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Abstract   

Industrial porcelain and gelcoat samples were prepared. Two kinds 

of porcelain, soft and hard, have been prepared by adding the hardener 

with concentrations of 2.5% and 5% gm, respectively. unsaturated 

polyester that is reinforced with calcium carbonate (CaCO₃) with equal 

values. Also, a gelcoat was prepared using unsaturated polyester and 

silica fume (S.F.) that was added in different weight ratios (0.25, 0.5, 

0.75, 1%). The mechanical and thermal properties of porcelain and 

gelcoat samples were studied; also, water uptake has been determined. 

The hardness values of soft porcelain and hard porcelain are 53 and 49, 

respectively, while the hardness value increased to a higher value (81.5) 

for selected gelcoat (UPE / 0.5% S.F). The impact strength values of 

soft and hard porcelain are 2.3332 kJ/m² and 2.666 kJ/m², respectively, 

and improved to a higher value (4.3 kJ/m²) by using gelcoat. Finally, a 

gelcoat improves the resistance to water diffusion for both types of 

porcelain after immersing in water for seven days. 

Keywords:  Porcelain, Gelcoat, Silica fume, Calcium    carbonate. 

  

1.Introduction  

Unsaturated Polyester (UPE) was used in several applications due to its low cost, high 

strength, high glass transition temperature, good dimensional stability and ease of processing. 

Unsaturated polyester was brittle and had low impact strength because of its degree of 

crosslinking. To improve its mechanical properties, some additives were added in a fixed weight 

percentage to form new composites with good properties
1–3

. Calcium carbonate (CaCO₃) is one 

of the important additives that is used as a reinforcing filler in an unsaturated polyester matrix. 

This is due to its properties, such as its low cost and availability in nature or in markets in 

synthetic form. Also, silica fume is a good choice for some researchers to use as an additive to 

reinforce the thermosetting polymers such as epoxy and unsaturated polyester
4
.The researchers 

in (2019) have been studying the mechanical and physical properties of (unsaturated 

polyester/glass fibre) composite reinforced with CaCO₃ with different weight percentages (2.5, 

5, 7.5 and 10%) to improve the composite tensile properties
5
. 

In 2021, researchers have been studied the effect of the calcium carbonate ratio on the water 

absorption rate of (unsaturated polyester/calcium carbonate) composite, where water absorption 

increased with increasing the percentage of carbonate addition, the water absorption of 

(unsaturated polyester/5% calcium carbonate) increased to (31%) compared to neat polyester and 

tensile strength of (unsaturated polyester/1% calcium carbonate)
6
. 

In 2024, researchers have added (CaCO3) in different ratios (1-5 wt.%) to improve the ultimate 

compressive strength of unsaturated polyester. The percentage 3% of (CaCO3) is the best weight 

percentage, where the compressive strength of the (UPE) was about (74 MPa) improved to (~ 88 

MPa) for unsaturated polyester reinforced by 3% (CaCO3)
7
. In this research, a synthetic 

porcelain that is used in floor and vase applications was prepared with high quality and low cost, 
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and the improvement on some porcelain properties, a gelcoat of unsaturated polyester and silica 

fume was prepared as an external protective layer of porcelain. 

 

2. Materials and Methods 

2.1. Matrix 

Unsaturated polyester resin named Siropol-8341, made by Saudi Industrial Resins Limited, has 

been used, with its accelerator (2% cobalt) and its hardener, methyl ethyl ketone peroxide 

(MEKP), with a concentration of 2.5% Wt (Table 1). 

Table 1. The general properties of unsaturated polyester
3,8

 

Appearance Liquid 

Color Pale blue 

Tensil strength (MPa) 41.4-89.7 

Density (g/cm
3
) a t 25°C 1.0852 

Compressive strength (MPa) ˃100 

Electrical conductivity(mS/cm) 3.7 

 

2.1.2.Fillers 

2.1.2.1.Calcium carbonate 

Calcium carbonate with a white color, as shown in Figure 1 has a density of (2.71 gm/cm
3
) with 

(Particle size of (50.23 nm) from the Indian company HIMEDIA 

Table 2. properties of Calcium Carbonate 
9
. 

Molecular formula CaCO3 

molar mass 100.09 gm/mol 

Appearance white powder 

Density 2.711gm/cm
3
       

melting point 1339°C 

 

 
Figure 1. Calcium carbonate powder 

 

2.1.2.2. Silica fume 

Silica fume (SF) is an amorphous powder with a size of sub-microns and density (2.10-2.4) gm / 

cm3. From the German company Degussa. 

Table 3. physical properties of silica fume 
10

. 
Particle size < 1µm 

Bulk density 200-350 kg/m
3
 

Specific gravity 2.2 

Specific surface 15.000 to 30.000 m
2
/kg 
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Figure 2. Silica fume 

  
2.2. Method 

The porcelain was prepared by mixing 100 gm of unsaturated polyester with 100 gm of CaCO₃, 
and the hardener was added with two weight percentages (2.5 gm and 5gm) to get soft and hard 

porcelain, respectively. The porcelain mixtures were poured into silicone molds with (ASTM) 

dimensions and left to dry for 9 hours at room temperature before carrying out any mechanical or 

thermal tests. 

To prepare an appropriate gel coat as a protective layer for porcelain, 100 gm of unsaturated 

polyester with different weight percentages (0.25, 0.5, 0.75, and 1%) of silica fume were mixed, 

and the hardener with a concentration of 2%, which means 2 gm of hardener, was added to the 

mixture before pouring it into molds and leaving it to dry for 1-2 hours at room temperature 

before carrying out any tests. 
Table 4. The ratios of unsaturated polyester and silica fume in gelcoat  

Unsaturated polyester  Silica fume 

100g 0% 

99.75g 0.25 

99.5 g 0.5 

99.25 g 0.75 

99 g 1% 

 

2.2.1. Hardness 

The hardness values of porcelain (UPE/CaCO3) samples and gelcoats (UPE/SF) were 

determined using the Shore test model (D) (TH210) Italy. The test was carried out in the 

composite materials laboratory at the University of Technology. 

2.2.2. Impact Strength  

The Charpy impact test was carried out on porcelain and gelcoat samples according to 

international standard specifications (ISO-179)  , as shown in Figures 3 and 4,respectively.  

I.S = 
  

 
                                                                                                                                       (1) 

11 

Where  

UC: is the fracture energy (Joules). 

A: is the cross-sectional area of the specimen (m
2
). 



IHJPAS. 2026; 39(2): 138-149 

141 

 
Figure 3.  porcelain samples for impact test 

 
Figure 4. gelcoat samples for impact test 

 

2.2.3. Thermal Conductivity 

The thermal conductivity of porcelain and gelcoat samples was determined using a Lee disc 

device, supplied with a voltage of (6 V) and a current of (0.25 A).  

The samples were made in a circular shape with a diameter of 40 mm, and a thickness of 3 mm, 

as shown in Figures 5 and 6. The test was carried out in the composite materials laboratory at 

the University of Technology. 

Equations 2 and 3 were used to determine the thermal conductivity values of samples.  

IV = 𝛑 r
2 

e (TA+TB )+2 re [ dA  TA + dS 
 

 
(TA+TB) + dB TB + dC TC]                                         (2)

12
 

K (
      

  
) = e [  +

 

 
 (  +

 

 
  )  +

 

  
      (3) 

12
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Figure 5. porcelain samples for thermal conductivity 

 
Figure 6. gelcoat samples for thermal conductivity 

 

2.2.4.Thermogravimetric analysis (TGA) 

Thermogravimetric analysis (TGA) was carried out on porcelain and gelcoat samples using a 

Shimadzu DTG-50 device with a heating rate of 10°C/min in a nitrogen atmosphere in a 

temperature range between 20 and 600 degrees Celsius. The test was carried out in Iran by Kak 

Laboratory. 

2.2.5. Water absorption (E%) 

The samples were weighed before and after being placed in distilled water for a week; the 

percentage of water absorbed (E%) was calculated using Equation 4. 

E% = (weight of wet sample - weight of dry sample) / (weight of dry sample) × 100% (4)13. 

 

3. Results  

The hardness values of soft and hard porcelain and also the hardness value of pure 

unsaturated polyester, where the hardness value of soft porcelain is more than the hardness value 

of hard porcelain, as shown Figure 7. 

Figure 8 shows the relationship between hardness values of gel coat with the weight percentage 

of silica fume, where the (UPE/ 0.5% S.F) is the best gelcoat according to its hardness value. 

Figure 9 shows the impact strength values of pure unsaturated polyester with soft porcelain and 

hard porcelain, where the soft porcelain has a higher resistance to impact compared with hard 

porcelain. 
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Figure7. Comparison of hardness values of soft porcelain and hard porcelain with pure unsaturated polyester 

 
Figure 8. Variation in gel coat hardness values according to the percentage weight of silica fume  

 
Figure 9. Comparison of impact strength values of pure unsaturated polyester with soft porcelain and hard  

Porcelain  

 

Figure 10 shows the relationship between impact strength values of gelcoat with the weight 

percentage of silica fume, where the (UPE/ 0.5 % S.F) is the best gelcoat according to its impact 

strength value.  
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Figure 10.  Variation in gelcoat impact strength values according to the percentage weight of silica fume 

 

Figure 11 shows a comparison in thermal conductivity values of pure unsaturated polyester, soft 

porcelain and hard porcelain, where the soft porcelain has a lower thermal conductivity value. 

 
Figure 11. Comparison of the thermal conductivity values of pure unsaturated polyester with the thermal 

conductivity values of soft porcelain and hard porcelain 
 

Figure 12 shows the relationship between thermal conductivity values of gelcoats with the 

weight percentage of silica fume, where 0.5% of silica fume is the best value. 

  
Figure 12. The thermal conductivity values of gelcoats vary depending on the weight percentage of silica fume. 
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Figure13 shows a comparison of the thermal stability of pure unsaturated polyester, gelcoat, soft 

porcelain, and hard porcelain, where the hard porcelain shows a higher thermal stability. 

 
Figure 13. Comparison of the thermogravimetric analysis curve for pure unsaturated polyester and the optimal 

weight ratios for gelcoat, soft porcelain, and hard porcelain.  

 

Figure 14 shows a comparison in water absorption of gelcoat, soft porcelain and hard porcelain, 

where the soft porcelain showed a higher water absorption. 

 
Figure 14. Comparison of water absorption of the best weight ratios of silica fume (gelcoat) with its values for soft 

porcelain and hard porcelain 

 

4. Discussion  

The resistance of porcelain and gelcoat samples to penetration is the hardness 
8,14–17

. The 

hardness values of porcelain are lower than those of pure polyester, as shown in Figure 7. Also, 

the soft porcelain is harder than hard porcelain; this is because an increase in plasticity causes 

hardness in composite 
18,19

. 

To increase the hardness values of soft and hard porcelain, a gelcoat of unsaturated polyester 

reinforced by silica fume have been prepared and select the best weight percentage of silica fume 

in this gelcoat to coated the porcelain.  Figure 8 shows that the silica fume with ratio (0.5 wt %) 

is the best weight ratio that increasing the hardness value of unsaturated polyester, this because 

,firstly the silica fume has high hardness compared with those for (UPE), secondly the 

silica  fume in ratio ( 0.5%) play as  bridges between the chemical chains of unsaturated 

polyester , these two factors lead to success  this  gelcoat  ( UPE/ 0.5% Silica fume) as a good 

product layer for porcelain products,  the hardness values of gelcoat that has a high hardness 

6.3997 

9.5994 

14.8986 

0

2

4

6

8

10

12

14

16

gelcoat Hard porcelain Soft porcelain

E
%

 

Type of specimen 



IHJPAS. 2026; 39(2): 138-149 

146 

value (81.5) compared with the hardness values (53 and 49)  of soft and hard porcelain, 

respectively. These results agreed with 
20

 
,21

. 

A Charpy impact test was performed on soft and rigid porcelain composites. Figure 9 shows 

that soft porcelain have a higher value compared with that of hard porcelain,  this may be due to 

elastic structure of soft porcelain,  where the hardener that added was only (2.5%), which leads 

to a weak bonds between the matrix chains , so the structure of soft porcelain can  absorb more 

impact energy  before fracture, the impact strength value for soft porcelain decreases by 0.11% 

compared to pure polyester  only, while for hard porcelain by 0.22% compared to pure polyester. 

This is due to calcium carbonate being a brittle material ²². 
To get more improvement in the impact strength values of soft and rigid porcelain, the best 

(UPE/ S.F) gelcoat was used as a coat layer on the porcelain. 

Figure 10 shows the impact strength values of gelcoats with different weight percentages of 

silica fume, where the (UPE/0.5% S.F.) gelcoat shows a higher impact strength value. This is 

because this gelcoat has a higher hardness, which mostly leads to a higher impact strength ²³.The 

impact strength of gelcoat increases to twice that of soft and hard porcelain. 

Figure 11 shows that soft porcelain was a very effective thermal insulation because it possesses 

a lower thermal conductivity value (0.255 Watt / m.c). This is because of its amorphous 

structure, which has weak bonds and more elasticity compared with unsaturated polyester with a 

brittle nature and also with hard porcelain with strong bonds and a more crystalline structure. 

To increase the thermal conductivity values of hard porcelain, a good gelcoat is also used as an 

external layer for this porcelain. Figure 12 shows that gelcoat (UPE/0.5% S.F.) has a higher 

thermal conductivity value (0.52 watt/m.c.). The figure shows that thermal stability decreases 

with a decrease in the hardener weight percentage in (UPE/CaCO₃) 16
. 

Figure 13 shows that polyester displays a sharp weight loss between 550 and 650°C and leaves a 

char residue of ~9 %) at 1000°C. By contrast, the composite containing silica fume exhibits a 

slight shift in the degradation profile towards higher stability, as indicated by the red curve. 

Moreover, the final residue increases to ~12%; this improvement is because of the inorganic 

nature of silica that remains thermally stable at high temperatures. This result shows the ability 

of even low filler loadings to restrict chain scission processes, enhance char formation, and 

improve high-temperature performance, making silica-reinforced polyester attractive for 

applications requiring enhanced thermal durability and dimensional stability under heat 

exposure
24–27

. 

Also, by comparing the thermal behavior of soft porcelain, hard porcelain, and gelcoat. All 

samples display a single-step major degradation process. The hard porcelain shows a significant 

increase in thermal stability compared with soft porcelain and gelcoat and higher residue than the 

pure matrix. This enhancement can be attributed to the dense ceramic structure of hard porcelain, 

which provides a more effective heat barrier
4
. 

This means that using gelcoat on soft porcelain will enhance its thermal stability, whereas hard 

porcelain already has higher thermal stability than gelcoat; therefore, hard porcelain does not 

require gelcoat as an external layer.  

By immersing gelcoat, soft porcelain, and rigid porcelain in water for a week, as shown in 

Figure 14, it is observed that gelcoat exhibits a higher resistance to water absorption, while soft 

porcelain demonstrates a greater ability to absorb water. This increased absorption is due to the 

longer spaces between the chains of soft porcelain compared to those of hard porcelain. 

Consequently, soft porcelain requires more protection from gelcoat to prevent water absorption 

during one week of immersion. Also, water cannot penetrate the powder grains, so a lower water 

uptake is expected 
28–30

. 

The addition of calcium carbonate to the unsaturated polyester leads to rising water absorption 

because the water absorption depends on the mixing base, and the density of calcium carbonate 

is higher than that of unsaturated polyester 
13,31–34

. 
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By adding calcium carbonate and hardener by the percentage (2.5%) to unsaturated polyester, 

water absorption will increase and the adhesion force between the unsaturated polyester matrix 

and calcium carbonate will decrease, and thus soft porcelain will contain more vacuums and be 

more porous 
26

.. 
 

5. Conclusion  

    The hardener ratio in porcelain changes its properties; with a low weight percentage of 

hardener (2.5%), the porcelain (soft porcelain) becomes more electric and shows more resistance 

to external stress, such as hardness and impact forces, compared with higher rates of hardener 

(5%) that are used to prepare hard porcelain. So, to use the porcelain in flooring applications, the 

hard porcelain must be used, while for manufacturing the unbreakable antiques, the soft 

porcelain must be used. To provide better protection for the porcelain, a gelcoat made of 

unsaturated polyester reinforced with 0.5% silica fume is applied as an external layer to prevent 

or reduce water diffusion in the porcelain, while also increasing the thermal stability and 

conductivity of soft porcelain. That means the use of gelcoat for soft porcelain will increase its 

thermal stability, while hard porcelain has a higher thermal stability compared with gelcoat; 

therefore, hard porcelain does not need to use gelcoat as an external layer. By immersing gelcoat, 

soft porcelain, and hard porcelain in water for a week, as shown in Figure 14, the gelcoat 

demonstrates a higher resistance to water absorption, while soft porcelain exhibits a greater 

ability to absorb water due to the larger spaces between its chains compared to those in hard 

porcelain. This indicates that soft porcelain requires more protection from gelcoat to prevent 

water absorption during a week of immersion. Hard porcelain has higher thermal stability than 

gelcoat, so it doesn't require a gelcoat layer to increase its thermal stability. Conversely, adding a 

gelcoat layer to hard porcelain makes it more thermally conductive. However, adding a gelcoat 

layer to soft porcelain improves its thermal stability, and consequently, it doesn't require a 

gelcoat layer to increase its thermal insulation. 

 

Acknowledgement 

The authors extend their sincere appreciation and gratitude to the College of Education for 

Pure Sciences (Ibn Al-Haitham) at the University of Baghdad, the Nanotechnology Department, 

and the College of Materials Engineering at the University of Technology for their support.  

 

Conflict of Interest 

The authors declare that they have no conflicts of interest. 

 

Funding  

We hereby confirm that all the figures and tables in the manuscript are ours. 

 

References  
1. Shafiur Rahman GM, Aftab H, Shariful Islam M, Mukhlish MZ Bin, Ali F. Enhanced physico-

mechanical properties of polyester resin film using CaCO₃ filler. Fibers Polym. 2016;17(1):59–65. 

https://doi.org/10.1007/s12221-016-5612-y 

2. Syafri E, Wahono S, Irwan A, Syafri E, Asrofi M. Preparation and characterization of ramie cellulose 

nanofibers/CaCO₃ unsaturated polyester resin composites. ARPN J Eng Appl Sci. 2018;13(2). 

3. Abood AN, Malia A, Fahan M, Fadhil MM. Mechanical properties of TiO₂ reinforced polystyrene-

modified unsaturated polyester. JCMR. 2015;7(5). 

4. Halim ZAA, Yajid MAM, Nurhadi FA, Ahmad N, Hamdan H. Effect of silica aerogel–aluminium 

trihydroxide hybrid filler on the physio-mechanical and thermal decomposition behaviour of 

unsaturated polyester resin composite. Polym Degrad Stab. 2020;182:109377. 

https://doi.org/10.1016/j.polymdegradstab.2020.109377 

5. Wicaksono ST, Ardhyananta H, Waluyo MB. Experimental analysis on the tensile strength of 

polyester resin-based calcium carbonate powder and E-glass fibre reinforced composite. IOP Conf Ser 

https://doi.org/10.1007/s12221-016-5612-y
https://doi.org/10.1016/j.polymdegradstab.2020.109377


IHJPAS. 2026; 39(2): 138-149 

148 

Mater Sci Eng. 2019;546:042046. https://doi.org/10.1088/1757-899X/546/4/042046 

6. Sugiman S, Setyawan PD, Thongchom ADC. Effects of nano CaCO₃ on the water absorption, tensile 

and impact properties of unsaturated polyester composites. J Appl Sci Eng. 2022;25(3):465–472. 

https://doi.org/10.6180/jase.202206_25(3).0013 

7. Mizban RJ, Jassim WH. The compressive strength of unsaturated polyester reinforced by natural and 

synthetic calcium carbonate. IOP Conf Ser. 2024:012008. https://doi.org/10.1088/1742-

6596/2754/1/012008 

8. Baghloul R, Babouri L, Hebhoub H, Boukhelf F, El Mendili Y. Assessment of mechanical behavior 

and microstructure of unsaturated polyester resin composites reinforced with recycled marble. 

Buildings. 2024;14(12):3877. https://doi.org/10.3390/buildings14123877 

9. Attallah MS. Investigation of some mechanical properties for natural (eggshell) and industrial 

(calcium carbonate) materials reinforced with glass fiber polymer composite. Eng Sustain Dev. 

2020;24(6):137–141. https://doi.org/10.31272/jeasd.24.6.12 

10. Fattouh MS, Elsayed EK. Influence of utilizing glass powder with silica fume on mechanical 

properties and microstructure of concrete. Delta Univ Sci J. 2023;1:111–122. 

https://doi.org/10.21608/dusj.2023.291027 

11. Soliman YA, Mahmoud EM, Gepreel MH, Afifi RR. The ability of coffee to stain nanohybrid 

composite resins. Alexandria Dent J. 2021;46(1):91–95. 

https://doi.org/10.21608/ADJALEXU.2021.144862 

12. Orji UU, Patricia PA, Sunday AV, Olawale P. Development of polymer/carbon nanotubes 

incorporated sustainable materials for manufacturing of autobrake pad. Int J Adv Manuf Technol. 

2024;132:3227–3236. https://doi.org/10.1007/s00170-024-13536-5 

13. Uche I. The physico-mechanical properties of unsaturated polyester resin filled with Huracrepitan pod 

for wall tiles application. Am J Chem Biochem Eng. 2018;2(1):16–21. 

https://doi.org/10.11648/j.ajcbe.20180201.13 

14. Hassan SB, Aigbodion VS, Patrick SN. Development of polyester/eggshell particulate composites. 

Tribol Ind. 2012;34(4):217–225. 

15. Fadhil RN, Jasim MB, Abdullah ZA, Mahdi SH, Jasim KA. Manufacture and study the mechanical, 

thermal and physical properties of plastic wood. J Phys Conf Ser. 2024:012005. 

https://doi.org/10.1088/1742-6596/2857/1/012005 

16. Cazan C, Enesca A, Andronic L. Synergic effect of TiO₂ filler on the mechanical properties of 

polymer nanocomposites. Polymers (Basel). 2021;13:2017. https://doi.org/10.3390/polym13122017 

17. Kango S, Kalia S, Celli A, Njuguna J, Habibi Y, Kumar R. Surface modification of inorganic 

nanoparticles for development of organic–inorganic nanocomposites: A review. Prog Polym Sci. 

2013;38(8):1232–1261. https://doi.org/10.1016/j.progpolymsci.2013.02.003 

18. Coleman JN, Khan U, Blau WJ, Gun’ko YK. Small but strong: A review of the mechanical properties 

of carbon nanotube–polymer composites. Carbon. 2006;44:1624–1652. 

https://doi.org/10.1016/j.carbon.2006.02.038 

19. Hussein SI, Abd-Elnaiem AM, Asafa TB, Jaafar HI. Effect of incorporation of conductive fillers on 

mechanical properties and thermal conductivity of epoxy resin composite. Appl Phys A. 

2018;124:475. https://doi.org/10.1007/s00339-018-1890-0 

20. Mohsein Z. Study the thermal and mechanical characteristics of unsaturated polyester resin reinforced 

by asbestos fiber. Eng Technol J. 2018;36(3A):282–286. https://doi.org/10.30684/etj.36.3a.6 

21. Wang Y, Yu J, Dai W, Song Y, Wang D, Zeng L. Enhanced thermal and electrical properties of epoxy 

composites reinforced with graphene nanoplatelets. Polym Compos. 2015;36(3):556–565. 

https://doi.org/10.1002/pc.22972 

22. Norhakim N, Ahmad S, Chia C, Malaysiana NHS. Mechanical and thermal properties of graphene 

oxide filled epoxy nanocomposites. Sains Malays. 2014;43(4):603–609. 

23. Hayaty M, Beheshty MH. Shrinkage, cure characterization and processing of unsaturated polyester 

resin containing PVAc low-profile additive. Iran Polym J. 2004;13(5):389–396. 

24. Gumus S, Aksoy K, Aytac A. Modification to unsaturated polyester resin with silica and silica/boron 

nitride mixture nanoparticles. Pigment Resin Technol. 2023;53(3):406–412. 

https://doi.org/10.1108/PRT-11-2022-0140 

25. Koushali SK, Hamadanian M, Ghasemi AR, Ashrafi M. Investigation of mechanical properties of 

polyester/polyethylene glycol/TiO₂ nanocomposites. J Nanostruct. 2021;11(1):38–47. 

https://doi.org/10.1088/1757-899X/546/4/042046
https://doi.org/10.6180/jase.202206_25(3).0013
https://doi.org/10.1088/1742-6596/2754/1/012008
https://doi.org/10.1088/1742-6596/2754/1/012008
https://doi.org/10.3390/buildings14123877
https://doi.org/10.31272/jeasd.24.6.12
https://doi.org/10.21608/dusj.2023.291027
https://doi.org/10.21608/ADJALEXU.2021.144862
https://doi.org/10.1007/s00170-024-13536-5
https://doi.org/10.11648/j.ajcbe.20180201.13
https://doi.org/10.1088/1742-6596/2857/1/012005
https://doi.org/10.3390/polym13122017
https://doi.org/10.1016/j.progpolymsci.2013.02.003
https://doi.org/10.1016/j.carbon.2006.02.038
https://doi.org/10.1007/s00339-018-1890-0
https://doi.org/10.30684/etj.36.3a.6
https://doi.org/10.1002/pc.22972
https://doi.org/10.1108/PRT-11-2022-0140


IHJPAS. 2026; 39(2): 138-149 

149 

https://doi.org/10.22052/JNS.2021.01.005 

26. Thongpool V, Phunpueok A, Jaiyen S, Sornkwan T, Jakarbutr W, Minyong P. Effect of TiO₂ 
nanoparticles filler on structural, optical, thermal, and mechanical properties of TiO₂/LDPE 

nanocomposite films. Dig J Nanomater Biostruct. 2023;18(1):273–278. 

https://doi.org/10.15251/DJNB.2023.181.273 

27. Kawcher Alam M, Sahadat Hossain M, Anisur Rahman Dayan M, Bahadur NM, Shaikh MAA, 

Ahmed S. Fabrication and characterization of a bioscaffold using hydroxyapatite and unsaturated 

polyester resin. ACS Omega. 2024;9(13):15210–15221. https://doi.org/10.1021/acsomega.3c09599 

28. Doan TTL, Brodowsky HM, Gohs U, Mäder E. Re-use of marble stone powders in producing 

unsaturated polyester composites. Adv Eng Mater. 2018;20(7). 

https://doi.org/10.1002/adem.201701061 

29. Erfan NA. Recycling of marble calcite waste into useful artificial marble. J Adv Eng Trends. 

2021;40(1). https://doi.org/10.21608/jaet.2021.82182 

30. de Souza LGM, da Silva EJ, Meira de Souza LGV. Obtaining and characterizing a polyester resin and 

cement powder composites. Mater Res. 2020;23(5). https://doi.org/10.1590/1980-5373-MR-2018-

0894 

31. Mohammed RAL, Attallah MS. Comparative study of mechanical properties and water absorption of 

hybrid unsaturated polyester composite reinforced by cinnamon sticks and banana peel powder with 

jute fiber. J Mech Eng Res Dev. 2020;43(2):267–283. 

32. Almeida FDSA, Sichieri P. Study of the adherence between polymer-modified mortars and porcelain 

stoneware tiles. Mater Res. 2005;8(3):245–249. https://doi.org/10.1590/S1516-14392005000300004 

33. Hossain MM, Elahi AHMF, Afrin S, Mahmud MI, Cho HM, Khan MA. Thermal aging of unsaturated 

polyester composite reinforced with e-glass nonwoven mat. Autex Res J. 2017;17(4):313–318. 

https://doi.org/10.1515/aut-2016-0007 

34. Al-Mufti SMS, Almontasser A, Rizvi SJA. Unsaturated polyester resin filled with cementitious 

materials: a comprehensive study of filler loading impact on mechanical properties, microstructure, 

and water absorption. ACS Omega. 2023;8(23):20389–20403. 

https://doi.org/10.1021/acsomega.3c00353 

https://doi.org/10.22052/JNS.2021.01.005
https://doi.org/10.15251/DJNB.2023.181.273
https://doi.org/10.1021/acsomega.3c09599
https://doi.org/10.1002/adem.201701061
https://doi.org/10.21608/jaet.2021.82182
https://doi.org/10.1590/1980-5373-MR-2018-0894
https://doi.org/10.1590/1980-5373-MR-2018-0894
https://doi.org/10.1590/S1516-14392005000300004
https://doi.org/10.1515/aut-2016-0007
https://doi.org/10.1021/acsomega.3c00353

