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FIELD OF THE INVENTION

This invention relates to tissue paper webs. More particularly, it relates to
W soft, absorbent tissue paper webs which-can be used in toweling, napkin, facial
' 15  tissue, and toilet tissue products.

BACKGROUND OF THE INVENTION

Paper webs or sheets, sometimes called tissue or paper tissue webs or(
20 shests, 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 thdt three important physical attributes of these products are their
softness; their absorbency, particularly their ébsorbency for aqueous systems; and
their strength, particularly their strength when wet. Research and development
25 efforts have been directed to the improvement of each of these attributes without
seriously affécﬁng the others as well as to the improvement of two or thres
attributes simultaneously.
.,% Softness is the tactile sensation perceived by the consumer as he/she hokis
a particular product, rubs it across his/her skin, or crumples it within his/her hand.
30 This tactile sensation is a combination of several physical properties. One of the
more important physical properties related 1o sofiness is generally considered by
those skilled in the art to be the stiffness of the paper web from which the product
is made. Stiffness, in turn, is usually considered to be directly dependent on the
dry tensile strength of the web and the stiffness of the fibers which make up the
35 web.
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20 sheets find extenswe use in nodern society. Such itens as paper
foel s, “napki NWO 9449381 and toilet tissues are staple itens of REHMSPYBIIS¢
has Iong been recogni zed that three inportant physical attributes of these
products are their softness; their absorbencg, particularly their

absor bency for aqueo : thei r strengt par thelr
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to the inprovengshysicalciatagrity andete rasist iteatng, butstiogt asdr skhreddingatnder usg
the others as weld dﬁﬁmfso ér{]&lbﬂg)wggﬁmt of two or three attributes

25 el ahe_hol ds bi)%{gmvuﬁifae Biege of DIy oLg ol Aofifs cllfiant pask. 5"
crunpl es It &t habsdibquiastitidsaetdiquid, particularly aqueous solutions or dnspersnons Overali
absorbency as perceived by the human consumer is generally considered to be a
combination of the total quantity of liquid a given mass of tissue paper will 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

10  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. Pat. No. 3,755,220 issued August
28, 1973 mention that certain chemical additives known as debonding agents
interfere with the natural fiber-to-fiber bonding that occurs during sheet formation

15 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 enhance the wet strength of the sheet in conjunction with the use of debonding
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

20 tensile strength.

Shaw, in U.S. Pat. No. 3,821,068, issued June 28, 1974, aiso teaches that
chemical debdhders can be used to reduca the stifiness, and thus enhance the

. softness, of a tissue papar web. :
Chemical debonding agents have been disclosed in various references

25 such as U.S. Pat. No. 3,554,862, issued to Hervey et al. on January 12, 1971.
These materials include Qquaternary ammonium salts such as
trimethylcocoammonium chloride, trimethyloleylammonium chloride,
di(hydrogenated) tallow dimethyl ammonium chloride and trimethyistearyl
ammonium chloride.

30 Emanueisson et al., in U.S. Pat. No. 4,144,122, issued March 13, 1979,
teach the use of complex quaternary ammonium compounds such as bis{alkoxy(2-
hydroxy)propylene) quaternary ammonium chlorides to soften webs. These
authors also attempt to overcome any decrease in absorbency caused by the
debonders through the use of nonionic surfactants such as ethylene oxide and

35 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
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30 This tactile sensation is a canbination of several physical properties.
Oné of t he norwOI9pB8ilant physi cal properties related to soft neperits93/09452
generally considered by those skilled in the-art to be the stiffness of the
paper web from which the product Is nade. Stiffness, in turn, is usually
considered to be directly dependent on the dry tensile strength of the web
and the stiffnesgombinatieniwitle faity\#eid ostenscolipolyoxyeatiylons glycolp may impart both
softness and absorbency to tissue paper webs.
One exemplary result of research directed toward improved paper webs is
described in U.S. Pat. No. 3,301,746, issued to Sanford and Sisson on January
5 31, 1967. Despite the high quality of paper webs made by the process described in
-this patent, and despite the commercial success of products formed from these
webs, research efforts directed to finding improved products have continued.
For example, Becker et al . in U.S. Pat, No. 4,158,594, issued January 19,
1879, describe a method they contend will form a strong, soft, fibrous sheet. More
10 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
emuision, a water soluble resin, or an elastomeric bonding material) which has
15 Dbeen adhered to one 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.
It-is an object of this invention to provide a soft, absorbent tissue péper
products. '
20 It is a further object of this invention to provide soft, absorbent towel paper
products. .
It is also a further object of this invention to provide a process for making
soft, absorbent tissue and towe! paper products. . :
These and other objects are obtained using the present invention, as will
25 become readily apparent from a reading of the following disclosure.

~ SUMMARY OF THE INVENTION

The presént invention provides soft, absorbent paper product. Briefly, the

30 paper products comprise a sheet of cellulose material and from about 0.005% to

about 5.0% by weight of the fibrous celiulose material of a chemical softening
composition comprising a mixture of :

(a) aquaternary ammonium compound having the formula

35
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Strength is the ability of the product, and its constituent webs, to
frai ‘nt ai n physi G&) od/fgs8grity and to resist tearing, bursting, angcfm gﬁt{g

under use conditions, particularly when wet. Absorbency is the néasure

the ability of a product and its constituent webs, to 5 absorb
gquantities of liquid, particularly aqueous sd utions or di sper si ons.

Overal | absorbency as perceiRgd by thefgyuman consumer is generally _
consi dered to be.a conbi nati omof the/total quantity of I4quid a given nass
of tissue paper will absorb at twation as well as the rate at which the
mass absorbs the liquid. The use Mt wet stren¥th resins to enhance 't he

- strength of a paper web is 10 | de known. For exanple, Westfelt

descri bed a ngnber_ of such e, erials rltﬂ

wherein each R2 substituent is a C1 - C6 alkyl or hydroxyalkyl
group, or mixture thereof; each Ry substituent is a C14 - C22
hydrocarby! group, or mixture thereof; and X" isa

10 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;
15 . _
wherein the weight ratic of the quaternary ammonium compound to the
polyhydro'xy_ compound ranges from about 1 : 0.1 to 0.1 : 1; and wherein said
polyhydroxy compound is miscible with the quaternary ammonium compound at a
temperature of at least 40 °C . Preferably, the mixture of the quaternary
20 ammonium and the polyhydroxy compound is diluted with a liquid carrier to a
concentratioq of from about 0.01% to about 25.0% by weight of the chemical
softening composition before being added to the fibrous cellulose material.
Preferably, at least 20% of the polyhydroxy compound added to the fibrous
celluloss is retained.
25
Examples of quaternary ammonium compounds suitable for use in the
present invention include the well-known dialkyldimethylammonium salts such as
ditallowdimethyl ammonium chloride, ditallowdimethyl ammonium methyl sulfate,
~ di(hydrogenated) tallowdimethyl ammonium methylsulfate, di(hydrogenated tallow)
30 dimethyl ammonium chloride. :
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.
35 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 quaternary
ammonium compound and the polyhydroxy compound.

This Sheet Has Been Reli

A




di scussed their chemstry-in Cellulose Chem stry and Technol ogy, Volune 13,
‘at " pages 813v894(108819). Freinmark et al. in U S. Pat. No. 3, 75g1283/¢msed

August 28, .1973 nmention that certain chem cal additives known as debondi ng

agents interfere with the natural fiber-to-fd ber bonding that occurs during
sheet formation 15 in papermaki ng processe This reduction in bondin

| eads to a softer, ddrigflysdhe ipsocass fohaaking ﬂmpesue webs whthe @resant igyemiont o

teach the use Oéorhﬁhséérﬁ’f@:ﬂeb?%ﬂioirﬁaﬂ@ﬁa@%t e\f‘ﬁifakﬁ'{gr q0enish ofrohhathe
sheet in conj unctlon %é use o% CEP 9{90?%5 to OE ? n
indesi rabl o of (HCIEMBRIORES oMRANeBIFy: ek 8 PARATDAKIG, rgishy ontpo 2
reduce dry tensforaminpousrsyriace lsuch aharfourdrinibswirgcangd mintovahof theueateo fromtheet
20 tensil egstredisied fumish.
All percentages, ratios and proportions herein are by weight unless
otherwise specified.

BRIEF DESCRIPTION OF THE DRAWINGS
10
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
drawings, in which :
15 Figure 1 is a phase diagram of DODMAMS and DTDMAMS.
Figure 2 is a phase diagram ot DODMAMS/pure PEG-400 system.
Figure 3 is a phase diagram of PEG-400/methyl octanoate system.
Figure 4 is a cryo-transmission micro-photograph taken at X 66,000 of a
vesicle dispersion of a 1 : 1 by weight ratio of a di(hydrogenated} tallow
20 dimethyl ammonium methyl sulfate and PEG-400 system.

: Figure § is a cryo-transmission micro-photograph taken at X 66,000 of
vesicle dispersion of a 1 : 1 by weight ratio of a di(hydrogenated) taliow
dimethyl ammonium methy! sultate and glycerol system.

Figure & is a cryo-transmission micro-photograph taken at X 66,000 of
25 . vesicle dispersion of a 1 : 1 by weight ratio of a di(hydrogenated) tallow

dimethyl ammonium chloride and PEG-400 system.

Figure 7 is a cryo-transmission micro-photograph taken at X 66,000 of

vesicle dispersion of a 1 : 1 by weight ratio of a di{hydrogenated) taliow

dimethyl ammonium chioride and glycerol system.

30
The present inventionjs_ described in more detail below.
DETAILED DESCRIPTION OF THE INVENTION
35 While this specification concludes with claims particularly pointing out and

distinctly claiming the subject matter regarded as the invention, it is believed that
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Shaw, in U S Pat. No. 3,821,068, issued June 28, 1974, also teaches that
¢hef cal’ debondeos4tiassibe used to reduce’the stiffness, and thuPEWSI3452
the softness, of a tissue paper web. Chem cal debondi ng agents have been
di sclosed in various references 25 such as Ug. Pat. No. 3,554,862, issued

ey ot 2! BESHRY e oS iR e o Bpets o 1Ro TaREA] Folaes
t ri met hyl ol eyl anmdescnptiohlaodiod the appanddd eyamptesd) tal | ow di met hyl anmmoni um
chloride and trimethyl g% gaey 'he?élﬁ“t‘ﬂ'b%?n‘?é‘{iégdedﬁ‘aspe?%eb paper WEBWED, 5ep8r Sheet
al., in UsS. Pat. a'r}g 'pagér1 é‘%’dﬁ%tz all 1e§asrut%dsh“e/%5scgf &aﬁerlrgg @ by a process comprising the
5 steps of forming an aqueous papermaking furnish, depositing this furnish on a
- 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

10 papermaking fibers and the chemicals described hereinatter.

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 to as wood pulp}, and a mixture of at least one quaternary
ammonium and at least one polyhydroxy compound, all of which wiil be hereinafter

15 described. :

it is anticipated that wood pulp in all its varieties will normally comprise the
papermaking fibers used in this inverition. Howevaer, other celiulose 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

20 pulps as well as mechanical pulps including for example, ground wood,
thermomechanical pulps and chemically modified thermomechanical pulp (CTMP).
Pulps deriveti 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

25 materials such as fillers and adhesives used to facilitate the original papermaking.
Preferably, the papermaking fibers used in this invention comprise Kraft pulp
derived from northern softwoods.

Chemical Softener Compositions

The present invention contains as an essential component {rom about

30 0.005% to about 5.0%, more preferably from about 0.03% to 0.5% by weight, on a
dry fiber basis of a mixture of a quaternary ammonium compound and a
polyhydroxy compound. The ratio of the quaternary ammonium compound to the
polyhydroxy compound ranges from about 1 : 0.1 10 0.1 : 1; preferably, the weight
ratio of the quaternary ammonijum compound to the polyhydroxy compound is

35 about 1 :0.3 to 0.3 : 1, more preferably, the weight ratio of the quaternary
ammonium compound to the polyhydroxy compound is about 1:0.71t00.7: 1,
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teach the use of corrpl ex quaternary ammoni um conpounds such as

bi- s( al Koxy( 2- Weyek/a038} pr opy| ene)  quat ernary ammoni um chl or i des PCE/USIB{AE#52
webs. These. authors al so atterrpt to overcome any decrease |n absorbency
caused by the debonders through the use of nonionic surfactants such as

et hyl ene oxi de 98R8NGIHG URR%H}R andequlag weight of 1Re Frartieylas, PalyheFys comporngd
Conpany, of Chigaage uhielrmmlammbﬁiumm dusdlugbd.n 76-17 (1977) disclose that

the' use of i metyl 4 eltRESIHEE MM TIPS HEHRERTh Sotdifbolom:

S .
A. Quaternary Ammonium Compound
The chemical softening composition contains as an essential component a
quaternary ammonium compound having the formula :
10 / R1
. / N+\ x.
R2
15

in the structure named above each R1 is C14-C22 hydrocarbon group, preferably
tallow, R2 is a C1 - C6 alkyl or hydroxyalkyl group, preferably C1-C3 akyl, X" is a
compatible anion, such as an halide {e.g. chloride or bromide) or methyl sulfate.
As discussed in Swen, Ed. in Bailey's Industrial Oil and Fat Products, Third
20 Edition, John Wiley and Sons (New York 1964), tallow is a naturally occurring
material having a variable composition. Table 6.13 in the above-identified
reference edited;by Swem indicates that typically 78% or more of the fatty acids of
tallow contain 16 or18 carbon atoms. Typically, half of the fatly acids present in
tallow are unsaturated, primarily in the form of oleic acid. Synthetic as well as
25 natural “aliows" fall within the scope of the present invention.
Preferably, each Rt Is C16-C18 alkyl, most preferably each Ri is straight-chain
C18 alkyl. Preferably, each R2 is methyl and X" is chioride or methyl sulfate.
Examples of quaternary ammonium compounds suitable for use in the
present invention include the well-known dialkyldimethylammonium salts such as
30 ditallowdimethylammonium chloride, ditaliowdimethylammonium methyl sulfate,
di{hydrogenated) tallow dimethy! ammonium chloride; with di(hydrogenated) tallow
dimethyl ammonium methy! sulfate being preferred. This padicular matedal is
available commercially from Sherex Chemical Company Inc. of Dublin, Ohio under
the tradename “Varisoft R 137°,
35 Biodegradable mono and di-ester variations of the quaternary ammonium
compound can also be used, and are meant to fall within the scope of the present
invention. These compounds have the formula:

i i



3 conmbination with fatty acid esters of polyoxyethylene glycols nay inpart
“bot h softnesswalﬂ#/HBSbrbency to tissue paper webs. One exenpl aPgTAUSIBIOD43f
research di.rected toward inproved paper webs is described in U S. Pat. No.
3,301,746, issued to Sanford and Sisson on Jgnuary 5 31, 1967. Despite
the high quality of paper webs nmade by the process described in this
patent, and despite the comrerci al success of products forned fromthese
webs, research efforts directed to finding inproved products have
continued. For exanple, Becker et al . in US. Patf. No. 4,158,594, issued
January 19, 1979, describe a nethod theg contend will forma strong, soft,
fibrous sheet. Mre R2 CH2 - -0-C-R

N/

/ N+ x-
10 R2 CH2-CH2-0-C-Rq
O
and
15 R2 /R1
N+ X
20 _
R‘z cuz-cn—rz-o-cﬁ-m
(0]

In the structures named above each R4 is an aliphatic hydrocarbon radical
25 selected from the group consisting of atkyl having from about 14 to about 22
carbon atoms, such as tallow, R2 is a C1 - C6 alkyl or hydroalkyl group, X" is a
compatible anion, such as an halide {(e.g., chioride or bromide) or methy! sulfate.
Preferably, each R{ is C16-C18 alkyl, most preferably each Rt is straight-chain
C18 alkyl, and R2 is a methyl.
30 B. Polyhydroxy Compotnd
The chemical softening composition contains as an essential component a
polyhydroxy compound.
Examples of polyhydroxy compounds useful in the present invention inglude
glycerol, and polyethylene glycols and polypropylene glycols having an weight
35 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
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10 specif.i call'y, they teach that the strength of a tissue paper webi (which

may have beqgpoa3ffosged by the addition of chenical debonding pEpRksIsdn be
enhanced by adhering, during processing, ome surface of the web to a

creping surface in a fine patterned arrangenent by a bonding materi al (suc"h
as an acrylic |atex rubber emul sion, a wat e® sol uble resin, or an

el ast oneri ¢ borglyegls Waviagi =t weighi &erége mbleculdr ardight 1 troatiaticut 200 16 HHGRBDOOT

the web and to e, Crenin ce in the fine patterned arrangenent, and
creping the webA reos%egﬁ\gpg@g{' g surface to forma sheet material.

JP-A-4-100 995 di scldpadicylgrlypselafed pohthydioxy compernd igpelyettyiens glyeol having
_quaternary amoan Waighl b9erigd Golezalar weibhe of Hbdun ADO0P Ay Mmatdkalsigi ghaliable
have 5 commercially from the Union Carbide Company of Danbury, Connecticut under the
' . tradename “PEG-400". SR

The chemical softening composition described above i.e. mixture of a
quaternary ammonium compounds and a polyhydroxy compound are preferably
added to the aqueous slurry of papermaking fibers, or furnish, in the wet end of the
10 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
15 of the present invention. o
It has been discovered that the chemical softening composition are more
effective’ when the quaternary ammonium 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
20 Example 1, consists of first heating the polyhydroxy compound to a temperature of
about 66 °C (150°F), and then addihg the quatermnary ammonium compound to the
hot polyhydr&xy compound to form a fluidized “melt". The weight ratio of the
quaternary ammonium compound to the polyhydroxy compound :ranges from
about 1 : 0.1 to 0.1 : 1; preferably, the weight ratio of the quaternary ammonium
25 compound to the compound is about 1 : 0.3 to 0.3 : 1; more preferably, the weight
ratio of the quaternary ammonium comp'oun'd to the compound is about 1 : 0.7 to
0.7 : 1, although this ratio will vary depending upon the molecular weight of the
particular compound and/or quaternary ammonium compound used. The
quaternary ammonium compound and polyhydroxy compound mett s then diluted
30 to the desired concentration, and mixed to form an aqueous solution containing a
vesicle dispersion of the quaternary ammonium compound / polyhydroxy
compound mixture which is then added to the papermaking furnish. Preferably,
the mixture of the dUaternary ammonium compound and polyhdroxy compound is
diluted with a liquid carrier such as water to a concentration of from about 0.01% to

35 about 25% by weight of the softening composition before being added to the -
papermaking furnish. The temperature of the liquid carrier preferably ranges from
about-40 °C to about 80 °C. The mixture of the quaternary ammonium compound
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B 35 AP B ki RIS .30 00
carrier, The average particle size preterably ranges from about 0.01 to 10
microns, most preferably from about 0.1 to about 1.0 micron. As shown in
Figures 4 - 6, the dispersed particles are in the form of vesicle particles.

The quaternary ammonium compound and the polyhdroxy compound are
mixed at an elevated temperature of at least 40 °C , more preferably from about
56 °C to about 68 °C. At the preferred temperature range, di(hydrogenated)
tallow dimethyl ammonium chloride is in a liquid phase and is miscible with the
polyhdroxy compound. Di(hdyrogenated) taliow dimethy! methyl sulfate, on the
other hand, is in a liquid-crystal phase and is miscible with the polyhydroxy
compound. The physcial states of di(hdryogenated) tallow dimethy! ammonium
methyl sulfate will be discussed in greater detail hereinafter.

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
quatekna‘ry ammonium compound before being added to the paper. In fact, at
least 20% of the polyhydroxy compound added to the fibrous cellulose is retained,
and preferably, the retention level of 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
that are practical for use during paper making. In an effort to better understand the
surprisingly high retention rate ot polyhydroxy compound onto the paper, the
physical science of the melted solution and the aqueous dispersion of a
di(hydrogenated) tallow dimethyl ammonium methyl sulfate and polyethylene
glycot 400 were studied.

Without wishing-to be bound by theory, or to otherwise limit the present
invention, the following discussion is offered for explaining how the quaternary
-ammonium compound promotes the adsorption of the polyhydroxy compound onto
paper.

information on the physical state of DTDMAMS Di{hyhrogenated)Tallow
dimethyl Ammonium Methyl Sulfate, RpN+(CH3)2,CH30S03") and on
DODMAMS is provided by X-ray and NMR data on the commercial mixture.
DODMAMS (DiOctadecyl Dimethyl Ammonium Methyl Sulfate,
(C1gH3z7)2N+{CH3)2,CH308037) is a major component of DTDMAMS, and
serves as a model compound for the commaercial mixture. It is useful to consider
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The present W
3% paper pro
0.005% t o about
chemi cal softeni
anmoni um conpou

g ?Qﬂ provides soft, absorbent paper product. ,@rﬁgggy094gzl1e
ucts conprise a sheet of cellulose material an {rom about

5.0% by wei ght of the fi broqin cellul ose material of a
ing conposition conprising a mxture of: (a) a quaternary
idsthihvei simpldreDODMAMS systéni, cand then the more complex commercial

DTDMAMS mixture.

Depending on the tamperature. 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 phass. 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 phase, in tumn, is transformed into

10

15

20

25

30

an isotropic liquid at 150 °C. DTDMAMS is expected 10 resemble DODMAMS in its
physical behavior, except that the temperatures of the phase transitions will be
lowered and broadened. For example, the transition from the XB to the X2 crystal
occurs at 27 °C in DTDMAMS instead of 47 °C as in DODMAMS. Also, calorimetric
data indicate that several crystal --->Lam phase transitions occur in DTDMAMS 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 58 and 63 °C.

DODMAC ((DiOctadecy! Dimethyl Ammonium Chloride) displays qualitatively
different behavior from DODMAMS in that the Lam liquid crystal phase does not
exist in this compound. This difference, however, is believed not to be important to
the use of this compound (or its commercial analog DTDMACY) in the treatment of
paper. {Laughlin et al., Journal of Physical Chemistry, Physical Sclence of the
Dioctadecyldimethylammonium Chlotide-Water System. 1. Equllibrium
Phase Behaylor, 1990, volume 94, pages 2546-2552, incorporated herein by
reference.

Mixtures of DTDMAMS with PEG 400.

A 1:1 weight ratio mixture of these two materials is studied, and a plausible
model for the phase behavior of this system is suggested in Figure 2. In this
diagram DODMAMS and PEG 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 tha mixture. This study therefore
shows that these two materials while immiscible at high temperatures do become

- miscible at lowar tempaeratures within the Lam liquid crystal phase. At still lower

35

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
DTDMAMS and PEG -400 in water, the premix that is diluted with water should be
held within the intermediate temperature rangé where the two compounds are
miscible.
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Mixtures of DTDMAC 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
DTDMAMS. No liquid crystal phases are found. These compounds are miscible
over a wide range of temperatues, which indicates that dispersions may be

_ prepared from these mixtures over a comparable range of temperatures. No upper

temperature fimit of miscibility exists.

- Preparation of dispersions.

Dispersions of either of these materials may be prepared by diluting a
mixture, that is held at a temperature at which the polyhydroxy compound and the
quaternary ammonium salt are miscible, with water. it does not matter greatly
whether they are miscible within a liquid crystalline phase (as in the case of
DTDMAMS), or in a liquid phase {as in the case of DTDMAC). Neither DTDMAMS
nor DTDMAC are soluble in water, so the dilution of either dry phase with water
will precipitate the quaternary ammonium compound as small particles. Both
quaternary ammonium compounds will precipitate at elevated temperatures as a
liquid-crystal phase in dilute aqueous solutions, regardless of whether the dry
solution was liquid or liquid crystaliine. The polyhydroxy compound is soluble with
water in all propertions, so it is not precipitated.

Cryoelectron microscopy demonstrates that the particles present are about
0.1 tc 1.0 micrometers in size, and highly varied in structure. Some are sheets
{curved or fidt), while others are closed vesicles. The membranes of alt 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
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 crystallization
of the material within the colloidal particles may occur. However, it is likely that the
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.

It is believecd that the vesicles containing DTDMAMS and PEG break apart
upon drying of the fibrous cefiulosic material. Once the vesicle is broken, the

majority of the PEG component penetrates into the interior of the cellulose fibers -

—_—
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wherei n _each an aliphatic hydrocarbon radical selecte
F{sgi 54/1 6131( 9(:}}6%{5%}#23‘52

group consi st havi ng from about 14 to about 22 carbons a

such as tallow, Rerr] is a CJerr] - (err] alkyl or hydroal kyl group,
X[err] is a conpatible anion, such as an hali‘tﬁé (e g., chloride or brom de)
or nethyl 5 where Riérhakess taad.beb);eﬁm . SMPBY b PECEiS redinkti M

havi g a ver ght - adey sgEeRg L ShF HEE0s %ﬂ%“‘? a%sﬁﬁa%%oﬁfey B3Rk gate of the
excl udi ng wat er secellglogse1fibers. Due to dapior miqraohopelhﬂamorl%tofstheeﬁgtﬂMAMS
agents, wherein tenpinght sfadhich He S0AaEY 3t thd ReHUIBESFTBIH rwmmmaﬁ&stm

pol yhydr oxy 5 surface feel and softness of the paper product.
| The second step in'the process of this invention is the depositing of the
' papermaking furnish using the above described chemical softener composition as
an additive on a foraminous surface and the third step is the removing of the water
from the furnish so deposited. Techniques and equipment which can be used to
10 accomplish these two processing steps will be readny apparent to those skilled in

the papermaking art. o

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
15 and itd progeny; and high bulk, uncompacted tissue paper such as exemplified by
U.S. Patent 3,812,000, Salvucdi, Jr., issued May 21, 1974. The tissue paper may
be of a homogenous or multitayered 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,
20 Jr. et al. issued November 30, 1976, and incorporated herein by reference. In
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 .
ditterent fiber types. The layers are preferably formed from the deposition of
separate streams of dilute fiber slurries, the fibers typically being relatively long-
25  softwood and relatively short hardwood fibers as used in tissue papermaking, upon
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
30 of a low density papermaking process. The layered web may be stratified with

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/m?2 and about 65 g/m2, and density of about 0.60
g/cc or less. Preferably, basis weight will be below about 35 glm-"-’ or less; and
35 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.
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compoungd, ranges_from about 1: 0.1 to 0.1: 1; and wherein said pol yhydrox
conpound is ni &8 941031t he quat ernary anmoni um conpound at an el RGEUSE/AHIS2
tenperature, preferably of ai |east 40[err]C wherein said quaternary

ammoni um conpound and sai d pol yhydr oxy corrpouml are mscible. Preferably,

i Tuted w thoa 11 quid COPREna BrRsER 38604 BpfPadd i fids K TRBKRY 4.y paper
about 25.0% by weBghknewn im¢he pdniSueh paper ds typicallynpade tbyodepnsiting papefmaking
added to the fi brﬁ#ﬁ;sﬁeblnlaﬂd?émmb%nﬁuh wife. Mﬂcﬁmﬁw Wire 3 olteATbietkd16fin the

L POl Yty o) g i\, ndh TSR gt HE i wi, i
5 referred to as a web The web is dewatered by pressing the web and drying at
. elevated temperature. The particular techniques and typical equipment for making
webs according 1o the process just described are well known to those skilled in the
art. In a typical 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

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

18 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
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

20 additional pressing is optionally incurred between the drums. The tissue paper
structures which are formed are referred to hereinafter as conventional, pressed,
tissue paper btructures. Such sheets are considered to be compacted since the
web is subjected to substantial mechanical compressional forces while the fibers
are moist and are then dried (and optionally creped) while in a compressed state.

25 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
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

30 interconnected, either fully or partially, within the high bulk field. Preferred
processes for making pattern densified tissue webs are disclosed in U.S. Patent
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

35 4,637,859, issued to Paul D. Trokhan on January 20, 1987; all of which are
incorporated herein by reference.
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between the array of supports and the wet web. The remainder of the web not"

" compressed during this operation is referred to as the high bulk field. This high

bulk field can be turther dedensified by application of fluid pressure, such as with a

vacuum type device or a blow-through dryer, or by mechanically pressing the web

10  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 field. This

is preterably accomplished by fluid pressure, such as with a vacuum type device or

blow-through dryer, or alternately by mechanically pressing the web against an

array ot suppons wherein the high bulk field is not compressed. The operations of

15 dewatering, optional predrying and formation of the densified zones may be

integrated or partially integrated to reduce the total number of processing steps

performed. Subsequent {0 formation of the densifled zones, dewatering, and

optional predrying, the web is dried to completion, preferably still avoiding

mechanical pressing. Preferably, from about 8% to about 55% of the tissue paper

20 surface comprises densified knuckles having a relative density of at least 125% of

the density of the high bulk fieid.

The arfay of supports is preferably an imprinting carrier fabric having a
patterned displacement of knuckles which operate as the array of. supports which
facilitate the formation of the densified zones upon application of pressure. The

25 pattern of knuckles constitutes the array of supports previously referred te.
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, Salvucci, Jr. et al .,
issued May 21, 1874, 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

30 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,
tssued July 9, 1985, all of which are incorporated herein by reference.

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

35 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, preterably, thermally predried to a selected
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performed with suction boxes or other vacuum devices or with biow-through
dryers. The knuckle imprint of the imprinting fabric is impressed in the web as
discussed above, prior to drying the web to completion. One method for
accomplishing this is through application of mechanical pressure. This can be

.done, for example, by pressing a nip roli which supports the imprinting fabric

against the face of a drying drum, such as a Yankee dryer, wherein the web is
disposed between the nip roll and drying drum. Also, preferably, the web is molded
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
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. 4,208,459, issued 10 Henry E. Becker, Albert
L. McConnell, and Richard Schuite on June 17, 1980, both of which are
incorporated herein by reference. In general, uncompacted, non patiern 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 wab, draining the
web and removing additional water without mechanical compression untit the web
has a fiber cdnsistency of at least 80%, and creping the web. Water is removed

from the web by vacuum dewatering and thermal drying. The resulting structure is

a soft but weak high bulk sheet of relatively uncompacted fibers. Bondmg material
is preferably applied to portions of the web prior to creping.

Compacted non-pattern-densified fissue structures are commonly known in
the art as conventional tissue structures. In general, compacted, non-pattern-
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 to a thermal dryer such as a Yankee and creping the web. Overali, water is
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. One particularly advantageous use
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Al | percentages, ratios and proportions herein are by wei ght unless

ot herwi se spedO94d038BRI EF DESCRI PTI ON OF THE DRAW NGS 10 Wi | dGIHES93/09452
Speci fication concludes with clains particularly pointing out and and
distinctly claimng the present invention. It7is believed the invention is

Che assoct at ed Pl R, W o? hut TventiBn g, G4 gh fRELUSE Fof Bxalhb.
DODVANMS and DTDVAWS lispii@ypaperavabs of this inventien gaa beEmimasra ndradhesi mred
system together in face to face relation as taught by U.S. Pat. No. 3,414,459, which issued
to Wells on December 3, 1968 and which is incorporated herein by referencs, to

5 form 2-ply paper towels.

Molecutar Weight Determination
A. Introduction
The essential distinguishing characteristic of polymeric materials is their
10 molecular size. The pfopertieé which have enabled polymers to be used in a
diversity of applications derive aimost entirely from their macro-molecular nature.
In order to characterize fully these materials it is essential to have some means of
defining and determining their molecular weights and molecular weight
distributions. It is more correct to use the term relative molecular mass rather the
15  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,
recourse is made to expressing molecular size in terms of molecular weight
averages.
20

" B. Moleculariweight averages
If we consider a simple molecular weight distribution which represents the
weight fraction (wi) of molecules having relative molecular mass (Mj), it is possible
25 to define several useful average values. Avaragi'ng carried out on the basis of the
number of molecules (Nj) of a particular size {M;) gives the Number Average
Molecular Weight | |

= ZNi M
30 I 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
35 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
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Figure 3 is a phase diagram of PEG 400/ nmethyl octanoate system Figure 4 is
‘a cryo-transnWOI46W38i cr o- phot ogr aph taken at X 66,000 of a veBCTAUS93/09452
di spersion-of a 1 : 1 by weight ratio of a di (hydrogenated) tallow 20
.di met hyl anmmoni um net hyl sul fate and PEG 409gsystem Figure 5is a
cryo-transm ssion m cro-photograph taken at X 66,000 of vesicle dispersion
of a1 : 1 by wePlHisPess Rolymercan e detepiedie spmenanthen Ma: ign ba eaisHiaed
chl Orld dte alndbPlEﬁeé’dﬁ .’ffbﬁ%fi@me b’éiisof&ﬂigﬁfgﬁﬂbg‘e{ weéusufémms.descrl bed in
nore det ai el ow. %ﬁ - - \ .
speci fication conclu gﬂa\lﬂﬁgn %Ep r |cvtvg‘ r yé\%gwgt(%%b@gﬁgk%mgwen
) mass (M;j) leads to the definition of Weight Avarage Molecular Weights
5 :

Mw = ZWiN; = ZNM&

Z Wi Z NiMm;

Mw is a more useful means for expressing polymer molecular weights than Mnp
10  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 treatment chemicals used herein or retained on
tissue paper webs can be performed by any method accepted in the applicable art.
15 For example, the level of the guaternary ammonium compound, such as
DTDMAMS, retained by the tissue paper can be determined by solvent extraction
of the DTDMAMS 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
20 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 otﬁer methods which may be useful for determining levels of particular
components retained by the tissue paper. .
Hydrophilicity of tissue paper refers, in general, to the propensity of the
25 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 to as
“wetting time”. in order to provide a consistent and repeatable test for wetting time,
the following procedure may be used for wetling time determinations: first, a
30 conditioned sample unit sheet {the environmental conditions for testing of paper
samples are 23+1°C and 50+2% R.H. as specified in TAPP| 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
35 inch (about 2.5 cm) in diameter; third, the balled sheet is placed on the surface of
a body of distilied water at 23 £ 1°C and a timer is simultaneously started; fourth,



30 distin m ng the subject matter regarded as the It
78 believed t Qé’u%}? the invention can be better understood f#%%’g% 7 ng

of the followi ng detail ed description and of the appended exanples. As used
Jherein, the ternms tissue paper web, paper wed, web, paper sheet and paper

B eps of "t or m naradtdl BotiBefan B el 3rar HeBid BERE pefit, Eh08 cofdiecsn
a ~ Complete wetting is observed visually.
Hydrophilicity characters of tissue paper embodiments of the present
invention may, of course, be determined immediately afier manufacture. However,
5 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 following 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.”

10 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
used herein, is the thickness of the papar when subjected to a compressive load of
95 g/in (15.5 g/cm?2).

15
Optional ingredients

Other chemicals commonly used in papermaking can be added 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

20 chemical softening composition.

For example, surfactants may be used to treat the tissue paper webs of the
present invenlion. The level 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.

25 [Exemplary anionic surfactants are linear alkyl sulfonates, and alkylbehzene
suilfonates. Exemplary nonionic surfactants are alkylglycosides including
alkylglycoside esters such as Crodesta SL-40 which is available from Croda, Inc.
(New York, NY); alkylglycoside sthers as described in U.S. Patent 4.011,389,
issued to W. K. Langdon, et al. on March 8, 1977; and alkyipolyethoxylated esters

30 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
strength additives include carboxymethy! cellulose, and cationic polymers from the

35 ACCO chemical family such as ACCO 771 and ACCO 514, with carboxymethy!
celiulose (CMC) being preferred. This material is available commercially from the
Hercules Company of Wilmington, Delaware under the tradename HERCULESR
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pressing, and by evaporation. As used herein, an agueous paper naki ng
furnish is an aqueous slurry of 10 papernak?ﬂg fi bers and the chemcals
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the formng of an
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' 5 contain as an optional component from about 0.01% to about 3.0%, more
_pretferably 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 tound and which will hereafter find
10  utility in the papermaking ant are useful herein. Numerous examples are shown in
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 to be expected, that

15 subsequent events such as cross-linking will render the resins insoluble in water.
Further, some resins are soluble only under specific conditions, such as over a
limited pH range.

Wet strength resins are generally believed to undergo a cross-linking or
other curing reactions after they have been deposited on, within, or among the

20 papermaking fibers. Cross-linking or curing does not normally occur so long as
substantial amounts of water are present.

Ot partigular utility are the various polyamide-epichiorohydrin resins. These
materials are low molecular weight polymers provided with reactive functional
groups such as amino, epoxy, and azetidinium groups. The patent literature is

25 i'eplete with descriptions of processes for making such materials. U.S. Pat. No.
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 exampies of such patents and both are
incorporated herein by referencs.

: Polyémide-apichlorohydrin resins sold under the trademarks Kymene 5S7H

30 and Kymene 2064 by Hercules Incorporated of Wiimington, Delaware, are

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

Base-activated polyamide-epichlorohydrin resins useful in the present
invention are sold under the Santo Res trademark, such as Santo Res 31, by

35 Monsanto Compary of St. Louis, Missouri. These types of materials are generally
described in U.S. Pat. Nos. 3,855,158 issued to Petrovich on December 17, 1974;
3,899,388 issued to Petrovich on August 12, 1975; 4,129,528 issued to Petrovich
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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.

10 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

15 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, polyethylénimine type resins find utility in the

20 present invention.

More complete descriptions of the aforementioned water-soluble resins,
including theingmanufacture, can be found in TAPP! 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

25 term “permanent wet strength resin” refers to a resin which allows the paper sheet,
when placed in an aqueous medium, 1o keep a majority of its initial wet strength for
a period of time greater than at ieast two minutes.

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

30 aqueous medium retains a substantial portion of its initial wet strength over time.
Howaever, permanent wet strength in some types of paper products can be an
unnecessary and undesirabls property. Paper products such as toilet tissues, etc.,
are generally disposed of after brief periods of use into septic systems and the like.
Clogging of these systems can result if the paper product permanently retains its

35 hydrolysis-resistant strengih properties.More recently, manufacturers have added
temporary wet strength additives to papér products for which wet strength is
sufficient for the intended use, but which then decays upon soaking in water.
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Preferably, tpf king fibers used in this invention corrpmpug@@,mgksz
QUGET

pul‘p deri ved ern softwoods. Chem cal Softener Conpositions The
present invention contains as an essential conponent from about 30 0. 005%
to about 5.0% nore preferably from about 0283%to 0.5% by wei ght, on a dry

fiber basis of 606&23[ of meoiveﬂsﬁb‘ﬁétw f2RIYate§ W BMW?BPHF‘ Préduset ahrough septic
pol yhydr oxy corrpo as defined earlier. The ratio o he quat ernary

anmoni um conpou ¥he pol yhydr oxy conpound ranges fromabout 1 : 0.1 to
0.1: 1; preferably,Exampieeuogamtabie temporanhwet stiergth aegina imiude. modiied atardh

to the polyhydr %)hﬁb%?pw diréngth a0 shichlas NatiSnaiStarch 78-008® MRarketed by the
preferably, tShe tnoq\ tl st a"%ct:n gn hen'm:a(iI 'ﬂ:orporatal on’ {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
10  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
15 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 to limit the scope of the invention.
20 The following examples illustrate the practice of the present invention but
- are not intended to be limiting thereof.
i
EXAMPLE 1

25 - The purpose of this example is to illustrate a method that can be used to
make-up a chemical softener composition comprising a mixture of
Di(hydrogenated) Tallow Dimethyl Ammonium Methyl Sultate {DTDMAMS) and
Polyethylene Glycol 400 (PEG-400).

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

30 following procedure : 1. An equivalent weight of DTDMAMS and PEG-400 is
weighed separately; 2. PEG is heated up to about 66 °C (150 °F); 3.
DTDMAMS is dissolved in PEG to form a melted solution at 66 °C (150 °F); 4.
Shear stress is applied to form a homogeneous mixture of DTDMAMS in PEG; §.
The dilution water is heated up to about 66 °C (150 °F); 6. The melted mixture of

35 DTDMAMS and PEG is diluted to a 1% solution; and 7. Shear stress is applied
to form an aqueous solution containing a vesicle dispersion or suspension of the
DTDMAMS/PEG mixture; 8. The particle size of the DTDMAMS/PEG vesicle
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anmmoni ym comwaggnh the pol yhydr oxy conpound is about 1: 0.7 (98709452
8’ dependlng upon 't he nol ecul ar wei ght of the particul ar pol yhdroxy conpound

and/ or quaternary amoni um conpound used. Eﬁrh of these types of conpounds
W Ill be described in detail below 5 A Quat®ernary Amoni um Conpound
dispersion is determined using an optical microscopic techmque The particle size

range is from about 0.5 to 1.0 micron. -
Figure 4 illustrates a cryo-transmission micro-photograph taken at X
66,000 of a vesicle dispersion of a 1 : 1 by weight ratio of a di(hydrogenated)
5 taliow dimethyl ammonium methyl sulfate and PEG-400 system. From figure 4, it
indicates that parlicies having membranes one or two bilayers thick, whose
‘geometry ranges from closed/open vesicles, to disc-like structures and shests.

U"'\

EXAMPLE 2
10
The purpose of this example is to illustrate a method that can be used to
make-up a chemical softener composition which comprises a mixture of
Di{hydrogenated) Tallow Dimethyl Ammonium Methyl Sulfate (DTDMAMS) and
* Glycerol. _
15 . A 1% solution of the chemical softener is prepared according to the

foliowing procedure : 1. An equivalent weight of DTDMAMS and Glycerol is
separately weighed; 2. Glycerol is heated up to about 66 °C {150 °F); 3.
DTDMAMS is dissolved in Glycerot to form a melted solution at 66 °C {150 °F); 4.
Shear stress is applied to torm a homogeneous mixture of DTDMAMS in Glycerol;
20 5. The dilution water is heated up to about 66 °C (150 °F); 6. The melted
mixture is diluted to a 1% solution; and 7. Shear stress is applied to form an
aqueous solution containing a vesicle dispersion or suspension of
DTDMAMS/Glycerol mixture. 8. The particle size of the DTOMAMS/Glycerol
vesicle dispersion is determined using an optical microscopic technique. The
25 particle size range is from about 0.1 to 1.0 micron.
Figure 5 illustrates a cryo-transmission micro-photograph taken at X
66,000 of a vesicle dispersion of a 1 : 1 by weight ratio of a di(hydrogenated)
tallow dimethyl ammonium methy! sulfate and Glycerol system. From figure 5, it
indicates that paricles having membranes one or two bilayers thick, whose
30 geometry ranges from closed vesicles, to disc-like structures.

L | EXAMPLE 3

The purpose of this example is to illustrate a method that can be used to

35 make-up a chemical softener composition comprising a mixture of

Di(hydrogenated) Tallow Dimethyl Ammonium Chioride (DTDMAC} and
Polyethyiene glycol 400 {PEG-400).
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The chem cal softening conposition contains as an essential conponent
qudt er nary am¥dPd rﬂ’@grrpound havi ng the formula: 10 CT/US93/09452
[err] 15 In-the structure named above each Rlerr] is (err]-Cerr]
hydrocarbon group, preferably tallow, Rerr] 24s a Cferr] - Clerr] alkyl or

hydr oxyal kyl group, ref abl err, err] is, a at

aﬁl on, ysuc% ag anphal iAdé eso t'oé‘hf){)ruk?ig %?'aﬁ?’xf’éﬁ‘”g# bﬁ f%?rgfn(g {o he
di scussed in s\/veriqllqz?dngmoaad!urey‘ s 11 nAnsequivalem WelahUOF@tTDMAGUCN; PEGh Qi is
20 Edition, J Oh%ewaqmyamgﬁms 2 N@GY@hKatba%)to abalit gprg E@ 3! us. abTIMAC
occurring materi 3 is dﬁ%‘é!v@g lﬁ Pﬁ {o olrr% aC %'9&88' u%on 3-1'-38 | 5 (?& 4t h§hear stress

abovo-identified
5 is applied to form a homogeneous mixture of DTDMAC in PEG; 5. The dilution

~water is heated up to about 60 °C {140 °F); 6. The melted mixture is diluted to a

1% solution; and 7. Shear stress is applied to form an aqueous solution

containing a vesicle dispersion or suspension of DTDMAC/PEG mixture; 8. The

panticle size of the DTDMAC/PEG vesicle dispersion is determined using an

10  optical microscopic technique. The particle size range is from about 0.5 io 1.0
" micron. '

Figure 6 illustrates a cryo-transmission micro-photograph taken at X 66,000
of a vesicle dispersion of a 1 : 1 by weight ratio of a di(hydrogenated) tallow
dimethyl ammonium chloride and PEG-400 system. From figure 8, it indicates that

15  particles having membranes one or two bilayers thick, whose geometry ranges
from closed vesicles, to disc-like structures.

EXAMPLE 4

20 The purpose of this example is to illustrate a method that can be used to
make-up a chemical softener composition comprising a mixture of
Di(hydrogenated) Tallow Dimethyl Ammonium Chioride (DTDMAC) and glycerol.

A 1% solution of the chemical softener is prepared according to the
following procedure: 1. An equivalent weight of DTDMAC and glycerol is

25 separately weighed; 2. Glycerol is heated up 1o about 60 °C (140 °F); 3.
DTDMAC is dissolved in glycerol to form a melted solution at 60 °C (140 °F); 4.
Shear stress is applied to form a homogeneous mixture of DTDMAC in glycerol;
5. The dilution water is heated up to about 60 °C (140 °F); 6. The melted
mixture is diluted to a 1% solution; and 7. Shear stress is applied to form an

30 aqueous solution containing a vesicle dispersion or suspension of
DTDMAC/glycerol mixture; 8. The particle size of the DTDMAC/glycerol vesicle
dispersion is determined using an optical microscopic technique. The parficle size
range is from about 0.5 to 1.0 micron.

Figure 7 illustrates a cryo-transmission micro-photograph taken at X 66,000

35 of a vesicle dispersion of a 1:1 by weight ratio of a di(hydrogenated) tallow
dimethyl ammonium chioride and glycerol system. From figure 7, it indicates that
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reference editge Jyjos¥em i ndi cates that typically 78%or nore ofcit/nSod/adasy
acids of tallow contain 16 or 18 carbon ataons. Typically, half of the fatty
acids present in tallow are unsaturated, primarily in the formof oleic
acid. Synthetic as well as 25 natural "tal | #%" fall within the scope of

thef pre;:ant i n\ée viitles Rawvihg nidth Uran@@@he%cﬁwd biias'leﬁki ?ﬁéﬂbwﬁ[}wer %?@hbw ,r?]rigb%t
preferably eac . - rr]*al kyl. Preferably, eac
Rlerr] is met hyIf %E&f%ﬁ%ﬂ#@igﬂﬁgﬁ?@é%ﬂru e[Jhyl sul fate. Exanpl es of
guat er nary anmoni um conpounds suitable for use in the present invention

I nclude the well-known dial kyl di net hyl ammexaMPLEB t S such as 30

di tal | owdi nmet pyl anmoni um chl ori de, ditall owdi net hyl ammoni um et hyl sul fate,

di (hydrogenat®d) tallow di nethyl ammoni um chloride; w th di (hydrogenat ed)
tall ow 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 chemical softener composition comprising a mixture of
Di(hydrogenated) Tallow Dimethyl Ammonium Chloride (DTDMAC), a
10  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 chemical softener is 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
15 and a 2% solution of a permanent wet strength resin (i.e. Kymene §57H marketed
by Hercules incorporated of Wilmington, DE} is added to the NSK stock pipe at a
rate of 1% by weight of the dry fibers. The adsorption of Kymene 557H to NSK is
enhanced by an in-line mixer. A 1% solution of Carboxy Methy! Cellulose (CMC)
is added after the in-line mixer at a rate of 0.2% by weight of the dry fibers to
20 enhance the dry strength of the fibrous substrate. The adsorption of CMC to NSK
can be enhanced by an in-line mixer. Then, a 1% solution of the chemical
softener mixtyre {DTDMAMS / 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 slurry is diluted 10 0.2% by
25 the fan pump. Third, a 3% by weight aqueous slurry of CTMP is made 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
30 mixture to CTMP can be enhanced by an in-line mixer. The CTMP siurry 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
35 having 84 machine-direction and 76 cross-machine-direction 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-
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di met hyl anmm sul fate being preferred. This partlcul

I's ‘avai | abl e %ﬁ?@nﬁ Iy from Sherex Chem cal Conpany I nc. P&é@ﬁ%dﬁ o]
under the tradenane "Varisoft RJ[err]. 35 Bi odegradabl e nono and

di -ester variations of the quaternary amoni26n conpound whi ch have the

fol I owing for mil gonG@BALSA dbBut'SS4 Ahé BEMPBRAREN(EY, to a phdto-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 consistency of about 28%. The patterned web is
5 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 Alcohoel (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
10 s 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
15 and laminating them together using PVA adhesive. The paper towel has about 26 -
#/3M Sq Ft basis weight, contents about 0.2% of the chemical softener mixture
and about 1.0% of the permanent wet strength resin. The resuiting paper towel is
soft, absorbent, and very strong when wetted.
Table 1 below summarizes the retention levels and the average particle size
20 of the DTDMAC/PEG-400 vesicle dnspars:on compared to adding PEG-400 only to

the furnish slurry.
¢
Table 1: .
PO | Vot dipemion
ﬁc;c;g::t l(e;c)l of PEG 5 90
li!:t;n:;io‘z :e(;:; of DTDMAC - NA- 98
Average panicle. size (microns) NA ' 0.6
25
EXAMPLE 6

The purpose of this example is to illustrate a method using a biow through
30 drying and layered papermaking techniques to make soft and absorbent toilet
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[err] 5.10 an [err] 20 11 In the structures nane h
Rlerr] is an gY‘i;}p gtu:l,’sc1 hydr ocarbon radi cal 25 selected fromthgcgp%%()&gg

‘consi sting of alkyl having fromabout 14 to about 22 carbon atons, such as
tallow, Rerr] is a (err] - (err] alkyl orzﬁydroal kyl group, Xerr] is a
Di(hydrogenated) Tallow Dimethyl Ammonium Methy! Sulfate (DTDMAMS) 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 chemical softener is prepared
5 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 fibers. The
10 adsorption of the temporary wet 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
15 the dry fibers. The 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 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.
20 Dewatering occurs through the Foudrinier wire and is assisted by a deflsctor and
vacuum boxes. The Fourdrinier wire is of a 5-shed, satin weave configuration
having 84 maghine-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-
25 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
30 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 provids an
impact angle of about 81 degrees; the Yankee dryer is operated at about 800 fpm
35 (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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conpat i bl e anian as an halide (e.g., chloride or bromd ﬁ%

“sul f at e. Pre&?’fﬂ(ﬁ‘gggach Rlerr] is Jerr]-Cerr] alkyl, nost pquﬁg’z :
each R err] is straight-chain (ferr] alkyl, and Rerr] is a nethyl. 30 B.
.Pol yhydr oxy Conpound The chem cal softening 2@orrposition contains as an

elssenlt i al gorrplonent arrmwth%@wnwmwumhesﬁﬁﬁu@cbabémomwtﬁwsm paper
col s an 0 ro n S | | \'

ot Trom anout _20tps Bbaiofe Yo £ BasRowBlonty ciiten B8 D- T GEH Engfpief
most preferabl y Sofienennidureas amut §.2% ¢f thestemporasy wet aiyenats resif.c Sneomantiyng
an wei ght aver agreB§RGhY fssubiper isdott] r{b¥oriaatand2Qultabla ksriisetditadiatand/or
especi al Iy pgef e\B{leeHissues. -

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

10

15 Table?2:

PEGushmy | ol D AAMS/PEG
Vesicle dispersion
ﬁe;c;;is;l:;c}l of PEG 5 85
. }}:lpef:doulg?;; of DTDMAM§ | NA 95
Average panic:e size (microns) NA Q.8
EXAMPLE 7
20 The purpose of this example is 1o illustrate a method using a blow through

drying papermaking technique to make soft and absorbent toilet tissue paper
treated with a chemical softener composition comprising a mixture of
Di(hydrogenated) Tallow Dimet'hy! Ammonium Methy! Sulfate (DTDMAMS), a
Polyethylene glycol 400 (PEG-400) and a dry strength additive resin.

25 A pilot scale Fourdrinier papermaking machine is used in the practice of the
present invention. Firsl, a 1% solution of the 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 the dry strength resin (i.e. Acco 514, Acco 711 marketed by

30 American Cyanamid company of Fairfield, OH) is added to the NSK stock pipe at a
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10 A particul @id 94/pg38f erred pol yhydroxy conpound is polyet hyl eﬁérﬂlsb?fbb‘tsz
havi ng an wei ght average nol ecul ar wei ght of about 400. This matertal 1s

.avai l abl e commercially fromthe Union Carbide Conpany of Danbury,
Connecticut under the tradename "PEG 400". 29 The chem cal softening

conposi ti-on desesteh?®. 29 Byowbight ofthstdHy Aibefs. XY 8dStAPHORENIBI AHN sTARRAY Psbin
and a pol yhydr Odhto” RERCHEE?s 38 egﬁgﬁé}e%jb)? %rnli_}a-%xrwe 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
5 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 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 furnish mixture (30% of NSK / 70% of Eucalyptus) is blended in
10 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 defiector 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, respeclively. The embryonic wet web is transferred from the photo-polymer
15 wire, at a fiber consistency of about 15% at the point of transfer, to a photo-
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 pré-dri_ed by air blow-through to a fiber consistency of about -
20 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 fiper consistency is increased to an estimated 86% before the dry
creping the web with a doctor blade. The doctor blade has a beve} angle of about
25 degrees and is positioned with respect to the Yankee dryer to provide an
25 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 tissue paper products and laminating
them together using ply bonded technique. The tissue paper has about 23 #/3M
30 Sq Ft basis weight, contents about 0.1% of the chemical softener 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 ievels and the average particle size
of the DTDMAMS/PEG-400 vesicle disparsion compared to adding PEG-400 only
35 to the furnish slurry. '
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are preferably t he aqueous slurry of papermneking fiber
8%8@‘3%%1 PeTAfssieeas:
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d of the papernmaki ng machi ne at sone suit e poi nt

- ahead of the Fourdrinier wire or sheet forni ng stage. However,

_applications of

t he above described 10 ch&®ical softening corrposition
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H’é el i
Retention level of DTDMAMS
in product (%) NA . 80
Average panticle size (microns) NA 0.8
EXAMPLE 8

The purpose of this example is to illustrate a method using a conventional
drying papermaking technique to make soft and absorbent toilet tissue paper
treated with a chemical softener composition comprising a mixture of
Di(hydrogenated} Tallow Dimethyl Ammonium Methy! Sulfate (DTDMAMS), 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 chemical softener is prepared
according to the procedure in example 1. Second, a 3% by weight aqueous slurry
of NSK is magle up in a conventional re-puiper. The NSK slurry is refined gently

- and a 2% solution of the dry strength resin (i.e. Acco 514, Acco 711 marketed by

Amaerican Cyanamid company of Fairfield, OH) is added to the NSK stock pipe ata
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 mixturs is added to the Eucalyptus stock pipe before the stock
pump at a rate of 0.2% by waeight of the dry fibers. The adsorption of the chemical
softenar mixture to Eucalyptus fibers can be enhanced by an in-line mixer. The
Eucalyptus slurry is dituted to about 0.2% consistency at the fan pump.

The treated furnish mixture (30% of NSK / 70% of Eucalyptbs) 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 detlector 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,



Exanpl e 1, %ﬁ{@spf first heating the pol yhydroxy conpoundptpyis93/09452
*tenperature of about 66 [err]C (150[err]F), and then adding the quaternary
. anmoni um conmpound to the hot pol yhydroxy coppound to forma fl uidized

"melt". The weight ratio of the 20 guat erfhary anmoni um conpound to the

“pol yhydr oxy congtoaifider corgtstericyooh atioet 5% atQhé point @f fransfér, for @temventipnalifale
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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). . _
10 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, contents about 0.1% of the chemical softener mixture and
about 0.1% of the dry strength resin. Importantly, the resulting tissue paper is
soft, absorbent and is suitable for use as a facial and/or toilet tissues.
15 Table 4 below summarizes the retention levels and the average particle size
of the DTDMAMS/PEG-400 vesicle dispersion compared to adding PEG-400 only
to the furnish slurry.

Table 4:
PEG to slurry SGZBI:{‘?SPL::{;EG
ﬁe;c;v&i:g‘igsl of PEG 5 10
xgt;r;m tl?;; of DTDMAMS NA 75 .
Average particle size (microns) NA 0.8
20
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to the .desi r%g}@fﬁ@tration, and m xed to forman aqueous SOL/ /00452
containing a vesicle dispersion of the quaternary anmoni um conpound/

£pol yhydroxy conpound ni xture which is then added to the paper naki ng

furnish. Preferably, 30 the mixture of tBé quaternarw ' uhd

and pol yhdroxy conpound is diluted with a liquid carri ﬂﬂ%’l!ﬂﬂm “o a
concentration ofWhabimclgimed i9. 01 % to about 25% by wei gttt of thex ng
conposition befqgre being added to the papernmaki ng furni sh. The tenperature ’
of the 1iquid carr AoPapPpmaist Fhatariarzer: iihasdticompripes @ ehees ahbeiluiess
[err] C. The m xt ur enatériaihand)fedne r;a0§%atorE0% by ongightndf said fibrous celiulose

: material of a chemical softening composition comprising a mixture of:

(a) aquaternary ammonium compound having the formula

R N+/R1
2™ ™~ R1

wherein each R2 substituent is a C1 - C6 alkyl or hydroxyalky! group
or mixture thereof, preferably C1 - C3 alkyl, most preferably methyi;
each R1 substituent is a C14 - C22 hydrocarbyl group, or mixture
thereof, preferably C16 - C18 alkyl; and X- is a compatible anion,
preferably chioride or methyl sulfate, and

X-

(b) -a polyhydroxy compound selected from the group consisting of
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 quatemary ammonium compound to the
polyhydroky compound fanges 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 quaternary ammonium compound at an elevated
temperature wherein said quaternary ammonium compound and said
polyhydroxy compound are miscible.

2. The paper product of -Claim 1 wherein the quaternary ammonium
compound is di(hydrogenated) tallow dimethyl ammonium chloride or
di(hydrogenated) tallow dimethyl ammonium methyl sulfate.

3. The paper product of Claim 1 or 2 wherein the polyhydroxy compound is
miscible with the quaternary ammonium compound in the liquid-crystal
phase or in the liquid phase.

4, The paper product of any of Claims 1 - 3 wherein at least 20%, and
. preferably from 50% to 90%, of the polyhydroxy compound added to the
fibrous cellulose is retained.

" Has Beg!
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and the,pol yhdigy1628{P0 e present as particles dispersed ﬂﬁlggﬁm%sz
i qui d carrier. e averE,i lﬁ@lu u preferably ranges fromabout 0.01
£qQ 10 microns, nost pref i # 0.33to about 1.0 micron. As

shown in Figures 4 - 6, the dispersea particles are in the formof vesicle:

ticles. 5 T. t ' d d the. h
Corpound ar e i xBd at T BAREG ABHUCL DAY, B SO cacwhargi An caletibpy
preferably from aboutaB®onsim jcompounddat mg@dowititthe polyhyskoxyr sampeund @htar e

range, di (hydrogenat eglbyatak témpératibdf at RESPAOO prétbriblyiforn®e°C t8 egP@ui d
phase and is mscible wwth the pol yhdroxy conpound. Di (Chdyrogenated) tallow
di net hyl net hyl 8ul f aTle papet peoduct of any of Ciaims 1 - § wherein the mixture of the

quaternary ammonium 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.

7. The paper product of Claim 6 wherein the mixture of the quaternary
ammonium compound and the polyhydroxy compound is present as
particles dispersed in the liquid carrier.

8. The paper product of Claim 7 wherein the average particle size of the
quaternary ammonium compound and the polyhydroxy compound ranges
from 0.01 to 10 microns, preferably from 0.1 to 1.0 micron.

9. The paper product of any of Claims 1 - 8 wherein said paper product is a )
towel, toilet tissue, or facial tissue.

10. A chemical softening composition characterized in that it comprises a
mixture of:

{a)  a quaternary ammonium compound having the formula

\ R2 R1
T~ N+ —
CR2 \m

wherein each R2 substituent is a C1 - C6 alkyl or hydroxyalky!
group, or mixture thereof, preferably C1. - C3 alkyl, most
preferably methyl; each R1 substituent is a C14 - C22
hydrocarbyl group, or mixture thereof, preferably C16 - C18
alkyl; and X- is a compatible anion, preferably -chiloride or
methyl sulfate, and '

X-

(b) a polyhydroxy compound selected from the group consisting of
glycerol, and polyethylene glycois and polypropyiene glycols
having a weight average molecular weight from 200 to 4000,
preferably from 200 to 1000, most preferably from 200 to 600,
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10 other hawg%h%:mn a_liqui d cﬂwstal phase and is mscible MIP?“;%M

* pol yhydr oxy conpound mm m"m HHMes of di (hdryogenat ed)
di met hyl anmoni um met h scussed in greater detail

herei nafter. The paper makl ng tTur ni Sh can readlly formed or prepared by
m xi ng techni ques and ment wel | 8¥\2 to those skilled i

paper neki ng art. Wherdin EF) e I’f&?g%é@?ﬁ’e B?ﬁ“ﬁé%ﬁa'fvoﬁﬁ'd’qm (Eq{gpound to
adsorption of the pthyhydvac}romvnpmiupdum\tmngeq)eﬂoms‘l:ﬂ §niof i0chrit Ipyeferddynced

when it is prem xed fW:rhh1 b@:&l@hemﬁ?ogﬁm ‘fmn?qr‘@@iuﬁﬁobﬁfl%ﬁwé?&h%nd

added to the paper. °E 4: | east Q'B ound
to the fibrous cel | (RANMWIraxy gompeynd Js mixed: ayi ‘H@t? Bht ’B’H°f‘lé‘\9‘él
of the pol yhydroxy compmouTdl (&t fanoreleNated Edmberature wherein said quaternary

ammonium compound and said polyhydroxy compound are miscible.

11. The chemical softening composition of Ciaim 10 wherein the
quaternary ammonium compound is di(hydrogenated) taillow dimethyl
ammonium chioride or. dilhydrogenated) taliow dimethyl ammonium

- methy! suifate.

12. The chemical softening composition of Claim 10 or 11 wherein the mixture
of the quaternary ammonium 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, and wherein the mixture of the
quaternary ammonium compound and the polyhydroxy coumpound is
present as particles dispersed in the liquid carrier, wherein the average
particle size ranges from .01 to 10 microns, preferably from 0.1 to 1.0
micron.
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20 to about 99¢pRYIgekd ght of the dry fibers. Inportantly, adsorption
occurs at a.concentration and within a tinme frame that are pracRCrssi /96452

use during paper nmaking. In an effort to better understand the surprisingly
hi gh retention rate of pol yhydroxy conpound onto the paper, the physical
science of the nelted solution and the aqueous dispersion of a 25

di (hydrogenated) tallow dinethyl annnniun1nelﬂ§l sul fate and pol yet hyl ene

gl ycol 400 were studied. Wthout wishing to be bound by theory, or to
otherwise linmt the present invention, the follow ng discussion is offered

for explaining how the quaternary ammoni um conpound pronotes the adsorption
of the pol yhydroxy conpound onto

The PEG 400 - Methy! Octanoate System

60
50 —
Liquid
40 ~
oo' !
® 30-
-3 .
[
o 20— !
g :
= 10~ Liq + Liq
o 4
‘l Lig + X Lig+ X~
-10 § |
0 20 40 60 80 100
Percent PEG 400
Fig. 1
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30 paper. In%gyﬁi&q on the physical state of DTDVAMS
D (hyhr ogenat e al'Tow di nmet hyl Ammoni um Met hyl Sul fate, PCT/US93/09452
Rlerr]N\W(CH err])[err],CH err]OSOerr][err]) and on DODVMAMS i s provi ded by
X-ray and NVMR data on the comrercial m xture. DODVMAMS (Di Cctadecyl Di nethyl

Ammoni um Met hyl Sul fate, 35
(Cerr]JHerr])[err]N+(CH err])[err],CH err]Cpfgerr]) is a major conponent
of DTDVAMS, and serves as a nodel conpound for the commercial mxture. It

is useful to consider Fahrenheit

50 100 150 200 250 300
DTDMAMS ——s—— X

XX Lam Lig
DODMAMs_____A__‘A_.‘ n 4\
i >0 100 150
Celcius
Fig. 2
Liq + Lig |
¢
e
pon
©
@
o3
E .
- Lig + Lam
|
|
; Lig + Xti
Eg GLYCOL % DODMAMS SOBVIATS
Fig. 3
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12 first the sinpler DODVMAMS system and then the nore conpl ex commerci al
DTDVAMS m xt urwo 9Beeasidi ng on t he tenperature, DODVMAMG may exi ﬂ,:r}r%? ny
f our phase states (Figure 1): two pol ym)rphlc crystals (X err] (]L [er ‘l"]%)
| anel lar (Lam) liquid crystal, 5 or i quid phase. The X[ err] crystal
exi sts from bel ow roomtenperature to 47 [err]C. At this tenperature it is
transfornmed into the pol ynorphic X err] cra)éﬁal, which at 72 [err]Cis
transfornmed into the Lamliquid crystal phase. This phase, In turn, is
transforned into an isotropic liquid at 150 [err]C. DIDVAMS i s expected to
resenbl e DODVAMS in its physical behavior, except that the tenperatures of
the phase transitions wll be

Fig. 4
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10 -lowered and broadened. For exanple, the transition fromthe Xerr] to
the X[err] cry¥P#/i§3%urs at 27 [err]C in DIDVAMS instead of 47,,@,3%;1,(]) 453
DODMAMS. Al 'so, calorinetric data indicate that several crystal ---> i
phase transitions occur in DIDVAMS rather than one as in DODVMAMS. The onset
tenperature of the highest of these transitjigns is 56 [err]C, in good
agreenent with the X-ray data, but cal ori nér/f)y di spl ays two peaks 15 wth
onset tenperatures of 59 and 63 [err]C. DCOOMAC ((Di Cctadecyl Dimethyl
Ammoni um Chl ori de) di spl ays qualitatively different behavior from DCOMAMS
in that the Lam L. phase does not exist in this conpound. This
di fference, howej e i nport™ant to the use of this
conmpound (or itsjg in the treatment of = .
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20 - paper. (Lﬁgﬁnb#ﬂ Ft al ., Journal of Physical Chem stry, Physi cal

Sci ence of the ocC aﬁecyldinethylannnniunl Chl ori de- Wt er SysQQﬂwuggw“mﬁ,
Equi l'i bri um Phase Behavi or, 1990, volume 94, pages 2546-2552, incorporated
herein by reference. M xtures of DTDVAMS with PEG 400. 25 Al1l

wei ght ratio m xture of these two naterialﬁ{és studi ed, and a pl ausible
nodel for the phase behavior of this syste s suggested In Figure 2. In

t hi s di agram DODMAMS and PEG are shown to be imm scible at high

t enper at ures, ey, coexi st as two liquid phases. As mixtures of the
two liquids wt SgPegion are cool ed, a Lam phase separates fromt
m xture. This s erefore

e

Fig. 6
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30 .shows that these two materials while imm scible at high tenperatures do
become mi sci bl WOH#/108%er tenperatures within the Lamliquid cr yghalisPh@se,
At still |lower tenperatures crystal phases are expected to separate from
the Lam phase, and the conpounds are again imm scible. These studies

t herefore suggest that in order to formgoﬁﬁcji spersions of 35 DTDVANVS
and PEG -400 in water, the premx that Is Muted with water should be held
within the internedi ate tenperature range where the two conpounds are

m sci bl e.

Fig. 7
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13 Mx_‘tures of DTDVAC with PEG 400. Phase studies of these two ni
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(57) Abstract . i

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 confain a chemical softening composition comprising a mixture of a quater-
nary ammonium compound and a polvhydroxy compound. Preferred quaternary ammonium compounds include dialkyldimethy-
lammonium salts such as di(hydrogenated) tallow dimethyl ammonium chloride and di(hydrogenated) tallow dimethyl ammoni-
um methyl sulfate. 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 chemical softening
compositions are prepared by first mixing the polyhydroxy compound into the quaternary ammonium compound at a specific
temperature range wherein the polvhydroxy compound is miscible with the quaternary ammonium compound and then diluting
the mixture with water at an elevated temperature to form an aqueous vesicle dispersion suitable for treating the fibrous celfulose
material.
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Dirspersions of either of these materials may be prepared by diluting a 10
m xture, that is held at a tenperature at which the pol yhydroxy conpound
and the quaternary amoniumsalt are miscible, with water. It does not

mat ter greatly whether they are mscible within a liquid crystalline phase
(as kn the case of DIDVAMS), or in a liquid phase (as in the case of
DTDI\/AC) Nei t her DTDMAMS nor DTDMAC are soluble in water, so the dilution
of either dry phase with water 15 wll precipitate the quaternary ammoni um
conpound as snall particles. Both quaternary amoni um conpounds w | |
precipitate at elevated tenperatures asla |iquid-crystal phase in dilute

aqueous sol utions, regard mas liquid or
liquid crystalline. The b%MPmb R’E T;%glq@ﬁ|
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PP SR e : D& 7 7 PECEIPT ,
_ | FIELD OF THE INVENTION

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
15  tissue, and toilet tissue products.

BACKGROUND OF THE INVENTION

Paper webs or sheets, sometimes called tissue or paper tissue webs or

20 sheets, find extensive use in modern society. Such items as paper towsels,

napkins, facial and toilet tissues are staple items of commerce. it has long been

recognized that three important physical attributes 6f these products are their

softness; their absorbency, particularly their absorbency for aqueous systems; and

their strength, particularly their strength when wet. Research and development

25 efiorts have been directed to the improvement of each of these attributes without

seriously affecting the others as well as to the improvement of two of three

attributes simultaneously. '

Softnass s 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.

30 This tactile sensation Is a combination of several physical properties. One of the
more important physical properties related to softndss Is gengrajly considered by
those skilied in the art to be the stiffness of the paper web fl‘bm which thé producy -

Is made. Stiffness, in turn, is usually considered to be directly dependent on the

dry tensile strength of the wab and the stiffness of the fibers which make up the
35 web.-
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water in all proportions, so it is not precipitated. 20 Cryoel ectron
m croscopy denonstrates that the particles present are about 0.1 to 1.0

m crofreters in size, and highly varied in structure. Sone are sheets
(curved or flat), while others are closed vesicles. The nenbranes of al

t hesexparticles are bilayers of nolecul ar dimensions in which the head
groups are exposed to water, the tails are together. The PEGis presuned to
be associated 25 wth these particl es. TQe application of dispersions
prepared in this manner to paper results i'n attachment of the

uat ernary
amoni um i on to t hStrpagihlis lh@t&bﬂﬂgpi/"kﬁ presiuel anddis2eastityeplovels. ?9 hgaintain
pol yhydroxy cehpsicadimegity k@ibto rabidt Rearng.cbutstingdandr skreadihgl uaadr ase of
softness and .o} 8RbAS PaRticuldfy WhBh WdtY-
Absorbency is the measure of the ability of a product, and its constituent webs, to
5 absorb quantities of liquid, particularly aqueous solutions or dispersions. Overall
absorbency as perceived by the human consumer is generally considered 1o be a
combination of the total quantity of liquid a given mass of tissue paper wilt 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

10  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. Pat. No. 3,755,220 issued August
28, 1973 mention that certain chemical additives known as debonding agents
interfere with the natural fiber-to-fiber bonding that occurs during sheet formation

15 in papermaking processes. This reduction in bonding leads to a softer, or fess-
harsh, shest of paper. Freimark et al. go on to teach the use of wet strength resins
to enhance the wet strength of the sheet in conjunction with the use of debonding
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

20 tensile strength.

Shaw, in U.S. Pat. No. 3,821,068, issued June 28, 1974, also teachss that
chemica! debonders can be used to reduce the stifiness, and thus enhance the
softness, of a tissue paper web.

Chemical debonding agents have been dlsclosed in various references

25 such as U.S. Pat. No. 3,554,862, issued to Hervey et al. on January 12, 1971.
These materials inciude quaternary ammonium saits such as

trimethylcocoammonium chloride, trimethyloleylammonium chloride,
di(hydrogenated) tallow dimethyl ammonium chloride and trimethylstearyl
ammonium chioride.

Emanuelsson et al., in U.S. Pat. No. 4,144,122, Issued March 13, 1979,
teach the use of complex quaternary ammonium compounds such as bis(alkoxy(2-
hydroxy)propylene) quaternary ammonium chlorides to soften webs. These
authors also aftempt fo overcome any decrease in absorbency caused by the
debonders through the use of nonionic surfactants such as ethylene oxide and
35 propylene oxide adducts of fatty alcohols.

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

that the use of dimethyl di{hydrogenated) tallow ammonium chloride in

30
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State of the dispersions. 30 When t he above descri bed di spersions are
cooled, the partial crystallization of the material within the coll oi dal
partisxcl es may occur. However, it is likely that the attai nnent of the

equilibriumstate will require a long tine (perhaps nonths), so that a
di sordered particle whose menbranes are either a liquid crystal or a

di sordered crystal phase is interacting with the paper. 35 It is

believed that the vosicles containing DIDVAMS and PEG break apart upon
drying of the fibrous cellulosic materi al3 Once the vesicle |Is broken, the

][r:a che); 'St y of the RSP URRIGHY aBR6467E BF polfoRyéthfiehd (ghicof midly infpartCedthul ose
softness and absorbency to tissue paper webs.
One exemplary result of research direcled toward improved paper webs is
described in U.S. Pat. No. 3,301,746, issued to Sanford and Sisson on January
5 31, 1967. Despite the high quality of paper webs made by the process described in
this patent, and despite the commaercial success of products formed from these-
webs, research efforts directed to finding improved products have continued.
For example, Backer et al . in U.S. Pat. No. 4,158,594, issued January 18,
1979, describe a method they contend will form a strong, soft, fibrous sheet. More
10  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 surlace in a fine
patierned arrangement by a bonding material (such as an acrylic latex rubber
emulsion, a water soluble resin, or an elastomeric bonding material) which has
15 been adhered to one 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.

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

It is a further object of this invention to provide soft absorbent towel paper
products.

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 inventlon. as will
25 become readily apparent from a reading of the following disclosure.

20

SUMMARY OF THE INVENTION

The present invention provides soft, absorbent paper product. Briefly, the

30 paper products comprise a shest of cellulose material and from about 0.005% to
about 5.0% by weight of the fibrous cellulose material of a chemical softening
composition comprising a mixture of :

(a) a quaternary ammonium compound having the formula

35 :
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14 where it enhances the fiber flexibility. Inportantly, some of the PEGis
retained on the surface of the fiber where it acts to enhance the
absor’bency rate of the cellulose fibers. Due to ionic interaction, the
majority of the DIDVMAMS conponent stays on the surface of the cellul ose

fi bers where it enhances the 5 surface feel and softness of the paper

product. The second step in the process of this invention is the depositing
of the papernaking furnish using the above descri bed chem cal softener
conposition as ‘ 4
R2 /R1
\N* -
5 R2 Rt

wherein each R2 substituent is a C1 - C6 alkyl or hydroxyalkyl
group, or mixture thereof; each Rt substituent is a C14 - C22
hydrocarby! group, or mixture thereof; and X" isa

10 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;
15
wherein the weight ratio of the quaternary ammonium compound to the
po|yhydrc§xy compound ranges from about 1 0.1 to 0.1 : 1; and wherein said
polyhydroxy compound is miscible with the quaternary ammonium compound at a
temperature of at least 40 °C . Preferably, the mixture of the quaternary
20 ammonium and the polyhydroxy compound is diluted with a liquid carrier to a
concentration of from about 0.01% to about 25.0% by weight of the chemical
softening composition before being added to the fibrous cefiulose material.

Preferably, at least 20% of the polyhydroxy compound added to the fibrous
cellulose is retained.

25

Examples of quaternary ammonium compounds suitable for use in the
present invention include the well-known dialkyldimethylammonium salts such as
ditaliowdimethyl ammonium chioride, ditatlowdimethyl ammonium methy! suliate,
di(hydrogenated) tallowdimethyl ammonium methylsulfate, di(hydrogenated taliow)

30 dimethyl ammonium chloride.

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 fo about 600 being preferred.

A particularly preferred tissue paper embodiment of the present invention
comprises from about 0.03% 1o about 0.5% by weight of the mixture of quaternary
ammonium compound and the polyhydroxy compound.

REPLACEMENT SHEET This Sheet Has 1

pp— Wi

35




an additive on a foram nous surface and the third step is the renoving of
the water fromthe furnish so deposited. Techni ques and equi pnent whi ch can

be uSed to 10 acconplish these two processing steps will be readily _
apparent to those skilled in the papernaking art. The present invention is
applicable to tissue paper in general, including but not limted to

conventionally felt-pressed tissue paper; pattern densified tissue paper
such as exenplified in the aforenentioned U. S. Patent by Sanford-Sisson 15
and its progeny; and high bulk, unconpacbed tissue paper such as

%errlal ified by U. %efﬁaﬁﬁé‘?)r&egi%pmhn?a‘ih‘éuﬁé‘s‘ue wébs of %sa@w:g?l&%u&r?;ﬁ g
e tissue
tissye papeP ‘SF‘BH&B H}?B(ﬁ,eps &mt)gr ation us paper limg (furnfstr\ L*rom {}1
aforementioned components, deposition of the papermaking furnish onto a
foraminous surface such as a Fourdrinier wire, and removal of the water from the
5 deposited furnish.

All percentages, ratios and proportions herein are by weight unless
otherwise specified.

BRIEF DESCRIPTION OF THE DRAWINGS
10
While the Specification concludes with claims particutarly 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
drawings, in which :
15 Figure 1 is a phase diagram of DODMAMS and DTDMAMS.
Figure 2 is a phase diagram of DODMAMS/pure PEG-400 system.
Figure 3 is a phase diagram of PEG-400/methy! octanoate system.
Figure 4 is a cryo-transmission -micro-photograph taken at X 66,000 of a
vesicle dispersion of a 1 : 1 by weight ratio of a di(hydrogenated) tallow
20 dimethyl ammonium methyl sulfate and PEG-400 system.
Figure 5'is a cryo-transmission micro-photograph taken at X 66,000.0f
vesicle dispersion of a 1 : 1 by weight ratio of a di(hydrogenated) tatiow
dimethyl ammonium methyl sulfate and glycerot system. .
Figure 6 is a cryo-transmission micro-photograph taken at X 66,000 of
25 . vesicle dispersion of a 1-: 1 by weight ratio of a di(hydrogenated) tallow
dimethyl ammonium chloride and PEG-400 system.
Figure 7 is a cryo-transmission micro-photograph taken at X 66,000 of

vesicle dispersion of a 1 : 1 by weight ratio of a di{hydrogenated) taliow
dimethyl ammonium chloride and glycerol system.

* The present invention is described in more detall below.
DETAILED DESCRIPTION OF THE INVENTION
35 - While this specification concludes with claims particularly pointing out and
distinctly claiming the subject matter regarded as the invention, it is believed that
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therefrommay be of a single-ply or multi-ply construction. Tissue
structures forned from|l ayered paper webs are described in U S. Patent
3,992,771, Mdrgan, 20 Jr. et al. issued Novenber 30, 1976.

In general, a wet-laid conposite, soft, bulky and absorbent paper structure
I's prepared fromtw or nore |ayers of furnish which are preferably

conprised of different fiber types. The |ayers are preferably forned from
t he deposition of separate streans of dilute fiber slurries, the fibers

typically being relatively long 25 sof t fbod and rel atively short har dwood
fibers as usaqma iidvention CAnRPBENE UrtBrstoOe Trod @ RAdY ¢t the dbidwing GeRANBAOUS

heb. The | ay &R o1iBS BANRbIeEREESTOC 10 Torm @ lavered composite
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
5 steps of forming an aqueous papermaking furnish, depositing this furnish on a
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
@vaporation. '
As used herein, an aqueous papermaking furnish is an aqueous slurry of
10 papermaking fibers and the chemicals described hereinafter.

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 to as wood pulp), and a mixture of at least one quaternary
ammonium and at least one polyhydroxy. compound, all of which will be hereinafter

15 described.

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

~ thermomechanical pulps and chemically modified thermomechanical pulp (CTMP).
Pulps defived 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 alt of the above categories as well as other non-fibrous
materials such as fillers and adhesives used to facilitate the original papermaking.

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

Chemical Softener Compositions

The present invention contains as an essential component from about

30  0.005% to about 5.0%, more preferably from about 0.03% to 0.5% by weight, on a
dry fiber basis of a mixture of a quaternary ammonium compound and a
polyhydroxy compound. The ratio of the quaternary ammonium compound to the
polyhydroxy compound ranges from about 1 : 0.1 to 0.1 : 1; preferably, the weight
ratio of the quaternary ammonium compound to the polyhydroxy compound is
about 1 : 0.3 to 0.3 : 1; more preferably, the weight ratio of the quaternary
ammonium compound o the polyhydroxy compound is about 1:0.7100.7 : 1,
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conformto the surface of an open nesh drying/inprinting fabric by the
application of a fluid to force to the web and thereafter thermally
predried on said fabric as part 30 of a |ow density papernaki ng process.
The | ayered web may be stratified with respect to fiber type or the fiber
content of the respective |layers may be essentially the sane. The tissue
paper preferably has a basis wei ght of ?etween 10 g/ nferr] and about 65
g/nmerr], and density of about 0.60 g/cC or less. Preferably, basis weight
wi |l be bel depeddiog updngthe] molecutar weight ofathd 65mcdmn$dighdn¢iyi cémpaungut 0. 30
8/ 38 o/r | €5 3naAPabatBFriinf bRl ohiurd @BAipblénd\iéda. Pe between 0.04 g/cc and about
g/ cc.

Each of these types of compounds will be described in detail below.

5
A. Quaternary Ammonium Compound
The chemical softening composition contains as an essential component a
quaternary ammonium compound having the formula :
/ \ X
16

In the structure named above each Ry is C14-C22 hydrocarbon group, prefarably
tallow, R2 is a C1 - C6 alkyl or hydroxyalkyl group, preterably C1-C3 alkyl, X" is a
compalibie anion, such as an halide (e.g. chloride or bromide) or methyl sulfate.
As discussed in Swen, Ed. in Bailey's Industrial Oil and Fat Products, Third
20 Edition, John Wiley and Sons (New York 1964), tallow is a naturally occurring
material having a variable composition. Table 6.13 In the above-identified
reference edited by Swem indicates that typically 78% or more of the fatty acids of
tallow contain 16 ort8 carbon atoms. Typically, half of the fatty acids present in
tallow are unsaturated, primarily in the form of oleic acid. Synthefic as wsll as
25 natural “aliows” {all within the scope of the present invention.
Preferably, each Ry Is C16-C18 alkyl, most preferably each Rt Is straight-chain
C18 alkyl. Preferably, each R2 is methyl and X" Is chloride or methyl sulfate.
Examples of quaternary ammonium compounds suitable for uss in the
prasent invention include the well-known dialkyldimethylammonium salts such as
30 ditallowdimethylammonium chloride, ditallowdimethylammonium methyl sulfate,
' * difhydrogenated) tallow dimethyl ammonium chloride; with di(hydrogenated) tafiow
dimethyl ammonium methyl sulfate being preferred. This particular material Is
avaflable commaercially from Sherex Chemical Company Inc. of Dubtin. Ohio under
the tradename *Varisoft R 137", -
Biodegradable mono and di-ester variations of the quaternary ammonium

compound can also be used, and are meant 1o falf within the scope of the present
invention. These compounds have the formula:

35

REPLACEMENT SHEET ' This Sheet Has Been Replaced

P T




15 Conventional ly pressed tissue paper and nethods for making such paper
are known in the art. Such paper is typically nmade by depositing

paper maki ng furnish on a foram nous formng wire. This formng wire is
often referred to in the art as a Fourdrinier wire. Once the furnish is
deposited on the forming wire, it is 5 referred,to as a web. The web is
dewat ered by pressing the web and drying at el evated tenperature. The

particul ar techni ques and typical equipnment for making webs according to
the process just described are well kno8n to those skilled in the

o)
|

R2 CH2-CH2-0-C- Ry

N x.
7\

10 R2 CH2-CH2-O-Cﬂ-R1
O
and
15 R2 /Fh
N+ X
20
R2 CH2-CH2-0-C-R1
O

In the structures named above each R¢ Is an aliphatic hydrocarbon radical
selected from the group consisting of alkyl having from about 14 to about 22
carbon atoms, such as tallow, R2 is a C1 - C6 alkyl or hydroalkyl group, X" is a
compatible anion, such as an halide (e.g., chloride or bromide) or methyl sulfate.

Preferably, each Ry Is C16-C18 alkyl, most preferably each R is straight-chain
C18 alkyl, and R2 Is a methyl.

30 B. Polyhydroxy Compound

The chemical softening composition comains as an essential component a
polyhydroxy compound.

Examples of polyhydroxy compounds useful in the present invention include
glycerol, and polyethylene glycols and polypropylene glycols having an 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

25

35
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art. In a typical 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 10 onto the Fourdrinier wire to forma wet web.
The web is then typically dewatered to a fiber consistency of between about
7% and about 25% (total web wei ght basis) by vacuum dewatering and further
dried by pressing operations wherein the web is subjected to pressure

devel oped by opposi ng nmechani cal nenbers, for exanple, cylindrical rolls.

15 The dewatered web is then furtBer pressed and dried by a stream
P e

devel oped at H?ﬁé‘@‘&‘%‘S&’*~P§8ﬁ”§@£’ﬁ§%ﬁ§§?@@§ﬁé‘ DI D08 e op

cylindrical .8FURTAFC ¥ipﬁ§e red. .

A particularly preferred polyhydroxy compound is polyethylene glycol having

an weight average molecular weight of about 400. This material is available
5 commercially from the Union Carbide Company of Danbury, Connecticut under the
{radename “PEG-400".

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

10 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

15 of the present invention. )

if has been discovered that the chemical softening composition are more
effective when the qualernary ammonium 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

Example 1, consists of first heating the polyhydroxy compound to a temperature of

about 66 °C (150°F), and then adding the quatemary ammonium compound to the
hot polyhydroxy compound to form a fluidized *melt”. The weight ratio of the
quaternary ammonium compound to the polyhydroxy compound ranges from
about 1 : 0.1 to 0.1 : 1; preferably, the weight rati6 of the quaternary ammonium

25 compound to the compound is about 1 : 0.3 10 0.3 : 1; more preferably, the weight
ratio of the quatemary ammonium compound to the compound is about 1 : 0.7 to

0.7 : 1, although this rafio will vary depending upon the molecular weight of the

particular compound and/or quaternary ammonium compound used. The
quaternary ammonium compound and polyhydroxy compound melt Is then diluted

1o the desired concentration, and mixed to form an aqueous solution containing a

vesicle dispersion of the quaternary ammonium compound / polyhydroxy
compound mixture which is then added to the papermaking furnish. Preferably,
the mixture of the quaternaty ammonium 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 temperature of the liquid carrier preferably ranges from
about-40 °C to about 80 °C. The mixture of the quaternary ammonium compound
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.agai nst the web. Vacuum may al so be applied to the web as it
agai nst the Yankee surface. Miultiple Yankee dryer druns nmay be enpl oyed,
wher'eby 20 additional pressing is optionally incurred between the druns.
The tissue paper structures which are forned are referred to hereinafter as

conventional, pressed, tissue paper structures. Such sheets are considered
to be conpacted since the web is subjected to substantial nechani cal

conpressional forces while the fibers are noi st and are then dried (and
optionally creped) while in a conpressd® st at e. Pattern densified

olatively FonS BRAGHEL) Eohaplind b ! E?%%%‘?F*‘ %@%@é‘“ﬁ?‘gr%.va y

hi gh fi ber &éﬁg’i't y eﬂ?é’eﬁ‘i’%% p@l’)‘l‘%e %8 B % @‘?ﬂ?ﬁ M, 2bot 0,01 dpi td as a
field of microns, most preferably from about 0.1 to about 1.0 micron As shown in
Figures 4 - 6, the dispersed paricles are in the form ot vesicle particlies.
‘5 The quaternary ammonium compound and the polyhdroxy compound are
mixed at an elevated temperature of at least 40 °C , more preferably from about

56 °C to about 68 °C. At the preferred temperature range, di(hydrogenated)
taliow dimethyl ammonium chloride is in a liquid phase and is miscible with the
polyhdroxy compound. Di(hdyrogenated) tallow dimethyl methyl sulfate, on the
other hand, is in a liquid-crystal phase and is miscible with the polyhydroxy
compound. The physcial states of di(hdryogenated) tallow dimethyl ammonium:
methyl sulfate will be discussed in greater detail hereinafter.

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

15 it has unexpectedly been found that the adsorption of the polyhydroxy
compound onto paper is significantly enhanced when it is premixed with the
quaternary ammonium compound before being added to the paper. In fact, at
least 20% of the polyhydroxy compound added to the fibrous cellulose is retained,
and preferably, the retention level of the polyhydroxy compound is from about 50%

20  to about 90% by weight of the dry fibers.

Importantly, adsorption occurs at a concentration and within a time frame
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 melled solution and the aqueous dispersion of a
di(hydrogenated) tallow dimethy! ammonium methyi sulfate and polyethylene
glycol 400 were studied. ' _

Without wishing to be bound by theory, or to otherwise limit the present
invention, the following discussion is offered for explaining how the quaternary
ammonium compound promotes the adsorption of the polyhydroxy compound onto
30 paper. '

Information on the physical state of DTDMAMS Di(hyhrogenated)Tallow
dimethyl Ammonium Methyl Sulfate, RapN+(CH3)2,CH308037) and on
DODMAMS is provided by X-ray and NMR data on the commercial mixture.
DODMAMS (DiOctadecyl Dimethyl Ammonium Methyl Sulfate,
{C1gH37)2N+(CH3)2,CH30803") is a major component of DTDMAMS, and
serves as a modet compound for the commarcial mixture. It is useful to consider
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pillow regions. The densified zones are alternatively referred to as
knuckl e regions. The densified zones may be discretely spaced within the
high bulk field or may be 30 interconnected, either fully or partially,
within the high bulk field. Preferred processes for nmaking pattern
densified tissue webs are disclosed in U S. Patent No. 3,301, 746, issued to
Sanford and Sisson on January 31, 1967, U.S. Patent Ho. 3,974,025, issued
to Pet Ier DG _I_Aﬁ’!e{ ﬁ\eoﬁnﬂu}LEODWAM@E)%terﬂndn&J then ithé andreNsomplexl 8dmAfersial Ssued
to Pau r

, 1980, and U.S. Patent. 35 4,637,859, issued
to Paul D. Trﬁtﬁg‘nﬁﬁ g@‘?’war 20, 1987.

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,

5 or aliquid 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 phase, in tum, is transformed into
an isotropic fiquid at 150 °C. DTDMAMS is expected to resemble DODMAMS in its
physical behavior, except that the temperatures of the phase transitions will be

10

lowered and broadened. For example, the transition from the XB to the X& crystal
occurs at 27 °C in DTDMAMS instead of 47 °C as in DODMAMS. Also, calorimetric
data indicate that several crystal --->Lam phase transitions occur in DTDMAMS rather
than one as in DODMAMS. The onsset temperature of the highest of these transitions
is 56 °C, in good agreement with the X-ray data, but calorimetry displays two peaks
15  with onset temperatures of 59 and 63 °C.

DODMAC ((DiOctadecy! Dimethyl Ammonium Chloride) displays qualitatively
different behavior from DODMAMS in that the Lam liquid crystal phase does not
exist in this compound. This difference, however, is believed not to be important to
the use of this compound (or its commercial analog DTDMAC) in the treatment of
paper. (Laughlin et al., Journal of Physical Chemistry, Physlcal Sclence of the
Dioctadecyldimethylammonium_ Chloride-Water System. 1. Equilibrium

Phase Behavlor. 1990, volume 94, pages 2546-2552, incorporated herein by
reference.

Mixtures of DTDMAMS with PEG 400.

A 1:1.weight ratio mixture of these two materials Is studied, and a plausible
model for the phase behavior of this system Is suggested in Figure 2. In this
diagram DODMAMS and PEG are shown 1o be immiscible at high temperatures,
where they coexist as two liquid phases. As mixtures of the two fiquids within this
region are cooled, a Lam phase separates from tha mixture. This study therefore
shows that these two materials while immiscible at high temperatures do become
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
DTDMAMS and PEG -400 in water, the premix that is diluted with water should be

held within the intermediate temperature range where the two compounds are
miscible.
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16 In general, pattern densified webs are preferably prepared by depositing
a papernmeking 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 web is pressed against the array of supports, thereby
resulting in densified zones 5 in the web at the |ocations geographically
corresponding to the points of contact between the array of supports and
t he wet web. The renmi nder of the web not conpressed during this operation
is referred to as the high bulk field. T s high bulk field can be further
dedensi fi ed ixaees ot DTIDMACIwIth PEG #oxssure, such as with a
Phase studies of these two materials using the step-wise dilution mathod
demonstrate that their physical behavior is considerably different from that of
DTDMAMS. No liquid crystal phases are found. These compounds are miscible
5 over a wide range of temperatues, which indicates that dispersions may be

prepared from these mixtures over a comparable range of temperatures. No upper
temperature limit of miscibility exists.

Preparation of dispersions.

Dispersions of either of these materials may be prepared by diluting a
10. mixture, that is held at a temperature at which the po!yhyd'roxy compound and the
quaternary ammonium salt are miscible, with water. it does not matter greatly
whether they are miscible within a liquid crystalline phase (as in the case of
DTDMAMS), or in a liquid phase (as in the case of DTDMAC). Neither DTDMAMS
nor DTDMAC are soluble in water, so the dilution of either dry phase with water
will precipitate the quaternary ammonium compound as small pariicles. Both
quaternary ammonium compounds will precipitate at elevated temperatures as a
liquid-crystal phase in dilute aqueous solutions, regardless of whether the dry
solution was liquid or liquid crystalline. The polyhydroxy compound is soluble with
water in all propertions, so it is not precipitated. '

Cryoelectron microscopy demonstrates that the particles present are about
0.1 tc 1.0 micrometers in size, and highly varied in structure. Some are sheets
(curved or flat), while others are closed vesicles. The membranses 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 presunied to be associated
with these particles. The application of dispersions prepared in this manner to
paper resulls in attachment of the quaternary ammonium ion to the paper, strongly
promotes the adsorption of the polyhydroxy compound onto paper, and produces
the desired modification of softness and retention of wettability.

State of the disparsions.

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

It is believecd that the vesicles containing DTDMAMS and PEG break apart
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
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vacuum type device or a blowthrough dryer, or by nechanically pressing the
web 10 against 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 acconplished by fluid pressure, such as
wi th a vacuum type device or blowthrough dryer, or alternately by
mechani cal |y pressing the web agai nst an array of supports wherein the high
bulk field is not conpressed. The operations of 15 dewatering, optional
predrying and formation of the densified3zones may be integrated or

partially ing ereai{ @ﬁ’hén‘&e& ﬁ@ertﬂé‘ilﬁllw 6lh\ Bgﬂﬁ’@ ﬁ&g@i WPEGQG r&%ﬁga on
perforned sequent gna Lon o § en ne ewat erl ng, and
optional pr eﬁ'ﬁ/ %a ce Akt g e where i acts h@PF?Jl\he Bé?éﬁaéﬁ}’ yag; of) ‘Ihe
avoi di ng cellulose fibers. Due {o ionic mteracuon. the majority of the DTDMAMS
component stays on the surface of the cellulose fiber where it enhances the
5 surface feel and softness of the paper product.

The second step in the process of this invention is the depositing of the
papermaking furnish using the above described chemical softener composition as
an additive on a foraminous surface and the third step is the removing of the water
from the furnish so deposited. Techniques and equipment which can be used to

10 accomplish these two processing steps will be readdy apparent to those skilled in
the papermaking art.

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

15 and its progeny; and high bulk, uncompacted tissue paper such as exempiified by
U.S. Patent 3,812,000, Salvucci, Jr., issued May 21, 1974. 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
general, a wet-laid composite, soft, bulky and absorbent paper structure is
prepared from two ofr 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 short hardwood fibers as used in tissue papermaking, upon
one or more endless foraminous screens. The layers are subsequently combined
to form a layefed 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 fiuid to force 1o the web and thereafter thermally predried on said fabric as part
of a low density papermaking process. The layered web may be stratified with
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/ce.
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mechani cal pressing. Preferably,
paper 20
at

: from about 8% to about 55% of the tissue
surface conprises densified knuckles having a rel ative density of

at |east 125%of the density of the high bulk field. The array of supports
is preferably an inprinting carrier fabric having a patterned di spl acenent
of knuckl es which operate as the array of supports which facilitate the
formation of the densified zones upon application of pressure. The 25
pattern of knuckles constitutes the array of supports previously referred
to. Inprinting carrier fabrics are disclbed In U S. Patent No. 3,301, 746,

gzmg;gl a”gr S SSO odv%ﬁb%él élg t?ﬁsrg%&%r ahtd %Peﬂ?@déamr M8kin sﬁ&i%%%
Ayers, |s Suecplpu n 11‘01 31%’6 élh paper is typncédly m::ndgt ey”&e{:@smr?’g Zpar in

furmsh on a foraminous forming wire. This forming wire is often referred to in the

art as a Fourdrinier wire. Once the furnish is deposited on the forming wire, it is

5 referrad to as a web. The web is dewatered by pressing the web and drying at

 elevated temperature. The particutar techniques and typical equipment for making

webs according 1o the process just described are well known to those skilled in the

art. In a typical 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

10 onto the Fourdrinier wire to form a wet web. The web is then typically dewatered to
a fiber cbnsistency of between about 7% and about 25% (total web weight basis)
by vacuum dewatering and further dried by pressing operations wherein the web is
subjected to pressure developed by opposing mechanical members, for example,
cylindrical rolis.

15 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
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-

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

25 Pattern densified tissue paper is characterized by having a relatively high
bulk field of relatively low fiber density and an amay of densified zones of relatively
high fiber density. The high bulk field Is alternatively characterized as a field of
piliow regions. The densified zones are altematively referred to as knuckle regions.
The densified zones may be discretely spaced within the high bulk field or may be

30 interconnected, either fully or parially, within the high bulk field. Prefsrred
processes for making pattern densified tissue webs are disclosed in U.S. Patent
No. 3,301,746, issued o 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

35 4,637,859, issued to Paul D. Trokhan on January 20, 1987; all of which are
incorporated herein by reference.
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U S. Patent No. 3,573,164, Friedberg et al ., Issued March 30, 1971, U.S.
Pat ent 30 No. 3,473,576, Ameus, issued Cctober 21, 1969, U.S. Patent No.
4,239, 065, Trokhan, issued Decenber 16, 1980, and U.S. Patent Ho.

4,528, 239, Trokhan, issued July 9, 1985. Preferably, the furnish is first
formed into a wet web on a foram nous formng carrier such as a Fourdrinier
wre. The web is dewatered and transferred 35 to an inprinting fabtic. The

furnish may alternately be initially depqsi ted on a foram nous supporting
carrier which also operates as an inprintfng fabric. Once fornmed, the wet
web i s dewat dnegerardl, pattdrardarsified wabsaatey prafetably gpraparadhy depesiting 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

web is pressed against the array of silpports. thereby resulting in densified zones

5 in the web at the locations geographically corresponding to the points of contact
between the array of supports and the wet web. The remainder of the web not
compressed during this operation is referred to as the high bulk field. This high

bulk field can be further dedensified by application of fiuid pressure, such as with a
vacuum type device or a blow-through dryer, or by mechanically pressing the web

10  against the array of supports. The web is dewatered, and optionally predried, in
such a manner so as to substantially avoid compression of the high bulk field. This

is preferably accomplished by fluid pressure, such as with a vacuum type device or
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

15 dewatering, 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 densifled zones, dewatering, and
optional predrying, the web is dried to completion, preferably still avoiding
mechanical pressing. Preferably, from about 8% fo about 55% of the tissue paper

20 surface comprises densified knuckies having a relative density of at least 125% of
the density of the high bulk field.

The array of supports is preterably an imprinting carrier fabric having a
patterned displacement of knuckles which operate as the array of.supports which
facilitate the formation of the densified zones upon application of pressure. The

25

_ 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, Salvucci, Jr. et al .,
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

30 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.

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
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17 fiber consistency of between about 40% and about 80% Dewatering can be
performed with suction boxes or other vacuum devices or wi th bl owthrough
dryers. The knuckle inprint of the inprinting fabric is inpressed in the
web as di scussed above, prior to drying the web to conpletion. One nethod
for 5 acconplishing this is through application of mechanical pressure.
Thi s can be done, for exanple, by pressing a nip roll which supports the

i mprinti-ng fabric against the face of a drying drum such as a Yankee
dryer, wherein the web is 16

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
discussed above, prior to drying the web to completion. One method for
5 accomplishing this is through application of mechanical pressure. This can be
done, for example, by pressing a nip roll which supports the imprinting fabric
against the face of a drying drum, such as a Yankee dryer, wherein the web is
disposed between the nip roll and drying drum. Also, preferably, the web is molded
against the imprinting fabric prior to completion of drying by application of fluid
10 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
combination thereof. _
Uncompacted, nonpattern-densified tissue paper structures are described in
15 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. 4,208,459, issued to Henry E. Becker, Albert
L. McConnell, and Richard Schutte on June 17, 1980, both of which are
incorporated herein by reference. In general, uncompacted, non pattem densified
tissue paper structures are prepared by depositing a papermaking furnish on a
20 foraminous forming wire such as a Fourdrinier wire to form a wet web, draining the
web and removing additional water without mechanical comprassion untit the web
has a fiber consistency of at least 80%, and creping the web. Water is removed
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
25 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-
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

30 the wab and removing additional water with the aid of a uniform mechanical
compaction (pressing} untit 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
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,

35 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. One particularly advantageous use
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di sposed between the nip roll and drying drum Also, preferably, the web is
nol ded against the inprinting fabric prior to conpletion of drying by
application of fluid 10 pressure with a vacuum devi ce such as a suction
box, or with a blowthrough dryer. Fluid pressure may be applied to induce
inpression of densified zones during initial dewatering, in a separate,
subsequent process stage, or a conbination thereof. Unconpacted,
nonpattern-densified tissue paper structures are described in 15 u. S

Pat ent No. 3,812,000 issued to Joseph L. §a|VUCCI, Jr. and Peter N. Yiannos
on May 21, 1974 and U.S. Patent No. 4, 20§ 459, issued to Henry E. Becker,

Al bert L. MCaitks lissusrpap@r wiebrad tifs fnventionis lhmelwwelmuclsq Fge ssample,

unconpact ed, 1w tissue paper webs of this invention can be embossed and adhesively secured
together in tace to face relation as taught by U.S. Pat. No. 3,414,459, which issued
1o Welis on December 3, 1968 and which is incorporated herein by referencs, to

5 form 2-ply paper towels.

Molecular Weight Determination

A. Introduction
The essential distinguishing characteristic of polymeric materials is their
10 molecular size. The broperties 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
defining and determining their molecular weights and molecular weight
distributions. It is more correct to use the term relative molecular mass rather the
15 molecular weight, but the latter is used more generally in polymer technology. tt is
not always practical to determine molecular weight distributions. However, this is
becoming more common practice using chromatographic techniques. Rather,

recourse is made 10 expressing molecular size in terms of molecular weight
averages.

20

B. Molecular weight averages
if we consider a simple molecular weight distribution which represents the
weight fraction (wj) of molecules having relative molecular mass (M;), it is possible
25 to define several useful average values. Averaging carried out on the basis of the

number of molecules {Nj) of a particular size (M;j) gives the Number Average
Molecular Weight

Mn = ZNj M
30 T Ni

An important édnsequenca 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
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

35
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non pattern densified tissue paper structures are prepared by depositing a
paper maki ng furnish on a foram nous formng wire such as a Fourdrinier wire
to 20 forma wet web, draining the web and renoving additional water

wi t hout nmechani cal conpression until the web has a fiber consistency of at

| east 80% and creping the web. Water is renoved fromthe web by vacuum
dewat ering and thermal drying. The resulting structure is a soft but weak
hi gh bul k sheet of relatively unconpacted fibers. Bonding material is
preferably applied to portlons of the w8 prior to creping. 25

Conpact ed nOEolP (bflrs rfchﬁ@etdeﬁH\?neﬁlh%Wﬁ?y%ﬁ MRSAHY cHEQURd N the
art as conve tIS ue structures ener al’, conpacted, non- pattern-

densified ti §%§G’é§yp Hyieis e Pé‘é‘ﬁ&f@‘gﬁ"@eﬁf‘%ﬂﬁg‘ﬂ iting a papermaking

Averaging on the basis of the weight fractions (W.) of molecules of a given
mass {M;) leads to the definition of Weight Average Molecular Weights

Mw = ZWNj = 2N M
W Z Ni M

Mw is a more useful means for expressing polymer molecular weights than Mp
10  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 treatment chemicals used herein or retained on
tissue paper webs can be performed by any method accepted in the applicable arl.
15 For example, the level of the quaternary ammonium compound, such as
DTDMAMS, retained by the tissue paper can be determined by solvent extraction
of the DTDMAMS 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
20 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
fo exclude other methods which may be useful for determining levels of particular
components retained by the tissue paper. .
Hydrophilicity of tissue paper refers, in general, to the propensity of the
25 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 to as
“wetting time". In order to provide a consistent and repeatable test for wetting time,
the following procedure may be used for wetting fime determinations: first, a
30 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 info four (4) juxtaposed quarters,
and then crumpled into a ball approximately 0.75 inches (about 1.9 cm) to about 1
35 inch (about 2.5 cm) in diameter; third, the balled sheet is placed on the surface of
a body of distilled water at 23 £ 1°C and a timer is simultaneously started; fourth,
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furnish on a foram nous wire such as a Fourdrinier wwre to forma wet web,
draining the web and renoving additional water with the aid of a uniform
mechani cal 30 conpaction (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 renmoved fromthe web by vacuum
mechani cal pressing and thermal nmeans. The resulting structure is strong
and general ly of singular density. but very low in bulk, absorbency and in

softness. 35 The tissue paper ¥b of this invention can be used in
any app: . c?txhe(rjw%}es%estéﬁééd aR@ 5850 WHonl WBRING BRRRAY bARISsIRdet i @BHIpIdidd. One
particular ycé‘mﬁl%{‘ ?’mg Ts obsarvad visually.

Hydrophilicity characters of tissue paper embodiments of the present

invention may, of course, be determined immediately after manufacture. However,

5 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 following 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.”

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

used herein, is the thickness of the paper when subjected to a compressive load of
95 g/in2 (15.5 g/cm?2).

10

15
Optional Ingredients

Other chemicals commonty used in papermaking can be added to the
papermaking furnish so fong as they do not significantly and adversely affect the
softening, absorbency of the fibrous material, and enhancing actions of the

20 chemical sofiening composition.

For example, surfactants may be used to treat the tissue paper webs of the
present invention. The level of surfactant, it 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 preterably have alkyl chains with eight or more carbon atoms.
Exemplary anionic surfactants are linear alky! sulfonates, and alkylbei\zene
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 avallable 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
strength additives include carboxymethyl celiulose, and cationic polymers from the
ACCO chemical family such as ACCO 771 and ACCO 514, with carboxymethy!
celivlose (CMC) being preferred. This materal is avallable commercially from the
Hercules Company of Wilmington, Delaware under the tradename HERCULESR
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18 of the tissue paper web of this invention is in paper towel products.
For exanple, two tissue paper webs of this invention can be enbossed and
adhési vely secured together in face to face relation as taught by U S. Pat.
No. 3,414,459, which issued 5 to Wells on Decenber 3, 1968 form 2-ply
paper towels. Ml ecular Weight Determ nation A Introduction The essenti al
di stingui shing characteristic of polynmeric materials is their

20

CMC. The level of dry strength additive, if used, is preferably from about 0.01% to

about 1.0%, by weight, based on the dry fiber weight of the tissue paper.

Other types of chemicals which may be added, include wet strength
additives 10 increase the wet burst of {he tissue webs. The present invention may

5 contain as an optional component from about 0.01% to about 3.0%, more
preferably from about 0.3% o 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

10 utility in the papermaking art are useful harein. Numerous examples are shown in
the aforementioned paper by Westfelt, incorporated herein by reference.

In the usual case, the wet sirength 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 10 be expected, that

15  subsequent events such as cross-linking will render the resins insoluble in water.
Further, some resins are soluble only under specific conditions, such as over a
limited pH rahge.

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 fong as
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 functiona!
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.
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-apichiorohydrin resins sold under the trademarks Kymene 6S7H
and Kymene 2064 by Hercules Incorporated of Wilmington, Delaware, are
particularly useful in this invention. These resins are generally described in the
aforementioned patents to Keim,

Base-activated polyamide-epichlorohydrin resins useful in the present
invention are sold under the Santo Res trademark, such as Sanio Res 31, by
Monsanto Compary of St. Louis, Missouri. These types of materials are generally
described in U.S. Pat. Nos. 3,855,158 issued to Petrovich on December 17, 1974;
3,899,388 issued to Petrovich on August 12, 1975; 4,129,528 issued to Petrovich

REPLACEMENT SHEET

G4 00T 10¢

20

25

30

35

This Sheet Has Been Replaced

JRIAN




10 nol ecul ar size. The properties which have enabl ed polyners to be used
in a diversity of applications derive alnost entirely fromtheir
macro- nol ecul ar nature. In order to characterize fully these materials it
is essential to have sone neans of defining and determ ning their nol ecul ar
wei ghts and nol ecul ar wei ght distributions. It is nore correct to use the
termrelative nol ecular mass rather the 15 nol ecul ar wei ght, but the

|l atter is used nore generally in polynmer technology. it is not always
practical to determ ne nolecular weight 2§ stributions. However, this is

beconi ng nor & CORERMLEF $61 k 6F8:US wg 5‘8@“@&%(9% Wﬁo@iche&ﬂ‘m ﬁpgs 19F@t 864 "
Aver ages. 'S RS, b9y RARLE 5 VAT Eiane i Faptardser {b, 8k Hsat?mcorpor:-ﬁe el g

by reference.

Other water-soluble cationic resins useful herein are the polyacrylamide

5 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, 1871, 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 to nitrogen.

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

More complete descriptions of the aforementioned water-soluble resins,
including their manufacture, can be found in TAPP! Monograph Series No. 28, 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 “permanant 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, elc.,
are generally disposed of after brief periods of use into sepfic systems and the 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
sufficient for the intended use, but which then decays upon soaking in water.
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20 B. Mol ecul ar wei ght averages If we consider a sinple nolecular weight
di stribution which represents the weight fraction (wWerr]) of nol ecul es
havi-ng rel ati ve nol ecular nmass (Merr]), it is possible 25 to define
several useful average val ues. Averaging carried out on the basis of the
nunber of nolecules (Ni) of a particular size (Merr]) gives the Nunber

Average Mol ecul ar Weight [err] 30 An inportant consequence of this
definition is that the Nunber Average 22

Decay of the wet strength facilitates flow of the paper product through septic
systems, '

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

5§ 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 we! strength agents are
also described in U.S. Pat. No. 4,675,384, Solarek, et a! ., issued June 23, 1987,
and incorporated herein by reference. Preferred temporary wet strength resins

10

include those described in U.S. Pat. No. 4,981,557, Bjorkquist, issued January 1,
1931, 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
15  invention. '

Mixtures ot compatible wet strength resins can aiso be used in the practice
of this jnvention.

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

The following examples iliustrate the practice of the present invention but
are notl intended to be limiting thereof.

20

EXAMPLE 1
25 _ The purpose of this example is o lllustrate a method that can be used to
make-up a chemical softener composition comprising a mixture of
Di(hydrogenated) Tallow Dimethyl Ammonium Methyl Sulfate (DTDMAMS) and
Polyethylene Glycol 400 (PEG-400).
A 1% solution of the chemical softener is prepared according to the
30 following procedure : 1. An equivalent weight of DTDMAMS and PEG-400 is
weighed separately; 2. PEG Is heated up to about 66 °C (160 °F); 3.
DTDMAMS is dissolved in PEG to form a melted solution at 66 °C (150 °F); 4.
Shear stress is applied to form a homogeneous mixture of DTDMAMS in PEG; 5.
The dilution water is heated up to about 66 °C {150.°F); 6. The melted mixture of
DTDMAMS and PEG is diluted to a 1% solution; and 7. Shear stress Is applied
to form an aqueous solution containing a vesicle dispersion or suspension of the
DTOMAMS/PEG mixiure; 8. The particle size of the DTDMAMS/PEG vesicle

35
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Mol ecul ar Weight in grans contains Avogadro's Nunber of nolecules. This

definition of nolecular weight is consistent wth that of nonodi sperse 35
nol ecul ar species i.e. nolecules having the sane nol ecul ar weight. O nore
significance is the recognition that if the nunber of nolecules In a given

mass of a 19 pol ydi sperse pol yner can be determned in sonme way then M,

can be calculated readily. This is the basis of colligative property
measur ement s. 2

dispersion is determined using an optical microscoplc technique. The particle size
range is from about 0.5 to 1.0 micron. -

Figure 4 illustrates a cryo-transmission micro-photograph taken at X
66,000 of a vesicle dispersion of a 1 : 1 by weight ratio of a di(hydrogenated)
tallow dimethyl ammonium methyi sulfate and PEG-400 system. From figure 4; it
indicates that padicles having membranes one or two bilayers thick, whose
geomaetry ranges from closed/open vesicles, to disc-like structures and sheets.

EXAMPLE 2
10

The purpose of this example is to illustrate a method that can be used to

make-up a chemical softener composition which comprises a mixture of

Di(hydrogenated) Tallow Dimethyl Ammonium Methyl Sulfate (DTDMAMS) and
Glycerol.

15 A 1% solution of the chemical softener is prepared according to the

following procedure : 1. An equivalent weight of DTDMAMS and Glycerol is
separately weighed; 2. Glycerol is heated up to about 66 °C (150 °F); 3.
DTDOMAMS is dissolved in Glycerol 1o form a melted solution at 66 °C {150 °F); 4.
Shear stress is applied to form a homogeneous mixture of DTDMAMS in Glycerol;
5. The dilution water is heated up to about 66 °C (150 °F); 6. The melted
mixture is diluted to a 1% solution; and 7. Shear stress is applied to form an
aqueous solution containing a vesicle dispersion or suspension of
DTDMAMS/Glycerol mixture. 8. The particle size of the DTDMAMS/Glycerol
vesicle dispersion is determined using an optical microscopic technique. The
25 particle size range is from about 0.1 1o 1.0 micron.

Figure 5 illustrates a cryo-transmission micro-photograph taken at X
66,000 of a vesicle dispersion of a 1 : 1 by weight ratio of a di(hydrogenated)
tallow dimethyl ammonium methyl sulfate and Glycerol system. From figure 5, it
indicates that particles having membranes one or two bilayers thick, whose

20

30 geometry ranges from closed vasiclas, 10 disc-like structures.
EXAMPLE 3
The purpose of this example Is to {liustrate a method that can be used to
35

makeg-up a chemical softener composition comprising a mixture of

Di(hydrogenated) Tallow Dimethyl Ammonium Chloride (DTDMAC) and
Potyethylene glycol 400 (PEG-400), '
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Aver agi ng on the basis of the weight fractions (Werr]) of nolecules of a
given mass (Merr]) leads to the definition of Wight Average Ml ecul ar
Weights [err] Mvis a nore useful neans for expressing polynmer nol ecul ar
wei ghts than WMh 10 since it reflects nore 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
anount of treatnment chem cals used herepgr or retained on tissue paper webs
can be perforned. b met hod accepted,in the aﬁglicable ar

For exanple, theAl i%ggg‘@ﬁmﬁ e WigarRemical safianafi § "@Gﬁfﬁﬂjﬁ&@éimﬁ?"ag‘e
following procedurs . 1. An equivalent weight of DTDMAC and PEG-400 is
separately weighed; 2. PEG is heated up to about 60 °C (140 °F); 3. DTDMAC
is dissolved in PEG to form a melted solution at 60 °C (140 °F); 4. Shear stress

5 is applied to form a homogeneous mixture of DTDMAC in PEG; 5. The dilution

water is heated up to about 60 °C (140 °F); 6. The melted mixture is diluted to a

1% solution; and 7. Shear stress is applied to form an aqueous solution

containing a vesicle dispersion or suspansion of DTOMAC/PEG mixture; 8. The

particle size of the DTDMAC/PEG vesicle dispersion is determined using an

optical microscopic technique. The particle size range is from about 0.5 to 1.0
micron.

10

Figure 6 illustrates a cryo-fransmission micro-photograph taken at X 66,000
of a vesicle dispersion of a 1 : 1 by weight ratio of a di(hydrogenated) taliow
dimethyl ammonium chloride and PEG-400 system. From figure 6, it indicates that

15 particles having membranes one or two bilayers thick, whose geometry ranges
from closed vesicles, to disc-like structures.

EXAMPLE 4

20 The purpose of this example is to illustrate a method that can be used to

make-up a chemical softener composition comprising a mixture of
Di(hydrogenated) Tallow Dimethyl Ammonium Chioride (DTDMAC) and glycsrol.

A 1% solution of the chemical softener is prepared according to the
following procedure: 1. An equivalent weight of DTDMAC and glycerol is
separately weighed; 2. Glycerol is heated up to about 60 °C (140 °F); 3.
DTDMAC is dissolved in glycerol 1o form a melted solution at 60 °C (140 °F); 4.
Shear stress is applied to form a homogeneous mixture of DTDMAC in glycerol;
5. The dilution water is heated up to about 60 °C (140 °F); 6. The melted
mixture is diluted to a 1% solution; and 7. Shear stress is applied to torm an
aqueous solution containing a vesicle dispersion or suspension of
DTDMAC/glycerol mixture; 8, The particle size of the DTDMAC/glycerol vesicle
dispersion is determined using an optical microscopic technique. The particle size
range is from about 0.5 to 1.0 micron.

Figure 7 lliustrates a cryo-transmission micro-photograph taken at X 66,000
of a vesicle dispersion of a 1:1 by waeight ratio of a di(hydrogenated) tallow
dimethyl ammonium chloride and glycerol system. From figure 7, it indicates that

25

30

35
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DTDVAMS, retained by the tissue paper can be determ ned by sol vent
extraction of the DIDMAMS by an organic solvent followed by an
anionic/cationic titration using D mdium Brom de as indicator; the |evel
of the pol yhydroxy conpound, such as PEG 400, can be determ ned by
extraction in an aqueous solvent such as 20 water followed by gas

chromat ography or colorinetry techniques to determne the | evel of PEG 400
in the extract. These nethods are exenplary, and are not neant to exclude
ot her net hods which may be useful for det2s m ning |evels of particular

component s 1 ehahied Rividd'dmbrahEs BABYr twoMsllagRA thick! Who88 debiiily RARS
REEAER okt vk s xS

EXAMPLE 5

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 chemical softener composition comprising a mixture of
Di(hydrogenated) Tallow Dimethyl Ammonium Chloride {(DTDMAC), a

10 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 chemical softener is prepared
according 10 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
15 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 stock pipe at a
rate of 1% by weight of the dry fibers. The adsorption of Kymene 557H to NSK is
enhanced by an in-line mixer. A 1% solution of Carboxy Methyl Cellulose (CMC)
is added after the in-line mixer at a rate of 0.2% by weight of the dry fibers to
20 enhance the dry strength of the fibrous substrate. The adsorption of CMC to NSK
can be enhanced by an in-line mixer. Then, a 1% solution of the chemical
softener mixture (DTDMAMS / 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 slurry is diluted to 0.2% by
the fan pump. Third, a 3% by weight aqueous slurry of CTMP is made 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 arate
of 0.1% by weight of the dry fibers. The adsorption of the chemical softener
30 mixture to CTMP can be enhanced by an In-line mixer. The CTMP slurry 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
35 having 84 machine-direction and 76 cross-machine-direction 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-

25
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sonmewhat quantified by determ ning the period of tinme r
ti ssue paper to becone conpletely wetted with water. T
referred to as "wetting tine". In order to provide a ¢

sf rsrb)e/,n;,,.anﬂ..,
repeatabl e test for wetting tinme, the foll ow ng proced be used flor
wetting time determnations: first, a 30 conditioned s |

(the environnmental conditions for testing of paper sanp]es are 23+1[err
and 50+2% R H. as specified In TAPPI Me':f?ed T 402), app ' _
inch x 4-3/4 inch (about 11.1 cmx 12 ¢ of tissue paper structure is
21 hen o urmige Gt sk 64 pePRiITS TRE! 4 Bokind IR shabodho 14 mtéR | ©
in ato 'cell i ' 34 perCent d 14
RN i o e S
pl aced on t hePRIPPLIEYoeP gisa P Y sisted
drainage until the web has a fiber consistency of about 28%. The patterned web is
5 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% betore the dry creping the web
with a doctor blade. The doclor blade has a bevel angle of about 25 degrees and
10 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
15 and laminating them together using PVA adhesive. The paper toweT has about 26 -
#/3M Sq Ft basis weight, contents about 0.2% of the chemical softener mixture
and about 1.0% of the permanent wet strength resin. The resulting paper towel is
soft, absorbent, and very strong when wetted.
Table 1 below summarizes the retention levels and the average paricle size
20 of the DTDMAC/PEG-400 vesicle dispersion compared to adding PEG-400 only to

»

the furnish slurry.
Table 1 : - _
FEGweny | o OMACERG
gc;c;g::t I(c;c)l of PEG 5 90
R ey o DMAC NA 98
Average particle size (microns) NA 0.6
25
EXAMPLE 6

The purpose of this example is to illustrate a method using a blow through
30 drying and layered papermaking techniques to make soft and absorbent toilet

heet Has Been Reraoed
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a body of distilled water at 23 1[err]C and a tiner

i lsgp m@wmﬁ
started; fourth, 20 the timer is stopped and read 1"ng ‘h

bal l ed sheet is conpleted. Conplete wetting is obseryed

Hydrophilicity characters of tissue paper enbodi mnent$ ¢f QEe presént
i nvention may, of course, be determned i medi ately ¢fter manufactu

However, 5

first two weeks after

10

15

20

25

30

35

substantial increases in hydrophobicity|my occur durin

%
!
'&he

27
Di(hydrogenated) Tallow Dimethyt Ammonium Msthy! Sulfate (DTDMAMS) 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 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 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 fibers. The
adsorbtion of the temporary wet 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 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 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
vacuum boxes. The Fourdrinier wire is of a 5-shed, satin weave configuration
having 84 machine-direction and 76 cross-machine-direction monofiltaments 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-
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
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 1o the Yankee dryer to provide an
impact angle of about 81 degrees; the Yankes dryer is operated at about 800 fpm

(feet.per minute) (about 244 meters per minute). The dry web is formed into rolf at
a speed of 700 fpm%214 meters per minutes).
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the tissue paper is nmade: i.e., after the paper has aged two (2) weeks
followng its manufacture. Thus, the wetting tines are preferably neasured
at -the end of such two week period. Accordingly, wetting tines neasured at
the end of a two week aging period at roomtenperature are referred to as
"two week wetting tinmes." 10 The density of tissue paper, as that
termis used herein, |Is the average density cal cul ated as the basis wei ght
of that paper divided by the caliper, with the appropriate unit conversions
i ncorporated therein. Caliper of the t@8sue paper, as used herein, is the

thickness of thergapgs iv\EsiveREPIRS B¥heldly fisstePapbssioddet! ahd tRbudBagdl err]
(15.5 gfen has ]al:'ou(1 ?8 #/3M Sq F! basis weight, contents about 0.1% of the chemical
softener mixture and about 0.2% of the temporary wet strength resin. Importaatly,
the resulting tissue paper is soft, absorbent and is suitable for use as facial and/or
5 toilet tissues.
Table 2 below summarizes the retention ievels and the average particle size

of the DTDMAMS/PEG vesicle dispersion compared to adding PEG-400 only to
the furnish sturry.

10

15 Table2:

B 5 85
l::t;%out:?g; of DTDMAMS | NA 95
Avcernage particle size (microns) NA o Q.8
EXAMPLE 7 |
.20 The purpose of this example is to iliustrate a method using a blow through

drying papermaking technique to make soft and absorbent toilet tissue paper
treated with a chemical softener composition comprising a mixture of
Di(hydrogenated) Tallow Dimethyl Ammonium Methyl Sulfate (DTDMAMS), a
Polyethylene glycol 400 (PEG-400) and a dry sirength additive resin.

25 A pilot scale Fourdrinier papermaking machine is used in the practice of the
present invention. First, a 1% solution of the 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 the dry strength resin (i.e. Acco 514, Acco 711 marketed by

30 American Cyanamid company of Fairfield, OH) is added to the NSK stock pipe at a
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“Optional Ingredients Other chenicals commonly MLAEMNJ m( can be
added to the papernmaking furnish so long as th 0 not si gnlflcantly and
adversely affect the softening, absorbency of t}h fb eri §/, and
enhancing actions of the 20 chem cal softening| conposi Fdr texanpl e,
surfactants nmay be used to treat the tissue paper Ir gsent

i nvention. The |evel of surfactant, if used, is}preferably from about 0.01%

to about 2.0% by wei ght, based on the fiber "Werght of the tissue paper.
The surfactants preferably have al kyl chiains with eight or nore carbon
atons. 25 Fem}02% byrweightcoltherdiy fikarss Ehecadsometian ofithg dnssirergihiresin and
al kyl benzene,nto 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

5 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 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 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
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, respectivaly. The embryonic wet web is transferred from the photo-polymer
15 wire, at a fiber consistency of about 15% at the point of transfer, to a photo-

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 -
20 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 ot Polyviny} Alcohol
(PVA). The fiber consistency is increased to an estimated 96% before the dry
creping the web with a doctor blade. The doctor blads has a beve} angle of about
25 degrees and is positioned with respect to the Yankee dryar 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 rolt 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 fissue paper has about 23 #/3M
30 Sq Ft basis weight, contents about 0.1% of the chemical softener 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 tollet tissues.
Table 3 below summarizes the retention levels and the average particle size

of the DTDMAMS/PEG-400 vesicle dispersion compared to adding PEG-400 only
35 to the furnish siurry.
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sul f onat es.

al kyl gl ycosi de esters such as Crodesta SL-40 which i &
Inc. (New York, NY): al kylglycoside ethers as descriid

4.011, 389,

al kyl pol yet hoxyl ated esters 30 such as pegosperse 2(0
A yco Chenicals, Inc. (Geenwch, CT) and | GEPAL RCG
Rhone Poul enc Corporation (Cranbury, N.J.). Qher tyge
may be added, include dry strength addi 80ves to incr
strength of tggeld.ssue webs.

Exenpl ary nonionic surfactants are aIkngIyCOS|des |nclud|ng

|ssued to W K. Langdon, et al. on March § 1977 and

on o |

chet Ld.l S

Exanpl es of dry strength additives i1 nclude

car boxynet hyl cellul ose, and cationic potymers—Ton em cal
fam |y such as ACCO 771 and ACCO 514, W tpegaishayxynel i M G
esicle dispersion :
Retention level of PEG .
in product (%) 5 70
3
Retention level of DTDMAMS
in product (%) ' ' NA 80
Average particle size (microns) NA - 0.8
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EXAMPLE 8

The purpose of this example is to illustrate a method using a conventional
drying papermaking technique to make soft and absorbent toilet tissue paper
treated with a chemical softener composition comprising a mixture of
Di(hydrogenated) Tallow Dimethyl Ammonium Methyl Sulfate (DTDMAMS), 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 chemical softener is prepared
according to the procedure in example 1. Second, a 3% by weight aqueous slury
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
Amaerican Cyanamid compaany of Fairfield, OH) is added to the NSK stock pipe ata

" 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 adsorption of the chemical
softener mixture to Eucalyptus fibers can be enhanced by an in-line mixer. The
Eucalyptus slumry is diluted to about 0.2% consistency at the tan 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
vacuum boxes. The Foudrinier wire is of a 5-shed, safin 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,
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cellulose (CMC) being preferred. This material is avpi
fromthe Hercul es Conpany of WI m ngton, Delaware u

HERGULESR

preferably fromabout 0.01 %to about 1.0% by weight,
fiber weight of the tissue paper. The above listing
additives is intended nerely exenplary in nature, and are not
limt the scope of the invention, with water

10

15

20

21 CMC. The level of dry strength addi tji

optional che
31

al a fiber consistency of about 15% at the point of transfer, to a conventional felt.
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 bavel 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 roli at
a speed of 700 fpm (214 meters per minutes).

Two plies of the web are formed into tissue paper ;Sroducts and laminating
them together using ply bonded technique. The tissue paper has about 23 #/3M
Sq Ft basis weight, contents about 0.1% of the chemical softener mixture and
about 0.1% of the dry strength resin. Importantly, the resulting tissue paper is
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 DTDMAMS/PEG-400 vesicle dispersion compared to adding PEG-400 only
to the furnish slurry.

Table 4:
PEGuosluny | yooNo ot B0
ﬁe;c;gg& l:;oc)l of PEG 5 7 0
ot Oy ¢ DTOMAMS NA 75
Average particle size (microns) NA : 0.8
. This Sheet Has B
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5 soluble tenporary or permanent wet strength agents bei ng excluded. The
follow ng exanples illustrate the practice of the present invention but are

not Fntended to be limting thereof. EXAMPLE 1 The pujﬂ!ﬂ M"‘”\ | e
is to-Illustrate a nmethod that can beased to 10 nak ”Mﬂmrp
sof tener conposition conprising a m xture of Di (hydrogenat ed} Tal [sow+

D net hyl Amlmmdupi Sul fate (DTDVAMS) and Pol yethyl ene G ycol 400
( PEG 400) . % sol uti on of the chem cal softener is prepared according to

the fol | o n PPREE efduct eharagtesized g that iLWwee@Rtises apsstvef selluioses 400 s
material and from 0.005% to 5.0% by weight of said fibrous cellulose

material of a chemical softening composition comprising a mixture of:

(a) aquatemary ammonium compound having the formula

\/
/\

wherein each R2 substituent is a C1 - C6 alkyl or hydroxyalkyl group
or mixture thereof, preferably C1 - C3 alkyl, most preferably methyl;
each R1 substituent is a C14 - C22 hydrocarbyl group, or mixture

thereof, preferably C16 - C18 alkyl; and X- is a compatible anion,
preferably chloride or methy! sulfate, and

X-

(b) -a polyhydroxy compound selected from the group consisting of
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 quatemary ammonium compound to the
polyhydroxy compound ianges 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 quatemary ammonium compound at an elevated

temperature wherein said quatemary ammonium compound and said
polyhydroxy compound are miscible.

2. The paper product of Claim 1 wherein the quatemary ammonium

compound is di(hydrogenated) tallow dimethyl ammonium chioride or
di(hydrogenated) taliow dimethyt ammonium methyl sulfate.

3. The paper product of Claim 1 or 2 wherein the polyhydroxy compound is

. miscible with the quatemary ammonium compound in the liquid-crystal
phase or in the liquid phase.

4, The paper product of any of Claims 1 - 3 wherein at feast 20%, “and

preferably from 50% to 90%, of the polyhydroxy compound added to the
fibrous celiulose is retained.

REPLACEMENT SHEET
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15 weighed separately; 2. PEG|ls heated up to about 66 [err]C (150
[err]F); 3. DIDMAMS is dissolved in PEGto forma nelted solution at 66
[err]C (150 [err]F); 4. Shear stress is applied to form a honbgeneous

m xture of DIDMAMS In PEG 5. The dilution water |Is heated up to about 66
[err]C (150[err]F); 6. The nelted m xture of DT uted to

a 1% solution; and 7. Shear stress |Is applied 20 m’mﬂm S

sol ution containing a vesicle dispersi OB@A suspensi‘on® oft t he VS/ PEG
m xture: 8. The particle size of the DIDVAMS/ PEG vesicle dispersion is

determned u |ng n o tical o chm article size range

i s from about* p%per ik ‘F‘Fﬁ oty P@Er‘% é trﬁt'gser i the Quaternary

cryo-transnmi ssi orammgmunpnwpgmq)ﬂs mmm ﬂ‘iﬂ polyhydroxy compound at an
elevated temperature of at least 40°C, preferably from 56°C to 68°C.

6. The paper product of any of Claims 1 - 5§ wherein the mixture of the

quatemary ammonium 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.

7. The paper product of Claim 6 wherein the mixture of the quaitemary

ammonium compound and the polyhydroxy compound is present as
particles dispersed in the liquid carrier.

8. The paper product of Claim 7 wherein the average particle size of the
quaternary ammonium compound and the polyhydroxy compound ranges
from 0.01 to 10 microns, preferably from 0.1 to 1.0 micron.

9. The paper product of any of Claims 1 - 8 wherein said paper product is a '
towel, toilet tissue, or facial tissue.

10. A chemical softening composition characterized in that it comprises a
mixture of:

{a}  a quaternary ammonium compound having the formula

R2 R1
~— . -
R2 — T~ R1

wherein each R2 substituent is a C1 - C6 alkyl or hydroxyaiky!
group, or mixture thereof, preferably C1 - C3 alkyl, most
preferably methyl; each R1 substituent is a C14 - C22
hydrocarbyl group, or mixture thereof, preferably C16 - C18

alkyl; and X- is a compatible anion, preferably chloride or
methyl! sulfate, and

(b) a polyhydroxy compound selected from the group consisting of
glycerol, and polyethylene glycols and polypropylene glycois
having a weight average molecular weight from 200 to 4000,
preferably from 200 to 1000, most preferably. from 200 to 600,
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25 66, 000 of a vesicle dispersion of a 1: 1 by weight ratio of a
di (hydrogenated) tallow dimethyl ammoni um nethyl sul fat.e and PEG 400
syst'em Fromfigure 4, it indicates that particles having nenbraries one or

two bilayers thick, whose geonetry ranges from cl osedl
di sc-li ke structures and sheets. 30 m,mmm,lg)!%LE 2
The purpose of this exanple is to illustrate a method that cans
make-up a chem cal softener conpositiomgonprising a mxture of

D (hydrogenat ed) Tall ow D net hyl Ammoni um Chl ori de (DTDVAC) and

Pol yet hyl ene gl ycQihet&if &Bﬁ@‘efb@@ratio of the quaternary ammonium 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 quaternary ammonium
compound at an elevated temperature wherein said quaternary
ammonium compound and said polyhydroxy compound are miscible.

11. The chemical softening composition of Claim 10 wherein the
quaternary ammonium compound is di{hydrogenated) tallow dimethyl

ammonium chloride or di{hydrogenated) tallow - dimethyl ammonium
methyl sulfate.

12. The chemical softening composition of Claim 10 or 11 wherein the mixture
of the quaternary ammonium 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, and wherein the mixture of the
quaternary ammonium compound and the polyhydroxy coumpound is
present as particles dispersed in the liquid carrier, wherein the average

particle size ranges from .01 to 10 microns, preferably from 0.1 to 1.0
micron.
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22 A 1% solution of the chem cal softener Is prepared according to the
foll ow ng procedure: 1. An equival ent wei ght of DITDMAC and PEG 400 is
separately weighed; 2. PEGis heated up to about 60 O (140 [err]F); 3.
DIDVAC is dissolved in PEGto forma nelted solution at 60 C (140 [err]F);
4. Shear stress 5 Is applied to forma honogeneous m xture of DITDVAC in
PEG 5. The dilution water is heated upPto about 60 [err]C (140 F);: 6. The
melted mxture is diluted to a 1% solution; and 7. Shear stress is applied

to form an, Al OlSoSOCts ' GONTAINING A 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
chemical softening composition comprising a mixture of a quater-
nary ammonium compound and a polyhydroxy compound. Preferred
quaternary ammonium compounds include dialkyldimethy ammonium
salts such as di (hydrogenated) tallow dimethyl ammonium chloride
and di(hydrogenated) tallow dimethyl ammonium methyl sulfate.
Preferred polyhydroxy compounds are selected from the group
consisting of glycerol, and polyethylene glycols and poly-
propylene glycols having a weight average molecular weight from
about 200 to 4000. The chemical softening compositions are
prepared by first mixing the polyhydroxy compound into the
quaternary ammonium compound at a specific temperature range
wherein the polyhydroxy compound is miscible with the quaternary
ammonium compound and then diluting the mixture with water at an
elevated temperature to form an aqueous vesicle dispersion
suitable for treating the fibrous cellulose material.
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containing a vesicle dispersion or suspension of DIDVAC/ PEG m xture; 8. The
particle size of the DTDMAC/ PEG vesicl e dispersion is determ ned using an
10 ~ optical mcroscopic technique. The particle size range is from about
0.5to 1.0 micron. Figure5 illustrates a cryo-transm ssion m cro-photograph
taken at X 66,000 of a vesicle dispersion of a 1: 1 by weight ratio of a

di (hydrogenated) tallow dinethyl arml)mum chl oride and PEG 400 system From
figure 5, it indicates that 15 pa | es havi ng nenbranes one or two

bi | ayers thick, whose geonetry ranges fromcl osed vesicles, to disc-Ilike
structures. EXAMPLE 3

The PEG 400 - Methyl Octanoate System

60
50 +
- Liquid
40 +
©
o 307
poe | .o
©
s 20+
Q.
£ Liq + Lig
— 1071
o1l - Liq + X Lig+X”
-10 —+ +— + — .
. 0 20 40 60 80 100
Percent PEG 400
Fig. 1
REPLACEMENT SHEET

eet Has Been Replaced

Bk DO




The purpose of this exanple is to illustrate a nmethod using a bl ow t hrough
20 dryi ng papernaki ng techni que to nmake. soft and absorbent toilet tissue
papér treated with a chemical softener conposition conprising a m xture of
D (hydrogenat ed) Tall ow D net hyl Ammoni um Met hyl Sul fate (DTDVAMS), a

Pol yet hyl ene gl ycol 400 (PEG 400) and a dry strength additive resin. A

pil ot scal e Fourdrinier papernmaking @Chi ne is used in the practice of the
25 present invention. First, a 1% 6l ution of the chenical softener is
prepared according to the procedure in Exanple 1. Second, a 3% by wei ght
aqueous slurry of NSK is nade ugFahrenhgihventional re-pul per. The NSK

,SA\lcg{)ré]_IA,S 'rb‘gii)m?a(ilgﬁg';l qus’@ Z%fgc?l uéé8n ggot h%o%ry strength resin (i.e.

DTDMAMS - - -
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American Cyanam d conpany of Fairfield, OH) is added to the NSK stock pipe

at a 23 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 mxer. The NSK

slurry is diluted to about 0.2% consistency at the fan punp. Third, a 3% by

wei ght aqueous slurry of Eucalyptus fibers is nade up in a conventional

re-pul per. A 1% solution of the 5 c@gq;cal softener m xture is added to
tock

t he Eucal yptus stock pipe before the

Fig. 4

This Sheet 1
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punp at a rate of 0.2% by weight of the dry fibers. The adsorption of the
chem cal softener m xture to Eucal yptus fibers can be enhanced by an
in-1kne m xer. The Eucal yptus slurry is diluted to about 0.2% consi stency
at the fan punp. The treated furnish mxture (30% of NSK /70% of
Eucé1yptus) Is blended in 10 the head box and deposited -onto a Foudrinier
wre to forman enbryonic web. Dewat gf@g 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 machi ne-direction and
76 cross- nachlne dlrectlon nmonofil aments per 2.54cm (inch), respectively.

The enbryornyss -om t me phot o- pol yner 15 wWre, at
a fiber cof : gi.ntof transfereto.g -
phot o- pol yr§ ' B

REPLACEMENT SHEET

ot Has Been Re laced

04.0CT 195 . ‘ \\\\\\“\\ ‘\




havi ng 562 Linear Idaho cells per 6.5cnferr] (square i 40 perc
knuck] e area and 0.23mm (9 mls) of photo-polynmer depth ther
de-wat ering is acconplished by vacuum assi sted drai nag k} bg ‘M@p agd a
fi bew consistency of about 28% The patterned web is pr r

bl ow% hrough to a fiber consistency of about 20 65%b [
then adhered to the surface of a Yanke§/@ryer with a s
adhesi ve conprising 0.25% aqueous solution of Polyvinyl
fiber conS|stency is increased to an estimted 96% before the dry creplng

the web wi{ bl ade. The°doctor bl ade has a bevel angle of about 25
degrees ang ‘ ’ an 25
i npact angl ut 800

fpm
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. np

(feet per mnute) (about 244 neters per mnute). The dry web is fornmed into
roll at a speed of 700 (pm ( 214 neters per mnutes). Two plies of the web
are f:ormed into tissue paper products and | am nating them together using
ply bonded techni que. The tissue paper has about 37.3g/cnferr] 30 (23#/ 3M
Sq ) basis weight, contents about % of the chem cal softener m xture
and about 0.1% of the dry strength r n. Inportantly, the resulting tissue
paper is soft, absorbent and is suitable for use as facial and/or toilet
tissues. Table 1 bel ow summarizes the retention | evels and the average
particle size of the DIDVAMS/ PEG 400 vesicle di spersion conpared to addi ng
PEG 400 only 35 to the furnish slurry.

Fig. 7

R
«
.

<

P
e e ) LA
a0 v P

bt
P
'

REPLACEMENT SHEET

. oW

L4 JUCT 199

This Sheet Has Been Replaced

| (R




: : : Tbsasp-2 190
.24 Table 1: PEGto slurry DTDMAMS/ PEG Vesi cl e di spersion Retention |evel
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. in product (% NA Aver age particle size |l CLORS)

illustrate a nethod using a conventional drying papeREﬂL )
make soft and absorbent toilet tissue paper treated o
sof tener conposition conprising a mxture of D (hydr na?eﬁ“pﬁaﬂ)%w
D met hyl Ammoni um Met hyl Sul fate (DTDVAMS), a 10 Polye} hyl'ene gl yco
(PEG 400) and a dry strength additive resin. A pilot $cé f
paper maki ng machine is used in the pr% ce of the
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. present invention. First, a 1% solution of the chem cal softener is
prepared according to the procedure in exanple 1. Second, a 3% by wei ght
aqueous slurry of NSK is nade up in a conventional re-oulper The NSK

(i.e. Acco 514, Acco 711 marketed by Anerican Cyanam

Fairfield, OH) is added to the NSK stock pipe at a rgtg . ht
of the dry fibers. The adsorption of the dry strengtl D # M f{bers
i s enhanced by an in-line mxer. The NSK slurry is d}l 0. %
consi stency at the fan punp. Third, a 3% by wei ght g S of
Eucal yptus fibers is nade up‘in a conventlonal re-p . A 1@6solut|cn of
the chem cal softener mxture is added to the Eucalyptus St OCR pef or e
t he stock

3/6
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.punp at a rate of 0.2% by weight of the dry fibers. The adsorption of the
chem cal softener m xture to Eucal yptus fibers can be enhanced by an
in-line mxer. The Eucal yptus slurry is diluted to about 0.2% consi stency
at the fan punp. 25 The treated furnish mxture (30% of NSK / 70% of
Eucal yptus) is blended in the head box and deposited onto _a_ Foudri nl_g__rzévm re
to forman enbryonic web. Dewatering occurs through t and
is assisted by a deflector and vacuum boxes. The FoucRﬂ’tBEEMEI‘!:le—sﬁﬂgﬁgw
5-shed, satin weave configuration having 84 machi ne-dirjecti on and 76

cross- machi ne-direction nmonofil anents per 30 2. 54cm(i{ncR)7 MAR JRTY |
The enbryoni c wet web is transferred fromthe Fourdriiniler wre,

=~

ely.
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25 at a fiber consistency of about 15% at the point of transfer, to a

conventional felt. Further de-watering is acconplished by vacuum assi st ed

drainage until the web has a fiber consistency of about 35% The web is

t hen adhered to the surface of a Yankee dryer. The fi )

I ncreased to an estimated 96% before 5 the dry cre REELA@ENHR%T
1mm‘25’6€§?€§§
e

doctor bl ade. The doctor blade has a bevel angle of
a Yoo g
about 81 degrees; the Yankee dryer is operated at abqut g%ZW&gﬁ

ahd is
e

positioned with respect to the Yankee dryer to provi of
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., (feet per mnute) (about 244 neters per mnute). The dry web is formed into
roll at a speed of 700 fpm (214 nmeters per mnutes). 10 Two plies of
the web are forned into tissue paper products and | am nating them together

using ply bonded technique. The tissue paper has about 37.3a/c
Ft) basis weight, contents about 0.1% of the chem g

about 0.1% of the dry strength resin. Inportantly, ﬂs?(l.'
paper is soft, absorbent and is suitable for use af ]a faci al
tissues. 15 Tabl e 2 bel ow summari zes the reteht izkaR/&ﬂ ahdi t he
average particle size of the DIDVAVS/ PEG 400 vesic di sper si
addi ng PEG 400 only to the furnish slurry.
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combination with fatty acid esters of polyoxyethylene glycols may impart both
softness and absorbency to tissue paper webs.

One exemplary result of research directed toward improved paper webs is
described in U.S. Pat. No. 3,301,746, issued to Sanford and Sisson on January
31, 1967. Despite the high quality of paper webs made by the process described in
this patent, and despite the commarcial success of products formed from these’
webs, research efforts 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, 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
adhering, during processing, one surface of the web to a creping surface in a fine
patierned 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 {from the creping surface to form a
sheet matedal.

JP-A-4-100 995 discloses softening agents for paper, which comprise

quaternary ammonium salts and glycerol. The obtained papers are said to have

excellent softness and high water absorption.

it is an object of thts invention to provide a soft, absorbent tissue paper
products.

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

A process for making the said soft, absorbent tissue and towel paper products
is also disclosed.

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

SUMMARY OF THE INVENTION
The presént invention provides soft, absorbent paper product. Briefly, the
paper products comprise a sheet of cellulose material and from about 0.005% to
about 5.0% by weight of the fibrous cellulose material of a chemical softening

composition comprising @ mixture of :

(a) a quaternary ammonium compound having the formula



26 CLAIMS: 1. A paper product characterized in that it conprises a sheet
of cellulose material and from0.005%to 5.0% by wei ght of said fibrous
material of a chemi cal softening conposition conprising a mxture of: (a)
guat er nary anmoni um conpound having the fornula [err] wherein each R err]
substituent is a CJerr] - Cerr] alkyl or hydroxyal kyl group or m xture

4
R2 R1
N
N¥ X-
RN
R2 Rt

wherein each R2 substituent is a C1 - C6 alkyl or hydroxyalkyl
group, or mixture thereof; each Rt substituent isa C14 - C22
hydrocarbyl group, or mixture thereof; and X" isa
compatible anion, or biodegradable compounds of formula

i
R2 /CHZ-CHz-O-C-Fh
/ A . )
R2 CH2-CH2-0-C-R{
0]
or
Rz /m
Nt X
R2 CH2-CH2-O-T!-R1
0
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thereof ; preferably Clerr] - (err] alkyl, nost preferably nethyl; each
Rl err] substituent is a Cerr] - (err] hydrocarbyl group, or m xture
thereof, preferably Clerr] - (err] alkyl; and X- is a conpatible anion,

preferably chloride or nethyl sulfate, or biodegradabl e conpounds of
formula [err] 11 or 5 0 [err]

wherein each R, is an aliphatic hydrocarbon radical selected from the

group consisting of alkyl having from about 14 to about 22 carbons atoms,

such as tallow, R, is a C1 — C6 alkyl or hydroalkyl group, X is a

compatible anion, such as an halide (e.g., chloride or bromide) or methyl
5 sulfate; and

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

10 temporary or permanent wet strength agents,

wherein the weight ratio of the quaternary ammonium compound to the polyhydroxy
compound ranges from about 1 : 0.1 to 0.1 : 1, and wherein said polyhydroxy
compound is mixed with the quaternary ammonium compound at an elevated
15 temperature, preferably of at least 40°C wherein said quaternary ammonium
compound and said polyhydroxy compound are miscible. Preferably, the mixture of
the quaternary ammonium and the polyhydroxy compound is diluted with a liquid
carrier to a concentration of from about 0.01% to about 25.0% by weight of the
chemical softening composition before being added to the fibrous cellulose material.

20 Preferably, at least 20% of the polyhydroxy compound added to the fibrous cellulose
is retained.

Examples of quaternary ammonium compounds suitable for use in the

present invention include the well-known dialkyldimethylammonium salts such as

. 25 ditallowdimethyl ammonium chloride, ditallowdimethyl ammonium methyt sullate,

di(hydrogenated) tallowdimethyl ammonium methylsuffate, di(hydrogenated taliow)

dimethyl ammonium chloride.

Examples of polyhydroxy compounds useful In the present invention include

glycerol and polyethylene glycols having a weight average molecutar weight of

30 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 quaternary

ammonium compound and the polyhydroxy compound.
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wherein 'each R err] is an aliphatic hydrocarbon radical selected fromthe
group consisting of alkyl

havi ng from about 14 to about 22 carbon atons,
such as tallow, Rerr] is a (Jerr]

- (err] alkyl or hydroal kyl group, X is
a conpati ble anion, such as an halide (e.g., chloride or brom de) or nethyl
sul fate, and (b) a pol yhydroxy conpound sel ected fromthe group consisting

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

nol ecul ar wei ght from 200 to 4000, prefeﬁrabl y from 200 to 1000, nost
B;re];rgaglrjllt ywl;{ osrlnt Egﬁaﬁlﬁ. Q-gegmog,ggs %%%nggm\ga 1sesrues\9v|eH? lo‘? tf\g rg?géo‘f}{t%n%nﬁon
comprises the steps of formation is a papermaking furnish from the
aforementioned components, deposition of the papsrmaking furnish onto a
foraminous surface such as a Fourdrinier wire, and removal of the water from the

5 deposited fumish.

All percentages, ratios and proportions herein are by weight unless
otherwise specified.

BRIEF DESCRIPTION OF THE DRAWINGS
10
While the Specification concludes with claims particularly pointing out and
and distinctly claiming the present invention. it is believed - the invention is better
understood {rom the following description taken in conjunction with the associated
drawings, in which :
Figure 1 is a phase diagram of DODMAMS and DTDMAMS.
Figure 2 is a phase diagram of DODMAMS/pure PEG-400 system.
Figure 3 is a phase diagram of PEG-400/methyl octanoate system.
Figure 4 is a cryo-transmissioh -micro-photograph taken at X 66,000 of a
vesicle dispersion of a 1 : 1 by weight ratio of a di(hydrogenated) tallow
20 dimethyl ammonium methyl sulfate and PEG-400 system.
Figure §’is a cryo-transmission micro-photograph taken at X 66,000 of

. vesicle dispersion of a 1-: 1 by weight ratio of a di(hydrogenated) tallow
dimethyl ammonium chloridé and PEG-400 system.

15

25 The present invention is described in mofe detall below.
DETAILED DESCRIPTION OF THE INVENTION
* While this specification concludes with claims particularly pointing out and
30

distinctly claiming the subject matter regarded as the invention, it is believed that
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wherein the weight ratio of the quaternary amoni um conpound to the

pol yhydr oxy conpound ranges from1:0.1 to 0.1:1 preferably from1:0.3 to
0.3:1, nost preferably from1:0.7 to 0.7:1, wherein said pol yhydroxy
conpound is mxed with said quaternary amoni um conpound at an el evat ed
tenperature wherein said quaternary ammoni um conpound and sai d pol yhydroxy
conpound are m scible. 2. The paper pgoduct of claim 1l wherein the

guat er nary anmoni um conpound i s di (hydrogenated) tallow di net hyl amoni um
chloride or di(hydrogenated) tallow dinmethyl anmoni um nethyl sulfate. 3.
The paper prbelistentibnciaai be betier enddretoedrirathen paadiay df Uwy(o&wpgtﬂwaue&!
mscible  description and of the appanded examples.

As used herein, the tarms tissue paper web, paper web, web, paper sheat
and paper product all refer to sheels of paper made by a process comprising the

5 steps of forming an aqueous papermaking furnish, depositing this furnish on a
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
10

papermaking fibers and the chamicals described hereinatter.

The first step in the process of this invention is the forming of an aqueous
papermaking furnish. The furish comprises papsrmaking fibers (hereinafter
sometimes referred {o as wood pulp), and a mixlure of at least one quaternary
ammonium and at least one polvhydroxy.compound as -defined earlier, all

15 of which wili be hereinafter described.
it is anticipated {hat wood pulp in all its varieties will normally comprise the
papermaking fibers used in this inverition. However, other celiulose fibrous pulps,
such as cotton liners, bagasse, rayon, eic., 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,
_ 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 confain 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.

Preferably, the papermaking fibers used In this invention comprise Kraft pulp
detved {rom northem soflwoods.

Chemical Softener Compositions

20

25

The present invention contains as an essential component from about

30 0.005% to about 5.0%, more preferably from about 0.03% to 0.5% by weight, on a

dry fiber basis of a mixture of a quaternary ammonium compound and a polyhydroxy
compound as defined earlier. The ratio of the quaternary ammonium compound to

the polyhydroxy compound ranges from about 1 : 0.1 to 0.1 : 1; preferably, the

weight ratio of the quaternary ammonium compound to the polyhydroxy compound

35 is about 1 : 0.3 to 0.3 : 1; more preferably, the weight ratio of the quaternary

ammonium compound to the polyhydroxy compound is about1:0.7t0 0.7 : 1,
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with the quaternary ammoni um conpound in the |iquid-crystal

phase or in the
| i qui d phase. 4. The paper product of any of clains 1 - 3 wherein at

| east 20% and preferably from50%to 90% of the pol yhydroxy conpound
added to the fibrous cellulose is retained. 5

The paper product of any
of clainms 1 - 4 wherein the quaternary agnoni um conpound is mxed with the
pol yhydr oxy conpound at an el evated tenperature of at

| east 40[err]C,
preferably fddyenafifg bpoRthérhdlecular weight of the particular polyhdroxy compound
and/or quaternary ammonium compound used.

Each of these types of compounds will be described in detail below

5
" A. Quaternary Ammonium Compound
The chemical soflening composition contains as an essential component a
quaternary ammonium compound having the formula :
10 /
/ \ "
15

In the structure named above each Rt is C14-C22 hydrocarbon group, preferably
tallow, R2 is a C1 - C6 alkyl or hydroxyalkyl group, preferably C1-C3 alkyl, X"is a
compalible anion, such as an halide {e.g. chloride or bromide) or methyl sulfate.
As discussed in Swen, Ed. in Bailey's indusidal Oil and Fat Products, Third
20  Edition, John Wiley and Sons (New York 1964), tallow is a naturally cccurring
malerial having a variable composition. Table 6.13 In the above-identified
referance edited by Swem indicates that typically 78% or more of the fatty acids of
taliow contain 16 or18.carbon atoms. Typically, half of the fatty acids present in
tallow are unsaturated, primarily in the form of oleic acid. Synthefic as well as
25 natural “aflows™ fall within the scope of the present invention.
Preferat?ly. each R1 Is C16-C18 alkyl, most preferably each Ry Is straight-chain
C18 alkyl. Preferably, each R2 is methyl and X" is chioride or methyl sulfate
Examples of quaternary ammonium compounds suitable for use In the
present invention Include the well-known dialkyldimethylammonium salts such as
30 ditallowdimethylammonium chloride, ditallowdimethylammontum methyl sulfate,
di(hydrogenated) tallow dimethyl ammonium chlodde; with di(hydrogenated) tallow
dimethyl ammonium methyl sulfate being preferred. This particular material is

avallable commercially from Sherex Chemical Company inc. of Dubﬁn. Ohilo under
the tradename *Varisoft R 137", -
35 Bicdegradable mono and di-ester variations of the quaternary ammonium

compound which have the following formula, canalso be used as
component (a).
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28 6. ‘The paper product of any of clains 1 - 5 wherein the m xture of the
quat ernary ammoni um and the pol yhydroxy conpound is diluted with a liquid
carrier to a concentration of fromO0.01%to 25.0% by wei ght of the chem cal
sof teni ng conposition. 7. The paper product of claim6 wherein the

m xture of the quaternary amoni um conpound and the pol yhydroxy conpound is
present as particles dispersed in the biquid carrier. 8. The paper
product of claim?7 wherein the average

particle size of the quaternary
I
Rg CH2-CH2-0-C-Ry

5 \ /

/N*\ X-
10 R2 CH2 -CH2 -0 -C-R{

I

and
15 Ro R1
N+ X
20
Ro CH2-CH2-0O- l
In the structures named above each R{ ls an aliphatic hydrocarbon radical
25

selected from the group consisting of alkyl having from about 14 to about 22
carbon atoms, such as tallow, R2 is a C1 - C6 atkyl or hydroalkyl group, X-is a

compatible anion, such as an halide (e.g., chloride or bromide) or methyl sulfate.

Pre(erably. each R Is C16-C18 alkyl, most preferably each Rt is stralght—chain
C18 alkkyl, and R2is a methyl.

30 B. Polyhydroxy Compound

The chemical softening composition contains as an essential component a

polyhydroxy compound selfected from polyethylene glycols and polypropylene

glycols having an weight average molecutar weight of {rom about 200 to about

4000, prefarably from about 200 to about 1000, most preferably from about 200.

35 1o about 600. Polyethylene glycols having an weight average molecular weight’
of {rom about 200 to about 600 are especially prefsrred.




amoni um conpound and t he pol yhydroxy conpound ranges from0.01 to 10

m cronmeter preferably from0.1 to 1.0 mcroneter. 9. The paper product of
any of clainms 1 - 8 wherein said paper product is a towel, toilet tissue,
or facial tissue. 29 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 mxer. The NSK slurry is dilutdd to

A particularly preferred polyhydroxy compound is polyethyiena glycol having
an weight average molecular weight of about 400. This material is available

commaercially from the Union Carbide Company of Danbury, Connecticut under the
tradename “PEG-400".

5 The chemical softening composition described above i.e. mixture of
quaternary ammonium compounds and a polyhydroxy compound as defined earlier
are preferably added to the agueous slurry of papermaking fibers, or furnish, in the
wet end of the papermaking machine at some suitable point ahead of the Fourdrinier
wire or sheet forming stage. However, applications of the above described

10 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.

It has been discovered that the chemical softening compositions are more
effective’ when the quaternary ammonium compound and the polyhydroxy
15  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
Example 1, consists of first heating the polyhydroxy compound to a temperature of
about 66 °C (150°F), and then adding the quatemary ammonium compound to the
hot polyhydroxy compound to form a fluidized “melt". The weight ratio of the
20 quaternary ammonium compound to the polyhydroxy compound ranges from
about 1: 0.1 to 0.1 : 1; preferably, the weight ratio of the quaternary ammonium
compound to the compound is about 1 : 0.3 to 0.3 : 1; more preferably, the weight
ratio of the quatemary ammonium compound to the compound is about 1 : 0.7 to
0.7 : 1, although this ratio will vary depending upon the molecular weight of the
25 particular compound and/or quaternary ammonium compound used. The
quaternary ammonium compound and polyhydroxy compound mett is then diluted
lo the desired concentration, and mixed to form an aqueous solution containing a
vesicle dispersion of the quaternary ammonium compound / polyhydroxy
compound mixture which is then added to the papermaking furnish. Preferably,
the mixture of the quaternaty ammonium 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 temperature of the liquid carrier preferably ranges from
about-40 °C 1o about 80 °C. The mixture of the quaternary ammonium compound

30




about 0@ 2% consistency at the fan punp. Third, a 3% by wei ght aqueous
slurry of Eucal yptus fibers is made up in a conventional re-pulper. A 1%
solution of the 5 chem cal 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

fi bers. The adsorption of the chem cal softener m xture to Eucal yptus

fi bers can be enhanced by an in-line m xer. The Eucal yptus slurry is

diluted to about 0.2% consistency at thefan punp. The treated furnish

m xture (30% of NSK /70% of Eucal yptus) 1s blended in 10 the head box and

deposi t ed onand $he-palyhdroxyr compeund afe prasant asipasticips disporsedeinathe rliquis

occurs througkribhe FiRddvbPddt paticte 3@ pref@abiys tathedy ramdgbdiR 6.6 18

\c/gﬁ? Iug]uP gi(iegﬁric-:l;gre\s.':r%"olgtdE)'reqlerearbl)yvkrgﬁ'n abodt 0.§' tg) _a‘%laﬁ{j 1.0 %Iér@ny\ea\/ﬁs shown in
Figures 4 - 6, the dispersed particles are in the form of vesicle particles.

The quaternary ammonium compound and the polyhdroxy compound are
mixed at an elevated temperature of at least 40 °C , more ‘preferably from about
56 °C to about 68°°C. At the preferred temperature range, dithydrogenated)
tallow dimethyl ammonium chloride is in a liquid phase and is miscible with the
polyhdroxy compound. Di(hdyrogenated) tallow dimethyl methyi sulfats, on the
other hand, is in a liquid-crystal phase and is miscible with the polyhydroxy
compound. The physcial states of di(hdryogenated) tallow dimethyl ammonium
methyl sulfate will be discussed in greater detail hereinafter.

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
quaternaty ammonium compound before being added to the paper. In fact, at
feast 20% of the polyhydroxy compound added to the fibrous cellulose is retained,
and preferably, the retention level of the polyhydroxy compound is from about 50%
20  to about 90% by weig'ht of the dry fibers. _

Importantly, adsorption occurs at a concentration and within a time frame
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 melted solution and the aqueous dispersion of a
di(hydrogenated) taliow dimethyl ammonium methy! sulfate and polyethylene
glycol 400 were studied.

Without wishing to be bound by theory, or to otherwise limit the présent
invention, the following discussion is offered for explaining how the quaternary

ammonium compound promotes the adsorption of the polyhydroxy compound onto
30 paper. '

5

10

16

25

Information on the physical state of DTDMAMS Di(hyhrogenated)Tallow
dimethyl Ammonium Methyl Sulfate, RaN+(CH3)»,CH30S03%) and on

DODMAMS is provided by X-ray and NMR data on the commercial mixture.

DODMAMS (DiOctadecyl Dimethyl Ammonium Methyl Sulfate,
{C1gH37)2N+{(CHg)2,CH30803") is a major component of DTDMAMS, and

serves as a model compound for the commercial mixture. It Is useful to consider

35
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havi ng 84 machi ne-direction and 76 cross-nmachi ne-direction nonofil anments
per inch, respectively. The enbryonic wet web is transferred fromthe
phot o- pol ymer 15

wire, at a fiber consistency of about 15% at the point
of transfer, to a photo- polynmer fabric having 562 Linear |daho cells per

square inch, 40 percent knuckle area and m | s of photo-pol ynmer depth.
Furt her de-yyate I ng i s acconplished by vé uum assi st ed drai nage until the
web has a fi'lidy t\?ogg}@?reﬁ MAMD svstedsandriienythe B105@ $OMPieX eompmerdali ed by
air bl ow t hrQTIGMANS g\imume][ con;} st eg/cylééog;out 2_09%65% by vveetiﬁght . The web
i s then adher ed Dgpdndm Hh1tA6 YeRipefatiird)’ ARS ialyaxdst IR '5\5
e s R AR A g S ™
5 oraliquid phase. The XP 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 phase, In tum, is transformed into
an isotropic liquid at 150 °C. DTDMAMS is expected 10 rasemble DODMAMS in its
physical behavior, except that the temperatures of the phase transitions will be
10 lowered and broadened. For example, the transition from the XB 1o the X& crystal
occurs at 27 °C in DTDMAMS instead of 47 °C as in DODMAMS. Also, calorimetric
data indicate that several crystal --->Lam phase transitions occur in DTDMAMS rather
than one as in DODMAMS. The onset temperature of {he highest of these transitions
is 56 °C, in good agreement with the X-ray data, but calorimetry displays two peaks
15 with onset temperatures of 59 and 63 °C.
DODMAC ((DiOctadecy! Dimethyl Ammonium Chloride) displays qualitatively
ditferent behavior from DODMAMS in that the Lam liquid crystal phase does not
exist in this compound. This difference, however, is believed not to be imporiant to
the use of this compound (or its commercial analog DTDMAC) in the treatment of
20 paper. (Laughlin et al., Journal of Physical Chemistry, Physlcal Sclence of the
Dioctadecyldimethylammonium_Chloride-Water Systein. 1. Equllibrium

Phase Behavlor, 1990, volume 94, pages 2546-2552, incorporated herein by
reference.

Mixtures of DTDMAMS with PEG 400.
25

A 1:1.weight rafio mixture of these two materials is studied, and a plausible
model for the phase behavior of this system s suggested In Figure 2. ln this
diagram DODMAMS and PEG are shown 1o 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 tha mixture. This study therefore
30 shows that these two materials while Immiscible at high temperatures do become

miscible at lower temparatures within the Lam liquid crystal phase. At stilt lower
temperatures crystal phases are expected to separate from the Lem phase, and

the compounds are again immiscible.
“These studies therefore suggest that In order to form good dispersions of
35 DTDMAMS and PEG -400 in water, the premix that Is dilited with water should be

held within the intermediate temperature range where the {wo compounds are
miscible.




creping the web with a doctor blade. The doctor bl ade has a bevel angle of
about 25 degrees and is positioned with respect to the Yankee dryer to
provi de an 25 inpact angle of about 81 degrees;
operated at about 800 fpm (feet per

The dry web is fornmed into roll
m nut es) .

t he Yankee dryer is
m nute) (about 244 meters per mnute).

at a speed of 700 fpm ( 214 neters per
Two plies of the web are fornmed Into tissue paper products and

| am nating them together using ply bondeglz3t echni que. The tissue paper has
about 23 #/ 3M 30 S&)Ft basi s wei ght,

contents about 0.1% of the chem cal
sof t ener nNEANERSHPERYAC witoPBG 400 dry strength resin. Inportantly, the
resul ting tissPhapapuidies o$Qhése ALG idtensls arsthg thes siepatibe dilotionamtieed f aci al
and/ or toi | fImbASPAIE Shat their physical behavior is considerably different from that of
DTDMAMS. No liquid crystal phases are found. These compounds are miscible
over a wide range of temparatues, which indicates that dispersions may be

prepared from these mixiures over a comparable range of temperatures. No upper
temperature limit of miscibility exists.

Preparation of dispersions.

5

Dispersions of either of these materials may be prepared by diluting a
mixture, that is held at a temperature at which the polyhydroxy compound and the
quaternary ammonium salt are miscible, with water. It does not matter greatly
whether they are miscible within a liquid crystalline phase (as in the case of
DTDMAMS]), or in a liquid phase {as in the case of DTDMAC). Neither DTDMAMS
nor DTDMAC are soluble in water, so the dilution of either dry phase with water
will precipitate the quaternary ammonium compound as small particles. Both
quaternary ammonium compounds will precipitate at elevated temperatures as a
liquid-crystal phase in dilute aqueous solutions, regardless of whether the dry
solution was liquid or liquid crystalline. The polyhydroxy compound is soluble with
walter in all propcttions, so it is not precipitated.

Cryoelectron microscopy demonstrates that the pardicles present are about
0.1 tc 1.0 micrometers in size, and highly varied in structure. Some are sheets
(curved or flat), while others are closed vesicles. The membranes of all these
pacticles are bilayers of molecular dimensions in which the hsad groups are
exposed to water, the tails are together. The PEG is presumied to be associated
with these particles. The application of dispsrsions prepared in this manner 1o
paper results in attachment of the quaternary ammonium ion to the paper, strongly

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

10

16

20

25

30 When the above described dispersions are cooled, the partial crystallization

of the material within the colloidal particles may occur, However, it is likely that the
attainment of the equilibrium state will require a long time (perhaps months), so
that a disordered particle whose membranes are either a liquid crystat or a
disordered crystal phasa Is interacling with the paper.

It is believed that the vesicles contalning DTDMAMS 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

35




Table 3 -bél ow summarizes the retention levels and the average particle size
of the DTDMAMS/ PEG 400 vesicle di spersion conpared to addi ng PEG 400 only

35 to the furnish slurry. 30 Table 3: DIDVAMS/ PEG PEG to slurry
Vesi cl e di spersion

14

where it enhances the fiber flexibility. Importantly, some of the PEG is retained on

the surface of the fiber where it acts to enhance the absorbency rate of the

cellulose fibers. Due to ionic interaction, the ma}ority of the DTDMAMS

component stays on the surface of the cellulose fiber where it enhances the
5 surface feel and softness of the paper product.

The second step in the process of this invention is the depositing of the
papermaking furnish using the above described chemical softener composition as
an additive on a foraminous surface and the third step is the removing of the water
from the furnish so deposited. Techniques and equipment which can be used to

10 accomplish these two processing steps will be readnly apparent to those skilled in
the papermaking art.

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

15

and its progeny; and high bulk, uncompacted tissue paper such as exemplified by
U.S. Patent 3,812,000, Salvucci, Jr., issued May 21, 1974. The tissue paper may
be ot 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,
20 Jr. et al. issued November 30, 1976. In
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
sofltwood and relatively short hardwood fibers as used in tissue papermaking, upon
one or more endless foraminous screens. The layers are subsequently combined
to form a layeted composite web. The layer web is subsequently caused to
contorm to the surface of an open mesh drying/imprinfing fabric by the application
of a fiuid 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
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/ce.

25
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Retenti on | evel of PEG 5

70 in product (%
Retention | evel of DTDVAMS NA 80 in product (%
Average particle size (mcrons) NA 0.8 EXAWPLE 8 5 The
purpose of this exanple is to illustrate a nmethod using a conventi onal

drying paperneking technique to make soft and absorbent toilet tissue paper
treated with a chemical softener conpositi@n conprising a nixture of

Conventionally pressed tissue paper and methods for making such paper
are known in the arl. Such paper is typically made by depositing papermaking
furnish on a foraminous forming wire. This forming wire is often referred to in the
art as a Fourdrinier wire. Once the furnish is deposited on the forming wire, it is
referred to as a web. The web is dewatered by pressing the web and drying at
elevated temperature. The particular techniques and typical equipment for making
webs according to the process just described are well known to those skilled in the
art. In a typical 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 cénsislency of between about 7% and about 25% (total web weight basis)
by vacuum dewatering and further dried by pressing operations wherein the web is

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

10

15 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
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 betwseen the drums. The tissus paper
structures which are formed are referred to hereinafter as conventional, pressed,
tissue paper structures. Such sheets are considered to be compacted since the
web is subjected to substantial mechanicat compressional forces while the fibers
are moist and are then dried (and optionally creped) while in a compressed state.

Pattern densified tissue paper is chdracterized by having a relatively high
bulk field of relatively low fiber density and an amay of densified zones of relatively
high fiber density. The high bulk field is alternatively characterized as a field of
pillow regions. The densified zones are altematively referred to as knuckle regions.
The densified zones may be discretely spaced within the high bulk field or may be
interconnected, either fully or pardially, within tha high bulk field. Preferred
processes for making pattern densified tissue webs are disclosed in U.S. Patent
No. 3,301,746, issued to Sanford and Sisson on January 31, 1967, U.S. Patent
Ho. 3,874,025, 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

20
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D (hydrogenated) Tall ow D net hyl

Anmmoni um Met hyl
Pol yet hyl ene gl ycol

Sul fate (DTDVAMS), a 10
400 (PEG 400) and a dry strength additive resin.

A
pil ot scal e Fourdrinier papernaking nmachine is used in the practice of the
present invention. First, a 1% solution of the chem cal softener is
prepared according to the procedure in exanple 1. Second, a 3% by wei ght
aqueous slurry of NSKis nmade up in a c @ventional re-pul per. The NSK

slurry is refined gently 15 and a 2% solution of the dry strength resin
(i.e. Acco 514, Acco 711 marketed by American

e _ y anam d congan of .
Fairfield, OHEeNgrald@adtersd dansifiadkwebschrep PHIOHIbIY Preparest n.%wswm ght
of the dry papermsakiiydumishosmpiforamihothdomming sireesigthhas asFourdrinier NB& t6i ber s
I's enhancedf @wbtwhb Had iR jutdPSsifFthe Wb dgdicst dnl &r&f of Bupports. The
web is pressed against the array of supports, thereby resulting in densified zones
in the web at the locations geographically corresponding to the points of contact
between the array of supports and the wet web. The remalinder of the wab not”
compressed during this operation is referred to as the high bulk field. This high
bulk 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
10  against the array of supports. The web is dewatered, and optionally predried, in
such a manner so as to substantially avoid compression of the high bulk field. This
is preferably accomplished by {luid pressure, such as with a vacuum type device or
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
dewatering, 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 densifled zones, dewatering, and
optional predrying, the web is dried to completion, preferably still avoiding
machanical pressing. Preferably, from about 8% to about 55% of the tissue paper
20 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
patterned displacement of knuckles which operate as the array of.supports which
facilitate the formation of the densified zones upon application of pressure. The

25 pattern of knuckles constitutes the array of supports previously refarred to.
imprinling carrier fabrics are disclosed in U.S. Patent No. 3,301,746, Sanford and
Sisson, issued January 31, 1867, U.S. Patent No. 3,821,068, Salvucci, Jr. et al .,
issued May 21, 1974, U.S. Patent No. 3,974,025, Ayers, issued August 10, 1976,

U.S. Patent No. 8,573,164, Friedberg et al ., issued March 30, 1971, U.S. Patgnt
30 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,

5

15

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
35 to an imprinting fabric. The furnish may alternately be Initlally 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 seiect_ed

REPLACEMENT SHEET]
10 SEP 19, | -

i

o pepescran,

e e e,



about 0: 2% consistency at the fan punp. Third, a 3% by wei ght aqueous
slurry 20 of Eucalyptus fibers is made up in a conventional re-pul per. A
1% sol uti on.of the chem cal softener m xture 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 adsorption of the chem cal softener m xture to Eucal yptus

fi bers can be enhanced by an in-line mxer. The Eucal yptus slurry is
diluted to about 0.2% consistency at the fan punp. 25 The treated
furnish m xture (30% of NSK/ 70% of Eucal yptus) is blended in the head box

ccur ot hr oughtbHecHIAeY 8t bpivasnaabov 0L heg BHow Bkq Hivenid Zaa b °
vacuum boxes. podofoed with suctionrtoxes of othal-atuum devices e vith blow-thgowgti i on
dryers. The knuckle imprint of the imprinting fabric is impressed in the web as
discussed above, prior to drying the web to complstion. One method for
5 accomplishing this is through application of mechanical pressure. This can be
done, for example, by pressing a nip roli which supports the imprinting fabric
against the face of a drying drum, such as a Yankee dryer, wherein the web is
disposed betwean the nip roll and drying drum. Also, preferably, the web is molded
against the imprinting fabric prior to completion of drying by application of fluid
10  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
combination thereof. .
Uncompacted, nonpattern-densified tissue paper structures are described in
15 U.S. Patent No. 3,812,000 issued to Joseph L. Salvucei, Jr. and Peter N. -Yiannos

on May 21, 1974 and U.S. Palent No. 4,208,459, issued to Henry E. Becker, Albert
L. McConnell, and Richard Schutte on June 17, 1980. 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

20  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 from the web by vacuum dewatering and thermal drying.
The resuiting 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-
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
compaclion {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
removed from the web by vacuum, mechanical pressing and thermal means. The
resulting structure is strong and generatly 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. One particularly advantageous use

25
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havi ng 84 machi ne-direction and 76 cross-nmachi ne-direction nonofil anents
per 30 inch, respectively. The enbryonic wet web is transferred fromthe
Foudrinier wre, 31 at a fiber consistency of about 15% at the point of
transfer, to a conventional felt. Further de-watering is acconplished by
vacuum assi 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 esti mated 1%6% bef ore

of the tissue paper web of this invention is in paper towsl 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 U.S. Pat. No. 3,414,459, which issued
to Wells on December 3, 1968 form 2-ply paper towels.

Molecular Welght Determlnation
A. Introduction

The essential distinguishing characteristic of polymeric materials is their
molecular size. The ﬁroperties which have enabled polymers to be used in a
diversity of applications derive almost entirely from their macro-molecular nature.
In order to characierize fully these materials it is essential to have some means of
defining and determining their mofecular 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 to determine molecular weight distributions. However, this is
becoming more common practice using chromatographic techniques. Rather,

recourse is made 1o expressing molecular size in terms of molecular weight
averages.

10

15

20

B. Molecular welght averages

if we consider a simple molecular weight distribution which represents the
weight fraction (wj) of molecules having retative molecular mass (M), it is possible
to define several useful average values. Averaging carried out on the basis of the

number of molecules (Nj) of a paricular size (M;) gives the Number Average
Molecular Weight

25

Mp = ZNiM;
30 ¥ Ni

An imporant édnsequence 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
35

molecular species, i.e. molecules having the same molecular weight. Of more
significance is the recognition that if the number of molecules in a glven mass of a
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5 the dry creping the web with a doctor bl ade.

The doctor bl ade has a
bevel

angl e 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 fpm (feet per m nute) (about 244 meters per
m nute). The dry web is fornmed into roll at a speed of 700 fpm (214 neters.
per mnutes). 10 Two plies of the web are fornmed into tissue paper
products and | am nating them together usi ng ply bonded technique. The

ti ssue paper has about 23 #/ 3M Sq Ft basi S"wei ght, contents about 0. 1% of

the chem cal Pbl’?in‘é? garbe d@@?ﬁ\lne@ lﬁoébﬁfe Wbﬁtﬂdmﬁﬁt £8784 BalcERidy
| nportantly, (5‘ eﬁ% é:; |ssg I[)ag 8 sorhent and is suitable
for use as a ‘Ieé R} My bagis pLeollig !%QEOPGW méasbrements,

Averaging on the basis of the weight fractions (Wj) of molecules of a given
mass (Mj) leads to the definition of Weight Average Molecular Weights

= ZWiNj = ZN; M2
ZW I NiM

Mw is a more useful means for expressing polymer molecular weights than Mnp
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 treatment chemicals used herein or retained on
lissue paper webs can be performed by any method accepted in the applicable an.

For example, the level of the quaternary ammonium compound, such as
DTDMAMS, retained by the tissue paper can be determined by solvent extraction
of the DTDMAMS 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 colotimetry 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 useful for determining levels of padicutar
components retained by the tissue paper. .

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 period of time is referred to as
“wetting time”. In order to provide a consistent and repeatable test for wetling time,
the following procedure may be used for wetting time determinations: fi rst, @
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 info 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
a body of distilled water at 23 £ 1°C and a timer is simultaneously started; fourth

10
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15 . Tabl e 4 bel ow summarizes the retention levels and the average
particle size of the DTDMAMS/ PEG 400 vesicl e di spersion conpared to addi ng

PEG 400 only to the furnish slurry. Table 4: DIDVMAMS/ PEG PEG to slurry
Vesi cl e di spersion Retention |evel of PEG

5 70 in
product (% Retention |evel of DTDVAMS 75 in product
(% NA

20

the timer is stopped and read when wetting of the balled sheet is completed.
Completo wetting is observed visually.

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 following 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.”

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

used herein, is the thickness of the paper when subjected to a compressive load of
95 g/in2 (15.5 g/cm2).

10

16
Optional Ingredients

Other chemicals commonly used in papermaking can be added 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

20 chemical softening composition.

For example, sudactants may be used 1o treat the tissue paper webs of the
present invention. The level of surlactant, 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 alkylbehzene
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.J4.).

Other types of chemicals which may be added, include dry strength
additives to increase the tensile strength of the tissue webs. Examples of dry
strength additives include carboxymethyl cellulose, and cationic polymers from the
ACCO chemical family such as ACCO 771 and ACCO 514, with carboxymethy!
cellulose (CMC) being preferred. This material is avallable commercially from the
Hercules Company of Wilmington, Delaware under the tradename HERCULESR
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Average particle size (mcrons) NA 0.8 20 32 What is

claimed is: 1. A paper product characterized in that it conprises a sheet

of cellulose material and from0.005%to 5.0% by wei ght of said fibrous
cellul ose materi al

of a chem cal sofifni ng conposition conprising a m xture
of :

CMC. The level of dry strength additive, if used, Is preferably from about 0.01% to
about 1.0%, by weight, based on the dry fiber weight of the tissue paper.

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

5 soluble temporary or permanent wet strength agents being excluded.
'The following examples illustrate the practice of the present invention but are
not intended to be limiting thereof.
EXAMPLE 1
_ The purpose of this example Is 1o Hiustrate a method that can be used to
10

make-up a chemical softener composition comprising a wmixture of
Di(hydrogenated) Tallow Dimethyl Ammonium Methyl Sutfate (DTDMAMS) and
Polyethylene Glycotl 400 (PEG-400).

A 1% solution of the chemical softener is prepared according to the
following procedure : 1. An equivalent weight of DTDMAMS and PEG-400 Is
15 weighed separately; 2. PEG is heated up to about 66 °C (160 °F); 3.

DTDMAMS s dissolved in PEG to form a melted solution at 66 °C {150 °F); 4.

- Shear stress Is applied to form a homogeneous mixture of DTDMAMS In PEG; 5.

Thae dilution water is heated up to about 66 °C (150.°F); 6. The melted mixiure of

DTDMAMS and PEG Is diluted {o a 1% $olution; and 7. Shear stress is applied
20 1o form an aqueous solution containing a vesicle dispersion or suspension of the

DTDMAMS/PEG mixture; 8. The parlicle size of the DTDMAMS/PEG vesicle

dispersion is determined using an optical microscople tachnique. The particle size

range Is from about 0.5 to 1.0 micron. -
Figure 4 illustrates a cryo-transmission micro-photograph taken at X
25 66,000 of a vesicle dispersionof a1 : 1 by weight ratio of a di(hydrogenated)
taliow dimethyl ammionium methy! sulfate and PEG-400 system. From figure 4 it
indicates that pardicles having membranes one or two bilayers thick, whose
geometry ranges from closed/open vesicles, to disc-like structures and sheets.

30 EXAMPLE 2

The purpose of this examplo is to liustrate a method that can be used 1o
make-up a chemical softener composition comprising a mixture of
Di(h).rdrogenated) Tallow Dimethy! Ammonium Chlqride (DTDMAC) and
Polyethylene glycol 400 (PEG-400).




(a) a -quaternary ammoni um conpound having the formula [err] wherein each
Rl err] substituent is a Cerr] - (err] alkyl or hydroxyal kyl group or

m xture thereof, preferably Cerr] - (err] alkyl, nost preferably nethyl;
each R err] substituent is a (Jerr] - Cerr] hydrocarbyl group, or mxture
thereof, preferably Clerr] - (err] alkyl; and X- is a conpatible anion,
preferably chloride or nethyl sulfate, 22nd (b) a pol yhydroxy conpound
selected fromthe group consisting of glycerol, and pol yethyl ene glycols
and pol ypropyl ene glayded soltichngf thervehgimicat \softager o ipegpdrad astiogdifg fté aRw 200

to 4000, prefengidwing ftBtedure : 1. An equivalent weight of DTDMAC and PEG-400 Is

separately weighed; 2. PEG is heated up to about 60 °C (140 °F); 3. DTDMAC
is dissolved in PEG to form a melted solution at 60 °C (140 °F); 4. Shear stress
is applied to form a homogeneous mixture of DTDMAC in PEG; 5. The dilution
water is heated up to about 60 °C (140 °F); 6. The melted mixture is diluted to a
1% solution; and 7. Shear stress is applied to form an aqueous solution
containing a vesicle disparsion or suspension of DTDMAC/PEG mixture; 8. The
particle size of the DTDMAC/PEG vesicle dispersion is determined using an

optical microscopic technique. The particle size range is from about 0.5 {0 1.0
micron.

10

Figure5 iliustrales a cryo-iransmission micro-photograph taken at X 66,000
of a vesicle dispersion of a 1 : 1 by weight ratio of a di(hydrogenated) tallow
dimethyl ammonium chioride and PEG-400 system. From figure 5, it indicates that

pariicles having membranes one or two bilayers thick, whose geometry ranges
from closed vesicles, to disc-like structures.

16

EXAMPLE 3

The purpose of this exampls is to fllustrate a method using a blow through
drying papermaking technique to make soft and absorbent toilet tissue paper
treated with a chemical softener composition comprising a mixture of
Di{hydrogenated) Tallow Dimethyl Ammonium Methyl Sulfate (DTDOMAMS), a
Polyethylene glycol 400 (PEG-400) and a dry sirength additive resin.

A pilot scale Fourdrinier papermaking machine is used in the practice of the
25 present invention. First, a 1% solution of the 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 conventiona! 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 Fairfield, OH) is added 1o the NSK stock pipe at a

20
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200 to 1000, nost preferably from 200 to 600, wherein the weight ratio of
t he quat ernary ammoni um conpound to the pol yhydroxy conpound ranges from
1:0.1to 0.1:1 preferably from1:0.3 to 3:1, nost preferably from1:0.7 to
0.7:1, wherein said pol yhydroxy conpound is mxed with said quaternary
ammoni um conmpound at an el evated tenperature wherein said quaternary
ammoni um_conpound and sai d pol yhydroxy conpound are m scible. 2 The

paper product of Claim1l wherein the g@aternary ammonium corrpouhd S
di (hydrogenat e

|l ow di rreth I um chl ori de  or hydr ogenat ed
tal | ow di net hggg St ?E’ ttgq,pfya@tprs sE‘he adsorption o?thﬁa (yry str%ngth res?n
onto NSK fubers 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

5 chemical softener mixture is added 1o the Eucalyptus stock pipe before the stock
pump at a rate of 0.2% by weight of the dry fibers. The 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 furnish mixture {30% of NSK/70% of Eu_calyptus) is blended in
10

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 monofilaments per
2.54cm (inch), respectively. The embryonic wet web is transferred from the photo-polymer

15 wire, at a fiber consistency of about 15% at the point of transfer, to a photo-polymer fabric
having 562 Linear Idaho cells per 6. 5cm? (square inch), 40 percent knuckle area and
0.23mm (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 1o 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 blade has a beve} angle of about
25 degrees and is positioned with respect to the Yankee dryer o 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 roli at
a speed of 700 fpm { 214 meters per minutes).

Two plies of the web are formed Into tissue paper products and taminating
them together using ply bonded technique. The tissue paper has about 37.3g/cm?
(23#/3M Sq Ft) basis weight, contents about 0.1% of the chemical softener 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 tollet tissues.

Table 1 below summarizes the retention levels and the average particle size

of the DTDMAMS/PEG-400 vesicle dispersion compared to adding PEG-400 only
35 to the furnish slurry.
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3.. The paper product of d ai m1 or 2 wherein the pol yhydr oxy conpound is
m scible with the quaternary anmoni um conpound in the |iquid-crystal
or in the liquid phase. 4. The paper product of any of Cains 1 - 3

wherein at |east 20% and preferably from50%to 90% of the pol yhydroxy
conpound added to the fibrous cellulose is retained.

5. The paper
product of any of Clains 1 - 4 wherein the quaternary

phase'

24
Table 13
PEG 10 slurry e;zl:ﬁ?x:{isc
ﬁc;ggz& lgac)l of PEG 5 70
oty M NA o
Average particle size (microns) NA - | 0.8

EXAMPLE 4

The purpose of this example is 1o illustrate a method using a conventional
drying papermaking technique to make soft and absorbent toilet tissue paper
treated with a chemical softener composition comprising a mixture of
Di(hydrogenated) Tallow Dimethyl Ammonium Methyl Sulfate (DTDMAMS), a
Polyethylene glycol 400 (PEG-400) and a dry strength additive resin .

A pilot scale Fourdrinier papermaking machine is uséd in the practice of the
present invention. First, a 1% solution of the chemical softener is prepared
according to the procedure in example 1. Second, a 3% by weight aqueous slumry
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 Fairfield, OH) is added to the NSK stock pipe ata
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 adsorption of the chemical
soflener 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 Foudrinter wire to form an embryonic web.
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

' 2.54cm (inch) respectively. The embryonic wet web is transferred from the Fourdrinier wire,
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anmoni um conmpound is m xed*with the pol yhydroxy conpound at an el evated
tenperature of at |least 40[err]C, preferably from56[err]Cto 68 err]C 6.
The paper product of any of Clains 1 - 5 wherein the m xture of the

guat er nary anmoni um and t he pol yhydroxy conmpound is diluted with a |iquid
carrier to a concentration of fromO0.01%to 25.0% by wei ght of the chem cal
sof teni ng conposition. 7. The paper By oduct of Claim®6 wherein the

m xture of the quaternary amoni um conpdéund and t he pol yhydroxy conpound is
present as particles dispersed in the liquid carrier. 8. The paper

product of O af afiBembensistendyhaf aboat t5f46 gddha pointobiramsiar{ 16 lacconveantional felt.
Further de-watering is accomplished by vacuum assisted drainage until the web
has a fiber consistency of about 35%. Thae web is then adhered to the surface of
a Yankea dryer. The fiber consistency Is increased to an estimated 96% before
5 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
(feet per minute) (about 244 meters por minute}. The dry web is formed into roll at
a speed of 700 fpm (214 meters per minutes).

10 " Two plies of the web are formed into tissue paper products and laminatina

them together using ply bonded technique. The tissue paper has about 37.3g/cm?

" (23#/3M Sq Ft) basis weight, contents about 0.1% of the chemical softener mixture and
about 0.1% of the dry strength resin. Importantly, the resulting tissue paper is
soft, absorbent and is suitable for use as a facial and/or toilet tissues.

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

Table 2:
DTDMAMS/PEG
PEG 10 slurry Vesicle dispersion
Retention level of PEG
in product (%) 5 70
Retention level of DTDMAMS
in product (%) NA 75
Avcerage particle size (microas) NA : 038
20
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guat.er nary anmoni um conpound and t he pol yhydr oxy corrpound ranges from 0. 01

to 10 mcrons, preferably fromO0.1 to 1.0 mcron. 9. The paper product of
any of Clains 1 - 8 wherein said paper product is a sue,
or facial tissue. 10. A chem cal softerﬁéwg CONMpPosi t“mm: Hﬁﬂ':mgma'ﬁ

that it c niRes a mxture of: (a) a quaternary ammoniUmiCONp avi ng
the formul r] wherein each Rlerr] substituent is a (Jerr] - (err]

al kyl or hydroxyal kyl group, or m xture thereof, preferably Cerr] - Cerr]
al kyl, MoS{. A paper product characterized in that it comprises a sheet of cellulose material
and from 0.005% to 5.0% by weight of said fibrous material of a chemical
softening composition comprising a mixture of:

(a) quaternary ammonium compound having the formula

R2 R1
\ /
N+ X-

'Rz/ \R1

wherein each R2 substituent is a C1 - C6 alkyl or hydroxyalkyl group or mixture
thereof, preferably C1 - C3 alkyl, most preferably methyl; each R1 substituent is a
C14 - C22 hydrocarbyl group, or mixture thereof, preferably C16 - C18 alkyl; and
X- is a compatible anion, preferably chloride or methyl sulfate, or biodegradable
compounds of formula

o)
|

CH2-CH2-0-C-Ry

/ .
cnz-cua-o-c-m

or O

NS
N\ |

CH2-CH2-0- T- Ry REP) LACEMENT SHEET
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preferably methyl; each R err] substituent is a CJerr] - (err] hydrocarbyl

group, preferably (Jerr] - (Jerr] -al kyl; and X- Is a

or

m xture thereof,

conpati bl e anion, preferably chloride or nmethyl sulfate, and
pol yhydr oxy corrpound sel ected fromthe group consi sti ng“Ml B‘I Emi
pol yet hyl ene glycols and pol ypropyl ene glyeel s having a

mol ecul ar wei ght from 200 to 4000, preferably from200 td 1

, m)st

preferably from 200 to 600,

wherein each R, is an aliphatic hydrocarbon radical selected from the group
consisting of alkyl having from about 14 to about 22 carbon atoms, such as
tallow, R, is a C1 - C6 alkyl or hydroalkyl group, X is a compatible anion, such as
an halide (e.g., chloride or bromide) or methyl sulfate, and

(b) a polyhydroxy compound selected from the group consisting of polyethylene
glycols and polyropylene glycols having a weight average molecular weight
from 200 to 4000, preferably from 200 to 1000, most preferably from 200 to
600, and excluding water soluble temporary or permanent wet strength
agents,

wherein the weight ratio of the quaternary ammonium compound to the
polyhydroxy compound ranges from 1:0.1 to 0.1:1 preferably from 1:0.3 to 0.3:1,
most preferably from 1:0.7 to 0.7:1, wherein said polyhydroxy compound is mixed
with said quaternary ammonium compound at an elevated temperature wherein
said quaternary ammonium compound and said polyhydroxy compound are
miscible.

The paper product of claim 1 wherein the quaternary ammonium compound is
di(hydrogenated) taliow dimethyl ammonium chioride or di(hydrogenated) tallow
dimethyl ammonium methyl sulfate.

The paper product of claim 1 or 2 wherein the polyhydroxy compound is miscible
with the quaternary ammonium compound in the liquid-crystal phase or in the
liquid phase.

The paper product of any of claims 1 - 3 wherein at least 20%, and preferably
from 50% to 90%, of the polyhydroxy compound added to the fibrous cellulose is

retained.

The paper product of any of claims 1 - 4 wherein the quaternary ammonium
compound is mixed with the polyhydroxy compound at an elevated temperature

of at least 40°C, preferably from 56°C to 68°C. REPLA
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34 wherein the weight ratio of the quaternary anmoni um conpound to the
pol yhydr oxy conpound ranges from1:0.1 to 0.1:1 preferably from1:0.3 to . .

3:1, nost preferably from1:0.7 to 0.7:1, wherein said pmgr oxy conpound

is mxed with said quaternary anmoni um conpound at an el " Mmﬁm
wherein said quaternary ammni um conpoundgand said pol yh e

m scible. 11. The chem cal softening conmposition of Caim 10 wherei h the
guat er nary anmoni um conpound i s di (hydrogenated) tallow di nethyl

6. The paper product of any of claims 1 - 5 wherein the mixture of the quaternary
ammonium 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.

7. The paper product of claim 6 wherein the mixture of the quaternary ammonium
compound and the polyhydroxy compound is present as particles dispersed in
the liquid carrier.

8. The paper product of claim 7 wherein the average particle size of the quaternary
ammonium compound and the polyhydroxy compound ranges from 0.01 to 10
micrometer preferably from 0.1 to 1.0 micrometer.

9. The paper product of any of claims 1 - 8 wherein said paper product is a towel,
toilet tissue, or facial tissue.
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ammoni um chl ori de or di (hydrogenated) tallow di net hyl amoni um net hyl
sulfate. 12. The chem cal softening conposition of Claim110 or 11 wherein
the m xture of the quaternary amoni um and t he pol yhydroxy conpound is
diluted with a liquid carrier to a concentration of fromO0.01%to 25.0% by
wei ght of the chem cal softening conposition, and wherein the m xture of

t he quat ernary ammoni um conpound and t h@9pol yhydroxy counpound is present
as particl ePARERDERODUCTS CONTAINING AaCHEMICARDhSOETENING aompageETpeNti cl e
size ranges from.01 to 10 microns, preferably fromO0.1 to 1.0 mcron.

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
chemical softening composition comprising a mixture of a quater-
nary ammonium compound and a polyhydroxy compound. Preferred
quaternary ammonium compounds include dialkyldimethy ammonium
salts such as di{(hydrogenated) tallow dimethyl ammonium chloride
and di(hydrogenated) tallow dimethyl ammonium methyl sulfate.
Preferred polyhydroxy compounds are selected from the group
consisting of glycerol, and polyethylene glycols and poly-
propylene glycols having a weight average molecular weight from
about 200 to 4000. The chemical softening compositions are
prepared by first mixing the polyhydroxy compound into the
quaternary ammonium compound at a specific temperature range
wherein the polyhydroxy compound is miscible with the quaternary
ammonium compound and then diluting the mixture with water at an
elevated temperature to form an aqueous vesicle dispersion
suitable for treating the fibrous cellulose material.
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