
 

 
JOURNAL OF RENEWABLE ENERGY AND SMART GRID TECHNOLOGY 

Vol. 20, No. 1, January-June 2025 

 
 

 

Bio-Based Composite from Sunflower Stalks for Building Wall Panels 

Warangkana Nimcharoen1, Chuntip Sakulkhaemaruethai2, Maneerat Khemkhao1* 

1Rattanakosin College for Sustainable Energy and Environment, Rajamangala University of Technology Rattanakosin,  

Nakhon Pathom 73170, Thailand 
2Facility Management, Faculty of Architecture and Design, Rajamangala University of Technology Thanyaburi,  

Nakhon Pathom 73170, Thailand  

  *Corresponding author’s email: maneerat.khe@rmutr.ac.th  

Article info: 
 

Received: 11 February 2025 

Revised: 21 May 2025 

Accepted: 11 June 2025 

 DOI:  

 10.69650/rast.2025.260769 
 

Keywords: 
 

Agricultural Waste Recycling 

Green Composite 

Natural Latex 

Sunflower Residue 

ABSTRACT 
 

Burning sunflower stalks after harvesting could pose a significant environmental risk 
due to particulate matter 2.5 pollution. The use of low-cost recycled materials in 
building products is on trend. The objective of this study was to investigate a bio-
composite made from sunflower stalks and sunflower bark using various ratios of 
natural latex as a binder and to compare the effects of hot ovens and hot compression. 
Three bio-composite-to-binder ratios of 1:4, 1:5, and 1:6 were compared. The physical, 
mechanical, thermal, and acoustic properties of the bio-composite were determined. 
The test box was used to evaluate the thermal performance of bio-composites. The bio-
composites had a density similar to flat-pressed particleboards. The moisture content 
varied from 6.01 to 14.20%, with only the 1:5 and 1:6 sunflower stalk bio-composites 
by hot compression having a moisture content higher than 13%. Thickness swelling 
ranged from 5.63% to 12.03%. All composites had a fire resistance that passed the 
UL94HB standard, classified as at least flame retardant. As natural latex increases, the 
water absorption of sunflower stalks decreases while at the same time increasing fire 
resistance. The thermal conductivity coefficient ranged between 0.117 and 0.161 
W/mK. The hot-compressed 1:6 sunflower bark bio-composite exhibited a room 
temperature profile that was similar to that of the MDF board. The hot compression 
method revealed better results in density, water absorption, flexural strength, and 
flexural modulus than the hot oven method. 

 
 

1. Introduction 

Due to climate change, decreases in rainfall, and soil 

deterioration that harm agricultural production and lower prices, 

farmers in Thailand grow sunflowers as complementary plants 

after harvesting the main crops like corn, peanuts, or soybeans. 

Furthermore, sunflower fields will become a tourist attraction, 

increasing farmers' income during the flowering period. The farmer 

will plant sunflowers in September and harvest them at the end of 

December or January. Farmers also grow sunflowers to raise bees. 

According to the Lopburi Provincial Development Plan 2022, 

sunflowers are considered an economic crop for the province. It 

has a planting area of 6.757 km2, yielding 149 Mg/km2, equivalent 

to 1,004.99 Ton/year. Farmers will earn 13.75 baht/kg from 

growing sunflowers. However, after harvesting the seeds, farmers 

must either plow and cover them, resulting in increased expenses 

and lower profits, or burn them, leading to environmental 

pollution (particulate matter, PM 2.5). 

The waste-to-resources approach is currently gaining 

popularity in waste management. Sunflower stalks are agricultural 

residues that have attracted interest due to their large amounts [1]. 

Sunflower stems can provide thermal insulation when combined 

with other materials [2-3]. In addition, the sunflower stalks have 

favorable mechanical and thermal insulation properties, which 

supported the present research on the use of the stalk in the 

production of a composite for sound absorption [4]. The inner part 

of the sunflower stem contains the sponge, which is characterized 

by large, irregular cavities that contain air [5]. The higher the 

porosity, the lower the thermal conductivity coefficient [6]. 

The fact that agricultural residues can be cheaper and more 

environmentally friendly justifies the research as an alternative to 

synthetic materials. For example, Binici et al. [6] demonstrate that 

combining sunflower (30-50 g of sunflower stalk fiber and 15-25 g 

of sunflower stalk sponge) and wheat stalks (30-50 g) with 

vermiculite (150 g) can yield an environmentally friendly and cost-

effective insulation material with good insulation properties. 

According to TS EN and ASTM C 51, the thermal insulating material, 

obtained by hot pressing to a thickness of 20 mm, exhibited 

sufficient physical, mechanical, and thermal properties. da Rosa et 

al. [7] constructed a thermal insulating board using rice husks (4-

52% w/w), sunflower stalks (40-45% w/w), gypsum (20-30% w/w), 

and jute fabric (7-10% w/w/) and tested its performance against a 

solar collector with glass wool thermal insulation. Mati-Baouche et al. 

[8] developed a method of manufacturing eco-insulating materials 

using 100% natural sunflower stalk particles glued with chitosan 

solution as a binder. Chitosan at 4.3% (w/w) and a size greater than 

3 mm yielded a thermal conductivity of 0.056 W/mK, a maximum 
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stress of 2 MPa, and an acoustic coefficient of absorption of 0.2, 

making these properties competitive with insulating bio-based 

materials on the market. 

Due to the excellent elasticity, tensile strength, resilience, 

and dynamic mechanical properties of natural latex, it is widely 

used in the medical [9], automotive [10], and construction 

industries. The vulcanization process is necessary in the production 

of bio-composites using natural rubber latex, but it is also the most 

time-consuming step. The microwave radiation for latex vulcanization 

significantly reduced production time [11]. However, microwave 

radiation tends to heat cellulose fibers of sunflower stems, which 

could potentially catch fire. Therefore, in this study, a bio-

composite of sunflower stem and natural latex was heated in hot 

air ovens and hot compression for vulcanization. 

This study investigated the bio-composite using (i) 

sunflower stalks and sunflower bark, (ii) varying the ratio of natural 

latex as a binder, and (iii) using a hot oven and hot compression. 

The physical, mechanical, and thermal properties were evaluated. 

The best results in thermal conductivity for each molding method 

were later tested in further acoustic absorption coefficient and 

thermal insulation performance. 

2. Materials and methods 

2.1 Materials 

Dried sunflower stems, a by-product of sunflower 

cultivation, were obtained from the Jumpee sunflower field in Lop 

Buri Province. The sunflower stem consists of a rigid external part 

called bark, which has a pore size of less than 10 mm, and a 

lightweight inner part with a honeycomb structure called pith, 

which has a pore size of more than 100 mm [12]. In this study, the 

properties of a bio-based sunflower composite made from 

sunflower stalks (a mix of bark and pitch) and sunflower bark were 

compared. The dried sunflower stalk (Fig. 1a) and sunflower bark 

(Fig. 1b) were shredded using a shredder (182U, Bosco, Thailand) 

into a diameter range of 0.3–1.0 cm (Fig. 1c-d) and oven dried at 

105°C for 15 min. Natural latex (Prevulcanized latex high modulus, 

HM, THAITEX) was used as a binder for a sunflower bio- composite. 

2.2 Sunflower bio-composite preparation 

In this study, the ratios of shredded sunflower to natural 

latex were 1:4, 1:5, and 1:6 (w/w). The mixture was filled into a 

stainless mold measuring 20 x 20 x 1.5 cm according to TIS 876-2547 [13], 

where the density should be more than 200 kg/m3. Two molding 

methods were used to investigate. That is, the bio-composite made 

from shredded sunflower bonded together with a natural latex was 

molded at 100 °C for 1 h by hot compression (LP-S-20, LAB TECH 

Engineering, Thailand) compared with a hot air oven (101-3B 

Shaoxing, Jingmai Instrument Equipment, China). 

After drying, twelve sunflower bio-composites were cut 

into a specimen size of 5 x 5 x 1.5 cm to evaluate their physical, 

mechanical, and thermal properties. A good thermal resistance for 

each molding type was chosen for further absorption coefficient 

testing and a hot box for thermal characterization. 

2.3 Physical characterization 

The density, moisture, and thickness swelling of the 

specimen composite were examined according to Thai Industrial 

Standard (TIS) 178-2549 [14] and 876-2547 [13], respectively. The 

water absorption of the specimen composite was tested according 

to ASTM D1037 [15]. The specimen sample's flammability was 

evaluated according to UL94 horizontal burning (HB) test [16]. Each 

test used five specimens. 

2.4 Mechanical and thermal characterizations 

The flexural strength (f) and flexural elasticity modulus (Ef) 

of the specimen composite were evaluated in accordance with 

ASTM D790 [17]. A universal testing machine (UTM, Instron 5569) 

conducted a three-point bending moment test on the specimen 

composite, measuring 0.15 x 0.70 x 0.03 cm. The conditions for 

testing were as follows: load cell of 1 kN, speed of 1.28 mm/min, 

and support span of 48 mm. Five specimens were used this test. 

The thermal conductivity of the specimen composite was 

measured according to the thermal constant analysis method [18] using a 

hot disk thermal constant analyzer (hot disk AB). Triplicates were performed. 

2.5 Absorption coefficient testing 

The ratios presenting the lowest thermal conductivity were 

further tested for absorption coefficient. The sunflower bio-

composite was cut in a cylindrical shape of 9.8 and 2.8 cm in 

diameter and a thickness of 1.5 cm for testing the acoustic 

properties in an impedance tube. The cylindrical composite was 

tested in an impedance tube according to ISO 10534-2 [19], where 

frequencies ranged from 250 Hz to 6400 Hz. The sound absorption 

coefficients (SACs) and the noise reduction coefficient (NRC) of the 

specimen composite at different frequencies were evaluated 

based on ISO 10534-2 [19]. Triplicates were performed. 

2.6 Statistic analysis 

Data analysis of the physical, mechanical, and thermal 

properties was performed using SPSS 28.0 software (IBM, Chicago, 

IL, USA). One-way analysis of variance (ANOVA) and the Least 

Significant Difference (LSD) test (95% confidence interval) were 

applied to detect significant differences between means. 

2.7 Simulated use of the composite as wall panel and its thermal 

insulation performance 

All materials used in this test were the same as those used 

for construction on the market. The testing box was made of 

polystyrene foam (EPS), which has fire-retardant properties. It has 

good insulation and low thermal conductivity (0.032–0.036 W/mK 

at 10 °C). The density of this material is 15 kg/m3, making it suitable 

for use in construction. The cubic testing box measuring 0.60 x 0.60 

x 0.60 m with a thickness of 0.10 m was conducted for heat transfer 

testing (Fig. 2a). The front was set for installing a testing panel 

measuring 45 x 45 x 9.1 cm (Fig. 2b). The test panel consisted of 

four layers (Fig. 2c), in which the external wall was fiber cement of 

12 mm in thickness, followed by a wooden frame of 35 mm, a specimen 

sample of 15 mm (Fig. 2d), and gypsum of 9 mm in thickness.  

To measure the heat transfer in different testing materials 

of test box, the thermocouple type K with a range 0-1,250 °C and ± 

5 °C accuracy connected with data logger (GRAPHTEC midi LOGGER 

model GL840) were fixed at a central of external surface wall, 

internal surface wall, and inside test box (Fig. 3a-c). The 

pyranometer (Kipp & Zonen: Model CMP 11) with a range 310-

2,800 µm connected with data logger (Fig. 3d). All of the test boxes 

were facing south [20]. The distance between each box was 2 

meters to prevent the shadows from crossing each other (Fig. 3e). 

Temperatures inside and outside the experimental box were 

recorded for three days in a row at the courtyard of Rajamangala 

University of Technology Rattanakosin (RMUTR), Salaya, Nakhon 

Pathom, Thailand.
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(a)  (b)  

(c)  (d)  

Fig. 1 Dried sunflower stem: (a) sunflower stalk; (b) sunflower bark; (c) shredded sunflower stalk; and (d) shredded sunflower bark. 

 

(a)      (b)  

(c)  
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Fig. 2 Testing box design apparatus. (a) The polystyrene foam testing box; (b) The front box design for panel testing; (c) The details of panel 

layer testing; and (d) the testing materials. 

(a) (b)  

(c)  (d)  (e)  

Fig. 3 The thermocouples in the testing box are measured from (a) top view and (b) side view; (c) the thermocouple and data logger 

connected to the testing box; (d) a pyranometer; and (e) the testing box exposed to heat radiation. 

 

1:4 sunflower stalks bio-composite by hot oven 

 

1:6 sunflower bark bio-composite by compression 

 

MDF board 

 

Particleboard 
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3. Result and discussion 

3.1 Physical property of sunflower bio-composite 

The physical property of sunflower bio-composite presents 

in Table 1. Compression-molded composite sheets have a smoother 

appearance with fewer pores, and the fibers are closer together 

than with hot oven molding. When bent, both methods gave the bio-

based composite sheet a flexible shape. In all ratios, bio-composites 

formed by compression molding have a higher density than oven 

molding. In every ratio, the density of the sunflower stalk composite 

exceeded that of the sunflower bark composite. As natural latex 

increases, the density of sunflower stalk bio-composites increases, 

but the density of sunflower bark bio-composites tends to decrease. 

It could be that latex has a higher density than natural fibers [21]. All 

composite ratios had the same density as flat-pressed 

particleboards, which is 400–900 kg/m3, as demonstrated by Thai 

Industrial Standard [13].  

The moisture content of the bio-composite by hot 

compression was higher than that of the hot oven for all ratios of 

both sunflower stalk and bark. The moisture content of bio-

composites by hot oven and sunflower stalk bio-composites by 

compression tended to increase as the proportion of natural latex 

increased, but the moisture content of sunflower bark bio-

composites by compression tended to decrease due to a lack of 

sponge. All ratios had moisture levels that were within the range 

suggested in TIS 876-2547 [13] (4–13%). The only ones that didn't 

fall within this range were the 1:5 and 1:6 sunflower stalk bio-

composites by compression, which had moisture levels that were 

13.74–14.20 %. 

Water absorption of the sunflower stalk bio-composites 

with both hot compression and hot oven was inversely proportional 

with the density. That is, the water absorption decreases with the 

density increases due to the shrinking pore space [21]. Therefore, 

lower in the density, higher its water absorption with more pore 

space of the bio-composite [22]. As the natural latex increases, the 

water absorption of the sunflower stalk bio-composites with both 

hot compression and a hot oven decrease. That is in line with Jaktorn 

and Jiajitsawat [23] finding that water absorption decreased as the 

latex ratio increased. Furthermore, it was observed that higher 

water absorption with more sunflower stalks. Chikhi et al. [24] 

discovered an increase in water absorption upon the addition of 

more fibers.  

The sunflower bark bio-composite caused less swelling than 

the sunflower stalk bio-composite. Only the 1:4 sunflower stalks bio-

composite produced by a hot oven and compression had a higher 

swelling value than TIS 876-2547 [13], which should be less than 

12%. As the proportion of natural latex increased, the thickness 

swelling of the bio-composite produced by a hot oven for all ratios 

decreased, as did the composite created by compressing sunflower 

stalks. However, Usubharatana and Phungrassami [21] discovered a 

correlation between the thickness swelling and the proportionality 

of latex. In addition, Khedari et al. [22] observed that high density 

had a high swelling thickness.  

When the proportion of natural latex increased, the fire 

resistance of all ratios for bio-composites by compression and 

sunflower stalks by hot oven increased, while sunflower bark by hot 

oven had a lower fire resistance. The slowest burning rate ranged 

from 20.97 to 21.29 mm/min received from the 1:6 sunflower stalks 

bio-composites by compression and hot oven, respectively.  

According to the UL94HB standard, all bio-composite samples are 

classified as at least flame retardant. 

Table 1 Physical property of bio-based sunflower composites by hot oven and hot compression (mean ± sd). 

Properties of 
sunflower 

bio-
composites 

Hot oven molding Hot compression molding 

Sunflower bark: Natural latex Sunflower stalks: Natural latex Sunflower bark: Natural latex Sunflower stalks: Natural latex 

1:4 1:5 1:6 1:4 1:5 1:6 1:4 1:5 1:6 1:4 1:5 1:6 

Density 
(kg/m3) 

616.35a 
± 10.75 

620.53a 
± 17.47 

578.08b 
± 7.95 

515.67a 
± 30.34 

567.81b 
± 15.30 

665.29c 
± 9.94 

653.67a 
± 16.20 

681.65b 
± 13.66 

588.61c 
± 14.11 

716.78a 
± 30.10 

864.24b 
± 4.56 

851.89b 
± 6.86 

Moisture (%) 6.78a ± 
0.17 

7.44b ± 
0.11 

7.33b ± 
0.13 

6.01a ± 
0.35 

6.52a ± 
0.73 

10.75b ± 
0.30 

10.07a ± 
0.33 

10.30a ± 
0.20 

8.97b ± 
0.58 

9.45a ± 
1.18 

14.20b ± 
0.26 

13.74b ± 
0.23 

Water 
absorption 
(%) 

43.91a ± 
3.31 

39.72b ± 
3.00 

43.25a, b 

± 2.19 
79.80a ± 

4.94 
65.21b ± 

7.04 
34.06c ± 

1.26 
27.38a ± 

2.06 
24.83b ± 

1.60 
40.75c ± 

1.63 
38.33a ± 

3.02 
14.37b ± 

1.07 
10.41c ± 

0.97 

Thickness 
swelling (%) 

7.42a ± 
0.79 

5.75a ± 
1.96 

5.63a ± 
0.73 

12.03a ± 
2.02 

11.68a ± 
2.39 

7.79b ± 
0.77 

6.27a, b ± 
1.60 

5.81a ± 
0.97 

7.35b ± 
0.46 

12.43a ± 
2.94 

8.75b ± 
1.49 

5.67c ± 
0.88 

Flammability 
(mm/min) 

27.28a ± 
2.85 

25.01a ± 
3.40 

32.41b ± 
2.86 

30.03a ± 
5.58 

28.21a, b 

± 5.70 
21.29b ± 

4.89 
30.73a ± 

1.55 
28.70a ± 

3.76 
28.96a ± 

7.76 
26.04a ± 

1.31 
29.02a ± 

5.62 
20.97b ± 

1.46 

Table 2 Mechanical property of bio-based sunflower composites by hot oven and hot compression. 

Properties of 
sunflower 

bio-
composites 

Hot oven molding Hot compression molding 

Sunflower bark: Natural latex Sunflower stalks: Natural latex Sunflower bark: Natural latex Sunflower stalks: Natural latex 

1:4 1:5 1:6 1:4 1:5 1:6 1:4 1:5 1:6 1:4 1:5 1:6 

Flexural 
strength 
(MPa) 

0.194a ± 
0.042 

0.369b ± 
0.067 

0.281a, b 

± 0.076 
0.131a ± 

0.034 
0.420b ± 

0.064 
0.399b ± 

0.124 
0.632a ± 

0.080 
0.593a ± 

0.089 
0.526a ± 

0.107 
0.632a ± 

0.060 
0.519a ± 

0.165 
0.570a ± 

0.108 

Flexural 
modulus 
(MPa) 

13.59 ± 
2.99 

30.16 ± 
7.55 

24.52 ± 
6.39 

9.06 ± 
2.98 

33.33 ± 
6.10 

27.50 ± 
7.45 

73.41 ± 
7.67 

66.35 ± 
10.78 

57.97 ± 
12.73 

73.62 ± 
8.09 

59.18 ± 
14.86 

63.46 ± 
13.14 
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Table 3 Thermal property of bio-based sunflower composites by hot oven and hot compression. 

Properties of 
sunflower 

bio-
composites 

Hot oven molding Hot compression molding 

Sunflower bark: Natural latex Sunflower stalks: Natural latex Sunflower bark: Natural latex Sunflower stalks: Natural latex 

1:4 1:5 1:6 1:4 1:5 1:6 1:4 1:5 1:6 1:4 1:5 1:6 

Thermal 
conductivity 
(W/mK) 

0.148a ± 
0.001 

0.126b ± 
0.001 

0.142c ± 
0.001 

0.117a ± 
0.003 

0.160b ± 
0.000 

0.135c ± 
0.001 

0.137a ± 
0.001 

0.143b ± 
0.001 

0.128c ± 
0.001 

0.161a ± 
0.000 

0.156b ± 
0.000 

0.152c ± 
0.001 

Thermal 
diffusivity 
(mm2/s) 

0.176 ± 
0.007 

0.197 ± 
0.006 

0.135 ± 
0.002 

0.174 ± 
0.008 

0.182 ± 
0.006 

0.135 ± 
0.006 

0.222 ± 
0.007 

0.122 ± 
0.003 

0.204 ± 
0.003 

0.170 ± 
0.002 

0.171 ± 
0.005 

0.179 ± 
0.002 

Specific heat 
(MJ/m3K) 

0.841 ± 
0.039 

0.642 ± 
0.025 

1.049 ± 
0.015 

0.674 ± 
0.030 

0.880 ± 
0.030 

1.004 ± 
0.044 

0.619 ± 
0.019 

1.172 ± 
0.026 

0.628 ± 
0.015 

0.950 ± 
0.015 

0.912 ± 
0.027 

0.852 ± 
0.011 

Thermal 
resistance 
(m2K/W) 

38.35 ± 
3.87 

47.60 ± 
0.40 

42.27 ± 
0.34 

51.22 ± 
0.11 

37.47 ± 
0.04 

44.31 ± 
0.17 

43.72 ± 
0.32 

41.86 ± 
0.14 

46.85 ± 
0.37 

37.27 ± 
0.10 

38.50 ± 
0.04 

39.40 ± 
0.13 

Note: The average and standard deviation values were derived from five specimens, except for the thermal conductivity test from triplicates. The values with 
different superscript letters in a row between ratio and molding method are significantly different (p<0.05).

3.2 Mechanical and thermal properties of sunflower bio-composite 

Table 2 presents the flexural stress and thermal conductivity 

coefficients of the bio-composite samples. By hot compression, the 

flexural stress of sunflower bark and stalk bio-composites was not 

significantly different (p<0.05), ranging from 0.519 to 0.632 MPa. As 

the proportion of sunflowers decreased, flexural stress decreased. 

However, in the hot oven, the flexural stress of 1:4 sunflower bark 

and stalk bio-composites was significantly different from that of 1:5 

bio-composites (p<0.05). That is, the flexural stress increased with 

natural latex. The flexural strength exceeds 0.098 MPa that is 

sufficient for use in heat insulation materials. The flexural modulus 

ranged from 13.59 to 73.62 MPa. 

As shown in Table 3, thermal conductivity values ranged 

between 0.117 and 0.161 W/mK. The bio-composites made from 1:4 

sunflower stalks (515.67 kg/m3 density) and 1:6 sunflower bark 

(588.61 kg/m3 density) had the lowest thermal conductivity for the 

hot oven (0.117 W/mK) and hot compression methods (0.128 

W/mK). The thermal conductivity coefficient of a material should be 

less than 0.1 W/mK [6]. Previous studies found a direct correlation 

between thermal conductivity and density. That is, the best thermal 

properties are associated with low density [6, 25-26]. With clay as a 

binder, sunflower bark had a thermal conductivity of 0.158 W/mK 

and a density of 714 kg/m3 [12]. 

3.3 Acoustic property of sunflower bio-composite  

Figure 4 presents the sound absorption coefficient (SAC) of 

the sunflower bio-composite after measurement on the impedance 

tube. The sound absorption coefficient (SAC) is a measure of a 

material’s ability to absorb sound. The sound absorption coefficient 

is between 0 and 1. It should ideally be close to 1, indicating that the 

material can absorb more sound, whereas the lower the value, the 

less sound absorption it has or the more sound it reflects. However, 

typically it is around 0.40. The SAC of the 1:4 sunflower stalks and 

natural latex bio-composite obtained using a hot oven was 0.62 at 

1,500 Hz, while the SAC of the 1:6 sunflower bark and natural latex 

bio-composite obtained by hot compression was 0.49 at 2,000 Hz. It 

meant that the 1:4 bio-composite aborted the noise by 62% at 1,500 

Hz and had a greater sound absorption coefficient than that of the 

1:6 bio-composite.  

This may be due to bio-composites' porosity and particle 

gaps (Fig. 5). The 1:4 sunflower stalks and natural latex bio-

composite, produced in a hot oven, have greater porosity and 

particle gaps, which lead to higher sound absorption in some 

frequency ranges compared to the 1:6 sunflower bark and natural 

latex bio-composite made using hot compressing (Fig. 4). 

  
Frequency (Hz) 

Fig. 4 Sound absorption coefficient spectra for the 1:4 sunflower 

stalks and natural latex bio- composite obtained using a hot oven 

(blue line) and the 1:6 sunflower bark and natural latex bio-

composite obtained by hot compression (red line).  

 

Fig. 5 Light microscopic observation at a magnification of 3x of the 

1:4 sunflower stalks and natural latex bio-composite obtained 

using a hot oven (left) and the 1:6 sunflower bark and natural latex 

bio-composite obtained by hot compression (right). The scale 

refers to 10 mm. 

The noise reduction coefficient (NRC) represents the 

amount of sound energy reduced when that material is used to 

absorb sound. The NRC is calculated as the average sound 

absorption coefficient of a material across different frequencies 

(250-2000 Hz). The NRC of both bio-composites was relatively the 

same. That is, the NRC of 1:4 and 1:6 bio-composites was 0.233 and 

0.241, respectively (Table 4). The absorption classes are designated 

A-E, where absorption class A has the highest sound absorption (0.7-

1.0). These bio-composites may be classified as class E between 

0.15-0.25 [27]. Class E is suitable for moderate soundproofing, such 

as an infrastructure. 
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3.4 Thermal performance in testing box 

Figure 6 presents the solar radiation and ambient 

temperature. The highest amounts of solar radiation on days 1–3 

was 1,028.99, 1,008.28, and 1,025.88 W/m2, respectively, that were 

detected at the times of 12.27, 12.13, and 12.16, respectively. The 

highest amount of solar radiation causes the highest ambient 

temperature. It was due to the fact that when the Earth receives the 

most solar radiation at noon, it releases an amount of absorbed heat 

into the surrounding area and sky, leading to an increase in the 

ambient temperature [28]. However, the highest ambient 

temperature occurred on days 2 and 3, following a reduction in solar 

radiation. That is, the highest ambient temperature of 29.80 and 

32.80 °C was detected after the solar radiation decreased at times 

of 15.14 and 14.46, respectively. This attributes to the emission of 

absorbed heat from the earth and surrounding atmosphere. 

 
Fig. 6 Solar radiation and ambient temperature for 3 testing day. 

Figure 7a shows the particleboard's temperature profiles in 

the testing box. During the experiment for 3 days, the temperature 

of the test box's external wall was higher than that of the internal 

wall during the daytime, i.e., from 9:00 a.m. to 4:48 p.m. on Day 1, 

7:11 a.m. to 4:38 p.m. on Day 2, and 7:03 a.m. to 4:41 p.m. on Day 

3.  That is, the external wall's temperatures during the 8.00 a.m.–

3.30 p.m. period were higher than the internal wall's, which were 3-

6.6°C, 3.2–8.1°C, and 3.3–8.9°C for Days 1–3, respectively. After 

that, the external wall's temperatures emit heat during the evening 

and night, leading to the external wall's conditions being lower than 

those of the internal wall. In addition, this caused the room 

temperature to be higher than the internal wall after 20.30, but the 

room temperature was lower than that of the internal wall when 

heat from the external wall transferred to the internal wall during 

the daytime. 

Figure 7b shows the temperature profile of the MDF board 

in the testing box. The temperature of the external wall during 7.04 

a.m.–4.24 p.m., 7.12 a.m.–4.12 p.m., and 7.03 a.m.–4.22 p.m. was 

higher than that of the internal wall and room in the test box. 

Especially from 9.00 a.m. to noon, the temperature of the external 

wall was different from the internal wall up to 6.00–9.50°C. Heat 

emissions caused the external wall's temperature to drop. The 

temperatures of the internal wall and room gradually decreased, but 

their temperatures were still higher than those of the external wall. 

Throughout the experiment, the room temperature remained lower 

than that of the internal wall. 

Figure 7c shows the temperature profile of a 1:4 sunflower 

stalks and natural latex bio-composite by hot oven. The external wall 

consistently had a lower temperature than the internal wall and 

room, with the exceptions of 7.30–12.07, 7.17-9.47, and 7.11–11.01 

a.m. The average temperature of the external wall was higher than 

that of the internal wall and room, 0.5–1.43 °C. During 8.16–8.40 

a.m.–1.54–2.45 p.m., the internal wall’s temperature was higher 

than that of room 1.00–2.30 °C. After 5.09–5.20 p.m. onwards, the 

internal wall’s temperature was higher than that of the room, 

approximately 0.20 °C. It can imply that heat from the external wall 

transfers to the internal wall very quickly and accumulates at the 

internal wall and room. The pores in the bio-based composite 

facilitated the rapid heat transfer from outside to inside the room. 

Figure 7d shows the temperature profile of the 1:6 

sunflower bark and natural latex bio-composite obtained by hot 

compression in the testing box. Before 2.50 p.m., the internal wall 

and room had lower temperatures than the external wall. After 5 

p.m., the external wall's temperature decreased faster than that of 

the internal wall and room. Furthermore, the temperature of the 

room consistently remained lower than that of the internal wall, 

with the exception of the range from 7.37–7.54 to 8.14–8.50 a.m., 

while the temperature of the room exceeded that of the internal 

wall by 0.10-0.20 °C. It was noticed that the temperature of the 

room was lower than the external and internal walls during the day, 

which was similar to the particle and MDF boards. 

Table 4 Noise reduction coefficient (NRC) of bio-composites. 

Bio-based composite 250 Hz 500 Hz 1,000 Hz 2,000 Hz Average NRC 

1:4 sunflower stalks and natural latex by hot oven 3.60% 7.38% 33.97% 48.34% 23.32% 0.233 

1:6 sunflower bark and natural latex by hot compression 5.85% 
15.34% 

 
27.26% 47.85% 24.10% 0.241 

The 1:4 sunflower stalk bio-composite from a hot oven had 

the lowest external wall temperature compared to other test panels. 

It was followed by the 1:6 sunflower bark bio-composite obtained 

by hot compression, the MDF board, and the particleboard. The 

MDF's internal wall temperature increased the same as that of the 

1:6 sunflower bark bio-composite, but it emitted heat slower. The 

particleboard's internal wall temperature was the slowest increase, 

but it decreased the same as the 1:6 bio-composite. 

The temperature inside the particleboard was lowest during 

sunrise but highest during sunset. The temperature inside the 

testing box of the 1:4 sunflower stalk bio-composite quickly 

absorbed heat but emitted heat the same as that of the MDF and 

the 1:6 sunflower bark bio-composite. Interestingly, the 

temperature inside the MDF board's testing box was equal to that 

of the 1:6 bio-composite.
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Fig. 7 Temperature profile of the testing box of (a) particleboard, (b) MDF board, (c) 1:4 sunflower stalks, and (d) 1:6 sunflower bark bio-

composites.

4. Conclusion 

The following results were obtained from this study:  

Bio-composites have a density of 515.67–864.24 kg/m3, 

which is comparable to that of flat-pressed particleboards. Only the 

1:5 and 1:6 sunflower stalk bio-composites formed by hot 

compression had a moisture content greater than 13%. Thickness 

swelling ranged from 5.63% to 12.03%. All composites had a fire 

resistance of less than 33 mm/min. The thermal conductivity 

coefficient ranged between 0.117 and 0.161 W/mK.  

The NRC values for 1:4 sunflower stalks in a hot oven and 1:6 

sunflower bark in a hot compression were 0.233 and 0.241, 

respectively. The 1:4 sunflower stalks and 1:6 sunflower bark bio-

composites show a good acoustic characteristic at a low-frequency 

range of 1,200–2,000 and 1,600–2,300 Hz, respectively. 

The hot compression method provided lower density, lower 

water absorption, better flexural strength, and better flexural 

modulus than the hot oven method. As natural latex increases with 

increasing fire resistance, the water absorption of sunflower stalks 

decreases. This method is suitable for bio-composite production. 

The hot-compressed 1:6 sunflower bark bio-composite exhibited a 

room temperature profile that was similar to that of the MDF board. 

Sunflower stem and natural latex can form a bio-composite 

that serves as an alternative to non-renewable composites. For 

building products, however, some improvements were required in 

their thermal conductivities and acoustic absorption coefficients. In 

addition, this bio-composite can be developed by using other 

biological materials, such as water hyacinth, in terms of appearance, 

beauty, and usability, or as a surface insulation sheet, etc. 

 

Acknowledgements 

The authors would like to thank Asst. Prof. Dr. Vichai 

Domrongpokkaphan for assistance with statistical analysis and Dr. 

Jirasak Pukdum for assisting with the heat transfer through building 

walls testing. 

References 

[1] İnce, A., Uğurluay, S., Güzel, E. and Özcan, M.T., Bending and 

shearing characteristics of sunflower stalk residue. 

Biosystems Engineering. 92 (2005) 175-181, doi: 

https://doi.org/10.1016/j.biosystemseng.2005.07.003. 

[2] Karaman, S., Sahin,S., Gunal, H., Ibrahim, O. and Ersahin, S., 

Use of sunflower stalk and pumice in gypsum composites to 

improve thermal properties. Journal of Applied Sciences 6 

(2006) 1322-1326, doi: 

http://dx.doi.org/10.3923/jas.2006.1322.1326.  

[3] Kocaman, I., Sisman, C.B. and Gezer, E., Investigation the 

using possibilities of some mineral-bound organic composites 

as thermal insulation material in rural buildings. Scientific 

Research and Essays. 6 (2011) 1673-1680, doi: 

https://doi.org/10.5897/SRE11.283 

[4] Sun, S., Mathias, J.D., Toussaint, E. and Grédiac, M., 

Hydromechanical characterization of sunflower stems. 

Industrial Crops and Products. 46 (2013) 50-59, doi: 

https://doi.org/10.1016/j.indcrop.2013.01.009. 

[5] Wen, J., Wang, Q., Jin, Q. and Pan Z., Study on the structure, 

composition and performance of natural polymer. Functional 

Materials Letters. 3 (2010) 207-212, doi: 

https://doi.org/10.1142/S1793604710001263. 
[6] Binici, H., Aksogan, O., Dincer, A., Luga, E., Eken, M. and 

Isikaltun, O., The possibility of vermiculite, sunflower stalk 

https://doi.org/10.1016/j.biosystemseng.2005.07.003
https://doi.org/10.1142/S1793604710001263


Journal of Renewable Energy and Smart Grid Technology, Vol. 20, No. 1, January-June 2025 
  

 

53 

and wheat stalk using for thermal insulation material 

production. Thermal Science and Engineering Progress 18 

(2020) 100567, doi: 

https://doi.org/10.1016/j.tsep.2020.100567. 

[7] da Rosa, L. C., Santor C. G., Lovato, A., da Rosa C. S. and 

Güths, S., Use of rice husk and sunflower stalk as a substitute 

for glass wool in thermal insulation of solar collector. Journal 

of Cleaner Production. 104 (2015) 90-97, doi: 

https://doi.org/10.1016/j.jclepro.2015.04.127. 
[8] Mati-Baouche, N., De Baynast, H., Lebert, A., Sun S., Lopez-

Mingo C. J. S., Leclaire, P. and Michaud, P., Mechanical, 

thermal and acoustical characterizations of an insulating bio-

based composite made from sunflower stalks particles and 

chitosan. Industrial Crops and Products. 58 (2014) 244-250, 

doi: https://doi.org/10.1016/j.indcrop.2014.04.022. 
[9] Gopinathan, H., Jose, J., Peter, A., Mohan, C. C., Harishma, P. 

C., Narayanankutty, S. K. and Bhat, S. G., Amikacin sulfate 

loaded natural rubber latex films: Characterization and 

antibacterial performances. Results in Engineering. 23 (2024) 

102795, doi: https://doi.org/10.1016/j.rineng.2024.102795.  

[10] Hejna, A., Wiśniewska, P., Kowalkowska-Zedler, D., Korol, J., 

Kosmela, P., Marć, M., Ezzati, P., Szostak, M. and Saeb, M. R., 

Waste printer ink as modifier for natural rubber/carbon black 

composites: No haste, use waste. Sustainable Materials and 

Technologies. 38 (2023) e00765, doi: 

https://doi.org/10.1016/j.susmat.2023.e00765.  

[11] Sakulkhaemaruethai, C., Jakarbutr, W. and Chailad, W., 

Accelerated Vulcanisation of Natural Rubber Latex Sheets 

Using Microwave Energy: Mechanical and Thermal 

Performance Improvements. Results in Engineering. 26 

(2025) 105197, doi: 

https://doi.org/10.1016/j.rineng.2025.105197. 

[12] Brouard, Y., Belayachi, N., Hoxha, D., Ranganathan, N. and 

Méo, S., Mechanical and hygrothermal behavior of clay–

Sunflower (Helianthus annuus) and rape straw (Brassica 

napus) plaster bio-composites for building insulation. 

Construction and Building Materials. 161 (2018) 196-207, doi: 

https://doi.org/10.1016/j.conbuildmat.2017.11.140. 

[13] TIS. 876-2547, Thai Industrial Standard for Flat Pressed 

Particleboards, (2004), ISBN 974-687-210-9. 

[14] TIS 178-2549, Thai Industrial Standards for Veneer Plywood, 

(2007), ISBN 978-974-292-355-6. 

[15] ASTM D1037-12, Standard test methods for evaluating 

properties of wood-base fiber and particle panel materials, 

ASTM International. (2020). 

[16] UL94 HB-TEST, Test for flammability of plastic materials for 

parts in devices and appliances, (2001), ISBN 0-7629-0082-

2,1-52. Yzimgs. Online at: 

http://file.yzimgs.com/174750/20078119548234314385.pdf. 

[17] ASTM D790-17, Standard test methods for flexural properties 

of unreinforced and reinforced plastics and electrical 

insulating materials, ASTM International. (2017). 

 

 

 

 

 

 

 

 

[18] ISO 22007-2, Plastics -determination of thermal conductivity 

and thermal diffusivity — Part 2: Transient plane heat source 

(hot disc) method. iTeh Standards. (2015), Online at: 

https://cdn.standards.iteh.ai/samples/61190/6edb07c2735b

47f783d858a32d57034f/ISO-22007-2-2015.pdf. 

[19] ISO 10534-2, Acoustics -determination of sound absorption 

coefficient and impedance in impedance tubes – Part 2: 

Transfer-function method. iTeh Standards. (1998) Online at: 

https://cdn.standards.iteh.ai/samples/22851/2b999ad0cc6c4

0cd84063eb81ab70944/ISO-10534-2-1998.pdf. 

[20] Li, H., Zhong, K., Yu, J., Kang, Y. and Zhai, J. Z., Solar energy 

absorption effect of buildings in hot summer and cold winter 

climate zone, China. Solar Energy. 198 (2020) 519-528, doi: 

https://doi.org/10.1016/j.solener.2020.01.047. 
[21] Usubharatana, P. and Phungrassami, H., Life cycle assessment 

of bio-based thermal insulation materials formed by different 

methods. Environmental Engineering and Management 

Journal. 18 (2019) 1471-1486, doi: 

http://dx.doi.org/10.30638/eemj.2019.138. 

[22] Khedari, J., Charoenvai, S. and Hirunlabh, J., New insulating 

particleboards from durian peel and coconut coir. Building 

and environment. 38 (2003) 435-441, doi: 

https://doi.org/10.1016/S0360-1323(02)00030-6. 

[23] Jaktorn, C. and Jiajitsawat S., Production of thermal insulator 

from water hyacinth fiber and natural rubber latex. NU. 

International Journal of Science. 11 (2014) 31-41. 

[24] Chikhi, M., Agoudjil, B., Boudenne, A. and Gherabli, A., 

Experimental investigation of new biocomposite with low 

cost for thermal insulation. Energy and buildings. 66 (2013) 

267-273, doi: https://doi.org/10.1016/j.enbuild.2013.07.019. 

[25] Benfratello, S., Capitano, C., Peri, G., Rizzo, G., Scaccianoce,  

G. and Sorrentino G., Thermal and structural properties of a 

hemp–lime biocomposite. Construction and building 

materials. 48 (2013) 745-754, doi: 

https://doi.org/10.1016/j.conbuildmat.2013.07.096. 

[26] Eschenhagen, A., Raj, M., Rodrigo, N., Zamora, A., Labonne, 

L., Evon, P. and Welemane H., Investigation of miscanthus 

and sunflower stalk fiber-reinforced composites for 

insulation applications. Advances in Civil Engineering. 2019 

(2019) 1-7, doi: https://doi.org/10.1155/2019/9328087. 

[27] ISO 11654. Acoustics: sound absorbers for use in buildings: 

rating of sound absorption. iTeh Standards. (1997). Online at: 

https://cdn.standards.iteh.ai/samples/19583/f05ae41625eb4

cb0b95611feccf6fda6/ISO-11654-1997.pdf. 

[28] Sadeghi, G., Pisello, A. L., Nazari, S., Jowzi, M. and Shama F., 

Empirical data-driven multi-layer perceptron and radial basis 

function techniques in predicting the performance of 

nanofluid-based modified tubular solar collector. Journal of 

Cleaner Production. 295 (2021) 1-14, doi: 

https://doi.org/10.1016/j.jclepro.2021.126409. 

 

https://doi.org/10.1016/j.jclepro.2015.04.127
https://doi.org/10.1016/j.indcrop.2014.04.022
http://file.yzimgs.com/174750/20078119548234314385.pdf
https://cdn.standards.iteh.ai/samples/61190/6edb07c2735b47f783d858a32d57034f/ISO-22007-2-2015.pdf
https://cdn.standards.iteh.ai/samples/61190/6edb07c2735b47f783d858a32d57034f/ISO-22007-2-2015.pdf
https://cdn.standards.iteh.ai/samples/22851/2b999ad0cc6c40cd84063eb81ab70944/ISO-10534-2-1998.pdf
https://cdn.standards.iteh.ai/samples/22851/2b999ad0cc6c40cd84063eb81ab70944/ISO-10534-2-1998.pdf
https://doi.org/10.1016/j.solener.2020.01.047
https://doi.org/10.1016/j.enbuild.2013.07.019
https://doi.org/10.1016/j.conbuildmat.2013.07.096
https://doi.org/10.1155/2019/9328087
https://doi.org/10.1016/j.jclepro.2021.126409

