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Abstract—A study was conducted to determine the appropriate surface treatment for rice husks (RH) in polymer
composite film to improve the physical properties relative to those of untreated RH/linear low-density polyethylene
(LLDPE) film. Pulverized RH was treated with NaOH (RH-m) and acetic acid (RH-ac) to prepare composite films
with LLDPE resin. The treated RH showed typical mercerization and acetylation, as confirmed by spectroscopic and
thermal analysis methods. The RH-m sample was mercerized, allowing decomposition of hemicellulose and partially
amorphous cellulose. The RH-ac sample was processed via acetylation inducing partial lignin decomposition. Field-
emission scanning electron microscopy showed smaller gaps at the RH/LLDPE interface for RH-m and RH-ac com-
pared to that with untreated RH, implying increased composite compatibility. RH-m in particular showed superior ten-
sile strength (15.85 N/mm?), elongation (884%), Young’s modulus (60.01 N/mm?), and tear strength (7.71 N/mm?)

compared to untreated RH and RH-ac.
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INTRODUCTION

Polyethylene (PE) is used in many applications, including pack-
aging comprising flexible films produced by the blown film pro-
cess. Significant differences in physical properties are observed in
low-density PE (LDPE), linear low-density PE (LLDPE), and high-
density PE (HDPE) blown films. HDPE is the most crystalline PE,
with linear chains containing very little branching. It shows a high
modulus, intermediate tensile properties, and poor tear resistance.
LDPE, containing long-chain branches on the order of 1-3 per
1000 carbon atoms, as well as 10-30 short-chain branches per
1000 carbon atoms, shows a low tensile strength and modulus and
intermediate tear resistance. LLDPE has a wide range of short-
chain branching and generally good tensile and tear resistance.
The type and amount of short-chain branching significantly affect
the physical properties [1].

LLDPE is an important commercial polymer widely used for
different applications in modern technology. It has a higher ten-
sile strength and tear resistance than LDPE and is very flexible
with good elongation under stress; LLDPE can make thinner films
with better resistance to environmental stress cracking [2].

LLDPE films are extensively used for the packaging industry,
foodstuffs, goods packaging, agriculture, and merchandizing [3,4].
Food packaging is the fastest-growing sector in the packaging mar-
ket [5,6], and packaging industry consumes more than 40% of the
plastics with half of it for food packaging [7,8]. However, the use
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of petroleum-based polymers generates a significant amount of
greenhouse gases and depletes natural resources, while contami-
nating the planet with toxic byproducts during polymer decompo-
sition. Moreover, the cost of petroleum-based polymers is relatively
higher than that of other agricultural byproduct materials.

To improve the mechanical strength and reduce the use of fos-
sil fuel-based plastics, many producers use polymer composites with
various filler materials. Rice husk (RH) is an agricultural byprod-
uct produced during the milling process; 70 million of tons of RH
are generated in china annually [9], with 150 million tons produced
globally in 2012 [10]. However, many researchers [11-14] have con-
sidered utilizing RH-based biomass as a composite material for
petroleum-based plastics, which could eventually reduce the pro-
duction of petroleum-based plastic materials. Compared to inor-
ganic fillers such as carbon black, calcium carbonate, talc, and zinc
oxide, RHs are lighter, more economical, and provide higher strength
per weight [15].

In general, RH consists of silica (20 wt%) as a silicon-cellulose
membrane [16], cellulose (35-45 wt%), hemicellulose (19-25 wt%),
lignin (20 wt%), and wax (14-17 wt%) [10,12,17,18]. Recent studies
of polymer- and biomass-based natural composites showed prom-
ising results for many different applications such as bio-degradable
polymers [19-21], reinforcing fillers [22-24], building materials
[25], and merchandise packaging [4-8]. The mercerization of the
RH in these composites induces increased hydrophilicity, predom-
inantly from the large increase in bands associated with hydroxyl
groups, and increased crystallinity from the reduction of amor-
phous structures. The mercerization of RH using alkali treatment
with sodium hydroxide (NaOH) has been used to improve the
RH-matrix interfacial bonding. NaOH removes natural fats and
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waxes from the cellulose fiber surfaces, revealing chemically reac-
tive functional groups such as hydroxyls. The acetylation of RH is
also used to modify the surface of RH, inducing greater hydro-
phobicity. “Acetylation” describes the introduction of an acetyl func-
tional group to an organic compound. The acetylation of RH coats
the RH surface hydroxyl groups, which are responsible for hydro-
philicity;, with hydrophobic molecules [12,26-32].

We investigated the characteristics of modified rice husk-poly-
mer composite film for merchandise packaging with improved
physical properties. We prepared LLDPE composite films with
RHs surface-treated with either aqueous NaOH solution or acetic
acid. These treated RH/LLDPE composite films were evaluated
with physical and chemical analysis to determine their applicabil-
ity as food packaging films with mechanical properties approach-
ing those of LLDPE films.

EXPERIMENTAL

1. Materials

The RHs were obtained from PyeongTaek, SongTan, and milled
with an air dassifying mill (ACM, AU, Inc.) to particle form. Parti-
cle analysis with a particle size distribution meter showed RH par-
ticles of 0.32-79.62 um with a mean size of 6.3 um (hereafter, RH
refers to untreated rice husks). For RH surface treatment, NaOH
(Samchun Chemical, 98% purity) and acetic acid (AA, Sigma-
Aldrich, ACS reagent, >99.7% purity) were used as reagents. Deion-
ized water (DI water, Dream Plus II, JEIO-TECH) was used as a
solvent. Finally, LLDPE (melt index value ASTM D1238 1.2g/10
min, Lotte Chemical, UL 912A grade) resin was used to produce
the composites. To facilitate compounding between LLDPE and RH
with and without surface treatments, Zn-stearate (Sinwon Chemi-
cals) and polyethylene wax (PE-wax, Korea Petrochemical) were
employed.

2. RH Surface Treatment Using NaOH or Acetic Acid

NaOH-treated RH (RH-m) was prepared via the following treat-
ment procedure. 6 g NaOH was dissolved in 200 mL DI water and
stirred for 30 min. Then, 20 g RH was added to the NaOH aque-
ous solution and stirred for 30 min at room temperature to mer-
cerize. Next, the RH in aqueous NaOH was centrifuged for 5 min
at 6,000 rpm and washed with DI water; the washing procedure
was repeated three times to reach neutral pH. After the merceriz-
ing treatment in NaOH aqueous solution, RH-m was prepared by
drying the washed RH in a dry oven at 80 °C for 24 h. The prepa-
ration of RH-m was performed three time, and their characteris-
tics were not different.

The preparation of AA-treated RH (RH-ac) was similar to that
of RH-m. 6 g AA was dissolved in 200 mL DI water and stirred for
30 min. Then, 20 g RH was added and stirred for 30 min at room
temperature to acetylate in aqueous AA. RH was filtered from the
AA solution using filter paper and a Buchner funnel, and then
washed with running DI water for 15 min. After surface acetyla-
tion treatment in the AA solution, RH-ac was prepared by drying
the washed RH in a dry oven at 80 °C for 24 h. The preparation of
RH-ac was performed three time, and their characteristics were
not different.

RH-m and RH-ac were pulverized using a ball mill and sieved

with 74 mesh before further analysi.
3. Film Formation via Extrusion and Blowing

RH, RH-m, and RH-ac were each employed as 10% by weight
of the total film composition; the balance was LLDPE. Specifically,
14 g each of RH, RH-m, and RH-ac was used with 126 g of LLDPE
for each film type. An activator and resin stabilizer of 4 g of PE-
wax and 1 g of Zn-stearate, respectively, were added.

The RH, RH-m, or RH-ac, LLDPE, and additives were added
to a high-speed mixer (SHR-10A high-speed mixer, Nanjing Xiu
Lin Machinery Manufacturer Co., Ltd.). Mixing was performed
until the internal temperature reached 80 °C, followed by extrusion
with a small twin extruder (XL20 Twin-screw Extruder Machine,
Nanjing Xiu Lin Machinery Manufacturer Co. Ltd.) with the length-
to-diameter ratio of 32: 1 and a 55-mm screw diameter. For tem-
perature control, the chamber was set with eight heating zones of
different temperatures (130, 140, 150, 160, 170, 180, 190, and 190°C
at the hopper, six heating chambers, and die, respectively), while
operating at the average spin rate of 800 rpm. The extruded mate-
rials were cooled to room temperature using an air fan. The obtained
compound was sliced into 3-4-mm slices using a cutting machine
for pelletization.

Film formation involved using a single extrusion of 30 mm
(length/diameter=7: 1) to inject the compound into the film blow-
ing machine (SMC film blowing machine, Zhangjigang City Lian-
jiang Machinery Co. Ltd.). Each sample was prepared separately.
The four heating zones were set to 200, 180, 180, and 150 °C. The
produced film had a thickness of 120+3 um.

4. Characterization of Modified RH and RH/LLDPE Films

A thermogravimetric analyzer (TGA-50, SHIMADZU) was used
for materials characterization. In the analysis, 10 mg each of RH,
RH-m, and RH-ac were heated from 30 °C to 600 °C at a rate of
10 °C/min under a high-purity nitrogen atmosphere (N, 99.99%,
50 mL/min) to prevent unwanted oxidation processes.

X-ray diffractometry (XRD) experiments for the RH, RH-m, and
RH-ac samples were conducted using a D8 ADVANCE (Bruker
AXS GmbH, Germany). The diffraction patterns were obtained at
room temperature with a monochromatic Cu K¢ radiation source
(4=0.1542 nm) in stepping mode with a 26 angle range from 5° to
90° with a step size of 0.03° and scanning time of 5.0 min.

X-ray photoelectron spectroscopy (XPS) analysis of RH, RH-m,
and RH-ac was conducted using an ESCA 2000 (Thermo Scien-
tific). The analysis area was 600 um’, with the energy of 0-3kV
and radiation of Mg K (0.7 eV) and Al Ke (0.85 V). The sam-
ples were mounted on a holder using double-sided tape. A pres-
sure of 10~ Pa was used with 1.0 eV energy and the pass energy of
21 eV was employed for survey scanning.

PC cross-polarization/magic-angle spinning nuclear magnetic
resonance (CP/MAS C NMR) spectroscopy measurements were
performed with a Bruker 400 MHz solid-state FI-NMR spectrom-
eter equipped with a solid-state high-resolution apparatus. The
operating frequency of °C is 100.62 MHz. The conventional CP/
MAS method was used for the high-resolution solid-state °C NMR
measurements. The rotors containing the RH samples were spun
at 12 kHz with the 90° pulse, contact time, and repetition time of
4 ps, 2ms, and 3 s, respectively. For each spectrum, 4096 scans were
recorded. The "’C chemical shifts were calibrated through the car-
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bonyl C resonance of glycine at 176.03 ppm as an external refer-
ence and converted to the values from tetramethylsilane (TMS).
The nonlinear least-squares method was used for line fitting with
the Lorentzian function previously described [33].

Fourier-transform infrared (FT-IR) spectroscopic analysis was
performed using the transmittance method in the range of 4,000-
400 cm™". Here, 1% of each sample (RH, RH-m, or RH-ac) was
pelletized using KBr powder, and the spectra were obtained after
20 scans with the resolution of 4 cm .

RH and RH/LLDPE, RH-m/LLDPE, and RH-ac/LLDPE com-
posite films were frozen by immersion in liquid nitrogen and
crushed before being coated with gold. The surface information
and morphologies of the gold-coated samples were obtained using
a JEOL JSM-6701F scanning electron microscope (SEM).

RH/LLDPE, RH-m/LLDPE, and RH-ac/LLDPE composite films
were analyzed according to ASTM D882 to measure the tensile
strength, elongation, and Youngs modulus, and according to ASTM
D1938-67 to measure the tear strength. Each sample was submit-
ted to the QM 100SE quality measurement system (QMESYS Inc.)
and tested with a 50-mm/min crosshead speed and 20-N load cell.
The mechanical properties evaluations were repeated five times for
each film type to obtain the average values.

RESULTS AND DISCUSSION

To determine the thermal stability of RH, RH-m, and RH-ac,
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Fig. 1. Thermal stability of RH, RH-m, and RH-ac by TGA curves.

TGA was conducted, as shown in Fig. 1. The RH samples show
mass losses in three different stages (stage I: 32-140 °C; stage II:
141-378 °C; stage III: 379-480 °C) with 29% of the mass remain-
ing after the experiment. The first stage corresponds to the grad-
ual evaporation of absorbed moisture (because of the hydrophilic
character of the lignocellulose) and the dehydration and degrada-
tion of hemicellulose [17,34]. After some stabilization time, in the
second stage, decomposition of amorphous cellulose and partial
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Fig. 2. X-ray photoelectron spectra for the observation of elemental composition and structural changes; (a) the general scan spectra of RH
(without modification), RH-m (modified with NaOH), and RH-ac (modified with acetic acid), (b) Cl1s scan spectrum of RH, (c) Cls

scan spectrum of RH-m, and (d) Cls scan spectrum of RH-ac.
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hemicellulose occurs at 200°C, and hemicellulose decomposes
until 290 °C [17]. According to the literature, amorphous cellulose
degradation is easier than that of crystalline cellulose and lignin
[35]. In the third stage, the decomposition of the remaining cellu-
lose, crystalline cellulose, and lignin is observed; decomposed and
incompletely oxidized char [17] remain after the temperature of
the final mass loss.

The TGA of RH-m also shows three stages (stage I: 34-166 °C,
stage II: 167-289 °C, stage III: 290-478 °C), with 38% of the mass
remaining after the experiment. Compared to RH, the end tem-
perature of stage II occurs 89 °C lower in RH-m, while only a 2°C
difference is observed for stage III. As reported by Ndazi et al. [36],
RH-m has lower thermal stability than RH. Moreover, RH-m is
more susceptible to losses during stage II, indicating the partial
decomposition of hemicellulose in alkali solution, which induces
the termination of the second stage at a lower temperature [37]. The
remaining mass difference is ascribed to the presence of sodium
salts.

In the thermal mass loss curves of RH-ac compared to those of
RH-m, stage I for both samples occurs at 34-150 °C, stage II of
RH-ac occurs at 313 °C, and stage III occurs at 540 °C. The acetyl-
ation of RH increases the temperatures of stage II and III for RH-
ac. In stage 1, the decomposition of crystalline cellulose and lig-
nin and the deacetylation of RH-ac occur simultaneously [38].

XPS analysis was conducted to confirm the elemental composi-
tion and structural changes of RH, RH-m, and RH-ac. As shown
in Fig. 2(a), all samples contain carbon (C s at 284 V), oxygen
(O 1s at 532 eV), nitrogen (N 1s at 400 eV), and silicon (Si 2s at
152 €V, Si 2p at 103 eV) [39]. Because of hydrolysis, sodium ions
(Na s at 1,070 eV) are observed only in the RH-m sample. The
elemental analysis data is summarized in Table 1.

Compared to RH, RH-m shows lower carbon content and higher
silicon content (Si 2s and Si 2p) from the decomposition of partial
hemicellulose, with cellulose and lignin remaining major compo-
nents [12]. The mercerization process removes natural fats, waxes,
lignin, and hemicellulose from the RH surface, according to Eq.
(1). The removal of these surface impurities also improves the sur-
face roughness of both cellulose fibers and particles.

Cellulose— OH-+NaOH—> Cellulose— ONa-+H,O+impurities 1

Compared to RH, RH-ac shows less carbon and much more sil-
icon. This result indicates that acetylation by AA decomposes the
acid-soluble lignin [40]. The acid-soluble lignin in RH was extracted
upon acetylation and removed during washing,

To confirm the above observations, the C 1s spectra were fur-
ther analyzed to verify hybridization of the carbon centers. We ob-
served C-C, C=C, and C-H peaks at (C 1, 284.6eV), C-O and C-
N at (C 2, 286.3 V) [41,42], and O-C-O at (C 3, 287.6¢eV) [43], as

Table 1. Elemental analysis with chemical treated rice husk by XPS

C (%) O (%) N (%) Si (%) Na (%)
RH 68.5 254 1.74 4.32 0
RH-m 60.2 28.7 1.53 7.20 2.36
RH-ac 64.2 259 1.89 7.95 0

Table 2. Cl1s composition ratio with RH surface treatment through
XPS analysis. Three replicate spectra are shown from three

spots on the sample
C1 (%) C2 (%) C3 (%)
RH 59.1 27.3 13.6
RH-m 66.5 16.0 17.5
RH-ac 66.8 16.8 16.4

summarized in Fig. 2(b)-(d) for RH, RH-m, and RH-ac. In Fig.
2(b), the C 1s region of RH shows C1 content of 59.1%, C2 of
27.3%, and C3 of 13.6%.

Compared to RH, the carbon content of RH-m has a C1 content
of 66.5%, C2 of 16.0%, and C3 of 17.5%, as shown in Fig. 2(c).
This indicates fewer C-O bonds and more C-C bonds from the
decomposition of hemicellulose by NaOH. Fig. 2(d) shows Cl
content of 66.7%, C2 of 16.8%, and C3 of 16.4% for RH-ac, simi-
lar to the results obtained for RH-m. As mentioned, these results
are attributed to lignin decomposition by acetic acid.

As shown in Table 2, the C 1s composition ratios for RH, RH-
m, and RH-ac are confirmed through XPS analysis. RH comprises
amorphous and crystalline cellulose, hemicellulose, lignin, and sil-
ica. To verify changes in crystallinity before and after surface treat-
ment, XRD analysis is performed. Fig. 3 shows the XRD results
for RH, RH-m, and RH-ac. All samples show a broad diffuse peak
at 20=22°, indicating an amorphous structure. The peak at 26=
23.7° is known to arise from partially crystalline cellulose [44]. Com-
pared to the other samples, RH-m shows relatively sharp peaks
because NaOH removes natural fats, waxes, silica, lignin, and hemi-
cellulose [45]. So, compared to the pattern of RH, the peak of RH-
m at 260=22° with amorphous structure is decreased because the
amorphous structure of cellulose I begins regenerating and swell-
ing in concentrated alkali [46]. Moreover, RH-m shows additional
peaks at 25.7°, 35.3% and 38.0°, among others, indicating recrystal-
lization [47-49] after NaOH hydrolysis.

To analyze the molecular structures of RH, RH-m, and RH-ac,

——RH
— RHac
—— RHm

Contents

20 40 60
20

Fig. 3. XRD analysis results for RH (without modification), RH-m
(modified with NaOH), and RH-ac (modified with acetic
acid).
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Fig. 4. Molecular structure analysis of RH (without modification),
RH-m (modified with NaOH), and RH-ac (modified with
acetic acid) analyzed by °C CP/MAS NMR.

“C CP/MAS NMR analysis was conducted, with spectra shown
in Fig. 4. The structures of cellulose, hemicellulose, and lignin, the
main components of RH, are indicated. Carbon atoms of carbohy-
drates are generally in the 50-100 ppm range. The peak at 21 ppm
corresponds to the methyl carbon of the hemicellulose acetyl
groups; this does not appear in the spectrum of RH-m because
most hemicellulose is decomposed by NaOH. Carboxylic carbon
atoms of hemicellulose appear at 175 ppm [50,51]. Carbon atoms
of cellulose appear with C1 at 105 ppm, C4 of crystalline cellulose
at 89 ppm, C4 of amorphous cellulose at 84 ppm, C5 at 75 ppm,
C2 and C3 at 73 ppm, and C6 at 64 ppm. The carbon atoms of lig-
nin are shown in the methoxyl group at 57 ppm and in aromatic
carbons at 115-150 ppm. Further carbon atoms of lignin appear at
31 ppm and 33 ppm.

Compared to RH, RH-m shows a significant difference in the
carbon structure of cellulose. A significant decrease of the C4 and
C6 peaks is observed from mercerization by NaOH, which reduces
the hydrogen bonding of a-crystalline cellulose and partially inter-
feres with the crystalline structure [26]. In addition, RH-ac shows
a shift of the C6 signal from 62 to 64 ppm, which can be explained
by the reaction of cellulose with hydroxide [52]. This produces an
increase in added methoxyl groups on cellulose (hydroxyl parts)
via acetylation and coupling reactions; thus, compared to RH, we
observe a decreased C5 and increased C2 and C3.

To detect functional group changes in RH-m and RH-ac com-
pared to RH, FT-IR is used to analyze RH, RH-m, and RH-ag, as
shown in Fig. 5. The FT-IR spectrum of RH shows the O-H stretch-
ing vibration of cellulose at 3,413 cm ™', O-H stretching vibrations
of intermolecular hydrogen bonds in cellulose at ~3,300 cm™ (over-
lapping in the ~3,600-3,250 cm™ range), and asymmetric and sym-
metric C-H stretching in CH; and CH, at 2,922 and 2,852 cm " in
cellulose and lignin, respectively. Additionally, the C=O stretching
of carbonyl groups in lignin is shown at 1,735 cm™". Peaks at 1,223
em™}, 1,205cm ™Y, and 1,100 cm™ indicate C-O-C and C-O(-H)
stretching vibrations. Moreover, both symmetric (877 cm™') and
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Fig. 5. FT-IR spectra for RH (without modification), RH-m (modi-
fied with NaOH), and RH-ac (modified with acetic acid) show-
ing the functional group changes after RH surface treatment
modification.

asymmetric (797 cm") Si-O stretching signals are observed [12,17,
19,32].

The RH-m sample shows a lower-intensity peak at 1,735 cm ™"
compared to that for RH, indicating the decomposition and re-
moval of carbonyl groups in lignin after alkali treatment. More-
over, the shoulder at 1,223 cm ™" is shifted to 1,205 cm ™' from reac-
tions between silica bonds and NaOH. The decrease of the Si-O
bond peak at 797 cm™" is ascribed to the hydrolysis of silica bonds
in alkali solution [12,36]. The RH-ac sample shows an increased
peak at 1,735cm™' compared to that in RH, from the addition of
acetyl groups to cellulose after the acetylation reaction with AA.
Finally, the peak at 1,157 cm™" is increased by the ester functional-
ity of the acetyl group [38].

Fig. 6 shows the FE-SEM images of pulverized RH. For RH-m
and RH-ac samples, FE-SEM analysis is conducted after com-
pounding with LLDPE and processing the composite film.

RH shows rifted shapes of various diameters. Furthermore, the
inside and outside of the RH are mixed during the pulverization
process. Therefore, we employed the powders both before and
after surface treatment in compounding with LLDPE to produce
composite films and analyzed their morphologies. We confirmed
the presence of surface gaps (in the circle) between LLDPE and RH
from the composite film sample in Fig. 6(b)-(d). This affects the
mechanical properties. For the RH-m/LLDPE composite film, the
sample shows dense attachment between RH-m and LLDPE, indi-
cating good compatibility for film formation. The obtained com-
posite film with RH-ac shows features similar to the RH composite
film with voids at the interface with LLDPE. However, we observe
thread-shaped connective material at the RH-ac/LLDPE matrix
interface. These could be from surface treatment by acetylation
(53].

Figs. 7 and 8 show the mechanical properties of tensile strength,
elongation (Fig. 7), Youngs modulus, and tear strength (Fig. 8) of
LLDPE and RH/LLDPE, RH-m/LLDPE, and RH-ac/LLDPE com-
posite films. The tensile strength of LLDPE is 21.6+1.3 N/mm’ on
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Fig. 6. FE-SEM images of films with LLDPE and treated RH. (a) is pulverized RH (without modification), (b) is RH/LLDPE composite film,
(c) is RH-m/LLDPE composite film, and (d) is RH-ac/LLDPE composite film.
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Fig. 7. Tensile strength and elongation of LLDPE and films using
RH (without modification), RH-m (modified with NaOH),
and RH-ac (modified with acetic acid).

average with 913+20% elongation. Meanwhile, RH/LLDPE, RH-
m/LLDPE, and RH-ac/LLDPE composite films showed tensile
strengths of 10.27+1.74, 15.85+1.81, and 11.89+4.10 N/mm’, respec-
tively, and elongations of 757+82, 884+64, and 896+50%, respec-
tively. Youngs modulus and tear strength were 78.96+19.31 N/mm’
and 847+0.79 N/mm’ for LLDPE film, 50.26+11.00 N/mm” and
5324072 N/mm’ for RH/LLDPE film, 60.01+2.33 N/mm” and
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Fig. 8. Young’s modulus and tear strength of LLDPE and films using
RH (without modification), RH-m (modified with NaOH),
and RH-ac (modified with acetic acid).

7.7120.15 N/mm’” for RH-m/LLDPE film, and 56.60+20.93 N/mm’
and 7.01+0.69 N/mm’ for RH-ac/LLDPE film, respectively.

In comparing these results, we conclude that the tensile strength,
elongation, Youngs modulus, and tear strength of the surface-treated
samples are increased after NaOH treatment. Among the compos-
ites, the RH-m/LLDPE composite film shows remarkable improve-
ment, which is explained by the relatively high crystallinity and low

Korean J. Chem. Eng.(Vol. 35, No. 2)



600 K. S. Hwang et al.

carbonyl content according to XRD, XPS, and FI-IR analysis. Fur-
thermore, fewer C=0 bonds are detected in RH-m/LLDPE, creat-
ing a higher morphological density than that of the RH-ac/LLDPE
composite film. Moreover, the RH-m/LLDPE composite film has
higher tensile strength, Youngs modulus, and tear strength than
the RH/LLDPE and RH-ac/LLDPE composite films do because
the RH-m swelled and recrystallized during mercerizing. The tear
strength is an important property for films applied in packaging.
The elongation of RH-m/LLDPE composite films is less than that
of RH-ac/LLDPE composite films. For the RH-ac/LLDPE com-
posite film, the compatibility is increased compared to RH/LLDPE
composite film by the acetylation of cellulose. Nevertheless, gap
formation at the interface between RH-ac and LLDPE induces the
lowest tensile strength and elongation of the composite films.

CONCLUSIONS

We presented various surface treatment methods for RH as filler
applied in film blowing processes. NaOH was employed for the
mercerization of RH (RH-m), and acetic acid for the acetylation of
the cellulose surface (RH-ac). In particular, RH-m showed partial
decomposition of hemicellulose and amorphous cellulose, while
maintaining lignin and crystalline structure as major components.
During the composite film formation using the blowing method,
both untreated and surface-treated RHs were well tolerated. The
composite film produced using RH-m showed a dense structure
without voids at the RH-m/LLDPE interface, as well as superior
properties with a tensile strength, elongation, Youngs modulus, and
tear strength of 15.85 N/mm’, 884%, 60.01 N/mm’, and 7.71 N/
mm’, respectively. For films produced using RH filler, the present
study confirmed that RH surface treatment process provides phys-
ical properties similar to those of LLDPE, allowing the produc-
tion of RH/LLDPE composites. Through the chemical analysis of
the LLDPE composite films with chemically treated RH, LLDPE
composite films with eliminated or decreased hemicellulose and
amorphous cellulose in RH were determined to be more compati-
ble with higher physical properties relative to composites with
untreated RH. According to the results of this study, RH-m and
LLDPE composite film has similar physical properties to LLDPE
film, so it is considered to be applicable for merchandise packaging.
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