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APPLI CATI ON OF AN ADDHTF COMPCSI TI ON TO SHEET MAT, LS FIELD OF THE

FNVENTI ON This. jnventi'o n general, pertains tot ield_of applying
;»"faddi tive CM%%PF lons to Sheet materi al s) such as paper, tefﬁm@%’éﬁap
£ flexible sheets in the manufacture of sheet material products. Mre
particularly, the present invention is directed to nmethods for the spray
. application of an additive conpositi on- 8o sheet materials in the
manuf acture of sheet nmaterial products by using a conpressed fluid to
enhance atom zation and spray formation at |lower volatile solvent |evels
and hi gher vi SRRAYi ARPESCATHAGKIIRANNED DR I TEHE OMPOSENTONOVIONSHEE T i MATER T AliSal
,processes spray liquid conpositions that contain volatile solvent to apply
coatings, adhesives, and additives, or to spray dry materials. The sol vent
perforns a variety of functions, such as to dissolve mat erﬂlmummmﬂ“mmume a
.carrier nedium for emulsions and dispersions, reduce visco
spraying, and to give proper flow characteristics upon applicatdo@m* such as
filmformation on a substrate or penetration into a porous or absorbent
materi al. However, organic SOIBIEDIQF{rHEINVENTEONM ce of wor kpl ace and

’ environnental air_pollution and can be a fire hazard in manufacturing
processes. Ther ef B8 invenien; in genesal perdains to the Heldiofaprdvisiad t hese

probl ems. But,.. [ n..al so._have unfaverabl e .characterist.hcs i ch make
it desirabl eaa‘tdétvi?{g ﬁ?#@gltﬁ%s t s%qeﬁliﬁéﬁetff%%t ﬁ‘?ﬁ’}has SPB% stgﬁglfle’ material s
that are spripy@sietiheBtd irfltlhé tlatfufaBtiuYd! 6F sheel neAR¥ APro@aeRt Mapch as

surfactants nust be used to enulsify or disperse the material into water in
a stabl e fomartigulanly,the rresehhinvesition mdirested towdetigidsSor the Bpray

T/ US98/ 21~82 081 -2evaporation rate .and a high heat. of .eyvaporation, so
dryi ng the &Pai'ﬁé?‘%éﬁ aﬁgagﬁgweaq?dngﬂg% ﬁorﬁqje‘%%gi%%ferﬁiﬂnbfﬁgn_ it must be
heated to t enpRaBicHRSof dilet GRRtTPMSErRZESBH isAlls hoBifiREsdPnhfiffLase the
drying rate. Because |ess water evaporates in the spray than with volatile
or gani ¢ sol eahance ahemizatiye dndepreyiformation atf losrerdepatsie sdvent h a

Vi scosity tffat IS tciﬁgbow f.or Rroper application, so performance can

det er i or at e 1eY&l? BRdmgher VIsOstiSshst rates do not tolerate water; they are
degraded by water absorption, which can cause swelling or weaken

cohesi veness, or a water-borne conposition does not properly wet the
substrate) because wat erBAGKGROJIND QE/PTHE INVENEIOM, or the material is
hydr ophobi c. Succgessful ,and.econoni cal spr application of conpositions
al so depends uporMERE RAREGiTH RHREF 1S SIIREHREN SBFRAUIRE BAtrot hod, i n
addi ti on tocaﬁﬁamq}oqaﬂqeesa%ﬁ@ﬁq aﬁgﬁv yaa%@ﬂgé,ta)ah%t;%%%ﬁa'a%fdm%@f the

conposition sprayed. It is highly désirablé’that the spray nethd

r

oé) pr oduces
a spray thatolspsaydfyavmateiviads dTiel silvent perfoimsia walibtydeffemdtiopsn t he
application, gﬂd an rrq(i}/ﬁv dro Ietl size.distribution ,thag m ni gi.zes both

overly I ar g8uah asiterkissalke Dhatertale P TaYide GeCarBsT BRI 0% SRURIAR 1y, and

“overly smal |, cr J | v Y
i nefficient aggpcggkﬁsg%négﬁgapﬁ%yggggigb&%?gp?gﬁngé%g%fgirv?g%a;fago desirabl e
for the sprahapadteristics apoavapdiantidmgrsuchrefilmfoandtioapaer e dubsgase so t hat
the conposition is applied uniformy during application. The spray shoul d
not have an O%PeBetiafan o perousR¥ sksrbieny mitepiale H@ueveryPyganicbul ent .

The spray | a0aoubil AiA BLA0orWSULE afs ShVER-ARRlLE AL " and

provi de goo n-con
pollution and can be a fire hazard in manufacturing processes.

Therefore, water is often used as a solvent to avoid these
problems. But, water can also have unfavorable characteristics which
S make it desirable to minimize its use in manufacturing processes.
Many materials that are sprayed do not dissolve in water, so chemical
agents such as surfactants must be used to emulsify or disperse the

material into water in a stable form. Water has a relatively low

AR G
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It is also desirable he spray nethod to be a tb atom ze high

vi scosity OVAPYLI08] ons order to mnimze or eli™ate thePQEYS21382

vol atile solvents. w WD 99/19081 PCT/ US98/ 21382 -3 Conventional spray

met hods such as air spray and airless spray ' ~ nethods, while each having
certain favorable properties, also have2; undesirable characteristics that
can limt their useful ness for applying conmpositions in nmanufacturing
processes. Air spray nethods provide an adjustable, uniform feathered
spray fan a | : ) 1308 i | d!l'#rﬁfé’ ically
50 to 100 cﬁ%ﬂggﬁgg,hofsﬁgét ggggé@geﬁg?ggogﬁfggﬁﬂ’ %ﬁl 0 volﬁgiét ?‘T%&ﬁs/dgl vent.
Air sprays atan bé shovwiaghil endrgytint@sivenghd betgn|it asustebehested tor oad dropl et - *
size distribution that has a | arge propaortion of overly small_ droplets that
becone over igmBeratures that can ease fgv@radntr@mmcqréﬁwp ipgrepge $hepr ay et hods

can atom ze hi gher Vi secosit terials with |ess. sol vent ., but they "
Cypi cal Ty probiane el Sathpde I Srasd Bxhibbraig§ 5 tBR A% thAb rth™si e ¢ ha

i's unsuit abl\glhfile FRENRRBIVESTAE! HaSspralybl @denRRIRNE i@bﬁ;@nﬁfe?%ﬁ@d nonuni f orm
tailing or fishtailing spray patterns which nmake it difficult to apply
conposi t i onswithi € vistbgpity that i® boeluw forapropes mipplicationse parfosmamkce ai r | ess
sprays is known_in the arﬁ‘. In general, the material egois the orifice at

anbi ent pr e<& detgriorate.q fugthenmene, somg, teh dopatdolerate Walsy: | nduced

by its high .t laaki I Ound|: LT in the
liquid fil mt‘f%g%?ﬁedleﬁgtdggbﬁéﬁ%} %?%’ZQE‘SS” ?‘ﬁ’r‘%‘%?ﬁ&?&gﬂ‘@% ¥ hat
l'i kewi se beopeakdin sblhdsivend s, bl eakwatir-botne ebnopdsition ddesot properlpccurs
because cohesion and surface tension forces, which hold the Iiquid :
t oget her, arwelothe substreie diecanse water hag a high interfgeied densianchr bheak | t
apart. Oten ';dpee.lirﬁ%id foi r(r)heg(tends far enough fromthe orifice to be

At {nt %%r P 1dropl ets. The sprays are generally angular in

so that the conpositi gﬁl's applied in the armuntsilwl ocations i ntended.

vi si bl e befdP8

shape and have a $aécedsflilhddidéoriomichPsSrdPappitcdtich of cotpbéibionatdlsg of the
spray tip. Viiscous dissipation markedly reduces atom zation energy) so

hi gher vi scoldpepdgiupan thespxay propertigs poaduged by dhe Bpray methhd, er ns
o1 ot S0 S B A M B 91 10 T 3
composition sprayed. It is highly desirable that the spray method
produces a spray that has a favorable droplet size, which will depend
upon the application, and a narrow droplet size distribution that
minimizes both overly large droplets, which typically give poor
application quality, and overly small droplets, which typically become
overspray and give inefficient deposition and increased material usage.
It is also desirable for the spray pattern to have a uniform interior and
tapered edges so that the composition is applied uniformly during
application. The spray should not have an excessively high or low
velocity or be exceedingly turbulent. The spray fan should have a
proper width for a given application and provide good pattern control
so that the composition is applied in the amounts and locations
intended. It is also desirable for the spray method to be able to r.
atomize high viscosity compositions in order to minimize or eliminate

the use of volatile solvents.



WD 99/19081 PCT/ US98/ 21: ~82 -4 atom zation occurs by this conventi onal

mechani,.sm Liquid-fil msggays characteristically fo "tailing" or
"fishtail" s&raﬁwﬁattekr’erei n material is distr ed unevenly in the
spray. SurfMe&MWLi on often gathers nore liquid at the edgdCHYSPBRER ay

“fan than in the center, which can produce coarsely atom zed jets of

material that sonetines separate fromthe spray. Exanples of liquid-film

_ sprays are shown photographically in Figures 4a, 4b, 4c, 4d, 10a, 1la, 12a)
and 12b of U.S. Pat. No. 5,057,342 and in Figures 3a, 3b, 3c, 9a, 9b, and
9c of U S Pat. No. 5,009,367. Supercritical fluids or subcritical
conpressed fl ui dsgogvedtidal spray BRI LER QMaif kPR hndadirRESdpsLy @ new
airless spray atom zati on nmechani sm which can produce fine droplet size
‘and a f eat hanethmis; awhibeeacd havingueryaimi falvorphdé prgpextats, mdso hive hout

wi shing to be pound _by. theory) the atom zation is beljeveq to be. produced
by the di ssdﬂvgﬁl chazakietistic that ean fizit thejs se e&é?%@%lmg

"sUper sat ur at g 3 - i ;R . the spray
SUper satur At taite SR Yy et NGHRRLY. ALORRA WRIBRRUB R e o0r
fine carbon 43 AFjttabRS ubifoPhE Testbioyed Ts?i'zﬁefa':‘rpéﬂ& ifie Afondizeéion, bayi d

m xture. This is believed to alter the flow pressure by |owering the speed
of sound t o thhgreqiliredgwayiscosity,typieallyl &t ta ¥00 aenthoiseoke thehase laow, so

i nstead of dropping to. at nbspheric.pressyre, the flow exits the orifice at
a relativel a{;é)egnrcg?cgg%g?vcﬁﬁpie ?ﬂlg%’i‘és %ﬂ’@é’&?rrf’ﬂ\ilﬁo Yout si de t he
orifice In yakERdit Pt 'aﬂu&ewesgﬁnsmdfm% 1ot dife ALSTLHRUMIH EhdY ESSUr €.
The carbon iox?(fted%gas rlgélyegiéed expands and prgducels an expansr% ve force
that over whédiassa ldmgel prppottibnof esexliamakd diroplets thedt lyeconhé odetspeay | ui d f | ow
toget her. The expansion iS constfai.ned o lr¥ by a groove gut across the

outlet, whi @ndEYEow apPlcation pticiency | Airless'spray methodpansatomizg; dih i s
adj ust ed by rﬁgﬁé'gb{&o%i!lg Rhalerih18fwith ol GVént ﬁu@'tiafagrtgﬁfcaﬁ& oARke On
mechani smis 8vident because atom zation appears to octur r t at the
spray orifi eearsshtatdizftionayd anawverly 1a¥ge slroplOspR HHISE unsuitable

PCTNS98/ 2138 -5liquid {ji Imis vigible at the orifice. Furthernore, the
spray typi cdPr joany appHeaidons,cAijess spraysalseprediicecronipiferm taing  nal
airless spr . y " 1 red edges |ike an
air spray _?ﬁf:ﬁ:l‘l%ﬂgglgégggfﬁpg};tggﬁ%ygﬁéﬁ?%%%é;g }f%‘%élggé%?) -lghaped spray fan,
i nstead of aostpusitianguniforfrdy. The spray typically has a wider fan width
t han conventional airless sprays pr.oduced b)i'rthe sae spray tip, As used
herein, the ternslk¢eeRysRaRalatonyzation mecharas BLESHSPRRYPITZ at i on" are

under st ood tﬁ'ldqugn gﬁe &rilP ﬁiél)%%ag?gzlglgyfh%%g%%?fal SRIRHRAGALD of QRiniBAE these

3%
characteristics a escri be . es O¥ cfecorrpresm ve sprays are

shown phot ogrrepsnrahs 3 liquili flui ekaBhecoihes Bastablly fiden shebr iddijedlBg, 12d)
and 13 of U.S. Pat. No, 5,057,342 and in Figures 4k, 4c) 8, and 9d of U S
Pat. No. 5, Gt®higlyvelecitygielative pothesuyraunding ass oW avesrgesi mthe to a

deconpr essi \'l?%&lar%,a%en{bﬁ? ggggaﬁ{:lg,r z?xtn!i %Qe:%& uﬁgipxgé( If(rgekéa .(fﬁlirﬁceln\!js ghg{

subcritical “conpresse as carbon is Irncreased. The

transition Qafewdseber6fid unstable ahdhreakiuy itoAroplyteayadmitzatiofiui t abl e
concentratforts. The transition occurs over a relatively narrow range of

concent r at i fcurs beegisepahesionand surfags densiontfprees, svhighhedd sbe t he
l'iquid-fil mspr at Jfirst remains genegrall |l ar i.n shape, ,h a
rel'ativel y dBRGLIEeHeT ArgRvFEanie BY Misa ahd i ierbe QR stifR st ¢ of
the width obfiaked apaet Uteert HPHguid 8l SxteRASYAIeMbhEh FRodhRoN di oxi de,
and has a relatively large average droplet size. Avisible liquid filmcan

typi cal |y beorifiemta be visibliebefone atiomitiagdnkd doaplets. oFhe sprays areur s
“predom nately due to instability in ed by, shear. with the surrounding air.
The spray p qxaefrﬁ}lwsértﬁiﬁem|811@_¥5@é§ﬁﬁ?ﬁ%ﬁefﬁp Widthiibat iy glase o tbedanthe
boundary of { H}Eaftgﬂrg’gftﬂé‘hﬁﬁ@ 8p. VRESR tdsRHHHS nRt e d fisCaT DON

" di oxi de concentfa
atomization energy, so higher viscosity gives coarser atomization. As

used herein, the terms "liquid-film spray" and "liquid-film atomization"

are understood to mean a spray, spray fan, or spray pattern in which



which the liquid filmgisappears. As the concentr giguon i ncreases, the spray
then pisses through a sition region in which spray pattern

typical ly WH¥Y8Hs dramati c changes, which depenﬁon t he PCY/US98{i382

99/ 19081 PCT/ US98/ 21~82 -6conposition, as it transforns froma liquid-film
to a deconpressive spray and the atom zati on nechani sm changes. The shape
and wwdth - " of the transition spray typically changes nmarkedly for
relatively small changes in carbon di oxi de concentration. For sone
conpositions, the spray pattern collapses froma flat fan into a narrower,

I rregul ar, cqnical..spray and then expands into,a w dery. fl.gt arabolic
deconpr essi ?gﬂ?%?oﬁlogg?@trbmstq?@vgﬂ?’z? almffcgl&’é%mmlnﬁlgaéfwgi nto a

singl e roundprgls cRAradtbAstivRily ¥R S "AilLAR" 6r MEdltafiapedyHPattengoul ar ~
angl es, before expanding into a deconpressive spray. FOr other

conposi t i onsyhé¢redn spateriglds déstribwtied wseverdy lig the spaay b Burfhee tearsien fl ares
out war d. m)r§ as the gpray naryows and_then_ |l ess as fhe spray&ﬁépands into "'

a deconpres mpreciaudsat the edges of thessnraydpantham
9 : . ¢ . - Y
pat tern.  whi SRt WhiR GE Totilbad ATl PR HB0Be iR 1L Ton Y e

angul ar spr aynptinhes Beparatb BeQAIRSspRaF Bkakaplayof lideid-fibanges to a
par abolic shape. The transition sprays are irregular and often unstable

because nei speays Are ehpungihaogranhicallpintfigures Handbli 4xi4th M, lilae | quid
,, forces of, the 0S4 dorg.n topg zati.on,.and spray, pattern ,
formation, eén %otﬁégg? B?n%%‘ta}t?'gﬁeb'g‘goﬂ’éé 1’%&65’(‘5‘??{ 831 %9’ g%uf@ed by the
deconpr essi @h AhdlHEo B LPadiNXisleo9asy. The different types of spray
transitions are due to different surface tension and rheol ogical properties

of different conphgercotizal Auidsonsnbedtical epmayedsedfiuidsesucthascar bon
di oxi de concen{rat,i on becoggs hi gh enough for the, expansive force of the

deconpr essi FBTRAR BIRFIAE 8% etRape, GULBRAURSA ReWealzlesp RpTaY 4toRIZadgRe
| ncr eases. e HBAGHD WEikh Rhckile AANITE: 520 41 2 1031y P! anar
ut can be r

If desired, 1s nostly parabolic i n shape, nore angu han
rounded neamekeldedavidpple high sumadity @patinganWithoubevishing to baridund b2 WO

991 19081 ~ PCTNS98/2138 .7 .w der than_the corresponding l.iquid-filmspray.
Near the sptB9oBb aﬁ*;??llﬁféoﬂé%gﬁiiﬁé%‘%F%gei’apﬁyc%gyﬁg‘@él@ @e!ef*etti ng or

be somewhat chlared.al ARe SRl & clibdBoRRiPeciing BRpePLAGREL §EN MY

the spray mixture suddenly drops in pressure in the spray orifice. This

creates a very large driving force for gasification, and very fine carbon
dioxide gas bubbles convert the solution to a gas-liquid mixture. This
is believed to alter the flow pressure by lowering the speed of sound to
where it equals the flow velocity, which chokes the flow, so instead of
dropping to atmospheric pressure, the flow exits the orifice at a
relatively high pressure. This creates a pressurized zone outside the
orifice in which the spray mixture expands freely to atmospheric
pressure. The carbon dioxide gas released expands and produces an
expansive force that overwhelms the liquid forces that would normally
bind the fluid flow together. The expansion is constrained only by a
groove cut across the outlet, which shapes the spray into a flat or oval
fan. The spray width is adjusted by changing the pitch of the groove.
A different atomization mechanism is evident because atomization

appears to occur right at the spray orifice instead of away from it. No



, across the plane of the spray than the corresponding |i quid-

.application,

effect on calrper an

be fingered. However, these typically dissipate and the spray pattern
beconmes nore uniform at” er conpressed fluid con‘rati on. The pl anar
déconpressi we gRb@Y. | N Ition to being wider, is o] typ?&?}dsl‘alﬁﬁhfker
Irmspray. One
of the characteristics of the transition froma liquid-filmto a
deconpressive spray is a nmarked decreasg in the average droplet size of the

- spray. U.S. Pat. No. 5,057,342 provides “an exanple of the transition froma

liquid-filmto a deconpressive spray in Figures 12a to 12d. Cenerally the
deconpressi ve spr aénr egi on_occurs bel ow but close to the solubility Iimt,

t her eby requliaiufilmpsaisible atrthearifieer Furtherayonee the spray typisallysure, and
carbon di oxide concentration. The solubility |imt and.hence spray
condi ti ons rg&UF? gﬁe o %Fe%H?Fb&e‘é’%‘#‘“\fea%ﬁkébavd}qr@?qvﬂ‘ﬁ‘?sﬁm&?ti on.
Spraying signifi | RS 3 } i | coati ng
B B e o L B Sl Ol 1
extracted frPhidfreqhently prpdhweea rpundad,ipirabblie shaped dpeay fan, di oxi de
phase. To reduce organic sol vent em ssions, water-borne coatings have been
devel oped. Hawtead of asharpemgndar famt The spray hmicaly das athdeeg@por ation
rate) so often,an.insufficient anpunt of watern evaporates fromthe spray.
Deconpr essi v‘gl@'g‘r% K veen%ofg}?l(ﬁr{@%%@rea&rsﬁqfomxg%(ggg tgﬁﬁgﬁﬁ%ﬁpﬁ%g’é’rati on
of water, evARsB@UEReME thetbihke dB¥ARPFHIR sPIaFY bR d "decSinPeEsif¥apor at i ng
solvents. Wthout wi shing to be bound by theory, the high evaporation rate
i s believed 2tonbizgationd ate mpndemstopddptmeanitd p dprgly, spey naosfspray at e t hat

duri f {i t he .d i { t |
ap 0 gas 1 | RAPUNERFT BAS e SRR AFer Do POTeirS: ToRImAS um
evapor at i ng sodaretpredtive s m@%%ﬁ&bn%ﬂtg@%?/}ﬁééﬁﬁgﬁ é’?%@%ﬁ%‘?’m i ng

af fected by these I'ntense SS transfer "con ons t

sol vents. | n3@ddeBepdbf hth,utZ:, 12ddand is cfoidi® R4ti Nes 550%7,3d2 areblim| nost
exclusively RQy usin n aque tion, enmulsion, or dispersion, with
wat er bei ng 1gHr§Eég"r29' g'él‘ﬁfgga &ﬁélé\'/?laétNloe%)&m%-. However, it is often
not desirable to o6 1{:1!21% nd.; t he J:
process, because tgﬁg&%gpensitsggggggﬁtl vegggtraet?'%sslgfolnn%t%gggglﬁg?%rlglgned from
t he wet papespragiss tiie aincahsratioreef sspercriziiabfldid ppsabeyitical em and
additives applied at .the wet end can ipterfere with the operation of the
dryer) and t%pmpressed .‘Biif ’E‘i‘%ﬁ%f’ﬁ%‘g{o"\%}ﬁ'éﬁ1’&‘&’ﬁa§%sg‘hled§§f1§ftl%eet
control. FUrdPhiBideout bsithe tohlderibire'i8 iGBRIERA, AWAIERe addi ti ves, such
as surface treatnents, are I ncorporat eof into the paper product when added
at the wet etvhcemberntsms €The trarssitienioceluteovar apglbyivaidhairae rahgé lof dry

end, but the water applied wth agquequs _additive conpositions is
detri ment al $A3CEREARIqIEEr HFUBRErFIEy S thegsoneqptxstion isipceeasady thee

ol Sture congala. ARG YAkl RBNnd DEBARE 2 AN SISk ELE | ous

ensil'e streng I'st'ure content of

9% can decr enslativbly éaissaheos slightlylinbieazed Wwidbh aBafl Behdrdctesibgic pper s.

..overdry and W&

Aqueous conpgsitions are alsqQ << capable of penetrating the entire sheet,

whi ch causestheiwidiiehtajred when thaicampesisionisispsayed wath npgarbenyi ng on

t he surface e it 45 oft ective. cayse the alt ,spray nethods

used to appl %%b(geégtl?sd %%%?tr?\@%&g%l#plgg% %%%rsa%'ee(gﬁf’?eé 8w |‘§1c§6}%1f3t y for

proper at oni Bghidflmdah Byaeuitybe sebh th @evdicowdidsiBe TRiffd. the additive

conposition is often deposited wetter on the paper web than is desirable.

But, | oweri njtethizatiareocawapaadogiinately dagdguastabalityrindideshby €hearret hod

t hat has been isl_(t:losed ta.co ensate for the excess W@tgﬁr addition is to
the3uroypAing BIr. |y | he SRray pgHernds cexiradedener gy, and

over drying. SNSRI LIS G 8o THR IR of the YN AR0S ]

PCT/ US98/ 21 atom’zation of viscous conpositi Such as the

- hot ' - nel t asPionaypicallyerecuseaboabhi thotaron diogilld édneenerimesiti ons,

typically produces coarse atonization and a nonuni form spray pattern,-which
can give i npwaieh thepanidfilandisappaarss ubs 4be congesttration pnexeagesHdwt i ng t he

hot It t hi t t to furth d .Vi i
ot or or at | CAPOR WA BRAHEE {DEoRER Ao Pbr B0 hets S nayen b iBY or o, usi ng

.gravure coat bg&eg% gﬁ?fgﬁ}lz%{lﬁ%é BQﬁﬁ%\@icddlﬁﬂg%,th?%} %Elﬁ%x?(il ﬁp%%&%ext ile

application heth X ap g such conposi tions.
manuf acture, it would be advantageous to be able to apply additive

-conpositions) such as surface treatnents, which are water-free, or are

applied with less water than is possible with conventional spray nethods.
Such applications would allow the additive conposition to be applied nore
efficiently and effectively w thout requiring post-addition drying.



In the manufacture of flexible sheet material products) e.g., plastic
films, plastic |am natheets, pl astic-rei nforce(‘e'ts, plastic .

i mpr egnat edvelwedosy ru sheets) |eather) fiber- 1f'or ced peiakfogr1PT OU'S
sheets) screen sheet materials, extruded filns, conposite sheets, and
conposite lamnate sheet materials) there is often a need to apply
additives to the sheet material to nodifg_ or enhance sheet properties. But,
usi ng aqueous additive conpositions is often ineffective, because the sheet
material is inconpatible with water due to hydrophobicity or poor wetting,
or drying of the sheet material is prohibhitive. Likew se, using volatile
organi ¢ sol veQmBositiops agat transionmas from adigwid-filmnton deegmpressivg adat i on of

h h d h b |1 i Ci ' d | .
abeor pt 1 on. ek LU afSpripbile R tmietiess. e hens odduiR i on or -
the applied shsaRhnsiticd )R Piypitallybhinpés 9 fURelhfively GRhB 1O

spray apply additive conpositions to conveyed flexible sheet materials . oo
wi t hout ~1chimg?3/ih3@8bon dCHINEEBN2ABEAIONLI0 usi ng water or volatile

organi c solvents)_or with a significant reduction in_ the applied amounts of
the water and/or Eef emeLompositions, t&ﬁépé'ab’spaétﬁ@ééghﬂ’sq P Haket hods

for tr oY T T ol g e et ;
Sheet mat or | R0 aORLARR pAGRbiar CoRBID A5y BRT thep ke IhAERY © ©
product s whi wided| flay paradlictdeconiensse spay! SdifeBis tid spahgr-free or

with reduced applied water content, which do not require volatile organic
sol vent's, whiadlapses completely intoos single sounddet, axtinde twanthree, onmaxa provi de

i nproved spra roperties and dropl et sizes for,.acceptable spray.

appl i cati on. ot AR e EEr AR 1 el P U P S gEive )
appl i cation gghlodRor Stilel cBRW JsRIGHS) | tAESpHAY Ifhteé P rdiR AL mblflydevel opnment
and application of new additives which previodusly could not be spray

appl i ed) becplagartbhsitherceniters lhvds entwandi. speresasthy spraypnherowsand

i nconpatible. with water, -or could not be adequately atom zed by .

convent | onaltHEBH 1855 A8 07T GHBRRIRLPIRR HEFATPIESHIS SHFEY < SPMEHTEES SUMMRY
OF THE | NVENHe(I}rBY réihiding ﬁéﬁ&?%g%f%&%ﬁipié@é% 2 té‘%ﬁécgﬂg rhye been

di scovered that "‘can acconpl above noted o n accor dance
with the presgerimposed upon thddiquidefilnnsposy paoterng athibk sprayed ont o sheet

materials in . the manufactyre of sheet erial produycts, such as paper,
textile, anosw@&m@ F dtannegto For sgﬁfoe%ﬁﬁtq%pwlp@@ e qagwlaror

volatile or ggthg rafthaiifst Mcoidmuth Wde P thyh 8BAELY1J g7 atom zat i on)

and with inprov pray properties , pl et sizes FTor such spray
appl i cat i onspadaibpliowshhpeheet mat eri al products can be manufactured wth
nore efficient a effect.ive usage of .expensive a(}gi tive @t ﬁri als and with

| ess generation o ?ME?%SIH’EPE?HIQ s are jysegaiagpnd often uns _ 89B4¥1382 - 11
The present j,QyRIf {0 ﬁYéiQS?ofEEtﬁ’%Sch%oéaﬁ)@ﬁ d%%mé %p%l‘necﬁg}ﬁq]no‘c an

addi tive conposition contalning at ast one a Ive materl t he
manuf act ur e fokcashsfthenainepositioprdodhirdte atongdemdonland spray pattern
' formation, even though the atomization becomes substantially caused
by the decompression of the carbon dioxide gas. The different types of
spray transitions are due to different surface tension and rheological
properties of different compositions.

A decompressive spray forms when the carbon dioxide
concentration becomes high enough for the expansive force of the
decompressing carbon dioxide to become dominate as the exit pressure
increases. The decompressive spray that forms can be substantially

planar if desired, is mostly parabolic in shape, but can be more angular

than rounded near the orifice in some cases, and can be significantly



the nethods conprise the steps o (1) formng a liquid mxture containing an
addi tive conposition an conpressed fluid in a cl pressuri zed system
(2) sprayi ok 1 QUi xture through an orifice f or mp-raRiog¥issand

. (3) applyi g‘g”?@:’ 1spray containing said additive conposition to the surface
of said sheet material in the manufacture of said sheet material product.
In a preferred aspect of the invention,sthe method uses a deconpressive
spray of the conpressed fluid which produces a uniformspray pattern and a
narrow dropl et size distribution that can inprove application efficiency
and quality when additive conpositigns, are applied_during the spraying step
to rapid y dodeejban theeereapendmahayikipnsnsay. iNeanthesPnay al so direct ed

hod,f h | i [ fl exibl h ial of
3dditi ve comsananry e enBfenERs il My Bave Bmth BBRER W oduct wherein
the addi tivBoRRAPAY 1408 dtHARARLE of thebpt AR sndEIeEi g pavtefiRely 2t 1 ng

_into, or being absorbed by the flexible sheet material . TAI LE
DESCRI PTI ONbeHingdre d NHoWeévad, Thesetygseally idissipatiecamadiché speaylpatterbed i n

particular for the preparagtion (i_;‘l ﬁheet mat er i Moducts f r om paper,
textile andPerYREsmOreqiufors @ higher compressed foRcepErailamsi cal | y
t wo- di nensi onal i ' LB B | angth and
breadt h. The addiqﬁe ela%%ﬁ;@dgg{)?k%ﬁé%]hgtsb%q%g%%gﬁgﬁ gr?otfdﬁééﬁgr’@gg’n]tg i nvention

i n the manufadsd tirpdcdlly thish@echcrozsehiegllane off thé speanetledh Yheont ai ns at | east
one additive material that nodifies or enhances the
corresponding liquid-film spray. One of the characteristics of the

transition from a liquid-film to a decompressive spray is a marked
decrease in the average droplet size of the spray. U.S. Pat. No.
5,057,342 provides an example of the transition from a liquid-film to a
decompressive spray in Figures 12a to 12d.

Generally the decompressive spray region occurs below but close
to the solubility limit, thereby requiring a proper combination of spray
temperature, pressure, and carbon dioxide concentration. The
solubility limit and hence spray conditions required for a
decompressive spray varies with composition. Spraying significantly
inside the two-phase region is avoided for coating application, because
a significant amount of organic solvent is typically extracted from the
liquid polymer phase into the liquid carbon dioxide phase.

To reduce organic solvent emissions, water-borne coatings have
been developed. However, as mentioned, water does not have a high
evaporation rate, so often an insufficient amount of water evaporates
from the spray. Decompressive sprays have been discovered to produce
enhanced evaporation of water, even though very little evaporation
occurs for slower evaporating solvents. Without wishing to be bound
by theory, the high evaporation rate is believed to be caused by an
exceptionally high mass transfer rate that occurs during formation of
the decompressive spray due to the extremely rapid gasification of the

dissolved compressed fluid. Fast and medium evaporating solvents are



WO 99/ 19081 PGIT/ US98/ 21382 -12 properties or performance of a product, or
which is desired to b lied to the sheet materi n the manufacture of
a sheet MRy doMoogr = P ct. This, in general, in es anyp@ﬁ,@gggmégzmhi ¢h
is known to those skilled in the art which is suitable for spray
application to a sheet material. As used herein, the term"paper product"”
i's understood to include any sheet materg al that contains paper fibers,

whi ch may al so contain other materials. Suitable paper fibers include
natural and synthetic fibers, for exanple, cellulosic fibers, wood fibers
of all varieties used in papermaking, other plant fibers, such as cotton
fibers, fibanuchisonecaffectehbycthasedntenspamass fransfer sondikionsdhapphers) such

as rayon, nylon, fiberglass). ar, _polyolefin fibers. The paper product nay be. .
conposed on V{SP"??R{'%@PS&"%Y%’&FS_ Natural fibers may be mixed with

synthetic fiber s InPipdlshiFfend:8, hRitNE6shBbtifonglark hpphRRCAlnRSRAUCt ( he
paper web or paper ertal may be reinforced wth synthetic fibers, such - .
as nyl on or ekthmsivdlgdsy ueing apraegreaus dohitidn,remtishiomus dispersiah swithuch as

pl astics, polyners) resins, .or lotions. As used herein, the terpms "paper
web” and " wittes heIng deyiseesity reduserankvelatile selvientq Howevass et paper
sheet materi , . r I [,4 i bers. The
paper produg?éeg}a?gﬁgg%&%gge[% Rl ;?@%@Bg ?ﬁ_“%%@?ﬁ%?&%ﬁﬁéﬁe paper
material . ThealBhRSEIYceks odtangad thB)expensiRchdditivls aRe eastriattherwaterpaper
products known to those skilled in the art. Such paper products include,

but are not draineadfrom thesweti paperpwebs whichpalsercreatesduwastealispapal s, ti ssue
papers of all varieties, er boay.ds, r dboar d ackagin pers,

e hopi ng. papertiemepnd SamBEEs APt s e e et ol SRR RN (el  ng,
vel | papers, opaff8bn Atk Wger PAREthé chdfrYor RRBRE pAPESs, WA @l Ve papers,
di sposabl e I'Tnens and garnents, and the |ike. The present i|Invention has
particul ar appbé teds afisheeticontynle Fandhexmord, it isdifficpipercoptxddmive known t o
those skilled in the art. WO 99/,19081 ~ ~ PCTNS98/21382 -.13 Su'bt abl e

ti ssue papef® ives, SPeh @sshtface treptuepty arg dgepgrated; intp dhe

i ndustrial t { i Q t faddi

absorbent ti sa Eg?°ﬁ1{e‘§f§g‘%e§jé‘?i§ésl§§%§§€ '?JOE? Itelél;a 'p'ggiﬁé?rebgtg%rd%%lsmﬁgiopaper
napki ns, papeply ladditiyepapehe ldrpemns, bat dhe iveater lappliedrmith guppeuspr oduct s

i nclude printin rade (newsprint, .catal.og, .rotqgravure, blication,
banknot _e',o 1 aHe ,comné%t,lé)agﬁfdaefré@gml & the éﬂgé PPPeF Rabdbeh A O%r ade
(bag, "“erQQ”P*ple,cﬁiéfégéfdieg”%é’fﬁfyiéﬁme%Bﬁﬁéxf&‘é’ﬁd\%W% %rdetgin%iaﬁf‘eoroo“)

gl assine), and ti1sSue gra sanitary, toweling, condenser) w apping).
Ti ssue papepapey drl hatela geletexdoug efectoorpapiper angaehsiansttengt.i Edrti ssue

, .hi gh bul k, ted tj . T ti b
Croped or LHBFETE: SGRORHIEHERRIRNRS P cRIdecreare i teaRl SHATEh BY ayer ed
or non- | ayergad,(,6h&N0e8d, irfi8s ugtgéé/ s.t)ﬁgﬁ%d’s ccﬁf]?{ﬁlh‘aﬁs%rre L plies. Soft

and absorbent ‘paper tissue pro are particularly 1nportant for consuner
ti ssue prodeapabldappehenatingstire eagies shést] witch baakes thehadditbre toand | ess<
fl exi bl e than conventignal  paper. Many hardwood and sof twood tree_ _species

are used t o Spreadde thadesderathey thanisiayag ombke swelare whege ik asefien

most effective. Because the air spray methods used to apply aqueous

additive compositions require low viscosity for proper atomization, but
evaporate little water in the spray, the additive composition is often
deposited wetter on the paper web than is desirable. But, lowering the
water content gives inadequate atomization. One method that has
been disclosed to compensate for the excess water addition is to
overdry and heat the paper web, but this consumes excess energy, and

overdrying or overheating the web can be detrimental.



fillers are used to gi i ired physical, optical, el ectrical

proper ti es we obAdugparer duct. Continuous paper 0 MaGIHIES9sRES
under gone extensive nechani cal devel opnent. The cylinder machi ne uses a

wi re-covered cylinder nounted in a vat containing the fiber slurry. As the
cylinder revolves, water drains inward_tgwrough the screen and the paper web
is formed on the outside. The wet web of paper fiber is renoved at the top
and passes through press rolls for water renoval and into steam heated
cylindrical drying.druns. A Fourdr]nier paper naking chine is common and

nmore conpl ex. It a6¢ atomization ofV1seapsoRaRosiNoRns sach @s thededthoard from 1

LD 99/19081 ~ 3 PCT 1~82.- 14 t0 : [ it Lt comsists of a
| ong conti nuB§ te\f&’ W@Ns%g%%% S?H‘é'tsolﬁé otsrusﬁégirﬁ%ﬁ{‘f% 08& é):/gﬁg%e Sdé&?%@@.y The
fiber slurryyfducds BbabscRoRkizatibn AR £MdnAdforBSHrayatterdS whicHoves down

.the wire to formthe sheet, which then passes to presses and dryers. Once

t he furni sh ¢an gapasnpecpesrapplieationmmthesndaceé which tsadgragted. web. After
stock preparation and dilution, a.flow spreader di scharges the paper

Furnr sk o Benfipecthe, bt Biel i arBih ForpRBrae o MEARPR G He AR box,
where the pr i I t per velocity
t hrough a sl(%(r:}gé%‘%egaéh%?on%% %gdi.ll%gr rd?ﬁ?gtrcg%p? g#{%%ékﬁrsg’%?g&g finely

woven, cont i THetsfoks lusihgrgrhnagre@diting of eptrasionccoatingeaw discloséd wet i on. The
wire is nounted over the breast rol] at the intake end and over the couch
rol | at the @iespreferredonpplicatigpemptheds for anndying sweh compasivions.s the wire

15 SUBber o0, by 1 B B RAER L SR IB Sl e

equi pmrent  usigd gbieeey HppRPEd Bitive ddmiRaitib Bs, 5ucBnG HirfadadrbhtBenftd machi ne
speeds are 50-250 mMmn. Very dense papers are difficult to dewater and

machi ne speedbiclnape watemfre®, coasdepplied witBlessivareadbapaggospibdeluct s are
roduced at 20Q-1000 nt m n. Newspr.knt, produci ng. nechi nes at e at
D00 1500 i APACH ENanih) sprey TabtSfs D SReN i BORs AR P ¢ 1t
nodern ti Ssugdditive&dthPesitioatdde! @ﬂ@pnﬂ&%fﬁéieht\lfv\aﬂﬂﬂmive@per ating at

|

| oner speeds, but some operate up to 2000 i mn. rtually all new paper
produci ng nmewithoay requiringmpost-additiomdrgingecause they give nore stable high

speed operation and petter gontrol. of .form ng and dewatering conditions.
The water is drai ﬂ%&g?%%fﬁ‘&ggﬁﬁfr@e’ﬂbpepﬁ?g@%tefﬁgtpé'gguﬁtfs_’ G&cuum  Many
| arge Four dﬁ%l@s@fc 199 5, 60168t dMRi AR Hetd, Hlhbti&deitfdrled SRedds! Blabtid S tO
achi eve sim’ar advantages under high speed operation, particularly for

preparing |iighpregmiated shepts, rpbbeisheesheletashér, ifbenaeinforesld sheetsprint ) .

TwWn-wire forners are. al so us for fine paper, rugated ./~ WD 99/19081
T T U et S haet i ShetanalS1arisn AR P QU BUBBPSIte The t o
wires, wth di&ts! #hiodpdfleIBBInafd Sho¥taRREtiAE Otie 3s bitenHIREc®T @ Set
of support bars or foils.” The tension in the outer wire transmts pressure

2'hrough t he & apply additivesdopbeshest matemnad to Timlifyr asenbaneedshedetr ry drai ns

t hrough one or both of _the wires. In a,typical roll-type twin-wre paper

{1 soue f or mePTORAFLIeRa AL, Gislhe, sl teaitieditite qompesitiont 8 efffBasi s el ght

which 1s Suf il ideftvel beslidl fadhelt nifloridl 8 inaREFATRRIHS WA g n Tor
e t conmi ng s ow

thin tissues. ofmng units receive ein lurry at a
to hydrophobicity or poor wetting, or drying of the sheet material is

t hat separate the fiberi. fromthe wood matri x. Chem cal additives and

prohibitive. Likewise, using volatile organic solvents is often
undesirable due to flammability or degradation of the sheet product,
such as by swelling or plasticization due to solvent absorption, or

. processing times are too short for adequate evaporation of the applied
solvent. Therefore, it would be advantageous to be able to spray apply

additive compositions to conveyed flexible sheet materials without



| eaving the couch roll s about 4 kg-water/kg-so .y More water is.
renoved by woissygosne o re rotary presses, which much Ieesmmwmisj ve '
than using heat. The paper sheet passes through the presses on continuous
felts, which are conveyors and porous water receptors. The water content of
the paper sheet can be reduced by pressyfg it to about 1.2-1.9 parts water
per part fiber. Evaporative drs-ing nust be used for final water renoval,
which is costly and can limt production. The dryer section comopnly is a
series of steam heated cylinders. The sheet is usually held against the
dryer surfacesipg waterrosralagle qrgame ﬁﬁl"eﬁﬁﬁs‘{ruwgic% FlEniicant Fﬁgu‘iﬂciﬂ paper

sheet is usual 4 t I j arl ijed sheet is cal endered -
t hrough a se]rni!ér}s/e %?pﬁ%%gnﬁ)ﬁggts%?(gﬁ%gg’ﬁegg%ﬁ(%’ﬂ%o_elgéhgsﬁd snmoot h the surface,
and then wound ongRezAly,afkere fs ¥ Heellifir Dnpt6ied Aiethbakfer thelsprioven

consi stenc3, typicall ﬁz 300 kg-wat er/kg-solids, t he paper web

fabrics are al so produced on Fourdrinier-type paper machi nes. Noncel |l ul osic -

materi al s, sapplictioryof additivef dompesitions ibéhe muhodéattase pfisheetr all of the
fiber furnish; | atexes, water-soluble polypers,, or other adhesjves are used
as bondi ng a@@ﬁ?@?FBW‘FFé%i%“’h %%P%P%ﬁeﬁég a&é’pﬁ?x‘%&@ﬁi‘?e?ﬁg’f Fit to
wetting) chemi i : Fin( i t I ..1and

bi ol ogi cal | qibiyaRb il adREARABLUIER Wb P Ll ES PR LPRIURTC |
agents can bedaddédpplicdwatet dontént, whiehf dv gopedififire Rokitileasrganion

(internal or wet-end . addition), or to the fornmed sheet after conplete or
partial dryismdvents mhieh gangedues yissgsity ifonatomization, and whieh pannot

isf i |y _retained i .sh .dj | | p.s| it
bost "appl | ety PRBreul sffay PeobbEigt 8B droieriifes MrcaB¥Rbal oor ot on)
of the papersgrakidifplidativn)€in E&@fﬁdrpﬂﬁbr@\ﬁiﬂiﬁé ¥ese ot GraHe\Sisfihgper ti es

of the paper ‘product, such as fillers, rosin or starch sizi.nghagents, dyes
and bri ght erapplicatéin viatbods,lsuchsnew techyology asvaytld addelpermatthei gnent

tings t i d th surface, f inting, .and pol f
Coet n0S  © PolePe SR RIS B R S R BP or
operations as® bis§frdyhpsBEd, Bdtaukp e hrOMMSIIBLRY, WIRRShAsiBleades of paper.

Many paper neking ‘nmachines incorporate surface sizing) surface coating, and
speci al cal estherwise incoaipatible withabatert oecouldnaotlee adequatglyn of paper can

be augnented by natuyral and,synthetic rs. whose hydr n, ioni.c, or
coval ant  borRieRRRRIHY, SorBenA! AREA, SIRHONS "AERoCh HeHEY SHE H P E
bondi ng bet weapedfae cellulose fibers that is disrupted by the water. Papers
such as tissue, toweling) linerboard, carrierboard, and bl eached carton
require wet strength to function) which generally is provided by the
addition of resin materi al A TR Y t esins used are

am nopol yam de- epi chl or ohy#& eSS o able for tissue and
towel ing. Al t houg, ARl $ el RRbnE HEVEMALS figthdis REeHed 9 the wet end of
the paper nachine, “sone grades of paper are unsatisfactory with the low .
| evel s of wediseonkreddihiat\can dcoampdish thet @bovednotedtdbjedtiness. . IThey require '~

t hat special chenical s _he applied to the surface of the prefornmed paper web
in order thaRCORAINGRMILY HheBresenydnpentign, 4‘5&@&"%9%&‘@1 r@NzP&, de range

of [ ow vei ghépr%@‘éato%to%%%{ #Haterials in the manufacture of sheet material

products, such as paper, textile, and flexible sheet products,

substantially free of water or volatile organic solvents, or both, with
reduced viscosity for atomization, and with improved spray properties
and droplet sizes for such spray applications. Improved sheet material
products can be manufactured with more efficient and effective usage
of expensive additive materials and with less generation of waste

material.



. wrappi ng grades. Because of the very |

.form ng sect

.tissue-formng nma

FaniN
~a

or househol d tissue paper products include facial tissue, bathroom WO

991 19081 ~ ~ PCTNS98/ 213 17 tissue, toilet paper'smet ic tissue,
pocket “ti spiuGoofdaRE’ tO , kitchen towels, and pa napkiﬂ?r/uéfdgﬁi;{sz

. primary features are softness and absorbency. Toweling is a crepe

absor bent paper having fast absorbency, water holding capacity, and wet
strength. Industrial paper tissue incl_ug\}es condenser) carboni zi ng, and
ow basis weights for sone paper

ti ssue products and the | oose structure of others, tissues generally are
not produced on a conventional paper nmachine. Various tissue nmachi ne
designs are util i 7bd presentimventidnt provslesane thogaforrtthesspgragx Four dri ni er
[ ion.and a ?o-c .ed "Yankee. dryer". Tw n-i/vi re forners. for
hi gh- speed t RRRUEALRR AT ABAAMEVE SpmpgRtioncopiainifng-akleast oneA4HEEe 7 0ne has
a"C or "S . ' | ' per

R EREE T AL il bt AAnE SOl BR] pREAUES, O Bl e

form ng, prefisd pptheds cerpirize the @tessefs. Tension is not applied to the
sheet until it is dried. The Yankee dryer is a |arge-di aneter steam heated
cylinder that drié8 thérsmagia hipuighminiireepatainipg artheddifiveheet is pressed
tightly against the highly-polished, surface.,The drier is.,enclosed by an
i T houd ancerTRpoRiePoY AGRRAESRY JUd R He e e Ao dr yi ng
capacity. Percol aig)on spraying bHPHEHid bk fitko¥Hr6ligh! BrifRb 18/ fbrifif 0ugh the
sheet may be used for high quality tissue products. The sheet may or may

not be cal endered priosptay;mamdl i ng. Certain grades are cal endered of f
machi ne on a supe

Taave the dryer t69) noreRbinggeil StbysoBenE g d ateuYe CORIBIRR 1 upt ur es
[T 50,1 ber bonds IS ol RSEGaBS I, RGO 1P 19 |
bl ade, which is maint asaiedslaet anateridlproduttie surface of the roll.

In a preferred aspect of the invention, the method uses a
decompressive spray of the compressed fluid which produces a uniform
spray pattern and a narrow droplet size distribution that can improve
application efficiency and quality when additive compositions are
applied during the spraying step to rapidly conveyed sheet materials.

The present invention is also directed to a method for the spray
application onto a flexible sheet material of an additive composition in
the manufacture of a flexible sheet product wherein the additive
composition is capable of at least adhering to, penetrating into, or

being absorbed by the flexible sheet material.

DETAILED DESCRIPTION OF THE INVENTION
The present invention will be described in particular for the
preparation of sheet material products from paper, textile and flexible
sheet materials. A sheet material is a basically two-dimensional
material that is thin in comparison to its length and breadth.
The additive composition that may be used in the present
invention in the manufacture of a sheet material product generally

contains at least one additive material that modifies or enhances the



The quality

~ ' PCTNS98121382 -18
t he dryer swmofegsssroat

househol d .
drapery, an
functi ons,

belts, insu

Textiles are manufactured fromstaple fibers (finite lengths) and fil anents
| engths) by a variety of processes to formwoven, knitted, and

(conti nuous

of the creied sheet is partly a function of its WD 991 19081 ~

textiles, such as sheets, towels, uphol stery, carpeting,

d wall covering) and textiles that serve a variety of industrial
such as tire reinforcement, 4enting, filter media, conveyor

sion/rel ease properties, I ch are determ ned by
. Textile products inclu | ot hi ng wAgusRRMse! .

| ation, and reinforcenment nedia in various conposite naterials.

nonwoven, ~d11'gpé¥tﬁeﬂ waerfﬁmwg Oifh?épf@(;‘%it{ %1‘ phdei s @eﬁftﬁzd e bﬁ/t)\(;en f)r
B o . . .
ARt % AR oA BT b VB mRide e i iR BaPOial ¢, cea

non-woven p
are forned

by weaving Qrollit€’ TRADGH donekal, tiheNsdds Uiy Rhaitve whid@xidkRewnt@et - | i ke
Known as fabrics. Nonwoven fabrics are fornmed directly from

fibers and fthoserekilkedbin thearcwlhigh das spitablecfirlspray agiphigationi totar | ocki ng
g@irranged in a planar configuration. Textile fibers
ePeINaEEdi ng to their origin: naturally occurring fibers

structures

fibers that
may be cl as
based on ce

proteins (wool,
cel l ul ose ofinghdeainy Shéétvidlaitvial thay eomtdiN®papby fiBess, avkichi iagcadkat €)

ave bee

1058 oA 30k BB T b P ey B B 0,

Vi cuina, ur e ers based on

azlon); synthetic organic polyners (acrylic, aramd, nylon, olefin,

pol yester,
specialty f

i b ’ i ' tery . . tile finishi
hel udes varyBiecas Fhers o8 Bammiee ol lodic e boodmhasziatall b ouuct <
whet her for \3RRAIE usdP P papbriblkehe CottheY pEsnt ADESS sSHER GRS SRR RBBEEs, €1 ther

the fiber ¢

modi fi cat i oftberayebivedniroimcedcystedrpapeartianal thensyrghetie filieranpheas asf such
properties are shrinkage control, s th- erformance, flanme retardance,
Do T el easdavon, hyfbrgdhsselasaet pplvolehn hemRo s BT HECE dety be

resi st ance,
additive co

the manuf actgidssOfuch

product” is

spataivother npaterialsn Huidabld papemfibersripehider nptiinad angnd

haracteristics or the gross textile end properties. Such

ﬁ%«g@d&.@ﬂ o&ﬁ% lof %%t;ﬁ%tié’ EHESE{M ﬂ\toriﬁut?%l A&l xﬁa?w #fi%ed wifh®

t1on that e use € presen

under st oo
materials, such as plastics, polymers, resins, or lotions. As used

herein, the terms "paper web" and "web" are understood to include
both forming and formed paper sheet materials, papers, and paper
materials containing paper fibers. The paper product may be a coated,
laminated, or composite paper material.

The present invention may be used in the preparation of paper
products known to those skilled in the art. Such paper products
include, but are not limited to, writing, printing papers, industrial
papers, tissue papers of all varieties, paperboards, cardboards,
packaging papers, wrapping papers, paper adhesive tapes, paper bags,
paper cloths, toweling, wallpapers, carpet backings, paper filters, paper
mats, decorative papers, disposable linens and garments, and the like.

The present invention has particular application in the

preparation of tissue paper products known to those skilled in the art.

Il nvention In the
manuf act ur e syhthetit fibersr Fovdnstayeree inlthy prepamition of tHeepaperopeodaddi t i ve

material that nodifies or enhances the prqpertigs o rformance of a
textile pr o&i}etpaé’rerm RY P?pﬁéé??ﬁl? m%éﬁ%p{ﬂm c?‘gwgﬁ? éﬂ‘ﬁ‘?—f‘ﬁ‘mt erial
%E?%"l&?o?%%lass’%r U pde S1EIt8H WithHforl 5yBust extil e

in

-

)



i nclude any sheet material that contains textile fibers, but it is not
Igniteg to textile fiber; d may al so contain othe terials. Suitable
textile fi ' ener ncl ude those fibers kno t hos ' in
_the art, m@éﬁ”?d@% ude, but are not limted to, cellul ose figceflls%ds?ﬁgﬁ as
cotton and linen; protein fibers) such as wool; cellulose or protein
derivative fibers) such as rayon and aciéate; synt hetic organi c pol yner

. fibers, such as acrylic) aram d, nylon; *8l"efin, and pol yester; inorganic
fibers, such as glass fiber; and the like. The fibers nay be staple fibers
or filaments and may be in the formof individual fibers or filanents, or
as yarns or Ghitablkstisdliephpead predydte dncludetsanitanyoniesues; hoasetmldn, knitted,
felted, knotted, bonded, qr crocheted. It may have a_variety of textures,
f1ni sh wei ghtissueg, andustrigl dissweskfacigldssums, cogmeticdigsues, sbbigees.i ncl ude,

b | {m ted | Qt hs- ' hol il i i al
textiles o 8PHhERe SRenEtedienh R bisSire JBHEE BaREr Pisridyale BRI ot er .
carpeting, dhﬁﬁﬂﬂs?%ag@@kiotﬁ@,ﬁ%ﬂéiﬂ%ﬂeﬁé}%ﬂ@iﬂ@ﬁke.mo‘innﬂn%ibédhesi ve
tapes, and the |like. The textile products may be a coated, | npregnated,

| ami nat ed, oprawhssndladeprorting grade (mewsprintnaagaley) wetograbare a
mufti-layered constructiqn. It _is understood tha he present jnvention may
al so be usedPPhhcat-m%&?ﬁH tﬁréoﬁmBPbd?}gfes%ﬂﬁ‘gmﬁP , BtV Hered to be
both a paper; i

Poih & paber KRN sk b Hid BoB S BRSASRRANSY GRB ARl Y peper

ers. ucts i t dre no Imted to,
dryer -\ 1. pifer) ehrd Béploof, gladdinlé) a9 Adsiileratidsizasitary Otovedlingner s)
surgical garnents, industrial coveralls, duct tape, adhesive strips, and
other conposfendensproVEaPRING)i al s and products. The flexible sheet materi al

whi ch be t i t i ion_i.n | ast i
(1, "ol astic 1 abEaraR PRl ahay 4 RANRICBRER bissld Piieirs BRGHRHIC, P2 ©
i npregnat ed gbgedafisd tissueqiaperest 8. hikhddlR! untbRpactal fikAis pap&NeBhs, porous

sheets, screen sheet materials, extruded filns, conposite sheets, and
conposi t e | atissia paperBaynke erdpedor GuenepeeohHa homaegenepns orncl ude

lyolefin fil | yet hyl d , | | pph fil
Pl 1ol ase acHpleysel CRafictifh Bt Ra B R AR A e An R BRRTy ) o
. sheet is a sbg@&wwm, bf t}RadY @ opé %&D@dﬂ@&hd%sﬁ&%ﬁ%aﬁé&ﬁss@ﬁ when

bei ng conveyed or wound on a roll. f1exible sheet nmay be porous or a
continuous fpredusts aneparticulaplyimpoxteatdor comgnmendisede praduetat ed, or a

it terial, It .be h ti-J ._The .addi ti
Composi 11 on used_ BPPRFRAEIP Gen MEne LBIeh PRAVITENGR AT AP | exi bl e
sheet productgafiesevéitiondl¢tprrN Mahy IR33wdRACrd dbftiwbBd TRéLEpiedtni Ch i's

capabl e of at |east adhering to, penetrating, or being absorbed by a

f1 exi bl e sheare ngadto produce nenesipwipdiy mechanicadandehemival progesees es or
performance of the resul,ti f | gxibl.e sheet oduct) or which is desired to
be applied tghg qupé’fﬁﬁef thesﬁgg SﬁaP’efl?%W"Pﬁ xpﬁé“ﬁ‘anuf acture of a flexible
sheet product. AsCheesichEadditivestanil filleb® abdA868 t6@vd Badiréd phosRAESSEed
fluid" is a fluid which may be in its gaseous state, its liquid state, or a
conbi nat i on ppicalobr elactiisabpmpestiesito itbalpapeuipadpddependi ng upon (i) the

particul ar tenperature and pressure.to which if is subjected, (ii) the .
vapor pressure of “CRUTYORSPaReT IR lrt%ma}‘%’ﬁﬁl%ﬁ{‘% gRe e’é"r?gls ‘)Ei i) the

critical tenpgiahniglHYe 'U%él?@l TRéE %gﬁﬂﬁ@¥ ﬂ%aéggﬁefds%%’ witdlcofBi& is in
its gaseous state at standard conditions o Si us tenperature and one
at nospher e abglbhdérempuesed i a(GERjontAingatefilie sinrey. A¥®heyhadsr f '~ ~
PCTNS98I 21382 -21 "supercritical fluid® is a fluid that is at a tenperature
‘and pr essur ereiplves, ater dramnsinwagdhthrough the spreen amd e parercveb igal

poi nt. Conpo i . d a.c [ess fluid in r esent
invention i ng&g%eewﬂﬁpeg%mﬁ tuﬁ?emwt%gav ?bogfrﬁ%ﬁ"?foﬁg%ﬁ b%(fedlé?ven(% ?:?gges oxi de,
.amoni a, xengsp aftll}8es BRIOIB EresB B8 T6r WRLOPYRB0al BHE 3Rk steaghut ane,
and m xtures thereof. Preferably, the conpressed fluid is or can be nade

envi r onnent ahegtedbeydindtitad dnyingdroms: eadi |y recovered fronn the spray
envi ronnent. The KEFI ity.of any of the above-nentioned conRr essed fluids in
the practice of t PREGRAIET ARCH IR RING ancgé‘%‘éhﬁjc%&f’r% ABAdBPKSoSi ti on

Tabi 11ty of PREe,f, ERARETSRARIR A f B AR e R HoRER BIRRY. UG

safe and stable conditions. Due to environnmental conpatibility and | ow
toxicity, carbon dioxide and ethane are preferred conpressed fluids. Due to
| ow cost) non-flammbility, and wi de availability, carbon dioxide is
generally the nost preferred conpressed fluid. However, use of any of the
af orenenti oned conpressed fluids and m xtures thereof are to be considered

e b1 .

=




"wat er - borne additive osition" and "wat er-bor nposition" are

under st ood w@9egrmagt conpOsSi tions and naterials that e no cnapmssmaészrl ui'd
adm xed therewith. An additive conposition generally contains nore than one
additive material. As used herein) the term"additive material" is
understood to nean a chem cal or conponent or m xtures thereof that is
applied to a sheet material. As used herein, the term"sheet materi al
product” is understood to nmean a sheet material, to which an additive

(nder st o0 {10 AT eTe 1R R LA g SBRELE Ao CoBRREPRBVTE POTGRR L o of
a sheet mi]E fs[é@gor&é? Ey’df%ih?éela?éiizEf.t I'I‘:hf]fib(?li $141Fr.5% o%’ f{rxlrx\llisb e%\%lerssafl Of -

As used herein) the phﬁs "additive conposition" ga'additive material™)

S T I 15
20 25 30 35od®endratliidses agatetlds it moves ddven ahegyirawdifprinagheheegonver si on,
alteration and nodification of the sheet material. As used herein, the term’
"sol vent" i whichithen pagsestapresses apdrinysns Onsevbstisumishcisdenegites: er |

that h sed f.lui.d.adm dt ith d whi . i th
o 4er ot SEEROTRREE whieaf iEERNES Sobll Al kPR BrfatAbio fndl 107
absol ute pr@gaHbR; a fiGw EproLdisr &fschafgdgrﬁ@e;mpér%%ﬁiélpﬁnmyxln@f abegd for the

spray application of an additive conposition contalning at |east one

addi ti ve nuther wadth of tiepaper iesctine info a heagbox,pwhere the pueperas a ti ssue
paper product, or [n th nuf acture of a textile produyct,. or flexible
sheet prodd&’fe.ss‘FH%L&&éiCﬁﬁ%‘f%ﬁéﬁ’?aﬁ?’"ﬁr@‘t?’h‘? RERREE  KPAOUBYHREQUEIOR t hat nay
be appli ed t . - L.QR ;| ., de variety
of addi 1 veateq ofter B Bk FoifaphRBeRind PIRE W90 MR Rl T Tely

of properti@mtimuéiebslieforminganédium nplagdic Adidtal conatiaction s The t he
additive conmposition which inpart certain properties or characteristics to
the sheet nWixeisaneuntedprer the brepstgollat the wtake end and eventhe ncl ude, but

e Ot G doft aBthd 8308 R PG RIPUd GRlcc i LARR xorts

noi sturi zer, i Ooh, Creéam co Oner,

debonder, agHiewineis SOFPOred bydoils anidadtRANboxes Whidlafdmooé watesX,
pol ynmer, rosin, resin, oleoresin, colorant, dye, brightener, opacifier,
ul tra-vi ol eMachipe speeds vary dup iadimuasionsimposadityxthmpapes preguais

fragrance, per , r [ tefial en amt 1 m crobial agent,

di si nf ect an&"{‘ﬁﬁ%ﬁ&‘%ﬁﬁ?‘%’ggﬁ%gﬁ ik‘%g‘g'nﬁeai'é{ e e&%bﬁlr@)%rﬁ%?f Q%Olﬂafgng agent,
antistati c @86AE timeOSSd nikdHite 3p€0Hs apé 361250 EffninC Wériydd@gR$apers
preservative, protectant, hunmectant, stabilizer, inhibitor, nodifier,

cheni cal agere diffioult teedewater amb maghine speeds rangeainomd0do 3N tive or a
[ di.ti . A f 1 ' ddi ti { i al,t ' t

e cer ved- <R oiiby Sroyth gRadf Banet bralpd b niba o€ ot 200 {0 B3, Tory o

AM-NDED SN~ sprittG S5uk#08 machines opEfalte dt¥U (21868 mARin. Drying

capacity and paper product reeling constraints limit modern tissue

r(

machine speeds to 1500-1800 m/min with most operating at lower
speeds, but some operate up to 2000 m/min.

Virtually all new paper producing machines are twin-wire
formers because they give more stable high speed operation and better
control of forming and dewatering conditions. The water is drained
from the slurry by pressure instead of vacuum. Many large
Fourdrinier wet ends have been retrofitted with top wire units to
achieve similar advantages under high speed operation, particularly
for preparing light weight paper product sheets (tissue, towel,

newsprint). Twin-wire formers are also used for fine paper, corrugated



silicones, oils, waxes, fatty alcohols, and other materials. An envollient
'is ap additive materia at softens) soothes, su s, coats,
| ubri cates ' i zes, cl eans the skin. Enolli addi tj j de a
_variety of %‘?P%’?Jo\g\{/axes, and fatty al cohols. A hydrophilizer l%és‘ﬁgsng%ggié?ti ve
material that increases water absorbency, such as pol yhydroxy conpounds.
Exanpl es of such additive materials and the properties they inpart to the
. treated sheet material include fatty al Edhol s (lubricity, body, opacity),
fatty esters (lubricity, feel nodification), dinmethicone (skin protection),
powders (lubricity, oil absorption, skin protection), preservatives and
ant i oxi dant gnédi=Q dnel 1ihBFRgiridt grhde @irodutisat Btk £wb twiréd, sabR lthe hetrgbi l i ty,
.process aids), fi~agrance (consuner appeal), and |anolin derivatives (skin
noi st ur i zat inMetwaddi aremdappediaronad mecydinddron maet ofgupportibars om t he
esent .inveniion for.a variety o | ude, but

ractice of ,the n f purpgses j
e hor 1 [t RS @hsior e the AR Vi ARt st riigb i cone and

al kyl met hyl E.!“L’ﬁgﬁ% ; I e i | i i PRXaY nd
petrol at um Sanl rlg% %ﬁéﬁ?tﬁg@t%ﬁ%kq‘gﬁﬂ%ﬁ%ﬁﬁgﬁgﬂﬁn;3 gerl \%gtll?g% | anol i n
and synt het ioiel @isdthnof fHeawiresl I, a sypibabrolbtyge tadn-adte papurifissser oil, and
avocado oil; natural waxes, such as beeswax and carnauba wax; petroleum
waxes, suchformpnrdiainage g single sided qrd linited so lew hagissveightiwhicha| ky|

met hyl sil oxanegs .S heti c_waxes, ] t heti swax_and.,synt hetic
sper m wax; t‘%\?%‘e%g%ﬁ/&’ﬁl@\éﬁ%ﬁ vgggﬁl‘%lg%g?%%h%?%veﬁ%wﬁl %‘183.%% chai n

| ength O Ci#s@eg, | ncluding cetyl alcohol, stearyl alcohol, behenyl

al cohol, and dodecyl al cohol; al kyl ethoxylates such as Cl2-Cis fatty
al cohol et hyoxyl 8tk foiming3units 3eceing shephesmingishusry atiatlgwaci d esters

i ncl udi t hyl | m tate, I ner ! te..i | | ,
| Sopropyl’ mPREELEREY BBl FOGAOR ke kR Plidhy T P EREE P aur v
lactate, anfefwing thedbhthtroll Bhs ¥bahie 2N -watdiFkg-soB4E "Mt GRAYr 1§l yCOl and

propoxyl ated fatty al cohols; polyhydroxy fatty acid esters including
sor bit an paremavedsyy seiig one or tMPeddLA190Blesses; whiehis Uboe k382 - 24

stearates, sorbitan hehenates | ygeryl nonostearate | ycer.yl
monopal mi taP@’e@FV@e&Eﬂn Hﬂ%?énafﬁ? Y’%BE’F g’%"eetrﬂﬂ%gﬁgéﬁ%é@t%nd sucrose

nonol aur at e; i . i i des;
phosphol i pi 8§9§%e%ﬁ6%g81§tmi’xﬁﬁkQSllté’,Cﬁhihcﬁgépe %%%ﬂ%%& ?Bﬁﬂl% AEs!

eci thin; polyhydroxy conpounds) such as propyl ene

gl ycol ) gl yrecéepters.e Thexwhbtecbrgent ef threpape shifet candiesiedmebgdiyny| ene

gl ycol , pol ypropyl ene glycol,, an ol yet hyl ene/ pr | e | ycol copol yners;
silicone gl i’g‘aﬁ ?‘_gd6|t9rg?é’P§tai'n%ﬂcfgagr‘gfr?§?€r% l'éigﬂéer &f‘iag’é’}‘/'af%ﬁ ul osi cs,
pol yesters, d@?-gmé’hﬂyét%e fuad %f‘ﬁﬁéﬂl RIS EATRAHA B codbiaRd carnoal kyl

trimethyl quaternary am nes, benzyl quaternary am nes, nononethyl triakyl
quat er na][yt i itepsy _;dudt?monhgidmeqsmttmmm’ : xémmﬂlylfsg ssi'ile'soﬁsaedamat e&nary
am nes, fatty ac uat erngri es, quaterniz rotein c ounds,,. an

.guat er ni 2 ol He2RE8 O et al hpctieeh iz usta s B khagainsh th aFYeF SiHReh c
.Surfactants SUED i, @1 ! j Faaﬂ, 5?&0 ' Lfiterionic,
ani oni ¢, and-cat irg%l' ?@%?@ggtﬂéﬁg@@c@ﬁqﬁlgggh erl vgt veés}%/ete%(ri(s)tté%g‘?, and

f1 uori nat ed 4cim PO pedee by meight.aThe dvidd shoee ibealdmdepedtitheughuised as an

additive in the treatnment of sheet materials, to enhance the sheget
material's SeEssafirell ning, o spdugecthickness ang smepHbthesufaghicil as
organopolys&hgﬁqu&ngq*xgr qsiloxane, pol ydi or ganosi | oxane, or sinply as
pol ysi | oxane, "T's any of a large group of siloxane polynmers or oligoners
based on a structAr@regydfskéenthiafeRs hadnadBveidd fdricandealygen atoms with
various organi c radicals, hydrogen, or other radical substituent side
_.groups att apweduced ohel'eurdmuier-tppe papenmachipes.t Nencedelosithi eved by t he

attachnment of sel.ected ghem c . tional gra the sili ne ,
Packoone sihaberial: Shohae Didhetic Meronaay Hed tRBideds Bt AR aF ny on ¢ he
. I I : I . 2ot bat | radi cal
glr)oﬁgg. a'rl'h\g@h%lt%bebe I n‘iﬁg&;@g&ﬁ%@&%fg{ﬂ S, eBg%%r S, 6%%: Si o%%?glso ﬁ?i ons,

resins, and gresiss aSbbhdineagatts. Sutheyicildrophalhakapdpeahifigdyobt ai ned
as neat fluids, organic solvent solutions, or as water .
resistant to wetting, chemical attack, mechanical wear (folding),

weathering, and biological degradation.



a positive, neutral, gative = charge. Liquid i cones are sonet i nes
referred t oWe994%081 co | . The silicone may have strai ghPCd‘h&SﬂmlﬁBZ
branched chain, or a cyclic structure, and may be crosslinked. The radi cal
si de groups may each independently be hydrogen or any al kyl) aryl, alkenyl,
al karyl, arakyl, cycloal kyl, hal ogenat ggghydrocarbon, or other radical. Any
of such radicals my be substituted or unsubstituted. The radicals of any '
partic-alar nmononeric unit may differ fromthe correspondi ng
functionalities of the next adjoinjng nnnoneric@gggt. The radicals may

i ndependent |y be Sheapicabagentssian be addedbathe padp slumy efere paperes,

Dot oty i oPhash eARARIop BsdtRial BE WA ATl S8k R Yool RhReSeY ' 2
al dehyde, kehfief co@pléte orShaitial BYNE(Hfac s dARe AT YR €TOMhe

fal
oxypr opyl ene groups) am ne, anaa am de functionalities. One commonly used
type of sil i eddiivesispuitysiitisfatpridy retained ontorcin theysheetdramhy dilaggen bondi ng
functional gropp ,such .as am no, carboxyl, hydroxyl, ether, | yet her,
al dehyde,  kePBIRSIVERY.dé 1s Bevbrbpliseito Fheshegtctitacey Prpoess afddvesnal gr oup
substitution; };%:ia S6thel nd often
| ess than abgg?ﬂ%r(fadryoelyor pgfr;)(#ent : ewgﬁgghré%%&%éc%%@%a%opol yneric
and ot her nuhdditivesreninirre theSprdopsaties SRR pap& prodalet asucas fildelrsne

oxi de-di net hyl sil oxane copol yner, which can act as a coupling agent.
M xture of sFosinonstarahysizingagentssdyes and brightengrsveet-strengtitt i onal and

f ti | sili f | e, . m xt . Of | ydi.net hyl si | d
alkyl ene oxi tREbAPraReRert aftiiNRy bisbeatetingntapidvighe gt so be )
used i n & i Siifate Wrlfriatiet oAy HrdMaineahinicRl 6 b ARiEY Re6BAriald . A

liquid silicone or any other liquid additive material nmay be used as a
nonvol ati | e Manyemachme mpslifications dndpersiaryt bperagiomssatea usest fogol i d

dditi terials, f pplication, . . 'i 99119081 ,~ ~ ~ PCT/ US98/ 21382
6 The. i i FEIEER, PO APRSTS oF aPerint BEAPS AP ARETy MAHY BARSS PBRP s 1t i s
fl owabl e or ﬁﬁéh%d@%fﬁéﬁw_@@hﬁfé‘c@%iﬁﬂg%ﬁgﬁ b6RinE and Bpéciapcl udes

viscosities of about 25 centipoise to about 50,000 centipoise or higher.
Preferabl y ttalendexngitrgaimehntsocapabolitied.00 t o about 5000 centi poi se,

articularly if t silicone j.s lied in neat for nor e eferably from
Bbout 200t about Begeet ESREELPERRPe R By AuCerdoR Y SARNEbARE my be
heat ed and ”E&ﬂﬁ@tfc%ol?ﬁﬁlrb %é‘ﬁdé.té(r)h;]gc*fg\%ngﬁ,si'oh?& ’o[g%ggle}ﬂt ih¥ aYilitieenes

whi ch are thensel ves resi stant ng can be applied by Such nethods as
emyl si fyi ng wihenpileysapenianeet enh@ater thei hydregenibonding betwaen ahe or
dissolving it .in a yolati]e solvent ch .as hexang. The hi.gh vjscosity
silicone nayc%}h@t?s%ﬁgﬁf'%gbﬂ/ﬁ#sémﬁezﬁx the WSFerdirfBBﬁ’%se%u‘F}ﬁa%ﬁ’@?Hér | i quid
addi tive mat ggd&ll ek @N&Eki ' " Jh?]- of paper

ti ssue pr oduct%h?%ﬁ%eﬂlﬂr%%og’p%%eg[sgafsq%ﬁq@oﬁfgag%(?te %H\./ggi i;lt 1Eeﬁgegheet
mat eri al of sirength pafenctici,| whivhegersarellkiopnotidedbgvileaddidizsi ofibl e snoot-h-

or silky feeling to the surface of the tissue and thereby inprove perceived
sof t ness. Thée%leﬁFﬂ?@%ﬁa&[}kfé%BIW%S@'%n estasyeedydEeat sonme point after

appr oci abl o SXEaR0oYaRAHRRiBRIcAbATE HHRY, whioh SPF AR ARRSAdREC [0 20

sof teners, hyddaptveling. ng agents, sizing agents, and inprove handle. Linear
pol ysi | oxanes containin polyether.grougs i nprove the handl e and wetting.
Si | i cone conpound&lthaughymans fmcjionalchemicads capdecatded toithe wes static

chenae S LGRS S SO e SRR A

conposi tion PRYIRE lé’de§§‘Bkmaerﬁ'y&?ﬁd\’e@%baﬁ’ﬁr@!rét%‘?ﬁé&iin'tBe%‘%eE’.f’I‘B‘é e

vol atil e solvents. Suitable volatile solvents 1nclude, but are not Fimted
to, water; akremioéshasupéciakchahimlobp apphiedab thprempfavel of thet anol ) and

ot her aliphatic, al cohols; ketones, such as acetone) nethyl ethyl ketone,
met hyl i sobuPy¢iormedRapersvel in gnger thatdhey penform pafisfadterilitic |1 WO
99/19081 I ~ ~ P 98/.21382 -27ket oréleS' estgis sucﬁtafl nfthglwgcet ate,
ethyl acetate, and2BERMSSEEEPVErs 4 wWide ranee of lqWwWght SpRELS; SARRLATY,

met hyl t-but g} h@h@&&olddai@ﬂggzﬁémod@&dm@lm fRIAPAShE WRithfbdm! aromatic

et hers; glycol ethers, suc

i WD 99/19081 . ' ~ ~ ECT/ US98/ 21382 - 25emul si ons. ese enul sions can have
ne ol



et hoxy et hanol, butoxy ethanol, ethoxy 2-propanol, and propoxy ethanol;

gl ycol ether esters sucﬁ but oxy ethoxy acetate aét hyl 3-et hoxy
pt opi ohat e;welokasus1 hydr bons, such as hexane) he ne, napbirh&os/anst

. mneral spirits; and aromatic hydrocarbons, such as toluene and xyl ene; and
the like. Preferably, the additive conposition ~~~ contains only a small
proportion of volatile solvent which is{present only in anounts sufficient

- to liquify additives to nmake themflovva%?e for application to the sheet

material being treated. More preferably) the additive conposition is

substantially free of a volatile solvent or water or both. As used herein)

the term" su{iﬁwﬁattpdpt papen €osmeticdissaes pockat tassne, Papesitgwelser cent |

. f bly I th t .2 i ght t.and f bly I th
Sl S R R L AR
conmposi t1on. gdpf e SR AY hBQorlbfeBEy.aq@We'h =Bl BhorBBEE Papet havihg 0 be

-applied to a sheet material 1 n" the manutacturé of a paper” product, a

textil e prodfast absorkerdyewabéxhelideg capadty,tand weadstireregthyi Iddstiial
conpressed fluid to forma_ liquid mxture in . a clrgfed pressuri zed system
The additi vePapRaipdssus Mirlndgs eandensapcazboniging and ¥aapping iggades a sol i d

bef ore bei ng m xe i C r . I vi ded J orns a
liquid mxture V\hgﬁx\%%% é@ evf{p&lﬁﬁ??%%%p%é ste o. Is_ﬁ)l fﬂégg%tlg%‘ééspre and is
capabl e of bgidihict®aardahe 1bdsd SiruaiideldN\oEhe@RRELES @ankFally Adb ot i t May be
a liquid solution, emulsion, dispersion, or suspension. The additive

conposi ti on produsedipmaa ednyentaonalpdnermyachinen Yaxiows tisstieemachineessed
fluid, such as.to nmelt gt l,,quify seqi~sol.id or solid conpositions for
adni x| ng. ThaSHERRATe Mt Yt e AAMFaRAR ArrapeSthenk YRE % ompr essed 11 ui d
may be a | i qpbrBGhity! BPmif bR and SEREDADYY RhkES APGES. ODwirl-Bhre
conpressed fluird may be h™ WO 991 19081 ~ ~ PCTNS981213382 -28di ssol ved or

finely di spefeekradonhiglsspead)tissipe oyachupes ard gap abllffbrnery mdwereithet he
liquid mxture.. Preferahly, jhe cogpressed fluid is at,least partially
di S50l ved or driinges zane st ae’ STHRe somifattation cAndarpeant

composi ti on. feHtrd bthi1hafflef e brAfil b athi AATORIAY o FRE Wt ! e5sed

fluid contains conpres i n an anount iquid
m Xt ure capabugpaitedchropghdwhe. formimemressingt Andainyimg prbcessepr essed

fluid used will be at |east. about 5% by wej.ght, .based u he total weight
of conpr essedePFgRIS ARt a&ﬂ’gﬁegik?etﬁ’@cﬁ%@ﬁi“ﬁtg tigdpe rggbg%né’tn €LV hbout

10% nore pr ; [& JARREL of * ast
abot | 20% " anck Lge SBme e Be Al atcl oy LB R R et o essed
fluid used wside cidpeMheowet bheettispressatitifhtiychgaind) thdbighlyi-poliched
conposition, a the. temperature a ressure ysed for spraying. The anount
of corrpresseﬁ“ﬂgﬁ?'d%lbﬁﬁ%’éﬂq??%ewaﬁﬁq hood A may SHRISKHEY ve

conposi tion, L, js . i S S hgh that the
,excess corrpr‘éélsogg‘;ﬁlﬁ?%’péﬁ snéb{d%g@u%gr?%%gégﬁgggg&%téﬁgé ;Pr’éél?b&g?d rrrgti on, such
«as by not r etlwoughgdryihe whicheiraed hot dipehkough theskeetr mayr bensed domg poor

atom zat i on. i ng excess conpressed fluid can soneti nes_be gdvant ggeous to
reduce the rBt apam&wsm@raéwﬁ & dnay g§ may nothe ee,ere%

particul arl yp-ﬂ%rttg'%egﬁﬁg.o fCquaﬁd&a@eg%rg%mﬁe&L&) e Fhine on a

supercalender.

Sanitary tissues are usually creped as they leave the dryer to
increase water absorbency and softness. Creping ruptures fiber-to-
fiber bonds within the web to increase bulk. Mechanical creping is
done by peeling the sheet from the steel drier roll with a sharpened
doctor blade, which is maintained at an angle to the surface of the roll.

The quality of the creped sheet is partly a function of its



flurd in the liquid m e wll be Iess than 80% ei ght) preferably

| ess t han 7@&99apas1 nor eferably | ess than about % Fr equeifigosiziaz
liquid m xture will contain from about 25%to about 50% conpressed fl uid.
The liquid mxture of additive conposition and conpressed fluid preferably
has a spray viscosity bel ow about 300 cggti poi se at the spray tenperature
and pressure, nore preferably bel ow about’ 150 | a WD 99119081 , -~ ~
PCTI US981 21382 -29centi poise, stall nore preferably bel ow about 100
centipoi se, and nost preferably bel ow about 50 centi poise. The |iquid

m xture of aaithdsiom'releape propertiavhichmresdatdrhined bydhe wrypr spefaee f or
spraying in any of the spray apparatus disclosed in the aforenentioned .
pat ents) or ‘Elag’é\g-sui tabl e apparatus. The spray apparatus may al so be a

UNI CARB System S | & r rdso r i to
proportion) mx, uﬁ%@@rﬁ’é‘%ﬁ%ﬁ%ﬁ%ﬁ%&’gﬁ?gg‘dc%ﬁg sg?’tllpog%s?h\?mﬁph conpr essed
fluids, suchegtilénswen & shdels, foWelsapholstry2RRipeiaid, Araplry,Omid ngs. For
mxing wth the additive conposition, particularly conpositions containing
di ssol ved sowall castdringyanjl tefitilevtipateserve & varietynefindmsheial Sanctaens, he
pressure regul ated to &rggvent reciﬁi.t ati,on of solids during m xing, such
as by the met tire s derrammens, tehting, filtes mediss sonvesps beftR. | i qu d

mxture is %%Wﬁ%&yarﬂﬁféih?&;cteﬁferm iﬂeﬁ'ié"iﬁ'&ﬁ E)uBrcﬁﬁﬁ%%ﬁcetﬂ%‘Béﬂle?“ orifice
of the spraying equi'pnent to forma spray. oug I 'gh spray pressures of
5000 psig and hi dglextilee)areemunafactuired dr@hl staplecfibarsqfinitecaigtRs)odnd he
liquid m xture is bel ow about 300Q psig, nore preferably bel ow about 2500
psig. Very |Bamenisdgertinyous dengths) by s yariesy of prnceesses topfoyprwoven, )

or of or abl y bAoA PR b Eics? TR Rba iR aBal 1 oo ©

psi g, and nusd wovehrHin wdRenpradeets. 1IBYFovehhnd RAitEEE ssbyies, thed Wil |
depend upon the conpressed fluid that is used, its anount in the |iquid

m xture, andibgrsrandflamepts areforpaed atoentitinwansclemgth ivarsa, whigh spray
t t f the liguid .mxt ' f er abl | .150

brefer abl'y HeoHeR e thRtc by, eV ErE b PoRelbY b PRI "The
t enper at ur e glaahr MB¥xibte, WHelek 486k YirhictirsdaiiRhs5PARS Mytwévth

characteristics of the additive conposition, WO 99119081 -30 ~1
PCTI US98/ 21 3Fabrics are formed directly from fibers and filaments by chemically or

contain no volatile orlgani c solvent. In general, the anount of conpressed

physicaily bonding or interlocking fibers that have been arranged in a
planar configuration.

Textile fibers may be classified according to their origin:
naturally occurring fibers based on cellulose (cotton, linen, hemp, jute,
ramie, wood), or proteins (wool, mohair, vicuna, silk); manufactured
fibers based on cellulose or protein derivatives (rayon, lyocell, acetate,
triacetate, azlon); synthetic organic polymers (acrylic, aramid, nylon,
olefin, polyester, spandex, vinyon, vinal or vinylon, carbon/graphite,
and specialty fibers); or inorganic materials (glass).

Textile finishing includes various efforts to improve the
properties of textile products, whether for apparel, home, or other end
uses. These processes modify either the fiber characteristics or the
gross textile end properties. Such modifications may be chemical or
mechanical in nature. Examples of such properties are shrinkage

control, smooth-dry performance, flame retardance, soil release,



such as stability and heat sensitivity. Preferably, the spray tenperature
of the liquid mxture ¥% ve about 25 C) nore pref bl y above about 30
C, still r’rq{,gs,ﬂg%lerab y. ve about 40 C, and nost ferablyr @Q&yzgﬂ?bout
.50 C. Spray ofitrices, spray tips, spray nozzles, and spray guns use
conventional and electrostatic airless and air-assisted airless spraying
are generally suitable for spraying the |iquid m xtures of the present

. invention. Spray guns, nozzles, and ti-p? which are preferred do not have
excessi ve flow vol unme between the orifice and the valve that turns the
spray on and off, and do not obstruct the w de angle at which the spray
typically exicldéifosistadie OWkhtltdr reBistaies ] oféoditfslr sfdhtatic dhavgds and spray
.guns are the UNICARB spray tips and spray guns nmanufactured by Nordson

Cor por ation or G’I‘dxeoadzhltwrmmmmtmﬁ:atenaybeslseﬂ witbrbhatpresen®07-i nch to

about .025-inch nonmn di anefer are % referred) althougﬁvsmaller and | arger
orifice sizdRVGRHOMHIA fRepa chyg ok 7@}12@1‘9 UGS #EDRTE QPPEmPﬁé‘tdem red

appl  cat ! on 14 &rladdiadihld s AMRASLIAANY SindfBedhuShoBREa: 4 I

Devi ces and esl suc pr e-or| ices or ers,

that pronot pei'ferbllahﬁatofwte&gﬂé %Trédufstl oMwihich Redddignd tb be appliedrobior to
passing the mxture , , through the orifice may also be used. The

pre-orifi cetvf@p@ammah@e&e mmuf@pemeeofamteestde@gpdew | arge pressure drop
|ntheflowofteI| eor|f| be used to adj ust
the spray proper e‘és é}tﬁ%f 1?%'0‘35? aﬁsb‘(i‘;atee?tﬁ be a

circul ar Sph?diuaé”ﬁﬁyas%ée% rﬂﬁ%ﬂﬂ%a{tr&ﬁ‘tﬁlﬂs%ﬁﬁl@ﬁbéi‘é:Q)utcﬂ: is hofray be an

oval or flat spray as produced by a groove cut through the orifice, as

af.or ement i ohatited\toteitile ﬁbatstmtcbmay hlto amtain éﬁmrlma@-m@hsangatqtblef erred.
For producin i symretri tte avored. s desi gn has
two inter seﬁ?g’ftﬁ@ tg?ec?é\}@sg"é’tﬁ’l? éﬁ tﬁ EB‘BFﬁa]E’é o¥Ritpdhose S&flgerﬁomangl es to
each other. {Jhb$t which \Aﬁlﬂ{%%%jare not hmlgeli/ (SO AIb3E FiveRd PLAAULES T WO
intersecting spray fans merge to produce’ an axi symmetric spray
pattern. | ncd)tlten[am]chnen pnfoteheﬁbemsemichl asvwoobl; oellulose dripoteinm xture is
preferably afgra ed er conditions of conpressed fluyid concenirati on in
the 1iquid AP F’é’elgiiﬁréys‘ﬂéhﬁéFQYHPémda%Ptg% SYPphetic orgamspolypsiuce a
deconpr essi ¥ o S n cferred to
in the speC| Fggats;ﬁgﬁ%an al %ﬁs&glg&%lggégye%rnzggl?\}%lgg&%“ﬁioggaﬂ{ condi tions
wi || vary wibbers, sachddi glage fiber; andnhmlikmn’l‘hedﬂbpmmdbé Isuapll,e fibesspr ay

tip used, so hey gener IIy st eter ned ex i ment . Frequently
spraying i sOF&MamENts Pré‘ JBRYRE 9 4y 0 g @1%’%06 éB%ﬁPéS’lQr A
sufficient| Xsrﬁﬂagﬁs %Prtﬁ}‘e&’cises'i*ﬂé CekfildSRBUR RB) gleQY .eZanf h6h&RLLY, hi gh

sol ubility. e spray tenperaturé and conpressed fluid concentration are
then adj ust kditted gielteda kiocied) beadedcos prahetal i Itgnhpehalesa vadiety of

Whon't he coRpTERR IRt We B A SRS, BRI URseSencOSHPLIR POXHe | i ¢, the
‘excess comppesnitshihiledlagat oRIBRREAY B hSRErRAGY mhe i quid

m xture € &xcess conpresse ase i’s a nely dispersed

liquid phaseextlleE’IﬁfchIStﬁa‘I tékﬁle@pﬁlﬁth&sgcgafrhwﬂslﬁn@ae,@@éﬁs ltbwebé fluid at
the tenperature and pressure at which the ljiquid mxture is sprayed To
spray an adbapﬂaae%mnivﬂﬁtqrﬁncameﬁlwhierﬁ@ealea,twmlzcawmgsx msuladond nixture

of the addi osiktion and congr | |ra contajns the
conpr essed at%dsﬁrggé’rﬁf ﬁbvﬁnﬁaﬂeﬁa?ng tzlﬁs‘élg }ﬁg (g? ct én"’tyot’?&m a
l'iquid Comb@éﬁﬁdlﬁ:p‘l‘bgnm%ﬁ‘iném %Erc%ﬁxﬁd%[ﬂé%ﬁééﬂﬂ Uﬁ%a%rme spray

pressure is_desi rab y above . - mninmum pressure at which the liquid

m xture forhpnmgemqouslou:dmnee’smdtf layeieﬂrcaearat:tmhe spray terrperature
used. This technl que is disc é S. Pat. No. 5,290, 603 , WD
09/ 108! - — | PAYILs0deretend that & erme@eastelaagn@ﬁv.m% ?r\lsﬁ)ﬂ%h t he
.spray is foﬁ@&fa'at oP;Sz%%ﬁ{}Es WRER T veToRQldeféd th B8'botHYVpYSEr the

pressure thereéin nmus
product and a textile product because they contain both paper fibers

and textile fibers. Such products include, but are not limited to, dryer



sufficient deconpressi of the conpressed fluid orm a deconpressj ve
spray. Prefwoabhagsit he seous environnment is at O™near at npswhlssﬂ/misz
pressure. The environment will generally conprise air, but other gaseous
environments may al so be used, If the additive conposition contains water,
preferably the humdity is suitably |ow bo_r wat er evaporation fromthe
spray. Spray droplets are produced whi chigenerally have an average di aneter
of one mcron or greater. Preferably, the droplets have average di aneters
of about 5 to about 150 m cxons) nore preferably fromabout 10 to about 100
m crons, stisheatsder pofsepext)syurgicahgatnents, Sndustakadiovetalis, duetigapend nost

preferably fr about 20 to,about ~0 mi.crqns. The dec ressi ye spray can
broduce uni BARSSIVERHERE SRA OFAET FRRRPISIFR FRFPYLFIRtRERLS ARG ABPABELSS] 7o

di stribution, whi i | -of fiel I i cation of
the additive corrpg‘glletq%%s% %ﬁ%?éﬁéeré? m&gfﬁlﬁt%%E%@ég{ogg?ﬂ%g“ cularly-
when appl i edtHeopresehedhventiohtinciude plastic 'fﬂm@@?h&tfoal@mimaw@hwns&d in the

manuf act uri ng apparatus. Not only can the droplet_ size distribution be
narrow at a pleishic-teinfareed sheets, plasticimpregmaged ghegtiserubbensheptsbe very

uni form across , i he ray .pattern ich gives narrow poveral | droplet size
st r1 but i oneRsheTHEbRaeiRpTet ahedly. rntua Sheets curestt sBr el Matertald

over - at o ZegehddAde 'Rttt MARUIINAI B APOLE M BRaRGIRRE Lhe spray
pattern is frequently a problemwth air and airless spray nmethods. The

nar r owness omageriabp| Suitable pthisticrfibns includampohymlgiin dilnyy suth agpan. The

span is defined as (Do.s - .1)/Do.s, ere Do, ~ is e size for,_which 50%
of the dropl%‘?elyﬁg]l‘ﬂt“réet?d&d BRPFbRYICEE: ¢ edilrp, %ﬁ‘qeﬁﬁl&?@aﬁgl%erage )
dropl et size dhel ' | 1Q% Qf:y 99/l e~
bCr) Usos) 21 Bt -aégielg?voetpﬁgﬁf\?éqaénéégﬂgsihg%l efrlagsl})fzeg,&ezfﬁgpﬁo&%ee?gﬁ%ﬁés si ze

for which 108amdbleif beingbeht vpflered ascH as gdlensheifg Bhebpedibl worirte
droplet size distrjbution has a span | ess than about 2.0, npre preferably

| ess than abem@ ol Theiflexibie shest anay b pprpuser agntignans Alng or and nost
preferably | t t 4, . r S .. per cent age of
particles t hsgfese%;ﬁ Brelg?g’t)é ? #ﬁ?(}’ lgﬁt%gégﬁér’glégﬁg?pegds’é)? vaeér?&éég%lfgati on. The
desirabl e spavaterial. Yefyaybé hobltzedrphs oathalti-laferbave di scovered that the
narrow droplet size distributiont ~ that can be produced by the

deconpr essi ve spr Apejadditiverompasiidon ssed iveith thaprasent mwensionom di ti ve

conpositions_ta idly e ee st r at in e cture of
Conor ! et PR e o MBI et Siba Ak Sy cfinl B TR ACAE OF
with the favaddithe Sidtayial Which iy capablacdfertilehstCadhdrifg b, serdtratial) em t hat
| eads to poor application efficiency of air sprays, when applied to a

rapi dly conveybeinghaksorbed hyhe fleaibiashent statgriahipndpshinkampdifigeer al ong t he

sheet surfac rtigularl t hiagh eeds. arge propartiqn of the
droplets pr o%ﬁ%%'gcebsyfhﬁ ros%’?%ﬁg oa%grﬁ%gx%ﬁ‘tklg ‘%Eﬂ@%’?gﬁsx lﬂ%sﬁle?% boundary
| ayer, so thgyodi®, sMeilicBiedesited 16 beidpplicd o leRRAO FReOY RIaIBFiAY inThi s . -
problemis . nmade worse by air sprays being highly turbulent. But using an

air w spray the manufactpare efiaeflegblesbpetepraduce. produces a hi gh proportion
of overly | arge dropl et whi ch produce .a poor gual ity appli i on .and

t herefore can not euﬁetﬂsb?%ﬁlﬁdﬁ "P’r]lf)g'c’)rll’l’ﬁdﬁgfoogéﬂﬁﬁéecgﬁ’i’é’rgﬁ? V’égs‘f:'ve
spray produc Y i {{RUuLL : J aver age dropl et
76 chn be- RaLBABIARILIR, B I8 P e, e i o ) o g

dropl ets. | ncadbination thbeeddeaniva eaperceitiqldiuid sdepagrdihigagu (i) thess

turbulent than an air spray. Therefore, the addjtive conposjition can be
appl i ed wi t hPArtasularitemRraraure ANE Presreds waishdt sepabisctasdh (dhhe

| . t . F '- 1 . i e
Gecompr essivEAag: BpPYGER RDE Aid o8 el Brb BT e SRRARRE Pl ceq ¢ e
sarme pr 9pOr { bR femprifhd akkORlical prddGEUSOEHORART W whibh Buer |V 1ar ge -

droplets (2% by volune) as a conparable air spray with an average dropl et
si ze of 20 nitsrgaseoudistatS at stamidard eonditiassofG® Celsays tanperdiaralang t o
apply the additive conposition with nuch hi gher application efficiency.
Fur t her nor e, ongatemnspbere abpokive ayesswiet(R T e Ascasndohersinye spray has a
vi scosity of 2000 centipoise, whereas to be sprayed by the air spray in the -
absence of using a deconpressive spray, the conposition has to be diluted
with volatile solvent to a viscosity of 100 centi poi se. W have al so

di scovered that in addition to inproved application efficiency) the
deconpressi ve spray can give inproved application quality of the additive
conposition and therefore can provide inproved products. The uniform
atom zation and spray patterns can provide a nore uniform deposition and

Y . o " o e

be substantially |Iower than the spray pressure in iider to obtain _




Furthernore, additive conposition penetration into the interior of a paper

can cause undesirable de.ii ng and weakening of th hesi veness and
t'ensil'e st rv@‘(?%/hsm@f the -3g@¥et material. The |ower t | encepdfiigds3ng
_ generally softer spray that can be produced by the deconpressive spray al so

applies less stress to delicate paper than do ' air sprays, so nechani cal
integrity is less likely to be disrupted. As nentioned, the ability to
spray viscous additive conpositions thatlare substantially free of water or
vol atil e solvent can al so provide superi or WO 99/19081 ~r ~ ~

PCT/ US98/ 21382 -35 application and product quality, such a providing |ess
absor pti on OfgpeRtitithl AidNi0a HREAtHRE I O 2 Pbmipeeasiieaindpebssasal ts in a
_snoot her, softer surface to the sheet material's surface, such as paper

t'i ssues wi t hsiadsthatitistatoabpyve,on slightly Felowpite seitical posnit i on nay al so be

used to apply a drjer water borne additive conposition,in.the nuf act ure

of a pape?ppypducﬁoﬁp%‘is}d‘&ﬂl‘é“HP%E%PSE At S E"Eféﬁ@ﬁg’r‘éégit & spray. For

some app! i cap} 0k, ihheRBYnRRRECHAE Yo bt Hhltbd S0 BhBEn WoAdE0! vent  but
e e to be abl'e td de

it may be deSira I'Tver a drier additrve conposition to

the paper ornitgghs beideaeh indnia, Beamis @thinge, dtholanes popane prayyleaeabl e to
atom ze higher viscosity water-borne additive_conpositions than is possible

with air sprbytane ieohitiane, apdimixtuges therepht Erefopably, theicempressed

conposition.gan,often be significantly reduced. her nor .
deconpressi v ué%f'saQr TES %5’618%88 ie§'c§' Vé]féﬁmiagﬂrp‘? C gééﬁe% ac;%ége §€%$&F ation of
water in thersddhayed HOneRE s%&%bnbﬁfoﬁ;%éiﬁd'Thé’ﬁti@ﬂmﬁhyltﬂ'mﬁevw ch have a
conventional water content can be aptﬂx'l ed drier to a gaper or textile sheet
mat eri al . Asaboermadioned rempressed flnidsinphe practicsotle: pBBentat er - bor ne

conposi tions. have. even,.bgen raydrijed in anbient air within a shorgt
di stance of ientismyilldeneod unqm Fas srmpogiyian Rsesh the demBeratine s e nt

| nvention i tpssR0s %FQbﬁlifcﬁfiowahﬁﬂ‘th%riﬁ@rt%@@é hh¥&t&BIRYfthens to be
deposi ted sugstantla 'y dry onto a paper or textile sheet material. For
sprayi ng, theompatresseddime. alNitirpiis @xodmplmildibemsadhonly woldraiads andt er and at

| east one addj tive rial_which can be vy eqs . .
stable con 1It(1aons. Due to environmental compatibility and low toxicity,

carbon dioxide and ethane are preferred compressed fluids. Due to low
cost, non-ﬂammabiiity, and wide availability, carbon dioxide is
generally the most preferred compressed fluid. However, use of any of
the aforementioned compressed fluids and mixtures thereof are to be
considered within the scope of the present invention.

As used herein, the phrases "additive composition"”, "additive
material”, "water-borne additive composition" and "water-borne
composition" are understood to mean compositions and materials that
have no compressed fluid admixed therewith. An additive composition
generally contains more than one additive material. As used herein,
the term "additive material”" is understood to mean a chemical or
component or mixtures thereof that is applied to a sheet material. As
used herein, the term "sheet material product” is understood to mean a
sheet material, to which an additive composition has been applied.

As used herein, the term "manufacture" is understood to include

the making, production, formation, or fabrication of a sheet material



dissol ved, emul si fi'ed.gr di spersed in water, an ich may contain other
“ingredients, such as uitable surfactant, is.a xed wtth the compressed
fluid, preferably carbon dioxide or ethare, to. forn1a Iqu|d m xture |n a
closed pressurized system The conpressed fluid na be present in the
liquid mixtuxe as a solution, enulsioh, dr a gaseous or I|qU|d dlsper5|on
preferably enulsified or finely dispe&%eﬂ We have ~1 WD 99/19081
PCTNS98/ 21382 -36 surprisingly discovered that even though the conpressed
fluid may have little solubility in the water-borne additive conposition,
by using an BRAH¥CEie@Soredilspsr $8¢ chapgdaged mandips lgitdsa,in the |iquid
m xt ure, thecspvaysaan,uadEegetaonrandlmpdnEHDGMuanlw¢ummemeEE$pray to a
deconpressi vmaspkagl.as the conpressed fluid Ievel is increased or

tenperature is ingseaged) hbPednBRRG tehil "@blvankhatl sf ahdealsebolyr ee

conposi §i onsy jaylog éb Behtg Hslcgaﬂeéﬁﬁgd i hith g5 QU aE'Fy ypling

sol vents, Sug Vgsngt SggFg &c? u? §r0g% %gg ycg8 et erﬁ and the
a 61 i

| i ke) or other g gk £ % ty of
t he conpress®t® fFﬂl Pn-tHB: ﬁaFE? GoPhecqt FFF9BSCB 8 PPlo gs di scl osed
in U S Pattemeerstuirsg apg OﬂFtﬁéﬂgﬁPUF§éo§P§Pé§tﬁlBﬁéﬁspﬁﬁn about 2000
centi poi se may beTEGeEEFhOQSd@éoﬁbEe§§ﬁ$en§pnayehtlborWBN behesedt er - bor ne
additi V@ confosi thensprby gepkiadtyohavé anveddbdsivy bempwsabdoh 2000
centi poi se atomtatnpryastir be@t 26n€, aﬁaﬁfﬁvabhytbeham/abouhe1500
centi poi se, mdHerREEhesadtyabghpurapedtiudfP0sGeRt LBOLSEisa(d pRBE
preferably helow,apoub 700 Gﬁé'tﬁlé’z‘? fsctiﬂ?@ 8eDYNE ¢ m@rfgisaasé fluid that
is used in téﬁi%lf&%%gﬁﬂ%tyﬁget ter-borne a d|t|v conposSi tion
shouldlge suc he co ess fIU| enalns substantially
finel y dispersed’i aqjgﬁ 2§; e atonlzatlon
Preferably CREPOS aé’ saé’H]sl Yh&i sper sed
i qui d phas@rﬁtseé’&pér”é’ﬁnt 1@@I insdpeenta e dn d’aﬁ-'rle%"é{ncéf eﬁcicb]rtlb@f‘ng admi xed
with a wat ethBsr perfedint oy &agdggosiali dvnctiersomoandwidarsy wish ai n an
organi ¢ sol vemtiedy afopheopectiesndnt tiie cihdex mageEhilal windattae conpressed
flui d,2a0 her addiedse magetrieleodpr edseddditidd edhprovitieod iwHildh phase. | f
the amount ef ﬁQﬁpE%&&%dnfb&b@e&%lﬁ%ﬁQ&SUﬁﬁﬁbdﬂdﬂlstldéwﬁﬁﬁﬂﬁhan desirabl e
agg'Onerat'QﬁélemEQ%rQQEBV%%%%QéH'&d%d%@lﬁd”ﬂ@'t ddgiti d m xture,
whi ch can befouR+ARKE 18ich hiuel! bulko /7 RiR! rlﬁ'ﬁt%dj Or{e Oe%%ecw on.
Theref ore, gg@ehg&ge%mgﬂﬁaghklegu@@ﬁégat

P ent in the

PCT/ U /21
i qui L prérera: §653§§°Pﬁéh ) 6% pr ef er abl y
| ess than a SBPn 5 grepi recB?@F@ﬁabP?aFés§uPﬁ§ﬁe§5but 30% and nost
preferably FB§§aFﬁéﬁtab8&ﬂrZHPXrTE@laﬁﬁﬁntr@ﬁléonﬁﬁéé§bd fluid present in
the |iquid flgedeeins gelpsast, afdygmno by oWriesierr ev®&cs fGilea,l i qui d m xture
capabl e of tdtmanygialdtcodaphtssbeerberayflahe astamrdan¢équianéd-wi || depend
~upon t3te visrbdahy, andtehénl ofreaglrapcepepkirdamef, teedsataert-borne additive

" conposi ti onanThBaktavidl mhykHEs ahe&mri&%bl@qntagkem at | east about 4
percent CO”HiEﬁﬁ?QcEEth pHQEﬁaEéGE?E%@'ya%%rlﬁaéhtab%%%egloﬂerCent

d 10
ggggig::gd %#U|§%e§%| H? § B?S L Qh¥%gkak§%5gg@R%Ut pefggﬁfnéonpressed
“fluid._ The ¥ %Pgr%g th ﬁﬁt EIESFﬁe aPﬁlé§e88prS|t|on is

pr ef e@bl y %5?%§Eﬁaﬁfvﬁ't8 EPGFARE- aBHPECEBBG 362 ﬁﬁFé'preferably above
about 50 C,imh#P#BIF, pme%ﬁaﬁry sh8Wécaboagess  cangnghgt 1akgressure,
preferabl y Bbevaddbbive1nap beig, Prodacpr eﬂdn&bwy abowepabeassiag@0 psi g,
t hat gi ves addecbwer essi ve spray b~ passing the m xture through an orifice
into an environngnsosteh@bl esfon wdbetive material that imparts a
40 perceived softness to the product. Softener additives
include a variety of

AMENDED SREET



evaporation, preferably having a low humdity level. One or nore dry _ gas
jets, such as assist gas, ich may be heated) may b pplied to the
deconpt essi ve spray to’ wase the rate of turbul er@ Xi ng or tenperature
wi thin the Woraag9t bot 7 T n order to increase the evapor at i PCT/U89821882 t he
“water. When carbon dioxide is the conpressed fluid used wth a water-borne
additive conposition that is sensitive to . a |owered pH | evel)
~particularly to acidic pH levels, the.gg of the liquid mxture may be

controlled to prevent precipitation when the carbon dioxide is adm xed with
the additive material. Preferably, the pHis controlled by using a pH

buffer, such.as a carbonatel bi carbonate butfer, which regul ates the pH at
Sbout 10- TGRSO WaKES 163, Alo0Es 50nd piier Materiplsr i Groahisnt
--38controll [ ‘] basi gnasluz) Safdgoni a,
sodi um hydrggiagl\é?&%ig ci%%g%é?{)@}\aggg?@gﬁ’d ott & s Pltl%%?ﬁgyg{rigg%ﬁt nvention
may be carrimdisttized) crslegnstivy skizd. PmpHient fdditives inchideexvarietpheet

-mat erial manufacturing system including converting systens, known to those

skilled in tHeily waxeacand falyaleohoinr Amudrophtizerypan addisiyser naki ng

hi nes. The_additive . it Li ed h i al
Wt hour s gARpFeh At RERRER R ARterdEnlEnuBins PolyBSERIRT G hg. oper ati on
rate. The adgintddifhdsO MRSl ofBichA BARE RN ahiaet R petticber

directly or indirectly at any point in the manufacture of the paper)
textile, or thegpinmypartsbébhe tpeatddehset Madexiehumlede fetpyElcadhmlsi | e, or

fl exi bl e sheet, mat er.i may he unsupported or, suppoyted. during the spray
appl i cation @%&%ﬁ'@ma@&y}’#ﬁ% eé’fﬁ‘?llsl(glbblilﬂt ’htge W%‘gwl%ghi tive
conposition 1 i J et
raterial 1o AaletifoRBRLar g Rl pRRexs AbHRy, Bl ANBKALS, JER
conposi ti on preyedtios), preseppaiiees 4nd ahéioshdbatts(ptaictlintigrityy, ot her

oper ati ons. di rect ?ppl i (iatl n net hods t hat mayqiée used in the present

I
i nvention i r?égeaﬂ,at% atty alehols (Wetabality, pracass\Aids). fragraneeti ve
conposi ti on ' : . om whi ch the
additive co E%rgl égﬁaﬁ géﬁ%%ﬁ%?%?@ﬁ?ﬁgﬁgggyg%ﬁé%é%%ﬁé? gﬁSIl?'he conveyed
paper, textile, okdditird)ladditiceimateiiald that Maprief esadih thapsicticesof f ace is
aroll or roller, such as a calendar. rol] or a kiss roll. Qher transfer
surfaces thdhepresenisinvention jox@ varety efpurpegesunciuds, buttarecnetd a
conveyor bel ' t end i -1 t A t conveyed sheet
mat eri al . Tk%’iem reg@f g{ﬁ@bﬁ%@gﬁ%@:@;&ﬂ%g@ ghaa%f(ﬁ ee\gﬁéez)é{eh&drhe additive
conposi ti on dlkyhneflsil ailisorapppeadldumibasbe osiprayludingehineraboftardast one
surface of the conveyed paper, textile, or flexible sheet material. In the
manuf act ur e R§trelapamsa @dls. schyas minkeoil and \gnalin;drrsvatpesd Usos/ 21382

e , o gheil .
| cnst one ouRPaRD o3t SR NRORTBRN R chih REIA! SRREBUIEREE, T e

conposi ti on gibyaditavgraldoas];aiatarihwaxéd)@ushtasthds@axtnd emchakbd he
(paper maki ng operation. Preferably, the additive conposition is applied to
t he conveyedvagnpeirelenm Neaxgsphswilsasparaiiim aed cerestre wars piltnoned, nore

referably a r th b .has_b tantialhy.dried. The,web nay be
gver dri edyor‘{'%g%ﬁ’éiggb\fﬁ%aaelg?’ ?gtf&ﬁ? lrlglltf(%%u%ghg at tﬁlrcevlv %5 ?gx"’}sol e }s/heet
product) thesyattiktit beeSWERAHd éﬁthbﬁc@b@fﬁr\aﬂk;?/ta@léw;ifﬁﬂtyt #lcgholsaafch one

surface of the conveyed fl exi ble sheet material.
as alcohols having a carbon chain length of C14-C3p, including cetyl

alcohol, stearyl alcohol, behenyl alcohol, and dodecyl alcohol; alkyl
ethoxylates such as Ci2-Cis fatty alcohol ethyoxylates with 3 to 30
oxyethylene units; fatty acid esters including methyl palmitate, methyl
stearate, isopropyl laurate, isopropyl myristate, isopropyl palmitate,
ethylhexyl palmitate, lauryl lactate, and cetyl lactate; fatty alcohol
ethers, such as cetyl glycol and propoxylated fatty alcohols;

polyhydroxy fatty acid esters including sorbitan palmitates, sorbitan



The distance fromthe spray orifice to the conveyed sheet material is not
critical in the practi of the present inventi on*néral ly the

sheet . mat eky hdd D rayed with the additive osition 1
di stance ofw(zl1 9(4‘\3?&14 inches to about 24 inches. A distance of Pg @ﬁ?ﬁ%‘:‘?znches
to about 18 inches is preferred. A distance of 8 inches to about 16 inches
is nmost preferred. The distance used will depend upon the particular
application. Electrostatic spraying mayz‘be used if desired to increase
application efficiency by using the nethods disclosed in U S. Pat. No.
5,106, 650. The spray may be directed to the conveyed sheet material by

usi ng stati gpednates, dorbitandsetdiid@e s, ElFvergdnG ofbsteyratd, plyrher

arrangenents. Miltiple spray guns nay be positioned to give overl appi ng

f eat hered spnenopApuisate, @lyceryp monobehgnatersncappt mumostenarate,aysl conveyed

ey appl | cAUCEHE TBAP 1A e FY R RS ARRF T bRl P EP Oy v o
SUbSLant | al oty Lt GG ALEL RSRIONEAL eckHinaRBIyIGRIrbED B panase

desirable) f smatler orifice sizes a ray fans are

favored. A pueh@s propglemy glieol) dvcdriné wthiogylatedutlgcdtige spray rate. The
speed at which the paper, textile, or _flexible sheet material is conveyed

during the folxglyeensls.ealyerhylens glycol,nolypropenpglyradcande of ~~~, |
WO 9971 9081 PCTINS98/ 21387 40t h t ] t:i on. | Ly _th d
WIT be. thaPosiRatearamyIens Myl saPtkaqheE il e alFaRbpopiels °P°°

converting QRRY @podPmers, SRA APRAFlics)E I MRS ELs) PoBRRE3! hid ¥ehFsM ned by
t he requirenments of the product produced and t he machi ne used. Pref erably,

t he sheet nuuaternarysamaponiym compeoyaxdst sucl asgagroaknyd tximmthyl Al t hough |
sl ower conveyi ng speeds.nmay,be used, ,generally the speed w.l|. be above
about 50 metALPRRARY 2RIRES, RERgHT GUBHRE TR RBIoto P MR ACBYIIFIARY] of or abl y
above about qlé@efﬁﬂynam%ﬁéé,|ixﬂm5§oll?ﬁﬁfrﬁrﬁ@&ﬁrﬁ@ﬁyﬁnﬁﬁ%‘,tsiﬁg&éﬂ mn if

suitable for the application. For sone products,” such as tissue papers,
“very hi gh sppadermay dmines dattyuadid apratbnvariaboytate@fired pioteinThe anount of

additive conposition applied to.t conveyed paper, textiJe, or flexible
sheet natericamﬂoémrﬁi;‘t ag&qq@grn{zggﬁﬁgo p rﬂ%_tlﬁ?S;t"d@e %‘t"efjgét_ﬁﬁltﬁ’nvenjti on and
w il generalihyudehe AnifioR sufadahld Cllinhs atibhikCaIROINpSIAAN oRP! | ed and

the properties and pertfornmance desir e partic product, which is
known t o thesepbdlyiticedwitteriomigranioiie aadoeatiomt smtfidtants; celiploset i on
applied is generally a bal ance t ween rformance and cast, It is

general |y de$Fivaiees; proeans; andflyornat mp%niﬂfmg mategBlosi ti on

necessary for desiiig DHYSRNGRlolF YseR A BhuddifiGe i VBL 1BarsRliSer

applied to foxma soft tissue paper”s east an effective |evel
for inparti rsheat heateriads toiehhaneathe ishesbhiatesmlspriopertjepand The m ni num

effective leyel wil] vary depending_ upon the particul ar type of sheet
mat eri al é‘/glﬁlé%ct&ﬁ’éthﬁe% cone.Alae kawmeasorappeplysilexdd.al |y, anounts of

tr
{1 ahed badebiBRNGblIB el S BRRLhnRstio S U SAILES AbintESaB, 10, (o
facial . tisiguss 4 baiger gl ofdiidxaeespdlypiersrsligonihiel Inasdurpant s above 5

wei ght percent show little or_no inprovement in softness over the |esser
amount s and steictyse eppsistiderf alsernate mabieom andaxygengitemawitinrariene al so

kel y to | ayend Boheet R ars i, Rl bt blnerie O ORMI WAL T~ ~
attached to the silicon. Different properties are achieved by the
attachment of selected chemical functional groups to the silicone
backbone. Silicones may be liquids, semisolids, or solids depending on
the molecular weight, degree of polymerization, and substituent
radical groups. They may be in the form of fluids, powders, emulsions,
solutions, resins, and pastes. Silicones are usually hydrophobic and

can be obtained as neat fluids, organic solvent solutions, or as water



On the other hand, additives such as | otions, which contain ingredients
V\ﬂich are meant to be tr erred to the skin, may rally be applied to
t he sheet i in a ter amount than additiv hat are t J.ust
_to nodify {%g%ﬂ’g’b’erti es of the tissue itself. Al though |essB‘FT’g’S&g7r‘é§t er
anounts may be applied, the additive conposition will generally be applied

in the range of fromabout 0.1 to about 50 wei ght percent, based on the

. wei ght of the sheet material. Typically25the anmounts applied will be |ess
t han about 40 percent) nore specifically | ess than about 30 percent, and
still nmore specifically |less than about 20 percent. Many additive

conposi t | Onseﬁu?%/ib??.e’ﬁ:%@kie%‘uis'ibr?é@ﬁ'hﬁvé’fa Ve Oneutrh® ciifative Percent,

nore specifi cal rom about 0.3 to about 10 percent. Sone | ow | evel

"addi tive conglomigei diguid eilitenies alrk soapgiimes refersed toas silédome caboThe 5
percent, nore_specifically bel ow about 3 percent. The physigal formof the
addi ti ve confibisone Bavmhave agstraighis ebran 'q]@,mo?rﬁlcé'ﬁh‘bl e sheet
"material is pot itical th ce r inventi

pref er anl v, PRectfss: e HroRURTaE T8, adteel oF3 Bousl B Bn.
nmaterial is jpiependertlyald Mydiigedrdh ady allaAphigld atlekhyili ¥Fka9TMaskiyton may
be in the formof a continuous or r ' discontinuous filmor coating, or may
be a random cytieadpl,ihalogenatedphydrooarken,tarmihar zagiwal.ecAmy efrsuechnsi st of
di screte dropl gts or rticles. The applied additjve c sigion may be

1 au 0. - sern Sirals Tl Bt subhiuted 6p QORUBRIBR A T Uf sATOR 0 45 MThe

appl i ed addi}) AR dd j mat eri al or
remai n substgérlll;f?ca Py on ‘%‘?@SW&%%@?@?QH f/l?é)‘t:‘?%ggs ppli }elg addi tive
cgnposi ti on Adletionalitiestdfecheheeit adjorringlmonombridamit e Thepeatiedpphayat i on

treatnent's, such as heating_ or drying, ,may. be perforned on the sheet
material contgeRePRgen @%ﬂh%@%ﬁ?% fanctinnalities Sieh as silogaies 10081 ~ -

~~ ~ PCTNS9 - kql r : t .l on have
been descri BEay iigxie difafeR EhEpoRAil-Rian, e HIRRIEGAAR oMY |

met hods may éfa eapiety of ot gamticfuactiohilities; infclwdinighddeehdhoearboaylisout
departing fromthe spirit and scope thereof. |n adg‘j\ti on, thqgse skilled in
the art willapdcalfehyde; kgtons, esters pther, polygtbensnshasioxyathllenssri o t hose
specifically L iN b i n sheet
materi al pr O%@gb&%&@f ’ ﬁﬁﬁglﬁd?’tﬁlﬁ\% lf:@céerr%cr)fs? ﬁobgﬁt%gh;gﬁgﬁ%%&{%di fied
sil'i cone sof hedetypnef diticone is\polydimeykdlsilokage cCahbchnmdiyoxakeaas t he
conpressed fluid by using a UNI.CARB System Supply. Unit with a UN CARB spray
gun and spr apyerqgengmnyng fupctigng} grapp pueh apamine, savherydi yd@xph Nor dson

Cor por at i on. | QL 1% t f and a
pressure of ?[%8’ géwtﬁefgzﬁi g%llr&fddl’oxf?ilgé’g%%g%%tersgﬁ’ gdn 0 %éfb“g’sma{}g t
provi ded an tigfirdtidnal gratpasubsbisutiog geedaly beingléssithahaboasing t he
carbon di oxi de_concentration to_25% produced_a sqfter, feathered spray
pattern. | ncFolay Rgraens ang ofsen desshan abortehe melaspereentoos produced a
deconpressi ve spray: havi f nd..f1 1 zation.
This high level o c‘g)?'ggn 3?6%?%ém%ggg&nc:%pggﬁ%ﬁ%%??d&v}ﬁe%Eglflﬁieﬁgddi tive
conmposi ti on aihotkesri€ 8ll6%ahs en Seritls, aRith £04h @thyRie. oxidéldimeehylaper sheet
material was sprayed and a very light anmount of the additive conposition
was uni f or m gilexané eeholEmsvpwhich can agt pi@ eaunlingpgent: LMmhuegg{) ay
conditions as.,in Exanple;.1l,, an additive conpositi.gn_conprd sing a nodified
| anol i n soft @H’é’?nﬁﬁé‘ln%)%?}st?nb?/\ﬁge‘g & e eﬁ@&?‘&ﬁ?‘?&‘gﬁﬂo‘?%‘% de in the
liquid mxt UhanfuTﬁut%rm%@He&fbsaf&i%mmgfé%mumwpmafm@mﬁéﬁ&ké&m fan
pattern ' WD 99/1908 ~ ~ ~ N598/ 21382 1 PCT

. and alkylene oxide-modified polydimethylsiloxanes. The silicone may

also be used in a mixture with other additive materials, such as
mineral oil. A liquid silicone or any other liquid additive material may
be used as a nonvolatile solvent to dissolve or disperse other semisolid

or solid additive materials for application.



sprayed and a very li anount of the additive ¢ sition was unifaqrmy,
applied. TwOvasésan di OXI de concentration was then T ncr easedP@RUSRI3IBAhi ch
produced a two-phase liquid m xture. The higher carbon di oxide
concentration reduced the neasured spray rate from 76 to 46 grans per

m nute. The spray uniformly applied th&edditive conposition to the paper
towel product. EXAMPLE 3 1 Using the sane apparatus as in Exanple 1, an
additive conposition conprising a quaternary am ne salt was sprayed using
20% car bon di oxi in the.liquid m re.,at _a tenperature,of 60C and a
pressure of 1100 fntﬂﬂs&?lvgﬁﬂBﬁ&XQgttg%ﬁﬁmgP&WQ% AEH MAGLY:SO RS spray
pattern. I gt SaRwabld G & B A HWRIIO GG AN dabioh) 4rRId 1t he
pressure to 1 psi produced a two-phase |1 qui xture and a slightl~r
wi der fan piidlades viscesitéespeihsiostiZRetentipase 26 aboet 50 00gatipvisk gery | i ght
amounts of additive conposition were uniformly applied to the tissue paper ~

sheet mat er higheri Preferahklyshe HEsgomtyrisdrom; akputO0staeberpadd® us as in
Exanple 1, four different additiye ¢ 0si tions,yconprisin 1) an

absor bency SGMABYSE: Bﬁrtd‘é‘ﬁ@ yn}fﬁg‘elsé'ﬁ{:?l}ﬁ lﬁ,?papqhétﬁia]t"eg%%tr%rg?h’%g’?e and

' pol yet hyl egﬁeﬁil@bls»otrbd Zboh 8200 it abbi} 2000cshtinBise! SediLMRY edolidn ne) a
surfactant blend, and propylene glycol; and (4) silicone oil, were all -
sprayed wi t hilRo%es anaypbedhanted anst meltedfor application. d0desixed, bighr essur e of

1200 psi onto bulk . tissue. sheets. Each demanstr at ood at om zati on.
S98/ 21382 \WHSS98ItY GEkcanes whic Q‘B&M#ﬁ@%f%ﬁ}a‘}%w&f G G ke

compressed TPOLATRY Gih R AR LI ROSR P, S BRet Mith by
Graco) w t haguibdlaRArSptat cvdissalivingriayn tai yolafite dolvent bueh agal (. 05 gpm

preorifice panufactured by Nordson, The liquid m éture was sprayed at a
t enper at ur ehgrane. Fhemhigh piseasitiy siligone may gdso bevdissphied, gryudsiied,

concentrati > Nols . 3 | spray having a very good fan
pattern andgffiggé)eggg(:{n&fzg&%%gﬁgpkgugﬂ?%ﬁagg‘e% gfglgégon di oxi de was used with
equi val ent resul Fpr ihBtendelbnalthéahy oPimproving tHe dedldd papesaidsuat i on was
used to finely control the flow rate of the surfactant which in effect

finely cont PsPduststiido inenmporatiie silieonerpddibivadntnthe sheat mateniakelock web.

T oower Sk Alie HADetP SHHEIA 1Bl o' pHBVIAYR WBLirBhI S oBElTb ' VO V@S

silky feeling to the surface of the tissue and thereby improve perceived

-43that was soft, w degand very uniform Atissu*per material was '

softness. The silicone may be applied to the tissue web at some point

after it is formed, either before or after drying. Silicones are also used

to an appreciable extent for ﬁnishiﬁg and 1mproving textiles. They act

as softeners, hydrophobizing agents, sizing agents, and improve .
handle. Linear polysiloxanes containing polyether groups improve the

handle and wetting. Silicone compounds with quaternary ammonium

groups can reduce the static charge. Silicones are also active at the

surface of plastic and synthetic fibers.

If desired, at least one additive material in the additive
composition may be dissolved, emulsified, or dispersed in one or more
volatile solvents. Suitable volatile solvents include, but are not limited
to, water; alcohols, such as methanol, ethanol, propanol, butanol, and
other aliphatic alcohols; ketones, such as acetone, methyl ethyl ketone,

methyl isobutyl ketone, methyl amyl ketone, and other aliphatic
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alt
A' et hod f og, ray a cation of an additive co sitio t
mat eri al duridn;gb(?lt9 e manufacture of a sheet material pr oduct,El\s\:/frl;ilbcsﬁwiﬁgja

" conprises: (1) forming aliquid mxture in a closed pressurized system
said liquid mxture containing an additi \§e conposition and a conpressed
. fluid conprising: (a) an additive conp(‘)gi tion containing at |east one
additive material; and (b) a conpressed fluid which is present in an anount
whi ch renders said liquid m xture capabl e of being sprayed, which forns a
i quid m xt uketondsh estdrd, @bl 46 wrethghpatate, wthyhacktate,cind sthergdkyht
.standard conditions of OC tenperature and_one atnpsphere pressure (STP) ;
(2) sprayi ngcaehaxylicpatersyefhensesush pamethyl tihaty stherediliigl ethesy essure of
at | east about ,5 sh. through an,orifice form a,spray; d_(3) applying
.said spray c aq%eﬁﬁhg’g\aﬁma%d?l%ﬂ/g’%ﬂ%&#ﬁ?% gBB;O% §ﬁée%h%€{h terial
bei ng convey gehaity bfthridlSh iRy ARAHOE cPhoSPRHropars], BRidSropbxpr oduct and
produci ng a sheet material product which i's not” a rel ease sheet or a

wat er pr oof ed etleanidlt glymob dthdr. estersTswechnas hotbxyfetbozay mcdtatersydethyl he sheet

material is paper, textile or fl exiple sheet terjal. 3., The nethod of
daim1, whesHOKKPropanateyalkang Yégﬁ%‘%li §sp%é}§was g¥angrhentapener . 4.

The met~od of{hehd) dndiieeti SdiEitsGed abBhGll Hy G ERs Buck ks

toluene and xylene; and the like. Preferably, the additive composition

Y contains only a small proportion of volatile solvent which is present
only in amounts sufficient to liquify additives to make them flowable
for application to the sheet material being treated. More preferably,
the additive composition is substantially free of a volatile solvent or
water or both. As used herein, the term "substantially free" means less
than about 5 weight percent, preferably less than about 2 weight
percent and more preferably less than about 1 weight percent based on
the total weight of the additive composition.

For spraying, the additive composition, whether it is to be
applied to a sheet material in the manufacture of a paper product, a
textile product, or a flexible sheet product, is admixed with a

. compressed fluid to form a liquid mixture in a closed pressurized
system. The additive composition may be either a liquid, a semi-solid,
or a solid before being mixed with the compressed fluid, provided that
it forms a liquid mixture when admixed with the compressed fluid
under pressure and is capable of being sprayed. If the additive
composition is liquid, it may be a liquid solution, emulsion, dispersion,
or suspension. The additive composition may be heated prior to being
mixed with the compressed fluid, such as to melt or liquify semi-solid
or solid compositions for admixing. The liquid mixture formed by
admixture with the compressed fluid may be a liquid solution,

emulsion, dispersion, or suspension. The compressed fluid may be
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cont ai ns paper fiber said sheet materi al prodgiw ti ssue paper. 5.
The nmet hodwef eofdogdsM 4 erein said tissue paper oduct iscppbaehsd from
the group consisting of sanitary tissues, household tissues, 1ndustrial
tissues, facial tissues, cosnetic tissues, soft tissues, absor bent tissues,
nmedi cated tissues, toilet papers, pape? towel s, paper napkins, paper

cloths, and 10 paper linens. 6. The ne RGd of O ai m 3, wherein said
additive conposition is applied to at | east one surface of a conveyed web
containing the sheet material. 15 7. The nethod of Claim6, wherein said
addi tive codpssslvddoor ﬁnebghlspen‘sedca&mgaschquay@d‘ sulerofiticak flkidet materi al

f h h b I 20 8. The hod of C -
o Shr o n"PhaSsn 65 distinca el cFrab it Smveste HSERAE! ror ¢ Ehin
50 t - d

m X{rﬁrgr;sspfgabs@tﬂ;l %Eﬁivzcﬁs?r]gé-ﬁg vo‘%ig %r%gag%hg%éﬁegeg é/ia'? glr 10.

The net hod gqfdffivé forh og{m,lhel n said liquid 30 m xture is substantially free
of water. 11. The rretﬁod of claim1, wherein said spray is a deconpressive
spray. 35 12. Th&heskigmaid mﬂxhgrauohaﬂdxmcemposﬁeomenﬂrmpmssed.iﬂauds car bon

di oxi de or ethane and is a,s rcritica~ fl ui at the t rature and
pressure at® epanressed fh'l'?% in an amount Wlthh ren ers(t%nplequl

, » - -+ - niixture capable of bemg sprayed47In general the amount of

compressed fluid used will be at least about 5% by weight, based upon
the total weight of compressed fluid and additive composition, )
preferably at least about 10%, more preferably at least about 15%, still
more preferably at least about 20%, and most preferably at least about
25%. The amount of compressed fluid used will depend on the
compressed fluid used, the additive composition, and the temperature
and pressure used for spraying. The amount of compressed fluid may
exceed its solubility limit in the additive composition, if desired, but it
should not be so excessively high that the excess compressed fluid
phase unduly interferes with spray formation, such as by not
remaining well dispersed in the liquid mixture or providing poor
atomization. Using excess compressed fluid can sometimes be
advantageous to reduce the rate at which the additive composition is -
sprayed, particularly in the use of an additive composition which
contain no volatile organic solvent. In general, the amount of
compiessed fluid in the liquid mixture will be less than 80% by weight,
preferably less than 70%, and more preferably less than about 60%.
Frequently the liquid mixture will contain from about 25% to about
50% compressed fluid.

The liquid mixture of additive composition and compressed fluid
preferably has a spray viscosity below about 300 centipoise at the

spray temperature and pressure, more preferably below about 150
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which said liquid mxture is sprayed. t 13. The nethod of Claim1l, wherein

said additive material i | ected fromthe group c psting of 5

sof teners, enollients, ] cants, noisturizers, |ot S, creans

condi t i one™O Y8} bant s, hydrophilizers, debonders, sur f acPEI{USI81382
waxes, silicones, mneral oil, lanolin, derivatized |anolin, aloe extract,

fatty al cohols, fatty acid esters, 10 pol yhydroxy conpounds, and quaternary
amoni um conpounds and m xtures theree9-14. The nethod of Caim1, wherein
the additive conposition is applied to the sheet material by first 15
applying said additive conposition to a surface fromwhich said additive

material is a | ' td said
surface wit ﬁIesafJ 8ﬁ%h§§¥l%ngfégf)l}éa}?%218 bﬂtﬁ;@ %\b%% 298%:98?%{) Es(eér’nggrgalyegtppl i cation
“of a wat er bpreferablyi béloe slsoqtos0 ¢éntipdice.a paper or textile sheet nateri al
in the manufacture of a paper product or a textile product, which,
comprises: (1) fdre hguid mixtie ofiaddifive compogtitinneand sompaessed Huid syst em

said liquid_m xhure containing a water-boxne additive o) Si ii on and a
Conpressed FaK e ParRTad fog-odaying Tneany b e PRy ARRARE RO ST on 30
cont ai ni Ng YRYRE 2 nPdntiGRsd p2itart8 s $thés stita®ld appariitis( WhespRpr essed

fluid which 1s present 1 n an anount which renders said liquid mxture
capabl e of fapparaipnsamay alec bepr BNICARBEr SystewhSuppfyomst a | i qui d mi xture

S oL SRS N BT L R ml B B
or " 0C ¢ enpePSEirE i obing symptaifiche vith comreppttidg KRR RGO | TG
Liyquid m xt diexide for tiepprat apsliatiot of @asingsbout 40C and at a pressure
For mixing with the additive composition, particularly
compositions containing dissolved solid additives, the compressed fluid
may be heated and the pressure regulated to prevent precipitation of
solids during mixing, such as by the methods disclosed in U. S. Pat.
No. 5,312,862.
The liguid mixture is sprayed by passing the mixture under
pressure through an orifice of the spraying equipment to form a spray.
Although high spray pressures of 5000 psig and higher may be used,
preferably the spray pressure of the liquid mixture is below about 3000
psig, more preferably below about 2500 psig. Very low pressure is
o generally not favorable for proper atomization. Preferably, the spray
pressure is above about 500 psig, more preferably above about 800
psig, still more preferably above about 1000 psig, and most preferably
above about 1200 psig. The pressure used will depend upon the
compressed fluid that is used, its amount in the liquid mixture, and
upon the properties of the additive composition.
The spray temperature of the liquid mixture is preferably below
about 150° C, more preferably below about 100° C, and most preferably
below about 80° C. The temperature that may be utilized will in

general depend upon the characteristics of the additive composition,



5 sufficient to forma deconpressive spray through _an orifice into an

envi ronnment, wherein east a portion of the ih said liquid mxture
i s evapor ahefhens@d Wh n said spray containing wat er POrigysRTas:
additive conposition containing | ess than about 5 weight percent water is
applied onto a paper sheet material or textile sheet material being
conveyed during the manufacture of said paper or textile sheet 15 product
and produci ng a paper product or a texePre product. 16. The nmethod of C aim
15, wherein said water-borne additive conposition is applied to at |east
one 20 surface of a conveyed web containing paper fibers at a conveying
speed of nogircH HnstaHi6R hadshddtsefbitidicy aPreferabdy eHe dpaaybeen at | east
partially dried. 17. A method for the spray application o? an additive U 25,
conposi t i ontemgperatexe pf the iquid mixtwtesis ahovierapoute2dbhiuiemeure of a textile

product, which c rises: (1) formng a liquid mxture in a clos

pressuri zedpgﬂggﬁaﬁ; ve aboyk 38 i} Brore ResterRblY Apoxp abeyt fmvgf
conposition amnd a,conpressed, fluid coppsising: (a) an additive conposition
cont ai ni ng %’P‘Tfléozfgtp% aﬁf’ﬁflp?‘{/eea ‘t‘tegaa » and (b) a conpressed fluid which

IS present in 3§§P‘ﬂa ' j i QUi L3 8 e of

bei ng sprayed, C %ﬁ%s,‘gﬁrfig&%@%ﬁié:‘%?xgh%elshgggﬁs&)%g ‘vlgs'%ggigrr{ﬁosi tion,
and whi ch | corveAdonlaDand eetrostatic airless and air-assisted airless spraying ~ ., .
", " ... " ., -.49 gas at standard_conditions of OC tenperature and
one at rrosph%veegqne@gblmsengaéﬁp)for sprayingthe Atpwidopiziures of she presgmitd ni xture
by 5 passing. the mxture under a pressuyre of ;at, | east about ,500 psi through
an orifi ce;g‘él’ﬁf}%_f’g) %xayeg“n%é}o&zge rﬁ?_ﬂctb?ﬁ gilﬂf;hélr?aﬁraﬁéﬁaﬁ& f’\ﬂ;‘f’tconposi tion
i's applied haveatddste flow vieRl BEtwRehathesYifite a0AVEXSFhIdEhAY the 10 )
manuf acture of 'said textile product and producing a textile product, which
i s not a watwmsitbefspday o and offi eddcsto ndtsobstmucththdwdde anglaanwhich wher ei n

eyt S ey SRR PR Bt SR A WG ek Bl i 13" e
met hod of Qli?é %a7sprw9eggﬁisnm%aﬂrﬁ ONTOARB&spthy ip8 HHESHaCnaly @y and said

conpressed f '

uid in sai
manufactured by Nordson Corporation or Graco Corporation. Orifice

sizes of from about .007-inch to about .025-inch nominal diameter are
preferred, although smaller and larger orifice sizes may be used. The
orifice size is chosen to give the desired application rate of the additive
composition for the given spray width. Devices and flow designs, such
as pre-orifices or turbulence promdters, that promote turbulent or
agitated flow in the liquid mixture prior to passing the mixture
through the orifice may also be used. The pre-orifice preferably does
not create an excessively large pressure drop in the flow of the liquid
mixture. The pre-orifice can be used to adjust the spray i)roperties and
the spray rate.

The spray pattern may be a circular spray such as is produced
from a round orifice, or it may be an oval or flat spray as produced by a
groove cut through the orifice, as aforementioned. A wider, feathered,
flat spray fan is generally preferred. For producing an axisymmetric
spray pattern, a favored spray tip design has two intersecting grooves

cut through the orifice outlet at right angles to each other. This



liquid mxture is a supercritical fluid at the tenperature and pressure at

which said liquid mxt w’r' sprayed. 25 20. A net ho.or t he spray
e

appl i cati ONweS 90AGggz ddi t'j onposition to a flexible et Npl9hisos2 @8 | N9
~the manufacture o? a flexible sheet product, which conprises: (1) formng a

liquid mxture in a closed 30 pressurized system said |liquid mxture
containing an additive corposition and a_conpressed fluid conprising: (a)

. an additive conposition containing at t 84st one additive material which is
35 capabl e of at |east adhering to, penetrating into, or being absorbed by
said flexible sheet material; and , , ,r1r1(¢>pf21,(,12~1111

111, 11 prdddceb tWwo inkersectihgbpra¥ find whit¢hInérge tb prolutedn, 1 1 1 1 -
50 , 510 15 20 25 30 (b) a conpressed fluid which is present in an anount

‘whi ch r ender 8xisymimgtme spray pattesncapabl e of bei ng sprayed, which forns a
liquid mxture with said additive conposition,. an lich is a gas at
Standard condi t1 ol te rEectes phe BrRRR R e e BRudedi (S
(2) formng | ladl | r ' : ' nder a
bressare of BrePERy prafed updBinids of cllopRSSd Achll Rafitdtihtio "V F1
sai d spray cimntle Hgaid sdixtinrgdpiay eemperatsire] andtspray phresstire g¢hat of t he
surfaces of said flexible sheet materi al bel %conveye_d during the

manuf act ur e PFodygech deegmprassivecen sphgantiallydeqompressivg ®rayexi bl e sheet

product, whigh_i. rel ease she nat er f.textile product. 21.
The met hod oﬁe’fﬁlglﬁﬁﬁ%G?fe ee(fg?hngté? gﬁ?‘ﬁé&l e a&?ﬁ%?l?!ﬁgté fal is selected
fromthe grovcetiiiressiveGpPayR| 86éh ohdititns Wilkvhig witlithabhddfpret s,

pl asticreinforced sheets, plastic inpregnated sheets, rubber sheets,

I ept her, fi beompesition; conpsassedsilushrandsspyiayetip usedr setheshgenerallyer i al s,
oxlTuded 11| o SRR, Sheel ey ot RomSs L Sl rinate, shogt i or 215
p. MEN-ED SHERJe sdiobfiety: MY, A58 Below or above it. A sufficiently high spray
ACAY{9. Al AU. Anl . Ah% A. AA.A9."A3h. A. AY. . A5. AYAl . Al . AU. Al Il JAe. Al AT @. AL A
| . Al'l . Ah@ Al presstirédsinsédto\dbiain arsufisientdBhigh aplubilitas Thalsprdy nFe. An9. AS9
ALLAY. AR e'zrilbgrdtagg {a%d compressed fluid concentration are then adjusted to

give a decompressive spray having the desired characteristics for a

particular application, such as desired droplet size. When the

compressed fluid concentration exceeds the solubility limit, the excess

compressed fluid phase 1s preferably well dispersed in the liquid

mixture. Preferably the excess compressed fluid phase is a finely

dispersed liquid phase.
\‘N Preferably the compressed fluid is a supercritical fluid at the

temperature and pressure at which the liquid mixture is sprayed.

To spray an additive composition with enhanced atomization,

the liquid mixture of the additive composition and compressed fluid

desirably contains the compressed fluid in an amount that enables the

liguid mixture to form a liquid compressed fluid phase at the spray

temperature used. The spray pressure is desirably above the

minimum pressure at which the liquid mixture forms a liquid

compressed fluid phase at the spray temperature used. This technique
1s disclosed 1n U. S. Pat. No. 5,290,603.
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methods. The narrowness of a droplet size distribution can be given by

its span. The span is defined as (Do.s - Do.1)/Do.s, where Do s is the size
for which 50% of the droplet volume has smaller (or larger) size and

equals the average droplet size, Do is the size for which 10% of the
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. distribution has a span less than about 2.0, more preferably less than
about 1.8, still more preferably less than about 1.6, and most
preferably less than about 1.4. A narrower span has a smaller
percentage of particles that may be too small or too large for a given
application. The desirable span will vary with the application.

We have discovered that the narrow droplet size distribution

) that can be produced by the decompressive spray is advantageous for
the spray application of additive compositions to rapidly cbnveyed
sheet substrates in the manufacture of paper, textile, and flexible sheet
products, particularly when combined with the favorable spray velocity
characteristics, A difficult problem that leads to poor application
efficiency of air sprays, when applied to a rapidly conveyed sheet, is the
formation of an air boundary layer along the sheet surface, particularly
at high speeds. A large proportion of the droplets produced by air
sprays are too small to penetrate the air boundary layer, so they are
swept away in the air flow and become overspray. This problem is
made worse by air sprays being highly turbulent. But using an air

spray with a larger average droplet size produces a high proportion of
overly large droplets, which produce a poor quality application and
therefore can not be tolerated.

In contrast, because the decompressive spray produces a narrow
droplet size distribution, a higher average droplet size can be used
without increasing the proportion of overly large droplets. In addition,
the decompressive spray is significantly less turbulent than an air
spray. Therefore, the additive composition can be applied with high
efficiency, which reduces waste generation and application cost. For
example, in a direct spray comparison, a decompressive spray with an

average droplet si1ze of 35 microns produced the same proportion of
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would be able to apply the additive composition with much higher
application efficiency. Furthermore, the composition sprayed with the
decompressive spray has a viscosity of 2000 centipoise, whereas to be
sprayed by the air spray in the absence of using a decompressive spray,
the composition has to be diluted with volatile solvent to a viscosity of
100 centipoise.

We have also discovered that in addition to improved application
efficiency, the decompressive spray can give improved apﬁlication
quality of the additive composition and therefore can provide improved
products. The uniform atomization and spray patterns can provide a
more uniform deposition and distribution of the additive composition
on the conveyed sheet material. Furthermore, on microporous sheets,
such as papers and textiles, we have discovered that the spray
deposition can be nonpenetrating into the interior of the sheet, if
desired. The additive composition penetrates the air boundary layer,
but does not penetrate the paper matrix itself, so the additive
composition remains on the surface of the paper. This is desirable for
many surface treatments, such as the application of softeners,
lubricants, and lotions, because the additive composition is utilized
more effectively.

Furthermore, additive composition penetration into the interior
of a paper can cause undesirable debonding and weakening of the
cohesiveness and tensile strength of the sheet material. The lower
turbulence level and generally softer spray that can be produced by the
decompressive spray also applies less stress to delicate paper than do
air sprays, so mechanical integrity is less likely to be disrupted. As
mentioned, the ability to spray viscous additive compositions that are

substantially free of water or volatile solvent can also provide superior
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The present invention may also be used to apply a drier water-
borne additive composition in the manufacture of a paper product or a
textile product by using a decompressive spray. For some applications,
it may be necessary to utilize water as a solvent, but it may be

) desirable to be able to deliver a drier additive composition. to the paper
or textile material. Because the decompressive spray is able to atomize
higher viscosfty water-borne additive compositions than is possible
with air sprays, the water content of the water-borne additive
composition can often be significantly reduced. Furthermore, a
decompressive spray has been discovered to produce enhanced
evaporation of water in the spray, so even water-borne additive
compositions which have a conventional water content can be applied
drier to a paper or textile sheet material. As disclosed in mentioned U.
S. Pat. No. 5,716,558, water-borne compositions have even been spray-
dried in ambient air within a short distance of the spray orifice.
Therefore, by the methods of the present invention it is possible for
water-borne additive compositions to be deposited substantially dry
onto a paper or textile sheet material.

For spraying, the water-borne additive composition, which
contains water and at least one additive material which can be
dissolved, emulsified, or dispersed in water, and which may contain
other ingredients, such as a suitable surfactant, is admixed with the
compressed fluid, preferably carbon dioxide or ethane, to form a liguid
mixture in a closed pressurized system. The compressed fluid may be
present in the liquid mixture as a solution, emulsion, or a gaseous or

liquid dispersion, preferably emulsified or finely dispersed. We have
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compositions having significant compressed fluid solubility. Coupling

solvents, such as ethylene glycol ethers, propylene glycol ethers, and

the like, or other coupling materials, may be used to increase solubility )
of the compressed fluid in the water-borne additive composition, as

disclosed in U. S. Pat. No. 5,419,487.

Although viscosities higher than about 2000 centipoise may be
used if a decompressive spray is formed, the water-borne additive
composition will generally have a viscosity below about 2000 centipoise
ata témperature of 25° C, preferably below about 1500 centipoise,
more preferably below about 1000 centipoise, and most preferably
below about 700 centipoise.

The amount of compressed fluid that is used in the liquid

mixture in the water-borne additive composition should be such that

e
‘»)l

the compressed fluid phase remains substantially finely dispersed in -
the liquid mixture and gives proper atomization. Preferably the

compressed fluid phase is rendered into a finely dispersed liquid phase

at supercritical temperature and pressure after being admixed with a
water-borne additive composition. The composition may contain an

organic solvent or another component which is miscible with the

compressed fluid, thereby enabling the compressed fluid to form the

liquid phase. If the amount of compressed fluid is excessively high,

larger than desirable agglomerations of the compressed fluid can form

in the liqguid mixture, which can become more difficult to maintain as a

uniform dispersion. Therefore, although larger quantities may be
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about 35%, still more preferably less than about 30%, and most
preferably less than about 25%. The amount of compressed fluid
present in the liquid mixture is at least an amount which renders the
liquid mixture capable of forming a decompressive spray. The amount
required will depend upon the viscosity and rheological properties of
the water-borne additive composition. The liquid mixture preferably
B contains at least about 4 percent compressed fluid, more preferably at
least about 6 percent compressed fluid, still more preferably at least
about 10 percent compressed fluid, and most preferably at least about
15 percent compressed fluid.
The liquid mixture in the water-borne additive composition is
preferably sprayed at a temperature above about 40° C, more
preferably above about 50° C, and most preferably above about 55° C,
and at a pressure, preferably above about 1200 psig, more preferably
above about 1400 psig, that gives a decompressive spray by passing the
mixture through an orifice into an environment suitable for water
evaporation, preferably having a low humidity level. One or more dry
gas jets, such as assist gas, which may be heated, may be applied to
the decompressive spray to increase the rate of turbulent mixing or
temperature within the spray or both, in order to increase the
evaporation rate of the water. When carbon dioxide is the compressed
fluid used with a water-borne additive composition that is sensitive to
g a lowered pH level, particularly to acidic pH levels, the pH of the liquid
mixture may be controlled to prevent precipitation when the carbon
dioxide is admixed with the additive material. Preferably, the pH is
controlled by using a pH buffer, such as a carbonate/bicarbonate

buffer, which regulates the pH at about 10. The pH may also be
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controlled by using alkali or other basic materials, such as ammonia,

sodium hydroxide, calcium carbonate, and other salts.

The present invention may be carried out in any commercial
paper, textile, or flexible sheet material manufacturing system,
including converting systems, known to those skilled in the art,
including the aforementioned types of papermaking machines. The
additive composition may be applied to the sheet mat_eria] without
significantly impacting on machine operability, including operation
rate. The additive composition may be applied from the spray either )
directly or indirectly at any point in the manufacture of tfxe paber,
textile, or flexible sheet products. The conveyed paper, textile, or
flexible sheet material may be unsupported or supported during the
spray application by means known to those skilled in the art. The
additive composition may be applied as the paper, textile, or flexible
sheet material is conveyed from one roll to another roll. The additive
composition may also be applied to the sheet material during other
operations.

Indirect application methods that may be used in the present
invention include, but are not limited to, applying the additive
composition from the spray to at least one transfer surface from which ~
the additive composition is ultimately transferred by contact to the
conveyed paper, textile, or flexible sheet material. A preferred transfer
surface is a roll or roller, such as a calendar roll or a kiss roll. Other
transfer surfaces that are less preferred are a forming wire or fabric
and a conveyor belt or material which is then contacted with the
conveyed sheet material. The transfer surface may be heated if
desired.

The additive composition is preferably applied from the spray
directly to at least one surface of the conveyed paper, textile, or flexible

sheet material. In the manufacture of a paper product or a tissue
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paper product, the additive composition is preferably applied to at least
one surface of a conveyed web containing paper fibers. The additive

. composition may be applied at either the wet end or dry end of the
papermaking operation. Preferably, the additive composition is
applied to the conveyed web after the web has been at least partially
dried, more preferably after the web has been substantially dried. The
web may be overdried or heated if desired. In the manufacture of a
flexible sheet product, the additive composition is preferably applied to
) . at least one surface of the conveyed flexible sheet material.
The distance from the spray orifice to the conveyed sheet

material is not critical in the practice of the present invention.
Generally the sheet material will be sprayed with the additive
composition from a distance of about 4 inches to about 24 inches. A
distance of about 6 inches to about 18 inches is preferred. A distance of
8 inches to about 16 inches is most preferred. The distance used will
depend upon the particular application. Electrostatic spraying may be
used if desired to increase application efficiency by using the methods
disclosed in U. S. Pat. No. 5,106,650.

The spray may be directed to the conveyed sheet material by

N

using stationary or reciprocating spray guns or by using other
arrangements. Multiple spray guns may be positioned to give
overlapping feathered spray deposition to produce uniform application
across conveyed sheet materials that are wider than the spray width of
a single spray. For many applications, particularly with additive

L. compositions that are substantially free of volatile solvent, low
application rates are desirable, for which smaller orifice sizes and
wider spray fans are favored. A pre-orifice may be used to further
reduce the spray rate.

The speed at which the paper, textile, or flexible sheet material

is conveyed during the spray application is not critical to the practice of
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the present invention. Generally the speed will be that normally
utilized in the particular manufacturing or converting operation. As
mentioned, the speed is generally determined by the requirements of

- the product produced and the machine used. Preferably, the sheet
material is rapidly conveyed to increase throughput. Although slower
conveying speeds may be used, generally the speed will be above about
50 meters/minute, preferably above about 100 m/min, more preferably
above about 150 m/min, still more preferably above about 200 m/min if
suitable for the application. For some products, such as tissue papers,
very high speeds may be used, such as above about 1000 m/min.

The amount of additive composition applied to the conveyed

paper, textile, or flexible sheet material is not critical to the practice of
the present invention and will generally depend upon the particular
additive composition applied and the properties and performance
desired of the particular product, which is known to those skilled in the
art. The amount of additive composition applied is generally a balance
between performance and cost. It is generally desirable to use the
minimum amount of additive composition necessary for desired
performance. For example, the level of softener applied to form a soft -
tissue paper should be at least an effective level for imparting a tactile
difference in softness to the paper. The minimum effective level will
vary depending upon the particular type of sheet material treated and
the particular softener applied. Generally, amounts of the additive
composition below about 0.1 weight percent, based on the finished
basis weight of the sheet material provides little benefit to the facial
tissue in terms of softness improvement, whereas amounts above 5
weight percent show little or no improvement in softness over the
lesser amounts and may become economically unattractive. Higher

amounts are also likely to leave a detectable residue on the skin.
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On the other hand, additives such as lotions, which contain

ingredients which are meant to be transferred to the skin, may

. generally be applied to the sheet material in a greater amount than
additives that are meant just to modify the properties of the tissue
itself. Although lesser or greater amounts may be applied, the additive
composition will generally be applied in the range of from about 0.1 to
about 50 weight percent, based on the weight of the sheet material.
Typically, the amounts applied will be less than about 40 percent,
more specifically less than about 30 percent, and still more specifically
less than about 20 percent. Many additive compositions will be applied
in amounts of about 0.1 to about 15 percent, more specifically from
about 0.3 to about 10 percent. Some low-level additive compositions
are desirably applied in amounts below about 5 percent, more
specifically below about 3 percent.

The physical form of the additive composition applied to the
paper, textile, or flexible sheet material is not critical to the practice of
the present invention. Preferably, the application of the additive
composition to the sheet material is macroscopically uniform. The
applied additive composition may be in the form of a continuous or
discontinuous film or coating, or may be a random, discontinuous
droplet or particulate pattern, or consist of discrete droplets or
particles. The applied additive composition may be liquid, semisolid,
or solid when deposited on the sheet material. The applied additive
composition may be absorbed into the sheet material or remain
substantially on its surface. Preferably, the applied additive
composition adheres to the sheet material.

If desired, post-application treatments, such as heating or
drying, may be performed on the sheet material containing the applied

additive composition.
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While preferred forms of the present invention have been
described, it should be apparent to those skilled in the art that
methods may be employed that are different from those shown without
departing from the spirit and scope thereof. In addition, those skilled
in the art will recognize that other steps or operations in addition to
those specifically described herein may be employed in the

manufacture of sheet material products.

EXAMPLE 1 )
An additive composition comprising a modified silicone softener
and lotion was sprayed using carbon dioxide as the compressed fluid by
using a UNICARB® System Supply Unit with a UNICARB® spray gun
and spray tip .03-08 with an orange pre-orifice manufactured by
Nordson Corporation. The liquid mixture was sprayed at a
temperature of 60°C. and a pressure of 1100 psi. A carbon dioxide
concentration of 20% by weight provided an angular fan pattern
having good atomization. Increasing the carbon dioxide concentration
to 25% produced a softer, feathered spray pattern. Increasing the
carbon dioxide concentration to 50% produced a decompressive spray
having a very good fan pattern and fine atomization. This high level of o
carbon dioxide was uniformly mixed with the additive composition and
decreased the spray application rate. A tissue paper sheet material

was sprayed and a very light amount of the additive composition was

uniformly applied.

EXAMPLE 2
Using the same apparatus and spray conditions as in Example
1, an additive composition comprising a modified lanolin softener and
lotion was sprayed using 25% carbon dioxide in the liquid mixture.

This produced a decompressive spray with an excellent fan pattern
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that was soft, wide, and very uniform. A tissue paper material was

sprayed and a very light amount of the additive composition was

uniformly applied. The carbon dioxide concentration was then

increased to 50%, which produced a two-phase liquid mixture. The

higher carbon dioxide concentration reduced the measured spray rate

from 76 to 46 grams per minute. The spray uniformly applied the

additive composition to the paper towel product.

EXAMPLE 3
Using the same apparatus as in Example 1, an additive
composition comprising a quaternary amine salt was sprayed using
20% carbon dioxide in the liquid mixture at a temperature of 60°C. and
a pressure of 1100 psi, which produced good atomization and a uniform
spray pattern. Increasing the carbon dioxide concentration to 40% and
the pressure to 1500 psi produced a two-phase liquid mixture and a
slightly wider fan pattern. Tissue paper sheet materials were sprayed
and very light amounts of additive composition were uniformly applied

to the tissue paper sheet materials in each case.

EXAMPLE 4
Using the same apparatus as in Example 1, four different
additive compositions, comprising (1) an absorbency composition
containing lecithin, a quaternary amine, and polyethylene glycol; (2)
lanolin; (3) a mixture of a quaternary amine, a surfactant blend, and
propylene glycol; and (4) silicone oil, were all sprayed with 30% carbon
dioxide at a temperature of 60 C and a pressure of 1200 psi onto bulk

tissue sheets. Each demonstrated good atomization.
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EXAMPLE 5

A hydrophilic anionic sulfosuccinate surfactant was
sprayed using carbon dioxide as the compressed fluid by using a
UNICARB® System Supply Unit (manufactured by Graco) with a
UNICARB® Spray Gun and Spray tip .06-12 with a teal (.05 gpm) pre-
orifice manufactured by Nordson. The liquid mixture was sprayed at a
temperature of 55 C and a pressure of 1250 psi. A carbon dioxide
concentration of >25% produced a decompressive spray having a very
good fan pattern and fine atomization. As high as 60% carbon dioxide
was used with equivalent results. This variability of carbon dioxide
concentration was used to finely control the flow rate of the surfactant
which in effect finely controlled the amount added to the nonwoven
diaper cover-stock web. The cover-stock was sprayed and a very light

amount of the additive was uniformly applied.
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1. A method for the spray application of an additive
composition to a sheet material during the manufacture
5 of a sheet material product, which comprises:
(1) forming a liquid mixture in a closed
pressurized system, said liquid mixture
containing an additive composition and a
compressed fluid comprising:
10 (a) an additive composition containing at
least one additive material; and
(b) a compressed fluid which is present in
an amount which renders said liquid
mixture capable of being sprayed, which
15 forms a liquid mixture with said
additive composition, and which is a
gas at standard conditions of 0°C
temperature and one atmosphere pressure
(STP) ;
20 (2) spraying said liquid mixture by passing the
mixture under a pressure of at least about
500 psi through an orifice to form a spray:;

and
(3) applying said spray containing said additive
25 composition to said sheet material being

conveyed during the manufacture of said
sheet material product and producing a sheet
material product which is not a release
sheet or a waterproofed textile product.

30
2. The method of Claim 1, wherein the sheet material
is paper, textile or a flexible sheet material.
3. The method of Claim 1, wherein the sheet material
35 contains paper fiber or is paper.
4, The method of Claim 1 wherein the sheet material

AMENDED SHEET
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contains paper fiber and said sheet material product

is tissue paper.

5. The method of Claim 4, wherein said tissue paper
5 product is selected from the group consisting of
sanitary tissues, household tissues, industrial
tissues, facial tissues, cosmetic tissues, soft
tissues, absorbent tissues, medicated tissues, toilet
papers, paper towels, paper napkins, paper cloths, and
10 paper linens.

6. The method of Claim 3, wherein said additive
composition is applied to at least one surface of a
conveyed web containing the sheet material.

15
7. The method of Claim 6, wherein said additive
composition is applied to said conveyed web of the
sheet materizl after the web has been at least

. partially dried.

20
8. The method of Claim 6, wherein the conveyed sheet
material is at a conveying speed of more than 50
meters per minute.

25 9. The method of Claim 1, wherein the liquid mixture
is substantially free of volatile organic solvents and
water.

10. The method of Claim 1, wherein said liquid

30 mixture is substantially free of water.

11. The method of claim 1, wherein said spray is a
decompressive spray.

35 12. The method of Claim 1, wherein the compressed

fluid is carbon dioxide or ethane and is a
supercritical fluid at the temperature and pressure at

AMENDED SHEET
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which said liquid mixture is sprayed.

13. The method of Claim 1, wherein said additive
material is selected from the group consisting of

5 softeners, emollients, lubricants, moisturizers,
lotions, creams, conditioners, absorbants,
hydrophilizers, debonders, surfactants, oils, waxes,
silicones, mineral oil, lanolin, derivatized lanolin,
aloe extract, fatty alcohols, fatty acid esters,

10 polyhydroxy compounds, and quaternary ammonium
compounds and mixtures thereof.

14. The method of Claim 1, wherein the additive
composition is applied to the sheet material by first

15 applying said additive composition to a surface from
which said additive material is then transferred to
said sheet material by contacting said surface with
said sheet material.

20 15. A method for the spray application of a water-
borne additive composition to a paper or textile sheet
material in the manufacture of a paper product or a
textile product, which comprises:

(1) forming a liquid mixture in a closed

Ftn

25 pressurized system, said liquid mixture
containing a water-borne additive
composition and a compressed fluid
comprising:

(a) a water-borne additive composition

30 containing water and at least one

additive material; and

(b) a compressed fluid which is present in
an amount which renders said liquid
mixture capable of forming a

35 decompressive spray, which forms a

liquid mixture with said additive

composition, and which is a gas at

AMENNFDN SHEET
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and one atmosphere pressure (STP); and
(2) passing said liquid mixture at a temperature

of at least about 40°C and at a pressure
5 sufficient to form a decompressive spray

through an orifice into an environment,

wherein at least a portion of the water in

said liquid mixture is evaporated, and

wherein said spray containing said water-
10 borne additive composition containing less

than about 5 weight percent water is applied

onto a paper sheet material or textile sheet

material being conveyed during the

manufacture of said paper or textile sheet
15 product and producing a paper product or a

textile product.

16. The method of Claim 15, wherein said water-borne
additive composition is applied to at least one

20 surface of a conveyed web containing paper fibers at a
conveying speed of more than 50 meters per minute
after the web has been at least partially dried.

17. A method for the spray application of an additive

25 composition to a textile sheet material during
. the manufacture of a textile product, which
comprises:

(1) forming a liquid mixture in a closed
pressurized system, said liquid mixture
30 containing an additive composition and a
compressed fluid comprising:
(a) an additive composition containing at
least one additive material; and
(b) a compressed fluid which is present in
35 an amount which renders said liquid
mixture capable of being sprayed, which
forms a liquid mixture with said
additive composition, and which is a
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least about 500 psi through an orifice; and
(3) wherein said spray containing said additive
composition is applied to said textile sheet
material being conveyed during the

10 manufacture of said textile product and

producing a textile product, which is not a
waterproofed textile product.
18. The method of claim 17, wherein the compressed

15 fluid comprises at least one supercritical fluid at
the temperature and pressure at which said liquid
mixture is sprayed.

19. The method of Claim 17, wherein said spray is a

20 docompressive spray and said compressed fluid in said
liquid mixture is a supercritical fluid at the
temperature and pressure at which said liquid mixture
is sprayed.

25 20. A method for the spray application of an additive
composition to a flexible sheet material during the
manufacture of a flexible sheet product, which
comprises:

(1) forming a liquid mixture in a closed
30 pressurized system, said liquid mixture
containing an additive cormposition and a
compressed fluid comprising:
(a) an additive composition containing at
least one additive material which is
35 capable of at least zdhering to,

penetrating into, or pveing absorbed by
said flexible sheet material; and
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(b) a compressed fluid which is present in
an amount which renders said liquid
mixture capable of being sprayed, which
forms a liquid mixture with said

5 additive composition, and which is a
gas at standard conditions of 0°C
temperature and one atmosphere pressure

(STP) ;
(2) forming a spray of said liquid mixture by
10 passing the mixture under a pressure of at

. least about 500 psi through an orifice; and

' (3) - applying said spray containing said additive
composition to at least one of the surfaces
of said flexible sheet material being

15 conveyed during the manufacture of said

flexible sheet product and producing a
flexible sheet product, which is not a
release sheet or a waterproof textile
product.

20
21. The method of Claim 20, wherein said flexible

sheet material is selected from the group consisting
of plastic films, plastic laminate sheets, plastic-
reinforced sheets, plastic impregnated sheets, rubber
25 sheets, leather, fiber-reinforced sheets, porous
sheets, screen sheet materials, extruded films,
composite sheets, and composite laminate sheet

materials.

30 22. The method of Claim 20, wherein said spray is a

decompressive spray.
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