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Study of Thermal Stability and Degradation of
Pire Resistent Candidate Polymers for Aircraft Interiors .
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I.‘Introduction |
| The thermochemistry of bismaleimideAfesins and phenolphthalein
. polycarbonate were,studied, Both tyéé; of'materials are Tire-
' resfﬁtant polymers and may be suitable f?p aircraftv interiors.
The chemical coﬁbosition of @he'polymers”have been determined
by nuclear magnetic resonance and infrafed.spect:oscopy and by
. elemental analysis. Thermal properties of these polymers have -
beén characterized by thgrmog:avimetrié analyses;  Qualitative
-evaluation of the volatiie'prgducts formed in pyrclysis under
- oxidative and non—oxidativg;condifidns“haVe been made using
infrared spectrometry. The residues aftgr pyrolysis were analyzed

by elemental analysis. Thermal stability uf compositi: panel and
thermoplastic materials for aircraft interiors were studied by

thermogravimetric analyses.

II. Bismaleimide resins..
A. Chemical composition
Two types of bismaleimide resins have been studied: MAMD
and Kerimid 60l1. The MAMD bismaleimide resin was prepared by
molding the monomer at high temperature (240°C) and high
pressure (SOOO psi) for two hours and then pcst curing at
240°C for 24 hours to give a highly crosslinked material.
0 0 0 0 ]
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b"i The:chémical structure of the MAMD monomer was confirmed by nuclear

&’fmagﬁeiic resonance anarinfféfedVspectorscopy; Elemental analysisb

data;of the MAMD bismaleimide were compared with the theoretical

~value shown in Table I. Kerimid 6Ol was prepared by molding the

prepolymer in the same manner as MAMD bismaleimide. Nuclear

magretic resonancéispectrum of the Kerimid 601 prepolymer showed

" that it was a mixture of p-methylene dianilime and bismaleimide

monomer in 1:2.2 ratio, and that it al=o contained about 5%

aliphatic groaps.’

~

[.m@-cn; wh| | | [W-@-«:H,.O_NH—]M“
{w ON-@w,@.N? ]
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Prepolymer Kerimid 601
Elemental analyse. of thelprepolymer and Kerimid 601 were compared
with their theoretical composition without counting the aliphatic
groups shown in Table I. Kerimid 601 was not as brittle as MAMD
since Kerimid 601 was not a highly“crosslinked polymer compared
with MAMD. Both bismaleimide resins were solvent resistaSt and
stable below 300°C.
Thermal analysis s
Thermai analyses of MAMD bismaleimide and?Kerimid 601 were conducted
on a Du Pont 950 Thermogravimetric Analyzer using toth air and

nitrogen atmospheres. Figs. 1 and 2 are the thermograms 7or ruu..

2=



and Kerimid 601 in air and in ﬂiﬁrogén §t7§§ribusrhe#tihgm;étéé;WOHW7rm”
These polymers were powdered prior to analysis. The 2% wéight.loss-r
at about 100°C was the loss of absorbed moisture. The char yield

for both polymers were about 60% in nitrogen. The decomposition
temperature of Kerimid 601 was lower than that of MAMD bismaleinide.
From the dynamic TGA curves} the activation energy of decomposition
of MAMD was found to be 45 and 67 Kcal/méle in air and in nitrogen,
respectively. The activation energy of decomposition of Kerimid

601 was found to be 48.7 and 56.8 Kcal/mole in air and in nitrogen,
respectively. .

Isothermal analysis curves for MAMD bismaleimiderand Kerimid 601

at different temperatures’' in air and in nitrogen are showa in

Figs. 3 to 6. ﬁased on the isothermal analysis curves, the activation
energy2 of initial decomposition for MAMD bismaleimide was found

to be 52.7 and 61.6 Kcal/mole in air and in nitrogen, respectively; N
the activation energy for Kerimid 60?7 was found to be 45.7 gnd 53.9
Kcal/mole in air and in nitrogen, respectively. These data are in
good agrcement with the data derived from the dynamic TGA method.
Thermal Degradntion

Thermal degradation of both bismaleimides have been studied in

air, nitrogen and in vacuum. The éesults are shown in Table II.

The percentage of evolved gases was obtained by differeance. (Quali-
tative analyses of the gases were made using infrared spectroscopyB.
The evolved gases from pyrolysis of both polymers in vacuum consisied
of carbon dioxide, cérbon monoxide, some methane, ammonia, woovor

-

and a trace of hydrogen cyanide. The wvolatile maierials irou
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"”i:yféiyéis"dr. ‘both polymers in air contained mainly carbon dioxide

g

and water; The residues after pyrolysis in nitrogen ha?é'ﬁééﬁ'gﬁ*"'

"'analyzed by elemental analys:s. The res;ﬁnes showed incroases

o et e

III.

in carbon content &nd decreases in hydrogen and oxygen centent
(Table'I). Two maJor products shown by ges and ;1qu1d chromato-
graphy were present in the clear volatile 11qu1d £rom pyro;yszs of

both polymers in vacuum. * The two major products in the clear
liquid were analyzed by gas chromatography-mass spectrometer (GCHS)

and found they are aniline and methylaniline in the ratio of

3:2. The mass spectra of aniline and methylaniline from pyrolysis
of bismaleimide polymers are shown in Fig 7 and 8. There are
trace amount of benzene wnd toluene also present in the clear
liquid. The brown liquid is not very volatile and would not pass
through the gas chromatograph column. 100 ng of this brown ligquid
was introduced to the ion source of the mass spectrometer using
direct inlet probe (DIP). The DIP was gradually heated from room
temperature ito 430°C. Start from 230°C some of the materials are

volatile enough to give mass spectra. All the mass spectra above o

230°C contained a peah of m/e 280 indicated that AN ~{_D-CH, *C:>’:>

or its dimer, trimer may be present in the brown liquid. J

The mechanisms of thermal degradation of bismaleimide needs more

study. |
Phenolphthalein Polycarbonate
A. Chehical composition
Phenolphthalein polycarbonate was 2 white powder prepured L
Dow Chemical Company from interaciion of phemolphiaalicin ..l

phosgene.
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The phenolphthalein polycarbonate studied had an intrinsic
viscosity of 0.342 in dichloromethane at 25°C. The molgcular
weight was around 1¥104. Infrared and nuclear magnetic

resonance spectra and elemental analysis confirmed the chemical

structure.

Thermal analyses
Thermogravimetric curves in air and in nitrogen were shown

in Fig. 9. The polymer contained 2% absorbed moisture and

decomposed at 390° in both air and nitrogen, The char yield

“in nitrogen at 800°C was 48%. The activation energy.of the

Cinitial docomposition dotormined from TGA curves wus 41 Kcal/

ﬁole ;n:air and in nitrogen. Isothermal thermogravimeiric
analyses of phenolph@halcin polycarbonaie in air have been
studied (I'ig.10). The estimated activation energy for initial
decomposition was 43.6 Kcal/mole which agrees with the dynamic
TGA data. The activation energy of decomposition of phenolphthalein
polycarbonate is similar to the value reported for bisphenol A
polycarbonate4, since the initial decomposition Zur yuwﬂ R

-

carbonates is the loss of carbon dioxide.



. C.. Thermal degradation

_ Although the decomposition temperature of phenolphthalein poly-
carbonate was 390°C.;n air and in nitrogen, as shown by thermogréms,
the polymer decomposed isothermally below 390°C without showing

- much weight,lossAand gave yellow o brown colorcd material derending
on the temperature and duration. Unlike bisphenol A polyéarbonate
‘which underwent chain-scission only at temperatuées below 3807C

in a seaied vacuum tubes, phenolphthaiein polycarbonate K
underwent both . chain scission and crosslinking below 300°C

in o sealed vacuum tube. The results are shown in Table III.x

- Vhen phenolphthalein polycarbonate wos heated at 254°C'in‘aﬂ§qaled.i
vacuum tubé, the polymer showed slightly yellow color after 2;5 |
hoprs of heating. The yellow phenolpht%alein polycarbonate was

~ soluble in dichlorcmethanc 2ad had less than 0.1% gel. Aitler

30 hours of ‘heating at 254°c, 97% of the polymer was soluble in

dichloromethane with less than 0.5% weight loss. The sol ‘was

bright yellow in color with an absorption et 370 nm and had an
intrinsic viscosity of 0.28 which was smaller than the original

polymer. Infrared and proton nuclear magnetic resonance specira

“were identical to those for phenolphthalein polycarboﬁqte, indicating

llittle microstructural changes other than chain scission. The

yellow color of the sol may be due to low percentage ¢uinone of
.

structural formation in thé chain which was not deteciadble ty

infrared and nuclear magnetic resonanc2 teciniguacs. »or

heating the sol showed some decrease in inirinsic viecosiv,
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ioss. Gel formatlon may be as5091ated with weight loss (LOSu
‘of carbon dioxide and phenol). The’ formatibn of gel wis much
faster at higﬁer temperaturé. A thln f£ilm of phenolphthalei
polycarbonate was casted on a sodlum chlcr;de salt plate unu
then heated at 3(C-170 °Cc. in vacuum. Afﬁd: 1-2 hours the film
turned to brown color, the infrared spec%rum of the brown film

showed some change in carbonate absorption due to loss of carbon

dioxide and also showed several new bands at 1240,1735 and 10665

cm_1 corresponding to aromatic cther, ester and diaromatic
kefone absorptions.

'Phenolphthalein polycarbonate wés heated at 420°C ﬁnder vacuun

for 1 hour and géve 59.6% black residue, 24.7% gases, and 15.6%
volatile solidz.. The gasesAconsisted of mainly carbon dioxide,
carbon monoxide and a small amount méfhane. The volatilesclids
contained mainly phenol which waé identified by infrared. After
removal of the phenol by sublimation, the rest of the volatile
solids were analyzed by mass specctrometer using direct inlet

probe for identification. When the DIP was heated tc 190°C some
solid is volatile. The mass spectrum of this solid is shown in
Tig. 11. The mass spectrum indicatod this solid micht be 2-hydroxy-
anthraquinone. Phenolphthalein polycarbonate was stable ut‘2TOOC

in vacuun for one week., If phenolphthalein polycarbonaic was

Y

heated in air at 2107C, the polymer gradually changed to yellow

color after two days.

S, P : 4
L proposed mechanisms of thermal degradation of phenoljii.ul

0..*1.. [N

polycarbonate is shown in Fig. 12.
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joss. Gel formation may be associated with weight loss (loss
of carbon dioxide and phenol). The formation of gel wis mucen

faster at higher temperature. A thia film of phenolphthalein

. T
auve un.w.

o e
H ]

polycarbonate was casted oa a sodium chlcride salv

bt

then heated at 3¢C-120°C in vacuunm. After 1-2 hours the film
turned to brown color, the infrared spectrum of the brown film
showved some change in carbonate absorption due to loss of carbon
dioxide and also showed several new bands 2t 1240,1735 and 1665
cm-1 corresponding to avomatic ecther, ester and dicromatic
ketone absorptions.

Phenolphthalein polycarbonate was heated at 420°C under vacuun
for 1 hour and gave 59.6% black residue, 24.7% gases, and 15.6%
volatile solidz.. The gases consisted of mainly carbon dioxide,
carbon monoxide and a small amount methane. The volatilesclids
contained mainly phenol which was identified by infrared. After
removal of the phenol by sublimation, the rest of the wvolatile
solids were analyzed by mass spectrometer using direct inlet
probe for identification. When the DIP was heated tc 190°C some

solid is volatile. The mass spectrum of this solid is shown in

TS bl

Fig. 1ll. The mass spectrum indicated this solid might be 2-hydroxy-

snthraquinone. Phenolphthalein polycarbonate was stable at 210°C
in vacuum for one week. If phenolphthalein polycarbonate was

heated in air at 2100

C, the polymer gradually changed to yellow
color after two days.
) .

A proposed mechanisms of thermal degradation of phenolphihalein

polycarbonate is shown in Fig. 12.
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IV, Composite and Thermoplastic materials
In the later part of my grant period I was involved in the
thermal stability study of composite panel and thermoplastic
materials used in aircraft. Secven Boeing composites and two
NASA-Ames developed composite ponel materials and 25 thermo-
plastic materials were studicd by thermogravimeiric analyscs
both in ¢ir and in nitrogen. The results arce summarized in
Table IV-VII.
0.3255 g. of Boeing standard panel was pyrolyzed in air at
700°C for 30 min. in a 5 l:iter chamber. After pyrolysis it
gave 0.1323 g. residue (40.4%%), 0.05 g. volatile solid and

gases. The gases was analyzed by infrared and specific ion
electrode and found 289.5 mg carbon dioxide (3.2% by volumn),
40.32 mg carbon monoxide (7000 ppm), moisture, 0.24 mg hydrogen

cyanide (42 ppm) and trace of methane.
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