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This invention relates to an improved method for bond-
ing polyethylene to paper.

Polyethylene-coated paper products have been used ad-
vantageously for packaging materials such as food prod-
ucts as well as for protective coverings for shelving and
the like. The combination of paper and polyethylene has
both the low-cost strength of paper and the release and
partial vapor barrier properties of polyethylene. Suc-
cessful bonding of polyethylene to paper has been a prob-
lem, especially with relatively non-porous papers such
as glassing paper. Consequently, there has been a search
for some means of satisfactorily bonding polyethylene to
relatively non-porous paper as well as improving the bond
of polyethylene to porous paper such as kraft paper.

The primary object of- this invention is to provide a
method of satisfactorily bonding polyethylene to paper.
Another object of this invention is to provide such a
method which requires a2 minimum of handling of both
the paper and the polyethylene. Another object is to pro-
vide such a method involving merely surface treatment of
the paper whereby a strongly-adherent hydrolytically
stable coating is formed on the paper surface. These ob-
jects as well as others which are apparent from the fol-
lowing description are satisfied by. the method of this
invention.

This invention relates to a method of bonding polyeth-
ylene to paper comprising (1) treating the surface of said
paper with a composition selected from the group con-
sisting of .

(A) a polyaminoalkylsilane of the formula

Z R'Si(OR);

in which each R is an alkyl radical of less than 4 carbon
atoms, R’ is an aliphatic hydrocarbon radical containing
a number of carbon atoms selected from the group con-
sisting of 1 and more than 2 carbon atoms and having a
valence of n--1 where 7 is a positive integer, and each Z is
a monovalent radical attached to R’ by a carbon-nitrogen
bond and is composed of carbon, nitrogen, and hydrogen
atoms and contains at least two amine groups, the ratio
of carbon atoms to nitrogen atoms in the substituent
—R’Z, being less than 6:1; and :

(B) soluble hydrolyzates thereof, and

(2) applying a hot polyethylene film to said treated
paper surface.

In the polyaminoalkylsilaties. employed in the method
of this invention each R can be any alkyl radical of less
than 4 carbon atorns, i.c. methyl, ethyl, propyl and isopro-
pyl radicals. The R radicals can be the same or different.
R’ can be any aliphatic hydrocarbon radical containing 1
or more than 2 carbon atoms and having a valence of at
least 2, i.e. it can include in any aliphatic configuration
any combination and any number of methyl, vinyl, meth-
ylene, vinylene,

! |
=CH-—, and —([3—-

groups within the scope of the claim.

Each Z can be any monovalent radical attached to R’
through' a carbon-nitrogen linkage, which is composed of
hydrogen, carbon and nitrogen atoms, in which preferably
all of the nitrogen atoms are present as amine or nitrile
groups, and in which there are at least two amine groups
per Z radical. The tferm “amine groups” comprises. pri-
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mary amine, secondary amine (including imine) and ter-
tigry amine groups. The scope of Z will be better under-
stood from a consideration of the method of producing
these silanes.

The polyaminoalkylsilanes can be produced by react-
ing a polyamine with a halogenohydrocarbonylalkoxy-
silane where each halogen atom is on a carbon atom at
least gamma to the silicon atom. Alternatively, they
can be prepared by reacting the polyamine with an alpha-
halogenohydrocarbonylalkoxysilane. In these reactions
one nitrogen in the polyamine replaces a halogen atom in
the halogenohydrocarbon radical, and the halogen acid is

- given off. The reaction is best carried out at temperatures

of from 50° to 200° C. under anhydrous conditions using
a molar excess of the polyamine.

The polyamines which can be employed include, for ex:
ample, the following: ethylenediamine, diethylenetriamine;
1,6 - hexanediamine, 3 - aminoethyl - 1,6 - diaminohex-
ane, -N,N’-dimethylhexamethylenediamine, cadaverine,
piperazine, di-1,2-propanediamine, methylhydrazine, 1-
aminoguanidine, 2-pyrazoline, benzenetriamine, benzene-
pentamine, benzyl-hydrazine, N-methyl-p-phenylenedi-
amine, N,;N-dimethyl-p-phenylenediamine, and 3-o-tolyl-

.enediamine.

It can be readily seen that the polyamine employed can
be any aliphatic, cycloaliphatic or aromatic hydrocarbon
amine containing at least two amine groups, one of which
must contain at least one hydrogen atom. The term

- “poly” in the specification is intended to include com-
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pounds or radicals containing two or more amine groups.

The halogenohydrocarbonylsilanes employed in the
above described process can themselves be prepared by
the well known addition reaction of a halogenated ali-
phatic hydrocarbon containing at least one unsaturated
carbon to carbon linkage, with a halosilane such as that of
the formula SiHX; in which each X is a halogen atom,

* after which the addition product is alkoxylated by react-
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ing it with one or more alcohols of the formula ROH. Ex-
amples of suitable halogenated hydrocarbons include al-
lylbromide, allylicdide, methallylchloride, propargylchlo-
ride, 1-chloro-2-methylbutene-2, 5-bromo-pentadiene-1,3,
16-bromo-2,6-dimethylhexadecene-2, and the ‘like. The
halogenchydrocarbons can contain more than one halo-
gen atom, as in 3,4-dibromobutene-1 and 3-chloro-2-
chloromethylpropene-1, so that the radicals resulting
therefrom can react with more than one amino nitrogen
atom, ie. n can be greater than 1. Preferably there
should be no more than one halogen atom per carbon
atom. . Furthermore, no halogen ‘atom can be so posi-
tioned that after the addition of the halogenchydrocarbon
to the silicon there is a halogen atom on a carbon atom
which is beta to the silicon.

A second method for preparing the halogenohydrocar-
bonylsilanes described above is that of halogenating an
alkylhalogenosilane with elemental halogen followed by
reaction with ‘an alcohol to give the halogenohydrocar-
bonylalkoxysilane. This is the method employed when
R’ in the above formula is a methylene radical.

The radical (R'Z,) can be of any length, so long as the
ratio of carbon to nitrogen in the radical is less than 6:1.
As a practical matter, the R’ radicals will ordinarily con-
tain no more than 18 carbon atoms, and preferably con-
tain 1 or 3 to § inclusive carbon atoms. The preferred
Z radicals contain from 1 to 8 carbon atoms, and 7 is pre-
ferably 1, 2 or 3.

The polyaminoalkylsilanes can be employed by them-
selves but are preferably employed as from about 0.05 to
about 5 percent by weight dispersions in water or an
crganic solvent; e.g. hydrocarbon solvents, When dis-
persed in water the silanes hydrolyze at least in part.
When dispersed in an organic solvent or used alone the
silanes can also hydrelyze to a degree dependent on the



38,048,155

«

o
dryness of the solvent and the exposure of the silane or
solution thereof to moisture, for example, from the atmos-
phere. - Some, but probably not all, of the (OR) groups
are converted to silicon-bonded (OH) groups. Some but
not all of the latter then condense to form siloxane link-
ages. These soluble hydrolyzates of the polyaminoalkyl-
silanes are operative in the method of this invention
and can include, for example, polymers and copoly-
mers of units such as Z,R’Si0;5, ZyR'Si{(OH)C, and
Z,R’51{OR)C alone or in any combination, as well as un-
reacted monomers and partially reacted monomers such
as, for example, Z,R'Si(OR)5(OH), Z,R'Si(OR) (0H),,
and Z,R’Si(OH);. Such a product can be said to be one
in which the polymeric units and monomeric components
both fall within the formula

ZaR'8iYm O

3-m

2

in which R’, Z and » are as defined above, m is an integer
of from -0 to 3 inclusive and Y represents (CH) and/or
(OR) groups where R is as defined above.

Further. hydrolysis takes place when the polyamino-
alkylsilanes and their hydrolyzates are applied to paper,
which normally contains moisture. Subsequently, sub-
stantial condensation iakes place between SiOH groups
and other SiOH groups as well as SiOR groups to give
a cross-linked material on the paper surface.

This paper treatment is effective on any type of paper
such as glassine, parchment, kraft, tissue and the like.

The polyaminoalkylsilanes and/or soluble hydrolyzates
thereof in solution or in a soivent-free state can be applied
to a paper surface by any practical means such as, for ex-
ample, spraying, roller-coating, brushing, dipping, Mayer
rod coating and the like. Generally, the treated paper
surface which is wetted by this application is allowed to
dry especially where a dispersion has been used in the
treatment, but drying of the treated paper is not neces-
sary to the method of this invention where a solvent-free
polyaminoalkylsilane or fluid hydrolyzate thereof is em-
ployed.

Polyethylene film is applied while hot, generally by
extrusion, onto the treated paper surface. The film ad-
heres sirongly to the treated paper surface.

The following examples are illustrative only. The
symbols Me and Et have been used to represent methyl
and ethyl radicals respectively.. The monomeric silanes
employed in these examples were obtained as illustrated
by the following preparations. HSiCl; and allyl chloride
were reacted in the presence of chloroplatinic ‘acid
to produce CICH.,CH,CH,SiCl;, The latter was re-
acted with methanol to produce the corresponding
chloropropylirimethoxysilane, which was in turn reacted
with ethylene-diamine at reflux temperature to produce
(MeQO)5i(CH,) ] NHCH,CH,NH,, B.P. 140.5° €. at
15 mm. Hg pressure. By mixing one mole of the
(Me0);Si(CH,) ] NHCH,CH,NH; with 3 mols of acrylo-
nitrile, keeping the resulting exothermic reaction at about
55° C. for 1.5 hours by external cooling and then heating
the mixture at 95° C. for 4 hours, and flash distilling
the reaction product to @ pot temperature of 168°
C. at 15 mm. Hg and thus distilling off one mol of
unreacted acrylonitrile, there was obtained a brown oily
liquid" residue consisting essentially of the compound

(MeQ)3Si(CH,) ;NHCH,CH,N(CH,CH,CN),

np? 1,4615.
: “Example 1

Glassine paper sheets were coated using a Mayer rod

" with 0.1, 0.25, 0.5 and 1 percent by weight solutions of
(Me0)3Si(CH;) s NHCH,CH,NH, in hexane. The treated
surfaces of these sheets were allowed to air-dry. Hot
polyethylene having a melt index of 5 and a density of
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0.916 g./cc. was extruded in a thin film (from 0.5 to 1
mil) onto each of the treated paper surfaces and was
allowed to cool.  In every case adhesion of the polyethyl-
ene to the treated paper surface was excellent indicating
the impossibility of separating the polyethylene film from
the paper without destroying the film.

Example 2

Glassine paper was coated wusing a Mayer rod with a
one percent by weight solution of a soluble hydrolyzate
of redistilled (MeO)35i(CH,);NHCH,CH,NH, in water.
The treated paper surface was allowed to air-dry. Hot
polyethylene having a melt index of 5 and a density of
0.916 g./cc. was extruded in a thin film (from 0.5 to 1
mil) onto the treated paper surface and was allowed to
cool. Adhesion of the polyethylene to the treated paper
surface was excellent.

Example 3

(Et0);S1(CH,) s NHCH,CH,NH, was substituted for
the redistilled (MeQ)3Si(CH,);NHCH,CHyNH, in Ex-
ample 2. The adhesion of the polyethylene to the treated
paper surface was good indicating that any attempt to
separate the polyethylene film from the paper resulted
primarily in destruction of the film with only rare inci-
dence of film-paper separation,

Example 4
When  (Me0)3Si1{CH,;) sNHCH;CH,N(CH,CHy,CN),,

(MeO)s8iCH,C Hn(IJHNH CH,;CH:NH;
CH:NHCILCH;NH;

(MeO) 3SiCH,NHCH ,NMe,
{Me0)3Si(CH,) sNH(CH,) 6NH
(Me0)3Si(CH,) sNHCgH; (NHy), and
(MeD)Si(CH,) 3 NMe (CH, ) (NHMe
are each substituted mol per mol for the
(MeO)3Si(CH,) sNHCH,CHLNE,

employed in Example 1, similar results are obtained.

That which is claimed is:

A method of bonding polyethylene to paper compris-
ing (1) treating the surface of said paper with a compo-
sition selected from the group consisting of

(A) a polyaminoalkylsilane of the formula

Z,R'Si(OR);

in which each R is an alkyl radical of less than 4
carbon atoms, R’ is an aliphatic hydrocarbon radical
containing a number of carbon atoms selected from
the group consisting of 1 and from 3 to 18 inclusive
carbon atoms and having a valence of n41 where »
is a positive integer ranging in value from 1 to 3
inclusive, and each Z is a monovalent radical at-
- tached to R’ by a carbon-nitrogen bond and is com-
posed of nitrogen atoms, hydrogen atoms and from
one to about eight carbon atoms and contains at
least two amine groups, the ratio of carbon atoms to
nitrogen atoms in the substituent —R’'Z, being less
than 6:1, and
(B) soluble hydrolyzates thereof, and
(2) applying a hot polyethylene film to said treated paper
surface.
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