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Abstract: The use of low cost metal matrix composites (MMC) is increasing rapidly in various engineering fields 

because of their better mechanical properties. The effects of recycled aluminium chips AA7075 with untreated rice 

husk ash (URHA) and treated rice husk ash (TRHA) on physical properties were investigated. Recycled aluminium 

chip AA7075 was reinforced with untreated and treated rice husk ash i.e., 2.5 wt.%, 5 wt.%, 7.5 wt.%, 10 wt.% and 

12.5 wt.%. Density, apparent porosity, water absorption, micro-hardness and microstructures analysis of the metal 

matrix composites samples were examined in current study. The density for metal matrix composites increase up to 5 

wt.% of rice husk ash, and then decreased with increasing mass fraction of rice husk ash. However, the densities for 

treated rice husk ash slightly higher than untreated rice husk ash. Porosity and water absorption of metal matrix 

composites were consistently increase at increasing mass fraction of rice husk ash. The hardness of chip AA7075 has 

improved with increasing the composition of rice husk ash from 53.49 Hv to 65.93 Hv for untreated rice husk ash and 

69.56 Hv for treated rice husk ash at addition 10 wt.%. The microstructures of metal matrix composites were found 

random distribution and non-homogeneous compared to fully chip AA7075.  
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1. Introduction  

The worldwide generation for primary aluminium has expanded quickly in the past 100 years. The properties of the 

various aluminium alloys have resulted in aluminium being utilized in various industries such as assorted as food 

preparation, packaging, transport, architecture, electric transmission and energy generation applications [1]. Many 

researchers and industrial nowadays research on machining to improve the performance of production, space utilization, 

and reduced production cost [2-4]. The melting process of recycled aluminium has pollution effects to the environment. 

Aluminium is the most heavily used nonferrous metals in the world. The high energy requirement for mining and melting 

aluminium, replacing a part of the aluminium by recycling industrial wastes such as aluminium chips promise low 

production cost, not harming the environment and saving primary aluminium resources thus satisfying the modern 

industrial societies aim [5,6].   

Due to the expansion of the use of aluminium, waste issue has been one of the many popular issues that have gotten 

worldwide concerns to develop composites using various recycled wastes especially in developing composites using most 

environmentally friendly agro-wastes as reinforcing fillers such as bamboo leaf and fly ash. Rice husk (RH) is one of 

agro-waste material that is generated from rice milling industry that produced huge amount of rice husk during milling 
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of paddy. After burning process of RH, husk then is converted into ash during incineration process, known as rice husk 

ash (RHA) [7]. RH produced higher percentage of silica than other biomass fuels. According to Tiwari et al. [8], rice 

husk as well as its ash can be used a potential reinforcing agent as the excellent source of silica that can replace other 

conventional silica sources. Other literatures, like Kenneth et al. [10] (>90% silica), Armesto et al. [11] (87.7% as SiO2), 

and Houstan [12] (87-97% silica) consistently reported that rice husk ash contains very high silica content.   

Based on investigation on aluminium reinforced rice husk ash composites, chemical rice husk ash has a good 

potential to improve the material behavior of metal matrix composites by appropriate composition of rice husk ash to 

metal matrix composite compared to non-chemical rice husk ash. Therefore, the recycled aluminium chips reinforced rice 

husk ash for composite production can change industrial wastes into valuable industrial raw material, where metal matrix 

composites are beneficial to be used as manufacturing products and thereby, reducing the cost of aluminium products.  

  

2. Material and Method 

2.1 Materials  

Aluminium block AA7075 with a theoretical density of 2.81 g/cm3 was used as the metal matrix material where the 

chemical composition (wt.%) as shown in Table 1.   

 

Table 1 - Chemical composition of AA7075 alloy (mass fraction, wt.%) 

 

Al  Zn  Cu  Si  Cr  Others  

87.18  9.49  2.59  0.31  0.28  0.15  

  

Rice husk ash (RHA) obtained from a local industry; Nano Siltech Sdn Bhd, was used as reinforcing agent. Rice 

husk ash was processed in industry by burning rice husk at temperature 700°C in 2 hour. The untreated rice husk ash 

(URHA) is the rice husk ash that is directly burnt while treated rice husk ash (TRHA) is rice husk ash that has been mixed 

with chemical solution prior to the burning process. The chemical composition (wt.%) of each rice husk ash is shown in 

Table 2 and Table 3, respectively. The characterization of rice husk ash was conducted by using X-ray Fluorescence 

(XRF).   

 

Table 2 - Chemical composition of URHA (wt %) 

 

 SiO2  C  K2O  P2O5  CaO  MgO  SO3  Cl  Fe2O3  Al2O3  

 87.23  0.11  4.77  3.58  1.74  1.23  0.61  0.15  0.23  0.35  

       

Table 3 - Chemical composition of TRHA (wt %) 

 SiO2  C  K2O  P2O5  CaO  MgO  SO3  Cl  Fe2O3  Al2O3  

 87.73  0.08  4.73  3.53  1.53  1.21  0.55  0.13  0.19  0.32  

  

2.2 Sample Preparation  

Aluminium chip was produced by high speed computer numerical control (CNC) milling machine, Mazak Nexus 

410A-II CNC Mill with feed rate of 1100 mm/min, depth cut of 1 mm and cutting velocity of 345.4 m/min. Milled 

aluminium was then cleaned through ultrasonic bath apparatus, FRITSCH – ultrasonic cleaner Labarette 17. The duration 

of the cleaning taken was 1 hour for each batch using an acetone solution (CH3COCH3) to remove oil, grease and any 

impurities. Finally, the drying process was done in an oven for 1 hour at 75ºC to remove the residual acetone from the 

chip [13-16]. Ball mill was used in preparation of RHA to produce smaller particle size using high impact mill with 

porcelain jar under wet milling cycles for 10 minutes. Then, sieving process was conducted to separate the particle size 

of 63µm using vibrator type apparatus, FRITSCH analysette 3 within 30 minutes and amplitude of 1.  

The compaction process was conducted using the uniaxial hydraulic press machine, Carver model 3851-0. The 

aluminium chips were mixed with untreated rice husk ash and treated rice husk ash with the composition as shown in 

Table 4, and then poured into the mould to shape the sample. The setting of load compaction and holding time of 

compaction process were 9 tons and 20 minutes, respectively [17,18]. The sintering was controlled under heating rate, 

time, temperature and atmosphere required for reproducible results. The equipment used during sintering process for 

sample is tube furnace, and Argon gas as inert gas. The temperature used in this process was referred to the sintering 

profile as shown in Fig 1. At 300ºC after 30 minutes, the zinc stearate was burned out, and then sintering process started 

at 552ºC within 60 minutes.  
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2.3 Sample Analysis and Characterization  

The analysis of sample were measured by using Archimedes Principle to measure the density(g/cm3), porosity (%), 

and water absorption (%). The analysis of the sample conducted followed the standard ASTM B328 for density and 

ASTM B962-17 for the porosity and water absorption. The hardness test was conducted using the micro Vickers hardness 

machine in which the apparatus consists of a hard and accurate head for easing the penetrating in the material. Eight times 

indentation was taken to each sample to obtain the average hardness, follow the standard ASTM E384. The 

characterization of sample was conducted using Optical Microscope (OM) to observe the microstructure forms of the 

samples. The image was captured in lower magnification of 50 times at 100 micron scale.  

 

Table 4 - Sample preparing for mixing process 

Reinforcement  Sample Composition  

None  Fully chip AA7075  

Untreated rice husk ash (URHA)  

Chip AA7075  +   2.5% URHA  

Chip AA7075  +   5.0% URHA  

Chip AA7075  +   7.5% URHA  

Chip AA7075  + 10.0% URHA  

Chip AA7075  + 12.5% URHA  

Treated rice husk ash (TRHA)  

Chip AA7075  +   2.5% TRHA  

Chip AA7075  +   5.0% TRHA  

Chip AA7075  +   7.5% TRHA  

Chip AA7075  + 10.0% TRHA  

Chip AA7075  + 12.5% TRHA  

  

 
Fig. 1 - Sintering profile 

  

3. Results and Discussion  

3.1 Density, Apparent Porosity and Water Absorption  

The relationship between the density, apparent porosity and water absorption of metal matrix composites samples 

with different composition of chips and types of rice husk ash (untreated and treated) were identified through Archimedes 

technique as shown in Fig 2. The density of metal matrix composites rapidly increased at increasing the composition of 

rice husk ash up to 5 wt.%. However, the density of metal matrix composites was decreased after it was reinforced for 

more than 5 wt % of rice husk ash. As the density decreased, the porosity was increased due to the weak bonding of the 

reinforced particle [19,24].  

The effect of rice husk ash as reinforced has improved the density of metal matrix composites, however, the effect 

between untreated and treated rice husk ash seems similar. Apparent porosity and water absorption shows that untreated 

metal matrix composites has consistent increment percentage compared to treated metal matrix composites. The 

percentage of porosity can be relate to the composition of rice husk ash were the carbon content for untreated rice husk 

ash is slightly higher than treated rice husk ash, whereby its affected the process of compaction and sintering of metal 

matrix samples.  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Heating rate   
5 °C/min   

Time, min   

Temperature, °C   

Cooling rate   
°C/min 5   

°C for 60 min 552   

°C for 30 min 300   
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3.2 Microhardness  

The hardness test is the resistance of a material to localized deformation that was applied from indentation, cutting, 

scratching and bending. Fig 3 illustrates the relationship of hardness between various composition and different type of 

rice husk ash. It has been found that the hardness for both untreated and treated rice husk ash increases with increasing 

composition of rice husk ash content, where it had improved the hardness of metal matrix composites. The hardness 

reaches 65.93 Hv for untreated rice husk ash addition and 69.56 Hv for treated rice husk ash addition compared to fully 

chip AA7075 with 53.49 Hv. It indicates that the hardness of metal matrix composites was dependent to composition of 

rice husk ash. It also shows that treated rice husk ash improved the hardness of metal matrix composites higher than 

untreated rice husk ash. However, Saravanan et al., and Tiwari et al., reported that the composition of silica by rice husk 

ash that increased to more than 10 wt % was seen decreasing the hardness of material due to insufficient bonding between 

matrix and reinforced material [9,20].  

  

 

(a) (b)  

 

Fig. 2 - The graph of density (g/cm3), apparent porosity (%) and water absorption (%) with the increasing 

composition of; (a) untreated rice husk ash (wt.%), (b) treated rice husk ash (wt.%) 

  

  
Fig. 3 - Microhardness (Hv) with the increasing of different RHA (wt.%) 

  

3.3 Microstructure Analysis  

The micrographs shown in Fig 4 are the microstructure of recycled aluminium chip AA7075 reinforced with 

untreated rice husk ash and treated rice husk ash at 5 wt.% and 10 wt.%. The microstructures of the sintered samples were 

captured using optical microscope (OM). Fig 4 – (a) represents fully chip AA7075 that can be seen to have larger shape 

forming on the surface. When rice husk ash was added gradually and mixed with the chips, it can be seen that the shape 

becomes smaller as indicated in Figs 4 – (b-e). Fig 4 – (b) and (c) shows the chips AA7075 that gradually mixed with 

untreated rice husk ash at 5 wt.% and 10 wt.%. While Fig 4 – (d) and (e) shows the chips that gradually mixed with 

treated rice husk ash at 5 wt.% and 10 wt.%. The rice husk ash filled up the gaps of AA7075 aluminium chips and it 

covered the pores to form a good surface on the sample. Increasing the porosity from physical tests was correlated directly 

with an increase in the irregularity of pore shape. The irregularity of AA7075 chip sizes resulted in the higher porosity 
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and random pore shapes as shown in Fig 4 – (c) and (e). As more powder particles were added into the sample, it resulted 

in high pores formation, and more spherical pore shape [22-24].  

  

4. Conclusion  

Rice husk as well its ash can be used as a potential reinforcing agent to produce metal matrix composite. It is one of 

excellent source of silica and can be able to replace other conventional silica source. The use rice husk ash for the 

production of composites can turn agricultural waste into industrial wealth. This also solves the problem of storage and 

disposal of rice. The hardness of metal matrix composites was increased at increasing composition of rice husk ash. The 

metal matrix composites for fully chip AA7075 has improved from 53.49 Hv to 65.93 Hv for untreated rice husk ash and 

69.56 Hv for treated rice husk ash at addition 10 wt.%. The enhancement in the physical properties can be well attributed 

to produce better material. If percentage of rice husk ash increases beyond a certain limit (12% above) its effect were 

minimized due to poor wettability with aluminium chips. Finally, it has been concluded that treated rice husk ash has the 

better potential to be excellent reinforcing agent compared to untreated rice husk ash.  

  

 
  

Fig. 4 - Microstructures of (a) fully chip AA7075; (b) Chip AA7075+5 wt.% URHA; (c) Chip AA7075+10 wt.% 

URHA; (d) Chip AA7075+5 wt.% TRHA; (e) Chip AA7075+10 wt.% TRHA 

 

Acknowledgement  

The authors acknowledge the supports from the Universiti Tun Hussein Onn Malaysia (TIER 1 research grant No. 

U869, GPPS short grant no. U962, FRGS research grant no. K067), Ministry of Higher Education Malaysia 

(FRGS/1/2018/TK03/UTHM/03/17), and Nano Siltech Sdn. Bhd. 

 

References  

[1] Sheasby, P. G., and R. Pinner. (2001). Introduction: Aluminium, Its Properties, Alloys and Finishes. Metal 

Finishing, 435-50 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
         

Chip   

Chip   

SiO 
2 

SiO 
2 

Chip   

SiO 
2 

Chip   Chip   

SiO 
2 

a   

e   d   

c   b   



Nurul Farahin et al., International Journal of Integrated Engineering Vol. 12 No. 1 (2020) p. 132-137  

  
 

 

[2] R Ibrahim, R Bateman, K Cheng, C Wang, J Au, (2011). Design and analysis of a desktop micro-machine for 

vibration-assisted micromachining. Proceedings of the Institution of Mechanical Engineers, Part B: Journal of 

Engineering Manufacture, 2011 225: 1377 

[3] Rasidi Ibrahim, Noor Hakim Rafai, Erween Abd. Rahim, Kai Cheng, Hui Ding, (2016). A Performance of 2 

Dimensional Ultrasonic Vibration Assisted Milling in Cutting Force Reduction, on Aluminium Al6061. ARPN 

Journal of Engineering and Applied Sciences, 11, 11124-11128 

[4] S.N.A. Khalid, A.E. Ismail, M.H. Zainulabidin, A.M. Tajul Arifin, M.F. Hassan, M.R. Ibrahim & M.Z. Rahim 

(2018). Mechanical Performances Of Twill Kenaf Woven Fiber Reinforced Polyester Composites. International 

Journal of Integrated Engineering, 8, 49 

[5] J. Z., Gronostajski, H. Marciniak, A. Matuszak, M. Samuel (2001). Aluminium ferro-chromium composites 

produced by recycling of chips.  Journal of Materials Processing Technology, 119, 251-256 

[6] J. B. Fogagnolo, E. M. Ruiz-Navas, M. A. Simon, M. A. Martinez (2003). Recycling of aluminium alloy and an 

aluminium matrix composite chips by pressing and hot extrusion. Journal of Materials Processing Technolog, 143-

144, 792-795 

[7] N.S. Zainal, Z. Mohamad, M.S. Mustapa, N.A. Badarulzaman, A.Z. Zulkifli (2019). The Ability of Crystalline  

And Amorphous Silica From Rice Husk Ash To Perform Quality Hardness For Ceramic Water Filtration 

Membrane. International Journal of Integrated Engineering, 9, 229 

[8] Das, S., Dan, T. K., Prasad, S. V., and Rohatgi, P. K. (1986). Aluminium alloy-rice husk ash particle composites. 

Journal of Materials Science Letters, 5(5), 562-564 

[9] Tiwari, Srikant, and M. K. Pradhan. (2017). Effect of rice husk ash on properties of Aluminium alloys: A Review. 

Materials Today: Proceedings, 4(2): 486-95 

[10] Armesto, L., Bahillo. A., Veijonen, K., Cabanillas, A., Otero, J., (2002). Combustion behavior of rice husk in a 

bubbling fluidized bed. Biomass and Bioenergy, 23, 171-179 

[11] Kenneth Kenayo Alaneme., Peter Apata Olubambi. (2013). Corrosion and wear behavior of rice husk ashAlumina 

reinforced Al-Mg-Si alloy matrix hybrid composites. Journal of Materials Research and Technology, 2(2): 188-

194 

[12] Houstan, D.F., (1972). Rice: Chemistry and Technology. American Association of Cereal Chemists, Inc., St. Paul, 

MN 

[13] M. S. Mustapa, A. S. Mahdi, and M. A. Lajis, (2016). Physical properties of recycling milled aluminium chip 

(AA6061) for various sintering temperature. International Journal of Mechanical and Industrial Technology, 3(2), 

33-40 

[14] M.I.A. Kadir, M.S. Mustapa, N.L. Rosli, M.S. Yahya, M. Abd Hakim Mohamad, A.K. Abd Rahim (2018). The 

Effect Of Microstructures And Hardness Characteristics Of Recycling Aluminium Chip Aa6061/Al Powder On 

Various Sintering Temperatures. International Journal of Integrated Engineering, 1, 53 

[15] A.S. Mahdi, M.S. Mustapa, N.A. Latif, M.I.A. Kadir, M.A. Samsi, (2017). Heat treatment for an recycling 

aluminium AA6061 using milling process at various holding aging time. International Journal of Engineering and 

Technology, 8(6), 2582-2587 

[16] M.S. Mustapa, N.A. Latif, N.F.M. Joharudin, S. Mahzan, M.I. Masirin, N.A. Hamid, (2018). The effect of heat 

treatment on compression strength of recycled AA6061 aluminium chips. Materials Science Forum, 934, 124-128.  

[17] A. S. Mahdi, M. S. Mustapa, M. A. Lajis, and M. W. Abd Rashid (2015). Effect of holding time on mechanical 

properties of recycling aluminium alloy AA6061 through ball mill process. International Journal of Engineering 

and Technology, 6(9), 133-142 

[18] A. S. Mahdi, M. S. Mustapa, M. A. Lajis, M. Warikh, and A. Rashid (2015). Effect of compaction pressure on 

physical properties of milled aluminium chip (AA6061).  International Journal of Science and Research, 4(9), 1759-

1764 

[19] A. Canakci & T. Varol (2014). Microstructure and properties of AA7075/Al-SiC composites fabricated using 

powder metallurgy and hot pressing. Powder Technology, 268, 72–79 

[20] S. D. Saravanan, M. Senthil Kumar (2013). Effect of mechanical properties on rice husk ash reinforced aluminium 

alloy (AlSi10Mg) matrix composites. Procedia Engineering, 64, 1505-1513 

[21] Basvarajappa, S., Chandramohan, G., Mahadevan, A., Thangavelu, M., Subramanian, R., and Gopalakrishnan, P. 

(2007). Influence of sliding speed on the dry sliding wear behavior and the subsurface deformation on hybrid metal 

matrix. Wear, 262, 1007-1012 

[22] M. I. A. Kadir, M. S. Mustapa, A.S. Mahdi, S. Kuddus, M. A. Samsi (2017). Evaluation of hardness strength and 

microstructure of recycled Al chip and power AA6061 fabricated by cold compaction method. IOP Conference 

Series: Materials Science and Engineering, 165 

[23] W. B. James and H. Corporation, “Powder metallurgy methods and applications,” in ASM Handbook Vol 7: 

Powder Metallurgy, vol. 7, C. and J. W. N. Prasan K. Samal, Ed. ASM International, 2015, pp. 9-19(11) 

[24] N. F. Mohd Joharudin, N. Abdul Latif, M. S. Mustapa, M. N. Mansor, W. A. Siswanto, J. Murugesan, F. Yusof 

(2019). Effect of Amorphous Silica by Rice Husk Ash on Physical Properties and Microstructures of Recycled 

Aluminium Chip AA7075. Materialwissenschaft und Werkstofftechnik, 50, 283 


