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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of 
the requirement for the degree of Master of Science 

PHYSICO-MECHANICAL PROPERTIES OF KEDONDONG (Canarium spp.)
AND BATAI Paraserianthes falcataria (L.) Nielsen IMPREGNATED WITH

PHENOLIC RESIN AND THEIR RELATION TO SORPTION BEHAVIOUR 

By

ARFAH SHAWATI BINTI BONEKA 

February 2022

Chairman : Sabiha Salim, PhD
Faculty : Forestry and Environment 

Kedondong (Canarium spp.) and batai (Paraserianthes falcataria (L.) Nielsen)
hardwood were chosen as the raw materials to improve their dimensional stability and 
mechanical performances via several scientific treatments that this study undertook.
Wood modifications of these two species were conducted with the objective to enhance
their low dimensional instability, inferior mechanical strength and high hygroscopicity 
which limit their commercial utilization. In this study, kedondong and batai samples were 
impregnated with low-molecular weight phenol formaldehyde (LMwPF) resin at 15%, 
20% and 30% concentrations followed by the curing process at 150 °C for 60 minutes. 
Weight percent gain (WPG), surface wettability and physical properties like water 
absorption (WA), thickness swelling (TS), swelling coefficient (SC) and anti-shrink 
efficiency (ASE) were all monitored by this study. In addition, mechanical strength in 
terms of their bending and hardness strengths and sorption behaviour of untreated sample 
against impregnated samples were also individually evaluated. Consequently, results 
showed that impregnated batai demonstrated better treatability than the kedondong
sample. However, impregnated kedondong showed an increase in WPG as the LMwPF
resin concentration increased from 15% to 30%. Surface wettability of impregnated 
sample for both species showed distinct decrements compared to their untreated samples. 
The results also showed that the impregnated kedondong decreased significantly in terms 
of WA, TS and SC while the ASE increased with increment of resin concentration. This 
trend was similar for impregnated batai. In terms of its mechanical properties, the 
modulus of rupture (MOR) value of batai between the impregnated sample at 15% resin 
concentration and the untreated batai sample showed significant difference but there was 
no significant difference for the kedondong sample. Nevertheless, both the kedondong
and batai species showed no significant difference in terms of modulus of elasticity 
(MOE) and hardness properties. The equilibrium moisture content (EMC) at 95% 
relative humidity (RH) of the untreated kedondong and batai samples records 19.10% 
and 21.19% respectively. Meanwhile, for the impregnated kedondong the EMC ranged 
from 18.14% to 18.43%, and for batai the EMC was recorded at 13.35% - 17.12%. 
Kedondong and batai samples shows a reduction in EMC up to 11.57% and 58.74% 
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respectively after being impregnated with LMwPF resin. In addition, there was a 
noticeable difference in the hysteresis loop between the untreated and all impregnated 
samples for both species. The highest absolute hysteresis (AH) was marked at 80% RH 
with values at 3.74% and 3.85% for the untreated kedondong and batai, respectively. The 
AH also showed a marked reduction due to impregnation. Moreover, due to the 
penetration of LMwPF resins in wood cells, it had resulted the low hysteresis ratio (HR) 
when compared to the untreated samples. The projected-fibre saturation point (p-FSP) 
that was determined by applying the hailwood-horrobin (HH) Model for this study, 
showed that the impregnated kedondong and batai exhibited lower EMC compared to 
the untreated samples. Therefore, it could be concluded that the impregnation method 
with LMwPF resin increased the bending strength of batai, and enhanced the dimensional 
stability and reduced the hygroscopicity of kedondong and batai woods.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk Ijazah Master Sains 

SIFAT FIZIKAL DAN MEKANIKAL KEDONDONG (Canarium spp.)
DAN BATAI Paraserianthes falcataria (L.) Nielsen DIIMPREGNASI

DENGAN RESIN FENOL DAN HUBUNGANNYA DENGAN TINGKAH 
LAKU SERAPAN  

Oleh 

ARFAH SHAWATI BINTI BONEKA 

Februari 2022 

Pengerusi : Sabiha Salim, PhD
Fakulti : Perhutanan dan Alam Sekitar

Kedondong (Canarium spp.) dan batai (Paraserianthes falcataria (L.) Nielsen) adalah 
kayu keras yang dipilih sebagai bahan mentah untuk dikaji samada berupaya 
meningkatkan kestabilan dimensi dan prestasi mekanikalnya. Sifat-sifat kayu kedondong
dan batai ditambah baik bagi mempertingkatkan ketidakstabilan dimensinya, kekuatan 
mekanikal yang rendah dan higroskopisiti tinggi yang membataskan penggunaannya. 
Dalam kajian ini, sampel kedondong dan batai diimpregnasi dengan fenol formaldehid 
yang berjisim molekul rendah (LMwPF) pada kepekatan 15%, 20% dan 30% diikuti 
dengan pengeringan pada suhu 150 °C selama 60 minit. Penilaian terhadap pertambahan 
peratus berat (WPG), sifat keterbasahan, sifat fizikal seperti penyerapan air (WA), 
peratusan pembengkakan ketebalan (TS), pekali pengembangan (SC) dan peratusan 
keupayaan menentang pengembangan (ASE), sifat mekanikal yang terbahagi kepada
kekuatan lenturan dan kekerasan, serta tingkahlaku serapan oleh kayu terimpregnasi 
tersebut telah dijalankan. Batai menunjukkan kebolehrawatan yang lebih baik 
berbanding sampel kedondong. Walau bagaimanapun, apabila kepekatan resin 
meningkat daripada 15% ke 30%, terdapat pertambahan peratus berat bagi sampel 
kedondong. Sifat keterbasahan sampel yang diimpregnasi menunjukkan penurunan 
bacaan sudut kontak yang ketara berbanding dengan sampel yang tidak dirawat untuk 
kedua-dua spesis. Kedondong yang telah diimpregnasi menunjukkan pengurangan yang 
ketara terhadap peratusan TS, WA dan SC. Manakala, peratusan ASE menaik dengan 
meningkatnya kepekatan resin. Pola perubahan tersebut juga terjadi pada sampel batai 
yang diimpregnasi. Dari segi sifat mekanikal, pada nilai modulus kerapuhan (MOR), 
tiada perbezaan yang signifikan antara kedondong yang telah diimpregnasi dengan yang 
tidak dirawat dan ada perbezaan yang signifikan antara batai yang telah diimpregnasi 
dengan yang tidak dirawat. Kedua-dua spesies kedondong dan batai yang telah 
diimpregnasi dengan yang tidak dirawat menunjukkan tiada perbezaan yang signifikan 
untuk modulus kelenturan (MOE) dan modulus kerapuhan (MOR). Peratusan EMC pada 
kelembapan relatif (RH) 95% untuk sampel kedondong dan batai masing masing 19.10% 
dan 21.19%. Manakala, sampel kedondong dan batai yang telah diimpregnasi 
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mencatatkan peratusan EMC masing masing pada purata 18.14% - 18.43% dan 13.35% 
- 17.12%. Kedondong dan batai masing-masing menunjukkan penurunan maksimum 
sehingga 11.57% dan 58.74%. Di samping itu, gelung histeresis antara sampel yang tidak 
dirawat dan setelah diimpregnasi untuk kedua-dua spesies menunjukkan perbezaan yang 
jelas. Pada RH 80%, histeresis tertinggi (AH) direkodkan dengan nilai 3.74% dan 3.85% 
untuk spesis kedondong dan batai dan nilainya lebih rendah setelah sampel diimpregnasi. 
Tambahan lagi, penembusan resin LMwPF dalam sel-sel kayu menyebabkan penurunan 
kepada peratusan nisbah histeresis (HR) berbanding dengan kayu yang tidak dirawat. 
Titik tepu serat yang diunjurkan (p-FSP) telah ditentukan dengan mengaplikasikan 
model hailwood horrobin (HH). Data menunjukkan bahawa kedondong dan batai yang 
telah diimpregnasi menghasilkan peratusan EMC yang lebih rendah berbanding dengan 
sampelnya yang tidak dirawat. Secara kesimpulannya, keputusan kajian ini menunjukkan 
bahawa kaedah impregnasi dengan resin LMwPF telah meningkatkan kekuatan batai, 
serta menambahbaik sifat kedondong dan batai dari segi kestabilan dimensi dan 
mengurangkan higroskopisiti kayu.  
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CHAPTER 1 

INTRODUCTION 

1.1   Background of Study  

Kedondong (Canarium spp.) and batai (Paraserianthes falcataria (L.) Nielsen) are 
commercial Malaysian tropical hardwoods that require preservative treatments to 
enhance their durability. Kedondong is one of the commonly marketed timber species 
and are widely available for various applications in local sawmills and plywood mills. 
According to the Forestry Department of Peninsular Malaysia (2016) about 312,283 m3 
of kedondong logs were extracted from forests in Peninsular Malaysia annually. At the 
same time, about 4,199 m3 of batai logs were also extracted from Peninsular Malaysia 
forests (FDPM, 2016). Remarkably, batai is planted in large scale plantations in Sarawak 
and Sabah and the price of those logs are still competitive. Apart from generating 
significant economic gains for locals and for rural development, these species are fast 
growers and are commonly free from major known pests and diseases (Adnan et al., 
2021; Hashim et al., 2015).  Batai can hit a height of up to 40 m tall and its diameter 
more than 100 cm enabling it to be cut into sawn timber of different sizes (Orwa et al., 
2009).  

 

In terms of structural applications in the construction industry, kedondong and batai have 
not been fully exploited due to their poor strength which when exposed to humid 
environment will deteriorate in strengths and durability. Based on the Malaysian 
Standard MS544: Part 2, kedondong and batai are classified as having a strength group 
(SG) of only 5 and 7 levels respectively. Hence, they are considered as weak and could 
be used only for light construction purposes, for instance, for walling works. In addition, 
these species exhibit inherent limitations such as dimensional instability and low 
durability (Lembaga Perindustrian Kayu Malaysia, 2010). Therefore, proper treatments 
to transform them into good construction and building materials for long-term duration 
should be carried out. This study aims to contribute in this aspect. 

 

Several wood modifications such as acetylation, furfurylation, thermal and impregnation 
treatments are said to be able to improve wood performance into desired properties (Hill, 
2006). As an example, a remarkable improvement on the mechanical properties and 
dimensional stability of hornbeam wood was reported through acetylation treatment. The 
acetylated hornbeam wood showed a decrement of about 70% in its equilibrium moisture 
content (EMC) which caused the reduction in the shrinking and swelling rates by 24-
82% (Németh et al., 2020). A study on poplar wood which was chemically modified with 
the glycidyl methacrylate and vinyl acetate (GMA/VA) solutions had resulted in the 
enhancement of its physical properties.  Its water absorption capability was significantly 
lower compared to its untreated sample while the anti-swelling efficiency (ASE) reached 
up to 67.62%. 
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Evidently, several studies maintain that impregnation treatment with LMwPF resin had 
been identified as a promising method to upgrade low-quality timber and Lignocellulosic 
material (Ang et al., 2014; Anwar et al, 2011). In fact, a study discovered that a simple 
production process and equipment to synthesize the LMwPF has made it a cost-effective 
treatment method  
 

to improve strength properties, enhance its dimensional stability and increase its 
resistance towards weathering and moldability (Huang et al., 2013). Furthermore, the 
high temperature applied during the curing stage also causes the bulking action of 
LMwPF resin in the wood cell structure. As stated in Zaidon (2017), curing temperature 
at 150ºC was the optimum temperature to cured about 12-mm thick of impreg and 
compreg product and results in a no leaching state when PF treated sample in contact 
with water.  

 

Researches have revealed that the bulking action of LMwPF would improve wood 
physical and mechanical properties, moisture uptake as well as biological durability 
(Zaidon, 2017; Anwar et al., 2011). In addition, there are other researches that have 
reported success for enhancing the physical and mechanical properties of wood by 
LMwPF impregnation. Nur et al. (2011) found that LMwPF impregnated jelutong showed 
improvement in the mechanical and dimensional stability.  The impregnated product of 
oil palm wood with LMwPF also showed significant increase in the physical and 
mechanical properties (Khairunnisha et al., 2017) . 

 

In another study, masson pine impregnated with phenol formaldehyde reported that the 
dimensional stability and wood strength had improved. The swelling and shrinking 
coefficients percentage were reduced while the anti-swelling and anti-shrinking 
efficiency showed an increment along with the increasing percentage of resin 
concentration. The resin impregnation on masson pine wood also contributed to the 
significant improvement of wood hardness and compressive strength compared to its 
control sample (Wang et al., 2019).  

 

Phenolic impregnation through the bulking mechanism could reduce wood 
hygroscopicity as sorption behaviour could affect the dimensional movement. Since 
wood is hygroscopic, further moisture absorption would result the timber to decay 
(Engelund et al., 2013). The performance of wood shrinking and swelling, bearing of 
heavy loads and resistance to deflection is significant for outdoor exposures 
(Hosseinpourpia et al., 2016). As outdoor condition continuously changes at particular 
temperature and relative humidity (RH), the selection of unsuitable hardwood species 
and inefficiency of treatment for exterior usage would cause the products to be easily 
damaged. 
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1.2   Problem Statement and Justification of Study 
 

Enhancement on physico-mechanical properties of wood through impregnation 
treatment using PF resin had resulted in numerous positive disclosures. PF resin at low 
molecular weight about 290-480 was identified has significant reduction on wood 
swelling due to deep penetration of solution into the wood cell wall (Purba et al., 2014). 
The three different PF resin concentration in the current study was maximize in its solid 
content with aim to reduce the formaldehyde emission as possible. Study on birch woods 
revealed that the deposited resin bulked the cell wall resulting in dimensional 
stabilization. A study outcome shows that the WPG of the sample can reach up to 17.1% 
at 15% resin concentration with the ASE recorded at an average of 41% (Grinins et al., 
2018). In agreement with this, sesenduk also recorded significant improvements on water 
absorption after impregnation with LMwPF /nanoclay admixture. It recorded 69.8% to 
77.2% reduction in water absorption after impregnation (Nabil et al., 2015). 
 

On the other side, the impregnation treatment with LMwPF resin offers an excellent 
improvement on wood strength. Research conducted on sesenduk wood showed that the 
penetrated and deposited resin in wood cell wall increased its MOE value up to 7721 
N/mm2 compared to its untreated sample that recorded at 3863 N/mm2 (Nabil et al., 
2015). Phenolic treated pine and beech also showed an enhancement in bending strengths 
with about 21.4% and 29.0%, respectively and its MOR value had reached to almost 18% 
improvement compared to is untreated sample (Pe nik et al., 2021).  
 

Wood treated with PF resin had successfully reduced its hygroscopicity. This is because 
the moisture sorption at particular relative humidity (RH) and temperature affected wood 
dimensional stability and strength significantly.  A study on beech veneer treated with 
MUPF resin had successfully reduced wood moisture content. At 95% RH, untreated 
sample recorded EMC of up to 25% while phenolic treated sample at 25% and 50% PF 
resin concentration recorded 17% - 20% (Bicke and Militz, 2014). In addition, another 
previous study on wood veneer treated with PF resin also showed an apparent low 
adsorption activity at about 80% RH (Hosseinpourpia et al., 2016).  
 

Hence, this study attempts to seek the potential of kedondong and batai for wider 
utilization in structural applications in the construction industry.  It aims at investigating 
the effectiveness of treatments to increase their dimensional stability and strength 
performances. Admittedly, studies on the moisture sorption behaviour of wood that has 
undergone impregnation treatment with LMwPF resin are rather limited. As kedondong 
and batai are expected to be utilized more popularly with appropriate treatment, the 
investigation to improve the performance of kedondong and batai after being 
impregnated with LMwPF resin is worth to be carried out. 
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1.3   Aim of The Study 

The focus of this research is to improve the performance of kedondong (Canarium spp.) 
and batai (Paraserianthes falcataria (L.) Nielsen) using different concentration of 
LMwPF resin. In this study, the wood samples were impregnated with low-molecular 
weight phenol formaldehyde (LMwPF) resin. The physical and mechanical properties of 
both the untreated and impregnated samples were evaluated and compared. The sorption 
behaviour of the samples was characterized and the obtained data was fitted using the 
hailwood Horrobin (HH) Model. 
The specific objectives of this study are:  
 

1. To determine the effect of resin concentration of LMwPF on weight percent gain 
(WPG) and wettability of kedondong and batai. 

2. To compare the physical and mechanical properties of LMwPF treated and 
untreated kedondong and batai  

3. To assess the adsorption and desorption behaviour of impregnated kedondong 
and batai by using HH model.  

.

  



© C
OPYRIG

HT U
PM

75 

REFERENCES  

Abdullah, C. K., Jawaid, M., Abdul Khalil, H. P. S., Zaidon, A., and Hadiyane, A. (2012). Oil 
palm trunk polymer composite: Morphology, water absorption, and thickness swelling 
behaviours. BioResources, 7(3), 2948–2959. Doi: 10.15376/biores.7.3.2948-2959 

 
Accoya, (2018, May 22). Hardwood vs softwood hardwood properties durability of timber in 

construction [Web log comment]. Retrieved from 
https://www.accoya.com/uk/hardwood-vs-softwood-hardwood-properties-durability-
of-timber-in-construction/ 

 
Aizat, G., Zaidon, A., Lee, S. H., Edi, S. B., and Paiman, B. (2017). A comparison between 

the properties of low and medium molecular weight phenol formaldehyde resin-treated 
laminated compreg oil palm wood. International Forestry Review, 19(3), 1-11. 2017-
2018. Doi: 10.1505/146554817828562305 

 
Alia,S. Y., Paridah, M. T., Hamdan, H., Anwar, U. M. K., Nordahlia, A. S., and Lee, S. H. 

(2019). Effects of anatomical characteristics and wood density on surface roughness and 
their relation to surface wettability of hardwood. Journal of Tropical Forest Science, 
31(3), 269–277. Doi: 10.26525/jtfs2019.31.3.269 

 
Almeida, G., and Hernández, R. E. (2006). Changes in physical properties of yellow birch 

below and above the fibre saturation point. Wood and Fibre Science, 38(1), 74–83. Doi: 
10.1007/s00226-006-0083-8 

 
Almeida, G., Rémond, R., and Perré, P. (2018). Hygroscopic behaviour of lignocellulosic 

materials: Dataset at oscillating relative humidity variations. Journal of Building 
Engineering, 320–333. Doi: 10.1016/j.jobe.2018.05.005 

 
Amarullah, M., Bakar, E. S., and Zaidon, A. (2010). Reduction of formaldehyde emission from 

phenol formaldehyde treated oil palm wood through improvement of resin curing state. 
I. Trop. Wood Sci. Tech, 8(1), 9–14. Doi: 10.51850/jitkt.v8i1.504.g412 

 
Andrade, R. D., Lemus, R., and Perez, C. E. (2011). Models of sorption isotherms for food: 

uses and limitations. Vitae, 18(3), 325–334. 
 
Ang, A. F., Zaidon, A., Bakar, E. S., Mohd Hamami, S., Anwar, U. M. K., and Jawaid, M. 

(2014). Possibility of improving the properties of mahang wood (Macaranga sp.) 
through phenolic compreg technique. Sains Malaysiana, 43(2), 219–225. 

 
Anwar, U. M. K., Hiziroglu, S., Hamdan, H., and Latif, M. A. (2011). Effect of outdoor 

exposure on some properties of resin-treated plybamboo. Industrial Crops and Products, 
33(1), 140–145. Doi: 10.1016/j.indcrop.2010.09.014 

 
Anwar, U. M. K., Paridah, M. T., Hamdan, H., Sapuan, S. M., and Bakar, E. S. (2009). Effect 

of curing time on physical and mechanical properties of phenolic-treated bamboo strips. 
Industrial Crops and Products, 29(1), 214–219. Doi: 10.1016/j.indcrop.2008.05.003 

 
Anwar, U. M. K., Paridah, M. T., Hamdan, H., Zaidon, A., Hanim, A. R., and Nordahlia, A. 



© C
OPYRIG

HT U
PM

76 

S. (2012). Adhesion and bonding properties of low molecularar weight phenol 
formaldehyde-treated plylybamboo. Journal of Tropical Forest Science, 24(3), 379–386. 

Anwar, U.M.K., S.H. Sahari, Z. Jalaludin, H. Husain, Lee, S.H., Alia,S.Y. (2020). Water 
vapour sorption behaviour and physico-mechanical properties of methyl methacrylate 
(MMA)-and MMA–styrene-modified batai (Paraserianthes falcataria) wood. Doi: 
10.1515/2020-0005 

 
Autengruber, M., Lukacevic, M., and Füssl, J. (2020). Finite-element-based moisture transport 

model for wood including free water above the fibre saturation point. International 
Journal of Heat and Mass Transfer, 161, 1.  

        Doi: 10.1016/j.ijheatmasstransfer.2020.120228Ge 
 
Azani, N. (2017). Albizia lebbeck. pp. 31–41.Tropical Forages. 
 
Azlan, H.M., Puaad, M.B.F.M., Ahmad, Z., Talip, A.R.A., and Yasin, M.H. (2018). 

Compressive strength properties of Malaysian tropical timber in structural size: Timber 
strength grading. Doi: 10.1063/1.5062660 

  
Bicke, S., and Militz, H. (2015). Weathering Stability of PF-treated Veneer Products from 

Beech Wood Weathering Stability of PF-treated Veneer Products from Beech Wood. In
Wood 2015: Innovations in wood materials and processes. Brno, Czech Republic 

 
Biziks, V., Bicke, S., and Militz, H. (2019). Penetration depth of phenol-formaldehyde (PF) 

resin into beech wood studied by light microscopy. Wood Science and Technology, 53(1), 
165–176. Doi: 10.1007/s00226-018-1058-2 

 
Bliem, P., Konnerth, J., Frömel-Frybort, S., Gartner, C., Mauritz, R., and van Herwijnen, H. 

W. G. (2020). Influence of drying and curing parameters on phenol-formaldehyde 
impregnated wood veneers. Journal of Adhesion, 96(1–4), 253–271. Doi: 
10.1080/00218464.2019.1657015 

 
Brink, M., 2008. Canarium madagascariense Engl. Record from PROTA4U. Louppe, D., 

Oteng-Amoako, A.A. & Brink, M. (Editors). PROTA (Plant Resources of Tropical 
Africa / Ressources végétales de l’Afrique tropicale), Wageningen, Netherlands. 
Retrieved from http://www.prota4u.org/search.asp. 

 
British Standard. BS 373:1957. Method of Testing Small Clear Specimens of Timber. British 
Standard Institution, London 
 
Chanpet, M., Rakmak, N., Matan, N., and Siripatana, C. (2020). Effect of air velocity, 

temperature, and relative humidity on drying kinetics of rubberwood. Doi: 
10.1016/j.heliyon.2020.e05151 

 
Chauhan, S. S., Aggarwal, P., Karmarkar, A., and Pandey, K. K. (2001). Moisture adsorption 

behaviour of esterified rubber wood (Hevea brasiliensis). Holz Als Roh - Und Werkstoff, 
59(4), 250–253. Doi: 10.1007/s001070000152 

Chen, C., Chen, J., Zhang, S., Cao, J., and Wang, W. (2020). Forming textured hydrophobic 
surface coatings via mixed wax emulsion impregnation and drying of poplar wood. 
Wood Science and Technology, 54(2), 421–439. Doi: 10.1007/s00226-020-01156-7 



© C
OPYRIG

HT U
PM

77 

 
Chen, W., Fadeev, A. Y., Hsieh, M. C., Öner, D., Youngblood, J., and McCarthy, T. J. (1999). 

Ultrahydrophobic and ultralyophobic surfaces: some comments and 
examples. Langmuir, 15(10), 3395-3399. 

 
Chiniforush, A. A., Valipour, H., and Akbarnezhad, A. (2019). Water vapour diffusivity of 

engineered wood: Effect of temperature and moisture content. Construction and 
Building Materials, 224, 1040–1055. Doi: 10.1016/j.conbuildmat.2019.08.013 

 
Chudnoff, M. (1984). Tropical Timbers of The Worlds. Agric. Handbook, 607 Washington, 

DC: U.S. Department of Agriculture, Forest Service . pp. 466. 
 
Collins, P. J. (1996). Current research activities on wood adhesives at CSIRO. In 25th Forest 

Research Conference. 
 
Deka, M., Saikia, C. N., and Baruah, K. K. (2000). Treatment of wood with thermosetting 

resins: Effect on dimensional stability, strength and termite resistance. Indian Journal of 
Chemical Technology, 7(6), 312–317. 

 
Dieste, A., Krause, A., Mai, C., and Militz, H. (2010). The calculation of EMC for the analysis 

of wood/water relations in Fagus sylvatica L. modified with 1,3-dimethylol-4,5-
dihydroxyethyleneurea. Wood Science and Technology, 44(4), 597–606. Doi: 
10.1007/s00226-009-0298-6 

 
E. Varis. (2011). Stand growth and management scenarios for Paraserianthes falcataria 

smallholder plantations in Indonesia. MSc Thesis,  University of Helsinki, Indonesia,  
 
El Kouali, M., and Vergnaud, J. M. (1991). Modeling the process of absorption and desorption 

of water above and below the fibre saturation point. Wood Science and Technology, 
25(5), 327–339. Doi: 10.1007/BF00226172 

 
Engelund, E. T., Thygesen, L. G., Svensson, S., and Hill, C. A. S. (2013). A critical discussion 

of the physics of wood-water interactions. Wood Science and Technology, 47(1), 141–
161. Doi: 10.1007/s00226-012-0514-7 

 
Esteves, B., Nunes, L., Domingos, I., and Pereira, H. (2014). Improvement of termite 

resistance, dimensional stability and mechanical properties of pine wood by paraffin 
impregnation. European Journal of Wood and Wood Products, 72(5), 609–615. Doi: 
10.1007/s00107-014-0823-7 

 
Fadhlia, F. A. R. N., Paridah, M. T., Anwar, U. M. K., Juliana, A. H., and Zaidon, A. (2017). 

Enhancing mechanical properties and dimensional stability of Phenolic resin-treated 
Plybamboo. Journal of Tropical Forest Science, 29(1), 19–29. 

 
Franke, T., Lenz, C., Herold, N., and Pfriem, A. (2016). Investigations on pheno formaldehyde 

impregnation of beech veneer for improved plasticization and form stability. WCTE
2016 - World Conference on Timber Engineering, Doi: 10.13140/RG.2.2.29926.22089 

Franke, T., Mund, A., Lenz, C., Herold, N., and Pfriem, A. (2017). Microscopic and 
macroscopic swelling and dimensional stability of beech wood imrpegnated with 
phenol-formaldehyde. Pro Ligno, 13(4) 



© C
OPYRIG

HT U
PM

78 

 
Fredriksson, M. (2019). On wood-water interactions in the over-hygroscopic moisture range-

mechanisms, methods, and influence of wood modification. Forests, 10(9), 779 Doi: 
10.3390/f10090779 

 
Fredriksson, M., and Thybring, E. E. (2018). Scanning or desorption isotherms? 

Characterising sorption hysteresis of wood. Cellulose, 25(8), 4477–4485. Doi: 
10.1007/s10570-018-1898-9 

 
Furuno, T., Imamura, Y., and Kajita, H. (2004). The modification of wood by treatment with 

low molecular weight phenol-formaldehyde resin: A properties enhancement with 
neutralized phenolic-resin and resin penetration into wood cell walls. Wood Science and 
Technology, 37(5), 349–361. Doi: 10.1007/s00226-003-0176-6 

 
Gabrielli, C. P., and Kamke, F. A. (2010). Phenol-formaldehyde impregnation of densified 

wood for improved dimensional stability. Wood Science and Technology, 44(1), 95–104. 
Doi: 10.1007/s00226-009-0253-6 

 
Glass, S. V., Boardman, C. R., Thybring, E. E., and Zelinka, S. L. (2018). Quantifying and 

reducing errors in equilibrium moisture content measurements with dynamic vapor 
sorption (DVS) experiments. Wood Science and Technology, 52(4), 909-927. 

 
Glass, S. V., Boardman, C. R., and Zelinka, S. L. (2017). Short hold times in dynamic vapour 

sorption measurements mischaracterize the equilibrium moisture content of wood. Wood 
Science and Technology, 51(2), 243–260. Doi: 10.1007/s00226-016-0883-4 

 
Goulet, M., and Hernández, R. (1991). Influence of moisture sorption on the strength of sugar 

maple wood in tangential tension. Wood and fiber science, 23(2), 197-206. 
 
Grinins, J.,  Irbe, I., Biziks, V., Rizhikovs, J., Bicke, S., and Militz, H. (2018). Investigation of 

Birch Wood Impregnation with Phenol-Formaldehyde (PF) Resins. 9th European 
Conference on Wood Modification. Arnhem, The Netherlands. 

 
Hartati, S., Sudarmonowati, E., Fatriasari, W., Hermiati, E., Dwianto, W., Kaida, R., and 

Hayashi, T. (2010). Wood Characteristic of Superior Sengon Collection and Prospect of 
Wood Properties Improvement through Genetic Engineering. Journal of Indonesia 
Wood Research Society, 1(2), 103–105. Doi: 10.51850/wrj.2010.1.2.103-107 

 
Harun, J. (2018). Maskayu. Malaysian Timber Industry Board, 1, pp. 1–32. Retrieved from 

http://www.mtib.gov.my/phocadownload/eMaskayu_Publication/eMaskayu_2018/eMa
skayu Vol 1_2018.pdf. 

 
Haruni, K., Maarit, K., and Markku, K. (2011). Anthocephalus cadamba Miq.: Ecology, 

silviculture and productivity. Anthocephalus Cadamba Miq.: Ecology, Silviculture and 
Productivity.  Doi: 10.17528/cifor/003396 

Hashim, M. N., Hazim, M., and Syafinie, A. M. (2015). Strategic forest plantation 
establishment in Malaysia for future product development and utilization. Kuala Lumpur 
International Agriculture, Forestry and Plantation Conference. Kuala Lumpur, 
Malaysia. 

 



© C
OPYRIG

HT U
PM

79 

Hassan, A., and Rahman, N. F. A. (2019). Tree Planting Techniques of Batai (Paraserianthes 
falcataria) and Its Soil Nutrients. In Prospects and Utilization of Tropical Plantation 
Trees (pp. 101-126). CRC Press. 

 
Hernández, R. E., and Bizo , M. (1994). Changes in shrinkage and tangential compression 

strength of sugar maple below and above the fiber saturation point. Wood and fiber 
science, 26(3), 360-369. 

 
Hill, C. A. S. (2006). Wood Modification: Chemical, Thermal and Other Processes. John 

Wiley and Sons. pp. 260. 
 
Hill, C. A. S., Norton, A. J., and Newman, G. (2010). The water vapour sorption properties of 

Sitka spruce determined using a dynamic vapour sorption apparatus. Wood Science and 
Technology, 44(3), 497-514. Doi: 10.1007/s00226-010-0305-y 

 
Hill, C. A. S., Norton, A., and method man, G. (2009). The water vapour sorption behaviour 

of natural fibres. Journal of Applied Polymer Science, 112(3), 1524–1537. Doi: 
10.1002/app.29725. 

 
Himmel, S., and Mai, C. (2015). Effects of acetylation and formalization on the dynamic water 

vapor sorption behavior of wood. Holzforschung, 69(5), 633-643. 
 
Horrobin, S. (1946). Absorption of water by polymers, (84), pp. 84–92. 
 
Hosseinpourpia, R., Adamopoulos, S., Holstein, N., and Mai, C. (2017). Dynamic vapour 

sorption and water-related properties of thermally modified Scots pine (Pinus sylvestris 
L.) wood pre-treated with proton acid. Polymer Degradation and Stability, 138, 161–
168. Doi: 10.1016/j.polymdegradstab.2017.03.009 

 
Hosseinpourpia, R., Adamopoulos, S., and Mai, C. (2016). Dynamic vapour sorption of wood 

and holocellulose modified with thermosetting resins. Wood Science and Technology, 
50(1), 165–178. Doi: 10.1007/s00226-015-0765-1 

 
Hosseinpourpia, R., Adamopoulos, S., and Mai, C. (2018). Analysis of the vapour sorption 

behaviour of wood modified with thermosetting resins with Hailwood Horrobin and 
Excess Surface Work models. 29th International Conference on Wood Science and 
Technology, ICWST 2018: Implementation of Wood Science in Woodworking Sector - 
Proceedings, 87–92. 

 
Huang, Y., Fei, B., Yu, Y., and Zhao, R. (2013). Effect of modification with phenol 

formaldehyde resin on the mechanical properties of wood from Chinese fir. 
BioResources, 8(1), 272–282. Doi: 10.15376/biores.8.1.272-282 

 
Jackson, W. F. (1965). Durability of Malayan Timbers. malayan Forest Service Trade Leaflet 

No. 28. Kuala Lumpur, Malaysia: Goverment Printing Department. 
 
Jalaludin, Z., Hill, C. A. S., Curling, S., Hashim, W. S., and Hamdan, H. (2009). Moisture 

adsorption isotherms of Acacia mangium and Endospermum malaccense using dynamic 
vapour sorption. Journal of Tropical Forest Science, 21(3), 277–285. 

 
Jalaludin, Z., Hill, C. A. S., Xie, Y., Samsi, H. W., Husain, H., Awang, K., and Curling, S. F. 



© C
OPYRIG

HT U
PM

80 

(2010). Analysis of the water vapour sorption isotherms of thermally modified acacia 
and sesendok. Wood Material Science and Engineering, 5(3–4), 194–203. Doi: 
10.1080/17480272.2010.503940 

 
Jansen, P.C.M, Westphal, E., Sosef, M.S.M., Soerianegara, I., and Lemmens, R. H. M. . (1993). 

Plant Resources of South-East Asia 5-1. Timber trees: major commercial timbers. 
(PROSEA/Pudoc, Ed.). Bogor/Wageningen. pp. 610.  

 
Jamil, A.W. (2013). Strength Assessment of Structural Size Malaysian Timber,  MSc Thesis, 

Universiti of Malaya, Malaysia. 
 
Jones, D., Sandberg, D., and Gicomo, G. (2019). Wood modification in Europe: A state-of-

the-art about processes, products, applications. Firenze University Press. pp. 113. 
 
Kajita, H., and Imamura, Y. (1991). Improvement of physical and biological properties of 

particleboards by impregnation with phenolic resin. Wood Science and Technology, 
26(1), 63–70. Doi: 10.1007/BF00225692 

 
Kielmann, B. C., Militz, H., Mai, C., and Adamopoulos, S. (2013). Strength changes in ash, 

beech and maple wood modified with a N-methylol melamine compound and a metal-
complex dye. Wood Res, 58(3), 343-350. 

 
Khairunnisha, I. P. N., Bakar, E. S., Rachel, J. L., Halis, R., and Choo, A. C. Y. (2017). Effects 

of soaking periods and adhesive concentrations on the properties of phenol 
formaldehyde resin treated oil palm wood. Pertanika Journal of Tropical Agricultural 
Science, 40(2), 247–256. 

 
Kluppel, A. (2017). Hardness and identation modulus of resin-tretaed wood. International 

Wood Products Journal, 41–44. Doi: 10.1080/20426445.2016.1268358 
 
Kluppel, A., and Mai, C. (2013). The influence of curing conditions on the chemical 

distribution in wood modified with thermosetting resins. Wood Science and Technology, 
47(3), 643–658. Doi: 10.1007/s00226-013-0530-2 

 
Kocaefe, D., Huang, X., and Kocaefe, Y. (2015). Dimensional stabilization of wood. Current 

Forestry Reports, 1(3), 151–161. Doi: 10.1007/s40725-015-0017-5 
 
Lembaga Perindustrian Kayu Malaysia. (2010). 100 Malaysian Timbers (2010th ed.). Kuala 

Lumpur, Malaysia: Malaysian Timber Industry Board. 
 
Lemmens, R. H. M. J., Soerianegara, I., and Wong, W. C. (1995). Plant Resources of South-

East Asia. No. 5 (2): Timber trees: minor commercial timbers. pp. 655. Leiden, the 
Netherlands: Backhuys Publishers.  

 
Li, L., Yu, J., Shen, Y., An, Y., and Wang, X. (2018). Recovery of Thermally Compressed 

Scots Pine  (Pinus sylvestris L.) Wood. BioResources, 13(2), 3793–3808. Doi: 
10.15376/biores.13.2.3793-3808 

 
Lim, S. C., Nordahlia, A. S., Abd Latif, M., Gan, K. S., & Rahim, S. (2016). Identification and 

properties of Malaysian Timbers. pp. 538. Forest Reseach Institute Malaysia. 
 



© C
OPYRIG

HT U
PM

81 

Loh, Y. F., Paridah, T. M., Hoong, Y. B., Bakar, E. S., Anis, M., and Hamdan, H. (2011). 
Resistance of phenolic-treated oil palm stem plywood against subterranean termites and 
white rot decay. International Biodeterioration and Biodegradation, 65(1), 14–17. Doi: 
10.1016/j.ibiod.2010.05.011 

 
Lukowsky, D. (2002). Influence of the formaldehyde content of waterbased melamine 

formaldehyde resins on physical properties of scots pine impregnated therewith. Holz 
Als Roh - Und Werkstoff, 60(5), 349–355. Doi: 10.1007/s00107-002-0324-y 

 
M.S.M. Sosef, L.T. Hong, S. P. (1998). Plant Resources of South-East Asia 5 (3) Timber 

Trees : Lesser-known Timbers. pp.861. Backhuys Publishers, Leiden. 
 
Malmquist, L. (1995). Sorption Equilibrium in Relation to the Spatial Distribution of 

Molecules. Holzforschung - International Journal of the Biology, Chemistry, Physics 
and Technology of Wood, 49(6), 555-564. Doi: 10.1080/07373939708917284 

 
Meints, T., Hansmann, C., and Gindl-Altmutter, W. (2018). Suitability of different variants of 

polyethylene glycol impregnation for the dimensional stabilization of oak wood.
Polymers, 10(1). Doi: 10.3390/polym10010081 

 
Mihajlovski, N., and Bahchecandziev, K. (2013). Percentage of weight increase in European 

spruce wood (Picea Abies.Mill), impregnated with polyurethane and acrylic coatings. 
9th International Scientific Conference on Production Engineering, 711–716. 

 
Mohd, W., Wan, N., Rahman, A., Fitri, M., Misran, S., and Nazihan, N. (2020). Wood and 

Veneer Properties of Fast Growing Species from Batai, Eucalyptus and Kelampayan. 
International Journal of Management and Humanities, 4(8), 65–71. Doi: 
10.35940/ijmh.h0772.044820 

 
Nabil, F. L., Zaidon, A., Anwar, U. M. K., Bakar, E. S., Lee, S. H., and Paridah, M. T. (2016). 

Impregnation of Sesenduk (Endospermum diadenum) wood with phenol formaldehyde 
and nanoclay admixture: Effect on fungal decay and termites attack. Sains Malaysiana, 
45(2), 255–262. 

 
Nabil. F.L., Zaidon, A., Anwar, U.M.K., Bakar, E. S., Paridah, M. T., Saliman, M. A. R., and 

Lee, S. H. (2015). Characterisation of phenolic resin and nanoclay admixture and its 
effect on impreg wood. Wood Science and Technology, 49(6), 1209-1224. 

 
Nakajima, A., Fujishima, A., Hashimoto, K., and Watanabe, T. (1999). Preparation of 

transparent superhydrophobic boehmite and silica films by sublimation of aluminum 
acetylacetonate. Advanced Materials, 11(16), 1365-1368. 

 
Nandika, D., Darmawan, W., and Arinana, A. (2015). Quality Improvement of Sengon Wood 

Through Compregnation, Jurnal Teknologi Industri Pertanian. 25 (2):125-135. 
  
Nemeth, R., Horvath, N., Fodor, R., Bader, M., and Bak, M. (2020). Wood Modification for 

Under-Utilised Hardwood Species. IOP Conference Series: Earth and Environmental 
Science. 505. 012017. Doi: 10.1088/1755-1315/505/1/012017 

 
Nordahlia, A. S., Lim, S. C., Hamdan, H., and Anwar, U. M. K. (2014). Wood Properties of 

Selected Plantation Species : Tectona grandis (Teak) , Neolamarckia cadamba 



© C
OPYRIG

HT U
PM

82 

(Kelempayan/Laran), Octomeles sumatrana (Binuang) and Paraserianthes falcataria 
(Batai). Forest Research Institute Malaysia, (54), 1–8.  

Norimoto, M. 2001. Chemical modification of wood. In Wood and Cellulose chemistry. 
Second edition, revised and expanded. Eds David, N.S.Hon and Shiraishi, N. Marcel 
Dekker, Inc. 270 madison Avenue, New York, United State of America. 

Norimoto, M. and Grill, J. (1993). Structure and Properties of Chemically Treated Woods, In: 
Shiraishi, N. , Kajita, H. , Norimoto, M. (eds.), Recent Research on Wood and Wood 
Based Materials, Current Materials Research, Vol.11, pp.135-154, Elsevier Applied 
Science, London and New York 

 
Nur, I., Zaidon, A., Anwar, U. M. K., Rabia'tol, A.M.A., and Lee, S. H. (2021). Improved 

performance of wood polymer nanocomposite impregnated with metal oxide 
nanoparticle-reinforced phenol formaldehyde resin. Journal of Tropical Forest 
Science, 33(1), 77-87. Doi: 10.26525/jtfs2021.3 

 
Nur, I., Zaidon, A., Rabia'tol, A.M.A, Bakar, E. S., Paridah, M. T., Hamami, S. M., and Anwar, 

U. M. K. (2011). Enhancing the properties of low-density hardwood Dyera costulata 
through impregnation with phenolic resin admixed with formaldehyde 
scavenger. Journal of Applied Sciences, 11(20), 3474-3481. 

Nussbaum, R. M. (1999). Natural surface inactivation of Scots pine and Norway spruce 
evaluated by contact angle measurements. European Journal of Wood and Wood 
Products, 57(6), 419-424. 

 
Ogata, K., Fujii, T., Abe, H., and Baas, P. (2008). Identification of the timbers of Southeast 

Asia and the Western Pacific. pp. 408. Doi: 10.1515/hf.2008.132 
 
Ohmae, K., Minato, K., and Norimoto, M. (2002). The Analysis of Dimensional Changes Due 

to Chemical Treatments and Water Soaking for Hinoki (Chamaecyparis obtusa) Wood. 
Holzforschung. 56. 98-102. Doi: 10.1515/HF.2002.016 

 
Olsson, A. M., and Salmén, L. (2004). The softening behaviour of hemicelluloses related to 

moisture. ACS Symposium Series, 864, 184–197. Doi: 10.1021/bk-2004-0864.ch013 
 
Orwa, C., Mutua, A., Kindt, R., Jamnadass, R., and Anthony, S. (2009).  Paraserianthes 

falcataria  (L.) Nielsen Fabaceae - Mimosoideae. Agroforestree Database: A Tree 
Reference and Selection Guide Version 4, pp.1–5. 

 
Papadopoulos, A. (2011). Sorption studies of chemically modified elm wood with acetic or 

maleic anhydride. Journal of the Indian Academy of Wood Science, 8(1), 32–36. Doi: 
10.1007/s13196-011-0020-9 

 
Papadopoulos, A. N., and Mantanis, G. I. (2012). Vapour sorption studies of Belmadur 

wood. Advances in Forestry Letter, 1(1), pp. 1-6. 
 
Patera, A. V. (2014). 3D experimental investigation of the hygro-mechanical behaviour of 

wood at cellular and sub-cellular scales. In 3D experimental investigation of the hygro-
mechanical behaviour of wood at cellular and sub-cellular scales. ETH-Zürich. 

 



© C
OPYRIG

HT U
PM

83 

Patera, A., Derluyn, H., Derome, D., and Carmeliet, J. (2016). Influence of sorption hysteresis 
on moisture transport in wood. Wood Science and Technology, 50(2), 259–283. Doi: 
10.1007/s00226-015-0786-9 

 
Pe nik, J. G., Kutnar, A., Militz, H., Schwarzkopf, M., and  Schwager, H. (2021). Fatigue 

behaviour of beech and pine wood modified with low molecular weight phenol-
formaldehyde resin. Holzforschung, 75(1), 37–47. Doi: 10.1515/hf-2020-0015 

 
Popescu, C. M., Hill, C. A., Curling, S., Ormondroyd, G., and Xie, Y. (2014). The water 

vapour sorption behaviour of acetylated birch wood: how acetylation affects the sorption 
isotherm and accessible hydroxyl content. Journal of Materials Science, 49(5), 2362-
2371. Doi: 10.1007/s10853-013-7937-x 

 
Popescu, C. M., and Hill, C. A. S. (2013). The water vapour adsorption-desorption behaviour 

of naturally aged Tilia cordata Mill. wood. Polymer Degradation and Stability, 98(9), 
1804–1813. Doi: 10.1016/j.polymdegradstab.2013.05.021 

 
Popescu, C. M., Hill, C. A. S., and Kennedy, C. (2016). Variation in the sorption properties of 

historic parchment evaluated by dynamic water vapour sorption. Journal of Cultural 
Heritage, 17, 87–94. Doi: 10.1016/j.culher.2015.06.001 

 
Purba, T. P., Zaidon, A., Bakar, E. S., and Paridah, M. T. (2014). Effects of processing factors 

and polymer retention on the performance of phenolic-treated wood. Journal of Tropical 
Forest Science, 26(3), 320–330. 

 
Rahayu, I., Darmawan, W., Zaini, L. Hakim, and Prihatini, E. (2019). Characteristics of fast-

growing wood impregnated with nanoparticles. Journal of Forestry Research. 31. 1-9. 
Doi: 10.1007/s11676-019-00902-3 

Rahman, Md Islam, Md Hamdan, Sinin Jusoh, Ismail Ibrahim, Nurul. (2010). Study of 
Dynamic Young's Modulus and Dimensional Stability of Polyvinyl Alcohol Modified 
Batai Tropical Wood. Journal of Scientific Research. Doi: 10.3329/jsr.v2i2.2729 

 
Rakotoarisoa, S. E. (2020). 952. Canarium Pilicarpum. Curtis’s Botanical Magazine, 37(3), 

301–312. Doi: 10.1111/curt.12344 
 
Rasdianah, D., Zaidon, A., Hidayah, A., and Lee, S. H. (2018). Effects of superheated steam 

treatment on the physical and mechanical properties of light red meranti and kedondong 
wood. Journal of Tropical Forest Science, 30(3), 384–392. Doi: 
10.26525/jtfs2018.30.3.384392 

 
Rasmussen, M. D., and Akinc, M. (1983). Microcomputer�controlled gravimetric adsorption 

apparatus. Review of scientific instruments, 54(11), 1558-1564. 
 
Rojo, J. P. (1997). Paraserianthes falcataria (L.) Nielsen. In Plant resources of South-East Asia 

No 11: Auxiliary plants. PROSEA Foundation. Retrieved from prota4u.org/prosea 
 
Rowell, R. M. (2012). Moisture properties. Handbook of Wood Chemistry and Wood 

Composites, Second Edition, 75–98. Doi: 10.1201/b12487 

Rowell, R.M. (2006). Chemical modification of wood: A short review. Wood Material Science 
and Engineering, 1(1), 29–33. Doi: 10.1080/17480270600670923 



© C
OPYRIG

HT U
PM

84 

 
Rowell, R. M. (1983). Chemical Modification of Wood. Doi: 10.3139/9783446442504.022 
 
Rowell, R.M., and Youngs, R. L. (1981). Dimensional Stabilization of Wood in Use. Doi: 

10.2737/FPL-RN-243 
 
Salmén, L., and Larsson, P. A. (2018). On the origin of sorption hysteresis in cellulosic 

materials. Carbohydrate Polymers, 182 (November 2017), 15–20. Doi: 
10.1016/j.carbpol.2017.11.005 

 
Sandberg, D., Kutnar, A., Coe, I., and Mantanis, G. I. (2017). i Forest, (October 2018). 

Doi:10.3832/ifor2380-010 
 
Scheffer, T.C., and Morrell, J.J. (1998). Natural Durability of Wood: A Worldwide Checklist 

of Species. Forest Research Laboratory, Oregon State University. Research Contribution 
22. 58p. 

 
Scholz, G., Van Den Bulcke, J., Boone, M., Zauer, M., Bäucker, E., Van Acker, J., and Militz, 

H. (2010). Investigation on wax-impregnated wood. Part 1: Microscopic observations 
and 2D X-ray imaging of distinct wax types. Holzforschung, 64(5), 581–585. Doi: 
10.1515/HF.2010.091 

 
Sharratt, V., Hill, C. A. S., Zaihan, J., and Kint, D. P. R. (2010). Photodegradation and 

weathering effects on timber surface moisture profiles as studied using dynamic vapour 
sorption. Polymer Degradation and Stability, 95(12), 2659–2662. Doi: 
10.1016/j.polymdegradstab.2010.07.011 

 
Shukla, S. R., and Kamdem, D. P. (2010). Swelling of polyvinyl alcohol,melamine and 

urethane treated southern pinewood. European Journal of Wood and Wood Products, 
68(2), 161–165. Doi: 10.1007/s00107-009-0361-x 

 
Siau, J. F. (1995). Wood: Influence of moisture on physical properties. Department of Wood 

Science and Forest Products, Virginia Polytechnic Institute and State University. 
 
Simpson, W. (1980). Sorption Theories Applied To Wood. Wood and Fibre, 12(3), pp. 183–

195. retreived from https://www.fpl.fs.fed.us/documnts/pdf1980/simps80a.pdf 
 
Simpson, WT. (1973). Predicting equilibrium moisture content of wood by mathematical 

models. Wood and Fibre, 5(1), 41–49.  
 
Skaar, K. I. A. O. and C. (1980). Moisture Sorption Isotherms of The Wood and Inner Bark of 

Ten Southern U . S . Hardwoods. Wood and Fiber 12(2), pp. 98-111 
 
Soepadmo, E. and Wong, K.M. (1995). Tree Flora of Sabah and Sarawak, Volume 1. pp. 

513.Sabah Forestry Department, Forest Research Institute Malaysia, Sarawak Forestry 
Department, Malaysia.  

 
Stefanowski, B., Spear, M., and Pitman, A. (2018). Review of the use of PF and related resins 

for modification of solid wood. In M Spear (ed.), Timber 2018, London, UK. (pp. 165-
179). 

 



© C
OPYRIG

HT U
PM

85 

Sucipto, T., Hartono, R., and Dwianto, W. (2018). Determination of wood wettability 
properties of oil palm trunk, Shorea sp. and Paraserianthes falcataria by contact angle 
method. IOP Conference Series: Earth and Environmental Science, 122(1), 0–8. Doi: 
10.1088/1755-1315/122/1/012141 

 
Sudo, S., Suzuki, Y., Abe, F., Hori, Y., Nishi, T., Kawaguchi, T., and Yagihara, S. (2018). 

Investigation of the molecular dynamics of restricted water in wood by broadband 
dielectric measurements. Journal of Materials Science, 53(6), 4645–4654. Doi: 
10.1007/s10853-017-1824-9 

 
Sun, W., Shen, H., and Cao, J. (2016). Modification of wood by glutaraldehyde and poly (vinyl 

alcohol). Materials and Design, 96, 392–400. Doi: 10.1016/j.matdes.2016.02.044 
 
Telkki, V. V., Yliniemi, M., and Jokisaari, J. (2013). Moisture in softwoods: Fibre saturation 

point, hydroxyl site content, and the amount of micropores as determined from NMR 
relaxation time distributions. Holzforschung, 67(3), 291–300. Doi: 10.1515/hf-2012-005 

 
Tondi, G., Thevenon, M. F., Mies, B., Standfest, G., Petutschnigg, A., and Wieland, S. (2013). 

Impregnation of scots pine and beech with tannin solutions: Effect of viscosity and wood 
anatomy in wood infiltration. Wood Science and Technology, 47(3), 615–626. Doi: 
10.1007/s00226-012-0524-5 

 
Vrentas J.S., and Vrentas C. M. (1996). Hysteresis effects for sorption in glass polymers. 

Macromolecules, 29(12), pp. 4391-4396. Doi: 10.1021/ma950969l 
 
Wan, H., and Kim, M. G. (2008). Distribution of phenol-formaldehyde resin in impregnated 

southern pine and effects on stabilization. Wood and Fibre Science, 40(2), 181–189. 
 
Wang, J., Mukhopadhyaya, P., and Morris, P. I. (2014). Sorption and capillary condensation 

in wood and the moisture content of red pine. Journal of Building Physics, 37(4), 327–
347. Doi: 10.1177/1744259112453829 

 
Wang, X., Chen, X., Xie, X., Cai, S., Yuan, Z., and Li, Y. (2019). Multi-scale evaluation of 

the effect of phenol formaldehyde resin impregnation on the dimensional stability and 
mechanical properties of Pinus massoniana Lamb. Forests, 10(8), 1–12. Doi: 
10.3390/f10080646 

 
Wang, X., Chen, X., Xie, X., Yuan, Z., Cai, S., and Li, Y. (2019). Effect of phenol 

formaldehyde resin penetration on the quasi-static and dynamic mechanics of wood cell 
walls using nanoindentation. Nanomaterials, 9(10). Doi: 10.3390/nano9101409 

Weijing, S. (2017, May 6). Falcataria moluccana (Miq.) Barneby & J.W.Grimes. Retrieved 
from https://www.nparks.gov.sg/florafaunaweb/flora/5/6/5620 

Willems, W. (2015). A critical review of the multilayer sorption models and comparison with 
the sorption site occupancy (SSO) model for wood moisture sorption isotherm analysis. 
Holzforschung, 69(1), 67–75. Doi: 10.1515/hf-2014-0069 

 
Woodard, S. (2018, May 14). Canarium commune - Canari, Java Almond, Kenari Nut. 

Retrieved from http://regenerag.org/blog/2009/04/16/burseraceae-canarium-spp-
pilinut-relative-or-variety 



© C
OPYRIG

HT U
PM

86 

 
Yang, L., Tian, G., Yang, S., Shang, L., Liu, X., and Jiang, Z. (2020). Determination of fibre 

saturation point of rattan (Calamus simplicifolius) using the LF-NMR and two 
conventional methods. Wood Science and Technology, 54(3), 667–682. Doi: 
10.1007/s00226-020-01177-2 

 
Zaidon, A. (2017). Low Density Wood From Poor to Excellent. pp. 96. Retrieved from 

http://www.penerbit.upm.edu.my. 
 
Zaidon, A. , Barnes, H.M., Vasishth, R.C., Nicholas. D.D. and Lyon, D. E. (1990). Effect of 

aqueous polymer treatments on wood properties. Part I: treatability and dimensional 
stability. International Research Group on Wood Preservation. IRG/WP 3610. 

 
Zelinka, S. L., Glass, S. V., Jakes, J. E., and Stone, D. S. (2016). A solution thermodynamics 

definition of the fibre saturation point and the derivation of a wood–water phase (state) 
diagram. Wood Science and Technology, 50(3), 443–462. Doi: 10.1007/s00226-015-
0788-7 

 
Zelinka, S. L., Glass, S. V., and Thybring, E. E. (2018). Myth versus reality: Do parabolic 

sorption isotherm models reflect actual wood–water thermodynamics? Wood Science 
and Technology, 52(6), 1701–1706. Doi: 10.1007/s00226-018-1035-9 

 
Zhou, H., Xu, R., and Ma, E. (2016). Effects of removal of chemical components on moisture 

adsorption by wood. BioResources, 11(2), 3110–3122. Doi: 10.15376/biores.11.2.3110-
3122 

 
  




