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ABSTRACT. Kelempayan (Neolamarckia cadamba) is a fast-growing plantation species with increasing potential
for Malaysia’s furniture sector. Despite its advantages of rapid growth and light colour, its relatively may challenge
finishing processes, especially in achieving high-quality coated surfaces due to low density and coarse texture. This
study examines the influence of different abrasive papers and finishing systems on the surface quality of
Kelempayan wood (Neolamarckia cadamba). The sawn timbers were conventionally kiln dried to 12% moisture
content before being cut to end size. Then, the samples were sanded using two different types of abrasive papers
which are silicon carbide and aluminum oxide. Two finishing systems were then applied which involved System 1
(applying a single coat of varnish following sanding) and System 2 (two cycles of sanding and varnishing). After
that, three types of finishing testing were conducted to assess the surface finishing quality of the samples. The
finishing tests were the pencil hardness test, adhesion tape (cross-cut test) and surface roughness test. Sixty samples
in all were prepared and tested. The results indicated that both abrasive paper and the finishing system variables
highly influenced the surface quality of samples. The application of aluminum oxide paper resulted in better
performance of pencil hardness and surface roughness tests than those sanded with silicon carbide. Finishing
System 2 also provided a similar pattern of results, which improved the toughness, and the surface roughness was
reduced to 0.38 pm compared to System 1. In the cross-cut adhesion test, both variables provided good coat
adhesion, with less than 5% to no flaking. Overall, it can be concluded that the combination of aluminum oxide
abrasive paper and multicoat finishing can greatly improve the durability and surface appearance of Kelempayan for
furniture components.
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1. INTRODUCTION

The furniture industry is one of the fastest-growing sub-sectors of the wood-based industry that contributes to
Malaysia’s economy through local and export markets (Ratnasingam et al., 2018). Previously, this sector relied on
tropical hardwood due to its good properties and high availability, but there is a depleting supply of the source due
to the rising demand. At the same time, new technologies have enabled the use of mixed materials to suit evolving
consumer lifestyles, where design, function, and visual appeal are equally important (Zhang et al., 2020). A variety
of resources, such as solid wood, wood-based composites, metal, plastic, and cement, are now used in modern
furniture production. However, with the rising cost of commercial solid wood timbers, attention has shifted to
alternative species that are more cost-effective. Recently, Kelempayan (Neolamarckia cadamba), a lightweight

timber, is a promising option for furniture applications. (Krisnawati et. al., 2015).
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This timber species is suitable for forest plantations because of its fast growth, can reach heights of 20 to 45 m and
girths of 2.0 to 2.5 m. In Malaysia, it is predominantly grown in Perak, Pahang, Sabah, and Sarawak (Nordahlia et
al., 2014). Its ability to adapt to local conditions has further encouraged planting on a larger scale. In addition, it
had been widely used for building materials, furniture, and pulp production (Rahman et al., 2015). These
characteristics emphasize its use not only as a plantation species but also as a sustainable raw material for wood-
based industry. Economically, its fast-growing nature provides returns within eight to ten years, offering both
economic and environmental benefits (Ahmad et al., 2018). However, its relatively low density and coarse texture

often reduce its surface quality and durability compared to traditional hardwoods (Razak et al., 2019).

In the furniture industry, finishing is not only concerning the decorative but also functional. A smooth and well-
prepared surface ensures that coatings bond effectively, improving both visual quality and resistance to everyday
wear (Budakei et al., 2016). Sanding is one of the most important preparation steps because it directly controls
surface roughness, which in turn affects coating penetration and overall finishing quality (Ratnasingam et al., 2018).
Types of abrasive paper used during sanding, along with the sequence of operations, can provide a significant
difference in the result. There two most common types of abrasives paper used in furniture manufacturing are
aluminum oxide and silicon carbide. Each of them has distinct cutting properties whereas aluminum oxide is
durable and suited for heavier sanding, while silicon carbide has sharper edges and is more effective for fine
finishing (Camargo et al., 2021). Aluminum oxide is valued for its toughness and long lifespan. This durability also
makes it more cost effective when larger surfaces need to be processed. Previous research indicates that aluminum
oxide often produces smoother surfaces in the early sanding stages, while silicon carbide is valuable when a refined
surface is needed for coating application (Ratnasingam et al., 2018). The finishing system that is applied on wood
surfaces greatly influences how the furniture looks and how well it works overtime. The number of sanding and
finish layers plays an important role in the final performance of furniture components. Adding more than one layer
of varnish or coating not only improves the film thickness, hardness, shine and colour consistency levels but also
provides essential protection against wear, moisture and environmental factors that could otherwise compromise
performance (Nordahlia et al., 2014). On the other hand, the application of an unsuitable finishing system can
result in uneven surfaces, which can reduce coating adhesion, increasing maintenance costs and wasting resources.
In short, emphasizing the right finishing system for the type of wood species, intended use and the conditions in

which it will be used is important to achieve the best performance and long-lasting wood products.

This study aims to evaluate the effects of abrasive paper types (aluminum oxide and silicon carbide) and finishing
systems on the surface finishing quality of Kelempayan wood. The outcomes of this work are expected to provide
practical recommendations for enhancing this wood species in furniture production, helping to transform this fast-

growing species into a more competitive material in the market.

2. METHODOLOGY

2.1. Preparation of Raw Material
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In this study, Kelempayan (Neolamarckia cadamba) wood was harvested from Forest Reserve UiTM Pahang. Then,
the harvested logs were converted into sawn timbers through Thereafter, they were kiln-dried for roughly about 14
days until the moisture content was below 15%. In total, there were 60 replicates prepared with standard
measurements of 300 mm (length) x 100 mm (width) x 20 mm (thickness) for surface finishing evaluation. All

sample preparation processes were conducted at the Wood Industry Workshop, UiTM Pahang.

2.2. Sample’s Preparation

i) Sanding and Finishing Process

The surface of each sample was carefully cleaned to ensure the removal of dust and dirt before the sanding process.
It was wiped with a clean dry cloth to eliminate any residual particles. The samples were sanded using two different
types of abrasive papers, which are silicon carbide and aluminum oxide, with two grit numbers (80 grit for coarse
sanding and 320 grit for fine sanding). It started with 80 grits, which is commonly used for initial sanding to
remove rough surfaces, followed by 320 grit that was applied for the final sanding before applying a finish to
achieve a smooth surface and remove any remaining imperfections. It is also important to sand along the grain
direction of samples to minimize surface defects. After completing the sanding process, all samples were coated
with polyurethane varnish. There were two types of finishing system that were applied: System 1 is a single sanding
sequence and one coat of varnish, while System 2 is two sanding and varnishing cycles. The varnish was applied by
using a brush. With each varnish application, the samples were left to air-dry at room temperature for about 1 to 2
hours for curing purposes. Then, the samples required about 24 hours duration before undergoing surface finishing
testing. In total, 30 samples were sanded using silicon carbide abrasive paper, while the remaining 30 samples were
sanded using aluminum oxide abrasive paper. Each group of 40 samples was further subjected to two finishing

systems (System 1 and System 2).

ii) Surface Finishing Testing
The quality of the surface finish was assessed through four standardized testing methods, each of them providing a
different perspective on the performance of the coated Kelempayan wood samples. The testing methods that had

been selected were pencil hardness, cross-cut adhesion and surface roughness, as visually presented in Table 1.
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Table 1. Experimental design of surface finishing evaluation of Kelempayan wood

Abrasive Paper Finishing System Finishing Testing No. of Samples
Pencil Hardness 5
System 1: .
Sanding (1x) + Varnish coat (1x) Cross-cut Adhesion :
Surface Roughness 5
Alumi id
unim oxice Pencil Hardness 5
System 2: C t Adhesi 5
Sanding (2x) + Varnish coat (2x) ross-et esion
Surface Roughness 5
Pencil Hardness 5
System 1: .
Sanding (1x) + Varnish coat (1x) Cross-cut Adhesion :
Surface Roughness 5
Sili bid -
con carbice Pencil Hardness 5
System 2: C t Adhes 5
Sanding (2x) + Varnish coat (2x) ross-eu esion
Surface Roughness 5

a) Pencil Hardness Test

This test was conducted to determine the resistance of the sample's coating to surface scratching and indentation in
accordance with ASTM D3363 (2022). Pencil leads with different hardness levels were sharpened to a flat, smooth
edge and placed against the coated surface at a 45° angle. The test started with the hardest lead and was then
followed by the softer one. Each pencil was drawn across the surface under consistent pressure. The hardest pencil

that left no visible scratch was used to determine the hardest grade of the sample.

b) Cross-cut Adhesion Test

Adhesion between the varnish coating and the sample's surface was examined using the cross-cut adhesion test
method following ASTM D3359 (2017). A lattice pattern was cut on the coated surface using a sharp cutter to
ensure that the cuts penetrated through the coating to the underlying wood. Adhesive tape was then firmly pressed
onto the grid and quickly peeled off at a uniform angle. The amount of coating removed from the grid area was
evaluated and rated based on the standard classification rating (higher ratings indicated stronger adhesion between

the varnish film and the wood surface), as shown in Table 2.
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Table 2. Standard classification of cross-cut adhesion

Classification | Percent | Surface of Cross-Cut Area From Which
Area Flaking has Occured for Six Parallel
Removed | Cuts and Adhesion Range by Percent
0%
= None
— oy
ess an 1T
48 5% i
I
1l 1l
3B 5-15% 4 T
I I
u |
2B 15-35% :ﬁ
I |
Greater
0B Than
65%

¢) Surface Roughness Test

A portable roughness tester was used to determine the roughness of the coated surface. In this test, measurements of
average surface roughness (Ra) were recorded at five different points on each sample. The diamond stylus was
moved across the surface of the sample to record variations in height. The average value of these measurements
was used to identify the roughness of each specimen. Lower Ra values indicated a smoother surface, reflecting both

the effectiveness of sanding and the uniformity of the varnish application.

3. RESULTS AND DISCUSSION
3.1. Analysis of Variance (ANOVA)

The results tabulated in Table 3 shows the effect of abrasive paper and the finishing system on the surface finishing
quality of Kelempayan wood. The results indicate that there are highly significant differences (p < 0.01) for both
abrasive paper and the finishing system in relation to the pencil hardness and surface roughness tests. In contrast,
the cross-cut adhesion test was not significantly affected by either variable, which indicates that the adhesion
strength of the applied coating was relatively consistent regardless of sanding or finishing variations. Meanwhile,
for the interaction between abrasive paper and the finishing system, it was significant for pencil hardness (p < 0.05)
and surface roughness (p < 0.01), but not for cross-cut adhesion, implying that the combined effects of sanding and

finishing are more relevant in enhancing hardness and surface smoothness than in improving adhesion performance.
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Table 3. Statistical Analysis of F-Vaalue on Surface Finishing Quality of Kelempayan Wood

Source of Variable (SoV) df Pencil Cross-cut Surface
Hardness Adhesion Roughness
Abrasive Paper 1 5.000%* 0.195ns T BT3EH
Finishing System 1 28 800** 1.75%m= 413.173%*
Abrasive Paper * Finishing System 1 0.200% 4 887ns 1.236%*

Notes: P <0.01 : Highly significant (**), P < 0.05 : Significant (*) and P > 0.05 : Not Significant ™

3.2. The Effect of Different Types of Abrasive Paper on The Surface Finishing Quality of Kelempayan Wood

The pencil hardness test clearly shows the differences between surfaces sanded with aluminum oxide and silicon
carbide abrasive papers. The aluminum oxide consistently produced higher hardness grades (ranging from 3H to
4H, with an average of 3.8H), while silicon carbide yielded comparatively lower values (ranging from 1H to 3H,
averaging 2.0H) as presented in Table 4 and Figure 1. This suggests that aluminum oxide, owing to its toughness
and self-sharpening ability, produced a more uniform surface that improved coating adhesion and film integrity,
thus enhancing the surface hardness. It tends to produce a smoother and more compact surface capable of resisting
scratches and wear, whereas the sharper cutting action of silicon carbide may introduce micro-roughness, leading to
reduced hardness values that cause deeper scratches. These results align with a previous study on other tropical
hardwood timbers, where abrasive type was shown to directly affect finishing performance. The coating on rougher
surface is also more likely to wear out quickly (Bekhta et al., 2022). Aluminum oxide abrasives generally produce
lower surface roughness and stronger coating adhesion compared to silicon carbide, primarily due to differences in
grain toughness (Nasir et al., 2019). Consequently, the use of aluminum oxide abrasive may contribute not only to
enhanced mechanical performance but also to greater sustainability by minimizing material waste and the

environmental burden of frequent surface refinishing or replacement.

Table 4. Pencil hardness test results using two different types of abrasive papers
Abrasive Paper S1 ] S2|S3]|S4]|S5]| Mode | Median | Range

Aluminum Oxide AH| 4H |3H|4H | 4H| 4H 4H 3H-4H
Silicon Carbide 2H|2H |2H| 1H|3H| 2H 2H 1H-3H

a
% 3 2
c
£
€ 2
c
L1+
= 1

0

Aluminum oxide Silicon Carbide

Abrasive Paper

Notes: Rating 1 = 1H, 2 =2H, 3 =3H and 4 = 4H

Figure 1. The effect of abrasive papers on the surface hardness of samples

2025, Vol. 3, No. 3



28

While, the cross-cut adhesion test indicated that both aluminum oxide and silicon carbide abrasive papers provide
slightly similar results, with mean ratings of 4.2 and 4.3, respectively, as shown in Figure 2. The results are
classified within the 4B-5B range according to the standard classification in Table 2, which represents excellent
coating adhesion with less than 5% to no flaking. This suggests that the type of abrasive paper does not have a
major influence on adhesion. It is a known fact that anatomical structure is one of the major parameters influencing
overall interaction between coating and substrate (Ozdemir et al., 2015). The strong adhesion is likely due to the

porous structure of Kelempayan, which allows the coats to deeply penetrate into the samples.

Figure 3 illustrates the surface roughness of samples that were applied with aluminium oxide, which showed a
lower mean roughness if compared to silicon carbide, with mean values of 1.2 pm and 1.4 um, respectively. It is
because aluminum oxide is tougher and can keep its cutting edges sharp for longer, so it removes wood more evenly.
Meanwhile, silicon carbide grains break easily, which can produce small grooves and result in a rougher surface.
Camargo et al. (2021) also stated that the surface roughness is highly affected by the type of abrasive paper, with

aluminum oxide usually producing smoother results than silicon carbide.

4.2 4.3

Mean (Rating)
)

Aluminum oxide Silicon carbide

Abrasive Paper
Notes: Rating 1 = 1B,2=2B,3=3B,4=4Band 5 = 5B

Figure 2. The effect of abrasive papers on the coating adhesion of samples

3
E 1.4
w 2
w
]
c
=
S
21
[==

0

Aluminum oxide Silicon carbide

Abrasive Paper
Figure 3. The effect of abrasive papers on the surface roughness of sample
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3.3. The Effect of Different Types of Finishing System on The Surface Finishing Quality of Kelempayan
Wood

The finishing system was found to have a highly significant effect on the overall surface finishing quality of
Kelempayan wood, as reflected in the pencil hardness test. Samples coated with finishing System 2 consistently
achieved higher hardness ratings, ranging from 4H to 6H, with both the mode and median at SH, indicating a more
durable and scratch-resistant surface as tabulated in Table 5. In contrast, System 1 maintained uniform hardness
grades of 4H across all samples, suggesting a less protective finish that may be more prone to wear and mechanical
abrasion over time. Average hardness values for both System 1 and 2 are 4H and 5H, respectively, as illustrated in
Figure 4. This shows that System 2 resulted in a tougher and more scratch-resistant surface, likely because it
adhered better and formed a stronger coating. System 1, which produced lower hardness, suggests its finish was
less protective and might wear down more quickly. The repetition of the sanding process after the first varnish coat
provided a more uniform surface. The second coat of varnish formed a thicker and harder layer that resisted to
indentation more effectively. Kilic & Sogutlu (2022) stated that the application of multiple coating layers

significantly improved the hardness and protective performance of wood surfaces.

Table 5. Pencil hardness test results using two different types of finishing system

Finishing System | S1 ]| S2 | S3 | S4 | S5 | Mode | Median | Range

System 1 4H| 4H |4H|4H | 4H| 4H 4H 4H
System 2 SH]|5H|5H|4H| 6H| 5SH 5H 4H-6H
5
4
5
— 4
5
T 3
o«
€ 2
7}
=
1
0
Systemn 1 System 2

Finishing System

Notes: Rating 1 = 1H,2=2H, 3=3H,4=4H and 5 = 5H

Figure 4. The effect of finishing system on the surface hardness of samples

Finishing System 1 obtained a mean rating of 4.5, which is slightly higher than finishing System 2 with a mean
score of 4.1 for cross-cut adhesion test as shown in Figure 5. According to the ASTM D3359 classification scales,
both ratings are considered good adhesion, meaning only small flakes (less than 5%) of coating detach along the cut

edges. The slightly reduced adhesion in System 2 also might be due to the thicker coating layer. These observations
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are supported by the research findings by Kudela & Kubovsky (2016), who stated that excessive coating thickness

can sometimes weaken adhesion despite improved hardness.

Figure 6 indicates the results of the surface roughness test, which showed better performance of finishing System 2,
with a mean surface roughness value of only 0.38 um, compared to 2.3 pm for finishing System 1. The additional
sanding procedure helped remove surface irregularities and, while the second varnish coat filled in the pores,
leveled the wood fiber thus giving a smoother finish. This smoother surface improves the wood appearance and
coating performance, that results in higher-quality furniture that may positively influence consumers’ purchasing
decisions (Latif, et al., 2024). De Moura & Hernandez (2016) also found that both sanding quality and the number

of finishing cycles highly influence the final surface smoothness of hardwoods.

4.5 a1

B

Mean (Rating)
w

System 1 System 2

Finishing System

Notes: Rating 1 = 1B, 2=2B,3=3B,4=4Band 5 = 5B

Figure 5. The effect of finishing system on the coating adhesion of samples

2.3

3
E
2 2
w
w
g
= 0.38
3
o
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0

System 1 System 2

Finishing System

Figure 6. The effect of finishing system on the surface roughness of samples
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4. CONCLUSION

The assessment of the surface finishing performance of Kelempayan wood samples had been successfully
conducted and analyzed. Type of abrasive paper and finishing system significantly influenced the hardness and
roughness of wood surfaces. Aluminum oxide abrasives worked better compared to silicon carbide, which tended to
leave deeper scratches and uneven coats. The finishing system factor also plays an important role in the surface
quality. The application of double sanding combined with two coats of varnish in System 2 had achieved a more
uniform, harder, and smoother surface compared to the single cycle in System 1. While adhesion strength remained
consistently high in both applications due to the natural characteristic of Kelempayan. Sanding using aluminum
oxide and a multilayer finishing method can enhance the surface quality of Kelempayan wood, thus highlighting the
Kelempayan as a highly potential material for furniture components. Further research should explore advanced
surface analysis methods, as it could provide better determination to optimize finishing systems for fast-growing

timbers in furniture production.
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