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Abstract of the Disclosur
Condensation polymers, such as polyamide epichlorohydrin (PAE) resins, can be
combined with polysiloxanes in a single molecule to provide several potential benefits,
depending upon the specific combination employed, including: (a) wet strength resins that
soften; (b) softeners that do not reduce dry or wet tensile strength; (c) wet strength with
improved wet/dry tensile ratio; (d) softeners/debonders with reduced linting and sloughing;
(e) wet strength aids with controlled absorbency rate; and (f) Yankee dryer additives that
provide surface protection and adhesion with controlled release properties.
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Modified Condensation Polymers Having Azetidinium Groups and Cc ntaininc
| Polysiloxane Moieties

Background of the Invention

In the manufacture of paper products, such as facial tissue, bath tissue. paper
towels, dinner napkins and the like, a wide variety of product properties are imparted to
the final product through the use of chemical additives. Examples of such additives
include softeners, debonders, wet strength agents, dry strength agents, sizing agents,
opacifiers and the like. In many instances, more than one chemical additive is added to
the product at some point in the manufacturing process. Unfortunately, there are
instances where certain chemical additives may not be compatible with each other or may
be detrimental to the efficiency of the papermaking process, such as can be the case with
the effect of wet end chemicals on the downstream efficiency of creping adhesives.
Another limitation, which is associated with wet end chemical addition, is the limited
availability of adequate bonding sites on the papermaking fibers to which the chemicals
can attach themselves. Under such circumstances, more than one chemical functionality
compete for the limited available bonding sites, oftentimes resulting in the insufficient
retention of one or both chemicals on the fibers.

Therefore, there is a need for a means of applying more than one chemical
functionality to a paper web which mitigates the limitations created by limited number of
bonding sites.

Summary of the invention
In certain instances, two or more chemical functionalities can be combined into a

single molecule, such that the combined molecule imparts at least two distinct product
properties to the final paper product that heretofore have been imparted through the use
of two or more different molecules. More specifically, polyamide epichlorohydrin (PAE)
resins can be combined with polysiloxanes in a single molecule to provide several
potential benefits, depending upon the specific combination employed, including: (a) wet
strength resins that soften; (b) softeners that do not reduce dry or wet tensile strength; (c)
wet strength with improved wet/dry tensile ratio; (d) softeners/debonders with reduced
linting and sloughing; (e) wet strength aids with controlled absorbency rate; and (f)
Yankee dryer additives that provide surface protection and adhesion with controlled
release properties. ‘
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Hence in one aspect, the invention resides in a condensation polymer having the
following structure:

‘{'(21 - R1)n‘{"(zz - R)m™(Z; - RS)pH
q

144

where

w21

q=>0

m2 1

n1

p20

Z,,Z,, Z3=  bridging radicals, which may be the same or different and which serve to
Incorporate the R,, R,, and R, groups into the polymer; |

R, = a monomer unit or a block or graft copolymer containing a siloxane functionality
and of the form -O-Si(R'),-O-[Si(R"),-0],-Si(R™), where R', R", R™ can be the
same or different and are selected from the group consisting of: H, OH and aryl or
alkyl or aliphatic hydrocarbon, C,,, linear or branched, saturated or unsaturated,
substituted or non-substituted, with or without ethyoxylation and/or propoxylatibn;

R, = any linear or branched, saturated or unsaturated, substituted or non-substituted

aliphatic-hydrocarbon containing at least one secondary amine group;

Rs = any linear or branched, saturated or unsaturated, substituted or non-substituted
aliphatic hydrocarbon of chain length 2 or higher.

In another aspect, the invention resides in a paper sheet, such as a tissue or towel
sheet, comprising an amount of a condensation polymer having the following structure:

{(21 - R1)n‘{'(22 - Ro)m—( 23 - Ra)pH'

11%

where
w21
q=20
m21
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n21

p=>0 |

£y, 2, Zy=  Dbridging radicals, which may be the same or different and which serve to
incorporate the R,, R,, and R, groups into the polymer;

R: = amonomer unit or a block or graft copolymer containing a siloxane functionality
and of the form -O-Si(R"),-O-[Si(R"),-0],-Si(R™), where R, R", R"" can be the
same or different and are selected from the group consisting of: H, OH and aryl or
alkyl or aliphatic hydrocarbon, C,,, linear or branched. saturated or unsaturated,
substituted or non-substituted, with or without ethyoxylation and/or propoxylation:

R, = any linear or branched, saturated or unsaturated. substituted or non-substituted

aliphatic hydrocarbon containing at least one secondary amine group;

R, any linear or branched, saturated or unsaturated, substituted or non-substituted
aliphatic hydrocarbon of chain length 2 or higher.

In another aspect, the invention resides in a method of making a paper sheet such
as a tissue or towel sheet, comprising the steps of: (a) forming an aqueous suspension of
papermaking fibers; (b) depositing the aqueous suspension of papermaking fibers onto a
forming fabric to form a web; and (c) dewatering and drying the web to form a paper
sheet, wherein a condensation polymer is added to the aqueous suspension, said
condensation polymer having the following structure:

{(21 - R1)n+ (£2 - Ro)m—(2Z; - RS)pH
q

w

where

w21

q20

m21

n21

p20

Z,,Z, Z;=  Dbridging radicals, which may be the same or different and which serve to

Incorporate the R,, R,, and R; groups into the polymer;

R, = amonomer unit or a block or graft copolymer containing a siloxane functionality
and of the form -O-Si(R"),-O-[Si(R"),-0],-Si(R™), where R', R", R™ can be the

3
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same or different and are selected from the group consisting of: H, OH and aryl or
alkyl or aliphatic hydrocarbon, Ci4g, linear or branched, saturated or unsaturated,

substituted or non-substituted, with or without ethyoxylation and/or propoxylation:;
R, = any linear or branched, saturated or unsaturated, substituted or non-substituted

5 aliphatic hydrocarbon containing at least one secondary amine group;
Rs = any linear or branched, saturated or unsaturated, substituted or non-substituted

aliphatic hydrocarbon of chain length 2 or higher.
In one aspect, the polymer has the general structure shown above where R, has

the general structure:
10 —R*-Z2°-R—
where:
R* R’ are linear or branched, substituted or non-substituted, saturated or

unsaturated C,.,, aliphatic hydrocarbons;

?H
15 |-|\
sz H |Iq‘ + /0\ ﬁ:t‘ +

—N-RiCH—CH, —N-R*Si(OH
7%= NH. /'3.'.\ o Hz, | s , Or a mixture thereof.

20 Z,, used to incorporate the R, radical into the polymer, rﬁay be
NH,CH,CH,;NHCH,CH,NH,,
HOOCCH,NHCH,COOH,
HOCH,CH,NHCH,CH,OH,
25 NH,CH,CH,NHCH,CH,OH,
HOOCCH,CH,NHCH,CH,COOH,
NH,CH,CH,NHCH,CH,NHCH,CH,NH,
o NH,(CH,)NH(CH,NH,, or
HN(CH,CH,CN),

where x=1t022 andy= 1to 22.

In one aspect, the polymer has the general structure shown above, where Z; has
35 the general structure:
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Z'—-R*—2Z?
wherein:
2", Z? are independently -NH,, -COOH or -COR®;
R® = -OC,4 alky! or halo; and
R* = a hydrocarbon radical containing a C,.,, linear or branched, substituted or
non-substituted aliphatic hydrocarbon.
In another aspect, the polymer of the invention further comprises one or more of

the following groups attached to a backbone of the polymer:

——Z%(CHCH,0),-[(CH,)sO]b-(CH,CH).—2Z’

3 R

wherein:
R', R? = independently H or CH;;
Z°, Z' = bridging radicals, which can be the same or différent, which serve to
incorporate the group(s) into the backbone of the polymer;

a b, ce0;
at+tb+cz21; and
s =210 6.

Z° and Z’' may independently be -OOC-, -COO-, -NHCO-, -OCNH-, -O-, -S-,
CONHCO, -NCOOQO, -0S5020-, -OCOO0-, or -OOC-Ar-O-. A polyalkylene oxide may be

incorporated into the polymer via a polyalkylene oxide monomer of structure:

R® «(CHCH;0),-[(CH;)O}-(CH,CH).—R"
| |

R’ R?
where:

R', R? = independently H or CHs3;

R’, RY = independently OH, NH,, -OCH,COOH or -OCH,COOCHs,;

a,b,c20;

at+tb+cz21,; and

t=2106.

The amount of the condensation polymer of this invention added to the fibers can
be from about 0.01 to about 2 weight percent, on a dry fiber basis, more specifically from
about 0.02 to about 1.5 weight percent, and still more specifically from about 0.05 to
about 1.0 weight percent. The modified condensation polymer(s) can be added to the
fibers at any point in the process, particularly including the wet end of the process where
the fibers are suspended in water. However, these polymers can also be added to the

web during or after drying, such as during creping.

4a
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include U.S. Patent No. 5,785,813 issued July 28, 1998 to Smith et al. entitled “Method of
Treating a Papermaking Furnish For Making Soft Tissue”; U.S. Patent No. 5,772,845
issued June 30, 1998 to Farrington, Jr. et al. entitied “Soft Tissue”; U.S. Patent No.
5,746,887 issued May 5, 1998 to Wendt et al. entitled “Method of Making Soft Tissue
Products”; and U.S. Patent No. 5,591,306 issued January 7, 1997 to Kaun entitled
“Method For Making Soft Tissue Using Cationic Silicones”.

Detailed Description of the Invention
In order to further describe the invention, examples of the synthesis of some of the

various chemical species are described below.

Polyamide Epichlorohydrin Resins
Functionalized polyamide epichlorohydrin resins are commonly used in the paper

industry as alkaline curing wet strength resins. As a result of the cross-linking that occurs
during the curing reaction, covalent bonds are formed between polymers and fibers and
between polymer molecules themselves. As a result the dry tensile will also be improved
and the tendency for linting and sloughing will be reduced. In addition to use as a wet
strength resin for tissue products, PAE resins are also often employed as a component in
Yankee dryer creping adhesives. The cross-linking feature provides protection to the

4b
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'Yankee surface while at the same time promoting adhesion of the sheet to the dryer

surface.
A multistep synthesis is used to prepare these resins. For the primary commercial

method, in the first step a dibasic acid is condensed with a compound containing two
primary amine groups to form a polyamide. The amine compound must also contain a
third amine functionality, a secondary amine group. Commercially, diethylenetriamine
(DETA) is the amine of choice with adipic acid the preferred dibasic acid. The resultant
polyamides containing secondary amine groups are referred to as polyamidoamines. An
example of a the polyamidoamine synthesis is shown in Scheme 1.

| H O
HoN NH, i oi(Cqu)Koa R =H, Me

DETA Adipic Acid

i O
(CH2)4K/\/N\/\N)K(CH2’("—

Scheme 1

In the second stage of the synthesis, the secondary amine groups are alkylated for
example by reaction with epichlorohydrin to produce tertiary aminochlorhydrin groups.
These groups self-cyclize to form 3-hydroxyazetidinium groups. These 3-
hydroxyazetidinium groups are responsible for the cationic character of the resins as well
as providing the ability of these materials to react as wet strength resins. The resins may
also be used as retention aids. Other reactions of the secondary amine group to attach
functional groups capable of covalent bonding are known in the art. Most common are
derivatization to give epoxy or silanol functional groups. High Mw and charge densities
can be obtained. For wet strength resins molecular weights of less than 100,000 are

generally employed. Scheme 2 details the reaction with epichlorohydrin.
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0

(CH2)4 /\/n\’/\Nj\(CHz){u'—

CIHZC'CH\-;/CH Epichlorhydrin

T
CHoCHOHCH,CI

1 S N S R G R N ¢
(CH2) W NN N N (CHL); (CH2)4 \/\N (CHoJg

Scheme 2

Typically only a portion of the secondary amine groups are functionalized with the
crosslinking moiety. Commonly 10 - 50% of the secondary amine groups have been
functionalized.

PAE resins undergo at least two types of reactions that contribute to wet strength.
One reaction involves the reaction of an azetidinium group in one molecule with an
unreacted secondary amine group in another molecule to produce a cross-link between
the two molecules. In the second reaction at least two azetidinium groups on a single
resin molecule react with carboxyl groups on two different fibers to produce an interfiber
cross-link. It is also known to utilize promoters such as carboxymethyl cellulose to
enhance the performance of these materials in paper products.

PAE resins are stabilized by acidification to a pH of 3.5-6.0 at the end of the
polymerization reaction. They are generally shlpped as aqueous solutions of 12 - 33%
solids. PAE resins are thermosets and they will polymenze with themselves to water-
insoluble materials by action of heat alone.

In papermaking systems typical addition levels are on the order of 0.25% to
0.75%. They are effective when employed across a pH range of 5 - 9 although most
effective in the 6 - 8 pH range. Other factors which affect the performance of PAE resins
include: fiber anionic sites; pulp consistency; contact time; resin concentration; pulp
refining; chlorine residuals; pH; stock temperature; and anionic contaminants.
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lonized carboxyl sites on the cellulose provide anionic adsorption sites for the resin
molecules. The higher the carboxyl content of the cellulose the more rapidly and more
extensively will a pulp retain a resin molecule. Wet strength resins follow normal
LangmUir adsorption behavior with the first resin added being completely adsorbed. As
increasing amounts of resin are added adsorption rate declines due to saturation of the
fiber anionic sites.

Both contact time and pulp consistency impact resin retention. The adsorption
process is more rapid and goes to a higher level of completion at higher consistency and
longer contact time. Of the two pulp consistency has the largest impact. This effect is
presumed due to the polymer molecules having a shorter distance to travel before
colliding with a fiber surface.

Best resin distribution is achieved when the resin solution is diluted at least 10:1
with fresh water. Fresh water is preferred because white water contains many anionic
substances which can react with the resins and neutralize them.

Refining enhances the performance of PAE resins but only at high resin addition
levels. A more highly refined stock will greater surface area available for adsorption and
therefore higher resin capacity. At low addition levels, even lightly refined fibers have
sufficient surface area to adequately absorb all the resin.

Active chlorine will react with PAE resins to reduce their effectiveness. At low pH
resins are less effective due to inadequate ionization of the pulp carboxy! groups and also
the secondary amine groups become protonated and can not readily participate in cross
linking reactions with azetidinium groups.

PAE resins are effective over a pH range of 5 - 9. At pH below 5 effectiveness is
decreased due to low ionization of cellulose carboxyl groups and hence less anionic sites
are available for the cationic groups on the resin. Also the secondary amine groups are
protonated at pH'’s below 5 and hence are much slower to crosslink with azetidinium
groups.

In aqueous environments, exposure to high temperature can cause hydrolysis of
the azetidinium groups thereby reducing their effectiveness.

Anionic trash, lignin, hemicellulose and other anionic contaminants can react with
the cationic wet strength resins and interfere with their absorption onto the fiber. When
high levels of interfering substances are present charge neutralizing substances such as
alum may be employed prior to addition of the PAE resin. PAE resins may also react with
anionic dyes to precipitate color bodies onto the fibers.

The reaction between PAE and anionic materials can be beneficial in enhancing
resin retention by fibers. This is illustrated by the use of anionic carboxymethyl cellulose

7
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in conjunction with PAE resin td improve wet strength performance. In this case it is
believed that the CMC and PAE resin form a weakly cationic complex called a “Symplex”
that absorbs onto fiber surfaces. The CMC provides the carboxyl groups necessary to
attract more PAE onto the fiber surface.

As was mentioned prior polyamide based compounds formed via condensation
polymerization reaction of a diamide with a diacid serve as the foundation for the PAE
resins. A requirement is that these resins have a secondary amine group attached for
reaction with the epichlorohydrin or other derivatizing agent. Commercially available PAE
resins are primarily formed from adipic acid and diethylenetriamine (DETA).

There is no reason that condensation polymerization reactions necessary for '
preparation of the PAE resins be limited to reactions between diamines and diacid
derivatives (esters or free acids). There should be no restrictions on polymer type and
suitable condensation polymers would include esters, carbonates, urethanes, imides,
ureas and others.

Polysiloxanes
With regard to the polysiloxane component, polysiloxanes can be made using a

three-step synthesis: chlorosilane synthesis, chlorosilane hydrolysis, followed by
polymerization and polycondensation.

Chlorosilane Synthesis:

Si +RCI — SIR,

where:
R= H, methyl or ethyl group, and
R'= CI, H, methyl or ethyl.

This reaction is exothermic with a yield as high as 90%. A copper-based catalyst
is usually used. The resulting various chloroalkylsilanes can be separated by fractionation
distillation. If desired, silanes of other functionalities can be obtained via further
reactions. For instance:

MCSIC12 + C6H5MgBl' ———— MC(C6H5)31C12 + MgC].BI'
(Phenyl-)

(Grignard Reaction)
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MeHSICI, + acetylene . ————— H,C:CHSICH,Cl,

(Vinyl Derivatives)

. Alcoholysis ,
R;SiCl + R"OH ——————R,SiOR’ + HCI

Alk Derivative
where

R = alkyl, aryl, or other organofunctional group.
10 R'= methyl, ethyl or acetoxy

Chlorosilane Hydrolysis:

Dimethyldichlorosilanes undergo exothermic hydrolysis to yield disilanols which

further condense to produce a variety of linear and/or cyclic oligomers:
15 +H,0

X Me,SiCl, ———» y HO(Me,SiO)H + z (Me,SiO),

- HCI linear cyclic
where

n = 20-50: and
20 m2>3

The linear and cyclic oligomers from the above hydrolysis need to be further
polymerized or condensed to produce a silicone macromolecule of sufficient length.

Cyclic Polymerization | |

25 The (R;SiO), cyclic oligomers undergo ring opening and polymerization to form
long linear chains. Polymer chain length are determined by the presence(concentration)
of the chain endblocker.

z (Me,Si0), + KOH —————> (Me,SiO)y + KO(Me,SiO)_ H
’VVWMezleK + MC3SiOSi.MC3 e ’W\/‘MezSIOSlMC:; + M%SIOK

wherein
30 m2 1
n=3

z21




5

10

15

20

25

30

CA 02296894 2000-01-24

Copolymerization in the presence of a catalyst (Me ,NOH) can be carried out in the
following scheme: |

R3SIOSiR, +x (R,Si0), ———— R,SiO(R,SiO), Si R

where

R = alkyl, aryl, or other organofunctional group.
X221

nz4

Linear Condensation
The linear silanol condenses to give long chain siloxanes.

R R
I

MVNVOSIR,0H + HOR,SiONAAY e WAAQ — Sli ~-0- Slg -Ovv™ + H,0
R R

where
R = alkyl, aryl, or other organofunctional group

Attached to the silicon atom are organic side chains including alkyl, aliphatic
hydrocarbons, phenyl or vinyl groups. By adjusting the — SiO -- chain length, the side
chain functionality and the crosslinking between molecular chains, silicones form an
almost infinite number of hybrid polymers. In fact, the industry has created a plethora of
novel silicones to provide various end use properties such as chemical compatibility,
solubility, water repellency, lubrication, foam control, releasing aid, cooling, sealing,
adhesion, coating and substantivity.

Organoreactive polysiloxanes and silanes are very useful in making hybrid
polymers. The following are a few examples:

Copolymerization of vinyl silanes with an organic monomer:

X HCCH-SiIR; + y H,C=CH-R® ——— ~{Cﬂ42—-?ﬂ{%:(Cﬂ{f‘ﬁ”*);__'
SiR, R
where

10
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R and R’ are chlorine, amine, methoxy, acetoxy, hydroxyl, vinyl, or silicone hydride
functionalities
X2 1

y =1

Grafting the silicones to an organic polymer backbone:

—(CH,CHR"), +  H,C=CHSiR;, — —-(CHz?H)x
CH,CH,SiR,

where

where

R and R' are chlorine, amine, methoxy, acetoxy, hydroxyl, vinyl, or silicone hydride
functionalities

X2 1

Addition of silicone functionality:

H—SIR, + ROH ——» R;Si-OR' + H,
where

R’ = any organofunctional group

R = alkyl, aryl, or other organofunctional group

incorporating Polysiloxane Moleties

A variety of methods and reagents can be employed to obtain suitable polymers.
In general suitable polymers for this invention are of the structure shown in Scheme 3.

‘[‘(21 - R; )n‘[‘ (Z2 - Ro)m—(Z;3 - Rs)pH
q{

144

Scheme 3

where

11
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w21

q=1

m21

n21

p=0

Z.,2,,Z,= bridging radicals including -OOC-, - COO -, -NHCO-, -OCNH-, -O-, -S-,
CONHCO, -NCOQ, -0S020-, OCOO0, -O0C-Ar-O-, or any other suitable
bridging radical. Z,, Z,, Zs, Z, may be the same or different. The purpose of the Z,,
Z,, Z,, Z, radical is to serve as a mechanism for incorporating the R,, R,, and R,
groups into the polymer. The Z groups may also contain aryi functionality.

R, = Monomer or block copolymer unit containing the polysiloxane moiety, substituted
or hon-substituted, linear or branched.

R, = any linear or branched, saturated or unsaturated, substituted or non-substituted
aliphatic hydrocarbon containing at least one secondary amine group.

In addition said polymer can have a portion of its secondary amine groups reacted in such
a manner as to render the polymer substantive to celluiose through one or more of
the following mechanisms:

1. Intermolecular covalent bonding with cellulose
2. Intramolecular covalent bonding within the polymer molecule itself
3. Cationic charge development
Preferred functional groups for covalent bonding include azetidinium, epoxy,
silanol and mixtures of said groups.

R, = any linear or branched, saturated or unsaturated, substituted or non-substituted
aliphatic hydrocarbon.

Three methods for achieving the polymer described in Scheme 3 are: (1) direct
incorporation; (2) reaction of polymer functional groups; and (3) block copolymer grafting.

Such polymers as those shown in Scheme 3 can be prepared via the general

reaction shown in Scheme 4. This results in direct incorporation of the aliphatic groups
into the backbone in a random block pattern.

12
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Zs—R—Zg t+  Z7;—Ry—Zs + Z9g—R3=2Z0

Scheme 4

where

Zs, Zs, Z7, Zo, Zg, Z4o = functional groups such that Z; must be capable of reacting with at

least one Z,, to incorporate the R; functionality into the molecule. For block

copolymers only one of Zs, Zs must be reactive.

Monomer or block copolymer unit containing the polysiloxane moiety, substituted
or non-substituted, linear or branched.

R, = any linear or branched, saturated or unsaturated, substituted or non-substituted
aliphatic hydrocarbon containing at least one secondary amine group.

R, = any linear or branched, saturated or unsaturated, substituted or non-substituted
aliphatic hydrocarbon.

Suitable monomers for incorporating R, include but are not limited to the
following:

NH,CH,CH,NHCH,CH,NH,
HOOCCH,NHCH,COOH
HOCH,CH,NHCH,CH,OH
NH,CH,CH,NHCH,CH,OH
HOOCCH,CH,NHCH,CH,COOH
NH,CH,CH,NHCH,CH,NHCH,CH,NH
NH,(CH,),NH(CH,),NH,
HN(CH,CH,CN),

Two specific synthetic approaches are illustrated in Schemes 5 and 6.

13
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H O
N
n (j\ i + HoN~ """ NH T om O)k i
H R OH p " : HO~ (CH,

Ja “OH

DETA Adipic acid

——?\R/iﬂ/\/ H\/\Nj\(Cthj_—

ClH,C- Cl'bo/ Epichlorhydrin
H
CH
P S8 s
Scheme §

where R has the following structure:

(:H3 CH3 CH3 CH3

—— (CH,)g— Si—0 Sl——O Sl—o SI——(CHz)g-——

CH, CH3 (CHz)s

OA\

where a =0 - 1000, and
b=1-1000

14
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Note that only a portion of secondary amine groups need to be reacted with
epichlorhydrin. Typically 10 - 50 mole% of the secondary amine groups will be reacted
upon in such a manner.

H
+ Oj\/N + m
B HN—Z—NH;, P H o HO—(CHz)4~OH

Iminodiacetic Acid Butane diol

cquc-ch Epichlorhydrin

\
HZVHZ
——N—Z—N A \/?\0—(CH2)4‘0"“

Scheme 6

where Z has the following structure:

15
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CH3 CH3 CH3 CH3

—— (CH,),— Si— 01 Si— O Si— 04— Si—— (CH,); ———

L

CH; | CH; | |(CHy, ], CH;

HN
™ CH,CH,NH,

where a =0 - 1000, and
b=1-1000
Where solubility in aqueous solutions is a concern a hydrophilic monomer may
also be incorporated into the backbone to counteract any hydrophobicity introduced
through addition of the aliphatic hydrocarbon moieties. An example of such monomers
would be the dihydroxy , dicarboxy, and diamino alkanols and polyalkanols including

ethylene glycol, and polyethylene glycols of the varying monomer repeat units of the
general formula:

R3-(?HCHZO)a—(CHZCHZO)b—(‘ZHz

R’ R®~—CH
Ly
where:
R', R*=H, CH,
R® R*= OH, NH, OCH,COOH
a,b20
a+b2>1

Where enhanced cationicity is desired, difunctional compounds containing tertiary
amine groups may also be employed. These tertiary amine groups are capable of bging
quaternized via reaction with epichlorhydrin as is routinely done with cationic starches.

Reaction of Polymer Functional Groug

The second approach to preparing azetidinium compounds containing
polysiloxanes involves reaction of functional groups on the polymer with reagents
containing organoreactive polysiloxanes or silanes in such a manner that the (- SIR'R? -
O) - moieties are attached in a pendant fashion on the PAE resin. Such reactions may

16
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take place either prior to or after reaction with epichlorohydrin. In general the reactive

reagents will be of the structure of Scheme /.

: ZlO -R4
Scheme 7

where
10 R,= polysiloxanes, linear or cyclic, substituted or unsubstituted.

Z,= any endgroup capable of reacting with functional groups on the polymer backbone.
Included in this list, but not limited to would be -COOH, COCI, -COQOO0C-, -

OCOCI, -NCO, NCS, -OH, -NH,.

15 It is also possible to build a polysiloxane chain onto an existing functionalized
polyamide backbone. Two specific examples are shown in Schemes 8 and 9. Scheme 9
involves the concept of specifically incorporating a co-monomer into the polymer
backbone which is capable of being reacted upon by a material of structure of Scheme 7.
This type of synthesis lends itself well to incorporation of the siloxane moieties prior to the

20 epichlorohydrin reaction.
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where
a,b=1-1000,
n=2, and

m,p21

Scheme 8
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n HOH;CHzC“N""CHzCHzOH + p HzN/\/N\/\NHZ + m Oi ﬁ
H (CH2% “OH

c/if\ j\ H Ni, ?HchOHCH;;i
(CH; N/\/Nv,\ CH, HoCHy—N—CH,CH,
HCY H, (:m3 CH CH,
CHy——Si— r— i— i—— Cl

Ha
R'= —(CH2CH»0)n(CHaCHO)CH3
CH,
Hz)ﬂ
cn,——?r——- Ti— s
b CH;

CH, CH, al CH,

NS SN SN NS SN S i

OO O pH - Epichlomhydrin

mr_;r_ o

H H
5 e =‘{} F s i
—— (CH (CH, »CHy—N—CH,CH, 0"~

Scheme 9
where
a, b=1-1000,
nz2, and
m,p=1
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Block Copolymer Grafting

A third manner by which the polysiloxane may be introduced is via a mono or

disubstituted copolymer containing linear or branched, substituted or unsubstituted,

saturated or unsaturated hydrocarbon moieties. Finished polymers will be similar to the

structure of Scheme 10.

—Ry - Z, {Rz -Z5-Ry -244—————
n

whe_re

Scheme 10

Z,, 25, 2,= bridging radicals including -OOC-, - COO -, -NHCO-, -OCNH-, -O-, -S-,

CONHCO, -NCOO, -05020-, - OCOO-, or any other suitable bridging radical.
Z,, Z,, Z5, Z, may be the same or different. The purpose of the Z,, Z,, Z,, Z,
radical is to serve as a mechanism for incorporating the R,, R,, and R, groups into
the polymer. The Z, groups may also contain aryl functionality.
polysiloxane moiety, linear or branched or cyclic, substituted or non-substituted.
any linear or branched, saturated or unsaturated, substituted or non-substituted
aliphatic hydrocarbon containing at least one secondary amine group. In addition
said polymer shall have a portion of its secondary amine groups reacted in such a
manner as to render the polymer substantive to cellulose through one or more of
the following mechénisms:

1. Intermolecular covalent bonding with cellulose

2. Intramolecular covalent bonding within the polymer molecule itself

3. 'Cationic charge development '
Preferred functional groups for covalent bonding include azetidinium, epoxy,
silanol and mixtures of said groups.

any linear or branched, saturated or unsaturated, substituted or non-substituted
aliphatic hydrocarbon.

It will be appreciated that the foregoing examples, given for purposes of

lllustration, shall not be construed as limiting the scope of this invention, which is defined

by the following claims and all equivalents thereto.

20
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CLAIMS:

1.

where

A condensation polymer having the following structure:

{(21 . R1)n+(22 -R2)m—(2Z; - Ra)pH
q

W

we 1
q>0
m=z= 1
ne1
p20

£y, £, Z3=  bridging radicals, which may be the same or different and which serve to

R1=

incorporate the Ry, R,, and R; groups into the polymer:

a monomer unit or a block or graft copolymer containing a siloxane functionality
and of the form -O-Si(R").-O-[Si(R")-O],-Si(R™); where r is greater than or equal to
1, and R, R", R" can be the same or different and are H, OH, or aryl or alkyl or
aliphatic C440 hydrocarbon, and wherein said C;4, hydrocarbon is linear or
branched, saturated or unsaturated, substituted or non-substituted, and with or
without ethyoxylation and/or propoxylation;

any linear or branched, saturated or unsaturated, substituted or non-substituted
aliphatic hydrocarbon containing at least one secondary or quaternary amine
group;

any linear or branched, saturated or unsaturated, substituted or non-substituted
aliphatic hydrocarbon of chain length 2 or higher.

The polymer of claim 1, wherein the bridging radicals are -OOC-, -COO-. -NHCO-

-O-, -S-, CONHCO, -NCOO0, -0S020-, -OCOO0-, or -O0OC-Ar-0O-.

3.

where:

The polymer of claim 1 or 2, wherein R, has the general structure:
___R4_Z5_R5_

R*, R are linear or branched, substituted or non-substituted, saturated or
unsaturated C,.,; aliphatic hydrocarbons:

21
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—N-R'’CH—CH; —N—R3Si(OH)s

| | ~or a mixture thereof.

?H
Lo o n o
NH, /i\ ,

Z°=

4. The polymer of claim 1, wherein Z,, used to incorporate the R; radical, is

NH,CH,CH,NHCH,CH,NH,,
HOOCCH,NHCH,COOH,

HOCH,CH,NHCH,CH,OH,
".NH,CH,CH,NHCH,CH,OH,
HOOCCH,CH,NHCH,CH,COOH,
NH,CH,CH,NHCH,CH,NHCH,CH,NH,
NH(CH,),NH(CH,),NH,, or
HN(CH,CH,CN),
where x=1t022 andy= 1to22.

5. The polymer of claim 1, wherein the R; radical is incorporated into the
condensation polymer via Zi, wherein Z; is a monomer consisting of an alkyl diamine, an
alkyl diacid, or an alkyl diacid derivative having the following structure:

Z'—R*=Z°
wherein:
Z', Z¢ are independently -NH,, -COOH or -COR”;
R®> = -0C, alkyl or halo; and
R* = a hydrocarbon radical containing a C,.22, linear or branched, substituted or
non-substituted aliphatic hydrocarbon.

6. The polymer of claim 1 further comprising one or more of the following groups

attached to a backbone of the polymer:

~——Z5-(CHCH,0),-[(CH,)sO]b-(CH,CH);—2"——

R R

wherein:
R', R? = independently H or CHj;
Z°, Z' = bridging radicals, which can be the same or different, which serve to
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incorporate the group(s) into the backbone of the polymer;
a, b cz0;
a+b+cz21;and
s=2t1060.

7. The polymer of claim 6, wherein Z°, Z’ are independently -OOC-, -COO-,
-NHCO-, -OCNH-, -O-, -S-, CONHCOQ, -NCOQ, -0S020-, -OCOO-, or -O0C-Ar-O-.

8. The polymer of claim 6, wherein a polyoxyalkylene oxide group is incorporated
into the condensation polymer via a polyalkylene oxide monomer of structure:

R® | CHCH,0),-{(CH.){0},-(CH.CH)-—R*
| |

R1 R2
where:
R', R? = independently H or CHj; |
R’, R* = independently OH, NH,, -OCH,COOH or ~-OCH,COOCHj5;
a,b,cz20;
a+b+c=21:and

t=2106.
0. The polymer of claim 5, wherein R® is -OCH; or -OCH,CHs.
10. A paper sheet, comprising the condensation polymer of any one of claims 1 to 9.
11.  The paper sheet of claim 10, wherein the paper sheet is a tissue or a towel sheet.
12. A method of making the paper sheet of claim 10 or 11, comprising the steps of:
(a) forming an aqueous suspension of papermaking fibers;

(b) depositing the aqueous suspension of papermaking fibers onto a forming
fabric to form a web; and

(c) dewatering and drying the web to form a paper sheet, wherein the
condensation polymer of any one of claims 1 to 9 is added to the aqueous suspension.

23
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