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Abstract. The supply of wood from natural forests is decreasing as a result of the imbalance between
harvesting and planting. The lack of wood supply from natural forests has resulted in relatively
expensive wood prices. This can be anticipated by using fast-growing wood species. One type of
fast-growing wood which is very abundantly available in NTB is sengon wood (Paraserianthes
falcataria (L.) 1.C. Nielsen). However, sengon wood has low durability so it is easily attacked by
wood-destroying organisms. This condition can be overcome by making efforts to prevent wood
damage in the form of preservation. This study aims to determine the wettability and treatability
properties of sengon wood. The results of this study are expected to be basic information to improve
the quality of sengon wood. The wettability test was carried out by measuring the contact angle
between the liquid and the sample surface using the sessile drop method and the wood durability
testing was carried out by measuring the retention and penetration of preservatives. The treatability
test was carried out by measuring the absorption, retention, and penetration of preservatives. The
results showed that the wettability of sengon is high with an equilibrium contact angle (fe) of 16.88
in the radial section and 12.51 in the tangential section. This shows that sengon wood has a good
adhesion system for preservation. Treatability of sengon wood showed that the average retention and
penetration are 10,21 kg/m® and 7,33 mm. Based on the results of these measurements, sengon wood
has met SNI 03-5010.1-1999 (wood preservation for housing and buildings).

1. Introduction

The supply of wood from natural forests is decreasing as a result of the imbalance between harvesting and
planting [1]. The lack of wood supply from natural forests has resulted in relatively expensive wood prices
[2]. The limited of long rotation wood can be overcome by utilizing fast-growing species like sengon wood
(Paraserianthes falcataria (L.) 1.C. Nielsen). Sengon wood is a species that is widely developed in
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community forests in West Nusa Tenggara (NTB) Province [3]. The price of sengon wood in NTB using
methods of stumpage price, market price, and social price also shows that sengon wood can be an alternative
to wood from natural forests [4].

Fast-growing wood species are already in demand for use in the light-frame structural, woodworking,
and wood composite board industries as the main source of raw material and are becoming leading wood
product exports [5]. However, fast-growing wood species has low durability, so it is easily attacked by
wood-destroying organisms (e.g. insects, fungi, bacteria, and marine borer) [6]. Since fast-growing wood
species are often of inferior quality (e.g. low density, low dimensional stability, low durability, etc.), many
modification techniques are used to improve wood properties such as heat treatment [7] and applying a
coating layer [8]. One of the most common treatments is the application of preservatives [9].

The success of wood preservation can be influenced by the wettability and treatability of the wood.
Wettability is the ability of a material to absorb liquid and provides information on the interaction between
the wood surface and the liquid [7, 10, 11]. Wettability is influenced by various factors, such as wood
species, wood density, type of liquid, surface roughness, and defects [12-16]. The wettability of wood can
be obtained by measuring the contact angle between the liquid and the wood surface. A contact angle less
than 90° indicates a high wettability where the liquid wets the surface well. A contact angle greater than 90°
indicates low wettability where the liquid does not wet the surface well [17]. Thus, it is known that the
higher the contact angle of a liquid, the lower its wettability. The characteristic is related to surface
properties and affects the absorbency, adhesion, and finishing attributes of wood [18]. These characteristics
are also related to the treatability of the wood. The treatability of wood is influenced by its porous structure
wood moisture content, drying technique, preservative formulation, and treatment process [19].

Previous research has shown that fast-growing wood species can be used as a substitute for long-rotation
wood by preservation. One indicator of the success of preservation is wettability. This study aims to
determine the wettability and treatability properties of sengon wood. The results of this study are expected
to be basic information to improve the quality of sengon wood. Wood quality improvement is expected to
increase the resistance of wood to destroying organisms, thereby increasing the service life of the wood.

2. Materials and Methods

2.1. Wettability measurements

The samples used were radial and tangential section of sengon, made following the ASTM D 358-98
standard which requires the wood used to be free from defects [20]. The defect-free samples were cut into
3 radial section and 3 tangential section in dimension of 20 x 10 x 2 cm (longitudinal x tangential x radial).
The samples were then conditioned at a temperature of 21°C until reached the final moisture content of 12-
15%. The samples that have the appropriate size and water content were then sanded with sandpaper number
150.

The wettability test was carried out by measuring the contact angles between the water. Water choose to
determine the wettabiliy since water-based preservatives are the most widely used preservatives with
various types in the world [21]. The contact angles between the water and the surface of the samples by the
sessile drop method. The liquid with volume 0.2 ml was dropped using a dropper at 5 different points with
a diagonal direction on each sample. The drop shapes on the wood surface were captured by recorded with
a digital camera until the liquid seeps on the surface of the wood. Each of the captured video images was
cut to an individual image at intervals of 10 seconds for the duration of 180 seconds. The contact angle of
each image piece was then measured using Motic Images Plus (MIP) software to obtain an equilibrium
contact angle (f¢) based on the change in time. The contact angles of each droplet were measured both on
the right and left side then the values were averaged (Figure 1).

The value of e was measured using a segmented regression model with PROC NLIN software from
SAS 9.1.3 Portable with the formula y=a+bX+cX2+E where x = time; y = contact angle; a, b and ¢ =
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constant; and E = error. The constant change in contact angle (K-value) is calculated using the least-squares
method according to the S/G equation using XL-STAT.

(@) " (b)

Figure 1. Measurement of the contact angle when water touches (a) and seeps (b) on the wood surface

2.2. Treatability measurements

The treatability samples were made in 10 pieces of sengon beams in dimension of 35 x 5 x 5 cm (longitudinal
x tangential x radial) then air-dried in a room (temperature 29 + 12°C; RH 85 + 2.2%) for 10 days. All
samples were then dried in an oven (60° = 1.5°C) until the moisture content decreased to £ 12%, then the
dimensions (width, thickness, length) were measured and the initial weight was weighed. Both ends of each
samples (+ 2 cm) were immersed in hot paraffin. The samples were then soaked in a preservative for 24
hours at room temperature (cold soaking preservation methods). The preservative used is a combination of
biocide insecticide (formulation: Cypermethrine 100 EC) and biocide wood fungicide (formulation: TCMTB)
preservatives. These preservatives are used because wood deterioration is generally caused by high species
of insects and fungi. After the preservation process, the sample is drained and then its final weight is
weighed. Furthermore, the measurement of retention and penetration of preservatives is carried out with the
following formula.

R = WI-WO0gr/fem®........nnnnnnnn, (1) P=X1+X2+X3+X4 .cooovviiiiiiiinnnenn. )
\%

where R is Retention of preservatives (gr/crn3 ); W1 is Weight of sample after preservation process (gr); W2

is Sample weight before preservation process (gr); V is Volume of sample after preservation process (cm3 );
P is Penetration of preservative (mm); and X1 - X4 is Depth of entry of preservative on each side (mm).

3. Results and Discussions

3.1. Wettability measurements

Wettability is a change in the contact angle that occurs with a change in time [22]. The wettability of wood
is affected by the contact angle between the wood surface and the liquid. The liquid on the wood will spread
and penetrate the wood until it is constant (f¢). The value of fe is used to calculate the rate of change of
constant contact angle (K-value). The smaller the value of e of wood, the better its wettability. The average
value of fe in 3 radial and 3 tangential sections is shown in Figure 2. The average value of fe produced by
the radial section is higher than the tangential section. The average value of fe generated in the radial section
is 18.70, 16,43, and 15.52, respectively. Meanwhile, the average value of fe produced in the tangential
section is 12.36°, 12.78°, and 12.39°, respectively. The smaller the value of contact angle indicates the easier
the material is wetted and vice versa [23]. The wettability of wood can be seen from the change of the
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constant contact angle (K-value). The average K-values (Figure 2) generated on the radial sections are 0.23,
0.21, and 0.20, respectively, while the average K-values generated on the tangential sections are 0.32, 0.34,
and 0.33, respectively. The higher the K-value, the better the wettability, meaning that it is easier for the
liquid to spread on the surface of the wood substrate and penetrate faster into the wood [20, 24].

rfe (°) K-value
20 0,35
18
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14 0,25
12 0,20
10
8 0,15
6 0,10
4
0,05
2
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Section Section
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Figure 2. The average value of fe (a) and the average of K-value (b) of sengon wood

The results of the K-value measurement on sengon wood show that the tangential section has a higher
wettability than the radial section. This is thought to be influenced by a lower contact angle on the tangential
section caused the liqud spread and penetrated easier in its surface. However, these results indicate that there
is no significant difference between the cross-sectional of wood in sengon wood. Liquids have the same
wettability trend between radial and tangential cross-sectional patterns [8, 16, 25]. The adhesion on wood
can be influenced by the surface texture and the direction of the fiber [23-28].

3.2. Treatability measurements
The treatability of sengon wood with a combination of biocide insecticide and biocide wood fungicide
preservatives were shown in Table 1. The results showed that the average retention and penetration in

sengon wood is 11,03 kg/m3 and 7,33 mm respectively. The penetration and retention values of sengon
wood produced in this study were quite high, so it can be concluded that sengon wood is easy to preserve.
This is presumably due to the low density of the sengon wood, which is 0.35-0.49 [29]. The low density of
sengon wood can be explained by the high percentage of juvenile wood and high lumen diameter [30]. This
is what is thought to cause preservatives to easily seep into the wood. Based on the results of these
measurements, sengon wood has met SNI 03-5010.1-1999 (wood preservation for housing and buildings).

Tabel 1. The treatability of sengon wood with a combination of biocide insecticide and wood fungicide

Sample Retention (Kg/m®) Penetration (mm)  Sample Retention (Kg/m?) Penetration (mm)
1 11,24 7,42 7 10,85 6,95
2 10,89 8,03 8 10,79 6,9
3 10,82 7,15 9 11,74 7,25
4 11,89 6,87 10 11,77 7,31
5 10,36 7,59 Average 11,03 7,33
6 9,93 7,82
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4. Conclusions

The wettability of sengon is high with Oe of 16.88 in the radial section and 12.51 in the tangential section.
This shows that sengon wood has a good adhesion system for preservation. The results indicate that there is
no significant difference between the cross-sectional of wood in sengon wood. Treatability of sengon wood

showed that the average retention and penetration in sengon wood is 11,03 kg/m3 and 7,33 mm respectively.
Based on the results of these measurements, sengon wood has met SNI 03-5010.1-1999 (wood preservation
for housing and buildings) and can be used in wood working and biocomposite industries as the raw material
such as Glued Laminated Wood (glulam), Laminated Veneer Lumber (LVL), etc.

References

[1]  Forest Watch Indonesia and Global Forest Watch 2002 The State of the Forest: Indonesia Bogor,
Indonesia: Forest Watch Indonesia, and Washington DC: Global Forest Watch

[2] Zastocki D, Oktaba J, and Lachowicz H 2021 Changes in the Market of Precious Wood: A Case
Study of Submission System in Poland Forests 12 (421) pp 1-8 https://doi.org/ 10.3390/£12040421

[3] Setiawan S, Barus B, and Suwardi 2014 Potential Analysis of the Community Forest Development
in Central Lombok Regency Majalah Ilmiah Globe 16 (1) pp 69-76

[4] Subarudi 2014 Development of Community Forest in Nusa Tenggara Barat Province and Its Wood
Price Estimation Forestry Socio and Economic Research Journal 11 (3) pp 199-209

[5] Abdurachman and Hadjib N 2006 Pemanfaatan hutan rakyat untuk komponen bangunan Prosiding

Seminar Hasil Litbang Hasil Hutan Bogor pp 130-48
[6] Delucis RA, Cademartori PHG, Missio AL, and Gatto DA 2016 Decay resistance of four fast-growing
Eucalypts wood exposed to three types of fields Maderas Cienc Tecnol 18 (1) pp 33-42

[7] Karlinasari L, Lestari AT, and Priadi T 2018 Evaluation of surface roughness and wettability of heat-
treated, fast-growing tropical wood species sengon (Paraserianthes falcataria (L.) IC Nielsen),
jabon (Anthocephalus cadamba (Roxb.) Miq.), and acacia (Acacia mangium Willd.) Int. Wood
Products Journal pp 1-7

[8] Lestari AT, Darmawan W, and Nandika D 2016 Effects of Surface Conditions on the Adhession
Strength of Surface Coatings Jurnal llmu Teknologi Kayu Tropis 14 (1) pp 11-22

[9] Lestari AT, Darmawan IW and Nandika D 2020 Natural weathering on coated tropical woods IOP
Conference Series: Material Science Enginering 935 012067

[10] Gray V 1962 The wettability of wood Forest Product Journal 12 (9) pp 452-461

[11] RathkeJ, and Sinn G 2013 Evaluating the wettability of MUF resins and pMDI on two different OSB
raw materials Furopean Journal of Wood and Wood Products 71 (3) pp 335-342

[12] Ashokkumara S, Adler-Nissenb J, and Mgller P 2012 Factors affecting the wettability of different
surface materials with vegetable oilat high temperatures and its relation to cleanability Applied
Surface Science 263 pp 86—94

[13] Tsoumis G 1991 Science and technology of wood: Structure, Properties, Utilization New York: Van
Nostrand Reinhold

[14] Yuan Y and Lee TR 2013 Contact Angle And Wetting Properties Surface Science Techniques,
Springer pp 3-34

[15] Bamber RK and Burley J 1983 The Wood Properties of Radiate Pine (Oxford: CAB) pp 84

[16] Lestari AT 2020 Wettability on Tangential and Radial Surface of Rajumas Wood (Duabanga
moluccana Blume) Jurnal Perennial 16 (1) pp 7-10

[17] DemirciZ, Somnez A, and Budakci M 2013 Effect of Thermal Ageing on the Gloss and the Adhesion
Strength of the Wood Varnish Layers Bioresources 8 (2) pp 1852-67

[18] Esteves BM and Pereira HM 2009 Wood modification by heat treatment: a review BioResources 4
(1) pp 370-404



The 13th International Symposium of Indonesian Wood Research Society IOP Publishing

IOP Conf. Series: Earth and Environmental Science 891 (2021) 012015  doi:10.1088/1755-1315/891/1/012015

[19]

[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
(28]

[29]

[30]

Tarmian A, Zahedi Tajrishi I, Oladi R, and Efhamisisi D 2020 Treatability of wood for pressure
treatment processes: a literature review. European Journal of Wood and Wood Products 78 pp
635-660 https://doi.org/10.1007/s00107-020-01541-w

[ASTM] American Society for Testing and Materials 2004 ASTM D 358-98: Standard Specification
Jor Wood to Be Used as Panels in Weathering Tests of Coatings (West Conshohocken: ASTM)

Li J, Li B, Zhang J, and Zhou X 2019 Tannin Resins for Wood Preservatives: A Review Research
and Application of Materials Science Journal 1 (1) 45-48

Shi SQ and Gardner DJ 2001 Dynamic adhesive wettability of wood Wood and Fiber Science 33 (1)
pp 58-68

Petrie EM 2000 Handbook of Adhesive and Sealants. United States (US): McGraw-Hill

Martha R, Dirna FC, Hasanusi A, Rahayu IS, and Darmawan W 2020 Surface free energy of 10
tropical woods species and their acrylic paint wettability Journal of Adhesion Science and
Technology 34 (2) pp 167-177 doi: 10.1080/01694243.2019.1663009

Amorim MRS, Ribeiro PG, Martins SA, Del Menezzi CHS, and Souza MR 2013 Surface wettability
and roughness of 11 amazonian tropical hardwoods Floresta e Ambiente 20 (1) pp 99-109

Williams RS, Knaebe MT, and Feist WC 1996 Finishes for Exterior Wood (Madison: Forest Products
Laboratory)

Ayrilmis N, Candan Z, Akbulut T, and Balqiz OD 2010 Effect of sanding on surface properties of
medium density fiberboard Drvna Industrija 61(3) pp 175-81

Darmawan W, Rahayu IS, Padlinurjaji IM, and Pandit KN 2011 Pengerjaan Kayu: Illmu-Ilmu
Penunjang dan Teknologi Proses (Bogor: IPB Pr.)

Hartati S, Sudarmonowati E, Fatriasari W, Hermiati E, Dwianto W, Kaida R, Baba K, and Hayashi T
2010 Wood Characteristic of Superior Sengon Collection and Prospect of Wood Properties
Improvement through Genetic Engineering Wood Research Journal 1 (2) pp 103-107

Fajriani E, Ruelle J, Dlouha J, Fournier M, Hadi Y, and Darmawan W 2013 Radial variation of wood
properties of Sengon (Paraserianthes falcataria) and Jabon (Anthocephalus cadamba) Journal of
the Indian Academy of Wood Science 10 (2) pp 110-117 doi:10.1007/s13196-013-0101-z



