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ABSTRACT1)

Effect of pre-treatment and compression ratio on specific gravity (SG) and dimensional stability improvement of 

three lesser-used wood species from natural forest area of North Kalimantan Province, Indonesia had been investigated. 

Hot soaking at 80 ̊C for 3 hours within 2 and 5% of boron solution was applied as pre-treatment, while compression 

ratio applied was 20 and 40% from the initial thickness. Densification was conducted using hot pressing machine at 

30 kg/cm2 of pressure and 160 ̊C of temperature for 15 minutes. Specific gravity was measured gravimetrically, while 

dimensional stability was evaluated through thickness swelling and water absorption as the indicator. Results show 

that SG of densified wood was influenced by wood species and compression ratio, but not by pre-treatment applied; 

while dimensional stability was influenced by wood species, compression ratio, and pre-treatment. Specific gravity and 

water absorption of densified wood was improved significantly. Specific gravity increased 28.86‒63.03%, while water 

absorption decreased 12.80‒15.89%. Thickness swelling of 20% densified wood was lower than that of 40% densified 

wood.
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1. INTRODUCTION

Wood supply as raw material for Indonesian timber 

industries during the last 5 years has been declined 

significantly from 47.8 million m3 in 2013 to 22.2 mil-

lion m3 in 2016 (BPS 2017). Besides declining of for-

est productivity, decreasing in wood supply is mainly 

caused by dependence of wood industries on certain 

wood species especially member of Dipterocarpaceae.  

Therefore, species diversification is needed since 

there are 4000 trees species exist in Indonesian trop-

ical rainforest which are potential as wood producer 

(Martawijaya et al., 2005). According to Ali (2011); 

Marbun et al. (2019), species diversification could re-

duce the pressure on commercial wood species and 

promote several lesser-used species (LUS) as raw ma-

terial for the future. In order to promote their utiliza-

tion, information of basic properties of these woods 
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is required. 

From previous studies it is known that many of 

LUS are categorized as secondary timber due to lower 

in dimensional stability, strength, and natural durability. 

FAO (1984) stated that LUS is wood species that is 

less commercially acceptable or less profitable and 

mostly left out in the forest during logging. As timber, 

therefore, their characteristics have to be improved. 

According to Rowell (1990); Hill (2006), dimensional 

stability and specific gravity can be improved by mod-

ifying the wood through several improvement techni-

ques. Among the existing techniques, densification is 

an effective one. 

Wood densification consists of four stages i.e. plas-

ticization or cell wall softening, compression in the 

softened state, setting in the deformed state, and fixing 

the deformed state (Morsing and Hoffmeyer, 2000). 

Among them, cell wall softening is very important 

stage and related to glass transition temperature of lig-

nin (Gašparik and Barcik, 2014). Several studies sug-

gested that glass transition temperature for lignin var-

ies from 50 to 100 °C (Kelley et al., 1987; Furuta 

et al., 1997; Kong et al., 2017). According to Wistara 

et al. (2017), glass transition temperature of lignin is 

considered as a critical point for an effective densifica-

tion process.

In general, densification is carried out by pressing 

the wood at certain temperature and pressure for pre-

determined period of time. In order to obtain the best 

result, several pre-treatments can be applied. Khalil et 

al. (2014); Navi and Sandberg (2012); Yunianti et al. 

(2019) proved that water boiling and steaming are able 

to soften wood cell and weaken fiber bond, so that 

the wood is easier to be flatten during pressing. Tem-

perature above glass transition results in increasing in 

mobility of wood polymer, and as a result wood cells 

can be rearranged (Danu et al., 2013). 

Hot soaking using boron solution as pre-treatment 

has several advantages. It is easier penetrates into 

wood cell, can reduce cell damage, and improve dura-

bility of wood as well (Kartal et al., 2007). Unfortuna-

tely, wood cell will be deformed during densification. 

Compression ratio, therefore, has to be determined in 

order to avoid the excessive deformation. According 

to Shmulsky and Jones (2011), compression ratio is 

influenced by wood density, proportion of cell cav-

ities, composition of wood structures, and wood moi-

sture. Appropriate of compression ratio applied is able 

to improve dimensional stability especially swelling 

thickness, as well as wood density and specific gravity 

of wood. Bucur et al. (2000) stated that wood density 

of spruce increased by 26% after pressing with 30% 

of compression ratio, while density of cherry in-

creasesby 46%. Furthermore, swelling thickness of 

randu board decreases after pressing with 60% of 

compression ratio (Danu et al., 2013).

Until now study on densification is mostly related 

to the commercial wood species (Zhang et al., 2000; 

Korkut et al., 2008; Bal and Bektas, 2012; Lahtela and 

Karki, 2014). Study on boron-densified wood espe-

cially using LUS from tropical rainforest is still 

limited. Furthermore, our previous study showed that 

specific gravities of nyatoh (Palaquium lanceolatum), 

sepetir (Sindora wallichii) and pisang putih (Mezzettia 

leptopoda) woods are less than 0.50. Therefore, the 

main objective of this study was to investigate effects 

of pre-treatment and compression ratio on specific 

gravity and dimensional stability improvement on den-

sified wood of these three LUS. Hot-soaking within 

2 and 5% of boron solutions was determined as pre- 

treatment, while compression ratio applied was 20 and 

40% from the initial thickness.

 

2. MATERIALS and METHODS

2.1.  Materials

Logs in length of 120 cm and diameter of 50 to 
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No Treatment Pre-treatment Densification Size of samples (cm3)

1 None (control) - - 2 × 2 × 2

2 2B0CR Hot-soaking   within 2% boron - 2 × 2 × 2

3 5B0CR Hot-soaking   within 5% boron - 2 × 2 × 2

4 0B20CR - 20% compression ratio 2 × 2 × 2.4

5 2B20CR Hot-soaking   within 2% boron 20% compression ratio 2 × 2 × 2.4

6 5B20CR Hot-soaking   within 5% boron 20% compression ratio 2 × 2 × 2.4

7 0B40CR - 40% compression ratio 2 × 2 × 2.8

8 2B40CR Hot-soaking   within 2% boron 40% compression ratio 2 × 2 × 2.8

9 5B40CR Hot-soaking   within 5% boron 40% compression ratio 2 × 2 × 2.8

Table 1. Treatment used in this study

2
.8

 c
m

 (
R

)

2
 c

m
 (

R
)

2 cm (T)

2 cm (T)

before after

2
.4

 c
m

 (
R

)

2
 c

m
 (

R
)

2 cm (T)

2 cm (T)

before after

Fig. 1. Sample size before and after densification: (a)
20% of compression ratio (b) 40% of compression
ratio.

60 cm from PT Intracawood Manufacturing, Tarakan, 

North Kalimantan Province namely nyatoh (P. lanceo-

latum), sepetir (S. wallichii), and pisang putih (M. lep-

topoda) in air dried condition were used as the main 

sample. The logs were band-sawed into samples for 

nine treatments (Table 1) and classified into three cat-

egories i.e. 2 × 2 × 2 cm3 (longitudinal × tangential × 

radial direction) for control and without densification, 

2 × 2 × 2.4 cm3 for 20% of compression ratio, and 2

× 2 × 2.8 cm3 for 40% compression ratio as shown on 

Fig. 1. With 15 replications for each treatment, there-

fore, total number of samples was 405 pieces.

 

2.2. Methods 

2.2.1. Densification process

Before pressing, wood samples were hot soaking 

within 2 and 5% boron solutions separately at 80 ˚C 

for 3 hours as pre-treatment (Ramos et al., 2006; Laser 

et al., 2009). The samples were then hot pressed at 

temperature of 160 ˚C and pressure of 30 kg/cm2 for 

15 minutes with loading rate of 6 mm/minutes in tan-

gential surface with compression ratio of 20 and 40% 

from initial thickness. The boron-densified wood was 

left overnight under pressure for cooling down. Boron 

solution is a mixture of boric acid and sodium bicar-

bonate (1:1).

 
2.2.2. Compression-set and compression-set 

recovery measurements

Compression set was used to determine thickness 

variation of wood after densification. Compression set 

was measured according to Equation 1:

 
(1)

 
Where:

Cset = Compression set (%)

To = Initial thickness before densification (mm)

Ta = Oven-dried thickness after densification (mm)

Densified wood samples were oven-dried for 3 

hours and then soaked in water at room temperature 

for 24 hours and re-oven-dried for 24 hours to meas-

ure compression-set recovery (CSR). The value of 

CSR was measured according to Equation 2: 
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(2)

 
Where:

Cset = Compression-set recovery (%)

To = Initial thickness before densification (mm)

Tsb = Oven-dried thickness before swelling (mm)

Tss = Oven-dried thickness after swelling (mm)

2.2.3. Specific gravity measurement

Specific gravities (SG) of wood either control or af-

ter treatment were measured by gravimetric method. 

The values were calculated according to Equation 3 

and 4: 

 

(3)

(4)

 
Where:

SGc = Specific gravity of control wood

SGa = Specific gravity of wood after densification

BKTc = Oven-dried weight of control wood (g)

BKTa = Oven-dried weight of wood sample after 

densification (g)

VKUc = Air-dried volume of control wood (cm3)

VKUa = Air-dried volume of wood sample after 

densification (cm3)

ρ standard = Density of water 4 ˚C (g/cm3)

2.2.4. Dimensional stability measurement

Dimensional stability of wood either control or after 

treatment was evaluated by thickness swelling (TS) 

and water absorption (WA) after soaking for 24 hours. 

Thickness swelling and WA were measured according 

to Equation 5 and 6:

 

(5)

(6)

Where:

TS = Thickness swelling (%)

Tsb = Oven-dried thickness before swelling (mm)

Tss = Oven-dried thickness after swelling (mm)

WA = Water absorption (%)

Bsb = Oven-dried weight before swelling (g)

Bss = Oven-dried weight after swelling (g)

 

2.2.5. Wood porosity measurement

Porosity of wood was characterized by measuring 

the percentage of void volume, vessel diameter, fiber 

diameter, vessel frequency, and ray parenchyma fre-

quency. Void volume was measured according to 

Equation 7 (Ulvcrona et al., 2006):

 

(7)

 
Where:

SG od = Specific gravity of wood in oven-dried 

condition

SG zk = Specific gravity of cell wall (= 1.50)

 

Vessel diameter and vessel frequency were meas-

ured macroscopically in cross section (X), while ray 

frequency through microtome specimen in tangential 

section (T). Measurement of fiber diameter was con-

ducted through macerated specimen obtained by mod-

ification of Franklin’s method (Rulliaty 1994). Vessel- 

and fiber diameter were measured using 50 individual 

cells, while vessel- and ray frequency were measured 

3 times repetitions per observation field.

 

2.2.6. Anatomical structure observation

Anatomy structures were observed macroscopically 

by using light microscope and by SEM JEOL JSM- 

6510LV, Japan. Before observing, samples were vac-

uum dried and coated using JEOL JEC-3000FC Auto 

fine coater with gold (Au) for 120 s and 30 mA.
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2.2.7. Data analysis

Randomized factorial design with three factors was 

applied for analysis of variance (ANOVA). The fac-

tors were wood species (three level), compression ratio 

(three level), and boron concentration (three level). 

Each treatment combination was carried out in fifteen 

replications. The obtained data were summarized in 

the average   and standard deviation by using Microsoft 

Excel. ANOVA was conducted to evaluate the effect 

of species, compression ratio, and boron concentration 

on specific gravity and dimensional stability of wood. 

Significant differences of variables within each factor 

and the interaction between the factors were deter-

mined using Duncan’s multiple range test.

 

3. RESULTS and DISCUSSION

3.1. Specific gravity

Wood densification is one of quality improvement 

technique to modify wood characteristics by using cer-

tain pressure, temperature, and times. After densifica-

tion, the wood becomes denser (Laine et al., 2014). 

These structural changes have an impact on increasing 

wood strength, especially its SG. Recapitulation of SG 

of three wood species studied was presented in Table 2.

It can be seen that compared to wood control, SG 

of densified wood with and without pre-treatment in-

creased significantly. Specific gravity of nyatoh and 

pisang putih wood tended to increase, but SG of sepe-

tir wood was almost constant. Analysis of variance 

shows that wood species and compression ratio had 

a significant effect on SG (P<0.05) (Table 3). The 

Duncan’s range test shows that SG of densified wood 

was varied among species and among compression ra-

tio level. According to Zhao et al. (2015), there is a 

linear relationship between flattening wood cell and 

the SG. Higher compression ratio results in higher in 

SG due to more flatten of the wood cell. 

SEM observation showed a small amount of boron 

inside cell cavity of the treated wood (Fig. 2). Accord-

ing to Ramos et al. (2006); Lesar et al. (2009), boron 

compound does not bind chemically to wood cell 

walls. It has physical adsorption bonds like van der 

Waals bonds and hydrogen bonds but in a weak 

condition. Ramos et al. (2006) also stated that impreg-

nated woods by boron compounds (boric acid and bor-

ax) have a leaching rate around 97% for boric acid 

 

Treatment

Specific gravity

Species

Nyatoh Pisang Putih Sepetir

None (control) 0.42 ± 0.05c 0.37 ± 0.05b 0.32 ± 0.03a

2B0CR 0.44 ± 0.04cd 0.42 ± 0.07a 0.32 ± 0.05a

5B0CR 0.45 ± 0.04cde 0.44 ± 0.07a 0.32 ± 0.04a

0B20CR 0.55 ± 0.06hi 0.50 ± 0.06fg 0.42 ± 0.02c

2B20CR 0.54 ± 0.05gh 0.51 ± 0.04fg 0.42 ± 0.03c

5B20CR 0.55 ± 0.07hi 0.51 ± 0.05fg 0.42 ± 0.04c

0B40CR 0.62 ± 0.06jk 0.59 ± 0.06jk 0.49 ± 0.06fg

2B40CR 0.62 ± 0.04ij 0.57 ± 0.03hij 0.49 ± 0.04def

5B40CR 0.62 ± 0.05k 0.60 ± 0.03jk 0.49 ± 0.05ef

Table 2. Specific gravity of three wood species

Note: Specific gravity values are averages of 15 replications. Values within a column followed by the same letter are not 

significantly different at 5% significance level using Duncan's multiple range test.
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Parameter
Factor

JK CR PP JK*CR JK*PP PP*CR JK*PP*CR

Specific gravity ** ** ns ** ns ns ns

C-set ** ** ** ns ns ns ns

CSR ** ** ** * ns ns ns

Thickness swelling ** ** ** * ns ** ns

Water absorption ** ** ** ns ** ** ns

Table 3. Analysis of variance for each parameter

Note: ns: not significant; *: significantly different at 5% level; **: significantly different at 1% level; JK = wood species; 

CR = compression ratio; PP = pre-treatment.

Fig. 2. Boron penetration observed with Scanning Electron Microscope: (a) nyatoh, 370x magnification, (b)
pisang putih, 350x magnification, and (c) sepetir, 350x magnification. Note: arrow indicates boron traces.

 

and 44% for borax compounds. Therefore, the increase 

of SG in this research was not caused by boron im-

pregnation but by flattening wood cells during densi-

fication.

Fig. 3 shows the increasing in SG of the three treat-

ed wood compared to that of control wood. The results 

indicate that increasing in SG varied greatly on each 

species. In case of pisang putih it was 38.36‒63.03%, 

in sepetir 30.49‒53.37%, and in nyatoh 28.86‒49.96%. 

Higher increasing of SG in pisang putih was related 

to its anatomical structure especially larger diameter 

of fiber and vessel cells as well as the greatest portion 

of its ray parenchyma (Fig. 4) and its initial SG. 

Larger diameter of fiber and vessel was significantly 

influenced the reduction of void volume during densi-

fication, and resulted in the increase in SG. Macrosco-

pic observations show that pisang putih wood under-

went severe damage than those of sepetir and nyatoh. 

Fig. 3. Specific gravity enhancement of three wood 
species at different boron concentrations and different
compression ratios. Note:  : nyatoh,  : pisang putih,

 : sepetir.

Its ray parenchyma was more buckling, while its fibers 

and vessels were flatter (Fig. 5). This phenomenon 

coincided with Darwis et al. (2017). They mentioned 

that densification results in flattening in lumen cell of
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Fig. 4. Cross section of each wood species: (a) nyatoh, (b) pisang putih, and (c) sepetir; 12.5x
magnification.

Fig. 5. Changes in cell structure of three wood species after densification observed with macroscopic
microscope: (a) nyatoh, (b) pisang putih, and (c) sepetir, 12.5x magnification, and flattened fibers
and vessels observed with Scanning Electron Microscope: (d) nyatoh, (e) pisang putih, and (f) sepetir;
200x magnification.

 

vessels and fibers, while ray parenchyma becomes 

buckling. These changes are more significant along 

with increasing in compression ratio. These phenom-

ena are similar to Budakci et al. (2016). They stated 

that cell deformation becomes more severe with in-

creasing of compression ratio. 

Fig. 3 also shows that SG   increased along with the 

increase of compression ratio. After densification at 

20 and 40% of compression ratio, SG increased by 

28.86‒39.36% and 48.01‒63.03% compared those of 

control, respectively. The 40% compression ratio treat-

ment resulted in the highest of SG improvement due 

to the increasing number of flattened cell cavities. 

After densification at 40% compression ratio, void 

volume decreased significantly (Table 4). This phe-

nomenon is similar to that of Ulker et al. (2012) and 

Miyoshi et al. (2016). Densified Scots pine wood 

(Ulker et al., 2012) and Japanese cedar wood (Miyoshi 

et al., 2016) at temperature of 160 ̊C and 50% of com-

pression ratio result in an increase of wood density 

up to 93% and double in SG. Similar result was also 

found on thermally compressed of Korean pine wood 
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Parameters
Wood species

Nyatoh Pisang Putih Sepetir

Fiber diameter (μm) 32.22 ± 1.43 32.60 ± 1.04 18.23 ± 0.34

Vessel diameter (μm) 89.37 ± 5.21 103.33 ± 1.53 101.49 ± 7.23

Ray parenchyma portion (%) 7‒15 15‒25 8‒19

Initial void volume (%) 70.29 72.57 76.45

Void volume after 20% densification (%) 56.70 59.63 67.13

Void volume after 40% densification (%) 48.18 48.29 59.32

Table 4. Anatomical characteristics of three wood species

with 50% compression ratio (Lee and Lee, 2018) and 

laminated board of oil palm trunk (Prabuningrum et 

al., 2020) with 33% compression ratio.

Densification process resulted in a reduction of void 

volume value around 9.12‒17.57% (Table 4). This re-

sult indicates that densification occurred primarily on 

wood surface (partially densification). Microscopic ob-

servations proved that all woods species underwent 

surface densification (Fig. 5). Ray buckling and cell 

flattening were severely occurred on wood surface, 

while at the center the changes were not significant. 

The results are coincided to Hill (2006) and Darwis 

et al. (2017). They stated that wood surface receives 

the highest load during densification so that wood 

cells on the surface are more damaged compared with 

those at the center. 

 

3.2. Compression-set and 

compression-set recovery

Fig. 6 shows c-set value of the three treated woods. 

It can be seen that c-set value varied greatly on each 

wood species and each compression ratio, but almost 

constant on each boron concentration. C-set value of 

nyatoh wood was 25.47% for both compression ratios, 

while in cases of pisang putih and sepetir woods were 

25.82 and 27.10%, respectively. Among wood species, 

sepetir had the highest c-set, while pisang putih and 

nyatoh were almost similar. The highest c-set value 

Fig. 6. Compression-set of three wood species at dif-
ferent boron concentrations and different compression
ratios. Note:  : nyatoh,  : pisang putih,  : sepetir.

in sepetir was related to the lowest initial SG of this 

species which resulted in the highest reduction in total 

void volume after densification. Lower SG indicates 

more porous the wood (Hill, 2006). Porous wood re-

sult in higher total void volume. Higher void volume 

will lead higher rate of deformation in the lumens cell 

(Tu et al., 2014).

Analysis of variance shows that wood species, com-

pression ratio, and pre-treatment had significant effect 

on c-set value (P<0.05). Compression-set of nyatoh 

was similar to that of pisang putih, but their values 

were different from that of sepetir. C-set values    in-

creased along with the increase of compression ratio. 

At 20% and 40% of compression ratio, c-set values  

 of three wood species were 18.95‒21.05% and 30.22‒

34.49%, respectively. This phenomenon was related to 
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the increasing number of flattened cell cavities. Inoue 

et al. (1993) reported that SG of modified sugi wood 

increases from 0.36 (initial) to 0.50 with 30% com-

pression-set, and up to 0.90 with 60% compression-set.

Compared with densified wood without pre-treat-

ment, the c-set value of densified wood with pre-treat-

ment increases by 3.52‒7.45%. This result indicates 

that pre-treatment applied resulted in increasing com-

pressibility of the wood. When wood temperature is 

above transition glass, amorphous polymer easily rear-

anged without any major deformation or fracture 

(Budakci et al., 2016). According to Khalil et al. 

(2014); Navi and Sandberg (2012), hot immersion re-

sults in wood softened so that the cell wood is easier 

to be flatten during densification.

Compression-set recovery is thickness swelling of 

densified wood after water soaking process. The val-

ues of CSR are presented in Fig. 7. Analysis of var-

iance shows that wood species, compression ratio, and 

pre-treatment had significant effect on CSR (P<0.05). 

The CSR of nyatoh was 45.88% for both compression 

ratios, while CSR of pisang putih and sepetir were 

53.20 and 45.20%, respectively. Among wood species, 

pisang putih had the highest of CSR which was sig-

nificantly different with nyatoh and sepetir. Highest 

CSR in pisang putih was related to its anatomical char-

acteristics especially vessel diameter. Highest vessel 

diameter resulted in the highest reduction in void vol-

ume due to the collapse of wood cell. Highest portion 

in flattening cell had more energy to return to its ini-

tial size and form.

It can be seen that CSR increased significantly 

along with the increasing of compression ratio. At 20 

and 40% of compression ratio, CSR   of three wood 

species were 38.35‒54.04% and 40.69‒58.44%, res-

pectively. This phenomenon was also related to ana-

tomical structure especially the number of flattened 

cells.

Analysis of variance shows that CSR was influ-

enced by pre-treatment., however, there was no sig-

nificant effect of boron concentrations. Average values 

of CSR after pre-treatment with 2 and 5% boron were 

50.82 and 50.12%, respectively; however, it was sig-

nificantly different from that of densified wood with-

out pre-treatment (28.87%). It was happened due to 

the presence of boric acid which has a hygroscopic 

characteristic. In another study, Laine et al. (2013) re-

ported that CSR is also affected by mechano-sorptive 

phenomenon which is closely related to the condition 

under pressure (densification) and variation of mois-

ture content that usually occurred during the desorption 

process. Increasing of moisture content will induce the 

stress release.

 

3.3. Thickness swelling

Table 5 shows thickness swelling of densified wood 

after water soaking for 24 hours. Analysis of variance 

also shows that wood species, compression ratio, and 

pre-treatment had significant effect on thickness swel-

ling (P<0.05). According to Table 5, average thickness 

swelling of nyatoh was similar to that of pisang putih 

(2.71 and 2.72 mm), but different from that of sepetir 

(2.91 mm). Average thickness swelling after densifica-

tion at 20% compression ratio (2.59 mm) was signifi-

cantly different from 40% of compression ratio (4.99 

Fig. 7. Compression-set recovery of three wood species
at different boron concentrations and different com-
pression ratios. Note:  : nyatoh,  : pisang putih,

 : sepetir.
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Treatments

Thickness swelling (mm)

Species

Nyatoh Pisang Putih Sepetir

None (control) 0.89 ± 0.20a 0.65 ± 0.16a 0.91 ± 0.17a

2B0CR 0.73 ± 0.16a 0.68 ± 0.14a 0.80 ± 0.37a

5B0CR 0.73 ± 0.15a 0.68 ± 0.22a 0.75 ± 0.29a

0B20CR 2.32 ± 0.49b 2.36 ± 0.52bc 2.52 ± 0.36bcd

2B20CR 2.65 ± 0.48cd 2.70 ± 0.37d 2.77 ± 0.34d

5B20CR 2.57 ± 0.50bcd 2.69 ± 0.45d 2.73 ± 0.44d

0B40CR 4.23 ± 0.34e 4.53 ± 0.49f 5.00 ± 0.46g

2B40CR 5.14 ± 0.35g 5.19 ± 0.63g 5.58 ± 0.58h

5B40CR 5.10 ± 0.32g 5.03 ± 0.41g 5.11 ± 0.74g

Table 5. Thickness swelling of three wood species at different boron solution concentrations and different 
compression ratios

Note: Thickness values are averages of 15 replications. Values within a column followed by the same letter are not significantly 

different at 5% significance level using Duncan’s multiple range test.
 

mm). These values were also significantly different 

from that of control wood (0.76 mm).

Compared to that of control wood, thickness swel-

ling of densified wood increased significantly along 

with increasing compression ratio. Increasing of thick-

ness swelling was around 182.40 and 441.95% for 

nyatoh, 297.43 and 656.41% for pisang putih, and 

193.77 and 474.72% for sepetir with 20 and 40% com-

pression ratios, respectively. It also can be seen on 

Table 5, thickness swelling of densified wood was pro-

minently higher than that of densified wood without 

pre-treatment.

Analysis of variance shows that thickness swelling 

was influenced by pre-treatment, but there was no ef-

fect of boron concentration. Thickness swelling of 

wood after hot soaking within 2 and 5% boron were 

2.92 mm and 2.82 mm, respectively. These values were 

significantly different from that of densified wood 

without pre-treatment (2.60 mm). It also can be seen 

on Table 5, thickness swelling of densified wood with 

pre-treatment increased around 8.01‒16.77% com-

pared with densified wood without pre-treatment. 

Nagieb et al. (2011) and Baysal et al. (2006) noted 

that treated wood with inorganic salts such as boron 

compounds is usually more hygroscopic than untreated 

wood especially in high humidity. It can be considered 

that densified wood without pre-treatment was more 

stable than densified wood with pre-treatment.

Generally, increasing in thickness swelling is related 

to reversible and irreversible reactions during im-

mersion, especially for densified wood. Reversible 

swelling is caused by the natural hygroscopicity of 

wood, while irreversible swelling is caused by the 

CSR (Fang et al., 2012). Irreversible swelling can also 

occur due to mechanical failure of covalent bonds be-

tween hemicellulose and lignin when the development 

stress exceeds the bond strength between the two 

(Ohlmeyer and Paul, 2010). 

 

3.4. Water absorption

Thickness swelling of densified wood related to its 

ability to absorb water and attempts to restore the cell 

structure to its initial form. Rowel and Young (1981) 

stated that when moisture contacts with wood, the wa-

ter molecules penetrate the cell wall and bound into
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Treatments

Water absorption (%)

Species

Nyatoh Pisang Putih Sepetir

None (control) 92.52 ± 17.30c 133.30 ± 20.32i 105.26 ± 17.47c

2B0CR 98.22 ± 11.58cde 122.47 ± 25.04hi 134.92 ± 36.39i

5B0CR 99.22 ± 13.05cdef 121.92 ± 26.21ghi 116.33 ± 37.82fgh

0B20CR 63.93 ± 12.05a 104.27 ± 26.9cdefg 74.69 ± 14.78ab

2B20CR 88.26 ± 10.64bc 113.86 ± 26.47efgh 94.84 ± 12.88cd

5B20CR 93.84 ± 12.20cd 110.97 ± 21.56defgh 116.45 ± 13.03fgh

0B40CR 64.00 ± 11.47a 98.93 ± 25.31cdef 90.29 ± 15.09bc

2B40CR 92.19 ± 11.22c 115.58 ± 19.94efgh 114.70 ± 25.12efgh

5B40CR 98.06 ± 17.69cde 105.41 ± 21.53cdefgh 113.86 ± 18.26efgh

Table 6. Water absorption of three wood species at different boron solution concentrations and different compression
ratios

Note: Water absorption values are averages of 15 replications. Values within a column followed by the same letter are not 

significantly different at 5% significance level using Duncan's multiple range test.

 

it through hydrogen bonding. With addition of water, 

wood volume increases (wood cell wall swelling) until 

it is reached the fiber saturation point. Average value 

of water absorption obtained in this study is presented 

in Table 6. 

Water absorption of densified wood without pre- 

treatment was slightly lower compared to that of 

control. Analysis of variance shows that wood species, 

compression ratio, and pre-treatment had significant 

effect on water absorption (P<0.05). Water absorption 

of densified wood were different among the three 

species. The average WA values were 87.97, 114.08, 

and 106.68% for nyatoh, pisang putih, and sepetir, 

respectively. The lowest water absorption in nyatoh 

densified wood indicates that the fixation occurred in 

this species during densification was more completed. 

This finding coincided with previous study reported 

by Bao et al. (2016). Triadi et al. (2019) also added 

that higher SG wood has a lower water absorption 

value due to lower porosity (cell cavities) and per-

meability. Similar findings were also reported on bam-

boo fiber-based composite (Zhang et al., 2018) and 

medium density fiberboard panels (Hong et al., 2017). 

Average values of WA after densification at 20 and 

40% of compression ratios were 95.71 and 99.23%, 

respectively. However, their values were different 

from that of control wood (113.79%). This indicates 

that densified wood was more stable. 

Water absorption of densified wood without pre- 

treatment was significantly different from densified 

wood with pre-treatment, however, there was no sig-

nificant effect of boron concentration. Average value 

of WA after pre-treatment with 2 and 5% of boron 

were 108.37 and 108.45%, respectively. These values 

were higher than that of densified wood without pre- 

treatment (91.91%). This phenomenon indicates that 

boron was contributed to the increasing of WA. 

According to Kartal et al. (2007), WA in boric acid 

impregnated wood increases by 200% during water 

soaking for 24 hours.
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4. CONCLUSION 

Hot soaking within 2 and 5% of boron solutions—

as pre-treatment—has no effect on SG improvement, 

while pre-treatment followed by densification can im-

prove SG of wood significantly. Specific gravity of 

densified wood was influenced by wood species and 

compression ratio. The higher of compression ratio re-

sults in the higher improvement of SG. This improve-

ment is in line with improvement of C-set and CSR. 

Dimensional stability improvement was influenced by 

wood species, compression ratio, and pre-treatment 

applied. The higher of compression ratio results in the 

higher improvement of water absorption, but not the 

thickness swelling. Water absorption decreased 12.80‒

15.89%, while thickness swelling of 20% of com-

pression ratio treatment was lower than that of 40% 

of compression ratio. Densified wood without pre- 

treatment provides a better dimensional stability. 
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