
 
 

© STM Journals 2022. All Rights Reserved S46  
 

ISSN: 2321-2810 (Online) 

ISSN: 2321-8525 (Print) 

Volume 10, Special Issue 3, 2022 

DOI (Journal): 10.37591/JoPC 
STM JOURNALS

Journal of 

Polymer & Composites 

 
http://engineeringjournals.stmjournals.in/index.php/JoPC/index 

Review JoPC 

Utilization Waste Products as Reinforcement in 
Development of Composite Material: A Review 
 

Prashant Sharma* 
 

Abstract 

In the modern world, businesses are responsible for producing a diverse range of waste products. 

Rice husks and eggshells are two examples of wastes that fall into this category. Both of these types of 

garbage are responsible for contributing to pollution in a variety of distinct ways. Eggshell, which is 
a common consequence of industrial operations, is one of the most significant contributors to the 

contamination of soil. This is due to the fact that eggshell is a normal byproduct. Rice husk ash (RHA) 

is made up of waste products and byproducts that are generated by the agriculture industry. In this 
research, eggshell and RHA are used in concrete to enhance mechanical properties. Composites can 

have their reinforcing by weight percentage changed to boost their tensile and shear strengths. It has 

been asserted that RHA and eggshell can both be used with aluminium alloy in a variety of ways. 
 

Keywords: Waste products eggshell, rice husk ash, stir-casting process, mechanical properties, 

composite materials 

 
 

INTRODUCTION 

The Earth is now home to a wide variety of viruses and bacteria. These microorganisms or viruses 

invade the human body and cause a wide range of illnesses. In most cases, these viruses enter a 

person's body via the nose or mouth. It spreads quickly because it reaches within a man's body. 

However, these microorganisms do not naturally exist on the planet. Waste products from industry are 

the primary source of the virus. Outside, there is a constant rotation of this garbage. It produces a wide 

variety of viruses once it has rotted. It's worth noting that eggshell and rice husk ash (RHA) are both 

byproducts of food production. Both the origins of these wastes and the many methods of repurposing 

them have been explored in this research. Eggshell waste produces a variety of microorganisms 

nowadays. When the used product is used to dispose of the waste eggshell, a number of chemicals are 

released into the liquid. Liquid waste eggshell has a strong odor. Viruses are also created as a result of 

this process. This virus may cause a wide range of illnesses when it comes into contact with humans. 

The pollution created by this waste eggshell may be averted if it is collected and utilized to generate a 

product in a timely manner. Eggshell is described in detail in this paper [1, 2]. 

 
There are several rice mills within a small distance in today's world. Huge quantities of rice husk 

are generated by these mills. In front of the rice 

mill, this rice husk is often seen. When the wind 
picks up, rice husk particles are dispersed into the 

air. People's noses and mouths fill up with rice 

husk dust as they breathe it in. As a result, many 
individuals suffer from asthma and other 

respiratory diseases. In contrast, rice husk has 

recently been employed in a number of areas. The 

husk of rice was employed in this investigation, 
and the findings may be summarized as follows: 

[3–8]. One parent material (AA) and two or more 

reinforcing particles make up hybrid composites. 
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Profitability is the primary goal of green manufacturing, which employs ecologically beneficial 
production methods. RHA and eggshells are among the most polluting waste products in the world, 

according to the United Nations. However, a variety of wastes, such as fly ash, red mud, and bagasse, 

have been used in the production of composite materials to increase their mechanical qualities. The 
usage of eggshells and rice husk ash (RHA) is the primary subject of this investigation. CaCO3 makes 

up almost all of the eggshell's composition. The tensile strength and hardness of the matrix material 

may be greatly improved by the incorporation of eggshells in the form of CaCO3 into the aluminium. 
Silica, on the other hand, makes up around 90% of RHA. One of the hardest phases of rock is silica. 

The tensile strength and hardness may be greatly improved by adding RHA in the form of silica. For 

both environmental and economic reasons, the use of these wastes in the production of aluminium-

based composites is actively advocated in modern culture. 
 

LITERATURE REVIEW 

Waste eggshells and rice husks have been mentioned in this research. Powder metallurgy uses both 
sorts of waste. There are four primary sections to the literature, as outlined here: 

1. Reinforcement use as Eggshell (ES) 
2. Reinforcement uses as RHA 
3. Literature review of Al-based composite (AA) 
4. Literature review of stir-casting technique 

5. Literature review of hybrid or metal matrix composite 
 
As a byproduct of the eggshell industry, it pollutes the environment in large quantities. The 

composite material may be reinforced with ES. Eggshell has superior mechanical qualities and is 

employed in a variety of ways. Stir-casting, electromagnetic, and electron spin processes were used to 
combine eggshells with other materials. The eggshell's calcium content is by far the highest of any 
food source. When making composite materials, eggshell was also employed as a fine-grain particle 

reinforcement. There was an improvement in modulus, and increased tensile and hardness with an 
increase in weight % as a result of this reinforcement [1–3]. The ES waste was also made into a paste 
and used on plywood as a finish. CaCO3 may be added to plywood to make it fireproof and water-
resistant [4]. Compression molding improves the ES filler material's thermoplastic starch 

characteristics [5, 6]. Lime's potential for clay-based soil 
 
Instruments were used to examine the ES powder. Glass heated to over 1000 degrees Celsius was 

used to modeling the feasibility of ES using CaSiO3 as a stage. By increasing the amount of ES, the 

mechanical and microstructural characteristics of the AA6061 mix were enhanced [7, 8]. Extensive 
information regarding the chemical composition and mineralization of the ES was presented in this 
research. Eggshell stiffness under quasi-static stress conditions has been studied. In addition, it 
discusses ES's physical characteristics. It was suggested that ES powder be used to improve claying 

soils. In comparison to commercial CaCO3, the impact of ES and shrimp shells was to enhance the 
starch foam. For the digestion of microorganisms, CaCO3-type kitchen waste provided a rich metal 
supplementation (K, Na, Mg, and Al) [13–15]. In addition, a fluoride removal test was performed on 
an eggshell composite. The progress of the Eggshell composite and, therefore, the fluoride evacuation 

limit is strongly influenced by the union parameters. A combination of transmission electron 
microscopy and Fourier transform infrared spectroscopy was used to examine the objects' morphology 
and structural details. Egg albumin, which is coated on iron oxide, is used as a corrosion indicator. 

Egg albumin nanoparticles with iron oxide cores and shells were synthesized at temperatures between 
16 and 19 degrees Celsius. According to FTIR spectroscopy, the formation of eggshell molecules was 
closely linked to the presence of carbonate minerals. Infrared absorption, emission, and 
photoconductivity of solids, liquids, and gases may be measured with this method [20]. The testing 

was conducted using a nano-hardness analyzer. Stacking, holding, and emptying were used to 
calculate the weight of the burden vs the depth of the infiltration. ES-reinforced aluminium-based 
composites were studied for their mechanical characteristics [21–25]. Density decreased, while tensile 
strength and hardness increased. 
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In the rice milling business, the husk of the rice grain is obtained. SiO2 in RHA is a byproduct of 

burning rice husks, and its pozzolanic activity is very strong. To strengthen the strength of reinforced 

concrete and aluminium, RHA is utilized. [26–28] When tested, concrete's durability and corrosion 

resistance were both increased by RHA. Materials made from rice husks and their detritus are used in 

a simple manner to create new ones. Thermoset and thermoplastic composites may also benefit from 

RHA's reinforcing properties [29–31]. Segregation and deformation resistance are hallmarks of self-

compacting concrete. RHA's weight % increases with increasing strength. RHA and Adiabatic 

damaging refrigerators (magnetic chilling) exhibit comparable hydration heat rise behavior. With the 

addition of RHA, the mechanical qualities of cement are enhanced. 

 

The addition of RHA to autoclaved aerated concrete improves its physical, mechanical, and 

microstructural qualities [32, 33]. These articles cover the RHA's thermochemical and physical 

characteristics. The composite's compressive and flexural strength were both enhanced by the addition 

of RHA [34,35]. The wear eccentricity of the unreinforced AA and the A356.2/RHA composites is 

studied using scanning electron microscopy [36]. Due to an increase in pozzolanic activity, RHA 

percent increased the strength of blended concrete [37–41]. As the W/B ratio and RHA content were 

lowered, the compressive strength, ultrasonic pulse velocity, and electrical resistivity all rose [42]. 

The water absorption and total porosity, however, decreased. In the aluminium matrix, the RHA 

particles had an excellent interfacial reaction layer. Mechanical qualities were shown to be improved 

[43]. Boilers are often used to distribute the paddy, dispersing vitality via direct ignition and the 

consumption of rice straw. Cement samples were tested for the RHA substitution with different 

weight percentages of RHA in the cement. A 30 percent reduction in RHA's water absorption and 

porosity properties was achieved. Lime-pozzolana cement with brunt clay and red mud is tested for 

long-term strength behavior in lime-pozzolana mortars [44–47]. 

 

There are a number of benefits to incorporating low-density metals like aluminium and titanium 

into a metal matrix composite, including increased modulus and strength; lower coefficients of 

thermal expansion by reinforcing with fibers like graphite; and the ability to maintain properties like 

strength at high temperatures. Reinforcement is chosen for a composite alloy depending on its 

wettability and other properties, such as its mechanical strength. Before making the aluminium-based 

composite, both reinforcements are carbonized. B4C and MOS2 reinforcement have been included in 

AA7075 to improve mechanical qualities. This operation also included the completion of composite 

single-lap joints made from a glass fiber-reinforced epoxy (GRE) combination. SiC and snail shells 

enhance the corrosion and erosion resistance of AA6063. The erosion-corrosion resistance of a hybrid 

composite has been shown. When it comes to studying the microstructure and mechanical 

characteristics of hybrid reinforced AA metal composites, ultrasonic and vibration techniques have 

been used [50–54]. Increasing the yield and extreme properties of a composite while decreasing its 

break durability, pliability, and weakening split that causes blockage are all side effects of heat 

treating the material. Al-composite fracture ductility and stress–strain behavior is influenced by the 

inclusion of discontinuous SiC reinforcement [55–57]. [58] Spasmodically enhanced powder 

metallurgy MMCs [58] have been resurrected due to the need for lightweight, high-firmness 

materials. The specimens are subjected to ASTM standards for hardness, density, wear testing, and 

microstructural examinations. An AA7075 alloy was strengthened with 2.5 percent Al2O3 and 5 

percent SiC to conduct microstructure, microhardness, or impact tests. SEM pictures of the corrosion 

resistance of composites are frequently used to assess pitting morphology [61–63]. Increased 

brittleness and tensile strength. MgO was added to AA, which improved its mechanical 

characteristics. Using the horizontal electromagnetic stir for the rheology forging process, the grain of 

A356.2 alloy is regulated [64–67]. The as-cast microstructure of the supplementary cast amalgams 

used in this study was mind-boggling. With a variety of tools and methods (light microscopic 

inspection, scanning electron microscope, differential obstruction differentiation, deep drawing, EDX 

investigation), a broad range of encapsulating metallic phases could be detected [68]. Also check the 
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material's strength and hardness, which increases as the weight % increases. And the ductility and 

toughness of composite materials have been reduced. We used electromagnetic stir-casting and 

electron spin resonance (ESR) to create a fine-grain composite material. It is also keeping its heat. 

There are a number of critical aspects to consider while making cast MMC, including the speed of 

stirring, the size of the impeller, and its location in the melt. The heated reinforcement is forced into 

the parent metal by means of this device. A356.2 mix with-electromagnetic stir casting with varied 

weight percentages of RHA is used to create green MMCs from ES waste CaCO3 and SiC [75, 76]. 

information in the literature about hybrid composites. Extremely high levels of heat resistance and 

creep behavior may be found here. The tribological performance of Al/SiC/RHA is a hybrid 

composite that has tribological characteristics. Despite the fact that vehicle invention is moving at a 

rapid pace, it is still not as advanced as airplane innovation [77–80]. A metal matrix mix of aluminium 

and SiC enhances the tool's machinability. The tool's tribological behavior is quantified using the 

Taylor equation [81]. Due to split proliferation in lattice between groups of strengthening SiC 

particles, the composite's final break occurred. The weight % of reinforcement increases the strength, 

hardness, and wear and tear resistance of the material. Corrosion is also becoming better as a 

proportion of weight. It has been shown, however, in several investigations [83–88] that employing 

industrial wastes containing ceramic particles improved mechanical parameters such as tensile 

strength and hardness considerably. 

 

COMPOSITE MATERIAL PRODUCTION 

Using a variety of reinforcing materials, the composites are made using either an electromagnetic or 

mechanical stir-casting process. Composite materials are the primary focus of the stir-casting process. 

In most cases, the stirrer is employed to incorporate the reinforcing particles into the molten matrix. 

That waste is a major source of pollution to the atmosphere. Figures 1 and 2 depict the use of eggshell 

and RHA, respectively. It is shown in Figure 3 that the use of aluminium alloy in the creation of 

composites. 

 

 
Figure 1. Primary reinforcement: eggshell. 

 

 
Figure 2. Secondary reinforcement: rice husk ash. 
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Figure 3. Aluminium alloy. 
 

 
Figure 4. ES Utilization in various applications. 
 

SUMMARY AND DISCUSSIONS 

This was the result of ES's major reinforcement research, which included looking at numerous sorts 

of publications. To manufacture the Al-based green composite material, RHA was employed as a 

secondary reinforcement with a fine-grain particle. Hybrid composite materials benefit from the 
addition of all of the aforementioned reinforcements. However, several researchers have used 

secondary reinforcement such as propylene, shrimp shell, SiO2, and concrete in the construction of 

composite materials. A variety of uses for eggshells are shown in Figure 4. 

 
Propylene, calm shell, and concrete may all benefit from the tensile strength and hardness 

enhancements provided by ES when used in varying weight percentages. Following ball milling to 

produce ultra-fine particles, either carbonization or decarbonization is performed on the ES. With 
other strengthening, MMCs are produced. For the carbonization of ES, it is heated to 570 degrees 

Celsius. Eggshell with AA has been used by a very small number of researchers. The scientists 

created the composite material using fine particle RHA as reinforcement. Figure 5 illustrates the many 
uses of RHA. A356.2, AA2014, and brunt clay/red mud are all used as secondary reinforcement in the 

creation of composite materials such as self-compacting concrete and autoclaved aerated concrete. To 

enhance the mechanical qualities of the composite material, RHA is blended with AA2014, A356.2, 

brunt clay, and red mud. RHA is finely ground and then carbonized by ball milling. With other 
strengthening, MMCs are produced. Carbonization of RHA does not need temperatures in excess of 

690°C. Figure 6 shows the various ceramic particles employed in the construction of composites using 

aluminium as reinforcement. Due to its excellent strength-to-weight ratio, aluminium-based 
composite is increasingly sought after in the automobile industry. Materials used for AA-based metal 
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matrix composite reinforcement are listed below. RHA and SiC reinforcement has been employed by 
the majority of researchers to improve the mechanical characteristics of AA alloys. The mechanical 

behavior of AA-based composites has been studied less thoroughly than the effects of pure Cu, B4C, 

and MOS2. By using a stir-casting method, all of the aforementioned reinforcement is evenly 
dispersed. The fine-grain size particle should be mixed in with the reinforcement. The creation of 

MMCs relies on a summary of the percentage contributions of different reinforcing materials. Reports 

on different reinforcing materials were discussed in depth. 
 

 
Figure 5. RHA Utilization in various applications. 

 

 
Figure 6. Creation of composites, various ceramic particles employed as reinforcement with 

aluminium. 

 

CONCLUSIONS 

Eggshell (industrial leftovers) and RHA (agricultural residues) were found to be affordable and 

useful biopolymers that might be employed as reinforcement for the construction of MMCs after a 

thorough examination of the literature. The following conclusions may be drawn from this study: 

• In the creation of different composites such as MMCs, cement concrete-based composites, and 
polymer composites, RHA was shown to be an effective reinforcing material. 
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• Using a variety of stir-casting techniques, the mechanical and tribological characteristics of 

aluminium alloys with various reinforcing combinations are investigated. Despite the fact that 

tensile strength, hardness, and fatigue strength have all increased, toughness has decreased in 

all of these situations. It is impossible to overlook the decline in toughness. 

• Overall hardness may be enhanced by adding RHA as a reinforcing material, according to the 

research. However, only a small number of researchers have exploited RHA as a reinforcing 

material in the production of Al-based composite. 

• Reinforcement options for the aluminium alloy include SiC, Al2O3, B4C, and fly ash in 

addition to graphite. RHA and eggshells have only occasionally been used as reinforcement for 

AA alloy, though. 

 

REFERENCES 

1. Hassan SB, Aigbodion VS. Effects of eggshell on the microstructures and properties of Al–Cu–

Mg/eggshell particulate composites. J King Saud Univ. 2015;27:49-56. 

2. Toro P, Quijada R, Yazdani-Pedram M, Arias JL. Eggshell, a new bio-filler for polypropylene 

composites, MALLET 61 (2007). p. 4347-50. 

3. Chen X, Li C, Wang J, Li J, Luan X, Li Y et al. Investigation on solar photocatalytic activity of 

TiO2 loaded composite: TiO2/Eggshell, TiO2/Clamshell and TiO2/CaCO3. Materials Letters. 

2010;64(13):1437-40. doi: 10.1016/j.matlet.2010.03.048. 

4. Ramli Sulong NH, Yew MK, Amalina MA, Johan MR, Eggshell: a novel bio-filler intumescent 

flame retardant coating, Organ. Coat. M.C. yew. 2015;81:116-24. 

5. Bootklad M, Kaewtatip K. Biodegradation of thermoplastic starch/eggshell powder composites. 

Carbohydr Polym. 2013;97(2):315-20. doi: 10.1016/j.carbpol.2013.05.030. 

6. Hassan TA, Rangari VK, Rana RK, Jeelani S. Sonochemical effect on size reduction of CaCO3 

nanoparticles derived from waste eggshells. Ultrason Sonochem. 2013;20(5):1308-15. doi: 

10.1016/j.ultsonch.2013.01.016. 

7. Zhang J, Tan J, Tang W, Zhao Xilu, Zhu Y. Experimental and numerical collapse properties of 

externally pressurized egg-shaped shells under local geometrical imperfections, IJPVP 2019. doi: 

10.1016/j. ijpvp.2019.04.006. 

8. Blachut J, Jaiswal OR. On buckling of toroidal shells under external pressure, Pergoman. 

1999;77:233-51. 

9. Amu OO, Fajobi AB, Oke BO. Effect of eggshell powder on the stabilizing potential of lime on 

the expensive clay soil. J Appl Sci. 2005;5(8):1474-8. doi: 10.3923/jas.2005.1474.1478. 

10. Ayawanna J, Kingnoi N, Laorodphan N. A feasibility study of eggshell-derived porous glass–

ceramic orbital implants. Mater Lett. 2019;241:39-42. doi: 10.1016/j.matlet.2019.01.040. 

11. Chaithanyasaia A, Vakchorea PR, Umasankara V. The micro structural and mechanical property 

study of effects of eggshell particles on the aluminum 6061. Procedia Eng. 2014;57:961-7. 

12. Khai ETS. Engineering properties of light weight foamed concrete with 7.5% eggshell as partial 

cement replacement, MATLETS. 2015;16:898-908. 

13. Hincke MT, Nys Y, Gautron J, Mann K, Rodriguez-Navarro AB, McKee MD. The eggshell: 

structure, composition and mineralization. Front Biosci (Landmark Ed). 2012;17(4):1266-80. doi: 

10.2741/3985. 

14. Hunt JR, Voisey PW. Physical properties of eggshells, Animal Inst. Res. 1966 1398-404. 

15. Anumol S, Moideen F, Jose JK, Abraham A, Studies on improvement of clayey soil using egg 

shell powder and quarry dust. IJERA 4. Anu Paul. 2014;V:55-63. 

16. Yu-Xing L, Gui-Qin J, Xi-Wen H, Lang-Xing C, Yu-Kui Z. Preparation and application of core-

shell structural carbon nanotubes-molecularly imprinted composite material for determination of 

nafcillin in egg samples LIU. Chin J Anal Chem. 2013;241:161-6. 

17. Lunge S, Thakre D, Kamble S, Labhsetwar N, Rayalu S. Alumina supported carbon composite 

material with exceptionally high defluoridation property from eggshell waste. J Hazard Mater. 

2012;237-238:161-9. doi: 10.1016/j.jhazmat.2012.08.023. 



 

 

Utilization Waste Products as Reinforcement in Development of Composite Material                 Prashant Sharma 

 

 

© STM Journals 2022. All Rights Reserved S53  
 

18. Mittal A, Teotia M, Soni RK, Mittal J. Applications of egg shell and egg shell membrane as 

adsorbents: a review. J Mol Liq. 2016;223:376-87. doi: 10.1016/j.molliq.2016.08.065. 

19. Rock L, Rowe S, Czerwiec A, Richmond H. Isotopic analysis of eggs: evaluating sample 

collection and preparation. Food Chem. 2013;136(3-4):1551-6. doi: 

10.1016/j.foodchem.2012.03.041. 

20. Sonker N, Bajpai AKJ, Bajpai AM. Facile synthesis and characterization of iron oxide–egg 

albumin (IOEA) as core-shell nanoparticles and study of water intake potential, NANO-Struct. 

Nano-Obj. 2017;14:1-10. 

21. Tsai WT, Yang JM, Lai CW, Cheng YH, Lin CC, Yeh CW. Characterization and adsorption 

properties of eggshells and eggshell membrane. Bioresour Technol. 2006;97(3):488-93. doi: 

10.1016/j.biortech.2005.02.050. 

22. Tu Q, Hickey ME, Yang T, Gao S, Zhang Q, Qu Y et al. A simple and rapid method for detecting 

the pesticide fipronil on eggshells and in liquid eggs by Raman microscopy. Food Control. 

2019;96:16-21. doi: 10.1016/j.foodcont.2018.08.025. 

23. Severa L, Buchar J, Votava J. New approach of eggshell mechanical properties determination. 

Acta Univ Agric Silvic Mendelianae Brun. 2014;58(1):161-6. doi: 

10.11118/actaun201058010161. 

24. Dwivedi SP, Sharma S, Mishra RK. Mechanical and metallurgical characterizations of 

AA2014/Eggshells waste particulate metal matrix composite, springer; 2016. doi: 

10.1007/s40684-016-0036-0. 

25. Freire MN, Holanda JNF. Characterization of avian eggshell waste aiming its use in a ceramic 

wall tile paste. Cerâmica. 2006;52(324):240-4. doi: 10.1590/S0366-69132006000400004. 

26. António J, Tadeu A, Marques B, Almeida JAS, Pinto V. Application of rice husk in the 

development of new composite boards. Constr Build Mater. 2018;176:432-9. doi: 

10.1016/j.conbuildmat.2018.05.028. 

27. Naji Givi A, Rashid SA, Aziz FN A, Salleh MAM. Contribution of rice husk ash to the properties 

of mortar and concrete. J Am Sci. 2016;6:157-65. 

28. Kumar S, Sangwan P, Dhankhar R, Mor V, Bidra S. Utilization of rice husk and their ash, RJCES. 

2013;1(5):129-36. 

29. Nagrale SD, Hajare H, Modak PR. Utilization of rice husk ash. Int J Eng Res Appl (IJERA). 

2012;2(4):001-5. 

30. Bakar BHA, Putrajaya R, Abdulaziz H. Malaysian rice husk ash – improving the durability and 

corrosion resistance of concrete, Concr Res Let. 2010;1(1):6-13. 

31. Bassyouni M, Hasan UL. The use of rice straw and husk fibers as reinforcements in composites, 

Biofiber Reinf. J Compos Mater. 2015. doi: 10.1533/9781782421276.4.385. 

32. Kunchariyakun K, Asavapisit S, Sombatsompop K. Properties of autoclaved aerated concrete 

incorporating rice husk ash as partial replacement for fine aggregate. Cem Concr Compos. 

2015;55:11-6. doi: 10.1016/j.cemconcomp.2014.07.021. 

33. Liu S, Yan K, Zhang Yh, Jin S, Ye Y, Chen X. Magnesiothermic reduction of rice husk ash for 

electromagnetic wave adsorption. J Magn Magn Mater. 2015;394:266-73. doi: 

10.1016/j.jmmm.2015.06.074. 

34. Mansaray KG, Ghaly AE. Physical and thermochemical properties of rice husk, Energy Resour. 

2007;19(9):989-1004. 

35. Asman NSA, Dullah S, Ayog JL, Amaludin A, Hassanel CH, Lim A et al. Mechanical properties 

of concrete using eggshell ash and rice husk ash as partial replacement of cement, ISCEE. 

2016;103:1-7. 

36. Okpala DC. Some engineering properties of sandcrete blocks containing rice husk ash. Build 

Environ. 1993;28(3):235-41. doi: 10.1016/0360-1323(93)90029-3. 

37. Prasad CS, Maiti KN, Venugopal R. Effect of rice husk ash in whiteware compositions. Ceram 

Int. 2001;27(6):629-35. doi: 10.1016/S0272-8842(01)00010-4. 

38. Tiwari S, Pradhan MK. Effect of rice husk ash on properties of aluminium alloys: a review. Mater 

Today Proc. 2017;4(2):486-95. doi: 10.1016/j.matpr.2017.01.049. 



 

Journal of Polymer & Composites 

Volume 10, Special Issue 3 

ISSN: 2321-2810 (Online), ISSN: 2321-8525 (Print) 

 

© STM Journals 2022. All Rights Reserved S54  
 

39. Premalal HGB, Ismail H, Baharin A. Comparison of the mechanical properties of rice husk 

powder filled polypropylene composites with talc filled polypropylene composites. Polym Test. 

2002;21(7):833-9. doi: 10.1016/S0142-9418(02)00018-1. 

40. Habeeb GA, Fayyadh MM. Rice husk ash concrete: the effect of RHA average particle size on 

mechanical properties and drying shrinkage. Aust J Basic Appl Sci. 2009;3(3):1616-22. 

41. Rukzon S, Chindaprasirt P, Mahachai R. Effect of grinding on chemical and physical properties 

of rice husk ash. Int J Miner Metall Mater. 2009;16(2):242-7. doi: 10.1016/S1674-

4799(09)60041-8. 

42. Safiuddin Md, West JS, Soudki KA. Hardened properties of self-consolidating high performance 

concrete including rice husk ash. Cem Concr Compos. 2010;32(9):708-17. doi: 

10.1016/j.cemconcomp.2010.07.006. 

43. Saravanan SD, Kumar MS. Effect of mechanical properties on rice husk ash reinforced aluminum 

alloy (AlSi10Mg) matrix composites. Procedia Eng. 2013;64:1505-13. doi: 

10.1016/j.proeng.2013.09.232. 

44. Thomas BS. Green concrete partially comprised of rice husk ash as a supplementary cementitious 

material – a comprehensive review. Renew Sustain Energy Rev. 2018;82:3913-23. doi: 

10.1016/j.rser.2017.10.081. 

45. Akeke GA, Ephraim ME, Akobo IZS, Ukpata JO. Structural properties of rice husk ash concrete, 

Ijeas. 2013;3:57-62. 

46. Vishwakarma V, Ramachandran D, Anbarasan N. Arul Maximus Rabel, Studies of rice husk ash 

nanoparticles on the mechanical and microstructural properties of the concrete. Mater Today Proc. 

2016;3:1999-2007. 

47. Yogananda MR, Jagadish KS. Pozzolanic properties of rice husk ash, burnt clay and red mud. 

Build Environ. 1988;23(4):303-8. doi: 10.1016/0360-1323(88)90036-4. 

48. Liu S, Wang Yinwei, Muthuramalingam T, Anbuchezhiyan G. Effect of B4C and MOS2 

reinforcement on micro structure and wear properties of aluminum hybrid composite for 

automotive applications, Compos; 2019 1–7. p. B176. 

49. Mariam M, Afendi M, Abdul Majid MSA, Ridzuan MJM, Sultan MTH, Jawaid M et al. 

Hydrothermal ageing effect on the mechanical behaviour and fatigue response of aluminium 

alloy/glass/epoxy hybrid composite single lap joints. Compos Struct. 2019;219:69-82. doi: 

10.1016/j.compstruct.2019.03.078. 

50. Aribo S, Fakorede A, OladejiIge PO. Erosion-corrosion behaviour of aluminium alloy6063 hybrid 

composite. Wear. 2017;376:608-14. 

51. Prasad DS, Krishna AR. Tribological properties of A356.2/RHA composites. J Mater Sci 

Technol. 2012;28(4):367-72. doi: 10.1016/S1005-0302(12)60069-3. 

52. González-Doncel G, Sherby OD. High temperature creep behavior of metal matrix Aluminum 

SiC composites. Acta Metall Mater. 1993;41(10):2797-805. doi: 10.1016/0956-7151(93)90094-9. 

53. Lin JT, Bhattacharyya D, Lane C. Machinability of a silicon carbide reinforced aluminium metal 

matrix composite, Wear(Case Study). 1995;181-183:883-8. 

54. Logsdon WA, Liaw PK. Tensile, fracture toughness and fatigue crack growth rate properties of 

silicon carbide whisker and particulate reinforced aluminum metal matrix composites. Eng Fract 

Mech. 1986;24(5):737-51. doi: 10.1016/0013-7944(86)90246-8. 

55. McDanels DL. Analysis of stress-strain, fracture, and ductility behavior of aluminum matrix 

composites containing discontinuous silicon carbide reinforcement. Metall Trans. 

1985;16(6):1105-15. doi: 10.1007/BF02811679. 

56. Nair SV, Tien JK, Bates RC. SiC-reinforced aluminium metal matrix composites. Int Met Rev. 

1985;30(6):275-90. 

57. Srivatsan TS, Al-Hajri M, Smith C, Petraroli M. The tensile response and fracture behavior of 

2009 aluminum alloy metal matrix composite. Mater Sci Eng. 2003;346(1-2):91-100. doi: 

10.1016/S0921-5093(02)00481-1. 

58. Srivatsan TS. Processing techniques for particulate-reinforced metal aluminium matrix 

composites, JMS. 1991;26:5965-78. 



 

 

Utilization Waste Products as Reinforcement in Development of Composite Material                 Prashant Sharma 

 

 

© STM Journals 2022. All Rights Reserved S55  
 

59. Veeresh Kumar GB, Rao CSP, Selvaraj N, Bhagyashekar MS. Studies on Al6061-SiC and 

Al7075-Al2O3 metal matrix composites, JMMCE (J. Miner Mater Charact Eng. 2010;9(1):43-55. 

60. Suryakumari TSA, Ranganathan S. Preparation and study the wear behaviour of aluminium 

hybrid composite. Mater Today Proc. 2018;5(2):8104-11. doi: 10.1016/j.matpr.2017.11.497. 

61. Trzaskoma PP. Pit morphology of aluminum alloy and silicon carbide/aluminum alloy metal 

matrix composites, Natl. Assoc Corros Eng. 1990;46:402-9. 

62. Uzun H. Friction stir welding of SiC particulate reinforced AA2124 aluminium alloy matrix 

composite. Mater Des. 2007;28(5):1440-6. doi: 10.1016/j.matdes.2006.03.023. 

63. Wang X, Jha A, Brydson R. In situ fabrication of Al3Ti particle reinforced aluminium alloy 

metal–matrix composites. Mater Sci Eng A. 2004;364(1-2):339-45. doi: 

10.1016/j.msea.2003.08.049. 

64. Yar AA, Montazerian M, Abdizadeh H, Baharvandi HR. Microstructure and mechanical 

properties of aluminum alloy matrix composite reinforced with nanoparticle MgO. J Alloys 

Compd. 2009;484(1-2):400-4. doi: 10.1016/j.jallcom.2009.04.117. 

65. Kang CG, Bae JW, Kim BM. The grain size control of A356 aluminum alloy by horizontal 

electromagnetic stirring for rheology forging. J Mater Process Technol. 2007;187-188:344-8. doi: 

10.1016/j.jmatprotec.2006.11.181. 

66. Li J, Li F, Wu S, Lü S, Guo W, Yang X. Variation of microstructure and mechanical properties of 

hybrid particulates reinforced Al-alloy matrix composites with ultrasonic treatment. J Alloys 

Compd. 2019;789:630-8. doi: 10.1016/j.jallcom.2019.03.074. 

67. Hurtalová L, Tillová E, Chalupová M, E. Dˇ uriníková. Effect of chemical composition of 

secondary Al-Si cast alloy on intermetallic phases. In: Scientific. Proceedings of the 9th 

international congress machines, technologies, materials; 2012, ISSN 1310-3946. 

68. Prasad DS, A Dr, Krishna R. Production and mechanical properties of A356.2/RHA composites. 

Int J Adv Sci Technol. 2011;33:51-8. 

69. Engin B, Demirtaş H. The use of ESR spectroscopy for the investigation of dosimetric properties 

of egg shells. Radiat Phys Chem. 2004;71(6):1113-23. doi: 10.1016/j.radphyschem.2003.12.053. 

70. Kaczmar JW, Pietrzak K, Włosiński W. The production and application of metal matrix 

composite materials. J Mater Process Technol. 2000;106(1-3):58-67. doi: 10.1016/S0924-

0136(00)00639-7. 

71. Hashim J, Looney L, Hashmi MSJ. Metal matrix composites: production by the stir casting 

method. J Mater Process Technol. 1999;92-93:1-7. doi: 10.1016/S0924-0136(99)00118-1. 

72. Dwivedi SP, Maurya NK, Maurya M. Effect of uncarbonized eggshell weight percentage on 

mechanical properties of composite material developed by electromagnetic stir casting technique. 

Revue des Composites et des Matériaux Avancés. 2019;29(2):101-7. doi: 

10.18280/rcma.29020529. 

73. Dwivedi SP, Sharma S, Mishra RK. Tribological behavior of a newly developed AA2014/waste 

eggshell/SiC hybrid green MMC at optimum parameters. J Eng Manuf. 2016;7:48-60. 

74. Prabu SB, Karunamoorthy L, Kathiresan S, Mohan B. Influence of stirring speed and stirring time 

on distribution of particles in cast metal matrix composite. J Mater Process Technol. 

2006;171(2):268-73. doi: 10.1016/j.jmatprotec.2005.06.071. 

75. Li L, Zhou RF, Cen Q, Lu D, Jiang Y, Zhou R. Effect of Cooling Rate on the Microstructure of 

Semi-Solid Al–25Si–2Fe Alloy During Electromagnetic Stirring. Trans Indian Inst Met. 

2013;66(2):163-9. doi: 10.1007/s12666-012-0239-1. 

76. Dwivedi SP, Sharma S, Mishra RK. A comparative study of waste eggshells, CaCO3, and SiC-

reinforced AA2014 green metal matrix composites. J Compos Mater. 2017;51(17):2407-21. doi: 

10.1177/0021998316672295. 

77. Hasibul Haque Md, Ramin Ahmed Md, Khan M, Shahriar S. Fabrication, reinforcement and 

characterization of metal matrix composites (MMCs) using rice husk ash and aluminium alloy (A-

356.2), IJSER. 2016;7(3):28-35. 

78. Chintada S, Dora SP, Prathipati Raju. Investigations on the machinability of Al/SiC/RHA hybrid 

metal matrix composites. Silicon. 2019;11(6):2907-18. doi: 10.1007/s12633-019-0080-9. 



 

Journal of Polymer & Composites 

Volume 10, Special Issue 3 

ISSN: 2321-2810 (Online), ISSN: 2321-8525 (Print) 

 

© STM Journals 2022. All Rights Reserved S56  
 

79. Hong S-J, Kim H-M, Huh D, Suryanarayana C, Chun BS. Effect of clustering on the mechanical 
properties of SiC particulate-reinforced aluminum alloy 2024 metal matrix composites. Mater Sci 

Eng. 2003;347(1-2):198-204. doi: 10.1016/S0921-5093(02)00593-2. 

80. Singla M, Dwivedi DD, Singh L, Chawla V. Development of aluminium based silicon carbide 
particulate metal matrix composite, JMMCE. 2009;8(6):455-67. 

81. Lloyd DJ. Particle reinforced aluminium and magnesium matrix composites. Int Mater Rev. 

1994;39(1):1-23. doi: 10.1179/imr.1994.39.1.1. 
82. Hosking FM, Portillo FF, Wunderlin R, Mehrabian R. Composites of aluminium alloys: 

fabrication and wear behaviour. J Mater Sci. 1982;17(2):477-98. doi: 10.1007/BF00591483. 

83. Dwivedi SP, Dixit A, Bajaj R. Development of bio-composite material by utilizing chrome 

containing leather waste with Al 2 O 3 ceramic particles. Mater Res Express. 2019;6(10):105105. 
doi: 10.1088/2053-1591/ab3f8e. 

84. Shashi Prakash Dwivedi, V. R. Mishra, Ashok Kumar Mishra. Effect of MgO addition on 

physico-chemical, mechanical and thermal behaviour of Al/Si3N4 composite material developed 
via hybrid casting technique. J Ceram Process Res. 2019;20(6):632-42. doi: 

10.36410/jcpr.2019.20.6.632. 

85. Dwivedi SP. Effect of ball-milled MgO and Si3N4 addition on the physical, mechanical and 
thermal behaviour of aluminium based composite developed by hybrid casting technique. Int J 

Cast Met Res. 2020;33(1):35-49. doi: 10.1080/13640461.2020.1744370. 

86. Yadav R, Dwivedi SP, Dwivedi VK, Islam A. Microstructure and mechanical testing of 

Al/graphite/Fly-ash metal matrix composite material. World J Eng. 2021. 
87. Yadav R, Dwivedi SP, Dwivedi VK. Synthesis and mechanical behavior of ball-milled agro-

waste RHA and eggshell reinforced composite material. Mater Perform Char. 2021;10(1):237-54. 

doi: 10.1520/MPC20190247. 
88. Dwivedi SP, Maurya M, Maurya NK, Srivastava AK, Sharma S, Saxena A. Utilization of 

groundnut shell as reinforcement in development of aluminum-based composite to reduce 

environment pollution: a review, Evergreen Joint J. Novel Carbon Resour. Sci. Green Asia 

Strategy. 2020;07(01):15-25. 
 


