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Effect of thermal processing on the synthesis of the phenolic resin

from rice husk
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ABSTRACT

Rice is a product that plays a vital role in our country's agriculture. In recent years, rice exports have
contributed over 3.5 billion USD annually. However, the rice production industry also releases more
than 9 million tons of rice husks annually. Part of the waste rice husk is processed by burning. Most
of the remaining rice husks are not processed and are released into the natural environment. Dis-
posing of rice husks has low economic efficiency and can cause environmental pollution. Therefore,
taking advantage of this waste source for circular agriculture is a matter of concern. This study in-
vestigated the thermal processing for synthesizing phenolic resins from rice husks. The differential
scanning calorimetry results show that the resin-forming reaction temperature is 150 °C. Different
heat retention times (120, 150, 180, 210, and 240 minutes) at 150 °C were also investigated. The
visual evaluation and determination of rice husk residue indicated that 180 minutes was the ap-
propriate time to make phenolic resin from rice. husks at 150 °C. Under this condition, the formed
plastic is solid and can be ground into fine particles; the remaining rice husk residue is low, account-
ing for 9.66% of the weight. The plastic reaction efficiency is almost unchanged if the heat retention
time is longer than 180 minutes (210, 240 minutes). The Fourier Transform Infrared Spectroscopy
spectrum analysis results show that the main functional groups of the resin are CH,, C=C, C-H, OH,
and aromatic rings. These functional groups are similar to the functional groups in the structure of
commercial phenolic resins. Liquefied wood can be applied to treat rice husk waste in our country.
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This treatment method can also contribute to improving the value of rice trees.
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INTRODUCTION

In the world’s increasing food prices, rice is one of the
essential agricultural products of our country. Every
year, our country’s rice export turnover accounts for
over 3 billion USD. In addition to the benefits of rice
grains, the farming and rice production industry also
emits many waste rice husks. The rice husk is esti-
mated to be about 9 million tons per year. Usually,
this rice husk is used as fuel or burned. The burning
process creates rice husk ash. A large amount of rice
husk ash is discharged into the environment. How-
ever, burning often brings low economic efficiency
and finds hidden risks to human health and the envi-
ronment. To improve the value of rice and achieve cir-
cular agriculture, many studies have tried using rice
husks as raw materials to produce higher economic
value.

Rice husk has been studied for coking to turn it into
a fuel with high use value. Coking rice husk has a
high calorific value and low volatile matter. It can
be applied as a clean fuel for high-temperature fur-
naces 2. J. James et al. have also considered rice husk
as a source of SiO; to make calcium silicate materials.

Calcium silicate prepared by this method can be re-
garded as green cement to replace traditional Portland
cement in the future . Rice husk is also considered a
precursor material for silicon in the reaction to create
SiC*. SiC has many outstanding properties, such as
heat resistance, electrical conductivity, and high me-
chanical properties . SiC produced from rice husk
ash has the advantage that it can be synthesized at low
temperatures (only from 800 to 1300 °C) instead of
above 1500 °C, like traditional methods®. As a result,
the cost of SiC will be reduced. SiC from rice husks
can be more easily accessible to consumers.

Phenolic resin is one of the plastics that are widely
used in many different manufacturing and civil fields.
It can also be used as a raw material to fabricate car-
bon fiber” and as a binder for woodceramics mate-

rials '*

. It is usually produced by polymerizing phe-

nol and formaldehyde ' "!2.

However, many studies
have shown that liquefaction wood methods can ulti-
mately make phenolic resins from wood-based mate-
rials 1>, Wood-based materials, whose main com-
ponents are cellulose, lignin, and hemicellulose, can
be raw materials for plastic synthesis when combined

with phenol and acid/base catalysts '°. Generally, the
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waste wood is mixed with phenol and additives and
then heated at 130-250 °C to form phenolic resin '°.
Depending on the additive used, the resulting plastic
can be thermoset ! or thermoplastic 8.

An important research direction on liquefied wood
is to use waste wood as the primary raw material
source. Types of waste wood that have been used in-
clude wood powder 1%, cashew nut shell*’, wood par-

t22, etc. The above studies show

ticleboard?!, sawdus
that liquefaction wood can be an effective treatment
method for wood-based waste. This method can com-
pletely be applied to treat rice husk waste in our coun-
try.

This study used rice husks as the raw material to
synthesize phenolic resin using liquefied wood. The
processing temperature for phenolic resin synthesis
(including the temperature and reaction time) is the
main object of study. Many studies on wood liquefac-
tion have not mentioned the processing temperature
for synthesizing phenolic resin. And research on syn-
thesizing plastic from rice husks using the liquefied
wood method.

MATERIALS AND METHODS

Raw materials

The primary raw material was rice husk (Long An
province, Vietnam). Rice husks were collected,
washed, and milled to a size less than 500 gm. The ox-
ide composition of rice husk consists of 6.71% SiO,
0.38% Nay 0, 0.15% Al,O3, and 92.13% loss of igni-
tion (wt.)®. The chemical elemental composition of
rice husk consists of 45.91% C, 3.12% N, 6.12% H,
8.38% Si, 0.38% Fe, 0.19% Ca, 0.09% Na, 0.18% K,
0.09% Al, 0.11% P, 0.01% S, 0.02% Mn, and 92.13%
others (wt.). X-ray fluorescence and Isotope Ratio
Mass Spectrometry were used to analyze the chemical
composition results. In addition to rice husk, phenol,
and sulfuric acid were also used. Phenol and sulfu-
ric acid are industrial chemicals with a purity of over
98%.

Methods

Rice husk, phenol, and sulfuric acid were mixed ac-
cording to the composition given in Table 1. The
mixtures, after mixing, were analyzed by differential
scanning calorimetry (DSC) to choose an appropriate
temperature to synthesize phenolic resin by the lique-
fied wood method.

The thermal effects of samples were determined by the
differential scanning calorimetry method (Labsys Evo
-Setaram). The analysis temperature was 30 to 300 °C,
with a heating rate of 5°C/min in the air environment.

The mixtures were also reacted at high temperatures
for different heat retention time to determine the right
retention time for the resin formation. The retention
times and sample symbols are also shown in Table 1.
The heat retention time were evaluated through prop-
erties such as the visual evaluation, the composition of
the residue, and the Fourier transform infrared spec-
troscopy (FTIR).

A digital camera was used to capture the visual images
of the samples.

The rice husk residue was evaluated by the method of
dissolving phenolic resin in ethanol solution®’. The
ethanol used was 40ml per 2.00 £ 0.01g of resin. The
forming resins were dissolved in an ethanol solution.
The residue after the filter was the remaining RH. The
rice husk residue was calculated according to formula
(D).

%RH = (m,4/m,,).100% (1)

Where, m,;, - the amount of RH remaining in the
sample (gram), m,, — the amount of phenolic resin
(gram), RH(%) -the percentage of RH remaining in
the sample (%),

FTIR spectroscopy was used to evaluate the func-
tional group composition of the formed phenolic
resin (Nicolet 6700 — Thermo). The scanning range
was 500 to 4000 cm~'. The scan step was 0.96425
cm~!. The spectrum was recorded as the transmit-
tance spectrum.

THE RESULTS AND DISCUSSIONS

The mixture of rice husk, phenol, and H>SO4 solu-
tion, after being mixed with the ingredients as shown
in Table 1, was analyzed by DSC to determine the re-
action temperature of resin formation. Figure 1 is the
result of the DSC analysis.

The DSC analysis result has five peaks corresponding
to five thermal effects. Thermal effects include:

- The first endothermic effect occurs in the tempera-
ture range from 125 to 145 °C, peaking at 138 °C. This
is the physical dehydration of the material >3

- The second endothermic effect occurs in the tem-
perature range from 145 to 160 °C, peaking at 151 °C.
These are the physicochemical reactions to form phe-
nolic resins **.

- The third endothermic effect occurs in the temper-
ature range of 170 to 182 °C, peaking at 178 °C. This
is the range of phenol evaporation temperature that
does not participate in the resin formation reaction >*.
- The subsequent exothermic effect occurs in the
range of 185 — 205 °C with a peak at 200 °C. This ef-
fect corresponds to the stretch of the resin molecular

chains .
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Table 1: COMPOSITION OF RAW MATERIALS AND HEAT RETENTION TIME

Samples Ratio (wt.) Heat retention times
Rice husk Phenol H,SO4(*)
S120 1 2 5 120mins
S150 1 2 5 150mins
S180 1 2 5 180mins
S210 1 2 5 210mins
$240 1 2 5 240mins
(*) According to the amount of phenol used
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Figure 1: The result of the DSC analysis

- The final endothermic effect occurs in the tempera-
ture range from 205 to 215 °C, peaking at 208.31 °C.
This is the resin decomposition temperature range >*.
The DSC results in Figure 1 show that 150 °C is the
appropriate temperature to synthesize resin. The resin
samples were synthesized at 150 °C for different heat
retention times (120, 150, 180, 210, and 240 minutes).
The results of the visual evaluation of the samples are
presented in Figure 2.

The results of the visual evaluation of the samples are
summarized in Table 2.

The visual results show that all samples have formed

resin. However, the resin samples will boil if the

heat retention time is too long (210 and 240 minutes).
Thermal decomposition and breakdown of the plas-
tic structure can occur if the thermal retention time is
too long. So, less than 180 minutes is the appropriate
retention time to synthesize resin at 150 °C.

The reaction efficiency of the resin process was also
evaluated by determining the residue of rice husk re-
maining after the reaction. According to this prin-
ciple, the lower the reaction efficiency, the more rice
husks are left after the reaction. Figure 3 is the analysis
results of the remaining rice husks of the samples.
The rice husk residue analysis results show that un-
reacted residue is relatively low under heat treatment

20



Science & Technology Development Journal - Engineering and Technology 2024, 6(513):18-25

Figure 2: The visual images of samples

Table 2: the results of the visual evaluation

Samples are solid and plastic. When crushed for a while, the particles stick together. It is expected

Samples are solid, porous, and fragile. They gradually lose the glossy color of the resin. It is

predicted that the resin is thermally decomposed and creates pores due to the heat retention time

Samples The results of the visual evaluation
S120
that due to the short heat retention time, the amount of phenol has not been fully reacted.
S150
S180 The sample is solid. They can be ground into fine-sized.
S210
being too long.
5240

conditions. The longer the reaction time at 150°C, the
lower the rice husk residue. Sample S120, correspond-
ing to 120 minutes of reaction time, has the highest
residue of 13.28% (wt.). Sample S240 has the lowest
residue 0f 9.39% (wt.). In other words, the reaction ef-
ficiency will increase by prolonging the resin-forming
reaction time. Rice husk residue decreases rapidly
when the reaction time is extended from 120 to 180
minutes (from 13.28% wt. to 9.66% wt.). However, if
the reaction time is too long (over 180 minutes), the
rice husk residue is not significantly reduced (from
9.66% wt. to 9.39% wt.). The results of determining
the remaining RH show that the reaction efficiency
of forming resin from RH is similar to previous stud-
ies on synthesizing phenolic resin by the liquefaction

method from wood-based materials '*=2°. The visual
evaluation and analysis of rice husk residue show that
180 minutes is the appropriate time to synthesize phe-
nolic resin from rice husk at 150 °C.

Resin samples at different heat retention times were
also analyzed for functional groups by the FTIR
method. A commercial phenolic resin sample (sym-
bol CP) was also investigated and considered a control
sample to evaluate the resin-forming ability. Figure 4
shows the results of FTIR analysis of the resin samples
from rice husk and the commercial sample.

The results of FTIR analysis in Figure 4 show that
the plastic samples formed at different time inter-
vals have the same spectral form as the CP sample.
The wave number position 3400 cm™! is character-
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Figure 3: The rice husk residue of samples (%wt.)

istic of the stretching vibration of the -OH group in
phenolic and methylol °. At wavenumber 2920, 2850
cm~! represents the longitudinal oscillation of the
CH,,— 2% group. At the position of wavenumber
1600, 1510, 1440 cm ™, it is typical for the vibration
of the C=C group in the aromatic ring?°~>°. The po-
sition of wave number 1355 cm™! characterizes the

25-27

C-H group . The position of wave number 1220

cm~! represents the -OH group?°~2’. At position
wavenumber 1020, 825, 760, and 695 cm ™!, it is typ-
ical for stretching vibration of the C-H group in the
benzene ring?>~>". At the position of wave number
570 cm L, it is typical for the bending vibration of the
out-of-plane aromatic ring >°=>’.

The FTIR results can prove that the liquefied wood
method has produced phenolic resin from rice husk.
Phenolic resin from rice husk has a functional group

composition similar to commercial phenolic resin.

CONCLUSION

This study used phenolic resin from rice husk, phenol,
and catalyzed sulfuric acid by liquefied wood. With
the composition of phenol/rice husk being 2/1 and 5%

acid catalyst (wt.), the results of differential thermal
analysis show that 150 °C is the suitable temperature
to synthesize resin. After the reaction, the visual eval-
uation and the residue of the rice husk’s remaining re-
sults show that 180 minutes is the appropriate reac-
tion time at 150 ?C. The results of the FTIR compari-
son of rice husk resin and commercial phenolic resin
samples show that their functional group is similar.
Liquefied wood from rice husk can be considered an
effective method to treat rice husk waste, improving
economic efficiency for rice.
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Figure 4: The FTIR spectrum of samples
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TOM TAT

Lua gao la sén phdm gilr vai trd quan trong trong nén ndng nghiép clia nudc ta. Trong nhing nam
gan day, xuat khiu gao luén déng gop trén 3.5 tt USD mbi nam. Tuy nhién, hdng nam nganh san
xuat lia gao cling thai ra hon 9 triéu tan vo trau mdi nam. Mot phan trau thai dugc xur ly bang
phuong phap dét. Phuong phap nay thai ra hang triéu tén tro trdu méi ndm. Phan Ién vo trdu con
lai khdng dugc xUr ly va bj thai ra méi truong tu nhién. Phuong phap xt ly nay mang lai hiéu qua
kinh t€ thdp va cé thé gay 6 nhiém mai trudng. Vi vdy, tan dung nguon chét thai nay husng dén
nén ndng nghiép tuan hoan la van dé dang dugc quan tam. Trong nghién cdu nay, ché do nhiét
dé t&ng hap nhua phenolic tirvo trdu da dugc nghién clu. K&t qua phan tich nhiét vi sai cho théy
nhiét d6 phan Ung tao nhua la 150 °C. Cac thai gian luu nhiét khdc nhau ( 120, 150, 180, 210, va 240
phut) 3 150 °C cling da dugc khdo sat. K&t qua danh gia ngoai quan, xac dinh du lugng trdu chua
phén tng, phd bién déi héng ngoai da chi ra dugc 180 phut a thai gian thich hop dé tao nhua
phenolic tir v trdu & 150 °C. Trong diéu kién nay, mau nhua tao thanh dang rén va co thé nghién
thanh hat min, lugng trau thai con lai thap chiém 9.66% khoi luong. Néu thai gian luu nhiét lau
hon 180 phut (210, 240 phut), hiéu sudt phan Uing tao nhua gan nhu khéng déi. Két qua phan tich
phd FTIR cho thdy cadc nhém chic chinh cia nhya la CHn, C=C, C-H, OH, va vong thom. Cac nhém
chuc nay tuong tu nhu nhém chic trong cau tric clia nhua phenolic thuong phdm. Vi vay, nhua
hoa gb co thé dugc xem nhu la mét phuong phap dé xir ly chat thai vo trdu & nudc ta. Phuong
phép xtr ly nay cling thé gop phan nang cao gia tri clia cay lua.

Tu khoa: Nhua phenolic, nhua héa gé, vo trau, gém go
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