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5 FIELD OF THE | NVENTI ON 10 This invention relates to tissue paper
webs. Mre paMaeuleadly, it relates to soft, absorbent tissue PEHfE$4RRESE
whi ch can be used in toweling, napkin, fackal tissue, and toilet tissue
products. BACKGROUND OF THE | NVENTI ON 15 Paper webs or sheets, sonetines
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FIELD OF THE INVENTION
10 This invention relates to tissue paper webs. More particularly, it relates to
soft, absorbent tissue paper webs which can be used in toweling, napkin, facial
tissue, and toilet tissue products. |
it
BACKGROUND OF THE INVENTION |
15

Paper webs or sheets, sometimes called lissue or paper tissue webs or
sheets, find extensive use in modern society. Such items as paper towels,
napkins, facial and toilet tissues are. staple items of commerce. It has long been -
recognized that three important physical attributes of these products are their

20 softness; their absorbency, particularly their absorbency for aqueous systems; and
their strength, parnticularly their strength when wet. Research and development
efforts have been directed to the improvement of each of these attributes without
seriously affecting the others as well as to the improvement of two or three
attributes simultaneously.

Y 25 Softness is the tactile sensation perceived by the consumer as he/she holds
a particular product, rubs it across his/her skin, or crumples it within his/her hand.
This tactile sensation is & combination of several physical properties. One of the
more important physical properties related to softness is generally considered by
those skilled in the art to be the stiffness of the paper web from which the product

30 is mada. Stiffness, in turn, is usually considered to be directly dependent on the
dry tensile strength of the web and the stifiness of the fibers which make up the
web.

Strength is the ability of the product, and its constituent webs, to maintain

physical integrity and to resist tearing, bursting, and shredding under use
385 conditions, particularly when wet.
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their strength, particularly their strength when wet. Research and
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under use 35 dlcsgtrl]SSB t?wear chgr%stry in 8e!uose ERem:sEry and Technology, Volume 13, at
pages 813-825 (1979). Freimark et al. in U.S. Pat. No. 3,755,220 issued August
10 28, 1973 mention that certain chemica! additives known as debonding agents
interfere with the natural fiber-to-fiber bonding that occurs during sheet formation
in papermaking processes. This reduction in bonding leads to a softer, or less
harsh, sheet of paper. Freimark et al. go on to teach the use of wet strength resins
to enhante the wet strength of the sheet in conjunction with the use of debonding
15 agents to off-set undesirable effects of the wet strength resin. These debonding
agents do reduce dry tensile strength, but there is also generally a reduction in wet
tensile strength.

Shaw, in U.S. Pat. No. 3,821,068, issued June 28, 1974, also teaches that

chemical debonders can be used to reduce the stitiness, and thus enhance the
20 softness, of a tissus paper web.

Chemical debonding agents have been disclosed in various references
such as U.S. Pat. No. 3,554,862, issued to Hervey et al. on January 12, 1971.
These materials include quaternary ammonium salts such as
trimethylcocoammonium chioride, trimethyloleylammonium chioride,

25 di(hydrogenated) tallow dimethyl ammonium chioride and trimethylsteary!
ammonium chioride.

Emanuelsson et al., in U.S. Pat. No. 4,144,122, issued March 13, 1978,
teach the use of complex quaternary ammonium compounds such as bis{alkoxy(2-
hydroxy)propylene) quaternary ammonium chlorides to soften webs. These

30 authors also attempt to overcome any decrease in absorbency caused by the
debonders through the use of nonionic surfactants such as ethylene oxide and
propylene oxide adducts of fatty alcohols.

Armak Company, of Chicago, lllinois, in their bulletin 76-17 (1977) disclose

~ that the use of dimethyl di(hydrogenated) tallow ammonium chloride in
35 combination with falty acid esters of polyoxyethylene glycols may impart both
softness and absorbency to lissue paper webs.
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2 Absorbency is the neasure of the ability of a product, and its

constituent webs, to absorb quantities of liquid. particularl h@gﬁ@ﬁgﬁ
sol utions or, Hbz?Pﬁﬁfi ons. Overall absorbency as perceived by

consuner is generally considered to be a gonbination of the total quantity
of liquid.a given mass of tissue paper will 5 absorb at saturation as well
as the rate at whi@ne exempiasy resyl i feseaieh dirgelpd toward impwves pader wabshgt h
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For example, Becker et al. u Et-’a 4,15 gsuede January 19,
1979, describe a method-they contend wull form a strong, soft, fibrous sheet. More
specifically, they teach that the strength of a tissue paper web (which may have
been softened by the addition of chemical debonding agents) can be enhanced by
10 adhering, during processing, one surface of the web to a creping surface in a fine
patterned arrangement by a bonding material (such as an acrylic latex rubber
emulsion, a water soluble resin, or an elastomeric bonding material) which has
been adhered to one surface of the web and to the creping surface in the fine
patterned arrangement, and creping the web irom the creping surface to form a
15 sheet material.

Conventional quaternary ammonium compounds such as the well known
dialkyl dimethy! ammonium salts (e.g. ditallow dimethyl ammonium chioride,
ditallow dimethyl ammonium methyl sulfate, di(hydrogenated) tallow dimethyl
ammonium chloride etc ...) are effective chemical debonding agents.

20 Unfortunately, these quaternary ammonium compounds are not biodegradable.
Applicant has discovered that biodegradable mono- and di-ester variations of
these quaternary ammonium salts also function effectively as chemical debonding
agents and enhance the softness of fibrous cellulose materials. '

it is an object of this invention to provide a soft, absorbent toilet tissue paper

25 products.

It is an object of this invention to provide a soft, absorbent facial tissue
paper products.

It is an object of this invention to provide soft, absorbent towel paper
products.

30 It is also a further object of this invention to provide a process for making
soft, absorbent tissue and towel paper products.

These and other objects are obtained using the present invention, as will
become readily apparent from a reading of the following disclosure.

35
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(a) aquaternized ester-amine compound having the formula

or

Q
\ /(CHz)z -C-Rs
/ N\ )
R2
9
R2 /(CHz)z- O0-C-Rs
N+ X
R2 (CHz)2-O-C-Rs
o]

wherein each Rz substituent is a C1 - Cs alkyl or hydroxyalkyl
group, or mixture thereof; each Ry substituent is a C14 - C22

hydrocarby! group, or mixture thereof; each Rj subtituent is a

C12-C20 hydrocarbyl group, or mixture thereof; and X" is a
compatible anion; and

(b) a polyhydroxy compound selected from the group consisting of
glycerol, and polyethylene glycols and polypropylene glycols
having a weight average molecular weight from about 200 to 4000;
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5 atemperature of at least 50°C.

Preferably, the mixture of the quaternized ester-amine and the
polyhydroxy compound is diluted with a liquid carrier 1o a concentration of from
about 0.01% 10 about 25.0% by weight of the chemical softening composition
before being added to the fibrous cellulose material. Preferably, the temperature

10  of the liquid carrier ranges from about 40 °C to about 80 °C and the pH is less than
about 4. Preferably, at least 20% of the polyhydroxy compound and the

quaternized ester-amine compound added to the fibrous cellulose are retained.

Examples of preterred quaternized ester-amine compounds suitable for use
15 in the present invention include compounds having the formulas:

(CHa)z - N* - CHCHz - O - € - Crghsa x-
. C1gHaz
20
and
(‘)'
(CH3)2 - N* - (CH2CHz - O - C - CygHaz3)2 X
25

These compounds can be considered {0 be mono and diester variations of the
well-known dialkyldimethylammonium salts such as diester ditallow dimethyl
ammonium chloride, monoester ditallow dimethyl ammonium chloride, diester

30 di{hydrogenated)tallow dimethyl ammonium methylsultate, diester
di(thydrogenated)taliow dimethy! ammonium chloride, monoester
di(hydrogenated)tallow dimethyl ammonium chloride, with the diester variations of
di(lnon hydrogenated)taliow dimethyl ammonium chloride, di(touch
hydrogenated)tallow dimethyl ammonium chloride and di(hydrogenated)taliow

35 dimethyl ammonium chloride being preferred. Depending upon the product
characteristic requirements, the saturation level of the ditallow can be tailored from
non hydrogenated (soft) to touch, partial or complete hydrogenation (hard).
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described in U S. Pat. No. 3,301, 746, issued to Sanford and Si sson on
January 31, 1967. Despite the high quality of paper webs nadep&¥u§9ﬂlﬁ0551
process deschwdegherds t his patent, and despite the commercial success of
products fornmed fromthese 5 webs, researgh efforts directed to finding

| nproved products h continued. [For exanple, .Becker et al. in U S Pat.
No. 4,158, 594, issug&'e‘!}%lﬂg%%"sﬂltl%{"dPﬁ'@e,°%éng'éﬁﬁeb%"“—§ﬂﬁé&‘ﬁs(ﬁs SPRF(RRIRNGS | |
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during processi figreteyl@amyuenig@ehemicaheoiReB8s:0 a creping surface in a fine

patterned argangenengxdmplas BogiyHyaroxgicempalindsusdiulas trnprasént invention Melude
rubber enul si on
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in the fine pat fremnabut2p8 e abeutt4000With: pelyetylenaglyools having a weight average
surface to formuée‘éxarslw@ oféAabBlt 20008\4biolit 60tPbeifiy BFeté@d.y anmoni um
compounds such as hE p\gﬁucular{}o;;’\rgferred tissue paper embodiment of the present invention
10 comprises from about 0.03% to about 0.5% by weight of the mixture of quaternizéd
ester-amine compound and the polyhydroxy compound.
Briefly, the process for making the tissue webs of the present invention
comprises the steps of formation is a papermaking furnish from the
aforementioned components, deposition of the papermaking furnish onto a
15 foraminous surface such as a Fourdrinier wire, and removal of the water from the
deposited furnish. .
All percentages, ratios and proportions herein are by weight unless
otherwise specified.

20 BRIEF DESCRIPTION OF THE DRAWINGS

While the Specification concludes with claims particularly pointing out and
and distinctly claiming the present invention. it is believed the invention is better
understood from the following description taken in conjunction with the associated

25 drawings, in which:
.Figure 1 is a phase diagram of DODMAMS and DHTDMAMS.
Figure 2 is a phase diagram of DODMAMS and PEG-400 system.
Figure 3 is a phase diagram of PEG-400/methyl octanoate system.
Figure 4 is a phase diagram of DEDTDMAC and PEG-400 system.
30 Figure 5 is a phase diagram of DEDHTOMAC and PEG-400 system.
Figure 6 is a cryo-transmission micro-photograph taken at X 63,000 of the
vesicle dispersion of a 1 : 1 by weight ratio of a diester ditallow dimethy!
ammonium chloride and PEG-400 system.
Figure 7 is a cryo-transmission micro-photograph taken at X 63,000 of the
35 vesicle dispersion of a 1 : 1 by weight ratio of a diester ditallow dimethyl
ammonium chloride and glycero! system.
Figure 8 is a cryo-transmission micro-photograph taken at X 66,000 of the
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di al kyl dinmethyl ammoniumsalts (e.g. ditallow di methyl ammoni um chl ori de,
ditall ow di net hyl ammoni um net hyl sul fate, di (hydrogenated) tallow dinethyl
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Unfortunately, these quaternary anmoni um conpounds are not bi odegradabl e.
Appl i cant has di scovered that biodegradabl?2 nono- and di-ester variations

f th terna gl f m cal
debond ng ‘agent s seal-nienstaoR Bl Hucifiviel B S RiG dBdodinded oI
I't is an object ofallom 9”??10@?&’?’89(“9@ ohiasige AndPEG400 systam.bent toi | et
ti ssue paper 25 products. I's an object of this invention to provide a

nvent fon Lo pEREEN H@ﬁ%&%@‘?é’#mﬁmﬁéﬁbs'ﬁas'ﬁﬂc?? "0 " s
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While this specification concludes with claims particularly pointing out and
distinctly claiming the subject matter regarded as the invention, it is believed that

10 the invention can be better understood from a reading of the following detailed
description and of the appended examples.

As used herein, the terms tissue paper web, paper web, web, paper sheet
and paper product all refer to sheets of paper made by a process comprising the
steps of forming an aqueous papermaking furnish, depositing this furnish on a

15 foraminous surface, such as a Fourdrinier wire, and removing the water from the
furnish as by gravity or vacuum-assisted drainage, with or without pressing, and by
evaporation. .

As used hersin, an aqueous papermaking furnish is an aqueous slurry of
papermaking fibers and the chemicals described hereinatter.

20 The first step in the process of this invention is the forming of an aqueous
papermaking furnish. The furnish comprises papermaking fibers (hereinafter
sometimes referred 1o as wood pulp), and a mixture of at least one quaternized
ester-amine compound and at least one polyhydroxy compound, all of which will
be hereinafter described.

25 It is anticipated that wood pulp in all its varieties will normally comprise the
papermaking fibers used in this invention. However, other cellulose fibrous pulps,
such as cotton liners, bagasse, rayon, etc., can be used and none are disclaimed.
Wood pulps useful herein include chemical pulps such as Kraft, sulfite and sulfate
pulps as well as mechanical pulps including for example, ground wood,

30 thermomechanical pulps and chemically modified thermomechanical pulp (CTMP).
Pulps derived from both deciduous and coniferous trees can be used. Also
applicable to the present invention are fibers derived from recycled paper, which
may contain any or all of the above categories as well as other non-fibrous
materials such as fillers and adhesives used to facilitate the original papermaking.

35 Preferably, the papermaking fibers used in this invention comprise Kraft pulp
derived from northern softwoods.

This Sheet Has Been Replac

LT




These and other objects are obtained using the present invention, as wll
becore readily apparent froma reading of the follow ng disclosure. 35
SUMVARY OF TMED $4MENTI ON The present invention provides soft,PCAHSSHPEM

paper product. Briefly, the paper productacorrprl se a sheet of cel | ul ose
material and from about 0.005%to 5 abo 5% by wei ght of the fibrous

cel | ul ose mat @ibabgridadidChgRLEH Sotlener Compumsitions t eni ng conposi tion
fC ggpmrji Z' Fgr ?] mlét Unfe%presb A inveflticH EbMiafisdad ShCesMiaP c6MPBRMASIA At t he
0.005% to about 5%, more preferably from about 0.03% to 0.5% by weight, on a
dry fiber basis of a mixiure of a quaternized ester-amine compound and a
5 polyhydroxy compound. The ratio of the quaternized ester-amine compound to the
polyhydroxy compound ranges from about 1 :0.1 t0 0.1 : 1; preferably, the weight
ratio of the quaternized ester-amine compound to the polyhydroxy compound is .
about 1 : 0.3t0 0.3 : 1; more preferably, the weight ratio of the quaternized ester-
amine compound to the polyhydroxy compound is about 1 :0.7 t0 0.7 : 1
10  although this ratio will vary depending upon the molecular weight of the particular
polyhdroxy compound and/or quaternized ester-amine compound used.
‘Each of these types of compounds will be described in detail below.
A. Quaternized Ester-Amine Compound
The chemical softening composition contains as an essential component a
15 quaternized ester-amine compound having the formula :

(CHz2)2-0-C-Ra

20 \ / X
/ \
Rz

or

25
R2 (CHz)2- O - C - Ra
N\ y

N+ X

(CHzlz- O-C - Rg

(o)

In the structures named above each Ry is a C14-C22 hydrocarbyl group, preferably
35 tallow Cqg- C1g alkyl; Rz is a C1 - Cs alkyl or hydroxyalkyl group, preferably C1-C3
alkyl; R is C12-C20 hydrocarbyl group, preferably C14-C16 alkyl, X" is a compatible
anion, such as an halide {(e.g. chloride or bromide) or methy! sulfate. As discussed

This Sheet Has Been Replaced




wherein each R err] substituent is a Cferr]- ([err]al kyl or hydroxyal kyl
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carbon atoms. Typically, half of the fatty acids present in tallow are unsaturated,
primarily in the form of oleic acid. Synthetic as well as natural “tallows" fall within
the scope of the present invention. It is also known that depending upon the
product characteristic requirements, the saturation level of the ditallow can be
tailored from non hydrogenated (soft) to touch, partial or complete hydrogenataon
(hard).

It will be understood that substituents Ry, R2, R3 may optionally be
substituted with various groups such as alkoxyl, hydroxyl, or can be branched, but
such materials are not preferred herein. Preferably, each Ry is C16-C18 alkyl, most
preferably each Rs is straight-chain C18 alkyl. Preferably, each Rz is methyl.
Preferably R is C14-C16 alkyl, most preferably Rj is straight chain C16 alkyl and
X- is chloride or methy! sulfate.

Specific examples of quaternized ester-amine compounds having the
structures named above and suitable for use in the present invention include the
well-known diester dialkyl dimethyl ammonium salts such as diester ditaliow
dimethyl ammonium chloride, monoester ditallow dimethyl ammonium chloride,
diester ditallow dimethyl ammonium methyl sulfate, diester di(hydrogenatedjtaliow
dimethyl ammonium methy! sulfate, diester di(hydrogenated)taliow dimethyi
ammonium chloride. Diester ditallow dimethyl ammonium chloride and diester
di(hydrogenated)jtaliow dimethyl ammonium chloride are particularly preferred.
These particular materials are available commercially from Sherex Chemical
Company Inc. of Dublin, Ohio under the tradename  “ADOGEN DDMC R ",

Di-quat variations of the quaternized ester-amine compound can also be
used, and are meant to fall within the scope of the present invention. These
compounds have the formula:

o (Ra2)2 (R2)2 o)

R3-C-0-(CHg)2- Nt- (CHz)2- N* - (CH2)2-O0-C-R3 2X

In the structure named above each Rz is a C1 - Cé alkyl or hydroalkyl group, Rj is
C12-C20 hydrocarby! group, X" is a compatible anion, such as an halide (e.g.,
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Examples of polyhydroxy compounds useful in the present invention include
glycerol, and polyethylene glycols and polypropylene glycols having a weight
average molecular weight of from about 200 to about 4000, preferably from about
200 to about 1000, most preferably from about 200 to about 600. Polyethylene

10 glycols having an weight average molecular weight of from about 200 to about 600
are especially preferred. :

A particularly preferred polyhydroxy compound is polyethylene glycol having
an weight average molecular weight of about 400. This material is available
commercially from the Union Carbide Company of Danbury, Connecticut under the

15 tradename “PEG-400".

The chemical softening composition described above i.e. mixture of a
quaternized ester-amine compounds and a polyhydroxy compound are preferably
added to the aqueous slurry of papermaking fibers, or furnish, in the wet end of the

20 papermaking machine at some suitable point ahead of the Fourdrinier wire or- -
sheet forming stage. However, applications of the above described chemical
chemical softening composition subsequent to formation of a wet tissue web and
prior to drying of the web to completion will also provide significant sofiness,
absorbency, and wet strength benefits and are expressly included within the scope

25 of the present invention.

It has been discovered that the chemical softening composition Is more
effective when the quaternized ester-amine compound and the polyhydroxy
compound are first pre-mixed together before being added to the papermaking
furnish. A preferred method, as will be described in greater detail hereinafter in

30 Example 1, consists of first heating the polyhydroxy compound to a temperature of
about 66 °C (150°F), and then adding the quaternized ester-amine compound to
the hot polyhydroxy compound to form a fluidized "melt”. The weight ratio of the
quaternized ester-amine compound to the polyhydroxy compound ranges from
about 1 : 0.1 to 0.1: 1; preferably, the weight ratio of the quaternized ester-amine

35 compound to the compound is about 1 : 0.3 10 0.3 : 1; more preferably, the weight
ratio of the quaternized ester-amine compound to the compound is about 1 : 0.7
t0 0.7 : 1, although this ratio will vary depending upon the molecular weight of the
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wel | - known di al kyl di nmet hyl ammoni um salts such as diester ditallow di nethyl
anmmoni um chl ori de, nonoester ditall ow di methyl amonium chloride, diester
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Preferably, the mixture of the quatermzed ester-amine compound and polyhdroxy
compound is diluted with a liquid carrier such as water to a concentration of from
about 0.01% to about 25% by weight of the softening composition before being
added to the papermaking furnish. The pH of the liquid carrier preferably ranges
10 from 2 to 4. The temperature of the liquid carrier preferably ranges from about 40
°C to about 80 °C. The mixture of the qualernized ester-amine compound and the
polyhdroxy compound are present as particles dispersed in the liquid carrier. The
average particle size preferably ranges from about 0.01 to 10 microns, most
preferably from about 0.1 to about 1.0 micron.  As shown in Figures 6 - 8, the
15 dispersed particles are in the form of vesicle particles.

The quaternized ester-amine compound and the polyhdroxy compound are
mixed at an elevated temperature of at least 50 °C , more preferably from about
50 °C to about 100 °C. Without wishing to be bound by theory, it is believed at the
preferred temperature range, that both Diester Ditallow Dimethyl Ammonium

20 Chloride (DEDTDMAC) and Diester Di(hydrogenated)jtaliow Dimethyl Ammonium
Chloride {DEDHTDMAC) are in a liquid phase and are miscible with the
polyhdroxy compound. The physical states of Di{hydrogenated) tallow Dimethyl
Ammonium Methyl sulfate (DHTDMAMS) will be discussed in greater detail
hereinafter.

25 The papermaking furnish can be readily formed or prepared by mixing
techniques and equipment well known to those skilled in the papermaking art.

It has unexpectedly been found that the adsorption of the polyhydroxy
compound onto paper is significantly enhanced when it is premixed with the
quaternized ester-amine compound before being added to the paper. In fact, at

30 least 20% of the polyhydroxy compound and the quaternized. ester-amine
compound added fo the fibrous cellulose are retained; and preferably, the retention
level of quatemized ester-amine compound and the polyhydroxy compound is from
about 50% to about 90% by weight of the dry fibers.

importantly, adsorption occurs at a concentration and within a time frame

35 that are practical for use during paper making. In an effort to better understand the |
surprisingly high retention rate of polyhydroxy compound onto the paper, the
physical science of the meited solution and the aqueous dispersion of a
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bi odegradability to these conmpounds. Inportantly, the quaternized
ester-am ne conpounds used herein biodegrade nore rapidly t GRN@ei | onal
di al kyl di ng¢dnydneamoni um chemical softeners. 5 Exanpl es of
pol yhydr oxy conpounds useful in the prese® invention include glycerol and
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st eps of forrrgéé%n I s a papernmaking furnish fromthe aforenentioned \
conponents, d ition of the papermaking furnish onto a 15 foraninous

surface such as anfgmationren:thenphysicalnsiateceiol HIr DMAMSE Di(hydeagenatad)Tallow
deposited furdiméthyl Ammonium Methy!l Sulfate, (Cy7H3s)oN+(CH3)2,CH30S05) -

DODMAMS (DiOctadecy! Dimethyl Ammonium Methyl Sulfate,

10 (C4gHa7)aN*(CH3)2,CH30S047); DEDTDMAC ((Diester Ditallow Dimethyl
Ammonium Chloride, (CH3)2N+(CH2CH20C0C1gH33)2.Cl") and DEDHTDMAC
(Diester Di(hydrogenated) Tallow Dimethyl Ammonium Chloride) is provided by X-
ray and NMR data on the commercial mixture. DODMAMS is a major component
of DHTDMAMS, and serves as a model compound for the commercial mixture. It

15 is useful to consider first the simpler DODMAMS system, and then the more
complex commercial DHTDMAMS mixture.

Depending on the temperature, DODMAMS may exist in any of four phase
states (Figure 1): two polymorphic crystals (XP and X%), a lamellar (Lam) liquid-
crystal, or a liquid phase. The xB crystal exists from below room temperature 1o

20 47 °C. At this temperature it is transformed into the polymorphic X@ crystal, which
at 72 °C is transformed into the Lam liquid crystal phase. This phase, in turn, is
transformed into an isotropic liquid at 150 °C. A lamellar (Lam) liquid-crystal
phase does also exist in both DEDTDMAC and DEDHTDMAC compounds.
DHTDMAMS is expected to resemble DODMAMS in its physical behavior, except

25 that the temperatures of the phase transitions will be lowered and broadened. For
example, the transition from the XPto the X® crystal occurs at 27 °C in
DHTDMAMS instead of 47 °C as in DODMAMS. Also, calorimetric data indicate
that several crystal --->Lam phase transitions occur in DHTDMAMS rather than
one as in DODMAMS. The onset temperature of the highest of these transitions

30 is 56 °C, in good agreement with the X-ray data, but calorimetry displays two
peaks with onset temperatures of 59 and 63 °C.

DODMAC (DiOctadecy! Dimethyl Ammonium Chioride) displays qualitatively
different behavior from DODMAMS and in that the Lam liquid crystal phase does
not exist in this compound. This difference, however, is believed not to be

35 important to the use of this compound (or its commercial analog DHTDMAC) in the
treatment of paper. {Laughlin et al., Journal of Physical Chemistry, Physlcal
Science of the Dloctadecyldimethylammonium Chloride-Water System. 1.
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Al percentages, ratios and proportions herein are by wei ght unless

ot herwi se specified. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS
Wil e the Spec¥Pi%dtibn concludes with clainms particularly poi REFH§EESIand
and-distinctly claimng the present i nventé it is believed the invention
IS better understood fromthe follow ng de cri ption taken in conjunction

wi th the assocEquiibritim Phazei Beisavior 1990ciolufe §d4r pades 3546-2588 enclirporateth of

DODVAMS and %’\E, 2 is a phase di agram of DODMAMS and PEG 400
system Fi gu?e_% 'S a'eEé{gHégdl agram of PEG 400/ met hyl octanoate system

Figure 4 is a piddutesio @HJQMAM 400 PEG 400 system 30 Fi gure
5is ? phase di agr agef whig W%r@ne oPtesé Wo ﬁ'éé%?érfé'lﬁ :s@uwé@ aﬁ\d' é‘ Féusmle
GO e ol o b asabaavies P eles 4 S0 Sled i Aidiiecd in i
ammoni um chl or duagram@m apgdREGare shown to be immiscible at high temperatures.
where they coexist as two liquid phases. As mixtures of the two liquids within this
region are cooled, a Lam phase separates from the mixture. This study therefore
shows that these two materials while immiscible at high temperatures do become
10 miscible at lower temperatures within the Lam liquid crystal phase. At still lower
temperatures crystal phases are expected to separate from the Lam phase, and
the compounds are again immiscible. .
These studies therefore suggest that in order to form good dispersions of
DHTDMAMS and PEG -400 in water, the premix that is diluted with water should
15 Dbe held within the intermediate temperature range where the two compounds are
miscible.
Mixtures of DHTDMAC with PEG 400.
Phase studies ot these two materials using the step-wise dilution method
demonstrate that their physical behavior is considerably different from that of
20 DHTDMAMS. No liquid crystal phases are found. These compounds are miscible
over a wide range of temperatures, which indicates that dispersions may be
prepared from these mixtures over a comparable range of temperatures. No upper
temperature limit of miscibility exists. '
Mixtures of DEDTDMAC with PEG 400.
25 Phase studies (Figure 4) of these two materials using the step-wise dilution
method demonstrate that their physical behavior is similar from that of
DHTDMAC. These compounds are miscible over a wide range of temperatures (>
50 °C), which indicates that dispersions may be prepared from these mixtures
over a comparable range of temperatures. No upper temperature limit of miscibility
30 exists.
Mixtures of DEDHTDMAC with PEG 400,
Phase studies {Figure 5) of these two materials using the step-wise dilution
method demonstrate that their physical behavior is similar from that of
DHTDMAC. These compounds are miscible over a wide range of temperatures (>
35 67 °C), which indicates that dispersions may be prepared from these mixtures
over a comparable range of temperatures. No upper temperature limit of miscibility
exists.
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Figure 7 is a cryo-transm ssion mcro-photograph taken at X 63,000 of the

35 vesicl e di sgersion of a 1: 1 by weight ratio of a diester ditallow
di net hyl anmoWPM{1€M¥Pori de and gl ycerol system Figure 8 is aFCT/US40055T
cryo-transm ssion m cro-phot ograph taken X 66, 000 of the 7 vesicle

di spersion of a 1: 1 by weight ratio of a diester di(hydrogenated) tallow
di net hyl ammonPrepatatien btidispedsIPES- 400 system The present invention is
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~believed that quaternary ammonium salt are miscible, with water. t does not matter greatly
5 whether they are miscible within a liquid crystalline phase (as in the case of
DHTDOMAMS]), or in a liquid phase (as in the case of DHTDMAC). Neither
DHTDMAMS nor DHTDMAC are soluble in water, so the dilution of either dry
phase with water will precipitate the qualernary ammonium compound as small
particles. Both quaternary ammonium compounds will precipitate at elevated

10 temperatures as a liquid-crystal phase in dilute aqueous solutions, regardiess of
whether the dry solution was liquid or liquid crystalline. The polyhydroxy
compound is soluble with water in all proportions, so it is not precipitated.

Cryoelectron microscopy demonstrates that the particles present are about
0.1 to 1.0-micrometers in size, and highly varied in structure. Some are sheets

15 (curved or flat), while others are closed vesicles. The membranes of all these
particles are bilayers of molecular dimensions in which the head groups are
exposed to water, the tails are together. The PEG is presumed to be associated
with these particles. The application of dispersions prepared in this manner to
paper results in attachment of the quaternary ammonium ion to the paper, strongly

20 promotes the adsorption of the polyhydroxy compound onto paper, and produces
the desired modification of softness and retention of wettability.

State of the dispersions.
When the above described dispersions are cooled, the partial crystaliization
of the material within the colloidal particles may occur. However, it is likely that the

25 attainment of the equilibrium state will require a long time (perhaps months), so
that a disordered particle whose membranes are either a liquid crystal or a
disordered crystal phase is interacting with the paper. Preferably, the chemical
softening compositions described herein are used before the equilibrium state has
been attained.

30 It is believed that the vesicles containing DHTDMAMS and PEG break apart
upon drying of the fibrous celiulosic material. Once the vesicle is broken, the
majority of the PEG component penetrates into the interior of the cellulose fibers
where it enhances the fiber flexibility. Impontantly, some of the PEG is retained on
the surface of the fiber where it acts to enhance the absorbency rate of the

35 cellulose fibers. Due to ionic interaction, the cationic portion of the DHTDMAMS
component stays on the surface of the cellulose fiber where it enhances the
surface feel and softness of the paper product.
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10 the invention can be better understood froma reading of the follow ng
detail ed description and of the appended exanples. As used herein, the
terns tissue MHUPBYI6MIDL, paper web, web, paper sheet and paper ROTSUIS100551 |
refer to sheets of paper made by a process,conprising the steps of forning
an aqueous papermaki ng furnish, depositingthis furnish on a 15 foram nous
surface, such as a Fourdrinier wire, and renoving the water fromthe

furnish as by gravigyg Sbedt Et‘éﬁ}si"i\sﬁbaﬁrﬁgeéy &f {?\?sgﬁveﬂi’lotnms%evﬂefﬂagiﬁhg of the
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gteslc(rafizte done PfHe/ PasHrvaKing UMD OPrefered tissi¥ pahér@mbidimen?® o tHeGiraddrt¢hvention

' contain from about 0.005% to about 5.0%, more preferably from about 0.03% to
0.5% by weight, on a dry fiber basis of the chemical softening composition

10  described herein.

The present invention is applicable to tissue paper in general, including but
not limited to conventionally felt-pressed tissue paper; pattern densified tissue
paper such as exemplified in the aforementioned U.S. Patent by Sanford-Sisson
and its progeny; and high bulk, uncompacted tissue paper such as exemplified by

18 U.S. Patent 3,812,000, Salvucci, Jr., issued May 21, 1874. The tissue paper may
be of a homogenous or multilayered construction; and tissue paper products made
\ therefrom may be of a single-ply or multi-ply construction. Tissue structures
\ formed from layered paper webs are described in U.S. Patent 3,994,771, Morgan,
. Jr. et al. issued November 30, 1976, and incorporated herein by reference. in
20 general, a wet-laid composite, soft, bulky and absorbent paper structure is
prepared from two or more layers of furnish which are preferably comprised of
different fiber types. The layers are preferably formed from the deposition of
separate streams of dilute fiber slurries, the fibers typically being relatively long
softwood and relatively shont hardwood fibers as used in tissue papermaking, upon
25 one or more endless foraminous screens. The layers are subsequently combined
to form a layered composite web. The layer web is subsequently caused to
conform to the surface of an open mesh drying/imprinting fabric by the application
of a fluid to force to the web and thereafter thermally predried on said fabric as part
of a low density papermaking process. The layered web may be stratified with
30 respect to fiber type or the fiber content of the respective layers may be essentially
the same. The tissue paper preferably hasa basis weight of between 10 g/m2 and
about 65 g/m, and density of about 0.60 g/cc or less. Preferably, basis weight will
be below about 35 g/m2 or less; and density will be about 0.30 g/cc or less. Most
preferably, density will be between 0.04 g/cc and about 0.20 g/cc.
35 Conventionally pressed tissue paper and methods for making such paper
are known in the art. Such paper is typically made by depositing papermaking
turnish on a foraminous forming wire. This forming wire is often referred to in the
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25 It is anticipated that wood pulp in all its varieties wll

normal |y conprise the papernaking fibers used in this inventi ,‘Gg r,
ot her cel | ul o¥® $¥/¥M8us pul ps, such as cotton liners, bagasse?’&ra Ar/l@ggltc. ,

can be used and none are disclainmed. Wod qgul ps useful herein include
chemi cal -pul ps such as Kraft, sulfite and sulfate pulps as well as |
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_ pl? | , ( invent i on
conprise Kraft headboxdite\headpaxhasait PRERIAY l‘%fqewt%'éiﬂ a thin deposit of pulp furnish

onto the Fourdrinier wire to form a wet web. The web is then typically dewatered to
a fiber consistency of between about 7% and about 25% (total web weight basis)
by vacuum dewatering and further dried by pressing operations wherein the web is

10  subjected to pressure developed by opposing mechanical members, for example,
cylindrical rolls.

The dewatered web is then funther pressed and dried by a stream drum
apparatus known in the ant as a Yankee dryer. Pressure can be developed at the
Yankee dryer by mechanical means such as an opposing cylindrical drum pressing

15 against the web. Vacuum may also be applied to the web as it is pressed against
the Yankee surface. Multiple Yankee dryer drums may be employed, whereby
additional pressing is optionally incurred between the drums. The tissue paper
structures which are formed are referred to hereinafter as conventional, pressed,
tissue paper structures. Such sheets are considered to be compacted since the

20 waeb is subjected to substantial overall mechanical compressional forces while the
fibers are moist and are then dried (and optionally creped) while in a compressed
state.

Pattern densified tissue paper is characterized by having a relatively high
bulk field of refatively low fiber density and an array of densified zones of relatively

25 high fiber density. The high bulk field is alternatively characterized as a field of
pillow regions. The densified zones are alternatively referred to as knuckle regions.
The densified zones may be discretely spaced within the high bulk field or may be
interconnected, either fully or partially, within the high bulk field. Preferred
processes for making pattern densified tissue webs are disclosed in U.S. Patent

30 No. 3,301,746, issued to Sanford and Sisson on January 31, 1967, U.S. Patent
Ho. 3,974,025, issued to Peter G. Ayers on August 10, 1976, and U.S. Patent No.
4,191,609, issued to Paul D. Trokhan on March 4, 1980, and U.S. Patent
4,637,859, issued to Paul D. Trokhan on January 20, 1987; all of which are
incorporated herein by reference.

35 In general, pattern densified webs are preferably prepared by depositing a
papermaking furnish on a foraminous forming wire such as a Fourdrinier wire to
form a wet web and then juxtaposing the web against an array of supports. The
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Bi odegr adabl e Chem cal Softener Conpositions The present invention contains
as an essential conponent from about 0.005%to about 5% nore preferably
from about 0.¥99#814®. 506 by weight, on a dry fiber basis of aPRTAUSHWSHYF 2
guat er ni zed ester-am ne conpound and a 5 polyhydroxy conpound. The ratio
of the quaternized ester-am ne conpound td7t he pol yhydr oxy conpound ranges
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: such a manner so as to substantially avoid compression of the high bulk field. This
is preferably accomplished by fluid pressure, such as with @ vacuum type device or
10  blow-through dryer, or alternately by mechanically pressing the web against an
array of supports wherein the high bulk field is not compressed. The operations of
dewalering, optional predrying and formation of the densified zones may be
integrated or partially integrated to reduce the total number of processing steps
performed. Subsequent to formation of the densified zones, dewatering, and
15 oplional predrying, the web is dried to completion, preferably still avoiding
mechanical pressing. Preferably, from about 8% to about 55% of the tissue paper
surface comprises densified knuckles having a relative density of at least 125% of
the density of the high bulk field.
The array of supports is preferably an imprinting carrier fabric having a
20 patterned displacement of knuckles which operate as the array of supports which
facilitate the formation of the densified zones upon application of pressure. The
pattern of knuckles constitutes the array of supports previously referred to.
Imprinting carrier fabrics are disclosed in U.S. Patent No. 3,301,746, Sanford and
Sisson, issued January 31, 1967, U.S. Patent No. 3,821,068, Salvucdi, Jr. et al .,
25 issued May 21, 1974, U.S. Patent No. 3,974,025, Ayers, issued August 10, 1976,
U.S. Patent No. 3,573,164, Friedberg et al ., issued March 30, 1971, U.S. Patent
- No. 3,473,576, Amneus, issued October 21, 1969, U.S. Patent No. 4,239,065,
Trokhan, issued December 16, 1980, and U.S. Patent Ho. 4,528,239, Trokhan,
issued July 9, 1985, all of which are incorporated herein by reference.
30 Preferably, the furnish is first formed into a wet web on a foraminous
forming carrier, such as a Fourdrinier wire. The web is dewatered and transferred
to an imprinting fabric. The furnish may alternately be initially deposited on a
foraminous supporting carrier which also operates as an imprinting fabric. Once
formed, the wet web is dewatered and, preferably, thermally predried to a selected
35 fiber consistency of between about 40% and about 80%. Dewatering can be
performed with suction boxes or other vacuum devices or with blow-through
dryers. The knuckle imprint of the imprinting fabric is impressed in the web as
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Le(rjr] Inbtlhe structures nanmed above each Rerr] is a (Jerr]-Cerr]

ydr ocar by roup, preferably 35 tallow (Jerr] - (Jerr] alkyf. Is a
derr] - C[eg'\“_?"’g}‘ll& or hydroxyal kyl group, preferably qerrfqré%rﬁ{p?gﬂ
alkyl; Rerr] is (err]-(err] hydrocarbyLl group, preferably (err]-(err]
alkyl. Xferr] Is a conpatible anion, such gs an halide (e.g. chloride or
broni de) or megiRrlissed faiore, prodits drgingdthe web Sovwompl&ion.i OnBaimedlyods for
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It is also knoup,Jad wifiP£Rgktih UBGRe €N as a suction box, or with a blow-through
dryer. Fluid pressure may be applied to induce impression of densified zones
during initial dewatering, in a separate, subsequent process stage, or.a
10 combination thereof. )
Uncompacted, nonpattern-densified tissue paper structures are described in
U.S. Patent No. 3,812,000 issued to Joseph L. Salvucci, Jr. and Peter N. Yiannos
on May 21, 1974 and U.S. Patent No. 4,208,458, issued to Henry E. Becker, Albert
L. McConnell, and Richard Schutte on June 17, 1980, both of which are
15 incorporated herein by reference. In general, uncompacted, non pattern densified
tissue paper structures are prepared by depositing a papermaking furnish on a
foraminous forming wire such as a Fourdrinier wire 1o form a wet web, draining the
web and removing additional water without mechanical compression until the web
has a fiber consistency of at least 80%, and creping the web. Water is removed
20 from the web by vacuum dewatering and thermal drying. The resulting structure is
a soft but weak high bulk sheet of relatively uncompacted fibers. Bonding material
is preferably applied to portions of the web prior to creping. _ '
Compacted non-pattern-densified tissue structures are commonly known in
the art as conventional tissue structures. In general, compacted, non-pattern-
25 densified tissue paper structures are prepared by depositing a papermaking
furnish on a foraminous wire such as a Fourdrinier wire to form a wet web, draining
the web and removing additional water with the aid of a uniform mechanical
compaction (pressing) until the web has a consistency of 25-50%, transferring the
web 1o a thermal dryer such as a Yankee and creping the web. Overall, water is
30 removed from the web by vacuum, mechanical pressing and thermal means. The
resulting structure is strong and generally of singular density, but very low in bulk,
absorbency and in softness.
The tissue paper web of this invention can be used in any application where
soft, absorbent tissue paper webs are required. Particularly advantageous uses of
35 the tissue paper web of this invention are in paper towel, toilet tissue and facial
tissue products. For example, two fissue paper webs of this invention can be
embossed and adhesively secured together in face to face relation as taught by
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product characteristic requirenents, the saturation |level of the ditallow
can be tailored from non hydrogenated (soft) to touch, partial or co Iete
hydr ogenat i ofWWQ84#/164%ard). It will be understood that subshtu%‘ﬁ'f’gsﬁ’-i["
Rlerr], Rerr] may optionally be subsUtu{;d Wi th various groups such as

al koxyl, hydroxyl, or can be branched, butYsuch materials are not preferred

herein. PrefenaBl Pat.ave!8, RN e459 whith §stiet]to Wells' dn Dbdathber3) 1869 mal avtadH ig

S Lo ok B HS) SR e, o BBl o, 2 s
straight chain (Jerr] alkyl and Xl err]is chloride or nethyl sulfate.

Speci fic exanples of quaterniz havi ng t he
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structures named above and Sui n the present i nvention
i ncl ude th& wel | - kfoAT@PESERN di al kyl di met hyl anmoni um sal ts such as
diester ditall ow 20rhedpssdntigl duetmgurshtng characteistic wb polysiezic matenialois their

SuTTare, orearashiadomd siatisd i S CLTERN BeBIORG AT e
di est er di (hy@YﬁéﬁhP applggapw an”gtqtfppst entirely !rom their macro-molecular nature.
in order to characterize fully these materials it is essential to have some means of
10 defining and determining their molecular weights and molecular weight
distributions. It is more correct o use the term relative molecular mass rather the
molecular weight, but the latter is used more generally in polymer technology. It is
not always practical to determine molecular weight distributions. However, this is
becoming more common practice using chromatographic techniques. Rather,
15 recourse is made to expressing molecular size in terms of molecular weight
averages.
B. Molecular welght averages
If we consider a simple molecular weight distribution wh:ch represents the
weight fraction (wj) of molecules having relative molecular mass (M;), it is possible
20 to define several useful average values. Averaging carried out on the basis of the
number of molecules (Nj) of a particular size (M;) gives the Number Average
Molecular Weight

Mn = ZNi M
25 T Ni

An important consequence of this definition is that the Number Average
Molecular Weight in grams contains Avogadro’s Number of molecules.
This definition of molecular weight Is consistent with that of monodisperse
30 molecular species, i.e. molecules having the same molecular weight. Of more
significancae is the recognition that if the number of molecules in a given mass of a
polydisperse polymer can be determined in some way then Mp, can be calculated
readily. This is the basis of colligative property measurements.
Averaging on the basis of the weight fractions (Wi) ot molecules of a given
35 mass (M;) leads to the definition of Weight Average Molecular Weights.
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anmmoni Um chloride. D ester ditallow di methyl amoni um chloride and diester
di (hydrogenated)tal |l ow di net hyl amoni um chl oride are partic

preferred. 2Avo9dheg® particular materials are avail able conné#f[ugﬁmssflrom
Sherex Chem cal Conpany Inc. of Dublin, O’u o under the tradenane " ADOGEN

DDMC R " Di-quat variations of the quate Ql zed ester-am ne conpound can

al so be used,

and are ne t L he scope of the present
i nventi on. These conmpounds %ha [err] 35 In the
Vi i s

structure nanmed above each R

group, R3is
as an halide

5

10

15

25

35

Cerr]-Cerr] hydrocarbyl group, X is a conpatible anion,
ﬁew % a morelt?seful means for expressing polymer molecular weights than Mp
since it reflects more accurately such properties as melt viscosity and mechanical
properties of polymers and is therefor used in the present invention.

Analytical and Testing Procedures

Analysis of the amount of biodegradable treatment chemicals used herein
or retained on tissue paper webs can be performed by any method accepted in the
applicable art.

A. Quantitative analysis for quaternized ester-amine and polyhydroxy
compounds '

For example, the level of the quaternized ester-amine compound, such as
diester di(hydrogenated)taliow dimethyl ammonium chloride (DEDHTDMAC) (i.e.,
ADOGEN DDMC R), retained by the tissue paper can be determined by solvent
extraction of the DEDHTDMAC by an organic solvent followed by an
anionic/cationic titration using Dimidium Bromide as indicator; the level of the
polyhydroxy compound, such as PEG-400, can be determined by extraction in an
aqueous solvent such as water followed by gas chromatography or colofimetry
techniques to determine the level of PEG-400 in the extract. These methods are
exemplary, and are not meant to exclude other methods which may be usefut for
determining levels of particular components retained by the tissue paper.

B. Hydrophliicity (absorbency)

Hydrophilicity of tissue paper refers, in general, to the propensity of the
tissue paper to be wetted with water. Hydrophilicity of tissue paper may be
somewhat quantified by determining the period of time required for dry tissue
paper to become completely wetted with water. This psriod of time is referred to as
*wetting time". In order to provide a consistent and repeatable test for wetting time,
the following procedure may be used for wetting time determinations: first, a
conditioned sample unit sheet {the environmental conditions for testing of paper
samples are 23+1°C and 50+2% R.H. as specified in TAPPI Method T 402),
approximately 4-3/8 inch x 4-3/4 inch (about 11.1 cm x 12 cm) of tissue paper
structure is provided; second, the sheet is folded into four (4) juxtaposed quarters,
and then crumpled into a ball approximately 0.75 inches (about 1.9 cm) to about 1
inch (about 2.5 cm) in diameter; third, the balled sheet is placed on the surface of
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chloride or bromde) or methyl sulfate. Preferably, each Rlerr] is
Cerr]-Cerr]_al k)/ nost .preferably each R err] is straight-chain r]
al kyl . and R[gprﬂ“ 1635 et hyl . B. Pol yhydroxy Conpound The chdiTéayP4/ 0351
sof teni ng conposition contains as an esseitial conmponent a 5 pol yhydroxy
conpound. Exanpl es of pol yhydroxy conpounds useful in the present invention
i ncl ude gl ycemaodyesichigtiled e &23 Pl 9T ahd atirdepigl simutameoesie s isurtravi ng

rererapl y 1 r S ABBE APael afilhodth Wb HARRY é?%bé@f@%?%&é"%%m% to
about 600. PoIanMﬂeemﬁtng)ls qpsyor@dglsnaw ng an wei ght average nol ecul ar
‘S’g'r ?Ptcuf);r T ;OB} Z]Pgr Rl a&%&cyt@%%figﬁs@% bg'dﬂbd&ﬁEWsr@ﬂtthFr saeolt ng
an wei ght 8verRfst ‘%I"&Yppg '%é? 3%% %?’M?‘ gte%gfier 'Bﬂ?qcz‘l'r\é Howguer abI e
commerci al |y fsubstantia ihtreasesCarhyddphabioihamay aiccladiming/theQiostitwo tweaks afteder
the 15 tradeqaifss ebsape? s made: i.e., after the paper has aged two (2) weeks following its
manutacture. Thus, the wetting times are preferably measured at the end of such
two week period. Accordingly, wetting times measured at the end of a two week
10 aging period at room temperature are referred to as “iwo week wetting times.”
C. Denslty
The density of tissue paper, as that term is used herein, is the average
density calculated as the basis weight of that paper divided by the caliper, with the
appropriate unit conversions incorporated therein. Caliper of the tissue paper, as
15 used herein, is the thickness of the paper when subjected to a compressive load of
85 g/in2 (15.5 g/cm2).

Optional Ingredients

20 Other chemicals commonly used in papermaking can be added to the
biodegradable chemical softening composition described herein, or to the
papermaking furnish so long as they do not significantly and adversely affect the
softening, absorbency of the fibrous material, and enhancing actions of the
chemical softening composition.

25 _For example, surfactants may be used to treat the tissue paper webs of the
present invention. The leve! of surfactant, if used, is preferably from about 0.01%
to about 2.0% by weight, based on the dry fiber weight of the tissue paper. The
surfactants preferably have alkyl chains with eight or more carbon atoms.
Exemplary anionic surfactants are linear alkyl sulfonates, and alkylbenzene

30 sulfonates. Exemplary nonionic surfactants are alkylglycosides including
alkylglycoside esters such as Crodesta SL-40 which is available from Croda, Inc.
(New York, NY); alkylglycoside ethers as described in U.S. Patent 4.011,389,
issued to W. K. Langdon, et al. on March 8, 1977; and alkylpolyethoxylated esters
such as pegosperse 200 ML available from Glyco Chemicals, Inc. (Greenwich, CT)

35 and IGEPAL RC-520 available from Rhone Poulenc Corporation (Cranbury, N.J.).

Other types of chemicals which may be added, include dry strength
additives to increase the tensile strength of the tissue webs. Examples of dry
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The chem cal softening conposition described above i.e. nmixture of a

quat erni zed ester-am ne conpounds and a pol yhydroxy conpound are preferably
added to the MQuMEMH3s|urry of papernmaking fibers, or furnish, Pq'rﬁ?s'ﬂg 05Rket
end of the 20 papermnmaki ng nachi ne at son&[gswtabl e point ahead of the
Fourdrinier wire or sheet form ng stage wever, applications of the above
descri bed chenmistrahgiblesiditivab umhﬁdeamm@(ymmd)seuulose sandoatjoro polymer o fros then

of a wet t'ssui c’ﬁ@ s&{l'fé’ﬁmgg %é A8CY 7W‘énm§:9 mﬂwngu "L"el'n 150

provi de S|gn|f| can g/ rength benefits an
expressly incl dRfaty \Meﬂﬂﬂ R'e ﬁé’e§cJ|@ésQ5“ tgrialsareppuaitable |°ﬁ(7\§i’ﬂfF@HY fram HB@

been di scovere(A,ﬁémiant@ﬁrfahﬂm Cam nﬁbewaygecuﬁmrte rrHeSIemroetdqf §weddtue

Fret pr e mPxodopye. faved %%@W‘B’qﬁ%ﬁ%ﬂw ?ﬁs%ﬁ@?%‘& sofitnitied s
preferred net hod thedryfibier weighted the tissue Papefr eat er detail hereinafter in 30
Exanpl e 1, consist Dk ft f%pé% o*l'eéﬂénﬂaalbheh:@ﬁﬂmby%é’@ddégwm Wt 3strength

ég{ne)rer Z‘Enu::]g ?;ﬁagﬁxas q)mcre SGQ[’IO WJ( Ezlfst opt?\ettls%{}e %je anhe pres%nia'tnventuon r??ay

contain as an optional component from about 0.01% to about 3.0%, more
10  preferably from about 0.3% to about 1.5% by weight, on a dry fiber weight basis, of
a water-soluble permanent wet strength resin.

Permanent wet strength resins useful herein can be of several types.
Generally, those resins which have previously found and which will hereafter find
utility in the papermaking an are useful herein. Numerous examples are shown in

15 the aforementioned paper by Westfelt, incorporated herein by reference.

In the usual case, the wet strength resins are water-soluble, cationic
materials. That is to say, the resins are water-soluble at the time they are added to
the papermaking furnish. It is quite possible, and even {0 be expected, that
subsequent events such as cross-linking will render the resins insoluble in water.

20 Further, some resins are soluble only under specific conditions, such as over a
limited pH range.

Waet strength resins are generally believed to undergo a cross-linking or
other curing reactions after they have been deposited on, within, or among the
papermaking fibers. Cross-linking or curing does not normally occur so long as

25 substantial amounts of water are present.

Of particular utility are the various polyamide-epichlorohydrin resins. These
materials are low molecular weight polymers provided with reactive functional
groups such as amino, epoxy, and azetidinium groups. The patent literature is
replete with descriptions of processes for making such materials. U.S. Pat. No.

30 3,700,623, issued to Keim on October 24, 1972 and U.S. Pat. No. 3,772,076,
issued to Keim on November 13, 1973 are examples of such patents and both are
incorporated herein by reference.

Polyamide-epichlorohydrin resins sold under the trademarks Kymene 557H
and Kymene 2064 by Hercules Incorporated of Wilmington, Delaware, are

35 particularly useful in this invention. These resins are generally described in the
aforementioned patents to Keim.
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t he hot pol yhydroxy conpound to forma fluidized "nelt" . The weight ratio
of the quaternized ester-am ne conpound to the pol yhydroxy c%wgm apnges
from about 1W@d94116i43 0.1: 1; preferably, the weight ratio of guatéem zed
ester-amne 35 conpound to the conpoundys4s about 1: 0.3 to 0.3: 1; nore

preferably, the weight ratio of the quatérnized ester-am ne conpound to the
compound i s aboutBdse-activated opalyamidseremichigiohytrin nesinsousdéful ivahg ptesmnidi ng

Ghater i z6d Zﬁ?ge’?{°gvr?h3£‘%'gﬁrjp“§eﬁ3“°u§ea§j? S iald i "AUBHOAD BaARERBE 31, 81 pund
and pol yhydr dMonsasie Gempanyi 9! Stslouie Misgqui gge?%‘>’?ﬁ§° Eateras :18/ae8RtaMt i on,

and ni xed t o desttidedinad!8: R, Nod. 3,855 S8dssurid torRpt@vichInch ecemtrp a7 s 1 974, of

e o B PR 308 ssOB I8 FAABDRIA duchey P2 8T8k SRR o Pabbidch
on December 12, 1978; 4,147,586 issued to Petrovich on April 3, 1978; and
4,222,921 issued to Van Eenam on September 16, 1980, all incorporated herein
by reference.

Other water-soluble cationic resins useful herein are the polyacrylamide

10 resins such as those sold under the Parez trademark, such as Parez 631NC, by
American Cyanamid Company of Stanford, Connecticut. These materials are
generally described in U.S. Pat. Nos. 3,556,932 issued to Coscia et al . on January
19, 1971; and 3,556,933 issued to Williams et al . on January 19, 1971, all
incorporated herein by reference.

15 Other types of water-soluble resins useful in the present invention include
acrylic emulsions and anionic styrene-butadiene latexes. Numerous examples of
these types of resins are provided in U.S. Patent 3,844,880, Meisel, Jr. et al .,
issued October 29, 1974, incorporated herein by reference.

Still other water-soluble cationic resins finding utility in this invention are the

20 urea formaldehyde and melamine formaldehyde resins. These polyfunctional,
reactive polymers have molecular weights on the order of a few thousand. The
more common functional groups include nitrogen containing groups such as amino
groups and methylol groups attached to nitrogen.

Although less preferred, polyethylenimine type resins find utility in the

25 present invention.

More complete descriptions of the aforementioned water-soluble resins,
including their manutacture, can be found in TAPPI Monograph Series No. 29, Wet
Strength In Paper and Paperboard, Technical Association of the Pulp and Paper
Industry (New York; 1965), incorporated herein by reference. As used herein, the

30 term “permanent wet strength resin® refers to a resin which allows the paper sheet,
when placed in an aqueous medium, to keep a majority of its initial wet strength for
a period of time greater than at least two minutes.

The above-mentioned wet strength additives typically result in paper
products with permanent wet strength, i.e., paper which when placed in an

35 aqueous medium retains a substantial portion of its initial wet strength over time.
However, permanent wet strength in some types of paper products can be an
unnecessary and undesirable property. Paper products such as toilet tissues, etc.,
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Preferably, the m xture of the quaternized ester-am ne conpound and

pol yhdr oxy conpound is diluted with a liquid carrier such as {0855§
concentrat i orV@P444l&m about 0.01% to about 25% by wei ght of t eni ng
conposi tion before being added to the papgjmaking furnish. The pH of the
Tiquid carrier preferably ranges 10 from 2 t ete erature

liquid carri erarpgeneraiyPispps efsafrqr&w!a%wpsggu?%m $eRliS 5‘8(]’(538‘(5’ F%l“lﬁ -C.
The mi xture ofClbhgingWAtissse SyBtoms tan restirittheqapet prbdastipéreaneally hetains jts

e age par ti O ?@véﬁ%@?e o HIaBe; ?ne"swﬁ'vo“%T“%CWB*%'?%%?S@“rmst
preferably frcempocany Wwetl strengtbadditives 1ol nam progicts Hetwwhich wielsiresgth is g
the 15 di eI Suifei ﬂrfok%@%m@he dd %s&hs fwhﬁhqhew%ts}@uaaﬁtso@kmg in Wdter.

guat er ni ze r-a € compoun

0oX 0 e mxe
an el evat ed t HgEAYaP wet éf’ep%%?si;cﬁ'@‘%ﬁ ]")CIPW% E?@Y&Hﬁ?“ﬁ?‘o%(ﬁp Bout
50 [err]C to adystemsl00 [err]C. Wt hout V\AShI ng to be bound by theory, it is

bel i eved at the pr .

D net hyl Ammoni um g%ﬁ@ﬁgor | gmﬁi%{f@/ﬁ ﬁ s Feri'@fgh &%ﬁ IREI688 FodedSrardH

Di (hydr ogenat égypgrqmwebpﬁgpg@agp\mﬁp ational tarch 78-0080, marketed by the
10 National Starch and Chemical Corporation (New York, New York). This type of wet

strength agent can be made by reacting dimethoxyethyl-N-methyl-chloroacetamide
with cationic starch polymers. Modified starch temporary wet strength agents are
also described in U.S. Pat. No. 4,675,394, Solarek, et al ., issued June 23, 1987,
and incorporated herein by reference. Preferred temporary wet strength resins
15 include those described in U.S. Pat. No. 4,981,557, Bjorkquist, issued January 1,
1991, and incorporated herein by reference. ' :
With respect to the classes and specific examples of both permanent and
temporary wet strength resins listed above, it should be understood that the resins
listed are exemplary in nature and are not meant to limit the scope of this
20 invention.
Mixtures of compatible wet strength resins can also be used in the practice
of this invention.
The above listings of optional chemical additives is intended to be merely
exemplary in nature, and are not meant fo limit the scope of the invention.
25 The following examples illustrate the practice of the present invention but
are not intended to be limiting thereof.

EXAMPLE 1

30 The purpose of this example is 1o illustrate a method that can be used to
make-up a biodegradable chemical softener composition comprising a mixture of
Diester Ditallow Dimethyl Ammonium Chloride (DEDTDMAC) and Polyethylene
Glycol 400 (PEG-400).

A 1% solution of the biodegradable chemical softener is prepared according

35 1o the following procedure : 1. An equivalent weight of DEDTDMAC and PEG-
400 is weighed separately; 2. PEG is heated up to about 66 °C (150 °F); 3.
DEDTDMAC is dissolved in PEG to form a melted solution at 66 °C (150 °F); 4.
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Chl oride (DEDHTDVMAC.) are in a liquid phase and are mscible with the

pol yhdr oxy conpound. The physical states of Di (hydrogenated) tall ow

Di met hyl Anmowo a#rievst hyl sul fate (DHTDMAME) will be di scussedPFHUGHMEREs
detail hereinafter. 25 The papermakj.ng furnish can be readily forned
or prepared by m xing techni ques and equi nt well known to those skilled
i n the paper me8heqr sirdss i$ apphstd tonfexpaechenbgereees niidureot DEDTOMAGARAPHGE on

of e ol yhy ol SOTRIG A §PARE R e §BbY A} IaRPIARL URER Bl |

prem xed with atem 0 the
paper. In fact®. 1&6 cemcent@agn eodherdilutien p‘{'ﬂl%m%ﬂlﬁé‘ﬁ? Wpotepabeid 60 (1RO °F).
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retai ned; and %erab t he
e

reten r-amn
Compound alt  Be SERYSUETXP BORISCLIRINIT Ab ARSI SoLGAN CFnIBBING 8 0RFEIE
vei ght of the dispefsidneorssuspepsiot @fthe DEATOMAC iaod Rix@ wnistuse; a9.cFhe @attic i on
and within at r h r I p ng.
M t%&g t?f g{r?uﬁgse:?fse gfﬁgﬁFﬁmﬁ) i8Cdd1ERind @ usiig a‘ﬁ%bﬂ@a_l RARGE TP
technique. The paricle size range is from about 0.1 to 1.0 micron.
Figure 6 illustrates a cryo-transmission micro-photograph taken at X
10 63,000 of a vesicle dispersion of a 1 : 1 by weight ratio of a DEDTDMAC and PEG-
400 system. From figure 6, it indicates that particles having membranes one or
two bilayers thick, whose geometry ranges from closed/open vesicles, to disc-like

structures and sheets.
15 EXAMPLE 2

The purpose of this example is to illusirate a method that can be used to
make-up a biodegradable chemical softener composition which comprises a
mixture of Diester Ditallow Dimethyl Ammonium Chioride (DEDTDMAC) and
20 Glycerol.
A 1% solution of the biodegradable chemical softener is prepared according
to the following procedure : 1. An equivalent weight of DEDTDMAC and Glycerol
is separately weighed; 2. Glycerol is heated up to about 66 °C (150 °F); 3.
DEDTDMAC is dissolved in Glycerol to form a melted solution at 66 °C (150 °F);
25 4. Shear stress is applied to form a homogeneous mixture of DEDTDMAC in
Glycerol; 5. The pH of the dilution water is adjusted to about 3 by adding a
solution of HCI at 0.1% concentration. 6. The dilution water is heated up to about
66 °C (150 °F); 7. The melted mixture is diluted 10 a 1% solution; and 8. Shear
stress is applied to form an aqueous solution containing a vesicle dispersion or
30 suspension of DEDTDMAC and Glycerol mixture; 9. The particle size of the
vesicle dispersion is determined using an optical microscopic technique. The
particle size range is from about 0.1 to 1.0 micron.
Figure 7 illustrates a cryo-transmission micro-photograph taken at X 63,000
of a vesicle dispersion of a 1 : 1 by weight ratio of a DEDTDMAC and Glycerol
35 system. From figure 7, it indicates that particles having membranes one or two
bilayers thick, whose geometry ranges from closed vesicles, to disc-like structures.
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surprisingly high retention rate of pol yhydroxy conpound onto the paper,

t he physical science of the nelted solution and the aqueous dj Rfs'é?tbdggi of a
12 di (hydr og®44343t al | ow di met hyl armoni um et hyl sul fate an

pol yet hyl ene gl ycol 400 were studi ed. thh%ut wi shing to be bound by
theory, or to otherwise limt the present 9°nvention, the foll ow ng

di scussion is offered for explaining h&XAMBPLEdaternary 5 anmmoni um
conpound pronotes the adsorption of the pol yhydroxy conpound onto paper.

I nformati on on the physical state of DHTDVMAMS Di (hydr ogenat ed) Tal | ow

di met hyl Ammoni um  Tee pyrpcSeldfdhie example is to illustrate @ method that can be used to

(err]Herr]) [vr%’k@ly”égﬂd%ﬁfdd)ahﬁr édertichies gt sirpdsitiorr édmpiXdvAMRixture of

(D Cetadecyl Dret BV b aroge sl P Dhow Bty P Ammonium Chioride (DEDHTDMAC)

(i.e., ADOGEN DDMC R from Sherex company) and Polyethylene glycol 400
(PEG-400).

A 1% solution of the biodegradable chemical softener is prepared according
1o the following procedure : 1. An equivalent weight of DEDHTDMAC and PEG-

10 400 is separately weighed; 2. PEG is heated up to about 90 °C (194 °F); 3.
DEDHTDMAC is dissolved in PEG to form a melted solution at 90 °C (194 °F); 4.
Shear stress is applied to form a homogeneous mixture of DEDHTOMAC in PEG;
5. The pH of the dilution water is adjusted to about 3 by adding a solution of HCI at

15 7. The melted mixture is diluted to a 1% solution; and 8. Shear stress is applied
to form an aqueous solution containing a vesicle dispersion or suspension of
DEDHTDMAC and PEG mixture; 9. The particle size of DEDHTOMAC and PEG
vesicle dispersion is determined using an optical microscopic technique. The
particle size range is from about 0.1 to 1.0 micron.

20 Figure 8 illustrates a cryo-fransmission micro-photograph taken at X 66,000
of a vesicle dispersion of a 1 : 1 by weight ratio of a DEDHTDMAC and PEG-400
system. From figure 8, it indicates that particles having membranes one or two
bilayers thick, whose geometry ranges from closed vesicles, to disc-like structures.

25 EXAMPLE 4

The purpose of this example is to illustrate a method using a blow through
drying papermaking technique to make soft and absorbent paper towel sheets
treated with a biodegradable chemical softener composition comprising a mixture

30 of Diester Ditallow Dimethyl Ammonium Chloride (DEDTDMAC) , a Polyethylene
glycol 400 (PEG-400), and a permanent wet strength resin .

A pilot scale Fourdrinier papermaking machine is used in the practice of the
present invention. First, a 1% solution of the biodegradable chemical sottener is
prepared according to the procedure in Example 1. Second, a 3% by weight

35 aqueous slurry of NSK is made up in a conventional re-pulper. The NSK slurry is
refined gently and a 2% solution of a permanent wet strength resin (i.e. Kymene
557H marketed by Hercules incorporated of Wilmington, DE) is added to the NSK
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10 (derr]Herr])[err]N+(CH err])[err],CHerr]OSOerr]); DEDIDVAC
((Diester Ditallow D nethyl AmmnlumChIorlde .
(CH err])[er MONM(I6MBer r] CH err] OCO err] H err])[err], a [ er r ] PAASIHEBRDVAC
(Diester D (hydrogenated) Tallow D nethyl _Ammoni um chl oride) is provided by
X- ray and NVR data on the commerci al m ¥ure. DODMAMS i s a maj or corrponent

of DHTDVAMS, itick fipbvta fase of ﬂ%dﬁ,‘ w@tymmun@ drptibérge mrms’o%:?dn o Rfrhi e

Tor e conp! ex TUEE NOK RI5aRanRisbH A e TisBonh v SSLTORS CanpRmba .
DODVAMS may e&elkﬂosen(CaMﬂ}) mfaddadraftpha‘m:rsﬁrmtraae( &i gate o) .2% by waight wdthehi c
crystals (X %Zf.b@wt&@rﬁﬁn& ’thé‘dlyaﬁ?érlggg Ovﬁé;ﬂbrédsqé{lb‘éfraf‘e' yfﬁé"ads%u@n bf qui d

h The X exi sts ‘from
PO, TAS 1M o SRihn e pohancad Bnandpiias Mgt THea. 1oaspiskoe okther
crystal, V\:hl cdhemlcélzohenar]rﬁixtwe KIDEEH DMABLPEG) is added taghel NSKistlrar 3t rate

150
Perrrc m Famef‘f*” a‘uﬁ‘ &, é&%”eﬁ%ié“’ 8o BPRE Bt oefiér
DEDTDVAC and DR Fﬁﬂ)a Aeshapeadiiams inding myearn che NSKeslempiscdibtepivans

in its physi qaalo.2%ymhetan pyeppT hlfd a 3% by weight aqueous slurry of CTMP is made
10 up in a conventional re-pulper. A non-ionic surfactant {(Pegosperse) is added to
the re-pulper at a rate of 0.2% by weight of dry fibers. A 1% solution of the
chemical softener mixture is added to the CTMP stock pipe before the stock pump
at a rate of 0.1% by weight of the dry fibers. The adsorption of the chemical
softener mixture to CTMP can be enhanced by an in-line mixer. The CTMP slurry
15 s diluted to 0.2% by the fan pump. The treated furnish mixture (NSK / CTMP) is
blended in the head box and deposited onto a Foudrinier wire to form an
embryonic web. Dewatering occurs through the Foudrinier wire and is assisted by
a deflector and vacuum boxes. The Fourdrinier wire is of a 5-shed, satin weave
configuration having 84 machine-direction and 76 cross-machine-direction
20 monofilaments per inch, respectively. The embryonic wet web is transferred from
the Fourdrinier wire, at a fiber consistency of about 22% at the point of transfer,
to a photo-polymer fabric having 240 Linear Idaho cells per square inch, 34
percent knuckle areas and 14 mils of photo-polymer depth.  Further de-watering
is accomplished by vacuum assisted drainage until the web has a fiber
25 consistency of about 28%. The patte:ned web is pre-dried by air blow-through to a
fiber consistency of about 65% by weight. The web is then adhered to the surface
of a Yankee dryer with a sprayed creping adhesive comprising 0.25% aqueous
solution of Polyvinyl Alcohol (PVA). The fiber consistency is increased to an
estimated 96% before the dry creping the web with a doctor blade. The doctor
30 Dblade has a bevel angle of about 25 degrees and is positioned with respect to the
Yankee dryer to provide an impact angle of about 81 degrees; the Yankee dryer is
operated at about 800 fpm (feet per minute) (about 244 meters per minute). The

dry web is formed into roll at a speed of 700 fpm { 214 meters per minutes).
Two plies of the web are formed into paper towe! products by embossing
35 and laminating them together using PVA adhesive. The paper towel has about 26
#/3M Sq Ft basis weight, contains about 0.2% of the biodegradable chemical
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25 that the tenperatures of the phase transitions will be |owered and

br oadened For exanple, the transition fromthe Xerr] to the 4/6dsyst al
occurs at 27 WaM1E4Bn DHTDMAMS i nstead of 47 [err]C as in DCIYE{@I@ Al

calorinetric data indicate that several cragtal -->Lam phase transitions
occur in DHTDMAMS rat her than,one as MS. The onset, tenperatureg, of
Che hi ghest of SeReRd! fouuta angrrbosh 1 0% BE e beHmyBe War SUREAD (8% ThE
X—rayddg% a[ bu]tegwlngrpapettqweﬂlsssmlhaabsdmentpemukisrew stiongrveein wettgxkr at ur es of
59 an err D%{P ] s S
qualitatively differen %v\?lg%@ﬂ‘% |¥les @5%%\%5 W@npﬁﬁ%%bgﬁhnﬁ?%ﬁ%%y
crystal phase @béw PBPTEMAG/PEG-408 \@%ﬁ@gﬁr@ronmmammdém EQ i's

bel i eved no§ t g i famish §loey.t ant to the use of this conpound (or |ts
conmer ci al anaéﬁg DI\/AC) In the treatment of paper. (Laughlin et al.,

Journal of Phy Cheni st ry, Physical e
Dl oct adecyl! dI net hyl ammoni um Chl or i de- Wat jer §£(é'{oegmny 1. DEP;FI;MAC{PFﬁ
vesicle dispersion
Retention level of PEG
in product (%) 5 80
Retention level of DEDTDMAC :
in product (%) NA 85
' Average panticle size (microns) NA 0.4
10 EXAMPLE 5

The purpose of this example is to illustrate a method using a blow through
drying and layered papermaking techniques to make soft and absorbent toilet
tissue paper treated with a biodegradable chemical softener composition

15 comprising a mixiure of Diester Ditallow Dimethyl Ammonium Methy! Chloride
(DEDTDMAC) and a Polyethylene glycol 400 (PEG-400) and a temporary wet
strength resin.

A pilot scale Fourdrinier papermaking machine is used in the practice of the
present invention. First, a 1% solution of the biodegradable chemical softener is

20 prepared according to the procedure in Example 1. Second, a 3% by weight
aqueous slurry of NSK is made up in a conventional re-pulper. The NSK slurry is
refined gently and a 2% solution of the temporary wet strength resin (i.e. National
starch 78-0080 marketed by National Starch and Chemical corporation of New-
York, NY) is added to the NSK stock pipe at a rate of 0.75% by weight of the dry

25 fibers. The adsorption of the temporary wet strength resin onto NSK fibers is
enhanced by an in-line mixer. The NSK slury is diluted to about 0.2% consistency
at the fan pump. Third, a 3% by weight aqueous slurry of Eucalyptus fibers is
made up in a conventional re-pulper. A 1% solution of the chemical softener
mixture is added to the Eucalyptus stock pipe before the stock pump at a rate of

30 0.2% by weight of the dry fibers. The adsorption of the biodegradable chemical
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13 Equi | i bri um Phase Behavi or, 1990, volunme 94, pages 2546- 2552,

i ncor por at ed y reference. Mxtures of DHTDVAMB with P A86b4/06551: 1
wei ght ratio Wé?‘t& d%0f these two materials is studi ed, and aEﬁfaumb le 5

mr)]_del dfor t he phase behavi or of this syst®is suggested in Figure 2. In

this iagramDGDg/A PEG | i

t enper at ur es, %ert'ﬂ'é‘g" E% ,yé{;@%ﬂ? 5 g%%ﬁ%% gyAgh 'n hﬁ gr"é'gerof TP%

two |iquids w Bucalyptusslureygs dilutad ¢éo 8boitd2® aconazﬁﬁeph)a@ethgéamptamgs fromthe
mxture. This St“dyTﬁé‘ﬁéﬁtfeprf@m?shgmh%gso%fb?mwmmt Eﬁt‘:a?l*ﬁug‘ﬁb'b?ended in

i mm scible at h eratures m sci bl

t enper at ur es vm“ﬂfh head I’P@X |ané derpsited @f%?a’f"%‘&?é WiIg t°s't’~’i"i"‘| an GW(QWO“'C web.
tenperatureg c rogﬁaénridﬁ@é‘c@% fhrsughx e dirinier wireaarakis assistedt bea ldefiegtbaard

o e SomDou L8R B oAt Tre ERPEIRRE wiE Y o6 4LES ShIP R0 SoRHEHERbn
having 84 machme-dnrectlon and 76 cross-machine-direction monofilaments per
inch, respectively. The embryonic wet web is transferred from the photo-polymer
wire, at a fiber consistency of about 15% at the point of transfer, to a photo-

10  polymer fabric having 562 Linear Idaho cells per square inch, 40 percent knuckle
area and 9 mils of photo-polymer depth.  Further de-watering is accomplished by
vacuum assisted drainage until the web has a fiber consistency of about 28%.
The patterned web is pre-dried by air blow-through to a fiber consistency of about
65% by weight. The web is then adhered to the surface of a Yankee dryer with a

15 sprayed creping adhesive comprising 0.25% aqueous solution of Polyvinyl Aicohol
(PVA). The fiber consistency is increased to an estimated 96% before the dry
creping the web with a doctor blade. The doctor blade has a bevel angle of about
25 degrees and is positioned with respect to the Yankee dryer to provide an
impact angle of about 81 degrees; the Yankee dryer is operated at about 800 fpm

20 (feet per minute) (about 244 meters per minute). The dry web is formed into roll at
a speed of 700 fpm (214 meters per minutes).

The web is converted into a one ply tissue paper product. The tissue paper
has about 18 #/3M Sq Ft basis weight, contains about 0.1% of the biodegradable
chemical softener mixture and about 0.2% of the temporary wet strength resin.

25 Importantly, the resulting tissue paper is soft, absorbent and is suitable for use as
facial and/or toilet tissues.

Table 2 below summarizes the retention levels and the average particle size
of the DEDTDMAC / PEG vesicle dispersion compared to adding PEG-400 only to
the furnish slurry.

35
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DHTDVAMS and PEG -400 in water, the premx that is diluted with water
should 15 be held within the internedi ate tenperature range poiaISgd/a0sd t wo
conpounds arWOrM48634Bl e. M xtures of DHTDI\/AFC{ wi th PEG 400. Phase studies of
these two materials using the step-w se di ation met hod denonstrate that
their physical Tethle@or is considerably different fromthat of 20
DHTDVAMS. No liquid crystal phases are fopnd. These CONPRERAISMAEPEH Sdi bl e
over a wide range of tenperatures, which | ndPEGb8&Ry hat] di Spersi ons ngy be
prepared fromthese mxtures over a conpalable range of] YEHFHRERIPEs. [No
upper tenperature . f,seibility ex}sts. Mxtures|of DEDTDVAC wijt h
PEG 400. 25 P asq%c‘é@fé{lgdo???gure 4) of }hese tho matefi al s78si ng t he
step-wi se dil utjion thod ‘demmnstrate that their physichl hehavior jg
simlar fromt atRBLmi E[;tq?%gtcorrpo.mds are msciple og r-a w de
range of terrperatli;[ﬁgd % err] C), which I ndi NAes thht di Sersions may
be prepared fr i

ese m xtiures

Average particle size {(microns) NA 0.4

EXAMPLE 6

The purpose of this example is to illustrate a method using a blow through
drying papermaking technique to make soft and absorbent toilet tissue paper
10 treated with a biodegradable chemical softener composition comprising a mixture
of Diester Ditallow Dimethyl Ammonium Chloride (DEDTDMAC), a Polyethylene
glycol 400 (PEG-400) and a dry strength additive resin.
A pilot scale Fourdrinier pépermaking machine is used in the practice of the
present invention. First, a 1% solution of the biodegradable chemical softener is
15 prepared according to the procedure in Example 1. Second, a 3% by weight
aqueous slurry of NSK is made up in a conventional re-pulper. The NSK slumry is
refined gently and a 2% solution of the dry strength resin (i.e. Acco 514, Acco 711
marketed by American Cyanamid company of Fairfield, OH) is added to the NSK
stock pipe at a rate of 0.2% by weight of the dry fibers. The adsorption of the dry
20 strength resin onto NSK fibers is enhanced by an in-line mixer. The NSK slurry is
diluted to about 0.2% consistency at the fan pump. Third, a 3% by weight
aqueous slurry of Eucalyptus fibers is made up in a conventional re-pulper. A 1%
solution of the chemical softener mixture is added to the Eucalyptus stock pipe
before the stock pump at a rate of 0.2% by weight of the dry fibers. The
25 adsorption of the biodegradable chemical softener mixture to Eucalyptus fibers can
be enhanced by an in-line mixer. The Eucalyptus slurry is diluted to about 0.2%
consistency at the fan pump.
The treated furnish mixture (30% of NSK / 70% of Eucalyptus) is blended in
the head box and deposited onto a Foudrinier wire to form an embryonic web.
30 Dewatering occurs through the Foudrinier wire and is assisted by a deflector and
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over a conparable range of tenperatures. No upper tenperature limt of
mscibility 30 exists. Mxtures of DEDHTDMAC with PEG 400. PPE‘?/% %t,dgggles
(Fi gure 5) oY@ ¥4} wo naterial s usi ng the step-wi se dilutioh mets 0
denonstrate that their physical behavior ':3§ simlar fromthat of DHTDVAC.
These conpounds are m sci ble over a wi de range of tenperatures (> 35 67
[err] O, whichvdaudinthoxes.t The Fhiusdrinies wing isray alfeshed paatiiwpaverconkgusation

m xtures over ﬁa\ﬁmﬁrrﬁ%?ﬁné-@ﬂ%ﬁdﬁ ah® T UrdddIaehinRiirdeie moRBRBRRINY Ber

of ei t her of tEe (RFEEHTEIr THR$TSRY ST &r wabus ransIati o the proto-poiymer
wire, at a fiber consistency of about 15% at the point of transfer, to a photo-
5 polymer fabric having 562 Linear Idaho cells per square inch, 40 percent knuckle
area and 9 mils of photo-polymer depth. Further de-watering is accomplished by
vacuum assisted drainage until the web has a fiber consistency of about 28%.
The patterned web is pre-dried by air blow-through 1o a fiber consistency of about
65% by weight. The web is then adhered to the surface of a Yankee dryer with a
10 sprayed creping adhesive comprising 0.25% aqueous solution of Polyvinyl Alcohol
(PVA). The fiber consistency is increased to an estimated 96% before the dry
creping the web with a doctor blade. The doctor blade has a bevel angle of about
25 degrees and is positioned with respect to the Yankee dryer to provide an
impact angle of about 81 degrees; the Yankee dryer is operated at about 800 fpm
15 (feet per minute) (about 244 meters per minute). The dry web is formed into roll at
a speed of 700 fpm ( 214 meters per minutes).
Two plies of the web are formed into tissue paper products and laminating
them together using ply bonded technique. The tissue paper has about 23 #/3M
Sq Ft basis weight, contains about 0.1% of the biodegradable chemical softener
20 mixture and about 0.1% of the dry strength resin. Importantly, the resulting tissue
paper is soft, absorbent and is suitable for use as facial and/or toilet tissues.
Table 3 below summarizes the retention levels and the average particle size
of the DEDTDMAC / PEG-400 vesicle dispersion compared o adding PEG-400
only to the furnish slurry.

25
Table 3:
DEDTDMAC /PEG
PEGuoslumy | yesicle dispersion
Retention level of PEG
in product (%) 5 75
Retention level of DEDTDMAC
in product (%) NA 80
Average panticle size (microns) NA 0.4
30
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m xture, that is held at a tenperature at which the pol yhydroxy conpound
and the quaternary amoniumsalt are mscible, with water. IW
matter great WP B16l4khet her they are miscible within a liqui d crysta I ne
phase (as in the case of DHTDVAMS), or impa liquid phase (as in the case of
DHTDMAC) . Nei t her DHTDVAMS nor DHTDVAC are _soluble in water, so the
dilution of either dry phase with wat EXAMPLErecipitate the quaternary
anmoni um conpound as smal | parti cI es. Both quaternary anmoni um conpounds

will precipitate at el evated,K 1Q e er.at ures ui d-crystal pha in
di | utg aqugous sol L¢ BHEPOSE O Hygipram ]Sf's\t)\%g'f"ﬁg%et%@e I c8ﬂv%g§ ?qu d
or liquid cr ygi:-yad,d |paperrﬂmng)wégﬂm)qﬂmovoyma¢kamumand absordbabl toilet tiesweapaped n

all proporgio C

demonst 1 atbs TRaeeH Eﬁ%&% [a2bRri R aRonebE b A ‘f°“°=°r"“°‘”sﬂ‘°9cmn’§“'er s in
si ze, and h| gbf Diestarili yﬂwggnatedttﬁ'@w Bisath Wma@em&wdq@ﬁﬁﬁw G at),
whil e others girdtRyaens g@guqlogqufgheoo)anaraadrystreihgmlabdmmtasymart icles are

Dot o S ) ° ah ot Eplne vl A IS 918K Ao BricRaFihe ©
present invention. First, a 1% solution o( the bnodegradab!e chemlcal softener is
10 prepared according to the procedure in example 3. Second, a 3% by weight
aqueous slurry of NSK is made up in a conventional re-pulper. The NSK slurry is
refined gently and a 2% solution of the dry strength resin (i.e. Acco 514, Acco 711
marketed by American Cyanamid company of Wayne, New Jersey) is added to the
NSK stock pipe at a rate of 0.2% by weight of the dry fibers. The adsorption of the
15 dry strength resin onto NSK fibers is enhanced by an in-line mixer. The NSK
slurry is diluted to about 0.2% consistency at the fan pump. Third, a 3% by
weight aqueous slurry of Eucalyptus fibers is made up in a conventional re-pulper.
A 1% solution of the chemical softener mixture is added to the Eucalyptus stock
pipe before the stock pump at a rate of 0.2% by weight of the dry fibers. The
20 adsorption of the chemical softener mixture to Eucalyptus fibers can be enhanced
by an in-line mixer. The Eucalyptus slurry is diluted to about 0.2% consistency at
the fan pump. '
The treated fumish mixture (30% of NSK / 70% of Eucalyptus) is blended in
the head box and deposited onto a Foudrinier wire to form an embryonic web.
25 Dewatering occurs through the Foudrinier wire and is assisted by a deflector and
vacuum boxes. The Foudrinier wire is of a 5-shed, satin weave configuration
having 84 machine-direction and 76 cross-machine-direction monofilaments per
inch, respectively. The embryonic wet web is transferred from the Foudrinier wire,
at a fiber consistency of about 15% at the point of transfer, to a conventional fek.
30 Further de-watering is accomplished by vacuum assisted drainage until the web
has a fiber consistency of about 35%. The web is then adhered to the surface of
a Yankee dryer. The fiber consistency is increased to an estimated 96% before
the dry creping the web with a doctor blade. The doctor blade has a bevel angle of
about 25 degrees and is positioned with respect to the Yankee dryer to provide an
35 impact angle of about 81 degrees; the Yankee dryer is operated at about 800 fpm
(feet per minute) (about 244 meters per minute). The dry web is formed into roll at
a speed of 700 fpm (214 meters per minutes).
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with these particles. The application of dispersions prepared in this
manner to paggy ¢4 18?45”5 I n attachnment of the quaternary amorpgifdengossp t he
paper, strongly é pronotes the adsorption of the pol yhydroxy conpound
onto paper, and produces the desired nodi83cation of softness and retention

i spersi ons are codMBupiasal TEMERHE (T, e thab b Hebar biosbCiand Binatingni
the col |l oi dal themtlogeder maing iy bondeddeehmique.i The dissue papert trast atidue 23%/3M
attai nment of Sc??t Sgélé Weﬁﬁl“?o’?\‘i;ﬁﬁ?agﬁ‘édt \,9“1’ %%'tﬁeﬁ%@dle@r%aﬁle%e &.{l @gf??nerw q

nonths), so th are el

crystal or a @Wﬁéﬁgéb@%t‘% offhede steengit @sie timpgrantin ﬁ\ﬁée%d‘mg“ssue
Preferabl ys t hpapehinsotialbsarbéstrindds soirabiesior usé as ddacial amporisiled tissiise used

before the eqU|I|br | i eved
t hat the vesicles Jlo*r‘?[a a?h%hs'mlﬁfqﬁﬁqﬁ?@gﬁéﬁ)gﬁavﬁw qﬂ'{)ﬁqﬁa'z&

the fibrous cefithe QHT@ and PEGC-40Q mesicle dispession compiaeed tot ardding PEG-t v
of the PEG congposl tapadimihasiurylt o the interior of the cellulose fibers

10
Table 4:
DEDHTDMAC/ PEG
PEG to sturry Vesicle dispersion .
Retention level of PEG 5 .
in product (%) 70
Retention level of DEDHTDMAC
in product (%) NA 75
Average particle size (microns) NA 0.5_
15
s Sheet Has Been Replaced

R



where it enhances the fiber flexibility. Inportantly, some of the PEG Is
retained on tReosyifigace of the fiber where it acts to enhance pBfysearnossi
absorbency rate of the 35 cellulose fibers. Due to ionic interaction,
cationic portion of the DHTDVAMS conponent stays on the surface of the
cellul ose fiber where it enhances the surface feel and

paper product. 15 The second step in tpe process o gm‘ @“Hml S
t he depositing of the papermaking furnish using the a *
chem cal softener le on as an additive on a for am nous surface and
the third step is t ving of the water 5 fromthe furnish so

deposi ted. Techni qugs éie@xd RAAUEPTRAkeWRACTA ®aNit QSmFﬁ&@ d SheBCEONBIoLS RelliRE
two processing step

paper maki ng art. W&F&La'%egéﬁgl ?}%’%F&S%g;’ r’?&?ﬁhé g?ae‘? ﬁi'é}‘?li’lﬁg’g’é‘lﬂ{’lsef'ﬂ?e}%?ﬁl

of a biodegradable chemical softening composition comprising a mixture of:

(a) a quaternized ester-amine compound having the formula

|
R2 (CH2)2-0-C-R3

Nt X
R2 \Rl
or
2
R2 (CH2)2-0-C-R3
Nt X-
R2 (CH2)2-O-E-R3
0]

wherein each Ry substituent is a C; - Cg alkyl or hydroxyalkyl group, or
mixture thereof, preferably C; - C3 alkyl, most preferably methyl; each R}
substituent is a Cj4 - C9p hydrocarbyl group, or mixture thereof, preferably
Ci16 - Cig alkyl; each R3 substituent is a Cyp - Cog hydrocarbyl group, or
mixture thereof, preferably Cj4 - Cjg alkyl; and X~ is a compatible anion,
preferably chloride or methyl sulfate; and

(b) a polyhydroxy compound selected from glycerol, and polyethylene glycols
and polypropylene glycols having a weight average molecular weight from
200 to 4000, preferably from 200 to 1000, most preferably from 200 to 600,

wherein the weight ratio of the quaternized ester-amine compound to the
polyhydroxy compound ranges from 1 : 0.1 to 0.1 : 1, preferably from 1:0.3 to
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contain from about 0.005%to about 5.0% nore preferably from about 0.03%

to 0.5% by wei@bine e m m:lm of the chenical softepi fssaiopsst.
conposi tion 10 descrl M r"mm" preseént invention is app

ti ssue paper in general, |nclud|ng but not linmited to conventlonally
felt-pressed tissue paper; pattern densified tissue paper such as

exenplified in the3af (hfcﬁﬂpxl&fdrwllﬁﬂrohi £0. PRI @111, WheRi 508 FoGhiEoky oiHpdund

rogen and hi gh acted.ti.ssue |t ed b

B Sg Pthent 3, 8%2 g%&e%% R g quat mlzedetgﬁ%'g E/&f}mﬁ‘i“"gf@?ﬁeié? f‘?"g’ﬂ?é rEaper
may be of a hormgeWb%rGlﬂcﬂmdmﬂatemlwﬁeqS@damm§Dmmt!ndcand szid gpotyhgdrory pappound
products nade thergemisitiey be of a single-ply or multi-ply construction.

Ti ssue structures forned from | ayered paper webs are described in U S
Patent 3,994,771, Mrgan, Jr. et al. issued Novenber 30, 1976, and

i ncor por at ed hér ei 'ﬁhq)})aneepmd{.mc;é Claim mfheregetherqaatpmuedmtet-mniecoompamdtle

P IS sk b o e

LTS, o e WS o She i S oSt s o sl
di(partially hydrogenated) tallow dimethyl ammonium chloride, diester
di(hydrogenated) tallow dimethyl ammonium chloride, diester ditallow dimethyl
ammonium methyl sulfate, or diester di(hydrogenated) tallow dimethyl
ammonium methyl sulfate.

3. The paper product of Claim 1 or 2 wherein the polyhydroxy ‘compound is
miscible with the quaternized ester-amine compound in the liquid phase.

4.  The paper product of any of Claims 1 - 3 wherein the quaternized ester-amine
compound is mixed with the polyhydroxy compound at an elevated temperature
of at least 50 °C, more preferably at a temperature of from 50°C to 100°C.

5. The paper product of any of Claims 1 - 4 wherein the mixture of the quaternized
ester-amine compound and the polyhydroxy compound is diluted with a liquid
carrier to a concentration of from 0.01% to 25.0% by weight of the chemical
softening composition.

6.  The paper product of Claim 5 wherein the mixture of the quaternized ester-amine
compound and the polyhydroxy compound is present as particles dispersed in the
liquid carrier, and wherein the average particle size of the quaternized ester-
amine compound and the polyhydroxy compound is preferably from 0.01 to 10
microns, most preferably from 0.1 to 1.0 micron.

7. The paper product of Claim 5 or 6 wherein the temperature of the liquid carrier
ranges from 40 °C to 80 °C, and wherein the pH of the liquid carrier is less than
4,

8.  The paper product of any of Claims 1 - 7 wherein said paper product is a towel,
toilet tissue or facial tissue.
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separate streans of dil rries, the fibers typically being
relatively | owg ﬁﬂ&]bﬁ\,o&ﬂ'%#’l mﬂ mj sh%rt har dwood fi ber s pagnagsdsdin

ti ssue papernaki ng, upon re €8dl ess foram nous screens. The

| ayers are 'subsequently conbined to forma | ayered conposite web. The | ayer
web is subsequently caused to conformto the surface of an open nesh
drying/inprinti%hg Pabdriedegindabléechrpidal cafteming oforapokition dcliatacteized ino thdreitweb
and thereafter thercag,lJr %sgrnqg{uk@& on said fabric as part of a |ow density
paper maki ng process. l'ayered web may be stratified with 30 respect to
fiber type or the fiber content of the respective |ayers may be essentially
t he sanme. The ti s<ajeagapemized eftaraiihe cdmpouad hadngthedorgiala of bet ween 10
g/nmerr] and about 65 g/nferr], and density of about 0.60 g/cc or |ess.
Preferably, basis weight will be bel ow about 35 g/nferr] or less; and
density will be about 0.30 g/cc-or |ess. Mst pﬁeferably, density wll be
bet ween 0.04 g/ cc and aboutR20. 20 g/ cc.(CHp)2-0-C-®gnventionally pressed

ti ssue paper and net hods for ki ng ch paper are known in the art. Such
paper is typically made by depo |t| g papermeki ng furnish on a foram nous
formng wire. This formng wire S often referred to in th¥

R2 Ri
or
0
|
R2 (CH2)2-0-C-R3
Nt X-
R) (CH2)2-0- ¢ R3

wherein each Rj substituent is a Cy - Cg alkyl or hydroxyalkyl group, or
mixture thereof, preferably C; - C3 alkyl, most preferably methyl; each R
substituent is a C14 - Co2 hydrocarbyl group, or mixture thereof, preferably
Ci6 - Cig alkyl; each R3 substituent is a Cy9 - Cg hydrocarbyl group, or
mixture thereof, preferably Cy4 - Cy¢ alkyl; and X~ is a compatible anion,
preferably chloride or methyl sulfate; and

(b) a polyhydroxy compound selected from glycerol, and polyethylene glycols
and polypropylene glycols having a weight average molecular weight from
200 to 4000, preferably from 200 to 1000, most preferably from 200 to 600,

wherein the weight ratio of the quaternized ester-amine compound to the
polyhydroxy compound ranges from 1 : 0.1 to 0.1 : 1, preferably from 1:0.3 to
3:1, most preferably from 1:0.7 to 0.7:1, wherein said polyhydroxy compound
is mixed with said quaternized ester-amine compound at an elevated temperature
wherein said quaternized ester-amine compound and said polyhydroxy compound
are miscible.
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16 art as a Fourdrinier wire. Once the furnish is deposited on the form ng

wre, it is t b s dewal ered by pr web
and dryi ng atmfe ll&g‘gedq ﬂmjﬂmu”‘#nm”fpa?t i cul ar techni que?ccgﬂrll%%?@%?lcal
equi pment for making webs accbrdi ng he process just described are well
known to those skilled in the 5 art. In a typical process, a low

consistency pulp furnish is provided in a pressurized headbox. The headbox

has an. openi 19 1007 rHELIMAL Nyl b gSRAR ok ALirPY! Alulf Rl ed LEer

Fourdrinier wire to |ca éred to

a fiber consistencymie comparndnisplscred f’f%"aﬁds“a’b@(mni’ﬂ%%?@@lﬂ ‘%@E’ diegyl
basi s) by vacuum dgmmosiuiméhleriud, tiesiehei(totet BliréPéndted)alidve dihnsthiyd tahithium

wherein the web is ride, %n— lef Fit ed ﬁ'l rﬁ@?osg%ﬁjﬂte%l) iégj &%%glyPXm%R O ioride,

mechani cal menbers® 1
dxester dx(hydrogenated) tallow dimethyl ammonium chloride, diester ditallow

dimethyl ammonium methyl sulfate, or diester di(hydrogenated) tallow dimethyl

ammonium methyl sulfate.

11. The chemical softening composition of Claim 9 or 10 wherein the mixture of the
quaternized ester-amine compound and the polyhydroxy compound is diluted
with a liquid carrier to a concentration of from 0.01% to 25.0% by weight of the
chemical softening composition, wherein the mixture of the quaternized ester-
amine compound and the polyhydroxy compound is present as particles dispersed
in the liquid carrier, and wherein the average particle size of the quaternized
ester-amine compound and the polyhydroxy compound is preferably from 0.01
to 10 microns, most preferably from 0.1 to 1.0 micron.
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The dewatered web is then further pressed and dried by a stream drum

appar atus kn e art as a Yankee dryer. Pressure can be at
t he Yankee dS&gﬁhgnkﬂechanlcal means such as an opposing cyllpgﬁﬁ ﬂ&gfum
pressing 15 agai nst the web. Vacuun1nay al so be applied to the web as it
is pressed agai nst the Yankee surface. 61 pl e Yankee dryer druns may be
enpl oyed, whereby additional pressing is ionally incurred between the
druns. The tissue paper structures which are formed are referred to

herei nafter as conventional, pressed, tissue paper structures. Such sheets
are considered to be conpacted since the 20 web is subjected to
substantial overall mechanical conpressionafg nﬁ&? mhile the fibers are
noi st and are then dried (and o% |on%k>y @ﬁ@ &Qconpressed
state. Pattern densified tissue a ving a
relatively high bul kDHTOMAKS ELAfLvel n array of
densified zones of relatively 25 \ pi ghXfaber densy |gh bulk field
is alternatively characterized as fie of pill ‘The densified

zones are altenatlvelgbtmuﬁﬁge
0 50 100 ISO

\
\
Uq + Ug
1
[~ ]
.
2
~ Llq + Lam ' Lam
Uqg + Xt
EQCHJCOL % DODMAMS DODMAMS

Fig. 2
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The densified zones may be discretely spaced within the high bulk field or
may be |nten@gg§@g&§d either fully or partially, wthin thephygRRodidakds
field. Preferred processes for making pattern densified tissue webs are

di sclosed.in U S. Patent 30 No. 3,301, 746, issued to Sanford and Sisson
on January 31, 1967, U.S. Patent Ho. 3,874mn025, |Issued to Peter G Ayers on
August 10, 1976, and U. S. Patent No. 4,191,609, issued to Paul D. Trokhan
on March 4, 1980. and U. S. Patent 4,637,859, issued to Paul D. Trokhan on
January 20, 1987; all of which are incorporated herein by reference. 35

In general, pattern densified webs are preferably prepared by depositing a
paper maki ng furnish on a foram nous formng wire such as a Fourdrinier wire

to forma wet web and then juxtaposing the web agai nst an array of
supports. The 17
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web is pressed against the array of supports, thereby resulting in
densilied zo in the web at the | ocations geographically cor pg to
t he points OPS@H%PQE? bet ween the array of supports and the mé%ﬁaggga#ﬂé
remai nder of the web not conpressed during this operation is referred to as
the high bulk field. This high 5 bul kmﬁzld can be further dedensified by
application of fluid pressure, such as w vacuumtype device or a

bl owt hrough dryer, or by mechanically pressing the web agai nst the array
of supports. The web is dewatered, and optionally predried, in such a
manner so as to substantially avoid conpression of the high bulk field.

This is preferably acconpl55hﬁd_by_LLuLd_pLessuLer_suchﬂas with a vacuum
type device or 10 bl owt hroyigh dryer, or alternately Iy nechanical ly
pressing the web against an afray pphadeoi@fgusgmherein the high bulk field
is not conpressed. The operatfpns of dewatering, optiongl predrying and
formation of the densifiedé@ r p@rtially i ntegrated
to reduce the total nunber of steps perfornmeq. Subsequent to
formation of the densifled zo ering, and 15 ¢ptional predrying,
the web is dried to co@gle%gl rably still avoiding

2-phase (solld-Ilquld)
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mechani cal pressing. Preferably, from about 8%to about 550/ % of the tissue
paper surface conprises densified knuckles having a relatlvesgﬁgnggﬂof at

| east 125%M094ﬁ51@en5|ty of the high bulk field. The array 6 orts is
preferably.an inprinting carrier fabric having a 20 patterned

di spl acenment of knuckl es which operate ap/ﬁﬁe array of supports mhlch
facilitate the formati on of the denS|f|ed zones, U app

pressure. The patt ‘
previously refe
Pat ent No.
Pat ent No.
Pat ent No.
3,573, 164,
3,473,576, _
Tr okhan, issued C
i ssued July 9, 19
Preferably, tihe f

Fig. 6
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form ng carrier, such as a Fourdrinier wire. The web is dewatered and
transferred to an inprinting fabric. The furnish nay alternatel e

initially deppsideed on a foram nous supporting carrier whi CH’LE{‘é&“’Q%%r at es
as an Inprinting fabric. Once forned, the wet web Is dewatered and,
preferably, thernmally predried to a Sel%ﬁ 35 fi ber consistency of
bet ween about 40% and about 80% Dewat er can be oerforned W th suction
boxes or ot hegm — S Gk W e ' SWeRe knuckl e

nprint of t hgses ' : | O SOTETE v 2b-a 18 dlscussed
above, prior [EEEEEEEE . N
this is throug
exanpl e, by pE
agai nst the f
i's
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5 di sposed between the nip roll and drying drum Al so, preferably, the
web is nol ded against the inprinting fabric prior to conpletion of dryi

by applicatworp4aéidsl uid pressure with a vacuum devi ce such BST/HS%{08351 on
box, or with a blowthrough dryer. Fluid pressure may be applied to induce
| npressi on of densified zones during ing y dewatering, in a separate,
subsequent process stage, or a 10 conblnatlon t hereof. Unconpact ed,

nonpatt er n- dé ' S revdescrlbed in U S. Patent
No. 3,812, 00 . “-N. Yi annos on May
21, 1974 and Tl . i Becker, Al bert

L. McConnel | f & et - 1.are 15:
i ncor por at ed £ e ST T .
densified ti
furnish on ajgs
wet web, dra
conpressi on §
creping the
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20 fromthe web by vééuum dewatering and thermal drying. The @.ﬁ‘& n'g\3
structure is a soft but weak high bul k sheet of relatively o‘_‘_’.\w"h;};
fibers. Bonding nB&Ti al is p~eferaRECTUALERGPERTY ORGANENTIM ons of N%@”web pri or
to creping.. - - | fJ |

coon TS HTERPRAORE ASR AR Al S0 e e A OMRATION frebBTRERY
non- pat t j@§ihinteraional RigeptSlfsdification J:ssue p iperif @1 Ingeeratinngd Bubiicadonpimepar ed bWO 94/16143
deposi ti{ng BP2IPBPAS3NENOG70TNMEN on a‘b. am nous Wire such as a rdrini 5
wire tolforma wet web, draining the ;mebi‘éﬂ&"‘?"é??ﬂ%"%f’d%f"f‘i onmﬁa'%tlg*g?mb?%)!
the aid|of a unjiform nmechanical cQ ction essi upti h b.h

consi st diftd} =gpations! Anplizatiop NUeT o 1 | Wé'%?%ﬂosglxle 5&%%‘ Ny m%éﬂ%{/w mc"agﬁﬁ‘?ﬂ
Yankee gid) Gieagioia0FiidBatieDd. (uisnd 1bos (amisey| i s 30, RO; RUISH.SH, FA. UIVN (AT,
vacuum |{mechani cal pressing and thernmal ngans. %gﬁ;ﬁﬂ%ﬁ GE@"H?E{N%' o
strong aqg)g,gg,gbm,ly of singular density, |but Wﬁi@vf”','-ﬁ,", g K, "absorbéency -’
and in soft nesew33ihe ti ssuearprpasonsp ofustihi s i nvention can be used In any
appl i catfi on WH@#E3soft, labwl?é‘rﬂ"-o!-?%suempq,gﬁéd\ebs are required.
Particullarly advant ageous uses of

With international search report.

Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

(71) Applicant: THE PROCTER & GAMBLE COMPANY
[US/US]; One Procter & Gamble Plaza, Cincinnati, OH
45202 (US).

(72) Inventors: PHAN, Dean, Van; 6512 Tylers Crossing, West
Chester, OH 45069 (US). TROKHAN, Paul, Dennis; 1356
Warvel Road, Hamilton, OH 45013 (US).

(74) Agents: REED, T., David et al.. The Procter & Gamble
Company, 5299 Spring Grove Avenue, Cincinnati, OH
45217 (US).

(54) Title: PAPER PRODUCTS CONTAINING A BIODEGRADABLE CHEMICAL SOFTENING COMPOSITION
(57) Abstract

Fibrous cellulose materials useful in the manufacture of soft, absorbent paper products such as paper towels, facial tissues, and toilet
tissue are disclosed. The paper products contain a biodegradable chemical softening composition comprising a mixture of a biodegradable
quaternized ester-amine compound and a polyhydroxy compound. Preferred biodegradable quaternized ester-amine compounds include
diester dialkyldimethylammonjum salts such as the diester ditaliow dimethyl ammonium chioride, diester di(touch hydrogenated) tallow
dimethyl ammonjum chloride and diester di(hydrogenated) taliow dimethyl ammonium chioride. Preferred polyhydroxy compounds are
selected from the group consisting of glycerol, and polyethylene glycols and polypropylene glycols having a weight average molecular weight
from about 200 to 4000. The biodegradable chemical softening compositions are prepared by first mixing the biodegradable quaternized
ester-amine compound into the polyhydroxy compound at a specific temperature range wherein the polyhydroxy compound is miscible with
the biodegradable quatemnized ester-amine compound and then diluting the mixture with water at a specific temperature and pH range to
form an aqueous vesicle dispersion suitable for treating the fibrous cellulose material.
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35 the tissue paper web of this invention are in paper towel, tdihet >
tissue and facial tissue products. For exanple, two tissue paper webs of
this invention can be enbossed and adhesively secured together in face to
face relation as taught by 19 U.S. Pat. No.-3,414,459, which issued to
Vel ls on Decenber 3, 1968 and which is incorporated herein by reference, to
form2-ply paper towels. Ml ecular Wight Determ nation 5 A

I ntroduction The essential distinguishing characteristic of polyneri
materials is their nolecul ar size. The properties which have enabl ed
polymers to be used in a diversity of applications derive alnost entirely

from thei r macr o- ol ecul arp AR PRODIECTS CONTARIRG ¥ 26 1ul 1Y these
mterials it 1s poSHESRADABLE CHEMICKLSOFTENING COMPOSITION

- / : 23
/ & 37 V/ 44 3/
5 v/ % Y
/ 3§ - v/ 35 -
FIELD OF THE INVENTION seri
10 This invention relates to tissue paper webs. More particularly, it relates to
soft, absorbent tissue paper webs which can be used in toweling, napkin, facial
tissue, and toilet tissue products.
BACKGROUND OF THE INVENTION
15

Paper webs or sheets, sometimes called tissue or paper tissue webs or
sheets, find extensive use in modern society. Such items as paper towels,
napkins, facial and toilet tissues are staple items of commerce. It has long been -
recognized that three important physical attributes of these products are their

20  sofiness; their absorbency, particularly their absorbency for aqueous systems; and
their strength, particularly their strength when wet. Research and development
eflorts have been directed to the improvement of each of these attributes without
seriously affecling the others as well as to the improvement of two or three
attributes simultaneously. '

25 Softness is the tactile sensation perceived by the consumer as he/she holds
a particular product, rubs it across his/her skin, or crumples it within his/her hand.
This tactile sensation Is a combination of several physical properties. One of the
more important physical properties related to softness is generally considered by
those skilled in the art to be the stifiness of the paper web from which the product

30 is made. Stiffness, In turn, is usually considered to be directly dependent on the
dry tensile strength of the web and the stifiness of the fibers which make up the
web.

Strength is the ability of the product, and its constituent webs, to maintain
physical integrity and to resist tearing, bursting, and shredding under use

35 conditions, particularly when wet.
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10 defining and determ ning their nol ecul ar weights and nol ecul ar wei ght
distributions. It is nore correct to use the termrelative nol ecul ar nmass
rat her the nol ecular weight, but the latter is used nore generally in

pol ynmer technology. It is not always practical to determ ne nol ecul ar

wei ght distributions. However, this is becom ng nore commopn practice using
chromat ographi ¢ techni ques. Rather, 15 recourse is nmade to expressing

nol ecul ar size in terms of nolecular weignt averages. B. Ml ecul ar weight
averages If we consider a sinple nolecular weight distribution which
represents the wei fbsorbengytis He Miapurdr olnthe a8lilyed aRiprvg. pad dlsicpastituercul ar
nmass (M), it webspasaisbivequidtitidsoldijuid) patieviarinhqueses sbiutivrs ageisyerkidas

St oourd: ool R L%bserbewf?ggé@ wvBG oy fife nm@m; mBPlse ?ﬁkgarz.aeﬁwa
i mportant cond@f ﬁérﬁ?é“ hipation o thedpianauamiy PLIIA S¥ e mAsHSLRS SupaRgewil
5 absorb at saturation as well as the rate at which the mass absorbs the liquid.

The use of wet strength resins to enhance the strength of.a paper web is
widely known. For example, Westfelt described a number of such materials and
discussed their chemistry in Cellulose Chemistry and Technology, Volume 13, at
pages 813-825 (1979). Freimark et al. in U.S. Pal. No. 3,755,220 issued August

10 28, 1973 mention that certain chemical additives known as debonding agents
interfere with the natural fiber-to-fiber bonding that occurs during sheet formation
in papermaking processes. This reduction in bonding leads 10 a softer, or less
harsh, sheet of paper. Freimark et al. go on to teach the use of wet strength resins
to enhant¢e the wet strength of the sheet in conjunction with the use of debonding

15 agents to off-set undesirable effects of the wet strength resin. These debonding
agents do reduce dry tensile strength, but there is also generally a reduction in wet
tensile strength.

Shaw, in U.S. Pat. No. 3,821,068, issued June 28, 1974, also teaches that
chemical debonders can be used to reduce the slifiness, and thus enhance the

20 softness, of atissue paper web.

Chemical debonding agents have been disclosed in various references
such as U.S. Pat. No. 3,554,862, issued to Hervey et al. on January 12, 1971.
These materials include quaternary ammonium salts such as
trimethylcocoammonium chloride, trimethylofeylammonium chloride,

25 di(hydro_genated) tallow dimethyl ammonium chloride and trimethyisteary!
ammonium chloride.

Emanuslsson et al., in U.S. Pat. No. 4,144,122, issued March 13, 1978,
teach the use of complex quaternary ammonium compounds such as bis{alkoxy(2-
hydroxy)propylene) quaternary ammonium chlorides to soften webs. These

30 authors also attempt to overcome any decrease in absorbency caused by the
debonders through the use of nonionic surfactants such as ethylene oxide and
propylene oxide adducts of fatty alcohols.

Armak Company, of Chicago, Hllinols, in their bulletin 76-17 (1977) disclose
that the use of dimethy! di(hydrogenated) tallow ammonium chioride in

35 combination with fatty acid esters of polyoxyethylene glycols may imparn both
softness and absorbency 1o tissue paper webs.
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Mol ecul ar Weight in grans contains Avogadro's Nunber of nolecules. This

definition of nolecular weight

-nol ecul ar

Is consistent with that of nonodi sperse 30
species. i.e. nolecules having the sanme nol ecul ar wei ght.
significance is the recognition that

O nore

i f the nunber of nolecules in a given

‘mass of a pol ydi sperse polyner can be deternmined in sone way then [err]n,

can be calculated readily. This is the basis of colligative property

nmeasurenents. Averaging on the basis of the weight fractions (W) of
nol ecul es of a given 35 mass (M) leads to the definition of Vi ght

Aver age Mol ecul arow&agm;sary res0of[ re6¢drch eirbdted icward Imprevats papdr wgbzns f or
expressi ng Pl yRby TPLES U 47 Nlé’eé l%pﬁ %4%“%%%\411055%\%:8%&(1 énséq‘”ﬁ &ﬁ%ﬁuzﬂ}” €
accurately SUC I‘O erfies as

10

15

20

25

35

| 67 espite the high qualuty of paper we s made by the process described in
lhns patent, and despite the commercial success of products formed from these
wabs, research etlorts directed to finding improved products have continued.

For example, Becker et al. in U.S. Pat. No. 4,158,594, issued January 19,
1979, describe a method-they contend will form a strong, solt, fibrous sheet. More
specifically, they teach that the strength of a tissue paper web {which may have
been softened by the addition of chemical debonding agents) can be enhanced by
adhering, during processing, one surface of the web to a creping surface in a fine
patterned arrangement by a bonding material (such as an acrylic latex rubber
emulsion, a water soluble resin, or an elastomeric bonding material) which has
been adhered to ons surface of the web and to the creping surface in the fine
patterned arrangement, and creping the web from the creping surface to form a
sheet material.

Conventional quaternary ammonium compounds such as the well known
dialkyl dimethyl ammonium salts (e.g. ditallow dimethyl ammonium chioride,
ditallow dimethyl ammonium methy! sulfate, di(hydrogenated) tallow dimethy!
ammonium chloride etc ...) are effective chemical debonding agents.
Untortunataly, these quaternary ammonium compounds are not biodegradable.
Applicant has discovered that biodegradable mono- and di-ester variations of
these quaternary ammonium salts also function effectively as chemical debonding
agents and enhance the softness of fibrous cellulose matenials. '

It is an object of this invention to provide a soft, absorbent toilet tissue paper
products.

It is an object of this invention to provide a soft, absorbent facial tissue
paper products.

1t is an object of this invention to provide soR, absorbent towel paper
products.

It is also a further object of this invention to provnde a process for making
soft, absorbent tissue and towel paper products.

These and other objects are obtained using the present invention, as will
become readily apparent from a reading of the following disclosure.
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properties of polyners and is therefor used in the present invention.

Anal ytical and Testing Procedures 10 Anal ysi s of the anpunt of

bi odegradabl e treatment chemnical s -used herein or retained on tissue paper
webs can be perfornmed by any nethod accepted in the applicable art. A
Quantitative analysis for quaternized ester-am ne and pol yhydroxy conpounds
15 For exanple, the level of the quaternized ester-am ne conpound,
such as diester di(hydrogenated)tallow dijethyl amoni um chl ori de

( DEDHTDVAC) (i.e., ADOGEN DDMC R), retained by the tissue paper can be

det erni ned by sol vent extracti SUHMMARYOFBREEMMNYENTION an or gani ¢ sol vent
foll owed by an anionic/cationic titration using D m dium Brom de as

i ndicator; the |ev he. 20 .. pol vhydr 0 suc s PEG 400, can
be determ ned by ejb? §E%S%8ﬁ'"?’%““8ﬁ Péﬁﬂé%%@‘i&ﬁ%‘f{’l"@geﬁ' %{QQV\ﬁt ed:"eﬁsﬂ tI%wed by
gas chr omat ogrRAPRY Pwduelscompriea p\sheelceirmelulese maledal andhirera abput 0.808% tof

PEG 400 i n 8 heatyt 5%ty. wdigstss? tRefitv@ds cafiufose material of a biodegradable chemical

softening composition comprising a mixture of :

(a) aquaternized ester-amine compound having the formula

10
9
Rz (CH2)2-0-C-Ra
N+ ) &
R2 R4
or
20 (a
R2 /(CHz)z -0-C-R3
\ N+ X
25 R2 (CH2)2-0O- ﬁ -R3
0]

wherein each Rz substituent is a C1 - Cé alkyl or hydroxyalkyl
30 group, or mixture thereof; each Ry substituent is a C14 - C22
: hydrocarbyl group, or mixture thereof; each A3 subtituentis a
C12-C20 hydrocarbyl group, or mixture thereof; and X" is a
compatible anion; and

35 (b) a polyhydroxy compound selected from the group consisting of
glycerol, and polyethylene glycols and polypropylene glycols
having a weight average molecular weight from about 200 to 4000;




exenpl ary, and are not nmeant to exclude other nethods which may be useful
for determning levels of particular conponents retained by the tissue
paper. 25 B. Hydrophilicity (absorbency) Hydrophilicity of tissue
paper refers, In general, to the propensity of the tissue paper to be
wetted with water. Hydrophilicity of tissue paper nmay be sonewhat
quantified by determning the period of tinme required for dry tissue paper
to beconme conpletely wetted with water. This period of tinme is referred to
as 30 "wetting time". In order to provi fle a consistent and repeatabl e test
for wetting time, the foll ow ng procedure may be used for wetting tine
determ nations;

f a.conditi d sanpl e._unit . sheet (the envjronnmental
condi tions fo}"hPrePé'{ ﬁh% %?'gglafﬁw gg qzlgg%rrglzg§+? "8 04UBRRINY l{°a§h°
speci fied | n FRpRdremst eeupoundoangeaiipmadionhl 6101 40%).8: 1hand wheredt 4saithch
(about 11.1 cpyihiiofBomiountsSmiscRaPRith fife quiltdrhieéd estet-ameontiRting aecond,
t he sheet éfs E% §9fa‘\{"5ﬁf&8é’=[fgg@c-1 uxt aposed quarters, and then crunpl ed

e )

into a balT approXl ma g I nches (about 1.9 ¢ to about 1 inch (about
2.5 cm) in di anet effPrete{ably, thie RIKIVEY A8t avateflizhd @siaf-amiee sand sk of
polyhydroxy compound is diluted with a liquid carrier to a concentration of from

about 0.01% 1o about 25.0% by weight of the chemical softening composition
before being added to the fibrous cellulose material. Preferably, the temperature
10 of the liquid carrier ranges from about 40 °C to about 80 °C and the pH is less than
about 4. Preferably, at least 20% of the polyhydroxy compound and the
quaternized ester-amine compound added 1o the fibrous cellulose are retained.

Examples of preferred quaternized ester-amine compounds suitable for use
15 inthe present invention include compounds having the formulas:

(CHa)z - N* - CHzCHz - O - € - CygHag X-
. CigHa7y
20
and
9
(CHa)2 - N* - {CH2CH2 - O - C - CygHas)2 X
25

These compounds can be considered to be mono and diester variations of the
well-known dialkyldimethylammonium salts such as diester ditallow dimethyl
ammonium chloride, monoester ditallow dimethyl ammonium chloride, diester

30 di(hydrogenated)tallow dimethyl ammonium methylsulfate, diester
di(hydrogenated)tallow dimethyl ammonium chloride, monoester
di(hydrogenated)tallow dimelhyl ammonium chloride, with the diester variations of
di(lnon hydrogenated)tallow dimethyl ammonium chioride, di{touch
hydrogenated)taliow dimethyl ammonium chloride and di(hydrogenated)taliow

35 dimethyl ammonium chioride being preferred. Depending upon the product
characteristic requirements, the saturation level of the ditallow can be tailored from
non hydrogenated (soft) to touch, partial or complete hydrogenation (hard).




21 a body of distilled water at 23 1[err]C and a tinmer is simultaneously
h, the tinmer is stopped and read when wetting of the balled
sheet is conpleted. Conplete wetting is observed visually. Hydrophilicity
ti ssue paper enbodi nents of the present 5 i nvention may,

erm ned i medi ately after manufacture. However, substanti al

started; fourt

characters of
course, be det

of

I ncreases in hydrophobicity may occur during the first two weeks after the

ti ssue paper i
following'its
at the end of
the end of at

5

10

15

20

25

30

35

s made: i.e., after the paper has aged two (2) weeks
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uch two- wee di n wetting tl
igdearadabitly 1o ylesy <BEPPUAHS: IMRTiAMYe The AiptGraized estpeaminecd 1o
as "two week weempoundsi ueed hei@in Dindegtade more rapidly than conventional dialky!

dimethyl ammonium chemical softeners.

Examples of polyhydroxy compounds useful in the present invention include
glycerol and polyethylene glycols having a weight average molecular weight of
from about 200 to about 4000, with polyethylene glycols having a weight average
molecular weight of from about 200 to about 600 being preferred.

A particularly preferred tissue paper embodiment of the present invention
comprises from about 0.03% to about 0.5% by weight of the mixture of quaterr[iiéd
ester-amine compound and the polyhydroxy compound.

Briefly, the process for making the tissue webs of the present invention
comprises the steps of formation is a papermaking furnish from the
aforementioned components, deposition of the papermaking furnish onto a
foraminous surface such as a Fourdrinier wire, and removal of the water from the
deposited furnish.

All percentages, ratios and proportions herein are by weight unl?ss
otherwise specified.

BRIEF DESCRIPTION OF THE DRAWINGS

While the Specification concludes with claims particularly pointing out and
and distinctly claiming the present invention. it is believed the invention is batter
understood from the following description taken in conjunction with the associated
drawings, in which :

-Figure 1 is a phase diagram of DODMAMS and DHTDMAMS.

Figure 2 is a phase diagram of DODMAMS and PEG-400 system.

Figure 3 is a phase diagram of PEG-400/methyl octanoate system.

Figure 4 Is a phase diagram of DEDTDMAC and PEG-400 system.

Figure 5 is a phase diagram of DEDHTDMAC and PEG-400 system.

Figure 6 Is a cryo-transmission micro-photograph taken at X 63,000 of the
vesicle dispérsion of a 1 : 1 by weight ratio of a diester ditallow dimethy}
ammonium chloride and PEG-400 system.

Figure 7 Is a cryo-transmission micro-photograph taken at X 63,000 of the
vesicle dispersion of a 1 : 1 by weight ratio of a diester ditallow dimethyl
ammonium chloride and glycero! system.

Figure 8 is a cryo-transmission micro-pholograph taken at X 66,000 of the




The density of tissue paper, as that termis used herein, is the average
density cal cul ated as the basis weight of that paper divided by the
caliper, with the appropriate unit conversions incorporated therein.

Caliper of the tissue paper, as 15 wused herein, is the thickness of the
paper when subjected to a conpressive |load of 95 g/in[err] (15.5
g/cnferr]). Optional Ingredients 20 O her chem cals commonly used in
paper maki ng can be added to the bi odegradabl e chem cal softening

conposi tion described herein, or to the ?papernaking furnish so |long as they

do not si gni i capislrs @BskraGN B £ ¥ bhlerdH réttbeo:s%%aemgya@ s@ggncy of the

fibrous material, and softeni ng

. . .act f
conposi tion. 25 tallow d"?’g‘&yn% 3’5? @33? 38?%%%5 g}sg%amused to treat the

ti ssue paper webs of the present invention. The |evel of surfactant, if

used, is pref@pgibient INNEMRIAGL BeddriBdd/ntriore betdil bkidWo by wei ght, based on the
dry fiber .weight of the tissue paper. The surfactants preferably have al kyl
chai ns vvilsh ei ght or nore carbon at ons.

DETAILED DESCRIPTION OF THE INVENTION

While this specification concludes with claims particularly pointing out and
distinctly claiming the subject matier regarded as the invention, it is believed that

10 the invention can be better understood from a reading of the following detailed
description and of the appended examples.

As used herein, the terms tissue paper web, paper web, web, paper sheet
and paper product all refer to sheets of paper made by a process comprising the
steps of forming an aqueous papermaking furnish, depositing this furnish on a

15 foraminous surface, such as a Fourdrinier wire, and removing the water from the
furnish as by gravity or vacuum-assisted drainage, with or without pressing, and by
evaporation. _

As used herein, an aqueous papermaking furnish is an aqueous slurry of
papermaking fibers and the chemicals described hereinatter.

20 The first step in the process of this invention is the forming of an aqueous
papermaking furnish. The furnish comprises papermaking fibers (hereinafter
sometimes refarred 1o as wood pulp), and a mixture of at least one quaternized
ester-amine compound and at least one polyhydroxy compound, all of which will
be hereinafier described.

25 It is anticipated that wood pulp in all its varieties will normally comprise the
papermaking fibers used in this invention. However, other cellulose fibrous pulps,
such as cotton liners, bagasse, rayon, etc., can be used and none are disclaimed.
Wood pulps useful harein include chemical pulps such as Kraft, sulfite and sulfate
pulps as well as mechanical pulps including for example, ground wood,

30 thermomechanical pulps and chemically modified thermomechanical pulp (CTMP).
Pulps derived from both deciduous and coniferous trees can be used. Also
applicable to the present invention are fibers derived from recycled paper, which
may contain any or all of the above categories as well as other non-fibrous
materials such as fillers and adhesives used to facilitate the original papermaking.

35 Preferably, the papermaking fibers used in this invention comprise Kraft pulp
derived from northern softwoods.
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Exenpl ary anionic surfactants are linear al kyl sulfonates, and al kyl benzene
30 sulfonates. Exenplary nonionic surfactants are al kyl gl ycosi des

i'ncl udi ng al kyl gl ycosi de esters such as Crodesta SL-40 which Is avail able
from Croda, Inc. (New York, NY); alkylglycoside ethers as described in U S.
Patent 4.011, 389, Issued to W K Langdon, et al. on March 8, 1977; and

al kyl pol yet hoxyl ated esters such as pegosperse 200 M. available from d yco
Chem cals. Inc. (Geenwich, CI) 35 and | GEPAL RC-520 avail abl e from Rhone
Poul enc Corporation (Cranbury, N.J.). Oh@ types of chem cals which may be

added, i ncl udeg%@%mgta} ?’ﬁgﬁ't“fﬁ?g* e{’h@%ﬁﬁ% the tensile strength of

the tissue web g addi tives |nclude
car boxymet hyl cel | uTB%eP'e%Pr"l’&I "&:@F‘"%FE"‘BB‘I"’% 8 gssgplal ramReLeNICIFRMiabaut
fam |y such as 0A0E% tlabaut &%A@RsPe pialerablytfrom\E&GEM CheS% ¢@D.5% by weight, on a

dry fiber basis of a mixture of a quaternized ester-amine compound and a
5 polyhydroxy compound. The ratio of the quaternized ester-amine compound to the
polyhydroxy compound ranges from about 1 : 0.1 t0 0.1 : 1; preferably, the weight
ratio of the quaternized ester-amine compound to the polyhydroxy compound is
about 1 : 0.3 t0 0.3 : 1; more preferably, the weight ratio of the quaternized ester-
amine compound to the polyhydroxy compound is about 1 :0.710 0.7 : 1
10  although this ratio will vary depending upon the molecular weight of the particular
polyhdroxy compound and/or quaternized ester-amine compound used.
Each of these types of compounds will be described in detail below.
A. Quaternized Ester-Amine Compound
The chemical softening composition contains as an essential component a
18 quaternized ester-amine compound having the formula :

- Q
R2 (CHz)2-0-C- Ry
20 N*/ x
N
R2 A1
or
25
R2 (CHz)2- O - € - R
\ / %
30
- Rz/ \(CHz)z -G- Ry
(0]

In the structures named above each Rq Is a C14-C22 hydrocarbyl group, preferably
35 tallow Cyg- C1g alkyl; R2is a C1 - Ce alkyl or hydroxyalkyl group, preferably C1-C3
alkyl; Ra Is C12-C20 hydrocarbyl group, preferably C14-C16 alkyl, X" is a compatible
anion, such as an halide (e.g. chloride or bromide} or methyl sulfate. As discussed
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famly being preferred. These materials are avail able comercially fromthe
Aneri can Cyanam d Conpany of Wayne, New Jersey. The level of dry strength 5
additive, if used, is preferably fromabout 0.01%to about 1.0% by weight,
based on the dry fiber weight of the tissue paper. Qther types of chemcals
whi ch may be added, include wet strength additives to increase the wet
burst of the tissue webs. The present invention may contain as an opti onal
conponent from about 0.01%to about 3.0%8 nore 10 preferably from about

0.3%to about .As@énbmw lélfei%u@u@w.liah@ﬁét mugas ﬁﬁ:’% édmd?:f Jéhn Wie

wat er - sol ubl e r nen £5|ns

useful herein B’és #N%&QF &{ﬁp@ow&%eqaéwava O[CHBg@grrgglleﬁgl 'gﬁ’(’l?nahave
previ ously fomadahlnctomloslhowﬂablarﬁe‘riblaﬂhesabcrvlendemmpd refgreinge editedyfoveraki ng

a][t raf engse‘;ugn@%t@% That %wzsamakee& ﬁr’ﬂ\é?a a¥Bs ioﬂlallﬁwréofﬂ&m 16 or 18n o
susl cased ¢ VL 20F, 6’?'ﬁa'§eé?'h%ﬂ§ ARG 8 ol Fa e ol o
That is to saypﬂfmaféy incthiefermapteoleiaagid. Syntheliccasawell ae nafurel “tallews dalbwithited t o
the scope of the present invention. it is also known that depending upon the
product characteristic requirements, the saturation level of the ditallow can be
tailored from non hydrogenated (soft) to touch, partial or complete hydrogenatuon
10 (hard).

It will be understood that substituents Ry, Rz, Ra may optionally be
substituted with various groups such as alkoxyl, hydroxyl, or can be branched, but
such materials are not preferred herein. Preferably, each Ry is C16-C18 alkyl, most
preterably each Ry is straight-chain C18 alkyl. Preferably, each Rz is methyl.

15 Preferably Ra is C14-C16 alkyl, most preferably Rjis straight chain C16 alkyl and
X is chloride or methyl sulfate.

Specific examples of quaternized ester-amine compounds having the
structures named above and suitable for use in the present invention include the
well-known diester dialkyl dimethyl ammonium salts such as diester ditallow

20 dimethyl ammonium chloride, monoester ditallow dimethyl ammonium chloride,
diester ditallow dimethyl ammonium methyl sulfate, diester di(hydrogenatedjtaliow
dimethyl ammonium methyl sulfate, diester di(hydrogenated)tallow dimethyl
ammonium chloride. Diester ditallow dimethyl ammonium chloride and diester
di(hydrogenated)tallow dimethyl ammonium chloride are particularly preferred.

25 These paricular materials are available commercially from Sherex Chemical
Company Inc. of Dublin, Ohio under the tradename.- “ADOGEN DDMC R,

Di-quat variations of the quaternized ester-amine compound can also be
used, and are meant to fall within the scope of the present invention. These
compounds have the formula:

0 (Roe  (Rabe 0

I
R3-C - O- (CHg)a- N* - (CHz)2- N* - (CH2)2- O - C - Ra 2%

35

In the structure named above each Rz is a C1 - Cé alkyl or hydroalkyl group, Rz is
C12-C20 hydrocarbyl group, X- is a compatible anion, such as an halide (e.g.,




t he papermaking furnish. It is quite possible, and even to be expected,
t hat subsequent events such as cross-linking will render the resins
i nsoluble in water. 20 Further, sone resins are soluble only under
specific conditions, such as over a limted pH range. Wt strength resins
are generally believed to undergo a cross-linking or other curing reactions
after they have been deposited on, within, or anong the papernaking fibers.
Cross-linking or curing does not normally,occur so long as 25 substanti al
amounts of water are present. O particulh utility are the various
pol yami de- epi clehloridyd bremidelommethyiselialendtrelerablys eacte Ry és\CrnoCecatkyly mosi ght
pol ymers provi deglemibhedchar] lsVs‘?rangﬂéﬂa'irPO?d aﬂyl‘?ﬂtﬁﬁﬂ?%:@m'ﬁh mno, epoxy, and
azetidinium gr%t;%s. htﬁ Ra nt | |tderature Is'replefe wth 'descriptions of
processes for O eRY M. u.s. Pat. No. 30 3,700,623, issued to
Kel m on COct ober 24, TheTheminal spf®ningompRsitios cIMaing 28, an esseslihl companent an
Novenber 135 196Bhad@xgXampbesd.of such patents and both are incorporated
her ei n by referencelExamI . . S
ples of polyhydroxy compounds uselful in the present invention include
glycerol, and polyethylene glycols and polypropylene glycols having a weight
average molecular weight of from about 200 1o about 4000, preferably from about
200 to about 1000, most preferably from about 200 to about 600. Polyethylene
10 glycols having an weight average molecular weight of from about 200 to about 600
are especially preferred.
A particularly preferred polyhydroxy compound is polyethylene glycol having
an weight average molecular weight of about 400. This material is available
commercially from the Union Carbide Company of Danbury, Connecticut under the
15 tradename “PEG-400".

The chemital softening composition described above i.e. mixture of a
quaternized ester-amine compounds and a polyhydroxy compound are preferably
added to the aqueous slurry of papermaking fibers, or furnish, in the wet end of the

20 papermaking machine at some suitable point ahead of the Fourdrinier wire or. -
sheet forming stage. However, applications of the above described chemical
chemical softening composition subsequent to formation of a wet tissue web and
prior to drying of the web to completion will also provide significant softness,
absorbency, and wet strength benefits and are expressly included within the scope

25 of the present invention.

It has been discovered that the chemical softening composition Is more
effective when the quaternized ester-amine compound and the polyhydroxy
compound are first pre-mixed together before being added to the papermaking
furnish. A preferred method, as will be described In greater detail hereinafier in

30 Example 1, consists of first heating the polyhydroxy compound to a temperature of
about 66 °C (150°F), and then adding the quaternized ester-amine compound to
the hot polyhydroxy compound 1o form a fluidized *melt". The weight ratio of the
quaternized ester-amine compound to the polyhydroxy compound ranges from
about 1:0.1 to 0.1 : 1; preferably, the weight ratio of the quaternized ester-amine

35 compound 1o the compound is about 1 : 0.3 t0 0.3 : 1; more preferably, the weight
ratio of the quaternized ester-amine compound o the compound Is about 1 : 0.7
to 0.7 : 1, although this ratio will vary depending upon the molecular weight of the
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Pol yam de- epi chl orohydrin resins sold under the trademarks Kynene 557H and
Kynmene 2064 by Hercul es Incorporated of WI m ngton, Del aware, are 35
particularly useful in this invention. These resins are generally described
in the aforenentioned patents to Keim 23 Base-activated

pol yam de-epi chl orohydrin resins useful in the present invention are sold
under the Santo Res trademark, such as Santo Res 31, by Mnsanto Conpany of
St. Louis, Mssouri. These types of materials are generally described in

U S. Pat. Nos. 3,855,158 issued to Petroys ch on Decenber 17, 1974; 5

et rovi ch on BaCisHl SOt afier fdRkaEss ebit I sEmpbiny BHEATHE) 5
1979; and 4, 2ZRatErnizpd Astel-amny/acompeund and DehEMesy cpmpoyggonelhlﬂ then
i ncor por at ed lgagRidnto the desired concentration, and mixed to form an aqueous solution
containing a vesicle dispersion of the quaternized ester-amine compound /
5 polyhydroxy compound mixture which is then added to the papermaking furnish.
Preferably, the mixture of the quaternized ester-amine compound and polyhdroxy
compound is diluted with a liquid carrier such as water 1o a concentration of from
about 0.01% to about 25% by weight of the softening composition before being
added 1o the papermaking furnish. The pH of the liquid carrier preferably ranges
10 from 2 to 4. The temperature of the liquid carrier preferably ranges from about 40
°C to about 80 °C. The mixture of the quaternized ester-amine compound and the
polyhdroxy compound are present as particles dispersed in the liquid carrier. The
average particle size preferably ranges from about 0.01 to 10 microns, most
preferably from about 0.1 to about 1.0 micron.  As shown in Figures 6 - 8, the
15 dispersed particles are in the form ot vesicle particles.

The quaternized ester-amine compound and the polyhdroxy compound are
mixed at an elevated temperature of at least 50 °C , more preferably from about
50 °C to about 100 °C. Without wishing to be bound by theory, it is believed at the
preferred temperature range, thal both Diester Ditaliow Dimethyl Ammonium

20 Chloride (DEDTDMAC) and Diester Di(hydrogenated)taliow Dimethyl Ammonium
Chloride (DEDHTDMAC) are in a liquid phase and are miscible with the
polyhdroxy compound. The physical states of Di(hydrogenated) tallow Dimethy!
Ammonium Methy! sulfate (DHTDMAMS) will be discussed in greater detail
hereinafter.

25 The papermaking furnish can be readily formed or prepared by mixing
techniques and equipmént well known 10 those skilled in the papermaking an.

It has unexpectedly been found that the adsorption of the polyhydroxy
compound onto paper is significantly enhanced when it is premixed with the
quaternized ester-amine compound before being added to the paper. In fact, at

30 least 20% of the polyhydroxy compound and the quaternized. ester-amine
compound added to the fibrous cellulose are retained; and preferably, the retention
level of quatemized ester-amine compound and the polyhydroxy compound is from
about 50% to about 90% by weight of the dry fibers.

impontantly, adsorption occurs at a concentration and within a time frame

35 that are practical for use during paper making. in an etfort 10 better understand the
surprisingly high retention rate of polyhydroxy compound onto the paper, the
physical science of the melted solution and the aqueous dispersion of a
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by reference. O her

wat er - sol ubl e cationic resins useful herein are the

pol yacrylam de 10 resins such as those sold under the Parez trademark,
such as Parez 631 NC, by Anerican Cyanam d Conpany of Stanford,
Connecticut. These materials are generally described in U S. Pat. Nos.

3,556,932 issued to

Coscia et al . on January 19, 1971; and 3, 556, 933

I ssued to Wllianms et al . on January 19, 1971, all incorporated herein by

reference. 15

O her types of watengsol ubl e resins useful in the

present invention include acryljc |.si ons an i onj.c styrene-butadi ene
| at exes. Nune 'Wgr_ 1 s‘ag‘?‘xtdﬁ@gg’%%‘&m&fﬁr"g‘gﬁﬂss‘mage 6?%\30&@3‘#%%. S.
Patent 3, 844, @®) 4R@woed studied. et al issued Cctober 29, 1974, incorporated
herei n by refer enogithdaltivibhing e beViiuat-tyahedry Sochl btaBvisd EMitnke biedehing

utility in thjs_inye
f or mal dehyde ’r“§%+‘nﬂ’§‘:

W, Mgl YEtiin ¥ oFred LI BRRAG I TITR oyt o

wei ght s onSt hamaieaism sempoynd promelesAheladsprRIORS! e ReHRMFOXY FRPPMREIONGr oups
i ncl ude ni trogspercont ai ni ng groups such as am no

information on the physical state of DHTDMAMS Di(hydrogenated)Tallow

dimethyl

Ammonium Methyl Sulfate, (Ci7H3s)2N+(CH3)2,CH308037) -

10

15

20

DODMAMS (DiOctadecy!l Dimethyl Ammonium Methyl Sulfate,
{C18Ha7)2N*{CH3)2,CH30S03"); DEDTDMAC ((Diester Ditallow Dimethyl
Ammonium Chlioride, (CH3)2N"‘(CH20H20COC15H33)2.C|‘) and DEDHTDMAC
(Diester Di{hydrogenated) Tallow Dimethyl Ammonium.Chloride) is provided by X-
ray and NMR data on the commercial mixture. DODMAMS is a major component
of DHTDMAMS, and serves as a model compound for the commercial mixture. it
is useful to consider first the simpler DODMAMS system, and then the more
complex commaercial DHTDMAMS mixture.

Depending on the temperature, DODMAMS may exist in any of four phase
states (Figure 1): two polymorphic crystals (XB and X®), a lamellar (Lam) liquid-
crystal, or a liquid phase. The XB crystal exists from below room temperature to
47 °C. At this temperature it is transformed into the polymorphic X crystal, which
at 72 °C is transformed into the Lam liquid crystal phase. This phass, in turn, is
transformed into an isotiopic liquid at 150 °C. A lamellar (Lam) liquid-crystal
phase does also exist in both DEDTDMAC and DEDHTDMAC compounds.

- DHTDMAMS is expected 1o resemble DODMAMS in its physical behavior, except

25

35

that the temperatures of the phase transitions will be lowered and broadened. For
example, the transition from the XP 1o the X® crystal occurs at 27 °C in
DHTDMAMS instead of 47 °C as in DODMAMS, Also, calorimetric data indicate
that several crystal ~->Lam phase transitions occur in DHTDMAMS rather than
one as in DODMAMS. The onset temperature of the highest of these transitions
is 56 °C, in good agreement with the X-ray data, but calorimetry displays two
peaks with onset temperatures of 53 and 63 °C.

DODMAC (DiOctadecyl Dimethyl Ammonium Chloride) displays qualitatively
different behavior from DODMAMS and in that the Lam fiquid crystal phase does
not exist in this compound. This difterence, however, is believed not to be
important to the use of this compound (or its commercial analog DHTDMAC) in the
treatment of paper. (Laughlin et al., Journal of Physical Chemistry, Physical
Sclence of the Dloctadecyldimethylammonlum Chloride-Water System. 1.

31 AUG 9% }
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groups and net hyl ol groups attached to nitrogen. Although | ess preferred,
pel yethylenimne type resins find utility in the 25 present invention.
More conpl ete descriptions of the aforenenti oned water-sol ubl e resins,

i ncluding their manufacture, can be found in TAPPI Mnograph Series No. 29,
Wet Strength In Paper and Paperboard, Technical Association of the Pulp and
Paper Industry (New York; 1965), Incorporated herein by reference. As used
herein, the 30 term permanent wet strength resin” refers to a resin which
al | ows the paper sheet, when placed in d8 aqueous nedium to keep a

maj ority of iEquilibHumAPhaed Behaeiagl 1Bahovoleme el mbeal2sub 59! RasBbraldaan at

| east two mn : ve- nment.i oned wet strength additives typically
result In papgér"g%rb(xggfé{eg‘t&% th permanent wet strength, i.e., paper which

when pl aced | Miguresof DHTRMAMSWHHh REG 83%i ns a substantial portion of its

j[ ni 2 isal)f wet Zt r eng® n:1oweight irafiee mistiorey &fege peg matsials iwetud_ﬁa?if andh b:aiugibir%?rfe

hber proffc: HoURHthephdth BindlotJeSat i odibiP i A & MRS

gram D S and are shown to be immiscible at high temperatures,
where they coexist as two liquid phases. As mixtures of the two liquids within this
region are cooled, a Lam phase separates from the mixture. This study therefore
shows that these two materials while immiscible at high temperatures do become

10 miscible at lower temperatures within the Lam liquid crystal phase. At still lower
temperatures crystal phases are expected to separate from the Lam phase, and
the compounds are again immiscible. .

These studies therefore suggest that in order to form good dispersions of
DHTDMAMS and PEG -400 in water, the premix that is diluted with water should

15 be held within the intermediate temperature range where the two compounds are
miscible. |
Mixtures of DHTDMAC with PEG 400.

Phase studies of these two materials using the step-wise dilution method
demonstrate that their physical behavior is considerably different from that of

20 DHTDMAMS. No liquid crystal phases are found. These compounds are miscible
over a wide range of temperatures, which indicates that dispersions may be
prepared from these mixtures over a comparable range of temperatures. No upper
temperature limit of miscibility exists. '

Mixtures of DEDTDMAC with PEG 400.

25 Phase studies (Figure 4) of these two materials using the step-wise dilution
method demonstrate that their physical behavior is similar from that of
DHTDMAC. These compounds are miscible over a wide range of temperatures (>
50 °C), which indicates that dispersions may be prepared from these mixtures

over a comparable range of temperatures. No upper temperature limit of miscibility
30 exists.

Mixtures of DEDHTDMAC with PEG 400,

Phase studies (Figure 5) of these two materials using the step-wise dilution

method demonstrate that their physical behavior is similar from that of

DHTDMAC. These compounds are miscible over a wide range of temperatures (>
35 67 °C), which indicates that dispersions may be prepared from these mixiures

over a comparable range of temperatures. No upper temperature limit of miscibility
exists.




24 are generally disposed of after brief periods of use into septic systens
and the like. Cdogging of these systens can result if the paper product
permanently retains its hydrolysis-resistant strength properties. Mre
recently, manufacturers have added tenporary wet strength additives to
paper products for which wet strength is 5 sufficient for the intended
use, but which then decays upon soaking in water. Decay of the wet strength
facilitates flow of the paper product through septic systenms. Exanples of
suitable tenporary wet strength resins iﬁglude nodi fied starch tenporary
wet strength aBeapasationuafidisgersionsonal Starch 78-0080, nmarketed by the 10

National Starch apdsdsonsel otREnel fesematisls YRaK beNspXRid‘hy dlillisy byPe of
di met h oxygt hyl ﬂ'wwgt lﬁ% is E’ﬁ‘%&a‘@é’%ﬁ?‘ﬁ@ ap vcu’rhich the polyhydroxy compound and the

quaternary ammonium salt are miscible, with water. i does not matter greatly
5  whether they are miscible within a liquid crystalline phase (as in the case of
DHTDMAMS), or in a liquid phase (as in the case of DHTDMAC). Neither
DHTDMAMS nor DHTDMAC are soluble in water, so the dilution of either dry
phase with water will precipitate the qualernary ammonium compound as small
particles. Both quaternary ammonium compounds will precipitate at elevaled

10 temperatures as a liquid-crystal phase in dilute aqueous solutions, regardiess of
whether the dry solution was liquid or liquid crystalline. The polyhydroxy
compound is soluble with water in all proportions, so il is not precipitated.

Cryoelectron microscopy demonstrates that the paricles present are about
0.1 to 1.0-micrometers in size, and highly varied in structure. Some are shests

15 (curved or flat), while others are closed vesicles. The membranes of all these
paricles are bilayers of molecular dimensions in which the head groups are
exposed to water, the tails are together. The PEG is presumed to be associated
with these particles. The application of dispersions prepared in this manner to

' paper results in attachment of the quaternary ammonium ion to the paper, strongly

20 promotes the adsorption of the polyhydroxy compound onto paper, and produces
the desired modification of softness and retention of wettability.

State of the dispersions.
When the above described dispersions are cooled, the partial crystalfization
of the material within the colloidal particles may occur. However, it is likely that the

25 attainment of the equilibrium state will require a long time (perhaps months), so
that a disordered particle whose membranes are either a liquid crystal or a
disordered crystal phase is interacting with the paper. Preferably, the chemical
softening compositions described herein are used before the equilibrium state has
been attained.

30 It is believed that the vesicles containing DHTDMAMS and PEG break apan
upon drying of the fibrous cellulosic material. Once the vesicle is broken, the
majority of the PEG component penetrates into the interior of the cellulose fibers
where it enhances the fiber flexibility. Importantly, some of the PEG Is retained on
the surface of the fiber where it acts o enhance the absorbency rate of the

35 cellulose fibers. Due to ionic interaction, the cationic portion of the DHTDMAMS
component stays on the surlace of the cellulose fiber where it enhances the
surface feel and softness of the paper product.
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with cationic starch polyners. Mdified starch tenporary wet strength
agents are also described in U S. Pat. No. 4,675,394, Sol arek, et al

i ssued June 23, 1987, and incorporated herein by reference. Preferred
tenporary wet strength resins 15 include those described in U S. Pat. No.
4,981, 557, Bjorkquist, issued January 1, 1991, and incorporated herein by
reference. Wth respect to the classes and specific exanples of both

per manent and tenporary wet strength resins |isted above, it should be
understood that the resins listed are exdplary in nature and are not neant
tolimt the scope of this 20 invention. Mxtures of conpatible wet

i j e pr ice of thig invention. The
2bove |15t ngs of -opPi Sand sHEFf-trB Arethe gabisEelion il depasungai avg,”
exenpl ary i n n3par@aking duraish using the aheve described cheméical softenesfcompesifionvast i on.
25 The &0bldiaeh &1cramindbs isLHate driftho I SRIPAS IR RNVidgE 1Ry BaEgNt
Invention bt A5G RS Yurhith $84RbosRed SrechAhliéd Shd B§UisiAlnt which can be used to

accomplish these two processing steps will be readily apparent to those skilled in

the papermaking art. Prefered tissue paper embodiments of the present invention

contain from about 0.005% to about 5.0%, more preferably from about 0.03% to

0.5% by weight, on a dry fiber basis of the chemical softening composition
10  described herein.

The present invention is applicable to tissue paper in general, including but
not limited to conventionally felt-pressed tissue paper; pattern densified tissue
paper such as exemplified in the aforementioned U.S. Patent by Sanford-Sisson
and its progeny; and high bulk, uncompacted tissue paper such as exemplified by

15 U.S. Patent 3,812,000, Salvucdi, Jr., issued May 21, 1974, The tissus paper may
be of a homogenous or multilayered construction; and tissue paper products made
\ therefrom may be of a single-ply or multi-ply construction. Tissue structures
formed from layered paper webs are described in U.S. Patent 3,994,771, Morgan,
. Jr. et al. issued November 30, 1976, and incorporated herein by reference. In
20 general, a wet-laid composite, soft, bulky and absorbent paper structure is
prepared from two or more layers of furnish which are preferably comprised of
ditferent fiber types. The layers are preferably formed from the deposition of
separate streams of dilute fiber slurries, the fibers typically being relatively long
softwood and relatively shont hardwood fibers as used in tissue papermaking, upon
25 one or more endless foraminous screens. The layers are subsequently combined
- to form a layered composite web. The layer web is subsequently caused to
conform 1o the surface of an open mesh drying/imprinting fabric by the application
of a fluid to force to the web and thereatter thermally predried on said fabric as part
of a low density papermaking process. The layered web may be stratified with
30  respect to fiber type or the fiber content of the respective layers may be essentially
the same. The tissue paper preferably has'a basis weight of between 10 g/m2 and
about 65 g/m2, and density of about 0.60-g/cc or less. Preferably, basis weight will
be below about 35 g¢/m2 or less; and density will be about 0.30 g/cc or less. Most
preferably, density will be between 0.04 g/cc and about 0.20 g/cc.
35 Conventionally pressed tissue paper and methods for making such paper
are known in the ant. Such paper Is typically made by depositing papermaking
furnish on a foraminous forming wire. This forming wire is often referred to in the




EXAMPLE 1 30 The purpose of this exanple is to illustrate a nethod
that can be used to nmake-up a bi odegradabl e chem cal softener conposition
conprising a mxture of Diaster Ditallow D nethyl Ammoni um Chl ori de
(DEDTDVAC) and Pol yet hyl ene. @ ycol 400 (PEG 400). A 1% solution of the

bi odegradabl e chem cal softener is prepared according 35 to the follow ng
procedure: 1. An equival ent weight of DEDTDMAC and PEG 400 is wei ghed
separately; 2. PEGis heated up to about 66 [err]C (150 [err]F); 3.
DEDTDVAC i-s dissolvedin PEGto forma telted solution at 66 [err] C (150

beorovnc i n ALLES 8 VARl VB CRedly Wilsh 8 polet EIRURMERNRAG, Kot %,
addi ng a sol Jefes®ddp asd atp The web is dewalered by pressing the web and drying at
elevated temperature. The panticular techniques and typical equipment for making
webs according 10 the process just described are well known to those skilled in the
5 art. In atypical process, a low consistency pulp furnish is provided in a pressurized
headbox. The headbox has an opening for delivering a thin deposit of pulp furnish
onto the Fourdrinier wire to form a wet web. The web is then typically dewatered to
a fiber consistency of between about 7% and about 25% (total web weight basis)
by vacuum dewatering and further dried by pressing operations wherein the web is
10  subjected to pressure developed by opposing mechanical members, for example,
cylindrical rolls.

The dewatered web is then further pressed and dried by a stream drum
apparatus known in the art as a Yankee dryer. Pressure can be developed at the
Yankee dryer by mechanical means such as an opposing cylindrical drum pressing

15  against the web. Vacuum may also be applied to the web as it is pressed against
the Yankee surface. Multiple Yankee dryer drums may be employed, whereby
additional pressing is optionally incurred between the drums. The tissue paper
structures which are formed are referred 10 hereinafter as conventional, pressed,
tissue paper structures. Such sheets are considered 0 be compacted since the

20 web is subjected to substantial overall mechanical compressional forces while the
fibers-are moist and are then dried (and optionally creped) while in a compressed
state.

Pattern densified tissue paper is characterized by having a relatively high
bulk field of relatively low fiber density and an array of densified zones of relatively

25 high fiber density. The high bulk fiekd is alternatively characterized as a field of
pillow regions. The densified zones are alternatively referred to as knuckle regions.
The densified zones may be discretely spaced within the high bulk field or may be
interconnected, either fully or partially, within the high bulk field. Preferred
processes for making pattern densified tissue webs are disclosed in U.S. Patent

30 No. 3,301,746, issued to Sanford and Sisson on January 31, 1867, U.S. Patent
Ho. 3,974,025, issued to Peter G. Ayers on August 10, 1876, and U.S. Patent No.
4,191,609, issued to Paul D. Trokhan on March 4, 1980, and U.S. Patent
4,637,859, issued to Paul D. Trokhan on January 20, 1987; all of which are
incorporated herein by reference.

35 In general, pattern densified webs are prelerably prepared by depositing a
papermaking furnish on a foraminous forming wire such as a Fourdrinier wire to
form a wet web and then juxtaposing the web against an array of supports. The




0.1% concentration. 6. The dilution water is heated up to about 66 [err]C
(150 [err]F); 7. The nelted m xture of DEDTDMAC and PEGis diluted to a 1%
splulion; and 5. 8. Shear stress is applied to forman agueous sol ution
containing a vesicle dispersion or suspension of the DEDTDVMAC and PEG
m xture; 9. The particle size of the vesicle dispersion is determ ned using
an optical mcroscopic technique. The particle size range is fromabout 0.1
to 1.0 micron. Figure 6 illustrates a cryo-transm ssion m cro-phot ograph
taken at X 10 63,000 of a vesicle dispggsion of a 1: 1 by weight ratio of
a DEDTDMAC and PEG 400 sysfem From fiqure 6 'ge(tp I ndi cates that particles
havi ng menbr an&eb isH¥esediaggingt tha Astay f sRROMs, IsLaby Jesuting:ip deasified; zenasm
cl osed/ open vesitbé @b atdhallosatidnisigeogtaphically esrespdnding it the fidints of contact
EXAS/P{—E 2 Ihe W%Qﬁ@%@ﬁrr&}&bﬁf@ﬁ%ﬁ?'@d‘ tlﬁetvﬁéft bl Thé dRaifdBEONAE JdiphotCan be
used to make-u | ra e chem c ner ,.co |t l.ch,
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( DEDTDMAC) Sandbulk field can be further dedensified by application of fluid pressure, such as with a
vacuum type device or a blow-through dryer, or by mechanically pressing the web
against the array of supports. The web is dewatered, and optionally predried, in
such a manner so as 10 substantially avoid compression of the high bulk fisld. This
is preferably accomplished by fluid pressure, such as with a vacuum type device or
10  blow-through dryer, or alternately by mechanically pressing the web against an
array of suppons wherein the high bulk field is not compressed. The operations of
dewatering, optional predrying and formation of the densified 2ones may be
integrated or partially integrated to reduce the total number of processing steps
performed. Subsequent to formation of the densifled zones, dewatering, and
15  optional predrying, the web is dried to completion, preferably still avoiding
mechanical pressing. Preferably, from about 8% to about 55% of the tissue paper
surface comprises densified knuckles having a relative density of at least 125% of
the density of the high bulk field.
The array of supports is preferably an imprinting carrier fabric having a
20 patterned displacement of knuckles which operate as the array of supports which
facilitate the formation of the densified zones upon application of pressure. The
pattern of knuckles constitutes the array of supports previously referred to.
Imprinting carrier fabrics are disclosed in U.S. Patent No. 3,301,746, Sanford and
Sisson, issued January 31, 1967, U.S. Patent No. 3,821,068, Salvucdi, Jr. et al .,
25 issued May 21, 1974, U.S. Patent No. 3,974,025, Ayers, issued August 10, 1976,
U.S. Patent No. 3,573,164, Friedberg et al ., issued March 30, 1971, U.S. Patent
No. 3,473,576, Amneus, issued October 21, 1969, U.S. Patent No. 4,239,065,
Trokhan, issued December 16, 1980, and U.S. Patent Ho. 4,528,239, Trokhan,
issued July 9, 1985, all of which are incorporated herein by reference.
30 Preferably, the furnish is first formed into a wet web on a foraminous
forming carrier, such as a Fourdrinier wire. The web is dewatered and transferred
to an imprinting fabric. The furnish may alternately be initially deposited on a
foraminous supporling carrier which also operates as an imprinting fabric. Once
formed, the wet web is dewatered and, preferably, thermally predried 1o a selected
35 fiber consistency of belween about 40% and about 80%. Dewatering can be
performed with suction boxes or other vacuum devices or with blow-through
dryers. The knuckle imprint of the imprinting fabric is impressed in the web as

P



20 d ycerol. A 1% solution of the biodegradable chem cal softener is
prepared according to the follow ng procedure: 1. An equival ent wei ght of
DEDTDVAC and d ycerol is separately weighed; 2. Gycerol is heated up to
about 66 [err]C (150 [err]F); 3. DEDTOVAC is dissolved in Aycerol to form
a nelted solution at 66 [err]C (150 [err]F); 25 4. Shear stress is
applied to forma honogeneous m xture of DEDTDMAC in dycerol; 5. The pH of
the dilution water is adjusted to about 3 by adding a solution of HCl at

0. 1% concentration. 6. The dilution wateggis heated up to about 66 C (150
[err]F); 7. Th rreltedagixtur,e iso&igj utendﬁto a 1% solution; and 8. Shear
stress is appl 918EM$589F BPON e Prigh i ARINGo MR MER Ko APMPIRliRR. Fnpediethed for
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X 63, 000 ofS a diepdstddetwegnahe hip molbdndadrying tnkrp. Aled, pheferablyi theofebds PERIBBVAC
and dycerol against the imprinting fabric prior to completion of drying by application of fluid
pressure with a vacuum device such as a suction box, or with a blow-through
dryer. Fluid pressure may be applied to induce impression of densified zones
during initial dewatering, in a separate, subsequent process stage, or.a
10 combination thereol.
Uncompacted, nonpattern-densified tissue paper structures are described in
U.S. Patent No. 3,812,000 issued to Joseph L. Salvucdi, Jr. and Peter N. Yiannos
on May 21, 1974 and U.S. Patent No. 4,208,459, issued 1o Henry E. Becker, Albert
L. McConnell, and Richard Schutte on June 17, 1980, both of which are
15 incorporated herein by reference. In general, uncompacted, non pattern densified
tissue paper structures are prepared by depositing a papermaking furnish on.a
foraminous forming wire such as a Fourdrinier wire to form a wet web, draining the
web and removing additional water without mechanical compression until the web
has a fiber consistency of at least 80%, and creping the web. Waler is removed
20 from the web by vacuum dewatering and thermal drying. The resulting structure is
a soft but weak high bulk sheet of relatively uncompacted fibers. Bonding material
is preferably applied to portions of the web prior to creping. '
Compacted non-pattern-densified tissue structures are commonly known in
the art as conventional tissue structures. In general, compacted, non-pattern-
25 densified tissue paper structures are prepared by depositing a papermaking
fumish on a foraminous wire such as a Fourdrinier wire to form a wet web, draining
the web and removing additional water with the aid of a uniform mechanical
compaction (pressing) until the web has a consistency of 25-50%, transferring the
web to a thermal dryer such as a Yankee and creping the web. Overall, water is
30 removed from the web by vacuum, mechanical pressing and thermal means. The
resulting structure is strong and generally of singular density, but very low in bulk,
absorbency and in softness.
The tissue paper web of this invention can be used in any application where
soft, absorbent tissue paper webs are required. Parlicularly advantageous uses of
35 the tissue paper web of this invention are in paper towel, toilet tissus and facial
tissue products. For example, two tissue paper webs of this invention can be
embossed and adhesively secured together in face to face relation as taught by




35 system Fromfigure 7, it indicates that particles having nenbranes one
or two bilayers thick, whose geonetry ranges from cl osed vesicles, to

di sc-like structures. 26 EXAMPLE 3 The purpose of this exanple is to
illustrate a nethod that can be used to nmake-up a bi odegradabl e chem cal
softener conposition conprising a mxture of 5 Di ester D (hydrogenat ed)
Tal | ow Di net hyl Ammoni um Chl ori de (DEDHTDMAC) (i.e., ADOGEN DDMC R from
Sher ex conpany) and Pol yet hyl ene gl ycol 400 (PEG 400). A 1% solution of the
bi odegr adabl e chemcal softerier is prepf8red according to the follow ng

procedure: 1. yAs RAUNYad B1Y 455CWEBh iseledPRDWEIMEKR-DRBshm G, 1868 adPRhikR s
separately We]n%gsp%’rated hBFR by relA8 o Yot 2-pRPSube 20eler 11C (194 [err]F); 3.

Molecular Welght Determination
5 A. Introduction
The essential distinguishing characteristic of polymeric materials is their
molecular size. The properties which have enabled polymers to be used in a
diversity of applications derive almost entirely from their macro-molecular nature.
In order to characterize fully these materials it is essential to have some means of
10 defining and determining their molecular weights and molecular weight
distributions. It is more correct to use the term relative molecular mass rather the
molecular weight, but the latter is used more generally in polymer technology. It is
not always practical o determine molecular weight distributions. However, this is
becoming more common practice using chromatographic techniques. Rather,
1§ recourse is made to expressing molecular size in terms of molecular weight
averages.
B. Molecular welght averages
Iif we consider a simple molecular weight distribution whnch represents the
weight fraction (wj) of molecules having relative molecular mass (M;), it is possible
20 to define several useful average values. Averaging carried out on the basis of the
number of molecules (Ni) of a particular size {Mi) gives the Number Average
Molscular Weight

Mn = LNi.Mi
25 ZNi

An important consequence of this definition is that the Number Average
Molecular Weight in grams contains Avogadro’s Number of molecules.
This definition of molecular weight Is consistent with that of monodisperse
30 molecular species, i.e. molecules having the same molecular weight. Of more
significance is the recognition that if the number of molecules in a given mass of a
polydisperse polymer can be determined in some way then Mp, can be calculated
readily. This is the basis of colligative property measurements.
Averaging on the basis of the weight fractions (Wi) of molecules of a given
35 mass (M) leads to the definition of Weight Average Molecular Weights.
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DEDHTDMACI s dissolved in PEGto forma nelted solution at 90 [err]C (194
[err]F); 4. Shear stress is applied to forma honbogeneous m xture of
DEDHTDMAC in PEG 5. The pH of the dilution water is adjusted to about 3 by
adding a solution of HCI at 0.1%concentration. 6. The dilution water is
heated up to about 70 [err]C (158 [err]F): 15 7. The nelted m xture is
diluted to a 1% solution; and 8. Shear stress is applied to form an aqgueous
sol ution containing a vesicle dispersion or suspension of DEDHTDVAC and PEG
m xture; 9. The particle size of DEDHTDYAC and PEG vesicle dispersion is
det ermined using an optical mcroscopic“technique. The particle size range
is fromabout 0.1 to 1.0My & ErwiM0= ZNiMi2 Figure 8 illustrates a

cryo-transm ssi on m cro-phot o?r@gh taﬁew pt X 66, 000 of a vesicle
di spersion of a 1: 1 by wei ght Fatio Of 'a DEDHTDMAC and PEG 400 system
Fromfigure 8, it indicates that particles having nenbranes one or two

bi | ayers t hi cKiy ihaseorgaseri meansiivg@espfessing Qolysred maeiutdr ewighte tins :c keh
structure . . 4 . this
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properties of polymers and is thereforused in the present i%vention.
Analytical and Testing Procedures

10 Analysis of the amount of biodegradable treatment chemicals used herein
or retained on tissue paper webs can be performed by any method accepted in the
applicable ar.

A. Quantitative analysls for quaternized ester-amine and polyhydroxy
compounds

15 For example, the level of the quaternized ester-amine compound, such as
diester di(hydrogenated)taliow dimethyl ammonium chloride (DEDHTDMAC) (i.e.,
ADOGEN DDMC R), retained by the tissue paper can be determined by solvent
extraction of the DEDHTDMAC by an organic solvent foliowed by an
anionic/cationic titration using Dimidium Bromide as indicator; the level of the

20 polyhydroxy compound, such as PEG-400, can be determined by extraction in an
aqueous solvent such as water followed by gas chromatography or colorimetry
techniques to determine the level of PEG-400 in the extract. These methods are
exemplary, and are not meant to exclude other methods which may be usetul for
determining levels of particular components retained by the tissue paper.

25 B. Hydrophllicity (absorbency)

Hydrophilicity of tissue paper refers, in general, 1o the propensity of the
tissue paper to be wetted with water. Hydrophilicity of tissue paper may be
somewhat quantified by determining the period of time required for dry tissue
paper to become completely wetted with water, This period of time is referred 1o as

30 “wetting time". In order to provide a consistent and repeatable test for wetting time,
the following procedure may be used for wetting time determinations: first, a
conditioned sample unit sheet (the environmental conditions for testing of paper
samples are 23+1°C and 50+2% R.H. as specified in TAPPI Method T 402),
approximately 4-3/8 inch x 4-3/4 Inch (about 11.1 cm x 12 cm) of tissue paper

35 structure is provided; second, the sheet is folded into four (4) juxtaposed quarters,
and then crumpled into a ball approximately 0.75 inches (about 1.9 cm) 1o about 1
inch (about 2.5 cm) in diameter; third, the balled sheet is placed on the surface of

i
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dryi ng papernmaki ng techni que to nake soft and absorbent paper towel
treated with a bi odegradabl e chem cal

m Xture 30

sheet s
sof tener conposition conprising a

of Diester Ditallow D nmethyl Ammoni um Chl ori de ( DEDTDVAC)
Pol yet hyl ene gl ycol 400 (PEG 400), and a pernanent wet strength resin

a
A

pil ot scal e Fourdrinier papernmaking nmachine is used in the practice of the
present invention. First, a 1% solution of the biodegradabl e chem cal
softener is prepared according to the procedure in Exanple 1. Second,
by weight 35 aqueous slurry of NSK is gpde up in a conventional re-pul per.
The NSK slurry is refined gently and a 2% sol ution of a permanent wet
strengt h resi®bpdy el digliied wal@st A3 fat Keanskh hifperisr cmultanepusy sladedi fodrthnf
W mi ngt on, DRy tirserciddsebied adierddBkvhen wattiag atkheibafedishdet!igic8mpletddo by
vei ght of thecgitXield HefiRg is GiseRES AERLyON Of Kymene
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Hydrophilicity characters of tissue paper embodiments of the present
invention may, of course, be determined immediately after manufacture. However,
substantial increases in hydrophobicity may occur during the first two weeks after
the tissue paper is made: i.e., after the paper has aged two (2) weeks foliowing its
manufacture. Thus, the wetting times are preferably measured at the end of such
two week period. Accordingly, wetting times measured at the end of a two week
aging period at room temperature are referred to as “two week wetting times.”

C. Denslty

The densily of tissue paper, as that term is used herein, is the average
density calculated as the basis weight of that paper divided by the caliper, with the
appropriate unit conversions incorporated therein. Caliper of the tissue paper, as
used herein, is the thickness of the paper when subjected to a compressive load of
95 ¢/in2 (15.5 g/cm?),

Optiona! Ingredients

Other chemicals commonly used in papermaking can be added to the
biodegradable chemical softening compasition described herein, or to the
papermaking furnish so long as they do not significantly and adversely affect the
softening, absorbency of the fibrous material, and enhancing actions of the
chemical softening composition.

.For example, surfactants may be used 1o treat the tissue paper webs of the
present invention. The level of surlactant, it used, is preferably from about 0.01%
1o about 2.0% by weight, based on the dry fiber weight of the tissue paper. The
surfactants preferably have alkyl chains with eight or more carbon atoms.
Exemplary anionic surfactants are linear alkyl sulfonates, and alkylbenzene
sulfonates. Exemplary nonionic surfactants are alkylglycosides including
alkylglycoside esters such as Crodesta SL-40 which Is available from Croda, Inc. .
(New York, NY); alkylglycoside ethers as described in U.S. Patent 4.011,389,
issued to W. K. Langdon, et al. on March 8, 1977; and alkylpolyethoxylated esters
such as pegosperse 200 ML available from Glyco Chemicals, Inc. (Greenwich, CT)
and IGEPAL RC-520 available from Rhone Poulenc Corporation (Cranbury, N.J.).

Other types of chemicals which may be added, include dry strength
additives to increase the tensile strength of the tissue webs. Examples of dry

a 3%



557H to NSK i s enhanced by an in-line mxer. A 1% solution of Carboxy
Methyl Cellul ose (CMC) is added after the in-line mxer at a rate of 0.2%
by weight of the dry fibers to enhance the dry strength of the fibrous
substrate. The adsorption of 5 CMC to NSK can be enhanced by an in-line
nmxer. Then, a 1% solution of the chem cal softener m xture (DEDTDVAC/ PEG
is added to the NSK slurry at a rate of 0.1% by weight of the dry fibers.
The adsorption of t he chenical softener nixture to NSK can al so enhanced
via an in-line mxer. The NSK slurry is @2l uted to 0.2% by the fan punp.
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m xt ure (NSK / owtherdryifigemnveighical thertissueparosd box and deposited onto a
Foudrinier wre toOtwgmiypas of chemicals which may be added, include wat strength

additives to increase the wet burst of the tissue webs. The present invention may
contain as an optional component from about 0.01% to about 3.0%, $nhore

10  preferably from about 0.3% 1o about 1.5% by weight, on a dry fiber weight basis, of
a water-soluble permanent wet strength resin.

Permanent wet strength resins useful herein can be of several types.
Generally, those resins which have previously found and which will hereatter find
utility in the papermaking an are useful herein. Numerous examples are shown in

15 the aforementioned paper by Westielt, incorporated herein by reference.

In the usual case, the wet strength resins are water-soluble, cationic
materials. That is 1o say, the resins are water-soluble at the time they are added to
the papermaking furnish. It is quite possible, and even 1o be expected, that
subsequent events such as cross-linking will render the resins insoluble in water.

20 Further, some resins are soluble only under specific conditions, such as over a
limited pH range.

Wet strength resins are generally beheved to undergo a cross-linking or

. other curing reactions after they have been deposited on, within, or among the
papermaking fibers. Cross-linking or curing does not normally occur so long as
25 substantial amounts of waler are present.

Of particular utility are the various polyamide-epichlorohydrin resins. These
materials are low molecular weight polymers provided with reactive functional
groups such as amino, epoxy, and azelidinium groups. The patent literature is
replete with descriptions of processes for making such materials. U.S. Pat. No.

30 3,700,623, issued to Keim on October 24, 1972 and U.S. Pat. No. 3,772,076,
issued to Keim on November 13, 1973 are examples of such patents and both are
incorporated herein by reference.

Polyamide-epichlorohydrin resins sold under the trademarks Kymene 557H
and Kymene 2064 by Hercules Incorporated of Wilmington, Delaware, are

35 particularly useful in this invention. These resins are generally described in the
aforementioned patents to Keim.




-enbryoni ¢ web. Dewatering occurs through the Foudrinier wire and is
assisted by a deflector and vacuum boxes. The Fourdrinier wire is of

5-shed, satin weave configuration having 84 machi ne-direction and 76

a

cross-nmachi ne-direction 20 nmonofi |l aments per inch, respectively. The
embryonic wet web is transferred fromthe Fourdrinier wire, at a fib
consi stency of about 22%at the point of transfer, to a photo-polyne
fabric having 240 Linear idaho cells per square inch, 34 percent knu
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by reference.

Other water-soluble cationic resins useful herein are the polyacrylamide
resins such as those sold under the Parez trademark, such as Parez 631NC, by
American Cyanamid Company of Stanford, Connecticut. These materials are
generally described in U.S. Pat. Nos. 3,556,932 issued to Coscia et al. on January
18, 1971; and 3,556,933 issued to Williams et al . on January 19, 1971, all
incorporated herein by reference.

Other types of water-soluble resins useful in the present invention include
acrylic emulsions and anionic styrene-butadiene latexes. Numerous examples of
these types of resins are provided in U.S. Patent 3,844,880, Meisel, Jr. et al .,
issued October 29, 1974, incorporated herein by reference.

Still other water-soluble cationic resins finding utility in this invention are the
urea formaldehyde and melamine formaldehyde resins. These polyfunctional,
reactive polymers have molecular weights on the order of a few thousand. The
more common functional groups include nitrogen containing groups such as amino
groups and methylol groups attached 10 nitrogen. '

Although less preferred, polyethylenimine type resins find ulility in the
present invention.

More complete descriptions of the aforementioned water-soluble resins,
including their manufacture, can be found in TAPPI Monograph Series No. 29, Wet
Strength In Paper and Paperboard, Technical Association of the Pulp and Paper
Industry (New York; 1965), incorporated herein by reference. As used herein, the
term “permanent wet strength resin® refers to a resin which allows the paper sheet,
when placed in an aqueous medium, to keep a majority of its initial wet strength for
a period of time greater than at least two minutes.

The above-mentioned wet strength additives typically result in paper
products with permanent wet strength, i.e., paper which when placed in an
aqueous medium retains a substantial portion of its initial wet strength over time.
However, permanent wet strength in some types of paper products can be an
unnecessary and undesirable property. Paper products such as toilet tissues, etc.,

tember 181 1980 all incorporated herem
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operated at about 800 fpm (feet per m nute) (about 244 nmeters per mnute).
- The dry web is formed into roll at a speed of 700 fpm (214 neters per
mnutes). Two plies of the web are fornmed into paper towel products by
enbossing 35 and | am nating them together using PVA adhesive. The paper
towel has about 26 #/3M Sq Ft basis wei ght, contains about 0.2% of the

bi odegr adabl e chem cal 28 softener m xture and about 1.0% of the
permanent wet strength resin. The resulting paper towel is soft, absorbent,
and very strong when wetted. Table 1 belgw sumrmari zes the retention |evels
and the average particle size of the DE C/ PEG 400 vesicl e di spersion
conpared to add genePilig-dspdsed blatter briel penieds ofruse $10 $bpticrsysteMslaing tHa like.

Clogging of these systems can result if the paper product permanently retains its
hydrolysis-resistant strength properties.More recently, manufacturers have added
temporary wet strength additives to paper products for which wet strength is

5 sufficient for the intended use, but which then decays upon soaking in water.
Decay of the wet strength facilitates flow of the paper product through septic
systems. ’

Examples of suitable temporary wet-strength tesins include modified starch
temporary wet strength agents, such as National Starch 78-0080, marketed by the

10  National Starch and Chemical Corporation (New York, New York). This type of wet
strength agent can be made by reacting dimethoxyethyl-N-methyl-chloroacetamide
with cationic starch polymers. Modified starch temporary wet strength agents are
also described in U.S. Pat. No. 4,675,394, Solarek, et al ., issued June 23, 1987,
and incorporated herein by reference. Preferred temporary wet strength resins

15 include those described in U.S. Pat. No. 4,981,557, Bjorkquist, issued January 1,
1991, and incorporated herein by reference.

With respect to the classes and specific examples of both permanent and
temporary wet strength resins listed above, it should be understood that the resins
listed are exemplary in nature and are not meant to limit the scope of this

20 inverition. |

Mixtures of compatible wet strength resins can also be used in the practice
of this invention.

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

25 The following examples illustrate the practice of the present invention but
are not intended to be limiting thereof.

EXAMPLE 1

30 The purpose of this example is to illustrate a method that can be used to
make-up a biodegradable chemical softener composition comprising a mixture of
Diester Ditallow Dimethyl Ammonium Chloride (DEDTDMAC) and Polyethylene
Glycol 400 (PEG-400).

A 1% solution of the biodegradable chemical softener is prepared according

35 to the following procedure : 1. An equivalent weight of DEDTDMAC and PEG-
400 is weighed separately; 2. PEG is heated up to about 66 °C (150 °F); 3.
DEDTDMAC is dissolved in PEG to form a melted solution at 66 °C (150 °F); 4.




DEDTDVAC/ PEG PEG to slurry vesicle dispersion Retention |level of PEG

5 80 in product (%9 Retention |evel of DEDTDVAC NA

85 in product (% Average panicle size (mcrons) NA 0.4
10 EXAMPLE 5 The purpose of this exanple is
to illustrate a nmethod using a blow through drying and | ayered paper nmaki ng

techni ques to nake soft and absorbent toilet tissue paper treated with a

bi odegradabl e chem cal softener conposition 15 conprising a m xture of
Diester Ditallow D nmethyl Amoni um Met h% Chl ori de (DEDTDVAC) and a
e
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| ycol 400 (PEG 400) and a nporary wet strength resin.
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5. The pH of the dilution water is adjusted to about 3 by adding a solution of HCI at
0.1% concentration. 6. The dilution water is heated up to about 66 °C {150 °F);
7. The melted mixture of DEDTDMAC and PEG is diluted 1o a 1% splution; and
8. Shear stress is applied 10 form an aqueous solution containing a vesicle
dispersion or suspension of the DEDTDMAC and PEG mixture; 9. The particle
size of the vesicle dispersion is determined using an optical microscopic
technique. The paricle size range is from about 0.1 to 1.0 micron.

Figure 6 illustrates a cryo-transmission micro-photograph taken-at X
63,000 of a vesicle dispersion of a 1 : 1 by weight ratio of a DEDTDMAC and PEG-
400 system. From figure 6, it indicates that particles having membranes one or

two bilayers thick, whose geometry ranges from closed/open vesicles, to disc-like
structures and sheets.

EXAMPLE 2

The purpose of this example is to illustrate a method that can be used to
make-up a biodegradable chemical softener composition which comprises a
mixture of Diester Ditallow Dimethyl Ammonium Chloride (DEDTDMAC) and
Glycerol.

A 1% solution of the biodegradable chemical softener is prepared according
to the following procedure : 1. An equivalent weight of DEDTDMAC and Glycero!
is separately weighed; 2. Glycerol is heated up to about 66 °C (150 °F); 3.
DEDTOMAC is dissolved in Glycerol to form a melted solution at 66 °C (150 °F);
4. Shear stress is applied to form a homogeneous mixture of DEDTDMAC in
Glycerol; 5. The pH of the dilution water is adjusted to about 3 by adding a
solution of HCI at 0.1% concentration. 6. The dilution water is heated up to about
66 °C (150 °F); 7. The melted mixture is diluted to a 1% solution; and 8. Shear
stress is applied to form an aqueous solution containing a vesicle dispersion or
suspension of DEDTDMAC and Glycerol mixture; 9. The parlicle size of the
vesicle dispersion is determined using an optical microscopic technique. The
particle size range is from about 0.1 to 1.0 micron.

Figure 7 llustrates a cryo-transmission micro-photograph taken at X 63,000
of a vesicle dispersion of a 1 : 1 by weight ratio of a DEDTDMAC and Glycerol
system. From figure 7, it indicates that particles having membranes one or two
bilayers thick, whose geometry ranges from closed vesicles, to disc-like structures.
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I nvention. First, a 1% solution of the biodegradable chem cal

Is 20 prepared according to the procedure in Exanple 1. Second,
3% by wei ght aqueous slurry of NSK is nmade up in a conventi onal
The NSK slurry is refined gently and a 2% sol ution of the tenporary wet

strength resin (i.e. National starch 78-0080 marketed by National Starch

and Chem cal

corporation of New York, NY) |Is added to the NSK stock pipe
at arate of 0.75% by weight of the dry 25 fibers. The adsorption of the
tenporary wet strength resin onto NSK fi

re- pul per.

rs is enhanced by an in-line

a

m xer. The NSK slurry Is diluted to about 0.2% consi stency at the fan punp.

Third, a 3% by wei ght aqueous slurry GXANBEE
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make-up a biodegradable chemical soften r composition comprising a mmure ot
Diester Di(hydrogenated) Tallow Dimethyl Ammonium Chloride (DEDHTDMAC)
(i.e., ADOGEN DDMC R from Sherex company) and Polyethylene glycol 400
(PEG-400).

A 1% solution of the biodegradable chemical soflener is prepared according
to the following procedure : 1. An equivalent weight of DEDHTDMAC and PEG-
400 is separately weighed; 2. PEG is heated up to about 90 °C (194 °F); 3.
DEDHTDMAC is dissolved in PEG to form a melted solution at 90 °C (194 °F); 4.
Shear stress is applied to form a homogeneous mixture of DEDHTDMAC in PEG:
5. The pH of the dilution water is adjusted to about 3 by adding a solution of HCI at
0.1% concentration. 6. The dilution water is heated up to about 70 °C (158 °F);
7. The melted mixture is diluted 10 a 1% solution; and 8. Shear stress is applied
to form an aqueous solution containing a vesicle dispersion or suspension of
DEDHTOMAC and PEG mixture; 8. The parlicle size of DEDHTDMAC and PEG
vesicle dispersion is determined using an optical microscopic technique. The
particle size range is from about 0.1 to 1.0 micron.

Figure 8 lllustrates a cryo-transmission micro-photograph taken at X 66,000
of a vasicle dispersion of a 1 : 1 by weight ratio of a DEDHTDMAC and PEG-400
system. From figure 8, it indicates that particles having membranes one or two
bilayers thick, whose geometry ranges from closed vesicles, to disc-like structures.

EXAMPLE 4

The purpose of this example is to illusirate a method using a blow through
drying papermaking technique 1o make soft and absorbent paper towel sheets
treated with a biodegradable chemical softener composition comprising a mixture
of Diester Ditallow Dimethyl Ammonium Chloride (DEDTDMAC) , a Polyethylene
glycol 400 (PEG-400), and a permanent wet strength resin .

A pilot scale Fourdrinier papermaking machine Is used in the practice of the
prasent invention. First, a 1% solution of the biodegradable chemical softener is
prepared according to the procedure in Example 1. Second, a 3% by weight
aqueous slurry of NSK is made up in a conventional re-pulper. The NSK slurry is
refined gently and a 2% solution of a permanent wet strength resin (i.e. Kymene
557H marketed by Hercules incorporated of Wilmington, DE) Is added to the NSK

¥ptus fibers is made up In a
re-pul per. A 1% solution of the chem cal softener m'xture i's

0. 2% by vet ght -of t 148 gt AL lo Sk el ofh beltte ™



29 softener m xture to Eucal yptus fibers can be enhanced by an in-line
- m xer. The Eucal yptus slurry is diluted to about 0.2% consistency at the
fan punp. The treated furnish mxture (30% of NSK /70% of Eucal yptus) is
bl ended in the head box and deposited onto a Foudrinier wire to form an
enbryonic web. 5 Dewat eri ng occurs through the Foudrinier wire and is
assi sted by a deflector and vacuum boxes. The Fourdrinier wire is of a
5-shed, satin weave configuration having 84 machi ne-direction and 76
cross-machi ne-direction nonofilanents per inch, respectively. The enbryonic
wet web is transferred fromthe photo-pgyyner wire, at a fiber consistency

0 : ) . .
S62"Li near | ditf 1 Poa fp 3L a{e et of Bo B o afR 0T fOieneo i 1 o
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dryer witH a CMCto NSK can be enhanced by an in-line mixer. Then, a 1% solution of the
chemical softener mixture (DEDTDMAC/ PEG) is added to the NSK slurry at a rate
of 0.1% by weight of the dry fibers. The adsorption of the chemical softener
mixture to NSK can also enhanced via an in-line mixer. The NSK sluny is diluted
to 0.2% by the fan pump. Third, a 3% by weight aqueous slurry of CTMP is made
10 up in a conventional re-pulper. A non-ionic surfactant (Pegosperse) is added to
the re-pulper at a rate of 0.2% by weight of dry fibers. A 1% solution of the
chemical softener mixture is added to the CTMP stock pipe before the stock phmp
at a rale of 0.1% by weight of the dry fibers. The adsorption of the chemical
softener mixture to CTMP can be enhanced by an in-line mixer. The CTMP slurry
15 is diluted to 0.2% by the fan pump. The treated furnish mixture (NSK/ CTMP) is
blended in the head box and deposited onto a Foudrinier wire to form an
embryonic web. Dewatering occurs through the Foudrinier wire and is assisted by
a deflector and vacuum boxes. The Fourdrinier wire is of a 5-shed, satin weave
configuration having 84 machine-direction and 76 cross-machine-dirgction
20 monofilaments perinch, respectively. The embryonic wet web is transferred from
the Fourdrinier wirs, at a fiber consistency of about 22% at the point of transfer,
1o a photo-polymer fabric having 240 Linear ldaho cells per square inch, 34
percent knuckle areas and 14 mils of photo-polymer depth. Further de-watering
is accomplished by vacuum assisted drainage uniil the web has a fiber
25  consistency of about 28%. The patterned web is pre-dried by air blow-through to a
fiber consistency of about 65% by weight. The web is then adhered to the surface
of a Yankee dryer with a sprayed creping adhesive comprising 0.25% aqueous
solution of Polyvinyl Alcohol (PVA). The fiber consistency is increased to an
estimated 96% before the dry creping the web with a doctor blade. The doctor
30 blade has a bevel angle of about 25 degrees and Is positioned with respect to the
Yankee dryer to provide an impact angle of about 81 degrees; the Yankee dryer is
operated at about 800 fpm (feet per minute) (about 244 meters per minute). The
dry web is formed into roll at a speed of 700 fpm ( 214 meters per minutes).
Two plies of the web are formed into paper towel products by embossing
35 and laminating them together using PVA adhesive. The paper towel has about 26
#/3M Sq Ft basis weight, contains about 0.2% of the blodegradable chemical
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15 sprayed creping adhesive conprising 0.25% aqueous sol ution of Pol yvinyl
Al cohol (PVA). The fiber consistency is increased to an estimted 96%
before the dry creping the web with a doctor blade. The doctor blade has a
bevel angle of about 25 degrees and is positioned with respect to the
Yankee dryer to provide an inpact angle of about 81 degrees; the Yankee
dryer is operated at about 800 1pm 20 (feet per mnute) (about 244 neters
per mnute). The dry web is forned into roll at a speed of 700 1pm (214
neters per mnutes). The web is converteg into a one pIy ti ssue paper

product. The ti ssue e s_.ab [,3M.S tai ns
about 0. 1% of S¢fIROeK; 'dgﬁ?a?d‘ pRePY glﬁl‘te?r% ft@oP? Pn w)gk Lﬂ'gng d'dzﬂ)'boﬂ’eo 2% of
t he tenpor ar yraseling paperdoweliesdth abs@bentmaod vemtsirong when welled-t i ng ti ssue
paper is soft, abWﬂbeB%uhﬁ\aﬁﬂ.bi el retehfén l@ﬁ&s@ﬁdih@@véiag@%h@fe sIIZU I et
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PEG 400 on$y taghedernishisMyh slurry.

Table 1:
PGSy | veside dispersion
gc;c;:’is:tlac)l of PEG 5 80
ﬁc;g:jiﬁ:ll(céc;l of DEDTDMAC NA 85
Average panicie size (microns) NA 0.4
10 EXAMPLE §

‘The purpose of this example is 10 illustrate a method using a blow through

. drying and layered papermaking techniques to make soft and absorbent toilet

tissue paper treated with a biodegradable chemical softener composition

15 comprising a mixture of Diester Ditallow Dimethyl Ammonium Methyl Chloride

(DEDTDMAC) and a Polyethylene glycol 400 (PEG-400) and a temporary wet
strangth resin.

A pilot scale Fourdrinier papermaking machine is used in the practice of the

present invention. First, a 1% solution of the biodegradable chemical softener is

20 prepared according to the procedure in Example 1. Second, a 3% by weight

aqueous slurry of NSK is made up in a conventional re-pulper. The NSK sluny is

refined gently and a 2% solution of the temporary wet strength resin (i.e. National

starch 78-0080 marketed by National Starch and Chemical corporation of New-

York, NY) Is added to the NSK stock pipe at a rate of 0.75% by weight of the dry

25 fibers. The adsorption of the temporary wet strength resin onto NSK fibers is

enhanced by an in-fine mixer. The NSK slumy is diluted to about 0.2% consistency

at the fan pump. Third, a 3% by weight aqueous slurry of Eucalyptus fibers is

made up in a conventional re-pulper. A 1% solution of the chemical softener

mixture is added to the Eucalyptus stock pipe before the stock pump at a rate of

30 0.2% by weight of the dry fibers. The adsorption of the biodegradable chemical

3 1 ewa 95




30 35 30 Table 2: PEGto slurry DEDTDVAC / PEG Vesi cl e di spersion

Retention | evel of PEG 5 75 in product (%
Retention | evel of DEDTDMAC 85 in product (%
Average particle size (mcrons) NA 0.4 5

29

soltener mixture to Eucalyptus fibers can be enhanced by an in-line mixer. The
Eucalyptus slurry is diluted to about 0.2% consistency at the fan pump.

The treated furnish mixture (30% of NSK / 70% of Eucalyptus) is blended in

the head box and deposited onto a Foudrinier wire to form an embryonic web.

5 Dewatering occurs through the Foudrinier wire and is assisted by a deflector and

vacuum boxes. The Fourdrinier wire is of a 5-shed, satin weave configuration

having 84 machine-direction and 76 cross-machine-direction monofilaments per

inch, respectively. The embryonic wet web is transferred from the photo-polymer

wire, at a fiber consistency of about 15% at the point of transfer, to a photo-

10  polymer fabric having 562 Linear ldaho cells per square inch, 40 percent knuckle

area and 9 mils of photo-polymer depth.  Further de-watering is accomplished by

vacuum assisted drainage until the web has a fiber consistency of about 28%.

The patterned web is pre-dried by air blow-through to a fiber consistency of about

65% by weight. The web is then adhered to the surface of a Yankee dryer with a

15  sprayed creping adhesive comprising 0.25% aqueous solution of Polyvinyl Alcohol

(PVA). The fiber consistency is increased to an estimated 96% before the dry

creping the web with a doctor blade. The doctor blade has a bevel angle of about

25 degrees and is positioned with respect to the Yankee dryer to provide an

impact angle of about 81 degrees; the Yankee dryer is operated at about 800 fpm

20 (feet per minute) (about 244 meters per minute). The dry web is formed into roll at
a speed of 700 fpm (214 meters per minutes).

The web is converted into a one ply tissue paper product. The tissue paper
has about 18 #/3M Sq Ft basis weight, contains about 0.1% of the biodegradable
chemical softener mixture and about 0.2% of the temporary wet strength resin.

25 Importantly, the resulting tissue paper is soft, absorbent and is suitable for use as
facial and/or toilet tissues.

Table 2 below summarizes the retention levels and the average particle size
of the DEDTDMAC / PEG vesicle dispersion compared to adding PEG-400 only 10
the furnish slurry.
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Retention level of DEDTDMAC

in product (%) 85

NA

Average panicle size (microns) N A

0.4

EXAMPLE 6

The purpose of this example is to illustrate a method using a blow through
drying papermaking technique to make soft and absorbent toilet tissue paper
treated with a biodegradable chemical softener composition comprising a mixture
of Diester Ditaliow Dimethyl Ammonium Chloride (DEDTDMAC), a Polyethylene
glycol 400 (PEG-400) and a dry strength additive resin.

A pilot scale Fourdrinier péparmaking machine is used in the practice of the
present invention. First, a 1% solution of the biodegradable chemical softener is
prepared according to the procedure in Example 1. Second, a 3% by weight
aqueous slurry of NSK is made up in a conventional re-pulper. The NSK sluny is
refined gently and a 2% solution of the dry strength resin (i.e. Acco 514, Acco 711
marketed by American Cyanamid company of Fairfield, OH) is added to the NSK
stock pipe at a rate of 0.2% by weight of the dry fibers. The adsorption of the dry
strength resin onto NSK fibers is enhanced by an in-line mixer. The NSK slurry is
diluted to about 0.2% consistency at the fan pump. Third, a 3% by weight
aqueous slurry of Eucalyptus fibers Is made up in a conventional re-pulper. A 1%
solution of the chemical softener mixture is added to the Eucalyptus stock pipe
before the stock pump at a rate of 0.2% by weight of the dry fibers. The
adsarption of the biodegradable chemical softener mixture to Eucalyptus fibers can
be enhanced by an in-line mixer. The Eucalyptus slurry Is diluted to about 0.2%
consistency at the fan pump.

The treated furnish mixture (30% of NSK / 70% of Eucalyptus) is blended in
the head box and deposited onto a Foudrinier wire to form an embryonic web.
Dewatering occurs through the Foudrinier wire and is assisted by a deflector and



aqueous slurry of Eucal yptus fibers is made up in a conventional re-pulper.
A 1% solution of the chemcal softener mxture is added to the Eucal yptus
stock pipe before the stock punp at a rate of 0.2% by weight of the dry
fibers. The 25 adsorption of the biodegradable chem cal softener mxture
t.o Eucal yptus fibers can be enhanced by an in-line m xer. The Eucal yptus
slurry Is diluted to about 0.2% consistency at the fan punp. The treated
furnish mxture (30% of NSK /70% of Eucal yptus) Is blended in the head box
and deposited onto a Foudrinler wire to forman enbryonic web. 30

Dewat eri ng occurs through the FoudrinieRdtwire and is assisted by a

defl ect or andva?mﬁrjr b\fﬁ&sl.’u?hp%ﬁr%'rigi}p%irgqy'bflﬁijﬂl.kﬁéd.%&ﬁ \L%@fcoﬂﬁ&drﬁﬁ@rp’
satin weave configuration havin, chine-directjon, an _
cr oss- machi nehavip i @ﬁc%ﬁgfrp@lgmp?%pgpss-mac ine-direction monolilaments per
inch, respectively. The embryonic wet web is transferred from the photo-polymer
wire, at a fiber consistency of about 15% at the point of transfer, to a photo-
5 polymer fabric having 562 Linear Idaho cells per square inch, 40 percent knuckle
area and 9 mils of photo-polymer depth. Funther de-watering is accomplished by
vacuum assisted drainage until the web has a fiber consistency of about 28%.
The patterned web is pre-dried by air blow-through to a fiber consistency of about
65% by weight. The web is then adhered to the surface of a Yankee dryer with a
10 sprayed creping adhesive comprising 0.25% aqueous solution of Polyvinyl Alcohol
(PVA). The fiber consistency is increased to an estimated 96% before the dry
creping the web with a doctor blade. The doclor blade has a beve! angle of about
25 degrees and is positioned with respect to the Yankee dryer to provide an
impact angle of about 81 degrees; the Yankee dryer is operated at about 800 fpm
15 (feet per minute) (about 244 meters per minute). The dry web is formed into roll at
a speed of 700 fpm ( 214 meters per minutes).
Two plies of the web are formed into tissue paper products and laminating
them together using ply bonded technique. The tissue paper has about 23 #/3M
Sq Ft basis weight, contains about 0.1% of the biodegradable chemical softener
20 mixture and about 0.1% of the dry strength resin. Importantly, the resulting tissue
paper is soft, absorbent and is suitable for use as facial and/or toilet tissues.
Table 3 below summarizes the retention levels and the average particle size
of the DEDTDMAC / PEG-400 vesicle dispersion compared to adding PEG-400
only to the furnish slurry.

25
Table 3:
DEDTDMAC/PEG
PEG 10 slumy Vesicle dispersion

Retention level of PEG

in product (%) S 75
Retention Jevel of DEDTDMAC

in product (%) NA 80

Average particle size (microns) NA 0.4

30




i nch, respectively. The enbryonic wet web is transferred fromthe
phot o- polyner wire, at a fiber consistency of about 15% at the point of
transfer, to a photo- 5 pol ymer fabric having 562 Linear idaho cells per
square inch, 40 percent knuckle area and 9 m|s of photo-pol ynmer depth.
Further de-watering is acconplished by vacuum assi sted drai nage until the
web has a fiber consistency of about 28% The patterned web is pre-dried by
air blowthrough to a fiber consistency of about 65% by weight. The web is
then adhered to the surface of a Yankee gfryer with a 10 sprayed creping

adhesi ve conprising 0.25% aqueous sol ’%Eﬁgf Pol yvi nyl Al cohol (PVA). The
fi ber consistency is increased to an dd 96% before the dry creping
the web with a doctor blade. The doctor bl ade has a bevel angle of about 25

degrees and is postgd BG@@&%’HMJ&% is'18 iliJ&ﬁat\Sad‘Ka%ﬁwogrdéﬁflgéeorWeﬂtYé ¢ an

o 16 (Teet AATS ABREREANNEIACHNOY8 AO fRaks: ST 80d ADRBEST OYFcISS RADET 1's
fornmed i nt® r trehtedtwith a pddgraiahio @hémpical sciiefenesmpasitioo comprising a)mix{me pl i es
of the web ar g bRisfR GiihpéRgbhaisd)Tale\l DimBhpAhieniaMCHIgHde TBEDMI DMAC),
a Polyethylene glycol 400 (PEG-400) and a dry strength additive resin .
A pilot scale Fourdrinier papermaking machine is used in the practice of the
present invention. First, a 1% solution of the biodegradable chemical sofiener is
10  prepared according to the procedure in example 3. Second, a 3% by weight
aqueous slurry of NSK is made up in a conventional re-pulper. The NSK slurry is
refined gently and a 2% solution of the dry strength resin {i.e. Acco 514, Acco 711
marketed by American Cyanamid company of Wayne, New Jersey) is added to the
NSK stock pipe at a rate of 0.2% by weight of the dry fibers. The adsorption of the
15  dry strength resin onto NSK fibers is enhanced by an in-line mixer. The NSK
slurry is diluted to about 0.2% consistency at the fan pump. Third, a 3% by
weight aqueous slurry of Eucalyptus fibers is made up in a conventional re-pulper.
A 1% solution of the chemical softener mixture is added to the Eucalyptus stock
pipe before the stock pump at a rate of 0.2% by weight of the dry fibers. The
20 adsorption of the chemical softener mixture to Eucalyptus fibers can be enhanced
by an in-line mixer. The Eucalyptus slurry is diluted to about 0.2% consistency at
the fan pump. '
The treated fumish mixiure {30% of NSK / 70% of Eucalyptus) is blended in
the head box and deposited onto a Foudrinier wire to form an embryonic web.
25 Dewatering occurs through the Foudrinier wire and is assisted by a deflector and
vacuum boxes. The Foudrinier wire is of a 5-shed, satin weave configuration
having 84 machine-direction and 76 cross-machine-direction monofilaments per
~ Inch, respectively. The embryonic wet web is transferred from the Foudrinier wire,
at a fiber consistency of about 15% at the point of transfer, to a conventional felt.
30 Further de-watering is accomplished by vacuum assisted drainage until the web
has a fiber consistency of about 35%. The web is then adhered to the surface of
a Yankee dryer. The fiber consistency is increased 10 an estimated 96% before
the dry creping the web with a doctor blade. The doctor blade has a bevel angle of
about 25 degrees and is positioned with respect to the Yankee dryer to provide an
35 impact angle of about 81 degrees; the Yankee dryer is operated at about 800 fpm
(feet per minute) (about 244 meters per minute). The dry web is formed into roll at
a speed of 700 fpm (214 meters per minutes).
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t hem t oget her using ply bonded technique. The tissue paper has about 23

#/ 3M Sq Ft basis weight, contains about 0.1% of the biodegradabl e chem cal
sof t ener 20 m xture and about 0.1% of the dry strength resin.
Importantly, the resulting tissue paper is soft, absorbent and is suitable
for use as facial and/or toilet tissues. Table 3 bel ow sunmari zes the
retention |levels and the average particle size of the DEDTDVMAC / PEG 400
vesi cl e di spersion conpared to adding PEG 400 only to the furnish slurry.
25 Table 3: DEDTDVAC / PEG PEG to slurrysq Vesicle dispersion Retention

| evel of PEG ) 75 in product (% Retention |evel
of DEDTDVAC Twauplies of the web are Igunedinis isguUe PERYT products and laminating

them together using ply bonded technique. The tissue paper has about 23 #/3M
Sq Ft basis weight, contains about 0.1% of the biodegradable chemical sottener
mixture and about 0.1% of the dry strength resin. Imponantly, the resulling tissue

5 paperis soft, absorbent and is suitable for use as a facial and/or toilet tissues.
Table 4 below summarizes the retention levels and the average particle size
of the DEDHTDMAC and PEG-400 vesicle dispersion compared to adding PEG-

400 only to the fumish slurry.
10
Table 4:
PEG tos) DEDHTDMAC/ PEG
o sturry Vesicle dispersion —
Retention level of PEG
in product (%) 5 70
Retention level of DEDHTDMAC
in product (%) - NA 75
Average particle size (microns) NA 0.5
15




Average particle size (mcrons)
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1. A paper product characterized in that it comprises a sheet of fibrous cellulose
material and from 0.005% to 5.0% by weight of said fibrous cellulose material
of a biodegradable chemical softening composition comprising a mixture of:

(a) a quaternized ester-amine compound having the formula

R2

R2

or

R2

R

N/

5/

]
(CH2)2-0-C-R3

N

R1

(CH2)2-0O-

N
AN

1
C-R3

o

(CH2)2-0O- ﬁ -R3

x-

x-

wherein each Ry substituent is a C; - Cg alkyl or hydroxyalkyl group, or
mixture thereof, preferably Cj - C3 alkyl, most preferably methyl; each R}
substituent is a Cj4 - C22 hydrocarbyl group, or mixture thereof, preferably
Ci6 - C18 alkyl; each R3 substituent is a Cy - C2g hydrocarbyl group, or
mixture thereof, preferably Ci4 - Cy¢ alkyl; and X~ is a compatible anion,
preferably chloride or methyl! sulfate; and

- ®)

a polyhydroxy compound selected from glycerol, and polyethylene glycols

and polypropylene glycols having a weight average molecular weight from
200 to 4000, preferably from 200 to 1000, most preferably from 200 to 600,

wherein the weight ratio of the quaternized ester-amine compound to the

polyhydroxy compound ranges from 1 :

0.1t00.1:
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, preferably from 1:0.3 to



aqueous slurry of NSK is nade up in a conventional re-pul per. The NSK
slurry is refined gently and a 2% solution of the dry strength resin (i.e.
Acco 514, Acco 711 narketed by Anerican Cyananm d conpany of Wayne,

é?;sﬁ%mﬁmmﬁmﬁimw NSK stock pipe at a rate of 0.2% by wei ght yfewt he

on of the 15 dry strength resin onto NSK fibers is
enhanced*by®an"in-line nmixer. The NSK slurry is diluted to about 0.2%

consi stency at the fan punp. Third, a 3% by wei ght aqueous slurry of

Eucal yptus fibers is made up in a conventional re-pul per. A 1% solution of
the chem cal softener mxture is added to the Eucal yptus stock pipe before
tge st?pk pu][rpt ﬁt ﬁ#],rﬁ{bﬁ ;fl?éfex(abl Yooy 1:0€71 ©0.7:0f whéreinckajd ﬁdl}]’fy‘?@xyfhﬁp&ﬁdb
adsorption o e chenical, sof f ener J e
enhanced by an in-llsi"Héedrﬁv_%?a.' ﬂ*ﬁ%%"?a‘?‘%{'ﬁé‘é g?%ﬁ& ?(%tl?T ateggé"?pg&ggcut

0. 2% consi st ency avhergia stid quasermged “-FFFé‘al“F“é&P'@W“I“GPﬂ%/ﬁ‘E ot QYET%Y(C%%“B NSK
[ 70% of Eucal ypt usareinfisdillended i n the head box and deposited onto a
Foudrinier wire to forman enbryonic web. 25 Dewat eri ng occurs through

the Foudrinier 2\{“ el 5 gl?c? Io? Eﬁgm l?ywa deIhl %%gtgr%iz%@gster-amine compound is

The paper pro herein the
selected from diester di(non hydrogenated) tallow dimethyl ammonium chloride,
diester di(touch hydrogenated) tallow dimethyl ammonium chloride, diester
di(partially hydrogenated) tallow dimethyl ammonium chloride, diester
di(hydrogenated) tallow dimethyl ammonium chloride, diester ditallow dimethyl

ammonium methyl sulfate, or diester di(hydrogenated) tallow dimethyl
ammonium methyl sulfate.

3. The paper. product of Claim 1 or 2 wherein the polyhydroxy compound is
miscible with the quaternized ester-amine compound in the liquid phase.

4. The paper product of any of Claims 1 - 3 wherein the quaternized ester-amine
compound is mixed with the polyhydroxy compound at an elevated temperature
of at least 50 °C, more preferably at a temperature of from 50°C to 100°C.

5. The paper product of any of Claims 1 - 4 wherein the mixture of the quaternized
ester-amine compound and the polyhydroxy compound is diluted with a liquid
carrier to a concentration of from 0.01% to 25.0% by weight of the chemical
softening composition.

6. The paper product of Claim 5 wherein the mixture of the quaternized ester-amine
compound and the polyhydroxy compound is present as particles dispersed in the
liquid carrier, and wherein the average particle size of the quaternized ester-
amine compound and the polyhydroxy compound is preferably from 0.01 to 10
microns, most preferably from 0.1 to 1.0 micron.

7. The paper product of Claim 5 or 6 wherein the temperature of the liquid carrier

ranges from 40 °C to 80 °C, and wherein the pH of the liquid carrier is less than
4,

8.  The paper product of any of Claims 1 - 7 wherein said paper product is a towel,
toilet tissue or facial tissue.
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vacuum boxes. The Foudrinier wire is of a 5-shed, satin weave configuration
havi ng 84 machi ne-direction and 76 cross-mnachi ne-direction nonofil aments

per |nch, ”m"mﬂ enbryonic wet web is transferred fromthe

Foudr i nie mﬁw ga consi stency of about 15% at the point of
transfer, c'on\/"ent5| onal felt. 30 Further de-watering is acconplished
by vacuum aSSl sted: drai nage until the web,has a fiber consistency of about
35% The web is then adhered to the surface of a Yankee dryer. The fi ber
consistency is increased to an estinmated 96% before the dry creping the web
with a doctor plade. The doctor blade has a bevel angle of about 25 degrees
and is positiofed ‘i PiRdGE b@EtChFB“‘iahe‘W%{Wl@eé%}P‘iﬁéfo“t Shab?ct‘ﬁﬂzﬁfb Bt it j npact
angl e of about 81 cheprisess; mixtuee ofankee dryer is operated at about 800 fpm
(feet per mnute) (about 244 neters per minute). The dry web is fornmed into

roll at a speed C)e(a) ZquQIaJchcé 24 ImhE Lompdtild h%lrx]tggi%sfzir'mula

Ry (CH2)2-0-C - R3
N S
N+ X-
AN
R2 R]
or
0
R2 (CH2)2-0- E -R3
N+ X-
Rz/ (CH2)2-0O- ﬁ -R3

wherein each Ry substituent is a C; - Cg alkyl or hydroxyalkyl group, or
mixture thereof, preferably Cy - C3 alkyl, most preferably methyl; each R
substituent is a C14 - C» hydrocarbyl group, or mixture thereof, preferably
Ci6 - C18 alkyl; each R3 substituent is a Cy2 - Cyo hydrocarbyl group, or
mixture thereof, preferably Ci4 - C1g alkyl; and X~ is a compatible anion,
preferably chloride or methyl sulfate; and

(b) a polyhydroxy compound selected from glycerol, and polyethylene glycols
and polypropylene glycols having a weight average molecular weight from
200 to 4000, preferably from 200 to 1000, most preferably from 200 to 600,

wherein the weight ratio of the quaternized ester-amine compound to the
polyhydroxy compound ranges from 1 : 0.1 to 0.1 : 1, preferably from 1:0.3 to
3:1, most preferably from 1:0.7 to 0.7:1, wherein said polyhydroxy compound
is mixed with said quaternized ester-amine compound at an elevated temperature

wherein said quaternized ester-amine compound and said polyhydroxy compound
are miscible.
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33 Two plies of the web are fornmed into tissue paper products and
| am nating them together using ply bonded technique. The tissue paper has

about 23 wei ght, contains about 0.1% of the bi odegradabl e
chem cal mﬂﬂmmlﬂwm and about 0.1% of the dry strength resin.
| mportant iy, ct he rves kNg tissue 5 paper is soft, absorbent and is
suitable for use as a facial and/or toilet tissues. Table 4 bel ow

sumari zes the retention | evels and the a3verage particle size of the
DEDHTDVAC and PEG 400 vesicl e dispersion conmpared to adding PEG 400 only
to the furnish slurry. 10 Table 4: DEDHTDVAC/ PEG PEG to slurry Vesicl e
di spersion Retention |evel of PEG 5 in product (%

70 10. The chemical softening composition of Claim 9 wherein the quaternized ester-
amine compound is selected from diester di(non hydrogenated) tallow dimethyl
ammonium chloride, diester di(touch hydrogenated) tallow dimethyl ammonium
chloride, diester di(partially hydrogenated) tallow dimethyl ammonium chloride,
diester di(hydrogenated) tallow dimethyl ammonium chlonide, diester ditallow
dimethyl ammonium methyl sulfate, or diester di(hydrogenated) tallow dimethyl
ammonium methyl sulfate. '

11. The chemical softening composition of Claim 9 or 10 wherein the mixture of the
quaternized ester-amine compound and the polyhydroxy compound is diluted
with a liquid carrier to a concentration of from 0.01% to 25.0% by weight of the
chemical softening composition, wherein the mixture of the quaternized ester-
amine compound and the polyhydroxy compound is present as particles dispersed
in the liquid carrier, and wherein the average particle size of the quaternized
ester-amine compound and the polyhydroxy compound is preferably from 0.01
to 10 microns, most preferably from 0.1 to 1.0 micron.
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Retention | evel of DEDHTDVAC in product (% NA

75 Average particle size (mcrons) NA 0.5 15 34
THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLONG: 1. A paper product
characterized in that it conprises a sheet of fibrous cellulose materi al
and from0.005%to 5.0% by weight of said fibrous cellulose material of a
bi odegr adabl e chem cal softening conpo38tion conprising a mxture of: (a)

a quaterni zed EIRE - PROBGCESD ENPATINANE 0 3 PShESEADASLE CofdMTCAL

SOFTENING COMPOSITION

ABSTRACT
Fibrous cellulose materials useful in the manufacture
of soft, absorbent paper products such as paper
towels, facial tissues, and toilet tissue are
disclosed. The paper products contain a biodegradable
chemical softening composition comprising a mixture of
a biodegradable quaternized ester-amine compound and
a polyhydroxy compound. The biodegradable chemical
softening compositions are prepared by first mixing
the biodegradable quaternized ester-amine compound
into the polyhydroxy compound at a specific
temperature range wherein the polyhyroxy compound is
miscible with the biodegradable quaternized ester-
amine compound and then diluting the mixture with
water at a specific temperature and pH range to form
an aqueous vesicle dispersion suitable for treating
the fibrous cellulose material.
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wherein each R err] substituent

is aderr]-(err] alkyl or hydroxyal kyl

group, or mxture thereof; each R err] substituent is a (Jerr]-(err]
hydr ocar byl group, or m xture thereof; each R3 substituent is a
Cerr]-Cerr] hydrocarbyl group,. or mxture thereof; and Xerr] is a

conpati bl e ani on;

and (b)

a pol yhydroxy conpound sel ected from gl ycerol,

and pol yet hyl ene gl ycol s and pol ypropyl ene gl ycols having a wei ght average

nol ecul ar ~wei ght from 200 to 4000, wherein the weight

guat er ni zed ester-am ne
0.01 to 0.1: 1, wherein
quat erni zed ester-am ne
guat er ni zed ester-am ne
m sci bl e.

rati o of the
conpound to thg/®! yhydroxy conpound ranges from 1:
sai d pol yhydroxy conpound is mxed with said
conpound at an el evated tenperature wherein said
conpound and sai d pol yhydroxy conpound are

Fahrenhelt

50 100 150 200 250 300
DWDMAA(S 1\ - 1 - 1 1 \ 1 i
Xf» 5ﬁ: L%r }qi
DODMAMS | = * : :
0 50 100 150
Celclus
Fig. 1
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§
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35 2. The paper product of claim 1l wherein the quaterni zed" ester-am ne
conpound has a formula wherein each Rl err] substituent is a (Jerr]-Cerr]
al kyl group or mxture thereof; each Rerr] substituent is a (Jerr]-Clerr]
al kyl group, or a mxture thereof; each R err] substituent is a
Cerr]-Clerr] alkyl group, or a mxture thereof; Xerr] is a chloride or
net hyl sul fate; and the pol yhydroxy conpound is selected fromglycerol, and
pol yet hyl ene gl ycol s and pol ypropyz/né gl ycol s having a wei ght average

nmol ecul ar wei ght from 200 to 1000; ~n® wherein the weight ratio of

guat erni zed ester-am ne conpound to the pol yhydroxy conpound ranges from1l
:0.31to 3.1. 3. The paper product of claim1l or 2 wherein the quaternized
ester-am ne conpound has a fornula such that each R2 substituent is a

met hyl ; and the pol yhydroxy compound is selected fromglycerol, and

pol yet hyl ene gl ycol s and pol ypropyl ene gl ycols having a wei ght average
nol ecul ar weight from 200 to

60 I 1 I 1

50 r

Temperature, °C
S

Ug+ X

Ug+ X

-IO 1 i 1 1
0 20 40 60 80 100

Percent PEG 400

Fig. 3




600; and wherein the weight ratio of quaternized ester-am ne conmpound to

t he pol yhydroxy conpound ranges from1l: 0.7 to 0.7: 1. 4. The paper
product of any one of Clains 1 to 3 wherein the quaternized ester-am ne
conpound is selected fromdiester di(non hydrogenated) tallow di nethyl
ammoni um chl ori de, diester di(touch hydrogenated) tall ow dinmethyl anmonium
chloride, diester di(partially hydrogenated) tallow di nethyl ammoni um

chl oride, diester di(hydrogenated) tallow di methyl anmmoni um chl ori de,

di ester ditallow di nethyl amoni um metAygl sul fate, or diester

di (hydrogenated) tallow dinmethyl anmmdnitm nmet hyl sulfate. 5. The paper
product of any one of Clains 1 to 4 wherein the pol yhydroxy conpound is

m scible with the quaterni zed ester-am ne conpound in the |iquid phase. 6.
The paper product of agg one of Clains 1 to 5 wherein the quaternized
ester-am ne conpound i%“n xed w th the polyhydroxy]conmpound at an el evated
tenperature of at |east 5P[err

Agfase (liquid)

60 + 0
—~
Q
L 554
~

2-phase (solld-liquld)
50 -
—0— T(°C)
45 T T T T T

o ! 2 3 4 5 6
PEG/DEDTDMAC ratlo

Fig. 4

I-phase (llquld)

T(°C)

2-phase (solld-liquld)

—b— T(°C)

60 T T T T T
0o / 2 3 4 5 6

PEG/DEDHTDMAC ratlo
Fig. 5




36 7. The paper product of claim6 wherein the quaternized ester-am ne
conpound is m xed with the pol yhydroxy conpound at an el evated tenperature
of from50[err]C to 100[err]C. 8. The paper product of any one of C ai

1 to 7 wherein the m xture of the quaternized ester-am ne conpound and the
pol yhydroxy conpound is diluted with a liquid carrier to a concentration of
from0.01%to 25.0% by wei ght of the chem cal softening conposition. 9.

The paper product of Claim8 wherei ?ﬁe m xture of the quaternized
ester-am ne corrpound and the polyha’d/ Xy corrpound is present as particles
di spersed in the |qw;'f}‘ - A (SR

the average At AT




quat erni zed ester-an ne conpound and t he pol yhydroxy conpound is fromO0.01
to 10 mcrons. 11. The paper product of Cl aim 10 wherein the average
particle size of the quaternized ester-am ne conpound and the pol yhydroxy
compound is fromO0.1 to 1.0 mcrons. 12. The paper product of any one of
Ctainms 8 to 11 wherein the tenperature of the liquid carrier ranges from
40[err]C to 80ferr]C, and wherein the pH of the liquid carrier

Is less than
4. 13. - The paper product of any one of Clainms 1 to 12 wherein said paper
product is a towel, toilet tissue of f@cial tissue. 37 14. A
bi odegr ad 4 Sofleeni ONNQSif

carized in that it
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conprises a mxture of: (a) a quaterni zed ester-am ne conpound having the
formula [err] wherein each Rlerr] substituent is a C(ferr]-Clerr] alkyl or
hydr oxyal kyl group, or mxture thereof; each R err] substituent is a
Cierr]-Cerr] hydrocarbyl group, or mxture thereof; each R3 substituent is
a (Jerr]-Cerr] hydrocarbyl group, or mxture thereof; and Xerr] is a
conpati bl e anion; and (b) a pol yhydroxy conpound sel ected from gl ycerol,
and pol yet hyl ene gl ycols and pol ypropyl ene gl ycols having a wei ght average
nol ecul ar wei ght from 200 to 4000, wherein the weight ratio of the

quat erni zed ester-am ne conpound t oExhB pol yhydr oxy conpound ranges from 1
© 0.1 to G¥Y. . akiGeboleietifdan ydroxy conpound is mxed with said

: {gw; ed tenperature wherein said




R

flenss.q o0 °
am ne+cenpound and sai d poI yhydroxy conpound are m scible. 38 15. The
bi odegr adabl | ng conposition of claim14 wherein the
guat er ni zed !ﬂﬁ ‘m,mh m‘ und has a formul a such that each R2
substi t uent ekr] al kyl ggp or mxture thereof; each R err]
substituent is a CJerr]-(err] alkyl or a mxture thereof; each
Rl err] substituent is a Cerr]-(Jerr aI kyI group, or a mxture thereof;
Xerr] is BHEICIOAIME DfrFINENGyTHE NV Xy corrpound i s

having a vt gne Rt et R e -BRT T ng i So Tkt BSREY SpEeEue?) S
wei ght 1 atduifsednriternial aed from @re@s%nt@ 509 bynwelght dhsaimfiphyuds caljulose

conmpound ranges from1l: 0.3 to 3.1. 16, The bi odegradabl ¢, chem cal
sof t eni ng ®8 A pf@hm@d%g@ngiq Qj}enl@al softening “composition compnsmg a

mixture of:

(a) a quaternized ester-amine compound having the formula

I

Rz /(c>H2)2-o-c;—R3 ]
/N*\ X
R Ry
or
0
I
Ra\ /(CH2)2-O—C-—R3 ]
7N\ '
CH2 O"ﬁ—Rs
0

wherein each Rj substituent is a C1—Cg alky! or hydroxyalky!
group, or mixture thereof;, each R1 substituent is a C14C22
hydrocarbyl group, or mixture thereof; each Rs substituent is a
C12—-C20 hydrocarbyl group,. or mixture thereof; and X" is a
compatible anion; and
(b)  a polyhydroxy compound selected from glycerol, and polyethylene
glycols and polypropylene glycols having a weight average
molecular weight from 200 to 4000,
wherein the weight ratio of the quaternized ester-amine compound to the
polyhydroxy compound rahges from 1 : 0.01 to 0.1 : 1, wherein said polyhydroxy
compound is mixed with said quaternized ester-amine compound at an elevated
temperature wherein said quaternized ester-amine compound and said
polyhydroxy compound are miscible.
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wher ei n the quaternized ester am ne conpound has a f.ormul a such_fhat each

Rl err] substl nmet hyl ; and t he pol yhydroxy: corrp@und.@aserfef(ted
from gl ycerolj '@Mﬁﬂ’g e glycols and pol ypropyt-ene- gl—ycelws ing a
wei ght aver ages t from200 to 600; and lwher ein.the vv% yht
rati o of quaterm zed ester am ne conpound to the pal ;{hydr(‘m‘({/“ dot JI
ranges from1l :0.7 to 0.7:1. 17. The cRhegmi cal softening com:)05|t| of any
one of clains 14 to 16 wherein the quat er ni zed est ér-am ne corrpound S

selected fgomd t t | di

chl ori de, %ﬁ estzﬁadﬁé?ou%ﬁgﬁlﬁl gf ﬁ%ﬁgdfq%hé'% Aqgenégﬁ?%kr??onélg@m ch i de,
di ester di Qmapouadlhasrqmmgdaammj')am aadzlm\mgdsutmnmentasrmﬁn-tm@ aldyb grale or

di ester di rgwédroqenat d) tallow d| met hyl a n| u lk i de, diester

di tal | ow d %rrﬁ?ghi%ﬁ‘? h§¥ %tmlraate Ving(f@.%l-r Bgéndtdyre
tall ow di f- SSHANRY at 1 n

conposi ti gﬁ]terﬂ%(é any onﬂé 0 H&ftmﬁ]t '§%4&t166(i‘76 %hgl %I i an‘n@)%tuurggﬁég& Xis
quat er ni zed gsdride arimethybesntiares and thBepolyhydroxy compound is selected from

glycerol, and polyethylene glycols and polypropylene glycols having a weight
average molecular weight from 200 to 1000; and wherein the weight ratio of

quaternized ester-amine compound to the polyhydroxy compound ranges from
1:0.3t0 3.1.

3. The paper product of claim 1 or 2 wherein the quaternized ester-amine
compound has a formula such that each Rz substituent is a methyl; and the
polyhydroxy compound is selected from glycerol, and polyethylene glycols and
polypropylene glycols having a weight average molecular weight from 200 to

600; and wherein the weight ratio of quaternized ester-amine compound tc the
polyhydroxy compound ranges from 1 : 0.7t0 0.7 : 1.

4, The paper product of any one of Claims 1 to 3 wherein the quaternized
ester-amine compound is selected from diester di(non hydrogenated) tallow
dimethyl ammonium chloride, diester di(touch hydrogenated) tallow dimethyi
ammonium chloride, diester di{partially hydrogenated) tallow dimethyl
ammonium chloride, diester di(hydrogenated) tallow dimethyl ammonium
chloride, diester ditallow dimethyl ammonium methyl sulfate, or diester
di(hydrogenated) tallow dimethyl ammonium methyl sulfate.

5. The paper product of any one of Claims 1 to 4 wherein the polyhydroxy

compound is miscible with the quaternized ester-amine compound in the liquid
phase.

6. The paper product of any one of Claims 1 to 5 wherein the quaternized

ester-amine compound is mixed with the polyhydroxy compound at an elevated
temperature of at least 50°C.



pol yhydroxy conmpound is diluted wwth a liquid carrier to a concentration of

from0.01%to ' of the chem cal softening conposition,
wherein the mmmﬁm!g"mlﬁﬂzggﬂterm zed ester-am ne conmpound and the

pol yhydr oxy conpounde I Sk Prs t as particles dispersed in the liquid
carrier. 39 19. The chem cal softegéng conposition of Claim 18
wherein the average particle size of the“quaterni zed ester-am ne conpound
and the pal yhydroxy compound is fromO0.01 to 10 mcrons. 20. The chemi cal

sof t eni ng ‘conpokte iRAPYT PEPRGH of Slgifefeivhenein dver agatesaizedcestasraming t he
quat er ni Zeenesd i AThieed WIMAKBDLAPRYdrB%y RBMEVHLEY aff JIRUBE thHpbFATHE- 1

to 1.0 m crons.
of from 50°C to 100°C.

8. The paper product of any one of Claims 1 to 7 wherein the mixture of the
quaternized ester-amine compound and the polyhydroxy compound is diluted

with a liquid carrier to a concentration of from 0.01% to 25.0% by weight of the
chemical softening composition.

9. The paper product of Claim 8 wherein the mixture of the quaternized

ester-amine compound and the polyhydroxy compound is present as particles
dispersed in the liquid carrier.

10.  The paper product of Claim 9 wherein the average particle size of the

quaternized ester-amine compound and the polyhydroxy compound is from 0.01
to 10 microns.

11.  The paper product of Claim 10 wherein the average particle size of the

quaternized ester-amine compound and the polyhydroxy compound is from 0.1
to 1.0 microns.

12. The paper product of any one of Claims 8 to 11 wherein the temperature

of the liquid carrier ranges from 40°C to 80°C, and wherein the pH of the liquid
carrier is less than 4,

13. The paper product of any one of Claims 1 to 12 wherein said paper
product is a towel, toilet tissue or facial tissue.
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14. A biodegradable chemical softening composition characterized in that it
comprises a mixture of:
(a)  a quaternized ester-amine compound having the formula
O

|

Ry (CHp)5-O-C—R4
AN

or

R CH,)»-O-C—R
2\ /( 2)2 3

Nt
Rz/ \(CHz)z-O-ﬁ—Rs
0]
wherein each Rj substituent is a C1—Cg alkyl or hydroxyalkyl
group, or mixture thereof; each Ry substituent is a C14—Cy>
hydrocarbyl group, or mixture thereof; each Rjs substituent is a
C12—C20 hydrocarbyl group, or mixture thereof; and X is a
compatible anion; and
(b)  a polyhydroxy compound selected from glycerol, and polyethylene
glycols and pol);propylehe glycols ha\)ing a weight average
molecular weight from 200 to 4000,
wherein the weight ratio of the quaternized ester-amine compound to the
polyhydroxy compound ranges from 1 : 0.1 to 0.1 : 1, wherein said
polyhydroxy compound is mixed with said quaternized ester-amine
compound at an elevated temperature wherein said quaternized ester-
amine compound and said polyhydroxy compound are miscible.
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15. The biodegradable chemical softening composition of clairﬁ;.m wherein
the quaternized ester-amine compound has a formula such that each R:
substituent is a C1—C3 alkyl group or mixture thereof; each Ry substituent is a
C16—C1g alkyl group, or a mixture thereof; each Rj substituent is a C14~C1g alkyl
group, or a mixture thereof, X" is a chloride or methyl sulfate; and the
polyhydroxy compound is selected from glycerol, and polyethylene glycols and
polypropylene glycols having a weight average molecular weight from 200 to

1000; and wherein the weight ratio of quaternized ester-amine compound to the
polyhydroxy compound ranges from 1 : 0.3 to 3.1.

16. The biodegradable chemical softening composition of claim 14 or 15
wherein the quaternized ester-amine compound has a formula such that each
R2 substituent is a methyl; and the polyhydroxy compound is selected from
glycerol, and polyethylene glycols and polypropylene glycols having a weight
average molecular weight from 200 to 600; and wherein the weight ratio of

quaternized ester-amine compound to the polyhydroxy compound ranges from
1:0.7100.7 : 1.

17. The chemical softening composition of any one of claims 14 to 16
wherein the quaternized ester-amine compound is selected from diester di(non
_hydrogenated) tallow dimethyl ammonium chloride, diester di(touch
hydrc_ig'e_nét_ed) tallow dimethyl ammonium chloride, diester di(partially
hydrogenated) tallow dimethyl ammonium chloride, diester di(hydrogenated)
tallow dimethyl ammonium chloride, diester ditallow dimethyl ammonium methyl
sulfate, or diester di(hydrogenated) tallow dimethyl ammonium methyl sulfate.

18. The chemical softening composition of any one of claims 14 to 17
wherein the mixture of the quaternized ester-amine compound and the
polyhydroxy compound is diluted with a liquid carrier to a concentration of from
0.01% to 25.0% by weight of the chemical softening composition, wherein the
mixture of the quaternized ester-amine compound and the polyhydroxy
compound is present as particles dispersed in the liquid carrier.
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13 The chemical softening composition of Claim 18 wherein the average

particle size of the quaternized ester-amine compound and the polyhydroxy
compound is from 0.01 to 10 microns.

20.  The chemical softening composition of Claim 18 wherein the average

particle size of the quaternized ester-amine compound and the poiy'hydro_xy
compound is from 0.1 to 1.0 microns.
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PAPER PRODUCTS CONTAINING A BIODEGRADABLE CHEMICAL
SOFTENING COMPOSITION

ABSTRACT
Fibrous cellulose materials useful in the manufacture
of soft, absorbent paper products such as paper
towels, facial tissues, and toilet tissue are
disclosed. The paper products contain a biodegradable
chemical softening composition comprising a mixture of
a biodegradable quaternized ester-amine compound and
a polyhydroxy compound. The biodegradable chemical
softening compositions are prepared by first mixing
the biodegradable gquaternized ester-amine compound
into the ©polyhydroxy compound at a specific
temperature range wherein the polyhyroxy compound is
miscible with the biodegradable quaternized ester-
amine compound and then diluting the mixture with
water at a specific temperature and pH range to form
an aqueous vesicle dispersion suitable for treating

the fibrous cellulose material.




