
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 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

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Radiation-Induced Copolymerization of Trioxane with 1,3-Dioxolane
M. L. Sagua; K. K. Bhattacharwaa

a Indian Institute of Petroleum, Dehradun, India

To cite this Article Sagu, M. L. and Bhattacharwa, K. K.(1985) 'Radiation-Induced Copolymerization of Trioxane with 1,3-
Dioxolane', Journal of Macromolecular Science, Part A, 22: 9, 1325 — 1332
To link to this Article: DOI: 10.1080/00222338508063336
URL: http://dx.doi.org/10.1080/00222338508063336

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=t713597274
http://dx.doi.org/10.1080/00222338508063336
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. SC1.-CHEM., A22 (9), pp. 1325-1332 ( 1985) 

Radiation-Induced Copolymerization of Trioxane 
with 1,3-Dioxolane 

M. L. SAGU and K. K. BHATTACHARWA 

Indian Institute of Petroleum 
Dehradun 248005, India 

A B S T R A C T  

Copolymerization of lY3-dioxolane (DOX) with trioxane in the 
solid state was studied by radiation. The effects of radiation dose, 
DOX concentration, postpolymerization temperature and duration 
on the copolymer yield, and DOX incorporation were investigated 
and compared with published data. 

I N T R O D U C T I O N  

Recently the radiation-induced copolymerization of trioxane ( TOX) 
in the solid state was studied using styrene oxide [l] penta-acetyl glu- 
cose [2] and tetrahydrofuran [3] by Sagu and Bhattacharyya as comono- 
mers. Several authors [4-61 studied the radiation-induced polymeriza- 
tion of trioxane with lY3-dioxolane (DOX) as comonomer. A s  an exten- 
sion of these copolymerization studies, investigations were also carried 
out with DOX a s  comonomer. The results obtained, although showing 
trends similar to those of the earlier authors, indicated higher yields 
of the copolymer, These results are presented here. 

The low thermal stability of polyoxymethylene is expected to im- 
prove through introduction of C-C bonds through incorporation of a 
copolymer. Cyclic ethers have some structural similarities with TOX, 
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and hence copolymerization of TOX with cyclic ethers has attracted 
the attention of researchers. 

E X P E R I M E N T A L  

TOX was purified to 99.99% by repeated crystallization. DOX was 
purified by treatment with sodium metal followed by distillation. 
Weighed quantities of DOX and TOX were placed in a stoppered flask, 
heated gently until the mixture melted, and then thoroughly mixed by 
shaking. Samples of this melt, about 2 g each, were transferred into 
10 mm diameter test tubes and cooled. These TOX-DOX blends were 
irradiated with gamma rays from a cobalt-60 chamber at a tempera- 
ture of 25-30°C, followed by postpolymerization heating at 43, 48, and 
53°C in a thermostatic bath. The temperature in the bath was controlled 
within *O. 1°C. After heating for  specified time periods, the tubes were 
taken out of the bath and quickly quenched by dipping in an ice-common 
salt mixture. The unreacted monomers were washed out of the poly- 
mer  product by toluene and analyzed by gas-liquid chromatography. 
The weight of dried polymer indicated the yield. The difference of 
the weights of the comonomer charged and recovered indicated the 
comonomer incorporation in the polymer. 

R E S U L T S  AND D I S C U S S I O N S  

TOX-DOX blends containing 1% DOX were irradiated with 0.1, 0.2, 
0.4, and 1.0 Mrd radiation doses and postpolymerized for 6 h at 53°C. 
The polymer yields obtained are shown in Fig. 1. A separate curve 
shows the homopolymer yields under similar conditions. The poly- 
mer  yield increased with the radiation dose, reaching the optimum 
level at 0.4 to 0.5 Mrd. The trend of the results is somewhat similar 
to those published by Ishigaki et al. [6] ; their data have also been 
plotted in Fig. 1 for comparison. The yield obtained by Ishigaki e t  al. 
was lower in spite of the fact that the postpolymerization time was 
longer (24 h) than in this study ( 6  h). Their results further showed 
that the yields continue to rise with the radiation dose up to 1.0 Mrd. 

To study the effect of DOX concentrations, TOX-DOX blends con- 
taining 1 to 5% of DOX were irradiated with a 0.4 Mrd dose and post- 
polymerized at 53°C for  6 h. The copolymer yields with increasing 
DOX concentration in the feed are shown in Fig. 2. The data of 
Ishigaki et al. [6] and Sakamoto e t  al. [5] are also plotted in this fig- 
ure. Ishigaki et al. reported that the copolymer yield was the same 
as that of the homopolymer with 1% DOX in the feed, but with 2 to 3% 
DOX the yield decreased sharply. In this work it was also found that 
with 1% DOX in the charge, the copolymer yield was practically the 
same as that of homopolymer. With increasing DOX content in the 
charge, the copolymer yield decreased slowly and not as steeply as 
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FIG. 1. Effect of radiation dose on polymer yield. DOX, 1%. Post- 
polymerization at 53°C for 6 h. ( 1) Copolymer of TOX with DOX. (2)  
Homopolymer of TOX. (3) Data of Ishigaki (DOX, 1% w/w; polymeri- 
zation, 24 h a t  55°C). 
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FIG. 2. Effect of DOX concentration on polymer yield. Dose, 0.4 
Mrd. Postpolymerization at 53°C for 6 h. ( 1) This work. ( 2 )  Data of 
Sakamoto ( 1.0 Mrd; polymerization, 3 h at 55°C). (3) Data of Ishigaki 
(0.1 Mrd; polymerization, 5 h at 55°C). (4) This work (DOX incor- 
poration). 
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observed by Ishigaki et al. Sakamoto et  al. [5] also reported a slow de- 
crease of yield with increasing DOX concentration in the feed; of course, 
the copolymer yields they obtained were always lower. Rosinger e t  al. 
[4] used an in-source polymerization method and found that the copoly- 
mer  yield increased with increasing DOX concentrations in the feed; 
the results of Rosinger e t  al., therefore, cannot be exactly compared 
with the results obtained by the postpolymerization method. However, 
the results confirm that the copolymer yields decrease with increas- 
ing amounts of DOX in the monomer charged by the postpolymerization 
method. 

Although the yield decreased, the DOX content in the copolymer was 
found to increase with increasing DOX concentration in the feed. This 
i s  shown in Fig. 2. Ishigaki et al. [6] reported a similar trend. 

The copolymer yield somewhat improved with longer postpolymeri- 
zation periods. This is shown in Fig. 3. TOX-DOX blends containing 
1% DOX were irradiated with a 0.4 Mrd dose and postpolymerized at 
53°C for 1, 2, 4, 6, and 24 h. Initially, the yield rose sharply; i t  was 
47% after 1 h and 54% after 2 h of postpolymerization. Thereafter, the 
r ise  w a s  slow and very similar to that of TOX homopolymer. In the 
case of homopolymer, the yield was slightly higher. The copolymer 
yields reported by Ishigaki e t  al. [6] and Sakamoto et al. [5], although 
lower, showed a similar trend (Curves 3 and 4). Ishigaki used lower 
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FIG. 4. Effect of postpolymerization temperature on polymer yield. 

(1) Homopolymer of TOX (0.4 Mrd, 6 h). ( 2 )  Copolymer of TOX with 
DOX (0.4 Mrd; 1% DOX; polymerization 6 h). (3)  Data of Ishigaki 
(0.1 Mrd; 1% DOX; polymerization, 5 h). 

radiation doses. The higher yields obtained in our work in comparison 
with those of Ishigaki et al. and Sakamoto et al. could be principally 
due to the higher purities of the TOX and the comonomer used. 

Postpolymerization temperature also influences copolymer yield. 
Monomer charges containing 1% DOX were irradiated with 0.4 Mrd 
and postpolymerized for 6 h at 43, 48, and 53°C. The copolymer yield 
was found to increase with an increase of the postpolymerization tem- 
perature; a similar trend w a s  reported by Ishigaki et al. [6] (Fig. 4, 
Curve 3). 

The thermal stabilities of the TOX-DOX copolymer samples were 
also examined. Samples with different DOX contents were first 
stabilized by the method reported by Rosinger et al. [4]. One gram 
of copolymer was dissolved in 10 mL benzyl alcohol containing 2% 
triethanolamine at 150°C and heated for 30 min to remove the unstable 
par ts  of the copolymer. The weight losses of the copolymer samples 
during this treatment are shown in Curve 1 of Fig. 5. The weight loss 
was  around 40% for all the samples containing 10 to 36 DOX mo1/1000 
TOX mol. This is, however, in contrast to the observations of Rosinger 
et al. [4] who reported that the polymer loss decreased with DOX con- 
tent for copolymers prepared by in-source polymerization. They re- 
ported losses decreasing from 38 to 12% for a DOX content increase 
of 1 to 5% In the case of homopolymer, they observed a loss of 82% 
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FIG. 5. Effect of DOX content in copolymer and stabilization on 
thermal degradation rate. ( 1) Loss during stabilization. ( 2 )  Thermal 
degradation before stabilization. ( 3) Thermal degradation after 
stabilization. 
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with the same stabilization treatment; a loss  of 65 to 70% was observed 
in this work. 

were then determined by heating at 222°C for  60 min in a nitrogen 
atmosphere. The thermal degradation rate in te rms  of wt% loss/min 
was found to be markedly loyer  than in the cases of unstabilized sam- 
ples; i t  was  only 0.22% min- compared with 0.8% min-' for the un- 
stabilized copolymer containing 30 mol DOX/1000 mol TOX. The rate 
decreased with increasing DOX content in both cases. Similar findings 
were also reported by Rosinger et al. [4], Sakamoto et al. [5], and 
Ishigaki e t  al. [ 61. The thermal degradation rate was significantly 
lower after stabilization treatment. Ishigaki e t  al. found copolymer 
weight losses of 5.4% in 60 min for their  samples, whereas Sakamoto 
e t  al. found weight losses of 67.0% in 60 min; both of their samples 

The thermal degradation rates of the stabilized copolymer samples 
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FIG. 6. Effect of radiation dose in copolymer on molecular weight. 
DOX, 1%; polymerization, 6 h at 53°C. 

were prepared under the same reaction conditions. Ishigaki et al. 
felt that this was due to the higher purity of the monomers used by 
them. The weight losses in the case of our  copolymer are close to 
that of Ishigaki et al. 

The molecular weight (Mn) of the copolymer samples prepared 
by using different radiation doses are shown in Fig. 6. The molecular 
weight increases initially with increasing radiation dose up to 0.2 Mrd 
and thereafter remains almost unchanged. This result is not in agree- 
ment with the data of Ishigaki et al. [6] who reported that the molecu- 
lar weight decreased with increasing radiation doses. 

With DOX incorporation in the range studied (prepared at 0.4 Mrd), 
the mn was found to remain almost constant. This is in agreement 
with the results of Rosinger e t  al. [4] but in disagreement with those 
of Ishigaki e t  al. who reported a decrease of molecular weight with 
increasing DOX content. 

The melting points of the TOX-DOX copolymers, shown in Fig. 7, 
decreased from 182°C for  the homopolymer to about 173°C when the 
copolymer contained 35 mol DOX/1000 TOX mol. Rosinger et al. [4] 
reported the melting point of homopolymer as 175°C) which decreased 
to 166°C with an increase of DOX content up to 5.6% w/w in the co- 
polymer. Sakamoto et al. [5] found the melting point of homopolymer 
to be 187"C, and for the copolymer it decreased to 164°C for  a DOX 
content up to 3% w/w. These data by earlier authors differ consider- 
ably from our results. 

The density of the TOX-DOX copolymer also decreased with the 
DOX content. It can be seen from Fig. 7 that the density decreased 
from 1.460 g/mL for  the homopolymer to 1.445 g/mL for the copoly- 
mer  containing 35 DOX mo1/1000 TOX mol. Droscher and Wegner [7] 
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FIG. 7, Effect of DOX content in copolymer on i ts  meltipg point 
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also reported a decrease in density, as well as in melting point, with 
increasing DOX content in the copolymer. 
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