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CROSSLI NKI NG AGENTS OF CELLULCSI C FABRI CS . FIELD OF THE | NVENTI ON _
Thi's i rfveMO8MA0IBE| at es to nethods of treating cel | ul osi ®CrArsssoedts with
f or mal dehyde-free conpositions, "the fornal dehyde-free conpositions, and
the materials so treat ed. BACKGROUND OF THE | NVENTI ON .
The physical characteristics of cellulosic mat eri al s 'such as fabrics -
and paper can often be enhanced ~ by chenical treatnment which .causes
-crosslinking of cellul.ose nolecules. In the case of fabrics, such
treatments can provide winkle resistance, shrinkage re5|stanCe smooth -
drying and crease retention properties and in the case of paper, '
i mproved wet strength. Treatrents with f or mal dehyde- based _
reagents, such as di net hyl ol di hydr oxyl et hyl eneur ea (DVDHEU) ;. Have - - .
been used in the past ¢ED$$%§NKINﬁe§GENﬁﬂtQﬂﬂQELLUL@ﬂbﬁaEABRISSiCS-on_, L
cel l ul osic fabrics because the f.or mal dehyde- based reagents -are R
relatively inexpensive and effective. Urea-fornal dehyde and nelan1ne-_'
f or mal dehyde FERGENOF FHE JIB @+t strength agents to enhance the-

wet performance of papahididseraition rémaﬁabdebyﬁeuhbdﬁ1dﬂrﬁféﬁmlﬂgd a .
known carC|no

f d w I
Forml denyde- 2l 1ugdese ARUGAIEN FRL" EohAILERYARS A1 Emtbbheions,
Thus, - findingthenfhmma&dﬁhndﬁrﬁress¢ompoagtlonsagamdsﬂhﬁ m=tiexn aks cso

fabrics has bg ? focus of the textile finishing industry since-the .
m d- 1980’ s. ycarboxyllc acids are anong - the new crosslinking agents
studied. A : Lo o

' BACKGROUND OF THE INVENTION - | -

The physical charactéristics of cellulosic
materials such as fabrics and paper can often be enhanced
by chemical treatment which causes crosslinking of
cellulose molecules. In the case of fabrics, such
treatments can provide wrinkle resistance, shrinkage
resistance, smooth drying and crease retention prqpert%es
and in the case of_paper, improved wet strength. i

Treatments with formaldehyde-based reagents,
such as dimethyloldihydroxylethyleneurea (DMDHEU), have
been used in the past to impart'these;valuable
characteristics on cellulosic fabricsﬁbecause the _
formaldehyde-based reagents are relatively inexpensive
and effective. Urea-formaldehyde and melamine-
formaldehyde reagents are'uséd as wet strength agents to
enhance the wet perférmanée of paper. However,
fofhaldehyde is an irritant and a known carcinogen. In
addition, cellulosic fabrics treated with formaldehyde-
based reagents suffer severe strength loss. '

Thus, finding non-formaldehyde crosslinking
agents for cellulosic fabrics has been the
focus of the textile finishing industry since the
mid-1980’s. Polycarboxylic acids are among
the new crosslinking agents studied. A
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-2- number of pol ycarboxylic acids have been effective as durablg
press fingalygReagtdents. For instance, .

1, 2,3, 4-but anetgaes?r acar boxylic acid (BTCA) provides effeggrwgmmosls
crossllnklng for cellulosic textiles thereby inparting high | evels of
wrinkle resistance and Iaunderlng dakability. Wile there have been

ext ensi ve efforts_to s a _nQ r me de rabl e press

fini shing agdmmker r%%l%%ty??‘é PEY f‘t&l dﬁﬁa?@éﬁyg@%‘é %ggec 1V§a§§nts t he
prohi bi tivel yhuvapilegstesd Bifishangpageatisad its comrercial scale :

application in the text '
pol ycar boxyl i ¢ aci ds hé%+§ iﬂgg%hé%f %érbonlb (ﬁﬁgk ?ﬂ@%r$8 gfﬁcgﬁﬁd _
car bons of tM§TCAMHQIQN4@¢SbaﬁﬁBGheVar@nmﬂaiuaﬁxng|ﬁqrfcmlbulesnty|ng B
cel | ul ose t h%:&ﬂéé‘rﬂ%i’ébfyggPQ&%bhh@.@'hb@@(}elg %ﬁﬂ%mniefgdfgsagtance

alternative carbons: such ¥ aclds are as e
needed for caMferkaundexingsdurability. Whilegthexe have Hagen| ssteaegive

:ﬁs:ed ?s a @rﬂsﬂudswkwg;sl;e Brggnt a:soa ﬁ@h:c lf'oQ‘idt atlde%tafdéidsduf@ﬂ&é eprebBe fact:
at- citric aci.d. i s on era eC{.i upl e '
| aunder i ng ddrEBHRE %%b ?cr§8?F§ﬁ|% %%ﬁ? %iJ%RﬁF%ﬁéghgg?fPﬁﬁeQC|d
undesi r abl e. reagents, the/prohibetiueﬂyvhlgmncbmﬁndﬁksmmk hasspfev&ﬁted ;j
uhi ch Provi g% oldiat: EAACLEY e ChBRLALIAG A0 R0 texe LLTI fafbLenath

y nee SAl

retention is great I'nvention éed
The Applicant has:di scoteile it a8uthU§ @bﬁ@lm&ﬁxgﬁnhoxxﬂ%@|Q@i§SIbﬁNlng

priced pol ymgHeGr cHbdeyY | dBodptibonndd eo h—d}%éﬁﬁ’%&%@%f' theacids
whi ch, when reacted . in %ﬁtu in the Eres% qf a catal EFQVIﬂES

superior cel MAGSHar RaFkheragase Rere SCtYS Hor § ?%ﬁ& ¥HGor

cel l ul osi c f @alilaflosk ediaenpobfcaspexyiiich ac:.dsh@v:lﬂﬂﬂtuah&bm@ﬁl ofroapgner i ¢

carboxylic agjds, a p QX a al.so significantly

o o g PO e RSB M S 90 Lisall be
not as effectlve as needed for commercial purposes. :

Citric acid has also been tested as a crosslinking
agent for cellulosic fabrics. However, the fact tHat citric
acid is only moderately effective coupled with poof  g
laundering durability and fabric yellowing makes the use of
citric acid undesirable.

A cost effective non-formaldehyde crosslinker
which provides both satisfactory crosshinking and good
fabric strength retention is greatly ﬁeeded. The present
invention satisfies this need. The Apglicant has discovered
a unique combination of relatively low priced polymeric
carboxylic acids and a-hydroxypolycarboxylic acids which,
when reacted in situ in the presence of a catalyst, provides
superior cellulosic crosslinking as well as strength
retention for cellulosic fabrics. Treatment of paper with
the combination of polymeric carboxylic acids and o-hydroxy
polycarboxylic acids also significantly improves the wet
performance of the treated paper.

fective as - -
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-3- . SUMVARY OF THE | NVENTI ON I n one aspect of the present
i nvent i onWOS8FPIBTi ded crosslinked cellul osic material s WRCEUSI8/00315

cel | ul osi ¢ hydroxyl groups of the material are esterified w.th

car boxylic groups resulting fromin sigu reaction of (A) pol ymers of .-
et hyl enically unsaturated pol ycarboxylic acid nononers or salts thereof,
t he nmononer s SUMMARY OO mHEnENNENmnmmoxyllc ~ groups in which the

car boxyl groups reside a r and_(B)_.satuyated | -
[err]-hydroxypol ycar box? |§gJe %%%eé:,t 5t Pﬁ?ﬁ%ﬁ%?gg five tion is prgyided
anot her aspearqﬁslh@kedvgniluﬂqa;qmmnnemmals Vhegeldlsp&luﬂﬂ&adrhydrmgyl

sol utions or g, K&EVEEefﬂéterﬂHT|é§é”%éﬁ§?if%éalﬁl%ﬂ”@%&%&%kéégsgroups;“.

pol yners of ethyl eni cal | y unsat ur at ed ycar 3/ I C_acl
sal t st her eoffeSWEE HadoREPS Hﬁ\/lﬁﬁ%rﬁ%ﬁ’tm@ﬁlé bBRYYRErs aff oups

wherein the cHBEIXh 1©ammysuﬁb&t&&aﬂﬁ&(‘;&ﬂy@@fh@ﬁyhc%@&a nHbidds or

sat ur at ed aI1%Hoxy oI tbo§%ﬁ|c aci alts thereof. A curing

catal yst (C) ht m°”é’(5‘ﬁﬁ§ olﬁa\')’rn%r 9nﬁ"1 ?FuF‘@reordlrﬁ%Fmd

~to a treati nggroup@lmlwhlah the darbamtyl rgndupst reside on adjacdnt yet:
anot her aspe en n theat in

' ceIIuI03|c|£§e£§°+2§%%H¥flé?ﬁg(h§ é%“%%ﬁ%g apﬁg§?8%§§°&9kafénﬁﬁl ich

" contains hydeEséd, Orgﬁgg]% whewepfoonposi tion conprising (A) pol yners of

ethyl enical |y unsaturated RAbr&RFOQEHdE a6f G HENPAPEARLIbn isSPricvildied eof .
"~ the nononers haV|mg one di carboxylic %ﬁéog s_in which the

carboxyl grolfEe%e ﬁségﬁﬁcEﬁFathguﬁﬁ}PE& BRATYafidrckuzes for
a- hydr oxypol wr:hm«yd;ic natdrinls c:am;:mamgeom pollyfi€ysaocd®uring |

| b |
saturated aciiibpienfealfy, uaglklrated BoT B ioRyl FRr bt R RonteEs bx
crosslinki ng ssflts thera9ds okhe ponemexs having| dneoeircmpeet dicarhetykic
The . i nventd,Qf,d4irRete i ACEHAC S ae®IdH} 0 FoliBt e4ka! Sn! hAFEeLHY carriieh

processes.
atoms; and (B) saturated a-hydroxypolycarboxylic acid or

salts thereof. A curing catalyst (C)} is also present in
solution or dry mixture, or may be added to a treating . ,
solution at the time of treatment. ' R
In yet another aspect of the invention is provided
processes for treating cellulosic materials comprising
contacting a cellulosic material which contains hydroxyl
.groups with a composition comprising fA) polymers of
ethylenically unsaturated polycarboxylic acid monomers or
salts thereof, the monomers having ong‘or more dicarboxylic
groups in which the carboxyl groups reside on adjacent
carbon atoms; (B) saturated a-hydroxypolycarboxylic acid or
salts thereof; and (C) a curing catalyst; and heating the
material to produce a reaction between the saturated acid(B)
and the polymers (A), and esterification and crosslinking of
the hydroxyl groups of the cellulosic textile material. The
invention further includes cellulosic materials treated by

such processes.
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-4- DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS The
present | i s based upon the surprising findi ng that undeT'thé
curing cgﬁg???%%z of treated . cellulosic fabrics, polynerggyp

ethyl enically unsaturated pol ycar boxylic acid nmonomers or salts thereof
t he nononers havi ng one or nore di carBoxylic groups in which the

car boxyl groups reside on adjacent carbons, referred to herein as
polycarboxyllc acid polymers (A), wll react mnth (B) saturated

[err]- hydroxnmmmazmm@ssmxmrdn OF PREFERRED EMBOTIMENTS Cally |rrprove. e :
the winkle resistance e .c_fabrics d to inprove the ;-
properties of other fﬁ %E?%En%#9$laﬂ§ |iﬁ19ﬂ§§§hﬂﬁ°ﬁn C§grpr1s1ng_ﬁ
By thensel veﬁlq@%&mwm@eacthepGUymgs cotydidfions tdle tresstesd | nvention
react with hydn@atlodyo W fes, feilhibosi o o gty g m\;fvtﬁ{sa#%r%%?gmr

for a reaction wth | ose ccur ycar oxyl ic ac
(A) must E’ﬁ’@é"‘@tﬁh‘?’@ﬂeﬁfﬁ ?\%b‘ill ‘F‘??OF‘GrFeQé't S@lJ{UﬁF thhengof oxshe gnonprers -

of the cel |l ubhasdnd Ibﬂe?lr&erm@@é YaREAEbBRYY RN b@edds afilSich tﬂ@bééi—ﬁé{x{zf
| acki ng-or decreases as. ster nkag g are formed between-t

pol ycar boxy! F&°XE™ 155t Jsﬂ%e ??\% nt earberssi Eerf';j?dfr%g/l cgrléﬁﬁ%ln as

i nparting Iepshyuarhqulmd ac1dupab?mepsed&)flmxﬂltrhédﬂnwith {B) _
a- Hydr oxypol R0 d | 1 ul osi hydroxyl'

groups. Home)\é%?; )Qh q@e‘%?%’% %ﬁgrgggﬁﬁ'flw g&l[derrlfh% o xfﬁ group -

hi nders esteﬁVPﬁﬁﬁ%ﬁﬁiQﬁllYmimPr@%¢IEh@sW€ln¥éﬁ0%WSkyﬂﬂnﬂetgf tithe

pol ycar boxyl celaeilbsic fabrics andtbeingioVesinad drdpid- UG HYo '
particul ar éﬁ“@ it is beljeved that the reaction which contri tes
G& quéﬁj

to the syner Mt AR LS RUEH ?ﬁePBP§§éPqu%ﬁ9ﬁlon i s és shown
in exenplary reaction mmwsm@m pnlyahaﬁrboxylﬂc EUREGH r;ﬁﬂrﬁm a(A)/eof

pol ycar boxyl y cé g e on.and:-B is
representatl\"}gle % éﬁﬁtrg%y oly%gé oxy ﬁ E&?ﬁ&ﬁ? qﬁoqﬂﬁaqgwentlon _
" WD 98/ 30387 cel u1031c materla However, 1n PCOEYSIROE eaction with -
cellulose to occur, the polycarboxyllc acid polymer (3a) must
have sufficient mobility to react with the hydroxyl ‘groups

of the cellulose. In larger polymeric polycarboxyllc acids,
mobility is lacking or decreases as ester 11nkages are
formed between the polycarboxylic acid polymer and the
cellulosic hydroxyl groups, imparting less than optimal -
durable press finish to fabric. '
o-Hydroxypolycarboxylic ac1ds (B) also react with
cellulosic hydroxyl groups. However, ' *it has been observed
that the a-hydroxyl group hinders esterification of the
cellulosic hydroxyl groups by the polycarboxylic acid.
‘ R While not wishing to be bound by any particular
theory, it is believed that the reaction which contributes
to the synergistic results achieved by the present invention
is as shown in exemplary reaction Scheme I below, in which
A’ is a representative polycarboxylic acid polymer (A) of
the invention and B’ is a representative o«- '
hydroxypolycarboxylic acid (B) of the invention.



[err] Thus, an [err]-hydroxy polycarboxylic

acid such as citric acid (B') is converted froma trifunctional materi al
to a tet rWOwABeIsanal state (D) by reaction with a pol ycardgpysosposs d
polymer (A') and results in forming a = nore flexible branched crosslinker
(D) for cellulosic mat erials, therebygsignificantly enhancing, in the
case of fabrics, durable press performance as wel| as mnechani cal
strength. The present invention is applicable to fibrous
cellulosic materials including cotton, flax, jute, henp, " ram e and

ngybstituted wood cel | ul oses puckd as cngaxnnoHThe di scl osed

appl i ed t @ ~ cel _g@ in the form of-
n-woven gﬁegﬁ r webs ni t r{:égh and to fibers,
nts. H!heCprégaﬂ +avemtipn is al sGH@-p{ﬂOmIabl e topaper

regener at ed
processes ma
woven fabric,
yarns or . [

products such~gf produced fgpmyghycel ul includi:ng - statlonery-Q
and paper bodrdl products, ca?tons and ca3|pg_ materials, and high- '
endur ance papers such as currency stock. The di scl osed processes are
particularly useful wth erials containijgg no | ess than 30%.. _
cel lul osic flber preferably the material s Contain fromabout 50 to 100%)
cotton. : " As indicated, polyners (A) of the present . invention

are based on di carboxylic acid nononmers having one or nore dicarboxylic
groups in which the carboxyl groups . : : '

. SCHEME I

Thus, an «-hydroxy polycarboxylic acid suchfas
citric acid (B’') is converted from a trifunctional materia1. 
to a tetrafunctional state (D) by reaction with a
polycarboxylic acid polyﬁer (A’) and results in forming a
more flexible branched crosslinker (D) for cellulosic
materials, thereby significantly enhancing, in the_caée_of
fabrics, durable press performance as well as mechanica; N
strength. o S : :

The present invention is applicable to fibrous
cellulosic materials-including cotton, flax, jute, hemp,
ramie and regenerated unsubstituted wood celluloses such as
rayon. The disclosed processes may be applied to fibrous
cellulosic material in the form of woven fabric, non-woven
sheets or webs or knit fabrics, and to'fibers, yarns or
filaments. The present invention is also applicable to paper
products such as produced from wet cellulose pulp, including
stationery and paper board products, cartons and casing
materials, and high endurance papers such as currency stock.
The disclosed processes are particularly useful with
materials containing no less than 30% cellulosic fiber;
preferably the materials contain from about 50 to 100%
cotton. o

As indicated, polymers (A) of the present
invention are based on dicarboxylic acid monomers having one
or more dicarboxylic groups in which the carboxyl groups
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- 6- resi de on adj acent carbon atons. The polyneric pol ycar boxyl e
acids (A |1y may have one or nore non- adj acent car boxyl -==groups -
or non-cay §%§{7&&2ctive hydr ogen groups. Such non-car boxyFPCE ﬂ@éﬂ%"gi-‘ncl ude
hydroxyl, primary am no, secondary am no, thiol, and conbinations

t her eof . Such pol yneric polsgcarboxylic acids (A) are

addition polyners_prepared fromat |east one .of maleic and fumaric

aci ds, or th&esiielreacadineerss cagbome afrons: Thedp@lymerda with one or
nmore ot her g,%&rﬁ@ﬂpiyaeabaa@ (A)t P EVéidl 1 Urdly BB8aRE" $héCoRChlre

nmet hacrylic aC| [ ot on Itaconic acid, aconitic acid-(and their.

esters) . F99RE carPaR GECURIT T R DRy eREtives Pszosen

met hyl st yr engrcmspélylSuchyhohet:anrbpxymgrcmpmmﬂclm chedfoxyl, epRynany - Yl

and propyl eng, P I 0X C ent
i nvelrcl)t i g% an%mlr?(lﬁyg% R&a ¥‘&?' h% 391'151;0”12, aa(ri-ﬁ:1 a%s@g}%%%lo’f“ﬁr@ﬁ?g ?‘ _
U. S. Patent Nos. 3, 8&0?8Spplymﬁuadiﬂbkynhfboxyl5@Zacidsa(A)earered *-J_
enbodi nent t r a égref_r ygdko p uct--_.-'
of a hornopol %@Q:}/&? #92?%&\%%%% 5’%@ ré %%tdong ?f Jﬂﬁ%%c &4
i nventi on théﬁﬂﬁ@%%f%%%?ﬁrcoﬁche aﬁ&M@ﬁﬁQei/9h¢%§Qﬁkw%l@n9s©§ product
dervi ed frgmcbnﬂ&ﬂi?ét’ts/m& wu:af oﬁ§| l@xcnﬂﬁl‘é’d:éﬁht?: aﬁwhf &ﬁl@rt Qrcﬁpéfyﬂféi‘fﬁled '-
MONOMEr s or, i nst.ance, rolysi.,s prodyct of, a of nml ej,c
anhydri de, viTATSiEETRe &8 ‘éﬁﬁ §¥h ér’xﬁ s M5t te]?ae‘F’Fﬁi{) %cr‘é'sﬁﬁ‘étc’nm o
enbodi nent s acide :plramenim aoedt,l andrhﬂ:mlaind aftamd olfhelrneéeers)inhydrl de
to the other n 14 :
Preferably, po rrergrarlg%t%% %ca%gﬁ}rﬁ' I C adl A’s”t@) QEH"Ife"z‘—"é?"n 19}ﬁ'\'glen?fon have the

fornul a: [emgthylstyrene, methy vinyl ketone, vinyl alcohol, aci‘oleln, :

ethylene and propylene. Polymers of polycarboxyllc ac1ds
useful in the present invention and methods of making the
same are described, for example, in U.S. Patent Nos.
3,810,834, 4,126,549 and 5,427,587. In a preferred
embodiment the pqucarbbkylic acid polymer (A) is the
hydrolysis product of a hoﬁopolymer of maleic anhydrideé In: .
other embodiments of the invention the polycarboxylic acid '
polymer (A) is a hydrolysis product dervied from a copolymer
of maleic anhydride and one or more other monomers. For
instance, a hydrolysis product of a térpolymer of maleic _
anhydride, vinyl acetate and ethyl acfylate is preferred. In

- some embodiments of the present invention the molar ratio of
maleic anhydride to the other monomers is in the range of
about 2.5:1 to 9:1.

Preferably, polymeric polycarboxyllc acids (A) of

-

the invention have the formula:

(R CH— 4

N N N e

O=(|I (ll ==0
OH OH

wherein R1 and R2 independently are H, C1-CS5 alkyl,
substituted or unsubstituted, or aryl, and x and 2z are



wherein RL and R2 independently are H, Cl1-C5 al kyl, - substituted or
unsubstituted, or aryl, and x and z are WO 98/ 30387 o
PCT/ US98/ WOP850387 -7- posi t IPOT/USY800818]
nunbers or 0, y is a positive rational nunber and x+y+z=1. |n sone
aspects of the invention, y is greaterpthan 0.5, i.e. greater than 50%
of polynmer (A). Where a | ower density of carboxyl groups is desired to

i Ecrease t he p’dmiititrg ﬁétﬁ.bﬁaanh;adﬁie(i@ PO UP, y ﬂaya poﬁi&ﬁ%a@a)t:}faﬁ;a]_es"s o
than 0.9, i. 0% o o] A SUIt L ang r.e ore,wls
about 0.5 to ’é’ %\I%nﬁ kxgg%s&useﬁnes %?%Stg Eﬁﬁrip 1on, _Y '
unsat ur at ed, gr@amﬂedthanaﬁd Sunbr.&nc Imamdayl thasusesi oﬁepbiymral .
el sewhere in yne 0l 4 "Ebubs) dé{a%hﬁge £ el PP o hblibh ofs! aegig:lé(&xéoi

hydr oxy, al koxy, am no, rs-
(A) of the prJé‘s%"?ﬁa$%v‘éhF| Be H&?-&Ynéhfoé? e a nivedaige ngreunl ay mawghts of_

from about 4QH-dfeAkELY be 10880c02%, ) t910uDle Ce5681 SETBbEGHE (451.0R S are
nore - suitable for use with_particular_cellu]osic substrates as ul d
be appreci at &t ]B:L% LRPPEeRLi ¥ tﬁg‘ea?etf y:h%r'%b° hgv5n§°a°n§nbélkyl

aver-age nol ecs alsaellgéfemﬁ fFederéOttd @aturbidd, aiesptareceda] beaneseagv th

the = °Fange 314 i anshPe BT, SRR RRRG 08 1kt ﬁ%%egiseyh%fft§§|l'@”-
for paper-typelyghex| 66) cizgbudeat but are not limiféd tat cazbedtyl , . _
[err]-hydrox &c?ﬂﬁbOékaﬁyaCbﬂuh@ an&% ft.eﬁld?‘in% E:.f:i’i@nﬁ%r boxyl,

groups bonde acent car bons. erred odi nent's
carboxylic aci d conpPPirEezFe (3 Rd &he ResRRY ciRveRyire aewesnymr

cont ai ni ng atad@@@getmeléaﬁmaxyheggmda ﬁ?odiméb(o@@ 400" to aBbufDfEe.
Exarrpl es of %ieé@ y% poI ar bo I|c af g clude, but -are not.
linited to, d? aEF S ?fb%% AcBrhi BO¥EI d o
havi ng the faunliable for use with part[mu]]ar.ce]_.lulosic substrates as

. would be appreciated by one skilled in the art. Polymers

having a number average molecular weight of from 400 to
4,000 are preferred for use with cellulosic textiles.
Polymers having number average molecular weights in the:
range of from about 40,000 to about 1,000,000,-are_more3'
suitable for paper-type cellulosic substrates.

The saturated a-hydroxypolycarboxylic acid (B)
comprises at least two carboxyl groupq bonded to adjacent
carbons. In preferred embocdiments thefcarboxylic acid
comprises one or more C2-C9 polycérboﬁylic acids each
containing at least two carboxyl groups or as many as four
or more. Examples of such o-hydroxy-polycarboxylic acids
include, but are not limited to, citric acid, malic acid and
tartrate monosuccinic acid having the formula:

?OOH ?OOH
HO—?H—CH—O—(IJH-CHZ
COOH COOH

In some cases, in order to raise the pH of the
treating solution to improve compatibilty of the bath or
additives and/or for improved strength retention, a portion



In sone cases, in order to raise the pH of the treating solution to

| nprove conpatibilty of the bath or addi tives and/or for inproved
strength ‘8@??@538% a portion WD 98/ 30387 -
PCT/ US98/ of one or both of conponents (A) and (W’Hﬁ%}mﬂgsused
I n salt form especially as a water soluble salt. Suitable for “this
purpose are al kali netal salts of t he coffponents. Al ternatively, or in
conbi nati on mnth use of_ either conpo ents %ﬁ) and (B) .in salt form

the pH of th@% QRg iy POrRPh¢ Faﬂpﬂﬁﬁnﬁé (&) saad o (B gash ke iwIedattially
neutralized, sla)lti Hpmndi éspacbaldybasea %efeﬁ:‘r abllyxbae/\/@aﬂft sl wdb ke bbse,

such as an aI al i netal hydrox h hde or an a The.

pH may be el 5%‘ e PR ciaﬁrg 5%’3‘?‘%%?@2 ES‘&'[ sg%if{m{-‘ CASSP B 1'gll’se'f er abl y. o
about 2.5 toAdterndipisesky, ©f inecombanangosoMuKMOmsesqﬂ)exthﬁxxbﬁu S
relatively hb:?:'ﬂ\ S r k) 0ina °¢p) 3h ah9ut f%%n@o"ét% Hﬁj%f thé ttféatmg

preferred to the treating solution wth '
conponent s (RPLHQ!Qﬂﬂmaﬁrb%Ir#é§§§erthPﬁeS§@U&1°n'Baﬁﬁkﬁrkbnponent (A,

and then rai %%d&i%lp.ﬁxedf ﬂyswedada&tlontw &r %tslengp&@féfmyrht&wmr :
manner describ Thebreason kag_ .sal ?HYA’F ast_the salt, of -
conponent (A)So‘iﬁ’%;l ?:ﬁ"emfﬁ‘?ﬂt@s ?nh?‘& onlE ['ﬁFFLa OXIfG s IR
(which is hykeaiaidd osx sah t ambhecontheepH @Ay blealelfe@rammﬁmrﬁuc(lB)) _
decreases as t e u N, 1S t ed.

under st ood tﬁ’g'{} s?osrr‘raeq{ 0SS o‘?é 2 9 Fb aﬂbl'r’lgsgé rlfcegeofabt e odn%)réo}uc'io n"ay _
result from EHowemgon of thethﬁepFﬂEEdsgigtépneﬂﬁhép be maﬂd(ﬁtconponentS'

(A and (B) relldtSadly fRIgh EBHEYAREratYel,! 853, Mt BBREC ARf-ah e éilﬂwer |

si gni fi cant propertles are refained or_inprovéd, such as stren and’
resi stance t &t day preferred to foymethei freatingo Sé‘f]-“ﬁd-l%ré"rll"(h ¢ acid ..

“ethyl eni cal | formginsRtebmipelefBEDQAY| hadaqBy, (b et labist! &with the ‘acid
i gf;gﬁ'yyg%f 00K d & 8618 SOIPOHTIS 0B chgn0eneLdl helilh Lar duskidd) of
the treating solution in the manner described. The reason
is that the salts, at least the salt of component (A), may
precipitate at hlgh concentrations. This tendency (which is
greater for salts of component (A) than for component (B)), :
decreases as the treatlng solution is diluted. -

It is understood that some loss of wrinkle
resistance of the end product may result from elevation of
the pH and use of either or both of components () and (B}
in salt form. However, such loss may be acceptable if other
significant properties are retained or improved, such as
strength and resistance to tear. >

The weight ratio of polymeric ethylenically
unsaturated carboxylic acid (A) or salt to a- -
hydroxypolycarboxylic acid compounds (B} is generally 1:0.1
to 1:20, preferably 1:3 to 1:5. |

Catalysts (C) of the present invention are
compounds with a molecular weight of less than 1000 such as,
for example, alkali metal hypophosphite salts, alkali metal
phosphites, alkali metal polyphosphates, alkali metal
dihydrogen phosphates, alkali metal phosphate, alkali metal
hydrogen phosphate, polyphosphoric acids, hypophosphorous
acids, phosphorous acids, alkyl phosphinic acids and any



T

Catal ysts (C) 387t he present invention are conpounds Wi tHCTAISSBhexts!| ar

wei ght of less than 1000 such as, for exanple, alkali netal
hypophosphite salts, al kali netal phogphi tes, alkali netal _
pol yphosphat es, al kali netal di hydr ogen phosphates, al kali netal

phosphat e, ahndattiuretet twohydrmgee phesabste, TE@'&Q&Q&@“@&th@@tdﬁa

hypophosphor qus aci ds hosphor ous_aci ds, , al k ph ni ¢ acids and an
3%28? P lJ.Lso be an élfbomg% or pof bge*%gg gﬁeggggrous- y

-?- m Xt ur e aEinttaining ngreuphesech. as ThEoruekagplel abydt tio pb&?mb&saﬁf

ol i goner or (o 0 aisNi, Ng. rou S _suc

exanpl e, addgghém%bolynﬁ¢ @&ggg I%gféﬁdfﬁg%ﬁgléPc geﬁgpﬁst?nspﬁéum
presence of qanhmmas@mmiblgmdpolymepaIpneparedeﬁaomdethymenlcally
ethylenicallxnﬂﬁﬁﬁi SRORIEL S e, @f or S : .
chain transfer agents J?q?ern1na%o%%ntﬁggpgégéﬁggnogoPﬁﬁésg €8ﬁ$ Fﬁihg acid
functional msHEHsY GranakeR %ﬁﬁmﬁ%sorf©$r@¥aﬂpb3$,capdlgdﬁit:ed polymers
phosphoet hyl d&iﬂﬁ%ﬂqﬁt@cl@%ﬁéméﬁéwﬁaﬁeﬂw ﬁe@ﬂi §S&Séﬁ gndeqy

copolynerlzed Vi fonlc acj d pononers and eécrlﬁed in
U S. Pat ént s S¥afipe30 CopRLBreplzed ph °%Ph?9?@¥lomeﬁ%¢iéylﬁb¢e audh

catal ysts- ar %ﬁdls.t(axerph&sptmﬁm racsﬂameé@@fét safll &8BolErLEed: vinyl.
Partlcularlyg%‘ erred i N, some %aFects of. e invention_is sodi'um

hypophosphi t onic acidgenon ?s?n?Cﬁhﬁ%§ PR1ER e3S Aegcrihed &n Vedm

ablout 2‘? t oI @lamﬁntlai)@%zjam,m gﬁ:}ﬁdbaﬁmpsls'vhg mgjla@ﬁ@g%@ gm,f.g{- Q@}rigrrer: c
ol ycar box cid.,a r arboxylic acid. Preferred |levels - .
gf zat al ys%/ E c&’a tf&%% aJo’f)%tél %‘g %\%ﬁ%‘f’gbﬁ@eﬁpﬁ% ?’F@eﬁ)‘ﬂb‘?i&egh?\ei"ght' -
of polynerlcuqunnmdanBaxtinnlhtly pwmﬁézred ihysomx yaspyces bogythe acid

(B). invaho Q)t e&d %@%téB) and catalyst (C) may be_

adm xed u3|ng convent1 onal di spersing in an agueouss
mediumto forma sol utiThe cﬂatta)'l)f&ﬁ rr(fé) dnayytibemsed at a levdheoBofxmdmon or

bl end may copihit, Jg @fdddn, wqug& @gg!{hér " CORPOLGS Fnsdich as,
for exanple, fabric softeners, wettin lers, anti- mgration
aci ds and bi ¥eight of polymerig pokyrarbey r@&rﬂl’l nvention are

carried out RydricxSiodIgaHdRE il | U'Pﬁéfef?éc?rlé’d'elé%f‘ égtalyst

' (C) are 10% to about 60% by weight based on the combined

weight of polymeric polycarboxylic acid (A) and o- )
hydroxypolycarboxylic acid (B). ' g ;

As indicated, components (), (B) and catalyst (C)
may be admixed using conventional mlxing techniques
dispersing in an aqueous medium to form a solution or to
form a dry blend. a . o

The solution or blend may contaln, in addition,
conventional treatment components such as, for example,
fabric softeners, wetting agents, emulsifiers, anti-

- migration acids and biocides.

The processes of the present invention are carried
ocut by first contacting the cellulosic material, such as
fabric, with a treating solution containing polymeric
polycarboxylic acid (A), o-hydroxypolycarboxylic acid (B)
and one or more curing catalysts (C). The cellulosic
material may optionally be contacted with solvent, and
optional additives such as fabric softeners, wetting agent



fabric, with a treating solution containing pol ymeri c pol ycarboxylic acid

(A), [err]-hydroxypol ycarboxylic acid (B) and one or nore curing catalysts

(O. The ﬁé‘# ;lc material nmay optionally be contacted with solvent, and
a Y

opti onal es such as fabric softeners, wetting agent CT"””“mﬁﬂs
98/ 30387 PCT/ US98/ 00315 -
-10-- and/ or ot her additives The appiQcation may be effected, for

i nstance, by paddi ng, satu spra , or. the like. For exa
cel lul osic fém/j &ﬂe 3}/1 gﬁpgf’-catlﬂneéﬁyné’%cﬁﬁﬁ? 'Th%°r
sol vent used 1tn:sﬁ‘amcra,t myspédmiﬂg, | saturatehgr,al@bramw,, cﬂ!rtdlwgfh.]@ély For

e o B et Dkt e R Bl RS it £ ke e

catal'ysts (Cﬁnmatrngtsnkutmomnlfﬂhg1yoaveperssbﬂetoaﬁdnm thenﬂnnuﬂimn ié'
fabric soften éﬁéfec'?ff?ﬂbﬂghcaﬁir S RkYE vol%%?ﬁré aéb

polyethylene /or I cone so el ng
t hor oughl y w@&MQhtRR;Ym%%&¢ﬁ@°%&?ﬂrb°XY@h§ aeiByl(@di.c dmaterial is passed

bet ween squeggRrFdiksoDy carbésaynléOaéeaD\(g)eéﬁaS%nlé & %ox@d:ﬂ/ﬂg dried at -
any - convenlenti%ﬁggﬁéﬁhure sufi ent to r, i e sol vent_. ;.mnthln
the desired Gah2 r§8F 79 Yﬁgﬁ 85eHn&%P§E'Xi isparsit (ftan be -
130[err] - 210kmed C fTie afaibtié sefbedersoalé emnlsd€ied nonionic or Qwnic
oKi1 e, 11 U5 A0k JEU! g ORRLECLE1 ot ehlSap /Bl B IR ko eg 2L ©
exanple sheet- y thi dkkkeexs b%bngcthaycbshéurUetbynhﬁéﬁlﬁ;&anlﬁg(hnthwut
30 *  secondiyed et bEsc FhatéLPRRDYH! paégea%%%%%r h‘c}JéHzé W&11s or

yar oxopol yC AEBIAG LAY (Broees oL iarids abAl oxEns e ot ’

hydr oxypol yc ( 0 2 OX&Tc GG any *
esterificati {abrw&li.‘é:@tssumgsemtufél SUEFitARNLC tiRY e the sdIORGeS :
R L L P
cured at abo e r

pref erably cmmnmeabqﬁMnRBQﬁeﬂlasgefoycaboutos seoonds. &cﬂBGJmmnun@s to
cause a reaction betme éhgkl%l%%Iiﬁagﬁgxgktcrggggi% an the

a- hydr oxypol ycar boxyl i c acl esteri cross I.nki ng of
t he cel | ulcdsdng tom%randrhtgm@%e*éaﬁeelsspar§éYu dfdy aipon the -

thickness of the material to be cured. For example, ‘sheet -

thickness fabric may be cured by heating for from about 30
seconds to 2 minutes at from about 150 to 210°C for the
reaction between the polycarboxylic acid polymer (A) and «-
hydroxypolycarboxylic acid (B) to occu& as well as cellulose
esterification and crosslinking. Thickér fabric may require
longer heating at higher temperaturesi Thicker fabrics may
preferably be oven cured at about 150-190°C for about 1.0-
15.0 minutes and most preferably cured at about 160-185°C
for about 1.0-15.0 mihutes to cause a reaction between the
polycarboxylic acid polymer (A) and «-hydroxypolycarboxylic
acid (B) and esterification and crosslinking of the
cellulose to occur. This procedure is also useful where
material is cured at a later time, with or without forming
into a particular configuration. |

If desired, the cured material may subsequently be
given a water rinse to remove unreacted reagent and curing
catalyst, and may then be redried.

Where the product is discolored, the material may



material is cured at a later tine, with or without formng - into a
particul ar configuration. If desired, the cured material may
subsequenwQ98m8387 given a water rinse to renove unreact ed pcagegiosd
curing -catal yst, and nmay then be redried. Where the
product is discolored, the material may _5,. WO 98/30387 -'

PCT/ US98/ 00315 -11- be treated by _
i npr egnat i ng bae t'f%tétfé&'b mpaagaaﬁsﬁgs the m%@!éitﬂaqn widH aam'%ééﬁg‘ 0..5%
to 5% by wei ght colorizin ent such as magnesium . -~

nonoper oxypht ﬁ&llé‘tté-ml °°%‘6%H-%H‘Seﬁﬁgi“ag 5% 69 G ot medehi ©Ff Bric ac d

sodi um bogekididrliez Niig SAGER buancabomagﬁesﬂﬂe mmicgféﬁixyp&xﬁhalate,

imersed in the.sol ution of decolonizin ds aked fo 1_20

minutes at anBeSARY RS oot Weggg% SEFRNLTE Lﬁ‘?%um S

warnmed to a tbmmeﬂ:mdmeie\ocpreaoéedmngypochaﬁ[mmq C. ThEhmamirarahllss :
b tl

supsequent |y Lpisathel ik "EET sbfutgn BEOY BT Ul aa-ﬁgemﬁgl .

sol ubilized co cts
fabrics treat &@x 3 49 sl%%muﬁay Bk ambigagd tegpegatalie qn dst necessayy

The present 'ﬂ)&e@dd!{\ a{mé/oluta.@hsﬁa?ﬁeaSEQ hOtlé&@é&*anr@rr@@%:é‘éE d’ﬂﬁ’%e‘j
board, boxes gn g heréﬁp er p:ligdu s and sgnlta,ry I fens conprisin
0c&-1 ul

i ndi vi dual i ze sib rinsed with wgjer to
fol | owi ng exam‘ptnesreareaccésbs:sd:hamiaalandndr sdubnld.tze@&ﬁild&dmaﬁdduétélg Of
t he present 'Q.iﬁﬁmth%rh drie ci{hroughout this specification and .clai ns, aI_I_

parts and per gent ages are by wei ght unl ess otherw se indicated. -
Materi al s Ceblebesbe fabricsutveated time tivie ma&mdnqmsbe
cure finishi NGsdas ford dhrapvé L r¥8aVe1 d0R1HG0! p bald x/egl

square yard) die with a vat be (S/5570 CI45551 hgﬁli provﬁgae%
by MIiken,

8Rs % g1eedckR FTebara, SMPREVeREOEEHCRs St bR s kp¥es and

gar ment flnleth@r paper products and sanitary items comprising
individualized cellulosic fibers. '

EXAMPLES

The following examples are illustrative and are
not meant to be limiting of the present invention.
Throughout this specification and claims, all parts and
percentages are by wéight unless otherwise indicated.
Materials . .

The cotton fabric used forithe pre-cure and post-
cure finishing was a 3 X 1 twill weave 100% cotton fabric
(8 oz per square yard) dyed with a vat dye (S/5570 C/45551
Khaki), and provided by Miliken, Blacksburgh, South
Carolina. The cotton fabric used for the garment finishing
was a Excalibur twill 100% cotton fabric, style WHTW, dyed
with a vat dye (9119 Khakl), and provided by Mt. Vernon
Mill, Trion, Georgia. The kraft paper (74g/M?) was produced
by Georgia Pacific. Poly(maleic acid) (PMA) and terpolymer
of maleic acid, ethyl acrylate and vinyl acetate (5:1:1 mble
ratio)(TPMA) were supplied by FMC Corporation and are
aqueous solutions with approximately 50% solids content
having number average molecular weights in the ranges of



was a Excalibur twill 100% cotton fabric, style WHTW dyed = wth a vat
dye (9119 Khaki), and provided by M. Vernon MIIl, Trion, CGeorgia. The
kraft paper (74g9/M2) was produced . by Georgia Pacific. Poly(maleic acid)
(PMR) ._andwb%%s\rérrer of maleic acid, ethyl acrylate and vinyl acetate °
(5:1:1 no ati o) (TPMA) were supplied by FMC Cor por at PERIBP0GLC
aqueous solutions with approximtely 5004 solids content havi ng nunber.
average nol ecul ar weights in the ranges .of WO 98/ 30386 . . s
PCT/1B97/ 00Qiout 800-1000 and about .1200- .2 -re sped) 0-4000 and
about 1200-150Q, respecti vel}f_. The 1car-bo>%slwéor¥§e?trat %enﬁg’f %}9‘ PVA
sol ution waSIRVFH CPEFRELRELAN, 9Ee 2 TEMA SO Ut Ipnvwam dekeanined Py o
have 5.56 madid-bage bokyraptongr aTPMRd wd d¥tagiited N HHWOls |56 mmole .

concentratian W . A lList of ;,nanes.and:ianuf.act urers-of the reagents is
rovi ded i n Pt pef Skah Rbg 535" S R G e che condentr@ilon ' °

PCT/ US98/ 003(1&/w) . [Rrkist of namesoahd0Bhufacturers of the reagents is
PCT/ US98/ 003}svided in Table 1.



-'14- Fabric Treat nment Pre-Cure Finishing The cotton

fabric was first inpregnated in a ‘finish bath containing the - .
crossl inmkvegsaesatt s, the catal yst, a wetting agent, andpcrysosioosis
softeners. Trisodium  phosphate was, used to adjust the finish bath pH
The . | npregnat ed fabric sanpl e was E%essed bet ween t he squeezi ng .
rolls of a Cromaq{ T3 O'atoryl'padaer UST IO & [KITOWT T Wo=Fi trwer Ni pS
process. The wet| pijck}up of ft he i mprggjat eqd falpri ange of
70-77 % The fabrficlwap dried at B5]|&@r]|C f b cured
ina Mathis curing qvep. | _ g > frea cured -
at 185[err]C for {3 M rjug eqd @nlles$ cot wilse
Fi ni shi ng h$ qatitgn fabpril@ was c
pant |egs. Approxi mate]y 1$ fdofinds ¢f3 gar el
machine filled wifth]thE fi.@isrﬁsclun n| % Thg ) 8miy
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extracted for 37 |se¢ tp gmaigl ai-gI 20 og/vei l“t)_i ; -895" r.ment, .
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achi-eve ~13% noi qt uj & porjtgnt]. o ]h% Gar t | \Was g 7"1'
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finally cured in ag Ddbpat E njde| 152512 &ir{ &y igii o
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- 15- catalyst, and finally dried at 80[err]C Fabric Performnce
Eval uati o Condi tioned winkle recovery angle (WRA), <durabl e
press (DP%Q%?H%E tensile strength, tearing strength, and PCT{US88/00315
abrasi on-resi stance of the finished cotton fabric were eval uat ed :
according to the follow ng standard net kads: WAR AATCC Test Method -
66-1990; DP rating: AATCC Test Mt hod 124- 1992; tensile strength: ASTM
Test Met hods D5035-90; tearing Strength: . ASTM Test Met hod D1424- 83; and
abr asi on I fabsidN G emdAt €st Met hod D3885-92. Al the fabric _
properties were eval uat ed ,after one honme | aundering washi ng/ dryi ng - :
(HLWD) cycl e. P t he finished fabric was. al.so eval uat ed

f;]lfterI di f:‘j erent nUﬁber?]'I!He hegEron - fawﬂerzag f\@f@tn%ﬁf&gaats&% a The =
one [ aunder i shi.ng. pr.ocess conduct ccor c™ o
st andar d rrg?ﬂﬁah\lﬂlg g;é)talm. m‘fi}?e F’é??%‘?ﬁ%géngvﬁgﬁﬁf:%nthe o
The dry- tensi tatafllyemgt la w&tttinglsagmst r&n@tfabrlc}/\ébfﬁéhéi'ﬂeszi‘%ﬁgodluﬁn

f ol di ng endur f e-eva acgor to the
fol | owng TAPPROSPE bl Vel t‘ﬁ TR SN e SRR 2 %%ﬁ? Ay 288%0m 86,
and T511 om impgganatesedighnils . Smmmmswdpeurees ﬁhecsqheézahQVe
wer e measur ededll15he£Pap romieh i b4 €S %d&&? @éﬂﬁ%séoﬁnown%%' La‘&%;%

(DS) was neasured for the cross chi ne direction aper stri
1. 5cmx10cm waSWeoRAPE BroFess ndehe Jirk (Rigk iR %nﬁ'—léﬁityumglzatﬁﬂ fahaic

the length ofwas ﬁ,.hethbr Iranw o aroH El. % TherTlsd rfdbinBe wASKadiea ¥Rt g5okor

24 hr. then t of a str asured. The
li near di rrenS| ona zir}l‘ige %l&ﬁ é)u eac? p“ﬁ%@%ﬁ%t?‘%ﬂ’ﬂgo‘f’ﬁﬁ J engt h
of the strip before soal’l’h?gtfnaﬁhed qm¢mr@abrm wae sired attmasscralfomg3

The d| MeNSi 0NpinuekabihhibsaVas Heaheidat Iﬁg{:élél ng the fol I ow ng fornula:
= [(L[err] - L[err])/L[err]] x 100% _

Garment Finishin

The cotton fabric was cut and sewed into'30x9 inch
pant legs. Approximately 15 pounds of garment was added to
an Unimac machine fllled with the finish solutlon fThei
machine was run for 8 min, then the solution was drained for
1 min. The impregnated garment was extracted for 37 sec to
maintain ~70% wet pick-up. The treated garment was tumble
dried in a 50-pound Huebsch commerciaI dryer for 12 min to
achieve ~13% moisture content. The garment was pressed in a
professional steam press equipment u81ng a long cycle. The
garment was finally cured in a Despath model LT2-12 curing
oven at specified temperatures.

Paper Treatment

The paper was first cut into 25cmx25c¢m sheets.
Each sheet was soaked in a solution containing an acid and
the catalyst (sodium hypophosphite) with a 2:1 (W/W) acid-
to-catalyst ratio. The soaked paper was pressed between two
squeezing rolls at 40 psi'to remove the excess solution,
then dried on a drum dryer at 80°C to prevent curling. The
sheet thus treated was cured in a forced draft oven, then
rinsed in water for 15 min to remove the unreacted acid and
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- 16- where L[err] and L[err] are linear dinension changes of the paper
strip rioWQ@98R038Y and the strip treated with a acid sol uPCDISs/LB1S
speci men were used to obtain an average of the DS of one paper sanple
Performance of New Durable Press FinishysRre-Cure finishing

The fornul ation of the finish bath with different mal ei ¢ aci d _
t erpol ymer/ cehtatyat,d aml ifinaklghérbednatagloec. 1. Each of .the flnlshlng
sol uti ons have a car boxyl concentration approxi mately eqU|vaIent to that
of 8% CA. The carboxyl concentration of TPVMA was determ ned by acid- base
titrati on. CBabwic &enformancedivaluatfionhe finish  solutions in the

presence of 4% NaH[ err ]} rf f brlc

finished with the cFut‘?{ot#son 4 prpiakle, ¥ % ’%]br?e&?ﬂrh A 16
i ndi cate pr&sst H@Pf)u Arashing uwl@allqmﬁtaemgnhs tmwm cﬁdﬂ:&!}g&hnnand
ratio (17/83gekdBlbrzdich-rELVeERscé hsfhtaaeitm\ﬁ\.'éﬁeas d@ﬁ!don fé}érﬂ&%re

strength retent

Fabric F|n|sﬁvééPGEQ§u?°°°rd¥%ﬁpﬁ% theTﬁﬂ%}€ﬂlP@OEHandar@)@%ﬁ#?ﬁ&yFWAEA

wei ght AATCC TesthMethicl i6§-1990; DBl ga¥ing: AAmm CRBOAEERE 1244
%40- “AS 1992; %en31;F trenékh AQ%M sgest Methods é%ﬁ%s SQM_tear1n§3
1:2 . Streggth: ASTM TestggdMethod5D1424- -83; and abrasion : -5
76 A6 BIrP Test Method $8s85-92. e
1:4. re91s§8nce e81 e od 9 All ﬁﬁ%ffabfi g2
83 ' - A9 properties wemg evaluated affgr one home laypdering\ig = - :
0:1 wash@®g/drying (HI®®) cycle. The performance of the finished

fabric was also evaluated after different numbers of the L
laundering washing/drying éycies. The home_laundering '
washing process was conducted according to AATCC standard
method 124-1992.

Paper Performance Evaluatlon >

The dry tensile strength, wet tensile strength
wet stiffness and folding endurance (MIT tester) of paper
were evaluated according to the following TAPPI standard
methods: T404 om-87, T456 Om-87, T 48% om-86, and T511 om-
88, respectively. The mechanical proﬁérties'described above
were measured at the paper machine direction. The dimension
stability (DS) was measured for the cross machine
direction. A paper étriphof 1.Scmxlodm was conditioned
under 50% relative humidity for 24 hr, then the length of
the Etrip was measured. The strip was soaked in water for
24 hr, then the length of the water-soaked strip was
méasuied. The linear dimensional change (L) was calculated
by subtracting the length of the strip before soaking from
the leﬁgth of the strip after soaking. The dimension
stability was calculated using the following formula:

DS = [(L, - L)) /L, 1 x 100%
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of Fabric Softener Performance of the cotton fabric treated
with-the TPMA/ CA system was conpared-¥bth that treated with DVDHEU in.
the presence of fabric softeners and a wetting agent. The ~ pH of the

TPMY CA syst eviexe ol iare dhbyang iatkam dlespsibee changeg. af ahble2papeThe
finish fOrnU'@EfQBSnBErtEEﬁtE@N&H@%the é&ﬁi#?EQEaégmi&{EhE§E£ﬁ%hsySte”B

are sunmari zed in Tabl e 5. he curing fenperature, curlng
time, WRA, DFS© uFa?Png, 10 APECAMEn: M5Fich yaackhe cﬁhtaeﬂéararhga%?%agtﬂf the
retenti on, arpsfbfxonkrpapelr samplieance of the cotton fabric fi.ni shed .
with the d|fferent systens are sumari zed in Table : ~6.f It ean be seen -
that the two fabric sanples finished : ' o
Performance of Néw Durable Press Finish: Pre-Cure flnlshlng

The formulation of the finish'bath with'different'“
malelc acid terpolymer/citric acid ratios is shown 1n Table'
1. Each of the finishing solutions have a carboxyl
concaentration approx1mately equlvalent to that of 8% CA. The
carboxyl concentration of TPMA was determined by acid- base_
titration. Cotton fabric is treated w1th the flnlsh 7
solutions in the presence of 4% NaH,PO, o

The performance of fabric finished with the
solutions of Table 2 is shown in Table 3. The data indicate
‘that the finish solution with a 1:4.5 TPMA/CA carboxyl mole
ratio (17/83 weight ratio) prov1des the hlghest WRA as well

as good strength retention..

~ TABLE 2
Fabric Finish Solutions
K

Sample TPMA/CA (COOH . CA carboxyl | CA weight
mole ratio) mole % é percentage (%)

Al 1:0 0 o0

A2 1:0.5 = 33 . 34
A3 1:1 50 51
A4 1:2 | 67 | 68
AS | © 1:3 75 . 76
a6 1:3.5 78 79
A7 1:4 | 80 81
A8 1:4.5 82 83
A9 1:5 83 84
Al0 0:1 100 100




with the TPMA/ CA fornul ations of pH 2.4 and 2.7 have significantly

hi gher WRA and DP rating than that finished with the DVDHEU system -
whi | e t héeWD#88P38 strength and tearing strength of the facrhsesinosshed
with TPMAN CA are conparable to that.finished with DVDHEU. The TPMA CA

finish with pH value of ?7rrmiﬁqh|aher fabric tensile and o
tearing strength than tlhe {sanfe f}i ni al pe pf |2.-4. Theflex__-
abr asi on re5|stan¢:e gt |thg fgbrifc fli MYy CA (pH=2.7) is &
conparabl e to thafi fredted wilt h |DM The tensile strength
retention, tearing $t%drgtiig | 3 Pt =1 4 esi.pn:_'_-r_esi'stanc_e o'f .
t he finished : ter] fabrijc dftgqr aunflerf Ad washi ng/ drying
( HLWD) cycl esga eﬁpre entjed {i n oDservEs that after 30 L
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and flex abrasi on resistance of the cotton fabric finished W th
dlfferent s tens after 30 HLWD cycl es Fi ni shin Tearlng
Strength W Pq g St rength Flex Sanpl e System F@&@’W?WKS’/Q

Ret enti on (% Abr asi on Resi st.ance W
F wW F w F Cl -199PMWA/ CA 73 70 63

52 221 1082 (pH=2. 4) 2 TPMA/ CA 75 71
64 55 Effecid 19f AdditipnHof Egbric Softher BTCA 64 59
64 49 195 923

229 820 The LaundefFﬁgmgéfablllt of ﬁ$ |€ﬁ¥§ %ﬁﬁ?%#FFwﬁéﬁcthe

Tabl es 8 and TPMAY GRv SYSham vast R@“‘P&Eﬁ@eﬂl@ thaty rtd{ﬁaﬁQ@' with hEMEHEUohn

fabric treat %mﬁfegeﬁéereat fabrfibnls'éift@ﬂle%ésta&{@ -a witteind "8yl . e
washi ng/ dryi the TP reated, fabyiT 1Is st|II 20

ng. c CA-
degree hi ghelpq'I g‘fh‘iﬁét EMbrOSﬁeﬁng&a‘téﬁ Mstecr Ay Fmhsoqium a@%‘éﬁl’%ﬁ'&@
snoot hness oftd Ie. @I\&n‘nﬁlﬁatveat edef ghmniieh ioﬁnﬁﬂdﬁ:@t&f fdirche THEA/CA,

daa i ndi cat St che b shSr RUPRET Bekr® A St a1 Hete I?
shows satisfactory horre I aunderr ng - . durability, and maintains higher

f d - t ft |
the 30 HLVD cycl es. Techankcalr B Ra AR e JIHE 408! ARd A0pbC after

PCT/ US98/ 003 ating, tensile strength retentiom. tearing strength

Table 8 retdhfr Dbn| Nan@oFlen EBRGIION ulAGtirdde e fiendoft dhSEhBSic

SyStenB-du”I¥£nlshe3¥%£¥ﬁ tﬁe different systems are summarized in Table
6. It can be seen that the two fabric samples finished
with the TPMA/CA formulations of pH 2.4 and 2.7 have P
significantly higher WRA'and'DP rating than that finished
with the DMDHEU system, whlle the tensile strength and :
tearing strength of the fabric finished with TPMA/CA are
comparable to that finished ‘with DMDHEU. The TPMA/CA finish
with pH value of 2.7 provides higher fabric tensile-and"
tearing strength than the same flnlsh with pH value of 2 4.
The flex abrasion resgistance of the fabric finished with
TPMA/CA (pH=2.7) is comparable to that treated with DMDHEU.

The tensile strength retention, tearing strength

retention and flex abrasion resistance of the finished
cotton fabric after 30 home launderihg washing/drying (HLWD)"
cycles are presented'in Table 7. One observes that after 30
HLWD cycles, the fabric finished with the two TPMA/CA -
formulations show better tensmle strength, tearing strength
and flex abrasion resistance than that finished with both
BTCA and DMDHEU. '



Sampl e Fi ni shi ng Nunber of HLWD Q/c'l es

Syst em -0 5 10 20 30 Cl TPMA CA
. 285 2 255 250 (pH=2.4) ~ C2

T ca Wosasbgs 230, B0 247 PCT/USSBRIS 7)

C3 ' BTCA - 303 281 266 262 262 o7}

DIVDHEU 261 245 247 226 -236 .

Table 9 ' DP Rating of the Cotton Fabric Treated with different

Fi ni shing Systens during 30 HLWD Cycles - Sanpl e Fi ni shi ng

Nunber of HLWD Cycl es : Tablet gm 0 -

20 30 CA

(pHe2. 4) " F°Bzulatl°nTﬂ€A%E TPM‘&(A%AI By an%%fm‘é grstgts’

H=2. 7 e _a.w__,‘__‘_m_w__ L
) " DVDEHU . . comgSgent 3 °‘ife‘?‘? . %h%‘é of
t he Fi ni shed Cot tign : ‘

dl 1
for the TPMA CA qysten
finishing is sum‘reqﬁ@!ﬁn Tahle 10 (The compéti
bet ween the perf rmanéBHoz ghe cotton papt-legs trleated witd, 4he

TPMA/ CA system argd t hat of * t h—garrert—tteat-ead—w-Hh—the—BVDHEL-based

system are sfnmarized in Tablp 11. N@Hiﬂ%&bpy' i ndijcates thef.8 he
gar nent treated 'th the TPMAV CA pyste Eg] AT gngr _
e and better mechanical nrh tles : (tensil%?%trenqthf

o S)(isg)use- or 7 e r n

wr i nkl e-r esi stan

tearing strength,je.and fl ex abrasipn Mykdfp}ﬁﬁl 303871 3.0
PCT/ US98/ 00315 -
: Wet 16 0.2
TPMA/CA TPMA (100%) | 2.0
(pH 2.7) —
B ca ' ‘9.4
NaH,P0, -H,0 - 6.8
Na,PO, - 12H,0 ' 3.0
Mykon HD 3.0

Wet 16

BTCA ¢ 8.6
. NaH,PO,-H,0 | | 6.8
Mykon HD E '
Wet 16

DMDHEU Permafresh EFC 11.4
Mykon HD 3.0 _ ﬂ

Protosil NYS 3.0

Wet 16 0.2

Water 82.4
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based finish system Tabl e 10 ~ The
For mul at Mmoris038he TPMA/ CA, and DVDHEU systems Used for PCT/US98/00315
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paper was,lr

pol y( mal Z‘i"@’g’gﬁ?
of 6% and the catal yst.
2 mn.
percentage wet strength retention ([WD]x100) of the kraft
paper treated with the solutions of diffEabhke TA-to-PVA

presented in Tk erddsilEnarredRitie Het@ntith PaR&ring N8
the dry strength of_the

2 FLexn

170[err] C for
(W, and

paper was

(PMA) of different

Howeve

PCT/ US98/ 00315

The Performance of the Treated Kraft. Paper
wi th sol utions containing

Kr af t

citric acid (CA) and -

rati os with a totalPEHV980034t i on .

The treated paper sanples were cured at
The dry tensile22+vength (D),

r, t

wet tensile strength

He wet stT engt

rati o are

rendih Srét ot iof ioﬁ“

treat

P-B?faﬁ’ré’ll‘eé%s‘:&ﬂ% @F il otteR iEampie heinish Ed

performance of the treaﬁtﬂd dmpﬂéréﬁteﬂjﬁﬁﬁéﬁﬂ aﬂ‘léﬂ BbeHEWDdcyc1%@| uti on
contains 20% alan i

hadl

63. 1% Furtheff increapi ﬁ_gn{sm;ng peamgts;gengm rwnametSne-emhd m_xtmee

| ess drastic || ssbiec] osystem we| metdmibRNG® Of Ree&it@on p@per| | Avsd8Son

observed that jf ol di ng] endurance” jas decreases fpr the - treatpdppaReince

Table 12 T jrength, wep—strengrin wetistTenyirretenth :

(WD¥%, and f

sol utions of MA} rath,o a

CA-to-PMA Co L gﬁw%?ﬁ 211 t_7|31:

% PMA of - h (PH=R).4) 38 50 67 10Q Thtal Ac

(WwW Dryf St gengt h 7} 60nel. 28 35 5 (7. 7

(kg) Vet~ it r engt h TRYAICA 3.43 4 57'715 7 6% 14 3’%55 43

(kg) D(% | (PH=287) b1.2 631 69.p 71.6]| 73.1 [/5.2

Fol di ng 3 Bfea 9| 62 '] 5% b 624 ] 49 | 195
DMDHEU 56 55 - 54 49 229

The Laundering Durabilitv of the Finished Cotton Fabric
Tables 8 and 9 below summarize the laundering

durability of the cotton fabric treated with different
finishing systems. After the 30 washing/drying cycles, the
"WRA of the TPMA/CA-treated fabric is still 20 degree hlgher
than the DMDHEU-treated fabric (Table 8) . The appearance
smoothness of the PMA/CA-treated fabrlg is also higher than
the DMDHEU-treated fabric after the'weéhing/drying process
(Table 9). The data indicate that the cotton fabric treated
with the TPMA/CA system shows satisfaepory home laundering
durability, and maintains higher DP pefformance and
mechanical strength than the DMDHEU-treated fabric after the

30 HLWD cycles.
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was treated with water

and cured at the sane
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Ef f epérkodistan

acid

The kraft paper.sanples were treated with the
sol ut.i ons contai ning the conbination of
rati o and the catal yst.

8.0% (WW. The treated

The total acid

A and CAwith 4:1
concentration-ranges.fromO0.5 to

CA-t o- PMA

paper sanpl espagpe @ured at 170[err]C for- 2 nmin.

- The dry tensile str
strength retenti WRA @f
presented in Table 11.

engt h, wet tenS|Ie strength, percentage wet
nﬁg@i Goftan Fahris Tﬁ%ﬂt?—‘élmﬁg diffparensnFimdshing

It cansperéemendhiramg 3oTadwd Khydiwd an increase in

the total acid cancentration caused _gi gni ficant i npr ovenent in the \APT
strength, wet samelet h retEﬁhnshlngd d|nenS|qmwmbéfa@flﬂLwDOtbeQs '
treated papgr. The in reasgﬁégz e pa;cu et c..u..aubc S
acconpani ed by jconsi derablle re 10 in t e Pol d| ng> éd*wﬁ e 20 30
especially at High I d adld- on rqv tIn per i
per for mance carj be g@hlev d MA?WOU? SI( ?lcant 0SS 559 |n%1gg 255
endur ance at Lcm1a0|d add{on (PH=R/)X, ch as the paper treatled with the
sol ution of 2% al-a¢1 d c atron ( el 13

Table 13 The %y stlengtﬁﬁﬁ§ZFhStrer t%?g %rengt% ?eten?fgn 247
di mensional stgbility, an foMﬁHﬂ?fﬁburarce of the kr afft paper
treated with CA PVR 0|uf|ons* TTerent —COpCent EEUH§'§EU
cured at 170[erjt] ¢ £ar fin fHTéA ‘Papgr P ine t%sl_. Q&‘t Rfd |2
Concentration (1% W DMDHEU 261 02@5 0.2471.10 2260 | 428
6 0 8 0 LJI_y OLIUIIHLII \r\g) I JS -.J_O l l:‘-AI- 761 7%4 IGZ
Wet Strength (kg) 1.04 1.48 1.62 2.56 368457510 WD

% 13.8 20.6 22.9 34.9 48.4 ®&able &
9.1 12.8 20.5 pH.@at

Di nensi onal

Oof 56hd CBBtdn Fabric ﬁre&tuad WAA different

Fol ding Endurance 327 Fl&gshgng Sy;%ems gurlng BOIQLWD Cycles
Sample .Finishing Number of HLWD Cycles
System 0 5 - 10 20 30
c1 TPMA/CA 4.1 3.9 3.7 3.4 |'3.4:
| {pH=2.4) | |
c2 TPMA/CA 4.1 3.6 3.4 3.3 3.2
(pH=2.7) |
c3 BTCA 2.2 | 3.8 | 3.7 3.6 | 3.5
s DMDHEU 3.4 3.1 3.0 3

The Performance of the Finished Cotton Fabric: Garment

The finish formulations for the TPMA/CA system and
the DMDHEU system used for the garment finishing is '
summarized in Table 10.

The comparison between the performance of the
cotton pant-legs treated with the TPMA/CA system and that
of the garment treated with the DMDHEU-based system are
summarized in Table 11. It clearly indicates that the
garment treated with the TPMA/CA system has both higher
wrinkle-resistance and better mechanical properties
(tensile strength, tearing strength, and flex abrasion
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acid sol ution.

Ef f ect of sefteners

Pt i on

| Presented in Table
strength, wet-2#ensile strength, percentage wet -

ention, and fol di ng endurance of the paper treated using
two CA/ PMA somesisiangeh whenkhabltrgatedr with thecganiyenticnsdn m«mmhe

strength whereas it

. endurance of the treated paper.
The dry strength, wet strength, wet strength retention,

and fol ding endurpab®eoiot he kraft

paper treated'

Cured b 170f erppcrPepATERH Betnll Y CRl® ana ppemo syqyeds' bERETESR!

Fol di ng
Endur ance St
7.41 - 5,48
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CA

9.4

NaH, PO, - H,0

6.8

Na,PO, - 12H,0

1.5

Mykon HD

~3.0

Discosoft WRS

4.0

Wet 16
TPMA (100%)

0.2

ca

NaH2P02 . H20 )

Na,PO, - 12H,0

Mykon HD

" Discosoft WRS

Wet 16

Discores LFR

Discosoft NIP

Discosoft WRS
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-29- \What is clained is: 1. A crosslinked cellulosic

mat eri al conprising cellulosic hydroxyl groups esterified with carboxyl
groups of WOR8/3p38Ict i on product of (A) one or nore polynmers pCraissnms cally
unsat urat ed pol ycarboxylic acid nnnorr?' or salts thereof, the nononers
havi ng one or nore dlcarboxyllc group erein the carboxyl groups are on

adj acent car bon )—eae—e#—mr%c Saf-tH-at-e '
[ err]-hydroxypol y @.rboxyllc acid or salfts th reEf Whelrei|n . gt | east two of
the carboxyl group® ape bonded t.o adja¢qht cpfbpR p# ng o 2.
The cel lul osic mrlgl of dI®imi1 whe:IePn pbtyher | €4) wof +dt hyl eni cal | y
unsat urat ed pol yci gyllc gci d nononels havge the forjulfa: | [err]. .
wherein Rl and B2 ﬁﬁ penderffTy are H, [CL- Co| al KyT} ut ed ‘or,
unsubsti tut ed, Or , and |x and z ar ¢ &o0si tiovel;raéi on | _rjunber's or 0, y
is a positive mt wnq% nunbgrzand x+y+3=1. slola ‘The -
cel l ul osi ¢ mat &g of claim2 whereinjy is g7 ||~ _ 4 The- .
cellulosic mité,l aI of claim2 whereiniRlerrf il ar of acrylic acid
or ester there R2 is a .rdsidue of onfe or phor:Vvjin nmer s at her than
acrylic-acid ordefs f,erﬁ and y is about ¢.5 to| 0.p. o 5. The
cellulosic mtelik clai th® wherei nlthe oh@ b nBrlem S
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-30- fromthe group consisting of citric acid, malic acid and tartrate
m)nosucmﬁ.bc9 6. The cellul osic material of elaifml
wherein t wer'g t ratio of (A) polynmers of ethylenically

pol ycarboxylic acid nononmers to (B) saturat ed [err]- hydroxypol ycarboxylic
acids is 1:0.1 to 1:20. 26- The cellulosic material of any.

of claims 1 through mhereln A) drolyzed copol yner of

mal ei ¢ anhydr ]g‘?rg"FVﬁFﬁFy? %‘Gpﬁ%ﬁ&e%#{rﬁﬁy iEaRgthydri de, vi nyl :
acetate and ethyl acrylRtaftapdper wper W@b&ﬁl@%)ﬁdlﬁxt@%‘dx@b (@nﬁélﬁiﬁé' C
acid or a sal e A co Si

fibrous cellu %é?cén% %?|5FAE0%%9|EP%5‘malelc aci é%igscﬁéaéﬁffkﬁ%ﬁ

pol yners of etatdesieithyauhebalr abadepsirptioboof i6¢ anidl tmmommtraslpst sal t__s
ther eof . 't he FR0APL 2 88 bAHeLBaRbIER! GedleC RDAMY I GRPFYH G Lhe
carboxyl grou are on a ent carbon atons; (B) nor e satur N
a- hydr oxypol ﬁ‘a@ K%y | Fengilassbrengbhs (Dher wet \M@@IS@L? &trenghth t (W) ofande

car boxyl gr oyper @é&@@@dﬁéttetaéngeankeﬁehla%nat(qwafm@élfbd)ptdﬁof\?{é yk:éa@%one'

or nore curing cat al osi ti on claim
wher ei n pol yri%’ IY%%‘aeﬁ ‘ﬁ&ﬁ?o??ﬁo??&&?‘&ﬁ‘?l PE 961 TERt SA-RmEMRd to .
forma dry mnatho are presented 1ﬁOTabIhelcoanhbtM@éaﬂhéﬂﬁﬂdﬁfihﬁﬁﬁépék_L’

pol ymer s had little effect on the dry strength of the paper.
However, the wet strength of the treated paper was’
significantly increased. By combining CA with PMA the
performance of the treated papér.is enhanced. When thé acid
solution contains 20% of PMA, the wet strength retention
increases from 51.2% to 63.1%. Further increasing the -
percentage of PMA in the acid mixture has less drastic’
effect on the wet performahce'of treated paper. It was
observed that folding endurance was decreases for the
treated paper. ‘ , ' g

. Table 12 ' '

The dry strength, wet strength, wet strength retention
(W/D%), and folding endurance of the kraft paper treated
with CA/PMA solutions of different CAéto-EMA ratio and cured
at 170°C for 2 min S

CA-to-PMA | Control* | 1:0 | 4:1 | 2:1 1:1 | 2:2 | 1:4 | o:1
Ratio (W/W) )
% PMA of - 0 20 33 50 67 _ 75 100
Total Acid
(W/W)
Dry Strength 7.53 7.66 7.24 | 7.35 7.25 7.59 | 7.65 7.79
(kg)
Wet Strength 0.67 3.92 4.57 5.07 5.18 5.55]1 5.75 5.29
{kg)
W/D (%) 13.8 51.2 63.1 69.0 71.6 73.1} 75.2 76.9
Folding 327 31 i 8 7 6 6 6
Endurance _
* Control was treated with water and cured at the same temperature.



(A) and a-hydroxypol ycarboxylic acids (B) are dispersed in an aqueous

medi um 11. The conposition of claim8 further conprising
one or oo BHEBEy catal ysts. WO 98/ 30387 PCT/US98/00315
PCT/ US98/ 00315 _ - 31- - 12. The

conposition of claim11l wherein one or AB7e curing catal ysts are sel ected
fromthe group conS|st|ng of alkall net al hypophosphltes al kali netal
phosphi tes, dEkBéetn ‘ : COnge di hydr ogen
phosphates, al kaI| rret all‘h@/m%nf%mp@n?lé% kilie "B t€30§ggﬁt gpand

m xtures t her eof . onposition 0O wherein

the polymers §R}uBioBEhFPESRIAING. FhenAATRINAEHHY RF MR | 2BdaSAdWiSRode s
have the fornghato- ﬁﬂN ]rat:.o and WY @dtdilyand Rehd nEePgNdgaLEY are H,

Cl-C5 al kyl, -substi unsubstj tuted, or aryl and z are
positive ratl%‘?ﬁ?eﬂ ?nofraﬁ‘gef éf"é“;ﬂ)’éﬁ‘?/eer%\% Mi(nu%@rtgﬁéted
X+y+z=1. paper sampléé. wellke curgd st i1070 of fdruznﬁfhmhernendryls 1.

15. The Commgﬁﬁéffeogtg'ﬁth;sw%QE %ﬂ%fﬂéyééréngth percentage wet

strength retentlon, d1mens1ona1 stablllty, and folding
endurance are presented in Table 11. It can be seen from
Table 11 that an increase in the total acid concentration
caused significant improvement in the'wet_strength, wet
strength retention and dimensional stability of the treated
paper. The increase in the paper wet performance was
accompanied by considerable reduction in the folding
endurance, especially at high acid add-on levels. Moderate
improvement in paper wet performance can be achieved without
significant loss in folding endurance at low acid add-on
‘levels, such as the paper treated with the solutlon of 2%
total acid concentration (Table 13).

Table 13
The dry strength, wet strength, wet strength retention,
dimensional stability, and folding endurance of the kraft
paper treated with CA/PMA_solutfons* of different
concentrations and cured at ?70°C for 2 min

Paper Property Total Acid Concentration (%, W/W)
0.0 0.5 1.0 2.0 4.0 6.0 8.0

Dry Strength (kg) 7.53 7.18 7.08 7.34 }17.61 ] 7.24 | 7.62
Wet Strength (kg) 1.04 l.48 [ 1.62 | 2.56 }3.68} 4.57 §5.10
wW/D % 13.8 20.6 | 22.9 ]| 34.9 |48.4 1 63.1 | 66.9
Dimensional 9.1 12.8 | 20.5] 31.8 | 43.0 (| 50.2 | 58.7
Stability(s)
Folding Endurance 327 319 285 172 36 19 7
{(time)

% A1l the solutions have a 4:1 CA-to-PMA ratio and contain the
catalyst. '



resi due of acrylic acid or an ester thereof, R err] is a residue of vinyl
nononers other than acrylic acid or an-ester, and y is 0.5 to 0.9.

16. The on of claim8 wherein the one or nore

[err]- hygdrog?g%%%szcar boxylic acids (B) are selected fromthé’%ﬁmww
consisting of citric acid, malic acid and tartrate monosuccini ¢ acid.
17. The conp05|t|on of cIa|n18 wher ei n~2fa wei ght ratio of (A) pol ymers of
ethylenicallﬁfg %%a%e% po@&parboXylic acid nononmers to (B) saturated a-
WD 98/ 30387 ——————————————-—-——- PCT/ US98/ 00315

-32-  hydroxypol ycar boflei Ecddlidsy iendurarice wfl: e treated paper cafi. beThe
conposi tion f r e 0]

hydrol yzed cg% ¥ea b? %qﬁité&%k?%%%dég é é%ﬂl%/éz/ggi}?opo 1!Q%re{rz'lc the :
mal ei ¢ anhydaﬁaé solnynoaoet Fresgntred Mn lﬁale apgdthe dry tensile

[err]- hydr oxypebigahhoxeti ¢et@id o Brrehdtitf '§ef&é&£§e awé@' LerongeR’
19. A process for  treati &ﬁ] uI05|c fabri ¢ conprisin
m%&il

contacting cEEFERELPE. , t?@nFQﬁwRﬁP%?h@r?a§e@nésbn9 |
rmlr e polhyrrer?waf cnt/hma.e@baalthbnm&ﬁlulf atradl vmih&ﬂfd W&éﬁﬁél d r@neamﬁr BeOl
salts thereo noper s _havi ne .ar_ nore. di carpbox s wherein
t he carboxylss?guggng E% “5&'8@2%P¥%ﬁﬁﬁﬂ$zﬂﬁﬂﬁF ??i)c#ééYﬁgéngg e sWetrated
a- hydr oxypol gtrehgkhl wbhexeas at sdlgrs fiereo i immrovdd) timmefoldimge curing
catal ysts; erial to produce esterification’
?\%ﬁi urance of ;/:gr O%%'a't% gﬁﬂ% . . |

and crossli ng of the xyl grou the cellulosic material to
carboxyl groups iR the material.

L]

Table - 14
The dry strength, wet strength "wet strength retention,
dimensional stability, and folding endurance of the kraft
paper treated with the CA/PMA solutions* with or without the
softener and cured at 170°C for 2 min '

glycerine Dry Wet W/D . Folding Dimensional
Concentration Strength | Strength (%) Endurance _Stability'
(%, W/W) (kg) (kg) - | R
0.0 7.41 5.48 74.0 6 ] 71.7
20.0 6.88 3.31 48.1 - 205 41.3
* The two solutions contain the same total acid concentration of 6%

and the same CA-to-PMA ratio of 2:1. {

%
4



20. The process of lmu”mﬂ?m"ﬂ"m,wt he pol ymers (A) of ethylenically
unsat ur ated pol ycar mers have the fornmula: J[err]

wher ei 1 PRROQ8/30382 |ndependent'1y Sard@ H, - Cl1-C5 al kyl, substi t sEpRisSs0e31s
unsubstituted, or aryl, and x and z are positive ratlonal nunbers or 0, y

I's a positive rational nunber and x+y+z=s 21. The proceSS
of claim20 whereiny is 1. WO 98/730387 -
PCT/ US98wHA8l%s claimed is: - 33- 22. The

process of claim20 wherein RL is residue of acrylic acid or ester t her eof |
R2 is one or nore vinyl nonomers other than acrylic.acid or ester thereof,
and y is 0.5t0 0.9. 1. A crossliiled £821p10ad%S nftedtpdn 19 wherein

th h d |2 d B t f th -
r oup. colOTBEr ARG CTRRR A B BFhtRel des ﬁﬁ@i&fﬁ&c&%‘pe&a
24. Thegpeupes 9fofth@| ddenctolorh @xdducheofndAdr omer excmore pralyd;gﬂssofC)
are sel CELR ?ﬁmmatﬂe, %pg&wfg@é&twﬂyeérﬁbﬁhacﬁswa G RLLES, - -

al kal i
salts thereof, the monomers hav1ng one or more dlcarboxyllc

groups wherein the carboxyl groups are on adjacent carbon

atoms; and(B) one or more saturated a-hydroxypolycarboxyllc
- acid or salts thereof wherein at least two of the carboxyl -
- groups are bonded to adjacent carbon atoms. '

2. The cellulosic material of claim 1 wheyein
pglymer (A) of ethylenically unsaturated polycarboxylic aéid
monomers have the formula:

_'GR‘);_,—?H—?HT——GRZ% |
OH OH

wherein R1 and R2 independently are H, c1-k5 alkyl,
substituted or unsubstituted, or aryl, ané x and z are
positive rational numbers or 0, vy is a poéitive rational
number and x+y+z=1.

3. The cellulosic material of claim 2 wherein
vy is 1.

4, The cellulosic material of claim 2 wherein
Rl is a residue of acrylic acid or ester thereof, R2 is a
residue of one or more'vinyi monomers other than acrylic acid
or ester, and y is about 0.5 to 0.9.

5. The cellulosic material of claim 1 wherein
the one or more a-hydroxypolycarboxylic acids (B) are selected



phosphi tes, al kali metal pol yphosphateés, alkali netal di hydrogen phosphates
and m xtures thereof 25. The process of claim 19 wherein
the wei ggk P@%&g M“uul"]m“ml(u Iuat hylenically unsaturated =~ - = .+ *

pol ycar b&® Tid mbndnerts o {B)*saturated [err]- hydr o®GHDSSABEy| i c
acids is 1: 0.1 to 1:20. 26. The process of any of clains 19

t hrough 25 wherein polymer (A) is a hyd3d-yzed copolyner;of mal ei ¢
anhydride or a hydrol yzed copol yner of nal eic anhydride, vinyl acetate and
et hyl acEyPat éhealﬁ%ﬂﬂf@(%%%a@%oﬂyFrécaépéc{ Bpaliciagid ardd or a

salt theggetrate monosuccinic 2dei&t 0sslinked cellulosic fabric prepared by
a process conpri sing: contacting fibrous cellulosic fabric

with a conposition conpr|5|ng (A) one or nore pol yners of ethylenically
unsat urated pol ycarboxydic cThel cebbutosiar maabtrﬁ.alt o ralzoiers Witeta{none

g;rggaea hga&%§§%éne or‘ﬁ%ﬁ% fﬂégf%@g? g? §§§V8%V§6¥9- $§%§§?$@.€E% gegﬁ,
sal ts t hppdytarbesyldc @widrmonorersrtag (Bat shysrategnd- - .

heat i ng 9:%09 dgg;.{pfc figagi.gnqa WO 98/ 30387
hen Lage B 8rbaipol e “£al’18°1:801700 &' 3851 i nking. of the

car boxyl groups in cellul ose of “the fabric.” - 28.  The _
cellulosic fabric of claim Zﬁhd\/r@é:elﬂilwswméﬁeﬂcﬂ)al%fetabw s Céliéi!:ns 1

unsatur a&:ﬁr Bohy%ar %O)gl:il.rg pao 1gmerrr0 ”?XF 3 havﬁyﬁrolyze copol%rmeal of
maleic anhydride or a hydrolyzed copolymer of maleic
anhydride, vinyl acetate and ethyl acrylate, and o-
hydroxypolycarboxyllc acid (B) is c1tr1c ac1d or a salt o
thereof. -

8. A composition for treating fibrous
cellulosic material comprising: :

(A) one or more polymers of ethylenically
unsaturated polycarboxylic acid monomers or salts thereof, Epe i
monomers having one or more dicarboxylic groups wherein the
carboxyl groups are on adjacent carbon atoms; (B) one or more
saturated wa-hydroxypolycarboxylic acids or salts thereof
wherein at least two of the carboxyl group% are bonded to

adjacent carbon atoms; and optionally (C) ‘one or more curing
. _ 3 _

catalysts.

9. The composition of claim 8 wherein polymers
(A) and a-hydroxypolycarboxylic acids (B) are admixed to form
a dry blend.

10. The composition of ‘claim 8 wherein polymers
(a) and a-hydroxypolycarboxylic acids (B) are dispersed in an
aqueous medium. '

11. The composition of claim 8 further
comprising one or more curing catalysts.



wherein RL and R2 |ndei>endentl are H Cl1-C5 al kyl, substituted or

unsubsti tuted, or ﬂllEl““ “ Ilare positive rational nunbers or 0, vy
i'S a poSMWO 9373058 i 0 y+z=1. 28CT/US98700315
cellulosic fabric.of cIa|n12§there|n y is 1. 30. The

cellulosic fabric of claim 28 wherein B%f_s a residue of acrylic acid or
ester thereof, R2 is a residue of vinyl nononers other than acrylic. acid or

ester, and y is about G torgks 9compos1tlon of ca.Jaur' e Cﬁlaéﬂé | gnbabyi ¢
of claim 27 wherein one or nore a- %?rox car boxylic acid B) are

sel ect edMPEENCUFANG GRF LS 13%] Bpler F’Fic @i“Uth?aISPEP‘éEl%P’éﬁHSF&PB? at e
uﬁnosuccbﬁlﬁlkﬁud metal hypophospﬁ$tesThalkanhuM@ﬁalf ? £Eeﬁ | ai m27-
ereint ne or re .curi al yst ted fromthe group.
consi st i ﬁgﬁ Ta el #b?]éfpkh?/%kb?an‘b Phi ?ilsg% a 13? ‘g’ﬁ%%?)ﬂ. tes,  alkali.
met-al = pophpkphpltaisss aldtddal meﬂhlhyldhg@engphqs@dmﬁmt eﬂlembh. nmetales -

t her eof . %a@g WP W% ures thereof.

PCT/ USo8PBGS L35- % 33 The
cellulosic fabric of claim27 wherein the.weight ratio of (A) polyners of

ethyl enically unsaturatefl porysasbagokiciss SFMAYTRH B WwhdRigagHeat ed
Lerr]- polymers (A) of ethylenically unsaturated polycarboxyl:.c ‘acid

monomers have the formula.

L 3

AN

VR §H—CH 72

CF——? ?——0
OH OH

wherein R1 and R2 independently are H, Ci1-C5 alkyl,
substituted or unsubstituted, -or aryl, and x and z are
posi.tive rational numbers or 0, y is a positive rational
number and x+y+z=1. |

14. The composition of cla:’im 13 wherein y is 1.

15. The composiﬁion of claim 13 wherein R, is
residue of acrylic acid or an ester thereof, R, is a residue of
vinyl monomers other than acryliec acid or an ester, and y is
0.5 to 0.9. -

16. The composition of claim 8 wherein the one
or more o-hydroxypolycarboxylic acids (B) are selected from
the group consisting of citric acid, malic acid and tartrate
monosuccinic acid.

17. The composition of claim 8 wherein the
weight ratio of (A) polymers of ethylenically unsaturated
polycarboxylic acid monomers to (B) saturated o- '



hydroxypolycarboxyl s 1:0.1 to 1: 20 34. The
cellulosic materi aI m ” 27 through 33 wherein poI ymer (A is a
hydroly yner*o c r|de or a hydrolyzed cg ner*of* v

nal ei ¢ éﬁ&?&&%ﬁg vinyl acetate and ethyl acrylate, and [ePF E]l‘ 8/00315

hydr oxypol ycarboxylic acid (B) is citric acid or a salt thereof. :

- 36-- 35. Acorrposition for treatind2fi brous cellulosic materi al

conpri si ng: one or. nore honopol yrer con5|st|ng essentially
of et hylmmlycarbOlellc acl}ﬁ'§at11?r a?t-élj-lpotF?ch?%Qnyl ic acid nononers or
salts thereof, the nononers ~havi ng one or nore dlcarboxyllc
groups wherein the carboxyl ou s are acent car :
at ons; b. - gg FFg‘F g'ﬂﬂsdtt&ixf é?’?]amo‘?%x‘ﬁg? g § féﬂrq‘," i ds

or sal t S17 heiepdin polymer (a) \Mselaemydaao]lmd d:apnbfméheofamhmeyb gr oups
are bonde a

: on qb‘}(?%&% éﬁ lL" §§ glyfsetds coné" Ymerl‘he coar%oom tlgg%&agidﬁél v’ﬁ’é’l
mherm|1a¢e£ategumdrathyIOBprﬂ?mg'1anqeﬁfﬁydrOXYPOImgdrbﬂyy&hytambdkyI|c
acids is Bl tglg_fgg acdé Oﬁygh%a(im:t%ﬁ‘ of claim 35 wherein at | east

one sat urat [err roxypol ycarboxylic acids is selected from
the group consisting of citric acid, : "malic acid, and tartrate acid

nmonosuccinic acid. 3839, Thepci@aa.@fy tHcan ﬂﬁeaﬁiﬁh@@éllﬁﬂé@h.a EaBrwRi ght’
rati o of é)ol rrer to [err]- hydr oxypol-ycarboxylic-is 1:01 to 1:20, and
the [err9 X990l ycarboxylic acid is citric acid or a salt

t hereof. 39. The coapns'at:tangofced.llazloﬁﬁz weterinhtwithsa one of the

curing c d 0 ng of al kali.
nmet al ghy%%'%osp %%scomPEaﬁiﬁhg ) e8! hﬁ)ﬂwg&&% l'k' gmat al
pol yphos%#lanb%nlaak&m uﬁﬁﬁﬁpréltﬁﬁdwafmﬁ}@saC1d mMONoweKg| Priet al =
hydr ogens pi0s PR e, kéhb ﬂi@h@md&@omr@ Q'E}E’e%i(trhkﬁﬁé abeaegaxyl&% AL

conposition for treatin lI-lul osic materi al [
P groups wherein ghe car oxye.\l groups are on a&ggg t§_ cg.rbon

atoms; (B) one or more saturated a-hydroxypolycarboxylic acid
or salts thereof; and (C) one or more curing catalysts; and
heating the material to produce esterification
and crosslinking of the hydroxyl groups of the cellulosic. } .
material to carboxyl groups in the material. " |

¢
20. The process of claim 19jwherein the
polymers (A) of ethylenically unsaturated polycarboxyllc acid
monomers have the formula:

RN

(Ro—cH (':H —(RZ)—

o=C¢ ¢=o0
OH OH

wherein R1 and R2 independently are H, C1-CS5 alkyl,
substituted or unsubstituted, or aryl , and x and z are
positive rational numbers or 0, y is a positive rational

number and x+y+z=l.

21. The process of claim 20 wherein y is 1.



a. one or nore- h consi st ng esssentrally of ethylenically
unsat ur ated pol ycar mm, nmers or salts thereof, the nononers
havi ng "om¥0®8/30887¢ ”Imunmps wherein the car boxl Y peTRIS9S/I0631S

on adj acent carbon atons; "andl s one or nore saturated

[ err]-hydroxypol ycar boxyl I c acids or sal:;dés t her eof wherei n at
| east two of the carboxyl groups are bonded to adjacent carbon

atorns; and optionally 35, RE. procQQ% BE'@Téidnﬂd'wﬁéfgfﬁy

wherein the polyrrers and. { he [err] hydr oxypol ycarboqu Cc acl.ds are adm xed
g

to form residue of payehic agid orpeebRgoshe ®eT 0R2 richtoRg PrHMOES
cel | ul osiénfat icrimexdTHtlséAdthan acrydic acdi®e o¥f dBY & NOROPEbY Mehng y
consistin ﬁsggntlgiﬁ% of ethylenically unsat ur at ed

pol ycar bo y honers or salts thereof, the nononers .

havi ng one or nore dicarboxylic groups mherern t he carboxyl groups'are
on adjacent carbon ato a

-37- b. ongi%r Rg?e REPEITaPeS [erﬁlqn} >Rﬁ¥?§%a?%%x???c°§blds
or sal t smpprer e@othydroxypolycarbeyetdéfnagidsed®) ame ofelidntedr ﬁnmyl theoups

ar e -bondggd i, %@rﬁﬁ%ﬁlﬁr@f’”cltrlc acid, maiﬁ%cﬁf‘%rﬂf c.

t
one or ndre during catalysts; “wherein the p%yrrers and the .

a- hydrox?ﬁ&Pﬁ&%Qiﬁﬁﬂ|%?%§1ds are : di spersed in an aqueous
medi um  42. A corrposrtion for treating fibrous cellulosic materi al

conpri si ng: : 0 nor e conpriging greater than 60%
of ethylenically v "he' BhRGEE aP d B‘ g&b&%ﬁﬁ%ﬁh&' nBNSnBFs or
salts thmpeefcwhmmgnnanﬁ&xsts (C) are seleb&eﬁh@nmmauhergrdupicarboxylic
groups ls 4.t ROy r a car bon
at ons; Weghglgtt]mao%af nél%rreélrrgéle égPoPaOSEhf'é:rerS] r?’}}g&oxpo ycar boxylic
aci ds oer&FP@hﬂ%ﬁwuﬁlkall metal polypheephatgs. eddkaldngestal he car boxyl

groups aBgg hyardRér Hﬁhﬁﬁéﬁéscéﬁéoﬁlxtures thereof.atoms; and optionally
.one or nore curing catalysts .

25. The process of claim 19 wherein the weight
ratio of (A) polymers of ethylenicaily unsaturated
polycarboxylic acid monomers to (B) saturated a-
hydroxypolycarboxylic acids is 1:0.1 to 1:20.

26. The process of any of claims 19 through 25
wherein polymer (A) is a hydrolyzed copolfmer of maleic
anhydride or a hydrolyzed copolymer of maieiclanhydride, vinyl
acetate and ethyl acrylate, and a-hydroxypolycarboxylic acid
(B) is citric acid or a salt thereof. '

27. Crosslinked cellulosic fabric prepared by a
process.éomprising:

contacting fibrous cellulosic fabric with a
composition comprising (A) one or more. polymers of
ethylenically unsaturated polycarboxylic acid monomers oxr
salts, the monomers having one or more dicarboxylic groups in
which the carboxyl groups reside on adjacent carbon atoms; (B)
one or more saturated a-hydroxypolycarboxylic acids or salts
thereof; and (C) one or more curing catalysts; and

heating the fabric to produce esterification and



43, The conposition of ctraim42-wherein the polymers and the [err]-

hydr oxpol ycar boxyl-i ﬂmﬂlgﬂ# ”@ rsed in an aqueous nedium 44 " The
conposi t mﬂ Uz@ﬁpol yners and the [err]- I
_hydroxpok@ggﬁ%%iillc *acf dst ar ed to forma dry bl end PCTES98/00385,

conposition of claim42 wherein the weight ratio of polyner to [err]- ;
hydr oxpol ycarboxylic acids is 1:01 to 1326. 46. The conposition of claim

42 wherein at | east one saturated [err]- ﬁaroxpolycarboxyllc aci ds
i s sel eceagsslinking @folhe srrkarny Frowperie geildulose of theic acid
and tartggheiaci d nonosuccinic acid. 47. - The conposition of claim42:

wherein at | east one curing catalyst is selected from . the group
consisting of alkali nmetal hypophosphites, alkali netal phosphites,

al kali netal pol yphosplz®.es Tlté ke 11lubded c dE At agef mi@ﬁmhaz'kswhai'dﬁmhl

met al h dr e S

t her eof pggyme h o%pfgrsél |o cﬁgnﬁaﬁ%sé\ﬁ%?gfga ?’% aveé}‘%e
fornmul a mpnomers have the formula. : [err] wher ei n
Rlerr] -and R err] independently are H, .Cl1-5 al kyl substituted or .
unsubstituted, and x and z are positive rational numbers or 0, yis a

positive rati nal nunber and x y+z¥1l, and _ . o
- 38- b. one- or—ﬂ@l}| = rd-ﬁ(dig?;( ycar boxylic acids or
salts thereof ' I wo of "t he carboxyl groups

are bonded to adjacent carbon ajons; and.optionally
C. one or noreycuring catalyst y

wherein R1 and R2 independently are H, C1-C5 alkyl,
substituted or unsubstituted, or aryl, and x and Z are-:
positive rational numbers or 0, y is a positive rational
number and x+y+z=1l.

29. The cellulosic fabric of claim 28 wherein y

is 1.

30. The cellulosic fabric of claim 28 wherein
Rl is a residue of acrylic acid or ester ﬁhereof, R2 is a
.residue of vinyl monomers other than acryiic acid or ester,
and y is about 0.5 to 0.9

31. The cellulosic fabric of claim 27 wherein
one or more a-hydroxypolycarboxylic acids (B) are selected
from the group consisting of citric acid, malic acid and
tartrate monosuccinic acid.

32. The cellulosic fabric of claim 27 wherein
' the one or more cui:ing catalysts (C) are selected from the
group consisting of alkali metal hypophosphites, alkali metal
phosphites, alkali metal polyphosphates, alkali metal
dihydrogen phosphates and mixtures thereof.



49. The corrp05| t| rei n the polyner is a hydrolyzed
copol yner of Hﬂ\ 3‘ “ f . The conposition of clains 48
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Rlerr] is a residue of VI nyl nonomers other than acrylic acid or an ester
thereof, and y is 0.5 and 0.9. 51. Th:escorrposml on-of claim50 wherein

Rlerr] is a residue of acrylic acid or ethyl - acrylate, and ‘Rlerr] is - :

a residue of vinyl acetaBe. The. cellﬁi@a:mﬁiabtl@mf)fcl:b.amnzﬁlwh‘dﬁterlej n
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51 whereln t he ‘pol yner has™ a weight ratio of maleic .~ acid to ethyl

acrylate to vinyl acetate of about 6:1:1, the weight .fatio of pol ymer -
to [err]- hydroxpol ycar begyl i wheccéms:le:shrd Qnaftod ki A1 - cafsahy bhebga&ms &4;

The co rel 0. t Qne ._or. o 0 r is-a '
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of claim n n r I r of o

mal ei ¢ acf}gny&}‘%&é ¥ Q Sc%‘s:?!cglgo%n%? %%erel n t '

[err]- hyd})&mﬂmbympw &€ ac|1§dnBtr|1@ citric agiq or “a salt
- thereof. - oo P

L 3

© b ket

o~



