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Application of Response Surface
Methodology models for dimensional stability
of hydrothermally treated Semantan
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Abstract: Semantan bamboo (Gigantochloa Scortechinii) was
hydrothermally treated in three different buffered media, namely
alkaline, neutral and acidic medium. Response surface
methodology (RSM) models were developed for the influences of
treatment temperature, treatment duration and pH of buffered
media on dimensional stability of Semantan bamboo. The models
suggested that treatment temperature is the most crucial factor
that led to improvement in dimensional stability. Lengthened
treatment time also exerted noticeable influence when the
temperature remained constant. More dimensionally stable
samples were obtained in neutral and alkaline media.
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I. INTRODUCTION

Semantan bamboo (Gigantochloa Scortechinii) is a
common and the most commercially utilized bamboo species
in Malaysia [1]. With the new interest for structural
applications, bamboo has now become a new sought-after
material owing to it abundancy and fast-growing
char-acteristic. However, like wood, dimensional instability
of bamboo is one of the concerns in structural applications
and therefore thermal treatment was proposed to improve its
dimensional stability [2]. Heat treatment 1is an
environmentally friendly method in improving the
di-mensional stability of wood materials [1]. The primary
effect of the treatment is better dimensional stability led by
reduction in equilibrium moisture content [4-7]. Using water
as heating medium, hydrothermal treatment is an economical
way to enhance the dimensional stability of treated wood
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[8-9]. Hydrothermal treatment of beech wood has been
conducted in acidic, neutral and alkaline buffered solutions
by Talaei and Karimi et al. [10] and varied mechanical
properties of the treated beech woods were reported. To the
authors’ knowledge, reports on the influence of hydrothermal
treatment using different buffered mediums on the
dimensional stability of bamboo are scarce. The current study
aimed to improve the dimensional stability of bamboo using
hydrothermal treatment with different buffered solutions (pH
5, 7 and 8) as heating medium. Response surface
methodology (RSM) models for dimensional stability
attributes, thickness swelling (TS) and water absorption
(WA), of the hydrothermally treated bamboo were
developed. pH of the buffered medium, treatment
temperature and time were taken as independent variables.

II. MATERIALS AND METHODOLOGY

A. Samples preparation

Semantan bamboo as raw material in this study were
procured from Raub, a district located in Pahang, Malaysia.
Only matured bamboo was chosen and harvested. The
selection mode was random where the culms having diameter
between 90 to 110 cm was selected. The selected bamboo
stands were cut at a height of 30 cm from the ground. The
bamboos were split into several parts before cutting into sizes
of 50 mm x 50 mm x 10 mm (length x width x thickness). To
prevent from attack by fungus and loss of moisture, the
harvested samples were conditioned in a cold room with
temperature of 4 °C.

B. Research Surface Methodology

Central composite design (CCD) using response surface
methodology (RSM) was used in the present study to
investigate the effects of treatment variables on dimensional
stability of bamboo. Three independent variables, namely,
buffered mediums (pH), treatment temperature (°C) and
treatment time (min) were selected and the response variable
was thickness swelling (TS) and water absorption (WA). The
CCD was conducted using Design Expert Software (State
Ease, Design Expert 9). A 20-run CCD using RSM was
developed. Experimental conditions of coded and actual
values developed using RSM
with CCD are shown in Table
1.
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C. Treatment process

Hydrothermal treatment was conducted by boiling the
bamboo in different buffered mediums ranging from pH 4 to
9 above the atmospheric pressure by using twin digesters.
After loading the samples in the twin digesters, buffered
solutions were subsequently heated up to the required
temperature ranging from 60 - 160 °C as suggested by
experimental conditions. After the respective required
treatment times (13 to 147 min), the treated samples were
taken out from the digester. The samples were then put in the
oven at 100 £ 3 °C for 24 h for drying purpose. The samples
were conditioned to a constant mass before the evaluation of
properties were conducted. Conditioned samples were
submerged in a beaker filled with distilled water. After 24 h,
the TS and WA before and after immersion in water were
determined and expressed in percentage.

TABLE 1: EXPERIMENTAL DESIGN OF HYDROTHERMAL
TREATMENT VARIABLES USING CENTRAL COMPOSITE DESIGN

Coded factor Actual factor
Temp Time
Run X4 X, Xs pH (°C) (min)
1 -1 -1 -1 5 80 40
2 1 -1 -1 8 80 40
3 -1 1 -1 5 140 40
4 1 1 -1 8 140 40
5 -1 -1 1 5 80 120
6 1 -1 1 8 80 120
7 -1 1 1 5 140 120
8 1 1 1 8 140 120
9 -0 0 0 4 110 80
10 o 0 0 9 110 80
11 0 -a 0 6.5 60 80
12 0 o 0 6.5 160 80
13 0 0 -a 6.5 110 13
14 0 0 o 6.5 110 147
15 0 0 0 6.5 110 80
16 0 0 0 6.5 110 80
17 0 0 0 6.5 110 80
18 0 0 0 6.5 110 80
19 0 0 0 6.5 110 80
20 0 0 0 6.5 110 80
(ccp)

III. RESULTS AND DISCUSSION

From the experimental result, two quadratic equations
(Equation 1 and 2) were obtained. Any coefficients that were
statistically insignificant were deleted from the equation and
the final equations in terms of actual factors are shown
below:

TS =33.48 - 1.10pH — 0.25Temp — 0.04Time +

0.00061Temp” + 000017 Time” (1)
WA =153.50 — 0.90Temp — 0.34Time + 0.0016Temp” +
0.020 pHxTime + 0.0012 Temp*Time 2)
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To ensure the fitted model gave a sufficient approximation
of the results obtained in the experimental conditions,
adequacy of the model was evaluated. Insignificant
lack-of-fit values of 0.6663 and 0.7172 for WA and TS,
respectively indicated the appropriateness of the model for
further investigation. The fit of the model was evaluated
using coefficient of multiple regression (r*) and adjusted r’
was used for confirmation of the model adequacy. Based on
the analysis, 1% values of 0.9900 and 0.9862 for WA and TS,
respectively, indicated a highly fitness of the model. The
adequacy of the model was further proved by high adjusted r*
0f 0.9810 and 0.9738, respectively.

The effects of variables (pH, treatment temperature and
time) on the response of thickness swelling (TS) and water
absorption (WA) of the hydrothermally treated samples are
presented in Figure 1. From the figure, one can see that the
TS of bamboo decreased as the treatment temperature and
time increased. The lowest TS of 3.88% was attained when
subjected to 160 °C for 80 min while the highest TS of
13.26% was recorded when the samples treated at 60 °C for
80 min. Despite treatment time showed considerable
influence on the TS values, treatment temperature is the most
crucial factor among these two treatment variables. For
example, bamboo samples treated at 140 °C for 40 min
resulted in a TS of 5.96%. The resulted value was lower than
the TS of bamboo samples (6.49%) that subjected to lower
temperature but longer exposure time (110 °C for 147 min).
In other words, treatment time could be shortened by more
than 107 min when the treatment temperature was raised by
30 °C. The WA pattern mirrored that of TS with lower WA
obtained with higher treatment temperature. Enhancement in
dimensional stability is mainly attributed to the reduction of
hygroscopicity of the hydrothermally treated samples.
Olarescu et al. [11] stated that the hydroscopicity of
thermally treated lime wood was reduced and the reduction
increased along with increasing treatment temperature and
time. Hemicelluloses and amorphous cellulose decomposed
by thermal treatment are the main reason to led to the nature
of treated wood become hydrophobic [12]. On the contrary,
pH values of treatment medium were found did not
significantly affect the dimensional stability of the treated
samples. Nevertheless, when both treatment temperature and
time remained constant, better TS and WA were observed in
the samples treated in neutral and alkaline mediums (pH 6.5,
8 and 9). The findings were in agreement with Saliman et al.
[9] who reported that the oil palm wood hydrothermally
treated in alkaline medium exhibited lower TS than the
samples treated in acidic medium. Ebadi et al. [13] also
reported the highest anti-swelling efficiency (ASE) was
observed in oil palm wood treated using buffered medium
having pH of 8.
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Fig. 1: 3D-surface plots of water absorption (WA) and
thickness swelling (TS) as function of time and pH (a & b),
temperature and pH (c & d) and time and temperature (e & f)

IV. CONCLUSIONS

In conclusion, better dimensional stability of Semantan
bamboo could be attained by hydrothermal treatment. The
RSM models suggesting that higher treatment temperature
and time could resulted in lower TS and WA. Neutral and
alkaline buffered mediums are preferred to en-hance the
dimensional stability of bamboo to a higher extent. However,
degree of temperature and time has to be carefully controlled
by taking mechanical properties into consideration as it could
be adversely affected by high temperature.
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