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(54) PROCESS AND APPARATUS FOR IRRADIATING FILM, 
AND IRRADIATED FILM. 

(71) WE, W. R. GRACE & CO., a 
corporation organized and existing under 
the laws of the State of Connecticut, 
United States of America of Grace Plaza, 

5 1114 Avenue of the Americas, New York, 
New York 10036, United States of 
America, do hereby declare the invention 
for which we pray that a patent may be 
granted to us, and the method by which it 

10 is to be performed, to be particularly des-
cribed in and by the following statement: 

The present invention relates to irradiated 
film and to a process of irradiating film. 

Polyolefins and particularly polyethylene 
15 have been widely used for various functions. 

A particular use of such material has been 
in the form of a film or sheet of material 
used in packaging. Such material is 
frequently oriented so as to be heat 

20 shrinkable around articles packaged 
therein. 

In order to enhance the properties of 
polyolefins and particularly polyethylene, 
such materials are cross-linked by irradi-

25 ation. An example of such an irradiation 
process is disclosed in U.S. Patent No. 
3,144,399 (Rainer et al.). Such an irradi-
ation process comprises subjecting the 
polymer to an irradiation dosage of about 

30 l to about 20 megarads. 
In the process of producing oriented poly-

ethylene film, a tape of extruded material 
is subjected to such irradiation and is then 
heated and oriented by known techniques. 

35 The technique for so doing is described in 
U.S. Patent No. 3,741,253 relating to the 
irradiation and orientation of a copolymer 
of ethylene and vinyl acetate. 

A problem, however, of producing irradi-
40 ated film is that for some reason the edge 

area of a film tends to be significantly less 
crosslinked than is the central area of the 
film, i.e., for some reason the effective 
irradiation dosage at the film edge is less 

45 than the effective dosage within the central 
portion of the film. This obviously results 
in a film having non-uniformed properties 
across its width. A technique is disclosed 

in U.S. Patent No. 2,993,120 for magnetic-
ally concentrating electrons onto a thin film 50 
during the irradiation process. This 
process, however, while increasing the 
efficiency of electron irradiation, does not 
solve the problem of non-uniform dosages 
across the width of the film. 55 

According to the present invention we 
provide a process for irradiating film com-
prising: passing said film through an elec-
tron irradiation zone having an electron 
deflection surface disposed behind and 60 
generally parallel to said film; and dis-
posing within said irradiation zone adjacent 
the edges of said film a lateral reflection 
member for reflecting said electrons to-
ward said reflection surface to further reflect 65 
said reflected electrons towards the ad-
jacent edges of said film. The invention 
also provides a film which has been irradi-
ated by this process. 

Another aspect of the invention provides 70 
apparatus for irradiating a film comprising 
a source of accelerated electrons, means for 
feeding a film through a space in the path 
of said accelerated electrons for passing 
said film through the beam of accelerated 75 
electrons to be irradiated thereby, a re-
flection surface located adjacent said 
irradiation space generally parallel to and 
behind the plane of said film for reflecting 
electrons; and a reflection member disposed 80 
laterally of said irradiation space for 
reflecting electrons from said source onto 
said reflection surface for further reflection 
towards the edge of a film within said 
space. 85 

In order that the present invention may 
more readily be understood the following 
description is given, merely by way of 
example, with reference to the accompany-
ing drawings, in which: 90 

Figure 1 schematically illustrates a film 
being irradiated by a typical prior art 
technique; 

Figures 2 and 3 schematically illustrate 
film being irradiated by the process of this 9 5 
invention; 
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Figure 4 is a graphic profile representa-
tion of film dosages produced by the prior 
art process of Figure 1 and by the process 
of this invention. 

5 It has been found that film may be 
irradiated within a trough having a floor 
formed by a horizontal reflection surface 
and, disposed adjacent the edges thereof, 
lateral electron reflection members for the 

10 purpose of reflecting electrons towards the 
floor surface of the trough and to be re-
flected back towards the film edge from 
behind the film. 

This invention may be more readily 
15 understood by referring to the various Fig-

ures of the drawings. Figure 1 illustrates 
a conventional prior art process for irradi-
ating film. As shown in Figure 1, a section 
of a film 1 passes beneath an electron 

20 generator 3. The electron paths are shown 
as the divergent lines 5, 7 and 9. In this 
conventional technique the electrons pass 
through the sheet 1 and become absorbed 
or dissipated by the surrounding atmo-

25 sphere. For reasons which are not totally 
understood this arrangement does not have 
the same efficiency of irradiation in the 
edge portion of the film as it has in the 
central portion of the film. This may 

30 perhaps be attributed to the angle at which 
the electrons impinge upon the edges of the 
film as well as to the geometry of the film 
edge. Regardless of the reason, however, 
the prior art process produces a film which 

35 generally has a 20 to 50 per cent lower dose 
in the edge portions than the body of the 
film. 

It has been found that if the film is 
irradiated within a trough, the film dosage 

40 js made considerably more uniform across 
the width of the film. Figure 2, illustrating 
the technique used in carrying out this 
invention, shows that the trough in which 
the film 1 is irradiated possesses lateral 

45 reflection members, in this case blocks 13, 
which deflect the incident electron beam at 
the edges of the irradiation zone towards 
the floor surface 19 of the trough where the 
electrons are further reflected back towards 

50 the edge of the film. The electron paths are 
illustrated by the divergent lines 15 in Fig-
ure 2. It will, of course, be understood 
that this is not exactly the path that elec-
trons follow but merely an exemplification 

55 for purposes of illustration of the operation 
of the process of this invention. An 
empirical determination of the actual 
electron probability distribution, in the 
process of this invention, is schematically 

60 illustrated in Figure 3 which shows peri-
pheral lobes of high electron probability 
density through which lobes a considerable 
part of the edge regions are able to pass as 
the supported film is being irradiated. The 

65 lobes 17 are large enough such that the 

film may, if desired, actually be fed in such 
a manner that it is sinuously looped to 
make two separate passes with the edge 
portions still travelling through the lobes 
so as to have the marginal regions of more 70 
than one section of film irradiated by the 
back-scattered electrons produced by the 
reflection blocks 13. 

The location of the side reflection blocks 
13 with reference to the incident electron 75 
beam 15, and to the marginal regions of a 
film supported in the irradiation space, is 
such as to produce an impingement upon 
the floor 19 of the trough at an angle which 
is as close to a right angle as is possible. 80 
It is this impinging at close to a right angle 
which produces the lobes 17. Using elec-
trons accelerated at a voltage of 500 KV, it 
has been found that the reflection block 13 
is ideally located about 5 cm from the film 85 
edge and that the film should be supported 
by means (not shown) locating the edge of 
the film about 2\ c m f r o m the trough floor 
19. The reflection surface defined by trough 
floor 19 need not extend right across from 90 
one side of the trough to the other as a 
continuous surface, but needs only to be 
extended beneath the edges to be irradi-
ated by the back-scattered electrons. 

It is preferred that the angle between 95 
each reflection block 13 and trough floor 
surface 19 be substantially a right angle. 
However, another value for this angle may 
be chosen so long as the electrons are re-
flected from the block 13 to impinge upon 100 
the film edge after being reflected from the 
trough floor surface 19. 

Figure 4 of the drawings illustrates the 
irradiation dosage profile produced both by 
the prior art process and by the process of 105 
this invention. As may be observed in 
Figure 4, the prior art technique produces 
a dosage which is considerably lower at 
the film edges marked by the lines E than 
it is in the central portion of the film. The 110 
lower part of Figure 4 illustrates the unifor-
mity of dosage produced by use of the 
reflection block 13. 

Proper positioning of the reflection 
blocks enables the dosage profile to be 115 
made very close to a substantially flat line, 
i.e. uniform dosage arises across the width 
of the film. The process of this invention 
thus provides irradiated film having a 
dosage which deviates from the mean 120 
dosage of the film by plus or minus 15 per 
cent. This is in contrast to prior art tech-
niques, without using the reflection blocks 
where the film has a deviation across its 
width of from 30 to 50 per cent in the 125 
mean dosage imparted to the film section. 
It is thus seen that the process of this 
invention can be used to produce irradi-
ated film with a substantial improvement in 
the uniformity of dosage across the film. 130 
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To give an illustration of the uniformity 
produced using the reflection process of 
this invention, polyethylene tubing having 
a single wall thickness within the range of 

5 from about 0.25 mm to about 1 mm has 
been irradiated to a mean dosage of about 
8 megarads with a measured deviation 
across the film of only 1 megarad. This 
represents a considerable and surprising 

10 improvement over the prior art processes 
which in a similar film produce variations 
of up to 4 megarads across the film. 

The reflection blocks 13 are of high 
molecular weight materials which are 

15 normally used for electron reflection pur-
poses. Generally, tungsten, gold, lead or 
uranium may be used with equal efficiency. 
While low molecular weight materials may 
be used, there may be a resulting decrease 

20 in the reflection efficiency with the lower 
molecular weight material. 

Virtually any of the heretofore irradi-
ated materials may be irradiated by the 

; process of this invention. Most suitable 
25 for this invention are films which comprise 

polymers of ethylene as well as the other 
olefins. Particularly applicable to the pro-
cess of this invention are copolymers of 
ethylene and vinyl acetate. The invention, 

30 however, is not limited to use with such 
materials and may be used on materials 
such as silicone rubber, ethylene propylene 
rubber and polyvinyl chloride. Generally 
the materials and dosages described in 

35 " Radiation Processing" by Thomas G. 
Mysiewicz, Plastics Technology, Vol. 23, 
No. 3, March 1977, may be used with this 
invention. This article is herewith incor-
porated by reference. 

40 While the process of this invention has 
been described generally with reference to 
the irradiation of a film sheet, its application 
is most advantageous when irradiating a 
flattened tubing of extruded film material. 

45 A complete description of a process for 
extruding a cylindrical tube for irradiation 
by prior art techniques is described in the 
said U.S. Patent No. 3,741,253. As de-
scribed therein, the cylindrical tube is 

50 flattened to form a tape which can more 
easily be fed through an irradiation vault. 
The prior art problems of non-uniform 
dosage are magnified when such a tape is 
irradiated. Use of the process of this 

55 invention can, however, substantially 
eliminate the prior art problem associated 
with dosage non-uniformity. The process 
of this invention produces a tape as de-
scribed above having a dosage profile 

60 which may be within the range of plus or 
minus 15 per cent of the mean dosage. 
Generally, the voltages used for electron 
acceleration may be from 300 KV to 1.5 
MV and the irradiation dosage of the film 

65 may be from 1 to 30 megarads. 

WHAT WE CLAIM IS: 
1. A process for irradiating film com-

prising : passing said film through an 
electron irradiation zone having an electron 
reflection surface disposed behind and 70 
generally parallel to said film; and disposing 
within said irradiation zone adjacent the 
edges of said film a lateral reflection 
member for reflecting said electrons toward 
said reflection surface to further reflect said 75 
reflected electrons towards the adjacent 
edges of said film. 

2. A process according to claim 1, 
wherein said lateral reflection members are 
blocks of metal. 80 

3. A process according to claim 1 or 2, 
wherein said electrons are accelerated at a 
voltage within the range of 300 KV to 
1.5 MV. 

4. A process according to claim 1, 2 85 
or 3, wherein said film is irradiated to a 
dosage within the range of 1 to about 30 
megarads. 

5. A process according to claim 1, 2, 3 
or 4, further comprising passing said film 90 
through said irradiation zone for a second 
time. 

6. Apparatus for irradiating a film 
comprising a source of accelerated elec-
trons; means for feeding a film through a 95 
space in the path of said accelerated 
electrons for passing said film through the 
beam of accelerated electrons to be irradi-
ated thereby, a reflection surface located 
adjacent said irradiation space generally 100 
parallel to and behind the plane of said 
film for reflecting electrons; and a reflection 
member disposed laterally of said irradia-
tion space for reflecting electrons from said 
source onto said reflection surface for 105 
further reflection towards the edge of a film 
within said space. 

7. Apparatus according to claim 6, 
comprising a second such reflection surface 
and a second such lateral reflection member 110 
for reflecting electrons towards the other 
edge of said film. 

8. Apparatus according to claim 6 or 7, 
wherein the or each said lateral reflection 
member and the said reflection surface for 115 
receiving electrons deflected therefrom are 
disposed substantially perpendicular to one 
another. 

9. A film of irradiated polymer pro-
duced by the process of any one of claims 120 
1 to 5. 

10. A film according to claim 9, wherein 
said polymer is a polymer of ethylene. 

11. A film according to claim 9, wherein 
said polymer is a copolymer of ethylene 125 
and vinyl acetate. 

12. A film according to any one of 
claims 9 to 11, having a dosage variation of 
less than plus or minus 15 per cent of the 
mean dosage. 130 
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13. A film according to any one of 
claims 9 to 12, when in the form of a flat-
tened extruded tube. 

14. A process for irradiating film, such 
5 process being substantially as hereinbefore 

described with reference to Figures 2 and 3 
of the accompanying drawings. 

15. Apparatus for irradiating a film, 

such apparatus being substantially as here-
inbefore described with reference to Figures 10 
2 and 3 of the accompanying drawings. 

J. A. KEMP AND CO., 
Chartered Patent Agents, 

14 South Square, 
Gray's Inn, London WC1R 5EU. 

P r i n t e d in E n g l a n d b y H e r M a j e s t y ' s S t a t i o n e r y Of f ice . 
P u b l i s h e d b y T h e P a t e n t Off ice , 2 5 S o u t h a m p t o n Bu i ld ings , L o n d o n . W C 2 A I A Y , f r o m which c o p i e s m a y be o b t a i n e d . 
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