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THERMAL AND THERMO-OXIDATIVE STABILITIES OF SOME
POLY(SILOXANE-AZOMETHINE)S

1* 2 2 . 2
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Thermal and thermo-oxidative stability of some poly(siloxane-azomethine)s obtaining starting from bis(formyl-p-phen-
oxymethyl)tetramethyldisiloxane and different organic diamines have been investigated by TG+DTG+DSC simultaneous analyses
performed in argon flow and air static atmosphere, respectively. TG, DTG and DSC curves of each polymer showed three or four
successive degradation steps at different temperatures according to the composition of the sample and the gaseous atmosphere in
which the thermal analysis was performed. For each process, the following parameters were evaluated: total mass loss, temperature
corresponding to the maximum reaction rate, maximum reaction rate, temperature corresponding to certain mass loss. In order to
determine the thermal and thermo-oxidative stabilities of investigated polymers, the following values were determined: 7o, — tem-
perature corresponding to x% mass loss, and %Amr —mass loss at a given temperature 7. The obtained orders of stability were cor-

related with the structure of investigated polymers.
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Introduction

In a previous paper [1] the synthesis of some
poly(siloxane-azomethine)s obtained starting from
bis(formyl-p-phenoxymethyl)  tetramethyldisiloxane
and different organic diamines was presented. Elemen-
tal analysis, IR, NMR, solubility measurements and
DSC analysis were performed [1] for the character-
ization of these polymers. Generally, polyazomethines
distinguish by many attractive properties like relative
high heat stability [2], hole transport properties [2],
liquid crystalline behaviour [3], and many technical
applications (e.g., battery anodes and cathodes, semi-
conductors, energy storage, conversion devices, integ-
rated electro-optics for switching display [4]).

The aim of this work is to complete the charac-
terization of poly(siloxane-azomethine)s with the de-
termination of their thermal and thermo-oxidative be-
haviours. For this purpose, the simultanecous TG+
DTG+DSC analyses in inert atmosphere (Ar) and in
oxidative atmosphere (static air) have been per-
formed. The differences among the thermal parame-
ters will be discussed in relation with the polymers
structures and the orders of thermal and thermo-oxi-
dative stabilities will be established.

Experimental
Materials

Scheme 1 shows schematically the synthesis of
poly(siloxane-azomethine)s PAM1 — PAMOY.
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The samples were prepared by means of
two-step reaction. In the first step, a disiloxane- (and
polysiloxane-) dialdehyde precursors were obtained
from bis(chloromethyl)disiloxane and p-hydroxy-
benzaldehyde. In the second step, poly(siloxane-
azomethine)s were obtained by solution polyconden-
sation, starting from bis(formyl-p-phenoxymethyl)
tetramethyldisiloxane (or polysiloxane) and different
organic diamines, having an aromatic, aliphatic chain
with the presence, or not, of ether linkages. Some de-
tails concerning preparation, as well as an exhaustive
characterization by various techniques (IR, '"H NMR
spectroscopy, elemental analysis, DSC, X-ray diffrac-
tion, etc.) of these polymers were given in our previ-
ous paper [1].

Methods

Thermal analysis

The heating curves (TG, DTG and DSC) of samples
were simultaneously recorded with STA 490C appa-
ratus produced by Netzsch-Germany using alumina
crucible, in argon flow (purity 99.999%;
30 mL min ') and in static air atmosphere, in the tem-
perature range 25-900°C, and a heating rate of
10 K min". The mass of the analysed-sample was in
the range 4.1-5.7 mg. The drift corrections were per-
formed by an initial recorder of TG and DSC curves
with empty crucible and in conditions of thermal
analysis of the samples.
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Scheme 1 Synthesis of poly(siloxane-azomethine)s
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Results and discussion
Thermal degradation

Figure 1 shows the TG, DTG and DSC curves for
PAMI recorded in argon flow. The decomposition of
the sample occurs by three successive processes with
formation of volatile compounds. Similar plots have
been obtained for PAM1-PAM4 poly(siloxane-azo-
methine)s, which do not contain O atoms in the or-
ganic segment (R,). For PAMS5 and PAMG6 that have
more complex structures than PAM1-PAM4, as well
as for PAM7-PAM9, which have ether bonds in the
organic part, the process III is very slow and therefore
a peak III is not put in evidence in DTG and DSC
curves. The process II occurs in closed temperature
range for all polymers (maximum of DTG curve in the
temperature range 402—442°C). Although the degra-
dation occurs in inert atmosphere, this process is an
exothermic one. This could be explained by oxidation
of polymers with the oxygen contained in macro-
molecules.

Table 1 lists the main characteristic parameters
evaluated from TG, DTG and DSC curves.

In order to determine the thermal stability of the
investigated polymers, the following values were de-
termined: Ty, — temperature corresponding to x%
mass loss (x%=10 and 15%), and %Amt — mass loss at
a given temperature 7 (7=390 and 400°C). The de-
creasing order of Ty, or increasing order of %Amr is
the order of decreasing of thermal stability [5-7].
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Fig. 1 TG, DTG and DSC curves for PAM 1 heated in argon
flow
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These criteria could be applied to series of similar

compounds. Therefore, the investigated polymers

were divided in two groups, namely: polymers for

which R, do not contain ether functions

(PAM1-PAMG6) and polymers containing ether func-

tions (PAM7-PAMY). The analysis of data listed in

Table 1 leads to the following orders of thermal sta-

bility:

« for PAMI-PAMG6 and Tiov criterion:
PAM6>PAMI1>PAM4~PAMS5>PAM2~PAM3;

o for PAM1-PAMS6, and Tis,, and %Am criteria:
PAM6>PAMI1>PAM4>PAM2~PAM3>PAMS5;

» for PAM7-PAM9 and all criteria:
PAM9>PAM7>PAMS.

For the first group of polymers (PAM1-PAMO),
the following observations can be made:

« PAMBS6, which is the single polymer containing in
the macromolecular chain (Si(CH;),—O)s groups
(the rest of polymers contain the (Si(CH;),—O)
groups), exhibits the highest thermal stability;

* PAMI1 and PAM4 that have in R, a single aromatic
nucleus have a higher thermal stability than PAM2,
PAM3 and PAMS, which have R, with two aro-
matic nucleuses.

For the second group of polymers
(PAM7-PAMDY) one notes that the existence in R, of
the —O— function bonded on two aromatic nucleuses
determines a higher thermal stability for PAMO.
PAM7 and PAMS, which contain in R,
aliphatic—O-aliphatic =~ and aliphatic—O—aromatic
groups have a smaller thermal stability than PAMO9.

Thermo-oxidative degradation

The TG, DTG and DSC curves recorded for samples
heated in air static atmosphere show that PAMI,
PAM2, PAMS5 and PAMS6 exhibit three successive
exothermic processes with formation of volatile com-
pounds (Fig. 2a — processes denoted by I, II and III),
while PAM3, PAM4, PAM7, PAMS8 and PAM9 ex-
hibit four such processes (Fig. 2b — processes denoted
by I, II, II’ and III). Unlike PAM3 and PAM4,
PAM7-PAMO present DTG and DSC curves in which
the process II” is very well put in evidence. It appears
that the existence of process II’ for PAM7-PAM9
could be associated with the ether bonds from the
macromolecular chains of these polymers.

Table 2 lists the main characteristic parameters
evaluated from TG, DTG and DSC curves.

The inspection of this table shows that the values
of the characteristic parameters depend on the
structures of the investigated polymers, but some of
these parameters have values in relative narrow
ranges (for process II: 3305°C<T T <369.5°C and
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Fig. 2 TG, DTG and DSC curves obtained by heating in air static atmosphere of a — PAM1 and b — PAMS. PAM2, PAMS and
PAMBG6 have similar TG, DTG and DSC curves with PAM1. PAM3, PAM4, PAM7 and PAM9 have similar TG, DTG and

DSC curves with PAMS8

3415°C< T 2% <3865°C; for process I1:
596.7°C<T 219 <6455°C and 585.5°C<T.0T¢ <6351°0).

It is plausible that SiO, to be the final product of
the thermo-oxidative degradation of all investigated
polymers. The check of this assumption was per-
formed by comparing of calculated and experimental
values of total mass losses. The results listed in Ta-
ble 3 support this hypothesis. Some differences be-
tween calculated and experimental values could be
due to the heterogeneity of each polymer and the
inherent experimental errors.

For the reasons above mentioned, the thermo-ox-
idative stability will be also discussed for two groups
of polymers, namely: PAM1-PAM6 (polymers with
R, without ether functions) and PAM7-PAMO9 (poly-
mers with R, containing ether functions). The criteria
of thermo-oxidative stability are the same with those
used for establishing of thermal stability. The analysis

268

of the data listed in Table 2 leads to the following or-
ders of thermo-oxidative stability:

« for PAMI-PAMG6 and Tiov criterion:
PAM6>PAM1>PAM3>PAM2>PAM4>PAMS;

« for PAMI-PAMG6 and Tis0, criterion:
PAMI1>PAM6>PAM3>PAM4>PAM2>PAMS;

e« for PAMI-PAM6, and %Amr  criteria:
PAM6>PAM1>PAM3>PAM4>PAM2>PAMS;

« for PAM7-PAMY9 and Tl()%, TIS% and %AmT
(T=400°C) criteria: PAM9>PAM7>PAMS;

e for PAM7-PAMY and %Amt (T=390°C) criterion:
PAM9>PAME>PAMYT.

The obtained results suggest that the thermo-oxi-
dative degradation begins with the destruction of the
ether bond from Si—CH,—O-phenyl groups and not by
the break of siloxanic (Si(CH;),—O)¢ groups. A sup-
port of this assumption is the relative high thermo-ox-
idative stability of PAM6, which has (Si(CH3),—O)s

J. Therm. Anal. Cal., 92, 2008



THERMAL AND THERMO-OXIDATIVE STABILITIES OF SOME POLY(SILOXANE-AZOMETHINE)S

Table 3 The calculated and experimental values of the total

mass loss
Polymer (calc)/% (exp)/% e%
PAMI 76.4 72.8 4.95
PAM2 79.6 85.8 -7.23
PAM3 80.1 85.6 -6.43
PAM4 75.4 78.6 —4.07
PAMS 72.5 79.4 -8.69
PAM6 64.8 62.1 435
PAM7 83.4 80.1 4.12
PAMS 82.9 87.0 —6.22
PAM9 84.7 88.4 -4.19

_ Am (calc)—Am (exp)

e% -100

Am (exp)

groups and the lowest number of Si—-CH,—O-phenyl
groups per mass unit.

Unlike the thermal stability, PAM4 exhibits a
thermo-oxidative stability lower than PAM3. This
means that thermo-oxidative reactivity depends on
not only the number of aromatic rings from R,, but
also on the kind of bonding of R, within the macro-
molecular chain (p, p’ in PAM3 and m. m’ in PAM4)
and the nature of the aliphatic group.

The results obtained for PAM7-PAM9 show that
—O— function bonded with two aromatic rings deter-
mines the highest thermo-oxidative stability of PAMO.
The lower thermo-oxidative reactivity of PAM7 and
PAMS could be due to aliphatic—-O-aliphatic and ali-
phatic—O—aromatic groups from R,.

J. Therm. Anal. Cal., 92, 2008

Conclusions

» The processes that occur at the progressive heating
of some poly(siloxane-azomethine)s in inert (ar-
gon) and oxidative (air) atmospheres were put in
evidence by simultaneous TG, DTG and DSC anal-
yses.

+ The non-isothermal data were used for establishing
of orders of thermal and thermo-oxidative stabili-
ties of these polymers.

» The obtained orders of thermal and thermo-oxida-
tive stabilities were discussed in relation with the
structures of investigated polymers.

» The obtained results associated with those resulted
by other methods of characterization can be used
for the proper selection of the poly(siloxane-
azomethine) in some applications.
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