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ALKYL P H O S P H A T E S  

Potential flame retardants for poly(ethylene terephthalate)* 

M. Day, J. D. Cooney and D. M. Wiles 
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OTTAWA, CANADA, K1A OR6 

(Received July 6, 1987; in revised form August 29, 1987) 

The thermal decompositions of a series of tris dibromo alkyl phosphates similar to tris(2,3- 

dibromopropyl) phosphate (T23DBPP), alone and incorporated in poly(ethylene terephthalate) 

(PET) fabric have been studied by non-isothermal thermogravimetry. Kinetic evaluation 

revealed that the decomposition rate for tris(2,3-dibromo-3-methyl butyl) phosphate 

(T23DB3MBP) was the fastest followed by tris(2,3-dibromo-2-methyl propyl) phosphate 

(T23DB2MPP). Tris(3,4-dibromobutyl) phosphate (T34DBBP) and tris(2,3-dibromo butyl) 

phosphate (T23DBBP) had only marginally faster decomposition rates than T23DBPP itself. 

Measured decomposition rates for PET treated with the chemicals were only marginally faster 

than those for the untreated fabric, except during the initial weight loss stages where some 

decomposition of the chemicals appears to be occurring. Calculated kinetic parameters using an 

isoconversional method, along with regression coefficients of compensation effect plots suggest 

that all the chemicals behave similar to T23DBPP in having an apparent detrimental effect on the 

condensed phase decomposition kinetics while relying on their combustion inhibition effects to 

act as gas phase flame retardants. 

In the early 1970's tris(2,3-dibromopropyl) phosphate (T23DBPP) was 

extensively used as a flame rctardant finish for 100% polyester fabrics where it could 

be easily "fixed" to give materials which would pass the U.S. Federal requirements 

for children's sleepwear, including the multiple laundering requirements. In 1977, 

however, the use of  this chemical was banned as a result of tests [1] which showed it 

to be mutagenic and carcinogenic. Recently a series of  alternate tris dibromo alkyl 

phosphates has been synthesised and evaluated for carcinogenic response, with 
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encouraging results [2]. Flammability evaluations in our laboratory [3], meanwhile, 

suggest that these compounds have excellent flame retardant characteristics when 

applied to polyester fabrics. This initial investigation indicated that the release of 

the combustion inhibitor hydrogen bromide (HBr) played a significant role in the 

flame retardation process, along,with indications that the thermal stability of the 

chemicals could be playing some role. The present study was therefore undertaken 

to obtain more information on the kinetics and mechanisms of the thermal 

decomposition reactions of these chemicals. 

In the first part of the study, the weight loss kinetics of the thermal decomposition 

of the individual chemicals were analysed. The second part was concerned with the 

decomposition of the chemicals in the presence of poly(ethylene terephthalate) 

(PET) fabric. The weight loss kinetics were determined by non-isothermal 

thermogravimetry (TG) in air using multiple heating rates between 0.2 and 

20 deg/min. The kinetic parameters were then estimated from the thermogravi- 

metric data according to the methods of Kissinger [4] and Flynn [5]. 

Experimental 

The following dibromo alkyl phosphates were prepared and purified using 

previously published procedures and their purity checked by TLC [6, 7]: 

tris(2,3-dibromopropyl) phosphate (T23DBPP) 

tris(2,3-dibromo-2-methyl propyl) phosphate (T23DB2MPP) 

tris(2,3-dibromobutyl) phosphate (T23DBBP) 

tris(2,3-dibromo-3-methyl butyl) phosphate (T23DB3MBP) 

tris(3,4-dibromobutyl) phosphate' (T34DBBP) 

The PET fabric used as a substrate was a 100% spun Dacron Type 54 (127 g/m E) 

obtained from Testfabrics,'Middlesex, N.J., U.S.A. The fabric was treated by 

immersion in an appropriate solution of the chemical in methylene chloride. The 

wet fabric was then squeezed through "nip" rollers and dried. The percentage 

weight "add-on" was determined on the basis of quantitative analysis for bromine. 

Although treatment levels of approximately 10% were the goal, the following % 

add-on's (w/w) were achieved: 

T23DBPP 9.1% 

T23DB2MPP 8.7% 

T23DBBP 7.1% 

T23DB3MBP 7.8% 

T34DBBP 9.3% 

J. Thermal Anal. 34, 1988 
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A DuPont 950 Thermogravimetric Analyzer was used to measure sample weight 

loss as a function of linearly increasing temperature with the data being analysed by 

a DuPont 1090 Thermal Analyzer. Sample weights of 184-0.25 mg were used 

throughout the study at heating rates of 0.2, 0.5, 1, 2, 5, 10 and 20 deg/min. All 

experiments were performed in air at a flow rate of 50 mL/min. 

~ ~oo l 

~8o  i 
i 

6~ I - A 

401 

20 

160 200 240 280 320 360 400 440 

Temperature, ~ 

Fig. ! Weight loss curves in air at 1 deg/min for T23DB3MBP (A), T23DB2MPP (B), T34DBBP (C), 

T23DBBP (D), T23DBPP (E) and standard untreated PET 

Thermal analysis of  the tris dibromo alkyl phosphates 

The different thermal stabilities of the five chemicals are evident by examining the 

weight loss curves determined at a heating rate of 1 deg/min (see Fig. 1). 

From these curves, it can be seen that the thermal stability increases as follows; 

T23DB3M BP < T23DB2MPP < T34DBBP < T23DBBP < T23DBPP. This order 

also agree~ with the ranking of temperatures to achieve 50*/0 weight loss and the 

measured peak rate temperatures shown in Table 1. However, it should be noted 

that all these chemicals are less stable than the polymer into which they are to be 

incorporated as defined by the onset of decomposition and the measured peak rate 

temperature (i.e. 397.8 ~ at 1 deg/min for PET). 

The measured peak rate temperatures determined at several heating rates 

allowed the apparent activation energy to be determined by the Kissinger method 

[4]. Applying this approach to our data, using the procedure described in detail in an 

earlier paper [8], enabled the values presented in Table 1 to be calculated. Although 

these values are based upon only one single value from each weight loss curve, they 

have been found to provide a reasonable estimate of a first order activation 
energy (E). 

J. Thermal Anal. 34, 1988 



736 DAY et al,: THERMAL DEGRADATION KINETICS 

However, of the various methods that have been reported for the estimation of 

overall kinetic parameters from non-isothermal TG  data, the method developed by 

Flynn [5] has been the most widely used. In this approach, the apparent Arrhenius 

activation energy (E) for the degradation process is calculated from the following 

expression: 

log F(~) = log (AE/R)- log (fl) - 2 .314-  0.4507 E/RT 

by plotting the log of the heating rate (/~) against the reciprocal of the absolute 

temperature ( l / T )  for a fixed degree of  conversion (ct). The slope of the resultant 

line is given by - 0.4507 E/R enabling E to be obtained. In addition, a value of log A 

can be found from the intercept on the log fl axis. 

The results of these calculations are presented in Table 2. From these data, it can 

be clearly seen that although the differences in apparent activation energies are not 

Tila~le 1 Maximum rate temperatures, maximum rates and first order activation energies for chemicals 

using Kissinger's method 

Chemical T23DBPP T23DB2MPP T23DBBP T23DB3MBP T34DBBP 

Measured values 

from 1 deg/min 

ctJ.i'ves 

Peak 

temperature, 

~ 

Peak rate, 

% min 

Temp. of 50% 

wt. loss 

Activation 

energy, k J/tool 

262.9 207.0 245,3 175.9 232.5 

14.5 I04.7 69.8 35.8 9.84 

261.1 206.9 2448 175.9 230.6 

121 +4.3 131,4• 128.7 :~4.2 123,4i 3.1 117.15:3.0 

T a l ~  2 Kinetic parameters for the thermal decomposition of the tris dibromo alkyl phosphates as 

determined by the method of Flynn 15] 

Activation Relative rate 

energy, Log A. sec ~ constants 

kJ/mol at 250 ~C 

T23DBPP 123.6 • 1.3 13.3 4- 0.2 1 

T23DB2MPP 133.1 • 0.4 15.8 • 0.1 33 

T23DBBP 129.5 • 1.5 14.3 i 0.2 2.6 

T23DB3MBP 121,8 + 1.7 15.5 • 0.3 221 

T34DBBP 114.61 1.2 13.2• 6,2 

J. Thermal Anal. 34, 1988 
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appreciable, major differences in the relative rate constants are evident. Clearly, as 

far as the decomposition of these dibromo alkyl phosphates are concerned, the 

presence of methyl groups in the basic tris(2,3-dibromopropyl) phosphate structure 

influences the thermal stability and decomposition rate. In order to understand the 

reasons for this effect, the thermal decomposition mechanism must be examined. 

According to Okamoto et al. [9], T23DBPP decomposes mainly through an 

intermolecular transfer process according to the following scheme: 

O CH2Br O 

I II 
/ .  P " C H ~ H 2 0 ~ P ~  / 

o3 
\ / 

C H 2 ~ H B r ~ C H 2 B r  

O CH2Br O 

II I II 
~ p - - 4 ~ H - - - C H  2- -O~P 

+ 

CH2Br---CHBr~H2Br 

to account for 1,2,3-tribromopropane as the major product. Paciorek et al. [10] 

meanwhile have speculated that the dehydrobromination of T23DBPP is the first 

stage in the decomposition followed by the liberation of phosphoric acid and 1- 

bromo-allene formation. 

O O 

II II 
\ P ~ H 2 ~ H . - - 4 S -  HBr ~ H P ~ H 2 - 4 2 H  = CHBr + HBr / 

Br . . . .  H O 

II 
P ~ H  + CH 2 = C = CHBr 

Subsequently, hydrogen bromide additions to the 1-bromo-allene is then 

speculated to account for the major products of pyrolysis, the bromopropenes and 

1,2,3-tribromopropane. 

Infortunately, both of the above decomposition mechanisms are dependent upon 

reactions centered around the 2-bromo atom and as such methylation on the 2 

position rather than the 3 position would be expected to cause a larger increase in 

rate according to the data presented by Maccoll [11]. This arises from the inductive 

effect of the methyl group causing enhancement of the resonance stability of the 4 

centred transition state. This enhancement of the degradation by 2-methyl 

substitution over that of 3-methyl substitution is clearly evident in comparing the 

results of T23DBBP and T23DB2MPP with those of T23DBPP. 

J. Thermal Anal. 34, 1988 
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When the data for the T23DB3MBP are considered, the observed enhanced rate 

clearly does not fit either of the above two mechanisms as written, since the two 

methyl groups are in a fl position with respect to the 2-bromo, and the inductive 

effect is known not to be as effective in this position [11] (i.e. compare the T23DBBP 

andT23DB2MPP rates). The fast rate of decomposition for the T23DB3MBP 

therefore suggests that with this compound the 3-bromo becomes the active 

centre, i.e.: 

CH3 
/ O ,  I CH3 O O CH3 

", J I I /  \ l l  I 
\ P ' / " -~  JC CHBr----CH2---O---P or J P--O--~H2---CBr-----=C- ---CH3 

/ Io" ) " I t 
.~ ur H . . . . .  Br 

\ J  

CH 2 -  
Clearly, the presence of these two methyl groups on the active carbon to which 

the bromine is attached would be anticipated to enhance the stability of both these 

transition states and could account for the high rate of decomposition experienced 

with this compound. Measurements of hydrogen bromide evolution on these 

chemicals have revealed that T23DB3MBP liberate more HBr (2-10 times more) 

than any.~ of the other compounds [3], suggesting that the four centred 

intramolecular transition state is the favoured process. 

Thermal analysis of tris dibromo alkyl phosphate treated PET \ 

The weight loss curves obtained at 1 deg/min for PET treated with these chemicals 

are shown in Fig. 2. Also included in this figure are the calculated curves obtained 

from the individual weight loss data for PET and each chemical. These curves were 

computed using the DuPont File Modification Utility software program. 

Comparison of the calculated curves with the actual experimental weight loss 

curves gives a clear indication of any actual interaction between the chemical and 

the PET. 

If no interaction was occurring between the chemical and the PET substrate, the 

calculated and experimental curves should coincide. However, differences are 

clearly evident in all cases indicating that interactions are occurring with the 

additive affecting the rate of weight loss of PET, a phenomena noted with other 

additives [!2]. All the calculated curves have a relatively sharp weight loss zone at 

low temperatures associated with the loss of the chemical. The experimental curves 

on the other hand do not show this sharp region (with the exception of 

T23DB3MBP) although there does appear to be some early weight loss in all cases. 

This suggests that for the most part, the added chemical is not as free to loose weight 

when present in the PET as it was when heated alone. Another striking example of 

J. Thermal Anal. 34, 1988 
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Fig. 2 Weight loss and derivative thermogravimetric curves in air at 1 deg/min for T23DB3MBP (A), 

T23DB2MPP (B), T34DBBP (C), T23DBBP (D) and T23DBPP (E) treated PET samples. 

Experimental curves shown (--)  and simulated curves calculated from the chemical and PET 

shown (- - - )  
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chemical interaction between the chemicals and PET is the enhanced rate of weight 

loss noted in all experimental runs around 320 ~ corresponding to the onset of the 

rapid weight loss of PET. Coupled with this earlier onset of PET weight loss is a 

reduction in the maximum rate. With respect to the high temperature oxidation of 

the char represented by the weight loss above 420 ~ all chemicals seem to be 

responsible for similar effects in causing a more gradual and prolonged weight loss. 

The Kissinger kinetic analysis procedure [4] has been applied to each of these four 

stages of the decomposition and the results obtained are summarised in Table 3. 

Clearly, for the main weight loss region (3rd Stage) there are only slight differences 

in the activation energy as measured by this technique, while during the high 

temperature oxidation of the char (4th Stage), no significant differences could be 

detected. The main differences in the activation energies were associated with the 

early weight-loss regions (i.e. Stages 1 and 2) where the decomposition of the actual 

chemical is obviously playing asignificant role in the calculated values. However, as 

was pointed out earlier, the Kissinger data are of limited value in that they just give 

information at the peak rates. 

,of" o,., o', i,o: 
Froctional weight loss,o( 

Fig. 3 Calculated activation energies as a function of fractional weight loss for T23DB3MBP (- - -), 

T23DB2MPP ( . . . ) ,  T34DBBP ( - . . - ) ,  T23DBBP (=-.-), T23DBPP ( - -  - - )  trated PET samples 

and standard untreated PET (--) 

More informative kinetic data are obtained by the application of the Flynn [5] 

technique. This approach enables the kinetic parameters to be determined at 

various degrees of conversion (~). These data, for the activation energies 

(summarized in Fig. 3), enables four zones or stages of decomposition to be 

distinguished for the treated PET samples, corresponding approximately to the 

J. Thermal Anal. 34, 1988 



T a l ~  3 Peak values from the 1 deg/min heating rates and activation energies calculated according to the Kissinger method 

T23DBPP T23DB2MPP T23DBBP T23DB3MBP T34DBBP 
Std PET 

on PET on PET on PET on PET on PET 

~2 
> 
,< 

1st Stage 

Peak temp., ~ 247 246.0 228 238 181 238 "-] 
-r- 

Peak rate (%/min) 0.42 0.12 0.35 0.13 0.95 0.16 

E~, kJ/mol - -  - -  113.9• 113.7 + 1.5 - -  

2nd Stage 

Peak temp., ~C 322 327 331 320 335 322 

Peak rate (%/min) 0.24 0.43 0.54 0.46 0.51 0.52 
7~ 

Eo, kJ/mol 117.7+6.2 159.7+1- 17.1 105.2i 1 0 . 0  132.5+5.4 102.04+4.9 ;~ 
~7 

3rd Stage ;~ 

Peak temp., ~ 394 393 394 392 389 392 

Peak ra'te (%/min) 1.82 1.35 1.30 1.29 1.35 1.22 7~ 

E,, kJ/mol 184.5 + 3.7 194.6 + 8.8 195.3 + 9.1 195.8 + 8.5 186.3 + 4.5 205.2 + 3.7 
7~ 

4th Stage ,~ 

Peak temp., ~ 450 468 469 468 469 468 
r~ 

Peak rate (%/min) 0.40 0.22 0.20 0.21 0.19 0.21 

E,, kJ/mol 148.9+4.5 142.5+ 1.0 143.3+0.6 142.0+ 1.6 141.1 +4.8 144.8+ 1.8 
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stages identified from the maximum rates according to the Kissinger method. These 

zones can now be further analysed to obtain "global" kinetic parameters for specific 

fractional weight loss regions of  the decomposition. These parameters determined 

using a weighed mean statistical procedure, are presented in Table 4 for 

comparative purposes. 

Interestingly, while all treated PET samples tended to show two early zones 

between 0.01 and 0.1 and between 0.15 and 0.4, the untreated PET instead has only 

one major zone between about 0.01 and 0.2, above which there is a progressive 

increase until the E starts to level offat  about 0.6. Meanwhile, the calculated kinetic 

parameters over the main weight-loss region are very similar for each of the 

treatments and closely resemble those for the standard untreated PET. For 

example, for the main weight-loss region (0.5~).8), the calculated values are close 

enough to suggest that the additive has only a very slight effect on the degradation 

rate. A similar observation can also be made with respect to the 4th Stage 

degradation process where once again the differences between the untreated and 

treated PET samples are not significant, especially in terms of the large uncertainty 

associated with these values. However, it should be noted that although the 

differences are not large, in all cases, without exception, the presence of  the additive 

does cause an enhanced weight loss rate over that of the untreated PET. 

During the early stages of decomposition, the degradation rates are not only 

dependent upon the presence of  the additive, but also its chemical structure. For 

example, during the first 100/o weight-loss zone, the rates for the treated PET 

samples are significantly faster than those for the untreated PET. The fact that the 

relative rate constants for the five treatments closely resemble the relative rate 

constants for the neat chemicals suggests only a slight interfering action from the 

PET. Comparison of the calculated rate constants for the decomposition kinetics of 

the chemicals and the I st Stage for the PET treated fabrics are presented in Table 5. 

From these data, it can be clearly seen that if the weight loss of the treated fabrics is 

assumed to be due to the degradation of the chemicals only, its rate is substantially 

reduced when present on the PET. Consequently, based upon release of HBr being 

the active source of  combustion inhibition, the chemicals should be more effective 

when present in the fabric especially when the release of the combustion inhibitor 

coincides with the decomposition process of  the polymer. 

In previous kinetic studies of the thermal degradaton of PET, the parameters of  

the kinetic compensation effect (CE) 

LogA = a o E + a ~  

have been utilised to indicate changes in the decomposition kinetics [13-16]. In 

these studies, all stages of  the decomposition processes were combined together to 

calculate ao and a~. This same approach has been applied to the data obtained in 

J. Thermal Anal. 34. 1988 



Table 4 Kinetic parameters for the thermal decomposition of PET treated fabrics 

T23DBPP T23DB2MPP T23DBBP T23DB3MBP T34DBBP 
Std PET 

on PET on PET on PET on PET on PET 

D 
> 
.< 

1st Stage 

a range (0,01-O.l) E,, kJ/mol 84.7 + 2.3 88.9 4- 

LogA, sec -I  7.774- 0.21 9.184- 

Relative rate constant @ 250 ~ 1 9.5 

2nd State 

~t range (0.15-0.4) E,, kJ/mol 116.4 4- 4.5 

LogA, sec -~ 101944- 0.30 

Relative rate constant @ 300 ~ 3.1 

3rd Stage 

~, range (0.5--0.8) Eo, kJ/mol 170 4- 3.1 

LogA, sec -~ 14.84+ 0.33 

Relative rate constant @ 300 ~ 1. ! 

4th Stage 

range (0.85-0.98) E,, kJ/moi 136.8 4- 2.5 

LogA, see - t  11.634- 0.11 

Relative rate constant @ 300 ~ �9 1 

9.7 102.8 4-2.1 80.6 4-8.7 118.5 4- 2.1 85.3 + 

0.99 11.084-0.34 8.26+0.69 13.874- 0.36 8.984- 

31.3 7.2 514 14.1 

115.4 4-19.8 116.4 4-3.5 106.1 4-2.7 115.2 4- 3.7 110.8 4- 2.4 

10.364- 1.60 10.894-0.34 10.114-0.17 10.72+ 0.29 10.494- 0.18 

1 2.8 4.0 2.4 3.5 

163.1 4- 3.0 160,8 -1-5.5 164.9 +6.7 158.0 4- 5.6 161.9 + 6.6 

14.12-t- 0.24 14.124-0.40 14.454-0.48 13.91:1: 0.42 14.214- 0.47 

1 1.6 i.5 1.8 1.6 

143.3 4-14.9 124,9 +7.8 130.1 •  116.1 4-13.4 132.7 4-11.4 

12.2 4- 1.39 10.67+0.44 11.054-0.67 10.094- 0.77 11.314- 0.90 

1.1 1.3 1.1 2.2 1.2 

9.0 

0.96 

~r 
> 
r -  

> 
~7 
> 
-4 

Z 

-] 

r~ 

.L 
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Table 5 Calculated rate constants  from the kinetic parameters derived using the Flynn method 

k at 250 ~ k '  at 250 ~ 

Chemical for neat chemical, for the 0.01 q). 1 k/k'  

sec -~ ~ range on PET, s ec - '  

T23DBPP 9.6 1.9 5.0 

T23DB2MPP 319 6.4 49.6 

T23DBBP 25 1.5 17.0 

T23DB3MBP 2135 105 20.3 

T34DBBP 60 2.9 20.8 

Tml~le 6 Regression coefficients of  compensation effect plots of  the kinetic data  obtained from the Flynn 

method 

a o a I r 

Std PET -0 .081 4-0.001 0.954-0.03 0.999 

T23DBPP - 0.074 + 0.002 2.16 + 0.28 0.99 I 

( -0 .0774-0.003)  (1.71 +0.29) (0.989) 

T23DB2M PP - 0.065 4- 0.006 3.49 + 0.71 0.924 

( -0 .078+0 .003 )  (1.54+0.37) (0.981) 

T23DBBP - 0.073 + 0.002 2.17 + 0.24 0.992 

( - 0 . 0 7 6 + 0 , 0 0 3 )  (1.85+0.31) (0.985) 

T23DB3MBP - 0.070 4- 0.012 3.18 + 1.56 0.769 

( -0 .080+0 .003 )  (1.21 +0.30) (0.988) 

T34DBBP - 0.069 4- 0.003 2.76 �9 0.35 0.982 

( -0 .0734-0.005)  (2.19+0.41) (0.977) 

Values in parenthesis obtained by rejection of  the ~t=0:01~).l data. 

this study for the treated PET samples and the results obtained are summarized in 

Table 6. 

From these data, it can be seen that all additives are responsible for changes in a0 

and a~, although not to the same degree but at least in the same direction. 

Unfortunately, this direction of  change has been interpreted to correspond to a 

nonbeneficial effect in the condensed phase fuel producing reactions in flame 

retardation studies [17] a finding confirmed in o u r  studies with commercial 

T23DBPP [14, 18]. 

Interestingly, the data presented for T23DB2MPP and T23DB3MBP in Table 6 

show large errors and poor correlation coefficients "r" .  Examination of the actual 

Iog A vs. E plots revealed that the data for the ~t values between 0.01~.1 were 

J. Thermal Anal. 34, 1988 
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obviously outliers, i.e. they did not lie on the same line as the other data. When the 

data were re-evaluated omitting the data up to ~ = 0. I, the new ao and a~ coefficients 

were more consistent. Clearly, therefore, the greatest differences in the behaviour of 

these chemicals on the thermal decomposition of PET lie in the early weight-loss 

stages. In the case of T23DB2MPP and T23DB3MBP, the kinetics of the earlier 

weight loss stage appear to be significantly different from those observed for the 

other chemicals. Not only are they responsible for discrepancies in the regression 

coefficients, but also marked differences in the apparent activation energies E for 

the 1st Stage decomposition (Table 4). Interestingly, these two compounds were 

also the only ones to provide sufficient data to enable peak E values to be 

determined for the 1st Stage according to the Kissinger method (Table 3). 

Although possible chemical and physical interaction may be occurring between the 

chemicals and PET, it would appear that in the case of T23DB2MPP and 

T23DB3MBP, the major cause of these different kinetic behaviours lies in the lower 

thermal stability associated with these two chemicals. T23DB2MPP and 

T23DB3MBP decompose at lower temperatures, consequently their effect on the 

regression coefficients, as noted in Table 6 are the least nonbeneficial once the 

earlier weight loss has been accounted for. Thus, in terms of  actual flame 

retardation this observation may help in part to explain their relative effectiveness 

in comparison to the other compounds [3]. 

Conclusion 

The incorporation of methyl substituents into the tris dibromo propyl phosphate 

structure reduces the thermal stability of the compounds. Kinetic measurements of  

the weight-loss decomposition rates have indicated that two methyl substituents in 

the 3 position result in the greatest effect followed by 1 methyl substituent in the 2 

position. Incorporation of these chemicals into PET at an approximate "add on" of 

10% resulted in only slight changes to the degradation of PET, similar to those 

observed previously for the commercial flame retardant T23DBPP. 

The authors wish to express their appreciation to Dr. S. D. Nelson and Dr. J. G. Omichinski of the 

Department of Medical Chemistry, University of Washington, Seattle, Washington, 98195, U.S.A. for 

supplying the chemicals for this study. 
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Z u ~ a m m t ~ f ~ n g  - -  Fiir eine Reihe von Tris-dibrom-alkylphosphaten (/ihnlich dem Tris-(2,3- 

dibrompropyl)-phosphat (T23DBPP) wurde mittets nichtisothermer Thermogravimetrie deren ther- 

mische Zersetzung separat bzw. eingebettet in Poly/ithylenterephthalat- (PET) gewebe untersucht. Eine 

kinetische Analyse zeigte, dab Tris-(2,3-dibrom-3-methylbutyl)-phosphat (T23DB3M BP) vor Tris-(2,3- 

dibrom-2-methylpropyl)-phosphat (T23DB2MPP) die gr6Bte Zersetzungsgeschwindigkeit aufweist. 

Tris-(3,4-dibrombutyl)-phosphat (T34DBBP) und Tris-(2,3-dibrombutyl)-phosphal (T23DBBP) 

verf'figen fiber eine nur schwach geringere Zersetzungsgeschwindigkeit als das T23DBPP selbst. Die 

zxrsetzungsgeschwindigkeit des mit den Chemikalien behandelten PET ist nur um ein geringeres h6her 

als die des unbehandelten Gewebes. Ausnahmen bilden hier nut einige anfhngliche Gewichtsverluste, die 

anscheinend auf den Zerfall der Chemikalien zuriickzuffihren sind. Die errechneten kineti~hen 

Parameter lassen darauf schlicBen, dab sich alle obigen Substanzen/ihnlich dem T23DBPP verhalten, 

n~ulnlich in einer auffallend ungiinstigen Beeinflussung der kinetischen Eigenschaften der Zersetzung in 

der kondensierten Phase, w/ihrend sie auf Grund der entflammungshemmenden Wirkung als 

Entflammungshemmer in der Gasphase dienen k6nnen. 

P e ~  - -  HeHBOTepMHqeCKOfi xepMorpaaHMeTpnefi tt3yqeHO TepMtlqOCrOe paB~oxxeHne pF,,aa 

Tprl(6poMa.rm'g_a)Cl~aToa, nO~O6H~X TpH(2,3-~rl6poMuponI~.a)qboc~aTy (T23~BPP), r a t  qMCTUX, 

Tar H BaeJleunux B noaHaT~l~eHTepeqbTa,aaT (PET). KnHerHqecKne onpeaeaeaH~ noxaBa,rm, qTO 

cxopoerb pa3.aoxenH~ 6u.aa HaH6oJIhtUe~ ~ f l  Tpn(2,3-~n6pOM-3-MeTa.a6yTnn)qboc~aTa, a 3aTeM ~Xa~ 

-rpu(2,3-~irn6poM-2-Mern.rmpoua~)~boc~aTa. Cropocrn paB~oxeHn~ Tpn(3.4-an6poM6y'rnn)dix)c~aTa 
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n xpH(2,3-an6pou6yTnn)qbocqbara 6harm TOnbKO n e u n o r o  shame no cpaBHenltlO C CaMrlM rpn(2,3-  

aH6poMnponnn)qbocqbaxom. CKopocxa  pa3noxeHn~  noanaTn~eHvepeqbTaaaxoB, o 6 p a 6 o x a n n u x  

")THMH COC,~HHeHH$1MH, 6bL~H TO.JIbKO HeMHOFO 60.JlbLUHMH nO cpaBneHI,'Im C HeO6pa6OTaHHHMH, 3a 

HCKJIlOqeHFleM Haqa..rlbHl:dX CTa.aHfi noTep~4 8eca, rj~e npoMcxo~H.ao HeKOTOpOe pa3.nO~eHne I ~ . . ~ T O B .  

KaHeTayecrne napaMeTpbi, a u n n c ~ e H n u e  Ha OCHOBe kI3OKOH~pCI4OHHOFO Meroaa  COBMeCTHO C 

rpaqbnKaMn p e j p e c c n o n n u x  ro~bcl)naneuToa KoMneHcalll4Ortnoro ~ g T a ,  npeanoaaraJoT,  qTO BCC 

ncc~e~oaaHaue  c o e a n a e a n ~  aef/yT ce6~ flo~Io6Ho rpu(2,3-1lit6poMrlpOrl~l~)dlm~aTy , iIMeH ~ svtay ux 

gaxymn,qca  ape.anmfi 3qx~erT Ha r~lHeTary pa3.~oxeHI4:~ KOHJIeaCHpOBaHHOfi ~baau. OTHOCHTe.YlbitO HX 

B~'IH~IHHIq Ha 3aMe/LrleHHe FOpeHHlq, OHI, I /leI4CTaylOT KaK 3RMe~LrlHTeylI,! BOCII.YlaMeHeHH~ Fa3oBOH (~)a3h/. 
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