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6                                           TABLE I
Treatment
Heated and          Material   None               Heated       Corona
Corona          Polypropylene No           No            Slight
Adhesion          (0.010inch)    adhesion    adhesion     adhesion
Polyethylene   No          No            Slight         Adhesion
(0.010 inch)   adhesion     adhesion      adhesion          PVC
No             No             Slight         Adhesion          Flexible
adhesion      adhesion      adhesion          (0.015 inch)
Example II.              A  sample of polypropylene film, 0.010 inch
thick, was cut from  a          polypropylene sheet. A scanning electron
microscope was used to obtain a  5       photomicrograph (I5OOX) of the
untreated polypropylene film which is shown as       5          Figure  1.
The film  was then placed in an oven and heated to a temperature
between [err] to [err]. after which it was removed from the oven and cooled
to          ambient temperature. The scanning electron microscope was used
to obtain a          photo micrograph (150OX) of the heat-treated
polypropylene film which is shown 10       as Figure 3. As apparent from
Figure 3, there was a definite gathering of crystals  10          into
what. appears to be a cluster of spherulites with distinct crevices formed
between adjacent clusters. It is believed that in addition to a cluster of
spherulites,          the size of the crystals increased during the heat
treatment.              A second specimen of polypropylene film, obtained
from  the same  15     polypropylene sheet, was subjected to a corona
treatment using a 2 K.W. Union  15          Carbide Corona Discharge device
which, was set to impart an energy density-to- 



film surface of 118 watt-minutes/ft.[err] to the film. The corona discharge
lasted          approximately 10 seconds.after which the scanning electron
microscope was used          to obtain a photomicrograph (1500X) of the
corona-treated film which is shown as 20       Figure 2. As apparent from
Figure 2, the surface area of crystals increased by what  20
appears to be an etching effect.              A third specimen of
polypropylene film, obtained from  the same          polypropylene sheet,
was subjected to a heat treatment, as described above,          followed by
a corona. treatment, as described above, and then the scanning 25
electron microscope was used to obtain a photomicrograph (150OX) of the
heat-  25          treated, corona-treated film which is shown as Figure 4.
As apparent from Figure          4, the surface of the film has been
altered along with an increase in the size of the          crystals. As
demonstrated in Example 1, the surface of this heat-treated, corona-
treated polypropylene film possesses excellent surface adhesion
characteristics.  30                                       Example III.
30              Several samples of polypropylene film, measuring 6 inches
long, 0.8 inch wide          and 0.010 inch thick, were each bonded to a 2
inch by 0.8 inch wide nickel plated          steel sheet using a 0.001 inch
layer of a fatty polyamide adhesive obtained from the          Swift
Chemical Company in Illinois under the trade name "610 Hot Melt 35
Adhesive". As shown in Figure 5 through 7, a portion 3 of each sample of
35          polypropylene film 2 was bonded via the adhesive layer 4 to the
nickel plated steel          sheet 6 which in turn was welded to a support
steel plate 8. One clamp 10,of a two          clamp tensile tester, was
secured to one end of support plate 8 while the  other          clamp IGA
of the tensile tester was secured to the unbonded end of polypropylene 40
film 2. The unbonded end of the polypropylene film 2 was folded back upon
the  40          bonded portion 3 and then a force, directed substantially
parallel to the surface of          nickel plated sheet 6, was applied to
pull the clamps 10 and 1OA apart thereby          peeling bonded portion 3
of polypropylene film 2 from nickel plated steel sheet 6.          The
force required to peel the bonded portion 3 of the polypropylene film 2
from 45       sheet 6 was recorded for each sample and is referred to in
Table II as the peel  45          adhesion force.              The various
polypropylene samples were either untreated, heat treated only,
corona treated only or heat treated and corona treated before being bonded
to the   
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7           nickel plated steel sheet. The heat treatment and corona
treatment were           conducted as described in Example I.
The peel adhesion force used to peel each sample of polypropylene film from
the nickel plated steel plate using the peel test described above is shown
in Table  5      II. Note that when the polypropylene sample (4) was heat
treated and corona    5           treated, the peel adhesion force observed
was 10.27 lb./in. while the polypropylene sample (2) that was only heat
treated resulted in a peel adhesion force of less than 1           lb./in.
and the polypropylene sample (3) that was only corona treated registered a
peel adhesion force of 6.9 lb/in. This test clearly demonstrated the
synergistic 10       effect achieved on the surface adhesion
characteristics of polypropylene film when  10           subjected to the
combination of a heat treatment followed by a corona treatment
according to this invention.               The relatively high peel
adhesion force for test sample 3 could be due to the           fact that
the corona treatment was conducted at an energy of 118
watt-minutes/ft.[err] 15       which is about 30 times higher than the
energy normally used in the trade for  15           treating polymer
surfaces.               Test sample 5 demonstrated the necessity of heat
treating the polypropylene           film first before it is corona treated
since to reverse the process, the peel adhesion           force will
decrease.                                             TABLE II.
Peel Adhesion Force                  Test Sample           Polypropylene
Film           (lb/in.)                        1            As received
untreated                 <1                        2            Heat
treated to 120[err]. only         <1                         3
Corona Treated only at            6.9
118 watt min./ft.[err]  



4            HeatTreated to 120[err]C.            10.3
and Corona Treated at                                      118 watt
min./ft.[err]                         5            Corona Treated at
6.5                                      118 watt min/ft.[err] and
Heat Treated to 120[err]C.
Example IV.                Using the peel test described in Example III
along with the "610 Hot Melt           Adhesive", 0.010 inch thick samples
of polypropylene film, each dimensionally           sized the same as in
Example III and subjected to a heat treatment followed by a  25
corona treatment, were tested for surface adhesion characteristics. Each of
the  25           various samples was heated and corona treated to a
different degree before being           bonded to the nickel plated steel
sheet. The peel force data obtained for the           polypropylene samples
is shown in Table III and demonstrates that the surface           adhesion
characteristics of polypropylene film can be substantially increased when
30       using the process of this invention. The test data also
demonstrates that the degree  30           of change in the surface
characteristics of the polypropylene film is dependent           upon the
temperature and corona energy levels used in treating the film. Thus, a
polypropylene sample heat treated at 120[err]C. and corona treated at 59
watt-           minutes/ft.[err] will register a peel adhesion force
approximately equal to a  35       polypropylene sample heat-treated at
80[err]C. and corona treated at 118 watt-    35           minutes/ft.[err].
The data of this test further demonstrates that the temperature of the
heat treatment and the energy of the corona treatment are synergistically
interrelated and can be varied to give the surface adhesion characteristics
desired           for a particular end use of the polypropylene film.
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8                                           TABLE III.
Polypropylene Film (0.010 inch thick)                 Heat Treated
Corona Treated         Peel Adhesive Force       C.                 watt
min/ft[err]                 (lb./in)                       20[err]
9                     <1                       [err]
.9                      900                       9                      <1
[err]                   9                     <1                      [err]
9                       1.6                       [err]                  27
2.3                       [err]                  27
2.8                      [err]           27                             4
120[err]                  27                       5
125[err]                  27                       5.8
120[err]                  59                       8
20[err]                  118                      6.8
50[err]                  118                      7.2
80[err]                  118                      8.3
110[err]                 118                       9
120[err]                 118                      10.2
Example V.               Using the peel test procedure as described in
Example III on several of the          same type and size polypropylene
samples as described in Example III, the peel  5       force data obtained
for each of the samples is shown in Table IV.                   5 



This test data demonstrates that as the energy of the corona treatment
increased for samples which were heat treated at the same temperature, the
peel           adhesive force for said sample also increases.
9                                                               9
TABLE IV.                                 Polypropylene Film (0.010 inch
thick)                     Heat Treated            Corona Treated
Peel Adhesive Force                         [err]
watt-min/ft[err]            (lb/in.)                         20[err]
(ambient)         9                      <1
20[err]                  27                       2.3
20[err]                  118                      6.8
40                      118            7.2                          80[err]
118                      8.2                          90[err]
11.8                     8.5                        120[err]
118                     10.3                        126[err]
9                       1.8                        126[err]
27                       5.8  



Example  VI.                Using the peel test procedure as described in
Example III on samples of either            flexible PVC, polypropylene or
polyethylene film, dimensionally sized as described   5       in Example
III, the peel force data obtained for each of the samples is shown in  5
Table V.                This test data demonstrates that the surface
adhesion characteristics of            polyethylene or flexible PVC film
will increase as does the surface adhesion            characteristics of
polypropylene film when it is subjected to a heat treatment and  10
corona treatment in accordance with this invention.
10                                             TABLE V.           Material
(0.010 inch thick    Heat Treated     Corona Treated     Peel Adhesion
film)         to [err].                  watt-min./ft.[err]    Force
(lb./in.)           Polyethylene            20[err] (ambient)     118
7.0            Polyethylene            100[err]              118
8.7            Polypropylene           20[err] (ambient)     118
6.1            Polypropylene          120[err]               118
8.5            Flexible PVC            20[err] (ambient)     118
4.6            Flexible PVC           80[err]                118
5.1               The peel adhesion force data shown in Table V in order to
be comparable with          the data in Tables II to IV has been adjusted
so as to be based on a control of a          metal-adhesive-metal bond
(nickel plated steel metal) using the same type and 15     layer thickness
of adhesive employed in Examples II to IV. The peel adhesive force  15
for the metal-adhesive-metal bond used as the control was found to be 10
Ib/in.              It is demonstrated from the examples above that the
treating of polymer          bodies in accordance with this invention will
alter the surface of the polymer body          so that it will be
susceptible to wetting by an adhesive that could not effectively 20
wet an untreated polymer body. This will enable treated polymer bodies to
be   20 



bonded to various types of substrates via the use of conventional and
easily         available adhesives and then for ultimate use in various
applications such as         alkaline cells as disclosed above.
Attention is directed to our copending application No. 40279/77 (Serial No.
1,508,652) which describes and claim a process for producing a corona
treated           polymer body having a surface with improved adhersion
characteristics comprising           the step to of subjecting a polymer
body to a corona discharge at an energy density-               to-film
surface of at least 118 watt-minutes/ft[err]               5   WHAT WE
CLAIM IS-               1. A process for producing a heat-treated,
corona-treated polymer body           having a surface with improved
adhesion characteristics comprising the steps:               a) heating a
polymer body to above 40C. and below the melting temperature.
of said polymer body for a sufficient time to modify the surface
characterstics of 10       the polymer body; and               b)
subjecting said heat-treated body to a corona discharge at an energy
density-to-film surface of at least 9 watt-minute per square foot to
improve the           affinity of a surface of said polymer body for
adhesives.     2. A process  as claimed in claim 1 wherein said polymer
body is a film selected           from the group consisting of
polypropylene, polyethylene and flexible polyvinyl  15           chloride.
3. A process a claimed in claim I or 2ywherein the corona discharge in step
b)           is conducted with an energy density-to-film surface of at,
least 40 watt-minutes/ft.                4. A process as claimed in any one
of the preceding claims wherein the corona 20     discharge in step b) is
conducted with an energy density-to-film surface of at least  20
118  watt-minutes/ft[err] 



5. A process as claimed in any one of the preceding claims wherein the
followings step is added:            c) securing said heat-treated,
corona-treated polymer body to a substrate with 25       an adhesive to
form acomposite material thereof.                                     25
6. A process as claimed in claim 5 wherein the substrate in step c) has a
nickel            surface.               7. A process as claimed in claim 1
wherein the, polymer body is polypropylene            film; wherein the
polypropylene film is heated in steps a) up to [err] and wherein  30
the corona discharge in step b) is conducted with an energy density-to-film
surface    30            of at least 40 watt-miinute/ft.[err].
8. A process as claimed in claim 1 and substantially as hereinbefore
described           with reference to and as illustrated in any one of
Figures 4 to 7 of the.           accompanying drawings.   35            9.
A process as claimed in claim 1 and substantially as hereinbefore described
with reference to any one of the foregoing Examples.                 10. A
polymer body whenever produced by a process as claimed in any one of
claims 1 to 4 and 7.                 11. A composite material  whenever
produced by a process as claimed in claim  40   40       5 or 6.
12. A polymer body or composite, material substantially as hereinbefore
described with reference to and as illustrated in any one of Figures 4 to 7
of the            accompanying drawings.                 13. A polymer body
or composite material substantially as hereinbefore   45    described with
reference to any one of the foregoing Examples.                  45
W. P. THOMPSON & CO.,                                          Coopers
Buildings,                                 12, Church Street, Liverpool,
L1 3AB.                                       Chartered Patent Agents.
Printed for Her Majesty's Statonery Office by the Courier Press Leamington
Spa, 1978.                  Published by the Patent Office,25 Southampton
Buildings, London, WC2A  1AY, from
which copies may be obtained    
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1,508,652) which describes and claims a process for producing a corona
treated                     polymer body having a surface with improved
adhesion characteristics comprising                     the step of
subjecting a polymer body to a corona discharge at an energy density-
to-film surface of at least 118 watt-minutes/ft.2.            5
WHAT WE-CLAIM IS:-                         1. A process for producing a
heat-treated, corona-treated polymer body                     having a
surface with improved adhesion characteristics comprising the steps:
a) heating a polymer body to above 40[err]. and below the melting
temperature                     of said polymer body for a sufficient time
to modify the surface characteristics of           10       the polymer
body; and                                                             10
b) subjecting said heat-treated body to a corona discharge at an energy
density-to-film surface of at least 9 watt-minute per square foot to
improve the                     affinity of a surface of said polymer body
for adhesives.                         2. A process as claimed in claim 1
wherein said polymer body is a film selected           15       from the
group consisting of polypropylene, polyethylene and flexible polyvinyl  15
chloride.                         3. A process as claimed in claim 1 or 2
wherein the corona discharge in step b)                     is conducted
with an energy density-to-film surface of at. least 40
watt-minutes/ft.[err]                         4. A process as claimed in
any one of the preceding claims wherein the corona           20   discharge
in step b) is conducted with an energy density-to-film surface of at least
20                     118 watt-minutes/ft.2.                         5. A
process as claimed in any one of the preceding claims wherein the
following step is added:                         c) securing said
heat-treated, corona-treated polymer body to a substrate with           25
an adhesive to form a composite material thereof.
25                         6. A process as claimed in claim 5 wherein the
substrate in step c) has a nickel                    surface.
7. A process as claimed in claim 1 wherein the polymer body is
polypropylene 



film; wherein the polypropylene film is heated in step a) up to 120[err]
and wherein           30       the corona discharge in step b) is conducted
with an energy density-to-film surface  30                     of at least
40 watt-minute/ft.[err].                         8. A process as claimed in
claim 1 and substantially as hereinbefore described
with reference to and as illustrated in any one of Figures 4 to 7 of the
accompanying drawings.           35           9. A process as claimed in
claim 1 and substantially as hereinbefore described
with reference to any one of the foregoing Examples.
10. A polymer body whenever produced by a process as claimed in any one of
claims 1 to 4 and 7.                         11. A composite material
whenever produced by a process as claimed in claim           40       5 or
6.                         12. A polymer body or composite material
substantially as hereinbefore                     described with reference
to and as illustrated in any one of Figures 4 to 7 of the
accompanying drawings.                         13. A polymer body or
composite material substantially as hereinbefore           45
described with reference to any one of the foregoing Examples.
45 W. P. THOMPSON & CO.,
Coopers Buildings, 12, Church Street, Liverpool, Ll 3AB.
Chartered Patent Agents.                     Printed for Her Majesty's
Stationery Office by the Courier Press, Leamington Spa, 1978.
Published by the Patent Office, 25 Southampton Buildings, London, WC2A lAY,
from                                            which copies may be
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