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Abstract- The ablation properties, thermal resistance and micro structural behavior of the phenolic resin (Resole) 
composites have been investigated in this research. Different materials, such as carbon fabrics, glass fabrics, also silica and 
zirconia powders have been used as reinforcements for synthesis of the composites. The specimens were prepared with three 
sets of compositions. The first set was produced with 37.5 wt% of Resole and 62.5 wt% of reinforcements. Another set of 
specimens were produced with 40wt% Resole, 40 wt% of silica and 20 wt% of zirconia. Also to achieve high insulation 
index in Resole/carbon fabrics composites a thin film of zirconia coated at the back side of the specimens. To explore the 
ablation characteristics of the composites in terms of insulation index, erosion rate and microscopic pattern of ablation, an 
oxyacetylene torch flame with heat flux of 10 Mw/m2 at approximately 2800°C was used. The ablation behavior and 
microstructure of the burnt-through specimens were also observed, using scanning electron microscopy. It was found from 
ablation test that the erosion rates of the Resole/carbon fabric specimens are 20% lower than the other specimens. 
Additionally the high insulation index of the Resole/carbon fabrics coated with zirconia indicates that these composites are 
the best ablative materials in the present study. It has been also reported that those specimens filled with zirconia have the 
highest insulation index. Although the erosion rate of the Resole/silica composites were 20% higher than the Resole/glass 
fabrics, but a 5mm depth hole (from 10 mm thickness of the whole specimen) was seen at the center of the Resole/glass 
Fabric specimens. SEM observations show that proper adhesion between reinforcements and matrix is important to achieve 
improved ablative properties, it was also reported many changes in diameter, shape and the surface of the carbon fibers 
through the ablated area. These changes can be reduced from surface to back side of the specimens. 
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I. INTRODUCTION 
 
Ablative polymers and polymeric composites serve 
an important Function in aerospace technology. They 
protect aerodynamic surfaces, propulsion structures, 
and ground equipment form degradative effect of 
very high temperatures or incident heating rate [1]. 
The use of carbon fabrics, glass fabrics, silica and 
zirconia powders as reinforcements in thermal 
insulators for ablation purposes have been discussed 
by researchers [1, 2, 3 and 4].The aim of the present 
study is to understand the effect of various 
reinforcements on the ablation thermal and micro 
structural properties of phenolic matrix composites. 
 
II. EXPERIMENTAL  
 
2.1. Starting materials  
Four types of reinforcements were used in 
manufacturing process of Composites, carbon fabrics, 
glass fabrics, also silica and zirconia powders. One 
type of phenolic resin in the name of resole was 
selected, to be as matrix of the composite.  
 
2.2. Manufacturing Process of composites 
Phenolic matrix composites with different 
reinforcements used in the present study were 
designated as follows. CF/R designates carbon fabrics 
/ Resole green composite. GF/R designates glass 
fabrics/ Resole green composite. S/R designates silica 
/ Resole green composite. Z/S/R designates Zirconia 

/silica/ Resole green composite. CF/R/Z designates 
carbon fabrics/ Resole green composite coated with 
zirconia. 
The amount of composites composition is shown in 
table 1. In manufacturing process, the impregnation 
of reinforcement materials, hot pressing and curing 
cycle were involved; the curve of cure cycles is 
shown in fig. 1. The zirconia was hand coated under 
the last layer of fabrics at the front face (Fig.2). 
 

Table 1 The composition of specimens. 
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2.3. Ablation test 
An oxyacetylene flame ablation facility according to 
ASTM E 285-80 [5] was used. Plate test specimens 
were of 7.2×4.3×10 mm3. The Variation of 
temperature due to time was recorded. According to 
ASTM and The flame specifications, temperature was 
estimated to be about 2800˚C and the heat flux was 
about 10 Mw/m2. The distance and the angle between 
a nozzle tip and the front surface of the specimen 
were 20mm and 90˚ respectively. The erosion rate of 
the material is determined by dividing the original 
thickness by the time to burn through as Eq.1.  
E=d/b   (1)                 
 

 
Figure 1   The cure cycles of composite. 

  
                                                                                 
Insulation index numbers are computed by equation 
in below : 
Insulation Index =  tT/d (2) 
Where E is the erosion rate (mm/s), d is the thickness 
of specimen (mm), b is the burn through time (s), and 
t T is the time that it takes for the back face 
temperature to be changed [5]. 
 
RESULTS AND DISCUSSION 
 
3.1. Ablation properties  
Table 3 shows these parameters for all of the phenolic 
matrix composites. The CF/R/Z composites show the 
longest burn through time and the S/R composites 
show the shortest burn – through time. The burn – 
through time is defined as the time required into the 
rear surface through the center of the specimen when 
the steady flame with constant velocity and pressure 
is vertically forced onto the front surface of the flat 
specimen [3]. On the both basis of thickness and 
weight, the CF/R/Z composites shows the lowest 
erosion rates. As Shown in table 3,the erosion rates of 
CF/R/Z composites are 6.8% lower than the CF/R 
composites. It is expected that the lower erosion rate 
and the higher insulation index show the great 
ablation resistance. The highest erosion rates of GF/R 
composites occurs because of the creation of 5mm 
depth hole at the center of the GF/R specimens .The 
S/R composites have the highest erosion rates 
(mm/s). It is found that CF/R/Z composites have the 

highest insulation index among the other specimens 
and it delicates the highest time of reaching the back 
face temperature to 380˚ C for CF/R/Z composites.  
 

 
Figure 2 schematic illustration of the cross-section in the 

ablation test.[7] 
 

Table 2  Ablation properties for phenolic matrix composites 

 
 

3.2. Microscopic observations 
As illustrated in Fig.2, the eroded specimens were 
divided into four sections. The section (4) and (1) 
designate the central and outer regions in a tested 
specimen respectively. The flame is expected to be 
most intensive near the section (4) and least intensive 
near the section (1).As seen in Fig.3 C(4) and CZ(4) 
found that the fibers at the section (4) are eroded by a 
simultaneous combination of thermo mechanical, 
thermo chemical and thermo physical effects from  
flame, forming a needle – or an icicle – shaped 
pattern. The fibers also exhibit a necking pattern. As 
seen in Figure.3 C (3), C(2) and (C(1), C Z(1)) that 
takes from sections 3, 2 and  1 , icicle shaped fibers 
aren’t seen in these regions. It occurs because 
existence of the charred matrix near and around of the 
fibers can reduced the microstructural damages of 
carbon fibers like breaking away or changing the 
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diameter of them. As seen in C (4) and CZ(4)  in 
Fig.3 Which is most severely exposed to the flame, 
the matrix layer is rarely found , and fibers are 
uniformly eroded forming the needle shape . But in C 
(3), C(2) and C(1) in Fig. 3, It has been found that the 
presence of charred matrix protects the fibers from 
intensive thermo physical and thermo mechanical 
effects of flame. If the heat flux of flame increases to 
higher quantities above the 20 Mw/m2, the fibers in 
all of the sections are changed to needle- shape [3, 4]. 
Also as seen in CZ (4), C (3), C (2), (C (1), CZ (1)) 
some fiber are broken away because of thermo 
physical and thermo mechanical erosion effects, Like 
oxidation and sublimation. 
 
These effects may due to removal of weak matrix and 
make deep cracks in the matrix. Severe micro 
structural damages of carbon fibers such as pitting 
and digging as seen in Fig.4 are caused by a thermo- 
oxidative attack in the oxyacetylene ablation test 
[6].The presence of zirconia in CZ(1)(last layer) is 
caused to increase the insulation index of CF/R/Z 
composites.  
 

 
Figure 3  Scanning electron micrographs showing ablation 
pattern of the fiber and matrix eroded surface of CF/R and 

CF/R/Z composites. Number 1-4 designate different locations 
in the eroded specimen, as seen in Fig.2. 

 
Figure 4 thermo- oxidative attack in the oxyacetylene ablation 

test. 
 
CONCLUSIONS 
 
1. Profile of  temperature 
Addition of zirconia powders to the last layer of CF/R 
composites, has changed the profile of  temperature 
increasing and density decreasing at the last zone of 
charred composite which is because of low thermal 
conductivity of zirconia in high temperatures and its 
high density. Therefore the CF/R/Z composites show 
the lowest erosion rates and the highest insulation 
index. 
2. Erosion rates 
The erosion rates (mm/s) of CF/R/Z composites are 
6.8% lower than the CF/R composites. 
3. Fibers 
The fibers at the section (4) are eroded by a 
simultaneous combination of thermo mechanical, 
thermo chemical and thermo physical effects from 
flame, forming a needle  or an icicle shaped pattern. 
The fibers also exhibit a necking pattern. The fibers 
in the surface, which can be first exposed to the 
flame, are easily removed at the weakest point and 
some of the fibers underneath form a needle – shaped 
structure.  
2. heat flux 
It has been found that the presence of charred matrix 
protects the fibers from intensive thermo physical and 
thermo mechanical effects of flame. If the heat flux of 
flame increases to higher quantities above the 20 
Mw/m2, the fibers in all of the sections are changed to 
needle- shape. 
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