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Fire exposure behavior of epoxy reinforced with jute fiber applied to ceramic tiles for a 
ventilated facade system
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Civil construction seeks to increase the useful life of the facades of buildings. Installing a ventilated 
facade is one way to accomplish this due to aesthetic and technical advantages. Ceramic tiles are the 
main products used as the covering. To the back face of a tile, a bidirectional screen of glass fiber is 
adhered using epoxy resin. This set forms a composite for security reasons. During the last decade, 
there has been an increase in the substitution of composites of synthetic fibers with those of natural 
fibers. The present work compares the fire-resistant behavior of glass fiber with that of jute fiber applied 
to ceramics installed in ventilated facade. The following conjoint composites were produced: glazed 
porcelain tile, epoxy resin, glass fiber and jute fiber screens. In this work, it was verified that the jute 
fiber did not present advantages regarding the exposure to fire in comparison with the glass fiber.
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1. Introduction

Architecture and civil construction seek sustainable 
solutions for the facades of buildings, and one of the motivations 
driving the search is the extension of the useful lives of 
buildings. One such solution is to use a ventilated facade 
due to its aesthetic and energy-efficient characteristics1. The 
main functional components of ventilated facades include: 
ceramic tiles, an auxiliary substructure, an air chamber, 
thermal insulation and a support base 2,3. Fig. 1 shows a 
diagram of the ventilated facade components in comparison 
with those of the traditional adhered system.

The installation of the ventilated facade has a greater 
environmental impact when compared to that of the 
conventional facade because it uses aluminum profiles as 
supports. However, the gain in energy efficiency achieved 
over the lifetime of the building largely outweighs this 
difference. This makes the ventilated facade an environmentally 
advantageous solution 1.

The main advantages of the ventilated facade in relation to 
the adhered facade include: energy efficiency; elimination of 
moisture problems, efflorescence or infiltration; reduction in 
maintenance costs of the facade and decreased deterioration; 
improvement in thermal/acoustic comfort and the elimination 
of the risk of detachment of ceramic tiles 1.

In Spain, it was found that the gain in energy efficiency 
in ventilated facades is approximately 25% to 40% 1. It was 
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Figure 1. Representation of the models of ventilated facade and 
adhered facade.

also verified that the higher the thermal gradient is throughout 
the day, the greater the energy efficiency is with the use of 
the ventilated facade. From simulated studies, Bannier el al. 
4 state that the ventilated facade is suitable for hot areas and 
buildings that have a high demand for cooling. Previously, 
Escrig et al. 5 found that the use of the ventilated facade is 
also effective in reducing the demand for heating (for facades 
with heat recovery).

According to Medeiros et al. 6, the first projects in Brazil 
using this system of ventilated facades were carried out after 
the year 2000. However, after 2009, more than 80 projects 
were implemented, amounting to an expressive increase.
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One of the components of the ventilated facade system 
is the composite material constituted by a screen of glass 
fiber and polymeric resin adhered to a ceramic tile. The 
combination of these components aims to ensure the safety 
of the material after installation, thus avoiding the release 
of ceramic fragments from the facade of the building in case 
of the fracture of the ceramic tile. Throughout the lifetime 
and utilization of the building, there exists the possibility 
of chipping. This is a factor that must be taken into account 
regarding protection against shrapnel injuries that may occur 
due to fragmentation 7.

Currently, the glazed porcelain tile is the most used 
ceramic tile on ventilated facades because it presents 
low porosity when compared to other ceramic tiles. This 
feature is associated with additional advantages, such as 
low water absorption, high mechanical performance and 
frost resistance 7-9.

The reinforcement employed is usually a bidirectional 
screen composed of type E glass fiber. Glass fibers in the form 
of fabric increase the impact resistance of the system. When 
comparing glass fibers with other synthetic fibers (aramid, 
carbon, among others) with respect to structural function, 
glass represent the most attractive option due to low cost 
10-13. For this reason, glass is used in maritime, industrial, 
automotive and aerospace applications and is also found in 
everyday items 14,15.

In the system composing the ventilated facade, epoxy 
resins are usually used. Among the main properties of these 
resins that are highlighted when compared to the properties 
of other polymers (polyester, vinyl ester and phenolic) are 
hardness, resilience, resistance to moisture and chemical 
attack, and little or no shrinkage after curing 13. It should 
be noticed that this type of resin does not release volatile 
material during its application. If a curing agent or a thermal 
source is used, the curing process can be conducted at room 
temperature and without applying pressure 16.

Resulting from the increase in environmental concern, 
there has been a growing interest in natural fibers. Polymeric 
composites containing natural fibers have been presented 
as substitutes for synthetic fiber composites in industrial 
applications. Among the advantages presented are weight 
reduction, higher specific strength, higher modulus of elasticity 
and reduced price 14,17-25. The possible applications of the 
substitution of glass fibers have been studied in areas such as 
the automotive, aviation, biocomposites, civil construction, 
sports and musical instrument industries 10,26-34. Especially 
in the automotive industry, natural fibers account for almost 
40% of fiber raw materials 35.

In recent years, several studies have been conducted to 
evaluate the various properties of natural fibers using epoxy 
matrix. Mittal et al. 16 worked with fibers of bamboo, sisal, 
jute, silk, kenaf, sugar cane and coconut. Other authors 
such as Wambua et al. 10 carried out comparative studies 
between natural fibers and glass and highlighted additional 

aspects such as recyclability, renewability, biodegradability, 
lower energy consumption for manufacturing and decreased 
inhalation health risks.

From the environmental point of view, natural fibers 
are superior to glass due to the following factors: reduced 
environmental impact in the production of fibers (because 
some of the processes occur naturally); lower composite 
weight; lower energy consumption in manufacturing processes; 
reduction of emissions and the possibility of end-of-life 
incineration, resulting in energy and carbon credits 36.

In the Amazon region exist several natural fibers with 
the potential to be used. Among the natural fibers, jute 
fiber (Corchorus capsularis) can be highlighted. This fiber 
is obtained from the stem of the plant 37. This plant was 
introduced in Brazil in the Amazon region after 1950. The 
cultivation of this plant occurs mainly in the states of Pará 
and São Paulo. Jute develops well in hot and humid climates, 
especially in areas where high rainfall occurs 38-40.

Regarding the properties the jute fiber when compared 
to other natural fibers, jute presents moderate tensile 
and flexural strength. Already, the use of jute fiber in the 
manufacture of polymer composites is indicated for primary 
structural applications, interior elements and temporary 
outdoor applications. In automotive insulation, jute can 
be used in doors and roofs, engine separation panels and 
passenger compartments 37. Jute is also traditionally used 
in the manufacture of bags, curtains, yarns, textiles, and 
ropes, among others 41.

In the field of application chosen for this work, the 
facade of a building is an environment subject to several 
mechanical stresses and weather exposure. With the increasing 
use of ventilated facades, there exists a tendency to utilize 
large formats of ceramic tiles with reduced thicknesses. 
Among the properties of ceramic materials that are used 
in ventilated facades, impact resistance is one of the most 
critical characteristics to be observed 41,42.

As an alternative to glass fiber composites in structures 
that require impact protection and, consequently, the 
occurrence of kinetic energy absorption, the use of natural 
fibers presents a wide range of applications 19. Among these 
applications is the absorption of both ballistic and low-speed 
energy. Under low-speed impact conditions, the natural fibers 
behave similarly to glass fibers and the properties of both 
demonstrate similar values 18.

The combustibility of natural fiber-polymer composites 
depends mainly on the type of raw materials used, structure, 
composite density, thermal conductivity and humidity. 
Thermal properties of these materials are dependent on 
the characteristics of the natural fibers, the matrix and the 
interactions between them 24. Vaisanen et al. 24 state that the 
combustion stages for natural fiber-polymer composites 
are: ignition, smoldering, developing fire, flashover, fully 
developed fire and decay. Szolnoki et al. 20 state that natural 
fiber-polymer composites are flammable and that the release 
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of heat from these composites is greater than that experienced 
when using synthetic fibers.

Depending on the application, natural fiber-polymer 
composites must undergo fire exposure tests due to low fire 
resistance and smoke generation. Polymers suitable for use in 
natural fiber-polymer composites are limited due to thermal 
degradation of the fibers starting from approximately 200 
°C 24. In real fire condition the maximum temperature can 
reach 1000°C 43.

This work proposes to evaluate the substitution of 
glass fiber by natural jute fiber. Due to the conditions of 
installation of the ventilated facade, the behavior of the 
conjoint composites when exposed to fire were studied. For 
that, the characteristics of these materials were evaluated 
through thermogravimetry together with differential thermal 
analysis and the exhaust gases analyzed. For the conjoint 
composites the flame propagation was observed.

2. Materials and Methods

2.1. Materials

The materials that were used in the preparation of the 
final systems included: glazed porcelain tiles were supplied 
by Eliane S/A Revestimentos Cerâmicos (Brazil) and had 
a size of 0.59 m x 1.182 m and a thickness of 0.012 m. The 
resin used was supplied by Shackerley (United Kingdom). 
The bicomponent epoxy resin was derived from bisphenol A 
and amines (DGEBA). The fiberglass used was bidirectional 
screen type E. This fiber is commonly used in ventilated 
facades. This was supplied by Gavazzi (Italy). The fiberglass 
screen had dimensions of 0.004 m x 0.0045 m x 0.0003 m. 
For natural fiber a bidirectional screen similar in configuration 
to that of the fiberglass screen pattern was used. However, 
the lowest thickness found in the market was approximately 
0.008 m (while the fiberglass has a thickness of approximately 
0.0003 m). This fiber is 20% lighter than fiberglass. It was 
supplied by Companhia Têxtil Castanhal of the state of 
Pará (Brazil). A plasticizer based on the esters of acrylic 
acid and styrene was used to perform the compatibilization 
between the polymer matrix and natural fiber. This product 
is a binder for elastomeric coatings used in facades. After 
compatibilization, jute fiber became 66% heavier relative to 
glass fiber. This plasticizer was supplied by Claritex (Brazil). 
The plasticizer had a solid content of 50% and viscosity 
between 3.0 kg·m-1·s-1 and 5.0 kg·m-1·s-1.

2.2 Preparation of test specimens

The following steps were developed for the realization 
of the conjoint composite glass (Cer+GFRE) and jute fibers 
(Cer+JFRE). The glazed porcelain tiles were cut into 0.30 
m x 0.30 m sections with an industrial cutting machine. The 
screens (glass and natural) were cut according to the size of 
the cut ceramic tiles. The screens were cut with the assistant 

of a sharp object. A plasticizer was applied with a sheepskin 
roll to the natural fiber only. The plasticizer layer deposited 
on the fiber corresponded to a value of 0.280 kg·m-2. The 
drying process took place in a ventilated environment at 
room temperature for 24 h for subsequent application to 
the system. The epoxy resin was applied with a brush and 
metal spatula. The resin mixture and the curing agent were 
applied according to the supplier's procedure (82% resin 
and 18% curing agent under stirring). The resin layer had a 
value of approximately 0.50 kg·m-2. For the final composites, 
the screen was inserted into the polymer matrix during the 
application of the epoxy resin. Curing was performed in a 
ventilated environment at room temperature for 72 h. After 
the curing process was completed (72 h), the specimens were 
cut to the required dimensions for each test following the 
current standard. After cutting, the specimens were oven-
dried at a temperature of 40 °C to a constant weight. After 
drying, the specimens were stored in a place protected from 
light and moisture.

3. Test Methodology

Thermal analysis was separately performed on epoxy 
resin, glass fiber and jute fiber. A sample of the materials 
for analysis was taken (glass fiber, jute fiber and epoxy after 
curing). Netzch model STA 449F3 with coupling to a Fourier 
transform infrared spectroscopy equipment was used. The 
gas employed was synthetic air with the test running from 25 
°C to 1100 °C with a heating rate of 10 °C/min. The crucible 
for sample placement was alumina (Al2O3). The synthetic 
air was chosen to simulate the behavior of the composite 
constituents during the application of fire exposure. The 
gases expelled from the thermogravimetric analysis were 
analyzed through Fourier transform infrared spectroscopy.

The flame propagation test was performed based on 
standards NBR 9442 (determination of the flame surface 
propagation index by the radiant panel method) and ASTM E 
84 (standard test method for surface burning characteristics 
of building materials).

The conjoint composite was placed under a 60° tilt through 
a metal support. The flame was positioned in parallel, 0.10 
meters from the edge of the ceramic tile and 0.02 meters 
away from the sample. To generate the flame, a torch was 
used with fuel representing the proportion of 50% oxygen 
gas and 50% acetylene gas. In Figure 2, a representation of 
the scheme used in the flame propagation test is displayed.

During the experimental execution, the presence or 
absence of several phenomena were observed, including: 
dripping of the burning material, detachment of the material, 
sagging, delamination, contraction, fracture and formation 
of ashes. Also determined was the time required for ignition, 
the maximum temperature reached, the flame advancement 
and the color of the developed smoke. For the measurement 
of temperature, a Minipa model MT-350 optical pyrometer 
was utilized.
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decomposition and the oxidation of the resin, the thermal 
events are associated with the formation and the output of 
different types of gases. According to Kim et al. 44 polymer 
matrix decomposes at 300 -500 °C producing smoke with 
dripping which may be toxicity.

Figure 2. a) Schematic representation of the apparatus for the test. 
b) Photograph of the apparatus for the test.

4. Results and Discussion

4.1. Thermal analysis of epoxy resin

Figure 3 shows the thermogravimetric and differential 
thermal analysis of the epoxy resin. It can be seen that the 
total mass loss of the epoxy resin is 53.96%, primarily 
occurring between 115 °C and 736 °C. There are three 
exothermic events located at 188 °C, 334 °C and 714 °C.

Figure 3. Thermogravimetric and differential thermal analysis of 
the epoxy resin.

According to Abdellaoui et al. 31, thermoset matrices 
may contain mineral fillers, with the objective of reducing 
costs and improving thermal and mechanical properties 
of the final composite. The epoxy resin of this study was 
supplied with mineral filler. Thus, the residual mass of the 
thermogravimetric analysis is mainly related to the filler.

Figure 4 shows the result of the FTIR analysis of the set 
of gases resulting from the thermal decomposition of the 
epoxy resin. The main associated bands are carbon dioxide 
(CO2) and the lower bands of chemical composition of the 
epoxy resin (curing agent). Table 1 shows the compounds 
present in the gases during the analysis. During thermal 

Figure 4. Infrared gas spectrum resulting from the thermal analysis 
of the epoxy resin.

4.2. Thermal analysis of glass fiber screen

Figure 5 shows the differential thermogravimetric and 
thermal analysis of glass fiber. The total mass loss of the 
fiber is 19.23%, occurring from 220 °C to 610 °C. There 
are three events, one endothermic and two exothermic. The 
endothermic event occurs at 173 °C, and the exothermic 
events are observed at 441 °C and 590 °C.

Figure 5. Thermogravimetric and differential thermal analysis of 
glass fiber.

According to Neto et al. 45, the glass fibers are covered 
with coating materials after the spinning process. These 
materials are usually organosilanes whose objective is to 
promote chemical adhesion between the polymer matrix 
and the fiber surface. The fiber used underwent a polymer 
coating (approximately 18%w), adapting it to environments 
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that require resistance to alkaline corrosion. Thus, the mass 
loss resulting from the thermogravimetric analysis corresponds 
mainly to the disappearance of the coating of the fibers.

In Figure 6 is displayed the infrared spectrum of the 
gases resulting from the thermal analysis of glass fiber. For 
this material, the only gas identified in the gas resulting 
from the decomposition of the coating material is carbon 
dioxide (CO2).

Table 1. Compounds present in the resulting gas at each thermal event of the thermal analysis of the epoxy resin.

Temperature (°C) Compound in the resulting gas Molecular formula Wavenumber (cm-1)

188 Benzyalcohol C7H8O 1050 and 3050

334 N-dodecyl benzamine  
2-decanone

C18H31N
C10H20O

1500 and 3000
1700 and 2950

714 carbon dioxide CO2 2350

Figure 6. Infrared spectrum of gases resulting from thermal analysis 
of glass fiber.

4.3. Thermal analysis of jute fiber screen
Figure 7 shows the thermogravimetric and thermal 

differential analysis of the natural jute fiber.
According to Figure 7, the total weight loss of the jute fiber 

is 87.77%, occurring from 40 °C to 580 °C. There are three 
exothermic events occurring at 309 °C, 361 °C and 574 °C. 
These thermal events are associated with the decomposition 
of hemicellulose, cellulose and lignin, respectively 46.

Figure 7. Thermogravimetric and differential thermal analysis 
of jute fiber.

Table 2. Compounds present in the resulting gas at each thermal event of the jute fibre thermal analysis.

Temperature (°C) Compound in the resulting gas Molecular formula Wavenumber (cm-1)

309

methanol
carbon dioxide
octanoic acid

methyl butanoate
water

CH4O
CO2

C8H16O2
C5H10O2

H2O

1030
2350

2950 and 1700
2850
3700

361
octanoic acid

methyl butanoate
carbon dioxide

C8H16O2
C5H10O2

CO2

2950 and 1700
2850
2350

574 carbon dioxide CO2 2350

Because it is a natural fiber, the residual mass was much lower 
in comparison to epoxy resin and glass fiber. In Figure 8 is the 
infrared spectrum of the gases resulting from the thermal 
analysis of jute fiber. Because jute fiber is natural, the 
spectrum contains several bands resulting from the release 
of organic compounds. The compounds methanol, octanoic 
acid, and methyl butanoate are associated with the presence 
of lignin, while the others are the result of hemicellulose and 
cellulose. However, the main band represents the presence 
of carbon dioxide (CO2). According to literature data 47, 
the toxicity caused by the inhalation of compounds found 
(Table 2), acts on the central nervous system in addition to 
harmful respiratory effects.

Although the literature indicates that natural fibers are 
non-toxic 48 and the resulting product of combustion is 
formed with carbon dioxide, the results obtained indicated 
the presence of other organic compounds. Further studies 
on the toxicity of jute fiber in fire conditions should be 
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no smoke formation, the jute fiber composite exhibited the 
formation and evolution of ash during the test. Table 4 shows 
the other measured parameters observed during the test.

For both samples, the ignition time was immediate; 
however, the flame on the surface of the material was soon 
extinguished. The maximum temperature observed and the 
time required for the occurrence of ceramic tile fracture were 
similar regardless of the nature of the fibers.

The area damaged by the flame was larger for the case 
of the jute fiber. Figure 9 shows the initial instants where 
it was possible to observe the formation of flame on the 
surface of the material during the test.

In Figure 10, it is possible to observe the differences in 
damage caused by the flame to the conjoint composites. As 
shown in Table 4, the flame advancement was more extensive 
in the jute fiber set, and it was possible to observe in Figure 
8 that near-total consumption of jute fiber occurred in some 
regions. Although jute fiber is encased by epoxy resin, this 
is not sufficient to protect natural fiber from fire.

During the test, the ceramic tile fracture occurred in the 
region where the flame was positioned. Despite the fact that 
the epoxy resin and the polymer layer were consumed, the 
tested glass fiber still performed its function, avoiding the 
release of fragments. However, for the jute fiber composite, 
much of the fiber was consumed by the flame (a result that 
correlates with the thermogravimetric analysis): the jute fiber 
failed to perform its function, thus resulting in the release 
of ceramic fragments during the test. Figure 11 shows the 
fracture behavior observed during the flame propagation test.

Table 3. Phenomena observed in the flame propagation test

Observed Phenomenon Cer+GFRE Cer+JFRE

Dripping of burning material No No

Discharge of burning material No No

Sagging of material No No

Observed delamination Yes Yes

Observed contraction No No

Fracture observed Yes Yes

Ashes observed No Yes

Smoke color development Did not occur Did not occur

Table 4. Parameters observed in the flame propagation test

Parameter observed Cer+GFRE Cer+JFRE

Ignition time Immediate Immediate

Maximum temperature reached (° C) 528 529

Time for fracture (s) 257 269

Flame advance (m) 0.13x0.44 0.17x0.53

Total test time (s) 300 300

Figure 8. Infrared spectrum of gases resulting from the thermal 
analysis of jute fiber.

performed. Table 2 shows the compounds present in the 
gases during differential thermal analysis.

4.4. Flame propagation

In the flame propagation test conducted, there was no flame 
propagation throughout the sample, only the carbonization 
of the epoxy resin, consumption of the glass fiber polymer 
layer and partial consumption of the jute fiber in the region 
of exposure to flame were observed. Table 3 shows the 
phenomena observed during the flame propagation test.

According to Table 3, the only phenomenon observed 
that demonstrated a differential result among the samples 
was in relation to the formation of ashes. Although there was 



7Fire exposure behavior of epoxy reinforced with jute fiber applied to ceramic tiles for a ventilated facade 
system

Figure 9. Initial moments in the flame propagation test.

Figure 10. Comparison of the conjoint composites after the flame 
propagation test.

Figure 11. Fracture of the ceramic tile during the flame propagation test.

5. Conclusions

The application of a jute fiber composite was evaluated 
in a ventilated facade in comparison to that of a current glass 
fiber system in terms of exposure to a thermal energy source.

The residual mass of the epoxy resin, resulting from the 
thermogravimetric analysis, refers to the mineral filler used. 
The loss of mass of the glass fiber in this same analysis is 
related mainly to the polymer layer applied on the fiber. From 
the materials tested in the thermogravimetric analysis, the 
jute fiber showed the greatest mass loss due to the origin of 

the fiber. This feature may compromise the performance of 
the conjoint composite in the occurrence of fire.

Regarding the application to fire exposure, the conjoint 
composite jute fiber (Cer + JFRE) presented the worst 
performance in this study. Due to the origin and composition 
of the fiber, the material was consumed by the flames and was 
not capable of exerting its function of retaining the pieces in 
the set after the fracture of the ceramic tile. For this reason, 
the jute fibers present limitations regarding application to a 
ventilated facade without the use of flame retardant.
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