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The effect of introduction of the comonomer methylthiirane (MT) into the main chain 
of polyacrylonitrile (PAN) on the thermal transformations of the macromolecules in dilute 
DMF solution was studied. For this purpose, statistical copolymers of acrylonitrile and MT 
were synthetized and their pyrolysis in solution was investigate~l. It was found that intro- 
duction of the thioether group into the main chain of PAN results in essential changes in 
the thermal behaviour of the copolymers as compared to the homopolymer. The results of 
rheological, thermal and spectral studies on the solutions suggest that the direction of the 
thermochemical reaction changes on introduction of the thioether group into the PAN 
molecule. In such copolymers the reaction will preferably proceed by the --C~-N groups 
forming conjugated cyclic structures. 

The int roduct ion of various comonomers into the chain of the starting material 
polyacryloni t r i le (PAN) is known to have a signif icant effect on the rate of format ion 
and on the structural defects of carbon fibres prepared from the copolymer. In this 
process various reactions take place, resulting in the polyconjugated structure that 
provides the high strength, high elastic modulus and high thermal resistance of the 
carbon fibres. Carbon fibres have been obtained from acryloni t r i le (AN) copolymers 
containing as comonomers methacrylate, methyl  methacrylate, v inyl  acetate, etc. [1]. 
On int roduct ion of the comonomer, the thermal effect in thermal ox idat ion is lowered 
and this stage in the manufacture of carbon fibres is thereby facil i tated. 

The transformations of the homopolymer PAN during thermal processing of its 
di lute solutions in d imethyl formamide (DMF) were investigated in [2]. The results 
indicated that during the thermal processing of  solutions whose concentrat ion satisfies 
the Debye cr i ter ium [3, 4] chemical reactions proceed preferential ly intramolecularly, 
leading to specific changes in intr insic viscosity [~7] and in the anisotropy of  the Kuhn 
segment (~1 - ~ 2 ) -  I f  the concentrat ion of the solut ion is raised, the coiled PAN 
macromolecules w i l l  overlap, al lowing the format ion of interchain contacts. This is 
reflected in the form of  the relationships [r/] = f(cht r) and (el  - e2) = f(Chtr) in heat 
treatment. (The subscript ht r  relates to the heat-treated samples.) 

4* 
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By analogy to the DTA data [5] for AN copolymers, it may be presumed that the 
introduction of a comonomer into the PAN macromolecules wil l  have a fundamental 
effect on the reactions proceeding during the thermal treatment of these copolymers. 

At present practically no information is to be found in the literature on the effect 
of sulfide groups on the properties of acrylonitrile copolymers. For this reason it 
appeared of interest to study the effect of introduction of the thioether group into 
the main chain of PAN on the thermal transformations of the macromolecules in 
dilute DMF solutions of the copolymers. For this purpose we synthetized statistical 
copolymers of AN with methylthiirane (MT): 

---C H 2-C H-C H 2-CH--S-CH2-C H-C H 2-CH "~ 
I I I I 
CN CH 3 CN CN 

and studied some characteristics of their pyrolysis in solution by viscosimetry, DTA 
and I R spectroscopy. 

E x p e r i m e n t a l  

The A N - M T  copolymers, varying in MT content, were synthetized according to 
[6]. The samples for study of the changes in intrinsic viscosity, DTA curves and IR 
spectra due to thermal treatment of dilute solutions of the polymers were prepared 
as described in [2]. The viscosity of the solutions was measured in an Ubbelohde 
viscosimeter at 25 ~ Both the thermally-treated and the untreated copolymers 
presented a sharply expressed polyelectrolytic effect (Fig. 1). This phenomenon was 
found to be common for any AN copolymer in which a comonomer containing sulfur 
atoms was utilized. The existence of the effect is independent of the position of the 
sulfur atoms relative to the main chain, of the type of sulfur compound, and even of 
the valence of the sulfur atom in the comonomer. For instance, a concentration- 
dependence of the reduced specific viscosity rlsp/C characterizing the polyelectrolytes 
was observed for a copolymer of AN with 1% divinyl sulfoxide, in which the sulfur 
atoms are located in side-chains (Fig. 1, curve 2). 

To suppress the polyelectrolyte effect, we measured the intrinsic viscosity [~/] 
of the copolymers in a solvent composed of 0.1 mol/m 3 LiBr in DMF. Under such 
conditions, the reduced specific viscosity t lsp/C vs. c relationship was linear, and [r/] 
was determined in the usual manner. 

DTA curves were recorded with a modified MOM derivatograph. The sample mass 
was 5 mg, a platinum crucible was used, the heating rate was 10 deg/min, and the 
atmosphere was air or helium. 

Infrared spectra were recorded in the range 700-4000 cm-1 with a UR-20 double- 
beam prism spectrophotometer. The samples were prepared b y  comparison of a 
dispersion of the polymer in potassium bromide. 

The intensity of the uCN valence band at 2255 cm-  1 was evaluated relative to the 
reference band at 1460 cm-  1 [7]. 
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Fig. 1 Reduced specific viscosity vs. concentration for the copolymers AN--MT (curve 1) and 
AN-DVSO (curve 2) 
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F i g .  2 Intrinsic viscosity vs. concentration of solutions at heat treatment. Curve 1 - P A N ;  

curve 2 -- copolymer AN--MT 92:8; curve 3 - copolymer AN--MT 97:3 

R e s u l t s  a n d  d i s c u s s i o n  

Using the experimental technique described in [2],  we studied the effect of  thermal 
treatment on the intr insic viscosity of A N - M T  copolymers containing d i f ferent  
amounts of  MT. Figure 2 shows the intr insic viscosity vs. concentrat ion curves for  the 
heat-treated polymers, and also the analogous curve for  the homopolymer PAN 
(from [2]). The character of  the relationship [rt] - f (cht  r) for  the copolymers can be 
seen to di f fer  signif icant ly from that  for  the homopolymer.  

Further studies of  the direct ion of the thermochemical reactions taking place in 
the macromolecules of the homopolymer and of  the copolymers were performed 
by D T A  and I R spectroscopy.*' 

As reported in [8], the int roduct ion of  a second monomer into the PAN chain 
molecule changes the temperatures of the onset and the maximum of the thermal 

*`The authors are indebted to A. N. Krasovsky for aid in recording the IR spectra. 
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effect. We observed a change in the character of the DTA curves in our studies of 
A N - M T  copolymers. These curves and the curve corresponding to the homopolymer, 
recorded in air, are presented in Fig. 3. The narrow exothermic peak of the homo- 
polymer is observed at 315 ~ Introduction of the thioether group not only lowers the 
onset and maximum temperatures of the exothermic peak, but also distributes the 
heat liberated in a broader temperature interval, promoting pyrolysis of the co- 
polymers without thermal shock. 

Polymers separated after the heat treatment of solutions of various concentrations 
in DMF were studied by DTA in helium. The relationships Tma x w Cht r obtained 
experimentally for the homopolymer and for two copolymers differing in MT content 
are presented in Fig. 4. The curves demonstrate that, even at very low concentrations 
of the heat-treated solutions, the temperature of the peak maximum is lower than 
for the polymers before heat treatment (PAN: 300 ~ A N - M T  97:3:288 ~ A N - M T  
92:8: 278~ The curves show the different behaviour of the homopolymer and the 
copolymers. For PAN, the curve Tma x vs Cht r has an inflexion at the concentration 
corresponding to the increase in the share of intermolecular reactions; this is in con- 
formity with the changes of [r/] (cf. Fig. 2). It is characteristic that the Tma x values 
are close to constant in the sections of the curve corresponding to preferentially 
intramolecular and intermolecular reactions, respectively. 

On introduction of a relatively high proportion (~ 8%) of thioether groups into 
the PAN molecule, the character of the relationship changes. When the intramolecular 
reactions have preference, a perceptible decrease of the temperature maximum in the 
DTA curve is observed, whereas subsequently, when the share of intermolecular 
reactions increases, Tma x changes are insignificant. With the copolymer containing 
only 3% TM, the curve has an intermediate position. 

Experimental data concerning the changes in the absorbance of the - C = N  group 
are presented in Fig. 5, which demonstrates that in the case of the homopolymer the 
absorbance does not change, whereas in the case of the copolymer with MT a notice- 
able decrease (~ 15-20%) is observed in the number of - C - N  groups ~vith rising 
concentration of the solutions subjected to heat treatment. This decrease in the 
number of - C - N  groups in the heat-treatment process obviously means that thermo- 
chemical reactions proceed in which these groups participate. 

To summarize the findings, the following conclusions may be drawn: 
(i) The nitri le groups does not participate in the thermochemical reactions pro- 

ceeding in the solution of the homopolymer; the darkening of the PAN solution during 
heating is presumably connected with the formation of a polyene structure, the main 
chain containing a system of conjugated double bonds: 

CH CH CH 
\ 4 \ 4 \ //" \ 

C C C 

I I I 
CN CN CN 
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Fig. 3 DTA  curves in air. 1 -- PAN; 2 -- copo lymer  A N - M T  92 :8 ;  3 -  copo lymer  A N - - M T  97 :3  
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Fig. 4 Temperature max imum of the exothermic  peak in hel ium vs. concentrat ion of solut ions at 
heat t reatment.  1 -- PAN; 2 - A N - M T  92 :8 ;  3 - A N - M T  97 :3  
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Fig ,  5 A b s o r b a n c e  o f  the ni t r i le  group vs. concent ra t ion of  solut ions at heat t reatment .  1 - -  PAN; 
2 - A N - - M T  92 :8  
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which is not in contradict ion wi th  data in the literature [9]. This conclusion is con- 
f i rmed by the number of nitr i le groups undergo changes during the heat treatment 
of PAN. When the concentrat ion of the solution subjected to heat treatment is raised, 
interchain contacts are liable to be formed; this is clearly reflected in the change of  
the intrinsic viscosity and of the temperature of the exothermic peak. 

(ii) The introduct ion of thioether groups into the PAN chain results in essential 
changes in the thermal behaviour of these polymers as compared to the homopolymer.  
If  the results regarding intrinsic viscosity, Tma x and the number of nitr i le groups 
are considered jo int ly ,  i t  may be assumed that the introduct ion of  thioether groups 
into the PAN molecule changes the direct ion of  the thermochemical reaction. In these 
copolymers the reaction proceeds via the nitr i le groups, presumably involving the 
format ion of conjugated cyclic structures. 

The authors wish to express their gratitude to Dr. G. P. Beloovskaya for her help in the discus- 
sion of the results. 
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Zusammenfassung -- Die Wirkung der EinfShrung des Methylthiiran (MT) Komonomers in die 
Hauptkette des Polyakrilonitrils (PAN) auf die thermischen Transformationen der Makromolek~ile 
in einer d~nnen DMF-L6sung wurde untersucht. Zu diesem Zwecke wurden statistischen Kopoly- 
mere yon Akrylonitril und MT synthetisiert, und ihre Pyrolyse in L6sung untersucht. Es wurde 
festgestellt, dass die Einf~hrung der Thio~thergruppe in die Hauptkette von PAN wesentliche 
~,nderungen in dem thermischen Verhalten des kopolymers im Vergleich mit dem Homopolymer 
verursacht. Die Ergebnisse der rheologischen, thermischen und spektralen Untersuchungen der 
L6sungen suggerieren, dass sich die Richtung der thermochemischen Reaktion durch die Ein- 
fOhrung der Thio~thergruppe in das PAN-Molek01 ~ndert. In solchen Kopolymeren wird die Reak- 
tion eher durch die -C-=N Gruppen weitergef~hrt, die konjugierte, zyklische Strukturen formen. 
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Pe3loMe -- B pa6oTe Hccne/~osaHO BJIHRHHe COMOHOMepa MeTHRTHHpaHa (MT) ,  BBe/~eHHOFO 
B OCHOBHVIO uenb I-IAH, Ha TepMHqeCKMe npeBpauleHHR MaKpOMOlleKyn B pa36aB~eHHblX 
pacTBopax B ~M~). C 3TOVI tleTIblo CHHTe3HpoBaHbl CTaTMcTHqecKMe COrlOJlHMepbl AH c MT H 
H3yqeHbl 3aKOHOMepHOCTH HX nHpOnH3e B paCTBOpaX, r]oKa3aHo, qTO BBeAeHHe THO3~MpHO~ 
rpynnbt e OCHOBHylo uenb I-IAH npHBO/1HT K cyuleCTBeHHblM OTJlHqHRM B TepMMqeCKOM 
nOBeAeHHM TaKHX COnOJ1HMepOB no cpeBHeHHIO C FOMOnOJ1HMepOM. Ha OCHOBaHHH COBMeCTHOFO 
paCCMOTpeHHR pe3ynbTaTOB peo/lorHqecKoro TepMMqeCKOrO H cneKTpaJlbHOPO HCCJle/~oBaHH~ 
paCTBOpOB, c/lenaHO rlpe~lnono>KeHHe 06 H3MeHeHHH HanpaBneHHR TepMOXHMHqeCKHX peeKUH~ 
npH BBe~eHHH B MOJleKyrly I-IAH THO3d~HpHO~I rpynnbl.  B 3THX conoJ1HMepax peaKuHH npoTeKa- 
lOT NpeHMyLLteCTBeHHO no --C--=N -t'pynnaM c o6pa3OBaHHeM conpR)KeHHblX LtHKJ1HqeCKHX cTpyK- 
Typ. 
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