AD7.35687

ng
COPY NO. 2%

TECHNICAL REPORT 4261

APPLICATION OF SUPERPOSITION TECHNIQUES
TO |

THERMAL DEGRADATION OF EPOXIDE RESINS

H. T. LEE
ELISE MCABEE
DAVID W. LEVI

DECEMBER 1971

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED.

PICATINNY ARSENAL C
DOVER. NEW JERSEY
D Dnﬂ_i?

feproduced by

NATIONAL TECHNICAL
INFORMATION SERVICE

springfield, Vs 12151




'The findings in this report are not to be comstrued
as an official Department of the Army position.

DISPOSITION

Destroy this reporl when n¢ longer needed. Do not
return it to the originator

-




UNCLASSIFIED

Security Classification

DOCUMENT CONTRDL DATA-R&D

(Security claasificalion ol ittls, body of abatiact and indaxing snnotution muat be antarad when tha overall raport ia clsaalliad)

1. ORIGINATING ACTIVITY {Corporate author) im, REPORT SECURITY CLASAMIFICATION
UNCLASSIFIED
Picatinny Arsenal, Dover, N. J. 07801 5. GRouP

4. REFPORT TITLE

APPLICATION OF SUPERPOSITION TECHNIQUES TO THERMAL DEGRADATION
OF EPOXIDE RESINS

-

. IQEIC RIPTIVE NOTES {Type of raport .nd {nciusivs datas)

8. AUTHORIB) (Firat nama, middle inftial, fest name)

H. T. Lee
Elise McAbee
David W. Levi

5. REPORT QATE 78, TOTAL NO. OF PAGES 7b. NO. OF REFS
DECEMBER 1971 41 9
8, CONTRACT OR GRANT NO, 80. ORIGINATOR'S REPORT NUMBER(S)
8. rrosecTno. DA 1T 062105A32907 Technical Report 4261

€. A'MCMS C(.)de SOZE <11, 29507 9b. OTHER REPORT NO(S} (Anyr other numbers that may be assignec
thia repert)

d

10. CISTRIBUTION STATEMENT

Approved for public release; distribution unlimited.

11. BUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

15. ABSTRACT

: Time-temperature superposition was successfully applied to thermogravimetric
{TGA) data for the thermal degradation of a number of cured 2xpoxide resins. For
several epoxides and for two curing agents, the same values of log ap were appli-
cable, This suggests that the same chemical processes were occurring in all
cases, at least up to conversions of about 50%, Since log ap was Iinear with tem-
perature, it also was possible to superpose W versus log T plots at various rates
of heating. Once more, the same shift faciors {log K) could be applied to all the
epoxides studied.

—
DD 3V 1473 setslara s3a 20 el ot s muen UNCLASSIFIED
. Security Clessalficaton

-




S B

L

UNCLASSIFIED
Security Classification
LINK A LINK B LINK ©
KEY WOROS
ROLE wT ROLE wT ROLE wT
Epoxides
Superposition
Thermal degradation
Thermogravimetric analysis
Shift factor
Master curve
UNCLASSIIIED

Security Classlfication




Technical Report 4261

APPLICATION OF SUPERPOSITION TECHNIQUES TO THERMAL
DEGRADAT ION OF EPOXIDE RESINS

by

H. T'. Lee
Elise McAbee
David W. Levi

December 1971

Approved for public release; distribution unlimited

AMCMS Code 502E.11.29507
DA Project No. 1T062105A32907

W

Mzterials Engineering Division
Feltman Research Laboratory
Picatinny Arsenal &
Dover, N.J.




oy wevTTERErER O

The citation in this report of the trade names of commercially

available products does not constitute official indorsement or approval
of the use of such products.




T

Object

TABLE OF CONTENTS

Abstract

Introduction

Results and Discussion

Conclusion

References

Distribution [.ist

Tables
1 List of epoxides studied
Figures
1 Weight loss of DER 332 as a function of time
2 Master curve of weight loss versus reduced time
for DER 332. Constructed from Fig 1 using the
log ap terms on the graph
3 Weight loss of Epon 820 as a function of time
4 Master curve of weight loss versus reduced t'me
for Epon 820. Constructed from Fig 3 using the
log ajy terms on the graph
5 Weight loss of Heptyl as a function of time
6 Mastcr curve of weight loss versus reduced time

(S =N Y

for Heptyl. Constructed from Fig 5 using the
log a4y terms on the graph

Page No.

31

10

11

12




10

1l

12

13

14

15

16

17

18

19

20

Weight loss of Undecyl as a function of time

Master curve of weight loss versus reduced time
for Undecyl. Constructed from Fig 7 using the
log ap terms on the graph

Weight loss of Pentadecyl as a function of time
Master curve of weight loss versus reduced time
for Pentadecyl. Constructed from Fig 9 using
the log ap terms on the graph

Weight loss of halogenated 6F as a function of time
Master curve of weight loss versus reduced time
for halogenated 6F. Constriucted from Fig 11
using the log ap terms on the graph

Weight loss of Undecyl (HMDA cured) as a function
of time

Master curve of weight loss versus reduced time

for HMDA cured Undecyl. Constructed from Fig 13

using the log ap terms on the graph

Arrhenius plot of shift factors for determination of
activation energy

Shift factors versus temperature for the cured
epoxide resins

Shift factor versus rate of heating

Masier cu' . - of weight loss versus temperature
for DER 332

Master curve of weight loss versus lemperaiure
for Epon 820

Master curve of weight loss versus temperature
for Heptyl

13

14

15

16

17

18

19

20

21

CAfe

23

25

26




(ol D i o i)

T —

21

22

23

24

Master curve of weight loss versus temperature
for Undecyl

Master curve of weight loss versus temperature
for Pentadecyl

Master curve of weight loss versus temperature
for halogenated 6F

Master curve ci weight loss versus temperature
for HMDA curcd Undecyl

27

28

29

30




=™

OBJECT

The object of this sti;d- .7as to apply temperature-time super-
position to thermogravimet -iwc (TGA) data involving the thermal

degradation of epoxide resins.

ABSTRACT

Time-temperature superposition was successfully applied to
thermogravimetric (TGA) data for the thermal degradation of a
number of cured epoxide resins. For several epoxides and for two
curing agents, the same values of log ap were applicable. This
suggests that the same chemical processes were occurring in all
cases, at least up to conversions of about 50%. Since log ap was
linear with temperature, it also was possible to superpose W versus
log T plots at various rates of heating, Once more, the same shift
factors (log K) could be applied to all the epoxides studied.,

[




INTRODUCTION

A widely used method of studying the thermal degradation of
polymers involves measuring the volatiles given off by recording
weight lcss as a function of time and temperature. At least in cer-
tain cases, it should be possible to apply superposition methods in
the treatment of such thermogravimetric analysis (TGA) data (Ref
1, 2}, This report describes such an application to TGA results
obtained in these laboratories for a number of epoxide polymers.

RESULTS AND DISCUSSION

A temperature-time superposition method should be valid for any
rate process where the temperature influences only the rate constant
k. Even where the effect of temperature is more complicated, it
usually is to be expected that the major temperature dependence is
through the rate constant (Ref 1, 2).

If ko is the rate constant at the reference temperature and k the
rate constant at any other temperature, then log (k/ke) = log ap is
the amount by which the data must be shifted along the log to axis.
The rate constant is conventionally written

Kk = Ae -AH/RT (1)

Then the ratio of rate constants for temperatures T and T, is

H 1 i
log (k/kg_ = log ap = —m (T -?0) (2)

wher < *¥ ig the activation energy and R is the gas constant.

Thermogravimetric data for several epoxide polymers have been
obtained in these laboratories over the past few years (Refs 3 through
7). These data were used to test the validity of applying the super-
position method to TGA curves.
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The epoxides studied and the abreviations that will be used in
this report for them are shown in Table 1 (Ref 5). Kach epoxide was
cured with m-phenylenediamine (MPD) as described in the carlier

reports (Ref 3, 4). In one case, thc undecyl wo= cured with hexa-
methylenediamine (HMDA) (Ref 3).

The primary thermograms (Ref 3, 4) had been obtained as weight
loss versus temperature traces at several rates of heating., Such
curves, due to the usual nonlinear temperature dependence of the
shift factor (Ref 8), would not be expected to superposable by hori-
zontal shifts along the temperature axis. However, since traces for
several rates of heating were available {(Ref 3, 1), it was possible
to plot weight loss versus log time from the information in the prim-
ary curves. Such plots are shown for DER 332 in Figure 1. These
weight loss curves were shifted to the 400° C curve along the log
time axis to give the curve shown in Figure 2, The shift distances
along the log time scale are denoted log apy (Ref 1}, Figure 2 does
indicate that a time-tuomperature superposition applies to this type
of data. Figures 3 through 12 show the corresponding plots for the
other MPD cured epoxides listed in Table 1. Figures 13 and 14 give
the results for the undecyl epoxide cured with HMDA.

It is noteworthy that the same shift factors {(ap} could be used in
constructing master curves, despite the structural differences ia the
epoxides. This was also true in the one case where the curing agent
was changed; and it would seem to indicate that the degration was
following the same course in each case, the primary process not de-
pending on structural changes that were introduced into this series
of polymers. In earlier work (Ref 3, 5), it was found that activa-
tion energy values for the degradation of MPD cured epoxides were
essentially constant within the experimental error., This .1so indi-
cated that chemical processes occurring in the degradation were the
same for all the polymers, It is known that degradation of cured
epoxide resins during early stages primarily involves destruction
of the aromatic ether moieties (Ref 5, 9}). The thermograms used
in the present work are reliable up to around 50% degradation (R=f 3).
Above this degree of conversion, deposition of material on the balance
weighing system made the resulis somewhat suspect. So it would
appear that the data obtained probably maiuly reflects changes in the
ether maoiety, It is belicved thal such changes will be little affected
by steric factors arising from side-chain effects (Ref 3, 5).
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The same conclusions appear to hold for the single HMDA cured
sample. As ‘ndicated above, the same ap vaiues that were used for
the MPD ¢ ed samplcs could also be applied to this material. Lee,
Reich, an. Licevi (Ref 3) found that in this case the activation energy
for degradation appeared to some 15% lower than that for MPD cured
epoxides. On the basis of the limited data at their disposal, however,
they could not be certain whether this was a real effect or only experi-
mental error. Qur results here tend to support the latter view.

A plot of log apy versus 1/T according to Equation (2) is shown
in Figure 15. An activation energy of 15 kcal/mole was found from
the Arrhenius plots for all of the cured epoxides studied. This con-

stancy is to be expected if the same degradation processes are oper-
ating in all cases over the conversion range investigated.

Most kinetic parameters evaluated from TGA data based on the
reaction rate equations were weight dependent. The prime para-
meters in these equations were concentrations expressed in terms
of weighit changes. The implication of weight dependency possibly
would affect the values of the evaluated kinetic parameters. This
probably would account for the differences between the values for the

activation energy obtained in the present study and those from earlier
work.

Figure 16 shows the temperature dependence of log ap). The fact
that log apy is linear with temperature suggests that superposition
might be applicable to W versus log T plots at various rates of heat-
ing (Ref 8). Visual inspection of such plots also indicated that they
were nearly parallel,

Shift factors, designated in this case, as K for superposing the
weight loss-log temperature plots were determined by inspection
for each of the epoxides. Upon plotting the average log K values
against rate of heating (RH), the curve shown in Figure 17 then were
used in constructing the master curves shown in Figures 18 through
24, It appears that the superposition procedure is applicable to these
curves and that the same log K values can be applied to all of them.
This demonstrates once more that e same chemical processes
seem to be occurring in the thermal degradation of all the epoxide
resins studied.




1.
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8.

CONCL.USION

Time-temperature supcrposition can be applied to thermogravi-
metric data for cured epoxide resins.
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TABLE 1

List of epoxides studied

CH
/0\ F3 /0\
CH2 -CH-CHz-O- -(!3 — -0-CH2-CH-CH2
R

R Abbreviation
-CH3 Epon 820
-CH, DER 332
- (CH2) 6CH3 Heptyl
-(CH2)10CH3 Undecyl
- (CH2) 14CH3 Pentadecyl
0 CF 0
7\ P3 /\
CH2-CH-CH2-0- -gF;—- -O-CHZ-CH-CHZ

Halogenated 6F
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