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by the following statement:—

o The invention relates to a heat-treated, corona-treated polymer body havmg a

r _ surface susceptible to adhering to adheswes or the like and to a process for
10 producing such a treated polymer body. 10

o It is known in the art that many plastics matenals, such as polyethylene film,

can be exposed to a high voltage gaseous discharge having corona characteristics

for the purpose of improving the capacity of the surface of such materials for the

adherent reception thereupon of printing inks, or to improve the adhesion

15 characteristics of: such materials for various substrates. In general, a corona . 15

. discharge is a high volitage, low current phenomenon with voltages typically being
measured in kilovolis and currents in milliamperes. Broadly stated, a corona-type
discharge is produced by capacitively exciting a gaseous starting material lying
between.two spaced electrodes, at least one of which is insulated from the gaseous - _
.20 .medium by a dielectric barrier. There are many different types of generators on 20
: the market for producing a corona-type discharge. Most of the commercial ‘
generators employ alternating current supplied at frequencies up to 500 kHz or
higher. Gap voltages up to 15 kv or more are employed to effectively treat a
i polymer film which can be continuously passed through the gap at speeds up to
25 ° 500 feet per minute or more. In practice, an energy density-to-film surface of the - 25
. order of about 1—4 watt-minute per square foot olYf:lm surface has been used to
Frove the affinity of the surface of a polymer body for adhesives, inks and other
ar adherends.
U.S. Patent 3, 736,493 to Louis A. Rosenthal et al discloses that an alternating-

30- directional, sonic frequency electrical voltage employed for film treating may be 30 .
of a broad range of sonic frequency which can be varied to effect surface :
treatment under maximum loading conditions. Thus a treating system capable of
broad frequency variation of treating voltage over a range of 20 t0 20,000 Hz can - ;
be provided.

235 U.S. Patents 3,736,492 and 3,736,494 to Louis A. Rosenthal et al disclose 35
- - methods and apparatuses for treatmg plastxc film which entails exposing the plastic
_ _ film to a high intensity voltage accompanied by corona discharge. The high
2 B intensity voltage disclosed in these patents co lpnses a series of alternating-
' - directional sonic frequency pulses of* electrlcal voltage which are developed ina
40 = pulse forming circuit. . 40
Other United States patents d1sclosmg corona generators and/or film treatmg
methods using a corona-discharge are U.S. Patent 3,496,092 to James C. Fraser,
U.S. Patent 3,294,971 to Jack C. von der Heide and U S. Patent 3,729,672 to Louis
. A. Rosenthal. Thus it is known in the art that subjecting a polymer film to acorona
45 discharge using an energy of up to 1—4 watt-minute per square foot can increase 45
the surface adhesion characteristics for such film to a satisfactory degree. -
It is also known that a coating of low-density polyethylene film can be fused or
bonded onto a steel or.aluminum substrate by heat-treatment techniques. For
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= : : ty3fR dve d0°C. and. - : ed
Corona {1 6ot a0 e SR APURa A PoFEdebet beoniing bonde
corona treated o [nyb) s_ul;j_ecting said heat-treated ‘body to a:corona discharge ‘at an ener y
to the density-to-film surface of at least 9 watt-minutes l}:_jer square foot to improve. ﬁe -

B -afﬁr_lity.. of a surfacg of said polymer body for ad ¢_siW_'s.-- e e

- .As used herein, Folym_e‘r shall mean films, sheets;. or shaped articles made of - N
40 such materials as po ypropylene, polyethylene and flexible polyviriyl ‘chloride. - 40"
. Heating the polymer body to above 40°C. and below its mielting temperature - '
is necessary so as to alter the surface characteristics of the - volymer body thereby
- . making it more susceptible for a corona treatment which'wil substantially improve
_ the surface adhesion -characteris_tics.--iof-—_;thc:polyin_er'b_édy; Although: the ‘su
end _ >cause of theory; it is believed. :
that when the polymer body is heated, a dynamic gathering of staller crystals
occurs: forming what appears. to be clusters of crystals or spherulites  having -
crevices between such crystals or spherulites; This modification of the surface of. _ &
S0 the polymer body does not appegr to cause -any strain on the surface, but it does 50 :

na treatment. It is believed .-

[ P

35 the backbone of the molecule. This increase in thickness is. believed -to be 55°
' Ompanie pment of - ho " crevices -and,. therefore, could
account for the surface modification. In addition, it is believed that the, surface -
‘modification is due to a chemical bond - formation which occurs due to the
oxidation while .the polymer body is being heated. Thus it is believed that the = . _
60 combination of the chemical bond- formation and the dynamically forming of . 60 -
clusters of crystals or spherulites at the surface of the polymer body produces a -.
surface having excellent characteristics such that when said surface is subjected to
a corona discharge, the surface  will exhibit greatly: improved adhesive .
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7 ni ckel plated steel sheet. The heat treatment and corona

treat ment were conducted as de | bed in Exanple

The peel adhesion force used to peel Saipl-e of polypropylene filmfrom
the nickel plated steel plate using the peel test described above is sh
i)
ed

in Table 5 1. Note that when the.pol ypropyl ene sanple (4) was
treated andscorona 5 treated, the peel adhesion force ob
was 10.27 Ib./in. while_ the poI ypropyl ene sanple (2) that was only heat
treated s®esul ted in a:peel adhesi on K868 of | ess than 1. 3b.7in.
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t he- corana t reaztfmrauhems cl:: f@ lymér KidiE.0y -of 10
‘watt - ni nut es/ f} ﬁ%ﬁ jsh the. necemmd;fkam.it?ﬁ& a;geﬁoe OIWP lebhan t he
energy nornal |4%e bél(ﬂw s@% in, f&fﬁﬁg axd bodres Tlaa £ l yner
surf aces. to- whlch the poly@&t b &dh Eﬂ'ztcley of heat
treatind3the pd memgtxcs desired as wilf li:d shpfvn ursthe loxdfraplas blelOWl k angr ona 1¥r eat ed
'since tor ever°§ “fltﬁg’tg“e‘% fﬂg‘ﬁg‘gl itgfelting temperaturp yherg. \yj | |
struc
decr ease. - The polymer body after heating may be cooled; to.below JGABL Bithbut .
Peel -Adhesi on el-'femveiy changmg the desired crystallgeewth Saef{ﬂcevely altering the reBmIVP/lpr opyl ene
Film 20 Fqbt e)stresses or other- Physncal or chemic racteristics which wauld, o e¥
: be etn al) to obt mg asurface exhlbltmg good adhesive cl?.racterlstlcs after
untreat ed " .being corona-treated: Heat .
treated to 120[ eﬂ"hé head mleyted polymer body is then subjected to a corona dnschargeSas
Cor ona 'Er eat ediselased ingthe prior art except thgt the energy density-to-film surface is higher by
118 wat t S /a.g 31 E re than 2, and préferably more than 10, For example, polypropylene, 25
wa m n. ?y é) rm) or flexible polyvmyl chloride film would usually be treated anywhere

between 1 to 4 wattminutes/ft.* while heat-treated polypropylene, for exampie,
according to this invention has to be treated at an enérgy densuy-to-film surface of
. at least 9 watt-minutes/ft.2, and preferably above 40 watt-minutes/ft.%, to obtain the :

30 improved surface adheswn characteristics desired. In addition, when. treating a 30
film such as polypropylene, polyethylene, or flexible polyvinyl chloride both sides
of the film haveto be treated if the film is intended to be bonded on both sides to
substrates, such as metals, Preferably, both sndes of the film would be corona
treated simuitaneously. - .

35 One of the principal discoveries of thls invention is the. fact that the peel .35
adhesion value of a lgolymer film-treated in accordance with this invention is '
substantially greatér than the sum of the effects on the peel'adhesion of a polymer.
film when heat treated or corona treated, mdependently This-synergistic effect on

: : polymer films treated in accordance with this invention could be due to the
40 - increased energy employed during the corona treatment step of the process after 40
' - the film has been heat treated. g '
-The. -heat-treated, corona-treated . polymer- body of this invention is
charactenzed as havmg a surface with improved adhesion characteristics such that.
when a 0.8 inch wide by 2 inch long film specimen is bonded to a nickel plated steel _

45 plate (0.0003 inch nickel on 0.004 inch steel) using a 0.001 inch thick layer of a fatty 45
polyamide adhesive (amine:numbes — about 70, melting point — about 320°F.) a
minimum force (peel adhesive force) of 7 Ib./in., dpreferably above about 9 Ib.fin,,
would be. required to peel.such film: from said nickel plated steel plate in a.
direction substantially parallel to the surface of the plate in such a direction that

S0 the film is folded back upon itself during peeling. The lower peel force of 7 1b./in. . 50

s could be imparted to a heat treated polypropylene polymer body by corona
' treating it at about 40 watt-minutes/ft.> which'is about 10 times higher than the
corona energy pormally used in.treating polymer bodies. However, to obtain the
preferred peel force of 9 Ib./in.-the polymer body has to be heat treated and corona
) 55 treated at about 70 watt-minutes/ft.> according to this invention so as to produce 55
the syunergistic effect requiréd. A similar type test procedure is outlined in ASTM
D903—49 titled- “Test For Peel Strengths Of Adhesives”. This peel-test force
exhibited by the heat-treated, corona-treated polymer bodies of this invention is
substantially higher than the peel-test force that would be exhibited by heat-

60 treated only or low-energy corona-treated only polymer bodies that have been 60

secured. or bonded to the steel using the same adhesive. :
An additional characteristic of polymer bodies treated in accorda.nce with this
invention is that the treated surface of the polymer bodies becomes wettable with
polar liquids. This polar wettability is an important feature because when certain _
65 _ types of adhesive, such as Swift’s Hot Melt Adhesive 610 (a fatty polyamide . 65



10. 3

4 Heat Treated to 120[err]C. 118 wat t
and Corona Treated at 5 Cor ona Tr eat eddat
mn./ft.[err] T8 Watt— - t—ferr]—an
6.5

Exanpl e

- "610 Hot Melt
along wi ™. the "610 : i onal | e
of pol yprogwl ene film ei‘cf‘nd'a”eh”esat' L rddbbestt folloved by a 28

Adhesi ve", 0.010 inch thick sanples .

dptl “ po 1o teoterrlc Usi ng the peel test described in Exanple |11
@ sized the sane as in

\y
d to bo
' chi¥Add fikto substrate, the by oilyy bRsd thé . gl
1éilhfe]c erzgnt degr ee dpesfrox euffiGiediy wet the -sll-_elé'facef %i'”f- : § r a g, i

Exanpl e 111 "and—s %ﬁc'“’thc- ltiog psin $ra0e FRQES] O CTTATacte: Stes
coroha treat ment it e ¥ %Ge Ny O yegfhgaggﬁzmwﬁ(ﬁ pé@),,gzd
heta ﬂ 1 i frits
¥ ilm to p.roducqom?apﬁ;em; ,é’fﬂ_,e
sheet. The peel f;’@{

(]

ss—Eath of

a 1
st eel
~sanpl es

ance with this. adhess on

Q‘é’"id%?thq hlakﬂéf‘éﬂt &Egrﬂe N p_xi_jliatr ﬁ? i ageor i 'S8 C
i's shown in Tabl enablet tralEt c,éﬁeg‘?g'ﬁ?;gﬁgﬁﬁ;m b‘gle&%ﬁhgjﬁqﬂeﬂhﬁj %%;?gged Vﬂl&[n

characteristics athegal ypropy

b8 COWENRY. ahe test data alsg™ 4
i 1 ¢S hedt-ticke s, LSRR a2 polym; dypist feeurediné ace - o
denonstrates t hakes °ﬁ%§}@§§§%§’§ ﬁéﬁfmﬂﬁﬁfmﬁm DRITEN *‘ﬁ%‘:‘i‘é’%ﬁ‘ﬁiﬁ‘0¥°""‘m°” e .,
t

charact eri stics seéurédogdibbr Yikkh OhLY Witbicih riRodyigpeteled GrotnhiRe dubdtile,
Lemerat ure and It Uit bore QiELs op (%%%m;‘gsangélﬁf.@ @ varice A fad

ive” This

_ % c a
l16ne sd PRy ?gque@daﬁth ve St Morce
et Lt sOBsrE Ay il b L SlTice o Sleg I_y-g_'i'iﬁanna‘ieg 9 poigt ed df

dy thatohaa beabtreated in a al c?gﬂcgg ivention. A
. with: Inivention. A-
appr oxi mat el Y gg?@s%e {5088 (Whit hathed Bhplogdd a5 apoes gmf"a{,. BipRtal
80[err]C. .an - Body. | a-:ﬁﬁ : d, FRbBtran¢ el é)Xﬂﬂt- - bnd s#f#m
The data- 89 thi PolyBérbotiy!]s d from the substrate thare2W et tke bohe Yév
heat treatnent thecolyher b .;V%gggi"!& o b of
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desired : adhe n&} thdt wilfnot adverse Y react with either the polymer body or the substrate
25 _and ‘which will secure the two together, Suijtable adhesives are disclosed in the .
+textbook titled “Handbook -of Adhesives” edited. by. Irving- Skeist-Reinhold
Publishing Corp. — New York (1962). Suitable adhesives are the polyamiide resins
which are either the therm_op_lastic heat ‘seal or ‘heat-activated adhesives or the
therm_oset, structural adhesives, The characteristics ‘which make the polyamides
30 especially useful for thermoplastic adhesives are: “ ot : o

(-]

ostle o

.. 1) low and sharp melting points which give:quick grab Wit'hout':melting'the
. plastic film when: the adhesive is ‘activated with: heat; . . o T
2) low viscosities in the molten state, which makes for 800d penetration and
ease of application; - S ' : SRR . -
35 : 3) strong adhesion to a variety of polar surfaces such as the treated polymer
bodies according to this invention; and . .- S S
C 4 resistance to-many chemicals, moisture .and grease,

toughness, _high-_cohesi_ve strength and quick-set. . _ : N
.40 - Another class of excellent adhesives is the fatty polyamides. ‘which are
"~ produced from dibasic. fatty acids.. As defined “in " the. “Encyclopedia
of Polymer. Science and Technology”, Vol. 10, I-r';lter_s;:ieqce.Publish"e'rs,-:a' division
of John Wiley & Sons, Inc,, fatty J)_olyamides are condensation products of di- and-
polyfunctional amines and di--an polybasic acids obtained by the polymerization
45 of unsaturated ‘vegetable -0il acids of their esters. Fatty polyamide adhesives are
admirably sujted for bondinga. conductive metal, such as nickel plated steel, to a
polymer film, such-a polypropylene treated in accordance with this invention, to-
produce a composite ideally suited for use in_alkaline.galvani_c cells for example-
since fatty polyamides, in ad}(’iition to being a good adhesive, also resist wetting and
50 attack by alkaline electrolytes and, therefore, can retard “creep” of such.

In addition, polyamide adhesive resins are noted for their strong adhesion,

The invention - will now be further described, by way of example, with
reference to the accompanying drawings, in which.— = T -
35 ‘Figure .1 shows a photomicrograph (1500X) - of .an untreated sample of
g polypropylene 0,010 inch thick, ~ =~ _ ST ST
- Figure 2 shows a photomi__crdgraph (1500X) of a corona treated polypropylene -
sample 0.010 inch thick, . R o S L i
Figure 3 shows a,photomicrograph (1500X) of a heat-treated polypropylene
60 sample 0.010 inch thick, _ : S ,_' S
Figure 4 shows a photomicrograph (1500X) of a heat-treated, corona-treated
polypropylene sample, 0.010 inch thick, produced in accordance with this
invention.. . o S _ . S
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8 TABLE 111.

Polypropylene Film (0 010 inch thick) _ ~Heat Treated

Cor ona Tr eat ed Peel Adhesive Foge+i: C :

mn/ftlerr] (I'b./in) _ 20[ err]

9. . : <1 _ e err]

.9 N ' 900. - ' 9

[err] ° o 9 <1 -

9 A 1.6 . 1,508651 , . [err] . 5

2:3 Ao Frgure Sisa fronE elEW bfa polymer film body adheswa? secured to a metal _

2.8 substrate which i m cured to a rigid Gagkup support. plate 4

120[ err] Figure 6 is a s f :the components shown in Fig .
Figure 7 is a sid \? ew of theé com onents of Figure 5 m\gl h the polymer

125[err)s body is connected to ofé tensile tester c p and the backup su connected to 5.

~120Q[ er: L a second tensile testeB Qlamp, thereby showmg an assembly f@ testing the peel _
‘ 20[ err] - adhesion for the po 38 :

The synergistic ﬁzt achleved in the 1mprovement of tlg rface adhesron

SO[err] - characteristics of r bodies. treated in accordance with this invention will

80[err]10 - become apparent r&zﬂ)&he followmg examples 8.3 o 10

110[err] - 118 - C Example 1. ‘9 I

120[err] . Different polym]e}%lms, srzed 0.8 mch by 2 inches and ﬂanE the thnckness _

Exanpl e V. shown in Table 1, wdnBe\la@aﬁe or pa: eidhsdionp:hﬁﬁﬁ 1& b@Sir By | Ed in.

Exanpl e, J1 olvpﬂged/@tvm o ifl¢ntical sheets gtfnlcksbm;ed hysdy i Whlch ﬁh&@ | ene
atty e
sanpl es as d siiat?%lp e? (fgtf lg% fatt?polyamlde Zﬁﬂf l§ ta O‘& ai ned
for each of y%tdn&d&' el Swi icdl >ompany in Iilinois under the 3)
trade name *“610 Hot Melt Adhesive”. A conventional Nichrome (Registered
. Trade Mark) impulse heater, operating at 250°F. and 800 psi, was applied to the
20 metal-polymer-metal eomposnte for about 3 to 7 seconds to seal the polymer to the 20
: metal sheets via the adhesive. The metal sheets were then separated from the
polymer film and visually examined for the amount of adhesive retained on the
polymer film and substrate since the degree of such adhesive retentlon would
indicate the effective adhesion of said polymsr film. -
25 ; ll An evaluation of the effectlve adhesron of the polymer ﬁlm was made aa - 25
: ollows: .

PS _ 1) If the sample composlte easily separated with no adhesrve attached to the
polymer film, then the polymer film was classified as having “no adhesion”.
' 2) If the sample composite. selparated with a relatively small force with. isolated
30 small 'spots of :adhesive being split and transferred from. the metal sheets to the 30
: . polymer film, i.e., less than 10% of the surface of the film containing a film of
adhesive, then the polymer film was classified as having “slight adhesion”.
3) If the sample composite separated with a larger force than in 2) above with
' more than 10% and less than 25% of the surface of the film containing a film of :
35 _adhesive, then "the olymer film was classified as having *fair adhesion”. 35
: " 4) If the sample composite required a relatwely large force to separate the
metal sheets from the po ymer film with at least 80% of the surface of the film
' cog%}ammg a film of adhesrve, then the. polymer ﬁlm was classxfred as havmg
“adhesion’

40 : Table 1 shows the results of the adhesron tests for drfferent polymer films that 40
: were either untreated, heat-treated, corona-treated or heat-treated and corona-
treated. Film samples to be heat treated were first cut from a polypropylene sheet
and clamped in a frame of a plastic vacuum forming machine made by AAA
- - Plastic Equipment Co. Inc. Thereafter each sample was placed in an oven and
45 heated to a temperature of between 115°C. and 120°C. after which it was removed ' 45
from the oven and cooled to ambient temperature.
Some untreated and some heat-treated film samples were then subjected to a

‘. _ - corona treatment using a 2 K.W. Union Carbide Corona Discharge dev1ce, which
B was set to impart an energy densrty-to-film surface of 118 watt-mmutes/ft to each
50  film sample. : 50
) - As ev1denced from the data shown in Table 1, the synerglstrc effect in the -
s " surface adhesion characteristics of polymer films treated using the heat-treated,

corcna-treated process of this invention could not have been predicted from the

effect in the surface adhesion characteristics of polymer films that were either .
55  heat-treated alone or corona-treated alone. As stated above, this synergistic effect 35

in the increase in the surface adhesion characteristics of polymer films could -

‘mainly be due to the high energy density-to-film surface employed during the

corona treatment step over the energy level normally used in the treatment of

polymer films.



This test data denonstrates that as the energy of the corona treatnent
I ncreased for sanples which were heat treated at the sane tenperature, the

peel
9

TABLE | V.

t hi ck)
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wat t - m
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adhesi ve force for said sanple also increases.
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Polypropylene. N : No- . Slight .3, ] _11m o
- (0:010inch) 15 - 86_8qu - adhesion - -_-ad'qsion_'l?-G[.-éﬁﬁf o

Polyéthyiehe ‘No " No. o Slfghf o Adhesmn o '
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PVG.. ~ No- ... No . .. Slght . - Adhesion - .
Flexible * . 'adhesi_onﬂ . -ac_!,hegi_bn. ac_lhesi_on_--.-_ e

o Ex-amblc" 11

-_A:'-'--'se.i'mple. of pdl}ﬁfopylene film,. 0.01¢ '.in;:hi“'t'hié-l.(,_ was cut: from a '

polypropylene . sheet. ‘A ‘scanning electron - microscope: was- used to: obtain a

- photomicrograph (1500X):of the untreated polypropylene film which is.shown. as.

. Figure.l. The film was then placed in an oven and heated to;a temperature
-between 115°C. t0:120°C. after which it was removed from the oven and cooled to
ambient temperature. The. scanning electron _m‘icroscoi)e: was used. to obtain a

ene-film which is'shown - -

photomicrograph (1500X) of the heat-treated po,l)"prop}y:
as Figure 3. As apparent from Figure 3, there was. a-definite gathering of crystals

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
polypropylene sheet, was subjected to-a corona treatment using a 2 K.W.. Union

- Carbide ‘Corona. Discharge device which was set to:impart an energy. density-to-

10

15

film surface.of 118 watt-minutes/ft.2 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 shownas

Figure 2. As apparent from Figure 2, the surface area of crystals increased by what
appears to be an etching effect, o e nle L
A -third specimen of polypropylene - film, obtained from, the same

.polypropylene sheet, was subjected to a. heat treatment, as described above,

ollowed -by .a corona. treatment, -as described above, and-then'the scanning
electron microscope was used to obtain a photomicrograph (1500X) of the heat-

“treated, corona-treated film which is shown as Figure 4. As apparent from Figure -
_4, the surface of the filmhas been &ltered 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.

: - . - - Example ML..- . . ... -0
. -. 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- Illincis' under the trade name “610. Hot Melt
Adhesive”. - As_shown. in ‘Figure § through.7, a portion 3 of each: sample of
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. Oné clamp 10, of a two -

- clamp tensile tester, was secured to-one:end of support plate 8 while the. other

clamp 10A of the tensile tester was secured to the unbonded end of polypropylene -
film 2. The unbonded end. of the polypropylene film 2 was folded back upon the
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.10A apart thereby .
peceling 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 .

sheet 6 was recorded for each sample and is referred to in. Table IIas the peel
adhesion force. o ' o

The various polypropylene samples were either untreated, heat treated only,
corona treated only or heat treated and corona treated before being bonded to the

20

- 25

%

35 .



Exanple VI. Using the peel test procedure as described in

Exanple I'll on sanples of either fl eX| bl e PVC, pol ypropylene or
I in Exanpl e
|11, the peel force data obtained for . each of the sanples is shown in 5°
Tabl e V. This test data denobnstrates that the surface
adhesi on €haracteristics of pol yet hyl ene or flexible PVC(}4]
will increase as does the surface adhesion - ' characteristi f
ol yprio zlenefllmwhenlt S sube 0 a heat treatrrent and

gorgﬁa _tp \1\1 -'II‘ hf’éoggilt Lnuanf 1 - 3._ , ]-P

10 U nickel plgted steelb:l%eet g’t{he ?ez}t treatment and qt;c\gLaEtrgatment were Mat er i aI
(0.010 inch ARt a8 éﬁont{)ﬁ =18 o 1 GRh ORI SaY g aPeglmAdhesi on

pee ne m

fil W) ' thetrﬁclzegﬁlﬁ d steel plate using the peel test‘d@s'&:iibdd‘? ﬁ g \&[ I:?l‘ able Force
(I'b./in3) . IL Note thaPwhgetheyobypmpylene sample ( 4 2“ "~ 1%8

7.0 i trea ﬁﬁd n force observed w whlle the poly ropyl

gt :\/- samﬁéy }ﬁ heat treated resultegg full sio force ess thani

8:7 T 1b./i e ene sample (3) th cokoB. glstered 18

6.1 . peelRdhes 69 1b./in. This tedt aﬂy rl monstrated the iy:nerg1st1§;18

8.5 10 -"effecp:|a surface adhesion chargejeris, ﬂof e%c%yﬂsq)@ ilmwhepqg 10

4.'6 subj %{:&“eﬁco&tﬁhon of a heat tre, %[% &T Y a corona treatmer 18

' acc on

5.1 The dlh&wﬂﬁﬂigh@éﬁlle&leﬁﬂn foedecfertdﬂtsan;shmmldhedﬁabé eV in order to
be corrqgr abl éawllahthe coronatteat nducted Than caergy of Il Wﬁl%mhgg den- ad ust ed
S0 as t al nd

q%g: F aél the energy nor ya¥sed, i tos

(nickel plated stee QEE nldﬁd.tékgthE h&:e&‘sﬁﬁ'&f Ee}iﬂ@eaﬁt@th&5olypropﬂle’i1yel’ t hl ckness
of adhesive dimpli bdonerlFIBmmlt@steﬂ pin¢ego reyerseTthe proeesh, thediselsidhesiohor ce: 15
for the netal °r56IWé’s‘1’l“\9§a?Fet al bond used as the .control was found to be 10

I b/in. [t i s dermonst reAggE fit om t he' exanpl es above that the
treating of poI ymer. - bodi es in accordance with this invention wll
al ter the surface of “kll _pa fyigns Fim__ spéelt"'lmfs‘q“tf““%ell be

_susceptlble ‘ : y- 20
wet an untreat ed pol ylrrer bodyAsRélaelsed\Mntrbatenabl ‘e treated pol ymer bod| es to
be - 20 . 2 Heat treated to 120°C. only <t

o ' 3 ‘Corona Treated only at 69
B 118 watt min./ft.?

4 " Heat Treated to 120°C. 103
: and Corona Treated at
118 watt min/ft.>.

5 Corona Treatedat 65
: 118 watt min./ft.2and - - o
. Heat Treated to 120°C.

. Exam le IV.

Usmg the {)eel test descnbed in Exam le III along with the “610 Hot Melt

Adhesive”, 0.010 inch thick samples of. polypropylene film, each dimensionally

: sized the same'as in Example I1I 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 I and démonstrates 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

i of change in the surface characteristics of the poly dpropylene film is dependent

upon the temperature and corona energy levels used in treating the film. Thus, a

- polypropylene sample heat treated at 120°C. and corona treated at 59 watt-

_ minutes/ft.? will re%lster a peel adhesion force approximately equal to a
* 35 polypropylene sample heat-treated at 80°C. and corona treated at 118 watt- 35

: -minutes/ft.2. 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 polypropylenc film,



bonded to various types of substrates via the use of conventional and
easily avai | abl e adhesives and then for ultinmate use in various
appl i cations 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 claima process for producing a corona
treatedg pol ymer body having a surface with inproved adhersi.on -
char ac i stics conprising - . the step to of .subjecting a polymer
body to™a corona di scharge at an energy density- =~ . to-film
surface of_f&t_|east 118 watl-pinutes/ flisP%eH] . _ .5 VAT VE -
CLAIMIS - o 1. A process foL@mppduci ng a heat - treat éd,
corpna treated pol ymer body having a surface W'th |nproved
adhesi on characteristics. conp?qlwmbt'h@‘@t(%g@ inch thick) . a) heat] ng a
pol ymer body to abovg.AqGaend . bel ovndhe frelid no tepmﬁmeyte%m o
of said. pol ymer body forca suffl ci entwﬂtﬂ-rﬂmmb ‘nodi-f h(a)/ﬁmr ace '_' ~g
characterstics e Bothy—ar o
subj ecting said heat tr@gted body to a cofona dlscharge<ét an energy
den5|ty -t 0- fllntsurface7ot ‘at ‘l'east 9 wat$ - m nut e per sqmare f.oot. to
i nprove the : afflnlty of a surface of said polyner body. for
adhesi ves. 2.. A pro@%ss as claimed ih claim1l wher &tn sai d polyner
body is a filmselectedqige. - - fromthe group consistjng of P
polypropylene polyethylene and flexible polyvinyl 15 =~ ‘chloride.
3. A process a clained 20° claim | or. 2ymh£re|n t he. coroné6d|scharge in step
b) i s conductegewith an energypflensity-to-filmgurface of at,
| east 40 watt-m nutes/ft. 4. A process as clained in any one
of the preceding clainsherein the corofa.20 - discha?ge in step b) |s;
conducted with an energ den5|ty ‘to- fllnbﬁurface of ‘at Igast 20
118 wat't- ntnutes/ft[err

B s
2w 58
o »
a0 Coms 638

- 500 - ooous o .._'..,.7.2
80° s v 53
SO s ,
e w0 102

o : Example V., '

, Usmg the peel test procedure as described in Example III on several. of the
' .same type and size polypropylene samples as described in Example 111, the peel .
5 - - force data obtained for each of the samples:is shown in Table IV. S
: This test data demonstrates that as the energy of the corona tréatment L
increased for samples which were heat treated at the same temperature, the peel
adhes:ve force. for said sample also increases. :



[ [ [ | ai ms wherein the
as claimed in any one of the preceding c
?6Iﬁba;gggsztep | s added: c) securing said heat-treated,

corona-treated polyner bOdK to.#a_j%y\fi_'t'h .25 an adhesi ve to
osite material thereof. N~ _ 25
gor?gfgggss as claimed in claim5 wherein the substrate in step c) .

' i - 7. A process as clained in
i ckel surface. . _ . SS & .
\r/]merei n the, polyner body is pol yt)ropyl ene ’éar“r] a]:’ll(j'l"\Them\IM;ieltlel g
i i s S F QS .. O Jemtie=T" . .
pol ypr_,___c_apyl e fll m I'S- Qat d. I ducted with an energy densigy-to-fi ! m
| . e g t -l '-Q'amtEéw;:.-y\'/at t-m i--ﬂ'b!ﬁ-%_efﬁ-f't"-‘hl er "'T'j'.'b fore |
.as; red j,0-cl ai m 1 and:spbstantial l'y-as hereinbe
Geser bed o 2% S U i ueblet BUBOAR S B s ! at od | Bso ome ot g
' | tneted -~ CordfCT¥oRENYI NY ePXUHLGYe Force oy o
| il glrjg.g;sg ;g _<7:'I gﬁrgeglen claim1 watemipuadt anti-al | Y @sdler el hbef ore deS(jt-Bl bf,id
‘with referenceto - The Torgyoing Exanptes———— y "
'Wl'olt hmrs‘re gody'-\Ahenie\%g?/(?g?%élguceci;;by';-aa:-_--g_r:*@.ces-s_as. -Q.I\-:afllred_ I n._any Onv\,ﬁ of o
ng a?/ms 1 tO':4' an-d ?(.)0_ 3 ,, R ._..27:11__5_-A._Conpgshi 23 rr_at er5|- a:’ 6 enev
- oduc pr ‘as.clainmed igglaim 40 " 40: . 5 or 6.
E;de\cggl symfg(r)g;@(gf conposi t erng%ée:r i al’ sub"s_t.an_t_l,%ﬁ]-_y; as. _h_er_e|_nb_ef Ozeto' ,
described with ref#&nce to. and asi1id l'ustrated .;|I-_n:,gm';‘._.o-.rleigi _Z' gg[;fm‘r body
e - _ggconpanying dragngs. v oc ¢t 13, : i
g]; E:gﬁpdsi te mat 'e:r?(gl gEb's't antiall ylsas her ei nbef ore82 45 o ‘____ldescr|4ged Wi t h
reference Lo any o of ‘the foregoimy Bamles. g5 o 45
o1 aag % .9 7. Chartgyed.Patent. Agénts. |

L1 3AB. 16" Ay Guri er Press Leanington
s . r ‘Mhjgsty' s’ Statonery: Office by-the Couri er Fre . )
' gr ;ntﬁg?gor- Her Mygesty S Publ | c}hf?ﬂd- by the PatentS8Xfice; 25 Sout hanpton
Bui | di ngs, - London .V\l.iﬁéa ..1A;&- f E%i?ﬂpls‘vb.vg-. Exirsts L s of cithor
i Al RAR ac Wg ePeghiestiprasedure as described in Xample 11l -on samples of either =
whi ch copi ﬁéxi_b € Vé?;o?;propyfene or polyethylene film, dimensionally sized as described S
5 in ll;*‘.lxag'plc.: 111, the peel force data obtained for each of the samples is'shown in 5-
Table V.".» " .0 P T R o
- This test ‘data demonstrates that the surface adhesion - charactefiStic_s-'-qf .
polyethylene or flexible PVC film will ‘increase as‘does the surface -adhesion _
"~ - characteristics of ‘polypropylené film when it is subjected to-a heat'treatment ‘and '
10 - corona treatment in accordance with this invention.. - Sl T e 10

<

" TABLEYV.

Material . R

: t(_(;.O;Oinch thick Heat Treated Corona Treated = Peel Adhesion
1lm B ’

tofC Cwatt-min/ft2 Force (Ib./in.) |
Polyethylene " 20% ambieny 118 79 -
Pp!ygthyleng.. .. 100° SRR ] T8 L | :

Polypropyléﬁé o 20°(amb1ent) 18 61
Polypropylene 120° 18 .l 8;5
Flexible PVC Y 20° (ambieaty .- 118 .- 46
Flexible PVC g0 e , 51

" The peel adhesion force d‘:!.ta Shownm'Iable Vmorder tq_.bé_.édtxipé,;able with -

the data in Tables IT to IV has been adjusted so as to-be based on a control ofa
. metal-adhesive-metal. bond. (nickel (

15 layer thickness of adhesive employedl.)in, Examples II to TV. The peel adhesive force 15 |

bodies in accordance with this invention will alter the surface of the polymer body .
. so that it will be susceptible to wetting b{ 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. .
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treated
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adhesive- tO for M 36, & elaimgd érglaiin t\nﬂpeqegdhe substrate in-step c) has amckel

25 - “siirface.

e ofh t film is heated in step.2) ustor erein _ o
7. A processyns ;.;-‘.3' ﬁi"g%é?‘ isdhbrze  sf enmductpmlﬂpmgfmvd@éﬁb&v‘%f%msufface_ S R

pol ypropyl ene _
lai land subs’eantrally as: herembefore described. -
llustrated in' any: one  of . Figures-. 4 to. 7. of. the

: o ‘teferen _
S IO 'accompanymg d awmgs -
L3 : 9. A process.as claimed i in clalm 1and substantlally as herembefore descnbed :-.

L wrth ‘referencé to any oné¢ of the ‘foregoing: Examples. .
10 A polymgr body whenever produced by a process as clalmed in any ‘one

- . omposrte materral substannally as herembeforef' '
g 'descnb d: wrth _ference to'and.as. ﬂlustrated in any one of Fxgures 4 to 7 of the.

e accompanymg “drawings. - _
13, olymer body composrte materlal substantrally as herembefore:. o

- 45 s d_escnbed__wrth reference to any..one of the foregomg Examples
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film wherein the pol ypropyl ene filmis heated in st'ep a) up t
and whef¢i\n 30 the corona discharge in ste

claim 1~4nd substantially as herei nbefore described ¢
with refed®nce to and as illustrated 190880 one of Figures 4 to 7 ofl

acconpanyi ng dr g5Us/gss which describes an¥claims a process f6r pr&itﬁfng(&ec%ﬁma%eﬁtk@-' me
claim1 and substmerbady vmgabwfaee wblefnmre/e ediesibhehdracteristics comprising

f t t density-
with reference ‘F‘ dgugrfzb‘c@%% g"geg)v %‘g‘ eg/f;g%i*ﬂfﬂhergea an energy density
10. "A pol yrer enever pro uced

clains 10 4 and WHAT WE CLAIM IS:—
whenever produced. by &F F%af .§1'Q9§°1 @Il??e r@ aged ¢ eproRg treated polymer A@pdy

a) heatm

to and ad¥ili usthe lé!@eli bpdiingndone of | guy es to 7 of the
d oytoac

accorrpany| ng dr jecting said heat-treate ) or £ or
conposi te maters 1ty&§lélsr£1 a‘ﬁé‘li& (; i;llt least watt mi ﬁ‘gﬁf dﬂerigi?ua fk‘?ﬁ %gm?{ﬂ&

descri bed wi t h 1 efe Apnesesstasclaime mfl wmmmfsudeq;zmﬂ@ Exianfilmsslected
45 W P. HC]VPSf PP con51stmg of polypropylene, polyethylene and flexible polyvinyl

Coopers Bui | di ngs 3 i%roc@i% 6lRimel i£@4im 1lok ¥ Gh&eR the cblona iBbharge in step b%
Char tered Pat eni cd%ﬂﬂb& w1th an ener density-to-film surfaderof atfleast 40 emttingnutddi.est y

Stiat i oneggbd f |£sc ePF

Pdbl i shed by thggRal
from 5. A process as claxmed in any one of the prevddinghrlainp whéereiiietiie be
obt ai ned following step is added:
’ c) securing said heat-treated, corona—treated polymer body to a substrate with
25 an adhesive to form a compos1te material thereof.
; 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 wherem the polymer body is golypro%ylene

. film; wherein the polypropylene film is heated in step a) up to 120°C. and wherein

30 the corona discharge in step b) is conducted with an energy densxty-to-film surface
of at least 40 watt-minute/ft.%,

8. A process as claimed in claim | and substantially as herembefore descnbed_
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 descrlbed
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.
0 5 161 A composite material whenever produced by a process as claimed in clalm
' or

12. A polymer body or composite “material substantially as herembefore'
described with reference to and as lllustrated 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.

W. P. THOMPSON & CO.,
Coopers Buildings,
12, Church Street, Liverpool, L1 3AB.
Chartered Patent Agents.
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Published by the Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from -
which coples may be obtained.
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