the reaction conditions are listed
in Table 1.

The lignin and hemicelluloses in EFB were
partially removed by the NaOH treatment at high
pressure and temperature. Under the treatment
conditions, lignin creates a lignin-alkali
complex.”® Additionally, NaOH is also able to
break hydrogen bonds, especially the bonds
between cellulose molecules. This causes
cellulose to loosen both its bonds with the non-
cellulosic components and the cellulose itself.?’

ta
R

Filtration
Pulping

'l

Unbleached Pulp
Figure 1: Process steps of preparing unbleached pulp from oil palm EFB

Processing conditions and yield of unbleached pulp from oil palm empty fruit bunches

Conditions .
No S;::Eée NaOH solution Temperature Mass(o§ pulp Y((I;l)d
(Wi%) (°C) s ’
1 Pulp 1 5 100 13.69 45.63
2 Pulp 2 5 160 10.01 33.37
3 Pulp 3 10 100 12.05 40.17
4 Pulp 4 10 160 9.51 31.70
5 Pulp 5 15 100 11.29 37.63
6 Pulp 6 15 160 6.71 22.37
As a result, lignin and hemicelluloses swelled.?® The pulp yield ranged from 22.37% to

dissolved in the NaOH solution, which turned
black, while cellulose did not dissolve, but rather
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45.63%. Higher yields were obtained at lower
pulping temperatures. The cellulosic pulp



obtained was still brown, because it still contained
pigments and lignin residues.

FT-IR spectra analysis

The pulps obtained under various pulping
conditions were then subjected to FT-IR analysis.
The FT-IR spectra shown Figure 2 reveals several
characteristic peaks. As can be observed, the peak
at 3332 cm™! can be assigned to the stretching of
O-H bonds, the peak at 2914 cm™ corresponds to
the stretching of -CH- alkane group, the peak at
1029 cm™! belongs to the stretching of the C-O-C
bond on the pyranose ring,”>° and the peak at
1416 cm™ indicates the vibrations from bending
of O-H groups in polysaccharides.’! Based on the
peak characteristics observed, it can be concluded
that the pulping process yielded a product
consisting mostly of cellulose.

XRD analysis

The recorded XRD patterns of unbleached
pulps showed peaks at 20 = 15.70°, 22.41°, and
35.05°, which are peak characteristics of cellulose,
corresponding to the lattice planes (101), (002),
and (040). The major crystalline peak was
observed at 22.41°.

As may be noted in Figure 3, the XRD patterns
of pulp 1, pulp 2, pulp 3, and pulp 4 show better
crystallinity than pulp 5 and pulp 6. In addition,
pulp 5 and pulp 6, which were subjected to the
highest concentration of NaOH in this study — 15
wt% NaOH, do not show strong peaks at 15° and
35°, as do other pulps. On other hand, the

Unbleached Pulp from EFB of Oil Palm
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Figure 2: IR spectra of unbleached pulps from oil
palm EFB

Intensity

Biomass

strongest peaks were measured for pulp 3. Based
on these results, we can conclude that high
alkaline concentrations significantly affected the
crystallinity of these pulps,3>** while pulp 3 can
be considered as the optimum.

SEM

Figure 4 shows SEM micrographs of the
products obtained after each pulping process.
According to the micrographs in Figure 4, each
pulp appeared as separate fibers.>%** Also, it was
observed that the surface morphology of the fibers
revealed the rigid appearance of individual fibers,
with particles of smaller dimension.

Mechanical testing of brown paper

To make brown paper, we chose samples from
pulp 3, which was considered as optimal. Then,
mechanical properties of the paper were tested.
Unbleached pulp was molded and pressed using a
hydraulic press, then dried at room temperature.
The manufacturing process of brown paper from
unbleached pulp is shown in Figure 5. The
mechanical properties of paper comprised:
grammage, thickness, Bendtsen porosity, tensile
strength, dry tensile energy absorption, wet tensile
strength, wet tensile index, wet tensile energy
absorption, tearing resistance, tearing index,
bursting strength, water absorbency Cobb60,
moisture content, and ash content. Each of these
properties was assessed according to the
corresponding standard procedure shown in Table
2.

Unbleached Pulp from EFB of Oil Palm

Pulp 1
Pulp 2
—Pulp 3
——Pulp 4

Pulp 5
w —— Pulp 6

35.0:

20 (degrees)

Figure 3: XRD patterns of unbleached pulps from oil

palm EFB
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Figure 4: SEM images of unbleached pulps from oil palm EFB: (a) pulp 1, (b) pulp 2, (c) pulp 3,
(d) pulp 4, (e) pulp 5, and (f) pulp 6

The paper sheet (A4 size) prepared from
unbleached EFB pulp showed a grammage of 134
gsm and a thickness of 219.3 pum. According to
Taipale ef al. (2010) and Ismail et al. (2020), the
tensile strength is related to fiber strength,
bonding strength, and bonding degree of the fiber
network.’* The tensile strength found in this
study had a value of 5.78 kN/m. The higher value
of tensile strength might be caused by the beating
treatment. This treatment caused external
fibrillation to happen. This improves fiber
bonding, and as a result, the tensile strength of the
paper is enhanced. Tear resistance is related to
felting power, which has a comparable value.
Long fibers, which have a high tear resistance, are
conducive to the formation of fiber contact on a
wider surface area. Long fibers also improve the

Beating process

Handsheet making process

tear resistance of paper through good internal
fiber bonding.*’

A comparison of the mechanical properties of
oil palm EFB pulp with those from other sources,
such as pineapple leaf,*® Agave americana L.
fibers,* palmyra palm fruit fibers,** and sweet
sorghum bagasse®’ is displayed in Table 3. As
may be seen, some characteristics, such as the
tensile index, tearing index, bursting index,
grammage and Bendtsen porosity, have
outstanding values, making oil palm EFB a
promising and affordable raw material for paper
production. The remarkable results obtained for
brown paper made from unbleached EFB pulp in
this study thus reveal a potential route of
valorizing this agricultural residue, turning it into
a promising alternative paper material.

Brown Paper

Figure 5: Process steps of making brown paper from unbleached pulp in a conventional manufacturing process
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Table 2
Mechanical properties of brown paper from unbleached pulp
No Mechanical tests Standards Pulp 3
1  Grammage (g/m?) TAPPI T 410 om-88 134
2 Thickness (pm) TAPPIT 411 om-15 219.3
3 Bendtsen porosity (mL/min) ISO 5636/8791/2 1217
4 Tensile strength (kN/m) TAPPI T 494 5.78
5  Tensile index (Nm/g) TAPPI T 494 43.07
6  Dry tensile energy absorption (J/m?) TAPPI T 494 71.18
7  Wet tensile strength (kN/m) TAPPI T 456 om-15 0.53
8  Wet tensile index (Nm/g) ISO 3781 3.91
9  Wet tensile energy absorption (J/m?) TAPPI T 494 9.39
10  Tearing resistance (kN/m) TAPPIT 414 om-12 791
11 Tearing index (mN m%g) TAPPI T 414 om-88 5.89
12 Bursting strength (kPa) TAPPI T 403 om-22 296
13 Bursting index (kPa m?%/g) TAPPI T 403 om-91 2.20
14  Water absorbency Cobb60 (g/m?) TAPPI T 432 24
15 Moisture content (%) TAPPIT 412 7.29
16  Ash content (%) TAPPIT 211 om-02 8.87
Table 3
Comparison of mechanical properties of pulp from different sources
Pulp Tensile Tearing Bursting Bendtsen
. . . . Grammage .
Sample yield index index index /m? porosity
(%) (Nm/g) (mNm%g) (kPam%g) (g/m?) (mL/min)
Pineapple leaf*® 79.26 2.03 7.92 1.28 n.a. n.a.
Agave americana L. fibers®  51.45+3 n.a. 5.93+0.55 3.48+0.7 n.a. n.a.
Palmyra fruit* 40.70 13.80 1.12 n.a n.a. n.a.
Sweet sorghum bagasse®’ 55 5.31 2.62 0.22 82.72 n.a.
Oil palm EFB (this study) 42.93 43.07 5.89 2.20 134 1217

*n.a. — not available

CONCLUSION

Empty fruit bunches (EFB) are one of the
largest contributors of biomass by-products
generated by oil palm plantations, and have been
considered in this study as an alternative raw
material in the production of brown paper. The
semi-mechanical pulping process was conducted
using a digester reactor and alkali treatment at
NaOH concentrations of 5 wt%, 10 wt% and 15
wt%, and temperatures of 100 °C and 160 °C for
2 hours. The optimum conditions of the pulping
process were determined as 10 wt% NaOH
concentration and a constant temperature of
100 °C. The pulp obtained demonstrated
noteworthy mechanical characteristics, when used
as a raw material for the manufacture of brown

paper.
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