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{57) Abstract

This invention relates to a method of modifying or tailoring the

(54) Title: IMPROVED SURFACE TREATMENT OF POLYMERS ./

surface of polymers and/or polymer-based materials to control surface

and interface chemistry and molecular structure. In particular a method of modifying at least a part of the surface of a polymer including: (i)
oxxdlsmg at least part of the surface of the polymer; and (ii) treating the oxidised surface with at least one multlfnncnonal amine-containing
organic compound to bind said compound to the oxidised polymer surface.
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In practical applications, solid polymeric material surfaces may also be

required to exhibit a specific level or gradient of wettability by organic and/or
inorganic liquids or vapours of these liquids. Depending on specific end-
applications, the liquid phase or condensate may require to form a uniform film on

20 the wettable solid’s _._surface, or alternatively it may be required to bead-up on an
unwettable liquid-rebellent surface. With regard to the wetting capability by water-
based media, the former material is defined as hydrophilic, and the later as
hydrophobic. It is also possible that in some instances, an intermediate level of
wetltability is desirable. _

25 Another important area of application of polymeric materials is in the
biomedical field. To design a useful biomedical material, it is important to consider
both bulk and surface properties of the material. Historically, selection of a
biomedical material for a particular application has been based upon bulk
property specifications. However, there is increasing recognition that a biomedical

30 material must exhibit a specific surface chemical behaviour in order to minimise
interfacial problems with host tissues and fluids. Thus, it is often required that the
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occurrence of post-chem cal reactions within the nodified surfaces. An
additional 25 drawback with plasma treatnment or plasma pol ynerisation
resides in the expensi ve process apparatus required and the high cost
associated wth the on- goi ng operations and the difficulties
experienced in carrga out the surface t r eat ment conpinugﬂﬁég.

| nt ernati onal Pat™h nﬁgwllcatlon No. PCT SE89-00187 discl oses V590403,
of increasing the hydroph|I|C|ty of the pol yner rface by a 3-steps
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react wi th the residual |soc$’/'anate gr oups. Japanese Pat’ent
Publ i cation No. Sho iBegreased bydrwabllicity isimet pennarpmmes mayobel dug to thepartiabremoval
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oxidised surface. Alternatively, or in addition, it may be due to the reorientation of

15 the surface functional groups which rotate inwardly into the bulk of the polymer

during the storage or the use of such treated materials. Plasma treatment and/or

plasma polymerisation is known to significantly improve bonding ability of the

treated polymers or to achieve desired level of wettability as a result of selective

incorporation of different types of chemical species onto the polymer surface

20 through the use of an appropriate treatment gas or a monomer under controlled

process conditions. Similarly to the oxidised surface, however, the plasma

treated polymer surface is not stable in storage because of rotation and migration

of the generated surface functional groups into the bulk of the material and the

occurrence of post-chemical reactions within the modified surfaces. An additiona!

25 drawback with plasma treatment or plasma polymerisation resides in the

expensive process apparatus required and the high cost associated with the on-

going operations and the difficulties experienced in carrying out the surface
treatment continuously.

International Patent Application No. PCT SE89-00187 discloses a method

30 of increasing the hydrophilicity of the polymer surface by a 3-steps process

comprising: (1): producing carboxyl, carbonyl and hydroxyl groups on the

polymer surface by an oxidation treatment process such as etching with oxidising
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groups at an oxidi sed polyner surface. The nethod proposed to alleviate
this probl eminvol ves treating the oxidised surface with a | ow
vi,scosity solution of a | ow nol ecul ar wei ght conpound whose chem cal
constituents are the sanme as or 20 simlar to those used for the cure of

t he two- conpone or resorcinol adhesi ves. These, i
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subsequently act as a setting agent for the adhesive resin. The process
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30 mote difficulti ppcyaiaés (RINECHE, FHIN=T=GR-O=LN)Tife fedi¢iion bBedrding to step (2)
oxi dation of the pol ymer surface and reaction of the oxidised surface

with a nulti-functi bagtq be wmdiowmnmwrmt@wmmdsmh agketones and ethess due
L%T;)iugg/r ggzggt Y mpslidd Rt thitthe compoundiGn’drodps % and B Jre not stable in aqueous

i norgani ¢ and/ or or gatien, faner {3) poet-treatng theapslymer Ariteral préviowsly treatedodccording
speci fic purposes, such as adhesive bondi ng, coating, changing or

control ling | 10ncta sl6pI(2) With fiuesberaRRICAHQN ef, compainds saplaiRigg duielsephilie groups,

per f or mance, etc. LN ' - A/ | :
nodi fyi ng at | east Bgﬂ a%fa l%hgﬂ]éovﬁéﬁfﬁ@gh 'o@gbwpy%ééylbﬂgﬁ"ﬂ{ngz %XWG( ?f'ds
oxi di si ng the surf awhichf reacipwith itee ndifiad suréaceyeitey by bpenirice azirididesings, or react
nmeans such as corona.ﬁi scharﬂeg flame .treat nent, chem cal oxidation,

phot o- cheni cal  oxi d Wit 4he res ISOg¥RNALe BIOHPSH| asna t r eat ments;  (ii)
exposing the oxidi sed pojaganess UsatBRE PublicttioheRS! SABE5EMbE1TS fteactesOfidt the poor

16  bonding between an oxidised polyolefin and resorcinol or epoxy adhesive is due
to the inability of the adhesive resin molecules to microscopically approach polar
groups at an oxidised polymer surface. The method proposed to alleviate this

- problem involves treating the oxidised surface with a low viscosity solution of a
low molecular weight compound whose chemical constituents are the same as or

20 similar to those used for the cure of the two-component epoxy or resorcinol
adhésives. These, in turn, affiliate with the polar groups of the oxidised polymer
and subsequently act as a setting agent for the adhesive resin. The prodess
described in the document is stated to be effective when the setting agent is not
of the oxidative type. In the step of treating the oxidised surface of the polyolefin

25 a 1to 5% aqueous solution of a low molecular weight amine is applied which is
dried on the surface and the surface is subsequently bonded using resorcinot or
epoxy adhesive at about 80°C. We have found that the amines, when applied by
this method, act as a weak boundary layer having an adverse effect on adhesion.

It is an objective of the present invention to alleviate or overcome one or

30 more difficulties related to the prior art. We have found that oxidation of the
polymer surface and reaction of the oxidised surface with a multi-functional
amine containing compound allows the surface to be permanently modified with

SUBSTITUTE SHEET (RULE 26)



10 am ne contai ni ng organi ¢ conpound and bondi ng the said

mul ti-functional am ne containing organi c conpound to the

oxi di sed surface. \Wen the mul tifunctional am ne-containing .
organi ¢ conpound is applied in a solution of concentration 0.5%
by weight or nore, the treated polyner surface is washed to

renove excessi veW@®M23Munct i onal ami ne containi ng organic 15 PCIAU96/00407
conpound. Preferably the surface is washed even #then concentrates of

l'ess than 0.5% are Usdéeted inorganic andldrtorgémerf@ﬁcﬁbhaﬂgrbhﬁé afd Toleb@ar structures for
mul ti-functional am ne contai ning conpound used however a m xture

of two or nore such speqgfisupWPORes: whmseedhesmgondmg. coatingyghanging or controlfing

bref erably used a CHPHRRBY DCHReREAG 4 ibtnfia BoffodE et hanse do,,
nor e preferably the Wp@%bhﬁhvmlmfovmswmﬂwmn at [szst part of the
preferably 0.01 to 19 . I n anot her preferred enbodi nent,

t he method of i mﬁentwfaqemfiamermclugmm ng a conpound contai ni ng aci di c

group(s) onto the pok éiiig‘%ﬁetélirﬁughoﬁé n%%ﬁﬁgi 's@ﬁgt\“été byt ?gxc?n@gle oxidising

mul ti-functional amYfe co alntng organrc co
procedure used in this erheahsrsuth @k d¢drena rdischiarge) ﬂameitmatmeht chemical oxidation,

oxi dati on and reacting th OXI i sed. polymer s rfa e W.th
mul ti - functi onal i ﬂe'aimi ‘ﬁ@d% E%’%@%ﬁﬁ%é’eﬁmfﬁﬂfé

conpound cont ai ni ”9 ' d'éi( osmg (?Eo&%l.%éd ?oi@géﬁ%ﬂﬁééé’ % yatrﬁ?ﬂ; Pﬁtéhr‘ei’fuitﬁfuhﬁﬁonai

conpound containing |d|c grolp carried out a
reacti on betweeri® he oxi dirsiad contajning omﬁcacmnammd and bondingthe saidumutti-funational

ani ne containing conpound has be canpleted. 1n t f

ani ne/ aci di ¢ group rati o Q8§ gontainin toégarf'ﬁaﬁ?"?ou?a 1o the St 4/@39%23’1’63" the
PCT/ AU96/ 00407 multifunctional amme-contamlng orgamc compo‘ﬁmd is apSHEWPI d"8bfution
provides a nodified polymer surface with a graft

nol ecul ar structure and #fHoscentration .p%cby Mmhtsqrrfyor%th%rtrﬁaédayelmﬁ%f@ce is
obtained by repeating thg,abaye R eRcEddiT fitliti-fn2fbAE BminkCE& Ny 'Paanic

16 compound. Preferably the surface is washed even when concentrates of
less than 0.5% are used.
It is preferred that a single multi-functional amine containing compound be
used however a mixture of two or more such compounds may be used if desired.
The multi-functional amine containing compound may be used neat but is
20 preferably used as solution of preferably 0.000001% to 10% by weight, or more
preferably the concentration is less than 1% by weight (most preferably 0.01 to
1%).
In another preferred embodiment, the method of invention includes
grafting a compound containing acidic group(s) onto the polymer surface through
25 reaction with the multi-functional amine containing organic compound. The
specific procedure used in this embodiment of the invention may include
oxidation and reacting the oxidised polymer surface with the multi-functional
amine containing compound in the presence of the compound containing acidic
group(s) or alternatively reaction with the compound containing acidic group(s)
30 can be carried out after the reaction between the oxidised polymer surface and
the multi-functional amine containing compound has be completed. In this
embodiment the amine/acidic group ratio used is greater than 1. This

SUBSTITUTE SHEET (RULE 26)



satisfy specific physical-chemcal, rheological, and/or bioconpatible

5, requirenents. By the term"polyner"' as used herein, we nean
hono- pol yners, co- pol ymers and/or their blends and alloys with other
pol ymers and/ or natural and synt heti c rubbers, and polymer matrix
conposites, on their own, or alternatively as an integral and

upper nost part oVOITRQi -| ayer ‘| ani nated sandvméh conpri sing PET/ALRc/00407
materials e.g. polyners, netals or ceramcs n organi c coating on any

type of substrate deahentTﬂsuevidesra mmdnﬁéuepolymea@arraéé van b hyrafted double -layer
and/or a t her nopl astic materi al %irrerlc materials -

whi ch can be surfacé“‘-ﬂﬁ@% 21 sHuyre; @nd, Angpegiic surfaceb,cgg nixeiiitidayer may be
| ud but t |
5 L 1L Ll By SO S i BT o e

ul tra-hi gh nol ecul asatisfyghispecifiy et plysicad-cheiiidaPE) rhédlegical, of apdioyol bfocompatible

wth ot her gol ynmer.s or .rubbers; polyethers. such as pol yoxynet hyl ene
(Acetal ); pel yéﬁqlﬂ@gner@%ch as pol y(hexanet hyl ene adi pam de) ( Nyl on

66); hal ogenated Bg”iﬁéstenﬁu%l elf’ob¥vd§egl hétBRE 'Wé! thésn HoMid-polymers, co-

pol ytetra-fl uoroet hyl ene (PTFE) uor 1 nat et hyl ene- propyl ene
copol yner (FEP), angolyptersiandiortheio blands and allays@yith amanmerelanrsnatutat land

(PR et haor y1 YAeBE Byt ol A comBOosed, AB: Y Bl o Hlematively
(PMVA) ; pol yesters, aglé@in rdl@hﬁ&ldﬁéhﬁ@ﬂ pet sfzhinbAliayer IammatétPEé'ddw@ﬁ‘éompnsmg
copol yners, such_as ABS, et hlél ene propylene diene m xture 25 EPDM) .

pol yner materiaf@ t @npenateralsignaglyBETs. Metas P ERFAMIAS, far AN 57@@!%303'('"9 on any
films, conplex ?h?p%ea&%ﬂsﬁé Bldrlaf “h%btérrﬂ“‘PB@ P meald G 5%&:@%& a?dlora

and/ or I ndi vid ese can be so ol ymerrc nmono-

| anmi nat ed prodmﬂrmoptashyh'ratehamt erials, or al ter natively organic
coatings on any type of se substrate which can be talli

or netallic in nature. 3%5“3 po!ymencAmgt ? which fR k6P 3@@9 applymg the

S5 L)t g !, W) s e ot

treat nent, non- dléponWbﬂ'glqﬂeaﬂ.rﬂPE) mlypmpyletmdRP&.ahlgbxddra&ltyomlyethylene (HDPE),
ultra high molecular weight polyethylene (UHMWRPE), blends of polyolefins with
other polymers or rubbers; polysthers. such as polyoxymethylene (Acetal);
polyamides, such as poly(hexamethylene adipamide) (Nylon 66); halogenated
polymers, such as polyvinylidenefluoride (PVDF), polytetra-fluoroethylene

20 (PTFE), fluorinated ethylene-propylene copolymer (FEP), and polyvinyl chlloride
(PVC); aromatic polymers, such as polystyrene (PS); ketone polymers such as
polyetheretherketone {(PEEK); methacrylate polymers, such as
polymethylmethacrylate (PMMA); polyesters, such as polyethylene terephthalate
(PET); and copolymers, such as ABS, ethylene propylene diene mixture

25 (EPDM). The polymer materials to be treated may be in the forms of flat sheets,
films, complex shaped articles, particulate or powders, woven fabrics, and/or
individual fibres. These can be solid polymeric mono-materials, laminated
products or hybrid materials, or alternatively organic coatings on any type of the
base substrate which can be non-metallic or metallic in nature.

30 Any suitable method may be used to oxidise at least part of the surface of
the bolymeric material. Such techniques include, but not limited to, corona
discharge, flame treatment, non-depositing plasma treatment, chemical oxidation,

SUBSTITUTE SHEET (RUILE 28)
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i rradiation and/or exciner |laser treatment in the presence of an oxidising

at nosphere such as, but not limted to: air, oxygen ((err]), ozone

(derr]), carbon loxide (CJerr]), Helium (He), Argon (

mixtures of t hesgv%g's"gg&' However , -for the present net hodmﬁ‘ﬁp%%.’
techni que of an electrical discharge for instanc 5 corona discharge,

flame treatnent and/ UV irtadiation ard/or éxcimendadercreatment @ thed presence of an oxidising

wor o prof or ably 10- GOPMBPRRTS A 28, Pl Sk I8THRd, e 4 SR (Orln 2080 (@ Sarbon

t th
7tk B ot o i e i o e oo

Argon (Ar), and/or nfoxttheepreaentt mﬁmdgﬁmegecmque ianaeleetricaledisobanget foremstance

and di scharge engrgies ca cal uIa ed, usin
equat i ons: s corong °§P 7’]’ ?'FP 'étr?q']‘}/ rchromlcvﬁggféeatmerﬂ are preferrgd.

= Pn/lv[err] 15 or Suitable ool%na Blychéi%f ehergies range from 0. FSGOG%U??%’ but
time for a single pass of treatnent under e el ectrode

el ectrode di aneter more preferably 10-80 MMF §oronrdiggharge treatmennnay;hwmmed out

The olectrode e BfeSen it SPuBhin: RASHNB it BB’ @)."625he (o,

v[er r] = speed of tregdrbog dim@deé(coz) Hellum (Hey[ A? (Ar); phelbr Thixtrey of Medengases.
ep

(i.e. continuous treatnent) en non- ositing plasma gl ow
di schar ge treat réht $§ltqm@dreatrnentrmg% and discharge gnesgips cenebgwa@lgegowng the
Watts for 0.1 secon but nore preferably 20 -60 Watts
for 1 to 60 secondsdﬁu&ﬂmﬁ%dﬂaﬂyﬁN ternatively, any known flane treatnent
may be used to initially toxdhh &rval | east part of the surface of the
pol ymer or pol ymner baﬁed material. The range of 30 suitable paraneters for
the flame treatment WPM®®€as follows: the oxygen ratio (% det ect abl e
after conbustion fromO. Pe=ten/R)o preferably fromO0.8%to 2% conveyor
speed from 1m m'1% to 800 mMmn, preferably from10nmimn to
or

E= Pn”\lz

t = treatment time for a single pass of treatment under the electrode

d = electrode diameter

E = discharge energy

20 P = power energy

n = number of cycles of treated substrate moving under the efectrode

I = length of treating electrode

v,= speed of {reating table

v, = speed of conveyor tape (i.e. continuous treatment)

25 When non-depositing plasma glow discharge treatment is used, the range

of suitable energy is 5-5000 Watts for 0.1 seconds to 30 minutes, but more
preferably 20 -60 Watts for 1 to 60 seconds.

Alternatively, any known flame treatment may be used to initially oxidise at

least part of the surface of the polymer or polymer based material. The range of

30 suitable parameters for the flame treatment are as follows: the oxygen ratio (%)

detectable after combustion from 0.5% to 5%, preferably from 0.8% to 2%;

conveyor speed from 1m/min to 800 m/min, preferably from 10m/min to
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7 100m m n; treatnent distance from2 mmto 500mm preferably from 5mm
tQ 100mm WMany gases are suitable for flane treatnent. These incl ude,
but are not limted to: natural gases, pure conbustible gases such as
nmet hane, et hane, ropane hydrogen, etc or a mxture of d%cjr

conbusti bl e gaseg' conbustion m xture al s,o I ncl udes ai éﬁé%w
oxygen or oxygen contai n| ng gases. Simlarly, chem cal

oxi dation of at | eastog@rhingitreatraenty dittandes ffom 2 mtmbesoomm pidferabldfrohi Bmm to
any known, standard etching, solutions, such as chrom c aci pot assi um

chiorate-sul furic acil@Omme rysgasﬂmaseauéatﬂemqfhm ?!eﬁ%'ﬁ‘QFtnT ﬁ?ﬁﬁ'@@lldﬁobm are not
pot assi um per nangan f r | f Ci

per oxodi sul phat e sol E’?‘ﬁ%‘z%nﬂ% e' é%? mwun%% bd(%?('élé &%r% gu%!'ﬁﬁ}%rdgégr&%n@ e‘ihane
solution in wat pm,paubr dmdwgerr i etei de alimixtireedf idiffgrents combustiblei dases] The
aqueous sul phuric g D& { _@ eferahly, chromc acid treatnent

is used. The time?tak¥n P%t'c’" mixtugs, Alsg; Belides (ait. AnY,BUrs: GXYEED OF, OXYaeR, containing
bet weeh 5 seconds toggedtours and the 15 process tenperature may vary from
roomtenperature to gOO[ err]C. The current invention involves
treatment of the surface Sii'nilaﬂp.otl}embaboxidationsmfmttIea&tepan ofha polymer surface can be

mul ti-functional amn oy The,, . . .
nul ti functional anin %‘%ﬁ&a@m} @é’m g‘éﬁﬁ%@ ﬁ@"g""g 38’85?'5%nsuqt?yﬂ§ SHURmiG, @cid,
ni trogen containing getaBsiufv derﬁié—ﬁﬂﬁxH@raéldSanuﬂeﬁanhlém -Perchiorié ' ¢ilS nfiktures,
has 20 one or npre am ne group(s) and at |east one functiopal group other

than the ame P@ﬁé’f"ﬂﬁhaﬂe@a@ga(‘@?‘suﬂfﬂ@ cafidomidures, Aitde add: sulfusise acid,
or nore of the . ?on F&Eﬁlpﬁ%@d?@o%xgﬂger EHJO‘EWH@ triBRbE Gi'h giEﬂromate soHt&c/)n in

phosphorous in addit bgen and nrtrogen genera
will not contain silwaten, chldmlumutrioxlde dlssolverbm tpmsphoﬂwamdland aquedusasaiphuric

e Sont o ot corbtate” MG B ARL Stroie a0 PRsier Ty st Thelioe aken to
conpounds of groups &xﬁﬁﬂté?’thé"{?ééﬁd"'?ﬂfogwcén vaR BeWeen 5 setédsaM Pould 8hd the

nol ecul ar wei ght organi c am nes I S compounds cont al ni ng
16 process temperature may vary from room temperature to 100°C.

The current invention involves treatment of the surface of a polymeric
substrate with a multi-functional amine containing organic compound. The
multifunctional amine containing organic compound is a carbon, hydrogen and
nitrogen containing compound which either has at least two amine groups or has

20 one or more amine group(s) and at least one functional group other than the
amine functional group({s). The compound may also contain one or more of the
elements such as oxygen, sulphur, halogen and phosphorous in addition to
carbon, hydrogen and nitrogen but generally will not contain silicon, titanium,
zirconium or aluminium which are the basis of conventional coupling agents.

25 Examples of multi-functional amine containing compounds having at feast one
amino group include compounds of groups A and B, wherein group A includes
low and/or high molecular weight organic amines, that is compounds containing
ftwo or more amine functional groups. The amines can be primary, secondary,
and/or tertiary amines, or a mixture of these three types of amines, however,

30 primary and secondary amines are preferred due to their higher chemical
reactivities in comparison with the tertiary amines. Group B chemicals include
multi-functional organic compounds in which at least one amine functional group
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two or nore am ne functional groups. The am nes can be primary, secondary,
and/or tertiary amnes, or a mxture of these three types of am nes,
however, 30 primary and secondary am nes are preferred due to their higher

cheni cal reactivities in conparison with the tertiary amnes. Goup B
chem cal s include mul ti-functional organic conpounds in whi ch at | east
one anine functi MG Bup WO 97/ 02310 PCT/AUS6/00407

PCT/ AU96/ 00407 ' 8 8 and one or

nor e non-ami ne funct maachnegbﬂmeaﬁmammmﬁonai@ommawmesemed The non-amine
functional groups ing¢lude, but are I | ow nﬂgf unct i onal

Lim ted
gr oups and t hefnctional graups 'W“?Q- i)g@ﬁ% eJﬁﬂ%w Jdupgtional groups
hydr ocar bons, hgpfOox p
al dehydes/ ket ones, ni ﬁ?l Iﬁgﬁj nﬁ@gt& gﬁérhﬂé%hidro&ﬁﬂgg or?ﬁc‘gg@l B}Hrgtﬁ?t’gons,
aci ds, hal ogens. Mor eydmyislpheab!sycaltbluylgr amjdes, ethers raldel'tydeslketqlwsenmes. nitros,

limted to, any of the fol] ow.n he npi et | i near and
carbon cyclic %as d %Plﬁ phosaho 6 'jga k@“'(’eﬁc'c}sei@l"gﬂps Qore specifically, the groups
am ne) conpounds Conmduéﬁsu@ak%ﬁ%nﬁ@aharh@ane wgﬁrﬁrﬁg &t&lﬁgﬁeﬁﬂiglﬁgsm

36 carbon atons 10 lam no pro

pent ane, di ani no Al: linearhand rcarbon ayiclic hastednmylm-fml':hmalmm {at least di-
di am no nonane, di m no . dodecane

pent aet hyl ene hexami ne, t rqtgmq*&ompoun&s contain air‘l&'d?% PSort & ms, preferably 2 to
1, 2- di am nocycl ohexane, etgg carbon dfoms PO! yrrer cont ai ni ng amltiplicity

of am ne functional groups such 15 as pol yam ne conpounds with

mol ecul ar wei ght 19 angi ng feg;mcaammp propane, diaminauhutepes disming cpentane,i eliamino

a7 P Lot oam nes: ¢ 0. ber (MBPEL PN Btenks, BHirife, Weeafiby iimming. Ropane, dimino

Bl I: Am no al cohol s/ phemﬂdbcaﬁegheiaméihwbrﬂt biamMe ﬁemaemylehehnémhe friamino
20 am no- 2- net hyl - propanol , 2-am no- 2- et hyI - propanol
4- ami nophenol , pyrimidine, 1 2-d|am|nocyclohexane etc

All: polymer containing a multiplicity of amine functional groups such
15 as polyamine compounds with molecular weight ranging from a few
hundreds to a few millions
eg. polyethylene imine, polyallylamine, polyvinylamine, etc.
Bl: Perfluoroamines: e.g. perfluoroethylamine, perfluorotributylamine, etc
Bli: Amino alcohols/phenols: e.g. 2-amino ethanol, 6-amino-1-hexanol, 2-
20 amino-2-methyl-propanol, 2-amino-2-ethyl-1,3-propanol, 4-aminophenol,
etc; "
Bl Amino polysaccharides: amino dextran, etc;
BIV: Amino acids: e.g. 4-amino butyric acid, amino undecanoic acid, diamino
butylic acid, 5-amino salicylic acid, etc;
25 BV: Amino aldehydeslketone: amino acetaldehyde (H,NCH,CHO), 1.3,
diamino acetone, efc;
BVI: Amino amides: amino acetamide (H,NCH,CONH,), poly(acrylic 6-acid
6-aminohexyl amide), amino butene thioamide, etc;
BVil: Amino ethers: eg. 3-aminopropyl-n-butylether, 3-amino-1-propanol-
30 - vinylether, efc;
BVIll: Amino esters: e. g. ethyl-4-aminobutyrate, etc;
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F
etc; BlIIl: Amno polysaccharides: am no dextran, etc; Bl V:

Amino acids: e.g. 4-amno butyric acid, am no undecanoic acid, diamno
butyl ic acid, 5-amno salicylic acid, etc; 25 BV: Ami no al dehydes/ ket one:

am no acet al dehyde (H err] NCH err] CHO) , 1,3, di am no acet one,

etc; BVI : Amno anm des: am no acetam de (H err] NCH err] Eﬁerr“l

pol y(acryl ic 6- NPJ7TN2310 6- ani nohexyl amde), anino buf

t hi oam de, etc; BVII: Am no ethers: eg. 3- af nopr opyl - n- but yl et her, :
3-am no- 1-pr opanol BVNIl: Amino Mtrilié eehqy., B%irmnoproplonﬂiﬂbl |metﬁb¥ﬂﬁnﬁ&iaiﬂéiomtnle
e. g. ethyl-4-am nobutyrate, etc WD 97/ 02310

PCT/ AU96/ 00407 BVI | diamine m@leﬁmtril&.l@@, e. g.

[ err]-am nopropionitgile, n di am no

mal eonitrile, etc; QX ﬁ&&?ﬁ#&@g}et aﬁrﬁh%%%ﬁ)}é@linﬁoem tropyridine, etc;

BXI: -+Am no thiols: BXl:g. Améino thiols: elag Whmﬁqu-méthwt-mptdpanellhwl et;
but yl am noet hanethi ol , et cb no phosphoric acids: amno propyl
phosphori c aci d, ®am no ”Mam'""eth%'ﬁ%‘g‘hﬁ‘ﬁobut yric acid, am nobenzyl

phosphbric acid, etcgxy: Afifid | pho¥pHbtic UAsﬁgg* Carfifflot Broyl agha%hbrigx%@we amino

sul fonic acid, am no benzene oni c acid,
Am no hal ogens: ami no chl cpfmphal}dbwmddd ammubenzyl phMormacldoemt kenes

Al "the compounds | SN Aihe.¥ oM Eiacids: 5 e EFronang suopis agi g penzene

atonms, preferably, from Zguﬁoﬁ@a@mgtm atonms in the case of | ow nol ecul ar

meight 15 conpounds, and in the case where a polyneric conpound is
i nvol ved, the 10 BXIV: Amino halogens: amino chlorobenzyl alcohol, etc;

BXV: Amino alkenes, amino alkynes: allyamine, diallyamine, triallyamine,
etc.
All the compounds in class B (B! to BXV) may contain from 2 to 60 carbon
atoms, preferably, from 2 to 36 carbon atoms in the case of low molecular weight
156 compounds, and in the case where a polymeric compound is involved, the
molecular weight of the compound may range from a few hundreds to a few
millions.
The acidic group containing compound as used in the present invention in
conjunction the multi-functional amine containing compound for achieving doubie
20 or multi-layer surface grafting as specified previously in one .of the preferred
embodiment of the invention include compounds having at least one of the
following acidic group or their hydrolysable salts such as, but not limited to,
carboxylic/carboxylate, sulfonic/sulfonate and phosphoric/phosphonate groups.
The compounds may also contain more than one type of acidic groups as well as
25 other organic functional groups such as hydroxyl, amine, amide, ether, ester,
ketone, aldehyde, halogen, etc, in their molecular structures. The acidic groups
containing compounds can be small molecules with 2 to 60 carbon atoms, or
macromolecules with molecular weight ranged from a few hundreds to a few
millions. It is preferred that more than one acidic group be included in the
30 molecular structure of the acidic groups containing compounds.
Preferably the acid group containing compound is selected from the group
consisting of: polymers of monomers selected from the group consisting of acrylic
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nol ecul ar wei ght of the conpound may range froma few hundreds to a few

m_||ions. The acidic group containing conpound as used in the
present invention in conjunction the nmulti-functional am ne containing
conpound for achieving double 20 or multi-layer surface grafting as
specified previously in one of the preferred enbodi nent of_the

i nvention i ncl ud¥OHMEBUnds having at | east one 2§ the f oBCHAYg00407
acidic group or their hydrolysable salts such as,  but not limted to, :

car boxyl i c/ car boxyl aaeid, smefhaerylics dcld)ngp-styrend dacspiylici @ciad) o 4anethaicryloyloxyethyl
gr oups. The conpounds, ma | sp, contai.n notre than.one type o cidic, .

groups as well as 2%@&@9* cyxryzﬁf“@hpﬂﬁc?‘i"@n&s{yé?% Sulfanie A rﬂgiépgmqpmc acid;
am ne, amde, ether, ag$Bholymers incRidiif ond! daviécthehedfo8Rd pofsacchdti eﬁvatives

nol ecul ar structures. The acidic groups cont ai ni ng conpounds can
smal | nol ecul es wi t heahtaivingsutfonic/suiphonate and carboxylistearboxylate graupswi t h
nol ecul ar wei ght yanged fxromg fe undreds to a few. . mllions. It | .
preferred that m# e than éﬁ%ﬂﬁﬁf’ cﬂ\qlc{ﬁ_ﬁr B! 'cbg"quﬂﬁﬁﬂiﬁ/%‘"ﬂq P‘Pn'@i’%“@%ﬁr%aﬁ gqllows.
structure of the acighrgoRlieURsidCesrtamitig GofpolRds'q8.g. polyacrylic acid,’ Solpsatehiride
the acid group containing conpound is selected fromthe group i .
consi sting of pol ynedesivatives, eontaining ccarboxd or earthoxylale @reups;npelymethpcndlic acid,
acrylic WO L S o . . g . .
PCT/ AU96G/ 00407 &YI{(@@%Q acid-co-maleic acid), poly(p-styrene farboxyllc gglldh’ poly(4-
met hacrylic acid, p-methaendoyloxyethyy! frimelitald)); sulfehicaacid ephtaining hedmpounds (e.g.
trinellitate, vi{&;l sul phoni ¢ _aci d, p-styrene, sulfonjc, acitg‘?] nmel aphosphoni c

p

aci d; and dpSlysacshande | denvatives” sentaiing i -acigqor sulfonate groups,
pol ysacchari de deri vaty i, conbadgni ng ' ate .

Car boxy! 1 ¢/ car boxy! ey (F3isutfonic,® 0T "3, BEVGEVTRARORGT 7 8By, andlor
cont ai ni ng conpoundsphosphasc/phbsphanic acid contairing gompouands) (poiy{metaphagphoric acid)).

A e N e T L T AT .
poly(acrylic aci d- coygtrsbig 05600001908 Y0% By WeRAE drahsrprefetadlyivihen ®% §.01% to
15 less than 1% by weight. When the concentration is 0.5% by weight or more, said
unreacted or excessive composition is washed from the freated polymer

substrate prior to drying and further end-applications. |

Both groups i.e. A and B of the multi-functional organic amine containing
compounds and the acidic groups containing compounds may be applied from

20 solution (dip, brush, spray), vapour or any type of mechanical dispersion of a
pure chemical or their solutions and/or mixtures in any suitable solvent.
According to the invention, any aqueous and/or organic solvent or a mixture of
both may be used to prepare the reactive solutions so long as it does not attack
the substrate and permits sufficient dissolution of the amine containing

25 compounds claimed in this invention. Preferred solvents used for preparing the
solution are water, and alcohols (ie. isopropy! alcohol, and ethanol).

We have found that the concentration of the multi-functional amine
containing compound at the surface of the polymer substrate has a significant
effect on the bond strength of the subsequently applied adhesive or coating. It

30 might be expected that a higher concentration would provide a greater number of
binding sites and hence greater strength as believed in the prior art. The reality
is that the reverse is the case in many circumstances. Our experience as outlined
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met hacryl oyl oxyethyl trinellitate)); sulfonic acid containing conpounds
(e.g. 10 polysaccharide derivatives containing sulfonic acid or sulfonate

groups, pol y(vi nyl sul fonic acid), pol y(p-styrenesul fonic
acid)); and/ or phosphori c/ phosphoni ¢ aci d contai ni ng conpounds
(pol y( et aphosphoric acid)). The concentration of the solution
cont ai ni ng conpoW@P8OEHGi ng acidic groups is pref erabl y OPEHATINPT

10% by weight, or nore preferably when it is O. 016 to 15 | ess than 1% by
wei ght. Wien the congeid akdmiples of thie Patant'deé stf&wé*ﬂfaﬂhéabﬂicalﬁopm of the grafting

unreacted or excessive conposition is washed fromthe treated poly
substrate prior to dchemigalsndt auconcentration ahte bytweight or more onto polymemsurfaces

groups i.e. A and B of,th | ti-functio 0 i L Ne LN

conpounds and the acWPB@?%ﬁ?ﬁ%ﬁF‘%’% %bﬁ%%@\%ﬂ@gﬂ%@' gfgg%{%ﬂ]anaygr on
sol ution (dip, brushthefeatel polptéurkiceddive to ite pfesened aniodablydatidshed extessive
of a pure chem cal or their solutions and/or nixtures in any suitable

sol vent . Acc®r dmrlecules which aem tnod rehemigally; geafied ante Bre polymmerc surface. This
S0 o1 8 112 o S o 5 OB, BB eran

solutions so long as’i €s e su

sufficient dissol uti sobsgquent peematerec pruduct ifaiture uponoexpasars forl instandei to a humid
this invention. Preferred, solvents used for regari g the sgleution re .
wat er, and al cohol s BHBOSAhEmR, Q5 HNme[siopLin a E‘Hﬂ YUFBnas ywater or other typg of liquid.

have found that the agp&@igiRk ;@&eﬁrréd"iﬁ dUtifventiBA ¢hathe mulifuiRtional organic amine

cont ai ning conpound at the surface of the polyner substrate has a
si gni fi cant 1Qf f containing bempoundl isteitban{d) appliethat 8 woneenitationyin i range of from

wour d provi o a o caPADOf el ks HarT iRy Sitidnt RrerabiRg ndiB R0 4 8% BY weight
strength as bel i eved(m8st prférabl nciiore ThanT®256%) Yor (b) thét?th‘eh%hlﬂ-ﬂﬁcﬁ%r&ganic

is the case in many circunstances. Qur eﬁ)eri ence_as outlined
97/ 02310 compound is allowed to react at the surface of thegplymerk; subsirate and the

¥ e gl he ©*2TBkEREh sl SRty S/ Aok 1ind BBy Skl win

onto pol yner surf&cewater or a suitable solvent or a combination of both using either a single step or a
multi-steps rinsing procedure. Most preferably both steps (a) and (b) are used,
that is a dilute solution is used for the application of the multi-functional amine |
containing compound and the treated substrate is rinsed prior to drying and the
subsequent end-applications.

20 The amine containing compound may be applied for any suitable fime
period from 0.0001 seconds to 24 hours at any suitable temperature from room
temperature up to, and above the boiling point of these compounds. Preferably,
the compounds are applied for 0.01 to 30 seconds at 20 to 100°C.

For a given application, one or more multi-functional organic amine

25 containing compound may be chosen in which the functional groups grafted onto
the polymer surface have controlled or maximised reactivity at the interface. For
example, if the substrate to be modified is to be bonded to a cyanoacrylate
adhesive, a multi-functional organic amine would be selected in order to equip
the polymer surface with the nucleophilic free amine groups which then initiate

30 the cure and react with the adhesive during bonding and curing of the adhesive.
XPS (X-ray Photoelectron Spectroscopy) analysis on HDPE treated by corona
discharge oxidation followed by application of a multi-functional amine confirms
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W t hout subsequent rinsing results in the formation of a weak boundary

| ayer on the treated polynmer surface due to the presence of |oosely
attached excessive 5 nolecules which are not chemically grafted onto the
pol ymer surface. This consequently |l eads to the observed reduction of

t he bond strength and subsequent premature product failure upon
exposure for instA&EB® 5 hunid- at mospher e or i mrersi on FAT/AUS6O47
such as water or other type of |iquid. Acctrdingly it is preferred in

our invention that tthatthe tamihencdmpowid aagaimeversibiygrdfted ontd thenioxiglised polymer
conpound is either (a)_.applied,at

trati in th f f
0.000001%to |ess th3ecs, W%ﬂ?ﬂh&‘%ﬁgg{%gﬁﬁﬁogﬂ:’ﬂrﬁ%°?‘hﬁ1a‘?ng.8§8’&%iéﬁcﬁréqf‘gﬂﬁe for
(most preferably no ﬂ%‘liﬁighﬁﬁ'irﬁu?tﬁ%réﬂﬁﬁ&ﬂ&).t hat the nulti-functional

nd is a

organic compou owed to react at the surface of the polyneric
substrate and the dk svassalse fotnd thatib is: ddvgntagedusni duringsthef treatmeht of the

e oA UL St ek 8 SR 3Eh i oy compun
conbi nati on of both : € [
rinsing procedure. “@%hitiﬁl@%?dtﬁ@é’iﬂ!%ﬁﬁi h%&@énéﬁéiteﬁf&iingfﬁt}yﬁfgﬁl fi§18% simultaneously

that is a dilute solution i's used T he application
mul ti-functional amn applied to theorganiniamjne ©optaining somponad tandfardo thelsubstrate. For

The. am ne cont ai ni no HIBURLY B Lte, SPUREAES niA, B e Udibic, icrowave,
period from0.0001 semkivfisquiencyshbatenergy orray corbihalidre tHerodk: Féferably 'apniitrasonic
room tenperature u and above the boiling point of these

p.to, . 0
conpounds. Pref bl fjeld and/or mierewaweisusets are applied for 0.01 to 30

seconds at 20 to 100C. Accordin% do {hg’ {n@eﬂii&? rbcp?igﬂéli o i f%r%@l‘éﬁgfs gﬁm{pﬁ become

mul ti-functional organic am ne contalrning conpoun
whi ch the functi onal attached$o grpdiymeriostbstrate surfacedydipying the oxitlised subgtrate into a

controlled or maxim sed reactivity at the intejface. For . exampl e, if
the substrate to be FRIBRYSHAD jONinigg i]_l%&éﬂ'“?@ awﬁ'g/aﬁﬁaa"ypgmeous application of
adhesive, a multi - f unghisHid!enrél? % Ahe Mt He BavARhged %\ﬁae&gg@mmaneous

equip - the polymer surface wth the nucleophilic ffee am ne
whi ch then initithe agplicaion @fr ¢itrasoniccfirld and/or microwaves duringl the ngtepol(iili ofg the

anal ysi s on HOPE ¢ 1 cRRTeRt et agpgiorate and Blonyeld i€ BRALARPaCo bl AR hermical
application of a nmul¢ompoinet ditocthepolyraec sirfadenid order to obtain a modified surface with
stabilised and improved physical and chemical properties. Further, the
simultaneous application of an ultrasonic energy during the treatment is also

20 possible to improve the orientation of the adsorbed molecules.

The preferred frequency range of ultrasonic energy field ranges between 1
to 500 kHz, more preferably between 10 to 50 kHz.

Preferably when used microwave energy is applied in the range of from.
1GHz to 300GHz.

25 The present invention generally may be used to: 1) control or enhance the
bonding ability of the polymeric materials to other materials inciuding, but not
limited to adhesives, sealants, coatings and any other reactive and/or non-
reactive organic, inorganic or metallic materials, or mixtures thereof; 2) control
surface energies and/or wettability therewith render hydrophobic polymeric

30 materials hydrophilic or vice-versa; (3) improve composite performance through
the surfaces of the polymer or polymer-based reinforcing materials being
chemically modified according to the present invention in order to achieve
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PCT/ AU96/ 00407 12 that the
am ne conpound was irreversibly grafted onto the oxidised pol yner

surface, and that 60% of the am ne groups on the surface remain free for

participating in further reaction(s). It was also found that it
i s advant ageous VOO0 g the treatment of the 5 polyneric sEGIHAURONT ¢,
the nmulti-functional organic am ne containing cé?pound a suitable

static and/or high foonofetrar Makiriised adiesioly and feoldgidal préperties t the PéiHfordement
applied to the organi c am ne cont ai ni ng cgg‘p.ound and/or to the substrate.

For exanpl e, dfireoes fllery/matix)in f (41 drepraye hiogempatibility rofs salymeric
' , | O f. i nat i th f.
B of orabl y an ul t adhaEhBE I Rntus BEMABRAIelRbd BpBccRg:,' on ter eo

According to the inventi &ollowingi ihealreatmgahiof af polyiieo onl palymersisasedc material by the

oo a2 R el Tk Uiy 5% aSbesh Boabll e
appl i cation of sﬁkﬁél?%ﬂ%ﬁt ergy to the solution. The advant ages

provi ded by sinultaneous 15 application of ultrasonic field and/or
m crowave during the stepVien adhdsivelye bonded to antthensubistraterany suitahien adhesive may

pronote the attachnent _of. th el ect.ed chenical co nd._ qnto .t he .
pol ymer surface i nngaﬁdaPP'PH @’0&'& ﬁe%*eﬁo%ﬁ"%%@%&uﬁh?ac@eﬁﬁps"bsq'a@? 4% Proualy into
and i nproved physi cajontict @ik fhel adivgsive. | Suitabler t ddhesive’e include, for example,

si mul t aneous application of an ultrasonic energy during the treatment is
al so 20 possi b[18 t syanawylates, stuctusah aenylis, aghesives, apalyurethane, pdbesives, silicone

The preferred frequ £,a00 | t L4014 € i L2009 t ;

to 500 kHz, nore pre er&%'g% gee%\%g{éh %ﬁﬁ@é{%ﬂ é@g&\{e'f aﬂhgs&@é] %@@e%ﬁes’ or

' \gggg_lgse%m cr.owav_?_ rEleem'rczp}asjtie ajhesives. Exarnples rtzfilrpgﬁicmlarfsmmble adtesids ihclude, but
: e present invention generall, e used to:

control or enhance taf‘i%_%at limitegtg a'&%‘?’ﬂ?ﬁ?_solﬁ"-"@'?/?eq@éi gﬂ_ﬁtft?c&%taéﬂ?“)sl Reqmabond

other materials i ”ClFﬂH”gglei'&hM Tyrite 7520"ABE PPleferabiyaihk \Yifhesiv8 it BbSoured at a

coatings and any ot her 't t1ve and/ or non- reactive organic,
i norgani ¢ or nefél | itempetaturedower thanM0€ur es t hereof, 2) control

S ecerrr O b mnone Mgt aliel! ol B Lk e LR BB B FEATRALE oo
t hrough “the surddhesive Gape iyl applied ©6 thetrested sbdacandthehcthe iottier substrate
! er 'als being may be brought into contact with the tape.
Preferably the method of the invention involves application of a coating
20 composition to the treated polymeric substrate. The coating composition may be
a metallic or a solid based paint, lacquer, varnish, enamel, water-emulsion, non-
aqueous dispersion (organosol), plastisol or powder coating, radiation curable
coating, sputter coating or the fike.
When the treated substrate is printed with an ink, any suitable ink may be
25 used.

' Similarly, when the treated substrate is coated with a metallic material, any
suitable metallic material may be used. Also, any coatings, based on aqueous
and/or organic carrier and containing magnetic parficles such as used in voice
and/or image recording may be applied onto the substrate treated in accordance

30 with our invention.

The examples, by no means exhaustive, of technologically/biologically

important areas that the polymer surfaces modified by the present method of
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chemcally nodified according to the present invention in order to achieve
WO 97/ 02310

PCT/ AU96/ 00407 13

controlled or maxi m sed adhesi on and rheol ogi cal properties at the

rei nf or cenent fibre or filler)/matrix interfaces; (4) i
bi-oconpati bi IityW&;’ Wneric materials for, various bio- 23'&19[&%9“‘"7

rel ated applications. Fol | owi ng t he eatnent of a polynmer or

pol yner - based mat erilﬁdlerhwnt kan be @ipplisdl tof achieve ncenttolied tldvel t of aiyaitophilicity or
surface may be adhe I:ggmgomded to E&tsher substrate or coated.

When adhesi vely bon at e any suitabl e adhesive may

be applied to the tremgoﬁé& fmgo@ﬂnmﬂ tra it %hué%%pﬂhseus?Mﬂlqbéuabimy
into contact wt adnest ve abl e adhesi ves | ncl ude or

exanpl e, 10 cyanoac rgrbwdsthsmeans timaan mgas&omaweasaaof cwhgurqendheuaporation
adhesi ves, silic

) t t
adhesi ves, cont agtnead'ﬁ@m@é rs'%\r/'ﬁsa" OE g?é[ﬂ%%a %h@yf’%é%ﬁ%xﬁéﬁ}l gechanger's

particul ar suitable egﬂmgéves i ncl ude, but are not limted to
Cyanoacryl ates Loctite 406, Loctite 454, acrylic Pernmabond F241,
pol yur et hane Tyri t e -7Ronting: sonfroligd: /inpreased avettability of printing deks; sostings and1ether

contact adhesive suc U oF gRPRs, Romers pr, e, Brid°binifolify Bi¥acity o e printing

be applied to the tr@@bgﬁnwbhm5m@|atémaﬁmrm@er substrate may be
brought into contact with the tape. Preferably the method of

the i nvention i AQol reBelease icoatings; GP"@’@S&T‘WH@% adhgriopseh aay requirerd: substance
treated polymeric SUR§§ Ef;e(g] dfiea &?&Néﬁmﬁ 1t Bt tééiﬂ Y e leaselgntrﬁlsd?(l niaterial

or a solid based pai 'uer varni's er erru
aqueous di spersion (®ugfaogisol ), plastisol or povvder coati ng, radl ation
curabl e coating or t

—S utter
Created substrore |9 TadlistSoneliodmarinised shreading eate of e fishet rss. Dk stc, or

alternatively water, oil or soil/dirt repeliency;
15 - Decorative coatings: controlled/maximised spreading rate and adhesion of
' organic/inorganic/metallic or hybrid coatings applied onto the solid material’s
surface;
- Surface cleaniiness, colour uniformness and/or self-cleaning
capability/enhancement: controlled/maximised spreading rate of fiquids or vapours
20 and/or good liquid film retention capability on the produt_:} surface finish.
The invention allows the wettability of polymer surfaces to be

controlled by using an appropriate multifunctional amine-containing organic

compound and optionally also the acid group containing compound. For example

(i) when the untreated polymeric surface is hydrophobic providing a wettable
25 surface and a water contact angle equal or less than 809; and

(ii) when the untreated polymer surface is hydrophilic providing a non-wettable

surface of water contact angle equal or greater than 909,

This invention is particularly useful in modifying the hydrophilicity of polymer

coated metal products. Hydrophobic polymers are commonly used as surface
30 coatings to protect metal surfaces from tarnishing or corroding and for providing an

attractive finish. Such coated metal products are widely used in the building and

automotive industries. The hydrophobic nature of the polymer is particularly useful in

these applications as it provides an effective moisture barrier. Notwithstanding this
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Simlarly, when the treated substrate is coated with a netallic material,

any suitable netallic material may be used. Al so, any coatings, based
on aqueous and/ or organic carrier and containing nagnetic particles
such as used in voice and/or image recording may be applied onto the
substrate treated in accordance 30 wth our invention. FF?"“”JmEh"

exanpl es, by no WOLR232% haust i ve, of technol ogi (igl | y/ bi ol ogi ca

i nportant areas that the polyner surfaces nodifi'e€d by the present nethod of
WO 97/ 02310 advantage, however, hydrophobicity of the surface detracts from the asthetics of the
PCT/ AU96/ 00407

I nvention can be apBVrif%‘if ?‘%?“a%h‘{"é'% p!ﬁ?ﬁ? °8 |tﬁ‘%BYﬁ"89'é‘rb‘°o?"W8r"%%’?ﬁ ?FE? lbﬁa% which

hydrophobicity are dgy tolforemtinsighty marksCOTNer effdct cof tti@ [xiried!t watef headis is particularly
transfer: controlled/optimsed solid's apilit provi des t he means

tt
for am increase or _HE_ Lol emmﬁﬁqu‘!?ﬁiddﬁgr poration 5 rate,
resulting in an gptim seghdqpbsdnt mﬁgén-hmﬁlﬂ'{é h'y”&i‘oﬁlﬂ:bf)q P?ﬂ?ﬁl@ﬂ&?'b'e?applied as a

surface; - Printing: controlled /increased wettabilify of printing

i nks, toatings and geating to the metal 1g; thereby prRuide the grivapiageeusomoisture barriesrand the
controll ed spreadin t b RL : : ]
and/or rolls; 10 -gu'geﬁeeég?eegcu(‘)’gﬁdr%gg){ "’88‘5'?? E#P@J?%Cﬁ %&é@%ﬁgg{]@@t@ ne?fg?ﬂ@n{;om
requi red substance the protectiesfunatiarcof the pblymatl heatinge The invaationalsmbas: thel advaatage
the rel ease/ anti - st |,ck. [ Lal . f : . - Lles:

Control | ed/ maxi m seh‘%gﬂggé‘g?k‘% ?egf'}?t"(ﬁ °¢‘H% Fﬁqentloﬁe@,p mdﬁ-ﬂfg"fﬂ‘bwﬁﬁe B?%q t%Fhange
al ternatively wader theoicurrent ©oafirigdiprécesseyseiof etheypolyrner or fetadr fibstrate used. The
coatings: controlled/ maxi m sed SB{_‘:eadi n

v gant o7 i nor gant of mERBIBYEBeTIn ApBeSTANGE B SRGE IS0 Ihe Gofi mstal product by the
material's Sttiehfs 6f the present invéntiohace cl eanl i ness, col our
uni f ormess and/ or sel f-cl eani ng .
' In this embodiment of the invention the coating may be polyester,
polyvinylidiene fluoride or any other polymer referred to above and the metal may be
16  steel, aluminium or other metal or alloy. The well known COLOURBOND (trade mark
John Lysaght Australia Pty. Ltd) products may be treated according to the process of
this invention.
It is generally established that the contact angle of water on a wettable
polymer surface should be lower than 60° and preferably is below 4560C. This is not
20 easy to achieve on a number of substrate surfaces with conventional surface
oxidation methods such as corona discharge, flame treatment and even non-
depositing plasma treatments. Also the hydrophilicity created by these methods is not
stable with time as mentioned earlier.
Therefore, the combination of a simple oxidation method and post-chemical
25 grafting either by a 2-steps or a 3-steps process as specified in the present invention
will provide suitable, stable and low cost hydrophilic surfaces to meet variable
requirements.
‘Subsequent to the treatment of a polymer or polymer-based material by the
method of the current invention the treated surface may be used for the various
30 biomedical applications. Medical products made by use of modified polymeric
materials include, but not limited to, the following applications:
- Medical treatment
* Blood purification systems: Blood oxygenator for artificial lung, hemodialyzer
. and hemofilter for artificial kidney, filters for plasmapheresis or virus
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capabi l i ty/ enhancenment: controll ed/ maxi m sed spreading rate of |iquids or

vapours 20 and/or good liquid filmretention capability on the product
surface finish. The invention allows the wettability of
pol yner surfaces to be controll ed by using an appropriate

mul tifunctional am ne-containing organic conpound and optionally al so
the acid group C¥@8#HPIMg conmpound. For exanpl e . (i) whERT

untreated polyneric surface is hydrophobic provi?ﬁng a wettable 25

surface and a water contactremodale derption | €siima hafor 6 0jetonificationld cell  separator,
(ii) when the untreated pqQlyner surface is hydrophilic providing a

non-wet t abl e surface* 'W&f%‘i"at.?bnt act- angle equal or greater than
9o[err]. Thi > ipreeifibsi©Nblodd Padckss; Uladcutar Usiéthesié,"paBR| goakting, tdifificial
hydrophilicity of polyner coated netal products. Hydrophobic EOl ymer s
are commnly used as surfacermEd, arifigial hrad valyepbinodcpumptfern heart mssist gondact lens,

tarni shing or corg odi ng an m}%[ L i ' WYl
coated netal . prodt’jucts ar qu, s @F %ég&;@ﬁs%ﬂlgebﬁal %?%g{%gh“&eﬁh“gﬁﬁdﬁ% \%alus
i ndustries. The hydrophobi cshont, implants tirh eplasticy sengeiys prasthesisi| and ymplaefsulin idental

these applications as it provides an.effective noisture barrier.
Not wi t hst andi ng this surgefiy, Wotind deesging of covering,

- PCT/ AU96/ 00407 * Disg_osable articles: Catheters, tubing, haemostatibs, adhesives, syringe,
advant age, however, hydrophobicity of the surface detracts fromthe

asthetics of the surfs&_ﬁiﬁecoati ng. Wen placed on the hydrophobic _
surface water fqprs -b% d&lﬁ% systems: Ifréndruddda Naysterhs) 1éd YlallBdrks - or T Béntraceptive;
effect of the dried water beads 1s particularly detrinmental in the

presence of dust, dir tiransdemmal systems for nauseay stengeardicnbynanieasion els: polymas cenjegate
hydr ophobi ¢ pol ymer t oP&ntﬁHQighE%ﬁpi& micronhe?é?fo'r '?:chfl& S5 EvEdrid in ditious disease;
us and the surface to

t hereby provi de the advantage I'sture barrier
be subsequently nodi f imsidracapsules andlipid micaesphieesiic targétingout detracting from

advantage - that ekl Jagon Jeksr By Bgerk RbEHY. sheftEso” 31 HBipins.
W thout the need§to climawbiiizéd iteheymelr farntbicsenbon g microspieses inf iimunuassaer and
or m§t al substrate usergéasﬂr]eement of biological activity of cells, nucleic acid hybridization assay, non-
fouling surfaces and anti-bacteria attachment. |
The invention will now be described in greater detail in conjunction with
specific examples. It will be appreciated that the examples are provided for the
20 purposes of illustrating the invention and that they in no way should be seen as
limiting the scope of the above description.
In the examples, the surface of a range of substrates is treated by various
methods and submitted to different end-applications.
After adhesive bonding, the specimens were allowed to cure for 72 hours prior
25 to mechanical testing using single lap-shear test with an overlap of 3 mm. The test is
carried out on an Instron mechanical tester at room temperature and at a cross-head
speed of 10 mm/min.
In the case of coated specimens, an aluminium dolly is adhesively bonded to
the cured coating film, and is subsequently pulled out under tensile stress in order to
30 determine the strength of adhesion between the coating and the substrate.
The air/water contact angle measurements are chosen to provide an indication
of the hydrophilicity of polymer surfaces before and after surface modifications. The
contact angle measurements were carried out in ambient condition (2012°C, relative

humidity = 5045%) using a Ramé-Hart contact angle goniometer model 100-00. The
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| nprovenent in appearance is effected by treating the coated netal product
by the means of the present invention. I n this enbodi nent
of. the invention the coating nmay be pol yester, pol yvi nyl i di ene
fluoride or any other polyner referred to above and the netal may be 15
steel, alum niumor other netal or alloy. The well known CCLCUEEgNmé

mar k John EV?Q@WP“Australia Pty. Ltd) prodqgts may be tr 4
according to the process of this invention.

general | y establ i sheftiwdiet coritactCanier edaditigowas tdkencitieditely marttnbldeposutmn of the
pol ymer surface shou d.be [ ower than 60 and preferably is below 45 err]C

This is not 20 Rlef cnthe 8UHACS o nunber of substrate surfaces with
convent i onal _sur f ace in e éaéé eﬂw@aamf&néasﬁrbneéug%wnféh&chw&méa%ﬁe by
treat nent and even non- deposi ting asma treatnents. Al so

hydrophilicity creatcedntisg 'hﬁetgee rfE‘I‘HTGQSfOT 3 gaptinuous watep fina tQ\idry out fremaa polymer
mentioned earlieg. gyace in the aTﬁ@"a%é%Sas&é]ﬁevﬁ%@é '?é{:é%&l Qﬁrfﬁsw I¢:3n$ecutwely

oxi dati on net hod an(?upost cheni cal grafting elther
3-steps process as $Heatngd iimdmind that ipise diffigulti twebdalmrabsolute vializés pimm/lthie type of

equi rements. - nesbliohis, 3 . BabY imde, dicitale +f Fikef st sty in terms o
pol ymer - based materl"ebodU‘y Minderate” "Ptmt’ hanH OVeryfmat'Ur * imeanst thenfoirhistion of a
treated surface may or the

bi d' | | t
Medi cal products mad’@mﬂté wa e?Sfﬁ"'l‘i‘tfﬁ\ %{ﬂsﬂ‘? ﬁ*ﬁfPP%Ia% I ﬁ?@t%\’?”ﬁf’écﬁﬁ’l&o  from

but not |imted1po, shéiesirfickOMordspRRificaliyathe@atimated time duringiviith the WRkerith breaks
* Bl ood purification sxst ens: Bl ood oxygenator for artificial |ung

henodi al yzer the edge f dhe, spasimen should, pe smaresthan 45 tp; -%%gponqls apd the time

‘;DCC’:;_ ’ Rlugz ?8828;65' S Péquired Y6t drying out watéfrShh/thcelftre of the specimen 'f [more than 2 minutes.

renoval , adsor pt i ofiModeratenindicates that thewaterfim braaks guickly on dheredgenef the specimen
and that the drying time of water from the surface will be between 0.5 to 2 minutes.

15  When a continuous water film can still be formed on the surface but it breaks quickly,
then the surface is characterised as having “Poor” surface wettability. Finally, a
surface failing to be covered by a continuous water film is identified as having “Very
poor” surface wettability.

20 Example 1
e In this example the surface of samples of polypropylene (PP),-high density

polyethylene (HDPE) and low density polyethylene (LDPE) were treated by
various methods and were bonded with an epoxy adhesive (LC191), a
cyanoacrylate adhesive (Loctite 406) and a polyurethane adhesive (Tyrite 7520
25 A/B).
The various surface treatments were:
(i) no treatment
(ii} first treated by air corona discharge at a level of 151 mJ/mm? and then
dipped in 1% or 5% of polyethyleneimine or triethylenetetramine in
30 isopropanol in order to explicitly illustrate the disadvantages of the
invention described in Japanese Specification No. Sho 56-16175 and
to explain significant advantage of the novel process described in this
invention. The treated samples were either directly subjected to
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| mmunoacti vat or; * Prosthesis: blood access, vascul ar

prost hesis, patch grafting, artificial cornea, artificial
heart val ve, blood punp for heart assist, contact lens, 5

i ntraocul ar | ens, bypass tube, catheter of hyperalinentation, hydrocephal us

shunt, inplants in plastic surgery, prosthesis and inplants in gﬁnt I
P/ oppae0r

surgery, wound dW&¥MEY®or covering;, . * Di sposabl e
Cat heters, tubing, haenostatics, adhesives, syrite, suture :
10 - Drug delivery systembondingnasthctiea epoxycadhdaive (LGI9Y)@rothe cyanoacrylate

contracepti ve; transdermal syste for pausea, stenocardic, .
hypertension etc; polymner c@%ﬁﬁﬂ&? Q-°y°%13.£836) qf&“g}?ﬁfq INn§ivg a?etrﬁﬁﬁii surfaces in
m crospheres for circul ar digggsahce Wt rHLﬁCHV_QHﬁorij'b‘iﬁ%%fﬁll%ﬁl i“r’n?tggl and ethanol to

m crocapsul es and |ipid mcrospheres 1n targeting
| aboratory tests: Dry reagemlimiatertie eycessiventi hon-neaated chemicalsefalieweticby drying

i bili d f bi ] h . | ' .
reasur enment. of bBol oghcal adit S9TAPeGROE B e anplentan.of B gam ie:pt adhesives.
assay, non- foul '%r%ﬁﬁﬁ%éﬁ&e%ﬂﬁe@ﬂél theastieRbtPofthé BERdTR/AS tested to

The invention will now be described in greater detall in conjunction with

speci fic exanpl es. |qompare the relgivegesuliscaf different swrfasgdreatroents, The resuits od the

for the 20 pur pos f. Ll i i,nyention and that they in no way

shoul d be seen as qgsgar%i%ﬁ%@h@é?%ﬂg%f t he above description.

In the exanples, the surface of a range of substrates is treated by various

WEL hods aBd gubr’mt E erhbie 19Lap sﬁ@értstreﬁghEM#a (‘oghhﬁé&ted LDPE7, ZHI%PE, PRiHoided Zt%

adhesi ve bondi ng, r nfdar ours prior
onuetHaRg epdi dhay ﬁ&séivtgeﬁaﬁéaﬁ& urs

to nechanical testi si prgte ==trea T f—S—m
The test is carried out o ch;m‘?l%)gf te tyﬁgﬂi‘ﬁ?@gﬁg‘h ]

an ns{ ron

tenperature and at a cross-he 4_6: #"Fui ap 0.7 i he
case of coated specinens, an a +s—aEaestretry bm“ra'q' 6
3 F el o SHF-¢SS

the cured coating film and is
in order to 30 determ ne t he Bat-+Rg—and
t he substrate. The| Hpej
chosen to provide an indicati P
surfaces before and after surf Hons =) Jcont
measurements were carried out j nCYAPRAEMAte o iiLrLPPE?D?(‘, cel at Ok
humidity = 50[err]5% using a Rarf-oried0®ontbct HBFE godi anet e0-3mdel
100- 00.  The PP 0.1

]

ILP \w ul
~+ r ANt h oFf AlkdllhAacy hat aa
ULTCFC Lyl A\l IIDJ‘I@lP AN U

H N
air/ !1! confgast

bt bl
v
Fat
A

Table 2; Lap shear strength (MPa) of HDPE and PP treated with 1% or 5%
polyethyleneimine or triethylenetetramine with or without subsequent rinse, then
16 bonded with an epoxy (LC191) or a cyanoacrylate (Loctite 406) adhesive

Treatment | Treatment Lap shear strength (MPa)
condition method | HDPE/C1 | PP/AC191 | HDPE/L40 PP/L406
: 91 8
| Corona +1% dip, no 4.5 4.0 2.8 -
Triethylene- rinse
tetramine dip, rinse 9.5 8.3 13.6 -
Corona +5% dip, no 5.5 5.6 0.9 -
Triethylene- rinse
tetramine dip, rinse 12.5 _ 11.5 14.7 -
Corona +1% | dip, no - - 6.8 5.4
Polyethylen- rinse
imine dip, rinse - - 16.5 13.7
Corona +5% dip, no - - 3.7 26
Polyethylen- rinse
imine dip, rinse - - 15.4 12.1
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ai r/water contact angle reading was taken inmediately after the deposition
of the dropl et on the surface. In the case of wettability

measur enent s, MI nents were carried out by counti ng tt}e%lxm
’ te

required for ac M8s water filmto dry out Homa pol ymer
in the air. Each measurenent was repeated three mes consecutively.

Bearing in mind that it i&s @hhfbecsédn fronPiNeaTablebis ghtvésted AIDFE, HDPE hRd PP have
type of measurenents, it is probably nore apfroprl ate to_classify the

results in terns of very poor @dbesion" torrik adhesives: "Thegfagults/dn \Tableog2: clearly show
"Cood” means the forgphighn Oiheaa{nine coﬁ%hﬂ& Qrbé(}@ %&l&&l at 9% Bpgoﬁ%yiﬁﬁr polymer

surface and a sl ow evapor atlon Oof water ‘trrom 1 face
speci fi cal ly, the essunfacesdxidised by conogaulischargd, it isvimperativé fo renmodesexcessive non-

th d ft i h d.b t 15 t 0 d nd th .
time  ° requirbd FEES ?b%g%%& 1 IR Fraatod suniagss By BRSIOACWERGR APRraRriate
nore than 2 m nutes. s?lverht or SRS ES' de%EﬁBé‘cﬁhe&thlh@éntfohedtﬁéﬁﬁsé 'thé%é’h&‘fl'féacted

qui ckly on the edge o e specl nmen and that the drying ti'me of water
fromthe surface wil chéricaletoancact @ssa weak boundarydayersresultiag in significant caduction of

then the Surace i s Iaael ot Sibalientil kR shmdlipambon e EReaRH: opi Vi

Finally, a surface failing to be covered by a continuous water filmis
I dentified as having_"Ver poor" surface wettability. 20 Exanple 1
In this exanple 1he %&ﬁéﬁf sanpl es of pol ypropyl ene (PP), high density

pol yet hyl ene (HDPE) and Ilﬁgg%g?%mﬁ*?qhgeQMAéngL%%@s P@ﬁé r&g{sﬁ? ;R)erthylene

vari ous nethods and were an epoxy adhesive

cyanoacryl at e adhesi {(HDRE)pand pelym_ﬁbylmuj(l%P)owél;eJtreatbdrhy vatioasi methobigras shown in
(7,552 On(2)5t r Q/a{?, )rrént Table 3 an?ﬁer\{aathég %naed with 3 éy%ﬁgéc%&es adfesive (Loctite 406).

In all the treatments the samples were treated with air corona discharge at

15 a level of 755 mJ/mm?>. The corona treated samples were then either not treated

any further prior to applying the adhesive or dipped in a solution of very low

concentration of polyethyleneimine or triethylenetetramine for 30 seconds or

dipped in the same types of solutions whilst simultaneously applying ultrasonic

energy to the solution at 35 kHz for 30 seconds. |

20 !sopropaqg!_ ~was used as the solvent for both polyethyleneimine and

triethylenetetramine solutions.

Table 3: Lap shear strength (MPa) of HDPE and PP following treatment with
various concentrations of polyethyleneimine, and bonded with a cyanoacrylate
25 adhesive (Loctite 406)

Polymer { Corona Corona+ Corona + Corona+ Corona+
only 0.01% 0.0005% 0.00001% | 0.000001%

755 Polyethylene- | Polyethylen | Polyethylen | Polyethylen

(mJmm?) imine e-imine e-imine e-imine

Dip | us* | Dip j u/s* | Dip | us* | Dip | ws*

HDPE 1.5 148 | 166 | 10.1 | 16.7 | 106 { 143 | 7.2 | 14.7
PP ] 97 1182 ] 55 | 87 | 65 | B4 | 6.0 | 105

*u/s- Ultrasonic Energy

SUBSTITUTE SHEET (RULE 26}



(ii) first treated by air corona discharge at a level of 151 mJ/mjerr] and

t hen di pped in 1% or 5% of polyethyl enei m ne or

trlethyl enetetramne in 30 i sopropanol in order to explicitly
i[lustrate the di sadvantages of the i nvention described in

Japanese Speci fication No. Sho 56-16175 and to _expl ain

signi ficant advaWOSI®2P the novel process descrijbed in this PCI/AUIG/00407
i nvention. The treated sanples were either di rec0 y subjected to

WO 97/ 02310 The results in Table 3 indicate that the amine BermpoLH&/cRise’ applied

18 baondi ng wi th the epoxy adhesive *LClgg or the
cyanoacryl at e (dip or'dip withsigwitaaequs,application gy ulrasanienergi) atas lovsas gpm

of the treated surf ?ﬁ%obﬁf %) concentration to t@&?%ﬁ@ﬁﬁ%ré%é&‘ﬂWE SRy PP 50add% and

distilled water and ‘et hano m nate the excessi ve or
non-reacted chem calthatfthéladhesiob;enﬂaybetgenﬁ are still remarkableacompdred avitiv ¢orona @nly

Eﬂe agﬁl [ cat [ on f the S rre t e of lﬁﬂl ¥qr§le(re§yb§@ntlally "Eyﬁgrﬁﬁic ri n.%‘sogan be
e adhesi ve, 'Fe@f‘ﬁﬁ 5’5&‘9 e"!i'feﬁﬂ
rel ative resul ts Of di')‘télﬁﬁ it a fgéﬁeﬂq%ﬁﬁiﬁéssolﬁmsrﬁéuﬁéﬁléaf uﬁtﬁesmwltaneous

tests are recorded in T Tabl e 1: Lap shear stren
(MPa) of untreated FESoneMBIgY’P bonded to pol yur et hane, epoxy and

Eggngﬁggl 2{ reeﬁg[]ﬁs' VES The comparison of results in Aldab S'SV?mth thos(ep ,ﬁE?wX ih Table 2
Pol yur et hane itiiSkrates exphcltlly ?dvantﬁgés of our invention versus that claiméd i Japanese

7520- A/ B) HDPE . .
10 specification Sho 56-16175.

XAMPLE 3
In this example the surface of samples of HDPE, LDPE and PP were
treated by various methods and were bonded with a cyanoacrylate adhesive
15 (Loctite 406) and a polyurethane adhesive (Tyrite 7520 A/B).
The various surface treatments were:
)] air corona discharge treatment only
ii}) air corona discharge followed by dipping the substrate simultaneously with
an ultrasonic energy (35 kHz) for 30 seconds in various amine compounds at the
20 concentratnon of 0.1 to 0.25%. :

After curing of the adhesive, the strength of the bond was tested to
compare the relative results of different surface treatments. The resuits of the
tests are recorded in Table 4. |

As can be seen from the Table 4, surface treatment of polyolefins with air

25 corona, although achieved significant adhesion enhancement to the polyurethane
adhesive, provided little or no bond strength to the cyanoacrylate adhesive.
However, further enhancement in adhesion for the polyurethane adhesive and
significant improvement of adhesion for the cyanoacrylate adhesive can be
obtained with the 2-steps treatment process of this invention which consists of air

30 corona followed by dipping in the low concentration of amine containing solutions

whilst simultaneously applying ultrasonic energy.
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PP 0.6

0,3 (LC191)
PR 0.5

0.1 (Loctite 406)
PP Tabl e 2:

HDPE/
di p,
tetra
di p,

L40
no

m ne
o

tetram ne

no

imne °

+5%

di
di p,

PP/ L406
4.5 2

dip

r se

5.5 @

dip

P,
no

Pol yet hyl en-

15. 4

12.

r

|_\

Table 4: Lap shear strengths (MPa) of LDPE, HDPE, and PP bonded respectively to polyurethanen

r

«
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19 As can be seen fromthe Table 1 untreated LDPE, HDPE and PP
have very poor adhesion to all adhesives used. The results in Table 2
clearly show that when the am ne conpounds were applied at 1 % or 5%
to the pol yner surfaces oxidised by corona discharge, it is.]nperative
to rennee gxcesﬁﬂ%?%ﬁmg 5 reacted chgnicals f oh1thegtreateja#% %%ﬁk"by'
rinsing with an appropriate sol vent or sol ts as described in our

i nvention. O herw seExsnisle#d non-react ed chemi cal s can act as a weak

the treatmont on the enniRBsERAMBe GARUERGH o o Foros e Popropyiene (PP), high
| hi le, th i i
n this exanple, t Qieﬂé[et)fy ?gg)eﬂ%em msepan@w defl Sbfmtﬁglgﬁéw Were further

(HDPE) and pol ypropyl en re treated by vario s as sh
Tabl e 3 and were thdmnersed withithé: simuliameous applicationdifadtrasenicl energy dort 30)seconds

In all the treatpgents t s were treated with air rona, di scharge at
15 %a level of 785 Dok o-TRe R oy BiRe ol 1 024 2t Chairinebuhep acid
not treated .  anyyihydrbdRloriBe sBlutib® i@BBP)H}%ﬂ?Fe {aﬁ sli‘ﬁ%?lh Wﬁbié{)‘.?)@hrpﬂféjcééb 82,4

solution of very low °  concentration o yl'enei m ne
tri et hyl enet et r ani ndliarinobotyse asidi dihydrochloridéi phee pH of theesalutien thascbeeri adjusted

sol utions whil st si u Ly I i " he, ..
ol Uti on at 35 ko fpr B0 irhgl teskhafh i the L G 7 usiop S NaBH. Siien. The
sol vent for both poltysitéy |sﬁé@iiﬂ&1§&~ﬁ%dthen bohded With 8n&jahbacryiate adHesiveO (ISoctite
Table 3: Lap shear strength (MPa) of HDPE and PP follow ng treatment with

vari ous concent 18t i 498)-of pol yet hyl enei m ne, and bonded with a

cyanoacryl ate 25 adhesive (Loctite 406) Pol ymer  Corona
Cor ona+ Corona + I onadh - 0.01%
1 0.0005% 0. 00001%Tabﬁf%olt%ﬁﬁ'bfar strShthE (MPa) of LDPE, HDPE, P Bo‘?‘%‘{eﬁﬂ’e%e-_
Pol yet hyl en Pol yet W?%?Pc 8%‘?‘1‘?&1"& (mi/mmierr]) imne
e-imne e-imne e-jinine Dip __u/slerr]
Dip u/s* Dip u/s] Adhesive H[pﬁl‘f'vmef 1 .Gprona 1|4 g 1d-ap sheay strength (MPaf_ 7
10.6 143 7.2 14.7 level
(mJ/mm*® | Corona { Corona + Corona
) 0.25% 1,3- + 0.25% 2,4-
diamino-2- | diaminobutyric acid
hydroxy- dihydrochloride
propange pH=
(u/s) {u/s)
Cyanoacrylate | LDPE 453 2.8 5.0 4.2
(Loctite 406) HDPE 755 1.5 12.2 8.0
PP 755 0 7.1 6.2

16  *u/s- Ultrasonic energy (35 kHz, 30s)

In comparison with the strength obtained with air corona only, the results
above also indicate further substantial adhesion enhancement as a result of
surface treatment of the polyolefins in accordance with the present invention, i.e.

20 air corona followed by the application of either of the two of the amine containing
chemicals.

Example 5
In this example the surface of low density polyethylene (LDPE), high

25 density polyethylene (HDPE), and polypropylene (PP) were treated by air corona
discharge only, or by air corona discharge foliowed by a 30 seconds dip in 0.25%
pentaethylenehexamine in isopropanol or 0.5% '
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9.7 18.2 5.5 8.7 6.5 8.4

6.0 10.5 *ul s-
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The results in Table 3 indicate that the am ne conmpound can be applied
(dip or dip wth simultaneous application of ultrasonic energ

as ppm (0.
PP surfaces and

conpared with corona only 5 treated sanples.

concentration to the air
that the adhesi on enhancenents are still
In particular,

substantially inproved strengths can be

corona tr ea?@m%v

remar kabl e
further

obt ai ned when the

pol yet hyl enei mi ne solutions are applied wt h23i nul t aneous ul trasonic
ener gy. The conparison of results in Table 3 with those shown
in Table 2 ol lustrates explicitly advantages of our invention versus
that clainmed in Jgpanese 10 specification Sho 56-16175. EXAMPLE 3
In this exanple t®e surface of sanples of HDPE, LDPE and PP were

treated by various net; fre—bonmgeg—wtih a cyanoacryl ate adhesive 15
(Loctite 406) anca po] yurfet hane atdhgs’i\\e (Tyqite 7520 A/ B).
The various surf&e treatnents@reng §Oln|Nfsa| air corona discharge
treatnment only i) ai r'@orﬁﬁegi@che}mge fol |l onwed by di pping the
substrate sinultameous]y vyi"';tg'g, o0 Yl trgsdnic energy (35 kHz) for 30
seconds in variows am he G @y at t#he 2@ fconcentration of 0.1 to
0. 25% % Aftler G & the adhegi e, the strength of the bond
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tests are recorded in Table 4. As can be seen fromthe Table 4,
surface treatnent of polyolefins with air 25 corona, although achieved
signi ficant adhesi on enhancenent to the pol yurethane adhesi ve,

provided little or

no bond strength to the cyanoacryl at e -adhesi ve.
However, further_enhancement in adhesion for the pol yurethane adhesi ve and
signi fi cant i npr¥@ §EV

10 of adhesion for. the cyanoacryl ate adhe e

obtained with the 2-steps treatnment process of fii s i nvention which

consists of air 30 -

Fe@embrfeﬁmmwn tsopyophnRbwitly sinfuliaieols uitsbaieinerdy 35 KHz).

am ne containing solutio

ener gy.
PCT/ AU96/ 00407

10

16

20

25

30

whi | st si mul t I | yi | t '
WO 97/ ggﬂpy@ng the above %rlerarymen%,nt %usspgé:ir%grﬁ)s \s/lljtr)lgeqlfxentrlfla1 bonded with

a cyanoacrylate adhésive (Loctite 408) werkSdililied into two identical groups,
one group of specimens were tested for bond strength after 72 hours curing of
the adhesive (referred to as “dry strength”) whilst the other group of specimens
were first cured at room temperature for 72 hours in air and then being immersed
for one month in water at a temperature of 60°C (the strength thus obtained is
referred to as “wet strength”). The results obtained are shown in the Table 6.

it can be seen from the table that in addition to the substantial strength
improvement achieved when the amine compound is applied simultaneocusly with
ultrasonic energy that this type of treatment also provides a very durable strong
bond.

EXAMPLE 6

In this example, the surface of samples of polypropylene (PP) and PP-
EPDM (ethylene propylene diene mixture) blend were treated by air corona at a
level of 151 mJd/mm? followed by subsequent treatment with 0.25%
polyethyleneimine or 0.25% triethylenetetramine in isopropanol. The treated
samples were then painted respectively with two different metallic basecoats
{Moonlight Silver, Silver 410 - bath from A.M. Industries, Australia) followed by a
two-part polyurethane clearcoat.

The paint adhesion was measured by determining pull-out strength of the
paints from the polyi'ner surface using an Elcometer. In operation, an aluminium
dolly is bonded to the coating under test using a 2-pack 24h curing epoxy
adhesive. When cured, the Eicometer is placed over the dolly and the claw is
engaged. The handwheel/ratcher spanner is slowly tightened. If the dolly and
coating are removed from the substrate before the test pondage is reached, the
dragging indicator retains the maximum pull-off force reached in MPa.

it can be seen from Table 7 that the application of a multi-functional amine
compound after the air corona treatment on PP and PP-EPDM surfaces leads to
significant enhancement of the pairit adhesion to the two types of metallic paints

used in this work.

SUBSTITUTE SHEET (RULE 26) |



WO 97/ 02310
22

Exanpl e 4
treated pol ypropyl ene (PP),
density pol yethyl ene (LDPE) were further

PCT/ AU96/ 00407
In this exanple the surface of air corona
density pol yet hyl ene (HDPE) and | ow
i mersed with the

hi gh

si mul t aneous application of ultrasonic energy for 30 seconds

0.25% 1, 3- di am n§ o
di hydro-chl ori de solution in isopropanol

of 2, 4-

di am nobutyric acid di hydrochl ori de,

has been adj usted

using a 0.5

M NaOH s

Lor t
Jahle dn, Pulhut
wi th a cyanoacryl at iiyghasd siver4joandthesleareent.
strengths (MPa) of LDPE, HDPE, PP bonded to a

4- di am nobut y&"é‘i@?@&

in Table 5). In the case
the pH of the solution

t he rface treat e | ye of .
strength (MBEE gt EEF anvbp: EROIM Ralilad Sl dooniight
Tabl e 5: Lap shear

cyanoacryl at e adhesi ve.

oxypropane or an 0.25%
(as sh

Adhesive  Polymer @ + heat—strermot-trg e -
| evel [ Polyttier T%Wnséﬁ%'tr'ﬁ Cor bnzylgﬁg lgna + Silver 410
gorzg(r)}oa? 4 Untreated 0.3°" é‘: ;m" add4
di am nobutyric acid PP Pc?rot’rr 0'.25?" 1.0 16
hydr oxy- di hydr oclpl ori de oyehyene_lmme
pr opane pH=7 (brush on, rinse) —H-5 sy .
Cyanoacryl ate LDPE | 453 . g Corona +025% 4. %0 (Lotfite
406) HDPE 755 1.5 12, Sriethylenetetraming PP
755 0 ’ '7. l (grugh On. nnse)
Untreated 0.4 0.4
PP- Corona + 0.25% 1.1 1.3
EPDM Polyethyleneimine
(brush on, rinse)
Corona + 0.25% 15 25
triethylenetetramine
(brush on, rinse)
5
Example 7

10

15

20

In this example the surfaces of poly(ethylene terephthalate) (PET) film,
high density polyethylene (HDPE), polypropylene (PP) and polystyrene (PS)
were treated by various methods before air/water contact angle and wettability
measurements.

The various surface treatments were:

(i) Oxidative treatment by air corona at a level of 151 mJ/mm?; The air
corona treated sample was cleaned by distilled water in accordance with
the procedure (a) described below, and was used as a control
specimen. '

(i) Oxidative treatment by air corona at a level of 151 mJ/imm? followed by
dipping in the following alternative aqueous solutions for 5 minutes
under agitation: a 0.2% aminodextran solution, a 0.5% pentaethylene-
hexamine sofution, a 0.5% polyethyleneimine solution and a 0.5%
polyallyamine (Mn=8,000-11,000) solution. The above treated surfaces
were well cleaned by the following procedure (a): 2 cycles of cleaning
with each cycle consisting of three time thorough rinse with distilled
water, followed by 5 minutes ultrasonic cleaning in distilled water, and a
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15 *ul/s- Utrasonic energy (35 kHz, 30s) In conparison with
the strength obtained with air corona only, the results above al so

i ndi cate further substantial adhesion enhancement as a result of

surface treatnent of the polyolefins in accordance with the present

invention, i.e. 20 air corona followed by the application of either of the
two of the ani neWOIHOZM,; ng chem cal s. Exanpl e 5%&"&9"“‘07

In this exanple the surface of |ow density pol ygphyl ene (LDPE), high 25
density pol yet hyl ene ( HDPEjinalairde@ghinowitip distiled (afer. The eamplestwerelthenidried by air

corona di scharge onl Qr by aiy corona discharge followed by a 30
seconds dip in 0.25% K{?@ﬁ'ﬂ%@f\:ﬂﬂ'@ﬁw@m g i"gamblﬁ%rﬂﬂ ra/n?. Boyr before
\2/%3 ?Z ?]2310  contact angle and wettability measurementsPCT/ AU96/ 00407

The results of the tests are recorded in Table 8.

Example 8
in this example, polyester and 70%PVDF/30%acrylic coated mild steel and

polypropylene (PP) substrates were surface treated by the following methods:
O] Oxidative treatment by flame (air/propane ratio=1.0%, treatment
10 speed =15m/min, treatment distance=10mm, 1 single treatment). The
Flame treated sample was cleaned by distilled water applying the
procedure (a) described in Example 1 and was used as a control.
(i)  Oxidative treatment by flame as described in (i) above, followed by
dipping in a 0.2% aminodextran aqueous solution for 5 minutes under
15 agitation. The above treated surfaces were well cleaned by the
procedure {a) as described in Example 7. The samples were then dried
by air blowing and subsequently standing in air for one hour before
contact angle and wettability measurements.
The results are illustrated in Table 9. |
20
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PCT/ AU96/ 00407 _ 24
pol yet hyl enei mi ne in isopropanol wt h si mul t aneous ul trasoni c energy (35
kHz) . Fol I owi ng the above treatnment, the speci mens subsequently

bonded with a cyanoacryl ate adhesi ve (Loctl te 406) were divided into
two identical gr‘B l’"% one group of specinens were t est edPFH W
strength after 72 hours curing of 5 the adhesive (referred to as "dry
strength") whilst the other group of specinegs were first cured at
roomtenperature for 72 hours in air and then being i mrersed for one
nonth in water at a tenperature of 60[err]C (the strength thus obtained is
referred to as "wet strength"). The results obtained are shown in the Table

6. It can be_seen fromthe table that |n addition to the
substantial strength 19 i g)rcverhnt hi eyed when fhe anine conpound is
appl i ed simul taneousl y}wi tfa >o Bt rldsoni [Bene '§y that this type of
treatnment al so provide$ a [Ery®dul@bl|® stri@g bond. EXAVPLE 6
15 * Inthis arrpr il e |surfacg=2of shnpleg of pol ypr opyl ene (PP) and
PP- EPDM (et Byl entx BErdrggE g urejobtend were treated by air
corona at a Tevel J %mnﬂfm"r[ ir] :S’)HOE py subsequent treatnent
with 0.25% p§| yet hyl '.ne 3)r > 2504 r i ef yI enetetramne in
i sopropanol . The reat ¢d 5 Bant® eqQer el hen|Paint ed respectively with
two different mat'gl Iic‘bﬂﬁ%o rs—pOo—(voonpTghtSrtjver, Silver 410 - both
fromA M Industr|>es A\ust :gal ﬂa) 9! [{owed % a t wo- part pol yur et hane
cl ear coat . LThqg)ai Bt E8Ihgsi on (s m asﬂ;ed by determ ni ng
pul | - out strength‘oof the {€ [Bai[®s |from {She pEIy r surface using an
El cometer. In ope‘tﬁatl o[ 7 alluni hi urh dolly is} bonded to the coating
~under test using £ 2-phck Zirjeurjang [epoxyj®5  adhgsive. Wien cured, the
El coneter is pl adueJd over tjife of 1} and the[¥! awlis engaged. The
handwheel / r at chergspanher [is8EowWS tli ght efed. (f the dolly and
coating are renoved from t/fe® 'ﬁbst‘Tate bef T e t he tlest pondage is reached,
t he draggi ngai ndi fat g rétal ps tfhe nmaki nunjgulf -of f force reached in
MPa. gi_'t cap bgzse g fr‘g)m Tabl e-g thg® tlhe application of a
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| eads to

types of netallic paints

PCT/ AU96/ 00407

Pul | -out strength (MPa

used in this work.

conpound after the air corona treatnment on PP and PP- EPDM surf aces
significant enhancenent of the paint adhesion to the two

WD 97/ 02310

25

Tabl

of PP and PP- EPDM pai nted w th Monlight

e 7:

Sil1ver and SilveWQ¥®288d t he cl ear coat Pol yrmer PETADI6EA07

condi tion Moonl i ght Silver 410 28 Silver

gntzgg/at ed Table093 Airiwater cont@ct? angle and weliBbility of PP, aridIpohester or
. 0

1. 90%PVDF/30%abnyfic coated (mild steel substrates treated by various methods

Pol yet hyl enei m ne brush on, rinse)

Es{g?ﬁyregétzgs/? am ne Sample ™ ?brush %n, ﬂbngd) Dark Pink Beige | Fluorinat
Unt roeat ed 0.4 0.4 . brown- | (Polyester) | (Poiyastashla +ed
golz)Sle/?[ hyl enei m ne 1 1' L3 (bEdEﬁfb%srt]e’r) rinse) (70%
Corona + 0.25% 1.5 2.5 PVDF/30
triethyl enetetram n¢g (brush odn, rinse 5 % acrylic)

Flame Contact | 73.562.5 | 63.0:2.0 | 65.0:2.0 | 59.0:2.0 | 60.0:2.0

treated angle (°) _

Wettability | Very poor| Very poor | Very poor | Very poor | Very poof

Flame + Contact | 30.0:2.0 | 20.0t2.0 | 30.0:20 | 27.0:2.0 | 31.0¢1.0

0.2% angle (°)

amino

dextran | Wettability| Good Good Good Good Good

§ Example 9:

In this example, HDPE, PTFE, and FEP were treated by helium corona

(Helium flow rate = 4litres/min, 151 mJImmz). The corona treated HDPE, PTFE,

and FEP were subsequently immersed in a 0.5% aqueous solution of
aminodextran for 20 hours. The treated samples were either cleaned by the

10 procedure .(a) as described previously in Example 8, or by the combination of the
procedure (a) and a following procedure (b) which involves autoclaving the
samples at 121°C for 15 minutes. The cleaned samples were dried by air blowing
and storing in a clean culture dish in a fume hood for one day before air/water
contact angle and wettability measurements. The results of experiments are
15 summarised in Table 10.

Table 10; Air/water contact angle (°) and wettability of HDPE and FEP surface
treated by various methods

Sample Cleaned by procedure (a) Cleaned by procedure (a) + (b)
Contact angle Wettability Contact angle Wettability
¢ ©)
HDPE 11.0£1.0 Good 10.0+1.0 Good
PTFE 36.0+2.0 Good - -
FEP 17.5+1.0 Good 35.5+1.5 Moderate
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Exampl e 7 In this exanple the surfaces of poly(ethylene
terephthal ate) (PET) film hi gh density pol yet hyl ene (HDPE),

pal ypropyl ene (PP) and pol ystyrene (PS) were treated by various

nmet hods before air/water contact angle and wettability 10 neasurenents.
The various surface treatnents were: (i) Oxidative treatnent by
ait corona at a WeJHM™HY 15 ml/ mjerr].; The air /AN26/00407
treated sanple was cleaned by distilled water i ?®ccor dance with

the procedure (a) d ggm dggbel ow, and was used as a control 15

speci nmen. (1 Oxl dati ve treat rrent b ir corona at a |evel of
151 m)/mierr] foll owed Hy this example, H ¥’Eﬂ wese { oxidiged npy air corona (151

alternative aqueous 9)!9%’ Oﬂrﬁll%quP/o o (%]g%f 1d'esr?g-by air corond (484 lﬂex Wit by flame

0. 2% amnm nodextran so ut I o am’ne
sol utiron, a 0.5% poltymthrphbn(mrfpmpaml r:atlosrl O%td taea(ﬁném 26peed =15m/min, treatment

ol yal | yam ne 00-11, olu ove ted sur f aces
hers vel | cl eaned bydteBcEHHOMEY; | 3iigie Feament 3o Grida adimere et ey submitted
with éach cycle constbsthémom ﬁM&&&*@ﬁ%%ﬁaﬁ >e Wth distilled
ing I n

wat er, followed by 5 mnutes trasoni c cl ean I'stilled water, and a

WD 97/ 02310 () immersed in a 0.5% aqueous solutlon of polmp/amm«m*emo-
26 final rins ' i t ist' Ied .The

then dried by air %%6})??{% Hﬁ"d'ﬁﬁ' g@ﬁﬁn‘ﬁ?ﬁ"’@?ﬁiﬁ%’*ﬁ?g@“&ce by
anbi ent air for one hour bety grocedure (a); contact angle and wettability
measur enment s. The results of the tests are recorded in Table

8. 5 Exaﬂﬁt e 8 (i) immersed in an0.§6% agHpeus spltior Nfcpolyaiiyaming (Mn=8,000-

PVDF/ 30% acrylic coated m | 44 %06§ br pBifethylene imine (Mn=25000) for 5 minutes, followed by
cleaning of the treated surface by the procedure (a). Such treated and
cleaned surface was further immersed respectively in following
solutions: a 0.5% aqueous solution of polyacrylic acid (Mn=25,000), a

15 0.2% dextran sulfate, a 0.2% carboxylic dextran for 5 minutes. The

treated sample was rinsed again following the procedure (a). In the

case of HDPE and PP, the samples were dried by air blowing and .

storing in a clean culture dish in a fume hood for one hour before

contact angle and wettability assessments. But in case of PET, the

20 treated specimens were stored in air for two days prior to. contact angle
“ and wettability measurements.
The results are listed in Table 11.
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pol ypropyl ene (PP) substrates were surface treated by the foll ow ng

net hods:

(i)
rati o=1.0% treatnent 10
di stance=10nm 1 single treatnent).

The

Oxi dative treatnent by flanme (air/propane

speed =15nm n, treatnent

Fl ame treated sanple

was cleaned by distilled water applying the procedure (a
descri bed i n ExaWQ¥MBMnd was used as a control . (Pﬁl'f‘\u’g’o&“"
Oxi dative treatnment by flame as described in (i )3Q1bove fol |l oned by

di pping in a 0.2% anjaKeeps: Aiivatet 6SMactSanglé ighd mﬁab'ilwwm UE IndlPET surface

agi tation.

The abovarddigd by UifeieatHiethods

Her e wel |

cl eaned by t

procedure (a) as described’in Exarrpl e 7. The sarrpl es vere then dr| ed

contact angl 6 and wet {abi 1 ¢ | R eroo] Mesuerierts | RORE T FRTE T PP
illustrated in Table 9. 20 Corona+ WO Qmmﬁi@ngle 48.0+1.5 | 63.0+2.0 | 66.0+1.5
PCT/ AU96/ 00407 27 [err](,) :
0.5% polyallyamine Wettability Moderate Poor Moderate
Corona + 0.5% Contact angle | 36.0+1.0 | 42.5+1.5 | 40.0+1.0
polyallyamine (")
+ 0.5%polyacrylic acid Wettability Good | Moderate Good
Corona + 0.5% Contact angle - - 30.0+1.5
polyallyamine ®
+ 0.2%dextransulfate Wettability - - Good
Corona + 0.5% Contactangle | 21.0+1.0 - 21.0+1.0
polyallyamine )
+ 0.2% carboxylic dextran Wettability Good - Good
Corona + 0.5% Contact angle - - 36.0+1.5
polyethylene- 4]
imine+ 0.5% polyacrylic Wettability - - Good
acid
Flame + Contact angle - - 69.0+1.5
w0
0.5% polyaliyamine ' Wettability - - Poor
Fiame + 0.5% Contact angle - - 37.5£1.0
polyallyamine ")
+ 0.5% polyacrylic acid Wettability - - Good

5 * The surface treated PET samples were stored in air for two days prior to confact
angle and wettability assessments.

Example 11

In this example, PP sheets were oxidised by air corona (151 mJImmz). The
oxidised PP sheets were then immersed in the following solutions for 5 mins:
(1) 0.2% polyacrylic acid (Mn=2000) aqueous solution;

10
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28 Table 9: Air/water contact angle and wettability of PP, and

pal yester or 709°VDF/ 30%crylic coated mld steel substrates treated

by vari ous net hods Sanpl e PP Dar k Pi nk
Bei ge Fl uori nat br own

(Pol yester) (PolWR&EMe oq : PCT/AU96/00407

(Pol yest er) (70% 31

PVDF/ 30 2) 0.2% premixed polyethylene |m|ne Mn=25000) and

% acrylic) lg) p Cont act P y 5y 3.02 (0 65. 02 503,“8"“: scid
60.02.0 treﬂvleaZOOQiragueow §alu}19n (ammelcarboxyl ratio=3)\\st t abl lity Very
poor Very poor Very,f0 e -

50.02.0 > 20.02.0 36908 2’0)/ é’%‘"ﬁg&g p@éﬁﬁ&@fs {Mn= 600&%6@05 a%%%g‘?’f%'?r dextran
amno - dext aqueou&edilaﬂnd datMneIGaMxyI@aﬂnMD) Good CGood

Good 5 Exanpl F EP were.
treated by heli u§1 coronalhe aboﬁ-&!ﬁ?‘&& theﬁi'f"??‘gg Eﬁmlegwerfor 10 times,

m/ mferr]). The colRiektifding BPEn, dﬁré:s%nlc e A WAETBr s SHRERGHI gk with

I mersed in a 0.5% aqueous sol utT on of am nodextran
treated sanpl es wer watdrtfor$ tiziesalibel samplewert(driga foc eviemight bifoss wateraointact angle
previously in Exanp t he conbination of the procedure (a)

and a follow ng pr OEBGWE)WW?%W ‘ves aut ocl aving the sanpl es

at 121[err] C for 15 m nuyRé reslits afe RipBRated HiPhSIE 1227 € dried by air bl ow ng
and storing in a clean culture dish in a fune hood for one day before

ai r/ water 4@nt act angle and wettability nmeasurenents. The results of

experiments are 15 gﬁﬂmﬁ’ Gfwitar %ﬁ%@ ﬂe] wett h &P PPN durABLS treated by

contact angle () ang Wb abElytq0 graflingd” using either a single acidic

containing compound or a combination of mutti-functional amine containing
compound and acidic group(s) containing compound

S exa

15
Sample water contact angle (°) Wettability
Polyacrylic acid 74.0+1.5 Poaor
Polyethyleneimine 25.0+1.0 Good
+ Polyacrylic acid |
Polyallyamine+ 43.0+1.5 Good
Carboxylic Dextran

The results in Table 12 confirm that an hydrophobic surface such as that of
polypropylene can be effectively transformed into an hydrophilic and wettable one
when the concept of multi-layer grafting was applied as shown in the treatments

20 (2) and (3)above. Direct application of a polyacrylic acid polymer onto the
oxidised PP surface failed to increase the hydrophilicity and the wettability of the
PP surface.

Example 12
25 In this example, woven fabrics of ultra-high modulus polyethyiene

(UHMPE) fibre and aramid fibre were treated by air corona. (151 mJ/mm?)
followed by a 30 seconds dip in 0.25% triethylene tetramine (TETA) in
isopropanol with simultaneous application of uitrasonic energy (35 kHz).

SUBSTITUTE SHEET (RULE 26)



treated by various nethods Sampl e Cl eaned by procedure (a)

Q eaned by procedure (a) + (b) Cont act angl e

Wettability Contact angle Wttability HDPE 11.01.0

Good - 10.01.0 Good PTFE 36.02.0 Good

- FEP 17.51.0 . Good 35.5 1.5 Mbder at e

WO 97/ 02310 WO 97/02310 PAGTAEAS/00/97.0 7

29 Exanmpl e 10 In this exanpl e, 3DPE and PET were oxi di sed

by air corona (151 F@Il’oW'ﬁq?r tHe . abdle Stredtients lé?hfnb;ﬁd ogpebirhgfs byt 2UHMPE
ir/p

151 mj/ b t
S o o Y et oy YA mss)tmmu”eb?em&gqa%&@mmowawgmnon

treatnent). The oxi dj éﬁtﬁh )mqa.hs RS, tﬂjar}mﬁH%g} %&mgre P’e&?’é‘? g,{gg {l@)jé@%fagt\m

two post-treatnments respec

aqueous sol ution of mhﬁedllgomﬂ%ﬂéﬂw&ﬁ)%speclmens were tested forOp€e! steength after
m nutes, foll owed by cl.eaning of the treated surface é’l the .
procedure (a); 1¢@ ~ lamingtion) apﬁ"t@@ﬂ@'ﬂpﬂ of thesoueng «f thes matix dreferred t° as “dry

pol yal | yani ne (Mn=8, Q?&\gth'})owplcl)s\xe J\eoyotherljgrc?&}?)ofo&pé&#g}égg wgf‘é‘eﬁré{“cﬂ?ed at room

(Mh=25000) for 5 mnute
treated surface by ttemperataes foe mahou&mh dir @st mguired in the case of UHMPE/epoxy

cl eaned surface was r.t i vel n,fol
solutions: a 0.5% aq{? Tlai}e§ojlrﬁ¥m EF?NP i lanpﬁfgszgg%@me&s%for one
0. 2% dextran sul fat emoﬁt!ﬁn%éﬁét@t@fﬁbé‘raﬂﬂébf Lo the ﬁr@h%’tﬁgtﬁ*@s? gﬂi?ﬁigd is referred to

treated sanple was rinsed again follow ng the procedure .
case of HDPE andl(PP, as f'wetsdneppths). idregedultssobtainediare sheown irgTabld 13.
storing in a clean culture dish in a funme hood for one hour before

Table 13: Dry and wet peel strengths of composite laminates of UHMPE/epoxy
(Araldite 138) and Aramid/Maleated LDPE '

Peel strength (J/m°)
Treatment UHMPE/Araidite 138 Aramid/Maleated LDPE
Dry Wet Dry Wet
{1 month, (1 month,
60°C) 60°C)
Untreated 1168 760 1755 1096
Air corona + 1750 1442 2278 2040
0.25% TETA

15
The above resuits indicate that thé composite laminates containing the
fibres treated by one of the preferred embodiments of the present invention
which was surface oxidation by air corona discharge and subsequent grafting of
a multi-functional amine containing compound such as TETA exhibited
20 significantly superior performance in both dry and wet environments in
compatrison with the composite laminates containing only untreated fibres.

Example 13:

in this example, polystyrene culture dishes were first oxidised by corona
25 discharge according to the following treatment condition: corona discharge
power: 112W, treatment speed 0.17m/min, treatment distance: 2.5 mm, 1 single
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contact angle and wettability assessnents.
treated specinens were stored in air for tw days prior to

and wettability measurenents.

11.

WO 97/ 02310
PCT/ AU96/ 00407

But

in case of PET,

t he 20
contact angle

The results are listed in Table

30 Tabl e 11

At/ water cont aYORMP and wettability of HDPE, gP and PET suP¢HAHE96/004
treated by different nethods

HDPE

Wettability
Cont act angl e
([err])

Good -
30.01.5

0. 2% ext r ansul false
Oor ond + 0.5%

pol yal | yam ne

PET *
48.0[err]1.5 63.02.0
Noder at{ugthylerpotgtrammmmqpanol for 30 sec, follgwpgrgy fingl fnges of the

% © Jreptef] Sufead by bl fister gnd aihanot borB 4ing 3 I sylsequent

Cont act angl e

(Lerr])

Tatié agt obaghatior bnthe Cell growth on bott? &SRO -thbated culture dishes
and NUAE Dishbs, and 3pd finl celt cOu

Wettability Good

Cont act angl e

66.01. 5

@Ellgrewth.0. 5%

pol yal | yam ne

Wettability

t ment

passPiteatment. The oxidised Cmmr@ dishes w;elre tﬁ‘étﬂhﬁﬁierﬁé&l' i 0.25%
olya

0. 5%

Lo W AN a ¥y | l:

Measur enent s

. +
Good

%o carboxylic dextran
_ Corona + O. 5%

il

([err]) | il HRGHDRYR, o1 ¢ GEIINEC Vet tabi |ty CbseRatgn 7+ one
Good tiri6 (8
4h Lim2099 Attachment in both culture
dishes appears equivalent
immorto. Colon Adherence slightly better in
CSIRO treated  culture
dishes
2 days Lim2099&Immorto.Colon | Adherence of both cell types
similar in both types of
culture dishes
3 days Lim2099&Iimmorto.Colon | As above
4 days Lim2099&Immorto.Colon | Growths appear equivalent-
7 days Lim2099&immorto.Colon | Growth appears equivalent
Final cell counts:
Lim2099 CSIRO 3.15 x 10° cells
Nunc 3.5 x 10 cells
immorto.Colon | CSIRO 5.4 x 10° cells
Nunc 5.65 x 10° cells

- . 10 The above treated polystyrene culture dishes were tested for cell adhesion
| and spreading using two cell lines. Nunc treated polystyrene culture dishes,
which are commercially available products, were used for comparation. Two cell
lines, LIM2099, a human colon carcinoma cell line and Immortomouse colon, a
recently established mouse colonic epithelial cell line, were trypsinised and the

15 resultant cell suspensions counted and adjusted to a cell concentration of 10° per

SUBSTITUTE SHEET (RULE 26)



Fl ame + Cont act angl e 69.01.5

0. 5% pol yal | yam ne Wettability Poor
Fl ame + 0.5% Cont act angl e 37.51.0
pol yal | yam ne ([err]) + 0.5% pol yacrylic acid

Wettability - Good 5 * The surface %WFT

sanpl es were sto‘?’gc?'”P??l%lr for two days. prior tg, contact
wettability assessnents. - Exanple 11 34 In this exanple, PP
sheets were oxi di sednbin tfs'suectiumrean(aalﬁ:h (RPM{1610]plus s%eroiafal calfsetirsicahd® ug/mi

sheets were then i rmer ol | ow sQlu 5 mns.:

0. 2% pol yacrylic aci'sy Wg'-tg?) ?‘gﬁu@ﬁﬂgs r%tmg.h)a?ef the apmpg%mleéfa ure for
PCT/ AU96/ 00407 b the cells in %&ch e ??): %
prem xed pol yet hyl en%acihmoﬂlem%el\/h}\ﬂ% 0§y m& up(a)??/nécr?/ l'1c acid P ngg%%o ishes

aqueous sol ution (arwere/ ramdvedy usingtirypsin 3nd collecte) i SB%tpfrmadmm The total cell
pol yal | yam ne (M1=60000- 65000;‘; ragshcar box I I c, dextran eou sol uti on

(am ne/ car boxyl Pat |’H’"A wagy, t&HBV'@ t %é’?ﬂﬂ"’!ﬂaﬁ'ﬁf empgyigmeter.
rinsed by distilled Eﬁﬁn kitnéd "Wérg slmllar‘c With0aeh bMafé Wﬁbé’g Sd?m%ﬁry of the
ul trasonic bathlnwaer mns and final rinses wt or

tinmes. The sanple mmhsematlou ahdrresunsrafegmcatedm?&ablatwr cont act angl e
. and wettability measur emi{' is @pparent from the above result that the CSIRO treated culture dishes

are at least as suitable as the commercially available Nunc culture dishes for cell

10 growth. '
Finally, it is to be understood that various other modifications and/or
alterations may be made without departing from the spirit of the present invention

as outlined herein.
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The results are illustrated in Table 12. 10 Table 12: Air/water

contact angle and wettabiTiTy of PP surfaces treated by oxi dat i on,

fal | oned by post-chem cal g} 3khckt1hsBstaRAGacd t her a single acidic

cont ai ni ng conmpound or a co “uﬂlmml ti-functional am ne contai ning
conpound and aC|d|c oup(s) npound 15

wat er cont act a E‘rr] ) ity Pol yacrylnggﬁﬁg 7
74.01.5 Poor Pol yet hyl enei BRi ne 25.01.0

Good + Pol yagQhimsc aci d Pol yal | yam ne+ 43.01.5

Good Car boxyl i c Dextran The results in Table 12 confirm

that an hydrophobi ¢ lsur f Adeethod of modifying ajfleastapaﬁcqu swace@f & pelymer including:
ef fectively transforfed %e& when t he
concept of multi-|I a}@? gP&P@frﬁéﬁt&%ﬂt?&H&ﬂ shown 1 hsvﬁ{e&'tarnedat ments 20

(2) and (3)above. Digii)ect treplig the iaxidisdéd asurfabgmﬂyldtdeasti dnpah;alti&unc‘bmhal tinine-

oxi di sed PP surf cefaledtomcreaset h licit
ot tabi1ity of the. comtaimig ofganie compound ot sal sampatind'tS thejoridispd poymer

exampl e, woven fabriggpged. ul tra-hi gh nodul us pol yet hyI ene ( UHVPE)
fibre and aramd fibre were treated by air corona (151 mi/mierr])
foll owed by a 30 seconds dip in 0.25%triethylene tetramne (TETA) in

' sopropanol with sigiltageguh aPRidcrdhh 48 dhint's' WASEIN WnEAhE mbRnchBhal amine

containing compound is applied as a solution of concentration greater than 0.5%
10 by weight, the treated polymer surface is washed to remove excess

multifunctional amine-containing organic compound.

3 A method according to claim 1 wherein the multifunctional amine-
containing organic compound is in the form of a solution and has a concentration
15  of from 0.000001 to less than 1% by weight.

4. A method according to claim 1 wherein the multifunctional amine-
containing organic compound is applied to the oxidised polymer surface in
admixture with at least one acidic group containing compound and the ratio of

20  amine to acidic group is greater than 1.

5. A method according to claim 1 wherein following treatment with the
multifunctional aminé-containing organic compound the process further includes
reacting the treated surface with at least one acidic group containing compound
25 to bind the acidic group containing compound onto the polymer surface through
reaction with the bonded multifunctional amine containing organic compound.

6. A method according to claim 5 wherein the acidic group(s) containing
compound is applied to the treated surface as a solution of concentration in the
30 range of from 0.000001 to 10% by weight and when the concentration is 0.5% by
weight or more excess acidic group(s) containing compound is washed from the

treated polymer surface.
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32 Fol |l owi ng t he above treatnent, |am nated speci nens of UHWPE
fibre/ epoxy (Araldite 138) and Aram d fibre/ Mal eated LDPE

( BF1000) (| am nati on cinischidct BB ated] C, 1MPa, 10 ninutes) were
prepared and divided into t cal groups, one group _of specinens
were tested for YWR&MW2314 eng”"(!m qum'ﬂr’ill ani nation and conpl eP ﬂvngme
curing of the matrix (referred to as "dry . §§rength") whi | st the ot her
group of specinens were first cured at room tenperature for 72 hours

in air as required iin the case of UHVPE/ epo | am nates. .Then both .
groups of conposite’t ani flameshogk acconing E{&Q’Br" &qedalm% H&Hﬂ“itﬂevﬁi’@f‘"ﬁmnal

a tenperature of GOEﬁ{iﬁéﬁ?@fgﬂg%qggrﬁiebg& W&n&bi%%ﬁ@%gﬁgn%g %lsbegaiaoq&égﬁlceﬁl%up

"wet strength"). The resu are shown in Ta
13: Dry and wet peelkostainimg compotind israpglieddram solutioasvapoutahaRy dype«f mechanical

becr st rongth ( Jbny iSPRFSion o 5 PifE shamical or their solylieas Andfor Tistures;in any sutable

Ar am d/ Mal eat ed LDPBgivent. Dry Vet

Dry Vet (1 nont h,

(1 nont h, 60[err] O

60[err] C Untyr eat gd X . 760 . .

A £ . o]r O)n - 1758 A mewggzgéc%gdmg to_glajm %C%r cla|r50‘54avhje?é_1§ thedpglgg}oﬁu%%gnal
TETA 15 AffineBomiQinigp bggﬁid: edinpolitd tandt adidie groupe} icontairing Hdhisound
containing the fibres treated by one of the preferred enbodi nents of-

the present invdfti afe applied ferianaguenusisalition ar asoleierhip ap alceleland the surface
di scharge and subse gyl g bbijthedis gﬁréeﬂ@% alddBFY? ﬂg@b ;Tpgre. of

cont ai ni ng conpound such as exhi signitican
performance in both dry and wet environnments in conparison with the
conposite [am nat esQ'(:ontXi rrl]lie{;\%dogtlzé/orgintgrtgaélaei% tli tt:)rr te:ISaim 5 wherein the oxidising of the
polymer surface is carried out by a process selected from the group consisting of
15 electrical discharge for instance corona discharge, flame treatment, non-
depositing plasma, UV irradiation, chromic acid oxidation or a combination of two

or more thereof,

10. A method according to claim 1 or claim 5 wherein the multifunctional

20 ém_i__ne—containing organic compound consists of the elements carbon, hydrogen
an‘d-nitrogen and one or more elements selected from the group consisting of
oxygen, sulphur, halogen and phosphorous and which comprise at least one
amine functional group and at least one further functional group which may be an
amine or other functional group.

25 | |
11. A method according to claim 9 wherein the multifunctional amine
containing compound is selected from the group consisting of: C, to Cj4 linear,
branched or cyclic compounds containing two or more amine groups; polymers of
a number average molecular weight of from 300 to 3 million containing a

30 multiplicity of amine groups; C, to C;; perfluoroamines; C, to C;; amino
alcohols/phenols; C, to C;; amino acids; C, to C35 amino aldehydes/ketones; C,
to C,s amino amides; C, to C35 amino ethers; C, to C35 amino esters; C; to Cag
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Exanpl e 13: In this exanple, polystyrene culture dishes were
first oxidised by corona 25 discharge according to the follow ng treatnent

condi tion: corona di schar geis SheetHﬁCBAef hdedW treatment speed 0.17m min,
treatnment distance: 2.5 mn WE WO 97/ 02310

PCT/ AU96/ 00407

treat ment The o¥ QP3O 'uIt |s e e then m"rersed | n 0. ﬁﬁﬁﬁm-;
triethylene tetramine in i sopropanol for 30 sec3 foI | owed by final rinses

of the t.r eat ed apind afitos)YC At Cid hmmwmmes.aopt:eda@aﬁhn@ﬁ:a&eogrwo ammo
and the subsequent cell growth. Tabl e 14: CObservation on t

cell growth on bot h PhGSPL®NG w@%@r&& t?r%sscﬂ@'ﬁ9§“"°“'° agide: Qate Czs amino halﬁasens
final cell counts Cpto( Cae W&Qﬁ&h@é’, fpto 5 hnind Eﬁyneﬁ: polymers of a number average

Observation

Attachnment in both mdleculer weight of from 300 to 3 million containing a multiplicity of amine groups
%ﬁgfznggpgﬂ Sh? 8;' \égtlpfqg}tn-ernme functional groups: amino polysacci'larldes Ceql on

CSIRO™ treated culture

di shes 2 days Li m2099&l nort o. Col on Adherence of both

cell types 12. A method according to claim 1 wherein the oxidised sytfa¢e isrtreated with
bot h types of . . . -~ . re. .

di shes 3 dagtleast one mufifuacions) aminerepniaining orsgnisspmpounti ot &' eriod of
days Li m2QQ0Y1Ma030 Sedatiderat a teimpetadtaretipthe range! frem Z0%up to or abov@ the
days Li r2099&I nmorto. Col on G ow h appears equi val ent

"Final cell counfl8 Dboiling point of the compound.

13. A method according to claim 4 wherein the acid group containing
compound is selected from carboxylic/carboxylate containing compounds, and/or
phosphoriclphosbhonate containing compounds and/or sulfonic/sulphonate
15 coniaining compounds and optionally containing more than one type of acidic
group and optionally other organic functional groups selectied from the group
consisting of hydroxyl, amine, amide, ether, ester, ketone, aldehyde and halogen.

14, A method according to claim 13 wherein the acid group containing
20 compound is selected from the group consisting of: polymers of monomers
selected from the grodp consisting of acrylic acid, methacrylic acid, p-styrene
carboxylic acid, 4-methacryloyloxyethyl trimellitate, vinyl sulphonic acid, p-styrene
sulfonic acid, melaphosphonic acid; and copolymers including one or more
thereof;, and polysaccharide derivatives containing sulfonic/sulphonate and

25 carboxylic/carboxylate groups.

15. _ A method according to claim 1 or claim 5 wherein a static or high
frequency alternating physical field is applied to the polymer surface or
multifunctional amine containing organic compound during treatment of the

30 oxidised polymer surface with the multifunctional amine-containing organic
compound.
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i 2099 CSI RO ~—— " 3.15 x 10[err] cells

Nun RebRéed S | morto. Colon CSIRO
5.4 x 10[err] cell s Tmssﬁee}ﬁ&s%re&l Nunc 5. 65

x 10[err] cells m““wmlm Et ed polystyrene culture dishes
were tested for ceII adhe5|on ding using two cell_|]j nc
trreat ed pol ystyrg’t%” Wure dishes, whi ch aése commerci al |

products, were used for conparation. Two cell i nes, LIMO099, a hunan
col on carci noma cel | 18.i nm&tﬂhddrawdrdmgueelalmltﬁwhaem an uitmasenic| gnergy field of from

t abl i shed | t ryosi ni.sed and th
st ot el ees o 88 i Kblz.in nfied, Bhclar miSiBiyeve eetay! B Hppliadii Fik s ot trom
10[err] per 18296 3068il2. _

PCT/ AU96/ 00407 34 m in

tissue culture medium (RPM 1640 plus 5% foetal calf serumand 1 ug/m

I nsulin). The culgurg, di S cu t . t.he,a te rature

for - each cel Iﬁr Sﬂﬁé‘? ﬂdt!?s ei’?:?fﬁz??% {lh&jg%o ﬁréﬁgﬁst@"WP d
cul ture di shes é@f‘ié%nfeedah\dﬂib Wﬁh BGubstrate!ihetai tﬁ@trbatadqsbu rePstirfate is bonded
medi um The total cell In each dish was determ ned by counting

usi ng a haenocyt onetier the substratqdy coatacting, the treated: oxidised palymar: surfacehwith an
plate type. Summary 8& %s observation and results are indicated in

Tabl e 14. ’T $ apparent fromthe above result that the CSIRO
treated culture dishes are at Ieast as swtabl e as the cormerm aIIy

avai |l abl e Nunc cul ture dishes for cell
is to be underst¥bd that The wsqef tB?mh%BfP'?E'&ﬂ |°(5ﬁ§‘"Hr§ﬂ°6Pr°V'dm9 improved coatlng

alterations may be %ne awt{]& g:loﬂﬁﬁéi‘r LuirBftel WhERel heSthbdtbd dXididdiP pBiyft Burface is

I nvention as ou
coated with an organic, non-organic or metallic coating, or paint or lacquer which

may be cured thereon.

15 19. The use of the method of claim 1 or claim § for controling the wettability of
a polymer surface.

20. The use of the method of claim 1 or claim 5 for controlling surface
wettability of a polymer including

20 (i) when the untreated polymeric surface is hydrophobic providing a wettable
surface and a water contact angle equal or less than 60°; and
(i) when the untreated polymer surface is hydrophilic providing a non-
wettable surface of water contact angle equal or greater than 90°. |

25 21. The use of the method of claim 1 or claim 5 for providing a wettable
polymer coated metallic or ceramic product including coating the metallic or
ceramic product with a hydrophobic polymer coating.and modifying the free
surface of the polymer coating according to said method to provide a wettable
surface and a water contact angle of no more than 60°.

30

* c L L] S *
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35 Cl ai nms 1. -——A——HE{—th'—O'f'_“ITDdTT—YI ng at least a part of the

surface of a polyner |nclud|n , 05|d|5|ng at least part of the
syrface of the polyner; ﬁ‘l‘iﬁie |ng t he oxi di sed surface with at
| east one nultlfunctlonal a ai ning organi ¢ conpound to bind
said conmpound to the OXIdIS surface wherein the

mul ti functi onal Y¥P¥E3ont ai ni ng organi c conpound consi sts 7

el enents carbon, hydrogen and nitrogen and opti aIIy conpri ses one or

more el enents sel eciod f pOREHR awangqa%ram 29 viHeréinVthig coatet Mitllic or ceramic
hal ogen 10 and phosphorous and conpriSes at |east one ami ne functional

group which is not produdi intludesyateehon uminjumiar ¢eramie shaet goatedawith polyester and
further functi onaI be an ami ne or other functional

group. %‘%ﬂ%é&%ﬁﬁ&hy% claim2l1l wherein when the

mul tifuncti onal am ne 15 containing conpound is applied as a solution of
concentration greater. than 0.5% the treated pol yner surface

i's was hgd tor er‘rﬁve 23y cedbe use of the l"'!elt't)'%/m’c\l\g14 ‘%ﬂm 1 grelaim Soipthe mayfastyre pfmedical
conpound. am . pro ﬁ&%@%’cﬁgﬁgﬁﬂh@ Q&fé&s%abg‘u%eﬁgﬁrcﬂnih&?ﬁtg human fissue or

mul tifuncti onal ng organi c conmpound is 1IN
sol ution and has a body dividsatheomethod lndﬂdrhg(smbﬁ:oﬁﬁgﬂlm pblyma!saurfabmtd%ehysed in

V\rrﬁ: ?P]E unct i onal am ﬁ@"{m& hotg' diman ﬁ?ﬂ% "r'ng%r%her Q‘%fgﬁa tenget the ﬁgrfaces
oxi di sed pol ymer suifeiabld, And/or non-wettable, andlor biocompatible, and/or bioactive.
10
24, The use of the method of claim 1 or claim 5 in manufacture of a
biomedical assay apparatus including preparing the apparatus and subjecting the
assay surfaces of the apparatus to said method and optionally reacting
biochemical reagents such as proteins, enzymes, antibodies or analytes
16 therewith to immobilise said reagent on the treated polymer surface, or
alternatively, preventing bacteria:from attaching to the treated polymer surface or
providing an anti-fouling surface.

25. The use of the method of claim 1 or claim 5 in printing including providing
20  a polymer printing substrate modifying the free surface of the polymer according
to said method and applying printing ink to the modified surface.

[
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25 adni xture with at |east one acidic group containi ﬁ@”éﬁ)ﬁp@ﬁd/aﬂdﬂt be() 7
rati o of amne to acidic group is greater than. 1. )

agcording to claim1 wherein following treatnment with &FeCE!--VESD ! Se‘mﬂ q-«g?
mul tifunctional am ne-containing organic cqg'qjound the process further

i ncludes 30 reacting the treated surface wth at | east one acidic group
cont ai'ni ng coChginizd to.bind the acidic group containing conpound onto

t he pol yner surface through reaction with the bonded multifunctional
am ne contai ni ng organi ¢ conpound. '

dontaining T cofanipd o aHifia B B4t a dUELFle LR fofes g,
concentrationgyn tbﬁidising al e paft If R s QY 8Pthe! polyMlr;ahd el ght and when
t he concentration is 0.5% by wei ght or nore excess acidic group(s)
cont ai ni nd cofipountreatingathiee oxidised tsusface witbaatdeasti pner multifunctional amine-
7. A net hod_acgcor.di %gt 0. claim1 tifunctio

i e cont o neREEgTRG asBisosamRatng o bR ey, GehGolind 16 e, bkioladt b8htes

contai ning co W&r@iﬁ%bﬁﬂuftﬁtﬂﬁﬂtﬁﬁh%ﬂh@ﬁ-‘é&ﬁ@ ieﬂo@%\]ﬁﬁt o dind consists

mechani cal, 1 I spersion of a pure che al or t s and/ or

m xtures in aoftheuelemhénts carbos.ohydrogen and nitro§en andl optidrallyacompri¢éesyonhe or

any one of claims 1 to 5 wherein_the multifunctional anine-ﬁggtﬁipin
,» Nglo

organi ¢ conpolifie;elemepts sglacted from; the grewp sonsisting of 2xyges) syip gen
' h . . ' Wi
;nl )égﬁ(r)f’ O{V\% : e?ﬁg‘fi;hg%ﬁﬁgﬁ}rﬁe%éﬁgpgés L fedst BAE&MRE! fiAEorlal gfEGIAMicdH Mhé"
a nitrogen heterocyclic group and at least one further functional group which may

be an amine or other functional group.

2. A method according to claim 1 wherein when the multifunctional amine
15 containing compound is applied as a solution of concentration greater than 0.5%
by weight, the treated polymer surface is washed to remove excess

multifunctional amine-containing organic compound.

3. A method accordirig- to claim 1 wherein the multifunctional amine-
20 containing organic compound is in the form of a solution and has a concentration
of from 0.000001 to less than 1% by weight.

4, A method according to claim 1. wherein the multifunctional amine-
containing organic compound is applied to thé oxidised polymer surface in

25 admixture with at least one acidic group containing compound and the ratio of
amine to acidic group is greater than 1.

5. A method according to claim 1 wherein following treatment with the |

multifunctional amine-containing organic compound the process further includes
30 reacﬁng the treated surface with at least one acidic group containing compound

to bind the acidic group containing compound onto the polymér surface through

reaction with the bonded multifunctional amine containing organic compound. -
I
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9. " A nethod according to claim1 or claimb5 wherein the oxidising of the -
pol ymer surface is carried out by a process selected fgQmthe.group «* .
consisting of 20 corona discharge, flane treatnent, non-depositing plasma,
WV irradiation, oxi di zi ng gases or m xggre of thereof, chromc acid

oxi dation or a conbination of two or nore thereof. ' 10. A

met hod accor difhg. t cAcingthndl ascording tosclaimer®iwharein the |agidic group(s)i eentaining
functional group which.is not.heterocyclic .S a prinmary or secondary am ne
functi onal gr gigmpourd'is pafied K fkfer Suided 81, SRlutiof ot EShRBRRRoR e
mul tifunction ' WIS e HSw 844Pp
consi sting of f\'lan g‘rdrf?'rq[ng OC([J err]ﬁ??gg’r',gp%@’ﬁ?gﬁ?’]@g? gg%%éirgméigﬂgggrhds y
cont ai ni ng t woweightror enenei excegsagidic groupiseicontsdining compountbisr wasked drom the
nmol ecul ar iqht of from300,to 3 mllion containing a multiplicity of
ani ne grou\gg; reated palynes SUfdCeyer £ | uor oami nes; Jerr] to derr] amno

37 al cohol s/ phenols; Clerr] to Cerr] amno acids; Cerr] to (err]

am no al dehydes/ ketones; Cerr] - to CJerr] amno amdes; ([err] to

Clerr] am no ef.her sA fiethod dcoofdimy rtb elaimot amt elaim & whedein ttheG[mltiﬂlmctiohal
amno nitros; Cerr] to Clerr] amno nitriles; Cerr] to Clerr], am no
thiols; C er] amingregntpining psganic compepnd iscand eptionally alser $3id; acidjc group

2 no al kenes oo EaREblny s SRBiEA 1R BB Y or arvi A RE drabalames)
mol ecul ar 1gei aispérsidn 8MadHilire ehémital lor Aneit Wolrios Endiorwikiupés & fanyoduitable
anm ne groups and non-am ne functional groups; and am no

pol ysacchar i despivent. 12. A nethod according to claim1l wherein the
oxi dised surface is trated with

8. A method according to any one of claims 1 to 5 wherein the multifunctional
amine-containing organic compound is applied from a solution of water, alcohol or
15 a mixture of thereof and the surface of the treated polymer is washed with an

alcohol, water or a mixture thereof.

- 0. A method according to claim 1 or claim 5 wherein the oxidising of the
polymer surface is carried dut by a process selected from the group consisting of

20 corona discharge, flame treatment, non-depositing plasma, UV irradiation,
oxidizing gases or mixture of thereof, chromic acid oxidation or a combination of

two or more thereof.

10. A method according to claim 1 or claim 5 wherein the at least one amine
25 functional group which is not heterocyclic is a -primary or secondary amine

functional group.

11. A method according to claim 1 wherein the multifunctional amine
_ containihg compound is selected from the group co_néisting of: C, to Cg4 linear,
30 branched or cyclic compounds containing two or more amine groups; polymers of
a number average molecular weight of from 300 to 3 million éontaining a
muiltiplicity of amine groups; C, to C,s perfluoroamines; C, to Czg amino

e
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10" at least one nultifunctional anine-containi ng orga 3 q or, 7
period of 0.0001 to 30 seconds at a tenperature imt¢ ioﬂ};'?é E’ TWQ 1997

20[err]C up to or above the boi l i ng point of the conpound.
A met hod according to claim4 or claim5 whgfein the acid group 15
cont ai ni ng con})ound Is selected. from carboxylic/carboxylate containin

conpounds, ané@ ceholsiphene) Pi &b ﬁ%&p@ﬁ&?@%t% 0 ks 2BVRR Aliehydag/ketones;
sul foni ¢/sul p ea(grffnﬂg fHe‘%g Co 1oRCe &h‘éﬁ 'G?Och %ﬂﬂﬁé"é&i&h;@it@ n%qe

t han one I'C gr up A op I Oha organlc

groups sel ect aehmo nitrbs;0C, ttbeCgr amine piteiles! 10}9t00C3J1}ad1‘|@d)thlolsaerfb giaiﬁino
et her, ester, ketone, 20 al dehyde and halo en

according to &haspharic aﬁ@SeandtéethsmaqumpuI&me &cidsh &2 to C3s amm@ohalagees-

selected f rq 0 fa R of sel ect ed
Fromtho dbrua & Aifing Rbds: 12 B A Ruriis; PRIAIEF bt ap"gwﬁ@ﬁxerf@e
carboxylic ac h%leéulEPWé@ft)dqun@BDQﬂb)d nﬁlﬁd)ﬁ"@bhla‘irﬂﬁﬁa Mhﬂiﬂm@"bﬂﬁﬁfﬁéﬁ

p- styrene foni c acid, nelaphosphonic acid; and copol ynmers inc udi ng
one or nore and ncmeatmne functiopal groupsand amlmpolyaacdmldesnt ai ni ng

sul f oni ¢/ sul phonate and ‘car boxyl I ¢/ car boxyl ate groups. 30 15. A
met hod according to claim1 or claim5 wherein a static or high -

frequency alt ‘%?“at A0 ehethid 'afz%rd‘irin@é1 clatm® WHeféin Jﬂgt&&‘dtg c{l%ﬁﬁécé‘fé ftr% é°d Wuth

mul tifunctional am ne cont ai ni ng Organi ¢ conmpoun urin reat nent O
38  oxddi atdeast! ome muitifuhetienali ammdqeontainlng orgam@rwrnmundeforomtp@nodan
organi €

co naoo und, .
0.0001 to 30 seconds at a temperature in the range from 20°C up to or above the
boiling point of the compound.

13. A method according to claim 4 or claim 5 wherein the acid group
15 containing compound is selected from carboxylic/carboxylate containing
compounds, and/or phosphoric/phosphonate containing compounds and/or
sulfonic/sulphonate containing compounds and optionally containing more than
one type of acidic group and optionally other organic functional groups selected
from the group consisting of hydroxyl, amine, amidé, ether, ester, ketone,
20 aldehyde and halogen. |

14. A method acéording to claim 13 wherein the acid group containing
compound is selected from the group' consisting of: polymers of monomers
selected from the gorup consisting of acrylic acid, methacrylic acid, p-styrene
25 carboxylic acid, 4-methacryloyloxyehtyl trimellitate, vinyl sulphonic acid, p-styrene
sulfonic acid, melaphosphonic acid; and copolymers including one or more
thereof, and polysaccharide derivatives containing sulfonic/suiphonate and

carboxylic/carboxylate groups.

30 15. A method according to claim 1 or claim 5 wherein a static or high
‘frequency alternating physical field is applied to the polymer surface or
multifunctional amine containing organic compound during treatment of the

veomuer  HWETWHIN
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16. A nmethod according to claim 15 wherein an ultrasonic energy fi-ekd .of -
from 5 1 to 500 kHz is applied and/or mcrowave energy is applied in the -
range of from 1 Giz to 300GHz. 17. The use of the nethod of
claim1 or claim5 for providing inproved 38  adhesive bondi ng with a
substrate whergis# e SHf ! : o
substrate by 88&#&%:41?%%&@%@ 9‘#‘2%‘%%5@ i(’t)r)\(i |esZgﬁlgf)@fangﬁgg%r@agé&\?‘mtélﬂﬁgn organic
adhesi ve. compbiind. The use of the method of claim1l or claim5 for

provi di ng i nproved coating adhesion to a polyner surface wherein the
treated oxi di sed polyner surface is 15 coated with an organic, non-organic

To. "he use gt né G =fpoiing i HEh 14 \Erein ap TRYsg RheRdy iR S tfom
wettability off to 500 RHRALHPPlied HridAsiemictBwave endrgy isTASpliEXRinOthe! fARgEEH FSM

of claiml1 or claimb5 for controlling surface wettability of a polyner
i ncl udi ng 1GH2 to 30PGHzt he untreated pol ymeric surface i s hydrophobic
providing a wettable surface of a water contact angle equal or |ess

than 60[err]; and 25 (ii) when the untreated polynmer surface is

hydrophi 1 pgvi T feBosr W58 \Blrba of cidi "6 SAmIY Tor SRRV, Hipldved

equal or greater than errj. _ e use o aim1l
or claimb5 foadhesivedongling withtaablisstrate wheveinnthe treaiéd golymern surfacer is donaiedc
product including coati ng( the netallic or 30 ceramic product with a |

hydr ophob1@ p&p yther subsitatagby enieeting, they tranted rqxidised palymes auirfgce; mdth an
pol ymer coatigﬁ gg'&\:’grdi ng to said nethod to provide a wettable surface
and a water c p t "angl e of no nore than 60[err].

" 18.  The use of the method of claim 1 or claim 5 for providing improved coating
adhesion to a polymer surface wherein the treated oxidised polymer surface is
15 coated with an organic, non-organic or metallic coating, or paint or lacquer which

may be cured thereon.

19.  The use of the method of claim 1 or claim 5 for controlling the wettability of
a polymer surface.

20 _
20. The use of the method of claim 1 or claim 5 for controlling surface
wettability of a polymer including '
()  when the untreated polymeric surfacé is hydrophobic providing a wettable
surféce of a water contact angle equal or less than 60°, and |

25 (i) when the untreated polymer surface is hydrophilic providing a non-wettable

surface of water contact angle equal or greater than 90°.

21. The use of the method of claim 1 or claim § for providing a wettéble
polymer coated metallic or ceramic product including coating the metallic or

30 ceramic product with a hydrophobic polymer coaﬁng and modifying the free
| surface of the polymer coating according to said method to provide a wettable

surface and a water contact angle of no more than 60°.

voooer NI



39 " 22. A nethod accordi ng to claim21 wherein t@mﬁ, tallic or

ceramc product includes steel or aluminiumor c b:cwéﬂédﬁB?
wi th polyester and or vi nyl i dene fl. uorérgge coating. 5 23 The use
of the method of claim1l or claim5 in the nuf acture of nedi cal

products havigp PoAY#Rthdd bbééeiing fo Rfais24 Wﬁveréﬁmmfco&tédﬂrﬁétama dri éérlamer
body fluids the nethod including subjecting the polymer surfaces to be used

in cont geroduict imchwwsteels@miummbw ¢aramic sheeteoatedrithqrblyesterand or
t he surfaces d itl cF d/ or non-wettable, and/or bioconpatible,
and/ or bi oactYip¥idef fluor ézﬁo MGre use of the method of claiml or claim5

i n manufacture of a bi onedi cal assay apparatus including preparing the
apparatus and subjecting the assay surfaces of the apparatus to said
met hod an& op23.onaTheg useamftthegneﬁhodmfrdlaxm 1or clameécjneths mantfactare obmeidical

enzynes, antibodies or anal tes thefewith to | se i d re ent on
l{'&cﬁ

the treated pRfioghets Bavingce lvmera? §tth§?Wsed in cﬁ?@ﬁmlﬂ"ig ’4? or
from at t achi ngodoabiok el tefio? Moo Wbl theRbaifnit oriBes to be use

anti-fouling sur ace. a|m or C a|m

S in printingeantatiudithchurman itidsog or Bistly ﬂ@ll:lsrtarsaldlméﬂhw tfoutesidenithe surfaces
nmodi fying the free surface of the polynmer accordin sai d net hod and

appl yi ng pri nivetigblenrndiornea-wetdablecand/or bigsempatible, ‘andlor bioactive.
10

24. The use of the method of claim 1 or claim 5 in manufacture of a biomedical
assay apparatus including preparing the apparatus and subjecting the assay
surfaces of the apparatus to said method and optionally reacting biochemical
reagents such as proteins, enzymes, antibodies or analytes therewitﬁ fo
15 immobilise said reagent on the treated polymer surface, or alternatively,
preventing bacteria from attaching to the treated polymer surface or providing an

anti-fouling surface.

25. The use of the method of claim 1 or claim 5 in printing including providing a
20 polymer printing substrate, modifying the free surface of the polymer according to
said method and applying printing ink to the modified surface.
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