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Filler materials are essential as auxiliary components in enhancing the mechanical properties and 

heat resistance of synthetic leather. The most commonly used filler, CaCO3, often shows poor 

performance due to weak interfacial interactions with the polymer matrix, prompting the  

development of alternative fillers. In this study, sugarcane bagasse ash (SBA), a waste product 

rich in silica, was explored as a potential auxiliary filler for synthetic leather. The use of SBA as 

an alternative filler in synthetic leather is still limited and requires further investigation. SBA not 

only improves leather quality but also supports sustainability by repurposing waste and reducing 

the environmental impact of synthetic leather production. This study investigated the effect 

of varying SBA content on the properties of synthetic leather. Different amounts of SBA 

(0%, 20%, 40%, 60%, 80%, and 100%) were incorporated into leather samples to evaluate its 

impact on the material’s properties. The resulting samples were assessed through visual 

inspection, physical testing using a Universal Testing Machine (UTM), and chemical analyses 

using a Fourier Transform Infrared (FTIR) spectrophotometer, Scanning Electron Microscope-

Energy Dispersive X-ray (SEM-EDX), X-ray diffractometer (XRD), and Thermal Gravimetric 

Analyser (TGA). The results revealed that 60% SBA content (S-60) achieved the best 

performance, demonstrating superior thermal stability, tensile strength, and tear strength. The 

S-60 sample showed a quality comparable to commercial products, with maximum tensile 

and tear force values of 410.74 N and 57.91 N, respectively.  
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Synthetic leather is a substitute material for natural 

leather in the manufacture of leather products such 

as shoes and upholstery [1]. Synthetic leather can 

be produced using polyvinyl chloride (PVC) or  

polyurethane (PU) as the top layer and fabric as 

the reinforcing layer. The raw materials that 

are commonly used are flexible, such as plastic 

and rubber. Generally, three materials are used 

in producing synthetic leather, namely the main 

composition (resin), solvent, and auxiliary material. 

 

Auxiliary materials used for making synthetic 

leather include plasticizers, stabilizers, fillers, and 

colouring agents. Fillers serve to reduce polymer 

production costs, speed up the moulding process, and 

increase the thermal conductivity of polymers [2]. In 

addition, a filler also serves to improve the material’s 

mechanical properties, especially the Young modulus 

and stress values of the composite, provided that good 

dispersion and strong interfacial interaction between 

the filler and matrix are achieved [3, 4]. Thus, fillers 

play an important role in synthetic leather as they 

simultaneously improve mechanical properties and 

processing efficiency while reducing material costs. 

 

Various types of fillers can be used to achieve 

these aims, such as lime (CaCO3), clay, alumina 

trihydrate (ATH), kaolin, talc, and metal oxides 

[5–11]. However, the use of CaCO₃ as a filler results 

in weak interfacial interactions with the polymer 

matrix, thereby limiting its effectiveness in enhancing 

material properties [12]. Consequently, alternative 

fillers are required. Several metal oxides are known to 

prevent the emission of HCl gas during the recycling 

process of synthetic leather products, making it more 

environmentally friendly [13]. Metal oxides as fillers 

can be obtained from several sources, such as bagasse 

ash. Bagasse ash contains silica (SiO2), alumina 

(Al2O3), iron oxide (Fe2O3), calcium oxide (CaO), and 

other metal oxides in smaller amounts [14–17]. The 

dominant metal oxide contained in bagasse ash is 

silica [15–17]. Silica is well-known as a major 
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component of Portland cement and plays a vital role 

in strength development. This is attributed to its ability 

to promote strong synergistic interactions among the 

constituents of the material, leading to improved 

mechanical properties [18]. This behaviour, known 

as pozzolanic activity, is also exhibited by bagasse 

ash and has been proven to enhance the mechanical 

strength and durability of concrete [15, 16, 19]. 

Therefore, bagasse ash as an auxiliary material for 

improving the mechanical properties of the composite 

has been an interesting subject for researchers [20, 

21]. 
 

Sugarcane bagasse ash (SBA) is a waste from 

the sugar production process, which is considered 

useless and destructive to soil fertility. However, 

bagasse ash has appeared as a new alternative filler 

for synthetic leather because it contains 38.23% 

to 98.40% silica [22, 23]. In addition, bagasse ash 

as a cellulosic waste has many other potential uses, 

including as a reinforcing material and a composite 

material [24–27]. Therefore, processed bagasse waste 

has the potential to reduce environmental pollution 

[28]. Currently, the application of SBA as an  

alternative filler in synthetic leather has not been 

widely investigated.  This study aims to determine 

the effect of adding bagasse ash to synthetic leather 

products to improve their physical properties and 

thermal resistance. 
 

EXPERIMENTAL 
 

Materials 
 

SBA was obtained from a sugarcane mill in Madiun, 

East Java, Indonesia. Materials used included 

polyvinyl chloride (PVC), dioctyl phthalate (DOP) as 

a plasticizer, a heat stabilizer (Lastab), epoxy as an 

adhesive, and knit fabric as a reinforcement material. 

All chemicals were of industrial grade and used 

without further purification. Commercial PVC-based 

synthetic leather X and Y were used as comparative 

materials in the analyses. 

 

Preparation of Sugarcane Bagasse Ash 

 

SBA was milled to obtain a particle size of  

approximately 50 mm. The powder obtained was 

dried in an oven at 150 C for 20 min to remove 

the water content. 

 

Preparation of Eco-friendly Synthetic Leather 

 

The formulation of each composite is given in Table 

1. SBA content was varied at 0% (S-0), 20% (S-20), 

40% (S-40), 60% (S-60), 80% (S-80), and 100% (S-

100). Compounding was conducted by weighing all 

ingredients and then putting them into a stainless steel 

container. It was stirred until homogeneous using a 

mixer, by adjusting the speed from 200 to 1000 rpm 

for 5 min. The skin compound was then smeared on 

release paper that was heated in an oven at 190 C for 

10 seconds and adjusted using a feeler gauge of 0.3 

mm on the coating table. After that, the skin compound 

was flattened with a manual roller. The compound was 

heated in an oven at 200 C for 30 s. 

 

The heated skin was placed on the coating table 

to apply adhesive. The thickness of the adhesive 

applied was adjusted to 0.1 mm. Then, the reinforcing 

cloth was flattened onto the adhesive surface that 

had been applied. This was dried in an oven at 190-

200 C for 60 seconds. The dried synthetic leather 

sheet was cooled at room temperature. Subsequently, 

the sheet was separated from the release paper and 

then characterized. 

 

 

 

Table 1. Formulation of synthetic leather samples. 

 

Sample Code SBA (%) 
Ingredients (g) 

PVC Resin DOP Heat Stabilizer Epoxy SBA 

S-0 0 100 40 2 3 0 

S-20 20 100 48 2 3 16 

S-40 40 100 56 2 3 32 

S-60 60 100 64 2 3 48 

S-80 80 100 72 2 3 64 

S-100 100 100 80 2 3 80 
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Figure 1. Visual appearance of the synthetic leather samples: (a) S-0, (b) S-20, (c) S-40, (d) S-60, (e) S-80, 

and (f) S-100. 

 

 

 

Characterization techniques 

 

A visual inspection was performed to observe the 

condition and appearance of the synthetic leather 

samples. Characterization of materials was conducted 

using a Universal Testing Machine (UTM) to measure 

the tensile strength and elongation (SNI 1294:2009). 

Fourier Transform Infrared (FTIR) spectrophotometry 

(Shimadzu FTIR Prestige 21), and Scanning Electron 

Microscopy-Energy Dispersive X-ray (SEM-EDX) 

(SNE-4500M) were used to identify the functional 

groups, topography, and elemental content. X-ray 

diffraction (XRD) (Rigaku Multiflex) analysis was 

conducted over a 2 range of 10-40° at a scan speed 

of 5°/min to evaluate the crystallinity of the material. 

Thermal Gravimetric Analysis (TGA) (Diamond Pyris 

Perkin Elmer) was performed to determine the thermal 

resistance of the synthetic leather composite. The 

thermal analysis was carried out using a maximum of 

4 mg of each sample under a nitrogen gas flow (50 

mL/min), with a heating rate of 10 C/min within the 

temperature range of 30-1000 C. 

 

RESULTS AND DISCUSSION 

 

Visual Inspection 

 

A visual inspection was carried out to identify whether 

the condition and appearance of the eco-friendly 

synthetic leather samples met the requirements of 

the Indonesian National Standard (Standar Nasional 

Indonesia, SNI) 1294-2009, a standard for synthetic 

leather. The quality requirements of this standard 

include a study of bubbles, wrinkles, cracks, peeling 

layers, tears, blemishes, and foreign matter attached to 

materials for determining the goodness or defects of 

leather. Figure 1 shows the visual appearance of the 

synthetic leather samples. None of the aforementioned 

defects were observed in the samples. The sample 

without SBA produced white coloured synthetic 

leather. The sugarcane bagasse ash was originally 

coloured black [29], so the more SBA used, the 

darker the leather produced. Compounds with more 

SBA produced black leather. This phenomenon 

is attributed to the inherent dark colour of SBA, 

which influences the visual appearance of the  

synthetic leather [30]. 

 

Physical Analysis 

 

Physical parameters including thickness, tensile  

strength, elongation, tear resistance, and adhesive 

resistance were measured to explain the effect of SBA 

as a filler, in reference to SNI 1294-2009. The results 

of the analysis are shown in Table 2. 

 

Based on Table 2, all the synthetic leather 

samples met the requirements of SNI, except for S-0, 

which did not meet the requirements for thickness and 

maximum tear force. This can be attributed to the 

absence of a filler, which causes the synthetic leather 

to become thinner and more susceptible to being torn. 

However, the thickness of S-80 also did not meet the 

standard requirements, although it had a higher tear 

strength than that of S-0. This phenomenon may be a 

consequence of the compact structure of S-80. 
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Table 2. Physical properties of the synthetic leather samples. 

 

Material Thickness 

(mm) 

Maximum 

Tensile Force 

(N) 

Elongation 

(%) 

Maximum 

Tear Force 

(N) 

Adhesive 

Resistance (N) 

S-0 0.78 343.23 16.44 14.87 26.22 

S-20 0.90 367.04 18.16 47.04 22.89 

S-40 0.98 357.37 17.29 53.33 37.32 

S-60 0.90 410.74 16.70 57.91 18.17 

S-80 0.76 406.30 16.37 47.33 18.71 

S-100 0.80 270.67 16.80 51.04 22.31 

SNI 1294-2009 Min 0.8 Min 180 12-20 Min 31 Min 14 

 

 

 

The best physical properties were obtained 

with 60% SBA (S-60), and this sample had the highest 

tensile strength and tear strength values. Its elongation 

and adhesive resistance values were not the highest 

observed, but they still exceeded the minimum 

requirements of SNI. This follows the hypothesis 

that SBA can improve the physical properties of 

polymers [29, 31]. 

 

With more than 60% of SBA, a decrease 

in the value of physical parameters was observed, 

particularly in tensile and tear strength (Table 2). This 

is because the amount of filler exceeded the ideal 

composition for polymer composites. The more filler 

material is added, the more concentrated the polymer 

compound mixture becomes. If SBA exceeds 80% 

of the filler material, the composite may exhibit 

agglomeration or inadequate dispersion, leading to a 

reduction in mechanical properties [32]. This decrease 

is attributed to the formation of defects and voids at 

the SBA-PVC interface, which impair effective load 

transfer [3]. It has also been noted that the amount 

of inorganic fillers used can affect the material’s 

physical properties [33, 34]. 

 

As a comparison, the physical properties of two 

commercial synthetic leathers were tested. The results 

showed that the composite with bagasse ash as filler, 

especially at 60%, had better physical qualities than 

the two commercial products in almost all parameters, 

except adhesive resistance (Table 3.). It can thus be 

concluded that the quality of the synthetic leather 

produced was competitive with commercial products. 

 

X-Ray Diffraction (XRD) Analysis 

 

The XRD pattern shows the semicrystalline pattern 

of synthetic leather (Figure 2). The peaks of PVC 

appeared at the diffraction angles (2) of 19 and 24 

[35–37]. The peak at 24 for the silica-modified 

composite was not observed clearly due to an overlap 

with the characteristic peak of silica at 22 [38,39]. This 

overlap peak reveals that the synthetic leather sample 

had been successfully modified with silica as a filler. 

 

 

 

Table 3. Comparison of physical properties of composite and commercial products. 

 

Material Maximum 

Tensile Force 

(N) 

Elongation 

(%) 

Maximum 

Tear Force 

(N) 

Adhesive 

Resistance (N) 

S-60 410.74 16.70 57.91 18.17 

Product X 163.67 17.49 51.81 34.18 

Product Y 77.44 14.64 34.16 20.52 
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Figure 2. XRD patterns of the synthetic leather samples. 

 

 

 

  
 

Figure 3. Infrared spectra of the synthetic leather samples. 
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Fourier Transform Infrared (FTIR) Analysis 

 

The FTIR spectra indicated the successful modification 

of PVC using silica-based sugarcane bagasse ash 

filler (Figure 3). The absorption bands of PVC were 

observed at 617, 694, and 833 cm-1, corresponding to 

the stretching vibration of C-Cl [40–42]. Additionally, 

the presence of Cl in PVC resulted in the absorption 

band at 1427 cm-1, attributed to the symmetrical 

stretching vibration of CH2-Cl. The bending and 

stretching vibrations of C-H were seen at 960 and 

1273 cm-1, respectively [42, 43]. The band around 

1200 cm-1 overlapped with the stretching vibrations 

of a methylene group (-CH2-), a methyl group (-CH3), 

and CH-Cl [44]. The absorption band of C-H, an 

asymmetrical stretching vibration of CH2, was also 

found at 2924 cm-1 [45, 46]. 

 

The interaction of PVC with DOP and epoxy 

resulted in the absorption bands at 1073 and 1126 cm-

1, due to C-O stretching. Likewise, the band at 1721 

cm-1 due to C=O stretching revealed their interaction 

[40, 44]. The presence of silica was indicated by a 

band at 1073 cm⁻¹ corresponding to the Si–O–Si 

group, which overlapped with the C–O band [9]. 

Additionally, a hydrogen bond was detected at  

3426 cm-1, as -OH stretching [46]. 

 

A change in absorption occurred after with the 

addition of silica as a filler. The intensity of the C-Cl 

absorption band decreased at around 620-700 cm-1. 

A weaker intensity was also noted in the C-H peak 

at 2900 cm-1. This is due to the decrease in the 

intermolecular interactions of PVC which were 

replaced by interactions between PVC and silica. 

These interactions are formed through hydrogen 

bonding between the hydrogen (H) of PVC and the 

oxygen (O) of the silanol group. Thus, the absorption 

intensity at 3400 cm-1 is dependent on the amount of 

hydrogen bonds formed. 

 

Scanning Electron Microscopy and Energy 

Dispersive X-Ray (SEM-EDX) Analysis 

 

The cross-sectional and surface SEM images of the 

synthetic leather samples are shown in Figure 4. The 

analysis was conducted on samples S-0, S-60, and 

product X as a comparison. 
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Figure 4. SEM surface images of synthetic leather samples at different magnifications: (a) S -0 (150x), 

(b) S-0 (2000x), (c) S-60 (150x), (d) S-60 (2000x), (e) Product X (150x), (f) Product X (2000x); and  

cross-sectional images: (g) S-0 (150x), (h) S-0 (2000x), (i) S-60 (150x), (j) S-60 (2000x),  

(k) Product X (150x), (l) Product X (2000x). 

 

 

 

The SEM images show that the addition of 

a filler affected the surface of the composite. 

This is observed in Figure 4, where S-60 had a 

bumpy surface, while the surface of S-0 was less 

bumpy. When compared to product X, S-60 had 

fewer lumps and less roughness, indicating a 

more uniform structure. The cross-sectional 

images in Figure 4 show the dominant holes in 

product X. This is caused by the foaming agent 

that is commonly added to synthetic leather  

composites to prevent stretching or wrinkling. 

The foaming agent produces a foamy plastic 

structure that is softer and has a low density. 

Several holes were also found in S-60, indicating 

that SBA can provide a blowing agent-like effect, 

which was not found in S-0. 
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Figure 5. EDS spectra of the synthetic leather samples: (a) S-0, (b) S-60, and (c) Product X. 

 

 

 

The EDX (Energy dispersive X-ray) spectra in 

Figure 5 show the presence of Si and O elements 

indicative of silica in S-60, while this was not detected 

in the spectra of S-0. The results confirm the presence 

of a Si-containing filler in the synthetic leather 

samples. In addition, silica and calcium were observed 

in the EDX spectra of product X, indicating that it also 

contained silica and calcium as fillers. 

 

(a) 

(b) 

(c) 
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Table 4. Thermal degradation data of the synthetic leather and commercial samples. 

 

Material 

First stage Second stage Third stage Total 

weight loss 

(%) 
Temp. 

(°C) 

Weight loss 

(%) 

Temp. 

(°C) 

Weight loss 

(%) 

Temp. 

(°C) 

Weight loss 

(%) 

S-0 255.07 38.639 293.48 36.069 466.05 18.927 94.012 

S-20 219.98 20.678 306.12 32.494 463.35 16.767 86.260 

S-40 216.74 34.854 301.82 29.805 463.89 14.676 80.054 

S-60 216.20 20.886 302.35 39.451 463.36 13.699 75.196 

S-80 224.82 22.609 292.66 36.722 464.43 11.905 72.650 

S-100 224.27 24.991 288.89 31.528 464.96 11.400 69.571 

Product X 220.45 32.659 272.37 27.207 470.37 15.320 78.589 

Product Y 215.13 29.097 291.58 27.221 439.15 26.905 85.752 

 

 

 

Thermal Analysis 

 

The TGA (Thermal Gravimetric Analysis) data are 

displayed in Table 4. Based on these results, the 

samples underwent three stages of thermal degradation. 

The first stage was the initial shoulder at about 

216-255 °C. This is ascribed to the early onset 

PVC dehydrochlorination [47–49]. The temperature 

range in the second stage was around 288-306 °C, 

attributed to a major degradation step corresponding 

to extensive HCl release from PVC [47–49]. The third 

decomposition occurred at 463-466 °C, and was due 

to the degradation of conjugated polyene sequences 

and subsequent char formation [48–50]. 

 

The total weight loss decreased as silica  

concentration increased, indicating improved  

thermal stability. Furthermore, the weight loss 

of the composite samples fell within the typical 

range for commercial products (Table 4), confirming 

comparable thermal stability. 

 

CONCLUSION 

 

In this study, SBA was used as a filler for synthetic 

leather. The physical and thermal analyses showed 

that optimal properties were obtained with S-60. 

This material had the highest tensile and tear  

force values, at 410.74 N and 57.91 N, respectively. 

It was also thermally stable, with a total weight 

loss of 75.196%. Based on our comparison, the 

synthetic leather samples produced in this study, 

especially S-60, showed properties comparable to 

the commercial samples. 
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