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This invention relates to tissue paper webs. More particularly, it
relates to soft, absorbent tissue paper webs which can be used in paper

t owel s, napkins, facial tissues, and toilet tissue products. 15
BACKGROUND OF THE | NVENTI ON . - _ Paper webs or sheets, sonetines
called tissue or paper tissue webs or sheets, find extensive use in
nodern society. Such itens as paper towel s, napkins, facial and
toilet tissues are staple itens of comrerce. It has | ong been

recogni zed that three inportant physical attributes of these 20 products
are their softness; their absorbency, particularly their absorbency

~for aqueous systens; and their strength, particularly their strength when
wet. Research and devel opnent efforts have been directed to the

i mprovenent of each of these attributes without seriously affecting the.

others as well as to the i MRAPERPRODUCTS CONTFAININGOA! es
BIODEGRADABLE VEGETABLE OIL BASED
CHEMICAL SOFTENING COMPOSITION

o FIELD OF THE INVENTION

This invention relates to tissue paper webs. ‘More particularly, it
relates to soft, absorbent tissue paper webs which c¢an be used in paper
' towels napkins, facial tlssues and toilet tissue products.

15 _ 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

206 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 well as to the nmprovement of two or three attributes

25 'snmultaneously

Softness is the tactile sensation perceived by the consumer as
he/she holds a particular product, rubs it across his/her skin, or crumples it
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wi thin his/her hand. This tactile sensation”® a conbination of several

physi cal properties. One of the nore inportant physical properties related
to softness is generally considered by those skilled in the art to be the
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strength of the she I n copjunction wth the use of debondi ng agents to
of f - set undesi rabl e%bﬁf‘éﬁﬁ. Qpiﬂeqt%m resing1g; nhance, t Q'ﬁﬂ?gga'bﬁgﬁdpﬂ%er

agents do reduwebdisywidelys khewa! Forgample; Wesifsit desetibed e Rambler \ofasuch
g?ggf bgg, ! Psgﬁé@rﬁ]ﬁyagg?t ‘%r,l%fsggl fheir chemi'stry Squaffellhibslé' %hepr%fs'tryN%nd
Technology, Volume 13, at pages 813-825 (1979). Freimark et al. in U.S.
20 Pat. No. 3,755,220 issued August 28, 1973, mention that certain chemical
additives known as debonding agents inter__fere 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
25 wet strength of the sheet in corjunction with the use of debonding agents to
off-set undesirable effects of the wet strength resin. These debonding
agents do reduce dry tensile strength, but there is also generally a
- reduction in wet tensile strength.

~ Shaw, in U.S. Pat. No. 3,821,068, issued June 28, 1974, also
30 teaches that chemical debonders can bé used to reduce the stiffness, and
thus enhance the softness, ofa ti’s_suje paper' web.

" Chemical - debdn’ding ~agents 'have_ been disciosed in various
references such as U.S. Pat. No. 3,554,862, issued to Hervey et al. on
January 12, 1971. These materials include quatérnéry ammonium salts

35 such as trimeihylcocoammonium c_hloride, trimethyloleylammonium
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and nce the softness, of a tissue paper web.
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they contend will forma s brous

specifically, tMepstissescrined in Hess?ﬁteﬁ‘!ﬁ 18,391,446, '§§U€d to Sanf?fép%?d Risson
(whi ch may ?%Veoheﬁh e [Fnadey Ué"s‘bltéclﬁbthlgﬁ quialighenpapér webs mﬁ@@wﬂlhbg

agents) can be enhance

of the web to aPEPEER®n eg%/”t}e&@g\ #Hgapq F'Hae %F@?Wg‘%mﬁmml %lgpcegg &e
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sol ubl e resin, ?mp%]ve@&%tdﬂg&rﬁgvéjg&m%&me” al ) which has been adhered

For example, Becker et al. in U.S. Pat. No. 4,158,594, issued

20 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

25 a bonding material (such as an acrylic latex rubber emuision, 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 crepmg surface to form a sheet
material. '

30 Conventional quaternary ammonium compounds such as the well
known dialkyl dimethyl ammonium salts (e.g. ditallow dimethyl ammonium
chloride, ditallow dimethyl ammonium methyl sulfate, di(hydrogenated)
tallow dimethyl ammonium chloride etc.) are effective chemical softening
agents. The mono- and di-ester variations of these quaternary ammonium

35 salts have been proven to be environmental friendly and also function
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and ot her obj ehsweapapemp-duets using the present i nvent | on, as will
becone readily apparent froma reading of the follow ng disclosure.
It is an object of this invention to provide soft, absorbent towel paper

products.

It is also a further object of this invention to provide a process for
20 - making soft, absorbent. tissue (i.e., facial and/or toilet tissue) and paper
towel products. -

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

25 SUMMARY OF THE INVENTION

The present invention provides soft, absorbent ‘paper products.
Briefly, the soft paper products compnse

30 - (a) celiulose paper making fibers; and _



25 SUMVARY OF THE | NVENTI ON The present

I nvention | soft, absorbent paper products. Briefl e
sof t paper%@%@giﬁs conpri se: 30 (a) cellul ose paper PHI(V%’O#"BHS;
and WD 96/ 09436 -

PCT/ US95/ 04472 -5- - 5-

(b) from about 0.005%to about 5. 0% by wei ght of said cellul ose paper
making fibers of a biodegradabl e ester-functional quaternary
ammoni um sof t eni ng (yfparurabauh 0iGRH% e aboutdlGs by weight of said cellulgse paper

‘g’;“e“i‘i)” - qu fderd 6P @ - bﬁdﬁeg&ﬁ@blg Seter- uratronaﬁ g}xéﬁﬁrﬁaﬁp

group, hydroxyal kyl ag?fﬁg‘p'U"hM%EQWWPOUNd having the farpiulaubst i t ut ed
hydr ocar byl group, benzyl group, or mxtures t hereof; .
each Rerr] is a (Jerr]- C[err] hydr ocar byl or substitut ed hydrocarbyl 15

substituent;_and ] of, orrpatr bl e ani on;
wherein the R portion o(rR)ﬁﬂé fgménco\?rpﬁﬁ derived from

wherein
each Y is -O-(0)C-, or -C(0)-O-;
mis 1to 3;

10 nis 1to 4,

each R is a Cq-Cg alkyl group, hydroxyalkyl group, hydrocarbyl
group, substituted hydrocarbyl group, benzyl group, or mixtures
thereof; '

each R2 is a Cq4-C23 hydrocarbyl or substituted hydrocarbyl
15 substituent; and

X~ is any softener-compatible anion,;

wherein the RZ portion of the softening compound is derived from

- C42-Coy4 fatty acyl groups having an lodine Value of from greater than

20  about 5 to less. than about 100. Preferably, the majority of the fatty
acyl groups are derived from vegetable oil sources.

‘Preferably, the biodegradable ester-functional quaternary ammonium

. compound is diluted with a liquid carrier to a concentration of from about
25. 0.01% to about 25.0%, by weight, before being added to the fibrous
cellulose material. Preferably, the temperature of the liquid carrier ranges

from about 30 °C to about 60 °C and the pH is less than about 4.

" Preferably, at least 20% of the biodegradable ester-functional quaternary
ammonium compounds added to the fibrous cellulose are retained. o

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



Cerr]-Cerr] fatty acyl groups having an |odine Value of fromgreater than
20 WBUdloodast O | €ss than about 100. Preferably, the maj %{6%5@&475“
fatty acyl groups are derived from vegetabl e 0|I sourc
Preferably, the biodegradable ester-functiogal quaternary anmoni um
compound is diluted with-a liquid carrier t0 a concentration of from about
25 0.01%to about 25.0% by weight, before being added to the fibrous
cellulose material. Preferably, the tenperature of the liquid carrier

ranges - fromabout 30 [err]C to about 60 C and the pHis |ess than
about 4. - Preferably, at least 20% qh the biodegradable
ester-functional quaternary anmoni conpounds added to the fibrous
cellul ose are retaj ' AL f- preferred._quaternized
est er -ani ne corrpou“g@ggﬁ ng'l (EH2CH2 T&'%ﬁﬁf@ present i */ent i on
i ncl ude cdnpounds having the fornul as: WD 96/ 09436 :
PCT/ US95/ 04472 - 6- 5
[err] apdd -~ These conpounds can be consi dered
to be nono and di-ester vari ations of the diester dioleyldinethyl
ammoni um chl ori de ( DEDODVAC) (i.e.,
di (oct adec-z- 9- enoyl oxyet hyl ) di met hyl a i um chl oride) and diester 15
di erucyl di net hyl a nj um hI or.i dé % C8 (l-ll e., di(docos-z-13-

10 (CH3)2 - N¥ - (CH2CH -C21H41)2 X

These compounds can be considered to be mond and di-ester '
variations of the diester dioleyldimethyl ammonium chloride (DEDODMAC).
. (i.e.,_di(dctadec-z-g-ehoyloxyethyl)dimethyla’mmonium chloride) and diester
" 15 dierucyldimethyl ammonium chloride (DEDEDMAC) (i.e., di(docos-z-13-
enoyloxyethyl)dimethylammonium chloride) respectively. It's to be
understood that because the oleyl and the erucyl fatty acyl groups are
derived from naturally occurring vegetable oils (e.g., olive oil, rapeseed oil
etc.), that minor amounts of other fatty acyl groups may also be present.

20. For a discussion of the variable compositions of naturally occurring
vegetable oils see Bailey's Industrial Oil and Fat Products, Third Edition,
John Wiley and Sons (New York 1964), incorporated herein by reference.

~ Depending upon the product characteristic requirement-s,_ the saturation
level of the fatty acyl groups of the vegetabie oils can be tailored.

25 Briefly, the process for making the tissue webs of the present
invention comprises the steps of formation is a papermaking furnish from
the aforementioned components, deposition of the papermaking furnish

~ onto a foraminous surface such as a Fourdrinier wire, and removal of the
- water from the deposited furnish.

30 ~ All percentages, ratlos and proportnons hereun are by wetght unless
' othermse specified.
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The first step in the process of this invention is the forming of an
~aqueous papermaking furnish. The furnish comprises papermaking fibers
(hereinafter sometimes referred to as wood pulp), and at least one

20 vegetable oil based quaternized ester-amine 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

_ cellulosq fibrous pulps, such as cotton liners, bagasse, rayon, etc., can be

25 used and none are disclaimed. Wood pulps useful herein include chemical

pulps such as Kraft, sulfite and sulfate pulps as well as mechanical pulps

including for example, ground wood, thermomechanical pulps and

chemically modified thermomechanical pulp (CTMP). Pulps derived from

both deciduous and coniferous trees can be used. Also applicable to the

30 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.

35
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Brodegradable ester functional quaternary anmoni um conpound

present i #@enti on eaphtmFrkted; preferably)ti=d; conponent from about 0.
5.0% nore preferably fromabout 0.03%to about 0.5% by

on a dry feashr Rosisstitoéntais. ai shiwtchdirbICy -Cg preferablyi GqC3, alkyl
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20

25

=1 to 3; preferably, m=2; - : - 8-

hydroxy kyl group, hydrocarby! group, substltuted hydrocarbyl group,
benzyl group or mixtures thereof,

each R2 is a long chain, at least partia||y unsaturated (IV of greater
than about 5 to less than about 100, preferably from about 10 to
about 85) C11-C23 hydrocarbyl or substrtuted hydrocarbyl sub-
stituent and the counter-lon X-, can be any softener-compatible
anion, for example acetate, chloride, bromide, methyisulfate, formate,
sulfate, nitrate and the like.

Preferably, the ma;onty of R2 compnses fatty acyls containing at least
90% C18-C24 chainlength. More preferably, the majority of R2 is
selected from the group consrstrng of fatty acyls contalnmg at least
90% C1 8, C22 and mixtures thereof

The brodegradable ester—functronal quatemary ammomum compound

: prepared with fully saturated acyl groups are rapidly biodegradable and
excellent softeners. However, it has now been discovered that compounds
prepared with at least partially unsaturated.acyl groups ( i.e., IV of greater
than about 5 to less than about 100, preferably less than about 85, more

-30 'preferab'ly from about 10 to about 85) derived from vegetable oil sources
- have many advantages (such as better fluidity) and are highly acceptable
for consumer products when certain conditions are met. |

.30
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m=1to 3; preferably, me2; 10 each n =1 to 4; preferably, n=2;
each R sutwbls,k/dﬁpﬁ is a short chain (Jerr]-Clerr], preferablycrusesiossr
al Ky

gerr]-Cerr], Kyl . group, e.g., nmethyl (nost preferred), ethyl,
propyl, and the like, - : hydr oxyal kyl_ gdr oup, hydr ocar byl group,
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bi odegradable  est egahunfh HArogehtitioh BfRitty acids to reduce polyunsaturation

and to lower IV to insure good color leads to a high degree of trans configu-
ration in the molecule. Therefore, ester-functional quaternary ammonium
20 compounds derived from fatty acyl groups having low IV vaiues can be .
made by mixing fully hydrogenated fatty acid with touch hydrogenated fatty
acid at a ratio which provides an IV of from about 5 to about 25. The
polyunsaturation content of the touch hardened fatty acid should be less
than about 30%, preferably less than about 10%, more preferably less than
25 about 5%. As used herein, these polyunsaturation percentages refer to the
number of fatty acid (or fatty acyl) groups that are polyunsaturated per 100
groups. During touch hardening the cis/trans isomer weight ratios are
~ controlled by methods known in the art such as by optimal mixing, using
specific catalysts, providing high Ha availability, etc.

30 It has also been found that for good hydrolytic stability of the
biodegradable ester-functional quaternary ammonium compound in molten
storage, moisture level in the raw material must be controlled and
minimized preferably less than about 1% and more preferably less than
about 0.5% water. Storage temperatures should be kept low as possible

35 and still maintain a fluid material, ideally in the range of from about 120°F
to about 150°F. The optimum storage temperature for stability and fluidity
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-10- depends on the specific IV-of the fatty acid used to nmake the
ester- functional quat OHLTlY anmoni um COW@@@%HE‘E | evel /type of
sol vent

RC(O) = Derived from oelic acids or erucic acids.

20 - N-Methyldiethanolamine (440.2 g, 3.69 mol) and triethylamine (561.2

g, 5.54 mol) are dissolved in CH2Clp (12 L) in a 22 L 3-necked flask

equipped ‘with an addition funnel, thermometer, mechanical stirrer,

condenser, and an argon sweep. The vegetable oil based fatty acid
chioride (2.13 kg, 7.39 mol) is dissolved.in 2 L CH2Cl2 and added slowly to -

25 the amine solution. The amine solution is then heated to 35°C to keep the

fatty acyl chloride in solution as it is added. . The addition of the acid

chloride increased the reaction temperature_ to reflux (40°C). The acid

chloride addition is slow enough to maintain reflux but not so fast as to lose

~ methylene chioride out of the top of the condenser. The addition should

30 take place over 15 hours. The solution is heated at reflux an additional 3

hours. The heat is removed and the feactioh stirred 2 hours to cool to
-room temperature. CHCI3 (121) is added. This solution :is'_wa'shed with 1.

gallon of saturated NaCl and 1 gallon of saturated C_a(OH)z. The organic
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t he fatty ron-as It ron o
the acid c@@fﬁﬂg Pfifleased the reaction tenperature to reflux

(40[err]C). The aci chl oride addition is slow enough to naintain
reflux but not .a&!_ﬂi.t_#é_iﬂﬂéﬁﬂﬂe Quaterp! met hyl ene chloride out of the top of

t he condenser The addition should 30 take place over 1.5 hours. The
solution is ﬂeat ed at reflux an additional 3 hours. The heat is
renoved and the reaction Stlﬁﬁee 2 hours to cool to roomtenperature.
CHCIperr[ (12 L) is added %golutlonls washed with 1 - gallon of
saturated NaCl and 1 gallon of sat ur at ed Ca(OH) 2. The organic WO
96/ 09436 PCT/ US95/ 04472

- Amine ester-functional + CH3Cl — (CH)aN*(CHoCH2O(O)CR)2 CI

The oleyl / erucyl precursor amine (2.166 kg, 3.47 mol) is heated on a

15 steam bath with CH3CN (1 gal.) until it becomes fluid. The mixture is then
poured into a 10 gal., glass-lined, stirred Pfaudler reactor containing

CH3CN (4 gal.). CH3Cl (25 Ibs., liquid) was added via a tube and the

reaction is heated to 80°C for 6 hours. The CH3CN/amine solution is

. removed from the reactor, filtered and the solid allowed to dry at room

20 temperature over the weekend. The filtrate is roto-evaporated down,

allowed to air dry overnight and combmed with the other solid. Yield: 2.125

kg white powder.

The . biodegradable ester-functional quaternary ammonium
~ compounds can also be synthésized by other processes:
25 '
(C2H5)3N
(CH3)-N<(CHoCH20H)2 + 2 CIC(O)C21Hg41 ——>

CH3-N-[CH2CH20C(0)C21H41l2

30
0.6 mole of diethanol methyl amine is placed in a 3-liter, 3-necked
flask equipped with a reflux condenser, argon (or nitrogen) inlet and two '
addition funnels. In one addition funnel is placed 0.4 moles of triethylamine
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heated to o[ eCh{ b inE CARidY %Lﬁéé#?%ﬁﬁ%?ﬁ dPbwise and ko8 To heat

renoved from t Bb4Pe=A8°6r unden inertatimaseherrovemight{12:1@h)t o dry at room 20

tenperature over t weekend. The filtra]te i S roto-evaporate

d down, ;
al lowed to air dry AN Mt i%,FAeled.to 1o demprtce and dited with

2. 325 Cunct kg c}mirbﬂamp(fmo mL). The chloroftxen solutivteof prodiict is placed in a

ester-tuncti ona e [ 20 C '

oo e O oofhiBhP ARl (4TI Wik wire SRAENGE! i BaOppo
“[err] 30 50% KoCO49.(8 times)*oénd; finally, satursted INaQi. nFhe orghniceldyen isa
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- placed 0.4 nol setary evaperatipnafiinal drying is done under high vacuum (0.25 mm Hg).

15 *Note: The 50% KoCOg3 Iéyer will be below the chloroform layer.
Step B. Quaternization |

CH3Cl
20 | | |
CH3-N-{CH2CH20C(0)C21H41l2 ——»

(CH3)2-N*-[CH2CH20C(0)C2qHg1]2 CI

0.5 moles of the methyl diethanol eruciate amine from Step A is
25. placed in an autoclave sleeve along with 200-300 mL of acetonitrile
- (anhydrous). The sample is then inserted into the autoclave and purged
three times with N2 (16275 mm Hg/21.4 ATM) and once with CH3Cl. The
reaction is heated to 80°C under a pressure of 3604 mm Hg/4.7 ATM in
| CH3Cl for 24 hours. The autoclave sleeve is then removed from the
30 reaction mixture. The sample is dissolved in chioroform and solvent is
removed by rotary evaporation, followed by drying on high vacuum (0.25

mm Hg).

¥
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dn the second addition funnel is placed 1.2 noles of erucyl chloride in a

1:1 solution with methyl ene chloride. Methylegg.chloride (750 nL) is
added to the reaction flask containing the am ne and heated to 35[err]C
(wat er bath). The triethylamne is added dropw se, and the
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Step B. Quat er nipreduction of ester-functional quaternary ammionium|softeping compounds.

0.5 mol es of thet‘c{*ﬁf:ﬁ%be%@l‘%’ﬁ%}lt@%%gge m?ﬂh ’ﬁerf:é Itgﬁ?é\ufihonzéutlfﬁ‘kaced

i n an autocl ave eeve al ong, w.t aceto

(anhydr ous) 10 Th@boxgpusually aqkahonalsme@@eatlm%tq heseRreeessns must hrmase.

Several types of the vegetable oils (e.g., olive, rapeseed, safﬂower,
sunflower, soya, meadow foam, etc.) can be used as sources of fatty acids
to synthesize the biodegradable ester-functional quaternary ammonium
compound. Preferably, olive oils, meadow foam, high oleic safflower, and/or

15 high erucic rapeseed oils are used to synthesize the biodegradable ester-
functional quaternary ammonium compound. Most preferably, the high
erucic acids derived from rapeseed oils are used to 'synthesize the
biodegradable ester-functional quaternary ammonium compound. It's to be
understood that because the fatty acyl groups are derived from naturally

20 occurring vegetable oils (e.g., olive oil, rapeseed oil etc.), that minor
amounts of other fatty acyl groups may also be present. For a discussion of
the variable compositions of naturally occurﬁng vegetable oils see Bailey's
industrial Oil and Fat Products, Third Edition, John Wiley and Sons (New
York 1964), incorporated herein by reference.

25 importantly, it has been discovered that the vegetable oil based
ester functional quaternary ammonium compounds of the present invention
can be dispersed without the use of dispersing aids such as wetting agents.
Without being bound by theory, it is believed that their superior dispersion

. properties is due to the good fluidity (low melting points) of the vegetable
30 oils. This is in contrast to conventional animal fat based (e.g., tallow)
| quaternary ammonium compounds that require a dispersing aid due to their
relatively high melting points. Vegetable oils also provide improved
oxidative and hydrolytic stability. In addition, tissue paper made with the

~ biodegradable vegetable oil based softeners exhibit good softness and

35 absorbency with improved odor characteristics compared to tissue paper
made with animal based softeners. |
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papermakmg process. The layered web may be strattt' ed with respect to
fiber type or the fiber content of the respectwe layers may be essentially
“the same. The tissue paper preferably has a ba5|s welght of between 10
glm2 and about 65 g/m2 and densuy of about 0.60 g/cc or less. Preferably,
25 basis weight will be beiow about 35 glm2 or less; and density will be about
- 0.30 glcc or less. Most preferably, densxty wrll be between 0.04 g/cc and

about 0.20 g/cc. -

Conventionally pressed tlssue paper and methods for making such

paper are known in the art. Such paper is typ:cally made by depositing

300 papermaking furnish on a foraminous forming wire. Thl_s forming wire is
often referred to in the art as a Fourdrinier wire. Once the furnish is
deposited on the formmg wire, it is referred to as a web. The web is

' dewatered by pressing the web and drymg at elevated temperature The

. _.»partacular techmques and typucal equupment for making webs according to
35 the process just descnbed are well known to those skilled in the art. In a
typical process, a low consistency pulp fumlsh is provided in a pressurized
headbox. The headbox has an opening for delivering a thin deposit of pulp
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conformto the surface of an open mesh drying/inprinting fabric b
the application of &atterndensified tissue paper isctharagterized by baving: 2 relatively

bmner vk .o+ RGBT o o iy deri atah o gensten zones
fiber type &0 tRE falatvelyohighhtlibar deasitysptha i Nigh budk stielgy iscakiematively) | v
the same. The t chaHRIGRRRT 45 o4 ofiglll vf hpiflow Fegions\\eTidt desified \eermes! Gare
' alternatively referred to as knuckle regions. The densified zones may be
discretely spaced within the high bulk field or may be interconnected, gither
fully or partially, within the high bulk field. Preferred processes for making
25 pattern densified tissue webs are disclosed in U.S. Patent No. 3,301,746,
issued to Sanford and Sisson on January 31, 1967, U.S. Patent Ho.
3,974,025, issued to Peter G. Ayers on August 10, 1976, and U.S. Patent
No. 4,191,609, issued to Paul D. Trokhan on March 4, 1980, and U.S.
Patent 4,637,859, issued to Paul D. Trokhan on January 20, 1987; all of

30' which are incorporated herein by reference.

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,

35 thereby resulting in densified zones in the web at the locations
geographically corresponding to the points of contact between the array of



g/nferr] and about 65 g/nferr], and density of about 0.60 g/cc or |ess.

Pr ef er abl basis weight will be bel ow about 35 g/nf er%h,’, . and
9
density v&‘, I 6ég4sgbout 0.30 g/cc or less. Mst prefera %Saélﬁ%\%?y

will be between 0.04 g/cc and about 0.20 g/cc. _
Conventionally pressed tissue paper and net hods for making such paper
are known in the art. Such paper is typically nmade by depositing 30

paper maki ng furnish on a foraninous farmng wre. js formng wire is

of ten ref er r edSYRPITE g wet Wep,,, 'irﬁﬁ'@‘r_'%rr ngéﬁcﬂe{’hﬁmf GPRPspssed
deposi ted on tderifgthis mpenatian is teférsed ¢6 asrthd high ballkefieldb ThiBhisighbulk field
“dewat ered by p ' -#ﬁﬁn‘g i Al | a .
particul ar techni q%ll?g@r%‘%g Yp! cg%dgg%i “ﬁ%"‘?’%?’ﬁﬁa‘\f‘?ﬁg&v@@é g@%‘ﬁiagl ‘Rghtao

35 the proces¥aGuism tyRe ceviseiorAcbiaw-threughudryer, tafdby machanicaliynpressing t .
In a 5t Y PieAlwels Cagsifst dhé OdrapNet SSUBHDUTRe! Wepl 58 déwhidtdlidathd N 2

pressuri zed . hq‘adbox. .The .headbox has ‘an openi'ng for deliveri n% a thin
deposit of pul@pPtionally,gredrigd,dg such a manner 'so as” to substantially avoid

FCT / USﬁS/ 0447 2compressé|on of the high bulk field. This is preferably accomgifshed by fluid
urni sh onto t el WA » e Iy s the
~typically de\/\a@?rs gg'-at”oé%éﬂi e&{é.o%s‘%@n@}%ﬁeﬁgﬁ @gﬁ]ﬁ?%@}r#}yg%o?ﬁ
25% (total webaligmataly ysmerhapically piessiegdhewel againstan aenay dfi suppoyts
pressing oger akherkin MR Chigh' "k el 18U PP CLAIHPHEsdHES THE® JRFEHGRE oY

5 opposing nechani cal nmenBers, for exanple, cylfndrical rolls. _

The dewat er ed JRMwatesing;, eptionakpredning anddfosnation iof the densifiedszones may ber um |

~ appar at us KnoWhtddratdif oR igarfiallylint@grersd 4 Yeaucd s 1ia ridfbdieof processing

devel oped at the ‘Yankeg dryer by nechani.cal, neans sugch . as an qQ sin
cylindrical driaPPr SEERATelyaPHEESTIRM LB, FOAmalRR ngl e deRsiied| Peres.o
éo. t he web SsdéWati_eﬂngr eand dopiionals predrginantiee wabf & edridd!! to Roenpletitiee
dryer - odr | ' erehy additignal pressing is .
optional |l yls-i ncéﬁf%%m& Qﬁl S%{ﬂ'ﬁﬁlﬁ%ﬁﬁké‘%é PF%?[%'%@%@ oyt 8% tos
whi ch are for mahbutrdd% of the tigsue papert sutface confprisesadensifieccknuckies having
pressed, tiss \ ' ' o"&@gégﬁ S ofthE Hi | to be
conpacted si n(L:%r?ﬁg%md%bléygﬂgf%&sgéztsé 1 subs anf?ﬁglrﬁ@\?/_élr{a fargﬁechani cal
compressional T or ceFhalantey dfRudpoRIiS préfRrably an bt Eartief fABIRE hEUNg
(and optional I-%/ -crtg)ed) ile I'n a‘:cﬁgngé&gae - state. -
Pattern densi {4 REYSESHe djppiacement; \gf & 8 WhicH PREIFHE asr thearray yof
20 supports which facilitate the formation of the densified zones upon
application of pre.s;u;e__._fl‘he pattern of kngckles constitutes the array of
supports p_reVious_ly referred_ tq. 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.
25 Patent No. 3,974,025, Ayers, issued August _1_0,_1§76, U.S. Patent No.
3,573,164, Friedberg et al ., issued Mar;:h 30, 197_'1, U.S. Patent No.
3,473,576, ArhnéuS, issued October 21.,' 1969, U:S. Patent No. 4,239,065,
Trokhan, issued December 16, 1980, and U.S. Patent Ho. 4,528,239,
| Trokhan, issued July 9, 1985, all of which are incorporated herein by
30 reference. ' )

Preferably, the furnish is first formed into a wet web on a foraminous
forming carrier, such as a Fourdrinier wire. The web is dewatered and
transferred to an imprinting fabric. The furnish may alternately be initially

~ deposited on a foraminous supporting carrier which also operates as an
35 imprinting fabric. Once formed, the wet web is deWatered and, preferably,
o therm'ally' predried to a selected fiber consistency of between about 40%

~n



hi gh bulk field of relatively |ow fiber denéi ty and an array of densified
zones 20 weofoglo8lszagti vely high fiber.density. ‘Fhe high bulk f#&i‘/@%s?o«n
e

zalternatively . characterized as - a field of pillow regions.

densified zones are alternatively referqed to as knuckle regions. The
densified zones may be di scretely spaced within the high bulk field
or may be interconnected, either fully or partially, within the high

bulk field. P 50 ' ; |1 '

webs are di scl ogid SpUYAE BERectipd Bh I pérarhéd Wi s lor b0SEh b BRI
and Si sson on Jwackum davica®er, with dlowhegughgryers. Thezkmuckle dmpring ofdhet o
Peter G Ayers mit i ik P n i . 1 ,

i ssued to Paul ‘[?)ﬁPTro gﬁ% lél\/gr re‘ﬁé,'é%g%gtyhe ﬂkgu.éss. dlscys.éﬂ‘é.jpgtﬁg%?, pﬁQ? to
4,637, 859, issufying thawebno canpigtion.d neanﬁﬁrpa for acqeygplishing tyjs is eroughi ch
3r e | ][I_CO(rjIOOfiSt edpbﬁd&aﬁk#h oy medteardcalepressure. This can!ive aiome, For éi@i'ﬁpii,_n by
ensitiea weps are el er. [ r . . 0, .I er.nekKi
furnish on a fopgﬁﬁsﬁﬁﬁjé d‘@?@ﬁ@'ﬁg"éﬁgﬁ%t%'wmﬂﬁ% @hﬁ%ﬁ?ﬁgﬁem@f]g
forma wet web dndng ldeum;j suchtapss Yiankeediyes, wheteis theaweb is disposedybetiveen

ts. Th ' : '
Febblting 1 el bip RUSEREGAUPULI, ARG, BrefBiatl, (R istmoldéd addifitithd
geogr aphi cal | y topfirtigfabrig pdok e gempletias fodfkiog byt aprliicatios &f rfyidof

WO 96/ 094361y  pressure with a vacuum device such as a suction box, or with a blow-
PCT/ US95/ 04472 rts and the wet web.. The renainder of e web

suppa dt The . th

not conpressed thfoughd@’ﬁ’?ﬁgﬁhﬁjspm%ﬁ iMBaY | ke apnliedelp drdyce dmpressipn A «
f}e:c f' _ ghi s hi gbehﬁh&dLizﬁhds_ dLrJ]ring Cinitidie déWatérﬁ'{g,d&dg@S*:séﬂmﬁté?y sabsbduaiti on
o uid pressure, suc L m type device or a
bl ow-t hr ough dr%qc,es&rs%@es'rg\fﬁc%ﬁﬂ'i%qutVnp%gg{? ng 5 the web against the
array of supports. T | e . . i Y, | I n
such a manner so as_%cgﬁﬁ)sé[cger#i \e‘:ﬁ.' Eggg?-g@qsme-d (tzlgr%lgér eggﬁ %'1n sotpjﬁﬂlreésh%rﬁ
bul k fi el d.15Thi deseripacineihdl PatentoNpl Bs3ik2/000 issuadito JoseplpilesSalviccisdeh
as wth a vacuughhypéteday| ?f‘abrﬁfosbbﬁ"mgré’ﬂgibﬂ )é?sﬂ, U®. Patent fgé.tﬁ%%tﬁééf by
mechani cal ly pressing the we gé;qz}l nst an érrﬂ suPporta, eréin'the
high bulk fiel dissyedde EBRPL Es Rackennalbgsktar %feﬂ ngll,'and Richagd: 3ehuite on
optional predryjosea® 19808bot o?fwhith dfsnédrpbrated seréhty byereference. In
I ntegrated or partially integrated to reduce thefbﬁ‘téﬂbal nunber g,fuc{)rocesm ng
steps perf or med9eR8IRHOEOMPAGEd, PAR RAEID danst PF1R HAPEH Sructures are
dewat er i ng, 2@ndprepdreddy depusitinga papeemaking farnish ed & foramindues fooming wire
preferably stil Eugﬁ' U N ESTEHRR Wire oS Tori S witS b2 Urkinihg A2 RNt aRd0 tO
| removing additional water without mechanical compression until the web

has a fiber consistency of at least 80%, and creping the web. Water is

removed from the web by vacuum dewatering and thermal drying. The

25 resulting structure is a soft but weak high bulk sheet of relatiyely
uncompacted fibers. Bonding material is preferably applied to portions of

the web prior to creping.

Compacted ndn-patte‘m-densiﬁed tissue structures are commonly

known in the art as conventional tissue structures. In general, compacted,

30 non-pattern-densified tissue paper structures are prepared by depositing a
papermaking furnish on a foraminous wire such as a Fourdrinier wire to

form a wet web, draining the web and removing additional water with the

aid of a uniform mechanical compaction (pressing) until the web has a
consistency of 25-50%, transferring the web to a thermal dryer such as a

35 Yankee and creping the web. Overall, water is removed from the web by
vacuum, mechanical pressing and thermal means. The resulting structure is



about 55% of the tissue paper surface conprises densified knuckl es having
a rel ati veyglegmpasey of at |east 125% of the density of the higRrBsdsnalie! d-
"The array of supports is preferably an inprinting carrier fabric having
a patterned displacenent of knuckles which opgrate as the array of 20
supports which facilitate the formation of the densified zones upon
application of pressure. The pattern of knuckles constitutes the array of

SaPPort S el Boh o] GeaSAy oy 4B 4o UL Sl RN Bl G008

1967, - U ‘andjnsefiness. 3, 821, 068 Sal vucci, Jr. et-al., issued May 21,
1974, U.S. 25 Patent No. 3,974,025, Ayers, .issued August 10, 1976, U. S
Pat ent No. 3, g, tiggue Fpae%ewgbeﬂ athis | investieny mchesgsecign any s.
Patent No. appl%afhbﬁ Sﬁﬁere’%ws,aUsaﬁbm Q“shgaer agabr 1%% Bta régt
No. 4, 239, 065 Pat ent Ho.

| ssued
4,528,239, 5 P a”’ﬁ%i";&éﬁlé" @%&Uﬁuﬁ‘iﬁ% 0?28%5!'55%1% P%‘PGWPBhOfaF"BS invention
i ncor por at ed harealrrpaper tdwel, toflet tissue and facial tissue phioellets: oy, exiaheplé ufwd sh

is first. forrre 0 uch
1S a Fourdri m 3ol pabelieliE biothig (RbRfIbA°tay, be embidhd B EnBSvely
i mprinting fabseeuredhtogetihen in fesp to tfaraatalatiomeas taughl lby U.S. Pateplei t ed
on a foram nous 494sY, t WAREH: 7 ue@r td‘*Wéi‘lsaEﬁ‘)D@ 61%%?53 a%seg aﬁé JYhich is

inprinting fabric. Once formne 'd "an

thermal |y ¥ edinceepqrated B%'[eé'& d'efqrﬁﬁﬁed@r@f@t?eﬁ Qﬁeﬂi@l’vﬁt%n about 40%

WD 96109436 _

PCT/ US95/ 04472 -17- and ‘
about 80% Dewatering can be oxes or other

vacuum devi ces or w th bl ow t‘ﬁ‘?ﬂﬁﬁ”ﬁ?ﬁrﬁes H[HEE HE®$ rprint of the’
inprinting fabric is inpressed in the web as di scussed above, prior to
drying the web to conpletion. One nethod for acconplishing this is through

5 application of lrrg V\E@gLsCa% tHY %ftﬁ“.[rﬁ ofT&baeﬁlaéHal?J?? ‘i'@%?mefw? rch‘éﬁ'ﬁé%i% Sfegy

pressing a nip rol suppor ting Tabri aga

of a 15dryh¢rglmpoﬁ?ta3nmoasﬂ%smm weps,rcammm e igny smethogosed
bet ween é&'&mé@lﬁﬂ{éaéﬂ%éﬂ]ybﬁg drum Also, preferably, the web is
nol ded against the .~ . inprinting fabric prior.-to conpletion of drying by

application of fluiA IQuantitative e andlysis Vot uresterifanctionsl aSqn?atérwéngO
led to

box, or with a gh dryer. Fluid pressure may be app
i nduce i npress?'gw?%ﬁmm comé&ﬁgﬂf ied zones during initial dewatering, in a

separate, subsequengsr gyample, the level of the ester-functional quaternary ammonium
20 .compounds, such as diester dioleyldimethyl ammonium chloride
(DEDODMAC), diester dierucyldimethyl ammonium chioride (DEDEDMAC)
retained by the tissue paper can be determined: by solvent extraction of the
DEDODMAC / DEDEDMAC by an organic solvent followed by an
anionic/cationic: titration using Dimidium Bromide "as indicator. These
25 methods are exemplary, and are not meant to exclude other methods which
may be useful for determining levels of partncu!ar components retained by
" the tissue paper.

' B. Hydrophilicity (absorbency)

_ Hydrophlhcuty of tissue paper refers, in general, to the propensity of

30 the tissue paper to be wetted with water. Hydrophilicity of tissue paper may
be somewhat quantlf ed by determlnmg the period of time required for dry
tissue paper to become completely wetted with water. This period of time is
referred to as 'Wettmg time". In order to provu_ie a consistent and
repeatable test for wetting time, the following procedure may be used for



pFocess stage, or a conbination thereof. Unconpact ed,
nonpat t er nwiensodased ti ssue paper structures are 15 descri heergsvsiosdsz

Ratent No. 3,812,000 issued to Joseph L. Salvucci, Jr. and Peter N
Yi annos on May 21, 1974 and U.S. Patent No. 4g08, 459, i ssued to
Henry E. Becker, Albert L. McConnell, and Richard Schutte on June 17,
1980, both of which are incorporated herein by reference. In gener al ,

unconpact ed, noReRiid The gfé!éhﬁihaﬂoﬁézsma greshaiibhea! imBier it deet (the

prepared by depositi aper maki ngof urni sh ?n or am nous T arm

Such s a Four dPMWraIManta Gandiuang Jondesting, of anes; FaTPIes At 23t °C and
L enovi Pgbaddi ti SQGQ%I\RIRI?NV'S?éﬁllﬂéd Eregtgmﬁlmn%thadnmezﬁitapruﬂmdte {ESI&?ihch
as a | Der consi C 0, a S Y a L epl n e \W\Wen. er |
e aed Ty om s ng Sl BenJablta S En 12 00 ef (501 daber siidure 1o, Slovided:
resul ting 3t5]: ygsecmd,sthe_ shéet isifoldedkinto Joub {4k jtaposexd quartars,vang then]c
t | . O,
the web pr i or téfuz?%%ﬁﬁg?d’ % B3l Spbtimdigly 78 MEness Bl & LrRPld Bl #

non*
tissue structur BEhafabulidBrmm) in diametesudhird, thacoalied seebif placesnan the
tissue tstru;:turggrfaéél gpr@rgga%cmgﬁ@a watier gaemedatt qeQ- %ﬁ@Sléfltﬁﬂe,tslhigsue
paper structures, ar repare ~depgsi ti a ., -paper I urni sh on
a foram nous wi F@‘gfﬁf%%éﬁ’as%?éd??‘ﬁﬂért‘“ﬁﬂﬁ@e‘f & stoppggfqgﬂ;?ggt:{;gfpewttlng
drai ni ng t hgy webf thecbalfebsheet isddimpletedl Comptetewettingtis observedayisually. a

uni form mechani cal conpaction (pressing) until the web has a
consi stency of 25- 50Hydrophili¢ity chargcters oftibsuie papehembedimentsrofthe presert
35 Yankee and " rakl i ' y
vacuum nechani TP WP AR, O tolde B defnfied R SERIGY, At atiyditid’Y
WO 96109436 However, substantial increases in hydrophobicity may occur during the first
- PCT/ US95/ 04472 ; : .

strong and gﬁine% Iwzee'o‘f" asﬁerﬁéﬁ S?S‘éee i ?)"a'? evlé?.yaﬂgsvtqenpgé?rkl’ﬁa% 8?-6‘8’%cy .

S ) .
and in sof t Kess(2) weeks followingits maeu@sYtﬁspihUﬁeﬂbeowevwggtmﬁsaﬁe ireeferablybe
used in any meatRPed & the _nd\BEEECHS dvb wadls peHed! Abtoritglp awettingetmesr €
required. 5 Partlcuelﬁrw adv ntfagg\&gs uslgs of the %l §sue paﬁar V\ﬁ{b of
thi's invention measured atihe 85869 |Wegk, BOING periQq, 2t 1oy temparature &fe
products. For erefemred totasdtwo weeki wetting timgs? webs of this invention can be
enbossed and adhesively secured together in face to face relation as

taught by U.S. Pat. ReDensity 3,414, 459, which issued to Wlls on Decenber

3, 1968 and which is : _ o
20 The density of tissue paper, as that term is used herein, is the

average density calculated as the basis weight of that paper divided by the
caliper, with the appropriate unit conversions incorporated therein. Caliper
of the tissue paper, as used herein, is the thickness of the paper when
subjected to a compressive load of 95 g/in2 (15.5 g/cm2).

25
Optional Ingredients

. Other chemicals commonly 0sed in papermaking can be added to

~ the biodegradable chemical softening composition described herein, or to

the papermaking furnish so long as they do not significantly and adversely

30 affect the softening, absorbency of the fibrous material, and softness

enhancing actions of the biodegradable ester-functional quaternary
ammonium softening compounds of the present invention.

A Wetting Agents:



10 incorporated herein by reference, to form2-ply paper towels.

Anal yt i cedo ®m@askest i ng Procedur es Anal ysi s ofP ﬁmgt of
bi odegradabl e treatnment chem cals used 15 herein or retained on tisSue
paper webs can be perfornmed by any nethod.zqg. accepted in the applicable
art. A. Quantitative analysis for ester-functional '
quat ernary ammoni um conpound For exanple, the |l evel of

th ter-f ti . . i . . ' t |
ol eyl i metnyl i af8s8Ar HvendBRCHY % ditejsf SRPIH Hithtorl iNorelent tréh' ©'
di er ucyl di met3Rautix@@elate aew3.0%, munecoeiaably from abowt03%/ta he% bysue
paper can be wa‘gﬁt,ram%r?}ﬁbéﬁbiégﬁtof%&vg&ﬁtg Qgeﬁtf the ~ DEDODVAC /

ol  owed by a

DEDEDVAC by an organi ¢ sol vent . ani oni ¢/ cationic
“titration using Digfi)@glvhRiroRy démpdundgi cator. These 25 nethods are
-exenplary, and are not nmeant' to exclude other nethods which may be
useful foS deter niBExamplesvefiwatef spiutié polyhydeoxpoompbands timatsth by used the

Hyarophr 1+ o1 3° Wetting agentelin SHE/RaSent fryeniod 15RIAB G keral, pavalycerols 30

the tissue pdiving @ weighttaverage molecular weighl ofirom aboyt 150 to sboat aper
>Sue b oY SR o e oai ted

for dry 4 PJ@%‘ZE#W%J‘%"? Filccte S04 SoLiYTIdp)leneiguLals ivind Aweigfil " ©

period of tiAyerage mo P‘é’ﬁéW%htthfﬁem\&tmtr_?&\ﬁﬁ%boutﬁpm.mefarablyrfmmde a

consi stenp angbout 200 ¢ eouk! md@&hoépgreféiéﬂl?grdrh &bouit"200 9! AB¥Ur B00.
~ procedure maéj:, tie' u.s%c_li f or WD 96/09436 ..~ -~ . s s
PCT/ US95/ 0447 PYoxyethylene glycols having an weight average molecular weight of from !

wetting ti rre'lammmmm iabost 600r ate, especially wrm&amkﬁ:wgidf 'tﬁb%oc\:/ef-hg

_ ment al.candi bi _ : +1[.er.r],C.an
Sov20 R L acesaided; BAGrBlaRCEbhtRios i) SETRECuRed, A HaRSnRC
X 4-3/4 inch Rfa&ﬂﬁd mlyhy‘;lmm 1comppund is polyoxyetiyleser glycot chavingr ani ded;
5 seconds thisigheaverage Molecliar Weigriur aBbut YbaRMRE thateAsH | Svaifdiflet Nen
: | commercially from the Union Carbide C_ompany'bf D_anbury, Connecticut

under the tradename “PEG-400".
(2) Nonionic Surfactant (Alkoxyiated Materials)

3 * Suitable nonionic surfactants can be used as ‘wetting agents in the

20 present invention include _a'ddi'tion' products of ethylene oxide and,
optional_ly, propylene oxide, with fatty ‘alcohols, fatty acids, fatty amines,
etc. : - . . _

Any of the alkoxylated materials of the 'pla_rti'éula_r type described
hereinafter can be used as the nonionic surfactant. Suitable compounds
25  are substantially water-soluble surfactants of the general formula:

R2-Y - (C2H40)z - C2H40H

* wherein R2 for both solid and liquid compositions is ‘selected from the
group consisting of primary, secondary and branched chain alkyl and/or
acyl hydrocarbyl groups; primary, secondary and branched chain aikenyl

30  hydrocarby! groups; and primary, secondary and branched chain alkyl- and
alkenyl-substituted phenolic "‘hydfécarbyl groups; é{aid hydrbcarbyl groups
having a hydrocarbyl chain length of from about 8 to about 20, ‘preferably
from about 10 to about 18 carbon atoms. More preferably the hydrocarbyi
chain length for liquid compositions is from about 16 to about 18 carbon

35 atoms and for solid compositions from about 10 to about 14 carbon atoms.



crunpled into a ball approximately 0.75 inches (about 1.9 cn) to about 1

i nch (aboutwa.gggﬁmi in diameter; third, the halled sheet is PR EShsR2aTaNe

surface of a"body of distilled water at 23 1[err]C and a tiner Is

si mul taneously started; fourth, the timer is,stopped and read when wetting
10- of the balled sheet is conpleted. Conpl étzg ‘wetting i s observed

visual ly. ' Hydrophilicity characters of tissue paper

et o gt 90 S PA SH hafecRi  V
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a e en o ' ; SO, ;
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The density of whesf@ewpagthoxylate greHps aepieseldted herein, is the

average density cal cul ated,as the basi i ght of that dj vi ded h
caliper, with the aﬁgﬁo;ﬂqnéﬁfﬂc uffa %h‘sﬁe\r,%lrgﬁb &ﬁc&%@&ggg@ 'hb;’/:a?ﬁ.. "Hyst ©
Cal i pe\rNh ofnydhepiiilic-Hipephitip dalarice) wf frbrh @bouh7 tbabidut 20) peéferatsly ffom he
paper when apSiPsH Hbout 5.°OBF' &itky® by AdnRhe’ B2 Al Hd Indrdoer” of
ghgr chgm‘bfoal sethoxyiate \grosps| the pihBeofrdke rsprfantanteisaddegenesal, determimed.

| odegradabl e c ' . it . - : T
Che. paper maki ngh pUeiBlf & ke Hiued Thating ABARTEBRpIale SURackhid Bseul
30 affect the b@ﬂ&@nﬂ%g}orﬁﬁgﬁalﬁ%h?wéfCQ"ﬁE°$'t'9ﬁ$)u§°ﬂf§'t'bFﬁ'aﬁ/\!e‘nriﬁngcﬂhaliféss
enhanci ng act i oaggggag%da SrECEIRAAAN RigHy hdyabdo Whilﬁ%&fé?aﬂl%chajri

amoni um sof t eni ounds of the ‘present . invention. A t.t
Agent s: Vs Havmg short et?uoxylated groups may possess the requisi'ten J

PCT/ US95/ 047572 HLB, they are not as effective herein. -20 -

Examples of nonionic surfactants follow. The nonionic surfactants of
this invention are not limited to these examples. In the examples, the
integer defines the number of ethoxyl (EO) groups in the molecule.

Linear Alkoxylated Alcohols

20 - -a. Linear, Primary Alcohol Alkoxylates

| The deca-, undeca-, dodeca-, tetradeca-, and pentadecaethoxylates

of n-hexadecanol, and n-octadecanol having an HLB within the range

recited herein are useful wetting agents in the context of this invention.

Exemplary ethoxylated primary alcohols useful herein as the

25 - viscosity/dispensability modifiers of the compositions are n-C1gEO(10);

and n-C1gEO(11). The ethoxylates of mixed natural or synthetic aicohols

_ in the "oleic" chain length range are also useful herein. Specific examples

of such materials include oleicalcohol-EQ(11), oleicalcohol-EO(18), and
oleicalcohol -EQ(25).

30 ' b. Linear, Secondary Alcohol Alkoxylates

The deca-, undeca-, dodeca-, tetradeca-, pentadeca-, octadeca-, and
nonadeca-ethoxylates of 3-hexadecanol, 2-octadecanol, 4-eicosanol, and
5-gicosano! having and HLB within the range recited herein can be used as
wetting agents in the preserit invention . Exemplary ethoxylated secondary
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Olef'mc oxy ates

The alkenyl alcohols, both primary and secondary, and alkenyl -
phenols corresponding to those disclosed immediately hereinabove can be

ethoxylated to an HLB: within the range recited herein- can be used as

- wetting agents in the present invention

25

Branched Chain Alkoxylates

Branched chain pnmary and secondary alcohols whlch are available
from the well-known "OXO" process can be. ethoxylated and can be used
as wetting agents in the present invention. '

The above ethoxylated"nomomc surfactants are useful in the present

compositions alone or in combination, and the term "nonionic surfactant"

encompasses mixed nonionic surface actlve agents

The level of surfactant, if used, is preferably from about 0.01% to
about 2.0% by weight, based on the dry fiber weight of the tissue paper.
The surfactants preferably have alkyl chains with eight or more carbon
atoms. Exemplary anionic surfactants are linear alkyl sulfonates, and

alkylbenzene sulfonates. Ex_emplary nonionic  surfactants are

{
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the generaﬁ%%’%ﬁ% for the ethoxyl ated nonionic surfactants l?1Ce1;,[és|9r511,04“>75i S

typically -0, -C(OO0, -C(ONR-, or —-C(ORJMRR-, inwhich Rerr], and R
when present, have the neanings given hereinB&fore, and/or R can be
hydrogen, and z is at |east about 8, preferably at |east about 10-11. 5

Per f ormance and, usually, stahidity of the softener -conposition decrease
when fever et heliylglysogidespinchding ralkyglycoside esters sygh @snlsadesta SL-40

?ﬁf ‘;aCt ant s hlerﬂhienﬁlé?av@ﬂaP@fraﬁi efe@?éayln%n(Né&vB;ortk, NY); alkylglycoside ethers
ydrophi lic-lipoghilic pa e)l of fr u . prefer
from abouté)%g?ﬁcréﬁﬁfﬁ{n @g %ft%&r@ﬂggg l?éf’?ﬂiciﬂw m#@ ﬁgﬁge‘?ﬁ/of
éo et hoxyél at e Macho8, 197; End alkylpblyethoXydatednestess such gsnpegbsperse 200
eterm ned. _ . L : DOMN-ANL C. B legh €d
surfact ant s Susdfth :R‘QﬂXBf%féﬂprbl %@cﬁ&ﬁé@g%@éﬁ%éﬂ?& efeﬁ%hai?‘d Iac.grgrgds ﬁ?gﬁgﬁé'
contai n rel ati &20avajlaple fremRhone Rgueng Corporationr{@rankunyeNal.).vel y hi ghly
et hoxyl ated. Wil e shorter al kyl chain surfactants having short
et hoxyl ated groups may possess the requisite 15 HLB, they are not as

effective hereip. ... Exanmpl es of nonionic surfactants follow. The
noni oni ¢ surfacﬁM ngth additives;; s | nvention are not limted to these
(EQ) ar oups i n the. PUNcpgs S chemicall @R ey b6 2dud, fhelide e ofpll ..
Alr']cogol s 20 g additives to increase theadryltensite stréngtincarnyd tecwbbburst lob the tissie
The deca-, un = 2l - ‘ f
n- hexadecanol , ﬁ%nﬁ%ﬁ%ﬁ%@n@l‘léﬂg@ﬁ %a%%aﬁ@ﬁs? %ﬁ?@{?@%ﬁhg@’%ﬁe’“ from?
reci ted herein abautu@.61ts tocahautgS.Qfenmere rorefarablynfrem abput 1@.3%i toy @boMbN.
Exenpl ary et ho | BRI : [ _

npl ary X’V.B@%{%&i \R'%iqﬁg, dﬁ?aé ‘b?i?‘ﬂb%r‘%ﬁ@“l Bt DRI dF é‘ﬁwétﬁ?—s%%bie strength

vi scosi ty/ di spensal ty ITiers”of the Conpositions are n-Cerr] EQC10);
and n- ([ er r ] EO(@dditiverFRSias hoxyl at es of ni xed natural or synthetic al cohols

in the "oleic" chain | Sggt h ragge !ar.e al so useful herein. Specific exanples
of such matdrials i sEO( 11), ol eical cohol -EQ(18), and

ol ei cal cohol -EQ(25). 3 - L r I
- Al koxyl at es Examﬂ(ﬁ%s_ggggy ,Strﬁﬂg&.gg?'tlﬁaelbé@?@t %?'iggg'@gmﬁ ﬁéhﬁ%gc a-,
oct adeca-, and and catiomieqEaigmetsfropi theeACSO Themicaldfamilyl such as AGLOaAH! |
4-ei cosanol, a ek EPS ' Q:r@?ﬂl L il Db BinaN SréfeRed. F Prédsd
herei n can be E%ne% %gdb Sfé\{eﬁ]?{nd@%gt S1n hga?é{pgsg%tnbi ﬁ’\'(ént [ oh.?ﬁéé,é
Exenpl ary et hoxyatearigls ssnavaijable commercially from the American Cyanamid

' 20 Company of Wayne, New Jersey. -

(b) Permanent wet strength additives

_ 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

25 examples are shown in the aforementioned paper by Westfelt, incorporated
herein by reference. ‘ |

. in the usual case, the wet strength resins are water-soluble, cationic
materials. That is to say, the resins are water-soluble at the time they are
added to the papermaking furnish. It is quite possible, and even to be

30 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 geherally believed to underg_o a cross-linking
or other curing reactions after they have been deposited on, within, or
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i nvention are: 2- [err] Li near Al ky

Phenoxyl at ed Al cohol s _ As in the.gase of the al cohol al koxyl ates,
t he hexa- through octadeca- 5 ethoxylates of al kylated phenol s,

particul arly monohydric al kyl phenol s, having an HLB within the range

reci ted herei J ] ' i b g@a a | ’F{Eﬂ‘n ' rs'of'
t he instant Cégnérggsf.iﬂ#?}]%erﬁr*ﬁgmygbers. G'Ho‘é? ﬁﬂkﬁﬁqﬁg?@tﬂ@ caééé% ?%%t(y at fg!ﬁof :

exa- rou
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Exenpl ary et hoxyl ated al kyl nols useful as: 1 t.he wettin lents. of the
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EQ(18). These méatenials daré dow moleut:larswgight pollymerseprayided withnredetivart, a

phenyl ene o | e I Qi eabar i he, ' e a

al kyl ene roJBn%wcg%%angqf%nﬁlhg b%‘%‘xr E%@%%ﬁ,@w%r Bt?@ésen he

pur poses, norRaientcliterature isrepleie with dessriptions of pinsesses fonmakingsuch

Che. car bon o e . P O vy 1sued 10, o ety e 2 or
. ' u u u :

each phenyl e,%\r%ﬂogpbag No. 3?)&96 issubdhto &elm on HSQ(y]epﬁqe(g ﬁf,k s

‘The al kenyl a@xanipiés of bath patentsandauth |re imebrpprated herbincy feféfencehenol s

corresponding to those disclosed i nmedi ately herei nabove can be

et hoxyl atted to anPelyBmide+epichitmhydriparesins seld underithe deademarksdymene

wetting agen i : { i Nnt.(,0 _ : 1 _— ched
Chain Al k.oxyltsaje Ena Wﬁﬁ | rggéﬁegychma?rﬁmersl n'EF9’pa°r¥8‘es"ec%fnd‘Q4'k'f“E§@ ol s 4
whi ch are avddelawaee2mref particuariyvasefulndanthioxioveptionesknesen resins are ™~
ethoxyl at ed ajaheraly BEsciRd in the AordiféidHEBaRN IIKbiRE Present

I nventi on. The above ethoxyl ated nonionic surfactants are useful

in the present  BaséReneated polyamiderepiehidrBhfdri réshs 28efud i tHd Brésent
"noni oni ¢_sur.fact.ant"

enconpasse xed noni opi ¢ surface acliv

agent o 180" iVENtSh aee selfdar A SapReS trademath, Sueh g SRRIReS Borm
anut 0. 01% thy MonsahiouCothpaityof Stel.obis, Misseuri.oThesetypes dfi inateriais ahe hof
the tissue p r . r.f aGtean e / Vi hal |
et e PYerglly detBfioddih0!S!"Pat B 5B/ 158 iEs b d Mo ORbYRN"bA

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

20 -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,
25 Connecticut. These materials are generally described in U.S. Pat. Nos.
| 3,556,932 issued to. Coscia et al . on January 19, 1971; and 3,556,933
issued to Williams et al . on January 19, 1971, all _incbrporated herein by

- reference.

o Other types of water-soluble resins useful in the present invention

30 inciude acrylic emulsibns and anionic styrene-butadiene Iatexes:. 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
35 are the urea formaldehyde and melamine formaldéhyde' resins. These

<
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to increase thenifrogerensil e strength and the wet burst of the tissue
webs. The present invention nmay contain as an optional conmponent from
about 0.01%3 o aboutAlthagh Isss prefiesiest polyetnylenimipedyr® resins ngdudiity in the

1. 5% by wei ght, éht Ghveritioper wei ght basis, of a water-soluble strength
addi tive resi n.p% (‘a)'Dry strenath additives Exanpl es of

dry strength additi wigrd nsdnisiete addsiptiohy bf ahk! afsrementioned andteragsiabiec

pol yners f t he ,ACCO cheni cal .f I h 711 .

N th ACCO chen EStiNt.alRIBE; figit L pEFe. e &= fodnd Jn TARPT hpRoGraph’

?vai | abl e comreSeriglsl Wd.r 28) tWet A8trength [y Paper @red Baperboartd, \\hgchnicalew
ersey. h). Al . ;

Per manent wéq s#&ﬂé@hoﬁﬁﬁﬁgmgw ﬁ%@@{‘ﬁh@g@gg&g@’@gﬁp gF)'t Igg(oarsqorated
General |y, thosberaisi by reférencé.ains wsediharein, theuletmaipermanent wet|strength
hereafter find Wb ioferst AeBfP Wi NBWA' thepanat°hdtt, HEM Plactidr &S

exanpl es are shown in _the arorenment|oned paper, by Westte|t, ,
i ncorporated  aquaewsmediym; ¢ keep@majority of its m't'ﬁﬁwﬁhé“' mhlfof: aqeriod.ef

wet strength reﬁh{ésg@aq\emgﬁratqgégtm,mmfegni c materials. That is to
say, the resins are water-soluble at the tine they are added to the

paper maki ngg4 ur ni sh.(c) q'er_@l' @ﬂ'é@em'gh@dmgven to be 30 expected,
t hat subsequent events such as cross-linking wll render the
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
20 canbean 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
25 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 flow of the paper product through septic
~ systems.

Examples of suitable temporary wet strength resins include modified

30 starch temporary wet strength agents, such as National Starch 78-0080,
marketed by the National Starch and Chemical Corparation (New York,
New York). This type of wet strength agent can be made by réacting
dimethoxyethyI-N-methyl-chIoroacetamide with cationic starch polymers.
Modified starch temporary'wet strength agents are also described in U.S.

35 Pat. No. 4,675,394, Solarek, et al ., issued June 23, 1987, and incorporated
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strength resins are generally believed to undergo a cross-liﬁkrng or
other curing reactions after they have beensgeposited on, within, or
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‘the paper maki rélhb@ fefﬁfé' Sﬁréﬂé? é@gﬂh th %Qgeﬁgigkggﬂmﬁ&lh&e those,

occur so Iong anoun

particul ar ut idesefibed én ths. Rati dles 4)883/@@7d@l@'lknuht,ots§h9drdamuaﬂs|1ns1 991,
These mat eri algpdaheorpratedl isteirhby Yeiepéricd20l yners provided with reactive 5

functional groups such as am no, epoxy, and azetidi ni um groups. The

patent :Iter ature V\ﬁthﬁ%@bébﬁtﬂﬁe‘blé%éé bﬁﬁ'éﬁé%nf@‘eiﬁrﬁﬁl%%sﬁsbétﬂ gzt such
materil al s

Pat 62 | ssue m on 4, 1972
and U.S. Ffat aﬂg taeg'nppfgr;b%ez gg‘“ﬂﬂig 'Fé'ﬂéefﬁﬁeﬁn% ﬁ%@g%ﬁﬁﬁdﬁfﬁoo
exanpl es of sthdt thatresins lest\eldlaoelexenmlanycmrmamaé eddiareaiot eantetodimitdise 10
Pol yam de- epi ggg‘géaﬂe%%l |nns sol d under the trademarks Kynene 557H
and Kymene 20 ncorporat ed of WI mngton,. - Del aware are
particularly usef .xmewfscérags%nbowet Sengul fesing @Jr?asso bg ey
described in the aforepenti oned patents to Se-ac |vated
pol yam de- epi BFAGICORFINISINVERUOR useful in the present 15 invention are

sol d under_t he Sant, R derrark | s, Santo R by Monsanto -
Conpany of0'st. Loui'&® ﬂﬁ% F?'ngﬁ'r?és@%%gé:hﬁf“'?ﬂt%‘ﬁ@}’%s £ éntendedgerk# ally
described in mevely ekembmy iR, fathrd, 58nd srgenot: medat ftQVlirﬁi't‘ tﬁé scope Qﬁ@ﬁéﬂ)er :

17, 1974; 3, 88_&#% i ssued to Petrovich on August 12, 197 4,129,528
i ssued to Pet Mon Decenber 12, 1978; 4, 147,586 |ssued to 20 Petrovich
on April 3, 1979; and 4, 222,921 |ssued to Van Eenam on -Sept enber 16,

- 1980, al'l incorporated herei n by reference. - Q her water-sol ubl e

o F oS ey o T BRSNS Farigles ,mhstméyﬁré y@g&.ﬂsﬁsh@ g.lé%%nﬁs

t hose sol d under the Parez t

Arer i can &y anbveation hydage st mtanded to bﬂdlmlﬁﬁﬁﬁ@ﬁc’éut 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 Wllianms et al. on
January 19, 1971, all incorporated he-E%MBKE 1 reference.

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

used to make-up an aqueous dispersion of the biodegradable vegetable oil

20 based ester-functional quaternary ammonium compound (e.g., diester

~ dioleyldimethyl ammonium  chloride - (DEDODMAC) or diester
dierucyldimethyl ammonium chloride (DEDEDMAC)).

- A2% dxspersson of the DEDODMAC is prepared accordmg to the

follownng procedure : 1. A known weight of the DEDODMAC is measured;

25 2. The DEDODMAC is heated up to about 50 °C (122 °F) 3. The dilution
. water is precondmoned at pH ~ 3 and at about 50 °C (122 °F), 4.
Adequate mixing is provided to form an agqueous sub-micron dispersion of

the DEDODMAC softening composition. 5.-The particle size of the vesicle
'dlspersmn is determined usnng an optical microscopic technlque The

30 particle size range is from about 0.1 to'1.0 ‘micron.- :

A 2% d:spers:on of the DEDEDMAC is prepared accdrding to the
following procedure : 1. A known weight of the DEDEDMAC is measured;

- 2. The DEDEDMAC is heated up to about 50 °C (122 °F); 3. The dilution
 water is precondltloned at pH ~ 3 and at about 50 °C (122 °F);, 4.
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incorporated of Wilmington, DE) is added to the NSK stock pipe at a rate of

1% by weight of the dry fibers. The adsorption of Kymene 557H to NSK is

20 - enhanced by an in-line mixer. A 1% solution of Carboxy Methyl Celiulose
(CMC) is added after the in-line mixer at a rate of 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 (DEDODMAC) is added to the NSK slurry at a rate

25 0of0.1% by weight of the dry fibers. The adsorption of the chemical softener
mixture to NSK can also enhanced via an in-line mixer. The NSK slurry is
diluted to 0.2% by the fan pump. Third, a 3% by weight aqueous slurry of

"~ CTMP is made up in a conventional re-pulper. A non-ionic surfactant
(Pegosperse) is added to the re-puiper at a rate of 0.2% by weight of dry

30 fibers. A 1% solution of the chemical softener mixture is added to the
CTMP stock pipe before the stock pump at a rate of 0.1% by weight of the

dry fibers. The adsorption of the chemical softener mixture to CTMP can

be enhanced by an in-line mixer. The CTMP slurry is diluted to 0.2% by the

fan pump. The treated furnish mixture (NSK / CTMP) is blended in the head

35 box and deposited onto a Fourdrinier wire to form an embryonic web.
Dewatering occurs through the Fourdrinier wire and is assisted by a



t he i ntended use, but which then decays upon soaking in water. Decay of

t he wet swb@agyg‘;f acilitates flow of the paper product throwghnReRbisss

syst ens. Exanpl es of suitable tenporary wet strength resins
include nodified 30 starch tenporary wet _slgrength agents, such as
Nat i onal Starch 78-0080, mar ket ed by the National Starch and Chem cal
Cor poration (New York, New York). This type of wet strength agent can
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and i ncorporated herein
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(e.g., digsterankee dryer to provide an impact angle of about 81 degrees; the Yankee
dryer is operated at about 800 fom' (feet per mlnute) (about 244 meters per
minute). The dry web is formed into roll at a speed of 700 fom ( 214 meters
per mmutes)

Two phes of the web are formed mto paper towet products by

20 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

biodegradable -chemical softener (DEDODMAC) and about 1.0% of the

permanent wet strength resin. The resul_tin_g_paper_toWe_l is soft, absorbent,
and very strong when wetted.

EXAMPLE 3

The purpose of this example is to |llustrate a method using a blow

through drying and layered papermaking techniques to make soft and

- absorbent toilet tissue paper treated wnth a brodegradable chemical

- 30 softener composition of a vegetable oil ‘based diester quat softener
(DEDEDMAC) and a temporary wet strength resnn

A pilot scale Fourdrinier papermaking machine is used in the

" practice of the present invention. First, a 1% solution of the biodegradable
chemical softener is prepared according to the procedure in Example 1.
35 Second, a 3% by weight aqueous siurry of NSK is made up in a



di ol eyl di methyl anmonium chloride (DEDODMAC) or diester

di.erucyl di ni um chl ori de ( DEDEDVAC)) . A 2% di spersi on
of the %D@b&gﬂ?%wg?epar ed according to the fol | owi ng pPEPEEIYM4T2L. A
known wei ght of the DEDODVAC is neasured; 25 2. The DEDODMVAC is heated up
to about 50 [err]C (122 [err]F); 3. The dil ut?%n water is

preconditioned at pH ~ 3 and at about 50 [err]C (122 [err]F); 4.
Adequate m xing is provided to forman aqueous sub-m cron di spersion of

t he DEDODVAC softcoawemtipnal regqsilperonThe NSKelusey isirefined igentigfandha 2% solltion
di spersion is d ' ' ' s O ' g6 '
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DEDEDVAC i s heated up. to_apoyt 50 [err].C.(122 [err]F): he “dj | ut.i on
water is pr eéon@ldlspﬁﬁ @Rﬁﬂﬁm%réﬂ(}" Stéﬁﬂgﬁ' [rgﬂn[ ?]’%%%‘g?rﬁ (S gnhanced,
WC::)T%/S 89/486 by an in-line mixer. The NSK slurry is diluted to about 0.2% consistency at
PCTI US95/ 04472 . : )
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particle size range I's fromabout 0.1 {0 1.0 on. .
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chenical soft en@P‘ﬁéﬂﬁ%%sqyt B ndine qyxer, f}'g&eégﬁwgp&qslggyeﬁ G‘?‘ggaetp goeyt
sof t ener s ( DEDOD\NISG)comsistency at theffanpumemt wet strength resin. )
A pilot scal e Fourdrinier papernmaki-ng machine is used in the practice
of the present inveniThentregiadsfyrnishimidurai{30% of NSi€ /b7Q@Meal Eaklyptus) is

ghem cal 503} e”%feﬂo%cﬂr?i?@ ﬁsa@%feré#id"aewﬂg;onwsg%maﬂh@r PR Forfn anl®
econd, a 3% by weight aqueous slurry o I'S made up 1 n_a ] )
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machine-direction monofilaments per inch, respectively. The embryonic wet

20 web is transferred from the photo-polymer wire, at a fiber consistency of

about 15% at the point of transfer, to a photo-polymer fabric having 562

Linear idaho cells per square inch, 40 percent knuckle area and 9 mils of

photb-polymer depth. Further de-watering is accomplished by vacuum

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

25 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

30 doctor blade has a bevel angle of about 25 degrees and is positioned with

~ respect to the Yankee dryer to provide an impact angle of about 81

degrees; the Yankee dryer is operated at about 800 fpm (feet per minute)

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

of 700 fpm (214 meters per minutes).

35 .' " 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



1% by wei ght of the dry fibers. The adsorption of Kynene 557H to NSK is 20 ¢
enhancedvm(fz;dgd -line mxer. A 1% solution of Carboxy Methyl Cellul ose

(OVO) is adeed ®ter the in-line nixer at a rate of 0.2% by TEVSIOMR  he

dry fibers to enhance the dry strength of the fibrous substrate. The
adsor ption of CMC to NSK can be enhaht®d by an in-line m xer. Then, a
1% sol uti on of the chemi cal softener (DEDODMAC) is added to the NSK

slurry at arate 25 of 0.1%by weight of the dry fibers. The adsorption.
of the cheni cthe bisidegradable chericat setener (REDERMMACS @ndnabowutdi2% of the

T et g . g A K
convent i onal FBS‘BFLH%%FPQAS goitablefor useasfacialandlor tolletissyieser se) i s added

to the re-pulper at a rate of 0.2% by weight of dry 30 fibers. A 1%
solution of the chemcal softener mxture is added to the CTMP st ock

pi pe beforg the stock punp at a rate %6by wWei ght of the - dry
fibers. 'Isﬁe adsorption of the chem c%%ﬁgn%r m xture t.o CTMP can

be enhanced by an izl ) ) : d i ' ta. 4 t he
fan punp. The trea:rglg #Ltlj r?lgg?\&rmthk %r;g l'(éw ' ailegé b’f%‘ﬁﬁ%d%"?ﬂ t%ng ead
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-28 - seftenen (QEREDMAR) and gudrysstrenath additive resin. wire is of a
5-shed, satin o weave configuration having -84 nachine-direction and 76
Cross- macﬁi ne- A cﬂ?lpgc§qag?\ %H#fq'gnﬁﬂﬁe INg, dRachipep is ysed Yn gﬁs _
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then adhered Cgahamid ¢bhipanyodf Raivfielde ©OHY lscaddéd o dhe: NSKStbal Pipé 2t Ng
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. 20 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 biodegradable chemical softener to
- Eucalyptus fibers can be enhanced by an in-line mixer. The Eucalyptus
25 slurry is diluted to about 0.2% consistency at the fan pump.
The treated fumish mixture (30% of ‘NSK / 70% of Eucalyptus) is
. blended in the head box and deposited onto a Fourdrinier wire to form an
embryonic web. Dewatering occurs through the Fourdrinier wire and is
assisted by a deflector and vacuum boxes. - The Fourdrinier wire is of a 5-
30 shed, satin we_ave configuration having 84 machine-diréction and 76 cross-
machine-direction monofilaments per inch, respectively. The embryonic
wet web is transferred from the photo-p‘dlymer wire, at a fiber consistency of
about 15% at the point of transfer, to a photo-polymer fabric having 562
‘Linear Idaho ceils per square inch, 40 percent knuckle area and 9 mils of |
35 photo—polymér depth. Further de-watering is accomplished by vacuum



élryer- Is operated at about 800 fpm (feet per mnute) (about 244 neters per
mnute). THEoghyazyeb is formed into.roll at a speed of 700 f ters
per m nut es?. : Two plies of the web are forned in&p'g}l{pjg%iebr owel
products by 20 enbossing and |am nating thegytogether using PVA adhesi ve.

The paper towel has about 26 #/ 3M Sq Ft “basis wei ght, contains about
0]; 2%hof t he bi odegr adabl e chem cal softener (DEDODMAC) and about 1.0%
of the per mapent wet strepngth resin. The resul ti:n er towel i

soft, absorbent3ssisted d&ﬂﬂagﬁr“&f‘q@b%ﬁ@%a&&q Snsisiancy of about 28%. ‘The
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New- Yor k, NY) iof 700dfpm ( 314 metersipeNBIOWe8kk pipe at a rate of 0.75% by

wei ght of the dry fibers. The 5 adsorption of the tenporary wet strength
resin onto NSK fi ber&we Ppligshahdbe web arpyfagmeidninte rissuiexpaperrpeodusits and r y

is diluted to 3bmiHatihg?fRem tohEHRAAISIRG ply bondBd feRRniiel- T fissue? papePy
e it s T bbb wekoke i g 550 oo
Io ?‘ gdczig/gibt q\?\; PmiEw?‘aPagL%?ﬁéﬂdal B’Sﬂenbe(meaarljmit\str)] @r#d alfoutOLb of the dat e

bi odegr adabl 6 Hhtsndin Foin; J'X‘RBF‘%(‘%&‘UES%@'@&&@%V%PE@eF 9§01 absprbent and

is suitable for use as facia! and/or toilet tissues.

EXAMPLE 5

20 The purpose of this example is to illustrate a method using a
conventional drying papermaking technique to make soft and absorbent
toilet tissue paper treated with a biodegradable vegetable oil based diester
quat softener (DEDEDMAC) and a dry strength additive resin .

A pilot scale Fourdrinier papermaking machine is used in the
25 practice of the present invention. First, a 1% solution of the biodegradable
chemical softener is prepared according to the procedure in example 3.
~ Second, a 3% by weight aqueous slurry of NSK is made up in a
_ conventional re-pulper. The NSK slurry is refined gently and a 2% solution
“of the dry strength resin (i.e. ACCO 514, ACCO 711 marketed by American
30 Cyanamid company of Wayne, New Jersey) is added to the NSK stock pipe
at a rate of 0.2% by weight of the dry fibers. The adsorption of the dry
strength resin onto NS_K 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-

35 pulper. A 1% solution of the chemical softener mixture is added to the



enhanced by an in-line m xer. The. Eucal ypt us slurry is diluted to about

0. 2% con at the fan punp. The treated fy ure
(30% of ﬁ@’?’@é oof Eucal yptus) is 15 blended in the head g'g);(ﬁgsn 4%}

deposited onto a Fourdrinier wire to formamgs. enbryoni ¢ 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

 achi ne- di r ect ESANEEHBEE Bk oeldrEthe Sodk bl K(2PG of 0,20 by weiot o,
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fi ber consi st cassjsted bwardafleston andiwvacuum lw(enge Fwdtinieswire isofiays-
creping the wel,q4y tdap dﬂ@ﬁ&&oﬁﬁ@ﬂ‘itlgm‘%vﬁb ﬂ%é&ﬁm@' @F@ct @ngﬁbsé‘ng' €

of about 25 degreés an nkee dr
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operated at abgef w%@olsfﬁﬁﬂhéféﬁéb fP6rn ﬂﬁean@bdrmler Mréb(é!"a fivér Hﬁﬁﬁgfe rof
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paper product. wiieﬂn is adoomplishediyy vacuumlassistéd drainkigwritil theweb hes’ aht

(F:J(é'?; %'Sgg / ggzgtzt’@erlﬁn%nstency oY\nggf gg‘%‘o’ 6The web is then adhered tostBe surface of
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tissues. tpevel angle of about 25 degrees and is pggitioped 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

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

per minutes). .

Two plies of the web are formed into tissue paper products and
laminating them together using ply bonded technique. The tissue paper
has about 23 #/3M Sq Ft basis weight, contains about 0.1% of the

25 biodegradable chemical softener (DEDEDMAC). 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.:

- 30
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’The purpose of this exanple is to-ill : d.
t hr ough diwongesager maki ng t echni que [ CH®kREsPHASARN

stissue paper treated with a bi odegradpbl e \Regas@epe oil [based di ester quat
sof tener (DEDEDVAC) and a dry strengt e r— 10 A pil ot
scal e Fourdrini er papermaking machine is u8d in the . ~— practiee—of the

present invention. First, a 1% solution of the bi odegradam,-seSheetHasBeghem cal

softener is prepared accordi-.'n_g- to the procedure in.Exanple - ord,
a 3% by weight aqueous slurry of NSK is nmade up in a HMMI"
e

ing a bl ow

{ sor heeudesiolsh

re-pul per. The NSK slurry is refined gently and a 2% sol ut

dry strengt‘H“ Q?S]Jg oD \CCO 514, ACCO 711 marketed by Anerican
. Cyanam d conpgﬁ?/éo al r11|€\:el d, OH) is added to the NSK stock pipe at a

Cerongtn 1 BBt HRpef priolie ik iiesa i MR BRI 71 nemixer. The
NSK slurry is (%F?Jﬁgbggggge}&%ﬁyﬁ‘?&sﬂg]ﬁonm stency at the fan punp.

Third, a 3% by aque urry of Eucal yptus fibers is nade up
in a conventio . ) J i f ' ener
B} frofly DO0S% to 5.0% bf‘w’e{glﬁgft:f;%i@ gfeg%logg ggpgﬁmeﬂgq ggéﬁs

m xture is added tqQ the Eucal yptus . . punp
at a rate of 0.32%959‘5%9! ﬁgﬁ%f estr-fypgtional  quatespary  ammenivay psefienivg t he

bi odegr adabl e coempasid haﬁhgnﬁeféﬁmma; Eucal yptus f.i bers can be enhanced
by an in-line m xer. The Eucal yptus 25 slurry. is diluted to about 0.2%

consi stency at (tR)q-,{»,arN‘buMﬁ:Hz)n-Y-Rz] Xfhe treated furnish mxture (30%
of NSK / 70% of Eucal'yptus) is b‘nended I n the head box and deposited
onto a Fourdrimwhereire to form an enbryoni ¢ web. Dewatering occurs
through the Fourdrinier wire and is assisted by a deflector and
vacuum boxes. TEeShPGIs DPH{MCr, oF r-€(03-Qf a 5- 30 shed, satin weave
configuration haying 84 machi ne-direction and 76 cross-

machi ne- di r ect MBS AdASk PrefeEaRlY ME2ii nch, respectively. The enbryonic

wet web is transferred framthe photo-polyner wire, at a fiber consistency
of about m@oi&gtwg??fﬁ&’&nmﬁtransfer, to a photo-pol yner fabric '

havi ng 562 | pear | dahqg ce|l s per uare inch, 40 péercent, knuckl e
area and 9 mi| seq#' ﬁe? a_pﬁdtt]QGp%“&lnggo%éﬁwom@ﬁegm&@ 0¢argyk group,
acconpl i shed bysubstituted hydrodafbycgretp3benzyl group, or mixture thereof, preferably
PCT/ US95/ 04472 '

assi sted drai nf'fgaghu%tisl F_%‘g%'%}'h%@”& mo&épr%fgh%mgtegﬁg)ﬁ ‘@fa- Hﬁ%@(‘ FEYP: The
patterned ueb igach R245 1€ §4C35 ydrG¥srb)l 6H8lbdttufbd hydockfbt 'stbEft¥nt

and -
X- is any softener-compatible anion;

wherein the R2 portion of the softening compound is derived from C12-C24
fatty acyl groups, preferably the majority of R2 is derived from fatty acyl
groups containing at least 90% C4g - Co4 chain length, most preferabiy
fatty acyls groups containing at least 90% C4g or Co2; said fatty acyl
groups having an lodine Value of from greater than § to less than 100,
preferably from 10 to 85.

2. The paper product according to Claim 1 wherein the majority of said fatty
acyl groups are derived from vegetable oil sources.

- 3. The paper product according to Claim 1 or 2 wherein said fatty acyl grodps
' have a cis/trans isomer weight ratio greater than 50/50.

4. The paper proddct according to any of Claims 1- 3 further comprising from
0.005% to 3.0% of a wetting agent. '
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about 65% by wei ght. The web .is then| adiresadet satEEsUlf ace of a Yankee
dryer wit Ry ed crepi ng adhesi comMmrEPACEDD. 25%aqueo j 5
of Pol yvi W?gillﬂ%%ﬁol (PVA). The fib ; 5= \creasiéig'”?%bé’(il‘?ldﬁi1
estimated 96% before the dry creping the web with a doctor blade. The
doctor bl ade has a bevel angle of about 25-¥eyrees and is positioned with
respect to the Yankee dryer to provide an inpact angle of about 81

degrees; tie Yahespagey orodactopecarding 40 Glaimt 49@hefgim didewetting agent &

10 (about 244 m r i i rol |

speed of s%%ﬁ%%r# ?ﬁz%%rirleg é‘P E@;r%yﬁi@@ &)&'ﬁﬁém' Ime%r%o@%gégd of
the web are forakeehalsitlinedralkd phepoxylgtedatooholsm @nd mixtunesitheeadfng t hem

t oget her using Tpl y bonded techni que. The tissue paper has about 23
#/ 3M Sq Ft Sasilhepapat pradiat Accordipgude amof Glame 1 15 wheerisdhadguekof

cheni cal sof t epgjiydridaRFaM bf a7sl faBpakyOgroulisois 108§ tHaM 30%, préferatidss
resin. | rrporta%l%é,_"i{ge resulting tissue paper is soft, absorbent and
is suitable fo ‘facial and/or toilet tissues. '

e
met hod usi Ao The paperoBuBt BRENEI 1d ghy o LIRS 1" c otharelit & 165 fleftec of
and absor bent from chiosides acetate methyb sulfate; aindominturestherenfegr adabl e

vegetabl e oi | based diester quat softener (DEDEDVAC) and a drg )
strength addli t (e papemproduct according tp Qlaims ¢ 4| wherain dhe rmajorifya pk saigki ng

machi ne i s usegsl i (G € : - NHadi ety ! 1%
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to the procedursé’uf‘Fﬁse%ﬁfﬂﬂt%d From olive Qi oFapesgedoPlly high leic salflawerspily ry '
of NSK i s nmade pygaddw foam oil, ap@mikflire8Béreog- pul per. The NSK slurry is '
refined gently and a 2% sol ution of the dry strength resin (i.e. 'ACCO

514, ACCO Bll Tarekphper byoductracoondingOto nprafnCriimemarg wiierdéiy 8&id paper
Jersey) is add%q?ﬁ@ctt.ggoé\%%@h%% pi pe at a rate of 0.2% by wei ght of
the dry fibers. d Ol" the dry strength resin onto NSK

fibers is q@ﬁawgﬁ%?/@ddpﬁ{ehggor@ﬁ% CH!?‘PBF'KQ“Q(%'@E sHid iﬂab\éﬁ g}dd&?% to

about 0.2% coOnsi St Tan p ht "aqueous
slurry of Eucald/fecial tispye os toilettisgeup in a conventional re- 35 pulper. A
1% sol ution of the chem cal softener m xture is added to the -~ WO
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Eucal yptus stock pipe before the stock punp at a rate of Q2% by weight of,

the dry fibers. The adsorption of the chem cal softener iy
Eucal yptus fibers can be enhanced by an in-line mxer. Th UCWE SHEE’I

slurry is diluted to about 0.2% consistency at the fan punp. 5

The treated furnish nmixture (30% of NSK / 70% of Eucal yptjus) 24 MAR 1998
bl ended in the head box and deposited-ga-o0 a Fourdrinier wie to form an
enbryoni ¢ web. Dewatering occurs through the Fourdrinier jwire and 1I'S

assisted by a deflector and vacuum boxes. The Fourdrinie —+e-is 0of a b-
shed, satin weave configuration having 84 machine-direction and 76 cross-
10 machi neWHATEdSIFaA IS:aments per inch, respectively. The enbryonic

wet web is transferred fromtﬂe Fourdrinier wire, at a fiber consistency of
about 15% at the A AfHaPSE POAUEOMPISING: o' Cnventional felt. Further de-

watering is accotgalcgﬁmggeé%eymgfﬁﬁg;gﬁ&d drai nage until the web has a
fi ber consistency of about "35% The web is then adhered to the surface of

15 a Yankee dryé&).froihebdutlfed05¢omsitonthbfe bypweight emiuticdlulomn papdrimaktisg 96%

before the dry crepin he, we ith a.dogtor blade. The doctor, bl ade has a
bevel Cangle of ab0ES 8 tisispmdabl e o ABEAN TRMOBORHAPISE ne
Yankee dryer to ] il WSS, | e of about 81 degrees; the Yankee
dryer is operat e%‘g}sb‘g@o@l% ?pm“get per mnute) (about 244 neters per
20 minute). The @wy—Meb—iCHdorfre®lnXio roll at a speed of 700 fpm (214

neters per ninutes). Two plies of the web are forned
into tissue pape™ ucts and | am nating them together using ply
bonded techni quee,d¥ ; is?ge( er asnyabout 23 #/3M Sq Ft basis

wei ght, contains abogtlgo. Oo(gitpt he" _2§( i odedr adabl e chemi cal softener

( DEDEDVAC) and akpistl ©.31% of the dry strength resin. Inportantly, the
resulting tissue paper is soft, absorbent and is suitable for use as
a facial and/or ndsilée41issues. 30
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each R is a C;-C alkyl group, hydroxyalkyl group, hydrocarbyl group,

substituted hydrocarbyl group, benzyl group, or mixtures thereof;

eachR?isa C.:-C;3 hydrocarbyl or substituted hydrocarbyl substituent; and

X" is any softener-compatible anion; '

wherein the R? portion of the softening compound is derived from C,,-C,, fatty
acyl groups having an Iodine Value of from greater than about 5 to less than
about 100.

2. The paper prbduct according to claim 1 wherein the majority of said fatty acy!

groups are derived from vegetable oil sources.

3. The paper product according to claim 2 wherein the Iodine Value of said fatty

acyl groups is from about 10 to about 85.

4. The paper product according to claim 3 wherein said fatty acyl groups have a

cis/trans isomer weight ratio greater than about 50/50.
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VWHAT IS CLAI MED | S: 1. A soft paper product conpri si
cel l ul ose paper nmking fibers; and (b) from abou R@LWM{@}‘WT
5.0% by wei ght of said cellul ose paper making fi beps—of
bi odegr adabl e ester-functional quaternary amonium softe 1| g
conpound havi ng the fornul a: [err] wheretn 20 MAR @géh Y
is -O(0OC, or, -C(O-0; mis,l to 3; nlis 1 to 4:

each Ris a (Jerr]-Cerr] alkyl group, hydroxyal kyl group, hydrocar byl

group, : substituted hydrocarbyl group, benzyl grotpr—ot—mixttres

h f: ' - | d
e conr byl sulst {1 Baptx Bibduck SooBring o chaiod FhbrelNHE BERIRY of RE oot ©
ani on; V\heﬂaﬁyacytlbeor&lﬁmg]atwaﬁttgmcgf QMmﬁﬂEﬁ%ﬁJ ng conpound IS

derived from Cerr]-Cerr] fatty acyl groups having an | odi ne Val ue
of fromgreater than about 5 to less than about 100. 2. The

G ups ar e der foed P PBRA ERYBeL s Parti o T sl migfory of B omBfied Gt
according to clai niady WoAE 8biitai a“gﬂgﬂ“gg%/@l ue of said fatty acyl
" groups is fromabout™ 10 to abou 1. The paper product according

to claim3 wherein said fatty acyl groups have a cis/trans isomner

\_A§|49 ht ratio gr eat[%[e p%#&'%rg u?:%J gccg{') 5goto claim 5 wherein the majority of R comprises

fatty acyls containing at least 90% C,,.

8. The paper product according to claim 1 further comprising from about 0.005%
to about 3.0% of a wetting agent.

9. The paper product according to claim 8 wherein said wetting agent is a water
soluble polyhydroxy compound.

10. The paper product according to claim 8 wherein said wetting agent is a linear
alkoxylated alcohol.

11. The paper product according to claim 8 wherein said wetting agent is a linear
alkyl phenoxylated alcohol.

12. The paper product according to claim 2 wherein each R is a C;-C; alkyl group.
13. The paper product according to claim 12 wherein each R is a methyl group.
14. The paper product according to claim 2 wherein m=2 and wherein n=2.

15. The paper product according to claim 3 wherein the level of polyunsaturates of

AR



5. The paper product according to claim3 wherein the majority of R err]
conpri ses fatty acyls containing at | east 90% ( - ,

| engt h. 6. The paper product according to claimb5 ﬂﬂkmﬁ‘mmy of
Rl err] conprises fatty acyls containing at least|90% Clerr]. 74 [The
paper: product according to claim5 wherein the mjori{y|of2 RMAR 1998onpr] ses
fatty acyls containing at |east 90% (-9 . 8. The paper product
according to claim1 further conprising fromabout 0.(p05% TO apbout
3.0% of a wetting agent. 9. The paper product accorgling to claim$8
wherein said wetting agent is a water sol ubl e pol yhydr oxy conpound.

10. The paper progy@iyyPE 'Bgistléhs‘iﬁﬁzfﬁoﬁtm.r ein said wetting agent is a
| i near al koxyl at éd al cohol . 11. The paper product according to claim
8 wherein said wetting agent is a |inear al kyl phenoxyl at ed al cohol .

Gerr] - Clorr] 181 P rapapodsc: sorngieiipar | bhasseT tha ot of pyinselaratesn 12
wherein each Ris Vi : !Fﬁﬁp r product according to
claim2 wherein ng%hﬂ%@dgg%@ﬁﬁsﬂg&s@ﬁafyﬂﬁ e /g'aper product according to

claim3 wherein the | evel of polyunsaturates of

17. The paper product according to claim 12 wheréin X" is selected from the group

consisting of chloride, acetate, methyl sulfate, and mixtures thereof.

18. The paper product according to claim 6 wherein the majority of said vegetable

oil based fatty acyl groups are derived from olive oil.

19. The paper product accor\ding to claim 7 wherein the majority of said vegetable

oil based fatty acyl groups are derived from rapeseed oil.

20. The paper product according to claim 6 wherein the majority of said vegetable

oil based fatty acyl groups are derived from high oleic safflower oil.

21. The paper product according to claim 7 wherein the majority of said vegetable

oil based fatty acyl groups are derived from meadow foam oil.

22. The paper product according to claim 1 wherein said paper product is a paper

towel.

23. The paper product according to claim 1 wherein said paper product is a facial

tissue.

24. The paper product according to claim 1 wherein said paper product is a toilet

. tissue.
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(57) Abstract

Fibrous cellulose materials useful in the manufacture of soft, absorbent paper products such as paper towels, facial tissues, and
toilet tissue are disclosed. The paper products contain a biodegradable vegetabie oil based ester-functional quaternary ammonium chemical
softening compound. Examples of preferred vegetable oil based ester-functional quaternary ammonium chemical softening compounds
include diester dioleyldimethyl ammonium chloride (DEDODMAC) (i.e., di(octadec-z-9-enoyloxyethyl)dimethylammonium chloride) and
diester dierucyldimethyl ammonium chloride (DEDEDMAC) (i.e., di(docos-z-13-enoyloxyethyl)dimethylammonium chioride). Depending
upon the paper product characteristic requirements, the saturation level of the fatty acyl groups of the vegetable oils can be tailored.
Variables that need to be adjusted to maximize the benefits of using unsaturated vegetable oil based acyl groups include the Iodine Value
(IV) of the fatty acyl groups; and the cis/trans isomer weight ratios in the fatty acyl groups. }




24. The'paper product according to claim1l wherein said paper product

toil et

tissue.
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