MECHANICAL AND THERMAL PROPERTIES OF HYBRID RICE HUSK AND
COCO PEAT FILLED ACRYLONITRILE BUTADIENE STYRENE POLYMER

NURUL HAZIATUL AIN BINTI NORHASNAN

UNIVERSITI TEKNOLOGI MALAYSIA



MECHANICAL AND THERMAL PROPERTIES OF HYBRID RICE HUSK AND
COCO PEAT FILLED ACRYLONITRILE BUTADIENE STYRENE POLYMER

NURUL HAZIATUL AIN BINTI NORHASNAN

A thesis submitted in fulfilment of the
requirements for the award of the degree of

Master of Philosophy

Razak Faculty of Technology and Informatics

Universiti Teknologi Malaysia

AUGUST 2021



DEDICATION

Every challenging works need strength from people around me especially from my

husband, Kapt Mohd Izzuddin Bin Khamarolzaman for always supports and being a

backbone for me. My kids Nur Afrina Irdeena and Muhammad Afeef, this proposal
dedicated for encouragement to keep learning.

My humble effort | dedicate to my parent, siblings and family in law. Thank you for

all the prayers and love. This thesis represent appreciation to all of you.



ACKNOWLEDGEMENT

In preparing this thesis, | was in contact with many people, academicians and
researchers. They has contributed towards my understanding and thoughts. | wish to
express my sincere appreciation especially to my main thesis supervisor, Ts. Dr.
Mohamad Zaki Bin Hassan, for endless encouragement, guidance, and support.
Without his continous support and interest, this thesis would not have been the same
as presented here.

My fellow postgraduate student should also be recognised for their support.
My sincere appreciation also extends to whom have provided assistance at various
occasions. Their views and tips are useful indeed. Unfortunately, it is not possible to
list all of them in this limited space. | am grateful to my entire family member.



ABSTRACT

The utilization of natural waste material such as rice husk (RH) and coco peat
(CP) that can fill a thermoplastic matrix to produce low-cost green composites are
interesting to be studied. Weak properties that exist in rice husk and coco peat can be
improved through hybridization methods which can reduce deficiencies in both fillers.
In this study, the effectiveness of these hybridized biocomposites was evaluated based
on the following physical, mechanical and thermal properties. Initially, the samples
were fabricated using a combination of melt blend mixer and injection moulding
techniques. The RH and CP fillers were incorporated with the acrylonitrile butadiene
styrene (ABS) matrix in different weight fractions commencing with 0% RH - 5% CP,
5% RH - 15% CP, 10% RH — 10% CP, 15% RH — 5% CP and 20% RH — 0% CP
respectively. It was found that an increment of rice husk weight ratio in hybrid fibre
increased the density of samples. However, it reduced the Kinetic water absorption of
these biocomposites. Water absorption research exposed that the water uptake was
increased at maximum of 20% with the increment compositions of coco peat filler.
The 15% RH — 5% CP reinforced ABS exhibited an increment of 17.8% and 7.3% in
tensile and flexural strength compared to the best result achieved from the monofibre
RH. Result exhibited all rice husk and coco peat filled composites tend to be brittle
fracture in manner. Observation on the tensile morphology surfaces using a scanning
electron on microscope affirmed the above finding satisfactorily. The degradation
period and thermal stability of the biocomposites indicated deterioration with the
presence of rice husk and coco peat loading. Thus, it can be concluded that hybrid-
natural waste reinforced ABS biocomposites can be utilized as a biodegradable
material for engineering applications whereby excellent mechanical properties are

paramount.
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ABSTRAK

Penggunaan sisa buangan semulajadi seperti sekam padi (RH) dan sabut kelapa
(CP) dapat diisi di dalam matrik plastik haba bagi menghasilkan komposit hijau yang
berkos rendah menarik untuk diketengahkan. Sifat lemah yang terdapat di dalam RH
dan CP dapat diperbaiki melalui kaedah hibridisasi, di mana boleh menutupi
kekurangan dalam kedua-dua bahan pengisi. Dalam kajian ini, keberkesanan hibrid
biokomposit dinilai dari ketahanan fizikal, mekanikal dan sifat haba. Awalnya, dengan
sampel dihasilkan mengunakan teknik penggaul adunan lebur dan teknik pengacuan
suntikan. Pengisi RH dan CP telah digabungkan dengan acrylonitrile butadiene
styrene (ABS) matrik dengan pecahan berat yang berbeza iaitu 0% RH- 5% CP, 5%
RH- 15% CP, 10% RH — 10% CP, 15% RH — 5% CP and 20% RH — 0% CP. Didapati
bahawa semakin tinggi nisbah berat sekam padi di dalam hibrid gentian, maka semakin
bertambah ketumpatan sampel. Walau bagaimanapun, ianya mengurangkan kinetik
penyerapan air biokomposit tersebut. Kajian serapan air mendedahkan bahawa serapan
air meningkat pada peratusan maksimum 20% dengan pertambahan komposisi pengisi
sabut kelapa. 15% RH — 5% CP diperkuatkan ABS menunjukkan peningkatan
sebanyak 17.8% dan 7.3% bagi kekuatan tegangan dan lenturan dibandingkan dengan
keputusan yang terbaik diperolehi daripada monogentian RH. Hasil mempamerkan
kesemua sekam padi dan sabut kelapa isian komposit cenderung kepada cara patah
rapuh. Pemerhatian pada permukaan morfologi tegangan menggunakan mikroskop
imbasan elektron mengesahkan penemuan di atas dengan jayanya. Tempoh penguraian
dan kestabilan haba biokomposit menunjukkan kemerosotan dengan kehadiran beban
sekam padi dan sabut kelapa. Oleh itu, ianya dapat disimpulkan bahawa sisa buangan
hibrid diperkuatkan ABS boleh digunakan sebagai bahan biodegradasi untuk kegunaan

kejuruteraan dengan sifat mekanikal yang cemerlang adalah menjadi keutamaan.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Currently, greener and biodegradable materials have attracted interest from researchers
to be explored. The natural fibre is the famous material that has been focused on. Besides can
be recycled, they have consisted of natural substances like cellulose, lignin, hemicellulose,
pectin, and protein that offer outstanding performance, temperature stability, and high strength
to weight ratio (Moosavi et al., 2020). According to 2014 data, the crops cultivated in Malaysia
include rubber (39.67 per cent), oil palm (34.56 per cent), cocoa (6.75 per cent), rice (12.68 per
cent), and coconut (6.34 per cent) (Tambichik et al., 2018). In general, Malaysia generates a
million tons of agriculture residue a year, and the bulk of them are not fully utilized for further
downstream operation. Figure 1.1 shows the production of agricultural waste in Malaysia in
2007 which was generated from the production of palm oil, rice, rubber, coconut, sugar cane

waste, forest products, and municipal waste.
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Figure 1.1 Production of agriculture waste in Malaysia (Mekhilef et al., 2011)



Malaysia as a leading producer of paddy in the world produced approximately 10 tonnes
of paddy per hectare with the output of rice approximately 6,575,474.8 tonnes per year due to
the emerging technological development in this sector (S. M. Shafie et al., 2012). According
to Muda Agricultural Development Authority (MADA), it gained almost 0.48 million tonnes
of rice husk (RH) in a year during the harvesting and milling process (Rosmiza et al., 2017).
Table 1.1 shows the production of rice and waste from 2000 to 2012 in the project by the
MADA agency. However, around 1.0% of waste has diversely been used in various
applications including animal feed, compost, paper goods and mushroom growth media
(MADA, 2014). Unfortunately, garbage burning remains the underlying cultural practice of
disposal in Malaysia.

Table 1.1 Malaysia's total paddy and waste output during the season, 2000-2012
(Rosmiza et al., 2017)

Year Planted area Paddy production *Waste production
(hectares) (tonnes) (tonnes)
2000 698 702 2,140 904 2,616 660
2001 673 634 2,094 995 2,560 549
2002 678 544 2,197 351 2,685 651
2003 671 820 2, 257 037 2,758 600
2004 676 310 2,291 353 2,800 542
2005 666 781 2,314 378 2,828 684
2005 676 034 2,187519 2,673 634
2007 676 111 2, 375 604 2,903 516
2008 656 602 2, 353032 2,875 928
2009 674 928 2,511 043 3,069 052
2010 677 884 2,464 831 3,012 571
2011 687 940 2,578519 3,151 523
2012 684 545 2,599 382 3,177 022




RH itself has several benefits, for example, it could be turned into fuel using the
pyrolysis process. The highest energy content of the RH could be harnessed by this gasification
technique to earn substantial combustion products to reduce the use of fossil fuels. RH also
highly contains lignin and cellulose which are fitting in the use as activated carbon capture
(Tiwari et al., 2017) (He. S et al., 2021) (Panda D et al, 2020). Wang et. al. (2020) modified
the adsorbent X zeolite from RH for carbon dioxide (CO2) capture prepared using the
consolidation of thermal and chemical activation. These modified zeolites enhanced the heat
and gas absorption mechanisms during adsorption and desorption, which were suitable for
long-term CO2 capture and separation from the industrial exhaust gas. Also, RH is an advanced
material with a high composition of silica that can be used as a polishing and cleaning agent
Tiwari et al., (2017). Furthermore, Okoya et. al. (2020) proposed to employ RH biochar as a
catalyst in conventional water treatment for removing chlorpyrifos from pesticide polluted

water.

Several studies reported the application of RH fibres in synthetic polymer for furniture
and household appliances which could support the concept of reducing agriculture waste
(Pratheep et al. 2020, Sadik et. al. 2021, Gupta et. al. 2020, Datta et. al.2020). Pratheep et al.
(2020) also verified that high mechanical properties can be obtained by smaller RH size
utilization as wood powder composite resultant from the reduction of void and cavities. This
wood-plastic composite can be fully eligible as a decking and flooring fixture. Sadik et. al.
(2021) also proved that the effect of nano-silica extracted from RH in wood plastic composite
applications improved the water absorption and thickness swelling of composites. In addition,
thermal stability was slightly enhanced as compared with neat composite. The utilization of
RH fibres in composites as food packaging has got a lot of attention from researchers. Gupta
et. al. (2020) synthesised the carboxymethyl cellulose (CMC) element from RH fibre to
fabricate a biodegradable film. To improve the tensile strength and elongation of the film, the
CMC was blended with glycerol and citric acid. Datta et al., (2020) also extracted RH fibre to
produce crystalline starch phthalate. These thin films have excellent mechanical (tensile, tear,
stiffness), optical (haze, transmittance), and biodegradation characteristics, making them ideal

for biodegradable food packaging applications.



The coconut industry in Malaysia is considered as one of the new emerging crops that
attracted a younger generation to be fostering and could bring a significant impact to the
country’s economy. Malaysian Agricultural Research and Development Institute (MARDI),
reported that Malaysia is one of the top ten coconut growers in the world, although production
decreased between 2014 and 2016., due can’t compete with countries such as Thailand,
Philippines and Indonesia in terms of price and volume (Hoe Kek Then et al., 2018). The area
under coconut cultivation in Malaysia has gradually decreased from 120 000 ha in 2005 to 85
000 ha in 2016 reported by Tan Zhai Yun et al., (2019).

Furthermore, it is projected that this crop business provides a source of income for
80,000 people and supports a thriving small and medium-sized coconut-based industrial sector,
with a positive trade surplus of around RM81.2 million in 2007.
(http://www.anjungnet.mardi.gov.my, 2009). The reduction of area planted with coconut in
Malaysia by 30 per cent within 10 years was mainly due to the conversion of coconut planting
into oil palm or other crops. Figure 1.2 shows that coconut planting and production in 2005-
2016 in Malaysia.
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Figure 1.2 Malaysian coconut planting and production trends
(2005-2016)

Coconut trash is a plentiful agricultural waste that also contributes to kitchen waste.
The waste is produced by several components of the coconut head, including the husk, kernel,

and flesh (inner part). Previously, such agro-waste was used as animal feed or organic fertiliser
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or was otherwise left to decay naturally in fields, dumped, or burned, but contemporary
techniques are on-farm burning, burying, stockpiling and landfilling as reported by Sadh et al.,
(2018). Besides being used as animal feed or supplement, it may also be utilised as organic

fertiliser via bioconversion.

Nowadays, composite materials have a wide range of applications in a variety of fields
such as aerospace, automobile as well as sporting goods, due it has many advantageous
properties such as high stiffness to weight ratio, specific strength, wear and corrosion
resistance. For example, car manufacturing industries have begun to replace their conventional
mild steel and aluminium parts with a composite structure to reduce the weight of the vehicle.
Therefore, the utilizing of agro-waste materials as a recycled composite based product in the
advanced application have been developed owing to their reuse, biodegradability and recycle
(Wang et al., 2002).

Many researchers have concentrated their efforts on improving the properties of fibre-
reinforced polymers. In general, two methods have been used in recent years, such as the
hybridization of particulate filler in the matrices (Andrzejewski et al., 2020) (Ahmad S et al.,
2019) and usage of different fibres (configuration, layering and varies of intraply design) in the
woven composite laminates (Marino et al., 2021) (Margabandu et al., 2021) Many attempts
have been made to improve the mechanical properties of acrylonitrile butadiene styrene (ABS)
polymer through the filler hybridizing technique (Nikmatin et al., 2019) (Pramod et al., 2021).
Nikmatin et al. (2019) evaluated the shock absorption, yield stress, frequency, and head injury
criteria are among the mechanical characteristics of oil palm empty fruit reinforced ABS for
helmets applications. Furthermore, Pramod et al (2021) mentioned that higher plastic
deformation and irregular debris formation of betel nut reinforced ABS hybrid composite

subjected to slide wear friction evaluation. These composites were not suitable for brake pads.

Based on past findings, even though extensive research has been explored the physical
and mechanical properties of composites, very few have involved rice husk (RH) and coco peat
hybrid biocomposites. Indeed, evaluating the hybridized RH and CP filler reinforced ABS

composite on the physical and mechanical properties has not been conducted.



1.2 Problem Statement

Utilizing agriculture waste by using rice husk and coco peat reinforcing in
thermoplastic polymer resin can produce low-cost green composites. Weak properties in rice
husk and coco peat can be come across by hybridization techniques between both fillers.
Higher-strength in rice husk has been used to encounter mechanical properties in coco peat.
Coco peat shows that weak mechanical properties in terms of tensile and flexural strength.
Therefore, hybrid rice husk in coco peat can enhance mechanical properties. Weak
compatibility between the fiber and matrix and tends to drop the mechanical properties of the
composites. Fiber agglomerations occurred when wettability between matrix and hybrid fiber
as reported in Sun Z et al., (2018) Therefore, evaluating the maximum mechanical performance
of the RH/CP reinforced ABS is interesting to disclose.

In addition, rice husk has a high content of silica and can be considered highly resistant
to heat. of thermal stability of these hybrid composites was evaluated due to the hydrophilic
character in coco peat. This filler significantly absorbs more water compare to rice husk and
tend to change the density of the hybrid composites. In general, the water diffusion of natural
fiber is higher than the polymer counterpart. In agro-waste/polymer composite, it happens via
micro gaps between the polymer chains, flaws at the fiber-matrix interface and the matrix-
cracking from the swelling effect during the curing process. The higher diffusion characteristic
of the composite reduces the performance of the biocomposite. Here, the measurement of

moisture absorption of these RH/CP reinforced ABS hybrid composites is required.

ABS has a limitation in thermal behavior. (Mohd et al., 2016) reported that the melting
temperature of ABS is approximately 260°C. Therefore this behaviour can be turned by
infusing an outstanding thermal resistance filler like RH. Predominantly, the thermal stability,
endotherms, exotherms, weight loss on heating and cooling rate of new material are changed.
The thermal stability of RH/CP of ABS biocomposites needs to be characterised through

analysis of decomposition patterns, degradation mechanisms, and thermal reactions kinetics.



Besides that, from the above matter hybridization techniques can transfer the waste
material into more valuable for various purposes and functional products. It also turns waste to
perform new material. This technique also can reduce the usage amount of polymer and offer

better performance.

1.3 Objectives of the Study

This study aims to measure the physical, mechanical and thermal degradation
performance of the fully recycled RH/CP reinforced ABS biocomposite. The objectives of this

research are as follows:-

I. To evaluate density and moisture absorption of RH/CP reinforced ABS
biocomposite.

ii. To investigate the mechanical properties of RH/CP reinforced ABS
biocomposite.

iii. To examine the thermal stability of RH/CP reinforced ABS biocomposite.

1.4 Significance of the Study

The increasing demand for eco-friendly materials and a new rule of environmental
regulation toward increasing the depletion rate have forced a widening interest in the field of
agro-waste biocomposite structures. The utilisation of agro-waste in advanced composite

material tends to give a potential benefit to humans and sustainable green technology.

1.5  Scope of the Study

In this research, Rh and CP were used as a filler while ABS was a matrix. Five
predetermined weight percentage ratios between RH and CP filler were used namely
20RH/OCP, 15RH/5CP, 10RH/10CP, 5RH/15CP and ORH/20CP. Composites were fabricated
used a twin-screw extruder, a chopping machine to get a smaller size and injection moulding

to get samples.



Initially, the density and moisture absorption of the composites were evaluated. Then,
the mechanical properties of this biocomposite including tensile, flexural and impact tests were
examined. To follow suit, surface characterization of the composites was also obtained. Finally,
the thermal degradation of these samples was measured. Five replicated samples were tested

for each experimental work.

1.6 Content of the Thesis

This thesis consists of five main chapters where Chapter 1 introduced the hybrid fiber;
rice husk and coco peat used as a filler, current situation of agriculture waste and hybrid
composites applications. Other chapters are:

(a) Chapter 2 in the literature review covered cellulose base natural fiber, crop
waste residue as filler, properties of rice and coco peat, hybridization,
thermal stability and ABS as a polymer matrix.

(b) Chapter 3 mentioned the flowchart of the research, sample fabrication using
injection moulding, testing on physical, mechanical and thermal properties.

(c) Chapter 4 discussed physical findings such as density and moisture
absorption, the highest mechanical properties from testing mention in
Chapter 3 and thermogravimetric analysis.

(d) Chapter 5 concluded the physical, mechanical and thermal properties of

hybrid composite and recommendations for future work.



REFERENCES

Abu-Sharkh, B., & Hamid, H. (2004). Degradation Study Of Date Palm Fibre/Polypropylene
Composites In Natural And Artificial Weathering: Mechanical And Thermal Analysis.
Polymer Degradation And Stability, 85(3), 967-973.

Adeniyi, A. G., Onifade, D. V., Ighalo, J. O., & Adeoye, A. S. (2019). A Review Of Coir Fiber
Reinforced Polymer Composites. Composites Part B: Engineering, 176, 107305.

Aditya, P. H., Kishore, K. S., & Prasad, D. (2017). Characterization Of Natural Fiber
Reinforced Composites. International Journal Engineering Application Science, 4(6),
257446.

Ahmed, S. W., Hussain, G., Al-Ghamdi, K. A., & Altaf, K. (2019). Mechanical Properties Of
An Additive Manufactured CF-PLA/ABS Hybrid Composite Sheet. Journal Of
Thermoplastic Composite Materials, 0892705719869407.

Alhallak, L. M., Tirkes, S., & Tayfun, U. (2020). Mechanical, Hermal, Melt-Flow and
Morphological Characterizations of Bentonite-Filled ABS Copolymer. Rapid
Prototyping Journal, 6(7).1305-1312.

Alvarez, A., Pizarro, C., Garcia, R., Bueno, J., & Lavin, A. (2016). Determination Of Kinetic
Parameters For Biomass Combustion. Bioresource Technology, 216, 36-43.

Andrzejewski, J., Mohanty, A. K., & Misra, M. (2020). Development Of Hybrid Composites
Reinforced With Biocarbon/Carbon Fiber System. The Comparative Study For PC,
ABS And PC/ABS Based Materials. Composites Part B: Engineering, 200, 108319.

Aridi, N. A. M., Sapuan, S. M., Zainudin, E. S., & AL-Oqla, F. M. (2016). Investigating
Morphological And Performance Deterioration of Injection-Molded Rice Husk-—
Polypropylene Composites Due To Various Liquid Uptakes. International Journal Of
Polymer Analysis And Characterization, 21(8), 675-685.

Arslan, C., & Dogan, M. (2019). Effect of Fiber Amount on Mechanical and Thermal
Properties of (3-Aminopropyl) Triethoxysilane Treated Basalt Fiber Reinforced ABS
Composites. Materials Research Express, 6(11), 115340.

Asim, M., Jawaid, M., Nasir, M., & Saba, N. (2018). Effect Of Fiber Loadings And Treatment
On Dynamic Mechanical, Thermal And Flammability Properties Of Pineapple Leaf
Fiber And Kenaf Phenolic Composites. Journal Of Renewable Materials, 6(4), 383-
393.

61



Awasthi, M. K., Pandey, A. K., Bundela, P. S., & Khan, J. (2015). Co-Composting of Organic
Fraction of Municipal Solid Waste Mixed With Different Bulking Waste:
Characterization of Physicochemical Parameters and Microbial Enzymatic
Dynamic. Bioresource Technology, 182, 200-207.

Aziz, N. F. A., Ahmad, Z., & Puaad, M. B. F. M. (2020). Study of The Behavior of Moisture
Absorption and Swelling In High Filler Loading Kenaf Core/Bast Polyethylene
Composites. Advances in Civil Engineering Materials, 9(1), 250-261.

Azwa, Z., Yousif, B., Manalo, A., & Karunasena, W. (2013). A Review On The Degradability
Of Polymeric Composites Based On Natural Fibres. Materials & Design, 47, 424-442.

Baker, C. J., & Saxton, K. E. (2007). No-Tillage Seeding In Conservation Agriculture. Cabi.

Barbu, M. C., Sepperer, T., Tudor, E. M., & Petutschnigg, A. (2020). Walnut and Hazelnut
Shells: Untapped Industrial Resources and Their Suitability in Lignocellulosic
Composites. Applied Sciences, 10(18), 6340.

Barczewski, M., Andrzejewski, J., Majchrowski, R., Dobrzycki, K., & Formela, K. (2021).
Mechanical Properties, Microstructure and Surface Quality of Polypropylene Green
Composites as a Function of Sunflower Husk Waste Filler Particle Size and
Content. Journal of Renewable Materials, 9(5), 841.

Billah, K. M. M., Coronel, J. L., Halbig, M. C., Wicker, R. B., & Espalin, D. (2019). Electrical
and Thermal Characterization of 3D Printed Thermoplastic Parts With Embedded
Wires For High Current-Carrying Applications. IEEE Access, 7, 18799-18810.

Biswas, S., Shahinur, S., Hasan, M., & Ahsan, Q. (2015). Physical, Mechanical And Thermal
Properties Of Jute And Bamboo Fiber Reinforced Unidirectional Epoxy Composites.
Procedia Engineering, 105, 933-939.

Chand, N., & Jhod, B. D. (2008). Mechanical, Electrical, And Thermal Properties Of Maleic
Anhydride Modified Rice Husk Filled PVC Composites. Bioresources, 3(4), 1228-
1243.

Chand, N., Sharma, P., & Fahim, M. (2010). Tribology Of Maleic Anhydride Modified Rice-
Husk Filled Polyvinylchloride. Wear, 269(11-12), 847-853.

Chen, R. S., Ab Ghani, M. H., Salleh, M. N., Ahmad, S., & Tarawneh, M. A. A. (2015).
Mechanical, Water Absorption, And Morphology Of Recycled Polymer Blend Rice
Husk Flour Biocomposites. Journal Of Applied Polymer Science, 132(8).

Chen, W., Yuan, S., Sheng, Y., & Liu, G. (2015). Effect Of Charring Agent THEIC On Flame
Retardant Properties Of Polypropylene. Journal of Applied Polymer Science, 132(1).

62



Cherubin, M. R., Oliveira, D. M. D. S., Feigl, B. J., Pimentel, L. G., Lisboa, I. P., Gmach, M.
R., Varanda, L. L., Morais, M. C., Satiro, L. S., & Popin, G. V. (2018). Crop Residue
Harvest For Bioenergy Production And Its Implications On Soil Functioning And Plant
Growth: A Review. Scientia Agricola, 75(3), 255-272.

Chougan, M., Ghaffar, S. H., Al-Kheetan, M. J., & Gecevicius, M. (2020). Wheat Straw Pre-
Treatments Using Eco-Friendly Strategies for Enhancing the Tensile Properties of Bio-
Based Polylactic Acid Composites. Industrial Crops and Products, 155, 112836.

Chuayjuljit, S., Kunsawat, C., & Potiyaraj, P. (2003). Use Of Silica From Rice Husk Ash As
An Antiblocking Agent In Low-Density Polyethylene Film. Journal Of Applied
Polymer Science, 88(3), 848-852.

Cisneros-Lopez, E. O., Gonzalez-Lopez, M. E., Pérez-Fonseca, A. A., Gonzalez-Nufiez, R.,
Rodrigue, D., & Robledo-Ortiz, J. R. (2017). Effect Of Fiber Content And Surface
Treatment On The Mechanical Properties Of Natural Fiber Composites Produced By
Rotomolding. Composite Interfaces, 24(1), 35-53.

Datta, D.; Halder, G. (2020) Blending Of Phthalated Starch And Surface Functionalized Rice
Husk Extracted Nanosilica With LDPE Towards Developing An Efficient Packaging
Substitute. Environment Science. Pollut. Res. 2020, 27, 1533-1557.

De Oliveira, R. I., Sousa, S. O., & De Campos, F. C. (2019). Lean Manufacturing
Implementation: Bibliometric Analysis 2007-2018. The International Journal of
Advanced Manufacturing Technology, 101(1), 979-988.

Deo, C., & Acharya, S. K. (2010). Effects of Fiber Content on Abrasive Wear of Lantana
Camara Fiber Reinforced Polymer Matrix Composite. Indian Journal of Engineering
& Materilas Sciences,17(3), 219-223.

Dhen, N., Ben Abed, S., Zouba, A., Haouala, F., & Dridi, B. A. (2018). The Challenge of Using
Date Branch Waste As A Peat Substitute In Container Nursery Production of Lettuce
(Lactuca Sativa L.). International Journal of Recycling of Organic Waste In
Agriculture, 7(4), 357-364.

Dina, S. F., Ambarita, H., Napitupulu, F. H., & Kawai, H. (2015). Study On Effectiveness of
Continuous Solar Dryer Integrated With Desiccant Thermal Storage For Drying Cocoa
Beans. Case Studies In Thermal Engineering, 5, 32-40.

Dorez, G., Taguet, A., Ferry, L., & Lopez-Cuesta, J. (2013). Thermal And Fire Behavior Of
Natural Fibers/PBS Biocomposites. Polymer Degradation And Stability, 98(1), 87-95.

63



Driemeier, C., Oliveira, M. M., & Curvelo, A. A. (2016). Lignin Contributions To The
Nanoscale Porosity Of Raw And Treated Lignocelluloses As Observed By Calorimetric
Thermoporometry. Industrial Crops And Products, 82, 114-117.

Duy Tran, T., Dang Nguyen, M., Thuc, C., Thuc, H. H., & Dang Tan, T. (2013). Study of
Mechanical Properties of Composite Material Based on Polypropylene and Vietnamese
Rice Husk Filler. Journal of Chemistry, 2013, 752924,1-6.

Elkhaoulani, A., Arrakhiz, F., Benmoussa, K., Bouhfid, R., & Qaiss, A. (2013). Mechanical
and Thermal Properties of Polymer Composite Based on Natural Fibers: Moroccan
Hemp Fibers/Polypropylene. Materials & Design, 49, 203-208.

Essabir, H., Bensalah, M., Rodrigue, D., Bouhfid, R., & Qaiss, A. (2016). Structural,
Mechanical and Thermal Properties of Bio-Based Hybrid Composites From Waste Coir
Residues: Fibers and Shell Particles. Mechanics of Materials, 93, 134-144.

Gelfuso, M. V., Silva, P. V. G. D., & Thomazini, D. (2011). Polypropylene Matrix Composites
Reinforced With Coconut Fibers. Materials Research, 14(3), 360-365.

Glowinska, E., Datta, J., & Parcheta, P. (2017). Effect of Sisal Fiber Filler on Thermal
Properties of Bio-Based Polyurethane Composites. Journal of Thermal Analysis And
Calorimetry, 130(1), 113-122.

Guloglu, G. E., Hamidi, Y. K., & Altan, M. C. (2020). Moisture Absorption of Composites
With Interfacial Storage. Composites Part A: Applied Science And Manufacturing, 134,
105908.

Guna, V., llangovan, M., Rather, M. H., Giridharan, B. V., Prajwal, B., Krishna, K. V., ... &
Reddy, N. (2020). Groundnut Shell/Rice Husk Agro-Waste Reinforced Polypropylene
Hybrid Biocomposites. Journal Of Building Engineering, 27, 100991.

Gupta, H.; Kumar, H.; Kumar, M.; Gehlaut, A.K.; Gaur, A.; Sachan, S.; Park, J.-W. Synthesis
of Biodegradable Films Obtained from Rice Husk And Sugarcane Bagasse To Be Used
As Food Packaging Material. Environmental Engineering Research. 2020, 25, 506—
514.

Hanjra, M. A., & Qureshi, M. E. (2010). Global Water Crisis and Future Food Security in An
Era of Climate Change. Food Policy, 35(5), 365-377.

Hassan, M. Z., Roslan, S. A., Sapuan, S. M., Rasid, Z. A., Mohd Nor, A. F., Md Daud, M. Y.,

. & Mohamed Yusoff, M. Z. (2020). Mercerization Optimization of Bamboo
(Bambusa Vulgaris) Fiber-Reinforced Epoxy Composite Structures Using A Box—
Behnken Design. Polymers, 12(6), 1367.

64



He, S., Chen, G., Xiao, H., Shi, G., Ruan, C., Ma, Y., ... & Yang, X. (2021). Facile Preparation
of N-Doped Activated Carbon Produced From Rice Husk for CO2 Capture. Journal of
Colloid and Interface Science, 582, 90-101.

Hemmasi, A. H., Eslam, H. K., Pourabbasi, S., Ghasemi, I., & Talaeipour, M. (2011). Cell
Morphology and Physico-Mechanical Properties of HDPE/EVA/Rice Hull Hybrid
Foamed Composites. Bioresources, 6(3), 2291-2308.

Hemnath, A., Anbuchezhiyan, G., Nanthakumar, P., & Senthilkumar, N. (2021). Tensile and
Flexural Behaviour of Rice Husk and Sugarcane Bagasse Reinforced Polyester
Composites. Materials Today: Proceedings. 46(9). 3451-3454.

Henniges, U., Kostic, M., Borgards, A., Rosenau, T., & Potthast, A. (2011). Dissolution
Behavior of Different Celluloses. Biomacromolecules, 12(4), 871-879.

Hoe, T. K. (2018). The Current Scenario and Development of The Coconut Industry. The
Planter, Kuala Lumpur: 94 (1108): 413-426.

Isa, K. M., Daud, S., Hamidin, N., Ismail, K., Saad, S. A., & Kasim, F. H. (2011).
Thermogravimetric Analysis and The Optimisation of Bio-Oil Yield From Fixed-Bed
Pyrolysis of Rice Husk Using Response Surface Methodology (RSM). Industrial Crops
And Products, 33(2), 481-487.

Ismail, S. A. E. A.,, & Ali, R. F. M. (2015). Physico-Chemical Properties of Biodiesel
Manufactured from Waste Frying Oil Using Domestic Adsorbents. Science and
Technology of Advanced Materials. 16(3), 1878-1888.

Jo, M. Y., Ryu, Y. J., Ko, J. H., & Yoon, J. S. (2012). Effects of Compatibilizers on The
Mechanical Properties of ABS/PLA Composites. Journal of Applied Polymer Science,
125(S2), E231-E238.

Kalia, S., Dufresne, A., Cherian, B. M., Kaith, B., Avérous, L., Njuguna, J., & Nassiopoulos,
E. (2011). Cellulose-Based Bio-And Nanocomposites: A Review. International
Journal of Polymer Science, 2011.

Kambe, N., Kumar, S., Chiruvolu, S., Chaloner-Gill, B., Blum, Y. D., MacQueen, D. B., &
Faris, G. W. (2002). Refractive Index Engineering of Nano-Polymer Composites.
In Materials Research Society Symposium Proceedings (Vol. 676, pp. Y8-22).

Kord, B. (2011). Nanofiller Reinforcement Effects on The Thermal, Dynamic Mechanical, and
Morphological Behavior of HDPE/Rice Husk Flour Composites. Bioresources, 6(2),
1351-1358.

Krache, R., & Debbah, I. (2011). Some Mechanical and Thermal Properties of PC/ABS Blends.
Materials Sciences and Applications, 2(5), 404-410.

65



Kufel, A., & Kuciel, S. (2020). Hybrid Composites Based on Polypropylene With
Basalt/Hazelnut Shell Fillers: The Influence of Temperature, Thermal Aging, and
Water Absorption on Mechanical Properties. Polymers, 12(1), 18.

Kumagai, S., & Matsuo, Y. (2013). Composite Produced From Rice Husk and Chopped Carbon
Fiber Without Using Any Binders. Industrial Crops And Products, 43, 640-647.
Kumar, S. S., Duraibabu, D. A., & Subramanian, K. (2014). Studies on Mechanical, Thermal
and Dynamic Mechanical Properties of Untreated (Raw) and Treated Coconut Sheath

Fiber Reinforced Epoxy Composites. Materials & Design, 59, 63-609.

Kuram, E. (2020). Rheological, Mechanical and Morphological Properties of Acrylonitrile
Butadiene Styrene Composite Filled with Sunflower Seed (Helianthus annuus L.) Husk
Flour. Journal of Polymer Research, 27(8), 1-12.

Lau, A. K.-T., & Hung, A. P. Y. (2017). Natural Fiber-Reinforced Biodegradable and
Bioresorbable Polymer Composites.

Lillis, T. and Turner, J. (2001) ‘Student writing in higher education: contemporary confusion,
traditional concerns’, Teaching in Higher Education, 6(1), 57-68.

Liu, W., Misra, M., Askeland, P., Drzal, L. T., & Mohanty, A. K. (2005). ‘Green’composites
From Soy-Based Plastic And Pineapple Leaf Fiber: Fabrication and Properties
Evaluation. Polymer, 46(8), 2710-2721.

Ma, L., Zhang, Y., & Wang, S. (2017). Preparation and Characterization of Acrylonitrile-
Butadiene-Styrene Nanocomposites Reinforced With Cellulose Nanocrystal Via
Solution Casting Method. Polymer Composites, 38, E167-E173.

Manfredi, L. B., Rodriguez, E. S., Wladyka-Przybylak, M., & Vazquez, A. (2006). Thermal
Degradation and Fire Resistance of Unsaturated Polyester, Modified Acrylic Resins and
Their Composites With Natural Fibres. Polymer Degradation And Stability, 91(2), 255-
261.

Margabandu, S., & Subramaniam, S. K. (2021). Influence Of Fiber Stacking Sequences and
Matrix Materials on Mechanical and Vibration Behavior of Jute/Carbon Hybrid
Composites. World Journal of Engineering.

Marino, S. G., & Czél, G. (2021). Improving The Performance of Pseudo-Ductile Hybrid
Composites By Film-Interleaving. Composites Part A: Applied Science and
Manufacturing, 142, 106233.

Mekhilef, S., Saidur, R., Safari, A., & Mustaffa, W. E. S. B. (2011). Biomass Energy in
Malaysia: Current State and Prospects. Renewable and Sustainable Energy
Reviews, 15(7), 3360-3370.

66



Melo, R. Q., Lia Fook, M. V., & de Lima, A. G. (2020). Non-Fickian Moisture Transport in
Vegetable-Fiber-Reinforced Polymer Composites Using a Langmuir-Type
Model. Polymers, 12(11), 2503.

Methacanon, P., Weerawatsophon, U., Sumransin, N., Prahsarn, C., & Bergado, D. (2010).
Properties and Potential Application of The Selected Natural Fibers as Limited Life
Geotextiles. Carbohydrate Polymers, 82(4), 1090-1096.

Mishra, H., & Mishra, S. (2011). Erosion Wear Behaviour of Coir Dust Reinforced Polymer
Composites. Orissa Journal of Physics, Vol 18, No. 1, 97-108.

Mohammadi-Rovshandeh, J., Pouresmaeel-Selakjani, P., Davachi, S. M., Kaffashi, B.,
Hassani, A., & Bahmeyi, A. (2014). Effect of Lignin Removal on Mechanical, Thermal,
and Morphological Properties of Polylactide/Starch/Rice Husk Blend Used in Food
Packaging. Journal of Applied Polymer Science, 131(22).

Mohanty, A., Drzal, L., & Misra, M. (2002). Engineered Natural Fiber Reinforced
Polypropylene Composites: Influence of Surface Modifications and Novel Powder
Impregnation Processing. Journal of Adhesion Science and Technology, 16(8), 999-
1015.

Mohd, A., Roslan, A. A., & Baba, N. B. (2016). Effect of Injection Molding Parameters on
Recycled ABS (R-ABS) Mechanical Properties. Indian Journal of Science and
Technology, 9(9), 1-6.

Moosavi, S., Gan, S., Chia, C. H., & Zakaria, S. (2020). Evaluation of Crosslinking Effect on
Thermo-mechanical, Acoustic Insulation and Water Absorption Performance of
Biomass-Derived Cellulose Cryogels. Journal of Polymers and the Environment, 1-10.

Nakajima-Kambe, T., Onuma, F., Kimpara, N., & Nakahara, T. (1995). Isolation and
Characterization of a Bacterium which Utilizes Polyester Polyurethane as a Sole
Carbon and Nitrogen Source. FEMS Microbiology Letters, 129(1), 39-42.

Nanthakumar, K., Yeng, C. M., & Chun, K. S. (2020). Tensile and Water Absorption Properties
of Solvent Cast Biofilms of Sugarcane Leaves Fibre-Filled Poly (Lactic) Acid. Journal
Of Thermoplastic Composite Materials, 33(3), 289-304.

Nguong, C., Lee, S., & Sujan, D. (2013). A Review on Natural Fibre Reinforced Polymer
Composites. International Journal of Materials And Metallurgical Engineering, 7(1),
52-59.

67



Nikmatin, S., Hermawan, B., Irmansyah, I., Indro, M. N., Kueh, A. B. H., & Syafiuddin, A.
(2019). Evaluation of The Performance of Helmet Prototypes Fabricated from
Acrylonitrile Butadiene Styrene Composites Filled with Natural Resource. Materials,
12(1), 34.

Nishata, R. R. R., Sulong, A. B., Yuliana, N. Y., & Sahrim, A. (2017). Effect of Surface
Modified Rice Husk (RH) on The Flexural Properties of Recycled HDPE/RH
Composite. Advances in Materials And Processing Technologies, 3(4), 482-489.

Nor, A. F. M., Sultan, M. T. H., Jawaid, M., Azmi, A. M. R., & Shah, A. U. M. (2019).
Analysing Impact Properties of CNT Filled Bamboo/Glass Hybrid Nanocomposites
Through Drop-Weight Impact Testing, UWPI And Compression-After-Impact
Behaviour. Composites Part B: Engineering, 168, 166-174.

Okoya, A. A., Adegbaju, O. S., Akinola, O. E., Akinyele, A. B., & Amuda, O. S. (2020).
Comparative Assessment of The Efficiency of Rice Husk Biochar and Conventional
Water Treatment Method To Remove Chlorpyrifos From Pesticide Polluted
Water. Current Journal of Applied Science and Technology, 1-11.

Olonisakin, K., Fan, M., Xin-Xiang, Z., Ran, L., Lin, W., Zhang, W., & Wenbin, Y. (2021).
Key Improvements in Interfacial Adhesion and Dispersion of Fibers/Fillers in Polymer
Matrix Composites; Focus on PLA Matrix Composites. Composite Interfaces, 1-50.

Olumuyiwa, A. J., Isaac, T. S., & Samuel, S. O. (2012). Study Of Mechanical Behaviour Of
Coconut Shell Reinforced Polymer Matrix Composite. Journal of Minerals and
Materials Characterization and Engineering, 11(08), 774.

Owen, S., & Harper, J. (1999). Mechanical, Microscopical and Fire Retardant Studies of ABS
Polymers. Polymer Degradation and Stability, 64(3), 449-455.

Ozcelik, B., Ozbay, A., & Demirbas, E. (2010). Influence of Injection Parameters and Mold
Materials on Mechanical Properties of ABS in Plastic Injection Molding. International
Communications in Heat and Mass Transfer, 37(9), 1359-1365.

Pai, A. R., & Jagtap, R. N. (2015). Surface Morphology & Mechanical Properties of Some
Unique Natural Fiber Reinforced Polymer Composites—A Review. Journal of
Materials and Environmental Science, 6(4), 902-917.

Panda, D., Saini, C., Kumar, E. A., & Singh, S. K. (2020). In Situ Casting of Rice Husk Ash
in Metal-Organic Frameworks Induces Enhanced CO 2 Capture Performance. Scientific
Reports, 10(1), 1-12.

Panthapulakkal, S., Sain, M., & Law, S. (2005). Effect of Coupling Agents on Rice-Husk-
Filled HDPE Extruded Profiles. Polymer International, 54(1), 137-142.

68



Potluri, R. (2019). Natural Fiber-Based Hybrid Bio-Composites: Processing, Characterization,
and Applications. Green Composites, 1-46.

Potluri, R., Diwakar, V., Venkatesh, K., & Reddy, B. S. (2018). Analytical Model Application
For Prediction of Mechanical Properties of Natural Fiber Reinforced Composites.
Materials Today: Proceedings, 5(2), 5809-5818.

Pracella, M., Haque, M., & Alvarez, V. (2010). Functionalization, Compatibilization and
Properties of Polyolefin Composites With Natural Fibers. Polymers, 2(4), 554-574.

Pramod, T., Sampathkumaran, P., Puneeth, N., Sailaja, R. R. N., Seetharamu, S., Swamy, A.
S., & Kishore. (2021). Tribological Response of Polycarbonate and Acrylonitrile
Butadiene Styrene Blends Containing Fixed Amounts of Kevlar Fibre and Molybdenum
Disulphide With Varying Quantities of Betel Nut Powder. Polymers and Polymer
Composites, 0967391121998823,1-11.

Pratheep, V.; Priyanka, E.; Prasad, P.H. (2020). Characterization and Analysis of Natural
Fibre-Rice Husk With Wood Plastic Composites. In Proceedings of IOP Conference
Series: Materials Science And Engineering, Tamil Nady, India, P. 012066, 1-10.

Pratoto, A., & Abhen, A. J. (2021, February). Thermogravimetric Analysis of Densified Coco
Peat Briquettes. In IOP Conference Series: Materials Science And Engineering (\Vol.
1062, No. 1, P. 012053).

Premalal, H. G., Ismail, H., & Baharin, A. (2002). Comparison of The Mechanical Properties
of Rice Husk Powder Filled Polypropylene Composites With Talc Filled Polypropylene
Composites. Polymer Testing, 21(7), 833-839.

Puglia, D., Monti, M., Santulli, C., Sarasini, F., De Rosa, I. M., & Kenny, J. M. (2013). Effect
of Alkali and Silane Treatments on Mechanical and Thermal Behavior of Phormium
Tenax Fibers. Fibers and Polymers, 14(3), 423-427.

Rahman, M. R., Islam, M. N., Huque, M. M., Hamdan, S., & Ahmed, A. S. (2010). Effect of
Chemical Treatment on Rice Husk (RH) Reinforced Polyethylene (PE)
Composites. Bioresources, 5(2), 854-869.

Razavi, S. M. A., Yeganehzad, S., & Sadeghi, A. (2009). Moisture Dependent Physical
Properties of Canola Seeds. Journal of Agricultural Science and Technology (JAST),
11(3), 309-322

Rosmiza, M. Z., Davies, W. P., CR, R. A., Mazdi, M., & Jabil, M. J. (2017). Farmers’
Knowledge on Potential Uses of Rice Straw: An Assessment in MADA and Sekinchan,

Malaysia. Geografia-Malaysian Journal of Society and Space, 10(5).

69



Sadh, P. K., Duhan, S., & Duhan, J. S. (2018). Agro-Industrial Wastes and Their Utilization
Using Solid State Fermentation: A Review. Bioresources and Bioprocessing, 5(1), 1-
15.

Sadik, W.A.A.; El Demerdash, A.G.M.; Abbas, R.; Bedir, A. (2021) Effect of Nanosilica and
Nanoclay on The Mechanical, Physical, and Morphological Properties of Recycled
Linear Low Density Polyethylene/Rice Husk Composites. Journal Polymer &
Environment 2021, 29, 1600-1615.

Saidane, E. H., Scida, D., Assarar, M., & Ayad, R. (2017). Damage Mechanisms Assessment
of Hybrid Flax-Glass Fibre Composites Using Acoustic Emission. Composite
Structures, 174, 1-11.

Sallam, S. M. A., Nasser, M. E. A, EI-Waziry, A. M., Bueno, I. C. S., & Abdalla, A. L. (2007).
Use of An In Vitro Rumen Gas Production Technique To Evaluate Some Ruminant
Feedstuffs. J. Appl. Sci. Res, 3(1), 34-41.

Sari, N. H., Pruncu, C. I., Sapuan, S. M., llyas, R. A., Catur, A. D., Suteja, S., ... & Pullen, G.
(2020). The Effect of Water Immersion and Fibre Content on Properties of Corn Husk
Fibres Reinforced Thermoset Polyester Composite. Polymer Testing, 91, 106751.

Setyawan, E. Y., Djiwo, S., Praswanto, D. H., & Siagian, P. (2020). Effect of Cocopeat and
Brass Powder Composition as A Filler on Wear Resistance Properties. IOP Conference
Series: Materials Science And Engineering, 1-10.

Shafie, S. M., Mahlia, T. M. I., Masjuki, H. H., & Ahmad-Yazid, A. (2012). A Review on
Electricity Generation Based on Biomass Residue in Malaysia. Renewable and
Sustainable Energy Reviews, 16(8), 5879-5889.

Shen, C.-H., & Springer, G. S. (1976). Moisture Absorption and Desorption of Composite
Materials. Journal of Composite Materials, 10(1), 2-20.

Siakeng, R., Jawaid, M., Ariffin, H., & Sapuan, S. (2018). Thermal Properties Of Coir And
Pineapple Leaf Fibre Reinforced Polylactic Acid Hybrid Composites. IOP Conference
Series: Materials Science And Engineering, 2-7.

Siddika, S., Mansura, F., Hasan, M., & Hassan, A. (2014). Effect of Reinforcement and
Chemical Treatment of Fiber on The Properties of Jute-Coir Fiber Reinforced Hybrid
Polypropylene Composites. Fibers and Polymers, 15(5), 1023-1028.

Singh, C. P., Patel, R. V., Hasan, M. F., Yadav, A., Kumar, V., & Kumar, A. (2021).
Fabrication and Evaluation of Physical and Mechanical Properties of Jute and Coconut
Coir Reinforced Polymer Matrix Composite. Materials Today: Proceedings, 38, 2572-
2577.

70



Singh, N., Agarwal, S., Jain, A., & Khan, S. (2021). 3-Dimensional Cross Linked Hydrophilic
Polymeric Network “Hydrogels”: An Agriculture Boom. Agricultural Water
Management, 253, 106939.

Smitthipong, W., Tantatherdtam, R., & Chollakup, R. (2015). Effect of Pineapple Leaf Fiber-
Reinforced Thermoplastic Starch/Poly (Lactic Acid) Green Composite: Mechanical,
Viscosity, and Water Resistance Properties. Journal of Thermoplastic Composite
Materials, 28(5), 717-729.

Sunarti, T. C., Integrani, H., & Syamsu, K. (2015). Effect of Cocopeat Addition To Some
Properties of Cassava Starch-Based Foam. Macromolecular Symposia, Vol. 353, No.
1, pp. 133-13.

Sun, Z. (2018). Progress on The Research and Applications of Natural Fiber-Reinforced
Polymer Matrix Composites. Science and Engineering of Composite Materials, 25(5),
835-846.

Sundarababu, J., Anandan, S. S., & Griskevicius, P. (2021). Evaluation of Mechanical
Properties of Biodegradable Coconut Shell/Rice Husk Powder Polymer Composites For
Light Weight Applications. Materials Today: Proceedings, 39, 1241-1247.

Tambichik MA, Samad AAA, Mohamad N, Ali AZM, Mydin MAO, Bosro MZM. (2018).
Effect of Combining Palm Qil Fuel Ash (POFA) and Rice Husk Ash (RHA) as
Pozzolan to the Compressive Strength of Concrete. Int J Integr Eng. 2018;10(8).

Tanchuling, M. A., Resurreccion, A. C., & Ong, D. (2012). A Research Project Removing
Heavy Metals From Wastewater of Small-Scale Gold Miners of Camarines Norte
(Philippines) Using Coco-Peat as Sorbent Material. ASEAN Engineering Journal, 1(1),
22-28.

Tan Zhai Yun (2019). Agriculture: A Coconut Revival. The Edge Malaysia, 2019.

Thiruchitrambalam, M., Athijayamani, A., Sathiyamurthy, S., & Thaheer, A. S. A. (2010). A
Review on The Natural Fiber-Reinforced Polymer Composites for The Development
of Roselle Fiber-Reinforced Polyester Composite. Journal of Natural Fibers, 7(4), 307-
323.

Tiwari, S., & Pradhan, M. K. (2017). Effect of Rice Husk Ash on Properties of Aluminium
Alloys: A Review. Materials Today: Proceedings, 4(2), 486-495.

Thomas, J. A., & Mcgaughey, A. J. (2008). Reassessing Fast Water Transport Through Carbon
Nanotubes. Nano Letters, 8(9), 2788-2793.

Venkateshwaran, N., Elayaperumal, A., & Sathiya, G. (2012). Prediction of Tensile Properties
of Hybrid-Natural Fiber Composites. Composites Part B: Engineering, 43(2), 793-796.

71



Vijayakumar, S., Nilavarasan, T., Usharani, R., & Karunamoorthy, L. (2014). Mechanical and
Microstructure Characterization of Coconut Spathe Fibers and Kenaf Bast Fibers
Reinforced Epoxy Polymer Matrix Composites. Procedia Materials Science, 5, 2330-
2337.

Wang, S., Hu, Y., Song, L., Wang, Z., Chen, Z., & Fan, W. (2002). Preparation and Thermal
Properties of ABS/Montmorillonite Nanocomposite. Polymer Degradation and
Stability, 77(3), 423-426.

Wang, Y., Jia, H., Chen, P., Fang, X., & Du, T. (2020). Synthesis of La and Ce Modified X
Zeolite from Rice Husk Ash For Carbon Dioxide Capture. Journal of Materials
Research and Technology, 9(3), 4368-4378.

Weng, Z., Wang, J., Senthil, T., & Wu, L. (2016). Mechanical and Thermal Properties of
ABS/Montmorillonite Nanocomposites For Fused Deposition Modeling 3D Printing.
Materials & Design, 102, 276-283.

Xu, Y., Wu, Q., Lei, Y., Yao, F., & Zhang, Q. (2008). Natural Fiber Reinforced Poly (Vinyl
Chloride) Composites: Effect of Fiber Type And Impact Modifier. Journal of Polymers
and The Environment, 16(4), 250-257.

Yang, H.-S., Kim, H.-J., Son, J., Park, H.-J., Lee, B.-J., & Hwang, T.-S. (2004). Rice-Husk
Flour Filled Polypropylene Composites; Mechanical and Morphological Study.
Composite Structures, 63(3-4), 305-312.

Yang, H., Yan, R., Chen, H., Lee, D. H., & Zheng, C. (2007). Characteristics of Hemicellulose,
Cellulose and Lignin Pyrolysis. Fuel, 86(12-13), 1781-1788.

Yao, F., Wu, Q., Lei, Y., Guo, W., & Xu, Y. (2008). Thermal Decomposition Kinetics of
Natural Fibers: Activation Energy With Dynamic Thermogravimetric Analysis.
Polymer Degradation and Stability, 93(1), 90-98.

Yusoff, R. B., Takagi, H., & Nakagaito, A. N. (2016). Tensile and Flexural Properties of
Polylactic Acid-Based Hybrid Green Composites Reinforced By Kenaf, Bamboo And
Coir Fibers. Industrial Crops And Products, 94, 562-573.

Yussuf, A., Massoumi, I., & Hassan, A. (2010). Comparison of Polylactic Acid/Kenaf and
Polylactic Acid/Rise Husk Composites: The Influence of The Natural Fibers on The
Mechanical, Thermal and Biodegradability Properties. Journal of Polymers and The
Environment, 18(3), 422-429.

Zafar, R., Zia, K. M., Tabasum, S., Jabeen, F., Noreen, A., & Zuber, M. (2016). Polysaccharide
Based Bionanocomposites, Properties and Applications: A Review. International

Journal of Biological Macromolecules, 92, 1012-1024.
72



Zhang, Z., Yang, F., Liu, J. C., & Wang, S. (2020). Eco-Friendly High Strength, High Ductility
Engineered Cementitious Composites (ECC) With Substitution of Fly Ash By Rice
Husk Ash. Cement and Concrete Research, 137, 106-200.

Zhao, Q., Tao, J., Yam, R. C., Mok, A. C,, Li, R. K., & Song, C. (2008). Biodegradation
Behavior of Polycaprolactone/Rice Husk Ecocomposites in Simulated Soil Medium.
Polymer Degradation and Stability, 93(8), 1571-1576.

73



APPENDIX A

LIST OF PUBLICATION

Journal with Impact Factor

1. Norhasnan, N. H. A., Hassan, M. Z., Nor, A. F. M., Zaki, S. A., Dolah, R.,
Jamaludin, K. R., & Aziz, S. A. A. (2021). Physicomechanical Properties of Rice
Husk/Coco Peat Reinforced Acrylonitrile Butadiene Styrene Blend Composites.
Polymers, 13(7), 1171. (Q1, IF: 3.426)

75





