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ABSTRACT: 

Triplochiton scleroxylon K. Schum (Obeche), a widely used tropical hardwood, is limited in 
high-value applications due to its high hygroscopicity and poor dimensional stability. 
Alkaline chemical treatments offer an eco-friendly strategy for enhancing Obeche wood 
performance; however, optimal conditions for Obeche wood remain poorly defined. This 
study investigated the influence of alkaline sulfitetreatment on Obeche wood, with particular 
emphasis on identifying the optimal treatment duration. Wood samples were treated with 1 M 
NaOH and 0.5 M Na2 SO3 for 1, 3, and 5 hours, alongside untreated controls. Properties 
assessed include mass loss, density, water absorption, volumetric swelling, Anti-Swell 
Efficiency (ASE), and Water Repellent Efficiency (WRE). The data was analyzed using one-
way ANOVA. Treatment duration had a highly significant effect (p < 0.05) on all parameters. 
Mass loss increased with time, ranging from 1.65% (1 h) to 10.06% (5 h). The 3-hour 
treatment yielded the best balance of performance, reducing 7-day water absorption from 
390.29% (control) to 160.97%, with an ASE of 79.99% and a WRE of 58.76%. However, at 
5 hours, WRE fell sharply to 22.73%, suggesting structural over-degradation and micropore 
formation. Overall, a 3-hour alkaline sulfite treatment is identified as the optimal threshold 
for enhancing Obeche’s dimensional stability, offering a practical parameter for industrial 
wood modification. 
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Introduction 

Wood stands as one of humanity's most 
enduring and versatile natural materials, 
playing an indispensable role in global 
industries ranging from construction and 
furniture manufacturing to artistic carving 
and packaging. Its enduring appeal is rooted 
in its renewable nature, excellent strength-
to-weight ratio, biodegradability, and 
aesthetic warmth (Hill, 2006; Sandberg et 
al., 2017). In an era increasingly defined by 
the urgent need for sustainable material 
solutions, wood offers a compelling 
alternative to energy-intensive, non-
renewable materials like metals and plastics. 
Its capacity to act as a carbon sink 
throughout its service life further enhances 

its environmental credentials, aligning with 
global climate change mitigation goals 
(Sathre and Gustavsson, 2009). 

Despite these advantages, the inherent 
hygroscopicity of wood poses a significant 
challenge to its durability and dimensional 
stability. This behaviour is attributable to 
the chemical composition of the cell wall, 
which is rich in hydroxyl (-OH) groups 
within cellulose and hemicellulose 
polymers. These groups form strong 
hydrogen bonds with water molecules, 
leading to the absorption and release of 
moisture in response to environmental 
changes in relative humidity (Rowell, 
2012). This cyclical process results in 
swelling and shrinkage, which can manifest 
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as warping, cracking, checking, and a loss 
of mechanical integrity. Consequently, the 
performance of untreated wood is often 
unreliable in applications exposed to 
moisture fluctuations, severely limiting its 
potential use (Militz and Lande, 2009). 

The challenges of dimensional instability 
are particularly acute in low-density tropical 
hardwoods. Triplochiton scleroxylon K. 
Schum, commonly known as Obeche or 
African Whitewood, is a prime example. 
Prized throughout its native West Africa and 
in international markets for its low density, 
pale colour, uniform texture, and 
exceptional workability, Obeche is a species 
of significant economic importance for 
applications in light construction, panelling, 
veneer, and especially artistic carving 
(Ogunsanwo and Onilude, 2000). However, 
its open microstructure and relatively high 
hemicellulose content render it highly 
susceptible to moisture ingress, leading to 
pronounced swelling and a susceptibility to 
biological degradation (Adebawo et al., 
2020). Without effective modification, its 
use is largely restricted to protected interior 
environments, underutilizing its potential. 

To overcome these limitations, a variety of 
wood modification techniques have been 
developed. These include thermal 
treatments, impregnation with resins, and 
chemical modifications such as acetylation 
and furfurylation. For instance, acetylation, 
which involves esterifying wood hydroxyl 
groups with acetic anhydride, has been 
shown to significantly enhance dimensional 
stability and decay resistance by bulking the 
cell wall and reducing hygroscopicity 
(Rowell, 2006; Adebawo et al., 2020). 
Previous work in the Nigerian context 
byFabiyi and Ogunleye (2015); Adebawo et. 
al., (2016); Adebawo et al., (2019); 
Adegoke et al., (2021), demonstrated the 
successful application of acetylation to 
improve the properties of Triplochiton 
scleroxylon. However, many such methods 

involve complex processes, costly reagents, 
or specialized equipment, presenting 
barriers to widespread adoption, particularly 
in developing economies. 

Alkaline treatment has emerged as a 
simpler, more cost-effective, and 
environmentally benign alternative for wood 
modification. Primarily utilizing sodium 
hydroxide (NaOH), this process works by 
solubilizing hemicellulose and lignin, the 
most hygroscopic components of the cell 
wall (Baruah et al., 2018). The addition of 
sodium sulfite (Na2SO4) enhances this effect 
by sulfonating lignin, increasing its 
solubility and facilitating a more extensive 
removal (Yinget al., 2021). While the 
effectiveness of alkaline treatment on 
natural fibres for composite materials is 
well-documented (Aziz and Ansell, 2004; 
Chen et al., 2018; Perremans et al, 2018; 
Bekele et al., 2023), its application to solid 
wood, particularly for enhancing the 
dimensional stability of permeable species 
like Obeche, remains underexplored. 
Crucially, the relationship between 
treatment duration and the resulting balance 
of beneficial hydrophobicity and potential 
structural degradation has not been 
systematically established. 

Therefore, this study aims to bridge this 
knowledge gap by systematically 
investigating the effects of NaOH-Na2SO3 
treatment duration on the dimensional 
stability of wood. The broad objective is to 
analyze how the duration of the chemical 
treatment affects the wood's physical 
properties, specifically to assess changes in 
mass, density, and water-related stability, 
and thereby determine the optimal treatment 
time that achieves the greatest dimensional 
stability while maintaining structural 
integrity. 

Materials and Methods 

Study Area 
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The experimental work for this study was 
conducted in the Wood and Paper 
Technology Laboratory at the Federal 
College of Forestry, Ibadan, Nigeria. This 
lies between latitudes7º 40'and 7º 38' N, and 
longitudes 3º 86' and 3º 85'E.  

Material Procurement and Preparation 

Heartwood samples of Triplochiton 
scleroxylon (Obeche) were procured from a 
certified timber merchant in Ibadan, Oyo 
State, Nigeria. The wood was confirmed to 
be air-dried and free of visible defects, 
including knots, cracks, and fungal 
infestations. The samples were then further 
conditioned in a laboratory environment at a 
temperature of 20 ± 2°C and a relative 
humidity of 65 ± 5% until they reached 
equilibrium moisture content. 

From this stock, defect-free specimens were 
prepared in accordance with the relevant 
standards for each test. For the 
determination of density, weight and 
volume loss, 20 mm × 20 mm × 60 mm 
specimens were prepared, while for water 
absorption and volumetric swelling, 
specimens with dimensions of 20 mm × 20 
mm × 20 mm were prepared. The initial 
oven-dry mass and volume of each 
specimen were recorded before any 
treatment to serve as a baseline. 

Preparation of Alkaline Sulfite 
Treatment Solution 

A mixed alkaline sulfite solution was 
prepared for the wood treatment. A 1 Molar 
(M) solution of Sodium Hydroxide (NaOH) 
was prepared by dissolving 40 grams of 
laboratory-grade NaOH pellets (Sigma-
Aldrich, =97% purity) in 1 litre of distilled 
water. Subsequently, a 0.5 M solution of 
Sodium Sulfite (Na2SO4) was prepared by 
dissolving 63 grams of anhydrous Na2SO3 
powder (Sigma-Aldrich, =98% purity) in 1 
litre of distilled water. The two solutions 
were then mixed in a 1:1 volume ratio to 

create the final treatment solution of 1M 
NaOH + 0.5M Na2SO3. 

Alkaline Sulfite Treatment Process 

The wood specimens were fully immersed 
in the prepared alkaline sulfite solution 
within a reflux condensation setup to 
prevent evaporation losses. The ratio of 
solution volume to wood sample mass was 
maintained at a minimum of 10:1 to ensure 
consistent and sufficient chemical 
availability for all specimens. The samples 
were first soaked at room temperature (28 ± 
2°C) for 30 minutes to allow initial 
penetration. Following this, the container 
was transferred to a thermostatically 
controlled water bath and heated at 100°C 
for the designated treatment durations: 1 
hour, 3 hours, and 5 hours. A separate set of 
specimens was left untreated to serve as the 
control group. 

Upon completion of the cooking duration, 
the specimens were removed from the 
solution and thoroughly rinsed with distilled 
water until the rinse water attained a neutral 
pH (~7), ensuring the removal of any 
residual chemicals. The treated samples 
were then oven-dried at 103 ± 2°C for 48 
hours to achieve a constant weight. The 
final oven-dry mass and dimensions of each 
treated specimen were measured. 

Determination of Physical Hygroscopic 
Properties 

Density, Mass Loss and Volume Loss:  

The density of alkaline-treated and 
untreated wood of Obeche was calculated in 
accordance with ASTM-D2395 (1998) as the 
ratio of oven-dry mass to volume, with 
volume determined by direct measurement 
of the dimensions using equation 1. 

…………………….. (1) 

Where, D (g/cm3) = density; M (g ) = Mass 
of the wood, and 
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V= volume of the wood is calculated using: 

V(cm3) = L x W x H (L= length; W = width; 
H = height (or thickness) 

The percentage mass loss and ]volume loss 
due to alkaline treatment were calculated 
using equations 2 and 3, respectively: 

………………….. (2) 

…………….. (3) 

Where M0 is the initial oven-dry weight 
before treatment,  

M1 is the final oven-dry weight after 
treatment and drying;  

V0 is the initial oven-dry volume before 
treatment, and V1 is the final oven-dry 
volume after treatment and drying.  

Determination of Hygroscopic Properties 

Water Absorption and Volumetric 
Swelling: The oven-dried specimens (both 
treated and untreated) were immersed in 
distilled water at room temperature for 168 
hours (7 days) to achieve saturation. The 
weight and dimensions of each specimen 
were measured before and after 2 hours and 
7 days of immersion.  

 

……………….. (4) 

Where, WA = water absorption; W2 = 
specimen after water soaking and W1 = 
weight of specimen before water soaking. 

…………………….. (5) 

Where, VS= volumetric swelling;  V1 = 
volumeof wood before soaking, V2 = 
volume of wood after soaking 

Anti-Swell Efficiency (ASE) and Water 
Repellent Efficiency (WRE): These indices 
were calculated to quantify the effectiveness 
of the treatments and were measured 
according to ASTM -1037 (1999).  

Anti-swell efficiency was calculated 
according to Eqn. (5) and (6) 

……………….. 

(6) 

Where, ASE = anti-swell efficiency; Su = 
volumetric swelling coefficient of untreated 
wood samples and St = volumetric swelling 
coefficient of treated wood samples 

Water repellent efficiency was calculated 
according to Eqn. (4) and (7) 

……………………….. (7) 

Where, 

 

= Water repellent efficiency; 
Wu = water absorption of untreated samples 
and Wm = water absorption of treated 
samples. 

Statistical Analysis 

All experiments were conducted using a 
completely randomised design with at least 
four replicates (n = 4) per treatment group 
(1 h, 3 h, 5 h, and control). The data 
obtained were subjected to a one-way 
Analysis of Variance (ANOVA) using SPSS 
Statistics software. Treatment duration was 
the fixed factor. The significance of 
differences between group means was 
determined using Duncan Multiple Range 
post-hoc test at a 95% confidence level (p < 
0.05). Data are presented as mean ± 
standard error. 

Results and Discussion 

The effects of alkaline sulfite treatment 
duration on the physical properties and 
dimensional stability of Triplochiton 
scleroxylon wood were profound and 
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statistically significant. The results are 
presented and discussed below, integrating 
empirical findings with their mechanistic 
explanations and industrial implications.  

Treatment-induced Compositional and 
Structural Changes 

Density of treated and untreated Obeche 
(Triplochiton scleroxylon) wood  

The results of untreated and treated 
Triplochiton scleroxylon wood samples are 
presented in Figure 1. The result of the 

density test revealed that the untreated 
(control) sample of Triplochiton scleroxylon 
had the highest density, with an average 
value of 0.39 g/cm³. This value served as a 
benchmark for assessing the effect of the 
chemical treatment on the wood. After 
treatment with sodium hydroxide (NaOH) 
and sodium sulfite (Na2 SO3 ), a noticeable 
reduction in density was observed in the 
wood samples, and this reduction became 
more pronounced with increasing cooking 
duration (1hour, 3 hours, and 5 hours).    

Figure 1: Density of alkaline-treated and untreated Triplochyton scleroxylon wood  

The initial density of the samples varied 
significantly between groups (p<0.05). 
However, after treatment, the density of all 
treated groups was statistically similar 
clustering between 0.34–0.38 g/cm³, and 
was significantly lower than the untreated 
control (0.48 g/cm³). This indicates that the 
treatment effectively homogenized the 
wood's density, creating a consistently less 
dense material regardless of the initial minor 
variations in the samples, primarily through 
the extraction of cell wall components. 

The decrease in density is attributed to the 
chemical breakdown of some structural 
components in the wood, especially 
hemicellulose and lignin, which are known 

to be sensitive to alkaline treatment. These 
components are partially removed during 
the cooking process, leading to a reduction 
in overall wood mass. According to recent 
studies, NaOH facilitates the swelling of 
cellulose fibres and the dissolution of 
hemicellulose, while Na2 SO3 enhances 
delignification by sulfonating lignin, 
making it more soluble in the solution 
(Augustina et al., 2022; Zhang et al., 2022). 
The observed increase in density loss with 
longer cooking time reflects intensified 
chemical components. The control sample’s 
higher density treatment degrades key 
structural components in leading to 
measurable declines in density. 
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Mass Loss and Volume Loss 

The alkaline sulfite treatment successfully 
modified the chemical composition and 
physical structure of the wood. A one-way 
ANOVA revealed that treatment duration 

had a highly significant effect (p < 0.05) on 
both mass loss and volume loss (Table 1), 
confirming that the chemical alteration was 
directly controllable by processing time. 

Table 1: Mass Loss and Volume Loss of Alkaline-Treated Obeche Wood 

Treatment duration % Mass Loss % Volume Loss 
Control 0.00±0.00 0.00±0.00 
1 hour 1.65±1.40a

 

4.63±0.59b

 

3 hours 5.15±1.03b

 

5.50±2.67b

 

5 hours 10.06±1.48c

 

6.59±2.29b

 

Values are mean ± SE. Different superscript letters within a column indicate significant differences (p 
< 0.05) 

Mass loss increased progressively and 
significantly with treatment duration, from 
1.65% (1h) to 10.06% (5h). This is a direct 
metric of the dissolution and extraction of 
wood constituents, primarily hemicellulose 
and lignin (Zhang et al., 2017). Sodium 
hydroxide swells the cellulose microfibrils 
and solubilizes hemicellulose, while sodium 
sulfite sulfonates lignin, enhancing its 
solubility and removal (Chen et al., 2018). 
The statistically distinct groupings (a, b, c) 
demonstrate that each longer duration 
removed a significantly greater amount of 
material. The volume loss followed a 
different pattern; while significant compared 
to the control, the values for the 1-hour and 
3-hour treatments were statistically similar, 
with only the 5-hour treatment showing a 
higher, though not statistically unique, mean 
value. This suggests that initial treatment 
causes a contraction of the wood matrix 
(likely from the dissolution of polymers 
supporting the cell wall structure), but 
extended treatment may lead to a point 
where the remaining cellulose framework 

begins to dictate volume stability, despite 
continued mass loss (Hill, 2006).  

Enhancement of Hygroscopic Properties 
and Dimensional Stability 

Water Absorption (WA) and Volumetric 
Swelling (VS): The primary objective of the 
treatment—to enhance dimensional 
stability—was successfully achieved. The 
chemical modifications induced a drastic 
improvement in the wood's resistance to 
water, as detailed in Table 2. The most 
striking result is the reduction in long-term 
(7-day) water absorption. The untreated 
control exhibited extreme hygroscopicity, 
absorbing 390.29% of its dry weight in 
water. In contrast, all treated samples 
absorbed significantly less water. The 3-
hour treatment was optimal, reducing 
absorption by nearly 60% to 160.97%. This 
remarkable improvement is a direct result of 
the removal of hygroscopic hemicellulose, 
which contains the majority of accessible 
hydroxyl groups in the cell wall that bind 
with water molecules (Rowell, 2012). 

Table 2: Water Absorption and Volumetric Swelling of Treated and Untreated Obeche Wood 

Treatment 
Duration 

Water Absorption Volumetric Swelling  
2hrs 7days 2hrs 7days 

Control 36.78±6.46a 390.29±30.68c 28.42±12.89b 49.66±12.59b 
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1 hr 32.03±13.56a 249.164±4.62ab 11.44±0.51a 16.78±0.78a 

3 hours 38.01±15.46a 160.97±45.66a 8.23±0.65a 9.94±5.77a 

5 hours 45.62±4.75a 301.59±26.06bc 13.29±4.12a 16.41±3.33a 

Values are mean ± SE. Different superscript letters within a column indicate significant differences (p < 0.05, 
Tukey's HSD test). 

The extraction of lignin further diminished 
the wood’s ability to retain water, yet the 
sharp rise in absorption at 5 hours 
(301.59%) is a critical observation. This 
outcome indicates that overtreatment leads 
to excessive microstructural breakdown, 
forming a porous network that encourages 
capillary water uptake and negates the 
advantages gained from hemicellulose 
removal (Pandey and Pitman, 2003). In 
parallel, significant improvements were 
recorded in volumetric swelling. While 
untreated control samples swelled by nearly 
50% over seven days, all treated samples 
exhibited swelling values below 17%. This 

substantial reduction aligns with the 
findings of Nawawi et al. (2023), who 
demonstrated that alkaline treatments with 
NaOH can partially degrade hemicellulose, 
cellulose, and lignin. The removal of these 
amorphous regions decreases the wood’s 
capacity to absorb and retain moisture, 
thereby enhancing its dimensional stability 

Anti-Swell Efficiency (ASE) and Water 
Repellent Efficiency (WRE) 

The Anti-Swell Efficiency (ASE) and Water 
Repellent Efficiency (WRE) metrics were 
calculated from the data of WA and VS, to 
quantify this enhancement (Figure 2).   

Figure 2: Anti-Swell Efficiency (ASE) and Water Repellent Efficiency (WRE) 

The consistently high ASE values confirm 
that alkaline sulfite treatment effectively 
restricts dimensional changes in 
Triplochiton scleroxylon. This improvement 
can be attributed to the selective removal of 
the amorphous, swellable components of 
hemicellulose and lignin, leaving behind a 
cellulose-rich framework that is more rigid 
and less prone to expansion (Hill, 2006). In 
contrast, the WRE values reveal a more 
complex response. Water repellency peaked 
at 3 hours, reaching nearly 59%, but then 
declined sharply to 23% at 5 hours. This 

trend highlights a dual mechanism: while 
hemicellulose removal reduces water 
uptake, excessive delignification generates 
micropores that promote capillary 
absorption, undermining the treatment’s 
effectiveness. The 3-hour exposure thus 
represents the optimum balance between 
these opposing processes. Interestingly, 
even at 5 hours, ASE remained high despite 
the marked drop in WRE. This suggests that 
although greater volumes of water penetrate 
through the porous structure, the cell wall 
matrix—now depleted of its elastic 
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hemicellulose–lignin components—swells 
less and remains dimensionally rigid 
(Berglund and Burgert, 2018). 

Correlation between Compositional 
Changes and Stability Enhancement 

The study highlights a clear correlation 
between the chemical changes induced by 
alkaline sulfite treatment and the resulting 
stability of Triplochiton scleroxylon. 
Progressive removal of hemicellulose and 
partial lignin breakdown reduced the 
wood’s hygroscopicity, directly improving 
its resistance to water absorption and 
swelling. However, the relationship proved 
non-linear: while moderate treatment (3 
hours) produced exceptional stability, 
extended exposure (5 hours) caused 
excessive degradation, creating pores that 
undermined water repellency. The peak 
performance at 3 hours thus represents a 
critical balance between beneficial 
compositional alteration and preservation of 
structural integrity. Remarkably, the 
stability achieved at this point is comparable 
to that of more established treatments such 
as acetylation (Rowell, 2006) and thermal 
modification (Esteves and Pereira, 2009), 
underscoring alkaline sulfite treatment as a 
cost-effective and efficient method for 
enhancing Obeche wood’s dimensional 
stability. 

Conclusion 

This study confirmed that alkaline sulfite 
treatment can significantly improve the 
dimensional stability of Triplochiton 
scleroxylon (Obeche) wood. The process 
works by modifying the wood’s chemical 
composition, reducing the presence of 
hygroscopic components such as 
hemicellulose, which are largely responsible 
for moisture uptake and swelling. Among 
the different treatment durations tested, the 
3-hour exposure proved to be the most 
effective. At this stage, the wood gained 
strong resistance to water absorption and 

swelling while still retaining its structural 
integrity. Shorter treatment times were less 
effective, while prolonged treatment (5 
hours) led to excessive degradation of the 
wood structure.  

In practical terms, the findings highlight the 
importance of optimizing treatment duration 
rather than assuming that longer exposure 
always produces better results. A 3-hour 
alkaline sulfite treatment offers the best 
balance between enhancing durability and 
preserving strength, making it suitable for 
applications where Obeche is exposed to 
fluctuating humidity. This optimized 
approach not only improves performance 
but also ensures more efficient use of 
chemicals and energy in wood modification 
processes. 
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