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THIS DtVENT:ION rel.ates to cold seal.able cohesive polymers; 
more particularly, this invention relates to copolymers 
preparable by emulsion copolymerisation; to their preparation; 
to cold sealable compositions containinq them; to cold sealable 
structures comprisinq them; to sealed such structures; and to 
the use of su~ ccld sealable compositions for coatinq plastics 
fil.m .. 

Plastics packaqing structures, sueh as plastics films, c:an 
be provided with adhesive coatings to enable an effective seal 
to be obtained. These coatings may be heat sealable coatings 
which are adhesive coatings sealable at elevated temperatures; 
or they may be cold seal2lQle coatings which are sealable at a 
temperature from o• to 40°C. In packaging comestibles, 
especially foodstuffs which are sensitive to heat ( suc:b as 
candy, chocolate and ice cream) , the use of heated elements must 
he avoided to prevent spoi1ing of the packaqed product. 

Previous commercial cold sealable, pressure-sensitive 
coatings while not requiring the use of heated elements in the 
sealing process have hiqh surface tack ~ a tendency to block. 

This invention seeks to provide a polymer, formulatable to 
furnish a cold sealable, pressure-sensitive cohesive coatinq 
which is coh.:aive only When placed under pressure in contact 
with like coated surfaces and has low surface tack to, and does 
not block with, commercial acrylic-based c~atings. The coatings 
need also ta have good wettinq ability, good coatinq uniformity 
and qood seal strength on di verse substrates, including plastics 
fil.m and paper; they should be sealable at as low as possible 
a temperature also to facilitate increased time speeds. 
Finally, the coatings should be free from objectionable odour; 
should be usable with foodstuffs; and have excellent optica~ 
properties,· such as glass. 

According, therefore, to one aspect of this invention there 
is provided a copolymer preparable by the emulsion 
polymerisation, preferably aqueous emul~ion polymerisation, of: 
a) at least one monomer which comprises an alkyl methacrylate 
haviitq from 1 to 12 carbon atoms in the alkyl qroup; a vinyl 
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aromatic; or a nitrile havinq ethylenic unsaturation conjugated 
with the nitrile qroup with at least one of the followinq: b) 
at least one copolymerisabie soft monomeri and c) at least one 

oopolymerisable functional monmaer, the resulting copol}'lller 
havinq a qlass transition temp~ature (T1) from -35•c to !o•c 
and beinq formulatable into a coatinq which is cold sealable to 
itself under pressure but which has nan-blocking 
characteristics. 

MonOJDer (a) suitably comprises methyl methacrylate, ethyl 
methacrylate, propyl •ethacrylate, isoprcpyl methacrylate, n­
butyl methacrylate, iso-butyl . methacrylate, t-butyl 
methacrylate, n-pentyl methacrylate, isopentyl methacrylata, 
hexyi mathacrylate, n-actyl methacrylate, 2-ethylhexyl 
Jtethacrylate ,4ldeoyl methacryl.ate, dadecyl methacrylate; styrene, 

an ~-alkyl styrene, vinyl toluene; acrylonitrile or 
metbacrylonitrile, especially •ethyl methacrylate or 

ac:rylonitrile. 
Where monomer (a) comprises an alkyl methacrylate or a 

vinyl aromatic, this is suitably employed in an amount from 21 
to 55,, sueh as from JO to 45t, especially 35 to 42%, by weiqht, 
ba&ed on the total weiqht of monomer mixture. Mhere monomer (a) 
comprises a nitrile in addition to other monomers (a) , tha 
nitrile is suital>ly employed in an amount up to 25' by weiqht, 
preferably up to 1ot, such as from. 3 to 9%, by weight. However, 

where (a) solely comprises a nitrile it is suitably employed in 
an amount from 10 to 65i by weight, based on the total weight 
of monomer mixture. 

Monomer (b) suitably comprises an alkyl acrylate having 
frolll 1 to 12 9arbon atoms in the alkyl group; 1,3.:.butadiene; er 
a •inyl or vinylidene ester, preferably methyl acrylate, ethyl 
acrylate, propyl acrylate, isopropyl acrylate, butyl acrylate, 
isol>utyl acrylate, t-buty1 acrylate, n-pentyl acrylate, 
isopentyl acrylate, hexyl acrylate, n-oc::tyl acrylate, iso-octyl 
acrylate, 2-ethylhexy1 acrylate, decyl acrylate, 1, 3-butadiene, 
vinyl acetate ar vinylidene chloride, especially methyl acrylate 
ar ethyl acrylate. 

Monaaer (b) is suitably employed in an aaount irom 30 to 
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851 by weight, suitably from 40 to 69\ by weight, preferably 
from 48 to 60-1 by wei9ht, based on the total weight cf inonomer 
mixture. 

Monomer (c) suitably comprises an ethylenically unsaturated 
compound containinq a carboxylic or a sulpbonic acid group, • desirably an a,'1-ethylenically unsaturated carboxylic acid, 
preferably acrylic acid, methacrylic acid, itaconic acid, 
crotonic acid, maleic acid; or sultoethy1 methacrylate, 
especially acrylic acid or methacrylic acid. 

Monomer (c) is suitably employed in an amount from 1 to 
15%, such as 1 to st, hy weight, preferably from 2 to a' by 

wei9ht, based an the total weight of monomer mixture. 
In one aspect of the invention, it is preferred that the 

T5 of the copolymer is from -3o•c to is•c. Desirably, such a 
copolym.er comprises from 10 to 65 wt.% of copolymerised monomer 

(a); from 30 to as wt.% of copolymerised monomer (b); and from 
1 to 5 wt.t of copolymerised monomer (c), and bas a number 
average aolecu.lar weight to 150000 (GPC). Preferably, such a 
copolymer has a number average molecular weight from 50,000 to 
90,000 ... 

Zn anotb4r aspect of the invention, it is preferred that 
the or, of the copolymer is frcm 25°C to so•c, preferably 3o•c to 
SO•c. Desirably, such a copolymer comp~ises from 30 to 55 wt.% 
of polymerised monomer (a) 40 to 69 wt.t of polymerised monomer 
(b) ; and from 1 to 15 wt.% of polymerised monomer (c) • 
Preferably, such a copolymer . has a nWDher averaqe molecular 
weiqht in the ranqe a,ooo tc 12,000 (GPC aqainst a polystyrene 
standard and dissolved in tetrahydrofuran). 

In qaneral, the amount of each monomer will depend on the 
desired glass transition temperature of the copolymer of the 
invention. This is reiated as follOW5 : 

1 
+ 

where: 
• T1 represants the 9lass transition temperature of the 

copolymer of the invention; 
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Wn represents the weight fraction of monomer (i); and 
'fa; represents the glass transition teaperature of a 

homopolymer of monomer Ci). 
The TABLE below 9ives representative T-

Mpnomer Ca) 

Acrylonitrile 

MQoemer Cbl 

Ethyl acrylate 
Hexyl acrylate 
Isopropyl ageylate 
Iso-octyl acrylate 

Butyl acrylate 
Methyl. acrylate 
Vinylidene chloride 
lsobutyl acrylate 
l.,3-Butadiene 
Vinylacetate 

Hgngmer Cc> 

~lie acid 
Methacrylic acid 
Itaconic acid 
suifcethyl methacrylate 
Jblleic acid 
Crotonic acid 

TULi 
~ 

97 

-22 
-57 

-3 

-85 

-54 

8 

-17 
-43 

-78 
-32 

1.06 

185 

------
It has been found that lower glass transition. temperatures, 

typicall.y less than 3•c, more typically leas than o•c and even 
mare typically about -s•c, eXh.ibit better pressure sealable 
properties, but this can vary depending upon the comonomers 
used. The mean diameter of the polymer particles is qenerally 
from o.os to 0.3 microns. 

Tbe acid nWlbers of the copolymer of the invention is 
typicai1y ~rom 10 to 100 m9 XOH/9. 
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It may be desirable that the copolymer of this invention 
is crosslinked. Low levels, usual.ly less than 5% by weight, of 
a crosslinkinq agent, such as divinylbenzene or 1,3-butylene 
qlycol dimefbacrylate, or, indeed, any other crosslinking aqent 
known in the art may·be employed. 

It is found that the desired effect of the chain transfer 
aqent to lower the averaqe molecular weiqht of the copolymer 
could be countered by the effect of· the crosslinkin9 agent; 
therefore, when hiqher levels of crosslinkinq agent are used, 
hiqher levals of the chain transfer aqent are usually used and 
vice versa. This helps ~o balance the properties of cohesive 
strength and sealability. 

This invention, in another aspect, also provides a process 
for the preparation of a copolymer as herein defined, which 
process comprises (a) mixing at least one monomer (a) with at 
l.east one of monomers (b) and (c) in relative proportion so that 
the resulting copolymer has a T1 fro~ -J5°C to so•c; and 
(b) polymerizing the monomers under maulsion polymerization 
conditions. • 

Copolymers of the present invention may typically be 
prepared by an emulsion polymerization process in known 
apparatus; for example in a stirred reactor with heating and 
coolinq means. Any of the herein defined monomers, and their 
relative proportions, may be utilised. The polymerization may 
be effected in the presence of water, an emulsifyin9 aqent and 
a catalyst which may be a free radical catalyst er a redox 
system. 

The procedure for charqi~q the reactor :may comprise forminq 
a sol.ution of all the monomers; the water; the emulsifier; and 
the catalyst. As an alternative, a portion of the catalyst may 
initially be Charqed and the remainder added., slowly, durinq the 
po1ymerization. rt is also possible initially to charge a 
portion of the water and of the emulsitier and to prepare fr~m 
the remainder and from the monomer mixture a preemulsian which 
is added sJ.owly at the polyiaerization telllperature, the catalyst 
aqain being initially char~ed separate1y or a portion thereof 
.beinq aClded separately. J:t is also possibJ.e to add. the monomer 
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mixture in a first staqe in the form of a preemulsion and in a 
second staqa to add the monomer mixture in bulk, i.e. without· 
water and emu1sifier, and to add the catalyst separately but in 
parallel therewith.. It is preferred initially to charqe 
solution of water and emilsif ier and slowly to add the monomer 
mixture and, separately therefrom but in parallel therewith, the 

catalyst in water, at the polyme%'ization temperature. 
Subsequently, after renewed addition ·of em.ulsif ier, in the 
second pol.ymeri.~ation stage the remainder at the monomer mixture 
is metered into the reactor. -rhe remainder of the catalyst, 
which was not't:harged initially, can also be added completely 
after the addition of the monomers. However, this subsequent 
metered addition of catalyst is leas advanta9eous. 

Advantaqeously, the qu.antitative ratio of monOllers to wat.er 
is selected such that the resultinq dispersion of acrylate 
capoiymer has a solids content froa 20 to 40i. 

Typical catalysts include · hydroqen peroxide; banzoyl 
peroxide; inorganic persulfates such as ammonium or potassium 
persulfate; inorqanic perphosphat.es such as ammonium or 
potassiull\ perphosphate; orqanic peresters such a.s 

perisapivalates. Redox systems require a combination of sueh 
oxidant:s with a water soluble reductant: for example sulfur 
compounds such as alkali metal bisulfitas, thiosuifates or 
hydrosulfites; ascorbic acid; triethylamine; hydrazine; · 
hydroxylam.ine; 91ycolic acid; or tartaric acid. Generally, the 
total amount ot; catalyst employed may be from o.1t. by weiqht to 
2% by weiqht based on the total weiqht of the monomer. 

The emulsion po1Y'Jllerizati~n may typi~ally be carried out 
in the presence of one or more anionic, nonionic or cationic 
emulsifiers; for example, . alkyl carboxylic acid salts, 
phosphoric acid salts, alkyl sulfate salts, alkyl sulfanate 
Sal.ts, alkyl aryl ether alcohols and alkyl a::ryl polyether 
sulfate salts. More particularly, examples of anionic 
emulsifiers ino1ude alkali metal or allllonima salts of sulfuric 
aQid monoesters cf alkylphenals or of alcohols; sul.furic acid 
monoesters of etho:xylated alkylphenols or ethoxylated alcohols; 
or phosphoric esters of alkoxylated alkylphenols. Examples of 

" 
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emulsifiers utilised include· alkali metal salts of sulfuric acid 
monaesters of nonylphenol reacted with 23 m.al of ethylene oxide 
per mole, alkyl- .or arylsulfonate, sodium lauryl. sulfate, sodiWIL 
lam:yl ethoxylate- sulfate anc:i the alkali metal salt of diesters 
of sulfcsuccinia acid with alcohols having 6 to 20 car.bcn atoms. 
The nonionic emulsifiers which are preferably used are ethers 
of nonylphenols reacted with 5 to 23 mol of ethylene oxide. It· 
is preferred to employ phosphates of alkoxylated alkylphenols, 
especially phosphates of the reaction product of 1 mol of 
nonylphenol with 5 aal of ethylene oxide, having an acid number 
of 125. Generally, the total amount of emulsifier employed may 
be from 0.01 to 2.0 percent by weight based on the total alllount 
of water. 

The polymerization may be conducted in a redox system or 
in a higher temperature thermal process using a persulf ate-type 
initiator or an azobisisobutryonitrile initiator. 

In qeneral, the polymerization may be carried out a • temperature from 40°C to 1oo•c, suitably from 1o•c ta go•c, 
preferably.6o•c to ao•c, at a pressure from 101 to 308 kPa (O 
to 30 psig) • A thermal polyaerization may be carried out at the 
higher range of these temperatures typically above 1o•c. The 
reaction may be conducted in glassware with a reflux condenser. 
This stage is usually carried out in the presence of an inert 
gas, such as nitroqen. The polymerization is CJenerally carried 
out fer a time from l to 8 hours, preferably 3 to 4 hours. 
After completion of the polymerization reaction, the pH of the 
polymer can be adjusted up to 10, more specifically, from 6 to 
10 .. 

A two-stage polymerization process is also contemplated. 
I.n the first stage of the emulsion polymerization, from S 

to 2ot by weight of the monomer mixture may be polymerized at 
a temperature t:rom 70 to 9o•c. :tn the second staqe of the 
polymerization/ preferably after further addition of emulsifier, 
the remaininq so to 95!li by weiqht of the .monomer mixture is 
polymerized in the presence of the polymer obtained. in the first 
atage of the emulsion polymerization. 

The resultinq acrylate copolymer of the invention is at 
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least partially neutralized by the addition of bases, and, if 
desired, conventional auxiliaries and additives fer the 

production of the aqueou11 sealing coating are added. The bases 
employed are a11110nia. and/or amines, advantageously in the form 
of an aqueous solution of the neutralizinq agent. Ammonia is 
particul.arly preferred. Generally, the second staqe 
polymerization may be performed under the sa•e temperature and 
pressure conditions as in the first stage. A preformed seed 

" latex is made in the first stage to which up to 95t of the 
remaining amount or monomer feed is qradually fed in a second 
stage over a period from 2 to 5 hours. ~e total reaction time 
of the second staqe may ~ually be from 4 to 6 hours. 

Examples of suitable chain transfer.agents which may be 
included in the maulsion polymerization process of the invention 
include merc:aptans; palyhaloqen compounds; and branched aromatic 
hydrocarbons such as isooctyl thioqlycolate, thioglycerol, 
dodecylaercaptan or trimethylbenzene. Usual amounts are frOJll 
O .1 to St by weight based on the weight of total monomer and the 
chain transfer aqent is preferably empl.oyed at all staqes of the 
emulsion polymerization. 

In one embodiment of the invention there is a two-staqe 
polymerization in which the seed, or core, latex comprises up 
to 50 wt.% of a different polymer such as a polymer describe~ 

in u.s.. Paten~ No. 5,070,164. To this is added, as the 
remaining monomer feed, a monomer feed of this invention. 

After dryinq, the resulting latex formulation of the 
copolymer of this invention adheres to packaginq film substrates 
even after exposure to moisture. That is, they retain a 
siqnif icant amount of their original bond strenqth even after 
immersion in water. Once solidified by drying, the coated 
surface does not adhere to non-treated, uncoated film surfaces 
sueh as untreated polypropylene or acrylic-based surf ace 
coatings. 

'rhis invention further provides a cold aealable composition 
comprisinq a polymer as herein defined. 

A cold sealable compomition of the invention may comprise 
any ot the copolymers of the invention. The COllposition may be 

" 
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an aqueous solution or dispersion of the copolymer, suitably 

with a solids content from 20 to 4 o wt.-%, and may contain 

suitable auxi1iaries and additives as are conventional in seal­

coating. '?hese include antiblocking additives; hydrophohicizing 

aqents; s1ip additives; and antifoaming additives. The hot­

slip properties can he improved by the addition of solid, finely 

divided, water-insoluble ino~anic m_aterials, for example 

colloidal silica. suitable antiblocking additives are finely 

dispersed minerals and finely divided waxes and wax-like 

materials which melt at temperatures above the maxilllUJll 

temperatures oocurrinq durinq storaqe of sealable structures 

comprising them and which are not soluble in the copolymer of 

the invention at these . temperatures. Examples of natural waxes 

are paraffin wax, microcrystalline wax, beeswax, carnauba wax, 
~ Japan wax and montan wax; examples of synthetic waxes are 

hydrogenated castor oil, chlorinated hydrocarbon waxes and long­

Chain fatty acid amides.. 'l'he abovementioned waxes also leacl to 

an improvement in the cold-slip properties af the coated. 

plastics fil.ms, which should be understood as the ability of the 

films to slip over surfaces at roam temperature. 
The present invention also provides a sealable structure 

comprisinq a substrate coated on a surf~ee thereof with such a 

cold sealable coapasition1 and a sealed such structure 

containin9 perishable goods. 

Before applyinq a cold sealable composition of the 

invention ta a substrate, such as a plastics film, to form a 

seal.able structure of the invention, the surface of the film is 

qeneral.ly pretreated in order to en11ure that· the coating adheres 

firmly ta the substrate. This treatment is carried o~t in 

accordance witfl known procedures; for example, by chlorinating 

the plastics film substrate; by oxidizinq it with agents such 

as chromic acid or hot air; by steam treatment; by corona 

discharge; or flame treatment.. The pretreatment used is 

preferably f1ame treatment or high-valta9e corona disohar9e. 

After beinq pretreated, the or each surface of the 

substrate is generally precoated with a prim.er that helps to 

anchor the topcoat in order to ensure the adhesion of the 
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coating to the substrate film. Appropriate preooatinq agents, 
or primers, are known from the literature and include, for 
example, alkyl titanates; epoxy-type primers: melamine­
formaldehyde and polyethyleneimines.. The latter are 
particularly suitable for precoatin9 p1astics films as in 
polystyrene lcftex which contains at least one epoxy 
functionality. In this context, the polyethyleneimines can be 
applied to the optionally pretreated plastics films either from 

orqanic or from aqueous solution. In this ~ase the 
concentration at the polyethyleneimine in the aqueous or arqanic 
solution may be, for example, o.5% by weiqht. suitable 
polyethyleneimine primers are described in, far example, DE-A-24 
40 112 and US-A-3,753,769. 

The uncoated plastics films qenerally have a thickness of 
from 0.015 to 0.060 nua. The aqueous sealing coating is applied 
to the plastics film in a conventional manner, for example by 

gravure application, roller application, dipping, or sprayinq 
with the aid of the intaqlic or flexographic printing process 
or the reverse-roll application p~acess. The excess aqueous 
solution can be removed by squeeze rollers or d~aw-off blades. 
fte sealinq coatings should conventionally be applied in a 
quantitY. such that, durinq · dryinq, a Sllloath, uniformly 
distributed layer havinq a weight of from 1 to 4 q/m2 is laid 
down. 

The coatinq formed by the sealing coating on the plastics 
film is subsequently dried with hot air, radiated heat or by 
means at any other conventional means. It is not necessary to 
apply the release coating layer_ which is necessary when using 
cold-sealing coatinqs. 

The low adhesion to commercial acrylic-based coatings ot 
tbe <:old sea1able composition of this invention is an important 
feature of tbe invention .because these coatings impart the 
combined properties ot m.achinability and print:ability to 
untreated and release-treated polypropylene. The untreated and 
rele~se-treated. polypropylene, while beinq machineable, is not 
printable. 'l'be latex oaatinq presents a smooth, non-tacky 

41 

surface whieh will not block to ac;ylic-based surface coatings 
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under normal operating conditions. However, if similarly coated 
surfaces are placed in contact with each other, under pressure, 
and at an elevated temperature up to 66°C (150°F), at roam 
temperature or even at below room. temperatures; tor example 1&•c 

(60°F), then the coated surfaces become cohesive forminq a 
strong bond between each other. With certain polymers, the band 
created has been found to be stronger than the film itself. 1'he 
seal temperature required can be affected by the thickness of 
the composition en the substrate; that is, thicker substrates 
can require higher temperatures for pressure sealability. 

Thus, the cold seal able compositions of the present 
invention are .very useful in impartinq high cold seal bond 
strenqth to packaginq film substrates, particu1arly polyolefin 
f il•, such as polypropylene film substrates. Substrates which 
are particularly contemplated for use with these cold sealable 
compositions to provide sealable structures of the present 
invention include olefin polymers, such as case or oriented 
polypropylene, coextruded films, nylon, white opaque film, 
cellophane, paper, polyesters, high density polyethylene and 
linear low density polyethylene. 

The polymeric portion of the contemplated acrylic based 
coatinqs should contain at least so wt.% acrylic, preferably 
greater than 90 wt.%: acrylic. Small· amounts of other material.a 
such e..s acrylonitrile and ethylene acrylic acid can also be 
present in.the acrylic-based polytner, typically less than 10 
wt.,. The amount of non-acrylic materials should be limited as 
they can cause blocking • ., The acrylic-based coatinq can be 
formu1ated with p~rticles such as polyethylene, silicon and 
silicone, silica, talc, or other particles from o. 5 to 3. o 
~icrons. 

·commonly known techniques can be eJDployed to app1y the 
emulsion polymer f ar=ulation of the pre$ent invention to the 
film or paper substrate. For example, when impreqnatin9 or 
saturatinq the substrate, it may be dipped or sprayed.. Xf the 
sUhstrate is coated, this may be accompliShed by dipping, 
spJ;"ayinq or by employinq a roller, spreading knife, brush or the 
like. Generally, for the best crilllp·sealability, the emulsion 
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polymer formulation should be applied at a low level, typically, 

applied in an amount of from about o.s to !5 CJ per 6,500 sq. cm. 
(1000 sq. in.), preferably aDout 1 to 1.s q per 6,500 sq. cm. 

lJ 
to the film substrate. · 

The emulsion polymerization formulation of the present 
invention may be compounded with, or have mixed therein, other 
known ingredients or stabili,;ers, antifoam.ing agents, dying 

adjuvants, pigments, waxes, corn starch, si1ica, talc and the 
like other compoundinq aids to control surf ace tack and other 
surface properties. Thickeners or bodyinq agents may be added 
to the polymers so as to control the viscosity of the polymer 
and thereby aahieve the proper flow properties for the 
particular application desired. 

The sealinq temperature at which a sealed structure 
acoordinq to the invention is fabricated is 9enerally above 
ambient temperature. In general it is from 20°C to SO•c, 
preferal)ly at least 30°c and particularly preferably from 4o•c 
to 70°c. sealing occurs with the application of temperature and 
pressure. ~ing the application of pressure, the sealing 
coatin9s are brau9ht into contact in such a way that they become 
matted. toCJether. 'lhe pressures applied are qanerally frOll 5-30 
bar, preferably from 6-8 bar. sealiri9 times of from. a few 
1000ths of a second up to a few lOths of a second are qenerally 
adequate. The dry weight of the sealinq coatinq in the film 

coatin9 is in qeneral from 1 to 4 q/m2• 

The seal.ad structures, for exampl.e, packa9ing containers, 
produced according to the invention have outstanding properties 

with respect to their adhesion .to the substrate and to their 
sealed-seBJD strenqth. The latter is preferably at least 250 
q/2. 54 cm. The sealing coatings are particularly suited to 
containinq peri_shable qoods, especially heat-sensitive 
comestib1es and conform to current foodstuffs regulations and 
are stable in terms ot odor. The coatinqs do not block with 
respect to untreated plastics films, for example oriented. 

polypropylene. Despite the very qood antiblockinq properties, 
the sealing temperature is distinctly be.low the range of sealing 
telllperatures which is usual for heat-sealing coatings •. I:n 
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general, the sealing temperature is about 30°C lower than is 
conventional with current sealinq coatings. 

The sealed packaging containers produced by the process 
~ccording to the invention have excellent seal~d-seam strengths 
and excellent optical properties. 'l'he coated plastics films 
have excellent antiblocltinq properties, i.e. they do net become 
stuck on contact with uncoated plastics films. :In addition, it 
is particularly advantaqeous that sealing can be carried out at 
relatively low temperatures. The sealinq temperature is 
qenerally from~20 to 30°C lower than the sealinq temperature 
when using conventional heat-sealinq coatinqs. This enables the 
line speed, at the sa•e sealing temperature, to be increased. 
A further advantage is that the release coating on the other 
side of the film, which is required when using conventional 
cold-sealinq coatings, is not al>sol.utely necessary in the 
process according to the invention. 

Preferred plastics fillllS are polyolefin films, for example 
polyethylene and polypropylene films. These films are 
particularly preferably cf polypropylene, especially oriented 
pol.ypropylene. 

In a further aspect, the present invention also provides 
the use of a cold seal.able composition as herein defined for 
coatinq a plastics film. 

The followinq Examples illustrate the invention; parts are 
by weiqht unler:\15 stated otherwise. 

m!Q'LB 1 
'l'his Example relates to the preparation of an acrylate 

emulsion (AE 1) for use as an aqueous sealing coating. 
31.,l parts of demineralized water and o.os part of an 

anionic emulsifier (ester type) were weighed into a reaction 
vessel. The initial charqe was heated at 80 to a2•c. A •ixture 
of 16.,2 parts of methyl acrylate, 11.9 parts cf methyl 
methacrylate, 1.4 parts of acrylic acid, 0.5 parts of isooctyl 
thioqlycolate and 0.4 part of water waa then weighed into the 
monomer tank and premixed. o. 09 part of' monium 
peroxodisulfate and 0.3 part of dmaineralized water were added. 
1ot of the contents of the monomer tank were metered uniformly 
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into the reactpr over the course of 30 min at approximately 
so•c.. SUbeequently, o. a part of the anionic emulsirier was 
added. 

The reaction mixture was maintained at the reaction 

temperature fer 10 min, and then the rellaining contents of the 
monomer tank were metered in-uniformly over a period of 3 hours 
at so•c. subsequently the bateh was polymerized for 2 hours at 
ao•c. Then, at a temperature of 60•c, a mixture of 0.6 parts 

of ammonia (25% strength) and 6.0 parts of water was added with 
stirring. The ·batch was subsequently adjusted, using a mixture 
of ammonia (25% strenqth) and water (mixing ratio 0.6:6.0), to 

a solids content of 30% and a viscosity of 30 •Pa.s at 2s•c. 
The content of a11JDonia (lOOt) in the finished coating (solids 
content 30t) was 0.15 parts. 

'l'he resulting acrylate copolper had a number-average 
molecular weiqht Mn of 10., ooo·, an acid number of 37 mq of KOH/q 
and a qlass tr~nsition temperature ('1'1) of 4a•c (measured by 
differential scanning- calorimetry (DSC)). 

QNl&I 2 

'1'his Example relates to the preparation of an acrylate 

emulsion (AE 2) for use as an aqueous sealinq coati.nq. 
20.8 parts of demineral.izad water and 0.03 part of an 

anionic· emulsifier (ester type) were weiqhed into a reaction 
vessel. The initial charqe was heated at 80 to s2°c. A mixture 
of io.s parts of methyl acrylate, 7.9 parts of methyl 

methacrylate, 0.9 part of acrylic acid, 0.3 part of isooctyl 
· thioglycolat.e and 0.2 part of water were weighed into the 
monomer tank and premixed. A soiution of 0.06 part of ammonium 
peroxodisulfate in 0.3 part of delllineralized water was added to 

the initial charge. lOt of the contents of the monomer tank 
WeJ;"e metered uni.formly into the reactor over. a period of 30 min 
at approximately so•c. 0.56 part of the anionic emulsifier was 
then added. 

t?he reaction mixture was maintained at the reaction 
temperature for 10 min, and tben the remaining·contents ~f the 
monomer tank were metered in uniformly over a period-of 3 hours 
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at so•c.. subsequently the batch is polymerized for 2 hours at 
so 0 c.. A mixture of 1 .. 6 parts of ammonia (25-% strenqth) and 42.5 
parts of water were weiqhed into a dilution vessel and heated 

to 70°c. .The reactor contents were drained off ovar 45 •in at 
70°C. 

This Example relates to the preparation of an acrylate 
emulsion (AE 3) for use as an aqueous sealing coating. 

An ac:l:'ylate emulsion AE 3 was prepared by analogy with the 
preparation of AE l, using : 

1.86 parts of acrylic acid 
4.30 parts of methyl methacrylate 

23 .. 34 parts of ethyl acrylate 
o.79 parts of ammonia (25% strenqth) and 

5.81 parts of water. 
The resulting acrylate copolymer had a number-averaqe 

111olecular weight (GPC). of io,ooo, an acid number of 49.mCJ of 
KOH/q and a q1ass transition temperature (Tq) of 4°C (DSC) .. 

EDMPLE t 

This Example relates to the preparation of an acrylate 
emulsion (AE 4~ tor use as an aqueous sealinq coatinq. 

An acrylate emulsion AE 4 was prepared by analogy with the 
preparation of AE 1, .usinq : 
1.86 parts of acrylic acid 

3.15 parts of acry1onitrile 
24.49 parts of ethyl acrylate 
0.79 parts of ammonia (25' strength) and 
5 .. 81 parts of water. 

The resul.ting acrylate copolymer had a number-average 

maleoular weight (GPC) of 10, 000, an acid nUlllber of 49 mg/KOH/9 

and a q1ass transition temperature (T3) of 5°C (DSC). 

llDHILI s 
This Example relates to the preparation of an aqueous 

sealing coatinq (ASC). 

200 parts of AE 1 were taken. 18.0 parts of a commercially 
• 
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available 25' strenqth emulsion of carnaUba wax (MICHEMLtJBE 
(trade marlc) 160 ex Michelman, . USA) were added slowly with 
stirrinq and homoqeneously dispersed by further stirrinq for 5 
minutes to provide ASC 1. 

QMPLE 6 

This Example relates to th~ preparation of an aqueous 
sealinq coating (ASC 2). 

200 parts of. AE 3 were taken.. 79.60 parts of a 
commercially available colloidal silica paste {LtJDOX (trade 
mark) AM) were added with stirring and homogeneously dispersed 
by turther stirrinq. Adding alDIBOnia is appropriate, the pH of 
the sealing coating was adjusted to a value between 7. 2 and 7. S. 

II 

IAKU,1 7 
'I'his Example relates to the preparation of an aqueous 

· sealinq coating {ASC 3) • 

200 parts of AE 4 were taken. o.59 part of SYLOID (trade 
11ark) ED 3 (5t strength dispersion in water) and 30 parts of a 
commercially available, colloidal silica paste (LUDOX AD 30) 
were added with stirrinq and homogeneously dispersed by further 
stirrinq. Adding ammonia if appropriate, the pH of the sealing 
coatinq was adjusted to a value between 7 and a. 

BDHRLB 8 

This Example relates to the application of the· sealing 
ooatinqs ASC l to 3. 

The coatinqs ware applied usinq · a doctor blade to a 
polyethyleneimine-primed, oriented polypropylene film 29MB210 
from Mobil Plas~ics Europe, Belqium. The application weight was 
1.5 ± 0.2 q/m2• The coated film was dried in a HELIOS (trade 
aark) laboratory oven for 15 s at a max. surface teaperature of 
95°C. 

These coated films were used to determine the aoeff icient 
of friction and the blackin9 resistance with ~aspect to the 

coated or uncoated reverse of the fil1n. In addition, the 
sealed-seam strength was determined. 'I'he measured results are 



S~'T B'(: 
' ' 

... F-7189+-L 

shown in Table 1. 

7038497777 
2-12-96 ;11:40AM ; 

- 17 -

Cgeff icient of friction 

MOBIL - ore-. 65 5332152:#20/30 

The coefficient of friction was determined usinq the ALTEl( 
(.trade mark) 9~05A device, within a period of 3 o min after 
application of the sealinq coatin9s, in the application 
direction. 

The blocking resistance was tested in 2 ways: 
la) 24 hours at 47°C, o.s kg/er 

Test coatinq aqainst uncoated outer face 
2.) 24 hours at 47°c, o.s kq/cra2 

Test eoatin9 agai~st aaryiic-coated outer face. 
Assessment took place on the basis of the separation 

effect, the rating o denoting the complete absence of any 
bloekin9 while the rating 5 indicates total bloeking. 
Seal@d-s@am strengj;h 

'l'Wo 25 1lml wide strips of the ·above-described coated 
polypropylene films were sealed at a sealinq temperature of less 
than ao•c and a sealinq pressure of 5 bar. xn each case the 
sealed-seam strenqth was determined usinq the TESTOMET!UC (trade • laark) 100 D device rrom H. Messmer, London, at a speed of 300 
mm/min and a measured width of 25 m. The results are 9iven in 
TABLE 1. 

'9ULB 1 

ASC 1 ASC 2 ASC 3 

caef ~icient ot friction 0.010 0.030-0.060 0.06-0.12 
Bloekinq resistance 
uncoated face 0.5 0.5 0.!5 
acrylic-coated. face o. !5 1 1 
Sea1ed-seam. strenqth 
(9/25 mm) 300-400 300-400 138• 

* Sealed-seam strength after sealinq at room temperature. 

This bam.pl.e relates to the preparation of an acrylic 
emu1sion (AE 5) and an aqueous sealing coating (ASC 4) of the 
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invention. 
Usinq a semi-continuous batch process, a latex was prepared 

by continuously adding an metering 404 q. of the total monomer· 
feed over a period of 2.5 hours to a reactor containing 4.75 q 

of w~ter, 1 9 of 30% sodium lauryl sulfate, as emulsifier, and 

1.6g 70' tart-butyl hydroperoxide, as· free-radical catalyst .. 
The premixed total monomer feed comprised of ao.2 wt.% ethyl 
acrylate, 15 .. 8 111t." acrylonitrile, 3 wt.% methacrylic acid, and 
1 wt.% isoctyl thioqlycolate (as a chain transfer agent), based 
on the total monomer feed. A feed containing 79 of 30t sodima 
lauryl sulfate: .0.7q of sodium formaldehyde sulfoxolate (as a 
catalyst activator) and 459 water was added over a three hour 
period. The emulsion polymerization reaction was maintained at 

60°C to 70•C and the reaction was performed in an atmospheric 
pressure reactor equipped with a reflux condenser and in the 
presence of inert nitrogen gas. sufficient agitation was used 
to uniformly disperse the monomers in the reactor. The reactor 
batch was held for about 1 hour after the addition of all the 
feeds. 

After polymerization, the terpolymer was blended with a 
typical combination of wax and talc. 

The latex was subsequently cooled and filtered through a 
200 ~esh screen. The latex stal:>ility of the resultant 

·EA/ACN/MAA terpolymer was excellent. 
IDIJRLB 2.0 

This Examplle reiates to the preparation of a crosslinlted 
polymer (AE 6). The proc$dure of this example was substantially 
the same as that of Example 9 except that it was a thermally­
initiated polymerization. Usinq a semi-continuous batch 
process, a latex was prepared by cont.inuoualy addinq and 
meterin9 406 q of the total monomer teed over a period of 2.5 
hours to a reactor containing 475 g water, 1 g of 30% sodium 
lauryl sulfate, as emu ls if ier, and 12 g of 10% aqueous allllllonium 
persulfate, as a free radical initiator that was prepared 
immediately prior to the start of the polymerization and added 
to the reactor approximately two minutes prior to beqinninq the 
addition of the monomer feed. The pre-mixed total monomer feed 
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79.8 wt.% ethyl acrylate, 14.8 wt.\ acrylonitrile, 3 wt.% • • methacrylic acid, 1 wt.t divinyl benzene (85' p~e), and 1.5 

wt.% iso-octyl thioqlycolate, as chain-transfer aqent, based on 
the tota1 monomer feed. A feed containinq 9 q of 23\ sodium 
dodecyl benzene sulfonate, as stabilizing emulsifier, and 41 q 
water was then added over a 3-hour period. The emulsion 

polymerization reaction w~s maintained at 75 to ss•c and the 
reaction was performed in the same laboratory glassware that was 
used in Example 9. After all feeds were in, the batch was held 

at so•c for 1 hour at which time 17 q ot 30i aqueous ammonia 
(diluted to 400 q with water) was added. When the temperature 
again reached so•c, the batch was held an additional hour a~­
ao•c and then cooled and removed from the glassware. 

The properties of the polymers prepared by Examples 9 and 
10 are swmnarized in TABLE 2 below: 
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Ch8ragtgristiqs a; pglymer I.atex 
lu•pla I 

'Latex 

'l'otal Solids (') 
Particle Size (nm) 
pH i11 

BDULB 1.1 

42.8 

130 

6.1 

65 5332152;#23/30 

31.5 

87 

9.5 

Polymer latex formulations prepared in acc:ordance with the 

emulsion polymerization process of both Examples 9 and 10 were 
applied by.direct gravure to the sealable portions of one side . 
of a standard acrylic coated 92 qau9e oriented polypropylene 
f illll priaed with polyethyleneimine (wb~ch helps to anchor the 
topcoat to the substrate). The other side of the film was 
primed with the polyethyleneimine and coated with an all-acrylic 
polymer formulation. The coatings were dried at a temperature 
of 220•P. 

!'he coating waiqhts for both pressure sea1able coatinqa 
were 1.2 (+/- 0.4) 9/1000 sq. in. while the coatinq weight for 
the acrylic-based coating was o.6 g/1000 sq. in. 

The properties of the coated films were tested· and the 
ill 

results of the testing, in comparison with tbe results of 
testing a cold sealable terpolymer described in U. s. Patent No. 
S,070,164, •ade by a 1-st:ep polymerization process, are 

sumnarized in TABLE 3. 
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Adb1sive 

One-Stage 
Emu la ion 
polymerized 
polymer 

Emulsion 
polymerized. 
polymer o( 
Example 9 

Emulsion 
polymerized 
polymer of 
Example 10 

Base Film; 
crimps 

ACN 
'IA 
MIA 
MAA 
BTD 
DVB 

-21-

~ULB.3 
Results On COld Seal Coatings 

Calculated 
Chemicil Tg • • crimp Seal Block to 
ComRQllitimJ Bitig ~ fSl.liD) 9i:and1J:d AQEXlig 
EA/VA/MAA 67/30/l -5 375• BTD 

: 

IA/ ACN/MAA 81/16/3 -5 357 21 

EA/ACN/MAA/DVB 81/15/3/l -5 458* 27 

Standard 92 Gauge Aerylic coated oriented polypropy~ene l~l• 
80 psi, 1/2 sec. , rooa temp. • 1 • • • l • • • 

• Acrylonitrile 
• ethyl acrylate 
• methyl metbacrylate 
= aethacrylic acid 
• block to destruction 
= dlvinylbenzene 

I 

Surf ace 
fl& 

low 

low 

low 
I 

* This.crimp seal was stron9 enough to tear t~e ~il• which indicates a 90~ sea~; ~t ia, ~e ~dheaive 
was stronger than the base film. In czeneral; howaver, 9ood arimp Ilea? etr~''iJ•tiadallT •&vat~~! 
200g/in, typically over 300 g/in. · . · · t · · 1 , t l 1.lqH; h' lf!fud I 1 ,.t 

• 

Cl) 

11! •• ~~ 
~ 

I\-' 
I .... 

I\-' 
I 

~ 

e~ 
••ID 

~~ 
~· o.J 

~ 
DJ -r 

I 

0 

~ 

~ 
Cl1 
C.> 
C.> 

""' .... 
~ 
~· 

"*' !'If ...... 
C.> 
0 
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1. A copolymer preparable by the emulsion polyaerisation . · 

a) 

" 

at least one monomer which comprises an alkyl 
methacrylate having from 1 to 12 carbon atoms 
in the alkyl c;iroup; a vinyl aromatic; or a 

nitrile having ethylene unsaturation conjugated 

with the nitrile group. 

with at least one o:f the toll.owing: 

b) at least one copolymerisable soft monomer; and 
c) at least one copolymerisable functionai · 

monomer, 
the resultinq copolymer havinq·a qlass transition temperature 
(Tg) from -35°c to so•c and bein9 formulatable into a coating 

which is cold seal.able to itself under pressure but which has 
non-blocking characteristics. 

2. A copolymer according to claim i. wherein the monomer 

(a) comprises methyl methacrylate, ethyl methacrylate, propyl 
methac::rylate, isopropy1 methacrylate, n-butyl methacrylate, iso­
butyl m.ethacrytate, t-butyl methacrylate, n-pentyl methacrylate, 

isopentyl methacrylate, hexyl methacrylate, n-octyl 

met:b.acrylate, 2•ethylhexyl mathacrylate~ decyl methacrylater 

dadecyl methacrylate; st~ene, an a-alkyl styrene, vinyltoluene; 
acrylonitrile or methacrylonitrile. 

3,. A copolymer according to claim 1 or 2 wherein the 
monomer (b) comprises an alkyl acrylate havin9 from 1 to 12 
car))on atoms in the alkyl gi:oup; 1,3-:bUtadiene; or a vinyl or 
viny1idene ester. 

4. A copolymer accordinq to claim l, wherein the monomer 
(b) coiaprisea methyl acrylate, ethyl acrylate, propyl acrylate, 

isopropyl acrylate, butyl acrylate, isabutyl aerylate, t-bUtyl 
acrylate, n-pentyl acrylate, isopentyl_ acrylate, hexyl ac::rylate, 
n-oct:.yl am:yla9e, isa-actyl acrylate, 2-ethylheXyl acrylate, 
decyl acrylate, 1,3-butadiene, vinyl acetate or vinylidene 

, 
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s. A copolymer according to any preceding claim wherein 
the monomer (c) comprises an ethylenical.ly unsaturated compound. 

containing a carboxylic or a sulphanic acid group. 

6. A copolymer acc::ordinq ta claim 5 wherein the monomer ... 

(c) comprises acrylic acid. :methacryl.ic acid, itaconic acid, 

orotonic:: acid, uleic aoid; or sult'oethyl mathacrylat:e. 

7. A copolymer accordinq to any preoedinCJ claim, wherein 
the glass tra~ition temperature is from -Jo•c to 1s•c. 

a.. A copolymer accordinCJ to claim 7 which comprises from 
10 to 65 wt.% of eopolymerised. monomer ·(a); from 30 ta 85 wt;.% 

of copolymerised monomer (b); and from 1 to 5 wt., of 
copolymerised •anomer (c). 

9. ·A copolymer according to any prece~inq claim which 
has a DUlllber averaqe molecular weight from 50,ooo to 90,000. 

10. A copolyaer a.ccordinCJ to any preceding claim 1 to 6 
wherein the qlass transition te1aperature is from 25°C to so•c. 

J.1. A polymer according to claim 10, which comprises from 
30 to 55 wt.% of polymerised monomer (a) 40 to 69 wt.% of 
polymerised mol\omer (b); and from l to 15 wt.!ft of polymerised 
monomer (c). 

12. A polymer according to claim 11, which has a number 

avera9e m~lecular weight in the ranqe a,ooo to 12,000. 

13. A copolymer according to any precedinq claim which 
has been croaslinked. 

14. A process for the preparation of a copolymer 
aacordinq to claim 1, which process comprises : 
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(a) mixinq at least one monomer (a) with at least one at 
monomers (b) and (c) in relative proportion so that • • 

(b) 

the resulting copolymer has a Tq from -3s•c to !>O•c; 
and 

polymerizing the monomers 
polymerization conditions. 

under emul.sion 

15. A process according to claim 14 wherein the 
respective lllODaaars, and their relative proportions, are defined 
in any of claims 1 to 6, a, 11 or 13. 

16. A process accordinq ta claim 14 or 15, which is 

carried out in the presence of ~ater, an emulsifying aqent and 
a polymerization catalyst. 

17. A process according to claim 14, 15 or 16, wherein 
the polymerization is carried out at a temperature of 4o0 c to 
lOO·•c at a Pi-e~sure from o to JO psi9 (101 to 308 kPa). 

18. A process according ta claim 14, l.5, 16 or 17, 

wherein the polymerization is carried out in a two staqe 
process. 

19. A process accordinq to clai~ 18, wherein the first 
stage of the polymerization process is carried out at a 
temperature from 7o•c to 90°C with a total of 5 to 20 wt.t of 
the total. aonCJlller mixture; and the second stage of the 
polymerization process is carried cut at a temperature from 70°C 
to 90•c in the presence· of the polymer obtained in the first 
st&cJe, together wit:.h the reaaining 80 to 95 wt., of the monomer 
laixture. 

20. A p::r;ocess accordin9 to claim 19, wherein after the 
second stage polymerization the result~ng polymer is at least 
partially neutralised by the addition of a base. 

21.. A process according to any af claims 14 to 20, 
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wherein the polymerization is carried out in the presence of a 
chain transfer agent. 

22. A process according to any ~t claims 14 to 21 wherein 
at least one additive is added during or after step (a) or step 

(b) of the process, the additive being a stabiliser, antifoaminq 
agent, drying adjuvant, pigment, wax or thic1tener. 

23. A cl>ld sealable com.positio~ comprising a polymer 

according to any of claims 1 to 13. 

24. A cold sealable composition accordinq to claim 23 

C01DPrisin9 an aqueous solution or dispersion of. said polymer. 

25. A cold sealable composition accordinq to claim 24, 
wherein the solids content of the aqueous solution or dispersion 

· is from 20 to 40 wt.% • 

. 26. A sealable structure comprising a substrate coated 
on a surface thereof with a composition accordinq to any of 
cl.aims 23 to 25. 

27. A saalable structure according to claim 26, wherein 
the substrate i• coated on another surfai;:e with an acrylic-based 
composition. 

28. A sealable structure accordinq to claim 27, wherein 
the substr~te comprises a layer of an olefin polymer, a nylon, 
a polyester or paper. 

29. A sealable structure according- to claita 26, 27 or 28 
Wherein the or each surface of the substrate is pre-coated with 
a primer. 

:Jo. A sealed structure camprisinq a c:oated substrate 
defined in any of claims 26, 27, 28 or 29 and containinq 
perishable qaods. 
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31. A sealed structure according to claim 30 wherein the 

qooda are heat-sensitive comestibles. 

32. Use of a cold sealable composition accordinq to any 

of claims 23 to 25 far caatinq a plastics film • 

• 


