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FIELD OF THE INVENTION

This invention relates to multi-layered tissue paper web. More particularly,
it relates to multi-layered tissue paper web comprising biodegradable chemical
softener compositions and binder materials. The treated tissue webs can be used
10 make soft, absorbent and lint resistance paper products such as facial tissue,
and toilet tissue products.

BACKGROUND OF THE INVENTION

Paper webs or sheets, sometimes called tissue or paper tissue webs or
sheets, find extensive use in modern society. Such items as tacial and toilet
tissues are staple items of commerce. It has long been recognized that four
important physical attributes of these products are their strength, their softness,
their absorbency, parnicularly their absorbency for aqueous systems; and their lint
resistance, particularty their lint resistance when wet. Research and development
efforts have been directed to the improvement of each of these attributes without
seriously affecting the others as well as to the improvement of two or three
attributes simultaneously. '

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

Softness is the tactile sensation perceived by the consumer as he/she holds
a particular product, rubs it across his/her skin, or crumples it within his/her hand.
This tactile sensation is provided by a combination of several physical properties.
One of the most important physical properties related to softness is generally
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Lint resistance is the ability of the fibrous product, and its constituent webs,
to bind together under use conditions, particularly when wet. In other words, the
higher the lint resistance is, the lower the propensity of the web to lint will be.

The use of wet strength resins to enhance the strength of a paper web is
widely known. For example, Wastfelt 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
in paper making 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
in conjunction with the use of debonding agents to off-set the undesirable eflects
of the debonding agents. These debonding agents do reduce both dry tensile
strength and wet tensile strength.

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

Chemical debonding agents have been disclosed in various references
such as U.S. Pat. No. 3,554,862, issued 1o Hervey et al. on January 12, 1971.
These materials include quaternary ammonium salts such as
cocotrimethylammonium chloride, oleyltrimethylammonium chloride,
di(hydrogenated)ialiow dimethyl ammonium chloride and stearyltrimethy!
ammonium chloride.

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 attempt 1o overcome any decrease in absorbency caused by the
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2 considered by those skilled in the art to be the stiffness of the paper
web fromwhich the product is nmade. Stgffness, in turn, is usually
considered to be directly dependent on the dry tensile strength of the web
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fatty acid esters of polyoxyethylene glycois to 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 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 18,
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 o a creping surface in a fine
patterned arrangement by a bonding material (such as an acrylic latex rubber
emulsion, a water soluble resin, or an elastomeric bonding material) which has
been adhered to one surface of the web and to the creping surface in the fine
patterned arrangement, and creping the web from the creping surface to form a
sheet matenal.

Conventional quaternary ammonium compounds such as the well known
dialkyl dimethyl ammonium salts (e.g. ditallow dimethyl ammonium chioride,
ditaliow dimethyl ammonium methy! sulfate, di(hydrogenated)taliow dimethyl
ammonium chioride etc ...) are effective chemical debonding agents. However,
these quaternary ammonium compounds are hydrophobic and not biodegradabile,
and can adversely affect the absorbency of the treated paper webs.. Applicants
have discovered that mixing the biodegradable quaternary ammonium compound
with a polyhdroxy compound (e.g., glycerol, sorbitols, polyglycerols or
polyoxyethylene glycols) will enhance both softness and absorbency rate of fibrous
cellulose materials.

Unfortunately the use of biodegradable chemical softening compositions
comprising a biodegradable quaternary ammonium compound and a polyhydroxy
compound can decrease the lint resistance of the treated paper webs. Applicants
have discovered that the lint resistance can be improved through the use of
suitable binder materials such as wet and dry strength resins and retention aid
resins known in the paper making ant.
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guat ernary anmoni um salts such as cocotrinmet hyl ammoni um chl ori de,

ol eyl tri met hyl ammoni um chl or iSYMMARY OF THE INVENTION

The present invention provides soft, absorbent, lint resistant multi-layered
tissue paper products comprising paper making fibers, biodegradable chemical
softening compositions and binder materials. Briefly, the biodegradable chemical
softening composition comprises a mixture of :

(a) {rom about 0.01% to about 3.0% of a biodegradable quatemary
ammonium compound, preferably having the formuia

Rz

N/

(CHz)a- Y - R3

N+ X
N
R2 (CH2)a- Y -R3
or
Rz (CH2)a- Y -R3
Nt X
R2 \R1

This Sheet Has Been Replaced

AR




di (hydrogenated)tall ow di net hyl ammoni um chl ori de and stearyltrinmethyl
anmoni um ¢ Emanuel sson et al., in U S Pat. A1 22,
i ssued Nar?ké)%&%lQ?Q teach the use of conplex quaternary M?uﬂ]é
‘conmpounds such as bis(al koxy(2- hydroxy) propyl ene) quaternary anmoni um
chlorides to soften webs. These authors also attenpt to overconme any

decrease in absorbency caused by the 3 debonders through the
use of nonionic surfactants such as et ¥yl ene oxide and propyl ene oxi de
adducts of fatty al cohols. Armak Conpany, of Chicago, Illinois, in

their bulletin 76-%f (1977) disclose the use of dinethyl
di (hydrogenated)tal |l ow ammoni um chloride in conbination with fatty acid
esters of pol yoxyet hyl eﬁlse' ql Yéﬁés to inpart both softness and

CH-CHz2-N*-(R2)a X

/

Rs - Y

wherein each R2 substituent is a C1 - Ce alkyl or hydroxyalkyl group, benzyl
group or mixtures thereof; each Ry substituent is a C12 - C22 hydrocarby!
group, or substituted hydrocarbyl group or mixtures thereof; each R3 _
substituent is a C11- C21 hydrocarby! group, or substituted hydrocarby! or
mixtures thereof; Yis -O-C (O)- or -C(0)-0- or -NH-C(O)- or -C
(O) - NH -, and mixtures thereof; nis 1 to 4 and X is a suitable anion, for
example, chloride, bromide, methylsulfate, ethyl sulfate, nitrate and the

fike; and

(b) from about 0.01% to about 3.0% of a polyhydroxy compound; preferably
selected from the group consisting of glycerol, sorbitols, polyglycerols having
a weight average molecular weight of from about 150 to about 800 and
polyoxyethylene glycols and polyoxypropylene glycols having a weight
average molecular weight trom about 200 to 4000.

Preferably the weight ratio of the biodegradable quaternary ammonium
compound 10 the polyhydroxy compound ranges from about 1.0 : 0.1 to 0.1 : 1.0.
it has been discovered that the biodegradable chemical softening composition is
more effective when the polyhydroxy compound is mixed with said biodegradable
quaternary ammonium compound at a temperature wherein said biodegradable
quaternary ammonium compound and said polyhydroxy compound are miscible.

Examples of preferred ester-functional quaternary ammonium compounds
suitable for use in the present invention include compounds having the formulas:

=0

(CHz)2 - N* - ((CH2)2- O - C - Ra)2 cr
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absorbency to tissue paper webs. One exenplary result of research
directed t kjepr oved paper webs is.  described in U S
3,301,746,9$§%ﬁ%5ﬁP0 Sanford and Sisson on January 31, 19§§?n)&@%??e'the
high quality of paper webs made by the process described in this patent,
and despite the commercial success of products fornmed fromthese  webs,
research efforts directed to finding inproved products have conti nued.

For exanple, Becker et al. in U S. Paté No. 4,158,594, issued January 19
1979, describe a method they contend will forma strong, soft, fibrous
sheet. More specifically, they teach that the strength of a tissue paper
web (which may h been softened by the addition of chem cal debondi ng
agents) can be enhanced by adhering, during processing, one surface of
the web to a creping surface in a fine patterned arrangenent by a bondi ng
material (such as an acrylic |atexQrubber enul sion, a water soluble
resin, or an el agtager Ne -RORsjN® nBt-eRd al ) whi cBrhas been adhered to one
surface of the web and §o the creping surface in the fine patterned
arrangenment, and crepind the web fromthe creping surface to forma  sheet
mat eri al . Conventi onal quaternary ammoni um conpounds such as the '
wel | known di al kyl di methyl amonium salts (e.g. ditall ow di nethyl
ammoni um chl ori dgng ditall ow di met hyl ammoni um net hyl sulfate,

di (hydrogenated)tall ow di net hyl ammoni um chloride etc ...) are effective
chem cal debondi ng agents. However, t hese quaternary ammoni um conpounds
are hydrophobi ¢ and not bi odegradabl e, aﬁd can adversely affect the

absorbency of t hdCHsHBOACH2) e N*twd(ZHz2)2 APpLCi- Balat SCHaSQwe di scovered t hat
m xi ng the bi odegradabl e quat ernary anmoni um conpound wi th a pol yhdr oxy
conpound (e.g., glycerol, sorbitols, polyglycerols or

and

Q
Rs-C-O-CHo

CH-CHz-Nt-(R2)a Cr

R3-C-0O

u .
o
whaerein each Rz substituent is a C1 - Ce alkyl or hydroxyalky! group, benzyl group
or mixtures thereof; each Ry substituent is a C12 - C22 hydrocarby! group, or
substituted hydrocarbyl group or mixtures thereof; each Rz substituent is a C11 -
C21 hydrocarbyl group, or substituted hydrocarbyl or mixtures thereof.

These compounds can be considered to be mono or diester variations of
the well-known dialkkyldimethylammonium salts such as diester ditallow dimethyl
ammonium chloride, diester distearyl dimethyl ammonium chioride, monoester
ditaliow dimethyl ammonium chioride, diester di(hydrogenated)taliow dimethyl
ammonium methylsulfate, diester di(hydrogenated)tallow dimethy! ammonium
chloride, monoester di(hydrogenated)tallow dimethyl ammonium chloride, and
mixtures thereof, with the diester variations of di(non hydrogenated)tallow dimethyl
ammonium chloride, Di(Touch Hydrogenated)Tallow DiMethyl Ammonium Chloride
(DEDTHTDMAC) and Di(Hydrogenated)Tallow DiMethyl Ammonium Chloride
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pol yoxyet hyl ene glycols) will enhance both softness and absorbency rate of
fibrous cel lul ose material s. . Unfortunately the use of

bi odegr adaMQ®:95H41%i cal soft eni ng conpositions conpri si ngPRTASEHR6adabl e
‘quat er nary anmoni um conpound and a pol yhydr oxy conpound can decrease the
lint resistance of the treated paper webs. Applicants have di scovered
that the lint resistance can be inproved through the use of sui tabl e

bi nder materials such as wet and dry sgrength resins and retention aid
resins known in the paper neking art.

ut_parti cut dPECY EMACH SR cifutes, fRFSqr-Bang o lered BEpRRG whoh IR0

such s t hos@reRet Fhaecierstic Ue@"qﬂ?ﬁrgﬁt sg@iﬁ"??imrew@dd'tﬂ Mﬁg@aﬁ? Jr. et

al . on Novenieitorg®, from non hydrogenated (soﬂ) to touch, partially or completely
hydrogenated (hard).

Without being bound by theory, it is believed that the ester moiety(ies) lends
biodegradability to these compounds. Importantly, the ester-functional quatemary
ammonium compounds used herein biodegrade more rapidly than do conventional
dialkyl dimethyl ammonium chemical softeners.

Examples of polyhydroxy compounds useful in the present invention
include glycerol, sorbitols, polyglycerols having a weight average molecular weight
of trom about 150 to about 800 and polyoxyethylene glycols having a weight
average molecular weight of from about 200 to about 4000, with polyoxyethylene
glycols having a weight average molecular weight of from about 200 to about 600
being preferred.

The term binder refers to the various wet and dry strength additives, and
retention aids known in the art. These materials improve the fint resistance of the
tissue paper webs of the present invention as well as counteracting any decrease
in tensile strength caused by biodegradable chemical softening compositions.
Examples of suitable binder materials include permanent wet strength resins (i.e.
Kymene ® 557H marketed by Hercules Incorporated of Wilmington, DE),
temporary wet strength resins (i.e. National starch 78-0080 marketed by National
Starch and Chemical corporation of New-York, NY), dry strength resins (i.e. Acco
® 514, Acco ® 711 marketed by American Cyanamid company of Wayne, New
Jersey) and retention aid resins (i.e. Percol ®175 marketed by Allied Colloids of -
Sulfolk, Virginia). ’

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

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

BRIEF DESCRIPTION OF THE DRAWINGS

While the Specification concludes with claims particularly pointing out and
distinctly claiming the present invention, it is believed the invention is better
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1976. and incorporated herein by reference. It is an object of this
I nvention to provide soft, absorbent and lint resistance nul{i-l|layered
Hibs

ti ssue pap¥WO $VUE#ict s. It is also a further object of %%t on
to provide a process for meking soft, absorbent, lint resistance ‘
mul ti-layered tissue paper products. These and ot her objects are

obt ai ned using the present invention, as will becone readily apparent from
a reading of the follow ng disclosure. SUMVARY OF
THE | NVENTI ON The present i nverk i on provi des soft, absorbent, lint

resistant multi-layered tissue paper products conprising paper naking
fibers, bi odengesastatd kor thenfoliawingsdgscaptiondaksoipearjunctienswiththetsAsaeristedmat eri al s.
Briefly, theghistgednhamihl:e chem cal softening conposition conprises a

mxture of (@) pidr@1ie BUWheaillcidbd Bkt biew- (4 MrodliahriSHaRAGP! ©
quat er nary L oNi um conpound, Pre er abl aving the tormula [err]
toilet tissue in accordance with the present invention.
Figure 2 is a schematic cross-sectional view of a two-layered two-ply facial
tissue in accordance with the present invention.
The present invention is described in more detail below.

DETAILED DESCRIPTION OF THE INVENTION

While this specification concludes with claims particularly pointing out and
distinctly claiming the subject matter regarded as the invention, it is believed that
the invention can be better understood from a reading of the following detailed
description and of the appended examples.

As used herein, the term “lint resistance” is the ability of the fibrous product,
and its constituent webs, to bind together under use conditions, particularty when
wet. In other words, the higher the lint resistance is, the lower the propensity of the
web to lint will be.

As used herein, the term "binder" refers to the various wet and dry strength
resins and retention aid resins known in the paper making art.

As used herein, the term “water soluble® refers t0 materials that are soluble
in water to at least 3% at 25 °C.

As used herein, the terms “tissue paper web, paper web, web, paper sheet
and paper product® all refer to sheets of paper made by a process comprising the
steps of forming an aqueous papermaking furnish, depositing this furnish on a
foraminous surface, such as a Fourdrinier wire, and removing the water from the
fumish as by gravity or vacuum-assisted drainage, with or without pressing, and by
evaporation.

As used herein, an "aqueous paper making furnish® is an aqueous slurry of
paper making fibers and the chemicals described hereinafter.

As used herein, the term "multi-layered tissue paper web, multi-layered
paper web, multi-layered web, multi-layered paper sheet and multi-layered paper
product” all refer to sheets of paper prepared from two or more layers of agueous
paper making fumish which are preferably comprised of different fiber types, the
fibers typically being relatively long softwood and relatively short hardwood fibers
as used in tissue paper making. The layers are preferably formed from the
deposition of separate streams of dilute fiber siurries upon one or more endless
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5 or [err] wherein each R err]

substituent is a (Jerr] - (Jerr] alkyl, or hydroxyal kyl grou
group or rnwewsBsEt her eof; each Rlerr] substituent is a qe&ﬁlaﬁr‘l@%fr]

hydr ocar byl group, or substituted hydrocarbyl group or m xtures

t hereof; each R err] substituent is a (Jerr] - (ferr] hydrocar byl
group, or substituted hydrocarbyl or

9

foraminous screens. If the indidual layers are initially formed on separate wires,
the layers are subsequently combined when wel to form a layered composite web.

The first step in the process of this invention is the forming of an aqueous
paper making furnish. The furnish comprises paper making fibers (hereinafter
sometimes referred to as wood puip), and a mixture of at least one biodegradable
quaternary ammonium compound, a polyhydroxy compound and binder materials
all of which will be hereinafter described.

it is anticipated that wood pulp in all its varieties will normally compnse the
paper making fibers used in this invention. However, other celluiose fibrous pulps,
such as cotton liners, bagasse, rayon, eic., can be used and none are disclaimed.
Wood pulps uselu! herein include chemical pulps such as Kraft, sulfite and sulfate
pulps as well as mechanical pulps including for example, ground wood,
thermomechanical pulps and Chemi-ThermoMechanical Pulp (CTMP). Pulps
derived from both deciduous and coniferous trees can be used.

Both hardwood pulps and softwood pulps as well as blends of the two may
be employed. The terms hardwood pulps as used herein refers to fibrous pulp
derived from the woody substance of deciduous trees (angiosperms): wherein
softwood pulps are fibrous pulps derived from the woody substance of coniferous
trees (gymnosperms). Hardwood pulps such as eucalyptus are particularily
suitable for the outer layers of the multi-layered tissue webs described hereinafter,
whereas northem softwood Kraft pulps are preferrred for the inner layer(s) or
ply(s). Also applicable 1o the present invention are fibers derived from recycled
paper, which may contain any or all of the above categories as well as other non-
fibrous materials such as fillers and adhesives used to facilitate the original paper
making.

Biodegradable chemical softener compositions

The present invention contains as an essential component a mixture of a
biodegradable quaternary ammonium compound and a polyhydroxy compound.
The ratio of the biodegradable quaternary ammonium compound to the
polyhydroxy compound ranges from about 1.0 : 0.1 to 0.1 : 1.0; preferably, the
weight ratio of the biodegradable quaternary ammonium compound to the
polyhydroxy compound is about 1.0 : 0.3 10 0.3 : 1.0; more preferably, the weight
ratio of the biodegradable quaternary ammonium compound to the polyhydroxy
compound is about 1.0 :0.7 to 0.7 : 1.0, atthough this ratio will vary depanding
upon the molecular weight of the particular polyhydroxy compound and/or
biodegradable quaternary ammonium compound used.

Each of these types of compounds will be described in detail below.
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Exanpl es of BY'ed ester-functional guat er nary anmoni um conpounds

sui table for use in the present invention include conmpounds having the
formul as: R2 (CH2)a- Y - R3

/ \(CHZ)n

x.

or

R2 (CH2)a- Y -R3

/

\N+ X-
7N\,

Rz

or

CH-CHz2-N*-(R2)s X

/

Rs-C-0

o
wherein each R2 substituent is a C1 - Cé alkyl or hydroxyalky! group, benzyi group

or mixtures thereof; each Ry substituent is a C12 - C22 hydrocarbyl group, or
substituted hydrocarbyl group or mixtures thereof; each R3 substituent is a C11 -
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[err] 6 and [err]

WO 95/01479 ‘ -' PCT/US94/06916

1

C21 hydrocarby! group, or substituted hydrocarbyl or mixtures thereof; Y is - O -
C(O)- or -C{O)-O-or - NH-C(O) or - C(O) - NH - or mixtures thereof; n is 1
10 4 and X" is a suitable anion, for example, chlonde, bromide, methylsulfate, ethyl
sulfate, nitrate and the like.

As discussed in Swern, Ed. in Bailey's Industrial Oil and Fat Products, Third
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 or 18 carbon atoms. Typically, half of the fatty acids present in
tallow are unsaturated, primarily in the form of oleic acid. Synthetic as well as
natural “tallows" fall within the scope of the present invention. It is also known that
depending upon the product characteristic requirements, the saturation level of the
ditallow can be tailored from non hydrogenated (soft) 1o touch, padially or
completely hydrogenated (hard). All of above-described levels of saturations are
expressly meant to be included within the scope of the present invention.

it will be understood that substituents Ry, R2 and R3 may optionally be
substituted with various groups such as alkoxyl, hydroxyl, or can be branched, but
such materials are not preferred herein. Preferably, each Ry is C12-C18 alkyl and /
or alkenyl, most preferably each Ry is straight-chain C16 - C18 alkyl and / or
alkkenyl. Preferably, each Rz is methy! or hydroxyethyl. Preferably Rs is C13 -C17
alkyl and / or alkeny!, most preferably Ra is straight chain C15 - C17 alky! and / or
alkenyl, and X is chioride or methyl sullate. Furthermore the ester-functional
quaternary ammonium compounds can optionally contain up to about 10% of the
mono(long chain alkyl) derivatives, e.g., (R2)2 - N* - {{CH2)20H) ((CH2)20C(O)R3)
X" as minor ingredients. These minor ingredients can act as emulsifiers and are
useful in the present invention.

Specific examples of ester-functional quaternary ammonium compounds
having the structures named above and suitable for use in the present invention
include the well-known diester dialkyl dimethyl ammonium salts such as diester
ditallow dimethyl ammonium chloride, monoester ditallow dimethyl ammonium
chioride, diester ditaliow dimethyl ammonium methyl sulfate, diester
di(hydrogenated)tailow dimethyl ammonium methyl sulfate, diester
di{hydrogenated)taliow dimethy! ammonium chioride, and mixtures thereof. Diester
ditallow dimethyl ammonium chloride and diester di(hydrogenated)taliow dimethyl
ammonium chloride are particularly preferred. These parlicular materials are
available commercially from Sherex Chemical Company Inc. of Dublin, Ohio under
the tradename “ADOGEN DDMC @,
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wherein each R2 substituent is a (JQerr] - (ferr] alkyl or hydroxyal kyl
group, benzyl group or m xtures thereof; each R err] substituent is a
Clerr] - Clwag 9do1lmedr ocar byl group, or substi t ut ed hydr ocar bPETHPHAGINEr «

m xtures thereof; each R err] substituent is a C[err] - (err] hydrocar byl
group, or substituted hydrocarbyl or m xtures thereof.

12

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

9 (R2)2 (R2)2 o

R3-C-0O-(CHz)2- N¢ - (CH2)n- N+ - (CHz)2-0-C-Ra 2X

In the structure named above each Rz is a C1 - Cé alkyl or hydroxyalky!
group, R3 is C11-C21 hydrocarbyl group, n is 2 to 4 and X" is a suitable anion,
such as an halide (e.g., chloride or bromide) or methyl sulfate. Preferably, each
R3 is C13-C17 alkyl and / or alkenyl, most preferably each Ry is straight-chain C15 -
C17 alkyl and/ or alkenyl, and Rz is a methyl.

B. Polyhydroxy Compound

The biodegradable chemical softening composition contains as an essential
component from about 0.01% to about 3.00% by weight, preferably from about
0.01% to about 1.00% by weight of a polyhydroxy compound.

Examples of polyhydroxy compounds useful in the present invention include
glycerol, sorbitols, polyglycerols having a weight average molecular weight of from
about 150 to about 800 and polyoxyethylene glycols and polyoxypropylene glycols
having a weight average molecular weight of from about 200 to about 4000,
preferably from about 200 to about 1000, most preferably from about 200 to about
600. Polyoxyethylene glycols having an weight average molecular weight of from
about 200 to about 600 are especially preferred. Mixtures of the above-described
polyhydroxy compounds may aliso be used. For example, mixtures of glycerol and
polyoxyethylene glycols having a weight average molecular weight from about 200
1o 1000, more preferably from about 200 to 600 are useful in the present
invention. Preferably, the weight ratio of glycerol to polyoxyethylene glycol ranges
from about 10 : 1 to 1: 10.

A particularly preferred polyhydroxy compound is polyoxyethylene glycol
having an weight average molecular weight of about 400. This material is available
commarcially from the Union Carbide Company of Danbury, Connecticut under the
tradename “PEG-400".

The biodegradable chemical softening composition described above i.e.
mixture of a biodegradable quaternary ammonium compounds and a polyhydroxy
compound are preferably diluted to a desired concentration to form a dispersion of
the quat and polyhydroxy compounds before being added to the aqueous slurry of
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These conpounds can be considered to be nono or diester variations of the
wel | - known di al kyl di met hyl ammoni um sal ts such as di ester ditall ow di nethyl
anmoni um oRb@kjoflge di ester distearyl dinethyl ammoni um chl AGTHESIMMbest er
dital | ow di net hyl ammoni um chl ori de, diester di(hydrogenated)tallow

di et hyl ammoni um nmet hyl sul fate, diester di (hydrogenated)tall ow di nmethyl
anmoni um chl ori de, nonoester di (hydrogenated)tallow di nethyl ammoni um

chl oride, and m xtures thereof, with 1tJ1e di ester variations of di(non

hydr ogenat ed) tal | ow di met hyl amoni umThl ori de, Di (Touch

Hydr ogenat ed) Tal | ow Di Met hyl  Anmoni um Chl %H gﬁ‘ DEDTHT C}na%ﬁﬂe at

"Di (Hydr ogenapwm'ﬂi’&/\f‘@(w}é[ fHNISIRARE WAL paper making
7  ( DEDHTDVA§dme asuitabie xpaimtegheadeoticthe Fairddnienr wirer oresheabdownag $pa%pon t he
product char agleidrShpdicitRnAsiol fiatibode dbiRibe@ biobagradablé engrhicalfsottbrsingli t al | ow
can be 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 inciuded within the scope of the present

invention.

It has been discovered that the biodegradable chemical softening
composition is more effective when the biodegradable quaternary ammonium
compound and the polyhydroxy compound are first pre-mixed together before
being added to the paper making 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 €6 °C (150°F), and then adding the
biodegradable quaternary ammonium compound to the hot polyhydroxy compound
1o form a homogenous fluid. The weight ratio of the quaternary ammonium
compound to the polyhydroxy compound ranges from about 1.0: 0.1 10 0.1 : 1.0;
preferably, the weight ratio of the biodegradabie quaternary ammonium
compound to the polyhydroxy compound is about 1.0 : 0.3 to 0.3 : 1.0; more
preferably, the weight ratio of the biodegradable quaternary ammonium
compound to the polyhydroxy compound is about 1.0 : 0.7 to 0.7 : 1.0, although
this ratio will vary depending upon the molecular weight of the polyhydroxy
compound and/or biodegradable quaternary ammonium compound used.

It has unexpectedly been found that the adsorption of the polyhydroxy
compound onto paper is significantly enhanced when it is premixed with the
biodegradable quaternary ammonium compound and added to the paper by the
above described process. In fact, at least 20% of the polyhydroxy compound and
the biodegradable quatemary ammonium compound added to the fibrous cellulose
are retained; preferably, the retention level of biodegradable quaternary
ammonium compound and the polyhydroxy compound is from about 50% to about
90% of the added levels.

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 DiEster
Di(Touch Hardened)Tallow DiMethyl Ammonium Chloride (DEDTHTDMAC), and
polyoxyethylene glycol 400 were studied.
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tailored fromnon hydrogenated (soft) to touch, partially or conpletely
hydr ogenat ed (hard). Wt hout being bound by theory, it is believed
that the egiomsommet y(ies) | ends biodegradability to these RGCEAISN4OOHS -
Importantly, the ester-functional quatenmary ammoni um conpounds used herein -
‘bi odegrade nore rapidly than do conventional dial kyl dinethyl amoni um

chem cal softeners. Exanpl es of pol yhydroxy conpounds useful in the
present invention include glycerol, 8 bitols, polyglycerols having a
wei ght average nol ecul ar wei ght of fr about 150 to about 800 and

pol yoxyet hyl ene gl ycol s having a wei ght average nol ecul ar wei ght of from
about 200 to abouditampavishing 1o brob thepner i ‘BI‘EBMS%HWH'@BF%M‘QM
aver age nol ednveation\redblowing dsrcosmerbsuﬂe@@lbrbgplabmgtho%@e esterfgngtioadier r ed.

The term bi ”gsaterr@frﬁE&M.Meomaéudaumwese\nd 2EYrpBbH enwﬂeﬂ%ﬁdxyes and

retention ai g he art. These materials inprove t I"i nt
resi stance of TR oé“h apga er webs_of the present invention as well as
count er aci ng anyDEI@'EﬂEBM igersPi(Foush Hardenedi tallowDiMahyh Amieenivmanbl e

chem cal sof Chivrdg) @aispasid indxisre Bk liquid esysdlliseliand drestbiiinel @hases, aati al s

i ncl ude per meaenﬁnaeﬁt myedasa mdrce@ {hat éémeemterrmmﬁmmc%?h'ﬁ%rzet ed by
Hercul es | ncir Qg ﬁm h ég“’\’f@ ﬁE %ﬁng‘ h ¥§¥\et strength resins
(i.e. NationdfUid coFInGBN35E 9?8@5‘ PEHAY &% ch and Cheni cal

cor por ati on Mixtuees oIRNEDTHRDMAQ withRE ‘h resins (i.e. Aooo 514, Acco
[err] 711 mar ketRiasd\stutiasr oftheseQuanmaiedals asmgrtiie ctepr\tisa dilutidavmdbdey) and
retention al Qieh%ﬁ tFite (h'at fReir egi anso.Rﬂ .&Zﬁmﬁﬁakﬁmﬂm dﬂﬁbhﬁﬂgﬁ%\bo' ds of
Sul fol k, Vi rgil 18 gg mgé %%gsé% musab overg id
rrultl-layere e Y wide range
of temperatures (2 50 °C), whnch |nd|cates that dispersions may be prepared from
these mixtures over a comparable range of temperatures. No upper temperature
limit of miscibility exists. The X-ray data show that a mixture of crystal and liquid
phases do, in fact, exist in DEDTHTDMAC / PEG-400 mixtures.

Mixtures of DEDTHTDMAC with glycerol.

A 1 : 1 weight ratio mixture of DEDTHTDMAC and glycerol appears (from
direct observation and X-ray data) to be a liquid phase. While glycerol is capable
of forming liquid crystal phases in combination with other surfactants, it appears
not to do so in this system at this composition.

Mixtures of DEDHTDMAC with PEG-400.

Phase studies of these two materials using the step-wise dilution method
demonstrate that their physical behavior is similar to that of DEDTHTDMAC.
These compounds are miscible over a wide range of temperatures (> 67 °C),
which indicates that dispersions may be prepared from these mixtures over a
comparable range of temperatures. No upper temperature limit of miscibility exists.
Physical state of mixtures of quats / polyhydroxy compounds / water.

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
ester-functional quaternary ammonium salt are miscible, with water. Neither
DEDTHTDMAC nor DEDHTDMAC are soluble in water, so the dilution of either
dry phase with water will precipitate the ester-functional quaternary ammonium
compound as small particles. The polyhydroxy compound is soluble with water in
all proportions, so it is not precipitated.

The addition of mixtures of about equal parts of DEDTHTDMAC and
polyhydroxy compounds (e.g. glycerol, PEG-400 etc. ...) 1o water, so as to form a

This Sheet Has Been Repl

I




present invention conprises the steps of formation of a nulti-|ayered paper
maki ng furnish fromthe aforenenti oned conponents, deposition of the

mul ti -1 ayewodsparer maki ng furnish onto a foram nous surf acRCHUIH/O0HSE 3
Fourdrinier wire, and renoval of the water fromthe deposited furnish.

Al'l percentages, ratios and proportions herein are by wei ght unless

ot herw se specified. BRI EF DESCRI PTI ON OF THE DRAW NGS
Wil e the Specification concludes witheclains particularly pointing out and
distinctly claimng the present invention, it is believed the invention is

better 8
mixiure containing about 1% of DEDTHTDMAC will precipitate the

DEDTHTDMAC. Most likely, the DEDTHTDMAC phase near room temperature
will be the lamellar liquid crystal.
Colioldal structure of dispersions.

The liquid crystal phase in the diluted mixtures exists as vesicles which, for
the most part, are ciosed and spherical. The formation of such dispersion likely
results from the large osmotic pressure gradients that momentarily exist during the
process. The origin of these pressure gradients is the spatial gradients in the
composition (and thermodynamic activity) of water that are created. Since the
liquid phase of DEDTHTDMAC / glycerol mixtures may exist over a wide range of
temperature, one may also produce dispersions over a wide range of
temperatures.

Cryoelectron microscopy demonstrates that the particles present are about
0.1 to 1.0 micrometers in size, and highly varied in structure. Some are sheets
(curved or flat), while others are closed vesicles. The membranes of all these
particles are bilayers of molecular dimensions in which the head groups are
exposed to water, the tails are together. The PEG is presumed o be associated
with these particles. The application of dispersions prepared in this manner to
paper results in attachment of the ester-functional 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 colioidal 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 paricle whose membranes are either a liquid crystal or a
disordered crystal phase is interacting with the paper. Preferably, the
biodegradable chemical softening compositions described herein are used before
the equilibrium state has been attained.

It is believed that the vesicles containing biodegradable quats and
polyhydroxy compounds (e.g. glycerol, PEG-400 etc. ...) break aparn Upon drying
of the fibrous cellulosic material. Once the vesicle is broken, the majority of the
PEG component may penetrate into the interior of the cellulose fibers where it
enhances the fiber flexibility. Imponantly, 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 cationic portion of the biodegradable quats
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understood fromthe follow ng description taken in conjunction with the

associ at ed drawi ngs, in which: Figure 1 is a schematic
cross- sect Worasloi4mew of a three-layered single ply toil et tPEEUN06016
.accordance with the present invention. Figure 2 is a schematic
cross-sectional view of a two-layered two-ply facial tissue in accordance
with the present invention. The present invention is described in
nore detail bel ow DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Wil e this specification concludes with clainms particularly pointing out
and di sti nct |t siyst femaLiirtact ortid dilulos@aiber duivate lithénhansnison, [t is

bel i eved that_the vent under stood froma readi ng of the
fol |l ow ng detsé{f‘?%e © eag' rslbg%sgﬁngggagétp%‘ﬁ{émappended exanpl es. As used

herein, the term™"lint resistance” is the ability of the fibrous product,
and its constBihderthatedsls, to bi nd toget her under use conditions,
ltOﬁrt : cul ar L K \Aheﬁhwes?mnﬁhﬁtﬁfcdmﬁ%s atn!tesmiaiwmohemlwomadbaﬁo.éieagcﬁ i s,

e | ower RLO o e . . erein,
the term "bi ﬁa@h&m,rére{%féat%ﬂﬁor}ﬁg??@&g)%go é?’nda'k é?’ b”sFF‘ng t%%f%';&e(n?s and
retention ai dntekalieleactad e the SOUPLIESAQIS RErRRAENt wet strenglh resily herei n,
t he term "watiempsmanuiMet Strergtie resing drptstengthsresing) relemtionodid pbsing mndat er to

at | east 3% ghidfesthereot, The bitdelMEHrilIS a8l 18.cohthdl ihig End dikSRlstsBARE" Web,
paper web, \chl:DSs iR {&hslie ?tpeen%{h. if any, resulting from the biodegradable chemical softener
compositions. '

It permanent wet strength is desired, the binder materials can be chosen
from the f{ollowing group of chemicals: polyamide-epichiorohydrin,
polyacrylamides, styrene-butadiene latexes; insolubilized polyvinyl alcohol; urea-
formaldehyde; polyethyleneimine; chitosan polymers and mixtures thereof.
Polyamide-epichlorohydrin resins are cationic wet strength resins which have
been found to be of particular utility. Suitable types of such resins are described in
U.S. Patent No. 3,700,623, issued on October 24, 1972, and 3,772,076, issued on
November 13, 1973, both issued to Keim and both being hereby incorporated by
reference. One commercial source of a useful potyamide-epichlorohydrin resins is
Hercules, Inc. of Wilmington, Delaware, which markets such resin under the mark
Kymeme ® 557H.

Polyacrylamide resins have also been found 10 be of utility as wet strength
resins or retention aids. These resins are described in U.S. Patent No. 3,556,932,
issued on January 19, 1971, to Coscia, et al. and 3,556,933, issued on January
19, 1971, 1o Williams et al., both patents being incorporated herein by reference.
One commercial source of polyacrylamide resins is American Cyanamid Co. of
Stanford, Connecticut, which markets one such resin under the mark Parez ® 631
NC. Other commercial sources of cationic polyacrylamide resins are Allied
Colloids of Sulfolk, Virginia, and Hercules, Inc. of Wilmington, Delaware, which
markets such resins under the marks Percol ® 175 and Reten ® 1232.

Stili other water-soluble cationic resins finding utility in this invention are urea
formaldehyde and melamine formaldehyde resins. The more common functional
groups of these polyfunctional resins are nitrogen containing groups such as
amino groups and methylol groups attached to nitrogen. Polyethylenimine type
resins may also find utility in the present invention.
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and paper product[err] all refer to sheets of paper made by a process
conprising the steps of form ng an aqueous papernmaki ng furni sh, depositing
t hi s furni 30 2801479f or ani nous surface, such as a Fourdri ni er PGEIUS4/04R1LS
renoving the water fromthe furnish as by gravity or vacuum assi sted

drai nage, with or w thout pressing, and by evaporation. As used
herein, an "aqueous paper making furnish* is an aqueous slurry of paper
maki ng fi bers and the chem cal s descryjped hereinafter. As used

herein, the term"nulti-layered tissue paper web, multi-layered paper web,

mul ti-layered \/V%Ptenlt‘lﬂé'rérkgiee?%& hWé"B@ﬁreﬁhﬁi@tbiwrng%E%iélé 8 86 &HofHPer

product” all refer S S paper gre are or. nmore |layers of
aqueous papgfom#a felowing ArUR %186%89?}5@ 5?’8?95?%'1%1 s&'@ﬂ%ﬁi'%%’(‘f'&"%‘fcf ferent
fiber types,disidehydebsiarchibased aediy (sushras €ealdas produged dglagan {Gasedonnd
rel atively shgsdndMod\Westlickd be Natidsal Sideh)t GialdeBytiecstaeheand/srthégesinThe | ayers
are pref er ablacchRddThd).5! Olfbhiie, 4R 4sy/iiled bn SERT 1641 PBRGLIs! | Ut ©
fiber slurries _g&on oné or _nore éndless
and incorporated herein by reference.
If dry strength is desired, the binder materials can be chosen from the
following group of materials: polyacrylamide (such as combinations of Cypro 514
and Accostrength 711 produced by American cyanamid of Wayne, N.J.); starch
(such as corn starch or potato starch); polyvinyl alcohol (such as Airvol 540
produced by Air Products Inc of Alientown, PA); guar or locust bean gums;
polyacrylate latexes; and/or carboxymethyl celiulose (such as Aqualon CMC-T
from Aqualon Co., Wiimington, DE). In general, suitable starch for practicing the
present Invention is characterized by water solubility, and hydrophilicity.
Exemplary starch materials include corn starch and potato starch, albeit it is not
intended 1o thereby limit the scope of suitable starch materials; and waxy corn
starch that is known industrially as amioca starch is particularly preferred. Amioca
starch differs from common corn starch in that it is entirely amylopectin, whereas
common corn starch contains both amplopectin and amylose. Various unique
characteristics of amioca starch are further described in "Amioca - The Starch
from Waxy Corn®, H. H. Schopmeyer, food Industries, December 1945, pp. 106-
108 (Vol. pp. 1476-1478). The starch can be in granular or dispersed fom abeit
granular form is preferred. The starch is preferably sufficiently cooked to induce
swalling of the granules. More preferably, the starch granules are swollen; as by
cooking, to a point just prior to dispersion of the starch granule. Such highly
swollen starch granules shall be referred 10 as being "fully cooked". The conditions
for dispersion in general can vary depending upon the size of the starch granules,
the degree of crystallinity of the granules, and the amount of amylose present.
Fully cooked amioca starch, for example, can be prepared by heating an aqueous
slurry of about 4X consistency of starch granules at about 180 °F (about 88 °C) for
between about 30 and about 40 minutes. Other exemplary starch materials which
may be used include modified cationic starches such as those modified to have
nitrogen containing groups such as amino groups and methylol groups attached to
nitrogen, available from National Starch and Chemical Company, (Bridgewater,
New Jersey). Such modified starch materials are used primarily as a pulp furnish
additive 10 increase wet and/or dry strength. Considering that such modified starch
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9 foram nous screens. If the indidual layers are initially formed on
separate wires, the |layers are subsequently conbi ned when wet to forma

| ayer ed conW@SEOHeh. The first step in the process CT¥{94/06916 .

i nvention is the form ng of an aqueous paper naking furnish. The furnish
conprises paper making fibers (hereinafter sonetines referred to as wood
pulp), and a m xture of at |east one bi odegradabl e quaternary ammoni um
conmpound, a pol yhydr oxy corrpound and bighder materials all of which will be
her ei nafter descri bed. is anticipated that wood pulp in al I its

varet| s Wi nARER!dr Hﬁ?medeﬁgvé {HinRARBEIERKbRfed 1RE ol RA deerall

I nventi on. ul ose fibrous pul ps, such as cotton I|ners
bagasse, rayohee’bme effedan be used and none are disclained. Wod pul ps
useful herein i ncMad@dem!rramralpnﬂ nelugge theySapyeapteviauslyr descriped with f at e
pul ps as wel | r@&eﬁactb&apmhorwlmrcmiuuahaaqueerpramuplbg wetj eod additionpd,

t her monechani ge#{,%n@a% RO i, E{p§m§9ﬁlzfdn&aha?%b&pﬁﬁ£w€xne RS

derived from ecl duous an rees.can

Bot h
har dwood pul pRargivebodipgf SHMYED ?ﬁ’ P78, g %waeqw?t%é'et AR 9! be
enpl oyed. Thesotenes absortiensydansinrgesthetio addiivess At least ast effestivecamount ofa pul p
derived from biﬁ@eﬂ\@masyb@kﬂn@@r@ﬁdeﬂmbdummdmmﬂmgtrmrmhse wher ei n

sof t wood pul psg‘zﬂ ?g{/ﬁm&ﬁewlQ%g&%@d\égegfepmuﬂ ¥th ngidétmﬁﬁr et i

coniferous tré ps are
particul ari | yPeigra bPBP'\eSrm thesheel qu V@P“Pﬁ@ é‘?‘@g ssue

webs descri bedf adingienisf retainedim thecdriedrsheeth caicuaied m(addmmm wgightmasur e
preferred for gh§iembratRétetaBlyShétabehbout 0.1% and about 1.0% of a binder material,
preferably starch-based, is retained.

The second step in the process of this invention is the depositing of the
multi-layered paper making furnish using the above described chemical softener
composition and binder materials as additives on a foraminous surface and the
third step is the removing of the water from the tumish so deposited. Techniques
and equipment which can be used to accomplish these two processing steps will
be readily apparent to those skilled in the paper making an. Preferred multi-
layered tissue paper embodiments of the present invention contain from about
0.01% to about 3.0%, more preferably from about 0.1% to 1.0% by weight, on a
dry fiber basis of the biodegradable chemical softening composition and binder
materials described herein.

The present invention is applicable to multi- layered tissue paper in general,
including but not limited to conventionally fell-pressed mutti-layered tissue paper;
high bulk pattern densified mutti-layered tissue paper; and high bulk, uncompacted
multi-layered tissue paper. The multi-layered 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 or more layers of furnish which are preferably comprised of
different fiber types. The layers are preferably formed from the deposition of
separate streams of dilute fiber slurries, the fibers typically being relatively long
softwood and relatively short hardwood fibers as used in multi-layered tissue paper
making, upon one or more endless foraminous screens. I the individual layers are
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ply(s). Also applicable to the present invention are fibers derived from
recycl ed paper, which may contain any or all of the above categores as well
as ot her nowe 9§/otarsous materials such as fillers and adhesi vaCTaiS9d06906
facilitate the original paper neking. Biodegradable chem cal softener
conpositions The present invention contains as an essenti al
conponent a m xture of a bi odegradabl e quaternary amoni um conpound and a
pol yhydroxy conpound. The ratio of thg biodegradabl e quaternary ammoni um
conpound to the pol yhydroxy conpound 1 anges fromabout 1.0 :0.1 to 0. 1:
1.0; preferably, the weight ratio of the biodegradabl e quater nargl anmoni um
conpound t o inkidlydlermed an Sapara@riiEasn dhe ByaHoRfe subsequentlyzcqmbigekwhen o npre
E I) ef g lrJ ‘}’,‘3' %/b Wwétao veinghlayerat compdsite nebbThuliagerad aieb és mew.:amﬂy ya@edwioum
al trrﬁough t hi c}sotf\?orﬂtﬂq%l'ftvel rﬁég?%}fgﬁb’g%%?%rﬁ%mﬁ%nﬁu& falbg%? ¥ frfréaf,\bglﬁcaﬁ%n of the
parti cul ar pﬂl%’%?&f g 'g‘?{ﬁ?%f gﬁf'ﬁ%&gﬁ’%@&%@ sa‘aé%"rﬁf z%m)ni um
conpound used low density papen makinghrroeessy fhe layerehweb umays boistratifed Withicri bed i n
det ai | bel owespect to fiber type or the fiber content of the respective layers may be essentially

the same. The multi-layered tissue paper preferably has a basis weight of between

10 g/m2 and about 65 g/m2, and density of about 0.60 g/cm3 or less. Preferably,

basis weight will be below about 35 ¢/m2 or less; and density will be about 0.30 g/

cm3 or less. Most preferably, density will be between 0.04 g/cm3 and 0.20 g/cmS.

The multi-layered tissue paper webs of the present invention comprise at

least two superposed layers, a first layer and at least one second layer contiguous

with the first layer. Preferably, the multi-layered tissue papers comprise three

superposed layers, an inner or center layer, and two outer layers, with the inner

layer located between the two outer layers. The two outer layers preferably

comprise a primary filamentary constituent of about 60% or more by weight of

relatively short paper making fibers having an average fiber between about 0.2

and about 1.5 mm. These short paper making fibers are typically hardwood fibers,

preferably, eucalyptus fibers. Alternatively, low cost sources of short fibers such as

sulfite fibers, thermomechanical pulp fibers, chemi-thermomechanical pulp fibers,

recycled fibers including fibers fractionated from recycled fibers, and mixtures

thereof can be used in one or both of the outer layers or blended in the inner layer,

if desired. The inner layer preferably comprises a primary filamentary constituent

of about 60% or more by weight of relatively ong paper making fibers having an

average fiber length of least about 2.0 mm. These iong paper making fibers are

typically softwood fibers, preferably, northern softwood Kratt fibers. Figure 1 is a

schematic cross-sectional view of a three-layered single ply toilet tissue in

accordance with the present invention. Referring to figure 1, the three layered

single ply web 10, comprises three superposed layers, inner layer 12 , and two

outer layers 11. Quter layers 11 are comprised primarily of short paper making

fibers 16; whereas inner layer 12 is comprised primarily of long paper making

fibers 17. '

in an alternate preferred embodiment of the present invention, multi-ply

tissue paper products are formed by placing at least two mutti-layered tissue

paper webs in juxtaposed relation. For example, a two-ply tissue paper product

can be made comprising a first two-layered tissue paper web and a second two-

layered tissue paper web in juxtaposed relation. In this example, each ply is a
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10 A Biodegradabl e quaternary anmoni um conpound The bi odegr adabl e
chem cal softening conposition contains as an essenti al onent from
about 0. 0IWOt9sI0ETBUt 3. 00% by wei ght, preferably from abou%@@@f’é‘ about
1. 00% by wei ght of a bi odegradabl e quaternary anmmoni um conpound, preferably
bi odegr adabl e quat ernary ammoni um conpounds havi ng the fornul a:

20

two-layer tissue sheet comprising a first layer and a second layer. The first layer
preferably comprises the short hardwood fibers and the second layer preferably
com'prises the long softwood fibers. The two plys are combined in a manner such
that the short hardwood fibers of each ply face outwardly, and the layers
containing the long softwood fibers face inwardly. Figure 2 is a schematic cross-
sectional view of a two-layered two-ply facial tissue in accordance with the present
invention. Referring 1o figure 2, the two-layered two- ply web 20, is comprised of
two plies 15 in juxtaposed relation. Each ply 15 is comprised of inner layer 19,
and outer layer 18. Outer layers 18 are comprised primarily of shorl paper
making fibers 16; whereas inner layers 19 are comprised primarily of long paper
making fibers 17. Similarly three-ply tissue paper products can be made by placing
three multi-layered tissue paper webs in juxtaposed relation.

it should not be inferred from the above discussion that the present
invention is limited to tissue paper products comprising three-layers -- single ply
or two-plys -- two layers, etc. Tissue paper products consisting of three or more
plys in combination with each ply consisting of one or more layers are also
expressly meant to be included within the scope of the present invention.

Preferably, the majority of the biodegradable quaternary ammonium
compound and the polyhydroxy compound is contained in at ieast one of the
outer layers of the multi-layered tissue paper web of the present invention. More
preferably, the majority of the biodegradable quaternary ammonium compound
and the polyhydroxy compound is contained in both of the outer layers. It has
been discovered that the biodegradable chemical softening composition is most
effective when added 1o the outer layers or plies of the tissue paper products.
There, the mixture of the biodegradable quaternary compound and polyhdroxy
compound act 1o enhance both the softness and the absorbency of the multi-
layered tissue products of the present invention. Referring to figures 1 and 2, the
biodegradable chemical softening composition comprising a mixture of the
biodegradable quaternary ammonium compound and the polyhdroxy compound is
schematically represented by dark circles 14. It can be seen in figures 1 and 2
that the majority of the biodegradable chemical softening composition 14 is
contained in outer layers 11 and 18, respectively.

However, it has also been discovered that the lint resistance of the
multilayered tissue paper products decreases with the inclusion of the
biodegradable quaternary ammonium compound and the polyhdroxy compound.
Therefore, binder materials are used for linting control and to increase the tensile
strength. Preferably, the binder is contained in the inner layer and at least one of
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the outer layers of the mutti-layered tissue paper webs of the present invention.
More preferably, the binder is contained throughout the multi-layered product, i.e.,
in the inner and outer layers. Referring to figures 1 and 2. the binder materials are
schematically represented by white circles 13. It can be seen in figures 1 and 2
that the majority of the binder materials 13 are contained in inner layers 12 and 19
respectively. In an alternate preferred embodiment (not shown), the majority of the
binder is contained in at least one of the outer layers, more preferably both of the
two outer layers of the multi-layered product. .

The combination of the biodegradable chemical softening composition
comprising a biodegradable quaternary ammonium compound and a polyhdroxy
compound in conjunction with a binder material results in a tissue paper product
having superior softness, absorbency, and lint resistance properties. Selectively
adding the majority of the biodegradable chemical softening composition to the
outer layers or plys of the tissue paper, enhances its effectiveness. Typically the
binder materials are dispersed throughout the tissue sheet to control linting.
However, like the biodegradable chemical softening composition, the binder
materials can be selectively added where most needed.

Conventionally pressed multi-layered tissue paper and methods for making
such paper are known in the art. Such paper is typically made by depositing paper
.making furnish on a foraminous forming wire. This forming wire is often referred to
in the ant as a Fourdrinier wire. Once the fumnish is deposited on the forming wire, it
is referred to as a web. The web is dewatered by transfering to a dewatering fekt,
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 ant. In a typical process, a iow consistency pulp
furnish is provided in a pressurized headbox. The headbox has an opening for
delivering a thin deposit of pulp furnish onto the Fourdrinier wire to form a wet web.
The web is then typically dewatered to a fiber consistency of between about 7%
and about 25% (total web weight basis) by vacuum dewatering and further
dewatered by pressing operations wherein the web is subjected to pressure
developed by opposing mechanical members, for example, cylindrical rolls.

The dewatered web is then further pressed during transfer and being 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 between the
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| wherein each Rierr] substituent is a Cerr] - (err] alkyl or hydroxyalkyl
group, benzyl group or m xtures thereof; each R err] substituent is a

Clerr] - Chwarssporsmpdr ocar byl group, or sq:zstltuted hydr ocar bPFTHPUASIr -

m xtures thereof; each Rerr] substituent is a (Jerr] -
S SR OC%by' iRigeq Bl 3 ERRY StHiERGHER 3 IrmBE KR g,
or mxtures t heneﬂtaﬁer as .cgnqent@nal &fﬁfsﬂd myltilayefeddisisue eBﬁP@hStﬂf@Mfeéxﬁm e,
Zfs” o ;gﬁssggoﬁé@s aFEaEé”Bé':cﬁ#bcfl  Be c@h'fp)ébte‘wiliﬁﬁ e Wbt iEed t id;@.:ds'té’fﬂral
Third Editi onme\?gﬁﬂcﬂj\ﬁ’@yr n@@ gm\ﬁ/t%ﬁérf@gélfn% 15%?%%%&‘?% F‘gﬁ ly
occurring nat era edmpeessedystatesari abl e conposition. Table 6.13 in the
above-identified rPét?érﬁ'Héﬂsﬁi@dhﬁ@huhdye?\é@ﬂi@sué‘%ﬁéﬁ RSchdtaételizdd BlhavingSe0 or
more of the f atlg ve?ychngﬁ 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 interconnected, either fully or partially, within
the high bulk field. Preferred processes for making patiern 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 No. 3,974,025, issued to Peter G. Ayers on August
10, 1976, and U.S. Patent No. 4,191,609, issued to Paul D. Trokhan on March 4,
1980, and U.S. Patent 4,637,859, issued to Paul D. Trokhan on January 20, 1987,
all of which are incorporated herein by reference.

In general, pattern densified webs are preferably prepared by depositing a
paper making 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 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 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. The web is dewatered, and optionally
predried, in such a manner so as 1o 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 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 densified
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 multi-layered tissue paper surface comprises densified knuckles having
a relative density of at least 125% of the density of the high bulk field.
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tall ow contain 16 or 18 carbon atons. Typically, half of the fatty acids
present in tallow are unsaturated, primarily in the formof oleic acid.

Synt heti c a80®WsMI4™hs natural "allows" fall wthin the scope RET/YNREMEesent
invention. It is also known that dependi ng upon the product characteristic
requirenents, the saturation level of the ditallow can be tailored from non
hydr ogenated (soft) to touch, partially or conpletely hydrogenated (hard).
Al'l of above-described |evels of satumgtions are expressly meant to be

i ncluded within the scope of the present invention. It will be

d tood t hat ti ; ; . . | |1 b
under St 000 1oL YRS Wby B7 peBEE b o, i Eihol O BAkpR Y b
br anched, butPaé\?mdﬁéﬁP@F?’g?@ °§F'é”cl'ﬁjl9§ "%\'%‘f"é’refaé af MEATTRY %F%‘?@F&b‘l'&'ﬁh each
Rl err] is ( efacilitate 168 dormiatiern &f/the gedsifiecorones kupaplappination pt pressusd| Theeach
E[e][r] Ibls str aéx%m of RAbekies] @nslitutesCiner drfayabk ¥lbppond ¢reﬂ?u§9 ké1ebted to. -
referably, eac err . . Ry r s
Cerr] - C{ er ri’pé'f‘@?l éaé'i% kﬁ%nggr%%%qi%ﬁd’sf’&ynguﬁg¥§{regﬂé‘?'aé;?§‘ '%f.éﬁij“ﬁ[s%t rai ght
chain C[err] Sisggneissyecdapyary 3141967 -%IWIN?’- 3841.068, i #Blor et hyl
sul fate. FurtissvettMay 21h39%% U8 .-Raterd tNoo B 874,025t Ayersa issuediAugusth®, dd#@ounds can
32“ 32?: 'Vgsconis@bazeumé.ﬁ.mt r.#@één@_ fg §tfa?..dn§§a;eé Irmua&u 8d)aigth,al.5YPatent
((CHerr])] ér s?&fd%sgﬁu}rge ; igiueﬁi ﬁ%?b?rnélr e‘éﬁ'n%’?[ %Mm‘ﬁﬁ”ﬁm edi ents
can act as eniifokhan. ésﬁe‘hﬁ&c%@’d§e1‘%$°-iaﬁd?-h§- Pategthe. 4.928:239; Jrpkhan,
Speci fi c exanissusi Joly 9 $985; alf ofrwtichcara incqmpetated teargin &yreferenca. conpounds havi ng

the structures naWe@BQyﬁmammwist fifd} forn@l ikRCa iwbt Wb 6 BIBRImiAGUSENT i ON
i ncl ude the | 1 -known di

di ester dital PSA" Fﬁ@?hﬁ?g‘zﬁtﬁ%ﬁg‘hﬁ*'ﬁ’:”ﬂﬁ 3he Wb i S 5 grta . byl

ammoni um chl otoi &feimpfinting &abdrigi The fuspiskimay: Aternaiehndei initallyedeppsited on &t o

di ester di ( hyfdramiaoust supportihg cavriai which plso aperatesuas aneinprintingfabdé.cOncdi est er
formed, the wet web is dewatered and, preferably, thermally predried to a selected
fiber consistency of between about 40% and about 80%. Dewatering can be
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 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 mokded
against the imprinting fabric prior to completion of drying by application of fiuid
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 multi-layered 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 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
pattern densified multi-layered tissue paper structures are prepared by depositing
a paper making fumish on a foraminous forming wire such as a Fourdrinier wire to
form a wet web, draining the web and removing additional water without -
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di (hydrogenated)tall ow di net hyl ammoni um chl ori de, and m xtures thereof.
Diester ditallow di nethyl anmmoni um chl oride and di ester

di (hydr ogewsx %5@i47l | ow di net hyl ammoni um chl oride are par t i BGI/HP4p6I16
preferred. These particular materials are available comercially from

Sherex Chem cal Conpany Inc. of Dublin, Chio under the tradenane "ADOGEN
DDMC [err]. 12

D -quat variations of the ester-functpgnal quaternary anmoni um conmpound can
al so be used, and are neant to fall within the scope of the present

invention. These  CoNREMPRSsORYRi iHaGvdbHaa' fiber consistdnBy bf 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 is preferably applied to portions of
the web prior to creping.

The multi-layéred tissue paper web of this invention can be used in any
application where soft, absorbent mutti-layered tissue paper webs are required.
Particularly advantageous uses of the multi-layered tissue paper web of this
invention are in toilet tissue and facial tissue products. For example, two multi-
layered tissue paper webs of this invention can be ply-bonded to form 2-ply facial
or toilet tissue products.

Molecular Weight Determination

A. Introduction

The essential distinguishing characteristic of polymeric materials is their
molecular size. The properties which have enabled polymers 10 be used in a
diversity of applications derive aimost entirely from their macro-molecular nature.
In order 1o 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 10 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 molecutar 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. '

B. Molecular weight averages

If we consider a simple molecular weight distribution which represents the
weight fraction (w;) of molecules having relative molecular mass (Mj), it is possible
to define several useful average values. Averaging carried out on the basis of the
number of molecules (Nj) of a particular size (M;) gives the Number Average
Molecular Weight

Mn = ZNi M
X Ni

An important consequence of this definition is that the Number Average
Molecular Weight in grams contains Avogadro's Number of molecules.
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In the structure nanmed above each Rerr] is a (Jerr] - C[err] al kyl or

hydr oxyal kyl group, Rlerr] is Cferr]-(err] hydrocar byl (;%:pr, n |s 2 to 4
and X is aNO9OHI®e ani on, such as an halide (e.g.. chlori FSPENE de) or
met hyl sulfate. Preferably, each Rerr] is CJerr]-Cerr] alkyl and/ or

al kenyl, nost preferably each R err] is straight-chain (err] - (err]

al kyl and / or alkenyl, and R err] is a methyl. B. Pol yhydroxy Conpound
The bi odegr adabl e cheni cal softeni ng2&onposition contains as an essenti al
conponent from about 0.01%to about 3.00% by wei ght, preferably from about
0.01% t o abwhik defﬁﬂi%txy melegliar eRight (1o |cphsistentx with dhatoeihohonodisperse Exanpl es

g‘;rgﬂg[‘gdf%?@ PREELACLY 1 8 RbléCulod Halifh ghhe s8R nhdléfcﬁlilﬁrlmigmndmgl)]ycﬂglm
about 150 t ﬁ&l Eﬁ‘fag 'bqr\ah%)y\{tﬁﬁg'f’é‘ﬁgré"%ugan BIV@{' ,mgg pyl ene

gl ycol s havagd@pqm @ﬂ‘ﬁ"‘%ﬁé’? be detafsmined,insomgydythenuMm %’ﬁ?%wgﬁgo to about
4000, pr ef efealliy Thisasnhabasis ofkdligatveairoperty édSuremests. pr ef er abl y from about
frgloetc 3| g?owe . 60%%5&:%%%& Badi£6ahE Weit fraltidié (Wi) @nnm:ablé gﬁai(ngggf o red
M xtures of ™ %”Q%@%%?’é%&ﬁ%@&“ﬁ%ﬁ@% égqu %%ﬁéﬁ@% al so be used. For

exanmpl e, m xtures of glycerol and pol yoxyethyl ene glycols having a wei ght
aver age nol ecul ar wei gﬁw ErDidhouE OA2t o 1000, nore preferably from about
200 to 600 are useful in thewresest Njgyention. Preferably, the weight
ratio of glycerol to polyoxyethylene gl ycol ranges

Mw is a more useful means for expressing polymer molecular weights than Mp
since it reflects more accurately such properties as melt viscosity and mechanical
propenties of polymers and is therefor used in the present invention.

Analytical and Testing Procedures

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

A. Quantitative analysls for ester-functional quaternary ammonium
and polyhydroxy compounds

For example, the level of the ester-functional quaternary ammonium
compound, such as DiEster Di(Hydrogenated)Tallow DiMethy! Ammonium
Chloride (DEDHTDMAC) (i.e., ADOGEN DDMC®), retained by the tissue paper
can be determined by solvent extraction of the DEDHTDMAC by an organic
solvent followed by an anionic/cationic titration using Dimidium Bromide as
indicator; the level of the polyhydroxy compound, such as PEG-400, can be
determined by extraction in an aqueous solvent such as water followed by gas
chromatography or colorimetry techniques to determine the level of PEG-400 in
the gxtract. These methods are exemplary, and are not meant to exclude other
methods which may be useful for determining levels of particular components
retained by the tissue paper.

B. Hydrophllicity (absorbency)

Hydrophilicity of multi-layered tissue paper refers, in general, to the
propensity of the multi-layered tissue paper to be wetted with water. Hydrophilicity
of multi-layered tissue paper may be somewhat quantified by determining the
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fromabout 10:1 to 1: 10. A particularly preferred pol yhydroxy

conmpound is pol yoxyethyl ene glycol having an wei ght averag

wei ght of ‘39095{0{1760 This material is available conmerci al W@% Eﬁé Wni on
Car bi de Conpany of Danbury, Connecticut under the tradename "PEG 400".

The bi odegradabl e chem cal softening conposition described above i.e.

m xture of a bi odegradabl e quaternaryggmmni um conpounds and a pol yhydr oxy

compound are preferably diluted to a G€sired concentration to forma

di spersion of the quat and polglh ydr oxy conpounds before bein "9 added to the
aqueous sl ur rperied of time required for dry mutti- layered lissue paper 1o become complelgly 5per

maki ng fi ber ayetted withrwatsh This petiduofitine ssndfepfeditdias [egdting ¥l mgorduuhl ne at
some suitabl e pfkdh cBRGAEh Rhd tdpRafaBle tdsl 1B RENNY fife,Qhe fNEWIng iprdcativg St age
may be used for wetting time determinations: first, a conditioned sample unit sheet
(the environmental conditions for testing of paper samples are 23+1°C and 50+2%
R.H. as specified in TAPP! Method T 402), approximately 4-3/8 inch x 4-3/4 inch
(about 11.1 cm x 12 cm) of multi-layered 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) o 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, the timer is
stopped and read when wetting of the balled sheet is completed. Complete wetting
is observed visually.

Hydrophilicity characters of multi-layered tissue paper embodiments of the
present invention may, of course, be determined immediately after manutacture.
However, substantial increases in hydrophobicity may occur during the first two
weeks after the multi-layered 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 penod at room temperature are referred
to as “two week wetling times"”.

C. Blodegradable

Suitable substantially wateriess self-emulsifiable biodegradable chemical
softening composition for use in the presant invention are biodegradable. As used
herein, the term “biodegradability® refers to the complete breakdown of a
substance by microorganisms to carbon dioxide, water, biomass, and inorganic
materials. The biodegradation potential can be estimated by measuring carbon
dioxide evolution and dissolved organic carbon removal from a medium containing
the substance being tested as the sole carbon and energy source and a dilute
bacterial inoculum obtained from the supernatant of homogenized activated
sludge. See Larson, “Estimation of Biodegradation Potential of Xenobiotic Organic
Chemicals,” Applied and Environmental Microbiojogy, Volume 38 (1979), pages
1153-61, which describes a suitable method for estimating biodegradability. Using
this method, a substance is said to be readily biodegradable if it has greater than
70% carbon dioxide evolution and greater than 90% dissolved organic carbon
removal within 28 days. The softeners used in the present invention meet such
biodegradability criteria.
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However, applications of the above described bi odegradabl e chem cal

sof teni ng conposition subsequent to formation of a wet tissue web and prior
to drying Hpﬁgﬁ@“ﬂeb to conmpletion will also provide signifPeHNE94§P ness,
absorbency, and wet strength benefits and are expressly included within the
scope of the present invention. It has been di scovered that the

bi odegr adabl e chem cal softening conposition is nore effective when the

bi odegr adabl e quat ernary amoni um corgfound and t he pol yhydroxy conpound are
first pre-m xed together before being added to the paper making furnish. A
preferred methodg, géngity | be described in greater detail hereinafter in

Exanpl e 1, consists MANpI i ol roxy. conpound to a

t enperat ure of aﬁ?ﬁjggﬁ@s@y f{e'ﬁ?']'%?f’[fgggé‘f‘{fa‘ﬁf*gﬁ '%Wéﬁ" g@?ﬂ@'"t 'ﬁéhe

bi odegr adabla¥e@aadenslCRICUAeE a5 Uik RasiHiutighl of tat papendividpd by thedialiper, conpound
to form a hwithgbe@pprdpriaiecunit doaversiog incogioraied therdie. Caliplet bNfieymaioni um
D, ef o e R e oL o pudocted, o um
corrpbund to‘?'ﬁ@xg‘g‘gﬁﬂ‘fﬁvﬁ’(ﬁﬁ %%03?% igzmgzﬁ'out 1.0 : 0.3t0 0.3 :1.0; nore
preferably, the Mt ratio of the bi odegradabl e quaternary anmoni um
conmpound t o Drigdinpol yhydr oxy conpound is about 1.0 : 0.7 to 0.7: 1.0,

al t hough t hi s raghOoMm ' ' of the
pol yhydr oxy ,Wagﬁaﬁ”é‘@?%ﬁjé?%ﬁﬁgﬁ‘ﬁgémg ?‘Eﬁ%ﬁﬁ-‘ﬂ bod Bt e O 1
used. e, & 1oL Poiind welghtand, A Kluater Bt he muthadapd Rsteris & t he
pol yhydr oxy reatepdnined Optrument which eansistyoke acweighted samplechatkarehfarth i s
preni xed Wi taerdss@ Satuhagyr surephd. Thel pasceral Black A e AttadHed WM 1ot added to
t hle Eager bywdidht. Wﬁtégmrmwgr RoPEEHR wibhtt@ it oV a'stitithaglebd’ the
pol yhydroxy s%%’&]%%?‘ ﬂvea .Qtrokes. The Hunter Color L value of the black felt is determined
before and after rubbing. The difference in the two Hunter Color readings
constitutes a measurement of dry linting. Other methods known in the prior arts
for measuring dry lint also can be used.
Wet lint

A suitable procedure for measuring the wet linting property of tissue
samples is described in U.S. Patent No. 4,950,545; issued 10 Walter et al., on
August 21, 1990, and incorporated herein by reference. The procedure essentially
involves passing a tissue sample through two steel rolls, one of which is partially
submerged in a water bath. Lint from the tissue sample is transferred to the steel
roll which is moistened by the water bath. The continued rotation of the stes! roll
deposits the lint into the water bath. The lint is recovered and then counted. See
col. §, line 45 - col. 6, line 27 of the Walter et al. patent. Other methods known in
the prior art for measuring wet lint also can be used.

Optional Ingredients

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

' biodegradable chemical softening composition.

For example, surfactants may be used to treat the multi-layered tissue

paper webs of the present invention. The level of surfactant, if used, is preferably
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t he bi odegradabl e quat ernary anmoni um conpound added to the fibrous

cellul ose are retained; preferably, the retention |evel of bj bl e
quaternaryw Bm corrpound and the pol yhydroxy compound is from about’ 50%
to about 90% of the added |evels. | mportantly, adsorption occurs at

a concentration and within a tinme frame that are practical for use during
paper making. In an effort to better understand the surprisingly high
retention rate of pol yhydroxy conpouﬁ@ onto the paper, the physical science
of the nmelted solution and the aqueous dispersion of a Di Ester Di (Touch

Har dened) Tal framvaBoldto.onfh thabani2int by weighti dasesto Hersimdiper weight of the

poI yoxyet hyl gnf.18eYéePlissd6 ayede! Fhessurtdirashs preferably have alkyl chains with eight
or more carbon atoms. Exemplary anionic surfactants are linear alky! sulfonates,
and alkylbenzene sulfonates. Exemplary nonionic surfactants are alkylglycosides
including alkylglycoside esters such as Crodesta SL-40 which is available from
Croda, Inc. (New York, NY); alkylglycoside ethers as described in U.S. Patent
4.011,389, issued to W. K. Langdon, et al. on March 8, 1977, and
alkylpolyethoxylated esters such as Pegosperse 200 ML available from Glyco
Chemicals, Inc. (Greenwich, CT) and IGEPAL RC-520 available from Rhone
Poulenc Corporation (Cranbury, N.J.).
The above listings of optional chemical additives is intended to be merely
exemplary in nature, and are not meant to fimit the scope of the invention. _
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 to illustrate a method that can be used to
make-up a substantially waterless self-emulsifiable biodegradable chemical
softener composition comprising a mixture of DiEster Di(Touch Hardened)Tallow
DiMethyl Ammonium Chioride (DEDTHTDMAC) and Polyoxyethylene Glycol 400
(PEG-400).

A waterless seli-emulsifiable biodegradable chemical softener composition
is prepared according 1o the following procedure : 1. An equivalent weight ot
DEDTHTDMAC and PEG-400 is weighed separately; 2. PEG is heated up to
about 66 °C (150 °F); 3. DEDTHTDMAC is dissolved in the PEG to form a
melted solution at about 66 °C (150 °F). 4. Adequate mixing is provided to form a
homogenous mixture of DEDTHTDMAC in PEG; 5. The homogenous mixture of
(4) is cooled down to a solid form at room temperature.

The substantially waterless self-emulsifiable biodegradable chemical
softener composition of (5) can be pre-mixed (steps 1-5 above) at the chemical
supplier (e.g. Sherex company of Dublin, Ohio) and then economically shipped to
the ultimate users of the biodegradable chemical softening composition where it
can then be diluted 1o the desired concentration.
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W thout wishing to be bound by theory, or to otherwise limt the present

I nvention, the follow ng discussion is offered for explaini

est er - f uncWO¥MSYuat er nary amoni um conpound pronotes t he gg’g@%%‘%ﬁ of

t he pol yhydroxy conpound onto paper. DEDTHTDVAC (Di Ester Di (Touch

Har dened) Tal | ow Di Met hyl Anmoni um Chl oride) exist as a mxture of liquid
crystalline and crystalline phases, at equilibrium X-ray data indicate
that commercial DEDTHTDMAC is, in fa, a liquid crystalline phase showi ng
no evidence of crystalline states. M xtures of DEDTHTDVAC wi th PEG 400.

Phase studies of these two nateri aEXAMBLE@ t he step-w se dilution nethod
denonstrate that their physical behavior is simlar to that of

di (hydrogenated)tal |l ow di net hyl. an Lum chl o %? The nds are
mi sci bl o ovahe RURPEROY s FXABPRIS @ﬁf‘ﬁﬁe@e_‘(‘ A %91"@%&9%?%% ch
i ndi cat es t lasubstaiaty ivaterieasysefeemylsifiable cbipdegradahie chamigal seliefgrer a
conpar abl e rgRssifiin WhAIERESONIpAEESa rivturp PE DiEstev B Fduch cHdrdenied) Tellowi sci bi ity
exi sts. The Xr ' fanG e fidbre P GiVdetdlighgPhases do,
in fact, exidéyeﬁ%ﬁl %ﬁm&kﬁ %E@%ﬁ*ﬁ%ﬁzr“é‘ga\/m xtrﬂr es %f DEDTHTDVAC
with glycer dEG400. A 1 :1 weight ratio mixture of DEDTHTDMAC and gl ycer ol
appears (from diAscstaiialy waterless selt@muisifiaplechiodepradgblg shemicalgaftangthase.
Wi Ihe gLycech}npbﬁti&rﬁﬂaﬁ}bﬁarG& ab&@rdihg {ﬁequilddiviﬁd hﬁi_caﬂur&haseﬁ mixtureooli Eat i on
wi t h ot her riact N S Y @bt this
conpositi on%ﬁ%@ﬁgﬁcﬁ 4%%%%%8&%'& 2%(‘}9338&5&1’& é'a'st%uglhgg_%o t hese two
material s ugdveights ftDEPIHTRMAC and the Bixtyreahd Qfgr'ﬁ?l'@ﬁ?daf??‘m » tfrei r
physi cal behdixiues of £1)ds rtielated uptot bkaut 66 OVECBATIIAC4A. DEDTHTDMAC is

dissolved in (3) to form a melted solution at 66 °C (150 °F); 5. Adequate mixing

is’ provided to form a homogenous mixture of DEDTHTDMAC in (3); 6. The

homogenous mixture of (5) is cooled down to a solid form at room temperature.

The substantially waterless self-emulsifiable biodegradable chemical

softener composition of (6) can be pre-mixed (steps 1-6 above) at the chemical

supplier (e.g. Sherex company of Dublin, Ohio) and then economically shipped to

the ultimate users of the biodegradable chemical softening composition where it

can then be diluted to the dasired concentration.

EXAMPLE 3

The purpose of this example is to illustrate a method using blow through
drying and layered paper making techniques 1o make soft, absorbent and lint
resistance toilet multi-layered tissue paper treated with a chemical softener
composition comprising DiEster Di(Touch Hardened)Tallow DiMethyi Ammonium
Chloride (DEDTHTDMAC) and a Polyoxyethylene Glycol 400 (PEG-400) and a
temporary wet strength resin.

A pilot scale Fourdrinier paper making machine is used in the practice of the
present invention. First, the chemical softener composition is prepared according
1o the procedure in Example 1 wherein the homogenous premix of DEDTHTDMAC
and polyhydroxy compounds in solid state is re-mefted at a temperature of about
66 °C (150°F). The melted mixture is then dispersed in a conditioned water tank
(pH ~ 3, Temperature ~ 66 °C) to form a sub-micron vesicle dispersion. The
particle size of the vesicle dispersion is determined using an optical microscopic
technique. The particie size range is from about 0.1 to 1.0 micron.
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These conpounds are m scible over a wide range of tenperatures (> 67

[err]C), wy ;g El,gl cates that dispersions may be prepared f%&f%&ﬁ?o%ﬁs
m.xt ures over a corrparabl e range of tenperatures. No upper Ténperature -

limt of mscibility exists. Physical state of m xtures of quats /

pol yhydr oxy conpounds / water. Di spersions of either of these
materials may be prepared by diluting a mxture, that is held at a
tenperature at which the pol yhydroxy ®¥onpound and t he ester-functional
guat ernary ammonium salt are mscible, with water. Neither DEDTHTDVAC nor
DEDHTDVAC are soBetdnd,i @ B by, weightt aguedius sluron obNSK tisamaddr yp fvaise wit h

vater wll péo?n‘?érﬁibhﬁtré?-puﬁ@r e\SﬁeensRlsmyhmnhemmnyranamwmwmwwpound as
S or s teigorafy fiePdlaritlegit). £ WHRENA Lidrén 2810088 falleldh WPNEfarl 2!

proportions,

about equal %‘QWP?‘BP mmk&m&@%&ﬁ UT%&%W‘@G IR NSK tlogy PiRA ycer oI
PEG- 400 et c.at.arafp df 0.768 by weight ohithetdny fibersn Ehe adsorption of the temporary wet

strength resin onto NSK fibers is enhanced by an in-line mixer. The NSK siurry is
diluted to about 0.2% consistency at the fan pump.

Third, a 3% by weight aqueous siurry of Eucalyptus fibers is made up in a
conventional re-pulper. 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 Eucalyptus stock pipe before the stock pump at a
rate of 0.1% by weight of the dry fibers; and a 1% solution of the biodegradable
chemical softener mixture is added to the Eucalyptus stock pipe before the in-line
mixer at a rate of 0.2% by weight of the dry fibers. 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 biended in
the head box and deposited onto a Fourdrinier wire to form an embryonic web.
Dewatering occurs through the Fourdrinier wire and is assisted by a deflector and
vacuum boxes. The Fourdrinier wire is of a 5-shed, satin weave configuration
having 84 machine-direction and 76 cross-machine-direction monofilaments per
inch, respectively. The embryonic wet web is transferred from the photo-polymer
wire, at a fiber consistency of about 15% at the point of transfer, to a photo-
polymer fabric having 562 Linear idaho cells per square inch, 40 percent knuckie
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 10 the surtace 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 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).

The web is converted into a one ply multi-layered tissue paper product. The
multi-layered tissue paper has about 18 #/3M Sq Ft basis weight, contains about
0.2% of the biodegradable chemical softener mixture and about 0.3% of the
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15 mxture containing about 1% of DEDTHTDVMAC w |l precipitate the
DEDTHTDMAC, Most |ikely, the DEDTHTDMAC phase near roomte |1 be
the |amel | HOMWHES crystal. Colloldal structure of di sper%@%&gw
liquid crystal phase in the diluted m xtures exists as vesicles which, for
the nost part, are closed and spherical. The formation of such di spersion
likely results fromthe | arge osnotic pressure gradients that nonentarily
exi st during the process. The origin 8f these pressure gradients is the
spatial gradients in the conposition (and thernodynam c activity) of water

that ar e e%ﬁﬂorar'?gmeuédw ﬂebiﬂwhﬁip@hﬂﬁﬁ 1hé rdsomingTNIGydreglissoe paperni xt ur es
may exi st ov w.de.ran
y d§/ a{?ﬂ aatw:r&gﬁl R&s @J ﬁg&%&@% §nd Q%né@é’ fo"i"|u§ ffa@ﬂpﬁﬁﬂor

di spersi ons P an ectron nicroscopy
denonst r at es toilehtissue®e partlcl es present are about 0. 1 to 1.0 mcroneters in

size, and highly varied in structure. Sonme are sheets (curved or flat),

whil e others are cl osed vesicles. ghaMpeEERr anes of all these particles are
bi | ayers of nol ecul ar di mensions in which the head groups are exposed to

water, the tails are together. The PEG i s resurre}dng alﬁso&] jated with
these particles. ThePYpPse Q‘éE"F@Ha'BP'edq'é’ﬁ'Hs pIgAMe A‘F@ﬂal P nner to

paper resul t sdrying paperaiaking teolﬁmquuatoeaalersomabsqrMMIanql!iatfeslﬁame ietoni um i on
to the paper ’mﬁlﬁ-lagg YisSUePapbPiFedtbwiti i Semiic Botitine Ssmgusitishgsihgisingc ompound
8? ' &alto ? gglr ¥ fﬁu sie guéhheHg?é AehTaRsY | Dby AmmBALRESEniIe’ €L €Nt I ON
(DEDTHTDMAC) and a mixture of polyhydroxy compound (Glycerol / PEG-400)
and a dry strength additive resin.
A pilot scale Fourdrinier paper making machine is used in the practice of
the present invention.  First, the chemical softener composition is prepared
according to the procedure in Example 2 wherein the homogenous premix of
DEDTHTDMAC and polyhydroxy compounds in sofid state is re-melted at a
temperature of about 66 °C (150 °F). The melted mixture is then dispersed in a
conditioned water tank (pH ~3, Temperature ~ 66 °C) to form a sub-micron vesicle
dispersion. The particle size of the vesicle dispersion is determined using an
optical microscopic technique. The particle size range is from about 0.1 to 1.0
micron.
Second, a 3% by weight aqueous slurry of NSK is made up in a
conventional re-pulper. The NSK slumy 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 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 1o 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-puiper. 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 Eucalyptus stock pipe before the stock pump at a rate of 0.1% by weight of
the dry fibers; and a 1% solution of the biodegradable chemical softener mixture is
added to the Eucalyptus stock pipe before the in-line mixer at a rate of 0.2% by
weight of the dry fibers. The Eucalyptus slurry is diluted to about 0.2% consistency
at the fan pump.
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State of the dispersions. When t he above descri bed di spersions are
cool ed, the 6artial crystallization of the material within tPEri*.

particles

| dal
However, it is likely that the attainnent ,l%?i’{)%ie"d

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

di sordered crystal

phase is interacting wwth the paper. Preferably, the

bi odegr adabl e cheni cal softening conp¥¥sitions described herein are used
before the equilibriumstate has been attained. It is believed that

the vesicl es contrag tresgd hirsidke grautali30% gliSIs/ 0% op Busaiyptushisblendegunds (e. g.
gl ycerol, PE‘%‘e}\%ggﬁJoQ and gemﬁfee%;oaﬂ%amﬁﬂeﬁwﬁé Yo BmQdn édiBrybhibwebs

cel lul osic

: e yesicle 1s b , | 0L he PEG
conponent e WRAAIG 9RCH’S; RIOYSY h&sﬁl%‘f 'r'_‘ieg‘r""%%hf%eas%gﬁd{ﬁloagaeéf%%gg%%& where it
enhances t hevadulay baxeex The IFioutdriniefwife isipkd y-shedmsal Weae earfiovrations; ai ned on
the surface piviid'g4 hiaBRihe-diectioni dndan6t csogsemanhireerdicectiore mabefjamems per at e of

the cell ul osg‘c;‘i

bi odegr adabl e

wirg,uaatt 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
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 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 multi-layered tissue paper products
and laminating them together using ply bonded technique. The multi-layered
tissue paper has about 23 #/3M Sq Ft basis weight, contains about 0.1% of the
biodegradable chemical softener mixture and about 0.2% of the dry strength resin.
importantly, the resulting multi-layered tissue paper is soft, absorbent, has good
lint resistance and is suitable for use as facial and/or toilet tissues.

EXAMPLE §

The purpese of this example is to illustrate a method using a conventional
drying paper making technique to make soft, absorbent and lint resistancs toilet
multi-léyered tissue paper treated with a chemical softener composition comprising
DiEster Di(Touch Hardened)Tallow DiMethyl Ammonium Chloride
(DEDTHTDMAC) and a Polyoxyethylene Glycol 400 (PEG-400), a dry strength
additive and a cationic polyacrylamide additive resin (Percol ® 175) as retention
aid.

A pilot scale Fourdrinier paper making machine is used in the practice of the
present invention. First, the chemical softener composition is prepared according
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16 conponent stays on the surface of the cellulose fiber, where it
enhances tm; 4% 9e feel and softness of the paper product 916

mat eri al s e present invention contains as an essential conponent
fromabout 0.01%to about 3.0% preferably fromabout 0.01%to about 1% by
wei ght of a binder material selected fromthe group consisting of permanent
wet strength resins, tenporary wet strength resins, dry strength resins,
retention aid resins and m xtures the¥of. The binder materials act to
control linting and also to offset the loss in tensile strength, if any,
resul ting frtorthe peckduselindrxacmplsl twhereinithehomageneyscpremixal GEOT AMAC | f
per manent Wehnd PEGREI0NINI olid @tdté @sjdlsbmed)imﬂﬁbbndiﬁéﬁd whter ek (ba <Bpsen from

LQFyLELLFL“m”ﬁszEQE@ rene“@"%?ﬁ*ﬂéne KRR B EERT e b op dor o
al cohol ; ureke ¥ figRarsion is dRigriined\H s@ﬁé“rﬂpﬁ "EWPF‘E?%H H§1 ‘l’%ehéyand
m xt ur es t hepastitle sﬁmlrgmlsltmmp:bomlﬂ;‘r tohl@I micron. esins are cati oni c wet
tst rengt}b reii ns \gucehd, héi\@AS e welght ndguebud 8luely BRINISIC W @adet Up i Ya S?ﬂlegaglne
P! o3 Bohghich Ade Sﬁﬂ%ﬁ@“ d?zhé ﬁﬁn{ﬁé’fﬁ% a2 %8'93%3 " ssued
to Kei mand 8otstrenah frsinke-AReo ™8t piroa ea b‘?a'iké?grbérﬁ%ﬂ"% Y%’I?fﬂ'ﬁar ci al
source of a oompany opWayne)iNbev Jepseyhiscadioby tirthe\NSKstotk pipe at a rate of 0.2%

by weight of the dry fibers. The adsorption of the dry strength resin onto NSK

fibers is enhanced by an in-line mixer. The NSK slurry is diluted to about 0.2%

consistency al the fan pump.

Third, a 3% by weight aqueous slunty of Eucalyptus fibers is made up in a '
conventional re-pulper. A 1% solution of the biodegradable 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; and a 0.05% solution of Percol ® 175 is added to
the Eucalyptus layers before the tan pump at a rate of 0.05% by weight of the dry
fibers. The adsorption of the biodegradable chemical softener mixture to
Eucalyptus fibers can be enhanced by an in-line mixer. The Eucalyptus slurry is
diluted to about 0.2% consistency at the fan pump.

The treated fumish mixture (30% of NSK / 70% of Eucalyptus) is blended in
the head box and deposited onto a Fourdrinier wire to form an embryonic web.
Dewataring occurs through the Fourdrinier wire and is assisted by a deflector and
vacuum boxes. The Fourdrinier wire is of a 5-shed, satin weave configuration
having 84 machine-direction and 76 cross-machine-direction monofilaments per
inch, respectively. The embryonic wet web is transferred from the Fourdrinier
wirg, at a fiber consistency of about 15% at the point of transfer, 1o 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 bevel angie of
about 25 degrees and is positioned with respect to the Yankee dryer to provide an
impact angle of about 81 degrees; the Yankee dryer is operated at about 800 fpm
(feet per minute) (about 244 meters per minute). The dry web is formed into roll at
a speed of 700 fpm (214 meters per minutes).

Two plies of the web are formed into multi-layered tissue paper products
and laminating them together using ply bonded technique. The multi-layered
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Hercul es, Inc. of WI mngton, Delaware, which nmarkets such resin under the
mar k Kyrre Pol yacryl am de resins have al so been found to be
of utili tﬁgg\/\ép'st rength resins or retention aids. These PE{VS4/0631
described in U S. Patent No. 3,556,932, issued on January 19, 1971, to
Coscia, et al. and 3,556,933, issued on January 19, 1971, to WIllians et
al ., both patents being incorporated herein by reference. One comerci al
source of polyacrylam de resins is An@4 can Cyanamid Co. of Stanford,
Connecticut. which markets one such resin under the mark Parez [err] 631
NC. QO her confssué paperdasabas 20#/3MEqoFl bagoyight; \doatzindaaboos0.n% aitte Al | i ed

Col | oi ds of Sélbéeg! abM dhgnieh ﬂ&d&i‘n‘u‘ﬁbf‘e‘lh%‘tno|1%onﬁéd i dir@hgs rédin Aael awar e,

which narkets s

rrj
1955 e 0okl 08 ceah 8 SR giae ube sy Rﬁ ety
thi s inventi oWssae papardssofti ahsaeate R3cigoot it Wéﬁ'&ﬁ?%@‘q'éﬁhﬁ%ﬁyﬂﬁ? #&sins. The
nore comon fabiat ardnsxitoileiiseugss of these pol yfunctional resins are nitrogen
cont ai ni ng groups such as amno groups and nethylol groups attached to
ni trogen. Polyethyleninine type r also find utility in the
present invention. EiA%LIEB&/

The purpose of this example is to illustrate a method using a blow through
drying and layered paper making techniques to make soft, absorbent and lint
resistance facial multi-layered tissue paper treated with a chemical softener
composition comprising DiEster Di(Touch Hardened)Tallow DiMethyl Ammonium
Chioride (DEDTHTDMAC) and a Polyoxyethylene Glycol 400 (PEG-400), a
permanent wet strength resin and a retention aid (Percol ® 175 ).

A pilot scale Fourdrinier paper making machine is used in the practice of the
present invention. First, the chemical softener composition is prepared according
to the procedure in Example 1 wherein the homogenous premix of DEDTHTDMAC
and polyhydroxy compounds in solid state is re-melted at a temperature of about
66 °C (150°F). The melted mixture is then dispersed in a conditioned water tank
(pH ~ 3, Temperature ~ 66 °C) to form a sub-micron vesicle dispersion. The
particle size of the vesicle dispersion is determined using an optical microscopic
technique. The particie size range is from about 0.1 10 1.0 micron.

Second, a 3% by weight aqueous slurry of NSK is made up in &
conventional re-pulper. The NSK sluny is refined gently and a 2% solution of the
permanent wet strength resin (i.e. Kymene ® 557H marketed by Hercules
Incorporated of Wilmington, DE) is added 10 the NSK stock pipe at a rate of 1% by
weight of the dry fibers. The 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 biodegradable chemical softener
mixture is added to the Eucalyptus stock pipe before the in-line mixer at a rate of
0.2% by weight of the dry fibers; and a 0.5% solution of Percol ® 175 is added to
the Eucalyptus layers before the fan pump at a rate of 0.05% by weight of the dry
fibers. The Eucalyptus slurry is diluted to about 0.2% consistency at the fan pump.

The treated fumish mixture (50% of NSK / 50% of Eucalyptus) is blended in
the head box and deposited onto a Fourdrinier wire to form an embryonic web.
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17 |f tenporary wet strength is desired, the binder materials can be

chosen fronghhgefsas! oW ng group of starch- based tenporary wedctsibdodiogs b
resins: cationic dial dehyde starch-based resin (such as Cal das produced by

Japan Carlet or Cobond 1000 produced by National Starch); dial dehyde
starch; and/or the resin described in U S. Patent No. 4,981, 557 issued on
January 1, 1991, to Bjorkquist and incorporated herein by reference.

If dry strength is desired, the bindegsnaterials can be chosen fromthe
following group of materials: polyacrylan de (such as conbinations of Q/pro

514 and Accoﬁtgsg@tna WF%W\M d3|¥§ a nbffa c}éﬁl{ﬁ gs

starch (such uch as

S % Ot at,o st ﬁ:
Ai rvol 540 piaeHyeRo hP 6‘3 nigr wife.is b | ocust
bean guns; pd:hylagraylrm@udeatlrom anghp sfosmrasbwymmw\ m@moﬁ!arw@s pefuch as
Aqual on CMC- Tnchl Q@spdetivalyd Théembrydhi Wet Gebris trasterredrirae e gHoto-polyrevdl e
starch for pt agt '@OJ‘ %@nﬁ&?ﬁ&”ﬁx& WF%%O& th?gﬁilﬂf‘ﬁlaﬁéf?srf+rz% 43}4 L er
solubility, h | Cl ‘??é oJ $ I'nclude corn
starch and p@elmer &baF Gﬂ““ﬂa?HeIH'c‘eqrt'd ho Gells P?'rﬁq@ﬂ'(?é?f:"r Q per t the
scope of sui igedd #nds9 mils bi photocpaiymier depthd \Furhercierwateringris hccdmplishen bynown
h”fgst ri ;3" ly vﬁéumhgﬁﬂeard?it:% 'h ol uhtiPfHel Wéb! has laVibeF &itﬁiﬁi o%mueenaz@kar \m
iffers fro corn. starc er eas

LRI o Yo o e g

65% by weight. The web is then adhered to the surlace 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 to the Yankee dryer to provide an

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

(feet par minute) (about 244 meters per minute). The dry web is formed into roll at

a speed of 700 fpm (214 meters per minutes).

The web is converted into & two ply multi-layered facial tissue paper. The

multi-layered tissue paper has about 21 #/3M Sq Ft basis weight, contains about

1% of the permanent wet strength resin, about 0.2% of the biodegradable

chemical softener mixture and about 0.05% of the retention aid resin. Importantly,

the resulting mufti-layered tissue paper is soft, absorbent, has good lint resistance

and is suitable for use as facial tissues.
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characteristics of am oca s'l‘ﬁmﬁmlm Er described in [err] Ami oca - The
Starchfror%%%{ ?)rn[err], ” r, food Industrig,&rnjggg@‘?ger
1945, pp. 106 14 (Vol . pp* 1476-1478). The starch can be in granular ‘or
di spersed forn albeit granular formis preferred. The starch is preferably °
sufficiently cooked to induce swelling of the granules. Mre preferably,
the starch granules are swollen, as by cooking, to a point just prior to
di spersion of the starch granule. Such highly swollen starch granul es shall
be referred to as being "fully cooked”. The conditions for dispersion in
general can vary dependi ng upon the size of the starch granules, the degree
of crystallinity of the granul es, and t A% amount of anyl ose present. Fully
cooked am oca starch, for exanple, can be prepared by heating an agueous
slurry of about A;X consi stency of starch granules at about 190 [err]F
(about 88 [err in _about 30 and about. 40.njnutes. O her
exenpl ary stardh nd} Buftiglexergp tssHe Rapep we scé‘arﬁcﬁe&zﬁ‘g@%gftf°|°g\(?"5?ﬁ oni ¢
starches such as t Hesst twodsupetrgsed dyalge ififtdava aWhekiedshgny S8y such as
am no groups and naéyeylcohtiglioas paid dirétdayee dsdicd muiti-lagered webvainhpising: f r om
Nati onal Starch and Chem cal Conpany, (Bridgewater, New Jersey). Such
modi fied starch matgri apsperinfakingefibeps;i marily as a pulp furnish additive to
i ncrease wet and/or dry strength. Considering that such nodified starch

' b) from 0.01% to 3.0% by weight of a biodegradable quatemary

ammonium compound preferably having the formula

Rz\ (CH2)n- Y - R3
N+ X
R2 (CH2)n- Y - R3
or
R2 (CH2)n- Y -R3
N* X
R2 R1
or
R3 - Y -CH2
CH-CH2-N*-(R2)3 X
R -Y

wherein each R2 substituent is a C1 - C6 alkyl or hydroxyalkyl group,
benzyl group or mixtures thereof, preferably methyl; each R1 substituent
is'a C12 - C22 hydrocarbyl group, or substituted hydrocarbyl group or
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18 materials are nore expensi | fited starches, the | at
general ly beenﬁtl)referred. EEU EE' 'ﬁat ion include, the sane
P48 with refer ¢ L O s on of other EﬂB’ﬁ’F%‘A‘P‘”‘

previ ously W1

additives preferably by wet end addition, spraying; and, |less prefe
by printing. The binder may be applied to the tissue paper web al on
simul taneously with, prior to, or subsequent to the addition of sof

absor bency, and/or

aesthetic additives. At |east an effective anpun

ter have

rably,
e,

t ener,
t of a

bi nder, preferably starch, to provide lifst control and concomitant strength
I ncrease upon drying relative to a non-binder treated but otherw se

i dentical sheet Is ji@fdar alaresfapridrasly t©16 hecibesakyl BF efi@nabl sachbrgween
about 0.01% and abo

UbstRudhtisCh 1R Chydrs 136 Jor! dhpliited by
calculated on a dry }'l er V\'/%gt b %?QE’%LEGF%&E {? &g?:g&g

0.1% and about 1. 0%’ &xturep

LG P4 L9103

et,
en about
S

ret ai ned. Theor s €dOh e Ost e Nhh- €@) pooc€49) oNHi-hersmixiwresrthersef: ns t he
deposi ting of the nyhtd 4bayRf BG SUAMNE afiok prefefablythiiide oF mgthiyhulfaleove

descri bed chem cal

softener conposition and binder materials as add

on a foram nous surdjacesgmd.1 %o 3.0% of a water soluble polyhydroxy compound:;

wherein said polyhydroxy compound is preferably selected
from glycerol, sorbitols, polyglycerols having a weight average
molecular weight of from 150 to 800, polyoxyethylene glycols
and polyoxypropylene glycols having a weight average
molecular weight from 200 to 4000, preferably from 200 to
1000, most preferably from 200 to 600, and mixtures thereof;
and

d) from 0.01% to 3.0% of a binder material wherein said binder
material is preferably selected from permanent wet strength
resins, preferably polyamide-epichlorohydrin or polyacrylamide
permanent wet strength resins, and mixtures thereof,
temporary wet strength resins, preferably a starch-based
temporary wet strength resin, dry strength resins, retention aid
resins and mixtures thereof.

The multi-layered tissue paper web of Claim 1 wherein said multi-
layered web comprises three superposed layers, an inner layer and
two outer layers, said inner layer being located between two said
outer layers, said multi-layered web preferably comprising a single
ply, wherein said biodegradable quaternary ammonium compound,
said water soluble polyhdroxy compound, and said binder material
are each contained in one or more of said layers of said multi-layered
web.

The multi-layered tissue paper web of Claim 2 wherein the majority
of the biodegradable quaternary ammonium compound and the
polyhydroxy compound is contained in at least one of said outer
layers, preferably in both of said outer layers.

This Sheet Has Been Replaced
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third step is the renoving of the water fromthe furnish so deposited.

Techni ques s PENt  Whi ch &um u (ﬂt conplish th

pr-ocessing s ﬁt?g;{ss\ﬂvm |1 be readi |Blulﬂ H l se skilled iei’rilﬁﬁggg%‘g[l)er'
making art. Preferred nulti- |ayered ti ssue paper enbodi nents of the
present invention contain fromabout 0.01%to about 3.0% nore preferably
fromabout 0.1%to 1.0%by weight, on a dry fiber basis of the

bi odegradabl e chem cal softening conposition and binder materials described
her ei n. The present invention is &pplicable to nmul ti-layered tissue

paper in general, including but not |imted t onv opal | felt pressed
mul ti-|ayered %i ssiBe pAyHiaYersdyHsHig R2QRL WER P dé' 1(‘? :gm"?‘%e'f‘atyér ed

ti ssue paper; ‘and mhajgithaf the bimdes ipearteinedyin gaid lnayrelpw ti ssue paper. The
mul ti-layered tissue paper products made therefrom may be of a single-ply
or multi-ply c®nst Tohetmuwtirlayéiesisussugtpanet web offanynefdClainesm2| ag ewbeteipaper webs
are described in Usdid Rneenbye?, 88 Aprisel, rdiv@f lonl -paper ahakihg Stitsds, Novenber

Sopeal L. oot t "o BREALE ToRAEBY Nl REISE pRRGEYY firBER iRt ari\f%trﬁla' d

conposite, soft @'Eé) romtwo
or nore |ayers of FE!F’HP%%W’C’H*“&P% f'ﬂ'? @f%?"é’lﬂ " AYRIAOP JBRPIBfOT At IBRFtent fi ber
types. The |ayers &a® mpmednd avhgreinoeaghd of r tyvo tsaisd @utesslayersn compesgsar at e

streams of dilute taib@elssnor pper makgffibeey, préfy@biyHardwbd filgers,ehadti vel y
long sof twood and r?éf&%b%edu%auémétnb@%r Qéﬁg%ﬁo& p?ﬁérsmgﬁn gﬁé’rs'n'avfﬂg'a%' | ayer ed

ti ssue paper makin oram no Screen If the
i ndi vi dual | ayers y%rage length between 0. 2 and 1

6. The multi-layered tissue paper web of Claim 5 wherein said inner
layer comprises mixtures of softwood fibers and low cost fibers, and
at least one of said outer layers comprises low cost fibers or
mixtures of hardwood fibers and low cost fibers, wherein said low
cost fibers are selected from sulfite fibers, thermomechanical pulp
fibers, chemi-thermomechanical pulp fibers, recycled fibers, and
mixtures thereof.

7. The multi-layered tissue paper web of any of Claims 1 - 6 wherein
the biodegradable quaternary ammonium compound is diester
di{touch hardened)tallow dimethyl ammonium chloride or diester
di(touch hardened)tallow dimethy! methy! sulfate.

8. The multi-layered tissue paper web of any of Claims 1 - 7 wherein
the wveight ratio of the quaternary ammonium to the polyhydroxy
compound ranges from 1.0 : 0.3 to 0.3 : 1.0, preferably from 1.0 :
0.7t 0.7 : 1.0.

a. A multi-ply tissue paper product comprising at least two juxtaposed
multi-layered tissue paper webs of Claim 1, wherein said muiti-ply
tissue paper product preferably comprises two plies, wherein each of
two said plies preferably comprises two superposed layers, and
wherein said binder materials are permanent wet strength resins or
temporary wet resins, and wherein the majority of said biodegradable
quaternary ammonium compound and said polyhdroxy compound are
contained in at least one of said outer layers and wherein the
majority of said binder material is contained in said inner layer.
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19 initially formed on separ% ires. the |layers are subsequently

conbi ned o forma | web. The | ayer
_subsequenma(?%g“g% to confor H'Uj, ﬂmﬂﬂl of an open nes%qmbm&ﬁ6
drying/inprinting fabric by the appllcatlon of a fluid force to the web and
thereafter thermally predried on said fabric as part of a | ow density paper
maki 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
sanme. The nulti-layered tissue paper preferably has a basis wei ght of

between 10 g/ nferr] and about 65 , d den of  aho 0. 60
g/cnferr] o? In{égs ]TPFe'f‘@F'é‘M%{Fd B%fg‘iegg % i #1Y Bici%mf)w agouﬁ'ergg' g/ merr]

or less; and densi tsgidvisisiie bapealvenbtis @, 1Bietgissener dfaciabsissuenbst preferably,
density will be between 0.04 g/cnferr] and 0.20 g/cnjerr]. The

mul ti-layered tissue paper webs of the present invention conprise at |east
two superposed |layers, a first layer and at | east one second | ayer
contiguous with the first layer. Preferably, the nulti-layered tissue
papers conprise three superposed |ayers, an inner or center |ayer, and two
outer layers, with the inner |ayer |ocated between the two outer |ayers.
The two outer |ayers preferably
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conprise a primary filanentary constituent of about 60% or nore, y wei ght
of relatively short paper making fibers having an average fi @F @5’7

about 0.2 and a .5 mm ET'QE‘% g&éin?g Jy bers akSMiy
har dwood fi ber s,bpgtrvg}er ably, %ﬁga ypﬂm&ﬁm. ernatively,

OW cost

sour ces OfINTERNATIONAE APPSISTIONSPUBLISHEDPUKDEIC TRE PAPENFOOBPHOMIOR TREMP Pc)
fibers, ﬂﬁl” - “ﬁ[ IEﬁgﬂa i (‘.6d_.i putp T bers,—Trecyct cd_ f’l ber-s—netudt-h

fibers T‘#Wﬁ@e 8{?@?"7@ ed fi bf{) Eﬁ“’ﬁ*ﬁ“ﬁ?“ﬁt’&‘f“é’?‘t'\‘?@%&af caH’_VQgW%_’é@
in onefor *the? yers orb| Q%) @RGhatidhaphicdsll ake: | 2M€fanuady {905 (12.01.95)
desi r egk—Fhe—tnner—tayer—preferablyconprises—a—pri-rary—fi-lanentary

consti f eenhtertitionral N ppikcatdNanther: MOI EpCPIsSMBITH Tt B19DesirRledtitdCAY, BBOBE) BRAPE taA K EAGL

fib [ , \ fiber length of || eastGEaliGUP. K&, BP.IKK KZ MBS, MDIMG, MN,
g AR o Can i TR R S E R
t BJ

o4

—

softwopd Kraft fibers. Figure 1 is a schgnati cGr¢fEORSE ,_g@;(ﬂ;@pgl_%ybm BI,
t hr ee- || @p&r Bg’?agl e ply toilet tissue in accdFdethCleCMiGANGE, ML, MR.EESN, TD, TG).

i nvent i on ¥t ing t Lt €%t he tYrlee | ayered single ply web 10,
conpri $es three superposed | ayers, inner :yauﬂgdf 1%@, and t\/\o@;ﬁ_t er La%ers
11. Qui €D Appligant: 5 THE BROSTERO A GAMBIGE COMPrRNYi || v Of Wis netmbriopbiaedh ing fibers
16; whereas; ﬁ@g‘,’“ﬂm& RlesPlazty (5Fipnate @Hr i mari |y of | ong paper naeking
fibers|17. " In an alternate preferjred enbodi ment of the present

i nvent Gﬁ,lnvmmgoﬁw &rosspe, kgt s are forned by placing at |east

two nu t|-|§i@j{ 015 uxt aposed rel ati on. For exanple, a

. > s)- . . .
tW0- pl Y 1 S Sikika: PABEEhEEDRM inciniadt O B30 conprising a first two-|ayered

—

ti ssue ﬁggers_web and a_secS_nd t wo- Iﬁayered ti ssue paper web in juxtaposed
rel ation. Fﬁo&pﬁﬁ%ﬁm‘f ébvc %gml cl, @myiﬁnlaémo
45217 (US).
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(54) Title: MULTI-LAYERED TISSUE PAPER WEB COMPRISING BIODEGRADABLE CHEMICAL SOFTENING COMPOSITIONS
AND BINDER MATERIALS AND PROCESS FOR MAKING THE SAME

(57) Abstract Io

Multi-layered tissue \ I3 14

paper webs comprising

wh comperions | R A AR Rl R
and  binder materials SR G N T N B AN e TV AN A VA o=

e s T 12 { R A B RIS R IR =3 o

webs are in the R £ IASRT M AN AR Y }
webe > uetil i e A TSN AT IR AR R

absorbeat paper products
such as facial tissues
and/or wilet tissues. The 16 17

multi-layered tissue paper

products contain a biodegradable chemical softening composition, preferably comprising 2 mixture of an ester-functional quaternary
amronium compound and a polyhydroxy compound. Preferred ester-functional quaternary ammonium compounds include diester dialkyl
dimethyl ammonium salts such as diester di(touch hardeneditallow dimethyl ammonium chioride, diester di(hydrogenated)tallow dimethyl
ammonium chloride. Preferred polybydroxy compounds are selected from the group consisting of glycerol, sorbitols, polyglycerols baving
a weight average molecular weight of from about 150 to about 800, polyoxyethylene glycols and polyoxypropylene glycols having a
weight average molecular weight from about 200 to 4,000. The multi-layered tissue paper webs also contain an effective amount of binder
materials to control linting and/or to offset the loss in tensile strength, if any, resulting from the use of the chemical softening compositions.
The binder materials are selected from the various wet and dry strength additives, and retention aids used in the paper making art.
Preferably, the majority of the biodegradable chemical softening compositions will be disposed on the outer layers of the multi-layered
tissue paper products where they are most effective. The binder materials are typically dispersed throughout the multi-layered product
to coatrol linting. In other words, the chemical softening compositions and the binder materials can be selectively distributed within the
multi-layered tissue paper web to enhance the softness, absorbency, and/or lint resistance of a particular layer or ply.




20 two-layer tissue sheet conprising a first layer and a second |ayer. The
first layer preferably conprises the short hardwood fibers and the second

| ayer preferably conprises the |long softwood fibers. The two plys are

combi ned i n VO AM4& such that the short hardwood fibers of HWS8$/96916c e
outwardly, and the |l ayers containing the |ong softwood fibers face
inwardly. Figure 2 is a schematic cross- sectional view of a two-I|ayered
two-ply facial tissue in accordance with the present invention. Referring
to figure 2, the two-layered two- ply we is conprsed of two plies 15

I n juxtaposed relation. Each ply 15 is c rtsed of inner layer 19, and
outer layer 18. Quter layers 18 are conprised primarily of short paper
maki ng fi bers 16; whereas inner layers 19 are conprised primarily of |ong
paper making fibers 17. Simlarly three-ply

ﬁéissue papgr products can be
made by placing thr mul ti-layered tissue per webs iﬂ j uxt aposed '
relation. It shoddd not be inferredffromthe aboyve di scussion that
the present 5T, e I BT TR 27l (PN~
A A/ 8 ARG\ A W4 A, A ,k\«‘ L ”
Eﬂéigé §§ﬂ15$§&§Ll3}.sg&%g;ﬁsg%éif*-qu,H‘ }

Kl

o .1‘_ (v Jg‘\?;\.rxz';i.\
2 P AT 2 0 ST ) N
15 - g B '%A-.QA\SM’ =Y,
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I nvent WM | ssue paper products corrprl si ng three- IaTyerr}g[ =
singl ejpfy ar two- p ys -} two layers, etc. Tissue paper products consisting
of thre¢e or1§w n{ conbi nation with each ply consisting of one or
nore | ay¢rs are al so e<p'essly meant to be included within the scope of the
presentl irrenttom — JPreferably, the nmgjority of.the biodegradable
guat erfjary anmoni um conp und and the pol yhydroxy conpound is contained in
at | east—one or the outer layers of the multi-layered tissue paper web of
the present invention. Mre preferably, the majority of the bi odegradabl e

guat er nary anmoni um,corrpound and the pol yhydroxy conpound is contained in
both of the outer | adlkTI-LAYEREDCEISSUECBARER WER COMPHISING' adabl e

cheni cal soft englODEWRADABLE CHEMRIAEf SOHTERINGETO aié %ﬁﬂéemﬁ]ef

or waegr adabl o quiiPRH MATERIBRSAND B0k s FOR M AMEance

both the softness and the aBsorbency .of :the.nukt.i - fayered tissue products
of the present invention. Ref@rrl ng. to flgures 1. and: &, t he bi odegradabl e
cheni cal softening conpositiop conprising a;ng xt ur.e.ofg t he bi odegradabl e
quat ernary anmoni um conpound gnd the. pol, yhdre;,xy corrpound I's schematically
represented by dark circles ;A It -can be sgen in flgures 1 and 2 that the
maj ority of the bi odegradabl e cheni cal softeni ng conposition 14 is
contained in outer layers 11 and 18, respectivety:l, . However, it has
al so been discovered that the rint're3|stance of the nultilayered tissue
paper products decreases with the inclusion of the biodegradabl e quat er nary
anmoni um conpound and the pol yhdridkDEMPBEINVERTION! or e, binder materials
are used for linting control and to increase the tensile strength

Preferably, the bi nggjs ihunGoNtBER MlnkRFeledMEELd St wggdwf%re g&lar?yne of

it relates to multi-layered tissue paper web comprising biodegradable chemical
softener compositions and binder materials. The treated tissue webs can be used
to make soft, absorbent and lint resistance paper products such as facial tissue,
and toilet tissue products.

BACKGROUND GF THE INVENTION

Paper webs or sheets, sometimes called tissue or paper tissue webs or
sheets, find extensive use in modern society. Such items as facial and toilet
tissues are staple items of commerce. it has long been recognized that four
important physical attributes of these products are their strength, their softness,
their absorbency. particularly their absorbency for aqueous systems; and their lint
resistance, particularly their lint resistance when wet. Research and development
efforts have been directed to the improvement of each of these attributes without
seriously affecting the others as well as to the improvement of two or three
attributes simultaneously.

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

Softness is the taclile sensation perceived by the consumer as he/she holds
a particular product, rubs it across his/her skin, or crumples it within his/her hand.
This tactile sensation is provided by a combination of several physical properties.
One of the most important physical propenties related to sofiness is generally



21 the ou‘&EPhAQENEQUGS efrulti-layered tissue paper webs of the present
i nvention. {NMpre preferably he binder is contained throughout the-

mul ti-layefed ptodgii9%. e} ,|'in the inner and outer |ayers. Referring to
figures 1'fn 2, the binder paterials are schematically represented by
white circlles I37 It can-be peen in figures 1 and 2 that the majority of
the binder {materials 13.ar ontained in inner layers 12 and 19
respectively. In an alternate preferred, enbodi mrent (not shown), the

maj ority of the binder is contained in %t |east ohe of the outer |ayers,
more preferably both of the two outer |layers of the nuti-Ilayered product.
The conbi nat considered lby thosedskifeddnhe achionbe the siffnessialdhe eapRysyvep diem

conpri sing a,RiA4REpAR B MEEY. TiRALYs, IMBIA| Iasuanyp eonsiderad 16 bp ainplotly oxy
Fc)(r)ggagtnd "N Sepindent b9k edsil DASHGABY Bid Fen i thbSitiReds bf BRUEPEPET
which make up the web.

Absorbency is the measure of the ability of a product, and its constituent
webs, 10 absorb quantities of liquid, particularly aqueous solutions or dispersions.
Overall absorbency as perceived by the consumer is generally considered to be a
combination of the total quantity of liquid a given mass of multi-layered tissue
paper will absorb at saturation as well as the rate at which the mass absorbs the
liquid.

Lint resistance is the ability of the fibrous product, and its constituent webs,
to bind together under use conditions, particularly when wet. In other words, the
higher the lint resistancs is, the lower the propensity of the web to lint will be.

The use of wet strength resins to enhance the strength of a paper web is
widely known. For example, Westfelt described a number of such materials and
discussed their chemistry in Cellulose Chemistry and Technology, Volume 13, at
pages 813-825 (1979). Freimark et al. in U.S. 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
in paper making processes. This reduction in bonding leads 1o a softer, or less
harsh, shest of paper. Freimark et al. go on to teach the use of wet strength resins
in conjunction with the use of debonding agents to off-set the undesirable effects
of the debonding agents. These debonding agents do reduce both dry tensile
strength and wat tensile strength.

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

Chemical debonding agents have been disclosed in various references
such as U.S. Pat. No. 3,554,862, issued to Hervey et al. on January 12, 1971.
These materials include quaternary ammonium salts such as
cocotrimethylammonium chloride, oleyltrimethylammonium chlorids,
di(hydrogenated)lallow dimethyl ammonium chloride and stearyltrimethyl
ammonium chloride.

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 chiorides to soften webs. These
authors also attempt to overcome any decrease in absorbency caused by the




havi ng sup sorbency, and lint resistance properties.

Sel ecti vel REQHAUEMEN%ES[HEEQ‘ ity of the biodegradable chemical softeni ng
conposi tidn [fo the-outer—fayers or plys of the tissue paper, enhances its
ef fectiverjegs gy%qﬁéy the binder materials are dispersed throughout the
-ti ssue shqet t?) nfi ng. However, |ike the bi-odegradabl e chem cal
sof t eni ng {c AAPESHi-t-R I nder materials can be selectively added where
nost needd4d. Convent onal |y pres§ed mul ti-layered tissue-paper and .
met hods f or maERImg—such—paper are known" in the art. Such paper is typically
made by depositing paper making f.urnish on a foraminous formng wire. This
formi ng wi r edébongpiscthroughethpaise: of nanignie Sﬂf‘ﬁdéﬁtsasqcﬂﬁsd?l?‘ﬂpé? "queambnce

the furnish ppaeppsiiieddorcts bEaftpakohgswi r e, is referred to as a web.
The web is dewat %ﬁ«quyotrﬁeaﬁgssﬁcﬁ w&rtlmnasohﬂ%&fsmmmfﬁ' iz g@&?ﬁaéagsé he web

and drying at el evat ticy pi cal
equi pnent  f othesRicheimadind dé(E%PQﬁW@@"?W@"HPB@H%WQEQ@ "H@%‘E?‘FB’&P ‘&'%b wel |
known to thorgtyskcitl estersh df hpolpoiyethylee tglpcaial topiropars shothn safimessnandst ency
pul p furni shaﬁﬁgJ n@f'téiﬁ&deﬁ)aﬁapwsﬁsw“ zed headbox The headbox has an

Iver

openi ng for BOSI t of furni sh onto the Fourdrinier

wire to forma V\&”Wmﬂ’ﬁﬁ' rREWt pEresgaich; '[9 oy afbifpRIeYadPIReT Weps %
consi st ency oésdniebavire .S oBatt Na%saod 'Mlﬁolﬂsuéﬁ% Santoad and!Bisseingirt Jdu‘a.&ir)s) by

hap 1 e ST, 7 506 ‘Er‘wﬁfa’ wsgg;awgyma rodese BascHbeu " | e
el e. - oyl TiPREal 2ng daspie °°°'"$Wé‘-" 82 o1 Headuts 1oimead oy gse

pressed duri wgbs,rasearey effarts directeg td findidg Ibproved (praucischavencaptrasedt us known

inthe art as a YP’({? uﬁwfgeck@msa%q: S2PablNo. d@vﬂ S’W%s%bgt\!ﬁﬁuay gee

dryer by rrech c é‘é’ﬁ H@“%ﬁgas ar{ (g%@(?nﬁ C‘?Pé’l ngléd %gm H t SSI ng

agai nst the gy geng &3 us shee
spearcally. they teach that the strength of a tissue paper web (which may have
been softened by the addition of chemical debonding agents) can be enhanced by
adhering, during processing, one surface of the web to a creping surface in a fine
patterned arrangement by a bonding material (such as an acrylic latex rubber
emulsion, a water soluble resin, or an elastomeric bonding material) which has
been adhered to one surface of the web and to the creping surface in the fine
patterned arrangement, and creping the web ifrom the creping surface to form a
sheet matenal.

Conventional quaternary ammonium compounds such as the well known
dialkyl dimethyl ammonium salts (e.g. ditaliow dimethyl ammonium chloride,
ditallow dimethyl ammonium methy! sultate, di(hydrogenated)tallow dimethyl
ammonium chloride etc ...) are effective chemical debonding agents. However,
these quaternary ammonium compounds are hydrophobic and not biodegradable,
and can adversely affect the absorbency of the treated paper webs.. Applicants
have discovered that mixing the biodegradable quaternary ammonium compound
with a polyhdroxy compound (e.g., glycerol, sorbitols, polyglycerols or
polyoxyethylene glycols) will enhance both softness and absorbency rate of fibrous
cellulose materials.

Untortunately the use o! biodegradable chemical soltening compositions
comprising a biodegradable quaternary ammonium compound and a polyhydroxy
compound can decrease the lint resistance of the treated paper webs. Appliw'nts
have discovered that the lint resistance can be improved through the use of
suitable binder materials such as wet and dry strength resins and retention aid
resins known in the paper making art.



web as it |\$W{M'&%£ﬁ§t\t he Yankee surface. Miltiple Yankee dryer
‘drunms may Dbererployed, wher q’by addi tional pressing is optionally incurred
between thel | L« \ys w9 | | _ _ 22 druns. The
mul ti-1ayer -d_}t i%gue pa_pg_[_,lstfuctures which are formed are referred to
her ei naft er {as.-cenrventTional , pressed, nmulti-layered tissue paper
structures. {Such sheets_ate-eoénsi dered to be conpacted since the web is
subj ected t pstanti al mechani cal conpres_si on forces while the fibers are
moi st and are then dried while in a conpressed state. Pattern
densified nmulti-layered tissue paper is characterized b having a
rel ativel y high biliek presény ipyentionats @epicabigyteirsueqesrgrt ip 9Aae™ah B¥t ay of
dlensi fied Zﬁﬁ%c@ériw appiidabiel ty rﬂiutﬁ}lrayfeidmwssde!ﬁlsédwpap'ﬂn@rddugh suchlasftheded ids
alternativel y ¢ tar, S i . ie
zones are al g%?cﬁgé‘?\ﬁ/‘eﬁyé'%&e@r%'ggé'ggg'gs%ggkl’%& %g?gﬁggﬁ?ﬂyﬁgﬂ‘&%?ga zones
may be di scr&9%.pnd heotrprated hetein Berele'8AChul k field or may be
i nt erconnect ed, e ishaevrotfjedt loy this inpantidnatblpyovide sdft, rabsbdehi arid Iy irésistamdel.
Preferred pr s | rn densified tissue webs are discl osed
L s g 50

in U S Pate X , ssued t.o.Sanford and Si sson on .
It is also a further object of this invention to provide a process for making

soft, absorbent, lint resistance multi-layered tissue paper products.
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 present invention provides soft, absorbent, lint resistant multi-layered
tissue paper products comprising paper making fibers, biodegradable chemical
softening compositions and binder materials. Briefly, the biodegradable chemiical
softening composition comprises a mixture of :

(a) from about 0.01% to about 3.0% of a biodegradable quatemary
ammonium compound, preferably having the formula

Rz (CH2)a- Y - Ra
N .
Rz/ \(CHz)n- Y - R3

or
Ra (CH2)a- Y - Ra
N+ X



January 31, 1967, U. S. Patent No. 3,974,025, issued to Peter G Ayers on .
August 10, 1 rLAﬂ F‘N’?ﬂj nt No. 4,191,609, issued to Paul D. Trokhan
on March 4, HN9&8g—algl) ent 4,637,859, issued to Paul D. Trokhan on
January .20, §F7; al-l of whijchh are incorporated herein by reference.
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I n.general , t drmAUBM994 i §d |webs are preferably prepared by depositing a
paper makin urni sh on a fgrgm nous formng wre such-as a Fourdrinier’
wire to forma wet web and thegn juxtaposgng the web against an array of
supports.” The—web-is—pressed agai nst the array of supports, thereby '
resulting in densified zones in the web at the | ocations geographically
corresponding to th®¥ points of contact between the array of supports and
the wet web. The renmi nder of the web not conpressed during this operation
is referred to as the higgh pulgHfield. This high bulk field can be further
dedensified by application of fluNd pressure, such as with a vacuumtype
device or a blowthrough dryer. Thesweb is dewatered, and optionally
predried, in such a nmanner so as to,Sbs€Har N3I-1(B)avoi® conpression of the
high bulk field. This is preferably acconplished by fluid pressure, such as
with a vacuumtype device orgbl oy/t hrough dryer, or alternately by
mechani cal |y pressing the meﬁeagainst an array of supports wherein the high
bulk field is not conpressed. The operations of dewatering, optional-
predrying and formation of the densified zones nay be integrated or

artially integrat 0.I C - I ;gg,ﬁ";
Ber for meé. Subgeqﬂgﬁf}ntegfﬁ%ép%@ﬁe@%tgr%'n'étg%gﬁd%gg%@n 'ggov@:' g?:?: g'g and
optional predryi ngfoup REMirures thegeolseaghRe substityenbis a é?’e‘f é??a grogarby

avoi di ng mechani cgloupserssbstijute@hgéimcattyygrolp onmixtures tigfreofoeadioBs 55% of t he

nul ti-layered tissycupanet SBY{AEs ROHREADRorBEs Or ShBdinkByY hidBeaidmy a

rel ative density ﬁf&ﬁf?ﬁ?‘%{h '255./%0?&(8?_@;_5 t(é;) .oé.té}e_ nhg_ ?ai -ko]; Led d.
(O) - NH -, and mixtures thereof; nis 1 to 4 and X" Is a suitable anion, for
example, chioride, bromide, methylsulfate, ethyl sulfate, nitrate and the

like; and

(b) from about 0.01% to about 3.0% of a polyhydroxy compound; preferably
selected from the group consisting of glycerol, sorbitols, polyglycerols having
a weight average molecular weight of from about 150 to about 800 and
polyoxyethylene glycols and polyoxypropylene glycols having a weight
average molecular weight from about 200 to 4000.

Preferably the weight ratio of the biodegradable quaternary ammonium
compound to the polyhydroxy compound ranges from about 1.0 : 0.1 10 0.1 :1.0.
It has been discovered that the biodegradable chemical softening composition is
more effective when the polyhydroxy compound is mixed with said biodegradable
quaternary ammonium compound at a temperature wherein said biodegradable
quaternary ammonium compound and said polyhydroxy compound are miscible.

Examples of preferred ester-functional quaternary ammonium compounds
suitable for use in the present invention include compounds having the formulas:

O
(CHa)z - N* - ((CHz)2- O - C - Ra)y cr



23 Th{e._.an\r..a.y.,‘QL_,__';‘_LJ_Q99{%8 is preferably an inprinting carrier fabric
having a pat’t@ﬂ@g@’;f ot it of knuckl es which operate as the array of
supports V\hi;gch“f"aé'iﬂ@glﬁmgfor mati on of the densified zones upon

appl i cation jof;-pressure. The pattern of knuckles constitutes the array of
supports pr viiouélwﬁwﬁﬂ%ed to. Inprinting carrier fabrics are disclosed -
in US. Patentt.No.. -3, 301, 74$, jSanford and Sisson, issued January 31, 1967.

U S. Patent {No. 3,821,068, Salvucci, Jrg et al- ., issued May 21,1974, U.S..
Patent No. 37974-825.—Ayers_|ssued August 10, 1976, U.S. Patent No.
3,573,164, Friedberg et al ., issued March 30, 1971. U.S. Patent No.

3,473,576, Ammeus, issued Cctober 21, 1969, U.S. Patent No. 4, 239, 065, '
Trokhan, issued B@wdenber 16, 1980, and U.S. Patent No. 4,528,239, Trokhan,
i ssued July 9, 1985, all of which are incorporated herein by reference.

)
Y]
(CHa)z2 - N* - (CH2)2- O - C-Rs cr
Ry

and

0

(CHg) (HO-(CH2)2) - N* - ((CH2)2- O - C- R3)2 CH3SO«

and

CH-CHz-Nt-(Ra)3 Cr

wherein each Rz substituent is a C1 - Cé alkyl or hydroxyalkyl group, benzyl group
or mixtures thereof; each Ry substituent is a C12 - C22 hydrocarbyl group, or
substituted hydrocarbyl group or mixtures thereof; each Rz substituentis a C11 -
C21 hydrocarbyl group, or substituted hydrocarbyl or mixtures thereof.

These compounds can be considered 10 be mono or diester variations of
the well-known dialkyldimethylammonium salts such as diester ditallow dimethy!
ammonium chloride, diester distearyl dimethyl ammonium chloride, monoester
ditallow dimethyl ammonium chioride, diester di(hydrogenated)taliow dimethyl
ammonium methylsulfate, diester di(hydrogenated)taliow dimethyl ammonium
chloride, monoester di(hydrogenated)tallow dimethyl ammonium chloride, and
mixtures thereof, with the diester varations of di{non hydrogenated)taliow dimethy!
ammonium chloride, Di(Touch Hydrogenated)Tallow DiMethyl Ammonium Chloride
(DEDTHTDMAC) and Di(Hydrogenated)Tallow DiMethyl Ammonium Chlornde
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depositing glycols having a weight average molecular weight of from about 200 to about 600

baing preferred.

The term binder refers to the various wet and dry strength additives, and
retention aids known in the art. These materials improve the lint resistance of the
tissue paper webs of the present invention as well as counteracting any decrease
in tensile strength caused by biodegradable chemical softening compositions.
Examples of suitable binder materials include permanent wet strength resins (i.e.
Kymene ® 557H marketed by Hercules Incorporated of Wilmington, DE),
temporary wet strength resins (i.e. National starch 78-0080 marketed by National
Starch and Chemical corporation of New-York, NY), dry strength resins (i.e. Acco
® 514, Acco ® 711 marketed by American Cyanamid company of Wayne, New
Jersey) and retention aid resins (i.e. Percol 175 marketed by Allied Colloids of -
Sulfolk, Virginia). "

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

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

BRIEF DESCRIPTION OF THE DRAWINGS

While the Specification concludes with claims particularly pointing out and
distinctly claiming the present invention, it is believed the invention is better
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Wi t hout 24 nechani cal
conpr essi on uht PI ‘lﬁ&ﬂ@@?bas" al fi ber consistency of at |east 80% and .

creping the b! Water is renpved fromthe web by vacuum dewatering. and.

t her mal dryan The Tesurty structure is a soft but weak high bulk sheet _
of relativel ylunconpacted fiberls. Bonding material is preferably applied to
portions of the web prior to creping. g = The mul ti-layered tissue paper
web of this invention can be used in any appllcatlon where soft, absorbent

e o 358y AR BTSSR, mr LR A
ti ssue and fdmwingst ingwhieh pr oducts. For exanple, two nulti-
Figure 1 is a schematic cross-sectional view of a three-layered single ply
toilet tissue in accordance with the present invention.
Figure 2 is a schematic cross-sectional view of a two-layered two-ply facial
tissue in accordance with the present invention.
The present invention is described in more detail below.

DETAILED DESCRIPTION OF THE INVENTION

While this specification concludes with claims particularly pointing out and
distinctly claiming the subject matter regarded as the invention, it is believed that
the invention can be better understood from a reading of the following detailed
description and of the appended examples.

As used herein, the term ®lint resistance” is the ability of the fibrous product,
and its constituent webs, to bind together under use conditions, particularly when
wel. In other words, the higher the lint resistancs is, the lower the propensity of the
web to lint will be.

As used herein, the term "binder” refers to the various wet and dry strength
resins and retention aid resins known in the paper making an.

As used herein, the term “water soluble® refers to materials that are soluble
in water 1o at least 3% at 25 °C.

As used herein, the terms “tissue paper web, paper web, web, paper sheet
and paper product” all refer to sheets of paper made by a process comprising the
steps of forming an aqueous papermaking furnish, depositing this furnish on a
foraminous surface, such as a Fourdrinier wire, and removing the water from the
fumish as by gravity or vacuum-assisted drainage, with or without pressing, and by
evaporation.

As used herein, an "aqueous paper making furnish” is an aqueous slurry of
paper making fibers and the chemicals described hereinafter.

As used herein, the term "multi-layered tissue paper web, multi-layered
paper web, multi-layered web, multi-layered paper sheet and multi-layered paper
product® all refer to sheets of paper prepared from two or more layers of aqueous
paper making fumish which are preferably comprised of different fiber types, the
fibers typically being relatively long softwood and relatively shont hardwood fibers
as used in tissue paper making. The layers are preferably formed from the
deposition of separate streams of dilute fiber slurries upon one or more endless
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Mol ecul ar Vi gliar making fibers used in this in9eAtlon. However, other cellulose 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 Chemi-ThermoMechanical Pulp (CTMP). Pulps
derived from both deciduous and coniferous trees can be used.

Both hardwood pulps and softwood pulps as well as blends of the two may
be employed. The terms hardwood pulps as used herein refers to fibrous pulp
derived from the woody substance of deciduous trees (angiosperms): wherein
softwood pulps are fibrous pulps derived from the woody substance of coniferous
trees (gymnosperms). Hardwood pulps such as eucalyptus are particularily
suitable for the outer layers of the mutlti-layered tissue webs described hereinafter,
whereas northem softwood Kraft pulps are preferrred for the inner layer(s) or
ply(s). Also applicable to the present invention are fibers derived from recycled
paper, which may contain any or all of the above categories as well as other non-
fibrous materials such as fillars and adhesives used 1o facilitate the original paper
making.

Biodegradable chemical softener compositions

The present invention contains as an essential component a mixture of a
biodegradable quaternary ammonium compound and a polyhydroxy compound.
The tratio of the biodegradable quaternary ammonium compound to the
polyhydroxy compound ranges from about 1.0 : 0.1 to 0.1 : 1.0; preferably, the
weight ratio of the biodegradable quaternary ammonium compound to the
polyhydroxy compound is about 1.0 : 0.3 to 0.3 : 1.0; more pretferably, the weight
ratio of the biodegradable quaternary ammonium compound to the polyhydroxy
compound is about 1.0 :0.7 to 0.7 : 1.0, although this ratio will vary depending
upon the molecular weight of the particular polyhydroxy compound and/or
biodegradable quaternary ammonium compound used.

Each of these types of compounds will be described in detail below.
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The biodegradable chemical softening composition contains as an essential
component from about 0.01% to about 3.00% by weight, preferably from about
0.01% to about 1.00% by weight of a biodegradable quaternary ammonium
compound, preferably biodegradable quaternary ammonium compounds having

tha formula:
R2 /(CHz)n -Y-Rj3
p N x-
R2 \«:Hz)n - Y -Ry
or
Rz\ /(CHz)n -Rs
/ Nt X
- \
or
Q
R3-C-0-CHz
>CH -CHz2-N*-(R2)a X
R3-C-0

wherein each R substituent is a C1 - Cs alkyl or hydroxyalky! group, benzyl group
or mixtures thereof; each Ry substituent is a C12 - C22 hydrocarbyl group, or
substituted hydrocarbyl group or mixtures thereof; each R substituent is a C11 -
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material having a variable composition. Tabie 6.13 in the above-identified
referance edited by Swem indicates that typically 78% or more of the fatty acids of
tallow contain 16 or 18 carbon atoms. Typically, half of the fatty acids present in
tallow are unsaturated, primarily in the form of oleic acid. Synthetic as well as
natural “tallows” fall within the scope of the present invention. It is also known that
depending upon the product characteristic requirements, the saturation level of the
ditaliow can be tailored from non hydrogenated (soft) 1o touch, partially or
completely hydrogenated (hard). All of above-described levels of saturations are
expressly meant to be included within the scope of the present invention.

It will be understood that substituents Ry, R2 and Ra may optionally be
substituted with various groups such as alkoxyl, hydroxyi, or can be branched, but
such materials are not preferred herein. Preferably, each Ry is C12-C18 alkyl and /
or alkenyl, most preferably each Ry is straight-chain C16 - C18 alkyl and / or
alkenyl. Preferably, each Rz is methyl or hydroxyethyl. Preferably R3 is C13 -C17
alkkyl and / or alkenyl, most preferably Rjis straight chain C15- C17 alkyl and / or
alkenyl, and X" is chioride or methyl sulfate. Furthermore the ester-functional
quaternary ammonium compounds can optionally contain up to about 10% of the
mono(long chain alkyl) derivatives, e.g., (R2)2 - N* - ((CH2)20H) ((CH2)20C(O)Ra)

X- as minor ingredients. These minor ingredients can act as emulsifiers and are
useful in the present invention.

Specific examples of ester-functional quaternary ammonium compounds
having the structures named above and suitable for use in the present invantion
include the well-known diester dialkyl dimethyl ammonium salts such as diester
ditallow dimethyl ammonium chloride, monoester ditallow dimethyl ammonium
chloride, diester ditallow dimethyl ammonium methyl sulfate, diester
di(hydrogenated)taliow dimethyl ammonium methyl sulfate, diester
di{hydrogenated)taliow dimethyl ammonium chloride, and mixtures thereof. Diester
ditallow dimethyl ammonium chloride and diester di(hydrogenated)taliow dimethyl
ammonium chloride are panticularly preferred. These particular matenals are
available commercially from Sherex Chemical Company Inc. of Dublin, Ohio under
the tradename "ADOGEN DDMC @~
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9 (F}z)z (Ra2)2 9
Ra-C-0-(CHz)2- N*- (CHa)n- N*-(CHg)2-0O-C-R3 2X

In the structure named above each Rz is a C1 - Ce alkyl or hydroxyalky!
group, R3 is C11-C21 hydrocarby! group, nis 2 to 4 and X" is a suitable anion,
such as an halide {e.g., chloride or bromide) or methyl sulfate. Preferably, each
Rj is C13-C17 alkyl and / or alkenyl, most preferably each Rj is straight-chain C15 -
C17 alkyl and/ or alkenyl, and Rz is a methyl.

B. Polyhydroxy Compound

The biodegradable chemical softening composition contains as an essential
component from about 0.01% to about 3.00% by weight, preferably from about
0.01% to about 1.00% by weight of a polyhydroxy compound.

Examples of polyhydroxy compounds useful in the present invention include
glycerol, sorbitols, polyglycerols having a weight average molecular weight of from
about 150 to about 800 and polyoxyethylene glycols and polyoxypropylene glycols
having a weight average molecular weight of from about 200 to about 4000,
preferably from about 200 to about 1000, most preferably from about 200 to about
600. Polyoxyethylene glycols having an weight average molecular weight of from
about 200 to about 600 are especially preferred. Mixtures of the above-described
polyhydroxy compounds may also be used. For example, mixtures of glycerol and
polyoxyethylene glycols having a weight average molecular weight from about 200
to 1000, more preferably from about 200 to 600 are useful in the present
invention. Preferably, the weight ratio of glycerol to polyoxyethylene glycol ranges
from about 10 : 1 to 1: 10.

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

The biodegradable chemical softening composition described above i.e.
mixture of a biodegradable quaternary ammonium compounds and a polyhydroxy
compound are preferably diluted 1o a desired concentration to form a dispersion of
the quat and polyhydroxy compounds belore being added 1o the aqueous slurry of
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ener gy sour c@ gfRatesdefajl p@maﬂer in Example 1, consnsts of first heating the polyhydroxy
compound to a temperature of about 66 °C (1 50°F), and then adding the
biodegradable quaternary ammonium compound to the hot polyhydroxy compound
to form a homogenous fluid. The weight ratio of the quaternary ammonium
compound 10 the polyhydroxy compound ranges from about 1.0 : 0.1 t0 0.1 : 1.0;
preferably, the weight ratio of the biodegradable quaternary ammonium
compound 1o the polyhydroxy compound is about 1.0 : 0.3 to 0.3 : 1.0; more
preferably, the weight ratio of the biodegradable quaternary ammonium
compound 10 the polyhydroxy compound is about 1.0 : 0.7 t0 0.7 : 1.0, although
this ratio will vary depending upon the molecular weight of the polyhydroxy
compound and/or biodegradable quaternary ammonium compound used.

It has unexpectedly been found that the adsorption of the polyhydroxy
compound onto paper is significantly enhanced when it is premixed with the
biodegradable quaternary ammonium compound and added 1o the paper by the
above described process. In fact, at least 20% of the polyhydroxy compound and
the biodegradable quatermary ammonium compound added to the fibrous cellulose
are retained; preferably, the retention levei of biodegradable quaternary
ammonium compound and the polyhydroxy compound is from about 50% to about
90% of the added levels.

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 DiEster
Di(Touch Hardened)Tallow DiMethy! Ammonium Chloride (DEDTHTDMAC), and
polyoxyethylene glycol 400 were studied.
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quaternary ammonium compound promoles the adsorption of the polyhydroxy
compound onto paper.

DEDTHTDMAC (DiEster Di(Touch Hardened)Tallow DiMethyl Ammonium
Chioride) exist as a mixture of liquid crystalline and crystalline phases, at
equilibrium. X-ray data indicate that commercial DEDTHTDMAC is, in fact, a
liquid crystalline phase showing no evidence of crystalline states.

Mixtures of DEDTHTDMAC with PEG-400.

' Phase studies of these two materials using the step-wise dilution method
demonstrate that their physical behavior is similar 1o that of di{hydrogenated)taliow
dimethyl ammonium chloride. These compounds are miscible over a wide range
of temperatures (2 50 °C), which indicates that dispersions may be prepared from
these mixtures over a comparable range of temperatures. No upper temperature
limit of miscibility exists. The X-ray data show that a mixture of crystal and liquid
phases do, in fact, exist in DEDTHTDMAC / PEG-400 mixtures.

Mixtures of DEDTHTDMAC with glycerol.

A 1 :1 weight ratio mixture of DEDTHTDMAC and glycerol appears (from
direct observation and X-ray data) to be a liquid phase. While glycerol is capable
of forming liquid crystal phases in combination with other surfactants, it appears
not to do so in this system at this composition.

Mixtures of DEDHTDMAC with PEG-400.

Phase studies of these two materials using the step-wise dilution method
demonstrate that their physical behavior is similar to that of DEDTHTDMAC.
These compounds are miscible over a wide range of temperatures (> 67 °C),
which indicates that dispersions may be prepared from these mixtures over a
comparable range of temperatures. No upper temperature limit of miscibility exists.
Physlcal state of mixtures of quats / polyhydroxy compounds / water.

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
ester-functional quaternary ammonium salt are miscible, with water. Neither
DEDTHTDMAC nor DEDHTDMAC are soluble in water, so the dilution of either
dry phase with water will precipitate the ester-functional quaternary ammonium
compound as small particles. The polyhydroxy compound is soluble with water in
all proportions, so it is not precipitated.

The addition of mixtures of about equal parts ot DEDTHTDMAC and
polyhydroxy compounds (8.g. glycerol, PEG-400 etc. ...) to water, so as to form a
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temperatures.
Cryoelectron microscopy demonstrates that the particles present are about
0.1 to 1.0 micrometers in size, and highly varied in structure. Some are sheets
(curved or flat), while others are closed vesicles. The membranes of all these
particles are bilayers of molecular dimensions in which the head groups are
exposed o 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 ester-functional 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 likety 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. Preferably, the
biodegradable chemical softening compositions described herein are used before
the equilibrium state has been attained.
It is believed that the vesicles containing biodegradable quats and
polyhydroxy compounds (e.g. glycerol, PEG-400 etc. ...) break apart upon drying
of the fibrous cellulosic material. Once the vesicle is broken, the majority of the
PEG component may penetrate into the interior of the cellulose fibers where it
enhances the fiber flexibility. Importantly, some of the PEG is retained on the
surface of the fiber where it acts to enhance the absorbency rate of the cellulose
fibers. Due to ionic interaction, the cationic portion of the biodegradable quats



_ o ‘n:'lf“% ma
Opt i onal J:%r”éfdﬁuéﬁ Vi u_* Q her chem cals comonly used i n paper making
can be ad to the bi odégradabl e chem cal softening corrp05|t|on descrl bed
herei n, or! tso' @AB@F?@% maki ng furnish so long as they do not

Si gnlflcijtlly and adversel'y affect the softening, absorbency of the
fibrous T~at--and- eﬂhénm ng actions of the biodegradable chem cal
sof t eni ng acorrp05|t|on i For exanple, surfactants may be used to

treat the milti-T ayered tissue paper \Mggs of the present invention. The
| evel of surfactant. if used, is prefer ' -

28

component stays on the 'suriace of the cellulose fiber, where it enhances the
surface fee! and softness of the paper product.

Binder materials

The present invention contains as an essential component {from about 0.01%
to about 3.0%, preferably from about 0.01% to about 1% by weight of a binder
material selected from the group consisting of permanent wet strength resins,
temporary wet strength resins, dry strength resins, retention aid resins and
mixtures thereof. The binder materials act to control linting and aiso to offset the
loss in tensile strength, if any, resulting from the biodegradable chemical softener
compositions.

It permanent wet strength is desired, the binder materials can be chosen
from the following group of chemicals: polyamide-epichlorohydrin,
polyacrylamides, styrene-butadiene latexes; insolubilized polyvinyl alcohol; urea-
formaldehyde; polyethyleneimine; chitosan poiymers and mixtures thereof.
Polyamide-epichlorohydrin resins are cationic wet strength resins which have
been found to be of particular utility. Suitable types of such resins are described in
U.S. Patent No. 3,700,623, issued on October 24, 1972, and 3,772,076, issued on
November 13, 1973, both issued 1o Keim and both being hereby incomporated by
reference. One commercial source of a useful polyamide-epichiorohydrin resins is
Hercules, Inc. of Wilmington, Delaware, which markets such resin under the mark
Kymeme ® 557H.

Polyacrylamide resins have also been found 1o be of utility as wet strength
resins or retention aids. These resins are described in U.S. Patent No. 3,556,932,
issued on January 19, 1971, to Coscia, et al. and 3,556,333, issued on January
19, 1971, to Williams et al., both patents being incorporated herein by referencse.
One commercial source of polyacrylamide resins is American Cyanamid Co. of
Stanford, Connecticut, which markets one such resin under the mark Parez ® 631
NC. Other commaercial sources of cationic polyacrylamide resins are Allied
Colloids of Sulfolk, Virginia, and Hercules, Inc. of Wilmington, Delaware, which
markets such resins under the marks Percol ® 175 and Reten ® 1232,

Stili other water-soluble cationic resins finding utility in this invention are urea
formaldehyde and melamine formakiehyde resins. The more common functional
groups of these polyfunctional resins are nitrogen containing groups such as
amino groups and methylol groups attached to nitrogen. Polyethylenimine type
resins may also find utility in the present invention.
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that can be US 3? u su antially waterless self-enul'sifiable
bi odegr adabl en%mpeawia?@gﬁ& ?%{H‘B%%I tion conprising a mixture of DiEster
Di (Touch Har denet)drpl strengii Medésitediithe hiindar GhdterialdecqrobBRHPBRAGIOM P
Pol yoxyet hyl gigwidgYgiBlip 6PMaterials: polyacrylamide (such as combinations of Cypro 514
and Accostrength 711 produced by American cyanamid of Wayne, N.J.); starch
(such as corn starch or potato starch); polyvinyl alcohol (such as Airvol 540
produced by Air Products Inc of Allentown, PA); guar or locust bean gums;
polyacrylate latexes; and/or carboxymethyl celluiose (such as Aqualon CMC-T
from Aqualon Co., Wilmington, DE). In general, suitable starch for practicing the
present Invention is characterized by water solubility, and hydrophilicity.
Exemplary starch materials include corn starch and potato starch, albeit it is not
intended to thereby limit the scope of suitable starch materials; and waxy com
starch that is known industrially as amioca starch is particularly preferred. Amioca
starch ditfers from common corn starch in that it is entirely amylopectin, whereas
common corn starch contains both amplopectin and amylose. Various unique
characteristics of amioca starch are further described in "Amioca - The Starch
from Waxy Corn®, H. H. Schopmeyer, food Industries, December 1945, pp. 106-
108 (Vol. pp. 1476-1478). The starch can be in granular or dispersed forn abbeit
granular form is preferred. The starch is preferably sutficiently cooked to induce
swelling of the granules. More preferably, the starch granules are swollen; as by
cooking, 10 a point just prior to dispersion of the starch granule. Such highly
swollen starch granules shall be referred 10 as being “fully cooked". The conditions
for dispersion in general can vary depending upon the size of the starch granules,
the degree of crystallinity of the granules, and the amount of amylose present.
Fully cooked amioca starch, for example, can be prepared by heating an aqueous
slurry of about 4X consistency of starch granules at about 190 °F (about 88 °C) for
between about 30 and about 40 minutes. Other exemplary starch materials which
may be used include modified cationic starches such as those modified to have
nitrogen containing groups such as amino groups and methylol groups attached to
nitrogen, available from Nationa! Starch and Chemical Company, (Bridgewater,
New Jersey). Such modified starch materials are used primarily as a pulp furnish
additive 1o increase wet and/or dry strength. Considering that such modified starch
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reference to application of other chemical additives preferably by wet end addition,
spraying; and, less preferably, by printing. The binder may be applied to the tissue
paper web alone, simultaneously with, prior to, or subsequent to the addition of
softener, absorbency, and/or agsthetic additives. At least an effective amount of a
binder, preferably starch, to provide lint control and concomitant strength increase
upon drying relative 1o a non-binder treated but otherwise identical sheet is
preferably applied to the sheet. Preferably, between about 0.01% and about 3.0%
of a binder is retained in the dried sheet, calculated on a dry fiber weight basis;
and, more preferably, between about 0.1% and about 1.0% of a binder matenial,
preferably starch-based, is retained.

The second step in the process of this invention is the depositing of the
multi-layered paper making furnish using the above described chemical softener
composition and binder matenals as additives on a foraminous surface and the
third step is the removing of the water from the fumish so deposited. Techniques
and equipment which can be used 10 accomplish these two processing steps will
be readily apparent to those skilled in the paper making ant. Preferred multi-
layered tissue paper embodiments of the present invention contain from about
0.01% 1o about 3.0%, more preferably from about 0.1% to 1.0% by weight, on a
dry fiber basis of the biodegradable chemical soflening composition and binder
materials described herein. .

The present invention is applicable to multi-layered tissue paper in general,
including but not limited to conventionally felt-pressed multi-layered tissue paper;
high bulk patiern densified multi-layered tissue paper; and high bulk, uncompacted
multi-layered tissue paper. The multi-layered 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 or more layers of furnish which are preferably comprsed 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 multi-layered tissue paper
making, upon one or more endless foraminous screens. If the individual layers are
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to the desi r1e 0 g/Crr? and about 65 g/m2, and density of about 0.60 g/cm3 or less. Preferably,
basis weight will be balow about 35 g/m? or less; and density will be about 0.30 g/
cm3 or less. Most preferably, density will be between 0.04 glcm3 and 0.20 glcm3.
The multi-layered tissue paper webs of the present invention comprise at
least two superposed layers, a first layer and at least one second layer contiguous
with the first layer. Preferably, the muli-layered tissue papers comprise three
superposed layers, an inner or center layer, and two outer layers, with the inner
layer located between the two outer layers. The two outer layers preferably
comprise a primary filamentary constituent of about 60% or more by weight of
relatively short papar making fibers having an average fiber between about 0.2
and about 1.5 mm. These shont paper making fibers are typically hardwood fibers,
preferably, eucalyptus fibers. Alternatively, low cost sources of short fibers such as
sulfite fibers, thermomechanical pulp fibers, chemi-thermomechanical pulp fibers,
recycled fibers including fibers fractionated {rom recycled fibers, and mixtures
thereof can be used in one or both of the outer layers or blended in the inner layer,
if desired. The inner layer preferably comprises a primary filamentary constituent
of about 60% or more by weight of relatively long paper making fibers having an
average fiber length of least about 2.0 mm. These long paper making fibers are
typically softwood fibers, preferably, northern softwood Kraft fibers. Figure 1 is a
schematic cross-sectional view of a three-layered single ply toilet tissue in
accordance with the present invention. Referring to figure 1, the three layered
single ply web 10, comprises three superposed layers, inner layer 12 , and two
outer layers 11. Outer layers 11 are comprised primarily of short paper making
fibers 16; whereas inner layer 12 is comprised primarily of long paper making
fibers 17.
in an alternate preferred embodiment of the present invention, mukli-ply
tissue paper products are formed by placing at least two multi-layered tissue
paper webs in juxtaposed relation. For example, a two-ply tissue paper product
can be made comprising a first two-layered tissue paper web and a second two-
layered tissue paper web in juxtaposed relation. In this example, each ply is a
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sectional view of a two-layered two-ply facial tissue in accordance with the present

invention. Referring o figure 2, the two-layered two- ply web 20, is comprised of

two plies 15 in juxtaposed relation. Each ply 15 is comprised of inner layer 19,

and outer layer 18. Outer layers 18 are comprised primarily of short paper

making fibers 16; whereas inner layers 19 are comprised primarily of long paper

making fibers 17. Similarly three-ply tissue paper products can be made by placing

three multi-layered tissue paper webs in juxtaposed relation.

It should not be inferred from the above discussion that the present
invention is limited 1o tissue paper products comprising three-layers -- single ply
or two-plys -- two layers, etc. Tissue paper products consisting of three or more
plys in combination with each ply consisting of one or more layers are also
expressly meant to be included within the scope of the present invention.

Preferably, the majority of the biodegradable quaternary ammonium
compound and the polyhydroxy compound is contained in at least one of the
outer layers of the multi-layered tissue paper web of the present invention. More
preferably, the majority of the biodegradable quaternary ammonium compound
and the polyhydroxy compound is contained in both of the outer layers. It has
been discovered that the biocdegradable chemical softening composition is most
effective when added to the outer layers or plies of the tissue paper products.
There, the mixture of the biodegradable quaternary compound and polyhdroxy
compound act to enhance both the sofiness and the absorbency of the multi-
layered tissue products of the present invention. Referring to figures 1 and 2, the
biodegradable chemical softening composition comprising a mixture of the
biodegradable quaternary ammonium compound and the polyhdroxy compound is
schematically represented by dark circles 14. It can be seen in figures 1 and 2
that the majority of the biodegradable chemical softening composition 14 is
contained in outer layers 11 and 18, respectively.

However, it has also been discovered that the lint resistance of the
multilayered tissue paper products decreases with the inclusion of the
biodegradable quaternary ammonium compound and the polyhdroxy compound.
Therefore, binder materials are used for linting control and to increase the tensile
strength. Preferably, the binder is contained in the inner layer and at least one of
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vacuum boxes. tWheuteblayensiohithe multirlayared grodiicts- shed, satin weave '
configuration haviTige @émbirdtiohcofdihechibdegradatie Themicalssoftenitignecmposition on
monof i [ament s cBﬁarprising a biodegradable quaternary ammonium compound and a polyhdroxy
compound in conjunction with a binder material results in a tissue paper product
having superior softness, absorbency, and lint resistance properies. Selectively
adding the majo'rity of the biodegradable chemical softening composition to the
outer layers or plys of the tissue paper, enhances its effectiveness. Typically the
binder materials are dispersed throughout the tissue sheet to control linting.
However, like the biodegradable chemical softening composition, the binder
materials can be selectively added where most needed.
Conventionally pressed multi-layered tissue paper and methods for making
such paper are known in the art. Such paper is typically made by depositing paper
.making furnish on a foraminous forming wire. This forming wire is often referred to
in the arnt as a Fourdrinier wire. Once the furnish is deposited on the forming wire, it
is referred 1o as a web. The web is dewatered by transferring to a dewatering felt,
pressing the web and drying at elevated temperature. The particular techniques
and typical equipment for making webs according to the process just described are
waell known to those skilled in the ant. 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 consistency of between about 7%
and about 25% (total web weight basis) by vacuum dewatering and further
dewatered by pressing operations wherein the web is subjected 1o pressure
developed by opposing mechanical members, for example, cylindrical rolls.
The dewatered web is then further pressed during transfer and being 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 between the
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referred to as knuckle regions. The densified zones may be discretely spaced
within the high bulk field or may be interconnected, either fully or partially, within
the high bulk field. Preferred processes for making pattern densified tissue webs
are disclosed in U.S. Patent No. 3,301,746, issued to Sanford and Sisson on
January 31, 1867, U.S. Patent No. 3,974,025, issued to Peter G. Ayers on August
10, 1976, and U.S. Patent No. 4,191,609, issued to Paul D. Trokhan on March 4,
1980, and U.S. Patent 4,637,859, issued to Paul D. Trokhan on January 20, 1987;
all of which are incorporated herein by reference.

In general, pattern densified webs are preferably prepared by depositing a
paper making 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 supports, thereby resutting 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 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 fluid pressure, such as with a
vacuum type device or a blow-through dryer. The web is dewatered, and optionally
predried, in such a manner so as to substantially avoid comprassion 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 dewatering, optional predrying and formation of the
densified zones may be integrated or parially integrated to reduce the total
number of processing steps parformed. Subsequent to formation of the densified
zones, dewatering, and optional predrying, the web is dried 10 completion,
preferably still avoiding mechanical pressing. Preterably, from about 8% to about
55% of the multi-layered tissue paper surface comprises densified knuckles having
a relative density of at least 125% of the density of the high bulk field.
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t enper at ur e opatwrowd! khockles rdoGstuEs [he ArEY . oiTSupportst prévioiustyurederdred tden
di spersed in g o0 LiRBEELNA! So distiksddRhlU.S, PARAPREAS B0 ¢, 746 fartérdddd t O
forma sub-m girs.(s)gn.\{sg%leg Jgnuary 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
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 No. 4,528,233, 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 turnish 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 10 a selected
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
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
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 multi-layered 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, 1874 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
pattern densified multi-layered tissue paper structures are prepared by depositing
a paper making fumish on a foraminous forming wire such as a Fourdrinier wire to
form a wet web, draining the web and removing additional water without
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Particularly advantageous uses of the multi-layered tissue paper web of this
invention are in toilet tissue and facial tissue products. For example, two multi-
layered tissue papar webs of this invention can be ply-bonded to form 2-ply facial
or toilet tissue products.

Molecular Weight Determination

A. Introduction

The essential distinguishing characteristic of polymeric materials is their
molecular size. The properties which have enabled polymers to be used in a
diversity of applications derive almost entirely from their macro-molecular nature.
In order fo characterize fully these matenals 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
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.

B. Molecular weight averages

If we consider a simple molecular weight distribution which represents the
waeight fraction (wj) of molecules having relative 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 particular size (M;) gives the Number Average
Molecular Weight

Mnp = ZNi M
X Ni

An important consequence of this definition is that the Number Average
Molecular Weight in grams contains Avogadro's Number of molecuies.
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Z W Z NiMj

M 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 biodegradable treatment chemicals used herein
or retained on tissue paper webs can be performed by any method accepted in the
applicable an.

A. Quantitative analysis for ester-functional quaternary ammonium
and polyhydroxy compounds

For example, the level of the ester-functional quaternary ammonium
compound, such as DiEster Di(Hydrogenated)Tallow DiMethyl Ammonium
Chloride {(DEDHTDMAC) (i.e., ADOGEN DDMC®), retained by the tissue paper
can be determined by solvent extraction of the DEDHTDMAC by an organic
solvent followed by an anionic/cationic titration using Dimidium Bromide as
indicator; the level of the polyhydroxy compound, such as PEG-400, can be
determined by extraction in an aqueous solvent such as water followed by gas
chromatography or colorimetry techniques to determine the level of PEG-400 in
the extract. These methods are exemplary, and are not meant 1o exclude other
methods which may be useful for determining levels of particular components
retained by the tissue paper.

B. Hydrophilicity (absorbency)

Hydrophilicity of multi-layered tissue paper refers, in general, to the
propensity of the multi-layered tissue paper to be wetted with water. Hydrophilicity
of multi-layered tissue paper may be somewhat quantified by determining the
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chem cal softener, GRIMRRSHL Mladdink fRP (£ juah8EdY Qfhnters, and then crumpled
into a ball approximately 0.75 inches (about 1.9 cm) 1o about 1 inch (about 2.5 cm)
in diameter: third, the balled sheet is placed on the suriace of a body of distilled
water at 23 % 1°C and a timer is simultaneously started; fourth, the timer is
stopped and read when wetﬁng of the ballied sheet is completed. Complete wetting
is observed visually. :
Hydrophilicity characters of multi-layered 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 multi-layered 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®.
C. Blodegradable
Suitable substantially waterless seli-emuisifiable biodegradable chemical
softening composition for use in the present invention are biodegradable. As used
herein, the term °biodegradability® refers to the complete breakdown of a
substance by microorganisms to carbon dioxide, water, biomass, and inorganic
materials. The biodegradation potential can be estimated by measuring carbon
dioxide evolution and dissolved organic carbon removal from a medium containing
the substance being tested as the sole carbon and energy source and a dilute
bacterial inoculum obtained {rom the supernatant of homogenized activated
sludge. See Larson, *Estimation of Biodegradation Potential of Xenobiotic Organic
Chemicals,” Applied and Environmental Microbiology, Volume 38 (1978), pages
1153-61, which describes a suitable method for estimating biodegradability. Using
this method, a substance is said to be readily biodegradable if it has greater than
70% carbon dioxide evolution and greater than 30% dissolved organic carbon
removal within 28 days. The softeners used in the present invention meet such
biodegradability critena.
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Dry lint

Dry lint can be measured using a Sutherland Rub Tester, a piece of black
felt, a four pound weight and a Hunter Color meter. The Sutherland tester is a
motor-driven instrument which can stroke a weighted sample back and forth
across a stationary sample. The piece of black felt is attached to the four pound
weight. The tester then rubs or moves the weighted felt over a stationary issue
sample for five strokes. The Hunter Color L value of the black felt is determined
before and after rubbing. The difference in the two Hunter Color readings
constitutes a measurement of dry linting. Other methods known in the prior arts
for measuring dry lint also can be used.
Wet lint

A suitable procedure for measuring the wet linling property of tissue
samples is described in U.S. Patent No. 4,950,545; issued 10 Walter et al., on
August 21, 1990, and incorporated herein by reference. The procedure essentially
involves passing a tissue sample through two steel rolls, one of which is partially
submerged in a water bath. Lint from the tissue sample is transferred to the stee!
roll which is moistened by the water bath. The continued rotation of the steel roll
deposits the lint into the water bath. The lint is recovered and then counted. See
col. 5, line 45 - col. 6, line 27 of the Walter et al. patent. Other methods known in
the prior art for measuring wet lint also can be used.

Optional Ingredients

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

* biodegradable chemical softening composition.

For example, surfactants may be used to treat the multi-layered tissue

paper webs of the present invention. The level of surfactant, if used, is preferably
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The mul ti-| ayer edfhe 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. _

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 to illustrate a method that can be used to
make-up a substantially waterless self-emulsifiable biodegradable chemical
softener composition comprising a mixture of DiEster Di(Touch Hardened)Tallow
DiMethyl Ammonium Chioride (DEDTHTDMAC) and Polyoxyethylene Glycol 400
{PEG-400).

A wateriess selfi-emulsifiable biodegradable chemical softener composition
is prepared according 10 the following procedure : 1. An equivalent weight of
DEDTHTDMAC and PEG-400 is weighed separately; 2. PEG is heated up to
about 66 °C (150 °F); 3. DEDTHTDMAC is dissolved in the PEG to form a
melted solution at about 66 °C (150 °F); 4. Adequate mixing is provided to form a
homogenous mixture of DEDTHTDMAC in PEG; 5. The homogenous mixture of
(4) is cooled down 1o a solid form at room temperature.

The substantially waterless self-emulsifiable biodegradable chemical
softener composition of (5) can be pre-mixed (steps 1-5 above) at the chemical
supplier (e.g. Sherex company of Dublin, Ohio) and then economically shipped to
the ultimate users of the biodegradable chemical softening composition where it
can then be diluted to the desired concentration.
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0. 1% of tHe |bi odegr adabl e{chemi cal softener mixture, about 0.1%of the dry
strength dedi n18nalJGgt 0. 05% of the retention aid resin: Inportantly, the
resul ting!mhlti-layered tissue paper is soft, absorbent,.has good Iint
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EXAMPLE 6 bt The purpose of this exanple is to illustrate a nethod
using a blow through drying and | ayer paper maki ng techni ques t.o nake
soft, absorbent and lint resistance fatial nulti-layered tissue paper

treated with a chem cal softener conposition conprising D Ester Di(Touch
Har dened) Tal | ow Di Met hyl Anmoni um CBXK8MPAE 2 DEDTHTDMAC) and a |
Pol yoxyet hyl ene d ycol 400 (PEG 400), a permanent wet strength resin and a

retention aiTrC\ie &5%%%8'01 th}géxz}mple is 10 illustrate @ method that can be used to make-up
a substantially waterless self-emulsifiable biodegradable chemical softener
composition which comprises a mixture of DiEster Di(Touch Hardened)Tallow
DiMethyl Ammonium Chioride (DEDTHTDMAC) and a mixture of Glycerol and
PEG-400.

A substantially waterless self-emulsifiable biodegradable chemical soﬂener_
composition is prepared according to the following procedure : 1. A mixture of
Glycerol and PEG-400 is blended at about 75 : 25 by weight ratio; 2. Equivalent
weights of DEDTHTDMAC and the mixture of (1) are weighted separately; 3.
Mixture of (1) is heated up to about 66 °C (150 °F); 4. DEDTHTDMAC is
dissolved in (3) to form a melted solution at 66 °C (150 °F); 5. Adequate mixing
is provided to form a homogenous mixture of DEDTHTDMAC in (3); 6. The
homogenous mixture of (5) is cooled down to a solid form at room temperature.

The substantially waterless seli-emulsifiable biodegradable chemical
softenar composition of (6) can be pre-mixed (steps 1-6 above) at the chemical
supplier {6.g. Sherex company of Dublin, Ohio) and then economically shipped to
the ultimate users of the biodegradable chemical softening composition where it
can then be diluted to the desired concentration.

EXAMPLE 3

The purpose of this example is to illustrate a method using blow through
drying and layered paper making techniques to make soft, absorbent and lint
resistance toilet multi-layered tissue paper treated with a chemical softener
composition comprising DiEster Di(Touch Hardened)Tallow DiMethyl Ammonium
Chloride (DEDTHTDMAC) and a Polyoxyethylene Glycol 400 (PEG-400) and a
temporary wet strength resin.

A pilot scale Fourdrinier paper making machine is used in the practice of the
present invention. First, the chemical softener composition is prepared according
to the procedure in Example 1 wherein the homogenous premix of DEDTHTDMAC
and polyhydroxy compounds in solid state is re-melted at a temperature of about
66 °C (150°F). The melted mixture is then dispersed in a conditioned water tank
(pH ~ 3, Temperature ~ 66 °C) to form a sub-micron vesicle dispersion. The
particle size of the vesicle dispersion is determined using an optical microscopic
technique. The particle size range is from about 0.1 to 1.0 micron.
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the fan punpNew-York, NYhis addegitedhd Euealytusisiock pipe briotedhe migek puspostsa
Eucal ypt us) iateldt endedyivweighthst the ey fisets;cardi alaposoiltish ohthe tlodegradibilei er
wire to for mcﬁ&nﬁgpgoﬁgﬂ.éfmw&’re is added to the Eucalyptus stock pipe before the in-line
mixer at a rate of 0.2% by weight of the dry fibers. 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 Fourdrinier wire to form an embryonic web.
Dewatering occurs through the Fourdrinier wire and is assisted by a deflector and
vacuum boxes. The Fourdrinier wire is of a 5-shed, satin weave configuration
having 84 machine-direction and 76 cross-machine-direction monofilaments per
inch, respectively. The embryonic wet web is transferred from the photo-polymer
wire, at a fiber consistency of about 15% at the point of transfer, 10 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 wab is then adhered 1o the surface of a Yankee dryer with a
sprayed creping adhesive comprising 0.25% aqueous solution of Polyviny! Alcohol
(PVA). The fiber consistency is increased to an estimated 96% before the dry
creping the web with a doctor blade. The doctor blade has a bevel angle of about
25 degrees and is positioned with respect to the Yankee dryer to provide an
impact angle of about 81 degrees: the Yankee dryer is operated at about 800 fpm
(feet par minute) (about 244 meters per minute). The dry web is formed into roll at
a speed of 700 fpm (214 meters per minutes).
The web is converted into a one ply multi-layered tissue paper product. The
multi-layered tissue paper has about 18 #/3M Sq Ft basis weight, contains about
0.2% of the biodegradable chemical softener mixture and about 0.3% of the
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EXAMPLE 4

The purpose of this example is to illustrate a method using a biow through
drying paper making technique to make soft, absorbent and lint resistance toilet
mutti-layered tissue paper treated with a chemical softener composition comprising
DiEster Di(Touch Hardened)Tallow DiMethyl Ammonium Chloride
(DEDTHTDMAC) and a mixture of polyhydroxy compound (Glycerot / PEG-400)
and a dry strength additive resin.

A pilot scale Fourdrinier paper making machine is used in the practice of
the present invention.  First, the chemical softener composition is prepared
according to the procedure in Example 2 wherein the homogenous premix of
DEDTHTDMAC and polyhydroxy compounds in solid state is re-melted at a
temperature of about 66 °C (150 °F). The meked mixture is then dispersed in a
conditioned water tank (pH ~3, Temperature ~ 66 °C) to form a sub-micron vesicle
dispersion. The particle size of the vesicle dispersion is determined using an
optical microscopic technique. The particle size range is from about 0.1 10 1.0
micron.

Second, a 3% by weight aqueous slurry of NSK is made up in a
conventional re-pulper. The NSK slurry is refined gently and a 2% solution of the
dry strength resin (i.e. Acco ® 514, Acco ® 711 marketed by American Cyanamid
company of Fairfield, OH) is added to the NSK stock pipe at a rate ot 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 10 about 0.2% consistency
at the tan pump.

Third, a 3% by weight aqueous slurry of Eucalyptus fibers is made up in a
conventional re-pulper. A 2% solution of the dry strength resin (i.e. Acco ® 514,
Acco ® 711 marketed by American Cyanamid company of Fairfiekd, OH) is added
to the Eucalyptus stock pipe before the stock pump at a rate of 0.1% by weight of
the dry fibers; and a 1% solution of the biodegradable chemical softener mixture is
added to the Eucalyptus stock pipe before the in-line mixer at a rate of 0.2% by

weight of the dry fibers. The Eucalyptus slurry is diluted to about 0.2% consistency
al the fan pump.
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tissues. Dewalering occurs through the Fourdrinier wire and is assisted by a deflector and
vacuum boxes. The Fourdrinier wire is of a 5-shed, salin weave configuration
having 84 machine-direction and 76 cross-machine-direction monofilaments per
inch, respectively. The embryonic wet web is transferred from the photo-polymer
wire, at a fiber consistency of about 15% at the point of transfer, to a photo-
polymar fabric having 562 Linear Idaho cells per square inch, 40 percent knuckle
area and 9 mils of photo-polymer depth. Further de-watering is accomplished by
vacuum assisted drainage until the web has a fiber consistency of about 28%.
The patterned web is pre-dried by air blow-through to a fiber consistency of about
65% by weight. The web is then adhered to the surface of a Yankee dryer with a
sprayed creping adhesive comprising 0.25% aqueous solution of Polyvinyl Aicohol
(PVA). The fiber consistency is increased to an estimated 96% before the dry
- creping the web with a doctor blade. The doctor blade has a bevel angle of about
25 degrees and is positioned with respect to the Yankee dryer to provide an
impact angle of about 81 degrees; the Yankee dryer is operated at about 800 fpm
(fest 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 info multi-layered tissue paper products
and laminating them together using ply bonded technique. The multi-layered
tissue paper has about 23 #/3M Sq Ft basis weight, contains about 0.1% of the
biodegradable chemical softenar mixture and about 0.2% of the dry strength resin.
importantly, the resultling multi-layered tissue paper is soft, absorbent, has good
lint resistance and is suitable for use as facial and/or toilet tissues.

EXAMPLE 5

The purpose of this example is to illustrate a method using a conventional
drying paper making technique to make soft, absorbent and lint resistance toilet
multi-layered tissue paper treated with a chemical softener composition comprising
DiEster Di(Touch Hardened)Tallow DiMethyl Ammonium Chloride
(DEDTHTDMAC) and a Polyoxyethylene Glycol 400 (PEG-400), a dry strength
additive and a cationic polyacrylamide additive resin (Percol ® 175) as retention
aid.

A pilot scale Fourdrinier paper making machine is used in the practice of the
present invention. First, the chemical softener composition is prepared according
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to the procedure in Example 1 wherein the homogenous premix of DEDTHTOMAC
and PEG-400 in solid state is dispersed in a conditioned water tank (pH ~ 3,
Temperature ~ 66 °C) to form a sub-micron vesicle dispersion. The particle size of
the vesicle dispersion is determined using an optical microscopic technique. The
particle size range is from about 0.1 to 1.0 micron.

Second, a 3% by weight aqueous slurry of NSK is made up in a
conventional re-pulper. The NSK slurry is refined gently and a 2% solution of the
dry strength resin (i.e. Acco ® 514, Acco ® 711 marketed by American Cyanamid
company of Wayne, New Jersey) is added to the NSK stock pipe at a rate of 0.2%
by weight of the dry fibers. The adsorption of the 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 upina

conventional re-pulper. A 1% solution of the biodegradable chemical softaner
mixture is added to the Eucalyptus stock pipe before the stock pump at a rate of
0.2% by weight of the dry fibers; and a 0.05% solution of Percol ® 175 is added to
the Eucalyptus layers before the fan pump at a rate of 0.05% by weight of the dry
fibers. The adsorption of the biodegradable chemical softener mixture to
Eucalyptus fibers can be enhanced by an in-line mixer. The Eucalyptus slurry is
diluted to about 0.2% consistency at the fan pump.

The treated fumish mixture (30% of NSK / 70% of Eucalyptus) is blended in
the head box and deposited onto a Fourdrinier wire 1o form an embryonic web.
Dewatering occurs through the Fourdrinier wire and is assisted by a deflector and
vacuum boxes. The Fourdrinier wire is of a 5-shed, satin weave configuration
having 84 machine-direction and 76 cross-machine-direction monofilaments per
inch, respectively. The embryonic wet web is transferred from the Fourdrinier
wirg, at a fiber consistency of aboutl 15% at the point of transfer, to a conventional
fent. Further de-watering is accomplished by vacuum assisted drainage until the
web has a fiber consistency of about 35%. The web is then adhered 1o the surface
of a Yankee dryer. Thae 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 1o 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 multi-layered tissue paper products
and laminating them together using ply bonded technique. The multi-layered
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tissue paper has about 23 #/3M Sq. Ft. basis weight.- contains-about 0.1% of the
biodegradable chemical softener mixture, about 0.1% of the dry strength resin and
about 0.05% of the retention aid resin. Importantly, the resulting multi-layered
tissue paper is soft, absorbent, has good lint resistance and is suitable for use as a
facial and/or toilet tissues.

EXAMPLE 6

The purpose of this example is to illustrate a method using a blow through
drying and layered paper making techniques to make soft, absorbent and lint
resistance facial multi-layered tissue paper {reated with a chemical softener
composition comprising DiEster Di(Touch Hardened)Tallow DiMethyl Ammonium
Chioride (DEDTHTDMAC) and a Polyoxyethylene Glycol 400 (PEG-400), a
permanent wet strength resin and a retention aid (Percol ®175).

A pilot scale Fourdrinier paper making machine is used in the practice of the
present invention. First, the chemical softener composition is prepared according
to the procedure in Example 1 wherein the homogenous premix of DEDTHTDMAC
and polyhydroxy compounds in solid state is re-melted at a temperature of about
66 °C (150°F). The melted mixture is then dispersed in a conditioned water tank
(pH ~ 3, Temperature ~ 66 °C) to form a sub-micron vesicle dispersion. The
particle size of the vesicle disparsion is determined using an optical microscopic
technique. The paricle size range is from about 0.1 to 1.0 micron.

Second, a 3% by weight aqueous slurry of NSK is made up in a
conventional re-puiper. The NSK slurty is refined gently and a 2% solution of the
permanent wetl 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 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 tan pump.

Third, a 3% by weight aqueous slurry of Eucalyptus fibers is made up in a
conventional re-pulper. A 1% solution of the biodegradable chemical softener
mixture is added to the Eucalyptus stock pipe before the in-line mixer at a rate of
0.2% by weight of the dry fibers; and a 0.5% solution of Percol ® 175 is added to
the Eucalyptus layers before the fan pump at a rate ot 0.05% by weight of the dry
fibers. The Eucalyptus slurry is diluted to about 0.2% consistency at the fan pump.

The treated fumish mixture (50% of NSK / 50% of Eucalyptus) is blended in
the head box and deposited onto a Fourdrinier wire to form an embryonic web.



e, T

Rl err] suybgtituent - lis a (err] - (err] hydrocar byl group, or

substi t ut e_cl'

hygr,gg@qg%l hJr pup or -
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Dawaldrigicebisithbgh thelBowndrinier ke il ié assisted by a deflector and
vacuum boxes. The Fourdrinier wire is of a 5-shed, satin weave configuration
having 84 machine-direction and 76 cross-machine-direction monofilaments per
inch, respectively. The embryonic wet web is transferred irom the photo-polymer
wire, at a fiber consistency of about 15% at the point of transter, to a photo-
polymer fabric having 711 Linear idaho cells per square inch, 40 percent knuckle
area and 9 mils of photo-polymer depth. Further de-watering is accomplished by
vacuum assisted drainage until the web has a fiber consistency of about 28%.
The patterned web is pre-dried by air blow-through to a fiber consistency of about
65% by weight. The web is then adhered to the surface of a Yankee dryer with a
sprayed creping adhesive comprising 0.25% aqueous solution of Polyvinyl Alcohol
(PVA). The fiber consistency is increased to an estimated 96% before the dry
creping the web with a doctor blade. The doctor blade has a bevel angle of about
25 degrees and is positioned with respect to the Yankee dryer to provide an
impact angle of about 81 degrees; the Yankee dryer is operated at about 800 fpm
(feet per minute) (about 244 meters per minute). The dry web is formed into roll at
a speed of 700 fpm (214 meters per minutes).

The web is converied into a two ply multi-layered facial tissue paper. The
multi-layered tissue paper has about 21 #/3M Sq Ft basis weight, contains about
1% of the permanent wet strength resin, about 0.2% of the biodegradable
chemical softener mixture and about 0.05% of the retention aid resin. impornantly,
the resulting multi-layered tissue paper is soft, absorbent, has good kint resistance
and is suitable for use as tacial tissues.
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wherein each R2 substituent is a C1 - C6 alkyl or hydroxyalkyl group,

benzy! group or mixtures thereof, preferably methyl; each R4q substituent
is'a C12 - C22 hydrocarby! group, or substituted hydrocarbyl group or
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mixtures thereof, ' preferably C16 - C18 alkyl or alkenyl, each R3
substituent is a C11 - C21 hydrocarbyl group, or substituted hydrocarbyl
or mixtures thereof, preferably C15 - C17 alkyl or alkeny!; Y is - O - C (O)
-or-C (O) -0-o0or-NH-C(0)- or-C (0)-NH - or mixtures thereof; n
is 1 to 4 and X" is a suitable anion, preferably chloride or methyl sulfate;

c) from 0.1% to 3.0% of a water soluble polyhydroxy compound;
wherein said polyhydroxy compound is preferably selected
from glycerol, sorbitols, polyglycerols having a weight average
molecular weight of from 150 to 800, polyoxyethylene glycols
and _polyoxypropylene glycols having a weight average
molecular weight from 200 to 4000, preferably from 200 to

1000, most preferably from 200 to 600, and mixtures thereof;
and

d) from 0.01% to 3.0% of a binder material wherein said binder
material is preferably selected from permanent wet strength
resins, preferably polyamide-epichlorohydrin or polyacrylamide
permanent wet strength resins, and mixtures thereof,
temporary wet strength resins, preferably a starch-based
temporary wet strength resin, dry strength resins, retention aid
resins and mixtures thereof.

2. The multi-layered tissue paper web of Claim 1 wherein said multi-
layered web comprises three superposed layers, an inner layer and
two outer layers, said inner layer being located between two said
outer layers, said muiti-layered web preferably comprising a single
ply, wherein said biodegradable quaternary ammonium compound,
said water soluble polyhdroxy compound, and said binder material

are each contained in one or more of said layers of said multi-layered
web.

3. The multi-layered tissue paper web of Claim 2 wherein the majority
of the biodegradable quaternary ammonium compound and the
polyhydroxy compound is contained in at least one of said outer
layers, preferably in both of said outer layers.
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paper web of any of; gl ﬁirﬁsaﬁd wﬁer‘é’l?\ere%l':ﬁ of two (AR \Wit@hlayeas | €brfridede

quaternary ammoni um }atlvely sh'?)O a/ap¥:r an fibers, preferably hardwood fibers, most
preferably eucalyptus fibers, said short paper making fibers having an
average length between 0.2 and 1.5 mm.

6. The muilti-layered tissue paper web of Claim 5 wherein said inner
layer comprises mixtures of softwood fibers and low cost fibers, and
at least one of said outer layers comprises low cost fibers or
mixtures of hardwood fibers and low cost fibers, wherein said low
cost fibers are selected from sulfite fibers, thermomechanical pulp
fibers, chemi-thermomechanical pulp fibers, recycled fibers, and
mixtures thereof.

7. The multi-layered tissue paper web of any of Claims 1 - 6 wherein
the biodegradable quaternary ammonium compound is diester
di(touch hardeneditaliow dimethyl ammonium chloride or diester
diltouch hardened)tallow dimethyl methyl suifate.

8. The multi-layered tissue paper web of any of Claims 1 - 7 wherein
the weight ratio of the quaternary ammonium to the polyhydroxy
compound ranges from 1.0 : 0.3 to 0.3 : 1.0, preferably from 1.0 :
0.7t 0.7 :1.0.

9. A multi-ply tissue paper product comprising at least two juxtaposed
muiti-layered tissue paper webs of Claim 1, wherein said multi-ply
tissue paper product preferably comprises two plies, wherein each of
two said plies preferably comprises two superposed layers, and
wherein said binder materials are permanent wet strength resins or
temporary wet resins, and wherein the majority of said biodegradable
quaternary ammonium compound and said polyhdroxy compound are
contained in at least one of said outer layers and wherein the
majority of said binder material is contained in said inner layer.
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said tissue paper web is a toilet tissue or a facial tissue.
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Abstract

MULTI-LAYERED TISSUE PAPER WEB COMPRISING BIODEGRADABLE
CHEMICAL SOFTENING COMPOSITIONS AND BINDER MATERIALS AND
PROCESS FOR MAKING THE SAME

Multi-layered tissue paper webs comprising biodegradable
chemical softener compositions and binder materials are
disclosed. The multi-layered tissue webs are useful in the
manufacture of soft, absorbent paper products such as facial
tissues and/or toilet tissues. The multi-layered tissue paper
products contain a biodegradable chemical softening composition,
preferably comprising a mixture of an ester-functional quaternary
ammonium compound and a polyhydroxy compound. Preferred ester-
functional quaternary ammonium compounds include diester dialkyl
dimethyl ammonium salts such as diester di(touch hardened)tallow
dimethyl ammonium chloride, diester di(hydrogenated)tallow
dimethyl ammonium chloride. Preferred polyhydroxy compounds are
selected from the group consisting of glycerol, sorbitols,
polyglycerols having a weight average molecular weight of from
about 150 to about 800, polyoxyethylene glycols and
polyoxypropylene glycols having a weight average molecular weight
from about 200 to 4,000. The multi-layered tissue paper webs
also contain an effective amount of binder materials to control
linting and/or to offset the loss in tensile strength, if any,
resulting from the use of the chemical softening compositions.
The binder materials are selected from the various wet and dry
strength additives, and retention aids used in the paper making
art. Preferably, the majority of the biodegradable chemical
softening compositions will be disposed on the outer layers of
the multi-layered tissue paper products where they are most
effective. The binder materials are typically dispersed
throughout the multi-layered product to control linting. In
other words, the chemical softening compositions and the binder
materials can be selectively distributed within the multi-layered
tissue paper web to enhance the softness, absorbency, and/or lint

resistance of a particular layer or ply.

Figure 1
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