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Abstract—Beting bamboo or scientifically known as Gigantochloa Levis is readily available, can be obtained at 
lower cost, easy to harvest, and good in mechanical properties. Alteration of bamboo surface using chemical 
treatment prior to making it as a product has been reported to have potential to enhance the structural and 
functional properties of the product. The objective of this study is to determine which portion of bamboo (outer 
and inner) is good in adhesion as well as the effect of different percentage of treatment (Maleic Anhydride (MA) - 
0%, 0.5%, 1% and 2%) on bamboo surface properties such as contact angle, and chemical structure. The contact 
angle, and chemical component of bamboo samples were determined using contact angle meter, and FT-IR 
respectively. It is concluded that the combination ofinner portion of bamboo with 1% MA treatment showed the 
mostsuitable outcome to be used in enhancing the surface properties of a product. Based on the spectroscopic 
analysis using FTIR method, it was concluded that treating bamboo with MA chemically modified the surface of 
bamboo as indicated by the spectrum on the analysis.There were major differences at the spectrums that showed 
different assignments. 
 
Index Terms—Beting bamboo, FT-IR, Maleic Anhydride, Surface Properties.  
 
I. INTRODUCTION 
 
Bamboostructural variation, mechanical properties, 
extraction of fibres,chemical modification, and thermal 
properties had made it versatile for the use in 
composite industry [[1]]-[[3]]. However, instead of 
their good criteria, bamboo fibers are lack in several 
properties such as poor wettability, high moisture 
absorption by the fibers and many more. Wettability is 
poor because of the adhesion between the fiber and 
matrix itself. One way to measure the wetting of a solid 
surface is by determining the contact angle of a liquid. 
Reference [[4]] recorded that the contact angle is the 
affinity of a liquid’s indicator for a solid. The 
magnitude of the cohesion forces acting between three 
planes; solid, liquid, and gas are related to the 
characteristic or the shape of the liquid drop on the 
surface[[5]]. Sessile drop test is a method used to 
measure the contact angle and also the surface tension 
[[6]]. Contact-angle measurements are the basis for 
estimate the wetting criteria of the material. It is 
important for gluing applications because it gives 
information whether a liquid is wetting a surface, or 
non-wetting the surface [[6]].Prior to that, contact 
angle of beting bamboo (G. levis) are studied, which 
focus on which portion of bamboo has a good 
wettability, and how MA can alter the surface of the 
bamboo thus causing the combination between the 
bamboo and other material become better.  
 
EXPERIMENTAL MATERIALS 
Gigantochloa Levis bamboos were obtained from 
supplier in Malaysia. These bamboos had an average 
length of 721.50 mm, average thickness of 10.44 mm  

 
(top) and 13.86 mm (bottom) while the average 
diameters were about 73.15 mm (top) and 83.60 mm 
(bottom).The initial moisture content ranged from 22 
to 25 %. The bamboos were cut into 50-mm-long at top 
sections in getting a sample. Prior to testing, all 
specimens were conditioned in humidity controlled 
chamber for approximately two weeks to control their 
temperature and relative humidity. 
 
II. METHODS 
 
Contact Angle 
Specimens of untreated and treated bamboo are taken 
randomly for the analysis. Procedure for contact angle 
determination was drop shape analysis using contact 
angle meter. According to reference [[7]], all fresh 
samples were sanded using 220-grid sandpaper and 
were tested immediately after sanded within 2 hours 
period time. MA solutions at different concentration 
were applied on the bamboo after the sanding and left 
in oven at 100°C for 5 minutes before it were tested. 
Ultra micropipette was used to place a small droplet of 
distilled water on the bamboo surface. The angles 
between the distilled water and the surface were 
reported as contact angle and recorded using camera 
attached to the contact angle instrument. Drop profiles 
were extracted from the stored image and then the 
profiles were curved fit to the Young-Laplace 
equations. Contact angles were determined 
immediately as the droplet touched the surface. The 
result obtained was analyst using Analysis of Variance 
(ANOVA).  
 
FT-IR 
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Fourier Transform Infrared spectroscopy (FT-IR) 
analysis was performed using Perkin Elmer Spectrum 
One spectrometer to determine the chemical 
component of the bamboo (untreated and treated). MA 
solutions at different concentrations were applied on 
the bamboo and were cured in similar ways to static 
wettability analysis samples. Prior to analysis the 
surface of bamboos weremilled to obtain fine dust 
particles on the bamboo. The bamboo fine particles 
were then mixed with potassium Bromide (KBr) using 
agate mortar at the ratio approximately 1:9 (Bamboo 
dust: KBr) and using specific die, pressure was applied 
to the mixtures of bamboo and KBr to form pellets. 
Spectrums were observed from 450 cm-1 to 4000 cm-1 
at 16 scans per each specimen. Press was placed and 
pressed at 5000-10000 psi. The pellet press brochure 
was checked for details. The pressed samples were 
carefully removed from die and were placed in the 
FTIR sample holder. 
 
III. RESULTS AND DISCUSSION 
 
Contact angle of outer and inner portions along with 
different percentages of MA were showed in the Fig. 1, 
and also Table I. High contact angle indicates low 
wettability; meaning that it is less suitable for gluing. 
On the contrary, if the contact angle is low, the wetting 
is good and suitable for gluing. Analyses were also 
made between portion, treatment and interaction 
between treatment and portion using two ways 
ANOVA and were shown in Table II. It was found that 
although the average contact angle of bamboo outer 
was generally smaller (53.53°) than inner surface 
(64.7°), it was not significant in difference (P=0.7137). 
However effect of coupling agent was significant in 
difference (P=0.0004). Meanwhile the interaction 
between portion and the effect of MA was also 
significant (P=0.0186). 
 
Small contact angle of inner surface compared to outer 
surface is due to the fact that the size of vessels 
increase from the periphery of the culm wall as it move 
inward [[8]]. Different in the extractive content might 
also affect the wettability properties of bamboo 
surfaces as it is well known that outer layer have high 
concentration of silica compared to the inner surface. It 
is also due to the different specific gravity between the 
two surfaces. For inner layer of bamboo, the existence 
of wax like material can also contribute to higher 
contact angle, and can affect the penetration of 
adhesive for proper bonding.  
 
MA is a α, β-unsaturated carbonyl compound, 
containing one carbon-carbon double bond (C=C) and 
two carboxylate groups (-COO-). These functional 
group of maleic anhydrides interact with the polar 
groups [mainly hydroxyl groups (-OH)] of cellulose 
and lignin to form covalent or hydrogen bonding 
[[9]]-[[11]], thus improving the adhesion on the 
surface of bamboo. 

 
Fig. 1: Contact angle of inner and outer portion of bamboo with 

different percentages of MA 
 

Table I: Contact angle of inner and outer portion of 
bamboo with different percentages of MA 

 
 

Table II: Result of two way analysis of variance 

 
 
FT-IRspectrum of treated and untreated bamboo 
Fig. 2 showed the FT-IR spectrum of untreated and 
treated bamboo surface. The results showed that there 
were some major differences in the IR spectrum 
between untreated and treated bamboo surface. There 
were different peaks at certain spectrums and each 
spectrum represented different assignment. From the 
spectrums, there were differences at approximately 
4000 cm-1 to 3500 cm-1. At area of 3200 cm-1 and 
2900 cm-1 there were also differences at treated and 
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untreated surfaces that corresponded to O-H stretch 
vibration (bonded) and C-H stretch vibration 
respectively. At 1750 cm-1 to 1400 cm-1, there were 
also differences which corresponded to C=0 stretch 
vibration(unconjugated)(1736 cm-1), H-O-H 
deformation vibration of adsorbed water and 
conjugated C=0 stretch vibration(1655 cm-1), aromatic 
skeletal and C=O stretch vibration(1596 cm-1) and 
many more.   
 

 
Fig. 2: FT-IR spectrum of treated and untreated bambo 

CONCLUSION 
 
Contact angle is important to determine the strength of 
bonding of a product.MAPP could be used instead of 
MA because the molecular chain of MA is much 
shorter than that of polymer matrix and bamboo fibers. 
This discrete nature makes MA not so effective to 
improve the interfacial adhesion. 
Other than using FT-IR, we should also use SEM 
(Scanning Electron Microscope), a well-known 
electron beam technique in which electron scattering is 
used to image the topography of the sample surface 
under investigation. This provides topographical 
information on the sample surface allowing for greater 
understanding of the reaction between treatment and 
substrate. 
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