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ABSTRACT

To expand the application of furniture materials, the warm-cool and dry-wet tactile 
properties of the rice straw particleboard (RSP) surface were investigated. RSP substrates 
exhibiting densities equal to 757 and 554 kg.m-3 were sanded using different types of sandpaper 
(mesh 180#, 360#, and 600#). Psychological experiments on sensation were then conducted by 
bubbling for RSP substrates. By observing and comparing changes in warm-cool and dry-wet 
tactile properties between the RSP and other different materials, the effects of several variables 
on surface tactile properties, such as sandpaper types, RSP densities, and thermal conductivities 
of materials, were evaluated.

KEYWORDS: Rice straw particleboard, warm-cool feeling, dry-wet feeling, surface tactile 
properties.

INTRODUCTION

To conform to the development trend of Made in China 2025, China has taken advantage 
of the great agricultural country, mitigating the shortage of materials in furniture manufacturing 
by straw board production (Li et al. 2018, Basta et al. 2013). The rice straw particleboard (RSP) 
is a biomass fiber material made from the crop rice straw fiber and glued using an isocyanate 
adhesive (Parker 1997, Wu et al. 2019). Owing to the use of a non-aldehyde glue, it releases 
no free formaldehyde. In addition, the RSP is eco-friendly and exhibits uniform density and  
a smooth surface (Yang et al. 2003, Yan et al. 2012, Fang et al. 2019).

Warm-cool feeling and dry-wet feeling, two important characteristics of the environmental 
properties of wood materials, are essential criteria in the selection of furniture in the interior 
environment (Li et al. 2019). A high or low temperature or a humid environment is not desirable. 
Indoor temperature and humidity should be kept within a wide comfort range (Wang et al. 2000). 
The RSP, a wooden artificial board, can directly improve the temperature and moisture content 
of the material itself, as well as our living environment, through its own functions, namely, heat 
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preservation, heat insulation, moisture absorption, and dehumidification. The RSP is used as 
furniture or interior decoration material, improving the quality of life and work efficiency of users 
(Ahn et al. 2017, Shi et al. 2018).

Several studies have currently focused on the tactile properties of materials. Zhao et al. 
(2017) used the semantic differential technique to analyze subjective sensations when touching 
different materials. With this approach, the change in temperature of wood-plastic composites 
and other heated floor substrates is determined. The report indicated that density considerably 
affected the warm-cool feeling of the wood material surface and exhibited the opposite trend. 
That is, the higher the density, the lower the warm-cool feeling of the wood material surface. 
Mangat et al. (2017) measured the subjective and objective warm-cool feeling of the fabric surface 
after biopolishing by using human senses and Alambeta instruments. These series of studies 
showed that the smoothness of the fabric surface was enhanced after polishing. The smooth 
surface exhibited increased thermal absorption, resulting in a cool sensation when it comes in 
contact with a human body. Vivekanadan et al. (2011) used five methods to measure four different 
greige cotton denim fabrics. The fabric structure and physical properties significantly influenced 
the warm-cool and dry-wet feeling of the clothing surface. The finer the raw material yarn, the 
colder the fabric surface. The density and washing treatment also positively affected the cooling 
feeling of the fabric surface. Decreasing the roughness of fabric or increasing its smoothness 
simultaneously increase the cooling feeling of the fabric surface. Most of the research on tactile 
properties relate to clothing materials, and experiments on the tactile properties of the surface of 
wood materials, particularly research on the warm-wet feeling, are rarely reported (Goldie et al. 
2001, Hu et al. 2013).

On the basis of the aforementioned reports, the current study examined the two aspects 
of warm-cool feeling and dry-wet feeling on the surface of RSP (Pac et al. 2001, Inoue  
et al. 2010, Okuyama et al. 2011, Bellizzi et al. 1992, Mangat et al. 2017). The present study 
employed sanding treatment with different types of sandpaper for RSPs with densities of 554 and  
757 kg.m-3 to analyze the effects of density and surface roughness on the tactile properties, that 
is, warm-cool feeling and dry-wet feeling of the RSP surface. The experiment was expected to 
identify materials suitable for a given temperature and humidity and to determine how to improve 
the warm-cool feeling and dry-wet feeling of material surfaces. This study aimed to provide  
a broader range of materials for furniture production. 

MATERIALS AND METHODS

Materials
RSPs were purchased from Novofibre Co., Ltd. (Yangling, Shanxi, China). The two RSP 

plates with different densities varied in performance. The density of the first plate was 554 kg.m-3, 
and the moisture content was 8.0%. The density of the second plate was 757 kg.m-3, and the 
moisture content was 7.5%. Experimental specimens measuring 200 × 200 × 10 mm were taken 
from these two RSP plates with different densities, resulting in 12 specimens with a density of 
554 kg.m-3, and 10 specimens with a density of 757 kg.m-3 for a total of 22 specimens. Other 
experimental specimens 300 × 200 × 10 mm (including poplar medium density particleboard 
(PB), foam plastic, pine board, and marble) and four pieces were taken. Other auxiliary materials 
included sanding materials, absorbent papers, fresh-keeping bags, sinks, and homemade metal 
grid, among others.
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Experimental apparatus
A stainless steel probe-type electronic thermometer was purchased from Hengxing 

Instrument Co., Ltd. (Hengshui, Hebei, China). This instrument had a measurement accuracy 
of 0.01°C, a temperature measurement range of -50°C to 300°C, and a measurement time of  
60 s (Shen and Lv 2018). 

An electronic scale was supplied by Shanghai Yousheng Electronic Weighing Apparatus Co. 
(Shanghai, China) with a measurement accuracy of 0.01 g and a measurement range of 0-600 g.

Experiment method
Grouping of specimens and preparation

The prepared specimens were divided into three groups (labeled as MSB-A, MSB-B, and 
MSB-C), and each group consisted of two specimens. MSB-A and MSB-C had a density of  
554 kg.m-3, and MSB-B had a density of 757 kg.m-3.

In addition, two groups of RSPs with different densities were divided into Groups A and 
B (Tab. 1). Each specimen was further divided into four pieces and then grouped based on the 
difference in sandpaper and sanding time. Group A had a density of 554 kg.m-3, and Group B 
had a density of 757 kg.m-3, each test was repeated twice. A1-A4 (four groups) and B1-B4 (four 
groups) were used for numbering groups and marking the back of the specimens. A1 and B1 
specimens comprised the control group, representing the specimens that were not subjected to 
sand treatment. 

Tab. 1: Group number and treatment of specimens.

Group 
number

Density of RSP 
(kg.m-3)

Sandpaper 
models/#

Sanding time
 (min)

A1 554 0# (Untreated) 0
A2 554 180# 2
A3 554 360# 2
A4 554 600# 2
B1 757 0# (Untreated) 0
B2 757 180# 2
B4 757 600# 2

Experiment on interface temperature and humidity
Three groups (MSB-A, MSB-B, and MSB-C) of RSP specimens were marked and sanded 

with 180# sandpaper. The MSB-A and MSB-B specimens were sanded for 1 min, and the 
MSB-C specimens were sanded for 2 min. The principle of grain sanding was applied, and 
sanding time was controlled with a stopwatch to ensure the accuracy of the experiment (Xiong  
et al. 2015, Molnar et al. 2017, Magoss et al. 2019). Except for the RSP specimens, all specimens 
(including PB, foam plastic, pine board, and marble) were not sanded. Hands were placed on 
the surface of the different materials to be tested. The temperature between the palm of the test 
subject and the interface of the specimen was measured using an electronic thermometer, and the 
results were recorded. Contact duration were set to 0, 10, 20, 30, and 40 s.

First, two RSPs with different densities (from MSB-A and MSB-B) were sanded with 
sandpaper of different models (180#, 360#, 600#) for 2 min. The treated specimens were then 
kept in a room-temperature environment after 24 h until a weight difference of 0.1% between 
the specimens was achieved. Subsequently, the constant specimens were weighed, and the value 
obtained was recorded as the quality before immersion. The specimens were fixed with a metal 
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grid, immersed in warm water with pH of almost 7 for 24 h, and taken out. The surfaces were 
subsequently wiped and then placed in a fresh-keeping bag. The weights were determined and 
then recorded as the quality after immersion. The 24 h water absorption rate of the specimens 
was calculated based on their quality before and after immersion.

 
Experiment on psychological quantity

In the case in which the experimental subjects were blindfolded, the tactile psychological 
quantity of the treated specimens was measured. The specimens, which were randomly placed 
on the top of a table, were touched in a uniform grain direction. The MSB-A and MSB-B 
specimens and other materials were sorted based on their degree of coldness and warmth by using 
the bubble method. Two adjacent test specimens were compared with respect to the coldness and 
warmth of the surface, and the warmer surface was placed in front. The comparison continued 
for the remaining specimens until the order of last specimens. In accordance with the order after 
sorting, the experimental subjects recorded the position of each specimen and rated the specimens 
as follows: +4, warmest; +2, warmer; 0, warm; -2, cool; -4, cooler; and -6, coolest. Scores were 
subsequently assigned. The average of each group was determined, and the value obtained was 
considered as the final tactile psychological quantity in the warm-cool feeling experiment. The 
specimens were observed from 0.5 m by the experimental subjects with the naked eye. With 
reference to the testing method used to determine the tactile psychological quantity, the degrees 
of coldness and warmth of the specimen were assessed, and the average was assigned as the final 
visual psychological quantity of the specimen. 

Under the same method (from dry to wet), the specimens were rated as follows: +3, driest; 
+2, drier; +1, dry; 0, generally; -1, wet; -2, wetter; and -3, wettest. Two specimens from Groups 
A and B and other materials were subsequently assigned scores. The average for each group was 
ultimately assigned as the final tactile and visual psychological quantities in the dry-wet feeling 
experiment. 

RESULTS AND DISCUSSION

Warm-cool feeling experiment 
After the sanding treatment, the temperature of specimens was recorded by the above 

measurement method, and each specimen was tested three times and the average value of the 
three test results were taken as the final evaluation parameter (Tab. 2). Through the touch of RSP 
and other materials, as well as the observation of naked eyes, the degree of warm-cool feeling was 
tested and recorded according to the grading standard, and the averages were taken as the final 
tactile and visual psychological quantities in the warm-cool feeling experiment (Tab. 3).

Tab. 2: Surface temperature of different specimens under different sanding treatments. 

Contact 
duration (s)

Surface temperature (°C)
MSB-A MSB-B MSB-C PB Foam plastic Pine board Marble

0 34.21 34.21 34.21 34.21 34.21 34.21 34.21
10 33.65 33.25 33.42 33.35 33.85 33.68 32.53
20 32.75 32.53 32.61 32.68 33.25 32.84 31.55
30 32.30 32.02 32.20 32.15 33.04 32.65 31.05
40 32.08 31.83 31.95 31.90 32.95 32.45 30.02
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Tab. 3: Tactile and visual psychological quantities of different specimens in the warm-cool feeling 
experiment.

Specimen Tactile psychological quantity Visual psychological quantity
MSB-A +0.1 +1.5
MSB-B -3.2 -2.0
PB -2.8 -4.0
Foam plastic +4.0 +4.0
Pine board +1.9 +0.5
Marble -6.0 -6.0

The effects of variations in density and roughness on the surface temperature of the RSP 
specimens are presented in Figs. 1 and 2. The effects on the tactile and visual psychological 
quantities of the RSP specimens are shown in Fig. 3.

 

   
Fig. 1: Surface temperature of RSP specimens 
with different contact duration. 

Fig. 2: Surface temperatures of different materials 
with different duration. 

(1) The temperatures of the palms of the experimental subjects decreased continuously 
as contact duration with RSP increased (Fig. 1). The maximum change occurred at contact 
duration with 10 s, which tended to stabilize after 30 s. Roughness exerted an effect to a certain 
extent, but such was not evident in the warm-cool feeling of the RSP surface. With an increase 
in sanding time, the roughness of the RSP surface decreased and the warmth increased. At  
a constant surface roughness, the temperatures of the specimens with a lower density (MSB-A) 
were always higher than those of the specimens with a higher density (MSB-B). That is, density 
exerted a more significant influence on the warm-cool feeling of the RSP surface. The higher 
the density, the cooler the RSP surface. By consulting the literature, it can be seen that Zhao  
et al. (2017) also concluded that the density was negatively correlated with the surface temperature 
of the substrates when they study and compare the temperature changes between wood-plastic 
composites and other heated floor substrates. The same trend exists in related research in different 
fields, especially the research on the warm-cool feeling of the fabric surface in garment industry. 
Zhang (2016) of Donghua University has analyzed that the density of fabric has a significant 
effect on its surface warm-cool feeling by establishing a physical model of the temperature 
between the fingertip and the fabric, the greater the density, the lower the temperature of fabric 
surface. Zhang et al. (2017) has tested the warm-cool feeling of 14 different fabrics by a precision 
instantaneous thermal property tester. The experimental results showed that the smoothness and 
density had the opposite tendency to the warm-cool feeling of fabric surface.
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In Fig. 2, the temperature curve of PB basically coincided with that of the RSP (MSB-B), 
indicating that the two materials exhibited a similar warm-cool feeling. RSPs had a similar 
warm-cool feeling as that of the particle board made of other types of wood. In several wood 
materials, the surface of pine exhibited the lowest change in warm-cool feeling. This finding was 
mainly attributed to its high internal porosity and low thermal conductivity, which resulted in 
a lower temperature change between pine and human contact interface than that between other 
artificial panels and human contact interface. The temperature change in marble was the largest. 
The highest thermal conductivity of the marble suggested that the marble was not suitable for use 
in furniture materials, which often are in contact with the human body. Foam plastic exhibited 
the strongest warm-cool feeling and the highest contact-interface temperature. The temperature 
change was considerably affected by the environment. Long-term contact affects comfort.

 

Fig. 3: Psychological quantity of different materials in a warm-cool feeling experiment.

(2) The psychological quantity of the RSP specimens and other wood specimens was 
between that of the marble and that of the foam plastic (Fig. 3), indicating compared with the 
RSP specimens, wood materials provided greater comfort as furniture materials. Compared 
with that of the artificial panel, the pine specimens had a lower density and a softer texture. 
Therefore, the tactile psychological quantity of pine specimens was higher than those of the 
RSP and PB specimens. Density significantly influenced the tactile psychological quantity of 
the RSP specimens. When the sanding time of MSB-A and MSB-B were similar, the MSB-B 
surface exhibited cooler tactile and visual psychological quantities. The tactile warmth of the 
RSP specimens was lower than that of PB. The reason was that PB and solid wood exhibited 
a similar texture, with PB achieving increased tactile warmth after a layer of veneer treatment. 
With respect to the visual psychological quantity, the surface of the MSB-B specimens exhibited 
a certain roughness after the sanding treatment. The RSP fiber induced diffused reflection 
on the surface; in addition, the PB surface was varnished and not sanded in the experiment. 
Consequently, the PB surface was smoother, and their refractive index was higher, thereby 
decreasing their visual psychological quantity and cooler tactile quality. 

Dry-wet feeling experiment 
The 24 h absorption rate was calculated by recording the quality before and after immersion 

of the specimens, and each specimen was tested three times and the averages of the three test 
results were taken as the final evaluation parameter (Tab. 4). Through the touch of RSP and other 
materials, as well as the observation of naked eyes, the degree of dry-wet feeling was tested and 
recorded according to the grading standard, and the averages were taken as the final tactile and 
visual psychological quantities in the dry-wet feeling experiment (Tab. 5).
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Tab. 4: 24 h water absorption rate of RSP specimens.

Group number Quality before 
immersion (g)

Quality after 
immersion (g)

24 h water 
absorption rate (%)

A1 32.05 48.27 50.6
A2 32.14 46.59 44.96
A3 30.12 44.5 44.77
A4 32.93 47.5 44.25
B1 33.46 43.65 30.45
B2 37.35 48.07 28.7
B3 35.31 45.82 28.23
B4 35.84 45.84 27.9

Tab. 5: Tactile and visual psychological quantities of different specimens in the dry-wet feeling experiment. 

Specimen number Tactile psychological quantity Visual psychological quantity
MSB-A 1.8 +1.5
MSB-B -2.1 -1.9
MSB-C +0.1 +0.2
PB -2.1 -1.5
Foam plastic +3.0 +3.0
Pine board +1.9 +1.7
Marble -3.0 -3.0

The effects of variations in density and surface roughness on the 24 h water absorption rate 
of the RSP are presented in Fig. 4. The effects on the tactile and visual psychological quantities 
are shown in Fig. 5.

 

Fig. 4: 24 h water absorption rates of different materials.

(1) Density significantly affected the water absorption performance of the specimens  
(Fig. 4). Considerable difference in water absorption was found between Groups A and B. The 
lowest water absorption rate of the specimens in Group A was 44.25%, which was far greater than 
the highest absorption rate of the specimens in Group B. This finding indicated that the higher 
the density of the RSP, the poorer the water absorption. The RSP with a greater density had  
a smaller gap between the fibers, thereby decreasing water absorption. By consulting the 
literature, we can see that there is a similar relationship between the density and absorption 
rate in garment industry. Shen (2007) of Xi’an polytechnic university has analyzed that as the 
density and thickness of the fabric increased, the water absorption ability of the fabric showed  
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a decreasing trend. Compared with density, the surface roughness affected the water absorption 
of RSP, but the effect was not apparent. The specific effects exhibited a proportional tendency, 
and the lower the surface roughness, the poorer the water absorption. 

 

Fig. 5: Psychological quantity of different materials in the dry-wet feeling experiment.

(2) The tactile and visual psychological quantities of wood materials were between that 
of the marble and that of the foam plastic (Fig. 5). This finding indicates that wood materials 
had a good dry-wet tactile quality. Contact between the human body and the material could 
produce tactile and visual comfort. Therefore, wood materials could be used widely in furniture 
materials. The higher the density, the lower the tactile and visual psychological quantities of the 
RSP specimens, thus providing humidity to human bodies. With density remaining the same, 
the higher the surface roughness of the specimen, the drier the surface. The dry-wet feeling 
of the RSP surface could be improved by veneering, and the comfortable feeling as furniture 
materials increased. Among the three materials, PB achieved the lowest psychological and visual 
psychological quantities. The reason is that the surface of PB were treated with veneer and then 
finished, thus increasing the smoothness of the panel surface. The surface had a poor dry-wet 
feeling relative to that of the solid wood board.

CONCLUSIONS

(1) After the RSP specimens with two different densities were sanded using different types 
of sandpaper and sanding time, the surface tactile properties were evaluated by conducting  
warm-cool feeling and dry-wet feeling experiments. Density and roughness significantly affected 
the tactile properties of RSP, and the influence of density is greater than that of the surface. 

(2) The surface tactile properties of the RSP are closest to those of the poplar medium-
density particleboard. However, the RSP has a preferable water absorption for adjusting indoor 
humidity.

(3) Among the several materials tested, the solid wood materials exhibited the highest tactile 
and visual psychological quantities. This superior characteristic is also the reason solid wood is 
most widely used in furniture and interior decoration.
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