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(57) Abrege(suite)/Abstract(continued):
method for producing creped paper products comprising applying to a drying surface a film-forming semi-crystalline polymer, a non-
thermosetting cationic resin containing no secondary amines and an optional plasticizer.
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ABSTRACT

A creping aid compesition and method for producing ¢reped paper products
comprising applying to a drying surface, a film-forming semi-crystalline polymer and
a non-thermosetting cationic resin containing no secondary amine. The invention also
comprises a method for producing creped paper products comprising applying to a
drying surface a film-forming semi-crystalline polymer, a non-thermosetting cationic

resin containing no secondary amines and an optional plasticizer.
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CREPING AID AND PROCESS FOR PRODUCING CREPED PAPER
FIELD OF THE INVENTION
10 This invention relates to a new process for producing creped paper products

which results in improved paper quality.

BACKGROUND OF THE INVENTION

Enhancing the softness of paper products such as tissue and towelling

15 is desirable. Softness is the tactile sensation a user perceives as the user holds, rubs
or crumples a particular paper product. This tactile sensation is provided by a
combination of several physical properties including the bulk, stiffness and
stretchability of the paper. Creping, a process which 15 well known in the ar, is a
means of mechanically foreshortening a fibrous strucrure in the machine direction in

20 order to enhance the softness, bulk and stretchability of the paper. Creping is
generally accompiished with a flexible blade, known as a creping blade, which is
placed against a drying surface such as a Yankee dryer. The fibrous structure adheres

to the Yankee dryer as it contacts the drycr surface. The web travels along the
surface of the Yankee dryer until it is removed by the creping blade. The degree to

2S5  which the fibrous structure adheres to the Yankee dryer prior to creping is a key

factor in determining the degree of softness, bulk, and stretchability exhibited by the
~fibrous structure after creping.

The level of adhesion of the fibrous structure to the Yankee surface is also of
importance as it relates to the control of the web in its travel from the creping blade
30 to the reel of the paper machine. Fibrous structures which are insufficiently adhered

to the surface of the Yankee dryer are generally difficult to control and often result in
quality problems at the reel such as wrinkling, foldovers and weaved edges. Poorly
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formed paper affects the reliability of the entire papermaking process and subsequent

converting operation.

The level of adhesion of the fibrous structure to the Yankee surface is also of
importance as it relates to the drying of the web. Higher levels of adhesion permit
S better heat transfer. This enables the web to dry faster thus allowing the operation to
run at higher speeds. Creping aids are generally applied to the surface of the Yankee
dryer to further facilitate the adhesion/creping process. It is desirable to deposit the

creping aid on the surface of the Yankee dryer.
It has been observed on paper machines utilizing through-air drying, that less
10 crepirg aid tends to deposit on the dryer surface compared to paper machines
utilizing conventional press sections. A through-air dried fibrous structure tends 10 be
transferred to the Yankee dryer at a higher consistency than a fibrous structure which
1s conventionally wet pressed. Additionally, due 10 limited knuckie area, a web which

is through-air dricd, will have a smaller arca of contact with the nip of the Yankee
1S dryer pressure roll than a web which is conventionally wet pressed. Thus, through-air
dned ﬂbrous structures tend 1o have poorer adhesion than that of fibrous structures
which are conventionally wet pressed.
Prior to the development of creping aids, adhesion of the fibrous structure to
the dryer surface was accomplished through the presence of naturally occurring
20  hemicellulose present in the paper fiber. Hemicellulose deposits were ocbserved
forming on the surface of the dryer as a result of the evaporation of water from the
web. The hemicellulose deposits were found to contain small fiber fragments picked
out of the fibrous structure. It was noted that these deposits resuited in the formation
of 2 heavy film on the surface of the Yankce and subsequent poor crepe quality.
25 It is important that the creping aid allow for a proper balance between
adhesion of the fibrous structure 10 the drying surface and the releage of the web at
the creping blade. Historically, onc of the difficulties encountered with the use of
‘ creping aids has been a tendency for the creping aid to form a bond between the web
and the drying surface at the point of creping such that the web does not properly

30 release from the drying surface. This results in portions of the web remaining
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adhered 10 the surface thus causing defects in the web and/or causing the web 10
break.

Another common problem associated with the use of creping aids, i3 an
excessive build-up of the creping aid on the drying surface. While some amount of
buildup of the creping aid on the surface is essential, excessive buildup can produce
streaks which impact the profile of adhesion across the width of the drying surface.
This can result in bumps or wrinkles in the finished paper. Quite often, a second
blade, known as a cleaning blade, is placed on the drying surface just after the creping
blade. The purpose of the cleaning blade is to remove excess creping aid and other
residue left behind. Historically, both the creping blade and cleaning blade have had
to be frequently changed in order to prevent excessive buildup.

In order to prevent excessive buildup on the drying surface, it is important
that the creping aid be rewettable. “Rewettable”, as used herein, refers to the ability
of the creping aid remaining on the Yankee dryer surface to be activated by the
moisture contained in the fibrous structure. A marked increase in tack is indicative of
high rewenability. Because through-air drying tends to remove more water than a
conventional wet press section, a fibrous structure which is through-air dried will
typically be tran.sferred to the Yankee dryer at a higher consistency than a fibrous
structure which is conventionally wet pressed. Because a through-air dned web
contains less moisture than a similﬁr web which is conventionally wet pressed, there is
less moisture available in the through-air dried web to be transferred to the surface of
the Yankee dryer. A fibrous structure which has been dried to a relatively higher
fiber consistency, such as a through-air dried web, is more difficult to adhere 1o the
drying surface because the web has less water available to rewet the creping aid at the
point at which the fibrous sﬁcmre is transferred to the drying surface.

U.S. Patent No. 3,926,716, issued to Bates on December 16, 1975, teaches a
polyvinyl alcohol creping adhesive which forms a film upon application to the surface
of the Yankee dryer. It is believed thar the polyvinyl alcohol exhibits a rewet
mechanism wherein the film already on the surface of the Yankee dryer 1s rewetted as

moisture is released from the fibrous structure at the pressure roll nip of the Yankee

dryer.

ot
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- With the advent of the addition of wet strength resins to the wet end of the
paper machine based on polyamide polyamine epichlorohydrin (PAA) wherein the
amine is a secondary amine, it was observed that adhesion of the web to the Yankee

dryer surface improved. This led to the development of creping aids based on similar
5§ PAA secondary amine resin chemistry as that used for wet strength resins. PAA

secondary amine based creping aids have had wide acceptance in those paper machine

systems using a conventional wet press section. However, in those paper machine
systems utilizing through-air drying, creping aids based on PAA secondary amine
chemistry have not enjoyed the same success.

10 This stems from thc fact that creping aids based on PAA secondary amine
resin chemistry are thermosetting and thus will cure on the heated surface of the
Yankee dryer. Creping aids containing thermosetting resins are problematic in that
the coating formed by the apblication of the creping aid 10 the Yankee dryer on a
machine utilizing through-air drying tends to be brittle and exhibits poor adhesion to

15  the drver surface.

Another problem stems from the wet end addition of wet strength resins

which are thermosetting. The thermosctting wet strength resins will actively crosslink

with creping aids which contain a secondary amine backbone resulting in the

formation of a hard coaring on the surface of the Yankee dryer with poor adhesive
20  properties thereby reducing the overall efficacy of the creping aid.

U.S. Pat. No. 4,501,640, issued to Soerens on February 26, 1983, purports to
teach a method for creping a cellulosic web wherein an agmixture of polyvinyl
alcohol and a water-solublc thermosetting cationc polyamide resin are applied 10 a
creping cylinder.

25 U.S. Par. No. 5,187,2i9, i1ssued to Furman, Jr, on February 16, 1993 purports

10 teach a creping adhcsive composition comprising a thermosetting water soluble

“acrylamide polymer having glyoxal-reacted amide substitucnts and unsubstituted
ammide groups and a method of applying the composition.
‘U.S. Pat. No. 5,494,554, issued to Edwards et al. on February 27, 1996,

30  purports to teach the application of a crepmg adhesive comprising a thermosetting
cationic polyamide resin and a plasticizer to the surface of a dryer.
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All of these teachings suffer from a common drawback in that as each of the
purported creping aids contains a thermosetting resin, The thermosetting resin will
cure on the heated surface of the Yankee dryer forming a brittle coating with poor
adhesion characternistics. Additionally, each of the purported creping aids contains
secondary ammes. The use of creping aids containing secondary amines in
conjunction with the addition of a theremosetting wet strength resin will tend to
reduce the efficacy of the creping aid.

An object of an aspect of the present invention is to provide a method of
producing a creped paper product exhibiting overall improved crepe quality.

Another object of an aspect of the present invention is to provide a creping aid
which exhibits overall improved performance in conjunction with all types of fibrous
structures including thase through-air dried fibrous structures transferred to the
Yankee dryer at higher consistencies.

A further object of an aspect of this invention is to provide a more efficient
method for producing creped paper products wherein the creping aid is not

deleteniously impacted by tlie use of thermosetung wet strength resins.

SUMMARY OF THE INVENTION
This invention comprises a method for making creped paper products. The process
comprises five basic steps including:

a) providing a fibrous structure;

b) providing a drying surface;

c) applying a creping aid comprising a film-forming semi-crystalline polymer
and a non-thermeoesetting cationic resin containing no secondary amines, the non-
thermosetting cationic resin is derived from reacting the polyamides of a dicarboxylic
acid and methyl bis(3-aminopropyl)amine in aqueous solution with epichlorohydrin in
a mole ratio of between about 1:0.1 and about 1:0.33;

d) applying a fibrous structure 10 the drying surface whereby the fibrous
structure contacts the creping aid; |

e) removing the fibrous structure from the drying surface.
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The creping aid may be applied directly to the drying surface or it may be
applied directiy to that surface of the fibrous structure which contacts the drying
surface. The creping aid may also be applied directly to the forming fabric or the
foraminous carrier fabric. The drying surface may be hoaied. The fibrous structure

can be removed from the drying surface 'by creping.

The ﬁlm—formilng semi-crystalline polymer of this invention is selected from

“the group consisting of hermcellulose carboxymethyl ceilulose and polyvmyl alcohol.

If polyvinyl alcohol is selected, it is preferred that it have a degree of- hydrolysns of at

least about 86%.

" The non-thermosetting cationic resin has a viscosity-at 25°C of about 20
centipoise to 500 cen:tipoise and a total solids content of about 12% to 30% based on -
the dry weight of the resin. The resin comprises from about 5% to 90% of the total |
creping aid based on the dry weight of the resin relative to the dry we'i'ght of the
creping aid. The polyvinyl alcohol compnses from about 5% to 95_%‘ of the total
creping aid basod on the dry weight of the polyvinyl alcohol relative to the dry weight -
of the creping aid. The creping aid may be applied at a rate of about 0. 25107.0
pounds of dry wexght of the total applied creping aid per ton of dry fiber produced at

 the reel of the paper machine.

The invention may also optionally include a plasticizer. Tho plasticizer may
be selected from the group consisting of ethylene glycol, diethylene glycol, tnethylene -
glycol, dipropylene glycol and glycerol. The plasticizer may compnse from about
0.5% to 95% of the creping aid based on the dry weight of the plasticizer relative to

the dry weight of the crepmg aid.

The non-thennosetung cationic resin and the plasticizer may be applied -

together and the polyvinyl alcohol may be applied separately or the non-

thermosettmg cationic resin, the plasticizer and the polyviny! alcohol may each be

applaed separately. The fibrous structure of this invention has a moisture content of

- between about 10% to 90% upon contact with the drying surface.

" The invention also comprises a creping aid composition comprising a film-
forming semi-crystalline polymer and a non-thermosetting cationic resin containing

no secondary amines, wherein the non-thermosetting cationic resin is derived by
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reacting the polyamides of a dicarboxylic acid and methyl bis(3-aminopropyl)amine
i aqueous solution with epichlorohydrin in a mole ratio of between about 1:0.1 and
about 1:0.33. The creping aild composition may optionally also include a plasticizer
wherein the plasticizer 1s selected from the group consisting of ethylene glycol,

5  propylene glycol, diethylene glycol, triethylene glycol, dipropylene glycol and
glycerol.

According to an aspect of the present invention, there 1s provided a method for
producing paper products, the method comprising the steps of:
10 a) providing a fibrous structure;
b) providing a drying surface;
¢) applying a creping aid directly or indirectly to the drying surface,
the creping aid comprising a polyvinyl alcoho! having a degree of hydrolysis
of about 86% or greater and a non-thermosetting cationic résin containing no
15 secondary amines, the non-thermosetting cationic resin derived from reacting
a polyamide of a dicarboxylic acid and methyl bis(3-aminopropyl)amine in an
aqueous solution with epichlorohydrin in a mole ratio of between about 1:0.1

and about 1:0.33:
d) applying a fibrous structure to the drying surface whereby the

20 creping aid contacts both the fibrous structure and the drying surface; and
g) removing the fibrous structure from the drying surface.

According 1o another aspect of the present invention, there 18 provided a
creping aid composition comprising: a polyvinyl alcohol having a degree af
hydrolysis of about 86% or greater and a non-thermosetting cationic resin containing

25  no secondary amines, the non-thermosetting cationic resin derived from reacting a
polyamide of a dicarboxylic acid and methyl bis(3-aminopropyl)amine in aqueons
solution with epichlorohydrin in a mole ratic of between about 1:0.] and about 1:0.33.

BRIEF DESCRIPTION OF THE DRAWINGS

30 FIG. 1 s a schematic side elevational view of a preferred papermaking apparatus for
use with this invention,
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DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a process for making creped paper products.
There are five basic steps in this process including but not limited to:

a) providing a fibrous stracture;

b) providing a drying surface;

c) applying a creping aid comprising a film-forming semi-crystalline
polymer and a non-thermeosetting cationic resin containing no secondary amines, the
non-thermosetting cationic resin is denived from reacting the polyamides of a
dicarboxylic acid and methyl bis(3-aminopropyl)amine in aqueous solution with
epichlorohydnn in a mole ratio of between about 1:0.1 and about 1:0.33;

d) applying a fibrous structure to the drying surface whereby the fibrous
structure contacts the creping aid;

€) removing the fibrous structure from the drying surface.

Providing a Fibrous structure

~omponents of the Aqueous Papermaking Furnish Comprsing the Fibro tructure
As used herein, “fibrous structure™ refers to a fibrous material which may be
comprised of cellulosic and noncellulosic components, These cellulosic and

noncellulosic components which include papermaking fibers and other various
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additives are mixed with water to form an aqueous slurry. It is this aqueous slurry
which constitutes the aqucous papermaking furnish. It is anticipated that wood pulp
in all its vaneties will normally comprise the papermaking fibers used in this
invention. However. other cellulose fibrous pulps, such as cotton linters, bagases,
S  rayon, etc., can be used and none are disclaimed. Wood pulps useful herein include
chemical pulps such as, sulfite and sulfate (sometimes called kraft) pulps as well as

mechanical pulps including for example, groundwood, thermomechanical pulp (TMP)
and chemithermomechanical pulp (CTMP).

Both hardwood puips and softwood pulps as well as combinations of the two

10  may be employed as papermaking fibers for the present invention. The term
"hardwood pulps" as used herein refers to fibrous pulp derived from the woody
substance of deciduous trees (angiosperms), whereas "softwood pulps” arc fibrous
pulps derived from the woody substance of coniferous trees (gymnosperms). Pulps
from both deciduous and coniferous trees can be used. Blends of hardwood kraft

15 pulps, especially eucalyptus, and northern softwood kraft (NSK) pulps are
particularly suitable for making the tissue webs of the present invention. Another
preferred embodiment of the present invention comprises layered tissue webs
wherein, most preferably, hardwood pulps such as eucalyptus are used for outer
layer(s) and wherein northern softwood kraft pulps are used for the inner layer(s).

20  Also applicable to the present invention are fibers derived from recycled paper, which
may contain any or all of the above categories of fibers.

Additives such as particulate fillers, including clay, calcium carbonate,
titanium dioxide, talc, aluminum silicate, calcium silicate, alumina trihydrate, activated
carbon, pearl starch, calcium sulfate, glass microspheres, diatomaceous earth, and

25  mixtures thereof can also be ir;duded in the aqueous papermaking furnish.

Other additives, of which the following are examples, can be added to the

aqueous papermaking furnish or the fibrous structurc to impart other characreristics
" t0 the paper product or improve the papermaking process so long as they do not
- interfere or counteract the advantages of the present invention.

30 It is sometimes useful, for purposes of retention and web strength to include

starch as one of the ingredients of the papermaking furnish, especially cationic starch.
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Particularly suitable starches for this purpose are produced by National Starch and
Chemical Company, (Bridgewater, WNew Jersey) under the tradename,
REDIROND®.

It is common to add a cationic charge biasiné species to the papermaking
process to control the zeta potential of the aqueous papermaking fumish as it is

delivered to the papermaking process. One suitable material is CYPRO 514®, 5
product of Cytec, Inc. of Stamford, CT.

It 1s also common to add retention aids. Muhivalent 10ns can be effectively
added to the aqueous papermaking furnith in order to enhance the retention of fine
particles which might otherwtse remain suspended in the recirculating water system
of the paper machine. The practice of adding alum, for example, has long been.
known. More recently, polymers which carry many charge sites along the chamn
length have been effectively employed for this purpose. Both anionic and ‘cationic
flocculants are expressly included within the scope of the present invention.
Flocculants such as RETEN 235®, a product of Hercules, Inc. of Wilmington,
Delaware and ACCURAC 171%®, a product of Cytec, Inc. of Stamford, CT. are.
examples of anionic flocculants. Flocculants such as RETEN 157®, a product of
Hercules, Inc. of Wilmington, Delaware, and ACCURAC 01®, a' product of Cytec,
Inc. of Stamford, CT. are examples of acceptable cationic flocculants.

The use of high surface area, high anionic ¢charge microparticles for the
purposes of improving formation, drainage, strength, and retention is well known in
the art. See, for example, U. S. Patent, 5,221,435, issued to Smuth on June 22, 1993,
Common materials for this purpose are silica colloid, bentonite clay, or organic
microparticles. The incorporation of such materials is expressly included within the

scope of the present invention,

The above listings of chemical additives are intended to be merely exemplary
in nature, and are not meant to lirit the scope of the invention.

renaration of the Fibrou re

The fibrous structure of this invention may be made according to commonly
assigned U.S. Patents: 3,926,716 issued to Bates on December 16, 1975; 4,191,609
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issued March 4, 1980 to Trokhan; 4,300,981 issued to Carstens an November 17,
1981; 4,191,609 issued to Trokhan on March 4, 1980; 4,514,345 issued t0 Johnson

et al. on April 30, 1985; 4,528,239 issued to Trokhan on July 9, 1985: 4,529,480

-issued to Trokhan on July 16, 1985; 4,637,859 issued to Trokhan on January 20,

1987; 5,245,025 issued to Trokhan et al. on September 14, 1993; 5,275,700 issued
to Trokhan on January 4, 1994; 5,328,565 1ssued to Rasch et al. on July 12, 1994
5,332,118 issued to Muckenfuhs on July 26, 19%4; 5,334,289 issued to Trokhan et al.
on August 2, 1994; 5,364,504 issued to Smurkowski et al. on November 15, 1995;
3,527,428 tssued to Trokhan et al. on June 18, 1996; 5,556,509 issued to Trokhan et

al. on September 17, 1996; 5,628,876 issued 1o Ayers et al. on May 13, 1997,
5,629,052 issued 1o Trokhan et al. on May 13, 1997; and 5,637,194 issued to
Ampulska et al. on June 10, 1997, show how to make a fibrous structure suitable for use
with the present invention.

The fibrous strcture of the present invention may be conventionally wet
pressed or preferably through-air dried. It may be foreshortened by creping or by wet
microcontraction. Creping and wet microcontraction are disclosed in commeonly
assigned U.S, Patents: 4,440,597 i1ssued to Wells et al. on April 3, 1984 and 4,191,756
issued to Sawdai on May 4, 1980. |

Referring to FIG. 1, the paper machine 80 comprises a headbox 81 and
preferably a layering headbox having a top chamber 82, a bottom chamber 83, and a
slice roof 84. The paper machine 80 has a forming section 87 encircled by a forming
fabric 85. The forming fabric 85 is carried around the forming section 87 by the breast
roll 86, a deflector 90, vacuum suction boxes 91, couch roll 92 and a plurality of
turning rolls 94, Prior to making a full rotation around the forming section 87, the
forming fabric 85 is cleaned by the cleaning showers 95 as it makes its returm run in the
direction shown by the arrow.

A web transfer zone 93 separates the forming section 87 from the pre-drying
section 106 of the paper machine 80. A foraminous carrier fabric 96 encircles the pre-
drying section 106. As the foraminons carrier fabric 96 loops around the pre-
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drying section 106, it passes over a vacuum dewatering box 98, passes through the

through-air dryers 100 and continues on past a turning roll 94 and a pressure roll
102. The foraminous carrier fabric 96 is cleaned and dewatered as it completes its
loop by passing over and around additional tuming rolls 94, cleaning showers 93 and

another vacuum dewatering box 98.

Providing a Drying Surface

The drying section 120 is next in the papermaking apparatus after the pre-
drying section 106. The drying section 120 is comprised of a drying surface. The
drying surface may be at ambient temperature or it may be heated. Any drying
surface 1s suitable, however, a Yankee dryer 109 is preferable. The Yankee dryer
109 is generally steam heated. A drying hood 110 which circulates hot air by a
means not shown may be positioned over the Yankee dryer 109 in an effort to further
facilitate the drying operation. In the preferred embodiment, at least one creping aid
spray boom shower 107 is juxtaposed with the Yankce dryer 109. A creping blade
111 is positioned against the surface of the Yankee dryer 109 so as to create an
impact angle between the blade and the surface of the dryer wherein the impact angle
ranges from about 70° to 90° and prcferably from about 80° to 85°. An optional

cleaning blade 114 may be utilized to remove contaminant buildup and excess coating
fram the surface of the Yankee dryer 109.

Applying a Creping Aid
The creping aid of this invention may be applied directly 10 the fibrous
structure 88. Prefcrably the creping aid is applied to the surface of the fibrous
structure 88 which directly cohtacts the drying surface. The creping aid may also be

applied in the forming section 87 of the paper machine 80 such as to the forming

~ fabnic 85. Preferably, the creping aid is applied to the surface of the formmg fabric

30

85 which directly contacts the fibrous structure 88. The creping aid may also be

applied in the pre-drying secrion 106 to the foraminous carrier fabric 96. Preferably

the creping aid is applicd to the surface of the foraminous camer fabric 96 which
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directly contacts the fibrous structure 88. Most preferably, the creping aijd 1s applied
directly 10 the drying surface such as to the surface of the Yankee dryer 109,

The ¢reping aid of this invention comprises a film-forming semi-crystalline
polymer and a non-thernmosetting cationic resin contalning no secondary amines.
Suitable film-forming semi-crystalline polymers include hemicellulose, carboxymethyl
cellulose and preferably polyvinyl alcohol. Polyvinyl alcohols having a degree of
hydrolysis of about 86% or more are preferred. A suitable polyvinyl alcohol is
AIRVOL™ 425 commercially available from Air Products and Chemical Jnc. of
Allentown, Pennsylvama.

The non-thermosetting cationic resin of this invention may be made according
to U.S. Patent No, 5,338,807 issued to Bspy et al. on August 16, 1994. The non-
thermosetting cationic resin is synthesized by directly reacting the polyamides of a
dicarboxylic acid and methyl bis(3-aminopropyl)amine in aqueous solution, with
epichlorohydrin, using a mole ratio between about 1:0.1 and about 1:0.33, and
preferably a mole ratio between about 1:0.2 and about 1:0.3. The dicarboxylic acids
can include saturated and unsaturated dicarboxylic acids having from about 2 10 12
carbon atoms, including by way of example, oxalic, malonic, succinic, glutaric, adipic,
pilemic, suberic, azelaie, sebacic, maleic, fumarnc, itaconic, phthalic, isophthalic and
terephthalic acids. Adipic and glutaric acids are preferred, with adipic acid being the
mast preferred. The esters of the aliphatic dicarboxylic acids, and aromatic
dicarboxylic acids, such as the phathalic acid, may be used, as well as combinations of
such dicarboxylic acids or esters.

The intrinsic viscosity of the precursor polyamide at 25°C may range irom
0.090-0.225 dl/g with a preferred range being 0.10 dl/g to 0.20 dl/g. The finished resin
is preferably diluted with water to a solution containing 12.0% to 30.0% total solids,
with 24% to 26% toral solids being preferred. The Brookfield viscosity range at 25°C is
from about 20 cps to about 500 ¢ps as measured at a total solids content of 25%, with a
preferred viscosity range of about 40 cps to 90 cps.

The general formula of the polyamide backbone and resin used in this invention
are:

Polyamide:



10

15

20

25

30

CA 02315623 2003-03-03

13

0 0 CHj;

| | |
[‘C(CH2)RCNH(CHQ)3N(CH2)3NH-]n where R=0to 10

Resin:

O O CHz X~
I | |
(-C(CHp)RCNH(CH)3N(CH)3 NH-],  in Which R =0 to 10
o
CH»-CHCH»-

I
OH

The critical aspect of this formulation is the absence of thermosetting
propenies due to the absence of an active crosslinkmg functional group and the
absence of secondary amine groups which could further crosslink with thennoéetting
resins added in the wet end of the papermachine. Both criteria are required. A loss
of adhesion is indicative of crosslinking with the available secondary amine groups.
Upon continued exposure to a thermosetting resin containing azetidinium active
functional groups in conjunction with the high temperature conditions found on a
Yankee dryer 109, a non-thermosetting resin having secondary amine groups in the
backbone structure would be expected to continue crosslinking, resulting in ts
brittleness and a loss of its adh;esive properties. In contrast, the adhesive properties
of the non-thermosetting cationic resin of this invention will not be negatively
impacted by this type of continuous ¢xposure. A non-thermosetting cationic resin
containing no secondary amines surtable for use with this invention is sold as
CREPETROL™ A 3025, commercially available from Hercules Incorporated of
Wilmington, Delaware.
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Optionally, the creping aid of this invention may also include a modifier.
Modifiers are used to alter the adhesion/creping charactenstics of the coating formed
on the surface of the Yankee dryer 109 resultant from the application of the creping
aid to the Yankee dryer 109 surface. Suitable modifiers include hydrocarbon oils,
surfactants, and preferably plasticizers.

Surfactants and hydrocarbon oils function primarily by increasing the lubricity
of the coating formed on the drying surface thereby modifying the release
characteristics of the coating. Surfactants and hydrocarbon oils tend not to be fully
compatible with the other components of the creping aid. When added as a
component of the creping aid, there is a tendency for the surfactant or hydrocarbon
oil to separate out from the rest of the creping aid solution thereby forming a two
phase creping aid salution which in turn decreases the overall efficacy of the creping
aid.

Furthermore, this incompatibility will also negatively impact the quality of the
coating formed on the drying surface. While not wishing to be constrained by theory,
it is believed that both surfactants and oils will form an oil film at the interface of the

coating and the fibrous structure 88 resulting in a loss of adhesion of the fibrous
structure 88 to the surface of the Yankee dryer 109,

Conversely, a plasticizer tends to be fully compatible with the creping aid.

The plasticizer of this invention, which forms a stable dispersion in water, is
compatible with the other components of the creping aid of this invention. The
plasticizer functions by reacting with the other components of the creping aid so as to
soften the coating formed on the surface of the Yankee dryer 109. The plasticizer of
this invention has a swelling ratio of at least 0.10 and a solubility parameter greater
than 20 MPA /2. Suitable plasticizers include propylene glycol, diethylene glycol,

triethylene glycol dipropylene glycol, glyeerol, and preferably ethylene giycol. A
preferred plasticizer, sold commercially as CREPETROL™ R 6390, is available from

Hercules Incorporated of Wilmington, Delaware,
. The creping aid of this invention may be printed, blown, puddled or preferably
sprayed onto the surface of the Yankee dryer 109 through the creping aid spray

boom shower 107. The film-forming semi-crystalline polymer, the non-thermosetting
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cationic resin and the optional plasticizer may all be applied together to the surface of
the Yankee dryer 109 or they may each be applied separately. Additionally, the non-
thermosetting cationic resin and the plasticizer may be applied together while the
polyvinyl alcohol is applied separately.

The non-thermosetting cationic resin of this invention has a total solids
content range of about 12% to 30% based on the dry weight of the resin and
comprises from about 5% to ‘90% of the creping aid based on the dry weight of the
resin relative to the dry weight of the creping aid. The polyvinyl alcohol 6f this
invention comprises from about 5% to .95% of the creping aid based on the dry
weight of the polyvinyl alcohol relative to the dry weight of the creping aid. The
optional plasticizer of this invention compnises from about 0.5% to 90% of the
creping aid based on the dry weight of the plasticizer relative to the dry weight of the
creping aid. The applicétion rate of the creping aid is about 0.25 to 7.0 pounds of
dry weight of the total applied creping aid per ton of dry fiber produced at the reel
119 of the paper machiquO.

In the p.referre‘d bpefation, a first aqueous papermaking furnish is pumped
through a top chamber 82 and a second aquecus papermaking furnish is pumped
through the bottom chamber 83. Each furnish is pumped out of the slice roof 84
onto the forming fabric 85 wherein the two furnishes combine to form a fibrous
structure 88 comprising a first layer 88a and a second layer 88b. The fibrous
structure 88 is dewatered on the forming fabric 85 assisted by the deflector 90 and
vacuum suction boxes 91.

The fibrous structure 88 is then transferred to the pre-drying section 106. As

the fibrous structure 88 enters the web transfer zone 93, it is transferred to the

foraminous carrier fabric 96 by the action of the vacuum transfer box 97. The

foraminous carrier fabric 96 carnies the fibrous structure 88 from the transfer zone

past the vacuum dewatering box 98 through the through-air dryers 100 and past a

turning roll 94,

Applying the Fibrous Structure to the Drying Surface
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The wéb is transferred from the foraminous carrier fabric 96 to the Yankee dryer 109
surface. At this point of transfer, the fibrous structure 88 has a consistency of
about 10% to 90%, preferably 45% to 75%, and more preferably 55% to 65%. The
web 1s secured to the surface of the Yankee dryer 109 by the pressure roll 102
assisted by the creping aid. The fibrous structure 88 is dried by the steam heated
Yankee dryer 109 and by hot air which is circulated through a drying hood 110.
Removing the Fibrous Structure from the Drying Surface

The fihrous structure 88 is removed from the surface of the Yankee dryer 109
preferably by creping it from the surface with a creping blade 111. The fibrous
structure 88 then passes between calender rolls 112 and 113 and is wound into a roll
116 on a core 117 disposed on a shaft 118.

The present invention is applicable to creped tissue paper in general and
includes but is not limited to conventionally wet pressed creped tissue paper, high
bulk pattern densified creped tissue paper and high bulk, uncompacted creped tissue

paper,

Example

A fibrous structure 88 was produced from pulp slurries comprising a first
layer 88a and a second layer 88b. The first layer 88a and second layer 88b
represented 40% and 60% respectively af the total fiber mix. The first layer 88a was
comprised of a blend of 75% Northern Softwood Kraft (NSK) and 25% broke. The
second layer 88b was comprised of 100% Eucalyptus. A wet strength resin,
KYMENE™ 557H, commercially available from Hercules Inc. of Wilmington,
Delaware, was added in equal amounts to both the NSK and the Eucalyptus pulps
with the total wet strength reéin addition ranging from about 12 to 18 pounds of wet

' strength resin (based on dry weight of the wet strength resin) per ton of the dry

weight of the fibrous structure 88 produced at the reel 119 of the paper machine 80.
A proprietary chemical softener was added to the Eucalyptus pulp just prior to the

paper machine 80 headbox 81 at an addition rate ranging from about 1 to 2 pounds of
chemical softener (based on active chemical softener) per ton of dry weight of the

fibrous structure 88 produced at the reel 119 of the paper machine 80.
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Carboxymethyl cellulose (CMC), sold as CMC *7MCT™, and commercially available
from Hercules Inc. of Wilmington, Delaware, was added to the NSK at an addition
rate ranging from ebout 3 to 4 pounds of CMC (based on the dry weight of CMC)
per ton of dry weight of the fibrous structure 88 produced at the reel 119 of the
paper machine 80. After forming in the forming section 87, the fibrous structure 88
was through-air dnied to a consistency of approximately 66% 1o 74% prior to transfer

to the Yankee dryer 109. The web was then dried, creped, calendered and wound
into a roll 116 at the reel 119 of the paper machine 80.

Referring to Table I, columns 1 and 2, six different creping aids were
evaluated on the paper machine 80. The first creping aid, comprised of 100%
polyvinyl alcohol (PVOH) and commercially supplied as ATRVOL™ 425, was applied
to the surface of the Yankee dryer 109 through the creping aid spray boom shower
107 at an application rate of 2.25 pounds of active creping aid per ton of dry weight
of the fibrous structure 88 produced at the reel 119 of the paper machine 80. The
second creping aid evaluated on the paper machine 80, compnsed of 70% AIRVQL
425 and 30% of a non-thermosetting cationic resin containing no secondary amines
commercially supplied as CREPETROL A 30235, was applied to the surface of the
Yankee dryer 109 through the creping aid spray boom shower 107 at an application
rate of 2.25 pounds of active creping aid per ton of dry weight of the fibrous
structure 88 produc.ed at the reel 119 of the paper machine 80, The third creping aid
evaluated on the paper machine 80, comprised of 60% AIRVOL 425 and 40%
CREPETROL A 3025, was applied to the surface of the Yankee dryer 109 through
the creping aid spray boom shower 107 at an application rate of 2.25 pounds of
active creping aid per ton of dry weight of the fibrous structure 88 produced at the
reel 119 of the paper machine 80. The fourth ¢reping aid evaluated on the paper
machine 80, comprised of 65% AIRVOL 425 and 35% CREPETROL A 3025, was
applied to the surface of the Yankee dryer 109 through the creping aid spray boom
shower 107 at an application rate of 2.25 pounds of active creping aid per ton of dry
weight of the fibrous structure 88 produced at the reel 119 of the paper machine 80.
The fifth creping aid evaluated on the paper machine 80, comprised of 65% AIRVOL
425 and 35% CREFETROL A 3025, was applied to the surface of the Yankee dryer
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109 thmugh the creping aid spray boom shower 107 at an application rate of 1.7
pounds of active creping aid per ton of dry weight of the fibrous structure 88
praoduced at the reel 119 of the paper machine 80. The sixth creping aid evaluated on
the paper machinc 80, comprised of 59% AIRVOL 428, 33% CREPETROL A 302S
>  and 8% of a plasticizer commercially supplied as CREPETROL R 6390, was applied
to the surface of the Yankee dryer 109 through the creping aid spray boom shower
107 at an application rate of 1.84 pounds of active creping aid per ton of dry weight
of the fibrous structure 88 produced at the reel 119 of the paper machine 80. For
cach of the six creping aids cvaluated, the percentage of each creping aid component
10 used was bascd on the total actives content of each component.

The first three creping aids evaluated represented screcning tests conducted in
order 10 study the impact of PVOH and CREPETROL A 3025 on creping blade
pickout holes. Crcping blade pickout holes, which refers to holes picked out of the
fibrous structure 88 by the creping blade 111, are casily recognized by one skilled in

15 the art, No quantitative evaluation of cleaning blade changes could be determined,
howcver, qualitative analysis indicated that as the amount of CREPETROL A 302§

was increased, crepe quality degraded. In the casc of creping aids 2 and 3. it WES
noted that the biend of PVOH and CREPETROL A 3025 increased the rate of
coating buildup on the surface of the Yankee dryer 109 thereby increasing the risk of

20  observing creping aid in the fibrous structure 88 at the reel 119 of the paper machine
80. Referring to creping aid 4, a 65% PVOH and 35% CREPETROL A 3025 was
chosen for further optimization as it appeared to minimize creping blade pickout

holes, extraneous creping aid in the fibrous structure 88. poor crepe quality as
measured by the occurrence of skipped crepe in the fibrous structure 88 and any

25  negative effects on the papermaking process resultant from frequent cleaning blade
114 changes.

Referring to columns 3 and 4 of Table 1, the average creping blade pickout
hole count and a qualitative evaluation of the amount of extraneous creping aid in the
fibrous structure 88 was determined for each creping aid evaluated. For this

30 analyses, a roll 116 of the fibrous structure 88 at the reel 119 of the paper machinc 80
was used. The samples of the fibrous structure 88 to be measured were divided into
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two equal sections in the cross machine direction, comprising a front or tending side
sample and a back or drive sidc sample. The two sections each 96 inches in width
and approximately 52.5 feet in length were graded separately. Each section was

further subdivided in the cross machine direction into four 24 inch sections. Utilizing

5 black foam core board as a base, a grading board with a defined mecasurcment arca
having the dimensions of 96 inches wide and 21 inches long was used. Each 24 inch

section of the two fibrous structure 88 samples was measured.
Each section was evaluated for the presence of creping blade pickout holes.
Holes that were 0.125 inches or larger in any dimension were counted and recorded.
10  Each section was also evaluated for the presence of extraneous creping aid in the
fibrous structure 88 as evidenced by glue streaks. For each roll 116 of the fibrous
structure 88 analyzed, the total number of holes counted for both the tending side
sample and the drive side sample were recorded. Additionally, for each roll 116 the

total number of sections containing gluc streaks was recorded. Based on these totals,
1S an average number for creping blade pickout hole count and extraneous creping aid
in the fibrous structure 88 was then calculated based on all the rolls 116 evaluated.

Referning to columns 3 and 4 of Table L “n” refers to the total number of rolls
evaluated and the number upon which the figures for the average creping blade
pickout hole count and extraneous creping aid in the fibrous sheet 88 was based for

20 each creping aid evaluated. For creping aids 1. 2. and 3. there was no data available
for extraneous creping aid in the fibrous sheet 88.

Referring to column 5 of Table 1, the number of cleaning biade 114 changes

over a 12 hour period was calculated for each creping aid evaluated. No data was
available for creping aids 1, 2, and 3.
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Cloaning Blade

Changes Pev 12
Hoars

Structare
100% PVOH
(2.25 voundaiton added)

e e N
neJ
n=40 40

=
Hole count= $3
n= 36 n=3>5

Avg. * 37.05

N e

n~ 60 n=- 60
Aveg= 2.%37
Hole count= 7.2
NOTES:!

5 1. During the evalustions of creping aids 1. 2, 3, 4, and 5, a foraminoua casricr fabric having & 31% kmmckle area wax milized on
the machine and a gyeping blagds was utilized which bad 2 11 degree hevel angie.
2. During the evaluation of creping a2id 6, a fornmineus carrier fabnie haviag a 35% koudkle arca was wiilized on the machuw.
Creping bladea having 21 degroe and 26 degres bevel angiss wors used on this machine guring the evaluation of creping aid 0.
The eflext of bevel angle was aetermined (o be minimal relative ta the crepmg sud formulation

30% CREPETROL A 30258
(2.23 pownda/ion addsd)

40% CREPETROL A 3025
(2.23 poundaion added)

35% CREPETROL A 3025
(2.23 poundsiton sdded)
63% PVOH
35% CREPETROL A 3025

(1.7 pounds/ton added)
59% PVOH

33% CREPETROL A 3025
% CREPETROL R 6390

(1.84 pounds/ton added)

10
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While particular embodiments of the present invention have been illustrated

and described, it would be obvious to those skilled in the art that various other
changes and modifications can be madc without departing from the spirit and scope

5 of the invention. It is therefore intended to cover in the appended claims all such

changes and modifications that are within the scope of this invention.
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WHAT IS CLAIMED IS:

1.

A method for producing paper products, said method comprising the steps of:

a)

b)

C)

d)

providing a fibrous structure;
providing a drying surface;

applying a creping aid directly or indirectly to said drying surface, at a
rate of 0.25 to 7.0 pounds of dry weight of the total applied creping and
per ton of dry fiber produced at a reel of a papermaking machine, and
whereby said creping aid comprising a polyvinyl alcohol having a
degree of hydrolysis of about 86% or greater and a non-thermosetting
cationic resin containing no secondary amines, and whereby said
polyvinyl alcohol comprises from 5% to 95% of the total creping aid
based on the dry weight of the polyvinyl alcohol relative to the dry
weight of the creping aid, said non-thermosetting cationic resin derived
from reacting a polyamide of a dicarboxylic acid and methyl bis(3-
aminopropyl)amine in aqueous solution with epichlorohydrin in a mole
ratio of between about 1:0.1 and about 1:0.33, and whereby said non-
thermosetting cationic resin comprises from 5% to 90% of the total
creping aid based on the dry weight of the resin relative to the dry
weight of the creping aid, and said non-thermosetting cationic resin has
a viscosity of 20 centipoise to 500 centipoise, a total solids content of

about 12% to 30% based on the dry weight of said non-thermosetting

cationic resin;

applying a fibrous structure to said drying surface whereby said

creping aid contacts both the fibrous structure and the drying surface;

and

removing said fibrous structure from said drying surface, whereby the

fibrous structure is removed from the drying surface by the creping.
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2. The method of Claim 1 wherein said fibrous structure has a first surface and a

second surface wherein said second surface contacts said drying surface, and wherein

said creping aid is applied directly to said second surface of said fibrous structure.

3. The method of Claim 1 wherein said step of applying said creping aid

comprises applying said creping aid directly to a forming tabric.

4. The method of claim 1 wherein said step of applying said creping aid

comprises applying said creping aid directly to a foraminous carrier fabric.

5. The method of claim 1 wherein said step of applying said creping aid

comprises applying said creping aid directly to a drying surface.
6. The method of Claim 1 wherein said drying surface 1s heated.

7. The method of Claim 1 wherein said creping aid further comprises a
plasticizer selected from the group consisting of ethylene glycol, propylene glycol,
diethylene glycol, triethylene glycol, dipropylene glycol and glycerol and wherein
said plasticizer comprises from about 0.5% to 90% of said creping aid based on the

dry weight of said plasticizer relative to the dry weight of the creping aid.

8. A creping aid composition, comprising: a polyvinyl alcohol having a degree of
hydrolysis of about 86% or greater, and whereby said polyvinyl alcohol comprises
from 5% to 95% of the total creping aid based on the dry weight of the polyvinyl
alcohol relative to the dry weight of the creping aid, and a non-thermosetting cationic
resin containing no secondary amines, said non-thermosetting cationic resin derived
from reacting a polyamide of a dicarboxylic acid and methyl bis(3-
aminopropyl)amine in aqueous solution with epichlorohydrin in a mole ratio of
between about 1:0.1 and about 1:0.33, and whereby said non-thermosetting cationic
resin comprises from 5% to 90% of the total creping aid based on the dry weight of
the resin relative to the dry weight of the creping aid.
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