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FIELD OF THE INVENTION

This invention relates to a substantially waterless self-emulsifiable
biodegradable chemical softener composition. More particularly, it
relates to substantially waterless self-emulsifiable biodegradable
chemical softener compositions useful for treating fibrous cellulose
materials, such as tissue paper webs. The treated tissue webs can be
used to make soft, absorbent paper products'suc-h as toweling, napkin,
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
paper towels, napkins, facial and toilet tissues are staple items of
commerce. It has long been recognized that three important physical
attributes of these products are their softness; their absorbency,
particularly their absorbency for aqueous systems; and their strength,

: particﬁlarly their strength when wet. Research and development efforts
have been directed to the improvement of each of these attributes
without seriously affecting the others as well as to the improvement of
two or three attributes simuitaneously. '
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pecrceived by the consumer as he/she holds a particular product, rubs it
across his/her skin, or crunples it within his/her hand. This tactile
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fromwhich the = crymples 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 considered by those
skilled in the art to be the stiffness of the paper web from which the
product is made. Stiffness, in turn, is usually considered to be directly
dependent on the dry tensile strength of the web and the stiffness of
the fibers which make up the web.

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

Absorbency is the measure of the ability of a product, and its
constituent webs, to 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 tissue paper will absorb at saturation
as well as the rate at which the mass absorbs the liquid.

The use of wet strength resins to enhance the strength of a paper
web is widely known. For example, Westfelt described a number of
such materials and discussed their chemistry in Celtulose 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
papermaking processes. This reduction in bonding leads to a softer, or
less harsh, sheet of paper. Freimark et al. go on to teach the use of wet
strength resins to enhance the wet strength of the sheet and to off-set
the undesirable effects of the debonding agents. These debonding
agents 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 to Hervey et al. on
January 12, 1971. These materials include mono-long chain quaternary
ammonium salts such as cocotrimethylammonium  chloride,
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al in such as Dbislalkoxy{2-hydroxy)propylene) quaternary ammonium
chiorides to soften webs. These authors also attenipt 10 overcome any
decrease in absorbency caused by the debonders through the use of
nonionic surfactants such as ethylene oxide and propylene oxide
adducts of fatty alcohols.

Armak Company, of Chicago, MHinois, in their bulletin 76-17
(1977) disclose the use of dimethyl di(hydrogenated)taliow ammonium
chloride in combination with fatty acid esters of polyoxyethylene glycols
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 19, 1979, describe a method they contend will form a strong,
soft, fibrous sheet. More specifically, they teach that the strength of a
tissue paper web (which may have been softened by the addition of
chemical debonding "agents) can be enhanced by adhering, during
processing, one surface of the web to a creping surface in a fine
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 material.

Conventional quaternary ammonium compoundé such as the well
known diatkyl dimethyl ammonium saits (e.g. ditallow dimethyl
ammonium chioride, ditaliow dimethyl ammonium methyl sulfate,
di(hydrogenatedjtaliow dimethyl ammonium chloride etc ...) are
effective chemical debonding agents. Unfortunately, these quaternary
ammonium compounds are not biodegradable. Applicants have
discovered that biodegradable mono- and di-ester variations of these
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chemical” additives known as debondi ng agents interfere with the natural
fiber-to-fiber bonding that occurs during sheet fornatloThszhe@mﬁﬁzegm

procésses. This reduction in bonding | eads to a softer,
sheet of paper. Freimark et al. go on to teach the use of gﬂamm
resins to enhance the wet strength of the shdet and to- of

undesirabl e effects of the debonding agents. These debondlng agents reduce

both dry tensile strength and wet tensile strength. Shaw, in U S. Pat. No.
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paper web. Chem c agent’s ave eh di'scl'oséd 1 n various
ref erences such agvatem@ispat. No. 3,554,862, issued to Hervey et al. on
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amoni um sal ts suggmaa%'%gcggerslerrg d%grmql u&rﬁ%t?rrzdsd ih substantially waterless
forms, results in cost saving on shipping the product (less weight}, cost
savings.on packaging material, and cost savings on machinery required
for processing the chemical softening compositions (less equipment
needed to make-up the aqueous dispersions). In addition, the present
invention also provides environmental safety advantages because of the
elimination of the organic soivents, especially volatile organic solvents
typically wused in the preparation of concentrated softening
compositions.

It is an object of this invention to provide a substantially
waterless  self-emuisifiable = biodegradable chemical softening
composition useful for treating fibrous celiulose materials.

it is a further object of this invention to prov&de soft, absorbent
tissue paper products.

it is aiso a further object of thss invention to provxde a process for
making soft, absorbent 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 a substantially waterless self-
emulsifiable biodegradable chemical softening composition useful for
treating fibrous cellulose materials. Briefly, the waterless self-
.emulsifiable biodegradable chemical softening composition comprises a
mixture of :

{a) a biodegradable ester-functional quaternary ammonium compound,
preferably having the formula



3 ol eyl trinmethyl ammoni um chloride, di (hydrogenated)tal | ow-dinethyl ammni um
chloride and stearyltrinethyl ammonium chl oride. Emanuel sson et al.]
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or

Rz- Y -CH2

>CH -CHz-N+ -(Ra)s X
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wherein each Rz substituent is a C1 - Cé alkyl or hydroxyalkyl group,
benzy! group or mixtures thereof; each Ry substituent is a Ci2 - C22
hydrocafbyl group, or substituted hydrocarbyl! group or mixtures thereof;
each R3 substituent is a C11 - C21 hydrocarbyl group, or substituted
hydrocarby! or mixtures thereof; Yis -0 -C (O} -or - C (O) - O -or - NH
-C{O) - or-C {0} - NH -, and mixtures thereof; nis 1 to 4 and X" is a
suitable anion, for example, chloride, bromide, methylsulifate, ethyl
sulfate, nitrate and the like; and
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wherein the weight ratio of the ester-functional quaternary ammonium
compound to the polyhydroxy compound ranges from about 1 : 0.1 to
about 0.1 ¥ 1, wherein said polyhydroxy compound is mixed with said
ester-functional quaternary ammonium compound at a temperature
wherein said ester-functional quaternary ammonium compound and said
polyhydroxy compound are miscible.

The chemical softening composition of the present invention ts a
stable, homogenous, solid or viscous fluid at a temperature at least
about 20°C . The fluid may have either a liquid or-a liquid crystal phase
structure. The moisture content of the substantially self-emulisifiable
chemical softening composition is less than about 20 % by weight,
preferably the moisture content of the chemical softening composition
is less than about 10 % by weight and more preferably the moisture
content of the chemical softening composition is less than about 5 %
by weight.

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

)
{CH3)2 - N+ - {{CH32)2-0-C - R3)2 cr

and

e

.
e

{CH3)2 - Nt -(CHz 12-0-
R1

O
0
o

cr



fromthe creping surface to forma sheet -material. Conventional quaternary
anmoni um conpounds -such as the well known dial kyl dinethyl amoniumsalts
(e.g. ditallow di methyl anmmoni um chloride, ditall ow dinet h%lsé‘ézmirﬁ Ad REBA Replaced

met hyt sul fate, di(hydrogenated)tallow dinethyl amroni um !mﬂ f"

.) are effective chem cal debondi ng agents. Unfortunately
quat ernary anmmoni um conpounds are not bi odegrgdabl e. Appl i cant's
di scovered that bi odegradable nono- and di-ester variations of these
guat ernary anmmonium salts also function effectively as chem cal debondi ng
agents and enhance the softness of fibrous cellul ose materials.
Furt her nor e, providingan hem cal softening conpositions containing these
bi odegr adabl e conpounds in substantially waterl ess

O
{CHa) (HO-{CH2}2) - N+ - ((CHg)2- O - C - R3)2 CH3SO4"

and

(o]

-
p=

R3-C-0-CHs
CH-CHp-N+ -(Ral3 Cr

R3-C-0

c
0

wherein each Rz substituent is a C1 - C6 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 R3 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 dialkyldimethylammonium salts such as
diester ditallow dimethyl ammonium chioride, diester distearyl dimethyl
ammonium chioride, monoester ditallow dimethyl ammonium chioride,
diester dithydrogenatedjtaliow dimethyl ammonium methylsulfate,
diester di(hydrogenateditallow dimethyl ammonium chloride, monoester
dilhydrogenated)taliow dimethyl ammonium chloride, and mixtures

 thereof, with the diester variations of dilnon hydrogenated)taliow
dimethyl ammonium chioride, Di(Touch Hydrogenated)Tallow DiMethyl
Ammonium Chloride (DEDTHTDMAC) and Di(Hydrogenated)Tallow
DiMethyl Ammonium Chioride (DEDHTDMAC), and mixtures thereof
being preferred. Depending upon the product characteristic
requirements, the saturation levei of the ditallow can be tailored from
non hydrogenated {soft) to touch, partially or completely hydrogenated
(hard).
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Examples of polyhydroxy compounds useful in the present
invention include glycerotl polyglycerols having a weight average
molecular weight from 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.

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

All percentages, ratios and proportions herein are by weight
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 understood from the following description taken in
conjunction with the associated drawings, in which :

Figure 1 is a phase diagram of the DEDTHTDMAC and PEG-400
system.

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

Figure 3 is a cryo-transmission photo-micrograph taken at X
63,000 of the 2% DEDTHTDMAC dispersion formed by diluting a
solid premix ofa 1 : 1 by

weight ratio of a diester di{touch hardened)tallow dimethyl
ammonium chioride and PEG-400 system.

Figure 4 is a cryo-transmission photo-micrograph taken at X
63,000 of the 2% DEDTHTDMAC dispersion formed by diluting a
liquid premix of a 1 : 1 by weight ratio of a diester diltouch
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Figure 5 is a cryo-transmission photo-micrograph taken at X
63,000 of the 2% DEDTHTDMAC dispersion formed by diluting a
liquid premix of a 1 : 1 by weight ratio of a diester di{touch
hardened)taliow dimethyl ammonium chloride and a mixture of
glycerol and PEG-400 systems.

The present invention is described in more detail befow.
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 "viscous fluid" refers to a fluid having a
viscosity greater than or equal to about 10,000 centipoise at 20°C.

As used herein, the term "homogenous mixture” refers to
compositions wherein the ester-functional quaternary ammonium and
polyhydroxy compounds are dissolved or dispersed in each other.

‘ As wused herein, the term “"self-emuisifiable” refers to
compositions that will form a uniform colloidal dispersion with a
minimum of shear, heat, dispersing aids, etc. ... when added to a liquid
carrier such as water.

As used herein, the term "ester-functional quaternary ammonium
compound"” refers to quats that contain one or more ester groups.

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

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



hydrocar byl group, or substituted hydrocarbyl group or Jﬁlx ures thereof
each [err] substituent is a Cl1l - C21 hydrocar byl group
hydrocar byl or m xtures thereof; Yis - O- C (0) - _or

NH.- T (0) - or - C(0) - NH -, and m xtures thereof;

a suitable anion, for exanple, chloride, bro%de met hyI sul fat e, et hyI
sulfate, nitrate and the |ike; and 6 (b) a“pol yhydroxy conpound sel ected.
fremthe group consisting of glycerol, polyglycerols having a wei ght
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wei ght ratio of theagshShal WBAeHREY rSHALE 12y VOO HURY, and a mixture of at
least one ester-functional quaternary ammonium compound and at least
one polyhydroxy compound, all of which will be hereinafter described.

It is anticipated that wood pulp in all its varieties will normally
comprise the papermaking fibers used in this invention. However, other
cellulose fibrous pulps, such as cotton liners, bagasse, rayon, etc., can
be used and none are disclaimed. Wood pulps useful herein include
chemical puips such as Kraft, sulfite and sulfate pulps as well as
mechanical pulps including for example, ground wood,
thermomechanical pulps and chemically modified thermomechanical
pulp (CTMP]}. Pulps derived from both deciduous and coniferous trees
can be used. Also applicable to the present invention are fibers derived
from recycled paper, which may contain any or all of the above
categories as well as other non-fibrous materials such as fillers and
adhesives used to facilitate the original papermaking. Preferably, the
papermaking fibers used in this invention comprise Kraft pulp derived
from northern softwoods.

Waterless Self-Emulsifiable Biodegradable Chemical Softener
Compositions '

The present invention contains as an essential component a
mixture of an ester-functional quaternary ammonium compound and a
polyhydroxy compound. The ratio of the ester-functional quaternary
ammonium compound to the polyhydroxy compound ranges from about
1 : 0.1 to about 0.1 : 1; preferably, the weight ratio of the ester-
functional quaternary ammonium compound to the polyhydroxy
compound is about 1 : 0.3 to about 0.3 : 1; more preferably, the
weight ratio of the ester-functionat quaternary ammonium compound to
the polyhydroxy compound is about 1 : 0.7 to about 0.7 : 1, aithough
this ratio will vary depending upon the molecular weight of the
particular polyhydroxy compound and/or ester-functional quaternary
ammonium compound used. '

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

A. Ester-functional 'quaternary ammonium Compound



1 1, wherein said pol yhydroxy conpound is nixed with sargsgstens gLupgl i onal
guat er nary anmoni um conmpound at a tenperature wherein sai - Cthal
quat'ernary anmoni um conpound and sai d pol yhydr oxy conpou ”ﬂlm .
The chem cal softening conposition of the present invention i e,
homogenous, solid or viscous fluid at a tenpgrature at ‘| east about [err]
The fluid nmay have either a liquid or liquid crystal phase structure. The
noi sture content of the substantially self-enulsifiable chem cal softening
conposition is less th a : P/ | o i r : j.St :
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ester-functional quaternary amoni um conpounds suitable for use in the
present invention include conpounds ' '

Ra (CH2)n- Y - R3

\ / )

N+ X-

/ \
R2

{CH2}n- Y -R3

or
R2 /(CHz)n- Y -R3
> N+\ g
Rz R1
of

CH-CHz-Nt -{R2l3 X

wherein each Rz substituent is a C1 - C6 alkyl or hydroxyalky! group,
benzyl group or mixtures thereof; .each R1 substituent is a C12 - C22



having the fornulas: [err] 7 [err] and wherein each R2 substituent is a
[err] - 'C6 al kyl or hydroxyal kyl group, benzyl group or mxtures thereof:

each [err] substituent is a Cl2 - C22 hydrocarbyl group, or‘ ellHaybé;ﬁ]
hydriocar byl . group or m xtures thereof; each R3 substituent

laced
[err] hydrocarbyl group, or substituted hydr?gar byl or m xt u ﬁ
These conpounds can be considered to be nono di ester varlatlons

wel | -'known di al kyl danet hyl anmoni um salts such as diester ditallow di met hyl

anmoni um chl ori de, djester distearyl dimnet 3/
'hydrocarby! group, “or substituted hydrocarbyl group or mixtures

thereof; each R3 substituent is a C11 - C21 hydrocarbyl 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; nis 1 to 4 and
X~ is a suitable anion, for example, chloride, 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 Swern 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

o (soft) to 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 Ri, Rz 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 R1 is straight-chain C16 - C18 alky! and / or alkenyl. Preferably,
each R is methy! or hydroxyethyl. Preferably R3 is C13 -C17 alkyl and /
or alkenyl, most preferably R3 is straight chain C15 - C17 alkyl and / or
alkeny!, and X" is chloride or methyl sulfate. Furthe'rmore. 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 chioride,
monoester ditallow dimethyl ammonium chioride, diester ditallow



amoni um chl ori de, ~nonoester ditall ow di nethyl anmoni um reetd-leaéBdl
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di (hydrogenat ed)tal | ow di met hyl anmmoni um chl ori de, rnonoe "
di (hydr ogenat ed) t al.l ow di met hyl ammoni um chl ori de, and m

with the diester variations of di(non hydrogqnated)tallow dinethyl ammnl um
chl orjde, Di (Touch Hydrogenated)Tal | ow D Met hyl Ammoni um Chl ori de :
(DEDTHTDIVAC) and D (Hydrogenated)Tal | ow Di Met hyl Ammoni um Chl ori de

(DEDHTDMAQ) , and mfipbiyaS dnhAbRRIm b%é}a ; pﬁ&fa%red.esté?erzﬁ las ea.aeanan
K ve % aI ow

pr oduct characterlstlc requi r epent e sa uration le

can be tailored fCREHOA RyRMeghimAL &‘Pti‘gbfﬂl e,  gigeter psiamvudmwiﬁd tallow
conpl etely hydrog@i’m&ﬁ@d(bﬁftﬁﬁmnm ohloride, and mixtures thereof. Diester ditallow

dimethy! ammomum chioride and diester di{hydrogenated)tallow
dimethyl ammonium chloride are particutarly preferred. These particular
materials are available ‘commercially from Sherex Chemical Company
inc. of Dublin, Ohio under the tradename “ADOGEN DDMC B~,

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 formuia:

aced

9 (Ral2 (Ra)2 9
R3 - C O - {CH2)2 - Nt - (CH2)p- Nt - (CH2)2 - O - C R3 2 X

in the structure named above each Rz is a C1 - C6 alkyl or
hydroxyatkyl group, R3 is C11-C21 hydrocarbyl 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 R3 is C13-C17 alkyl and / or alkenyl,
most preferably each R3 is stralght-cham C15 - C17 alkyl and / or alkenyi,
and Rz is a methyl.

B. Polyhydroxy Compound
" The chemical softening composition contains as an essential
component a polyhydroxy compound.

Examples of polyhydroxy compounds useful in the present
invention include glycerol, polyglycerols having a weight average
molecular weight from about 150 to about 800 (e.g., about 2 to about
10 glycero! units) 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 a 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 about 1000, more preferably from about 200 to about

AR X Y



Wt hout being bound by theory, it is believed that the ester mmiety(ies)

| ends bi odegradability to these conpounds. Inportantly, the
ester-functional quaternary amoni um conpounds used herhdsiShe “ftor e
rapi dl'y than do conventional - di al kyl di net hyl ammoni um rers.
Exanpl es of pol yhydroxy conpounds useful in tpg present ude

gl ycerol polyglycerols having a weight average nol ecul ar wei ght from about
150 to about 800, and polyoxyet hyl ene glycols having a wei ght average
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onto a foraninous 38rface such as a Fourdrinier wire, and renoval of the

water fromthe depositef fumparttularty 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 waterless self-emulsifiable biodegradable chemical softéning
composition described above i.e. mixture of 'a ester-functional
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 papermaking fibers, or furnish, in the wet end of the
papermaking machine at some suitable point ahead of the Fourdrinier
wire or sheet forming stage. However, applications of the above
described chemical softening composition subsequent to formation of a
wet tissue web and prior to drying of the web to completion will also
provide significant softness, absorbency, and wet strength benefits and
are expressly included within the scope of the present invention.

it has been discovered that the chemical softening composition is
more effective when the ester-functional quaternary ammonium
compound and the polyhydroxy compound are first pre-mixed together'
before being added to the papermaking furnish. A preferred method, as
will be described in greater detail hereinafter in Exampie 1, consists of
first heating the polyhydroxy compound to a temperature of about 66°C
(150°F), and then adding the ester-functional quaternary ammonium
compound to the hot polyhydroxy compound to form a homogenous
fluid. The weight ratio of the ester-functional quaternary ammonium
compound to the polyhydroxy compound ranges from about 1 : 0.1 to
about 0.1 : 1; preferably, the weight ratio of the ester-functional
quaternary ammonium compound to the compound is about 1 : 0.3 to
about 0.3 : 1;: more preferably, the weight ratio of the ester-functional
quaternary ammonium compound to the compound is about 1 : 0.7 to
.about 0.7 : 1, although this ratio will vary depending upon the
molecular weight of the particular compound and/or ester-functional
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Speci fication concludes with clains particularly pointing M““mm
di stinctly claimng the present invention, it is beli eved S

better understood fromthe follow ng descripygon taken in conjunction wth
the associated drawings, in which: Figure 1 is a phase diagram of the
DEDTHTDMAC and PEG 400 system Figure 2 is a phase di agram of the DEDHTDI\/AC

2t X 63,000 of "t nduateRabE atastRnitefl SOPbbARE sl S AbRe cBRIR of 36"

prem x of a 1: 1 lehemicajhsoftaming gamaoaitmtm lefis( tlam:rabtwtd%@e% th vaght

di met hyl ammoni umpselepsbig @heHoRRire CdhténEbE e chemical softening composition is
less than about 10 % by weight and more preferably the moisture
content of the chemical softening composition is less than about 5 %
by weight. Importantly, the chemical softening compaosition is a stable,
homogenous, solid or viscous fluid at a temperature at least about
20°C. '

The substantially waterless self-emulsifiable biodegradabie
chemical softener composition can be pre-mixed at the chemical
supplier {(e.g. Sherex company of Dublin, Ohio}. Providing chemical
softening compositions containing these biodegradable compounds in
substantially waterless forms results in cost saving on shipping the
product {less weight), cost savings on packaging material and cost
savings on machinery for processing the chemical softening
compositions (less equipment needed to make-up the aqueous
dispersion). In addition, the present invention also provides
environmental safety advantages because of the elimination of the
organic solvents, especially volatile organic solvents. The ultimate users
of the chemical softening composition simply dilute the mixture with a
liquid carrier {i.e., water} to form an aqueous dispersion of the ester-
functional quaternary ammonium- compound / polyhydroxy compound
mixture, which is then added to the papermaking furnish. The
homogenous mixture of ester-functional quaternary ammonium and
polyhydroxy compound can exist either in a solid state or in a fluid state
before being dispersed in the aqueous media. Preferably, the mixture of
the ester-functional quaternary ammonium compound and polyhydroxy
compound is diluted with a liquid carrier such as water to a
concentration of from about 0.01% to about 25% by weight of the
softening composition before being added to the papermaking furnish.
-‘The le of the liquid carrier preferably ranges from about 2 to about 6.
The temperature of the liquid carrier preferably ranges from about 20°C
to about 60°C at the time of make-up. After mixing, the ester- °
functional quaternary ammonium compound and the polyhydroxy
compound are present as particles dispersed in the liquid carrier. The
average particle size preferably ranges from about 0.01 to about 10
microns, most preferably from about 0.1 to about 1.0 micron. As



Figure 4 is a cryo-transm ssi on photo-ni crograph taken-at-.X 63,000 of the
2% DEDTHTDVAC di spersion formed by diluting a liquid prem x of a 1: 1 by

wei ght ratio of a diester di(touch 9 hardened)tall oltis By Bekn i um
chl.oride and syste®* Figure 5 is a cryo-transm ssion th, I rm t aken
I
ed)ta

at X 63,000 of the 2% DEDTHTDVAC di spersion formed by d I d

premx of a1l : 1 by weight ratio of a diesteggdi (touch harden ow

di rret hyt anmmonium chl oride and a m xture of glycerol and PEG 400 systens.
The present invention is described in nore detail bel ow. DETAI LED

DESCRI PTI ON OF THEghONRNH Fljures 3-5, the dispersed particles. are in the form of either
closed vesicies or open particles.

It has unexpectedly been found that the adsorption of the
polyhydroxy compound onto paper is significantly enhanced -v_vhen itis -
premixed with the ester-functional quaternary ammonium compound
and added to the paper by the above described process. In fact, at
least about 20% of the poiyhydroxy compound and the ester-functional
quaternary ammonium compound added to the fibrous cellulose are
retained; preferably, the retention level of ester-functional quaternary
ammonium compound and the polyhydroxy compound is from about
50% to about 30% 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 meited solution
and the aqueous dispersion of a DiEster Di{Touch Hardened)Tallow
DiMethyl Ammonium Chioride (DEDTHTDMAC), and polyoxyethyiene
glycol 400 were studied.

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

DEDTHTDMAC (DiEster Di{Touch Hardened)Tallow DiMethyl
Ammonium Chloride} 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 (Figure 1) of these two materials using the step-wise
dilution method demonstrate that their physical behavior is similar to
that of di(hydrogenatedjtaliow dimethyl ammonium chloride. These
compounds are miscible over a wide range of temperatures {_ 50°C]),
which indicates that dispersions may be prepared from these mixtures
over a comparable range of temperatures. No upper temperature limit of
miscibility exists. The X-ray data show that a mixture of crystél and
liquid phases do, in fact, exist in DEDTHTDMAC / PEG-400 mixtures.
Mixtures of DEDTHTDMAC with glycerol.



VWile this specification concludes with clains particul arty poiniing. out
and distinctly claimng the subject matter regarded as Tiu@ghee ention,
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herein, the term"viscous fluid" refers to a fluid haV|
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Mixtures of DEDHTDMAC with PEG-400.
Phase studies (Figure 2) 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 heid 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. ...) to water,
so as to form a mixture containing about 1% of DEDTHTDMAC will
precipitate the DEDTHTDMAC. Most likely, the DEDTHTDMAC phase
near room temperature will be the tamellar liquid crystal.

Colloidal structure of dispersions. '

The liquid crystal phase in the diluted mixtures exists as vesicles
which, for the most part, are closed 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 aiso produce dispersions over a wide
range-of temperatures.



conpr|5|ng the steps of form ng an aqueous paper maki ng fur
thi.s'furnish on a foram nous surface, such as a Fourdrinie

renoving the water fromthe furnish as by gravity or vacuun}a55|sted
drai nage, with or w thout pressing, and by evagporation. As used herein,
"aqgueous papernmaking furnish" is an aqueous slurry of papermaking flbers
and the chem cal s descri bed hereinafter. 10 The first step in the

e Turnish conpr i ses GaRSISRtd, BIGietby heMBndtiRa tndk B TRIiDRS Biclehf’)
as wood pul p), andarm awaé t7 150 micrometers in size, and highly varied in structure.
- Some are sheets {curved or fiat), while others are closed vesicles. The

membranes of all these particles are bilayers of molecular dimensions in
which the head groups are exposed to water, the tails are together. The
PEG is presumed to be associated with these particles. The application
of dispersions prepared in this manner to paper results in attachment of
the 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 partiai
crystaliization of the material within the colloidal particles may occur.
However, it is likely that the attainment of the -equilibrium state will
require a long time {perhaps months), so that a disordered particle
whose membranes are either a liquid crystal or a disordered crystal
phase is interacting with the paper. Preferably, the chemical softening
compositions described herein are used before the equilibrium state has
been attained.

It is believed that the vesicles containing 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 quats component stays on the surface of the
cellulose fiber, where it enhances the surface feel and softness of the
paper product. '

As used herein, the terns "tissue paper web, paper web, er. sheet
and paper product” all refer to sheets of paper nade by gﬁrﬁﬁﬁ Been e a°°

- The second step in the process of this invention is the depositing
of the papermaking furnish using the above described chemical softener
composition as an additive on a foraminous surface and the third step is
the removing of the water from the furnish so deposited. Techniques
and equipment which can be used to accomplish these two processing
steps will be readily apparent to those skilled in the papermaking art.
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usedThe ptdsent rinventiom isoapplicablekitaf tisqud pager i inegenenain
including but not limited to conventionally feit-pressed tissue paper;
high bulk pattern densified tissue paper; and high bulk, uncompacted
tissue paper. The tissue paper may be of a homogenous or multilayered
construction; and tissue paper products made therefrom jnay 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 retatively
short hardwood fibers as used in tissue papermaking, upon one or more
endless foraminous screens. The layers are subsequently combined to
form a layered composite web. The layered web is subsequently
caused to conform to the surface of an open mesh drying/imprinting
fabric by the application of a fluid force to the web and. thereafter
thermally predried on said fabric as part of a low density papermaking
process. The layered web may be stratified with respect to fiber type
or the fiber content of the respective layers may be essentially the
same. The tissue paper preferably has a basis weight of between 10
glm2 and about 65 glmz. and density of about 0.60 gf/cc or less.
Preferably, basis weight will be below about 35 g/mZ or less; and
density will be about 0.30 g/cc or less. Most preferably, density will be
between 0.04 g/cc and about 0.20 g/cc. '

Conventionally pressed tissue paper and methods for making
such paper are known in the art. Such paper is typically made by
depositing papermaking furnish on a foraminous forming wire. This
forming wire is often referred to in the art as a Fourdrinier wire. Once

" the furnish is deposited on the forming wire, it is referred to as a web.

The web is dewatered by transfering to a dewatering felt, pressing the
web and drying at elevated temperature. The particular techniques and
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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 préssed 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 drums.
The tissue paper structures which are formed are referred to hereinafter
as conventional, pressed, tissue paper structures. Such sheets are
considered to be compacted since the web is subjected to substantial
mechanical. compression forces while the fibers are moist and are then
dried while in a compressed state.

Pattern densified tissue paper is characterized by having a
relatively high bulk field of relatively low fiber density and an array of
densified zones of relatively high fiber density. The high bulk field is
alternatively characterized as a field of pillow regions. The densified
zones are alternatively referred to as knuckle regions. The densified
zones may be discretely spaced within the high bulk field or may be-
interconnected, either fully or partially, within the high bulk field.
Preferred processes for making pattern densified tissue webs are
disclosed in U.S. Patent No. 3,301,746, issued to Sanford and Sisson
‘on January 31, 1967, U.S. Patent No. 3,974,025, issued to Peter G.
Avyers on August 10, 1976, and U.S. Patent No.

4,191,609, issued 10 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.
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A. Ester-functional quaternary anmoni um Conpound 11 The chem cal

sof t eni ng conmposi tion contains as an essential co NP O NEhid Sheet Higs Been Rephucddi 0
quat er nary anmmoni um conpound having the formula [err] rr]
substituent. is a [err] - [err] alkyl or hydr oxyal kyI oup or
m xtures thereof; each [err] substituent is a [err] - hydrocarbyl
group, or substituted hydrocarbyl group or nidtures :

In general, pattern densified webs are preferably prepared by
depositing a papermaking furnish on a foraminous forming wire such as
a Fourdrinier wire to form a wet web and then juxtaposing the web
against an array of supports. The 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 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 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 tissue paper surface comprises densified knuckles having a
relative density of at least 125% of the density of the high bulk field.

The array of supports is preferably an imprinting carrier fabric
having a patterned displacement of knuckles which operate as the array
of supports which facilitate the formation of the densified zones upon
application of pressure. The pattern of knuckies constitutes the array of
supports previously referred to. imprinting carrier fabrics are disclosed
in U.S. Patent No. 3,301,746, Sanford and Sisson, issued January 31,
1967, U.S. Patent No. 3,821,068, Salvucci, Jr. et al ., issued May 21,
1974, U.S. Patent No. 3,974,025, Ayers, issued August 10, 1976,
U.S. Patent No. 3,573,164, Friedberg et al ., issued March 30, 1971,
U.S. Patent 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. 4,528,239, Trokhan, issued July 9, 1985, all of which are
incorporated herein by reference.
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1to,4 and [err] is a suitable anion, for exanple, chlorld E‘ced
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Al of 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 blow-
through dryers. The knuckle imprint of the imprinting fabric is impressed
in the web as discussed above, prior to drying the web to compietion.
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 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 tissue paper
structures are prepared by depositing a papermaking furnish on a
foraminous forming wire such as a Fourdrinier wire to form a wet web,
draining the web and removing additional water without mechanical
compression until the web has a fiber consistency of at ieast 80%, and
creping the web. Water is removed from the web by wvacuum
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 ptior to creping.

Compacted non-pattern-densified tissue structures are commonly
known in the art as conventional tissue structures. In general,
compacted, non-pattern-densified tissue paper structures are prepared



above-descri bed | evels of saturations are expressly neant to be |ncluded
within the scope of the present invention. It will be understood that
substituents [err] may optionally be substituted with waﬂmushgm&wﬁ ké&ph
as_dl-koxyl, hydroxyl, or can be branched, but such nate
preferred herein. Preferably, each [err] is [err] aIkyI
nost preferably each [err] is straight-chainggerr] - [err
al kenyl . Preferably, each [err] is methyl or hydroxyethyl. Preferably R3 S
[err] alkyl and / or aIkenyI nost preferably R3 is straight chain [err] -

[err] alkyl and /p@raey a_f{,a paferfnakifg CRirishden & fﬁﬁmi)‘lbﬁ%frétﬁjch as a
Furthernore the ester-, fun

i ona uat ef na% Sm%m um cg B gan
optional l'y cont ai FOYSrErapita tﬁ B 3 WEtnWRB( 1SRN ANR WeRypd removing
derivatives, e.g. adrﬂraonbl -water - wlith' rtheasaidriofoe unifoadi emdchanidat seompaoction

ngredi ent s can agliedSng{Tindl the e Ml BolgRidficy Br DBouBSESEhs MY the"

Speci fi c exanpl es uncti ona
web to a thermal dryer such as a Yankee and creplng the web. Overall,

water is removed from the web by vacuum, mechanica! pressing and
thermal means. The resulting structure is strong and generally of
singular density, but véry low in bulk, absorbency and in softness.

The tissue paper web of this invention can be used in any
application where soft, absorbent tissue paper webs are required.
Particularly advantageous uses of the tissue paper web of this invention
are in paper towel, toilet tissue and facial tissue products. For example,
two tissue paper webs of this invention can be embossed and
adhesively secured together in face to face relation as taught by U.S.
Pat. No. 3,414,459, which issued to Wells on December 3, 1968 and
which is incorporated herein by reference, to form 2-ply paper towels.

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 altmost entirely from their
macro-molecular nature. In order to characterize fully these materials it
is essential to have some means of defining and determining their
molecular weights and molecular weight distributions. it is more correct
to use the term relative molecular mass rather the 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 weight fraction (wj) 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



conpounds having the structures naned above and suitabl e-for use—+nA-the—
present invention include the well-known diester dial kyl d| rret h lacg@
salts such as diester ditallow di methyl ammoni um chl ori de

di tal Fow di met hyl anmoni um chl oride. diester ditallow E'I[M m
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and m xtures thereof. Diester ditallow dinethyl anmonium chloride and
di ester di (hydrogenated)tall ow di met hyl ammoni um chloride are particularly

preferred. These pm.l)lsﬂlaatrparfﬁberavabﬁeanmayadekamée Normer CAdbtdge’ Mblecular
Sher ex Chem cal W ?(Bl nc. of Dublin, d‘n 0 under the tradenanme " ADOGEN

DDMC ". Di-quat va ns of the ester-functional quaternary amoni um

n = ZNi M

Z Ni

An important consequence of this definition is that the Number
AverageMolecular Weight in grams contains Avogadro‘'s Number of
molecules. This definition of molecular weight is consistent with that of
monodisperse molecular species, i.e. molecules having the same
molecular weight. Of more significance is the recognition that if the
number of molecules in a given mass of a polydisperse polymer can be
determined in some way then n, can be calculated readily. This is the
basis of colligative property measurements.

Averaging on the basis of the weight fractions (Wj) of molecules

. of a given mass {Mj} leads to the definition of Weight Average
Molecular Weights

w = ZWiN_ = ZNiMm?
zZ Wi Z NiM;

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

_Analytical and Testing Procedures

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

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

For exavhple. 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
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pol yoxypr opyl ene extraction in an aqueous solvent such as water followed by gas
chromatography or colonmetry techniques to determine the level of
PEG-400 in the extract. These methods are exemplary, and are. not
meant to exclude other methods which may be useful for determining
leveis of particular components retained by the tissue paper.

B. Hydrophilicity {absorbency)

Hydrophilicity of tissue paper refers, in general, to the propensity
of the tissue paper to be wetted with water. Hydrophilicity of tissue
paper may be somewhat quéntiﬁed by determining the period of time
required for dry tissue paper to become completely wetted with water.

" This period of time is referred to as “wetting time". In order to provide a
consistent and repeatable test for wetting time, the following procedure
may be used for wetting 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 TAPPlI Method T
402}, approximately 4-3/8 inch x 4-3/4 inch (about 11.1 cm x 12 cm}
of tissue paper structure is provided; second, the sheet is foided into
four (4) juxtaposed quarters, and then crumpled into a ball
approximately 0.75 inches {about 1.9 cm) to about 1 inch (about 2.5
cm) in diameter; third, the balled ‘'sheet is placed on the surface of a
body of distilled water at 23 £ 1°C and a timer is simuitaneously
started; fourth, the timer is stopped and read when wetting of the
balled sheet is completed. Compilete wetting is observed visually.

Hydrophilicity characters of tissue paper embodiments of the
present invention may, of course, be determined immediately after -
manufacture. However, substantial increases in hydrophobicity may
occur during the first two weeks after the tissue paper is made: i.e.,
after the paper has aged two (2) weeks following its manufacture.
Thus, the wetting times are preferably measured at the end of such two
week period. Accordingly, wetting times measured at the end of a two
week aging period at room temperature are referred to as “two week
wetting times.”



gl ycol s having a wei ght average nol ecul ar wei ght of from about 200 to about
4000, preferably from about 200 to about 1000, nost preferably. from-about
200 to about 600. Polyoxyethylene glycols having a wei ght avera e I l&l ar
wei.ght of from about 200 to about 600 are especially preﬁueShle@

of the above-described pol yhydroxy conpounds y al so be
m xtures of glycerol and polyoxyethyl ene eg S haV|ng
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nol-ecul ar wei ght from about 200 to about 1000, nore prefe

200 to about 14 abo t 1000, nore preferably from about 200
to about 600 are usefulLtE S%Qﬁép %g’zéé i nvention. Preferably, the weight

ratio of glycerol to pol $mtqhiehwbmengaljacavatedqgaa§effre;nul§i3"mme 1taodg_g:ta@lable
about 1: 10. 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 from the supernatant of homogenized
activated sludge. See Larson, “Estimation of Biodegradation Potential of
Xenobiotic Organic Chemicals,” Appli n Environmental
Microbiology, Volume 38 (1979), pages 1153-61, which describes a
suitable method for estimating biodegradability. Using this method, a
substanée 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.

D. Density

The density of tissue paper, as that term is used herein, is the
average density calculated as the basis weight of that paper divided by
the caliper, with the appropriate unit conversions incorporated therein.
Caliper of the tlssue paper, as used herein, is the thickness of the paper
when subjected to a compressive foad of 95 g/inZ (15.5 g/cm2),

Optional Ingredients

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

For example, surfactants may be used to treat the tissue paper
webs of the present invention. The level of surfactant, if used, is
preferably from about 0.01% to about 2.0% by weight, based on the
dry fiber weight of the tissue paper. The surfactants preferably have



A particularly preferred polyhydroxy conpound is_palyoxyethylene _
gl ycol having an wei ght average nol ecul ar wei ght of about 400. This

material is available commercially fromthe Uni on Carbi dé&hi Beagh Replaced
Danbury, Connecticut under the tradenanme "PEG 400". The
sel f-enul sifiable biodegradable chem cal softgping conposi

above i.e. mxture of a ester-functional quaternary ammoni um conpounds and -
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sof t ness, absor berCyodaandcnéileat Yorigt NYhealkylgiycaside ethers as described in U.S.
Patent 4.011,389, issued to W. K. Langdon, et al. on March 8, 1977;
and alkyipolyethoxyiated esters such as Pegosperse 200 ML available
from Glyco Chemicals, Inc. (Greenwich, CT) and IGEPAL RC-520
available from Rhone Poulenc Corporation {Cranbury, N.J.).

Other types of chemicals which may be added, include dry
strength additives to increase the tensile strength of the tissue webs.
Examples of dry strength additives include carboxymethy! cellulose, and
cationic polymers from the Acco chemical family such as Acco 711 and
Acco 514, with the Acco chemical family being preferred. These
materials are available commercially from the American Cyanamid
Company of Wayne, New Jersey. The level of dry strength additive, if
used, is preferably from about 0.01% to about 1.0%, by weight, based
on the dry fiber weight of the tissue paper.

Other types of chemicals which may be added, include wet
strength additives to increase the wet burst of the tissue webs. The
present invention may contain as an optional component from about
0.01% to about 3.0%, more preferably from about 0.3% to about 1.5%
by weight, on a dry fiber weight basis, of a water-soluble permanent
wet strength resin.

Permanent wet strength resins useful herein can be of several
types. Generally, those resins which have previously found and which
will hereafter find utility in the papermaking art are useful herein.
Numerous examples are shown in the aforementioned paper by
Westfelt, incorporated herein by reference.

In the usual case, the wet strength resins are water-soluble,
cationic materials. That is 10 say, the resins are water-soluble at the
time they are added to the papermaking furnish. It is quite possible, and
even 10 be expected, that subsequent events such as cross-linking will
render the resins insoluble in water. Further, some resins are soluble
only under specific conditions, such as over a limited pH range.

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

- SO



are expressly included within the scope of the present invention. It has
been di scovered that the chem cal softeni ng conpositi.onis- maFe effective

when the ester-functional quaternary amoni um conpound an eeLx iggdoxy
compound are first pre-nixed together before being addéy® k| ng
furnish. A preferred nethod, as will be described in gr

herei pafter In Exanple 1, consists of first hgating the
cormpound to a tenperature of about [err] [err] and then addi ng the
ester-functional quaternary amoni um conpound to the hot pol yhydroxy
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groups. The patent literature is replete with descriptions of processes
for making such materials. U.S. Pat. No. 3,700,623, issued to Keim on
October 24, 1972 and U.S. Pat. No. 3,772,076, issued to Keim on
November 13, 1973 are examples of such patents and both are
incorporatecf herein by reference.

Polyamide-epichlorohydrin resins sold under the trademarks
Kymene® 557H and Kymene® 2064 by Hercules Incorporated of
Wilmington, Delaware, are particularly useful in this invention. These
resins are generally described in the aforementioned patents to Keim.

Base-activated polyamide-epichiorohydrin resins useful in the -
present invention are sold under the Santo Res trademark, such as
Santo Res 31, by Monsanto Company of St. Louis, Missouri. These
types of materials are generally described in U.S. Pat. Nos. 3,855,158
issued to Petrovich on December 17, 1974; 3,899,388 issued to
Petrovich on August 12, 1975; 4,129,528 issued to Petrovich on
December 12, 1978; 4,147,586 issued to Petrovich on April 3, 1979;
and 4,222,921 issued to Van Eenam on September 16, 1980, all
incorporated herein by reference.

Other water-soluble cationic resins useful herein are the
polyacrylamide resins such as those sold under the Parez trademark,
such as Parez 631NC, by American Cyanamid Company of Stanford,
Connecticut. These materials are generally described in U.S. Pat. Nos.
3,656,932 issued to Coscia et al . on January 19, 1971; and
3,656,933 issued to Williams et al.. on January 19, 1971, all
incorporated herein by reference.

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

Still other water-soluble cationic resins finding utility in this
invention are the urea formaidehyde and melamine formaldehyde resins.
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Provi di ng cheni calpjtrogen containing groups such as amino groups and methylo! groups
attached to nitrogen. '

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

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

The above-mentioned wet strength additives typically result in
paper products with permanent wet strength, i.e., paper which when
placed in an aqueous medium retains a substantial portion of its initial
wet strength over time. However, permanent wet strength in some
types of paper products can be an unnecessary and undesirable
property. Paper products such as toilet tissues, etc., are generally
disposed of after brief periods of use into septic systems and the like.
Clogging of these systems can resuit if the paper product permanently
retains its hydrolysis-resistant strength properties. More recently,
manufacturers have added temporary wet strength additives to paper
products for which wet strength is sufficient for the intended use, but
which then decays upon soaking in water. Decay of the wet strength
facilitates fiow of the paper product through septic systems.

Examples of suitable temporary wet strength resins inciude
modified starch temporary wet strength agents, such as National Starch
78-0080, marketed by the National Starch and Chemical Corporation
(New York, New York). This type of wet strength agent can be made by
reacting dimethoxyethyl-N-methyl-chloroacetamide with cationic starch
polymers. Modified starch temporary wet strength agents are also
described in U.S. Pat. No. 4,675,394, Solarek, et al ., issued June 23,
1987, and incorporated herein by reference. Preferred temporary wet
strength resins include those described in U.S. Pat. No. 4,981,557,
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Mixtures of compatible wet strength resins can also be used in the
practice of this invention.

The above listings of optional chemical additives is intended to be
merely exempiary 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 Ssubstantially waterless self-emulsifiable
biodegradable chemical softener composition comprising a mixture of-
DiEster Di{Touch HardenediTallow DiMethyl Ammonium Chloride
{DEDTHTDMAC) and Polyoxyethyiene Glycol 400 {PEG-400).

A waterless self-emulsifiable biodegradable chemical softener
comiposition is prepared according to 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 to a solid form at room temperature.

The substantially wateriess 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 chemicat
softening composition where it can then be diluted to the desired
concentration. '



conpound is diluted with a liquid carrier such as water to a concentration
of from about 0.01 %to about 25% by wei ght of the softening conposition
bef ore being added to the papermaking furnish. The pH of the liquid carrier

prefefably ranges from about 2 to about 6. The tenperature of the i Uld
carrier preferably ranges from about [err] t%1about [ er rThis Shee

make-up. After mxing, the ester- functiona quaternary und
and the pol yhydroxy conpound are present as particles di s ”ﬁ

liquid carrier. The average particle si z&)géﬁﬁr%aly ranges from about 0.01
to about 10 m crons, nost preferably fro -1 to about 1.0 mcron. As

16 shown in Figures 3-5, the dispersed particles are in the formof either

closed vesicles or opeRH{Ahliddseof this example is to illustrate a method that can be
used to make-dp a substantially waterless self-emulsifiable
biodegradabie 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
softener composition is prepared according to the following procedure :
1.- A mixture of Giycerol 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 self-emulsifiable biodegradabie
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 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 a blow
through drying papermaking technigue to make soft and absorbent
paper towel sheets treated with a substantially waterless self-
emulsifiable biodegradable chemical softener composition comprising a
premix of DiEster Di(Touch Hardenedjtaliow DiMethyl Ammonium
Chioride {(DEDTHTDMAC) and a Potyoxyethylene Glycol 400 (PEG-400)
in solid state, and a permanent wet strength resin .

A pilot scale Fourdrinier papermaking machine is used in the
practice of the present invention. First, the substantially wateriess seif-
emulsifiable biodegradable chemical softener composition is prepared
according to the procedure in Example 1 wherein the homogenous pre-
mixed of DEDTHTDMAC and PEG-400 in solid state is dispersed in a



It has unexpectedly been found that the adsorption of the polyhydroxy
conpound ‘onto paper is significantly enhanced when it is premxed with the
ester-functional quat ernary anmoni um conpound and addedhf&&xetetf}ﬁsgaaaﬁéiﬁaydthe

above’ descri bed process. In fact, at |east about 20% of
conmpound and the ester- functi onal guat er nary annnniun1c
fibrous cellul ose are retained; preferably, retentio

ester-functional quaternary amoni um conmpound and t he pol yhydroxy conpound
is fromabout 50%to about 90% of the added |evels. Inportantly, adsorption
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30|( ;’g;; Qt E&r gﬁgeg? gglg}a O§1 lu@:bg{g [Cﬁgnggalbuorpxt m:cron gure stn)afes a cryo-
transmission photo-micrograph taken at X 63,000 of a 2%
concentrgtton of the vesicle dispersion of a 1 : 1 by weight ratio of a
DEDTHTDMAC and PEG-400 system in the solid state. Figure 3
indicates that the particles have membranes one or two bilayers thick,
whose . geometry ranges from closed/open vesicles, to disc-like
structures and sheets.

Second, a nominal 3% by weight aqueous slurry of NSK is made
up in a conventional re-pulper. The NSK slurry is refined gently and a
nominal 2% solution of a permanent wet strength resin {i.e. Kymene®
557H marketed by' Hercules Incorporated of Wilmington, DE) is added
to the NSK stock pipe at a rate of about 1% by weight of the dry fibers.
The adsorption of Kymene® 557H to NSK is enhanced by an in-line
mixer. A nominal 1% solution of Carboxy Methyl Cellulose {(CMC) is
added after the in-line mixer at a rate of about 0.2% by weight of the
dry f}bgrs to enhance the dry strength of the fibrous substrate. The
adsorptiBn of CMC to NSK can be enhanced by an in-line mixer. Then,
a 1% solution of the chemical softener mixture (DEDTHTDMAC/ PEG) is
added to the NSK siurry at a rate of 0.1% by weight of the dry fibers.
The adsorption of the chemical softener mixture to NSK can also
enhanced via an in-line mixer. The NSK slurry is diluted to about 0.2%
by the fan pump.

Third, a 3% by weight aqueous slurry of CTMP is made up in a3
conventional re-pulper. A non-ionic surfactant (Pegosperse) is added to
the re-pulper at a rate of about 0.2% by weight of dry fibers. A 1%
solution of the chemical softener mixture is added to the CTMP stock
pipe before the stock pump at a rate of about 0.1% by weight of the
dry fibers. The adsorption of the chemical softener mixture to CTMP
can be enhanced by an in-line mixer. The CTMP slurry is diluted to
about 0.2% by the fan pump. The treated furnish mixture (NSK / CTMP}
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 b-shed, satin weave c¢onfiguration having 84 machine-direction and 76

o the



W thout wi shing to be bound by theory, or to otherwise linit the present—
I nvention, the follow ng discussion is offered for explaining howthe

ester-functional quaternary ammoni um conpound pronotes fhieSkaedsioy laggd
t he pol yhydroxy conpound onto paper. DEDTHTDMAC (Di Ester W
Har dened) Tal | ow Di Met hyl Ammoni um Chl oride) exist as a m d
crystalline and crystalline phases, at equilB8B8rium X-ray data Indicate
that commercial DEDTHTDMAC is, in fact, a liquid crystalline phase show ng
no evidence of crystalline states. M xtures of DEDTHTDVAC wi th PEG 400.
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of ' dl (hydr ogenat  SAVPB SrehoRRo S restelRbcRbay FIE Folfarriel ke i e ghe™

m sci bl e over a. wicoasistengy of aboupi2feuatethg eoint ehtransfeiditea photdrpolymer

di spersions may bgapficRale 240 Tind8alb tels Por QYBBrincH Y potcent AdRRKRS

temperatures. No %? gsr a;lg n;Pf Eﬁﬁsué pll'ulo%-tpoﬂ;mer depth. The name "linear Idaho" is
based on the fact that the cross-section of conduits from which this
pattern was derived, originaily resembled the shape of a potato. The
walls of the conduits on four sides, however, are formed by generally
straight lines, thus the pattern is referred to as being a "linear” ldaho
rather than simply as an ldaho pattern. 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 crep};ig
adhesive comprising 0.25% aqueous solution ef 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 about
700 fpm { 214 meters per minutes}.

Two plies of the web are formed into paper towel products by
embossing and laminating them together using PVA adhesive. The
paper towel has about 26 #/3M Sq Ft basis weight, contains about
0.2% of the substantially wateriess self-emulsifiable biodegradable
chemical softener mixture and about 1.0% of the permanent wet
strength résin. The resulting paper towel is soft, absorbent, and very

. strong when wetted.

EXAMPLE 4

The purpose of this example is to illustrate a method using a blow
througﬁ drying and layered papermaking techniques to make soft and
absorbent toilet tissue paper treated with a substantially wateriess self-
emuisifiable biodegradable chemical softener composition comprising a
premix of DiEster Di(Touch Hardened)taliow DiMethyl Ammonium



m sctbility exists. The X-ray data show that a m xture_of crystal and
| i qui d phases do, In fact, exist in DEDTI—FI'DIVAC /| PEG 400 m xtures. M xtures
of DEDTHTDMAC with gl ycer ol . 17 A 1: wei ght rati o ThisShast ias Bken Reillaced

DEDRTHTDVAC and gl ycerol appears (from di rect observati on a) to
be a'liquid phase. Wile glycerol is capable of form ng
phases in conbination with other surfact ants3 It appears no
thrs systemat this conposition. Mxtures of DHTDI\/AC W th PEG 400 Phase
studies (Figure 2) of these two materials using the step-wi se dilution
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{PEG-400) in liquid state and a temporary wet strength resin.

A pilot scale Fourdrinier papermaking machine is used in the
practice of the present invention. First, the substantially waterless self-
emulsifiable biodegradable chemical softener composition is prepared
according to the procedure in Example 1 wherein the homogenbus
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. Figure 4
ilustrates a cryo-transmission photo-micrograph taken at X 63,000 of a
2% concentration of the vesicle dispersion of a 1 : 1 by weight ratio of
a DEDTHTDMAC and polyhydroxy compounds system in the liquid
state. Figure 4 indicates that the particles have membranes one or two
bilayers thick, whose geometry ranges from closed/open vesicies, to
disc-like structures and sheets. _

Second, a 3% by weight agueous slurry of NSK is made up in a
conventional re-pulper. The NSK slurry is refined gently and a 2%
solution of the temporary wet strength resin (i.e. National starch 78-
0080 marketed by National Starch and Chemicat corporation of New-
York, NY} is added to the NSK stock pipe at a rate of about 0.75% 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 Eucalyptds fibers is made up in a conventional
re-puiper. A 1% solution of the chemical softener mixture is added to
the Eucalyptus stock pipe before the stock pump at a rate of about
0.2% by weight of the dry fibers. The adsorption of the substantially
waterless self-emuisifiable biodegradable chemical softener mixture to
Eucalyptus fibers can be enhanced by an in-line mixer. The Eucalyptus
slurry is diluted to about 0.2% consistency at the fan pump.

The treated furnish mixture {30% of NSK / 70% of Eucalyptus) is
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

i
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range of tenperatures (> [err]), which indicates that dispersions r_@ybﬁ_

prepared-fromthese m xtures over a conparable range of t enper at ur es.
upper tenperature limt of miscibility exists. Physical mtsahetmwmm&e afeé

of .quats / pol yhydroxy conpounds / water. Dispersions of
materials may be prepared by diluting a m xture, that is
tenperature at which the pol yhydroxy conpoun@sand the est unc ona

guat ernary anmonium salt are mscible, with water. Neither DEDTHTDIVAC nor
DEDHTDVAC are soluble in water, so the dilution of either dry phase with
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phase polymer fabric having 562 Linear ldaho cells’ per square mch
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 roli at a speed of about 700 fpm (214 meters per minutes).

The web is converted into a one ply tissue paper product. The

tissue paper has about 18 #/3M Sq Ft basis weight, contains about
0.1% of the biodegradable chemical softener mixture and about 0.2%
of the temporary wet strength resin. importantly, the resulting tissue
paper is soft, absorbent and is suitabie for use as facial and/or toilet
tissues.

EXAMPLE &

The purpose of this example is to illustrate a method using a blow
through drying papermaking technique to make soft and absorbent toilet
tissue paper treated with a substantially waterless self-emulsifiable
biodegradable chemical softener composition comprising a premix of
DiEster Di{Touch Hardened)Tallow DiMethyl Ammonium Chioride
(DEDTHTDMAC) and a mixture of polyhydroxy compound (Glycerol /
PEG-400) in liquid state and a dry strength additive resin.

A pilot scale Fourdrinier papermaking machine is used in the
practice of the present invention. First, the substantially waterless self-
emulsifiable biodegradable chemical softener composition is prepared



near-roomtenperature will be the lanmellar liquid crystal. Coll oidal

structuré of dispersions. The liquid crystal phase in the diluted m xtures
exi sts as vesiclestwhich, for the nost part, are cl osemieswets{m:}ﬁ
j

lacedThe
formation of. sucH®ditspersion likely results fromthe | agﬂnﬁaﬂ Mﬂﬁltssure
se ..
Sl :

it
gradients that nmonentarily exist during the process. Th
pressure gradients is the spatial gradients ag the conpo Ion (an
t hernodynami c activity) of water that are created. Since the |iquid phase
of DEDTHTDVMAC / glycerol m xtures nay exist over a w de range of
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present premix of DEDTHTDMAC and polyhydroxy compounds in solid state is
re-meited at a temperature of about 66°C {150°F). The melited 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. Figure 5
~ illustrates a cryo-transmission photo-micrograph taken at X 63,000 of a
2% concentration of the vesicle dispersion of a 1 : 1 by weight ratio of
a DEDTHTDMAC and polyhydroxy compounds system in the liquid
state. Figure 5 indicates that the particles have membranes one or two
bilayers thick, whose geometry ranges from closed/open vesicles, to
disc-like structures and sheets.

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 of about 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 siurry of Eucalyptus
fibers is made up in a conventional re-pulper. A 1% solution of the
chemical softener mixture is added to the Eucalyptus stock pipe before
the stock pump at a rate of about 0.2% by weight of the dry fibers.
The adsorption of the substantially waterless self-emulsifiable
biodegradable chemical softener mixture to Eucalyptus fibers can be
enhanced by an in-line mixer. The Eucalyptus slurry is diluted to about
0.2% consistency at the fan pump.

The treated furnish mixture (30% of NSK / 70% of Eucalyptus) is
blended in the head box and deposited onto a 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-mchinecdifection 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 ldaho celis per square inch, 40



are about 0.1 to 1.0 mcroneters in size, and highly varied in structure.
Sonme are sheets (curved or flat), while others are cl osaghshesHsd men Replagd

menbranes of all these particles are bulayers of nol ecul i n
whi-ch’ t he head groups are exposed to water, the tails ar B maﬂe PEG
is presuned to be associated with these partighes. The a :
di spersions prepared in this manner to paper ftesults in attachnent of the -
ester-functional quaternary ammoniumion to the paper, strongly pronotes
t he adsorption of I ognd. 0, € uc _
desired nodificati égﬁgﬁ?s%ﬂqe%é;?%aﬁ%%eggﬁf‘go%ﬁ %ﬁ%‘%%ﬁ?ﬂ@f%& g? éﬁ\%f ‘{Qne
di spersions. \Wen watethp\is areamplisheddby peasiusnsassisied shreingger Hetipahe i web
crystal lization of nhoig ABEPCbAkistércyY Bf BBSUE 289%) UPhe PRtlerfdd weBlYs pré-dfied
However, it is likely ‘”lﬂt tt}ﬁeattal nrregg of the equilibri umé{.’@t W,
require a long tinBY(HErHapsUHBHERSY asBbehgenssth - QL ARPU PP e DY Yrrsght.
menbr anes are eit hTheawlebqis dhenyadiséredr ta thessurdsce bfcay 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 per minute} (about 244 meters per minute). The dry web is
formed into roll at a speed of about 700 fpm ( 214 meters per minutes).
Two plies of the web are formed into tissue paper products and
laminating them together using ply bonded technique. The tissue paper
has about 23 #/3M Sq Ft basis weight, contains about 0.1% of the
substantially waterless self-emuisifiable biodegradable chemical softener
mixture and about 0.1% of the dry strength resin. Importantly, the
resulting tissue paper is soft, absorbent and is suitable for use as facial
and/or toilet tissues.

EXAMPLE 6

The purpose of this example is to illustrate a method using a
conventional drying papérmaking technique to make soft and absorbent
toilet tissue paper treated with a substantially waterless self-emuisifiable
biodegradable chemical softener composition comprising a premix of
DiEster Di{Touch Hardened)Tallow DiMethyl Ammonium Chloride
(DEDTHTDMAC) and a Polyoxyethylene Glycol 400 (PEG-400) in solid
state and a dry strength additive resin .

A pilot scale Fourdrinier papermaking machine is used in the
practice of the present invention. First, the substantially waterless self-
emulsifiable biodegradable chemical softener composition is prepared
according to the procedure in Example 1 wherein the homogenous
premix of DEDTHTDMAC 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



phase is interacting with the paper. Preferably, the chem.cal__softening

conpositions described herein are used before the equilibriumstate has

been.attained. It is believed that the vesicles contai inﬁﬁI@r@hﬂlaced

pol-yhydr oxy, conpounds (e.g. glycerol, PEG 400 etc. ...) pon
drying of the fibrous cellulosic material. Once the ves , the
t he

majorjty of the PEG conponent may penetrate B8to the interior of
ceflul ose fibers where it enhances the fiber flexibility. Inportantly, sone .
of the PEGd4s retained on the surface of the fiber where it acts to enhance
t he absorbency ratrangé ishfrooaeldboluts@.f itbet QO niloeort.oFigune c3i iflustratdsi @ancrydie

ol osetber ardisUa oROEEAREShaR) olih,LBF X1 65D Uhe g 2%
paper product. Th&onsestationcgf the vesicle: disestsion of @ J i v bt veightsratigeof a
deposi ting of the EVPHTBMAGC bHENPEG-400Ngyétem.ab@Figurde 3c indicdteshaRbE athe
softener composit Ip%rlltiglses %av%d%ér}\g%ngg éing o atnv?rcn%Hgyesr%th?&? 9\: %s&ahgeérrrlnie{r(\jf
step is ‘

ranges from closed/open vesicles, to disc-like structures and sheets.

Second, a 3% by weight aqueous sturry of NSK is made up in a
conventional re-puiper. The NSK slurry is refined gently and a 2%
solution of the dry strength resin (i.e. Acco 514, Acco 711 marketed by
American Cyanamid company of Wayne, New Jersey) is added to the
NSK stock pipe at a rate of about 0.2% by weight of the dry fibers.
The adsorption of the dry strength resin onto NSK fibers is enhanced by
an in-line mixer. The NSK slurry is diluted to about 0.2% consistency
at the fan pump. Third, a 3% by weight aqueous slurry of Eucalyptus
fibers is made up in a conventional re-pulper. A 1% solution of the
chemical softener mixture is added to the Eucalyptus stock pipe before
the stock pump at a rate of 0.2% by weight of the dry fibers. The
adsorption of the chemica!l softener mixture to Eucalyptus fibers can be
enhanced by an in-line mixer. The Eucalyptus slurry is diluted to about
0.2% consistency at the fan pump.

The treated furnish mixture (30% of NSK / 70% of Eucalyptus} is
blended in the head box and deposited onto a 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 Fourdrinier wire, at a fiber
consistency of about 15% at the point of transfer, to a conventional
felt. Further de-watering is accomplished by vacuum assisted drainage
until the web has a fiber consistency of about 35%. The web is then
adhered to the surface of a Yankee dryer.' The fiber consistency is
increased to an estimated 96% before the dry creping the web with a
doctor blade. The doctor blade has a 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
fom (feet per minute} (about 244 meters per minute). The dry web is
formed into rolt at a speed of about 700 fpm (214 meters per minutes).



the renmoving of the water fromthe furnish so deposited.- Iet;hmg@s and
equi pnent” whi ch can be used to acconplish these two proq&sa ng steps Wil
be readily apparent to those skilled in the papermnmaking neet Has BOen Replaceq
Preferred tissue paper enbodi nents of the present inventi m
about 0.005%to about 5.0% nore preferably from about O.

wei ght, on a dry fiber basis of the chem cal gpftening conposition

descri bed herein. The present invention is applicable to tissue paper in
general, including but not limted to conventionally felt-pressed tissue

paper hi gh meE p?ttermaeﬁlﬁésfbﬁ@né host) rP 30 hed IS Hidle BH Ev p%@&ma&ﬁ&d

construct on: and IPURING SR BRFHR Sl PRGTEN terTiaye baths tasue paer
has about 23 #/3M Sq Ft basis weight, contains about 0.1% of the
substantially wateriess self-emulsifiable biodegradable chemical softener
mixture and about 0.1% of the dry strength resin. importantly, the
resulting tissue paper is soft, absorbent and is suitable for use as a
facial and/or toilet tissues.



singte-ply or nmulti-ply construction. Tissue structures fornmed from| ayered
paper webs are described in U S Patent 3,994,771, Mrgan, Jr. et al.

i ssued Novenber 30, 1976, _and incorporated-herein by reference. In general,
a wet>laid conposite, soft, bul ky and absorbent paper-structure is prepared

fromtwo or nore |ayers of mummmm&mlﬂlﬁ preferal;}Jh ri sed of
different fiber types. The rably for teh@e laced
deposition of separate streafis of Wil"uté fiber slurrlq% ﬁ

typically being relatively |Iong softwood and rel ati vel

fibers as used in tissue papernaking, .upon oné or nore endless fo nous
screens. The layers are subsequently conbined®% o forma | ayered conposite
web. The |ayered web is subsequently caused to conformto the surface of an
open mesh dryWhaki ﬁﬁrFﬁ?}H@dfh‘éh c by the application of a fluid force to '

the web and. thereaft I ried.,on r. rt

density paperﬂaklﬁg 'Bté g\éﬁﬂp@s %ﬁ"@%& %’ ggglﬁl %‘? g
to fiber type or sh&emnoepnwsﬁmmmbazedemet it wenbdyesamuwa@f
essentially the

(a) a biodegradablé ester-functional quaternary ammonium compound;
and

(b) a polyhydroxy compound selected from glycerol, polyglycerols having
‘a weight average molecutar weight from 150 to 800, and
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;

wherein the weight ratio of the ester-functional quaternary ammonium
compound to the polyhydroxy compound ranges from 1 : 0.1 to 0.1 : : 1,
preferably from 1 : 0.3 to 3 : 1, most preferably from 1 : 0.7 to0 0.7 : 1,
wherein said polyhydroxy compound is mixed with said ester-functional
quaternary ammonium compound at a temperature wherein said ester-
functional quaternary ammonium compound and said polyhydroxy
compound are miscible, and wherein the moisture content of said chemical
softening composition is less than 20% by weight, preferably less than 10%
by weight.

2. The substantially wateriess self-emulsifiable biodegradable chemical
softening composition of Claim 1 wherein the biodegradable ester-
functional quatemnary ammonium compound has the formula

R2 (CH2)a- Y - Ra

/\

(CH2)n- Y -Ra

or



sanme: The tissue paper preferably has a basis weight of between 10 [err]
and about” 65 [err], and density of about 0.60 [err] or -l ess: Preferabty,
basis weight will be bel ow about 35 [err] or less; and den§'].l

about* 0.30 [err] or less. Mst preferably, density will be ; el B Replaced
[err] and about 0.20 [err]. Conventionally gressed tissue p mgm S
for maki ng such paper are known in the art. Such paper is t

by- deposi ting paper maki ng furnish on f or us formng wire. This _
formng wire is often ref'e¢red to i G ﬂéﬂn’gg'*a Fourdrinier wire. Once
the furnish is deposited olNthe fogYmng wire, it is referred to as a web.
The web is dewatered by trandferyng to a dewatering felt, pressing the web

and drying at elevated tenperap# e. The particular techgi ques and 20
Rz R4

wherein each Rz substituent is a C1 - Cé alkyl or hydroxyalkyl group, benzyl
group or mixtures thereof, preferably methyl; each R substituent is a C12 -
C22 hydrocarby! group, or substituted hydrocarbyl group or mixtures
thereof, preferably C16 - C18 alkyl or alkenyl; each R3 substituent is a C11 -
C21 hydrocarbyi grodp, or substituted hydrocarbyl or mixtures thereof,
preferably C15 - C17 alkyl or alkenyl; Yis-O-C (O)-or-C(0)-0O-or-

-NH - C (0) - or - C (O) - NH - or mixtures thereof, nis 1to4and X" is a
suitable anion, preferably chloride or methy! sulfate.

3. The substantially waterless self-emulsifiable biodegradable chemical
softening composition of Claim 1 wherein the biodegradable ester-
functional quaternary ammonium compound has the formuia

R3 - Y -CHz

CH-CH2-N*-(R2)za X
R3 -Y

wherein each Rz is a C1 - C4 alkyl or hydroxyalkyl group, benzyl group, or
mixtures thereof, preferably methyl;, each R3 is a C11 - C21 hydrocarbyl or
substituted hydrocarby!l group or mixtures thereof, preferably C15 - C17
alkyl or alkenyl; Yis-0-C(0)-or-C{(0)-0O-or-NH-C (O)or-C (O) -
NH - or mixtures thereof and X" is a suitable anion, preferably chioride or
methyl sulfate.

4. The substantially waterless self-emulsifiable biodegradable chemical
softening composition of any of Ciaims 1 - 3 wherein the chemical
softening composition is a stable, homogenous, solid or viscous fluid at a
temperature of at least 20°C.

H
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typi ¢al equi prent for making webs according to the proces"s“j"ﬂﬁ" descri bed
are well known to those._skitted in the art. In a typic P8SiSeen Replatdtl

consiestency pulp furnish is pressurlzed dbox
has an openi ng for dellv We Slt of pulp fu “ﬂ !
Four dri ni er vmretoform The weblsthentypl dto

a fiber consistency of betvveen about 7% and4&bout 25% (t ot aI web wei.ght
basi s) by vacuum dewatering and further dewatered by pressing operations
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hydrogenated)tallow dimethyl ammonium chlonde diester
di(hydrogenated)taliow dimethyl ammonium chloride, diester di(non
hydrogenatedjtaliow dimethyl ammonium methyl sulfate, diester
di(hydrogenated)taliow dimethy! ammonium methy! sulfate.

6. The substantially waterless self-emuisifiable biodegradable chemical
softening composition of any of Claims 1 - 5 wherein the ester-functional
quaternary ammonium compound is mixed with the polyhydroxy compound
at a temperature of at least 50°C, preferably ranging from 50°C to 100°C.

7. The substantially waterless self-emulsifiable biodegradable chemical
softening cbmposition of any of Claims 1 - 6 wherein-said ester-functional
quaternary ammonium compound is in a liquid-crystal or liquid state when
mixed with said polyhydroxy compound. '

8. An aqueous dispersion comprising the substantially waterless self-
emulsifiable biodegradable chemical softening composition of any of
Claims 1 - 7 and an aqueous media wherein said homogenous mixture of
said ester-functional quaternary ammonium compound and said
polyhydroxy compounds self-disperses in said aqueous media to form a
sub-micron vesicle dispersion.

9. The aqueous dispersion of Claim 8 wherein the temperature of the
aqueous media is at least 20°C.

10. The aqueous dispersion of Claim 8 or 9 wherein the pH of the aqueous
media is maintained at from 2 to 6.



wher eby additional pressing is optionally incurred between the druns. The
ti ssue paper structures which are forned are referred to herei mafter-as
conyentional, pressed, tissue paper structures. Such SheSies §eeﬁﬁns]ac red
to be corrpact ed since the web is subj ected to substant

conpression forces while the fibers are noist and are t i’ ,me in a
conpressed state. Pattern densified tissue paper is ch havi ng
arrelatively high bulk field of relati vel/ﬂl ow f i ber den3| ty and an array
of densified zones of relatively high fiber density. The high bulk field is
alternatively characterized afield of pillowregions. The densified
zones are alternatively refefr¢d to as knuckl e regions. The densified zones
may be discretely spaced Wthl]th(i g field or mat'l be

i nterconnected, either fully o ?3? "Uﬁ' hin the. high bulk fiel.d.
Preferred processes for naki pattern de ue webs are discl osed

in U S Patent No. 3,301, 746, anford and Si ssoph on January 31,
1967, U.S. Patent No. 3,974, 02'3 o Peter G
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Ayerss 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, i ssteidSkeet HaBpenBeplaced
Trokhan on January 20, 1987; all of which are incorporated l

ref erence. - 21 In general, pattern densified webs are pr red
by depositing a papernmaking furnish on a fﬁr m nous formng Wwre such as a
Fourdrinier wire to forma wet web and the / uxt aposi ng the web agai nst an
array of suppor ' ai nst the array
t hereby resulti ’
geographical ly
supports and t hg
this operation

of supports




Thiss high bulk field can be further dedensified by appl] iog @&ahgwggd
pressure, such as with a vacuumtype device or a blomfﬁﬁ ¥

weh is dewatered, and optionally predried, in such a man

substantially avoid conpression of the high bulk field. abl y
acconpl i shed by fluid pressure, such as with a vacuumtype device or
bIom#through dryer, or alternately by nec@%4(xﬂly pressing the web agalnst
an array of supports mhereln t he hi_gh bqu_f eId is not conpressed The
operations of dewater ' y Y '
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havl ng a patterned displacement of knuckl es which operate‘é§“fﬁ——arrgy of
supports which facilitate the formation of the dens 409 88n
application of pressure. The pattern of knuckles co ray of
supports previously referred to. Inprinting carrier H cl osed
in US. Patent No. 3,301,746, Sanford and, Si sson, iss 1967,
U S» Patent No. 3,821, 068 Sal vucci, Jr. 4 al ., Issued My 21, 1974. UusS
Pat ent No. 3, 944.0¢ A= . ol , U S, Patent No.

3,573, 164, Frilg - ' o : & 0 ' ) \
3,473,576, AmMg
Trokhan, issueg

i ssued July 9,
22
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“Préferably, the furnish is first formed into a wet web on a fonous
formng carrier, such as a Fourdrinier wire. The web is *"im,[;;-

tf“ansferredtoBCTﬁprlntlnMrmm glkﬁAmyrlQNternat

fnitially deposjted on a_ foranm nous sup ortln arrler whi ch al so operates
as an mcﬁ?‘??ﬁ“ﬁhﬂ&?‘é AFELIGATION FUB lﬁ@% TENT GORRERAHANAREATY (PCT).
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about | 40% A1 6% ¥¥0B8QA%m4 Devat eri ngiggn| be performed with suction boxes or
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the ifprinting Tabric. 1S 1 npressed in tnhe web as di scussed above, prior
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apb! | £l iR DB PTBSRYIS, can i Hoie, v 30 S i oA e
pressing a nip ro i ch suppor t e |rrpr| N v} M(ngm;, D

of .a HXI ng. drurn such as a Yankee dryer wherGRi &, IThidJ, MEONL, $T,(BE) Pkl @alent (BF, BJ,
bet we ‘1ol | %5 (b:ﬂ)g grum A30. pr‘@f‘éﬁ*%%ﬁ‘bﬁ@%%@%w
agai nst the 1 rprinti ng 'fna rnc 'or to Conpletion of drying by application
of fluid pressure with Published
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(54) Title: WATERLESS SELF-EMULSIFIABLE BIODEGRADABLE CHEMICAL SOFTENING COMPOSITION USEFUL IN FI-
. BROUS CELLULOSIC MATERIALS

(57} Abstract

Substantially waterless sclf-emulsifiable biodegradable chemical softening compositions are provided comprising a mixture of an
ester-functional quaternary ammonium compound and a polyhydroxy compound. Preferred biodegradable ester-functional quaternary |
ammonium compounds include diesterdialkyl dimethy]l ammonium salts such as diester ditallow dimethyl ammonium chloride, diester
di(touch hydrogenated)tallow dimethyl ammopium chioride and diester di(hydrogenatedpallow dimethy] ammonium chloride. Preferred
polyhydroxy compounds are.selected from the group consisting of glycerol, polyglycerols having a weight average molecular weight from
about 150 1o about 800 and polyoxyethylene glycols and polyoxypropylene glycols having a weight average molecular weight from about
200 to about 4000. The subsmntnlly wateriess sclf-emulsifiable biodegradable chemical softening compositions are prepared by mixing the
ester-functional quaternary ammonium compound with the polyhydroxy compound at a specific temperature range wherein the polyhydroxy
compound is miscible with the ester-functional quaternary ammonium compound. The resuiting stable solid or concentrated fluid mixture
can then be economically shipped to the consumer or ultimate user. The ultimate users of the chemical softening composition simply dilute
the mixture with a liquid carrier (c.g., water) to form an aqueous dnspemon suitable for treating fibrous cellulosic material. The substantially
wateriess self-emulsifiable biodegradable chemical softening compositions disclosed herein are primarily intended for softening disposable

paper products such as tissues and towels.
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a vacuum device suc a—-set i On box, or with a bl owthrough dryenséhurg
pressure 'ypmmmosuﬁﬁn duce inpression of densified zones during
initi'al deyat, . parate, subsequent process stage, or a

conbi nati o tiher gof ted, nonpattern-densified tissue paper
structures jarje QiSMNWI H. S Patent No. 3,812,000 issued to Joseph L.
Sal vucci, X .l and Peter Hdnnos on May 21, 1974 and U.S. Patent No.
4,208, 459, {ssued to Henry EJ Becker, Allert L. Mc©8hnel |, and Ri chard
Schutte on uae—ti—3986pot'h of whi ch are I ncor por at ed her ei n by
reference. In general, unconpacted, non pattern densified tissue paper
structures are prepared by depositing a papernaking furnish on a foram nous

formng wire such wmmss'se -EMULSFIABLE BIODEGHADABLE! No [ he web
and renoving additi r t he web
has a fiber consi stgﬂgm m&?&mﬂ?i?b \néﬁ ﬁggﬁgﬂ- ﬁgﬁt er is

renoved fromthe web by vﬂmu&@mumsm MkTEﬂlAﬂQ/l ng. The resulting

.Structure is a soft but
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FIELD OF THE INVENTION

This invention relates to a substantially waterless self-emulsifiable
biodegradable chemical softener composition. More particularly, it
relates to substantially waterless self-emulsifiable biodegradable
chemical softaner compositions useful for treating fibrous cellulose
materials, such as tissue paper webs. The treated tissue webs can be
used t0 make soft, absorbent paper products such as toweling, napkin,
facial tissue, and tollet 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
paper towels, napkins, facial and toilet tissues are staple items of
commerce. It has long been recognized that three important physical
attributes of these products are their softness; their absorbency,
particularly their absorbency for aqueous systems; and their strength,

. particularly their strength when wet. Research and development efforts
have been directed to the improvement of each of these attributes
without seriously affecting the others as waﬁ as to the lmprovement of
two or three attributes ;q:multan@‘ously ;

o i
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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 considered by those
skilled in the art to be the stiffness of the paper web from which the
product is made. Stiffness, in turn, is usually considered to be directly
dependent on the dry tensile strength of the web and the stiffness of
the fibers which make up the web.

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

Absorbency is the measure of the ability of a product, and its
constituent webs, to 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 tissue paper will absorb at saturation
as well as the rate at which the mass absorbs the liquid.

The use of wet strength resins to enhance the strength of a paper
web is 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
papermaking processes. This reduction in bonding leads to a softer, or
less harsh, sheet of paper. Freimark et al. go on to teach the use of wet

- strength resins to enhance the wet strength of the sheet and to off-set

the undesirable effects of the debonding agents. These debonding
agents 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 to Hervey et al. on
Januery 12, 1971. These materials include mono-long chain quaternary
ammonium saits such as cocotrimethylammonium  chloride,



singul ar density, but very low in bulk, absdrbency ang-in
ti ssue paper web of this invention can be used in any aﬁspi@%
soft, "absorbent tissue paper webs are required. Parti gufa ‘
uses of the tissue paper web of .this invention are inf paper towe oi | jet
tissue and facial tissue products. For exanple, two tfi gsu 7bdﬁnr '

this invention can be enbossed and adhesively secured tlagether in Tagefto
face relation as taught by U S. Pat. No. 3, 414,459,
on Decenber 3, 1968 and which is incorporated herei n“by-wefe[ence,

2-ply paper towels. Ml ecular Wight Determ nation A Int r oduct T om~Fh
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have sone nmeansygi9,deddch MBe Aise @2t curfiplekNgubteehdry ammonium compounds

: such as Dbis{alkoxy(2-hydroxy)propylene) quaternary ammonium -

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

Armak Company, of Chicago, fllinois, in their bulletin 76-17
(1977) disciose the use of dimethyl di(hydrogenated)tallow ammonium
chloride in combination with fatty acid esters of polyoxyethylene glycols
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 19, 1979, describe 2 method they contend will form a strong,
soft, fibrous sheet. More specifically, they teach that the stren_gth 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
crepirig surface in the fine patterned arrangement, and creping the web
from the creping surface to form a sheet material.

Conventional quaternary ammonium compounds -such as the well
known dialkyl dimethyl ammonium saits (e.g. ditallow dimethyl
ammonium chloride, ditallow dimethyl ammonium methyl sulfate,
di(hydrogenateditallow dimethyl ammonium chloride etc ...} are
effective chemical debonding agents. Unfortunately, these quaternary
ammonium compounds are not biodegradable. Applicants have
discovered that biodegradable mono- and di-ester variations of these
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Zfebonding agents and enhance the softness of fibrous cellulose
materials. '

Furthermore, providing chemical softening compositions .

‘containing these biodegradable compounds in substantially waterless
forms, results in cost saving on shipping the product {less weight), cost
savings on packaging material, and cost savings on machinery required
for processing the chemical softening compositions (less equipment
needed to make-up the aqueous dispersions}. In addition, the present
invention aiso provides environmental safety advantages because of the
elimination of the organic solvents, especially volatile organic solvents
typically used in the preparation of concentrated softening
compositions. :

it is an object of this invention to provide a substantially
waterless  self-emulsifiable  biodegradable chemical  softening
composition useful for treating fibrous cellulose materials.

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

It is also a further object of this invention to provide a process for
making soft, absorbent 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 a substantially waterless self-
emulsifiable biodegradable chemical softening composition useful for
treating fibrous cellulose materials. Briefly, the waterless self-

emulsifiable biodegradable chemical softening composition comprises a
mixture of : '

{a} a biodegradable ester-functional quaternary ammonium compound,
preferably having the formula
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CH-CHz-N* - (Ra)3 X-
R - Y

wherein each Rz substituent is a C1 - Cé6 alkyl or hydroxyaikyl group,
benzyl group or mixtures thereof; each R substituent is a C12 - C22
hydrocarbyl group, or substituted hydrocarbyl group or mixtures thereof;
each R3 substituent is a C11 - C21 hydrocarbyl group, or substituted
hydrocarby! or mixtures thereof; Yis-O0-C (O)-or-C (0O)-0 -or - NH
-C {O)-o0or-C (O] - NH -, and mixtures thereof; nis 1 to 4 and X" is a
suitable anion, for example, chloride, bromide, methyisuifate, ethyl!
sulfate, nitrate and the like; and
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the tissue papgy GagoRRyERLG ChRipduRY SAkYRA! fiovt tRE ! 4rdlpCEonsisting of

glycerol, polyglycerols having a weight average molecular weight
from about 150 to about 800, and polyoxyethylene glycols and
polyoxypropylene glycols having a weight average molecular
weight from about 200 to about 4000, and mixtures thereof;

wherein the weight ratio of the ester-functional quaternary ammonium
compound to the polyhydroxy compound ranges from about 1 : 0.1 to
about 0.1 : 1, wherein said polyhydroxy compound is mixed with said
ester-functional quaternary ammonium compound at a temperature
wherein said ester-functional quaternary ammonium compound and said
polyhydroxy compound are miscible.

The-chemical softening compaosition of the present invention is a
stable, homogenous, solid or viscous fluid at a temperature at least
about 20°C . The fluid may have either a liquid or-a liquid crystal phase
structure. The moisture content of the substantially self-emulsifiable
chemical softening composition is less than about 20 % by weight,

- preferably the moisture content of the chemical softening composition

is less than about 10 % by weight and more preferably the moisture
content of the chemical softening composition is less than about 5 %
by weight.

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

Q
(CH3)2 - NT - ({CH2)2-0-C- Ral2 cr
and

by
(CH3)2 - Nt - (CH212-0-C- Ra cr

R1

e., ADOGEN [err]), retained by



25 the DEDHTDVAC by an organic solvent followed by an anionic/cationic

titration using Dimidium Bronide as indicator; the |evel of the
pol yhydroxy conpound, such as PEG 400, can be det er mi ned by extraction in

an aqueous solvent such as water followed by gas chr 5 phy—-QLr

colorimetry techniques to deternine the |evel of PEGZ% EACERAENTemE@c )
These net hods are exenplary, and are not neant to exg¢l
whi ch may be useful for determning levelg of particylg

retained by the tissue paper. B. Hydrophilicity (abspr W’Wﬁﬂ;%h I

of tissue paper refers, in general, to the propensit

to be wetted with wahar. -Hydrophilicity of tissue paper nay be somevx/n

quantified by determning the period of time required for drytI

to become conpletely wetted with water. This period of time is referre

as "wetting tine".

wetting tine,

the feEHgMHE-BHIFAAUI® - ({CH2)2- O - ¢-Ral CH3SO4

and

CH-CH2-N* -(R2l3 CI

wherein each Rz substituent is @ C1 - C6 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 hydrocarbyl group, or
substituted hydrocarbyl or mixtures thereof.

These compounds can be considered to be mono or diester
variations of the well-known d_ialkyldimethytammonihm salts such as
diester ditallow dimethyl ammonium chioride, diester distearyl dimethy}
ammonium chloride, monoester ditallow dimethyl ammonium chioride,
diester di(hydrogenateditallow dimethyl ammonium methyisulfate,
diester dilhydrogenated)tallow dimethyl ammonium chloride, monoester

dilhydrogenated)tallow dimethyl ammonium chioride, and mixtures

thereof, with the diester variations of di{non hydrogenatedjtaliow
dimethyl ammonium chioride, Di{Touch Hydrogenated)Tallow DiMethyl
Ammonium Chiloride {(DEDTHTDMAC) and Di{Hydrogenated)Tallow
DiMethyl Ammonium Chlaride (DEDHTDMAC), and mixtures thereof
being preferred. Depending upon the product characteristic
requirements, the saturation level of the ditallow can be tailored from
non hydrogenated (soft) to touch, partially or completely hydrogenated
(hard).

dto

In order to provide a consiste@t and repeatable test for
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Examples of polyhydroxy compounds useful in the present
invention include glycerol polyglycerols having a weight average
molecular weight from about 150 to about 800, and polyoxyethyiene
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.

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

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

BRIEF DESCRIPTION OF THE DRAWINGS

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

Figure 1 is a phase diagram of the DEDTHTDMAC and PEG-400
system.

Figure 2 is a phase diagram of the DEDHTDMAC and PEG-400
system. '
Figure 3 is a cryo-transmission photo-micrograph taken at X
63,000 of the 2% DEDTHTDMAC dlspersaon formed by diluting a
solid premixofa 1: 1 by

weight ratio of a diester di(touch hardened)tallow dimethy!

ammonium chloride and PEG-400 system.

Figure 4 is a cryo-transmission photo-micrograph taken at X
63,000 of the 2% DEDTHTDMAC dispersion formed by diluting a
liquid premix of a 1 : 1 by weight ratio of a diester di(touch
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Thus, the wetting tinmes are preferably neasured at the end of such two week
per i od Accordingly, wetting tines neasured at the en vveek agl ng .
period at roomtenperature are referred to as "two we KRERADE By
26 C. Biodegradabl e Suitable substantially waterless ’?W@&L.LL__
bi odegr adabl e chem cal softening conmposition for use
I nvention are bi odegradable. As used herein, the ter
refers to the conpl ete breakdown of a sub® ance by mjc anlsms tofcarbon
di oxi de, water, biomass, and inorganic materials. Thg bi odegradatl
potential can be esti mated by measuri ng car bon di oxi
di ssol ved organic b&f%ﬂ?ﬂ@ﬂ@‘ﬂal dimethyh esunemiugonchlosideg amk PEG-
system.
Figure 5 is a cryo-transmission photo-micrograph taken at X
63,000 of the 2% DEDTHTDMAC dispersion formed by diluting a
liquid premix of a 1 : 1 by weight ratio of a diester di{touch -
hardened)taliow dimethyl ammonium chloride and a mixture of
glycerol and PEG-400 systems.

The present invention is descri_bed in more detail below.
DETAILED DESCRIPTION OF THE INVENTION

While this specification conciudes 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 “viscous fluid” refers to a fluid having a
viscosity greater than or equal to about 10,000 centipoise at 20°C.

As used herein, the term “homogenous mixture” refers to
compositions wherein the ester-functional quaternary ammonium and
polyhydroxy compounds are dissolved or dispersed in each other.

, As used herein, the term “self-emulsifiable” refers to
co_mposhions that will form a uniform colfoidat disperslon with a
minimum of shear, heat, dispersing aids, etc. ... when added to a liquid
carrier such as water.

As used herein, the term "ester-functional quaternary ammonium
compound” refers to quats that contain one or more ester groups.

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 furnish as by gravity
or vacuum-assisted drainage, with or without pressing, and by
evaporation.

As used herein, an "aqueous papermaking furnish™ is an aqueous
slurry of papermaking fibers and the chemicals described hereinafter.
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one polyhydroxy compound, all of which will be hereina described.

It is anticipated that wood pulp in all its varieties will normally
comprise the papermaking fibers used in this invention. However, other
celiulose fibrous pulps, such as cotton liners, bagasse, rayon, etc., can
be used and none are disclaimed. Wood puilps useful herein include
chemical pulps such as Kraft, sulfite and sulfate pulps as well as
mechanical pulps including for example, ground wood,
thermomechanical puips and chemically modified thermomechanical
puip {(CTMP). Pulps derived from both deciduous and coniferous trees
can be used. Also applicable to the present invention are fibers derived
from recycled paper, which may contain any or all of the above
cateéories as well as other non-fibrous materials such as fillers and
adhesives used to facilitate the original papermaking. Preferably, the
papermaking fibers used in this invention comprise Kraft pulp derived
from northern softwoods.

Waterless Self-Emuisifiable Biodegradable Chemical Softener
Compositions : .

The present invention contains as an essential component- a
mixture of an ester-functional quaternary ammonium compound and a
polyhydroxy compound. The ratio of the ester-functional quaternary
ammonium compound to the polyhydroxy compound ranges from about
1 : 0.1 to about 0.1 : 1; preferably, the weight ratio of the ester-
functional quaternary ammonium compound to the polyhydroxy
compound is about 1 : 0.3 to about 0.3 : 1; more preferably, the
weight ratio of the ester-functional quaternary ammonium compound to
the polyhydroxy compound is about 1 : 0.7 to about 0.7 : 1, aithough
this ratio will vary depending upon the molecular weight of the
particular polyhydroxy compound and/or ester-functional quaternary
ammonium compound used. ' |

Each of these types of compounds will be described in detail

" below,

A. Ester-functional quaternary ammonium Compound

sue er, termis. used
The Jusrish caimprises AREPHREKIBE 19858 paper
di vi ded by t he(hezbinptter somdtinhéw refpmedpioi as avood puipln \amwdsa onixturecof por at ed



Optional Ingredients OGher chem cals commonly used in papW
added to the substantially waterless sel f-enulsifiable bijo#&Bk 3 SHEET |
chem-cal softening conposition described herein, or to tHe maki ng |
furnish so long as they do not significantly and adverselly afégc#ANhgﬂ_
sof teni ng, absorbency of the fibrous material, and enhandi ng tT'ons of f
chem cal softening conposition. For exanple, surfactants
treat the tissue paper webs of the preseqyg invention. Thg | evel of
surfactant, if used, is preferably fromabout 0.01 %to out2"0% DYy

wei ght, based on the dry fiber weight of the tissue paper. The surfactants
preferably have  is akkarhical doffenig bothib¥ition EdNtRinEaREOBNaESENtIal

Exenpl ary ani oni c . .
component a ester-functional quaternary ammonium compound having

the formula :

/(CHZ)n' Y - R3

R2
R2 \(Cﬂz)n- Y -Rs3

or

N+ X
or
CH-CH2-N+ -(R2)3 X

wherein each Rz substituent is a C1 - C6 alkyl or hydroxyalkyl group.
benzyl group or mixtures thereof: each Ry substituent is a C12 - C22



surfactants are linear al kyl sulfonates, and al kyl benzene sul f onat es.
Exenplary nonionic surfactants are aI kyl gl ycosi d

O . R e 1< I—
al kyl gl ycosi de esters such as Crodesta SL-40 which i S%MCEMHIESHE@TH

Inc. (New York, NY); alkylglycoside ethers as descr

4.011, 389, |ssued to W K Langdon, et al. on Mrch 8
al kyl pol yet hoxyl ated esters such as Pegosperse 200’
Chem cals, inc. (Geenwich, CI) and | GEPA RC- 520
Poul enc Corporation (Cranbury. N.J.). OQher types
added, i ncl ude, dr strength additives to increas
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preferably frokxr abwtstﬁaﬁlho/ahnnatfonte:&nm kehloideg mrprrbds,emethvlsulfate, )

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 Swern 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” fali within the scope of the present invention. it is also
known that depending upon the product characteristic requirements, the
saturation level of the ditallow can be tailored from non hydrogenated
(soft) to touch, 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 Ri, 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 afkyl and / or alkenyl, most preferably
each Ri is straight-chain C16 - C18 alkyl and / or alkenyl. Preferably,
each R is methyl or hydroxyethy!. Preferably R3 is C13-C17 aikyl and /
or alkenyl, most preferably R3 is 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 th.e'monouong chain alkyl) derivatives, e.g., {R2)2 -
N+ - ({CH2)20H) {{CH2)20C(O)R3) X~ as minor ingredients. These minor
ingredients can act as emuisifiers 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 ditallow



on the dry fiber weight of the tissue paper. Qher types o ~
I ncl ude wet strength additives to increase the 5@4%?
the tissue webs. The present invention nay contain as an opt}] onal conp
fromabout 0.01 %to about 3.0% nore preferably from abo 0.8% JAN t

may be added,

whinch
SHEE{

1.5% by weight, on a dry fiber weight basis, of a water-sgl bl e permanent
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several types.

General ly, those resins which have previou nd and
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cross-1inking

tygnmlelthyl ammonium chioride are particularly'breferred. These particular

materials are available commercially from Sherex Chemical Company
inc. of Dublin, Ohio under the tradename *ADOGEN DDMC B~,

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 (flz)z ' (pz)z C
R3-C-0-(CH2)2-N* - (CH2)p- N+ - (CH2)2-0-C-R3 2 X-

In the structure named above each Rz is a C1 - C6 alky! or
hydroxyalkyl 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 R3 is C13-C17 alkyl and / or alkenyl,

most preferably each R3 is straight-chain C15 - C17 alkyl and / or alkeny!,
and R2 is a methyl.

B. Polyhydroxy Compound .

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

Examples of polyhydroxy compounds useful in the present

~ invention include glycerol, polyglycerols having a weight average

molecular weight from about 150 to about 800 (e.g., about 2 to about
10 glycerol units) 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 giycols having a 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
polyoxyethyiene glycols having a weight average molecular weight from
about 200 to about 1000, more preferably from about 200 to about



render the resins insoluble in water. Further, sone resins are-'sol ubl e only

under specific conditions, such as over a limted pH refage—We+—strengt
resins are generally believed to undergo a cross- |inKi @P&CEMEMrS?&Efril g
reactions after they have been deposited on, 28 wi tjhifn

paper maki ng fibers. Cross-linking or curing does not ror ﬂ

as substantial anounts of water are prequT o particul c13§
various pol yam de-epi chl orohydrin resins hese mat erijal!

wei ght pol ymers provided with reactive functional gro ps such as am no,

epoxy, and azet di_n ro pat ent | e oL
descri ptions o? to?§§]s aggpt r?gg%n [&W'ﬁgfi‘?war m 63%"‘ gz?? bout
3,700, 623, i ssaea are useiful iorthecpresent zwenu::oaz Ppeferably, thatwelubt ramv 0P, 076,

i ssued to Kei nhgierol to polyoxyethylene glycol ranges from about 10 : 1 to about 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 waterless self-emulsifiable biodegradable chemical softening
composition described above i.e. mixture of a ester-functionat
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 papermaking fibers, or furnish, in the wet end of the
papermaking machine at some suitable point ahead of the Fourdrinier
wire or sheet forming stage. However, applications of the above
described chemical softening composition subsequent to formation of a
wet tissue web and prior to drying of the web to completion will also
provide significant softness, absorbency, and wet strength benefits and
are expressly included within the scope of the present invention.

it has been discovered that the chemical softening composition is
more effective when the ester-functional quaternary ammonium
compound and the polyhydroxy compound are first pre-mixed together
before being added to the papermaking furnish. A preferred method, as
will be described in greater detail hereinafter in Example 1, consists of
first heating the polyhydroxy compound to a temperature of about 66°C
{150°F), and then adding the ester-functional quaternary ammonium
compound to the hot polyhydrbxy compound to form a homogenous
fluld. The weight ratio of the ester-functional quaternary ammonium
compound to the polyhydroxy compound ranges from about 1 : 0.1 to
about 0.1 : 1; preferably, the weight ratio of the ester-functional
quaternary ammonium compound to the compound is about 1 : 0.3 to
about 0.3 : 1; more preferably, the weight ratio of the ester-functional
quaternary ammonium compound to the compound is about 1 : 0.7 to
about 0.7 : 1, although this ratio will vary depending upon the
molecular weight of the particular compound and/or ester-functional
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' by weight. importantly, the chemical softening composition is a stable,

homogenous, solid or viscous fluid at a temperature at least about
20°C. .

The substantially waterless self-emulsifiable biodegradable
chemical softener composition can be pre-mixed at the chemical
supplier (e.g. Sherex company of Dublin, Ohio}. Providing chemical
softening compasitions containing these biodegradable compounds in
substantially wateriess forms resuits in cost saving on shipping the
product (less weight}, cost savings on packaging material and cost
savings on machinery for processing the chemical sbftening
compositions f{less equipment needed to make-up the aqueous
dispersion). In addition, the present invention also provides
environmental safety advantages because of the elimination of the
organic solvents, especially volatile organic solvents. The ultimate users
of the chemical softening composition simply dilute the mixture with a
liquid carrier {i.e., water} to form an aqueous dispersion of the ester-
functional quaternary ammonium compound / polyhydroxy compound
mixture, which is then added to the papermaking furnish. The
homogenous mixture of " ester-functional quaternary ammonium and
polyhydroxy compound can exist either in a solid state or in a fluid state
before being dispersed in the aqueous media. Preferably, the mixture of
the ester-functional quaternary ammonium compound and polyhydroxy
compound is diluted with a liquid carrier such as water to a
concentration of from about 0.01% to about 25% by weight of the
softening composition before being added to the papermaking furnish.
The pH of the liquid carrier preferably ranges from about 2 to about 6.
The temperature of the liquid carrier preferably ranges from about 20°C
to about 60°C at the time of make-up. After mixing, the ester-
functional quaternary ammonium compound and the polyhydroxy
compound are present as particles dispersed in the liquid carrier. The
avei'age particle size preferably ranges from about 0.01 to about 10
microns, most preferably from about 0.1 to about 1.0 micron. As
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it has unexpectedly been found that the adsorption of the
poiyhydroxy compound onto paper is significantly enhanced when it is
premixed with the ester-functional quaternary ammonium compound
and added to the paper by the above described process. In fact, at
least about 20% of the polyhydroxy compound and the ester-functional
quaternary ammonium compound added to the fibrous cellulose are
retained; preferably, the retention level of ester-functional 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
DiMethy! Ammonium Chioride (DEDTHTDMAC), and polyoxyethyiene
glycol 400 were studied. '

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

DEDTHTDMAC (Di€ster Di{Touch HardenedjTaliow 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 (Figure 1) of these two materials using the step-wise
dilution method demonstrate that their physical behavior is similar to
that of di(hydrogenated)taliow dimethyl ammonium chloride. These
compounds are miscible over a wide range of temperatures {_ 50°C),
which indicates that dispersions may be prepared from these mixtures
over a comparable range of temperatures. No upper temperature limit of
miscibility exists. The X-ray data show that a mixture of crvstal and
liquid phases do, in fact, exist in DEDTHTDMAC / PEG-400 mixtures.
Mixtures of DEDTHTDMAC with glycerol.
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with other surfactants, it appears not to do sp in this system at this
composition.

Mixtures of DEDHTDMAC with PEG-400.

Phase studies (Figure 2) of these two materials using the step-wise
dilution method demonstrate that their physical behavior is similar to
that of DEDTHTDMAC. These compounds are miscibie over a wide
range of temperatures (> 67°C)}, which indicates that dispersions may
be prepared from these mixtures over a comparable range of
temperaturés. 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 DEDHTOMAC 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. ...} to water,
so as to form a mixture containing about 1% of DEDTHTDMAC will
precipitate the DEDTHTDMAC. Most likely, the DEDTHTDMAC phase
near room temperature will be the lameliar fiquid crystal.

Colloidal structure of dispersions.

The liquid crystal phase in the diluted mixtures exists as vesicles
which, for the most part, are closed and 'spherical. The formation of
such dispersion likely results from the iarge 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 fiquid
phase of DEDTHTDMAC / glycerol mixtures may exist over a wide
range of temperature, one may also produce dispersions over a wide
range of temperatures.
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PEG is presumed to be associated with these banic_l_es. The application
of dispersions prepared in this manner to paper resuits 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 likely that the attainment of the -equilibrium state will
require a long time (perhaps months), so that a disordered particle
whose membranes are either a liquid crystal or a disordered crystal
phase is interacting with the paper. Preferably, the chemical softening
compaositions described herein are used before the equilibrium state has
been attained.

It is believed that the vesicles containing quats and polyhydroxy
compounds {e.g. glycerol, PEG-400 etc. ...} break apart upon drying of
the fibrous celiulosic 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. I'mportantly. 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 quats component stays on the surface of the
cellulose fiber, where it enhances the surface feel and softness of the
paper product.

The second step in the process of this invention is the depositing
of the papermaking furnish using the above described chemical softener
composition as an additive on a foraminous surface and the third step is
the removing of the water from the furnish so deposited. Techniques
and equipment which can be used to accomplish these two processing
steps will be readily apparent to those skilled in the papermaking art.
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listed are exePpéferredi tissud paperetntiudiments Wt athie pradentiihvédvors @optaiRf this
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to 0.5% by weight, on a dry fiber basis of the chemical softening
composition described herein. —-

The present invention is applicable to ‘tissue paper in general,
includm_g but not limited to conventionally felt-pressed tissue paper;
high bulk pattern densified tissue paper; and high bulk, uncompacted
tissue paper. The tissue paper may be of a homogenous or multilayered
construction; and tissue paper products made therefrom may be of a
single-ply or muiti-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 tissue papermaking, upon one or more
endless foraminous screens. The layers are subsequently combined to
form a layered composite web. The layered web is subsequently
caused to conform to the surface of an open mesh drying/imprinting
fabric by the application of a fiuid force to the web and. thereafter
thermally predried on said fabric as part of a fow density papermaking
process. The layered web may be stratified with respect to fiber type
or the fiber content of the respective layers may be essentially the
same. The tissue paper preferably has a basis weight of between 10
g/m2 and about 65 g/m2, and density of about 0.60 g/cc or less.
Preferably, basis weight will be below about 35 glmz or less; and
density will be about 0.30 g/cc or less. Most preferably, density will be
between 0.04 g/cc and about 0.20 g/cc.

Conventionally pressed tissue paper and methods for making
such paper are known in the art. ‘Such paper is typically made by
depositing papermaking furnish on a foraminous forming wire. This
forming wire is often referred to in the art as a Fourdrinier wire. Once
the furnish is deposited on the forming wire, it is referred to as a web.
The web is dewatered by transfering to a dewatering feit, pressing the
web and drying at elevated temperature. The particular techniques and




practice of this invention. The above |istings of optio EF _;Qﬂﬂ:e’ﬂi SHEET
additives is intended to be nerely exenplary in nature,}] gnd are no

to li'mt the scope of the invention. The follow ng exanplifesQ 7l Jagt efthe
practice of the present invention but are not intendedft¢ be limti
t hereof . EXAMPLE 1 The purpose of this exanple is to i
that can be used to neke-up a substantially water
sel f-enul sifiabl e bi odegradabl e chemni calpgoftener conposition conprisr
m xture of Di Ester Di (Touch Hardened) Tal%ow Di Met hyl Ammoni um Chl ori de
(DEOCTHTDVAC) and Pol yoxyet hyl ene G ycol 400 (PEG 400). A waterless

wccor ot b HHREED QB HoP FRER St deRBRlngo 1D Bl o P
DEDTHTDMAC andiegtiedares Walli kRewns dpathase) y"!"?'ggz!" she, e Hgaﬁea\’ﬁiﬁa‘t o
about [err] 3rocess, 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
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 drums.
The tissue paper structures which are formed are referred to hereinafter
as conventional, pressed, tissue paper structures. Such sheets are
considered to be compacted since the web is subjected to substantial
mechanical compression forces while the fibers are moist and are then
dried while in a compressed state. '

Pattern densified tissue paper is characterized by having a
relatively high bulk field of relatively low fiber density and an array of
densified zones of relatively 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. Thg 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, 1967, U.S. Patent No. 3,974,025, issued to Peter G.
Avyers 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.




DEDTHTDVAC is dissolved in the PEGto forma nelted sol

[err]; 4. Adequate mixing is provided to forma ho gg@em@ii
DEDTHTDMAC in PEG 5. The honbgenous m xture of (4) i

solid format roomtenperature. The substantially watlery e s
sel f-enul si fi abl e bi odegradabl e chem cal softener conpo ap be
pre-m xed (steps 1-5 above) at the chem supplier

of Dublin, Chio) and then economcally s??ﬂapped to thelulti mate use .
chemi cal softeni ng conposition where it can then be di 0 the deS| red

concentration. EXAMPLE 2 The )ose of this e : is toillustrate
a method that can ?;@ general, pattern dgnm ied webs are pre )%errgfaly prepared by

depositing 2 papermaking furnish on a foraminous forming wire such as
a Fourdrinier wire to form a wet web and then juxtaposing the web
against an array of supports. The web is pressed against the array of
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 fieid.
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 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 aiternately by mechanically pressifig
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 stiil
avoiding mechanical pressing. Preferably, from about 8% to about 55%
of the tissue paper surface comprises densified knuckles having a
relative density of at least 125% of the density of the high bulk fieid.

The array of supports is preferably an imprinting carrier fabric
having a patterned displacement of knuckles which operate as the array
of supports which facilitate the formation of the densified zones upon
application of pressure. The pattern of knuckles constitutes the array of
supports previously referred to. imprinting carrier fabrics are disclosed
in U.S. Patent No. 3,301,746, Sanford and Sisson, issued January 31,
1967, U.S. Patent No. 3,821,068, Salvucci, Jr. et al ., issued May 21,
1974, U.S. Patent No. 3,974,025, Avers, issued August 10, 1976,
U.S. Patent No. 3,573,164, Friedberg et a! ., 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. 4,528,239, Trokhan, issued July 9, 1985, all of which are
incorporated herein by reference.

®



used to nmake-up a substantially waterless self-enmul
chem cal softener conposition which conprises a m x{
Har dened) Tal | ow Di Met hyl Anmmoni um Chl ori de ( DEDTHTDVYA(
G ycerol and PEG 400. A substantially waterless self
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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 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 roil 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 stagé. ora

combination thereof.

Uncompacted, nonpattern-densified tissue paper structures are
described in U.S. Patent No. 3,812,000 issued to Joseph L. Salvucci,
Jr. and Peter N. Yiannos on May 21, 1974 and U.S. Patent No.
4,208,459, issued to Henry E. Becker, Albert L. McConneli, and Richard
Schutte on June 17, 1980, both of which are incorporated herein by
reference. In general, uncompacted, non pattern densified tissue paper
structures are prepared by depositing a papermaking furnish on a
toraminous forming wire such as a Fourdrinier wire to form a wet web,
draining the web and removing additional water without mechanical
compression until the web has a fiber consistency of at least 80%, and
creping the web. Water is removed from the web by vacuum
dewatering and therma! drying. The resulting structure is a soft but
weak high bulk sheet of relatively uncompacted fibers. Bonding material
is preferably applied to portions of the web prior to creping.

Compacted non-pattern-densified tissue structures are commonly

known in the art as conventional tissue structures.

in general,

compacted, non-pattern-densified tissue paper structures are prepared

her ex conpan
ewetwerm y



concentration. EXAMPLE 3 The purpose of this exanple is jtg
met hod using a bl ow t hrough dryi ng papermaki ng techni qug t
absor bent paper towel sheets treated with a substantiall
enmul si fiabl e bi odegradabl e chem cal softener conpositionic
prem x of DiEster Di (Touch Hardened)tal RBw D Met hyl Ammohi um Chl ori.de.
( DEDTHTDVAC) and a Pol yoxyet hyl ene d ycol 400 (PEG 400) ifi solid state, and
a permanent wet strength resin . A pilot scale Fourdrinier papernmaking
machi ne i s usbky depasitingoeapapermaking furnjsheoona foramimoius nwirei suth as he

substanti al | yry@idpintetSwireStd Toffilh Wt AL, BiaiRg tdaled 8he Veridvirg! t ener
conpositi on- [ sd&r.eﬁa]r ed t%ccorgil_r%t? thfeér océgure ug} Exaagpl e 1 V\Qe ein the
honogenous pr BI4THPORY) VFteprwit daf SEniEm meganical; SPBPRCtioR sper sed
in a {pressing) until the .web has a8 consistency of 25-50%, transferring the

web to a thermal dryer such as a Yankee and creping the web. Overall,

water is removed from the web by vacuum, mechanical pressing and

thermal means. The resulting structure is strong and generally of

singular density, but very low in bulk, absorbency and in softness.

The tissue paper web of this invention can be used in any

application where soft, absorbent tissue paper webs are required.

Particularly advantageous uses of the tissue paper web of this invention

are in paper towel, toilet tissue and facial tissue products. For example,

two tissue paper webs of this invention can be embossed and

adhesively secured together in face to face relation as taught by U.S.

Pat. No. 3,414,459, which issued to Wells on December 3, 1968 and

which is incorporated herein by reference, to form 2-ply paper towels.

Molecular Weight Determination

A. Introduction _

The essentiat distinguishing characteristic of polymeric materials
is their molecular size. The properties which have enabled polymers to
be used in a diversity of applications derive almost entirely from their
macro-molecular nature. In order to characterize fully these materials it
is essential to have some means of 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 d_istributions.. 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 (wj) of molecules having relative
molecular mass (M;j), it is possible to define several useful average

" values. Averaging carried out on the basis of the number of molecules
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m cron vesicle dispersion. The particle size of the v=sﬂﬂ%€ﬂ“§§‘ar%ﬁ§g¥l S
determ ned using an optical mcroscopic technique. The¢ Cre srze fahge
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An important consequence of this definition is that the Number
AverageMolecular Weight in grams contains Avogadro’s Number of
molecules. This definition of molecular weight is consistent with that of
monodisperse molecular species, i.e. molecules having the same
molecular weight. Of more significance is the recognition that if the
number of molecules in a given mass of a polydisperse polymer can be
determined in some way then n, can be calculated readily. This is the
basis of colhgauve property measurements.

Averaging on the basis of the weight fractions {Wj) of molecules

of a given mass (Mj) leads to the definition of Weight Average
Molecular Weights

= ZWilNi = ZNiM?
I Wi Z Nj M

w is a more useful means for expressing polymer molecular weights
than n, since it reflects more accurately such properties as melt viscosity

and mechanical properties of polymers and is therefor used in the
present invention.

Analytical and Testing Procedures

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

A. Quantitative analysis for 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 pbDMC®),
retained by the tissue paper can be determined by solvent extraction of



nom nal 2% solution of a permanent wet strength resin
mar ket ed by Hercul es | ncorporated of WImngton, DE) ip
stock” pipe at a rate of about 1 % by weight of the dryjf}bers. The
adsorption of [err] 557H to NSK i s enhanced by an in-]i heOn ¥&N 987ndnilnal
1 % solution of -Carboxy Methyl Cellulose (CMC) is added piter _the In-lj
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dry strength of the fibrous substrate. The adsorption ad be
enhanced by an in-line mxer. Then, a 1 % solution of the chem cal softener
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1% chromatography or colorimetry techniques to determine the level of

PEG-400 in the extract. These methods are exemplary, and are. not

meant to exclude other methods which may be useful for determining

levels of particular components retained by the tissue paper.

B. Hydrophilicity {absorbency) ,

Hydrophilicity of tissue paper refers, in general, to the propensity

of the tissue paper to be wetted with water. Hydrophilicity of tissue
paper may be somewhat gquantified by determining the period of time
required for dry tissue paper to become completely wetted with water.
This period of time is referred to as “wetting time". in order to provide a
consistent and repeatable test for wetting time, the following procedure
may be used for wetting 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 TAPPl Method T
402), approximately 4-3/8 inch x 4-3/4 inch (about 11.1 cm x 12 cm)
of tissue paper structure is provided; second, the sheet is folded into
four (4) juxtaposed quarters, and then crumpled into a ball
approximately 0.75 inches (about 1.9 cm) to about 1 inch (about 2.5
cm) in diameter; third, the balled sheet is placed on.the surface of a
body of distilled water at 23 £ 1°C and a timer is simuitaneously
started; fourth, the timer is stopped and read when wetting of the
balled sheet is completed. Complete wetting is observed visually.

Hydrophilicity characters of tissue paper embodiments of the
present invention may, of course, be determined immediately after
manufacture. However, substantial increases in hydrophobicity may
occur during the first two weeks after the tissue paper is made: i.e.,
after the paper has aged two (2) weeks following its manufacture.

Thus, the wetting times are preferably measured at the end of such two
week period. Accordingly, wetting times measured at the end of a two
week aging period at room temperature are referred to as “two week
- wetting times.”




solution of the chem cal softener m xture is added to the CTMP stock pipe
before the stock punp at a rate of about 0.1 % by wei ght of t h ber's.
The adsorption of the chemical softener mxture to §

an in-line mxer. The CTMP slurry is diluted to abodt ' n{punp.
The treated furnish mxture (NSK/ CTMP) is blended j d
deposited onto a Fourdrinier wire to forggan enbryonj c we. J

occurs through the Fourdri-nier wire and 1S assi sted
vacuum boxes. The Fourdr| nier wire is of a 5-shed,
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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 _ Environmentat
Microbiology, 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. i

D. Density

The density of tissue paper, as that term is used herein, is the
average density calculated as the basis weight of that paper divided by
the caliper, with the appropriate unit converstons incorporated therein.
Caliper of the tissue paper, as used herein, is the thickness of the paper
when subjected to a compressive foad of 95 g/in2 (15. 5 glcmzi

sati'n weave

Optional Ingredients

Other chemicals commonly used in papermaking can be added to
the substantially waterless self-emulsifiable biodegradable chemical
softening composition described herein, or to the papermaking furnish

. so long as they do not significantly and adversely affect the softening,
absorbency of the fibrous material, and enhancing actions of the
chemical softening composition.

For example, surfactants may be used to treat the tissue paper
webs of the present invention. The level of surfactant, if used, is

. preferably from about 0.01% to about 2.0% by weight, based on the
dry fiber weight of the tissue paper. The surfactants preferably have
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and alkylpolyethoxylated esters such as Pegosperse 200 ML available
from Glyco Chemicals, Inc. (Greenwich, CT) and IGEPAL RC-520
available from Rhone Poulenc Corporation (Cranbury, N.J.).

Other types of chemicals which may be added, include dry
strength additives to increase the tensile strength of the tissue webs.
Exampies of dry strength additives include carboxymethy! celiulose, and
cationic polymers from the Acco chemical family such as Acco 711 and
Acco 514, with the Acco chemical family beiﬁg preferred. These
materials are available commercially from the American Cyanamid
Company of Wayne, New Jersey. The level of dry strength additive, if
used, is preferably from about 0.01% to about 1.0%, by weight, based
on the dry fiber weight of the tissue paper.

Other types of chemicals which may be added, include wet
strength additives to increase the wet burst of the tissue webs. The
present invention may contain as an optional component from about
0.01% to about 3.0%, more preferably from about 0.3% to about 1.5%
by weight, on a dry fiber weight basis, of a water-soluble permanent
wet strength resin.

Permanent wet strength resins useful herein can be of several
types. Generally, those resins which have previously found and which
will hereafter find utility -in the papermaking art are useful herein.
Numerous examples are shown in the aforementioned paper py
Westfelt, incorporated herein by reference.

in the usual case, the wet strength resins are water-soluble,
cationic materials. That is 10 say, the resins are water-soluble at the
time they are added to the papermaking furnish. it is quite possible, and
even 10 be expected, that subsequent events such as cross-linking will
render the resins insoluble in water. Further, some resins are soluble

" only under specific conditions, such as over a limited pH range.

Wet strength resins are generally believed to undergo a8 cross-

linking or other curing reactions after they have been deposited on,




Yankee dryer is operated at about 800 fpm (feet per m nute) (about 244
freters per minute). The dry web is formed into roll at a speed of about 700

fpm ( 214 neters per mnutes). Two plies of the web

towel products by embossing and | am nating them togetF%puﬁ@MNWﬁﬁf
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resins. These materiais are low molecular weight polymers provided

with reactive functional groups such as amino, epoxy, and azetidinium

groups. The patent literature is replete with descriptions of processes

for making such materials. U.S. Pat. No. 3,700,623, issued to Keim on

October 24, 1972 and U.S. Pat. No. 3,772,076, issued to Keim on

November 13, 1973 are examples of such patents and both are

incorporatetf herein by reference.

Polyamide-epichiorohydrin resins sold under the trademarks
Kymene® 557H and Kymene® 2064 by Hercules Incorporated of
Wilmington, Delaware, are particularly useful in this invention. These
resins are generally described in the aforementioned patents to Keim.

Base-activated polyamide-epichiorohydrin resins useful in the
present invention are sold under the Santo Res trademark, such as
Santo Res 31, by Monsanto Company of St. Louis, Missouri. These
types of materials are generally described in U.S. Pat. Nos. 3,855,158
issued to Petrovich on December 17, 1974; 3,899,388 issued to
Petrovich on August 12, 1975; 4,129,528 issued to Petrovich on
December 12, 1878; 4,147,586 issued to Petrovich on Aprit 3, 1979;
and 4,222,921 issued to Van Eenam on September 16, 1980, all
incorporated herein by reference. .

Other water-soluble cationic resins useful herein are the
polyacrylamide resins such as those sold under the Parez trademark,
such as Parez 831NC, by American Cyanamid Company of Stanford,
Connecticut. These materials are generally described in U.S. Pat. Nos.
3,556,932 issued to Coscia et al . on January 19, 1971; and
3,556,933 issued to Williams et al . on January 18, 1871, all
incorporated herein by reference

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

Still other water-soluble cationic resins finding utility in this
invention are the urea formaldehyde and melamine formaldehyde resins.
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m cron. Fi gur eitdfogen containing groups such as amino groups and methylol groups
attached to nitrogen. -

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

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

The above-mentioned wet strength additives typically result in
paper products with permanent wet strength, i.e., paper which when
placed in an aqueous medium retains a substantial portion of its initial
wet strength over time. However, permanent wet strength in some
types of paper products can be an unnecessary and undesirable
property. Paper products such as toilet tissues, etc., are generally
disposed of after brief periods of use into septic systems and the like. '
Clogging of these systems can result if the paper product permanently
retains its hydrolysis-resistant strength properties. More recently,
manufacturers have added temporary wet strength additives to paper
products for which wet strength is sufficient for the intended use, but
which then deca;]s upon soaking in water. Decay of the wet strength
facilitates flow of the paper product through septic systems.

Examples of suitable temporary wet strength resins include
modified starch temporary wet strength agents, such as National Starch
78-0080, marketed by the National Starch and Chemical Corporation
{New York, New York). This type of wet strength agent can be made by

- reacting dimethoxyethyl-N-methyl-chloroacetamide with cationic starch
polymers. Modified starch temporary wet strength agents are also
described in U.S. Pat. No. 4,675,394, Solarek, et a! ., issued June 23,
1987, and incorporated herein by reference. Preferred temporary wet
strength resins include those described in U.S. Pat. No. 4,981,557,




Il lustrates a cryo-transm ssion photo-m crograph taken at X 63,000 of a 2%
concentration of the vesicle dispersion of a1 : 1 by wight ratio of a ' °
DEDTHTDVAC and pol yhydroxy conpounds systemin the liquid state. Figure 4

i ndicates that the particles have nenbranes one or two bilayers thick,
whose geonetry ranges from cl osed/ open vesicles, to disc-like structures
and sheets. Second, a 3% by wei ght aqueg s slurry of NSKis nmade up in a
conventional re-pul per. The NSK slurry refined gently and a 2% sol ution
of the tenporary wet strength resin (i.e. National starch 78- 0080 nmarketed

by Nati onal .arch.and, Chem cal corporatd of w-_Yor k I s added to
the NSK stoc ﬁﬁli%mit issped e&‘,ﬁ'f"“%ﬁ?lou’{1 8{%{’}0 G Pﬁ?ﬁp%‘ffegme&?'? faqvbers.
The adsorpti Gafgrénc@e tenporary wet strength resin onto NSK fibers is
enhanced by an i Wil &eBhe@" 1o T HRe Nelisgds'Tdnd | Spebific/! EkhrhPles LY bBtY %
consi stency at_ the fan Hu .__Thi r&i’, a 3%% welggt eous sl urré of
Eucal ypt us fiRfEManeot ag egﬁwqrﬂwa B8 RYERBIL Feqin 5&9@%".6",&? $904Wd|BR i on of
t he chem cal wuferstood thatttnecrasinsalisted are exemplary in nature and are not
meant to fimit the scope of this invention.
Mixtures of compatible wet strength resins can afso be used in the .
practice of this invention.
The above listings of optional chemical additives is intended to be
merely exemplary in nature, and are not meant to limit the scope of the
invention.
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 Glycot 400 (PEG-400).

A waterless self-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 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 chemical
softening composition where it can then be diluted to the desired

concentration. o
F REBLACEMENT SHEET |
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the Eucal yptus stock pipe before the stock punp at a rate of about 0.2% by
wei ght of the dry fibers. The adsorption of the substantially waterl ess
sel-f-'emul si fi abl e bi odegradabl e chem cal softener m it pt us
fi bers can be enhanced by an in-line m xer. The Eucgly,
diluted to about 0.2% consistency at the fan punp. |
m xture (30% of NSK / 70% of Eucal yptuskh4i s bl ended i” xfapd

occurs through the Fourdrinier wire and is assiste
vacuum boxes. The Fourdrinier wire igxampLe 85 @ 5-shed, satin weave
configuration having 84 machi ne-directioh and 76 cross-nachh Lrection
nonofil aments per inch, respectively. The enbryonic wet web is transferred
from the phot o- pol Yhempurpose ofithia example is to illustrate a 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
softener 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 meited
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 Dbiodegradable
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 chemicail
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 a biow '
through drying papermaking technique to make soft and absorbent
paper towel sheets treated with a substantially waterless self-
emutsifiable biodegradable chemical softener composition comprising a
premix of DiEster Di{Touch Hardened)tallow DiMethyl Ammonium
Chloride (DEDTHTDMAC) and a Polyoxyethylene Glycol 400 (PEG-400)
in solid state, and a permanent wet strength resin .

A pilot scaie Fourdrinier papermaking machine is used in the
practice of the present invention. First, the substantially waterless self-
emulsifiable biodegradable chemical softener composition is prepared
according to the procedure in Example 1 wherein the homogenous pre-
mixed of DEDTHTDMAC and PEG-400 in solid state is dispersed in a



fi ber consistency of about 15% at the point of transfer, to a photo- .
pol ymer fabric having 562 Linear |daho cells per square pRebl—40_percent
knuckle area and 9 mils of photo-polymer depth. Further [dBEPMACRMENTOSHEET
acconpl i shed by vacuum assi sted drainage until the web Hag—a—fi+ber
consi stency of about 28% The patterned web is pre-dried Qy QLr
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~ transmission~ photo-micrograph taken at X 63,000 of a 2%
concentration of the vesicle dispersion of a 1 : 1 by weight ratio of a
DEDTHTDMAC and PEG-400 system in the- solid state. Figure 3
indicates that the particles have membranes one or two bilayers thick,
whose geometry ranges from closed/open wvesicles, to disc-like
structures and sheets. :

Second, a nominal 3% by weight aqueous slurry of NSK is made
up in a conventional re-puiper. The NSK slurry is refined gently and a
nominal 2% solution of a permanent wet strength resin {i.e. Kymene®
557H marketed by Hercules Incorporated of Wilmington, DE) is added
to the NSK stock pipe at a rate of about 1% by weight of the dry fibers.
The adsorption of Kymene® 557H to NSK is enhanced by an in-line
mixer. A nominal 1% solution of Carboxy Methyl Cellulose (CMC]) is
added after the in-line mixer at a rate of about 0.2% by weight of the
dry fibers to enhance the dry strength of the fibrous substrate. The
adsorption of CMC to NSK can be enhanced by an in-line mixer. Then,
a 1% solution of the chemical softener mixture (DEDTHTDMAC/ PEG) is
added to the NSK slurry at a rate of 0.1% by weight of the dry fibers.
The adsorption of the chemical softener mixture to NSK can ‘also
enhanced via an in-line mixer. The NSK siurry is diluted to about 0.2%
by the fan pump.

Third, a 3% by weight aqueous slurry of CTMP is made up in a
conventional re-pulper. . A non-ionic surfactant (Pegosperse} is added to
the re-puiper at a rate of about 0.2% by weight of dry fibers. A 1%
solution of the chemical softener mixture is added to the CTMP stock
pipe before the stock pump at a rate of about 0.1% by weight of the
dry fibers. The adsorption of the chemical softener mixture to CTMP
can be enhanced by an in-line mixer. The CTMP slurry is diluted to
about 0.2% by the fan pump. The treated furnish mixture {NSK / CTMP}
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 & deflector and vacuum boxes. The Fourdrinier wire is of
a 5-shed, satin weave configuration having 84 machine-direction and 76
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fabric having 240 Linear idaho cells per square inch, 34 percent knuckie

" areas and 14 mils of photo-polymer depth. The name "linear Idaho" is

based on the fact that the cross-section of conduits from which this
pattern was derived, originally resembled the shape of a potato. The
walls of the conduits on four sides, however, are formed by generally
straight lines, thus the pattern is referred to as being a “linear” idaho
rather than simply as an ldaho pattern. 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 crepf;ig
adhesive comprising 0.25% aqueous solution -ef- 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 about
700 fpm ( 214 meters per minutes). ' -

Two plies of the web are formed into paper towel products by
embossing and laminating them together using PVA adhesive. The
paper towel has about 26 #/3M Sq Ft basis weight, contains about
0.2% of the substantially waterless self-emulsifiable biodegradable |
chemical softener mixture and about 1.0% of the permanent wet
strength resin. The resulting paper towel is soft, absorbent, and very
strong when wetted.

EXAMPLE 4

The purpose of this example is to illustrate a method using a blow
through drying and layered papermaking techniques to make soft and
absorbent toilet tissue paper treated with a substahtially waterless self-
emulsifiable biodegradable chemical softener composition comprising a
premix of DiEster Di{Touch Hardened)tallow DiMethyl Ammonium
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A pilot scale Fourdrinier papermaking machine is used in the
practice of the present invention. First, the substantially waterless self-
emulsifiable biodegradable chemical softener composition is prepared
according to the procedure in Example 1 wherein the _homogenbus
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. Figure 4
illustrates a cryo-transmission photo-micrograph taken at X 63,000 of a
2% concentration of the vesicle dispersion of a 1 : 1 by weight ratio of
a DEDTHTDMAC and polyhydroxy compounds system in the liquid
state. Figure 4 indicates that the particles have membranes one or two
bilayers thick, whose geometry ranges from closed/open vesicles, to
disc-like structures and sheets.

Second, a 3% by weight aqueous slurry of NSK is made up in a
conventional re-pulper. The NSK slurry is refined gently and a 2%
solution of the temporary wet strength resin {i.e. National starch 78-
0080 marketed by National Starch and Chemical corporation of New-
York, NY) is added to the NSK stock pipe at a rate of about 0.75% 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 chemical softéner mixture is added to
the Eucalyptus stock pipe before the stock pump at a rate of about
0.2% by weight of the dry fibers. The adsorption of the substantially
waterless self-emulsifiable biodegradable chemical softener mixture to
Eucalyptus fibers can be enhanced by an in-line mixer. The Eucalyptus
slurry is diluted to about 0.2% consistency at the fan pump.

The treated furnish mixture {30% of NSK / 70% of Eucalyptus) is
blended in the head box and deposited onto a 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
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polymer fabric having 562 Linear ldaho cells per square inch, 40
percent knucklie 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 soiution of
Polyvinyl Alcohol {(PVA}). The fiber consistency is increased to an

_ estimated 96% before the dry creping the web with a doctor bilade.
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 abouyt 700 fpm {214 meters per minutes).

The web is converted into a one ply tissue paper product. The

tissue paper has about 18 #/3M Sq Ft basis weight, contains about
0.1% of the biodegradable chemical softener mixture and about 0.2%
of the temporary wet strength resin. Importantly, the resuiting tissue
paper is soft, absorbent and is suitable for use as facial and/or toilet
tissues.

" EXAMPLE 5

The purpose of this example is to illustrate 2 method using a blow
through drying papermaking technique to make soft and absorbent toilet
tissue paper treated with a substantially waterless self-emulsifiable
biodegradabie chemical softener composition comprising a premix of
DiEster Di(Touch Hardened)Tallow DiMethyl Ammonium Chloride
{(DEDTHTDMAC) and a mixture of polyhydroxy compound (Glycerol /
PEG-400) in fiquid state and a dry strength additive resin.

A pilot scale Fourdrinier papermaking machine is used in the
practice of the present invention. First, the substantially waterless self-
emulsifiable biodegradable chemical softener composition is prepared
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re-melted at a temperature of about 66°C (150°F). The meited 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. Figure 5
illustrates a cryo-transmission photo-micrograph taken at X 63,000 of a
2% concentration of the vesicle dispersion of a 1 : 1 by weight ratio of
a DEDTHTDMAC and polyhydroxy compounds system in the liquid
state. Figure 5 indicates that the particies have membranes one or two
bilayers thick, whose geometry ranges from closed/open vesu:les, to
disc-like structures and sheets. '

Second, a 3% by weight aqueous slurry of NSK is made up in a
conventionat ré-pulper. The NSK slurry is refined gently and a 2%
soiution of the dry strength resin {i.e. Acco 514, Acco 711 marketed by
American Cyanamid company of Fairfield, OH) is added to the NSK
stock pipe at a rate of about 0.2% by weight of the dry fibers. The
adsorption of the dry strength resin onto NSK fibers is enhanced by an
in-line mixer. The NSK slurry is diluted to about 0.2% consistency at
the fan pump. Third, a 3% by weight aqueous slurry of Eucalyptus
fibers is made up in a conventional re-puiper. A 1% solution of the
chemical softener mixture is added to the Eucalyptus stock pipe before
the stock pump at a rate of about 0.2% by weight of the dry fibers.
The adsorption of the substantially waterless self-emulsifiable
biodegradabie chemical softener mixture to Eucalyptus fibers can be
enhanced by an in-line mixer. The Eucalyptus slurry is diluted to about
0.2% consistency at the fan pump. :

The treated furnish mixture {30% of NSK / 70% of Eucalyptus} is
blended in the head box and deposited onto a 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 ldaho cells per square inch, 40
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sprayed crepmg adheswe 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 bilade.
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 about 700 fpm ( 214 meters per minutes).

Two plies of the web are formed into tissue paper products and
laminating them together using ply bonded technique. The tissue paper
has about 23 #/3M Sq Ft basis weight, contains about 0.1% of the
substantially waterless self-emulsifiable biodegradable chemical softener
mixture and about 0.1% of the dry strength resin. Importantly, the
resulting tissue paper is soft, absorbent and is suitable for use as facial
and/or toilet tissues.

EXAMPLE 6

The purpose of this example is to illustrate 2 method using a
conventional drying papermaking technique to make soft and absorbent
toilet tissue péper treated with a substantially waterless seif-emuisifiable
biodegradable chemical softener composition comprising a premix of
DiEster Di{Touch Hardened)Tallow DiMethyl Ammonium Chioride
(DEDTHTDMAC) and a Polyoxyethylene Glycol 400 (PEG-400) in sqlid
state and a dry strength additive resin .

A pilot scale Fourdrinier papermaking machine is used in the
practice of the present invention. First, the substantially waterless self-
emulsifiable biodegradable chemical softener composition is prepared
according to the pracedure in Exampte 1 wherein the homogenous
premix of DEDTHTDMAC 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
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paper maki ng machine is used in the practice of the present |
First, the substantially waterl ess self- enulsifiable biodegradable
cheni cal sof t eange &orfpwsi sbaut Ds1 goef guicasmoFigurg 3 oiliusteatesoaecyoe in

Exanpl e 1 whegghBmidiforl! OPRIESRMEroYrEsR X 1aker Elt HTIOME3 o PEF 40020 sol i d

Cert]) o for FPACSTAtGN of e veskis diRectien Htop 1o bY-WEIERo0P &1 B1 ¢ he

vesi cl e di speDEDIHTBMAC and PEG-400 system. Figure 3 indicates that the
particles have membranes one or two bilayers thick, whose geometry
ranges from closed/open vesicles, to disc-like structures and sheets.

Second, a8 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 about 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, a8 3% by weight aqueous slurry of Eucalyptus
fibers is made up in a conventional re-pulper. A 1% soilution of the
chemical softener mixture is added to the Eucalyptus stock pipe before
the stock pump at a rate of 0.2% by weight of the dry fibers. The
adsorption of the chemical softener mixture to Eucalyptus fibers can be
enhanced by an in-line mixer. The Eucalyptus slurry is diluted to about
0.2% consistency at the fan pump.
_ The treated furnish mixture (30% of NSK / 70% of Eucalyptus} is
blended in the head box and deposited onto a 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 Fourdrinier wire, at a fiber
consistency of ébbuf( 15% at the point of transfer, to a conventional
feit. Further de-watering is accomplished by vacuum assisted drainage
until the web has a fiber consistency of about 35%. The web is then
adhered to the surface of a Yankee dryer. The fiber consistency is
increased to an estimated 96% before the dry creping the web with a
doctor blade. The doctor blade has a bevel angle of about 25 degrees
and is positioned with respect to the Yankee dryer to provide an 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 about 700 fpm {214 meters per minutes).



det ermined using an optical microscopic technique. The particle size 38
range is fromabout 0.1 to 1.0 mcron. Figure 3 illustrates a cryo-

transm ssion photo-mcrograph taken at X 63,000 of a 2% concentration
of the vesicle dispersion of a 1: 1 by weight ratio of a DEDTHTDVAC and
PEG 400. system Figure 3 indicates that the particles have nenbranes one or
two bilayers thick, whose geonetry ranges from cl osed/ open vesicles, to

di sc-li ke structures and sheets. Second,3% 3% by wei ght aqueous sl urry 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
mar ket ed by Aneri cJnvdCpliasof theowphrare fbridég risto tissuel papery producasiaed to t he

NSK st ock pi Pga@inafinghen?todttRel uding B YoWBEE Rbcitliqhé THe/tibddhaper
has about 23 #/3M Sq Ft basis weight, contains about 0.1% of the
substantially waterless self-emuisifiable biodegradable chemical softener
mixture and about 0.1% of the dry strength resin. imporantly, the
resulting tissue paper is soft, absorbent and is suitable for use as a
facial and/or toilet tissues.




The adsorption of the dry strength resin onto NSK fibers is enhanced by an.
in-line mxer. The NSK slurry is diluted to about 0.2% consistency at the
fan punp. Third, a 3% by wei ght aqueous slurry of Eucal yptus fibers is nade
up in a conventional re-pulper. A 1% solution of the chem cal softener

m xture is added to the Eucal yptus stock pipe before the stock punp at a
rate of 0.2%by weight of the dry fibers. The adsorption of the chenmrcat -

softener m xture to Eucal yptus fibers can be enhanced biu ) xer .
The Eucal yptus slurry is diluted to about 0.2% consiste um ',H Hﬂgﬁnp
The treated furnish mxture (30% of NSK / 70% of Eucal yptusy in

the head box and deposited onto a Fourdodrqnl er wwre to forman enbryoni C
web. Dewat ering occurs through the Four nier wire and is assisted by a

def |l ect or _and vacu boxes, The Fourdrinier wire is of a 5-shed, satin
weave con®Pghrifi% %ﬁ?ﬁn’g“m machi ne-direction and 76

cr 0ss- mach neadl §aataARIT r\Q&tbhgé?”Eélflé?ﬁu&tﬂéﬂgr ' GiBBEGTelHSleY - chefigal

enbryoni c Wetvve IS transferr inier wr a fiber
Y softening composmon enzed in tha? it comprises a Mmixture otf

(a) a biodegradable ester-functional quatermary ammonium. compound;
and

{b) a polyhydroxy compound selected from glycerof, polyglycerols having
a weight average molecular weight from 150 to 800, and
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;

wherein the weight ratio of the ester-functional quatemary ammonium
compound to the polyhydroxy compound ranges from 1 : 0.1 to 0.1 : 1,
preferably from 1 : 0.3 to 3 : 1, most preferably from 1 : 0.7 to 0.7 : 1,
wherein said polyhydroxy compound is mixed with said ester-functional
quaternary ammonium compound at a temperature wherein said ester-
functional quaternary ammonium compound and said polyhydroxy
compound are miscibie, and wherein the moisture content of said chemical

softening composition is less than 20% by weight, preferably less than 10%
by weight. '

2. The substantially waterless self-emulsifiable biodegradable chemical
softening composition of Claim 1 wherein the biodegradable ester-
functional quaternary ammonium compound has the formula

Ra - (CH2)n- Y - Ra
/N“'\ X
R2 (CH2)n- Y -R3

or | REBLACEMENT SHEET
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consi stency of about 15% at the point of transfer, to a conventional felt,
Further de-watering is acconplished by vacuum assi sted 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 increa
estimated 96% before the dry creping the web with a dimmmﬁ H wm
doctor bl ade has a bevel angle of about42®5 degrees an 1 th

respect to the Yankee dryer to prOV| de an i npact angl e of about 81 degrees;

t he Yankee dryer is ogsr ated at m (feet per gaut (about 244
neters per mnute). dry j orrred |nto roll at &

fpm (214 neters per E‘hﬂ\s) 39 Two plies of the welj grex

ti ssue paper products and nating them toget her USI ng

techni que. The tissue papeN

/

R2 R1

wherein each Rz substituent is a C1 - Cé alky! or hydroxyalkyl group, benzyl
group or mixtures thereof, preferably methyl; each R1 substituent is a C12 -
C22 hydrocarbyl group, or substituted hydrocarbyl group or 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 alkenyl; Yis-O-C (O)-or-C{0)-0O -or -
NH - C (O) - or - C (O) - NH - or mixtures thereof; nis 1 to 4 and X" is a
suitable anion, preferably chioride or methyl sulfate.

3. The substantially wateriess self-emulsifiable biodegradable chemical
softening composition of Claim 1 wherein the biodegradable ester-
functional quaternary ammonium compound has the formula

Ry - Y -CH2

CH-CHz2-N*-(R2)s X
/
R3 -Y

wherein each Rz is a C1 - C4 alkyl or hydroxyalkyl group, benzyl group, or
mixtures thereof, preferably methyl; each R3 is a C11 - C21 hydrocarby! or
substituted hydrocarby! group or mixtures thereof, preferably C15 - C17'
alkyt or alkenyl; Yis-0-C (0)-or-C(0)-O-or-NH-C (O)or-C (O) -
NH - or mixtures thereof and X" is a suitable anion, preferably chioride or
methyl! sulfate.

4. The substantially waterless self-emulsifiable biodegradable chemical
softening composition of any of Claims 1 - 3 wherein the chemical
softening composition is a stable, homogenous, solid or viscous fiuid at a
temperature of at least 20°C.

as Been Replaced
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has about 23 #/3M Sq Ft basis weight, contains about 0.1% of' t he .
substantially waterless self-enulsifiable bi odegr adabl e chem cal" sof tener

m xture and about 0.1%of the dry strength resin. Inpor
resulting tissue paper is soft, absorbent and is suitab lﬂ“ I"ﬂ nHH,Hm
facial and/or toilet tissues. 40 What is clained is: ATy s

substantially waterless self-enulsifiablge biodegradable chem cal softening
conposition for tissue paper webs con5| sting essentially of a m xture of:

(a) a biodegradabl e ester functi onal ate amoni um conpound havi ng
the fornmuPa; 188 pubstaptially éﬁ%‘ﬁ“?%"‘rrfe [ f?ﬁ?iﬁht biogegradable ghemicalor

hydr oxyal kyl goftening lcemposition of any of Claims 1 - 4 wherein the ester-functional
quaternary ammonium compound is selected from diester di(non
hydrogenated)taliow dimethyl ammonium chioride, diester di(touch
hydrogenated)tallow dimethyl ammonium chloride, diester di(partially
hydrogenated)taliow dimethy! ammonium chioride, diester
di(hydrogenated)taliow dimethyl ammonium chloride; diester di(non
hydrogenated)taliow dimethyl ammonium methyl sulfate diester
di(hydrogenated)taliow dimethy! ammonium methyl sulfate.

€. The substantially waterless self-emulsifiable biodegradable chemical
softening composition of any of Claims 1 - 5 wherein the ester-functionat
quatermary ammonium compound is mixed with the polyhydroxy compound
at a temperature of at least S0°C, preferably ranging from 50°C to 100°C.

7. The substantially waterless self-emulsifiable biodegradable chemical
softening composition of any of Claims 1 - 6 wherein-said ester-functional
quatemary ammonium compound is in a liquid-crystal or liquid state when
mixed with said polyhydroxy compound.

8. An aqueous dispersion comprising the substantially waterless seif-
emulsifiable biodegradable chemical softening composition of any of

- Claims 1 - 7 and an aqueous media wherein said homogenous mixture of
said esterfunctional quatemary ammonium compound and said

polyhydroxy compounds self-disberses in said aqueous media to form a
sub-micron vesicle dispersion.

9. The aqueous dispersion of Claim B wherein the temperature of the
aqueous media is at least 20°C. '

10. The aqueous dispersion of Claim 8 or 9 wherein the pH of the aqueous

media is maintained at from 2 to 6.
f REPLAGEMENT SHEET |
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~group or mxtures thereof; each [err] substituent
group, or substituted hydrocarbyl group or m Xxtures thereg

substituent is a Cl1-C21 hydrocarbyl group, or subg or
m xtures thereof; Y is [err] or [err] or [err] or J=im M xt uf e
thereof; nis 1to 4 and X is a suitable anion; and D) 33§yvgm
conpound sel ected fromthe group consisting of glyc roID1b cerpl
havi ng a wei ght average nol ecul ar wei ghg from about 11%0 t g _abett™3800

g/ mol e, and pol yoxyet hyl ene gl ycols andBBOIyoxyprop | ene glycols g a

wei ght average nol ecul ar wei ght fr ofAB&b

Is a [err]

m xt ures thereof; wherein the weight ratio of the ester- funct I onal

guat emary ammoni um conpound to the pol yhydroxy conpound ranges from about
1: 0.1 to abWATERLESS SELF-EMULSIFIABLE BIODEGRADABLE CHEMICAL SOFTENING

COMPOSITION USEFUL IN FIBROUS CELLULOSIC MATERIALS

Substantially waterless self-emulsifiable biodegradable chemical softening
compositions are provided comprising a mixture of an ester-functional quaternary
ammonijum compound and a polyhydroxy compound. Preferred biodegradable ester-
functional quaternary ammonium compounds include diesterdiaikyl dimethyl
ammonium salts such as' diester ditallow dimethyl ammonium chloride, diester
dif{touch hydrogenatedjtallow dimethyl ammonium chloride and diester
dithydrogenated)tallow dimethyl ammonium chloride. Preferred polyhydroxy
compounds are selected from the group consisting of glycerol, polyglycerols having
a weight average molecular weight from about 150 to about 800 and
polyoxyethylene glycols and polyoxypropylene glycols having a weight average
molecular weight from about 200 to about 4000. The substantially waterless self-
emulsifiable biodegradable chemical softening compositions are prepared by mixing
the ester-functional quaternary ammonium compound with the polyhydroxy
compound at a specific temperature range wherein the polyhydroxy compound is
miscible with the ester-functional quaternary ammonium compound. The resulting
stable solid or concentrated fluid mixture can then be economically shipped to the
consumer or ultimate usér. The ultimate users of the chemical softening
composition simply dilute the mixture with a fiquid carrier (e.g., water} to form an
aqueous dispersion suitable for treating fibrous cellulosic material. The substantially
waterless self-emulsifiable biodegradable chemical softening compositions disclosed
herein are primarily intended for softening disposable paper products such as tissues
and towels.

This She
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€T200 to abbut 4006 mol e, and
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0.1:1, wherein said pol yhydroxy conpound is mxed with said ester-

functi onal
ester-functional
are m sci bl e,
conpositi
chem cal
fluid at
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softening conposition is a stabl e,
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amoni um chloride. 5.  The substantially waterless self-enulsifiab

e

* bi odegr adabl e chem cal softening conposition of clai 23] t
ester-functional quaternary amoni um conpound i s diJgthyﬁﬁaﬁEyEc$ﬂgir
hydr ogenat ed) tal | ow di met hyl ammoni um chl ori de. 6. "The substanti
wat er l.ess sel f-enul sifiable biodegradabl e chem cal softqpi ngaiaegpsit
claim3 wherein the ester- functionalaﬁg ternary ammoni um conpound
diester di(partially hydrogenated)ta M/dlnethyl anmoni um chl o
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softening @ ' A '
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chl oride. 8. The substantially waterl ess sel f-enul gi Rgp;gi@ d%ﬁ{-(ﬁdTbl e
-chem cal softening conposition of claim3 wherein thejegter—unCL]

guat er nary anmoni um conpound i s di ester di(non hydrog:n t tal |l ow di hyl
ammoni um net hyl sulfate. 9. The substantially waterfess WAN997si i pbi e
bi odegr adabl e chemi cal softening conposition of clainf3lyherein the
ester-functional quaternary anmmoni um conpound is diesfer
di (hydrogenat ed)tal | ow di net hyl ammoni nmet hyl sul f ate——38~—-Ihe

substantially waterl ess self-emnulsifiable biodegradabl e Chenlcal sof t eni ng
ol yhydroxy Corrpound is @il !

conposi tion of claiim1 mherel
pol yoxyet hyl ene gl
200 to about 1000
sel f - enuIS|f|abIe:




i2. The substanti al I"y wat erl ess self-enul sifiable Ri BEMMBTeSWm caI

. softening conposition of claim1 wherein said pol yhydfoxy conpound
m xture of glycerol and pol yoxyethyl ene glycol havifgla pi kN 99FE"
nol ecul ar wei ght from about 200 to about 1000 g/nol ¢. }13. The .
substantially waterl ess self-enul sifiable biodegradabl '
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15. The substantially waterless self-enulsifiable biodegradable chem cal
softeni ng conposition of claim1l wherein the ester-functional quaternary
amoni um conpound is m xed with the pol yhydroxy-*corrpuund"'at"a“tgg‘ﬁ eratyre ™
I

.

of at |east ZHMM The substantially waterless selfemil’sifiabl e
bi odegr adabl ﬁHH g conposi tion of cl A ‘m 15 V\:heI’EI nothe e
ester-functional ‘quat emna n| um conpound i s”m xed wi th"the 45(31 yhy 6’?(

conmpound at a tenperature ranging fromabmut [err] t6 about | er% KON 48
The substantially waterl ess self-emnulsifiable bi 6degr adabl'e’ cheff-calPied ..

sof t eni ng conpgsd | ai m 10 wherein the pol yhydroxy conpound is
pol yoxyet hyl ene g?éyg%f‘%fﬁagl ng a nol ecul ar wei ght ot :f £ Omaboud™ 20@!‘51"6 .about |

600 g/mole. 18. The substantially waterless sérf-emil'siftiaple

D] odear adabl & oo s IS TRASIIRLR b i ORRRL) sl

pol yhydr oxy corrpound I'S oxypropyl ene a nol ecul ar S?gh
of from about 200 pgmafmtmn otbssgg Peper, webs consxstmg essentlally of a mixture of:

(a) a biodegradable ester-functional quaternary ammonium compound
having the formula; '

Rz (CH2)p- Y - R3
/ N\ )

Rz (CHz)n- Y -Ra

or
EET
REPLACEMENT SH Ry (CHa)- Y -Rs
10 SEP 199 \

X—

— N

wherein each R, substituent is a C{-Cg alkyl or hydroxyalkyl group, benzyl
group or mixtures thereof, each R, substituent is a C,,-Cx, hydrocarbyl
group, or substituted hydrocarbyl group or mixtures thereof, each Rj
substituent is a C44-C hydrocarbyl group, or substituted hydrocarbyl or
mixtures thereof; Y is ~—~O—C(0)— or —C(O)—O— or —NH—C(O)— or —
C(O)—NH— or mixtures thereof; nis 1 to 4 and X~ is a suitable anion;

and

(b) a polyhydroxy compound selected from the group consisting of glycerol,
polyglycerols having a weight average molecular weight from about 150 to
about 800 g/mole, and polyoxyethylene glycols and polyoxypropylene
glycols having a weight average molecular weight from about 200 to about
4000 g/mole, and mixtures thereof;



19. The substantially waterless self-enulsifiable biodegradable ¢chenical
softeni ng conposition of claim 17 wherein the weight ratio of -
functional quaternary anmoni um conpound to the pol yhy \Nﬁ%‘\i“ﬂ‘lges
fromabout 1:0.7 to about 0.7:1. 20. The substantiall A s

sel f-enul sifiable biodegradabl e chem cal ﬁofteni ng conpdsition of claim 11
wherein the weight ratio of the ester- f #cti onal quat ernary anmmoni um

conpound to the pol yhydroxy conpound ranges from about 1:0.7 to about
0.7:1. 44 21. wirereins thes weight aiatig afather estesfunetionak ruatgrnanybarmmonium

ati o of ¢ he et or-orposne 0¥ ByERIRAStIh N mfiied Mink cpllieY Bl o dibut's! o1
pol yhydroxy conpoudd:Ts awgseinf saich poiphydrexy spbopoumd 7s 1mixed with said ester-
functional quaternary ammonium compound at a temperature wherein said
ester-functional quaternary ammonium compound and said polyhydroxy
compound are miscible, and wherein the moisture content of said chemical
softening composition is less than about 20% by weight and wherein the
biodegradable chemical softening composition is a stable, homogenous,
solid or viscous fluid at a temperature of greater than or about 20° C. and

wherein the composition is free of wet strength resins.

2. The substantially waterless self-emulsifiable biodegradable chemical
softening composition of claim 1 wherein R; is methyl, R; is Cy5-C47 alkyl or
alkenyl and Ry is C-Cqs alkyl or alkenyi.

3. The substantially waterless self-emulsifiable biodegradable chemical
softening composition of claim 1 wherein X~ is chloride or methyl sulfate.

4, The substantially waterless self-emulsifiable biodegradable chemical
softening composition of claim 3 wherein the ester-functional quaternary
ammonium compound is diester di(non hydrogenatedjtallow dimethyl
ammonium chloride.

5. The substantially waterless self-emulsifiable biodegradable chemical
softening composition of claim 3 wherein the ester-functional quaternary
ammonium compound is diester di(touch hydrogenatedjtallow dimethyi
ammonium chioride.

6. The substantially waterless self-emulsifiable biodegradable chemical
softening composition of claim 3 wherein the ester-functional quaternary
ammonium compound is diester di(partially hydrogenated)taliow dimethyl
ammonium chioride.



22.  The substantially waterless self-emulsifiable biodegradable chemcal
softeni ng conposition of claim1 wherein said ester-functional quaternary

anmoni um conmpound is in a liquid-crystal or liquid state
sai d pol yhydroxy conpound. 23. The substantially waterl mmmmm’mnm
sel f-enul sifiable biodegradabl e chem cal t;Joftenl ng conposition 'of "l & mr12

“wherein the wei ght rat o of glycerol to | yoxyet hyl ene gl ycol ranges from
about 10:1 to 1:10. The substantially waterless self-enulsifiable

bi odegr adabl e chenThﬁaI S'—%‘ﬁ"’é‘ﬁ'%gwét@ﬂ?ﬁ?s i seifrmdsifialey Riodegrdable; ghemical
ester-functional Og#eRnG¢om ﬁ'&r%tamqvﬁ&et\Ofn@es%erh:‘ana%apaﬁa@Mwr e

when m xed with said poPyhy roxy conpound c1ueous di spersi on
conprising the subADEAABE CMRQANE i @gse%@(wdrosﬁnatgﬂm@m@msﬂwb@gmalam e
chem cal softeni ngyfg@pgaosi tion of claim24 and an aqueous nedi a wherein
sai d honogenous m xture of said ester- functional quatemary ammoni um
conpound and sai d pol yhydroxy conpounds sel f-di sperses in said aqueous

media to formga sufdn Giftintially waterless self-emulsifiable biodegradable chemical
softening composition of claim 3 wherein the ester-functional quaternary
ammonium compound is diester di(lnon hydrogenatedjtallow dimethyl
ammonium methyl sulfate.

9. The substantially waterless self-emulstﬁable biodegradable chemical
softening composition of claim 3 wherein the ester-functional quaternary
ammonium compound is diester di(hydrogenated)taliow dimethyl ammonium
methyl sulfate.

10. The substantially waterless self-emulsifiable biodegradable chemical
softening composition of claim 1 wherein said polyhydroxy compound is a
polyoxyethylene giycol having a weight average molecular weight from
about 200 to about 1000 g/mole.

11.  The substantially waterless self-emulsifiable biodegradable chemical
softening composition of claim 1 wherein said polyhydroxy compound is
glycerol.

12.  The substantially waterless self-emulsifiable biodegradable chemical
softening composition of claim 1 wherein said polyhydroxy compound is a
mixture of glycerol and polyoxyethylene glycol having a weight average
molecular weight from about 200 to about 1000 g/mole.

13. The substantially waterless self-emuisifiable biodegradable chemical
softening composition of claim 1 wherein the weight ratio of the ester-
functional quaternary ammonium compound to the polyhydroxy compound
ranges from about 1:0.3 to about 0.3:1.




vesi cl e di spersion. 26. The aqueous di spersion of claim25 wherein the---..
tenperature of the daqueous nedia is at |east about [err]. 27. The aqueous

di spersion of claim26 wherein the pH of the aqueous nedi il“ uﬂﬂ “lﬁﬂmfﬂlm

fromabout 2 to about 6. REPLACEMENT SHEET 45 28.

di spersion of claim25 wherein said hormg%nous m xture of st ér - tunttional
0

quat ernary ammoni um and pol yhydr oxy conp nds is in a solid state before
being di spersed in_said aqueotétj medi a. The aqueous di spersion of
sk

cl ai m 28 wher#n shhe # wateless esﬁe@g'ﬁ'g?b'?uﬁﬁdﬁef?gﬁ lgughemicat y

amoni um and pol yhyd#feﬂmg ESPSEiIOASOfl Saihi) 18 WheibihOthe WéightoRkie Tt thei diter-
di spersed in said aqueous nedi a.
functional quaternary ammonium compound to the polyhydroxy compound

ranges from about 1:0.7 to about 0.7:1.

15. The substantially waterless self-emulsifiable biodegradable chemical
softening composition of claim 1 wherein the ester-functional quaternary
ammonium compound is mixed with the polyhydroxy compound at a
temperature of at least about 50° C.

16. The substantially waterless self-emulsifiable biodegradable chemical
softening composition of claim 15 wherein the ester-functional quaternary
ammonium compound is mixed with the polyhydroxy compound at a
temperature ranging from about 50° C. to about 100° C.

17. The substantially waterless self-emuisifiable biodegradable chemical
softening composition of claim 10 wherein the polyhydroxy compound is
polyoxyethylene glycol having a molecular weight of from about 200 fo
about 600 g/mole.

18. The substantially waterless self-emulsifiable biodegradable chemical
softening composition of claim 1 wherein the polyhydroxy compound is
polyoxypropylene glycol having a molecular weight of from about 200 to
about 600 g/mole.

19. The substantially waterless self-emuisifiable biodegradable chemical
softening composition of claim 17 wherein the weight ratio of the ester-
functional quaternary ammonium compound to the polyhydroxy compound
ranges from about 1:0.7 to about 0.7:1.

20. The substantially waterless self-emulsifiable biodegradable chemical
softening composition of claim 11 wherein the weight ratio of the ester-
functional quaternary ammonium compound to the polyhydroxy compound
ranges from about 1:0.7 to abbut 0.7:1.

ﬁEPLACEMENT SHEET |
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30 The substantially waterless self-enulsifiable biodegradable chen cal
softening conposition of claim1l wherein the noisture content of Said -

substantially waterl ess self-emulsifiable biodegradabl ' i ng
conposition is |less than about 10% by wei ght. mm ﬂmlin“mnmr
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21. The substantially waterless self-emulsifiable biodegradable chemical
softening composition of claim 12 wherein the weight ratio of the ester-
functional quaternary ammonium compound to the polyhydroxy compound
ranges from 1:0.7 to about 0.7:1.

22. The substantially waterless self-emulsifiable biodegradable chemical
softening composition of claim 1 wherein said ester-functional quaternary
ammonium compound is in a liquid-crystal or liquid state when mixed with
said polyhydroxy compound.

23. The substantially waterless self-emulsifiable biodegradable chemical
softening composition of claim 12 wherein the weight ratio of glycerol to
polyoxyethylene glycol ranges from about 10:1 to 1:10.

24. The substantially waterless self-emulsifiable biodegradable chemical
softening composition of claim 22 wherein said ester-functional quaternary
ammonium compound forms a homogenous mixture when mixed with said
polyhydroxy compound.

25. An aqueous dispersion comprising the substantially wateriess self-
emulsifiable biodegradable chemical softening composition of claim 24 and
an aqueous media wherein said homogenous mixture of said ester-
functional quatemmary ammonium compound and said polyhydroxy
compounds self-disperses in said agueous media to form a sub-micron
vesicle dispersion.

26. The aqueous dispersion of claim 25 wherein the temperature of the aqueous
media is at least about 20° C.

27.  The aqueous dispersion of claim 26 wherein the pH of the aqueous media is
maintained at from about 2 to about 6.
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28.

29.

30.
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The aqueous dispersion of claim 25 wherein said homogenous mixture of

ester-functional quaternary ammonium and polyhydroxy compounds is in a
solid state before being dispersed in said aqueous media.

The aqueous dispersion of claim 28 wherein said homogenous mixture of
ester-functionatl quaternary ammonium and polyhydroxy compounds is in a
liquid state before being dispersed in said aqueous media.

The substantially waterless self-emulsifiable biodegradable chemical
softening composition of claim 1 wherein the moisture content of said
substantially waterless self-emuilsifiable biodegradable chemical softening
composition is less than about 10% by weight.
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ABSTRACT

WATERLESS SELF-EMULSIFIABLE BIODEGRADABLE CHEMICAL SOFTENING
COMPOSITION USEFUL IN FIBROUS CELLULOSIC MATERIALS

Substantially waterless self-emulsifiable biodegradable chemical softening
compositions are provided comprising a mixture of an ester-functional quaternary
ammonium compound and a polyhydroxy compound. Preferred biodegradable ester-
functional quaternary ammonium compounds include diesterdialkyl dimethyl
ammonium salts such as diester ditallow dimethyl ammonium chloride, diester
diftouch hydrogenated)tallow dimethyl ammonium chloride and diester
di{hydrogenatedjtalow dimethyl ammonium chloride. Preferred polyhydroxy
compounds are selected from the group consisting of glycerol, polyglycerols having
a weight average molecular weight from about 150 to about 800 and
polyoxyethylene glycols and polyoxypropylene glycols having a weight average
molecular weight from about 200 to about 4000. The substantially waterless self-
emulsifiable biodegradable chemical softening compositions are prepared by mixing
the ester-functional quaternary ammonium compound with the polyhydroxy
compound at a specific temperature range wherein the polyhydroxy compound is
miscible with the ester-functional quaternary ammonium compound. The resulting
stable solid or concentrated fluid mixture can then be economically shipped to the
consumer or ultimate usér. The ultimate users of the chemical softening
composition simply dilute the mixture with a liquid carrier {e.g., water) to form an
aqueous dispersion suitable for treating fibrous cellulosic material. The substantially
waterless self-emulsifiable biodegradable chemical softening compositions disclosed

herein are primarily intended for softening disposable paper products such as tissues
and towels. : REH'ACEM.E_.“ET _SHEET
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