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Nowadays, waste acrylonitrile butadiene rubber glove (NBRr) has been studied for use 
in building materials. The primary limitation of using rubber in construction was its low 
water absorption capacity. The goal of this research is to investigate the effect of Linear 
Low-Density Polyethylene (LLDPE) on water absorption and the temperature 
differential (20 and 30 oC) of NBRr blender composite in distilled water (DW) and saline 
water (SW). The rubber glove has been blended with heated two-rolled mills at 120 °C. 
The substance had been compressed using a hot press. Five samples had already been 
created. The sample was formed like a dumbbell. The five samples were immersed in 
DS and SW for 30 days at temperatures of 25°C and 35°C, respectively. The result 
shown the tensile strength, elongation at break Eb and Young’s modulus of LLDPE/NBRr 
blend decrease. The tensile properties of saline water lower compare to distilled water 
due to corrosion and degradation. Saline water contains dissolved salts, which can 
contribute to corrosion and degradation of the materials. The presence of salts can 
accelerate chemical reactions, leading to the degradation of the polymer matrix and 
the rubber phase. This degradation can weaken the material and reduce its tensile 
strength. Moreover, as the temperature increases, the thermal energy also increases, 
causing the polymer chains to gain more kinetic energy. This increased energy disrupts 
the intermolecular forces and reduces the overall molecular interactions within the 
material. Weaker intermolecular interactions lead to a decrease in tensile strength. As 
conclusion, hydrothermal effect tensile properties when temperature increase tensile 
properties decrease. distilled water has better diffusion than saltwater. LLDPE/NBRr 
blend was discovered that both distilled and salt-water absorption resulted in a 
decrease in tensile properties. 
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1. Introduction 
 

The Rubber gloves are used in a variety of industries, including industrial, automobile 
manufacturing, engineering, medical, and household items. Rubber waste gloves are harmful to the 
environment since they are used and then [1,2] Recycling waste materials is an excellent way to 
address environmental challenges. Therefore, an expensive method for the disposal of rubber waste 
is required [3,4]. Thermoplastic Elastomers (TPE) is a physical combination of polymers, often rubber 
and plastic. Thermoplastic Elastomers (TPE) have the benefit of being able to stretch to mild 
elongation and then return to their original form. They also have a greater physical range and a longer 
life than other materials [5-7] The methyl group in polypropylene increases thermal and mechanical 
qualities while decreasing chemical resistance [8]. The tensile modulus of Linear Low-Density 
Polyethylene (LLDPE) resins is quite high. The mechanical characteristics are outstanding. 
Acrylonitrile Butadiene Rubber (NBR) is an oil-resistant synthetic rubber. NBR in polymers enhances 
tensile strength and flexibility [9-11]. 

The global expansion of the healthcare business, particularly with the COVID-19 pandemic. 
According to Malaysian Rubber Glove Manufacturers Association (MARGMA), rubber glove exports 
were 18.8 billion Malaysian Ringgit in 2018 [12]. Malaysia supplies 60 to 65 percent of the market's 
natural and nitrile gloves, accounting for nearly half of global demand [13,14]. Polymer mixes will be 
partially or entirely submerged in salty water. The influence of moisture and temperature on the 
polymer and its change in properties are critical factors. The saline water (SW) absorption 
characteristics and mechanical properties at 25 °C and 35 °C are examined in this work. Projects such 
as construction are extremely popular in our current construction technology business. As a result, 
seawater-affected concrete buildings require specific treatment [15]. Nearshore structures are 
continually in touch with saltwater, resulting in a range of physicochemical and biological failure 
mechanisms. When concrete is exposed to seawater, it can deteriorate due to chemical and physical 
causes such as Sulphate attack, Leaching of Lime, Salt Crystallization from Alternate Wetting and 
Drying [16]. Seawater penetrates into porosity of concrete and enters the reinforcement, causing 
corrosion. Leaching also took away the lime content of the concrete. Temperature has an impact on 
chemical assaults as well. The more serious the assault, the greater the fever [17]. Greater leaching 
will occur when both calcium hydroxide and calcium sulphate are permeable in salt water. 

When a concrete building is built in seawater, the most damaged component of the structure is 
well beyond the rising water level. This is because when saltwater gets in touch with the region above 
the good point due to wave impact, seawater is produced in the pore spaces. In cold climates, water 
in concrete pores freezes, expanding the concrete and reducing its durability. In cold climates, water 
in concrete pores freezes, expanding the concrete and reducing its durability [18]. Chemical 
interactions of saltwater elements with cement hydrates, lime expansion, crystal growth strain of 
salts beneath concrete, and freezing effect in cold climes can all cause concrete to degrade in a 
marine environment [15]. Corrosion of iron bars produced by sodium chloride, sulphur attack on 
cementitious material, and swelling disturbance of concrete if oxidizing agent impurities are present 
in the concrete have all been variables that impact the properties of concrete in coastal settings [18] 

According to Anwar and Roushdi  [19] using environmental by-products like fly ash and silica fume 
in concrete has increased the material's capacity to tolerate seawater. Rubber bearings are employed 
as a vibration dampener and an isolator between the bottom of a structure for earthquake protection 
foundation sustainability of laminated rubber-metal spring [20]. It shows that there are many studies 
that were held to improve the negative impact of bridges in the construction industries. 

 
 



Journal of Advanced Research in Applied Mechanics 
Volume 121, Issue 1 (2024) 107-116 

109 
 

2. Methodology  
2.1 Materials Preparation 
 

Juara One Resources Sdn Bhd provided the NBRr. The characteristics of Acrylonitrile Butadiene 
Rubber (NBRr) produced from Juara One Resources Sdn Bhd were moderate nitrile with 33.3 percent 
ACN. Using Rotor Mills, the gloves were sliced and masticated many times to obtain minute powder. 
The NBRr grains were then sieved into sizes in the range from 150 μm to 300 μm. Lotte Chemical 
Titan (M) Sdn Bhd supplied the Linear Low Density (LLDPE), which was also utilized as a polymer 
composite. 

 
2.2 Compounding and Mixing 
 

LLDPE and NBRr both weighed and manufactured in accordance with the formulations. Table 1 
shows how the weight percent of LLDPE and NBRr were modified to attain a total of 100 percent. The 
components were mixed together for 7 minutes at 120 °C using a heated two roll mill with a rotor 
speed of 15 rpm. LLDPE was melted for 4 minutes, then NBRr was added and left for 3 minutes. The 
mix was revealed at the 7th minute. The blending schedule of the procedure with time is shown in 
Table 2. After blending, the compound was vacuum-dried for 24 hours at 80 °C. 
 

Table 1  
Formulation for LLDPE and NBRr Blend 
Material Amount (*wt%) 
LLDPE 100 90 80 70 60 50 40 
NBRr 0 10 20 30 40 50 60 
*wt (weight percent) 

 
Table 2  
Timing of Mixing 
Material Time (min) 
LLDPE 0 
NBRr 4 
Discharge 7 

 
After drying, an electrical heated hydraulic press model GT-7014-A300 C was used to compress 

the compounds into a 1 mm thin sheet with a pressure of 15 KPa at 120 °C. 7 minutes for preheating, 
2 minutes for compression, and the next 2 minutes for cooling press. Then, all the 1 mm thin sheet 
samples were cut into dumb bell shapes by using a Wallace die cutter model S6/1/6. The samples 
were ready to be tested. 

 
2.3 Samples Testing  
 

The dumbbell samples been soaked in distilled water (DW) and saline water (SW) for 30 days at 
different temperature (25 °C and 35 °C). After 30 days, tensile testing was carried out using an Instron 
3366 universal testing machine (UTM). Tensile strength, elongation at break (Eb), and Young's 
modulus were measured using an ASTM D 638 tensile test at a cross head speed of 5 mm min-1. 
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3. Results  
3.1 Mechanical Properties Before Soaking  
 

According to the data Table 3 before the original (before the water absorption test, the tensile 
strength of LLDPE/NBRr ranged from 9.8 MPa to 3.7 MPa. However, the greatest and lowest Young’s 
modulus of LLDPE/NBRr are 282 MPa and 46.2 MP. Next, LLDPE/NBRr have the highest and lowest 
elongation at break values, respectively, of 71.9% and 29.7%. As the loading of NBRr increases, the 
blends' tensile strength, Young’s modulus, and elongation at break before water absorption 
decrease. This is because there is little interaction between LLDPE and NBRr, and the filler cannot 
withstand the stress transmitted from the LLDPE matrix. The LLDPE and NBRr have low interfacial 
adhesion, which increases the stress concentration area and decreases the blend's tensile strength 
[9,21]. 

The interphase that forms between the matrix and filler gives blends their fragile structure. The 
presence of  the NBRr limits the mobility of the matrix and recycled chains, are to blame for the 
decrease in elongation at break as the loading of NBRr increases [22]. 

 
Table 3  
LLDPE/NBRr blend before water absorption test 
LLDPE/NBRr Tensile Strength, (MPa) Elongation at break, Eb (%) Young’s Modulus, (MPa) 
100/0 9.8 71.9 46.2 
90/10 8.1 64.3 75.8 
80/20 7.6 50.8 102.1 
70/30 6.4 41.4 148.8 
60/40 5.3 37.2 222.4 
50/50 4.9 34.4 245.8 
40/60 3.7 29.7 282.0 

 
3.2 Effect Hydrothermal on Tensile Strength  
 

Moreover, as loading of NBRr increases after water absorption, tensile strength, Young’s 
modulus, and elongation at break all drop. In comparison to mechanical qualities prior to water 
absorption, all blends' mechanical properties decrease under all conditions. Pure LLDPE, on the other 
hand, have extremely little water absorption. Therefore, the results of tensile strength elongation at 
break and Young’s modulus do not differ much. It may therefore be disregarded. 

Table 4 and Figure 1 shown the data when submerged in distilled water at temperatures of 25°C 
and 35 °C, LLDPE/NBRr blends' tensile strengths ranged from 8.8 MPa to 2.5 MPa and 7.8 MPa to 1.2 
MPa respectively. The LLDPE/NBRr blends' tensile strengths range from 8.1 MPa to 1.8 and 6.9 MPa 
to 0.8 MPa when submerged in seawater at temperatures of 25 °C and 35 °C, respectively. Finally, 
the LLDPE/NBRr mix had tensile strengths between 8.8 MPa and 0.8 MPa respectively, when 
submerged in distilled water and seawater at temperatures of 25 °C and 35 °C.  The tensile strength 
LLDPE/NBRr of saline water lower the distilled water. This may due to corrosion and degradation. 
Saline water contains dissolved salts, which can contribute to corrosion and degradation of the 
materials. The presence of salts can accelerate chemical reactions, leading to the degradation of the 
polymer matrix and the rubber phase. This degradation can weaken the material and reduce its 
tensile strength [23,24]. 

Moreover, the tensile strength both of LLDPE at distilled water and saline water at 35oC lower 
compared at 25oC due to decreased molecular interaction. As the temperature increases, the thermal 
energy also increases, causing the polymer chains to gain more kinetic energy. This increased energy 
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disrupts the intermolecular forces and reduces the overall molecular interactions within the material. 
Weaker intermolecular interactions lead to a decrease in tensile strength [25]. At lower 
temperatures, LLDPE polymer chains tend to have more entanglements, which provide resistance 
against deformation [26]. As the temperature increases, the chains gain more mobility and can slide 
past each other more easily. This reduced chain entanglement weakens the material's resistance to 
deformation and results in a lower tensile strength. 

 
Table 4  
Tensile Strength (MPa) of LLDPE/NBRr in Distilled Water and Saline Water at Different 
Water Temperatures 25˚C and 35˚C 

LLDPE/NBRr 
Tensile Strength, (MPa) 
*DW25 *SW25 *DW35 *SW35 

100/0 8.8 8.1 7.8 6.9 
90/10 6.9 6.2 6.1 4.7 
80/20 6.7 6.0 6.7 5.0 
70/30 5.1 4.4 4.1 3.2 
60/40 4.2 3.5 2.9 2.4 
50/50 3.6 2.9 2.4 1.9 
40/60 2.5 1.8 1.2 0.8 
* DW (distilled water) * SW (saline water)  

 

 
Fig. 1. Tensile Strength of LLDPE/NBRr 

 
Table 5 and Figure 2 show the elongation at break, (Eb) of LLDPE and NBRr in distilled and saline 

water at various temperatures (25˚C and 35˚C). The elongation at break ranged from 69.9% to 28.6% 
and 68.7% to 27.6%, respectively. At temperatures of 25°C and 35°C, the elongation at break of the 
LLDPE/NBRr blends immersed in saltwater varies between 69.2% and 27.9% and 68% and 26.9%, 
respectively. According to the findings, the elongation at break, Eb of LLDPE/NBRr in saline water is 
lower than distilled water. The may due to osmotic effects. Saline water with a higher salt 
concentration can create osmotic effects on the LLDPE. Osmotic pressure can induce water 
movement into the polymer, resulting in increased internal stresses and reduced elongation at break 
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[27,28]. Distilled water with lower salt concentration does not induce significant osmotic effects, 
allowing the LLDPE to exhibit higher elongation at break. 

Other hand, The Eb LLDPE/NBRr decrease when temperature increase due to the Thermal 
degradation. High temperatures can induce thermal degradation in polymers, including LLDPE. The 
increased temperature can accelerate chemical reactions within the material, leading to chain 
scission and the formation of weak points [29]. Thermal degradation weakens the material's 
structure and reduces its overall elongation at break. Saline water typically has a higher water 
content compared to distilled water. The increased water content can result in greater water 
absorption and swelling of the LLDPE. Swelling causes the polymer chains to separate, reducing the 
intermolecular forces and limiting the material's ability to elongate before breaking [30]. As the 
temperature increases, the swelling effect becomes more pronounced, leading to a decrease in 
elongation at break. 

 
Table 5  
Elongation at Break (%) of LLDPE/NBRr in Distilled Water and Saline Water at Different 
Water Temperatures 25˚C and 35˚C 

LLDPE/NBRr  
Elongation at Break, Eb (%) 
*DW25 *SW25 *DW35 *SW35 

100/0 69.9 69.2 68.7 68.0 
90/10 62.4 61.7 61.4 59.7 
80/20 49.5 48.8 48.2 47.5 
70/30 40.4 39.7 39.2 38.3 
60/40 36.0 35.3 34.3 34.3 
50/50 33.6 32.9 32.9 31.8 
40/60 28.6 27.9 27.6 26.9 

* DW (distilled water) * SW (saline water) 
 

 
Fig. 2. Elongation at Break (Eb) of LLDPE/NBRr 
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3.3 Effect Hydrothermal on Young’s Modulu 
 

At temperatures of 25 °C and 35 °C, the Young’s modulus of LLDPE/NBRr blends immersed in 
distilled water at different temperatures 25˚C and 35˚C from 44.8 MPa to 280.6 MPa and 43.5 MPa 
to 279.6 MPa, respectively. The LLDPE /NBRr blends' tensile strengths range from 44.1 MPa to 279.9 
MPa and 42.9 MPa to 278.9 MPa when submerged in seawater at temperatures of 25 °C and 35 °C, 
respectively in Table 6 and Figure 3. However, when immersed in distilled water and seawater at 
different temperatures of 25 °C and 35 °C, the highest Young’s modulus is 280.6 MPa while for the 
lowest is 42.9 MPa. 

The blends that are submerged in seawater at a temperature of 25 °C have higher mechanical 
qualities, as can be seen in every composition. The blends with the least mechanical qualities are 
those that are submerged in distilled water at 35 °C. This is the result of how quickly water is 
absorbed. The mechanical qualities deteriorate more quickly when the water absorption rate is high. 
This is due to capacity of water to absorb into the tiny spaces between polymer chains, capillary 
transit of water molecules between LLDPE and NBRr, and the transport of water molecules in the tiny 
cracks of blends of LLDPE/NBRr as opposed to pure LLDPE. Thus, the addition of water molecules 
tends to alter the structure of the matrix and the interface between them, resulting in cracked matrix 
and damaged [31,32] a result, the blend's mechanical qualities are further diminished.  

Young’s modulus of LLDPE/NBRr decrease when temperature increase in saline water due to 
weakened intermolecular forces. The presence of salts and ions in saline water can weaken the 
intermolecular forces between the polymer chains. The electrostatic interactions between the ions 
and the polymer chains can disrupt the polymer's network structure, reducing the overall strength 
and stiffness of the material [33]. This weakening of intermolecular forces contributes to the 
decrease in Young's modulus as the temperature increases in saline water. 

 
Table 6  
Young’s modulus (MPa) of LLDPE/NBRr in Distilled Water and Saline Water at Different 
Water Temperatures 25˚C and 35˚C 

LLDPE/NBRr 
Young's Modulus (MPa) 
*DW25 *SW25 *DW35 *SW35 

100/0 44.8 43.5 44.1 42.9 
90/10 74.3 73.1 73.6 72.6 
80/20 100.5 99.0 99.8 98.4 
70/30 147.1 145.9 146.4 146.0 
60/40 220.9 218.9 220.2 219.2 
50/50 244.6 243.0 243.9 242.4 
40/60 280.6 279.6 279.9 278.9 

* DW (distilled water) * SW (saline water)  
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Fig. 3. Young's Modulus of LLDPE/NBRr 

 
4. Conclusions 
 

As conclusion, tensile properties of LLDPE/NBRr blends such as tensile strength, Young’s modulus, 
and elongation at break before water absorption decrease as NBRr loading increases. The blend with 
the lower rubber loading absorbs less water than the blend with the higher rubber loading. Saline 
water absorbs water at a slower pace than distilled water. The higher the temperature, the faster the 
water absorbs. Apart from that, at higher temperatures, the mixtures reach equilibrium in a shorter 
amount of time. Distilled water has better diffusion than saltwater. LLDPE/NBRr blend was 
discovered that both distilled and salt-water absorption resulted in a decrease in stiffness, yield 
stress, and hardness but had only a minimal impact on the sensitivity of the reaction to the imposed 
strain rate and the tensile ductility. 
 
Acknowledgement 
This research was funded by a grant from Ministry of Higher Education of Malaysia 
(FRGS/1/2020/TK0/UNIMAP/02/67).  
 
References  
[1] Fazli, Ali, and Denis Rodrigue. "Waste rubber recycling: A review on the evolution and properties of thermoplastic 

elastomers." Materials 13, no. 3 (2020): 782. https://doi.org/10.3390/ma13030782 
[2] Ghani, Azlinda Abdul, Wan Azani Mustafa, Mohamad Nur Khairul Hafizi Rohani, Ragunathan Santiagoo, Mustaffa 

Zainal, and Nurul Syazwani Othman. "Material treatment of polypropylene (PP)/recycle acrylonitrile butadiene 
rubber (NBrr) and banana skin powder (BSP) using thermal mixing techniques." Journal of Advanced Research in 
Fluid Mechanics and Thermal Sciences 52, no. 1 (2018): 1-11. 

[3] Nuzaimah, M., S. M. Sapuan, R. Nadlene, and M. Jawaid. "Recycling of waste rubber as fillers: A review." In IOP 
Conference Series: Materials Science and Engineering, vol. 368, p. 012016. IOP Publishing, 2018. 
https://doi.org/10.1088/1757-899X/368/1/012016 

[4] Mustafa, Wan Azani, Syahrul Affandi Said, Mustaffa Zainal, and Ragunathan Santiagoo. "Experimental study of 
composites material based on thermal analysis." Journal of Advanced Research in Fluid Mechanics and Thermal 
Sciences 43, no. 1 (2018): 37-44. 

0.0

50.0

100.0

150.0

200.0

250.0

300.0

100/0 90/10 80/20 70/30 60/40 50/50 40/60

Yo
un

g'
s M

od
ul

us
 (M

Pa
)

LLDPE/NBRr Composition

Young's Modulus of LLDPE/NBRr
Control DW25 SW25 DW35 SW35

https://doi.org/10.3390/ma13030782
https://doi.org/10.1088/1757-899X/368/1/012016


Journal of Advanced Research in Applied Mechanics 
Volume 121, Issue 1 (2024) 107-116 

115 
 

[5] Whelan, Declan. "Thermoplastic elastomers." In Brydson's Plastics Materials, pp. 653-703. Butterworth-
Heinemann, 2017. https://doi.org/10.1016/B978-0-323-35824-8.00024-4 

[6]  Othman, Nurul Syazwani, Ragunathan Santiagoo, Wan Azani Mustafa, Mustaffa Zainal, Azlinda Abdul Ghani, and 
Adibah Mohd Anas. "Thermal Aging Effect on the Mechanical and Morphological Properties of 
Polypropylene/Virgin Acrylonitrile Butadiene Rubber/Sagocomposites." Journal of Advanced Research in Fluid 
Mechanics and Thermal Sciences 63, no. 2 (2019): 174-180. 

[7] Mustafa, Wan Azani, Mustaffa Zainal, Ragunathan Santiagoo, Azlinda Abdul Ghani, Nurul Syazwani Othman, and 
Ranggita Dwi Affandi. "Structure analysis on polypropylene maleic anhydride (PPMAH)/polypropylene 
(PP)/recycled acrylonitrile butadiene rubber (NBRr)/banana skin powder (BSP) composites treatment." Journal of 
Advanced Research in Fluid Mechanics and Thermal Sciences 50, no. 1 (2018): 40-46. 

[8] Gejo, George, Joseph Kuruvilla, Abderrahim Boudenne, and Thomas Sabu. "Recent advances in green 
composites." Key Engineering Materials 425 (2010): 107-166. 
https://doi.org/10.4028/www.scientific.net/KEM.425.107 

[9] Othman, N. S., R. Santiagoo, Z. Mustaffa, W. A. Mustafa, I. Zunaidi, W. K. Wan, Z. M. Razlan, and A. B. Shahriman. 
"Studies on water absorption of polypropylene/recycled acrylonitrile butadiene rubber/empty fruit bunch 
composites." In IOP Conference Series: Materials Science and Engineering, vol. 429, no. 1, p. 012091. IOP Publishing, 
2018. https://doi.org/10.1088/1757-899X/429/1/012091 

[10] Mustafa, Wan Azani, Mustaffa Zainal, Mohamad Nur Khairul Hafizi Rohani, and Ragunathan Santiagoo. "The Effect 
of Aminopropyltrimethoxysilane (Aps-Silane) on Polypropylene (PP)/Recycled Acrylonitrile Butadiene Rubber 
(NBRr)/Palm Pressed Fiber (PPF) Composite." Journal of Advanced Research in Fluid Mechanics and Thermal 
Sciences 50, no. 1 (2018): 47- 

[11] Mustafa, Wan Azani, Syahrul Affandi Said, Mustaffa Zainal, and Ragunathan Santiagoo. "A proposed compatibilizer 
materials on banana skin powder (BSP) composites using different temperature." Journal of Advanced Research in 
Fluid Mechanics and Thermal Sciences 43, no. 1 (2018): 121-127. 

[12] Televisory.com, “Malaysian Rubber Glove Industry, an update,” Televisory.com, 2019. 
https://www.televisory.com/blogs/-/blogs/malaysian-rubber-glove-industry-an-upda-2 (accessed Jun. 23, 2023). 

[13] Hutchinson, Francis E., and Pritish Bhattacharya. "Malaysia’s rubber glove industry–a silver lining amidst dark 
clouds." (2020). 

[14] Zainal, Mustaffa, Ragunathan Santiagoo, Wan Azani Mustafa, and Afizah Ayob. "Thermal, crystallinity and 
microstructure characteristics of chemical modification on sugarcane bagasse powder." Journal of Advanced 
Research in Fluid Mechanics and Thermal Sciences 59, no. 1 (2019): 45-53. 

[15] Olutoge, F. Adeyemi, and G. Modupeola Amusan. "The effect of sea water on compressive strength of 
concrete." International Journal of Engineering Science Invention 3, no. 7 (2014): 23-31. 

[16] Ting, Matthew Zhi Yeon, Kwong Soon Wong, Muhammad Ekhlasur Rahman, and Selowara Joo Meheron. 
"Deterioration of marine concrete exposed to wetting-drying action." Journal of Cleaner Production 278 (2021): 
123383. https://doi.org/10.1016/j.jclepro.2020.123383 

[17] Pratiwi, W. D., F. D. D. Putra, Y. Tajunnisa, N. A. Husin, and K. D. Wulandari. "A review of concrete durability in 
marine environment." In IOP Conference Series: Materials Science and Engineering, vol. 1175, no. 1, p. 012018. IOP 
Publishing, 2021. https://doi.org/10.1088/1757-899X/1175/1/012018 

[18] Mangi, Sajjad Ali, Ashwani Makhija, Muhammad Saleem Raza, Shabir Hussain Khahro, and Ashfaque Ahmed Jhatial. 
"A comprehensive review on effects of seawater on engineering properties of concrete." Silicon (2021): 1-8. 

[19] Anwar, Mohamed, and Mahmoud Roushdi. "Improved concrete properties to resist the saline water using 
environmental by-product." Water Science 27, no. 54 (2013): 30-38. https://doi.org/10.1016/j.wsj.2013.12.003 

[20] Salim, M. A., A. Putra, M. R. Mansor, M. T. Musthafah, M. Z. Akop, M. A. Abdullah, MN Abdul Rahman, M. N. Sudin, 
and M. A. Shaharuzaman. "Sustainable of laminated rubber-metal spring in transverse vibration." Procedia 
Chemistry 19 (2016): 203-210. https://doi.org/10.1016/j.proche.2016.03.094 

[21] Jin-hua, Tai, Liu Guo-qin, Caiyi Huang, and Shangguan Lin-jian. "Mechanical properties and thermal behaviour of 
LLDPE/MWNTs nanocomposites." Materials Research 15 (2012): 1050-1056. https://doi.org/10.1590/S1516-
14392012005000122 

[22] Sharma, Shubham, P. Sudhakara, Jujhar Singh, Sanjay Mr, and S. Siengchin. "Fabrication of novel polymer 
composites from leather waste fibers and recycled poly (ethylene-vinyl-acetate) for value-added 
products." Sustainability 15, no. 5 (2023): 4333. https://doi.org/10.3390/su15054333 

[23] Kaczmarek, H., and J. F. Rabek. "Photoinitiated degradation of polymers by metal salts‐recent developments." Die 
Angewandte Makromolekulare Chemie: Applied Macromolecular Chemistry and Physics 247, no. 1 (1997): 111-130. 
https://doi.org/10.1002/apmc.1997.052470108 

https://doi.org/10.1016/B978-0-323-35824-8.00024-4
https://doi.org/10.4028/www.scientific.net/KEM.425.107
https://doi.org/10.1088/1757-899X/429/1/012091
https://doi.org/10.1016/j.jclepro.2020.123383
https://doi.org/10.1088/1757-899X/1175/1/012018
https://doi.org/10.1016/j.wsj.2013.12.003
https://doi.org/10.1016/j.proche.2016.03.094
https://doi.org/10.1590/S1516-14392012005000122
https://doi.org/10.1590/S1516-14392012005000122
https://doi.org/10.3390/su15054333
https://doi.org/10.1002/apmc.1997.052470108


Journal of Advanced Research in Applied Mechanics 
Volume 121, Issue 1 (2024) 107-116 

116 
 

[24] Folino, Adele, Aimilia Karageorgiou, Paolo S. Calabrò, and Dimitrios Komilis. "Biodegradation of wasted bioplastics 
in natural and industrial environments: A review." Sustainability 12, no. 15 (2020): 6030. 
https://doi.org/10.3390/su12156030 

[25] Sin, Lee Tin, Soo-Tueen Bee, Rui-Ren Ang, Tiam-Ting Tee, Siew-Wei Phang, and Abdul R. Rahmat. "Interaction 
simulation and experimental physico-mechanical analysis of distinct polarity blends of polyethylene and polyvinyl 
alcohol." Journal of Polymer Engineering 35, no. 5 (2015): 423-435. https://doi.org/10.1515/polyeng-2014-0232 

[26] Kong, De‐Chao, Ming‐Hao Yang, Xue‐Song Zhang, Zu‐Chen Du, Qiang Fu, Xue‐Qin Gao, and Jia‐Wei Gong. "Control 
of polymer properties by entanglement: A review." Macromolecular Materials and Engineering 306, no. 12 (2021): 
2100536. https://doi.org/10.1002/mame.202100536 

[27] Ren, Wentan, Yong Zhang, Zonglin Peng, and Yinxi Zhang. "Investigation on the water-swelling properties of 
chlorinated polyethylene modified by in situ formed sodium acrylate." Polymer Testing 23, no. 7 (2004): 809-816. 
https://doi.org/10.1016/j.polymertesting.2004.03.002 

[28] Pang, A. L., H. Ismail, and A. Abu Bakar. "Tensile properties and water absorption assessment of linear low-Density 
Polyethylene/Poly (Vinyl Alcohol)/Kenaf composites: effect of eco-friendly coupling agent." In IOP Conference 
Series: Materials Science and Engineering, vol. 309, no. 1, p. 012040. IOP Publishing, 2018. 
https://doi.org/10.1088/1757-899X/309/1/012040 

[29] Madorsky, Samuel L., and Sidney Straus. "Thermal degradation of polymers at high temperatures." Journal of 
research of the National Bureau of Standards. Section A, Physics and chemistry 63, no. 3 (1959): 261. 
https://doi.org/10.6028/jres.063A.020 

[30] Metze, Friederike Katharina, Sabrina Sant, Zhao Meng, Harm-Anton Klok, and Kuljeet Kaur. "Swelling-activated, soft 
mechanochemistry in polymer materials." Langmuir 39, no. 10 (2023): 3546-3557. 
https://doi.org/10.1021/acs.langmuir.2c02801 

[31] Gan, Yong X. "Effect of interface structure on mechanical properties of advanced composite 
materials." International journal of molecular sciences 10, no. 12 (2009): 5115-5134. 
https://doi.org/10.3390/ijms10125115 

[32] Zhang, Zishou, Chunguang Wang, and Kancheng Mai. "Reinforcement of recycled PET for mechanical properties of 
isotactic polypropylene." Advanced Industrial and Engineering Polymer Research 2, no. 2 (2019): 69-76. 
https://doi.org/10.1016/j.aiepr.2019.02.001 

[33] Alasfar, Reema H., Said Ahzi, Nicolas Barth, Viktor Kochkodan, Marwan Khraisheh, and Muammer Koç. "A review 
on the modeling of the elastic modulus and yield stress of polymers and polymer nanocomposites: Effect of 
temperature, loading rate and porosity." Polymers 14, no. 3 (2022): 360. https://doi.org/10.3390/polym14030360 

 

https://doi.org/10.3390/su12156030
https://doi.org/10.1515/polyeng-2014-0232
https://doi.org/10.1002/mame.202100536
https://doi.org/10.1016/j.polymertesting.2004.03.002
https://doi.org/10.1088/1757-899X/309/1/012040
https://doi.org/10.6028/jres.063A.020
https://doi.org/10.1021/acs.langmuir.2c02801
https://doi.org/10.3390/ijms10125115
https://doi.org/10.1016/j.aiepr.2019.02.001
https://doi.org/10.3390/polym14030360

