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ABsrRAcT 

Polyester/cotton fabric swith blend ratios of O/100, 1 l/89, 20180, 30170, SOj50, 
and 65135 were investigated via thermogravimetric analysis in both nitrogen and air 
atmospheres. The samples were heated from ambient to 750°C at a heating rate of 

5’C min- ‘. The same fabrics were analyzed after treatment with tetrakis (hydroxy- 
methyl) phosphonium chloride-urea-poly(viny1 bromide) (Thpc-urea-PVBr) flame 
retardant. 

Weight Iosses observed during pyrolysis were assigned to the cotton and 

polyester portions of the blends. Both cotton and polyester thermally decompose to 
yield gases and solid char byproducts_ In nitrogen the 100% cotton fabric undergoes 

one major weight loss between 270 and 370X, with the maximum rate of weight loss, 

O-15 mg/min-mg occurring at 346°C. Thermal decomposition of the 100% polyester 
occurs over a range of 335-470 “C, with the peak rate of weight loss, 0. I 1 mg/min-mg 
measured at 416°C In an air atmosphere, both volatile gases and solid char by- 
products of pyroIysis undergo combustion_ The combustion reactions are associated 

with measured weight losses. The maximum rate of weight loss for the cotton portion 
increases to 0.25 mg/min-mg and occurs at 317°C The maximum rate of polyester 
decomposition remains the same in both air and nitrogen, but the temperature 
decreases to 405°C 

INTRODUCTION 

Flammability legislation’ and subsequent issuance of Federal Flammabrhity 
Standards for consumer products such as children’s sleepwear2, carpets and rugs3, 

mattresses4 and upholstered furniture’ have catapulted the textile industry into 
flammability research_ PoIyester/cotton blend fabrics have received considerable 

attention. These fabrics are important commercially, making up almost 33% of the 
apparel market, Acceptable flame retardant finishes for all-cotton or all-polyester 
fabrics are not n-y effective on poIyester/cotton blend fabrics, and pro- 
mulgation of flammability standards for these products would have considerable 
impact on the fabric market. 
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in the desired amount of water and then adding Thpc, urea, wetting agent, and 
PVBr emu&on in the order i&ted_ Fabric samples were padded through the treating 

emulsion using two dips and two nips, with squeeze pressure adjusted to obtain 90% 
wet pickup. The padded samples were dried at 85°C for 5 min, cured at 160°C for 
15 min, rinsed with tap water, and dried again- 

Two series of treatments were applied (see Table I). In the first referred to as 

FR-I, all fabrics were treated with the same formuIation_ The Thpc-urea content was 
approximately 30% solids and the PVBr content was maintained at 6.4% solids. The 
add-ons obtained were approximately 22-24%_ In the second series of treatments, 

referred to as IX-II, the ThF-urea content was varied from about 35% solids for the 
100% cotton fabric to 263% for the 35% cotton fabric- To provide ffame retardance 
for the poQester protion of the bIend, the PVBr was increased from 1% for the 100% 
cotton fabric to about 10% for the 65% polyester fabric, Add-ens obtained were 

approximately 20-23%. 

TABLE I 

TREATING FORMULATIONS 

Catiy-s& 3% dkodium phosphate; wetting agent, 0-l %_ 

Thpc-urea PVBr hi&on Thpc-urea PVBr A&f-on 
% wh& 8% w&k o/e % wlidr 0% soli& % 

OIlOO 30.0 6-4 23.9 34.5 I.0 23.1 
11189 30-O 6-4 233 34.8 20 21.0 
20180 30.0 6.4 739 30.0 3.2 20.6 
30,70 30-O 6.4 23-I 26.3 4.8 20.3 

mm 30.0 6.4 22s 26.3 19.2 
65135 30.0 6-4 24.0 263 22-O 

A DuPont 990 Thermal Analysis System with an attached 951 Thermogravi- 

metric Analyzer was used for this investigation. Samples of approximately 10 mg 

were heated from ambient to 750°C at a rate of 5°C min- l_ Analyses were pexformed 
both in.IOO% nitrogen and 80% nitrogen-20% oxygen atmospheres. A flow rate of 
50 ml min- ’ was adequate to purge the apparatus of volatile decomposition products_ 
Sample weight and temperature were continuousfy monitored on the 990 recorder 
system. A DuPont 915 Computer Interface converted the data to digital f&m for 

later processing by a digital computer to perform normalization and derivative 
CdCUIatiOIlS_ 

RFSULXS AND DISCUSjION 

In thermogravimetric analysis (TG), the sample weight is continuously 
monitored as the sample is exposed to heat_ Normally the environment is thermahy 
controlkd to increase the sample temperature at a constant rate. This mode of 
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operation is referred to as dynamic thermogravimetric analysis. In dynamic TG the 
sample weight is usuaIIy observed as a function of temperature_ If the enviromnerit 
temperature is maintained amstant, the operation is referred to as isothermal TG, and 
the sampIe weight is observed as a function of time. In either case the resulting 
“weight vs. temperature” or “weight vs. time” plot provides information such as 
thermal stability and composition of the original sample, intermediate compounds, 
and residue rem&ring after thermal decomposition_ 

Figure I III- a ‘weight vs_ temperature” plot obtained via dynamic TG_ 

The sample weight decreases in a &epwise manner as the sample is heated. This weight 

loss indicates sample decomposition to voIatiIe products_ Phase transitions resuIting 
in weight loss (i-e., evaporation, sublimation, vaporization) can aIso be determined. 

SAMPLE TEMPERATURE 

Fa l_ -l&mogra- (TG) and diE&adal thcrmogravimetric (DTG) auvcsw 

DifT~tiating the dynamic TG curve in time, and plotting the rate of weight 

loss as a faction of temperature resu1t.s in the differential thermogravimetric curve 

@TG) of Fig I. In DTG, peaks are observed instead of the steplike curve obtained 
via dynamic TG_ The area under the DTG curves corresponds to the weight loss 
indicated by the TG curve data The di.fferentiaI curve is more sensitive to weight 
changes than the original weight Ioss curve. Minor weigbt losses that often are 
nndetected via visuaI examination of TG data become readiIy apparent after 

-tiati0ll. 

ThedifkcntiaI thermo_~vimetricda@ dw~d~,arereported in this study-In 

aII cases the data have been normalized by dividing the original data by the sampIe 
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-w- weight correspondin, 0 to the temperature of minimum rate of weight Ioss 
between 100 and 200°C. Sample “dry” weight could thus be determined during an 
experiment after allowing for removzd of excess moisture. 

PyroIJvik in nitrogen 

The DTG curves for each of the untreated fabrics and the 100% polyester yarns 
anaIyzed in nitrogen are illustrated in Fig. 2. The 100% cotton fabric undergoes one 
major weight loss between 270 and 370°C. Throughout this temperature range the 
ceIIuIosic fibers are decomposing to yield both volatile gases and solid char by- 
products. Maximum rate of weight Ioss, 0.154 mg[min-mg, was observed at 346°C. 

POLTESTER/COTTO4 
% 

on00 

3464s 

I I 8 

0 100 200 300 400 500 600 760 860 
DEGREES CENTIGRADE 

Fig. 2. DTG of unmated polyester/cotton blend fabrics, heating rate = 5°C mine;; 100% nitrogen 
atm. 

Thermal decomposition of the 100% polyester yarns was observed over a range 
of 33%70°C. Polyester, similar to cellulose, also decomposes to vofatile gases and 
solid char byproducts. A maximum rate of weight loss, 0.112 mg/min-mg, was 
observed at approximateIy 416°C. It is obvious in Fig. 2 that the maximum rate of 
weight loss for the cotton portion of the blend decmases as the cotton fraction 
decreases. This observation is aIso true of the polyester portion. In each case, the rate 
of weight Ioss and the area under the derivative curve are directly proportionaI to the 
blend fraction. The weight loss is a direct measure of the voiatiles formed during 
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decomposition, and the rate of weight loss is an indication of the thermal decom- 

position kinetics_ 

Although the cotton and polyester decomposition reactions overlap in the range 
of 33s373OC, there is no evidence, as measured by gravimetric analysis, that either 

poIymer si@cantiy afkcts thermal stability of the other in a nitrogen atmosphere_ 

This is supported by data in TabIe 2 In addition to summarizing the maximum rates 
of weight loss and ukespondiug temperatures of Fig 2, Table 2 also lists the 
maximum rates of component weight loss, droi/dr- Component rate of weight loss is 
cakulatcd by difkrcntiating the original data after normalization to the component 
weight Wr in the blend., i.e. wr = blend fraction ix sample dry weight_ The bfend 
fraction for these cakuktions was determined by the cIoroxz7 procedure. 

TABLE 2 

DIG POLYESTEFt/COTTON BLEhD FABRICS 

Heating race= 5% min-‘; 100% Nz atm- 

0 0 346 QIS4 0.154 - - - 8.2 
11 IO-4 346 0.139 0.155 393 0.005 0.018 10.8 

20 329 347 O.IW 0.167 393 0.014 0.0611 10.4 

z 35.0 346 O-108 0.166 401 0.026 0.0742 8.9 
XL1 315 O-W7 O-174 410 0_041 Oa818 10s 

65 - 342 O-054 0.154 408 0.059 oABO7 9-7 
I00 - - - - 416 O-112 O-112 12s 

‘Tempetature at maximum me of weight kns. l Normaiizcd maximum rate of sample weight loss 
(mg@in-mg)_ c Normalined maximrsm rate of component weight loss (mg/min-mg)_ 

Thetempemtureofrnaxim um rate of weight loss (hereafter referred to as peak 
temperatum) does not vary more than a few de_- for the cotton fraction_ Its 
component rate Of weight Ioss dZCi/dr, is also approximately constant, indicating the 
same decomposition kinetics regardkss of polyester content_ Examining the same 
variabks for polyester deconipo5ition indicates that there is some change in peak 

temperatux and considerabIe decmase in the component decomposition rates as the 
poIyester f&on decreases, This suggests some akering of the polyester decom- 
position Jtiuetics due to presence of the cotton char and &ouId be investigated further. 

Aiso shown in Table 2 is the quantity of residual solids remaining for each 

fabric at the conclusion of thermal de_etion, The 100% cotton fabn’c Ieaves a char 
residue of 82%, and the IOO% polyester yieIds a 125% residue- All of the blends 
anaIyzed yielded residues of approximately IO%, another indication that their 
decomposition kinetics were not changed signifkantly_ These residual values, 
measured at 6OO”C, indicate that about 90% of the originaI fabric voIatilizes and is 
tbaefore available as fuel for flaming~combustion reactions_ 
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Figure 3 presents DTG results for the same fahics treated with Thpc-urea- 

PVhr (FR-I) fhmc retardant (approximateIy 23% add-on) and analyzed in nitrogen- 

These data are summarized in Table 3. Thermal stability, as measured by the peak 
temperature, is decreas ed from 346 to 289% for the 
maximum rate of decomposition is decreased by more 

100% cotton fabric. The 
than 40%, from 0,154 to 

FQiYESTEl?/COTTOlU HEATING RATE=5%.hio 
KiOXb ATY 

\____-._ nms___J 

m5 269 4m 

r- 1 
0 IO0 200 300 400 500 600 760 800 

DEGREES CENTIGRADE 

Fik 3. DTG of polycstqkotton bknd fabrics treated with Tbpc-urea-PVBr (FR-I). Heating 
late=s-c min-1; 100% nitrogen atrn. 

TABLE 3 

DTG CO-lTON/POLYESIER BLEND FABRICS TRJZATED WITH 
Thpc-urca-PVBr (FR-I) 

Heating rate = 5°C min-I; 100% N2 atm, 

Potymer&gra&ttin corzo~p3~olysi3 Poiyesferp~7oIysik % 
Resihe 

Temp_* Rat@ Temp.* Rat@ Temp.. Rat8 al 6oo’C 

orw 187 0.0054 289 0.089 - - 40.7 
lib39 182 0.0056 287 O-076 404 0.01 I 37.9 
2O/80 I85 0.0053 282 0.053 409 0.019 34.6 
3OJ70 188 0.0056 283 0.03 I 410 0.027 30.9 
50 187 0.0040 288 0.044 412 0.034 23.8 
65135 I84 oaO49 281 0.019 409 OS-MO 3’7 

* Temp. at maximum rate of wcigbt loss (“c). b Normal&d maximum rate of weight toss (mgjmin-mg). 
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O-089 mg-/min-mg_ As much as 40_7% residue remains after decomposition, compared 
with 8_2% for the untreated sample, Decomposition is dtered so that flammable tars 

and _W are reduced and the amounts of chars are increazzd, Similar effects are 
apparent for the cotton portion of aII blends studied_ 

These chan_~ have been observed and attributed by some11~13~z5~z5*28-30 to 
acid catalysis of the dehydration reaction in the ceIIuIose decomposition mechanism_ 

Dehydration of ceIlulose to dehydroccIIuIosc, with further decomposition to volatile 
gases and char, is thought to compete with depolymerization of the ceIIuIose to tars, 
primarily IevogIucasan, which undergo further decomposition to voIatiIe gases_ The 

ffame retardant thus functions by increasing the quantity of non-?iarnmabIe vapors 
(primarily water) mrd by d- ing the amount of flamma ble gases, One disadvantage, 
hotvever, is that the -greater quantities of char produced provide more fuel for gIowing 
combustion reactions, which are critical in sustaining smoldering combustion3 ‘. 

No s&&cant chan_ges are apparent in the weight loss data for the polyester 
portion of the treated fabrics, The maximum rate of weight loss and the peak 
temperattuzs remain about the same as for the untreated samples of TabIe 2. The 
minor ~arianazs observed probably result from weight loss activity associated with the 

polymer done, shown at the bottom of Fig. 3. The polymer exhibits maximum rates 
of weight Ioss at 185,240, and 380°C 

An interesting observation is presented in TabIe 4. The measured residue at 
600°C is compared with that predicted from the bIend fractions, the residue measured 
for the 100% polyester yarns and the r&due measured for the 100% cotton treated 

TABLE 4 

PREDICTED RESIDUES IX THE FR-I SERIES (nitrogen atmosphere) 

Pd~esm~wrron corrorf Pd_WS Cd Con0nph.s .w?asuredresidu? al 
WtiUXZ (%) c33 pokjTsef 6oo’C (%) 

<c&rox mefw <o/o) 

O/100 m-7 - 40.7 40-7 
10#89_6 36-s IS 37.8 37.9 
Z!.Y.pn. 1 31.4 29 34.3 34.6 
35165 26.5 4.4 30.9 30.9 
50.11499 m_3 63 26-6 23.8 
65D5 142 8-I 223 22s 

- cslculaccd from mumred residue of 100% cotton treated with IX-1 (40.7%). b Calculated from 
rrsasurrd rcsiduc of untrcafcd 100% poIycstm yams (12.5%). c Sum of’ and *. 

fabric_ The predicted vaIues were determined assumiug the poIy(vinyI bromide) does 
not afkct poIyester decomposition- Note how closeIy the predicted residues match 
the measured values, These data indicate that the PVBr f&me retardant does not akr 

the polyester decomposition to produce Iess volatik and more char in a -manner 
similar to acid catalyzed cotton pyrolysis, and thus provide additional support Er- rhe 

prevaknt theory that bromine suppresses combustion of the gaseous products_ 
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Table 5 lists the DTG data for the same series of blend fabrics treated with 
Thpc-urea-PVBr wherein the Thpc-urea and PVESr were mixed in proportions 

dependent upon the polyester/cotton blend fractions (FR-II series). No significant 
differences are noted in comparison with observations recorded for the FR-I treated 
fabrics_ Agaiu, only the cotton portion of the bIends is affected, as evidenced by 
decreased thermai stability, decmased rates of thermal decomposition, and increased 

residues. The rate of weight loss associated with the polymer at about 185 “C increases 
with increasing add-on of PVBr_ 

TABLE 5 

DTG POLYESTER:%O’ITON BLEND FABRICS TREATED WITH Thpc-urea-PVBr FR-II) 

Heating rate = 5°C mia-‘; 100% NZ atm. 

Po&mcr degnuh2ion Corron pyroljsis 

Temp_# Rar@ Tmpm- Rar@ 

PoIyesrer pyr&sis 

Ternpea Rafti 

YO 

resiake 
arMW)“C 

o/100 388 3_0019 289 0.0686 
1 I/89 195 0.0025 289 0.0538 
20180 185 OXlO 286 0.0578 
30/70 184 o.oQ3t 286 0.0492 
So/SO 190 0.0040 286 0.0440 
65135 186 o.ou62 285 O-0273 

- - 
407 0.0111 
413 0.0193 
416 0.0308 
414 0.0382 
407 0.0393 

41-7 
38.9 
35.3 
29.9 
27.0 
22-S 

m Tap. at maxinmm rate of weight Ioss CC). * NormaIizcd maximum rate of weight Ioss (mg,hk-mg). 

Pyrolysis in air afrnosphere 

In the data presented thus far, thermal degradation was monitored in an inert 

nitrogen atmosphere_ Oxygen in the purge gas introduces additional problems in 

iutcrpretiug the data as it is critical in the decomposition mechanism. However, 

oxygen is neo3sary for combustion, and thermal studies on flame retardant systems 
must consider its presence. 

Figure 4 shows DTG data for the untreated fabrics in an 80% nitrogen-20% 
oxygen atmosphere (he.dfter referred to as air atmosphere)_ It is apparent that the 

presence of oxygen introduces considerably more weight loss activity during de- 
composition of all the fabrics analyzed. Where one weight loss peak was observed 

during decomposition in nitrogen, two peaks are apparent when oxygen is present. 
The first, attributed to oxidative pyrolysis of the sample with the formation of volatile 

gases and solid char byproducts, is simifar to that which occurs in nitrogen afone, 
except in the presence of oxygen the gases can undergo further oxidation to produce 
the observed phenomenon of flaming, The second weight 10s~ results from combustion 
of the solid char byproducts and cannot occur in the absence of oxygen. If the solid 
char oxidation reaction occurs rapidly enough, glowing is observed, 

Both cotton and polyester undergo oxidative pyrolysis and solid char oxidation 

reacticms_ Table 6 summarizes the results shown in Fig- 4, Maximum rate of de- 
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IFIs_ 4. DTG of untreated poIyxSer~couon bknd fabrics- Heating rate = 5°C min- ‘; air atm. 

composition is increased from 0.154 to 0253 mgjmin-mg in the 100% cotton fabric, 
an increase of 64%. 

Peaktemperaturcdecreaxd from 347 to 3 17°C. The char exhibited a maximum 
combustion rate of O-01 I m_&uin-mg at 454’C_ Char oxidation continues until aI1 of 

the car~naceous residue is consumed, ss indica&d by zero weight in the TG data_ 
Even though the rate of char oxidation is apparentIy much slower than the rate of 
pyrolysis oxidation, difkential thermal anaIysis has shown this reaction to he quite 
e.xothermic31*32_ 

The 100% polyester yams did not show an increase in the rate of weight loss and 

the peak temperature decreased only by about 11 “C_ The solid char exhibited a 

maximum rate of oxidation (0.019 mglmin-mg) at about 512”C, and was completely 
consumed. Under normal burning conditions, poIyester fabric wiU meit and drip away 
from ‘-he fiame without obvious gIowing, however, in the configuration of this 

experiment, the solid char is hetdwithin the heated area and the char goes through the 
entire combustion sequence, 

Weight losses associated with oxidative pyrolysis of each blend fradion 
occumxIattheexpectedtemperatures; however, an auto-ignition phenomenon 
ocaxrr& during the char combustion of the I 1 to 50% polyester fabrics. The sample 
thermocouple indicated a Iarge energy rekase and the- samples were completeIy 
consumed at a very rapid rate, preventing calculation of meaningfd derivative 
cmdicated by arrow in Fis_ 4)- Temperature of autc+nition was between the 
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temperatures of maximum char oxidation for the cotton and polyester blend fractions. 

Cne possibie explanation for this phenomenon is overheating of the polyester char 
due to the exothermic cotton char oxidation, resulting in simuhaneous oxidation of 
the poIyester char_ The additional heat from the poiyester char oxidation contributes 
to the apparent flashing of the remaining residue of both components. Another 

possibility, su_ggested by Hobart and Mack32, is the presence of an inorganic 
impurity in the polyester char that catalyzes the overall char combustion. They found 
an ash content of 0.28% in the 100% polyester fiber, which they speculate might act 
as the catalyst_ They attribute the Iack of aut&guition in the 100% cotton to the 
absene of the cataIys+ and the lack of auto-ignition in the 100% polyester to the 

absence of cotton. close anal_ysis of the data points of Fig_ 4 indicates that minimal 

auto-ignition is occmring in the 65135 blend- This probably results from ouIy minimal 

amounts of cotton char being present. 
Figure 5 and TabIe 7 show data for the FR-I treated blends analyzed in air. As 

observed in nitrogen, the flame retardant decreases both the rate and temperature of 
cotton decomposition, The 100% cotton decomposition rate decreased from 0.253 to 

O-098 mgjmm-m_e. approximately 60%. Peak temperature decreased from 317 to 

280°C. 

HEAiING RATE-S%/mh 
60%&y2OW~ATM 

185 2po 400 480 6+0 
* . I I I 

0 100 200 300 400 CEMIG?%E 6cx 7&O 
t 

000 

DEGREES 

EsS_iYTG of poIymtc+otton bknd fabrics treated with Thpc-ures PVBr<FR-I). Heating 
xafe=5'Cmin-*;airatm, 

Although the rate of char o2dation was not appreciably chauged, .its peak 
tempcratux &cmased from 454 to 4I.Y’C AutGgnition no longer occllrred and the 



T
A

B
L

E
 7

 

D
T

O
 P

O
L

Y
E

S
T

E
R

/C
O

’l’
T

O
N

 B
L

E
N

D
 F

A
B

R
IC

S
 T

R
E

A
T

E
D

 W
lT

H
 T

h
pc

-u
rc

n
-P

V
B

r (
F

R
-I

) 

H
at

in
g 

rn
ta

 =
 S

T
 

m
ln

ol
: 

80
%

 N
I-

20
%

 O
I 

at
n

r,
 

Po
ly

es
te

r 
P

fll
tlf

lry
 

Sc
co

nt
iu

fy
 

Te
nt

pF
 

R
at

ti 
Tm

p,
 

R
nr

a 

%
 

R
es

ld
u

c 
n

t6
00

’C
 

O/
10

0 
18

5 
O

M
56

 
28

0 
0.

09
8 

- 
- 

11
/8

9 
18

4 
0,

00
5P

 
28

1 
0,

08
8 

39
0 

0,
01

3 
20

18
0 

18
4 

0,
O

O
S

S
 

27
6 

0,
06

4 
39

4 
0,

01
9 

30
17

0 
18

8 
0,

00
61

 
27

5 
0.

03
7 

39
8 

0,
02

4 
so

/s
o 

19
0 

0,
00

44
 

28
3 

0.
04

0 
40

3 
0,

03
7 

65
13

5 
18

8 
0,

00
55

 
27

4 
0.

02
0 

40
0 

0,
04

5 

48
0 

0,
01

3 
65

7 
O

#w
47

 
10

,9
 

47
9 

0,
01

3 
66

2 
O

&
4 

11
,6

 
47

9 
0,

01
1 

66
3 

0,
04

8 
11

11
 

48
8 

O
*O

ll
 

66
1 

0,
00

47
 

10
05

 
48

4 
0,

o 
0 

66
0 

0,
00

41
 

98
40

 
48

7 
0,

00
8 

64
6 

04
00

36
 

6,
67

 

l
 T

am
p,

 n
t m

ax
im

u
m

 ra
te

 of
 w

ei
gh

t 
lo

ss
 

(X
I),

 
b 

N
or

m
n

li
m

d m
n

xi
n

ru
m

 ro
te

 of
 w

ei
gh

t 
lo

ss
 (m

g/
m

h
m

g)
, 

T
A

L
B

E
 8

 

D
T
G
 P
O
L
Y
E
S
T
E
R
/
C
O
T
T
O
N
 

B
L

E
N

D
 F

A
B

R
IC

S
 T
R
E
A
T
E
D
 W
I
T
H
 T

bp
c-

u
rc

n
-P

V
B

r (
F

R
=

II
) 

H
ea

ti
n

g r
at

s-
 5

°C
 m

h
” 

I;
 8

0%
 N

I-
20

%
 O

I 
at

m
, 

P
ol

ye
st

er
/ 

C
O

flD
tl 

Po
ly

n~
cr

 dc
gm

da
tio

n 

Te
w

p,
 

R
ot

cb
 

O
xl

da
 th

e 
py

ro
ly

si
s 

C
ot

to
n 

Te
nt

p,
l 

R
ot

cb
 

J’
ol

yc
st

er
 

Te
m

p.
 

R
m

b 

C
lm

r o
x/

do
t/

on
 

Pr
ln

m
ry

 

T
er

ry
,”

 
R

nt
P 

%
 

1 
R

cs
ld

~~
o 

sf
?c

ol
~h

ry
 

nf
 6

00
°C

 

Tc
nr

p,
’ 

R
nr

t+
 

O
/l0

0 
19

1 
0*

00
19

 
27

8 
0,

08
4 

- 
- 

48
3 

0,
01

3 
65

6 
o,

oO
47

 
12

44
9 

11
18

9 
20

0 
0,

00
25

 
27

7 
0.

07
1 

39
4 

0,
01

3 
48

2 
0,

01
3 

64
9 

0,
00

48
 

II
,1

4 
20

/8
0 

19
1 

0#
01

)2
9 

27
9 

(h
o7

1 
40

3 
0,

01
9 

47
6 

0,
01

2 
66

4 
0,

00
45

 
lo

,8
8 

30
17

0 
18

6 
0,

00
36

 
’ 

27
7 

0,
05

8 
39

9 
0,

02
7 

48
6 

0$
01

1 
66

5 
04

00
45

 
9,

83
 

so
/s

o 
18

7 
0*

00
47

 
27

6 
0.

04
2 

39
5 

0,
03

5 
48

7 
0,

01
0 

66
0 

0,
00

43
 

8,
32

 

65
13

5 
18

5 
O

n
00

68
 

27
9 

0,
02

6 
39

9 
0,

04
3 

48
9 

0,
00

8 
66

1 
0*

00
33

 
7,

55
 

K
 

n
 T

am
p,

 at
 m

ax
im

u
m

 rn
tc

 of
 w

ei
gh

t lo
ss

 (“
C

),
 b

 N
or

m
al

iz
ed

 m
n

xi
m

u
m

 rn
tc

 of
 w

ei
gh

t lo
ss

 (m
g/

m
in

m
m

g)
, 

.,-
 

i .
 

s_
 

.-
 

. 
-_

 
_

 
_

^ 
_”

 
_ 

-, 
. 

_ 
_ 

,..
. 

* 
_ 

_ 
_ 

_ 
- 



146 

rates of char oxidation were measurable. Oxidation of the cotton and poIyester chars 

appear to coincide over a wide temperature range. A primary char oxidation occurs 
at about 485”C, and a secondary char oxidation at 660°C. The secondary oxidation 
is thought to be reIated to decomposition of a portion of the ff ame retardant. RcsiduaI 
contesits of about 10% are found for each blend. 

TabIe 8 Iists DTG data for the FR-II treated blends. Again, the resufts arc 

simik to those recorded for the FR-I treatment 

A series of @yes&r/cotton blend fabrics was investigated with thermo- 
gravimefric techniques. The fabrics were anal_yzed in both nitrogen and air 
atmospheres. The same fabrics were aIso analyzed after treatment with Thpc-urca- 

PVBr frame retardant. The sampIe weight vs. temperature data provided information 

about the thermal stability and decomposition of the fabrics and their blend com- 
ponents, as well as their residues after pyroIysis. 

Both cotton and polyester thermally decompose to yield voIatiIe gases and solid 

char bypmducts. The decomposition mechanism of the cotton portion, although not 
sensitive to prexnce of the polyester, is greatly a.fkckd by the flame retardant. By 

treating the fabric with flame retardant, its thermal decomposition is radically altered, 
as evidenced by decreased thermal stabiIity, d ecreased rate of decomposition, and 
increased residual char& For example, the maximum rate of weight Ioss for the 100% 

Fig 6. Mmnm rate of cotIon dcgkdation vs. blend fraction. A = Untreated in niao~ am. 
O=treatedinnitrogenatrn; 6=untreatedi~airaum.; l =trcatcdinairatm. 
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cotton fabric is decreased by more than 40%, from O-154 to 0.089 mgfmin-mg Peak 
temperature for the 100% cotton decreases from 346 to 289°C and the residue 
remaining after pyrolysis increases from 8 to 40%_ Changes in rate of decomposition. 
apparent in all of the blends studied, are summarized in Fig. 6. 

When oxygen is present in the purge atmosphere the weight Ioss activity is 

jncreased considerabIy. The volatile gases and solid char pyrolysis products both 
undergo combustion_ Rate of decomposition for the 100% cotton fabric increased 
from 0_154 to 0253 mg/min-mg and the peak temperature decreased from 346 to 
317°C The char, with a peak decomposition temperature of 454°C was completely 
consllmed, 

The polyester char also undergoes complete combustion in the presence of 

oxygen_ In the blend f&rics the chars exhibited an auto-ignition phenomenon 
resuhing in a large energy release and simuitaneous Rashing of the entire char. 

Addition of the flame retardant prevented auto-ignition. 

Figure 7 shows data similar to Fig. 6, but for the polyester blend fraction. These 
data indicate that polyester decomposition is not significantly afketed by presence of 
either cotton, flame retardant or oxygen. 

01 
0 20 40 6b GO 

X PDLYESlEf? IN BLEND 

Fig- 7, Maximum rate of potycsfer degradation vs- blend fraction- A = Untreated in nitrogen atm_; 
0 = treated in nitrogax atm,; l = untreated in air atm.; I = treated in air atm_ 
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