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ABSTRACT
1)

Intumescent system is a highly effective flame retardant technology that takes advantage of the mechanism of foaming
and carbonization. In order to materialize Intumescent system, it is necessary to use reinforcement material to improve
the strength of the material. In this study, we used kenaf as a natural fiber to manufacture intumescent/EVA (ethylene
vinyl acetate) composites to improve mechanical and flame retardant performance. Finally two materials with different
particle shape are applied to one system. Therefore, the influence factors of the particles with different shapes on the
composite material were analyzed based on the tensile test. For this purpose, we have used the tensile strength analysis
model and confirmed that it can only act as a partial strength reinforcement due to weak binding force between the
matrix and particles. In the combustion characteristics analysis using cone calorimeter and UL 94, the combustion
characteristics were enhanced as the content of Intuemscent was increased. As the content of kenaf increased, combustion
characteristics were strengthened and carbonization characteristics were weakened. Through the application of kenaf,
it can be confirmed that elastic modulus improvement and combustion characteristics can be strengthened, which confirmed
the possibility of development of environmentally friendly flame retardant materials.

Keywords: eco-friendly composites, flame retardant, intumescent system, kenaf fiber, strength prediction model

1. INTRODUCTION

treatment method has a great advantage that it can
be applied to a completed architecture. There are

As the materials of the buildings are diversified, the

coating and lamination methods for the flame retardant

characteristics that the materials must have are also

treatment through surface treatment (Gu, 2007). The

increasing. Among them, flame-retardant technology is

lamination method is advantageous in that various

an essential element of building materials (Harper,

materials and shapes can be taken by attaching materials

2004). There are various ways to apply the flame

such as films.

retardant properties, but among them, the surface

1

Early flame retarding techniques have been approached
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in a way that utilizes halogen substituent (Lu, 2002).

reinforcement technique that can overcome these

The halogen substituent can effectively prevent com-

disadvantages. Fiber composites are the most repre-

bustion from proceeding while acting as a stabilizer

sentative technique for improving strength. In particular,

of the radical in the combustion process. However, when

recently, a variety of composite materials that utilize

the stabilizer effect is exhausted and starts the com-

biomass-based fibers to complement the environment

bustion, the combustible material by the halogen

has been researched (Tang, 2003).

material has a fatal influence on the human body. These

In this study, we analyzed strength changes of

characteristics were the main cause of death due to

flame retardant composite materials using intumescent

asphyxiation, not fire injury. In order to overcome these

particles. And it studied the effect of improving the

disadvantages, flame retardant materials using non-

strength utilizing biomass-based fiber system in com-

halogen type materials have been introduced, and flame

bination. Finally, the combustion characteristics of the

retardant materials using a phosphor based material have

flame retardant composite were confirmed by UL94

been developed in various ways. However, in order

test and Cone Calorimeter.

to secure the flame retardancy through the phosphorus
material, it is pointed out that it is a limitation point

2. MATERIALS and METHODS

of the application of the material because it needs to
use more material than the conventional flame retardant

2.1. Materials

materials (Levchik, 2006).
The Intumescent system is a flame retardant system

For the sheet-shaped composite material, a polymer

that utilizes a combination of polymer foam / car-

having excellent flexibility, melting property and

bonation layer formation that swells as a result of heat

adhesiveness was used as a matrix. Ethylene Vinyl

exposure, thus increasing in volume and decreasing in

Acetate (EVA) is a copolymer of ethylene and vinyl

density (Li 2006). A carbonized layer and an air layer

acetate. EVA shows various performance depending

are simultaneously generated to form a strong isolation

on the content of vinyl acetate. EVA is excellent for

structure. Although it is not a technique to intensify

softness and flexibility and is suitable as a matrix. EVA

the flame retardancy of the material itself, it is con-

was VS420 LOTTE chemical, Republic of Korea. The

sidered to be an effective technique for reducing the

content of VA is 21.5% and a melt index of 2.0 g/10

maximum calorific value and delaying the flashover

min is suitable for forming foam.

arrival because it delays the burning time from the

Foaming agent, carbide foamer and catalyst are

surface to the deep portion. Since the Intumescent

required to implement Intumescent system. Each

system is not utilized in an independent structure, it

material has a structure in which the foaming and the

is useful to apply it in film or sheet that composed

carbonization layer formation are continuously gen-

of a polymer composites (Wu, 2009).

erated to maximize the flame retardancy depending on

The intumescent agent is a monomolecular particle,

the carbonized layer and the foamed layer on the near

which causes the strength of the material to drop in

surface. Ammonium phosphate monobasic (APP, Sigma-

the composite process. Particularly, when the strength

Aldrich, USA) was used as a catalyst, and melamine

of the matrix is weak, this characteristic causes a great

(MEL, Sigma-Aldrich, USA) was used as a carbide

problem such as reduction of stability and moldability

foamer and pentaerythritol (PER, Sigma-Aldrich, USA)

of the material. Therefore, there is a need for a strength

was used as a foaming agent.

- 190 -

Evaluation of Mechanical Performance and Flame Retardant Characteristics of Biomass-based EVA Composites
using Intumescent Flame Retardant Technology

Table 1. Sample preparation ratio (Compare group 1: Sample 1~5, group 2: 5~8)
Sample List

EVA

APP:PER:MEL [3:1:1] (phr)

Kenaf Fiber

1

100

0

0

2

100

10

0

3

100

20

0

4

100

30

0

5

100

40

0

6

100

40

5

7

100

40

10

8

100

40

20

Fiber reinforced plastic is a typical composite material

and the mechanical properties were analyzed at room

that enhances the mechanical strength of polymers. To

temperature. Five specimens were measured to calculate

improve the strength of intumescent/EVA composites,

the margin of error.

natural fibers were used. The fibers used in this study
are kenaf fibers. Kenaf is a plant in the Malvaceae

2.3. Combustion Test

family also called Deccan hemp and Java jute. Kenaf
fibers, which were imported from Bangladesh. Kenaf

Cone Calorimeter (ISO 5660-1&2) and UL94 (the

fibers were finely ground to a size which can pass

Standard for Safety of Flammability of Plastic Materials

through a filter of 40 mesh size by a disintegrator (CTM

for Parts in Devices and Appliances testing) experi-

200 in Kukje Scientific Instrument, Korea).

ments were conducted to analyze the flame retardant

The composite was produced through a twin screw

properties of the prepared test samples. Each sample

extruder (Bautek, 19 pi, Pocheon, Korea). The barrel

3
was prepared in the form of 100×100×3 (mm ),

temperature (in Celsius) zone of the extruder was as

3
13×125×3 (mm ). Samples were produced in the form

follows: 70/80/90/100/100/100/100/90. The screw speed

of press squeeze. Therefore, it is estimated that there

was maintained at 150 rpm. Composite with intumescent

is no influence factor by directionality due to injection

agent and EVA were first prepared. Among them,

and extrusion. The UL 94 test can be evaluated in V0,

composites using kenaf were prepared by using intu-

V1, V2 grades and V0 grades are required to be used as

mescent 40 phr (parts per hundred resin) test specimen,

nonflammable materials. The criteria for distinguishing

which has the most excellent flame retardancy and worst

each grade are described in the following Table 2.
The cone calorimeter test is a combustion charac-

mechanical performance. The composition ratio of all

teristic test for the building interior materials, interior

materials is listed in Table 1.

materials for railway vehicles, indoor decorations, etc.
specified by the Building Code and Fire Prevention

2.2. Tensile Strength Test

Act. The cone calorimeter test is a system for quantiTensile and flexural specimens were measured using

tatively measuring fire parameters such as ignition

the universal testing machine (Zwick Co, Germany)

time, heat release rate, mass reduction rate, and total

by ASTM D 638 – 10 and ASTM D 790 – 10. When

smoke emission during the material exposure to fire

measured, A cross speed of machine was 5 mm/min

conditions.
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Table 2. Grading criteria of UL94
V-0

V-1

V-2

After flame time for each individual specimen t1 or t2

≤10s

≤30s

≤30s

Total after flame time for any condition set (t1 plus t2 for the 5 specimens)

≤50s

≤250s

≤250s

After flame or after glow time for each individual specimen after the second
flame application (t2+t3)

≤30s

≤60s

≤60s

After flame or after glow of any specimen up to the holding clamp

No

No

No

Cotton indicator ignited by flaming particles or drops

No

No

Yes

tropic properties with respect to modulus analysis. The

3. RESULTS and DISCUSSION

elastic modulus model based on the volume can be

3.1. Tensile Strength Analysis in Hybrid
Filler System

utilized only when the particles having a higher modulus
than the matrix are utilized. In all three basic models,
the elastic modulus increases as the filler content

In order to predict the performance of intumescent

increases. As the content of the intumescent agent

agent and kenaf composite material, we compared the

increases, the elastic modulus tends to increase. The

performance prediction model and the experimental

pure EVA was estimated to be 12.21 MPa, and when

results. In order to evaluate the performance of com-

the intumescent agent content was 40 phr, it was

posite materials using only intumescent agent, we tried

increased by 60% to 19.59 MPa. The average density

to select a model that can analyze the influence factors

3
of the intumescent agent was 1.674 g/cm and the

on particles. First, Einstein equation known as the

3
average density of EVA was 0.94 g/cm . When the

simplest model for analyzing Elastic Modulus, was used

content of intumescent agent increased to 5, 10, 20,

to analyze performance differences.

30 and 40 phr, the volume fraction of intumescent agent

       ················· (1)
The above model predict the small strain Young’s

was 2.7, 5.3, 10.0, 14.4 and 18.3% (Fig. 1).
The intumescent agent is a inorganic-based material
with a high modulus of elasticity. As the content of

modulus of particle-filled solids. Em is the Young’s
modulus of the matrix material and Vf is the volume
fraction filler. We used the modified model as Guth
& Simha and the model Govindjee & Simo based on
rigid particles.

        ··········· (2)
  
    ······················ (3)
  
The above three models predict the change of
modulus according to the volume fraction of particles
used together. Particle-phase particles have no aniso-

Fig. 1. Elastic modulus of intumescent/EVA composites.
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these materials increases, the modulus of elasticity of

strength of matrix and k is the coefficient for the

the composite generally increases. The feature of the

interaction between the filler and the matrix. The

three models is that they can be used when the influence

characteristic of the Nicolais & Narkis model is that

between the binder and the filler is small and the fraction

k can vary depending on the bond strength between

of the filler is small. For the Govindjee & Simo model

materials. In general, k = 1.21 is modeled as the limit

which varies with the volume fraction, the variation

value (lower bound), which means that there is no

range is the smallest. It can be used as the most suitable

mutual coupling force. Assuming that there is no

model when there is almost no coupling force between

bonding force between intumescent agent and EVA,

the filler and the matrix. On the other hand, the Einstein

the strength reduction is expected to be as shown in

model and the Guth & Simha model are based on the

Fig. 2. However, the experimental results show a big

increase in the modulus of elasticity with the influence

difference from the above prediction models. This

of the filler, and it can be confirmed that the two models

means that the matrix and filler are not in perfect

are very similar to the experimental results. However,

separation. From the experimental results, it is predicted

the experimental results show that the rate of increase

that k is about 0.35, and the result is very similar to

of the modulus of elasticity tends to decrease, which

the actual result if the result is fitted by the factor.

is expected as a result of the heterogeneity of the mixing

The smaller k is, the stronger the bond between the

caused by the increase of the filler content. As the

matrix and the filler. The results of k can not be

filler content increases, the filler-filler bond increases

expressed as absolute values, but it is generally known

as compared to the filler-matrix bond, and this tendency

that k in composite materials using particles has a value

causes a difference from the actual predictive model.

of about 0.2 to 0.5.

The Nicolais & Narkis model was used to predict

Based on the intumescent/EVA composite material

the strength change of the composite with varying

evaluated above, we evaluated the strength change

particle content.

of the material reinforced with kenaf. The initial
       ···················· (4)

modulus of elasticity was constantly increased as the
content of Kenaf increased from 19.9 MPa to 32.3 MPa

fcom is tensile strength of composites, fm is tensile

Fig. 2. Tensile strength of intumescent/EVA composites.

Fig. 3. Elastic modulus of intumescent/EVA/kenaf
composites.
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(Fig. 3). It is evaluated as a result of reflecting the

for strength reinforcement effect should increase in

characteristics of fiber reinforced polymer (FRP). The

strength as fiber content increases. These results can

modeling was carried out to assume that the matrix

be seen in the daniel & ishai model.

material is a composite material in which intumescent

          ··············· (6)

agent and EVA are mixed at a ratio of 10: 4. In the
modeling evaluation of the above particle based

In the equation, ffib means the tensile strength of

composite material, the Einstein model showed a lower

the fiber, which means that the strength of the composite

tendency than the experimental results, but the

can be expressed as the sum of the product of the volume

composite material evaluation shows a lower tendency

ratio and the strength of the two materials. The tensile

than the predicted results. This is because the effect

strength of the kenaf fiber used in the Daniel & Ishai

of strengthening the fiber of the FRP is eliminated and

model was 930 MPa, which was shown in A, and the

the interaction between the particle and the fiber is

bulk fiber strength was used without pre-treatment.

neglected at the assuming stage. On the other hand,

Because of the use of kenaf, which has a very high

when Maxwell model which is a prediction model of

tensile strength compared to intumescent/EVA (12.4

the modulus of elasticity of the composite material using

MPa) composite, the strength must increase linearly

fiber is used, it can be confirmed that the difference

with very large slopes when using the previous model.

from the experimental result is very small. In the case

However, since the strength is decreasing in this result,

of the Maxwell model, the elastic modulus of the filler

it can be said that the application of this model is not

is reflected in the prediction model.

suitable. In order for this model to be used correctly,
the coupling between the fiber and the matrix should



   ················· (5)
      

be excellent, so that energy transfer between the fibers

In the strength evaluation, it tends to decrease as

the bond strength between two materials based on the

the content increases from the initial 12.4 MPa to the

results, it is considered that it is not sufficient for energy

final 11.1 MPa (Fig. 4). Generally, FRP that prepared

transfer.

and the matrix should be easy. However, if we deduce

The analysis of the system using the Nicolais &
Narkis model, which analyzes the system based on the
low cohesion between the two materials, shows a very
similar tendency. In the case of K = 1.21, it can be
confirmed that the decrease is larger than that in the
experiment. Based on the experimental results, k = 0.35
can be obtained. As with previous particle composites,
it can be seen that the use of fiber has a negative effect
on the strength change of the system. As a result, it
can be confirmed that the bonding between the
composite material and the kenaf is not sufficiently
progressed. In general, the bonding strength between
Fig. 4. Tensile strength of intumescent/EVA/kenaf
composites.

natural fibers and matrix in natural fiber-reinforced
composite materials is a big problem in the process
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of manufacturing composite materials. Since the mutual

are considered to have affected the strength reduction.

bonding force is weak, it is difficult to expect the effect
of the fiber composite material. These problems are

3.2. Combustion Characteristics

generally caused by different polarity between the fiber
and the matrix and foreign matter on the surface of

The combustion characteristics of particle composites

the natural fiber. In order to overcome the problem,

using Intumescent agent were investigated. The ex-

the fiber surface modification and coupling agent should

perimental results are shown in Fig. 5. As the particle

be used in process. In this study, since the fibers were

content increased, the combustion characteristics were

directly used without such a process, the bonding force

improved. The maximum amount of combustion de-

between the fibers and the matrix is very low. At the

2
creases up to 626 kW/m as the content increases up

same time, the previously used particles induce an un-

to 40 phr from a maximum of 3116 kW/m2, showing

specified phenomenon at the fiber interface. These results

a maximum reduction of about 80%. Average heat

Fig. 5. Evaluation of Cone Calorimeter combustion performance of intumescent/EVA composites (a) Test
result (b) AHRR (c) THRR depend on Time (d) THRR at final status.
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Fig. 6. Combustion residues of Intumescent/EVA composites after cone calorimeter (a) Neat EVA (b)
Intumescent agent 10 phr (c) 20 phr (d) 30 phr (e) 40 phr.
release rate (AHRR) which characterizes the combus-

each figure shows the specimen of the sheet shape

tion process of the entire material, also tends to decrease

before the experiment, and the right side is the ash

overall, while at the same time it can be seen that the

photograph after combustion. In the case of Fig. 6(a)

maximum burn point is continuously shifted to the right.

in which no intumescent was introduced at all, it can

That is, it can be analyzed as a tendency that the

be confirmed that complete combustion has proceeded

combustion heat is not only reduced but also delayed

and no remnants remain. As the content of intumescent

when the combustion is grown. It can be confirmed

agent increases, the content of ash increases. This is

that the calorific value of the entire material is also

a reflection of the formation of carbonization, which

effectively reduced.

is characteristic of the intumescent system. When the

Fig. 6 shows a photograph of the combustion residue

content of intumescent increases up to 40 phr, it forms

after the cone calorimeter experiment. The left side of

a carbonized layer. This carbonized layer plays a role
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Fig. 7. Evaluation of cone calorimeter combustion performance of intumescent/EVA/kenaf composites
(a) Test result (b) AHRR (c) THRR depend on Time (d) THRR at final status.
in inducing flame retardation in the combustion process.

when 5 phr of kenaf is used, and it does not exceed

In order for the carbide to be formed into a tight layer,

the existing maximum calorific value even if it increases

a material capable of forming a layer is required. Lee

up to 20 phr. On the other hand, there is no phenom-

and Park have used plate-like materials such as

enon in which the initiation is pulled, but the combus-

nano-clay to form a carbonized layer.

tion end is advanced 50 seconds. In the AHRR evalu-

Lignocellulogic materials, such as Kenaf, are known

ation, the overall heating characteristics are improved

to be vulnerable to combustion characteristics, and these

compared to before using kenaf. In the total calorific

properties are expected to apply equally to composite

value evaluation, as the use amount increased, it de-

materials. Generally, since the natural thermal degrad-

creased continuously, and a total calorific value reduction

ation temperature of the lignocellulosic material is

of 15.5% was measured when using 20 phr of kenaf.

known to be around 400 ℃, it has a disadvantage

Compared to petroleum based EVA materials, kenaf

vulnerable to initial ignition. Experimental results were

exhibits strong combustion characteristics. Resins such

evaluated differently from these trends (Fig. 7). First,

as lignin and foreign matter on the surface show strong

the maximum calorific value tends to decrease by 9.3%

characteristics in combustion. Also, since the cellulose
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Fig. 8. Combustion residues of Intumescent/EVA/kenaf composites after Cone Calorimeter (a) Intumescent
40 phr (b) Intumescent with kenaf 5 phr (c) 10 phr (d) 20 phr.
structure forms a strong packing, it has strong resistance

as natural fiber reinforcements.

in combustion.

Unlike cone calorimeter experiments, UL 94 is an

Fig. 8 is a photograph of the residue after combustion

experiment to verify direct surface carbonization and

of the composite material using kenaf. By using kenaf,

combustion for fire exposure. Table 3 shows the UL94

we can identify layers that were not visible when the

test results for each composite system. When the

intumescent agent alone was used. These layers are

intumescent agent is used alone in the EVA resin, the

evaluated as the result of the carbonized layer for-

flame retardancy is enhanced as the content increases.

mation of the intumescent agent with kenaf carbonized

When the initial content is small (10 phr), the resin

fibers forming a firm layer. As mentioned above, there

tends to be completely burned as can be seen in the

are agents used for the formation of carbonized layer,

table 3. When the amount of the intumescent agent

in which case carbonized fibers of kenaf play such

is increased, the length of the complete combustion

a role. Generally, the lignocellulosic based material

layer on the composites surface is reduced. When the

exhibits the internal combustion retardation effect ac-

intumescent agent of 40 phr is used, all T1 reaches

cording to the carbonized layer after the primary

0 seconds and a complete V2 grade material can be

carbonization. As the amount of kenaf fiber is in-

obtained.

creased, a stronger layer is formed. The formation of

T1 represents the burning time of the specimen after

such a carbonized layer is a major factor that can

the flushing of the flame. It means continuous burning

exhibit the combustion retarding effect in the combus-

characteristics after departing from the fire source. The

tion process. kenaf etc. are highly likely to be used

higher (=shorter times) result means that the initial
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As listed in Table 4, it can be seen that the carbonation
length continuously increases as the utilization of kenaf
increases. In addition, both T1 / T2 tend to increase
steadily, and when using more than 20 phr, V2 grade
is not reached. The overall pattern of change in T1
and T2 is shown in Fig. 9. In the case of using kenaf,
the cone calorimeter experiment showed a tendency
to decrease the calorific value, whereas the UL94
experiment showed the opposite result that the
carbonization accelerated. Because the cone calorimeter
test evaluates the combustion characteristics in the
Fig. 9. T1/T2 change according to composition ratio
of composites.

complete combustion condition, the constituents of the
material and the elements in the combustion process
are reflected in the experiment. On the other hand, the

combustion characteristics are strengthened. After that,

UL94 test is a test for initial combustion growth of

the re-flushing proceeds to confirm the combustion

the flame

characteristics, and this characteristic is evaluated as

carbonization. According to the application of kenaf,

T2. The intumescent system, which has already formed

the flame retardant grade according to UL 94 tends

a carbonized layer, shows excellent characteristics in

to be lowered, but the V2 grade can be maintained

secondary combustion.

up to 10 phr. From this characteristic, it is confirmed

In the UL 94 evaluation, the increase in the content
of Kenaf tends to enhance the carbonization characteristics.

that is directly reflected on the surface

again that kenaf fiber is applicable to flame retardant
composite materials.

Table 3. UL 94 test results of Intumescent/EVA composites
Intumescent
10 (phr)

Sample

20

30

40

Repeat

1

2

3

1

2

3

1

2

3

1

2

3

T1 (sec)

-

-

-

12

26

8

0

15

6

0

0

0

T2 (sec)

-

-

-

10

81

10

12.8

4

26

10

10.8

9.8

T3 (sec)

-

-

-

0

0

0

0

0

0

0

0

0

Un to Clamp

Yes

Yes

Yes

No

No

No

No

No

No

No

No

No

Cotton indicator
ignited

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Test Specimen

Grading

None

V2
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Table 4. UL 94 test results of Intumescent/EVA/kenaf composites
Kenaf
0 phr

Sample

5

10

20

Repeat

1

2

3

1

2

3

1

2

3

1

2

3

T1 (sec)

0

0

0

5

9

10

11

18

23

38

24

25

T2 (sec)

10

10.8

9.8

19

29

38

38

47

25

47

60

35

T3 (sec)

0

0

0

0

0

0

0

0

0

0

0

0

Un to Clamp

No

No

No

No

No

No

No

No

No

No

No

No

Cotton indicator
ignited

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Test Specimen

Grading

V2

V2

V2

None

to be indispensable and it is possible to develop a natural

4. CONCLUSION

fiber based flame retardant composite material with
Although it was possible to secure a high elastic

improved strength and flame retardant properties.

modulus in the process of improving the strength of
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