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‘  Field of the Inventmn g , .
_ The present invention relates to meniscus coatmg methods and apparatus o
:_wh1ch the need to use volanle orgamc solvents to carry or drssolve the coatmg .

| matenal is obvzated by the use of a carbon dloxrde hqmd that contams a coatmg -

, component

" Bac l_{gound of the Inventmn

There are various processes for coatmg substrates

One type of coatmg S

process is an immersion coating process. In an immersion coating process, the o

| "substrate is immersed in a single-phase solution containing a coat{ng material such:"- o

5 that the coatmg matenal coats the substrate.. For example, WO 98/54397 proposes S
chargmg a vessel w1th a fluid contalmng carbon dioxide and 2 surface treatmentf .
component and contactmg a substrate with the fluid such that the surface treatment A

: _‘ component coats the substrate .Anotber type of coatmg process isa mernscus coatlng .

. process. _ I '

There are th:ee forms of meniscus coatmg processes Whrch -are commonly .
grouped under the tenn “free memscus coatmg” Wrthdrawal processes dramage _
 processes, and continuous processes Many other coatmg processes use a meniscus to s
' produce films on the subst:rate to be coated These mclude roll coatmg, blade coatmg, o B
and slot coating, ' L ' o

Wlthdrawai coatmg (oﬁen referred to as drp coatmg) is the most comimnon free .

* . meniscus teehmque used in both laboratones and industry because of its 51mp11c1ty

erence tb Rel ated Applications The. present application is a
99, allowed, the disclosure of which is incorporated herein by reference inits
us in . Field of the Invention which the need to use volatile organi ¢ sol vents
Background of the Invention There are various processes for coating substrates.
ating process, the conponent and contacting a substrate with the fluid such
xide and a surface treatnent. that the coating material coats the sub;
such conponent *coats the substrate. Another type of coating process is a

ng processes use a nmeniscus to produce filnms on the substrate to be coated.
ating processes which are coomonly grouped under the term"free neniscus
as dip coating) is the nost comon free neniscus technique used in both

ng is often desirabl e because of higher output, but the and sl ot coating.
e is ‘based upon the sane principles as withdrawal and is advantageous. when

C. Brinker et al.,

: 7' and cost. Contmuous coattng is often desuable because of hlgher output but the
) cotnphcated engmeermg mvolved often prevents it from bemg utilized. Dramage 1s
 based | upon the same pnnclples as vnthdrawal and is advantageous when space is
' hm1ted since it requires no mechanical hftmg mechamsm See, e.g., C. Brinker et al.,
.in quuzd lem Coarmg, 673 -708 (S Kistler and P Schwerzer eds 1997)
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[)4- 3n C ln general, free meniscus coating is a solvent intensive process and accounts

for a considerabl e use of environnentally undesireable solvents. Accordingly, there is a need for new free nmeni scus coating nethods and apparatus that reduce
or elimnate the use of solvents such as VOCs and the use of solvents such as \CFC, 5 HCFC, HFC, or PFC solvents, as well as aqueous solvents. Summary of the
I nvention In one aspect, the invention provides a nethod of coating a substrate. The nethod conprises imersing a surface portion of a substrate in a first
phase 10 conprising at |east one coating conponent which is a polyneric precurisor, then withdrawing the substrate fromthe first phase into a distinct second
phase so that the at |east one coating conponent is deposited on the surface portion; and then subjecting the substrate to conditions sufficient to
pal ynerize the at |east one coating conponent and forma pol ynerized coating. 15 The foregoi ng and other objects and aspects of the present invention are

s .herein and the specification set forth below Brief Description of the Drawings Figure 1 is an illustration of an

explained in gr ea'?ﬁr eiehdkde L0t he draw. ng ein ; )
appar at us usef ul oF carryi nlaend{ﬂ]sf’?f’ém%r‘se glyent JRPISIG EFRCPHARdEcepurte 2 is a profileonetry illustration of a first glass slide coated with polymer by a nethod
of the preserfpranmmh,mofmmﬁmmwwﬁsmlg@%ﬂ@tgcéog(ggéls,hﬁempressure vessel at an average rate of 1.4 psi per second. Sanpling was done across the
slide in a vqgtaige%ld fd{_rect iﬁ%n. The maximum thi ckness of the coating was 0.82 pm 25 the minimumthickness of the coating was 0.10 pm Both the horizontal and
vertical axis are in pm Fgdressses goating ragthads s tapparptos dbat redicorvrof t he sane gl ass slide described in Figure 1, with sanpling done across the slide in a
hori zont al dictigdtatethe, usd lof solRetitsTiEh & WV OENEFEMOfusd Bﬁs(ﬁpﬁ(@; OgpRTEE 41 pm the m ni num thi ckness of the coating was 0.13 30 pm Both the horizontal and
ustration of a second glass slide coated with polyner by a nethod of the present invention, with the

vertical axi - P iqure 4 is a profiileonetry i ,
pressure r%el %@%&%Qﬁgﬁf‘gﬁ@m’%‘é%lﬁsa&%‘e%sﬁwé?ﬁage of 0.89 psi per second. The sanpling was done across the slide

in Liquid Film Coating, 673-708 (S. Kistler and P. Schwei zer %@{1;:%9%

Summary of the Invention
In one aspect, the invention provides a method of coating a substrate. The

method comprises immersing a surface portion of a substrate in a first phase
10  comprising at Jeast one coating component which is a polymeric precursor; then
withdrawing the substrate from the first phase into a distinet second phase so that the
at least ome coating component is deposited on the surface portion; and then
subjecting the substrate to conditions sufficient to polymerize the at least one coating

component and form a polymerized coating.

15 - The foregoing and other objects and aspects of the present invention are
explained in greater detail in the drawings herein and the specification set forth below.- _

Brief Description of the Drawings
o Figure 1 is an illustration of an apparatus useful for 6arrying out the present |
20  invention. _
- Figure 2 is a profileometry illustration of a first glass’ slide coated VVlth
. polymer by a method of the present invention, with the pressure release rate from the
- pressure vessel at an average rate of 1.4 psi per second. Sémpling was done across _
| the slide in a vertical direction. The maximum thickness of the coating was 0.82 jm:
25 the minimum thickness of the coating was 0.10 um. Both the horizontal and vertical

axis are in pm.

- —  Figure 3 is a profileometry illustration of the same glass slide described in
. Figure 1, with sampling done across the slide in a ho::iiéontal direction., The maxnnum -
thickness of the coating was 0.41 pm; the minimum thickness of the coating was 0.13
30 pm. Both the horizontal and vertical axis are in pm. |
' Figure 4 is a profileometry illustration of a second glass slide coated with
polymer by a method of the present invention, with the pressure release rate from the
vessel at an average of 0.89 psi per second. The sampling was done across the slide
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2004 -2 DEC 2004 in a vertical direction. Note the snooth unl:’"fgrmg %ﬁﬂgce W|th a maxi num t hi ckness of 0.14 pmand a mni nrumthickness of 0.13 pm Both the

hori zontal and vertical axis are in pm Figure 5 illustrates w th or dlp free meni scus coating method of the 5 present invention. Figure 6

illustrates a slot free nmeniscus coating nmethod of the present invention. Figure 7 schematically illustrates a continuous wthdrawal free nmeniscus coating

met hod of the present invention. 10 Figure 8 illustrates a continuous coating nethod of the invention where a blade or knife serves as a netering el enent of
PMVA") coati ngs

stagnation line of a free meniscus coating method: Figure 9 illustrates (poly)methyl nmet hacrylate (-
formed according to nethods of the invention, namely water on the PMVA after cleaning 15 with a solvent and water on PMVA. Detail ed Descri ption of the

Preferred Enfodi ments The present invention will now be described herein with .respect to the foregoing preferred embodi rrents i ncl udi ng vari ous exanpl es.
These enbodi %ﬁ?@@@m@ndé@tg&edmmmfmmmmaummqmmﬁm do not linit the invention as defined by the clains. 'Substrates that may be coated by
| e substrates, and fiber substrates. The surface portion of the substrate that

the present ipygR are | dto, solid substrates, texti :
I's coated ma)(/) be eg%dn ITe %i%lés%f’f{’"ﬁ% b@‘ﬁ’ eeh‘lﬂzo%ﬁlyﬂnidé@mﬁhl 25 thereof such as one side of the substrate, a nmajor or mnor portion of the. substrate
formed fromnetal, sem conductor (such as a silicon wafer) glass,

surface, etcaiSeteimpmubst rat es or articles nmay be porous or nonporous and are-typically
typically fornmed frommaterials such as carbon fiber, glass fiber, kevliar 30 fiber, etc. filled with a material such as epoxy

‘ceram c, stone, 0 oilgjesé
resin), polymers E’ggﬁ’ %W@%Ofﬂwmm eoaiog yethod of Wiei ch may be priovided in any formsuch as a polyner film

5  present invention. )

the coating material rather than the

Figure 6 illustrates a slot free meniscus coating method of the present
invention.

Figure 7 schematically illustrates a continuous withdrawal free meniscus

coating method of the present invention.

10 Figure 8 jllustrates a continuous coating method of the fvention where a
blade or knife serves as a metering element of the coating material rather than the
stagnatioﬁ Iine of a free meniscus coating nﬁeﬂ:od-. _

Figure 9 illustrates (poly)methylmethacrylate (“PMMA™) coatings formed

o according to methods of the invention, namely water on the PMMA after cleamng : a

15  witha solvent and water on PMMA. ' |

Detailed Déséﬁpﬁoﬁ of the Preferred Embodiments
The present invention will now be described herein with -zespect to the.
foregomg preferred embodiments mcludmg various examples. ’I"nese embodiments
- 20 are des:gned to illustrate the invention, and do not Iimit the invention as defined by
the claims. '
Substraies ﬂ:at may be coated by the present invention include, but are not
limited to, solid substrates textile substrates, and fiber substrates. The surface portion "
of the substrate that is coated may be the entire surface of the substrate or any region
25  thereof, such as one side of the substrate 2 major or minor portion of the substrate .
surface, ete, , .
' Solid substrates or articles may be _porous or nonporous and are typically -

. formed from metal, semmonductor (such as a silicon wafer) glass ceramic, stone, S

composites (typically formed from materials such as carbon fiber, glass fiber, kevlar
30  fiber, etc. filled with a material such as epoxy resin), polymers such as thermoset and
thermoplastic polymers (wluch may be provided in any form such as a polymer film,
a molded article, etc.), wood (inchuding but not limited io vencer and plywood), paper
(including but not limited to cardboard, corrugated paper and laminates), etc. Such

“3-




~formed into

"Ttextlles formed_from natural or synthetlc

a mol ded article, etc.), wood (including but not linted to veneer and plywood), paper °(including but not limted to cardboard, corrugated paper and

| ami nates), etc. Such -3 3 DEC 2004 solid substrates may take any hprmzni]%ncl udi ng el ectroni c conponents such as circuit boards, optical conponents such as

| enses, magnetic hard disks, and photographic film Porous material’s may include, for exanple, powders, 'nanoparticles, nmacroparticles, fibrous material,

bi onol ecul es, etc. Granules and netal particles are enconpassed as porous nmaterials.- The porous materials may be present in a nunber of shapes such as,

wi t hout Iim'tation spherical and non-spherical. Wth respect to porous substriates, the substrate can serve as a matrix, and a coating conponent conprising

a polyneric precursor may be placed thereon according to the methods of the invention. The pol ynmeric precursor can t hen be pol ymeri zed such that the

‘substrate a rrerlzed coatl ng together forman integral conposite structure. Fibers are | i e —reter==s =t r—o ot trat—trare—Tot—yet—Ten '
o e P ARG Lo e o ’

Ia§Y fopphy me GﬁaﬁlechMPmtdtSssymtsemcmtfl bers such as wool, cotton, glass and carbon fibers. The fibers may be in any form such as
t he invention I nclude woven (including knit) and nonwoven fabrics or

~ thread, yartna:dspwpacntcomp'aaam SehQls 16R%, Ihfa t%ch%ér Q@dg, grq%tﬁg the method of
ers as cus above, as well ias other nonwoven materials such as glass mats. Wllpaper and car pet

(parti cul ar th£°{9§§km§tﬁ‘i‘4l%1d§a3bfm€ld‘ilﬁpef0r ﬂ@}np&,spmb@rs coabpaitithes, t he net hod of ithe present invention, for exanple to apply a stain-resistant fluoropol yner
subj ect after evaporation of the <carrier solution (the carbon dioxide along with any

coati ng to tigopsaldedamRbus MRS iGKOES g,%n on_t he.
ot her conpressed %ses or cosol \;ents) vsvl%tf ep% upoanﬂ%E %fratr?cular coating conponent enployed, the substrate enployed, the purpose of the process, etc.,

“but can rarfGEoBRAS éﬁpaﬁ%mtmﬂbemﬁporommmoyrbepqesdnomarmmﬂjerf|ve mllimeters or nore. Thus, the present invention. provides a means for formng on

substrat.es gfrshi 's’ildhhasnwlthé t hi es of 0.5 or .1 rim(five or ten Angstrons) up to 50 or 100 run (500 or 1,000 Angstrons), uniform
e &E)égﬂ aV| ﬁ&p %kmé@?ﬁt 3 .

: |nterrred| ate thickness filns or aye
porous substrates, the substrate can serve as a matrix, and a coatmg component

- compnsmg a polymeric precursor may be placed thereon accordmg to the methods of
the mvennon. The polymeric' precursor can then be polymenzed such that the
substrate and polymerized coatmg together form an integral compos:te structure.

Fibers are linear matenals (with or without sizing) that have not yet been
_ formed into textile matenals, and mclude natural and synthetic ﬁbers such as wool, |
' cotton, glass and carbon ﬁbers The ﬁbers may be in any form, such as thread, yarn,'
- tow, ete. _
Fabncs or textlles that may be coated by the method of the invention mclude'
. woven (mcludmg knit) and nonwoven fabrics or textlles formed from natural or |
synthetic fibers as dlscussed above as well as other nonwoven matenals such as glassr
‘mats, - - o '
Wallpaper and carpet (parhcularly the back surface of carpet) may also be '
'coated by the method of the present mventlon, for example to apply a sta1n~re31stant' '
: ﬂuoropolymer coatmg to the Wallpaper _ -
| -The thickness of the coating formed on the subJect aﬁer evaporauon of the . - - | -
. carrier solutxon (the carbon dioxide along \mth any other compressed gases, or o - o

cosolvents) will: depend upon - the partlcular coatmg component employed, the - |

substrate employed the purpose of the process, etc., but can range between about five -
| or ten Angstroms up to one or ﬁve millirmeters or more. Thus the present mventlon.' o
' provldes a means for formmg on substrates umiform thin ﬁ]ms or layers havmg o
thicknesses of 0.5 or 1 nm (five or ten Angstroms) up to 50 or 100 nm (500 or 1,000 .V o
Angstroms) uniform intermediate thickness ﬁlms or layers of having thicknesses of -
about 50 or 100 nm (500 orl 000 Angstroms) up to 5, 10 or 100 pm (m1crons) and -
o _umform thick films having th1cknesses of about 10, 100 or 200 pm (Imcrons) up to 1 o
or even 5 millimeters. In general the thlckness of the films tends to depend on a- o
number of factors such as, Wlthout hnntanon, concentranon, mthdrawal veloc1ty, and i

evaporatron rate




about 50 or 100 nm (500 or 1,000 Angstroms) up to 5, 10 or 1ngﬁﬁ1€%ﬁcrons), and uniformthick filns having thicknesses of about 10, 100 or 200 pm (nicrons)
up to 1 or even 5 millinmeters. In general, the thickness of the filns tends to depend on a nunber of factors such as, without limtation, concentration,

wi t hdrawal velocity, and evaporation rate.. Coating conponents that maybe coated on substrates by the present invention include adhesives such as ethylene
vinyl acetate copol yner polyners such as conductive polyners, antiglare materials, optical coatings, antireflective coatings, lubricants, |ow or high
dielectric materials, etc. Mre particularly, the coating 5 conponent may be a pol yurethane, a sol-gel precursor, a polyimde, an epoxy, a polyester, a

pol yuret hane (such as, but not limted to, diisocyanatonethylbenzene, diisocyanatophenyl nmethane, 1,6-diisocyanatohexane, etc.), a polycarbonate, a

. pol yam de, a polyolefin, a polystyrene, acrylic |atex epoxy resins, novolac resins, r®sole resins, polyurea, polyurea urethanes, polysaccharides (such as

cel lul ose and 10 _starch), etc. For the purposes of the invention, the term"poliyneric precursor” refers to any conponent capable of undergoi ng pol ynerization

I ncl udi ng, but n&Patmeg e W@@,MMMPfg?d@@gmbyﬂamhmIMﬁ@ In the instance of polymers, the nethod of the invention allows themto be polynerized to
butyl acrylate, 15 ethyl hexyl acryl ate,

a greater degnelR. adieliVe¥ehich & 8GWeSO v SHEH2 r_ex | e crylic nononers (e.g., nethyl nethacr)l ate, _
hydr oxyet hyl t hacryl ate, hydrogiprpp)yll acrfil %o{pg ) °r ﬁBﬁ%ﬁn offal smal |l nol ecul es can al so be used. Miltifunctional nononmers capable of chemcally
A and et hyl ene gl ycol dinethacryl ate.

crossl i nki n§OREE BYYBErse Apfiekye aatiajso optiet icoatingg cantisfiecive ukigs, Wi t hout |imitation, diglycidalether of bisphenol
of 20 displaying solvent resistance and abrasion resistance.

‘Cr ossl i nked htpieant) Aswl &BeLgL e advapt agequs, i.n that th’ey are capabl e

Epoxy-functional i zed resiH%g, | socyanat e? c?gcht ?{?aﬁ&'ﬁﬁlﬁ%ré‘f)r@?m}gi pids, fatty acids, and the |like can al so be enployed as precursors. Qher polyneric
precursoPs CAEPIRERE gy b upolyirsthane incao]-géll presueson| 4y palyinide] @n Epoxyp&@r f uor opol yet hers, " pol y(chl orotrichlorotrifluoroethylene), poly(tetratluoroethylene)),
si I'sesqui xoanes, alkyl silicates), and am no resins (urea

o e ey PSR 5 ) B BB L2
diisocyanatophenylmethane, 1,6~diisocyanatohexane, efc.), a polycarbonate, a
polyamide, a polyolefin, a polystyrene, acrylic latex epoxy resins, novolac Tesins,
resole resins, polyurea, polyurea urethanes, polysaccharides (such as cellulose and

10 starch), etc. For the purposes of the mvention, the term “polymeric precursor” refers
to any component capable of undergoing polymcﬁzation including, but not limited to,
monomers, oligomers, and polymers. In the instance of polymers, the method of the
invention allows them to be polymerized to 2 greater degree, Polymeric precursors
such as, for example, acrylic monomers (e.g., methyl methacrylate, butyl acrylate,

_15 ethylhe_xyl acrylate, * hydroxyethyl methaéryl'ate, hy%@ropyl acrylate),

~ polyfunctional small molecules can also be used. Multi-functional monomers capable

- of chemically crosslinking can also be employed as polymeric precursors such as,
. without limitation, diglycidalether of bisphenol A and ethylene glycol dimethacrylate, |

Crosslinked coatings formed therefrom are advantageous in that they are capable of

20 displaying solvent resistance and abrasion resistance. Bpoxy-functionalized resias,

‘ isocyanate-containing precursors, lipids, faity acids.,. and the like can also be employed

as precursors. Other polymeric precursors include, without limitation, fluoropolymers ’ .

(e.g., - perfluoropolyethers, B polir(chlorotichlorotriﬂuoroethylene), ' ;

- poly(tetrafluoroethylene)), polyesters, silicone resins (e.g., poly(dimethylsiloxane), .
25  poly(dimethoxysiloxane), silsesquixoanes, alkyl silicates), and amino resins (urea
' fomﬂdehyde, triazine resins), poly(ethylene naphthalate). - Mixtures of any of the

: above can be utilized. The amonnt of the coating component contained in the liquid -
will depend upon the particular object of the process, the thickness of the desired
coating, the substrate, etc., but is in general from about .001, .01 or .1 percent to 10,
30 20, or 40 percent by weight (or more, particularly in the case of melts as described
below). In one embodiment, the weightl percent of the polymeric precursor in the first
phase can range from 0 to 20 percent, more preferably 6 percent by weight based on




above can be utilized. The anmount of the coating conponent;c
the desired

in the

per cent,
chem cally crosslinked or physically crosslinked. Polyners and pol yner-contain

@%nﬁ@ 4in the qu?
coating, the substrate, etc., but is in general “fTo out .001,
case of nelts as described below). In one enbodi nent,

nore preferably 6 percent by weight based on 5 3 DEC 200.4 the wei ght

household appliances, radiators, office equipment, steel cabinets, tools, agriculture,

construction, bicycle frames, wood finishes, powder coatings, ink binders, electrical
10 components, and the like); alkyd polyester resins (6.g., building paints, marine
coatings, primers, wood varnish, binders for air/foven coatings, fridges, antomotive
topcoats, and the like); amino resins (e.g., glues, paper impregnation, heat/acid
_curable, molding, foams, text.ﬂes leather, adhesives, antomotives, fridges, washing
machines, and the like); phenolics (e.g., laminates, wood sizing, melting powders,
insulating, crosslinkers for other resins, furmhlre polish, paints, drying lacquers, dye

binders, ballpoint inks, primers, grinding wheels reinforcing resins, electronic

15

specialty applications, putties, anticorrosion, foodstuff packaging, metal primers, and
the like); ketone aldehydes (e.g., sealing compounds, which may be used with other
binders;. polyisocyanates (autometive finishes, aircraft, heavy machinery, top coats;
plastic coatings, housing finishes for electronic equipment, appliances, signs, wall
cladding, resistance to chemicals, food hyg:ienis equipment, weather stability céatings,
furniture finishes, decorative coatings, impregnation of floor materials and Wall |
malerials, corrosion protection, industrial finishes; coil coatings, package coatings, |
insulation for electrical wires, and the like); epoxies (e.g., surface coatings, electrical
and electronics, molding compounds, composites, adhesives, and the like).

00

. Combinations of the above polymers may be formed according to the invention. In
various embodiments, the polymerized coatings are advantageous in that, depending
-on the end use apphca’aon., they are capable of providing excellent propertles relating
o, for example, anti-corrosion, structural/protective, non-wettmg, hardness scratch
30  resistance, solvent resistance, as well as others,
Vatious crosshnkers can be vsed in forming the polymerized coating, For
example, in forming saturatcd or mnsaturated polyesters, crosslinkers such as p-

toluene sulphomc acid can be used as well as other acidic crosshnLers such as,

6=

uid wll
.01 or
the wei ght percent of the polyneric precursor
of the first phase (e.g.
ing materials formed fromthe polyneric
d in the art,

dépend upon the particul ar object of the process, the thickness of
or 40 percent by weight (or nore, particularly
in the first phase can range fromO to 20
carbon di oxi de). The pol ynerized coating may be
precursor according to the invention
These i ncl ude,

.1 percent to 10, 30 20,

as well as applications enploying such polyners.

and contained in the polynerized coating are 5 nunerous and known to one skille
"without limtation, unsaturated or saturated pol yester resins (e.g., coil coating, can coating, autonotive finishes, heavy equi prment finishes, household
appl i ances, &mdwaﬁmpﬁﬁwdﬁﬁmhmweﬂgg@ﬂ&ﬂ&hmﬁd etmgﬁﬂhﬂahﬁdcggﬂbﬁm.qgrlculture construction, bicycle franmes, wood finishes, powder coatings, ink binders,
electrical 1Q @pnts ?fndhthe Ilke! yd pol yester resins (e g., building paints, marine coatings, prinmers, wood varnish, binders for air/oven
coatings, fri c‘fges Sf%% G ystwé‘HXS‘Sf d the like); amno resins (e.qg., glues, paper inpregnation, heatfacid curable, nolding, foans, textiles, |eather,
adhesi ves, autonﬁmﬂwﬁasmﬁhmﬁgﬁﬁﬂmﬁﬁﬁmgﬁﬁmmmﬁﬁﬂheéﬁnnﬁﬂg ﬁﬁﬁmklke) phenolics (e.g., lam nates, wood sizing, nelting powders, 15 insulating, crosslinkers for
ot her resins fur nitur aints, drying |acquers, bi nders, ballpoint inks, prinmers, grinding wheels, reinforcing resins, electronic specialty
appllcatlonsp JUCE AEer ‘PﬁEHFF@EWbﬁﬂC?%ﬁ%@ﬂ%W#eRﬂhﬁ@ﬂﬁﬁhgmhmEual primers, and the Ilke) ket one al dehydes (e.g., sealing conpounds, which nay be used with
ot her b|hdemsmmﬂmhudEmﬁuﬂﬂaheﬁmkﬂﬁﬁﬂ@ﬁﬁﬁﬁgwhggh&% cmghﬁ@o%%% heavy machinery, top coats, 20 plastic coatings, housing finishes for electronic equipnent,
appl i ances, g‘gn _ﬁ@ cI addi ng, resistance to chem ca oh hygi ene equi pnent, weat her stability coatings, furniture finishes, decorative coatings,
|npregnat|oﬂ’ to ?éF@m§ﬁBﬂRHW%Uﬂﬁ%ﬁ@@dQﬂxmrdﬁﬂpmbsﬁmnﬂpmntect|on industrial finishes;" coil coatings, package coatings, insulation for electrical
wires, -and (elag chil keing, 2pR¥elife, GBtofhotive i AL fefi9Ulipdsn RiEGL T cal 25 and el ectronics, nolding compounds, conposites, adhesives, and the Iike).




Combi nati ons of the above polyners may be fornmed according
dependi ng
non-wetti ng,
exanpl e,
as, -6 3 DEC 2004 wi t hout
and tertiary am nes.
acrylic or silicone segnents (e.g.,

i ncl ude,

tert- bétyhmpﬁﬁﬂnyhnmmEEMmmmﬁm
2, 5- dlﬁEt%%hﬁ% 5-bis(tert- butylperoxy)hexyne

10

15

20

25
- butylperoxy)valerate;
butylperoxy)-butyrate t-butyl peroxy—neodecanoaie d1-(4-5-butyl-cyclohexyl)-
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The step of subjecting the substrate to conditions sufficient to polymerize may
be performed by various in-sita (e.g., batch, continuous, or semi-continuous) or ex-
situ curing techniques known to one skilled in the art. These techriques include, but
are not limited to, uitraviolet (UV)/wsxble laser, thermal, ebeam, x-ray, microwave,
infrared (IR) and oxidation/reduction. The curing may take place in the presence or
absence of masks or lithography. The polymerization may take place under a variety
of processing conditions. A preferred temperature range is from aboﬁt 0°C to about
1500°C, and more preferably from about 25°C to about 100°C. .

‘Curing of the polymeric precursor may also take place in the presence of an

_ initiator provided in the first phase, the selection of which is known to the skilled

artisan.  Examples of an initiator include, vnthout ]Jmltahon, organic peroxide

+ compounds. ‘' Exemplary organic peroxides that may be used include, for example
cumene hydroperoxide; methyl ethyl ketone peroxide; benzoyl peromde acetyl-

peroxide; 2,5-dimethylhexane-2 S-dlhydropercmde tert-butyl peroxybenzoate; di-

tert-butyl - periphthalate; dicumyl peroxide;
2,5-dimethy1-—2,5-bis(tert-buty1peroxy}hexyne;
butylperoxyisopropyl)benzene; ‘ditert-butyl  peroxide;
L,1-di-(tert-butylperoxy)-3 »3,5-trimethyleyclohexane;
bmylpemxy)-cyclohexane' 2,2-di-(tert-butylperoxy)butane;

ethyl-3, 3—d1-(tert-amy1peroxy)butyrate

1,1-di(tert-amylperoxy)-
1,1-di-(tert-

peroxydicarbonate; lauryl peroxyde; 2,5-dimethyl-2, S-bls(z-ethyl-hexanoyi peroxy)
hexane; t-amyl peroxy-2-ethythexanoate; 2,2’ -azobis(2-methylpropionitrile); 2,2°-
azobis(2 4-methlbutanenitrile); and the like. Photoinitiators'can also be employed, the
selection of which are known to one skilled in the art. Examples of photoinitiators
include, without limitation, benzoin ether, benzil dimethyl ketone acetal, 1-
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*various enbodi ments, the polynerized coatings are advantageous in that,
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cycl ohexane; l,l-di-(tent-butylperoxy)-3,3,5-trinethylcyclohekéﬂéﬂi@,ﬂmﬁi-(text 25 butyl peroxy) - cycl ohexane; 2, 2-di - (tutbutyl peroxy) but ane;

n-butyl -4,4-di(tert- butyl peroxy)valerate; ethyl-3,3-di-(tertanyl peroxy)butyrate; ethyl-3,.3-di(tert butyl peroxy)butyrate; t-butyl peroxy-neodecanoate;

di - (4-5-butyl -cycl ohexyl)- peroxydi carbonate; |auryl peroxyde; 2,5-dinethyl-2,5-bis(2-ethyl-hexano34 peroxy) hexane; t-anyl peroxy-2-ethyl hexanoate;

. 2,2' -azobi s(2-nethyl propionitrile); 2,2' 30 azobis(2,4-nmetblbutanenitrile); and the |ike. ?hotoinitiators can also be enployed, the selection of which are
known to one skilled in the art. Exanples of photoinitiators include, wthout Iimtation, benzoin ether, benzil dinmethyl ketone acetyl, 1 -7 3 DEC 2004

hydr oxycycl ohexyl phenyl ketone, benzophenone, and nethyl thioxauthone. A preferred initiator is azobisisobutyronitrile, The initiator can be used in various
amounts. Preferably, the initiator is used in an ambunt ranging fromabout 0.0l to about 10 nole ' ' n '

phase may al so i nclude other conponents, exanples of which are set forth in U:S. Patent No. 6,001,418 to DeSinone et al., the disclosure of which is
incorporatéﬁdﬁﬁﬂémhmﬁvﬂﬂéﬁéﬂéﬁﬁuwjhmnbsmnmmiﬁﬂdymﬂﬁﬂ&ﬁphmﬂwnﬁthex conponents include, wthout lintation, one or nore cosolvents, and one or nore conpounds

to be Ca”iﬁ&e&éhihiﬁafoﬁl AhBi Pg?bg{}%ﬂeExerrpl ary conpounds to be carried in the f| rst phase include, wthout limtation, resists (e.g., photoresists, electron
resists, x--ray re3|st€s), adhesron "pronoters, antireflective coatings, and sol--gel precursors. Resists such as photoresists nmay also contain additives to

i nprove | it hogr dphixdtigien daobeasan ivaddus dinognisli Beediralily,ake initiator bidsed s, phot o acid generators, and the |ike. The photo acid generators are present 15 to allow for
and enul sions, but preferably the mxture

chem cal |y jganpl ifd | echno . .Jh I xture may he.in a physi cal form including solutions, dispersions,
Is a solution. | n&%ﬁé&gﬁﬁzg?ne%t%& bﬁg){%%?‘ﬁr@ ey B3 ?liré@:‘v&aff’btg‘}r: di oxide and a fluoropolyner as the polynerization product described in U S. Patent No.
5, 496, 991 trolybeeSi pmeursot he di scl osure of which is incorporated herein by reference in 20 its entirety. The first phase may contain various conponents which,

' n | yrer i ' h | . r rsor ‘ont ai n ithin th | ri i ng.

upon potymeri ZatI‘hQBIStSlflasa meaygﬁoﬁgﬁzdlegthgr go%rl{lpo%gnts’, e:lgaelgl(l:p ens:eof%r%iéh%}e s%’? W thin the po y”? 'zed coating. Stated
forth in U.S. Paient No. 6,001,418 to DeSimone et al., the disclosure of which is '
incorporated herein by reference in its entirety. Exemplary other components include,

v;rithom limitation, one or more cosolvents, and one or more compounds to be carried

10 in the first phase. Exemplary compounds to be carried in the first phase include,
without limitation, resists (e.g., photoresists, electron resists, X-ray resists), adhesion
promoters, antireflective coatings, and sol-gel precursors. Resists such as photoresists

' may also contain additives to improve lithographic performance including dissolution

_ inhibitors, photo acid generators, and the like. The photo acid generators are present

15 o allow for chcmica]lyrampﬁﬁed resist technology. The mlxmre may be in any |
physical form, including solutions, dispersions, and eroulsions, but preferably the
mixture is a solution. In one embodiinent, the mixture may comprise carbon dioxide
and a fluoropolymer as thg polymerization product desmiped in U.S. Patent No.

. 53,496,901 to DeSimone, the disclosure-of which is incorpoi'a.;& hcrem by reference in: |

20 itsentirety. _ . o

The first phase may conitain various components which, upon polymerization .

of the polymeric precursor, become contained within the polymerized coating, Stated

- differently, such components are present within the structure of the pol:;rmerized

o ' coating. Examples of such components include, without limitation,r biological
25 materials such as, for example, proteins (antibodies, enzymes, etc.), peptides, amino = -

acids, nucl_eic acids, cellular material, lipids, fatty acids bacteria, viruses, ete.

 Examples of specific biological materials that can possibly be used include, without
limitation, Anti-BaP antibody, Cellobiose Dehydrogenases, B-Glucosidase, Glucose
OJddase/Catalase, Ascorbate Oxidase, Cholesterol Oxidase+Catalase 178 53+100,

30  Cholesterol Oxidase, Cholesterol Esterase, Sucrose Invertase, Creatine
Creatinase-+Sarcosin Oxidase+Catalase, Creatinine Creatinine Iminohydrolase,
NADH Dehydrogenase, Alcohol Oxidase+Catalase, Glucose Oxidase+Catalase,
Glucose Hexokinase, B-Lactamase, Lactate Dehydrogenase, Lactate
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- Esterase, Sucrose |Invertase, Creatine

differently, such conmponents are present within the struct uri% DHFCh@Npol yneri zed coating. Exanples of such conponents include, wthout |initation, biological

25 materials such as, for exanple, proteins (antibodies, enzynes, etc.), peptides, anino acids, nucleic acids, cellular material, lipids, fatty acids
bacteria, viruses, etc. Exanples of specific biological-mterials that can possibly be used include, without I|imtation, Anti-BaP antibody, Cell obiose
Dehydr ogenases, O d ucosi dase, d ucose xidase/ Catal ase, Ascorbate Oxi dase, Cholesterol Oxi dase+Catal ase |78 53+100, 30 Chol esterol Oxi dase, Chol esterol

Cr eat i nase+Sar cosi n Oxi dase+Cat al ase, Creatinine Creatinine |Inmnohydrolase, NADH Dehydrogenase, Al cohol

Oxi dase+Cat al ase, G ucose Oxidase+Catal ase, d ucose Hexokinase, J3-Lactamase, Lactate Dehydrogenase, Lactate -8 Oxidase+Catal ase, Oxal ate Oxidase, Oxalate

Decar boxyl ase, Palro ho phat ase, _Trypsin, Lipoprotein Lipase, Uease, Uri.case, Anyl ase, -Betaine, Bronelain, Cellulase, Lipase, Papain, Prolase, Protease,
“Actin, Adenosi & %@Sﬁ %@%@Dmlﬂﬁ,mhn@h&swm Al cohol Dehydrogenase, Aldolase, Amno Acid 5 Oxidase, D-Amno Acid Oxidase, L-Anylase,

Al pha Anyl ase,Trigeiar b ﬂﬁg_g Aﬁ%&@@ﬁ t.ransferase, Avidin, Carbonic Anhydrase, Carboxypeptidase A, Carboxypepti dase B, Carboxypeptidase
i ﬂb %%ﬁgﬁf ﬁera Chol i nest er ase, Acetyl , Cholinesterase, Butyryl, Chynotrypsin, Costripain, Collagen,

Y, Casein, Alpha, Catalase, CeI ['ul ase,
Col | agenase, &H@éﬁ?&%&ﬁe@%ﬂm@f%@ﬁ@@& Kcmas%dsndmmﬂ&mMEm@lgaas‘@ 1, Deoxyribonucl ease I, Deoxyribonucleic Acids, DNA Ligase, T4 DNA Pol ynerase |, DNA
Pol ymer ase, THetaDRMhdH) %@ine%ﬁﬁ,hﬂfc Deh@; g@gstl n l,act ose Oxi dase, Gal actosidase, Beta G ucose Oxi dase, d ucose-6-Phosphat e Dehydr ogenase,
G ucosi das% Beta, _d ucuroni dase ta ama’t f\ﬁ%‘;&‘ii G ycer al dehyde- 3- Phosphat e 15 Dehydr ogenase, d ycerol Dehydrogenase, d ycerol Kinase,
Henogl obi n; mlAM@néaseHyMwmﬁdpM:ﬂylaﬁbewmgm&a,se Hydr oxyst eroi d Dehydrogenase, Lactate Dehydrogenase, Lactate Dehydrogenase,

[ I Ni Ni trate Reductase,

e Dehydrogenase, Maltase, Micin, NADase, Neuram ni dase,

L- Lact oper oxi (_i@ £-agnl:ﬁ§ ﬁﬁ]ﬁlﬂ@ﬁ&‘ dase.,,. L} ferase, Lysozyme, Mal at ,
Nucl ease, M crococca %sgﬁﬁuc ease % %‘751%{3%% &EX Decar boxyl ase, Papain, Pecctinase, Pepsin, Peroxidase, Phosphatase, Acid, Phosphatase, Alkaline,
Phosphodi est eﬁad:exypephdase A, Carboxypeptidase B, Carbom'pephdase Y, Casein, Alpha, ;

Catalase, Cellulase, Cholesterol Esterase, Cholinesterase, Acetyl, Cholinesterase,

Butyryl, Chymotrypsin, Clostripain, Collagen, Collagenase, Concanavalin A, Creatine
10 Kinase, Deoxyribonuclease I, Deoxyribonuclease H, Deoxyribonucleic Acids, DNA
Ligase, T4 DNA Polymerase I, DNA Polymerase T4, Dextxanase Dlaphorase
- Elastase, Elastin, Galactose Oxidase, Galactosidase, Beta
Glucose Oxidase, Glucose-6-Phosphate Dehydrogenase, Glucosidase, Beta, -
. Glucuronidase, Beta, Glutamate Decarboxylase, Glyceraldehyde-3-Phosphate - .
15 B Dehydrogenase Glycerol Dehydrogenase, Glycerol Kinase, Hemo globin, Hexokmase ' . '
Histone, Hyaluronic Acid, Hyalmomdase Hydroxysteroxd Dehydrogenase Lactate
Dehydrogenase, Lactate Dehydrogenase, L-Lactoperoxidase, Leucine
Aminopeptidase, Lipase, Luciferase, Lysozyme, Malate Dehydrogenase, Maltase,
Mucin, NADase, Neuraminidase, Nitrate Reductase, Nuclease, Micrococeal, |
120 Nuclease, $1, Ovalbumin, Oxalate Decarboxylase, Papain, Pectinase, Pepsin,
- Peroxidase, Phosphatase, Acid, Phosphateg:e, Alkaline, Phosphodiesterase I,
_ Phosphodiesterasg II, Phosphoenolpyruvate Carboxylase, Phosphogluéomutase,
Phospholipase A2, Phospholipase C, Plasma Amine Oxidase, Pokeweed Antiviral
- Toxin, Polynucleotide Kinase, T4, Polyphenol Oxidase, Protease, S. aureus,
25 . Proteinase K, Pyruvate Kinase, Reverse Transcriptase Ribonuclease, Ribonuclease
 -T1, Ribonucleic Acid, RNA Polymerase, RNA Polymerase, T7, Sﬂperoxide
Dismutase, Trypsin, Trypsin Inhibitors, Tyrosine Decarboxylase,

Urease, Uricase, Xanthine Oxidase, Aat I, Acc I, Acc Il Acc65 L, AccBT], Age] B
AluL-Alw26 1, Alw44 1 Apal, Ava L Avall, Bal I, BamH-i, Banl, Ban II, Bbu I, |
30 Bell, Bgl, Bl I, BsaM ], BsaOT Bspl286 ], BsrBR I, BsrS I, BssH I, Bst71 1
Bst98 1, BstE II, BstO I, BstX I, BstZ I, Bsu36 L, Cfo I ClaI CspI Cspd5 I, Dde I
Dpn Dra L, EcIHK I, Ecod7 Il Beo52 I, Eeo72 I EcolCR I EooR I EcoR V, Fok I
4-Cgre® Buffer Pack, Hae 11, Hae ITI, Hha I Hinc II, Hind 1T, HinfI Hpa I, Hpa I,
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Tth DNA Pol plnei,:}kbl,mmgphﬁmhel mw&mlmmpsmhmﬂﬂmﬁ@a&dﬁagnent Exonucl ease M nus, DNA Pol ynerase I,
Pol yrrerase [

Li gase,
Al kal i ne

Ri bonucl ga

166. 2. 16;
62. 3. 20,

10

15.

25

30

- Polymerase I Large (Klenow) Fragment, DNA Polymerase I Large (Klenow)

_Ribonuclease H, RNase ONETM Ribonuclease, RQ1 Rnase, S1 Nuclease, Alkaline

- YBM6.1. 10, YTS 213, 1. 1, YMSM 636.4, YBM422.2 YW 62.3.20, YTS 165.1,
_ - YW13.1.1, YBM 10.14.2, YBM 5.10.4, YTA 74.4.4, YTA 94.8.10, YLAG 71.5,
20 .

- YTH71.3, YTH 8.18, YTH 862.2, I or R-Ornithine, L or R-Arginine, L or R-L or

- or R-GL or Rutamic Acid, L or R-ProL or Rine, L or R—Tryptopha.n, LorR-AL or

Phosphodi esterase |1, Phosphoenol pyruvat e Car boxyl ase, Pho%phyg}lmcqm ase, Phospholipase A2, Phospholipase C, Plasnma Am ne Oxi dase, Pokeweed Anti viral

Toxi n, Polynucl eotide Kinase, T4, Polyphenol Oxidase, Protease, "S. aureus, 25 Proteinase K, Pyruvate Kinase, Reverse Transcriptase Ri bonucl ease, R bonucl ease

T1, Ribonucleic Acid, RNA Polynerase, RNA polynerise, T7, Superoxide Dismutase, Trypsin, Trypsin Inhibitors, Tyrosi ne Decarboxyl ase, Urease, Uricase,

Xant hi ne Oxi dase, Aat U, Ace I, Aec Ill Acc65 I, AccB7 |, Age | AIuI,AIV\QGI,Alw44IApa1 Ava |, Ava IIl, Ball, BanH. L Ban I, an Il, Bbu I, 30 Bel I,

Bgl, Bgl Il, BsaMIl, BsaO |l Bspl1286 |, BsrBR 1, BsrS |, BssHIt, Bst7l | Bst98 I, BstE Il, BstO I, BstXI, BstZ I, Bsu36l, Ciol Cal Csp | Csp45 |, Dde |

Don | Dra 1, Ec[HK I, Eco47 |1l Eco521, Eco72 | EcolCRR |, EcoR | EcoR V, Fok I 4C0re(r) Buffer Pack, Hae Il, Rae Ill, Hha | lime II, Hnd IIl, Hnf I Hpa

|, Hpa I, 9 3 DEC 2004 Hsp921, Hsp92 Il, Kpn 1, Mo I, Mo Il Mul, Msp | MspAl I, Nae I, Nar *, Nei I, Nco I, Nde 1, Nde Il, NgoMI, Nhe 1, Not 1, Nu I,

"Nsi I, Ppo fl?ﬁ)Z}E R Pvu 11, Rsa 1, Sac |, Sac Il, Sal I, Sau3A | Sau96 I, Sea |l; S1 1, Sgf I Sinl, Sma 1, SnaB | Spe |

Sph 1; Ssp | !Hsﬁdgﬁ %H%qe]%) %?&Qgﬁ%af%fm%ﬂ((rumﬁlNﬁ(Wq Pfu DNA Pol yrrerase, ‘Tfl DNA Pol ynerase, Tfl DNA Polymerase Mni Kits, Tii. DNA Pol ynerise
DNA Pol ynerase | Large (I Cenow) Fragnent, DNA

T7 RNA Pol ynerase, Reverse Transcriptases, T4 DNA

Ki nerase, SP6 RNA Pol ynerase, T3 RNA 10 Pol yneri se,
Wﬁﬁgasggﬁ{% F"‘hgnﬁ‘?&tyﬁg’ $<?°rﬁa§é”’ %M&é‘é@ésﬁi Ming Bean Nucl ease, 'Ribonuclease H, RNase ONETM Ri bonucl ease, RQL Rnase, SI Nucl ease,
PﬁﬁWﬁéﬁnLSﬁgﬁ;Mﬂm&sSpmgsE@zysgq Ve RO 2 11 Acetyltransferase, RecA Protein, Thioredo i i

se._| nhi.bi YTS 10 S TS 1483, 2.1, YTS 154.
Y$§m§g%§fﬁ§§ﬁ4$§¢P %?*“@ﬁgﬂﬁj<$fkh@R¥521TM¥§ AfRglymerase 1, YTS 105. 18. 10,

7.7.10, YBM 29.2.1, YCTLD
YTS 156.7.7, YBM 15. 1.6,

- YNEui 66, Tl DNAP8Bmérads TIHBWIA Pollthorbse, PR Bol}Riedise, KA 74. 4.4, YTA 94.8.10, YLAG 77.5,

Polymerase I, Klenow Fragment, Exonuclease Minus, DNA Polymerase I, DNA

Fragment Mini Kit, T4 DNA Polymerase, SP6 RNA Polymerase, T3 RNA
" Polymerase, T7 RNA Polymerase, Reverse Transcriptases, T4 DNA Ligase, T4 RNA
Ligase, T4 Polwmlwﬁde~HMSG, Exonuclease ITI, Mung Bean Nuclease,

Phosphatase, Agarose Digesting Enzyme, Chloramphenicol Acetyltransferase, RecA
Protein, Thioredoxin, E. coli, Recombinant Topoisomerase I, Ribonuclease Inhibitor,
YTS 109.8.1.1, YTS 111.4.2, YIS 148.3.2.1, YTS 154.7.7.10, YBM 29.2.1, YCTLD
145.1, YCTLD 160.101, YSM 46.7, YTS 121.5.2, YTS 166.2.16, YTS 191.1 2, YTS
.17’7961 YTA 3. 12 YTS 169.4.2.1, YTS 105.18.10, YTS 156.7.7, YBM 15.1.6,

YKIX 302.9.3, YKIX 322.3.2, YCATES5.9.1, YKIX 490.6.4, YKIX 337.8.7, YKIX
716.13.2, YKIX 753.22.2, YRIX 739.46, YKIX 337.217, YKTX 334.2.4, YNB 46.1.8,
'YTH 30.15, YTC 182.20, YIC 141.1HL, YTH 81.5, YFC 120.5, YFC 118.33, YTH

90691-[[. YTH 913.12, YTH 24.5, YTH 80, 103, YTH 66.9, YTH 34.5, YTH 53.1,

Rysme L or R-Histidine, L or R-Aspartic Acid, L, or R—Tln'eomne, Lor R—Serme L

Ranine, L or R-Cystine, L or R-GL orRyecine, L or R-VaL or Rine, L or R~
Meﬂnonme L or R-IsoL or Reucine, L. or R-L or Reucine, L or R-Tyrosine, L or R~
PhenyL or Ral or Ranine, L or R-Cammne Lor R-Cysteme, and L or R-NorL or
Reucme o

Combinations of the above can also be emﬁloyed. The polymerized coating
that contains a biological material is advantageous in that such a structure may

function as a biological sensor, i.¢., the surface may be used to measure the
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xin, E. coli, Reconbi nant Topoi sonerase |,
.45.1, YCTLD 160.101, YSM 46.7, YTS 121.5.2, YTS
YBM 6. 1.10, YTS 213.1.1, YMSM 636.4, YBM 42.2.2, YW




20 . YKIX 302.9.3, YKIX 322.32, YCATL 55.9.1, YKIX 490.6.4,, YKI.X,337.8.7, YKIX' 716.13.2, YKI X 753.22.2, YKIX 739.46, YKIX 337.217, YKI X 334.2.4, YNB 46. 1.8,
YTH 30. 15, YTC 182.20, YTC 141.1HL, YTH 81.5, YFC 120.5, ' F?C‘-’Eﬁ.&z , YTH 906.9HL, YTH 913.12, YTH 24.5, YTH 80.103, YTH 66.9, YTH 34.5, YTH 53.1, YTH 71.3,
YTH 8.18, YTH 862.2, L or RROrmithine, L or RRArginine, L or R-L or 25 Rysine, L or RHstidine, L or R Aspartic Acid, L or R Threonine, L or R Serine, L or
R-GL or Rutamic Acid, L or RRProL or Rine, L or RTryptophan, L or RRAL or Ranine, L or R Cystine, L or RRG or Rycine, L or R-VaL or Rine, L or R

Met hionine, L or R IsoL or Reucine, L or RRL or Reucine, L or R Tyrosine, L or R~ PhenyL or RaL or Ranine, L or R Carnitine, L or R Cysteine, and L or R-NorL

or 30 Reucine. Conbinations of the above can al so be enployed. The pol yneri zed coati ng that contains a biological material is advantageous in that such a
structure ntay function as a biol ogical sensor, ie., the surface maybe used to neasure the -10 concentration of netabolites and drugs in plasma bl ood serum
The .carbon dioxide liquid or supercritical fluid may be in any suitable form such as a solution or a heterogeneous- system

and ot her bi ‘olcgl%i cal. ”f)'(u{"if’ds-. C
(e.g., a colldl coUzigR ohmet ?Jﬁ?sa&ﬂd?gémﬂlﬁﬂ?&lo@tsemmdbﬁmbiolggsﬂens are preferred for such solutions or heterogeneous systens. The liquid may be a nelt of a
coating conpofield. (e.g., a polymer such as pol ycarbonate), which has been heated to nelt that conmponent and then swollen by the addition of liquid or
supercriti cal Carbﬁl{;'eegai(l(emi e to_decrease the viscosity thereof. Supercritical fluids are preferably used with such nelts. The liquid nay contain a 10 gi ant

aggregate or nol ecuf® oxjds liquid e Fupeseritiead luidmay bhiputny avitblel formlal  di spersion  (or "sol", as'in liquids used to formsol-gel films. Carbon dioxide is a gas
System i o pr oyl don for e abary arogeiRus SPent TGk edoid,  HaROE Pl £ cause the 11 qui d mist spread on the substate and the vol atile components mist
evaporate fro 1905 ofFrdt LaQHd sEdsmnere rstfemel foneuciosolutivha b beterbpdnsdsor mi ng. material. Were the carbon dioxide is utilized as a solvent, this is also
necessary O BysGMRNThe MRuidiRdPR 2 o0 d2oltB TR YARAT ld N9 QuiCKI Y to rempve the' conpound to be removed
- polycarbonate), which has been h;:ated to melt that component and then swollen by |
the addition of liquid or supercritical carbon dioxide to decrease the viscosity thereof.
- Supercritical fluids are preferably used with such melts. The liquid may contain a
_ 10 giant aggregate or molecule (the “gel”) that extends throughout a colloidal dispersion
- {or “sol”, as in liquids used to form sol-gel films.
, Carbon dioxide is a gas at standard pressures and temperatures. One feature of
~ & free meniscus coating method of the present invention is, acéordingly, that the
- carbon dioxide system is provided to the substrate as a liquid. This is necessary
- 15 because the liquid must spread on the substrate and the volatile components must
evaporate from the subsirate leaving behind the non-volatile ﬁ]m-fom:iﬁg_ material,
. Where the carbon dioxide is utilized as a solvent, this is also necessarj to prevent the
carbqn fiioxi_de from evaporating too quickly to remove the compound to be removed
-from the substrate. ,' L o '
- 20 - In one embodiment, the carban dioxide liquid is comprised of carﬁon dioxide
| and a fluoropolymer, and more preferably a ﬂuoroacrylate polymer, as the coating. -
‘component, so that the substrate is coated with the fluoropolymer or fluoroacrylate
- polymer. Examples of such mixtures are. disclosed Aas the polymerization prdduci:
- described in U.S. Patent No. 5,496,901 to DeSimone, the disclosure of which is
25 ‘ncorporated herein by referénceinits entirety. o ' )
In another embodiment, ‘the carbon dioxide liquid is comprised of carbon

: dioxide and a carbon dioxide inscluble polymer as the coating component dispersed in

the ga@on dioxide to form a heterogeneous mixture such as a colloid, dispersing

- - being done by the application of shear forces (such as by stirring with a stirrer) or by
30 the addition of surfactants, such as those disclosed in U.S. Patents No. 5,312,882 or
5,676,705, the disclosures of which are incorporated herein by reference in' their
entirety. This technique enables the coating of substrates with caﬂ:on -d.ioxide ‘
insoluble polymers. : ' -
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fromthe substrate. 20 In one enbodi nent, the carbon di ox‘i"'eg IDi‘:niuiZ&Ua'i s conpri sed of carbon dioxide and a fluoropolyner, and nore preferably a fluoroacryl ate

pol yner, as the coating conponent, so that the substrate 1s coated with the fl.uoropolyner or fluoroacrylate polyner. Exanples of such m xtures are,
di scl osed as the pol ynerization product described in U S. Patent No. 5,496,901 to DeSinone, the disclosure of which is. 25 incorporated herein by reference
inits entirety. In another enbodinent, 'the carbon dioxide liquidis conprlsed of carbon dioxide and a carbon di oxi de insol uble polynmer as the coating

conponent dispersed in the carbon dioxide to forma heterogeneous m xture such as a colloid, dispersing being done by the application of shear forces (such
as by stirring with a stirrer) or by 30 the addition of surfactants, such as those di sclosed in US. Patents No. 5,312,882 or 5,676,705, the disclosures of

whi ch are incorporated herein by reference in their entirety. This techni que enables the coating of substrates with carbon dioxide insol ubl e polymers.. -11
3 DEC 2004 In another enbodinment, the first phase is a liquid nelt of a polyner that contains or is swollen with liquid or supercritical carbon di oxi de, as

noted above. Thd2 anpthey efﬂ?me%a‘}aetﬂmﬂthE isetm[mymmomea@btybﬁﬁwneous This enbodinment is particularly useful for polymers that are not soluble in the
carbon di.oxXdglRinsBEis sGRANPEIR 1 L r dj oxi d ce the viscosity of the polymer. In this enbodinent, the second phase may be either a gas or
m }&g%\% ‘1 gedr?%;v% Fain a viscosi ty nodifier such as an associative polyner to increase the viscosity thereof

supercritical carbon di oxl de. OXI o
10 sufficient to increase the viscosity

and. al ter ﬁfﬁ'e Wdﬂ%:ﬂw bf hetheogensonst e:cdaommhmmg Th@ ahto@@Rdd yis nodi fi er may, for exanple, be included in an anount
The carbon diioxide liquid may contain a surface tension nodifier (e.g., a surfactant) to

of the carhpg; ngg_rm# fofl ?‘FHQ r ce oi se.
i ncrease_ or decrease the g& ceﬁagenm orr “g’ ﬁ‘aﬁ?éﬂﬂﬁ?j‘wetg d’BBB? plus or minus 5 dynes per centimeter. Surfactants used as such surface tension nodifiers 15
shoul d |5nc|wﬂeﬂam’®ozm1bm |diaxidgr Gu pedaced the  GOGdsIBN @b the gfog&[g,ranﬁl ape known in the art. See, e.g., US. Patent No. 5,312,882 to |}eSinone et al.; U S. Patent No.

5,683, 977 téﬁlbodlment, the second phase may be either a gas or supercritical carbon dioxide.
_ The carbon dioxide liquid may contain a viscosity modifier such as an
associative polymer to increase the viscosity thereof and. alter the thicknesss of the
- sp;face coating. The viscosity modifier may, for example, be included in an amount
10 - sufficient to increase the yiscosity of the carbon dioxide liquid up to about 500 or
1000 centipoise.
The carbon dioxide liquid may contain a surface tension modifier (e.g.,
surfactant) to increase or decrease the surface tension by an amount up to about plus
or minus 5 dynes per centimeter. Surfactants used as such surface tension modifiers

15 should include a COy-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. 35,683,977 to
'-Jureller et al (the disclosures of which are incorporated by reference herem in their -
entirety). :
- The carbon dioxide liquid may contam a co-solvent Mt‘t;at.evaporates more-

_ 20 : slowly than does carbon dioxide (e.g., alcohols, ketones such as cyclopentanone, butyl
acefate, xylene). Substrates coated with such a carbon dioxide hquid may then be ..
removed from the pressure vessel and dried in a drying oven. . -

- The particular details of the coating method will depend upon\the particular
~ .. apparatus employed. In general; the method is implemented as a free meniscus
- 25 coating process, such as a dip or withdrawal coating process, a slot coating Process, or
a drainage process. The processes ﬁlay ‘be batch or contim_mus. I genetal, in free
- meniscus coating processes, the substrate is withdrawn from the hql.ud into a gas S -
atmosphere, the withdrawal entraining the liquid in’a viscous boundary Iayer that | - |

-~ splits into two portions at the free surface of tho substrate. Between these two

30  portions is a dividing line referred 1o as the stagnation line. The hqutd portion next to
the substrate ends up in the final film formed on the substrate as it is further
withdrawn from the liquid, whereas the liquid portion on the other side of the
stagnation line is returned to the bath by gravity. The stagnation line is analogous to a

-12-




Jureller et al. (the disclosures of which are incorporated by3fgflerdice hereinin their entirety)y. The carbon dioxide liquid may contain a co-solvent that
evaporates nmore. 20 slowly than does carbon dioxide (e.g., alcohols, ketones such as cycl opentanone, butyl acetate, xylene). Substrates coated with such a
carbon dioxide liquid may then be renoved fromthe pressure vessel and dried iin a drying oven. The particular details of the coating nethod will depend upon
the particular apparatus enployed. In general, the nethod is inplenented as a free neniscus 25 coating process, such as a dip or withdrawal coating process,
a slot coating process, or a drai nage process. The processes nmay be batch or continuous. lit general, in free nmeniscus coating processes, the substrate is
withdrawn fromthe liquid into a gas atnosphere, the withdrawal entraining the liquid in' a viscous boundary |ayer that splits into two portions at the free
surface of the substrate. Between these two 30 portions is a dividing line referred to-as the stagnation line. The liquid portion next to the substrate ends

‘up in the fing %%£%h£%h # pu Hstrate as it is further wthdrawn fromthe liquid, whereas the liquid portion on the other side of the stagnation |ine
is returned to t d?avlﬁ% Ok é??ﬁde@ﬁﬁﬂﬁ§HEWEMngms to a -12 3 DEC 2004 neterlng el ement such as a bl ade, knife, or roller. thus, the present
i nvention: m@s@e@ﬁi@e&@ﬁ@@ﬂsmm&@éamge%ﬁdﬁﬁr g‘% eI enent rather than a stagnation |ine, as discussed below. In general, in the free

0 speed fromthe fiirst phase to the second phase (generally in 5 a substantially vertical

MENi SCUS proggss &lg(gmsseﬁbos ra;&n gravvn at auniformrate
direction) so thaﬁ a un o 2 ip therfame rpepisensl procesyi thesnbstrielisn of the fir st phase material is formed on the substrate along the surface portion to be
se material then deposits. the coating conponent. as a uniformfilmon the surface portion

coated. Dryi rigaws atraomifosh ranf oflspeedTRINABE HirsPRiabE BMhed -
reﬁ/ﬂﬁw@# 561'Went portion of the fast phase 10 results in a foamed coating, |eaving pores that are

of the supstr ivel t he dry| ng or
cont i nuous or ‘v%gscorl%‘tl Hﬁfﬁ&édw% aﬂmﬁ@}mmmmlemfomddnﬁeam@mby rapi d.pressure release or tenperature increase. A first enbodinment of an apparatus of the
IIustrated in Figure 1. This figure is discussed in greater detail in Exanple 1 below. Wth a

i nvent i on enpitmyfmig ﬂﬁﬁphﬁ@egﬁataéaltﬁ‘ﬁrméﬁ' I R LRBNS e Sudel ok U3
drai nage mnet I?aOd ate&eDrygga&? J.Eemunsévcacl)? tﬂens%;vlégtepo?noguor;‘pt;:enﬁrst has

phase material then
deposits. the coating component as a wvuiform film on the surface portion of the
- substrate. Alternatively, the drying or removal of the solvent portion of the first phase
10 results in 2 foamed coating, leaving pores that are continuous or discontinuous in the

coatmg This can be effected by rapid pressure release or temperature i increase.
A first embodiment of an apparatus of the invention employing dramage as the
withdrawal means is illustrated in Figare 1. This figure is discussed i in greater detail
| in Example 1 below. With a draivage method, the apparatus can include a pumping
15  system in conjunction with the drain line to more prec1sely conirol the rate of

- drainage,

A withdrawal or dip coatmg apparatus for carrying out the present - 1s.
schemahca]ly illustrated in Figure 5. The vessel-50 contains as a first phase hquxd or
. supercritical fluid comprising carbon dioxide and a coating component 51. “The
20 ) substrate 2isheldi in the solution by a clamp 53 while the vessel is filled. Once the

vessel is filled, the subsirate is withdrawn from the bath by an clectrical or mechanical
- withdrawal mechanism secured to the upper portion of the vessel and connected to the
clamp, formmg a memscus 55 along the surface portion to be coatcd.
L - A slot coating apparatus is schematically illustrated i in Figure 6. Slot coating - -
2§ is to be considered one type of continuous withdrawal coating herein. The supply |
~ -nozzle serves as a vessel 50a that contains a liquid or supercritical fluid first phase .
-~ comprising carbon dioxide and a.coating component 51a. The substrate 52a isheld @~ -
' w1th the surface portion to be coated adjacent the liquid by a clamp 53a or other
o carrying means (table, conveyor belt, spool assembly etc.). The substrate is drawn
30 across the liquid or supercritical fluid 51a by an electrical or mechanical drawing
mechanism, forming a mem'scu; 55a along the surface portion to be coated.
A continuous withdrawal or dip coating apparatus for carrying out the present
is schematically illustrated in Figure 7. As in Figure 5, the vessel 50b contains z
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15 systemin conjunction with the drain line to nore prec%fi‘*sélqﬁrtozr?tnlol the rate of drainage. A withdrawal or dip coating apparatus for carrying out the
present - is schematically illustrated in Figure 5. The vessel 50 contains as a first phase liquid or supercritical fluid conprising carbon dioxide and a
coati ng conmponent 51. The 20 substrate 52 is held in the solution by a clanp 53 while the vessel is filled. Once the vessel is filled, the substrate is

wi thdrawn fromthe bath by an electrical or nechanical wthdrawal mechani sm secured to the upper portion of the vessel and connected to the <clanp, formng a
meni scus 55 along the surface portion to be coated A slot coating .apparatus is schematically illustrated in Figure 6. Slot coating 25 is;to be considered one
type of continuous withdrawal coating herein. . The supply nozzle sérves as a vessel 50a that contains a liquid or supercritical fluid first phase conprising

car bon di oxlil@ed@ltﬁ@permmoatﬂmgcmupqmmboﬁlh@udeﬂmﬂas&bﬁgroa 15:3@511:’3 held with the surface porti-on to be coated adjacent the liquid by a clanmp 53a or ot her
The Substrate is drawn 30 across the liquid or supercritical fluid 51la by an electrical or

- carrying 0 SS etc
“mechani cal ghvm ng rre ani slgnast ‘or ensé‘g% l%eﬁ&lijg;? °PHQ§’ &urface portion to be coated. A continuous withdrawal or dip coating apparatus for carrying
fluid conprising carbon

'out the pretemying ass&nlbiemlmt e ludys alrblléitsﬂtpdhﬂoﬁed:w@{nethz bahS The Fi gure 5, the vessel 50b contains a -13 liquid or supercritical
di oxi de anclS Bt a% %w%o ent 51b Vt’gl ch serves as the first phase... The substrate 52b is held in the solution by a conveying assenbly, that includes a
rol | er . 54b p03| Y fopthe ba

t’?élth"s‘iﬁﬁgtm‘t?sq@%éMUsly dr awn fromthe bath by the conveying assenbly, forming a meniscus 55b al ong the surface
portion to lhmmusaifdachlodgnhetdaﬁ‘aéeqioﬁgmltagemr atus of Figures 5-7, supply vessel s, supply and drainage. lines, heaters, pressure punps, refrigeration coils,
t enperature and t ransdu

-t , &Ipihﬁgsure g}e_ control. mechani sms, stirri ng mechanisns and the |ike may be incorporated as needed to control the atnosphere of the
second phase an OTegQIRRARPRIATS of Figwse 57 pupplyptessels, supply apd Arainagous coat i ng appar atus 60 of Figure 8 enploys a metering el enment 61 which as. Illustrated is a

~kni fe or bllidg, heutdrs,CPtesshrall siaphe r@ﬁl"géllahorprcoﬁ?yté&lﬁemurlnhamegsurmt ering el ement.
' transducers control - mechanisms, stirring mechanisms. and the like may be
7. E incorporated as needed to control the ‘atmosphere of the second phase and the
_ condmons of the first phase. ‘ .
The continuous coatmg apparatus 60 of Flgure 8 employs a metermg element -
61 wlnch as 1llustrated isa kmfe or blade but could also bea roll or any other smtable i
_ -metenng element. The substrate 621is contmuously moved from a supply roll or spool. '
" 63ta take up roll or spool 64, whmh together serve as a subsn-ate supply means.
Any other substrate supply means could be used, such asa conveyor assembly, table
with motonzed control elements and the like, A }ngh pressure carbon dioxide vessel
66 supphes carbon d10x1de via line 67 toa high pressure coatmg vessel 68, in which
carbon d10x1de and a coatmg component are mixed. Impeliers or other mtxmg means o
- can be included i m the coating vessel, and supply lines for the coatmg component and -
“other mgredtents can also be mcluded into ‘the coatmg vessel A feed line 69
'connected to the coatmg vessel supphes -the first phase to the substrate Where o
- thickness of the apphcatlon is controlled by the metenng element 61. Dependmg |
g upon whether the first phase is a liquid or supercritical ﬂmd, the process may be .
carried out w1thm or outside of a pressure vessel pressure reductton chambers or
baﬁles may be provrded, an air curtain or the like may be prov1ded, etc _ o
o In general, the apparatus is conﬁgured 50 that the substrate is mthdrawn from | LR
| the first phase into an atmosphere compnsmg or consrstmg essennally of carbon' o
_. dioxide at 'a pressure greater than - atmosphenc pressu.re “The atmosphere may .
| _ comprise or further compnse an inert gas such as nitrogen. The atmosphere may
. comprise carbon dioxide at a pressure of 69 to 69 000 kPa (10 to 10 000 psi). -
. Temperature and/or pressure control of the vessel in whrch coatmg is carried out 1s-
- preferably provrded to maintain a differential partial pressure of carbon dioxide
‘- between said first phase and the second phase/atxnosphere of between about 1.3 kPa' s
: and533kPa(10aud400mmHg) ' ' '

The substrate 62 s tontimnuousty Toved froma suppty Tott—or—spoot————————""—



63 to a take
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coating vesse

whet her the first phase is a liquid or supercritical fluid, the process may be
chanbers or baf f| eBorselid bticRE SdhdRGnetANst&le! czil e provided,
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withdrawn into
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© ‘pressure (STP) but can be transformed to a liquid or a supercritical fluid under
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30

tabl e

pressure coating vessel
and supply lines for the coating conponent and.

- provided as a roll of unfinished fabric material, which can then be continuously

-and mixtures thereof. Useful polyatomic gases include SFs, NH;, N0, and CO.

| the:epﬁ Examples of useful HFCs include those that are known to be good solvents

up roll or spool 64, which together serve as a substrate supply me
with notorized control elenents, and the ITk@WF/E g pressure

68, in which carbon dioxide and a coating conponent ar
ot her ingredients can

_thickness of t

e
al

supplies the first phase to the substrate, where.

gkﬁéhe first, phase into an at
ich ebﬁﬁwpg@mdﬂﬂﬁﬁﬂwﬂ@ﬂmnmmdnmﬁgeQﬂﬂﬂ%g@rbmgmﬁmmﬁﬂgﬂlas ni trogen.

béolll'seésure control of the vessel in which
ween said first phase and the second pha

i cflb%em@@mdhp coamg us:jne&namdt ishRrtidulddg préf@k &g’ conti nuous

%mﬁﬁ bers nt| uous d|p coating Is preferred.

e co Rt thep ebef eandipugublise, cont i nu
rovided as a roll

"mE‘ﬁP %2%‘?%‘%}1“8#%5%‘&%? L0 ?ﬁdﬁ%ﬂmﬂ' C eters

ric material,
For fabrics, paper, or wood' substrates, continuous dip coating or continnous

cer

of unfin

coating with a metering element is preferred. It is particularly preferred that fabrics be

‘unwound into the first phase, continuously 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 (whlch is
most preferred) as the liquid, any material that is a gas at standard temnperature and

increased (i.e., super atmospheric) pressure can be used in combinktion with, or
instead of the, carbon dioxide liquid in the present fluid. The liquid preferably is one
that is not harmful to the atmosphere and is non-toxic towards humans animals, and
plants when vented or released. Other such fluids include CO,, hydroﬂuorocarbons-
(HFCS) and perfluorocarbons (e.g., perﬂuoropropane and perﬂuorocyclobutane) that
are gasses at STP, hydrocarbons that are gases at STP, polyatomic gases, noble gases,
Most prefen'ed reaction fluids include CO,, HFCs, perfluorocarbons, and mixtures |
for many small or_gm_n'c compounds, especially those HFCs that ‘comprise from1lto5
carbon- atoms,  Specific examples include 1,1,2,2-tetrafluoroethane, | 1,1,1,2-
tetrafluoroethane, 1,1,1,2,3,3,3-heptafluoropropane.
Compatible mixtures of any two or more of the foregoing also can be used as the

fluid. CO; is most preferred, and where mixtures are employed then mixture that
comprise at least about 40 or 60  percent CO, are preferred. |

trifluoromethane, and

The present mvent:on is explamed In greater detail in the foﬂomng non-
hmmng Examples,
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car bon di oxi de vessel

he application is controlled by the metering elenent 61. Depending
carried out within or outside of a pressure vessel,

entlally of carbon

coating is carried out
se/ at nosphere of between about 1.3 kPa

ously withdrawn into the second phase,

or
"which can then be continuously unwound into the first phase,

Any ot her substrate supply nmeans could be used, such as a conveyor
66 supplies carbon dioxide via line 67 to a high
m xed. Inpellers or other m xing neans can be included in the coating

so be included into the coating vessel. connected to the
upon

pressure reduction

the apparatus is configured so that the substrate is

di oxi de at a pressure greater than atnospheric pressure.
conprise carbon dioxide at a pressure of 69 to 69,000 kPa

Is preferably provided to naintain a differenti al

3 DEC 2004 For solid articles such as

drai nage coating, or continuous coating wth a netering

5 fibers be provided as a spool of fiber

and then continuously rewound for

coating with a netering elenent is preferred. It is particularly
conti nuously

A feed |line 69

:etc. In general,

The at nosphere may

wi t hdrawal coati ng,
It is particularly preferred that

conti nuous




Preparation The

by ‘a suppo

continuously rewound for subsequent finishing. \Wall paper. and ca &ﬁ
carbon dioxide (which is 15 nost preferred) as the I|qQ§d.} hy

liquid or a supercritical fluid under increased (i.e., super atnospheric) pres
in the present fluid. The liquid preferably is.

rel eased. O her such fluids include C02, hydrofluorocarbons (IFCs) and perf:
nobl e gases,

and ni xture

hydrocarbons that are gases at STP, pol yatom c gases,

Most - pref erred reaction fluids i ncI ude C02, HFCs, perfluorocarbons,

'solvents for many snall organlc ounds, espeC|aIIy t hose HFCs that conpri se
1,1, 2, 2-tetrafl uoroet hane, LE uor oet hane, trifl uoronet hane,
foregm ng al so can be usedc Pathit b Fprebafatipg MOSt preferred,

n%.ess steel tubing. A magnetrc stirrer
;

ts can be tre
i is a gas at standard tenperature and pressure (STP) but can be transfornmed to a

one that is not harnfu

and Wnere n1

CO2 are preferred. The ‘EB‘% ent mvenhon%ﬁ'ﬁls € ned in greater.detail
RNEEG

$hiesies af pxpsrimpnts wige ke Aeterminevabethey cabber i ne - whet her |
high pressure cell 11 and a |ower high pressure cell 12. Piping is by 1.6 nm(1/16

used is shodmxtoecaﬁlbguseﬁa%a(ﬁ%bﬁtéﬁl)seusw&n RALAL ROR54S an upper
i nch) . stai g o Tlﬁea’]p%ﬁ egro A& for. use in conjunction with a-stir bar placed in the Ilower cell. The apparatus is supported

ated by a simlar process. Wile the present invention has been described with

sure can be used in conmbination with, or instead of the, carbon dioxide liquid
at nosphere and is non-toxic towards humans, aninmals, and 20 plants when vented
| uorocarbons (e.g., perfluoropropane and perfluorocyclobutane) that are gasses
d m xtures thereof. Useful polyatom c gases include SF6, NH3, N20, and CO

s 25 thereof Bxanples of useful BFCs include those that are known to be good
froml1l to 5 carbon atons. Specific exanples include

1,1, 2, 3, 3,3hept gf | uoropropane. Conpatible. nmixtures of any two or nore of the
xtures are enployed then m xture that conprise at |east about 40 or 60 percent
following non- Iimting Exanples. -15 DEC 2004 EXAMPLE 1 Coati ng Apparntai-and
carbon dioxide can be used as a free meniscus coating solvent. The apparatus

120 1 {aboye)- o hae %R!’Fiﬁ@ﬁd@lcemnmed@usppezmgﬂmesswbelﬂﬂatmdas heI d in place with a chuck that is secured to a clanp, and the

lower high pressure cell 12. Piping is by 1 6 mm (1/ 16 inch) stainless steel tubmg A
magnetic sttrrer 13 is proV1ded for use in conjunctlon with a stir bar placed in the

lower cell. The apparatus is supported by a support stand 20 and ad_]ustable holders’

. 21. The substrate is held in place with a chuck that is secured to a clamp, and the

clamp 1s connected to the interior of the cell A pressure sensor 22 and temperature' :

“sensor 22 are included, and also connected to respecttve cells by l 6 mm (1/16 mch)

_ stamless steel tubmg 24, 24a, 24b, 25 (shown as dashed lines).

_ ‘The cells can be ﬁlled w1th carbon dioxide from a carbon d.toxrde pump (not |
shown) through lines 30, 30a, 30b and vaIves 6 and 7. The fluid can be drained from
- the top high pressure cell (substrate cell) 11 o the bottom high pressure cell (Solution -
Cell) 12 along dramage line 31 through valve 1. In the inverted posrtton, fluid can be - |
 drained from solution cell 12 to the substrate cell 11 through line 32 and valve 2

| When emptied of liquid, cell 11 can be vented through line 33 and valve 3.
' The pressure transducer was obtained from Sensotec — Model # 060-3147-01

| the temperature controller was obtained from Omega — CN76000. Valves 1,2, and 3
| were obtained from High Pressure Equipment Company Model # 15-11AF1. Valvef B
- 6/7 and valve 4/5 were obtained from I-Itgh Pressure Equipment Company - Model # |
R IS-ISAFI The magnettc stirrer was ﬁom LTE Screnttﬁc Catalogue # 333-0160—0 |

" The carbon d:;ox1de source pump was obtamed from Isco — 260D Syrmge Pump and

Series D Controller. Carbon dloxtde gas was obtamed from Nattonal Specialty Gases,: B
and the substrate (glass slide) was from n VWR Scxentlﬁc Products ~ Catolog # 48311

720.

' cond1t10ns

e

In use, the solutton apparatus is cleaned w1th hot water and thep thoroughly

- . scrubbed with acetone. After scrubbmg, the cell is sprayed with acetone and allowed _

| to dry After cleaning, the cell is filled to 6,205 kPa (900 psi) with carbon dioxide and

. purged. After purging, the celIs are filled to 12,410 kPa (1 800 psi) and left overmght '_ '
to dlssolve contammants Aﬁer sealmg all leaks, the system is purged to atmosphenc




clanp is connected to the interior of the cell. A pressure Slemspr »#y and tenperature sensor 22 are included, and al so connected to respective cells by 1.6 mm
(1/16 inch) stainless steel tubing 24, 24a, 24b, 25 (shown as dashed lines). The cells can be filled with carbon di oxi de froma carbon di oxi de punp (not
shown) through lines 30, 30a, 30b and valves 6 and 7. The fluid can be drained from the 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 fromsolution cell 12 to the
substrate cell 11 through line 32 and valve 2. Wien enptied of liquid, cell 11 can be vented through line 33 and valve 3. The pressure transducer was
obt ai ned .-from Sensot ec Mbdel # 060-3147-01; the tenperature controller was 'obtained from Orega - CN76000. Valves 1,2, and 3' were obtained from Hi gh
Pressure Equi pnment .Conpany - Model # 15.1 |AFl. Valve - 6/7 and val ve 4/5 were obtalned from H gh Pressure Equi prent Conpany - Mdel # 15-15AF1. The magnetic

~stirrer was fro&%@ﬁ@bﬂtﬁel&emeﬁﬁ@mgﬁl%ﬁrwm%i@ 'gh%a&ar bon di oxi de source punp was obtained fromlsco - 260D Syringe Punp and Series D Controller.
%Ba te (glass slide) was from WAR Scientific Products Catol og # 48311- 720. In use,

Car bon di O)c(?bfg &eg\@ opt ai ned from National Specialt and the substra
‘the soluti %ﬂfg GdsWith eggiens aad: drisdowithvat wipea epaqhmhdomhl y - scrubbed w th acetone. After scrubbing, the cell is sprayed with acetone and al | owed.
. to dry. Aft fa@d@ﬁﬂ'a&@onetbﬂﬁte?@iebnm bl i) w th carbon -dioxide and purged. After purging, the cells are filled to 12,410 kPa (1800
5? Y ¢ Edlh&%éﬁlg%d%%g%\%gg?%& [ i [ conditions. D1.1 ? !f4 Seven glass slides are

_psi) and left overnight to dissolve contam er sedlrng all leaks, the systemis purged to atnospheric
cl eaned w tsﬁ%ﬂﬁy\l\l&tsléﬁ?e%ﬁ?dabﬁ"ieéwWﬂ@mdMMrocﬁatempemhmde is then cleaned with acetone and dried with a wipe. Finally, each slide is sprayed with acetone.
- After cleaning Hﬁ@aﬁﬂa&dﬁ%ﬁs %ﬁgﬂhmﬂ&% boats so that- they arie suspended above the surface and left at roomtenperature. The apparatus is
placed in a_ refrigerator use en w gl-gls slide is sprayed wi th acetone and placed in the substrate cell. Poly[1, 1-

~di hydr operfﬂlaéorshé%tﬁ/ﬁprﬁﬁ@hﬁﬁh yretons! ardPplagddOiviAjhei mbmmteghelﬂ i Pl D separ ate
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 SOlllthD, and a magnenc stirrer, and the apparatus returned to a
_' 'V'reﬁ'lgerator at T=5.8°C. The apparatus is removed from the refngerator and the
' : solution cell ﬁlled to 2,850 kPa (400 psig) and evacuated so as not to lose polymer
This is done twice. The subst:ate cell is filled to 13,900 kPa (2000 p51g) and .
| ' evacuated to clean the apparatus and evacuated to clean the apparatus and slide, and . :
' . the solunon cell is brought to 4,370 kPa (619 psig). The solution cell is then filled o O -
with hqmd carbon dioxide at 5,060 kPa (720 pmg) to the top inlet and the apparatus . P ‘
‘ placed back in the refngerator at T=16. 1°C the magnetic stlrrer is turned on and the-

solunon is left overnight to allow the polymer to d15solve The same solutlon is used-

' for the three runs descnbed below o

E Pressure Release Rate of 9.6 kPa per second (1.4 psi pef secondl
- The apparatus in the refrigerator is filled with clear CO; and polymer solution
- ata temperature of 9. 1°C and a pressure of 4,310 kPa (611 psxg) The apparatus is B
) -removed from the reﬁsgerator and mverted to allow the liquid to drain to the substrate
- R cell. " After about 2 mmutes the valves are closed and the apparatus is set upnght ‘The.
© cellis placed back in the reﬁ-lgerator the pressure transducer is “closed and the system-
allowed to stablhze Once the solutxon has no npples on the top, dramage is begun by | o
opemng valves 1 and 2. After 1 minute and SlX seconds the dramage valves are =~ ' R -
closed and the substrate cell 1solated, the u'ansducer is opened at the top cell and | | '
 evacuation is begun at a slow rate of 9.6 kPa per second (1 4 psi per second).  The
_ glass slide is removed from the apparatus and all valves are closed. A thin ﬁlm of
_polymer is found on the glass shde as 1llustrated in Fxgure 2 and Flgure 3.




sanples and the solution cell is filled with those sanpl es (to§aB{nﬁpqmﬁg) to p
apparatus returned to a refrigerator at T 5.8C..
evacuated so as not to | ose polyner. This is done tw ce.
evacuated to clean the apparatus and slide, and the solution cell is brought t
di oxi de at 5,060 kPa (720 psig) to the top inlet and the apparatus placed back
solution is left overnight to allow the polyner to dissolve. The sane sol ution
9.6 kPa er -second (1.4 psi per second: The appar at us inthe refrigerator is fill
of 4,310 kPa (611 psig). The apparatus is renoved fromthe refrigerator and in
‘nrnutes t he val ves are cl osed. andEDhEWBbﬁH&atus IS set upright. The cell is p
al  owed to st abi i’h?sﬁur(ﬁbe%sé : ) X : he top,. drainage is
~val ves are cl os€d a-Tt \ hsducer is opened at
(1.4 psi per se&&rrd9xamplvezs ghaﬁsomlmemeneanyerﬁwaﬂe trraerertabes pratus and all va

~illustrate C 200 3 Pressure Rel ea
in essenti g?bio% Fhﬂ%isﬁ%leﬁsl@ﬁ‘ﬁgé% 5‘??%‘?5@52'“‘13}5 il tﬁzéFAﬁel Iswes® solution in t

The substrate cell is

: "t enper at ur eeqeﬂlbmdlm:aaqupaatpneeﬁsl&um ﬂxfd ﬂpﬁ&@:&@a},isﬁ(kﬁa PS06%sig). Trge SOl Uti on . was

. solutron was found to be cloudy, and was allowed to ‘become clear and stable before
dramage was begun Dramage was camed out for one minute and twenty seconds. -
After the drainage valves are closed, the substrate cell is isolated and evacuatmn- |

~ begun at a rate of 6.1 kP2’ per second (O 89 psr/second) The glass shde was removed

- from the cell. A thin film of polymer is found on the glass stide, as ﬂlustrated in

' -_Flgure 4. Further reuse of the polymer solution did not result in coated slides,
apparently because of the dﬂutlon of the solutron for these nms

R EXAMPLE4 = .
Coating and Polymerizing Methxl Methacx_-glate (MMA) o )
: Methyl methacrylate (MMA) was coated on a substrate and polymenzed in-
' 7s1tu in accordance with the present mventmn This example was carned out atA
7 ambient temperature usmg carbon dwxrde at a pressure of 5,930 kPa (860 psi). 2.5
" “mole percent of azobrsrsobutyromtrﬂe (AIBN) was employed as initiator relanve to
B the monomer amount. 6 Welght percent of MMA was polymenzed relatwe to the
_ .-we1ght of carbon dioxide and the resulnng (poly)methylmethacrylate coatmg had a '
thrckness of approximately 18 nm (180 A) .
K ' The foregomg is ﬂlust‘atlve of the present mventron, and is not to be construed
. as hmmng thereof. Accordmgly, the mvennon is deﬁned by the follomng claJms
~ with eqmvalents of the cla:lms to. be zncluded therem

18

The apparatus is renoved fromthe refrigerator and the

“two weight percent solution, and a magnetic stirrer, and the
solution cell filled to 2,850 kPa (400 psig) and
evacuated to clean the apparatus and

rovi de a

filled to 13,900 kPa (2000 psig) and
0 4,370 kPa (619 psig). The solution cell is then filled wth |iquid.carb.on
inthe refrigerator at T=16.1C. the magnetic stirrer is turned on and the

is used for the three runs descrl bed beI ow. EXAI\/PLE 2 Pressure ReI ease Rat e of

ed with clear
verted to allowthe liquid to drain to the substrate
aced back .in the refrigerator, the pressure transducer
begun by opening valves 1 and 2. After
the top cell and
| ves are closed. Athin filmof polyner
se Rate of 6.1 kPa per second (0.89 psi
he apparatus as used in Exanple 2. The cells were
found to be cloudy, and was allowed to becone cl ear

After about 2

cell.
I's closed and the system
1 mnute and si x seconds the drai nage
evacuation is begun at a slowrate of 9.6 kPa per second

is found on the glass slide, as

Per second) This exanple is carried out
equilibrated at a

and stabl e before

~rrpressure—




dr ai nage was begun.

evacuati on

gl ass slide,
solution for these runs.
in accordance with the present
nol e percent of azobisisobutyronitrile (AIBN) was enployed as initiator r
relative to tWeeclaimi ght of carbon di oxi de and the resulting-(poly)nethyl nethacr
is illustrative of theApre
equi valents of the cl af Mo
substrate in a f|anmnEQQEmﬁﬁﬁ@pu&mﬁgf&%u&ﬁﬁéhna@ﬂ& pRRdeY
t hat sai d at
| east

2.5.

SO
t he at
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begun at a rate of 6.1 kPa per second (0.89 psi/second).
as illustrated in ..Figure 4. Further reuse of the poly
EXAMPLE 4 Coating and Pol yneri zi ng Met hyl
invention. This exanple was carried o

i nent and i s _not to be construed

B%""PH’&%%%&“%&P@PHM% DEC 2004 V% cl ai
FiSing

nmeric precursor is dep05| on” sal
rsor and forma polynerlzed coat i ng.

I east one

supercri tiskal f | uuxﬂm&aw&m&%ﬁ&%ﬂmﬂr&pﬁmiﬁﬁfbt,ﬁeﬁﬁ& sEloAa Rk o5

10

.20

- 25 - precursor is selected from the group consisting of acrylic monomers polyfunctional

- small molecules, multifenctional monomers, asocyanate-contammg precursors, lipids,

30

that said at Ieast one polymeric precursor is deposited on said surface portion; and

- then

subjecting the substrate to conditions sufficient to polymenze the at least one
polymeric precursor and form a polymerized coating.

fatty acids, and combmatlons thereof

ikl

8.
precursor is methyl methacrylate.

- 19 -

Drai nage was carried out for one mnute and twenty seconds.

Met hacryl at e

The gl ass
mer solutio

ut at anbi

as limti
m 1. A net
sor; then 5
surface por
10 2. An
econd phase

&

* After the drainage val ves are closed,

the substrate cell is isolated and
slide was renoved fromthe. cell. A thin filmof polyner. is found on the

n did not result in coated slides, apparently because of the dilution of the
Met hyl nethacrylate (MVA) was coated on a substrate and pol ynerized in- situ
ent tenperature using carbon dioxi de at a pressure of 5,930 kPa (860 psi).
elative to the nononer anmount. 6 weight percent of MVA was pol ynerized

yl ate eoating had a. thickness of approximtely 18 nun (180 A). The foregoing
ng thereof Accordingly, the invention is defined by the following clains, wth
hod of coating a substrate, conprising: imersing a surface portion of a

W t hdrawi ng said substrate fromsaid fast phase into a distinct second phase
tion; and then subjecting the substrate to conditions sufficient to polynerize
et hod according to claim1l1l, wherein said first phase is a liquid or a

is a gas.

7_ 2 A method according to claim 1, wherein said first phase is a liquidora
supercnhcal fluid.
‘3. Amethod according to claim 1, wherein said second phase is a gas.
4, A method according to claim 1, wherein said first phase is
homogeneous. o
5. A method ‘according to claim 1, wherein said first phase is
heterogenous. ' | |
6. A method according to claim 1, wherein said substrate is 4 solid arficle.
7. A method according to claxm 1, Wherem the at Jeast one polymeric

A method accordmg to claim 1 wherein the at least one polymeric




.15 4. A nethod according to claim1l, wherein said first phageauﬁx]mmgpgeneous.
6. A nethod according to claiml, wherein said substrate is a sol

25 precursor is selected fromthe group consisting of acrylic nononers,
and conbi nations thereof 8. A nethod according to claim1l, wherein the at

het er ogenous.

pol ymeric

i socyanat e- cont ai ni ng precursors,
precursor is nethyl
1, wherein said subjecting step is

lipids, fatty acids,
nmet hacryl ate. -
5 perforned ex-situ.

and wherein sai d bPol oghcarthadtascordingi ® nims dntwheidihisaid Sibjedtin|sipe

selected fro
conbi nati ons
pol yneri zed coating are present

selected fromthe oup, consi stin
caid first phase firthes RoRef

5

10

15

20

25

30

in the formof an integral
of filler, powder, fibers,

performed ex-situ.

-

1. A method according to claim 1, wherein the first phase further
comprises a biological materia_], and wherein said biological material is present within
said polymerized coating.

12. A method according to claim 11, wherein said biological material is

selected from the group consisting of proteins, peptides, amino acids, nucleic acids,

cellular material, lipids, fatty acids, bacteria, viruses, and combinations thereof.
- 13, A method according to claim 1, wherein said substrate comprises a
porous material, and wherein said substrate and said polymerized coating are present

in the form of an integral composite structure.

14. A method according to claim 13, Wherein‘#t-he poroué material is

selected from the group consisting of filler, powder, fibers, granules, metal particles, °

and combinaﬁons thereof.

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

© aviscosity modifier.

) 16. A method according to claim 1, wherein said first phase fiirther
comprises a surface-tension modifier.

17, A method according to claim 1, wherein said with&rawing step is
carried out by withdrawing said substrate from said first phase into an atmosphere

comprising carbon dioxide at a pressure greater than atmospheric pressure.

- 20 ~ ..

19 9. A nethod according to claim1, wherein said subjecting step is
11. A nmet hod accordi ng

nF&mﬁnggggghgonsisting of proteins, peptides, amno acids, nucleic )

hereof | 3. A nmethod according to claim1, wherein said substrate conprises a porous material, and wherein said substrate and said
conposite structure. 20
gr anul es,

ding 10; glaigy il ywhesén fspidr sublestinga stept isod according to clai m

nmet al

b

5. A nmethod according to claim1, wherein said first phase is 20
idarticle. 7. A nethod according to claiml, wherein the at |east one

pol yfunctional small nolecules, rmultifunctional nonomers,
| east one polynmeric 30

performed in-situ. 10. A nethod according to claim

to claim1, wherein the first phase further conprises a biological material,
I {sl zed coating. 10 12. A netMod according to claim 11, wherein said biological material is
cellular material, lipids, fatty acids, bacteria, viruses, and

aci ds,

14. A nethod according to claim 13, wherein the porous material is

particles, and conbinations thereof. 15. A nethod according to claim1, wherein




wherein said first phase further conprises a surface-tensi of BoBERi &4 17. A met

W t hdrawi ng said substrate fromsaid first phase into an atnosphere conprising
2004 18. A nethod according to claim1; wherein said withdrawing step is carri
conprising carbon dioxide at a pressure of 69 to 69,000 kPa (10 to 10,000 psi).
out by withdrawi ng said substrate fromsaid first phase into an atnosphere
~a differential partial pressure of carbon di oxi de between said first phase and

carried out by

hod according to claim1, wherein said withdrawing step is 30,
20 3 DEC

carbon di oxi de .at a pressure greater than atnospheric pressure.

iled out by withdrawi ng said substrate - fromsaid first phase into an atnosphere

19. A method according to claim1, wherein said withdrawing step is carried
conprising carbon di oxide, said nethod further conprising the step of. maintaining
sai d_at nosphere of between about 1.3 and 53.3 kPa (10 and 400 nm Hg). 20. A

met hod -accor di ng §o ‘m“#b F@}I n the polymerized coating conprises at |east one -pol yner sel ected frormm - re—gromr oSSty —o? .
- epoxi es, polyi socyana ASF &4 elaim 4, reg’e%lqmetbdmawmg step pol yi m de, poliyesters, polycarbonates, polyam des, polyolefins, polystyrene, acryli c | at ex
"epoxy re5|mapemoubbﬁemhﬁﬁwm@smﬂaﬁﬁhﬁmiﬁéh%idiﬂ%ﬁ?ﬁ&hﬁ 1%%%)a ur et hanes, polysaccharides, fluoropolyners, silicone resins, anino resins, poly(ethylene
accor

ons t her eof “®o claim out i

812 prsaaure of 6f ¢ 69,000rkRa €i0rtg 18,080psiace portion of a su

t hen wi'thdrawi ng said substrate fromsaid fir
“polynerlc precursor is de 05|ted on said surface  portion, and then subjecting
pol ynmeri c precursor. dhdn C&OIﬂBlg

ymlmmedi, wberemrqgrd withdrawing step is
carried out by wﬁhdrawmg said substrate from said first phase into an atmosphere
compnsmg carbon dioxide, sa1d method further compnsmg the step of:
" maintaining a differential partial pressure of carbon dioxide between sard ﬁrst
' | phase and said atmosphere of between about 1.3 and 53.3 kPa (1 0 and 400 mm Hg) |

napht hal at e) and I .hat
met had of cSALPRAP gaa&%

| east one polynerlc precursor;
t

'20. A method accordmg to claim 1, wherein the polymenzed coatmg

' compnses at least one polymer selected  from the group cons1stmg of acrylate |
polymers epoxies, polyisocyanates, polyurethanes a sol-gel precursor, a polymnde
o polyesters, polyearbonates polyamldes polyoleﬁns po]ystyrene acryhc latex epoxy |
: resms, novolac resins, resole resms, polyurea, polyurea urethanes polysaccharides, .

| ﬂuoropolymers, silicone resms, ammo resins, poly(ethylene naphthalate), -and - R
combmahons thereof '

| 2. A method accordmg to claim 1, wherem saxd subjectmg step is camed :
- out in the presence of an initiator. = - ‘
22. A method of coatmg a substrarte com,pnsmg _
1mmersmg a surface portion of a substrate in a first phase compnsmg 11qu1d or. .-
supercnucal carbon dioxide and at least one polymenc precursor; then

. wrthdrawmg said substrate ﬁ-om sa1d first phase into a dlst::nct gaseous second |

| phase so that said at least one polymenc precu:sor is depos1ted on said surface .
_ portion; and then _ .

o | subjectmg the substrate to condmons sufﬁcrent to polymenze the at least one
: polymene precursor and form a polymerized coating. - b
.23,

A method accordmg to claim 22 wherein said ﬁrst phase is
| fhomogeneous ' '

21

n the presence of an initiator.
bstrate in a first phase conprising liquid or supercritical
st phase into a distinct gaseous second phase so that said at

wherein said subjecting step is carried 22. A
car bon di oxi de and
| east one

he substrate to conditions sufficient to polymerize the at |east one




21 3 DEC 2004 24. A nethod according to claim?22, wherein said first phase is

het er ogenous. 25. A method according to claim22, wherein said substrate is a solid 5 article. 26. A nmethod according to claim22, wherein the at |east one
polymeric precursor is selected fromthe group consisting of acrylic. nononers, polyfunctional small nolecules, multifunctional nonomers,

i socyanat e-cont ai ni ng precursors, lipids, 10 fatty acids, and conbi nati ons thereof. 27. A nmethod according to claim?22, wherein the at | east one polyneric
precursor is nmethyl nethacrylate. 15 28. A method according to claim22, wherein said subjecting step is performed in-situ. 29. A nethod according to claim

22, wherein said subjecting step is perforrred ex-si tu. 20 30. A method according to claim22, wherein the first phase further conprises a biol ogical
zed coati-ng. 25 31. A nmethod according to claim30, wherein said biol ogical

material, and wher®i.n s|i gelhe! &%ﬁﬂ t gse th sai d pol yneri
W i’f'&;'ﬁ Yﬁ{s E‘?J‘F ; dcids, nucleic acids, «cellular material, lipids, fatty acids, bacteria,

material is Sel ected fromthe group COI’ISIS |ng of a prote Hes; amino 3
viruses, and CYFBEFRMS-ons thereof. 32. A method accor di ng to claim22, whereinisaid substrate corrpri ses a 30 porous materi al, and wherein sai d substrate and

said polynerized coating are present in the formof an integral c'orrposi te structure. -22 3 DEC 2004 33. A nethod according to claim32, wherein the porous
material is selected fromthe group consisting of filler, powder, powder, fibers, granules, nmetal particles, and conbinations thereof.
25. A method according to claim 22, wherein said substrate is a solid

23. A nethod according to claim 22, wherein said first phase j s rhopggeneous.

-

5  aricle.

26. .A method according to claim 22, wherein the at least one polymeric
precursor is selected from the group consisting of acrylic monomers, polyfunctional

“ small molecules, multifunctional monomers, isocyanate-containing precursors, lipids,
10  fatty acids, and combinations thereof,

B 27. A method according to claim 22, wherein the at least one polymeric
precursor is methyl methacrylate.

15 .7 28 A method according to claim 22, wherein said subjectng step is -
_ performed in-situ.

.29, A method accordmg 10 cla:m 22, wherein said subjecting step is
' pe:tfonned ex-sﬂ:u.

20 _
' 30. A method according to claim 22, wherein the first phase further
| comprises a biological material, and wherein said biological material is present within
- said polymerized coating.
25 o 31." A method accordmg to clalm 30, wherem said bzologxcal material is

selected from the group consisting of a protein, peptides, amino acids, nucleic acids,
; cellular material, Iipids, fatty acids, bactena, viruses, and combinations thereof.
| 32, A method according to claim 22, wherein said substrate comprises a
| 30. porous material, and wherein said substrate and said polymerized coating are present
inthe form of an mtegral compos;te struchure,

-2 .




34. A nethod according to claim?22, wherein said first phaserfgertthErzﬂU’Eorrpri ses a viscosity nodifier. 35. A nmethod according to claim 22, wherein said first
phase further conprises a surface tension nodifier. 36. A nethod according to claim22, wherein said wwthdrawing step is carried out by withdraw ng said
substrate fromsaid first phase into an atnosphere conprising carbon dioxide at a pressure greater than atnospheric pressure. 37. A nethod according to claim
22, wherein said withdrawing step is carried out by withdrawi ng said substrate fromsaid first phase into an atnosphere conprising carbon di oxide at a
pressure of 69 to 69,000 kPa (10 to 10,000 psi). 38. A nethod according to claim 22, wherein said withdrawing step is carried out by w thdraw ng said
substrate fromsaid first phase into an:atnosphere ‘conprising carbon dioxide, said nethod further conprising the step of. nmaint aining a differential partial
phase and said at m)sphere of between about 13 and 3.5 kPa (10 and 400 nm Hg). 3% "A nethod according to claim

*pressure of carb%n di m%g bet en sal d, fi rst
22, wherein the poly cﬂ‘ Elﬁﬂlbrhzs Cxgin ﬂ@amfovn@aﬁgaﬂyner sel ected fromthe group consisting of acrylate polyners, epoxies, polyisocyanates,
polystyrene acrylic | atex epoxy resins, novol ac

pol yur et hanedectesd mm@owmmofmlep%meﬁ Swder; ﬂ@r&’%%ﬁfé? mdigg! ycar bonat es, pol yani des, pol yol efi I ns, ,
| ymers, si I I cone resins, am no resins, polyethylene naphthalate), and

resins, res res ur pol yuréa ur et hanes, pol ysacéharl des,. fluoropo ,
conbi natl ongiuﬁ?tl @’b‘? E&%ahg?féﬁ%ﬁ accordl ng to. cI ai m 22, vvherel n -sai d subj ectinng step is carried out in the presence of an initiator e

4. A method accordmg to claim 22, whersin sald first phase further ' . a ' , : .
compnsesavrscosuy modifier. . ' o ' o .' | o

- 35. A method accordmg to claim 22, wherem said first phase further

compnses a suxface-tenslon modlﬂer

7 36. A method accordmg to cla.un 22, wherein said mthdramng step is
carried out by wuhdrawmg said substrate from said first phase into an atmosphere

- compnsmg carbon d10x1de at a pressure greater than aunosphenc pressure

37.- - A method accordmg to claim 22, wherem said w1thdrawmg step is | : : -7 ‘ '- _
. carried out by withdrawing saxd subslrate from said first phase into an atmosphere -
: compnsmg carbon dioxide at a pressure of 69 10 69,000 kPa (10 to 10, 000 psr)

38 A method accorchng to claim 22, wherein saJd vnthdra\mng step is ; o
carried out by mthdramng said substrate from said first phase into an atmosphere' '
: compnsmg carbon dlox1de said method further compnsmg ‘the step of; _ _
7 mamtammg a d.tfferentral partial pressure of carbon d10x1de between said ﬁrst ,
: phaseandsa;ldatznosphereofbetweenabout13and53 5kPa(10and400mmHg) o | S - R ‘
| 39.7 A method accordmg to cla1m 22, wherem t.he polymenzed coat:mg o
| _'compnses at least one polymer selected from the group conslstmg of acrylate_
" polymers, epoxies, polylsocyanates, polyurethanes, a soI-gel precursor, a polymnde E
.polyesters polycarbonates, polyamides, polyoleﬁns polystyrene, acrylic latex epoxy | : i o oo [Upp— : -
- resins, novolac resins, resole resins, polyurea, polyurea urethanes, polysacchandes - o o | | - | o
fluoropolymers, s:hcone resins, amino resins, poly(ethylene naphthalate) and
combmat:ons thereof ' : S | S

| 40, A method accordmg to claim 22 wherein said subj ectmg step 1s
carried out in the presence of an initiator. '

23




