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Abstract 

The use of plastic products has been steadily increasing over the last several 
decades. However, because plastic waste is being discarded in ever-increasing 
quantities, final disposal sites for such waste are becoming scarce. Therefore, 
materials must be developed that minimize this problem. This paper describes  
the mechanical properties of press-molded specimens fabricated by using three 
types of bamboo fiber material: bamboo powder, rough fiber, and fiber bundle. 
Bamboo fiber can be hot press-molded much like plastic, and the use of these 
materials in place of plastic products would reduce the environmental impact of 
extensive plastic use. In the present study, the tensile and flexural strength of 
molded specimens made from bamboo fiber were examined. The results showed 
that the tensile and flexural strength of specimens using bamboo powder and 
rough fiber increased with molding temperature. However, the strength of 
specimens fabricated from fiber bundles peaked at 180°C and decreased at 200°C. 
The highest tensile and flexural strengths of the bamboo fiber specimens tested 
were recorded at 36.8MPa and 99.8MPa, respectively. 

 



SHINJI OCHI 100

1. Introduction 

Recently, because of their extensive use in many diverse fields, 
plastics, including fiber reinforced plastic (FRP) products have become 
indispensable to our daily lives. However, the primary raw material used 
in plastic production is petroleum and there are strong social and 
economic pressures to conserve petroleum resources. Furthermore, 
because FRP wastes are nonflammable, they must be disposed of in 
landfills after use, and this contributes to high environmental loads. 
Because of these points, recent studies have focused on the development 
of biodegradable plastics [2] and biodegradable composite materials                   
[1, 3-8, 10], which are biodegradable plastics combined with natural 
fibers. Bamboo [5, 10], kenaf [3, 6, 7], ramie [8], and flax [1, 4] fiber have 
all been used as natural fiber reinforcements. Additionally, a study [9] 
was conducted on the development of materials using only wood fiber 
powder (no plastics) focusing on cedar and hinoki tree products. 

In this study, development of press-molded specimen fabrication 
using bamboo alone was carried out. Bamboo has historically been used to 
produce many products including clothes drying poles, fishing rods, and 
building members. However, demands for such bamboo products have 
decreased significantly in recent years. 

Yet unchecked bamboo growth can have negative influences on 
mountain ecosystems because bamboo is an extremely vigorous plant 
with strong propagative power. However, when bamboo chips are hot 
pressed-molded, they bind without requiring adhesives and can be 
molded like plastic. Such molded products, created from such a natural 
plant source, could be expected to reduce environmental loads because 
they decompose naturally after disposal. For the above-mentioned reason, 
if plastic substitute materials using bamboo could be fabricated 
efficiently, it is thought that a more effective use of resources and 
reductions of environment loads would be possible. 
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In this research, specimens were fabricated by hot pressing three 
types of bamboo fiber. These were bamboo powder particles less than 
0.25mm in diameter, rough fibers approximately 2-5mm long, and short 
fiber bundles approximately 10mm long. The mechanical properties of the 
specimens fabricated from these bamboo fibers were investigated via 
tensile and flexural examinations. Strength comparisons were then made 
between these products and similar items made from normal plastics in 
an effort to determine their suitability as substitute materials. 

2. Experimental 

2.1. Materials 

During the press-molding process, three types of bamboo fiber, 
bamboo powder (Milki Takezaiten, Japan), rough fiber (Milki Takezaiten, 
Japan), and short fiber bundles (Ban Co., Japan) were prepared. Bamboo 
powder particles are less than 0.25mm in diameter, while the diameter 
and length of rough fiber particles are around 0.1-0.3mm and 2-5mm, 
respectively. The diameter and length of a short fiber bundle is 
approximately 0.2mm and 10mm, respectively. Figure 1 shows 
photographs of each bamboo fiber type. 
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Figure 1. Bamboo fibers: (a) bamboo powder, (b) rough fiber, and            
(c) short fiber bundles.  
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2.2. Molding method 

The specimens were fabricated by using a hot press-molding machine 
and a metallic mold. Specifically, to test specimens made under varying 
conditions, the bamboo fiber was added to the metallic mold and held at 
three different temperatures (150°C, 180°C, and 200°C) for five minutes 
at a pressure of 72MPa. Dumbbell-shaped tensile test specimens were 
produced with a width of 10mm, a thickness of 3mm, a parallel portion 
length of 86mm, and a total length of 152mm. Flexural specimens had a 
width of 15mm, a length of 100mm, and a thickness of 3mm. 

2.3. Mechanical testing 

Tensile tests and three-point flexural tests were conducted by using a 
testing machine (Aiko Engineering Model 1301D) and the testing 
procedure followed JIS K7162. Tensile tests were performed at a strain 
rate of 0.02/min and a gauge length of 50mm. Flexural tests were 
performed at a crosshead speed of 1mm/min and a span length of 48mm. 
Five specimens of each type were prepared and analyzed. A 95% 
confidence interval was calculated by statistical analysis. Figure 2 shows 
photographs of the tensile and flexural specimens. 

                         
Figure 2. Specimen photographs: (a) tensile specimen and (b) flexural 
specimen. 
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3. Results and Discussions 

3.1. Fabrication of press-molded specimens 

Photographs of specimens fabricated under several molding 
conditions are shown in Figure 3. These photographs show that bamboo 
powder and rough fiber specimens molded at 150°C are pale yellow in 
colour, which is the same colour as the raw material before pressing 
(Figure 1). However, the specimens darkened with increasing molding 
temperature and became dark brown colour after heated to 200°C. These 
results suggest carbonization occurred in the specimens at a point 
between 180°C and 200°C. In contrast, the colour of the fiber bundle 
specimen shown in Figure 1(c) had already become black after being 
heated to 150°C. It is thought that the reason is because fiber after steam 
explosion has already changed colour. 

 

Figure 3. Survey specimens: Bamboo powder: (a) 150°C; (b) 180°C;        
(c) 200°C. Rough fiber: (d) 150°C; (e) 180°C; (f) 200°C. Fiber bundle:       
(g) 150°C; (h) 180°C; (i) 200°C. 
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The relationship between the specimen density and molding 
temperature is shown in Figure 4. The relationship indicates that the 
density of the specimens increased with molding temperatures. An 
examination of Figure 3 indicates that the interface between fibers and 
parenchyma cells becomes increasingly difficult to observe as the molding 
temperature increases. It is considered likely that, as a result of the 
increased bonding between fibers and parenchyma cells (that occurs with 
rising temperatures), the density of the molded specimens increased. The 
densities of the specimens fabricated from bamboo powder, rough fiber, 
and fiber bundles were 1.63g/cm3, 1.60g/cm3, and 1.52g/cm3, respectively. 
Furthermore, the reason the density of bamboo powder showed a higher 
value than fiber bundles is thought to be because powdery condition 
coheres in condition of fiber bundle more at molding. 

 
Molding temperature (°C) 

Figure 4. Relationship between density and molding temperature. 

3.2. Tensile properties 

Figure 5 shows the relationship between tensile strength and molding 
temperature. The tensile strength of powder and rough fiber specimens 
increased with rising molding temperatures, and at 200°C, showed values 
of 16.9MPa and 16.4MPa, respectively. It is thought that fiber and 
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powdery adhesive properties improved because of a bamboo ingredient 
that was softened by the increased molding temperatures. In contrast, the 
tensile strength of press-molded specimens produced using fiber bundles 
showed a maximum value (36.8MPa) at 180°C and decreased strengths at 
200°C. This was expected as it was known from an earlier study that the 
strength of natural fiber decreases at temperatures above 180°C [11].  

 
Molding temperature (°C) 

Figure 5. Relationship between tensile strength and molding 
temperature. 

Therefore, it is thought that the strength of the molded specimens 
created from fiber bundles decreased at 200°C. From these results, it 
appears that, in the case of bamboo powder and rough fiber, it is 
advantageous to mold at 200°C in order to fabricate materials with high 
strength. However, in the case of fiber bundles, it is necessary to use a 
lower temperature to ensure that the strength of the specimen does not 
decrease. 
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Figure 6 shows fracture behaviour after tensile testing. The figure 
shows that bamboo powder specimens molded at temperatures of 150°C 
and 180°C had stretched and deformed, and that some fibers molded at 
200°C had broken. In the case of rough fiber, there was little fiber to be 
able to pull out as with increasing molding temperature. In the case of 
molded product, broken fibers were observed at 150°C, as a result, high 
tensile strength is provided. However, a break in the fiber was seen at 
200°C, but it is thought that the strength of the mold product decreased 
because strength of fiber in itself decreased. 

 

Figure 6. Fracture behaviour after tensile test: Bamboo powder:             
(a) 150°C; (b) 180°C; (c) 200°C. Rough fiber: (d) 150°C; (e) 180°C;             
(f) 200°C. Fiber bundle: (g) 150°C; (h) 180°C; (i) 200°C. 
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Figure 7 shows the relationship between tensile modulus and molding 
temperature. The tensile modulus of bamboo powder and rough fiber 
specimens increased with increasing molding temperature and showed, at 
200°C, maximum values of 4.7GPa and 4.8GPa, respectively. However, 
the tensile modulus of the fiber bundle specimen did not change with 
increasing molding temperatures. Its maximum value was recorded at 
8.8GPa. 

  
Molding temperature (°C) 

Figure 7. Relationship between tensile modulus and molded 
temperature. 

3.3. Flexural properties 

Figure 8 shows the relationship between flexural strength and 
molding temperature. The flexural strength of bamboo powder and rough 
fiber specimens increased with rising molding temperatures and, at 
200°C, were recorded at 79.8Mpa and 85.1MPa, respectively. In contrast, 
the flexural strength of fiber bundle specimens showed a maximum value 
of 99.8MPa at 180°C, as strengths recorded for 200°C specimens were 
found to be lower. 
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Molding temperature (°C) 

 
Figure 8. Relationship between flexural strength and molded 
temperature. 

Figure 9 shows the fracture behaviour of tensile strength specimens 
after flexural testing. From the fracture behaviour of bamboo powder and 
rough fiber specimens molded at 150°C and 180°C, it was determined 
that adhesion of fiber and xylogen were insufficient, so the strength of the 
fiber could not be utilized effectively. High strength specimen at 200°C, 
there is not can pull out of fiber. Flexural strength of fiber bundle 
indicate high value at 150°C, it could confirm a break of the fiber, and 
strength of the fiber was utilized from Figure 9(g). 
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Figure 9. Fracture behaviour after flexural test: Bamboo powder:          
(a) 150°C; (b) 180°C; (c) 200°C. Rough fiber: (d) 150°C; (e) 180°C;             
(f) 200°C. Fiber bundle: (g) 150°C; (h) 180°C; (i) 200°C.  

Figure 10 shows the relationship between the flexural modulus and 
molding temperature. The flexural modulus of bamboo powder and rough 
fiber does not change from 150°C to 180°C. However, the elastic modulus 
of both types increased suddenly at 200°C, and achieved maximum values 
of 13.1GPa and 17.5GPa, respectively. As with the tensile modulus, the 
flexural modulus of the fiber showed little change. 
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Molding temperature (°C) 

Figure 10. Relationship between flexural modulus and molding 
temperature. 

4. Conclusion 

In this research, press-molded specimens consisting of three types of 
bamboo, bamboo powder, rough bamboo fiber, and bamboo fiber bundle 
were fabricated and examined for their tensile and flexural strengths. 
Our results are summarized as follows: 

(1) The density of the press-molded product increased with rising 
molding temperature, with the density of specimens molded at 200°C 
being 1.5 times denser than specimens molded at 150°C. Products molded 
at 200°C from bamboo powder, rough fiber, and fiber bundle had a 
density of approximately 1.6g/cm3, 1.6g/cm3, and 1.5g/cm3, respectively. 

(2) The tensile and flexural strength of press-molded specimens 
fabricated from bamboo powder and rough fiber at 150°C and 200°C 
increased with rising molding temperatures. For specimens molded at 
200°C, the tensile strength of these fiber types was 16.9MPa and 
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16.4MPa, while the flexural strength was 79.8MPa and 85.1MPa, 
respectively. In contrast, when the molding temperature was low, 
measured strength was also low because bonding strength was poor. In 
contrast, the tensile and flexural strengths of fiber bundles molded at 
180°C were 36.8MPa and 99.8MPa, respectively, but both strengths were 
found to have decreased at 200°C. 

(3) The tensile and flexural moduli of bamboo powder and rough fiber 
specimens increased with molding temperatures up to 200°C. For 
specimens molded at 200°C, the tensile moduli were 4.7GPa and 4.8MPa, 
while the flexural moduli were 13.1GPa and 17.1GPa, respectively. The 
tensile and flexural moduli of fiber bundle specimens showed no 
significant changes with increasing molding temperature and were 
measured at 8.8GPa and 22.3GPa, respectively. 

(4) The specimens molded at 180°C using fiber bundles with fiber 
lengths of 10mm showed the highest strengths. The tensile strength was 
equivalent to polypropylene and the flexural strength was equivalent to 
such general-purpose engineering plastics as polycarbonate or polyacetal. 
Based on these results, it is consider possible that bamboo fiber molded 
products could substitute effectively for conventional plastic products. 
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