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Abstract 
Micro-particles have sizes ranging from 1 to 1000 μm. This research reveals the role of 
environmentally friendly bamboo micro-particles as biomaterials with engineered 
material characteristics. The study indicates that bamboo, when meshed to 300 and 
processed with a blender machine, results in micro-cracks on the bamboo surface. SEM 
morphology testing, bamboo under one year old and over one year old exhibits micro-
particle shapes such as imperfect circles, elongated forms, and clumps. The micro-cracks 
lead to the breakage of covalent bonds in cellulose. The breakage of bonds is caused by 
photon energy entering the atom. The electrons within the atom become excited. 
Bamboo composition includes carbon, oxygen, hydrogen, and potassium. Additionally, 
functional groups such as phenol, alkane, alkene, and aromatic rings are also present in 
bamboo. 

Keywords 
Micro Particles, Bamboo, Blender Machine 

Introduction 
The development of materials using natural fibers is a relatively new group of materials 

[1]. Fiber is obtained from tree bark fiber, leaf fiber, seed fiber, fruit fiber, grass fiber, 

and wood fiber [1]. Fibers must have the mechanical, physical, and chemical properties 

of fibers. Local fiber selection has mechanical properties that can determine fiber 

selection. Natural fibers of use as composite and nano composite fiber materials. Top-

down process method for making organic materials from large to small with micro or 

nanomaterial sizes. Meanwhile, fiber composites are natural fibers that have tensile 

strength. Meanwhile, micro or nanomaterials can produce energy [2]. 

Natural materials are very abundant [3, 4]. Natural materials are materials obtained 

directly from nature. Indonesia is considered a country with a high diversity of bamboo 

species, contributing to approximately 10% of the world's total bamboo population. It is 

estimated that half of the bamboo species in Indonesia are endemic, indicating a high 

level of specificity and diversity of bamboo in the country. There are approximately 176 

bamboo species in Indonesia, classified into 24 genera. The diversity of bamboo species 

in Indonesia is estimated to be around 60 to 70 types, with the majority being 
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considered distinctive features of Indonesia that are not found in other countries [5]. 

Bamboo resources are widely distributed in large quantities [2]. Bamboo has mechanical 

properties [1]. Bamboo is an organic material that contains the chemical contents of 

carbon, oxygen, and hydrogen [6]. These atoms bond with each other and form a 

honeycomb. Bamboo contains cellulose, hemicellulose, and lignin [1, 3, 7, 8]. These three 

main components contribute to approximately 90% of the total mass of bamboo [9]. 

The hydrogen bonds formed facilitate the structure of cellulose into a crystalline 

structure [10]. Monosaccharides are the simplest carbohydrate compounds used for 

energy. Oxygen binds cellulose into long chains and microfibrils when it is crystalline and 

forms noncrystalline parts [11]. Micro or nanotechnology refers to technology and 

applications in the real world [1]. Micro or nano has been researched in wood and 

bamboo, while bamboo needs further research [1]. 

The method used is a top-down method [8]. The top-down method changes the size of 

the material from large to small. This process uses mechanical properties. The first stage 

destroys the surface of the bamboo. The bamboo that has been ground is then blended 

until it is close to powder. Blend the bamboo, which has become powder again until 

smooth. Bamboo powder is then in mesh 200 and 300. 

Bamboo is a plant that does not require maintenance. Bamboo can be helpful as a 

natural fiber and microparticle. The hexagon structure of cellulose can increase 

delocalized electrons. Bamboo microparticles are useful as composite microparticles 

and for energy production. Furthermore, this research aims to make bamboo 

microparticles. Bamboo microparticles are useful as microcomposites or energy 

harvesting 

Methods 
This research uses a top-down method. Bamboo microparticles can determine 

morphology and functional groups. SEM-EDX testing determines morphology and 

chemical composition. FTIR testing shows the functional groups contained. 

The top-down method is a process of changing material from large to small with several 

process stages. The Blender process crushes the material into micro sizes. Meanwhile, 

the mesh for making it is 200 mesh (74 μm) of microfilter material. Bamboo that passes 

through a sieve is then stored. Bamboo that does not pass through the sieve is blended 

again until smooth. The bamboo is finely blended and then sieved with a mesh size of 

200 (74 μm). Bamboo that passes through a 200mesh sieve is then stored. Next, the 

bamboo was sieved using a 300 mesh (50 μm). The bamboo that passes is stored, while 

the bamboo saved in the sieve is collected and blended once more. 
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Results and Discussion 

SEM-EDX testing 

SEM-EDX testing, the bamboo under one year old and over one year old has morphology 

and content result. Bamboo under one year as shown in the Figure 2 (a) the results of 

the SEM test at a 15,000x magnification indicate that microparticles bamboo with an 

age of less than 1 year exhibit elongated shape and imperfectly round shape. The 

elongated shape of the particles, containing chemical elements at the nanoparticle 

level, can bind to each other, forming a long structure. The imperfectly round shape of 

the particles has numerous angles on its surface, thereby reinforcing bonds with 

molecules and the chemical elements present in bamboo. Figure 1 (b) shows the surface 

contour of bamboo under 1 (one year). The surface contour is black to red to orange. 

Black contours indicate a more stable surface. Stable contour shows the surface does 

not easily interact or form clusters with other atoms. The surface contour shows that 

the material is hydrophobic. Bamboo has repulsive properties with solutions that tend 

to separate themselves. Figure 2 (c) bamboo under one year old has a carbon content 

of 68.8%, oxygen of 16.9%, and nitrogen of 14,3%. The resulting carbon content can 

increase the energy or strength of the material. Cellulose has aromatic and alkene rings. 

The rings appear inflated when exposed to heat energy. The double bonds in aromatic 

rings result from the photosynthesis process of plants.  

 
(a) 

 
(b) 

 
(c) 

Figure 1. (a) Morphology bamboo under one year old (b) surface contours (c) content of bamboo under 
one year old 

Bamboo over one year old as shown in the Figure 1 (a) the results of the SEM test at a 

15,000x magnification indicate that microparticles bamboo with an age of less than 1 

year exhibit clumping shapes. The clumps on microparticles could be attributed to the 
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agglomeration process, where accumulation occurs during the grinding machine 

process. This accumulation leads to the occurrence of carbon (C) due to the mechanical 

reaction from the grinding machine process and chemical reactions involving the 

bonding of existing carbon (C) with newly formed carbon (C). Figure 2 (b) shows the 

surface contour of bamboo over 1 (one year). The surface contour is black to orange and 

a little white. Black contours indicate a more stable surface. Stable contour point that 

the surface will not interact or form clusters with other atoms. The surface contour 

shows that the material is hydrophobic and hydrophilic. Bamboo has the property of 

attracting forces with existing atoms. Figure 2 (c) Bamboo over one year old has a 

carbon content of 55.6% and oxygen 44.4%. The starch content contained in bamboo 

comes from photosynthesis [7]. Bamboo contains more polysaccharides [1]. 

Polysaccharides help bamboo grow big. Polysaccharides arranged in parallel originate 

from the formation of cellulose microfibrils. Hydrogen bonds connect cellulose 

microfibrils [12]. Bamboo that grows requires sufficient energy through sunlight 

(photosynthesis) and water absorption in the soil.  

 
(a) 

 
(b) 

 
(c) 

Figure 2. (a) Morphology bamboo over one year old (b) surface contours (c) content of bamboo over 
one year old 

FTIR Testing 

FTIR testing can determine the wave absorption and functional groups contained. The 

cellulose formed will form a crystalline area [10]. The crystalline area will shape cellulose 

and produce functional groups. Functional groups in cellulose alkenes, aromatic rings, 

carbon silicates, phenols, and esters [13]. C – H alkene functional groups, C = C aromatic 

rings, C – O carbonsylates and esters, C = C aromatic rings, and alkenes. 
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In Figure 3, black graphic lines show bamboo test results under one year. The black line 

indicates the relationship between wavelength and functional groups. C – H functional 

group 675 – 995 cm-1 alkene, C - H 690 – 900 cm-1 aromatic ring, C – O 1050 – 1300 cm-1 

carbon silate and ester, C = C 1500 – 1600 cm-1 aromatic ring, and 1610 – 1680 cm-1 alkene. 

Trent is formed when new bamboo develops and creates a structure of cellulose, 

hemicellulose, and lignin. In addition, the carbon formed strengthens the hexagon 

structure. The oxygen contained is obtained from photosynthesis and inhaled water. 

The hydrophilic properties contained make it easier for bamboo to assemble. 

In Figure 3, red lines show the results of bamboo testing over one year. The red line 

shows the relationship between wavelength and functional groups. C – H functional 

group 675 – 995 cm-1 alkene, 690 – 900 cm-1 aromatic ring, C – O 1050 – 1300 cm-1 carbon 

silate and ester, C = C 1500 – 1600 cm-1 aromatic ring, and 1610 – 1680 cm-1 alkene. 

Bamboo over one-year-old has a structure of cellulose, hemicellulose, and lignin. 

Bamboo begins to strengthen with its hydrophilic and hydrophobic properties. The 

stronger the hydrophilic content, the faster photosynthesis will run. The sun emits light 

in the form of photon energy. Bamboo, which has a functional group, attracts photon 

energy from the sun. The absorbed photon energy in the form of electrons enters the 

cellulose structure. In the cellulose structure, an attractive force occurs with photon 

energy. Photon energy enters the carbon atom, and electron delocalization occurs. Sun 

absorption is a phenomenon of the Grotthuss mechanism [14]. 

 
Figure 3. FTIR testing. 

Conclusion 
Preparation of bamboo micro-particles aged under one year and over one year have 

different morphologies, contents, and the same functional groups. Make bamboo 

micro-particles that are environmentally friendly and easy to obtain. Microparticles can 

develop as composite micromaterials, energy harvesters, and quantum information. 

Acknowledgments 
The author would like to thank Pancasila University for its research support. Thank you, 

National Research and Innovation Agency BRIN. 



BIS Energy and Engineering  
 

5th Borobudur International Symposium on Science and Technology (BIS-STE) 2023 V124035-6 

 
 

References 
[1] A. Koffi, D. Koffi, and L. Toubal, “Mechanical properties and drop-weight impact performance of 

injection-molded HDPE/birch fiber composites,” Polym. Test., vol. 93, no. October 2020, p. 106956, 
2021, doi: 10.1016/j.polymertesting.2020.106956. 

[2] J. Wang et al., “Electrochemical Performance of Bamboo Porous C@SiO2 Anode Composites,” Int. 
J. Electrochem. Sci., vol. 17, no. 9, p. 22092, 2022, doi: 10.20964/2022.09.44. 

[3] S. Biswas et al., “Cellulose and lignin profiling in seven, economically important bamboo species of 
India by anatomical, biochemical, FTIR spectroscopy and thermogravimetric analysis,” Biomass and 
Bioenergy, vol. 158, no. September 2021, p. 106362, 2022, doi: 10.1016/j.biombioe.2022.106362. 

[4] Q. Lin et al., “Advanced functional materials based on bamboo cellulose fibers with different crystal 
structures,” Compos. Part A Appl. Sci. Manuf., vol. 154, no. October 2021, 2022, doi: 
10.1016/j.compositesa.2021.106758. 

[5] M. Nurmala, “Inovasi alat musik konvensional berbahan dasar bambu oleh Indonesian Bamboo 
Community,” Dewa Ruci J. Pengkaj. dan Pencipta. Seni, vol. 13, no. 1, pp. 1–10, 2018, doi: 
10.33153/dewaruci.v13i1.2501. 

[6] Q. Zhang et al., “In situ fabrication of Na3V2(PO4)3 quantum dots in hard carbon nanosheets by using 
lignocelluloses for sodium ion batteries,” J. Mater. Sci. Technol., vol. 35, no. 10, pp. 2396–2403, 2019, 
doi: 10.1016/j.jmst.2019.06.002. 

[7] F. Rusch, A. D. Wastowski, T. S. de Lira, K. C. C. S. R. Moreira, and D. de Moraes Lúcio, “Description 
of the component properties of species of bamboo: a review,” Biomass Convers. Biorefinery, vol. 13, 
no. 3, pp. 2487–2495, 2023, doi: 10.1007/s13399-021-01359-3. 

[8] Y. Y. Wang et al., “High-Performance Bamboo Steel Derived from Natural Bamboo,” ACS Appl. Mater. 
Interfaces, vol. 13, no. 1, pp. 1431–1440, 2021, doi: 10.1021/acsami.0c18239. 

[9] H. P. S. Abdul Khalil et al., The use of bamboo fibres as reinforcements in composites. 2015. doi: 
10.1533/9781782421276.4.488. 

[10] T. Arfin and A. Tarannum, Engineered nanomaterials for industrial application: An overview. Elsevier 
Inc., 2018. doi: 10.1016/B978-0-12-813351-4.00006-7. 

[11] S. Youssefian and N. Rahbar, “Molecular origin of strength and stiffness in bamboo fibrils,” Sci. Rep., 
vol. 5, pp. 1–13, 2015, doi: 10.1038/srep11116. 

[12] S. Rebouillat and F. Pla, “State of the Art Manufacturing and Engineering of Nanocellulose: A Review 
of Available Data and Industrial Applications,” J. Biomater. Nanobiotechnol., vol. 04, no. 02, pp. 165–
188, 2013, doi: 10.4236/jbnb.2013.42022. 

[13] E. S. Astuti, A. A. ad Sonief, M. Sarosa, N. Ngafwan, and I. N. G. Wardana, “Synthesis, characterization 
and energy gap of silica quantum dots from rice husk,” Bioresour. Technol. Reports, vol. 20, no. 167, 
p. 101263, 2022, doi: 10.1016/j.biteb.2022.101263. 

[14] J. Stefanski, C. Schmidt, and S. Jahn, “Aqueous sodium hydroxide (NaOH) solutions at high pressure 
and temperature: Insights from: In situ Raman spectroscopy and ab initio molecular dynamics 
simulations,” Phys. Chem. Chem. Phys., vol. 20, no. 33, pp. 21629–21639, 2018, doi: 
10.1039/c8cp00376a. 

 


	Introduction
	Methods
	Results and Discussion
	SEM-EDX testing
	FTIR Testing

	Conclusion
	Acknowledgments
	References

