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Binders and resins are often soluble in many common volatile and semi-volatile
commercial and industrial liquids and solvents and could leach from the nonwoven
material leaving undesirable residues and streaks. When used on hot surfaces or at high
temperature, binder or resin on colored nonwoven materials may migrate, softeri,”

35 degrade, aiter the nonwoven material properties and/or leave residues. Another
disadvantage of binder and resin coloring systems is that they are often added to dried
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Generally speaking, mordant dyes have no affinity for cellulose fibers and require
use of a metallic oxide treatment for good fastness properties. Azoic dyes require
coupling of two dye components onto the fiber but lack overall chemical fast.
requirements and are normally limited to only a few cellulosic applications. Disperse dyes

35 are typically used to color hydrophobic fibers and are fine-size organic compoﬁnds with

limited solubility and crock resistance.
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Accordingly a need exists for a simple process for applying reactive dyes, vat dyes and
30 sulfurdyes to cellulose fibers and to cellulose fiber containing nonwoven materials to produce
durable coloration. This need extends to a continuous or one-step process for applying such
dyes to the described substrates so they are colorfast. This need also extends to a process
for applying such dyes that is suitable for high-speed manufacturing processes. There is also
a need for colorfast cellulose fibers; nonwoven materials containing colorfast celiulose fibers,
35 and colorfast nonwoven materials that include cellulose fibers that are prepared in a simple,
one-step process.
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35 the side-by-side filaments) are formed of different polymers and spun using processes such
as, for example, meit-spinning processes, solvent spinning processes and the like. Desirably,
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a liquid to the layer of fibrous material to wash unused treatment from the fibrous material
within a period of time Ta. According to the invention, the periods of ime T, T and Ts are
immediately consecutive and amount to a total period of tme at least as great as Ti.
The liquid suspension of fibrous material may be an aqueous suspension and may
"30 contain fibrous material such as, for example, polyester fibers and/or cellulose containing
fibers. Desirably, the cellulosic fibers are hydrated cellulosic fibers. Generally speaking, the
fibrous cellulosic material can be pulp fibers, synthetic celiulose fibers, modified cellulose
fibers and combinations thereof. The fibrous cellulosic material may anclude particulates, non-

cellulosic fibrous materials and/or other materials.
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webs, wet - | ai din@amaspechehihecaventien, ‘Eﬁcﬂ%ﬂ@ﬁﬂﬂ!ﬁfcﬂf@mr@m’ and intermixed
Addi ti opal wrha@hEmay wmbdmsmlmmmmméwu%ytdﬁe . nvents‘f'on

| ayer of fibrous mat eral Accordi ng to an enbodi nent oOf

t he deposi have paiipms. siiations,Rumpsfidaes pethe fike. nay be sandwi ched between two

| ayers of sheefrnmne.rﬁgaémfa& Wﬁi&ﬂ?édel(tﬁ&g-\ ﬁe«ﬂggértm ﬂahqe at feast on{; *aweb
may be formed separately and then jined to an teria
a s pafehertmabfiside gvﬁnébe&"ﬂméurfﬂqeeenqdhﬁ gepesied afttrféihtoumatenal and

pressuri zeghdnfbed %a@ndnteﬂ'ﬁsdsheet matenal can be one oﬁﬁ&ﬁrd?:hﬂGvéerﬁﬁhe ééxﬂr NSO

t he applied pressurize ets o uid used to wash unuseé eat nent
fromtHe fpEiIMKRatenals ee?’aﬁ'mm?%fﬂgﬁgwsmﬂ crabiagtionsof thassame. i £9r examnie.4hy)| e
the 20 fi bh&%v@ﬁtﬁéﬁs%ay e d6rid b fofd) hritRBIbwA SvaBRY sBishblohd nddl Yarbd®

fibrous material or i nvol ve the flbrous mat er i | Beone or nore

| ayers of !’ﬁb%tfbmﬁéaﬂ%la'fd@gmeﬁe%éwbs coformemmnqummmmemf

addi t i onal Riater:

t r eat ment N%'tr'n&{taﬁ'e@?gb?fgﬁ‘?%at er |agﬁﬁgauae£§sm§.'gg su ﬁm k%o ydr JW@% |y
needl e t heM@tagiab fecording to ga embpdiment gfdheinventiondhe uap@m;aygeoflmmusmtml
only t{e fidayYassahBivthed beeeRio idyer) Uﬁsﬁe@?g%\;&naf Wmﬁd{%@édﬂ%ﬂa

or nore layers of sheet material described process of
t he - pr esenthe; wek mayobe ﬁ%!meﬂrﬁﬂpa@ée%ﬁeddhemﬂr@d('e gnothegtlayes pf imatedal (e.g., a

secondary ghurib8Ad nbrividvei Wb of iriike) %%&&&%&9&@&&6@@0' ncl ude

addi t i onal washi ng steps, dryl n ossi.n rating
steps, adding a f | ASFaRding &g, thenigvention, a ed pessurized ig 9bhqmdmngp tn wpsh

slitting, yiwiyed %aﬁfi&i'n §5 the fitousdRaterial may% ¥ ﬁﬁﬁﬂm J%Pidl‘%llr Q&@gﬁeﬁé es

a product roduced t he process descri b above IS a

web or2&he - e Hydrauli Rﬁéﬁ@[ﬂgdﬂalbpe "m',tPG de 1aqiv: the fibeusy mBPB%ISOF may
material . linav@ ¥R Abous trhaeﬁm Wénér%v nitite aayw@ of %ﬁ@@tslﬁéteaén &dschitid vgg

colorfast fibrous lulosic materi al I n an aspect

the invent awwwaﬁg@owIMa applipd pressuszed jets:af i used tayvash urused | |
35 Tl err kesfnitoth the mwma&mndw BidY Bel sufficRRER Wd?éﬂhéﬂ? hebdis 'ihé‘ﬁlzﬁﬁé)nd

to several mnutes to_an nore as | o are | nme atey

consecut i vEnatenal Hydgulig, “?RP"@Q GRAY: b Hﬁl‘edc tonenly thesfi b%matenalyor may involve the

6 25 fibrdhs MEteRAGAd one or more layers of sheet material described above.
PCT/ US97/ 12451 tipe or off-line tine between at least T[err] and

Tlerr]) and anbhPEssof HIEanaﬁe'?t igyention Maygindyde gge or more (4., Atdegst pne)
Tlerr]. secondaly orl Post eatmentdstep(s). Exefmpling post redtrRnt sRPs GRAGIE a8diidnal

process of r.m n b 0 treatedflbrou ceIIqu c material. The
process i nm% é’%ﬂéf‘%ﬂs eT}”fﬁ"lﬂ/?‘BP?\gPegﬁ a@"%@s » Swing
i ncl udi ng bgsmmahichrgoﬂemﬁgehde‘ﬁ Qhttisg, mdiﬁgéﬂd;meme [ nt erm xi ng the
aqueous suspengj on of h ed fibrous cellulosic mterial with a reactive
treat mht over present nve on encompasses a product produced by the process described
above. The product is a web or sheet-like material composed of or including treated fibrous
material. For example, the product may be a web composed of or including colorfast fibrous
celulosicmaterial. |
In an aspect of the invention, Tg may range from a few minutes to an hour or more. Ty,
35 T, and Ts may each individually range from less than a second to several minutes to an hour

or more as long as they are immediately consecutive (i.e., with no significant time gaps, down
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tlrre perloq‘{ W the treatnent requiring a period of tlrrep& RIS8I112451
sufficient reat the fibrous cellulosic material; 3) depositing the
aqueous suspension of hydrated fibrous cellulosic material and

i nterm xed dtifel b dBn SNbast ¥, Bhd T @Ad tafouRT 191 Ptolik Perftiof tiaveoat 1egst a
10 substantial portion of the aqueous liquid, over a period of tine
Tlerr]; andas@patasdiryi ng pressurized jets of a liquid to the web to
wash unused 1 egglohd @mibodifieRE Be résait indéntioR @ntidrh saesapmeesqrfeomwbafwetuofe

T[err]; wherein T err] Tl er and T er are dj at on ecutrve and
amount to created fibrey ”E?P"té" "ﬁ’@e s%pgr roviding an
Desi rablgy, dﬁ.@ﬁoq{_: ioh naaerhg Vrﬂ;dtdtéwtﬁﬁm& ¢elulbsit anateshl;f rQﬂ\ mmngeme

dyes, vat su fur a vat dye is used,

practiced msousrarsppneowat h!d’i@egﬁbfpﬁﬂﬁﬂﬂﬂ’s'c matérigl with @reg ﬂvﬁtﬂ%@%@?ﬁﬁgﬁf Iﬁfm
and subseq%qg ngngdn&vem%a ritteduitig! &'Plefiod OF HimdUT, BEidiet tBetrda? dhe fibrous

time T[err] process nmay be practjced such that the formng

surface i notelidesic Anatedaks t 3H?E°§"H’f$eﬂ"3 aquieous, suspension ft ydrated Jibrays ccrliplosic

form ng sur infefm At dtito ol £UrfALS teTorRY & Meb2 B8R Fdin
i nterm xed 'i‘?%g?lfr@r?t Al tgﬁgﬁ%‘g’??%/ or additi Onalaflnénpt he deposi t%vdn gyer

of fibrmus sabstantiall portion of §38, aguequs liauld. SR, A5 perjod hian NG ndk applyhae
or nore |%g§-&%§uﬂ%%&eﬁ Icii) ulﬁﬁoﬂ‘ﬂmwashunu@tﬁédh%&é&ﬂmﬂ&nwmhn

nonwoven rror_to treatment wt EI’ ESSUI’I zed j ets

a liquid. TapefiodypbtimeJol Whemsini b, fneed Ta@reyigm ecyfiye- apd amgugt to a

fibers, synﬁgﬁﬁ at leadt@s lghdaP8eT].| bers and conbi nations thereof. 25
* Accor di ng to gFPIHSene?on t he Je%s of a liquid gg be ada ed to

hydraul i cal |y cResimblyethe chemicaiy reaglive tﬁ?ﬂ"@?’ﬂdﬁ sele gyesq vat diesd
may be adapleds i &Pedr 4l vatdyd i u.@ﬁﬁte%rééé@s 1¥9Pactiédd such that Mai ﬁye isftéduced

process™ of present invention may further 1nclude at |east one . .
treat ment toits solublefaco form and subseqmnnﬁx epavertaddoan rmﬁwbbffomeurrm perind of
enconpasseiﬂﬂeﬁrocess for formng a web of 30 colorfast fibrous cellulosic
mat eri al

process includes the steps of: 1) providin aqueous
suspensi on c onpThespmgessyoawhepracticad sueh thal ‘!‘Qrf%!“ﬁ sHﬁﬁ‘t‘?r"P‘g‘Pdes?} leagt ‘@Te(rqr‘FX?"n g
the Qﬁgﬁr&uﬁa%ﬁt&nuﬁfchmﬂg aér%efah& W@ep%ﬁiédlléﬁt‘ﬁ bEABSMbRYaldidh a

reactive treat over period T[e sai d treat nment sel ected

from re2xt i intermixed WW“&IM“@H‘@%W‘V‘?{ radﬂy%a"%éﬁﬁ FPP‘P?Qed layer ot fiosons matedpl
Li e Tl er | e Gl sdghrisby i iolnaaqy%nsdrlm&emrsrmﬁas&ne & another

deposi ting aqueous Suspension of hydrated fibrous cellulosic, ,
mat eri al anmatanale(mm secspunbond "MF@%%M‘%‘!@(P"&' to treatment with pressyrized igts,

b and d
web an rena%nggﬁoggg%mk'@nmsaé TefdtiaP naly e 8ASI¥P Uork il uib fiBEre] syntRétic O

PCT/ US97/ 12esliulose fibers ang,combingtions thereof. 5 3) appl yi ng pressurized jets of
a liquiggto the &&J?d.aetd/tﬁémvambaederaasu litid may be mydtmear leAtangle

vvrthrnaperrod of tine T[err erein Tlerr Il e er a

i medi at el ythe web. Altgmatival, méﬁn&amw %aQAML de"?'ﬁh*@[a ]"Pa’é'?bagf
great as TReoyrse, the process bf presait ifivehtibe ma“yeﬂmmﬂdm@aem one post trettientich
that the vat dye is reduced toits 5 sol ubl e I euco form and subsequently

converted t 8eB% insoluble formduring the period of tinme Tlerr].
The form ng surhastRerBbodhRERIST thé iveAtidn éHtBmpasses efor ¥arinitg alweb of

el 10 034 . RRIPERRS MDA GOl TARIAF o App isess icluds heheps Bk '4) préviding an
aqueous suspension comprising hydrated fibrous celiulosic material; 2) intermixing the

acjueous suspension of hydrated fibrous cellulosic material with a reactive treatment over a

time period T, said treatment selected from reactive dyes, vat dyes and sulfur dyes requiring

a period of time Ty sufficient to treat the fibrous cellulosic material; 3) depositing the aqueous

35 suspension of hydrated fibrous cellulosic material and intermixed reactive treatment onto a

surface to form a web and removing a substantial portion of the aqueous liquid, over a period
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treatnment Alternatively and/or additionally, the deposited | ayer of fibrous
cellulosic material 10 may be forned separately and then joinhed to qne or
nore tayer s ane or anot her material (e.g., a s 12451

nonwoven web or the like) prior to treatnent with pressurized jets of

a liquid. The fihkrous, gellul.osic materi 0 of .
fibers, synt?fé'mac 2 and cssz WB?@W’FE%FE% 0{%&"&?&%9%6%!’ u%q‘ ?'E)‘%Hég?ﬂﬁva
conbi nati o SW ' ](cﬁbm the web within a plriod ofl itimg Ty whermsin m‘u?'ﬁta'nld_nT; ?r:eeimmetdiatew
pressurized jets i gqui . raulically entangle
the web. Al t@ﬁmgﬁaﬁ@gﬁ%ﬁ%%ﬁgié%&%%ﬂ may be adapted
t o hydraul i cal | yif asetitiye ishusedethe pfiicesisr practiced sugh that the it dyeds eetiuced to its
i nvention may,further ' A . .
The. pr esdnt - THbIPYASHfoup ans slkaGgstt BhariRDl o edEi 19mh SRR e FREE ot tme
conposed - Tp Of colorfast, fibrous material. The structure is conposed
of: 1) at |east gne,| ayer wet - ai.d, 2 nopoven_web Wl Lbr
cel lul osic mat erﬁm m"ﬁ'ﬁg sy ?907"3”%"[ d?teiag A 'FY@‘ %%%%?Wi &%Sﬁe
fi :or o]ths cel | rolring sumgrmuaﬁe Gepobbited layer tohﬁbrbbbcﬂhbsicehétedabahd imermbed readtive
col orf ast e wet-l]aid.non en_ web. e . .
hydr aul i cal |'§P38H?'§n‘a$°é‘aam"§'¥ FUS/PﬁP‘Sd"f?é’ﬁwfh dewﬁ@gggﬁ“é:ﬁs %%?lulgﬁlgé?atenal
malt elrji alyo Th.gay; beemane:tapéntam:;d then geihext toodné pomoep layersf theisame or anotherd
mel t bl own webs., .hgnded car e [ i :
conbi nat i ons%"@g%Péeﬁ"ﬁgPﬁ%@‘a&&%ﬁ%&%é%ﬁ%%?ﬁim‘&g
hydlr agl i cal | of emqadg%ﬁmmcemwoomrrtadhlﬂmayﬁ, one or mare lof q:luﬂp ﬁberg.r symthefiay
include a matrix of adhesi.v erial . The LV erial may be a
resin or gl u@“%ﬁ%ﬁ-ﬁ%&%@@s%ﬁmﬁﬁﬁﬁ?m% ﬁ\?ﬁm i cal Iy ent angl ed
3t ructure may bEAccolr']ding aflﬂté:lirw_dnﬁmo{md enmdsl uNzeddjetss of \enliquiy eraay b agé;itllad to
yes. . The present inv lQn .a conpasse . rauli
needi ed % r R icaty RpBods Byes Rkt 137 pRAF SRR 1t Bt L1of il g Sabtba
Lt ure, | sicomtmdestyvhocs Mha b2t o, tayArocessaftprkssnt iveton ey duster
i ni | u | i al; orfas ye inpartin
P, o gaiF e ot 0

color to ‘material such that the fibrous
cel | ul osi ¢ mat er The present inventioasiso ehbempasses a hydmadlichifyceritangled-sinictite sompasedr e

vt ol T contiesh TorBt Falefial T SGLAE BBl df. ) PG nkriayer o wetiain
conponengo of noriwevers web icontainingifibeius wellulasit! reatesalr arst 2) eolodgstidye epartingzcoidntom
reactive dy e% ﬂé@).lﬁ %@ﬁ:sﬁm uh 5Bt 9% fibrous celluiosic material is colorfast.

8
PCT/ US97/ 12451 The wet-BR reAwDRBORe Tomhor@nt OftheDmpivaulically entangled . strugtue mayi s

DETAI LED DeoPRu b ier B e Pt i Bt Raversf iy, B sBlocle! a7 silAb5id Ggos.
there i s shomeitslown iebs thondédcardetbwebs; neven fabrigs, koit fabaits: sciirhs and comhinations
roatnorts " HREF bkl atfbr bdduhale v inShuiiaty GFBEGRU SuSBIRPN Borget”
of a high spébrduswaaterishmaygjnciude a matsixiof edhesiyeapatedal.i orheradhesive materipl may be eh
b e el S e G SRRt o o WAL Bl 4l
: selected from reaclive dyes, vat dyes and suifur dyes.
The present invention also encompasses a hydraulically needied structure composed
30 of colorfast, fibrous material. The structure is composed of: 1) at least one layer a wet-laid
nonwoven web containing fibrous cellulosic matenial; and 2) colorfast dye imparting color to
the fibrous cellulosic material such that the fibrous cellulosic material is colorfast The
hydraulically needled structure of colorfast, fibrous material may include a matrix of adhesive
material. The adhesive material may be a resin or glue. The colorfast dye component of the
35  hydraulically needled structure may be selected from reactive dyes, vat dyes and sulfur dyes.



exarrpl e, %m;d{ gatment process can be incorporated into th %ﬁ
stock pvé aration stage of a high-speed papermaki ng operation la
coupl'ed with a hydraulic entangling or hydraulic needling operation
wher e unusedsgg5§% m!wlgbﬂhw»,g chem cal s are washed fromthe
fibrous mate Shou € under st ood t hat t he present

i nvention i s not FIG. mﬁé@i"vmmﬁﬂi‘%m%?@ﬁ%@”ﬁmgaﬁbm“%&%?’l?f ng to an

enbodi ment of the present invention, a fibrous nmaterial 10 may be
placed in a conventlonal paper maki ng f| ber stock prep beater or pul per 12
cont ai ni ng D ED DESQRIATION OF THEINVENTION t he fibers are cellulosic in

nature, the fiber RefdibngPfio & FRE), e Is shocardadiRiioR (nét ek BSeail il schldf br

are hydra ed. The s material stock Is ke
agi tati on t oah@xemplary piricess fosegting A fibrous matenal Aeemvnmqakm. hejreatment

the fibrous gﬁ*’ﬁgﬁ lu& ;hﬁ&p&‘d&éﬁhto%e @t Brepara ohfs C]d'laeof a high! éﬁ%ﬁat-laypng

material is treatnent is deS|rab ded after

are hydwabdommgeonmnm isreoupled withs @l P@SS‘I"'IZle liguist jejacperation wherer
conbi nati ons fg a JHeat & t

pell ets that Ié'i'mge?o eInF]trte Fqﬁaﬁphﬁem&gﬁdﬁ um useg ft“gﬁ&sgg*d&s 'ﬂ&ebggrous

mat eri al 10 Al examgpie, \m we,amgmr pratess | camabey jncomerated inte: dheepilpingy and  stock

et um The PIREATACH Biaqetbraich Bd iPenndautl Gualh ek ocpbd Wi 2 yrrantic

and/ or phtangiingadei dydnaglic meediingr operatien avhese Lalusedm@rsmt dreajiment andlor
di fferent t| ’ﬁmﬁ t's%o
kept in contl nuaFa agar? atalsr(;%d)[‘ E%Hﬁsﬁrpgf}ﬁ]éf;?inoﬁﬁﬁr 'ﬁ Q’f suspen5| odn oaft

fi brous nat ethecspresentinvestiomis mot ltmmvetoauchag:onﬁwranomo rray be stopped or
d t ttent
used intgrmtten k&drﬁnn?’i& Paﬁsért{t%dﬂﬂéﬁta&f' 8 prssdhg; '{9’38% gﬁiﬂéo% Q@%al 19 may

treatment” or fibrous naferial exarrp “agitati uce
ai r entrai netielplaced in aa:gnvqttlpoal napatmiaking fiberstogk prep deater oh pulper 12 cantaining

and reduce | L3qfi’ E(S&Iqu%er S5 1f the fibers, are ﬁlﬁfc&ﬁrmfdaﬁf‘r& {re R MHay( i fofined in

dyeing) withrn eat 12, suspensi oh
mat eri al andthenbeates necpuneeamrbmey( areg hydrategc k meuﬁblyys gnatedal stockitie dkephdn

readi ed 35 E&ﬁt%ntaﬁlréﬁﬂﬁh&ptdf%ﬂa% h@éﬁéﬁ%&&l brous material or web utilizing

conventi onal I.ng techniques. The stock slurry 14
may be s2@red in & tmgsmpntelscamd tpahprﬁb;pus material in the puiper or beater 12. If the
9 Lis

RCT/ Usa7/ 1240us naisfitis {5 gellulosic, the frpatment )5, flesirpbly added after e fioers 2%
adj ust ed f or hydralegnthe treatmaabrrpathebn Isplid; liquid or gaseous formaaricembinatians thereof.

addi tives magyp @xﬁfﬂ;ﬁsdt@ u&é\ﬁueﬂr 'n#@' b riﬁ(‘tﬁé 6 [ Pellel thay dissbEER! & getcgnd

prior to formn ese materi a ded to inprove tastness an

ot her proper meé@rrs yead do suspend dthe W%ﬂ“@i?ﬁ'ﬁ!ndﬁtﬁm#'?dnemq’@"d additienallyo the
fibrous ,g tatai, B&Y¥n l?@nradfisohquﬂtsa&em o iR bas TRt BIGwhafito! e RGUIE

or different ftreatnent For exanpl e, these additional materials may
have the sanfegiswmThe tregtraentmaay:be compesed °f one Mﬂﬂsl compenents, Feactants and/or

materi al s thgﬁasawa&y@e%m&lﬁﬂenwwwrﬂéah 8 flﬁﬁi més! | ul osic

“fibers, synthetic non- 05|c wet formn s and the like. 10
These fibrous rmt@enemlly speaking.a the: fibrays; ma clﬁ kepir iny continal tagitationithys

the web intermixing the liquid suspension of fibrous material and treatment. However, agitation
30 may be stopped or used intermittently if excessive agitation would be harmful to the
treatment or fibrous material. For example, agitation couid be reduced if air entrained by
agitation could oxidize or react with the treatment and reduce its effectiveness.
After fiber treatment (e.g., dyeing) within the pulper or beater 12, the suspension
of fibrous material and intermixed treatment (e.g.; stock siumry)is then diluted and readied
35 for formation into a layer of fibrous material or web utilizing conventional wet-laying or
papermaking techniques. The stock slurry 14 may be stored in a machine chest 15 prior
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to enhance strength, aesthetic, and durability properties. They can al so' be
handl ed as separate slurry or slurries if one or nore |ayer f '

di fferent ™W® es is desired. Al t hough non-cgﬁFﬂﬁ%@Q%ﬁl
fibrous material (e.g., staple fibers) can be treated or dyed in a

separate process, ,it.i s gont | gt ed at, they,.coul d, be_t. ed. o
within the 5 aﬁ‘ﬂ"‘é@%t@n&?ﬁgﬁhzﬁ%eﬁ‘ﬁg‘% S ¥ﬁb$ﬁsb§a?@{’§§+.gﬁo§q%%& e,
certai n conyqmbdtibiiy vat dyes nmay be used to dye pol yester fibrous
mat eri al usi ng .t her pofi xing. apl e synt het.i.c non- cel l ul osi ¢ fiphers
i ncl ude pol ypr opf¥aties 3g yﬁ@ﬁé‘ﬁé m%r?eaﬁﬂd%ﬁ’emﬁﬂpé’”’@nf i"ﬂﬁ’?‘g‘.e chest" o
fThe dijl ut edin@fiatiately ﬁ.tm-plenﬁa;rm;c ing( ¥hese n?atmdl mayibe \gdded tosimpravectasthess cand I
or e onto a [govin or anmi.nous far m wire 16 using a, conv I ona
paper makd ng°\ﬁ'§5cﬂ$8R°’ggs s"'%@ 8% soflpess rﬂ‘dhgggg%?(‘%‘t# ge?'%ﬁﬁi ?Fﬁﬁ@é‘@{e ir}%ﬁo uch
as a Four dr natealsrhay béladded. These nidterials may have had the\same gediffiesdrit yemml

e

used to wet formrelatively, Llong fibers such as, for examle, .. st

T hore. AccBPRPTRBIB. ess SHOUBRE mABEAR, T have e Sms BRE of 2 ditierept 3K e

‘?ﬁb 3 Eﬁﬂﬁﬁegfof fibrou® nmé}féh I Bt mayg rbtehrédaua mddaetrv_)/ow fufmsmtsp‘dﬂ‘lebeelltamfl:_. |
ese speeds can . .great er n,conventi,on continuous textile

vat - andpr eaﬁ‘?‘ﬁe‘yﬁﬁ'@"ﬁmeégyégs?'g\?@g;%i"gssg?éﬂgb?rﬁ agﬂgwa]h&?nvent ional textile

pr Oﬁes Szémydr eaCEhm fisro3$ thattgrials tarl be BOdRd 1W1the stk slurry prioe &8 fuomingethe web

pat hways an shers.

. Aft t i ..qa. 1 k
DRy & bgansen gt agstopic, Sk crdiy RVRENS, YBRRLARS b6 ol
at f:pnzi tstetaﬁﬁastewb \ahﬁjiﬁfslﬁrréﬁifbﬁ%{mh fh?ﬂ!sioldgfe}ﬁtﬁbelfAtlyrfesisq[e_siréc}.qUi dhare
a | e (0] e we IL1e | e 1T0r apri c ernat| v e,
ooh ey 50 be ARbgHsnusancelb o o aRtSHE (g, S TRAPXCAR R eaiRY br YR i
(not shown) mé\b l%_b@at_‘aée prq(déf&@.siﬁ!srtbdﬂdn' blﬁfetﬁ Hhht meyio@uidd?]éltréaﬁ?lf&i d%dLWiind tHeng
a ressuril ze I qul e or n al at us . SucC as or exa e
convent FonaFame VAT as dhe Feliieslg Els Waleriab For example, Certain eonyaplana), vat
spleaki gg, ?st rlnhyebaiueatts dyﬁcpglyester fioous mtgnal l\asmggmrmmx»' " 'ng.h(St%ﬁlblsymbeﬁc
Ccol ore materi a e O renove o e a nrLl xe e as
Col P e T pon-aaulie fbers MRS pOYhrasyjaner, PRSP, 57100 ad PolBIens fBFR.

tendering, fastngpe.diloted sqleous Susberisicny(e.g., stock SIrPE 14 i edriveded land formed

ig-dl t bon, 1 ggbmg%]%grggmg% ?gmxrir?grr'?v}/rg 1%n9s ggl ra%%'nﬁer?h%%g? gaa;laerrhaking headbox
PCT/ US9%6 1248 Jor layering heatiBoiewith at foffhigl isettionsstich @524 Fourdrinieb bemtlineowird) e
for persons ct ed i.n _co Washi ng

.who have unpr.ote ski tact with the residue.
50 el o IRCHR W QsnaBiIy Heiia used g vieh Gt Gatialy, b Hodrs Subih F sl o
be caused bytapltefibersl Adcotding to thegresent invellidr) highsspeed papermaking emachireossh | e
fabric reactive, a vat e cploring, systens. the shin tep i 5
necessary. APRY{S %‘b&g@ﬁb fﬁﬁf i 'E'"g?t (é?{“b%r@ﬁer{"?‘\fq@e \’\ﬁ%‘g i‘i‘&sgfege‘!ﬁ%%
convent i onalmuch greates taisconvientional coritinaces taxtiibaat ahd nehctive kye proessesd Waste
often.perforned.in separate . onerations unconnecte .t h |
£ or i o 2hr ocAeeas in sieh tonventonal oAl eAbceSS Fray YEREL bR 16 St hP g Rl
excess or eXéstoor web pathavays iand asbers. . dye chemical) may be effectively
removed. fromth I_br | al usy rd.zed_j f
liquid such as, %’%?q‘e‘éaa%b’?g&s E@%AS | c@éqit g‘r?g?is%? 2% g&ﬂ%ﬁl é&cgjn&%tz 2 arid
attribut ed tsofficlentipidgivateréd (typically atcdnsistghclesgreater then 18%), ipdessuripédjetd of a
wat er) enpl Qyed. .@ei ' ' O k0, Ui
(bers ber ndBRAS ARHGP (EERMER MRk Woh heoffind 1S Andhatiyihe WeB ey
mani f ol e Wtid trafisforred ter 2 differeht moving fabric 2t ior embvifigrdrum (not shown) where
pressurized jets of a liquid are applied utilizing a pressurized liquid jet forming apparatus
* such as, for example, conventional hydraulic entangling equipment 24.
) Generally speaking, after treatments such as reactive or vat dyeing, the fibrous
colored material must be washed to remove hydrolyzed and unfixed dye as well as spent
35 chemicals. if this washing step is not done, fabric tendering, fastress, and color stability
can be impaired. In addition, the washing step helps remove undesirable chemical

10



becom ng |rrpﬁ\;a‘5§§?§?g entangled within the web's fiber matrix. l;('::‘réu§97!1245

War m soaps a ents may be incorporated into the pressurize I quil
jets - used to wash the webs. However, . .the high shear and washi ng action

of the jets . : I t fS5md whé d
soap/ det er ge %\ﬁg‘g ftlrl‘ar}dn ‘ngﬁ% tH a’?\t}eécﬁée‘g .p%myﬁs'tﬁ}iuls?giisnf Sﬁgﬂ ch h%%:??g ggﬁ?éede

jets of Iiquiskin contactiwithythafresidue.nVashing talsm helpsRBinizEe of ate ungesirable
l'i quid susper\ﬁ?ﬁ.@n%%éa@es hhgthso%bbga&‘ﬁbh%ﬁ%ﬁnﬂéﬂi feftOM2 the\BhRe0J WitAPfost

20 I n Iment of the invention, hydraulic entangling or .
hydraul i ¢ neecdrivegtional textie: fbris; wagtienand ¥at\dy® colesng-systems. dhe washingrstem is
addi tional_ washj Opli G dsi | ' '

cli i nat o | ebadSarsN! R HRlergent baft  SHer EacRnAG v ing W REF R ERtbngE

adapt ed to hysiystams.dowevesthase systems tend to be slowraad priefen perfarmed ig sppdrate
may. be_accompllabshslindhfédiéd WAR W iabne Mliflodebds 25 entandl ing
as nmy be found I n, l'e,

equi pnent 24 or ex In U.S. Patent No.
3, 485, 706 t o Aoconding tth ¢helpraspatdnvention, ualised, pxcass of eyhaustast ireatmenti(elg:,

reference. The h hC &M i r ' t ; :
carried out \Aﬁ’f%%gé@maagppgﬁr?%@ wor 'Y %@I"?ﬁ T%’ﬂcﬁg%mg@?fg?ﬁggg%ﬁgmg
water. 10 pressuriseddetsafia/liquid sucheaps tor example hydnavlic entanglinguets. This aan be

dapted to h ' . | i Cos i
Scconp! | sheq Stiresf e REACVIodtls afty NG volhs B thak' picdfl bl elfployed.
in, for exanpEffectiva wasbing istaise due.toindidduddmated fibers heing thgraughlylwashedowith
t B . ' . . ' b Sral '

121 o enc S 1ol hyoblie PR Hoftlos" i s B o0 s ek Bitor
carried out wbéedominy irspanteand eatangled iwithirf theivebis fiter matrix.as, for exanpl e,

fer. 35 ; FoE N : . .
(T eat ment iy al soMA Soabd MR G1GRENA moy B WhrPBRH o B8 BrogihaLel Kifd jets
for exanpl e, asediowasinthestebsl howener, the high shea@hd®acisiog action of the jets may be
PCT/ US97/ 12451 { ' IsSs. .

and partiti on@*%ﬁ:fﬁi&ﬁfa&'@?ﬁ%&p&h gé%né@%‘n%ﬁéﬁg%eﬂﬁnie%é@% i'%bgﬁé%d'
ma';) eri al b( e. gUtilizirg suchehigh presente) jetsrf liquidrimmiegiiately after thedowoation of\the webiftom
web can be tr t : .

vt auli cal | va SR8 sibbehsRir by ircRd weblcunbinhdse Qulfloddl whshing steps, |,
~section ozo 5  peinf aneambodiment of the invention, hywnaulic entenaling erahydraulic needling

exanpl e, wove r ot S e i 'q,qgg ; t

upst ream of tﬁtgﬁg%ga:uaiﬁl :c%%g [ ﬁ‘&ggﬂ@%@ﬁt &ﬁ%‘ a tteardd{tﬁggl %sér ?Gmpmen

fibrous mat er andloowebebnglidation equipmentrcanche aliminatad) v speaki ng, such

techni ques are ' ' 585 ; - ﬁﬁ.ﬁl .523

| ssued on Februar orl%a%??éj?%gi E\%r a!@'"%@ll&.e,sﬂ e glats'??%‘sﬂbr %I?al?&e?

whi ch i s herethe weloThe hydradiic gntangiingemay . beOCateampiistyest utiliging conventional chndeaulic

on top of _the_{i |@¥EE | bo 1P,

| ayer ed) 24 eﬁ%ﬁé‘“ﬁ\%ﬂn e v%ﬁ% Y Jgf. gg S{U#‘;ﬂ g".é @)séié@ﬂ'ta 'e'ﬁp"?%t%%fm@gf Qlﬁag"%.@

exanpl e, if tiee Evansitthetdissiosure of which isvhemebyingorppratess by | reterenge. dbet hydmaswic

~filaments suc ?zf%?-nggﬁ% r;%(:, ; m% Ptﬂ%%ﬁh
carded and ai ?"?ﬁq@@%??@ ple 1 er we %en?r%é(ﬁu{tgﬁatﬁl 0 gﬁ% thereof. Suc

- webs can be nasidorexampleswater.or non- el astic spun polyners. Fi bers and/or

filaments can be Kﬁ%ﬁ?ﬂk prosiel jols' R 'a vy e b Rydraulically needle the

Ei t her one side or bo ‘s?f'g';és of the jrera?grir@ﬁs may be {reat eﬁu%ﬁy

pressuri zaa j web. The hydraulic needling may be accomplished utilizing a process and equipment such as
may be found in, for example, in U.S. Patent No. 5,137,600, issued on August 11, 1892, to
Bames et al,, the disclosure of which is hereby incorporated by reference. The hydraulic
needling of the present invention may be carried out with any appropriate working fiuid such

* as, for example, water.

35 Aqueous suspensions of fibrous material and intennixed treatment may also be

wet formed onto a substrate maternial such as, for example, a nonwoven web. In some
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of aliquid. It is contenplated that the jets of liquid can be usé to

Tpattern %Bg&f?ﬂi als to produce cloth-1ike aestheti c&c#?#%:g’li&ect Ive

ent'angl i ng cKings. 20 Di scharged water fromthé
pressuri zed I|qU|d jet (e.qg., hydraullc ent angl i nQ) nanlfolds can be

o o0 &R ke e B &l ﬁng&gv DaftibHed vhgulin e
treat nent such as or exanpl e, exhaust em ca auste Jg

cheni cal zones employem Sreaterh fibous: matesial 40.9., @leSterathmﬁ{fmed
d t h
PrOCESS  OfaduibubR’ héic W' ¢8R 5 [ Feated v&d@%éﬁi@d D?tsp'bf’c eﬁm‘r’]@#

require | ST RGent water conditions. ter t

st ep, addnydmﬂ@allx:hmnglad) om dhe forminghwine ©f Idownatsaam ensanogher-wire sectloﬂb@!'

appl [ egd F further washing or application of liquid treatnents
accorrpl [ s ed by using, sprays, dip and squeeze techni ques, vacuum

ext raction Subsirates-sunhsas, |f@nm@ﬂm!n.tvme9 and/arimenwionen wabs 26acan alsofbea

U, Pat c/iRdf, 2068 Bk’ S0t Mitkhluie entandiBgroquipRaRt a8 aner the 4R uF

i ssued onfibraus avaferiz® or WEHG20 has Obememmaql &enatally sphakingrsusht techriiqués ate are

| nCOrpor alygdodiel ), forcahiple? i UL Patent No. 5,389 2026 led 81 FBERAYy F£M1gB6SR P
a er 'types em ca u for

used to r or treatme di'ng,

ex ar‘rpiltJe EVMMEMQSW of mmmwwrmmed by reference.sOther layersiroay
Chan 1 1 oS S G e b Byer 20 BoffE M Egihadfe 4 ifed b AP EvaERY T °

or beat erwdl2)A twiddoatiety dfi substrates is contemplated nForsexanaplé,uifjithe \sebstraiettmmt

has been XW%%@%@QBE%J MRIUAE- cdrithusis? fhfentd §éh as spunbond and netting,

12
PCT/ US97/ editiiiawn, coform aigrpixfuires, cgrdeidandain forreed steplediber webls and combigmations

ol f
7ol i, bl 85 Wb o9, o of s, or AR B i PR, S5,
fi brous nfilaments can be made of thermadet or thermoplasticpolymersl so be added i ncl udi ng

wet - str ength T el ne Udka! i sides oP HeHbBRAE fnay HATEEE bt Hdistnzeg jots

germi ci des, ners rrosion 1nhi ors an
range of ofeai;qmd. It isrconkaraplatedithatdhe jets obiliquick cary be mee do pafters tbematérials toe

dded t Th

?r egt edoaﬁﬁduce E@%&g&ﬂﬁ@ﬂénné@&é&ﬁ%}nﬁ@ﬁﬁ%ﬁﬁ .% drying processgs and
can d@%ing pr oB@bﬂﬂQMmmdbh ﬁmmwmmmm (e. ﬁmﬁld\cmg"ﬂg)
processesglisils ¢oh bé %ﬁt@@ﬁ%edduﬁ&frﬁarﬁ%rﬁﬁﬂs%dcg%eym fr%ﬁés?‘red d&‘PUU”‘

de-wat eri ng, m crowaves trasoni c energy e use
Ther mal ptreatmentsasusinas, for examaples exhaustadedys chemicals. E:dmmte«bchemcah and t he

drying st %Bﬁ‘i;%eﬁ bardatcy Bhi Yinef reiiSdy mﬁwmg ep\‘odéedsél raltfﬁe%&%r'ﬁ Jﬂg@l

present in e mater 0 use
st eps andpaperw@shmepmemwpcbméeas@tﬁnqsatwatgscowmt ed pr opertles to

the erial. Rebe g ng 5@5 l%‘ﬁd}dr hiniRhtPsRAleRts 28 can
cal ender rolls, cre or “brush to I’OVI uni form exterior appearance
and/ or cebe aapplied. For (ey@mple rmmrwm -] tmm pf disich treatments ofan | v,

tcﬂgmf ¢ g'r B BeImgiiskad Wk&in??ucébrafserd.p and a@ﬁm&aeécaﬁ.qdasesvmnbeem to

lal may al so be we dry creped_ and/ or
mechani c aPWem'EH&FWSZQI the fkeAn ﬁﬁ'ﬂ!’ﬁ of Pélﬁtﬁyﬁm&ﬁrm@%ﬂﬁ%

or adhesi yedistipssP M, fd? bxEMpRCUS. PARh{ No. 5,486,381, entitied "Liquid Saturation
30 Process” and issued on January 23, 1998, to Cleveland et al., the contents of which are
incorporated herein by reference.

Such equipment can also be used to add other types of chemicals or treatments
including, for example, fixing agents. With the web washed of treatments such as, for
example, exhausted dye, various fixing agents can be used at lower amounts than if

35 introduced in the fiber stock prep stage (i.e., in the pulper or beater 12) to better fix the
treatment since fugitive treatment has been washed from the fabric. For example, less
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and bul k per kY Printed finishes may al so be applied to i
aest heti cs. @g‘é#’ﬁﬁ”‘ processes can be inline prior to winding U ﬁ‘]lguﬂ

fabric onto a roll 32 or off-Iline. A variety of fibrous

materials MYy Benie tdd r irbd\tS " @Y migfdied! diffused into TR LUAEA to
the fibrous tet;'l g’s’%oﬁ%gﬁﬁg lsjlaél:) e t’rgav‘vlst hs?ig\d pot ent ilal I:yd'g'ggressi ve or
25  del et er i individualditens since RXCRSH Of fugilivectiyerpae beea washed from dhensyrface and

treatments reguilki # .wvely | ong exposure or residence tine.
Sone fibers t'ﬂ%ksrhrbr‘égoggegsbe S ncﬁécl'e, but are not limted to, pulp,
cel lul osi ¢ fibers Other ivemicalmcanaglso shetadded cingludingo wet-sleengtie | tesings dinders,

fibers, and | ' kAt | o

ol T ut o | PRHEREFH, SaimBeiradily qenle i, SCHERol, Stdiles, comasion Intibtors an 2

fibers such 3dide range bt textiectinishasc Litricgcich and ethylene, digming: Kag) alssf bosrsided i

har dwood pul ps, .ecycled fibers may be used. These
g o OaRE p et

fibers may b rom So such as office waste, newsprint,
brown paper st ock, Thentieategdant svastied majerial viaychentitiad. Throughfairissying peagesses and

used. These incl I ] t L L

and cotton | i‘??Pe#"!'. 9 e |§52‘?§+u osi@‘#é(\ggsg‘%uc ) ?@'@%@ﬁﬁ%ﬁg&,‘t %%n
and vi scase 3Jhcorparsteninfrayredi| radiatien, uyankee Adryensc vacuumpdewatering, e migrowaveshantdc
cellulose is i lab ' | iy N .
Cor t aul s, veHonS Sy Y8l sz e s, ThGHISH BESRARAY may P Gsed aloh8Br in
13 . conBirtion 92 the drying step to fuse a portion of any thermally fusable fibers that may be

PCT/ US97/ 1245 - ampl e, the fibrous material may be conposed of
derivatives o‘gn%eginm‘%g'giqﬁgff(ned by substitution of appropriate

radi cal s (e.g., damagbel desiratiigito use Gnishing steps raatlior postctrgatment psgabsses,to impart
roups alang t C , ' fd e

goml:J)Pnat ilc?ngvxfe?ere?‘e"aagsg?%giu (E:h e ﬁ%ﬁ)@l‘ ('::J *%%Pé@éﬁgl 'grgﬁﬁ%ne%g {Eﬁu.fd(')‘gy &rss %% rbg .

Parti cul at es cafehter roiis,narepedhorbiugihex toSprovidea unifoon lextenior dppearance andfar meatain

mat eri al s. . . \Wh . o] Lhar s) o , o]

consi st enci estaﬁtfle ff?%"%sbo@%mpw/gr(cgﬁ&?%nﬂgl %}a@r %?%S@?,s%e%.

After cel | ul cadhesifesardyesmay beladdeditpdhenfabds. | oose, and the fiber

| umen swol Il en for gecc L i | | nqRr ' regt .

ol ecul oy i thi n (T FRECE o et B8 FE0G Y eRped drdih iEHanicgnf sonéhdd via

acconpl i sdred. othersmethods to apnee isoftress. and hargl oyadhesive recreped do improve tstreagth

conditions in rj . . ' d [TEHS "

dyei ng) . Addi ?’%ﬁ@? doréeél)ée}ﬁ%?spnr%?d g@g’\r{%;ﬁagre% °| Pgt Eﬁ&ﬂ t rré‘éé %ﬁpe?é@? ye

treat nent Forprosessps ean be infine paiot torwinding up the fabiic optoca roll 32 @ffiline.

obtain deep |evels .ol Qr ' L ; 1 & Al edd

prod :.I ces bgt t e\r/ A %8 %&o‘?f %bsrplgge g’gﬁe’ﬂ? 9{39%@%%:? Ehoeg éﬁest&h%ﬂ}'ﬁ?/@r@t é';résng?élly

shoul d not bespeakidg; then fiprousi matesial sihauld \beoableptor withstand wpiotentially aggressive asf

{1 bers wiith oAb irpaiBhip s de)fr bl rdfthbdlvSriis bf FEeinenti* ARG
ef f ecti ve anda relativeiylong expossie or residenas time. Somei fitess that mayrheyused balude, biste

2 ant e gab e, g, R ks 36 Db B coone
are t houfipers,tandinplvester fibersaandeorbingtionsithergefient / cheni cal into

i ndividual fibers.ciuic¥dHer S8urces for treatment (e.g., dyeing) include virgin wood fibers such

30 as thermomechanical,- bleached and unbleached softwood and hardwood pulps.

Secondary or recycled fibers may be used. These fibers may be obtained from sources

such as office waste, newsprint, brown paper stock, and paperboard scrap. Vegetable

fibers can be used. These include hemp, abaca, fiax, milkweed, cotton, modified cotton,

' and cotton linters. Synthetic cellulosic fibers such as, for example, rayon and viscose

35 rayon may also be used. Another exemplary type of synthetic celiulose is available under

the trade designation “Lyocell” from Cortaulds. Modified cellulose fiber may also be used.
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many treatnents and dyes have strong affinity for cel | ul ose whi ch may make

uni form ation into fibers already fixed and enbed
woﬁﬁgﬁii y

consol i dated webs rather difficult. The process: of the pre’gj 2451

invention is thought to provide nore uniformapplication of 25 treatnent

than many ofghainph) e fﬁbﬁ?ﬁa&te'ﬁﬂﬁhaﬁbe chiposuchéiienivativad & eeudiaéefvaﬂﬁ

The fiber stock preparation step of the present invention | ows controY of

| ong substitution ot appEpriate adicals (89 m plkyl, agptate; fl"é’ﬂlenﬁtﬁ)sfo( Bydgoxylt o
properly figoGyéalong the tc&%hr@ﬁrﬁ )THeRE fﬁ:é%”ﬁb? be' @Méi@ﬁet InESmbitat

greater than 60 seconds and often an hour or 1l onger. may be rea |ﬂ)z‘ed
Accor di ng t@heneeliyasic-fipers pdior inon:celldagie fhets: ePatticylptesand/en gthien materials

suspensigon ﬁgyglsgrbgqgem@%@fbragg,ﬁamrﬁfsm xed treatnment can al so be
controlled t facilitate opti mumreaction Kkinetics. The

present i nvent i offheawassRuli (8-9-awaed fikars) arp used.staginsansistendes: ofuup to about
materials. 12% caﬂ beadug%ttmaﬁ(dwdyé&)emﬁ ci¥uidiid fibers hFH ﬂ}&? Hg,am%a 4{;
eac I'f T USI ng

many ways i ncl udi g ted to, coating,

and fixi ng.andithe fibelumeanswallen forascassibilily, Sprgnation of ameutaemn&esg hayeng
several difrhgeenb Wﬁt%tﬁbﬂnﬂtﬁé’ ﬁ% L

I nvention, the tr)eat ments wll react |€’M‘??(ﬁ5?ﬁgy gﬂgface 0 t%c%?lpbrhoeg rf.%ss
mat eri 0. |reatment£e.0., less dye) may be used under these conditions in comparison 1d
WO 98/ 09021, i web treatments

PCT/ US97/ 124%“1"3"‘“‘”"a we a?épeeg (gfg t“r'leeb d%e\l/ngr)ltAddmonahber} rﬁtesart" gL %z?d cf ﬁ?use
into the fitPAadmentis 2 dye treatment.cEen example, in\gituationsawirers rmsssm!ue ri$ aised Ito
yet anot herorisginfelepQbveid!8f LoYE Vet inchrp@ratibR & to
the fibrous materi gl ‘(’)r coat the- sulrnf a@g o'f ther@?tvgmg@nggtégﬁﬁo caeﬁdbﬁ]eP
react with colorfastnesfot her conponent or agent of the treatnent to fix the

treatmggt in theAl&io%ﬁlﬁe m&ﬁafsaéhoara not%e Kl ('8 péﬂﬁﬁpﬁme@s {ogéra on, the

EXGI’TD| ary treatnents | ncl ude acid treatnments, caustrc or

si ngl e processofthe; presemt dnvantion dafemaixes; individuel, | agitategeand, fiteelyh suspiendedmy
be used, eifgeps withORGredtmérit (e.g., a dfeofl‘@étﬂﬁhf)oﬂ is tRoUght thty Ridre ¥ ?f g%fe and

‘treatnments have been found to-work well in process o

present i niBATOUER  calgringe Madpbe OH*ﬂGeQ)rsﬂlFésg"Qﬁﬂﬂqﬂhéf ;s&yesmtmenvetmmm inty

10 be usqﬁdmﬁugﬂefg,ghg%g@é@rl al using reactive dyes, vat dyes or
sul fur dyes rable treatnents include reactive dyes.

Gener al3% speakilRgFontmAE: Eberscalready fixed and eraberdgd; within % Gorsdlidaled web @re

t I YRidh Ot dyatridd I
Theory of oﬁtﬁﬂ?ﬁﬂ“ﬁiﬁcﬂ@%es“&f’e ?enerz'f‘{“y‘ei“ Ok il foors, PRI O

fi ber. any-fregtments ang dves have §irang, affinity ferecelijinge wyhich mycmakg l-tm@fgrlgned
to react Wwigdhetatioringsfitsers !abeédy thied &Hd Soddd (i %ﬁoﬁb&t&d%ﬁé&&a ei-fdwﬁ

into the fier structure. These functional g{roups are

remai n st ablN@ pReasRohthe present inyention js.thought 1s, ArRide more spifeRm .agpl!qaﬂowé
| t 25 ltﬁaaﬁaamrtnbh ﬁ13h9 ebnm&'amm s%Eh s, for ExdMipie, Padaiy me@mbas, | S

used as the rred:,#' rgg g the dye. Functlonal groups of these
dyes may react %chﬁt?B&We@? Bgslﬂp of the pregqgt linyeptien aliows canteel| ofpag e

ester fi berredhtibncﬂhﬁketﬁét hﬁﬁdﬁe tﬁﬁheﬂrﬁﬂ'séﬁiedﬁéﬁhieﬁtsc(&gr to R’ueg){J fix dyéter

har dness gw rg___a trrent when these dyes are use

fiber handl%ﬁj‘“ s} Jine Be} a?&'°rb$'maﬂm&=!%afeamﬂwam6%amqsans&efma@d
by one of hour or ighget, M4y bé kedlized.NAdcBRIIRY fo thBgeseny ihvdm&: 6MpERINGE Hf the
addedtoc ngOSICfIbe bea OQ}W.% er after hydration.

An el e@% oI HIPENIR ﬁF ﬁgrou§ HF?%HBFQ‘ n aiso be controlied to

facilitate optimum reaction kinetics.
The present invention contemplates a variety of treatments to fibrous materials.
The treatments may interact with the ﬁ_bi'ous material in many ways including, but not
limited to, coating, reacting, diffusing and fixing. Multi-component treatments may be
35 used. Treatments having several different reactants may also be used. In an aspect of
the invention, the treatments will react with the surface of the fibrous material. In another
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sul fate or so&bmorr de may be added. General | y speaking, thecpiistindsbe
| tquid 25 suspension of fibers and interm xed reactive dye is rai sed to
al kal i Ievels to enhance reactivity between the dye and the fibers.

For exanpl e, Ee&"bf”iﬁ& rh@bﬂhéhsﬁé tréatRBAstmdyl diffuse rntoqne Jfﬁrodii inakdrialaha react
such as, for exmgg soda ash (sodi um hydroxi de) or so

bi car bonat e mjithihe fibeaus matafal, inyet another qsnectrﬁfmqmewndw treptmentmay diffuse

be | ncriggsRe fﬁmhshﬁaﬂnatoreé&r N SurkRucdiSthe ALREA Mmatedf bh@thén P@ac@ With
period of trrre needed uately treat/dye the fiber ng err a?@/o

range from | e@ﬁﬂﬂ?&ﬁ"%%%&ﬁﬂﬁ“!‘ ?Hﬁ'éeqﬂﬂﬁﬂtt"f" e trgatment

reactive dyes dypé figRusmfbsgl err] H and Mseries (1C) Arrerl cas
Inc.) and bacronrerr series (G ba-Ceigy These dyes, have desirabl e

| evel s of sol ubili tE,xemplary treatmgnts include aci treatments, causticiqr sgwtmg@tg ggglg
light and vet gy ﬁﬁtﬁlﬁ‘&?ﬂbﬁﬁfen& riaktahts, H&ﬁ@&fe%‘éiﬁﬁﬁe 1K ity béoused. efthé ajone or in

secondary treat rrents -after dyeing such use of uréa, cationic fiIxin
agent s, comblnam.gg‘,adgoztypes of dye treatments have been found to work well in

PCT/ US97/ 1245 of tHPreE &t iNVentiBR It exhpled YR BrOESs<6r thi PréSu inveh

appl i cati ons S?ro%ﬁss%o nor e stringent fastness requi rerrent vat es
may be ut iloi z ¢ used to dye fibrous material using reqctive dyas, vetsdyes or syl Léyeﬁﬁt eri aI

vat dyes may be ad w\&/\ﬁleﬁi‘h‘éhﬁéﬁ&%dude reaciVe BY8s’ fgelﬁélﬁrsﬁé&ﬁmé mééﬂ Sdyes are

material is hydrate en .agueous suspensi ons’ o S are

e
vat dyes are tuspdomith foraus éellyingia materials, fthough the inyenises cheUIdoNot bs ppéugp;g
wat er J,gqrdargr ﬁrécﬂ 8% oplrationt terl.rhorp@egggg aaﬁérﬁwou@m RoPi&R b to fber.

pulper at con I ona condi nsi st enci'es of
to 12% may be Reastive fnnctionah arogpe instheedyes are typisally designadito rgactwith oeliujesicfiber

sol ubi l'ity of Jdap A Oprgié@??blf‘%ﬂépghﬁgbé "i’ﬁtﬁ_ 1S YioEestriklRd. 'h‘?e e functidrf! Hr.fspé

dye |rrpregnat|on into ¢ ose he presence of cr um ma
10 al um num alesigpedia eamaip siablg iBrand; not seach with dbe mediuny Uéﬂ farapplying the dye it

solubi ity of ;augtatil/ that suT:tl1J gyees ?e abl@ﬁ‘ﬁ!h@ﬁ&ﬁ’ wﬁQﬁ%téHs usRl &b fh% Mefium for

converted froma water-inso ormt - wat er-sol ubl.e "col ori ess'

sodi um | euco fmmnmdmfm%&ampﬁsﬂfébew dyesimay react with hygdexybgeoups of

o um " LSRR SRR SN THIR ol Bindl el IR I OO

vary with2garticul dVateghaginess may nequire; admylmaglt whenithese dyes)afenysesbin aqueous

~acconpl I shed ePnsnarin O{gtea?sr yrhiklbk | - aditiimeht may bePleadily ae:émreragby one of
After the vat 8 zed e sodi um euco ormah qood affinity
for cel mm!ra% shﬂbrsr theaad Rﬁa@vprﬂueégarat@emx gqded; t°st=¢ lwlasie fiberstinpthe

inthis form gahgdeyl pmr,bértsf{e? hydration! &n WlectdRi& SRIRSLON asNid éxamrre Mabnebr@ﬁ

tend to inpregnate fiber |ess fhan other dyes so 20 care nust be taken in
appl i cati on t Gulfateder sodjumdchieridenmay be-@dded Gragrally spasking.pthe pH of the liquid

suspensi o QLA of Rbbrd i HiRARX6E readive S ara%yéggaqaca@r RbRNYS &ifhnce
addition rates are variabl es I re adj ust nent

adj ust ment s c&ragiitybefwepy thadyeAand the fibecs: Gorrxampleithe PHH“%Sh@e gisedfo ghaut 11.
dyei ng. | npr oppri2dkdii %t&ﬁﬂsﬁméﬁcﬁrmﬁﬂb CS¥dar ashd (sddium hydroxide) or sodium
i npregnation into fiber does not pr occur, when the leuco faormis

oxi di zed back bicaraenatg Haay R8 usas ol %\E@ﬁzﬂ‘s phahe Jfpixture ofi dye andyfiber,may be
out. Typical [eirés¥edidnd hél@ apéreoeﬁetrém Overalf ﬂeaeabn(ifrh%ﬂpbnw of 9RiRChdbiRd to
i npregnation and exhaustion in enbodi nents of pr esent I nventi on

are about 380- Adeauaiglydeeat/dye tha,fiber il elumay ﬁ@%ﬁ"’!‘ﬂesﬁaﬁa&eﬁﬂ secandsttodnore; than
time needed (HBYh rhinltedd EMRbRN eV Bfes MUUBE FRIGEN® 1P BhE'M sBREs T Mihéricas

adequat e
_ Inc.) and Cibacron® series (Ciba-Geigy). These dyes have desirable levels of solubility in

water.
Reactive dyes have _good light and wet fastness yet lack in bleachfastness. With
35 use of secondary treatments after dyeing such as the use of urea, cationic fixing agents,
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treatment may be carried out over a time period of 10 minutes. 30
The vvater-WWformof the vat dye which is inpregnated in the fiber is
oXl |zeé

t hen’ back to the water-insoluble form This oXi<¥I8A24S0p | s
al so a conmponent of the period of tinme or reaction time (TR) needed to
treat the Gihlireyis, TRbddst fthproverd { iR HeltaRS GHAR
sinply by exposing the i rrg nate@g %ﬁb%ér)ﬂ{agear?‘c and f’n ﬂ? oﬁ@gn'ﬁg'a

agi tation. smwtufaﬁtgeweﬁwmemwaédmey be utilizedh per bor ate, sodium 35
e oaL &1 N CiiHer Qb Rt ColfRlsk! ALY Rafche Vot ydiiap e 8EH il frel SEMEP

t he oxi dation reacti on SONE cases,’ an
ac hi eve hi gnpulgqreafgpr@me tibrous material is hydrated. When aqueous suspensmns of f’bers are

P CT / USQSI / 15%)16938 84& %ggslare typu:e} g water msolubla %nd @Pgt f‘rslr be r q”ﬁ?% tq Rﬂ’d”ca a
cat egori es Wa&ﬂﬁt*kﬁ@fﬂﬁ@n&'h@ canjbe rad;cg'opl(‘shed in thelpeater Bouulpm)hat lmenvmidnalg

h onoi
dyes’ | nol udondiors: PoRbiaRitiy, cfERhRRP of i M HoAug) e uso, Ble? raMieds ey
(Sandoz), an@dméteéidonmm vaates sqlulsiity of thelvatodye. Sodium sulfatel malpe auuaueber r]
Dyes ¢1Cl) fé&ﬂﬁte @;ggnﬁi.diﬁrﬁﬁoéﬁan{??e E@ %Q d%Pe%‘% ce ".ﬁ%@}%ﬁb' 3 _5“' f at €

esters of leuco v
Di f f er&ht ablamuw endlymalar pelyvalgn ionsreandiegetivelyleféact mrsmmnyiot @ vardye! vvood

fib t
troat ments. Theoan e sekking. i, deg e YorkEngs onT 3 wildriterlilefim iSng,
Cor por at i owateaaglygle ‘Caloriess” Imwm-@pe@ ifoine This mayCbé axccomplished byeédldiﬁg bﬁt
oot dyomoSuRyS giansBlua of Exsi SBaf et Fh8RHe)L 4 4 e, admal sadume
i dent i fi edhydfosulfite dsadium Slithionite). Thl)sdedlfd)d'iemtmmrmb vaty Wwitht pdrt‘catar vaedytxel ng
rar Bl oG out s SRROAR pblacePmplsneg, oy Gk o draen S B SF va
Georgi a. dyemg Per cent age anounts of fornul atlons or reci pes for vat
o e ont per i u et dve i sbitBlidd, ol BiGHIG forRREH oRa "HiRh” k.
of wood fi eRllulosgfibpes anvethmaupmawes ma;fibsr sigictuna tIEdot Afvctis lfamu itkere is mne
tent. T,
content Tl i Sghales KAETE Syl YoMl TRl A 66 1 8 inE o
(i.e., 29 m;cargfmu.ﬂ taken tin _apph@tpgn to produceogmbd fastnessir Consistendyuoithehfiber

o tat i on, SRR el S bt chdcRl, SRR, conconumipP 58 saBan raBy

prior to d9% vadablesdhat may sequie: adjustmient Suehi ddjastaentsnian bé matechy @hettifed
. ll'gblt gel. oﬁfﬂ%ﬁ@&ﬁ%ﬁ%&mgﬁﬁ @ﬁo@e&ﬁﬁdﬂohe&nf &Bdl?&cnne%)éﬁr&‘o%n'gnlf
~ impregnation into fiber does not properly occur, when the leuco form is oxidized back to

25 theinsoluble pigment, the vat dye will simply wash out. Typical period of time or reaction
times (Tr) for good dye impregnation and exhaustion in embodiments of the prasent
invention are about 30-45 minutes. in some embodiments of the present invention, the
time needed (Tr) for adequate treatment may be even shorter. For example, adequate
treatment may be carried out over a time period of 10 minutes.

30 The water-soluble form of the vat dye which is impregnated in the fiber is then
oxidized back to the water-insoluble form. This oxidation step is also a component of the
period of time or reaction time (Tr) needed to treat the fibrous material. The oxidation
reaction normally occurs simply by exposing the impregnated fiber to air and with
continued agitation. Materials such as, for example, sodium perborate, sodium

35  Dbichromate, and/or sodium or calcium hypochlorite méy be added to reduce the oxidation
reaction time. In some cases, an acid may be added to achieve high levels of oxidation.
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The wood fi}Ryoshiebsll Sh was soaked in tap water to full hydrati | ped
-dt 30 approximately 3 percent consistency utilizing a Iaborat%q’é% .

A ca_ustlc sol ution (e.g., NaH sol utlon) vvas added to the wood

furni sh. In genent, dyes! fag |t iakdiiéd lifto two_cdtél ﬁwﬁh%ﬂdﬁﬂhigafa
the pH to about 12. An el ectrola/te salt (e.g., SOdI um su

al so added. dyE& aﬁeﬂhtm@f he wsed dnythe emcq of | thet priesent inyention. Examplas hof

?i(grenr)l (el és aanﬂ)raqunﬁ?ﬁ gé%%i ent 5%@%3. Of(d\}%gi‘tq?g ﬁﬁaﬂer eeﬁed%od

fi ber has ar(Sandazt)caamUCalHﬂnD%&J!eSe(tet)ntIMigoid dyes include Durindone® Dyes (ICl) and
17 . .

PCT/ Uso 7P 1o SilE BRle Qa%k*ﬁe'gx%v%tﬁb'ay‘a%sﬂaa'&eﬂﬂfet? esters,Qflguee, vat dyes,mawg
with a redualsocesgsad (e. g., sodi um hydrosul fite) and agitated for a
period of tinme. The amount is listed in Table 1 for each exanple as a
percentage. Reaction tine after the dye was added is listed in Table 1
- for each exanple. 5 After a specified period of tine in which the

vat dye i npr i€ hydr at ed cel l ul ose, an oxidizing agent (e.g.,
sodi um perb —&dded to the mixture under agitation. The anpunt
ifs i st gg Tabl e Differentmabtivexdyes| eatadyes amdrmatlm W&bms“ié? G‘bhp?ood f‘betﬁi e
after addit t 0 ent SO Tabl e or, eac
exanpl e. {T@P Kles T pg{q ék’m %’"ﬁ%ﬁpéﬁ%yﬂ‘ ﬁ’f@g‘f’aps?@%n e dyes ang o

st ock chest finsitivecare avaitabli Ifrane dhé Ciba-Gelgy Copporativiy; YBueR! SwitkéHand Specific
conventi onal hands eet fo”t%xl on,. The handsheets were washed an

fornmed util Pi'?%&"ﬁ cﬁﬁ“?édﬁ g% HDACTOR@cteries taastiva fiyes.nRerangel@asaries atipnic
entangl ed. directd eﬁh@ fom%hﬁhg e ?Hsl\éﬁa ?céntufed in Ta-&be1

wet - fornmed (wet- ODJ web of dyed wood ned on
relativafy | ow b¥&@ mrngfn'srb@H#edehmdvp@n Eemsen&owac 1$ha

basi s wei ghpleached (Norirﬂﬁn S SoHwstAd KR Py SaRaLig |
and the baS| s WEI of wet - for treated pu p l:E)leas appr§§°r9§‘¥ély
73 gsm (- 2. 'Q'Eterm ned from sanpl es that were oven dried. 20

A convent i onal hp@mkagé Sii\baﬁlg|dfrl’8nﬁd1§ﬁ&i§‘ G:SFéUg@rSE%PGat?wzgn}é‘a%&’é oYEs and

used. The basic operating procedure Is | bed at or exanpfe
Patent No. §xaliyg tregiments are |b§§%en maynds of inposiientiner Ereethweed Sbet.e,, Ihs: eaf

cont ent go of jngfédiéhtes600 lib%obp\%@é filery) Whitd thawoo dffbe(r%ﬁ ra?\rﬁ\s‘i’imdt:é”dﬂ?%n@naisi

had an orifice size of 0.006 inch dianeter .- I ces were posi t1one

in a singl eCPWaPtar The s??&%?'m)g%\a"&b‘ﬂtﬁ for pthgr 'F‘Pt?é@sp%ddeldl areabasencm grams of
mani f ol d. 2ﬁ.gred}&wpsehdo\g?am§ oPhese HE& HNesth&FBrmisH @ewgh&hoﬂﬁ RidirtAob gms

energy fine colu draulic entangl'ing sur ace was

single | aer"°963m6‘l'p8F y%@Férﬂ‘W'?@ baBﬂ?WQ“s Weferrd)‘ﬂ]ﬁi’&t garigd b putn| &t a anbient
| nt er nat i on@mperatufes uﬁdeﬂ_ Bblta-fibﬁ HRE WaiteH Fa s Wi g@gﬁg to ap r&@ﬁ’aﬁte‘ffﬁﬁo

passed .under._the.mani f ol ds_at line speed o r m nut’e
(fpm 25 PPM prior to dye addition unless noted The specific amounts of matenal used in the

formulations or recipes are identified for each example in Table 1.

GENERAL PROCEDURE - VAT DYE
The wood fiber fumish was soaked in tap water to full hydration and pulped at
30 approximately 3 percent consistency utllizing a laboratory blender. A caustic solution
(e.g., NaOH solution) was added to the wood fumish. In general, sufficient caustic
solution was added to adjust the pH to about 12. An electrolyte salt (e.g., sodium sulfate)
was also added. The amount of electrolyte sait is listed in Table 1 for each example as a

percentage based on pounds of'ingredient per ton of wood fiber (i.e., Ibs. of ingredient/
35 2000 Ibs. of wood fiber) where the wood fiber has an estimated 7% moisture content.
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V\/nere‘they wer e washed and consol i dated by the pressurized jets of water.’
The resultin nposite material was dried utilizing a co
Iaboratory a@m@f dryer. GENERAL PROCEDURE - DI RE&%’Q”‘ 51
A Pergasol Blue F3R solution was used to treat -a hydraulically entangl ed
wood/ pol ypr opyl en rat
Manuf act ured 35 Rgggﬁf%rﬁ"% %Dl&gé{'ﬁ &W%gﬁﬁ %W@@SP&%@“M
wood fi ber fuoaiumlhydrosulﬁta)rmﬂmgﬁdtedsfompauow/ﬁmanmmamt i@ isted irc Fattte . for
Sout hem sof t vvo kr af .
SO LeoyT 2 69 exdripig @?W&??%eﬁea%'gﬂﬁg%’%g e’ gy was.apided [s fisted in Table
applied to thdosedehtexampleutilizing a liquid weir arrangenent as
described_in U. S at ent ,
Process” and issu ef)ﬁ %ﬁgﬁ%@gﬁ%@ ﬁ%g‘% g* Q%ﬂn%rlegnﬁip ?@J@&)}ed
i ncor por at ed chuldsel ancoxidizing agent (e.g5/ARGdiEim THefDoni@) was added to ﬂﬁjmuuratmder
color levels re sured _an rded.in Tab ' | _—
coor di nat es @\é\ﬁfﬁmg? Eﬁj ﬁf"&'“ﬁﬁﬁs{egﬁ%pgeugﬁﬂ?a@ﬁc%ée?? gl\’g%é%fﬂ% Ta&?gé’afw"
Sensor and time dften atiditionioftie mxididing agenm\issalso listed i Abkbie At for pactRexample. Wiiter
CIELAB coordi nates are 10 on, in Wi L hi .
“Cormi o1 on PACERE: PR wef ShEERRAN FaigiRR\o Sstbel Sk bPelk 1 BB piwen o,
des: gnat ggl L%, m’gTstdn’cy aﬁbmpsmtfemmad tional Inandsteet wr?mone Thedwindsheets were
scal e assumn ol or ved in c
Green to reqWashga and' drfc, Sl CaVabina hanugiate thmisrcing L hiEBS sy,

100 for a perehmledhl te to zero for a perfect black. a* neasures
‘redness when plus (i.e., positive), grey when zero, and 15 greenness when
mnus (i.e., negative). b* neasures yellowness when plus (i.e., positive),

grey when fzeIgNEHWL legbﬁYDRWCQENRNGDwt ive). ' The
ClELAB "B t Bef -
reasur emdht o wer o hRduetTertre AR, Va0 Bl BE* IRgeitionnd onfepst 2

Hy?L a;JIhI c | relaﬁgdlpmdt basis méngm; mtm:nbeﬁawolyﬁwenmmmmb The basi_nﬂlelight
ont angl ed” sult RS RABEN Sef e sharaimately £F bhd-8 0T 8o (i edbie aldnl St
_fibrous web. fidvedotreated tpulp webt was appro)drhaﬂeiynvs egsm c(~22 osy} casv determined from

“hydraulic entan tr eat a neans to supply . the pressurized jets of
liquid to wa?ﬁ"ﬂﬁ?qﬁ gﬁ%#@?&a It should be understood that hydraulic

: 1(_'ant a?gl | ?gt ) t rpegmmntional; h;ldraahtaemthaglim systemeomboasc'i'afefsal rrilarﬁfdll'dsiwps' usgdat
reat men . be ed. .
material's pr OGO S RECarEchsre i deschod] of or Sl S PRt NG B.ade o
t he col or to iésaeld Fab. t4)a1998, toEveriaarhetair, ¢the corténta of whichrarg éncorporated frerain by
409 and an i I.al I
“accor dance r}g M#Sﬂfg%h\%ﬁ 'ig’g@ ﬁgwgﬁ:ﬂ%com éyr%ficgs were
(I nt ernat i onglositiogedhirzatsingle fow aSa #pdcing |qi abouw}o aficksspari linedr inchf onanifo)d.
E. R ein r
Char | es” &1 7 AdgtgREatsy Bsble W 855 g8 wfich baibiatdh high sibrey-hil EBlinngF s
‘rating of "1-Bie bydreuiicc Rataggiingr adifany was| @ single Usyat 1°3AM vidiyestes” wipe ibagkinpe
hi ghest rati g ekl 8u,/R3% Aibdh§ 1emilioh PorERB]IR. the wood PuipIahd Splitisidied
webs were passed under the manifolds at a line speed of about 20 feet per minute (fpm)
- where they were washed and consolidated by the pressurized jets of water. The resulting
30 composite material was dried utilizing a conventional laboratory handsheet dryer.

NERAL PROCEDURE - DIRECT DY!

—_— A Pergasol Blue F3R solution was used to treat a hydraulically entangled
wood/polypropylene spunbond substrate available as WORKHORSE® Manufactured
35 Rags from Kimberly-Clark Corporation, Roswell, Georgia. The wood fiber fumish
employed is about 50% Longlac 19, 25% bleached Southem softwood kraft and 25%
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for Iarge nge. I'n each case, a test sa
‘appr oxi mat e le nch in size was soaked for a 35 specif%’ﬁ%ﬂ"i’ﬂsﬁoo
m. of test solution/solvent and then dried at anmbi ent conditions

over ni ght TS&%@@Q’#@ 'lﬁé PeffdBPBIGE FaR StilitionWas® 35pllel to the substrate utilizing a

19
PCT/ US97/ 124iquid weir arrangement agsleserbeck ine $sS. uBgtenmNmsﬁm%B.s@.hemm!eqo'll.mmd

bl each (5.2 S

concentrati %ﬁ?ﬁ%ﬂ% F}J&EE’C%‘P ? ésgxga negar\'/\l"/eargag bgég%' ﬁoréfegglﬁﬁ& %{sa!'r’ri R r';i.j‘{'%%s'y
wi t h i nt er mincorporatgd by Irefeeagiceat i on. Di still ate househol d
vinegar (5% acidity) and Formula 409 (The d orox Conpany, 5 (@akl and,
CA.) wer® used separately on sanples to study col orfastness. Sanples were

soaked for SAMBUE EESTNG/i negar or Fornula 409 without dilution. _
Cor orf astness UpQuckRasHIGT IajeR"woll!yiddslila. S0k RBbealBSnsThlbed HoGR A

Aut owash rinter s so abl e rom Prin arV|Bce,
Newar k, NJ. ceorummﬁm)a Hunter Lab Caolonpifferencef Meter,)Madél D25nQptical 'Bensor and

e e b 7 g M SOBBOEABSRS) o, VBN Bl o'

Crock testi sgsterh sprdest updncia 1926 withinfthe "Gommissionripleasationalb dell'BEclairage”yorGigt e

gggﬁi ng in ﬁgl g 2 e@rgrdestb%a\@%tll:o%ﬁ:n aéﬁggy%?'g&g\ﬁa@{gg%%%s’%%eﬁé&ﬂ me

speci fi ed akeale asilhmmg rooidk is perceided & whinem black (L*) loe “lightrmss”, igeeenhiooiedqat)pr

be t f t f .d d f t t 15 f
by rubbi g 368 i i Bl 19, b, L ek g 10 162 Bt gy or £°°
Testing vas pagedustagd ar Mehaurae raanésamﬁeﬁrmw Lhoditids| gfey! whamerdCand ed

by Atlas El ectrlc Devi ces , Chicago. IL Each sanpl e was appr oxi matel

wide x 85 greenngss wh@hg"rmdl mgeme}apemeaﬁm yﬁmem wieppius Ga- epﬂave)
al ong the di friivgba é;{, #)ﬁf%luenessﬁ&hr@%?g)e VM&EQuJE?UM ed in the tester. A

smal|l cotto r 20 guares, Part

#12- 2592- 0000, Tdbe F@&M@s [Bafore \Hydnawlic x Ensamle Treatmeat] dBefore MIEN"
of the cr Oclﬁ!éa‘éﬁlte‘t“rfentsTﬁéFesm‘éﬁé %sﬁgrme&ﬁ&té Bf ﬁ%odfé&%@o% fidish, Z’ﬁﬁief Ax&:%%ﬁc

fabric damage occurred) each sanpl e was rated using

Chromatic T ing: {raatment (Nter HET) measuremenisoMeremade with ﬂ?% PP side @eting
Textil e,pheny Sin% %cﬁﬁbo duﬁos ﬁf&me&nauyaaa{aﬁg;ea subdtaite cdvﬁa.ﬁi@dwnme
was based on a scale with " I'ndl catrng no col or transfer,

i ndi cati ng P!ﬂ"'@"&ﬂ BRlyProRyiene PP“"'QP"dl ﬁhﬂ?‘éﬁa\!’ﬁhg%ﬁ@sém ipyention;is net Iimntgd t°
i ndi cating bSﬁ\i‘en%néIWyefauhc entanbliry datineAtss a i‘nea’ng% Sééﬂli‘thd ;ﬁ’égﬁmﬁ% ts of

transfer. Arating of ""3" or greater i s considered table for

nost appl i cHeYiAR. Wash the fibroyssmatesial- ot WEES"F?W"%S‘at hyd ulip\entangling i n
Tabl e 2, onkpanert® an xamplé oPh type arprés;aﬁzéd |ft1uﬁﬁ¥i nmeﬁaﬂauhasi be used., When

dyed vvood fibers were subjected to ocity hydraulic entan

|
O e bt h Gorifaskesk of fastnesse of the meterBiERsdicer 1) 1o Exmmniss WasiRsAd o
by conpari ng feBs8d tendency OPIHE E5idrad thde ofchariye LEdnUposi#e te beadh. [vinb@ar,

the"After HET" values. Col or, differences
Formula 409 and an mdustnal solvent. These tests were conducted generally in
accordance with AATCC Test Method 3-1989 and the 1S.0. Recommendation
(Intemational Organization for Standardization) as described in Trotman, E.R., Dyeing
30 and Chemical Technology of Textile Fibres, 5th Edition, Charles Griffen & Co. Limited,
Whitstable, Kent, Engiand, 1975. A rating of "1-5" color change grading scale was used
with *5" being the highest rating with negligible or no color change to “1” being the fowest
for large color change.

* In each case, a test sample of approximately 1 sq.inch in size was soaked for a
- 35 specified time in 100 mL of test solution/solvent and then dried at ambient conditions

ovemight. Test samples were compared to control samples.
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can be attributed in part to loss of unbonded and unreacted dye chemi cal ,

fine fiber b 5 through the hydraulic entangling wire b added
white spun%'on ers/filanments. causi ng |ightening of
consol i dat ed subst rate. 20
WO 98/ 09021

rfastness upo sure to hous hbld bleach 525% od hypochil
PCT/ US97/ 12451 Colorfastness upon e’f:ponl\‘/rgnfl onae % ( s Iu"] e° ngn ven
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nonwoven we ent an the t eat e
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added 15 dEabieRrand indhe wet sm eec Dahle 3)5Mue@ately aftarisghking irabbadulmmt..
In this wayg o.%mée} of aafuwr-;éﬁ 8000 fortRd tl@fle %p'acmeaggmeﬁ] ﬁkepwaeme

where a pizza or salnon color is

|
As seen i n theextenttawhich gelorray bedransfaegfrom m%amcemi@@mdd%bnmg,\;&hﬂrum
hypochlQri t Gsaca ymﬁ%‘éﬁh&l\ﬁﬁfeﬁ oﬁ@ﬁfslét“\ggﬁed r@gﬁ]htéggagt?ﬁ? dest amounts of

a f|X|ng 20 T agen ‘process and a
| onger reaction Testingwtas conducted utilizmramMTﬁGtGredgnater McdeJ&JM Sasanfactured

when corrpar f{é‘l@n‘é%@é@ Q:cﬁ Cﬁ%@ glaf %bﬁ' Qa glakwﬂ;’ ggérﬁxtﬁ{attﬁi u@e x5

hydraul i c e stage rat urin 'S ex
i nprove cr oﬂ?" rlQnﬂl !'B‘&m oriented along machine dyegthn (ne,.aalonm th%lmcmoﬁm

i nproved f %eﬁargm?l? fhe tfleerZe‘l;:A %lfiéﬁ’l én s4 m&of‘or rockmeter

Bl ue vat co orant are to mak eacht ast oY ast to
bl each)20 squamsa. Paﬁlmg-%ggfpmeu&% Febries inc.x Middlespxn NJ) was moustedao beaes
dyei ng stag I cﬁié’féa

conpari son gff arrdrﬁ)‘eée% 'V%St%n éQEJP'IISBy utl o?2| n saénlﬁe@éﬁgles;iﬁ%g%%o age -

d| fferent cotcymedsand aachisample wasdntadsusing mp ‘ﬁﬁ:@&hrqmaac prangiesence Seale, | s
shown b mﬁ

CI banone| erﬁwb&“ %Q&ﬁb‘%&?@&rﬂ ?f\f}%@t 0 pro a tﬁ%ﬁ%nmagﬂlehas

i nproved f aBamkeNE (Cﬁnarnplveasmseéma "1-5" saéar\'mhe?' mdl@baem@oqm teansigre "4”

conposeg of; Bi&?;n s CEIUIB?tersfé(la@s“Wl&HhﬂPtsonﬁ HistRranster, ‘Qhﬁ'ﬂﬁ:aﬁlflg e 8¢ é‘d?c?rl'lp d

be obt al ned dyes W th reasonable fastness as _shown in
12. 35 transfer ansd-Ti |"|‘f"%#§'6ﬂﬂa'9§é'1ﬂﬂ'é"al‘§fe’vt H NGOl ‘33 OF BIABteYis consiciared
col orant f agidapfuble/fdf most appheitions. good as the vat dyes. For many
applications, such fastness I s -accept abl e.

RESULTS FOR EXAMPLES 1-15 _

30 As shown in Table 2, only a small amount of cofor loss (if any) was measured
when dyed wood fibers were subjected to the high velocity hydraulic entangling jets
which indicates sufficient fiber substantivity. This is observed by comparing CIELAB
coordinates L*, a*, b* values "Before HET" to the "After HET" values. Color differences
can be attributed in part to loss of unbonded and unreacted dye chemical, fine fiber loss

35 through the hydraulic entangling wire backing and added white spunbond fibers/filaments
causing lightening of the consolidated substrate.
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21 WD 98/09021 |
PCT/ US97/ 1245 WO 98/09021 Pergasol [err] Blue F 3R, a catl oni CP&F{W’IWE,
is part of a famly of dyes which are commonly used in the paper

i ndustry for

appl i cations rggﬁi Wﬁ@"ﬁﬁﬁ%@%@@ﬁp p?)YJ??o ﬁ@#@ﬁ%ﬁ’ﬁ%ﬁ"‘%@%’@&? fg%] : tﬁé’ f

F3RIis

1.

" 10

15

20

25

30

35

: . higpouy17 gsrh (abouttScosyyiand fidentjfiedt as Eodmple 1% served as aoantrpl matedal.
it I's highly sensitive Lot vaniesdsd dih 88 MorerérBRdd £ evaitiating Miftehlg 6 3hide

contribution due to white pigment added to the polypropylene used in manufacturing the
spunbond nonwoven web. Similar polypropyiene spunbond nonwoven web was
hydraulically entangled with the freated (i.e., dyed) wood fibers as described above for
Examples 1-13. The WORKHORSE® Manufactured Rag material of Example 14 also
contained esSentially identical polypropylene spunbond nonwoven web.

Table 2 shbws that the samples had acceptable dry crock results. As can be seen
in Table 3, some dyes have better chemical fastness to certain chemicals and not to
others and rarely are equally fast to all. Examples 1 and 2 both have excelient
colorfastness. Cibanone® Yellow 2G is included as a generally highly chemical fast
colorant. | _

Different amounts of other vat dyes which might be less colorfast can be added
as toners for different color shades of a highly fast colorant. In this way, overall fastness
can be retained as shown by Example 3 where a pizza or salmon color is based on a
highly fast yellow color. _

As seen in the green shade Example 4, higher bleach concentrations (sodium
hypochlorite) can negatively affect fastness. Addition of modest amounts of a fixing
agent, Tinofix NF, to the stock prep vat dyeing process and a longer reaction time did not
improve fastness nor crock resistance when comparing Examples 4 and 5. Adding fixing
agents after the hydraulic entangling stage rather than during stock prep is expected to
improve crock resistance.

Vat dyes similar in color can have improved fastness as can be seen, for
example, in Example 6. _

Blue vat colorants are difficult to make bleachfast (i.e., colorfast to bleach).
Utilizing high levels of a fixing agent in the stock prep dyeing stage only modestly
improved fastness as can be seen in a comparison of Examples 7, 8 and 9. By utilizing a

. combination of different colorfast vat dyes, a colorfast system could be produced. This is

shown by combining Cibanone® Violet BNA DP (Example 10) and Cibanone® Olive B
DP (Example 6) to produce a light blue which has improved fastness (Example 11) over
Examples 7, 8 and 9 which are composed of only one type of vat colorant. A deep
shade of blue could be obtained with vat dyes with reasonable fastness as shown in
Example 12. o T '

As seen in shown Example 13, the biue reactive dye overall colorant fastness was
not as good as the vat dyes. For many applications, such fastness is acceptable.
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22 WO 98/ 09021

-+ PCT/ US97/ 9809021 EXAMPLE 16- 29 GENERAL PROCEDURE -

Wood pul p%s treated generally in accordance with the proce?&’:re uszé‘alfor'

Exanpl es 1-15. The wood fiber furnish was pul ped at consistency noted for

each 5 exanpl e ﬁa&él@sﬁiu&@tﬁ & tatifhid GretRbigd, |§Pﬂﬁ‘o?raef‘éhﬂ9%f'39€§vﬂ+fcflldr3' ng
a Voith Slushmaker I'per. Certaln condi{ions for each exa e are

not ed bel ocpmmanly ised in t@epapqrﬁgdustry foryoany applications: Syal due%tallfsbprtMmpv es

\%/e Ill5 Iag : !rgg'll'@ g&?aég%%%?% B g Lﬁ‘ﬂ@"@eﬂn@ %lsér?leghﬂx?gsr'r% ?%S : 1?—0%'?}% C &taw B?dldgéi ﬁg'lg\s/ en

in the abbhighlycfastitoneates abtieogivert @dd-on levais\bPEXSmpRe it Whiah&zsurswm -1

vat or) S DR GnbF et %*ﬁ%@#*'%%'ﬁ e 2 %5 L ek

(50% soln.)- agitate 30 sec. Step 3 20% Sodi um Sul fate- (by wt .,
400 I bs./ton) - 5446 grans. Contl nue agitation. . Step 4.
Add Vat Dyes- Ci banone Yellow 2G PST- (40 Ibs./ton) ~ 545 gm and

Ci banone[err] Red 6B PST, (10lbs./ton) - 136gm Continue agitation.

Step 5. 10% Sodi um Hydrosulfite (by w.) - 2724 gm pH = 12.3. Agitated 2
20 m ns. and stopped pul per. Reneasured pH = 13.5. Col or change occurred
W th reducti on of dye. Step 6. 40 mns. total reaction
time with 30 secs. of agitation after 15 mins. of reaction, again
repeated a second tine. During the interim the pul per was stopped.

Step 7. After 40 mins. pul per restarted, 7.5% Sodi um Perborate added (by
w) ~ 25 2043 gm and pul per ran 20 nins. before dunping into stock chest
for formng. _
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Step .8. O the 60 | bs. of 'dyed stock, the tank was filled to the 103" nmark
(2880 gaVO 3813 consi stency) and then di scharged, and dﬁ' CHERY 743451
0.17% consi stency. This consi stency was then utilized to forma web or
| ayer of treated ihers. Results: Crock testing results
Aoy
RO

ranged from " to "5" and are 30 acceptable. See Table 5,
Exanpl es 16A ?ng’ CBBUREL-MATDYEI sh i s sandwi ched between
nonwoven spunbon bs, crock f.astness i nproves, . eucof.or

of e vat dye 1o Siaee po s dRT BRatell, B Sereriancs with, e\ pREstE el foF
agent) was adgadmbfest fiel5prreswoed | fiier tfusdshe dasupulped | atusinsistencyenated | for ceach
distributor of the e _described at or exampl e ipn. L. S t No.

5, 486, 381, Spr S¥AHRE D fﬁ?&%&ﬁt&!’ F Aitg water fromy previous Tung, ”fﬁ!ﬂﬂgoé e‘E@?te&Pﬁ‘ma"e"
fastness was @ipafber. Certain conditions for each example are noted below and in Table 23 The

WD 98/ 09021 N . : L
PCT/ US97/ 1245 9enerat congiliang-used 1for Fxampless 1,15, incluqipg, additional details prpvided in

to Exanpl e 16 ghampleds ahd BY aisgelPas Tabler4£apfip 2o g% reviaining E@mples 18-29 except
specific Steps. 1. Part of pul ping water was nake-up white

L St o .
wat er from Exéﬁ’;ﬂ"’@“]‘.%.‘h%abbre‘"ateggf’gﬁ? BEIOW. | NaOH (50% sol n.) added. Lowered

pH wi th hygrochloric and sul furic aci d. Reneasured pH = 13. 3.
Step 4. Add G ba G O Ibs./ton), - 717 gm @O
reaction EXAMPLES RALMONCG T (15l bs./ton)~ 204 gm

After 25 mins. of &S] 60 IbsuTirhre HALLAGHuUIgYd 4@ BW ineistdncy glréshwater)was
added 10 and the reaction tinme s, increased an additional 10 mns. for a
total time of usig@ VRith Slushmaker Repulger. | (s: see Tabl e 5. EXAVPLES 20

and 21 - Pl ZZA SALKgd5 4. 3 L NaOH (50% sl agitatélBoisecvat er from prior run was

Stop 3. 2854 o LS P28 BRANID Gt o W 408 e nbr) ~ 5348 By Bopie

Ci banone[ err] a‘éﬁéﬁ@,\_/v 2G PST (80 Ibs./t)- 1090 gm and Ci banone[err] Red
6B PST (20 I bs./t)- 272 %EZ . - Results: See Table 5. 20
EXAMPLES 22 and 23 StepkaRdd Vat Dyes- CibanoneGsYellow 2GHSE ({40 Mhsdton) 5$45@m and

LL19/ SSWK. (i . @ ' ; rthern softwood
kraft pul p an?‘%@?&ﬁégﬁmég{oﬁra t )pu D SS?KN ?“%89'%‘@3‘ pul ped 10
mns. [err] 3.3% c&ep 5: 4A%/Sodigm Hydrosulfge iy wt.) 327524 oma @H ¢ 123 Agitated 2 pH

=12.2 20 mins. and stopped pulper. Remeasured pH = 13.5. Color change occurred with
reduction of dye. |

Step 6. 40 mins. total reaction time with 30 secs. of agitation after 15 mins. of
reaction, again repeated a second time. During the interim, the pulper was stopped.

Step 7. After 40 mins. pulper restarted, 7.5% Sodium Perborate added {by wt.) ~

"25 2043 gm. and pulper ran 20 mins-. before dumping into stock chest for forming. o

Step 8. Of the 60 Ibs. of dyed stock, the tank was filled to the 103" mark (2880
gals.) (0.23 consistency) and then discharged, and diluted to a 0.17% consistency. This
consistency was then utilized to form a web or layer of treated wood fibers.

Resuits: Crock testing results ranged from Ratings of “3" to "5" and are

30 acceptable.. See Table 5, Examples 16A through 17B. When the fumish is sandwiched
between nonwoven spunbond webs, crock fastness improves.

The leucoform of the vat dye is a dark-colored purple shade. Tinofix® NF (a fixing
agent) was added to the pressure jet treated material using a weir fluid distributor of the
type described at, 'f;_r_;;ample in U.S. Patent No. 5,488,381, previously incorporated by

35 reference. No improvement in fastness was noted.
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Step 3. 25% Sodi um Sul fate - 6810 gm Step 4. Add

G banone[err] Orange 5G DP (33bs./t)- 450 gm and G banone[err] Red

2B PST (54“'91??"?%‘- 735 gm Step 7. After 40 m '
time, the pulper slurry was agitated 5 mins. to see if 30 there was
sufficient_self-ox L,nsufficient oxidation (no color
change), AMPLES 70,8 =Horere—=043 g) was added.

Resul ts: The |eR§f§‘rQ¢i Ekampla Mbkeemmﬁi@ Procadurel-Changés arelristed ifvel was
accept abl e. Croc fast ness for the sandw ched fabric was acceptable with
Ratings of SRedfigSteps. 5 see Taple 5.

24 VO 8fp0f (Falt of pulping water was make-up white water from Example 16.

Step 711245 s HROR G L Lo L o it ep

2. 2.5 L NagHd(Réeasurad pH 018.3. 12 2. Step 3. 25% Sodi um

(10 I'bs. /ton) , *Elephohis Gheponadyehew 56 PSE308 Tadony. + 27 Bie masioma

a banone[e b Ad% 68 PSTY qg,g Resul ts: See
Tabl e tib. Buifoied iy od o0 (4 Z?Bkb@LUE- &2 10 Step 1. Fresh

wat er . 60 | bs. Afte625 pins. lof ceastiwk angthies K00 gms. of Cibanone® ¥pliow 26, m&am

g (6 158 s i Badforrime was inrpssed st ignal IR o By G0 e,

a banone[err] BRaauW-JSBPTah[@GS g (10 | bs./ton). Resul ts: Poor
Crock and col orfastness results as shown in Tabl e 5. Ashift in 15 color
t ook place when the material was exposed to Fornula 409. EXAMPLE 29

- LI GHT BLEXAMRRIES20 and 21 - - PIZZA/SSLMONE4 60 | bs. fumish, 50:50 LL19/ SSWK.
Fresh water. o) H=12.3. 20
Step 3.25% Sodi §Fﬁpsh| fvgp'ée &g@iébrgnzpn%r hml\@g_béecpfé% ?eg’“ﬁ’ w) gd Ci banone[ err]

Navy PfsPST- 68Step(3 185 mli baDHS0%Sdimnopid Fe¥2.§. Bl ue G-J DP- 109 ¢
(8lbs./ton). Step 3. 25% %ﬁ”\%ﬁﬁaé%y .P-'s%15 gm.

Step 4. Add Cibanone® Yellow 2G PST (80 Ibs./t)- 1090 gm and Cibanone® Red
6B PST (20 Ibs./t)- 272 gms.
Resuits: See Table 5.
- 20
EXAMPLES 22 and 23 - ORANGE-1
Step 1. Fresh water. 50:50 LL19/SSWK (i.e., a fiber blend of equal parts LL19
Northem softwood kraft pulp and Southern softwood kraft pulp (SSWK)) 60 Ibs. puiped
10 mins. @ 3.3% consistency.
25 Step 2. 3.5 L NaOH (50% soin.), pH=12.2
Step 3. 25% Sodium Sulfate - 6810 gm.
Step 4. Add Cibanone® Orange 5G DP (33lbs./t)- 450 gm. and Cibanone® Red
2B PST (54 Ibs./t)- 735 gm. |
Step 7. After 40 min reaction time, the pulper slurry was agitated 5 mins. to see if
30 there was sufficient self-oxidation. Because of insufficient oxidation (no color change),
7.5% sodium perborate (2043 g) was added.
~ Results: The leucoform is a dark chocolate color. Fumish color level was
acceptable. Crock fastness for the sandwiched fabric was acceptable with Ratings of 4 to
5. See Table 5.
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25 DHand S aé»"&"% stino : Mat eri al s from Exanpl es
cut into 10 |§¢'é g I nch square sanpl es. I ndi vi dual sanples were

soaked for 30 mnutes in 200 nL of tap vvater at anbi ent t enper at ur e.
Af t er soaking, oG 0 A SRS sed wi th soak water
t hrough a wash 0T rn which an individual sanple

was soaked 30 andstﬂpe1 Iﬁ@h%@ﬁ@@é&%@@@rﬁqlﬂaﬁg@%‘ﬁﬁf@% conbi ned.
The pH of the liquig ‘éﬂ gsﬁd@gmgdﬁ)wgqgtz onal pH tester and the
t

results are |lis fate levels in the liquid were
tested utilizing a WMSQOU"\SUW%IG@&@ BReadi ng Spect rophot omer and t he

Losti ng a6 1 cpor t ol ARY Siatnd Chade 50 DF- 1545 (B3b8 Adn) Gahing Nagy P

the pH |l evel s pSTe81 gqso Ibsdtonhand Cibanoma® Blue @EJD&EETZQ\(EOR)M bet ween

zero and about .3 ng/L.in ati ng effective washing with the hydraulic
entangling jets. Rasdis: "sbd Tabid's. 25
WO 98/09021

PCT/ US97/ 12451 D t,-" i nvention has been descri bed
i n connecti on wRERCAREY aivivielmi-any it is to be undersood that the
subj ect meig er enCOStépS‘B.eErebhww sﬁlbsmsosomwsswnmmlon is not to be

limted to those sp rary, it is i nt ended
for the subject mat g&p%ffgﬁeﬁ?ﬁﬁzmﬁmopﬁnc%ée all alternatives,
nodi fications and 5Step®ucmahem®omgwsew 16 (edﬁsilm)mibanbmwéwpsm
scope of the foll ow n%
409 g (30 Ibs. lton) and Clbanone® Blue GFJ DP- 138 g (10 Ibs./ton).
' Results: Poor Crock and colorfastness results as shown in Table 5. A shift in

15 color took place when the material was exposed to Formula 409.

MPLE 29 - LIGHT BLUE (WSK-9
Step 1. 60 Ibs. fumish, 50:50 LL19/SSWK. Fresh water.
Step 2. 2.5 L NaOH (50% soin.) pH = 12.3.
20 Step 3. 25% Sodium Sulfate- 6810 g.
Step 4. Add Cibanone® Navy PS PST- 68 g (5 Ibs./ton) and Cibanone® Biue
GFJ DP- 109 g (8lbs./ton).
Resuits: See Table 5.

25 and Sulfate Testin
' Materials from Exampies 20-29 were cut into 10 inch by 10 inch square samplies.

Individual samples were soaked for 30 minutes in 200 mL of tap water at ambient’

temperature. After soaking, each sample was squeezed and rinsed with soak water

through a wash ringer five times. The liquid in which an individual sample was soaked
30 and the liquid squeezed from that sample was combined.

The pH of the liquid was measured with a conventional pH tester and the resuits
are listed in Table 5. Sulfate levels in the liquid were tested utilizing a Hach DR/2000
Direct Reading Spectrophotomer and the Hach Sulfaver 4 Method (Turbidity Method).
The results of the sulfate testing are reported in Table 5 in units of mg/L. As shown in

35 Table 5, the pH levels were at or néar neutral and the suifate levels were between zero
and about 3 mg/L indicating effective washing with the hydraulic entangling jets.
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26 WO 98/ 09021

PCT/ US97/ 12 TAWLE

DYE %! WE 1 COLOR DYEI NG PROCEDURE Fi 1

1 VAT Ci banone Yel | ow 30 | bs.. Dye

ol den Yel | ow : i 08 S : i : . . .
e

N per While th pra?gé}goofmurﬁsé tﬁ:ge/h Qbdtribed i connection with certain

10% Sodui m Hymbesiments,t ibis to be understood that the subject matter encompassed by way of the
20 MnS. present invention is not to be limited to those specific embodiments. On the contrary, it is

intended for the subject matter of the invention to include all altematives, modifications and

5  equivalents as can be included within the spirit and scope of the following claims. '



7.5%

27

Sodi um Jg%e ' 1
M ns. R? VAT Ci banone Yel | ow 50 | bmggmm‘
20 | bs Yellow 2 G Caustic (10%
Sol n.) Tinofix NF PST.
to pH 12 LI Q :
20950di um Sul f at e TABLE 1 10%
Sodi um Hydrosulfite 60
M ns. |[EXAMPLE |DYE DYE COLOR |DYEING PROGEBUREDdI [GIXATIVE
Per borat e CLASS _ 45 Mins.
Sulfuric Agrd pH 7.5 - 8.5
Add Fi xati ye ' 5 M ns.
3 VAT 1 QWdnone |[Cibanonepj zzdYellow 4(0BBibsYel ow 2G +
Yel | ow 2G Sal nmon 101 biSokeg Yelkow 6.25% Caustic (50% SolpgT,
Caustic tofpH 12 M PST. G ban|dPraSodium Sulfate 10%
Sodi um Sul fat e Red 6B 1°°ﬁ,s°d“'m Hydrosulfite 1100y
Sodi um Hydfosul fite pqt. Mns. 20
M ns. ?sti::d'"m Peroartesydijum
Per bor at e ’ 10 Mjns.
4 VAT C\}Aq,none : Gr eer 30%’?!5'39@
2 Cibanone Yellow 20 ibs
Green BFD Caliglidvr2 10% ) ailstic (10% Soln.) Tinofix NF
LlQ PHPLA, to pH 12 fuQ.
10% Sodi umjSul f at e 20%Sodium Sulfate 10%
Sodi um Hydﬁosul fite 10% Sodium Hydrosulfite 20
m ns. 60 Mins. 7.5% Sodijum
Perborate |. 7.5% Sodium Perborate0 ni|ns.
5 VAT d banone G een 305 Mirddy e 20
| bs. ' G een 8FD Sulfuric Acid pEfSt-i85 Sgda t o pH
12 Ti n¢fi x LI Q Add Fixative 20%
Sodi um Sul fat e NF LIR 5 Mins.
0 :
6138 -/"Msﬁg' umiHydrosul Tl 1e Cibanone Pizzaor  [40lbsYellow2G+ - o d 4
' Yellow 2G Salmon  [10lbs Red 68 - 270 J0dium
Perbrat e . 45 M ns.
. . PST. Caustic to pH 12
Sul furic Afid to pH .5 - 8. ribanone 10% Sodium Sulfate
Add Fi xatiye Red 68 10% Sodium Hydrosulite 5 [M ns.
27 PST. 20 Mins.
7.5% Sodium Perborate
10 Mins.
4 VAT Cibanone Green 30Ibs Dye
|Green BFD Caustic (10% soln.) to
LiQ. pH 12
10% Sodium Sulifate
10% Sodium Hydrosulfite
20 mins.
7.5% Sodium Perborate
10 mins.
5 VAT Cibanone Green 30ibs Dye 20 tbs.
Green BFD {Caustic Soda to pH 12 Tinofix
LiQ. 20% Sodium Sulfate NF LIQ.
10% Sodium Hydrosulfite
60 Mins.
7.5% Sodium Perbrate
45 Mins.
- Sulfuric AcidtopH 7.5 - 8.5 -
Add Fixative
5 Mins.
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WO 98/ 09021

PCT/ US97/ 12451 : TABLE1 (continued) EXAMPLE DYE Y
COLOR "~ DYDOMMBHCEDURE  FI XATI VE CLASS P%"“s”’l%ﬁT
Ci banone Aive Geen 15 | bs Dye - Aive
Caustic to pH 12.0 . B DP. 20%
Sodi um Sul fat e : 10% Sodi um
Hydr osulfite . TABLE 1 (continued) 40 M ns. ,
- 5% Sodi UexiRMPLE aiBYE DYE COLOR |DYEING PROCEDURE  |FIXATIVE
Mns. L‘ CLASS ' Sul furic Acid to
7.5 - 7. VAT G banone "Bl ue 50 Tbs| Dye
Bl ue ZB 6 VAT Canllsbamné o} pI—JOIIQe Green{15 Ibs Dye PST.
20% Sodi unp Sul f at e Olive Caustic to pH 12.0 ' 10%
Sodi um Hydy osul fite B DP. _ 20% Sodium Sulfate 20
M ns. 10% Sodium Hydpssuifited i ut‘r
Per bor at e - 40 Mins. 10 M nk.
8 VAT Cijbanone - Blue. 40 |76 Bydium Perborate 40 | bk.
Bl ue 26 P Caustijc to pH 12 3PiMipY-i x
20% Sodi unj Sul f at e NF {LI Q Sulfuric Acid to pH 7.5 - 8.5
0, i L
%Aot/‘; §’°d' unj Hydrosul fi{ 1 Cibanone Bue  [SOISDYe 2 5o o fim 0
Per bor at e Blue 2B Caustic to pH 1 45 M nk
Sul furi " EST. 20% Sodium Sulfate '
ulfuric Acid to pH}7.5 - 8. o 10% Sodium Hydrosylft
Fi xative 9 - VAT Ci bapone Bl uqoaaﬁH@_ 40 1 bs Dye
80 | bs. 2 B PSJ. 7 5% Sodium Pel@kstd | C Boda
Ti nofi x 110 Mins. to pH 12
NF. LI Q 10% Sodi ym Sul f age
10% Sodi un{ Hydrosul flVAE Cibanone Blue 40 tbs Dye 40s. PO
M ns. . Biue 28 PST Caustic to pH7125% Sodi uffinofix
Per bor at e 20% Sodium Sulfate=j x at | \NF LIQ.
10 VAT Cilbanone Violet] 10 I;tgy;nfméum Hydrosulfite
1 ins.
P7.5% Sodium Perborate
45 Mins.
Sulfuric AcidtopH 7.5 - 8.5
Fixative
9 VAT Cibanone Blue {Blue 40 Ibs. Dye BO Ibs.
2 B PST. Caustic Soda Tinofix
: 1o pH 12 NF LIQ.
10% Sodium Sulfate
10% Sodium Hydrosulfite
20 Mins.
7.5% Sodium Perborate
Fixative
10 VAT Cibanone Viotet 10 lbs Dye
Violet BNA Causlic
OP. fto pH 12
20% Sodium Sulfate
10% Sodium Hydrosulfite
40 Mins,
7.5% Sodium Perborate
30 Mins.
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Vi ol et BNA'

Caustic DP.
te pH12 WO 98/09021 - 209 GIHRY7/12451
Sul fate 10% Sodi um
Hydrosul fite 40 M ns.
7.5% Sodi um Per bor at e : 30
M ns. TABLE 1 (continued) 28 WO 98/ 09021
PCT/ US97/ 12@%}19!.5 DYE DYE COLOR |DYERIRGEPROCEDURE UE[FIXATIVE
EXAMPLE DYE CLASS CALOR DYElI NG PROCEDURE 1 XATI VE
CLASS T VAT G banone Wyolet Lipght Blue 7.5 1bs Violet
BNA DP. Pl ug 11 VAT Cibanone VioiiLight Biue |7.5 ibs Violet BNA DP5 Plais | hs A i ve
B DP. sNADPOoNe CF ive 5.0 lbs OliveeBOPI C t O -
B DP pH 1{Cibanone Olive Caustic to
20% Sodi um Ful fate B DP pH 12 41 10%
Sodi um Htydfosul fite 20% Sodium Sulfate 40
M ns. 10% Sodium Bygresyifite)m
Per bor at e 40 Mins. 30 M ns.
Sul furic Ac{d to pH 7}5 - 8.5 12 ! VAT ;gm;dwﬁgmeme Bl up Bl ue
100 | bs Dye ' 28 MIG s stits to pH
12 Sultyge Ml 1 ﬂ'ﬁ?-guﬁ’ﬁ it e
15% Sodi um Hydrosul fife _ 90
M ns. 12 |VAT Cibanone Blue Blue 190 1bs Dy 270 Sodi um
Perborate 2B MTG Caustics to pH 120 M ns.
25% Sodium Sulfate
15% Sodium Hydrosuifite
90 Mins. '
7.5% Sodium Perborate
20 Mins.
13 REACTIVE| Cibanone .| Blue Water Hardness 180 ppmj|
Blue CR Liq 33 110 Ibs Dye
25% Magnesium Sulfate
90 Mins. .
Caustic to pH 11-12
20 Mins.
14 CATIONIC |Pergasol Blue 0.5% Solution :
DIRECT Blue F 3R HYDROKNIT® Material
15 CONTROL White Spunbond Polypropylene
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13 ~  REACTIVE G banone Bl ue Water Hardness 180 ppm

Bl.Lue CR Liq_33 : 110 | bs Dye
25% Magnesi W /ML o PCTIUS97/11245y
M ns. Caustic to pH 11-12
20 M ns. 14 CATI ONI C  Per gasol . Blue 0. 5% Sol uti on
DI RECT Blue F 3R HYDROKNI T[ err] Materi al. 15
CONTROL Wi te SgaBb&ERl Pol ypropyl ene
29 WO 98/ 09021 _ _
PCT/ US97/ 12451 TABLE 2
Col or Level - CIELAB Color LeveDRVMIECABCK DRY CROCK
Example Before HET After HET Rating
L' al b. L. ah b’

1 §2.50 4.61 55.18 85.87 10.75 | 56.59 5

2 86.28 0.05 | 45.93 87.00 -2.04 | 48.46 5

3 . 69.09 23.47 | 24.42 5

4 70.28 -25.67 | -5.08 75.64 -23.84 | -7.19 5

5 67.03 -27.55 | -6.28 66.06 -27.71 | -8.59 4

6 62.99 -1043 | 3.76 67.45 -10.84 | 3.62 5

7 58.38 0.13 | -28.59 52.64 245 | -31.79 4

8 53,16 -1.27 | -26.84 55.36 -0.11 | -27.49 4

) 59.67 0.86 | -22.98 63.88 -0.18 | -21.06 4

10 : 70.50 11.07 | -15.67 5

11 72.71 -0.73 | -12.42 5

12 53.82 0.02 } -29.37 50.12 0.73 | -30.89 5

13 48.76 2.01 | -30.11 52.85 © 1.83 | -30.41 3

14 ' 71.61 0.54 | -25.03 3

15 97.65 141 | 439 3
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25  A-Pulp 5 1

_ 2 . 1 4.5 6.8 0
25 B- 5 2.5 3 2 52 = Pul p
3 1 %%W' 1 3.5 7.25 0.5 26 B- Spﬁﬁ%'é’ﬁa"ﬁ‘?” 3.5 .
1 2 1 3.5 27 A- Pul p 5 4 4.5
5 5 7 0 27 B- Spunbond . 5 4 4 5
5 28 A- Pul p 5 4 4 -2 5 6.5 2.5
28 B- Spunbond 5 3.5 . TABBE 5§ 3 5 29 A- Pul p
5 4 4.5 4 5 7.25 05 29 B-.Spunbond 5
4 4 5 4.5 '

34 WD 98/ 09021 CROCK TESTING .
PCT/ US97/ 12451 VWHAT | S CLAIMED | S: 1. A process for
treating 4 fibrods material c¢npr|sing: . ptakovin' aljquid
suspensi orf conprijsing fibrous|material; Formui&lt evgasti|ng t heshirstei 0
suspensi orfgRampidcas nat er i alipw éieﬁcﬁWi?tb?EPt oveigodl ti §B0GIE Y malL
T[err]the RpGpau TT O [T 1§ T 0@,5" r Inesll_[er_r]Apurri(g_em EJT:g'E'm'
t he f! br Ol; et Spunbond WFPOS LTyt g1 T qUT UgiSUSPgrgiTom—pi—101 oUS
mat eri al & LS Py T rreateme ontg OO, st oot
| ayer and ' %b?aha"t tret——pot-tt tg of tj“ —ertE—ov-erora—peri-od
of tinme Ti—awréd PUNDO SRR g e St 2ad—-et —a—Heci-to-t-he
| ayer of fi&gus“ = j pasi4 Hrus-S—1.0. %SQM frnm4 ho fl brous
nat eri al f_@_h.l_a-ai ingen Unf.Sr3. 4 Y whorofy TI &S  Tierr] ani
Tlerr] ar 19 medi BUIR cansecl rﬁ\ﬂ: and Hnmunt 3041993 nd_nf4TLm= at
| east as diBat as|Bffpunbond 4 e proc#lss of #] ai m 14wherkin the
li qui d sud@@nsi onlAsPulpi brous Mt &lial i4 an 4] achibbus suSipehdi on of2.5
hydr at ed g0l ul osjB:Spuntmnd. 5 4.5 4 5 5
21 A-Pulp 5 4 4.5 4 5| 6.45 2
21 B-Spunbond 5 4 5 4 5
22 A-Pulp 4 3 3.5 3 3.5{ 7.25 3
22 B-Spunbond 4 3.5 3 3 S
23 A-Pulp S 2 2 2 4] 6.9 2.5|
23 ~_1B-Spunbond 5 2 3 3.5 4.5
24 A-Pulp 4 1 1 2 4 7.2 3
24 B-Spunbond 4 2 2.5 2 5
25 A-Pulp 5 1 2 1 45| 6.8 0
25 B-Spunbond 5 2.5 3 2 5
26 A-Pulp 3 1 1 1 3.5| 7.25 0.5}
26 B-Spunbond 3.5 1 2 1 3.5
27 A-Pulp 5 4 4.5 5 5 7 0
27 B-Spunbond 5 4 4 5 5
28 A-Pulp 5 4 4 2 5| 6.5 2.5}
28 B-Spunbond 5 3.5 3 3 5
29 A-Pulp 5t 4 4.5 4 5l 7.25 0.5(
29 B-Spunbond 5 4 4 5 4.5
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15 @,m,'ﬁgp process of claim1l wherein the treatnment scrngsggisgscal |y

reactive treatnent 4. The process of claim3 wherein the
chermically reaclive treatnent is selected from ractive dyes, vat
dyes and sUNHAT ISCEAIMED IS: 5. The process of claim 1l wherein the
deposited | ayer of fibrous material and interm xed treatnent is a
web. 20 6. ﬂheceusamwaﬁmumammmmme deposited | ayer of
fibrous materlal internm xed tre onbi ned with at | east
one other |ayerP %@Mﬂ‘%ﬂﬁ@?"%‘f“%"d‘?’"ﬁwg lication of pressurized

JI ets of a : l qu'uﬁle?nm?]g the liquid suipelnsloﬁbefhrbﬂsémrﬁfwﬂi amtﬁienhaveflﬂmélgenvd
east one |ayer of sheet nmateria ecte non webs
Lext I o Swe bl e SpaERL VG & Pofdat i Tr putaERS o reat e FBTE MitRen s

conbi nations ofgep bﬁn@m liquid suspensm oﬁﬁbmusThetaahpsﬁds mtévfnuéuatresuﬁem/rmc Ian
the layer is hydraulica nt an gql ss of cl

1 wherei n tfreEninggurface & 1o A 3yer 8 ing f sigpstantial porhon g%‘gﬁﬂ‘” Q¥en# B

of claiml gflﬁﬁ{ehg-raddncl uding at | east one post treatnent step.

~11. A process for formn web of reate rou ceIIuI Sj rial
conpri si ng 30 applying p &a‘a@&g‘%{?y&éﬂ m#&qagtqqyagry

fibrous M ﬁoﬁ%@ﬁbr&!ssmatenalvwmmapen‘bﬂbﬁﬁlﬁb%ng t he aqueous suspen5| on
of hydrat ed fi1brous cellul osic npat er| al reactive treatnent

a
over a time perwhsmeinTe Tzjandrls & mpediate! Vr"@ﬂWYﬁga%P AEPHY o & Periodcof-fims at
sufficient jeastasglegtasBat the fibrous ceflulosic material;

-depositing the aquegus susp on of  hydr d fibrous, cel I ul osic materi al
and 35 interni#d rﬂﬁcﬁmﬁst‘gé’h’ﬁé‘n‘f’hﬂ% dgaeﬁsu'ﬂf%eemﬁrW%@ Alfs an

removing a ﬁd?ag%b@ﬁs,mfhy@amwgmggmege aqueous |iquid, over a period

of time T[e 35
WO 98/ 0@0[21 3. The process of claim 1 wherein the treatment is a chemically reactive treatment.
PCT/ US97/ 12451 4 The process of ckiinl 3\vistei 1S Ednhisly réé&v?e éatiehi 8 YbIEctb@ frbRe
web to wash unused reactive treatment from the web within a period of

time T[err]reactvedyes, vatdyesand Wifrdyesy 1| T[err] and T[err] are i mediately
consecutive ands am’m&t% o3 mﬂblﬁﬂ‘lc\fvhéréﬁ%atdeposﬂed la9Es bf Aibrotis QRdtedd and

Tlerr]. 5 rocess of claim1l wherein the chemcally
reactive tr‘@@ﬂﬁ%‘?ﬁ“’?@“&@l web fromreactive dyes, vat dyes and
sul fur gyes. g The procdsd ofTHﬁnpﬂqvmnoﬁecdeyoanehlla\p&ebemowenﬁemsadded

| ayer of fibrous material  and mxed treatnent is conbined with

at | east onigtesmixed tregiment ﬁwm@ t gpe gtherdayer of shgﬁbmaé%ﬂa! oo

pressuri zedaﬁﬁﬁgﬁ,opgfﬂ-eggmetswa“qwd 14. The pr ocess of claim 11l wherein
the form ng surface_includes at |east one ‘ng%aeqr‘ sheet materi al
SQ%PYGH‘WFP

bet ween the forfi ngTNAAMEGRSE obciaim G uhereindng eptaRtennl isejegted, 1\ g
i nterm xed gdrkdbdHtven webs, textie wdbs, Hefmp ridials, Oplesiiiiomalyt RS, bws LR at

| east one |ayer of sheet material is sel ected from nonwoven webs,
texti| e2SwebePembinations ofthe$ame-s plexifilinentary filnms, tows and 15

combi nati ons ofgt herreipibeess of claim 1 whereihthe II?&@hﬁﬁﬂﬂi&a@fenﬁn@le@ 15 wherein
bonded car ded vbbs. TR AEsS ofsainLt wherpinhe verdt by rieded "¢ o0
10. The process of claim 1 further including at least one post treatment step.
11. - A process for forming a web of treated fibious ceflulosic material comprising:
30 providing an aqueous suspension comprising hydrated fibrous celiulosic material;
intermixing the aqueous suspension of hydrated fibrous cellulosic material with a
reactive treatment over a time petibd Ty, the treatment requiring a period of time Tr sufficient -
fo treat the fibrous cellulosic material;
depositing the aqueous suspension “of hydrated fibrous cellulosic matenal and
35 intermixed reactive treatment onto a surface to form a web and removing a substantial portion
of the aqueous liquid, over a period of time T,; and

| O AR
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webs. cof orned webs and conbi nati ons thereof. 17. The process
of claim Igg N the web is hydraulically entangled. 20 18. The
process of clarm {1 wherein the web is hydraulically needl e F CT/USITN2451
19. The process of claim 11l wherein the fibrous cellulosic material is

Coni nat | ong. 1 12EpYng leSbu et of SRR e ek o el el TSt Fpptmpns rom

i ncl udi ng ethe wehwithinapesiodof imedsinent st ep. 21. A process for

formng a web Qhndrath®,§ find 1. 4re ifimeGiately &?‘hf,%@g‘% 8hd AinpGiftTh'd Gqrddior Bt ot

provi di ng an aqueous suspension conprisi'ng ous
mat eri al ; leastasgreatas¥mt erni xi ng t he aqueous suspensi on of hydrated

fibrousgcel | ul ofj c ﬁ?éng{r?tbéisseefv didim™11 vmereinfﬁ‘ié%le?ﬁﬁ:a ege%%rﬂec?@ﬁgﬁt ié‘s&ieﬁgﬂd

peri od '? , said treat ected fromreactive , vat.

sul fur dyesdfroneRactivefyes, yvabdyes@andisulfundyes[ err] sufficient to treat the

" fibrous cellulogc =) . L1 Us syspensi,on
of hydrated fi gﬁéus“ﬁ? u_os?fcdanm g.r' i@egﬂﬁabﬁsmﬁﬁg&gﬁﬂﬁéﬂ%ﬁ%ﬁ?a"d
treat ment dntegnixed treatmant isoconbined with [at deast opeiiierdayer i sheetmiaterialpgricr ito N
of the aquw bl b Q¥iséd igagdqof tine T2; and app! yi ng
pressuri zed’| eﬁégb@w%efl qui dﬁ’tsgﬁt%rqg&evebt 0 wash unused reactive treatnent

from 10 the b The preess i slainpd1 wherainmthe fonying surface includes at leastaneilayer

Tlerr], T[ elfishedttbtdriat botvedh the meiiﬁq Q%rg#[ag\? P‘Feﬂdﬂok&ﬁ% IGYRP PR mdtSrit and

period of time at 35 [|east as grea

36 | intermixed Arpaime 021

PCT/ US97/ 12451 claim .W,!F;g Qi erein,t.he
deposited | a er156f ‘I]J?ebpronﬁgssngft eri aﬁzan nﬂﬁé?(‘aﬁe%sf%?%rléxeg‘ggjsp%ﬁ Bs
conbi ned vmﬁei/ﬁqﬁd frasm sonwenendvebs: texdtie websf scomavaterials, cplexilimentanyr films, tows and

applicgkio il the §dheé.cts of a liquid. 23. The
process of claim 2l wherein the formng surface includes at |east one |ayer
5 of sheet netberithe pmoaes ©f (¢irim: 36 nwhereip uthBaoenwaven twabsd ereo seleeteld | faone

of fibrous HEibfmnAvety) $punbond webs, bdnd 8%&?%&%%@?% siraid webs, wet-iaid

24. 'The process of claim 23 wherein the at one layér o

materi al i dvebs, coformed wehs|asd combinationsteref en webs, textile webs, scrim
materials, plexiz | i1HY}raess bt L 11 WHre - cafffWhid, ons of the
sane. 10 25. The process Oiﬁ%%vg?brﬁsﬂdr\%lg? In € nonwoven webs

are sel8cted fri§n The process of gaim 1\ whareindhewebsis imdraulisaliwneediedonded car ded
webs, fibrous t ' [ sih @ : . bs
brel ¢ SThedprocdsaidl i1 Wikreth %"lzéglfibrc_li_lr]s cellulosic g\sgf%@ gfﬁ%lfer%n{ew

and conbi nations thereof. e proce

wher ei n t hePulgdiPerss syRtheticceliviose: fipees and sgmbinations thereof. 27. The process
of claim 21 whexei M2b of Saifv . 28.
The process of claim?Z1 Whereﬁ@ﬂeﬁﬁiﬁdg@ﬁﬁ%gﬁegﬁt{e@ﬁ%tstleg. sel ected
from 2101 AoPRorRs for foaning Aavebof selpfast Barous cajulpsic materislsoniprising:ons

t her eobs providing an aquddus SiébeRsion e&ﬁpr%ing@%yﬁia‘i&d?ﬁbddé&[sﬁlﬁ:fsid rﬂﬂaﬁfﬂf ng at

| east one post treatnent step. i 30. A hydraulically ™
entangl ed str ud'?'ﬂ'i"@’“ﬂ%r?’b%s’éﬂg?}-fs SuiPension of hydrated, §brous celiigsic material with a

structure qeagive Sedtiient over a time period T, said treatment selected from reactive dyes, vat dyes
and suifur dyes requiring a period of time Tx sufficient to treat the fibrous cellulosic material;
depositing the aqueous suspension of hydrated fibrous celiulosic material and
30 inteuniked reactive treatment onto a surface to form a web and removing a substantial portion
of the aqueous liquid, over a period of tifne T2, and .
applying pressurized jets of a liquid to the web to wash unused reactive treatment from
the web wﬁhin aperiodoftme Ty,
wherein Ty, T, and T are immediately consecutive and amount to a period of time aﬁ

35 leastas greatas Tr. /
UL
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20 | k.  one | ayer a wet-laid nonwoven web conpri si fibrous

cel | ul osicﬁ%’terla ; and col orfast dye inpartt to
the fibrous cellulosic material such that the fibrous cel lul osic

material is col opbastm, of clai

structure of col gr&f aste fl%esgus rra“tnezr1|a ete}hﬁﬁ‘&%géd fa@h&&ﬂ&k@ﬁem "'FR%

wet-1laid nonMﬂ‘%ﬂ"@ﬁﬂh’érmwﬂm &t Jeast pne fothen dayer rof isheétamaterial pridis to

32. The hyd lchaticH ?r@é&h ure of colorfast fibrous material of
app vﬁ rern thé m

claim 3l sheet material is selected from spunbond
webs, nel th ovvn \Z@bs The@pmress ehelgigy21 wherein the forring suface includes iat leastiometlayer

fabrics, aﬁgﬁm&%é
hydr aul i caI I y ent an structure r@fﬂgﬁ%{ or an?th %ﬂueg lar?g?erl E‘&O'Patgﬁ'ﬂaﬂq
31 g“mﬂﬂ“l sing a matrix of adheS| ve rrat eri al

34. The hydraul al r - of
ol ai m 35 247 Tho oGl ot iy 25 hfpit the Bl Babf Bho v, %F?a%trﬁeteﬁa'
dyes, vat dyeelected from manworer webs, textile webs, scrim mﬂénals& pla)uﬁhraelhtaqaﬁlmy, tows dhe:d
structure Coa%}ﬂﬁﬁgho% of MNe@ahst fibrous material, the structure

a

conpri si ng: east one layef a wetlaid nonwoven web conprising fibrous
cel | ul osie mat er 28 ; Thadprocess3sf claim 24 oviemin dbe mbnwoverp avebisngrec sblocted cirdne

fibrous cel | ieibn WS, dpthbritietd] Bondd carisdt Ws, fibrous bats, e il WeBS, ettaid
37 WO ggbs) g:gmgned webs and combinations thereof

(I?(C):IT {)Hfs 23 121fll5ér oﬁg na epﬁ%ﬁss %@?&%Hu? ![%?bq%g%&'gﬁlh H%"ﬁ&?r i x of
adhesi ve materia?. The process OWMWMMNIM is byrhthulidallyinebdied. of
Co1 CEt 2ot oy 28188 s o DTS5 rd A it S
 pulp fibers, synthetic cellulose fibérs and combinations thereof.
29. The process of claim 21 further including at least one post treatment step.
30. A hydraulically entangled structure composed of colorfast, fibrous material, the
structure comprising:
20 at least one layer a wet-laid nonwoven web comprising fibrous celiulosic material; and .
colorfast dye imparting color to the fibrous cellulosic material such that the fibrous
celluiosic material is colorfast. ,
31. The hydraulically entangled structure of colorfast, fibrous material of claim 30
wherein the wet-laid nonwoven web further includes a layer of sheet material.

- 25 32. The hydraulically entangled structure of colorfast fibrous material of claim 31
wherein the sheet material is selected from spunbond webs, meltblown webs, bonded carded
webs, woven fabrics, knit fabrics, scrims and combinations thereof.

33. The hydrautically entangled structure of colorfast, fibrous material of claim 31
further comprising a matrix of adhesive material.
30 34. The hydraulically entangled structure of colorfast fibrous materiél of claim 35
wherein the colorfast dye is selected from reactive dyes, vat dyes and sulfur dyes.
35. A hydraulically needled structure composed of colorfast, fibrous material, the
structure comprising: _
— at least one layer a wet-laid nonwoven web comprising fibrous cellulosic material: and
35 colorfast dye imparting color to the fibrous cellulosic material such that the fibrous

cellulosic material is colorfast.
* [ L | S *
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36. The hydraulica
lly needled structure lorfas

fume;:o!ﬂpﬁsmamamofadhasive material of o t, fibrous material of claim 35

. The hydraulical .

need

whereinhemdyeiss'yelecmdbd structure of colorfast fibrous mater

| from reactive dyes vat-dyes and sulfu eI of daim 35

_ ! sulfur dyes.
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