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ABSTRACT

Flame-retardant polyester/cotton fabrics are increasing in importance in the
apparel and household fabrics market. Phosphorus—nitrogen flaine-retardant systems
developed for 1009 cotton are not necessarily effective for polyester/cotton blends.
Bromine effectively imparts flame-retardant propertics to polyester resins. It has been
theorized that systems containing both bromine and phosphorus should be suitable
for polyester/cotton blends. A thermoanalytical study was undertaken to elucidate
the effect of bromine in flame-retardant polyester/cotton blend fabrics. Fabrics
having various ratios of polyester to cotton were treated with THPOH-NH 5, which
is particularly effective on 100%, cotton, and with THPC-urca-PVBr, which was
designed for 50/50 polyester/cotton blends. For comparison, data are also presented
on a 50/50 polyester blend fabric treated with THPOH-NH ; and with THPC-urea
flame retardants plus tris(2,3-dibromopropyl) phosphate in a two-siep application.
TG and DSC data werc obtained in atmospheres of either nitrogen or air, using a
DuPont 990 Thermal Analysis System***. The thermal changes are assigned to
decompositions of cotton, polyester, char, and resin finish. A comparison is madc
of the effects caused by the different flame-retardant finishes. Ol values and FF 3-71
data are reported.

INTRODUCTION

The thermogravimetric study by Neumeyer ct al.! and the differential thermal
analysis by Hobart et al.Z of polyesterjcotton fabrics were undertzken to determinc
the interaction of the blend components on thermal degradation of the fabric. The

* Presented at the 168th American Chemical Society National Meeting, Atlantic City, N.J_, Sept.
9-13, 1974.
** One of the facilities of the Southern Region, Agricultural Research Service, U. S. Department
‘o.l; _Ayicullure.

Mention of companies or commercial products does not imply recommendation by the U. S.
Department of Agriculture over others not mentioned.
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THPC-urea-PVBr {lame-retardant finish described by Donaldson et al.> was chosen
because it provides a phosphorus-nitrogen compound and a bromine compound
for treating both the cotton and polyester blend components, respectively. In this
sequel to those earlier studies, a comparison is made between THPC-urea-PVBr
(FR-1) and THPOH-NH,, a finish for 1009 cotton fabrics that has aroused wide-
spread interest in the textile industry.

Thermal analysis data are also presented for 50/50 polyester/cotton fabrics
treated with tris(2,3-dibromopropyl) phosphate (DBPP) alone, and in combination
with THPC-urea or THPOH-NH,. DBPP was chosen to gain further information
on interactions of this particular bromine compound with thermal degradation of
polvesterfcoaon blend fabrics. Flame retardancy data resulting from measurements
by Oxyegen Index (OI) and FF 3-71 were correlated with observations from thermal
analysis.

EXPERIMENTAL

A series of polyester/cotton sheeting fabrics with blend ratios of 0/100, 11/89,
20480, 30/70. and 50/30 were treated with THPOH-NH ; flame retardant® *. These
blend fabrics treated with THPC-urc2-PVBr flame retardant were described by
Donaldson and Knoepfler®. The five fabrics were sewn together to form one roll for
treatment. This roll was padded through a 35% THPOH solution, dried at 160°F
for [ V5 min, ammoniated for 5 min, and oxidized with H.O,. The phosphorusadd-ons
ranged from 2.69, for the 1002/ cotton fabric to 3.9% for the 50/50 blend.

A 50/50 polyester/coiton basketweave fabric was treated with tris(2,3-dibromo-
propyl) phosphate via a Thermosol process. Portions of the same trcated fabric
were treated in a second application with either THPC-urea? or THPOH-NH ;. The
solution concentrations of THPC-urea were 23%, and of THPOH, 20, 25, or 309,.

A DuPont 990 Thermal Analysis System was used for performing thermo-
gravimetric (TG) and differential scanning calorimetry (DSC) analyses. Sample
preparation 2nd anzlysis procedures were the same as those described by Neumeyer
ct al. and Hobart ct al. Flame resistance was measured by the Children’s Sleepwear
Flammability Standard, FF 3-71° or by the vertical flame test®. Nitrogen was deter-
mined by the Kjeldakl method; phosphorus by a gravimetric procedure as the phos-
phomolybdate following a Kjeldah] digestion; and bromine by a volumetric procedure
using oxygzen flask combustion. The Ol values were determined with a Michigan
Chemical oxygen index apparatus acco-ding to ASTM procedure!®.

RESULTS AND DISCUSSION

THPOH-NH y-ireated polyester[coiton sheeting

Diflereniial thermogravimetric analysis (DTG) and DSC curves for the treated
blend fabrics analyzed in nitrogen arc shown in Fig. 1. Two maximum rates of weight
loss are apparent in the thermogravimetric data. The first indicates volatilization of
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Fig. 1. Normalized DTG and DSC curves for THPOH-NH; treated polyester/cotton blend fabrics.
Heating rate -- 5°C min-1; 1009 nitrogen atm.
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Fig. 2. Nommalized DTG and DSC curves for untreated polyestericotton blend fabrics. Heating
rate -= 5°C min-!; 1009 nitrogen atmn.

the sample due to decomposition of the cotton portion. The second results from de-
composition of the polyester. In each case, the area under the peaks is proportional

to the amount of component in the blend.
In comparison to the DTG data for the untreated fabrics reporied by Neu-
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meyer et al andl reproduced here in Fig 2, it is apparent that the mechanism of cotton
decomposition is altered considerably by the flame retardant. This is evidenced in
the 1009 cotton sample by a shift in the temperature corresponding to the maximum
rate of weight loss (hereafter referred to as peak temperature) from 347 to 278°C.
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Heating rate = 5'C min-!; air atm.

:

“0.0095
mg/min O
S
$
>
"
§
§

0 /7100

ns89

l
:

e OON3J = OX 3 =emmmen

:

20/80 L )

ns 334
4848 3.
_—__J,\__’E_.L_____ 30770 e L__

s <73 333 43,
AN 22 F 30750 P o I

M icos0 —;M

Healing Rale =5"C/min.

L | | ) ] [ 1 2 1 ] | | 1 | | 4 [] 1
00O 200 30 400 SO0 600 TOO oo 200 300 400 S00 600 700
TEMPERATURE (DEGREES C)

Fig. 4. Nomzlized DTG and DSC cuzves for untreated polyester/cotton blend fabrics. Heating
e = 53°C min-1; air atm-.



367

‘uonnjos Suppud wr IgAd 559 puB (onvL 1ejow [11) LU= dHL % 0€ 2 "(%5) D009 1 2MMSAY » (%)
s1s4j024d U010 1518 INPIENY o *(r-FW (1w Beu) ssop 2[B13a JdRULS JO BT WHUIKULY PIZIEWION ¢ *(D5) 5507 WT[A JO 0101 WHUIKELW 1 CIHPE TTEL

6 e 104 L Ky ERT 11 £00 [114 (14 121 89z 0s:0$
1 - - 113 oo 6t 14 - - 9w 600 64T 00110
of 1A ) FAMAIGA L-VIM-5d i1 ]
6l £0'0 L6t 8 90 99T It 1o toy 6L 80 852 0%:0¢
[43 - - 12 o RLT By - - £9 60’0 (¥4 001/0
PUNISEN-HOdH L
0 60° {1 — - - (4 1w 9kp - - - 0:001
0 £0°0 961 19 8¢’ RIS 01 0 ot 05 6u’ 1147 05/08
¢ - - {8 §T0 Llg B - - RS §1'0 bt 001/0
pawaan)
pdUyD WY WHRL RPNy Uy gl piyD gy vl sy wHY Wl Td
Srfjeudd J4 fsfeadd wono . nepadd g sysfjoitd uapun
wan waNoN I X O ‘L uaBOdiA!

1= 3.6 w9308 Butiody

ONLLTIHS NOLLOIN LISTATO] QALYAYL INVCHYIA UMY TE ANV CILVIHIND HO1 YIVT DL

[ 3TVL



268

The DSC data (Fig. 1) show the cotton degradation for treated fabrics to be exo-
thermic, rather than cndothenmnic, as was observed by Hobart et al. for samples which
had no ucaiment (also reproduced in Fig. 2).

Examination of the polyester weight loss and thermal activity during pyrolysis
show little differences fiom thicse measured in the univeaied series. The melting point
endotherm of the polvester peaks at 250°C, its peak temperature of decomposition
occurs at about 400°C, and its rate of decomposition weight loss is approximately
the same as when untrezied. Its decomposition remains endothermic, as evidenced
hoe tha clioht desnrscinn Af the DIQ mirve at ahanet AY79 It se thue cancladad that
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addition of the THPOH-NH , flame retardant does not measurably alter the polyester
decomposition.

Figure 3 shows DTG and DSC curves for the same samples analyzed in 80%
nitrog=n-20%. oxveen atmosphere (hereafier referred to as air). The presence of
oxygen increases the weight-loss activity in comparison to that obtained in nitrogen.
Boih cotton and polyester decompositions are exothermic; oxidation of the residual
chars remaining after pyrolysis occurs. As in nitrogen., the action of the llame retardant
lowers both decomposition temperature and rate of decomposition weight loss for

the cotton portion. Auto-ignition of the char is observed in the untreated fabrics.

TABLE 2
DSC DATA FOR UNTREATED AND FLAME-RITARDANT TREATED POLYESTER/COTTON SHEETING

Hcating sate — 5°C min~%.

—— - -

Nitrogen atmr. ) Osi{N= atm.
rﬂ"ﬂ. n:"’l-l:l-(— T ’ - : T p" ﬂ".-"-“l: - " ,;A"IID' nlq'n’.:;lf
e D e v imamn nlinstio i duind - ey uiotig o gt
Temp.> Rare® Temp> Rare® Temp? Rare®
Ungyeored
0/100 33 -0.36 — — 334 1.9
50;50 33> —~0.09 117 ~0.02 333 0.62
100.0 —~ —_ 326 -~ 009 —_ -
THPO K- NHytreated
R 277 0.94 l ‘ 274 098 l
0100 — —
283 031 | 281 0.68 §
H 5 i i
. - 273 0.71
] J
THPC-wevs-PVEr-treated (FR-1) )
285 0.93
o 53 0. —_— _—
/100 17 { 302 0.88 }
50:50 783 10 413 ~002 " 280 0.36

s em e R sam ™ W

¥ [di€ Of enoTRy change {("Cp * Wormalized maximum rate of CICIRY

= 1] [
change ( sec™' mg-'). © 3074 THPC-urea (1:1 molar ratio and 67, PVBr in padding solution.
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Auto-ignition is indicated by the large energy release associated with complete and
rapid consumption of the residual materials at about 450-500°C, as shown in Fig. 4.
Samples treated with flame retardants do not auto-igniic.

Tables | and 2 summarize data presented in Fig. | through 4. The peak
temperature and decomposition rates of the 1009 cotton and the 50/50 polyester/
cotton samples analyzed in both nitrogen and air atmospheres are presented in Table {.
It is apparent in the cotton decomposition that not only peak temperature but also
maximum rate of wcight loss is decreased by the presence of the flame retardant.
In nitrogen, THPOH-NH,; reduces the maximum rate of weight loss of the 1009,
cotton fabric from 0.15 to 0.09 mg min~ ! mg ™. A reduction in both peak temperature
(from 317 to 278°C) and decomposition rate (from 0.25 to 0.11 mg min~!' mg™")
are found by analysis in the air atmosphere. Similar decreases are measured for the
50/50 polyester/cotton fabric. In comparison with the untreated sample there are
no significant differences in the rate of weight loss and temperature at which polyester
decomposition occurs that can be attributed to the addition of THPOH-NH ,. This
is true in both nitrogen and air atinospheres.

The percent char remaining after pyrolysis greatly increases when flame
retardant is added io the fabrics. The char remaining at 600°C after pyrolysis in
nitrogen is 48% for the treated 100% cotton fabric. In the air atmosphere, 329
char remained at 600°C. In comparison, the untreated fabrics yielded about 89 char
in nitrogen and zero char in air atmosphere. The 600°C residual char of the 50/50
THPOH-NH, treated fabric is 319 in nitrogen and 19% in air, compared with
10 and 0%, for untreated fabric in the same atmosphere. As the cotton content
decresses in treated fabrics, the char remaining at 600 °C decreases as expected. These
changes in thermal stability and increased char production have been observed
previousiv and were attributed to acid catalysis of the dehydration reaction in the
cellulosic decomposition mechanism’’.

Table 2 presents DSC data for samples analyzed in both nitrogen and air
atmospheres. The peak temperature of thermal activity for cotton pyrolysis in nitrogen
is lowered by addition of the flame retardant. However, the rate of energy release
increases significantly from —0.26 mcal sec™ mg~! for the untrcated 1009 cotton
sample to 0.94 mcal sec™® mg™! for the sample treated with THPOH-NI,. Char
formation is exothermic®, and since the flame retzrdant increases the amount cf
char, it is reasonable to expect this chonge to cxothermic activity. In air, the de-
composition of the unireated sample released 1.90 mcal sec™! mg~™!; the flame
retardant decreased this rate to 0.98 mcal sec™! mg~'. Apparently the flame retardant
controls the heat released during cotton decomposition regardless of the atmosphere.
Similar energy changes are noted for the 50/30 blend fabrics.

There are no measurable cffects of the THPOH-NH , flame retardant on poly-~
ester pyrolysis in the nitrogen atmosphere. In air, the large exothermic char oxidation
masked the polyester decomposition, thus data in this temperature range were not
included in Table 2.
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Comparison of THPOH-NH , with THPC-urea—-PVBr ( FR-1) polyester[cotton sheeting

Pyrolysis data of samples treated with FR-1 are similar to those of the THPOH-
NH ,-treated fabrics zs can be seen in Figs. 5 and 6. Both the cotton and the polyester
decomposition temperatuses for the FR-1 samples are close to those measured for
the THPOH-NH ,-trcated samples. Referring back to Table 1, we note the percent
char at 600°C in nitrogen is about the same for fabrics treated with either flame
retardant. In the air atmosphere, there is more char from THPOH-NH,; samples
than from FR-l-treated samples. The maximum rate of cotton weight loss for the
THPOH-NH ; samples appears slightly higher than for the FR-1 samples it either
atmosphere. :

The cotton thermal changes are exothermic in both atmospheres. Referring
back to Table 2, we note that therz is little activity in the region cf the polyester
decomposition in nitrogen. In nitrogen atmosphere the rates of energy release during
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THPOH-NH; TREATED POLYESTER/COTTON
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Fig. 6. Normalized DTG and DSC curves for THPOH-NH3 treated polyester/cotton blend fabrics.
Heating rate — 5°C min-1; 1009 nitrogen atm. and air atm.

cotton pyrolysis of THPOH-NH ;-treated samples are roughly 5-7 times greater
than for FR-1 samples. An oxidation step after ammoniation is an essential part of
the THPOH-NH, process'%. Perhaps the greater activity is caused by the liberation
cf oxygen during pyrolysis of the THPOH-NH ; fabrics'>.

In Table 3 are results of clemental analyses and measurements of flame re-
tardancy of the treated sheeting fabrics. The OI values of the FR-1 fabrics are higher
than those of the THPOH-NH ; fabrics. The 1009 cotton FR-1 fabric has an Ol
of 0.37, and the THPOH-NH ; 0of 0.32. As the amount of polycster in the blend fabric
increases, the Ol values decrease down to 0.30 for the FR-1 and 0.28 for the THPOH-
NH,. All of the treated fabrics initially passed FF 3-71. After 50 launderings, all
samples again passed FF 3-71 with the exception of the 50/50 blend fabric treated
with THPOH-NH,. This sample had lost 15% nitrogen after 25 launderings and
24 %, after 50 launderings, which is higher than with the FR-1 finish.



272

TABLE 3

FLAME RETARDANT POLYESTER[COTTON SHEETING

Nitngen (%) O.L FF 3-71
PE!Cin  Phas.(* Initiad 50 Washes Br (%) Tnitial = SO Washes Initial 30 Washes

THPOH-NHxTreated*

0/100 4.6 23 22 p— 032 0.30 | P
11/89 45 23 2 — 03¢ 028 P P
20730 4.4 22 1.9 . 0.29 0.27 P P
3070 12 20 1.7 — 0.28 0.25 P P
50/50 39 19 1.3 —_ 0.28 0.24 P BEL<
THPC-urea-PVBr-treated (FR-1)4

C/100 25 23 c— 30 037 _ P .
11/89 23 29 - 30 0.35 _ P e
2080 24 28 - 29 0.32 —_— P €
3070 23 27 — 29 0.32 -_— P «
50/ 24 29 — 29 0.30 — P -

= 357, THPOH in padding solution. ® P = passed. © BEL - burned entire length. 4 30% THPC-
urea (I1:1 molar ratio) and 67, PVBr in padding solution. * This set not laundered, but would be
cxcepted 10 pass, based on other data.

Effect of tris(2_3-dibromopropyl) phosphate (DBPP) on 50/50 polyester|/cotion
basketweare

To gain further insight into the relative importance and interactions of phos-
phorus—nitrogen and bromine systems on the thermal degradation processes of poly-
ester/cotton blends, the cffects of DBPP were investigated. Bromine compounds can
be introduced into the component fibers during manufacture, or they may be part
of the chemical sysicm used for finishing the fabric, in which case the halogen may
be applied separately or simultancously with the other flame-retardant chemicals.
In the THPC-urea-PVBr finish the halogen compound and the phosphorus-nitrogen
compounds were mixed together and applied in a single pad-dry-cure operation. In
treatments containing DBPP the halogen was applied in a separate operation followed
by application of the THPOH-NH; or THPC-area firish.

DTG and DSC curves for 50/50 polyester/cotton fabrics treated by the latter
method are shown in Figs. 7 and 8 and are summarized in Tables 4 and 5. The effects
of DBPP on the thennal degradation of the blend components are most apparent
in the nitrogen atmosphere (Fig. 7 and Table 4). The polyester degradation remains
essentially the same as in the untreated sample; its decomposition rate was not
altered and the process remained endcthermic. Thus the bromine introduced with
the DBPP does not react in the polyester solid phase; therefore, its effectiveness must
be through alteration of the course of oxidation reactions in the gas phase. There is a
decrease in both decomposition rate and peak temperature of the cotion portion of
the fabric treated with DBPP. The rate after treatment is reduced to 0.04 from 0.08
mg min~! mg™! for the untreated, and the temperature goes from 343°C for the
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TABLE 5

SOME PROPERTIES OF 50/50 POLYESTER/COTION BASKETWEAVE TREATED WITH THPOH~NH3 AND DBPP

P N - Br 0O.l. VET>

(A [$7A) D w T F
THPOH-NH;3® 1.76 0.87 - 0.24 BEL BEL
THPOH-~-NH; 4+ DBPP 0.76 083 "™ 1.31 0.25 BL BL
THPOH-NH;* 2.20 1.13 - 0.23 P P
THPOH-NH: + DBPP 211 1.04 1.34 0.26 P P
THPOH-NH4 2.75 1.34 — 0.25 P P
THPOH-Nii: + DBPP  2.58 . 125 1.32 0.26 P P
DBPP 0.10 0.04 1.49 0.19 BEL BEL
Untreated _ —

— 0.18 BEL BEL

2 Vertical Flame Test; P = passed; BL =: borderline (at least one specimen failed); BEL - - burned
entire length or failed. ® 2094 THPOH in padding solution. < 25%, THPOH in padding solution.
a 30%, THPOH in padding solution.

untreated to 315°C for the DBPP treated sample. There are also reductions in de-
composition rate and peak temperature for the samples treated with THPC-ureca
or THPOH-NH ;, with an without DBPP. When DBPP was used alone, there was no
increase in char formation as with THPOH-NI; or THPC-urea, and the cotton
degradation remained endothermic, as in the untreated sample. These findings lend
additional support to the thcory that the exothermic activity associated with thermal
degradation of cotton treated with phosphorus—nitrogen flame retardants results
from exothermic char forming reactions. Once again we note the higher rate of encrgy
rclease for the cotton thermal decomposition in nitrogen for the THPOH-NH,
samples than for the THPC-urea samples, with and without DBPP.

DTG and DSC curves for these fabrics, pyrolyzed in air, are shown in Fig. 8,
and DTG data are recorded in Table 4. There is some lowering of the cotton’s
decomposition peak temperature (from 317 to 297°C) with the DBPP treatment,
but no increase in char formation. With the THPOH-NH,; or the THPC-urca
treatments, there is further lowering of the cotton decomposition temperatures, and
a corresponding increase in char formation. Again, thelarge exothermic char oxidation
masked the polyester decomposition.

Because the effect of the bromine occurs primarily in the vapor phase of the
thermal decomposition, and thermal analysis examines the reactions in the solid
phasc, cther measurements of the effectiveness of the DBPP on the flame retardancy
were made. In Table 5, phosphorus, nitrogen, and bromine contents for three levels
of treatment with THPOH-NH , are recorded, as well as OI values and results of the
vertical flame test. The addition of the halogen increases the Ol value at cach level
of flame retardant application, and at the lowest level (209{) incrcases the flamc
resistance so that the samples which failed the vertical flame test were raised to a
borderline state, where some specimens passed.
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CONCLUSIONS

A thermoanalytical study was undestaken to determine the influence of selected
flame retardants on polyester/cotton blend fabrics. Treatment with THPOH-NH,
or with THPC-urea--PVBr lowers the temperature at which the maximum rate of
decomposition occurs and increases the char formation of the cotton component.
Neither retardant significantly affected polyester decomposition. The decomposition
of THPOH-NH ;-treated cotton in nitrogen was much more exothermic than was
the THPC-urea-PVBr decompaosition in nitrogen. It is proposed that oxygen liberated
from the oxidized THPOH-NH, polymer by thermal stress contributed to the in-
creased exothermic activity. The two treatments had about the same exothermic
activity in the air atmosphere. Auto-ignition did not occur in samples treated with
cither cotton flame retardant.

The O1 values of the THPC-urea-PVBr treated samples ranged from 0.37
for the 100%; cotton to 0.30 for the 50/50 blend fabric. Ol values varied from 0.32
for the 1007 cotton to 0.28 for the 50/30 blend for fabrics treated with THPOH-NH ,.
All treated fabrics passed FF 3-71 initially and after 50 launderings, cxcept the 50/50
blend fabric treated with THPOH-NH 4. This sample had the lowest polymer add-on
initially, as indicated by phosphorus and nitrogen coritents, and after 50 launderings,
had lost about 259 polymer (based on nitrogen valucs),

The addition of bromine¢ increased the flame retardancy of the treated samples,
as measured by Ol values and the vertical flame test, for the polyester/cotton basket-
weave fabrics treated first with DBPP then by THPOH-NH 5 or THPC-urca. Thermo-
analytical techniques could not differentiate the effects of the bromine in the presence
of the cotton flame retardants. However, the blend fabric treated with DBPP alone
exhibited a lower decomposition temperature of the cotton portion but no noticeable
alteration of the polyester portion. The DBPP did not decrease the quantity of
volatile products of coiton or polyester degradation, and the amount of char residues
was not increased, as vras the case with the phosphorus-nitrogen flame retardants.
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Fig. 2. Fraction of conversion at various temperatures for thermal dehydroxylation of Mg(OH), .

TABLE 4
RESULTS FROM THE LLS PROCEDURE FGR TRACE 1

f@ A (sec™?) E n m P
(kcal mol— %)

a—ay . 9.005x 10*5 55.623 1.656

= ] 1.157x10-27 —75.542 2.281 :

[(-In(-—-2)p <10~7% —232.960 ; 4916 -

aQ—a)*a™ 1.347 x 10% 25.570 1.281 0.525

(- [-ln(-a)) . 0532 6.027 1397

0.855




