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COMPARISON OF PARTICLES FROM THE SANDING PROCESS 

OF SPRUCE AND OAK ON A NARROW BELT SANDER 
 

 

Martin Kučerka – Lukáš Adamčík – Martin Júda – Richard Kminiak             

– Alena Očkajová 

 

Abstract 
The paper deals with the microscopic analysis and comparison of particles from the 

sanding process of spruce and oak on a narrow belt sander. The values of all sizes obtained 

from the microscope measurements ranged over a wide range of all sizes between 3-1000 

μm. Chips with sizes < 100.0-10.0 μm were the most prevalent, accounting for 50% and 

47% of the total sizes present in the oak and spruce samples, respectively. The presence of 

chips <10.0 μm in size was present in oak samples 37% and in spruce samples 33% of the 

total number of chips. Chips of larger sizes were present in 13 % of the oak samples and 20 

% of the spruce samples. The study of sizes below <10.0 μm showed that, based on 

medians, the most frequently occurring splinter size was 5.43 μm diameter for both species 

equally. In both samples, the sizes ranged from 3.43 to 9.71 μm. The study of dimensions 

below <100.0-10.0 μm showed that the most frequently occurring dimensions based on 

medians were chips with a diameter of approximately 30 μm for oak and chips with a 

diameter of approximately 28 μm for spruce. 
 

Key words: oak, spruce, microscopic analysis, sanding process, narrow belt sander 

 

 

INTRODUCTION 
 

Sanding wood is a seemingly simple process, but there is a complex science behind it. It 

involves interesting processes that lead to the formation of chips and dust, which also 

affects the final surface of the wood (ČistéDrevo.sk 2023). When wood is sanded, abrasive 

particles are used to remove material from the surface of the wood. These particles on the 

sanding belt move across the surface of the wood to cut away small pieces of wood (Sydor 

et al. 2021). The size of these fragments depends on the type of abrasive material, its grain 

size and the force of pressure exerted on the abrasive tool. Splinters are larger fragments of 

wood that are produced when sanding with coarser grits or when too much pressure is 

applied. They can vary in shape and size from small flakes to coarser-grained wood 

particles. Wood sanding dust is made up of fine wood particles that are removed from the 

surface (Chuchala et al. 2024). Its volume and composition depend on the type of wood, the 

sanding material and the grain size. Dust can pose a health hazard, so it is important to use 

personal protective equipment when sanding. 
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Wood sanding is a widely used process in the woodworking industry, employed to smooth 

out the surface of wood and prepare it for finishing, painting, or other applications. Despite 

its widespread use, the mechanics of wood sanding remain not fully understood, and the 

optimization of this process is still an active area of research. The quality of the finished 

surface produced by sanding is heavily dependent on a complex interplay of factors, 

including the type and grit of sandpaper used, the pressure and speed of sanding, and the 

properties of the wood itself (Meraj 2023; Jenkins 2023). Recent studies have shown that 

the properties of wood can play a significant role in determining the effectiveness of 

sanding (Adamčík et al. 2023). For example, woods with higher densities tend to be more 

resistant to abrasion and require more aggressive sanding techniques (Čunderlík 2009). 

Additionally, the presence of defects such as knots or splits can significantly affect the 

sanding process and impact the quality of the finished surface (Gaff et al. 2015; Barcík et 

al. 2014). Despite these challenges, advancements in sanding technology have led to 

significant improvements in efficiency and quality (Sydor et al. 2021; Rogoziński 2018; 

Rogozinski a Dolny 2004). The development of new types of sandpaper, such as diamond-

coated and ceramic-coated papers, has enabled more effective removal of wood fibers and 

improved surface finish (Warguła et al. 2023). Furthermore, advances in robotics and 

automation have enabled more precise control over the sanding process, allowing for 

improved consistency and reduced waste (Jenkins 2023). 

Sanding is basically the work of several cutting wedges (sanding grains) working in a 

groove. The basic strength properties of the wood involved in chip formation are bending 

strength (when the chip is bent by the cutting wedge face), tension along the grain (on the 

inside of the chip - facing the cutting wedge face) and pressure along the grain (on the 

outside of the chip), tension perpendicular to the grain in front of the cutting edge in the 

case of longitudinal cutting (sanding), and shear strength is also involved in some way. 

Many authors are focused on parameters that influence granularity and shape of created 

particles. They point out particles smaller than 0.1 mm - hazardous for working 

environment, particles smaller than 0.01 mm - hazardous for working staff. Among the 

observed parameters belong processed material - hard and soft wood (Dzurenda a Očkajová 

2003; Očkajová et al. 2006), juvenile wood, thermally modified wood (Dzurenda et al. 

2010), frozen and unfrozen wood, way of machining - sawing, planning, sanding 

(Porankiewicz et al. 2010), cutting conditions, feed speed, tool geometry (Očkajová et al. 

2006), cutting direction (Dzurenda et al. 2008). 

In this paper, we analyzed and compared particles by microscopic analysis from the 

sanding process of coniferous (spruce) and deciduous (oak) wood on a narrow belt sander. 

We found that chips with sizes <100.0-10.0 μm were the most prevalent, accounting for 

50% and 47% of the total sizes present in the oak and spruce samples, respectively. The 

presence of chips with size <10.0 μm was present in oak samples 37% and in spruce 

samples 33% of the total number of chips. The study of sizes below <10.0 μm showed that, 

based on medians, the most frequently occurring size of splinters was 5.43 μm diameter 

equally for both tree species. In both samples, the sizes ranged from 3.43 to 9.71 μm. The 

study of dimensions below <100.0-10.0 μm showed that the most frequently occurring 

dimensions based on medians were chips with a diameter of approximately 30 μm for oak 

and chips with a diameter of approximately 28 μm for spruce. The final objective is to 

evaluate the results obtained in terms of the sanding on the narrow belt sander and the type 

of wood species. 
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MATERIAL AND METHODOLOGY 
 

Experimental samples 

For analyzing the dimensions of dust particles, two species of wood were used - Norway 

spruce (Picea abies L.) and summer/winter oak (Quercus petraea) with an equilibrium 

moisture content of 8 to 10%. The dust particles were taken from the sanding process with 

a belt sander with P80 grit. The fraction was subsequently subjected to particle size 

analysis. 

 

Machinery 

Narrow belt sander JET JSG-96, cutting speed 10 m·s-1, sanding belt HIOLIT XO P80 

sanding belt grit 80, individual pressure of the wood sample on the sanding belt, laboratory 

experiments. A sharp sanding belt was used for each wood species. 

 

Digital particle analysis  

Dust particles from the collected fraction were analyzed by optical method on a Keyence 

VHX-7000 digital microscope. The particles were uniformly deposited on a slide that can 

be placed in XY a motorized stage in the microscope. The uniformity of particle 

deposition was achieved by applying the particles with a laboratory double-sided spoon to a 

sieve that was placed over the slide and then passing them through a 125 µm mesh. This 

methodology avoided coagulation of the small dust particles during their deposition on the 

glass (the coalescence of the particles under the microscope would have made it impossible 

to analyses the particles individually). Subsequently, a 10 × 10 mm area was scanned at 

100× objective magnification. The analysis on the VHX-7000 microscope works on the 

principle of illuminating the slide with dust particles using a high-intensity bottom 

illumination. The size of the particles and their area is then digitally calculated based on the 

different brightness of the particle (dark, opaque, casting a shadow across the objective, 

which is recorded by the digital camera) and the surroundings (transparent glass). Two 

main particle dimensions were determined as part of the analysis: the maximum diameter 

(the largest dimension of the particle in two-dimensional XY space) and the minimum 

diameter (the smallest dimension of the particle in two-dimensional XY space). In addition, 

particle area, circumference and circularity were also analyzed. These data were then 

processed with the statistical software STATISTICA 14 (TIBCO Software Inc., Palo Alto, 

California), using descriptive statistics (arithmetic mean, standard deviation, maximum and 

minimum values). The total number of scans for oak and spruce wood was 30. A total of 

more than 62 000 pieces of dust particles were analyzed. 

 

 

RESULTS AND DISCUSSION 
 

In the first step, the outliers of the measurement were removed, and the measurement was 

repeated. Subsequently, descriptive statistics were performed, in which the following data 

were determined: average maximum diameter, average minimum diameter and slimness 

ratio as the ratio between the maximum diameter and the minimum diameter. Tab. 1 shows 

that the spruce chips were larger in sample. The slimness ratio also indicates that the spruce 

chip has a more elongated shape, i.e., the maximum diameter (length) is larger. 

 

 

 



 

 

COMPARISON OF PARTICLES FROM THE SANDING PROCESS OF SPRUCE AND OAK… 

 

138 

Table 1 Average dimensions and slimness ratio for oak and spruce chips. The data in 

parentheses represent the standard deviation 

Type of  

Wood 

Average 

Max. Diameter [μm]  

Average 

Min. Diameter [μm]  
Slimness Ratio 

Oak 
41,07 

(55,02) 

22,20 

(30,4) 
1,85 

Spruce 
56,19 

(73,47) 

25,90 

(35,3) 
2,17 

 

The analysis of individual dust particles was then carried out using a digital microscope. 

Based on the established methodology, the microscope divided the particles into fractions 

over 100 micrometers, under 100 micrometers and under 10 micrometers. For each fraction, 

the average values of the maximum diameter and the minimum diameter as well as the 

slimness ratio were again measured (Tab. 2). The table shows that the length of the chip 

(expressed by the maximum diameter) is greater in each fraction for spruce wood. At the 

same time, the slimness ratio within the individual fractions is again proof that spruce chips 

are longer than oak chips. 

 

Table 2 Average dimensions and slimness ratio for oak and spruce chips in individual 

sieved fractions. The data in parentheses represent the standard deviation 

Type of 

Wood 

Size range 

[μm] 

Average Max. 

Diameter [μm] 

Average Min. 

Diameter [μm] 

Slimness 

Ratio 

Oak >100.0 
157,25 

(63,60) 

85,22 

(33,6) 
1,85 

Oak <100.0 
38,06 

(25,36) 

20,85 

(16,2) 
1,82 

Oak <10.0 
5,54 

(1,89) 

2,53 

(1,1) 
2,19 

Spruce >100.0 
178,73 

(72,02) 

79,62 

(40,2) 
2,24 

Spruce <100.0 
39,06 

(27,13) 

19,26 

(17,3) 
2,03 

Spruce <10.0 
5,65 

(1,91) 

2,51 

(1,1) 
2,26 

 

Analyzing data of sizes for normality with the Shapiro-Wilk test showed a non-normal 

distribution. Due to the non-homogeneity of variance, the standard parametric ANOVA 

tests cannot be used. Thus, the nonparametric analysis of variances Kruskal-Wallis one-way 

ANOVA was used. The presented numbers were calculated based on the confidence factor 

of 95%. The presented results were calculated with the statistic software STATISTICA 14 

(TIBCO Software Inc., Palo Alto, California). 
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Normality test of datas for chips in 
size range = <10.0μm
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Fig. 1 Test for normality of dates for sizes in size range <10μm and <100μm for Oak 

and Spruce samples 

 

Obtained values of all sizes from automatic measurement by microscope ranged widely 

across all sizes in between 3-1000μm. For easier interpretation and fitting to article aims 

here we used size ranges by <10.0μm, by <100.0μm, and by size range >100.0μm. Size 

range <10.0μm representing all sizes between <10.0-0.0μm, <100.0-10.0μm representing 

all sizes below <100.0-10.0μm and size range >100.0μm represents all chip sizes above this 

size limit. This chip size range distribution is shown in a histogram, which represents size 

ranges and their percentual distribution by numerical observed chip sizes obtained by 

digital automatic microscope measuring. 
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Fig. 2 Chip size distribution by size ranges with respect to total present amounts of sizes 
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Histogram is showing the observed number in analyzed screen of sizes. Based on observed 

results the most distributed chips were in sizes <100.0-10.0μm, which for Oak samples 

presented by 50% and in Spruce samples by 47% of the total present sizes. The presence of 

chips in sizes <10.0μm were present in Oak samples by 37% and in Spruce samples by 33% 

from the total chip sizes. The chips of higher sizes were found by 13% in Oak samples and 

by 20% in Spruce samples. Comparing those percentual results based on post-hoc test 

showed differences on p level for <10.0μm (p=0.3) and for <100.0μm (p=0.7). These 

results pointing on difference, but without significant differences and thus, based on 

obtained results samples showed there is no significant difference between the content of 

chips in sizes <100.0μm and <10.0μm between Oak and Spruce wood. 

 

Chips in size range = <10.0μm

 Median  25%-75%  Min-Max 
 Max. diameter [μm]:  KW-H(1;2327) = 1,0018; p =
0,3169
Wood: Oak, Median = 5,43, 25% = 3,43, 75% =
7,29, Min. = 3,43, Max. = 9,71
Wood: Spruce, Median = 5,43, 25% = 3,43, 75% =
7,68, Min. = 3,43, Max. = 9,71
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Chips in size range = <100.0μm

 Median  25%-75%  Min-Max 
 Max. diameter [μm]:  KW-H(1;3201) = 0,1489; p =
0,6995
Wood: Oak, Median = 30,72, 25% = 15,36, 75% =
55,91, Min. = 10,01, Max. = 99,92
Wood: Spruce, Median = 28,42, 25% = 15,55, 75% =
60,69, Min. = 10,01, Max. = 99,98
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Fig. 3 Difference in amounts of chips in size <100.0-10.0μm and <10.0-0.0μm for oak and 

spruce 

 

Studying the sizes below <10.0μm showed that based on medians most occurring size of 

chips is diameter size 5,43μm equally for both materials. In both samples the sizes ranged 

from 3,43-9,71μm. Studying the sizes below <100.0-10.0μm showed that most occurring 

size based on medians were chips for Oak wood in approximately diameter of size 30μm 

and for Spruce wood chips approximately in diameter of size 28μm. 

 

 

CONCLUSION 
 

The results show that microscopic analysis of particles from the sanding process of spruce 

and oak wood on a narrow belt sander yielded interesting findings. The particle size values 

obtained ranged over a wide range from 3 to 1000 μm. Particle sizes <100.0-10.0 μm were 

the most frequent, accounting for 50 % and 47 % of the total sizes present in the oak and 

spruce samples, respectively. Splinters smaller than 10.0 μm accounted for 37 % of oak 

samples and 33 % of spruce samples. Larger chips were present in 13 % of the oak samples 

and 20 % of the spruce samples. The average size of chips below 10.0 μm was the same for 
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both species, 5.43 μm. Dimensional analysis below <100.0-10.0 μm showed that the most 

common sizes were approximately 30 μm for oak and 28 μm for spruce. 
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