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Noel ;.G Harvey, Yelena Tropsha, Susan L. Burkett, R chard P. O arke and

Byran S. Wing FOR BLOOD COLLECTI ON TUBE ASSEMBLY 1 o BACKGROUND OF THE

I NVENTION 1. Field of the Invention 15 This invention relates to a
mufti-layer barrier coating for providing an effective mnwmwmmmnmst gas
and water perneability for containers, especially plast ection
tubes. 2. Description of the Related Art 20 Wth the increasgglseenmphasi s on
the use of plastic nedical products, a special need exists for inproving

the barrier properties of articles made of polyners. 25 Such rred ﬁe‘%

products that woul d derive a considerable benefit frominproving f
| ude, but are not limted to, collection tubes and

barrier properties inc
particularly those use T ATRSPABENBIABRIJGATIONN t ubes
require certain performance standards to 30 be acceptable for use in
medi cal appki cati onsgpSu f | u t eabllltyto
mai nt ai n grgater thanfibg{(}t P%ﬁ%‘%&r a“:ﬁé ja ﬁ}au%‘ 31' g >year
period, to be radiation st efyifharghl <ClarlieandoByram SiWengering in tests and
anal ysis. 35 Therefore, a need exists to inprove the barrier properties of
articles nmade of pol ygrs , . bl ood
P- 318G col | ection tubes BE@)O?) Fer-Fortrot aras—woul d be net
and the article would be effective and usable in nedlcal appl i cati ons.
SUMVARY OFIOHE | NVENTI ON BAKGK GROENDI OFcTHEINEENPION | ¢ conposite
container with a mufti-layer barrier coating conprising at |east two
barrier materials disposed over the outer or inner surface of the
previously fornmed conposite container. Desirably, the barrier materials
conprise a first 10 layer of a pbl ¥ield ef thet Enveritiewpl i ed to the outer
surface of the previously forned corrposi te container,. a second | ayer of an
i norganic terial applied over th irst |ayer nd optionally a third
| ayer of obganic mat fsalmé{ﬁ'&‘?’éd“g@@rs tt%eas&*dﬁgiab’é&ebam% Wétlﬂgr far
layer, a prinepraxaditigngn ¢ffeqties baatity ag aim@t PagCatd WeateP TRIHNG (gs

e,

et hyl ene oxi de ent | caIIed an ep X1

al t hough t he f‘?)?l?%m%pﬁ%%ﬁg%‘yﬁ%ﬁﬁrﬂoPa 11%25 gﬁ% coating may be
formed either on an interior surface portion, on an exterior surface
portion, or both of the contai N§&scrintion of the Related Art

20
With the increased emphasis on the use of plastic medical
products, a special need exists for improving the barrier properties of
articles made of polymers.
25 Such medical products that would derive a considerable benefit

from improving their barrier properties include, but are not limited to,
collection tubes and particularly those used for blood collection.

Blood collection tubes require certain performance standards to

30 be acceptable for use in medical applications. Such performance

standards include the ability to maintain greater than about 90%

original draw volume over a one year period, to be radiation
sterilizable and to be non-interfering in tests and analysis.

35 Therefore, a need exists to improve the barrier properties of
articles made of polymers and in particular plastic evacuated blood
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20 The second layer of the barrier coating may preferably be a silicon

oxi de based conposition, such as SiOx wherein x is from1.0 to about 2.5;
or an al um ni um oxi de based conposition. Mst preferably, the second | ayer
is a silicon oxide based conposition applied over the 25 first |layer. The
optional third layer of the barrier coating preferably an organic barrier
conposition, such as poly (vinylidene chloride) (PVDC), is nost preferably
applied over the second |layer. 30 Desirably, the prinmer coating is fornmed
by an application of an uncured pol yam ne pol yepoxi de m xt ure, f oPrdliiéd by
exposure to a photol ytic or thermal curing source. 2 P- 318G Preferably,
the primer coat Pﬂ@e@ ih teh g Whege s eentaincperfoohgacs stamdantly epsudiddiee mhet ur e
as described i nahdtles naidlenabuldas k at gs Pat ent
No. 4,478,874, the disclosures of@\?\kﬁfiegﬁ%’%r%gaﬁggglﬁ&ﬁgg@%ﬁggﬁ%aﬁw&
reference. 5 Preferably, the thickness of the epoxide prinmer coating is
~about 100 microns to about BUMMARE QRITHEINVENTEON from about 100
mcrons to apout 175 microns. 1 o A desirablé Secon which is

di sposed over the fi r%h | ayer preferably conprises a silicon oxide based
conposi tion, such as ShOPreserthinyventiom vesiplasti cosptesitey ednfaigen V@{hagi l e

organosi |l i con cofibgy : i jih b C dl c osition provides a
dense, vapori npegr.vi o%%cgéﬁ%gggétedrlgt e Bfr‘llgﬁlgr Qgﬁgg igwngo %ﬁr}f’g. llrEart%rfl%llsabl Y,
t he thickness o‘?lSPﬂée. iYL oo PUlRr 95 slmer aswsfades ofbthe provicuslyatfortned, 000
Angstrons (~) asainposite poatzneh! DésiabIPbE baQsk:t ﬁ\aﬁmg émﬁgﬂsé‘- @rst
coati ng abaye rack and.therefore,be inetfective as a2

barri er. Aqges?ragg{)e&ogﬁﬁgmgpﬁi Ppterigl applicdnto sthei optrequdaee ehdheecond
| ayer pref er ablBrevtsly Semned wpmptsie chtaiietea-sethiNhySEbPAG MbAtShic

met hacryl at e aghyid pl I (6 PYRC) rnpsettin oxy coatlI ngs,
paryl ene pol ynergidéfrhl ng%a&?g\r%? tlbrgeﬁgrqa{ﬂy%? %ﬂg O[ri%o \ e‘;{sg ﬁﬁrcfﬁ%y@v@é
| ayer is about OZgPBICa‘E‘@Eﬁn Rppliedoviecrdhe seoend paysrer abl y from about 3 to
about 5 mcrons. 30 The process for applying the priner coating to a

cont ai ner i1§ prefer a%%arriled out as described in International

Publ i cation”No. 93/07058Hq!4Y%6 apprigr eeating, arspesfarabiieraiheteracsichic xt ur e
i s coated intoconpawd caidhectsi ethylehe @xf&s@ur%iﬁy?ﬁb@ﬁkog@%ﬂﬂsis The 3
P- 3186 depositi i t .y .be repeated untjl the sired nhunber
of layers has bﬁéggﬁglc iée%leéggali\eﬁgm aﬂ@ﬂou@gﬁg‘glfgﬂﬁ'@ A dyineselatireased
filmis as 5 fdf |NDe( a)lher eoating imay tieefdrimest eithgeiononntinterfont@ihes Wi th

a [1rst ol asmapeprbhiion ah SABPsuihlc BORED 4RI 4 dhegdes St ean

i ncl udi ng ?@ organosi | i con conpoun nto a plas Bsiting a
silicon oxi"de onto the first layer while maintaining a pressure of |ess

t han about 500 mm HI hdusécund feystesPshé iifirier coating may preferably be a
silicon oxide based composition, such as SiOx wherein x is from 1.0 to
about 2.5; or an aluminium oxide based composition. Most preferably,

the second layer is a silicon oxide based composition applied over the
25  first layer.

‘ The optional third layer of the barrier coating preferably an
organic barrier composition, such as poly (vinylidene chloride)
(PVDC), is most preferably applied over the second layer.

30
Desirably, the primer coating is formed by an application of an

uncured polyamine polyepoxide mixture, followed by exposure to a
photolytic or thermal curing source.



10 Although the pretreatnment step is optional, it is believed that the
pretgeat ment step provides for inproved adherence qualities between the
second | ayer and the prinmer coating. 15 The organosilicon conpound is
preferably conmbined with oxygen and optionally heliumor another inert gas
such as argon or nitrogen and at |east a portion of the plasma is
preferably magnetically confined adjacent to the surface of the first |ayer
during the depositing, nost preferably by an unbal anced nagnetropasaQ;The
PVDC | ayer nmay be applied over the second | ayer by di pping or spraying
techni ques. Mst preferably, the nethod for depositing a barrier coating on
25 a substrate, such'8& eéalﬁl}'asﬂi'% PHIMeIct cOHIAIbE canpiphlys erasstlnledni ng

Ste]I?Si (a]Z appbylymgnme/ngep@ﬂid@Ohﬁﬁfﬂr@eag%és%%kid% Mintdiafiofa Pl out er
surface of a c ; cur sai.d, m xture; (c),_ vaporizing an

or ganosi | i con ?‘2@3%?@?@63@‘5%1&%5&%b@&ﬁ"éﬁ@i §é15(8@%6¥n disglpsures
conponent wi t howlogh dire berainnpoomotratedbwpifecsale. y an i nert gas conponent
to forma gas steamexterior to the chanber; 4 P-31 SG (d) establishing a
gl ow di schar ge pl asrTE i{% the chanber fromone or nore of the gas stream
conponents: (e) cont FEdteEahly, theothielnesseofghe epoxadenprimer coating ésabowthi | e
confining at | ga8unierds td aBo6f 300nRkaRIALNALE Pref@Ply frorh abiERqet | N9 2
second | ayer of .a silicgn (% i-de coating adjacent sal iTst Tayer.
Optionally, a W/ﬁf@né&gtar%r%‘ BECTOBSI i ed over the second | ayer by di pping
or spraying techniques. An enul sion based PVDC 1 o solution nmay be used for

PVC S0l ut ons, wher 2 SHOAHE serBhi JAERAILIEH Mongit i RediSTlgv e used
for spray- coatpraferably comprisas a lsdiaval oxidei baged1SoBpbiitioal, IsuchtdseSEdat ai ner
and/ or the firghch ayer filgy cﬂ’é‘si?db@‘atié e%e%e%eﬁjr?uﬁf Fﬁloﬁ’éﬁ’lge noxggﬁg%g% o

corona di scharge treated prior to applying ayer C
Pl astic tubes PGSt h the nufti-layer barrier coating, 20 conprising
the prinmer coating, and an oxi de |layer and an overcoating |ayer are able to

mai nt ai n S bstantialt far better vacuumretention, draw vo|lune and

t her m)mech:agni cal int 5?i5?@091b10§h4‘? ﬁﬁs‘? &HHHP%SW%S}”PMH%SS %éi%’ﬁﬁsé@p%ﬁ'

pol yner I conposimparvsoumdobting dsverhtiree ptinvért brdgané% codinigg Pilfafé?ab erthe ]
materi al s or : ri:s | oat : a n, the
tube's resi st g@\%%“%?im@t éliﬁggﬁuogﬁh%é)[%ggﬁ)ﬁgxgrnlst ﬁé?&o; 8§|t8539~?° bbﬂot ably
i's the clarityABEStre@SHA) And apest prederably dramizboud iidbid abyput 4,000 A.
substantial ly s i dbbo8S000R rhey ' JFRAC andNthefio?s! }'noeg%c%t

preferably, the container of 'the present Tnvention is a col1 &&hi on
devi ce. Thzé) bl €Eol | ection device can be either an evacuated bl ood
coll ection tube or a non-evacuated bl ood collection tube. The bl ood

|lection tube is dgsjLa f, pol yet hyl ene. 5 . P:.318
Cor epnt hal at o po y oo ikadie B Rofo, MR clatée SRBich: és (iSadied pver he
t hereof . Pri ntSeegnmylayer ppreferabby chmprisesi -vinykderar chlerideoat i mgtifyl
applied to thenggfactylafe of 'HEfattlatd OTadyAEP! Geid® PAPHE (PVDC),

25  thermosetting epoxy coatings, parylene polymers or polyesters.

Preferably, the thickness of the PVDC layer is about 2 to about
15 microns and most preferably from about 3 to about 5 microns.

30 The process for applying the primer coating to a container is
preferably carried out as described in International Publication No.
93/07068 and U.S. Patent No. 4,478,874 wherein said mixture is
coated into a blood collection tube and cured by thermal methods. The



i dentification, bar code, brand nane, conpany |ogo, |ot nunber, expiration
date.and other data and information may all be included on the barrier
coating. Moreover, a matte finish or a corona discharged surface may be
devel oped on the barrier coating so as to make the 1 o surface appropriate
for witing additional information on the |abel. Furthernore, a pressure
sensitive adhesive | abel nmay be placed over the burner coating so as to
accommodat e various hospital over-labels, for exanple. 15 Prefergbk 3 t he
mufti-layer barrier coating of the present invention provides a transparent
or colorless a e _and may have printed matter app]ied thereon, A
further advant %ﬁ@g%@@%ﬁ?dt%“ B8 'ﬁ?}’ t95el tunﬂﬁ\dée'nt esHedonynbel des a
reduction in tieé lgeersgmsreshi ddligvad. t hr ee- di mensi onal obj ects that has not
been achieved with conventional deposition nethod typically used with thin
films. It has been found in the present invention that the organic 25
materi al, epoxide prdvidethed fesddepesifingnaf silicohe ogidevbusetl fie dense Si Ox
barrier materi fhllowk: h t Xj ' ves. .t he
adhesi on bet vveep a Pgl agf)i ????Fétgcige]qgéhgﬂ? &Qﬁ%rﬁgﬂot}%reigbﬂi'aﬁfr}%ﬂr g@@g 4 ﬁ”‘és“so

t her momechani cRIFSHATIUNE H OR¥EeBatbd s9atreliablyn flawing an gaacsyeame
primer coatingitdsdmgran ergdncmil}ixb@ﬂ@bmf?,ﬁmln@rinﬁb avsiasma) ahﬂlé(%? d g)%ﬁﬁfg{lg t he
particles and 5W§%§5§5@@5ﬂf§8{$ﬁ§ rface o&ta pol Ymer an eg ci.ng =t he
defect density'in the deposite E_SIQX%WJB PRGLtalnRg 3 BERFSHER A hess
properties of thas aloyt nuneHyl during tha depositingct that 6 ' i ~~-3 1 g
acrylate igppolar a.nd the polarity provides neans for good bond fornmation

bet ween the Si Ox and He agrél ate. In addition, it has been found that a
good bond formation f & REGIFCaiment istep uberptrandd, of ispbeligvaxpyhame and

acryl ate. - Thusthe hereircaamBht | RepNDIODidRS Otbrlendred RARTeRle SBARARTT al Iy
i nproving the Egﬁ;]éergpro ertlles of (5 I Bh.g@/le e. t ubes. %e adhesion
properties of a e coating can be

S e, sepmd I8V e and e Brigharroabing:
further substantially inproved by surface pretreatnent nethods such as
flame or opygen plas re. a significant reduction in.perneability
of the artI:(S(s:/I eis duziﬁteogggéﬁsﬂég%rh_b%?rgﬂPPQ | P |W§?%’@§LY S?Qﬁklgé‘{)ﬁ‘# a‘leatB
coverage that PX¥yg andeeptignalie hetimnoforaapotheerinedaganguoh @cayg@i @ron t he
pl astic articlﬂtﬁj%[h \/ 1 v I of .Si
because it pl u‘g‘i"fi eeqiggléggtt% sg%] orrtfalfnr&;@% g%@%e?ﬁﬁﬁ?@%ﬁ%@“%ﬁé%’
Furthernore, tHQUe ceRy i thepdaes of tee Spstaayen dussgshardapositinge Si O

layer. A pl astinosbprefdrabdy lbscin anbilapeed padgtbtdd h the nulti-layer barrier
coating of,the present invention will not interfere with testing and

analysis that is typically perfornmed on blood in a tube. Such tests 20
include but are not TheiR¥BCdayepunayebe repyilieal ozonlthisi secdndgirch

i nertness, heng ¥r s ag%lg Aok Taah , bl ood typing, toxicology analysis
or therapeutic B?g?rmnﬁ ri g ané&%é%er clinical tests involving body
fluids. Furthernore, a plastic blood collection tube coated with the

barrier coating i s cefosbpeefefable Hee FitPh&S A dE os’-i?ing%f B%ﬁ&dc%ﬁﬁ{g Q'Y
such as C%@t“%gﬁﬁ atnd ma%I be gﬁgosed tlo certaln levels of radiatdi on in
the steril9zat %tf%é?eéé‘c i 2 Rlgske collechign fybengemerisas dhe ifodpwang
mechani cal andstépsicti onal properties. DESCRI PTION OF THE DRAWNGS 30 FIG 1
is a perspective view of a typical blood collection tube with a stopper. 7

(a) applying an uncured polyamine polyepoxide mixture onto

the outer surface of a container:;
30 (b) curing said mixture;

(c) vaporizing an organosilicon component and admixing the
volatilized organosilicon component with an oxidizer
component and optionally an inert gas component to form
a gas steam exterior to the chamber;

4



P-318 f FIG 2 is a longitudinal sectional view of the tube of FIG 1 taken
along line 2-2. FIG 3 is a longitudinal sectional view of a tube-shaped 5
container simlar to the tube of FIG 1 without a stopper, conprising a
mufti-layer barrier coating. FIG 4 is a longitudinal sectional view of a

t ube- shaped container, simlar to the tube of FIG 1 with a stopper,
conprising a 1 o nufti-layer barrier coating. FIG 5 is a |ongitudinal
sectional view of a further enbodi nent of the invention illust ragj 3? he
tube with a stopper simlar to FIG 1 and with the nufti-I|ayer bar &
coating encomnpassi ng a th tqﬁ ube 15 and stopper thereof. FIG 6
illustrates a pl asma ( p&SiablisRing didaw discharge plaamgeinethal clerhkemfriom
diagramillustrating the dn@y@fmoE@oﬁ@lﬁé‘gasj%‘@éﬂnt%nﬁﬂllé%t%“bﬁ rate. DETAILED
DESCRI PTI ON The pr esggi iCnv«tenii BE Ef%v.bgﬁﬁrrbodi ed 1h othet specific forns
25 and is not limted“to QWO,IB Y V185081 $ASnitrepe dnid e plasea avhilehi ch
is nerely exenplary. Variconfingighat leasta pocadn afshaipldsiie tiaseai-amd t o and
readi |y made by thosepnski h int ' ut ~departing fromthe. scope
and spirit of the i nggnt idlg 891{{%% sa}(;(;esggg)f&gv‘%%?i hgeﬁt PIbicoR; quﬁ% HRAEUE ed by
t he appended cl ai ns and @ﬁlhaqenéqmd/ﬁr%rmeer. 30 Referring to the drawings in
which like reference characters refer to |like parts throughout the several
views thereof, FIGS

and sh ypi cal bloqd col]ection tube 10,

havi ng a si dewal | 1101&{‘8}?&&93 %}%ﬁ{iﬁgéﬁé’@& raay bes applied ovesetheeserargl and a
stopper 14 whi tayes by dipping & Spesyinpoleutiiyues! OMGY eAfTIiBh BAYI] PVIOC SkiT !

ich exten nt.o r e i Nst e inner surface 0 €
si dewal | fioq g‘?lr‘fltug?’n?‘ﬁdg'd E?o p?r ?Clligﬁ}puagatilgcgﬁg}r@r @@%‘P’r’erﬁk%’%ﬁi Py
i |lustrates thiermacarmg Soleentrbasesh PSHBCT solutioobandeere theagilvent f a
bl ood col | ecti OHCH i r 3 e terial; (B)
gas perneationg,t hrggj’ghcglﬁzaanta ﬁggqg{]d E %95 %fge&aslgdgf;dgg Rgﬂgf@éﬁgg’ fq}ﬁw?‘%tbé(r face.
Ther ef ore, Mewem’é‘h U@€subst antial |y no gas perneation and no | eak, there
is good vacuum 1l o retention and good draw volune retention. FIG 3 shows

t he preferyed enbodi { t he i nvention, |, astic fube coated with at

| east two llszyers of @?lﬂnghy nﬁﬁ%ﬁoéll%%'neﬁ'ﬁgdg?"gﬂ@r %‘é%f t@h’ﬁbdﬂﬁ?érhe fagmardes
many conponent&eaiidcor plasmb oxyjgen antdtetll or coMa dRchhifzd RrRatPARENLS Of
FIGS. 1 and 2. Y 408 onents performng simlar functions
wll be nunberae@g?g{gttl camtﬁ%}g@rjt‘ﬁ%aé@%ggnponents of FIGS. 1 and 2, except
that a suffix "a" will be used to identify those conponents in FIG 3. 20
Referring now to Fl Qladtict pgbéy d ody )] ey t.on:

col lectio Ot ube asserrt?l lC20 .con;eﬁ(?‘{ggg Xﬁg?aﬁe{réﬂpggiea}yléga,ﬂa%g{]nggé;i%g’dewa'l I
11a ext endi'ng TIBRTISNEMenRHMEE £oatmg, sng an oxede dayeriaad am pwencoatingoat i ng
25 extends ovdayer smbsiblet fcamaintdin csubstarithelyodhe bester ARG fefhtidpe Wi th

t he exception d i 25 coating 25 conprises a flrst

| ayer 26 of a %W%Mgt%ﬁgbegﬁéﬁegéa%agb&?gﬁ& Ftedition thaty preio¥snd

| ayer 27 an i fBPgakpPaInfigesk ohpolymer eempositidnsamddklahelshthepsbfoRithesi i on

and a third | aysti f el ' ver coat I such as PVDC. .30 FI G

4 illustrates an 1;1 t O?ng%%nggd(}i:ﬁ%%t %(%f Sfr%gg%vﬁﬁ%gfngm&f}éiﬂl ¢Bffecti on

t ube asse |y°§@“88n§§51 tigne e Fubgss TesigiRACR td dmpatits mychpwiterrttad 1l of

tube 42 As cahabef ghmss. Mfodewotdblfds ehé eftfiy! SOMHOREN Tl dodihehaged end

44 and st - A8 . t h

thea'? opsegggegis) ?{ﬂ;gﬁﬂﬁeﬁ gglblgsgg.gtlgﬁy uwl)ﬁlrst n0 ;egPstance toC im%xact arsxdOver
abrasion.

30 Most preferably, the container of the present invention is a
blood collection device. The blood collection device can be either an
evacuated blood collection tube or a non-evacuated blood collection
tube. The blood collection tube is desirably made of polyethylene



P- 318G 48 includes a | ower annular portion or skirt 49 which extends into
and presses agai nst the inside inner surface 46 of sidewall 43 for

mai nt ai ni ng stopper 48 in place. Also, the stopper has a septum portion 52
for receiving a cannula therethrough. 5 Thus, the user, once receiving a
cont ai ner such as that shown in FIG 4 with a sanple contained therein, my
insert a cannula through septum 52 for receiving part or all of the
contents in tube 42 to performvarious tests on a sanple. Covering 6
substantial portion of the length 10 of the tube is a nufti-layer barrier
coating 45. Mifii r.barrjer coatin 5 coyers substantially nost of the
tube with the et%:e 6@@@"’21‘ Py é)ﬁoe}@nﬁvl%(ﬂX?éWXe.”Wthqla%rOFb‘é@IBﬁ)]é'meGati ng
45 conpri ses a theresf. | ayer 54 of a polynmer material such as an epoxide, a
second | ayer 56 of an inorganic material such as a silicon oxide material
and a third layer 1 57.0f an organic barrier material such as PVDC. FIG
4 differs fromthe enBdiiinnaynbel @lagd ron Hat nndtitlalyer nbyrrize evagnat ed
with the sipul ieds tpl agene t Qpp t hergin t;%e/a i cation
of layers 54 a%@% over t?)e ?It}%zielil ?grﬁlg%tfé\%l y,pﬁtee%lmiiq’ eplp Ei er
coating may be! ?féfﬁ%lqrb RE ¢ Hrand namgasCovpAngyiogemt dof. @b 5
shows an addi t iexpaiatientdaterent otifert dvta bayd hﬁbnﬁ@ﬁbhﬂﬁa?'lﬂl BeliHPRided6n
alternate enboglﬁrgé}qépgggﬁﬂgs NP %oSi m | ar_oanher, to the em%dl nt
illustrated in “t Kecordi ngt S ¥P¥ﬁ?é?at€%ﬁg’d#érﬂrsa SOF LR 1$nga§g¢ﬁl| ar
functions will SBEageBay coe idevelopeal lop the bhoser 2satingpament & infakkdehe
enbodi ment 10f khffacéd. a X A W d to,identify

t hose conponen:ﬁs i n FI@({@?%&%;@?r%gH{%W d(l)ﬁ%% Hsfoplinahéﬁt ﬂgrtl}ﬁrﬁ% 1ment
60 of the invehUIGSTHAES R PIRSSYIE. serjsaiive sadhiestvec tahel myay sze iphacedpoveat es

both 3 o upper thobhirker 60#tiRs s&tRPREACAGAMAENS)dri (B dVes- r
surface of tubfor4%gqmmgti -Ilgcféyer barrier coating a41 a i,%éﬁd?gsd\ysezrlrgg@i@bns 62
at the tube, stop erface. The serrations are registered so that it
can be determined if the seal ed container has been tanpered with. Such an
enbodi nent j4may be ut pl f ofy, £ ¢ or,. sealing the cantainer 10 r
P-318C with the st o.ppgéf%?%blgf at":héa. )&%L?%tyg arRﬂrgeﬁaggﬁté’é% Bfa PI¢SERk
tube, the sanpl¥edipngerayvedesaapeanspanintromnyoloekesy appesranice atdonesrhave

Addi tionally, phﬁte,iiaﬁfa@ﬁe}g@@]i@g)thgped’r@gi stered so that it can be determ ned
if the seal ed container haS been tanpered with. Such an 5 arrangenent may

be appropriate, for exanple, in drug abuse testing, specinen identification

an?t _quial ity Eont rol . Al ﬁ;r&mraddm@g@iﬁfﬁﬁéﬁhﬁﬁﬂét}@fd M"fhé 1’&“5%.% ?fFKrenéiotn he
nufti-Iay . coal i is.repeate or sequentially applied to the
i nner and/ez(;)or 1 Hg{ﬁgéér)ai uﬂr‘}gggﬁogf 1 S &he. 5%? lﬁ ym!~ tt Qtaﬁfl?lﬂﬂgonél

appl i ed at | ea@®jects dhat 1hassinat theennaehsvedd with preaveéitiomsr slepsithgr art ,

t hat such tubegeyd w&ﬂyuggﬁgﬁ@ﬁﬁmhrﬁ formof additives or coatings

on the inner 15 wall e tu he muft1-1ayer barrier coating fornms a
substantially clear or translucent barrier. Therefore, the contents of a

plastic tube with a Ituhas -Beenefolad rine GRS a ¢ WO

| ayers of Jfar rlingferf;ﬁ gﬁé r(#' als are subg%é: ﬁ(ﬁg Vi |ft())?le@ltg%t phéeeogggsirenrcver at
the same time | dentify ’S‘ CofOMINES BrEaesyP fratheerovah efdendense- | ayer
barrier coati n‘é;lQpi barri¢n matersglpl i ed to the plastic tube. The first layer of
the nmufti-layer burner coating may be forned 25 on the tube by dip-coating,

roll-coating or sprgy-co ting _ethyl ene oxide or oxirane nononers on the
surface to be coat ed! has besnefo that dhe teipexadd layeriingproves the adhesion

between a plastic surface and SiOx and overall improves the
30 thermomechanical stability of the coated system. In addition, acrylate
primer coating has a role of a planarization (leveling) layer, covering
the particles and imperfections on the surface of a polymer and
reducing the defect density in the deposited inorganic coatings. The
good bonding properties of the acrylate are also due to the fact that
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The second | ayer of the nufti-layer barrier coating, an inorganic 30
matesial, may be formed over the first |layer by radio frequency discharge,
direct or dual ion beam deposition, sputtering or plasma chem cal vapor
deposition, as described in U S. Patent Nos. 4,698, 256, 4,809, 876,
4,992,298 and 5, 055, 318, the disclosures of which_are-herein incorporated
by reference. n P-318G For exanple, a nethod of depositing an oxide
coating is provided by establishing a glow discharge plasma in alpgﬁM;ously
evacuat ed chanber. The plasma is derived fromone or nnre of the 5

stream conponent s Fnd pr ferab is derived frog}the trean1|tself

JA
The article is35b8RS dﬁeﬂo AR UKL hE aRARIIYr ePEYARES 1&8?‘&% A gord opitd ned
pl asma, and t hdogastish beawees der@iila@bll tinelecrwﬁdel hoaddieion! asimes bé‘en

hi cknese. ?ﬁe“’?ﬁﬁ célﬁl%és&‘)?’d*ﬁ&?%*é R B bButie Gk adons

(~) to about 1@fgp@ypropylene (am‘basr}datel eérshushahe givesentSi@AtIdNNpyovidEs
provi de suf§i ciggat nR3ki 0 I~
may crack, thugﬁé]?e}:reasl ﬁ{:}f |ve g&il}% ?&INDE)? ref@%g%mgs ﬁg

t hi ckness of tR& 363&0@3! tt'illPRc? ]é%cﬁﬂ qSlQID(]PrAP@Hl%b@lﬁtb@hOdm acqzlate
Anot h;ar rTEt h?d coﬁtlﬂgmﬁi thengxide @@lt @éiﬁbbriﬁgﬂh%r ?ﬁb@%ftl'a g oﬁo{Q/EBW Wi th
nmagnets. Prefer ica enhance hod sitin

si i con oxide nggée hﬁ{%g};r& tt‘é@% PEC br%sf Q‘S’Iey Q:rorﬂi’@é&eé‘d Rl ﬁ51§a
previ ously evafflli)@réf@rc,hasignﬁmm’edgbnmdnmhmegbllftym‘ﬁ thegatickt isedum toThe
gas strea re I t o) ed

or ganost 11 6n o gﬁh%tgﬁ%ﬂx iNRLd Sy sbfck é@@%ﬁgéﬁgaﬁg Aothel o5

oxi de, carbon éhfbkﬁ%l@ erPramer Qﬂ@ltllégloﬁﬁpndﬂw oy therplastigaart arfeet.. 25
Exanpl es of suitable organosilicon conpounds useful for the gas streamin

the plasna depositio t hods id or at ut anbi ent
tenperature and men%\hSW%QVFW ngéﬁﬂ{;v‘%’%{ow&ﬁlqgﬁga |Cﬁb§1§?)ogt30@(§etlépé%&%t
150C iamdI i ncl utee «ﬂelfmttbyald/aﬂerregultam%dgﬂrﬁ Fﬁ@fﬂioiﬂl@difw Furéeemore, the
propyl si | ape i silan

t et ranet hdel s?@? Bgegﬂflw%% 33’?‘?%!98)%'?%}?& O%&@%@?ﬁﬁﬂl silyl)
nmet hane, hexanet hyl di sil oxane, vinyl trinmethoxy silane, vinyl

e & AR R RO L TSRS muse

di vinyl tetrane hyl di si | oxaﬁ?
hexanet hyl tris neoating Wi th Pd@ﬁﬁélhfetlﬁgﬂnﬁwlswl xIthamée eet meth esting | ane

and tetramet hoaudlahlaly&;ls Aarng i%aﬂ)l @dféﬁﬂe@rcﬂlam&id irPQrtﬁbé‘r Subhliedts3d

tet th t t hyl si | thyl d
vyttt motthyt TS Dute i o tﬁ@ .maﬁ@l%e&ﬁﬁw'@a. ARERaL shiokegicahd
hexanet hyl di si Htexmess 'ﬂtmnatq}mgy erbleddoroharm dmloodorwg stdmweld%@l | ing

P(r)llemsggfs (7)1}Ct e gas sr(r)gteia;mag?e era éz ‘f@‘? gr;“aé? ?-l‘l_hﬁcgge{ﬁ% The
vol atilized or edycd nerﬁurthﬁm%@apll%&m&i beivd xandlestioh tube

oxygen corrponea@at@ﬂdwlﬂe theedardéas t %@3‘5} e fl to the
chanber. T, ntities of theseég ses e?ﬂgc a(éjmogg%&gl esgo é(PIt[ea)d by

f1 ow contr Ie?g omatsd” machingry ﬁ{gﬁ’é apdwmay de &XPQS fthe gas
st ream conponec¢tainZevehy ofm:&hanbnQﬂ|th6%té1@1@§ati@i@m¢dsst\hﬁh3§dbstmméﬂ%/ used

chaner. ot HioPRNEE i OPKERLOR e BRRfal B toptidRelPrantelids el o i s "

removed fromthe deposition charrber 25 The deposition nethod of the

present invention is pref @ g H{ E I gh power and
quite | ow pressure. A preﬁﬁg i W@Faf L %Anm” (mrorr) shoul d
be mai ntaified during the deposition, and preferably the chanber is at a
pressure between abOEIG43 is0a popsflech9e Vikh bf @ fypieull BloolNEolteRRM hien of
film Low syst ressure results in | ower déposition rates whereas

hi gher systemms é)p&row des faster deposition rates. Wen the plastic
article to be coated is heat sensitive, a higher system pressure may be
used to mnimze the amobunt of heat the substrate is exposed to during
deposi ti on because high substrate tenperatures are to be avoided for
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13 P-318C | ow Tg pol yners such as pol ypropyl ene and PET (Tg is -10C and
60C respectively). The substrate is electrically isolated fromthe
deposition 5 system (except for electrical contact with the plasma) and is
at a tenperature of |ess than about 80C during the depositing. That is, the
substrate is not deliberately heated. Referring to FIG 6, the systemfor
depositing a silicon oxide 1 o based film conprises an encl osed reaction
chanber | 70 in which a plasma is formed and in which a substratj)ﬁr %ube
171, is placed for depositing a thin filmof material on a sanplée” 53¢ er
172. The substrate can 'be any vacuum conpati ble material, such as plastic.
One or nore gases ar &16upplis ed langitudinale sectiaml ciawbef thg tubgast BCsuppl y
system 173. Antﬂk@?hrd'n(‘g lih€bhis created. by a power supply 174. The

reacti on chanber can be of an appropriate type to performany of the

pl asma- enhanced chem cal vapor deposition 20 (PECVD) or plasm

pol yneri zation procesdG. FOr ihes niongitudiiealr sagfivndl hawber mayubesARgid i ed

so that onecor i ches (of0) ith, an oxide |ayer .

si mul t aneous| yc\g\ﬁ {?rilll%r %’%Iglh%htggﬁ’é &%?h‘fgf@sﬁnuwghfwt AREORREFOMpEsINg a
controll ed by muigchaanrbamezscqajm.lss connected to chanber 170 by a val ve
190. The tube to be coated is first |oaded into chanber 170 in sanple

hol der 172. The pres%%}e f .the chamber is reduced to about 5m Torr by
mechani cal punp 188. e Bpdt & i legegudimalr seetionale vBowclodnbetube shaped 90

to about 140 niEontaihér, SmbBEVYD e RIRSHR RIO. YIRYitE &l is%q%o%%ﬁf%ﬁégﬂgif

achi eved by, fl qw t he, process gases, oxygen and tri I si into
t he chanbe?lothﬁ)g‘nﬂgﬂa?f%g eri‘iﬂaé‘?‘gl-m. 14 "W_ J P-318 () 5 10 15 20 25
30
FIG. 5 is a longitudinal sectional view of a further embodiment
of the invention illustrating the tube with a stopper similar to FIG. 1
and with the multi-layer barrier coating encompassing both the tube
15 and stopper thereof.

FIG. 6 illustrates a plasma deposition system.

FIG.7. is a general schematic diagram illustrating the layers
20  being deposited on a substrate.

DETAILED DESCRIPTION

The present invention may be embodied in other specific forms
25 and 1s not limited to any specific embodiment described in detail which
is merely exemplary. Various other modifications will be apparent to
and readily made by those skilled in the art without departing from the
scope and spirit of the invention. The scope of the invention will be
measured by the appended claims and their equivalents.
30
Referring to the drawings in which like reference characters
refer to like parts throughout the several views thereof, FIGS. 1 and 2
show a typical blood collection tube 10, having a sidewall 11 extending
from an open end 16 to a closed end 18 and a stopper 14 which

8



The thin filmis deposited on the outer surface of the tube and has a
desifed uni formthickness or the deposition process nmay be interrupted
periodically to mnimze heating of the substrate and/or el ectrodes and/ or
physically renove particulate matter fromthe articles. Magnets 196 and 19S
are positioned behind el ectrode 200 to create an appropriate conbi nati on of
magnetic and electrical fields i1l the plasm region around the tube. The
systemis suitable for |ow frequency operation. An exanple frequeipnéi k
40kHz. However, there can be some advantages fromoperating at a RO hi gh
frequency, such in the radi o frequency range of several negahertz. The
silicon oxide BB% 63 dower Anewdar phi@bforuslad 1A wdedt canerdsinto aid s

di scl osure, mayresydsahpaiaen e tihpeal t i 0 not
adversely affe>p t he ff?llgp ti eslmgf g}l??glbe!szler?;fdg{%jﬁ[ %gr@?@emhﬁﬁl | ayer
a

of the multi- %ppeg a&?atl ng may be forned on the second | ayer by
di p- coati ng, roI | -coating or spraying an aqueous emnul sion of the PVDC

honopol yner 4 fol | ovve The third | ayer ferably be
vi nyl i dene 2hl ori deacr ?/?lonl‘?l %n% %gﬁlsrtf@tt%@ tg?é: W}?‘g mechanisms *

acryl at e- acryl ifer acihangegsl yaeuns) in hdloodatdliestonpuby: (@) gagypermestibigne
barylene i o t ho LABHORS %BEEEPWE% 5 & Pﬁ“*l@é’tf&n@?m?&?‘a‘i’? fAthed by
Uni on Car bi de eéGS &a&t |aén%eTI5i@ jaterficet he @fﬁfésﬁ, wdidnedherzr y$ ene
N, is poly-p- exhbbteneally hmm efh¥sfieh | At ndRi&id, afherd Ss %5’0(33 (mi" ~

Cl-1 ~ Parylen er f t he | ene’series i pro uced
fromthe szér)re ?r%t%(r)mngp a@g@@ﬁ&% l‘?ﬁg‘fatf%ed by the substitution of a
chl orine atom for one other aromatic hydrogens cl CH2IQH2 Parylene D,
the third nmenber of o%\?aﬁ p e.sane. nonomer
as parylene N a tgi?? %J tﬁgu‘%r%? ﬂréglérﬁggﬁﬁﬁ%@{ @?%‘E HECHU0 1br two
of the aromati P 3sfier Bihen geat@ wHhoatcleast swoplayess aif| barrienanpieniater Tlyer is
a vinylidene cblra’enté@l%eﬁﬁidmineﬁ?t agheat enfiiyhae nf¢ T Xhithach
V\? :qymig (PYDC) subsmemtlgﬂyyngtr:ntllcsalavtgl ltlljg coallgponkent's\lgﬁogfg%lﬁlg(tl a%narﬁe of
Accordingly, similar components performing similar functions will be
numbered identically to those components of FIGS. 1 and 2, except

that a suffix "a" will be used to identify those components in FIG. 3.

20 Referring now to FIG. 3, the preferred embodiment of the
mvention, collection tube assembly 20 comprises a plastic tube 10a,
having a sidewall 11a extending from an opened end 16a to a closed
end 18a. A barrier coating 25 extends over a substantial portion of the
outer surface of the tube with the exception of open end 16a. Barrier

25  coating 25 comprises a first layer 26 of a polymer material such as an
epoxide material and a second layer 27 an inorganic material such as a
silicon oxide based composition and a third layer 28 of an organic
overcoating layer such as PVDC.

30 FIG. 4 illustrates an alternate embodiment of the invention,
wherein collection tube assembly 40 comprises stopper 48 in place for
closing open end 41 of tube 42. As can be seen, sidewall 43 extends
from open end 41 to closed end 44 and stopper 48 includes an annular
upper portion 50 which extends over the top edge of tube 42. Stopper

9



P-3186 Grace and Co.) sold by GRACE, Organic Chem cals Division, Lexington,
Mass: The third layer of the barrier coating, a polynmer material, nmay 5 be
a parylene polynmer applied to the second | ayer by a process simlar to
vacuum netal I i zing, as described in U S. Patent Nos. 3,342,754 and

3,300, 332, the disclosures of which are herein incorporated by reference.
Alternatively, the third | ayer may be vinylidene

chl oride-acrylonitrile-nethyl nethacrylate-nethyl acrylate 1 o aq{?lggrylic
pol ynmer, applied to the second | ayer by dip-coating, rollcoating o

sprayi ng an aquygous;enul sion of the polynmer, followed by air drying of the
coating, as des% r'i"t?gbdgéna lpwer aﬂav@ﬁtpqqé@n %, god, iféMlélﬁg extands 859, anche

di scl osure of yhessesaagahst etlre i insitepanatedsityadel £6epgesidewds ghowg, 111
FIG 7, the ex i i A apd.the siliggon oxi de based coating may
have defects op?‘%ﬂr,lfrjdgn%]%:trstc{h%g_%? i1 I:ﬁgc‘?bel ‘ii\g%%d@%a?tol%%%lbé‘tseacﬁﬁmtlﬁge of
the substrate DOEQMSR foe ree¢ivingeal caiintlactheyethhmughxpoxi de and silicon oxide
based coatifngs. 20 Therefore, a third coating of PVDC, E is applied over

the silicon oxide based cgating to produce a substantially conplete barrier
coating over the substidt BT a@BCC FEGRIVING: § Contagugrssucht assthaashbevicoat ed

with a barrier FéGati wathoy samplbecantgieedstieteiinndy S8&M al SMERIS (fﬂmo Clh
es,

substrates inc tcare not |limted.to.packadi ng,. contal ners,
jars, tubes an%éj‘#gg} gglfom@e’qe&&l_g pars o5 4k %fﬁ1eo%1 8815 1actubs 2 typedoamed
Wi tlh t he rrr(; ti vamgus _teaaﬁls oara sampbnatGCaverivg b sn_bstainmitaegbeﬁsn\Mgtthetlsﬁgéhngl agd
anal ysi s that p r od _i.n a tube., Such tests. i nclude
but are not i !r)nfttg%pﬂtug% lrSX(;lEJlt ﬁ{]dgﬁclﬁg% g)raéfﬁ gﬁéﬁ%ﬁbpﬁ 4%i oﬁ\%‘ﬁé‘i"l‘yqrn AiTess,
Pﬁmatol ogy. 3| %%Fl%stéﬁq\gey,s sygsl%wyi rzagsy DﬁXhemubgyym]m&hy_seix%eBtign of .
erapeuti c dr ogemen itAEredf L : 2 S i Q ui ds.
Furt her nore, 1%96 I§-3 G al e?)gsti o} gbillggdll ggﬁ?%rc%(?%%ﬁg 3@284810?@8 vl ﬁiStt he
barrier coati nl(jly% a4 #bP8 gRematerial icasan epoxides mesesenddalien56yofsuch
as centri fugesammbngayidmataiisutii os asilioon oxedehmefial a3 bAR Iydhe
sterilizatjon ntially no c n I cal. or chani ca
and 5 funcltsioon?? %g\re%lsg%%lg%:s&é%ﬁ f&%ﬁe{:‘aﬁﬁ‘d@a aé???@i olglod’uged‘(f&ﬁ@ dEO t h
the nmufti- | ayethepnbpdimentati FGi 8 abtlmttthertabotmay R0 achabdalithr Ry
vol ume over a ' ref.entd on,depengds on t
exi stence of #sléﬁgi l%glre t6 Piﬁ%%@%%@,%é%ﬁgﬁhgf%ﬁs%f,teer, thengpﬂ Can Qlpe.
The draw vol un@Yeianded R6gpyarctheyftisor Aléernativelye thhanykilayerabarsior
(reduced pressaating ﬁh’f’r@cﬂﬁlﬂie@f@fhé’ﬁibé%cﬁeﬁﬁgﬁib‘é_@niéila@ﬁﬁéf&jem on good
a I ng

vacuum retyention. A plastic tube coated wt arrier coa
substantially prevents gas perneation through the tube material so as to 15
mai ntain and enhanceliheS showsan eidditional embodirasny of Whe bagHepcoafing the

tube. Plastic , t t ji - | oat.i ng of the.present

i nventi on may éﬁ?ﬁ%& gg%u%ﬁ%%%%@vgo\@%%h&ﬁwlﬂgd@ta§H?Bgrdn}?t%‘@ﬁ§9 20 |f
the nufti-| aydhesmbedimensatlnstated inlH6 chartamovdinaby) siadlarrcdnipondtiter
surface of theepf@siing HindPs | QU4 e rriek: ti may be
henor epel Lent epand/ or have ha(rf%:g?ﬁés??%%lb% ng}é:lfeggaageﬁl&gg@? W?th\%fs%ll be
under st ood>t hACHROMAES I the gmbogiment eft, exeentsthat assufixctatposiit e
container is éeaseat wdidentifiptheseacorapedent’ ipd®Igy dance with this invention.
The presence of a barrier coating on the outer surface of the container has

the effect of maintaining the general integrity of the container holding a
sanpl e so that it nidefbEipg opewl fo dFpoSeda ofurtlidrhenibodimeadné@GnoMaké on t o
the user. Not gVéntich 3I¢h i f bar.r . ting _as coated or
applied on the contali neréﬂéﬁhqrtagig regspcé)ﬂ-?earngg)é%ﬁ%t{ 'rlgggga%mﬁeé_ %Pgl
0" upper portion of stopper 48a, as well as the entire outer surface of
tube 42a. Multi-layer barrier coating 45a includes serrations 62 at the
tube, stopper interface. The serrations are registered so that it can be
determined if the sealed container has been tampered with. Such an

embodiment may be utilized, for example, for sealing the container
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P-3186 The barrier coating used in accordance with this disclosure, may
contai ner conventional additives and ingredients which do not adversely
affect the properties of articles nade therefrom 5 The foll ow ng exanpl es
are not limted to any specific enbodi nent of the invention, but are only
exenpl ary. EXAMPLE 1 1o METHOD FOR COATI NG PLASTI C SUBSTRATES TUBES W TH
MULTI - LAYER BARRI ER COATI NG A pol yam ne - pol yepoxi de coating was ' mde by
reacting 7 noles of tetra-ethylene pentamne with 6 nol es of EPOE]?A@(

pol yepoxi de in 1-met hoxy 2- propanol (Dowanol PM. To this m xtur > added
21 g of dlethanol r? 3 6..1 of Nb NN N1, N1 tetrakis, (oxiranyl nethyl
17 3 “henzendtaiinsicansninalacET RuseR smmdehias heeBaplachdrindak t@be) ,

108. 75 gr amms. othaidiniplenahnRORO afierdd Luiho égi r&rEWa‘PX gty ‘n@ng{%@w 6.79
t e

of deioni zed ure was applie e substrat
di ppi ng, spr aWIUBPQu& IZEF ﬁgs‘?‘ﬁ%tl%‘%v@aéie €r re@dtersy sai Hadtpal yeaposbede

m xture onto tHetegubsed af ¢hansdaleakedntanterlfas bB@n f’ﬂaﬁgie@éd akith8CSuéh L1

aging for seve bstrate coated with
the pol yani 5nee/ %olai/gg%%flgtem%{ntﬂt épl\t,@g%ﬁﬁ,e%é’ Fé%l V\,}n( ”ég ADUSE esting,
conpri sing equépe%metﬂsl@mlﬁcﬁtl@n@ndeqmlggruonmo)di de-ionized (D) water

solution. The substrate was rinsed thoroughly in DI water and allowed to
air dry. The cl eaned substlrate was, t hen st%@l jn a vacuum oven at room
<

tenperature until it ha8 dlisTRateeabadiment nygRBANs dtirlayer hasricthen
attachedhto a boatiey Wlllshef)eét%dly dwayecpﬁma bEﬁh@diet%t e §finé ah% 'ass
vacuum cha & ani cal s

achi eve a Laglse p-rggss@fhg&b&ﬁ%?%ﬁ ?f)ef%“ﬂ)lh ge @Eoating ‘anIr?.TEl % egsﬁ The

el ectrode confhg@€ation is inter nal | y capacitively coupled with pernmanent
magnets on the backside of the titanium el ectrodes. This speci al
configuration provid s tEg ability to confine the glow between the

el ectrodes because oft WHEbenwdessteodiby praatsionersntherart, tthabemc‘/hambes

el ectrons and my%omglrg?@g@ﬁtseﬁﬂﬂﬁéfoﬁﬁ%ﬂ‘ﬁdnfﬁéy'&r atfifpl (%(A 'i’lge?mf%r gnetic

f|eld|ss | ar \pﬁ”ntﬁ Easmgthe power applied to t ectrodes

W t hout th %’5‘&1 53@ Cof hi gher bonbardnent energies and increased

substrate heatl ng. The use of magnetron di scharge al | ows operati on in the

| ow pressure region incr eas po osition rate.

The nonomer which coil}lsqléi “ﬁwa’%@{ﬁ (E‘]‘tlr{g' ?\ﬁ §?igetﬁ’é‘ '@QWE‘ile&ﬁd)roxygen

was i nt r oducedTemslseem bamen eddesetent, thebicogtersaroft heplaktict tubdesvithThe

gases were m x@dlt § n d t he
R it %lhgi‘?m%eéf’ 1ot *n%sfé%%%&f‘ Ratisri

chanber . F ow raéqjs wer e i ng

val ves. 08 ATE pek il%albx asible dpothier elpseriesy ot the same wameused

Ej 0 sup|tol y pO}Nadentlf}llhg efeehatisie Ina ’\7\%[ Vs%ilﬂ?@@%ﬁhérlﬁug ?é’yé;robaﬁﬁrn film
eposition o c%ﬁﬁf?aﬁ@ﬂ%@ﬁbﬁ?edI eplon g polymer substrate were as

fol | ows: astic tu

The first layer of the multi-layer barrier coating may be formed
25 on the tube by dip-coating, roll-coating or spray-coating ethylene oxide

or oxirane monomers on the surface to be coated, followed by UV or
thermal curing.

The second layer of the multi-layer barrier coating, an inorganic

30 material, may be formed over the first layer by radio frequency

discharge, direct or dual ion beam deposition, sputtering or plasma

chemical vapor deposition, as described in U.S. Patent Nos. 4,698,256,

4,809,876, 4,992,298 and 5,055,318, the disclosures of which are
herein incorporated by reference.
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Surface Pretreatnent: TMS Flow -0 sccnBase Pressure -5 mrorr Oxygen Flow -10
sccnByst em Pressure -140 niforr Power -50 wattsTinme -2 m nutesOxi de
Deposition: TM5 Flow -0.75 - 1.0 sccmxygen Flow -2.5 = 3.0 scanSystem
Pressure =90 - 100 mflorrPower -30 wattsDeposition Time =5 m nutes 20

P-3186 After the thin filmwas deposited, the reactor was allowed to cool.
The reactor was then opened, and the substrate was renpved. A protective
topcoating of a water-based emul sion of PVDC 5 copol yner was applﬂ_ggﬁgy di p
coating and cured at 65 C for about 10 mnutes to produce a final i ng

t hi ckness averagi ng about 6 m crons. EXAMPLE 2 to COVPARI SON OF SUBSTRATES
W TH AND W THOUT MULTI - LAYER BARRI ER COATI NGS All of the substrates

prepared in accordand?i)rvvemn@l@”ﬁl ffetlo@6F Ae B&‘fﬁl o‘ii’&é Lfdel
oxygen pernean xi de coap. qgs as y
penneance ( OTRY: 0&@@ 8?" B?%ﬁh@“ggnﬁég I%C %g@elalaﬁma Bkm@ﬁGW@Hﬁ nce
(OTR) using a K@aOCMeOxclERADED/ Zhe(pslabmabig d&ﬂﬁl dWﬁ@inﬁltdﬁé' §rh rr?(]gelld?‘nictslge 7|500
5 n e fi
s exposed” t o 87 SERAP e oot A e RS Fedy G A0 IS gRs Heam bugh
the sanple fil S E @raé‘ilﬂédslmsatlmetd oythe pblsmaelprg&'ablyrwdylabem thee
opposi te side anﬁh@df[blhg‘i‘naa'ﬁﬂddﬂfeegﬁ§§trgxmalscEH{IH‘BIIEI)BI ARG jnto ofgen

RORSAUNEONIR) Sl AL NG AN S VAV U
humi dity (R H YesSadnthakness.e ?_lﬁ@dhidkﬂ@@ﬁ delleloilgsfée’?jzft $s Bbbﬁf llbg i ts
r

of - colmp- ot aESERTEEANE: B8R AEUIE A TLA BERSHss e esérienraeotionRy

usi ng a MOCON &0 OIQ?A\/ma)ODOt pmldetsyafﬁbmm batoert and 3, thhMessKﬂﬂoreBgﬁrjﬁ“ g
f\xgn}tjﬁbgs i nlvI gﬂ%gggar)ﬁtt %%,d {Aane ou 8@'95’3? rf%gﬂ%?ﬁ%%ﬁggl@gg tube to
be i mersed in $td@r%f@r nideptheslenassiafethe r@deﬁsﬂQfémgflstMH 5,000ulhed

wi th a nitrogeto about @roo@aA The tubes were then tested at 20C and 50% R H.

The tubes re allowed to equilibrate for 2-14 days before a steady state
permeablllri is determned. The results are reported in Table 1 in units of

cc/n2-at mday. TABLEAhother method of depositing an oxide coating is by

t i ngCoat
Rat enet Eﬁékgﬁf’@%@%@%@g IR PROElES, - cBRAFBibndAogstically
t ubenoyesno20- SoiEm éWhﬁdnﬁZ Iprsttu@yiesﬂ&mm@xwmaseﬂeﬁmyeayas0 |
SPP tubenonoyemﬁge% ‘g esﬁdu?tEQQﬁ a P?Q&%uéﬁﬂé&éaﬂﬁe& alfiizur ed by
Scanni ng % pet of rzglgﬂwcﬁ?sc a?gg om a gas stream The gas stream preferably
comprises at least two components: a volatilized organosilicon
component, an oxidizer component such as oxygen, nitrous oxide,

carbon dioxide or air and an optionally inert gas component.

25 Examples of suitable organosilicon compounds useful for the
gas stream in the plasma deposition methods are liquid or gas at
about ambient temperature and when volatilized have a boiling point
about 0°C to about 150°C and include dimethysilane, trimethylsilane,
diethylsilane, propylsilane, phenylsilane, hexamethyldisilane, 1,1,2,2-

30 tetramethyldisilane, bis (trimethylsilane)methane, bis (dimethylsilyl)
methane, hexamethyldisiloxane, vinyl trimethoxy silane, vinyl
triethyoxysilane, ethylmethoxysilane, ethyltrimethoxysilane,
divinyltetramethyldisiloxane, hexamethyldsilazane divinyl-
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tubes = nominal wall thickness of 40 mil 22 WHAT IS CLAIMED IS 1. A
sanpl e assenbly conprising: a plastic container having an open end, a
cl osed end, an iner surface and an outer surface; and a nufti-layer barrier
coating associ ated over the outer surface of said container and extendi ng
over a mgjor portion of said outer surface of said container, said coating
having a first |ayer conprising an epoxide prinmer coating material, and a
second | ayer on said first layer conprising a netal oxide. 2. The sanple
assenbly of Claim1 further conprising a third layer on said secdhdl$@yer
conprising an organic material. 3. The assenbly of Claim1, further
conprising a chesamethyltssiiakameen end of satriviagipaitagketivlet dhkagagent ai ner

and cl osure | mt&fiétﬁ@xﬂ/?ﬂ l%rmtetflalag@%égg;ﬁgﬂ%ﬂ y of Claim3, wherein said

pl astic container 1s a tube and sal s an el astoneric stopper. 5.
The assenbly of Caim1l, wherein said barrier coating extends substantially

from said open end ofAisahe cqRtai nd J | o end, gf, sai d
cont ai ner. ? I‘%e aSﬁerf@Jig of d aﬁéz‘%ﬁ%%ré)?%ﬁ{s%ﬁ@bg%%ri éggcpgt!’ﬁgbxtends
froma portion GFAUEHY SSLO¥AHer st ppethyleangoi nt hexgmedntdisdodane osed
end of said comra.iltmnethzl.lsﬂl'm,asseﬂhrbltyin@éth@k?éi'lﬁrﬁ’e, WIRYRfifhatBbRy ik | S
evacuated. 8. S&{Eh . Lm In said nmui.f.i-layer baryier
coating incl ud%{g&rhggéﬁ,t er%léﬁ_) %lgl%ife}l?' s@}?ﬁﬁéﬁ@%‘io&g%‘?s‘b@%&PHIRSBH i ner
and sai d cl osuPav§ nbetlmge @ointspog131°Q, THhE°GssHIMG, dR3eCaiandl,] 2FREr ei n
said second | ay&gebﬁval Im num oxi de or silicon oxide based conposition. 10.
The assenbL of aim9, wherein said second | ayer conprises silicon oxide.
11. The assenbly of Caim9, wherein said second |ayer is deposited by

radi o-frequency di schegmticlial éaértier Heaid g‘@@ﬁbéﬂnp?fefg%lyiié’%eﬁﬁﬁ{”
deposi ti on, Spé!ltéO?lr({)Inﬂ%r(Pl sma chem cal vapor deposition or” magnetically
enhanced pl asna Systels. * The assenbly of Caim2, wherein said third

| ayer is thernosetting epoxy, parylene polyner, vinylidene
chl orideacrylonitril t : a . hy rylate-acryldc .acid
pol ymer, or_ pol yest e‘%@f@h[}ﬁ%&?g?gﬁ%ﬁéﬁ%ﬁ& a‘lr‘%ﬂ%éff‘){ er b npg%fﬁﬁla@&ond
| ayer conphi s ¥4 &l tha eorgens spmpament dnaly ghe doerir gsesopepondmy| i dene
chloride. 14. Beferedpeanbilovadd wtai the e (o) I+S{ 0 | i-J.ayer
barrier coati ntgeiﬁver t he i.nner surfaclzcehdcdgﬁégi g“h%o%{ltﬁieé} Oﬁgﬁﬁrﬁgéaasegi rst

n

| ayer incl udi B SBotlBuxpd; Ats cmirolied nly efloxy | centseldersd soayesr ton sai d

first layer ofadjustably conirdétlenflow tdie ratib dfehe @hs afrc@h®abhipoiehey i al . 15.
A mufti-layer barrier coating conprising: a first |ayer conprising an

epoxide material; a second |ayer on said first |layer conprising a netal
oxi de: 20 Various optical methods known in the art may be used to

determine the thickness of the deposited film while in the deposition
chamber, or the film thickness can be determined after the article is
removed from the deposition chamber.

25 The deposition method of the present invention is preferably
practiced at relatively high power and quite low pressure. A pressure
less than about 500 millitorr (mTorr) should be maintained during the
deposition, and preferably the chamber is at a pressure between about
43 to about 490 millitorr during the deposition of film. Low system

30 pressure results in lower deposition rates whereas higher system
pressure provides faster deposition rates. When the plastic article to
be coated is heat sensitive, a higher system pressure may be used to
minimize the amount of heat the substrate is exposed to during
deposition because high substrate temperatures are to be avoided for

13



and a third layer on said second |ayer conprising an organic material. 16.
The coating of Caim15, wherein said second |ayer is alum num oxi de or
silicon oxide. 24 P-318G 17. The coating of Cl aim 15, wherein said third
| ayer is polyvinylidene chloride. 18. The assenbly of Claim1, wherein said
first layer is deposited on said outer surface of said container in a

previ ously evacuated chanber conprising the follow ng steps: (a) applying
an uncured pol yam ne pol yepoxi de m xture onto the outer surface ﬁ{" g@gd
container; and (b) curing said m xture. 19. The assenbly of C ai i o
wherein said seco | ayer is deposited in said previ ouslp{y evacuat ed chanber
onto said firstOVay&rPHymase SNSBI%ﬁ/vpﬁ opptene apd pbr(Ta ny -40°C and
organosi | i con 60hGaseméctardypdm xi ng the vol atilized orgaslosilicon
conmponent with an oxidi zer conponent and optionally an inert gas conponent
to forma gas steamexterior to the chanber; (b) establishing a gl ow

di scharge plasma in illie shbstate fis oelectrecally neokated frbe ghe slepesiion

conmponent s;< (cC I |y f i t e i.nt o tihe as whi | e
com‘)i ni ng a5t (I g}éitte ﬂfa (g%‘%@oﬁoro{; %;@I%@g%ll g@#r%%f h‘@rdéi ﬂ{@ bﬂ%%(@) aﬂap@sgfl iang a

| ayer of sili cHimpsiadereagl éwnltha@aabputi 891C Idwring tx0 dephsitags erftilay isf O ai m
19, wherein satift ubdrAens ﬁ@ﬂﬁ@ﬁggltatézl? };@_?ﬁg@n ni trous oxi de, carbon

di oxide, air, or an inert conpound. e assenbly of Claim 19, wherein
the plastic substrate is electrically isolated fromthe chanber except for

\(I:\ﬁnt act with E he conRiefieding &sMbG. Fi? the By?tb&@ fap geﬁbg?iﬁi@gsﬁﬁﬁ%mbx@eg m 14,
erein sa e mey. . e e : aim
14, wher ei lndjsapggégla?%e%%ﬂn%éﬁfiﬁg%y@%é%l%ﬂg{lﬂp "ernﬁé 19 V‘%‘éﬁa& Pene D.
24. A nethod oplagapots farmedaandiini whicdr atsabstrate onanberd 7dn i phdcest for
Substrate in a HABSH Y t I~ hS{1R0F | yi an
uncur ed pol yam'dé)%@é{g%a e%oth?%g%n?xﬁpg%ﬁ?g ()srg?iggéi@sl??léo@gismt e;ﬁﬁgb)
curing said m %%ﬁt&te(@n éﬁp@fw Nasgush corppaisllel maserialoriyshens plastiadni xi ng
the vol ?lt i |1 ze@ner gamaestd igaoes apeRAPPNedMd fhé e 8t sh Walﬂ%fpepe@t%ﬁ- nd
opt i onal 1y, n wfm $RROTFE"Rh éRclid Befa $8°rRbRAHY S Power sipply”

174.

The reaction chamber can be of an appropriate type to
perform any of the plasma-enhanced chemical vapor deposition
20 (PECVD) or plasma polymerization process. Furthermore, the
reaction chamber may be modified so that one or more articles may
be coated with an oxide layer simultaneously within the chamber.

The pressure of the chamber is controlled by a mechanical
25 pump 188 connected to chamber 170 by a valve 190.

The tube to be coated is first loaded into chamber 170 in
sample holder 172. The pressure of the chamber is reduced to about
5m Torr by mechanical pump 188. The operating pressure of the

30 chamber is about 90 to about 140 mTorr for a PECVD or plasma
polymerization process and is achieved by flowing the process gases,

oxygen and trimethyl silane, into the chamber through monomer inlet
176.



(d) establishing a glow di scharge plasma in the chamber fromone or nore of
the gas stream conponents; (e) controllably flow ng the gas streaminto the
plasma while confining at |east a portion of the plasng therein; a.nd (f)
depositing a second |ayer of silicon oxide adjacent said fir'st Iayer 25.
The method of Claim24 further conprising: (g) dip coating a third Iayer of
PVDC onto said second |layer. 26. The nmethod of Caim24 wherein said first

| ayer is pretreated by oxygen plasma. 26 .A Al .AS A P318()
{y.Aa. A3Al . Aly. AYh. AIS. A {S.Af.A hf.A h. AY{ Af . AY. Al h. A3{. A A{f. A

Y. AY. A Al . Al . Asm L9961 6K4
KK( K#. #. @2?x° 22 ~~’>’>Efgﬁ gmggn.lsdﬁposusd’mf)thamuspsm:faoogg@xc<th@-and'><<'>'> ~|

~~227>| ~’7’7’7°~~hﬁs’a°’dcsﬂr8@°tﬁn?<ﬁ%'thi%?&%§i Yﬁ”fl&adeﬁasﬁﬂ)??f)?é’@é@'s' @E3pE4S $C

HH( Ht. #.° 2227222.,2~222222~22~2

........ p8878
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9 1 1095B5B&' () ang OngKe ynts wot : achapsely) aﬁf@zqvwlml @Ybﬁemes of
[0) 3- & |

1(;'/?0% B[ % (?arlU)C(%)eBS ?F?S(%BRIQ& ()-13.s!109BB& ()-!\F,)s! 10%BVBE& () -
's#GlO%BBg() XY7V LI XY 1109 () -y 10%&' ()-S 109%& ()-YY L 10%& ()- &10%&' () -
103-3- 103-3- 103-3-The third layer of the multi-layer barrier coating may be

formed on the second layer by dip-coating, roll-coating or spraying an

aqueous emulsion of the PVDC homopolymer, followed by thermal

curing.
25
The third layer may preferably be vinylidene chloride-
acrylonitrile-methyl ~ methacrylate-methyl  acrylate-acrylic  acid
copolymers, thermosetting epoxy coatings, parylene polymers, or
polyesters.
30

Preferably, the third layer is a parylene polymer. Parylene is
the generic name for members of the polymer series developed by
Union Carbide Corporation. The base member of the series, called
parylene N, is poly-p-exlylene, a linear, crystalline material:

15
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10<3: t 109%<& () -! X2! 10%.<L<& () =Hr0“"§109R0& () - prtpB £ $10%Id& ()-m !

"$100& ()-m | Dl "1 1098<8<& ()-1111""#{ $gE:

Parylene C, a second member of the parylene series is
5 produced from the same monomer as parylene N and modified by the
substitution of a chlorine atom for one other aromatic hydrogens:

c1

CH CH

10
Parylene D, the third member of the parylene series is
produced from the same monomer as parylene N and modified by the
substitution of the chlorine atom for two of the aromatic hydrogens:
15

1

Most preferably, the polymer layer 1s a vinylidene chloride-
20 methyl methacrylate-methacrylate acrylic acid polymer (PVDC).
This polymer is available as DARAN® 8600-C (trademark of W.R.
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10<3:t11;0 1109 ()- 'S0 110% & ()- ! '109& ()- ~ 109 ()- @& 10%& ()-
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10! NO3, / 1 10%& ()-!fn3,/!1109B83& ()-!F)! 10% ()-'\0Y"!110%)& ()- @ Y"! 10%& () -
@6s! 109 ()- ((((((()*_=0!NO!I 30! 1098/UVU& ()-:! X! 10%UeU& ()-:, & 10%
U ()-y10% L& ()-s 10 10 10 :10%& ()-*+ N, -k.6/}[9_=0IN\OI
1'10% Ui U& ()-& FOl | 10%UsU& ()- & kel !109UxU& ()-&0FM 10% & ()- !;
| £ M 109%HUHU () - 01 10% U ()-:6/RIU///1//uj_@!'N'\, &10% ()- 10 419 U 10
UF: t 10% U& ()-!d3 10%

Grace and Co.) sold by GRACE, Organic Chemicals Division,

Lexington, Mass.

The third layer of the barrier coating, a polymer material, may
5 be a parylene polymer applied to the second layer by a process
similar to vacuum metallizing, as described in U.S. Patent Nos.
3,342,754 and 3,300,332, the disclosures of which are herein
incorporated by reference. Alternatively, the third layer may be
vinylidene chloride-acrylonitrile-methyl methacrylate-methyl acrylate-
10 acid acrylic polymer, applied to the second layer by dip-coating, roll-
coating or spraying an aqueous emulsion of the polymer, followed by
air drying of the coating, as described in U.S. Patent Nos. 5,093,194
and 4,497,859, the disclosure of which are heréin incorporated by
reference.
15
As shown in FIG. 7, the expoxide coating A and the silicon
oxide based coating B may have defects or irregularities C. It is
believed that complete coverage of the substrate D cannot be
achieved with only the expoxide and silicon oxide based coatings.
20  Therefore, a third coating of PVDC, E is applied over the silicon
oxide based coating to produce a substantially complete barrier
coating over the substrate surface.

A variety of substrates can be coated with a barrier coating by

25  the process of the present invention. Such substrates include, but are

not limited to packaging,-containers, bottles, jars, tubes and medical
devices.

A plastic blood collection tube coated with the multi-layer

30  barrier coating will not interfere with testing and analysis that is
typically performed on blood in a tube. Such tests include but are not
limited to, routine chemical analysis, biological inertness, hematology,
blood chemistry, blood typing, toxicology analysis or therapeutic drug
monitoring and other clinical tests involving body fluids. Furthermore,

17



U U& () -zl S210% U& ()-010% U& ()- /00L142c22wxX6j _@'!1"t!109%& ()-y
109& ()-3! s!'109%& ()-@ ! 10%& ()-!I

1 109& ()-! x10%& ()-f22b3l 404z5| 5} 5} [ <1@ o
101 : 109 () - ! n3310%&' ()-yY) ! 10%& ()-' ! NOY)! 10%& ()-'1Y)! 10% ()-' "9
109& ()- }5~5555*6] 77gH@ 101 0& ' 10% - & ()-! D/ & ! 109%QUQUE () - - 10%-

U& () - @10% U& ()-! CS10%PUPUE ()- 10 107c8p9:; == =wUe+@10 UY: s10% |
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t&O-y a(( plés)tlc blood colgectlon tube coated with the barrier coating is

capable of being subjected to automated machinery such as centrifuges

and may be exposed to certain levels of radiation in the sterilization

process with substantially no change in optical or mechanical and
5 functional properties.

A plastic blood collection tube coated with the multi-layer

barrier coating is able to maintain 90% original draw volume over a

period of one year. Draw volume retention depends on the existence of

10  a particle vacuum, or reduced pressure, inside the tube. The draw

volume changes in direct proportion to the change in vacuum (reduced

pressure). Therefore, draw volume retention is dependent on good

vacuum retention. A plastic tube coated with a barrier coating

substantially prevents gas permeation through the tube material so as to

15 maintain and enhance the vacuum retention and draw volume retention

of the tube. Plastic tubes without the multi-layer coating of the present

invention may maintain about 90% draw volume for about 3 to 4
months.

20 If the multi-layer barrier coating is also coated or applied on the
inner surface of the plastic blood collection tube, the barrier coating
may be hemorepellent and/or have characteristics of a clot activator.

It will be understood that it makes no difference whether the

25 plastic composite container is evacuated or not evacuated in

accordance with this invention. The presence of a barrier coating on

the outer surface of the container has the effect of maintaining the

general integrity of the container holding a sample so that it may be

properly disposed of without any contamination to the user. Notable is

30  the clarity of the barrier coating as coated or applied on the container
and its abrasion and scratch resistance.
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5 The following examples are not limited to any specific
embodiment of the invention, but are only exemplary.

EXAMPLE 1

10 METHOD FOR COATING PLASTIC SUBSTRATES
TUBES WITH MULTI-LAYER BARRIER COATING

A polyamine - polyepoxide coating was made by reacting 7

moles of tetra-ethylene pentamine with 6 moles of EPON 828

15 polyepoxide in 1-methoxy-2-propanol (Dowanol PM). To this mixture

was added 21g of diethanolamine, 36.1g of N, N, N1 NI tetrakis,

(oxiranylmethyl - 1, 3 - benzene dimethanamine, TETRAD X,

Mitsubishi Gas Chemical Co.), 108.75 grams of additional Dowanol

PM, 111.18g of 2-butoxyethanol and 6.7g of deionized water. This

20 mixture was applied to the substrate by dipping, spraying, or rolling the

above described polyanine/polyepoxide mixture onto the substrate and
baked for 15 - 20 minutes at 68°C.

After aging for several days at ambient temperature, the
25 substrate coated with the polyanine/polyepoxide mixture was then
cleaned with a mixture comprising equal parts of a micro detergent and
de-ionized (DI) water solution. The substrate was rinsed thoroughly in
DI water and allowed to air dry. The cleaned substrate was then stored
in a vacuum oven at room temperature until it was to be coated.
30
The cleaned substrate was then attached to a holder which fits
midway between the electrodes in the glass vacuum chamber. The
chamber was closed and a mechanical pump was used to achieve a
base pressure of 5 mTorr.
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his special configuration provides the ability to confine the glow
5  between the electrodes because of the increase in collision probability
between electrons and reacting gas molecules. The net result of
applying a magnetic field is similar to increasing the power applied to
the electrodes, but without the disadvantages of higher bombardment
energies and increased substrate heating. The use of magnetron
10 discharge allows operation in the low pressure region and a substantial

increase in polymer deposition rate.

The monomer which consists of a mixture of trimethylsilane
(TMS) and oxygen was introduced through stainless steel tubing near
15  the electrodes. The gases were mixed in the monomer inlet line before
introduction into the chamber. Flow rates were manually controlled by
stainless steel metering valves. A power supply operating at an audio
frequency of 40 kHz was used to supply power to the electrodes. The
system parameters used for thin film deposition of plasma polymerized

20 TMS/O3 on the polymer substrate were as follows:

Surface Pretreatment; TMS Flow = 0 sccm
Base Pressure = S5mTorr
Oxygen Flow = 10 sccm
25 System Pressure = 140 mTorr
Power = 50 watts
Time = 2 minutes
Oxide Deposition: TMS Flow = 0.75 - 1.0 sccm
30 Oxygen Flow = 2.5=3.0 sccm
System Pressure = 90 - 100 mTorr
Power = 30 watts
Deposition Time = 5 minutes
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cool. The reactor was then opened, and the substrate was removed.

A protective topcoating of a water-based emulsion of PVDC
5  copolymer was applied by dip coating and cured at 65° C for about 10
minutes to produce a final coating thickness averaging about 6 microns.

EXAMPLE 2

10 COMPARISON OF SUBSTRATES WITH AND WITHOUT
MULTI-LAYER BARRIER COATINGS

All of the substrates prepared in accordance with Examples 1
and 2 above were evaluated for oxygen permeance (OTR) in the oxide
15  coatings as follows.

(1) Oxygen permeance (OTR):
Film or plaque samples were tested for oxygen permeance
(OTR) using a MO CON Ox-TRAN 2/20 (sold by Modern Controls,
20 Inc., 7500 Boone Avenue N., Minneapolis, MN 55428). A single
side of the film sample was exposed to 1 atm of 100% oxygen
atmosphere. ~ Oxygen permeating through the sample film was
entrained in a nitrogen carrier gas stream on the opposite side of the
film, and detected by a coulmetric sensor. An electrical signal was
25 produced in proportion to the amount of oxygen permeating through
the sample. Samples were tested at 30°C and 0% relative humidity
(RH.). Samples were conditioned for 1 to 20 hours prior to
determining oxygen permeance. The results are reported in Table 1 in
units of cc/m2-atm-day.
30
Tube samples were tested for oxygen permeance (OTR) using
a MOCON Oy-TRAN 1,000 (sold by Modern Controls, Inc., 7500
Boone Avenue N., Minneapolis, MN 55428). A package adapter was
used for mounting the tubes in a manner that allowed the outside of the
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TABLE 1
Sample Epoxide SiOy PVDC Oxygen
Coating Coating Coating  Transmission Rate
Method (cc/m2-atm-day)
30°C, 0% RH
PP tube, control no no no 60-70
PP tube no yes no 20-50
PP tube yes no no 2.79
PP tube yes yes no 0.58
PP tube yes yes yes 0.15
PP tube no no yes 15-30

Oxide Coatings = 1000 - 3000 Angstroms (as measured by Scanning Electron
Microscope) |

PP = polypropylene

tubes = nominal wall thickness of 40 mil
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WHAT IS CLAIMED IS:

1. A sample assembly comprising:

a plastic container having an open end, a closed end, an inner
surface and an outer surface; and

a multi-layer barrier coating associated over the outer surface
of said container and extending over a major portion of said outer
surface of said container, said coating having a first layer comprising
an epoxide primer coating material, and a second layer on said first
layer comprising a metal oxide.

2.  The sample assembly of Claim 1 further comprising a
third layer on said second layer comprising an organic material.

3. The assembly of Claim 1, further comprising a closure in
saild open end of said container whereby a container and closure
interface is formed.

4.  The assembly of Claim 3, wherein said plastic container is
a tube and said closure is an elastomeric stopper.

5. The assembly of Claim 1, wherein said barrier coating
extends substantially from said open end of said container to and over
said closed end of said container.

6. The assembly of Claim 4, wherein said barrier coating
extends from a portion of said elastomer stopper to a point adjacent
said closed end of said container.

7. The assembly of Claim 3, wherein said tube is evacuated.
8.  The assembly of Claim 6, wherein said multi-layer barrier

coating includes registered tamper serrations adjacent to said container
and said closure interface.

10% .
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9. The assembly of Claim |, wherein said second layer is
aluminum oxide or silicon oxide based composition.

10. The assembly of Claim 9, wherein said second layer
comprises silicon oxide.

11. The assembly of Claim 9, wherein said second layer is
deposited by radio-frequency discharge, direct ion beam deposition,
dual 1on beam deposition, sputtering, plasma chemical vapor deposition
or magnetically enhanced plasma systems.

12. The assembly of Claim 2, wherein said third layer is
thermosetting epoxy, parylene polymer, vinylidene chloride-
acrylonitrile-methyl methacrylate-methyl acrylate-acrylic acid polymer,
or polyesters.

13. The assembly of Claim 2, wherein said second layer
| comprises silicon oxide and said third layer comprises polyvinylidene
chloride.

14. The assembly of Claim 1, further comprising a mutli-layer
barrier coating over the inner surface of said container, having a first
layer including an epoxide primer coating material, a second layer on
said first layer of a metal oxide and a third layer of an organic material.

15. A multi-layer barrier coating comprising:

a first layer comprising an epoxide material,

a second layer on said first layer comprising a metal oxide;

and a third layer on said second layer comprising an organic
material.

16. The coating of Claim 15, wherein said second layer is
aluminum oxide or silicon oxide.
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17. The coating of Claim 15, wherein said third layer is
polyvinylidene chloride.

18. The assembly of Claim 1, wherein said first layer is
deposited on said outer surface of said container in a previously
evacuated chamber comprising the following steps:

(a) applying an uncured polyamine polyepoxide mixture onto
the outer surface of said container; and
(b) curing said mixture.

19. The assembly of Claim 18, wherein said second layer is
| deposited in said previously evacuated chamber onto said first layer by
| the following steps:

(a) vaporizing an organosilicon component and admixing the
volatilized organosilicon component with an oxidizer
component and optionally an inert gas component to form
a gas steam exterior to the chamber;

(b) establishing a glow discharge plasma in the chamber from
one or more of the gas stream components;

(c) controllably flowing the gas stream into the plasma while
confining at least a portion of the plasma therein; and

(d) depositing a layer of silicon oxide adjacent said first layer.

20. The assembly of Claim 19, wherein said oxidizer
component 1s oxygen nitrous oxide, carbon dioxide, air, or an inert
compound.

21. The assembly of Claim 19, wherein the plastic substrate

is electrically isolated from the chamber except for contact with the
confined plasma.
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23. The assembly of Claim 14, wherein said parylene
polymer is parylene N, parylene C or parylene D.

24. A method of depositing a multilayer barrier coating on a
plastic substrate in a previously evacuated chamber comprising:

(a) applying an uncured polyamine polyepoxide mixture onto
said plastic substrate;

(b) curing said mixture;

(c) vaporizing an organosilicon component and admixing the
volatilized organosilicon component with an oxidizer
component and optionally an inert gas component to form
a gas steam exterior to the chamber;

(d) establishing a glow discharge plasma in the chamber from
one or more of the gas stream components;

(e) controllably flowing the gas stream into the plasma while
confining at least a portion of the plasma therein; and

(f) depositing a second layer of silicon oxide adjacent said
first layer.

25. The method of Claim 24 further comprising;
(g) dip coating a third layer of PVDC onto said second

layer.

26. The method of Claim 24 wherein said first layer is
pretreated by oxygen plasma.
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