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2122510 ( I nprovenent in the preparation of a hydrophilic coating The
present *invention relates to a process for coating a polyner surface wit-h
a hydrophilic coating which*has a |ow 5 coefficient of friction when

wetted with a water -based liquid, as well "as nedical articles bz)fgrzsaibd
| (

pat ent\\Np. 1 500 96.3 (Bi osearch Medic Products Inc.) discldses a process
for -apptyi ng a hydrophilic coating which coating consists. of an

i nt er pol yner of polyvinyl- pyrrolidone and pol yurethane, said coating
havi ng a rhuch_15 cqeffic of frictiopn i W;t‘ tion than in
dry condi ti on. 18RERVERENt 30 the prapars ST (CRSRRLLIE| GO3S3NE for
medi cal instrunments intended to be entered in body cavities, because the

I nstrument givgﬁ a good gand r%P in dry cendjtion while sgnultan ously
becomi ng very S$PRpPEF$EDE IMNENHACHATIIHPR o a2 tPTREREBOLGT QAL D wet
mucuous- nmenbr padgmenndutfiasecai e a3 roadrawh £hise | goat I higuwhdemadras td Idwe
patient. Tge pEBSf?? dLRe! 8¥ed it 153 @%r‘i!ﬁ&? 80 ¢ hag Q‘ﬁ%@ ShawLd o be
useful for acconp |sﬁ|ngsuch coatings, but is on the other and 100
conplicated folipeidg 38i wadle ax medjcahrapt kebee pebugicepatedThd tiy ctess
described in Exoapbgnilip EBAtANEHcdIPi #P Y | $£5d NPFot€8s. .t han ten

st eps, whereby one of the steps takes 6 hours to carry through. A further

di sadvantage with this known process is that cracks are often formed in the
coating. 30 DiBeiosuaetof the invention The object of the invention is to
provi de a @goc§§§"T6F—The preparation of a hydrophilic coating that has a
much | ower 35 coefficient of friction in wet condition and which process

: British patent No. 1 600 963 (Biosearch Medical Products

Inc.) discloses a process for applying a hydrophilic coating

Wi th drophi | ic coating according to* sai d process. Prior Art
) a

which coating consists of an interpolymer of polyvinyl-
pyrrolidone and polyurethane, said coating having a ruch
15 lower coefficient of friction in wet condition than in dry
condition. Such coatings are, among other things, especially
useful for medical instruments intended to be entered in
body cavities, because the instrument gives a good hand grip
in dry condition while simultaneously becoming very slippery
20 when it gets in contact with body liquids or wet mucuous_
membranes, and thus can be inserted easily without damage
to the patient. The process disclosed in said British patent
has been shown to be useful for accomplishing. such coatings,
but is on the other hand too complicated for being suitable
25 for large-scale production. The process described in Example
1 in the patent thus comprises not less than ten steps, '
whereby'one of the steps takes 6 hours to cafry through.
A further disadvantage with this known process is that
cracks are often formed in the coating.
30

Disclosure of the invention

The object of the invention is to provide a prbcess for the
preparation of a8 hydrophilic coating that has a much lower
35 coefficient of friction in wet condition and which process



2 is nore S|nple and nore rapid to carry out than the process discl osed |n
t-he, above mehtioned British patent No. 1,600,963. These obj ects of the

[ nvent ion have 'surprisingly been achieved by applying a solution con ing
'betmeen 5-0. 05- 40% (wei ght /volune, that is kg/litre) of a conpound <

ntai ning at |east two unreacted isocyanate groups per nolecule to a

p ymer surface, evaporating the solventg appl ying a sol ution of

pol yvi nyl.pyrrol i done conjaipin et ween to SOQ%émel ht./ vol ) to the

‘thus treated 10’%0‘“9#&%@ @gﬂﬁﬁu’r@néﬁp apBr SBF gé’tﬁ’bgﬂ'{e

| ast mentioned ambulosed :Emdtl(élrabtgrd-hentdahedgmitbﬂe\/paﬁe:hﬁ erq;xerat ure
The invention i ed et I

according to thg §§ %?bn can&o O%L?lseég’gf %)’?e’fégc%g many‘gf e erﬁ"fs:'{?;])'gs
of polyner surfhees, ashiaved bntapplyibger, seahtv-onmtasming between

pol yvi nyl chl eri geosQlgr (wé it AU 1EGR,S thae! lsrﬁé}"ﬁﬂﬁﬁﬂ RS Ve Heitipumiad

pol yacryl ates. The o¢cess h been found to bg eci a useful for
| atex, polyvinyFeRE Wﬂ%gaﬁﬁa]ﬁﬁ%r%éﬁg?.ac}'ﬁ THEOHY FERUPTF to the

i nvention conprmekecabel ¥o ny pdlqu:olspmfaceur éﬂaponatimg)dﬂre:i smMeﬂmi ng at

| east two unrea o | | vent,
by di ppi ng, spr%&?ﬂ iﬁ? %h lﬁie an F%i%v gi ofbiﬁﬁe S0 qunﬁo
preferably by abetweenn@.5 Tte S0% dp’eﬁswmuue&omlﬂgﬁmuﬁ (hmeateded

I socyangt et %1?1156 9;ge£ h&;ﬁﬁa@%f%%ceva ta&eiﬁéheielwt& q:aet akBkng
conpounds a e u yi soc es, such as

pol yphenyl i soc?ﬁfvﬂi{"%nei ’;fﬁ'b #Eﬁﬁgdﬂ'@oﬁ% '%ltnr%ez)/ I uene
di i socyanat e. Ptempéyafuneso or other addition products’ of | socyanat es and
pol yol s are espeC|aIIy useful, for exanple prepolyners between tol uene

di i socyanate, hexanethylene dllsocyanate and trinethy- |ol propane, or
trimerized hexaﬁh@h?ﬁ%@ﬁtkﬂﬂsbtfﬁﬂé@ened in detail in the following.

Q)'

_ The process according to the invention can be used for

15 coating many different types of polymer surfaces, such as
latex rubber, other rubbers, polyvinylchloride, other vinyl
polymers, polyurethanes, polyesters and polyacrylates. The
process has been found to be especially useful fdr latex,
polyvinylchloride and polyurethanes.

20 The process according to the invention comprises applying.
to a polymer surface a compound containing at least two
unreacted isocyanate groups per molecule dissolved in a
solvent, by dipping, spraying or the like and then
evaporating the solvent preferably by air drying. This step

25 forms a coating with unreacted 1socyanate groups on the
polymer surface. Examples of 1sccyanate containing
compounds that may be used are polyisocyanates such as
polymethylene polyphenyl isocyanate, 4,4'-diphenylmethane
diisocyanate, and 2,4-toluene diisocyanate. Prepolymers

30 or other addition products of isocyanates and polyols are
'espec1ally useful, for example prepolymers between toluene
diisocyanate, or hexamethylene diisocyanate, and trimethy-
lolpropane, or trimerized hexamethylene diisocyanate
biuret. Such prepolymers are commercially available under

35 the trade name Desmodur (Bayer AG). |



biuret. Such prepolyners are comercially avail abl e under 35 the. trade nane
Desnodur (Bayer AG). 3 The solvent for the isocyanate conpound is
pref&rably one that does not react with i socyanate. The preferred sol vent

§

S \hyl ene chloride but it is also possible to use ethylacetate, acetone, -

chl orm nmethyl et hyI ketone and 5 ethylene dichloride, for exanple. Thy
| socyanat e sol ution may advant ageously contairn between 0.5 to 10% - - '

"0 6% (woi TR RIS G <000 JARAY Bop S SR L SRS Y BRI on

need to be ithd® dues awit \znetah:ti withudisacyanate. br'I‘leéIgn;efemre@(awﬂJven& to 60

seconds. ?gafe ahtf a ﬁg%%ﬁ '
desirabl e WI%%I er per| o forte?r'g E? 511%8 ménaétogél to obt ain a
strong adher%ﬂé!éla%ﬁi%r aRatene . é’hﬂ-ﬁé'gga%@vt%%é%e ketane #AE | t he

pol ymer 15 %Wﬁmm% N farsekhaple,. sol vent. A still further
method is to choose a solvent for the i socyanate, such that the solvent in

itself has the ability-to swell or dissolve the polyner surface which is to.

be coated. FBhé cisonyarate \splutionomayf adirantageowsly orontadn m@m e 20

fromthe pol r &65&,,1 | | i done
di ssol ved i ndggs%?\%érﬁ%\/\ehiereﬁglhﬁagrgfh??la%?%ﬁ#éa& I'S odt/al nedih\/%\,ﬁO -
subsequent tBFeFeEALIY, [QRFain §Bc}aﬁat§%n6‘f’?|%91|' &% a

pol yvi nyl - pysoceyasiare computid. easenéeammyyrrene dbrupidy rieud By bl iin 25

d dy §houl | bt .0f Db 10 d
the pref ed ceomkedt ach T fied BokbhereshL, "Bt Wl o 50 B8ne.
havi ng such secondsul dfn \idieylnasies oforrsting| 0F £on ¢xdnmle fmbb@mﬂpl e under
the trade nappe&Plid O dediBABTle wiEh2BPLEAgEE Setidd) erdlei@iiple 1

to 100 minutes, to obtain a strong adherence. Another
method to increase the adherence is to swell the polymer

‘15 surface beforehand in a suitable solvent. A still further
method is to choose a solvent for the isocyanate, such that
the solvent in itself has the ability to swell or dissolve
the polymer surface which is to be coated.

Following the evaporation of the solvent for the isocyanate
20 from the polymer surface, the surface is coated with poly-
vinylpyrrolidone dissolved in a solvent, whereby a '
hydrophlllc surface is obtained which subsequent to final
curing of the isocyanate normally consists of a polyv1ny1-
| pyrrol;done - polyurea interpolymexr. The polyv1nylpyrrgl;—
25 done used should have a mean molecular weight of between
| _ 104 to l07, and the preferred mean molecﬁlar'weight is
about 105. Polyvinylpyrrolidone having such a molecular
weight'is'ccmme:cially available, for example under the
trade najne KOI;J‘..II.':ON‘G .(BASF). Examples of suitable solvents
30 for pol?vinylpyrrolidbne;that”can be used are methylene
chloride (preferred), ethyl acetate, acetone, chloroform,
methyl ethyl ketone and ethylene dichloride. The proportion
of pQIYVinylpyrrolidone-in the solution is preferably
bétmeen 0.5 to ld%_(weight/Volume) and most preferred
35 between 2 to 8% (weight/volume). The-pol?vinylpy:roiidone
'in the solvent is applied by dipping, spraying or the like



30 for ponV|nyIpyrroI|done that can be used are mnet hyl ene chl or j
(preferred),” ethyl acetate, acetone, chloroform nethyl ethyl kg
et hyl ene dichloride. The proportion of polyvinylpyrrolidone in
is.preferably between 0.5 to 10% (wei ght/vol ume) and nobst prefe 3”35
b tween 2 to 8% (wei ght/volunme). The polyvinylpyrrolidone in the solvent*is

1ied by dipping, spraylng or the Iike for a short period of tinme, for

exanple during to 5 onds Af te onV| I|do tion has
been appl i ed toé‘? §c8% {: ﬁ‘“élgjéé‘ﬁ ﬁ?e% rably by
air drying. Thesemxc‘dual H:Ertec:eshé pblwimelpyacﬂmwlatzbheha:rl ng of

L e, coating whisilend g1 W) nBCELAEE dediedid ST BoiTBA8" 30 10

100[err]Cin for exa m nut es. t he ot her
steps in the prelapReraked, meﬁerablwemawa + effper 59§#€ualoimecmr pose

of t t he cu;l ng, wls‘dweataérankeﬁew?l atcawla%ﬁhg regt ttﬁepeaaeﬂﬁg whiéh

- wat er-cont ai nin anhi ent . ai s to bin ogya

.compounds toget ﬁ% Pﬁg?Pﬁﬂe%f %.%t%ﬁﬁa?ﬁﬂﬁ¥rfb3 t § %ﬁ ?&%r?‘that

bi nds the hydr oighlﬂqn: examplenghpoven) i and cduriing iS% doy 30amdntsegs ouddlreact s
with vwater at tfie GihHerd s#8psYiftl dhe 3Pr

ot her isocyanate ﬁroups to gﬁe forﬁ%tlon J%?ﬁQ¥1%icrossE#enk Accordg%g to

the invention i% §=i si ngl y been found possible to sinultaneously
reduce the low friction of the 20 hydrophilic surface, to inprove t he

curi ng 11 mostd ohe diptde, 8 b3 SUBLMT vikfeel 3 BB ERBk A nat o ancl or
t he sol uti on ofcqrsiuctedy lipy thel puemccsm a watierrgontadvingvgasospeli ses
g: fs fs 3[525 Knowa & dnH 16t ad®,f 25 £806¥Ad dife CiddYnataeeBmpahAdY StSgdBee
to the formation of a stable non-reactive network that
binds the hydrophilic polyvinylpyrrolidone. The isocyanate
15 groups reacts with water at the curing and yields an amine
which rapidly reacts with other isocyanate groups to the
formation of a urea cross-link. -

According to the invention it has surprisingly been found
possible to simultaneocusly reduce the low friction of the
20 hydrophilic surface, to improve the adherence of the
coating, and to shorten the necessary reaction times and
curing times, by using some additives to the solution of
isocyanate and/or the sclution of polyvinylpyrrolidone.
Such a suitable additive comprises different known catalysts
25 for isocyanate curing. These catalysts may be dissolved
in either the isocyanate solution or the'polyvinylpyrroli-
done solution but are preferably dissolved in the latter.
Different types of amines are especially useful, for example
_different diamines, but also for example triethylene
30 diamine. Preferably, an aliphatic amine is employed which
is volatilizable at the drying and curing temperatures used
for the coating,and which furthermore is non-toxic. Examples
of suitable amines are N,N'-diethyl-ethylendiamine,
hexamethylendiamine, ethylendiamine, paradiaminobenzene,
35'l,3-propandiol—para—aminobenzoic acid diesther, diamino-
bicyclo octane, and triethanolamine. The proportion of



in either.the isocyanate solution or the polyvinylpyrroli- done solution
but ar-e preferably dissolved in the latter. Different types of am nes-are -

e ially useful, for exanple different diamnes, but also fof exanple s
t yl ene 30 di arri ne. Preferably, an aliphatic amine is enployéd which is
% |izable at the drying and curing tenperatures used for the coafing, )

antd—whi ch furthernore is non-toxic. Examples of suitable am nes are -

N, N - di et hyl @uaiymwll:mnﬂfa pedirniriyipgandilddons sslutiondiigrisadtable

B o by cyRpEueen ot i ROF I I QRO 3E Saly AL
in the pol ywpnyrm&xdﬂneiomr@ﬁlﬁhhh hetwaen fbile tee Qe Yo weighd«50% by

wei ght of thesgndubE e m&a«)e-raéntﬂaﬁéa)lana% pagitdicularipeipeen 0.1 to
10% by WEI ght Soma of the ove nent i oned ,am n artlcul arly the 5
di ani nes,? carPiARINe%s, G203t éfflés‘a Wénéé{)? EhEEeRYi o t he

cross- i nki ngcmit:t:nmtsd\:qaul'ﬁé e:ma&dlitmrtgmif :.tslme:yéamteed strong

adherence bet #Qgr |
Fur t her nor e, | as sur pr| s%}“{’é g %v(e#%o b§£ SSt %0 %%feeguce the
low friction §he |qqaet151§faa@et&ei molfymetrh@nrfl@pemy of

di ssolving a I n th,e | socyanate s,0l rrpl es of sui

pol yners are I’SH%/}%%‘F@‘? %‘?ﬁiﬂﬁﬂ@’ gi?ﬁ? oWB: P R E’F?PSF-LEI@ or
pol yvi nyllaxettad e;eme/urhé Hmvesir:;nﬁmrscﬂq:armeehydrbphilmopukfaees of
these. Thesegg I 1351 ypPeged to give:
the surprisi ng y %Alf:%dé? ?%};[’:1 Afy egg}og'ﬁ% ersené% gécgugggt hey
obstruct an lﬂ‘ﬂﬁ%lf Qi Falns J(S?!’-of %ﬂp}ﬁs pelymezgante
conpounds outpd Iy tidies P @dmwnﬂynyrdca{pm Is@\ear asAp%@.yWhyhembeaaen for
the low friction rﬁ%vbe tr}:att tthe a% tloq__hof a poloylrrer enhance

elasticity of ox’ |1 etate, polyurethanes, yisocyana es.

15 copolymers _of these. These otherwise substantially :Lnex_'t
polymers are supposed. to give the surprisingly reduced
friction at the surface mainly because they obstruct an
undesired diffusion of not yet cross-linked isocyanate
compounds out into the polyvinylpyrrolidone layer. A

20 further reason for the low friction may be that the
addition of a polymer enhance the elasticity of the coating.
The proportion of dissolved polymer in the isocyanate
solution is suz.tably between 0.5 to 20% by weight of the

solution, preferably between 2 to 10% by weight.

25 The obtained hydrophilic coating evidently ‘contains an
appreciable amount of partly freely movable polyvinyl-
pyrrolidone chains. Thus it has been shown that the
coating can cdmplex-blnd a substantial amount of elemental
iodine (compare Example 6), as is also the case with free

30 polyvinylpyrrolidonea'-Such an iodine containing'hydrophilic
and anti-bacterial coating is advantageous for many
medical uses, for example for urinary.catheters'which are
intended for insertion in the urethra for extended periods
of time and which otherwise is a common cause of infections.

35 e iodine-containing coating is suitably prepared by final
digping_in_a-KI/IZ-SOIution containing at least 1% by weight



The proportion of dissolved polyner in the i socyanate solution is sui tabI/ Ty |

between. 0.5 to 20% by wei ght of the sol ution, preferably betwee o] 10%.‘_
by wei ght.. 25 The aobt ai ned hydrophilic coating evidently cont g _ :
appreci abl e anmount of partly freely novabl e pol yvinyl- pyrroli chai ns.

Thus it has been shown that the coating can conpl ex-bind a substanti al
atsunt -of el enental i odine (‘compar e Exarrpl e 6), as is also the case with
free 30 polyvinyl pyrrolidone. Such an iggine containing hydrophilic and
anti-bacterial dioabaaael Sfaﬂzan&a%pt&jﬂ{g.ﬁwsmwﬁkeeé&éd Bpr exanpl e
for urinary catheters whic tendedfor insertion in the urethra for
ext ended peri odd™SRNE A2 3nﬁ°£\7ﬁ *otherwise is a common cause of

i nfections. 35 The iodine-containing coati ng |s sui t.abl pre ared by fi nal

di pping in a KThe wenticn dsnidivehiated dnde 0\31%9
i odi ne, foll oweskdmpldsi Ng, possibly preceded by rinsing i n a sol vent. The
invention is illustrated in detail in the foll owing Exanples. 5 Exanple 1.

A pentaner of hexanet hyl ene diisocyanate and tol uene diisocyanate of
cyanur at e type Exguple [des nﬁdpenhhmeﬁaqérhﬂ@mﬁzyhﬁmdlﬁedcimnm hathdne

chloridetoac%m e dily ( églfq,é,peA tgyes er
was di pped in this sol ut ﬁcgéﬁ?% %Eseco%‘a 10 _cat, eter vvasﬁg owed
to dry at anmbi BRYSXeRFr diggpived stn midndenaclonids 0 das di pped

during 5 secondsoridentxra®lich of mnt%mwmm.ghww gey pcpol yvinyl -

g .
o et one Shear M atbRba B SBhi8 e i or MR BkPlibA o 1R
cat het er wasla mmauem/ma ela:wedt tan@t:erat taﬂpam;t GﬁmpeuﬁtngewJEMnds
and then 30 seconds, whereupon it was dipped during 5 seconds in a
solution containing 6% (weight/volume) of polyvinyl-
pyrrolidone (K90; mean molecular weight-éBG0,000) and 0.6%
(weight/volume) of triethylene diamine (DABCO ®) . dissolved
15 in methylene chloride. The. catheter was then allowed to
dry at ambient temperature during 60 seconds, and then
cured during 20 minutes at 70°C above a bowl filled with
- water. The catheter was finally allowed to cool to ambient
temperature during 20 minutes whereupon it was rinsed in
20 water. The catheter had a slippery and adherent surface
when wet. |

This experiment was repeated without any triethylene
diamine being added, and in that case no slippery surface
was cbtained. -

25 Example 2. A trimerized hexaméthylene diisocyanate of
‘biuret type (named Desmodur L 22913 Bayer AG) was dissolved
in methylene chloride to a concentration of 6% (weight/
volume). A urinary PVC catheter was dipped in this solution
during 30 seconds. The catheter was then dried at 70°C

30 during 60 seconds, whereupon it was dipped during 5 seconds
in a solution containing 33 g polyvinylpyrrolidone (K25:
mean molecular weight ~ 25,000) per 100 ml methylene

- chloride.This solution alsc contained 0.33 g triethylene
diamine (DABCO ®) per 100 ml solution. The catheter was

35 then allowed to dry at ambient temperature during 60 seconds



. <
cyced during 20 mnutes at 70C above a bow filled with water. The catheter
rnally allowed to cool to anbient tenperature during 20 m nutes ’
uporr it was rinsed in 20 water. The catheter had a skti ppery and P
a ent-'surface when wet. This experinment was repeated without any,
triethyl ene di am ne being added, and in that case no slippery surface was*’u
obtai ned. 25 Exanple 2. A trinmerized hexanethyl ene diisocyanate of biuret
type (named Desmodur L 2291; Bayer AG7 was di ssol ved in nethylene chloride

to a concent aad eheff cQ¥edveutihdg A0 |ndfItes| at/ 7020y aBY¥GeCat BOGEr Was

di d h Th h d d
T02°50 dur | iy e bisRl HERRD Tho “ErdRer I i 0118860 R0 10
sol ution conmﬂﬂ—l e sgbgepbl 9@@@#@";@#@&@%% hen ménsedoincwaterawei ght ~

25,000) per I9@ atkebBY naQ &hbDipgloryhira SdHdrient 3useaS@NiRbRWed: 33 g
triethylene diam ne (DABCO O per 00 m solution. The catheter was

h |1 60 hen
cured dur EngThee PIRELIRRE S ZRERARN RRTLH G ST Rne ﬂ%ﬁ*?%?the?& |
was_ final |y béeingealided caoid tim a:inbrtenas'laenpeshimmxmq wWa® rinsed in
water. The cghbeleta Nasldh Sif R kuRd6g2UiRE CRhs SLdACEs I AL WihrsS Thi s

experinment was repeat ed w thout any tr| ethyl'ene di am ne bei ng .added, and in
‘that case no2%| ?)p%'ry surface was obtained, even if the curing tine was
increased to 6 hr ‘at 70[err]C. Exanple 3. A tri mari zed hexanet hyI ene

di i socyanat f anggﬂy 249 Qe Was
di ssol ved |emn—§ﬁ#)$-§n %%A%%ES EoRtontTaron #%&%S ht/ vol une) .

A cat het et0 riotiaret tywe Deamodurpbed2Ph: Bayer AG) was dissolved
in methylene ch;or:.de to a concentration of 6% (weight/

volume). A catheter made of softened PVC was dipped in
this solution during 5 seconds. The catheter was then
dried at ambient temperature during 30 seconds, whereupon

15 it was dipped during 5 seconds in a solution 'cdntaining'G%
(weight/volume) of polyvinylpyrrolidone (K90; mean molecular
weight~ 360,000) and 1% (weight/volume) of N,N'-diethyl-
ethylene diamine, dissolved in methylene chloride. The
catheter was then allowed to dry at ambient temperature |

20 durJ.ng 30 seconds and was then cured in an oven during 3

hrs at 70°C. . The catheter was finally rinsed in water
during one hour at ambient temperature. The catheter had
a slippery and adherent surface when wet. '

The experiment was repeated without any amine being added
25 and in that case the hydrophilic surface was not adherent
and disappeared when the catheter was rinsed in water.

Example 4. A trimerized hexamethylene diisocyanate of
biuret type (named Desmodur L 2291; Bayer AG) was ‘dissolved
in methylene chloride to a concentration of 6% (weight/

30 volume). A urinary PVC catheter was dipped in this ‘solution
during 30 seco_nd's'. and was then dried at ambient temperature
during 30 seconds. The catheter was then dipped during 5
_seédnds in a solution containing 6% (weight/volume) of
polyvinylpyrrolidone (K90; mean molecular w.e‘ight'~'36_0,000) _

35 and 2.5% (weight/volume) of triethylamine, dissolved in



this solution during 5 seconds. The catheter was then dried at anbient
t enperature during 30 seconds, whereupon 15 it was di pped during 5 seconds

in a solution containing 6% (wei ght/volume) of polyvinylpyrrolidon K90; .
rean’ fiol ecul ar wei ght ~ 360, 000) and 1% (wei ght/vol une) of N, N -myl -
et’hyl ene “di am ne, dissolved in nethylene chloride. The catheter hen
aI\T"’Qwe.d to dry at anbient tenperature 20 during 30 seconds and was then
cured in an oven during 3 hrs at 70[err}C. The catheter was finally rinsed

in water during_on our anpient te ature. ‘The cat er d

sl i ppery and adﬁ@FEXEegﬁréé%?mh The r‘w_:p | gprPanh?nmgf‘{?ﬁfg}Peh t hout
any ami ne bei ngagddwbiest abemperatute chwdngh80hpdropda| and swad Limaddy not
adherent and di ggpaaaiRtanhePeh G150 Y HinkRes’ BBSPE°E ) MRd Fattetr®l e 4.
Atrinerized he%gget héiene di i so% ate of bi %ret tgge ‘Q%Iarred Desnodur L
2291 Bayer AQ i SSULPREY | _ ?ﬁﬁ% SHESPFEWPER ®bhcent rati on of 6%

(wei ght/ 30 50|T!E@)e:g%fir:dé?ﬁr Wa@VQeﬁéEES&e&i%Svﬂ'%xié" ihhbﬁriﬂbuiiﬁé
during 30 seconds an s then qried at apbient tepperature during 30
seconds. The caPRCERAM T HON THAHEEE. dBRAnbE Sras i (that aoeuEtaRe

cont ai ni ng 6% (wtlg bptinunproperptesvasytoylsw! friutadKAdd aanerentecul ar
wei ght ~ F360, oo‘ggs 3‘%‘%&(% 0 t@'e"’ﬂrh%%i g%m%?%g%&%#ﬁv\é m ne, dissolved

in 8 met hyl ene™ c € ca er was ‘o dry at anbi ent
tenperature during 30 seconds and was finally cured in an oven during 5
mnutes at 70[ EXamplerth. & Hel@erigadhexappehylens ddimacyanater PEce when
Lo 20 i nut on L e T e LT oot Ly e epe ea ©
to Tow fricti ortB e hane, aingedg, ] Acronrentamar onth Re8TehH ng
tinme. volume). A urinary latex catheter was dipped in this
~ solution during 30 seconds and was then dried at ambient
. temperature during 30 seconds. The catheter was then dipped
15 during 5 seconds in a solution containing 6% (weight/volume)
of polyvinylpyrrolidone (K90; mean molecular weight As360,000)
and 0.6% (weight/volume) of triethylamine, dissolved in
methylene chloride. The catheter was then allowed to dry
' at ambient temperature during 30 seconds and was finally
20 cured during 20 minutes at 70°C above a bowl filled with
water. The catheter was finally allowed to cool to ambient
temperature and was then rinsed in water and 0.2 M EC1l (ag.).
The catheter had a slippery and adherent surface when wet.

The experiment was repeated with variations in dipping time

25 in the isocyanate bath of from 30 seconds to. 10 minutes,
but no advantage was obtained by increasing the dipping
time beyond 30 seconds. |

Example 6. The inner of a two metre long hose of PVC (inner

diameter 8 mm; out diameter 10 mm) was flushed with '
.30 different solutions and dtying agehts in the following

orders and periods of time.

4

6% (weight/volume) of a trimerized hexamethylene diisocy-
anate of biuret typé (named Desmodur L 2291; Bayer AG)
dissolved in methylene chloride during 30 seconds; a stream
of ambient air during 30 seconds; 6% (weight/volume) of
polyvinylpyrrolidone (K90; mean molecular weight~-360,000)

35
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Exanple 5. A trinerized hexanmethyl ene diisocyanate of 10 biuret type (naned _
Desnndur L 2291; Bayer AG was dissolved in nethylene chloride to a
6% (wei ght/ volune). A urinary |atex catheter was dipped

st rati on of
$ ssol-ution during 30 seconds and was then dried-at anbient’ -,
=\jat ure during 30 seconds.
ds in a solution containing 6@6(m@|ght/volune) of pol yvinyl pyrrolidone

The catheter was then dipped 15 during 5

(K96 mean nol ecul ar wei ght ~360, 000) and. 0. 6% (wei ght/vol une) of

triethyl am ne,

all owed to dr
cured during

m nut es at
catheter was Pehhyigne cbhenids 28pdl dvsiaghineecongsratusdredd ®ds t hen

rinsed in matgﬁbﬁgdtoazrhﬁﬁﬁtngaqg)se&hadgatheter had a slippery and. _
The experinment was repeated with variations in

adherent surface when wet.

di ssolved in nethylene chloride. The catheter was then

ynalosasi ﬁ”iwé?gﬁ’é‘?%&'Gﬁe?’UE'F”Qr-?Qt%?%Hﬁ%ea”@1‘@@% Ry 20

er: > above a

wat er

di pping tine 25 in the isocyanate_bath of from 30 seconds to 10 m nutes,
but no adSant ibe ese obesi heenbguredr éasangovke duppingg &t ihme laéy @8d C30

seconds. ‘Exanphg @bsT@ﬁehnﬁﬁﬁsﬂédawiﬂﬂ gekéeukg@gdh9%§89f E¥Gt$oﬂn9¢

dianeter 8 mm out dianeter
-and drying’ ag%ﬂ¥§5§h”Thb°¢b¢FoQFh@go?GEP§a§ﬁ9 HéFPoGée@P“$P%91°G%Pe~

(WBlght/V0|UnR)s@EtﬁoﬁrbﬂEEhieH%feéﬁﬂﬁtFutgﬂpedlb&gclheaﬂaEQd@fublghet type
| SSol,ve ne .c ur,
PR TR S S S e
pol yvi nyl p§r rsurfiaee iKbOh wesnskbbpenyawhesi yet~360, 000rh adheded. 86 %
(“B'ght/VO'U”@he0$u$fé€$hxbéﬁ19$t F'é§9&¥8@3h§o€ﬁﬁhg'%Hew%EEQLEde and

a stream of

(nanmed Desnod

seconds; a st

during 10 seconds;
was then cured in an oven durlng 6 hrs at 70 C,

15

bask,

L 2291, Baye

WS afBY R

rent solutlons

lent arr ring 30 seconds The hose

The experiment was repeated without any triethylamine being

added and_it was found that no adherent coating was being

formed.

Example 7.

In this experiment pieceé (50x120 mm in size)

of the following different plastic film materials were

20

25

30

‘solution of 6%

35

treated according to the invention and tested:

a).
b)

c)
d)
e)
f)
g)
h)
i)

ethylene
ethylene
ethylene
ethylene
ethylene
ethylene

low density polyethylene, LDPE,
plasma treated low density polyethylene, PT-LDE,

2.5% vinyl acetats copolymer,

°
%

18%

3%
7%

17%

vinyl acetate copolymer,
vinyl acetate copolymer,
butyl acbylate“copolymer.

butyl acrylate copolymer,
butyl acrylate copolymer,

SURLYN (Trade Mark) {(from Dupont).

The film'piéces were treated with a solution_bf 2% diphenyl-

methaneé4;4’-diisocyanate_in a mixture of 25% trichloro-

ethylene and 75% methylene chloride for 15 seconds. Then

the pieces were dried for 30 seconds and treated with a

polyvinylpyrrolidone in a mixture of 25%

trichlorocethylene and .75% methylene chlaoride for 3 seconds.

~The film pieces were heated in an oven for 6 hours at_?UOC.

El

¥



and was .then flushed with a saturated water sol ution of pota55|unk£§ggge
bei ng saturated wi-th el emental iodine. A section of the hose was en :
and the inside of the hose was found to be coated with a brown A
i odi ne- confaining 10 surface which was slippery when wet and which adhered
t o the surface even after extended soakingpin water. The experinent was
repeated without any triethylam ne being added and it was found that no
adherent coating was being 15 fornmed. Exanple 7. In this experiment pieces
(50x120 mmin si A€keof thile tobl6Wﬂmgpdeﬁﬁeraerepwmﬂbadfudlmahﬁnﬂanﬂ sheere.
treated accordln e_Lpv 0 ngi

pol yet hyl ene, EEQB%E Pag %Q%Eeatégglg§ﬁ%§g§tg %ﬁﬁégq §H$XYBE

et hyl ene - 2. 596&Tﬁ?ﬂeaﬂérhﬂe egﬁaﬂynﬁryIQ;EepnypéN@erS5aﬁ¢|NyMydcepaﬁete

SobDut YT Bcryl ot 6 CoPU e L a) Srhyrong Fovel BLET et TS VI 1)
obuty Y- 3 u % Y

et hyl ene - 17% b¥EYY EE¥S§598%&8B0W§ﬁ€rWE|) é%ﬁL?ﬁLFTradémﬁaPﬁF 3Pﬁbm
Dupont). 30 Thefrikttiphesesfeeeecaltaatugt vhehsarsacet wae abt2¥sdiduirenyle-.
met hane-4, 4' -dii socyanate in a mxture of 25%¢trichloro- ethylene and 75%
met hyl ene chloride for 15 seconds. Then the pieces were dried for 30
seconds and treated with a solution of 6% pol yvinyl pyrrolidone in a nixture
of 25% 35 trichl-oroethylene and 75% net hyl ene chloride for 3 seconds. The
filmpieces were heated in an oven for 6 hours at 70[err]C. 10 After
this the filmpieces were wetted in water and the surface was tested for.

| ubricity. The filns of SURLYN (Trade Mark). butyl acrylate copol yners and
vinyl acetate _ :



CopoLynérs were found to have a permanent—surfacewth very low friction

wh wet. The other filnms had low friction surface although the surface was

n ‘durable. - - 11 - CLAIMS 1 i -pl acing a hydrophilic %
codbMg which has a | ow coeffi ci e””\!ﬁ“ﬁ“ﬂ[mwm I wetted with'a water __°
bas liquid on a polynmer surface, ereih tthe *polfyner. is'selected fromthgy,

group consisting of rubber, including | atex rubber, vinyl 5 pol yners,
pol yesters and pol yacryl ates, which conprises applying to the pol yner
surface a solution in an organic sol vent= dderein the solute anounts to fro
m 0.05 to 40% (wei ght to volune) and substantially consists of isocyanate
or oligomers of isocyanate or m xtures ofClddMSrers or oligoners of

i socyanate, or 10 conbi nati ons thereof, wherein the isocyanate is
selected fromthe group conprising toluene diisocyanate, hexanethyl ene

applvi na 8 second schti oh BTty MR S ARSI LE, bRaIBsU 5 bke,

of pol yvi nyhpyry qé}vﬁ%fﬂéiﬁé Hf £0 R ih Yhen wettdd/ WBEnSY' tvﬁ%‘éraﬂgﬁeﬁg

t hen evaporating t vent e second solution, and curing the coa

at el evat ed] { Quie' 64 W %o%er RuY FHRS,S wHET Wi thel Polkile® 1saeiecReliN€rom
sol ution of polyvinylpyrrolidone and/or the solution of isocyanate contains

a catal yst thetgronelcoredestide afiriubberf, tinelAding . laitexcyabbet., FinylA
process according to claim2 wherein the catal yst conprises an am ne. 4. .
A prbcess eelymers), teolyesters dnd dalvderyleates,i yhichi sompeises applying
to the polymer surface a solution in an organic solvent wherein
the solute amounts to from 0.05 to 40% (weight to volume) and
substantially consists of isocyanate or oligomers of isocyanate
or mixtures of monomers or oligomers of isocyanate, or
10 combinations thereof, wherein the isocyanate is selected from the
group comprising toluene diisocyanate, hexamethylene
diisocyanate, 4,4'-diphenylmethane diisocyanate,evaporaﬁing the
solvent, applying a second solution containing from 0.5 to 50%
(weight to volume) of polyvinylpyrrolidone to the thus treated
15 polymer surface and then evaporating the solvent of the seéond
solution,'and curing the coating at elevated temperatuie.

2. A process according to claim 1 wherein the solution
of polyvinylpyrrolidone and/or the solution of isocyanate
contains a catalyst that accelerates the curing of the |

20 isocyanate.
| 3. A process according to claim 2 wherein the catalyst
“comprises an amine. |

- A process according to claim 3 wherein the amine is

a diamine,.



i 12 - 57 A process according to claim4 wherein the diamne is
iriethylene di am ne. 6. A procesiﬁggfgig%%g_ggﬂgny_one of the pre g
clainms wherein-the curing |s perfo e presence of a 5

-wat er-contai ning gas. 7. . “A process accordin one of the pr di ng.
cd ai ms wher.ein the polyner surface tm‘“ mg‘“é«m ﬁm ex or
po+yvi.nyl chl oride. 8. - A process ac e of the preceding 10
cl ai ms wherein the hydrophilic coatind i § made anti-bacterial by treatnent

with iodine. 9. A process according to an% one of the preceding clains
wherein the polyvinylpyrrolidone has a neah #olmecul ar meight of about 105.

ﬁgrel nbef or e descrl beg\(/)\nct??f‘srp}?%cé’)ere%cg‘ gﬁ'}‘?go?@lgﬁ'a'?ﬂe EY aI l igaélﬁ diamine
coat i ng depost £ i HEREFfenelat BB T 1Tt O0 POY O he o EZSB."E’S' cl ai .
20 - 12. A g hetgerp e &Mﬁ\%h't'o' sngoahénafdeﬁesbieéeayn&
nethod according to any one of claims 1 to
claims wherein the curing is performed in the presence of a
5 water-containing gas. _

7. A process according to any one of thé preceding
claims wherein'the polymer surface to be coated is latex or
polyvinylchloride.

8. A pfocess according to any one of the preceding

10 claims wherein the hydrophilic coating is made anti-bacterial by
| treatment with iodine.

9. ‘A process accord1ng to any one of the preceding
claims wherein the polyv1ny1pyrrolidone has a mean molecular
weight of about 105.

15 _ | 10. A process according to claim 1 substantially as
hereinbefore described with reference to any one of the Examples.i

11. Medical article intended for.insertion'in the body
hav;ng a hydrophilic coating deposited by a method according to

~any one of the preceding claims.

20 12. A catheter having a hydrophilic coating deposited

by a method according to any one of claims 1 to 10.




