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Abstract 

Sanding dust is the main source of dust emission during the manufacturing process of medium-density fiberboard 
(MDF), and particle size and shape characteristics are the fundamental properties influencing its environmental influ-
ence and handling behaviors. However, there are few deep and comprehensive researches on the morphology of 
MDF sanding dust. In this study, the morphological characteristics of MDF sanding dust were explored by sieve and 
image analyses. It was found that more than 95% of MDF sanding dust was inhalable particles smaller than 100 μm, 
which poses a considerable potential risk to human health and safety, especially with the presence of other chemi-
cal constituents. The particle size span of MDF dust was relatively wide though the particle surface texture was quite 
uniform. The particle geometric proportion represented by aspect ratio decreased markedly with the reduction of 
particle size. The larger particles presented typical anisotropic structure, while the smaller ones showed homogene-
ous appearance, indicating quite complex handling behaviors. In addition, image analysis was found to provide a 
better insight into the morphological characteristics of MDF sanding dust compared to sieve analysis, and could be a 
promising dust morphology evaluation technology.
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Introduction
Medium-density fiberboard (MDF) is a wood-based 
panel product made primarily from wood fibers, which 
are bonded together by synthetic resins under heat and 
pressure. MDF is a prominent nonstructural composite 
widely used in furniture and cabinet industries. In 2017, 
the world’s fiberboard output surpassed 118 million m3, 
and China alone contributed about 60 million m3 [1].

Panel sanding is a critical operation in the finishing 
stage of MDF manufacturing because it determines both 
the thickness and surface quality of the product. Large 
amounts of dust are generated in MDF sanding process, 
and the dust load could be as high as 53.67  kg/m3 [2], 
which means 50t sanding dust may have to be handled 
every day in a typical modern MDF mill with an annual 

output of 300 thousand m3. Although dust collecting and 
conveying systems have been equipped in most MDF 
mills, the system failures or safety accidents still occur 
occasionally.

The handling of sanding dust affects penal grade, envi-
ronmental quality and workplace safety of MDF manu-
facturing. If sanding dust had not been smoothly sucked 
into suction hoods, sand belts would be clogged, which 
would in turn deteriorate sanding quality and become 
the main reason for the failure of sand belts [3]. The 
MDF particles leaked into the air are responsible for 
respiratory diseases among continuously exposed work-
ers. Wood dust is classified as carcinogenic to humans 
[4], and MDF dust is more hazardous as MDF is usually 
impregnated with urea–formaldehyde (UF) resin. The 
chemical composition makes it a source of formalde-
hyde exposure [5]. MDF dust was reported to cause more 
nasal symptoms among workers than solid wood dust [6]. 
Sanding dust particles are regarded as the finest dust in 
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the wood processing industry [7], and are more likely to 
penetrate into human respiratory system. The amount 
of respirable dust generated during the sanding of MDF 
is more than other wood working processes, including 
solid wood sanding [8, 9]. The fineness of MDF dust also 
increases both the feasibility and violence of dust explo-
sion [10, 11].

Proper handling of MDF sanding dust requires a full 
understanding of its properties. Morphological charac-
teristics including particle size distribution (PSD) and 
shape distribution are the fundamental factors influenc-
ing dust handling behaviors such as flowability, bulk den-
sity and compressibility, etc. [12–14]. Large particles with 
spherical shape generally have good flowability, which 
deteriorates with decreased particle size as the inter-par-
ticle cohesive force increases [15]. For irregularly shaped 
particles, the relative motion becomes difficult due to 
the presence of more contacting points between them. If 
elongated and hook-shaped particles are involved, it will 
be more complicated because they tend to form bridges 
by particle interlocking [16].

Limited studies have been performed on size and shape 
characteristics of MDF sanding dust. Mazumder sug-
gested that a significant portion of MDF sanding dust 
was respirable particles with aerodynamic diameters 
smaller than 10 μm, and that the particles were of irregu-
lar shapes with sharp edges [5]. Chung et al. investigated 
the MDF sanding dust emitted from handheld sander and 
found the portion of respirable dust was less than 10%, 
but a portion as high as 30% was also cited in his paper 
[9]. Očkajová et al. studied the size distribution of MDF 
sanding dust by sieve analysis and found that 96.16% of 
the sample particles were smaller than 100 μm, and that 
the most common particles were in the range between 32 
and 63 μm [17]. No quantitative study on shape distribu-
tion of MDF sanding dust has been found by the authors 
of this paper.

In this study, morphological characteristics of MDF 
sanding dust were investigated by sieve analysis (SA) 
and image analyses (IA). SA has been widely used to 
determine the PSD of bio-based particles. Its popular-
ity derives from low cost, simple procedure, straightfor-
ward results and the similarity to the particle separating 
practice in wood-based panel industry. SA is a standard 
method to determine the PSD of some bio-based par-
ticles [18–20], and has been applied in many scientific 
studies [21–23].

But in recent years, questions arose on the competency 
of SA for bio-based particles. The size that SA measures 
is the second smallest dimension, i.e., the width of a par-
ticle [21, 24]. For spherical particles, the PSD obtained 
by SA is quite reasonable. But most wood dust generated 
from mechanical processes is irregularly shaped due to 

the anisotropic structure of wood. In this case, SA alone 
can barely present the morphological characteristics of 
wood dust. Besides, it is hard for the elongated or fibrous 
wood particles to fall through the sieves. The sieving 
efficiency, the percentage of the particles that can prop-
erly fall through the sieves according to their width, was 
reported around 70% [21]. In some studies, IA was sug-
gested as an alternative method or a combination of SA 
and IA was applied to get a more comprehensive under-
standing of particle morphology [24, 25]. Once consid-
ered time consuming, IA systems are now capable of 
handling a large quantity of particles and presenting the 
statistical results instantaneously. The major advantage 
of IA is that, besides size distribution, it can give quan-
titative particle shape distribution. In this study, 2 IA 
technologies, i.e., scanning electron microscopy (SEM) 
and flatbed scanning image analysis, were applied. The 
former was used as a qualitative description method and 
the latter provided quantitative analysis. The results were 
compared with those of the SA to evaluate the robustness 
of the technologies.

Experimental
Materials
MDF sanding dust was taken from a MDF mill in Jiangsu 
Province, China. The main panel constituents were 
hybrid poplar (Populus sp.) fibers and UF resin. The 
panel sanding line was composed of 3 wide belt sanding 
machines. Five types of sanding belts were mounted and 
the grit sizes were P36, P80, P120, P150 and P180 from 
the entry to the outlet of the sanding line. MDF panels 
were fed at a speed of 55 m/min and sanded at a speed of 
1460 rpm. The dust emitted during the sanding process 
was collected by a dust collecting system and stored in a 
silo where the dust was sampled for the experiments. The 
moisture content of the sample dust was 6.5%.

Sieve analysis (SA)
In the sieve analysis, 85 g sample particles were sieved by 
a sieve shaker (A3, Fritsch GmbH, Idar-Oberstein, Ger-
many) for 10 min with 3 mm amplitude. The sieve stack 
was composed of 5 sieves, and their mesh sizes were 
1000, 500, 250, 100 and 40 μm from the top to the bot-
tom, respectively. Wood dust retained on each sieve and 
the collecting pan was then weighted for size distribution 
by an electronic balance (BS2202S, Sartorius AG, Goet-
tingen, Germany). The analysis was performed twice and 
the average values were considered the results.

Scanning electron microscopy (SEM)
The particles used for SEM analysis were taken from sub-
samples left on each sieve and the collecting pan. They 
were dried to the oven dry state, and then coated with 
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gold using a sputter coater (JFC 1600, JEOL Ltd, Tokyo, 
Japan) and placed in a SEM (JSM 7600F, JEOL Ltd, 
Tokyo, Japan) for photographing.

Flatbed scanning image analysis
For the flatbed scanning, 20  mg sample particles were 
dispersed by a vacuum dispersion device (VDD270, 
Occhio s.a., Angleur, Belgium) where they were placed 
on a plastic membrane covering the top of a cylindri-
cal chamber as the air inside was pumped out. Once the 
vacuum level in the chamber was low enough to destroy 
the plastic membrane, the particles fell into the chamber 
and gently settled on the glass plate of the image ana-
lyzer (500 Nano, Occhio s.a., Angleur, Belgium) for image 
analysis. The images of the scanned samples were instan-
taneously analyzed by the built-in software CallistoEX-
PERT for calculating particle size and shape distribution. 
The number-weighted statistical results were converted 
to the mass-weighted ones by assuming that all particles 
have identical flatness ratios.

The inner diameter (Din), i.e., the biggest circle 
inscribed into the projection area of a particle (Fig.  1) 
was chosen as the representative size parameter because 
it showed a good correlation with sieving diameter [26]. 
It has been suggested that one or two key shape factors 
can well describe the shape characteristics of a certain 
kind of particle [27]. Since the basic constituent of MDF 
is wood fiber, the length-to-width ratio was chosen as a 
macro-shape descriptor to describe particle geomet-
ric proportion. Particle solidity was chosen as a meso-
shape descriptor, which reflects the overall concavity of 

a particle projection area and provides the information of 
particle surface structure.

The aspect ratio (AR) of the dust particle was calcu-
lated by Eq. 1:

where W is the width of the smallest box that contains 
the projection of a particle with the principal directions 
the same as the projection of the particle, and L is the 
length of the box (Fig. 1).

Solidity was calculated by Eq. 2:

where S is the projection area of the particle, and SA is the 
area of the convex hull bounding the projection (Fig. 1).

The relative extent of size or shape distribution was 
evaluated by relative span (RS):

where P90, P50 and P10 are the 90th, 50th and 10th per-
centiles of the size and shape distribution, respectively.

Results and discussion
Morphological characteristics determined by SA and SEM
The SA showed that the great majority (96%) of the MDF 
sanding dust particles was smaller than 100 μm (Fig. 2). 
They belong to inhalable particles tending to stay longer 
and travel wider in the air, which are unsuitable for the 
living and working environments [8, 28]. Notably, the 
particles smaller than 40 μm accounted for 79.6%, which 
are capable of penetrating into the upper respiratory tract 
and pose health risk to humans [5, 29].

The size characteristic distinguishes sanding dust from 
wood dust emitted during other machining processes, 
like sawing, planning and milling. There are orders of 
magnitude differences in size between them. The SA of 
pine sawdust by Chaloupkova et  al. showed that only 
11.93% of the particles were smaller than 630 μm [22]. A 
similar study on timber sawdust performed by Benthien 
et al. also indicated a 20% portion in the same range [25]. 
As mentioned above, smaller size means lower flowabil-
ity due to the increase of cohesive force between parti-
cles. For food particles, the influence of cohesive force 
could still be significant when the particle size was up to 
200  μm [15, 30]. The size distribution of MDF sanding 
dust clearly indicates an even lower flowability.

Particles retained on each sieve were observed by SEM. 
Fibrous particles were found in the sample retained on 
the 40-μm mesh-size sieve (Fig. 3a). Most of them were 
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Fig. 1  Inner diameter, convex hull, length and width of a particle 
projection
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around 1  mm in length and 10  μm to 20  μm in width, 
similar to the size of typical hardwood fibers [31]. No 
fibrous particle existed in the sample falling down the 
40-μm sieve though some elongated particles were 
found (Fig.  3b). These particles, and those with even 
shorter lengths, were irregularly shaped fiber fragments 

generated by transwall failure of the fibers under the 
sanding forces, which were hard to be classified into a 
certain shape category. However, there also existed some 
particles with relatively regular shape, like crystal or brick 
shape as shown in Fig. 4. They were remarkably different 
from wood particles in shape and surface texture. This 

Fig. 2  Mass-weighted size distribution of MDF sanding dust determined by sieve analysis (histogram: differential size distribution, line: cumulative 
size distribution)

Fig. 3  SEM images of MDF sanding dust. a Dust retained on the 40-μm sieve, b dust passing through the 40-μm sieve
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indicated the presence of components other than wood 
in the MDF sanding dust, which should be derived from 
chemical components in the MDF panel like UF resin or 
the combination of wood fibers and chemical additives. 
In small quantities as they presented, the physiochemi-
cal properties of MDF sanding dust could be significantly 
changed to cause environmental impacts. For example, 
the burning and pyrolysis of UF-containing wood wastes 
can release environmentally harmful gases, which results 
in a restriction of their energy utilization [32].

Morphological characteristics determined by flatbed 
scanning image analysis
The IA provided much detailed statistical results on 
particle morphology. According to Table  1, the median 
size (50th percentile value) of MDF sanding dust was 
12.90  μm, and the mean value was a little bit higher 
(17.28 μm), which might be due to the existence of rela-
tively large particles with the size up to 192.70 μm. The 
RS of particle size was 2.20, which is wider than some 
other bio-based particles [33], indicating the heterogene-
ity of MDF sanding dust size.

Sub-micrometer particles as small as 0.66  μm were 
also detected, showing the presence of ultrafine particles 
in MDF sanding dust. Similarly, particles smaller than 
0.1  μm was detected when sanding MDF panels with 

P240 sandpaper according to Welling et  al. [7]. In gen-
eral, sub-micrometer is the domain of fumes and smokes, 
and mechanical processing of solid materials seldom pro-
duces particles less than 1 μm, which might be attributed 
to the volatile compounds in the MDF resin [7]. It can 
therefore be suggested that the existence of the resin in 
MDF not only influences the physiochemical properties 
of MDF sanding dust, but also extends the lowest limit of 
particle size.

The PSD obtained by IA also showed the dominance 
of inhalable particles in MDF sanding dust with 99.6% of 
the sample particles smaller than 100 μm (Fig. 5). What’s 
more, of all the particles, around one-third was smaller 
than 10 μm and termed PM10, which can penetrate into 
the lower region of human respiratory tract. A small 
quantity (1.5%) with the size lower than 2.5  μm termed 
PM2.5 was also detected, which are fine inhalable parti-
cles to have the greatest health risks to humans [29].

The shape analysis showed that the MDF sanding dust 
samples had a pretty low aspect ratio as a whole, and the 
mean AR value was 0.32, almost the same as the median 
value of 0.31 (Table 1), which indicated that the width of 
at least 50% of the particles was comparable to the length. 
This coincided with the visual observation of SEM pic-
tures (Fig.  3b). But elongated or fibrous particles also 
existed. Around 10% of the particles had length-to-width 

Fig. 4  Non-wood components in MDF sanding dust sample. a Crystal-shaped particle; b brick-shaped particle

Table 1  Size and shape distributions of MDF sanding dust determined by flatbed scanning image analysis

Mean Min P2 P10 P25 P50 P75 P90 P98 Max RS

Din (μm) 17.28 0.66 3.08 4.83 7.93 12.90 20.47 33.15 59.41 192.70 2.20

AR 0.32 0.00 0.06 0.14 0.22 0.31 0.42 0.53 0.63 0.86 1.26

Solidity 0.89 0.03 0.65 0.74 0.84 0.93 0.96 0.98 0.99 1.00 0.26
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ratios bigger than 2, and the particles with AR as high as 
0.86 existed, representing wood fibers observed in the 
SEM picture (Fig. 3a), which are likely to interlock with 
each other and form mechanical bridges in the handling 
processes. But given that they only accounted for less 
than 2% of the total in weight, interlocking should not be 
considered as the main mechanism influencing the han-
dling behaviors of MDF sanding dust.

The AR of MDF sanding dust showed different distri-
bution characteristics in different size ranges. Larger par-
ticles presented a wider AR distribution. But for smaller 
particles, a much less AR variation was found (Fig.  6). 
The AR of particles less than 10 μm were concentrated in 
a range between 0.2 and 0.3, which meant the size reduc-
tion gradually reduces the shape variation of MDF sand-
ing dust and made them more homogeneous. This seems 
to be a general trend for bio-based particles and has been 
repeatedly reported [23, 34, 35]. Figure 7 illustrates how 
particle shape varies with size reduction. The big parti-
cles shown in Fig. 7a are fragments of fiber bundles with 
various aspect ratios while the fine particle shown in 
Fig. 7b presents an appearance similar to a sphere. It can 
also be found that big particles inherit the anisotropic 
nature of wood. The length of the particles is parallel to 
the longitudinal direction of wood fibers, which makes 
the particle orientation an important factor influencing 

Fig. 5  Mass-weighted size distribution of MDF sanding dust determined by flatbed scanning image analysis (histogram: differential size 
distribution, line: cumulative size distribution)

Fig. 6  Shape distribution of MDF sanding dust and its correlation 
with particle size
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its handling properties. On the contrary, when the par-
ticle size is similar to the fiber cell wall thickness, almost 
no anatomical characteristics of wood can be found, indi-
cating a homogeneous handling behavior totally different 
from that of big particles.

Contrary to AR, solidity analysis revealed a very nar-
row distribution with a RS value of only 0.26. The mean 
and 50th percentile solidity values were 0.89 and 0.93, 
respectively (Table 1). The high solidity means less con-
cave positions on MDF sanding dust surfaces, which can 
thereby be characterized as flat or smooth surface.

The AR and solidity values demonstrated that full 
breakage and surface erosion of wood fibers occurred 
during the sanding of the MDF panels. The wood fibers 
were subject to the interactions with the sanding belt 
grits, the panel surface and other particles, which broke 
the fibers and eroded small irregularities on particle sur-
faces, resulting in smaller, shorter and smoother particles 
discovered in this study.

Comparison between SA and IA
Both SA and IA revealed that more than 95% of the MDF 
sanding dust particles was suspended particles, most of 
which were smaller than 40  μm and capable of enter-
ing in the human respiratory tract. However, difference 
existed between SA and IA in the mass percentage of 
those smaller than 40  μm. According to IA, more than 
90% of the particles fell in this range while it was 79.6% 
in SA. Several factors contribute to the statistical differ-
ence between IA and SA. For the fibrous particles, it is 
possible to fall through millimeter-wide apertures after 
sufficient vibration. But the penetration of apertures as 
small as 40 μm wide can hardly be achieved as they are 
much smaller than the longitudinal dimension of the 

fibers. Some of sieve apertures were even clogged by the 
partially passed fibers in the vibration process, which was 
the main reason for the 2% mass loss in the SA experi-
ments. That’s why fibers could still be found in the sample 
retained on the 40 μm sieve, but no single one was pre-
sent in the sample passing through (Fig. 3). Besides shape 
characteristics, factors like the impact forces between the 
particles during sieve vibration and the cohesion of small 
particles all contribute to the retaining of particles on the 
sieves.

Compared to SA, IA obviously provided a better insight 
into the morphological characteristics of MDF sanding 
dust by providing detailed information down to the sub-
micrometer level. SA did not present enough information 
on the fine particles due to the limit of mesh size, which 
makes it more suitable for the analysis of coarse parti-
cles from sawing or milling processes. Particle irregular-
ity, especially aspect ratio, was another factor limiting 
the application of SA for wood particles, which was the 
main contributor to the under-evaluation of fine particles 
smaller than 40 μm in the SA study.

Conclusions
The morphology of MDF sanding dust was investigated 
by sieve analysis, scanning electron microscopy and flat-
bed scanning image analysis. The great majority of the 
MDF sanding dust was found to be inhalable particles 
smaller than 100 μm. Moreover, other chemical compo-
nents were found in the dust samples, which influences 
not only the size distribution, but also physiochemical 
properties of MDF sanding dust. The relative span of 
particle size was wide. Bigger particles showed a wider 
distribution of aspect ratio, while smaller ones exhibited 
homogeneous appearance. Only the surface texture was 

Fig. 7  Shape comparison of big (a) and small (b) MDF sanding particles
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uniform and could be characterized as smooth surface. 
Taken together, MDF sanding dust might pose a con-
siderable occupational health risk and imply quite com-
plex handling behaviors as well. For the MDF industry, 
care should be taken when the sanding dust is handled. 
Frequent inspections are suggested to be made where 
the particles are easy to accumulate and filtering materi-
als with higher efficiency are recommended to separate 
them from the air.

The sieve analysis presented particle size distribution 
comparable to the image analysis, but it failed to provide 
detailed information on fine fractions of the sample. It is 
suggested to be applied for homogeneous or coarse par-
ticles ready to settle down in the air. The image analysis 
demonstrated itself a robust particle morphology analysis 
technology by offering detailed results of both size and 
shape distribution and their correlations. It deserves fur-
ther exploration for the better application in the field of 
bio-particle analysis.
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