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. SOFT AND TISSUE PAPER FI ELD OF -
THE | NVENTI ON This invention relates-to creped tissue paper
products and 5 processes. Mire particglarly, it relates to creped
ti ssue paper nmade by the dry creped process wherein an enbryonic
web is formed on a Fourdrinier, - freed of excess water, adhesively
secured while in a sem-dry condition to a Yankee dryer, and creped

fromthe Yankee after reaching meﬁmeﬁggml YISSUE PAPER condition. The
creped tissue paper products can be used for strong, soft . 10 paper

products such as toilet tissue and facial tissue products

BACKGROUND OF THE | NVENTI ON Si ngl e-use sanitary paper

ti ssue products are w dely used. Such 15 itens are comercially offered
in formats tailored for a variety of uses such as facial tissues,

toilet tissues and kitchen roll FBEDOF THE INVENTION - €. basi s

wei ght, thickness, strength, sheet size, dispensing nedium etc. of

t hese products often differ widely, but they are |inked by the conmon
process by which thsﬁuare usual |y produced, the so-called dry creping 20
process. They are f(ihisieinventiond reiates)cto ocrepedc dissueepapeti peodunts. aand

Pacti| o sensat PoCoRes: Ml partyiatfy, WiSistes to creped tissus patr i&ie by nb "
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oropertieq | verids SHEE Bl Sped ool *?éeﬁs‘?ééﬂﬁe"e@h&%eﬁsﬁ Serjbiy siry
skilled i.n the candition. bthe creped tissue paper products can be used for strong, soft

- 10 paper products such as toilet tissue and facial tissue products.

BACKGROUND OF THE INVENTION

 Single-use sanitary paper tissue products are widely used. Such
15  items are commercially offered in formats tailored for a variety of uses such
as facial tissues, toilet tissues and kitchen roll towels. The formats, i.e.
basis weight, thickness, strength, sheet size, dispensing medium, etc. of
) B these products oftcn dlﬂ'er wudely. but they are linked by the common
proeess by whleh they are usually produoed the so-called dry creping
20 process. They are further linked by the common consumer desire for a
pleasing tactile impression, i.e. softness.

Softness is the tactile sensation perceived by the consumer as
he/she holds a particular product, rubs it across his/her skin, or crumples it
within his/her hand. This iactile sensation is provided by a combination of

25 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 strength of the
web. '
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the stiffness of the paper web from which the product is made. Stiffness,

I n turn |s usual ly considered to be directly depenlg‘_ei.}iJ e
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Strength is the ability of the product, and jts constituent webs, to
mai ntai n physical integrity and to resist tefring, bursting, and shreddi ng

under use conditions. . Lap ki ng,in general and specifically
creped tissue paper StreBgths, the, ability &rs{@npﬂ?%i‘c&r gngAgs 985%%”9& H@E’ $pdQ
many years to denvdintain physical integrity ahg tooresistuteagingp iamsting, daryd rsheedding
nore and nore co | o '~ greater and greater econony. This |ong
hi story has pernpﬁygpdﬁigg%m%n%g machi nes to grow l-arger in size
- and faster in speed. n
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prodgc's)f t ?Eg R machlnes begramlarwlyl size anddafby in ispeed.n Thessize @nd:scale ofCh
e S e e
~ the same tine, candiprod mmmmaetsimﬂu sormef the dinaﬂémmachme

~ paper maki ng unit 0 S .2 Neans o chan cal
~ conpacting paperéﬁmé %“%'Mgarh il “Mh sé{nanyof
i ncrease in basi me/\iacgprs l(nmtq)posumely aﬁm)taetde mpressnomef the pratducttend
. changes in many t n
t he machi ne di req]l or@gﬂp?ng 'S g g;ﬁgl #ﬁd‘?@@%ﬁﬁ%ﬁm H‘l@ Bgaéﬁﬁ%é
flexible bl alfe, a89¢ CERPINGPreRABSor bl ade, agai nst a- Yankee dryer in an on
~ 25 machi ne operatlon ln cre er techn redugi o
the percent crepe (thBegaafeh and davemwe%gﬁﬂngﬂ% é@? V@{pq?éd towarcfthaq
- foreshortened improvementpf sbfinéss o atiedst maintainingether softriess quatitycwhile at -
- allows the basi syyei glthe Oltintd]® ciibinkirg’ o' "Acreds8 " tHe production capacity of
: papermakmgumts

20 Creplng is a means of mechamcally eompactlng paper in the machine
' gdlrectnon The nasult is an increase in basis weight (mass per unit area) as
- well as dramatuc changes in many physu:al properties, particularly when
measured m the machine dlrectlon Creping is generally accomplished with
do,-a-so-called-doctor blade, -against a-Yankee dryer in-an on
25 machine operation. | B
in creped paper technology, reducing the percent crepe (the amount
bywhld'nthepaperweblsforeshonenadm creping) of the creped
papermaking process allows the basis weight of the web traveling through
the pmss up to the creping blade to be increased without increasing the
30 basis weight of the final product. Papermaking generally increases in
efficiency as basis welght is increased; therefore, |t is desirable to use as.

low percent crepe as othamse permitted by the process and the product.

A Yankee dryer is a large diameter, generally 8-20 foot drum which is
. designed to be pressurized with steam to provide a hot surface for
35 completing the drying of papermaking webs at the end of the papermaking
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process. The papeéded ito \disperse the! filrous Flurky i9 Yenerallyatransiérredotoranfelt or
carrier, such a a.ctFﬁurdrln er Wwre ere, It i,s freed of tBI q@e us wat er

needed to di spe 8d PLpss poctian whace dewateing is co §rY - or
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transferred in sqgl-dry wﬂdn@@rﬁo ankeg farathe dryi !"ﬂe tor e
for the drying &tsmpRted. conpl et ed. The wet web has a
nat ural adhesion to the Yankee dryer surface. 10 One skilled in the art

W}l | hrecognl ze that The wethwebdvas asnaturaladhesion Yo itheYankee dryer surfacei on
of the vvate

he. sol ubl ci®;  Poe STl 418 Wil FecOlied s tin 30PRNH resuits prigffy from,
whi ch buil d up the iactionr ot the uwatercandt thec coating con olher Yankee, the coating
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tension in the sheet '
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the difficulty performansa apd the operations nscumuqﬁjbuslountemsnenemt me/@hieﬁg
sem -dry web t océliging Wegving\ah ng. it dmwwamﬁﬁkxbtf?ee roll

noi st ure cont ent o qhe ARO her factor t|on
of the web surfﬂﬂg Vﬁ%%”&ﬁm a‘@f?—?@h?’?%@@ed?“mm"
20 product |nto its finished form.

Those skilled in the art will recognize that the difficulty in achieving
sufficient adhesion of the traveling semi-dry web to the Yankee will be more
pronounced when the moisture content of the web is low. Another factor is

) . . -thefraction of the web surface which is adhered to the Yankee surface. In
' 25 particular, the papermaking process for making pattem densified paper
such as described by Sanford and Sisson in U. S. Patent 3,301,746 issued
on January 31, 1967 and its progeny are particularly prone to the before-
described shortfall in natural adhesion. The ‘746 process and its progeny
create a relatively low moisture content web at transfer and only adhere a

30 fraction of the surface of the web to the Yankee dryer.

When the natural adhesion is too low, it is sometimes supplemented
with the addition of adhesion promoters. Such adhesion promoters can be
added to the papermaking composition prior to reaching the Fourdrinier
wire, or they can be added by spraying them on the surface of the web or on

35 the surface of the Yankee.



25 particular, the papermaking process for naking pattern densified paper

such as degg by Sanford and Sisson in U S. Patent 3, 3pérnodésissmued
on January 1967 and its progeny are particularly prone to the before-
described shortfall in natural adhesion. The 746 process and its progeny

create a relatively low noisture content webgat transfer and only adhere a
30 fraction of the surface of the web to the Yankee dryer.
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for adding to the papernaking cggpoleon J.s provided b Lati ner

Patent No. 4,406, 737, ARn@xample; f@pmym)ehto the
conprising i ncormwmmnmmmmm vmddm)sahmwslaatbm Nerd

A exanpi e of o SUABEL1G WhtR dishclifed s cd #B#iiﬁaﬁﬁ’ bialeduring s son and

surface of the wabsarbent tissue Ypaper web comprising tgpmangsanuqnem polyvinyl
3, 926, 716, "‘ﬂf’rehﬁoﬂﬁﬁ%l@%ﬂ {o° clusé ﬁéﬁoﬁﬂ "web Yo' QW&YN@I

absor bent tissue paper web conprising applyrng an agueous
10 al cohol sol uS¥dACR.0 cause adherence of ‘the web to a rot ati ng
cylindrical

Sl dn al ds
of this type are effe@gmgof‘na!‘{i 9& nig {¥Pe 48 effective in raising r'}'e |°V3 0?
adhesion to the ddiesion\tbithe dryer, whichtcan bevﬁthbtmﬂwmds ofiriakings

15 tovever i hefd ﬂeg S%% W Bper:; Shpdcifly: 3 ol f‘*"ﬁgﬂféé 5’88 to
allowing a rBy cd@nt annmeanblq ppsitiveraffactiin regmeds _
of ten causes thea!l ﬁlﬁi’b@dﬁlﬁﬂf‘ﬁ\é@ﬁb&m

wi nd-up reel to t i1 ghten Ki n t necesaf. to | ncrease t erc
~ crepe to preventoﬁ? ééﬁ?‘&g@%‘ \Yﬁ% m% tkﬁ 8@ and the
20 materials arwindsap.reel to be tightened making it necessary! todincreatentheapercent
have been di scl Oél%?’a' %o VBreveHt frequent breaks due to over-tensnonmg when these
20 materials are used. :

Chemical debondlng agants have been disclosed in various
referenees such as U.S. Pat. No. 3,554.862, issued to Hervey et al. on
January 12, 1971. These materials. include quaternary ammonium salts
e - .—.._Such as cocottimethylammonium chioride. oleyitrimethylammonium chioride, -
25 di(hydrogenated)taliow dimethyl ammonium chloride and stearyitrimethyl
ammonium chioride. .

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

30 Emanuelsson et al., in U.S. Pat. No. 4,144,122, lssued March 13,
1979, teach the ‘use of complex quaternary’ ammon__lum compounds such as
bis(alkoxy(2-hydroxy)propylene) quaternary ammonium chiorides to soften

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

35 disclose the use of dimethyl di(hydrogenated)tallow ammonium chioride in
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di net hyl ari@oni expectédto Have adverse. eﬁeuteoafmecpapee productc mosb particularly, a

bi odegr adabi o, TeuuctOH SR SifahGh B ptet ks GHIERINY g bheuss o, thelr,
material s are cendencytp lf@]@b&ﬂéﬁmﬂ%%ﬁbﬂm@rﬁb@fm&ts on the paper

d h f
Contai nf ng hem beccdeakes st dloin U.S. Pat Noc (k584 Jsmied anant 18018481 on

Zf 11;3 |8 bgr9 4t 0 fl bassdemethod contend Wl:fmnecc strohg, soft, lﬂbﬁoué’eheetN(More .
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teach that the m\mbgem softeaed ibythe qdqmﬂwénhenioaudemmng agents)cap becen
sof tened by t hegrKliHdedOB ¥‘3dl‘f3?’ﬁ|?&(&lnrﬁe P&nglih gﬁ 6}‘3 e web to a
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enhanced b adherln one s
y pln% surface J) fine pattern arrangement y a bon mg matenal ?such

as an acrylic Iatex rubber emulsion, a water soluble resin, or an elastomeric

20 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.

The use of resins to enhance the strength of a paper web is wudely.
) | keiown. For exafiple, Westfélt described a number of such materials and
25 discussed their chemistry in Celiulose Chemistry and Technology, Volume
13, at pages 813-825 (1979). Freimark et al. in U.S. Pat. No. 3,755,220
issued August 28, 1973 mention that certain chemical additives known as
debonding agents interfere with the natural fiber-to-fiber bonding that occurs
- during sheet formation in paper making processes. This reduction in
30 bonding leads to a softer, or less harsh, sheet of paper. Freimark et al. go
on to teach the use of wet strength resins in conjunction with the use of
debonding agents to off-set the undesirable effects of the debonding
agents.

Unfortunately, the amount of stréngth loss that can be offset in these
35 waysis limited. One reason for this is because the effects of strength resins
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necessarily.over composutuoﬁ cmbhoﬁbdagebhveﬂed@itow apepproductthat are ,

nost notably a d adhesion to the Yankee dryer whi ch
causes the bef orgsﬁwgﬁdm operational difficulties.

Accordi ngly, the use 5@3@( ﬁ\bﬁrﬁfaﬁ

nmentioned types have een re ate to rew m norﬁrPeveI S . ggpemﬁung
i ncor poratio an8°'F‘RH§'“PBIHF FWPWR& qmp%ébetdfy creping
It is therefore grooiuect of this inention to provi de a paper naki ng
conposi tion capabl e of being converted into creped paper products that are

both strong and soft. These and other objec!srereaeuteneua:simmhenpresem frivention, as
| nvention to proyfiSecoré peadiiy aptarent from a readmg of the following disclosure.
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20 - SUMMARY OF THE INVENTION

_____ __,____,__The_presentmvenunnpmmm;sh’mg and soﬂereped tissue paper
products and a proeess for producing the seme by use of blodegradable

crepe fealnteting composition. Brieﬂy. the strong and soft creped tissue
25 pepereempnses o |
a) papermaking fibers; and
b) a biodegradable erepe facilitating eomposrtron compnsmg

i) from about 002% to about 1 0% by welght, of a biodegradable
bonding mhibltor based on the dry welght of the pepermakmg fibers;

30 u) from about 0.02% to about 0.5% by weight, of a water soluble
eerbexymethyl cellulose based on the dry weight of the papermaking
fibers; and '



15 conposition which inproves the operating efficiency of the dry creping

process.. wo9617128 These and ot her objects are obtai nepcosssusgiac

. present invention, as will becone readily apparent froma readi ng
of the follow ng d| scl osure. 20 SUMVARY OF THE
| NVENTI ON  The present invention provides. ;trong and soft creped tissue
paper products and a process for producing the sane by use of
bi gdeg][-?dabl.e it 1)} cmheamdoswwﬂmrmom byweight, icffa batléﬂiie starcang
and so crepe i s
paper maki ng fi bers; §?&°d on the dr? h‘cﬁ(}r@eﬂgﬁggﬂ?lﬂﬂggpgr%r epe faC| litating
conposi tion conpri sing: i) fromabout 0.02%to about 1.0% by
wei ght, of a blodegradable bondi ng i nhibitor, based on the

dry weight of the pap&aﬁqnsagdbiqﬂgg:adable(bondmg |mb|tuns)prefetahiy presant in

about '0.5% by wei ght g gjti ethyl cellulose Gt "dbdY 125 ! _
cellulose, based on t e M ratbl ,san?gwgraﬁ?e rl?)gndmg inhibitor is przzzattrs’

and WD 96/ 17128 5:1, mo
PCT/ US95/ 15814 in a ratio relatlve to the carboxymethy! cellulose of about 1:2 to about )
. from about 0.05%to 3ﬁ ut 3.0% by weight, of a cationic starch,
based on the dry wei * of the papernmaking fibers; wher ei n
sai d bi odegradabl e bonding inhibitor is preferably present in 5 . a
ratio relative to the carboxynethyl cellul ose of about 1:5 to about
5:1, nore pygferably prafirdb 80 igomdi @?ﬁu S '
inaratio rgl at,l ve to t,he '2 ?gﬂ dggll | ul osgﬁ(])flag out ?ghtso sOeL‘I-![t
2:1. ~ 10  inventiop: i$ .8 '°d99 Y BoNeeHym AARRQUEN, oMare o
present ‘preferably blodegradable quatemary ammonium compounds having the
formula:
15 R2 (CH2)n- Y - R3
\ / '
N+ X
s N
" R2 (CH2)n- Y -R3
20
) e O
R2 (CH2)ri- Y -R3
\- /
25 N+ X
/ -\
R2 . R4
or



i nvention is a biodegradabl e quaternary ammoni um conpound, nore
pr ef er abl y wio gsirrgesadabl e quat ernary ammoni um conpounds havi IREIVUSSS/15814

formula: [err] =~ 15 R2 (CH2)n- Y - R3

\ : N+ ' X7

R2 (CH2)n - Y - R3 20 g or - : R2
(CH2)n - Y - R3 / 25 . N+
X- . ~ R2R3-Y -CHR . or WD 96/ 17128
PCT/ US95/ 15814 [err] _ 5

\
CH-CH2-N*-(R2)3 X-
o ’
5 . R3-Y

wherein each R2 substituent is a C1 - C6 alkyl or hydroxyalkyl group, benzy!
group or mixtures thereof; each R1 substituent is a C12 - C22 hydrocarbyl
10 group, or substituted hydrocarbyl group or mixtures thereof, each R3
‘substituent is. a C11 - C23 hydrocarbyl group, or substituted hydrocarbyl or -
mixtures thereof; Yis -O-C (0)- or -C(0)-0O- or -NH-C(0)- or -
C(O) - NH -, and mixtures thereof; n is 1 to 4 and X" is a suitable anion, for
example, chloride, bromide, methyisulfate, ethyl sulfate, nitrate and the like.

15
Examples of preferred ester-functional quaternary ammonium
compounds suitable for use in the present invention as the bonding inhibitor
. —.... Include compounds having the formulas:
20
i |
(CH3)2 - N* - ((CH2)2- 0 - C - Ra)2 cr
25 and
o
M
(CH3)2-N*-(CH2)2-0-C- R3 cr

. |
30 R1



" wherein each R2 substituent is a ClL - C6 al kyl or hydroxyal kyl group,
benzyl wooeen9f28Up or mxtures thereof; each Rl substitueptriososussiy? - C22
. hydr ocar byl 10 group, or substi t ut ed hydr ocar byl group or m xtures

t hereof, each R3 substituent is. a Cl1 - C23 hydrocarbyl group, or
substituted hydrocarbyl or m Xt ures ereof, Yis - O- C(O - or -
C(0) - O-o0or - NH- C(O - or - O - NH -, and m xtures thereof,
nis 1to 4 and Xis a suitable anion, for . exanple, chloride,

brom de, nethylsulfate, ethyl sulate, nitrate and the |iKke. 15

Exanpl es of preferred ester-functional quaternary ammoni um conpounds
suitable for use in the present invention as the bonding inhibitor

i ncl ude conmpounds hafdng the formulas: [err] 20 (CH3)2 - N
- ((CH2)2 -0- C- R3)2 a - 25 and

0 - (CH3)2-N -(CH2)2-0-C R3 Q- WD 96/ 17128

PCT/ US95/ 15&;14 [err] )

(CH3) (HO-(CH2)2) - N* - ((CH2)2 - O - C - R3)2 CH3S04-

and
0
10 !
R3-C-0-CH2
B
CH-CH2-N*-(R2)3 CF
! |
15 - R3-C-0
o I
0
-~ — -wherein each R2 substituent is-a-C1 - C6-alkyl or-hydroxyalkyl group, benzyl

20 group or mixtures thereof; each R1 substituent is a C12 - C22 hydrocarbyl
group, or substituted hydrocarbyl group or mixtures thereof; each R3
substituent is a C11 - C23 hydrocarbyl group, or substituted hydrocarbyl or
mixtures thereof.

These compounds can be considered to be mono or diester

25 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
di(hydrogenated)taliow dimethyl ammonium methyisulfate, diester
di(hydrogenated)tatiow - dimethyl ammonium chloride, monoester

30 di(hydrogenated)taliow dimethyl ammonium chioride, and mixtures thereof,
with the diester variations of di(non hydrogenated)taliow dimethyl



wherein each R2 substituent is a Cl - C6-al kyl or-hydroxyal kyl group,

benzyl or mxtures thereof, each Rl substituent j - C22
hydr ocar byl?vgog&?ﬂgsgroup, or substituted hydrocarbyl - group oir,érn'ﬁifﬁérgselg

t hereof, each R3 - substituent is a Cl1 - C23 hydrocarbyl group, or

substituted hydrocarbyl or m Xt ures tggeof. ~ These
conpounds can be considered to be nono or di er 25 vari.ations of the

wel | - known  di al kyLdi ety L URR. 4 | . ditallow
di met hyl ammoni umg'gm%ﬁr“l‘ e,éggﬁéét g’@@ewgfb@?g%ﬁmwﬂwp Ammonium
chl ori de, nonoest €hlofides| I(&EBT#EDMAChmndumﬂlﬂﬂydrbge?ahﬂﬁagw DiMethyi
di (hydr ogenat ed) t ArinfthiumCCHIRFYS! (DEDHTDMAL); o Rﬁshgws fheFeof Kdifig préferred.
di (hydrogenat ed) tﬁgngvdjngdbggﬁh e produet 'characteristic requirements. the saturation
5 level of the ditallow can be tailored from non hydrogenated (soft) to touch,
partially or completely hydrogenated (hard).

Without being bound by theory, it is believed that the ester
moiety(ies) lends biodegradability to these compounds. Importantly, the
10 ester-functional quaternary ammonium compounds used herein biodegrade
more rapidly than do conventional dialkyl dimethyl ammonium chemical
softeners. R _
: Preferably the quatema_i'y_ ammomum bonding inhibitor is present
with a weight ratio of from about 1:5 to about 5:1 compared to the
15 carboxymethyl cellulose, more preferably the quaternary ammonium:
bonding inhibitor- is present with a weight ratio of from about 1:2 to about 2:1
compared to the carboxymethy! cellulose.
Briefly, the process for making the strong and soft creped tissue
paper webs of the present invention comprises the steps of: |
20 : _
a) forming an aqueous slurry of paper making fibers;

i) from about 0.02% to about 1.0% by weight, of a biodegradable
bonding inhibitor, based on the dry weight of the papermaking fibers;

25 ii) from about 0.02% to about 0.5% by weight, of a water soluble
' carboxymethyl cellulose, based on the dry weight of the papermaking
fibers; and : .

if) from about 0.05% to about 3.0% by weight, of a cationic starch,
based on the dry weight of the papermaking fibers;



* 30 di(hydrogenated)tal |l ow di methyl anmoni um chloride, and m xtures
t her eof , , th the diester variations of di(non hydrpeemaésemssisal | ow
_di net hyl w°"_"\7\8y|96/ 17128 )
PCT/ US95/ 15814 ' o 10
ammoni um chl ori de, Di (Touch Hydrogenat_ed)T ?ow D Met hyl Ammoni um
Chl ori de (DEDTHTDVAC) and Di (Hydrogenat ed) Tal | ow D Met hyl : Ammoni um

Chl ori de ( DEDHTDVAC), wl?l%{r{%ﬁalﬂn r ﬁlﬁfbdh‘dlﬁyldi‘ﬁﬁfo?ﬁs Ff]bsent in a ratio

Dependi ng upon the produc arac |c regu t1on 5
level of the ditall oWeiiivess th ioss of abeitd:doabont Bitio

‘touch, . partiall y or corrpl etely hydrogenated (hard).
Wt hout being bound % papehnbkingdibers oh d foramirious surface so

10 “est er-functi onal E{"%ﬁ'é?v'e' %ﬂ#ﬁf@?ﬁﬁ%ﬁﬁﬁ@%&ﬂhﬂﬁ% Forvedtcor ace

10 ester-functional
more rapidly St han do formingan embryanicaweb, di net hyl ammoni um cheni cal

sof t eners. Preferably the quaternary ammoni um bondi ng
inhibitor is present with a wei ght ratio of fromabout 1:5 to about

5:1 conpared to the 5 arbox net h cellu mar e _pr.ef er abl
quat ernary anmoni um d)]ira ﬁlf %WBL3 &%@ﬂfs\ﬁf? m% ratio
of fromabout 1:2 to ﬂabm&teﬂre‘moveleonﬂmwwmth a semi-dry webx said ¢arrier

Creped 1i5sue 333’5@#%ﬁésste%@frﬁﬁéér%%ﬁ#@%@ﬁeé#é@i%ﬁid o

steps of: HD Its and fagmingfabrics;an aqueous slurry of paper making
fibers; b) adding a crepe facilitating conposition conprising:
i) fromabout 0.02%to about 1.0% by weight, of a biodegradable

bondi ng i nhi bi t or ed on the dry wei ght of the er 25
ii) from about O. OZ%M ‘g% v&y&?&mﬁeiﬁ)‘%@? ?%lh ryea‘
_ upon which the d_rymg is continued until the web reachesa
substantially dry condition;

15 .
f) removal of the dried web from the Yankee &ryer by means of a
creping blade; and
g) winding the creped web on a reel.
20
) = ~1t"has bes Yiscovered that the constituents of the crepe facilitating

compound are optimally added separately to the papermaking slurry while in
dilute suspension before the fibers are deposited.

It has aiso been 'diseovered that the performance of the creping
25 facilitating composition is optimum if the chemical bonding inhibitor is added
- before the cationic starch.

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

30 BRIEF DESGRIP'fION OF THE DRAWINGS



car boxymet hyl cellul ose, based on the dry weight of the papermaking

fibers; ango9gnrizs iii) fromabout 0.05%to about 3.peTusesmsspht, of
a cationic starch, based on the dry weight of the papernaking
fibers; WO 96/ 17128 :

- PCT/ US95/ 15814 12 ' 11
wherein said blodegradable bondi ng |nh|b|tor 'S present |n a. ratlo

relative to the carbo | | ief

that the excess
formi ng an enbr ycptodumg a strong and soﬂ crepeddﬁssuewbemmoghtthe matuwarepe

web to a carrier y@@@, : he wat er renoval
continues formn -0 sald carrier : surface being

lected f h : 0;
fsgr%cag fa[)flmgts © gro%gﬁgﬁsz SEI Qgs‘)eh?r ansf%ng &aﬁmﬂ '"us”gh(}awé %{%Bﬂ'ﬁg
surface of a Yaniemebegiment of the process stepsder incerporatingithe repe facilitatinged

until the web re sition. substantlally dry condition; 15
f) renmoval of the dried web fromthe Yankee dryer by neans of a

creping bl ade; and = - ' ~~ g) winding the creped web on a ree

20 It has been dlscovered that the constituents of the crepe
facilitating c'Elwpmsanhmenpom isdescribeddn mane-detait bplawe t he
papermaking slurry while in ) di l ute suspension before the fibers are
deposi t ed.

* DETAILED DESCRIPTION OF THE INVENTION

_ Wnile this specification concludes with claims particularly pointing

out and distinctly claiming the subject matter regarded as the invention, it is

15 Dbelieved 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 "eompnsing" means that the various
components, ingredients, or steps, can be eonjomtly employed in practicing
the preseént ifivention. Accordingly, the term "comprising” encompasses the

20 more restrictive terms "consisiting essentially of* and “consisting of."
: As used herein, the term "crepe facilitating compounds" refers to one
e e it . _nr.mo:wmpeeents.sdded.to apapermaking-furnish while the-fumish is in
dilute slurry foml or subsequenﬂy to the embryomc web to beneficiate the
creping pmeess or resultant product by .altering adhesion to the Yankee
25 dryer, altering the stable percent (%) crepe in the proeess or improving the
softness of the resultant product.

As used hereln. the term "v)eter soluble refers to materials that are
soluble in water to at least 3% at25 °c '

As used herein, the terms "tissue paper web, paper web, web, paper

30 sheet and paper product” all refer to sheets of paper made by a process
comprising the steps of forming an aqueous papermaking furnish,
depositing this furnish on a foraminous surface, such as a Fourdrinier wire,

and removing the water from the fumish as by gravity or vacuum-assisted



It has al so been discovered that the performance of the creping 25
facilitatin gnposition is optimumif the chem cal bondlngl,éﬁﬁg b L, S
w96l g?% percei;'@'i

added re the cationic starch. AT nt ages,
rati os and proportions herein.are by weight unless .. - ot herw se
specified. - 30 o BRI EF DF;CRI PTI ON OF THE DRAW NGS

WD 96/ 17128

/ /
Foure 1 io a sdrainage, wilh orwithaut prassing. And by, SYARORRtia. £amRtsing,the final
enbodi nent of t retepsofradhering theosheet i a Isemiwdey csonditioreto ithe surface of a
produci ng. & st gl a96i, SoRMAdtng HEC yRRBFLreibMHIly| Witk 2o°HPe

facilitating conpo ure 2°T1s

representation .qssagtlal&u dnystate; removakof the web fromibedYankee dryer by meanscefs

steps for ingor p@figxibiadcrepig b1aas, and windiAg' 'tﬁﬁlresu!tant shé‘étrﬁiﬂé 'atrbeﬂ
The present invention is descri bed in more detail bel ow

DETAI LED DESCRI PTI ON A¥ u$bll Hewsin)\Bn'aqueous paper making Mm:bh" w @A aqueous

rstinet iy 8?5%@5’?@%%@@&% onfpely ol miiiying shemficdly 33°

15 believed thalescribedheceinaBier.can be better understood from a readi ng of
t he foll ow ng_detail ed description and of the appended exanpl es.
ho used herei n. e LI 1SS SRAIGIRYRIOHL i8S RARSr WD, mA axered paperweb

cgrrponent S, lOngrlﬂdltleIEYGnedDrwﬁ epultidsyered paperishcet &nd! multti h péri Ng
o e sk AU e bl 0Tt P SRR el
As used herein, prapates fromctvep or imorel layers of)aquequs: papér Mmgsfumlsbnwhuch
. are preferably comprised of different fiber types, the fibers typically being

relatively long softwood and relatively short hardwood fibers as used in

15 = tissue paper making. The layers are preferably formed from the deposition

of separate streams of dilute fiber siurries upon one or more endless

foraminous surfaces. If the individual layers are initially formed on separate

foraminous surfaces, the layers can be subsequently combined when wet

~ to form a multi-layered tissue paper web.

20 As used herein, the term "multi-ply tissue product” means that it is
comprised of more than one ply of creped tissue. The plies of a muiti-ply
can be substantlally homogeneous in nature or they can be muiti-layerd
tissue paper webs.

> ~ As used herein, the term “pefterit (%) crepe” fs defified as the
25 difference in speed between the Yankee dryer and the wind-up reel as a
percentage of the Yankee speed in a creped papermaking process. In other
words, percent crepe is the net percentage by which the traveling web is

foreshortened relative to its length while on the Yankee dryer.

As used herein, the term impact angle refers to the angle formed
- 30 between the creping blade surface and the tangent of the Yankee dryer at
the point of contact with the creping blade. In practice, the papermaker
wishes to minimize the impact angle, but is constrained by the tendency of
the web to attempt to move past the creping blade. Such tendency often
causes the web to tear and is sometimes referred to as "plugging” at the

35 doctor blade.



or nore conponents added to a papernaking furnish while the furnish is in
dilute slypog9@m or subsequently to the enbryonic web t oPOBUSISISBHI e t he
creping process or resultant product by altering adhesion to the Yankee

25 dryer, altering the stable percent (% crepe in the process, or

| mproving the softness of the resuljgant product As
used herein, the term"water soluble" refers to materials that are

e T St oy
product” all ref‘ﬁl" %9?@"8% Hﬁ%‘ﬁﬁp&‘@é%s pfcein pﬂﬂﬂ‘iﬁ?ﬁ G g
the steps of forwemasansmqua gorocess. sh, dep05| ting
this furnish on a foram nous surface such as a Fourdrlnl er W|re

and renovi ng t he wat é&fhe firsh step inuthe proceassiof thisninvention mdlwrfoanmgsofaé

WD 96/ 17128
PCT/ USos) 15874 TUmish of aqueous papermaking fibers (hereinafter sometimes, referred to as

drai nage, with yroad pulp): pressing, and by -evaporation, conprising the
final st eps .adheri.n heet |n a sem.-dry condit IQ to t
surface of a qI{dﬁk@@"i‘P@@f’ tmaqnaf ynormaq
?\éapgr aLi ondt o xomprise the papemmaﬁng/fﬂuess eseden msnnvahtugi tHlnwem fotiwen

e Yankee drye n .
e Yankee ool otk pulos: sul'ds"doibirif A FeygPl i B8,
paper maki nd0f uusedrand noae ame disclaimed.. Woodspttlpwsgful lb@pan inelude chemieals
'(I)'ﬁtel ?gflmlsy Irrsﬂ :qallwgﬁer eqhtgl gggwaﬁg;ﬁ%b I t | -I aﬁer ed . g‘r‘lbgr? Q:::ct?r
mul ti-| ayer ed '&8% gﬁ@ﬂ“?vj@ﬂg?
B;ggtrjct are al IrPulquth) anthethpmoMSMI Fulp QCGSM%);pzmpn%Sdafvedkl h .
furni sh which m%&@mpﬂgl@ Ll gnggﬁgyent fiber types,

the fibers fypically guth - \ﬁw %B il Yy
- short hardwood fi bers as use pu 0 :ma s ﬁ%gfg:?re
tut e

preferabty fornfeay pg e
fiber slurries mﬁm "lﬁm I s" asuiﬁmﬁmléﬁbms piipt he

v dual |2 s, L %efeéﬁ Tl
a multi-|ayer ed whereas [sofiwood:ipulps” are fibrous pulps derived from the woody
20 substance of coniferous trees (gymnospenns) Blends of hardwood Kraft
pulps. espeaally eucalyptus, and northern softwood Kraft (NSK) pulps are
partlwlarly suntable for makmg the tissue webs of. the present invention.
Also comprising the present mvention layered tissue webs wherein, most
. jpreferably, hardwood pulps. such as eucalyptus-are used.for outer.layer(s) ,
25 wharaasnorﬂ:emsoﬂwoodkraﬂ pulpsareusedforthemner layer(s). Also
applicable to the present invention are ﬁbers derwed from recycled paper,
whndwmaycontamanyorallafhe abovecategones of fibers.

| Crepe Facll_ltatl_ng__ CQmposltion |
30 - An essential component of the present invention is the biodegradable
crepe facilitating composition. The crepe facilitating composition comprises
a biodegradable bonding inhibitor, carboxymethyi celiulose and cationic
Preferably the bonding inhibitor is a biddégrédgble_ quatemary
35 ammonium compound and is present in the weight ratio of from about 1:5 to



20 As used herein, the term"nmulti-ply tissue product” neans that it
i's wow/iPizgsed of nore than one ply of “creped tissuepciiusosissrs of a
.multi-ply can be substantially honbgeneous in nature or they can be
mul ti-Ilayerd ) ti ssue paper webs. As used herein, the
termpercent (% crepe is.defined as the 48 dfference in speed between
t he Yankee dryer and the wind-up reel as a percent age of the Yankee

speed-in a crep ,am% ofsta

crepe is the negg‘ég?ggrngg?:? b cﬁﬁ{%é gé@gn "UIQS% Wrdspr Bf'aynlhe

f oreshortened rRPRHNGJN ﬁﬁsmab eﬂaﬁeﬁ@%ﬁm@enmspmpound and
As used herein, asthstntmmm%igmrretnc of $foh abott 4 teabbat 2 rélative td'the
bet ween t he creﬁ%Mﬂ_&?ﬁ@f@% and the tangent of the Yankee dryer at

t he point of co 'pi ng bl ade. In practice, the papernmaker
w shes to m imze the inpact angle, but is constrained by the tendency of

the web to dttenpt to nove past the creping blade. Such tendency often

causes the web A0 BRWe ab[“ Bﬁﬂﬂfddmmﬂﬁ?”ed to as "plugging" at the
35 doctor bl ade. 96/ 17128 ‘

PCT/ US95/ 15814 The biodegradable ge facilitating com ition kbntains as an

o retard the naPHAST(HmpoHass A b o Sortfing i iﬁ%‘?al“é‘m? Bihding

paper maki ng inhibitords present inardameunt of 6.02% do ablout 4.Q% based. on the dry

furni shof S%‘Sﬁ%’ﬁé"?éé@*ﬁéﬁ?ﬁ’ﬁ""b@" &ﬁ“ﬁ“""ﬂﬁ'%'? ahdmor¥ Befitaply 19 10,

wood pul p). ley quatarnary, @NpaeiuM, cempaungs,
varieties wll mrégprberabl blodegﬁﬂablé Quhtmnaﬁypahmhuﬁgcémbeuﬁdym.ﬂ@
this invention. H?Aﬁ,\ée o] cel lul ose fibrous pul ps, such
cotton linters, th& ’ rayon etc., can be 10 used and none are

di scl ai ned. Wod puI ps useful herei n include chenical " pul ps such

as, sulfate and sulfate (sonetinmes called Kraft) pulps as well as

mechani cal | ps including fpgr exanpl e NGy WO Ther noMechani cal
Pul p (TMP) %d Chem - Ther noM&chani cal I"EFIB?#C#/P) ul ps derived

from bot h deci duous and coni feyous trees can be used. 15 Bot h
har dwood pul ps and softwood pul ps as well as blends of the two
. N+ X-
I\
R2 (CH2)n- Y -R3
20 |

or . . . s rlis =
’ . . - ¢ e mmk w e e tb—ma e ¢ eteh B o s -

R2 (CH2)n- Y -R3



may be enpl oyed as papernmaking fibers for the tissue paper of the present

i nventi on. W0@61H28 " har dwood pul ps" as used herein refers tRFVP$BARI4 Ul p
derived fromthe woody substance of deciduous trees (angi osperns),

wher eas "softwood pul ps” are fibrous pul ps derived fromthe woody 20
subst ance of coniferous trees (gymosperns). 18l ends of hardwood Kraft

pul ps, especially eucal yptus and northern softwood Kraft (NSK) pul ps are
particularly suitable for making the tissue webs of the present invention.
Al so conprising the present inveption, |ayered tissue webs wherein, nost
preferably, hardwood pul ps such ®s eucal yptus are used or outer |ayer(s),
25 whereas northern softwod Kﬁaft pul ps are used for the inner |ayer(s).

Al so applicable to the Present invention .are fibers derived from
recycl ed paper, whi i.n any or all of the above
categories of fibers. ﬁﬁaﬂﬁy-aﬂﬁbﬁb Crepe Facillitating
Conposi tion 30 - An essential comgonent of the present invention is
t he bi odegradabl e crepe facilitating conposition. The crepe
facilitating conposition conprises CH -lCHgeNadgRhyy boxei ng

I nhi bitor, carboxynethyl cellul ose and cationic star ch.

Preferably the bonding inhibitor is a bi¢degradabl e quatenary 35
amoni um conmpound and is present in the weight ratio of fromabout 1:5 to

WD 96/ 17128 : R3-C-0 ) 'PCT/ US95/ 15814

15 about 5:1 relative to the carboxynethyl cellul ose. Mre
preferably the bondi ng i nhi bitlhr is a bi odegr adabl e quat emary
anmoni um conmpaund and - s preseqs in the weight ratio of from about
1:2 to about ¥ 1 relative.to the car boxynet hyl cel | ul ose. A
Bi odegr adabl e Bondi ng | nhi bitor The bi odegradabl e crepe
facilitating conposition contains as an essential conponent a

bi odegr adabl e bonghgqid B3eR R substitferitd' 8 ¢4 - C6 alkyl or hydroxyalky! group, benzyl
. group or mixtures therecf; each R{ substituent is a C12 - C22 hydrocarbyl
group, or substituted hydrocarbyl group or mixtures therecf, each R3
15 substituent is a C11 - C23 hydrocarbyl group, or substituted hydrocarbyl or
mixtures thereof; Y is - O - C(0) - or - C(0)-0-or - NH - C(O) or - C(0)
- NH - or mixtures thereof; n is 1 to 4 and X~ is a suitable anion, for example,

- ‘chioride, bromide, methyisulfate, ethyl sulfate, nitrate and the like.

As discussed in Swem, Ed. in Bailey's Industrial. Oil and Fat
20 Products, Third Edition, John Wiley and Sons (New York 1964), tallow is a
... -Daturally occuring material having a variable compositian. 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 taliow are unsaturated, primarily in the form
25 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 ievel 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 -
30 expressly meant to be included within the scope of the present invention.

it will be understood that substituents R4, R2 and R3 may optionally
be subs_tituted with various groups such as alkoxyl, hydroxyl, or can be
branched, but such materials are not preferred herein. Preferably, each R1



“inhibitor is present in an anount of 0.02%to about 1.0% based on the dry
10 wei gwogdnmsse paperneking fibers of the furnish and nPCPBI4bLIy 0.1

%to 0.5% Preferred are biodegradabl e quatemary ammoni um conpounds,
nore pref-erably biodegradabl e quat ernary amoni um conpounds havi ng
the formula: [err] : 17 R2 o (CH2)n - Y - R3
20 _or R2 (CH2)n - Y - R3
|25 is C12 - C18 alkpi‘and / or alkenyl, most preferablj?each R1 is str@ight-chain/\O
96/ 17128 dj;’(ﬂ'é l{§9§{ 161
16 [err] C16 - C18 alkyl and / or alkenyl. Preferably, ea em r

hydroxyethyl. Preferably R3 is C13 -C17 alkyl and / or alkenyl, most
preferably R3 is straight chain. C15 - C17 alkyl and / or alkenyl, and X" is

5 chioride or methyl sulfate. Furthermore the ester-functional quaternary
ammonium compounds can optionally contain up to about 10% of the
mono(long chain alkyl) derivatives, e.g., (R2)2 - N* - ((CH2)20H)
((CH2)20C(0)R3) X~ as minor ingredients. These minor ingredients can act
as emuisifiers and are useful in the present invention.

10 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 dialky! dimethyl ammonium
salts such .as diester ditallow dimethyl ammonium chloride, monoester .
ditallow dimethyl ammonium chioride, diester ditallow dimethyl ammonium

15 methyl sulfate, diester di(hydrogenated)tallow dimethyl ammonium methyl
sulfate, diester di(hydrogenated)taliow dimethyl ammonium chioride, and
mixtures thereof. Diester ditallow dimethyl ammonium chioride and diester
di(hydrogenated)tallow dimethyl ammonium chloride are particularly
preferred. These particular materials are available commercially from

20 Sherex Chemical Company Inc. of Dublin, Ohio under the tradename .
“ADOGEN DDMC ™.

Vegetable oil based variations of the biodegradable quatemary
’ —- ammonium compound can also be used, and are meant to fall within the -
25 scope of the present invention. These compounds have the same formulas
as described above wherein the R3 substituent comprises a C11 - C23,
hydrocarbyl group, or substituted hydrocarbyl group derived from vegetable
oil sources. Preferably, the majority of R3 comprises fatty acyls containing
- at least 80% C18-C24 chainlength. More preferably, the majority of the R3
30 substituents are selected from the group consisting of fatty acyls containing
at least 90% C18, C22 and mixtures thereof.

Specific examples of preferred vegetable oil based variations of the
biodegradable quaternary ammonium compound suitable for use in the
present invention include compounds having the formulas: '

35



group or mxtures thereof, each Rl substituent is a Cl2-- C22 hydrocar byl

group, Or ywaldgktias't ed hydrocarbyl group or m xtures thereofpcrrosysinbiia 15
substituent is a Cll1- C23 hydrocarbyl group, or substituted hydrocarbyl or
~mxtures thereof,Yis - O C(O - or - C(O - O- or - NH- C(O or - (O
- NH - or mxtures thereof,nis 1 to 4 and Xgis a suitable anion, for

exanpl e, chl oride, brom de, nethylsulfate,ethyl sulfate, nitrate and
the |ike. . As disussed in Swem @d. in Bailey's Industrial Ql
and Fat .20 Products, Third Edition, John Wley and Sons (New York 1964),
tallowis a natural ly occuring fjaterial having a variable
conposi ton. Table 6 13.in the . above-identified reference edited by
Swem i ndi cat es t hat t@ﬂ:k)&l-ll)l"?&%'IzCHz O - CLe7HB3)2he fatty aXrds of

tall ow contain 16 or 18 carbon atons. Typically, ' hal f of the fatty-

acids present in tallow are unsaturat ed, prlnarlly i'n the form 25 of

ol ei ¢ acid. %ﬁnthetlc as wel |l as natural "tallows" fall within the scope of
t he present isnvention is al so known that dependi ng upon the product
characteristic reqU|3$ nts the saturation |l evel of the ditallow can be
tailored fromnon hy 'ggenated (soft) to touch, partially or conpletely
hydr ogenated (hard). All of above-descri bed Ievels of saturations are 30
expressly meant to be included within the scope of the present invention.
It will be understood that substituents R1, and R3 may optionally

be substituted wth various groups such as al koxyl, hydroxyl, or can be
branched, but such naterlals are not preferred“hereln Preferably, each Rl
WO 96/17128 ' PCT/ US95/ 15814

10 ~ (CH3)2- N"_' - (CH_zCHz -0-C-C21H41 )__2 X

These compounds can be considered to be mono and di-ester

~ variations of the diester di(oleyl)dlmethyl ammonium chioride (DEDODMAC)

15 (i.e, dl(octadec-z-s-eneoyloxyeﬂ\yl)dimeﬂ'lyl a_,mmomum_ _. chloride) and

diester di(erucyl)dimethyl ammonium chioride (DEDEDMAC) (i.e., di(docos-

z-13-eneoyloxyethyl)d|methyl ammonium chlonde) 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
20 etc. ...), that minor amounts of other faity acyl groups may also be present.

et R R © i e i g e —iie e fem e Gl e b o B —~

Di-quat variations of the biodégradéblé quaternary ammonium
eompoundcanalsobeused and are meant to fall within the scope of the
present invention. These eompounds have the formula:

0 R22  (R22 0

" | | I "
R3-C-0-(CH2)2 - N* - (CH2)n- N* - (CH2)2- 0 -C -R3 o2
x- .



T 17 Is Cl2 - C18 al kyl and/or al kenyl, nost preferably each Rl is

st rai ght - Ghydghr128 Cl6 - 18 al kyl and/or al kenyl. Pref ¢pcfifsysngarh R2
. 1s nethyl or hydroxyethyl. Preferably R3 is C13 -C17 al kyl and / or
al kenyl, nost - preferably R3 is straight chain. Cl15 - C17 al kyl
and/ or al kenyl, and X- is 5 chloride qig met hyl sul fate. Furthernore
the ester-functional quatemary anmoni um conpounds can optionally
contain up to about jP%nef : [ S,
P (‘h@ ure name ’%/d Bg %Xaé l{gi zn ‘r?]ﬁgér éif&l érs

e. R2)2 - .
i ngredl(en% s. Th@!@“ﬁ%’% grouPe M3 G1 %B}dfocafbﬂ group, eisiZio 4 @nd Xids ar e
~useful in the paesditable mnior,i such as af halide (e.g.,Selsioride Cor Bib?ﬁ‘ﬂbﬁ%r%ethyl

ester-functiona s _havin

structures narre% g%ig %@@WM% 'ils%":?'ﬁq?p@iky? nd’/ ‘Hg@L'@'Ry' most

i nvention in%l uneaferablmach IR® imstraight-chaini G115 yIC T naik}'lyandimralksnyl and
salts such as dj |l [ ow di met hyl ammoni um chl ori de, nonoester

dital | ow di net hy ammnl m chl oride, diester ditallow dinmethyl amonium

15 nmethyl sulfate, diester di(hydrogenated)tallow di nethyl -amoni um net hyl
sul fate, diester di(hydrogenated)tallow di nethyl anmonium chloride, and

m xtur es t hereoB. Carboxymethyl-Célutogenet hyl amoni um chl oride and diester
di (hydrogenated)tal |l ow di net hyl amoni um chloride are particularly .

gLef errgﬂ. Theise par Theubiodegeadable! ereping aprom %tbi' woruamh' r(?'sald'\y dssentiall 20

er ex emea : o under the tradenane

" ADOGEN DDR};G O%Baﬁaﬁtéeﬁm&&m%'bﬁlllg&é0|l based variations of the _

bi odegr adabl e quat enms ré88itih fhs o HbtRit 00196 abdift 120% dficP !

to fall within the S(t;roPne of .t r nt ntion. hese corrpounds

have the sane _fB‘Pﬁ% 8oyt 8 02% 40 abavt O ¥ymatbylreelluiose.

substituent conprise ogar byl ro

substituted hydrocargpg g’é’hp %&?’V@P‘W‘ rﬁ%ﬂé@éﬁab?@ ngi’gm refors ot

IF’r ef ter SgL/y qé h?;@pmmh erodlalmance)sorf itst gdditipnaliyc subdltutefdg derivatives at

eas 0 e%gx!w e

30 substituent s I ecte ro !heﬁ%% l\é'onsrs#st( d I’B@y yl
fQ?UPTOPY

cont ai ni ng ¥G§l|UB%(§WE@h@%$m cellulose
Specific examlmmmreﬁmwicabﬁnhsnw érebaiaaﬂ it & préférable ﬂiaﬁtthsy be
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to 3 carbon atoms.

20 Carboxymethyl cellulose useful in the present invention is water
soluble and has a degree of substitution up to the theoretical limit of 3.0, but
is preferably in the range from about 0.3 to about 1.4 carboxymethyl

) | substituents per anhydroglucose unit of cellulose..._

The Molecular Weight of the carboxymeﬂ'lyl cellulose useful for the
25 present invention can range from about 10,000 to about 1,000,000, but
preferably ranges from about 80,000 to about 700,000.

Suitable carboxymethyl! celiulose can be obtained from Hercules
incorporated, Wilmington Delaware. Hercules CMC-7MT® is a suitable
grade.

30 - Before adding the -carboxymethyl cellulose to the papermaking
furnish used to make tissue paper webs according to the present invention,
it is preferable to create an aqueous solution of the carboxymethyi cellulose,
preferably ranging from about 0.1% to about 5.0% CMC.
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18 WO 96/17128 These conpounds can b€ copsifgusasss0 be
nono and di-ester vari ations of the diester di(oleyl)dinethyl

ammoni um chl ori de* ( DEDODVAC) 15 (i.e.,
di (octadec- z- 9- eneoyl oxyet hyl ) di net hyl arrrmn'h m chl ori de) and
di ester di (erucyl)di net hyl ammnl um chl ori de PDEDEDI\/AC) (i.e., di(docos-

z- 13- eneoyl oxyet hygl ni um chl ori de) respecti vel y lt's to be
under st ood t hat ll;aécggge ﬂ Q;/T and the erucyl fatty acyl groups are

derived from naturall y-nqg:cgibab %dmté@?% edilan '
oi | 20 etc "'édmwat m-n raam)unts 0 her atty acyin\égra%ups rr%%%g'ﬁgg

be present. - t lﬂﬂ!ﬁsmat [ ons of the bi odegradabl e ﬂuat eLrary
scope of the T b AL e Sl 6 Tbmaudne ARED" ia uerited fs,sharcn &
5 naturally derived, which has been further chemically modified to impart a
cationic constituent moiety. Preferably the starch is derived from corn or
potatoes, but can be derived from other sources such rice, wheat, or
tapioca. Starch from waxy maize also known industrially as amioca starch
is particularly preferred. Amioca starch differs from common dent com
10 starch in thet it is entirely emylopeetln ‘whereas common com starch
contains both amylopectln and amylose. Various umque characteristics of
amioca starch are further described in "Amaoee The Starch from Waxy
. Com", H. H. Schopmeyer, Food Industnes December 1945, pp. 106-108
_ (Vol. pp. 1476-1478). The starch can be in granular form, pre-gelatinized
15 granular form, or dispersed form. The dispersed form is preferred. If in
granular pre-gelatinized form, it need only be dispersed in cold water prior
to its use, with the only pre-caution being to use equipment which
overcomes any tendency to gel-block in forming the dispersion. Suitable
: dispersers known as eductors are common in the industry. If the starch is in
20 granular form and has not be pre-gelatinized, it is necessary to cook the
starch to induce swelling of the granules. Preferably, such starch granules
are swellen as by eeokrng, toa point just prior to dispersion of the starch
granule Such highly swollen starch grenules shall be referred to as being
"fully eooked" The eondmons for dlspersron in general can vary depending
25  upon the size of the starch granules, the degree of crystallinity of the
granules, and the amount of amylose present. Fully cooked amioca starch,

for example, can be prepared by heetrng an equeous slurry of about 4% -
consistency of starch granules at about 190 °F (ebout 88 °C) for between

about 30 and about 40 minutes. -

30 Cationic starches can be divided into the following general
- classifications: (1) tertiary aminoalkyl ethers, (2) onium starch ethers
including quaternary amines, phosphonium, and sulfonium derivatives, (3)
primary and secondary aminoalkyl starches, and - (4) miscellaneous (e.g.,
- imino starches). New cationic products -continue to be developed, but the
35 tertiary aminoalkyl ethers and quaternary. ammonium alkyl ethers are the
main commercial types. Preferably, the cationic starch has a degree of
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In the structure naned above each R2 is a Cl1 - C6 al kyl or

hydr oxyal kyl group, R3 is Cl.1-C23 hydrocarbyl group, nis 2 to 4 and X- is
a suitable anion, such as-an halide (e.g., gfloride or brom de) or nethyl
sulfate. Preferably, each R3 is C13-Cl17 al kyl and / or al kenyl, nost 5

pRr2 e}‘ gr gblr%t ﬁ;llch Sbstifutioh’ fAingiig oM abeub 0:01CIo abbld 0. R iedtibnier substituant, petnd

B. Carb h Cel | :
bi odegr adabl e crMYEPYHEIRR Units 8ﬁ¥{§ﬁ§y‘b§s§hsﬁé§§§ﬁ P.'éﬁf?rab'ﬁg‘m?gﬁﬁwea
; ggS?X%ﬁgtlgylt OC Qﬁcwlaomngioned types.SuitabTbstamb'fesrar% iproducec by INatiomah sotancbm
Sbout 0 556 car b AFhERIICHCompany, (BriBldwalbr, 6w efsey) ikt Wb Hadindre
cel lul ose" a$ usRediBOND®. r Brades: with cationicameistiesconly sush| asoBed'\B@éP or
I ts additional | yssag®t 'M%iggyb’ ' amlﬁlitébllﬁhanés?rda%%bﬁwnﬁddﬁnbnal

t hyl cel | ul . t . hyl cel | ul
(LG o e aeiedgionsibr ST Ab BpriND 20058 34 Sisiaible” °17

methyl Cor hydr oxyal Kyl Plsstt iiveplibags aBelcabid 1 rebeRsidsi hepBy in general

con]'E a: ning 2 including Butnotdimited torconverdionally felt-prassed.raped fissue papense
. , : _ ;

aubsti ¢ uti onfCup TRy UK BateRl UBniiied creped tisgle!*ppérC afee MigCRugIe, o

in the range frncOmRACted greped lissue PARSrCar hoxynet hyl substituents
per anhydrogl ucose unjt of, cel | ul ose.

. The Mol ecul ar,. Wej ght _of
the carboxymet hyl cel CRRESHSRUS: PRParowebs, suitable fBFé@%eﬁfeﬁﬁgﬁYérngr\ﬁ ﬁ\'?t é(r)lge
f-lrjornt aggu{t)oéoi 0(sasis weightt of IbétvesAOID glmz and aboutrﬁﬁeﬂlm%ilind densjysof about
abou : o X
cel l ul ose can bedggﬁ?'ﬁg%rﬁggﬁhmp% basis é&bbﬁ%fgtg)ra ed?ésgwr!né%tonor
Del awar e. HdiScul less;Gansl dansity will be abaut;0.30-g/| em® or less. Masi preferably, density

will be between 0.04 g/cm3 and 0.20 g/cmS. '

The present invention is further applicable to multi-layered tissue
paper webs. Tissue structures formed from layered paper webs are
described in U.S. Patent 3,994,771, Morgan, Jr. et al. issued November 30,

20 1976, U.S. Patent No. 4,300,981, Carstens, issued November 17, 1981,
U.S. Patent No. 4,166,001, Dunning et al., issued August 28, 1979, and
European Patent Publication No. 0 613 979 A1, Edwards et al., published
September 7, 1994, all of which are incorporated herein by reference. The

) -... -Jayers are preferably comprised of different fiber types, the fibers typically

25 being relatively long softwood and relatively short hardwood fibers as used
in multi-layered tissue paper making. Multi-layered tissue paper webs
suitable for the present invention comprise at least two superposed layers,
an inner layer and at least one outer layer contiguous with the inner layer.
Preferably, the multi-layered tissue papers comprise three superposed

30 layers, an inner or center layer, and two outer layers, with the inner layer
located between the two outer layers. The two outer layers preferably
comprise a primary filamentary constituent of about 60% or more by weight
of relatively short paper making fibers having an average fiber between
about 0.2 and about 1.5 mm. These short paper making fibers are typically

35 hardwood fibers, preferably hardwood Kraft fibers, and most preferably
derived from eucalyptus. The inner layer preferably comprises a primary



30 Bef ore addi ng the carboxynethyl cellul ose to the papermaking
furnish uwg‘% fgpke tissue paper webs according to the preernsss/mssention,
era

it is pre e to create an aqueous solution of the carboxynet hyl

cel | ul ose, -preferably ranging fromabout 0.1%to about 5.0% CMC.
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as an essenti al a cationic s

oot he b vPaper Making Lhers having Snverees Toet léngth of Jeast ahputrﬁéam 'y
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starch in that |t I S entlrely S C
contai ns both aPiRSeptinventi Qfg&rab&r 98%5&9@9@%9?&6%

ami oca starch mummmmmmpmmm«mwwmwm
Corn", H H. Sc% Food | ndustries, Decenber 1945,. pp. 106-108
(Vol . pp. 1476 gyﬁwﬁ]e starch can be in granui ar form -pre-gel atini zed

15 | f T .| f
I n Jrant Siranalr;nr Oﬂeg e a |ﬁi£lsz"jeéd)é&e néi%ldg nee gmwg ?ﬂugol d
wat er pri or ayercf tissue,;paper webs| Gany he ﬁu@l Sin aro migdti-ply

equi prent  whi chwnstrucuogvercomes any tendency to gel-block in formng the
di spersion. Suitable - di spersers known as eductors are commn in the

|ndust|ryt | f tge st aThé process for aAtakiry mmdmﬁrsomttr h t webs
pre-gel atini ze starc o i nduce

swel l'ing of the gﬁmﬁﬁﬁ%awgﬁ'%ﬁ%ﬁfgranul es . are

swol I en, asjey cookig a?Péc’“q]d ,ﬁbgp@ of the starch
granul e. Sucjrjl hi ghly eﬁ stalc gra gé& ereferred to as being

"fully cooked". The condltlons for dlsperS|on in general can vary depending

25 upon the s_i ze of b} acidirigha cheps mmgmpdgﬂcn@oﬁfpmmtal linity of

t he granul es, and the anount of amyl ose present Fully cooked am oca
starch, for exanple, "can be prepared by heating an aqueous slurry of
about 4% i) from about 0.02% to about 1.0% by weight, of a biodegradable

| bondlng mmbltor. b_asa_d on the dry weight of the papermaking fibers;

i) from about 0.02% to about 0.5% by weight, of a water soluble
- 20 carboxymemyl cellulose, based on the: dty welght of the papermaking

i) from about 0.05% to about 3.0% by weight, of a cationic starch,
basedonmedryweightofthapapennakmgfbers

wherein sald blodegradable bondmg inl'ubltor is present in a ratio
25 relative to the carboxymethy! celiulose of about 1:5 to about 5:1;

c) depositing the papennakir_l_g'_.,ﬁbe'l"__s ona foraminous surface
so that the excess water used to form the dispersion is removed
forming an embryonic web;



" consi stency of starch granules at about 190[err]F (about 88 [err]C) for

bet ween ut 30 and about 40 m nutes. 30 ns9k/gs834 ar ches
. can be divi ded1 into the foll ow ng general - classifications: (1)

tertiary am noal kyl ethers, (2) oniumstarch ethers i ncl udi ng

guat emary am nes, phosphon-i um and sul foniu erivatives,.(3)

primary and secondary am noal kyl starches, d (4) m scellaneous (e.g.,

i mno starches). New cationic products continue to be devel oped, but the
35 tertiary amnoal kyl ethers and quatenmary ammoni um al kyl ethers are the
mai n_commer ci al typesd) KrapsRirARyYtheldMfibiyBhicWes t& baffier Sitfate bt whith

WD 96/ 17128 ) ) ) ) .
PCT/ US95/ 15814 the water removal continues forming a semi-dry web, sgid carrier

substitution ranging sufacebeing selécted fronbthé group mislsainP%ffyabéhhékiﬁgt per

anhydr ogl uco units %%@E‘“ﬁbﬁﬁa@ﬁ tltuents preferably chosen fromthe

above nentio d types ' are produced by National Starch

and Chem cal Conpany, (Bridgewater, New Jersey) under the tradenane, 5
Redi BOND[ err]. G ades with cationic rmi et ies only such as Redi BOND

5320[ err] and Redi BONG) Yrdmélerting thé Se %stowsaﬁaée&wvdhkad@rﬁpna'
ani oni ¢ functionality such edi BOND Bé rL 6{}5 0 suitable.

The present inventionY P@M@MW‘WS@@ qd ug eﬂ!&&pﬁ‘%‘e@&eral

i ncl udi ng but not | i nsubstantialtycdryeondition; |y felt-pressed creped tissue
paper, lfb hi gh bul k pattern densified creped tissue paper, and high

bul k, unconpacted creped tissue paper. Cr eped
ti ssue paper webs suif)atemovalof tHedried webifrom the Yiankeo dryerdby means of abasi s

wei ght of between 10 and_about 65 g/nferr], and density of about
0.60 g/cnferr] or Ies&%ﬁ%ﬁbﬂ’g basi s wei ght w [ be bel ow about 35
g/nerr] or 15 less; and density will be about 0.30 g/ cnierr] or

| ess. Most preferably, den5|ty will be between 0.04 g/cnf err] and
0.20 g/ cnB. g) windingdhe crepad webwomareel. is further applicable to
mul ti-Iayered tissue paper webs. Tissue structures fornmed from

| ayer ed pape‘r5 webs are described in U S. Patent 3,994,771, Mbrgan,
Jr. et al. issued Novenber 30, 20 1976, U.S. Patent No. 4,300, 981,
Carstens, issued Novenmber 17, 1981, . U.S. Patent No. 4,166, 001,

D00, £ tho! o2y MO phodll, M P e spmpant JEHRRRR o e
' depositing the papermakmg fibers on a foraminous surface, the equlpment
and methods are well known to those skilled in the art. In a typical process,
20 a low consistency pulp fumish 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 typlcally dewatered to a
fiber consistency of between about 7% and about 25% (total web weight

basis) by vacuum dewatering.

25 “in the process step of the present invention comprising the addition
of the crepe facilitating composition; the biodegradable bonding inhibitor,
the carboxymethyl cellulose, and the cationic starch are preferably formed
into aqueous solutions, diluted to a desired concentration and added to the
aqueous slurry:of paper making fibers, or furnish, in the wet end of the

30 paper making machine at some suitable point ahead of the Fourdrinier wire
or sheet forming stage. However, applications of the above described
biodegradable crepe facilitating composition subsequent to formation of a
wet tissue web and prior to drying of the web to completion will also provide



Septenber 7, 1994, all of which are incorporated herein by reference. The
| ayersare pwoflenalgy conprised of different fiber types, theP€IH8I¥15814

typically 25 being relatively long softwood and rel atively short

har dwood fi bers as used in multi-layered tissue paper naking.

Mul ti-layered tissue paper webs sui 28bl e for the present invention
conprise at least two superposed | ayers, an i nner |ayer and at

| east one outer |significantbepefilss andt are lexpressiy inclyded within the sBopé cofatiie/,
the multi-| ayere&rte ARve s conprise three superposed 30 layers,
an inner or cent ayer and two outer |ayers, with the inner |ayer

| ocat ed between the tvnopgl?,g?f L T the Eaﬁdlhgﬁnﬂlﬁi@[- W&é&oﬁ%ﬁ%ﬂm

conprise a prina il ame o) st | t pent abou 0% or wel ght
of relatively shd%/'{‘é %ﬁl pip S6P @Gyeﬂ’ﬁﬁs sigesand

about 0.2 andsaboauddd Separatélye memmepasednspuhiargdl papermaking Yibersilat \a

deri ved from cucdd j@%ﬁéﬁ%ﬁﬂ?%‘%ﬁwﬁé m&ﬁﬂ&%@ﬁé\mﬁi? b

WD96/ 17128 @ bonding inhibitor is added to the aqueous dispersion of papermaking
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filamentary const [ tuent orP thgout 0%850 or nore by wei ght of relati veI y I ong
paper making fibers haMbEﬂ preferabiy0ctiel Deonstitait obf | saidt crope

Inese om0 o Zakhiuta i Sedﬁﬁﬁeﬁeb%s%?lv dy ﬁ@%ﬁ?rﬁ%ﬁ ﬁ@rﬁwﬁaﬁ‘ bos

bi odegr adabl e slurryr op cpapermaking i fibersopriosi 0 odemsmm thecfibersi onersaicbn

| soue. paper veb reinous bifite, 198 ALy C Lot iifd p?é’f’%?%y ?ﬁ“&“?"

majority of the b$ldE¥gbeiRee éher Suaternary ammaniym ; hong itaronand
present inventi Orqwaeﬁﬁwmlum Sorhpoand is'@dded prior w&hercdnéh&fﬁard'a 10

The creped tissue paper products made from single-layered or nulti-

| ayerd cr _epeolSt i ssue piapdhe Wwphocessn dtcpobf ahei pyesent \invention tcomprising the
creped tissue parigPaaling of B &bﬁﬁﬁﬁgg erfen RtcrgPirousd BirBY 15 ffm an
steps of 15 embgypnic, weby gheiscape M%Nﬂm@ﬁlwwuﬁﬂﬁ(mfﬂm of
b) adding a cr epemﬁﬂii;lé phpér Riyers TP WhidH fWo ©F ThéreStayérs of fumish are preferably
formed from the deposition of separate streams of dilute fiber siurries. The
20 layers are preferably compnsed of dnfferent fiber types, the fibers typically
_ being Telatively long softwood and relatively short hardwood fibers as used
in multi-layered tissue paper making. If the individual layers are initially
: formed on separate wires, the layers are subsequently combined when wet
e - ... ..1o form_a muiti-layered tissue_paper web. The papermaking fibers are
25 preferably comprised of different fiber types, the fibers typically being
relatively long softwood and relatively short hardwood fibers. More
preferably, the hardwood fibers comprise at least about 50% and said

softwood fibers comprise at least about 10% of said papermaking fibers.

30 ~ Inthe preeess step of the present mvent:on eompnsmg the transfer of
the web to a felt or fabric, the process step of oonvennonally felt pressing

- tissue paper, well known in the art, is expressly included wnthln the scope of
this inventioni. In this process step. the web is dewatered by transferring to

a dewatenng felt and pressing the web s0 that water is removed from the

35 web into the felt by pressmg operations wherein the web is subjected to



i) fromabout 0.02%to about 1.0% by wei ght, of a bi odegradabl e

bondi ng wwby‘n?ﬁgr based on the dry wei ght - of  the paper mepifoisés/13814S:
. 1) fromabou 02%to about 0.5% by wei ght, of a water soluble 20
caboxymet hyl cellul ose, based on the dry weight of the papermaking fibers;
and iii) f.romabout 0.05%t gsabout 3. 0% by weight, of a
cationi c starch, based on thé€~dry weight of the papermaking

Cber s o Rpesgure, HORIBE By doBbSYR: HENeRCAP HoPbardl 5t Plarh
about 1:5 to aylindrical rolls. Because of the sybstantial preagpraaenqaqw toaderwater ber s
on a foram noUghes WG § this fashion, the Sfe aim %Bse ng&Svia@ﬁsﬂaF ?e%r m

t he dispersion_is

06/ 17122 pressfng are relatively high in densuty Y and are characterize /ng;ggg ®814
23 5  uniform densitythséeghout she wvebesthuchurei c web to a carrier surface
upon whi ch the water renoval continues formng a sem -dry

web, said carrier Inthe process stepsofnhammtmwmmﬁmmdhm&agsfenpf
consi sting of gp Yankee Jeﬁélt & Wt ggﬁ%ﬂeéadﬂdr@;ﬁansfer to

PRGN b to @
e) transferrlnguh e, se sur ace °
upon whi ch t heth® gylindrical &gﬂ'!‘ ihe arl-as a Yankee dryer.

substantial ly The transleri isneffectetp mechamcal meai'& semva% & 6#&%9 ed

web fromtpe Yanieicdl 4kim Predsiag %g%ms? the web. Vacuum may &3o'bb Spaficd 15"
the web as it is pressed agalnst the Yankee surface. Multiple Yankee dryer
drums can be employed. |

More preferable variations of the processing steps include the so-
called pattern densified methods in which the resultant structure is
1S 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 aiternatively characterized as a field of pillow regions. The
densified zones are altematively referred to as knuckle regions. The
densified zones may be discretely spaced within the high bulk field or may
20 be interconnected, -either fully or partially, within the high bulk field.
' Preferred processes for making pattern densified tissue webs are disciosed
in U.S. Patent No. 3,301,746, issued to Sanford and Sisson on January 31,
o 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
25 4 1980 . and U.S. Patent 4 637, 859 issued to Paul D. Trokhan on January
20, 1987, U.S. Patent 4,942,077 issued to Wendt et al. on July 17, 1990,
European Patent Publication No. 0 617 164 A1, Hyland et al., published
September 28, 1994, European Patent Publication No. 0 616 074 A1,
Hermans et al., published September 21, 1984; all of which are
30. incorporated herein by reference.

" To form pattern densified webs, the web transfer step immediately
after forming the web is to a forming fabric rather than a felt. The web is
juxtaposed against an afray of supports comprising the forming fabric. The
web is pressed against the array of supports, thereby resulting in densified

35 2zones in the web at the locations geographically corresponding to the points



g) winding the 'creped web on a reel. 15 In the process
step of tiwops/EMggt | nvention conprising the deposiRGTERSHE814
papermaking fibers on a foram nous surface, the equiprent and

- nmethods are well known to those skilled in the art. In a typical process,
20 a |l ow consistency pulp furnish is provideggin a pressurized headbox. The
headbox has an opening for delivering a th|n deposit of pulp furnish onto

t he Four ¢f contact betweentthearrayof supports aridithewet web! The rémairdsrlof

(foral web wei ghtheweb "dt%‘ééle@%&@@ﬁﬂﬂ%&@&%ﬁ“ﬁﬁéﬂeiﬁ 80%he R o
pL ocess st ;agcﬂ | fisld. fihis digh bulkcfieldcan:beyfurtben dedensified by application of fiiid
: hg g;reggxymat hyﬁé@%l ose, Wﬂé’hgg‘t"!w ?PSQH tar chﬁg:@%&‘g’ﬂ#&#or med -
into aqueous 2ol Webojs; dewateredy and gptieral Ye iy Sueh, @ ARBNNAIISA QS)tQhe
i e e
| r 8 Y mype

\climeggr i bed f througuanauaﬂ ajtarnsiely bydgnechanically ptaasmg thenwabm:aaqstean
to tormation o of squGHstméiﬁn DUl field iS" Wb Softipréssad Pné ©
E,‘éfr*}) Lg‘g '5?2 5\5/3“ ! S ratlons of deawatenng, o::%zal ?iadrymg and formatpp of the densified
si gni fltcant btenetonasmairbamtegrmwarpam rated to redute thetsial pLNbe? of

resent inventio
'I[D he car boxymnet hyBr%sﬂﬂgogt@ps peﬁo'm‘egngfﬁﬂ @ ﬁ?'?ﬁqaé}gheiﬁnm%& aht o

separ at e aqueous the ppmtof&ransietdo theSYankescsurfagsnisdless tham abbat 40%cand the

Sheot Tor i ng. o SCUrARTe ﬂ*{‘g“e@hs .spers*.*?“ﬁ%'“#*{’ﬁﬁ*‘@@f’ﬁ 6

sta
i nhi bitor i s égdferm &Qﬂﬁ form a/lew stryeheR-naki ng fibers

hefore Qseggt o S5 g canated wab o g B VESES b BRI

dried to complatlon prafarably still avordlng machamcal pressing. In the

present invention, preferably from about 8% to about 55% of the creped

tissue paper surface comprises danslfad knuckles havmg a relatnve densaty
20 ofat least 125% of the density of the hlgh bulk ﬁald

, The array of supports ls prafarably an |mpnntmg carriar fabnc having
a pattamed dlsplaoemant of knuckles which operate as the array of
~ supports which facilitate the formation of the densified zones upon
) appuqatum_of pressure. The pattarn of knucklas constitutes the array of
suppom praviously rafarrad to. Impnnting carrier fabrics are disclosed in
U.S. Patent No. 3301 748, Sanford and Sisson, issued January 31, 1967,
us. PatantNo 3,821 068, Salvuecu .lr 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 ., |ssuad March 30, 1971, U:S. Patent No.
30 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

o

~ Most 'preferably.- the embryonic web is caused to conform to the
35 surface of an open mesh drying/imprinting fabric by the application of a fluid



10 conposition are added separately as aqueous di spersions to said aqueous
slurry of vp&g&{.ﬂ%ﬂ ng fibers prior to depositing the fiber pcansesisti4
_foram nous surtace, the carboxymethyl cellulose is added to the aqueous
slurry before the quatemary anmoni um bondi ng i nhi bi.tor, and the

quat emary anmoni um conpound i s added pri or tf7the'Cationic starch. 15

In the process step of the present invention conprising the

depositing of thgoRARN Iw&? ' p&?& f f@?atb? f
enbryoni ¢ web, the scoptgao Eéa%%ﬁﬂla%ﬁ'ggﬁs%gﬁnc uc?ggﬁtsﬁe or'ﬁaétglr%%nﬁgga
mul tiple paper | d9wdensity RaPermakingprogess. | ayers of furnish are preferably
formed fromthe deposiji of separ streang of . dilute fiber slurries:
The 20 layers are MP&WM&M’WQ Ftﬁ%lncﬁ!deérWWﬁ e pregent
L I bgr S 5 y P! g al |y invention lirciudes ¢he tformation @fg soxddiledodnearripacted; !nonbatt_ldtiﬁr t
ar dwoo i begs : . - . .he
I ndi vi dual | a§er @#@nﬁq&gﬁiﬁgs“bf éﬁﬁ&f@\‘\&g z;&fi%ﬁr ;%glﬁfﬁﬁgigg?r S
are subsequent |y W.8Sath ot 9, issue esephy NUCCh ey @0dt adN.
paper web. The paghng GnMayid1c'187 dnd (1S, Pafeht No2, 208,450 1s888d b Henry
Sot taood ane” ot B Eeket Roert - MeSaneit ant Aichark sehutis oh S 1< 8, BI,
sof t-wood and rel ati rs e . e
har dwood fitblers cnfrwh"nheargt incorparated herdin by refersrics. In geﬂerat)funmmmt::eﬁ:’tél:ﬁ[1 S
conprise a ast.. e
process st epl f tﬁ%@@n@%hﬂﬁ%ﬁ&iﬁ%ﬁg Mﬁgf{?ﬁ Q'@f preparé@ bS’he
}[N.eb to a felt orlmitmgmpﬁrm furpjshoon | _ngmez;mmgg;mg
| ssue paper, welRolrBfitier! Wirefy Toim &S wet B S dfain wib' Bh8_ réfipPingPe
of this inveption. In thts process, step, the Veb I, ewat er e
Cransferring 1o addtional wag whhaubmechanisal campeession Unll s, web s, Sesre:
i ﬁ r emgved from tdomsistéitcy ofat _,Ieisb/aom_ ared creping tive wely Wateraisi reffovedefremn
tpc% Ueos/ 158 SJ e?ﬁg%boby vawm 8%%8 and therr.nal drying. The Jesuilting structure
pr Fssgr e dFveI Iolpelﬂ asofbbutowesalg highcbulkishest ot rejativaly Lincompacteddibers. Bondl?g
cylindrical ro %natﬁﬁi ‘*S‘?'ﬁfg p?ﬁba szbﬁg Weﬂ&% e-wat er
the web in this fas |oﬁ, errag?leﬁ an-ttta S made 9 con e'ntlﬁgéﬁpglt
pressing are rel ati vehythe gfocess 8P df\thd Presést Mventieh Vomprising thé \sté of
removing the essentially dry web from the Yankee dryer by means of a
20 creping blade, it_is preferable to minimize the impact angle formed by the -
creping blade. - Such configurations desirably increa_se_ the tension in the
web as it is drawn off the Yankee. It is believed that the crepe facilitating
| composition of the present invention offer the potential to reduce the impact
) ___ .. angle without observing the expected increase in frequency of web breaks
25 due to plugging of the doctor biade. .

~ Figure 1 is a schematic of representation illustrating preferred

embodiments of the papermaking process of the present invention for

producing a strong and soft creped tissue paper through the use of a crepe

facilitating composition. These preferred embodiments are described in the
30 following discussion, wherein reference is made to Figure 1.

Figure 1 is a side elevational view of a preferred papermaking
machine 80 for manufacturing paper according to the present invention.
Referring to Figure 1, papermaking machine 80 comprises a layered
headbox 81 having a top chamber 82 a center chamber 82.5, and a bottom

35 chamber 83, a slice roof 84, and a Fourdrinier wire 85 which is looped over
and about breast roll 86, deflector 90, vacuum suction boxes 91, couch roll



5 wuniformdensity throughout the web structure. In the
process stwossfi7iZ8e present invention conprising the transf PCT/ANYS/AS814  t he
sem -dry web to a Yankee dryer, the web is pressed during transfer to

the cylindrical steam drum apparatus known in the art as a Yankee dryer.
The transfer is effected by nechani cal rreanszajch as an opposi ng 10
cylindrical drum pressing agai nst the web. Vacuum nay al so be applied to

the web as it is ©2ecarwbd phoalitysof turranymusm bperatiohlibhé papermaking famisty

O ocessing st coe. b Bfimped, through top cHabet 82 °5 “Secont papleiRing) sl s
whi ch the resul taﬂl’mmuﬂ,’!'@#@ ioenter) chamber 82.5, Mﬂ'\ﬂe Bythird, furgish isipampasd v
high bulk field Oihré Wbbltéhﬁ’dﬁéiﬂbéﬁbsrand thenee%!'%ﬁlhb 8lich %Jﬁéoﬁr and .

rout
frerd is altor a?{méqewima plon, ot oueskicter, wire 8816, form teseon eﬂmmwe
donsi 11 od zones noy po ey "“‘”‘““‘*m"‘“‘“"“c“"“ ST Desur roush
20 be interconne egsu@rﬁ%%ﬁ%%%#w V%"H#’E ﬁbhﬂ Jﬁhgm ﬁ“@
field. Pr e9tr Asither Bourdisiniert wire Mﬂ%}@)&ﬁﬂdm nuni im the direction showneys
are disclosed  the anbw/showBa 96!cibih i confhuiéing Grdtropdlss8ler
o 86, A D i s P oy h s Kl
i452 gsdsg 8 P?glsug)dtoTadbMumusw fabtic selbylmamawmmm;ummfer box 97.
Patent 4,942,077 F?@L@%&&%Wﬁ@%%"ﬁ%%é & p%ﬂ%&‘&ﬁ' -
Pat ent Publ i cat i odertemge;walsa. mroua)l blow-through , prediyers h1Q0 and past two
O Tt s o e TR
i ncor por at ed Her #W J1 9 °amqfo Préq)éﬁ then,cleaned and,
webs, the web tradoimteredeus ntmsi:lmlnsl by pabsing dvarnand afdundvaliditionap

o oty of - suppcb AR TOf, Lﬁh\&@?ﬁ? ai?wmwﬁﬁ%%ﬂa' The
pressed agai nst tMﬁdapap‘r mlpds radhesively: isecurad toithe cylindrical fsudiace 6b
Zonef in the V"Sg/ B I%i@ dr?&a%éniudﬁoﬁ&w& Wb&eﬁp%i?gaﬁﬁhéﬁ 108.
pCC)IT?Ug95/ 158% 6”%"9 s eompleted on the steam heated Yankee dryer 108 and by hot air
which is heated and circulated through drying ‘hood 110 by means not
“shown. The web is then dry creped from the Yankee dryer 108 by doctor
blade 111 after which it is designated paper sheet 70 comprising a Yankee-
- side layer 71 a center layer 73, and an off-Yankee-side layer 75. Paper
.. ...25__ sheet 70 _then passes_between. calendar .rolls. 112 and_113, about a _
circumferential portion of reel 115, and thence is wound into a roll 116 on a
core 117 disposed on shaft 118.

Still referring to Figure 1, the genesis of Yankee-side layer 71 of

paper sheet 70 is the furnish pumped through: bottom chamber 83 of

30 headbox 81, and which fumish is applied directly to the Fourdrinier wire 85
whereupon it becomes layer 88c of embryonic web 88. The genesis of the
center layer 73, of paper sheet 70 is the furnish delivered through chamber

825 of headbox 81, and whichi fumlsh forms layer 88b on top of layer 88c.

The genesis of the oﬁ-Yankee-side layer 75 of paper sheet 70 i is the fumnish

35 delivered through top chamber 82 of headbox 81, .and which furnish forms
layer 88a on top of Iaye_r 88b of embryonic web:88.. Although Figure 1
shows pap_erméchine 80 having headbox 81 adapted to make a three-layer



© 26 of contact between the.array of. supports and the wet web. The

r emai nder, 856!171 the web not conpressed during this oRCTASISMSE14

_ referredWo as H‘le hi gh bul k - field. This high bulk field can be"

" further dedensified by application of fluid pressure, such as with
a vacuum type device or a bl owthrough dryejg The 5 web is dewatered,
and optionally predried, “in such a nanner so as to substantially

avoi d conpr essi %@{hﬁd&oﬂiﬁ%gy 'aheﬁ-lagjgd% g{hga%ﬁdﬁﬁ?ﬁﬁfé‘bhwyered, two layer

acconpl i shed by U pressure,” suc acuum type déevice or bl ow
t hrough dryer, o etheemulti-layer Websechani cal Iy pressing the web agai nst an

Shers Fons 5 Gevat v, it iedt ke R 1T PRSI .
é?nes may ber iogteing_emomogrpmgmadﬂg/m.am ao_ed:tigurpr tdthee Ftc.mdnmeamnm_a_ﬁgi
veb at 57 a6 fe e E TnBinEh Hiing PstA SheL SPBRE Wit rodplit 1 ey
about 40% and t taverage lengths of the fibers constituting the §hod fiber furpjshysqthat 9oed; | e
the semi - dry welohafish will gécur? dhd the tdfaftfindudEarfier fatiriy 98 ehbald Kisvesa fne

. Jpattern densified web ..s transfersed t e
Yankee dryer andnesh havmwﬂe!ieéx small qpening spans wi Irﬁs%qqills oﬂﬁrﬁbg
mechani cal presqz;gmsl of ithe fibers constitatirgithe nlongt fiber, funnishe tabsubstantially

Gensi 1.0d_ kidh vl SRR, Bl BeC e e ot %ﬁ&g@%i@e%oﬁfﬁe

densi fied kmickl e .

density of the Hilgmentaryfspaces of the fabric 6. TNsoa respent f9othes pracess
preferably an i ngdddiidridd 16f mhiking @Xbmpldly’ pBper sheet 70, Rhb! paper web is
e o e hb b oo, s s ol

application of passut’os% fiber MQiMWPﬁWWMGOHSt itutes the array of
25 supports previously referred to. Inprinting carrier fabrics are

di scl osed in5 Figufie Ratizna Bcherbafic 1represertation ilustrating s aoprefeseaded
January 31, 1967 . P 3 ' Ifachital y
i ssuedyl\/ay 21, 13'?20‘"5‘%“ Mrsthe B@‘S%&*W@@a p%fdr_,ep?sfgued tﬁ.ig
August 10, 1976, campositioncof the. present inventiorg 13he Mmﬁgrésggssaq:n,_ with

| ssued March 301% Figlra!Z Yestiibes thigPreféréd dnibiddimenteus, i ssued
Oct ober 21, 1969, U. .ceggte%t NO. 4, 239,065,9r Tr okhan, i ssued

Decenmber 16, 1980, apdsidrage Raissel T\is provided2fut, staging an aquiebus, slury uefd

Nos! pi ef or oy, Failtvelf o Apferyilifabd W€ TRE Sy W conveved bl Theas of a

surface of an oppumpe2tant ptighaliyp throughoafrefinet 3io fully sevelopathe, strength

tluid potential of the long papermaking fibers. Additive pipe 4 conveys a resin to
' ‘provide for wet or dry strength, as desired in the finished product. The
’ slurry is then-further conditioned in mixer 5-to aid in absorption of the resin.

25 The suitably conditioned slurry is then diluted with white water 7 in a fan
pump 6 forming a dilute long papermaking fiber slurry 15.

Still referring to Figure 2, a storage vessel 8 is a repository for a short
papermaking fiber slurry. Additive pipe 9 conveys a carboxymethyl
cellulose component of the crepe facilitating composition. Pump 10 acts to

30 convey the short papermaking fiber slurry as well as provide for dispersion
“of the carboxymethyl celiulose. Additive pipe 11 conveys a bonding
inhibitor component of the crepe facilitating composition. The slurry is
further conditioned in a mixer 12 to aid in absorption of the additives.
Additive pipe 13 conveys a cationic starch component of the crepe
35 facilitating composition. The suitably conditioned slurry is diluted with white
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force to the web and thereafter thermally predried on said fabric as part
of a : | ow density paper meking process. Anot her

variation of the processing steps included \gghin the present
I nvention includes the formation of, so-called unconpacted, nonpatter n-

Us Patent No. SemenTogsdne. “““’Wﬁie"ﬁ‘ i o4 SCrosace o aag g
Yi annoi on AINB% ZE %@%ﬁagﬁ%}’%ﬂ nt Rlo 4,208, 459, ’lsseed to Henry -

E. B L

C, Decker, A'bert L Fispany. nd Yo 5hgé %@éﬁﬂtﬁn&gr Rt s ffom, Fidlre £ i€

10 non pattern dmcﬁeﬂutedhmpref papermaking processiillustrated im Figured! and is
prepared by s divided #it8two ﬁb@xﬁﬁﬁﬁf Irﬂrédi‘ﬁf‘wmﬁr@tﬁéﬁ @ﬁ‘bmmto

formng wire suc Qfor

drai ning the vvebp'aﬁab?’émhgrs sfour Hh'mﬂ*mx msé'?f%ﬁ%u{@ﬂ%ﬂﬂye&
conpr essi on unt i P5téamd Yahkéeside-layer71, respectively ofthetstrong, sbftareped tissGé® %

Govt or| ngand« KBPAE) S’ t€ At GardrtBlina ot gl 14 PelidG e ¥ure 2
but ‘weak hi gh bul&P@feablbﬂlﬂBGtQﬂ irueuseanbwmw 8215 ullimatelydevojving into
material is gyef ggmar Yaydp 73 6Ithe % rior to creping.

In the process step of the present ventlo corrprl Si r?ythe step of

rempving the essenti afthy ddvantdges’ mﬁi&d hrdigh dtheep rhwwaﬁfs thé present0
creping bl ade, W %gﬁ%@g I e to mnimze the i rrpact angle formed by the
creping blade. S i tions desirably increase the tension in the
- web as it is drawn of

facilitating Eloﬁeﬁ}l on ofsbehéa'p %nm ?@?ﬁéﬁgttﬁ'& usual

potential to redoperational ﬂfﬁ@d“‘es or deg DE | WB usmrwhl@ would exist

expect ed |nc1§asmau{mgﬁﬁ§s@,§whvahq@,ksw 25 due to plugging of the
doct or bl ade’ ~ Figure 1 is a schematic of representation

i [{ustrating preferred) The benefitsrdrecjained withbut expermecofiosingostrargthof thé
the present inve a strong ‘and soft creped

ti ssue paper thr%&%‘}t@a&&‘@f%%ﬂﬁw facilitating conposition.
These preferred enbo*@&hs bs&Eh 3 Ouﬂﬂnm

di scussi on, wherein reterence IS made t | gﬁlwﬂlm Qr tB j'mlt the_L
is a side el evat Pragantin ﬂ‘ﬂ) ing: lssuwenﬂpﬁgred for QXPlam'E'GmQYéﬂ@R)

for manufactagi ngd@iNpAr oﬁQhGr ffécaliﬁﬁn r iubheﬂlrioﬁbns to allow these

headbox 81 havi %Mﬂ@!ﬁﬁi‘i’ﬁbﬁ"@?@@iﬁ WO Rl Froders iR metion o

35 chanmber 83, eelativaly rigidhytmgembonds:o Ther |ma3d'mader88 thei cerboxymetlwéd
over | A"Ealiligsh dnerGitiorié starEh rebisldstHeboring YA Baiaké e
’ " ""amdy of higher energy but Iéss frequent bonds. * The result is a web with
25  lower stiffness as a function of its ultimate strength. As a result, when the

- papermaker attempts to apply tension to the web to convey it to the wind-up
reel, he/she must operate at a higher winding reel speed to induce a given
tension in the web. The result is a lower percent (%) crepe without the
usual operatlng dnsadvantages which would occur with such a move. '

 Other Additives

Other materials can be added to the papam\akxng fumush or the
embryomc web to impart other characteristics to the product or improve the
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28 wosknresd a pI urality of tiurni ng roI | s 94. i n opePETNUSHS/NS8:

. paper maki ng furnish i s punped through top chanber 82 a second

paper maki ng furnish is punped t hrough center chanber 82.5, while a
third furnish is punped t hr ough bot ggm chanber 83 and thence out of
the slice roof 84 in over and 5 under relation onto Fourdrinier wire 85
todf gg m t Bgre?n rs@nbnfby they do nét3 signifivantyngnd aawevséiﬁaaffemdwb
an C. wat er | 0CC L wWir

assi sted by defl %@u@ﬁf’m gg'lmélpcy Egﬁlép?s ois’ﬁ?rﬁreﬁgﬂﬁ ﬁ@?

wire nakes its r&herfollowing matamldlarecexpresslyamlwpd but thenr tmdusnonow not

showers 95 cl eanPharneg{o% ER‘““%@’&P %taﬁﬂy@g @g e rse%m st

roll 86. At web er zone ryonlc rans
to a foraninolis 88r¥eyr dpanet inteders, Wh@%ﬂm the’ ﬂé!ﬁﬁﬁﬂ?ﬁaﬂfsﬂ@ﬁ present;
Carrier fabric 9fnventiohes the web fromthe transfer zone 93 past vacuum

dewat eri ng box 98, through bl owthrough predryers 100 and past two
turning rolls 101 af ﬂﬁpanﬂanaht%sﬂuahgﬂﬂstdasireﬁ,eﬂwegi'OUp of chienmiicals:dngiading08 -

g%/eaneéSanEjhe acbb%ﬂ@ﬁ%‘?@%’?’?"‘ ﬁ%ﬁ%@?ﬂlﬁgﬁ,l OW%Q%& Sleggsg’nd

around addi ti onainsolubilized t pelyviny! r aicobol; 0 Lreaffomalidenysie; palyethyleneimine;
dewat ering by 1gﬁit?s1iﬂﬁpolymers anEﬁﬂFidur@Q tRERSYT canbeé B 4 ﬂ‘l@gma ﬁﬁ to

the cylindrical 0 kee draer 1 sive

ce 08 al
appl i ed by spray 1??' e’étterﬂ'ﬁ)me'WQ’@ web, i o) ‘gSﬁB‘FE N [FRSIOE 858
heated Yankee dr gatiorfi© et strehgth vesirs which have begn foandto bexdfashrticlar utility.

| ated th T
tCIh:a?\ud?yecr epggugpgﬂ@¥h&ﬂ£%i§g%org§%s%n &do\n us. ﬁg&gwﬁ”fdlﬁqqaa?’t er
which it is desi ipswed ®onQetobesR4c 1972, andiB,772,07H, issueden November 13518¢3,

| 71

sheet 70 thEn passeseﬁfjﬁ%en cﬁs““‘f’?"#&sr‘?f ‘?"’E@*’ﬂ'*"%" Féf8fédnce. Ohe
circunferential FeMMessiay; SPWLe of5a anaefphenelya %qurﬁhﬁd@ FASiNg 1i$ on
a core mardnc@qnaobnm ! nﬁﬂ)&laware, which markets sluth re¥ie Uhdagtheo

side

Foure L 1he OB RyBlem@nkBTis, 0o aver 11 of 30 hegﬁﬁﬁi o1 Cand.
méfguggﬁn: fhbgioxglﬁﬁgﬂh@tﬂeﬁt&g{ ﬁ':é}uvﬁ)dcgge e ge gsﬁeéergpr{ﬂfthe
center |ayer2%3 fumish selids inthepswe edmnmmwpamdﬂaﬂ Pracess;h Withautr
' adequate retention of the fine solids, they are either lost to the process
effluent or accumulate to excessively high concentrations in the
recirculating white water loop and cause production difficulties inciuding
) o deposit build-up and impaired dralnage The use of such resins in
25 combination with the creping facmtatlng composition is expressly included
within the scope of the present invention. One commercial source of
polyacrylamide resin retention aid is Hercules, Inc. of Wilmington,
Delaware, which markets one such resin under the marks Reten * 1232,

Many creped paper products must have limited strength when wet

30 because of the need to dispose of them through toilets into septic or sewer
systems. If wet strength is imparted to these products, it is preferred to be
fugitive wet strength characterized by a decay of part or all of its potency
upon standing in presence of water. If fugitive wet strength is desired, the

" binder materials can be chosen from the group consisting of dialdehyde

35 starch or other resins with aldehyde functionality such as Co-Bond 1000®
ooffered by National Starch and Chemical Company, Parez 750® offered by



82.5 of headbox 81, and which furnish forns layer 88b on top of |ayer 88c.
The genesiﬁ,g?,lzﬂ? of f - Yankee-si de | ayer 75 of paper sheet ¥Ormsosissi4

furni sh el ivered through top chanber 82 of headbox 81, and which
furnish forns | ayer 88a on-top of |ayer 88b of enbryonic web 88.
Al t hough Figure 1 shows paper machi ne320 havi ng headbox 81 adapted
to make a three-| ayer WO 96/ 17128

PCT/ US95/ 15814 Cytec of Stamford, CT. and the resin described in28).S. Patent No.
web, headbox 81 rwnaelsavr.aaaédshy.aahﬁaﬂﬂw g4 ttars]aﬁaat ﬁ?'ﬁm&egrpo%d'@ésin

or ot her rrultl-l;e%6 urthe respect "to nakin
paper sheet 70 e WPFﬂj’CPhe present - i nvention on papermakl ng

machi ne 80, Figure 1, he Fou W r.e 85 of
nmesh having rel ati vel y Q‘S&h Wﬂ%%g?d'tﬂ‘%@% may be M&)Ksat
| engths of thé fumererepedsmseuel paperhaebsoof thebpreéemnimlenﬁmt Mhe dovel of

fing o ke iy ng‘m% J."%@W@#&f’@%em 070 o Kl 206 T Eich,

the average d'Y(ﬁbeWé‘lth@fr edissueinapernthe mtfadngts preferably
furnish to substaﬁﬁvﬁldw chaifld withh ighitcor ihéreN Baftion afdins C Ex tbﬁ?ﬂgg Adnic

enbryonic web into i.nter- fil ganent ar a of r|c 96.
Al soy with respecﬁurh???'ﬁé H%cgggar alkyl s“'ﬁeﬁ%ﬁ Yﬂ?@ ?@V %Q?y
Pager sheet t71(!)1 tEnemphq nuaimmcssurfaclztants arprdkplglybbmdem mdudmgablkylgl

i ber consi'stenc
consi stency pri o?/ %‘o crepln pé%‘% | gure i § %@gﬁwm%gge%m(won
illustrating a pr¥ers YY), alkyiglycosidenethens as- desalbed n 448 Pateph 4.011,389,
i ncor porating t hejsgiigPto WK Largjddi] et al. on Marewapqeq4 %%ikyﬁﬁtﬂ@h&iﬁagd

i nvention. The foI [ ow ng .di sc ce t
describes this préfte éﬂdb \g 20'6 ML available, 103 ii8e.
provi ded for 18t agiGreenwi muewSand uGEPNf. RC-520 availablem Rhiofie Poulenc

Sﬁﬁeég?.k:oﬂ% | 'yE? i QPRGNS Pleerop thestrengtn T -
to 0 prov G, Lot ME"‘?!"EW"P“‘ t‘ﬁwsé dih Enfonich 94 & S'L‘*E"*

product. The  @and design EhbﬂﬁP smphthweboson
in absorption of meeesd r, WWS&&W feﬂrwbrmumgi adﬂeeion Ite lhben

AR it "G bitimple, U, . PR S028776, Beed bkl
here byreference discloses :a process using an aqueous duspers;on of
polyvinyl alcohol of certain degree of hydrolysis and viscosity for i improving
the _adhesmn of paper webs to Yankee dryers. Such polyvinyl alcohols, sold
‘under the tradename Airvol® by Air Products and Chemicals, Inc. of

28 Alientwm"?k'can beused inconjunction with the present invention. Other"
Yankee coatings sunilarly recommended for use directly on the Yankee or
on the surface of the sheet are cationic polyamide or polyamine resins such
as those made under the tradename Rezosol® and Unisoft® by Houghton

_ International of Valley Forge, PA and the CrepetrolQ tradename by
30 Hercules, Inc. of Wilmington, Delaware. These can also be used with the
present invention. While not belng bound by meory it is believed that
spray-on adhesive produets act pnmanly as web adhesion modifiers, while
the crepe facalntatmg composntlon of the present invention acts as a web
~ cohesion modifier; therefore, the use of a suitable Yankee adhesive will
35 often complement rather than compete with the performance of the internal

' crepe faalitatmg composmon dlsc!osed herein.



"Still referring to Figure 2, a storage vessel 8 is arepository for a short
paper maki slurry. Addltlve ‘Pi pe 9 conveys a car boxygﬁﬁ%}l 14
.cel lul ose ‘anﬁé@ﬁént of the crepe facilitating conposition unp 10 acts to
30 convey the short papermaking fiber slurry as well as provide for

di spersi on of the carboxynethyl c ul ose. Additive pipe 11
conveys a bondi ng i nhi bi tor conpo t of the crepe facili tating

o hbon ot on’ or Frgely,the web i Yeblit G2 YOk b by s @ 4
cationic star chadbmaeusalented hfrooy dpe groumscongisting aofi partiallyp dydrolyzed The
sui tably condi t igaRRshyt| diedhol! iesif, |pdiyiimide! fesi) ! polyamine réeir? qglg%}gﬁoﬂ and

/ /
water 7 at the SiKiuren tharest.Mera,raferably, he,ashesiver s selected drom dhe group

paper maki ng §i b@bnﬁisﬂﬂﬂ ymlgmlyamade epichlorhydriti esin Dininerah @ils erid  mixtures
papermaklngflb% rry 16 fromFigure 2 1s directed to the
preferred paper ?‘%ﬁg process illustrated in Figure 1 and is 5

divided into two approxi mately equal streans which are then.directed into
headbox chanbers 82 and 83 ulti mately evoI vi ng I nto of f-Yankee-side-Iayer -
paper . é?”mkfzrf' Tk oﬁf‘é“%&‘“ﬁer of SpBndY chotfich) aldiiveS iz infeneat o, be" 12
3 13 el sxmbiery dh 8o o ekt e 553hm, o6 the
evolving i nuo mvemoncenter | ayer 73 of the strong, soft creped tissue ,

paper. The advantages realized through the practice of the
pr esent .i nveiTiheomuitilayerad tissue paper web of thjs inventien cantbe: used inan

b d d with

A1 i s e s o 61
of the inventiofiequifed. Particularly advantaggous.uses-at digsup tpaper
expense of | osi D&Iﬁéffthi&hbeﬁﬁoﬁ afe in tonlettlssuﬂhd)laciﬁllﬁﬁﬁwbrddhdé"e Yankee

dryer. Wthout wishing to be bound by theory, or to otherw se
limt the 15 present invention, the follow ng discussion is offered
for expl aining how the 20 addition of the crepe facilitating
conposition functions to allow these benefits. It is believed that
t he bonding inhibitor prevents the formation of relatively rigid
hydr ogen bonds. The ionic character of the carboxynethyl cel l ul ose
and cationic starch rebuilds the bonding in an alternate form an

Analytical and Testing Procedures

Quantitative techniques to determine the constituent of the crepe
' 25 facilitating compounds present in webs of the present invention are
availabie in the applicable art, and any acceptable method can be applied.

A. Biodegradable

“The components applicable in the present invention are
biodegradable. As used herein, the term °“biodegradable” refers to
materials which are completely broken down by microorganisms to carbon
dioxide, water, biomass, and inorganic materials. The biodegradation



array of higher energy but |ess frequent bonds. The result is a web with
25 | ower wag 96i7Ia8ss as a function of its ultinmate strengt h PGRUSASANE4| t

when t he paper naker attenpts to apply tension to the web to convey
it to the wi nd-up reel, he/she nust operate at a higher w nding
reel speed to induce a given tensi@4 in the web. The result is a
| oner percent (% crepe wthout the usual operating di sadvant ages

whi ch woul d occupotentiél sanhbe estimated by ?measunng carbon dioxide evoiution and -

O her Addi tives
paper neki ng furni ssﬁdgredtﬁamc Mhﬁgr ‘oni C weﬁggq @g@ﬁlrﬁ)ﬁeh&bstance
characteristics beingHestad.as dhe sole ﬁpmaod@nergy m;ﬂm’l&dﬂlﬂ@ bacterial

PCT/ US95/ 15814  inoculum obtained from the supernatant of hom emzed vated sludge

Cof tness or | mor 598 Mqﬁ&?@%&”' b 933&'5@@? bmbqsa@m

T]tl;a foljl owi g rnlacaenﬁeelsar Applied andl Envirgrimelntal Mictobidloc Mm'w(ﬂw’)m
offered to be a r cal uderk

| ong 5 as thﬁ?ﬁé}g ﬁ?‘t&ﬁh &W C}aﬁ} & @%‘l&%\/ant *g gwg%tﬁ%e
present suitable:t method for estimating bwdenmlah@m isings ithisngmethod, a
Sgls;;ﬁ]ddet 23. g[ll oroh I n p? v bbn dgg‘:d dab‘e ) ll;ta e | at te";?ens?
oLy 011 Al ! o s e O, pon ot

10 chitosan pol removal aithini28 days: Tﬂeenmenalsmftheaplasent Mvahﬁopamtrmkcmg
furnish or to th&oagﬁ ﬁ%%ngﬁol yam de- epi chl orohydrin resins are
resi

cationic wet streng have been found to be of particular

utility. . Sui tabl e types of such resins are described in U S. Patent
No. 3,700,623, - i ssued on Qctober 24, 1972, and 3,772,076, issued on
Novenber 13, 1973, .-B;L%W i ssued to Keimand both bei ng her eby

i ncorporated by reference. - comercial source of a useful

Bg: yani de- \%). CEI or ohyThe uermy osmum Udepapers as thatctermfis \isediheséin) .

awar e, 1 C r

Paper maki ng ret eg%g?v}r%@&gpbgﬁ% A}eggeb?ﬂ% vfeéé@ 5’ 'ﬁé%ﬁgm"zo

fine furnish3sol byithe caliper, with the iapprapriate amnit conversionsoncomorated tiherein.
Caliper of the multi-layered tissue paper, as used herein, is the thickness of
the paper when subjected to a compressive load of 95 g/in€ (15.5 g/cm?).

10 C. Molecular Weight Determination
See— The essential-distinguishing-characteristic -of polymeric materials is

their molecular size. The propertles which have enabled polymers to be
used in a diversity of appllcatlons derive almost entirely from their macro-
moleeular nature. in order to eharactenze fully these materials it is essential

15 to have some means of defmng and determining their molecular weights

' and molecular weught 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 |

20 practice using mmmatographlc techmques Rather, recourse is made to
expressmg molecular size in terms of molecular weight averages

Molecular weig_ht averages



" adequate retention of the fine solli.d"ﬂs_,_ they are either lost to the process

ef fl uent o \%,rrul ate to excessi Vvél y high concentrations porushsissis
. reC|rcuIat|ng te water | oop and cause production difficulties including
deposit build-up and inpaired drai nage. The use of such resins in 25

conbination with the creping facilitating §gﬂrrp05| tion is expressly included
within the scope of the present I nventi on. e COI“ITTEI’CI al source of

pol yacyl ani de resin aﬁﬂ éssiﬁ?ﬁlﬁu'rﬁdeﬁulﬁF r]\_lj 'di?tﬁ%@\ which

Del awar e, whi ch rrarkets ene such_resi n under

Many creped papg@Presents the waight fraction K\f\ﬂ)t‘gdnglqcyhjt ha‘ﬂﬁﬂrf%t\’e moﬁpular
because of the massl (Mg, itiis possibld tc definé Baverahuseful ewragetmawwerags

e o Ugicartind bk ont e AR bEfnel ARG Mfptiiestin) ot frac g

its potency§ (Mj) givesdhe NumbirAverage Molecular Weight er. | f fugitive wet

strength is desired, the bi nder materials can be chosen fromthe
group consi sting of dial dehyde 35 starch or other resins with al dehyde
functionality such as Co-Bond 1Q00[err] of fered by National Starch
and Chem cal Conpany, Parez n750 of fered by WO 96/ 17128

PCT/ US95/ 15814 . 32

Cytec of Stanford, CT. and the ré%Nh described in U S. Patent No. -
4,981,557 issued on January 1, 1991, to Bjorkquist and incorporated herein
by reference. | f enhanced absorbency is needed, surfactants

b
T ot o610 Af portant Lonbbuérc? Pﬂ'@b?éﬁ'ﬁ*%aﬂﬁb pre‘iﬂéﬁr’%bﬁ@ﬁ@ﬁ%

about 0. Ol%toMBWQW%QW'%m ins Avogasirg'scNumber, of ‘N%rTWél ght
of the tissue pdefinition’ h:Sf molécutar Weiglit' ¢ csonsistent with thathavemahdsaibpé&sal ns

' near aikyl sURPBGHRE SPcits. T oI hefhacie’ same molecyids uhigtor " ©
noni oni ¢ sur f aohare sugnlfccamuylsgmpcmgamonnttmm the aumpeq|ofcmoledules in a _
Vor k. ) ; 151 kel Aaded ﬁ%?ﬁx}ﬂ?@?‘a?%%“ Hp@nirige i sorff wely i

issued to W Kmaﬁgﬂohe calculated, teadily; h This i the basis el woliigalive hpropestyed

esters such as feassrenidgnts. 200 M. avai | able fromd yco Chemicals, Inc.
15 (Geenwich, CT) and | GEPAL RC-520 availabl e from Rhone Poul enc

Cor por ati on ( CranburAverbgihg on the basis of the weight fractions (Wj) of molecules of a
given mass (Mi). leads to the definition of Weight Average Molecular
20 Woeights

w= SWIN = §NiM?
T sW S NiMj

25 wis @ 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.

D. Quantitative analysis for biodegradable quaternary
30 ammonium compound

For example, the level of the biodegradable quaternary ammonium
compound, such as DiEster Di(Hydrogenated)Tallow DiMethyl Ammonium
Chloride (DEDHTDMAC) (i.e., ADOGEN DDMC®), retained by the tissue



The present invention can also be used in conjunction wth adhesives

and coati n3e0 9TiI2ed to be sprayed onto the surface of the RGIWSISINM 0 t he
Yankee dryer, such proucts designed for controlling adhesion to the 20
~Yankee dryer. For exanple, U S. Patent 3,926.716, Bates, incorporated

here by reference, discloses a process u5|ng36n aqueous di spersion of

pol yvi nyl al cohol of certain degree of hydrolysis and viscosity for

i npr ovi ng paperccanibe sletarmined e solwent extoactionkekther DEDHTOMAC by an

pol yvi nyl "al cohol dﬁig&g
Products and ng’garﬁ gI"'r}'cent f?"? d%l ‘ent own ggﬁcﬁtéﬁﬁ@e'{dq{sm%%mﬁ@ |mon
with the present mﬁlen Gﬂmr Yankee coatings si m larly

recomended for use digect!| he Yankee,.or n the rface of the
sheet are cationic polm é‘ °%% SXRmPlarY; ﬂstﬂfEI‘P& meant & ?&H geothege

under the tr adenamethedso swhithr mayarble Uuiseful t fan rdetegniningyievels of particular
I nt enati onal of mg mfﬁﬁ% oI | [err] tradenane by 30
Her cul es, Inc. of%ﬁlﬁ ngt o 9&&!@%& can also be used with the -
present invention. Wile not being bound by theory, it is believed that
spray-on adhesive products act primarily as web adhesion nodifiers, while

thﬁ crepe fg?:c | tati ng Tierfoliowin Bxalfnpléﬁllﬂﬁmfthg:mﬁgiﬁdkm lﬁvé}iﬁlibn
cohesion nodifier e Yankee adhesive w

35 often conpl er%‘”tg}seﬁamf‘sm ?%gﬁg'é'ﬁ@" e performance of the

I nt er nal 10 crepe facilitating conposition "di scl osed herein. WO
96/ 17128 PCT/ US95/ 15814

33 Pr ef er abl y the web is smugsthe Yankee dryer by neans
of an adhesi ve selected fromthe group consisting of partially
hydrol yzed pol yvi nyl al cohol resin, polyam de resin, polyam ne
resin, mneral oil, and m xtures thereof. Mre preferably, the

adheﬁ: vehl 3 sel ect ed fTherpurposer of these e)ﬁmplwﬂ tulllustralb the! Mnﬂﬂges of the
epi chl or rinr

TE\e aboveyl [ stl n?bwmbp%’kem gﬂf"%m ?‘5““%@5%8%8‘88" tissue
merely exenplldry Rapekaferdhis Mt@t@nnatplhbmbtﬁpurdﬁmr papermalking machine is
Ilgveln [‘,Vﬁﬂt 'CZE e ?ds:ﬁd. to make créped tisste- mrwihwwaadmwmm&r%r&ttiigsme
| res of the present invention.

20 . EXAMPLE 1

e mE A = s sieea—— - Ay Ane s mmen

This Example |llustrates a process incorporating a preferred
embodiment of the present invention using the pilot scale Fourdrinier. :
An aqueous siurry of NSK of about 3% consistency is made up using
25 a conventional pulper and is passad through a stock pnpe toward the
headbox of the Fourdﬂmer

In order to impart a temporary wet strength to the finished product. a

1% dispersion of National Starch Co-BOND 1000® is prepared and is

added to the NSK stock pipe at a rate sufficient to deliver 1% Co-BOND

30 1000® based on the dry weight of the NSK fibers. The absorption of the

temporary wet strength resin is enhancad by passmg the treated slurry
through an in-line mixer. -



" any application where soft,

requi r ed.

absorbedt_nulti-layered ti ssue paper webs are

{28! arly advant ageous:-uses of . the nulti-| ayepeTusesassm paper
. web of this invention are in toilet tissue and facial tissue products.

15 20 Anal ytical and Testing
Procedures Quantitative tecgpiques to determne the
constituent of the crepe. 25 facilitating conpounds present in webs of

the present Inventlonrﬁ’é RSK slun'g is dilatddPWith whitel waterne laboabD2% donsigtehoyny

acceptable nmeth
The conponents

bi odegr adabl e

mat eri al s whi éhAZr gs%e{%sgﬂ? %pﬁx ﬁ%ﬁﬁ?ﬁ@ﬁf@%%@ﬁf@ﬁ?ﬁfﬁm

di oxi de, wat er,

WD 96/ 17128

PCT/ US95/ 158 34
potential can becdstitigteof the a%aélféanﬁtnﬁg 'dofripasition are added.)ti on and

di ssol ved organi c carbon renoval froma nedi um containing the substance

being tested as the sThe carboxymethyl ©efiulpsesisuaddednfirst. diThe carbotyemethyl
|n0culun1obta|n

See Larson,

" Est

10

A. Bi odegr adabl e

O%ﬁﬁa %BP&Pppl n the present invention are

radewpysing @ conventional repulper.al s. The bi odegradati on
The eucalyptus is passed through a stock pipe where the

AR e frsE SR e iter AFRCAUAES o BONERT Srshatyer 1

by weight. Hercules CMC-7MT® is used to make-up the CMC solutuon
The aqueous solution of CMC is added to the aqueous slurry of eucalyptus

fibers at a rate of 0.25% CMC by weight based on the dry weight of the

15

eucalyptus fibers. The aqueous slurry of eucalyptus fibers passes through
a centrifugal stock pump to aid in distributing the CMC.

The bonding inhibitor composition is added next. The bonding
inhibitor composition is DiEster Di(Touch Hardened) Tallow DiMethyl
Ammonium Chioride (DEDTHTDMAC). Pre-heated DEDTHTDMAC (150°F)
is first slurried in water conditioned by pre-heating to 150°F and adjusting
pH to about 3.0 with sulfuric acid. The water is agitated during addition of
the DEDTHTDMAC to aid in its dispersion. The concentration of the .
resultant DEDTHTDMAC dispersion is 1% by weight, and it is added to the
eucalyptus stock pipe at a rate of 0.375% by weight DEDTHTDMAC based
on the dry weight of the eucalyptus fibers. The absorption of the
DEDTHTDMAC onto the eucalyptus is enhanced by passing the slurry -

" thorough an in-line mixer.

35

Cationic starch is added next. RediBOND 53200 a pre-dispersed
form of waxy maize corn starch is used. The starch dispersion is first
diluted to a concentration of 1% solids and it is added to the traveling
eucalyptus fiber slurry at a rate of 0.625% by weight cationic starch based
on the dry weight of the eueelyptus fibers.

The eucalyptus slurry passes to the second fan pump where it is
diluted with white water to a consistency of about 0.2%.

The siurries of NSK and eucalyptus are directed into a muilti-
channeled headbox suitably equipped with layering leaves to maintain the
streams as separate layers until discharge onto a traveling Fourdrinier wire.
A three-chambered headbox is used. The eucalyptus slurry containing 80%



Chem cal s," Applied and Environnental M crobiol ogy. Volunme 38 (1979),
pages 1153w6den71egor porated herein by reference, which desdCresssnssi4
suitable nmethod for estimating biodegradability. Using this nethod, a.
substance is said to be readily biodegradable if it has greater than 70%
car bon di oxi de evol ution and greater- than 9@# di ssol ved organi c carbon
renoval within 28 days. The materials of the present invention neet such

bi odegr adabi | i t yofcthiet dry weight of the ultimate paEBr |§36mttbn to chambers leading tde

e the aver age. cRAaY B b orlBe RORE. i fha Mk il EorBing 2k i e dnvca

5 by the cal i pewsight tof maeulspptmmamesmwacmmoea chamber rleadipgr tot adayer

t her ei n. bUCaljptus' | Tt 80cal Qﬁ%s are .
nerein i ¢ %ﬁaﬁaﬁk&?;ﬁmmﬁ%‘gﬁm b s

Mol ecul ar Wei ght Det mnatlon The esse tlal dist | ngui shi c_terlstlc :
of polymeric naterial &' SOmposite siumy,is;qis PQ*"@\‘Z@"%C‘? 'Jg@'r“ﬂ'é’ére
whi ch have enablamﬂmﬂgmtemd assisted byadaﬂednedndwaeudm@ast y of

applications derive alnost entirely fromtheir nmacro-= nmol ecul ar
nature. In order to cMM@QMIWI&MMMWtFM&WM@Iata

15 to have somefisgrasendbtenel! of BBoal45% 'at" e pait 'Siotrandfel,°fd' & paltBirEd S

and m)lecul ht - dj stri [t is nore cor ect 1o usetheterm
Holarmves! Ao “Yorinaiaric. of a8 shag astinwone 84 maghine-
latter is used ndirection and lﬁaneradsl-macnnaedisewont embnoflamentst pe? nifth,

al ways practi cal wei ght distributions.

However, this i m%m%%b%‘gr%ﬁkﬁm%%actlce usi ng

chr omat ographl c techng nga&um mlme&gfm ng
ver S

nol ecul ar si ze i n ter ns m)l ecul
Mol ecul ar wei ghtunti) g@bhasafbergmqmg} of about 28

PCT/ US95/ 15_81%4 Wh:le remaining in contact with the: pattemad forming fabnc the
pattened web .is pre-dried by -air blow—through to a fiber consistency of
about 62% by weight.

- The semi-dry web is then adhered to lhasurfaea of a Yankee dryer

~ with a sprayed créping adhesive compnsmg a0 125% aqueous solution of

20 polyvinyl aicohol. The creping adhesive is dahvarad to the Yankee surface
at a rate of 0.1% adhesive solids basad on the dry weight of the web.

The fber consnstency is mcraasad to about 96% before the web is dry
a'apad#amth&\!ankaawnmadoctorblada — e e

: ThedoctorbladahasabevalanglaofaboutZOdagreesandls
25 poantuonad with respact to the Yankaa dryar to provide an impact angle of
about76 degraaa '

The paroant crapa is ad;uated to about 12% by operating the Yankee
dryer at about 800 fpm (feet per minute) (about 244 meters per minute),
while the dryweb |sfonnad mto roll ata speed of 704 fpm (216 meters per

30 minutes).

The web is conveﬂad into a thraa-layer sangle-ply creped patterned
densified tissue paper product of about 18 Ib per 3000 ﬂ2 basis welght



- 35 I f we consider a sinple nolecular weight distribution which
represents the weight fraction (wW):of nolecules having re ' cul ar
. mass (M )quli"g”possi ble to define several useful average&’gyluégséi.mhe :
Aver agi ng carried out on the basis of the nunber of nolecules (N)
of a particul ar size 5 (M) gives the l\%lg‘oer Aver age Mol ecul ar Wi ght
[err] 10 An inportant consequence of9Y¥his definition is that the
Nunber Average Mol ecutar Weight in grans cont.ai ns Avogadro' s Nunber
of nol ecules. This “definition of nolecular weight is consistent with

. that of nonodi sperse nol ec OB =y ecul es having the
sane nol ecul ar weight. O mpém??c%*é@ﬁl'?i he recognition that

i f the nunber of nolecules in a 15 given mass of a pol ydi sperse pol yner

can be determined in sone way then n, can be calculated readily.

;\r/]iafaig?n;hgnb?rs]iasbgfsigﬁ%:‘b?ﬁghwﬁiﬁat fram?i glrtlstmtég)éa%?fgﬁole iggo?)efssa ot
G ven mas_ (A ) incoiporatipa, 1be  thatires " e varegarl puentian. vhis. iaraeess s
Weights [err] illustratedin the followingrstepssef ul neans for expressing pol yrer
nmol ecul ar wei ghts than n since it reflects nore accurately such

properties as nelt viFitstsan aquadus slurry of\NSKeofi about 3% consistancyfis moaderups
andistherefonrgﬁqli : is phssEtH stock pi
Quantitative an:}gs g qg%@"%‘e‘ ra%%rb?re'dc']sugtherrargirea%%aammnip'm tco(ﬁbrgutna
For exanpl e, thddadpex ofthe Fe gr adabl e quat emary anmoni um
conpound, sygh as Di Ester, D (Hydr nat ed) Tal |.ow Di hyl ni,um
_Chloride ( Déél—iTDl\/AC) %i%.’&%ﬁhﬁﬁm wet #@mﬁ&%ﬁﬁﬁw iPrQdict, a
, 1% dispersion of National Starch Co-BOND 1000® is prepared and is
added to the NSK stock pipe at a rate sufficient to deliver 1% Co-BOND
1000® based on the dry weight of the NSK fibers. The absorption of the
temporary wet strength resin is enhanced by passing the treated slurry
15 through an in-line mixer.

The NSK slurry is diluted with white water to about 0.2% consistency
at the fan pump.

An aqueous slurry of eucalyptus fibers of about 3% by weight is
made up using a conventional repulper.

20 ~ The eucalyptus is passed through a stock pipe to another fan pump
where it is diluted with white water to a consistency of about 0.2%.

' The slurries of NSK and eucalyptus are directed into a muiti-
channeled headbox suitably equipped with layering leaves to maintain the
streams as separate layers until discharge onto a traveling Fourdrinier wire.

25 A three-chambered headbox is used. The eucalyptus slurry containing 80%
of the dry weight of the ultimate paper is directed to chambers leading to
éach of the two outer layers, while the NSK slurry comprising 20% of the dry
weight of the ultimate paper is directed to a chamber leading to a layer
between the two eucalyptus layers. The NSK and eucalyptus slurries are

30 combined at the discharge of the headbox into a composite slurry. '

The composite slurry is discharged onto the traveling Fourdrinier wire
and is dewatered assisted by a deflector and vacuum boxes.
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can be de%@?’#ﬁﬂa}aby sol vent extraction of the DEDHTDVAC bysérmsm“

organi ¢ solvent followed by an anionic/cationic titration using D mdium-
Brom de as indicator. These nejhods are exenplary, and are
not nmeant to excl ude other 5 met hods h may be useful for '

determ ning | evel s of r ul ar the, tissue
paper Ty dmblopis, et web s AEBIeHY fomhe' Fobrdinied Wi, 8t &
the present invefibeprconsistency bﬁtabnut 1% ahtlwcpnhtt of lrarisferi ttong pétterned.
10 - formi ' E‘@Eﬁ ﬁg f . -.
pur pose of these exapg;abnc Of a uét ra eba vaﬁ{"raé'on %?V'Pﬂ 84 m%hlne-

present inventi off f fand zﬁ sRAching-direction ampnafilamentspeper i inal;

15 paper. Fos$ thggpaduw'yt agalmmgamkggdagqreaFourdrl ni er paper maki ng
machine is used to make creped tissue paper both with and w thout

iE?(Z(I\)/LEEr i.tl ng the Furthef det-watesmf ist aecagmplished by watuunn assisted d?ﬁinta ge
rocess incorporating
a preferred untllth#bw%b %?@@%Qﬁéei%%ﬁ%apﬁn usi ng the p| I ot
consi Stency |3 made un e remain ““Wonvﬁ?“%"n ﬁ‘ embd] 1rmiRg tebrid, 't
t hr ough a stock M l’n@"'d Cb ﬁ!!'a@b&k&lﬁw éomffnmlmstency °f
10 about 62% by weight.

“ The semi-dry web is thenadhered to the surface_ of a Yankee dryer
with a sprayed creping adhesive.comprising a 0.125% aqueous solution of
polyvinyl alcohol. The creping adhesive is delivered to the Yankee surface
atarateofo 1% adheswesolndsbasedonmedrywelght oftheweb

15 The fiber conslstency is mcreesed to about 96% befon'e the web is dry
creped from the Yankee 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 provnde an impact angle of
about 81 degrees '

20 The percent crepe is adjusted to about 18% by operatung the Yankee
dryer at about 800 fpm (feet per mmute) (about 244 meters per minute),
while the dry web is formed into roll at a speed of 656 fpm (201 meters per

.  mintes).. = e ..

~ Thewebis oonverted into a three-layer smgle-ply creped patterned
25 denssﬁedussuepaperproductofabout‘ls lbper3000ft2 baslsweught

P =._;..

Both Example 1 and Ccomperat_ive. Example 1 yield web tension in an
acceptable range to prevent weaving a. fluttering of the web from low
tension or snapping from high tension. Confirming the benefits of the

30 Example 1 product and process versus those of Comparative Example 1,
the Example 1 web was produced at a winding speed 6% faster and is
judged softer by a- penel of expert ludges



“In order to inpart a terrporary Mo o _the finished product, a

1% di spersi on _of National Staffé 1 i's prepgrffdogidgdid S
added t oMWKREE st ock pi pe a to deli vgr 1% Co-BOND 30

" 100[err] based -on the dry wei ¢ S. The absorption of the

tenmporary wet strength resin i's en anced bx1pa55| ng the treated slurry

- through an in-line mxer. WO 96/17128
PCT/ US95/ 15814 T - 37
The NSK sl urry SSEi-Faaadaienishi te water to about” 0. 2% consi st ency
at the fan punp. An aqueous slurry of eucalyptus fibers of
about 3% by weight is made up using a conventlonal r epul per. 5
The eucal yptus 4s p #9&' M
constituents ofithea‘gr epe faci Fg?ﬁtéég co g?ltlon are aéncprases
The carboxymet hyl ceé)lpg éndst The car boxymet hyl
cellulose is first dissolved in water and diluted to a sol ution strengt h of
1% . by wei ghtb) abicdegeadabié crép faciliatingscomposition camprising: he CMVC
sol ution. 10 The aqueous solution of CMC is added to the aqueous slurry
of eucal yptus ufrnmeoasstonm@bymmwmdggraﬁa@m andingl on t he

dry wei ght of the it I l@gﬁngk,hg
eucal yptus fibers pass'eglbt't% % dﬁﬁd&?m@ﬁmtﬁﬂ 3*0 K 'to aid in
di stributing the cMc. wherein sai ing, inhiRiiaris fﬁfﬂ g M@E ion is

added next. The bondi atenﬁyammmgmmltlon I's DiEster D (Touch
Har dened) Tal | ow Di n/efrﬂfu Ammoni um Chl ori de ( DEDTHTDMAC) .

Pre- heat ed DEDTHTDVAC if)Tfidiih ©.02%)to 0.5% by weight,iof & watensoluble i n wat er

370 wi th <ul fur PE%Q??@E@*’&%@WQ‘% ?ﬁﬁ%‘% E@‘*”ﬁ&"t Per i Lo avout

t he DEDTHTDMAC to aid papawkmgsﬁmr& !um 20
resul t ant DEDTHTDIVAC ggni& from 8000026 700,000
eucal yptus stock pipe a ate o 5% % ased

on the dry weight of t#d @mpk%ééﬁ' ﬁ%?‘ﬁﬁ%‘ﬁ

DEDTHTDVAC onto the e t

t horough an incline u@gH&HEQ?SmeQBwW%#mpﬁéé?Fg?ﬁ'E I'S a'd%%?dnet.

Redi BOND 5320[ err], a thee- drgweighiof the papermaking fibers, wherein said cationic
starch preferably has a degree of substitution ranging from
0.01 to 0.1. '

2. The tissue paper of CIaim_ 1 wherein said bonding inhibitor is present
in a ratio relative to the carboxymethyl cellulose of 1:5 to 5:1,
preferably from 1:2 to 2:1.

’ 3.-- The tissue paper of Claim 1 or 2 wherein said-papermaking fibers
'~ comprise a blend of hardwood fibers and softwood fibers, said
hardwood fibers comprising at least 50% and said softwood fibers
comprising at least 10% of said papermaking fibers, wherein said
softwood fibers preferably comprise northern softwood Kraft fibers
and said hardwood fibers preferably comprise eucalyptus Kraft fibers.

4. The tissue paper of any of Claims 1-3 wherein said tissue paper
comprises at least two superposed layers, an inner layer and at least
one outer layer contiguous with said inner layer, preferably said
tissue paper comprises three superposed layers, an inner layer and
two outer layers, said inner layer beung located between two said

‘outer layers. . _ L
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formof waxy maize corn starch is_used. ‘The starch dispersion is first

diluted t ntration of 1% ded t o gygg g,Faéﬁ I ng
eucal ypt u&??@@?&gl urry at a rat Jﬁ'Q)SBEEP/Hhs BeEENglIt cationic star CIL“I based
The eucal ypt us

on the dry weight of the eucal yptius. fi BEPLACED 30
slurry passes to the second fan punp Where hE
water to a consi stency of about 0.2% The slurries of NSK

b o yeLs 3 T e hgarbtTiei 4 whorsinsaalifaalase B5RGRR 1, .o
separate |ayers unti Isoﬁv&d&ﬁm‘stgaam aversgerigngthugreateritban at ieast 2.0 35 A

thr ee- charber ed headbgy lshat4aidl outeh aylS Bolipriss ﬁéruwam}éhahng i

PCT/ US95/ 15814 average length less than 1.0 mm. _ of
the dry weight o th I mat e b r d_t.o:chanber ing to
each of the two ®uter {}w ﬂé)ﬁ'pé lﬁ@%ﬁ%\”ﬁ?@ é%m%cﬁ'ga%ﬂﬁ the dry
wei ght of the ulti natcnmmsitioms donmwlnatleas&mémfsdldmergayasa | ayer
bet ween the two euca £?P5I r 5
conbi ned at the di sc BWﬁ ea%:c')x | %ﬁgg@%ﬁ #éna'#r‘”"%&

The conposite sl urry Hayef8d onto the traveli. ng Fourdrinier wre

and i s dewatere aSSI ted deflect or, and vacuum boxes

The enbryoni ¢ vek- s w-égmrr@@qumm Gima & wbhrein ssid crepsd

fi ber consistency of twsoatpab'i%gpaumdmsmempapqransfer to a patterned

10 formng fabric of a 5-shed, satin weave configuration having 84

machi ne- ali recTheahsmmr(nf@ny of:Claims: 1 <# wherain the bindegradablet s per
i nch, . respecti g"ﬁw;‘m ‘521“

Further de-watering |ds(ﬂa:cg coi% I'She y vacuum assﬁ g‘ral nage

until the web has a fiber consistency of about 28% Wi | e

remaining in contact with the patterned form ng fabrlc the
patterned web is pre-dri eckzby ai r bl ofCHPpuYh -tR3a fi ber consi st ency of

about. 62% by wei ght. The sem -dry web is then adhered to the
surface of a Yankee dryer \ wi th a sprayed crepi ng adhesi ve conpri sing
a 0.125% aqueous sol ution of - 20 poI yvi nyl al cohol. The creping adhesive
is delivered to the Yankee surf at a rate of K1% adhesive solids
based on the dry weight of t;}e web\ - :
R2 - (CH2)n- Y -R3
or
R2 (CH2)n- Y -R3.
- ., _
N* o ' X
/ \ |

R2 R1

~ wherein each R2 substituent is a C1 - C6 alkyl or hydroxyalkyl group,
benzyl group or mixtures thereof, preferably methyl; each R1
substituent is a C12 - C22 hydrocarby! group, or substituted

il A

diluted with white



* The fiber consistency is increased to—aseut=S5 efore the web is dry
crepped fromthe Yankee with .. d@-ﬁéQHEETa%B bl ade
_ has a be\%ﬁ”%ﬂ?d?% of about 20 glegr eaRERUACE % 259 Pmasgﬁf‘#g‘{)ect to

t he Yankee dryer. to provide an\limpact—rFore" about 76 degrees.

The percent crepe is adjusted to apout 12% by operating the Yankee

dryer at about 800 fpm (feet per mnute) (48out 244 nmeters per mnute),
while the dry web is forned.jnto roll_ at aspeed of 704f ﬁeé216 rreters per
30 minutes). hydrocarbyhgroups mixtures, g%

:SLISnlglbe pl y3868p$d padlkeryledach R3 s#bdﬁmr\f iseaictm/&ic%m rsrwca?b%tehp%r about
PCT/ Usgglr 15814 tler Jbs?ﬁ.ﬁea h%ro%a}byl or mlxtures ereof, preferably,G15-C17 alkyl
COVPARATI VE EXAMPLE dar alkenyl; Y is - O - C (O)ki or ce€of0)et OvcoExaNpl <Ci(O) usom at. es
a reférence process 5 es f sent

I nvention. This procgg?)l QIH or mrﬁfwgﬁ#ﬁW?ol Id(;vm n s'ltoégs
First, an aqueous slUe{Q)oO nSRi%f, toshand Xris asuitable-enionspreferably,

using a conventlonalmwarm%wguya@sed t hrough a stock pi-pe toward the
headbox of the Fourdrinier. In order to inpart a tenporary wet
strength to the finished product a 1% di spersi on of Nati onal

St arch Co- BOND 8.000[Ehe lissue mpqraofmyaofcmams 1-7 whereinithecbiodegradabig st ock

pipe at a rate suffi ﬁ@:’{' W 000[ err] based on
the dry weight of th @ awgers e absor ption of O{Inulal tenporary

wet strength resin is enhanced by passing the treated slurry 15 through
an in-line mxer. The NSK slurry is diluted with white water
to about 0.2% consistency R3 - Y -CM2 the fan punp. An
aqueous slurry of eucal yptus fibers of about 3% by weight is made
up using a conventional repul per. \ ' '

CH-CH2-N*-(R2)3 X
/
R3-Y

wherein each R2 is a C1 - C4 alkyl or hydroxyalkyl group, benzyl
group, or mixtures thereof, preferably methyl; each R3isa C11 - C23
hydrocarbyl or substituted hydrocarbyl group or mixtures thereof,
preferably C15-C17 alkyl or alkenyl; Yis -O-C(0)- or -C(O)-
_ O-or -NH-C (0) or -C (0O)-NH - or mixtures thereof, preferably
) Yis-0-C(0)- or-C(0)-O-;andX-is a suitable anion,
preferably chloride or methyl sulfate.

10.  The tissue paper of Claim 8 or 9 wherein the R3 substituent is
derived from vegetable oil sources.

—_—
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20 The eucal yptus is passed through a stock pipe to another fan punp
where it is.diluted with white water-to as:consistency ofpcaiuses/15814%

The sl uwo0i96147188 NSK and eucal ypt us are directed into a nulti-

channel ed headbox suitably equipped with layering |leaves to naintain the
streans as separate layers until discharge onto a traveling Fourdrinier

W re. 25 A three-chanbered dbox is used. Ihg eucal yptus slurry

cont ai ni ng 80% of the dry weight dt thgZz# e paper is directed
to chanbers leading to each of the< n/ N\\{\ ers, whide the NSK
slurry conprising 20% of the-dry we| o[l W/}/' I mat ev-paper i's

directed to a chanber leading to a Iayer,- c \ _the two eucal yptus

,///

| ayers. The NSK and eucal yptus slurries & =—"_fJillon- cbhe di schar ge
of the headbox into a conposite slurry. \ (/(\ The corrp(-)S| te slurry
is discharged onto the traveling Four dr| l','&& ',i‘ and i s dewatered
assi sted by a deflect® and pa ~’m‘a 8 '

PCT/ US95/ 15814 AN 45

The enbryonic wet web Is_tra 47 SO UT e ni € W|re at a

fi ber consistency of abo XRnsfer, to a patterned
formng fabric of a 5-shed, N ave configuraf rgn havi ng 84 nmachi ne-
direction and 76 cross- machijne- v kect i on monofi | akNers per inch, 5
respectively, and about 36 % - Furt her
de-watering is acconplished by hcuum assi st ed draf nage until the

web has a fiber consistency } Wiile remaining in

contact with the patterned f - abric, the pattered web is
pre-dried by air blow hrough ' r consi stedcy of 10 about 62% by
wei ght The sem -dry [ hen adliered to the surface of a
Yankee dryer JMth a sprayed NRg-—arae0\ve- conprising a 0.125%

aqueous sol ution of @ poI yV|

qhe S eplng adhesive is
delivered to the Yankee

e of ®. 1% adhesi ve solids
based on the dry wei ght of thegveb The Pber consi stency is

i ncreased to abouig 94% bef ore ¥he web ?.s d‘ry | creped fromthe Yankee
with a doctor bla®™ - The doct or tlan has a bevel angle of
about 25 degrees and posi ti onedcwl :_;Hﬂ spect to the Yankee dryer
to provide an inpact

N~

Fig. 1
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« about 81 degrees. 20 The percent crepe is adjusted to about 18% by
operating?b Jpgkee dryer at about 800 fpm (feet PRCTUSISASYF (about
244 meterS per mnute), while the dry web is forned into roll at a

" speed of 656 fpm (201 neters per m nut es) . The web is

converted into a three-layer, single-ply creped patterned 25 densified
ti ssue paper product of about 18 Ib m 3000 ft[err] basis weight.

Bot h Exanpl e 1 and Conparative Exanple 1 yield web tension in an

acceptabl e range to prevent weaving a fluttering of the web from | ow
tension or snapping fromhigh tension. Confirmng the benefits of the 30
Exanpl e 1 product and process versus those of Conparative Exanple 1,

the Exanple 1 web was produced at a windieg speed 6% faster and is

judged softer by a panel of expert judges..s .41 What is clained is:
1. A soft creped tissue paper conpri siﬁ a) papermaking fibers; and b)
a bi odegradabl e crepe facilitating conposhtion conprising: i) from

about 0.02% to abou 59 ,
i nhi bitor, based on the dry fght of the papermakinp f|bers, having the
formul a: R2 (ICH2) n- Y-R3 \ / _ N+

X- \ R2 (dH2),1 Y-R3

o -




or R2, (CH2)n-Y--R3 \ / ' N=

X- /1 \ R R1L wherein each R2 Subigsi i :
al kyl or hydroxyal kyl group, benzyl group or mni xtur s L] i
substituent is a Cl2-C22 hydrocarbyl 4¥oup, or subs}i
greup or mxtures thereof; each R3 substituent is a} dll g SN prpyl

group, or substituted hydrocarbyl or mxtures therepf{ Yis -OC(Of |
-C(O-0 or -NHC(O- or -C(O-NH or mixtures therbol ™ W TS L 10 2 ahd X=
Is a suitable@n{'.oni. ed._ii) from about 0.02%to apout 0.5% by wei gk
a water sol ubl'gatis claimedis: 42 i
car boxynet hyl cellul ose, based on the dry wei ght of the papernaking ™™ ;
fibers, wherein said carboxynethyl cellul ose has a degree of substitutiong

rangi ng fromhbout ABof} cteped kissuie papet;comprising: iii) fromabout 0.05%to
about 3. 0% by wei ght, of_ a cationic starch, based . on the dry wei ght
of the paperrﬁ)lﬂaﬁmg’,“mﬁlei n said cationic starch has a degree

of substituti . ' . . s 2. The tissue
paper of cl ailﬁ{hl&a %ﬁk@%@f@%ﬁ%ﬁﬁg%&kﬁ%ﬁ@ﬁ%@%ﬁsent inaratio
relative to the caj)lfouyatiubplo2%tolabb@tsic0%byaksiptit, af Hbibdegrhdable Bondingnd
wherei n said bonding _inhibitor is a biodegradabl e quaternary ammonium

compound. 3. inhibitor, dased qrtbe dryoweightefithepapeanaking Sibers, havingrtheki ng

fi bers conprise a g o

Ry (CH,;),—Y—R
N 3
Nt X-
7\
Ro (CHy)n=~Y —R;

or

Ry (CH;),—Y—R
N o T
Nt X-

wherein each Ry, substituent is a C1-C6 alkyl or hydroxyalkyl group,
benzyl group or mixtures thereof; each R; substituent is a C12-C22
hydrocarbyl group, or substituted hydrocarbyl group or mixtures thereof; each
Ra: substituent is a C11-C23 hydrocarbyl group, or substituted hydrocarby! or
mixtures thereof; Y is ~0—C(0)- or —C(0)~O- or -NH~C(O)~ or
~C(0O)~NH- or mixtures thereof; n is 1 to 4 and X= is a suitable anion;

i) from about 0.02% to about 0.5% by weight, of a water soluble

\
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bl end of hardwood fibers and softwood fibers, saijdHdraad}
conprising at |east about 50% and sai d softwood fji
about 10% of said papernaking fibers. 4. The
wherein said tissue paper conprises at4least two
I nner layer and at | east one outer |ayer contigug
5. The tissue paper of claim4 wherein said ti

superposed | ayers, an,in |33
bei ng | ocated betwe %??we;ﬂé’}l%x@@?%?giléaiygleapghg &S’é’b T apak
claims5 wherein sai fbérsN@Rertinaid cafboRymeHy1 &Qlﬁ:los@h&iﬂé@éeoﬁ’mbsﬁtgfi BT

average length greater than at |east about 2.0 nm and said outer |ayers
conpri se hardwood f ranging fodm hbwit 9 tarabavtek-4pad| engt h | ess than about 1.0

nmm : 43 . . 7. The .t] e er of
claim6 wherein t heliBdramabont ;05 to abgut3-P%cby, Bright,pha %Pﬁ%%ﬁgiﬁﬁfﬂ) i bers
and the hardwood flgﬁﬁ% wéﬁgfﬁwﬁ# Kittd wheR® $aid catfonic starth e
tissue paper of clarm ereTn the'crtrepe facilitating conposition is
contained in at | eahss Ddegred ofsabslitwtitrerangiag &om abou0.01 to abaut Dilssue paper of
claim8 wherein the crepe facilitating conposition is contained in both of
said outer |ayers.

2. The tissue paper of claim 1 wherein said bonding inhibitor is present in a

ratio relative to the carboxymethyl cellulose of about 1:5 to about 5:1 and wherein
said bonding inhibitor is a biodegradable quaternary ammonium compound.

3. The tissue paper of claim 2 wherein said papermaking fibers comprise a
blend of hardwood fibers and softwood fibers, said hardwood fibers comprising at
least about 50% and said softwood fibers comprising at least about 10% of said
papermaking fibers.

4. The tissue paper of claim 3 wherein said tissue paper comprises at least
two superposed layers, an inner layer and at least one outer layer contiguous with

said inner layer.

5. The tissue paper of claim 4 wherein said tissue paper comprises three
superposed layers, an inner layer and two outer layers, said inner layer being

located between two said outer layers.

6. The tissue paper of claim 5 wherein said inner layer comprises softwood
fibers having an average length greater than at least about 2.0 mm, and said outer
layers comprise hardwood fibers of having an average length less than about 1.0

mim.

|



10. The tissue paper of claim2 wherein said creped.
pattern densified paper. 11. The tissue paper ohnd M
carboxymet hyl cellul ose has a nol ecul ar wei ght rangtge-

about 700, 000. 12. The tissue paper 43f claim?2

starch is derived fromwaxy mai ze. 13. The ti sgud
wherein R2 is nethyl, R3 I's C15-C17 al kyl or al kenyl
al kyl or al kenyh. tissud MSodr'oF & Althedod

or -C(O-0. 15. lssu?ﬂe pglgg? oé ?alm

i I'de or
met hyl sul fate. soft\&f.ﬁi)d Kra?ﬁfﬁbdrs &Rl the hﬂﬁ%od)ﬁbeﬂsaompﬂsmbvpmsﬂhaﬁlﬁbers ‘?
substituent is derived fromvegetable oil sources.

44 17. The tissue paper of claim2 wherein said biodegradabl e bondi ng

nhi bitor iS pr gsent 1B R 3bhd drelafth 74Fhddin b crb BOIURE WhiobGhibiLOSe ©f

about 1:2 to about 2
contained in at least one of said outer layers.

9. The tissue paper of claim 8 wherein the crepe facilitating composition is

contained in both of said outer layers.

10.  The tissue paper of claim 2 wherein said creped tissue paper is pattern
densified paper.

11.  The tissue paper of claim 2 wherein the carboxymethyl cellulose has a
molecular weight ranging from about 90,000 to about 700,000.

12.  The tissue paper of claim 2 wherein the cationic starch is derived from

waxy maize.

13.  The tissue paper of claim 2 wherein R is methyl, Rg is C15-C17 alkyl or
alkenyl and R, is C16-C18 alkyl or alkenyl.

14.  The tissue paper of claim 2 wherein Y is ~O-C(O)— or —C(O)—-O—.
15.  The tissue paper of claim 13 wherein X" is chloride or methyl sulfate.

16.  The tissue paper of claim 2 wherein the Ry substit’uent. is derived from

vegetable oil sources.

10 lllllj W



18. A soft creped tissue paper conprising: a) pap EAQEWMGSHEEEM b)
a bi odegradabl e crepe facilitating conposition conp o )1 f
about 0.02%to about 1.0% by wei ght, of a bi odegraddgbl

i nhi bitor, based on the dry wei ght of #“he paper maki tthe
f or nul a: R3-Y -CH2 \ CELCHI? 4 N+
-(R2)3 X- [/ R3-Y wherein each

is a d -C4 alkylj or

hyd | kyl : , j xt ot : .
Y Co3 byar ocar b1 - o T e B R ol ANt e e RS R ST T Gy v
is -0 C(O- orispeeseht @ a Akio rdllrti¥e(tkheDdarbdxiy elbilod¥ oftabb@sl :2 hedtRaf and X-

Is a suitable anion: 11) fromabout 0.02%to about 0.5% by wei ght, of
a water sol ubl &1 car boxynmet hyl cellul ose, based on the dry wei ght of

t he paper nmaki ng fibers, wherein said carboxynethyl cellul ose has a
degree of substitution rangi ng fromabout 0.3 to about 1.4; and

iii) from abouqﬁ{). 8?%&1:9‘: isswl%p%%%@., of a cationic starch, based

on the dry weig t he paper ma ‘wherein said cationic starch
has a degree oh) pageshaking fibexrsyawgi ng from about 0.01 to about 0. 1. 19.
The tissue paper of claim 18 wherein each R2 js nethyl, R3 is C15-Cl17 al kyl
or al kenyl andbka bladegradabis grepe fagilitatinggompegition comprising:

45 20. The i gS46mRBRG0.00% 1 Aol 13065 helght, br b biodesiaaidie Bbndi O - ©
inhibitor, based on the dry weight of the papermaking fibers, having the

formula:
R3—Y —CH;
CH—CH;—N*—(R;)s X~

R3—Y
wherein each Ry is a C1-C4 alkyl or hydroxyalkyl group, benzyl group, or
mixtures thereof; each R is a C11-C23 hydrocarbyl or substituted
hydrocarbyl group or mixtures thereof; Y is ~O-C(O)— or —C(O)-O- or
~NH-C(O) or ~C(0)-NH- or mixtures thereof and X" is-a suitable anion;
ii) from about 0.02% to about 0.5% by weight, of a water soluble
carboxymethyl cellulose, based on the dry weight of the papermaking
fibers, wherein said carboxymethyl cellulose has a degree of substitution
ranging from about 0.3 to about ‘1 4; and
iii) from about 0.05% to about 3.0% by weight, of a cationic starch, based
on the dry weight of the papermaking fibers, wherein said cationic starch
has a degree of substitution ranging from about 0.01 to about 0.1.

19. The tissue paper of claim 18 wherein each R; is methyl, R3 is C15-C17
alkyl or alkenyl and R, is C16-C18 alkyl or alkenyl.

e
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21. The tissue paper of claim18 wherein X' is chlorig¢ejor nethyl sulfafe.
22.  The tissue paper of claim18 wherein the R3 substftfien zl‘ﬁmiqgga/ed

from veget abl e oi|l sources. 2%s A process of Ki ng a creped

ti ssue paper conprising the steps of: a) form ng. an]agueoos-stuorry—of
paper naking fibers, b) adding a crepe faci I i tatingjconposition

conpri si ng: om abput. 2%to % by lght, of a

bi odegr adabl e %ondl Tpd tsshé paperof)ﬁﬂf”o‘gtoﬂ erexB éﬁ‘%@“?f?ﬁ\e » of the
paper maki ng fi bers, haV| ng the for rruI a: (CHZ) n- Y- R3 \
/ N+ X- \ R2
(CH2)n-Y-R3  21.  Thetissue paper of claim 18 wherein 35ris chloride or methyl sulfate. R2
(CH2)n-Y--R3 \ / N+ X- [\
R2 R1 wherein each R2 substituent is a .Cl- CG al kyl or

hydroxyal kyl gppup, Theuéaﬁ

substituent is a Cl2-C2 Qﬁéﬂﬁ;%%ﬁgr%vﬁ%ﬁ.éggggﬁ%r {“iltsuté&% hyén rocar byl
group or m xt uVQggtableemla@ﬁxrceeach R3 substituent |s a C 11-C23 hydrocar byl
group, or substituted hydrocarbyl or m xtures thereof; Y is -OC(O)-
-(0Q-0 or -NHCJO- -C(OQ-NH or mxtures thereof; nis 1 to 4 and

X=is a suitabp® aniGRécess of making d & Jﬁi&h@f{@d{;& {&1@%1 x{%q.h 5% by
wei ght, of a water sgila%ble g rgélrbox é? 0S lB!"{)at{s)ed on the
dry wei ght of =!)hfenplag@nlaqﬂlsmngslurryofpapeﬂnlalamg;ﬁb\‘miss,er ei n sai d car boxynet hyl
cel | ul ose hasg)%ﬁg{ su Pa&ltutlon ranging fromabout 0.3 to
about 1.4: and acrepe acilitating composition comprising:
i) from about 0.02% to about 1.0% by weight, of a biodegradable bonding
inhibitor, based on the dry weight of the papermaking fibers, having the

formula;

R‘)_ (CHz) "—Y—"R3
N s

N+ X~
RN
Ry, (CH2)n—Y —R3

or

R, (CHZ)n_Y_RS
N/

Nt X-
VRN
Rz Ry

wherein each Rz substituent is a C1-C6 alkyl or hydroxyalkyl group,

benzyl group or mixtures thereof; each R, substituent is a C12-C22

hydrocarbyl group, or substituted hydrocarbyl group or mixtures thereof; each

' Rg substituent is a C11-C23 hydrocarbyl group, or substituted hydrocarbyl or

mixtures thereof; Y is ~O~C(O)~ or ~C(0)~O— or -NH—~C(O)— or

—C(0)—~NH— or mixtures thereof; n is 1 to 4 and X= is a suitable anion;
it) from about 0.02% to about 0.5% by weight, of a water soluble
carboxymethyl cellulose, based on the dry weight of the papermaking
fibers, wherein said carboxymethy! cellulose has a degree of substitution
ranging from about 0.3 to about 1.4; and

—_—
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46 iii) fromabout 0.05%to about 3.0% by CEMENT SHEETni
starch, based on the dry weight of the paper I ng fibers, rein
said cationic starch has a degree of substi tjutli oQ 2 gpf ggf rjon about

0.01 ‘to about 0.1; wherein said bi odegf@dabl e bondijnd i nhibitor I's|pfesent
in.a ratio relative to the carboxynethyl cellul ose Jof abourT—5—te-alhpout
5:1; c¢) depositing the papernaking fibers on a foramnous surface sojfthat

the excess water usgf o 0001030, labois b6k SRS £CatioR RIE TR ©

web; d) transferring enbryonic web to a surface upon Ich the

wat er renoval cont i owtie drpwieighgofiths papershiakingdfiberss ahereirogaid eationlerstdcle bei ng
sel ected fromthe group, consisting of paper naking felts and form ng
fabrics: e) transfehdsiagpersoisy rapging frgmsabopt 0.8} to baubOdpe surface of

a Yankee dryer | | Ng. | P I ches a
substantial ly ‘éf’rfig‘%@‘o% ‘?‘P%%}EW{%& %g{?rgﬁﬁﬁ? ﬂé‘l lg ﬁfegﬁ"‘{afé% r?tir%%la}ﬁﬁg t‘@%kee
dryer by meanscfbogynsdtieficoliulbsestaboaids & abbubdilng t he creped web on a reel.
24. The process of claim23 wherein the constituents of said crepe

facilitating cerdspesitingthepapernuking fihersoma firgminousisprfsa so thiat therexcesss to
a1 d for an nouwbeh el e BHB g s emisd B o1 BmPARSE W oi n che -
The. process. of DArARREBEPALI o HEH Y faticl SrbbPulH VEFBWEEL L g Fo
sai d agqueous stenrovyl dontiaues folmringasemirdry webnsaidi carnidr sadacedheinghselsctedr .

from the group consisting of paper making felts and forming fabrics;

e) transferring the semi-dry web and securing it to the surface of a Yankee dryer

upon which the drying is continued until the web reaches a substantially dry

condition;
f) removing the dried web from the Yankee dryer by means of a creping blade;
and

g) winding the creped web on a reel.
24.  The process of claim 23 wherein the constituents of said crepe facilitating
composition are added separately as aqueous dispersions to said aqueous slurry of

papermaking fibers prior to depositing the fibers on said foraminous surface.

25.  The process of claim 24 wherein the quaternary ammonium compound is
added prior to the cationic starch,

26.  The process of claim 25 wherein the carboxymethyl cellulose is added to
said aqueous slurry before the quaternary ammonjum bonding inhibitor.

R
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47 27. The process of claim23 wherein said cj e ace—t-sS-ia
formng fabric such that said tissue paper is patt Nﬁﬁ[ﬁE[‘ZS

The process of claim27 wherein the noisture contentfo web at
the point of transfer to the Yankee surd’ace is |es 29.
The: process of claim28 wherein hot air is forced 4dry web
while the sem-dry web is on said formng fabric t ty
structure. 3097, ﬁ"lﬁp%&?x@é&lﬂhﬁﬁhé&&i’sm ed to

t he Yankee dryer by neans of an adhesive sel ected ISi sting

of partially hydelothatsaid pssug papey bis patenhddnsifiedi n, pol yam' de resin, polyan ne
resin, mneral oil, and m xtures thereof. 31. The process of claim 30
wherein said adhesive is selected fromthe group consisting of polyam de

epi chlorhydrin ygesi Py P DRkPb Bhit 27N Herlin'thé oSt ShitRhit of the semi-dry web

at the point of transfer to the Yankee surface is less than about 40%.

29.  The process of cla.ixh_28 wherein hot air is forced through said semi-dry
web while the semi-dry web is on said forming fabric to form a low density

structure.

30.  The process of claim 23 wherein said web is secured to the Yankee dryer
by means of an adhesive selected from the group consisting of partially
hydrolyzed polyvinyl alcohol resin, polyamide resin, polyamine resin, mineral oil,

and mixtures thereof.

31.  The process of claim 30 \&herein éaid-adhesive is selected from the group

consisting of polyamide épichldrhyd__rin resin, mineral oil, and mixtures thereof.
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