
 Textile Research Conference, 29 October 2016, Dhaka, Bangladesh 

 

Effect of Ceramic Coatings on the Fire Protection of Carbon 

Fibre-Reinforced Epoxy Composites. 
Forkan Sarker 1, 2, Baljinder Kandola1, Piter Myler1, Abu Naser Saifullah1  

1Institute for Materials Research and Innovation, University of Bolton, Deane Road, Bolton, BL3 5AB, UK   

2 Department of Textile Engineering, Dhaka University of Engineering and Technology, Gazipur-1700, Bangladesh 
1Corresponding Author E-mail: forkan@duet.ac.bd 

 

Abstract: Fibre-reinforced polymeric composites for 

structural applications are required to conform to specific fire 

performance requirements and to retain their mechanical 

integrity after exposure to heat/fire. Many polymeric 

composites will lose their structural integrity when exposed to 

temperatures close to the glass transition temperature of the 

resin matrix. It has been found that without changing the 

mechanical properties the best way of protecting composite 

laminate is the use of thermal barrier coating that can reduce 

the heat transfer from the heat source to underlying surface. 

Two techniques of dispersing ceramic particles on the surface 

have been employed, one where particles were dispersed on 

semi-cured laminate and the other where their dispersion in a 

phenolic resin was applied on the laminate surface using a K-

bar coater. Fire protection efficacy of these ceramic particles 

dispersed on the surface of the carbon-fibre epoxy composites 

has been evaluated using a cone calorimeter at 35 and 50 

kW/m2 in addition to temperature gradients through the 

samples ’thicknesses, measured by inserting thermocouples on 

the exposed and back surfaces during the cone tests. Ceramic 

particles have been seen to be more effective fire retardant 

coatings on this less flammable carbon fibre composite 

substrate. 
Key Words: ceramic particles; thermal barrier coatings; 

carbon fiber-reinforced epoxy composites. 

1. INTRODUCTION 

The drive to reduce weight and hence fuel consumption has 

promoted the use of fiber-reinforced composites in the 

transport industry. Modern aircraft such as the Boeing 787 and 

Airbus 350 are increasingly using composites as primary 

structural components. However, when polymeric structures 

replace metallics, their thermal stability becomes an important 

issue. On exposure to heat, the resin part of the composite 

softens before degrading and then undergoes combustion, often 

accompanied by delamination, which affects the structural 

integrity of the composite structure. The thermal and fire 

performances of fiber-reinforced composites depend upon the 

resin and fiber type, their mass/volume fraction composition 

and fiber configuration [1],[2]. When exposed to high heat 

fluxes, the heat transfer and the resulting temperature rise 

through the thicknesses of samples depend on the density, 

thermal conductivity, and specific heat capacity values of both 

the resin and fiber components, as well as the kinetics of their 

decomposition [3],[4] although the latter is applicable to resins 

only in the case of these composites. The thermal and 

mechanical performance of most thermosetting resins is 

dictated by their functionality. Recently, it is shown that 

ceramic particles, when deposited on the surfaces of glass-fiber 

reinforced (GRE) composites, act as thermal insulators [5],[6]. 

If an appropriate resin binder is used and the particles 

completely cover the surface, i.e., no resin on the surface is left 

unexposed; the flammability of the samples could be reduced. 

In cone calorimetric tests at 35 and 50 kW/m2, the heat fluxes 

in the absence of an external ignition source, the time-to-

ignition (TTI) and the time-to-peat heat release rate (TPHRR) 

were significantly increased while peat heat release rate 

(PHRR) was reduced. However, if the particles do not 

completely cover the surface and even if a thick coating is 

applied, in presence of ignition source, the resin ignites easily 

and the thermal barrier effect of the ceramic particles becomes 

negligible [5],[6]. A number of ceramic particles were initially 

used and, from these the two with the best performance have 

been selected here to be tested on carbon-reinforced epoxy 

composites. In this work we have used a novel method of 

dispersing ceramic particles, while the resin was semi-cured, 

the vacuum bag was opened up and the resin dispersed and then 

vacuum bagged again for full curing. The point of semi-curing 

was important, being cured enough not to flow, but remaining 

a little bit wet. Another set of samples with coating in a 

phenolic binder was applied on the surface of the laminates and 

some extra particles were dispersed on the wet coating. The 

flammability and thermal barrier properties are evaluated here 

in the presence of an ignition source. The purpose of this study 

is to understand whether the effect of these particles is specific 

or independent of the laminate substrate.  

2. MATERIALS AND METHODS 

2.1 Materials 

UMECO MTM45-1 woven/epoxy carbon fibre prepregs was 

kindly supplied by Umeco Structural Mateials Ltd, Derby, UK. 

Two types of ceramic micro-particles were used  (a) Glass flake 

(Flek) - platelets of E-glass of ̴ 5 µm thickness and 

(b)Aluminium titanate (RE)- a ceramic powder composed of 

aluminium titanate (Al2TiO5). Phenolic resin- DUREZ 33156 

was used as a binder.  
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2.2 Composite Fabrication 

      The control sample was prepared by stacking 14 layers of 

(0/90)s prepregs, vacuum bagging the assembly and curing at 

80 °C for 1 h and then increased to 130 °C for 2 h, and finally 

post-curing at 180 °C for 1 h, keeping the ramp rate at 3 °C. 

The cured laminates of 2.93 ± 0.05 mm thicknesses had a resin 

content of 36 wt %, 64 wt % with a fiber volume fraction of 

54.3%. The carbon fibre-reinforced composites are identified 

as CRE composite laminate. 

2.3 Coatings on CRE laminate using resin binder 

     Ceramic particle coatings were prepared by dispersing the 

ceramic powders in a phenolic resin binder using appropriate 

proportions, 20 wt % Flekashield/80 wt % phenolic resin and 

70 wt % Recoxit/30 wt % phenolic resin, Ethanol was used (10 

wt % w.r.t. mixture of ceramic particles and phenolic resin) in 

order to reduce the viscosity. Coatings were applied by using a 

K-bar. The coated laminates were cured at room temperature 

for 12 h and then post-cured at 80 °C for 24 h. These samples 

are identified in this manuscript as CRE-P/CpS (P = phenolic, 

Cp = ceramic particle: Flek (Flekashield) or Re = (Recoxit) and 

S = sieved). 

2.4 Coatings on Semi-Cured CRE Laminate 

      In this technique, the coatings were applied by semi-curing 

the prepregs.The optimum condition obtained was as follows: 

semi-curing at 80 °C for 1.5 h; opening the vacuum bag and 

sieving the ceramic particles on the surface using either a 50 

mesh (300 µm) for glass flakes and a 100 mesh (150 µm) for 

Recoxit particles; vacuum bagging again, and; then curing at 

130 °C for 2 h followed by post curing at 180 °C for 1 h. These 

samples are identified in this manuscript as CRE-Semi/Cp. 

2.5 Flammability and Thermal Barrier Study 

      The flammability of CRE composite laminates 

with/without surface coatings was evaluated in a cone 

calorimeter (Fire Testing technology, East Grinstead, UK). 

Three 75 mm square specimens of each sample were tested by 

exposing them to 35 and 50 kW/m2 heat fluxes in the horizontal 

mode with a spark ignition. In order to study the thermal barrier 

properties and thermal resistance of each type of ceramic 

coating, three K-type thermocouples were placed, one on top of 

the surface coating and two on the reverse side of samples. The 

thermocouples recorded temperature as a function of time for 

the duration of exposure to various heat fluxes. 

3. RESULTS AND DISCUSSION  

3.1 Surface Characterisation 

     As can be seen from results in Table 1, when ceramic 

particles are applied as a surface coating on the laminate (as a 

finished product), the % deposition was lower than that when 

applied on semi-cured laminates. In semi-cured samples more 

particles can be absorbed by the semi-cured resin, whereas 

when used as a surface coating only a limited amount can be 

applied as a thin coating on the surface. The thickness of the 

coating containing flekashield was higher in semi-cured 

product whereas recoxit coating is less affected by the 

preparation method. 

Table 1. Physical properties of the carbon fiber-reinforced (CRE) composite 

(75 mm × 150 mm plaque) samples and the coatings applied on the surfaces of 

the composite samples. P = phenolic, Cp = ceramic particle: Flek (Flekashield) 

or Re = (Recoxit) and S = sieved. 

Sample 

Ceramic 

Particle 

and Size 

Coating 

Thickness 

(µm) 

Mass of 

Coating 

(g) 

Ceramic 

Particle 

Deposited 

(wt %, w.r.t 

laminate) 

CRE-

P/FlekS 
Flekashield 
(300–400 

µm) 

335 ± 20 
3.55 ± 

0.04 
1.67 ± 0.61 

CRE-
Semi/Flek 

470 ± 13 
6.20 ± 
0.50 

12.90 ± 
0.52 

CRE-

P/ReS Recoxit 

(4 µm) 

510 ± 45 
6.40 ± 

0.40 

12.92 ± 

0.40 

CRE-

Semi/Re 
413 ± 14 

11.35 ± 

0.82 

21.76 ± 

0.72 

 

 

Fig. 1 Digital photographs (i) and scanning electron microscopy (SEM) (ii–iv) 

images of (a) CRE-P/FlekS, (b) CRE-Semi/Flek, (c) CRE-P/ReS and (d) CRE-

Semi/Re sample surfaces at various magnifications. 

Digital photographs and SEM images of the coated samples is 

shown Fig. 1 also indicate that with both methods, coatings are 

uniform and fully cover the surfaces of the laminates. The 

morphology of the surface-coated laminates is different from 

the semi-cured samples. 

3.2 Flammability and Thermal Barrier Study 

      The flammability results of the control CRE sample 

evaluated by cone calorimetry at 35 and 50 kW/m2 heat fluxes 

are given in Table 2, the important parameters relevant to 

evaluating the thermal barrier efficiency of surface coatings 

providing passive fire protection being time-to-ignition (TTI), 

peak heat release rate (PHRR), time-to-PHRR (TPHRR) and total 

heat release (THR) values were considered by following the 

procedure explained in literatures [5],[7]. The heat release rate 

(HRR) versus time curves, from which these parameters are 

obtained, are shown in Fig. 2 and 3. The cone results for 

ceramic particles coated laminates are given in Table 2. 

 

The effect of Flekashield on CRE composites is quite obvious. 

When the surface coating is on the surface of the laminate in 

sample CRE-P/FlekS, one out of three samples did not ignite at 

35 kW/m2, showing no PHRR and THR. For the two samples 
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which ignited, the TTI was not affected, the PHRR was 

decreased and TPFRR increased, but the THR increased. This 

behaviour is usually observed from surface coatings providing 

passive fire protection, i.e., they show their fire barrier. 
efficiency by the decrease in PHRR and increase in TPFRR, 

whereas the burn time, THR and smoke production are 

increased due to slow and prolonged burning [5],[6],[8]. 

Table 2. Cone calorimetric data for coated and uncoated samples at 35 and 50 
kW/m2 heat flux. 

Sample 
Specimen 

No. 

TTI 

(s) 

TTI 

(s) 

PHRR 

(kW/m²) 

TPHRR 

(s) 

THR 

(MJ/m²) 

35 kW/m2 heat flux 

CRE 1,2,3 
173 
± 14 

312 
± 17 

302 ± 16 
218 ± 

17 
32.1 ± 

2.8 

CRE-
P/FlekS 

1,2 
172 

± 15 

331 

± 16 
258 ± 5 

255 ± 

25 

33.0 ± 

0.8 

3* – – – – 1.5 
       

3 246 431 275 312 30.5 

CRE-

P/ReS 

1,3 
250 

± 1 

420 

± 37 
315 ± 53 

301 ± 

7 

33.8 ± 

5.1 

2*     2.1 

CRE-

Semi/Re 
1,2,3 

262 

± 11 

451 

± 13 
289 ± 21 

306 ± 

4 

29.7 ± 

3.1 

50 kW/m2 heat flux 

CRE 1,2 
106 

± 14 

255 

± 34 
358 ± 25 

174 ± 

2 

36.3 ± 

0.7 

CRE-

P/FlekS 

1* – – – – 2.09 

2 110 262 235 218 30.9 

CRE-

Semi/Flek 
1,2 

132 

± 7 

285 

± 16 
247 ± 51 

189 ± 

5 

25.8 ± 

1.8 

CRE-
P/ReS 

1,2 
179 
± 6 

364 
± 27 

288 ± 13 
263 ± 

25 
31.2 ± 

1.6 

CRE-

Semi/Re 
1,2 

143 

± 6 

303 

± 3 
290 ± 31 

240 ± 

16 

37.6 ± 

0.3 

* indicates that the sample did not ignite; TTI is the time-to-ignition; 

FO is flame-out time; PHRR is the peak heat release rate; TPHRR is the 

time to reach the peak value of the heat release rate (HRR); THR is the 

total heat release. 

 

Fig. 2 (a) Heat release rate (HRR) and (b) mass loss versus time curves of the 

control CRE at 35 and 50 kW/m2 heat fluxes. 

If a coating, however, acts as a flame retardant system, the cone 

results should increase in TTI (preferably no ignition) and see 

a reduction in PHRR, THR, mass loss rate and smoke 

production. Similar behavior at 35 kW/m2was also shown at 50 

kW/m2 heat flux (Fig. 3).         

 

The effect of Flekashield on CRE composites is quite 

obvious. When the surface coating is on the surface of the 

laminate in sample CRE-P/FlekS, one out of three 

samples did not ignite at 35 kW/m2, showing no PHRR 

and THR. For the two samples which ignited, the TTI was 

not affected, the PHRR was decreased and TPFRR 

increased, but the THR increased. When Flekashield is used 

in semi-curing stage (sample CRE-Semi/Flek), the TTI is 

increased from 173 s in the control to 269 s in the two 

specimens (55% increase) at 35 kW/m2. PHRR is decreased 

from 302 to 230 kW/m2 (~24% w.r.t. control), TPHRR is 

increased from 218 to 355 s (63% increase), however, the THR 

also decreases from 32.1 to 17.4 MJ/m2 (46% decrease). The 

effect is similar at 50 kW/m2 heat flux. The better thermal 

barrier performance of CRE-Semi/Flek than CRE-P/FlekS can 

be explained due to a higher concentration of Fleaeshield in the 

former (12.9 wt %) than the latter (1.7 wt %); see Table 1. 

 

 

Fig. 3 Heat release rate (HRR) versus time curves of the control and coated 
samples with (a) Flekashield and (b) Recoxit particles at 50 kW/m2 heat flux. 

 

Fig. 4 Mass loss versus time curves of the control and coated samples with (a) 

Flekashield and (b) Recoxit particles at 50 kW/m2 heat flux. 

 

Samples containing Recoxit also showed very good behaviour 

as an effective fire protective coating. At 35 kW/m2, the heat 

flux for CRE-PReS, one specimen did not ignite and in other 

two TTI increased to 250 s. However, for the sample which 

ignited, there was not much effect on PHRR, but the TPHRR 

increased. At 50 kW/m2, the effect was more pronounced, i.e., 

TTI and TPHRR increased while PHRR and THR decreased. In 

the case of CRE-Semi/Re, all specimens ignited, but the TTI 

was increased to 262s, PHRR decreased to 289 kW/m2, TPHRR 

increased to 306 s and THR decreased to 29.9 MJ/m2. The 

improved thermal barrier efficiency of the coating in this 

sample compared to that in the CRE-PReS sample is due to a 

higher concentration of Recoxit particles in the former (see 

Table 1) 

 

The mass loss curves during the cone experiment at 35 and 50 

kW/m2 also showed the thermal barrier effect of all the ceramic 

particle coatings. As clearly seen in Fig. 4, at 50 kW/m2, all 

ceramic-coated samples significantly retarded the mass loss 

rate when compared to the control sample. The difference 

between surface-coated and semi-cured samples, and those 

between Flekashield and Recoxit particles, was dependent 

upon the quantity of particles on the surface. The trends 
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observed are similar to those observed for other parameters 

discussed above. 

3.3 Flammability and Thermal Barrier Study 

As seen from the above study, for any surface coating to act as 

an effective barrier, it should prevent or delay heat transfer 

through the underlying laminate. Hence, the temperature 

profiles of the surface (TS) and the reverse side (TR) of the 

laminate using thermocouples during cone experiments at 35 

kW/m2 heat flux were recorded in Table 3. 

 

Table 3 The time required to reach the selected temperatures at the back surface 
of all CRE samples at 35 kW/m2 heat flux. 

 a∆t= temperature difference between the coated and uncoated samples 

 

The time taken for the insulated/reverse surface of 

the exposed CRE laminates to reach the glass transition 

temperature of a typical epoxy resin (180 °C), the onset of 

decomposition temperature (250 °C), and the 

temperature around which maximum degradation 

occurs are given in Table 3. It should be noted that these 

are the approximate temperatures for a range of different 

epoxy types and not necessarily for the resin used in this 

case. As can be seen from the Table 3 that the time to 

reach these temperatures is greatly increased in 

Flekashield samples and in both cases (Flekashield and 

Recoxit samples), surface-coated samples are better that 

semi-cured ones. The results for surface-coated samples 

with Recoxit are comparable with GRE samples reported 

previously [6].  
 

4. CONCLUSIONS 

      This work has shown that Flekashield and Recoxit coated 

samples work effectively as fire protection on carbon fiber 

composites. While all coatings could reduce PHRR, increase 

TPHRR and delay the rise in temperature at the back surface of 

the sample of the laminate at 180 °C (glass transition 

temperature of a typical epoxy) and 250 °C (onset of 

decomposition temperature of a typical epoxy) when exposed 

to 35 and 50kW/m2 in a cone calorimeter, the best fire retardant 

performance was shown by coatings containing Flekashield. 
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Sample 

Time (s) to Reach 

180 °C 250 °C 

Back 

Surface 
∆t 

Back 

Surfac

e 

∆t 

CRE 48 – 90 – 

CRE-P/FlekS 151 [+103] 262 [+172] 

CRE-Semi/Flek 82 [+34] 129 [+39] 
CRE-P/ReS 77 [+29] 122 [+32] 

CRE-Semi/Re 62 [+14] 116 [+26] 
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