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Abstract—The influence of chemical treatment on the
properties of lignocellulosic fibers has been reported in many
studies. This work analyzes the effect of acid treatment on the
water and moisture absorbency of coconut coir. Multiple acidic
treatment conditions have been considered for coconut coir via
Design of Experimental (DOE) software to optimize its
treatment and ensure maximum water and moisture
absorbency. The compositional and structural changes of the
treated samples were determined using X-ray diffraction
(XRD), scanning electron microscope (SEM), X-Ray
photoelectron spectroscopy (XPS), Fourier transform infrared
(FT-IR), and Thermogravimetric analysis (TGA). The
optimized acidic condition led to a treated coconut coir with
only an 8% increment of water absorption, and a ~13%
decrease of moisture absorption. Based on the results, acidic
treatment is unsuitable for increasing coconut coir’s water and
moisture absorbency.

Index Terms—Acid treatment, water absorbency, coconut
coir.

I. INTRODUCTION

Recent research on utilizing waste materials has opened
many investigative paths. The investigation of raw and
chemically/physically treated waste materials could
efficiently determine the best application for many waste
materials. It could also optimize both costs and technical
performances towards utilizing waste materials for multiple
applications [1]. Taking into account the cost and
environmental impact of most desiccant materials,
researchers focus on employing agricultural wastes as
desiccant materials [2]-[5]. There are plenty of local
agricultural wastes [6] that can be recycled for increased
economic benefits [7]. Many agricultural wastes containing
lingocellulosic exhibited increased absorption properties post
physical/chemical treatments. The most common chemical
treatment methods include acid and alkali treatments [8],
which improves the absorption properties of the samples via
increased hydrogen bonding, porosities, and lignin removal
(i.e., introducing hydrophobicity) [9]. Coconut coir (CC),
which consists of lignin, cellulose, and hemi-cellulose
natural polymers [10], obtained from the coconut husk
(which is cheap and regarded as an agricultural waste
material) was selected for further investigation. In this study,
a DOE software has been employed to determine acid
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treatment conditional factors and evaluate treated samples’
water and moisture absorption.

Il. EXPERIMENTAL PROCEDURE

A. Acid Treated Coconut Coir

Coconut coir was purchased from a local market and used
as-received after being cut into small pieces (1 cm). Sulfuric
acid (analytical reagent) and silica gel were procured from
Ajax Finechem Pty Ltd. As per literature for acid treatment,
the concentration of the solution ranged between 0.4-8 M, for
30-180 min at 25-80 <C, which were all keyed into the
Design of Experimental software (DOE) version 7 (Stat-Ease
Corporation, USA), response surface mode, and central
composite design software. The results of the DOE and
samples for comparison purposes (results from DOE to
proceed to the next steps) are presented in Table I.

I1l.  WATER AND MOISTURE ABSORPTION ANALYSIS

The water absorption property of the samples was
examined using ASTM D 570-98 to evaluate its performance.
The result is the average of a minimum of 3 samples for each
treatment condition (Table 1). The samples’ moisture
absorption was then determined. A saturated salt-water
system was prepared as per the standard practice outlined in
ASTM E104-02. The moisture source used NaCl solution to
maintain a constant humidity at different times at a fixed
temperature of 28 =2 T (Humidity= 75% -50%) [11]. The
result is the average of a minimum of 3 samples for each
treatment condition(s) (Table I). Many samples completely
lost its fibers’ shape and strength post acidic treatment,
rendering them unsuitable for water and moisture absorbency
tests. The results confirmed that there is an ~8% increment of
water absorption in the case of the best acid treated samples
(Sample 6) relative to the raw CC, where the moisture
absorption decreased by ~13%.

IV. CHARACTERIZATION

Thermogravimetric analysis (TGA, Perkin Elmer TG7)
was used (temperature range of 30-800 <T under air flow) to
determine the thermal stability of the prepared samples. The
weight loss of the acid treated CC being less than that of the
raw specimen was evident. Reference [12] pointed out that
the increased thermal stability is due to the partial removal of
lignin, hemicelluloses, and a-cellulose from the fiber caused
by acid treatment. The TGA plots of the treated samples were
compared at similar temperatures and times but different
H,SO, concentrations (Fig. 1). The results showed that
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increased molarity, from 0.4 to 1 M, increased the samples’ 4 M caused the samples’ thermal stability to slightly
thermal stability, while increasing the concentration from1to  decrease.

TABLE I: THE DIFFERENT H,SO, TREATMENT CONDITIONS UTILIZED FOR COCONUT COIR(CC) USING DOE SOFTWARE

Sample Concentration ~ Temperature ~ Time Water Moisture
(M) (°C) (Min)  Absorption%  Absorption%
1 0.4 80 180 ; ]
2 0.4 25 30 116 6.3
8 0.4 2 180 143 6.2
4 0.4 80 30 165 5.6
5 0.4 30 40 136 6.9
6 1 30 40 155 7.3
7 2.2 30 40 130 6.6
8 22 52 105 - ]
9 22 52 231 - ]
10 22 99 105 - ]
11 4 25 30 129 6.5
2 4 25 180 ) )
13 4 30 40 132 6.5
14 4 80 30 ] )
15 4 80 180 . ]
16 5 52 105 - ]
Raw
cc - - - 144 8.4
Silica
gel - - - 30 23

*unavailable result for water and moisture absorption is due to the sample’s deformation.
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Fig. 2. FTIR spectra of raw CC and some treated samples.
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Fig. 1. TGA results for raw and treated samples.

The FT-IR spectroscopic analysis (Perkin Elmer, Frontier)
was used to identify the functional groups present in the raw
coconut coir and the treated samples (Fig. 2).

The XRD plots of the prepared samples are shown in Fig. 3.
The samples reported similar patterns. Coconut coir contains
cellulose, hemicellulose, lignin, and crystalline cellulose.
Peaks at ~16°, 220, and 35¢ are attributed to cellulose [13],
[14], which are crystalline due to hydrogen bonding and Van 10 2 0 40 o oo 70 %0 50
der Waals interactions [15], [16]. Variance in acidic 2 Theta (degree)
treatment did not influence the crystallinity of cellulose. Fig. 3. The XRD patterns for raw and selected acid treated coconut coirs.
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Morphological studies of raw and treated coconut coir
were conducted by SEM, using a Philips XL30 (Fig. 4.)
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Fig. 4. SEM images of (a) Raw CC, (b) sample CC 0.4M- 30-40, (c) CC 1M-
30-40, (d) CC 2.2M- 30-40 and (e) CC 4M- 30-40, respectively.

Chy
£
=
£ |
& .
£ (<)
=
(b)) -
()
280 282 284 286 288 290
Binding Encrgy (eV)
O,
£
=
£
=
=
=

Binding Energy (eV)

Fig. 5. XPS high-resolution C1s and O1s spectra of (a) CC Raw, (b) CC
H2S04 0.4M- 30-40, (c) CC H2S04 1M- 30-40, (d) CC H2S04 2.2M- 30-40,
(e) CC H2S04 4M- 30-40, respectively.

Scanning electron microscopy (SEM) images of the fibers’
surfaces exhibited a layer of extractives being removed post
acidic treatment. The acid-treated samples showed porous
structural features relative to that of raw CC, with some of the
pores ruptured and others breaking apart.

X-ray photoelectron spectroscopy was used to investigate
changes to the chemical structure of the outermost 3—10 nm
of the treated surfaces (Fig. 5.). The results showed that C
and O are the predominant species in all of the tested samples.
The presence of N and Si on the surface of some of the
samples was also detected from their characteristic emission
peaks. The N1s line, with a binding energy value of ~400 eV,
corresponds to the —-NH2 group in amino acids/proteins
found in small amounts on the surface of some lignocellulose
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materials, while Si is an impurity. The standard binding
energy of Cls is ~285 eV, while the binding energies of
Cl(C-C, C=C, C-H), C2 (-0, C-0-C), C3(C=0, 0-C-0) and
C4(0-C=0, C(=0) OH) are located at 285 eV, 286.7 eV,
288.3 eV, and 289.5 eV, respectively. Based on many
reported results pertaining to the lingocellulosic materials
[17], the amount of C1 in XPS represents the quantity of
non-carbohydrate bindings in the materials, only present in
lignin. On the other hand, C2, C3, and C4 are mainly present
in carbohydrates. The result shows the shift from higher
binding energies to lower binding energies (eV) in C1s with
increasing concentrations of H,SO,, which means that the
decreased carbohydrate in the treated samples could be
attributed to increased removal or degradation of
carbohydrate compared to the lignin in treated CC. It could
also be used to explain the decreased water and moisture
absorption due to increased concentration of H,SO,.

Typically, the standard electron binding energy of O1s is
~532 eV, exhibiting two valence states such as O1 (C=0) at
~531.4-532.3 eV and 02 (C-O) at ~533.0-534.0 eV.
According to literature, O1 with low binding energy comes
from lignin, while O2 with the high binding energy comes
mainly from carbohydrates in lingocellulosic materials
[18]-[20].

V. CONCLUSIONS

Although acid treatment of coconut coir changes its
morphology and the composition of the fibers based on the
treatment conditions, there are no significant improvements
to its water and moisture absorbency properties. The results
showed that acidic treatment cannot be regarded as a suitable
treatment for water and moisture absorbency. The samples
seem to show reduced carbohydrate at levels higher than that
of lignin in coconut coir fibers and decreased active hydroxyl
groups on their surfaces.
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