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Slgna DE is defined by the |ne1uallt
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For inks exhibiting a dom nant prinmary color of yellow SpepEndirykBgslef i ned
by the inequality: y(x) _< -2103.34 + 10184.4x - 18237x2 + 14346.4x3 -
4175. 14x, wherein 0.7 < x < 1.0, and y(x) 5 4, wherein 0.5 < x < 0.7.
Preferably for inks exhibiting a dom nant primary col or of yellow, Sigma AE
is defined by the inequality: y(x) < 2165.34 + 10184.4x - 18237r + '
'14346. 4x' - 4175.14x", wherein 0.7 5 x < 1.0, and y(x) 5 14, wherein 1.0 <
X.<_ 1.2, and y(x) <_ 2, wherein 0.5 <_ x < 0.7. Far process inks
exhibiting a dofHertRAtAitUTithepiese®inventdn i thd sbilitySh providdfa danitaef disppeabily t he
inequality: y(x) <_ 90.549 - 332.78x + 422.27x2 - 158.5x3, wherein 0.7 <_ X
< 1. 3. Pr @rpergipduct exhipiting digh ¢olersdensini images while exhibiting resptaneg tg inkgubr  of

[ . Si E .defi he i lity: 86. 549 - 332.78
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di sti | | ed PRR4uShwhish exhibits resistance & ipkirpb-off Without zeguipingithe additienaf 3 se

sol ution t i) igrans of ' ; dissolved ink pignent
per gram g{:paﬁ%c/gl%ﬂ?'y;a:aﬁgnc%%@éior‘l’gxs?'?}% typically have a toughness (neasured
at 50b/ strain) of at |east about 0.01 MPs and a maxi numtrain of at |east

about 0.3 The ink conpositions of this invention rrahg i ncl ude gl ycerin.
.They may al so include wax. SUMMARYOFGTHE INYENHEONaspect of the present

i nvention, therg.is pr.ovid sani.f ary. di sposabl e r product

corpri s ng a1 ionetiEetRlsTe EAMHE e aPEIRRn R RRRCoRRRERE S s
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0. 8_<<x51.ifks exffbitifigd dorinanl\SrirRary cBlor of bldck. Sig¥ng AEdS Bekided Byuht her aspect of
the present invention, there is provided a sanitary di sposabl e paper
product, duaqualityi n(x) & 150 oR60SRB St 215R kA 70.158x e 61991 bs'ewheneim@8 £ X £r st

outer surface, .a second outer_surface opposed thereto and an ink di sposed
on at |eadt ’%%yﬁss:gi“g‘eﬁw t5%6t<éf§'surface and sai d second outer surface,

sai d i nk exhi bigi ' LRE ; ?““Mﬁf i1d b ing a
Sigma [err] E mﬁf%:ﬁ?\ﬁlb? fa39 un?@gﬁ{dgﬁ%g?& ensi §¥a§%§t§%§?§mﬂgﬁefi ned
by the i ndgfindd bytheyfequality: &3 <3023 4D60L%2:38 20527 207031 5B%3 - 6691 Bt4,

wher ei n0. 75x51. 50. i r 29 January 2003 4a According to agai n anot her
aspect of WIFEMPSERE §.haadyi(ors 2.:Weareini0s pXf-8ed a sanitary di sposabl e
paper product, rLS: fol . =ont al ni |l ving a
first outer suf?’gg&ce%l{s}gscon ‘g{‘ﬁgrﬁ"‘i‘ﬁ@'ﬁ’%‘a %82’5%%%?%#5&% lgn i nk

di sposed definéd byeehs induali®t yG&dkds5f0415260T08H+ BSA78ELTRISBEal6h93ee'ond out er
surface, said _ink exhibiting a domnant primary color of nmagenta, said ink
havi ng a Sthgrein 0.8 wisi b, and ya< Buwhareinf. ok xcol.8r Preferablyfor prpcessanks Sigma 0 E
defined by the.ineguality:.y(x)[err]l-1549.8+12473x-40898x2 +69923x3
J67oxa Fxbbhines: dyaaatcrripany koiot phbiacks Siga A5 £ dstived oy o meaiitt ei n
1.25x<_ 1 AGqQusli_ 6, ! ih e at o, Layenti oo,
there is 8@’8\/7 gggag 2ggi7tgér ?ﬁ%os%f@ﬁag?ﬁ& bﬂﬁ%rtgi,iﬁ%%ﬁpxﬁ gﬁhgﬁdayﬂ br ous
sheet conaivhereih €.8Idxk@ having a first outer surface, a second outer

surface opposed thereto and an ink di sposed on at |east one of said first
outer surface &eninksieyhibitingraidominant primary celor afgyan; Sigme Al isidefined by theni nant

primary color of | o i d,d hay i jch is function of
col or den e[qb\z,ihtgay@s §i g@&%ﬁ %%@FH‘@?’%@%%&@%\%%?W’ herdin 8.7 40¢

y(X) _<<-2103. 34+10184. 4x- 18237x2 +14346. 4x3 -4175. 14x4, wherein 0. 75x_<
1.0, and y(x)<_ 4, wherein 0.5< x<0.7. According to still another aspect of
the present invention, there is provided a sanitary di sposabl e paper
product, conprising a fibrous sheet containing cellulose having a first
outer surface, a second outer surface opposed thereto and a process ink .
di sposed on at |east one of said first outer surface and said second outer
surface, said process ink exhibiting a dom nant primary col or of bl ack,

o o B - Y D T T T o S S T R




29 January 2003 4c BRI EF DESCRI PTI ON OF THE DRAW NGS FI G%?lJ IS _a %(5 aont
perspective view of an ink rub tester for generating ink r 5 BMANG2903 ki G
2 is a rear exploded perspective view of the ink rub tester of FIG 1. FIG
2A is a bottomview of the netal spline, the spline indentations and the
rubber foot of FIG 1. .. FIG 3 is atop,plan view of the ink rub tester of
FIG 1. FIG 3Ais a top plan view of thé paper sanple, of FIG 3 during
one conplete cycle. FIG 4 is a graphical representation of Sigma AE

155 A G P i s B4

repr esent atdefine®by HiciiBquility? Q) ke 598 62+ D3utCTx -03350%% € 0.8 emsbisx!,f or
substrates printed with i nks exhibiting a dom nant primary col or of cyan.

FIG 6 is avhareipfl.TsIx € &pPesentation of Sigma [err]E plotted as a function
of color density.for substrates .printed wth inks, exhibiting a,dom nant
primry col or off %&’g%‘??ﬁ%ﬂ"kse ﬁgﬁga%pw%gmp%colprioz%mbbﬁyﬁ.é.gps
represent atdegRe®by %&%@M@ %ﬁ%@ .azzbugw 268 .9k 8 9548 SWRdrkdh (.9% x

substrates printed wt ng a dom nant primary color of yellow.
FIG 8 is & pbaPhifembly fopposesstinksiexhibidingSi dprmindiif prinvtry edloasf ayahuSigimaon of
color density, for substrates printed with process inks exhibitiing a .

domi nant pr defiped By thernequality: yex) & 559701s 222 o5 68l 1 w204 WheTslR of
“Sigma AE pl(%k‘i%g% a function of color density for substrates printed with
process inks exhibi'fing a dom nant primary color of cyan. FIG 10 is a
graphi cal repr ettty exhibitingSl doRindit feintdry eslonst magants Sighia AF ic ¢ firieddgnsi ty
for substrates printed with 8rocess i nks exhibiti ng a dom nant prjmary

col or of ndheinequality ()< -15498 424K c 40898 699301650 70K +§2dﬁéXJ4'E pi otted

as a functi feCQl Or. nsity £ or.suhs tes prigted wfl 0Gess i.nks

exhi bi t1 ng A ﬁ@}?{%?ﬁ%ﬁ % Rl 19 i MRt Ezéf £ g’é%%ﬁﬂ%%?? "OF THE
| NVENTI ON leRhibititf a 8 ReloABFMARNE Sigtha ARG AcHinéd By IROMBRLAItPaper
products, it is desirable to use pignent based inks which producée vibrant

hi gh col or YOS i1558s8 WAV 3apdOBRRIC tHH9RBX’ s HA6T6’ v+ 121265 s 430 7 pehergin oduct .
As used herein, "calor,depsity", may be defjined by the follow ng equation: D
= log 10 I/O(I;‘}vgv_l’fe? gignﬂ‘%}g(?‘gfé%’sw}?%e%ﬁefl’gﬁt;ekgi ty of incident light, and R
refers to the Irﬁo@?ﬁééeysmsmﬁbiﬁ@éhas&mn{ pﬁhﬁz O o gaqa,cs@aqcﬂlgl ng

color images entails applying pignent based i ccorrposi 1| ons tTo the surface
of the papdefinedbpetheripeqelityoy) <d60.497 y 2662042601 He3 82Nt i2.8bx", i nk to

rub of f of the .paper al ncreases. As used herein, 'rub-off' refers to
The o1 anaf SHBEGHRDES S FanPiotuany fotRraoest ks SRR HCE aoBRaE PEmEY SHI0% her
surface. Rygnlbnb SRS el RRABRD! ) BL52RoAPdeahsAS koLl ced.
refers to thg{ggetr‘]‘g’en y of colegrec%%y)?\ggc ou %(?()’é ?3 sﬁa?g ugon exposure
of the subst398.49x e 142 Bixfyuivieretd0.fisixon1defers to the ability to renove ink
froma substrate by nmechanically scuffing the ink fromthe surface g’& t he

substrate. The prokdgksiexhibitinga dpmipantpriaary golgr ebyellows Siematle isdated Byer
product cogpl i Sk L prC e aiikhg2cel £ [ :
Composi t1 oniasen i yPE 10 3 <HorRAN B A R4 87 75 18R, bbrein
conposi ti o, Ty He.oam y(RY< #owhdreinf0.Hkaus0.9h @edferablydor inkS exHibitingray 2003 6
m xture or sequentially. The paper product of this invention &aovi des

i mproved r dominant pamasy colpr ofysliows Sigmarddiiis defingchly the inggunlityay@@ par at e

prophyl act i t t j br eget r.ef gr abl e fihrous,sheet is
a sani taryzépg'ggga gagéﬁggz%}r"gaﬁg??agﬁcﬁlgg'l??‘sgvg‘gr,ey’hérvisrfb<2'(g5§9%’P’aei ght
of about 8 d hEAdRAGN 110 k2 158 ahBH3208, viflckin OB § ity pus sheet of this
invention has a first outer s’urfzg:)é and a sl%cond outer surface wherein the
second outer surloapeodess inkpedibitthy a domraseptitarytcolor bf yeliovg Bigma alvisace. | nk
is applied tgngébl east one of the first and second puter surfaces. The

fibrous sh&s X thednequality; Yo < $548e 338 d8x 4 A28 rdxny! isos’éo‘ﬁhﬂ'ﬁw-ﬁﬂﬁ gned

U S. Patents; .4 j .March. 4. 1980 . okhan.. 4 .| ssued
o Car ot ens b7 R gBl o HOCSE A S ipiinezrSonibdl BRRENT oo tistioW” il 2.
1980; 4, 51AEddfiried Yyahe hﬁqu&bﬁgfgg £86.549 - T30 78"+ 428972 1988 5x Y whéfoin 67

i ssued to Trokhan on July 9, 1 ;4,529,480 issued to Trokhan on July 16,
1985; 4, 63%®85%59.3.ssued to Trokhan on January 20, 1987; 5,245,025 issued to
Trokhan et al. on Septenber 14, 1993; 5,275,700 issued to Trokhan on
January 4, 1994; 5, 328,56S issued to Ranch et al. on July 12, 1994;
5,334,289 issued to Trokhan et al. on August 2, 1994; 5, 364,504 issued to
Smur kowski et al. on Novenber 15, 1995; 5,527,428 issued to 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 issued to
Trokhan et al. on May 13, 1997; and 5,637,194 issued to Anpul ski et al.
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_,f 29 January 2003 7 Though the primary use of the present iggvm,tuiagpz(;@ in

» connection with toweling, the inks are also applicable to other 'sanitary
di sposabl e paper products including but not limted to: facial tissue, bath
ti ssue, table napkins, w pes and cotton pads. The fibrous sheet may be
conposed of materials which are cellulosic, noncellulosic, or a conbination
thereof. The ink conposition of the present invention is any liquid
conposition which may be applied onto the fibrous sheet in a predeterm ned
pattern. Conponents of the ink conposition of the present invention may
include but are not limted to: a véhicle such as a solvent or water; a
coliorant suciBiadersused ginhe ik conlposidesns ofahld ivédnbsn MERAONBANIS eillisl MY
ingl ude but are not limted to wax, crosslinking agents,” pH control agents,
vi dcosi tBelyresss. ppiypecthage dispsraioas, cthylepe vinhacetatoemylsiprsy and sweendry gi ene cont r ol
agents, hifRs i . an i ) foRJ}E use erein, "ink"
reffers to anygra?%fue:ﬁgﬁ%%%bgsh?ﬁ%d%&ﬁ@%%&n&ne @af‘ﬁ%‘?%"f?ﬁ%&"?"é %o the
fi brous wdightof strichstibionh500:004i and afll of leesithiam alrout i160°C| & ip désirable tpye t hough

conponents, of t ) evaporate. The cC onents of the ink conposition
ay be. pleR seeeek Atis Y ¢EROR{E i i 7 et smiboiieds i xtur o, A
" predet er m NeHe kS bRHMN tH invedtRE YypiéalyHave b Binaaa/soﬂ&%[?‘?@n&'i E@Ms f’lr

sive of a

application of ink onto the fibrous sheet and is Incl
~ conbi natritisrhstwsicn gbaut 81104 todnlyi Fhy splubitity ofink filmd iforindd flomdehe ikt 0 conpl et e °

coating j face. substrate.. A ed.herein, "vehicle"
refers fg‘t‘?‘?fgﬁ“?gﬁ%q%%%S‘g@ﬁ’%&g¥ I‘{J‘%ea ?R‘?“‘é‘é{r‘r‘bé‘é@?‘fé “ﬁ'ﬁ‘:ﬁi“?fé’&q% convey

t he i nk salobifitysin iscleritized hikaknersohstion 6f né hiford thii busut smtﬁlifgmﬁé ofised herein,
"pignent. refers to insoluble. color mtter used in finely divided dispersed
f or m t o sk piment s gram ey Ws@é‘%gﬁﬁw‘ﬁﬂh’dﬂwai%'gbﬂ%sto t he
adhesi v an&OuBO R, Hfaid) € ai [8kst SEUEPO DL VPR andSHinbakibf ledlh SAPRQSI tions of the
present invention include but are not limted to those I nk conpositions
that ar@&auh0dhe formof a liquid at roomtenperature (i.e.; a tenperature
of about 20 . B0k bl L1 -pref erabl. ilize water as a

vehi cl e and%‘fﬁ%ﬁ%ﬁ@ém{gﬂg@g@%}rﬁmmougﬁ&tlﬁjg %Ycﬁﬁé'hﬁcyo[&?cﬁ%ed and used
hey ei n, inahég:wwgani c pignents, particularly D arylide Yellow 14) Rubine
Magent a Red_ 238, Phthal ocyan Bl ue 15:3, and Carbon_ Bl ack, 7, it is

under ssetrdingato eRFhsmRsPESPAbIhe i96‘f§§“‘pf“"leﬂ‘é°‘_brté‘§‘_‘§nts proveksei 52UBEY d 29
Januar msé&%ne r@geﬁ a{ikfi,eéo [IS%iéing% fifous"\EEAMNGINhG CRNISscAnvING 4 fid® Ot her
organi ¢ pi gne . Snal l'er pignent particle sizes are preferred over

rel at i veteysurfacger sesomboyseryvetate pppased theseto Tk ap inkrdisosest on hldegst esent

i nvention .preferably has article size aof less.than.5.m cron re
prefer BEF‘X}RI 'égso"%ﬁéﬁrficerﬁ“?r%f% Seﬁﬂﬁgﬁtgﬁs o1& %arlef“é(r%’b dﬂ/m?%ssdgmirgﬁlpg. 5

M CI ONSrimAryPdIStEst HisckNSLM BTk R¥ing 4)SidetKAE AviACHIB £fub&idnl6F colrfdeasitydf the
fibrous shéet. In general, rub-off resistance of the ink conposition

I ncr eaggg ﬁ?:né%hﬁrd’cﬁﬁ@d 8f thd freiiicy Oyhe75 it f-a6@ 7D+ 27ho 741 binaysxsheet
. n

, I ncreases k conpositions which 1ncl ude binders conprised of filmformng
pol yme nd 1o have 1 opr.o iber fo i i nk to the surface of the
fibr ougﬁg?@%tw %re%'g)r‘r%%’r(ig‘gghxfégy(?ﬁ‘kg @%ﬁ?gﬁhﬁﬁgﬁ)ﬁ%n filmform ng binders. A
f Imformng polyner tends to forma filmat a tenperature above its glass

transi ti er e [ S P NG : materi a
wni on PSS RESTIE SuptR SEAR, PO el AT By AR Salie? 7 Se
her ei ndispésabghgesprodst ecdingrizicg anfibsousashedt dohairdnpueltulet tamimggyfimbsor bed by
a material as atensile stress is plaged upon it. Toughpess, indicated by
the ar eueysitace. miscond ‘él’t?ra‘l“fécﬁ %H’Pé’ls?‘g&ﬂert‘éé@‘?%‘f ok s g‘?‘{;‘é“ atygast pae

ascert g Deg gy Jule snﬂﬁéeoéﬂd&gif&'é@ﬂd Bier JnTaeR0GIAMHK Slhibitlng h AGMHRLES

t oughness tor the test conditions described herein, a, represents stress,
and e, primpfyesster of dyhs saidriak haviog rasSigmaRAE whidkers iarfadctma: of Solor [dehsitygt h of
stretched film- length of filmbefore stretching)/ length of filmbefore
st ret CRiidEigrA® AUBQIbfRed ) Nhe Lq@klites $(x) £ -5l 36:+0a8@ ik -8p50:0 +2083.8@1 n of 0.5.
Based on the above equation, a toughness nmeasured at 50% strain, indicates
that t u i lsqul ated up to the point at which the film has been
stretcﬂgﬁggzaﬁggﬁﬁ}%%ég?fg'originaI”Iength. Sui tabl e binders used for the
present invention are filmform ng polynmers having a nol ecul ar wei ght. of at
| east about 200, 000, preferably of at |east about 1,000,000 and a gl ass
transition tenperature (T8) of |ess than about 100C, preferably |less than
about 30C, and nore preferably | ess than about OC. The binder is preferably
noni oni ¢ or 29 January 2003 9 anionic and is preferably stabilized with
surfactant.” Fil mform ng pol ynmers which may be used as binders in the ink
conpositions of the present invention include: preferably acrylic enulsion

Y o,
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“ dpplication’ proces

{ 29 January 2003 10 .10C or less, nore preferably a Tg of 2434, , and
a solids content of about 50% based upon wei ght. The preferredﬂg¥29?§

ene
vinyl acetate enul sion crosslinks when heated to a tenperature of about
100C to 135C. The crosslinking is acconplished by incorporating nethyl
acrylam de functionality into the pol ymer backbone. Preferred ethyl ene
vinyl acetate emul sion polynmers which nay be used as binders in the ink
conposition of the present invention are comrercially sold as Al RFLEX 124
and Al RFLEX 192, available fromAir aroducts and Chenicals, Inc. of
Al'l ent own,* Pennsyl vani a. Properties of the preferred binders are sunmari zed

in Table |. . 29 January 2003 11 TABLE | PROPERTIES OF PREFERRED Bl NDERS
B NDEREERATRBEO eSB! DEERRISEXA AT HISE 1§ Prey @Y RERBIFE. ZONONOS
UTADI ENgy bl duct ising a fib heet containi llulose havi first

LATEXEML &1 ONACRY L BVES 0 Ve RGN S B Y URE T BANES £8 Y B NOYESS EPBRs ONETHY

LENE VMyU¥ESH a8y, ESHOMCETRTERIVICSoOETHcENE and hfylink disposed on at least one

YESf 10YESNOACETATEEMULS| ON . 29 J 2003 12.Th i.nk ition of
the. pr o SEHES FI) GHITFOHTRGESA SHERCORH Fulfy Surgeier sd ik XUBIER aCBPUOER 200C of
pr ef er ablimaRbedibr 4P ﬁlagﬁlgﬁ,' £5d 388 h¥ing %is§ignf£DA & AhEdhelsaP fincabR ot cBP)r

centi poi ses “or |ess, nost preferably about 25 centipoises or |ess.

used heggidity, éaia%i'gm&" AC\Ef@erfﬁl_eH Opyt Q‘Sep%ffb?gﬂﬂ?’g??hg‘q949?9*95473971‘2@9’3*2

in ichit I's e substrate. Is well

known in ar # Is | s used t re viscasj,tias which
range f Fgééiéﬁodgsq%éeﬁt]j F?&%‘s e'6§:gp'1’6 ’ cUtPﬁr?lBo(?gg%g; #ﬁ“%ﬁi’hﬁ&a” “C'hsed to
measure vi scosities which range fromabout 7.5 centipoise to 30 centi poi se.

A #3 Shé Fﬂéhﬂﬁs used to neasure viscosities which range from about 25
centipoise to 80 centipoise and a #4 Shell Cup is used to neasure

vi scosi ties which ran from abput 60 centipoise,to 200 cenfi poise. The ink
Composi EFEHTENGH5 ¢k 3PBet AbornOLHe: BRSHA YRR hHor AT digEe SRS 2 11
and prefigpedablé paBeproduct, déhprisitgy RiffbRdus shKetCRMRMTAS COMIsRSMAvIHY £ aRitunct i on
with the present invention has a binder solids to pignment solids ratio of

f r om abeuer gurfage,a segorst quteryusfaee appoged Bstato andan inkgdisposed emat leest one
prefera . t : 0.1 5; S).: i A t{s) y be
aded 8 P B loufr Ruadetord A ocs g Ml Shll S i Sl GARSEREH doptndfBY, 5
i nk 1 ubpginbry @$drsodf Felt@w, dalEink hisviRg WBiginb AT WEIth i RintiiEoR dodsr dmsigcont ain a
wax. A wax suitable for this invention includes but is not limted to a

pol yet hydi® SimeXE @efihad By theAdetjualien yof) <a2 W3 400 | duedy- 1de 30 0s3d6iaxh of the
present invention enhances rub resistance by setting up a barrier which

I nhi bi t 5415884k 0 JLXUN, =208 yBhH <Uhenbdls 65 kgt er application of the: -
d on’“wel ght percent solids of the total ink

ink to the fibrous sheet. Base
conposition, suitable addition ranges for the wax are from about 0.5 %
solids to 10 % solids. An exanple of a suitable polyethylene wax enul sion
is JONWAX 26 supplied by S.C. Johnson & Sons, Inc. of Racine, Wsconsin. A
non- | i n\eearding;tetstilif angier apract afi the prgsent ipyeaHomeiielsds pyendded & samEary i ni shed
ink co i i p o j ' i.nKki ts,
oo PR T g DRI LSh R LORALETUL 08 20

agent s, oytet sunfice,od sevgrdhbater vufaesoppysetdthefateand a preesy inkt divesed andt

def oane ally added to the finished ink

s. Crosslinking agents are gener )
conposi lens-oms of gpid lengPr’étﬁ’E SEﬂf%Cﬁe?f!;qg 1A smeorl BHfer ghigacs, SHpOrEY kk
conposi 1@ f ?hn§ n : il
containéhgﬁgnégggégﬁ%gﬁgﬁ' s&%ﬁﬁggﬁg’%@%¥g%§¥%%%§ﬁ@§€?%§%%éggﬁg@?ﬁso as to
render el Lt On 1 . . j Pl
i sper sy E BERREH Heilier ST bta AT g g NS phe iblly: SBpERVa1-
surfactapt.. an ehi ych water, or, oil to ich a bjnder is added.
Crossl i ﬁ%-?@(+a§gg@§>( ar'gb'géfﬁ ev@gild‘ s b'ﬁéx \l;\‘i-]of“?d rES s MRER of t he
ink by crosslinking with the ink. A non-limting exanple of a suitable
crossl i dREAG08gent, is a solution polyner of a cationic
pol yam ne-epi chl orohydrin pol yner. Based upon wei ght percent of the total
i nk conposition, suitable addition ranges for the crosslinking agent are
fromabout 3% to 15 % and preferably fromabout 4 %to 8% (based on the
solids content of the crosslinking agent). A preferred crosslinking agent
is KYMENE PLUS avail able from Hercules Inc. of WImngton, Del awnare.
G ycerin may al so be added to the ink conposition of the present invention
in order to inprove rub-off resistance. Based upon wei ght percent of the
total ink conposition, suitable addition ranges for the glycerin range from._
about 0.5%'to 20% preferably from about 3% to 15% and nore preferably
from about 8% to 13% Methods of curing the inks of the present invention

L
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LV- 13N QUtER/FYItace oRBReR -pilgef\m&faqe opposed thereto and a process ink disposed on at

1001 OZ- BB bl 434 LDV AailSecbdd LEVOLIGEL QX Mobess: bk XIM 1NG!
7VIN3IJVXVMIN3WO dSUI ' 10S713UNIf | SU ' | OS71 0
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(1311' dbBF NSu-+26601 PLEAD 4L Shdiatn BBZikALS6f 1VI Nd~VWBNI f | ni | Nol 1| nwaX31V' 1
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10 LI O1Actaling BN3ndthdrl dshbct bE thd byesthd ilNShiior, \held W groMided POLsXhiRl ARHUN
BLACK 719 7ACRYLI C-1023 21 Z IMATERYESNCNE-ENULSICNPCLYNER NCmNZmcN
v Q N t dispesaply papgy pyodyet-comprising a fibgeup S'bemvomfplmr»g Fﬂgrl%rd@éﬂm fistt he | nk

conposi Vv (
To o abulf sGRRE" Bkl Bl Sheriedt herdtp QNP 2 LRI RIESAMA Suldi 24 o
to a t elspdraieupf saifl ﬁﬂsoutrteit&(rrfadzeomei aid sgbemlsouuearssnfaaeorsartieprpeesatmke in

order to fa, litate formation e ink frlmthereby enhancjng 5 adherence
of the PHKD @‘?“ﬁ‘i“%t EFH“?‘PfeCOE‘Hb%fh agehta, |Spldprgesss gk éﬁﬁa&@eé'gm nce of

thernkfrlmt the p i s, desjrable e ink fil rmed from
the i nk™aisky ba fuchar Opsaid F@obrieée%tsardrﬁr@ﬂ% A@nﬁa @sarrr her‘@%‘l%ﬂg’né‘a‘)éo

sol ubi Irzatron over is desirable that the ink filns
formed $9.487+268. 1i2ﬁ+<19@(9rh§ot35?& s - ]olf2 3th$e wheegie A Sxwkht i on have a solubility

as 10 neasured in either distilled deionized water or sol venti zed al kal i ne

solution of no nore than about 85 mlligranms of ink pr nt per, am of dry
i nk fi | hinalby.etcspuding, ton gfilhgpet athenasRestef e oesen] rrrvar%ﬂrst re | ‘?rlPr‘b‘ilé“r?{eﬂt per

gr am of

i pi gty oottt pROdREE LAt ie LR Shdel ni ocullse b b ! han
about Oa firstioliter suréave, asecomkoyeruetate prposdbthgretmandfa phogess mk dispased bh | s
desirabl g t t i fil formed fromthe.ink conpositions of t

br esent 3 [REcH %&CErsaﬁuf%U%rwdo%ﬂ"ﬁ%%d aier F0HB0E SRR K ai n, of
at | eastyabiaHy Odéhhiny2pamn XPEQBPBPQEIYO\W safd phRRS! inkORMind o OigMBAME!I L 1S

al so desirable that thege ink filnms be capab Ipe of vvrthstandr ng a maxi mum
strai n ohicht isl ®&éaictiehaftsall 8ol30 demsitypsaifieligimhyABHfdefined bgsthe ahequalify: The
mechani cal properties of ink filnms prepared fromthe preferred ink

conmposi y(xyx90.949B612. 78k t42212M1* {1!585ﬁﬁtwhet’em0r7mlare summarized in Table I11.
Referring to Table 111, colum 1 identifies the pignent type and col or.

Col umm 2 i ndicates the type of binder contained within the ink conposition.
Colum 3 25 indicates the approximate Tg of the binder. Columm 4 indicates
whet her wax was added to the irk conposition. Columm 5 indicates whether a
crosslinking agent was added to the ink conmposition. Colum 6 indicates how
much crosslinking agent was added to the ink conposition based on weight.
Colum 7 indicates the ink filmsolubility in distilled deionized water.
Colum 8 indicates the ink filmsolubility in 30 a solventized al kal i ne
solution. The ink filmsolubilities indicated in colum 7 and colum 8 are

recorded in mlligrans of dissolved ink pignment per gramof dry ink 29
January 2003 12S film Colum 9 indicates the toughness of the ink filns as
measured at 50% strain. ' The toughness recorded for each ink conposition

in colum 9 is based upon an average of three toughness neasurenents
conducted on each ink conposition. Colum | O indicates 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 Generatrng Ink Frlns In order to generate an i nk

o o . o o



111 and t

surface such as a counter top. A PTFE (i.e.; TEFLON) sheeégﬁﬂdagh@?g‘ or
this purpose is nodel No. FP301300 commercially avail able from Goodfel |l ow

Cor poration of Berwyn, Pennsylvania and supplied in rolls which are 10 min
length, 0.1 mmthick, and 300 mmw de. 15 Using 1 cmw de tape strips, a
rectangle 10 cmlong x 5 cmw de is dfercunscri bed on the PTFE sheet. The
tape shoul d have a caliper between 0.4 mmand 0.5 nm A suitable tape for
this purpose is a 20 m | stickyback double |iner tape commercially sold as
FLEXMOUMTM~ No. 412X18 STI CKYBACK DL, avail able from 3M Corporation of St.
Paul , M nnesota. 20 Usin | TShtd REAST pl;og If:‘,l { “mﬁsas BI C W TE- QUT,
available fromthe BIC Cgﬁggrg??%% of Eff ord, é%%%ectlcut, any gaps

bet ween the tape strips should be filled in. After the liquid correction
fluid is dr the enclosed rectangle is filled with about 8.0 mM to 11.0
of the i nkFKsrips &iffans perspeqsive vieyy efjan inkaub fester Sangsnerating ink rub-pffdetr. t o cure

t t for, t { o f i nk £ Those 25 i nk
1. o I o diferepioR pRdieeed iy bl s Sk et a. hre” 2 "
_ addi ti onal FIG.QW R% tittol] e dt thd'feal g;g}:ieo tHiRSpANE hdeAfatiBRCaitPille rabbet $06¢-

Procedure B: Procedure For Making, A venti zed Al kal i ne Sol ution The
foll owi ng ¢fffJ€kedure is used to nake a standard sol ventized al kal i ne 30

sol uti on t.0 generate the sqQlubility d found in colum 7 of Table
?ﬁ%%élaa?%pﬂaﬁmwa?%umbfwt Of%PaI&-és VI - Vi1l and found in

Codi um EDTAY 4,53 R vlow i thelidpdc el tERH o, Lalludk iR QpfifBreylhl )
hydrate pofid:d ioh gedpifiqalifepreskntativmof Qig_hﬁ ALFI,E gmueu(i& lnGlindeivnne fCdlor@eaw por Of
I um

M | waukee, Wsconsin. To the tetra sodiun TA, 0.20 grans of sodium
car bonat e Subgieates printod withinks ¢xhjbiting a deminantpeoaryieelsr efbladnat e powder of

8 S B S A A5 A
e g ol Pl St O e of 2 C12 - 4

al kyl di mxdyagl am ne oxi de 10 nonionic surfactant is added. A suitable C12

- C 4 al kyl, di methyl anjne oxide nopionic surfactant is BARLOX 12 sold as a
30% sol ut | BF- figa &mhfcabweerw%%ﬂ&%mw plotted a5 a fungtion)ef\qolns deesjty fop

this sol utg 3 - Ut ol .1 sui tabl e

2- but oxyetgﬁggr;ha?el S conmer %@é@@fé@ﬁﬁlﬂg@éﬂ%&f@% ﬁ'flg%e"?ﬁ'om Uni on
Car bi de Corporation of Danbury, Connecticut. To this, 88 grans of 15
distilled water is added. This solution is then stirred in order to provide
m xing. To this solution, 0.20 grans of a C9 - Cl1 ethoxylated nonionic < -
surfactant having an average of six ethoxyl ated groups per nolecule is
added. Prior to addition to the solution, the CO - Cl, ethoxyl ated nonionic
surfactant is heated in an oven at a tenperature of about 75C to 100C for
about 20 m nutes until the surfactant is no 20 | onger cloudy. A suitable C9
- 'C'" nonionic ethoxylated surfactant for this purpose is NEODOL 91-6
avai l able as a 1Q0% solution from Shell Q1| Conpany of Houston, Texas. The
entire solution is stirred for about two m nutes. The solution is then
titrated with 12N sodi um hydroxide until the pHis stable at 12.5. A
suitabl e 12N 25 sodi um hydroxide is available fromJ. T. Baker a division of
Mal i nckrodt | ncorporated 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 sol venti zed al kaline solution. Imediately after preparation, the
standard sol venti zed al kaline 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
w th gaseous nitrogen and the lid of the container tightly closed. Any air
hol es 29 January 2003 2U in the container are covered wth tape while not
in use. Before each use, the pH of ' the standard sol ution should be
checked and adjusted to a pH of 12.5 if necessary. Procedure C. Procedure
for Measuring Solubility of the Ink Filmb5

)
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Referring to colum 6 of Table Ill, the follow ng procedung j aﬁ% o
nmeasure the solubility of the ink filnms in distilled deionizé‘gu tero?‘; Usi ng

the sane ink conposition described above in Procedure A a 10
spectrophotoneter is used to determ ne the maxi num absorbance wavel engt h of
each ink as well as the |ight absorption versus pignent concentration
calibration lines of each ink corrpositié)n. For each of the preferred

pi gnents of this invention, the maxi num 15 absorbance wavel engt h neasured
for each pi nt colar is as fallows: Carbop Black.7 Diarvlide.Yellow 14
Rubi ne I\/ag“éﬁt ‘Sﬁeﬁaﬁg?lﬁﬂﬁﬁp'f@?ﬁﬂ%fﬁﬁa é@p@ﬁggss ﬁ%ﬁ\gpﬁ goﬁ%ﬂﬁ‘%gorrret ers
580 nanongheastes PAntaNAHE Bitifl b oMiift bRMasPbdlb &f yetlown distilled

dei oni ze(rjr%vvattere, 1’9& ee | n{z&??% slagrpl es,l eagh fﬁgm x 1 )I(‘::?rl] are cut fromthe
i nk fil ms RiGd® isacgrapliital gepresentation ofi Sign20AR plotied as adunciveof gblovdsnsity for
simlar, the PTFE backing is peeled fromeach ink film Fach ink film
sanpl e toSB@W%P%‘@MP@H@‘%&W@%&E@"@MICOgSH? blatkng 10 m of
distilled i @K The -vi | SRS F BB IG ANt he
cont ent o it SRS ApHEl Shoredkdfiith BE sl ARGRNRHED R siicdBHDIBBMGAY for 1€
1 mi cr omelk@bstratds printedblith prlodesss ifkisleRhibiting £dorhianttprinsarp eolpds€cyan. a Gel man
No. 4523 d ass 25 Fi ber Acrodisc Syringe Filter available from VWR

Sci ent i fi FlGf 1QGsiagxaphical represgnigtiomof Siema Af plottedas @ funchior pEeplprdeasity

“nmeasure the light absorbance of the jink f.ilmfilirate '

Boar - L et s ey PHLDPAE Rroessyiify bitibilibt FibiniianEbdma Gt thabtla, |
spect r um i3Gal f 4RGraghicd repfr&@n@Abs 8N Sighid ADpltted Bea FRIELIBALE 816r d¥AsiIG | | ght
is absorbed. Transmittance of |ight through a nmedi um nay be correl ated 30

with the Hoowhstoitesprintébwish petessinks exhibiting 2 deminantprimatyegaderif yeldow.

wavel engt h. 29 January 2003 21 Pignment concentration, nmeasured in
mlligranms of ink filmper m of distilled ' deionized water, can be
calculated froth the Ihghhrais pERNCR TIONIGE THEKRINVERTIONt rate by appl yi ng
Beer-Lanbert's Law to the follow ng equation: y(abs) ' nx(cone) + b 5

wher ei n y~, ~s~n order tsentiasce the a¢sthghics afsanithryrdisposdble haper productsrit isi | t r at e,

m represents the slope of the light. absqrbance caljbration.lLine of the ink
conposi t i §gst EfJﬁ'WgPPﬂ"&B’F E%ségf@(st%ﬂ@dﬂ)l’ﬁ’t%@?ﬁ“ %E@ﬁbfﬁﬁgﬁméﬁ‘ﬁi “Pepresents
the y-axi gohf i Pi. HBiNed RERREESIBE HGRitP ay BE

wei ght of %Phliédzra;‘{/ﬁfénag Il rnﬂatg éggﬁglﬁfhiuty of t%e i?\tE frlm calrtlyabe}t

det er m nedefinedby the dollowing equtitiesnl ved i nk pi gment per gram of 10 dry ink
film A suitabl e spectrophotoneter {)o_r meaﬁgri ng the |ight absorbance of
the ink conpositions and the ink fi mPBicfBte i's the Diode Array

Spect roph I 4 ng iﬁ HRE deflds &6 ey be Packard
Conpany og%g%%ﬁﬁﬁe?ggg???%?%gﬁf 0 eﬁgr nlggfa t he so] ubiﬁty of the ink
filnms in aefexteddipght.zed al kal i ne solution as recorded in colum 7 of Table

[11) the same procedure as qutlined above for determning solybility in
distilled dei ofineanethad et produging colaeimages eptails applying piggqent Based ko vent i zed

G sti |1 oo AR 7B R85 GHBE phfer IRNGIHL B UBPRARIY TociiBES e ¢ 1"

sol ubi |'i t teriiRhéy faF ka@1EDb offed thepdper ilkd hricaseand an average sol ubility based
on these three observations is cal cul ated. Hence, the solubility data in

col ums 6 and Asased bersisy "ow-offf refers dg thedransfer efcalorsfeom dhg wskace ofa each of
th t i i L, | i st i g .Tabl | Ll . 25 !
e RS Ri e o, TRt RS

col ums 8 ;aAdbMAsioR S PEedi réRlsto Me tEadeRy lof bolof d9cdchl dup of ASutiraeapuhe is used
to neasure the toughness and the maxi mum strain of the ink filns. 30 As

shown in Eapbsard ¢f the substrate t8 a ligghid. | Abrasion refers tyythe abilityds remmye unkefiomta 50%
29 January 2003 WO 001 07426 PCT/ US99/17661 22 strain. Ink films nade
accor di ng StBstRiRcmgshanically § %g'ed%@%ﬁheﬁ\!i%‘&ﬂfgﬁe UbSHFess and nmaxi num

‘rain  Uki A _ . . . . |
of the ink 111 Rt bR aiedTo BaiB diGodsibit Bpndt il Phifhatiadif | o e
wher ei n edibitowatBéteontaining cellulose and an ink composition applied thereon. The

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




Scmin length and 4 mmin width. Special care is taken wheg el atr% goghe
ink films to ensure that the edges are snoothly cut so as to preven
formati on of notches around . the edges of the ink film The caliper of
each ink filmsanple is neasured. A suitable device for neasuring caliper
is the Thw ng-Al bert caliper tester nodel No. 89-100 available 10 from
Thwi ng- Al bert I nstrument Conpany of Phil Gdel phi a, Pennsyl vani a. For

pur poses of neasuring the caliper of the ink filnms, the Thw ng-Al bert

cal i per te t.er shoul dﬂge setrato a _pre of. 95 qgrans.per. s uare inch
Using a pr BEEEFE PReAuSTEYy The BapsrPRARERhiS invehga proyides dmBroved " used o
det erm ne F&ié&xﬁ@% ixﬂc"tﬂﬂ%%tﬂ(@utttﬁ@m'g%a%ﬂl& g‘s@ﬁ&i‘at@%r&fﬂ?%@ﬁé‘béﬂ!ﬁ@g n of

the ink fi tensile tester shoul d be” set ngth and a
| oad cel | @ibrél8@hketThe tensile tester should then be set such that the ink

filmhas an ini f 0.5 cmand,a cr.osshead speed, of 15

cm second. A suﬁ’féfiwglﬁéﬁagr%BtSB%&am%wﬂis PR grAdst S%ﬁboﬁsétswﬁ,n of
the ink fi

fram-he | nbFyg abiis Wit 8P SRS 1bG30RA6 s TOMONN, THBpAIEA B |

of each | ofigiehtich Hﬁaﬁfsdoﬁtfzr $uiface akd & kdoond atmet ﬁlrfabebﬂxefeﬁsﬂﬁdcdccﬁld&ilﬁﬁc hed to

a crosshead to provide a 1 cmgage | ength and a 4 nmw dth. The extension
.and | oad ap@facedseprasitelyidis Jhefirst puter sinface| nksis applied ta at leastgaeof i ned

f the fqll fil I I * k
F11'm sampl PARaL H0 SFRORLIRE: ek, 1 ey Mt orhis MRenfr Bay B et r om
the fol | owprdr@ifpad b&ﬁmoﬁﬁ' a§51 ¢d Uem%fénaf 431919600M88ked Marét 4,Mogohengt h of
ink filmbefore stretching)/ fength of ink filin before stretching] 29
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ND- Below the detection Iimt NA- Not available N N to at jf4l

January Z003 26 Inks suitable for the present invention ar%%gyﬁm@gjl y
avai l able from Sun ' Chem cal Corporation of Northlake, Illinois. A fist of
these inks is provided in Table IV. C mmC w TABLE 1V
(1)(2)(3)(4)(3)(6)17) PRODUCT NAMETYPEPI GVENTVEHI CLETS' PE

Bl NDERAPPROXCONTAI NSCOLORT~ OF Bl NDERWAXBUN CHEAf It Al - FI NI SI' 1 ED | NKI HARY!

| DE YELLUW | aWA7 ERPOLS' URETHANE- 30YESVKF20712F DI SPERSI ONSI M

CHEM CAl . FI NI Sl i KRUdI NE MA . e . . .
RCDV\ATERPC]'_YURE#MQL @W#Pﬁ%%g?%%%'m“-‘émq‘eﬂn“@l teRlRG: f ED

| NKPI | TI f ALQC ] UN
O CaL P NPEEED e o i st dp Rl Gt el o sbE>
ACETATE- 13 VHR\Gh 1 B8 A 4HE M4t S thbl € hagivh AV pdsat Sbit6iDpadsKATht TibkAls OCYAN
BLUEWATERETHYLENE VI NYL ACETATE-| SYESWKG31372F S 3EMJ4S10NSUN
Cl | EM CAI . Fhrgtaopay ho sompesedieipatexialy pibich ape eqlipdastzmopeeliulagic, of NiyL ACFTATE
10YESW KG2 ﬁr %@%&@%ﬁw CL1EMLCAL WK(i 41585FF1NI SI |1 C11l NKRI | RI NC MAGENI A
: DWATERE ACETATCQLOYES2I 8EMULSI ONSI IN (" 11 LM (" Al VK( i
517731 PI NI SI | ‘TheliNKBarhdsteidn dtHhe pRisdrit invdlién Is abhy Rquid-®8mposiion WHIH. ACL
1'Af Lf 10YISI'S 7EMJLSI ONSUN CHEM CAL V\KGQOGOSFFI N1511ED | NKCARBON dLA( K
7WATERETHYrEayEbe apmlied s tha Gbmoy shestin g medpteuNng patierreAl , FINISI |1: D

" 1'NKDI ARYI ,IDE Y | - A\MTERSTYREN .

e R T T RO L oo B ey
1 A REDVWATGigt limltéfENa vkt hichias b Sotbverdtor warde Y EdibrifBscR 49 2 i LS| ONSUN
CIIEMCAIT'INISI [1:DINKPITIT TAl OCYAN 1i 1’| | FWATt : RSTYR dUTADI FNE
LATEX. 2nY! -téwierrngsher 06panaEhich GRSUNCIOH ENa@radt Imisid tmaxkossiBRINZBL ACK
TWATERSTYRENE 6%@9 ENE LATEX; 20YCS (};EV\DSS%.QZO6E LSI ONSUN. .

CHEM CAL' YPBSH% Q&H%'ﬁ?gﬂ%ﬂéﬁgﬁ‘m 1S I B0 RITE GNP AR ERTRSUENERSSN

CHEM CAL' R 7%@8&@@%5,3 ??g@g L GNRU g;d\g,%%l}{gﬁugﬁ%\ﬁ(ERNo\lE NO278SUN
CHEM CAL' dPD9777PI GVE DI’SPERSI ONPP I T1 f ALOCYAN BLU [ERNONE. - NO133 N ~D L
Cal NOOW HAsused Neg@inn"mk* refétsﬁU&h}C]ﬂEMl Campoditipn élﬂcbﬁlpahdn\tENiErdblfSPERSI ON
CARBON BLACK 7 ment D sp rsr on co

pi gment sompaked'g&E? QQD\I Phee&rrai V(B"f\’gfemﬂn% °Fﬁ°B IRe ® %Patte"QQ" ﬁ 2003
29 I nk may ng but
not lim tedéa ﬁgﬁ Rﬁ*&pgﬁkg%&g}, ta%’ir}%us s ee%%dtﬁgﬁgxg%ﬁ g% r{}%%lg% ayi ng
a sol uti on applicdte therfibronk shdet baqoertiatiyee s a anixqareef A piedgteinyingd pattenﬂgprt he i nk

onto the fiproug sheet. Printing processes sujtable for this invention
i ncl ude but 1@?@%6*?“1%91/98&{66 army f apRitGRUAGMGE ink gnto ﬁﬁeg%ls shegk any

rinting, I h A.
B gl e col plior AFLERnRId Lt Btk tafigh %%2*‘%*5% [ BUEiER ot KRR
sheet . Devicoetingsefithebhtive sorfaceipifittys substedte.i A8 gseddieiein o' vehiolet' a¢fyrsdo geosabl e

paper product utilizing the ink and fibrous sheet of this invention are
descr i bed ilil nt:efhejink sompasition nilized to sonvey theinkicompesition 19 @6par di

i
on 10 fjﬂ?eﬁﬁbrgxﬂg l? ES.ES 9&% he? ﬁ'eﬁ @9 nﬁox@ﬁ:%/ {ollh l&%le g&lor inatt d on

Cbtober 26, I'sclosures of re |ncorpora

reference. liE&EmFﬁIieW éWidedulipesed BHEQ iMpat B6loP RNBE 1ﬂ@mb@sekllh6&u\ﬂﬂbiﬁder"

hal f t oni ng,ﬁgref erably a process print, or a conbination of these. As used
herein, rs,{e ithe' adhé$l§¢ §0m90mnb¢ﬁthﬁédiqqm§>§lt@0rrposed of solids and Ilines.

As used her ei n, s rrnt efers to a hal.fto ol or t..created

by the col or ser?éls)‘ﬁ gor\mgfhgwesgﬂt ‘?’W’é‘@nd{ﬂ%‘gesetgﬁ aBefmft\%B’ %fi BRore

t ranspar entihégaksk eanﬁusah@ra thi R lh@ﬁ@fohalofftaqmg.dmtréo%ﬁﬁum (28; heconbi ned

to produce the conplete range of colors of the original inmage. Coloration

in a procegemperatute ofirabet i29°C|2)r obhecieki compusitignsnuilltprefeeabbautilizeiwrter20 a

deposr tion Iﬁrgf q%éven i ma ea frequency of ink deposition and the nunber
i nks in feRK'S g)églarlg a|cH ¥¥position area may be varied by adjusting

the requency. Sffigh e SRR 8L4cR0ed L 08 O A/ 5005 by Used

her ei n, transparen rocess In an \/\chh has

m ni mal hi Cbaﬁﬂ:ulwl\gﬂbnafﬂid& MIbwmausmwsgentah&dl 2380 Phth@lobpsBlubN93ghnd t .
Wth a transparent ink, ght nust be able to penetrate 25 one or nore ink

| ayers whi [carbon Blagledt &rwnﬂamogngqtﬁbe inkompesiiorschf thiepres¢ns invenden cqudd
exanple, yellowis printed over magenta. Yell ow absorbs bl ue wavel engt hs

all owi ng red and green wavel engths to pass through. Magenta absorbs green
wavel engt hs. The remai ni ng wavel engths are reflected as red. In contrast to
transparent inks, when opaque inks (i.e.; non-transparent inks) 30 are

overl ayed, the top color is the dom nant color since it absorbs nost |ight
ot her than the specific wavel engths of its color. For exanple, an opaque
yeIIOM/rnk mould 29 January 2003 30 absorb blue mavelengths whi | e

- .

o,



ellow. An image is process printed, if the image is prin i tiple
%rocess colorsg The Brocess Eolors must have a ?inesc?eenbggaﬁgéggﬂyé. P
Furthernore, the inks 5 nust be transparent to produce a nultitude of
colors when the inks are overlayed. The advantage of a process printed
imge over a line work printed image is that the process printed i nmage
enabl es many col ors and shades of those &l ors to be produced with a few

i nks. For exanple, a human i mage nmay be conprised of ten or nore colors.

This image can. be reproduced by.proces rjmting utiljzj f 10
three col o'rge. exﬁ@eg E%Cﬁ#ggprg%ﬁgl%{f?g% %;yv ﬁiﬁl aﬁe_ m%ﬁg%cﬁgn}%@t& ggfa?l%r
require tenpigﬁ\eﬁ%a?tiﬂé‘giﬁcseé@ Preféridd ves e&wmgqaﬁgeegizeEigMdnnga@my TReoN the
printing press. printed i nage produced by line work often increases both

t he cost anpigmbet afdhgpresant invehtiorepretatahly has a pasticlewips of Tess thiin X misrensef er r ed
i nk conposi tions pof e present. invenfion are pi nt.- base racess inks,
o her 1y pesTaR TP BEiER | Fhikions SHLGaR grach PIFECTARD Jo8 QAT S PHFERS.

i nvention. The cglygderfebdoa fof tiiink WPl R tREsUFRRE UF i rdud sBeet, In -
densitometer. Col or gen5| ty, a dinensionless neasurenment, refers to the
density of gdneralahipoffiresistaechfitle inkeomplositidh mcheagésas adherencsl afithelmktb the of

the ink, the greater the intensity or, strength of the, color. (@s col or
density i nciueiezel the fibroys sheot inepsases. ek sompositions which inshide bindess e The

“densi tonete | ' j i

prosent | n (et BEfink Sk By RRRNE 1Nk BipHEY RALRE CF RO B
t he dom nandurfaté ofthy fibfud sheef\n ¢tiiRphrich € inks cotithifitigynoadila-formafgchidére. one
of the four colors of yellow, cyan, nagenta, and black. 25 Procedure E:

Procedur e f&filmefasningpglymsr sendsde ormja Him gt Pempersiurephoee ity lagsdrassitigansi t y

o5 ol ons-efbbRbES RRpRARNI RmCtoFRERS Perfrs B R B G Rt BT HNG o
adj ust ed sOcoAfindcusRACAboRE tHAOTTIoT Y mBNeHAR I A's el AErel, *&RiBhndsE” felids ta@ge. The

printed sanitary di sposabl e paper product sanple is placed on top of four
30 unpri nt enteashrecafdhe atheurt ofienergy absorked byraemateriak as atensilejstressrig placed upon

el imnate the.influence.o ackground,cqlor fr.o col gred surface. 29
Sanuary. 2005 SAOEESisdied B0t &8 pngéidhe palebiahs fonsfe ey Rt siSE- mey

val ue, of aRoidterfineliby fle fotiovARglequatidn: respectively may be used wherein the
L*a*b* value is nmeasured by a spectrocolorineter set to a 10 observer angle
with illumnant Ain the ClELAB L*a*b* node. A white substrate having an
L*a*b* value of about 5 91.17, 0.64, and 4.29 respectively is white BOUNTY
paper towel marketed by the instant assTgnee.gdéree color density
measurenents are made within a given color®of an inmage ,. . using the

refl ectance densitoneter. The average of the three neasurenents is

cal cul ated and recorded. 10 Col or density nmeasurenents may be neasured on
any i nk thawhdreindppadiestesttoughngscior the testisonditions desenbest hendin, @,gepresasity is
measured on_ any substrate with a wjit.e bac{ oynd havi ng an L*a*b* of about
91.17, O. 64"’,"63%8“%?’2‘9?“’? & SHrID) YralR, & 15 ‘glwgaﬁensi tometer for neasuring
color density is the X-RITE 418 refl ectance densitonmeter comrercially
available from X-Rite, Inc. of Gandville, Mchigan. 15 As used herein,
"L*a*b*", retker[glehgthiofistrétliddARinl * ehith af dilmrbefteé swetchiap)/ donptieof filihbefoteEL AB
L*a*b* col or definition system evaluates the color variation in a defined
area of a sanple and conpares this vaPireehiBgl to that of a standard

reference. é@%s@ﬂé\%%iﬁtﬁhg,égﬁi is%%féuﬁa’(e LPSE)ta Rl B¢ 'SR 'eﬁadnt@é'?%&)'eons Known

as L*a*b* val ues, cribe the man ‘eye S Sensitl vl color. The

L* rel ates e¢faticéh, ahéugdhingditni@streafat 508 straiipirdicatd’dah& the ®hglirtesé B daltaldietiness
of the sanple if the value of a* is positive. If the value of a* is

negati ve, i4p todhepeinta wiich dedidmrhas eest stratehed sorpiSctimeashits ariginallengéh.t 0 t he

[ ft . l.e,if t | f .b* I, Liiye. .If th | f b*
S hegative. it THRBIEDiRders yedipt B pcesenyinyanion Hrohie-ieimipe pelgmeibaying”
val ues a AR, ¥aledfiar @ve%!hﬂ?’% :Je]?a?{ sbout ﬂ&?ﬁ@ﬁ,‘?fﬁggﬁlﬁl ot E%stql%gxlr %T?(ﬂﬁéb()?éad a

wherein AE representst erence i'n ¢ en two erent sets of
L*a*b* val ugass trinsitign eaperattured(Te), df ledshirargabeat H)0°Chpreferabdy leds tHaarabogte.

Procedure F; Procedure for Generating |Ink Rub-off L.
30°C, and more preferably less than about 0°C. The binder is preferably nonionic or




The met hod used to evaluate the rub-off resistance of an 5§k congﬁﬁiéion 30
after it has been applied to a substrate sinul ates scrubbi dagu 0 rtop
with the applied pressure of one finger. The method conprises rubbing a
known area of a 29 January 2003 32 printed substrate against a white tile
having a known surface profile. Rubbing s ' perforned at a predeterm ned
pressure, speed, and stroke length, for “a fixed nunber of strokes.

Col orinetry can then be used to quantify the ink transferred fromthe

i nt ed . . " . . ° ' c .
\?M_r :jtn heangag‘.ﬁém% %n{l %eqr%eﬁi e%slélhgéause E'*Jg)%‘%]g'i %ﬁ%ﬁépﬁddg%ba%}% mﬁﬁcéﬁa} I ecimsI "
const r uct ebe Gdedas bitidess ifi die iak RomPosidiorsBfithe piebenk ibettichinelude Spraféfabdy vel y

| ami nated to a tenpered hardboard support base which is 0.5 cmin
t hi ckness. acsyliggmulsionelymeers, nerg peeferably podyurethare dispesyians anskethylenervying

L*a*b* val ue of about 93 .65 -0.32. . and 0..11 respective|ly: a kinetic
coeffici e_rfime ¢ ixagl?slro!n(s’,tarngﬁn%sf pﬁelg%ﬁ?ly(i&f%lcabs!’% eﬁ?té)é e@g&ﬁ{gt an al um num
surface w th anTRORbktgitefefed Styidhe Butadiend |A8% elflsionds'a hénlcAbdxylakd, Mnsur f ace
roughness of about 3.53 microneters as neasured via interferometry. An

i nst r unent foomigfapolyer havinga Tnof abont -20%C, r havipghe sdids contenttafabeniodfb toy i s a
Zygo New Vj 200, nodel. No. 97-516Q655,. manuf act ur ed Corpqgration
of M ddl ef$@¥’v(§’?s B Mgl andp Wﬂféf'gaﬁgeggg?f;’éieaﬁﬁhp%ﬁﬁ)’&ﬁf%}ﬂ“gﬁgﬁr pose
“i's white F i i CA is i heinati,
Ghio. A suﬂgg(lﬁ)lgg eﬁ%@g%ﬁgﬁiﬁggﬁef éﬁ%@?t‘%@gg@é%g’llg Iogidf t?goﬂrrl%%é‘;or gi a-
Paci fi ¢ Cothpocasbhoxytateaf stysiche btitadiefie atayi emuléioasiart ddulwled dvidan ve scopd of thisor

| am nating the white surface to the base is Mddel No. 30NF avail able from
3M Cor por 2MWVeHIO® St. Paul, Mnnesota. 20 An ink rub tester 10 nay be used

t i mul at i . in- -
Roferring to FlARisgheleifi CHOH EibBRURLE vels Lol Bnte] ibhdtpundssttully,
0.9 cmin airidhéd withahibaglathits0 This ibOtdrbonyd unit islfeéeng iGid 0Bt presenphs ne 12.

The rubber foot 14 is _oriented on the netal spline 12 such that the
| engt hwi s efuartignat gioup & therpolymenhackhanst 14 is parallel to the spline ribs

19 and the 25 spghi j i . f e Egﬁ I -Of f

whi t e neoprene ?&E%gerféﬂﬁ%%ﬁda ?l(%ﬁﬁgl S %flyg&ﬁ'% I E:%%%A%S%%El %R;SY[H? ngt h
of 1200 psaT,dubont -$0WC.€THe phefeprrdtaciylib emubiicis pslymbbhasA sdlitis adrtentEopr ene
rubber matertal for this purpose is sold as item No. 8616K64 avail able from

McMast er - GRProxumgisly 4 56 Masad oroweight, andjpmojeculas syeight ohat lemst Abmu POt 14 i s

adhesi vel t h i he tal spline. 12. A preferr.ed esi ve 9
Samuar y oo BrRRRA abid ik B e RhoFRel RS e SF pile ST Serife
manuf act ur g dbpul 4% lor 1ds FREBSIdHcHIMIAE id sthisilibéOwith abRN 8L by Weight Hf ah 2 Cm by

0.9 cmsingle ply of the paper sanple 40 to be-evaluated is provided. The
paper sanpilkyladenolsthaxylnte sirfagtant. oFia prefesied apnylic emulsiafepadympr crpssligkgat

uni for m papgr. sanpl e i vaid abl e, several paper sanples of uniform
ol o dened Emperts Srabantdats. A sRirE T atiRen BB BIAS . cm by 0.9
Cm paper SRADPEEXONWIS1RGvailsHe bR RIS & HhasCdtyPRGeIpRRAPPEMLFIVRARE Whi ch
has adhesive ., . applied to both sides of the nonporous tape, the paper
sanpl e 40 to beAgvefemed pelyusthmne dishersionovhictemay be ksddaasla bindgoon thednk ape. The

stickyback nonporous. tape is.then 10 atjached to the rybber, foot 14 such
that the p S%’Hﬂ%éhe Ot ryeaiionys AR lgleaﬂ[cw&)i)ﬁge Asistispersion waigh A

sui tabl e sfirlybaek [fONSi Ql‘?tfe ({Tal A W&) Al stickyback
doubl e Liner tape cg%égi a i?tnso (ﬁlgghelﬁlgJ N %gfg%’[‘gé%ﬂ CKYBACK

DL, avai | glpurbthane dispersion basia irgafab‘ouSBO%E’.aUhc pierredpolyurethire: dikpergort i | € 30
is placed into the hase 16 of the ink rub tester 10 and held 15 securely in

pl ace. Thesw@pionic, haviag amalegulassvaight of atdeast abguti4R0,60@ ard pyolidsgentent ofg t he

tile hol de b ALS t screw 1 til, the tile holder adjustpmen Lew 18
engages. ¢ taroRs0'% RorS e, R plthirred otk AfneRin BlaBuiR A 8RR de
pins 20. TReWIhCOBONID V384 2bsittbe £6m WiHSNCotgobutioh f CREG WIS, (ddhedtic?g t o
FIG2, aliquidto be tested is applied to the white tile 30. For 20 this
purpose a 25 m Theprefesred sthyidne viriyl abetatd emiulsioh hasqumolecidapweigbtiofat leaste whi t e
tile 30. The |iguid is placed,on the white tile 30 such that the |iquid

Wi T be cidbaut SOBAG, oiheprafetind Bibulen siiot aceipse emubronis bt PETEREY T Ubber
foot 14 of the netal spline 12 upon lowering the nmetal spline 12 into the
spline holder 7. The metal spline 12 is lowered into the spline holder 7
such that the rubber foot 14 of the netal spline 12 25 contacts the liquid
on the white tile 30. The netal spline 12 nust be carefully | owered so as
not to cause the liquid on the white tile 30 to splatter. Splattering
changes the anobunt of liquid that the paper sanple 40 contacts and thus

i npacts the rub-off results. Upon contact with the white tile 30, the netal

o A~ e o .. ~~N -, y" o ”~ Y ~ M~ Aa




attached to the rubber foot 14 of the netal spline 12 is tdwejanud 3

agai nst the 29 January Z003 34 surface of the white tile 30 for” 7 cycles
at a speed of 44.28 cycles/mnute 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, thgypaper sanple 40 is positioned at
the bisector of the swept angle (represented by line "CC'" in FIG 3A) 5 at
both the beginning and the end of the 7 cycles. The orientation of the
paper sanpli@°@6r Wk, indre phsterably@ T N6f 154 @br 188, hitPa dolida BEnteCoraBbitFdp0l der 7
does not change throughout the test. The Iength of the paper sanple 40
remai ns parbasddatponoveight. (Thegesferred ethiilena vinyl asetasclemylsioneressinks vdegl e " A"

dth "B . f d ink 10
for tost pietieduts rtpdatihe aboliGong aasC, SBICFosSi g trhscdiidiheR b
Concor d- ReReorrRasy methyPadt§lafidd foncibidlity info HeFRlyrhé bﬁ&&rﬁs‘n@ BRf&F&EUN at e

nmeasure of rub-off, fivé observatrons on a given color for a given paper
substrate aﬂglmnmn)dtaedatxrmhmmn polytherd Which moaycherwsedas binders duthe iflor
Measuring I nk Ryh-off Resistance After the mhrte |Ie allowed to dry
for twenty PHRPSIHER PE thepresspInkention arg commsrsal %ﬂr@? “Mdrate and
transferre i 0) di fference
.in color ?UF%L‘E\%M%a&isf%,éﬁorgr‘}lg?rfd{ﬁ B?%geﬂ%cn té#ﬂﬁc tgﬁ’g accordi ng
to the Cl ElpéEndyhvahid col or-definition system 20 In regards to the present
invention, AE, is the difference in L*a*b* values between the white tile 30
prior to rubbi ndrepstiesnf theprefarredibindqrs are spmararized iniEablhl.t e tile 3 0 has
been rubbed agai nst the surface of the substrate to which the ink is
applied. The value of DE is defined by the foll ow ng equation: 25 DE=
(L*~-L*0) 2+(a*~-cr*o) 2+(b*~-b*0) ~ wherein L*o, a*o, and b*o 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 akE of the white tile 30 after rubbing, the greater 30 the
anount of ink deposited on the surface of the white tile 30. 29 January
2003 35 A spectrocol orineter can be used to determ ne eE. For purposes of
this invention, prior to making any nmeasurenents, the spectrocolorineter is
set to a 10 observer angle with illumnant A and is also set so as to
measure in the ClIELAB L*a*b* node. As the neasured L*a*b* val ue of the
white tile 30 prior to rubbing 5 rnay vary fromwhite tile 30 to white tile
30, a standard L*a*b* reference value for the white tile 30 may be entered
into the spectrocolorineter. 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 val ue between the white tile
3fl prior to |l O rubbing and the reference value is greater than 0.40, a
new reference value is entered into the spectrocol ori neter based on the
L*a*b* value of the white tile 30 before rubbing. After the white tile 30
has been checked agai nst the reference value and a new reference val ue
entered if necessary, the spectrocolorinmeter is used to neasure 15 the
L*a*b* val ue and AE val ue of the rub. Eight equally spaced neasurenents are
made with the spectrocol orineter down the center of the rub. The
spectrocol ori neter cal culates an L*a*b* val ue and a 4E val ue for each
measur enent. The spectrocolorineter also cal cul ates an average AE val ue of
the rub based on the eight nmeasurenents. The spectrocol orineter should be
capabl e of reading a circular area 20 between 5 mMmto 7 nmmin dianeter. A
sui tabl e spectrocolorinmeter for use with this




invention is the X-RITE 948 commercial |y avail abl e from XoRjhauady¥0o30f
Grandville, Mchigan. Referring to Tables V- VII1) the ink rub-off
resi stance is shown for paper towel substrates printed at different col or
densities utilizing the ink conpositions of 25 the present invention. Wiite
BOUNTY paper towel manufactured by the jinstant assignee was used for this
purpose. Al the inks represented in Tables V - VIII are process inks. The
four tables are divided by ink pignent color. Table V represents BOUNTY
paper towel substrates printed with process inks utilizing Carbon Black 7
pi gment. Table VI represents BCUNTY'Tp er towel substrates printed with 30
process inks utilizing Phthal ocyan Bl :3 pignent. Table VII represents
BOUNTY" paper towel sub i g ﬁRgigf j utilizing Rubine
29 January 2003 36 Nhgeﬁ?gggggjgg§q%?gﬂg%$. a gi represents BO JNTY
paper towel substrates printed with process inks utilizing D arylide Yellow
14 pignment. Ref i Tables \/ - M 11 Lndi es the type of
pi gnent used in théw#nk cdﬁ%@?F ionfﬁz%lu i dates the type of binder
used in the ink| 5 conposijtion. Col unp,3 ipdicates| the apprfoxi mate Tg of the
bi nder. Col um gTwdEeatgs—tHwe CcrossTHnkI Ny —agent—Tfw added to the ink
conposi tion. Co] wnpegLarsrdli cat es tjhe anmouni of crosslinking agent, if any,
. added to the ink cU®sitlion. Collumm 6_ingi cat es whet her X was added to
the ink conposilti o™ ol rm ¥ i ndi cat®s whet Bér tfhe sbstrjate was heated to
| 35C after applfcatTon of the ink to 10 the substfrate. Collurm 8 i ndicates
t he dom nant pr—ﬁaﬁﬁﬁ@@&4#—4%544KT44H%¥}4}' e—pader towel
substrate as indi ceks@6l by the refll ectance

measur ed
according to Prjocedure Ejabove. {olum 9 or density of the
i mage printed ONEEGEEPEPET LGNSl [SUDSET at | the refl ectance
densi t omet er acjcor " t¢ Procedure E abo i ndi cates the
rub-of f resistancé"f¥F each ink donpositi whi te BOUN TY~
paper towel sub —dal et . es F and G above.
Sigma AE (i.e.;| Fragherepresents |t he summ f the ink
.conposition in (di stiddved|wat er and the su of the ink
conposition in fa solventized al kgl i ne sol

sol venti zed

al kal i ne 20 solution was nade according to Procedure B above. TABLE V
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Ref er ri ng iplocampssitiop. - Calumntiadicpigsthe tepe ofrbiedes gontained) within the ikan i n

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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29 January 2003 50 " Preferably, for those ink conpositi o sindafeaggesent

i nvention exhibiting a dom nant primary col or- of nagenta, Signa I's
defined by the following inequality (labeled as GGin FIG 6): y(x) <_
-1551.8 + 12473x - 40898x= + 69923x'16- 65676x' + 32126x5 - 6391.7x6, 5
wherein 0.7 _< x < 1.2, and/or y(x) 516, wherein 1.2 5 x _< 1.4. Referring
to FIG 7, for those ink conpositions of the present invention exhibiting a
dom nant primary color of yellow, Sigma AE is defined by the .. . follow ng
inequality.(labeled as HHin FIG 7): y(x) 5 -2103.34 + 10184.4x -18237r +
14346. 4x" - 4175. 14x, wherein 0.7 S x S 10 1.0, and/or y(x) 5 4, wherein
0.5 < x <0.7. Preferably, for those ink conpositions of the present

i nvention exhibiting a dom nant prinary color of yellow, Sigma AE is
defined by the—felowmmeg—tregual ity (| abel eg—as—t= Syt <
-2105.34 + 10184.4x -18237x= + |14346. 4x' - 4];.375..14%, wherein P.7 § x|{< 15
1.0, andlor yf§x) Bl4, |whergein 1.0 5 x 51.2,.and/20f|y(x) §_ 2,|wherjein 0.5 5
X < 0.7. Referring to[FIGS| 8 -| 11, the col org 'éignlé ty and Sigpa DE of| the
current invention[is gonpafed with the col or Hensi | ty and|Si gna DE of [pri or
art substrates printed with prdcess inks. 26—Refertingte—F-&—8—F6f those
i nk conposi ti:i)ns of the present| invention exig bitihg a dom napt pnimry
.col or of blagk, Sfgnme |AE i & deflined by the [ kow frg i nequal i gy (Iabetl ed as
J-Jin FIG 8: y(x) $ 75.041- |260. 72x + 275.2%r -|%70. 15843 -|%6.

wherein 0.8 $ x < 1.4, anfl/or l[y 5 3, whereif 0.5 ¥ x <|0.8. 25
r 1

Preferably, fO 0S€ |l nK_fonpqgsi ti ons of thepresgmt—TnyentTpm extm Hiti ng
a dom nant pHui’ mary colfor of blgck, Sigma AH i%s, def|ned by the| following
inequality (llabelld asiK-K[Ein RIG 8): y(x)[E<S :74. (41- 28D. 72§ + 2¥5|27xZ -
70.158x' - 6/9911k, whereiph 0.4 < x <_ 1.4, @nd/of y S 2, wherein 0]5 S x
< 0. 8. 29 Jantery—2803—5i—Mere pref er abl yy—for—ttose—k—conpositigns of
the present ijnventioniexhibitirlg a dom nant| prinmary, col of of hl ack[“E $i gma
DE i s defined by Ehe fidl|oli nglinequality (jkdbel edlfas L-IEin EIG (8)] y(x)
5 73.041 - 260. 72§ + 2¥5. 2z 4.

E ;
-| 70.158x' - {6.20911x4#, whel®in B.8 Fx|S 1.4
5 Most prefenably, forp those ink conpositians of the present | nventign
exhi biting af{dom jnant {prinmary qol o, ofAbI ack, Sigmp DE i ¢ defjned{by|the
fol 'owi ng ingqual .ty (labeled gs MM ig i@ Fl G B y(Xx) < ¢8.04{L- 260. 72x +
Z75.27xZ - 7(z 158%' - |6. 99K X, V\/ne.relm 0.9P<€8< E4. Referrzng to FIG 9,
for those i nk conpositji ons|of tih ﬁe%nt iinwehtiop 10 ejhi bitingla
dom nant pri frry—eetot—of—eyan Si g-rra@E i Sl—defined—by- JJ.qe £ oi--oirg
inequality (llabelled ag N Nlin RIG 9): y(x)| <« ,57. y01- 222. 16Kk + 268,|91xZ
-87.964x', whereild 0.9 < ¥ 51.|5. Preferabligf shose ithk cldnpogitilons of
t he present invenlt on{exhi piti Hg a doni nant| primary col of of Eyan, Sijgma DE

ot 0] '
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More preferably, for those ink conpositions of the presentzgiﬁﬁggﬁyim:,
exhi biting a dom nant prinmary color of cyan, -Sigma DE is defined by the
following inequality (labeled as P-Pin FIG 9): 20 y(x) <_ 53.701- 222.16x
+ 268.91xi -87.964x', wherein 0.8 g x <_ 1.5, and/or y(x) <_ 2, wherein
0.7 5 x <0.8. Mst preferably, for those ink conpositions of the present
invention exhibiting a dom nant primary color of cyan, Sigma DE is defined
by the following inequality (labeled as QQin FIG 9): 25 y(x) 5 51.701 -
222.16x + 268.91r -87.964x', wherein 0.9 5 x 51.5, andlor y(x) 5 2, wherein
0.8 < x <0.9. 29 January 2003 52 Referring to FIG 10, for those ink
conpositions of the present invention exhibiting a dom nant primry col or
of magenta, Sigma DE is def ned by the follow ng inequality (labeled as R-R
in FIG 10): y(x) < -50.197 + 265.12x - 490. Olx~ + 398.49x"' -112. 31x,
wherein 0.5 5§ x 5 kK 1.4. Preferably, for those ink conmpositions of the
present inventifon ekhibiting a dom nant primary color of magenta, Sigma AE
is defined by the fpllowing inequality (labeled as S-Sin FIG 10): y(x) <_
1

-52.197 + 264. 12x 490. 01r + 398.49x" -112.31x, wherein 0.5 < x 10 51. 4.
Refen-ing to G , for those ink conpositions of the present invention
exhi biting a|dom napt primary color of yellow, Sigma DE is defined by the
.following ingqual ity (labeled as T-T in FIG 11 ): y(x) <_ 90.549 - 332. 78x
+ 422.27xz - 158 5x'| whcrein 0.7 < x < 1.3. 15 Preferably, for those ink
conposi tions |of the| present invention exhibiting a dom nant prinmary col or
of yellow, Si is defined by the foiiowing inequality (labeled as U- U
in FIG 11): 86.549 - 332.78x + 422.27r -158.5x', wherein 0.7 <_ x <
13. More pref for those ink conpositions of the present invention
exhibiting a nant primary color of yellow, Sigma OE is defined by
the foll ow ng— pl ity (labeled as V-Vin FIG 11 ): y(x) <_ 82.549 -
332. 78x + 422. -[L58. Sx', wherein 0.8 S x < 1.3. Wile particular
enbodi ments @ present invention have been illustrated and descri bed,
it would be gb¥ ous{to those skilled in the art that varibus other 25
changes and nodi ficati ons can be nmade w thout departing fromthe spirit and
scope of the frmvention. It is therefore intended to cover in the appended
claims all such chahges and nodi fications that are within the scope of this
i nvention. 2% January 2003 53 What is clainmed is: 1. A sanitary
di sposabl e pgpé¢r prpduct, conprising: a fibrous sheet containing cellul ose
having a firdt]outer surface, a second outer surface opposed thereto and an
i nk di sposed [oh at | east one of said first outer surface and said second
outer surfacd, {said{ink exhibiting a dom nant primary color of black, said-
i nk having a |{S{'gna {E which is a function of color density, said Sigm DE
defined by t iFneglial ity: y(x) <_ 75.041- 260.72x+275.27x2 -70.15 8x3
-6.991 | x4, whereip 0.8 < x _< 1.4, and y(x)<3, wherein 0.5< x<0.8. 2.
The sanitary |dispospbl e paper product of claim1l said ink has a Signma DE
' defined by tHel

POLYMER
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EMULSION
POLYMER
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inequality: y(x) _< 73 .041-260.72x+275.27x2 -70.15 8x3 -6,9911 X4, erein
0.8 < x < 1.4, and y(x)<_ 2, wherein 0.5 <x<0.8. 3. The ?gn‘{ga}ingoo‘ﬁfh '
di sposabl e paper product of claim1l whereby said ink conprises a process
ink. 4. The sanitary di sposabl e paper prﬂguct of claim1l wherein said ink
conprises a binder selected fromthe group consisting of acrylic enulsion
pol ynmers, polyurethane dispersions, . ethylene vinyl acetate emulsions,
and styrene but adi thitle k ‘s i.tak i per
product of claim 41%’1 er e ﬁﬁ@%ﬁ?%ﬁ@g‘%ﬂ?ﬂ m!ftgﬁﬁrr%ﬁgh%g%?r?f daw\%i ng a
mol ecul ar Weigbin tefmpetatire éi.; @D poftabbit@00Wor riore Plite nan rbel desiyatde sphaatiee
paper product, of claim4 wherein said binder has a Tg of |ess than about
100 C. 7. Thdnkgampasitjorfospicmpsraturs ohabous | 8y ahoveits glass Wansitigher ei n sai d

bi nder is non-car - jtar I duct of

cl ai m 4 wher glc %%grglﬂéé( L‘?‘?\@g‘} to%‘sam?:;gges@ﬁ%tﬁln%fﬁé ﬁ%&ﬁ%‘ %§r§%9%§i5§4 9. The
sanitary @i spidhaRhée SRBE inkdEdmpiEitionfto tedubitdtayher ei n sai d ink has a bi nder
solids to pignent solids ratio between about 0.10:1 to 3:1. 10. A sanitary

di sposabl e paper pincudestto eohdnse adhenence af theiinlofitm $hthetpapasnit is desivgble diat ul ose
having a first outer surface, second out.er surface osed thereto and an
"o d'sposed A ik SrusTomEh foriné Hkiomppation e Bt BEtr S4BT socond
.outer surfaceesisahck tb@Blu%ﬁiEﬁBbﬁ oVt a&viﬂ@ﬁHgﬁxgge. At {sTREYabfOthal thefniciim, sai d

ink having a Sigma ~1E which is a functio color density, said Sigma DE

defined by t Hermedkfiomlthe ink gofnpositieagofibe pRéent invedfibDhavee2@hthildty3s- 465. 5x4,
wherein Q.7sxs 1.5Q.. 1 The. itary,di sposahl e pape roduct of. claim 10
whor oi n S8 d TeAsufdn St a daRib s of FRvAHERD Akp s sofuton of o

y(x) _<<-595. 3 E:Fg.lq X3 - 485 é_)gqiam [ 7 1v_ 1.50.
12. The sani f*gé%%ﬁ%s%gggfgﬁgl perg%frl@gélgtnﬂe §1FP cl-al mwﬁgm\/vhgrﬁgp ’nprggeir%lynk
forms an i nk ro ihorelthan stgpun 26 etilligrarhd of ink piginseint pérggtad of dryi inkdilmatmere of no
nore than about 85 mlligrams of dissolved ipk pignent per g%r am of _dry ink

film 13. Therrefsrabinpgmerehan sbow Sonitlagrams gfiinkipigrnent|psy gramool gy indi filmg 5 g

Sol uti on-of rELesrerPERAARF b e Sbolcd SR oA B e

gram of dsy igtkmfofldey ink4ilmA sanitary di sposabl e paper product, conpri sing:
a fibrous sheet caontainij ngi cel lul ose having a first outer surface, a second

outer surface oppdisesisehle that thednk flmsferged freacthe ik compositiops shieof saj d
first outer j I Gho . i bili.ng a
dor nant - pr i eserc v BRELE o8 S8Rk Bldbfilesd U nBEed Bftos M Chlont’d 2
function of cabor0.0rMPdand prefethbly e 1kt dboiit MOS MBa. tINiS alsoeldbidablé that
y(Xx)5-1549. 8+12473x-40898x2 +69923x3 -65676x4 +32126x5 -6391. 7x6, wherein. .
0.5< x<1.2, dhepeynkfilmobe capggbleqfwithstandipg 2 mpximumgstraingf@hlogst2bout 3 15, The

sanitarygdi s f claim1l4 wherein said ink has a Sigm
OE def i n%g b;%?%géf?‘ﬁgﬁﬁ‘gfht%agp%% P'<_-1 ss 1.8+12473x- 40898x2 +69923x3

-65676x4 +32126X5 THeIHdchaxufeal popérfibdlofQnk filnisprepared idmyth¥ preferdéd inkherein
1.2<x_< 1.4. 16. The sanitary disposabl e paper product of claim 14 wherein
sai d i nk conmompesitionsnsefislovith Bexprese@Gpventipn ard summatized e Teblailar y

di bl d |.ai in.said . ink i f b
0. S5t 100 dEsiemedn | ahledt SRR denfites e igght eaniigplr Cpumh 3 200
conposi tion. iAdicatiifhe IHH BN cOMATEL WhRARE TnlPERBIE oA Col@hiB14 wherein

said ink conmposition has a pHin the range of about” 7-11. 19. The sanitary
di sposabl26 papdicatps the wpproximate di, of thé bniter.eColuitive4 indiwaies kvhothes wiasl wask

conposition h Stgel.l Cup viscosity at .20 C of apout 20Q centi poi se or
less. 20 A S48P o em‘%m%rt@npgp’imb%&fga@w iAroRglinking A ¥es sheet
containing c i first Ut er [ face
opposed therg'{dgggn 5%%[3 kﬂl éqodgé?c?lor gt]mﬁbe%é{}?ogwg%gl_?aggg!] #‘Iragen% er
surface and sdded eethentk comptistionbasddasibweigh. (CdlidanPihdibates the ink fipi nant
primary color of yellow_ said ink having a Sigma ~E which is a function of
col or densi t ysolubility isdistileddeigniizedwatet yColumni &rindicates the:ink film solubility in
y(x)<_-2l §3.34+ 0184. Ax: 18237x2. +14346.4x3 -4175..14x4, erein 0.7 <x <
0 “ana 39 xyasohveniipsef Qi elifiop. e HacHiin salubiBeies Wiy R G SmBend spor
product of C@W@a&/é}%&&ﬁ@d%ﬁrgﬁm ks /0R BisSol Ve IR pifméifE E(‘%‘Ambdf fak
inequality: y(x)<_-210s. 34+10184.l X- 582317Sx2 +143%ﬁx3fp-4 7s. 14%(2, wher ei n
0. 75x<1. 0, and y(x)514, wherein 1.0<x51.2, and y(x)<2, wherein 0.5 <x<0.7.
22. The sanitary disposabl e paper product of claim20 wherein said ink

forms an ink filmhaving an ink filmtoughness neasured at 50% strain of at
| east about 0.01 MPa.




29 January 2003 56 23. The sanitary di sposabl e paper prod &fq{o@
wherein said ink has an ink filmtoughness neasured at 50% stral at

| east about 0.05 MPa. 24. The sanitary di sposabl e paper product of claim 22
wherein said ink filmhas a maxi num strai of at |east about 0.3. 25. The
sanitary di sposabl e paper product of claim 24 wherein said ink filmhas a
maxi mum strain of at |east about 1. 26. A sanitary di sposabl e paper
product, COMglH,SiCRfimA9 ihdiERShE RihnER Y M ThR GlhShd MefRfed A %09 sl T St

out er surface a second outer surface opposed thereto and a process ink

di sposed oh a‘hetca@hnessmeroodedsfarehchunlst:ompdmﬁmr&urcbhm 2nrbased dpsemrond out er

surface, said process ink exh| biting a dom na r.y, col or  of bl ack,

sai d process“‘Y"r\'itg"n‘?:fS tongan &?’Fﬂ“‘?@“’{ﬁm%ﬁ‘i"g %‘ﬂfﬁb NSHX%FO‘EB‘?SHP"denm ty,
said Sigm 0O )

S0 1585 o Coi A e Ml %ﬁﬁfm‘g‘ﬁz’% o@g&gg@%@%@ 8. 27.
The sani t iy usidsp @endihee m@mrﬁlms@uﬁtwmcfh tshéacbmblﬁfy whieghakss, aml draimdathas a
Sigma DE ° defined by the inequality: y(x)<_74.041-260.72x+275.27x2

-70. 158x3 - 6adRssd4 " wherein 0.8 _<x51.4, and y52, wherein 0.55x<0.8. 28. A
sani tary di sposabl e paper product, corrpri sing: a fibrous sheet containing
cellulose having a first outer surface, a second outer surface opposed
_thereto and prededaPEA: Précedufd iy Peitiatthe IfRFilmgne of said first outer

"surface and saird second outer surface, sald process ink exhibiting a
dom nant primary bobmer tmfgenyratc axslakdilanlumas’dumﬂolﬁiEhanmah&sgrmd@Eanm| chis

0 0, Sl el ok r B SRRl A S g LY Y09
January 2003st§¥ac€%uch-r£b% &ﬁ:ﬂi&%&g’ d'se! flﬁlrigsj@@' TEFRON) sREQdUfbIOforthigi M 28

wherein said ink has a Si by the Inequality:
y(X) _<<55. 70pupad ﬁﬁmﬂzBHoQHKﬂ)BBG c@ﬁﬁmﬁqmﬂjwaﬂabie(ﬁro&ﬁﬁgad&ll&w 30 A

sani tary di sposabl ¢ paper praqduct, conprjsin nt aj nlng
cel | ul ose ha&PHﬁ’@i‘%q renagylyafipand,supp %’are w ciw B d

thereto and g %‘{y( %ﬁg on at |east one of said fi rst out er
surface and sal secoh outer surtace, said process ink exhibiting a

dom nant 1primary tUsingrl ahMﬂg&péam;saaﬂ:qmgledQ&m lohg lxa8/¢mvide i gna ~E whi ch
is a function, of said_ color densHE/ said Sigma OE defined by the

i nequal i ty: W%am&absbmz the B sheet. (B teawoxx@d@vagﬂshpqmtm&m%re. n
0.5 <x_ <1 T e t

wherei n sai danfldn has’ I}.gﬁéﬂie @%’gkﬁ pggl%gw’fﬁgaﬁfﬁ%gﬁ%% k Boube ﬁﬁ%

y(X) s-52. 197 ¢athimedcially/sold &TNZEWNOMIZDGSMIOMAOK DLpavailable_< 1. 4.
32. A sanitary disposabl e paper product, conprising: a ftbrous sheet, .
cont ai ni ng c&omiMLeorparation ok, St.ifawl, Minnesots ur f ace, a second outer surface

opposed ereto a i i rst
out er su?(?ace and@gglgcf%cg'g%?l%ré % ?1@(8? %%sal dﬂ‘%@g%%%ggﬁ]aﬂc e%‘q‘gl ting a
dom nant pri BEC\Cogsurtiordbf MeFdraV\Corrtctl rzﬁgeg& bétiwebiitietgpestipsiduldberhi ch
is a function of o?al% d %ol or dern5|? s%lP’d g’sa DEedef |e2§::l tt)l?bt heu

i nequal ity: filled incofftegsbe Bemdresmtgm fhuid s dwa&e srcosagirectangle & filledwith 3 33.

The sanitary d raduct of cla n. sai d
Sigma CE def ?ﬁé@ﬁﬁwfk RGBT os ek cwsm Gubip B f6ta ST Pk 38 botlign 1°°
- 158. 5x3, whgy 6@%,@( Sdaiilis

.ANF, . Al . Al AFI tg&éLAea&i,%\@FnA F". AY. Al YA A YeSl ,&0 foAran V¥ mk ﬁlm Those
LAl - A UA2S AerMﬁlmsAmad& fﬁonﬂxﬂ&rﬁpdk&ﬁﬁsAbntAln}fig acrylic binders, are addmonally
A AAITAAAyaA AATIA .AY. A .A3E .Al . A AYe. Asr. As. AY. A, Yy60] +b
+Y: } xsni d_ZU]:‘grﬁil b&P@&F@é}‘EQ'&é‘} é‘&PE‘H} @&PE&FJ}"E&} ééﬁhf‘ca] ca] ca] cg] c!a] cz?]3 c!a] cal
ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] caU] caU] ca! ] noOzvH FHXT # o ~

""$3$$${ vql gb] X] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]
ca] ca] ca ca] Préced ea ¢ dire Makin#| A Sbivefififfed Alkaline Solutlon

o' |"))**++*, 9,1, L, ?000/ 3?3B3C3e304467v: w. : zupke [V]]ca] ca] cal] ca] ca] ca
] ca] ca] ca] caU] ca] 3h¢ ﬁd]@avgaywaqwa]lws]edamhqeaqaodqrdaphraq-wp@uqaba‘} ca] ca] ca]
calcalc

L B S5 ah ptifion padio saneeple the splbilit:dera oupd in colvwmn 7af Table I and the, 1 ) ca
lqgglea] ca] cahgiatAtdhnd@ifaiaah 10t albRt 88]-8atIGaE $elrfihdaGsal ¢l cal cal OQPPPQo
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a/ cccccuf ff{vgkfa[V]]cal] ca] ca] cal] ca] ca] ca]ca]ca]ca]ca] caﬁgcjff]"(‘:'afyc%qoéa] cajc
aU] ca] ca] ca] ca] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca! ffffgghhhk?ni gkgnqgqrprrrtu
kuuvrvvvowzz{ {{| wr nga[ Ukf a[ VU] calU] cal] calj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] cal] ca] catﬂ cal] caU] caU] cal] ca

{{"{6{9{L{U[[]!][[2};}S}b}}}}}}~~~~

{upke zTmal ki al Urga\lcal oo eal gabloflaatdonkeptrant saubebsal g o2l oau

Kek} xsmhb] Wroadirakdeatid Adill, setL£vdhin baiahdiat powaa] 6fugdhs plrire), avddlabid frand] ca] cal]
ca] cal] ca] cal ca] cal ca]j caU] ca] ca] ca] cal cé&ca] cal] calBhk
fn" zt oi d_ZUngAldoigh=Chemiedl Compapy @ 11] jseensjrs aly) @awt@aqocia@&li]%q calc

ol s ik i A a1

Ul c*a] ca] ca] cadrbaidié M&@&é}%w@]s@@pxhlhi} sal}ébﬁ% ﬁftlﬁi@bﬁ@b&fﬂﬂ; 6 PdifablecRéth Adrich
R11(zvr4X: Yzupkf a\ ] ca] ca] ca] ca] ca] ca] ca] ca

U] c? a]?)ca]v%a(] c@b@mm}ab@]:mﬁz]]:wa]’ﬁm]w addiaincattonhtegiosalecaridthd cajacsaiinal ER[léa] ca] ca
LY. t Y
{J]C 2’\ aj ga] calc i‘?%é?‘gj %§]%é§]sﬁ‘§f‘x\u"‘!?5}%aé¥jﬁda] Tha mixtuse is stirred it thesolift aca) ca] cal

cal] ca] ca] ca] g}

" 8: &6QTd+r drrkpzup %ﬁﬂﬁ?w] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] ca] Talthia}alafiag U] Zedrhma b ae,a] Ca blkyhdikizthyd ajmitcoXi@EX vpke  ZUzu
kf a\

BUJ 2] chUjbh] CHGRT SRR & SdrOnAHR b O g eboby &&?Mﬁﬁéﬂci;ﬁ cavlc

O cal caul ca] chofodF ShiphaR I SRRES TR 1 E3pre R aR T h SRR 00 2
1cal] ca] cal Chﬂccﬁﬂaiﬁlmww doothid]seRition ] stedrambbe 2buthlyethhadlif ca] cal]
caljca)/ |l My] cgl p@wgl ga\ Vzupkf U] Ul ca] cal] ca] ca] caU] cal] ca] cal| ca] ca] ca] ca] ca

U] ca] cal] caU] ¢dded aPesititeble’chitoxssthaaptis chmalescialixavailable esap 89U sedat@mnp$s; | N

L ol L ORI PAREE VMt -

zt mhe” Yk 1 U] disallebwget isadddd: "BHi§ Sdlution is then stirred in order to provide mixi
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spectrophotometer is used to determine the maximum absorbance wavelength of

each ink as well as the light absorption versus pigment concentration calibration
10  lines of each ink composition.
For each of the preferred pigments of this invention, the maximum

absorbance wavelength measured for each pigment color is as follows:

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

samples, each | cm x 1 cm, are cut frém 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 having a pore size of |

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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. 109 () - z&F 1eféhisired pighi¥Hcdncentration 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,
Califomia.

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 I1I.

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  Asshown in Table III, column 8, the ink film toughness was measured at 50%
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toughness and maximum strain.
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
5 cmin 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
10  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
15  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
20 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:
25
= load/(ink film sample caliper * ink film sample width)

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

30 &= [(length of stretched ink film - length of ink film before stretching)/ length of ink
film before stretching]
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under the stress-strain curve over the interval from O 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 III.



XX
o 1 o
S = S
o N—
TS A . -
1 O —_ o
MM_ ,l%lmm@h. 1000 3000 Ti0 3920 v00 3 620 anoN s3A o- XALVT INIIAVLNE INTYALS NVAJ0VILIHY
— p—
- ] KPS NOISTNW sstam
o%_ ' vﬂux.} @ ssorvy 90007 0800 851 FL) S0y T 0 ANON SIA oz XALV'1 ANTIAYLNG ANTUALS VINIDYW INISNY
S NI
ool a3 o Z NOISTNWE "
mmu m_ a3 ! m_ A nogy $000 #¥800 an an INON $3A ot X311 INAKAVLING INTHALS MOTIIA 3AI1A¥VIA
1 A
=P © (o) I QW ) s NOISTINWE
.- 00 - 1N 000 %o 1 700 Fgfot an yoiize %9 ANIWAN S3A o+ FLYL30Y TANIA INTTANLT LIV NOBEYD
| S— - —

) —_— @ﬂ — . Q@ sN14 NOISTONE £513m8
—_— vnuﬂ > @ <l = s #1 9000 ¥ 80 0 an aN %9 ANINAY S3A o+ 31V13IV TANIA INGTAIILY NYAJOTVHING
p— O] ~ A
e — O o M - — s NOISHNING $€z a3y
oM vm. m =3 oF o2 30t £000 ¥ I£10 an an %9 SNINAN s3A o+ 31V13IV TANIA INTIANLE VINSOVW NIGNY

1 p— A\ VA I~ =
e m ~F . > — snd NOISTING "
m N « > M W Ay Mwm: 9000 7 ¢800 an an %9 BNIWAN S3A o+ B1YLIOV TANIA SNTTAULT MO11IA FQITAYVIG
YRy TS N 2 NOISINWG £stama
+t m W W ' m_ W | O osdawsor 2000 71900 an an INON S3A $)- 21¥13IV TANIA INTIAU L NYAJOIYHLIA
S 1A O 1 H NOISTINNI 86z a3y
\)m \)Wu 2 \)mm 1000 #0110 an £000 f010 INON $34 5t 31v13)V TANIA ANTIALLT YINIOVI 3NIBNA
o N
-, O\~ M o . NOIS¥3dSIa vstana
oM %? .- 00 m_ m o - £160 FSE7v0 aN N INON SIA ot ANVHIIAN-ATO NVAJOTVILLIN
—~ 1 N~ e N

>XNOH ~AILS>Sd— .o ™ NOISU24SIG sz

m #_.” 1~ ..w.m_ 4 m&lﬁ&w,_rﬁl 9500 ¥ 695 0 200 €00 100 5 00 INON S3A o¢- INVHLIYN-ATO VANJOVI 3NIG0Y
N -

- \)(@ , N N - NOISH3dsIa "

M (\& 00 —~ W LL WW n&a@’nnwmt LZ00 F16L0 8000 T 110 90 7170 SNON S3A ot~ INVHLINN-ATOd MOTIFA J01 (AYVIQ
- o — 1 v
A Q@ - — /) ’
kﬂH&K W * m S (fw w oL nan) NOILAIOS & %)

et O, P NIVULS ANFIVATY ¥ILvM G42INOIAG (% L)

%1 - m [ o (r\ﬂt *%0$ & GIUNSYIN QIZUNIATI0S a1nnksia LNNOWY )

o Vv m.m ;£<mm BAHIXYN SSINHONOL -A1ruan1os -ALPIANIOS IN3OY INGOY ARANIA 40
%\)w .. m_ W willne W4 NI W4 AN W 3N DNIINIT DNINNGT y 2441 ANV 400D
o o9 R zm>< (£-N) HDVYIAY (£=N) BOVHIAY (E=N) TOVEIAY -S50%) -§50¥ XYM XO¥ddY FIANIS TdAL NSO
FH* o™ W (\0 — - (6) (8) () (9) () ) {£) @ [

1~ - 1 1 O v
~HAZFA ~= ~0O0NO.
~ 1 O — 1| ——

& —~V O <L m& —~- MAH. x .0)
—
3-S5 3 23— Y 39 JNOLLISOINOD YNI qIRYIITYd THL WOYS ATUVITId SWTI JINI 40 STILYAI0Ud TVIINVHOAN
53 » 2 32-5F¢
1 p - = o~ O
— > ~> > | O H1 4 189V.L
- m_ ~ m_ mo\uv — >N~
- C - -~~~ -
# .o3..09 _. N . o

1 o | kw N
~F > ~T 1 N~ ) @
~ 1 m_ —i——~ 1 —~ N —0 >
-, A~ e, O~~~ 1 -, X
o ——. OW N. —._ ~3 6 —~
¥ - > O m N>
>3 o> M . JoO.

O 1 . > > m X — o3
A ~H ~OS>0g@ -0

. - - OO Y4
— - D> y@ - @_S

SUBSTITUTE SHEET (RULE 26)



'm @p, 1098K&SE () - %@ p, L0%BK&S& () - %@ p, 10%8k&S& () - %D Rl kEFode) - %0-(V
{"{o{z{{{dDA910&G] Nj
@ p, 1098K&S& () - %@ p, 1098K&SE& () - %@ p, 1098K&S& () - %@ p, 1098K&S& () - %@ p, 10%
Sk&S&' () - %@ p, 10%6k&SE () - % {{{{{ 7DAI10&H N
'm @p, 10%5k&S& () - %@ p, 10985k &S& () - U@ p23.09BKk&SE' () - %@ p, 109BK&S& () - A { {
{{{{{hH 9@p, 1096k&s& ()- %@ p. 1096Kk&SE ()- %@p, 10%K&SE () - %@ p, 10%5k&SE’ ()

- %@ p, 10%5k&SS ‘ 09epk&g& (}) - %@ p, 10%Bk&S& () - A {{| W
hH, 9@ p, 10%@ ps LOBKESEY ) s N
‘ma@p, 1096k88&’ [£) - Vi@ 1 10EHESE' () - %@ p, 10YSK&SE: () -
|1 #] $| cGrof pF1095k &} ) -[4@lp, 10%5k&SE: () - %@ p, 10%8K&S&: () - %@ p, 10%k&

| |
S& () - %@ p, 109 , 1qUBK&S&' () - %@ p, 1098k&S&' () - %8| B & -|.|/]0] DX
+@p 1098k &S&' (T~ /@ TPVSRESE (- %5 N

'm @p, 1096k (o) - 4@ . 10<SI<&S& ()-%Dp, 1098k&S& ()- 90| 1| 2| 3| 4| 5] 6] 7| t X<@
[ p, 10%5k&S&@ pj 10k $S&1Y ) P8P p,[1098k&S&' () - %@ p, 10%8k&S&' () - %@ p, 10%8k&S&
"() - %@ p, 10%8kES&E( ) wgo Dok 838 () - % p, L0YBK&SE' ()-9%| > 2| 1| M Z] {[ :
t X<@ p, 1098k &S pl*10¥isk &S& (7 ) o@lp, 1098k&S& () - %@ p, 10%8k&S& () - % G N
"“'m (@ p, 10%BkKS& W~ bl gllnd g v _?<@ p, 10%8k&S@ p, 10%8k&S&' () - %@ p, 10%S
k&S&' () - %@ p, 10 8 101&&3&' ()- %@ p, 1098k&S& () - %@ p, 10%8k&S&' ()

v |wW x| ] @ p, 10YSk&S&' () - %D p, L0YBk&S&' ()-% @ p, 10%
Sk&S& () - %
' @1, 10%6k&S& () - %@ p, 10¥8k&S@ p, 1096k &S&' () -
&@ p, 1098k &S&' 3 KRIR' (]) - %@ p, 10%8k&S&' () - %@ p, 10UBk&S& () - %A p, 1
0%sk&S& ()- A || 1} X XB Xdp, 0k&<,&@ p, 1098k&S&' () - %@ p, 1098k&S&' () - %@ p, 10%
Sk&S& () - %@ p, [F0%Bk &R (3 - 485 |

‘m||[1I|_?@p, F0%: &@:p [DYGk&S&' () - %@ p, 10%Sk&S& () - %@ p, 10%Bk&SE () -
%3 p, 1098k &S&' F) - @ 5 1(/SHRSE (|- %@ p, 1098k&S& ()-% | ||| D@ p, 10%8Kk&S&'
() - %@ p, 109Sk&IS& | ) - Y@ b, 109EH&SE" () - %@ p, 10%8k&S& ()- % @ p, 109Bk&S&: () - %G
N ml T Ed N
"''m S@p, 100/<SkfgLs O tud p, 1098k&I&' () - %@ p, 1098k&S& () - %@ p, 10%8k&S& () - %@
p, 109Bk&S& ()-P4}}111 112G N
"' m@p, 10%8k&I& () - %D pl 10VBK&SK' () - %@ p, 10YBk&S&' () - %@ p, 1098k &S&' () - %@ p,
1098k&S&' () - %P p, LOYPk&$P&' () -1 &1 *}/1112}72F NG N

'm @p, 10%6k&B& k) - KA 1(#/@ S& ()-%@p, 1098k&SE' () - %@ p, 10¥Bk&S&' () - %2} <
}=S}H I}IYK L pffscE B I 2
N G@ p, 1098k &S& (P - UD p| 1096k &S& {() - %@ p, 10%Bk&S&' () - %@ p, 10%8k&S& () - %@ p
, 1098k &S&' () - UD p| LOVBEKESE|() -|7|p, 10%48k&S&' ()-%A}M N} G R} S}c} D$S@ p, 10%5k&S

& ()-%( N 4 e o kb
'mp@p, 1096KES @() v@p, 1098k&3& () - %@ p, 10%Sk&S&' () - %@ p, 10%8k&S&' () - %:}
hix}[}}}} 7@ pt ! —+4UEHESE () - %@ p, 10%Sk&S&' () - %@ p, L0%Sk&SE () - %

@ p, 10%8k&S& () - AU p| 10¢kds& () {v@ p, 1098k&S& ()-%}}II};
2@ p, 10%6k&S@R, 1NYBKESE () %E N

"m @ p, 10%6k&iS& [) - Vi b 1498H&SE () - %@ p, 10%6k&S&' ()-%}11}11}) pT8@ p, 1096@
[ p, 10%8k&SE' ()| %G b, 1O% k&‘k&'( D, 109BK&S&' () - %@ p, 10%Bk&S& () - %@ p, 10%5
k&S& ()-%@p, 1 k&S& ()-%1}}1311}dH( 8@ p, 10%8k&S& () - %@ p,

1096k &S& () - %dkp, BOvBk&$s: () - ©

"'m @p, 10vsk&s& [5) - 1086 )-%1}1}1}1}1}11t X<@ p, 10%8@ p, 10%8k&S& () - %@
[ p, 1006k&S&: () E%akng (3 <% p, 1098k&S& () - %@ p, 10%5k&S& () - %@ p, 1098
k&S& () - %@ p, 189 18 BBt X<@ p, 10@ p, 10%5k&S& () - %@ p, 09k 858! (

) - %@ p, 1095k &R & |B- =X
" 0

~ug N
'm11}}}~~ 2<f8 pla10@ p B odhk &@ o4d p, 10%8k&S&' () - %@ p, 10%Sk&S&' () - %@ p,
90

1098k &S&' () - %p, E0YBk&$&' () - %@ k&S&' () - Yor~~~~~~ “D(<@ p, 1098k&S& () -
@ p, 10%8k&S&' ( : %gg 10%8k&S&' ()-% @ p, 10%8k&S& () - % N
"M~~~ ~t] < Nig e -~ Iz =

"' m S@ p, 10%BKEFEE() é)/ %5 X &seﬁ()-g%@p 1098k &S&' () - %@ p, 10%8k&S&' () - %@
p, 1098k&S&' () - Z~H1 =43 =« pTRE <

N @ p, 10%6k &S&E (8 BYdih, 3 &' (

2‘) p, 1098k&S&' () - %@ p, 10%8k&S& () - %@ p, 1
09BKk&SE& () - %@ P, 1PYSIRSE ()]- % p. &S&' () - Y9~1~2~3~4~>~B~dD$@ p, 1098k &S&
' () - %@ p, 1096k - '

m @ p, 10%8k&S&' () - %@ p, 10%B8k&S&' () - %@ p, 10%6k&S& () - YB~S~W-\ ~a~g~k~ 2@ p,
10%Sk&S& @ p, 1098k&S&' () - %@ p, 10%B8k&S&' () - %@ p, 10%6k&S& () - %@ p, 10%8k&S&' ()
- %@ p, 10%8k&S&' () - %@ p, 1098k&S&' () - Yk~p~q~r ~| ~} ~{[ 2?@ p, 109%8k&S&' @ p, 10%Bk&
S& () - %@ p, 1096k&S& () - % N

'm @p, 10%8k&S& () - %@ p, 10%8k&S&' () - W ~~~~~~~~ 0S7@ p, 10%@ p, 10%8k&S&' () -

@ p, 1098k&S&' () - ¥8@ p, 10%Sk&S& ()- % p, L0%Sk&S&' () - %@ p, 1098k&S&' () - %@ p, 10
UBkE&SE' () - %@ p, LOYSK&SE' () - Yor~~~~~~ ~~dD( 7@ p, 1098k&S& () - %@ p, 10%Bk&S& () - %@

- A PNAzeSl eSO - A PNAzeSl eSO




'm @ p, L0YBk&SE' () - %@ p, 10¥8Kk&S&' () - %@ p, 10%Bk&S&' () - Y@ W ) - %D p
, 10%Bk&S&' () - % P4{ B 2603
Nj @ p, L0%Bk&SE () - %@ p, 10¥8K&SE&' () - %@ p, L0¥SKk&S&' () - %@ p, L0YBk&SE' () - Y@ p, 1
O%Sk&S&' ()-v%@ p, 10¥8k&S&' () - %D p, L0%Sk&SE&' () - U H(4@ p, 10¥8Kk&S&' () - % N
'm @ p, L0YBk&SE' () - %@ p, L0¥8Kk&S&' () - %@ P, 10%Bk&S&' () - %@ p, 10¥8k&S&' () - %A , ;
.?2CHN_?4@ p, 10%6k&S@ p, 10¥8k&S&' () - %@ p, 10%8k&S&' () - %@ p, L09Bk&SE&' () - %@ p, 10
YBK&S& () - %@ p,1 &DR{meRYAly available from Sun
i p, 10%a p, 10Vl By Bt Etid y
m @ p, 10%SkESSich) COMEDRaLidHMANEMERIake, IHigos, 10tk Siese jnlghis provideddrs @ p, 10@ p
10%Sk&8& () %@E 10%Sk&8& ()-%@ p, 10¥8k&S&' () - %@ p, L0UBSK&SE&' () - %@ p, 10%8Bk &
S& 0)- - %D p, L0YBK&SE' () -9 } ~{_CpT8@ p, 10@ p, 10@ p, 10¥%8k &S&
"()- %)@p 10%Sk&S& () WG N
m@p, 10%8k&S&' () - %@ p, LOYBK&ESE' () - %0S7@ p, 1@ p, 10%Bk&SE&' () - @ p, 108k &S&
() -%Q p, 10U%SKk&SE' () - %@ p, LOYBK&E&SE' () - %@ p, 10¥8k&S&' () - %@ p, L0%Bk&S&' () - Y@
p, 10%8k&S&' () - %\ <0S7T@p, 1@ p, 10¥8k&SE&' () - %D p, 10¥%Sk&S&' () - %@ p, L0YBk&SE&' ()
%3{ Nj
m @ p, 10¥%8k&S&' ()-% ?7@ p, 1@ p, 10¥8Kk&S&' () - %@ p, 10%Bk&S&' () - @ p, 10%8k &S&
"()-%Q p, 10¥YSKkE&SE' () - %@ p, LOYBK&SE' () - %D p, 10¥8k&S&' () - % _?#@ p, L0YBk&SE&' ()
- %D p, LOYBK&SE' () - %@ p, 10¥8k&S&' () - %D p, 10%8k&S&' () - % N
Mm@ p, 10%8k&S& () - pTA p, L0%BKkE&SE' () - %@ p, 10¥8k@ p, 10986k &S&' () - Y&@ p, 10%S
K&S&' () - %@ p, 10%8k&S&' () - %@ p, LOYBk&SE&' () - %@ p, 10¥8k&S&' () - %@ p, 10%6k&S&' ()
-% D(@ p, L0%BK&SE' () - %@p 10%8k&S&' () - %@ p, 10YBk&SE&' () - %@ p, 10¥8k&S&' () - %@
p, 10%8k&S&' ()-% N "'mt, g N
“'m S@ p, 10%8k&SE&' () - %@ p, 10%8k&SE&' () - %D p, 10%6k&S&' () - %@ p, L0YBk&SE&' () - %@
p, 10%8k&S&' ()-% $9& 6uh[:{ N  YS10% 2>" & ()-10=10=10= >"10%& () -
>"10%& ()- &<10%& ()-@p, 10¥Bk&S&' () - %689: ; <=>0S7: {
N [,10% 2> & ()-z& ,10% 2> & ()-2z[,10% 2> & ()-2z[,10% 2> & ()-2z[,10% 2> & (
)-z[,10% 2> & ()-z Ff10% 2> & ()->?H RST@[, 10% 2> & ()-z,
Z# ,[,10% 2> & ()-z[,10% 2> & ()-2z[,10% 2> & ()-2z[,10% 2> & ()-zTY]djos_7?[,
10% 2> & ()-2z[,10% 2> & ()-z[,10% 2> & ()-2[,10% 2> & ()-z[,10% 2> & ()-z[,
10% 2> & ()-2z[,10% 2> & ()-zs|W?[,10% 2> & ([,10% 2> & ()-z(F
# ,[,10% 2> & ()-z[,10% 2> & ()-2z[,10% 2> & ()-zt X8[, 10% 2>" &, 10% 2>" & ()
-z[,10% 2> & ()-2[,10% 2> & ()-2[,10% 2> & ()-z[,10% 2> & ()-z[,10% 2> & ()
-z[,lO% 2> & ()-zdH, 8[[,10% 2> & ()-z[,10% 2> & ()-z[,10% 2> & ()-zQF
,[,10% 2> & ()-2z[,10% 2> & ()-zpT4[[[,10% 2> & ()-z[,10% 2> & ()-z[, 10%
2> & ()-2z[,10% 2> & ()-2z[,10% 2> & ()-2z[,10% 2> & ()-z[,10% 2> & () - z|\<pT4
[[[,10% 2> & ()-z[,10% 2> & ()-z[,10% 2> & ()-z[,10% 2> & ()-zQJ
Z# , ?4[[[,10% 2> & ()-z[,10% 2> & ()-z[,10% 2> & ()-z[,10% 2> & ()-z[, 10%
2> & ()-2[,10% 2> & ()-zdH, 4[[,10% 2> & ()-2z[,10% 2>"& ()-z[,10% 2> & ()-2z]
,10% 2> & ()-2)[,10% 2> & ()-zG z#' , p(4QF
# ,[,10% 2> & ()-z[,10% 2> & ()-z[,10% 2> & ()-z[,10% 2> & ()-z[, 10% 2> &
() -zt X<{

#,[,10%2> & ()-z[,10% 2> & ()-2z[,10% 2> & ()-z[,10% 2> & ()-z[,10% 2> &
()-2[,10% 2> & ()-2[,10% 2> & ()-z)*-./[?2tX<{ zZ# ,[,10% 2> & ()-z(

Z# [, 10% 2> & ()-z[, 10% 2> & ()-z([, 10% 2> & () - 2/ 49@KO _?<{

Z# ,[,10% 2> & ()-2[,10% 2> & ()-2[,10% 2> & ()-z[,10% 2> & ()-z[,10% 2> &
()-2z[,10% 2> & ()-zOY*rstW2<{ Z#'[,10% 2> & ()-z(Q

Z# ,[,10% 2> & ()-z[,10% 2> & ()-z[,10% 2> & () -zt uvwyzt X8{

Z[, 10% 2>° & O)-z[, 10% 2>° & O)-z[, 10% 2>° & ()-2[,10% 2> & ()-2z[,10% 2> & () -
z[ 10% 2> & () - z[, 10%2>‘&'()-de,8[,10%2>‘&'()-z[,10%2>‘&'()-z[,10%2>‘&

()-ZG{

,[,10% 2> & ()-2z[,10% 2> & ()-zpT8[, 10[,10% 2> & ()-z[,10% 2> & ()-z[, 10
%|2>‘&' ()-2[,10% 2> & ()-2[,10% 2> & ()-2z[,10% 2> & ()-z[,10% 2> & ()-zdH, 8
[i10% 2> & ()-2z[,10% 2> & ()-z[,10% 2> & ()-2z[,10% 2> & ()-z[,10% 2> & ()-z
q .

1



Z#' , p( 8¢ 29 January 2003

Z# ,[,10% 2> & ()-2[,10% 2> & ()-2z[,10% 2> & ()-z[,10% 2> & ()-z[, 10% 2> &
() -zdD8K

Z# [, 10% Z57& ()-2[,10% 2> & ()-z[, 9% 2> & ()-z[, 10% 2> & ()-z[, 10% 2> &
()-2z[,10% 2> & ()-z7D8BGF ZG

Z#' ,[,10% 2> & ()-2[,10% 2> & ()-z[,10% 2> & ()-z[,10% 2> & () -zt X<{
Zd,10% 2> & ()-z[,10% 2> & ()-2[,10% 2> & ()-z2%,10% 2> & ()-z[,10% 2> & (
)-z[,10% 2% & ()-z[,10% 2> & ()-zdD(<[,10% 2> & ()-z[,10% 2> & ()-zQ

Z# [,10% 2> & ()-z[,10% 2> & ()-z[,10% 2> & () -

&L, [,10% 2> & ()-z[,10% 2> & ()-2z[,10% 2> & ()-z[,10% 2> & ()-z[,10% 2> &
()-2z[,10% 2> & ()-2z[,10% 2> & ()-z& (/59|\<hL,[,10[,10% 2> & ()-z[,10% 2> &
"()-2[,10% 2> & ()-z(

Z# ,[,10% 2> & ()-z9: BIST\hH, [, 10[ [, 10% 2> & ()-z[, 10% 2> & ()-z[, 10% 2>" &
()-2z[,10% 2> & ()-2z[,10% 2> & ()-z[,10% 2> & ()-z\m}{[;

H[,1],10% 2> & ()-z[,10% 2> & ()-z[, 10% 2> &'() zG{

z#' [, 10% 2> & (=2t l0% 2> & ()} - 2] 1004 Y=2[-10% 2> & () -27[, 10%
2> & ()-2z[, 10% 25 &|(){z[ |10% p> & (]-2{[;
2 0 T &IE)E Z(le 2" & -] D2 > 18" (9 - ] g |
".[’1[’10062??‘@EEL,?“M‘?O&%)\ [ W0%2>1 {9 -4 o e g lole o i
wZ# [, 10% 2> & ()-&27F [ [1[.[10% B> & (- z[, 106% P> & ()~ z[|> 1q% 4> &(3-¢T[,10A)
T2> & ()-z[, 10%R> &1 () 4z[110% P> & (J-z| [ 2.1 YL 10%& ()
Y31 109& ()-)[, 40% 23 &{()4zG | z#], [} 10% 25 &1 () {z! |#$q4& (Jt X<[ | 1
i b, 10%& ()-P i b L 120%& () - P & b}, 1095&]| () 1P | b, L0%& (%-Faci 1do&& () - P
i b, 10%& ()-P |b°1§)g70-'&' j- 1 (128456 C<i b, 1698 (}% P|T b 10958 |(): P| G |{
{# 7, (ib,109%& ())-P=(ib|10%=& ()-P| (i b, 10%¢& (}-P|6789: ;|
LI\/tT8ib,10°/e:ib,1e%°'(‘T P%Ei-b—,—} R—~(—PH-BTE0be-O—P—i; oeﬁ&'{%rm
ib, 10%& ()-P ib, 100%& ()-P ib, £0%e& - M\ {gt'*@itgﬂg@ib 1096&{() - P
ib, 10%& ()-Pib, 10%& ()-R G E {# il 1 (3PS 5 |3
g 1Z2z12z12z (28 (921921829218 212 04,108,
2 T OIE 22 € JCl ol cl2 i Sl ojldcijd Sl c|¥ ©
. Z E"'""’Eﬂ ol sl zsiz2cl 2l gl sl 2180 18 o |w |w a
ge WReEEglRs |23 3lzd)z321z3123 R332 E3151B |3
@ S5 ei5¢8 S22 21F 2158k 2l5 E 235222 g
£ KeglEg pippipileilpilezlazBEEER
FR%RCR O O T T S N R RN
: E EEE E E E E E
2 EEEEEEEEE E
=
-
[~=]
ﬁésgg g olE £ B |5 (B |8 I8 g & |E)x |8
T E - - = = [~ = = = ~ - = = = = = -
T I - B E F E E E [ E OEFE BEE O
2 E Iz E LB EEEEEE E BE E
:%é“# Eolfoc BelFof é:;zé g é:fz‘.; éﬂ’-»:;:
TEE[E EFKET ENETE BEECR |B BYRCE BETR®
R =R R g 2 B2 B R E E I IE E Bl JE
: B [ g [E |2 g [ € 2 | [E | [2lE [
z 2 = 2 = g 12 |= g 2 |= gl |=
2z |z 4
. g1g (g
¥ |2 PO I [ E O [E B E [E E OIEE 1B
gf | |E & g8 18 2 I8 E 8 |2 |2 [ |8 (glg |2
R ST - - R g 2 I |2 Iz I I 2 2 B lElk (g
S |2 g
a. jo. S
w - - - = o - :‘:'.. E. % ..:g..p"‘_"\.lgg; 2
I Esldslss BslcsllslE F O[F OKCSSEEEIEEIEE [E
7 EElEEIE: BEREEEEDR E B EFziEslEziEelzle I2
L BECEEE (ol [ [ FEfILEgEEE
z 3|z z = 3 z £ Z z 3z Slz &1z
R ETETRT OBTRTRETE LR REEERIREEE E
: kBB a2

SUBSTITUTE SHEET (RULE 26)



el rw{_?8i b, 10%i b, 10%& ()-P ib, 10%& ()-P ib, 10%& ()-P i !

i b, 10%¢& ()-P ib,10%& ()-P {_C 8ib, 10%& ()-P ib, 1oc(y<);&' (?% i b, 382§P()-P
ib, 10%& ()-P & { {# ", ib, 10%& ()-P pT8ib, 10%& ()-P ib, 10%i b, 10%& ()-P
=i b, 109%& ()-P =ib, 10%& ()-P i b,40%& ()-P ib, 10%& ()-P ib, 109%6& ()-P

dH, 8i b, 10%& ()-P ib, 10%& ()-P ib, 10%& ()-P ib, 10%& ()-P ib, 10%& ()-P
G { {# " 18G { {# ", ib, 10%& ()-P ib, 10%& ()-P ib, 10%& ()-P

ib, 109%& ()-P i b, 10%& ()-P dDG { {# ,ib, 10%& ()-P ib, 10%& ()-P

i b, 10%& ()-P ib, 10%& ()-P ib, 10%& ()-P ib, 10%& ()-P 7D { {# "& {

{(# 7, ib, 10%& ()-P ib, 10%& ()-P ib, 10%& ()-P ib, 10%& ()-P

NO

NONE

WATER
, surfactant, and water.

* Note: Pigment Dispersion comprised of pigment solids
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i unonuatine b IR
dH, 8i b, 10%=8&orit) the ﬁbrous shect or preferably by printing the ink onto the fibrous sheet.
Printing processes suitable for this invention include but are not limited to:
5 lithography, letterpress, ink jet printing, gravure, screen printing, intaglio and
preferably flexography. A single color image or multi-color image may be applied l
to the fibrous sheet. Devices suitable for applying an image onto a sanitary
disposable paper product utilizing the ink and fibrous sheet of this invention are
described in commonly 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 October 26, 1993,
the disclosures of which are incorporated herein by reference.

The printed image produced on the paper can be line work, halftoning,
preferably a process print, or a combination of these. As used herein, “line work”
refers to a printed image composed of solids and lines. As used herein, “process

15  print” refers to a halftone color print created by the color separation process whereby
an image composed of two or more transparent inks is broken down into halftone
dots which can be recombined to produce the complete range of colors of the
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 a red,
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
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%8 ()-, O%; & ( A@G%g&e (S)pro%S@@n@ e image 1s pririted with multiple process

IR [ N T TR
%& ()-G[5 *fust Ee tednsparent to produce a multitude of colors when the inks are overlayed.

The advantage of a process printed image over a line work printed image is
that the process printed image enables many colors and shades of those colors to be
produced with a few inks. For example, a human image may be comprised of ten or
more colors. This image can be reproduced by process printing utilizing as few as

10  three colors. The same image reproduced by line work would typically require ten
or more inks each with a corresponding printing station on the printing press. A
printed image produced by line work often increases both the cost and the
complexity of reproducing the image. Though the preferred ink compositions of the
present invention are pigmeht-based process inks, other types of pigment-based inks

15  are within the scope of this invention.

The color density of an image may be measured with a densitometer. Color
density, a dimensionless measurement, refers to the density of 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.

25 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.
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If the value of b* is negative, it refers to the biueness 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
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30 rubber foot 14 is adhesively attached to the metal spline 12. A preferred adhesive
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15  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
20  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 is
lowered into the spline holder 7 such that the rubber foot 14 of the metal spline 12
25  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
30 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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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)
5 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.
10 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.

15 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.

20 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:

25 AE = \J(L* -L*,))* +(a* —a*,)* +(b* -b*,)’

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
30 the amount of ink deposited on the surface of the white tile 30.
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invention, prior to making any measurements, the spectrocolorimeter is set to a 10°
observer angle with illuminant A and is also set so as to measure in the CIELAB
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 measurement. 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
towe! 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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Tovwkexe () MIGTRR BR2Ys Ll 1an %ﬁ?{ﬁéﬁe&%ﬁ«%"*ﬁ‘(ﬁm@‘%@%@w
1 10%k8x& () -prihtdDvithpiovelSinkd Qiitiing DiandidO®&lidw 14 pighted () - , 10%& () -
, 10%& ()- 10xk8x10xk8x_?A410xk8xi *10%& ()-H *10%& ()-H *10%& ()-Hi
*10%& () - Hi Referring to Tables V - VIII, Column T 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® papertowel 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 aikaline

20  solution was made according to Procedure B above.
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15 For each prior art sample evaluated, Sigma AE (i.¢.; “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.
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0210%8q210%& ()-* &q210%& ()-* q210%& ()-* q210%& ()-* q210%& ()-*
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5  Most 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 M-M in FIG. 8):
y(x) < 68.041 - 260.72x + 275.27x* - 70.158x’ - 6.9911x*, wherein 0.9 <x < 1.4.
Referring to FIG. 9, for those ink compositions of the present invention
10 exhibiting a dominant primary color of cyan, Sigma AE is defined by the following
inequality (labeled as N-N in FIG. 9): I
y(x) £57.701 - 222.16x + 268.91x* -87.964x°, wherein 0.5 <x < 1.5.
Preferably, for those ink compositions of the present invention exhibiting a
dominant primary color of cyan, Sigma AE is defined by the following inequality
15 (labeled as O-0 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.
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(q210%& ()-* 111111' 1dD$q210%& ()-* q2L0%& ()-* G . J#& /20210%& ()-
q210%& ()-* q210%& ()-* " 1+1014181; 1C q210%:& q210%&' ()-* q210%& () -*
q210%& ()-* q210%& ()-* q210%& ()-* q210%& (
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q210%¢& () - “exBibHifig-&dbminian Y& diorof bﬂ&@& ma AE ik?dbﬂ%‘c&b the*
g210%& ()-* albif 1g1h1| 1j 1] " I <g210%&' ) q210%=& 0 - q210%=& O -
q210%& () - *following inequality (labeled as R-R in FIG. 10):
y(x) £-50.197 + 265.12x - 490.01x* + 398.49x" - 112.31x*, wherein 0.5 < x
5 <14.
Preferably, 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 S-S in FIG. 10):
y(x) £-52.197 + 265.12x - 490.01x + 398.49x’ - 112.31x*, wherein 0.5 < x
10 <14.
Referring to FIG. 11, 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 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.
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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 black, said ink

having a Sigma AE which is a function of color density, said Sigma AE defined by the

inequality: y(x)<75.041- 260.72x+275.27x* -70.158x> -6.9911x*, wherein 0.8<x<1.4,

and y(x)<3, wherein 0.5<x<0.8.

2. The sanitary disposable paper product of claim 1 said ink has a Sigma AE defined by the
inequality: y(x)<73.041-260.72x+275.27x* -70.158x> -6.9911x*, wherein 0.8<x<1.4, and

y(x)=<2, wherein 0.5<x<0.8.

3. The sanitary disposable paper product of claim 1 whereby said ink comprises a process
ink.

4. The sanitary disposable paper product of claim 1 wherein said ink comprises a binder
selected from the group consisting of acrylic emulsion polymers, polyurethane dispersions,

ethylene vinyl acetate emulsions, and styrene butadiene latex emulsions.

5. The sanitary disposable paper product of claim 4 wherein said binder is a film-forming

polymer having a molecular weight of at least about 500,000.

6. The sanitary disposable paper product of claim 4 wherein said binder has a T of less than
about 100° C.

7. The sanitary disposable paper product of claim 4 wherein said binder is non-carboxylated.

8. The sanitary disposable paper product of claim 4 wherein said binder is crosslinking.
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