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METHOD OF STABILIZING AQUEOUS CATIONIC POLYMERS

FIELD OF THE INVENTION

The present invention relates to a method of improving the storage stability of cationic wet-
strengthening agents useful in papermaking, especially those cationic wet-strengthening agents
baving azetidinium moieties or groups. In particular, the present invention relates to storage
stable wet-strengthening resin compositions especially those resins comprising the reaction
product of a polyamidoamine and a epihalohydrin, the reaction product having azetidinium

moieties or groups.

BACKGROUND OF THE INVENTION

(02]

[03]

[04]

Cationic polymers or resins exhibiting thermosetting properties are useful for increasing the wet
strength of paper products and reducing paper "creep” while the paper is wet. One well-known
class of such polymers is the polyamidoamine-epihalohydrin (PAE) resins. In the absence of
such cationic wet strengthening resins, paper normally retains only about 3% to 5% of its
strength after being wetted with water. However, paper made or treated with a cationic wet
strengthening resin, such as a PAFE resin, generally retains at least 10%-50% of its strength when

wet. As such, these resins are in wide use.

As is well-known, the PAE resins can be made by the reaction of an epihalohydrin, usually
epichlorohydrin, with a polyamidoamine (alternatively referred to as a polyaminoamide, a
polyamidopolyamine, a polyaminopolyamide, a polyaminamide and the like). The reaction is
typically performed in an aqueous solution under a basic condition (e.g., at a pH between about 7

to about 11) often followed by diluting the reaction product to a relatively low solids content.

Such PAE resins also can be blended with other ionic or non-ionic polymers, such as but not
limited to polyvinyl alcohol (PVA) polymers, polyethylene oxide (PEQ) polymers,
hydroxyethylcelluloses, poly diallyldimethyl ammonium chloride (DADMAC) polymers and the
like, for wet strengthening applications. These resin or polymer blends also tend to exhibit a

limited storage stability depending in part on the component ratios in the blends.
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Historically, due to the high reactivity of such cationic polymers and particularly the widely used

PAE resins, the solids contents of the final resin solutions have been diluted to and maintained at
about 10 to 15% in order to prevent premature gelation of the resin upon standing (storage) at
room temperature. Such gelation obviously contributes to a loss of wet strength efficiency and
often renders the resin totally unusable. Thus, for the most part, such cationic resins and the
PAE resins in particular have been shipped and stored in a relatively dilute form to paper mills
where the resins are ultimately used. This practice increases costs to the mill since, in effect, the
mill is paying shipping costs for transporting water and added storage costs because of the higher

volume of material being stored.

Given these circurnstances, the art has long recognized the benefit that could be obtained by
increasing the solids content of aqueous cationic thermosetting polymers, such as the noted PAE
resing. Unfortunately, untreated cationic thermosetting polymers, such as the PAE resins, stored
at higher solids concentrations are more prone to experience a gradual increase i viscosity to
gelation. The inherent viscosity increase places a time limit on how long such resins can be
stored before they must be used. Stability is generally judged by the time between the
preparation of the polymer or resin and the time it gels (i.e., the viscosity increase 1s so great that

the resin becomes non-functional).

In one approach for improving the storage stability of PAE resins, such resins have been
contacted with an acid to stabilize the product. See, for example, U.S. Pat. Nos. 3,311,594,
3,197,427, 3,442,754 and 4,853,431, Ordinarily, the higher that the solids content in the resin
solution is, the lower the pH must be maintained in order to provide for suitable storage stability
of the resin, i.e., to prevent the material from prematurely forming a gel. Reducing pH to
improve stability, however, has its limits since increasingly lowering the pH exacerbates resin
hydrolysis and thus reduces the wet strengthening effectiveness of the resin, especially cationic

PAE resins.

In another stabilization approach, Keim in U.S. 3,240,761, for example, includes a quaternizing
agent such as an alkyl halide during the latter stages of the polyamide-epichlorohydrin reaction.
Coscia U.S. Pat. No. 3,259,600 describes adding a stoichiometric excess of certain metal
complexing salts to the aqueous resin solution in order to form metal coordination complexes

which purportedly enhance resin stability. Earle, in U.S. 3,352,833, describes using an acidic
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hydrogen halide such as hydrochloric acid, to stabilize the epichlorohydrin moiety of such

aqueous resins purportedly without reducing wet strength efficiency by forming the
corresponding aminochlorohydrin hydrochloride. Keim, in U.S. 3,227,671, describes adding a
small quantity of formaldehyde to the PAE resin following its synthesis and before the resin is

cooled to improve its storage stability.

In yet another approach alleged to produce a high solids PAE resin that is stable for up to four
weeks, U.S. 6,222,006 reacts epichlorohydrin with an end-capped polyaminamide
(polyamidoamine). As described, the polyaminamide is end-capped with hydrocarbon radical(s)
by including a monoacid or monoester (or alternatively some functional equivalent chain

terminator) in the synthesis of the polyaminamide.

While these approaches have had some success in improving the stability of cationic wet
strengthening polymers and especially PAE wet strengthening resins, there remains much room
for further improvement. Accordingly, the art continues to search for alternative ways to
stabilize such water-soluble, cationic wet strengthening polymers, such as the cationic
polyamidoamine-epihalohydrin (PAE) resins, with the goal of permitting such polymers to be
maintained in solution at a relatively higher solids content without the need to lower excessively
the pH of the solution and risk resin hydrolysis. In particular, a procedure which stabilizes a
high solids content aqueous solution of a cationic polymer resin, such as a PAE resin, against
gelation, while at the same time providing stability against a significant loss in solution viscosity

would constifute a significant improvement.

BRIEF DESCRIPTION OF THE INVENTION

The present invention relates to a method of improving the storage stability of cationic wet-
strengthening agents (e.g., resins and polymers) useful in papermaking, as well as blends of such
cationic wet-strengthening agents with other resin and polymer materials. The invention
especially relates to a method of improving the storage stability of water soluble thermosetting
cationic polymers and blends containing such polymers that have azetidinium moteties or groups
in their structure. In particular, the present invention relates to storage stable cationic wet-

strengthening polymer or resin compositions, especially those polymers or resins which are the
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reaction products of a polyamidoamine and an epihalohydrin, such as epichlorohydrin, the

reaction products having azetidinium moieties or groups (i.e., cationic PAE resins).

Applicants have discovered that the addition to an aqueous thermosetting cationic polymer or
resin (including blends containing such aqueous thermosetting cationic polymers or resins) and
particularly to a thermosetting cationic polymer or resin having azetidinium moieties or groups
such as a PAE resin, of certain non-aldehyde, low molecular weight, non-ionic, water soluble
organic stabilizing compounds, optionally in combination with a water soluble, inorganic
complexing metal salt, provides a surprising improvement in the level or duration of storage
stability to such aqueous thermosetting cationic polymers or resins and particularly to cationic
thermosetting PAE resins. Such non-aldehyde, low molecular weight, non-ionic, water soluble
organic stabilizing compounds can be selected from the group consisting of (a) water soluble
tertiary amines, such as friethanolamine, 2-dimethylamino ethanol, and aminopropy]
diethanolamine and the like (b) water soluble amides and especially water soluble primary
amides such as adipamide NHyC(O)}CH;).C(O)NHa), thiourea (INH2C(S)NH3), lower molecular
weight urea-formaldehyde oligomers, urea (NH,C(O)NH;) and water soluble polyamine-urea
adducts, such as the wrea adduct with 3,3’-diamino-N-methyldiproplyamine, i.e,
{(NHyC(O)N(H)-(CH3)3-N(CH3)-(CH)sN(H)C(O)NH;) and the like, (¢) lower molecular weight
carbohydrates including various monosaccharides, disaccharides, trisaccharides, and
polysaccharides, (d) lower molecular weight polyalcohols (polyols) including glycerol, sorbitol,

polyvinyl alcohol and various other polyols and (&) mixtures thereof.

The stability enhancing combination of the non-aldehyde, low molecular weight, non-ionic,
water soluble organic stabilizing compound or a combination of such stabilizing compounds and
the water soluble, inorganic complexing metal salt can be used alone as a stabilization technique,
or alternatively and preferably can itself be used in combination with classical acid stabilization
techniques, such as the addition of a combination of weak and strong acids to the cationic
thermosetting resin or polymer, as exemplified, for example by U.S. 3,197,427 and U.S.
4,853,431, to improve the storage stability of the aqueous cationic thermosetting resins, and

especially PAE resins.

Without wishing to be bound by any particular theory, applicants believe that by adding a non-

aldehyde, low molecular weight, non-ionic, water soluble organic stabilizing compound to the
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cationic resin or polymer, such as to a PAE resin, and especially adding one of the types of

stabilizing compounds identified above, such as a stabilizing compound with a tertiary amine
function, or with a primary amide function and particularly adding an organic stabilizing
compound that can react with an azetidinium moiety or group and especially a stabilizing
compound that has a degree of reactivity with the azetidinium moiety or group similar to the
reactivity of an amine moiety, such as the amine moiety of a PAE rein itself, the non-aldehyde
stabilizing compound interferes with, and/or inhibits reactions between high molecular weight
cationic polymer molecules, such as between PAE molecules. Such reactions between high
molecular weight cationic polymer molecules, including PAE molecules, are thought to be
responstble for the undesirable increase in viscosity observed in such resins or polymers on

storage leading ultimately to premature gelation of such cationic resins, such as PAE resins.

Again, though not wishing to bound to any particular explanation, applicants believe that as the
added low molecular weight non-aldehyde stabilizing compound (molecule) reacts with an
azetidinium group {or an equivalent moiety that provides the cationic polymer with its
thermosetting property as explained in more detail hereinafter) of a thermosetting cationic resin
(e.g., a PAE molecule) there is a negligible change in the molecular weight of the cationic resin
or polymer (e.g., the PAE resin) and thus only a negligible change in viscosity of the cationic
resin or polymer (e.g., the PAE resin). By also adding a water soluble, inorganic complexing
metal salt to the cationic resin or polymer, especially a PAE resin, applicants also believe (but do
not wish to be bound to this explanation either) that the rate at which these inhibiting reactions
between the added low molecular weight non-aldehyde stabilizing compound and the cationic
resin or polymer (e.g., the PAE resin) molecules occur also is suitably retarded, so that these
reactions do not cause or contribute to an undesired decrease in the wet strengthening efficiency
of the cationic resin or polymer, such as a cationic PAE resin. The overall result is thus a
significant improvement in the storage stability of the cationic resin or polymer, e.g., a cationic
PAE resin, maintained at a relatively high solids content, without an undesired loss in wet

strengthening efficiency.

Thus, without wishing to be bound by these prior explanations, applicants believe that suitable
low molecular weight, non-aldehyde, non-ionic, water soluble organic stabilizing compounds are
those compounds that are reactive with the moiety responsible for the thermosetting character of

the cationic polymer or resm, such as the azetidinium moiety or group in the PAE resins.
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As used throughout the specification and in the claims the terms polymer and resin are used

interchangeably and are not intended to embrace different classes of materials.

These and other aspects of the invention are apparent from the following Detailed Description.

DETAILED DESCRIPTION OF THE INVENTION

Stabilization of an aqueous cationic thermosetting resin or polymer and especially an aqueous
cationic thermosetting PAE resin in accordance with the present invention involves the addition,
to the aqueous cationic resin or polymer, of (1) a non-aldehyde, low molecular weight, non-
ionic, water soluble organic stabilizing compound. The non-aldehyde, low molecular weight,
non-ionic, water soluble organic stabilizing compound is preferably, though optionally, added to
the cationic resin in combination with (2) a water soluble, inorganic complexing metal salt. As
noted above, it is believed that the non-aldehyde, low molecular weight, non-ionic, water soluble
organic stabilizing compound should be reactive with the moiety responsible for the
thermosetting character of the cationic resin or polymer, such as an azetidinium group in a

cationic thermosetting PAE resin

A variety of processes are known for making cationic thermosetting wet strengthening polymers
or resins, as for example polyamidoamine-epihalohydrin (i.e, cationic PAE) resins. The
thermosetting character of these polymers is typically due to the presence of azetidinium
moieties (and moieties that are capable of forming azetidinium moieties) and/or quaternary
ammonium epoxide moieties distributed along the backbone of the polymer chain. These types
of polymers and processes for making such polymers are well known to those skilled in the art of
wet strengthening resins and are described for example in the following documents, U.S. Pat.
Nos. 2,926,154, 3,086,961, 3,700,623, 3,772,076, 4,233,417, 4,298,639, 4,298,715, 4,341,887,
4,853,431, 5,019,606, 5,510,004, 5,644,021, 6,429,267 and 7,189,307, the disclosures of such
resins and synthesis techniques in these patents for making such resins are hereby incorporated

by reference.
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Briefly described, these processes have two primary steps: the first step comprises forming a

polymer backbone. In the case of a PAE resin in particular, a polyamide (e.g, a
polyamidoamine) backbone is formed by reacting a dicarboxylic acid, a dicarboxylic acid halide,
and/or a diester thereof with a polyalkylene polyamine. In the case of a thermosetting
poly(diallylamine) polymer, the polymer backbone can be formed by the free radical
homopolymerization of the diallylamine. Dicarboxylic acids suitable for use in preparing the
polyamides used to preduce the cationic PAE resins that can be stabilized in accordance with the
present invention include saturated aliphatic dicarboxylic acids, preferably containing from about
3 to 8 carbon atoms Preferred polyalkylene polyamines used in this initial reaction are those
having two primary amine groups and at least one secondary amine group. The reaction

normmally can be conducted at a temperature within the range of 40-250 °C.

Generally, sufficient dicarboxylic acid, or the diester or acid halide thereof, is supplied to react
substantially completely with the primary amine groups on the polyalkylene polyamine, but the
amount of acid, diester or acid halide is insufficient to react with secondary amine groups to any
substantial extent. Thus, when using a polyalkylene polyamine having two primary amine
groups, an appropriate mol ratio of polyalkylene polyamine to dicarboxylic acid (or diester or
acid halide) usually will be between about 0.9:1 to about 1.2:1. Higher and lower mol ratios may
on occasion be wsed with acceptable results. Normally, the reaction of polyamidoamines
prepared at a mol ratio significantly below about 0.9:1 with an epihalohydrin leads to gelled
products or products having a more pronounced tendency to gel, while the reaction of
polyamides prepared at a mol ratio significantly above 1.2:1 typically yieﬁds products having a
low molecular weight. These lower molecular weight products typically do not exhibit a

sufficient degree of wet-strengthening capacity when later reacted with an epihalohydrin.

To prepare the cationic thermosetting polymer or resin, the so-prepared backbone polymer, such
as a polyamide in the case of a PAE resin, is then reacted in a second step in an aqueous mixture
with, for example, an epihalohydrin, such as epichlorohydrin, generally under a basic condition
and at a temperature usually within the range of 45-250 °C. In the case of the preferred PAE
resin, the epihalohydrin-polyamide reaction usually is conducted for about 3-6 hours to form an
agueous solution of the polyamidoamine-epihalohydrin (PAE) resin at a solids concentration
within the range of about 5-40% by weight. The length of the reaction period and the
temperature at which the reaction takes place impact the viscosity (degree of advancement) of

the PAE resin. The selection of appropriate parameters is well within the skill of the art.

7
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Functionalizing other backbone polymers with an epihalohydrin also is described in the prior art.

While the thermosetting cationic polymers and resing made with such procedures can be
stabilized in accordance with the present invention, such functionaliztion techniques and

procedures themselves form no part of the present invention.

Generally, in the case of functionalizing the polyamidoémine, the reaction is allowed to proceed
until the viscosity of the aqueous PAE resin system has reached a desired viscosity, e.g., often
measured as a Gardner-Holdt viscosity, The Gardner-Holdt viscosity of the cationic PAE
thermosetting resin usually should be at least a C and preferably for resins having about a 25%
solids content or higher is at least an [ to a K. A Gardner-Holdt viscosity of about a K to an M
may often be preferred for a resin solution containing 20 to 25% solids. As recognized by those
skilled in the art, Gardner-Holdt viscosities also can be converted to other measures of viscosity.
Although dependent on specific reaction conditions, as noted above the time required to prepare
a PAE resin of the desired viscosity generally will be about 3 to 6 hours. For resins of even
higher solids content, a higher Gardner-Holdt viscosity would be appropriate. For example, for a
50% solids content resin, the Gardner-Holdt viscosity should at least be an M and preferably is at

least a 7. As used herein, resin solids content is synonymous with resin non-volatile content.

Once the PAE resin reaction mixture has reached the desired viscosity, the reaction is generally
quenched by adding an acid, along with cooling, to reduce the pH of the reaction mixture to less

than 6.0 and usually to less than about 4.0.

Because of storage instability issues, the prior art has been limited in how far a thermosetting
cationic resin or polymer, such as a PAE resin, should be advanced during the synthesis of a
cationic resin and especially during the synthesis of these cationic PAE resins. Because of the
stability enhancing advantage of the present invention, however, a more advanced cationic
thermosetting resin or polymer, and especially a more advanced cationic thermosetting PAE
resin, e, a PAF resin of a higher viscosity, can be prepared when practicing the present
invention without encountering the same storage instability problems that have plagued the prior

art.
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As an exemplification of, and not for limiting the scope of the present invention, applicants

hereafter identify materials potentially useful for synthesizing polyamidoamines suitable for

making cationic thermosetting PAE resins.

As examples of diacids that can be used are adipic acid, glutaric acid, oxalic acid, sebacic acid,
itaconic acid, azelaic acid and the like, or mixtures thereof. Again, this list is representative
only, and should not be considered comprehensive or otherwise limiting. Still other dicarboxylic
acids will be recognized by those skilled in the art. The dicarboxylic acid often is selected so
that the resulting long-chain polyamide is preferably water-soluble or at least water-dispersable.
For that reason, 4 to 6 carbon atom dicarboxylic acids typically are preferred. While blends of
such dicarboxylic acids can be used, possibly including even longer chain dicarboxlyic acids, the

use of adipic acid alone is very often preferred.

The ester versions of any one of the above diacids, or those not listed by way of example, can
also be used. In particular, dicarboxylic diesters suitable for preparing useful polyamides are the
lower alkyl diesters produced by reacting the above noted C; to Cy saturated aliphatic
dicarboxylic acids with saturated aliphatic monohydric alcohols containing from 1 to 4 carbon
atoms, i.e. methanol, ethanol, isopropanol, n-propanol and butanol. Methyl and ethyl esters
usually are preferred with the methyl esters being particularly preferred. For example,
dimethyladipate, dimethylglutarate, and dimethylsebacate and the like, or mixtures thereof

should be suitable. The acid halides of suitable acids also can be empioyed.

Suitable polyalkylene polyamines for preparing the polyamidoamine resin include polyethylene
polyamines, polypropylene polyamines, polybutylene polyamines and the like. Typically,
suitable polyalkylene polyamines contain two primary amine groups and at least one secondary
amine group wherein the nitrogen atoms are linked together by groups of the formula —C,Hy,-
where n 1s a small integer greater than unity and the number of such groups in the molecule
ranges from 2 up to about 8 and preferably up to about 4. The nitrogen atoms may be attached to
adjacent carbon atoms int the group -CyHap- or to carbon atoms further apart, but should not
be attached to the same carbon atom. Examples of suitable polyalkylene polyamines for making
PAE resins include diethylenetriamine, triethylenetetraamine, dipropylenetriamine and the like,
or muxtures thereof. The reaction product of urea and a polyalkylene polyamine also can be

used. Still other polyamines will be recognized by those skilled in the art. Based on a variety of
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considerations diethylenetriamine often is preferred. 1t is also possible to use mixtures of such
polyamines as well as crude polyamine materials, Polyamines such as thosé in the
JEFFAMINE® family (Huntsman, LLC) may also be employed. As noted above, the
polymerization of the diacid, its acid halide, or its diester and the polyalkylene polyamine results

in a polyamidoamine polymer,

The reaction between the diacid, its acid halide or its diester and the polyalkylene polyamine
normally is continued until the diamine monomers and the diacid monomers (or diacid monomer
equivalent) are consumed. The reaction between the dicarboxylic acid, or the diester, or acid
halide thereof and the polyalkylene polyamine can usually be conducted at a temperature of from
about 40 °C up to about 250 °C at atmospheric pressure. Generally, when using a dicarboxylic
acid, temperatures between about 110 °C and 200 °C are typical. As recognized by those skilled

in the art, lower temperatures, e.g. between about 80 and 160 °C may be used when reacting a

~ diester, or acid halide of the dicarboxylic acid with the polyamine. Selection of appropriate

conditions for the reaction are within the skill of the art and do not form a part of the present

Invention.

Following formation of the polyamidoamine polymer, the polyamidoamine polymer and an
epihalohydrin, such as epichlorohydrin, are reacted, usually under an alkaline reaction condition
to functionalize the polyamidoamine. This reaction serves to build the PAE molecular weight

and impart both the cationic nature and thermosetting character to the PAE resin.

Preferably, sufficient epihalohydrin, e.g., epichlorohydrin, is used to convert most, if not all
secondary amine groups of the polyamidoamine to tertiary amine groups and/or quaternary
ammonium groups including azetidinium groups. Generally, from about 0.5 mols to about 1.8
mols of epichlorohydrin are used per mol of polyamidoamine secondary amines. Preferably,
about 1.0 mol to about [.7 mols of epichlorohydrin are used per mol of polyamidoamine
secondary amines. Typically, PAE resin wet strengthening efficiency is better at the higher
epichlorohydrin to polyamidoamine secondary amine mol ratios. As understood by those skilled
in the art, if the mole ratio is too high instability problems may be encountered and contributes to
undesirable loss of and potential pollution by the epihalohydrin. As above, selection of an
appropriate mole ratio is within the skill of the art and the present invention is not limited to any

particular range. Once the epihalohydrin-polyamidoamine reaction has proceeded to the desired

10
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extent, further reaction is quenched with the combination of cooling and adding an acid to reduce

the pH of the reaction mixture usually to about 3.0.

It is generally accepted by those skilled in the art that the functional group that results from the
reaction of the polyamidoamine polymer with the epihalohydrin that is most responsible for the
cationic charge and the thermosetting character of these cationic PAE resins is the azetidinium
group or moiety. It is believed that most cross-linking in a PAE resin results from reactions
between either secondary and/or tertiary amines and the azetidinium groups of the PAE resin. It
is the reaction of the azetidinium groups with such secondary and/or tertiary amines that is also
believed to cause the undesired increase in PAE viscosity, possibly leading to premature gelation

of the PAE resin, on storage of such resins,

[llustrative commercially-available adducts of epoxides (e.g., epihalohydrins} with
polyamidoamine resins, include those sold under the names AMRES® (Georgia-Pacific LLC), as
well as KYMENE® and REZOSOL® (Hercules, Inc.). Specific examples of such resins include
AMRES-25 HP® (Georgia-Pacific LLC), which is formed from the reaction product of
epichlorchydrin and a polyamide, as well as KYMENE 557H® (Hercules, Inc.), which is formed

from the reaction product of epichlorohydrin and poly(adipic acid-co-diethylenetriamine).

In accordance with the present invention, the above-noted cationic water-soluble thermosetting
resins and polymers, and especially the cationic water soluble thermosetting PAE resins, such as
those prepared as described above, are stabilized for extended storage by adding to the aqueous
cationic resin or polymer (1) a non-aldehyde, low molecular weight, non-ionic, water soluble
organic stabilizing compound, optionally in combination with (2) a water soluble, inorganic
complexing metal salt. As noted earlier, though again not wanting to be bound by the following
explanation, applicants believe that stabilizing compounds that are reactive (albeit mildly) with
the moiety responsible for the thermosetting character of the cationic thermosetting resin or
polymer, and especially stabilizing compounds that are reactive with the azetidinium group of a
cationic PAE resin, are preferably used as the non-aldehyde, low molecular weight, non-ionic,

water soluble organic stabilizing compound.

11
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Again, without wishing to be bound by any particular theory, applicants believe that by adding a

non-aldehyde, low molecular weight, non-ionic, water soluble organic stabilizing compound to
the cationic resin, such as a PAE resin, and especially a stabilizing compound with a tertiary
amine function or a primary amide function, particularly where the organic stabilizing compound
has a degree of reactivity with the azetidinium group similar to that of the amine moieties of the
PAE rein itself, the non-aldehyde stabilizing compound interferes with, and/or inhibits reactions
between high molecular weight PAE molecules. Such reactions between high molecular weight
PAE molecules undesirably build viscosity and led to premature gelation of the PAE resin. As
the added low molecular weight non-aldehyde stabilizing compound (molecule) reacts with an
azetidinium group of a PAE molecule there is a negligible change in the molecular weight of the
PAE resin and thus only a negligible change in viscosity of the PAE resin. By also adding a
water soluble, inorganic complexing metal salt to the cationic resin, especially to a PAE resin,
the rate at which these inhibiting reactions between the added low molecular weight non-
aldehyde stabilizing compound and the cationic PAE molecules occur and also the rate at which
reactions between PAE resin molecules through the azetidinium moieties occur are suitably
retarded, so that these reactions do not in turn cause or contribute to an undesired decrease in the
wet strengthening efficiency of the cationic resin, such as the wet strengthening effectiveness of
a cationic thermosetting PAE resin. The overall result is thus a significant improvement in the
storage stability of the cationic thermosetting resin, e.g., cationic PAE resin, maintained at a

relatively high solids content, without an undesired [oss in wet strengthening efficiency.

As used throughout the specification and in the claims, the phrase “low molecular weight” is
intended to mean a molecular weight below about 5000. Preferably, the low molecular weight,
nen-aldehyde, non-ionic, water soluble organic stabilizing compound has a molecular weight
below about 1000 and often the molecular weight of the low molecular weight, non-aldehyde,

non-ionic, water soluble organic stabilizing compound will be below about 300.

Representative non-aldehyde, low molecular weight, non-ionic, water soluble organic stabilizing
compounds (1) that can be used in practicing the present invention include: (a) water soluble
tertiary amines, such as triethanolamine, 2-dimethylamino ethanol, aminopropyl diethanolamine
and the like (b) water soluble amides, and especially water soluble primary amides such as
adipamide NH;C(O)(CH2):C(O)NH,), thiourea (NH,C(S)NH,), low molecular weight urea-
formaldehyde oligomers, urea (NH;C(O)NH,), water soluble polyamine-urea adducts, such as
the urea adduct with 3,3’-diamino-N-methyldiproplyamine, i.e., (NHyC(OYN(H)-(CH;);-N(CHj3)-
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(CH2:N(H)C(O)NH3) and the like, (c) low molecular weight carbohydrates including various

monosaccharides, disaccharides, trisaccharides, and polysaccharides, (d) low molecular weight

polyalcohols (polyols) including glycerol, sorbitol, polyvinyl alcohol and various other polyols.

Representative carbohydrates include monosaccharides, such as glycerose, disaccharides such as
sucrose, trisaccharides, such as raffinose and polysaccharides such as starch. Starch sources
which can be used include various plant carbohydrates, such as barley starch, indian corn starch,
rice starch, waxy maize starch, waxy sorghum starch, tapioca starch, wheat starch, potato starch,
pear] starch, sweet potato starch, and the like, and non-ionic derivatives thereof. Examples of
starch derivatives, often called converted or modified starches, include oxidized starches,
hydroxyalkylated starches (e.g., hydroxyethylated corn starch), carboxyalkylated starches,
various solubilized starches, enzyme-modified starches, thermo-chemically modified starches,

efc.

The Jow molecular weight, non-aldehyde, non-ionic, water soluble organic stabilizing compound
is added to the cationic thermosetting resin or polymer, such as to a thermosetting PAE resin in a
stabilizing enhancing amount. Usually, an amount of the low molecular weight, non-aldehyde,
non-ionic, water soluble organic stabilizing compound that represents at least about 10 % of the
molar amount of the epihalohydrin used in the functionalization, e.g., synthesis of the cationic
thermosetting resin or polymer, e.g., the PAE resin, should be sufficient. Generally, the amount
of added low molecular weight, non-aldehyde, non-ionic, water soluble organic stabilizing
compound should not be significantly above a stoichiometric equivalent of, or a slight
stoichiometric excess of the molar amount of the epihalohydrin used in the synthesis of the
cationic thermosetting resin or polymer, e.g., the PAE resin. In most cases, an amount of the low
molecular weight, non-aldehyde, non-ionic, water soluble organic stabilizing compound of from
about 0.1% to about 25% by weight based on the weight of the cationic thermosetting resin or
polymer solids and more usually I to 15% by weight should be suitable. On a resin weight basis,
applicants have determined, for example, that when urea is used alone as the low molecular
weight, non-ionic, water soluble organic stabilizing compound, the urea can be beneficially
added in an amount of 0.1 to 25% by weight of the PAE resin solids. Usually, an amount of urea

between about 0.1 and 17% by weight of the PAE resin solids should be sufficient in most cases.
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The other component of the stabilization package of the present invention is the optional water

soluble, inorganic complexing metal salt (2). Suitable water soluble, inorganic complexing
metal salts include the water soluble salts of a complexing metal having a electron charge density
greater than that of sodium. The electron charge density of a metal constitutes the electrostatic
charge of the metal cation, i.e., the valence of the metal as present in the water soluble salt,
divided by the metal’s atomic radius. Suitable complexing metals include aluminum, zinc,
calcium, chromium, iron, magnesium and lithium. Suitable water soluble salts of these metals
usually include the nitrates, sulfates, chlorides and bromides. Representative water soluble,
inorganic complexing metal salts thus include zinc chloride, magnesium chloride, calcium
chloride and lithium chloride. A particularly preferred water soluble, inorganic complexing
metal salt is aluminum sulfate, also known as alum. Alum is a common paper chemical and thus

is widely available.

The water soluble, inorganic complexing metal salt (2) can be added to the PAE resin either
before or after the addition of the low molecular weight non-aldehyde, non-ionic stabilizing
compound (1) to the PAE resin. In fact, in the broad practice of the present invention the water
soluble, organic complexing metal salt can be added to the reaction mixture along with the
epihalohydrin during the synthesis of the cationic thermosetting resin or polymer, such as during
the synthesis of a PAE resin. In that case, the reaction between the polymer backbone, such as
the polyamidoamine backbone, and the epihalohydrin occurs in the presence of the water

soluble, inorganic complexing metal salt.

The water soluble, inorganic complexing metal salt, when optionally added, is also added to the
cationic thermosetting resin or polymer, such as a PAE resin, in a stabilizing enhancing amount.
Usually, an amount of the complexing metal salt up to the amount that represents a
stoichiometric equivalent to, or a slight stoichiometric excess of the amount of epihalohydrin that
was used in the synthesis of the cationic thermosetting resin or polymer, such as used in the
synthesis of the PAE resin, should be sufficient. On a resin weight basis, applicants have
determined that the water soluble, inorganic complexing metal salt can be beneficially added in
an amount up to about 10% by weight of the cationic thermosetting resin or polymer solids.
Usually, an amount of the water soluble, inorganic complexing metal salt of up to about 5% by

weight of the cationic thermosetting resin or polymer solids should be sufficient.
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Best results are generally obtained when the low molecular weight non-aldehyde, non-1onic

stabilizing compound (1) and the water soluble, inorganic complexing metal salt (2) are used in
combination. Adding the combination of the low molecular weight, non-aldehyde, non-ionic,
water soluble organic stabilizing compound (1) and the water soluble, inorganic complexing
metal salt (2) to the aqueous cationic thermosetting resin or polymer generally acts as a diluting
agent causing about a 30 cps drop in the viscosity of the polymer, as has been observed in
stabilized PAE resins. When accounting for this viscosity reduction in the synthesis of the
cationic thermosetting resin or polymer, the initial synthesis can actually proceed to a higher
viscosity end-point than would normally be the case in the prior art. Because of this viscosity-
reducing effect, the stabilization system of the present invention thus allows for a shelf stable
wét strengthening composition at a higher solids concentration than typically encountered in the
prior art. For example, producing a PAE resin with a solids content above about 25% by weight
is readily attainable when practicing the present invention. The use of the inventive stabilization
package also typically permits the synthesis of the cationic thermosetting resin or polymer, and
specifically a PAE resin, at a resin molecular weight about 10% higher than workable with prior
art stabilization approaches. This ultimately produces a cationic thermosetting resin or polymer

that exhibits better wet strengthening performance.

As noted above, the stabilization package of the low molecular weight, non-aldehyde, non-ionic,
water soluble organic stabilizing compound (1) and the optional water soluble, inorganic
complexing metal salt (2) can also optionally be used in combination with known acid
stabilization techniques, such as those described in U.S. 3,197,427 and U.S. 4,853,431, to
p;fovide a further level of cationic thermosetting resin or polymer stability enhancement. Such
acid stabilization techniques generally involve some combination of adding weak and strong

acids to the agqueous cationic thermosetting resin or polymer composition.

Suitable weak acids include but are not limited to formic acid, acetic acid, benzoic acid, oxalic
acid, propiortic acid, citric acid, malonic acid, and various urea-acid adducts such as urea sulfate,
urea hydrochloride, urea phosphate, urea nitrate and the like. These urea adducts represent a
preferred feature of the present invention because they double both as a weak acid source for
quenching and possibly acid-stabilizing the cationic thermosetting resin or polymer, and as a
source of urea, i.e., a low molecular weight, non-aldehyde, non-ionic, water soluble organic
stabilizing compound. This preferred aspect of the invention is exemplified in Example 8.

Strong acids typically include hydrochloric acid, nitric acid, sulfuric acid, perchloric acid
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phosphoric acid and the like. When used, such weak and strong acids are generally added in an

amount below about 5% by weight of cationic thermosetting resin or polymer solids and usually

in ant amount of less than about 1% by weight.

As noted, one possible acid stabilization technique is described in U.S. 4,853,431 wherein a
mixture of a weak acid, such as formic acid, and a strong acid such as sulfuric acid is added to
the PAE resin. The aqueous mixture of the weak and strong acids can be prepared by first
adding the necessary amount of a weak acid to ballast water and then slowly adding the desired
amount of the strong acid to the aqueous weak acid solution. In the case of a mixed acid
prepared using formic acid and sulfuric acid, it is preferred to maintain the relative amount of
formic acid and sulfuric acid in the mixed acid between about 2 parts by weight of formic acid
per part by weight of sulfuric acid, up to about 4 parts by weight of formic acid per part by
weight of sulfuric acid. Preferably, about 2.9 to 3.0 parts by weight of formic acid per part by

weight of sulfuric acid are included in the mixed acid.

The preferred combination of the non-aldehyde, non-ionic, water soluble organic stabilizing
compound and the optional inorganic complexing salt, along with the optional stabilization acid,
can be added to the aqueous cationic thermosetting polymer or resin, and especially the aqueous

cationic thermosetting PAE resin in a variety of ways.

For example, an aqueous mixture of a non-aldehyde, non-ionic, water soluble organic stabilizing
compound and a desirable quenching acid can be prepared by adding the necessary amount of an
organic compound to ballast water, and then slowly adding the desired amount of the strong acid
or an acid blend, and thereafter using this mixture to quench the synthesis of a cationic
thermosetting polymer, such as the progress of the polyamidoamine-epihalohydrin reaction.
Alternatively, a urea-acid adduct, such as urea sulfate, which as noted above acts as both an acid
source and a urea source, caﬁ be used as an equivalent to the noted aqueous mixture of a non-
aldehyde, non-ionic, water soluble organic stabilizing compound and the quenching acid. Then,
the inorganic complexing salt would be added to the resulting solution at a temperature of about
50°C.
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In an alternative approach, the non-aldehyde, non-ionic, water soluble organic stabilizing
compound and the inorganic complexing salt are added to the aqueous cationic resin solution
simultaneously immediately after the acidic quench, when the solution temperature is at a

temperature of about 50°C.

In still another preferred method, the non-aldehyde, non-ionic, water soluble organic stabilizing
compound is added to an acid-quenched aqueous cationic resin solution when the resin has been
cooled to a temperature of about 50°C, mixing and further cooling the mixture solution for about

30 minutes and then adding an inorganic complexing salt.

In yet another technique, an aqueous mixture of the non-aldehyde non-ionic, water soluble
organic stabilizing compound and the inorganic complexing salt is prepared by adding the
desired amount of the salt and the organic compound to ballast water, the mixing is conducted at
a temperature within the range of about 40 to 50°C. This mixture is then added to an aqueous

cationic PAE resin right after acid quenching of the resin.

Usually, a thermosetting cationic PAE resin solution to be stabilized in accordance with the
present invention is prepared at a solids content of between about 10 and 40% by weight and
normally the solids content falls in the range of 10 to 30%. In most cases a thermosetting
cationic PAE resin solids content of about 25% will be the target. Testing has shown that the
shelf life of a commercial 25% by weight thermosetting cationic PAE resin stabilized with a
combination of strong and weak acids is typically about 16 days at a temperature of 35 °C (about
95 °F). Upon using a preferred stabilization combination of alum (aluminum sulfate) and urea as
part of the stabilization package, the shelf life of a comparable thermosetting cationic PAE resin
has been observed to increase, up to a stability period of about 40 days or more at 35 °C (about
95 °F).

Stabilized thermosetting cationic polymer or resin solutions, including specifically thermosetting
polyamidoamine-epihalohydrin (PAE) resin solutions, of the present invention have the same
utility as the prior art thermosetting cationic materials as wet strengthening agents for paper
materials, such as paper towels, absorbent facial tissue, absorbent bathroom tissue, napkins,
wrapping paper, and other paperboard products such as cartons and bag paper. The stabilized
thermosetting cationic polymer or resin solutions of the present invention, including stabilized

cationic PAE resins, also can be used in the same way. For example, preformed or partially
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dried paper can be impregnated by immersion in the aqueous cationic thermosetting resin, or by

spraying the aqueous cationic thermosetting resin onto the paper. Alternatively, the aqueous
cationic thermosetting resin can be added to the water from which the paper is initialty formed.
Thereafter, the resin-treated paper is heated for about 0.5-30 minutes at temperatures of about 80
°C or higher to fully cure the thermosetting resin to a water-insoluble material. The present

invention is not limited to any particular way of using the cationic resin.

As is common in the prior art, the cationic thermosetting resin or polymer, such as a
thermosetting cationic PAE resin, usually is incorporated in the paper at an amount within the
range of about 0.1-5% by dry weight of the paper. Even so, the use of any particular amount of
cationic thermosetting resin is not a feature of the present invention. However, because of the
stability enhancing effect of the present invention, cationic thermosetting resins and particularly
cationic thermosetting PAE resins of a higher wet strengthening efficiency (higher initial
viscosity) can often be prepared which may have the advantage of allowing a reduction of the
amount of cationic thermosetting resin and particularly cationic thermosetting PAE resin needed
to obtain a desired level of wet strength in the final paper product in any particular application.
As understood by those skilled in the art, quantities of thermosetting cationic resin added to an
aqueous paper stock or directly to a paper product will depend to a large extent on the degree of
wet strength desired in the finished product and on the amount of cationic thermosetting resin

actually retained by the paper fibers.

The following examples are provided to assist in the understanding of the invention and are not
intended to be limitations on the scope of the disclosure. All reported percentages and parts of

solid are on a weight basis, unless otherwise specificaily indicated.

Comparative Example 1

Starting with a polyamidoamine polymer, the polymer is diluted to 30% by weight solids content
and is reacted with epichlorohydrin until the resulting PAE resin reaches a viscosity of about 170
cps. A blend of formic acid and sulfuric acid is used to (:iuench this polymerization reaction by
lowering the pH to 3.0. The solution is then diluted with water to 25% by weight solids. The
solution is mixed with the blended acid and finally adjusted to a pH of 2.85. Prior to the present

invention, utilizing the blended acid to quench the reaction has been employed commercially as a
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preferred stabilization technigue. Thus, a PAE resin sample quenched by the blended acid is

used as a control for assessing resin stability of the present invention.

Comparative Example 2

Starting with a polyamidoamine polymer, the polymer is diluted to 30% by weight solids content
and 1s reacted with epichlorohydrin until the resulting PAE resin reaches a viscosity of about 135
cps. The same blend of formic acid and sulfuric acid used in Comparative Example 1 1s used to
quench the polymerization reaction by lowering the pH to 3.0. The solution is then diluted with
water to 25% by weight solids. The solution is mixed with the blended acid and adjusted to a pH
of 2.85. Since using the blended acid to quench the reaction has been employed commercially as
a preferred stabilization technique, this PAE resin sample quenched by the blended acid is used

as another control for assessing resin stability of the present invention.

Example 3

The same PAE resin prepared in Comparative Example 1 is adjusted to a 30% by weight solids
content and the pH is adjusted to 3.0 with the same blend of formic and suifuric acid used in
Comparative Example 1. To the sample is added 7% by weight of a urea-formaldehyde
oligomer based on PAE resin solids. The solution is then diluted with water to 25% by weight

solids. The solution is mixed with the blended acid and finally adjusted to pH 2.85.

Example 4

The same PAE resin prepared in Comparative Example 1 is adjusted to a 30% by weight solids
content and the pH is adjusted to 3.0 with the same blend of formic and sulfuric acid used in
Comparative Example 1. To the pH-adjusted solution is added 20 wt% of a solution of
polydialiyldimethylammonium chloride (polyDADMAC) (Agefloc WT35VLV, 30% solids,
purchased from Ciba Specialty Chemicals, Old Bridge, NJ), based on the weight of the PAE
resin solids to provide a blended polymer. To the so-prepared blended cationic polymer solution
is added 7% by weight of the same urea-formaldehyde oligomer used in Example 3, based on the
total weight of solids of the polymer mixture (blend). The solution is then diluted with water to
25% by weight solids. The solution is mixed with the blended acid and finally adjusted to pH
2.85.

Example 5

The PAE resin prepared in Comparative Example 2 is adjusted to 30% by weight solids content
and the pH is adjusted to 3.0 with the same blend of formic and sulfuric acid used in the

preceding examples. To the pH-adjusted sample is added 22% by weight of a polyamine-urea
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adduct based on the weight of PAE resin solids. The solution is then diluted with water to 25%

by weight solids. The solution is mixed with the blended acid and finally adjusted to pH 2.85.

Example 6

The PAE resin prepared in Comparative Example 2 is adjusted to 30% by weight solids content
and the pH is adjusted to 4.5 with sulfuric acid only. To the sample is added 15.4% by weight
urea and 6.6% by weight alum based on the weight of PAE resin solids. The seolution is then
diluted with water to 25% by weight solids. The solution is mixed with and finally adjusted to a

pH of 2.85 using sulfuric acid.
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Example 7

The PAE resin prepared in Comparative Example 2 is adjusted to 30% by weight solids content
and the pH is adjusted to 4.5 with the same blend of formic and sulfuric acid used in the
preceding examples. To the pH-adjusted sample is added 15.4% by weight urea and 6.6% by
weight alum based on the weight of PAE resin solids. The solution is then diluted with water to
25% by weight solids. The solution is then mixed with and finally adjusted to pH 2.85 using the
blended acid.

Example 8

The PAE resin prepared in Comparative Example 2 is adjusted to 30% by weight solids content
and the pH is adjusted to 4.5 with a urea sulfate solution (68% by weight solids, purchased from
Peach State Labs, Inc.). To the pH-adjusted sample is added 6.5% by weight alum and 14.5%
urea based on the weight of the PAE resin solids. The solution is then diluted with water to 25%
by weight solids. The solution is mixed and finally adjusted to a pH of 2.85 with the urea sulfate

solution.

Table 1 below summarizes key properties of all of the preceding examples. The comparafive
stability of the various samples is determined by storing the samples at an elevated temperature
of 35 °C. Each sample is tested periodically for its viscosity and the time to reach gelation is
monitored. Table 1 shows the comparative effect, as stabilizing agents, of a number of low

molecular weight compounds or their combination with a complexing metal salt.
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Table 1
Comparative Stability of Samples with Target Solids of 25% and Resin pH of 2.85
Example | Quench Acid Percent Initial Resin Days to Gel
No Type Stabilizer Viscosity at 35°C
Added! (cps) storage
1 Blend of formic None 170 15

and sulfuric acid

2 Blend of formic None 135 21
and sulfuric acid
3 Blend of formic 7% UF 172 45
and sulfuric acid oligomer
4 Blend of formic 7% UF 170 60
and sulfuric acid oligomer
5 Blend of formic 22% 136 >30
and sulfuric acid polyamine
urea adduct
) sulfuric acid only 15.4% urea 162 80
and 6.6% alum
7 Blend of formic 15.4% urea 145 =00
and sulfuric acid | and 6.6% alum
8 Urea sulfate only 0.65% urea 150 =90

(from urea-
sulfate) and
14.5% urea
(from 40%
urea solution)

and 6.5% alum

Based on resin content of the solution

[67] The present invention has been described with reference to specific embodiments. However, this
application is intended to cover those changes and substitutions that may be made by those

skilled in the art without departing from the spirit and the scope of the invention. Unless
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otherwise specifically indicated, all percentages are by weight. Throughout the specification and

in the claims the term “about” is intended to encompass + or — 5%.
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WHAT IS CLAIMED IS:

10.

An aqueous cationic thermosetting resin having a prolonged stability comprising a stabilizing
amount of a low molecular weight, non-aldehyde, non-ionic, water soluble organic
stabilizing compound selected from the group consisting of (a) a water soluble tertiary amine
(b} a water soluble amtde (c) a water soluble carbohydrate, (d) a water soluble polyol and (e)

mixtures thereof and optionally including a water soluble, inorganic complexing metal salt.

The aqueous thermosetting cationic resin of claim 1 wherein the water soluble tertiary amine
is selected from the group consisting of triethanolamine, 2-dimethylamino ethanol,

aminopropyl diethanclamine, and mixtures thereof.

The aqueous thermosetting cationic resin of claim ! wherein the water soluble amide is
selected from the group consisting of adipamide, thiourea, low molecular weight urea-

formaldehyde oligomers, water soluble polyamine-urea adducts, urea and mixtures thereof.

The aqueous thermosetting cationic resin of claim 3 wherein the water soluble polyamine-

urea adduct is the reaction product of 3,3’-diamino-N-methyldiproplyamine and urea.

The aqueous thermosetting cationic resin of claim 1 wherein the water soluble carbohydrate
is selected from the group consisting of monosaccharides, disaccharides, trisaccharides,

polysaccharides and mixtures thereof.

The aqueous thermosetting cationic resin of claim 1 comprising a stabilizing amount of a

water soluble, inorganic complexing metal salt.

The aqueous thermosetting cationic resin of claim 6 wherein the metal of the water soluble,
inorganic complexing metal salt is selected from the group consisting of aluminum, zinc,

calcium, chromium, iron, magnesium lithium and mixtures thereof.

The aqueous thermosetting cationic resin of claim 7 wherein the salt is selected from the

group consisting of a nitrate, a sulfate, a chloride, a bromide, and mixtures thereof.

The agueous thermosetting cationic resin of claim 6 wherein the non-aldehyde, low
molecular weight, non-ionic, water soluble organic stabilizing compound is urea and the

water soluble, inorganic complexing metal salt is alum.

The aqueous thermosetting cationic resin of claim 1, 2, 3, 4, 5, 6, 7, 8, or 9 wherein the

thermosetting cationic resin is a polyamidoamine-epihalohydrin resin.
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A method of stabilizing an aqueous thermosetting cationic resin against gelation comprising
adding to the aqueous thermosetting cationic resin a stabilizing amount of a low molecular
weight, non-aldehyde, non-ionic, water soluble organic stabilizing compound selected from
the group consisting of (a) water soluble tertiary amines (b) water soluble amides (¢) water

soluble carbohydrates, (d) water soluble polyols and (e) mixtures thereof.

The stabilizing method of claim 11 wherein a stabilizing amount of a water soluble,

inorganic complexing metal salt also is added to the aqueous thermosetting cationic resin.

The stabilizing method of claim 12 wherein the water soluble tertiary amine is selected from
the group consisting of {riethanolamine, 2-dimethylamino ethanol, aminopropyl

diethanolamine, and mixtures thereof.

The stabilizing method of claim 12 wherein the water soluble amide is selected from the
group consisting of adipamide, thiourea, low molecular weight urea-formaldehyde

oligomers, water soluble polyamine-urea adducts, urea and mixtures thereof.

The stabilizing method of claim 14 wherein the water soluble polyamine-urea adduct is the

reaction product of 3,3’-diamino-N-methyldiproplyamine and urea.

The stabilizing method of claim 12 wherein the metal of the water soluble, inorganic
complexing metal salt is selected from the group consisting of aluminum, zinc, caleium,

chromium, iron, magnesium lithium and mixtures thereof.

The stabilizing method of claim 16 wherein the salt is selected from the group consisting of a

nitrate, a sulfate, a chloride, a bromide, and mixtures thereof.

The stabilizing method of claim 12 wherein the low molecular weight, non-aldehyde, non-
ionic, water soluble organic stabilizing compound is urea and the water soluble, inorganic

complexing metal salt is alum.

The stabilizing method of claim 11, 12, 13, 14, 15, 16, 17, or 18 wherein the thermosetting

cationic resin is a polyamidoamine-epihalohydrin resin.
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