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Abstract
Cotton �bers found large applications especially in the woven and non-woven industrials. The cotton
�bers exhibit good properties but it have main drawback because it is easy and rapid �ammable. To
overcome on this drawback, several works were done. These works focused on the properties of �bers or
treated with �ame retardant materials. The present work aimed to study the �ammability of �bers in
presence of �ame retardant materials. A novel �ame retardant material was prepared by using simple
method. The produced sample contains the Ammonium poly phosphate (APP), montmorillonite (Mt) and
Melamine (M). The prepared samples were characterized by using Fourier transforms infrared (FTIR)
spectroscopy, Scanning electron microscope (SEM), X-ray diffraction (XRD) and Thermal gravimetric
analysis (TGA). Also, the �ammability of the treated samples was done by using the limiting oxygen
index (LOI). The results of characterization indicated that the �ame retardant formula was incorporated
into the �bers as shown SEM. The mechanism of the incorporation was discussed, the �ammability
results show that the values for LOI increases from 19.2 for 100%cotton to 26.2 for treated samples.

1. Introduction
In spite of huge amounts of cotton �bers were used in different industries such as garments, decorations,
towels, decoration and other industries still now the spinning and the waving in the main demand of
cotton �bers (1). The cotton �bers have several advantages such as eco-friendly, biodegradability,
softness, breathability, non-toxicity, low density and low costs (2). Moreover it is not expensive when
fabricated. On other hand, cotton �bers exhibit some disadvantages properties such as it easy and high
�ammable, when the �re starts, it spread easy through the �bers besides evolving a dense smoke which
may great environmental pollution and great damage for the human. Owing to this property, several
works were done to improve the properties of cotton �bers before or during the fabrication. These
modi�cations go in two ways. The �rst one is improvements the �bers by physical or chemical
treatments. It is found that grafting cotton �bers with less �ammable polymer or some inorganic oxides
such as ZnO, TiO2, Al2O3 and Fe2O3 are more acceptable route because it may improve the mechanical
properties and increase the action towards the dyes. The second route goes to use �ame retardant
materials to reduce the spread of the �ame through the �bers. Several works were done to form
formulates �ame retardant for cotton �bers (3–9). Some of these formulate containing organic, inorganic
materials and ores (10–16). In general choose of the �ame retardants formulate is very di�cult for the
environmental pollution, costs and the evolved and the residual �ame burning. Some of the �ame
retardant formulates have advantages and other exhibits disadvantages. In this �eld the containing
nitrogen compounds such as melamine phosphate (MP) is a typical halogen free as �ame retardant for
cotton �bers because the evolving of nitrogen and phosphoric acid resulting a synergetic effect (17). The
main works in this target is how the �ame retardant attached or incorporated through the cotton �bers,
this process may carry before using the �bers. In previous work, Hanna et al carried several works to
formulate �ame retardant materials (18–24). They prepared nano-particles of ammonium polyphosphate
and used successfully as �ame retardants for polypropylene. They found that the nano-particles increase
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the �ame retardancy of ammonium polyphosphate (APP) but they found that the main drawback of APP
is its water solubility. To overcome on this solubility, they formed a formula of APP and montmorillonite
(Mt), which is reach with SiO2 and Al2O3. The study shows that the addition of Mt increases the e�ciency
of APP as �ame retardant (25). The authors suggested a different formula and applied to the cotton
�bers. As continuations of this policy, in this work, a new formula containing APP, Mt and Melamine (M)
was prepared and chemically treated to attach the cotton �bers. The work devoted to study the action of
this formula on the �ammability of the cotton �bers.

2. Experimental

2.1. Materials
Ammonium polyphosphate (APP) was prepared previously (18), Melamine with purity 99% and Egyptian
montmorillonite k10 [Mt] were purchased from Alfa Aesar Company (18), Germany. Phosphoric acid and
methanol, (HPLC) were obtained from Sigma-Aldrich Company, Germany. Plain weaves of 50/50%
cotton/polyester (PET) 160 g/ cm2 and 100% cotton 120 g/ cm2 fabrics were supplied by Misr Spinning
and Weaving Co., Mehalla El Kobra, Egypt. 3-glycidyl-oxy-propyl trimethoxysilane (GPTMS, 99%) and 2-
propanol (99%) were provided from Aldrich and 1-Methlylimidazole was supplied from BASF, hydrochloric
acid (HCl) grade in lab.

2.2. Methods

2.2.1. Synthesis of MtAPPM
MtAPPM was synthesized by adding 150 ml of distilled water and 40 g of APP in a 400-ml beaker �tted
by stirrer. The mixture was stirred for 30 min at room temperature and heated to 100 ◦C for 2 h to form
solution of APP. Then, 12 g of Mt was added and the mixture was stirred for 18 h at room temperature
and then heated to 100 oC for 1 h. Montmorillonite Ammonium polyphosphate (MtAPPM) was obtained
as intermediate. In three-necked �ask, 42 g of melamine was dispersed into 500 ml methanol. The
synthesized (MtAPPM) was added into the �ask slowly at 100–110 oC and the reaction continued for 8 h.
The solution was �ltered, washed three times with methanol, and dried at room temperature as shown in
Fig. 1. The �nal product (MtAPPM) was 200g in pale white color and was grinded to be �ne powder (17).

2.2.2. Hydrolysis of GPTMS (26).
Hydrochloric acid (1.22 mL, 0.01 M) was added to a solution of 3-glycidyloxypropyltrimethoxysilane
(GPTMS, 10 ml) in 2-propanol (100 ml) and the resulting mixture stirred at room temperature for 2 h. The
resulting bath containing hydrolyzed GPTMS was used in the second step as shown in Figure 2.

2.2.3. Fabric treatment
Samples of fabric (20 cm x20 cm) Cotton/PET and 100% Cotton were immersed in the �nishing bath
containing 50 ml hydrolyzed GPTMS and different concentration between (0.05, 0.1,0.15gm) of modi�ed
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Melamine ammonium polyphosphate (MtAPPM) suspended in 50 ml distilled water with magnetic
stirring for 30 min. then we using sonication to give good suspension, 1-Methylimidazole (few drops).
The fabric samples were squeezed to 80% wet pick-up, followed by drying at 100 C for 3 min. then cured
at different temperatures (120, 140,160  C) for 3 min. All samples were washed thoroughly with tap water
to get rid of the unreacted materials then dried at room temperature overnight as shown in Fig. 2.

2.3. Characterization Techniques
The dried samples were exposed to different techniques as follows.

2.3.1. Fourier transforms infrared (FTIR) spectroscopy
Fourier transforms infrared (FTIR) spectroscopy to give the main functional groups on the obtained
samples was done using a KBr disk technique and FTIR 6500 spectrometer (JASCO, Japan) in the range
of 400-4000cm−1.

2.3.2. X-ray diffraction (XRD) analysis
X-ray diffraction (XRD) analysis to determine the main crystalline was performed with power D8
ADVANCE diffractometer (Germany) using CuKa radiation (1.542°A, 40 KV, 40mA) in the 2Ө range of 4–
80. The acquisition parameters were as: a step size of 0.02 and a step time of 0.4s.

2.3.3. Scanning electron microscope
The surface morphologies of the samples were carried out using a Quanta 200 FEG scanning electron
microscope (SEM) (Quanta) at an accelerating voltage of 30 kV.

2.3.4. Thermal analysis (TGA)
Thermal analysis (TGA) was performed by USA Berkin – Elmer thermo-gravimeter. Samples of
approximately 10 mg were heated from 50oC to 800oC with heating rate 10/m under a nitrogen
atmosphere, and the �ow of nitrogen was 50 mL/min.

2.3.5. Flame retarding test.
The �ame retardant properties of the cotton fabrics were tested using limited oxygen index LOI apparatus
4589-2 ASTM D 2863, Elevated- Temperature Oxygen Index ISO 4589-3, UKNaval Engineering standard
NES 714 which measure the percentage of oxygen that has to be present the supported burning of the
samples.

3. Results And Discussion

3.1. Fourier transforms infrared (FTIR) spectroscopy
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Figure 3. represents the IR absorption of the dry sample (MtAPPM) and that attached with fabricated
cotton and cotton/PET (50/50) samples. It is observed that several bands derived from the prepared
samples and that treated with the cotton-polymer bands. At �rst, there are four IR shoulders 3469, 3419,
3329 and 3128Cm−1 (28). The appearance of their shoulders attributed to the primary amines of the
functional groups of melamine. Three absorption deep peaks were shown on the IR chart at 1650, 1551
and 813 Cm−1 which speci�ed the triazine ring of the melamine compounds. Furthermore a groups of
peaks returned to the Mt were observed at 362, 1085 and 786 Cm−1 due to the OH and Si-O stretching
vibration (27). Also, two sharp peaks at 1117 and 1081 Cm−1 indicate to the attachment of the APP (17).
Moreover, two new peaks were appeared. These two bands may indicate to the formation of MtAPPM
prepared compounds. From the analysis of their data, it may conclude that there is a chemical reaction
between the precursor materials, melamine, Mt and APP resulting a new compound MtAPPM.

3.2. X-ray diffraction (XRD) analysis.
To study the crystallinity of the produced samples, the XRD was performed. Fig. 4. represents the X-ray
diffraction of prepared samples (MtAPPM). On the x-ray chart many sharp diffraction peaks were
observed on the value of 2-theta ranges from 2.5-30 (27). By comparison between the obtained Fig. 4 and
that carried previously for APP and Melamine, it may conclude that there is a chemical reaction between
the precursor materials.

3.3. Scanning electron microscope
Figure 5. represents the imagines of the produced samples. The photo shows that the material MtAPPM
is homogeneous granules with agumulations. After treating the cotton and cotton/PET with MtAPPM, the
photos indicates that both the �bers like strings before treating, while after attaching by MtAPPM a
circular grown, distributed randomly and partially coating the �bers.

3.4. Thermal gravimetric analysis (TGA)
The thermal stability of the cotton �bers, the cotton/PET (50/50), the prepared dry sample (MtAPPM) and
both of the cotton and the mixture treated with the prepared samples as �ame retardant materials were
performed and recorded in Fig. 6. The TG pro�les of the �ve samples show that the thermal degradation
of the pure cotton and cotton/PET samples behaves three steps of degradation. The �rst step starts at
room temperature and ending at 300 and 320 oC, for cotton and cotton/PET �bers respectively. This step
may due to the volatilization of moisture and the volatile materials. The second step represents the main
degradation of �bers to the parent gases such as CO, CO2 and H2O vapors. The third step represents the

char formation which is remaining stables till 450 oC and 440 oC respectively. It is observed that all TG
curves are nearly similar with slight difference in TOnset and T Outset due to structure the �ber such as the
crystallinity and the degree of polymerization.

The TG curve of the MtAPPM behaves different character than that of the �bers, where it starts to
degrade gradually till 420 oC. This character may due to the organic fragments of the organic-inorganic
frame. For the cotton and cotton/PET treated with MtAPPM, the mixed samples start to degredate at
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lower than the pure �bers as show from the TOnset, Table 1. It is noted that the treated samples degredate
gradually and wide range of temperature than that untreated samples. These �ndings indicate that it is
less �ammable than untreated samples.

3.5. Flame retardant test
The testing of use MtAPPM material as �ame retardant for cotton �ber and cotton/PET (50/50) were
carried out by using LOI. The LOI is simple method and inexpensive. It de�nite as the minimum of oxygen
in an oxygen/nitrogen ratio, it is value express on the ability of materials to burn. It is well known that the
normal air contains 20% oxygen, owing to this fact the higher LOI value indicates that the materials are
un �ammable while the lower LOI value than 20% indicates that the materials are higher �ammable. The
materials exhibits LOI from 24 to 27 are di�cult to �ammable, while the LOI value higher than 27 are
in�ammable materials.

Table 1. represents the values of LOI of cotton �bers, cotton/PET (50/50), before treatments and their
values after treatment with different amount of MtAPPM. The values of LOI for the cotton �bers equal to
19.2, this means that it is �ammable materials. As 0.05 gm of MtAPPM added to 100gm cotton �bers, the
value of LOI increases to become 21.6 and it increases to 26.4 when 0.15 gm of MtAPPM added. This
�nding indicates that the cotton �bers converted from �ammable substance to nearly the in�ammable
materials. In the case of cotton/PET �bers under the same conditions, the LOI equals to 28.1. This means
that the action of MtAPPM is more effective as �ame retardant material for the mixture (cotton/PET)
than pure cotton �bers but in all cases it is effective additives.

Moreover, the LOI were evaluated at three different cure temperatures at 120, 140 and 160 0C, for the
treated and untreated �bers. The results show that the values of LOI increase with increasing the curing
temperatures. The higher value was obtained at curing temperature at 160 oC.

The residual ash of native cotton and its mixture with PET (50/50) and after treatment with the prepared
MtAPPM material are shown at Figure 7. This photo indicates that the cotton �ber burned completely
without any residual of the ash while for the mixture shows a slight residual, this may due to the polyester
content (29). For the two �ber samples, the effects of the �ame retardant on the �ammability are clear,
while the residual ash is greater. From this result, it may decide that the �ammability of �bers before and
after treatment became following sequences:

Cotton greater than Cotton/PET (50/50) greater than cotton/MtAPPM greater than Cotton/PET
(50/50)/MtAPPM. This arrangement is agreement with the results of the thermal analysis.
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Table 1
Effect of concentration of (MtAPPM) on the limiting oxygen index ( LOI)

Type of fabrics Conc. Of MtAPPM g/100 ml Limiting Oxygen Index (LOI)

Control

100% cotton fabric

0

0.05

0.1

0.15

19.2

21.6

22.2

26.4

Control

50/50% cotton/PET

0

0.05

0.10

0.15

21.2

22.2

26.2

28.1

Table 2
Effect of curing temperature on the limiting oxygen index (LOI)

Type of fabrics Curing temperature  C Limiting Oxygen Index (LOI)

Control

100% cotton fabric

0

120

140

160

19.2

22.3

26.6

26.2

Control

50/50% cotton/PET

0

120

140

160

21.2

22.8

28.0

28.2

Conclusion
From the analysis of the obtained data from the characterization of the prepared sample, it may conclude
that the prepared �ame retardant material containing ammonium poly phosphate, montmorillonite and
melamine are incorporated through the cotton �bers. From the thermo- gravimetric analysis and limiting
oxygen index, it may clear that the prepared material could be used as �ame retardant for �ber, where the
LOI increases from 19.2 to 26.2 for 100% cotton and for the Cotton/PET from 21.2 to 28.2.
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Figures

Figure 1

A schematic representation for synthesis of MtAPPM
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Figure 2

Hydrolysis of 3-glycidyloxy propyltrimethoxy silane Mechanism of the coating process and formulation
of crosslinking with cellulosic fabric.
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Figure 3

FTIR of MtAPPM, Cotton/MtAPPM and Cotton/PET(50/50%)/MTAPPM.
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Figure 4

XRD of MtAPPM
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Figure 5

SEM of a)MtAPPM, b) 100%Cotton, c) 100% Cotton/MtAPPM, d) Cotton/PET (50/50) and e) Cotton/PET
(50/50)/MtAPPM.
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Figure 6

TGA of MtAPPM, 100%Cotton, 100% Cotton/MtAPPM, Cotton/PET (50/50) and) Cotton/PET
(50/50)/MtAPPM.
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Figure 7

Photographs show ignition effect on the tested samples 1) 100% cotton-blank, 2) (50/50) cotton/PET, 3)
100% cotton-blank /0.15MtAPPM and 4) cotton/PET /0.15MtAPPM.


