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Thermooxidative degradation in oxygeii of aromatic diketones, cross- 
linked polyketones and model compounds has been investigated_ It was found 
that l,l’-d6(4”-phenoxybenzophen&yI ether exhibits. the highest thermal stabil- 
ity among diketones. This is presumably due to the alternation of electron ac- 
cepting and electron donating groups in the chain of this compound. 

On the basis of data on the oxidation kinetics of cross-linked polyketones 
and model compounds, it was established that the thermal stability of the Iat- 
ter is much higher. This is due to the fact that the polymer contains unsa- 
turated structures and residual acetyl groups because the curing process of 
diacetylaromatic compounds is incomplete. 

It was shown that comparative thermal analysis (CTA) may be used to 
evaluate the extent of completeness of curing of di- and polyfunctionai 
monomers- 

CTA of thermally stable polymers and model compounds permits the de- 
termination of the minimum thermooxidative stability for an ideal polymer 
structure and, hence, the evaluation of the percentage of defects of structure 
in a real polymer’. 

This paper continues the consideration of thermooxidative degradation of 
the-y sta.bIe poIymers, in particular, of polyketoarylenesa new group of 
poIymers obtained in recent years= 

where: --R-qqR-- 
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TABLE I 
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of individual aromatic diketones of a similar structure6*7, and of simplest com- 
pounds modelling single fragments and units of di- and polyketones, 

Table 1 shows results of thermooxidative degradation* of two cross- 
linked aromatic polyketones (obtained by polycyclotrimerization of correspond- 
ing diacetylaromatic ketophenylenes) and of compounds modelling the poIy- 
mer chain, single blocks and units of the polymer. 

A comparison of polymers to model compounds shows that the ther- 
mooxidative stability of the latter is much higher with the exception of models 
containing unsaturated groups (compounds (14) and (IS))_ For the interpreta- 
tion of this peculiarity, it is advisable to consider fii the thermal oxidation 
of the simplest fragments in the polymer chain- 

Figure 1 shows the rate of CO and CO> formation vs. oxidation temper- 
ature for the simplest model compounds_ 

T ;C 

fig. I_ Rate of form&on of CC&CO, in oxidation of model compounds--benzene (8). diphenyt 
(9). quaterphenyl (IO). diphcnyloxide <II). benzophenoae (12) and diphenyieneoxide (13) vs. tem- 
petaturfz 

Table 1 and Fig- 1 show that among the low-molecular-weight models 
considered diphenyloxide and diphenylene oxide exhibit the highest and the 
lowest stability, respectively_ Over the temperature range from 340 to 390 “C 
thermal stabilities of benzene, diphenyloxide, benzophenone and compounds 
of the diphenyl type are relatively close to each other_ When the temperature 
is raised to 420 OC, benzene begins _to differ from this group: its degradation 
becomes more pronounced_ It should be noted that over the temperature range 
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from 390 to 420°C degradation rates of benzophenone, diphenyl and qua- 
terphenyl virtualIy coincide_ This is probably due to oxidation of aromatic 
rings. 

Fw 2. Rate of formation of CO+CO, in oxidation of aromatic di- and poIyketoncs and model 
compounds vs. temperature Numbets of curves corttspond CO numbers of compounds in T&e 1. 

Table 1 and Fig. 2 show that compounds of higher moIecuIar weight the 
mokcuks of which are 8 mmbination of simplest structures, are more stable 
to thermal oxidation. Thus, the stability of diphenyi (9) and benzophenone (12) 
is appreciaMy lower than that of di(biphenyIyIcarbonyI) benzene (5) and the sta- 
bility of diphenyleneoxide (13) and benzophenone (12) is much lower than that 
of bis(d~benzonfuryIcarbony1) benzene (7). For this group of compounds this 
may be attributed to differences in the aggregate state, the concentration fac- 
tor’ and structural effects It?deed, the most favourable conditions are observed 
for thermal oxidation of the simpIest compounds (8), (9) and (11)-(14) 
(homogeneity of the process of oxidation in vapours). Under these conditions 
compounds (3) and (5)-(7) which are in the vapour-liquid state should oxidize 
slower. Moreover, twist angIes between benzene rings are known to decrease 
on passing from the vapour state to liquid and solid states. This also leads to 
increasing thermal stability of compounds. 

At the same time the increase in the thermal stability of compounds (3) 
and (7) as compared to corresponding Iow-molecuiar-weight compounds may 
aIso be induced by the aIternation of electron-withdrawing and electron-donat- 
ing groups which makes the bonds stronger. Experimental data shoti that 
compound (3) with a regular alternation of oxygen and carbony atoms be- 
tween benzene ringS e&ibits the highest therrnaI stability among diketones. 
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It might be expected that on passing from models (3), (5) and (7) to 
polymers of a similar structure thermooxidative stability should increase. How- 
ever, this is not observed_ As Fig- 2 and Table 1 show, temperatures of 3-5 % 
mass loss of the cross-linked polyketone are by 70-90 “C lower than for the 
corresponding model diketone. Moreover, the stability of polyketone (1) is 
even Iower than that of its monomer (2)_ 

The reason for this seems to be stepwise character of polycyclotrimeri- 
zation of diacety! aromatic compounds which leads to the cross-Iinked polyke- 

If polycyclotrimerization could proceed to compIetion, alternation of keto- 
phenylene or ketophenyleneoxide chains with star-like 1,3,!Gtripheny! benzene 
groups should be expected; marked degradation of these groups begins at 
390-4OO”C Nevertheless, in practice it is dif!icu!t to carry out the reaction to 
completion. As a result, when monomer (2) is cured under vacuum, defects 
of structure of the type 

remain in the poIymer. As wi! be shown below, they drastically reduce the 
temperature of the start of thermooxidative degradation of polymer. - 

Therma! oxidation of sti!bene (fr) (14), 1,4dipheny!butadiene (tr. rr) (15) 
and polyphenylacetylene (16) begins already at 170-270 “C. In this series ther- 
mooxidative stability increases with increasing length of the conjugation chain- 
Figure 2 shows that monomer (2)-l .l’di(4”‘acety!4’‘-phenoxybenzophenonyi) 
ether is stable up to 260 “C and its acetyl groups undergo dnly slight oxidation 
even at 290°C On further temperature rise up to 340 “C its oxidation rate 
gradually increases. 

It is of interest to note that within the range 34&3!X! “C the oxi&tion 
rate of this monomer increases slightfy and only above this range a sharp in- 
crease is observed. In order to interpret this behaviour of monomer (2) it 
should be taken into account that at temperatures ranging from 280 to 390 “C 
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apart from oxidation of acetyl groups. a simultaneous process of. polyconden- 
sation of ketones occurs. A comparison of oxidation curves (1) and (2) shows. 
that polyketone obtained by curing under vacuum contains a considerable 
amount of intermediate - readily oxidized unsaturated structures besides 
residual acetyl groups. When monomer (2) is heated in an atmosphere of ox- 
ygen. the oxidation of acetyl groups proceeds much slower than that of un- 
saturated structures_ A comparison of curves (1) and (2) over the temperature 
range from 340 to 390 “C shows clearly that when ketone (2) is heated under 
oxygen for I hr (during its analysis), unsaturated structures are formed to a 
lesser extent than in prolonged curing under vacuum. 

The suggestion that under conditions of thermal oxidation of monomer 
(2) only abstraction of oxidized acetyl groups occurs, does not seem probable 
since in this case considerable degradation of monomer (2) would begin at 
much higher temperatures (at 430-440 “C) rather than at 39WlOO “C_ Presum- 
ably, a pronounced thermal degradation of monomer (2) at 3904UO”C is 
caused by the degradation of I$$-triphenylbenzene groups* formed during 
poIycycIotrimerizMion_ 

Data on the kinetics of oxidation polymer (1) and unsaturated com- 
pounds (14), (15) and (2) allow an approximate evahration of the percentage of 
defects of structure (unsaturation and residual acetyl groups) in a cross-linked 
polyketone. Figure 2 shows that at 290 “C 2.0 - IO-’ g mol of CO;COl is 
evolved from the polyketone sample- On the basis of thermal oxidation of 
models (14) and (15) at 290°C it may be assumed that for a hypothetical un- 
saturated polymer: 

under experimental conditions -4.6 - IO-’ g mol of CO+C02 will be evoIved. 
This corresponds to approximately 43% of structures of type A in the sample 
of cross-linked polyketone (1) However, if a correction is made for oxidation 
of residual acetyl groups of the polymer, it is possible to determine the con- 
tents of structures of type A in polymer (1) with a higher precision. Figure 2 
shows that at 290°C O-75 - 10Ts g mol of CO and COz is formed as a result 
of oxidation of acetyl groups of the monomer- Infrared spectra show that in 
the cured product (1) the number of acetyl groups do not exceed 30%_ This 
corresponds to the formation of ~0_2!5 - 10” g mol of CO and COr . Taking 
this into account, one might assume that in the oxidation of structures of type 
(A) only I-75 -lo-’ g mol of gas is formed at 290°C Hence, the content of 
these structures in the sample is approximately 38 %_ 

czK&i&Mpd~ofhigberthermal~arefomredwhmtheauing 
process is carried out in air’.or under vacuum with prolonged heating (Fig 2)‘_ 

‘cornpan WMI w curyt (10) of qua@pbcnyL 
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Nevertheless, in this case too, the thermal stability of polymer (4) is much 
lower than that of the corresponding model (5) (see Fig_ 2) 

Hence, results of this investigation show that CTA makes it possible to 
follow the process of curing of di- and polyfunctional monomers and thus to 
investigate possibilities of lowering the percentage of defects of structure in 
final polymer products_ At the same time investigations of thermooxidation of 
model compounds (without defects of structure) are of great importance for the 
oriented synthesis of new thermally stabIe polymers. 
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