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This application is a division of my copending applica 
tion Serial No. 17,228, ?led March 23, 1960, for “Graft 
Polymerization by Ionizing Radiation” now abandoned. 
The invention described herein, if patented, may be 

manufactured and used by or for the Government for 
governmental purposes, without the payment to me of any 
royalty thereon. 

This invention relates to grafting of polymers on ?exible 
organic base by low dosage ionizing irradiation, and more 
particularly to the production of polymeric coatings of 
the vinyl or silicone type on ?exible cellulosic, keratinous, 
or plastics base by exposure to ionizing radiation at con 
trolled low dosages of ionizing irradiation. 

In accordance with the instant invention, it is possible 
to effect graft polymerization by repeated exposures to 
controlled small doses of ionizing radiation, at a sub 
stantially lower total dose than would be needed to effect 
the same degree of graft polymerization by continuous 
exposure to ionizing radiation, at the same or higher dose 
rates. That is, I have found quite unexpectedly that 20 
exposures at 0.001 megarad per second, with a time-heat 
ing interval of 1/2 minute to about 1 hour between ex 
posures, depending on the monomer system, yields much 
more polymerization, and consequently less degradation, 
than does a continuous exposure at 0.001 megarad per 
second for 20 seconds. 

It has been found in the course of research on the effects 
of ionizing radiation that exposure to ionizing radiation 
of cellulosic, keratinous and plastics bases above certain 
dose rates causes them to deteriorate, with resultant loss 
in strength. The limit of permissible single dose rates 
varies depending on the material; thus, I have found that 
cellulos-ic material such as dry cotton and dry paper can 
withstand a single dose of about .1 megarad of ionizing 
irradiation without apparent deteriorative effect; leather 
can similarly Withstand a single dose of about 2 megarads 
of ionizing irradiation without suffering detectable deg 
radation. The term “megarad” as used herein, refers 
to a dose of ionizing radiation which produces an energy 
absorption of 100x106 ergs per, gram of irradiated sub 
stance. The term “megarad” has now replaced the term 
“megarep” which latter term represents the quantity of 
ionizing radiation which produces energy absorption of 
83x106 ergs per gram of tissue; thus, 1 megarep=.83 
megarad, or 1 megarad=1.2 megareps (approx). 

It is not possible to polymerize most monomeric vinyl 
compounds by ionizing irradiation at a single dosage of .1 
megarad, which is the approximate limit to which a cel 
lulosic base can be safely exposed at a single exposure. 
In the case of leather, no satisfactory bonding between 
silicone resin coating and leather base can be effected by 
exposure to a single dosage of about 2 megarads, which 
is the safe dosage limit for a leather base. 

Analogous observations were made in the course of 
attempts to apply a coating to a synthetic plastics base, 
such as nylon, by ionizing irradiation of the coating. 

I have now discovered that the foregoing disadvantages 
can be overcome by exposure of the coated base to a 
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plurality of dosages below the safe limit for the particular 
base, provided that the successive exposures are separated 
by intervals permitting at least partial completion of the 
chain reactions initiated by the ionizing irradiation. In 
the case of a cotton base, from 5 to 40 individual ex 
posures at 0.001 to .1 megarad each, have enabled me to 
produce a highly satisfactory vinyl-type coating, without 
detectable injury to the base. Evidently, the effects of 
the repeated exposures to ionizing radiation are cumula 
live or nearly cumulative upon the vinyl coating, While 
the deleterious effects on the base are either obscured by 
the grafting process and/or essentially non-cumulative. 

Similarly, I have produced strongly adherent silicone 
coatings on leather by repeated exposure of the coated 
leather to dosages of ionizing radiation at a dosage rate 
of not more than 2 megarads per exposure, preferably 
about 1.66 megarads per exposure. At predetermined in 
tervals between successive exposures even as many as 10 
passes were found to be substantially non-injurious to 
the leather, and strongly adherent silicone coatings were 
formed after 4 or more passes, the optimum being about 
7 to 8 passes. 
Among bases that can be coated in accordance with my 

invention are oellulosic bases such as cotton or paper; 
keratinous bases, such as leather, wool, or feathers, and 
plastics bases in the form of woven textiles or self-support 
ing ?lm sheets, e.g., nylon, cellulose acetate, Acrilan (a 
mixed polymer of about 85% acrylonitrile and 15% vinyl 
(derivatives), Dacron (ethylene glycol and terephthalic 
acid polyester), Dynel (vinyl chloride and acrylonitrile 
copolymer), Mylar (polyethylene terephthalate), Orlon 
(polyacrylonitrile), polyethylene, Te?on (polymerized 
per?uoroethylene, Kel-F (polymeric chlorotri?uoroeth 
ylene). 
The foregoing bases are of a polymeric nature, i,e., 

cellulose can be represented as a polymeric anhydride of 
dextrose; a keratin is a natural amino acid polymer, and 
a plastics surface of the nylon type is a synthetic poly 
amide polymer. My studies have shown that the ionizing 
radiation of such a base, coated with polymerizable vinyl 
type or silicone coating, produces a grafting of the coat 
ing material onto the polymeric base, which accounts for 
the strength of the adhesion of the irradiated polymerized 
coating. 
Among other suitable polymerizable vinyl type com 

pounds for the practice of my invention are, e.g., acryloni 
trile, methyl acrylate, ethyl acrylate, propyl acrylate, 
butyl acrylate, heptyl acrylate, ?uorinated propyl acry 
late, ?uorinated heptyl acrylate, allyl acrylate, vinyl acry 
late, methyl methacrylate, ethyl methacrylate, styrene, 
vinyl toluene, vinyl acetate, isoprene, triallyl phosphate, 
vinyl triethoxy siloxane. 

Other suitable silicones beside vinyl triethoxy siloxane 
are those disclosed in Patents Nos. 2,258,218 to 2,258,222, 
Rochow, assigned to General Electric Co.; still other suit 
able silicones characterized by organo-substituted poly 
functional repeating SiO units are produced by Dow 
Corning Corp., e.g., the “Silastic” series. 

Moderate heating to a point non-injurious to the base, 
say to about 40°-85° C. assists in the formation of the 
graft polymer and enables a reduction of the total dosage 
of ionizing radiation. Exclusion of atmospheric oxygen 
during and between exposures to ionizing radiation, either 
by means of a vacuum, or by substitution of an inert at 
mosphere, e.g., CO2, nitrogen, argon or helium has a 
very bene?cial effect on the graft polymer formation, and 
may be combined with the moderate heating. 

Polymerization promoters, such as acrylic acid or meth 
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acrylic acid, are useful in assisting the formation of a 
vinyl-type graft polymer by low dosage ionizing irradia 
tion in accordance with the present invention. 
The interval between successive exposures to ionizing 

radiation may be as short as 1/2 minute, and is preferably 
between about 15 minutes and about 1 hour. Generally, 
the longer the interval, the greater is the amount of graft 
polymerization obtained per unit of irradiation energy. 
However, if the intervals are too long, the manufacturing 
time of the coating process tends to become more expen 
sive, unless a continuous cycle of the material being 
processed is maintained. 
The individual passes (exposures) are rather short, e.g., 

1/2 to about 4 seconds, preferably about 4 seconds per pass. 
An effective source of ionizing radiation is a high energy 

electron accelerator of the Van de Graaff type. A com 
mercially available model has a 2,000,000 electron volt 
(2 mev.) capacity; smaller competing electron accelera 
tors now on the market have about 100,000 electron volt 
capacity. Another suitable source of ionizing radiation 
for the purposes of the present invention is gamma irradia 
tion, e.g., from C060. 

Example I 

Cotton duck was coated with a 1:1 mixture of mono 
meric acrylonitrile and butyl acrylate, and subjected to 
ionizing irradiation at a dosage of .1 megarad per pass, 
with intervals of 1 hour between passes. During each 
interval, a 75° C. controlled temperature was applied. 
The amount of graft polymer deposited on the cotton 
base was measured in percentage of added weight (add 
on). The following table illustrates the results obtained 
in the presence and absence of atmospheric air: 

Percent Add-On 111 

Vaeuum Argon Nitrogen Air 

Control (no irradiation) 40 hrs., 
75° C ________________________ __ 3. 6 0. 3 0. 4 0. 4 

5 passes @ .1 megarad, 75° C. __ 7.0 4. 0 3. 7 0.5 
20 passes @ .1 megarad, 75° C____ 27.5 27.0 26. 7 7. 1 
40 passes @ .1 megarad, 75° C____ 48. 0 52.0 55. 6 36. 2 

All samples were post-heated after each pass under the beam. 

The tensile strength of the treated coated cotton was 
in each case about the same as the untreated coated cot 
ton. 

Example ll 
Example I was repeated on cotton duck with mono 

meric vinyl acrylate and a C02 inert atmosphere. The 
following results were obtained: 

percent add-on 
10 passes at—— 

.001 megarad _________________________ __ 1.6 

.005 megarad _________________________ __ *7.3 

.025 megarad _________________________ __ 21.8 

.05 megarad _________________________ __ 25.6 

.1 megarad _________________________ __ 26.8 

Similar coatings were formed on nylon cloth, wool 
cloth, and mixed wool-nylon fabric. 

Example III 

Kraft paper was coated with monomeric butyl acrylate 
and subjected to 6 passes at .06 megarad each under the 
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4 
same temperature conditions and with the same intervals 
between exposures to ionizing radiation as in Example I. 
An add-on of 130% was obtained. With styrene, the 
add-on on the kraft paper was 39%. The amount of 
add-on Was determined by repeated extractions with methyl 
ethyl ketone which removed all coating that was not 
chemically bound to the paper base by graft polymeriza 
tion. 

Example IV 
40 parts of ground chrome-tanned leather were im 

pregnated by milling with 60 parts of Dow-Corning Silas 
tic organosiloxane (“Silastic 5303”), pressed into sheets 
at 1000 p.s.i., and irradiated at room temperature at 1.66 
megarads (2 megareps) per pass, with 15 minute inter~ 
vals between passes. The sheet material becomes increas 
ingly stronger after the 4th pass, and tensile strength is at 
an optimum after 7 to 8 passes. No further improvement 
was noted after the 9th and 10th pass. 
The coatings can be formed on one or both sides of 

the ?exible sheet base (cotton, paper, fabric, etc.). 
Having thus described several examples of the forma 

tion of graft polymer coatings by repeated exposure to ion 
izing radiation at controlled low dosages which are in 
dividually non-injurious to the base but sufficient in the 
aggregate to form the desired graft polymers, I now de?ne 
the scope of my invention by the appended claims. 

I claim: 
1. Method of grafting a polymeric coating on the cel 

lulose molecules of paper, comprising 
coating a surface of said paper with a monomer hav 

ing a polymerizable vinyl group, 
exposing said coatedsurface to high energy ionizing 

radiation equivalent to at least about 100,000 elec 
tron volts at a dosage of not more than about 100,000 
rads per pass, 

said dosage being less than the dosage needed for com 
pletely polymerizing said monomer, 

and repeating said exposure until said monomer has 
polymerized and is grafted on said paper, 

the intervals between successive exposures being at least 
about 15 minutes each, 

said paper being at an elevated temperature of about 
40°~85 ° C. during said intervals. 

2. Method according to claim 1, wherein said mono 
mer is a member of the group consisting of acrylates and 
methacrylates. 

3. Method according to claim 1, wherein said mono 
mer is butyl acrylate. 

4. Method according to claim 1, wherein said monomer 
is styrene. 

5. Method according to claim 1, wherein the interval 
between successive exposures is about 1 hour. 
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