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earth cannot be separated from the fire. But we often hear a phrase about the fire:
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'friendly when it is small, deadly when it is big’. Based on this expression, we can say
that the fire is not only furnishing benefits to humans but it also can destroy property
and killed many lives each year. Therefore, a fire protection should be given priority in
our daily life, especially the use of fire resistant doors in commercial and office
buildings. Kapok, a natural fiber, which has a low thermal conductivity has been
selected and examined in this study as a fire-resistance material. The objective of this
study was to find the resistance of gypsum when mixed with kapok fiber. The
laboratory works involved the preparation and testing of composite samples of
gypsum and kapok fiber, which were prepared with different thicknesses, namely
6.4mm, 9.5mm, and 12.7mm. Then composite samples of three different
compositions, namely 1000g of gypsum: 10g of kapok, 1000g of gypsum: 20g of kapok,
and 1000g of gypsum: 30g of kapok were prepared for each of those thicknesses. All
the composite samples were burnt, in accordance to MS 1073 (1996), in a combustion
chamber that had been designed and fabricated in Combustion Laboratory, Faculty of
Mechanical Engineering. The experimental results revealed that the composite sample
of 12.7 mm thickness gave the highest fire resistance for all the prescribed
compositions while the composite sample of 30 g of kapok fiber produced the highest
fire resistance compared to other two compositions. In short, a composite mixture of
gypsum and kapok fiber has the potential to be used as a fire-resistance material in
manufacturing of fire resistant doors, walls, and ceilings for the building construction
sector.
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1. Introduction

Recently, Malaysia is one of a few developing countries that taking part in a global movement to
study and develop natural resources [1,2]. Being one of the biggest producers and exporters of palm
oils, government of Malaysia have given huge encouragement to the research and development of
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palm oil based lubricant to be used in industrial section [3-7]. Another area that has been focus in
Malaysia are nanoparticles and additives [8-11].

Another types of natural resource that have potential to be develop in Malaysia is Kapok which
have been scientifically named as Ceiba Pentandra. The word kapok refers both to the tree and to
the fiber it produces, which is also known as silk cotton or Java cotton. Besides, nanotechnology also
becoming an area of interest for the researchers, as this technology can come out with advance
products which can be very beneficial to the consumers [12].

Fire is one of the major disasters that can cause loss of human’s life, destruction of valuable
properties and resources, and environmental pollutions [13,14]. According to statistics in Malaysia,
fire cases occurred in Malaysia rose from year to year. This happens due to the lack of security
features in Malaysia. According to the Department of Statistics Malaysia (2011), the number of fire
breakouts by types of building has been on alarming trend; increased from 20,225 cases in 2007 to
28,741 cases in 2011 as shown in Table 1 [15].

Table 1

Statistics of fire breakouts in Malaysia [3]
Iltem 2007 2008 2009 2010 2011
Number of fire breakouts 20,225 21,524 29,417 29,052 28,741
Number of deaths 80 88 76 89 80
Number of injuries 67 79 71 82 81
Estimate loss (RM million) 865,29 1,048,57 1,057,04 758,70 927,49

Estimated amount saved (RM million) 9,888.70  5,900.50 10,366.00 18,321.00 8,329.34

Oxygen, heat, and fuel are the three key elements which need to start and maintain for all fires.
If all these elements are present, there is a great possibility to start a fire [16]. Buildings, offshore
structures, ships, etc. are equipped with doors. Past experiences have taught humans a good lesson
to use a fire door instead a conventional wooden or steel door. The functions of a fire door are to
protect escape routes, separate area of high risks, and resist the spread of fire [16]. Fire doors can be
used as a delimiter. In another way, it acts as a fire enclosure and requires a specific fire [17]. Usually
a fire door is provided with a rating of 30 or 60 minutes. It is related to the duration of time the door
can resist fire before becoming unstable [15]. Fire doors also are required to act as a barrier to the
passage of smoke and fire to the various types of degrees. It is influenced by its location in a building
and the fire hazard associated with the building. Pivot fire door is the most common type of fire door
used in a building [16].

Nowadays, materials to make a fire door consist of materials that are able to withstand fire for a
long time [17,18]. The materials that have been used to make a fire door are gypsum and glass fiber
wool where it acts as a protective coating [19]. Normally, this fire door must be compact and able to
close on its own. A composite mixture of gypsum and kapok has been considered in this study to
enhance the fire resistance rating of a fire door. Kapok can be considered as the best insulation
material and readily available [20-22]. Kapok has the ability to replace glass fiber cotton because of
its features that are available in fiber glass wool [23-27]. When using fiberglass, it can cause health
problem once it is swallowed and inhaled, and may remain in the lungs indefinitely. It also can
contribute to lungs cancer.
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2. Apparatus and Material
2.1 Basic Apparatus

The experiment was performed by setting up an experimental furnace and the specimen for the
testing method. The apparatus used for the experimental testing were mostly available in
Thermodynamic Laboratory at the Faculty of Mechanical Engineering, Universiti Teknologi Malaysia.
The testing was carried at ambient condition with reference to the Malaysian Standard MS 1073:
PART 2: 1996 [23].

2.1.1 Gas stove (Ignition Source)

An ignition source was required in this experiment to yield the heat up to 1200°C. A high pressure
of gas stove was used to produce the required heat and to start the ignition for the experiment.
Therefore, the ignition source was initiated to supply the required energy to carry out the combustion
process.

2.1.2 Bricks

The furnace linings were mostly made up from bricks. According to the standard requirement of
a furnace in MS 1073: PART 2: 1996, it states that the minimum lining needed is at least 50 mm which

1
consists of low thermal inertia material so that kpc at 500°C is smaller than 500 Wsz/ m? where k is
the thermal conductivity, p is the density, and c is the specific heat [23].

2.1.3 Type K Thermocouples

Thermo K (chromel-alumel) thermocouples were used to obtain the temperature measurement
of exposed and unexposed specimen surface in this experiment. The standard specification for the
thermocouples was ASTM C 177. The thermocouples function under the principle of resistance
changes linearly with respect to the temperature changes. The resistance level will increase if
temperature increases. Five thermocouples were placed on unexposed side of the specimen to
measure its temperature changes in this experiment. This experimental procedure was carried out
to obtain an accurate reading as the temperature levels were not fixed.

In this experiment, the bare wire thermocouples were used for the exposure process. It was
calibrated for five hours as per standard requirement of MS 1073: PART 2:1996. This procedure was
conducted to ensure that the measuring junctions of thermocouples were not degenerated. The
thermocouple readings were obtained using thermocouple scanner which was used to convert the
resistant signal from the thermocouple to temperature signal [24,25].

2.2 Sample Preparation
According to the thickness in Tables 2 and Table 3, the gypsum in the form of powder was added

in the coir with the given ratio. For every 1000g of gypsum, the adding method was done as per the
given ratio as stated below
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Table 2 Table 3
Thickness of composite mixture of Composition ratio of composite mixture of
gypsum and kapok fiber gypsum and kapok fiber

Sample Thickness (Mm) Gypsium (Gram) Kapok (Gram)

1 6.4 1000 10

2 9.5 1000 20

3 12.7 1000 30

2.3 Testing Method

The fire resistance test was performed using an experimental furnace [26]. The method used in
this experiment was similar to the standard testing method recommended by the MS 1073: PART 2:
1996. Generally, the fire resistance of a material can be determined via two types of well-known
methods: (1) non-combustibility method and (2) calorimetric bomb test. The non-combustibility
method was used in this experiment because it was cheaper and simpler than the former method.

I.  Placed the specimen in the furnace chamber with the exposed surface facing the fire in the
furnace while the unexposed surface facing towards the furnace (Figure 1).

II.  Before performing the test, the temperature of the furnace was kept constant at 750°C for 10
minutes (Figure 2).

Fig. 2. Furnace heat up

lll.  The temperature of the unexposed face was recorded. Observed five temperature readings
at different locations of the sample. The ambient temperature at the beginning of the test
was also recorded (Figure 3).
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IV.  Took the temperature reading from the furnace using a thermocouple that was placed at
the furnace (Figure 4).

-~

Fig. 4. Thermocouples at the interior wall

V. The experimental data was collected at three minutes interval. Took the temperature
reading for the unexposed surface for every three minutes interval from the five
thermocouples which were placed at the unexposed surface of the sample.

VI.  Took the reading until reaching the failure time for the sample. The time for the sample to
fail was known as R. This value represented fire rating and was expressed in hours.

3. Results and Discussion
3.1 Experiment of Results for Fire Resistant Test

The experiment was carried out according to the MS 1073: PART 2: 1996. Prior to the test, a total
of nine samples were prepared. Each sample was produce with a predetermined thickness and
composition based on the predetermined ratio. Prior to testing the sample, it was dried naturally
under the sun to avoid any cracks, gaps and other defects on the sample. Before conducting the test,
the weight of each sample was measured using digital scales. This was done in accordance with the
non-combustibility testing method. The objective for this project was to determine the fire resistant
rating in hours for all the samples of gypsum composite mixture with kapok fiber.

Table 4 shows the result of fire resistant rating for all nine samples tested. Meanwhile, Figure 5
shows that the composite sample of 12.7mm thickness gave the highest fire resistant rating which
93 minutes. The second highest was the composite sample of 9.5mm thickness which recorded 87
minutes. Lastly, the composite sample of 6.4 mm thickness produced the fire resistant rating of 63
minutes only. These findings were based on the integrity failure. After a failure, cracks and smaller
gaps were found on the samples. Generally, it is found that the performance of fire resistant rating
achieved by these composite samples increases with thickness. Increase in thickness means increase

52



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences

Volume 57, Issue 1 (2019) 48-56

@

in content of kapok fiber that has contributed for the better performance due to its structure and

properties of fabrics.

Figure 6 shows the plots for gypsum 1000g: kapok fiber 20g for different thicknesses. The best
fire resistant performance was shown by composite sample of 12.7mm thicknesses which could last
for 93 minutes before it failed. This was followed by the composite samples of 9.5mm (i.e., 84
minutes) and 6.4mm (i.e., 81minutes). From the observation, propagating gaps and crack were found
to have occurred on the samples. The fire resistant rating achieved in formed to be similar to those
produce by composite samples of gypsum 1000g: kapok fiber 10g.

Table 4

Fire resistance ratings

Composition Thickness (mm) Rating (min) Max min temp (°C)  Density (kg/m?)
G=1000g KF=10g 6.4 63 110.4 1054.69
G=1000g KF=10 ¢ 9.5 87 116.4 1242.11
G=1000g KF =10g 12.7 93 99.4 1108.27
G=1000g KF =20g 6.4 81 119.6 1070.31
G=1000g KF=20 ¢ 9.5 84 106.2 863.16
G=1000g KF =20g 12.7 93 125.2 911.42
G=1000g KF =30g 6.4 102 110.6 1093.75
G=1000g KF=30 g 9.5 120 136.4 884.21
G=1000g KF =30g 12.7 141 145.8 850.39
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Fig. 5. Fire resistant test results of gypsum 1000 g:
kapok fiber 10 g for different thicknesses
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Fig. 6. Fire resistant test results of gypsum 1000 g: kapok fiber
20g for different thicknesses
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Figure 7 shows that the highest fire resistant rating recorded was 141 minutes, which was
achieved by the composite sample of 12.7mm thickness. This was followed by the composite samples
of 9.5mm thickness (i.e., 120 minutes) and 6.4mm thickness (i.e., 102 minutes). Again, cracks and
propagation of gaps were found on the failed samples at the end of the end. When comparing to the
previous results revealed by the composite samples of gypsum 1000g: kapok fiber 10g and gypsum

1000g: kapok fiber 20g, this sample (i.e., gypsum 1000g: kapok fiber 30g) of thickness 12.7mm
experienced the longest time prior to failure.
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Fig. 7. Fire resistant test results of gypsum 1000g: kapok
fiber 30g for different thicknesses

3.2 Notching Effects

During samples preparation, notching effect is one of the problems that were clearly seen after
the sample had been totally dried from healing process. Notching effects on the sample that was
prepared are presented in Figure 8.This problem did affect the temperature readings taken during
the experiment. Based on the readings taken from that had been fixed at the five thermocouples
selected points of the unexposed surface, all the thermocouples were found to have given different
values. An average value was used in the analysis to mitigate the notching effect.

Fig. 8. Notching on the sample

3.3 Effect of Density

The weight of each sample should be measured using a digital scale and the volume of the said
sample should be obtained to compute the density of each sample. Generally, the computed density
affects the testing and preparation of the samples. Water content in the sample increases with
density. A total of nine samples were prepared. Each sample was made with a predetermined

thickness and composition based on a predetermined ratio. So, each of the samples had different
density values.
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Table 4 shows that density effects fire resistance rating. It can be summarized that the fire
resistance rating of those samples decreased as the samples thickness increased. From the
observation, it seems that the high density will be effected when the samples did not cured properly.
Besides that this problem also happened during the preparation of samples. When high water
content was uncontrolled added during the mixture process and do not stir it completely, it will lead
to the high density. This problem might cause the samples experienced premature crack where the
fiber which is kapok did not manage to bond the gypsum particles in order to create a stronger
composite bond.

4. Conclusion

Kapok, a natural fiber, is a good insulating material which has the potential to be used in a fire
door manufacturing. Many studies have shown that kapok has many functions that can make it as an
insulating material. Kapok is also able to replace glass fiber cotton because of its features that are
available in fiberglass wool. An experimental work has been carried out to determine the impact of
kapok fiber on fire resistant rating of a fire door. A fire furnace was designed and fabricated according
to the standard recommended by the MS 1073: PART 2: 1996. A total of nine samples were prepared
and had been tested successfully. Each sample was fabricated of three different thicknesses (i.e.,
6.4mm, 9.5mm, and 12.7mm) and three different ratios namely 1000g gypsum : 10g kapok fiber,
1000g gypsum: 20g kapok fiber, and 1000g gypsum : 30g kapok fiber.

The experimental results revealed that all the nine samples gave different fire resistant values
which were directly related their compositions and ratios. The highest fire resistant rating achieved
was 141 minutes for the composition of 1000g gypsum : 30g kapok fiber with a thickness of 12.7 mm.
the lowest fire resistant rating was 63 minutes for the composition of 1000g gypsum : 10g kapok fiber
with a thickness of 6.4mm. From the observation, it clearly showed that the thickness of the samples
has a significant impact on the fire resistant rating. In addition, the different compositions of kapok
fiber in the composite samples also were found to have an effect on the fire resistant rating.
Generally, the fire resistance rating increases with thickness. Also, it is found that the fire resistant
rating increases with composition of kapok fiber in the composite samples. Therefore, kapok fiber
should be considered as an insulated construction material in the manufacturing of fire resistant
doors, ceilings, and wall panels in order to provide a better safety protection from fire. In summary,
it can be said that this project had successfully achieved its objective to determine the fire resistant
rating of the gypsum composite mixture with kapok fiber.
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