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ABSTRACT KEYWORDS
Most of textiles in use have limiting oxygen index (LOI) lower than 21, Carboxymethylation;
while cotton have 18.9, which means that they can burn easily once the Cotton fabrics;
fire has started. Currently, there is some difficulty in making durable flame Functional finishing;
retardant (FR) treatments for cotton fabric using an ordinary one-step wet Flame retardant;
process, which are nontoxic to the environment and humans. Limiting oxygen index
The goal of this research isto impart cotton fabrics flame retardant prop- (Lo,
erties via partia carboxymethylation followed by ester crosslinking with Polyphosphate.

phosphoric acid in presence of urea. This research has also aimed to in-
vestigate the optimum treatment conditions that allow the selective and
controlled deposition of urea onto carboxymethylated cotton fabric. In
this regards the effect of process parameters on the physicochemical and
performance properties of treated cotton fabric will elucidate. The treated
fabric were monitored for nitrogen and phosphorous content besides, lim-
iting oxygen index (LOI), char length, char residue, whiteness index, re-
tained tensile strength and elongation at break. The treated cotton fabrics
show LOI and char length 38, 4.7 cm respectively, compared with 18 and
11 cm for untreated fabric. The existence of new polyphosphate-cellulose
interaction and other functional groupsintroduced into cotton fabrics were
confirmed by FTIR spectroscopy and TGA.

© 2015 Trade Science Inc. - INDIA

INTRODUCTION Cotton iscomposed almost entirely of cellulose

(90-96% based on weight of fibres). The impuri-

Cotton cellulose has desirable properties such  tiesin cotton fibre range from 4% to 10%. Theim-

as high water absorbency and moisture, being com-  purities include protein (1.0-2.1%), wax (0.4—

fortable to wear and easy to dye. For thesereasons, 1.7%), ash (inorganic salts) (0.7-1.8%), pectin (0.4—

the apparel industry is predominantly cotton based, 1.9%) and others(resins, pigments, hemi-cellulose)
and the share of cotton intotal fibre consumptionis (1.5-2.5%)!-9.

about 509%™, Cottonisahighly combustibletextilefibre. The
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flammability of a cotton fabric largely depends on
the construction and density of the fabric. Fires, on
average, result in upwards of 20,000 injuries per
year, and annual property loss reaches billions of
dollarg™,

Since most of textilesin use have limiting oxy-
gen index (LOI) lower than 21, while cotton have
18.9, which meansthat they can burn easily oncethe
firehas started, flameretardant finishing (FR) serve
avital purpose in protection against textile related
fires and are used throughout the world in various
applications such as textiles, plastics and building
materias. Currently, thereis somedifficulty in mak-
ing durable FR treatments for 100% cotton fabric
using an ordinary one-step wet process, which are
nontoxic to the environment and humang™* 2,

Theuse of durable and environmentally friendly
flame retardants is of growing importance in sev-
eral industries including textiles and plastics. With
the increasing environmental and health concerns
surrounding the use of hal ogenated flame retardants,
the push to find dternatives dueto current and pend-
ing legidationisrising. While some substitutes have
been found to be effectivein suppressing flame, there
are concerns surrounding other properties, such as
the durability and cost of these material V.

The ability to create novel inorganic-organic-
metal ordered structures with molecular level pre-
cision opensthepossibility of developing multifunc-
tional textilesfor amyriad of applicationsincluding
flameretardant!*®. Dueto the high curvature and het-
erogeneous nature of textilefibers, existing surface
modification technologies are not capable of pro-
viding complete coverage of afiber/fabric surface.
Theuseof self-assembly techniques offer the possi-
bility of achieving fully conformal, uniform
functionalization of textilefibers of any continuous
shape*d. On the other hand, chemical modifications
can be obtained by using many compounds such as
phosphorous-based compounds, which generate
gases|esstoxic than those evol ve from hal ogenated
compounds™®.

Thegoal of thisresearchistoimpart cotton fab-
rics flame retardant properties via partial
carboxymethylation followed by ester crosslinking
with phosphoric acid in presence of urea. Thisre-
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search has aso amed to investigate the optimum
processing conditions that allow the selective and
controlled deposition of ureaonto carboxymethylated
cotton fabric. In this regards the effect of process
parameters on the physicochemical and performance
properties of treated cotton fabric will elucidate.

EXPERIMENTAL

M aterialsand chemicals

Grey loomstate cotton fabric (100 %), plane
weave, 3/1 of weight 265 g/m?was supplied by Misr
Company for Spinning and Weaving, El MehaaEl-
Kobra, Egypt. Monochloroacetic acid (C,H,CIO,,
99%) from SigmaAldrich company. Sodium hydrox-
ide, sodium carbonate, sodium silicate, hydrogen
peroxide (30%), orthophosphoric acid (85 %),
Egyptol®(non-ionic wetting agent based on ethylene
oxide condensate), were supplied from EI Gomhoria
Company, Cairo, Egypt.

Desizing and scouring

The cotton fabrics were desized and scoured by
using the exhaustion technique as follows: cotton
fabric samples was treated with an agueous solu-
tion containing sodium hydroxide (6 g/l), Egyptol (2
g/l) using liquor to goods ratio of 50:1 at 95°C for
30 min. After scouring, the samples were washed
several timeswith boiling water followed by wash-
ing with cold water and finally dried at ambient con-
ditions.

Bleaching

Scoured cotton fabricsweretreated with an aque-
ous solution containing hydrogen peroxide (6 g/L)
of pure hydrogen peroxide, sodium silicate (2 g/L)
and organic stabilizer (1 g/L). The pH was adjusted
to 10.5 using agueous sodium hydroxide solution. A
liquor to goodsratio of 50:1 was used and the bleach-
ing process was carried out at 95 °C for 45 min.
Thefabric wasthen washed severa timeswith boil-
ing water, followed by washing with cold water and
finally dried at ambient conditions.

Carboxymethylation of cotton fabrics(CM C fab-
ric)
Cotton fabric was partially carboxymethylated
—r—,  Macromolecules
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by amethod reported by Hashem et al 14171,
Treatment with ammonium polyphosphate

Samples of carboxymethylated cotton fabrics
(CMC) having (335 meqg/100 g fabric) were pad-
ded in different concentration of orthophosphoric
acid (25-100 ml/L) squeezed and dried at 100 °C
for 5min. Another samplesof CMC were padded in
different concentration of urea (100-400 gm/L)
squeezed and dried at 100 °C for 5 min. Finaly, the
treated fabrics washed with cold water and dried at
ambient conditions.

The CMC samples treated with different con-
centration of orthophosphoric acid were padded
again in aqueous solution of urea 400 gm/L,
sgueezed and dried at different temperature (100-
130 °C) for different time (5-11 min).

Testingand analysis

Deter mination of carboxylic content

The anionic content of the carboxymethylated
sampleswas quantitatively determined by acid base
titration and is reported in the units of meg/100 g
fabric. The method was adopted from previous
work4.17,

Deter mination of nitrogen content

Nitrogen content of the sampleswas determined
by the Kjeldhal method*®!.

Deter mination of phosphor ous content

Phosphorous content of thetreated sampleswas
determined using atomic absorption Type Berken
Elemar Lambada 2

FTIR analyss

Fourier Transform Infrared spectra are gener-
ated by the absorption of el ectromagnetic radiation
inthefrequency range 400 to 4000 cnm. FTIR spec-
tra were recorded using Thermo Avtar 370 spec-
trometer.

Thermogravemtricanalysis(TGA& DTA)

TGA & DTA were done by thermal analyzer
(TGA-50 Shimadzu instrument) at heating rate of 10
°Cto 850 °C under N, gas with flow rate 20 %.

Macromolecules m—

Deter mination of limiting oxygen index (L OlI) of
treated and untreated cotton fabrics

The property of flame-retardancy was monitored
according to the vertical burning test method (AA
TCC Test Method (34-1969), 1972).

Char residue

Theweight of each sample before and after burn-
ing was measured® 2 and char yield was calcu-
lated according to following Equation.

Char yield (%) =W,/ W x100
WhereW,, W, arethe weight of samples before
and after burning, respectively

Char length

The vertical flammability of cotton fabrics was
used to measured char length according to BS3119
standard method.

Tensilestrength and elongation at break

Tensile strength of the samples was determined
accordingtoASTM Standard Test Method D-5035.
A Q-Test 1/5 Tensile Tester was used. The average
value of two measurements for each samplesin the
warp direction were recorded as the fabric break-
ing load (Lb).

Whitenessindex

The whiteness index was measured using Ultra
scan Pro Hunter lab.

RESULTSAND DISCUSSION

Flame retardancy mechanism for textiles - Ten-
tativemechanism

Flame retardancy mechanism of textilesis pro-
ceeds via two interconnected routes the first route
is chemical route which is further divided to two
different mechanism condensed phase and gas phase
mechanism, theother routeis physical oneasinFig-
ure 1124,

Phosphorous based flame retardancy undergoes
with both condensed phase and/or gas phase flame
retardant action. The range of phosphorous-based
flame retardant productsis extremely wide, includ-
ing phosphates, phosphonates, phosphinates, phos-
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Figure 1 : Reaction mechanism of flame retardancy

phine oxides, phosphates and red phosphorus??. All of these compounds undergo thermal decomposition
and production of phosphoric acid which rapidly condensate to generate pyrophosphate and rel ease water
asshownin Equation 1.

OH CIJH €|JH
|
2 HO: Ilil’ OH —» HQ—lFI’—O—Ii—OH + HO
O 0 O
Equation 1

Each of phosphorous and nitrogen exhibit flame retardancy for fiber but when they combined they
exhibit synergistic effects. The basis of this type is the interaction between phosphorus and nitrogen in
C.M.Ctoimpart fireretardancy. In thiswork ureaand O-phosphoric acid were used to avoid environmen-
tal and health problemsfor skini23 24,

Inthiswork it isclear that ureaexhibit thermal poly condensation of orthophosphoric acid to form poly
phosphoric acid which is good dehydrating agent for cellulose. The polyphosphoric group works as ther-
mal barrier layer for cellulose. Char forming showsthat it contains effective P-N combination as shownin
equation2, 3,42 29,

(ﬁ L] ioH ioH
[ [} 1
Call —2 —CHz-C —0OH + HzFOy e Cell—2> —CHz-C —O—I?I—O —F;’I —H + H i
i i
Equation 2
9 9 O (0]
1 1
Cell—O—CH,-C—OH * H,;N—C—NH, ——> Cell—O—CH,-C—NH—C—NH, + H,0
Equation 3
(0] o) O OH OH

Cell—O—CH,-C—OH + H3PO, + HN—C—NH, — = Cell—o—CHz-g—o—ﬁ—o—ﬁ—OH
ONH,* ONH,*
Equation 4
Effect of monochloroacetic acid concentration
Cotton cellulose reacts with monochloroacetic acid in presence of sodium hydroxide to bring about
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Figure 2 : Structure of carboxymethylated cotton fab-
riclis-17

partialy carboxymethylated cotton (PCMC) as sug-
gested by structurein Figure 20%11, TABLE 1 shows
that as the concentration of sodium salt of
monochloroacetic acid (MCAA) increased from 0.5
N to 3N, the carboxylic content of thetreated cotton
fabricsincreased from 102 meg/100 g fabric to 335
meg/100 g fabric. Enhancement of the reaction be-
tween MCAA and cotton fabric asthe concentration
of theformer increases could beinterpreted in terms

of greater availability of MCAA moleculesnear cel-
lulose hydroxylsat higher MCAA concentrations. It
Is understandabl e that cellulose hydroxyls are im-
mobile and their reaction relies on the presence of
MCAA molecules in their proximity; a situation
which can be accomplished at higher MCAA con-
centration.

Effect of ortho-phosphoricacid concentration

TABLE 2 shows the relation between H,PO,
concentration and the flame retardancy properties
and strength properties as well as fabric whiteness
index. Flame retardancy properties were monitored
viadetermination of LOI, char length and char resi-
due. The phosphorus content of the treated fabrics
was also determined.

It is seen from TABLE 2 that, by increasing the
concentration of H,PO, the phosphorous content of
thetreated PCM CF increased. Meanwhile, both ten-
sile strength, elongation at break and whiteness in-
dex decreased. Decrement in tensile strength and
elongation at break is attributed to acid hydrolyses
of cellulose and increasing the amount of hemi cel-
lulose?,

TABLE 1 : Effect of monochloroacetic acid - sodium salt (M CAA) on carboxylic content of treated cotton fabrics

Concentration of MCAA (N)

Carboxylic content (meq/100 g fabric)

0.5
1
2
3

102.36
136.4
200
335

Conditions used: Cotton fabric samplesin 15 wt% aqueous NaOH, sgueezed to a wet pick up of 100%, dried at 60°C for 5 min,
then padded in aqueous solution of sodium salt of monochloroacetic acid, squeezed to 100 % wet pick up, sealed in plastic bags
and heated at 80°C for 1 h.

TABLE 2: Effect of H,PO, concentration on the flame retardancy and physical properties of treated cotton fabrics

H;PO, Char Char Tensile . .
Conc. phosphorous LOl  length residue strength ELong?(tlc;; at W_hltden&ss
(mi/L) content (ppm) (cm) (%) (ka.) reak (%) index
blank 0 18 11 50 84 27 73
(2125’5)* 800 18 10 50.4 80 26 69
50 (42.5) 876 18 10 50.6 74 27 65
75 (63.75) 924 18 10 50.8 70 26 65
100 (85) 1230 20.2 9.4 51 65 22 65

* Values in brackets represent concentration of H,PO, in g/L

Conditions Used: Carboxylic content 335 meqg/100 gm cellulose, dried at 85 C for 5 min, cured at 100**C for 5 min. The fabrics
were evaluated after five washing.

Washing Bath (Five washing): 100 ml water and 1 ml Egyptol®for 3 minutes at 60 °C

Macromolecules m—
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TABLE 3 : Effect of urea concentration on the flame retardancy and physical properties of treated cotton fabrics

cL:J(;r?g Nitrogen LOI Igr:gj:rh _Char Tensile Elongation at W_hiten%s
(/L) content (%) (cm) residue (%) strength (kg.f) break (%) index
blank 0 18 11 50 84 27 73

100 0.09 18 10 50.01 84 27 71

200 0.24 18.9 10 50.09 82 26 73

300 0.75 19.2 10 50.2 85 25 73
400 0.94 20.8 9.7 50.29 86 22 74

Conditions Used: carboxylic content 335 meg/100 gm cellulose, dried at 85 C for 5 min, cured at 100=*C for 5 min. The fabrics
were evaluated after five washing, Washing Bath (Five washing): 100 ml water and 1 ml Egyptol®for 3 minutes at 60 °C

TABLE 4: Binary effect of urea and different concentration of H,PO, on the flame retardancy and physical proper-

ties of treated cotton fabrics

H;PO, Char Char Tensile . .
Conc. Phosphor ous LOl  length residue strength Elt?r;%i“g/n at W_hltden&ss
(mi/L) content (ppm) (cm) (%) (ka.) r (%) index
blank 0 18 11 50 84 27 73
(2125’5)* 2217 24 7 52.07 78 25 70
50 (42.5) 2434 22.6 6.9 52.14 80 25 67
75 (63.75) 3160 229 6.7 52.56 80 24 66
100 (85) 3489 24.5 6.3 52.88 78 22 66

* Values in brackets represent concentration of H,PO, in g/L

Conditions Used: carboxylic content 335 meq/100 gm cellulose, urea 400 g/L, dried at 85 C for 5 min, cured at 100**C for 5 min.
Thefabricswere evaluated after five washing, Washing Bath (Fivewashing): 100 ml water and 1 ml Egyptol®for 3 minutesat 60 °C

It is further observed from resultsin TABLE 2
that, the LOI remain practically intact except when
the concentration of H_PO, reached 100 ml/L, the
LOI dightly increased to 20.2. Char length of the
treated fabrics dightly decreased as the concentra-
tion of H,PO, increased whereas char residue de-
creased marginally.

Results of TABLE 2 make it clear that, utiliza-
tion of H,PO, alone does not impart flame retardancy
to the CM CF whatever the concentration used.

Effect of urea concentration

PCM C fabric wastreated with different concen-
tration of urea(100-400gmV/L) at higher temperature.
Thefabricwas monitored for nitrogen content, flame
retardancy properties aswell as strength properties
as whiteness index. Results obtained are set out in
TABLE 3. Results of TABLE 2 depict the follow-
ing: i) by increasing the concentration of urea the
nitrogen content of the treated fabric gradualy in-
creased. ii) LOI of the treated fabrics slightly in-
creased as the concentration of ureaincreased. LOI

attained it maximum value on using ureawith con-
centration 400 g/L. At this concentration LOI of the
treated fabric recorded 20.8 which till far from those
values of LOI required for flame proofing charac-
teristics. iii) Char length gradually decreased asthe
concentration of urea increased whereas char resi-
due remain practicaly the same. iv) Both tensile
strength and elongation at break improved as the
concentration of ureaincreased whereasW.I. remain
practically intact!® 24,

Effect of binary solution ureaand H_PO,

Based on the results obtained previously in
TABLES 2 and 3 and the flame retardancy mecha-
nism proposed in equation 2 and equation 3, study-
ing the binary effect of ureaand H,PO, ontheflame
retardancy and physical properties of treated cotton
fabrics is necessary.

Results of TABLE 4 depict thefollowing: 1) by
increasing the concentration of O-phosphoric acid
the LOI of the treated fabrics increased. The same
holdstruefor the chare residuewhereas charelength

—,  l@CTOMOlecules
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TABLE 5 : Effect of curing temperature on the flame retardancy and physical properties of treated cotton fabrics

Curing Char

Char resdue Tensile strength Elongation at break Whiteness
tgg’ LOI '?g%t)h (%) (kg.f) %) index
Untreated 18 11 50 84 27 73
100 245 6.3 52.88 87 22 65
110 26 57 52.97 82 23 64
120 30 52 53.04 70 21 60
130 32 49 53.16 64 18 56

Conditions Used: carboxylic content 335 meg/100 gm cellulose, containing H,PO, 100 g/L, urea 400 g/L, dried at 85 C for 5 min,
curingtime5 min. Thefabricswere evaluated after five washing, Washing Bath (Five washing): 100 ml water and 1 ml Egyptol®for

3 minutes at 60

TABLE 6 : Effect of curing time on the flame retardancy and physical properties of treated cotton fabrics

Cgring Char Char residue Tensile grength Elongation at break Whiteness
t|me LOI length (%) (k.) %) index
(min) (cm)

Untreated 18 11 50 84 27 73
5 26 5.7 52.97 82 23 64
7 324 5.2 54.34 71 21 61
9 34 4.7 54.76 62 17 55
11 38 3.9 55.01 55 16 51

Conditions Used: carboxylic content 335 meq/100 gm cellulose, H,PO, 100 g/L, urea 400 g/L, dried at 85 °C for 5 min, curing at
120 °C. The fabrics were evaluated after five washing, Washing Bath (Five washing): 100 ml water and 1 ml Egyptol®for 3 minutes

at 60 °C

sharply decreased. 2) A sailed feature observed in
TABLE 4 isthe steady of fabric tensile strength as
the concentration of H,PO, increased in the pres-
ence of 400 g/L urea. A point which indicated that
the reaction of H,PO, with urea under our experi-
mental conditions used to form ammonium
polyphosphate was preferred than the hydrolysisre-
action cotton cellulosewith H,PO,. 3) It isalso seen
from results in TABLE 4 that, the W.I. marginally
decreased as the concentration of H,PO, increased.
4) Higher flame retardant properties of the treated
cotton fabrics were observed when the concentra-
tion of H,PO, was 100 ml/L and urea concentration
was kept at 400 g/L.

Effect of curingtemperature

TABLE 5 showstheeffect of curingtemperature
on thereaction between H,PO,, ureaand treated cot-
ton to form ammonium polyphosphate onto cotton. It
is clear that by increasing the fixation temperature
from 100 -130 °C, thelimiting oxygen index sharply
increased from 24.5 to 32 and the char residue very
marginally increased from 52.88 % to 53. 16 %. It

Macromolecules m—

is further noted that the char length decrease from
6.3cmto 4.9 cm and thetensile strength and e onga
tion at break decreased. The fabric W.I. decreased
by about 10 % from its initial value as the curing
temperatureincreased.

Although higher curing temperatureisfavor for
formation of polyphosphate, it isalso favor for acid
hydrolysisto cotton cellul ose, which account for the
decrement in T.Sand W.I. Increasing the reaction of
CMC fabric with ureaand H,PO, asthetemperature
increased could be associated with the favorable
effect of the temperature on diffusion of urea and
H,PO,, and their mobility and their probable colli-
sion with cellulose molecules.

Effect of curingtime

TABLE 6 showsreaction duration of urea, H,PO,
onthetreated fabric. Itisseenfromresultin TABLE
6 that; increasing the curing time up to 11 min brings
about increasing in LOI from 26 — 38 and the char
residue aso increased to 55 %. It is further noted
that the char length decreased as the curing timein-
creased. Thesame holdstruefor thetensile strength

An Judian Jowrual
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Figure3: FTIR of samplesa:CMC,
treated with orthophosphoric acid and urea

and eongation at break, which decreased by approxi-
mately 35 % and 40 % respectively. Thefabric W.I.
also decreased from 73 to 51 asthe curing time in-
creased up to 11 min.

Although, longer time provides better opportu-
nity for better contact among reactants and there-
fore, higher extent of reaction, fabrics tender after
prolonging time are adversely effects. A close ex-
amination of resultsin TABLE 6 showsthat, after 7
min curing at 130°C, the flame retardant properties
of cottonfabricisvery high and at the sametimethe
other fabric propertiesincluding T.S, elongation an
break aswell asW.I remain at very acceptablelevel.

FTIR analyss

The FTIR spectrum of carboxymetylated treated
fabrics is shown in Figure (3-a). In addition to the
cellulose peaks a new peaks indicate the presence
of summarized follows: carboxylic group: 3531 cm
1 (carboxylic O-H stretching); 1653 cm* (-C=0
stretching of carboxylic acid);1120 cm*(-C-O-C-
asymmetric bridge stretching), 701cm*(-O-C=0
bending in carboxylic acid)417,

TheFTIR spectrum of CM C samplestreated with
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b: CMC treated with orthophosphoric acid, c: CM C treated with urea, d:CMC

O-phosphoric acid is shown in Figure (3-b). A new
peaks formed is assigned as follows: 1188 cnr*and
1131 cm™ (P=0 stretching); 711 cm * (P-O-C)[.
The FTIR spectrum of CMC cotton samples
treated with urea is shown in Figure (3-c). A new
peaks formed is assigned asfollows: 1451 cm* (N-
C-N stretching), 3477 c(N-H, stretching)(? 24,
TheFTIR spectrum of CM C samplestreated with
O-phosphoric acid and urea is shown in Figure(3-
d). A new peaksformed isassigned asfollows:. 1127
cm® (P=0 dtretching); 1005 cm* (P-O-C); 3453 cmr
1(O-H stretching); 3304 cmy* (N-H vibration stretch-
ing);1674 cm™ (N-H vibration bending)!®!.

Thermal gravimetricanalysis

Figures(7-10) and TABLE 7 show TGA of CMC,
CMC fabrics treated with H,PO,, CMC fabrics
treated with ureaand CM C fabricstreated with urea
and H,PO,, respectively. It seenthat, in all samples,
the first weight loss (amounted 4.4 - 5.4 %) is due
to loss of absorbed moisture at temperaturelessthan
80°C. The char formed at temperature higher than
370°C. InFigure (4-b), TGA of CMC fabricstreated
with H,PO, only, it is seen that, the thermal degra-
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TABLE 7 : Thermal decomposition of cotton fabrics before and after different treatment

1% step 2" step 39ep
Sample Treatment
Td(C) Wt.loss(%) Td(X) Wt.loss(%) Td(X)  Wit.loss(%)
Carboxymethlated fabric (CMCF) 75 5.24 371 79.28
Treated H3PO, 70 5.37 258 55.44
Treated with urea 66 4.46 179.71 15.15 352 65.84
Treated with H3PO, and urea 68 4.45 175.08 13.86 317 58.39

(c)

Tamgmrsts (T s o 478

(d)

Figure 4 : TGA&DTA of samplesa :CMC, b: CMC treated with orthophosphoric acid, c: CMC treated with urea,

d:CMC treated with orthophosphoric acid and urea

dation at 258°C and the weight loss was reduced to
55% is due to releasing phosphoric acid that cata-
lyzed the dehydration and the phosphorylation as
well asinhibit the C-C, intermolecular rearrange-
ment that produces|evoglucosan thus promotes char
forming™417. 261,

Figure (4-c) shows TGA of CMC fabricstreated
with urea. It is seen that, treated fabrics decompose
at three steps:. the first represent the release of ab-
sorbed water at 66 °C and amounted 4.46 %. The
second peak represents the release of ammonia at
179 °C and amounted 15%. The third peak repre-
sents the formation of char at 352 °C and amounted
65%[23, 24]'

Figure (4-d) shows TGA of CMC fabric treated

with H,PO, and urea. It is seen from figure that, the
second peak iscorrespondingtoweight lossat 175°C
is probably dueto partially degradation of the crys-
talline of cellulose accompanied by loss some of
NH,_[2,

CONCLUSION

In thiswork the flame retardancy of cotton fab-
ric wasimproved viaintroducing anionic functional
group on cellulose fabric and introducing on it am-
monium poly-phosphate group.

It isclear that al flammability properties were
improved while physical properties were dlightly
decreases.
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Thetreated fabricswere assessed by FTIR, TGA
and DTA and clarify presence of carboxylic group
and ammonium polyphosphate on thetreated fabrics.
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