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[57] ABSTRACT 

Both higher corrosion resistance and paint adhe rence 
are given to film fo rmed on the surfaces of metals by 
treat ing the surfaces with aqueous solution of one or 
more materials selected f rom the group consisting of 
water soluble vinyl m o n o m e r , water soluble high poly-
mer and then irradiating ionizing radioactive rays on 
the nearly dried surface film. When a water soluble 
inorganic compound is mixed with the above men-
t ioned aqueous solution, the film propert ies are 
greatly improved. 

8 Claims, No Drawings 
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PROCESS O F TREATING SURFACES OF METALS 3-chlor-2-acid phosphoxypropyl methacrylate having 
the formula: 

BACKGROUND OF INVENTION 

This invention relates to an improved process of 
treating surfaces of metals and more particularly to 
such process which increases corrosion resistance and 
paint adherence of converted film formed on surfaces 
of metals by means of irradiated ionized radioactive 
rays. 

In processes for coating surfaces of metals by use of 
irradiating high energy, ionizing radiation to effect po-
lymerization of the coatings has been promoted and 
used in the prior art. For example, the electrocoating 
and polymerizing method known as the Ford process, 
which is disclosed in U.S. Pat. Nos. 3,501,390 and 
3,501,391, are typical of the art. The above process 
consists of electrodepositing a film forming polymeriz-
able, organic coating material upon an electrically con-
ductive object and polymerizing the film on the object 
by ionizing radiation. Usually there is employed a water 
dispersible, electro-depositable coating material with a 
water soluble amino compound as a dispersal assistant. 

None of the prior art methods produces such con-
verted surfaces which have excellent corrosion resis-
tance and paint adherence. 

SUMMARY O F INVENTION 

Accordingly, an object of this invention is to provide 3 0 

a process of treating surfaces of metals to produce im-
proved properties of superior corrosion resistance and 
excellent paint adherence. 

The inventive process differs from the prior art pro-
cesses in the film forming material used, and composi- 35 
tion of aqueous solution of the employed material. The 
film forming material is selected from the group con-
sisting of water soluble vinyl monomer, and water solu-
ble high molecular compound. Aqueous solutions of 
the above materials are employed. Each of the materi- 40 
als may be employed singly or in mixtures of two or 
more. Furthermore, when a selected cation and/or 
anion is added to the above aqueous solution, the prop-
erties of the converted film are improved considerably. 
Thereafter , ionizing radioactive rays are irradiated on 45 
the converted film. The formed film is converted to a 
substance which is insoluble against water and organic 
solvents, in addition to being polymerized and bridged. 

DETAILED DESCRIPTION OF PREFERRED 5 0 

EMBODIMENTS 

In accordance with this invention, the term "water 
soluble vinyl monomer" as employed herein, includes 
unsaturated acid, such as maleic acid, crotonic acid, 
itaconic acid, acrylic acid, methacrylic acid and the 5 5 

like; metallic salt of the above unsaturated acids having 
divalent atoms, unsaturated compounds, such as 
acrylic amide, methacrylic amide, acrylonitrile, and the 
like; and vinyl ester phosphate, such as 2-acid phos-
phoxyethyl methacrylate having the formula: 

C H , 0 
l J " 6 5 

GH2 • C - C - 0 - GH2 - CH2 - 0 - P - OH 

0 OH 

CH-a CH 2 C1 0 
V O i l 

CHo = C - C - 0 - CH- - CH - 0 - P - OH 
c. n c ( 

0 OH 

The term "water soluble high molecular c o m p o u n d " 
as used herein, includes a polymer or copolymer of 
acrylic or methacrylic ester, polyvinyl alcohol, polyvi-
nyl alcohol - maleic copolymer, polyvinylether-maleic 
copolymer, polyethylene-maleic copolymer, itaconic -
acrylonitrile copolymer, water soluble organic high 
molecular compound sulfonate, water soluble polymer 
having vinyl radical as carboxylic modified epoxydia-
crylate or polyethylene glycol diacrylate, water soluble 
natural rubber or other water soluble synthetic high 
molecular Compound. 

The term " a selected metallic cation having divalent 
a t om" as used herein means that each of Ca, Mg, Zn, 
Cr, Al, Fe, and Ni, is added to the treating aqueous so-
lution with water soluble matter. 

The term " a selected anion" as employed herein in-
cludes chromic acid, bichromic acid, phosphoric acid, 
boric acid, nitric acid, sulfuric acid, titanic acid, per-
manganic acid, fluosilicic acid, borofuoric acid and the 
like. Especially preferred are the anions of chromic 
acid, bichromic acid and phosphoric acid. 

The term "ionizing radioactive rays" as employed 
herein includes proton-, alpha, beta, gamma, x-rays, or 
accelerating electron beams. The use of the accelerat-
ing electron beam among the above mentioned rays is 
especially recommended as having the best suitable 
rays in industrial scale use. 

The invention may be applied to steel sheets, galva-
nized steel sheets, aluminized steel sheets, aluminum 
sheets, or other metallic materials. 

The t reatment of the above materials comprises the 
following steps. First, the film forming material, which 
is selected from the group consisting of water soluble 
vinyl monomers and water soluble high molecular com-
pounds is coated on the metallic material by known 
steps of dipping, roller coating, electrodepositing or the 
like. The formed film on the surface results in a water 
soluble material. 

Successively, the film is almost or nearly dried by 
known hot blast or other suitable means. Then, the ion-
izing radioactive rays are irradiated on the film. By 
such irradiation, water soluble film is cured to material 
which is insoluble in water or organic solvents. Also, 
there occurs polymerization reaction and crosslinking 
reaction among the polymer chains of the film material. 
When each of the film forming materials is used indi-
vidually, the inventive process is effective in improving 
corrosion resistance and paint adherence of cured film. 
When a mixture of the film forming material is em-
ployed, the film properties are substantially improved 
over those obtained using a single material. 

When a selected cation and/or anion is further added 
to the aqueous solution of the film forming material, 
the film properties are improved to the highest degree. 
This has been confirmed by many experiments. It may 
be theorized, although not necessarily with absolute 
certainty, that improvments result from forming salt 
having double bonds by addition of the cation and/or 
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anion and then curing into a net polymer having three 
dimentional s tructure by irradiation of the ionizing ra-
dioactive rays. 

When the employed m o n o m e r or polymer is an un-
stable mater ia l exhibiting a tendency of being decom-
posed with addit ion of the anion, the following treat-
ment may be used. First, the chemical conversion treat-
ment is carr ied out by inorganic c o m p o u n d and then 
the aqueous solution of the m o n o m e r or polymer is 
coated thereon for curing by irradiation of the ionizing 
radioactive rays. By this t rea tment it is possible to eas-
ily obtain the same film proper t ies as those resulting 
f rom t rea tment with mxing of aqueous solution of the 
film forming material and the anion. 

The irradiating of the ionizing radioact ive rays is car-
ried out by well known process and means . However , 
it should be noted that such an inert gas as N2, C 0 2 or 
He2 , and not including 0 2 , is desirable as irradiating 
medium for the ionizing radioactive rays, while the 
rays, of course , are possible to be i rradiated through 
the a tmosphere or vacuum. This is because the employ-
ing of inert gas causes the required amoun t of beam 
current to decrease . 

Actual examples of this invention are as follows: 

E X A M P L E I 

This is an example of t reat ing metal with only water 
soluble vinyl monomer . 

30 

Composition of aqueous solution 
calcium acrylatc 10 parts 
water 90 parts 

Treated metal material 
Drying means 
Employing ionizing radiation 

Accelerating electron beam 
irradiating medium 
irradiating t ime 

Testing 
Method Salt spray testing, JIS 
results No white stain for 5 hours. 

by weight ( the same 
will apply hereinaf ter) 

;alvanized steel 
lot blast 

300 KV, 25 mA 
air, normal t empera ture 
2 sec. 

40 

In the case of no irradiation with the beam, the galva-
nized steel sheet was wholly covered with fog af ter 30 
minutes. 

E X A M P L E II 

This is an example of treating metal with only water 
soluble high molecular compound . 

10 

10 

Composit ion of aqueous solution 
acrylic monomer 3.35 parts 
zinc oxide 1.65 parts 
chromium trioxide 1.00 parts 
water 94.00 parts 

Testing metal material galvanized steel sheet 
Drying means hot blast 
Employing ionizing radiation 

Accelera ted electron beam 300 KV 
A m o u n t of absorption beam 
current 5 M. Rad 
Irradiating medium N s 

Testing 
Method Same as Example 1 
Results No fog for 96 hours. 

15 
In the case where no irradiation with the beam, the 

galvanized steel sheet was wholly covered with fog af ter 
24 hours. 

20 E X A M P L E IV 

This is an example of t reat ing metal with mixture of 
water soluble vinyl m o n o m e r and inorganic compound 
as that of Example III, except unsatura ted carboxylic 
monomer , such as crotonic acid, maleic acid or ita-

2 5 conic acid was used in place of acrylic acid of Example 
III, and at the same t ime, Zinc Oxide equivalent to hy-
drogen of carboxylic group was added to the aqueous 
solution. 

Testing results were the same as that of Example III. 

E X A M P L E V 

This is an example with mixture of water soluble high 
molecular compound and inorganic compound . 

35 

Composit ion of aqueous solution 
Copolymer resin of acrylonitrile 

and itaconic acid 
Dichromic ammonium 
Water 

Tested metal material 
Employing ionizing radiation af ter 

drying, accelerated electron beam 
medium 
amount of absorption beam current 

Testing 

7 parts 
0.5 part 

92.5 parts 
galvanized steel sheet 

300 KV, 
N2 
10 M.Rad 

45 Method 
Results 

Paint adherence test. 
Employed paint 
method 
results 

Same as in above Examples. 
No white stain for 120 hours. 

baking type melamine 
JIS test 
no friction. 

50 

Composition of aqueous solution 
Polyacrylic ammonium 
Water 

Treated metal material 
Drying means 
Employing ionizing radiation 

Testing 

5 parts 
95 parts 

galvanized steel sheet 
hot blast 
Same as Example 1. Medium 
was N2. 

Bath method and results were the same as in 
Example I 

In the case of no irradiation with the beam, the galva-
nized steel sheet was wholly covered with fog af ter I 
hour. 

E X A M P L E III 

This is an example of t reat ing metal with mixture of 
water soluble vinyl m o n o m e r and inorganic compound . 

E X A M P L E VI 

This is an example of treating metal with mixture of 
55 water soluble vinyl chloride, water soluble high molec-

ular c o m p o u n d and inorganic compound . 

60 

65 

Composit ion of aqueous solution 
Acrylamide 
Itaconic acid 
Maleic polybutadiene 
Chromium sulfate 
Bichromic ammonium 
Water 

1 part 
2 parts 
5 parts 
2 parts 
8 parts 

82 parts 
Tested metal material Cold reduced steel sheet 
Employing ionizing radiation af ter drying 

accelerated electron beam 150Kv, 300 KV, 500 KV 
Medium used N2 
Amount of Absorption 
beam current 0.5 to 20M.Rad. 
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-Cont inued 
Testing 

Method 
Results 

Same as Example I 
No white stain for 96 hours. 

The film fo rmed as ment ioned above exhibited excel-
lent adhe rence for melamine , alkyd, acrylic and epox-
ide type paint , which was done in acco rdance with the 
IIS ( Japanese Industrial S tandards) . Moreover , tests of 
irradiating the electron b e a m was carr ied out within the 
range of 60°C to —10°C. As a result , the film proper t ies 
was found to be tending to improve in some degree as 
the medium tempera tu re increased. However , it seems 
tha t the film proper t ies are practically unchanges at 
various tempera tures . 

E X A M P L E VII 

This is the same as Example VI. 

10 

10 

Composition of 
copolymer of acrylic ester and 
acrylic ammonium 0.1 part 
bichromic ammonium 0.9 part 
water 99.0 parts 

Tested metal material galvanized steel sheet. 
Employing ionizing radiation after drying 

Accelerated electron beam 
Medium 
Amount of absorption beam current 

Testing 
Method Same as Example I 
Results No white stain for 72 hours. 

300 KV 
N2 
10 M.Rad 

15 E X A M P L E X 

This is an example of treating metal with mixture of 
water soluble vinyl m o n o m e r , o ther vinyl m o n o m e r and 
inorganic compound . 

20 

2 parts 
1 part 

6.5 parts 
0.5 par t 

90.0 parts 

Composition of aqueous solution, 
magnesium acrylate 
water soluble epoxide resin 
bichromic ammonium 
phosphoric acid 
water 

Tested metal material cold reduced steel sheet 
Employing ionizing radiation af ter drying. 

Accelerated electron beam 300 KV 
Medium N2 
Amount of absorption beam current 5 M.Rad 

Testing 
Method Same as Example I 
Results No fog for 120 hours. 

25 

30 

The film propert ies exhibit excellent paint adherence 
as shown in above disclosed examples. 

E X A M P L E VIII 

This is an example of t reat ing metal with mixture of 
water soluble vinyl m o n o m e r , aqueous emulsion of 
high molecular compound and inorganic compound . 

35 

Composition of aqueous solution 
Aqueous emulsion of polyvinyl acetate 
polyethylene oxide 
chromic anhydride 
ammonium silicofluoride 
water 

Tested metal material Aluminum plate. 
Employing ionizing radiation after drying 

accelerated electron beam 300 KV 
medium N2 
amount of absorption beam current SM.RAd 

Testing 
method Same as Example I 
results No white stain for 120 hours. 

5 parts 
1 part 
4 parts 

0.3 parts 
89.7 parts 

40 

Composition of aqueous solution 
Carboxylic modified epoxydiacrylate 3.5 parts 
2-acid phosphoxyethyl methacrylate 1.5 parts 
zinc bichromate 1.4 parts 
water 93.6 parts 

Tested Metal Material galvanized steel sheet and 
electro-zinc-plating steel 
sheet. 

Employing ionizing radiation after drying 
Accelerated electron beam 30 KV 
Amount of absorption beam current 20 M.Rad 

Testing 
Method Same as Example I 
Results No white stain for 200 hours. 

Moreover , the fo rmed film exhibited excellent paint 
adherence . 

E X A M P L E XI 

This is the same example as shown in Example X, ex-
cept the t reat ing steps are different . T h e tested metal 
materials are subjected to known ch roma te t reat ing 
and then dipped into the aqueous solution of vinyl chlo-
ride monomers . As a result, the fo rmed film exhibited 
the same propert ies as shown in Example X. 

4 5 E X A M P L E XII 

This example is t rea ted as in Example XI, except 
electrolytic ch romate process is used in place of non-
electrolytic ch romate process. T h e resultant film prop-

50 erties were as good as Example XI. 

E X A M P L E XIII 

This is an example of treating metal with aqueous 
emulsion of high molecular c o m p o u n d . 

55 

Moreover , the fo rmed film exhibited good scratch 
resistance. Next, the above t rea tment was carr ied ou t 
for aluminized steel sheet in place of the a luminum 
plate. The fo rmed film exhibited the same propert ies as 
that of a luminum plate. 

E X A M P L E IX 

This is an example of t reat ing metal with mixture of 
water soluble high molecular c o m p o u n d and inorganic 
compound. 

Composition of aqueous solution, 
emulsion of carboxylic modified 

1.2 polybutadiene 5 parts as solid 
component . 

6 0 water 95 parts 
Tested metal material cold reduced steel sheet 
Employing ionizing radiation 

Accelerated electron beam 300 KV 
Amount of absorption beam current 6 M. RAd. 
Medium C02 

Testing 
" 5 Method Same as Example 1 

Results No white stain for 48 Hours. 
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Moreover , the fo rmed film exhibited excellent paint 
adherence . 

Examining the above examples, as to film propert ies , 
it may be concluded tha t the re a re many distinctive fea-
tures of this invention. For example, the formed film is 5 
water soluble because of t rea tment with only water sol-
uble material . For making the film passive, known ion-
izing radioactive rays a re applied in a curing process to 
the film. By such means the film becomes insoluble to 
water and organic solvents. Consequent ly , it is remark- 10 
ably improved in corrosion resistance and paint adher-
ence. Secondly, a selected cat ion and /o r anion is fur-
ther added to the aqueous solution of the film forming 
material . This addit ion causes a salt having two double 
bonds in the film, to fo rm. Then successive irradiating 15 
with radioactive rays conver ts the film into net polymer 
having three-diment ional s t ructure . T h e proper t ies of 
the finally fo rmed film is improved to the highest de-
gree. 

The inventive process, it has been experimental ly 20 
conf i rmed, should be carr ied, out with the desirable 
mixing rat io of organic material to inorganic material 
within the range of 9:1 to 1:9, and preferably 4:6 by 
weight. Moreover , the employed electron beam voltage 
should be within the range of 150KV to 500 KV, and 25 
preferably less than 300 KV. Beam cur ren t of more 
than 25 MA are r e c o m m e n d e d for industrial applica-
tion, as conf i rmed by the above examples. However , 
the coat ing amoun t and thickness of film forming mate-
rial may be selected in accordance with the ob jec ted 30 
employed. 

It should be noted tha t this invention shows the high-
est improved propert ies of formed film and product ion 
efficiency for the coating of both ordinary metal prod-
ucts and metal strips which are t reated with very high 35 
speeds. 

The foregoing description is intended to be only illus-
trative of the principles of this invention. Numerous 
other variations and modif icat ions thereof would be ap-
parent to one skilled in the art. All such modifications 40 
and variations are to be considered to be within the 

3 4 9 
8 

spirit and scope of this inveintion. 
Wha t is claimed is: 
1. A m e t h o d of coat ing metal substrates by applying 

a composi t ion comprising an aqueous solution of water 
soluble vinyl monomer and an inorganic ionic material 
to said metal substrates, said inorganic ionic material 
conta ining a cat ion selected f rom the group consisting 
of Ca, Mg, Zn , Cr, Al, Fe and Ni; or an anion selected 
f rom the group consisting of ch romate , b ichromate , 
phosphate , bora te , ni trate, sulfate, t i tanate , pe rmanga-
nate , f luosil icate and f luoborate ; or mixtures thereof ; 
drying the coated substrates, and irradiating the dried 
composi t ion on the metal substrates with ionizing radi-
ation. 

2. Process of claim 1, wherein said water soluble 
vinyl m o n o m e r is selected f rom the group consisting of 
unsa tura ted acid, metallic salt of said unsatura ted acids 
having divalent a tom, unsatura ted acid amide, unsatu-
ra ted acid nitrile, and vinyl ester phosphate . 

3. Process of claim 2, wherein said unsatura te acid is 
maleic acid, crotonic acid, i taconic acid, acrylic acid or 
metacryl ic acid; wherein said unsaturated acid amide is 
acrylic amide or methacryl ic amide and said unsatu-
rated acid nitrile is acrylonitrile; and wherein said vinyl 
ester phospha te is 2-acid phosphoxyethyl methacryla te 
or 3-chloro-2-acid phosphoxypropyl methacryla te . 

4 . Process of claim 1, wherein said ionizing radioac-
tive rays includes pro ton , a lpha rays, beta rays, g a m m a 
rays, x rays, and accelera ted electron beam. 

5. Process of claim 1, wherein the mixing ratio of said 
organic m o n o m e r to inorganic material is within the 
range of 9:1 to 1:9 by weight. 

6. Process of claim 5, wherein said mixing ratio is 4:6 
by weight. 

7. Process of claim 4, wherein said accelerat ing elec-
tron beam is employed with a beam voltage of be tween 
150 KV and 500 KV, and beam current is more than 
25 mA. 

8. Process of claim 7, wherein said voltage is less than 
300 KV. 

* # * 
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