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82622/ ACH Revi sed by Anne-C aire HONORE For Filing in Sl NGAPORE METHOD
FOR PREPARI NG A MATERI AL | NTENDED FOR THE FORMATI ON OR PUBLI CATI ON OF

| MAGES AND SAI D MATERI AL FI ELD OF THE | NVENTI ON The present invention
relates to a method for preparing a material 5 conprising a support and at

| east one | ayer conprising a hydrophilic binder. Said nmaterial can be, for
exanple, a material intended for the formation or publication of images, to
recei ve water-based ink conmpositions by the inkjet printing technique or a
phot ographic material. BACKGROUND OF THE | NVENTI ON 10 Conventionally,
materials intended to receive water-based inks by the inkjet printing
techni que are obtained by coating different |ayers on a support. It is
possible to coat on a support, for exanple, a prinmary attachnent |ayer, an
absorbent |ayer, an ink fixing |layer and a protective |ayer or surface

| ayer to provide the gloss of the material. The absorbent |ayer absorbs the

l'iquid part of the 15 vvaterFﬁqﬁ 93i4n'kFlfe egﬁ'h(?(')p% "ii)hf“r creation of the

i mage. Elimnation of the I|qU| nggc 'nk mgration to the
surface. The ink fixing |aye (éﬁ s into the fibers of the
paper base to obtain good cof® 'S%?XIA&P a“ﬁﬁm&?@entl ng excess ink that
woul d encourage the increase i FoyiElingin SENG. ng spots and reduce the

i mage quality. The absorbent |ayer and fixing |ayer can al so-20 constitute
a single layer ensuring both functions. The protective |ayer is designed to
ensure protection against fingerprints and the pressure marks of the
printer insertion rollers. Sone of these |ayers have a hydrophilic binder
base, such as gelatin or polyvinyl alcohol. The various |ayers, once coated
onto the support, nmust be dried so as to expul se the water com ng
especially fromthe layers with a 25 hydrophilic binder base. This drying
step has variable duration according to the thickness and nunber of Iay

but it is generally quite long and sl ows productivity. mﬂtmm ,ﬂmmwm’ i
necessary that the ink applied to the material be rapi and
dried as fast as possible to obtain good printing quality *@wmg280 enabl e
fast handling of the printed sheet. Layering technology is also used in the
phot ographic field, where photographic materials are obtained by |ayering
various layers with a hydrophilic 2 binder base onto a support,
especially layers of enulsions with silver halides for imge fornmation, but
al so protection layers, internediate |layers such as an anti hal ati on Iayer
an antistatic |ayer, etc. Such arrangenents are descri bedmmmmwm

Di scl osure, publication 38957, page 624, section Xl (Sept 5
Research Disclosure is a publication of Kenneth Mason Publ i catisepies, Ltd.
Dudl ey House, 12 North Street, Emsworth, Hanmpshire POLO 7DQ United Kingdonl
General ly, silver halide emul sions and other |ayering conpositions are
prepared and then sent to spreading. After the |l ayering of the various

| ayers, the filmis dried to expulse the water of the layers with a
hydrophi | i ¢ bi nder base. Again, this 10 drying step has variabl e duration
according to the thickness and nunmber of layers, but it is generally quite
|l ong and can in sone cases |ast several hours. As the manufacturing process
of a photographic material is done continuously, a long drying time wll
cause a reduction of the l|ayering speeds and consequently, a reduction of
productivity. This is a major disadvantage in the manufacturing 15 process
of a photographic material, for which productivity gains are continuously
sought. EP-A-583 814 discl oses polyners containing hydrophilic parts which
do not have the LCST property (as defined below) in the useful tenperature
range and hydrophilic parts which do have the LCST property in the useful
20 tenperature range. These polyners are used as thickening agents,
especially in the oil industry. The present invention proposes a nethod for
preparing a material intended for the formation or publication of inmages,
said material enabling the drying tine to be reduced by facilitating water
evaporati on and absorption of the 25 conpositions applied to said material,
both during its preparation and during its use in the various possible
applications. SUMVARY OF THE | NVENTI ON The present invention relates to a
nmet hod for preparing a material, intended for exanple, for the formation or
publication of inmages, conprising a 30 support and at |east one hydrophilic
bi nder-based | ayer, said nethod conprising the follow ng steps: (i)
cross-linking said hydrophilic binder with at | east one heat-sensitive

pol ymer or




3 copol yner, water-soluble at tenperatures lower than its lower critical
'sol ution tenperature LOST and hydrophobi c above its LOST, the cross-1inking
reaction taking place at a tenperature |ower than the LOST of the

heat - sensitive (co)polyner, 5 (ii) coating on said support at |east one
hydr ophi | i ¢ bi nder-based | ayer conprising heat-sensitive parts obtained
according to step (i) and before it forns a chem cal gel .  and (iii) drying
the material oBSI&TH  PREPARING A MATERIAL INTEINE 0 & hi gher
than the LCSEk®RM XPIGR'OP INA GRIA KD DM SERRIALVE parts
becone 10 hydrophon 0 0 30 0 eterogenei ties
in the hydrophilic binder-baddELDeQE THENMMENEI@NOgeNnei ti es create

m cropores that enabl e, water to renove nore easily during the drying and
consequently to reducg‘hf’ﬁéesﬁti‘tﬂWFé‘“PP ﬁé%t.es %mﬁﬁ’Qgé?ﬁerﬂﬁ’g‘ﬁtairBﬁe% 1;~:o rel ates
to a matseri dbmpkibhgAdeepdrPind 38Rt Snd19¥erlcBR H@ihg%tﬂgﬁfbpﬁﬂictﬂi?de?.@iid cation of
i mages, said nmaterral conprising a 15 support and at Feast one |ayer

conpri si ng andigranl ophbé,ifor dxiangde, A reaterid) éntemdeder the fenmatienl or pubtlivation i n at

| east one of ;said |layers conprising.a hydrophili¢ hinder, said hydrophilic
bi nder i ncl l?(ﬁé‘gag?éatf’-rg‘?h‘éq\f’%%tﬁﬁ‘ri €0, Oﬁﬁﬁgﬁ Yg@d ETRFEr t s bei ng

wat er - sol Ub't&h@b%ﬁ@h&b%ﬁ@ﬁic@&h&%ﬂ heir lower critical solution
tenperature (L ) and hydrophobi c above their LCST, said heat-sensitive

parts having been 20 sel BACKGROUND QIRTHE INGENHOMwer t han the

t enper ature at which 1 erqal s.dried. . t.-sensitive.parnts" refers
to thealtghai ns obt ai neyg)ﬁyﬁlrogglk’ ma}ﬁ%aﬁsgmhilge%gfsrgg%m ﬁ'ﬁ%r'bflﬁgé Szi’ﬁ’d made of
pol ymers or tkopRjey phfiting teetiiB@le@s obtained By icbating differenCQaldrs 6ala sGHpdH. 1 ON
Tenperature _or LCST property. Below the LOST, the 25 (co)pol yner is sol uble
i n aqueous dSPEFHME t0 ¢aaé OPRJURPOSE HRIrexAEBlea R PHIBVPEREAChNER! layBaan t he LOST.
Qualitativel i o > i ed

hydr ophobi Ciapsi/or% t?aﬁgﬂ%gg p@‘?@ﬁg@éﬁdnypﬁ)g&ﬁé’%%gf a rusiagf a%:@nf(%&glg@es. That is
why it is saraiidethe lgiospoEthe miatelid CTheibsobentt1Bpdr abivebdhaligerimittof\tiee
(co)polynmer or heat-sensitive part is hydrqphobic above its LCST. Such

( co) pol&pmer Fatd S‘%@d“ﬁ@"i“ﬁ()%?%aé’ﬂlcmﬁiuppP§t}19é1’i‘ég?-§rhni“ﬁat&ﬁlf§dﬁ%h%éi a. In

t he descri ptJ . o bEd GhkE [ j i the term
LCST dosi gnayged REket O ikiiterdlon 0 UERGHucc, T MR IRELAR: VB |
becones hydimpleshingg the Hibepalfkepaper base po bytaiergdod cnion gatemtidn de- sensi ti ve

t then bei -1i.nked with the hydrophilic.bi.nd This LCST diff
P rom t he LCBIVERTH ik Do Sob AP YR oS easE ST gt GRBRO G | at ter | o
not crossli @iﬁ@cﬁiaﬁ‘dFéﬂué%emgéé)@ﬁill(ig%q‘h_@itaﬁﬂfﬁeéﬁ E\d@rg??ﬂiﬁﬂi}lﬁhg ldybecdnleRb of the

W

heat-sensitive parts 5 cross-lin ) ydrophilic binder is higher
t han t P8 LCsmsitute psingtelesarresuringsotio funetiensoThe prasgofiive tayar isrdesigmedef er abl y,

the materi al ' . h [ t Q ' .gel ati n- based
| ayer conpr it(')s %ﬁsé%x@]o%gg{”?géaﬁrgﬁt ? .;‘gilsﬁétrs tagxo ﬂcrg%gﬁ%yr{r{rgr;(é @%%Pg%{/l acryl am de
and acryl i c imseitibnabHemSSomé 6f tBEeliry dRbiniial afldedphilic BittferBRA\sINESsFi gures 1
and 2 represent. the evolution of the elastic nodulus as a function of the

time of a hy8lEpRr pelyvisyhaleehal obhsr vagiony layeis, erescoated onioithesupRets used in

t he present I J i . = I rts for
conpari son, %%Yg?gﬁ%%@%qg% i&f‘g‘ﬁ%?g%{’ m‘é)ﬁegfs‘%@%atﬂli‘}gﬁfngﬁlr?%g ‘lét%‘ﬁﬁ‘g% and 60C
as a fuicti dydmphilivdiddenbasef Thisdrying stop hasretrimblealusaticarmtcdtidingrte 1@ r epr esent s
the wetting angle as. a function of the tine of the variqus materials.

DETAI LED DdRRIst 8 RSl |y ohs 25 al PR 8885 g t o < he
present invepddueAvigRPri ses firstly a support. This support is selected
according to the desired use. It can be a transparent or opaque
thernoplastic film i fuphemioselitis ngcassarynthsg thednlo appiisye teanatemalde

pol yet hyl ene_t.er epht hal at pol t hyl netacryl.ate, .cel lul ose acetate, or
bol iy cRmyRorBRd B el AT Eh PR RESofif ebod PR RBRRAGR e
the 25 jonvershhkls faanadling o theRin@dd sheat h si des of which can be covered with
a polyethylene |layer. Such a support is particularly preferred to
constitute a naterial Logeingteshnolagyids alspupalinghe phosographic Beldpwhere ng

t echni que. Loe: SHPRYY; ] : it:h a very
thin | ayer Sté%*;%? }C%B%%H@r%sur e(?{lﬁ%& %{:Tgét?n 0 uf[§ ﬂdgegs"r’@?ﬁlgﬁgﬁ%g t he
support. Such a support is called Resin Coated Paper (RC Paper). 30 The
material according to the invention thgn conprises at | east one | ayer
conprising a hydrophilic binder, which can be gelatin or polyvinyl alcohol.
The gelatin is that conventionally used in photography. Such gelatin is
described in 5 Research Disclosure Septenber 1994, No 36544, part IIA,
whose reference was nenti oned above. The gel atin can have undergone vari ous
appropriate treatnents, but in a way that keeps groupi ngs capabl e of

.= _ - o " o, - o " I




10 by cross-linking a heat-sensitive polymer or copolymer with the
hydrophilic binder. It is therefore necessary to provide the heat-sensitive
(co)polynmer with units capable of reacting with the hydrophilic binder for
the cross-linking reaction. The cross-linking is carried out according to
conventional techniques known to those gkilled in the art, especially using

a cross-linki.n ent, such as a water 15 sol ubl e carbodiimde, e.g.

1- (3-di meth lg%fﬁg%ﬁ%%fu@% Fﬁﬂeﬁlégy Efc)’&fsi (}ﬁeaél?%wr%@hﬁlgwr g%lld(esfse). The
heat - sensi ti; R LA : i i o formthe
heat - sensi tilﬁg%)artsmgtﬂr{’(raﬂ%1 ggﬁs@ﬁ%ﬁlg Pcl)?#geﬁgﬁgﬁﬁy %lc?%lgg%ﬁr)r%ralsn and

copol yner s trasibalation MNyers ap actsyaicr yyennatd Suchiarraydenasntsadra désaribed in

N-vi nyl i sob ram de, ,and vinyl net her. The co yners 20 ¢ rise
uni ts sel ect®d°¥'f l%ﬁf@esﬂ’H@YﬁPBﬁE%ﬁB%“sﬂg S‘F%‘PE&AE%I@“ ‘Errlfg “acid and
met hacr ¥4 i ¢ msbahen B?fczmkeyﬁ%rpabﬁ%ﬁqg%mam@%ﬁg?ﬁwi d}io%Ethzrzfgpg% on. 1n

particul ar for photographic applications, preferably have r
wei ght of | ddeusehbdhWaah Soed, Emndonpr, danmbirg PIOs7 DO dvited Kévgaaln. t o 60, 000 so

as not to reduce.toa, much.ihe gelatin | ification.tenperature.. 25 The
el ot on ofoatElyaRNRL Ralide e s Ao oot SamPEiiCTRRPBIEHEL Gsed to
prepare the Jaydhéifeht toGpRIaDAS" ARBSEE 1dy3NRE of theSaFibHLy QN thARRRIMA to the
val ue of the LCST of the heaf-sensitive parts sough this way, the

t.”In
nat ure of t He expHemtbe svaterodthsdayaredithn ltyldmﬁhélmbis&wiasd. Wegapothysrer s has an

i nfluen on, t.he T. the.incorporation of, hydrophili.c noners | eads to
an 301 b edlrungrtepihas el ARIETAZMN: fene HiOSRRA SHIGRT Py A Shob ¢
nmononer s | eafs itti® géheF A ULRIite Wh dndldaR in-Sonde cabBElabtePERIdd. AR tRE 1 ONni C
groups increases the solubility of the copolymer in water and thus also the
val ue of it gnanuEcturiggaroeess ofa peotographis material isodnwieyaplinuosslys 4 nEg acrylic
acid units ig.. . i I e i ouyps bei ng
then in i onid;g(&}g?l g}en‘? ﬁﬁ%ﬁgezg)%e})ﬁu&h@@e{geeﬁp ﬁﬂéé%%%%(?syéﬁgrmg&ﬂg?@ir’y’ é’l olubility.

I n this way,redudgonof prodbetivityriDhis i94 maoridadvatagd it thd manufadtigngc opol yrmer i s
increased, said unjits being essentially inioni¢c form the npre 5 the LCST
i ncreasks. PTQIEs tht%raﬁgfﬂ%maFF&@htfPro‘ﬁhwhp&%lﬁlW@’ SBREAIE COMBIONEY | ng a
concentratiqg,&f; hydrophilic binder between 2% and 15% by wei ght and a
concentration heat - sensitive parts between 1 % and 5% by wei ght conpared
with the total weight EPFAsH3®B1daixciosgs palpmesicontaming hydrboptdliopintd i ¢

bi nder/ heat 1Q sensitive rati o bei ferably nore than 1.5/ 1, is
Hsed 1o pr odiligh fHEoHHAE SRS hpate o dftobd BT e G ORREI | ve
parts. In thendy MAHropAMRPake Mehidl &f 18R RhY/LEST PrdpraRirmehasfy! am de and
acrylic_acid copolyner is used, said copolyner having a nol ecul ar wei ght of
30, 000 %) noltemperatupe wwpee-{lhese pilymens\arg used @b thickening dgantergspecalbdinibé ng | ess
t han or equaolilitnﬁ?usjt % conpared with the total 15 anobunt of nononer units.
The material "according to the invention is prepared according to a nethod
conprising the foll owThg psésemSihvdntibn @iciSed 4 tkihod féMeepiridg@ahatedial bi nder
wth at | east one heat-sensitive polynmer or copolyner, water-sol uble at

t enper at ur edntendgs fof H@rfomaf;loz@rma&@ra igp f iraages.seidmpteralieapblinedher e LCST and

hydr ophobi c | £ = | ki I i ce at a
tenperature (?gi\%(rﬁﬂiehtgr? %?ﬁi&cﬁﬁﬁf%ﬁlﬁ%%%&v%gg@g éﬁ‘?? f@galés? t%gloglrtr}ger , (i)
coat i n2on saimpositippoappliad td eadmatenial, bythr dypingliispréparalien-ahd derng ayer

conpri sing heat-sensi.tive g) ts obtai ned according to step (i) and 25
before it fdSHE* RCYABHISRAS IE{SI“PI’ $AOP$-i i) drying the material obtained in
step (ii), the drying tenp&@imiSrRYeORIrHEIRSENTRONt he LCST of the

heat -sensitive parts. Before the cross-linking step (i), the hydrophilic

bi nder that will have The@résentinventiontréletes pag msthodfobpreparingaamatedelcor ding to

th ht applicati f h i al dipg tg the invention. W
the mat er 1 al KGR0t AEprdedRe e TRt pubticPafaEBoads derPHEA " ™"
phot ogr3gphi CsuEb&Jt ghd Atlled305H hyRleSphilic bifa&tb8PRlahMd kAP Rickidd dahipeigingbased

| ayer having heat-sensitive parts, said |ayer constituting an
i mage- f or mi riBe &lloyeng $tePs: de enul sion layer. In this case, the hydrophilic

bi nd h i - BEEY J j Al At d
e o o O s G AL BB 5y RO FERR AR 170, £

according to the invention, according to conventional operations as
described in Research 5 Disclosure, publication No 36544, Septenber 1994,

page 501, chapter I, Il, Ill to formthe appropriate emnul sions. The
enul si ons can contain the conventional additives used, as nentioned in the
above-nenti oned Research Disclosure, chapter VI, VII, and VIII. The
emul sions can still contain other additives, such as agents nodifying the

nmechani cal or physical properties of the |ayers, as described in the 10

o o o - P —~ - o T



25 or’ copolyner is in soluble phase in order to prevent an uncontroll ed
phase separation and that the units capable of reacting with the
hydrophi |l i c binder are accessible for the cross-linking reaction. Once the
hydrophili c bi nder having heat-sensitive parts is prepared, it is coated on
an appropriate support. The expression jcoated on" does not nean 30 that
the hydrophilic binder |a havi ng heat-sensitive parts is in direct

er . . )

contact wi t Fopplymenspiersoluhle atdtamperatures lewst thep dfs loyyesicaiticalispiiesai d

support, ac i i : e | Ay Al .coating step
(ii) is car ﬁ?‘{égé‘gﬁ‘tré 9%’??%‘%?‘8@‘?"?9‘5"%‘?Q‘#“teéﬁqr‘%geT%?éo%éﬁa?“ﬁﬁ?%%&g‘e%ﬁ (i) where
t he m xi ng ahkihgelaby atr Diehipetaturbilovkethdnethe $£1891 dfithehdat-cempitivener is carried
out and in aklé cases before said m xture of hydrophilic

bi nder / heat {E@R8MMe copol ymer forms a chenical gel. The sequencing of

steps (ig a L) o I i I o coating
on' the. Suppod) ihe'oR SA shpSRETedE o BRRohe bRl st d Byl comppishiaf 70
conpri si ng dteat-seasitive parthyhdaiopdhadcordity tocktep (Headdelf@ay @rfoimya cigemical
heat-sensitivgﬁgﬁrts obt ai ned according to step (i), can be applied for
exanpl e by & g by bl ade, knife, curtain, or any other appropriate
coating techpj) ngﬁi’é%n&t@ﬁﬁl%téiﬁéd%@fe‘ﬁ?(ﬁﬁ tRd EryldpasRiptiagfle B&H%/ ﬁ@hbxona! ly in
phot ographi c applications or 10 for 1nk jet pfinting. After The coating,

t he mat eri althacibe LdiSTgofithe hént-sensitevetpants sp thati thedwat-sensitisie pants acomay ot her

approprjate.devi enabl i he dryin epperatures to be.adjusted. It is
cobent il ¢ HEPhEiE G MetiRe el a® dutc BEm el iagRr e RenA B Ran ¢ he
LOST of t he ypgRt-bagddhydrVEndd@héterogbribifidy Fedt@dferopdiBs thaPémaBRARAtkd the parts
are in 15 hydrophobi c phase and cause the formation of heterogeneities.
These het er ggaaws moescagi g dugngthe duying e eanaequenty faredige thedering idmesnove
nore easily when drying. Thus .the.dryjng tinmes are reduced, i ch enabl es
coati ng speeds and prgglﬁgﬁs\e/t?ttlg}vecngogéispﬁ%lfﬂgggoe ‘.m‘(\a"ﬁ‘é‘ﬁf‘bF‘P‘g%ﬁé% exanpl es
illustrate tdﬂ@rnﬁreefb‘ﬁthb forny:gioh io® theublieation2F ifep&ylid atdrial G@nprisengscope. 1 )

Preparation of heat-sensitive copolyners Two copaolynmers of
N- i soprBpy| supPRArbaAdRt leastonedpyaricemperiag ahydepbilierbifdergind bsig 30, 000 g/ nol

one havi ng L i its, E 1 VL cid

ni t s vere SrbacteRfEd et 1R drdof LR e orii MESARCRRGT

PNl PAM 10. rmmiddhydfophilicstnnder pydlades heatrsedsetivarpartse sadd hént-séhsitiveqgartsand n2 g
acrylic aciq marketed Fl uka, and about. 90 Ml wate re introduced into
S it co- nec ety dsksal et Gaerai Ehelsgoier H<a solbian lmpRiafe
mononer s.  TReckirfakd Mafoptdbid dbode MRIATC PR i dHeat stéusitive pitd FRAE HhTOSpher e,
and placed under”a 30 condenser. The solution was stirred. V, m of 1 M
NaOH wedle t Iselectaddethat theirdutShlsilowert then thertgthperatueé af viiGoh tha rdtersdl walsl of t he
reaction m>§ure of about 5.5/6 was obtained. n8 g of NaCl salt were added
to achi eve n§g1t concentration of 9 0.2 M The redox initiators, i.e. m
g of (NH4)2S20g, and mMHegt-Rhsitiae/SatB referte tih Gails\obehined Yyhgodsaifkidd Ng wat er
needed to achieve taotal volunme of water 100 m . This m xture was stirred

over ni ght , tthahydpphilie binderpandgpadegd orlyvaress picsgopglimeersthgmselves having t he

sol uti on conjairni e 18 f \ id e a

non- heat - segélgtli%\wggg%gg?lyner l()\c{)11EITPé @ﬁ?ﬂﬁe@ E‘@%c@ﬁ%ﬁrﬁ;: ?glogﬁg}égéd;%ﬁ%e acid

i ncl udi2fy S%ea)polyhiee issolublelin dgaeowdsojutions aad phadseaesaratthatteimpevatiréshe sanme as

h d i bed i . | | am de bei | db
N R i ot hy PEErS Tt QupRHals, Sfhenonctm GnoRseiesoees # e given i n
;-abl e | bel Q¥eredsel h§dlopftRaty SR M1 e i tGiMeraBreahetChsedBrigat NH4) 2520

is why it is said in the present description, that the heat-sensitive (co)polymer or
heat-sensitive part is hydrophobic above its LCST. Such (co)polymers have an
30 inverse solubility behavior in aqueous media.
In the description that follows, if no specific information is given,

the term LCST designates the temperature at which the heat-sensitive part



ma gNa2S205 nb gNaCH V 1

‘m PNl PAM 510. 80. 361. 1690. 2880. 194. 5PNl PAM 1010. 20. 7211. 1690. 2880. 199PDVAM 5
9.410. 361. 1690. 2880.194.5 Total volunme = 100 m N PAM =

N-i sopropyl acryl am de 15 DVMAM = N, N-di net hyl acryl am de AA = acrylic acid
PNl PAM 5 = copol yner of N-isopropylacrylam de and acrylic acid containing
5% acrylic acid units conpared with the total anmount of nononer units

PNI PAM 10 = hespaps/dropliobig. thedqpd open axeepelymicr forming wid Yeat-sensitivg pag

cont ai ni ng 10% AG L G BEL | WA : of nononer
it o POVAW B PR bSe BEk S W (R AR TR GE ST Flred e

cont ai ni ng T SE bftheteatcdetsitine pslymenpadopd] ymdrwhehehd latted is aoperdss- of nononer
units In the, copol, r bt aj.ned, the acrylic acid its were essentially
25 i n sodi urlinkaf withdhe hydrreniliefmdet. To s@leé%t%lpﬁ&eﬁ%@ﬁg? B@?éwsgnsetr%r@ét}wt ion in
wat er) S _ : i1ghi L0 e of the
scatter\(,aifsél1 in%r%%é%&%ﬁghgg%%%@glﬁggwd?ﬁtg h?%%%%r}s%ttmcgrg%ﬁg}a@{ﬁ?gd. These
measur enent sehsifios polgmet drecopblymephlonbe t her no-sensitive copol ynmers based on

Nl PAM In the case of PNIPAMin aqueous solution, and at tenperatures bel ow
the 5 LCST, the scattdf r%b%'f,élifsm?'&nﬁlsa%ﬂat&teéheyprmk%@éﬁke the pol yner
chai ns are shiistd Z68atif*basdd ISP ESAbY; Rsddiftivk Gaits of ipbEnéNe 10 form
of gl obul es, |I8{?| ageaégg?onefyge , sé e scgttelre |?1?en i%n?rll\greases.
For the neasseeopyitaylasndeangaeryliericklechaifsect ra Physi cs nodel -2020 | aser was
used (~,= 514,5 nn). <! r 90 and 130 . The
10 sarrp{oes were pl acedﬁ?ﬁiiﬁgﬁmmifmﬁwneés 60C and the
tenperature was decreagggted PaddLreprdeROhY eo6106b: Of tHE eRstiEMBailus hL
mol ecul ar wei ght of the copolymers obtained is also nmeasured. The results
are given i ruriisneofithe tiap oha hydnopkilic bindepenmyprisingthe beatasensidveparts( g) LOST (1%
Q.00

sol uti on i 1 ek 5.} PN RAN Bienin AOPZRTELRA 1o h SRRACEEYAN Bh

comparison,

15 Figures 3 and 4 represent desiccation curves at 40°C and 60°C as a
function of the time of the various materials, and
Figure 5 represents the wetting angle as a function of the time of the
various materials.
DETAILED DESCRIPTION OF THE INVENTION

20 The material according to the present invention comprises firstly a
support. This support is selected according to the desired use. It can be a
transparent or opaque thermoplastic film, in particular a film based on polyester
(e.g. polyethylene terephthalate), polymethylmetacrylate, cellulose acetate, or
polyvinyl chloride, or any other appropriate material. The support used in the

25 invention can also be paper, both sides of which can be covered with a
polyethylene layer, Such a support is particularly preferred to constitute a material
to receive ink applied by the ink jet printing technique. The side of the support that
is used can be coated with a very thin layer of gelatin to ensure the adhesion of the
first layer on the support. Such a support is called Resin Coated Paper (RC Paper).

30 The material according to the invention then comprises at least one
layer comprising a hydrophilic binder, which can be gelatin or polyvinyl alcohol.

The gelatin is that conventionally used in photography. Such gelatin is described in



15 It can be seen that the LOST of PNIPAM 10 is hi gher than that of

PNl PAM 5, which contains fewer acrylic acid units inionic form 2)
Cross-linking reaction of hydrophilic binder/heat-sensitive copolyner 20 A
hydrophilic binder gelatin was used, which having undergone speci al
treatnments, contained am ne functions bgt not acid groupings. Such gelatin
was supplied by SKWin granular form T e@?elatin grains were put into

sol ution at BesearghDisclosypgrbeptankard884.0¥e 3¢v4dnpart HAn whese refarese@asor 10
i nutes. Th | | 4. ' |
s Tl sl 1L GRS AL e PULIAATS BbgpOl Yors

sai d sol uti cutwas waepliat &bepd gooupings chpatile ofattinpkivitly thrgeattive groups of

1- (3-di net hythg I nopr opyl ) -3-ethy|l carbodijm.de hydrochl oride (hereafter

cal | ed EDO) eqisepsItVgRAympredibmg dheprops-Hpkdng egstigmenablipg gelatihct i ons and
the gelagin ey L ORS: ' [ . Exing, an EDC
sol uti ora1§ vvas&@rﬂg%}irggﬁgﬁ&m% g%{tso@rﬂtegdrgp%?%df 3? é?el?‘ﬂ%léégne%: @%ﬁeﬁé -sensitive
copol yrmer ( BEWAMdZhepolpkinplaledid) froht Hipped Guheer oh Ay Pradupewithtleph 1 and t he
EDC were m xed vA, or u\s3I£3t/ the quantities being selected so as to obtain a
final m xturf&THF /81§>e in, 1 copolyner conpared with the total weight of
the m xture and 10 MM ARG AidDE HhOvikS SavenAkh NE af 883G bh earried out at
a tenperature | ess than the1 {CSTspf)e% th% copol yra%ergsfE 3€H1V<(|“ﬁ§}tnﬁ§ of the

f or mat i on ofbindertbesdddayergelid bydropielicrbintler enyfrisgehent-senstidee/paftbbiaie8 1 % /

10 mM 13 The kinetic. of the formation of a chenjcal gel of the gelatin
596/ PNUbAMBY 0% KRS RFaseni e R BN et £PPRUAmSE N h o eFeiiheol ogi cal | y.
The nmeasur ergides, VR tBereRiré h&sby todDAUL SR Hedt-bisisiFe @&_)gﬁﬁnb} witltheonet ri cs
Fl ui ds Spect ronet eriﬂmanuf actured by Rheonetric Scientific, Inc. The

el asti ¢ noduinits capabisf oftraactimextithrthe hydraphlie dinder foy dhetrosselinkang Ractimmasur ed.
The el astic dul us. . enabl es the evol ution of. t hem cal cross |inking
procese o bR ving R A el ou Sefne b oo e Pates gt 625 ac | w oh
Ll_owt deI or matthéye sklled% threngh, bspacial asiap @\erdss-tinkinkQigemdébieh a§@ waernot to
i stor
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soluble carbodiimide, e.g. 1-(3-dimethylaminopropyl)-3-ethyl-carbodiimide

hydrochloride (EDC). The heat-sensitive (co)polymers useful in the present

invention to form the heat-sensitive parts are selected from among the

homopolymers and copolymers based on N-isopropyacrylamide, N-

vinylcaprolactame, N-vinylisobutyramide, and vinylmethylether. The copolymers

20 comprise units selected from among the group comprising for example acrylic acid
and methacrylic acid. The polymers and copolymers useful in the invention, in
particular for photographic applications, preferably have a molecular weight of
less than 500,000, and preferably less than or equal to 60,000 so as not to reduce
too much the gelatin's gelification temperature.

25 The selection of the nature and proportions of the various
components used to prepare the hydrophilic binder-based layer is carried out
according to the value of the LCST of the heat-sensitive parts sought. In this way,
the nature of the monomers incorporated in the heat-sensitive polymers has an
influence on the LCST: the incorporation of hydrophilic monomers leads to an

30 increase of the LCST; conversely, the introduction of hydrophobic monomers

leads to a reduction of the LCST. The incorporation of ionic groups increases the

solubility of the copolymer in water and thus also the value of its LCST. When a



the mxture irreversibly and change its properties. A pre-shear was carried
out at the start to honogeni ze the mxture (30 s 1 for 100 s). Then the
evolution of the 25 elastic modulus G was nonitored during the formation
of the chem cal gel as far as the plateau corresponding to the nodul us of
the gel obtained. A Couette set up was gsed, constituted of an internal
cylinder (~__ 16.5 mmand h = 13 nm) imersed in a cylindrical tank (Q- =
17 nm) cont dCAFHgSitiNe COROIYMPICORPTISHRAST A agibiits iyngednprefasghly adesiput

directly int %Uﬂ% : ' ] - required

t enper at ur e.pqil'ﬁggtfesu E%Ergﬁlm%%ﬁng%bgoqﬁg\ﬁg%ﬁodlpé%?;eeggﬁt s the

evol uti on ofcopblgmet'astiet sotability3n tHis way,ahé moed themuaibet ofmryifc deliewgsl atin 5%
PNl PAM5 1 %/, 10 12 nM EDC r(’iixt re. For conparison, . the above experi nent
was repeat ed? s copelyisT BRRAIGRsSd. St umitshelngersentially i i {ppmy the more

N, N- di mef hyliact ykanh4e,sePMAM and acrylic acid, containing 5% acrylic acid
units, as prepared according to paragraph 5 1. The mi xture was nmade from 5%

gelatin, 1 % said copdrgfemblyRbOMNetibyensind, 4 haniv EMGposTien havdngd 4 s are shown
in Figure 2 which representsg.the evalution of the elastic dulus G of a
gelatin 5 %cpm%s?ﬁogwd?qﬁlﬂﬁ{%le o ag6 and SR M fna the

cross- | i nki ngnkinfgtib e oFIRRRAGRItRE Qbéi“@&ﬁ%%ng%gﬂli%ﬁ}gh?cmgﬁe&he m xture

contai ning the heat-sensitive copolyner I's use ree types of behavior
can be seen:with the t@8iGyeightddishideontgramipostmnf thetwdrophiictbindeshieatal | y

f t f anid i d bet th | atin .and th | d

bhyst ceddy Cenisi e e ey mirefint s e M et s’ o

rapi dly reagqRagbphil@bivd: b8er éﬁn%%?%ﬁegk-@er%ﬁim&Hﬁ.elﬁ)thé]-ﬁesenﬂnv%ﬁ@r@nd 40C,
e

val ues near the measured LCST o NI PAM 5, only the chem cal network

was forned #uefetahly apaNusopsepyacrylamidecind ractydic a0idrgpolyntep is usedyseidat ur es

hi gher th d. t hus. far_f th T of the PNIPAM5, th
chm cal | golcoRIRR: Aty s rilss 52 Dl o B3O D Fhrar i Eonaith sTabaE' T | '
conpact hydrgjahghts éncoeptirftedBéin @ Ness tHag & iefudl o #\@ndparedlvathlthe Tdtgl sanpl e

stays liquid and the apparatus is not able to neasure G wusefully. These
resul t sl3showmoyat R BOMIBINEHSt he hydr ophi | i ¢ bi nder havi ng

The material according to the invention is prepared according to a
method comprising the following steps:
1) cross-linking the hydrophilic binder with at least one heat-sensitive
polymer or copolymer, water-soluble at temperatures lower than its
20 lower critical solution temperature LCST and hydrophobic above its
LCST, the cross-linking reaction taking place at a temperature
lower than the LCST of said heat-sensitive (co)polymer,
(ii)  coating on said support at least one hydrophilic binder-based layer
comprising heat-sensitive parts obtained according to step (i) and
25 before it forms a chemical gel, and
(ili)  drying the material obtained in step (ii), the drying temperature
being higher than the LCST of the heat-sensitive parts.
Before the cross-linking step (i), the hydrophilic binder that will
have the heat-sensitive parts can be prepared according to the sought application of
30 the material according to the invention. When the material according to the
invention is intended for use in the photographic field, it comprises at least one

hydrophilic binder-based layer having heat-sensitive parts, said layer constituting



heat-sensitive parts, it has to be at a cross-linking tenperature | ower
than the 25 LCST of the copolyner. This also shows that by being
sufficiently above the LCST, e.g. 50C, chem cal gel formation does not
occur. Figure 2 shows that at 25C, the kinetic is still governed by the
gelatin. Then the chem cal gel formatiofn is all the nore rapid as the
tenperature is increased. This can be explained by the fact that the
reactivity ofimase-dorsyag pilvek halidezanusiendayendn this easeyshe hyduephilie bprslent ur e and

as the poly j ; nsk k. ye the-t rafur t he chai ng al ways
remain accegg‘lrltﬁ* 12‘ I-Pg% h?ﬁgg}ésﬁ%‘)s{esgﬁs rlliPr 5er ?Dggg?llg%#f a%g)caﬁ,gs%elpgrielﬁbw of a

mat eri al acc@ditiongo tie dpéial 43pedid bohie prebarafibg muiRY dcabrdapaorsd Nng to the

i nvention prepared according to the exanple below. is particularly intended

for appl i catifgeiopogccpiding tecopyengions]gperaipag isreseriheddn Resgardensi ti ve parts
of copolymerp:N . lham a | i i e rding to
par agr aph 2 ]I)lgb lgggf’ﬂ’%hgﬁ{"é 1\gd’%bo f}ég et%ﬁfs’%plgg‘r}ﬁﬂfgglsg’o&%%gl’Eggﬁrtlgmat ed
Paper type. fbon thddppropriate emydgiond. Thielemuilssorsmah icentainchacdseational

thernostatical |y regulated to 20C and is attached to the bench by suction
using a vac fitiet skd ey mentapedindhga owanmgitc‘é%rm Regclosurseshagteaph 2 i s
coated on t i i 0 ‘ ) t hi then it is
left to dryt\;qéﬁm%%ﬁ Erin'tvrllfl}’tF!leﬂlgIg %%ﬁl%%g%r%xs? lgcroggd:nggﬁﬁp%@lﬁ%’.%?% o:[elsti ng step
is 10 carri edodifiting thetnheehanical toe physidabpiapgrtick ef fired pyers tab desceibed metheri xt ur e
before said m xture .for a chemcal gel. Then 6 X 7 ¢m pieces were cut and
st apl edfq 0 é’?"&?ﬂ‘ﬁpﬂcﬂﬁﬁd ,eargl'hﬁl p ’E)lé"}pfﬁqgr Hewewsr, %lseﬁihﬁvss ugdecat or
(Sartorius MyMGBRAHIARE HefDehbit ckdi3-1ifkd withitRe BYdbSEIIL GIRES ature is
wel | above th;el&L&T of the hegt-éve%ﬁ@lrftgicve part.swpr'epea?};e Iggéor g?%g to
paragraph 2. Thus t he Wa¢rethe agrovongl inige tvenhen 1snutenddacior wer e

h h he Wherethi adateriob acroobingl tonth ten isrintendédolio
obt ai ned, one _peing obtalined, f.romt.he .gelatin 5%/ PN A1 %/ 10 mM EDC
i xtur ot heOBPFPrn DR ek @i fpE P Soribns 8t Tetot 808 PR PET o6 ) 10
MM EDC mi Xt WaSed 1a9ér HaompehtSRAsitité ?ﬁts%‘d%t@ﬁ&&lf tdird@iveant da@eSRNEK Process was
a materjial conprising a support filmof the Resin Coated Paper type and a
| ayer 21 obtcampesitipp patedby spad inkijat mintingpesnigus. In this/casethadydpphiicxt ure to
f or m nonheat, L - i NS, L al .al so dried at
50C. " Phot ogrtiifee igpiny Fef BB Efar 4B Biib e FBVER Bl MBI 38, °F' M
obt ai ned werigk jeb kpplicaBomgboythatadbst Bt eorapaity withishidthegtodthsiting pgtsgBbat i n
havi ng non- heat -sensi tive_chains of copaol yner PDMAM5 were perfectly clear
and 25 showsdamplenthedwdipphiicijnderisaoaitain inqraanie Bartiglenilikg bgehmite.n havi ng

heat - sensi ti p E i R=Te)e ] and acrylic acid
and dried atrmz(s(% t(raﬂrir?)Icg‘{r’dartsﬂﬁgé %llggﬁreﬂr\éﬂtnﬁglﬁg?ﬁ% %&é@ ga?h?(ﬁlé heat - sensi tive
parts) Zhowed cl ear hé¥Vherthe hgdrophkisic bitdenssealys o ipmbeadweith theatoss-he il m

conprising ghains of c I r PNl PAM5 had 30 .nore_.heterogeneities than
Che 111 m CorM i 1451 478 RGeS GONYHAT CPRYSARR 9 CISEONGMRE & he 111 ms
keep wel | tRhegactiggnory"” of the mcro-heterogeneities that they had in the

wet state when the drying tenperature was higher than the LCST. 14 For
conpari son, the dryi ndtiggsseotalithatdhoerossolinkingresetion tempprasire bekwveat 40C.

None of the fjl i i, ncl udi filns ri;si.ng, heat.-sensitive
cha e of cdn TELESTHRBEpes TN EinblyMon 56 TS b o RS EOGHE bFe
het er ogiei tor -coﬁ%lyﬂnbi‘ B it esiNble phakedn ofddr Yo pleeeritiahmne@ittolied phgset he copol ymer
5 PNl PAM 5 shoul d have smal | heteraogeneities. Neverthel ess, they should not
be signi fi cafParpéransddhatthounitssapgble of eaactingvith thedyygduephilitebipdstpre and t hey
wer e thus ”%ccé/sisi%'léaflo‘?the@?&s%-l&'kﬁ%rlje%(ctgﬁ.rm”5trat es that if the drying

I'S not

t enperature

Once the hydrophilic binder having heat-sensitive parts is prepared,
it is coated on an appropriate support. The expression "coated on" does not mean
30 that the hydrophilic binder layer having heat-sensitive parts is in direct contact
with the support, but can be more or less distant from said support, according to

the function required of said layer. The coating step (ii) is carried out very quickly



sufficiently higher than the LCST of the heat-sensitive parts, these do
‘not-go into 10 conpact hydrophobi c conformati on and the phase separation
does not take place. 5) Dessication neasurenents of the materials according
to the invention The various materials prepared according to paragraph 4
above were dried at 40C and at 60C in agdessicator (Sartorius MA100

manuf actured by 15 Sartorius AG which is a heating bal ance that neasures

the wei ght | &S thy crassslinkingstpefiawhers themixing atthe dydwphiliclénderheair e 3

represents t yal b.atl . the. ] dit.v _per t function of tinme
for drying a{bﬁ%% t(%géoq?'fl?{rlé cgﬁegﬁﬁ}e%‘df%dqﬁwcﬁgege%egglgﬂﬁgéﬁ?{mﬁ\ﬁ AM5 1 %/ 10
mM EDC ni xt Uyeirophiliebiatiémheatlednsiive BopdiRerfodnk a tRerilva Pl FE seipdneing
(heat-sensitive copolyners), and a gelatin 5%/ PDMAM5 1 %/ 10 mM EDC

m xture ( nonofiféeps (Y and (i) iy wellkpowpie those skilled i the pipr esent s the variation

of hum dity percentag S. Q¢ i [ [ ing. at_ 60 for the
sane fi t%ms. The resul '?I;I?es(f?%evﬂéj ﬁlgp{e%g p%ééeg% ?lfé‘%ﬁlgg%%fﬁggm%é)zﬁ?cet%eg' LCST of
t he 25 heat -Blenwiriouy typs| tamprishee striydshoncchifdr@shili¢ Bindértased iagtertavig |

i ndependently of the nature of the copolyner used. On the contrary, the
resul ts showieakansttiys perts aRtainsd acqording thder (b &ar be pRRlicd 4Pk exapmlg WAM 5 and

PNI PAM- 10) déd.aﬁ% Iﬁ% bBAE klifeCourin, dr Eﬁy@ﬁh@&#_&@pﬂw&%ﬁné g%%ﬁi‘ﬁ@'— CST, dry

faster than the m cont al hi ng the non- ensitive . At this
t enper at ur e, coated thicksdssé¢svave thopolsedensvdntvral yeihgphoweraphic applicativabbi ng wat er
to cl eaj rmr@ ﬁ&sj{}?\ﬁ The drying time is reduced by about 15% (cal cul at ed
for 2099 esi QUEKIRRAYINEy) for the material containing the PNI PAM 5, 15

conpared with the non-kgatnsegh jtp@n{.r@érﬁi Bc?éorcﬁf?%&?{h@iiﬂ%nﬁ&gisw 5. It
was al so observed that the materral conprising the PNl PAM 1 ried sl ower
t han t hat condyenomapytotieer Rppropiiatd devihe enabbing thendsgtingherhperhtarddith BAM 10 at 60C

forms smal |l er..heterageneities. .5 6). Wetting .of materials according to the

[ vent | on THEUWEH SIS SRe T i ftine Receatiftd Qo8 HiErarHBLS Sienet epe

neasur ement stha ¢ e MBe héht-ReHsABledRbts An IO el B DehtSRHsitife firRr®in Wat er was
pl aced on said filns and the evolution of the water drop was nmeasured by 10

measuri Ky t Hdvephobici phasednd: dapsectbe fororatian of beterogengitiesTThesker t ensi onet er
heterogeneities create micropores that enable the water to remove more easily
when drying. Thus the drying times are reduced, which enables coating speeds and
productivity to be increased.
The following examples illustrate the present invention without
20 however limiting the scope.
1) Preparation of heat-sensitive copolymers
Two copolymers of N-isopropylacrylamide and acrylic acid,
molecular weight near 30,000 g/mol, one having 5% of acrylic acid units, the other
having 10% acrylic acid units were prepared. These copolymers were then called
25 PNIPAM-5 and PNIPAM-10.
m; g of N-isopropylacrylamide, marketed by Aldrich, and m; g
acrylic acid marketed by Fluka, and about 90 ml water were introduced into a
three-necked flask to obtain an aqueous solution of about 1M in monomers. The
flask was put in a water bath at 25°C, in nitrogen atmosphere, and placed under a
30 condenser. The solution was stirred. V| ml of IM NaOH were then added to
neutralize the acrylic acid 90%. A final pH of the reaction mixture of about 5.5/6

was obtained. m3 g of NaCl salt were added to achieve a salt concentration of



manuf actured by LT. Concept.
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The apparatus conprised a thernostatically

hol ding the fil mand an adjustabl e height syringe for
pl aci ng the water drop. The apparatus neasured the contact angle of the
drop over tine. The measurenents were carried out at 25C. 15 Figure 5
represents the variation of the contactgangle as a function of tinme for the
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the heat-sensitive (co)polymer 10 (ii) coating on said support at |
one hydr ophiGapelysreidd™NIBAM ar | dder ddWabli si rﬁNHe)aSzCSeNBzStzOveNaQH s d
according tjo step (i) efare it |fornms a|chem cal [gel, an i)
the material obtai ned]ﬁ\%gg{?ep |2i%, §dryi fig tenpe%ﬁ fre tg, hi g
than the LGST of the |mgat-sengitive|parts. 1,3 The|nethod |accordin
Caim1l, wherein-the thydrophillic binder is delected from any ng ael at
pol yvi nyl aIPé\HﬁéIM'53 Thid-Bet Ho-38cd orbiéRy to @12§8m L, GaHrdin 4he N
sensitive pg TOp TEeT P1TS hraits o—fromanmgng—t
honopol yner|s gté’wéggolyrr@r% bas Z”’ l\fil oprop39 §§ryl am'hée, N 9
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20

25

Total volume = 100 ml

NIPAM = N-isopropylacrylamide
DMAM = N,N-dimethylacrylamide

AA =acrylic acid

PNIPAM-5 = copolymer of N-isopropylacrylamide and acrylic acid

containing 5% acrylic acid units compared with the total amount of monomer units

PNIPAM-10 = copolymer of N-isopropylacrylamide and acrylic acid

containing 10% acrylic acid units compared with the total amount of monomer

units

PDMAM-5 = copolymer of N,N-dimethylacrylamide and acrylic acid

containing 5% acrylic acid units compared with the total amount of monomer units

In the copolymers obtained, the acrylic acid units were essentially

in sodium salt form.

The LCST of the obtained copolymers (1% solution in water) was

east

bt ai ned
drying
her
gto
in or
eat 20
he



vi nyl caprol actane, N-vinylisobutyram de, and vinyl nethyl ether, said chains
conprising units able to cross-link with the hydrophilic binder. 25 4. The
nmet hod according to Claim3, wherein said units able to cross-link with the
hydrophi l i c binder are selected fromanong the group conprising acrylic
acid and nethacrylic acid. 5. The nethogyaccording to Clairn 1, wherein the
hydrophi lic 30 binder-based | ayer, havi ng heat-sensitive parts is produced

from a coat i RepsusgRyStaticdighh seatterng. Emeverageati the setterpddRispHiY 35 bi nder

bet ween 2% 0 e ve pol yner
or copol ym&*raflﬁ Cettio\?leseﬁﬁﬁ%ﬁl%gét Peglgé% agl%ﬁ th s@%&@u%ingﬁﬁ%ﬁoﬁﬁ'lﬁfeﬁlk otal wei ght
of said coatL@Sﬂ“@(ﬁﬂm:hemn@sensﬁwefbpolsrmem)bhsed oh PNEIPEIMM m 1, wherein the

heat - sensi ti ve arts i,ns of copol, N-i sopr opyl acryl am de and
acrylic aci dnt F@e@ég’rgﬁﬁg’?%aw@% Iyt I@Q@F%ml?ﬁ@%‘f‘?@ belowy, ®00, and t he

proportign g8 r .ar. equal to
0% corpar ed ap pht e REREHEKE i REEVER R berl8dhe BHTpEL AR ork
accor di ng t csoltibaliized] At V\ManperaturmabmneahtsLDSﬂ"kichansLﬁ)reriﬂefom ofiglvbules di ng to

step (i) is C@Fﬁdl ed oy in the presence of carbodiimde. 8. The nethod
accor di ng t oV E&fA2H @g PR RS elsﬁaatgetre%ﬁ’ée‘ﬁ’ftyé%‘irﬁﬁsﬁildr ophi | i ¢ bi nder - based

l'ayers havi mEbrhB@breaQitembnty CarPAEbS idritzed SpRE®A Phipdcd MYl 2690 IRELRAYS 1 Nk
conpositions applied by the ink jet printing technique. 9. The net hod
accor di ng t asall & m §]4,0tren)eiAmgless dfmsumnentsfchemndvély&ﬂ&phd [1B@°.bI'eder - based
| ayers vin at sen e parts is nlmaefor i.l ver halide

enul si oﬂ? I a)fg{np Sovere p a,&eérﬂl e ngtrymen, "’§'inf5=]§t dé‘ﬁﬁglcﬁ? 3@\“&9 IEPeratLe one
hydr ophi | i ¢ pisfiRfreab@s@digeayer, characterized in that, in at |east one of
sai d hydrophilic binderbased | ayers, said hydrophilic binder includes

heat - sensi tive parts, Usiigivieessity eressurementptetnsolbailargveightef theol ubl e at

t enper at ures_bel ow t r criti solution te LOST) and
hydr ophobi ¢ ¥B8 ef%(gh%?m?_ \%?ogg?aauwgg'{“h 'ii&rf'g? E’ivsgﬁbt&ﬁ% ! z?gﬂvﬁg been
selected so that their LCST is | ess thpleithe tenperature at which the

material was dried. 11__The material according to aim 10, _wherein the

hydrophi I i ¢ bi nder i$ gelGanokymesr pol [Walgcular weight . | IZZ5TL01% Tiationindr i al
according to Caim10, wherein the hgat ser@tl ve parts avrvgtercjhai ns |sel ect ed
from anong the honopol yners and copol yners

PNIPAM-5 =30 000 35°C
PNIPAM-10 =30 000 44°C
PDMAM-5 Not measured > 100°C

15
It can be seen that the LCST of PNIPAM-10 is higher than that of

PNIPAM-5, which contains fewer acrylic acid units in ionic form.

2) Cross-linking reaction of hydrophilic binder/heat-sensitive copolymer
20 A hydrophilic binder gelatin was used, which having undergone
special treatments, contained amine functions but not acid groupings. Such gelatin
was supplied by SKW in granular form.
The gelatin grains were put into solution at 40°C until complete
dissolution and then left at 60°C for 10 minutes. The gelatin solution was kept at
25 40°C.
Solutions of copolymers PNIPAM-5 and PNIPAM-10 obtained

according to paragraph 1 were prepared and said solution was kept at 35°C.
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25 elastic modulus G' was monitored during the formation of the chemical gel as far

as the plateau corresponding to the modulus of the gel obtained.
A Couette set up was used, constituted of an internal cylinder (& =
16.5 mm and h = 13 mm) immersed in a cylindrical tank (&J = 17 mm) containing
the mixture as prepared above. The mixture was put directly into the Couette tank
30 previously adjusted to the required temperature.
The results are shown in Figure 1 which represents the evolution of
the elastic modulus G' as a function of time of the gelatin 5% PNIPAM-5 1%/ 10



Lj1109& ()- !1109%"& ()- !!10%+& ()- f!109& ()-n;lz[9+@
10! @7910%&' ()- @ ! 10%& ()-1!@!10% : & ()-1(!10%& ()-!(!10% :& ()-!HyS!H 10%M
& ()- Bt !1}7"<@10!!, 110%& ()-!10% & ()-!110%"& ()-! @M 10%& ()- !:

xyM 10%&' ()- 10 10'" """ $S$zX9<@ 10L' 10% G& ()-m L' 109%00& ()-m
110% m& ()-! !10%00& ()-! !10900& ()-!9y ! 109%&' () - S$%R&&& (oM@ 10L'

10% @! 10% & ()1 Dxf | 109! () - 10070 100202 100202! M/ " 10MZ0Z& () -
1S/"10% "' & (W %PCﬁnm,urr,e-}[qv@lo 110% & () - !

& (), <171 0001 ~p T8 FAGHGm s b belineac MsTopilia butusing, | 1005 g ()
L' 1 10% & () -EDMAMS)mokhédt-sEndilieel 8ol dr NB difey 1 dcofiGaRle(DMAM) 2h@%&: () - G

109%& ()-! 10% ' & ()-fs!109%& ()-!Dof s! 10%& ()-4r556678 P@ 10! DO
" 10%&-( % )- ! D@c?‘yh% a(c%d, contaim/ng 5(‘% acr?/?ic aci unefth,(a)s prepared accg%?ng% paragraph

- rr@ 101D R T oA el AP b B Y s PO 620720

mM EDC. The results are shown in Figure 2 which represents the evolution of the
elastic modulus G' of a gelatin 5 % PDMAM-5 1% / 10 mM EDC mixture.
Figure 1 shows that the cross-linking kinetic depends strongly on

the temperature when the mixture containing the heat-sensitive copolymer is used.
10  Three types of behavior can be seen:
- at 25°C, a double network was formed, both chemically (formation of
amide bridges between the gelatin and the copolymer) and physically
(conventional gel of the gelatin), the elastic modulus G' rapidly reached
high values (= 300 Pa in 20 minutes)
15 - at 35°C and 40°C, values near the measured LCST of the PNIPAM-5,
only the chemical network was formed and the value of G' was lower
10-20 Pa)
- for temperatures higher than 40°C and thus far from the measured
LCST of the PNIPAM-5, the chemical gel cannot be formed because
20 the PNIPAM-5 chain stays in its compact hydrophobic conformation
since it is above the LCST. The sample stays liquid and the apparatus is
not able to measure G' usefully.

These results show that to produce the hydrophilic binder having
heat-sensitive parts, it has to be at a cross-linking temperature lower than the

25 LCST of the copolymer. This also shows that by being sufficiently above the
LCST, e.g. 50°C, chemical gel formation does not occur.

Figure 2 shows that at 25°C, the kinetic is still governed by the
gelatin. Then the chemical gel formation is all the more rapid as the temperature is
increased. This can be explained by the fact that the reactivity of the cross-linking

30 agent increases with the temperature and as the polymer is not sensitive at the
temperature, the chains always remain accessible for the cross-linking reaction.

4) Preparation of a material according to the invention
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1)- J10% &' ()- 10% & ()- 10%.& g)- 10% &' () -
isopropylacrylamide and acrylic acid prepared according

0 paragraph 2 1s applied
to a polyester support film of the Resin Coated Paper type. For this, the support
film is applied to a bench thermostatically regulated to 20°C and is attached to the
bench by suction using a vacuum extractor. The mixture obtained according to
paragraph 2 is coated on the support film using a doctor blade 0.5 mm thick and
then it is left to dry for 10 minutes to enable the gelatin to set. This coating step is
carried out in the minute following the preparation of the mixture before said
mixture forms a chemical gel. Then 6 x 7 cm pieces were cut and stapled to an
aluminum cup, the whole being dried at 60°C in a dessicator (Sartorius MA100
manufactured by Sartorius AG). This drying temperature is well above the LCST
of the heat-sensitive parts prepared according to paragraph 2. Thus the materials
according to the invention were obtained, one being obtained from the gelatin 5% /
PNIPAM-5 1% / 10 mM EDC mixture, the other being obtained from the gelatin
5% / PNIPAM-10 1% / 10 mM EDC mixture.

For comparison, also made according to the same process was a
material comprising a support film of the Resin Coated Paper type and a layer
obtained from the gelatin 5% / PDMAM-5 1%/ 10 mM EDC mixture to form non-
heat-sensitive copolymer chains. The material was also dried at 60°C.

Photographs of the vertical cross-sections of the various dry films
obtained were taken using optical microscopy. Films containing gelatin having
non-heat-sensitive chains of copolymer PDMAM-5 were perfectly clear and
showed no heterogeneity.

However, films containing gelatin having heat-sensitive chains of
copolymer N-isopropylacrylamide and acrylic acid and dried at 60°C (temperature
higher than the LCST of the heat-sensitive parts) showed clear heterogeneities. It
was also observed that the film comprising chains of copolymer PNIPAM-5 had
more heterogeneities than the film comprising the chains of copolymer PNIPAM-
10. Once dried, the films keep well the "memory" of the micro-heterogeneities that

they had in the wet state when the drying temperature was higher than the LCST.
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O For comparison, the drying was carried out of the same
compositions at 40°C. None of the films obtained, including films comprising
heat-sensitive chains of copolymer N-isopropylacrylamide and acrylic acid had
visible heterogeneity. At this temperature, only the film containing the copolymer
5 PNIPAM-5 should have small heterogeneities. Nevertheless, they should not be
significant because it was only a few degrees above the LCST, and they were thus
not visible.
This clearly demonstrates that if the drying temperature is not
sufficiently higher than the LCST of the heat-sensitive parts, these do not-go into

10 compact hydrophobic conformation and the phase separation does not take place.

5) Dessication measurements of the materials according to the invention

The various materials prepared according to paragraph 4 above

were dried at 40°C and at 60°C in a dessicator (Sartorius MA100 manufactured by
15 Sartorius AG) which is a heating balance that measures the weight loss at a set
temperature as a function of time.

Figure 3 represents the variation of the humidity percentage as a
function of time for drying at 40°C, for films obtained from a gelatin 5% /
PNIPAM-5 1%/ 10 mM EDC mixture, a gelatin 5% / PNIPAM-10 1%/ 10 mM

20 EDC mixture (heat-sensitive copolymers), and a gelatin 5% / PDMAM-5 1% / 10
mM EDC mixture (non-heat-sensitive copolymer).

Figure 4 represents the variation of humidity percentage as a
function of time for drying at 60°C, for the same films.

The results show that at 40°C, a temperature near the LCST of the

25  heat-sensitive parts, the drying curves are almost identical, independently of the
nature of the copolymer used.

On the contrary, the results show that the films containing heat-
sensitive parts (PNIPAM-5 and PNIPAM-10) dried at 60°C, i.e. at a temperature
higher than their LCST, dry faster than the film containing the non-heat-sensitive

30 PDMAM-5. At this temperature, the first two copolymers have heterogeneities,
enabling water to clear more easily. The drying time is reduced by about 15%
(calculated for 20% residual humidity) for the material containing the PNIPAM-5,
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5
6) Wetting of materials according to the invention
The various films dried at 40°C and 60°C obtained after the
measurements according to paragraph 4 above were used. A drop of water was
placed on said films and the evolution of the water drop was measured by
10 measuring the variation of the contact angle using a Tracker tensiometer
manufactured by I.T.Concept. The apparatus comprised a thermostatically
regulated support for holding the film and an adjustable height syringe for placing
the water drop. The apparatus measured the contact angle of the drop over time.
The measurements were carried out at 25°C.
15 Figure 5 represents the variation of the contact angle as a function
of time for the films obtained from a gelatin 5% / PNIPAM-5 of a gelatin 5% /
PDMAM-5 1% / 10 mM EDC mixture dried at 25°C, 40°C and 60°C.
The results show that whatever the drying temperature, the films
containing the PNIPAM had a contact angle clearly less than those containing the
20 PDMAM. The drying temperature had no influence on the evolution of the contact
angle for PDMAM-5-based materials. This is normal as the system is not heat-
sensitive.
However, the behavior of the material containing the PNIPAM-5
strongly depended on the drying temperature, as has already been shown. The
25 wetting angle changed much faster (less pronounced slopes) for films having
heterogeneities (films dried at 40°C and 60°C).
Thus, the creation of heterogeneities in the material according to the

invention enables its properties of drying and water absorption to be increased.
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lower than the LCST of the heat-sensitive (co)polymer,

10 (ii) coating on said support at least one hydrophilic binder-based layer
comprising heat-sensitive parts obtained according to step (i) and
before it forms a chemical gel, and

(iii)  drying the material obtained in step (ii), the drying temperature
being higher than the LCST of the heat-sensitive parts.

15
2. The method according to Claim 1, wherein the hydrophilic

binder is selected from among gelatin or polyvinyl alcohol.

3. The method according to Claim 1, wherein the heat-
20  sensitive polymer or copolymer comprise chains selected from among the
homopolymers and copolymers based on N-isopropylacrylamide, N-
vinylcaprolactame, N-vinylisobutyramide, and vinylmethylether, said chains

comprising units able to cross-link with the hydrophilic binder.

25 4. The method according to Claim 3, wherein said units able to
cross-link with the hydrophilic binder are selected from among the group

comprising acrylic acid and methacrylic acid.

5. The method according to Claim 1, wherein the hydrophilic
30  binder-based layer having heat-sensitive parts is produced from a coating
composition having a concentration of hydrophilic binder between 2% and 15% by

weight and a concentration of heat-sensitive polymer or copolymer between 1%
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10 reaction according to step (i) is carried out in the presence of carbodiimide.

8. The method according to Claim 1, wherein at least one of
said hydrophilic binder-based layers having heat-sensitive parts is a receiving layer

for aqueous ink compositions applied by the ink jet printing technique.

15
9. The method according to Claim 1, wherein at least one of
said hydrophilic binder-based layers having heat-sensitive parts is an image-
forming silver halide emulsion layer.
20 10. A material comprising a support and at least one hydrophilic

binder-based layer, characterized in that, in at least one of said hydrophilic binder-
based layers, said hydrophilic binder includes heat-sensitive parts, said heat-
sensitive parts being water-soluble at temperatures below their lower critical
solution temperature (LCST) and hydrophobic above their LCST, said heat-

25  sensitive parts having been selected so that their LCST is less than the temperature

at which the material was dried.

11. The material according to Claim 10, wherein the hydrophilic
binder is gelatin or polyvinyl alcohol.
30
12. The material according to Claim 10, wherein the heat-

sensitive parts are chains selected from among the homopolymers and copolymers
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14, The material according to Claim 10, wherein at least one of
10  said hydrophilic binder-based layers having heat-sensitive parts is a receiving layer

for aqueous ink compositions applied by the ink jet printing technique.

15. The material according to Claim 14, wherein said
hydrophilic binder-based layer having heat-sensitive parts comprises inorganic

15 particles.

16. The material according to Claim 10, wherein at least one of
said hydrophilic binder-based layers having heat-sensitive parts is an image-

forming silver halide emulsion layer.



