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ABSTRACT

Differential thermal analyses (DTA) were made on a series of polyester/cotton
blend fabrics before and after treatment with Thpc-urea—poly(vinyl bromide). This
flame retardant did not affect the polyester melting endotherm, which was proportional
to the polyester content and appeared at approximately 250°C. In nitrogen
atmosphere, DTA of the treated blends showed exothermic peaks at 285°C for the
cotton decomposition, and at 415°C for the polyester decomposition. In air, DTA
of the treated blends showed exothermic peaks at 333°C for cellulose decomposition,
at 431°C for polyester decomposition and at 490°C for char decomposition. The
Thpc-urea component of the flame retardant is effective on the cotton cellulose
portion of the blend; the poly(vinyl bromide) appears to decompose and act in the
vapor state on the polyester.

INTRODUCTION

Thermal analysis has been used for over ten years to evaluate textile fibers and
fiber blends'—3. In addition, the effects of flame retardant treatments on cotton
fabrics as measured by thermal analyses have been reported by Perkins et al.* and
by Yeh et al.>.

This laboratory has investizated the effects of tetrakis(hydroxymethyl)-
phosphonium chloride-urea-poly(viny! bromide) (Thpc-urea-PVBr) on thermal
behavior of polyester/cotton blends. In the preceding paper, thermogravimetric (TG)
analyses were reported by Neumeyer et al.®. This paper reports on the differential
thermal analyses (DTA) of the polyester/cotton blend series of fabrics treated with
Thpc—urea—PVBr.

EXPERIMENTAL
The blended polyester/cotton textiles used were the 4 oz[yd? 64 x 64 fabric for

the 0, 11, 20, 30, and 50% polyester contents, the 3 oz[yd? fabric for the 65% poly-
ester content, and a fine yarn for the 100% polyester content as described by
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Neumeyer et al.%. These fabrics were treated with two series of Thpc-urea-PVBr
formulations: (1) FR-I-a formulation containing 30% Thpc-urea (1:1 molar ratio),
6.4% PVBr, 3% disocdium phosphate, 0.1% wetting agent, and 60.5% water, which
was applied to all of the blends, and (2) FR-II-a range of formulations containing
approximately the same total solids in the padding baths, in which Thpc-urea
content decreased from 35 to 26.3% while the PVBr content increased from 1% to
10% as polyester content in the blend rose®. Data on these fabrics are shown in
Table 1. All of the treated samples passed the Department of Commerce test” with
acceptable char lengths.

TABLE 1
FLAME RETARDANT-TREATED POLYESTER/COTTON BLEND FABRICS

Flammability

Polyester cor:tent (%) Add-on (%) Oxygenindex Char length (in)
As Clorox FR-1 FR-IT Untreoted FR-1 FR-II FR-1 FR-1T
Inbelled method

0 0.6 239 231 0.19 037 037 2s 20
11 104 233 21.0 0.19 0.35 0.33 2.2 2.5
20 229 229 20.6 0.19 0.32 0.31 2.5 3.7
30 350 23.1 203 0.19 032 0.30 6.0 60
50 50.1 25 203 0.19 0.30 0.29 3.0 52
65 _— 240 220 0.18 0.29 029 6.0 3.7

The DuPont 990 Thermoanalyzer* with the Differential Scanning Calorimeter
module was used for the DTA. This system actually measures differential temperature
and is, therefore, a differential thermal analyzer (DTA). The DuPont module
employs a2 Boersma® type cell which contains small aluminum sample and reference
pans mounted on a constantan thermoelectric disk which serves as one half of the
sample and reference thermocouples. This arrangement minimizes the common DTA
problems caused by changing heat capacities and thermal conductivities and by
variabilities in embedding thermocouples in the samples®. Quantitative calculation
of enthalpv changes follows: AH = KxA, where AH is enthalpy change, K is the
proportionality constant (determined experimentally for the instrument), and 4 is
the peak area for the change involved'®. A comprehensive discussion of thermal
analysis methods and instruments is given by Wendlandt"''.

The procedure and conditions were selected to be similar to those of Neumeyer
et al.° in order to make valid comparisons. These procedures and conditions were:
Sample weight of approximately 10 mg; predrying of the sample to constant weight

*Mention of companies or commercial products does not imply recommendation or endorsement by
the U.S. Department of Agriculture over others mentioned.
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at 150°C; atmosphere of 100% nitrogen or 20% oxygen—80% nitrogen at a flow-rate
of 50 ml min~*; heating rate of 5°C min~’; and heating range of 150-575°C. The
data were plotted on the 990 Thermoanalyzer two-pen recorder. In addition, the data
were recorded on paper tape at 3 sec intervals using DuPont 915 computer interface
and teletypewriter. The energy raie signal recorded (mcal sec™!) was a composite of
three independent effects: (1) Instrument baseline; (2) sensibie heat, and, most
important; (3) energy due to phase- and/or chemical change.

The instrument baseline was calculated as a function of temperature by means
of a fifth-degree polynomial fitted to the biank data by the method of least squares,
using data from several runs with empty sample and reference pans. Energy-rate data
for each run was algebraically subtracted using a Control Data digital computer
CDC-1700.

Continuous changing of both mass and heat capacity of the sample during the
run complicated calculation of the sensible heat effect. Heat capacities of fabric
measured at temperatures below decomposition and at the end of pyrolysis (char)
were very close, and an average value was used. A thermogravimetric (TG) analysis
was made for each sample®; this and the DTA data were normalized to a dry weight of
1. Weight changes for the TG and DTA runs were matched and the specific heat curve
was calculated. This curve was algebraically subtracted from the baseline-corrected
curve to eliminate the sensible heat effect.

The net heat effects of the chemical and physical changes occurring between
any two arbitrary temperatures were determined by Simpson’s Rule—numerically
integrating the corrected and normalized DTA data. Instantaneous AH (in mcal
mg~ 1) at any temperature was obtained by dividing the DTA value (mcal sec™*) by
the TG derivative value (ing/sec). The AH’s reported in the tables were obtained from
computer calculations of the areas vnder the curves. Corrections were made to
account for weight of the particular fiber in the blend that is actually responsible for
the thermal effect.

Oxygen Index determinations were made as described by Isaacs!?. Char
length was determined by the Department of Commerce test FF 3-717.

RESULTS AND DISCUSSION

Nitrogen atmosphere

Differential thermal analyses. DTA curves obtained in nitrogen for the series of
untreated polyester/cotton blends are shown in Fig. 1. Approximate peak temper-
atures for the three endotherms in the series and their assignments are: 250°C,
melting of the polyester; 345°C, pyrolysis of cotton cellulose; and 420°C, pyrolytic
degradation of the polyester. Peak temperatures for the pyrolyses of cotton and
polyester, respectively, are not significantly affected by changes in polyester/cotton
ratio. Peak temperatures, maximum rates of energy change which occur at the peak
temperatures, and AH’s for these endotherms are tabulated in Table 2. Maximum
rates of energy change and AH’s of pyrolysis were proportional to the concentrations
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Fig 1. Differential thermal analysis curves for polyester/cotton blend fabrics in nitrogen.

of components in the blends. A plot of the AH from the DTA data (in nitrogen) in
Table 2 as a function of the polyester coatent of the blend is shown for the cotton and
the polyester pyrolyses, respectively, in Fig. 2. The linear relationship indicates that
the polyester’s AH is independent of the presence of cotton cellulose. The straight
line was drawn to intersect the two most reliable data points, namely, at 0 and 100%
polvester contents, respectively. However, a non-linzar relationship is apparent
between the cellulosic AH and the amount of polyester present, suggesting that
polyester melt affects cotton pyrolysis.

The DTA results obtained with the flame retardant treated (FR-I) polyester/
cotton blend series are shown in Fig. 3. The dotted lines represent the baselines and
help te illustrate presence of the polyester endotherm. The treatment had practically
no effect on the polyester endotherms (melting at 250°C and pyrolysis in the char at
415°C), but cotton pyrolysis was radically changed. The original endotherm was
converted to an exotherm, and the peak temperature was lowered from 345°C to
approximately 285°C. Early work by Schuyten et al.!® described these changes as
accompanying the acid catalyzed carbonium ion dehydration and depolymerization
of the cellulose. Table 3 shows the normalized rates of energy change and the AH’s
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Fig. 2. Endothermic AH"s for pyrolysis of polyester/cotton blend fabrics in nitrogen. X = cotton;
O = polyester.

for the series. Here again, we observed a direct correlation with the amount of
cellulose or polyester present. The multiplicity of peaks prevented accurate deter-
mination of the areas under the curves, so that AH calculations for the polyester
pyrolyses could not be made.

Figure 4 shows the DTA curves for the blend fabrics treated vnth the second
series of flame-retardant formulation (FR-II) and run in nitrogen atmosphere. PVBr
in these formulations was increased as polyester content of blend increased. These
curves are similar to those for the FR-I-treated blends, and the baselines for the
polyester pyrolysis endotherms are again shown by dotted lines. However, increasing
the PVBr concentration at high polyester levels resulted in a substantial exotherm
representing PVBr decomposition which, in the DTA curves, is superimposed on the
polyester pyrolysis endotherm. The lower dotted lines represent the latter in the
absence of the PVBr exotherm. This observation suggests that PVBr contributed its
flame retardant protection to the polyester by providing bromine in the vapor phase
in the same temperature range that the polyester decomposed. It has been suggested
that bromine acts as a free radical terminator in the presence of combustible vapors
in air to provide a2 non-combustible mixture, thus making the fabric self-extin-
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Fig. 3. Differential thermal analysis curves for polyester/cotton blend fabrics treated with Thpec-
urea-PVBr (FR-I) in nitrogen.
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Fig- 4. Differential thermal analysis curves for polyester/cotton blend fabrics treated with Thpc-
urea-PVBr (FR-II) in nitrogen.
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guishing'®. At approximately 190°C, a small exotherm appeared in the DTA curves
in nitrogen atmosphere for the FR-I (see above) and FR-II series; this has been
attributed to decomposition of flame retardant polymer. it is noteworthy that Hobart
and Mack!*® have reported a small weight loss in this temperature range in the TG
analysis and an exotherm in DSC analysis in nitrogen for cotton flame retarded with
the Thpc-based THPOH-NH; finish. Presumably a component derived from Thpc
is responsible for the exotherms observed in both these systems; however, further work
is required to verify this correlation.

Table 4 shows the maximum rates of energy change and AH'’s for the FR-II
series of blends. As with the FR-I series, calculation of AH for the polyester pyrolyses
was impossible because the multiplicity of peaks prevented accurate determination
of the areas under the curves.

The size of the polyester-melting endotherm observed in the DTA curves in
nitrogen for the blend series was directly proportional to the polyester content,
whether treated or untreated. Figure 5 shows a plot of the endothermic energy
absorbed versus the polyester content in the treated and untreated blends. Linear
relationship is shown, and the heat of fusion (AH,) obtained from the slope of the
line is 189 cal g™ 1.

w—
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Fig. 5. Endothermic AHs for melting polyester in flame retardant and sntreated polyester/cotton
blend fabrics in nitrogen. X = untreated; O = FR-1 treated; [ = FR-1I treated.
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Comparison of DTA and DTG. The DTA and differential thermogravimetric
(DTG)*® curves for untreated polyester/cotton blends are shown in Fig. 6. The polyester
melted at approximately 250°C, as shown by the DTA endotherm and the absence of
weight loss in the DTG curves for the 50 and 100% polyester. Pyrolysis of cellulose
is shown at approximately 345°C by the DTA endotherm and the weight loss in the
DTG curves for 0 and 50% polyester. Figure 6 also indicates that the DTA endotherm
and DTG weight losses at approximately 420°C are associated with polyester
dccomposition for the 50 and 100% polyester.
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Fig 6. Comparison of differential thermogravimetric (DTG) and differential thermal analysis (DTA)
curves for untreated polyester/cotton blend fabrics in nitrogen.

Figure 7 shows DTA and DTG changes in 100% cotton and in a 50% polyester/
cotton blend after treatment with a Thpc-urea-PVBr flame retardant formulation
(FR-I). Melting of the polyester is shown by the DTA endotherm and absence of
DTG weight loss at 250°C in the curves for the 50% polyester blend. At approxi-
mately 290°C, the exotherm, which is proportional to the cotton content and the
accompanying weight loss, appears in the DTA and DTG curves, respectively; these
changes reflect decomposition of the flame-retardant cotton. Changes which are
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associated with the polyester degradation appear at approximately 415°C in the
curves for the 50% polyester blend. A slight inflection at 190°C is also apparent in the
curves for the treated fabric. Examination of the curves for the Thpc—urea~-PVBr
polymer (Fig. 7) reveals significant decomposition, both at 190°C and at approxi-
mately 260°C; considering the dilution of the polymer, these peaks are consistent
with the curves for treated fabrics.
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Fig. 7. Comparison of differeatial thermogravimetric (DTG) and differential thermal analysis (DTA)
curves for flame retardant-treated (FR-I) polyester/cotton blend fabrics and Thpc-urea-PVBr
polymer in nitrogen. :

Figure 8 shows the DTA and DTG curves for 0, 30, and 50% polyester bleads
treated with flame retardants of the FR-II series. In this series of formulations the
ratio of PVBr to Thpc-urea was increased in proportion to changes in the ratio of
polyester to cotton. As noted in previous figures, the polyester meiting endotherm at
250°C, the polyester pyrolysis endotherm and weight loss at approximately 410°C,
and the PVBr decomposition exotherm at approximately 410°C are present and all
increase with increases in polyester content. When the level of PVBr in the treating
formulations was increased, larger amounts of PVBr were deposited on the finished
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fabrics, reflected by increases in the PVBr exotherms. The cellulose decomposition
endotherms and weight lesses at approximately 285°C as well as the small exotherms

at 180° showing Thpc—urea polymer decomposition are evident in all of the curves.
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Fig. 8. Comparison of differential thermogravimetric (DTG) and differential thermal analysis
(DTA) curves for flame retardant-treated (FR-11) polyestier/cotton blend fabrics in nitrogen.

The effect of Thpc—urea-PVBr flame retardant on the polyester/cotton blends
is shown by a comparison of the results obtained from DTG and DTA in nitrogen.
The cotton pyrolysis endotherm is converted to an exotherm at a lower temperature
when the fabric is treated with the Thpc-urea—PVBr flame retardant®-*>. In contrast,
the Thpc-urea-PVBr flame retardant system did not alter the course of polyester
decomposition in nitrogen atmosphere. The melting endotherm at 250°C and the
decomposition endotherm and weight loss at 425°C are not significantly altered by
flame retardants on polyester (Figs. 1, 3, 6-8).

Further confirmation that PVBr has its flame retardancy effect in the vapor
phase rather than in alteration of the course of pyrolysis may be inferred from
Neumeyer, et al.®, who indicate that residual char of a flame-proofed polyester/cotton
blend is composed of the flame-proofed cotton char and the untreated polyester char.
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Air atmosphere

DTA. DTA curves obtained in air atmosphere (80% nitrogen—20% oxygen) for
the untreated series of polyester/cotton blends appear in Fig. 9. Oxygen becomes a
reactant in air, and thermoxidation becomes predominant. Consequently, the
pyrolytic endotherms in Fig. 1 are converted to exotherms, as in Fig. 9. The melting
endotherm for polyester is again present, although it is not so prominent as in Fig. 1
because of change in the scale by a factor of more than 7. Exotherms that appear at
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Fig. 9. Differential thermal analysis curves for polyester/cotton blend fabrics in air-

approximately 333, 431, and 490°C are attributed to oxidation of cellulose, polyester,
and char, respectively. Numerical data for these oxidative changes are shown in
Table 5. The maximum rate of exothermic change and the total AH associated with
the oxidative degradation of the cellulose increase as the proportion of cotton in the
blend increases. The AH’s for the polyester degradation are 2 to 5 times greater than
the corresponding AH for the cellulose thermoxidation; conversely, the AH in
cal g™ ! of polyester present decreases with increasing polyester content. The maximum
rates of change and AH’s for the char are considerably higher than the pyrolysis
values observed in nitrogen atmosphere. Tke samples containing 11-50% polyester
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actually auto-ignited. The polyester or one of its components may catalyze the auto-
ignition of the cellulose char. Because polyester decomposition occurs at a lower
temperature than that of the char, a residue of inorganic noncombustible impurity
from the polyester was suspected as the source of the catalyst. Analysis of the 100%
polyester fiber shows 0.28% ash content primarily composed of titanium dioxide.
The 100% cotton sample does not auto-ignite, presumably because the catalyst
associated with the polyester is not present; because only a small amount of cellulose
char is present, 65/35 polyester/cotton does not ignite either.

The series of polyester/cotton blends which were all treated with retardant
formulation FR-I was examined by DTA in air. The curves are shown in Fig. 10. As
a result of this treatment. tiere is considerable difference in these curves compared
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Fig. 10. Differential thermal analysis curves for polyester/cotton blend fabrics treated with Thpc-
urea-PVBr (FR-I), in air.

with those for the untreated blend. The cellulose decomposition exotherm peak is
shifted from 333 to 275°C, and the polyester and char decomposition exotherm peaks
are both shifted downward by approximately 10°C; however, the polyester melting
endotherm remains at approximately 250°C. Numerical data for the DTA are shown
in Table 6. The cellulose was characterized by lower maximum rates of decomposition
and higher AH’s in air with the FR-I series than for the FR-I series in nitrogen or the
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untreated series in air. Lowering of the peak temperatures for cellulose decomposition
by the FR-I treatments is attributed to alteration of the course of decomposition by
acidic catalysts developed on heating the flame retardant formulation'3-'®. Lowering
of maximum decomposition rates can also be attributed to the effect of the flame
retardant. Decreased TG weight loss in FR-I-treated samples in air atmosphere® is
correspondingly accompanied by increased AH. Application of FR-I-flame retardant
does not cause appreciable changes in decomposition temperature and heats of
thermoxidative degradation for polyester. Therefore, we conclude that neither the
phosphorus and nitrogen components of the flame retardant nor the poly(vinyl
bromide) affect the course of polyester decomposition. These effects reflect changes in
the solid phase only, and we believe that the flame retardancy benefit to the polyester
from PVBr occurs in the vapor phase by free radical termination®“. The fire retardant
FR-I affects thermoxidation of the char by replacing auto-ignition at about 490°C
with a smoldering exotherm ia the same temperature range.
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Fig. 11. Differential thermal analysis curves for polyester/cotton blend fabrics treated with Thpc—
urea-PVBr (FR-II), in air.

DTA cunrves in arr f hlgn_d samples treated with vqrvmo Thnc_-uma-'PVRr

formulations (FR-II series ) own in Fig. 11. These curves are almost identical
with those of the FR-I serie (Fig, 1
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A summary of the exothermic energy changes for different components of the
respective blends and their chars on thermoxidation appears in Fig. 12. The amount
of polyester present had little effect on cotton oxidation. The very high (approxi-
mately S000 mcal mg~!') AH of polyester oxidation was markedly reduced by
decreasing the proportion of cotton, although to a considerably lesser extent at the
high polyester contents. Char thermoxidation was even more exothermic that that of
the polyester; here, the catalytic effect of polyester is evident because of increase in
AH at the lowest level of polyester followed by a gradual decline at higher levels.
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Fig. 12 Exothermic AAs for thermoxidatior: of polyester/cotton blend fabrics in air. X = cotton;
O = polyester; [J =char.

Effects of treatments FR-I and FR-II on thermoxidation of the blends are
shown in Fig 13. With either flame retardant treatment, the AH of the polyester
portion declined linearly with increasing polyester content within the same range as
for the untreated blends. With either treatment, the AH of the cotton portion was less
than half as great as the change of the polyester portion, declining rapidly at the start
and levelling off as polyester content was increased.

Approximate concurrence of the DTA exotherm at 490°C with TG weight loss
in air atmosphere for the untreated 50/50 blend is shown in Fig. 14. This is associated
with oxidation of the char remaining from earlier pyrolysis of the cotton component
cof the blend. When the cotton content was 50% or more, the char auto-ignited
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Fig. 13. Exothermic AH's for thermoxidation of flame-retardant treated polyester/cotton blend
fabrics in air. X =FR-1; O =FR-II; [ =FR-I; A =FR-IL

(indicated by the arrow in the figure). The exotherm in the DTA curve for 100%
polyester is associated with oxidation of the polyester char. The presence of cotton
had almost no effect on this exotherm. A small amount of polyester char, however,
appears to catalyze autooxidation of cotton char. As noted above, the polyester ash
or char contained a metal oxide which could accelerate this autooxidation.

The DTA and DTG curves in air in Fig. 15 show the results of application of
FR-1 flame retardant. The curves are for 100% cotton and 50/50 blend fabrics
receiving FR-I treatment, as well as for the corresponding Thpc-urea-PVBr polymer.
At 190°C there is an exotherm and weight loss for the polymer itself and a small
weight loss in the respective curves for the treated samples. The exotherm and weight
loss at 280°C associated with the cotton decomposition were observed for both the
treated 100% cotton and the 50/50 blend. The exotherm at 410°C for polyester
decomposition appeared in the curve for the blend fabric. The FR-I treatment
prevented the ignition of the treated blend, as shown in Fig. 14. The curves in air for
FR-1I-treated fabrics are similar to those in Fig. 15 for FR-I-treated fabrics. -
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Fig 14. Comparison of differential thermogravimetric (DTG) and differential thermal analysis
{DTA) curves for polyester/cotton blend fabrics in air.

Correlation of thermal analyses with flarmmability measurements. The FR-1
series of treated samples showed good correlation of polyester content with maximum
tates of decomposition in TG and DTA, as seen in Table 7. The relationship between
oxygen index (OI) and polyester content was inverse showing that the FR-I flame
retardant was most effective on fabrics with low polyester (high cotton) content.

All of the FR-I and FR-II flame retardant fabrics, as treated, passed the
FF 3-71 flammability test. Char lengths ranged from 2.0 in for the most flame resistant
to 6.0 in for the least flame resistant. However, the correlation of the thermal analysis
data with the DOC FF 3-71 tests was poor, due largely to the use of different
techniques.

CONCLUSIONS
(1) Endothermic peaks in DTA curves for polyester/cotton blends run in

nitrogen were found and assigned as follows: 250°C, melting of polyester; 345°C,
pyrolysis of cotton cellulose; 420°C, pyrolytic degradation of polyester.
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{DTA) curves for Thpc-urea—-PVBr (FR-I) treated polyester/cotton blend fabrics and Thpc—urea-
PVBr polymer in air.

TABLE 7

RELATIONSHIP BETWEEN Ol, DTA, AND TG DATA
ON FR-I-TREATED FABRICS

PE Oxygen Rate of polyester decomposition®
(%) index

TG DTA
mg rrtin~ Y mg—1 (mcallsec— 1)

0 037 —_ —_
11 035 0.013 0.91
20 0.32 0.019 1.24
30 0.32 0.024 1.43
50 0.30 0.037 145

65 0.29 0.045 —_

* Normalized maximum rate in air atmosphere.
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(2) The ratio of polyester to cotton in untreated blends does not significantly
affect peak locations for DTA run in nitrogen.

(3) The AH’s of cotton pyrolysis for DTA in nitrogen of untreated polyester/
cotton blends increased nonlinearly with increasing proportion of cotton. This is
attributed to the catalytic effect of impurities in the molten polyester.

(4) Flame retardancy treatments with Thpc-urea-PVBr formulations had the
following effects on the DTA curves in nitrogen of polyester/cotton blends:

a. Polyester melting was unchanged (still was an endotherm at approximately
250°C).

b. Cotton pyrolysis became exothermic (rather than endothermic) and the peak
was lowered from 345 to 285°C.

c. Polyester decomposition temperature closely coincided with that for PVBr.
The flame retardant effect of PVBr on polyester is consequently explained as resulting
from generation of the bromine free radical in the vapor phase.

d. A small exotherm at approximately 190°C is attributed to decomposition
of the Thpc—urea polymer.

(5) The polyester melting endotherm of treated and untreated polyester/cotton
blends in the DTA in nitrogen was directly proportional to the polyester content.
‘With appropriate standardization a method of guantitative analysis for polyester may
be devised.

(6) DTA curves run in air for untreated polyester/cotton blends show the
unaltered endothermic peak for polyester melting at approximately 250°C and the
following exothermic peaks for which the assignments indicated are made: 333°C,
thermoxidaticn of cellulose; 431 °C thermoxidation of polyester; and 490°C,
thermoxidation of char.

(7) The AH'’s for thermoxidation (in air) as determined by DTA are 2 to 5 times
greater for polyester than for cellulose for a given blend. However, the polyester
AH'’s decrease as polyester in the blend increases.

(8) Auto-ignition of untreated blend samples of 11-50% polyester content in
DTA in air suggests that a minor component of the polyester melt, such as titanium
dicxide, catalyzes auto-ignition of the cellulose char. :

(9 DTA curves in air of Thpc-urea—PVBr-treated polyester/cotton blends
showed increased AH’s of decomposition for cellulose and little change in those for
polyester decomposition, compared with those for untreated blends in air or nitrogen.
This agrees with previously expressed views that the Thpc—urea component affects
only the cellulose in the solid phase, and PVBr produces free radicals and acts on the
polyester fragments in the vapor phase.

(10) Earlizr TG work on the same blended samples, both treated and untreated,
supports the conclusions drawn.

(11) Although there was good direct correlation between polyester content and
maximem rates of decomposition, an inverse relationship between oxygen index and

- polyester content indicated that the Thpc-urea—PVBr flame retardant finish on blends
was more effective on cotton than on polyester.
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