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[57] 
An alkyd resin composi t ion is p repared by dissolving a 
polymerizable alkyd resin having f rom 10 to 50% of 
oil length into a vinyl monomer . T h e polymerizable 
alkyd resin is obtained by a half-esterification react ion 
of an acid anhydride having a polymerizable unsatu-
ra ted group and an alkyd resin modified with conju-
gated unsatura ted fat ty acid and/or conjugated unsatu-
ra ted oil having at least one reactive hydroxyl g roup 
per one molecule. The alkyd resin composit ion thus 
obta ined is coa ted on an article, and ionizing radiation 
is applied on the article to cure the coated film 
thereon . 

7 Claims, No Drawings 
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METHOD FOR CURING ALKYD RESIN 
COMPOSITIONS BY APPLYING IONIZING 

RADIATION. 

This is a continuation of application Ser. No. 91,204 5 
filed on Nov. 19, 1970, now abandoned. 

This invention relates to the method for curing alkyd 
resin compositions by applying ionizing radiation and 
more particularly to the method for curing alkyd resin 
compositions consisting of the alkyd resin modified by 10 
conjugated unsaturated fatty acid and/or conjugated 
unsaturated oil, and a vinyl monomer by applying ioniz-
ing radiation, said alkyd resin obtained by half-
esterification reaction of the alkyd resin having reac-
tive hydroxyl groups in the structure and an acid anhy- 15 
dride having a polymerizable unsaturated group. 

Heretofore , there have not been alkyd resins curable 
by applying ionizing radiation, but there are composi-
tions comprising an unsaturated polyester and vinyl 
monomer which are curable by applying ionizing radia- 20 
tion. Unsaturated polyester resins are generally suitable 
for curing by the ionizing radiation, and since the cur-
ing reaction of the unsaturated polyester resin is gener-
ally based on a mechanism of radical polymerization, 
the influence due to oxygen in air is very remarkable. 25 
There is a disadvantage in that the resin is cured insuffi-
ciently in the surface of the coated film of the resin. 
Therefore , in the case of applying the unsaturated poly-
ester resin compositions, wax-type substances must be 
added to the compositions. As a result, it is necessary 3 0 

to obtain the same degree of dry surface similar to that 
of other conventional coatings by sanding and polishing 
the surface of the coated film. The adhesion and flexi-
bility of the dry film obtained f rom the unsaturated 
polyester resin composition are poor. 3 5 

Accordingly, it is the general object of this invention 
to eliminate the above mentioned disadvantages. 

It is a more particular object of this invention to pro-
vide the method for curing novel alkyd resin composi-
tions by applying ionizing radiation, and the hardening 4 0 

property of the said alkyd resin compositions is excel-
lent. Moreover, the adhesion and flexibility of a film 
cured by applying ionizing radiation are excellent. 

It is another object of the present invention to pro-
vide a method suitable fo r curing the alkyd resin com- 4 5 

positions adopted in coil coating or coating for wood-
works by applying ionizing radiation. 

A fur ther object of the present invention is to provide 
a method for curing the alkyd resin compositions by ^ 
ionizing radiation effective for the reduction of a re-
quired f loor area for working, and high-speed coating 
line. 

The nature, details, and utility of the invention will be 
more clearly apparent f rom the following detailed de- ^ 
scription beginning with general considerations and 
concluding with specific examples of pract ice consti-
tuting preferred embodiments of the invention and with 
other examples for comparison. 

W e have now discovered that above objectives can 
be attained by incorporating into the method for curing 
by applying ionizing radiation alkyd resin compositions 
consisting of an alkyd resin modified with conjugated 
unsaturated fatty acid and/or conjugated unsaturated 
oil and a vinyl monomer , said alkyd resin obtained by ^ 
half-esterification reaction of an alkyd resin having the 
reactive hydroxyl groups in the structure and an acid 
anhydride having a polymerizable unsaturated group. 

,006 

In accordance with this invention, the film can be in-
stantly cured and industrially useful coated or covered 
articles with the sufficiently cured film having excellent 
hardness and flexibility can be obtained. 

The method for curing the film of the resin by ioniz-
ing radiation is particularly suitable for coil coating or 
coating of woodworks. In this case, electron ray energy 
is effectively and efficiently used. Furthermore, the 
curing of the film can be achieved in f rom several sec-
onds to several minutes, and in the case when an elec-
t ron accelerator having a large capacity is particularly 
employed, it is possible to cure within one second. Ac-
cordingly, the method according to this invention is in-
dustrially very useful with respect t o reduction of floor 
area for working and high-speed coating lines. 

For the conjugated unsaturated fatty acids or the 
conjugated unsaturated oils employed in the prepara-
tion of the alkyd resin according to this invention, there 
are, fo r example, tung oil, tung oil fatty acid, oiticica 
oil, oiticica oil fatty acid, dehydrated castor oil, dehy-
drated castor oil fatty acid, conjugated safflower oil, 
conjugated safflower oil fatty acid, and highly conju-
gated linolic acid. 

These fatty acids and oils are used alone or as a suit-
able mixture. Moreover, it is desirable that the alkyd 
resin modified by these fatty acids or oils has from 10 
to 50% of oil length. When using the fatty acid or oil 
having conjugated double bonds for preparing the 
alkyd resin of this invention, the hardness of the ob-
tained alkyd resin film by curing in air is sufficient in 
the surface of the coated film, and since the double 
bonds in the fatty acid or oil are polymerizable with 
vinyl monomer , the cured film has excellent hardness. 
If the fatty acid or oil having non-conjugated double 
bonds is used as a modifier, the cured film having above 
ment ioned excellent properties cannot be obtained, 
and, the curing rate is retarded as compared with the 
alkyd resin of this invention. 

For the alcohol components employed in the alkyd 
resin of this invention, there are, for example, ethylene 
glycol, diethylene glycol, propylene glycol, 1,6-
hexanediol, 1,3-butylene glycol, trimethylolethane, tri-
methylolpropane, pentaerythritol, and neopentyl gly-
col. 

For the acid components employed in the alkyd resin 
of this invention, there are, for example, phthalic anhy-
dride, hexahydrophthalic anhydride, trimellitic anhy-
dride, terephthalic acid, isophthalic acid, adipic acid, 
succinic acid, fatty acids of linseed oil, and fatty acids 
of soybean oil. 

As acid anhydrides having polymerizable unsaturated 
group and employed in the half-esterification reaction 
of this invention, there are, for example, maleic anhy-
dride, citraconic anhydride, itaconic anhydride, tetra-
hydrophthalic anhydride, endo-cis-bicyclo-(2,2,l )-5-
heptene-2, 3-dicarboxylic anhydride, and 1,4,5,6,7,7-
hexachlorobicyclo-( 2,2,1 )-5-heptene-2,3-dicarboxylic 
anhydride. 

As for the polymerizable vinyl monomers for dis-
solving the alkyd resin half-esterified by the acid anhy-
dride having polymerizable unsaturated group, there 
are, for example, acrylic esters such as methyl acrylate, 
ethyl acrylate, 2-ethyl hexyl acrylate, iso-butyl acrylate 
and n-butyl acrylate, methacrylic esters such as methyl 
methacrylate, ethyl methacrylate, lauroyl methacrylate 
and n-butyl methacrylate, vinyl monomers of aromatic 
hydrocarbons such as styrene, and vinyl toluene, and 
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vinyl monomers having various funct ional groups such The alkyd resin composit ions according to this inven-
acrylonitrile, acrylic amide, acrylic acid, methacryl ic tion are useful fo r coating materials, and provide excel-
acid, /3-hydroxypropyl methacrylate and /3-hydroxy- lent hardness and flexibility. 
ethyl methacrylate, and vinyl aceta te and these vinyl In a coated film of the alkyd resin according to this 
monomers may be used alone o r as a suitable mixture. 5 invention, the density of cross-linkage thereof is high 

Less than 10% of a non-polymerizable organic sol- and fur ther , since a vinyl component is introduced 
vent may be employed instead of the vinyl monomers thereinto, the hardness of the film is remarkable and 
ment ioned above. stiff so that the film of the alkyd resin according to this 

Next , t he process for preparing the resin composit ion invention is excellent in chemical resistance and weath-
according to the present invention will be described. 10 ering resistance. As a result, the film properties of the 

Into a reactor provided with a thermometer , stirrer, alkyd resin are elevated and it is widely applicable for 
pipe for introducing gas, and water separator , the con- various uses such as pr imer surfaces for metal, finish 
jugated unsatura ted fatty acid and/or conjugated unsat- coating for metal, coating material for wood or paper , 
urated oil, polyhydric alcohol (here inaf ter referred to and indoor or ou tdoor coating material, 
simply as "alcohol c o m p o n e n t " ) being generally a raw 15 For the ionizing radioactive rays utilized in this in-
material of alkyd resin, and monobasic or polybasic vention, there are, fo r example, proton rays, alpha-
acid or their anhydrides (hereinaf ter referred to simply rays, beta-rays, gamma-rays, accelerated electron rays, 
as "acid c o m p o n e n t " ) are charged. T h e resulting mix- and X-rays and particularly, accelerated electron rays, 
ture is subjected to water extracting condensat ion in beta-rays, and gamma-rays are desirable. For the radia-
accordance with a known process to synthesize an 20 tion sources of these radioactive rays, there are, for ex-
alkyd resin. In the case of preparing the alkyd resin ample, various electron accelerators, strontium-90, and 
having more than 40% of oil length, a alcohol as a por- cobalt-60, respectively. The ionizing radiation is ap-
tion of alcohol componen t may be employed. plied in a total radiation dose of f rom 0.1 to 50 M rad, 

It is easy to impart hydroxyl groups in the alkyd resin preferably f r o m 0.5 to 10 M rad. 
by using an excess of a quantity of hydroxyl groups of 25 Although the tempera ture in the ionizing radiation 
alcohol component with respect to acid groups of acid according to this invention is not especially limited, a 
componen t at the t ime of initially blending the compo- tempera ture ranging f rom 50° to 5°C is practically de-
nents. In this case, the ratio of alcohol component to sirable. Radiation t ime is different in accordance with 
acid component differs in accordance with the degree the intensities of radiation sources to be employed, 
of polymerizable unsatura ted groups to be introduced 3 0 Generally it is within a range of f rom several seconds 
in the alkyd resin. In general , it is necessary to have at to several minutes, and particularly in the case of em-
least one hydroxyl group per one molecule of the alkyd ploying an accelerator of a large capacity, the coated 
resin in order to obtain a sufficient density of cross link- film of the alkyd resin according to this invention is 
age. It is preferable that the alkyd resin has f r o m 300 cured by the ionizing radiation within one second. Ac-
to 2000 of hydroxyl equivalent, and a t least 30% of the 3 5 cordingly the method of this invention is suitably ap-
hydroxyl groups in the alkyd resin must be reacted with plied for a high speed continuous coating process. Rate 
an acid anhydride having a polymerizable unsaturated of radiation dose and radiation dose are easily change-
group in order to obtain the half-esterified alkyd resin able in accordance with radiation conditions. As of ra-
polymerizable with the vinyl monomer . diation methods, a transferring method such as the con-

The half-esterification reaction is carried out by 4 0 veyor transferring method and the coil coating method 
charging an acid anhydride having polymerizable un- may be employed in the present invention as occasion 
saturated group to the alkyd resin synthesized as men- demands, whereby a uniform radiation can be carried 
tioned above in accordance with a known process. out. 
Generally, the half-esterification react ion of the hy- In order to indicate still more clearly the nature and 
droxyl groups of the alkyd resin and acid anhydride can utility of the invention, the following specific examples 
be completed at a reaction tempera ture of about 100°C of pract ice constituting preferred embodiments of the 
in about 1 hour, and the re is no fear of gelation under invention and results are set forth, it being understood 
such a react ion condit ion. Accordingly, polymerizable that these examples are presented as illustrative only, 
unsaturated groups can be easily in t roduced into the and that they are not intended to limit the scope of the 
alkyd resin. If c i rcumstances require, a fear of gelation invention. 
of the resin at the t ime of half-esterification can be Fur thermore, it is to be noted that " p a r t s " and " % " 
completely eliminated by adding a very small amount in these examples mean "pa r t by weight" and " % by 
of a polymerization inhibitor such as hydroquinone and weight", respectively, 
tertiary butylcatechol at the t ime of the half- 5 5 E X A M P L E 1 
esterification reaction. 

Af te r the completion of the half-esterification reac- Into a reactor provided with a thermometer , stirrer, 
tion, a vinyl monomer is added to the half-esterified pipe for introducing inert gas, and water separator, 384 
alkyd resin to dissolve it and by this operat ion, the parts of phthalic anhydride, 115 parts of pentaerythri-
alkyd resin having polymerizable unsaturated groups 6 Q tol, 233 par ts of tr imethylolethane, 288 parts of tung oil 
and dissolved in a vinyl monomer can be prepared. fatty acids, 49 parts of p-tertiary butyl benzoic acid, 
When the half-esterified alkyd resin is heated to a com- and 60 parts of xylene (mixed xylene consisting of 30% 
paratively high tempera ture , its dissolving into vinyl of o-xylene, 30% of m-xylene, and 40% of p-xylene) as 
monomer becomes easier, fur ther , the alkyd resin com- azeotropic solvent were charged. Nitrogen gas was in-
positions having polymerizable unsaturated groups ob- 6 5 t roduced into the resulting mixture, the temperature of 
tained by dissolving the resin into the vinyl monomer the contents in the reactor was elevated to 200°C while 
is stable, and a long period of storage of the alkyd resin stirring, and the reaction was continued for about 10 
becomes possible. hrs. at this tempera ture thereby to condensate the resin 
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thus obtained to an acid value of 12 (Oil length being 
28.8% and hydroxy! value about 155). Thereaf ter , the 
temperature of the contents was decreased to 110°C, 
271 parts of maleic anhydride and 0.6 par t of hydroqui-
none were added thereto, and the stirring was contin-
ued for 1 hr. at 110°C thereby to complete the reaction. 

By this reaction operat ion, an alkyd resin modified by 
a conjugated unsaturated fatty acid and obtained by re-
acting f ree hydroxy! groups with acid anhydride having 
polymerizable unsaturated group was obtained. 

Immediately af ter the half-esterification reaction, 
500 parts of styrene was added to 500 parts of the re-
sulting alkyd resin, nitrogen gas was introduced there-
into, and the resulting mixture was sufficiently stirred 
to dissolve the resin while heating the mixture at a tem-
perature of 80°C. Af ter dissolving the mixture, it was 
cooled to a room tempera ture and as a result, a styrene 
monomer solution having a resin content of 50% was 
prepared. 

A coating material prepared by well blending 1.0 par t 
of 60% toluene solution of cobalt naphthenate with 100 
parts of the above described alkyd resin composition 
was coated on one side of a glass plate having a thick-
ness of 1.5 mm so as to obtain a film having a thickness 
of 20 microns. 

The glass plate thus coated was placed on a conveyor 
device for electron ray radiation and was subjected to 
a total radiation dose of 5 M rad by employing a trans-
former type electron accelerator under such condition 
of acceleration energy being 300 kV. and electron rays 
current 25 mA., respectively. The radiation time was 
about one second. 

The results of pencil scratch hardness and gelation 
percentage obtained by measuring the cured film are 
indicated in Table 1. For the comparison, another coat-
ing material prepared by blending 2.0 parts of 50% di-
ethyl fumara te solution of methyl ethyl ketone perox-
ide and 1.0 part of 60% toluene solution of cobalt 
naphthenate with 100 parts of the above alkyd resin 
composition was coated on two glass plates so as to ob-
tain a film having a thickness of 20 microns. One plate 
was baked in a hot blast stove at a temperature of 
100°C for 5 min. and the other was left in a thermo-
static chamber at a temperature of 25°C for 8 hrs. T h e 

15 

parts of tr imethylolethane, 343 parts of highly conju-
gated linolic acid (Trade name "Hid iene" manufac-
tured by Soken Kagaku K.K.; neutralization value 
being 200 and iodine number 175), 44 parts of p-
tertiary butyl benzoic acid, and 50 parts of xylene 
(same as in Example 1) as azeotropic solvent were 
charged. Nitrogen gas was introduced into the resulting 
mixture, the temperature of the contents in the reactor 

10 was elevated to 180°C while stirring, and the reaction 
was continued for 1 hr. at this temperature. Then, the 
tempera ture of the contents was fur ther elevated to 
220°C, and the reaction was continued for about 5 hrs. 
at this temperature thereby to condensate the resin 
thus obtained to an acid value of 13 (Oil length being 
34.3% and hydroxyl value about 84). Thereaf ter , the 
tempera ture of the contents was decreased to 110°C, 
146 parts of maleic anhydride and 0.5 part of hydroqui-

20 none were added thereto, and the stirring was contin-
ued for one hr. at 110°C thereby to complete the reac-
tion. 

By this reaction operation, an alkyd resin modified by 
a conjugated unsaturated fatty acid as a component 
and obtained by reacting f ree hydroxyl groups with 
acid anhydride having polymerizable unsaturated 
group was obtained. 

Immediately af ter the half-esterification reaction, 
600 parts of styrene was added to 400 parts of thus 
half-esterified alkyd resin, nitrogen gas was introduced 
thereinto, and the resulting mixture was sufficiently 
stirred to dissolve the resin while heating the mixture 
at a temperature of 80°C. After dissolving, the mixture 
was cooled to room temperature and as a result, a sty-
rene monomer solution having a resin content of 40% 
was prepared. 

1.5 part of 60% toluene solution of cobalt octenate 
was added to 100 parts of the above described alkyd 
resin composition and sufficiently blended. Further, 50 
parts of rutile type titanium white was added thereto 
and dispersed by the use of a quick mill thereby to pre-

25 

30 

35 

40 

indicated in Table 1. 

Table 1 

50 

55 

measured results of thus prepared films are similarly 45 pare a white enamel. The white enamel thus prepared 
was coated on one side of a surface-treated galvanized 
sheet iron having a thickness of 0.27 mm so as to obtain 
a film having a thickness of 15 microns. The galvanized 
sheet iron thus coated was subjected to a by total radia-
tion dose of 4 M rad by employing the same electron 
accelerator and under the same condition as in Exam-
ple 1 to cure the coated film. 

The results of pencil scratch hardness, impact test, 
and adhesion test regarding the resulting cured film are 
indicated in Table 2. For comparison, another coating 
material was prepared by blending well 2.0 parts of 
50% diethyl fumara te solution of methyl ethyl ketone 

50 peroxide and 1.0 part of 60% toluene solution of cobalt 
naphthenate with the above described white enamel, 
and the thus obtained coating material was coated on 
a similar galvanized sheet iron as described above so as 
to obtain a film having a thickness of 15 microns. The 
and thus coated sheet iron was left as it was in a ther-
mostatic chamber a t a temperature of 25°C for 10 hrs. 

C u r i n g 
Cond i t i on 

Tes t 
I t ems 

C u r i n g a t 25°C 
f o r 8 hrs . 

Bak ing 
a t 100°C 

f o r 5 min . 
Rad ia t ion 

by 5 M r a d 

Penci l S c r a t c h 
Ha rdnes s *1 B H B F - H 
Gela t ion 
P e r c e n t a g e *2 68.1 70 .8 78 .3 

•1: Pencil scratch hardness according to JIS K 5652 (5.15) (1957). 
*2: Each sample film was peeled off from the glass plate, the film was placed in a 
wire gauze of stainless steel of 300 mesh, and extracted in Soxhlet extractor by the 
use of acetone solvent for 20 hrs. Then, the resulting extract was dried at a 
temperature of 11 OX' for 3 hrs. The thus dried extract was weighed, and the 
gelation percentage was calculated in accordance with the following equation: 
Gelation Percentage (%) = (Weight of Residue / Weight of Sample ) x 100 

In accordance with the value of gelation percentage, 
the degree of cross linkage can be relatively estimated. 

E X A M P L E 2 

Into the same reactor as in Example 1, 377 parts of 
phthalic anhydride, 69 parts of pentaerythritol , 241 

65 
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C o n d i t i o n 

T e s t 
I t ems 

C u r i n g a t 25°C 
f o r 10 hrs. 

Rad ia t i on 
by 4 M rad 

Penci l S c r a t c h 
H a r d n e s s *I B H 
I m p a c t T e s t * 2 G o o d G o o d 
A d h e s i o n T e s t *3 G o o d G o o d 
So lven t 
Res i s t ance * 4 3 0 t imes 9 2 t imes 

* 1: Same as in * 1 of Example 1. 
*2: Cracks and peelings of a coated film in the case when a load of I kg was 
dropped from a height of 50 cm, by employing du Pont impact tester were 
examined. 
*3: A coated film was cut into 100 squares, each area of them being I mm X 1 mm, 
with a knife in such a degree that each cutting just reached the base material. 
Scotch tape was adhered closely the so cut film, and peeled off in a direction of 
180°. 
*4: A gauze steeped in xylene was contacted with the surface of the coated film 
and an even force was applied thereon to rub the surface of the film until the base 
material was exposed, and the required number of times for its reciprocating 
motion was counted. 

The results of pencil scratch hardness and gelation 
percentage obtained by measuring the cured film are 
indicated in Table 3. For the comparison, another coat-
ing material , p repared by blending 2.0 parts of 50% di-

5 ethyl fumara te solution of methyl ethyl ke tone perox-
ide and 1.0 par t of 60% toluene solution of cobalt 
naphthenate with 100 parts of the above alkyd resin 
composition, was similarly coated on the glass plate as 
described above. In this manner , films coated on two 

10 glass plates were prepared , one of which was baked in 
a hot blast stove at a tempera ture of 100°C for 5 min. 
and another which was left in a thermostat ic chamber 
as it was a t a tempera ture of 25°C for 8 hrs. The mea-
sured results of thus prepared films were similarly indi-
cated in Table 3. 15 

20 

Table 3 

25 

E X A M P L E 3 

Into the same reac tor as in Example 1, 338 parts of 
phthalic anhydride, 128 parts of pentaerythri tol , 167 
parts of t r imethylolethane, 384 par ts of isomerized lin-
seed oil fatty acid (conjugated acid content being 
30.0%, neutralization value 201, and iodine number 
135, respectively), 53 parts of p-tertiary butyl benzoic 
acid, and 50 parts of xylene (same in Example 1) as 30 
azeotropic solvent were charged. Nitrogen gas was in-
t roduced into the resulting mixture, the tempera ture of 
the contents of the reac tor was elevated to 225°C while 
stirring, and the react ion was cont inued for about 5.5 
hrs. at this tempera ture thereby to condensate the resin 
thus obtained to an acid value of 10 (Oil length being 
38.4%, and hydroxyl value about 96, respectively). 
Thereaf te r , the t empera ture of the contents was de-
creased to 110°C, 192 parts of ci traconic anhydride 
and 0.6 par t of hydroquinone were added thereto, and 
the stirring was continued for 1 hr. at 110°C thereby to 
complete the reaction. 

By this reaction operat ion, an alkyd resin modified a 
conjugated unsaturated fatty acid as a componen t and 
obtained by reacting f ree hydroxyl groups with acid an-
hydride having polymerizable unsatura ted group was 
obtained. 

Immediately af ter the half-esterification reaction, a 
mixture consisting of 300 parts of styrene and 200 parts 
of ethyl acrylate was added t o 500 par ts of t he half-
esterified alkyd resin, nitrogen gas was introduced 
thereinto, and the resulting mixture was sufficiently 
stirred to dissolve the resin while heating the mixture 
at a tempera ture of 80°C. Af ter dissolving, the mixture 
was cooled to room tempera ture and as a result, a vinyl 
monomer solution having a resin content of 50% was 
prepared. 

A coating material p repared by well blending 1.0 par t 
of 60% toluene solution of cobalt naph thena te with 100 
parts of the above described alkyd resin composit ion 
was coated on one side of a glass plate having a thick-
ness of 1.5 m m so as to obtain a film having a thickness 
of 30 microns. 

The glass plate thus coa ted was subjected to a total 
radiation dose of 6 M rad by employing the same elec-
t ron accelerator and under the same condit ions as in 
Example 1 to cure the coated film. 

35 

40 

45 

50 

55 

60 

65 

C u r i n g 
C o n d i t i o n 

Tes t 
I t ems 

C u r i n g a t 25°C 
f o r 8 hrs . 

Bak ing 
a t 100°C 

f o r 5 min . 
Rad ia t i on 

by 6 M r a d 

Pencil S c r a t c h 
H a r d n e s s * 1 B - 2 B B - H B H 
Gela t ion 
P e r c e n t a g e * 2 6 3 . 2 68 .7 7 6 . 4 

* 1: Same as in * I of Example 1. 
*2: Same as in *2 of Example 1. 

E X A M P L E 4 

Into the same reactor as in Example 1, 508 parts of 
dehydrated castor oil (Conjugated acid content being 
28%, iodine number 140, and acid value 1.3, respec-
tively), 145 parts of pentaerythritol , and 42 parts of 
glycerine were placed, then nitrogen gas was intro-
duced into the resulting mixture, and the tempera ture 
of the contents of the reactor was elevated to 200°C 
while stirring. When the temperature of the contents 
reached to 200°C, 0.5 par t of litharge was added to said 
contents, the tempera ture was elevated to 235°C, and 
the react ion was continued at this tempera ture for 30 
min. Then , af ter lowering the tempera ture of the con-
tents to 200°C, 300 parts of phthalic anhydride, 48 
parts of p-tertiary butyl benzoic acid, and 50 par ts of 
xylene ( same as in Example 1) as azeotropic solvent 
were fur ther added to said contents, the tempera ture 
thereof was again elevated to 230°C, and the react ion 
was cont inued at this tempera ture for about 4.5 hrs. 
thereby to condense the resin thus obtained to an acid 
value of 6 (Oil length being 48.6%, and hydroxyl value 
about 72, respectively). Thereaf te r , the tempera ture of 
the contents was lowered to 110°C, 125 parts of maleic 
anhydride and 0.6 part of hydroquinone were added to 
the resin, and the stirring was continued for 1 hr . at 
110°C thereby to complete the reaction. 

By this reaction operat ion, an alkyd resin modified a 
conjugated unsaturated fat ty acid as a component and 
obtained by reacting f r ee hydroxyl groups with acid an-
hydride having polymerizable unsaturated group was 
obtained. 

Immediately af ter the half-esterification react ion, a 
mixture consisting of 250 parts of styrene and 250 parts 
of methyl methacrylate was added to 500 parts of thus 
half-esterified alkyd resin, nitrogen gas was introduced 
thereinto, and the resulting mixture was sufficiently 
stirred to dissolve the resin while heating the mixture 
at a tempera ture of 80°C. Af ter dissolving, the mixture 
was cooled to a room tempera ture and as a result, a 
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vinyl monomer solution having a resin content of 50% 
was prepared. 

A coating material prepared by well blending 1.0 par t 
of 60% toluene solution of cobalt naphthenate with 100 
parts of the above described alkyd resin composition 
was coated on one side of a glass plate having a thick-
ness of 1.5 m m so as to obtain a film having a thickness 
of 20 microns. 

The glass plate thus coated was subjected to gamma-
ray radiation due to cobalt 60 by total radiation dose 
of 1 M rad at a rate of radiation dose of 1 X 106 roent-
gen/hr. at a room tempera ture for one hr . to cure the 
coated film. 

The results of pencil scratch hardness and gelation 
percentage obtained by measuring the film cured by 
gamma-ray radiation are shown in Table 4. For com-
parison, another coating material, prepared by blend-
ing 2.0 parts of 50% diethyl fumara te solution of 
methyl ethyl ketone peroxide and 1.0 par t of 60% tolu-
ene solution of cobalt naphthenate with 100 parts of 
the above alkyd resin composition, was similarly coated 
on the glass plate as described above. The glass plate 
thus coated was left in a thermostatic chamber as it was 
at a temperature of 25°C for 8 hrs. and the measured 
results of thus treated film are similarly indicated in 
Table 4. 

Table 4 

C u r i n g 
C o n d i t i o n C u r i n g a t 25°C Radia t ion 

Tes t fo r B hrs. by 1 M rad 
I tems 

by 1 M rad 

Pencil S c r a t c h 
H a r d n e s s * 1 2 B - B B - H B 
Gela t ion 
P e r c e n t a g e *2 60 .7 6 8 . 3 

* 1: Same as in * 1 of Example 1. 
*2: Same as in * 2 of Example t . 

As shown in the above examples, the alkyd resin 
composition according to this invention was coated on 
an article and when thus coated film was subjected to 
radiation of, for example, electron rays, the curing 
property of the film was excellent. 

What is claimed is: 
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1. A method for curing alkyd resin compositions 
which comprises applying ionizing radiation in a total 
radiation dose of f rom 0.1 to 50 M rad to an alkyd resin 
composition comprising 

5 a. styrene; and 
b. an alkyd resin product consisting essentially of the 

half-esterification product of ( 1 ) a conjugated un-
saturated fatty acid or conjugated unsaturated fatty 
oil, selected f rom the group consisting of tung oil, 

1 0 linseed oil, linolic and dehydrated castor oil, modi-
fied alkyd resin, said alkyd resin of ingredients 
comprising phthalic anhydride, pentaerythritol, 
and trimethylol e thane or glycerine having an oil 
length of f rom 10 to 50 percent and a hydroxyl 

1 5 equivalent of 300-2000, and (2) maleic anhydride 
or citraconic anhydride, said anhydride being in an 
amount sufficient to react with at least 30 percent 
of the hydroxyl groups of said modified alkyd resin. 

2 0 2. A method for curing alkyd resin compositions ac-
cording to claim 1, in which said ionizing radiation is 
carried out by a member selected f rom the group con-
sisting of proton rays, alpha-rays, beta-rays, gamma-
rays, accelerated electron rays, and X-rays. 

25 3. A method for curing alkyd resin compositions ac-
cording to claim 1, in which said ionizing radiation is 
applied in a total radiation dose of f rom 0.5 to 10.0 M 
rad. 

4 . The method of claim 1 wherein the alkyd resin is 
30 of ingredients consisting of phthalic anhydride, penta-

erythritol, trimethylol ethane, and tung oil fatty acid, 
and the acid anhydride is maleic anhydride. 

5 . The method of claim 1 wherein the alkyd resin is 
of ingredients consisting of phthalic anhydride, penta-

35 erythritol, trimethylol ethane, and isomerized linseed 
oil fatty acid, and the acid anhydride is citraconic anhy-
dride. 

6 . The method of claim 1 wherein the alkyd resin is 
of ingredients consisting of dehydrated castor oil, pen-

40 taerythritol, glycerine and phthalic anhydride, and the 
acid anhydride is maleic anhydride. 

7. The method of claim 1 wherein said ionizing radia-
tion is applied at a temperature of 5°-50° C. 

# # * ^ • 
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