WO 00/ 07426 PCTIUS99/17661 1 H GH COLOR DENSI TY PRI NTI NG ON SANI TARY

Dl SPOSABLE PAPER PRODUCTS EXHI Bl TI NG RESI STANCE TO | NK RUB- OFF FI ELD OF
~THE I NVENTION This invention relates to a sanitary di sposabl e paper- product
havi ng ingﬁon& giinproved resistance to ink rub-off. Al so difeesre s a
sani tary di sposabl e paper product haV|gg hi gh col or density print
characteristics while exhibiting inproved resistance to ink rub-off.
BACKGROUND OF THE | NVENTI ON Appl yi ng i mages to paper products by utilizing
pi gment based ink conpositions is well known in the art. One of the
difficulties historically experienced with sanitary disposable paper
products (i rHIGHICQLORDENSITYSPRINTENG ON SANITARYISPOSABEE RARER, and
cotton pads) printed with pignment based ink conpositi i S e tendency
for the ink to rﬁ’BQP?JCJiSD@{,' &Tm@mm@‘g&%@ Ih’gﬁ‘@gﬁure of the
paper to liquids. The problemis even nore pronounced for those sanitary
di sposabl e paper products printed with inks exhibiting relatively high
col or densities. The tendency for the ink to rub-off increases as the
printed sanitary di sposable paper product is exposed to |liquids such as
tap water. Furthernore, exposﬁﬂ@LDHgF§§H39§Y§NT Nposabl e paper product

printed with ink to co n.househol d cl eani roduct.s 1

sol venti zed al kﬁ"ﬁﬁévepggﬁpfe&%?s ol %yéibsﬁf)%ﬁ%%i Iﬁa er(:?rgg%?tr}llé%ﬂk%{l}{gd@g} ends to
i ncrease i Rlabd RbiktaRce o YMPAILESKT! leé@is@sahhﬁ'ﬁw&aﬂl@ﬁ@ef'mwto tap
wat er al ong}.fpru. S. Patent No. 3,642,502 issued to Schneider on February 15,
1972 t eachbavieg higheeldr dersity paint chiandctaristipowhilé exhikiting imprioved resistanes fong

mat eri al , %glégrgﬁﬂe epi chl orohydrin, talc, and a solvent for printing on

paper prodott's?“FThis teachi ng neither addresses sanitary di sposabl e paper

products having high col oOgA@GGROUNDRIECSHEIRVEIPA®N t address i mages
produced from wat er - based pignent containing ink conpositions which

exhi bi t resi st aApplying intiges tolpapérf prof\@tObY Gilivate pigihehideséd inkaompasilibas
benefit of the present invention.is,the abjlity to pravide g, sanjtary

di sposabl eis Walbkrovgr igdbe arteQRe Bfﬂ?rﬁ’é&’l‘i}‘ﬁlﬁs E’SWE%"Jiﬁéﬁgﬁf‘?mieﬁﬂﬂg’sSW e
exhi biting J [k - : r . L : r nt
i nvention fi{;ss (?iﬁnglteg%ﬁ{r‘ ;{r&jdr{c%né%‘x\%xg%%%xaé g}?l{u'? h%l%ﬂ g’ggélg%lfl@&ﬁi’lgﬁ?&b%uct
whi ch exhi béttoh paidg)prineédowithl pipmeny based giiscontpdsitionx s the teindency for the ink to

rub-off of the surface of the paper upon exposure of the paper to liquids. The problem is

even more pronounced for those sanitary disposable paper products printed with inks
exhibiting relatively high color densities.

The tendency for the ink to rub-off increases as the printed sanitary disposable
paper product is exposed to liquids such as tap water. Furthermore, exposing the sanitary
disposable paper product printed with ink to common household cleaning products
containing solventized alkaiine liquids, or acid-containing cleaning liquids tends to
increase ink rub-off as compared to exposure of the paper towelling to tap water alone.

U.S. Patent No. 3,642,502 issued to Schneider on February 15, 1972 teaches a
bleed resistant ink composition comprising a coloring material, polyamide
epichlorohydrin, .t:«;llc, and a solvent for printing on paper products.

This teaching neither addresses sanitary disposable paper products having high
color density images, nor does it address images produced from water-based pigment

containing ink compositions which exhibit resistance to ink rub-off.



resistance to ink rub-off upon exposure to a wide variety of liquids across
a broad pH range including but not limted to water and conmon househol d
_cl eaners al kal i ne- based, sol vent-based, surfactan §5h7egnd -
acid-baseg&ggggaer Yet a further benefit of the presentEFﬁegntlon is the
ability to provide a sanitary disposablquaper product which exhibits
resistance to ink rub-off wthout requiring the addition of a separate
prophyl actic coating over the ink. SUMVARY OF THE | NVENTI ON Thi s invention
relates to a sam efit iRARIonRS ardubtit %T%Foivﬁiie@@taﬂitafr& atspusablesheet
cont ai ni ng cellgpégé¥ﬂg ﬁ% ou§ sheet has a ffr outer surface and a
second out giper pridudcexhitifing Bightcolotr dendifyristgeuyiite @ﬂnﬂﬁm&reswﬁmpmt@ ipk rub-

di sposed on at |east one of the surfaces. ]_'lhe i.nk has rr% i E which is
a functionofff ABirther benedit ofjthe praseis inyaatiopds the ARty E’XH{PB‘ 8“ oni nant

primary col.or of. bl ack = iek¥ibitdeX) <
D 0ar - S gBpogher g saemadd Whidtel b flgbert 1%?3&%8;%3“&. 1.4,
and y(X) <resRtantBed Biktuboff upok espuls toRf widenatitty ot dikuids ksroeschbivad pHg a
dom nant prinmary color of black, Sigma AE is defined by the inequality:

y(x) <_ 73réngt indéding But not Imﬁteﬂm svater and E@anhoese@@ﬂﬂ%ners\&%}i‘ 8no0.85
x< 1.4, and

0.5
a dor nant sl Hiacbgeedoiebyem oot oo st geligisfd AERRSS. | YA Gl [ 10
y(x) < g4e]ﬁt of %@%\%s?e)ﬁt fhvgxztﬁm%Zﬁ% abillty 1d pR¥Rlea ﬁnﬁ&%@kﬂmsabl&p@[}ﬁr n 0.8<_

x:5 1.4, an erein 0.5:5 x < 0.8. Preferably for ghocess i nks
exhi bi ti ng p@odiﬁﬂWhﬁhtexhﬂbltsrm’s}stmé or ingfrulpoffokithasit gaqulrmg the adflitipmele by t he
|nequaI|ty y(x) <_ 74.041 - 260.72x + 275.27x2 - 70.158x3 - 6.9911x4,
wher ei n 0. 8cparatg prophylagtic gopiing.oxent efMerein 0.5:5 x < 0.8. For inks
exhibiting a dom nant primary color of cyan, Sigma AE is defined by the
inequality: y(x) <_ -593.36 + 2340.1x - 3350x2 + 2073.8x3 - 465. 5x4,
wherein 0.7:5 x < V[)00/0743@%BQWHU$QH7THEHNVENIKB@ Preferably for inks
exhibiting a domi nant primary color of cyan, Sigma bE is eflned£gx)the

i nequal it y y( x)This invegiraelatesjaasanijary dspegRls pﬂpgd’fgdqﬁ Sompy¥Re 83!
wherei n 0.

F
e 0O, g S B RSGRR M Beh gec Do aaabypeie

222.16x + %ﬁ@fa&?‘ﬂiﬁwose 6RO XS outeh &irRich. AndnkKis dispos&idnﬁleﬁt Gfﬁ&?(bfahéy for
process inks exhi'biting a dom nant prinary color of cyan, Si \E is

defi ned by subfecésndtaahk bas:a Sigmp AE whBhi9a funcionof @lordepgy ofitko in o ik -&Pro64xs,
wherein inks exhibiting a dominant primary color of black, Sigma AE is defined by the

inequality: y(x) < 75.041 - 260.72x +275.27x" - 70.158%’ - 6.991 1x*, wherein 0.8 <x <
1.4, and y(x) < 3, wherein 0.5 <x < 0.8.

Preferably for inks exhibiting a dominant primary color of black, Sigma AE is
defined by the inequality: y(x) < 73.041 -260.72x +275.27%" - 70.158%° - 6.9911x",
wherein 0.8 < x < 1.4, and y(x) < 2, wherein 0.5 <x <0.8.

For process inks exhibiting a dominant primary color of black, Sigma AE is
defined by the inequality: y(x) < 75.041 - 260.72x + 275.27% - 70.158%> - 6.9911x"%,
wherein 0.8 < x < 1.4, and y < 3, wherein 0.5 <x < 0.8. Preferably for process inks
exhibiting a dominant primary color of black, Sigma AE is defined by the inequality:
y(x) < 74.041 - 260.72x +275.27x* - 70.158x" - 6.9911x", wherein 0.8 <x < 1.4,and y <
2, wherein 0.5 <x < 0.8.

For inks exhibiting a dominant primary color of cyan, Sigma AE is defined by the
inequality: y(x) < -593.36 + 2340.1x - 3350x” + 2073.8x" - 465.5x", wherein 0.7 <x <



0.5 < x <_ 1.5. For inks exhibiting a dom nant primary col or of magenta,
Sigma AE is defined by the inequality: y(x) <_ -1549.8 + 12473x - 40898x2

_+ 69923x3 - 76x4 + 32126x5 - 6391. 7x6, wherein 0.5:5 X y(x)
< 22, it DY C "71.4. preferably for inks exhibi ?anfg%?’ﬁ"éﬁ% nant

primary color of magenta, Sigma AE is defined by the inequality: y(x) <_
-1551.8 + 12473x - 40898x2 + 69923x3 - 65676x4 + 32126x5 - 6391. 7x6,
wherein 0.7 < x < 1.2, and y(x) <_ 16, wherein 1.2<_ x<_1.4. For process

i nks exhi bi{ikng ' [Mcosie 4 r oPlcYAR 4 aE idlef i ned
by t he ineqt’gﬁ'i F%fg%?@%?%{f%gggggg?%ﬁ@ o SPeom Shem 49x3 -

112. 31x4,  qUfREe LY the Mequatity y(). < -59.36 €2a0.yx f 3350 $29F3.8Kknk46%Rhi bi ting a
dom nant primary color of nmagenta, Sigma AE is defined by the inequality:

y(x) <_ -52wheeim0.265% 42%0- 490. 01x2 + 398.49x3 - 112.31x4, wherein 0.5 <

X <_ 1.4. For inks exhibiting .a.doni ri LW ;<Si gma AE
i s defined by tE%r qrﬂgeaagﬁﬁste .1%9’(”5%)3 @é?ﬁf@%“ﬁ@ﬁ%@% %ﬁglfg(za\?%lﬁz +
14346. 4x3 ‘d?”bfﬂn%ﬁb}”cﬁéline&mﬁﬁiyax) 057781 - 32.16x1+068.00¢ \BNY64%, wheraih@5es 1 0. 5
< X <0.7. Prefterably for 1nks exhibiting a dom nant primary caql or of

yel l ow, Si gra.SARPreferabdy faretodeys inkeeihibitiog Ridoyinapt piimary colgriofsyam Sigmp184. 4x

- 18237x2 + 14346.4x3 -_4175. 14x4, wh I 5 X 0, <. 14,
wher ei n 1. 0AE 1s defined pyhe ‘e{‘l"rﬂu?\}’(t&z)y@)_s gg %ﬂe?dﬁg’w%gggkx < %dfzﬁheﬁer%cess

i nks exhi bi bisngxgld m nant primary color of yellow, Signa DE is defined by
the inequal I'ty: "y(X) <_ 90.549 - 332.78x + 422.27x2 - 158.5x3, wherein 0.7-
_ x < 1.3. Pref goahky eifbiting @@essndnt binrxhediot ofmagentofigmendE prdefmeyd br ol or
of yellow, Sigma AE defined by the inequali 5%: éélx)j < 6,‘5491;3 - 332.78x +
422.27x2 - tESnsxalityens 15405 + 124731 - 40898y 6P 34‘266%8éxu§ 119661 4

Bi nders used_in_the, ink nposi ty on I Slavensi h ncl . L

enul si on pgﬁé/ s‘,”hf)r(?}rﬂ/(gg étxhéh'?’ 8?5‘{)@5 éfzghg’h‘l’%\éhg? ééggs \Il/{ahyﬁ*glgléag'?}g{%hﬂl&

enul si ons, i) TaE M EninkH hRtHa8P EolbRb Ba M, SIRSAE Théefied B¢ tise inequality:
filmform ngﬁggﬁyé&s hlgvi trll)g ﬁml ecul ar 3wei %ﬂtifof at least about 500, 000
and a Tg of yoss-165RA +alETsx 100898x] t 60921 si6F KPS HRALOK hd3Ibi/ Ko dfheren

crosslink. It is also desirable that .t bj nders be non-carboxyl ated. The
i nks used i R-ARKS 1-PAN00S ?@/’ﬁmf’é‘l’lf‘%#g%eé Qg'bi nder solids to pignent

solids ratio b eitP‘gEbec@&qfﬂEs Shitfidg % Borinhnt Jﬂﬁﬁ?%lﬂ?iok hfayge@h, SiﬁlgxafA{'E 543

formed fromthe ink™ conpositions of this invention tz_ypi cal I¥ ve a
sol ubi l ity idafifédhy heeskqdalitpny@Epe -9@l 8T +@6542x s4PUDIK'i1t 3P8.4Pxa- dbkybnt i zed
alkaline s Olvslrjl;[eire?rrll O%fs Q% lr.T}l).r Sre%qulglly ?‘ct))ropurgcegs’g inrlrgs leldiliglrtfr‘lgsa (ﬁ)fminant primary color
of magenta, Sigma AE is defined by the inequality: y(x) < -52.197 +265.12x - 490.01x°
+398.49x* - 112.31x*, wherein 0.5 <x < 1.4.
For inks exhibiting a dominant primary color of yellow, Sigma AE is defined by
the inequality: y(x) < -2103.34 + 10184.4x - 18237x" + 14346.4x" - 4175.14x*, wherein
0.7 < x < 1.0, and y(x) < 4, wherein 0.5 < x < 0.7. Preferably for inks exhibiting a
dominant primary color of yellow, Sigma AE is defined by the inequality: y(x) < -
2105.34 + 10184 .4x - 18237x% + 14346.4x° - 4175.14x", wherein 0.7 < x < 1.0, and y(x)
< 14, wherein 1.0 < x < 1.2, and y(x) < 2, wherein 0.5 <x <0.7.
For process inks exhibiting a dominant primary color of yellow, Sigma AE is
defined by the inequality: y(x) < 90.549 - 332.78x + 422.27x* - 158.5x’, wherein 0.7 < x
< 1.3. Preferably for process inks exhibiting a dominant primary color of yellow, Sigma

AE defined by the inequality: y(x) < 86.549 - 332.78x + 422.27x* - 158.5x°, wherein 0.7

<x<1.3.



di ssol ved ink pignment per gramof dry ink film The ink films typically
have a toughness (nmeasured at 50% strain) of at |east about 0.01 MPa and a

_maxi num S%b&?ﬁ%ﬁ at |l east about 0.3. The ink conpositi On%’“@fi{%@%‘“

i nvention ude glycerin. They may al so include wax.

DESCRI PTION OF THE DRAWNGS FIG 1 is a Eront perspective view of an ink
rub tester for generating ink rub-off data. FIG 2 is a rear expl oded
perspective view of the ink rub tester of FIG 1. FIG 2A is a bottomview

of the netal spli. Shhd AR ighd OB tibe incukiescrieoémuleionF| G
1. FIG 3is a t}éc}g&ﬁfgge%v‘?gﬂvé%%le’ﬁ%%?iﬁlgﬁgr%ﬁltsggﬁgrl of EIG C1r.§ FIG 3Ais a

top plan vigwmérs!fieynaheie digpapsiony bthiyleGe viytlacdtalg conbiaenpldstyerycl e. FI G
4 is a graphical representation of Sigma AE plotted as functio f col or
density f orbutadidnstlatax emulsionst ddreRindsrs a5k Slasfornppg Pﬂlgn}frﬁajl&}%" MehttosFehr y

=t unct i on SrERiar ogaAbpe PR AT TR RN EROROR:, Rip e &

substérates printed with inks exhibiting a

domi nant  pri;naGy ce1Rk,. O is Q}dResirdblGhabihi dirdlegrintuincakboxgtaisent at i on of
Sigma AE plotted as a function of color density for substrates prfA ted

with inks exhi bi Thenigksustdrin teininveniioriypicelhy bavest binggysahds ORERDENG9

PCT/ US99/ 17661 5 FIG 7.i§ i cal resentat | i gnm -AE pl ot t ed
as a funct i@ﬁOBFtW?SPB?OLH@rﬂ&fSPg#‘gP %gﬁ‘blg{’ﬁlg)f %é‘“g&‘?rr‘% gogm\%ht rr?n slﬁgxﬁi bi ti ng
a dom nant (g({n%;g)%{t%ng 8%@% Al h! t?fﬁcalﬁj Gved sofubitghapRiital ddiemzebeatasion of

Si gma DE pl as a functron of col'or density for substrates printed

Wi th procesglibiks igxhbliehtizg atkafiamisolation pf neneoye thah abouy B85 milligramyelc 9 i s a
graphi cal representation of Sigma AE plotted_ as %nctio f co]or sity
for subst rdisssdvasrink pteanet per $rBf dgy mlﬂétgmex eﬂ}ﬂ? fi SQPbF&ﬁVﬁ‘%a Pshn%ﬁg
color of cyan. FI [ ' i MAxRhurPs9M8 of\R lRh®t t ed as
a function eaé%rleg;at %@{’igﬁ?@) gi%ﬁpisﬁgé%#g%g@g?%ﬁ ed W th process inks

exhi biting ggeoisnant primary color of magenta. FIG 11 is a graphical
representation of Sigma AE plotted as a function of col or densit for
substrates pri nt &be inktdompositions of thissinestiopinayigclade glreitht i‘ﬂ%?r?i)s%ol or of
yel | ow. DETAlUbgD DESCRI PTION OF THE | NVENTION I n order to enhance the

aest heti cs BX'¥SN¥%ary di sposabl e paper products, it is desirable to use
pi gment based inks which produce vibrant high color densities when

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front perspective view of an ink rub tester for generating ink rub-off data.

FIG. 2 is a rear exploded perspective view of the ink rub tester of FIG. 1.

FIG. 2A is a bottom view of the metal spline, the spline indentations and the rubber foot
of FIG. 1.

FIG. 3 is a top plan view of the ink rub tester of FIG. 1.

FIG. 3A is a top plan view of the paper sample of FIG. 3 during one complete cycle.

FIG. 4 is a graphical representation of Sigma AE plotted as a function of color density for
substrates printed with inks exhibiting a dominant primary color of black.

FIG. 5 is a graphical representation of Sigma AE plotted as a function of color density for
substrates printed with inks exhibiting a dominant primary color of

cyan.

FIG. 6 is a graphical representation of Sigma AE plotted as a function of color density for

substrates printed with inks exhibiting a dominant primary color of magenta.



applied to the sanitary di sposabl e paper product. As used herein, "color
density" may be defined by the follow ng equation: D=l o0gl0l/R wherein I,
refers to the intensity of incident light, and R, refers t i nsity
of refl e®eWY#8ht. One nethod of producing col or inages gﬁ%@s?déﬂgggpl yi ng
pi gnent based ink conpositions to the surface of the paper.. However, as
color density increases, the tendency for ink to rub off of the paper also
i-ncreases. As used herein, "rub-off' refers to the transfer of color from

the surfaceof, & , SEHBLTSeRHRRLABL S SnRAL RfieaYE | AR roRUPe b choirpRipOsed

of two co e asl ers to the tendency of

col or to | eaghaRYbriffed ittiARS &HafiitiHP@Aomexmoptimarydoldrte yslibet rate to a
liquid. Abrasion refers to the ability to renmove ink from substrate by

mechani cal FyGstisfaf graghitdl ecpiredenfationof Bigmank aloged ps g fanctiop §? folpredensgyiyfor
present invention relates to a sanit . di sposabl.e | r conpri sing
a fi brous sehféates PHRESHIMRfoeSP I“gﬁs éfbﬁﬁ}? aa‘ﬁor?lﬁ%’tcp&rrpo F?ll%ﬁg’éi%%ﬁl ed
thereon. T h ndj yl ipYfte8 Q8 R Psiction Bf 6alyr dersap firi ed
to the fi b?'g(a‘sé gﬁ‘{e%rlf‘&ggaé&&%%g%ﬁg%%gf%ﬁcfd'?j/g%g%/el?66; c61 m xturre or

sequent i al kybstrhfes ppiaparwit prdvess ids exhibitingwaorhinent grineary ¢elor phgyadv ed
resistance to ink rub-off wthout having to aﬁ%le% a i‘?"@ﬁr at? (Qro&)rr%l ctic
coating t o FiGelO fsiagraphical sensesenterign gf igimpe A Adf BRI PR tary
di sposabl e jpaper, product ch as. i o [ ' hidBFmakn@bout 8
| bs/ 3000 ftfgr {)“gs%egeﬁ %ﬁ%ﬁggﬂofe gsﬂ%g%laﬁ?lgagg?hg%?ﬁépﬁ?ﬁ%’sm? nven%fegn has a

first outerpiguif AGEyaMHcA reRERAMIGHLESIg ABpRbteties eifimctibe of edondensity er
surface i s oppositely disposed to the first outer surface. |nk fjryﬁBa‘gpl i ed

to at | eastforsubstodtes privged withpreness inks exhibiging e domingng pEBaryTeplorq sheet

of this invention may be nade according to comonly assigned U. S. Patents:
4,191, 609 issued March 4, 1980 to Trokhan; 4,300,981 issued to Carstens on
Novenber 17, 1981; 4, 19%p4Q% EHINESCRPTIONOGRAHPINVENTION, 1980; 4,514, 345
i ssued to Johnson et al. on April 30, 1985; 4,528,239 issued to_Trokhan on
July 9, 1985; 4,1529dct86entmnvethetaostiietiok lof pamtaryidisgosalge panggsedustssd 7S 859

on: Sept enbeleSTahi KBS UGG asgGnFRhiEh Prosoe: OB i Sy ighs. *
on Sept enbeiesiaple pign ¢ ry-4, 4,
5,328,565 s ﬁ&g%) thg aal?g@;}g?l@f)ofgglﬁ })Qge,:r?gl)dﬁcgt 2ps 49 erein 336102 8&13&%5 wRd beo

Trokhan et &P : 4. 504 1 ssued to Smurkowski et al. on
Novenber 15%4¢£ih89by i foldwihgtequatioied t o

D =log,, /R
wherein I, refers to the intensity of incident light, and R, refers to the intensity of
reflected light.
One method of producing color images entails applying pigment based ink
compositions to the surface of the paper. However, as color density increases, the

tendency for ink to rub off of the paper also increases.

As used herein, "rub-off" refers to the transfer of color from the surface of a
printed substrate to another surface. Rub-off is composed of two components, bleed
and abrasion. Bleed refers to the tendency of color to leach out of a substrate upon
exposure of the substrate to a liquid. Abrasion refers to the ability to remove ink from a
substrate by mechanically scuffing the ink from the surface of the substrate.

The present invention relates to a sanitary disposable paper product comprising a
fibrous sheet containing cellulose and an ink composition applied thereon. The

individual components of the ink composition may be applied to the fibrous sheet as a



Trokhan et al. on June 18, 1996; 5,556,509 issued to Trokhan et al. on
Septenber 17, 1996; 5,628,876 issued to Ayers et al. on May 13, 1997,
5,629,052 .i ssued to Trokhan et al. on May 13, 1997; and 5 i ssued
to Anpul sYOWYO7416  on June 10, 1997, the disclosures of m}g?i’@géq?ﬁ%k]s

i ncorporated herein by reference for the _purpose of showing  how to nmake a
fi brous sheet suitable for use wwth the present invention. The fibrous
sheet may al so be nmade according to U S. 5,411,636 issued to Hermans et

al. on May 2, 1995 and EP 677612 publishegd.i o MEi@ds i psileget al . on
Qct ober 18, mirtys or seguentiallyq Jhe AR PratuS ﬂleeithbsﬁégs’%ﬁ%()ﬂi nvééril){sil}c{))ﬁ may be through

ai 1 dri ed Qi anMETH ARabidlblathvir@Rbiappald stparelc praphybetic ovwiigdotisned by

creping or rﬁy we m crocontraction. Creping and wet mcrocontraction are
di scl osed ifipreadereBel.y assigned U.S. Patents: 4,440,597 issued to Wlls et

al. on April 3, 1984 and 4,191, 756 . i ssued to Sawdai_on he
di scl osures of whrefsmabintherfibyous sheptis 3 SpyraLY é’&posﬁggéjlaﬁertwg{?% ’fag}l%%%g&ss\?\%

00/ 07426 PCTI US99/ 17661 7 T b [P/ IbYB800 2. U TYR: fsreaSsteei ofutRist i on
is in conne®@ iy Sf%w?lg\}}\te?fiaﬁg@ltb )eggf)(ﬁﬁts are al so applicable to other

sanitary di speasahl s RInsoudiredifsdesandacietatidnontérsurface whdreinithesecord OREE al
tissue, bath tissue, table napkins, w pes and cot ';}f()g%z?ags T%Z ftbﬁeo(yfs
sheet may bsurfaoepogmositdly dispesedap thevfisapterrsuriaes. |1 ppleq, A dFBL YT, or
a conbination, thereof. The ink conpgsi ki ; fonl A Bde 1 s any
liquid conptsifirstamdsRsand Ouﬁeéﬁu %ceippﬁ‘;ﬁ%gbgoﬁfgﬂff&g??ﬁlrﬁgﬁg shest in a

predeterm nggopcﬂﬁé & SmiBR A8 SR 10K, Phtents:nk, 1006p9 istedMarrh 4, H88ptoesent

i nvention may | Nnc udenf)ut are not limted to: a vehicle su%h as.a sol vent
or water: aTeskhan:ah30GeRhisasdao Paptamaon Novembagbh:198hdh B 168 dhent s

whi ch may include but are not |im .10 crassli nki s, pH
control agedrakhayiosdarh ¢, b8 f‘ﬂiséfésgEfé‘l’%’avﬁépgl}soaieg%)lé&géﬁgls?&%??ETi ng press

hygi ene contr : Val j(8, 198394506 196 iseikdad Mrsltianapantyslo, As
used herei nf"ialk’r%%g?‘lfﬁel?%trogﬁt%gﬁ%nn@{hy?]u’l d conposition or components_thereof

applied to tbes;i4érmess istieeto Arkhumon farmeryed(hd 98 25 25 rissed tosTHokBahel t er n
O o O RS RS B gL o3 e
or appl | cat FOHEGR KRR STeOL 107 1Pk BieS Sher Sn e o acd Se s
conbi nat i ong 9§, P84, S04 SsUcARY SRBriGVRR srahl dn Nowtimber 18) 19961 §.52542binpreskte
Trokhan et al. on June 18, 1996; 5,556,509 issued to Trokhan et al. on September 17,
1996; 5,628,876 issued to Ayers et al. on May 13, 1997, 5,629,052 issued to Trokhan et
al. on May 13, 1997; and 5,637,194 issued to Ampulski et al. on June 10, 1997, the
disclosures of which are incorporated herein by reference for the purpose of showing
how to make a fibrous sheet suitable for use with the present invention.
The fibrous sheet may also be made according to U.S. 5,411,636 issued to
Hermans et al. on May 2, 1995 and EP 677612 published in the name of Wendt et al. on
October 18, 1995.
The fibrous sheet of the present invention may be through air dried or
conventionally dried. Optionally, it may be foreshortened by creping or by wet
microcontraction. Creping and wet microcontraction are disclosed in commonly

assigned U.S. Patents: 4,440,597 issued to Wells et al. on April 3, 1984 and 4,191,756

issued to Sawdai on May 4, 1980, the disclosures of which patents are incorporated

herein by reference.



coating of the entire surface of the substrate. As used herein, "vehicle"
refers to the |iquid conponent of the ink conposition utilized to convey

the ink conposition to the surface of the fibrous sheet. ein,
"pi gnent " n@f’%@z? o insoluble color matter used in finel y%?ﬁlv! L:Sgg/él%%{

di spersed formto inpart color to the in As used herein, "binder" refers
to the adhesive conponent of the ink conposition. Suitable ink conpositions
of the present invention include but are not limted to those ink
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7, it i1s understood that the ink ¢ sjtion f.the nt_invention

coul d WO 00slErumey PeFPIIROSSA OF G@iemgsn%glcbffee‘ﬁzlg S{con?rﬁg{l@%glci T gani ¢

pi gnents as well as ot organi c pignments. Smaller pignent particle sizes
are pref errg%‘ng\?gﬁon{e?‘le%t%?‘vel y larger size pignent particles. The pignent
of the present i MyeiK @mpvsiioarodiiie/prbsest mvpatidr islasy bijwid comppsiten whigh 5
mcrons, nore preferably less than 1 micron, and even nore preferably |ess
than 0.5 m crayris.appli¢s ende the fibravseshegt in@rpredeaerPiRed Rfteher e to the surface

of the fibrous sheet. nlaxgtsggﬁxgﬁrrélﬁ%%n%%%{l(}?éftflfﬁlte%ﬁlﬁg@n%n 38 iddMde but are

conposi tion i ncr e25YY einktot surface of the

fibrous shegp, fi{ﬁﬁéf&ﬁ. 8 ehicuER AR So 1L ér s wakir chicdloahiieh b aginsentconpr i sed
of filmformng polynmers tend to have inproved adherence of the ink to the

surface of thelef.iand otigr streponents which araygosiudeobutakenat disiigddp AgxngRsslinking
filmformng binders. Afilmfornin I r. tends.. jol t a
t enper at ur e 28e%PH santrgl agats, VSRRYY] fgﬂggfég%eef?%ﬂlfﬁs ’e@lgp%gsfag{ssm Ldlgeé}]ﬁg
"filmformng". j i QidicoaurbPap@hts. conti nuous film
above the T%&F%E@%&%@?@S&I. ngsdaggeesg%(gr%efi; n, "toggﬁdr%ss?" refers to a

measure of the amukedGbredneingy refisao beyligyid gomposinempr ecpmponerts dhareofst r ess
is placed upon it. Toughness, indicated ,b%/ t he area.under the é@ﬁ\%ﬁ.ﬁl 'S

tensile streapplied odhefibrpus sheehagd whichgemaing thereog 1B ¢ HYC PATE R Ry e quiat i on:

T=~Sad wherein T.. ipgdic ; binl « bk bed
rororn. o gispaginpEhe R Hiy bORRRES The Hrmbdfnk eRnAARCbIHONGOLARTbE 000,

defined as: gypRed o tBOGbIHUSshéet k&juehteallyf drlasa-mixamgt A "pfedfietmmined paftesn” or
stretehing) /“irllr)ligeg’ ’trgfe(r)sf tofalnly rcrl]egifefdoarrgy osrtag)gltic%?ilorrl] %lr ink onto the fibrous sheet and is
inclusive of all combinations of patterns ranging from small individual dots to complete
coating of the entire surface of the substrate. As used herein, "vehicle" refers to the
liquid component of the ink composition utilized to convey the ink composition to the
surface of the fibrous sheet. As used herein, "pigment" refers to insoluble color matter
used in finely divided dispersed form to impart color to the ink. As used herein, "binder"
refers to the adhesive component of the ink composition.

Suitable ink compositions of the present invention include but are not limited to
those ink compositions that are in the form of a liquid at room temperature (l.e;a
temperature of about 20°C). The ink compositions will preferably utilize water as a
vehicle and pigment as a colorant.

Though the pigments described and used herein, are organic pigments,
particularly Diarylide Yellow 14, Rubine Magenta Red 238, Phthalocyan Blue 15:3, and

Carbon Black 7, it is understood that the ink compositions of the present invention could



As used herein, toughness is calculated up to a strain of 0.5. Based on the
above equation, a toughness neasured at 50% strain, indicates that the
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refers to a potfyner purposeful 'y ‘enriched with carboxyl
uni ts. Thus suifhcerofaie fibeoys sheet in dosnpariesretotinks ¢onkanipg ngn film<ferming dingers.

functional group in the polymer backbone. The preferred acrylic.enul.sion
pol ymer is rofilledpimaing palysT sads Hoiard KinkhahA tﬁﬁ‘Pef&t“f‘ag% Veé%&ﬁ?ssi‘rfﬁn@g‘&rhe
preferred acrylic enu}sio | g F s0lcl te whlch BRRS PtouBRt el y
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preferred achyliicousMithbeve ®elTy B thewhitetiali RAsasephérsingd“obglaivssitre@89toat hy|
acrylate and about 4% or less nmethylol acrylam.de is stabili Zeg]é\é\% h about

6% by wei ghtmedfsuzerof thd apouns Eersirgy abroxsed e Baferialas a{ensipREessiy pon

acrylic emul sign pol yner. crqgssljnks at t 0 0Hin L@RE
preferred adF'yf‘i"tg%@ﬁ%i ‘é’fit?ﬁ{e%yQ prep dnder, }émglg@g 8%&@? W44 avai | ant;‘iﬁle
from Rohm &&?ﬂ Lhnddiv B8 el1RWiRe elipmBay! vani a. A preferred pol yurethane
di spersi on icﬁe mar;/ bgl used aéﬁga inder in the ink conposition of the

present invention is an aliphatic pol yurethane dispersion which includes
urea and ester functionalities in the polyngs, backbone. The preferred

pol yur et hane di spersion has a Tg of aboutﬂiﬁﬁxbdahe preferred pol yuret hane
di spersi on

wherein T, indicates toughness for the test conditions described herein, o, represents

stress, and €, represents the strain. Strain, €, is defined as:

& = [(length of stretched film - length of film before stretching)/ length of film before
stretching]
As used herein, toughness is calculated up to a strain of 0.5. Based on the above
equation, a toughness measured at 50% strain, indicates that the toughness is calculated
up to the point at which the film has been stretched to 1.5 times its original length.
Suitable binders used for the present invention are film-forming polymers having

a molecular weight of at least about 200,000, preferably of at least about 1,000,000 and a
glass transition temperature (T,) of less than about 100°C, preferably less than about

30°C, and more preferably less than about 0°C. The binder is preferably nonionic or



i's anionic, having a ol ecul ar weight of at |east about 400,000 and a
solids content of about 30% based on weight. A preferred pol yurethane

_di spersi ogﬁégw&gggergrci ally sold as WTCOBOND W 234 avai |l abl-fs689e¥Y t O

Cor por at | nwi ch, Connecticut. The preferred ethylene vinyl acetate
enul sion has a mol ecul ar weight of at |egst about 500, 000. The preferred
et hyl ene vinyl acetate enulsion has a Tg of preferably WO 00/ 07426

PCT/ US99/ 17661 10 10C or less, nore preferably a Tg of -15C or less, and a

solids contgent . ] Hassd ' iimERempd ed véittyiane
vinyl aceta ééné%@%géfgégf?sﬁtl nks m%gﬂﬁu%ggtgglgﬂtmo a tegreré)(ggrqgture ?‘/ agout
100C to 133 usthes bindeslin thei inlg cormpasitbasylf it prdseby inventinsripelpde: iprefersbbhy |
acrylamde functionality into the pal yner B,ack one,. Preferred &1 X)i e
vi nyl atc_et aa;ca’lmﬁlll@ﬁl@ﬁ PpbIMyEsL MROTGAT q:fagg)po argiaans digpepsiongard thy et"Ee Mok
conposition of  the present | ' YR & s Al RFLEX

and Al RFLEXC ,mlél\glgflf’a ﬁéﬁ %F/g%%,&l%rlyg{ﬁ%%cts gﬁg%&%ﬁqﬁgﬁg@ I nc. of 124
Al l entown,  Penngyd ¥a8ifefelfe®P§tdnt datadfent haexpemiisiondsla homdarbexylated, film-

summari zed in Table |. WD 00/07426 PCT/ US99/ 17661 11 TABL P | ES
PREFERRED BioNBERS by hDERVizlg aVi FeRbpMG2Ajth R ingeeebds FWP%@Eé%g%EED &

10 vES @é@@%&%ﬁ%ﬁ%ﬁ%ﬂ%ﬁe@%@gm@%@%@- AWEE T
oSt pr Eréniguildfde 14t bhbidfon\ts hoA-cafbSxytdted, Eshoblid be noted
that carboxylated styrene butadiene latex emulsions are included within the scope of this
invention.

As used herein “non-carboxylated” refers to a polymer which is not purposefully
enriched with carboxyl units. Thus, if a carboxyl unit is present, it is only present as a
functional group in the polymer backbone.

The preferred acrylic emulsion polymer is non-carboxylated and nonionic having
a T,of about -10°C. The preferred acrylic emulsion polymer has a solids content of
approximately 45% based on weight, and a molecular weight of at least about 500,000.
The preferred acrylic emulsion polymer which is comprised of about 96% ethyl acrylate
and about 4% or less methylol acrylamide is stabilized with about 6% by weight of an
alkyl phenol ethoxylate surfactant. The preferred acrylic emulsion polymer crosslinks at
a temperature of about 135°C. A preferred acrylic emulsion polymer is sold as
RHOPLEX N'W2744 available from Rohm & Haas of Philadelphia, Pennsylvania.

A preferred polyurethane dispersion which may be used as a binder in the ink
composition of the present invention is an aliphatic polyurethane dispersion which
includes urea and ester functionalities in the polymer backbone. The preferred
polyurethane dispersion has a T, of about -30°C. The preferred polyurethane dispersion
is anionic, having a molecular weight of at least about 400,000 and a solids content of
about 30% based on weight. A preferred polyurethane dispersion is commercially sold
as WITCOBOND W-234 available from Witco Corporation of Greenwich, Connecticut.

The preferred ethylene vinyl acetate emulsion has a molecular weight of at least

about 500,000. The preferred ethylene vinyl acetate emulsion has a T, of preferably
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the present. invention has a Shell Cup viscosity at a tenperature of 20C of
_preferabl yy@hppne00 centipoises or |ess, nore preferably aperisosHds1
centipoises or less, and nost preferably about 25 centipoises or |ess. As
used herein, "raw ink" refers to the inkgconposition prior to the
application process in which it is applied to the substrate. As is well
known in the art, a #1 Shell Cup is used to neasure viscosities which
range from pbeulr 1dssCRBld fRefctdly # T1Of A48T bplkks and A séidsSoatent aigbousSWised to
measure viscosities which range ffom about 7.5 centi?oise to 30 centi poi se.
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- 11 and prete A typical ink conposition used in

conj unct i onettiyleRe i1 agets entlsionmiyhen which mapbedsed as indgss inghingment
solids ratio of fromabout 0.10:1 to 3:1, reher@ﬁlgfﬁggﬂg qag:l to 2:1,
and nore prefrapesiign %ﬁib@lpfei‘?fé:IHVGPBOH?-@:C?’F“%‘%‘G Y&E4 S ia§'8er sant (s)
may be adde Nk ¢o ifi i L Rfvipi gment . To
i mprove ink %ngfldgngail?@%?gﬁ éﬁ&#gﬁ&%%ﬁggﬁﬂfcgﬁ I@? n’?ﬁiﬂé&i nvention nay
contain a WaXanswaa Suitable for this invention includes but is not
limted to a poOlyethylene wax emul sion. Addition of a wax to the ink
conposi tion of t Reopertesaedthe profeead bndersastamarizad indabletlance by setting up
a barrier which inhibits the physical disruption of the ink filmafter
application of the ink to the fibrous sheet. Based on weight percent
solids of the total ink conposition, suitable addition ranges for the wax
are fromabout 0.5 %solids to 10 % solids. An exanple of a suitable

pol yet hyl ene wax emrulsion is JONWAX 26 supplied by S.C. Johnson & Sons,
Inc. of Racine, Wsconsin. Anon-limting list of optional additives which
may be added to the finished ink conpositions of the present invention

i nclude crosslinking agents, printing press hygiene control agents,

hunect ants, corrosion control agents, pH control agents, viscosity

nodi fiers, preservatives, and defoaners. Crosslinking agents are generally
added to the finished ink conposition or to a pignent dispersion. As used
herein, "finished ink conposition"” refers to an ink WO 00/ 07426

PCTI US99/ 17661



13 conposition that contains the key conmponents such as a vehicle,
as to render the ink conposition ready to use.
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The raw ink composition of the present invention has a Shell Cup viscosity at a
temperature of 200C of preferably about 200 centipoises or less, more preferably about
70 centipoises or less, and most preferably about 25 centipoises or less. As used herein,
nraw ink" refers to the ink composition prior to the application process in which it is
applied to the substrate. As is well known in the art, a #1 Shell Cup is used to measure
viscosities which range from about 1 centipoise to 10 centipoise. A #2 Shell Cup is used
to measure viscosities which range from about 7.5 centipoise to 30 centipoise. A #3
Shell Cup is used to measure viscosities which range from about 25 centipoise to 80
centipoise and a #4 Shell Cup is used to measure viscosities which range from about 60
centipoise to 200 centipoise.

The ink compositions of the present invention have a pH in the range of about 2 -
11 and preferably about 7 - 10. A typical ink composition used in conjunction with the
present invention has a binder solids to pigment solids ratio of from about 0.10:1 to 3:1,
preferably about 0.5:1 to 2:1, and more preferably about 1.0:1to 1.5:1. A surfactant(s) or
dispersant(s) may be added to the ink composition to disperse the binder and pigment.

To improve ink rub-off resistance, the ink composition of this invention may
contain a wax. A wax suitable for this invention includes but is not limited to a
polyethylene wax emulsion. Addition of a wax to the ink composition of the present
invention enhances rub resistance by setting up a barrier which inhibits the physical
disruption of the ink film after application of the ink to the fibrous sheet. Based on
weight percent solids of the total ink composition, suitable addition ranges for the wax
are from about 0.5 % solids to 10 % solids. An example of a suitable polyethylene wax
emulsion is JONWAX 26 supplied by S.C. Johnson & Sons, Inc. of Racine, Wisconsin.

A non-limiting list of optional additives which may be added to the finished ink
compositions of the present invention include crosslinking agents, printing press hygiene
control agents, humectants, corrosion control agents, pH control agents, viscosity
modifiers, preservatives, and defoamers.

Crosslinking agents are generally added to the finished ink composition or to a

pigment dispersion. As used herein, "finished ink composition” refers to an ink
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composition that contains the key components such as a vehicle, pigment, and binder so
as to render the ink composition ready to use. As used herein, “pigment dispersion”
refers to a composition comprised of pigment solids, surfactant, and a vehicle such as
water or oil to which a binder is added.

Crosslinking agents are believed to enhance the rub-off resistance of the ink by
crosslinking with the ink. A non-limiting example of a suitable crosslinking agent, is a
solution polymer of a cationic polyamine-epichlorohydrin polymer. Based upon weight
percent of the total ink composition, suitable addition ranges for the crosslinking agent
are from about 3% to 15 %, and preferably from about 4 % to 8% (based on the solids
content of the crosslinking agent). A preferred crosslinking agent is KYMENE PLUS
available from Hercules Inc. of Wilmington, Delaware.

Glycerin may also be added to the ink composition of the present invention in
order to improve rub-off resistance. Based upon weight percent of the total ink
composition, suitable addition ranges for the glycerin range from about 0.5% to 20%,
preferably from about 3% to 15%, and more preferably from about 8% to 13%.

Methods of curing the inks of the present invention include but are not limited to
thermally curing, electron beam curing, photon curing (for example ultraviolet light, x-
ray, and gamma ray), and combinations thereof.

The properties of preferred ink compositions useful with the present invention are
summarized in Table II. Referring to Table II, column 1 indicates the pigment type and
color. Column 2 indicates the weight percentage of pigment solids contained within the
ink composition. Column 3 indicates the type of binder contained within the ink
composition. Column 4 indicates the approximate T, of the binder contained within the
ink composition. Column 5 indicates the weight percentage of binder solids contained
within the ink composition. Column 6 indicates the ratio of binder solids to pigment
solids contained within the ink. Column 7 indicates the vehicle used in the ink
composition. Column 8 indicates whether the ink composition includes wax. Column 9
indicates what type of crosslinking agent (if any) is added to the finished ink
composition. Column 10 indicates the amount of the crosslinking agent (based on solids

content of the crosslinking agent) from column 8 added to the finished ink composition.
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SUBSTI TUTE SHEET (RULE 26) WD 00/ 07426 PCT/US99/17661 17 In instances
where the ink conposition contains a binder having a Tg above room
‘tenperatu§§H%; ﬁ?; a Tg of about 20 C or nore) it may be destia®@esio heat
the ink é@ ion to a tenperaturg of about 10C above its gl ass
transition tenperature in order to facilitate formation of the ink film
thereby enhancing 5 adherence of the ink conposition to the substrate. In
order to enhance adherence of the ink filmto the paper, it is desirable
that the ink filns formed fromthe ink conpositions of the present
invention exhibit resistance to solubilization over a wide pH range. It is
desirable that the ink filns fornmed fromthe ink conpositions of the

present invention have a solubility as 10 neasured in either distilled
dei oni zed water or_sol pnfi7pd4?|ka|ine sol uti-en—ef
. : .

or—oefrro—npre—trhamabout 85
mlligranms of ant der amof dry inkgfilm| preferably no|nofe

t han about 20 /s of| i nk|pi gnent per géqyﬁoi‘dry ink fijlm pore
preferably no than about 5|mlligrans o¢f zi 35$ignent per |gram of |dry
ink film angd even none prieferably no nore t Ban about 0.5 m ||l i gr ans | of
i nk pi gnent pq gramofr Ory ijink film |t Hs—desirablethattthe—tnkifilns
formed fromtly posi tiong of the present inventiop have an|ink film
t oughness, as ] at 5@% stirain, of at || gast bout %.01 d/Pa a&nd
preferably of |5 abouf 0.05 MPa. It is &l %0 dgsirablze that these ink
filnms be capal hst andi ng a maxi num st€ain of at |east |about 03 20
and preferably ast—abott] 1. The nechanreal—properttesof Tk fii | N6
prepared from rred|ink conpositior32u§efu wi th|the jpresent
invention are|s ¢ infgTablle I'11. Refeerciphg t@E Tabl & I11E colum 1
identifies the typel and |color. Colum®22 indicates the type of
bi nder contai theli nk lconposi ti on.—Cetlum-3—25—intiecates Tthe
approxi mate Tg indef. Colum 4 indigates whether wax was ddded to
. - . . . o . .
the ink conpositi ofz. Cogurm 2 indicates whetper a crossli r‘§<| nggagerﬁ was
added to the ijpk c@nposgtiorge Col utm 6 i ndi cat@es hoW muchixr osgl i nkf ngd
agent was added to the inkjconposition based on weight. Colunn 7 ijindi|jcates
the ink film (selubiHty—nreistil | ed dei onifzed wat ¢r. Collumm B 1 ndi cgtes
the ink filmsgolubility in 30 a sol ®@ntgzed jal&kaline solutlion.| Thelink film
solubilities ijndicgted [tn c@d um| 7 a@‘d Zcol uméggare,x_i recornded |=n mitlijgrans
of dissol ved ijnk pignenf pej gram(ﬁgdﬁg ink| &=
=
=L
- _E8% | - " n
2 2 % = cggg 2 B & B
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WO 00/ 07426 PCT/US99/17661 18 film Columm 9 indicates the toughness of
the ink films as nmeasured at 50%strain. The toughness recorded for each
_ink conp05|t|on n colum 9 is based upon an average of t ness
measur emeWOL% R 8uct ed on each ink gpnposition. Col um 10ﬂ¢ﬁgl%@?§2
maxi num strain of the ink film The follow ng procedure is 5 used to
generate the ink filns upon which the solubility, toughness, and strain
data are based. Procedure A: Procedure for Generating Ink Filns In order
to generate an ink filmupon which solubility, toughness, and strain 10
data are based, a sheet of polytetrafluoroethylene ("PTFE") is spread onto
a flat surface such as a counter top. A PTFE (i.e.; TEFLON) sheet suitable
for this purpose is nodel No. FP301300 commercially available from
Goodf el ow Corporation of Berwyn, Pennsylvania and supplied in rolls which
are 10 min length, | 0.1 nmthick, and 300 nmw de. 15 Using 1 cm w de tape
strips, a rectlahpgle |10 cmlong x 5 cmwide is circunscribed on the PTFE
sheet. The tape|should have a caliper between 0.4 nm and 0.5 Mm A
suitable tape|for this purpose is a 20 m | stickyback double liner tape
comercially gold as| FLEXMOUNTTM No. 412X18 STl CKYBACK DL, available from
3M Cor poration of St|. Paul, Mnnesota. 20 Using a liquid correction fluid
such as BI C W|TE-QUT|, available fromthe BIC Corporation of MIford,
Connecti cut, 4gny ps between the tape strips should be filled in. After
the liquid cor|r on fluid is dry, the enclosed rectangle is filled with

0 0

o]

about 8.0 m t m of the ink conposition to be tested. The ink
conposition ig d to cure at roomtenperature for two days so as to
forman ink fijlm Those 25 ink filnms nade fromink conpositions containing
acrylic binder|s|”arel additionally cured by placing the filmin an oven for
one hour at 105C. Prpcedure B: Procedure For Making A Sol ventized Al kaline
Sol ution The floljl owi hg procedure is used to nake a standard sol venti zed

al kaline 30 sjoliution used to generate the solubility data found in colum
7 of Table Ill| apd the AE data found in colum 10 of Tables VI - VIII and
found in FIGS.| 4 11. WO 00/07426 PCT/US99/17661 19 To a beaker, add 0. 40
grams of tetragodium EDTA (i.e.; ethylene diam ne

232
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tetra-acetic acid, tetra sodiumsalt hydrate powder of 98% purity),
available from Al drich Chem cal Conpany of M I|waukee, Wsconsin. To the

_tetra sodi I 0.20 granms of sodium carbonate powder SYsceprity
i s added. Vyg]g(loﬂc;i)’l gém 5 carbonate powder of 9? 5% purity sui tgbll@%?or this
a

purpose is available fromA drich Chemc Conpany. To the sodium
carbonate powder and the tetra sodi um EDTA, 100 grams of distilled water

s added. The m xt & {vhéx‘é‘ﬂhéﬁﬂk'cbm Béitisborisins Bindeniavires £Ty: above
di ssol ved. To thi s%??gttjatﬁllcon ) ramsbof a Cl2 - C14 al kyl di rreth am ne

oxi de 10 noniroernGeraperhmed @Rt; a|T'§ oédbl@d20ACsmm<abDé o2y be d@ilzla ihﬁet hyl

anm ne oxide nonionic surfactant is ol d.as, a 30% Iut| on and
avai | abl e fr orink eQmpositen tog¥ tepRERAtYre ab%ﬁear 0L ! its g’](?sﬁhalmss(hg)g'l ution 9.50

grams of 2-but Oxg?rg 09 ol tgwﬁ'ﬂ e formdtidn®t ke g]ktfﬂﬁﬂlié‘l@t))héﬂﬁhcmg

conmer ci aIIy Tas a utlon from Uni on Carbide Corporation of

Danbury, CgnneghéreHée ofte ki ompdSitioh antheahibsdtatali stil | ed wat er | s added.
This solution is then stirred in order to provi

gﬁ m, X| ng € bsle hat
sol ution, 0.20 grans asferdo @BhanCUdI@f%S??fﬁleé@(ﬁ tQhepa ‘?Irlliésc‘i 5}{? i ng
Al LT A O

addition tot noni oni ¢ surfactant is

heated in an aa%afle @ sohiiPAfidh bid aqfndabm*angesqt QARG ot habrio 120
m nutes until e surtactant is no 20 | onger cloudy. A swtabl e - C

noni oni ¢ et hoxﬁshaédaﬁomméammmsmons bf @emsp@igéVﬁfélonhEmo lahil 1@’ Bvai |l abl e
as a 100% sol uti on from She ust.on € tire
solution il stmﬁﬁséEFdflérelthﬁd{]%m e\%iemng%ag{ater-ﬂgg olygptiped 8%(1;%9%%]1&_& tfﬁita)r at ed
Wi th 12N sodi um hydr oxlde sg%g}grsfg@om géxegxain o 2rpinkAilfly piefizhbly1 2N

25 sodi um hydr%lm e is availa er a division of Mllinckrodt

| ncor por at ed ofo fAdkd thaRabeut @0 nidligrdmas sémkp{!gmmtplet griagsoflsize ink filny, MBE to a
stable pH of 12.5, the solution is then rea e used _as

sol venti zed al mmratéygomrﬁ@wna P gRmp ngnelgplgmﬁeb%ﬁfﬁ%ﬂ?d‘iyﬁ ?é‘hdard
sol venti zed al kaJ i ne sol ut| S R ASdrifs 60k nt pen or der
to maintain th&PHERBF Ipf? Oﬁg%ﬁand%ﬁogt égo 1sg%trutlson ?ﬁ%ﬁém 'y space
above the §4 angahfy qﬁkgnnlnthe plastic container is then filled wth
gaseous nitrogen and the |lid of the container tightly closed. An ir hol es

WO 00/ 07426 PCT/ usgwlsaeﬁmblezbat.the nkefilms AermaddFon the 16%5\9%1?1885%?’%5 e while

t Bef h
Qﬁec Ikgd u Zﬁd ag p{%é@exggr?\?eg 1§1§ gf'l}’ fg 'f‘% t?ug_lhélgsesz Lsaﬁgfs"ugedsa? lskjdd @AirS BPh‘ﬂ 1dadee

about 0.01 MPa and preferably of at least about 0 05 MPa. It is also desirable that
these ink films be capable of withstanding a maximum strain of at least about 0.3
20  and preferably of at least about 1.

The mechanical properties of ink films prepared from the preferred ink
compositions useful with the present invention are summarized in Table III.
Referring to Table III, column 1 identifies the pigment type and color. Column 2
indicates the type of binder contained within the ink composition. Column 3

25  indicates the approximate T, of the binder. Column 4 indicates whether wax was
added to the ink composition. Column 5 indicates whether a crosslinking agent was
added to the ink composition. Column 6 indicates how much crosslinking agent was
added to the ink composition based on weight. Column 7 indicates the ink film
solubility in distilled deionized water. Column 8 indicates the ink film solubility in

30 asolventized alkaline solution. The ink film solubilities indicated in column 7 and

column 8 are recorded in milligrams of dissolved ink pigment per gram of dry ink



Procedure C. Procedure for Measuring Solubility of the Ink Film5 Referring
to colum 6. of Table Ill, the follow ng procedure is used to neasure the
_solubilit ink filnms in distilled deionized water. LR/ 1¥gs 1S ae

i nk corrpog‘f(ﬁ%‘h%escri bed above in Procedyre A a spectrogﬁotorret er is
used to determ ne the maxi mum absor bance wavel ength of each ink as well as
the light absorption versus pignent concentration calibration 10 |ines of
each ink conp .tbgl%mn@fndf'c%%g 10 toligheBs 6ff thE ki lpisgRBidasured at 50% sirmuent i on,
t he maxi mum ‘absorbance wavel ength neasured for each pignent color is as
fol l ows: CarbiesntoBllaks #cbied fiareacts inkrenipiositiph iirieolyan| %%/ based 4N A& normet er s
15 Rubi ne Magenta Red 238 580 nanoneters Phihal.ocyan B . 10

nanonet er s Toavesagsiorithee tomghrsss msAFYreRenty C@?‘@‘f&?l%‘f“@é‘l%@?@%“ﬁﬁ ‘er, three
ink film sanples i {'%é'urﬁ I & think @M tHeGoll Mink iprdtedurade
accordi ng tong?@ggldﬁf@&c%ﬁg%a& ar F{rlrai%l atex gl oves or si m'Far, t he PTFE
backi ng i s5 pegleado géﬁi&teﬁfd'ink filkmé upon whiwhhhé sttutiilitygtasighpese, and sraintdatt ed i s
wei ghed and then added to a vial containing 10 m of distilled deionized
wat er. The vi ade basedhandshaken for one minute and the contents filtered

through a 25 mmglass fiber filter having a pore size of 1 mcronmeter. A
suitable glass fiber filter for this purpose is a Gel man No. 4523 d ass 25

Fi ber Acrodi sg,saPOR: Prbdeatroivdic:alirating Dik MitlRsSci enti fic of Chi cago,
Illinois. A SWWWW%W%UW the |ight absorbance
of the ink film finondat @ geAertrai in filo uBer Mhichnedyhility, tonghness8d sU3iRe of
light in the linear  region of the |ight ctr S t t he
concent r al9 ond@p arnasgbd FﬁtiOﬁPBR’tWﬁﬂg‘ﬂrqeﬁ'@ﬁ ei(ﬁ%%cﬁ%;é)g&%‘ldrng&n%ﬁhtance of
l'i ght through | r £'patredi 30 TWFLON)@edt RoMADbIE o dlidphor e

medi um s concé‘%?%ggpgg}ﬁ%ﬁ%éﬁg{'m ned vvétvel engt h.) WO 00/ 07426

PCT/ US99/ 1766%\13)2)@: Rirgode Noc BRSEB00 gbmarerciabasvailebleifromnGopdigheyys of i nk
filmper m o istilled deionized water cap (ge cgl CLI]IL t ed ;noml&tge{hl i ght
absor bance of Gomeorntinn of Berwyn) Rengsylvaniy and sopjigd1 FWLéﬁ%baé?tl S Taw o the
foll ow ng equation:  Y(abs).s c) + b 5 wherein Y(abs)' represents the
| i ght absorba@c m&twca(ea?%%@%m&#[trate, in, represents the slope of the
light absggbance caldify AkiGHdk kdpe siips) b eectanileciongmo kirgixohemyyidors. ) ,

circumscribed on the PTFE sheet. The tape should have a caliper between 0.4 mm

and 0.5 mm. A suitable tape for this purpose is a 20 mil stickyback double liner tape
commercially sold as FLEXMOUNT™ No. 412X18 STICKYBACK DL, available
from 3M Corporation of St. Paul, Minnesota.

20 Using a liquid correction fluid such as BIC WITE-OUT, available from the
BIC Corporation of Milford, Connecticut, any gaps between the tape strips should be
filled in. After the liquid correction fluid is dry, the enclosed rectangle is filled with
about 8.0 ml to 11.0 ml of the ink composition to be tested. The ink composition is
allowed to cure at room temperature for two days so as to form an ink film. Those

95  ink films made from ink compositions containing acrylic binders, are additionally

cured by placing the film in an oven for one hour at 105°C.

Procedure B: Procedure For Making A Solventized Alkaline Solution

The following procedure is used to make a standard solventized alkaline
30 solution used to generate the solubility data found in column 7 of Table III and the

AE data found in column 10 of Tables VI - VIII and found in FIGS. 4 -11.



represents the pignent concentration and b represents the y-axis intercept.
From the neasured pignment concentration and the weight of the dry ink

film thev‘%){)(df&}i‘doj ty of the ink filmcan be determ ned inppihisheliRep of
di ssol ved 'ink” prgnent per gramof 10 dry;ynk film A suitable .

spect rophot onet er for measuring the |ight absorbance of the ink
conpositions and the ink filmfiltrate is the D ode Array

Spect r ophot onet er , Ngdd 452 umiBNfrasddiimEIIPA (ie; dieyibnd diafiarckar d
Conpany of Palo Al t%l},)g%%alkf:f’or nia. 15 To determ ne the solubiljty of the

ink films in aesphasidcidettalskdibimeltdydts prwderof PEearES): eypilaBedAim 7 of
Table 111, the sane procedure as outlined ahave f.or t 1 Nk bility
in distilled dblidsgh \eat epmpany B‘gﬁx ?@b“t"“ﬁ‘ﬁatTOt ﬁee%"@sgﬁlg\g‘r%ﬁm’
sol venti zed ald:igi ne SS(}| sE)tdl %cmgga @g\g\ggé}ioqggg% Eﬁ&(}ﬁ:ﬂéﬂ‘d@dBAaéwﬁﬁni S

P Y e g

substituted fo ei oni ze ter. 20 For each ink conposition
tested the 550! 4RidratehotieRofIRSBaeitatEtiblerfot thippirpaseds availdblerrany &l

solubility based on these three observations is Calﬂg{él Et egr. I—ﬁance% IrRe
sol ubi l ity dat@hémicaldTampenye Tarthe yodiva caehosgte SRWART ahddhe;hra spdipi ERTA,
observations for each_.of .the sevent ' Ll i steddd AeTabl e
I11. 25 Pr ocedmoegr@?‘sﬁfa’égﬁ?ffga?&s aﬁgg‘gﬁ% iougiﬁgléegr{glﬁd STain of the
Ink Film  Refgrp i@ @sofledms 8 and 9 respectively of Table 111, the

following procedure’is used to nmeasure the toughness and the maxi num
strain of the ink fTbuhs s@0tiods |SHcmams of T8 -<C ik Pikyl digetini 2B1ng ¢89S nk fi | m

t oughness was neasured at 50% WD, 0Q/ 07426 PCTI,USQ9/ 1.76 ain. | nk
films madellicceompnig sedacan ssatded %5&36 Sd;r'e&'ﬂéigﬁ'{ %%I}e lélgrﬁrrle?zr)fgaétoughness

and_maxi mum st ral. ;. lsjﬁxltf%lg 1?@6@9?? h5 So1US A 389, ¥Mutlonamti@vkitibiefrom Lonza

uniformy | evel 87850 In mis cut into three separate )
rectangul ar i nkuef bf PaiSBAPH QScwWiessi. M ethishsobuinpl %50 grads of 2dwtaxyethapgitih and 4
mmin wdth. Special care is taken when cutti ng the.ﬂqgfe fi I9§§ qu shsure
that the edgesadded. dnobiehle2-bulpxychans! tseopiRareatly PyriRRlaS A %6r° P IHES
around the edges of.t inkAfFilm.. ' h tonkisf 88 Braggdl € is
neasured. A su?’f’ﬁbﬁgloagﬁ%@ge FSFpO%r%oys]ogr[?%Igh élbioglféer‘:%?‘gt tTr?g Thwi %ig_-Al bert

cal i per tester gupdsd whier isSRdd@0TRY 3bhueibh & thdOstirrenn Biddr hgpravisiermixingst r ument

company of Philade E)l“r:)l tﬁfs sci?l?igrsl,y()l.%/(? grla?ris oli'%rcg - C,, ethoxylated nonionic surfactant
having an average of six ethoxylated groups per molecule is added. Prior to addition
to the solution, the C, - C,, ethoxylated nonionic surfactant is heated in an oven at a
temperature of about 75°C to 100°C for about 20 minutes until the surfactant is no
20  longer cloudy. A suitable C, - C,, nonionic ethoxylated surfactant for this purpose is
NEODOL 91-6 available as a 100% solution from Shell Oil Company of Houston,
Texas.
The entire solution is stirred for about two minutes. The solution is then
titrated with 12N sodium hydroxide until the pH is stable at 12.5. A suitable 12N
25  sodium hydroxide is available from J.T. Baker a division of Mallinckrodt
Incorporated of Phillipsburg, New Jersey. After it has been titrated to a stable pH of
12.5, the solution is then ready to be used as a standard solventized alkaline solution.
Immediately after preparation, the standard solventized alkaline solution is
poured into a plastic container. In order to maintain the pH stability of the standard
30 solution, the air space above the standard solution in the plastic container is then

filled with gaseous nitrogen and the lid of the container tightly closed. Any air holes



pur poses of neasuring the caliper of the ink filnms, the Thw ng-Al bert
cal i per tester should be set to a pressure of 95 grans per square inch
using ap oot having a 5 cmdianmeter. Atensile te t ed to
determ ne%(g?(ﬁ&f‘{?e t oughness of the ink f4d mand 15 the rrg;?ﬁrrjg?r‘i’?lsﬁ@al n of
the ink film The tensile tester should be set to a 1 cmgage length and a
load cell of 100N. The tensile tester should then be set such that the ink
tilmhas an igkal @in%%re%v&e&wmté&dwﬁﬂ@mmhgeacBea“@le@dcloﬁseOthbﬁaH of

cm second. A 'suitable tensile tester for measuri ng toughness and strain of
the ink film it sidielard sobitionrshbelddielchetked ead adjnstdd to aBH 04382 159¢6eF4H e from
the Instron Corporation of 20 Canton, Massachusetts. Approximately 1 cm of
each longitudinal end of the ink filmsanple to be tested is attached to a
crosshead to provide a., th.:a ; héidk Filhhe extension
and | oad are m%#@%%ggLWP gnlﬂﬁgﬁ}lﬁ?ﬁ’ﬂggﬁnﬂl e, 6, is determned
fromthe follow ng re@iahs @¢oldn® of Tabkdill, ileikfoflowmggaogsidaredasedde * i nk
filmsanple width) The strain of the ink film sanple, c, is determ ned from
the fol | owi ng negsut itmsol@olity of the inkfgmg He)fhsgklffde@?f‘é%aedi‘ﬁ%efri Im- length of

ink filmbefore stretching)/ length of.. [ f.ome.ShigtAL ngl WO
00/ 07426 PCT/ US99/ the%’“’rb‘ﬁ‘g‘%’ s°§“‘c§’PQ{é?1°éﬁ’F!ri1@’$ﬁ o o aih i s

cal cul ated by sB&tt héfohdaetr i igsca k6 Betertidle thel gxiflufestBotbancd waelength aver t he
interval fromO strain to 0.5 strain. The nmaximumstrain of the jnk film

i s defined as eatieinktasaiall atthehightabsdrption versusmagmentcongentrationygalibptiogo; g
where rupture occurs and the stress becones zero). The toughness data and
maxi mum stlfaj dingaeheach IRloFURRSIEang 9 respectively are each based on an

average of three oflser I bhgiSRveiiceiheinMkima@nposi ti ons
ot adTin Tabl o 1 T FONEHRS piefmAREBmON LM FAYE yNoO-NQO'~?2Fo -
- 00 0 0 V-, Nl WhveleRefB measured for @cBpi@n@nticdoQsNslipws:x - -

Carbon Black 7 500 nanometers
Diarylide Yellow 14 430 nanometers
15 Rubine Magenta Red 238 580 nanometers
Phthalocyan Blue 15:3 610 nanometers

To determine the solubility in distilled deionized water, three ink film

éamples, each 1 cm x 1 cm, are cut from the ink films made according to procedure
20 A. Wearing latex gloves or similar, the PTFE backing is peeled from each ink film.

Each ink film sample to be tested is weighed and then added to a vial containing 10

ml of distilled deionized water. The vial is handshaken for one minute and the

contents filtered through a 25 mm glass fiber filter baving a pore size of 1

micrometer. A suitable glass fiber filter for this purpose is a Gelman No. 4523 Glass
25  Fiber Acrodisc Syringe Filter available from VWR Scientific of Chicago, Illinois.

A spectrophotometer is then used to measure the light absorbance of the ink
film filtrate. According to Beer-Lambert’s Law, absorbance of light in the linear
region of the light spectrum is a function of the concentration of the medium into
which light is absorbed. Transmittance of light through a medium may be correlated

30  with the known chromophore medium’s concentration at a determined wavelength.
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F+1 N deionized water, can be calculated from the light absorbance of the {Hk Im iltrate

by applying Beer-Lambert’s Law to the following equation:
Yiavs) = MX(eoney T b
5  wherein Y, represents the light absorbance of the ink film filtrate, m, represents
the slope of the light absorbance calibration line of the ink composition, X
represents the pigment concentration and b represents the y-axis intercept. From the
measured pigment concentration and the weight of the dry ink film, the solubility of
the ink film can be determined in milligrams of dissolved ink pigment per gram of

10  dry ink film.

A suitable spectrophotometer for measuring the light absorbance of the ink
compositions and the ink film filtrate is the Diode Array Spectrophotometer, model
No. 8452A, manufactured by the Hewlett-Packard Company of Palo Alto,
California.

15 To determine the solubility of the ink films in a solventized alkaline solution
as recorded in column 7 of Table 111, the same procedure as outlined above for
determining solubility in distilled deionized water is followed except that the
standard solventized alkaline solution made according to Procedure B above is
substituted for distilled deionized water.

20 For each ink composition tested the solubility data are generated in triplicate
and an average solubility based on these three observations is calculated. Hence, the
solubility data in columns 6 and 7 are based on an average of three observations for

each of the seventeen ink compositions listed in Table III.

25

Procedure D: Procedure for Measuring Toughness and Strain of the Ink Film:

Referring to columns 8 and 9 respectively of Table III, the following
procedure is used to measure the toughness and the maximum strain of the ink films.

30  As shown in Table III, column 8, the ink film toughness was measured at 50%
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Using a sharp knife such as an Exacto knife, a uniformly level area of the ink
film is cut into three separate rectangular ink film samples wherein each sample is 3
cm in length and 4 mm in width. Special care is taken when cutting the ink films to
ensure that the edges are smoothly cut so as to prevent formation of notches around
the edges of the ink film.

The caliper of each ink film sample is measured. A suitable device for
measuring caliper is the Thwing-Albert caliper tester model No. 89-100 available
from Thwing-Albert Instrument Company of Philadelphia, Pennsylvania. For
purposes of measuring the caliper of the ink films, the Thwing-Albert caliper tester
should be set to a pressure of 95 grams per square inch using a presser foot having a
5 cm diameter.

A tensile tester is used to determine both the toughness of the ink film and
the maximum strain of the ink film. The tensile tester should be set to a 1 cm gage
length and a load cell of 100N. The tensile tester should then be set such that the ink
film has an initial slack of 0.5 cm and a crosshead speed of 0.15 cm/second. A
suitable tensile tester for measuring toughness and strain of the ink film is the
Instron tensile tester, model No. 4502 available from the Instron Corporation of
Canton, Massachusetts.

Approximately 1 cm of each longitudinal end of the ink film sample to be
tested is attached to a crosshead to provide a 1 cm gage length and a 4 mm width.
The extension and load are recorded. The stress of the ink film sample, o, is

determined from the following equation:

o = load/(ink film sample caliper * ink film sample width)

The strain of the ink film sample, €, is determined from the following equation:

g = [(length of stretched ink film - length of ink film before stretching)/ length of ink

film before stretching]
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I nks suitable for the present invention are commercially available from Sun

Chemi cal Corporation of Northlake, I[llinois. Alist of these inks is

provided in Table IV. WO 00/07426 27 PCT/US99/17661 z X NN NNNO U /I

NNNNYV
Toughness of the ink film at 50% strain is calculated by integrating the area

under the stress-strain curve over the interval from 0 strain to 0.5 strain. The
maximum strain of the ink film is defined as the strain at which the film breaks (i.e.;
5 at the point where rupture occurs and the stress becomes zero).
The toughness data and maximum strain data in columns 8 and 9 respectively
are each based on an average of three observations for each of the seventeen ink

compositions listed in Table IIL.
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z SUBSTI TUTE SHEET (RULE 26) WO 00/ 07426 PCT/US99/17661 29 Ink may be
~applied to the fibrous sheet in any nunber ways including imted
to: di ppi NP PHY429 br ous sheet into a sol yki on of ink, spra?#kﬁﬂg&ggkttion
of ink onto the fibrous sheet, or preferably by printing the ink onto the
fibrous sheet. Printing processes suitable for this invention include but
are not limted t Ofnkéaiif.aﬁféqgf ARRYesehGhi@itidh@8Sconmkrcjalil apsilabld fagm Sgnavur e,
screen printing, intaglio and referably flexography. A single color inmage
or nul ti-col aChdnitegeCdrpyratien afigbitieldke, fdinpise 4 lighof taese nksts PEBIGPEES sui t abl e
for applying an inmage onto a sanitary disposable paper product utilizing
the ink and fT4M®IM sheet of this invention are described in conmonly
assigned U.S. Patents, 5,213,037 issued to Leopardi, Il on 10 May 25, 1993
and 5, 255,603 issued to Sonneville et al. issued on Cctober 26, 1993, the
di scl osures of which are incorporated herein by reference. The printed

i mge produced on the paper can be |ine work, halftoning,



preferably a process print, or a conmbination of these. As used herein,
"l'itne work". refers to a printed i nage conposed of solids and lines. As
~used herei-n, "process 15 print" refers to a halftone col or i ated by
t he col orWOdH4 4fi on process whereby s7an i mage conposed odetolrv\/g@géﬁéf‘gre
transparent inks is broken down into halftone dots which can be reconbi ned
to produce the conplete range of colors of the original imge. Coloration
i-n a process print inage is produced by varying the area of ink 20
deposition in a given inage area frequency of ink deposition and the nunber
of inks in the imge area. |Ink deposition area may be varied by adjusting
the frequency, size, or conbination thereof of halftone dots. As used
herein, "transparent ink"™ or "process ink" refers to an ink which has

m ni mal hi di ng power thus allowing sone of the light to pass through it.
Wth a transparent ink, light nust be able to penetrate 25 one or nore ink

| ayers while only certain wavel engths are absorbed. To make a red, for
exanple, yellowis printed over magenta. Yell ow absorbs bl ue wavel engt hs
allowing red and green wavel engths to pass through Mage| absorbs

PO BI en
wavel engt hs. The|remai nijng mwavellengt hg arle riefliectied ps fed| In confrast to
transparent inks| @hen opaque inks l¢i.ig.;|zngn-tikangpapeniz i fkks)e |230izar g

S5 cnlE SR b & = = . |> > > >~ z |z
overl ayed, the t@pzcofor|~i sit he [dont nant (€olfor Sin t absorbs post || ght
other than the spéciffic| wayvel engths of ijts |collor.| For ekanple n_ppague
yel | ow i nk mould‘VITUP/U 426 PCI/ US99/|17661 | 30| absorp bl ue|wavye| engt hs
. . =4
while reflecting|the:red] and gregen |waviel engths to produce a| yel] ow An
H H « Z o ko o “ =5 =3 = =) 2. S =) g f f
i mge i s process @%l@ﬁedw i # the”i magel~i sipriFntled Wity mul tijpl @ process
colors. The process &plofs pust lhavie a |inesicreen pr dot |size. |Furtherpore,
the inks 5 nust |be transparent lto prgbuce—a my-ti+ude—et—eotorfsTwhen—t he
inks are overlayed. The advantade of ajwprecegs printet i mmges oer ajline
. . . > = = =, | el = = = =
work printed inmage is| thatithe |progesg pElnEedglane:fnéble® many c¢ol ors
=3 = u @) ) w ) 2
and shades of thdse cfl piisziozbez produced withl<az (w3 pksz Far|_exanpl e, a
human image may Be zcofpgissed ef Een|zof 1z gr,ﬁ_rgic;m ;z'og = aThesz igrr%@eé Zan |de
o w o @ = . > 2
r epr oduced by Prqcess|peinking uzlg 573 BOE BsE seRvzaB 2B | Bri@eé |gdljor's. | The
sanme i mage reproduced|sy RN wogk Moulsd typ gca‘ii y|& equine tjgn | or nore
i nks each withya |corresponding pEi nEi nE stEat (2on|2on |3 hég prjg ntiEng press. |A
printed i mage gzoduced by lilne work| often!increases hoth ithe cdst—ane—the
conpl exity of regroducing the inmpge, Though t{he|prefenred ink conpogitijons
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present invention are pignent-based process inks, other types of

pi gnent - based inks 15 are within the scope of this invention. The col or
~density of an imge may be neasured with a densitoneter. ity, a
di mensi onVOMORAsurenent, refers 4o the density of the CSP%QB%?@35§ed by
the ink. The higher the color density of the ink, the greater the intensity
or strength of the color. As color density increases, the densitoneter
neasurenents al so 20 i ncrease. The densitoneter neasures the color density
of the dom nant primary color present in the inage. The densitoneter then
di spl ays the color density of the dom nant primary color. As used herein,
"primary color" refers to one of the four colors of yellow cyan, nmagenta,
and bl ack. 25 Procedure E: Procedure for Measuring Color Density of a
Printed I nage The color density of an image printed on a sanitary

di sposabl e paper product may be neasured as follows: Using a refl ectance
densitoneter, the densitoneter setting is adjusted so as to read the

dom nant prinmary color present in the image. The printed sanitary

di sposabl e paper product sanple is placed on top of four 30 unprinted
sheets. The fdqut unprinted sheets are used in order to elimnate the

i nfl uence of background color froma col ored surface. WO 00/ 07426

PCT/ US99/ 17661= |31 These four sheets of a white substrate having an L*a*b*
val ue, of about | 91.17, 0.64, and 4.29, respectively may be used wherein
the L*a*b* valug is neasured by a spectrocolorineter set to a 10 observer
angle with illlumnant Ain the CELAB L*a*b* nbode. A white substrate
having an L*a*b% val ue of about 5 91.17, 0.64, and 4.29 respectively is
white BOUNTY(r| |paper towel marketed by the instant assignee. Three col or
density neasurenents are made within a given color of an inmage using the
refl ectance dengitoneter. The average of the three neasurenents is
cal cul at ed and| rlecorded. 10 Col or density measurenents may be neasured on
any ink that is|applied to any color substrate. Preferably color density

i s neasured onjzgny substrate with a white background having an L*a*b* of
about 91.17, 0}24, and 4.29, respectively. A suitable densitoneter for
measuring colof |[density is the X-RITE 418 refl ectance densitoneter
commercially aydigable fromX-Rite, Inc. of Gandville, Mchigan. 15 As

NO

used herein, ":iéib*", refers to the ClELAB L*a*b* col or definition
g
b=
g8
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system The Cl ELAB L*a*b* color definition system eval uates the col or
variation in a defined area of a sanple and conpares this variation to
that of a_-standard reference. The colors are defined by apa ;llsﬁ{'ﬂdl -

mat hermat | &4 9¥#St i ons known as L*a*b* wgl ues, which descrlﬁe 6 *hunan
eye's sensitivity to color. The L* relatés 20 to the |ightness of the
sanple. The a* refers to the redness of the sanple if the value of a* is
positive. If the v * i LV R chbdt i hEnb@ wdye ipheinnessoof the
sanpl e. The b* ref@h(g&%ygget%gh)k/%f({]%\g\nﬁggds&%%tﬁ%@i}gnpl e if_d?tghe val ue of b* is
positive. |filihhed wakiinf thbfibtaisshegatitu e solution of Brkssprayinpe spiutienesikot t he
sanple. Fromthe L*a*b* values a AE val ue, a_di.nensi OH| ﬁls)s rrelgseyrerrent,
can be det er nomtetheBbraneshseh opprefeaphly bu pristipg thednk pRICARGHOTONS 35CEr pet ween

two different_sets of L*a*b* . val . bt B8 BElndifeg t@r eater the
col or dif f er eRRBHASHIGESRNGSHitpble %?r;{g%dﬂgegﬁf) %E& dra?ebrua?ﬁ% ng Ink Rub-off The

met hod usegd tEth%%ﬁbHﬁtl@ttérBﬁsi W jof HrinitBfy, plasteesoéenatinting, intighosndi on 30
after it has been applied to a substrate sinulates scrubbing }COUﬁt(ﬁrtOp
With the apppicfitaliy élssogreplof. Aswgid soderimagher meltherlotiHAge MY LeABEfhg a

Kk f 00/ 07426 _PCT/ US99{ 17661 32 pr i , i nst
WhiTe 1 le hatd e TR GHEE S DEFREESPRBK: Poorni B PR U oL R pAsAES S0er net
predet er ni ned dﬁh@%ﬁg@gﬁﬁﬁﬁ&t uﬁﬁﬁngfg{&hﬁ ah@ABidus she¥t ofithid xeehtioumiper  of

strokes. Col ori en be us to quantify the ink transferred from
the printed papebed M donembnly @ssigned WBI Patents,| 62 1800375 ssed it Leanagdinllgp 10. 15
cmin wdth and 0.6 cmin thickness s used.for this purpose. ite
tile is cohst Ma2sd 1993 andsh2? 26Q ispusddo S@P&Wﬂiﬁrﬁtiaﬁ‘l 155&1ﬁ$8&§)§i0;%35\%€§|2 i’s
adhesively laminated to J10J<18 ; eLtndgase which is 0.5 cm
in thickness. %ﬁﬁ?%‘éﬁs o\%ﬁlﬁé@%{ej?&g@@rg@gg&gbr Et Ei S pur pose has a Cl ELAB
L*a*b* val ue of abquk pBidtedImag®p@dAuceditsh Be pipar eapbe tinewbik, halfenmet i c
coefficient of 10 friction of a%out 0. 14 as peasured ag i nst «an al upi num
surface with grefenaplyizaptocess pristipea epmhinagemekthpisy AGIFSE 8iCHE hNGRET

surface roughness of about. 3.53 m cropet.ers as. ngea Rekedn. «
i nt er f er omet r yeICEAC 2L eﬁ%??ﬁedfog?&lrfe{saagg?ﬁng% g%ﬁ% ace ro aoﬁﬁiasss vi a

interferogetry s arZyvao Nemond @tordht criatdalbydee cQdr eparafib bocessawheiebt ur ed
by Zygo Coq?poﬁ)gtn?on %%l M ddl efi el d,leConnecti cut. A white 15 surfgce

suitable for tahiimapeicqmpesed of tr oemFERMNSRTeR inksss beaksn dawpdate PaHODEGr i ca
Corporation of Cincinnatj, Chip, A suitable te red h pport
base i s avai | diotseVhichfrporegpmbingd ¢g produ &BS?’ngﬁbenraggeaig%g(%% gfﬁ%eor gia. A

sui tabl e

original image.
Coloration in a process print image is produced by varying the area of ink
20  deposition in a given image area frequency of ink deposition and the number of inks
in the image area. Ink deposition area may be varied by adjusting the frequency,
size, or combination thereof of halftone dots. As used herein, “transparent ink” or
“process ink” refers to an ink which has minimal hiding power thus allowing some
of the light to pass through it. With a transparent ink, light must be able to penetrate
25  one or more ink layers while only certain wavelengths are absorbed. To make ared,
for example, yellow is printed over magenta. Yellow absorbs blue wavelengths
allowing red and green wavelengths to pass through. Magenta absorbs green
wavelengths. The remaining wavelengths are reflected as red.
In contrast to transparent inks, when opaque inks (i.e.; non-transparent inks)
30 are overlayed, the top color is the dominant color since it absorbs most light other

than the specific wavelengths of its color. For example, an opaque yellow ink would



adhesive useful for lamnating the white surface to the base is Mdel No.
30NF available from 3M Corporation of St. Paul, Mnnesota. 20 An ink rub
tester 10 sed to simulate scrubbing a countertop s t -
shown in I‘—*@O/‘p@é\; Referring to FIGS. 25gnd 2A, a rubber ?ggg%%{l% ichis
1.2 cmin length by 0.9 cmin wdth is attached to the bottom of a 1000
gramnetal spline 12. The rubber foot 14 is oriented on the netal spline
12 such that DG e RNSHBRIHR the R dndlte@h Waelengthsitsppdnadd el to
t he spline ri%brsggr&dlgn%%t eI%%hZS spline idr%dent ations 17. The rubber foot 14
is made of offellohi.t e neoprene rubber having a thickness of 0.125 inch; a

tensile strength of 1200 psi, and,a Shore.A duroneter .hardness 55. A
sui t abl e neoprene fupage m@ﬁﬁ%ﬂﬂmﬁfflf‘hf?&ﬁ%ﬁ‘ﬁé’é‘&téﬁé"‘gb‘?’& Ugge Ii’rg lcéer%SNo.
8616K64 avail abl e - Corpaidy siod. [Rreadese, tHelihioi s.
The 30 rubbe?ol??r(%b{ﬂ’gﬁ}ql}%%g%%ogé|mve @avgté?gig ed to thsél met al spl iene 12. A
pref err ed sadh@gitR (MRsPREA 14 BRodREETA WTBRhde 66cblor8 vhkn thetihksarpeverdayedi s DURO

QUI CK GEL NO- RUN SUPER GLUE manufactured by Loctite Corporati.an of.
Hartford, Connecti €t advantage ofmpiogess muinged ig1agg Pxer Nneoyork painfsddmags iy e 40
to be evaluated is provided . The er ith g M

col or and col &‘P‘%‘@ﬁ’é‘%ﬁsﬁ prf“‘f%edalm@eﬁﬁi?@?ﬁ'%gﬁgg%&%g%%ﬁ%é%gfﬁgsﬁgl&gvai [ abl e,
several paper z%gﬂwci%ﬂ% e inker MoC&lafiplél @nfuintanemap@inah 8e powpastdiafget drer t o
provi de one u%| orm1.2.cmby 0.9 cm paper sanple 40. Using a doubl e-sided
sti ckyback nompes elerst s indage barhlaesrepuiideséd ey prapess PEOtROUEIARS &5 1992501 t he
nonpor ous tape, the paper sanple 40 tq be . eval uated i attac . t he

sti ckybackd nothses ekersy dpe .SanT‘hEn@eirEWQE‘é‘i?E bﬁ(ﬁﬁlﬁd’?%g?’ Otugdpté’p}cgﬁ¥ Eegglr&gen
attached to the. r .14 d?e% ﬁ&ﬁlgm%&lqu 8 brSsd. M

al i gnnment wi tﬂle?lﬁ{ég}lgrﬁ% G{)cg%?%%% 1%?01}6\ S Ft able sti ckybagkm?\%n%or ous tape
for this purppsiftell sSmagerotfided bytline kydrk okien meindased hatlethetcapemd dbarer ci al | y

sol d as FLEXMOUNTTM No. 412X18 STI CKYBACK DL av%illé%biilng from.3M fih

Cor por at i on ofosplexivaof repradypiag sheimapse Tharghsthe prede cBPREUHORSIING he
base 16 of the ink.rub .tester 10 ¢ S i th &G Sasddigkyhi t e
tile 30 may bBreﬁ%rfl%dn%eélgﬁP 81%p lgrﬁgrﬁ)tﬁ%g%d1§‘]3?g?slséﬁgtséﬁt?l%@ﬁsedf%%e hol der

adj ust menf5 scLRW SN YR édopt BEthid iheedii@nder adj ust ment screw 18 engages the
white tile 30 and hol ds iF securely in place against the side %n%y 0. The
white tile 30 sho(lhd chler flensith ofian Imageempy be measurgdwith  dagsiogieggrgLplory

'Tquid to be td(eagstlgf?a Idlsmeaﬂgﬁ)lnie%g rr;[egerehn%eﬁlt\l,n %e%eers %o' tlhg d§1%ity %(P the color produced by

the ink. The higher the color density of the ink, the greater the intensity or strength

of the color. As color density increases, the densitometer measurements also

20 increase. The densitometer measures the color density of the dominant primary
color present in the image. The densitometer then displays the color density of the
dominant primary color. As used herein, “primary color” refers to one of the four

colors of yellow, cyan, magenta, and black.

75  Procedure E: Procedure for Measuring Color Density of a Printed Image

The color density of an image printed on a sanitary disposable paper product
may be measured as follows: Using a reflectance densitometer, the densitometer
setting is adjusted so as to read the dominant primary color present in the image.
The printed sanitary disposable paper product sample is placed on top of four

30  unprinted sheets. The four unprinted sheets are used in order to eliminate the

influence of background color from a colored surface.



20 this purpose a 25 mcroliter sanple of the desired liquid is placed on
the white tile 30. The liquid is placed on the white tile 30 such that the
liquid wil] be directly aligned with the paper sanple 40 the
rubber f odYO 801 t he met al spline 12 up | owering the n‘g’?gﬁ%g%ﬁ%fe) 12
into the spline holder 7. The netal spline 12 is lowered into the spline
hol der 7 such that the rubber foot 14 of the netal spline 12 25 contacts

the liquid on the while,h 4h%ﬁt§Q)if a WifiteSibHatSRIvidieanlic 4748 vake, sfabeitul | y

| onered so as not to cause t iquid on the white tile 30 to splatter.
Splattering ohanges4tdnd 4amuspeaively may te tedtwhenein gagdeta*baNpue 140 cont act s
and thus inpacts the rub-off results. Upon_ contact w

) Lth the whitg.tile 30,
the metal spl imeesured by aspectiocelorgesgiset 9@ 0o PRI 4RS'E RAMMIPEAP F‘el 30 of

9.81 N. Referrjin o) @ 130 e ggﬁh e @ of ksoutubber
foot 14 of théh%g{f;h’“g% |a71be Tég?'s‘&?ﬁg{r? Sr%u eﬁh%“g%% ﬁ%%?e%\% 80/ 07426

PCTI US99/ 1366D1 1340 34! frdcE2 Plespdreivitliis #hite BOTRIT Y B paper cometlesarketedbs fwed of
44.28 cycles/minute over a swept angle of 11.2 degrees (represented in
FIG 3 by "A")nstarthssagneadi us of 29.2 cm (represented in FIG 3 by "B").

G 3 st hegres om (represente : f
the swept angl e (r SpFeceivERTBy Fenpaeiis b YiblgREReAbobER A ffecr ©

begi nni ng and hsEMALES - THNR efipk 0P itRIth@s nthsirb@entaper  sanpl e
40 with respeé{sggéﬁ?ﬁegg%rtea%%?desgl ine 12 and tt%e spline hol der 7 does not

change t hr oughaltulatddeandasdordékhe | engt h of the paper sanple 40 remains
parallel to the tangent of the arc formed by the swept. l.e AL t he
radi us "B10as show{-qlpr denpity mgasurgEeIxs W%@r’%@ﬁu@ﬂ?n?‘ﬁ%uﬁg&t& a@éleﬁ g((r;j t est
purposes is the 1880l o ay ithalhRdbhany shautensie 8- Renn
Conpany of G r?él?'(r?é\)g)triSl,%bs%‘#eo&rgégg}ydg(?&te%engﬁai n an agcu?%te measur e of
rub-of f, five Whigesa¢REI0AAS haVing@an Ukwert fabout 1017, 8.641 argi. PR pespestingdit.r at e

are generated and averaged. 15 Procedure G _ Procedu asuring I nk
Rub- of f Resi stsauitalle dpnsitortetas foimimeasuripg golgpdensity iy ’g‘ﬁééRbgé éf@r Ftan&
twenty-four hours. the anount o

. ' . ;
transferred tQRLOMFeL commercially a:vgllfabrleu Q&%{%&%H&%Mﬁ&vﬁ&%&& an

eval uat'e measuring the difference

in color ofs the whifeutddRr3R Draeh*t fefénbinedIANABAE tb* colobbefngtiawcor di ng
to the CIELAB L*a*b* color definition system 20 In regards to the present

i nvention, DE, syisent. {EhedCFHLAR hée* hincalerdefinition systsm qyalugies e QePrWRTERY j | e
30 prior tor uitx)lbai c{]e 1ngcr1] greg r(])(t:'aSs.azf‘mngleva\/nnidtcgmtpiarle(sa th?fg Vaégatti%ﬁ t§ H’l%t X‘ﬂl {tfndard

reference. The colors are defined by a set of mathematical functions known as

L*a*b* values, which describe the human eye's sensitivity to color. The L* relates

20  to the lightness of the sample. The a* refers to the redness of the sample if the value

of a* is positive. If the value of a* is negative, it refers to the greenness of the

sample. The b* refers to the yellowness of the sample if the value of b* is positive.

If the value of b* is negative, it refers to the blueness of the sample. From the

L*a*b* values a AE value, a dimensionless measurement, can be determined

25  wherein AE represents the difference in color between two different sets of L*a*b*

values. The greater the AE, the greater the color difference.

Procedure F: Procedure for Generating Ink Rub-off

The method used to evaluate the rub-off resistance of an ink composition
30 after it has been applied to a substrate simulates scrubbing a countertop with the

applied pressure of one finger. The method comprises rubbing a known area of a



tile 30 has been rubbed agai nst the surface of the substrate to which the
ink is applied. The value of AE is defined by the follow ng equation: 25
AE _ (L*i -L*0)2 +(a*l -a *0)2 + (b *1 _b *0)2 wherein L* * d b*0
refer to PHOY¥H%* value of the white tidye 30 prior to rgﬁﬁﬁ’ﬁgwh’% L*,,
a*,, and b*, refer to the L*a*b* value of the white tile 30 after rubbing.
The higher the value of AE of the white tile 30 after rubbing, the greater

30 the amount 1%3 é%ﬂ%(&ghﬁ@ﬁa Whitd HR Kavink a0GoWh silfaceprofiie. tRubbids WO
00/ 07426 PCT/PJ 8 17661 5 A spectrocol orineter can be used to determ ne .

AE. For pur popeasfornfedtaha predeteuningd pressye.speed; endratkakedenatl, frpabueemnte, the
spectrocolorineter is set to a 1 bserver angl e, w illun A and is
al so set so asf %t@kﬁ%agﬁlPEWeﬁytcﬁ’éalﬁp%ﬂEea/WB&lyﬁBﬁg‘a(q%l S{eﬁ%h %g{s%ls ed
L*a*b* val ue Qf. i ple 30 prior to rubbing 5 may vary fromwhite
tile 30 to wh {lrétteaﬁ?%g?g%ﬁleghés't andard L*a*b* reference value for the white

tile 30 may be ent arwHitd filed Ot I5ecns pelehgth byl 16riSmmt ar width tyhd.6am withiekrass

L*a*b* reference value for a white tile 30 such an thﬁ.t deﬁlc%d) din
Procedure F, issuse¢frahis pumpose Thewehits tilg is qopsiiuteq ot YhilesHEICG 1 1 &Pl e 30

i's checked agai.nst this. .refer.e I [ ' rtHase whicKal ue
bet ween t he l{lﬂ’eﬁ‘f" ich i ?)({hie%yaﬁ ga[\i{%a{régtt)@?lﬁegﬁ%&n% %#gpdrag?g’dg%ce value is
greater than @ @9 cndiniEekieRl. eARPFiICalwA ikt E facebee faxcthisipukost hes a CIELAB
spectrocol ori neter based on the L*a*b* value of the white tile_ 30 before

rubbi ng. Aft eL*aHe velhie of abolied 65, hA32 rad . Uhissnestivelyiea kigetiq ¢pefhidentobnce
value and a new ref e[)ence val ue entered jf necessasrﬁfacﬁg_@%han
va

spect r ocoll®r i Aagtion qf abpat 14 35 ReasuiFdaeaipst gnalumInL}, Withanepplied, ) ve of
the rub. E gh&%ée?g;\#gégm BRAf YIRS SERcdRMBhNESS Bf dtat 3.53

: r .
spectrocol ori the ‘center of the rub. The spectrocol orineter
cal cul at es an nlit@iletery ad measarnd \a DEerfarbmetry 0 Andasthinmsa vsefelfenmeasprag

spectrocol ori meter al so cal cul ates an average, AE val of r ased on
the eight rreégﬁf@@rf@ﬁg@essmé IYHEIPPSHY 07 W@FWQK‘SW!%@%@O%‘QE%%PZ?%
reading a cir ﬁékﬁ, xﬁ%ﬁ@acﬁx@e@&% ??g(ﬂngrﬂMﬁoﬂ of MiildtleRef @0BAREiIcutA Shitabl e

spectrocol ori use w invention Is the X-R TE 948

comrer ci ahky aughdeadligblt FethXptpcse id white PORMBCANGI 439 valaldbifrgan.
Referring to Tables V- VIII1, the ink rub-off resistance for paper

towel subst r atfesmiseiGrrperatien of €ineinant, Qlipor ARl dsraReTEd l“lifis‘ir’]aﬁ SYRPET nk
ﬁggﬁ? ZICE Iu(r) 23 ! s§ Jﬁglvigi@%ﬁ?r%e@éoréigy Qc%ﬁg ebrp\é\m&tog o@Mt\g f}l:or%?ap X shibR!
adhesive useful for laminating the white surface to the base is Model No. 30NF
available from 3M Corporation of St. Paul, Minnesota.
20 An ink rub tester 10 may be used to simulate scrubbing a countertop such as
that shown in FIGS. 1-3. Referring to FIGS. 2 and 2A, a rubber foot 14 which is 1.2
cm in length by 0.9 cm in width is attached to the bottom of a 1000 gram metal
spline 12. The rubber foot 14 is oriented on the metal spline 12 such that the
lengthwise dimension of the rubber foot 14 is parallel to the spline ribs 19 and the
25  spline indentations 17.
The rubber foot 14 is made of off-white neoprene rubber having a thickness
of 0.125 inch; a tensile strength of 1200 psi, and a Shore A durometer hardness of
55. A suitable neoprene rubber material for this purpose is sold as item No.

8616K 64 available from McMaster-Carr Supply Company of Chicago, Illinois. The
30 rubber foot 14 is adhesively attached to the metal spline 12. A preferred adhesive
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securely in place. The white tile 30 may be held securely in place by tightening the
tile holder adjustment screw 18 until the tile holder adjustment screw 18 engages the
white tile 30 and holds it securely in place against the side pins 20. The white tile 30
should be flush with the base 16.

Referring to FIG.2, a liquid to be tested is applied to the white tile 30. For
this purpose a 25 microliter sample of the desired liquid is placed on the white tile
30. The liquid is placed on the white tile 30 such that the liquid will be directly
aligned with the paper sample 40 attached to the rubber foot 14 of the metal spline
12 upon lowering the metal spline 12 into the spline holder 7. The metal spline 12 1s
lowered into the spline holder 7 such that the rubber foot 14 of the metal spline 12
contacts the liquid on the white tile 30. The metal spline 12 must be carefully
lowered so as not to cause the liquid on the white tile 30 to splatter. Splattering
changes the amount of liquid that the paper sample 40 contacts and thus impacts the
rub-off results.

Upon contact with the white tile 30, the metal spline 12 exerts a constant
force upon the white tile 30 of 9.81 N. Referring to FIG. 3, the paper sample 40
attached to the rubber foot 14 of the metal spline 12 is then rubbed against the
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surface of the white tile 30 for 7 cycles at a speed of 44.28 cycles/minute over a
swept angle of 11.2 degrees (represented in FIG. 3 by “A”) with a radius of 29.2 cm
(represented in FIG. 3 by “B”). Referring to FIG. 3A, the paper sample 40 is
positioned at the bisector of the swept angle (represented by line “C-C” in FIG. 3A)
at both the beginning and the end of the 7 cycles. The orientation of the paper
sample 40 with respect to the metal spline 12 and the spline holder 7 does not
change throughout the test. The length of the paper sample 40 remains parallel to the
tangent of the arc formed by the swept angle “A” and the radius “B” as shown in
FIG. 3A.

A preferred ink rub tester 10 for test purposes is the CRC 1280 Ink Rub
Tester, available from the Concord-Renn Company of Cincinnati, Ohio.

In order to obtain an accurate measure of rub-off, five observations on a

given color for a given paper substrate are generated and averaged.

Procedure G: Procedure for Measuring Ink Rub-off Resistance

After the white tile 30 is allowed to dry for twenty-four hours the amount of
ink rubbed off the paper substrate and transferred to the white tile 30 is evaluated by
measuring the difference in color of the white tile 30 prior to rubbing and after
rubbing according to the CIELAB L*a*b* color definition system.

In regards to the present invention, AE, is the difference in L*a*b* values
between the white tile 30 prior to rubbing and the same white tile 30 after the white
tile 30 has been rubbed against the surface of the substrate to which the ink is

applied. The value of AE is defined by the following equation:

AE = Ja'*1 -L *0)2 +(a* —a*o)z +(b% _b*o)z

wherein L*,, a*,, and b*, refer to the L*a*b* value of the white tile 30 prior to
rubbing and L*,, a* , and b*, refer to the L*a*b* value of the white tile 30 after
rubbing. The higher the value of AE of the white tile 30 after rubbing, the greater

the amount of ink deposited on the surface of the white tile 30.

UUUU aby -mmm



ZZZZZVZZN' ?<?ZZCmp "

2727 N
. ptr1CmU-~: OJ J OIJ
l(J\|]:/1 JOOO };AYZS Z)ZUF-V] ft?zzzCZJWC'312 ERINVI
) ~ Z'~Z"Z'~’7"Z"Z Z0YO C-
/ 4 1 1 Y C
Egovo " %‘fé’évov - muUtl B%UmUtI 0 11 BErostBstG U <
OO<J.Z.J<J<S;<\\](<Uy<OO<K<C< 7 "~ <<J<J<J<J), <mU
< < mUmUmumUmUmUUm SUBSTITUTE,SHEET
E’RELEV 2063/ 7V\8 00/[)07412 %)e%ﬁ'og) %111&@%? 41'7 @@&seﬁ) t(pdetérm.anAE Wor hurposds oDtiNs C F
- - zzZZZZZZZZZ
ZZp-0<a anﬁenﬁoﬁ pricF t6mékmrg anyrme}asuremeiatsrthﬁ spemrocolprlmetems el uuu
uuuuu z szom)QO|nzzz >z YZZZZZ N N N
NNhNVWV: V1L c[hsmven/angile with illuminant A and 1s also set so as to measure in theZCIELAIi_|

L*a*b* mode. As the measured L*a*b* value of the white tile 30 prior to rubbing
5 may vary from white tile 30 to white tile 30, a standard L*a*b* reference value for
the white tile 30 may be entered into the spectrocolorimeter. A typical standard
L*a*b* reference value for a white tile 30 such as that described in Procedure F, is
93.65, -0.32, and 0.11, respectively. Each white tile 30 is checked against this
reference value prior to rubbing. If the AE value between the white tile 30 prior to
10  rubbing and the reference value is greater than 0.40, a new reference value is entered
into the spectrocolorimeter based on the L*a*b* value of the white tile 30 before
rubbing.
After the white tile 30 has been checked against the reference value and a
new reference value entered if necessary, the spectrocolorimeter is used to measure
15  the L*a*b* value and AE value of the rub. Eight equally spaced measurements are
made with the spectrocolorimeter down the center of the rub. The spectrocolorimeter
calculates an L*a*b* value and a AE value for each measuremenf. The
spectrocolorimeter also calculates an average AE value of the rub based on the eight
measurements. The spectrocolorimeter should be capable of reading a circular area
20  between 5 mm to 7 mm in diameter. A suitable spectrocolorimeter for use with this
invention is the X-RITE 948 commercially available from X-Rite, Inc. of
Grandville, Michigan.
Referring to Tables V- VIII, the ink rub-off resistance is shown for paper
towel substrates printed at different color densities utilizing the ink compositions of
25  the present invention. White BOUNTY?® paper towel manufactured by the instant
assignee was used for this purpose. All the inks represented in Tables V - VIII are
process inks. The four tables are divided by ink pigment color. Table V represents
BOUNTY?® paper towel substrates printed with process inks utilizing Carbon Black 7
pigment. Table VI represents BOUNTY® paper towel substrates printed with
30  process inks utilizing Phthalocyan Blue 15:3 pigment. Table VII represents

BOUNTY?® paper towel substrates printed with process inks utilizing Rubine
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Magenta Red 238 pigment. Table VIII represents BOUNTY® paper towel substrates

printed with process inks utilizing Diarylide Yellow 14 pigment.
Referring to Tables V - VIIL, Column 1 indicates the type of pigment used in
the ink composition. Column 2 indicates the type of binder used in the ink
5 composition. Column 3 indicates the approximate T, of the binder. Column 4
indicates the crosslinking agent, if any, added to the ink composition. Column 5
indicates the amount of crosslinking agent, if any, added to the ink composition.
Column 6 indicates whether wax was added to the ink composition. Column
7 indicates whether the substrate was heated to 135°C after application of the ink to

10 the substrate. Column 8 indicates the dominant primary color of the image printed
on the paper towel substrate as indicated by the reflectance densitometer and
measured according to Procedure E above. Column 9 indicates the color density of
the image printed on the paper towel substrate as measured by the reflectance
densitometer according to Procedure E above.

15 Column 10 indicates the rub-off resistance for each ink composition as
applied to white BOUNTY® paper towel substrate and determined according to
Procedures F and G above. Sigma AE (i.e.; ZAE) represents the summation of the
AE of the ink composition in distilled water and the summation of the AE of the ink
composition in a solventized alkaline solution wherein the solventized alkaline

20  solution was made according to Procedure B above.
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26) "W 00/‘6&2%%74%/ US99/ 17661 48 Referrjyg to FIGS. 4 - %‘;q:ﬁ?%g?‘gng AE
for each enbodi ment shown in Tables V - )(}? was plotted on a graph as a
Bunptlo? of color density. Separate graphs vvere generated according to the
onminant prinmary cel or .of ! JirEAbe dadiienitiRirh & kRShRiC e
densitometer. The 34?3%8“%9 FFG 'gr,lgbfh% S\PgreA plotted 5 oln th; graphs shown

in FIGS. 4 andgfjes WVﬁUﬁ%lpI@tfHdSori dgriplbhea fﬂnc’ameomaiubltcwsﬁbn Sapaeatgyr aphs
shown in FIGS. 5 and 9. The enbodi nments in Table VII a[ |.ot.t ed |?1 tﬁe

graphs shown |graﬂhls @8re gengragedi@eorting @b APHIBARISPTIRAATY £6108 O IMAERAY) ot t ed

in the graphs nd.11l. _Sa

oo RPN Rt pnpe s TR S5yl G 96k pbsdes

accor dance sw tdj ht BRRMIIRNrn FIGSARnd3. ahoupbodatenads rTablrel\drarapkotte@anm e

eval uat ed, a vi sual determ nati on was nade as to which portlon of thﬁg
ng

Zatrrpl e exhi b|h tthelglaplhshooindn FiERsS ayd 9.Thke embedimsnistie dablgsy 1 prrplotiedd
etermne the area within this portion exhibitin I
gen5| Ey Tgl ; gigrhs shean ihElOS. séealngcltoeg%Fﬁf‘ﬁ’ﬁﬂ %1%%% fafb?e{\zg?%ﬁlﬁ%&%ég%e
ensity an | AEO e}a%hja grior art sanple eval uat ed, Sl ma AE
(i.e.; "y(x)")g%%gls a‘f’%ncfﬂ%n color density (i.e.; " 3 was gl otted
according to the d®HmAes offfriofartsubiacss were prepared and evaluated fo

10  and Sigma AE in accordance with Procedures E, F, and G, above. For each prior art

w ymm
> >>>

l

or color density

sample evaluated, a visual determination was made as to which portion of the
sample exhibited high color density. The densitometer was then used to determine
the area within this portion exhibiting the highest color density. This area was then
selected for purposes of evaluating color density and Sigma AE.

15 For each prior art sample evaluated, Sigma AE (i.e.; “y(x)”), as a function of
color density (i.e.; “x””) was plotted according to the dominant primary color
exhibited by the image as shown in the graphs of FIGS. 4 - 7. The Sigma AE as a
function of color density of those prior art samples printed with process inks, was
also plotted according to the dominant primary color exhibited by the image as

20  shown in the graphs in FIGS. 8 - 11.

The graphs illustrated in FIGS. 4 -7, compare the color density and Sigma
AE of the current invention with the color density and Sigma AE of all the printed
prior art substrates evaluated. The graphs illustrated in FIGS. 8 - 11, compare the
color density and Sigma AE of the current invention with the color density and

25  Sigma AE of prior art substrates printed with process inks.

Referring to FIGS. 4 - 11, polynomial inequalities are utilized to define
Sigma AE as a function of color density for the ink compositions of the present

invention as shown in FIGS. 4 - 11.

30



exhi bited by the image as shown in the graphs of FIGS. 4 - 7. The Sigma AE
as a function of color density of those prior art sanples printed with
_process ik al so plotted according to the dom nant i | or-
exhi bi ted%‘i""{‘}ﬁfﬁ mage as 20 shown in the49gr aphs in FIGS. EE{T}{%&%{Fﬁe
graphs illustrated in FIGS. 4 -7, conpare’the color density and Sigma AE
of the current invention with the color density and Signa AE of all the
printed prior art t VAL Hake thk BRSNS the bresédtahegtion FI GS. 8
- 11, conpare the Rgo%égﬁefﬁgif Egy aﬁ% S?lé(n%hﬁ)\Elof t he (k:)urrent i nvention

wi th the col ogxikifisg b¥iogfighn? brifiagneol @Fofdflachy Siemankk issiefised by B fpHOWOED Wit h
process inks. Referring to FIGS. 4 - 11, polynom al inequalities are
utilized to diakipwaity Sabsted ARA@RFEGf4ncti on of color density for the ink

conpositions of the presen b [V e5ai N = 3GR.9941x¢ 11. 30 WO
00/ 07426 PCT/ US99/ 1766¥?x3%7%@e%dﬁ?}t€§ﬁg 4,7b1ag?*t hose i nk compositions

of the present inventijaReinR@kki < 1.0ard/@Ri(RANS, Whirehr §.5c0t 00.8f bl ack,
Signma AE is defined by the following inequality (labeled A-Ain FIG 4):
y(X) <_ 75. 04Preferdbly, @ xhose 2iccadimpaitions of hepxesent igvangipn exibitBiggher ei n 0. 8<

< 1.4, d/ or, ) < 3 { n..0.5< <.0.8 P abl. th
ank_corrposia'? i égémﬁ%g g‘%ﬁ@aﬁr@&%ﬁ%gﬁﬁpﬁﬁ%ﬁegp?&%mgrfglfl 3%1]?1 zlil)(ne"tqu%??rmr gse

col or of blac I, ORE ' efined by the following inequality (I abeled
B-Bin FIG 4;(1@%%‘%?9‘1?‘5%@30 1 -260.72x + 275.27x2 - 70.158x3 - 6.9911x4,
wherein 0.8 <_ f(xrs 78.041 -240 7206 208.27x5( x70.558x2 - 6.9 1j wherein .8 six £ 1gh,8.

More preferably, tor those ink conpositions aof the pr&gent i nvention
exhi biting0a domi nant pri maepdis) ¥x) 52, Bihsken 0§ 5L B i s defined by the

follow ng inequalit abel ed C-.C in YA inv&ioddkhibith@ 72x +
275. 27x2 - 70 Mg f?’raéi.ygg“ﬂg%,e ‘%‘éor“é?‘gsgtgnéﬁ’gthfzéégff@,m 15 and/ or . y(x) <_
2, wherein 0. §RiXant pAnry BREESTHIAE, SRnkd AE isdefihed by esfellowigdnempeolivt i ons
of the present 1 nvention” exhibiting a dom nant prinmary color of cyan,
Sigma AE is défabeled B¢ in i&GfHt I owi ng inequality (labeled as D-D i n FIG
o) Y(x) < -593.98 b 33 1 %60 2% +IRIR 176 g B630110 0w nartn 091K &I1M0- 72 5

X <

15 and/or, y(x) < 2, wherein 0.8 <x <0.9.

Referring to FIG. 5, for those ink compositions of the present invention
exhibiting a dominant primary color of cyan, Sigma AE is defined by the following
inequality (labeled as D-D in FIG. 5):

y(x) < -593.36 + 2340.1x - 3350x” + 2073.8x" - 465.5x*, wherein 0.7 < x <
20 1.50.
Preferably, for those ink compositions of the present invention exhibiting a
dominant primary color of cyan, Sigma AE 1s defined by the following inequality
(labeled as E-E in FIG. 5):
y(x) < -595.36 + 2340.1x - 3350x” + 2073.8x° - 465.5x*, wherein 0.7 < x < 1.50.
25 Referring to FIG. 6, for those ink compositions of the present invention
exhibiting a dominant primary color of magenta, Sigma AE is defined by the
following inequality (labeled as F-F in FIG. 6):
y(x) < -1549.8 + 12473x - 40898x* + 69923x° - 65676x" + 32126x° - 6391.7x",

wherein 0.5 < x < 1.2, and/or y(x) < 22, wherein 1.2 <x < 14.



20 1.50. Preferably, for those ink conpositions of the present invention
exhibiting a domnant primary color of cyan, Signa AE is defined by the

following_.inequality (labeled as EFE in FIG 5): y(x) < 2340. 1x
| 3350x2 WOIRIES, 2 465, 5x4, wherein 0.5g<_ x: 51. 50. ﬁéf’g’?%(?‘ﬁg“to FIG

6, for those ink conpositions of the present invention exh|b|t|ng a
dom nant primary col or of nmagenta, Sigma AE is defined by the follow ng

lnequal ity ( gg%ﬁﬂng r fioke fnﬁcan sifidbns o(t¢ pfesent Itk@nBonrexliHinBY a- 40898x2 +
69923x3 - 126x5 - 1.7x6, wherein 0.5 <_ x < 1.2,

and/ o
y(X) < 22 Vs highit phmcmgsefmagenw\zslg@a OFds defisr/hygho follppang inggua iy
Preferably, for those ink coggom tions of the present invention exhibiting
a domi nant prlahetsd %ﬁg’rmcﬁc’ benta Sigma AE is defined by the follow ng

inequality (lab [ 2 drR1+32126:246391.7x%40898x2
+ 69923x3 - 656¥§§Qd1§§2§}§§2§%f %Sf@)& +)6®i53 V\:hg?EI n S 7 < x < 1. ’é and/ or

y(x) <_ 16 wherein whéRiK09<i<4.2, Mdl@ryxng lﬁowliér@m ¥.2 $%F lihose i nk

conposi tions of the present invention exhibiting g m nant_.primary col or
of yellow, Signa ARefegrintetoifigd7bipr these lﬁkdlol“&ﬂﬁﬁ‘ﬁ’@n?ﬂ @aar%?’g} E 0HPed as HH

FIG 7 3.34 1018 3 4175. 14x4,
:/\Eer ein 0) 7 Ze@@nﬁg f(zﬁioT"E)am Bﬁﬁ’la@'r (é‘frx(?f ygﬁgﬁ' g\{%ﬁna Aé%%%ﬁnéa(ﬁy §<he< 0.7. "

Preferably, f £rehitit gmgd 44 @S iPF1C.ITg: present invention exhi biting
a dom nant p?c{llr(r)g}lq efl rI%? ellow, Si gma AE is defined b¥1 t he foI I ovm ng
whe!

inequality (| phe Iseﬂl(m34+ﬂ01844§t€51823)7x «;7(151§46<4x 2'1@@1@4’ il Tax
18237x2 + 14346. 4x3 - 4175 14x4 wher ei n b M 0 .0, and/or y(x) <
14, wherelh 1.0 < x < a?fHJ’/B'Ey{?‘Sx)“?’ esein ré‘i% "5 < x < 0.7.

Referring to EB% gllglg/dfor se %xﬂ(ﬁ 1 d%{tlogle 838 {Hepraaft 1§bé}ﬁﬁn"éﬁhmﬁtlﬁg@ current

invention is nsity and Sigma AE of prior art

substrates pybmiRet plitbryiobses yellowsSigafd Aefsalefinedby theEplipywigg ifegualitiose

i nk conpositions of the present invention exhibiting a dom nant primary
col or of bl acklab8edanl-INR F16. d¥fi ned by the following inequality (|abeled

as J-J in FlG ygb < -2105.34 + 10184.4x - 18237x> + 14346.4x" - 4175.14x", wherein 0.7 <x <
15 1.0, and/or y(x) < 14, wherein 1.0 < x < 1.2, and/or y(x) <2, wherein 0.5 <x <
0.7.

Referring to FIGS. 8 - 11, the color density and Sigma AE of the current
invention is compared with the color density and Sigma AE of prior art substrates
printed with process inks.

20 Referring to FIG. 8, for those ink compositions of the present invention
exhibiting a dominant primary color of black, Sigma AE is defined by the following
inequality (labeled as J-J in FIG. 8):

y(x) < 75.041 - 260.72x + 275.27x" - 70.158x° - 6.9911x*, wherein 0.8 <x <14,
and/or y < 3, wherein 0.5 <x <0.8.

25  Preferably, for those ink compositions of the present invention exhibiting a
dominant primary color of black, Sigma AE is defined by the following inequality
(labeled as K-K in FIG. 8):

y(x) < 74.041 - 260.72x + 275.27x* - 70.158x° - 6.9911x*, wherein 0.8 <x <14,

and/ory < 2, wherein 0.5 <x <0.8.



y(x) <_ 75.041 - 260.72x + 275.27x2 - 70.158x3 -6.991 | X4, wherein 0.8<_
x<_ 1.4, and/or y<_ 3, wherein 0.5<_ x < 0.8. 25 Preferably, for those ink

~conpositions of the present invention exhibiting a dom na i col or
of black, Y@ 4%E is defined by the fol lguing inequality Q%ITQ{)%%XI&IS K- K

in FIG 8): y(x) <_ 74.041 - 260.72x + 275.27x2 - 70.158x3 - 6.9911x4,
wherein 0.8 < x<_ 1.4, and/or y < 2, wherein 0.5 < x < 0.8. WD 00/07426
PCT/ US99/ 17661142 E)req’%ﬁ yf{o?iﬂs@ﬁik%qrﬁ&%iﬁbh@_&ﬁthb plesetripesitibh exlsiboingtahe
present invention exhibiting a domnant primary color of black, Sigma AE

i s defined bydbfinahoprimuiynglirndblask SigmaAEaisalefaedy the foliqyvipg eaEslityy (x) <
73.041 - 260.72x + 275.27x2 - _70.158x3 - 6.9911x4, wherein 0.8<_ x<_ 1.4.

5 Most preferélﬁbfil?dﬁ%ﬁﬂ'bc‘ﬁdg@ Bhk conpositions of the present invention

hi bi ti dom [ - 3.6 ‘Ivehérein@Bi<ned 1oy th
Fol | ow ngi nequitl £04T S0 ERTRRTR K B e i, - 260, Tox

+ 275.27x25-  Kfost BR&abl§; B9 hobXdtik sngrositiongoBthe prosent idvetion Rehibtingy t o
FIG 9, for those ink conpositions of the Pg,rcefé(i;nt b}p er}Ifrl'on. 10 exgi'. iting a
doni nant pri nEoimek primefy ejerrnf biacknBigma A 1sglefingd ﬁ&? PRAVES TSR
inequality (I led a N i G 9): y(x) <_ 57.701 - 222.16x + 268.91x2
-87.964x3, mZBEFlﬁ96$§1'§il%ﬁée}- @5 Preferably, for those ink compositions

of the present nyeggioad -Q¥(7k t+278.27x* TOi SBXAL 61991 ety whexwiod.90f x &ylarh,
Sigma AE is defined by the followng inequality 15 (labeled as 0-0 in FIG
9): y(x) <_ 55.701-Ref@?ing 6 FIG.26 Sorghxse inlgorgpapydons\gi dhedirgsept mventiod 7 g
More preferably, for those ink conpositions of th r I, BV J

oxh bl 1 ngOa CHBINHNER OPPIAHBIEY GPIoGP Oy oiea g SAETTed e RoRihe, |
foll owi ng inequalit. I ) Pogy.n FIG 9): 20 y(x) <_ 53.701 -

222. 16X + 268gﬁi&“ﬁf‘%a(%bﬁg%?ﬁmgfg?h%.8< x<_ 1.5, and/or y(xi < 2
wherein 0.7< _ x < QxPs SH79l -R22f16x ai¥68,91kD:87t%6d 3% wihekein @it 1-dns of the

present invention exhibiting a dom nant ﬂ;i mary col or. of .an Sigma AE is
defined by t hePrefsrabbwifprthpseaiag spmpgsitipnsafdhepreseat Bventiop TPE A 55 yv(x) <

51.701 - 222.16x .+ 268 91 Zolofdt A Sipmi M Kiddrfe by thE Tolldwing iRiarty
15 (labeled as O-O in FIG. 9):
y(x) < 55.701- 222.16x + 268.91x> -87.964x°, wherein 0.5 <x < 1.5.

More preferably, for those ink compositions of the present invention exhibiting a
dominant primary color of cyan, Sigma AE is defined by the following inequality
(labeled as P-P in FIG. 9):

20 y(x) £53.701 - 222.16x + 268.91x* -87.964x°, wherein 0.8 < x < 1.5, and/or y(x) <

2, wherein 0.7 < x < 0.8.

Most preferably, for those ink compositions of the present invention exhibiting a
dominant primary color of cyan, Sigma AE is defined by the following inequality
(labeled as Q-Q in FIG. 9):

25 y(x) <51.701 - 222.16x + 268.91x* -87.964x°, wherein 0.9 < x < 1.5, and/or

y(x) < 2, wherein 0.8 <x <0.9.



y(x) <_ 2, wherein 0.8 < x < 0.9. WO 00/07426 PCT/US99/ 17661 52 Referring
to FIG 10, for those ink conpositions of the present invention exhibiting

~a dom nant primary color of nagenta, Sigma AE is defined b fol |l ow ng
i nequal i t)"/v ‘f“é%%d as RRin FIG 10): y{x) <_ -50.197 + g%@%%%”%l

490. 01x2 + 398.49x3 -112. 31x4, wherein 0.5< _ x 5 < 1.4. Preferably, for
those ink conpositions of the present invention exhibiting a dom nant

primry color of @&gﬁgﬁgtoﬁaq@,&%tﬁ&ewé shionk betheqirdsem ingentioequal i ty
(labeled as S-S in 10): y(x) <_ -52.197 + 265.12x -_490.01x2 +
398. 49x3 - 112xBibitthg Adeniakm Pinsary caior oDmeagenta, SigrmeABrs defipeddyrhes 11, for

t hose ink conpositions of the pres N ion exhibiting a dom nant
Flri lr)nalrydcol oﬁongéllmqgwlltgi(&ﬁﬁleﬁgés gﬁg%ﬁ;i%?l)bééxh%a f ol )I@(g)é\n gg lizg?schggl |5t§
abeled as T-T in ' = 2495 (41231 héreir 0: . 5x3,
A0 ST e haR- S0DTE

wherein 0.7<_ x < ra or those ink conpositions of the
present igvention exhibiting a dom nanklptimary color of yellow, Sigma AE
is defined by the follow ng inequality (labeled as U U ir .EI G 11): y(x)
< 86.549 - Inefeidly, forrhosednk zompasiBomyof the preseaf HlVGf.mefk"f_X@”&“gl?3. Nbr e

preferably, for those ink co sitiong.of 1 i LBl tin
720, dom naremFR TRy PO B gD e his REFRERY ORPIWMIBKRY 1 no
following in I ¢ | Pel as V-Vin FIG 11): y(x) <_ 82.549 - 332.78x
+ 422.27x2 e@%’l’@%?%gs\/\%ier el riqg?'8<_ x < 1.3 Wile particylar e,nfﬁog\iémsnts
of the present inveQl)ios82n87e Hdek2xi-490Mxat 398.4%xd 1d@SdKi pewreip)-3od| d be

obvious to those skilled in the art that various other 25 changes and
modi fi catlifons can be made wit hout deparﬁln fromthe spirit and scope of

the invention. It js.therefore;] nk QomBY¥Efionsbfitheprappe ifeatic ai ns al |
such changes and %%fa{r’fn%ctgtlz?{ghy’t Igﬂtillggérjie vviot inlct)hse sco%e of this

i nventi on. WQ.,004ifd¢ 2 BoREbhtSaRadk7@idr of yalloWygigmasicisaletinetl bsthe1. A
sani tary di sposabl e paper product, conprisin%:
following inequality (labeled as T-T in FIG. 11):

y(x) < 90.549 - 332.78x + 422.27x" - 158.5x", wherein 0.7 < x < 1.3.

15  Preferably, for those ink compositions of the present invention exhibiting a
dominant primary color of yellow, Sigma AE is defined by the following inequality
(labeled as U-U in FIG. 11):

y(x) < 86.549 - 332.78x + 422.27x* - 158.5x°, wherein 0.7 < x < 1.3.
More preferably, for those ink compositions of the present invention exhibiting a

20  dominant primary color of yellow, Sigma AE is defined by the following inequality
(labeled as V-V in FIG. 11):

y(x) < 82.549 - 332.78x + 422.27x’ - 158.5x°, wherein 0.8 < x < 1.3.
While particular embodiments of the present invention have been illustrated
and described, it would be obvious to those skilled in the art that various other

25  changes and modifications can be made without departing from the spirit and scope
of the invention. It is therefore intended to cover in the appended claims all such

changes and modifications that are within the scope of this invention.



a fibrous sheet containing cellulose having a first outer surface, a second
outer surface opposed thereto and an ink di sposed on at | east one of said
first out rface and said second outer surface, said i i, ting a
domi nant Vﬁ?‘ﬁ@f"%ﬁ col or of black, said ink having a Si gna ErfRB b "9
function of color density, characterizgg in that said Sigma. AE is defined
by the inequality: y(x) <_ 75.041 - 2607 72x + 275.27x2 - 70.158x3 -
6.9911x4, wherein 0.8< _ x<_ 1.4, and y(x) <_ 3, wherein 0.5:5 x < 0.8 and
preferably rein.sai,d ink has a Signa DE defined by the inequality: y(x)
< 73.041 % .'%QE‘"H@%J/%. 27x2 - 70.158x3 6.991 1x4, wherein 0.8. x:5 1.4,
and y(x) <_ 2, wherein 0.5<_ x < 0.8. 2. Asanitary disposable paper
product, conprising: a fibrous sheet containing cellulose having a first
out er surf 4dcA, sanitaecdisposabieqapen pfeduct oppoRBIINgher et 0 and an i nk di sposed

onid i nkexhi b ailiRsone SbRetEanta g el SiRER fSt GueLaRdeg d foa T 2ce.
S o A | QufihsuiieelgBtsa g Bl an B e ded e o o 3350x?
PR i b e s e e i et
3350x2 + 20718y Zolorsblanks saighpk &ayi .érség_'}/‘%ﬁéi‘!‘%&mé.a fi“ H%‘?Pﬁ?é'%é

hav ng a1 deBB araghiped BTGt SaRESigha APIS URTAPEEY (RO TR o v 0o

having a fi auter sur posed t'héereto and

an ink di spasesh 9266F72&eﬁg75.9'7§2 of o &isg® L 5ot 1xfuiissresd Bace <ahd, and d
second outer ‘surface, said Ink exhibiting a dom nant primary col or of

magent a, sgi(g < Bkwhewin®.5.<Si g0 aid phefenably whereincaid mkoas aSignaddnsity,
characterized in that said Signma AE_is defj b LN bty y(x) <_
-1549. 8 + xefined by tmesmwlwaé)s)zé%éﬂﬁeé’@?)gf?} 1%35@6&5%2%@?'7%, WO

00/ 07426 P 9/ 17661 54 wherej 2 ( < 22, wherein
1.2<  x<_ %réyfﬁﬂ b’?‘&f%l? foe 7 X S & L5 2 yhetetd %gsrlfj’é}réram%‘E defined by
the inequality: y(x) <_ -1551.8 + 12473x - 40898x2 + 69923x3 - 65676x4 +

32126x5 - 6391.7x6, wherein 0.7 <_ x < 1.2, and y(x) <_ 16, wherein 1.2 <
X<_ 1.4. 4.2 A sanitargrdispbsapbspaper praduct, soopising:conpri sing: a fi brous

heet taini | 1 ul havij r fi f
S face opposed 2 AarauecTmscaNaIRG aeliBed o te difer frRER aSe g0 7L,

outer surface opposed thereto and an ink disposed on at least one of said first

outer surface and said second outer surface, said ink exhibiting a dominant
primary color of cyan, said ink having a Sigma AE which is a function of color
density, characterized in that said Sigma AE is defined by the inequality: y(x) < -
503.36 + 2340.1x - 3350% + 2073.8x* - 465.5x", wherein 0.7 < x < 1.50 and
preferably wherein said ink has a Sigma AE defined by the inequality: y(x) < -
505.36 + 2340.1x - 33502 + 2073.8x° - 465.5x*, wherein 0.7 < x < 1.50.

3. A sanitary disposable paper product, comprising:

a fibrous sheet containing cellulose having a first outer surface, a second
outer surface opposed thereto and an ink disposed on at least one of said first
outer surface and said second outer surface, said ink exhibiting a dominant
primary color of magenta, said ink having a Sigma AE which is a function of
color density, characterized in that said Sigma AE is defined by the inequality:

y(X) < -1549.8 + 12473x - 40898x* + 69923x° - 65676x* + 32126x° - 6391.7x",



outer surface and said second outer surface, said ink exhibiting a dom nant
primary color of yellow, said ink having a Signa DE which is a function of

_col or dewéwyf%lir acterized in that said Signma AE is def k’ﬁ?@’swﬁg‘g 1~4x4,

i nequal it - 2103.34 + 10184.4x - 18237x2 + 14346

wherein 0.7:5 x<_ 1.0, and y(x) <_ 4, erein 0.5:5 x < 0.7 and preferably
wherein said ink has a Sigma DE defined by the inequality: y(x) <_
-2105.34 + 10184.4x - 18237x2 + 14346.4x3 - 4175.14x4, wherein 0.7s x <

i' 8 7?”%_ y&ﬁéﬁv@ﬁ'; %?g%?;\gﬂye&;é 2’?<wh%r%jn PP W EX)4 and preferliyein 0.5, x

aper product, conprising: a fibrous sheet

contal ni ngwﬁs}éiHlsggaeinP%s@SibrﬁérAEd@ﬁﬁéU by thid imequalitysppad156tiBet surface
opposed thereto and a process ink disposed on at | east_one of _said first

out er surf 2247 30d40808x2seB8092B:3EE676x! 22 26xar 8381 d¥eyergid O-dd X5 ting a
dom nant primary color of black, said process ink having a Sigma tE which
is a funct ﬂ(ﬂna@ﬁ)((29)6r16dlé’r|i‘§f?'9,1-%§d?§ét‘{eri zed in that said Sigma AE is
defined by the inequality: y(x) <_75.041 - 260.72x + 275.27x2 - 70.158x3
6.991 wherein 0.8 < x:5 1.4, and y<_ 3, wherein 0.5<_ x < 0.8 and

preferablyy mge{nagﬂ,a besalepRper prédiscamgiigng: AE def i ned by the
inequality: y(x) <© 74.041 - 260.72x + 275.27x2 - 70. 158Xr3t -6.991 1 X4,
wherein 0. 8<_ xad fibraug sheetcontainingcellmirgechaving gdirstoutepsyriage, anseCild ar y

di sposabl e paper product, rising:. WO 00/ 07426 ; a
fi brous shester Prﬂpr’?@sgél(%rlq%e&@”ﬁﬂ\% dgéqqségtor{;%{rlé?%%ﬁ%éﬁg%dﬁ %econd
outer surf 3 URRRECGJ A8 K8caAd oftdi AR, Sad ifk sRMBRIMgANdominars! one of
said first outer surface and sald second outer surface, said process ink
exhi bi ti ng pintyicomstof yellow yaiddhlohavingay Sigma aAEdwhich degdunetiomel4aief a
Sigma AE which is a function of col or denELty, ng%ai erized.bp bag%_said
Si gma AE i slenaity.ichadagigrizes in thagsald $igma, ak)is defiged by fhe insgiafiy; YX)>%g 91y
- 87.964x3, er ei A5< ; e i y & Pk ss ink
nas 2 Si o2 HE ot aBag TRennd RS SR YargBhedn o S opoates
208 91X2 - dMG yiRfLS, wﬂé?é@ims% ©<.0.%and preferably wheraii said ynidhapasdigihea paper
sing’ a fi

product, conpr rous sheet containing cellul ose hzgvi ng a first

out er surf aEedefinsdby e negealitys w4 ac10ps e d 0l B4k 01 87 Xa *pt ik
di sposed 011a7t5.1lfx§:5\5vhgpeein %T? 26;(' S' 1Td,rashtd y(x) < 14, wherein 1.0 <x < 1.2, and y(x) <

2, wherein 0.5 <x<0.7.

5. A sanitary disposable paper product, comprising:

a fibrous sheet containing cellulose having a first outer surface, a second
outer surface opposed thereto and a process ink disposed on at least one of
said first outer surface and said second outer surface, said process ink
exhibiting a dominant primary color of black, said process ink having a Sigma AE
which is a function of color density, characterized in that said Sigma AE is
defined by the inequality: y(x) < 75.041 - 260.72x + 275.27x% - 70.158x%° -
6.9911x*, wherein 0.8 <x < 1.4, andy < 3, wherein 0.5 <x<0.8 and preferably
wherein said process ink has a Sigma AE defined by the inequality: y(x) <

74.041 - 260.72x + 275.27x% - 70.158x° - 6.9911x*, wherein 0.8 <x< 1.4, and y

<2, wherein 0.5 <x <0.8.

6. A sanitary disposable paper product, comprising:



outer surface and said second outer surface, said process ink exhibiting a
dom nant primary col or of nmagenta, said process ink having a Sigma AE which
_is a functQpefssdi d color density, characterized in that pgajshoshgR DE is
defined by t%e I nequality: y(x) <_ -50.197 + 265.12x - 490.01x2 + 398. 49x3
- 112. 31x4, wherein 0.5 <_ x<_ 1.4 and ggreferably wherein said process ink
has a Signa DE defined by the inequality: y(x) <_-52.197 + 265.12x -

490. 01x2 + 398.49x3 - 112.31x', wherein 0.5:f~ x< 1.4. 8. A sanitary

di sposabl e paper, #4808 SheetSHMRAINhdBlidoéé REVIHG ssfretbulepBURBce @ seedridi| ose
having a first outer sur?ace, a second outer surface opposed thereto and a

process i nkutérsofaee appaseditbersto and aprocess ink dispesed oeat east &0€ efnd sai d

second outer surface, sajd process ink . exhibiting a. ] t..primry col or
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dominant primary color of magenta, said process ink having a Sigma AE which

is a function of said color density, characterized in that said Sigma AE is defined

by the inequality: y(x) < -50.197 + 265.12x - 490.01x% + 398.49x° - 112.31x",

wherein 0.5 < x < 1.4 and preferably wherein said process ink has a Sigma AE

defined by the inequality: y(x) < -52.197 + 265.12x - 490.01x* + 398.49x° -

112.31x*, wherein 0.5 < x < 1.4.

8. A sanitary disposable paper product, comprising:

a fibrous sheet containing cellulose having a first outer surface, a second
outer surface opposed thereto and a process ink disposed on at least one of
said first outer surface and said second outer surface, said process ink
exhibiting a dominant primary color of yellow, said process ink having a Sigma
AE which is a function of said color density, characterized in that said Sigma AE
is defined by the inequality: y(x) < 90.549 - 332.78x + 422 27%2 - 158.5%°,

wherein 0.7 < x < 1.3 and preferably wherein said process ink has a Sigma AE
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10. The sanitary disposable paper product of Claims 1 to 9 wherein said binder

is a film-forming polymer having a molecular weight of at least about 500,000.

11. The sanitary disposable paper product of Claims 1 to 10 wherein said binder
has a T, of less than about 100°C.

12. The sanitary disposable paper product of Claims 1 to 11 wherein said binder

is non-carboxylated.

13. The sanitary disposable paper product of Claims 1 to 12 wherein said binder

is crosslinking.

14. The sanitary disposable paper product of Claims 1 to 13 wherein said ink

has a binder solids to pigment solids ratio between about 0.10:1 to 3:1.

15. The sanitary disposable paper product of Claims 1 to 14 wherein said ink
forms an ink film having a solubility in distilled deionized water of no more than

about 85 milligrams of dissolved ink pigment per gram of dry ink film.

16. The sanitary disposable paper product of Claims 1 to 15 wherein said ink
forms an ink film having a solubility in a solventized alkaline solution of no more

than about 85 milligrams of dissolved ink pigment per gram of dry ink film.



WO 00/07426 PCT/US99/17661

57

17. The sanitary disposable paper product of Claims 1 to 16 wherein said ink

comprises from about 3% to 20% glycerin.

18. The sanitary disposable paper product of Claims1 to 17 wherein said ink
comprises from about 0.5% to 10% wax based on weight percent solids of the

total ink composition.

19. The sanitary disposable paper product of Claims 1 to 18 wherein said ink
forms an ink film having an ink film toughness measured at 50% strain of at least
about 0.01 MPa and preferably wherein said ink has an ink film toughness

measured at 50% strain of at least about 0.05 MPa.

20. The sanitary disposable paper product of Claims 1 to 19 wherein said ink
film has a maximum strain of at least about 0.3 and preferably wherein said ink

film has a maximum strain of at least about 1.



