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ABSTRACT • This study was conducted to investigate the effect of acetylation on equilibrium moisture content 
(EMC) of Nigerian-grown rubberwood and its effect on colour change in exposure of rubberwood to surface deg-
radation through accelerated weathering. The samples were modified to two levels of acetylation, which yielded 
weight percent gain (WPG) of 7 % and 10 % after 8hr (8-hr Acetyl) and 48hr of acetylation (48-hr Acetyl), re-
spectively. Accelerated weathering of unmodified (Ref) and acetylated wood was done using QUV-Accelerated 
Weathering Tester for four weeks.  The unmodified and acetylated samples (weathered and unweathered) were 
oven-dried and conditioned in climate rooms at different relative humidity of 50 %, 65 % and 95 %, with samples 
being moved to each room after 14 days. Results showed that acetylation led to a significant decrease in equi-
librium moisture content of rubberwood. After weathering, there was a decrease in EMC of rubberwood due to 
removal of hemicelluloses alongside the degraded lignin, and a slight increase in EMC of the acetylated wood. In 
terms of colour change, photo-bleaching of the acetylated samples was higher (10.46 for 48-hr Acetyl) after four 
weeks of weathering compared to the unmodified samples (6.43). Hence, the outcome of this study has shown that, 
although acetylation is effective in minimizing moisture ingress into wood, it resulted in photo-bleaching of the 
weathered samples. Additional surface coating is recommended to serve as a protective layer, preventing partial 
washing out of the acetyl groups, minimize photo-bleaching during weathering and prolong the aesthetic value of 
the wood especially in outdoor applications such as wall cladding and façade.
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SAŽETAK • Ova je studija provedena kako bi se istražio utjecaj acetilacije na ravnotežni sadržaj vode (EMC) 
i na promjenu boje drva kaučukovca zbog površinske razgradnje prouzročene ubrzanim izlaganjem vremenskim 
utjecajima. Drvo je uzgojeno u Nigeriji, a uzorci su modificirani acetilacijom u dva stupnja, što je nakon osam sati 
(8-hr Acetyl) odnosno 48 sati acetilacije (48-hr Acetyl) rezultiralo povećanjem mase (WPG) od 7 i 10 %. Ubrzano 
izlaganje nemodificiranoga (Ref) i acetiliranog drva vremenskim utjecajima provedeno je u QUV uređaju tijekom 
četiri tjedna. Nemodificirani i acetilirani uzorci (izlagani i neizlagani) sušeni su u sušioniku i kondicionirani u 
klimatskim prostorijama pri različitim relativnim vlažnostima zraka, od 50, 65 i 95 %, a uzorci su nakon 14 dana 
premještani u svaku od prostorija. Rezultati su pokazali da je acetilacija dovela do znatnog smanjenja ravnotežnog 
sadržaja vode u drvu kaučukovca. Nakon izlaganja vremenskim utjecajima EMC drva kaučukovca smanjio se zbog 
nestajanja hemiceluloze uz razgradnju lignina, a EMC acetiliranog drva blago se povećao. Kad je riječ o promje-
ni boje, izbjeljivanje je nakon četiri tjedna izlaganja vremenskim utjecajima bilo veće na acetiliranim uzorcima 
(10,46 za 48-hr Acetyl) nego na nemodificiranima (6,43). Stoga je ovo istraživanje pokazalo da je acetilacija, iako 
je učinkovita glede smanjenja prodora vlage u drvo, rezultirala izbjeljivanjem uzoraka ubrzano izloženih vremen-
skim utjecajima. Stoga se preporučuje primjena površinskog premaza koji će služiti kao zaštitni sloj, sprječavati 
djelomično ispiranje acetilnih grupa, smanjiti izbjeljivanje tijekom izlaganja drva vremenskim utjecajima i dulje 
očuvati njegovu estetsku vrijednost, posebice u vanjskim uvjetima, primjerice kad je drvo kaučukovca upotrijeblje-
no kao zidna obloga ili fasada.

KLJUČNE RIJEČI: drvo kaučukovca; ravnotežni sadržaj vode; omjer ravnotežnog sadržaja vode; acetilacija; 
ubrzano izlaganje vremenskim utjecajima

vest, but afterwards may change to light straw or light 
brown. The sapwood is not distinguished from the 
heartwood, and its texture is homogeneous but varies 
from moderately coarse to coarse texture (Killmann 
and Hong, 2000; Lim et al., 2002). The major positive 
attributes of rubberwood include its ease of sawing, 
slicing into veneer and turning on lathe machines. On 
the other hand, rubberwood has quite a number of 
shortcomings related to its proneness to seasoning de-
fects such as twisting, cupping, bowing and checks; 
and its non-durability, which makes it susceptible to 
insects and fungi attacks (Balsiger et al., 2000) and 
surface degradation due to weathering (Olaniran et al., 
2019) when used outdoor. For this reason, rubberwood 
requires treatments that can minimize its interaction 
with moisture, thereby making it hydrophobic, and 
subsequently influence biotic and abiotic agents and 
enhance its service life. One of the treatments that have 
been successfully used in improving the hydrophobic 
properties of wood for decades is the acetylation pro-
cess. Previous studies have shown that acetylation en-
hances the hydrophobic properties and improves the 
durability of several wood species to biological deteri-
oration and weathering (Larsson-Brelid et al., 2000; 
Chang and Chang, 2001; Mohebby and Militz, 2010). 

Acetylation process involves the reaction of ace-
tic anhydride with wood polymers through esterifica-
tion reactions, where the accessible hydroxyl groups in 
the wood cell wall undergo a single addition reaction 
with acetyl groups (Rowell, 1983). This single addition 
process, where an acetyl group reacts with a hydroxyl 
group without polymerization (Rowell, 2014), leading 
to a wood material with higher hydrophobic property 
and dimensional stability, was compared to the unmod-

1  INTRODUCTION
1.  UVOD

Hevea brasiliensis (rubberwood), though previ-
ously known as an agricultural product, is fast becom-
ing an acceptable raw material for lightweight con-
structions and in the furniture industry (de Junior et al., 
2015). Although the major aim of establishing rubber 
tree plantations is for the production of latex, a raw 
material in the rubber and tyre industries, wood from 
rubber trees is also an acceptable source of sawn-tim-
ber production. After the period of latex production 
(usually around 25-30 years), rubber tree plantations 
become unprofitable for the original purpose. At this 
point, the trees are previously converted to fuelwood or 
cleared to start a new plantation. Teoh et al. (2012) 
noted that nowadays, with increasing knowledge about 
the potentials of rubberwood, the trees are harvested 
and converted to sawn-timber for various purposes 
such as construction, furniture production and manu-
facture of wood-based panel products. In countries 
such as Malaysia, Indonesia, and Thailand, production 
of rubberwood has formed a major drive in the success 
of their wood industries, and this has made a great im-
pact on their economy for several decades (Shigematsu 
et al., 2011, Shigematsu et al., 2013). However, in Ni-
geria, the economic and environmental potential of 
rubberwood is yet to be explored to its maximum ca-
pacity. This is due to the dependence on wood supply 
from the natural forest, whose resource has been over-
explored and many durable species are currently be-
coming or are already endangered.   

Rubberwood is a lightweight material with uni-
form colour that varies from white to pale cream at har-
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ified wood (Gerardin, 2016; Sandberg et al., 2017). 
Aside from its effect on dimensional stability, acetyla-
tion of wood has been reported to lower the photodeg-
radation and weathering of wood. In studies by Pandey 
and Pitman (2002), and Pu and Ragauskas (2005), 
acetylation was found to improve the weathering per-
formance of wood. This improvement was made pos-
sible by the stabilization of lignin, and reduction of 
coloured chromophore formation and consequently a 
reduction in photo-yellowing of wood.

To make rubberwood suitable for outdoor appli-
cations such as cladding and facades, its susceptibility 
to surface degradation due exposure of wood to ultra-
violet rays, degradation of lignin on rubberwood sur-
face and subsequent washing away of the degraded 
lignin from the wood surface by water in form of rain 
or snow can be minimized by acetylation as previously 
demonstrated for other species in previous studies. 
Hence, the purpose of this study is to investigate the 
role that acetylation method of wood modification can 
play in minimizing the surface degradation of rubber-
wood essentially through reduction in equilibrium 
moisture content of rubberwood. This may further help 
to prevent the attack of rubberwood by fungi, as the 
moisture content of the treated wood will become too 
low to support their growth on the wood surface.

2  MATERIALS AND METHODS
2.  MATERIJALI I METODE

The rubber tree used for this study was harvested 
from a private plantation at Legbogbo village, Ode-
Irele Ondo State Nigeria with the following coordi-
nates: Lat. 06.59308°N, Long. 004.89078°E. At the 
time this study was carried out, the trees in the planta-
tion were well over 30 years old. They yielded no more 
latex, leading to the abandonment of the plantation. A 
tree stand was harvested from the plantation at 0.5 m 
above the buttress, and two boles were selected at di-
ameter at breast height (dbh). The harvested boles were 
processed into planks of dimension 550 mm × 120 mm 
× 40 mm, pre-dried in a kiln at 105 °C for three days to 
lower their moisture content and prepare them for ship-
ping to the laboratory located at Wood Material Sci-
ence Laboratories at ETH Zurich, Switzerland. On ar-
rival, the wood samples were stacked in the climate 
room at 65 % relative humidity for a total of 6 months 
before the commencement of the experiment. 

Rubberwood samples were further processed into 
dimensions of 50 mm × 15 mm × 1mm (L-T-R) to pro-
duce 180 samples required for the experiment. There-
after, the samples were grouped into three groups in-
cluding the unmodified samples (Ref), samples for 8-hr 
acetylation (8-hr Acetyl) and samples for 48-hr acety-
lation (48-hr Acetyl). Each of the three groups were 

further divided into four groups consisting of 15 sam-
ples each for the unweathered samples and samples 
subjected to accelerated weathering for two, three and 
four weeks. 

The process for chemical modification started 
with drying of the wood samples at 65 °C for 48 hours. 
Drying at this low temperature was carried out to pre-
vent rapid drying of the samples and occurrence of dry-
ing defects such as cracks on the samples. The dried 
samples were placed in a flask containing dimethylfor-
mamide (DMF) and acetic anhydride (50 v/v%). To 
enhance homogeneous penetration of the reaction 
chemicals, a vacuum impregnation was performed for 
18 hours, and the mixture was heated to a temperature 
of 70 °C under reflux; the reaction was maintained for 
8 hours and 48 hours. After treatment, the acetylated 
samples were washed in acetone for five days, with the 
solution being changed twice a day to remove the ex-
cess acetic acid. The treated samples were dried at 65 
°C for 48 hours and the weight percent gain was deter-
mined. The average weight percent gain for the treated 
samples was 7 % for samples acetylated for 8 hours 
and 10 % for samples acetylated for 48 hours. 

The treated and reference samples were weath-
ered under accelerated conditions with QUV Acceler-
ated Weathering Tester (Q-Lab Miami, USA), equipped 
with heating compartments, UV-A 340 lamps and wa-
ter spray. The procedure for weathering followed a sin-
gle test cycle of 2hr 30 minutes of UV exposure, 30 
minutes of water spray, and a panel temperature of 30 
°C. Before and after weathering, colour measurements 
were performed with Chroma Meter (CR-200), Minol-
ta USA. Colour change in the weathered samples was 
determined according to CIE standard colour space 
L*a*b*, and the total colour change was calculated ac-
cording to Eq. 1: 

  (1)
Where: L is the lightness in the range of 0 – 100; 

+a* and +b* are the chromatic indices representing red 
and yellow, respectively, -a* and –b* represent green 
and blue direction, respectively.

The equilibrium moisture content of the weath-
ered and unweathered samples was reached in climate 
rooms at 50 %, 65 % and 95 % RH after oven-drying 
the samples to a constant weight at 65 °C for 48 hours. 
The increase in weight due to moisture sorption in the 
climate rooms was measured consistently until the 
samples attained constant weights. After this, the wood 
samples were moved from one climate room to another 
after 14 days, and the equilibrium moisture content in 
each climate room was determined. The moisture ratio 
of acetylated wood (MRA) was calculated as a ratio of 
the equilibrium moisture content of the acetylated rub-
berwood and the unmodified samples (Thygesen et al., 
2010). This will help to reveal the percentage of mois-
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ture in the unmodified to that in the modified wood, 
thus revealing the effectiveness of the modifying agent. 
The data obtained were analysed using the SPSS Soft-
ware, V20.0 (IBM Corporations, USA) to perform the 
analysis of variance (ANOVA) and determine the sig-
nificant differences among the treatments.

3  RESULTS AND DISCUSSION
3.  REZULTATI I RASPRAVA

3.1  Influence of acetylation on equilibrium 
moisture content of rubberwood in 
unweathered state

3.1.  Utjecaj acetilacije na ravnotežni sadržaj 
vode neizloženog drva kaučukovca

The equilibrium moisture content of unmodified 
and acetylated rubberwood is shown in Figure 1. In the 
unmodified and unweathered state, the moisture content 
of rubberwood is 5.3 %, 10.2 % and 17.5 % at the rela-
tive humidity of 50 %, 65 % and 95 %, respectively. 
Subsequently, after 8-hour acetylation (8hr-Acetyl/W0), 
the moisture content of rubberwood decreased to 2.73 
%, 5.39 % and 8.74 %. After 48-hour acetylation (48hr-
Acetyl/W0), the moisture content of acetylated rubber-
wood further decreased to 2.49 %, 5.03 % and 8.35 % at 
the observed relative humidity (Figure 1b and c). The 
effect of the level of acetylation and varying level of ex-
posure to relative humidity is significant on the equilib-
rium moisture content of acetylated rubberwood (Table 
1). The goal of the acetylation method is to reduce mois-

ture uptake, thereby improving the dimensional stability 
and enhancing wood durability (Thygesen et al., 2010), 
and to decay fungi and non-biological agencts such as 
the ultra-violet rays and weathering. According to Row-
ell (2014), through covalent bond formation, acetyl 
groups are substituted with hydroxyl groups on the sorp-
tion sites in the cell wall; this directly blocks the hy-
droxyl groups from gaining access to moisture. For the 
modification of rubberwood, acetylation has proved to 
be effective in reducing the moisture content of rubber-
wood even at low weight percent gain after treatment. 
Comparison of moisture ratio (MRA) of acetylated rub-
berwood at two levels of WPG showed that the effect on 
moisture ratio was not significantly different (Table 2). 
This means that the difference in the WPG of acetylated 
rubberwood does not significantly influence the mois-
ture ratio (0.53 for 8hr-Acetyl, and 0.5 for 48hr-Acetyl). 
This MRA is lower (as shown in Table 3) compared to the 
previous report on acetylation of Corsican pine reported 
by Papadopoulos and Hill (2003) with MR in the range 
of 0.58-0.60, and even at a higher WPG of 15.58 as later 
reported in the work of Thygesen et al., (2010). Mois-
ture ratio was also estimated by Thygesen et al. (2010) 
for furfurylated Norway spruce and found that the mois-
ture ratio of furfurylated wood was 0.80, showing that 
the modified wood can hold as much water as the un-
treated wood. This indicated that, although a higher 
WPG can be obtained by furfurylation than by acetyla-
tion, the latter is more effective in minimizing moisture 

Table 1 Analysis of variance for equilibrium moisture content of acetylated rubberwood
Tablica 1. Analiza varijance ravnotežnog sadržaja vode acetiliranog drva kaučukovca

Equilibrium moisture content (EMC) / Ravnotežni sadržaj vode (EMC)
Source of variation

Izvor varijacije
Sum of squares
Zbroj kvadrata df Mean square

Srednja vrijednost kvadrata F-crit. p-value
p-vrijednost

Acetylation level 
stupanj acetilacije 572.308 2 286.153 161.488 0.000*

Relative humidity
relativna vlažnost 966.223 2 483.111 272.640 0.000*

Error / greška 150.618 1.772
Total / ukupno 1689.146

*significant at p-value ≤ 0.05 / značajno pri p-vrijednosti ≤ 0,05

Table 2 Analysis of variance for moisture ratio (MRA) of acetylated rubberwood
Tablica 2. Analiza varijance omjera ravnotežnih sadržaja vode acetiliranoga i nemodificiranog drva kaučukovca

Moisture ratio (MRA) / Omjer ravnotežnih sadržaja vode (MRA)

Source / Izvor Sum of squares
Zbroj kvadrata df

Mean square
Srednja vrijednost 

kvadrata

F-value
F-vrijednost

Significance
Značajnost

Acetylation level (AL)
stupanj acetilacije (AL) 0.013 1 0.013 2.614 0.112 ns

Relative Humidity (RH)
relativna vlažnost (RH) 0.008 2 0.004 0.835 0.440 ns

AL*RH 0.001 2 0.000 0.087 0.916 ns
Error / greška 0.267 0.005
Total / ukupno 0.289

ns – not significant at p-value >0.05 / nije značajno pri p-vrijednosti > 0,05
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interaction with wood. Analysis of variance revealed 
that MRA of acetylated rubberwood among those ob-
served is also not significantly different, and this is con-
sistent with previous studies.

The implication of this result is that sufficient 
bulking of the cell wall was achieved for acetylated 
wood by acetyl group despite the low WPG, and conse-
quently a significant difference was observed in reduc-
tion in equilibrium moisture content of acetylated rub-
berwood compared to the unmodified samples.

3.2  Effect of weathering on equilibrium 
moisture content of unmodified and 
acetylated rubberwood

3.2.  Utjecaj izlaganja vremenskim 
utjecajima na ravnotežni sadržaj vode 
nemodificiranoga i acetiliranog drva 
kaučukovca

Unmodified and modified wood used in outdoor 
application are subjected to weathering, which in-
volves the exposure of wood to ultraviolet rays. The 
effect of UV on the wood surface leads to degradation 
of lignin, which is thereafter washed out with water 
either in form of rain or snow. In the present study, un-
modified rubberwood weathered under accelerated 
conditions showed continuous decrease in moisture 
content as the weathering period progressed from two 
to four weeks (Figure 1a). The equilibrium moisture 
content of unmodified, weathered rubberwood at the 
observed relative humidity is 4.1 %, 7.6 % and 14 %, 
respectiely at the end of the four-week period of weath-
ering. These moisture content values of unmodified, 
weathered rubberwood decreased from the initial 
moisture content of unmodified and unweathered rub-
berwood of 5.3 %, 10.3 % and 17.5 %. The decrease in 
EMC of the unmodified rubberwood after weathering 
can be attributed to washing out of the degraded lignin 
alongside hemicelluloses, which is closely associated 
with lignin in the cell wall.  These findings were previ-
ously observed by Feist et al. (1991), who found out 
that the exposure of unmodified aspen to weathering 
for 700 hours led to the degradation of lignin and hemi-

celluloses, leaving the surface with the inaccessible 
and moisture resistant cellulose. The attraction of 
moisture to wood is enhanced by wood polymers (cel-
lulose, hemicelluloses and lignin) due to their ability to 
form hydrogen bonds with water molecules. Of these 
wood polymers, hemicelluloses were reported to have 
the highest proportion of sorption sites. For rubber-
wood acetylated for 8-hours, moisture content of acet-
ylated rubberwood gradually decreased to 2.9 %, 6.1 
%, and 11.3 % at the observed relative humidity after 
four weeks of exposure to accelerated weathering. 
These values are higher, compared to rubberwood acet-
ylated for 48 hours with moisture content values of 2.6 
%, 5.6 % and 9.9 % at the observed relative humidity. 
These results indicate that the interaction between 
moisture and acetylated rubberwood decreased as the 
acetyl groups blocked the free hydroxyl groups, which 
should be available to aid weathering of rubberwood 
surface. However, there seems to be a slight increase in 
moisture content for weathered acetylated wood com-
pared to the unweathered acetylated wood.

This was clearly observed in rubberwood acety-
lated for 8-hours, and slightly in samples acetylated for 
48-hours, with a higher WPG when compared to the 
equilibrium moisture content of the unweathered sam-
ples. Increase in moisture content observed in weath-
ered acetylated wood may occur because a part of the 
acetylated products is washed out with the UV-degrad-
ed lignin, which is closely related to hemicelluloses in 
the modified cell wall. Previous studies on Fourier 
Transform Infrared Spectroscopy (FT-IR) of weathered 
modified and unmodified rubberwood showed decreas-
ing intensities at spectra bands of 1505 cm-1 and 1600 
cm-1 (stretching vibration of aromatic C=C of lignin); 
and 1740 cm-1 corresponding to vibration of unconju-
gated C=O in xylan (Pandey and Pitman, 2002; 
Olaniran et al., 2019). It can be inferred from these 
studies that removal of lignin during weathering is of-
ten accompanied by a significant loss in hemicelluloses 
content in the unmodified wood and only slight in the 
modified samples.

Table 3 Mean values of equilibrium moisture content (EMC) and moisture ratio (MRA) of acetylated rubberwood
Tablica 3. Srednje vrijednosti ravnotežnog sadržaja vode (EMS) acetiliranog drva kaučukovca i omjera ravnotežnog sadržaja 
vode (MRA) acetiliranoga i nemodificiranog drva kaučukovca

Acetylation level
Stupanj acetilacije

Relative humidity
Relativna vlažnost EMC, % MRA

Unmodified
Nemodificirano drvo

50 5.08 ± 0.41 -
65 10.03 ± 0.58 -
95 17.25 ± 0.36 -

8hr-Acetyl (7 % WPG)
50 2.73 ± 0.38 0.54 ± 0.07
65 5.36 ± 0.56 0.54 ± 0.07
95 8.76 ± 0.47 0.51 ± 0.02

48hr-Acetyl (10 % WPG)
50 2.57 ± 0.49 0.51 ± 0.11
65 4.95 ± 0.49 0.49 ± 0.06
95 8.33 ± 0.31 0.49 ± 0.02
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3.3  Colour change in unmodified and 
acetylated rubberwood

3.3.  Promjena boje nemodificiranoga i 
acetiliranog drva kaučukovca

Base on the above discussion, there are varying 
degrees of accessibility of moisture in unmodified 
wood and acetylated wood. Moisture in form of liquid 
water is a major factor that aids weathering of wood 
surfaces. The ultraviolet rays react with and break 
down the lignin polymer resulting in a colour change 
of wood surfaces. With the presence of water, the de-
graded lignin is washed out of the wood surface, lead-
ing to a total colour change. As shown in Figure 2 (a, b 
and c), the lightness index, L* of the unmodified (Ref) 
and acetylated samples increased through the four-
week exposure to weathering, whereas, acetylated 
samples recorded higher values of lightness compared 
to the unmodified samples (Figure 2d). The lightness 
index was found to decrease in all the exposed samples 
after the third week of exposure to weathering. In-
crease in lightness index was reported to be character-
istic of acetylated wood in previous studies (Salla et al. 
2012). Increase in lightness of the unmodified rubber-
wood observed in this study is contrary to the report of 
Salla et al. (2012), while persistent and higher light-

ness in acetylated wood is attributed to the pho-
tobleaching of the modified surface.

Contrary to the previous observation on the light-
ness index, no yellowing was found in the reference 
samples or in the acetylated samples as shown by nega-
tive values in Figure 2d. The negative values obtained 
for yellowing index further confirm that photobleach-
ing occurred in the weathered samples including the 
reference, contrary to the outcome of previous studies 
where increased yellowing was observed in the weath-
ered samples all throughout the period of exposure to 
weathering (Salla et al., 2012; Guo et al., 2017). How-
ever, the reason for non-yellowing of the reference 
samples observed in this study is not yet clear. On the 
other hand, it is clear as previously reported by Olaniran 
et al. (2019) that surface degradation of rubberwood 
under accelerated weathering was prevented by acety-
lation as no crack, twisting or cupping were observed 
throughout the exposure period when compared to the 
reference samples. Therefore, this suggests that, though 
it is possible to limit moisture interaction and conse-
quently surface degradation in weathered rubberwood 
through acetylation, resistance to photo-bleaching of 
acetylated wood surface needs to be improved. This 
may be achieved by adding another protective layer to 

Figure 1 Equilibrium moisture content of (a) unmodified samples, (b) acetylated rubberwood at 8 hours of acetylation, (c) 
acetylated rubberwood at 48 hours of acetylation after exposure to accelerated weathering (W0 – samples not exposed to 
weathering, W2 – samples exposed for two weeks, W3 – samples exposed for three weeks, W4 – samples exposed for four 
weeks)
Slika 1. Ravnotežni sadržaj vode (a) nemodificiranih uzoraka, (b) acetiliranog drva kaučukovca pri 8-satnoj acetilaciji i (c) 
acetiliranog drva kaučukovca pri 48-satnoj acetilaciji nakon ubrzanog izlaganja vremenskim utjecajima (W0 – neizloženi 
uzorci, W2 – uzorci izloženi dva tjedna, W3 – uzorci izloženi tri tjedna, W4 – uzorci izloženi četiri tjedna)
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minimize the observed colour change. This additional 
protection can be achieved by deposition of protective 
layer on the acetylated wood. Previous researches have 
experimented on possible layers such as titanium diox-
ide/cerium (TiO2/Ce) xerogel and zinc oxide (ZnO) 
nanostructures (Guo et al., 2016; Guo et al., 2017), 
which can be deposited on wood surface to preserve its 
aesthetic value especially when the wood is intended 
for outdoor use. 

4  CONCLUSIONS 
4.  ZAKLJUČAK

This study has shown the effectiveness of acety-
lation on the equilibrium moisture content and colour 
change in rubberwood exposed to accelerated weather-
ing. The moisture content ratio of the acetylated wood 
has revealed that even at low WPGs of acetylated rub-
berwood, the modification is still effective in minimiz-
ing moisture ingress. In the process of weathering, 
however, the increasing lightness of weathered acety-
lated rubberwood gives an indication that its natural 
aesthetics may not be completely preserved only by 

acetylation. Hence, it is necessary to apply additional 
layers of nano-coating with compounds such as ZnO, 
as demonstrated for other wood species in previous 
studies, to preserve the natural beauty of rubberwood 
surface.
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