
Journal of Materials Science and Chemical Engineering, 2020, 8, 1-7 
https://www.scirp.org/journal/msce 

ISSN Online: 2327-6053 
ISSN Print: 2327-6045 

 

DOI: 10.4236/msce.2020.812001  Dec. 21, 2020 1 Journal of Materials Science and Chemical Engineering 
 

 
 
 

Effect of Perlite on Fire Protection of 
Waterborne Coatings for Steel Structure 

Hao Huang, Xinguo Ge*, Zejiang Zhang, Pingli Li, Tianhao Zhang 

Sichuan Fire Science and Technology Research Institute of Ministry of Emergency Management, Chengdu, China 

 
 
 

Abstract 
In this paper, perlite was used as a kind of modifier to prepare waterborne 
fire resistive coatings for steel structure. The influence of perlite on the prop-
erties of the fire resistive coatings was investigated with the help of thermo-
gravimetric analysis (TGA), micro-scale combustion calorimetry (MCC) and 
fire protection test. The TGA results showed that the char residue weight of 
the coatings was increased when perlite was loaded and the anti-oxidation 
performance was enhanced as well and MCC data indicated the addition of 
perlite reduced the peak heat release rate and total heat release. After the fire 
protection test, the results confirmed that the fire resistant time of the coating 
coated with 5 wt% perlite increased up to 114.4 min when the temperature of 
the sample boards’ backside reached 500˚C. 
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1. Introduction 

Steel structure has been widely used in some super high-rise or long-span build-
ings, such as commercial buildings, railway stations and airports. However, 
when the temperature exceeds 500˚C, steel will lose its bearing capacity and 
cause accidents such as building collapse, resulting in the terrifying loss of hu-
man lives and property. Therefore, the fire protection of steel structure is a very 
significant task. 

Using intumescent coatings is one effective way to provide passive fire protec-
tion for steel structure. In general, the intumescent fire resistive coatings for steel 
structure are composed of binders, expansion system, fillers and additives, such 
as curing agent, defoamer and solvent. Traditional expansion system includes an 
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acid source, a gas source and a carbon source, the most widely used of which is 
made up of ammonium polyphosphate (APP), melamine (ME) and pentaeryt-
hritol (PER), which is also applied in polypropylene [1], ethylene-vinyl acetate 
copolymer (EVA) [2] and the rest.  

Fillers in intumescent coatings greatly affect fire performance, as a result, 
many research groups have been devoted themselves to exploring the influence 
of many fillers [3] [4] [5] [6] on fire protection of intumescent coatings. Ma-
riappan et al. [7] investigated titanium dioxide (TiO2) on the thermal insulation 
performance of waterborne intumescent coatings, and the results showed that 
the ratio between TiO2 and APP played an important part in the comprehensive 
properties of the intumescent coatings. When the ratio was a little bit excessive 
by stoichiometric equation, the intumescent coating exhibited better thermal 
insulation. Beheshti et al. [8] experimentally probed the effect of multi-walled 
carbon nanotube (MWCNT) on traditional intumescent coatings for the first 
time. The Bunsen burner test results revealed that the incorporation of MWCNT 
damnified the fire protection performance of traditional intumescent coatings 
and it is deteriorated as the content of MWCNT increased. In addition, MWCNT 
failed to enhance the thermal stability acquainted from TG results. Field emis-
sion scanning electron microscopy images showed that holes and cracks in char 
layer were responsible for the worsening of the nano-coatings. Consequently, 
MWCNT was not suitable for adding in the intumescent coatings for steel 
structure, although it was proved to be effective in other polymer nanocompo-
sites. Light weight, heat insulation and fire resistance are characteristics of per-
lite, which is applied in heat storage application [9] and dye decolourisation 
[10], therefore, perlite was used to prepare waterborne fire resistive coatings in 
this paper. 

2. Experimental 
2.1. Materials 

Epoxy emulsion, waterborne amine curing agent and perlite were purchased 
from Chengdu Jindingchuan Technology Co., Ltd. The solid content and epox-
ide equivalent weight of epoxy emulsion were (52 ± 1)% and 1000 (g/equiv.), 
respectively. The solid content and amine value of the curing agent were (60 ± 
2)% and (180 ± 4) mg KOH/g, respectively. APP was purchased from Clariant 
(Exolit AP 422), PER was supplied by Perstorp, and ME was provided by Si-
chuan Golden-Elephant Sincerity Chemical Co., Ltd. Titanium dioxide (TiO2, 
R902P) was purchased from Chemours. 

2.2. Sample Preparation 

The components of the waterborne coatings were listed in Table1. Epoxy emul-
sion was firstly mixed with APP, PER, ME, titanium dioxide and different con-
tent (1 wt%, 3 wt%, 5 wt% and 7 wt%) of perlite for around 30 min by a 
high-speed impeller to obtain homogeneous mixture, after adding the fixed ratio  
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Table 1. The formulation of the fire resistive coatings. 

Samples EP APP ME PER TiO2 Perlite 

E-0 25 28 19 18 10 0 

E-1 25 28 19 18 10 1 

E-3 25 28 19 18 10 3 

E-5 25 28 19 18 10 5 

E-7 25 28 19 18 10 7 

 
curing agent and some additives, the mixture was mixed again for another 20 
min. The resultant coatings were then brushed on the Q235 steel substrate with 
the dimension of 170 mm * 170 mm * 1.2 mm around 9 - 11 times until the av-
erage thickness of the coatings was approximately 2.8 mm.  

2.3. Characterizations 

The electrically heated, temperature-programmed furnace was selected to com-
pare the thermal insulation properties of the coatings with and without perlite. 
Temperature of furnace and the backside of steel plate were measured with aids 
of K-type thermocouples. 

Thermogravimetric analysis (TGA) was employed to measure the thermal 
properties of the waterborne fire resistive coatings using a TA Q5000 thermo-
gravimetric analyzer under nitrogen atmosphere. The heating rate and the flow 
rate of nitrogen were set at 10˚C/min and 50 ml/min, respectively.  

The heat release of the coatings was recorded with an FAA micro-scale com-
bustion calorimeter (MCC). The sample weight was approximately 5 mg. 

The element composition of the char was measured with the help of Thermo 
Scientific Escalab 250Xi X-ray photoelectron spectroscopy (XPS) using Al Ka 
radiation (1486.6 eV). 

3. Results and Discussion 
3.1. Fire Protection Performance of the Coatings 

Fire protection performance test was carried out by a self-made test furnace 
whose average temperature was set according to ISO 834 (i.e. T = 345lg(8t + 1) + 
20, where T represented the average furnace temperature, in degrees Celsius and 
t stood for the testing time, in minutes), so as to compare the variation of time 
when the temperature of the sample boards’ backside reached 500˚C, under the 
condition of being exposed to heat. The backside temperatures of steel boards 
coated with intumescent coatings using different formations were plotted as a 
function of time, which was shown in Figure 1.  

As can be seen in Figure 1, the shape for all temperature profiles was similar 
for all the coating formulations. The fire resistant time was only 70 min without 
perlite when the temperature of the sample boards’ backside reached 500˚C. In 
the beginning, there was little difference in the temperature of each coating  
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Figure 1. Influence of different content of perlite on fire protection of intumescent 
coatings. 
 
sample since the temperature of all coating samples rose quickly with time. Once 
perlite was added, the temperature rates gradually slowed down, when 5 wt% 
perlite was loaded, the fire resistant time could reach 114.4 min, exhibiting satis-
fied fire resistant property. 

3.2. Thermal Analysis of the Coatings 

Thermogravimetric analysis (TGA) was applied for rapid evaluation the thermal 
stability of intumescent coatings. The TGA curves of the coatings were shown in 
Figure 2, and the relative date were tabulated in Table 2. When the temperature 
was lower than 200˚C, all of the coatings showed the similar thermal behaviour, 
since the coatings began to degrade to a certain degree. Then the TGA curves 
differed with each other as the temperature rising, and E-0 coating without per-
lite degraded faster than others, leaving 34.61% of residue at 800˚C. In addition, 
the initial decomposition temperature of the coating was increased by up to 
14.2˚C once 5 wt% perlite was loaded. In the meanwhile, it can be noticed that 
the residual char was gradually increased with the increase of the addition of 
perlite from 39.70% to 45.15% at 800˚C, indicating that the addition of perlite 
can enhance the stability of the residual char at high temperature.  

3.3. Micro-Scale Combustion Behavior of the Coatings 

Micro-scale combustion calorimeter (MCC), i.e. pyrolysis-combustion flow ca-
lorimeter, which was developed by Richard E. Lyon [11], was applied to measure 
the combustion performance of materials with a few milligram sizes, such as tex-
tile fabric [12] and extruded polystyrene foams [13]. 

The heat release rate (HRR) curves of the coatings obtained from MCC were 
presented in Figure 3, and the corresponding data were shown in Table 3. The 
peak heat release rate (PHRR) of pure EP resin was as high as 169.4 W/g, and it 
was dramatically declined after being made into coatings. It can be noticed that  

https://doi.org/10.4236/msce.2020.812001


H. Huang et al. 
 

 

DOI: 10.4236/msce.2020.812001 5 Journal of Materials Science and Chemical Engineering 
 

 
Figure 2. TGA curves of the coatings with and without perlite. 

 

 
Figure 3. MCC curves of the coatings and pure EP resin. 

 
the first peak of heat release rate of the coatings was delayed after perlite was 
added, exhibiting that perlite developed the initial decomposition temperature of 
the coatings, which was in accordance with TGA results. Although the value of 
PHHR was slightly increased after 3 wt% perlite was loaded, the total heat re-
lease of E-1 to E-7 was decreased, illuminating that perlite facilitated enhancing 
the flame redardancy of the coatings.  

3.4. Elemental Analysis of the Intumescent Char Layers 

The element composition of the char was measured by virtue of XPS analysis, 
and that of E-0 and E-5 was listed in Table 4. It was shown that the value of C/O 
was increased by adding perlite, indicating that char of E-5 exerted better oxida-
tion resistance at high temperature [14]. 
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Table 2. The TGA data of the fire resistive coatings. 

Samples Tonset (˚C) Residue at 60˚C (%) Residue at 800˚C (%) 

E-0 200.99 40.82 34.61 

E-1 211.50 44.16 39.70 

E-3 204.44 43.07 40.75 

E-5 215.22 48.09 44.01 

E-7 212.33 47.24 45.15 

Tonset: Initial decomposition temperature at 5% weight loss. 
 
Table 3. The combustion performance data of the fire resistive coatings obtained from 
MCC. 

Samples PHRR (W/g) Tp (˚C) THR (kJ/g) HRC (J∙g−1∙K−1) 

EP 169.4 453.9 24.7 186 

E-0 54.3 375.9 5.4 48 

E-1 51.1 375.8 2.5 50 

E-3 54.5 374.9 3.5 54 

E-5 47.2 372.1 3.9 50 

E-7 51.4 375.5 4.2 51 

 
Table 4. Element composition of the char layers. 

Samples C O N P Si Ti 

E-0 17.42 56.66 2.67 17.44 0.68 5.13 

E-5 18.06 57.26 2.67 17.52 0.87 3.62 

4. Conclusion 

Waterborne intumescent coatings with different content of perlite as fillers were 
prepared, the result of fire protection performance test showed that waterborne 
intumescent coatings with perlite could protect steel structure much longer than 
that without perlite. The TGA and MCC data showed that perlite exerted benign 
flame retardant effect on intumescent coatings. 
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