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THERMOANALYTICAL STUDIES 0); FLAME-KETARDANT YOLYESiER/ 
COTTON TEXTILE BLENDS: A COMPAKISON OF THPC-urea-PVBr AND 
THPOH AMMONIA TREATMENTS* 

R. M. PEKKINS. J. P. NEUMEYER. J. 1. WADSWORTII ~sin N. I?. KNOEPFLER 
Southern RcffioM! Rkseurch Cclcler l *, New Odeah-. Lo. 70179 (U.S.A.) 

(Raxivcd 21 September 1976) 

Flame-retardant polyester/cotton fabrics are increasing in importance in the 
apparel and household fabrics market. Phosphorus-nitrosen flame-retardant systems 

developed for loOD/, cotton arc not necessarily effective for polyester/cotton blends. 
Bromine effectively imparts flame-retardant properties to polyester resins. It has been 
theorized that systems containing both bromine and phosphorus should be suitable 
for polyester/cotton blends. A thcrmoanalytical 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-NIIS, which 
is particularly effective on 100°~ cotton, and with TlIPC-urea-PVBr, which was 
designed for 50/50 polycstcr/cotton blends. For comparison, data are also prczsented 
on a SO/50 polyester blend fabric tt-cated with THPOH-NH, and with THPC-urea 
flame retardants plus tris(2,3-dibromopropyl) phosphate in a two-step application. 
TG and DSC data were obtained in atmospheres of either nitrogen or air, using a 
DuPont 990 Thermal Analysis System’ l *. The thermal changes are assigned to 
decompositions of cotton, polyester, char, and resin finish. A comparison is made 
of the effects caused by the different flame-retardant finishes. 01 values and FF 3-71 

data ore reported. 

The thermogravimetric study by Neumeycr ct al.’ and the differential thermal 
analysis by Hobart et aLz of polyestcrjcotton fabrics were undertaken to determine 

the interaction of the blend components on thermal degradation of the fabric. The 

_-_.__- 

l Presented at the 168th American Ckmiul Society National Mating, Atlantic City, N.J., Sept. 
t.13. 1974. 
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~r+pgriculture. 

Mention of companies or co mmucial products does not imply recommendation by the U. S. 
Dcpartmt of Agrkulturc over others not mentioned. 



THPC-urea-PVBr lkme-retardant finish described by Donaldson et af.’ svas chosen 
bccausc it pnovidcs a phosphownitro_een compound and a bromine compound 

for treating both the cutton and polyester bknd components, respectively. In this 
sequel to thaw ean?icr stud& a comparison is made between THPC-urea-PVBr 

(FR-I) and THPOH-NH 3, a Finish for lOO*/~ cotton fabrics that has aroused wide- 
spread interest in tht textile industry. 

Thcnwl analysis data are also pmled for So/50 polyester/cotton fabrics 
treated with tris(2,3dibromopropyl) phosphate (DBPP) alone, and in combination 
u-ith THPC-urea or THPOH-NH,_ DBPP was chosen to &I further information 
on interactions of ihis particular bromine compound with thermai degradation of 
po&srrr$o~ron bknd fabrics- FIame refardazzcy data resulting from measurements 
by Oxy_gm index (CM) and FF 3-71 were correlated with observations from thermal 

aEal>vsis_ 

A series of polyutcr[cotton sheeting fabrics with blend ratios of O/100, I I/89, 
ZOjSO, 30,!70_ and 5Of59 were rrratcd with THPOH-NH, ffamc rttardantGg 5_ These 
blend fabrics fwztaJ with TZIPC-urc2-PVBr tk-ne retardant =-ere described by 
Don&km and Knocpffe~. The five fabrics we= wn together to form one roll for 
treatment_ This roll 8% padded through a 35% THPOH solution, dried at 160°F 
for I yz min, ammonkrted for 5 min, and oxidized with HzO,_ Ilw phosphorusadd-ons 
ran_@ from 4.6% for the JoO% cotton fabric to 3_9% for the Xl/50 blend. 

A So/50 poiyesterjcotton basketweave fabric was treated with tris(2,3-dibromo- 
propyl) phosphate \ia a TThcrmosoJ proccu- Portions of the same trcatcd fabric 
~crc treated in a second application with either THPC-urea7 or THPOH-NH,. The 
solution conanmttims of THPC-um were 2.5 % and of TH POH, XI, 25, or 30%. 

A DuPont 990 TJxermaJ Anaiysis System u-as used for performing thermo- 
gnvimetric (TG) arid difiirential scanning CaJorimetry (DSC) analyses_ Sample 
preparation and anal:+ proccdurcs acre the same as those described by Neumeyer 
et al. and Hobart CC irl, Flame resistance was measured by the Children’s Sleepwear 
Rammability Standard, FF 3-71” or by the vertical flame test’. Nitrogen was deter- 
mined by the Kjeldahl method; phosphorus by a gavimctric procedure as the phos- 
phomoIybdatc follou6ng a Kjeldahi dimtion: and bromine by a volumetric proaxlure 
using oxygen Rjsk aambustion. The 01 values WCR determined with a Michipn 

Chemical oxygen indts apparatus according to ASTM procedure”_ 

7ffPU~~~~~,-rr~te~~~~es~~~cu~rol; sheefing 

Diffrrmtial thczmo_gravimetric analysis (DTG) and DSC curves for the treated 
blend fa’mics ZXQ+Z& in nitrw an= shown in Fig_ 1. Two maximum rates of weight 
IOS are apgurmt in the thcm~ogravimctric data. The first indicates volatilization of 
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Fig 1. NormAizcd DTG and D!5C cures for TZWOH-N~~J tnsxtcd polycsrerkolton bkiId fabrics. 
Hearing rjte -- 5°C min-1; 100% niwogcn atm. 
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the sample due to decomposition of the cotton portion. The second results from de- 
composition of the pdyestcr, In each case, the area under the peaks is proportional 
to the amount of component in the blend. 

In comparison to the DI’G data for the untreated fabric3 rcporlcd by Neu- 
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myera al_ and reproduocd here in Fig_ 2, it is apparent that the mechanism of cotton 
dea~mpositiw is zdtacd cousi&rably by the ilanmc retardant This is evidtncnt in 
tfat KNl% cotton sampk by a shift in the temperature corresponding to the maximum 
rate of weight Lss (hereaRer rtfemd to as peak temperature) from 347 to 278T. 
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Fig 3_ Nortmbd MG ud DSC curws for MPOH-NHa trcatcd poIycstcr/colton bknd fabric. 
Heating r;lbc -= 5 ‘C min-I; air a”Jn. 
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The DSC data fig. 1) show the cotton de_dafion for treated fabrics to be exo- 
thcrmic, fader than cndotbtic, as was observed by Hobart et al, for samples which 
had no treatment (Aso reproduced in Fig. 2). 

Etaminatiott of the p&ester weight ks and thermal activity during: pyrolysis 
show Iittk difKz=nces from those measured in the untreated series_ The meltins point 
endotherm of the !gx~f_ycster peaks at ZSOT., its peak temperature of decomposition 
occurs at about 4CO”C, and its rate of decomposition weight loss is approximately 

the same as whm untr~~inf, Its; doromposiiion remains endothermic, as cvidenccd 
by the slight depression of the DSC curve at about 417°C. It is thus concluded that 
ztddition of the 7X-MX-LN H, fiamc retardant does not mcu;unbIy alter the polyester 

d&lCMI3positi0lI. 

Figure 3 shows D’TG and DSC curves for the same samples analyzed in 80% 
nitrogen-203: oxy,gctt atmosphere (hemafter referred to as air)- The presence of 
osygen incrczsczi tkc wci,ght-loss activity in comparison to that obtained in nitrqgen. 
Both carton and polyacr decompositions are exothcrmic; oxidation of the residual 
chars remaining after pyrolysis PCEU~. As in nitragcn. the action of the fkrmc retardant 
lowers Beth decomposition remperztun and rate of decomposition weight loss for 
the cotton portion. Auto-ignition of the char is observed in the untreated fabrics. 
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Auto-ignition is indicated by the large energy release associated with complete and 
rapid consumpGon of the residual materials at about 450~XWC, as shown in I+. 4. 
Samples treated with fiame retardants do not auto-ignirc- 

Tables 1 and 2 summarize data presented in Fig. I throu& 4. The peak 
temperature and decomposition rates of the 100% cotton and the SO/SO polycsster/ 
cotton samples analyzed in both nitrogen and air atmospheres arc prcscntcd inTable I _ 

It is apparent in the cotton decomposition that not only peak tcmprature but also 
maximum rafe of weight loss is decre~ascd by the presence of the flame retardant. 
in nitrosen, THPOH-NH, reduces the maximum rate ot‘ weight loss of the lOO”/:, 
cotton fabric from 0.15 to 0.09 mg min- ’ rns- I_ A reduction in both peak temperature 
(from 317 to 278°C) and &composition rate (from 0.25 to 0.11 rng min’ ’ rng- ‘) 
arc found by analysis in the air atmosphere. Similar decreases arc measured for the 
50/50 polyester/cocron fabric. In comparison with the untreated sample there arc 
no significant difierenccs in the rate of weight loss ani tcmpcmturc at which polyester 
decomposition occurs Lhat can be attributed to the addition of THPOH-NH3. ‘This 
is true in both nitrogen and air atmospheres. 

The percent char remaining after pyrolysis gea!ly increase5 when flame 
retardant is added io the fabrics. The char remaining at 600°C after pyrolysis in 
nitrosen is 48% for the treated Woo/_ cotton fabric. In the air atmosphere, 32% 
char remained at G0O”C. In comparison, the untreated fabrics yicldcd about SyO char 
in nitroscn and zero char in air atmosphere. The GOO”C residual char of the SO/SO 

THPOH-NH, treated fabric is 31 T/o in nitrogen and 19% in air, compared with 
10 and 0% for untreated fabric in the same atmosphere. As the cotton content 
de- in treated fabrics, the char remaining at 6OO’C decreases as expected. Thcsc 
changes in thermal stability and increased char producrion have been obscrvcd 
previously and were attributed to acid catalysis of the dehydration reaction in the 
celIulosic decomposition mechanism’ ’ . 

Table 2 presents DSC data for samples analyzed in bolh nitrogen and air 
atmospheres. The peak rempenturc of thermal activity for cotton pyrolysis in nitrogen 
is lowered by addition of the flame retardant- IIowever, the rate of energy release 
increases si_enificantly from -0.26 meal XC- mg’- ’ for the untrcatcd 100% cotton 
s;lmple to 0.94 meal set” mg’ ’ for the sample treated with THPOtI-NE13. Char 
formation is exothermic’, and since the flame rrlzrdant increases the amount cf 
char, it is reasonable to expect this chznse to cxothermic activity. In zir, the dc- 
composition of the untreated smplc released 1.90 meal see- ’ mg’ I; the flame 
retardant decreased this rate to 0.98 maI set- I rng- ’ _ Apparently the ilamc retardant 
controls the heat released during cotton decomposition regardless of the atmosphere. 
Similar energy changes are noted for the so/% blend fabrics. 

There are no measurable effects of the THPOH-N?I, 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 tempcraturc range were not 
included in Table 2. 



cot?lpo.rimN OflHPml-AM?, with THPCkrea-P VBr (FR- I) pot’yesrer/corron sheehg 

Pyrdysis dafa of samples t-ted with FR-1 are similar to those of Ihe THPOH- 
NH,-treated fabrics as can be seen in Fig. 5 and 6. Both the cotton and the polyester 
decomposition temperatu.-es for the FR-1 samples arc close to those measured for 
rJu THPOH-NH,-ta=atcd sampJcs. Referring back to Table I, we note the percent 
char at 6OOT in nitrogen is about the same for fabrics trcatcd with either flame 
retardant. In tht air, atmosphere, there is more char from THPOH-NH3 samples 
than from FR-J-treated samples. 7he maximum rate of cotton weight loss for the 
THPOH-NH, ampl=s appears slightly hi&r &an for the FR-1 sampies in either 
atmosphere- 

The cotton lhcrmal chan_a are exochcrmic in both atmospheres- Referring 
back to TabSe 2, =e note that there 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. Normalizd MG and DSC curws for THPOIJ-NHJ treated polyester,‘cotron bknd fabrics. 
Heating rate - 5°C min-1; tOOe/e 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-NH3 process’*. Perhaps the greater activity is caused by the liberation 

of oxygen during pyrolysis of the THPOH-NH3 fabrics13. 
In Table 3 arc results of cIcmcnta1 analyses and mcasurcmcnts of flame rc- 

tardancy of the treated sheeting fabrics. The 01 values of the FR-I fabrics are higher 
than those of the THPOH-NH, fabrics. The 100% cotton FR-1 fabric has an 01 
of 0.37, and the THPOH-NITS of 0.32. As the amount of polycstcr in the blend kbric 
increases, the 01 values decrease down to 0.30 for the FR- I and 0.28 for the THPOH- 
NH3. All of the treated fabrics initially passed FF 3-71. After 50 launderings, ali 
samples again passed FF 3-71 with the exception of the 50/50 blend fabric treated 
with THPOH-NH3_ This sample had lost 15% nitrogen after 25 launderin_~ and 
24% after 50 launderings, which is higher than with the FR-1 finish. 



.Witngen (“4 0.1: FF 3-71 --- _-_-- ..----- 
PE/Crn Pi&s. (-4 rlsitizl so W&s&_(%) 

-MS- ---I_- --___ 
fJtitIa 50 W&s Ini~~ 50 washes 

-.-_-w--w _ ---..._ . . ~ _---.. ----.---.-__ .--_ --_ -._. __,_.____ 

THFOH-NHtTtCtt#+ 
o/100 4.4 33 22 - 032 0.30 Pb P 

1 ll89 4s 2.3 20 - 0.30 0.28 P P 
B/80 4.4 2.2 1.9 - 0.29 o_n P P 
3ofio 4.2 2-O 1.7 - 0.2S 
5opo 3.9 I9 IA - 0.28 

THPC-urea-PVBr-tamed (FR-1)” 
of100 25 2s .- 3-O 0_37 - P c 

IlEss 2.4 29 - 3.0 0.35 - P c 

m/80 2.4 zs - 2.9 0.32 - P c 

3Oj70 2.3 2-7 2.9 O-32 - P * 
ro;so ZA L9 2.9 0.30 - P = 
-----_I*~---.-_~__ *.- _- 

s 35% THPOH in plddinl; sohtion. b P = passaL e BEL 1 bumaj entire kngth. d 30% THFC- 
urea (111 m&r tatio) d 6”/, PVRr in padding solution- * This set not launched, but would bc 
cxccpcairo~~on~dala. 

To gain further insight into the relative importance and interactions of phos- 
phorus-nitrogen and bromine systems on the thermal dqq-adation processes of poly- 
ester/cotton blends, the rffkcts of DBPP wefec investi@ed. Bromine compounds can 
be introduced into tbt: component fibers during manufhturc, or they may be part 
of the chemicai SyStgt used for finishing the fabric, in which case the halogen may 
be applied separately or simultaneously with the 0th~ flame-retardant chemicals. 
in the THPC-urea-P\%r finish the halogen compound and the phosphorus-nitrogen 
compounds were mixed together and applied in a single pad-dry-cure operation_ In 
treatments ax%iinin_e 1DBPP the hoiogeu was applied in a separate operation followed 
by apptication of the THPOH-NH3 or THPC-urea finish, 

DTG and DSC cunres for So,50 polyester/cotton fabrics treated by the latter 
method are shown in Figs. 7 and 8 and are summarized in TabIes 4 and 5. The effects 
of DBPP on the ther11~~1 degradation of the blend components are most apparent 
in the nitrogen atmosphere (Fig. 7 and Table 4). The polyester degr&ation remains 
essentially the same us in the untreated sample; its decomposition rate was not 
altered and the process remained endothermic. Thus the bromine introduced with 
the DBPP does not react in the poiyestcr solid phase; therefore, its ef%ctiveness 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 cotton portion of 
the fabric treated with DBPP. The rate a&r treatment is ~&uced to 0.04 fmm 0.08 
mg mine* mg- * for the untreated, and the temperature goes from 343*C for the 
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Fi& 7. Normalizrri DTG and D.SC curws for flame retardant polycstcr/cotton 50/u) bknd fabrics. 
Heating rate = 5°C min-r; 100% nitrogen awn. 
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tHPOW - NH3 
+ DBPP 
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Fig. 8_ NonaAized DTG and D!X! curves for llama retar&nt pol_ycster/cotton SOlsO hknd fabrics. 
Heating rate = 5°C min-*; air atm. 
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TABLE 5 

P N -Br 0.1. w-7- 
<%) (“A (‘%I iv 

--__ _-_ .__ 
F 

P-.--m- - -.-- -_- --_-- _ _ ____~ -___ 

-IMPOH-NHab 1.76 0.87 __ 0.21 
THPDH-NHa f DBPP 0.76 0.83 --y 1.31 0.25 
IHFOH-NHa= 2-20 1.13 - 0.24 
THPOH-NHa $- DBPP 211 1.04 1.34 0.26 
THPOH-NH@ 2.75 1.34 0.25 
TH-PDH-Ntia i DBPP 2.58 . 1.25 1.32 0.26 
DBPP 0.10 0.04 1.49 0.19 
Unmated - -- - 0.18 

..-,----.-- _..---_ ._--_ --_ --.-.-- . .,___ ___- ____._ 

.--._ 
BEL BEL 
DL BL 
P P 
P P 
P P 

n”EL UPkL 
BEL BEL 

a Vatid Flame Tesl; P == passed; BL =: borderline (at lcas~ one specimen failed); BEL - - burned 
cnlirc kngtb or faikd. b ZOe/m TtiPOH in padding solution_ C 25% THPOH in padding solution. 
* 300/_ THPDH in padding solurion. 

mtrcatcd to 315°C for the DBPP treated sample. There are also reductions in de- 
composition rate and peak temperature for the samples treated with THK-uma 

or THPOH-NH3. with an without DBPP. When DBPP was used alone, there was no 
increase in char formation as with THIPOII-NII, or THPC-urea, nnd the cotton 

degadation remained cndothcrmic, as in the untreated sample. These fkiinpr lend 

additional support to the theory that the exothermic activity associated with thermal 
depdation of cotton treated with phosphorus-nitrogen flame retardants results 
from exothermic char forming reactions. Once again we note the higher rate of energy 
rcleasc 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_ S. 
and DTG data arc recorded in Table 4. There is some lowering of the cotton’s 
decomposition peak tcmperaturc (from 317 to 297°C) with the DBPP treatmcr& 

but no increase in char formation. With the THPOH-NH3 or the THPC-urea 
treatments, there is further lowering of the cotton decomposition temperatures, and 
a corresponding increase in char formation. Again. thelar~cexothermiccharoxidation 
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 
phase, ct)ler measurcmcnts crf 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 01 values and results of the 
vertical fiame test. The addition of the halogen increases the 01 value at each level 
of flame retardant application, and at the lowest level (20%) increases the flame 
resistance so that the samples which failed the vertical flame test were raised to a 
borderline state, whcrc some specimens Passed. 
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A thermoanalytical study was undertaken to determine the influence of selected 
fiamc retardants on polyester/cott~n blend fabrics- Treat-t with THPOH-NH3 
or with THPC-urm-PVBr lowers the temperature at which the maximum rate of 
decomposition occurs and increases the char formation of the cotton component. 
Neither retardant significantly a&cc polyester decomposition. The decomposition 
of THPOIf-NH,-treated cotton in nitro=w was much more exothermic than was 
the THPC-urea-PVBr daaomposition in nitrogen- It is proposed that oxygen Jibcrated 
from the oxidizd THPOH-NH, polymer by therm31 stress contributed to the in- 
creased aothermic anivity_ lie two treatments had about the same exothermic 
activity in the air arrnospherc. AutcGgnition did not occur in samples treated with 
either cotton flame retardant. 

The 01 values oi the THPC-urea-PVBr treated samples ranged from 0.37 
for the 100% cotton to OX for the So;50 blend fabric. 01 values varied front 0.32 
for the 100% cotton to O-28 for the 50/5@ blend for fabrics t-ted with THPOH-NH,. 
All treated fabrics passed FF 3-71 initially and after 50 launderings, cxccpt the 50/50 
blend fabric treated with THPOH-NH,. This sample had the lowest polymer add-on 
initially, as indicated by phosphorus and nitrogen contents, and after 50 laundering. 
had lost about 25% polymer (based on nitrogen values). 

The addition of bromine increased the flame retardanq of the t-ted samples, 
as measured by 01 Aues and the vertical flame test, for the polyester/cotton basket- 
weave fabrics treated first with DBPP rhcn by TIIPOH-NEf, or TEiPC-urea. llermo- 
anaIy-&al Lcchniques could not differentiate the effects of the bromine in the prescncc 
of the cotton flame rz!tardants_ However, the blend fabric treated with DBPP alone 
exhibited a lower decomposition temperature of the cotton portion but no noticeable 
altcrafion of the polyester portion- The DBPP did not decrease the quantity of 
volatile products of col.ton or polyester de_gadatian, and the amount of char residues 
was not incread, as was the use with the phosphorus-nitrogen flame retardants. 

REFEREKCES 

I 3. P_ Ncuniwcr J_ I_ Wadsworth. N. B_ Kmqdkr and C_ H. _Mack. 73cmwch-m. Acm, IG 
(19-S) 133. - . 

Z S. R_ Hobarr. C. H_ _Wack. D. J_ Dcmaldsm apA J. P- tieumqvr. 7krnuchim. ACIO. 16 (1976) 
149. 

3 D. J. Doddson. E J- Norman& G_ L_ Drake, Jr. and W. A. Raves. JFHFire Retard Chem.. 
2 (1975) ‘I. 

4 1. V_ Bmim~e. E_ K- B&sfm, G. L Drakt, Jr. and W. A. Raves. Am. DyrsL Krpfr-, 57 (1968) 
47: Trxr. f’, 131 (1967) 110. 

5 R. Mm Perk* J. V. Berrinate. L W. Mazzno. Jr., W. A_ Rcrvcs and M. J. H&man, Cdouragc, 
20 (1973) 29 

6 D_ J_ Don&bon anti FL B, Knapficr. Pram 14ch 7&r_ l%es.c Cm& Lf. S. Dep. Epic.., 
AR.!!, (19l3) 73. 

7 D. J. Dmakkon. E L. Normand, G. L. Drake, Jr. and W. A. Rwxs, 3. ConfetiFnbr.. 3 (1974) 
250. 



277 

l 

620 630 640 650 660 670 680 

Fik 2 Fraction of conversion at various tanpuatures for thermal dchydroxyiation of Mg(OH), _ 

TABLE 4 

RESULTS FROM THE LLS PROCEDURE F<IR TRACE 1 

f(s) A (see- ‘) E n m P 
(kcai mol- ‘) 

9.005 x IO’S 55.623 1.656 
1.157x IO-=: -75.542 2281 

<IO”‘ -232960 4.916 - 
1.347 x IO” 25.570 I.281 0.525 
O-532 6,027 l-397 _ 0_8ss 


