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Abstract

Background and Objective: The chemical modification of wood was a chemical reaction between some reactive parts of wood
components and a simple chemical reagent to form a covalent bond between both wood and chemical reagent. The utilization of jabon
wood has long been done by the people of Indonesia. Jabon wood (Anthocephalus cadamba Miq.) is used for building materials, having
quality of wood is not good such as dimensional stability. This study was to find out the effect of treatment of wood with styrene
monomer using methyl methacrylamide in change in morphology structure and dimensional change. Materials and Methods: Jabon
wood was impregnated with a styrene and methyl methacrylate to a strain of 50%. The changes in cell structure were analyzed to
determine the effects of the treatment. Scanning Electron Microscopy (SEM) was used to determine the change in microfibrilangle (MFA),
preferred orientation of fiber (PO) and wood crystallinity (WC). Samples between the tangential sections were used for density
measurement, as determined by the American Standard Testing and Material (ASTM) D2395 method. Furthermore, dimensional stability
of the samples were calculated according to standard. Results: The wood density and volumetric swelling coefficient (SC) after
modification of jabon wood showed a range of variation. The value of MFA in modified wood decreased significantly compared with the
control. Wood modification results in an increase in the crystallinity. Cellulose crystallinity is reduced after impregnation, because the
monomer groups interact with the groups in the volume of wood and occupy a larger space in the wood. Conclusion: The impregnation
increased the dimensional stability of jabon wood (density and specific gravity).
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INTRODUCTION

The wood from plantation forests both industrial
plantations (HTI) and community forests are expected to
dominate the timber market in the future, following the
declining productivity and quality of existing natural forest
productions. This is reflected in the growing demand tends
timber species is less well known that during the last 5 years.
Meanwhile, the wood will require certain treatments before
they are used for different characteristics when compared to
natural forest wood. Wood from plantations forest is generally
inferior in particular in terms of strength and dimensional
stability'.

To develop higher value applications of fast-growing
trees, chemical modification of wood which leads to an
increased dimensional stability have been done to improve
wood quality. In chemical modification of wood, a chemical
reagent will reaction with reactive part of wood or the
chemical reagent with or without catalyst?. Many chemical
agents have been used to increase dimensional stability of
wood, such as dimethyl sulfate carboxylic acid,* acetic
anhydride® and epoxides’. Jabon wood (Anthocephalus
cadamba Miq.) has low dimensional stability due to its low
wood density. Densifying by impregnation is chemical
modification to improve its properties on jabon wood. In the
impregnation process, wood cavity structure is filled with
substances such as phenol formaldehyde resins, vinyl solution,
liquefied natural resin, wax, sulfur and light weight metal so
that the wood becomes more dense®".

Several studies have been conducted on densifying wood
by impregnation using the monomers styrene (ST), methyl
methacrylate (MMA) and glycidyl methacrylate (GMA). This
method can improve the mechanical properties, biological
durability, dimensional stability, hardness and UV-stability of
wood'?'>, Furthermore, according to Abdul Khalil et a/’,
modifications of Acacia mangium carried out with propionic
anhydride and succinic anhydride in the presence of the
catalyst sodium formate provided resistance to microbial
attack.

To prevent densified wood from recovering its original
shape and size, wood can be treated with the water
repellent materials's. Inoue et a/'® found that compressed
formaldehyde in Sugi (Cryptomena japonica) was able to
produce cross linking among the wood components through
the process of polymerization. Densified wood remained
stable despite being exposed to steam for 1 h'®. Compressive
deformation was well fixed by this method without any
special post-treatment. There were limitations, considering
formaldehyde pollution causes risks from the free
formaldehyde remaining in the treated products.
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Chemical modification or impregnation is an effective
method of permanent fixation of compressed deformation of
wood. There are few studies conducted to determine the
effect of the combination of chemical impregnation and
compression. Therefore, the present study was conducted to
investigate the effect of chemical modification on the
dimensional stability and morphology structure of jabon
wood.

MATERIALS AND METHODS

This study was conducted from July-October, 2017,
divided into two parts, i.e. materials and methodology. In
material section, it consists of material preparation, starting
from trees selection to the specimen manufacturing, whilst
the methodology comprises the detail procedures to conduct
the experiments.
Materials: Jabon lumber was prepared from mature
(5 years old) jabon trees collected from a community forest
in West Java, Indonesia. Styrene, methyl methacrylamide
(65/28 w/w%), benzoy! peroxide (2%) and divinyl benzene
(5%) of Sigma-Aldrich (USA) specification were procured from
local chemical vendor.

The jabon trees were sawn using the polygon sawing
method to obtain the dense homogenous lumber of jabon
wood. Wood was sawed radially at a thickness of 35 mm to
obtain samples. The samples were initially dried for 24 h at
50°C in an oven to reach 15% moisture content (MC) and a
specific gravity between 0.25 and 0.45 before impregnation
and finally cut to samples with dimensions of 10 mm (L) X
20 mm (T) X 20 mm (R). The samples wood was then steamed
at 180°C for 8 min according to the method of Inoue et a/".
The steam treatment is effective method for fixing the
compressed deformation of wood for permanent fixation.

Methods

Chemical impregnation treatment: A monomer solution of
styrene (ST) and methyl methacrylamide (MMA) (65/28 w/w%)
was mixed with a 2% benzoyl peroxide catalyst
(polymerization) and a 5% divinyl benzene cross-linker was
prepared at 40% of monomer solution with 60% benzene
based weight/weight. The mixture was perfectly incorporated
into a chamber to begin the process of impregnation. The
wood was impregnated with the monomer solution by
vacuum-pressure, with an initial vacuum of 3 bars for 30 min,
pressure at 7 bars for 60 min and subsequently at 3 bars for
10 min. The wood specimens were impregnated with ST/MMA
to produce wood polymer composites (WPCs).



J. Biol. 5ci,, 18 (4): 201-207, 2018

Morphological structure analysis: Scanning Electron
Microscopy (SEM) (LEO Supra 50 Vp, Germany) was used to
characterize the morphology of the wood samples. The
samples were attached to an aluminium stub, sputter-coated
with gold (Polaron SC515, Fisons Instruments; UK) and
analyzed at an accelerating voltage of 5 kV. X-ray diffraction
(XRD) analysis, carried out on a Philips PW 1050 X-pert
(Netherlands), was used to determine the change in microfibril
angle (MFA), preferred orientation of fiber (PO) and wood
crystallinity (WC).

Density and dimensional stability properties: Samples
between the tangential sections were used for density
measurement, as determined by the American Standard
Testing and Material (ASTM) D2395 (2002) method.
Dimensional parameters such as volumetric swelling were
calculated by a reported method®. The samples were
submerged in distilled water evacuated in vacuum
desiccators. Excess water was drained and the volume of the
samples were determined. The soaking process was continued
until samples attained constant volume.

The volumetric swelling coefficient (SC) was calculated by
Eq. 1:

Vw B Vu.t)

S, (%) = ( %100

u.t

Where:
Vi
Vi

Swollen volume of wood sample after treatment (cm?)
Oven-dried volume of either treated or untreated
samples (cm?)

Statistical analysis: All the specimen in the testing used
five replicates. The mean of the samples was used to show
the changes in properties of the WPCs, while standard
deviation was used to show the significant difference between
the treatments. This was analyzed by F-test or probability
analysis.

RESULTS AND DISCUSSION

Properties of modified wood: The wood density and
volumetric swelling coefficient (SC) after modification of jabon
wood showed a range of variation (Table 1). Compared with
the untreated (control), the density of modified jabon wood
each was increased by 26.87%. The impregnation treatment
made a contribution to the density increase. Under normal
conditions for the modified wood, a higher density causes
dimensional stability.
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Table 1: Density and swelling coefficient (SC) of modified jabon wood
Control (untreated) Modified jabon wood
Density (kg cm™2) 0.49 (0.04) 0.67 (0.03)
SC (%) 7.17 (0.20) 2.18 (0.03)
Data reported as the mean=standard deviation

Table 2: Change in micro structure of modified jabon wood

Percentage Control (untreated) Modified jabon wood
MFA 19.67 11.47
PO 38.80 70.40
GC 49.36 3747

The increase of density due to compression occurs
because the wood cell cavities and cell walls become denser
and contain low cellulose in the primary wall and middle
lamella. Jabon wood impregnated with monomers to fill the
void space by press-vacuum treatment led to an increase in
density. Polymer-filled wood yielded higher density compared
to control because co-polymerization of the cell wall in the
wood produced permanent fixation by the presence of
ST/MMA, as shown by Rahman et a/'", reported permanent
fixation of the wood matrix due to ST/MMA cross linking with
the wood cell wall.

The rate of dimension change of the WPCs was within the
range of 0.012-0.015% (Table 1). The rate of change in the
volumetric swelling of the WPCs is very low due to the
presence of monomers /in situ copolymerization in the cell
cavities. Therefore, the increase in the polymer material used
increased stable dimensions of the wood®™.

Morphological structure: The change in morphology can be
seen by comparing the SEM cross-section of the fracture
surface of the control and modified jabon wood. The bulk of
hardwood consists of short narrow hollow cells, or tracheids,
that fit closely together (Fig. 1a). Figure 1b showed that the
monomer has filled the cavity so that the cavity cells shrink
even closed. It appeared that the cavities in the parenchyma
tissue are full, soimpregnation has occurred. The high density
of the pores in the wood after impregnation with monomer
showed that the mixture of monomers used has been
symmetrically and achieve homogeneity resulting inimproved
mechanical and physical properties?.

Changes of microstructure: The chemical modification of
jabon wood had significant effects on the change in
microstructure relevant to the microfibril angle (MFA),
preferred orientation of fiber (PO) and gradient crystallinity
(GCQ) as shown in Table 2.

Table 2, untreated jabon wood has a higher MFA than
modified jabon wood. This suggested that the impregnation
process of 50% decreased the microfibrilangle toimprove the
properties of jabon wood. The MFA curves of modified jabon



J. Biol. 5ci,, 18 (4): 201-207, 2018

Fig. 1(a-b): SEM micrographs showing morphology changes in modified jabon wood. (a) Untreated (control) and (b) Wood

polymer composite (WPCs)
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Fig. 2(a-b): MFA curves of modified jabon wood. (a) Untreated (control) and (b) Wood polymer composite (WPCs)

wood was shown in Fig. 2. The value of MFA in modified wood
(Fig. 2b) decreased significantly compared with the untreated
jabon wood (control) (Fig. 2a). The MFA showed a variable
relationship with wood density?’ and dominant parameters
that affect shrinkage and shrinkage anisotropy?. The
dominant parameters, as defined was key importance on
major effects stiffness and shrinkage, such as orientation and
crystallinity of cellulose microfibrils in cell wall along the fiber
axis®. The obtained results revealed that the increased
dimensional stability and strength of treated wood with minor
values of MFA of WPCs.

Impregnation causes irregular fibers. The phenomenon
that occurs in wood impregnated showed that the inner layer
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(inner part of sample) is more regular than the outside fiber
(surface of sample) (Fig. 3). Changes in the value of preferred
orientation were shown in Table 2. Chemical modification is
the process to change from hydrophobic to hydrophilicin the
wood. There will be changes in the shape regularity
structure, so flexibility will be lower because wood density
increases. This phenomenon showed that cells in wood filled
with chemical agents changed the preferred orientation of
wood by replacement of hydroxyl groups with monomers that
polymerize with wood?.

Wood modification results in an increase in the
crystallinity of modified jabon wood, as shown by X-ray
diffraction (Fig. 4). The primary component of wood is
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Fig. 3(a-b): PO curves of jabon modified wood. (a) Untreated control and (b) Wood polymer composite (WPC)
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Fig. 4(a-b): GC curves of modified jabon wood: (a) Untreated control and (b) Wood polymer composite (WPC)

cellulose and generally cellulose is in a crystalline form.
Cellulose crystallinity is reduced after impregnation, because
the monomer groups interact with the groups in the volume
of wood and occupy a larger space in the wood. This process
causes a change to the arrangement of wood fibrils, to cause
a reduction in crystallinity so fibrils become more rigid.

CONCLUSION

Modifications to the impregnation process successfully
improved the physical properties of jabon wood. At 50%
impregnation, an increase of the gradient density and a
decrease in the volumetric swelling in jabon wood was
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observed. The impregnation also increased the dimensional
stability of the treated wood (density and specific gravity).
Meanwhile, process modification by impregnation resulted in
a small increase in the value of microfibril angle (MFA).
Densifying the wood by impregnation resulted in decrease in
the crystallinity of wood and tended to result in a reduction of
cell wall chemistry.

SIGNIFICANCE STATEMENT

This study discovers the properties of wood modified
based on impregnation process by styrene (ST) and methyl
methacrylamide  (MMA) in connection with quality
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enhancement of jabon wood. The findings of this study can be
beneficial as an alternative to wood and wood-based
composites for structural purposes. Thus, a new theory on
the effect of chemical modification of jabon wood
(Anthocephalus cadamba Miq.) on the morphological
structure and dimensional stability.

ACKNOWLEDGMENTS

The authors would like to thank Institute of Teknologi
Bandung (ITB), for providing Research Grants of Research,
Community Services and Innovation Program (P3MI)-ITB. The
authors would also like to thank Forestry Products Research
and Development Center, Ministry of Environment and
Forestry Indonesia, Bogor, for providing the necessary
facilities.

REFERENCES

1. Shepard, RK. Jr,, 1982. Fertilization effects on specific gravity
and diameter growth of red spruce (Picea rubens). Wood Sci.,
14:138-144.

2. Rowell, RM., 1975. Chemical modification of wood:
Advantages and disadvantages. Proceedings of the Annual
Meeting American Wood Preserver's Association, April 28-30,
1975, San Francisco, CA., pp: 1-10.

3. Matsuda, H., 1996. Chemical Modification of Solid Wood. In:

Chemical Modification of Lignocellulosic Materials, Hon,

D.N.S. (Ed.)., Marcel Dekker, New York, pp: 159-183.

Militz, H., E.P.J. Beckersand W.J.Homan, 1997. Modification of

solid wood: Research and practical potential. Proceedings of

the International Research Group on Wood Preservation,
28th Annual Meeting, May 25-30, 1997, Vancouver, Canada.

5. Mohebby, B.,2003.Biological attack of acetylated wood. Ph.D.

Thesis, Institute of Wood Biology and Wood Technology,

Faculty of Forest Sciences and Forest Ecology, Universitat

Goottingen, Germany.

Bhat, I.U.H., H.P.S. Abdul Khalil, H. Ismail and T. Alshammari,

2011. Morphological, spectroscopic and thermal properties

of alkali-treated and chemically modified oil palm empty fruit

bunch fibers and oil palm frond fibers: A comparative study.

BioResources, 6: 4673-4685.

7. Abdul Khalil, H.P.S., LUH. Bhat and K.B. Awang, 2010.

Preliminary study on enhanced properties and biological

resistance of chemically modified Acacia spp. BioResources,

5:2720-2737.

Devi, R.R., I. Ali and T.K. Maji, 2003. Chemical modification of

rubber wood with styrene in combination with a crosslinker:

Effect on dimensional stability and strength property.

Bioresour. Technol., 88: 185-188.

206

9.

20.

Mahmoud, A.A, AMF. Eissa, M.S. Omar, A.A. El-Sawy and
AF. Shaaban, 2003. Improvement of white pine wood
properties by impregnation with mixtures of methyl
methacrylate and phthalimide monomers, subsequent
in situ copolymerization. Pigment Resin Technol., 32: 24-29.
Dungani, R, M.N. Islam, H.P.S. Abdul Khalil, Y. Davoudpour
and A. Rumidatul, 2013. Modification of the inner part of the
QOil Palm Trunk (OPT) with Qil Palm Shell (OPS) nanoparticles
and Phenol Formaldehyde (PF) resin: Physical, mechanical
and thermal properties. BioResources, 9: 455-471.

. Rahman, M.R,, J.CH. Lai, S. Hamdan, A.S. Ahmed, R. Baini and

S.F. Saleh, 2013. Combined styrene/MMA/nanoclay cross-
linker effect on Wood-Polymer Composites (WPCs).
BioResources, 8:4227-4237.

. Takahashi, M., Y. Imamura and M. Tanahashi, 1989. Effect of

acetylation on decay resistance of wood against brown-rot,
white-rot and soft-rot fungi. Proceedings of the International
Chemistry, Congress of Pacific Basin Societies, Agrochemistry,
Sub-Symposium on Chemical Modification of Lignocellulosic
Materials-Chemical Reactions, Hawaii, May 22-26, 1989,
Lappeenranta, Finland.

Feist, W.C.,R.M.Rowell and W.D. Ellis, 2007. Moisture sorption
and accelerated weathering of acetylated and methacrylated
aspen. Wood Fiber Sci., 23: 128-136.

Sudiyani, Y., S.I. Tsujiyama, Y. Imamura, M. Takahashi,
K. Minato and H. Kajita, 1999. Chemical characteristics of
surfaces of hardwood and softwood deteriorated by
weathering. J. Wood Sci., 45: 348-353.

. Yildiz, U.C,, S. Yildiz and E.D. Gezer, 2005. Mechanical

properties and decay resistance of wood-polymer composites
prepared from fast growing species in Turkey. Bioresour.
Technol.,, 96: 1003-1011.

Inoue, M., M. Norimoto, Y. Otsuka and T. Yamada, 1991.
Surface compression of coniferous wood lumber, II:
Permanent set of compression wood by low molecular
weight phenolic resin and some physical properties of the
products. Mokuzai Gakkaishi, 37: 227-233.

Inoue, M., M. Norimoto, M. Tanahashi and R.M. Rowell, 2007.
Steam or heat fixation of compressed wood. Wood Fiber Sci.,
25:224-235.

Schneider, MH. and K.. Brebner, 1985. Wood-polymer
combinations: The chemical modification of wood by
alkoxysilane coupling agents. Wood Sci. Technol., 19: 67-73.
Islam, M.S., S. Hamdan, M. Rusop, M.R. Rahman, A.S. Ahmed
and M.AM.M. Idrus, 2012. Dimensional stability and water
repellent efficiency measurement of chemically modified
tropical light hardwood. BioResources, 7: 1221-1231.
Dwianto, W., T. Morooka, M. Norimoto and T. Kitajima, 1999.
Stress relaxation of Sugi (Cryptomeria japonicaD. Don) wood
in radial compression under high temperature steam.
Holzforschung, 53: 541-546.



21.

22.

J. Biol. 5ci,, 18 (4): 201-207, 2018

Lin, CJ. and CM. Chiu, 2007. Relationships among
selected wood properties of 20-year-old Taiwania
(Taiwania cryptomerioides) trees. J. Wood Sci., 53: 61-66.
Hein, P.R.G. and L. Brancheriau, 2011. Radial variation of
microfibril angle and wood density and their relationships in
14-year-old  Fucalyptus urophyfla S.T. blake wood.
BioResources, 6: 3352-3362.

207

23.

24.

Harris, J.M., 1977. Shrinkage and density of radiata pine
compression wood in relation to its anatomy and mode of
formation. N. Z. J. For. Sci., 7: 91-106.

Chen, H., Q. Lang, H. Zhang, G. Wu, X. Zhang and J. Pu, 2013.
Study of chemical modification by impregnation of fresh
popal log by hot press drying process. BioResources,
8:3924-3933.



	JBS.pdf
	Page 1


