re3ezjw | :*6TjLULiy s M~ Zoo3 s  METHOD AND APPARATUS FOR C@A8 | MEY \R00H
LI QUI D OR SUPERCRI TI CAL CARBON DI OXIDE 10 Field of the Invention The
"present invention relates to meniscus coating methods and apparatus in

whi ch the need to use volatile organic solvents to carry or dissolve the
-coating material is obviated by the use of a carbon dioxide |iquid that
contains the coating conponent. 15 Background of the Invention There are
three forms of neniscus coating processes which are commonly grouped under
the term"free neniscus coating": Wthdrlawal processes, drainage processes,
and continuous processes. Many ot her coating processes use a neniscus to 20
produce filnms on the substrate to be coated. These include roll coating,

bl ade coating, and slot coating. Wthdrawal coating (often referred to as
dip coating) is the nost common free neniscus technique used in both

| aboratories and industry because of its sinplicity and, gost. Continuous
coating is often desWMWNWﬁwmﬁ e of higher output, but) he conplicated 25
engi neerisng i nvol ved mﬂmmts it from being i nage is
based upon the same princigghs as w thdrawal and i ’mm W@s when space
islimted since it requires no nmechanical |ifting nmechani's e.g.,
Brinker et al., in Liquid Film Coating, 673-708 (S. Kistler and P

Schwei zer eds. 991%) ee neni scus coa a solvent intensjve process
and account s MESHODA &P&W%‘?‘&Bﬁ?“ﬁ&é‘“&f‘!@w PORTERT Al P UREET Peabl e

sol vents. Accordingly, there is a need for new free neni scus coating

nmet hods and apparatus that reduce or elimnate the use of i.. 611.'4  ~
~'? 2 sol%ents such as VOCs and the use of solvents such as CFC, HCFC, HFC,
or PFC solvents, as well as aqueopgiasSitliNEMventictmery of the Invention 5 A
met hod of coating a substrate having a surface portion conprises immersing
a surface porti org{heprqaergub's@tmtrelaicﬁtoanww% cositiag sethofearfd apparapyn iwhich
conpri si ng i s and

t hen mnthdrgséggﬂa eﬁﬁqﬂﬁ?ﬁg§gaﬁﬁgﬁ§? et§irs%Qﬁﬂ%ﬁ%“?ﬁ?%%gﬁg@§%¥ﬁ%. decond
phase so thaxbvsaddbyctbamdengacamhqxﬂiadde liquiﬁélptmntm thecostinglcupohawe porti on.

I n generﬁ the first phase is a liquid or a supercritical fluid (with 1 o

;_.

supercritical fluids preferred for polyner nelts), and the second phase is
a gas. The w t hdrawal step i's k hh of hﬂ y the step of separating

t he carbon di oxi fron1 oat i onen oratlon
venting, heati ngc}%% cm)e t AL { © e %nésa I r?aa §rrB %s,ﬁ?s ¥V§“ % %Igya
coati ng | ayerouped neden nhe hmnstjﬁéeamnpomst lcommo’A %ﬁﬂmﬁzaas;pmtsses,f dtalnmge
invention is_an g aatus usef ul forJ@ tH&' ?ubstrate T ilng a
hi gh pressuf&EEF FPBYIUGES BGEHPS: e %pﬁc%sggsupsg c’@’F‘P t0ating
vessel conneedduee filing be tieasubartediobei dib&te&umhbse ivelade rollagudting riladg wostthgf o
contain separg e and distinct first and second phases therein, the first
phase conpri®§ 56t $92H88-d or supercritical carbon dioxide: a holding device

for engaging a Sﬁl‘hﬁ{dl%@ab@ cbRinBHoftEPelAret Mo Ll i Bt A0is MBS 5kt caditbord el ai n
system a batch or continuous mechani cal wthdrawal 2o assenpl or other

wi t hdr avnal FRERHSUDIgEhHEayesed) Ingkally lrogrataaes Abch Industey Propuse 19§ ltaéw isity gpd

renoving a <df aestim@ut taRn®fs ctRh destdbie be@h g $1105ReS Bhtfud bithe RAGHGattd sai d
second phase in said coating vessel . A third aspect o fhe present

i nventi & i §n@ﬁeeapsa%&m—'§ qf@émsﬂve%it frrabring viilissdy slPraipage isckssss prondbe a
hi gh pr eSSUfsﬁnE és%&fé?aw%l’ liy a&ﬂ%ﬁﬁ@éous Jhlh %&cf’fsqﬁﬁitéﬁ%u%é ufraﬁﬁﬂem

vessel Connecte to t e carbon OXI supp y vessel for contalnihg a
| i qui d or  no mechanical lifting mechanism. See, e.g., C. Brinker et al,, in Liguid Film Coating,

673-708 (S. Kistler and P. Schweizer eds. 1997).
Free meniscus coating is a solvent intensive process and accounts for a
30  considerable use of environmentally undesireable solvents. Accordingly, there is a need

for new free meniscus coating methods and apparatus that reduce or eliminate the use of



supercritical fluid conprising carbon dioxide and a coating conpBngnti¥ 8033
roll er assenbly, conveyor line, noving table or other such substrate supply
“means for noving a substrate to be coated in a direction of travel; a feed
| ine connected to the coating vessel and configured to deposit the liquid
-or supercritical fluid on said substrate at a predeterm ned 30 | ocation
along the direction of travel; and a blade, knife, roll, or other such

nmet eri ng f= 6 M~~" ~np~ J nmeans operatively associated with the supply
device for metering the anount of said liquid or supercritical fluid

deposi t ed owltche suhssré®es aﬂ'Chdief weegoiohgnanaichteh CFQbHEECs BXAY cadp€ct s of

t he present |ne\1/] Sngsl‘g are f%{(l fesd in greater detail in the draw ngs
herei n and ﬁlle speC| |ca 'on° &% orth below. 5 Brief Description of the
Drawings Figure 1 is an illustration of an apparatus useful for carrying

out the present invention. Figye 2 is 2 ofil.eonmetry illustration of a
first glass slide coated with &%ﬁ%&%’%ﬁ% of the present invention,
with thes pressurg nie!ﬂ{oﬂétﬁ'&oitﬁﬁg& shb@mdmlr@raemfaé@pmmebmpﬁseaﬁ}nﬁmé@ﬁag&e rate
of 1.4 psi per secaond. 1|mél i ng ne across the slide in _a vertjcal

direction. SPRESRHARAL £ A Eﬁsé% Sttpﬁ%sec@at firstphirescanmBing farhoR digwidsi num
thi ckness ofndtd\®a ﬁ,%aédmnmau& ab@ pummeBosna tﬁéaemmﬁavﬁﬁgu&l suBfifhte/B6h gal  axi s

are in um Figure profileometry illustration of the same glass slide
descri bed ifirsFplpse inta s dlstmm seponslapgsd $Rythaoséd seatisg sompenast isidepoited on

hori zontal QL nﬁﬁfat:é’ Pom&tﬂ € h{% T Thd BisE EH&@ 3s 8 ﬁ1§%'{aﬁ)rﬁq%h Oﬂtlwsﬂug‘ @Ghpum  the

m ni mum t hi ckness 0 ng was rizont and
verti cal0 axjupergritical fluids preferged for polysnen Imlb),ldnédhetSWpHﬁ Iphasstis &t gasn Bfe a

second gl asanﬁ{mﬁ s?eg% ggnegn; %1 et T5"th Yeft of ép*a%%ngfmet 08y cﬁsgaé from

i nvention rere ease ra 0 vess an aver age
of 0.89 pSI thp epatggcmwnygponehh de. gahplevapgramas, mneg,dmam etdﬁesosthatl‘éxewnatmg

verti cal ecti S th a nmaxi num
t hi ckness o OP%leregwgdtaS%Or?‘:f%np? ness 0%“’%%‘1%0 I Both t he

hori zontal and VABrstdoﬁdllas;&Xﬂ of the emaemanlm ahi aypmms méﬂmmrrcaatmg @ suiistrdrelr awal
or dip €ee_nmeni scus at i n‘% ne of . the S i nvent i of- Fi qure 6
WSS 08 iR

i |1 ustrat es”SPEPPE ¢ 1455 PR h sef HfaYE ff tion.
Figure 7 sc\haembbxmabtbd/ td the eabsmtietida saypdy wmatﬁzdwnhﬂngiﬁail\ml cohfa&ﬁsemaiescus

Cot g el ISP Sl L NeDL O MBS, B Ggnt nuovs
netering el speoiitiaf cirben cﬁ@x’;lﬂd ragxolmtgecrelv&b féradnp&ting Haubsirhte tebagatkiivmel i ne of
a free meni csog%ilr?g %gggll r]a%d a dram ‘system, a batch or continuous mechanical withdrawal
20  assembly, or other withdrawal means operatively associated with said holding device for
removing a surface portion of said substrate from said first phase to said second phase in
said coating vessel.
A third aspect of the present invention is an apparatus useful for coating a
substrate, comprising: a high pressure carbon dioxide supply vessel; a high pressure
25  coating vessel connected to the carbon dioxide supply vessel for containing a liquid or
supercritical fluid comprising carbon dioxide and a coating component; a roller assembly,
conveyor line, moving table or other such substrate supply means for moving a substrate
to be coated in a direction of travel; a feed line connected to the coating vessel and
configured to deposit the liquid or supercritical fluid on said substrate at a predetermined

30 location along the direction of travel; and a blade, knife, roll, or other such metering



'- g ,Mu ~nn~ 4 Detailed Description of the Preferred Enbodi rren?s MAY "”ﬂ%
Substrates that nay be coated by the present invention include, but are no
"limted to, solid substrates, textile substrates, and fiber substrates. The
surface portion of the 5 substrate that is coated may be the entire surface
.of the substrate or any region thereof, such as one side of the substrate,
a mgjor or mnor portion of the substrate surface, etc. Solid substrates or
articles may be porous or nonporous and are typically farmed from netal,
sem conductor (such as a silicon wafer) PI ass, ceramc, stone, conposites
(typi cal | y Mmeanserpefatiyalynassesidted with thehsupslycdaviss for mstaring ghe emopntef saidcev| ar
fiber, etc.;fl: M ek OF | S epoxy resin), polyners such
as therm)seltnsdé&rllgpgwérrc%ﬁlglg%d?dggg%ﬁg@hﬁhg§%B\/%/E?tg'h may be provided in any form
'such as a pol yneFhefforagping andpidierbigetsiand aspeets of the presend irfventddnate mepléned not
limted to ven . (4. NGl udi ljmted to

car dboard, %lcﬁrga%rzﬁg gﬂg ‘g%\é&%% }ﬁgeglﬁ%ngtt}ég%e&g%%gnguwcfﬁﬂg%?llo "substrates nmay
take anysform including electronic conmponents such as circuit boards,

optical 15 conponents such as, |l enses " ho} I lphi.c film etc. Fibers are
linear materials (with or m?&%@#ﬁﬁ%ﬁiﬁi‘%ﬁ not yet been formed
into textile natEigupd $,is andllustationlef anupyatdtusangdfis Vot batyitg bubeespredean as
wool , cotton, gl ass and carbon fibers. The fibers nay be in any form such
as thread, JAFHONt ow, etc. Fabrics or textiles that may be coated by the

net hod of the inwgatd ik éﬁ@hu@&e@pnmmmn(dfacﬂrw%wsmﬂ éoate@NWit fEYRMEN
fabrics or textiles, fornmed fromnatural or synthetic fibers as di scussed

above, &% wBY P%hﬁ plthe RssraRh/BrentaR.oFiththe raerewre Jelegie 4ats frppm dhe PRSP per
and carpet {(Qadlal sihaidgs hBRrhacls pistRes ShmpRPRL) ddBYcRESheRBdCRAL ed by
the nmethod of the present inventionh, for exanple to a&gl y a stain-resistant
25 f | uor opovsytieal direetionn gTheomatimupmethiclegse el thyiveating win@ 83 ust, thémiripaim ng
formed on the,subject after e or at of. t-he earner ..sql ution (the carbon
di oxi de al O%Ckﬁﬁsﬁ?glﬁfo%tf e‘?’asco% r"é's%e thgeahsoggonéa‘rel a@%?‘é \C/ée?n 1é‘;)a%vﬁinl ‘depend
upon the parti curigarediata profileanponitinitradopofiieshmd dlessslidsdgsadidénpigaeed, the
oS o LN PhaoTag ot widrs M o BRIl SRR, 2y RCety

i nvention psoye d8fing wRDM (A tht alifivieh @RkedDSE MhalcBatidgniviscr. 13 L. NBbinl ms or
| ayers having thicknesses of five or ten Angstrons up to - M*'~"~ 2003
5 500 or 1, beborengéal pedreerticphfinpmmin Wher medi at e t hi ckness El ns or | ayers of
havi ng t hi cknes 0, . : tr |00

m crons, and uni ‘rl{r?‘%c f‘ﬂ?cﬁﬁ#ﬁ%sﬂgg\]}lnﬁg%lﬁ?%ﬁnaegéggré&l%}atsgggﬂ? jc%’)t,% ff)l% or 200
m crons up paymenoby avesth®! of the iprsentrisventdorCoithi thg peessigo meleass ratafromihe be
coat ed S rate r | i i i : as

ot hyl end vi PO SEuf Syetbée 5E 8 s8R ERRE heobil P Bph I ol SpISR) HESALE

anti gl are matréeal dirsgtioapNatathe smavthngiformasirfare fithcs maginooathickyess dtdcl4 Mor e
oL i 1, SRR RRERER TRY B 3, PRLYLE! Do i ek

pol ycarbonag,g, a polyanmde, a 1 o polyolefin, a polystyrene, acrylic |atex
epoxy resins, novolac resins, resole resins, polyurea, polyurea urethanes,
pol ysacchari des FigweenS dBusitates @ wishdraypd ostdip &w§ memissus coatiapuaethed Af eur es

t her eof o5 The.aRPHPiNtRE, t he coating conponent contained in the liquid wll
depend uporrllﬁfhe _arr%{ac'ul ar object of the process, the thickness of the

desi red coat i ng,Fighee Gillusiratestacs]ot Eeemenignys coating meghodof e present iayrstion.. 001,
.0l or .1 perceng. . : - ' ] : ‘
particularly in lﬁ{é’%cég%heo mr:ragl&tﬂg&gé[ §%£§%n?l§§%ué%gﬁ\6§d\&p hﬁ]g{e{:uar sgﬁatgllgoxi de
i quid or smpthodof the peeserft inventiomay be in any suitable form such as a
solution or a het.ero eous system(e.qg., a .collojid, a dispersign, an

ol st on, et c. ) BRI gl e el Paf ethS e Corieran B &

het er ogenecifesySteaPa mEReing elRthest dfabe datisy feletialohther GeatHeNthsaMgRARRNT
(e.g., a po(léy@r su¢h as pol yc%rgonat e), which has 20 been heated to nelt

t hat conpon®rft e&ﬁ’&““&%‘féﬁ“%“&%@é °fy the addition of liquid or supercritical
carbon di oxide to decrease the viscosity thereof. Supercritical fluids are
preferably used with such nelts. The liquid may contain a giant aggregate
or nolecule (the "gel") that extends throughout a coll oidal dispersion (or
"sol", as in liquids used to formsol-gel filns. 25 Carbon dioxide is a gas
at standard pressures and tenperatures. One feature of a free meniscus
coating nethod of the present invention is, accordingly, that the carbon

di oxi de systemis provided to the substrate as a liquid. This is necessary
because the liquid nust spread on the substrate and the vol atile conponents
nust evaporate fromthe substrate |eaving behind the non-volatile

e A . " ~ o



a fluoropolyner, and nore preferably a fluoroacrylate polyner, as hﬁv
coating conponent, so that the substrate is coated with the fluoropolyne
“or fluoroacrylate polynmer. Exanples.of such m xtures are disclosed as the
pol yneri zation product 5 described in U S. Patent No. 5,496,901 to

-DeSi none, the disclosure of which is incorporated herein by reference. In
anot her enbodi nent, the carbon dioxide l4quid is conprised of carbon

di oxi de and a carbon di oxi de insol uble polyner as the coating conmponent -

di spersed in the carbon dioxide to forma heterogeneous m xture such as a
col | oid, dispersing being done by the 1 o appllcatlon of shear forces (such
as by stirring with a sb_ £ &0 irfactants, such as

t hose disclosed in U S o . This techni que
‘enabl es the coat Sm@stmftessthd:!sﬂayé:b eeatwl b)hthc arebemm unlmnnondmcludts burtLevé eotpmh;eder S.

I n anot her i.me hase t hat
cont ai ns or%?’s zi\stxﬁ p‘% ¢ %ﬁ“e Yoid teS’ransflutzbeféPlfsﬂFfﬁl rﬁ’grsﬁlghcedﬁ’ &?%gﬂhg

not ed abave. suB?fmetef thatsis cptstad; maﬂz&be Ny ertifel surfaee bthe I‘sﬁW&Qﬂ&n@ redlONGROBEOUS.

Thi s enbodi ne useful for t are not soluble in
the carbon d¥ ?Soﬂéle S% f@ﬁr‘?aéf@y%tnla@ﬁowmpﬁ%%%?fsth S'E’Ftﬁ@e P‘B’Paf"%cﬁfce t he
viscosity' of thgopalsybstes bPartibleS meyBe ordBér ndnprotL&NGe PAGEy To¥heB e
either a gas or supercritical carbon djoxide, The carbon dioxide |iquid may

contain a vifEE®aea) sREvFqrIdEptos (faeh a%2 shicen $aaglRte CBMiSy [SiPRBT COPORiKET case
the viscosi tg'p;claﬁi; ?&fneé%nﬁﬂnﬁt%ﬁal& E‘&htaﬁ“c&ts&?ﬁﬁe? élfzsstfb:%r KeVbARRrcaatiiRg. The
viscosity nodifier for exanple, be includ in an anount sufficient to
i ncr easel% hevifh 50@@?@3} th eheper 156W), diobsnate smhqeﬁ theppose ap Sharmem@tior 1000
centi poi se. ;,n;g%n c [

nodifier (e p-g%&@gm%hact'ag?% gl%tv{cgfel&]lrxic%:%1 ase e(?p)é) sflzéftqt% gtﬁo %?eaﬁ&laenm on
by an anou ntetcu)p wood givoluding| byt netrlirgisedrtp rygeeed a@l%/nlwog;@r papgn{ineludiag but not
Surfactants S [ e I

Qo2 phi 11 ¢ QE5E B xgRiGHgS Uik vERD 08 IREED PhE. IRl <Hid BiEs By

e.g.) U S Rateemny Norm5b, 1ﬂdlﬁd18§2el¢o¢roﬁh8cmmwem‘s fuch ; asU.cBeuiPaioards, I‘dqmcal

5, 683, 977 to Jurelkﬁ Ig 1an (p%lh dlhslck s%tces of V\/m ch are incorporated by
ref erence h&PEPRPGEE TRPFCR%Y %‘t‘)%ap 168 bon di oxi de liquid may contain
a co-sol vent thaﬁ?xtemqrerhaézemxamﬁals (szhtbwtwtﬂmttsm)dmhmceardogat ben Xorched (€. g. ,

o) = oo PERuSHE R AP TR B et BB B v doh oo
ae{myled f][ofmhdb&bmﬁbaurrltxadﬁ&mhd _T)atlsuil ndﬂy?dnj s{nchiasiﬂmﬂaﬂ,g'aﬁﬂedliw,e'fdtle parti cul ar
etails o ec Lng ne Wi epen o] articul ar .apparatus
enpl oyed. In gengagl‘ s (trhtg"tﬂ'?t WBHW%%@B?%‘?TE’E LE‘?JI g‘ § ‘tftth% %ﬁf‘%‘g&{ugﬁati ng
o1 Dcess, 01 & 1 RAgE ProCeSS [The. procceses. Y. be hALEhor. conth nuous.

| n general, ‘H‘E eébeﬂ%ﬁf disghss &QPY%@ @ ,mg‘l‘ﬁ%vegdﬁ%t?‘?aé? Sugheas\8asg 4 r awn
fromthe |I%Ht§i into a gas atnosphere, the wi t hdrawal entraining the |iquid
in a viscous boundary Iayer that splits into tw paortions at the free
surface of the sUYAPRearand prpedpatiguialyahe Rﬁ?kﬁ&}?f?‘iecﬂfé’a‘i%t) aayialsodierrgated ne

referred t @yt @eametita of Qgé‘a}}résgﬁt dv@ﬁ'txonﬂ'f@r 'éx%lblg RPVPM?” aN§Xih-rbedne
substrate ends up in the final filmformed on the substrate as it Is
further i t Hgpwnalymespeating ta thewelpap@her eas the |iquid portion on the other
side of the stagpgl 'tlﬁﬂinleésrb?ﬂlestoﬁt%g'"%ﬂﬁéa &%é?&&?&&r Fabh! meygﬁxef(
stagnation line is analogous to a netering ele hent  suc asa nife,
or roller. Tolution {the cbers diokide ralpagtmwranmyh@alcgmpbeseérgptse@;omosqltdntsmaitesses
that use a i R ta nat | ussed
bel ow. In gen%r%gl‘ﬂ’%n%fﬁgn%ul oa?m? géﬂé&%?tognel #iee gub[s)tr%t ﬁg’e&] ?gwn at
a uniformr @t@osn‘ofstbembcésscnm thec:irnrmsge bphma ab@tﬁheostenamxgstpdmw togeneral |y
in asub anH. }nmvertlcal .E.ﬁzctlon ﬁg’? at unlformne?lffcus i s fornmed
and a un’l of IBETEr A Tpre-s s the pfe Etve%fo’tpom‘f‘%?sr?eraea@ﬁ RS rat e

al ong the substrates uniform thin films or layers having thicknesses of five or ten Angstroms up to

20




surface portion to be coated. Drying or renoval of the solvent poctg ¢maYop(03
the first phase 20 material then deposits the coating conponent as a
“uniformfilmon the surface portion.of the substrate. Alternatively, the
drying or renoval of the solvent portion of the first phase results in a
foamed coating, |eaving pores that are continuous or discontinuous in the
coating. This can be effected by rapid psessure rel ease or tenperature

i ncrease. A first enbodi ment of an apparatus of the invention enploying
drainage as the 25 withdrawal nmeans is illustrated in Figure |I. This figure
i s di scussed3Q0nogd #AP epngstomp,| uniformy ptgsmediate yhjckngss \iflmp & layes rigleavingt hod,

t he appar at ug: 1 NG t ] j b QR WMt ain
im0 mor eiskitsislf 08, B0GUTERIRATYAIER o 3000 8PS0 ARt Td LIRS, 0
‘coat i ng appatheckulnfsoravirgr thidknessesuef atroat 0 dehtor i260 guiromsitupctal | yoridvemst r at ed
in Figure 5. ill'?eevressel 50 contains as a first phase liquid or 30
supercriti caP RS- conpri sing carbon di oxide and a coating conponent 51.
The substsate 52 Gatihglcompenehisehatahap bonodiyd en sitaumesBy e presehhinvestimel i s
filled. Once, _the vessel i i, ,~~wnv ?2('. . h~s filled, the substrate is
i thar awn §BHEHETERTS 51 s G IE B YRR TR PSS HEEhant om
secured to thgymdneantfpdirt i pmedls,t bticile $6&inggnantirefvtded edatimgs! k. clMoR,

form ng a neni 5{:@5 55 al ong the surface %grtiop to be coai_eci. A sl ot
coating appabagrarlys e i COmpROpent) A% 9 48 RYLURtANGY A SO68CISPRSEUETat? ng i s
to 5 be conspdignest, QRCedoxPa Golyeoist, | 4 polySreviahd)ds HoBloarbOmitd, 0 pbBaRide, 2 The
supply nozzle serves as a vessel 50a that contains a liqujid or )

super cri 4§ carolyqlefing F PPLYEYIshas aTRlismAtes CRRKYC ERsiNeN NAYQARE ERSIngn EEsalecraip.ng
conponent 51y A JNe,3HbSE hidifine? BpdivsattBhiiedl klich 38 SUEILAE Gnd WidrkiON ek be
coated adjacent the Iiquid by a clanp 53a or other carrying neans (table,
conveyor belincludippolixtures ghersiof. Theanountefthe capting gerapensniciontatned i the diquide
liquid or t Q. it i IR Lcal

dr i ng. mechany peilob uarlce hisube e oI, SleTLGER B BT ENEE e
coat ed. A cohe iswhstrats, etf.t hatriawagengral diom elesait 1093, A par hperserftde 16a20,yar#§ out

the presgﬂt éz%eafwgg%ﬁ@ &%reu?érﬁ'&ﬁa[r b eicgse:: dt?x::’egtlﬁ 33 desBifboedbefolgur € 5, the

vessel 5 iqul supercritica conprising’carbon
di oxi de and a codkhergrbon divaitediquisiidy supehdriticalstbrid sy bs imanyt fuigalfle fgm, pithse.

The substrate 5 is held, | O . i , at

i ncl udes a raglal sé?.mgigr %(%Igfeh%gltrl]%gs \?ﬁ% ﬁ# Le'%']'h%g%%fﬁ%n%é}sggb%ﬁ@?@o%’se&'?

cont i nuousl! yLiduidvegstéme aret prefelrad forbspch halutamswe tetegograsmnisystemd. o The tiguid

meni scus 55b_al.ong the.surf.ace portiogn to _be coated. I.n the r i N

oo i s ofd St e & el Sorhikoiddes € pRmF ik ds potY s iple 5B i
heat er s, 2qor essnrheatpding Smeltr éiat icompadteno and diehsswdllenpieyr dieuadditmndopliqes ure
transducers, contro chani s tirri nechani,sns d the like,my be

i ncor por at e REHEE ég‘%%%bo&ﬁ{éf@l getcﬁéseaﬁ‘rgmvéifﬁﬂ%{hﬁfeof'ﬂ%upgﬁﬁlgﬁ’d ft%%“s @%and

}: he congi t i qitefefablytused fv\iit_hfshclpilihaﬁs%. Tﬁél@qxﬁ@ﬂlhj' ﬁmﬂhﬁa_af%lﬁitia@gegai@_af ﬁiolﬁﬁul_@? of

i gure enp) oys teri el enent iich as illustrated is a knife or
bl 26" but e Bat St sEpvehon oy lotdh akbersipe s Solsi e diaha gsos Brant )
The substratfrPdoligs] gyt i nuously nmoved froma supply roll or spool 63 to a

take up roll or spool 64, which together serve serve as a substrate supply
means. Afy ot her cg{]‘??é‘tq*‘a‘cl@ 1§ 3836 Al meesEs d tgeperatussc (P deaue Gfigey or

assenbly, t afletm¥idchs TRMHRE I BAELEONhE %els_@xitQHFéﬁEi%n is’i‘@_gcorr&lggelw 8t e Aitah

pressure carbon dioxide vessel 66 supplies carbon di oxi via line 67 to a
hi gh pressurdioxidmsysieg isergereds®, the subghipietescalivtd  Idisds areestarabecaiseat i ng
component arl?qlu{H Rt s JeE'EPﬁA lq%.rsﬁbs‘ﬂfatfe%@ e VOt Corifodbhnts Ak é%rﬁ%drgiﬁ'ﬂéﬂ:?ﬁﬁe' n the
coating vessel, an uppl'y Tines tor the coating conponent and ot her
substrate leaving behind the non-volatile film-forming material. Where the carbon
30  dioxide is utilized as a solvent, this is also necessary to prevent the carbon dioxide from

evaporating too quickly to remove the compound to be removed from the substrate.
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coating vessel. A feed line 69 connected to the coating vessel supplies the
"first phase to the substrate, where.thickness of the application is
controlled by the nmetering el enent 61. Dependi ng upon whether the first
-phase is a liquid or supercritical fluid, the process may be carried out
within or outside of a pressure 5 vesselg pressure reduction chanbers or
baffl es may be provided, an air curtain or the Iike may be provided, etc.
In general, the apparatus is configured so that the substrate is wi t hdr awn
fromthe first phasee embasimentathereasptredioxide il i egraisedefirarbonidinyide and
essentially of i r at h

pressure. Thag ﬂe?%% Q%Eﬂee?eg?r](rdaqﬁm@ Fegéeb%(s)féjffﬁ"ot ag&ﬁa(%é oIS merf |arsgte)§§n§§dnfeﬁgt
'such as ni tr@gwnnenThsp atam&wpnéws@atcray cgﬁqi)r\mﬁletmaﬂlbmpocltrrmn atefladroacrylatessur e

of 10 to 10,000 psip. TeHpeialih & BAGLOL PLESSHLE LR L8l 0f Lhe vessgl 1n

whi ch coating s caffiBd out ie p | y “provi

di ff er ents aldepatbed ah UrSe%mne N, 5496000 i (DeSdmoria;etth\edrsclsmrd éfl whichpihase
and the secand has re of between about 10 and 400 mm Hg. 15 For
solid articl®B& ‘Hﬁtﬁ mE‘E one, ceram c, seniconductor articles and

the like, batch gs aﬁ&ﬁ@r'eﬁiﬂ»@&iﬁlem Uﬁmldlmtuqﬂm 1s‘ébiﬁ'pﬁ§kﬁ€bf‘é%bh Bidxider
continuous coati g% wWith a meteri n el en&e gure may be used. For

Fi
fibers, contaAdsadondipxidsasehy lelp,@ YRE LR éﬂatmlgt°°in§°‘i‘fé‘F disRessediin thesreboay 1 ed

that fibers digd @vbaed he@roBertb@Pmixdhre shdheds @I81d, ﬁisperWﬂ% 6Eing Abnd Biethe be
continuously unwound 20 into the first phase, conti nuous W't hdrawn into

the secold pRBLwLonof shensforcen (Supl @ dy\Stirdemo Uit 7 SHrTe) 98 évquféﬁtadé%len ofox
fabrics, papgfaceftis WRGHaSHBS diddiSRd it UK. 'I‘Ht!é?h'sSNQ' p.3¢984J HIs, @76 ?@‘t iRdous

coating V\ntharreterlng el enent 1s preferre I's particul ar preferred
that fabri cedhnigye onabips thepoatipgrafisubsirntes with ﬁméméxomdbmseluhhmms whi ch can

th b t

W Ehdrawn it o ¢ 5 ot V0GR, b Beshihcth 1A Eor FRTIEEM s
subsequent farns siolleg withdiquherenpercuticheqpamsdioxide, ze npteé abext. Blze first phask ar
process. Wi, efy ttmt}se?eoﬁe%er%]etngg\ﬂ;/oﬁ g&#ﬁ%ﬁ@ﬁ q%?snengct %ﬁnénl'??st %a‘l’ﬁfgc @%ISQBPfog' oxi de

(whi ch i ¥ mos preferte any erra is’a gas
st andar d t erppbmirs that aredncﬂcsohnbkesmuuhe caiBordidxide, banchebe swmlédnowrthd:altbona

I d t o

or assur o caf oL Saeick tue il RERE SR s i Y SLoBREBAGE )

2003 ~o0 car bmyhﬂmhen@abqupekcnﬁlcan lmbanche)am fluid. The Ii qU| d pref erabl y
t hat L h t h i t t

o e b B TR R B GASRA

i ncl ude 4002, polyti @b indfeasecthe hizossity ety aad ditgeahd thitﬂmessabbmasu(fsceg:oanng

per fl uor oprgpane and %{&éluoro cl obyt ane t are gass

Ry ocar bon<ieHaEouy el Sy, b eHralc, by dbien iy A6 EuOSHt SHRelthnd dgkesss ng
m xt ures t hekedbcositb6tfthid cApinyid:add 1equihig e abs|so0er BB, cetligdiseN20, and CO
Most preferred reactiqon fluids jnclude C02, HFCs, perfl, uorocar bop and

mi xtures t her eof ThECaHRoPediowe dbqéfdanaHF@tquhé’l é?)"gacf h§&son mAditigr (C@notn t o

be good sol w@ithankto ilGENe S Beckeald R 31Face ABR/IAWISan BIARE upkd ¥bdub @RS oFFCS
t hat corrprl se from1l to 5 carbon atons. Specific
minus 5 dynes per centimeter. Surfactants used as such surface tension modifiers should

include a CO,-philic group and a CO,-phobic group and are known in the art. See, e.g.,
U.S. Patent No. 5,312,882 to DeSimone et al.; U.S. Patent No. 5,683,977 to Jureller et al.
(the disclosures of which are incorporated by reference herein in their entirety).

The carbon dioxide liquid may contain a co-solvent that evaporates more slowly

30 than does carbon dioxide (e.g., alcohols, ketones such as cyclopentanone, butyl acetate,



lo exanples include 1,1, 2,2-tetrafl uoroethane, 1,1,1,2-tetraflufrpay
trifluoronethane, and 1,1,1, 2, 3, 3, 3- heptaf | uoropropane. Conpati bl e m xt ures
“of any two or nore of the foregoing.also can be used as the fluid. C02 is
nost preferred, and where m xtures are enployed then m xture that conprise
-at | east about 40 or 60 percent CO2 are pxeferred. The present invention is
explained in greater detail in the follomng non-limting 15 Exanpl es.
EXAMPLE 1 CoatingApparatus and Preparation The purpose of this series of
experiments was to determ ne whether carbon di oxide can be used as a free
meni scus coatyilang)- sPlbswsies comied veifhpactat cgbersdidxids lighidunayrtherobdriegwred from
(above). Th t per high pressure cell 11 and a

| ower hi gh Stp% %%%%éf#g@% ﬁg&g’m%rb‘”g 1116 inch stainless steel tubing.
‘A magnetic stirr é?hel;ihrmcsﬂaprdetaulsleﬂ thoroatsg methed vill ndeperah updrt theapasticularbar
placed in the | ower cell .. The r at 1S S ted by a support stand 20
Pd ad ust aPRR qEPyss el B Meliid 1< Cmpl bRl e P RS ol ha
is secured tgodsslsadhms aaliiglorn Withdedveah Podting PEREsSCA 16t doatihig) probdk Airiairaifdge25 t he
cell. A pressure s_@}sor 22 and_t gnﬁgrature sensox 22 are included, and al so
connect ed t PTPEEheklisi RFecessss May By batety gr GoRtippols olageagial. &t Hes MERSTUS GOBWE 244,

24b, 25 ( shoypbeesses,deeh Qbstrité 68 ) withHRsvit SohrS tikedlighti@ fritd |22 asMatdibsgﬁérbome
di oxi de from a carbon dioxi de punp (not shovvn) through ines 3 OQa, 30b

and val ves 6visipwal etrining thediquishingevissras radary davier fat siits iofp WOg@PrEesssur e
cell (substrate fglshifacklort ib&raROH AR itRHe BIESSHBA i§ 8ldlviding ikl fc@é?re@el 1)

12 along drainage line 31 through valve 1. In the inverted position, fluid
can be diai rieds thejstaggatigpAine ~The~h@¢1p¢r$4@mn@@mh¢ supsretelendsupt ig thénal u’nlbgt rate

cell 11 thrg gg«gih&}l X g%n% Vﬁl' Wrtﬁ BraGHHdnt thedfi dJ&qH &leasfid iqdit Can

be vented thr e pressure tl ans ucer was o tai ned
f rom Sensot ewrtion\ydthe qfth®6®1831f4176 mgnatlbm lipe frprstiamadr o thobathdty graviasihe

obt ai ned 1 o (IR e 1%%%99%\}8%%&%&%%1%?;%&%5% e, il & éjf b, Qa0 Hi gh

Pressure Equi prent Va ve vaI ve'’4/5
wer e obt ai neble prepamt ngnndarreassalscedequplpy@nmﬂOpmpeﬂsgs that\izd el m#eﬁ:@- dleiBéE 1.

The magnﬁtl C tiSt{rrer was f%\gm LTE,.SCi eratéfl C t al gue 33 Q160-0. The

ti e discuss elow. In gene meRnjscus
carbon di’oxi‘de S%%unr?po obt arh om’l scCo @yrl r?ge unp and

Series D Cor;irocmhd elne sWatriions diaoxi ale \gafonmasteoﬁ‘t@mleﬁomrthmﬁkmp}mmto the

S Ity Ga dth b | .1 m VR, Sci.entifi
o oducts - CErO 5 Gahy wobserh iy ViRl Ay ke B BRSO Baned
wi th hot matfem&almﬂdhha&@ﬁrnouﬁdhyfmpmbﬁﬂtemlb forard@neche sibtedte slofigihbi ng,

the cell is sprayed.with acetpne and all owed_.t.0 d Af ter eanin t he
Col1 s 111 1B e Lo Bt TGN a6 e aticn of bE AR Bl ng.
the cel I® arrﬂat%dl kied fgposﬂtﬁfiﬁ cﬂ@tlng&d@filpb?fnt awhﬁnmr@mhd@lmbsﬁ@degq;omon of

cont am nant s ter seal.l €eaKs t he stem. s pur ge

at nospher i ¢ BoMEERtENAL eg@%agg}aﬂssdéﬂgg b ameiieb Of R U AR PPROR s and
dried with EphWeR@sultEQ&B fédned @ohtingt D;@Ving e @tht Wet ddnAm@iud BE dBbshtidib®dnW th a
wi pe. Finall each slide is spra wth acetone. After cleaning the

slides are phegastngy This ?ﬁn&eéﬁfﬁctwegwpls@aﬁtsgmgéelﬁaﬁﬁpr teREsFaFeingi§aSended above
the surface and lsefifs %bSdﬁQ@ﬂttﬁrEH%?m?ofaﬁ 1I%n@i9l%ﬁ{p§’&yﬁ% drfinR¢ePsL@e i N @

refrigerator until use and wn. The glass Slirde is sprayed with
acet one 2And Ythdea! meansts ilwiseted intBigure 1. Tipg fi ﬂlfle i éiswmdolparwtqu@dcnw

ol it on celfereery PR Yl aUREAAE o) BLlepRERa AkBotOMs SEARE TR o two

wei ght per camtongwiction with tlarthialahnatynmm oresisély cemtrol shreckatetod daqmgc atus returned

ﬁgf ?i gr;:]; 21; g(rar ZLSAI ﬁ%lﬂ%d?o it i (Pelcllgg?‘n%lp%g%ﬁ% ussét%b 'Jf’)isulggl;n and evzlqct h?@h l‘oéo
not to | ose spiematieally i]]bst&teidSndﬁgmretSM Tlee. vebed 50 bostainatag acst phase figlil @d t o

2000 psig and evacu to clean.th tus and evacua | egn t he
Zppar ot i3 adtPSy A TR R R G 4 A OB RATRE O T 610 THE P Cathe

sol ution celsk ik feldhignhd sdldtRe by 4 Bainp @3i whikathbaBssdl BXflE. abncéAhe Pedse it o t he
top inlet and the apparatus placed back 30 in the refrigerator at T=16. 1C.
the magnetic stirrer is turned on and the solution is left ~ 6 C1;~" ~
2003




12 overnight to allow the polymer to dissolve. The sane sol utiof: Bs}*ﬁm‘éeﬂﬂm
_for the three runs described bel ow. EXAMPLE 2 5 Pressure Rel ease Rate of
1.4 psi per second The apparatus in.the refrigerator is filled with clear
C02 and polynmer solution at a tenperature of 9.1 C and a pressure of 611
-psig. The apparatus is renoved fromthe refrigerator and inverted to all ow
the liquid to drain to the substrate celd. After about 2 m nutes the val ves
are closed and the apparatus is set upright. The cell is placed back in the

refrigerator, the pressure transducer is closed and the systemallowed to
st abilize. cﬁhlcé, thérsubsisbteis \Uﬁldlrmglmnﬁhemaﬂeky agrelectrecal opmechapicalagithdravabegun

by openi ng t

val ves are C nga?%e su l?lgrpa‘{ gg}élgﬁ O?ltgglqlg 81)(;aécfﬁgﬁ}}%tg%ggl}gée%bng’gopened
‘at the top cfmirrhnglmdueamaxswétalomg thessutfeqpportan tabesbcmwdr ate of 1 4 pSI per
second. The gl as lide.is re ved fromthe a S an val ves are 15
closed. A thin f%ﬁi‘?toqoa%a}’ﬁg ESF%W EBH’ 1 R SIENF e "soa}”ilg ﬁz?rat ed
in Figure 2 barvdnﬁaegw @néBxypEMMBhﬁ@qummw Rﬁlnﬁ@&mereﬂﬂt erhefsuﬁplﬁamme per
second 20 This exan? |§ carried o i Q essent| al Iaﬁ/éggs same nanner as
Exanpl e 2 alS&Res 2@ Vet é’?ﬁﬁmg?:%% igd jop, synqeerisipp ffuid fist aSGsF@H‘PPﬁnExarrpl e
2. The cel | 3a\Bk BioRfildiand RIcodtRd R @n&?ﬁﬁerﬁk%ﬁ@sn@feﬁ@l&&léﬂﬂﬂﬁh@hﬁﬁ‘éwe of
606 psig. The sol ution was_found Fo be cl oudy, and was allowed to becone

clear and stapioa tpdeseated pdirssab e liquidyg flampySdp on ghensarying means @Gble: f or
one mnute eaﬁivewve's&]y spePademblf EB). R dhRkBRIR MahMeRrdR ﬁeqlcglh@%?d, the

substrate cell s isolated and evacltation begun at a rate of
psi / secod. sqpescrijicakBuid| jldyanseleetriagl ot neekaniceh edrawing. mechapism, formingod

pol ymer is folind 04k t?ﬁﬁg%@sﬁ&aﬁﬂgﬂ%&t@%ebé#%ﬁrat ed in Figure 4. Further

reuse of the polynmner ution resu in coated slides, apparently
because of the dil mnnoumufmmld@“@bbmip@oatingrappawgefqrwasymzmt tborpe@gmtng is

i ti g 1 ner BapcRyRRFERRRI 4 UERL vl AP Ml 26 EORRM M RRRRLT

clai ms, wi t supeneriticall fuid soroprisinpecadioaidinxideantd e coatmlgu:quiomdneﬁﬁj rwhich serve$ M- ~

2003 13 Al f . b
2o sl e B, 88 IR0 S B0 iy YR SOERY. B, oo
conpri si ng andmctah cagbneﬂ S4bugdsaiosedawithia ghel bith.r snherﬂuhmt&mrmnnmdmglycrha\hm

di oxi de and_.a ¢ onent co nerlc recursor: and then
i st e 58uT BR R by HROPSBing SFR0bS; Ritmigh® pleThyes sk S3HE 3 wufle

exi sting at panmnmcweréc&mﬁ of the first phase and a distinct second phase,
into the disti nc} 'EQheCAD hase S0 tFﬁ hase |Im (gr nmed on said
surface portion. Mtheforgei e&pB%tBsra ’&“{36 XveWﬁ ré‘l‘HPys%? dReHr awi ng
fst ept i's ﬁbO' ux]gwleﬂea?atst;h&ss&gmtﬁ reRgakadd ﬂglsSﬁh@e@afrﬁ@x?u ﬁieiﬁ&teﬂﬁaﬁsﬂ?@ll%l d

irst phase filmfromsaid. coati onpo in sai irs ase filmso
that said cERTNGPECEARTReHTINE megaRE gng eallkecs%&ﬁ?fgmcorporateg as needed to

control the atmosphere of the second phase and the conditions of the first phase.

The continuous coating apparatus 60 of Figure 8 employs a metering element 61

(which as illustrated is a knife or blade, but could also be a roll or any other suitable

25 metering elemeni). The substrate 62 is continuously moved from a supply roll or spool 63
to a take up roll or spool 64, which together serve serve as a substrate supply means. Any
other substrate supply means could be used, such as a conveyor assembly, table with
motorized control elements, and the like. A high pressure carbon dioxide vessel 66
supplies carbon dioxide via line 67 to a high pressure coating vessel 68, in which carbon

30 dioxide and a coating component are mixed. Impellers or other mixing means can be

included in the coating vessel, and supply lines for the coating component and other



i AN NN
| ayer fornmed on said surface portion. 3. A nmethod according to cltéiQn'iF}' 73
wherein said first phase is a liquid or a supercritical fluid. 4. A nmethod
‘according to claim1, wherein said second phase is a gas. 5. A nethod
according to claim1l, wherein said first phase is honbgeneous. 6. A nethod
according to claim1l1, wherein said first phase is heterogenous. 7. A nethod
-according to claim1, wherein said subsprate is a solid article. 8. A
met hod according to claim1l, wherein the biological surface conprises...:
9. A nmethod according to claim1, wherein said first phase further
conpri ses aingiedzasiday alsode fnchrded into-thelgoating'viess2l) 0 Alfdedlihe. 69 campédtalitoalnc or di ng

to claim1l, erein.said.firs ase further conprises a surface:tension

rod frer . 15HE e oaplich SieChRPRAS o A P, AP e Rage S bt RGPSy ot ep
s carried Buonidylled Byhie avdtarhg Shentbns 6Ds Depdndinprupon Swhicthef theSfirspptaseisiant o an
at nosphere gonpri sing .carho | oxi de at .a pressure greater, than atnospheric
pressure. 1hqui OhaP! B“%P&glﬂ’%d&ﬁ@.“f‘%ssﬂ%%cfneaﬁlé‘r‘@i ?géP‘g‘}S‘G‘FP BPEWHy step
is carriged pdibel PresdiuleRemiRYbMEhasibe of BRSIES Ahe bé pRMdSA! & dif ustaidddraselike1t 0 an
at nosphere congrl sing carbon dioxide at a pressure of 10 to 10,000 psi. 13

. A nmethod &é¢ ?Hﬁoﬁ’gleil:c?t‘bl aim1, wherein said withdrawing step is carried
out by wi thdraw pgeaahd nsUpsikal & bher&Rdodndt tieSdbRPASH wiﬁxfdﬁavﬁ{]ﬁ@x}:rﬁﬁ)e?pher e

conprising carbon "dioxide, said method further conprising the step o
mai nt ai ni ngfiest phas¢ ntean ptmosphere doxipriging o5 eAnsistig essaniiolly df epxbatedipdidowten sai d

3%, R B SRS el RSP Al S el

10  comprise an inert gas, such as nitrogen. The atmosphere may comprise carbon dioxide at
a pressure of 10 to 10,000 psi. Temperature and/or pressure control of the vessel in
which coating is carried out is preferably provided to maintain a differential partial
pressure of carbon dioxide between said first phase and the second phase/atmosphere of
between about 10 and 400 mm Hg.

15 For solid articles such as metal, stone, ceramic, semiconductor articles and the
like, batch or continuous withdrawal coating, drainage coating, or continuous coating
with a metering element (Figure 8) may be used.

For fibers, continuous dip coating is preferred. It is particularly preferred that
fibers be provided as a spool of fiber material, which can then be continuously unwound

20  into the first phase, continuously withdrawn into the second phase, and then continuously
rewound for subsequent use.

For fabrics, paper, or wood substrates, continuous dip coating or continuous
coating with a metering element is preferred. It is particularly preferred that fabrics be
provided as a roll of unfinished fabric material, which can then be continuously unwound

25  into the first phase, cc;ntinuously withdrawn into the second phase, and then continuously
rewound for subsequent finishing. Wallpaper and carpets can be treated by a similar
process.

While the present invention has been described with carbon dioxide (which is
most preferred) as the liquid, any material that is a gas at standard temperature and

30  pressure (STP) but can be transformed to a liquid or a supercritical fluid under increased

(i.e., superatmospheric) pressure can be used in combination with, or instead of the,
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777B8r 89v: : carbon dioxide liquid in the present fluid. The liquid preferably is one that.is not harmful
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]M_]I vv]r rr‘sl]c“‘serl hsai]rwihbai dai aw] g]aedsm}SfT@] p&aétcm}m@dseﬁheaﬂe%iaa@mw}(c?]oca
cajCajcajcC a Caj ca] Ga TTHTL 1 ~ 0mm
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Tovme: () y: FPpie e iyl tras sbont 40,05 60 pergomt COp e prefemed

“u\V7 @S@ 0% & ( Thel pre@es inveationd Oetpiine-in g1@5S deel 3 1RSI DOYEEELLE) - 2
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10 1 810%GG& () - Y FLO%G 1QUGE )-9B109GE ()- 10°

“$/aBE7 10°°! 109%% () - SO A PEAE9% S s& () -yL 10968 () - |
l\/[LO%B& ()- 3}"’7E7Thle.0pu14pbs'b06ﬂ3&us( )serfas ](ﬂ'%iﬁ&bxﬁr)leﬂtsz 6 UGGt drininel SREEA (Arbe

0 -1 N9
109 () Fdi%%@_' e can Eg uyed aEgee memscus coa ing gglvent The apparatus used is show in

20  Figure 1 (above). The apparatus 10 comprises an upper high pressure cell 11 and a lower
high pressure cell 12. Piping is by 1/16 inch stainless steel tubing. A magnetic stirrer 13
is provided for use in conjunction with a stir bar placed in the lower cell.. The apparatus
is supported by a support stand 20 and adjustable holders 21. The substrate is held in
place with a chuck that is secured to a clamp, and the clamp is connected to the interior of

25 the cell. A pressure sensor 22 and temperature sensor 22 are included, and also
connected to respective cells by 1/16 inch stainless steel tubing 24, 24a, 24b, 25 (shown
as dashed lines).

The cells can be filled with carbon dioxide from a carbon dioxide pump (not
shown) through lines 30, 30a, 30b and valves 6 and 7. The fluid can be drained from the

30  top high pressure cell (substrate cell) 11 to the bottom high pressure cell (Solution Cell)

12 along drainage line 31 through valve 1. In the inverted position, fluid can be drained
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5  obtained from High Pressure Equipment Company — Model # 15-11AF1. Valve 6/7 and
valve 4/5 were obtained from High Pressure Equipment Company — Model # 15-15AF1.
The magnetic sStirrer was from LTE Scientific — Catalogue # 333-0160-0. The carbon
dioxide source pump was obtained from Isco — 260D Syringe Pump and Series D
Controller. Carbon dioxide gas was obtained from National Specialty Gases, and the

10  substrate (glass slide) was from VWR Scientific Products — Catolog # 48311-720.

In use, the solution apparatus is cleaned with hot water and then thorougly
scrubbed with acetone. After scrubbing, the cell is sprayed with acetone and allowed to
dry. After cleaning, the cell is filled to 900 psi with carbon dioxide and purged. After
purging, the cells are filled to 1800 psi and left overnight to dissolve contaminants. After

15 sealing all leaks, the system is purged to atmospheric conditions.

Seven glass slides are cleaned with warm water and dried with a wipe. Each slide
is then cleaned with acetone and dried with a wipe. Finally, each slide is sprayed with
acetone. After cleaning the slides are placed within clean weigh boats so that they are
suspended above the surface and left at room temperature.

20 The apparatus is placed in a refrigerator until use and then withdrawn. The glass
slide is sprayed with acetone and placed in the substrate cell.  Poly[l,1-
dihydroperfluorooctyl methacrylate] (PolyFOMA) is weighed in four separate samples
and the solution cell is filled with those samples (total .6047 g) to provide a two weight
percent solution, and a magnetic stirrer, and the apparatus returned to a refrigerator at

25  T=5.8°C. The apparatus is removed from the refrigerator and the solution cell filled to
400 psig and evacuated so as not to lose polymer. This is done twice. The substrate cell
is filled to 2000 psig and evacuated to clean the apparatus and evacuated to clean the
apparatus and slide, and the solution cell is brought to 619 psig. The solution cell is then
filled with liquid carbon dioxide at 720 psig to the top inlet and the apparatus placed back

30 in the refrigerator at T=16.1°C. the magnetic stirrer is turned on and the solution is left
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refrigerator and inverted to allow the liquid to drain to the substrate cell. After about 2

minutes the valves are closed and the apparatus is set upright. The cell is placed back in
10 the refrigerator, the pressure transducer is closed and the system allowed to stabilize.
Once the solution has no ripples on the top, drainage is begun by opening valves 1 and 2.
After 1 minute and six seconds the drainage valves are closed and the substrate cell
isolated, the transducer is opened at the top cell and evacuation is begun at a slow rate of
1.4 psi per second. The glass slide is removed from the apparatus and all valves are

15 closed. A thin film of polymer is found on the glass slide, as illustrated in Figure 2 and

Figure 3.
EXAMPLE 3
Pressure Release Rate of 0.89 psi per second
20 This example is carried out in essentially the same manner as Example 2 above,

with the same solution in the apparatus as used in Example 2. The cells were equilibrated

at a temperature of 10.4°C and a pressure of 606 psig. The solution was found to be

cloudy, and was allowed to become clear and stable before drainage was begun.

Drainage was carried out for one minute and twenty seconds., After the drainage valves

25  are closed, the substrate cell is isolated and evacuation begun at a rate of 0.89 psi/second.

The glass slide was removed from the cell. A thin film of polymer is found on the glass

slide, as illustrated in Figure 4. Further reuse of the polymer solution did not result in
coated slides, apparently because of the dilution of the solution for these runs.

The foregoing is illustrative of the present invention, and is not to be construed as

30  limiting thereof. Accordingly, the invention is defined by the following claims, with

equivalents of the claims to be included therein.
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an interface of the first phase and a distinct second phase, into the distinct second phase

so that a first phase film is formed on said surface portion.

2. A method according to claim 1, wherein said withdrawing step is followed by
the step of separating said carbon dioxide in said first phase film from said coating
component in said first phase film so that said coating component is retained as a coating

layer formed on said surface portion.

3. A method according to claim 1, wherein said first phase is a liquid or a

supercritical fluid.

4. A method according to claim 1, wherein said second phase is a gas.

5. A method according to claim 1, wherein said first phase is homogeneous.

6. A method according to claim 1, wherein said first phase is heterogenous.

7. A method according to claim 1, wherein said substrate is a solid article.

8. A method according to claim 1, wherein the biological surface comprises....

9. A method according to claim 1, wherein said first phase further comprises a

viscosity modifier.
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by withdrawing said substrate from said first phase into an atmosphere compnsmg carbon

dioxide at a pressure greater than atmospheric pressure.

12. A method according to claim 1, wherein said withdrawing step is carried out
by withdrawing said substrate from said first phase into an atmosphere comprising carbon

dioxide at a pressure of 10 to 10,000 psi.

13. A method according to claim 1, wherein said withdrawing step is carried out
by withdrawing said substrate from said first phase into an atmosphere comprising carbon
dioxide, said method further comprising the step of:

maintaining a differential partial pressure of carbon dioxide between said first

phase and said atmosphere of between about 10 and 400 mm Hg.



