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INVESTIGATION ON PRODUCING SINGLE-LAYER PARTICLEBOARD

FROM BAMBOO WASTE AND COCOA POD HUSKS

Tang Thi Kim Hong®", Nguyen Duy Linh?
'Nong Lam University of Ho Chi Minh City

SUMMARY

Agricultural residues are the potential sources for producing bio-composite. Cocoa pod husk (CPH) is a waste
material from cocoa industry. The objective of this project is to investigate the feasibility of using cocoa pod
husks and bamboo waste for manufacturing hybrid particleboard. Chemical compositions of CPH were
determined based on TAPPI Standard Test Methods resulting the cellulose of 29%, hemicellulose of 30%,
lignin of 28% and ash content of 9%. Singe-layer particleboards containing different CPH/bamboo particle
ratios (16%, 20%, 30%, 40% and 44%) were made using various urea—formaldehyde (UF) resin ratios (2%,
3%, 6%, 9% and 10%). The results indicated that panels produced by using mixing ratio of CPH particles up
to 30% with up till 6% UF resin fulfilled the required standard TCVN7754:2007 for modulus of rupture (MOR)
and internal bond (IB). The optimal condition is 30.6% CPH particle and 8.1% UF resin obtaining the lowest
thickness swelling (TS) 13.2%, the highest value of MOR and IB is 13.1 MPa and 0.33 MPa respectively. The
investigations stated cocoa pod husks and bamboo waste as alternative raw materials are feasible for

particleboard production.

Keywords: Bamboo, Cocoa pod husk, particleboard, physical mechanical properties.

1. INTRODUCTION

Sustainable  agricultural  residues are
potential sources of raw materials for the
manufacture of bio-based panel products. The
abundance of agricultural residues has
stimulated new interests in using agricultural
fibres for global panel industries because of
their environmental and profitable advantages
(Rowell et al., 1997). Selection of agricultural
residues have been successfully used in
particleboard manufacturing (Ciannamea et al.,
2010) and recent advances in the particleboard
industry show a bright outlook for bio-based
particleboards (Bowyer et al., 2001; Pham
Ngoc Nam, 2010). Non-wood plants as well as
agro-based residues have been evaluated as
raw materials for particleboard manufacture
such as bamboo, kenaf, palm trunk, wheat and
rice straw, bagasse, corn stalks, chili pepper
stalks, rice husk, cashew nut shell, jatropha
shell, etc. (Nurhazwani et al., 2016; Hoang
Thanh Huong, 2002; Tran Van Chu, 2012; Bui
Van Ai et al., 2010, Gueler et al., 2006 and
2016, Li et al., 2010, Hamidreza Pirayesh et
al., 2012, Gueler et al., 2016, YS Oh & JY
Y00, 2011. Abdul Halip et al., 2014).

*Corresponding author: tangkimhong@hcmuaf.edu.vn

In recent years, bamboo has become a main
material for the industrial manufacturing of
furniture, parquet, and construction. Vancai
(2010) pointed out that the conversion of
bamboo into strips had average potential
output up to 34.4%. Utilization of biomass by-
product from bamboo processing industry as
value added products is an important issue to
support the zero emission concepts.

Cocoa is an important and the most widely
planted crops in several tropical countries. In
Vietnam, Cocoa trees have been planted and
growing in abundant numbers recently (IRC,
2013). In the cocoa industry, Cocoa pod husks
(CPH) are treated as by-product of the mature
cocoa pod, after obtaining the cocoa beans. In
general, CPH accounts for up to 76% of the
cocoa pod wet weight. Every ton of dry cocoa
been produced will generate ten tons of cocoa
pod husk as waste (Cruz et al.,, 2012). The
resource of CPH is readily abundant but does
not have marketable value and most of the
CPH is discarded as waste or as compost for
cocoa farming the ecological impact.

Particleboard made from mixing bamboo
and wood as well as agricultural residues

136 JOURNAL OF FORESTRY SCIENCE AND TECHNOLOGY NO. 9 (2020)
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provide satisfactory results in terms of strength

properties and also address raw material

scarcity issues for the particleboard industries.

In order to contribute to adding value and

solving environmental pollution, the study on

the feasibility of cocoa pod husk and bamboo
waste for bio-based board was carried out. The
work aims to determine chemical composition
of cocoa pod husk, and investigate the physical
and mechanical properties of singe-layer
particleboard using different mixing ratios of

Cacao pod husk particles and various ratios of

UF resin.

2. RESEARCH METHODOLOGY
Chemical analysis of cocoa pod husk
Chemical composition of cocoa pod husks

was done according to TAPPI Standard Test

Methods. The amount of cellulose and

hemicellulose were assessed by TAPPI T203,

whereas lignin and ash content determined by

TAPPI T 222 Om-06 and T 211 Om-07,

respectively.

Response Surface Methodology (RSM) and
Central Composite Design

Central Composite Design (CCD) using
RSM was used in the present study to
investigate the effects of treatment variables on
physical and mechanical properties of
particleboard. Two independent variables,
namely, CPH/bamboo particle ratios (%), and
urea-formaldehyde (UF) resin ratios (%) were
selected and the response variables were
thickness swelling (TS), modulus of rupture
(MOR) and internal bond (IB). The CCD was
conducted using JMP 10.0. A 9-run CCD using
RSM was developed and the ranges of the
variables are shown in Table 1. Each of the
independent variable was coded by five
different levels as shown in Table 1, where
CPH/bamboo particle ratios and resin ratios
ranged from 20 to 40% and 3 to 9%,
respectively.

Table 1. The range and levels of the variables

Range and level of actual and coded values

Factor Variable

-0, -1 0 +1 o
X1 CPH/bamboo ratios (%) 16 20 30 40 44
Xz Resin ratios (%) 3 6 9 10

Manufacturing single-layer particleboard

Bamboo waste and CPH were provided
from Bamboo Nature Company, Binh Duong
and Thanh Dat Cocoa Company, Ba Ria Vung
Tau Province. They were chipped using a
hacker chipper before the chips were reduced
into smaller particles using a knife ring flaker.
The particles were sorted using a circulating
vibrator screen to separate the particles into
various particle sizes retained at 0.5, 1.0 and
2.0 mm sieve sizes. Only particles of sizes >
0.5 to < 2.0 mm were used. The particles were
dried in an oven maintained at 80°C until
moisture content of 6% was reached.

Single-layer particleboards of 330 x 330 x
11 mm in size with a medium density were
produced from mixture of the bamboo and
CPH particles with urea formaldehyde resin.

The particleboards were investigated with
CPH/bamboo particle ratios ranging from 20-
40% and UF resin ratios from 3-9% as
suggested by RSM models (Table 1). The
boards were pressed under a temperature of
140°C, pressure of 2.5 MPa for 9 min. Three
replications for each run were done, total 27
boards produced.

Testing particleboards

The boards were conditioned at ambient
temperature and 65% relative humidity until
they achieved equilibrium moisture content
prior to cutting into test specimens. The
internal bond (IB) and modulus of rupture
(MOR) were determined according to
procedure Standard VN7756:2007. Thickness
swelling (TS) properties of the panels were
investigated 24-hour soaking test.

JOURNAL OF FORESTRY SCIENCE AND TECHNOLOGY NO. 9 (2020) 137
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The specimens of 270 x 50 x 11 mm in size
for MOR testing and the specimens of 50 x 50
x 11 mm for IB and TS were applied. Two
replications for each board were done, total 54
specimens taken for each testing.

3. RESULTS AND DISCUSSION

Chemical analysis of cocoa pod husk

The chemical composition of the cocoa pod
husk investigated is described in Table 2,
which includes the corresponding data from
previous studies for the sake of comparison.

Table 2. Chemical composition of cocoa pod husk and comparison with other lignocellulose
materials (%, w/w, oven dried)

Components Co_cqa Pod_ Hu_sk Cocoa Pod Husk Bamboo Rubber wood
[This investigation] * ** falaa
Cellulose 29.3 30.8 49.1 40.1
Hemicellulose 29.9 21.1 19.6 28.7
Lignin 28.1 25.6 17.1 19.0
Ash 9.3 - 1.8 1.1

* (Nivio et al., 2018), ** (Liese et al., 2014), *** (Jirawat et al., 2015)

The chemical analysis result of cocoa pod
husk in this investigation is slightly different
with the study of Nivio et al., (2018). Rubber
wood has popularly been used in wood-based
board industry, Vietnam. Comparing the
chemical composition of the cocoa husk to
bamboo and Rubber wood revealed that cocoa
pod husk presents the content of cellulose and
hemicellulose is negligible lower, whereas the
lignin of CPH is notability higher.
Consequently, the contents of CPH in cellulose
of 29.7%, hemicellulose of 28.2% and lignin of

28.1% are  acceptable for  applying
particleboard, especially mentioned for
producing CPH particleboard using a lower
adhesive content.

Single-layer particleboard investigated

Results of properties of the particleboard
investigated were given in Table 3. The boards
were done at two runs 5 and 6 (ratio of 30%
CPH with 6% UF and 30% CPH with 10%
UF), which meet the Standard VN 7754:2007
required for the modulus of rupture (> 12.5
MPa) and the internal bond (> 0.28 MPa).

Table 3. Properties of particleboard investigated

RuN CPH/bamboo UF Resin TS MOR 1B
ratios (%) ratios (%0) (%) (MPa) (MPa)
1 16 6 16.81 9.64 0.19
2 20 3 17.21 10.20 0.14
3 20 9 14.91 11.76 0.27
4 30 2 16.76 9.96 0.14
5 30 6 13.43 12.82 0.30
6 30 10 13.26 13.02 0.35
7 40 3 16.67 12.10 0.20
8 40 9 15.68 12.70 0.24
9 44 6 15.70 12.40 0.18

Effects of CPH/bamboo and UF resin ratios
on mechanical properties of particleboard

Ratio of CPH to bamboo and ratio of UF
significantly influence on TS, MOR and IB of
the singe-layer particleboards tested, shown as
Figures 1, 2 and 3.

Fig.l shown that boards manufactured at
CPH/bamboo ratios of 27 to 32% with UF resin
ratio 6.3 to 8.7% are obtained the lowest TS of
13.26%. When the CPH/bamboo ratios obtain 16
- 27%, TS is decreased, whereas CPH/bamboo
ratios are above 32% resulting TS increased.

138 JOURNAL OF FORESTRY SCIENCE AND TECHNOLOGY NO. 9 (2020)
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In Fig.2 Modulus of Rupture (MOR) is
directly proportional to CPH/bamboo ratios
and resin ratios. In which CPH/bamboo ratio
factor has the greatest influence on MOR. The
MOR has the highest value of 13 MPa when
applying CPH/bamboo ratios 29 - 40% with
UF ratios above 6%. The boards produced at
30% CPH with 6% UF, 30% CPH with 10%
UF and 40% CPH, 9% UF were obtained
MOR>12.5 MPa satisfied the Standard VN
7754:2007 (> 12.5 MPa).

Difference of MOR among particleboards
resulted from slenderness ratio (SL) of
particles and Kelly (1977) proved that the
MOR properties also vary in the percentage of
raw materials. Cell wall thickness and fiber
length has great impact on improving MOR

TS

resin ratios

properties. The CPH particles have a lower
fiber length than bamboo particles.
Consequently, low MOR may be found for the
hybrid particleboards having a higher
percentage of CPH. This result is confirmed by
previous studies of Hasan et al. (2015), Bui
Van Ai et al. (2010) and Islam et al. (2006).

Fig.3 shown that boards manufactured at
CPH/bamboo ratios 24 - 32% with UF ratios
above 7.4% indicate the highest IB of 0.32
MPa. When the CPH/bamboo ratios obtain 16-
24%, IB is increased, whereas CPH/bamboo
ratios are above 32.1% resulting IB decreased.
The boards produced at 30% CPH with 6% UF
and 30% CPH with 10% UF were obtained
IB>0.28 MPa and satisfied the Standard VN
7754:2007 (> 0.28 MPa).

T T N -
20 25 20 35 40
CPH/bambooratios

Figure 1. The 3D-surface plots of TS as function of CPH/bamboo ratios and resin ratios

resin ratios
[=:]

3 — — = T = =
20 25 30 35 40
CPH/bamboo ratios

Figure 2. The 3D-surface plots of MOR as function of CPH/bamboo ratios and resin ratios
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Figure 3. The 3D-surface plots of IB as function of CPH/bamboo ratios and resin ratios

Regression and Adequacy of the Model and
optimal condition

To ensure the fitted model gave a sufficient
approximation of the results obtained in the
experimental conditions, the adequacy of the
model was evaluated. The fit of the model was
evaluated using coefficient of multiple
regressions (R?) and adjusted R? was used for
confirmation of the model adequacy. Based on
the analysis, R? values of 0.9364, 0.9026 and
0.9348 for the TS, MOR and IB, respectively,
indicated high fitness of the model. The
adequacy of the model was further proved by
high adjusted R? of 0.8305, 0.7403 and 0.8262,
respectively. Describing the functional relation
of the independent variables (X1: CPH/bamboo
particle ratio and Xz: UF resin ratio) and the
response variable using regression analysis
obtain three equations. The final equations in
terms of actual factors are shown below:

Y1s (%) = 29.4384 — 0.93x1 — 0.351x> +
0.0155x:2

Ymor (MPa) =
0.2753x%2

Yie (MPa) =-0.3475 + 0.035x; + 0.0199x; -
0.0006x12

Optimal condition was computed by the
response surface method, resulting 30.62%
CPH particle and 8.1% UF resin obtaining the
lowest TS 13.15%, the highest value of MOR
and IB is 13.01 MPa and 0.33 MPa,
respectively.
4. CONCLUSIONS

This study investigated the feasibility of using
cocoa pod husk particles in the manufacturing

8.5555 + 0.0847x1 +

one- layer particleboard. The results show that it
is possible to produce particleboards using
mixture of cocoa pod husk particles and bamboo
particles while using urea formaldehyde as the
binder. Boards using 30% CPH with 6% UF and
30% CPH with 10% UF meet the Standard VN
7754:2007 required for modulus of rupture
(MOR) and internal bond (1B).
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NGHIEN CUU SAN XUAT VAN DAM MOQT LOP
TU PHE LIEU TRE VA VO QUA CA CAO

Tang Thi Kim Héng!, Nguyén Duy Linh!
Truong Pai hoc Nong Lam TP. Hé Chi Minh

TOM TAT

Céc phé lieu ndng nghiép c6 thé 1a mot trong nhitng ngudn nguyén liéu bé sung hoac thay thé cho xo soi gb dé
san xuat van composite sinh hoc. V6 qua Ca cao 1a ngudn phé liéu c6 khdi luong Ién tir cong nghiép ché bién
hat Ca cao. Muyc tiéu ciia nghién ciru 1a thir nghiém kha nang san xuat van dam hdn hop tir vo qua Ca cao va
phé liéu tre. Thanh phan héa hoc cua vo qua Ca cao duoc xac dinh theo tiéu chuan TAPPI. Két qua phan tich
cho thiy ham lugng Cellulose 13 29%, Hemicellulose 30%, Lignin 28% va ham luong tro 9%. Van thuc
nghiém 13 van dim mot 16p duogc nghién ciru voi nhitng ty 1¢ phéi tron gitta dim vo Ca cao va dam tre: 16%,
20%, 30%, 40% va 44% vai ty 1é keo UF: 2%, 3%, 6%, 9% va 10%. Két qua di chi ra rang nhitng van dam
hdn hop khi sir dung ty 18 phdi tron gitra dam vo Ca cao 30% vai ty 18 keo tir 6% da dat dugc tiéu chuan TCVN
7754-2007 vé cudong do udn tinh (MOR), cudng do kéo vudng goc (1B). Diéu kién tdi wu khi sir dung ti 1¢ phdi
tron dam vo Ca cao va diam tre 30.6% voi ty 1& keo UF 8.1% s& dat duoc gié tri 1on nhat cia MOR 1a 13.1 MPa
va IB 12 0.33 MPa va dat gid tri thap nhat caa do treong né chiéu day (TS) van 1a 13.2%.

Tur khoa: Pac tinh co' ly, tre, van dam, vé qua Ca cao.
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