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Abstract. This study investigates the effect of rice husk ash (RHA) silica 

addition on the fire resistance of CFRP composites. CFRP specimens were 

fabricated using the hand lay-up method with five RHA silica contents in 

the thermoset matrix: 0%, 5%, 10%, 20%, and 30%. Fire performance was 

evaluated through ignition time, burning rate, and mass loss rate (MLR) 

measurements. The results showed that increasing the RHA silica content 

significantly improved the fire resistance of CFRP. The ignition time 

increased from 22.36 s for neat CFRP to 64.20 s for CFRP containing 30% 

RHA silica, while the burning rate decreased from 22.9 mm/min to 5.3 

mm/min. The enhanced fire performance is attributed to the thermal barrier 

effect of silica, which slows heat transfer and combustion propagation. 

These findings demonstrate that RHA silica is an effective, sustainable 

flame-retardant filler for CFRP composites and has strong potential for 

automotive components exposed to elevated temperatures or engine-related 

heat sources, improving both safety and service reliability. 

1 Introduction 

Carbon Fiber Reinforced Polymer (CFRP) is a high-performance composite material that 

combines carbon fiber as reinforcement and a polymer resin as the matrix. This material 

produces a combination of superior mechanical properties, lightweight, and resistance to 

extreme environments. CFRP is known for its very high strength-to-weight ratio, making it 

much more efficient than conventional materials such as steel or aluminum [1]. With its low 

density, CFRP can provide significant weight reduction without sacrificing structural 

strength, making it ideal for applications that demand high energy efficiency and 

performance.  

Beyond its exceptional strength-to-weight ratio and environmental resistance, the use of 

CFRP in engineering applications must also consider safety, manufacturing feasibility, and 

machining characteristics. [2,3]. In the automotive industry, the use of CFRP extends beyond 

vehicle body panels to include structural components such as frames, fairings, suspensions, 

and braking systems. This material enables vehicles to achieve better fuel efficiency, more 
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responsive acceleration, and reduced carbon emissions. These advantages make CFRP a 

crucial contributor to the development of lighter, faster, and more environmentally friendly 

modern vehicles [4,5]. 

Despite these advantages, CFRP has inherent weaknesses in heat and fire resistance. This 

is due to the thermoplastic nature of the matrix resin, which can undergo thermal degradation 

or combustion at high temperatures [6,7]. On the other hand, in all applications, whether 

automotive or other transportation, safety is the primary requirement. When epoxy or 

isophthalic resin is used as a matrix, it decomposes at temperatures above 250 °C, reducing 

the elastic modulus and tensile strength. The thermal response of CFRP has been studied, and 

it was found that the material content, heating rate, and atmospheric conditions play a 

dominant role in heat resistance [4,8]. Furthermore, exposure to elevated temperatures, 

environmental conditions, and chemical agents can accelerate CFRP degradation, thereby 

reducing its thermal stability and structural integrity. The combined effects of heat, moisture, 

ultraviolet radiation, and chemical exposure may intensify.  

Several other studies, such as those by Golewski and Sadowski [10], showed that heat 

exposure at 250–300 °C reduced the elastic modulus of CFRP by up to 21% and tensile 

strength by 34%, indicating the need for additional thermal protection—meanwhile, Nazrun 

et al. [11] found that applying an intumescent coating to composite panels increased heat 

resistance by up to 0.86 and reduced flame spread by 14%. An advanced approach is to 

combine phosphorus-based or boron-compound flame-retardant additives with RHA silica. 

This combination can form a strong, stable protective carbon layer (char) during combustion. 

This carbon layer acts as a barrier to the diffusion of oxygen and heat, thereby preventing 

further combustion within the material; meanwhile, according to Budacosa et al.[7]Adding 

glass particles as a fire-resistant filler to CFRP improves heat resistance. This indicates that 

adding heat-resistant materials to the composite matrix will increase its heat resistance. 

The effects of adding nitrogen-doped reduced graphene oxide (ND-RGOP) particles on 

the thermal and mechanical properties of composites have also been studied by Soyugusel et 

al. [12]. This study revealed that nitrogen-modified graphene-based nanoparticles can 

improve the stiffness, thermal stability, and elastic characteristics of composite materials 

without compromising their structural integrity. 

The phenomenon of fire spread is an essential parameter in assessing a material's fire 

safety. Fire spread in a material is strongly influenced by buoyant and laminar upward flows. 

[13]. According to MacLeod et al. [6]The characteristics of the polymer in the composite 

significantly influence combustion behavior. Similarly, in composite materials such as 

CFRP, fire spreading depends on thermal conductivity, heat transfer rate, and the chemical 

properties of the resin used. When the resin burns, heat transfers to other layers, expanding 

the combustion area and allowing the fire to spread, according to Gaitenalis et al. [14] 

developed a numerical model combined with chemical reactions, which showed that material 

decomposition due to heat is influenced by extrapolated composite kinetics.  

One material known as a fire retardant is Rice Husk Ash silica. This material contains 

90–95% amorphous silica (SiO₂), which has a high melting point (>1700°C), low thermal 

conductivity, and chemical inertness. The primary mechanism of action of RHA silica as a 

fire retardant is the formation of a protective layer (char layer) that isolates heat and oxygen 

from the resin during combustion. Furthermore, RHA silica particles can slow the pyrolysis 

reaction of the polymer matrix, reduce the rate of volatile gas release, and inhibit oxygen 

diffusion into the material. [15]. 

Given the limitations identified in previous studies, this research focuses on evaluating 

the effect of RHA silica on the fire spread behavior of CFRP composites. RHA silica is an 

abundant, low-cost, and environmentally sustainable material with considerable potential for 

advanced composite applications. Although previous investigations have reported the 

influence of RHA silica on the mechanical and thermal properties of composite materials, 
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the fire flammability characteristics of CFRP containing RHA silica, particularly ignition 

behavior, burning rate, and fire propagation, have not been comprehensively addressed. This 

knowledge gap highlights the need for a systematic investigation of the fire performance of 

RHA silica-modified CFRP. By examining the combustion behavior and fire resistance of 

these composites, this study seeks to promote the utilization of agricultural waste-derived 

silica while enhancing the safety and reliability of CFRP components subjected to thermal 

exposure and fire risk.. 

2 Material and method 

This research employed an experimental method using a flammability test apparatus to obtain 

Fire Spread Rate and Drip of Flame data. The fire-spreading method is based on the concepts 

of flame propagation and heat-transfer rate along the surface of the test material. When the 

material is exposed to heat or an initial flame, a pyrolysis reaction occurs within the polymer 

matrix, producing flammable gases. The thermal resistance of a composite is measured by 

the speed of this reaction and the material's ability to maintain its structural integrity during 

and after combustion. 

The basic principle of the fire-spreading method is to observe flame behavior and the rate 

of heat transfer along the material's surface when exposed to a flame source. When a material, 

such as epoxy resin-based CFRP, is exposed to a heat source, its polymer matrix undergoes 

pyrolysis, producing flammable gases that fuel flame spread. A material's thermal resistance 

is determined by its ability to delay ignition, slow the flame spread rate, and maintain 

structural integrity during combustion. The slower the flame spreads, the greater the 

material's ability to withstand heat and maintain thermal stability. 

2.1 Specimen preparation 

RHA silica is produced from rice husk ash, which has been burned until it completely 

becomes ash. The rice husk ash was subsequently dissolved in a KOH solution, and the 

mixture was heated to 85 °C. Under these conditions, the silica-containing ash dissolved to 

form a potassium silicate solution. The resulting solution was then filtered using Whatman 

filter paper, followed by a neutralization process to produce RHA silica in gel form with a 

neutral pH of approximately 7. 

Once the required amount of RHA silica from rice husk ash is obtained, CRFP is produced 

using the Hand lay-up method with the composition shown in Table 1. Meanwhile, the 

variations in RHA silica in the specimens are explained as shown in Table 2. 

Table 1. CFRP Specifications 

Matrix Composition Vs Reinforce 75% :25% 

Matrix Type Isophthalic Resin 

Reinforce Type Woven-type Carbon Fiber 

Drying Normal conditions, 4 x 24 hour 

Specimen Dimension 125 mm x 13 mm x 3mm 

Standard of Test UL94 

Table 2. Variants of CFRP Test Specimens 

Test Specimen Variance (Matrix vs Reinforce) (%) 

CFRP TS 75% matrix without RHA silica 25 % Reinforce 

CFRP 5 75% matrix (include 5% RHA RHA silica) 25 % Reinforce 

CFRP 10 75% matrix (include 10% RHA RHA silica) 25 % Reinforce 

CFRP 20 75% matrix (include 20% RHA RHA silica) 25 % Reinforce 
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CFRP 30 75% matrix (include 30% RHA RHA silica) 25 % Reinforce 

 

From Table 2 above, the CRFP produced consists of 5 variations, each with a different 

additional RHA silica element, ranging from 0% to 30% of the 75% matrix, derived from 

rice husk ash. For each variant, three specimens were made to produce accurate data. The 

materials used in the testing are as follows (see figure 1). 

 

  
CFRP TS CFRP 5 

  
CFRP 10 CFRP 20 

 
CFRP 30 

Fig. 1. Specimen Testing 

2.2 Flammability test apparatus 

According to the UL 94 (Underwriters Laboratories) standard, this is one of the most 

common methods for assessing the ability of polymer or composite materials to resist 

combustion. This standard divide testing into two main types: UL 94-HB (Horizontal 

Burning Test) and UL 94-V (Vertical Burning Test). Each provides a different approach to 

understanding a material's flame-spread behavior and heat resistance.The test equipment used 

uses the UL 94 standard as shown in Figure 2 below: 
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Fig. 2. Flammability Test Apparatus 

In UL 94-HB, the test is conducted by placing the specimen horizontally and then igniting 

it at its tip to assess the burning rate. This method produces quantitative data on flame spread 

speed, expressed in millimeters per (mm/min). The calculation is done by comparing the 

distance burned to the time required for the flame to reach that distance. The lower the 

burning rate, the higher the material's resistance to flame spread. 

 The fire spread rate and drip flame scheme is conducted by following the scheme (Figure 

2): 
  

a. Horizontal burning test b. Vertical burning test 

Fig. 2. Flammability Test Scheme 

From this scheme, the data collected are the material's start-of-burn and burning rate. Fire 

spreading 𝑉 (mm/): 

𝑉 = (60 × 𝐷)/𝑡                                      (1) 

where 𝑉 is the burning rate (mm/min), 𝐷 is the burned distance (mm), and 𝑡 is the required 

time (s). 

Meanwhile, for drip flames, as shown in Figure 2b, UL 94-V is conducted in a vertical 

position. It does not calculate the burning rate; instead, it assesses after-flame time and 

dripping behavior. The specimen is ignited twice for 10 seconds, and the extinguishing times 

are recorded. Based on the results, the material is classified as V-0, V-1, or V-2, depending 
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on the flame duration, afterglow duration, and whether the ignited droplets ignite the cotton 

underneath, and the General criteria of UL 94-V (Table 3): 

Table 3. Vertical burning test criteria 

Flammability Rating UL 94 V 

Test Criteria V-0 V-1 V-2 

Burning time of each test specimen (s0 [After first and second flame 

application] 

≤20 ≤30 ≤30 

Total burning time (s) ≤50 ≤250 ≤250 

Burning and after times after second flame application(s) ≤30 ≤60 ≤60 

Dripping Of Burning Specification [ignition of cotton batting] no no Yes 

Combustion up to holding clamp [specimen completely burned] no no no 

 

Thus, the UL 94 approach provides two distinct perspectives on assessing a material's 

thermal resistance. The horizontal (HB) test quantitatively emphasizes flame propagation 

speed, while the vertical (V) test assesses flame stability and safety against the effects of 

gravity and flame droplets. 

3 Result and Discussion 

3.1 Horizontal Burning Test 

The research results show the ignition time (when CFRP starts burning) and the burning rate, 

as presented in Table 4 below. 

Table 4. Ignition time and burning rate of CFRP 

No Specimen Names Time to ignite (second) Burning Rate (mm/min) 

1 CFRP Non RHA silica 22,36 s 22.9 

2 CFRP with 5% RHA silica 28,56 s 20,8 

3 CFRP With 10% RHA silica 36.02 s 16,6 

4 CFRP With 20% RHA silica 48.41 s 11.1 

5 CFRP With 30% RHA silica 64,2 s 5,3 

From the table above, it can be seen that CFRP without RHA silica takes 22.36 seconds 

for the test specimen to start burning. Meanwhile, for CFRP containing 5% RHA silica, the 

time required to initiate pyrolysis is 28.56 s. According to existing data, there is a delay of 

up to 6.3 seconds before the CFRP material begins to burn. Then, the trend of increasing 

resistance to heat and pyrolysis is also observed in CFRP with 10% to 30% RHA silica, with 

a burning time of up to 42 s in CFRP containing 30% RHA silica. 

As shown in Figure 3. The time required for CFRP to start burning increases significantly 

with the addition of 5%-30% RHA silica. With the addition of 5% RHA silica, the increase 

in time is up to 27% compared to CFRP without RHA silica. Meanwhile, in other specimens, 

a drastic increase occurred upon adding 20% and 30% RHA silica to CFRP, extending the 

time required for CFRP to start burning to more than 100%. 
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Fig. 3. Time to ignite the CFRP 

Based on the data above, the fire retardant from husk ash, used as an additive in the CFRP 

matrix, has a highly positive impact. Likewise, the effect of adding RHA silica elements on 

the burning rate of the test specimens has been studied. In CFRP specimens without silk 

elements, the burning rate was found to be 22.9 (mm/min). Meanwhile, when the RHA silica 

element is added to the matrix, the burning rate tends to decrease as the amount increases. As 

seen in Figure 4 below. 

 

Fig. 4. Burning rate of CFRP 

As shown in the figure, the burning rate of CFRP is significantly reduced by the presence 

of six RHA silica elements in the CFRP matrix. When compared with CFRP without RHA 

silica, CFRP with a high RHA silica content of up to 20% and 30% shows a significantly 

different decrease in propagation rate, up to more than 100% of the burning time per second. 

3.2 Vertical Burning Test 

For Vertical burning test results, the flammability criteria can be categorized as shown in 

Table 5 below. 

Table 5. Vertical burning test results 

No Nama Spesimen Drop flame Flammability Rating 

1 CFRP Non RHA silica N/A V1 

2 CFRP with 5% RHA silica N/A V1 

3 CFRP With 10% RHA silica N/A V1 

4 CFRP With 20% RHA silica N/A V0 

5 CFRP With 30% RHA silica N/A V0 
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According to the data in Table 5, all CFRP specimens, with and without the addition of 

RHA silica, exhibited no dripping during testing. This indicates that the carbon fiber-

reinforced epoxy resin matrix structure has relatively good thermal stability. However, the 

most striking differences were observed in ignition time and fire-resistance classification 

level, depending on the amount of RHA silica added to the matrix. For CFRP without RHA 

silica, as well as specimens with 5% and 10% RHA silica, test results showed that the ignition 

time remained below 30 seconds after two ignitions, placing all three in the UL 94 V1 

category. This classification indicates that the material is capable of self-extinguishing fire, 

although it still takes longer than the highest category of materials. 

Meanwhile, adding RHA silica at 20% and 30% of the total resin weight significantly 

increased the material's fire resistance. Both variations fall into the UL 94 V0 category, the 

highest fire resistance level. In this category, the ignition time of each specimen did not 

exceed 20 seconds, the total burning time of all specimens was less than 50 seconds, and no 

droplets or burning was observed until the specimen clamp. Thus, CFRP with 20-30% RHA 

silica has excellent self-extinguishing properties.  

CFRP without RHA silica began to ignite at 22.36 seconds, while CFRP with 5% RHA 

silica took 28.56 seconds to start burning. As the RHA silica content in the matrix increased, 

the ignition time increased significantly. For CFRP with 30% RHA silica, the ignition time 

increased to 64.2 seconds, representing an increase of more than 100% compared to 

specimens without RHA silica. This increase in ignition time indicates that RHA silica in 

rice husk ash functions as an effective thermal retardant. When the material is exposed to a 

heat source, the RHA silica particles absorb part of the thermal energy and form a protective 

char layer on the surface, thereby inhibiting pyrolysis and preventing oxygen from 

penetrating the matrix. As a result, the combustion reaction slows down, and the material 

becomes more resistant to high temperatures. 

3.3 Mass Loss Rate  

Mass loss on ignition compares the mass before the test with the mass reduction per unit time 

during combustion. Using the UL 94 standard, the mass change is recorded and compared 

for each specimen. In addition to comparing variations in silica volume across CFRP 

specimens, the three samples within each variation were also analyzed (as shown in Table 

6). 

Table 6. mass loss rate result 

Mass (gram)/time 

(second) 

1 

(s) 

2 

(s) 

3 

(s) 

4 

(s) 

5 

(s) 

6 

(s) 

7 

(s) 

8 

(s) 

9 

(s) 

10 

(s) 

11 

(s) 

Mass of CFRP TS 8,1 8 7,9 7,8 7,5 7,3 7,3 7,2 7,1 7 6,8 

Mass of CFRP 5% 6,1 5,9 5,8 5,6 5,4 5,4 5,2 5,1 5 4,9 4,8 

Mass of CFRP 10% 5,5 5,5 5,3 5,2 5,1 4,9 4,8 4,6 4,6 4,4 4,2 

Mass of CRFP 20% 5,1 4,8 4,7 4,7 4,5 4,5 4,3 4,2 4,2 4 3,9 

Mass of CFRP 30% 5,5 5,5 5,4 5,4 5,4 5,4 5,3 5,3 5,3 5,2 5,1 

 
From the table above, it can be seen that CFRP with silica added to the composite matrix 

exhibits different mass-reduction characteristics during combustion. The initial mass of each 

specimen varies due to manual production. From the table above, the decrease in mass after 

burning is shown in Graph 1 below. Where the graph that experiences the largest change in 

mass indicates that the final mass after combustion experiences a significant difference. 

Likewise, when the initial masses do not differ significantly, this means that, up to a certain 

time, the mass lost to burning is not significant. 
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Fig. 5. Mass loss rate of CFRP 

From the graph above, the rate of mass reduction in the silica volume is a percentage of the 

initial mass per unit time (s). The percentage of mass stability over a certain period indicates 

that the specimen does not burn as much as other materials. And this is seen in CFRP with 

30% silica. The largest percentage was obtained from CRFP without silica, with a mass 

reduction of up to 30% from the initial mass, and the lowest was from CFRP with 30% silica, 

at less than 10%. 

In addition to prolonging ignition time, RHA silica also significantly reduces the burning 

rate. CFRP without RHA silica has a burning rate of 22.9 mm/min, whereas with 30% RHA 

silica, it drops drastically to 5.3 mm/sec. This decrease indicates that the higher the RHA 

silica content in the composite, the greater its ability to resist heat and fire spread. These 

results illustrate that RHA silica serves as both a thermal barrier and a flame retardant. 

In addition, the results of the fire resistance test based on the UL 94 Vertical Burning Test 

showed a significant improvement in the flammability rating category. All CFRP specimens, 

both without RHA silica and with RHA silica content up to 10%, remained in the V1 

category, while CFRP with 20% and 30% RHA silica achieved the highest category, V0. 

This category indicates that the material has self-extinguishing capabilities.  

4 Conclusion 

The burning rate decreased from 22.9 mm/sec for the CFRP specimen without RHA silica to 

only 5.3 mm/min with the addition of 30 wt.% RHA silica. This substantial reduction 

demonstrates the effectiveness of RHA silica as a flame-retardant filler, forming a protective 

thermal barrier that limits heat transfer into the material and restricts oxygen diffusion during 

combustion. Furthermore, the presence of silica-rich char residues enhances thermal 

insulation and delays the progression of combustion. This is indicated by a short ignition time 

(≤20 seconds), a total burning time of under 50 seconds, the absence of flame droplets, and 

no burning until the specimen clamp. These results demonstrate that adding RHA silica to 

CFRP imparts self-extinguishing capability, meaning it can extinguish fires on its own after 

the heat source is removed. Based on the overall data, the optimum RHA silica composition 

in the resin matrix is 20–30%. At this concentration, the material achieves the best 

combination of heat resistance, long ignition time, and a significant reduction in burning rate 

without compromising its structural strength. 

Beyond the technical aspects, this research also has high sustainability value. Utilizing 

rice husk ash as an RHA silica source represents a form of agricultural waste recycling with 

0

2

4

6

8

10

1 2 3 4 5 6 7 8 9 10 11

M
as

s 
(g

ra
m

)

time (second)

Mass loss rate

CFRP TS CFRP 5% CFRP 10% CRFP 20% CFRP 30%

9

EPJ Web of Conferences 377, 01009 (2026) https://doi.org/10.1051/epjconf/202637701009

IPS 2026



high added value and is environmentally friendly. Therefore, CFRP materials modified with 

RHA not only excel in thermal performance but also support the green material and circular 

economy concepts in the materials engineering industry. 
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