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ABSTRACT 

 

The effects of fibre reinforcement to the char 

characteristics are studied using glass wool 

fibre, Rockwool fibre and ceramic wool fibre, 

which were first manually cut to 10mm in 

length, and then reinforced into epoxy-based 

intumescent coating formulations. The three 

new formulations were compared to Chartex 7, 

a commercial intumescent coating that was 

found to take longer to harden and dry naturally 

in ambient condition. TGA was conducted to 

study coatings’ thermal response in relation to 

their char strength. TGA curves of the various 

wool fibres are more complex implying more 

thermal reactions occurred in a fire. Char 

formation and physical properties were 

investigated after the samples were fire tested 

up to 800ºC. Char height, weight, crispness, cell 

structure were examined and compared. An 

SEM study showed that Al2O3/SiO2 ceramic 

fibre in Chartex 7 and ceramic wool fibre did 

not deform at the test temperature. Development 

of phosphorosilicate glass from mineral wool 

fibre and glass wool fibre within char was 

determined to enhance insulation and durability 

of the char. EDX analysis between coating and 

char showed increase of elements; O and P and 

reduction of Si element as the coating 

transformed in fire. Formation of BPO4, SiO2, 

magnesium aluminum hydroxide, maleimide 

and ammelide compounds as found by XRD 

gave rise to the char strength and fire protection. 

 

Keywords: intumescent, fibre, Chartex 7, glass 

wool, Rockwool, ceramic wool.  

 

1. INTRODUCTION 
 

Fire retardant coatings offer easy and effective 

fire protection and have long been used 

(Jimenez et al., 2006b, Vandersall, 1971). The 

coatings are useful since they do not alter the 

intrinsic properties of the materials they are 

protecting, easily processed and are applied on 

metals (Jimenez et al., 2006a), polymers 

(Blontrock et al., 1999, Bisby, 2003), 

composites (Mouritz, 2002, Kandola et al., 

2005) textiles (Horrocks and Davies, 2000, 

Horrocks et al., 2005) and woods (Chou et al., 

2009). The growing use of flame retardants also 

saw the global demand forecasted had increase 

by 4.8% per year to 2.2 million metric tons in 

2009, according to the World Flame Retardants 

(The Freedonia Group, 2005). Intumescent fire 

retardant coatings are normally applied on steel 

structures where intensive fire protection is 

required, for instance at the oil and gas facilities 

(Weil and Levchick, 2004). The coating needs 

adequate strength to withstand the force of fire 

disaster.   

 

Fibre reinforcement is a breakthrough 

finding that enhances mechanical properties of 

composite materials (Amir et al., 2011, Amir et 

al., 2010). A reinforced intumescent coating 

would have more compact cell structure and of 

higher strength. Previously  reported (Amir et 

al., 2011) that carbon fibre, glass fibre, chopped 

fibre strand and hybrid fibre -reinforced 

coatings produce better char structure than the 

control’s (without fibre reinforcement) at 400°C 

and 800°C fire test. Formulation ingredients had 

also their content varied in the search for the 

best char. XRD analysis was conducted to 

identify important compounds present i.e. boron 

phosphate (BPO4) and boric acid (H3BO3) to 

better explain char strengthening factor. Also 

found was that 2:1 epoxy:hardener is the best 

binder ratio as determined using both TGA and 

fire test. 

 

Conventional intumescent coatings 

have soft char and to improve their strength, 

wire or fibre mesh is required. Mesh netting 

(Vandersall, 1971) is also a traditional and 

popular choice to improve char adhesion to the 

substrate where it acts as an ‘anchor’ (Billing 

and Castle, 1978), such that normally applied to 
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Chartex brand intumescent coatings by Akzo 

Nobel, International Paint. Upon exposure to 

fire, condensed phase of char is developed and 

covered the substrate. The charring process 

provide barrier, shielding and cooling to 

substrate by production of residue and fuel 

reduction. Phospho-carbonaceous esters were 

formed in the protective char for favourable 

mechanical properties (Bourbigot et al., 1995). 

Typically, industry practices four systems fire 

protection; intumescent coating, mesh or fabric 

reinforcement, primer and top paints. 

 

The aims here are to characterize the 

wool fibre-reinforced intumescent coatings by 

analytical approaches and correlate the findings 

to the char strength produced after fire test to 

800°C. This temperature is close to the standard 

industrial hydrocarbon test curve (1000 – 

1200°C) i.e. UL 1709 (UL, 1994) and BS 476-

20 (BSI, 1987). Mineral fibre for instance 

mineral wool fibre that is fibrous in nature, 

provides a good mechanical structure to the 

material it is reinforcing, which develop 

phosphorosilicate glass within the char (Hanafin 

and Bertrand, 2000). A benchmarking exercise 

using Chartex 7, one of the best mastic 

intumescent coating products in the market 

(Weil and Levchick, 2004), usually applied at 

oil rigs was also carried out. 

 

The unique contribution of this study is 

the characterization of intumescent coatings 

formulations directly reinforced with various 

types of wool fibres. This will eliminate the use 

of external mesh that in return reduce the works 

in applying protective coatings and therefore 

more economical. Furthermore, these fibres are 

much cheaper than and are in abundance. 

 

2. METHODOLOGY 

 

2.1 Materials and Formulation Preparation 
 

A commercial intumescent coating (Chartex 7) 

and three new intumescent coating formulations 

have been coated onto four different mild steel 

plates. Their descriptions are shown in Table 1. 
In each new formulation, there are 15 

ingredients including fibre. Intumescent 

ingredients and their mixing technique are 

previously elaborated (Amir et al., 2011). 
Approximately 20g of coating is evenly applied 

with metal spatula onto a 50mm × 50mm × 

1.5mm mild steel plate (TSA Industries (Ipoh) 

S.B.) readily coated with primer coating (Dulux 

Epoxy-Zinc Phosphate). The coating is left to 

dry at ambient temperature for weeks. The 

coating thickness measured using Mitutoyo 

digital thickness gauge are 7.0mm and 4.5mm 

for Chartex 7 and the rest, respectively. 
 

Table 1 Intumescent coating test pieces. 

No Sample Fibre(s) Length 

1 C7P2 Mineral fibre + 

Al2O3/SiO2 fibre 

«1mm 

2 GWP2_10 Glass wool fibre 10mm 

3 RWP2_10 Rockwool fibre 10mm 

4 CWP2_10 Ceramic wool fibre 10mm 

 

2.2 Natural Drying Duration 

 

All samples were left to dry at ambient 

temperature. Coating weight was measured 

using Mettler Toledo weighing machine and 

repeated every day until constant value is 

reached or when the measurement was stopped. 

 

2.3 Thermogravimetric analysis (TGA) 
 

TGA using Perkin-Elmer, model TGA 7 with 

heating rate 10°C/min measures the amount and 

rate of change in the weight of the coatings in a 

controlled environment. It predicts their thermal 

stability and also characterizes materials that 

exhibit weight reduction due to decomposition 

and oxidation until 900°C. 

 

2.4 Fire Test 
 

Methodology of experiment was described in 

previous report (Amir et al., 2011). Progressive 

heating rate of around 26°C/min from room 

temperature to 800°C, closely follows the 

standard temperature/time curve in BS 476-20 

(BSI, 1987). Physical properties of the char; 

height and weight were measured, crispness, 

shrinkage and cell structure were determined 

after manually cutting through. 

 

2.5 SEM Examination and EDX Analysis 
 

Scanning electron was performed using field 

emission SEM (FESEM) ZEISS SUPRA 55VP, 

operated by EHT range 15-20kV, ~8 mm 

working distance and using VPSE signals to 

obtain images of the coatings and their chars, 

respectively. Energy Dispersive X-ray 

Spectroscopy (EDX) analysis was also ran to 

provide rapid qualitative and quantitative 

analysis of elemental composition. 

 

2.6 X-Ray Diffraction (XRD) 
 

Analysis was done using Bruker-AXS brand 

XRD machine, model D8 Advance, operated in 

the range of 2 – 80, 2-Theta-scale at 40 kV and 

50 mA in ambient temperature. 
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3. RESULT AND DISCUSSION 

 

3.1 Natural Drying Duration 

 

Figure 1 shows the non-forced drying profile of 

all samples. The drying duration of a formulated 

coating is an important factor especially in 

commercial perspective. Fluid escapes the 

coatings at this stage leaving the solid 

ingredients and giving the weight reduction. 

 

 
 

Figure 1 Duration vs. average weight in natural 

drying for all samples. 
 

Two aspects were studied; time taken to 

reach ‘hard’ coating and time taken to fully dry 

as determined at weight equilibrium. The wool-

fibre reinforced coatings harden (no indentation 

mark visible on the surface when indented) in 

two days compared to Chartex 7 (C7P2) in two 

weeks. In the first eight days of study, C7P2 lost 

the most weight followed by RWP2_10, 

CWP2_10 and GWP2_10. 

 

As more measurements were taken, it is 

confirmed that the commercial coating is fully 

dried as indicated by no weight change after 44 

days. Whereas, better performance was shown 

by the wool fibre-reinforced coatings for 

instances the RWP2_10 and CWP2_10 were 

fully dried in 36 and 29 days, respectively. 

 

3.2 TGA 

 

All samples (Figure 2) show distinctive double 

steps, which could be grouped as low 

temperature decomposition and high 

temperature decomposition at approximately 

170°C and above 350°C, respectively. However, 

contrary to C7P2, the wool fibre reinforced 

coatings showed additional two valley points in 

the temperature against derivative weight % 

curve indicating intensive thermal reactions 

taken place.  

 

Residual amount in percent at 800°C for 

each coating gives a good indication of thermal 

 
(a) C7P2 

 
(b) RWP2_10 

 

Figure 2 (a) - (b) TGA curves of temperature 

versus derivative weight % and temperature 

versus weight %. 

 

protection it is offering. It was found the 

commercial coating had the lowest amount and 

therefore their rank as in inclining trend is; 

C7P2<GWP2<CWP2<RWP2. This meant 

Rockwool fibre gives the greatest fire protection 

to the coating it is reinforcing as it effectively 

resists degradation up to the test temperature. It 

also shows that wool fibre reinforced coatings 

have more inert fillers and produce more non-

volatile compounds and residue to make their 

chars having better thermal properties than 

Chartex 7. 

 

Moreover, wool fibre reinforced coatings 

also have more complex curves i.e. more peaks 

and valleys than C7P2. This helps to 

accommodate severe heat and forces from fire. 

The extreme valley in the temperature range of 

360 – 390°C found in all curves for instance, 

could have been contributed by the degradation 

of several materials namely, melamine and 

epoxy. It is also accepted that epoxy based 

composites also quickly ignite when exposed to 

fire, typically at temperatures in the range of 

300 – 400°C (Bisby, 2003), and reduce 

significantly mechanical properties of the 

composites due to combustion of the resin at the 

temperatures (Mouritz, 2002). Thus, reinforcing 

the coatings with fibre and filling with fire 

retardant materials, both their thermal and 

mechanical properties are sufficiently improved. 
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3.3 Fire Test 

 

Furnace fire simulates a fire incident in a 

confined space where samples were allowed to 

intumesce freely. A combination of large, thick 

and homogenous char (Jimenez et al., 2006b) in 

addition to closed-packed structure gives better 

fire protection due to its effectiveness in 

restricting heat transfer to substrate . In initial 

study of 400°C fire test, control char without 

fibre expanded the most, 543%, which is 6.43 

times of initial coating thickness (Jimenez et al., 

2006a, Chou et al., 2009). Similar finding was 

observed in the following experiment for 

control char since more air passages exist in the 

structure (Amir et al., 2011). Both chars were 

also brittle and crisp. 

 

Carbon fibre-reinforced char produced at 

800°C fire test followed the same characteristics 

earlier found at 400°C except that the fillings 

inside were softer (Amir et al., 2011). It had a 

denser structure than by glass fibre-reinforced 

and hybrid- carbon fibre and glass fibre 

reinforced coatings, respectively. Short fibre 

formulation developed a very dense char even 

though it expansion was the lowest. 

 

High temperature fillers (Amir et al., 

2011) were added into the formulations to form 

a compact microstructure in the charred layer 

(Chou et al., 2009) and stabilize the char 

(Bourbigot and Duquesne, 2007). Without 

additives or reinforcement, old intumescent 

coatings consisting APP/PER/MEL are known 

to produce a fluffier barrier of fire retardant, 

which is easily penetrated by fire (Chou et al., 

2009). The purposes of adding fibre are 

numerous (Hanafin and Bertrand, 2000), among 

them are to reinforce or strengthen the char 

formed from intumescent coating, and to 

improve the insulation of the coated substrate 

and durability of the char. 

 

Table 2 gives the physical characteristics 

of the chars produced from this study. C7P2 

contains commercial fibres (amorphous mineral 

fibre and high surface area alumina silica fibre) 

and at least other fifteen proprietary ingredients 

(Hanafin and Bertrand, 2000, Weil and 

Levchick, 2004). Char height of C7P2, known 

to have more than one type of fibre superseded 

RWP2_10 and CWP2_10 formulations. 

However, GWP2_10’s char expansion clearly 

doubled that of C7P2. The latter was soft on top 

as later inspection at its cross-section revealed a 

very huge void at the area suggesting substantial 

amount of gas released during fire, which 

promotes char growth. 

Table 2 Physical characteristic of the chars 

produced after 800°C fire test. 

 

T
es

t Char Physical Properties 

Growth Crispness Cell Structure Wt Loss  

C
7

P
2
 

257%; 

3.57X 

Soft on top but 

medium hard in 

the middle to 
bottom. 

One big void in the middle, 
beneath the top layer. Dense 

char formed from multiple thin 

layers stacked closely, 
horizontally. Small holes exist. 

Strong adhesion. 

74.3% 

G
W

P
2

_
1
0
 

567%; 
6.67X 

Very crisp. Hard 

at the top but 

brittle. 

Char structure consists of thin 
layers stacked horizontally and 

many air pockets of small to 

medium size exist. Little force 
used to remove from substrate. 

70.0% 

R
W

P
2
_
1

0
 

233%; 

3.33X 

Crisp. Hard on 

top but filling 
inside quite soft. 

The char is close-packed and 

very dense foam. Very few tiny 

holes were visible. However, 
partially detached at the edges. 

Poor adhesion to substrate. 

64.2% 

C
W

P
2
_
1

0
 

167%; 
2.67X 

Hard on the top 

part but brittle at 

the bottom  

The char is close-packed and 

very dense foam. However, the 
char adhesion to the substrate is 

the poorest as totally detached. 

60.1% 

 

Char’s cell structure of GWP2_10 was 

almost similar to the middle to bottom part of 

C7P2, which was quite densely packed. 

However, the former was quite brittle.  On 

contrary, RWP2_10 and CWP2_10 have very 

dense and close-packed structure determined to 

have hard top but quite soft fillings and brittle 

bottom, respectively. Photos of the chars can be 

referred at Figure 3(a)-(h). Weight of char 

reduced as compared to its coating. The greater 

is the weight loss the smaller is the available 

amount of materials to protect the substrate 

(Amir et al., 2011). Flame retarded wool fibres 

have been successfully applied with intumescent 

materials to develop flame retardant textiles 

(Horrocks and Davies, 2000, Horrocks et al., 

2005). 

 

In the present research, the new wool 

fibre-reinforced formulations had less weight 

loss and therefore produced more char or 

residue that refrain flame than the benchmark 

coating. Interestingly, RWP2_10 and CWP2_10 

coatings lost lesser than the previous fibre-

reinforced coatings, which the average was 70% 

(Amir et al., 2011). GWP2_10 experienced 70% 

weight loss, which could be explained by the 

formation of phosphorosilicate glass within the 

char that improves the insulation of the coated 

substrate and durability of the char.  

 

3.3 SEM Examination and EDX Analysis 

 

Figure 4 displays SEM micrographs of the 

Chartex 7 and newly formulated coatings and 
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(a) C7P2 char 

 
(b) C7P2 char cross-section 

 
(c) GWP2_10 char  

 
(d) GWP2_10 cross-section 

 
(e) RWP2_10 char 

 
(f) RWP2_10 cross-section 

 
(g) CWP2_10 char 

 
(h) CWP2_10 cross-section 

 

Figure 3 (a) – (h) The digital camera images of 

the chars after 800°C fire test and their 

respective cross-sections. 
 

their respective chars (top-view of horizontal 

cell layer) after fire test. Fibre orientation and 

dispersion were confirmed to be random 

attributed to low speed mixing. Fibre breakage 

was not an issue at this speed especially with 

very viscous formulations. 

 

It was reported the SEM study on burnt 

(char) intumescent fire retardant coating (IFRC) 

revealed a more porous structure and fluffier 

than the un-burnt IFRC (coating) due to the fact 

that non-flammable gases puff out the char layer 

during burning (Bisby, 2003), which is also 

observed in Figure 4(a)-(h). 

 

The fibre content is 0.4% by weight of 

total mixture, which is in the lower range of 

what recommended (Langer, 1996). Yet, the 

1:80 fibres to epoxy weight ratio is much less 

than 1:40 to 1:15 suggested (Hanafin and 

Bertrand, 2000). 

 

It is unclear however, to distinguish short 

fibres; amorphous mineral wool fibre and 

Al2O3/SiO2 ceramic fibre, in C7P2 coating SEM 

micrograph, Figure 4(a). Inspection on the char 

however, revealed that while mineral wool 

might have degraded to a different species i.e. 

phosphorosilicate glass, the ceramic fibres were 

intact after fire, Figure 4(b). 

 

In the previous report (Amir et al., 2011), 

glass fibres were found randomly dispersed but 

in many areas, binders flooded the other 

constituents, made the blend inhomogeneous. 

Carbon fibre reinforced formulations on the 

other hand, possessed a well mixed composition 

where carbon fibres were embedded inside and 

therefore the after burnt SEM image showed a 

dense and crowded char (Chou et al., 2009). The 

chopped fibre strands were degraded at lower 

temperature. Sharp-needle-like feature covered 

the surface of the fibre, which makes it 

ineffective to strengthen the char. 

 

Glass wool fibre, which is the biggest as 

it average diameter was observed around 

17.3µm developed much crowded and dense 

char structure (Figure 4(d)) when compared to 

Rockwool fibre of around 4.7µm in Figure 4(f). 

However, ceramic wool fibre with the smallest 

diameter of around 2.8µm proved to produce 

dense cell structure both macroscopically and 

microscopically. 

 

This allows for a hypothesis that medium 

to big average diameter size of a fibre, which 

also form glass-like species at high temperature, 

the bigger fibre tends to promote more char and 

therefore denser cell structure. On contrary, 

smaller diameter fibre, typically less than 3µm 

which is also highly fire resistant produces more 

close-packed structure, Figure 4(h). 

 

Figure 5(a)-(d) exhibits glass fibre 

condition in all chars of 800°C fire test, 

respectively. Previously, glass fibre at 400°C 

test maintained its form when compared to the 

un-burnt one but substantially degraded in the 

higher temperature test, showing flower buds 

growing and covering the surface and thus 

rendered a reduced strength (Amir et al., 2011). 

Carbon fibres were found to maintain their form 

in elevated temperatures up to 800°C that help 

to retain char strength (Amir et al., 2011). Fire 

resistant fibres assisted in providing the strength 

to the char as proven in the crispness test. 
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 (a) Fibres randomly distributed in C7P2. 

 
(c) Glass wool long fibres in GWP2_10. 

 
(e) Rockwool long fibres at random in RWP2_10. 

 
(g) Ceramic wool fibre in CWP2_10. 

 
(b) C7P2 800°C char. 

 
(d) GWP2_10 800°C char. 

 
(f) RWP2_10 800°C char. 

 
(h) CWP2_10 800°C char. 

Figure 4 (a) – (h)  Top-view SEM micrographs of the coatings and their respective chars after 800°C fire tests at 100X 

magnification. 
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(a) Al2O2/SiO3 fibre in C7P2 undeformed, 3.13k X. 

  
(b) Glass wool fibre highly deformed, 1.0k X. 

  
(c) Rockwool fibre developed triangle crystals, 3.0k X. 

 
(d) Ceramic fibre undeformed in CWP2_10, 2.88k X. 

 

These include Al2O3/SiO2 ceramic fibre in 

C7P2, Figure 5(a) and ceramic wool fibre in 

CWP2_10, Figure 5(d). Glass wool fibre in 

Figure 5(b) also displayed the same glass 

crystals at high temperature fire. It was not 

expected that Rockwool fibre also crystallized 

at this temperature but Figure 5(c) was obvious 

with formation triangle-shaped crystals. 

 

3.4 XRD 

 

XRD is a powerful characterizing tool for 

carbonaceous materials (Zhou, 2008). Its 

analysis is normally used as materials 

characterization and phase analysis 

determination of crystallite size. Analysing 

major peak in the 2-Theta-scale reveals the 

compound, which exists in these formulations. 

It was found that in combustion of IFR 

polypropylene composites, different groups may 

appear in different layers of chars i.e. isotropic 

turbostatic carbon at peak 23.5° was assigned to 

outer layer, graphite in the middle and 

undegraded composite inner char (Zhou, 2008). 

 

In the previous study (Amir et al., 2011), 

it was assumed that all samples were taken from 

the same location, and then their major peaks 

were examined. Major peak for most 

formulations was determined to be at 2θ=24.5° 

of boron phosphate (BPO4), where it is known 

to impart great fire retardant properties (Jimenez 

et al., 2006a, Bourbigot and Duquesne, 2007). 

The shift of major peak for the best carbon 

fibre-reinforced formulation to 2θ=28° was 

equated to acid boric or Sassolite, H3BO3. The 

effectiveness of H3BO3 to provide adhesion and 

good mechanical resistance properties has been 

experimented (Jimenez et al., 2006a). 

 

This supports the result of high 

expansion, homogenous and strong char 

produced as H3BO3 content was doubled and 

reacted positively with char-forming carbon 

fibre in the formulation. The formation of 

H3BO3 that has been shown due to dehydration 

to facilitate the formation of B2O3, ‘glass-like’ 

material which increases the viscosity and 

prevent the gaseous decomposition products 

escaping to feed the flame (Jimenez et al., 

2006a). Other group found at peak 15° was 

referred to magnesium hydrate as maybe 

derived from talc. Other peaks shown at 2θ=10° 

and 40° were assigned to SiO2 and magnesium 

silicon respectively. 

 

Figure 6(a) and (b) below show the XRD 

plots for C7P2 and RWP2_10 chars, 

respectively. Similar patterns were observed 
Figure 5 (a) – (d) Top-view SEM micrographs close-up 

of the fibres in 800°C chars at different magnification. 
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indicating identical compounds developed 

throughout the fire test and thus performing 

comparable functions i.e. strengthen the char. 

Among the peaks were at 2θ=15°, 24.5° and 28° 

referred to magnesium aluminium hydroxide, 

BPO4 and maleimide. The different prevailed as 

Chartex 7 generated extra peak at 40° for 

carbon. 

 

 
(a) 

 
(b) 

Figure 6 XRD curves for 800°C chars; (a) C7P2 

(b) RWP2_10. 

 

4. CONCLUSION 

 
Three new wool-fibre-reinforced and one 

benchmark intumescent coating formulations 

were successfully developed and fire tested until 

800°C. Char expansion ranged from 167% 2.67 

times the original coating thickness to 567% or 

6.67 times. Weight of char reduced as compared 

to its coating. The greater is the weight loss the 

smaller is the available amount of materials to 

protect the substrate. Flame retarded wool fibres 

have been successfully applied with intumescent 

materials to develop flame retardant coatings. 

 

Two aspects of drying were studied; time 

taken to reach ‘hard’ coating and time taken to 

fully dry as determined at weight equilibrium. 

The wool-fibre reinforced coatings harden in 

two days compared to Chartex 7 in two weeks. 

In the first eight days of study, C7P2 lost the 

most weight followed by RWP2_10, CWP2_10 

and GWP2_10. As more measurements were 

taken, it is confirmed that the commercial 

coating is fully dried after 44 days. Whereas, 

better performance was shown by the wool 

fibre-reinforced coatings for instances the 

RWP2_10 and CWP2_10 got fully dried in 36 

and 29 days, respectively. 

 

TGA analysis suggested distinctive 

double steps, which could be grouped as low 

temperature decomposition and high 

temperature decomposition at approximately 

170°C and above 350°C, respectively. It was 

found the commercial coating had the lowest 

amount and therefore their rank as in inclining 

trend is; C7P2<GWP2<CWP2<RWP2. Wool 

fibre reinforced coatings also have more 

complex curves i.e. more peaks and valleys than 

C7P2. This helps to accommodate severe heat 

and forces from fire. 

 

SEM images showed fire resistant fibres 

assisted in providing the strength to the char as 

proven in the crispness test. These include 

Al2O3/SiO2 ceramic fibre in C7P2, and ceramic 

wool fibre in CWP2_10. Glass wool fibre also 

displayed the same glass crystals at high 

temperature fire. It was not expected that 

Rockwool fibre also crystallized at this 

temperature but was obvious with formation 

triangle-shaped crystals. 

 

Hypothesis was created that for medium 

to big average diameter size of a fibre, which 

also form glass-like species at high temperature, 

the bigger fibre (glass wool fibre) tends to 

promote more char and therefore denser cell 

structure. On contrary, smaller diameter fibre, 

typically less than 3µm which is also highly fire 

resistant (ceramic fibre and ceramic wool fibre) 

produces more close-packed structure. 

 

Similar patterns were observed in XRD 

curves for all samples suggesting identical 

compounds developed throughout the fire test 

and thus performing comparable functions i.e. 

strengthen the char. Among the peaks were at 

2θ=15°, 24.5° and 28° referred to magnesium 

aluminium hydroxide, BPO4 and maleimide. 

The different prevailed as Chartex 7 generated 

extra major peak at 40° for carbon indicating 

extra strength factor. 

15° 

15° 

24.5° 

24.5° 

28° 

40° 

28° 

40° 
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