
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 19 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

International Journal of Polymeric Materials
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713647664

Curing Behaviour of Poly-(1,4-phenylene sulphide) with Quinones
M. Wejchan-judeka; B. Perkowska-Śpiewaka

a Institute of Chemical Technology and Engineering Politechnika, Poznańska, Poznań, Poland

To cite this Article Wejchan-judek, M. and Perkowska-Śpiewak, B.(2001) 'Curing Behaviour of Poly-(1,4-phenylene
sulphide) with Quinones', International Journal of Polymeric Materials, 49: 4, 467 — 473
To link to this Article: DOI: 10.1080/00914030108035878
URL: http://dx.doi.org/10.1080/00914030108035878

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713647664
http://dx.doi.org/10.1080/00914030108035878
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Infern.  f. Polymeric Mafer., 2001, Val. 49, pp. 467-473 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 2001 OPA (Overseas Publishers Association) N.V. 
Published by license under 

the Gordon and Breach Science 
Publishers imprint. 

Curing Behaviour of Pol y- (1,4-p henylene 
sul phide) with Quinones 
M. WEJCHAN-JUDEK and B. PERKOWSKA-SPIEWAK* 

Institute of Chemical Technology and Engineering, 
Politechnika Poznahska Poznah, Poland 

The curing reaction of poly-(l,4-phenylene sulphide) (pps) with tetrachlorobenzoqui- 
none (chloranile), quinhydrone and antraquinone are studied by X-ray diffraction 
differential scanning calorimetry, Fourier-transform infrared spectroscopy and thermo- 
gravimetric analysis. The results are discussed in terms of a mechanism for curing. 

Keywords: Poly-(arylene sulphide); Poly-(l,4-phenylene sulphide); Curing 

INTRODUCTION 

Port and Still [ l ]  suggested the important role of oxygen as hydrogen 
abstractor in the curing of pps. In our previous works this mechanism 
was confirmed in the case of curing without oxygen on the example 
of curing with some quinones [2 ,3] .  The present study was undertaken 
to investigate the effect of specially chosen quinones. The chosen 
quinones should differ in their red-ox potentials and their influence on 
curing should be differentiated. Then it would have confirmed curing 
mechanism based on intermolecular substitution [I] .  

EX PER I M ENTAL 

The curing was performed as previously [3]. 

*Corresponding author. 
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The same analytical techniques were used. Additionaly differential 
scanning calorimetry was done on UNIPAN DSC 605M instrument 
using pared aluminium crucibles. The sample size was I5 mg and the 
temperature was programmed to increase at a rate of 10"C/min. The 
Ft-IR spectra of cured samples were recorded using Bruker IFS I13f 
instrument. 

RESULTS AND DISCUSSION 

According to Brady [4] curing causes decrease of crystallinity degree. 
Decrease of crystallinity was observed in all samples. I t  decreases 
with the increase of additive content (Fig. 1). The lowest value is re- 
ached in the case of 20% of quinhydrone content. The least different 

C 

5 I 0  20 ADDITIVE CONrfNT, % 

FIGURE I Relationship between degree of crystallinity and additive content. With 
A - sample cured with chloranile, B - sample cured with quinhydrone, C - sample 
cured with antraquinone. 
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CURING OF POLY-(p-SULPHIDE) 469 

from the original sample is pps cured with 20% of antraquinone 
con tent . 

It was found that the melting point of cured polymer is lower 
than the melting point of the uncured one (Fig. 2). The lowest is the 
melting point of pps crosslinking with 20% of chloranile. Melting 
points were determined by using DSC. 

The heat of fusion values are thought to coincide roughly with the 
melting points values. The relation between heat of fusion and addi- 
tive content is shown in Figure 3. 

Ft-IR spectra were done to observe expected changes in chemical 
structure of crosslinked polymer (Fig. 4). These spectrums were com- 
pared with the spectrum of Ryton P-3. In the spectrums of cured 
polymers there are 3150 and 3350cm-' bands characteristic for OH 
groups. 

The same bands exhibits sample beated in air atmosphere 
prepared by N. Bulakh and coworkers [5] .  If the curing had been 
performed in the presence of oxygen these bands could have 
been ascribed to phenolic structures created in the intermolecular 

A 5451 - 
I , c 
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FIGURE 2 Relationship between melting point and additive content. A - sample 
cured with chloranile, B - sample cured with quinhydrone, C - sample cured with 
antraquinone. 
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I n 

FIGURE 3 Relationship between heat of fusion and additive content. A - sample 
cured with chloranile, B - sample cured with quinhydrone, C - sample cured with 
antraquinone. 

substitution (1). 

However curing was performed in argon atmosphere. Hydroxy 
bands reflect quinone fragments built into polymer net. It must be 
stressed, that before making Ft-IR spectrum grinded polymer was 
extracted to remove quinone residues. 

Although radical HOC6H50 is nonreactive, its reaction with 
S-phenyl radical cannot be excluded (2). 
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CURING OF POLY-(p-SULPHIDE) 47 1 

FIGURE 4 Ft-IR spectra of cured samples. A - sample cured with chloranile, 
C - sample cured with antraquinone. 

In the range characteristic for aromatic substitution - the new 
band appeared at 860cm-'. It is ascribed to isolated hydrogen atom 
in the benzene ring (1,2,4 substitution) which is present in crosslinked 
chains only. The intensity of this band in greater in the sample with 
20% of chloranile than in the sample with 20% of antraquinone. 

For the final confirmation of curing influence of quinones TG 
analysis of samples containing 20% of antraquinone and 20% of 
chloranile was done. The samples were selected because of radically 
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TABLE I 

Thermal stability of cured pps ( T G )  
Temperature 

of decomp." C Total weight Weight of residue, ?4 

Sample* (beginning) 400°C 450°C 500°C loss**, % 
A20 480 99 98 96 15 
c20 480 98 95 93 25 
0 480 99 91 83 40 

A20 - sample cured with 20% of chloranile. 
CzO - sample cured with 20% of antraquinone. 
0 - sample cured without additives. 
* Samples. 
**Total weight loss corresponds to first step on TG curve. 

different red-ox properties of quinones. The red-ox potential of chlo- 
ranile is 0,736V and red-ox potential of antraquinone is 0,156V. 
The results were as expected, i.e., admixture of chloranile causes sig- 
nificant increase of thermal stability greater than in the case of 1,4- 
benzoquinone, 1,3-benzoquinone and quinhydrone [2,3]. 

This influence is much greater than the influence of antraquinone. 
With the admixture of chloranile the total weight loss is 15% only 
while in the case of antraquinone it is 25% (Tab. I). 

Summing up, it can be stated that chloranile strongly crosslinks 
PPS. 

Unexpectedly, antraquinone which we classified as nonreactive on 
the basis of red-ox potential value, proved to be active. In my opinion 
two effect are overlapping: nucleation effect which is promoted by 
high melting point of antraquinone (286°C) similar to melting point 
of pps. This fact may be crucial to simultaneous crystallization of 
polymer and antraquinone while antraquinone is the nucleating agent. 
It is confirmed by relatively high heat of fusion (Fig. 3) with rela- 
tively low decrease of melting point. The other effect is crosslinking 
as is suggested by increase of thermal stability, decrease of melting 
point and heat of fusion in the sample with 20% of antraquinone. 

CONCLUSIONS 

Heating of pps in temperature above melting point in argon atmos- 
phere results in crosslinking. 
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CURING OF POLY-(p-SULPHIDE) 473 

Curing mechanism is based on intermolecular substitution (3). 

8 Q 
This mechanism is confirmed by influence of quinones (hydrogen 

abstractors) on curing which is dependent on their red-ox potentials. 
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