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[57] ABSTRACT 
A process for curing a radiation curable composition 
consisting essentially of (a) an amide represented by the 
formula 

/ R 2 

R l - C - N x 

o r3 

wherein Ri, R2 and R3are defined hereinbelow, and (b) 
an unsaturated polyester resin by irradiating the compo-
sition with an ionizing radiation. 

10 Claims, No Drawings 
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PROCESS FOR CURING 
IONIZING RADIATION-HIGHLY SENSITIVE 

RESIN COMPOSITION 

CROSS REFERENCE TO RELATED 5 

APPLICATION: 
This application is a continuation-in-part of copend-

ing application Ser. No. 579,059 filed on May 20, 1975, 
which has been abandoned. 10 

This invention relates to a process for curing an un-
saturated polyester resin composition. More particu-
larly, this invention relates to a process for curing a 
radiation curable composition by a low total dose of an 
ionizing radiation, in which the composition is a mixture 15 
of (a) 0.1-10 parts by weight of an amide represented by 
the formula 

r l — c — n 
II 
o 

/ 
* \ 

R2 

20 

R3 

25 

30 

as a shielding means for avoiding the leakage of radia-
tion, are also costly. Therefore, it is necessary to use a 
resin which is curable with a low total dose of radiation. 
In addition, it is preferable that the resin be one which 
can be radiation-cured without impairing the physical 
properties of the resin. 

We have found that when an unsaturated polyester 
resin is mixed with an amide compound represented by 
the formula 

r | — c — n 
/ 

«I 
\ 

R2 

RJ 

wherein Ri is H, an alkyl group having 1-17 carbon 
atoms or alkenyl group having 1-17 carbon atoms and 
each of R2 and R3 is independently —H, —CH3 or 
—CH2OH, and Ri and R2 taken together represent an 
alkylene group having 2-5 carbon atoms, and (b) 100 
parts by weight of an unsaturated polyester resin. 

An unsaturated polyester resin has been cured by 
adding a polymerization catalyst, such as, for example, 
benzoyl peroxide, methyl ethyl ketone peroxide, or 
cyclohexanone peroxide and an accelerator, such as, for 
example, cobalt naphthenate or dimethyl aniline to the 
resin, followed by heating the mixture. Pot-life of the 
cured product obtained by curing the unsaturated poly- 35 

ester resin containing such catalyst and accelerator is 
short. Further, when the curing reaction of the unsatu-
rated polyester resin containing such catalyst and accel-
erator starts, the reaction cannot be stopped on the way. 
Also, it takes a long time to complete the reaction. 4 0 

In general, it was known that an unsaturated polyes-
ter resin is a radical polymerizable resin, and that when 
the resin is irradiated with an ionizing radiation, a radi-
cal is formed therein without using any radical initiator, 
whereby radical propagation occurs to cure the resin. 4 5 

Such resin has been widely used as a coating resin for 
producing decorative wood, plaster and metal plates, as 
an insulating varnish-based resin for electric wire or as 
a resin for fiber reinforced plastic plate through a curing 
process by using a radical initiator. 5 0 

The process of curing the resin by using an ionizing 
radiation has the following advantages in comparison 
with the method of curing by using a radical initiator: 

(a) Pot-life of the cured product obtained by curing 
the polyester resin by means of an ionizing radiation is 55 
longer and, also, the curing reaction of the polyester 
resin can be stopped at any stage of the reaction. 

(b) It is unnecessary to heat the resin to the decompo-
sition temperature of the initiator. 

(c) It is unnecessary to use an amine compound, metal 60 
soap or an acyloin compound for promoting the decom-
position of the initiator. When an amine compound, etc. 
is added to the resin composition, it contaminates the 
resulting product. 

(d) The resin can be completely cured instanta- 65 
neously only by means of an ionizing radiation. 

However, an apparatus or source for emitting an 
ionizing radiation is costly and incidental facilities, such 

wherein Ri, R2 and R3 are as defined above, the radia-
tion-curability of the unsaturated polyester resin is pro-
moted. We have also found that by adding the amide 
compound mentioned above to the polyester resin the 
curing reaction of the unsaturated polyester resin can be 
remarkably promoted without impairing stability of the 
uncured polyester resin. The present invention is based 
on these discoveries. 

Therefore, an object of this invention is to provide a 
process for curing an unsaturated polyester resin com-
position by irradiation with a low total dose of ionizing 
radiation. 

Other objects of this invention will be clearly under-
stood by the following description. 

This invention is carried out as follows: 
An unsaturated polyester resin is mixed thoroughly 

with an amide represented by the formula 

r i — c — n 
/ 

•1 \ 
R2 

R3 

wherein Ri is H, an alkyl group having 1-17 carbon 
atoms or alkenyl group having 1—17 carbon atoms and 
each of R2 and R3 is independently —H, —CH3 or 
—CH2OH, and Ri and R2 taken together represent an 
alkylene group having 2-5 carbon atoms, in a propor-
tion of from 0.1 to 10 parts by weight, preferably 0.5 to 
5 parts by weight based on 100 parts by weight of the 
polyester and, then, the mixture is irradiated with an 
ionizing radiation to obtain a cured polyester resin. 

The amount of amide compound added to the polyes-
ter resin is in the range of 0.1-10 parts by weight, prefer-
ably 0.5-5 parts by weight per 100 parts by weight of 
the polyester resin. In case of adding more than 10 parts 
by weight of the amide compound not having any ac-
tive group to 100 parts by weight of the polyester resin, 
though the amide compound promotes the radiation-
curability of the uncured resin, it impairs physical prop-
erties and resistance to water of the cured polyester 
composition. 

The ionizing radiation to be employed in this inven-
tion includes a rays, /3 rays, y rays, X rays, electron 
beam, neutron beam, deuteron beam and a mixture 
thereof. Generally, the preferred radiation is an electron 
beam or y rays. 

Generally, a dose rate of ionizing radiation of 
103-107 rad/sec is employed and a total dose of ionizing 
radiation of less than 10 Mrad, or even less than 5 Mrad 
is employed in the present invention. However, a total 
dose less than 0.5 Mrad is insufficient to cure the polyes-
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ter resin composition. Since an object of the present vinyl, allyl, C4H7—, C5H9— or C6H11—, including the 
invention is to provide a process for curing a resin with various homologues and isomers, 
a low total dose of ionizing radiation, it will be under- The amide compounds of the present invention are 
stood that the upper limit of the dose rate and the total known or commercially available. The preferred com-
dose cannot be specified. Therefore, it will also be un- 5 pounds are those corresponding to the formula 
derstood that the unsaturated polyester resin composi-
tion of the present invention can be cured with a total ,R2 
dose of radiation above 10 Mrad. r ,_c—n 

By unsaturated polyester resin we mean a composi- II \ 
tion obtained by dissolving an unsaturated alkyd in at 10 o R3 
least one ethylenically unsaturated monomer, such as, , . „ . „ . , , , , „ . , „ . 
for example, styrene, vinyl acetate, vinyltoluene, chlo- £ h e r e l " H ' v l " y l methyl and R2 is H and R3 is 
rostyrene, divinylbenzene, acrylic acid, methacrylic H. methylol or Ci-Cfi alkyl. 
acid, an acrylate, a methacrylate, acrylonitrile, methac- Representative examples of the amide compounds 
rylonitrile, diallyl phthalate, triallyl cyanurate, trimeth- 15 corresponding to the formula include formamide, acet-
ylolpropane trimethacrylate, ethylene glycol dimethac- a m l d e ' P r o P l o n l c ?cid amide, acryl amide, valeric acid 
rylate or the like, or mixture thereof. The unsaturated a m ' . ? p r ° n a m l d e ' , ? l e l c a C l d ™ d e > ^ ^ 
alkyd which can be advantageously employed in the f o r m a m ' d e ' N-methylo acetamide, N-methylol propi-
practice of this invention includes a reaction product of on , l c a c i d a i f d e ' N-methylol aery amide, N-methylol 
(a) at least one o, /J-ethylenically unsaturated polybasic 2 0 ac

t
ld. a m ' d e ' caP ]

ro
l
namlde> N-

acid such as, for example, maleic acid, maleic anhy- 1 °!ei? f a d a m , d ^ ^ S ^ T W o r m a m i d e ' 
dride, fumaric acid, itaconic acid, itaconic anhydride, N,N-dimethy^l acetam.de, N,N-d«nethylol propionic 
carbic acid, mesaconic acid, citraconic acid, HET acid a c l d

 )
aml.de'. N ' N ; d l m ® t h ^ a n? l d e ' N.N-dime-

(hexachloro-endomethylenetetrahydro phthalic anhy- „ tMyM0iV e ^ ^ a ? , a m % , N ^ l m ^ t h y l ^ ? ^ 0 n a m ^ e , 

dride), Himic anhydride (3,6-endomethyleneWt- 25 N.N-dimethylol oleic acid amide, N,methyl formamide, 
rahydrocis-phthalic anhydride), trimellitic acid or the ^-mediy acetamide N-methyl propionic acid amide, 
... . it_ / , J l ^ „ . . N-methyl acryl amide, N-methyl valeric acid amide, 
like or mixture thereof and (b) optionally a saturated N . m e t h ^ c a p

y
r o n a m i d e > N . m e t hyl oleic acid amide 

polybasic acid, such as, for example, succinic acid, glu- N ( N _ d i l £ e t h f f o r m a m i d e , N,N-dimethyl acetamide 
tone acid, adipic acid phthalic acid, phthahc anhy- 3Q N > N _ d i m e t h l p r o p i o n i c a c i d a m i d e i N,N-dimethyl 
dride, isophthalic acid, terephthalic acid, tnmelhtic a c l a m i d e > N i N . d i m e t hy l valeric acid amide, N,N-
acid, tetrahydro phthalic acid or the like or a saturated d i m e t h y l c a p r o n a m i d e ) N.N-dimethyl oleic acid amide, 
monobasic acid selected from benzoic acid and acetic c a p r o l a c t a m , N.N-dimethyl formamide, N-methylol 
acid, and (c) at least one polyvalent alcohol such as for a c e t a m i d e , N-methylol formamide, N.N-dimethyl acet-
example, ethylene glycol, propylene glycol, diethylene 35 a m j d e . 
glycol, dipropylene glycol, triethylene glycol, In general, the preferred amide compounds are those 
butanediol-1,3-neopentyl glycol, bis-phenol A, glycer- h a v i n g moieCular weights below 300. 
ine, trimethylol propane, pentaerythntol and the like, or This invention is further illustrated, but in no way 
mixture thereof. In the present mvention, a, /3-ethyleni- limited, by the following Examples. Parts and percent-
cally unsaturated polybasic acids and polyvalent alco- 40 a g e s a r e b y weight unless otherwise indicated, 
hols other than those described above may be used. 

It is preferred to employ the unsaturated alkyd and EXAMPLE 1 
the ethylenically unsaturated monomer in approxi- Maleic anhydride, phthalic anhydride and propylene 
mately the same amounts. When an excess amount of g ly col were mixed in the ratio of 0.6:0.4:1.1. The result-
the monomer is employed, the curability of the resin is 45 jn g mixture was heat-condensed and esterified, until the 
impaired. When an excess amount of the unsaturated a c i d v a i u e of the mixture reached 44. 30 Parts of styrene 
alkyd is employed, the resin is not completely cured. containing 0.02 parts of hydroquinone was added to 70 
However, the ratio of the unsaturated alkyd to the eth- p a r t s Qf the resulting unsaturated alkyd and was uni-
ylenically unsaturated monomer is not critical in the formly dissolved therein to prepare unsaturated polyes-
present invention. 50 ter resin (A). 

In the present invention, ethylenically unsaturated 0.5 Gr, 1 gr, 2 gr and 5 gr each of N-methylol acryl-
monomers other than those described above may be amide was added to 4 samples of 100 gr of the resulting 
used, provided that the monomers polymerizes with the polyester resin to prepare test samples A1-A4, respec-
double bond in the unsaturated alkyd. In other words, tively. Each of the test samples and the unsaturated 
since the reaction of the unsaturated alkyd with the 55 polyester resin not containing the amide compound was 
ethylenically unsaturated monomer was publicly distributed among several aluminum cups so as to form 
known, any of the known ethylenically unsaturated a composition 2 mm thick. The surface of each one of 
monomers which react with the unsaturated alkyd may the composition so formed was covered with a polyes-
be used. ter film having a thickness of 12.5 fi. Each covered 

The term "alkyl" as used herein and in the appended 60 composition was irradiated with an accelerated electron 
claims designates a straight- or branched-chain radical, beam (2 mA, 2 x 10 rad/sec) from an electron beam 
such as, for example, methyl, ethyl, propyl, isopropyl, accelerator at a MeV at various total doses of radiation, 
butyl, tert-butyl pentyl, hexyl, heptyl, octyl, nonyl, The gel percent of each one of the cured resins was 
decyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, determined by the following method to acquire the 
octadecyl, or noriadecyl, including the various homo- 65 lowest total dose for curing the resin. The method com-
logues and isomers. TTie term "alkenyl" designates a prises extracting the cured resin with acetone for 16 
straight- or branched-chain hydrocarbon having a dou- hours while refluxing by Soxhlet extractor, and weigh-
ble bond having — C„H2«—1, such as, for example, ing the residue. The gel percent of cured resin repre-
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sents the degree of curing of the resin. The results are 
given in Table 1. 

Table 1 
Gel percent of the 

cured product after Lowest total 
irradiating test dose o f ionizing 

Amount o f sample w i th the radiation neces-
N-methy lo l fo l lowing total dose sary to cure the 

Experi- acrylamide o f radiation ( % ) resin 
ment No. added (Gr ) Mrad 4 Mrad 6 Mrad (Mrad) 

Contro l 0 46 71 94 7.5 
A - l 0.5 47 75 93 7.0 
A-2 1 49 76 96 6.6 

. A-3 2 48 81 100 5.9 
A-4 5 51 87 100 5.0 

15 

Gel percent o f the 
cured product Lowest total 

after i rradiat ing dose o f 
test samples w i t h ionizing 

Amounts o f the fo l low ing total radiation 
acrylamide dose o f radiation necessary to 

Experi- added (%) cure the resin 
ment No. (Gr) 2 Mrad 4 Mrad 6 Mrad (Mrad) 

Contro l 0 51 71 86 8.6 
B - l 1 54 78 92 7.5 
B-2 5 54 79 92 7.5 

45 

As shown in Table 2, addition of the amide com-
pound, namely acrylamide to the unsaturated polyester 
resin not only reduces the minimum dose of radiation 
necessary to cure the resin, but also increase the gel 
percent of the cured product obtained by curing the 
resin. 

EXAMPLE 3 

The procedure of Example 1 was repeated except 
that 0.5 gr, 1.0 gr and 5.0 gr each of acetamide was 
added to 3 samples of the unsaturated polyester resin 
sold by Dai-Nippon Ink Co. under the trade name of 
"8010". The results are given in Table 3. 

55 

60 

6 
Table 3 

Experi-
Amount o f 
Acetamide 

Gel percent o f the 
cured product after 

irradiat ing test 
samples w i th the 

fo l lowing total dose 
of radiation ( % ) 

Lowest total 
dose o f 
ionizing 

radiation neces-
sary to cure the 

10 

ment No. added (Gr) 2 Mrad 4 Mrad 6 Mrad resin 

Contro l 0 40 73 87 8.0 
C - l 0.5 45 79 92 6.8 
C-2 1.0 46 79 93 6.5 
C-3 5.0 51 81 92 5.7 

The lowest total dose means the minimum dose of 
radiation necessary to cure the resin to an extent of 

70 
saturated value of gelled component in the cured prod-
uct. 

As shown in Table 1, the lowest total dose of ionizing 
radiation necessary to cure the polyester resin contain-
ing the amide compound, namely N-methylol acrylam- 25 
ide is lower than the lowest total dose of ionizing radia-
tion necessary to cure the polyester resin not containing 
the amide compound. Furthermore, gel percent of the 
cured product obtained by curing the former is higher 3Q 
than the gel percent of the cured product obtained by 
curing the latter. 

EXAMPLE 2 
The procedure of Example 1 was repeated except 35 

that 1.0 gr and 5.0 gr of acrylamide each was added to 
2 samples of the unsaturated polyester resin sold by 
Hitachi Chemical Co. under the trade name of "PS-51". 
The results are given in Table 2. ^ 

Table 2 

As shown in Table 3, addition of the amide com-
pound, namely acetamide, to the unsaturated polyester 
resin not only reduces the minimum dose of radiation 
necessary to cure the resin, but also increases the gel 
percent of the cured product obtained by curing the 
resin. 

EXAMPLE 4 
To 100 parts of the unsaturated polyester resin de-

fined in Example 3 was added 1 part of a different spe-
cies of amide disclosed below. Each of the mixtures was 
cured under the conditions specified in Example 1 
wherein the total radiation dose was 4 Mrad. 

The gel percent of each cured product was deter-
mined in a manner similar to that disclosed in Example 
1. The results are shown in Table 4. 

Table 4 
Amide none (a) (b) (c) (d) 

Ge l Percent 73 82 81 83 82 
(a) e-caprolactam : CH2(CH2)4CONH 

(b) oleinamide : CH3(CH2)7CH=CH(CH2)7CONH2 
(c) n-valeramide : C H 3 ( C H 2 ) 3 C O N H 
(d) N,N-d imethy l : C H 3 C O N ( C H 3 ) 2 

acetamide 

As shown in Table 4, every amide is useful to im-
prove the curability of the unsaturated polyester resin. 

What is claimed is: 
1. A process for curing a radiation curable composi-

tion consisting essentially of 
(a) from 10.1 to 10 parts by weight of an amide repre-

sented by the formula 

R i — C — H 

50 

/ 
i 
\ 

R2 

R3 

wherein Ri is H, an alkyl group having from 1 to 17 
carbon atoms or an alkenyl group having from 1 to 17 
carbon atoms and each of R2 and R3 is independently 
—H, —CH3 or —CH2OH, and Rj and R2 taken together 
represent alkylene having from 2 to 5 carbon atoms, and 

(b) 100 parts by weight of an unsaturated polyester 
resin, comprising irradiating the composition with 
a total dose of less than 10 Mrad of ionizing radia-
tion. 

2. The process in accordance with claim 1 wherein 
the amide is a compound represented by the formula 

65 
R i — C — N 

II " 
o 

/ 
-J 
\ 

R2 

R3 



wherein Ri is H, vinyl or methyl, R2 is H and R3 is H, 
methylol or alkyl having from 1 to 6 carbon atoms. 

3. The process in accordance with claim 1 wherein 
the dose rate of said ionizing radiation ranges from 103 

to 107 rad/sec. 
4. The process in accordance with claim 1 wherein 

the amount of said amide ranges from 0.5 to 5.0 parts by 
weight. 

5. The process of claim 1 wherein the total dose of 
ionizing radiation is from 0.5 Mrad to 10 Mrad. 

570 
16 

6. The process of claim 1, wherein the unsaturated 
polyester resin comprises an unsaturated alkyd dis-
solved in an ethylenically unsaturated monomer. 

7. The process of claim 6, wherein the monomer is 
5 styrene. 

8. The process of claim 1, wherein the amide is N-
methylol acrylamide. 

9. The process of claim 1, wherein the amide is acryl-
amide. 

10 10. The process of claim 1, wherein the amide is acet-
amide. 

* * * * * 
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