le3e% %667<9:v96; 61 ; T; JO 5 JUN 2002 UN TED STATES PATENT APPLI CATION 5
.OF: 'Noel G Harvey, Yelena Tropsha, Susan L. Burkett, Richard P. Clﬁr Eﬁlm&
Byran S. Wing FOR BLOOD COLLECTION TUBE ASSEMBLY 1o BACKGROUND OF ﬁ
| NVENTI ON 1. Ei I nvention 15 This invention relates to a
mufti-|ayer qmgwﬁmm%@mng for provi d'ing an effective barrier against gas
and water per r containers,—especially plastic blood collection
tubes. 2. Descript®8fi of the Related Art 20 Wth the increased enphasis on
the use of plastic nedical products, a special need exists for inproving
the barrier properties of articles made of polyners. 25 Such nedi cal
products that would derive a considerable benefit frominproving their
barrier properties include, but are not limted to, collection tubes and
particularly those useqUNETEDSTAJE S 9°A TENTEAPRL PFCWERONoN tubes
require certain perfor AnNce standards t0 30 DE acceptable Tor use in
medi cal applications, _Such perfornmance standards ipnclude the ability to
mai ntai n greater t h&AF athieel fgo%am)gmglenar WPS8A,. gﬁ%alblfe ukefte year

period, to be radiation steRidhara¥. larie and Byran's. iWoagf ering in tests and
analysis. 35 - Therefore, a deed exists to inprove the barrier properties

of articles made of f@:ﬁ ed bl ood 0
5 JUN 2002 2 coll ect ‘1 ol el megr £ A aN g D A e
be net and the article would be effective and usabl e in nedical

applicatiofs. SUMARY OF gGAEKRMEDUND ©F THE INVENTION

1. Field of the Invention

15 This invention relates to a multi-layer barrier coating for
providing an effective barrier against gas and water permeability for
containers, especially plastic blood collection tubes.

2. Description 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

A
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The present invention is a plastic conposite container with a nulti-I|ayer
.barrier coating conprising at least two barrier materials disposed over the
outer or inner surface of the previously formed conposite containdy JUN 2002
Desirably, the barrier- materials conprise a first | o |layer of a polyneric
material applied to the outer surface qQf the previously formed conposite
container, a second |ayer of an inorgad-c material applied over the first

| ayer and optionally a third |layer of organic naterial applied over the
second layer. 15 The first layer, a prinmer coating, is preferably a

het er ocycl i ¢ conpound such as ethyl ene oxides. This type of conpound is
frequently cal ketleetiogpabesievherkbimhoeghint perfoanante Istdiardoveseldabeimaed s

on an ext er i or SthPacERHs FobR SE AR ?g eI B BBl W1 F3BE, ona

| ayer of the barrier coating may preferably be a silicon oxide based

conposition, such as Si Ox m@grmm&ké;sofprqrgé @Wm@’pz@t N2.5; or an

al uni ni um oxi de based conp econd layer is a
silicon oxi#e based conp05|t|on applied over the 25 first layer. The

opt i onalt third I ayer Tofe bf@ehﬁﬁr}ivﬁftldip?%] :anﬁlagﬁ@f(ﬁfrﬁ bMt@@oﬂtﬂﬁter Q)vlﬂ?ra“ er
conposi ti on, suc vi nyl idene chl ori de nost _preferably
ol ed over ¢ REGERYRE Hasht CoasnE SRS @ olepst aenialy reg

by an appl i cat idespastdaavendhe ealitpol gramumer potfaepood die npvetvmwslyfﬁﬂrhmabd by

exposure to a pRAEANk Gorﬁ 1rfel?er]5% u’%ﬁ'l? '?He %%QFFnatEHSE doMpt82 First

Preferably, the primer coa
pol yani ne/ pol yéaxsti a6 aipel urrmerws rn bmp lied itat thenhautenurfacecof the

93/ 07068 and Upré iduShafcttneBRtibodie chubhfie Wseddie mgze A Sforghnithi ch
itk

are herein incor referenc 5 Preferab t e
epoxi de pri mer ﬁf‘? &ppgnggmr L %FﬁErlé)ﬁ%r ?Bg %%G?ng angﬁoo nmost

preferably froorgdmotmatetabapplied over dixosdcohdlagecrons. 1 o A desirable
second | ayer which is disposed over the first |ayer preferably conprises a
silicon oxide based conposition, such as SiOx. Such a filmdesirably is
derived frdm vol ati| dher tje&iolswbr carpraospacatiag, 1% pl‘hﬁ:rably acheteroaclisased

conposi tion pr%hﬁﬁﬁﬁpﬂ %ﬁ@ﬁeasvéﬁg)]éﬂ%eéﬁﬁeé‘s OVEf écﬁﬁ 81% de{
organi c coatin refera ss of t n _ox % sec? | ayer
Us about 100 t eﬂysntyzca%@d 3heRe Rﬁyuglhah B&ﬁ%wmﬁrgﬁ‘% d
500 to about | jPORiraneA E’h@tctdwuﬁgbm@ Ee%emédn@ifh&f éﬁkarﬁfﬂlﬁkehmrﬁfrﬁo% be

i neffective as_a_20 barr rabl e.o al tf%l d layer which is

i sposed over  PREXSRagh AN ExRorRBFAGRR R0 o8 Hth o vhe soRtERe"Chi or | de -
met hyl netB@crylate - nethacrylate acrylic acid polymer (PVDC), 25

t her nosetti ng epoxy I S rably

t he thickness of t he D%éj&x eP‘gfés{: Sf;;&llﬁ(ﬂf}({{g{ %8 1{1@01?5% @fe(r)f?]rsa a 3{@
preferably fromligeguexidet é@@mppsﬁl@now h 3% S10e Wh@@é@?;lﬁ oxap DyﬁOng t he

primer coati ngab@utazcsararaamﬂhmmuﬁﬁemd@%xed:@bfn T %@. n
| nt er nati onal ubl'i cat .07068 ent. 478, 8

wheroia sora e seestd Pshis a $ﬁpen%ﬁsi@se@q%ew%ov@&ﬁl&ﬁidowr
t her mal me2hodfirstllager.

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.



0 5 JUN 2002 4 deposition and curing steps may be repeated until the
.desired nunber of |ayers has been achieved. A nethod for depositigfss N 7002
silicon oxide based filmis as 5 follows: (a) pretreating the fir g @W
on the container with a first plasnma coating of oxygen; (b) controllably
flow ng a gas streamincl udi ng an organpsilicon conpound into a plasm; and
(c) depositing a silicon oxide onto theefirst |ayer while maintaining a
pressure of |ess than about 500 mm Hg during the depositing. to Although
the pretreatnment step is optional, it is believed that the pretreatnent
step provides for inproved adherence qualities between the second |ayer and
the prinmer coating. Rfefdtublyr gtheosprimesn coaniagund iz hr@ﬂyrabbys-dmkbdned

wi th oxygen a I o] a a

Al t rogen-and ol&&éﬁé‘@g,%r{%hgo"?&wﬁé‘ o dsgtiig i A IpRfigk G AR
confined adj aceHd 3340766 smldf‘e{netedetatEB Patest Ny 78187 dnghe rdescdeﬁmr@su ng,
nost preferabl e PVDC | ayer nmay be

appl i ed over t(%fe‘b}gle(%ga?]?%lfg?ﬁ?&gagﬁg?%g orefél%rngel ng techni ques. Most
preferably> the nethod for depositing a barrier coating on 25 a substrate,

such as a plastic COPﬂeQ@ﬁabW thie i ckaiess lo‘fQﬁefebﬁxidH bﬁme?gccﬁttmgsxs dbut

Dt a0 BleB R ALAIG o BRSO ) Mah el Rnh 0Bt e PO C

conponent and Iadmms g abloat I@bahidromgd or ganosilicon corrponent with an
oxi di zer conponent and optionally an inert gas corrponent to forma gas
steam exterior to the chanber; 0.5 JUN 2002 5~ (d) establjs a gl ow

di schar ge Il asrra i n Ardesarable seconddaysrewbichhis disposed o vgadhet Hég’rﬁ}’er
conponents; ( jref&rabl bbﬁﬁidﬁefs|é)§‘ilﬂ&6nt6‘)ﬁd€%§aséﬁr&ﬁﬁpb§1h@nt bectplag BB whi | e

econd | ayer ofac}tsal o S Feiiptlo chont v BRIE s orkapanteon "0 °

Optionally, a dobpoandd.ing nmay be applied over the second | ayer by dipping
or spraying techniques. An enulsion based PVDC 1 o solution nay be used for
di ppi ng the container surface, followed by thermal curing. Solvent based

PVDC sol utliSons, wher Bhe Isdicas osrde baseHepgipastion pravides 2 idease,nugpdie used

for spray-coatjfig f(ﬁisle yoJe'Fet'h %ﬁ '&%an?éc@@hhgnapré‘ferﬁﬂ gﬂgt ai ner

and/or the fir flametr asna o rea
t§zec Srs«l £0R ® @m mbq’un

Angstroms (A) and most preferably from about 500 to about 1 OOO A.
A coating above 5,000 A may crack and therefore be ineffective as a
20 Dbarrier.

corona di schar

A desirable optional third layer which is disposed over the
second layer preferably comprises vinylidene chloride - methyl
methacrylate - methacrylate acrylic acid polymer (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



Pl astic tubes coated with the nulti-layer barrier coating, 20 conprising
.the priner coating, and an oxide |ayer and an overcoating | ayer arﬁSa}ﬁlNeZDdZO
mai ntai n substantially far better vacuumretention, draw vol une an

t her nonechani cal integrity retention than previous tubes conprised of

pol ymer conpositions and bl ends thereof, without a coating of barrier
materials or of tubes conprising only ah- oxi de 25 coati ng. In addition, the
tube's resistance to inpact is nmuch better than that of glass. Mst notably
is the clarity of the multi-layer coating and its durability to
substantially withstand resistance to inpact and abrasion. 30 Mst
preferably, thdepositiannand cfirinpestepeseayt bemepeaiednunsl thedesided alunglogri on
devi ce. The bl can be either an evacuated bl ood

col l ection tubgpgarfegg kg%tb'ee\glgca‘&gi’é\%%bl ood col |l ection tube. The bl ood
collection tube is desirably nmade of polyethyl ene 0 5 JUN 2002 6
terephthalate, polyPromb@ss fBe!de] q}yﬁ%ea "GREDA 6kﬁie°'ba§€@0ﬁlfﬁe[§ 25

t hereof. Print aced. on t er barrier coa
applied to fthe%@gm@i n&S Bfeqqﬁtegegte 8k les&ine?{ the,con {9y With 2 O first
i dentificationpldsaia cadtingdrofndxpgem, (bpnpamyollatgde, flowinguabegas sxeamat i on

Cot i ng. oLneniagang Lk Eﬂi#?%?@ﬁe '1'8r}§?°d?&ﬁ%%ﬂgeaﬂ%ﬁsﬁ%ﬁbe

devel oped on t heilicon psidecontd the Srstdayenwhaleemaingaming supfessurephlessr i at e
for witing adgidn sswlt 30U fireti Q}luﬂf%fﬁkedéﬁ&ﬁﬁn%ﬁ:“” hernore, a pressure
ace e

sensitive adhesive | abel may bed over t arrier coating so as to
accomodat ¥ vari ous hospi t al over-I abel s, for exanple. 15 Preferably, the

nufti-layer barrier pdgiouph e p mrmﬁﬂtst?w@rdptmhamravmdbeh@vddMparent
or col orl ess agpearance, and m%@ ave ﬁ mat t er dap@h ed there

further advant H§e REUERINCRE, S tl%‘a %fp‘Pél%ré’ﬁ’F [SH7 ﬂlaglrt’&?l des a
reduction in thetvgzen ther secanidl layer mﬁdtlhrrpambrrmﬁmgnal 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 organlc 25
material, Bpoxide prdhrdesganasdieripl camppundots tpreferably hcombines deitbe Si O

barrier materi 8kygdd a'ﬂ@%ﬁﬁ@ﬂaﬁ)@lﬂé‘lﬁu&ﬁ‘%r ﬁﬁ@th%?%bﬂe%é@éﬁbh'é@faiag’cﬁﬁ drhe
adhesi on between aeg]bmé lsur ace an gi @é over a[bﬁrproves ﬁ

t her nonechani c3TH ?§ @St anRortion; olythe plasma 15np¥§(§ﬁ§ Y MagRaiecaty

prh i mer coa|t| ngcowfined adjacent tatid smdnce af ithe fir§t laver dulgmgl twe:tegocsaggl ng
the particles t a pol yner and reduci ng
t he def ect den@%&bpﬁgﬁﬁwfﬁ“ﬁ@ﬁfﬁgﬁﬁﬁgﬁ%@f&@ tings. The good bondi ng
properti es2®f the acrylate are also due to the fact that 0 5 JUN 2002

acryl ate is pol ar an@hEhPVMaﬁ{)%r%ﬁy'H@Saﬂmﬂi@o% GRSl 14 ATBY On

bet ween the Si and the acr n~ addi t'1'on as be t a
good bond f or natPPHAE OF SRERMN é?%eﬂu?ﬁ -astic tubes made of pol ypropyl ene and
acrylate. Thus, the present invention provides

Most preferably, the method for depositing a barrier coating on
25  a substrate, such as a plastic collection tube comprises the following
steps:

(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;



5 the neans of substantially inproving the barrier properties of

.pol ypropyl ene tubes. The adhesion properties of both the acrylate coating
and the oxide coating can be further Substantially inproved by sur{f&den 200
pretreat nent methods such as flanme or oxygen plasma. Therefore, a
significant reduction in perneability the article is due to 1 o the
substantially inproved Si Ox surface c age that is obtained by the use of
a prinmer coating of acrylate on the plastic article surface. The | ayer of
PVDC i nproves the | ayer of SiOx because it plugs the defects and/or
irregularities in the SiOx |layer. Furthernore, the 15 PVDC | ayer inproves
t he abrasion resistate eftabhshiBiglx glayahscharge pdasma bh dbe chatibectfran t ube
coated with the nufti-la ie ' t invention wll
not interfere with testiégégﬁgﬁgﬂr?aég@%gé%ﬂ%r%%{@]ﬁﬁﬁa per formed. on
blood im a tube. Sucte) esoatrobablyciluwing the gas Swsam inor g plasmaowthilge

cheni cal analysis, biol Ogd)ﬁﬁhinigrhﬁrléﬂﬁsépbﬁfﬁﬁ@f&ﬁé’pla@hﬁ&)ﬂle‘?&‘ﬂﬁhﬁﬂry, bl ood

typi ng, toxicology apalysis or. therapeutic, drug ni t.oring and ot her

ol Phi Sl taste | ol U3 nydeRenting, faSECond phapt A wigRalt pRids Gigdting

col l ection tube coated vadjacthesdidrfiisetayevati ng i s capabl e of being
subjected to 25 autonmated nmachi nery such as centrifuges and may be exposed
to certain levels of radiation in the sterilization process with

substantial |y no chafpéionallyptai PMDor coatingmaybeaappliech vesrthe sacopérti es.
DESCRI PTI ON \ ; i S ti } a rcal
Gﬁi’e‘f lﬁgﬁgg@lﬁg &Osﬁa‘gmé tbé%ﬁt}%a% PRG! bx@iIMbRVbHedaPWIDC

bl ood collectio a stopper. . N 2002 8 EI G is
| ongi t udi N s¥UBAGAAMAY; ey used: i dippang m@nt&uxea@fa&ﬂe@réllpw@ byo.
FIG 3 is a | ofhgirinatlicusings eSolweitt! badedPHDE $olbdonband@dréd thersokveraris

barrior coat | rgrrs g4 and I el bE B 0r sRAGEOHBE, BB bicy oo

cont ai ner, si ntheamat ourihg. t ube of FIG | with a stopper, conmprising a 1 o
mufti-layer barrier coating. FIG 5 is a longitudinal sectional view of a
further enbodi ment of the invention illustrating the tube with a stopper

simlar todSFI G 1 an@pkonallyhshencontaingy andfair theefirsiolayen gnan dsnmlasme-ng

both the tube g&aados pRRRA oxhyeeRdteatti @r SotdrlaudiscBhffe freBtedS PRior to
deposition syste eneral schematic diagramillustrating the

.FIG 7. Is,a
| ayers 20 bei niPRrJPXH& el I3yl 4RAtNESe.  DETAI LED DESCRI PTI ON The pr esent
i nvention may be enbodied in other specific fornms 25 and is not limted to

any specific enbodi .fe ibed. i.nidet-all i f r .exe .
Vari ous ot her nodi f_?_ggsltlgnzﬁ%ﬁblg%det_ggp%mn{h\lg{]o_rﬁg%%};e%dﬁ%ngrédgg%@%hose
ski |l ed i r20t hecempriginghthe: prisiear ¢oating, rand aneddeopayemand s pversoating
I nvention. Thela9epRffe OAblehR MNiAMihOSubNANtiAIE, TRADHRY Pctif RPaRIsEd
clains and theif eqvw val entg. ) . . . .
aw volume and thermomechanical integrity retention than previous
tubes comprised of polymer compositions and blends thereof without a
coating of barrier materials or of tubes comprising only an oxide
25 coating. In addition, the tube's resistance to impact is much better than
that of glass. Most notably is the clarity of the multi-layer coating and
its durability to substantially withstand resistance to impact and
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 1s desirably made of polyethylene



30 Referring to the drawings in which like reference characters refer to
.like parts throughout the several views thereof, FIGS. 1 and 2 shOWﬁ UN 2002
typi cal blood collection tube 10,7 having a sidewall 11 extending fro én
open end 16 to a closed end 18 and a stopper 14 which 0 5 JUN 20D2 9
includes a | ower annular portion or skirt 15 which extends into and presses
agai nst the inner surface 12 of the si-®ewal | for maintai ni ng stopper 14 in
place. 5 FIG 2 schematically illustrates that there are three nmechani sns
for a change in vacuumin a blood collection tube: (A gas perneation

t hrough the stopper material; (B) gas perneation through the tube and (O
leak at the st cgrpplithaldre, ipolgpr nel hpokdndensheapthblate ors copbbtmersi al |y

no gas permaatt}%R ﬁ?fnd no leak, there is good vacuum1l o retention and good
draw vol une retShtfon. FIG 3 shows the preferred enbodi nent of the
invention, a plastic tube coated with at |east two |ayers of barrier

materi al s. The pref gpﬁflﬁpgnpﬁ%j g(;;@n;t})lheg “Qﬁstlﬁi uﬁfll'[ﬁ;ﬁége'ﬁtaﬁ‘iéw tiﬂ%e 15

substantially identjca ( onef;n,s of . Accordi ngly,
sinilar conpondPRiehetd othe repriamer a off untersns Kiar e¥amplgbes e@roduc
identically tojddngifeatiofipoidntcdde! blaed. nla_n@e’}dcamp@t@eﬂbéb,hdbt angmbkt x "a"
wll be used to identif thoa&{ﬁorraoFenta Igmlzr]la? 3. 20 ferrlﬁ(%eed]ow to
FIG 3, the prSfRIfFRON Safoantetionfata,and fptarmagion may all e maluged 20senbi y
20 conpri ses athel batrier ¢cadtingl 0dvioheonearg aamziteefinish dra eorosaddisghdngedh an

opened end 16as*:?%§e gllrlgfeb% aggel%ﬁgd Bgérl%ﬁ?ﬁ?%%%%? sxtendsavgl a

substanti al por he outer surfa of hthe excgi) i on of
open end 1Bh. BHfa¢eappsopaate for ritingpaddisional rinfesmatigierorpgher laehol yner

material such Fﬁrtﬁé‘rrﬁ@f&'éi‘brgﬁlﬂé'sﬂnsﬁ% adRre$iv8dabaly iay2 beaplacB@r @t C

mat eri al such &% 3 silicon. oxi de based corrpgS{tl on an%i a thtjd I a¥a§{?128 of
an organi c ovelCoBFT Y GOAHNE 89,88 19-AG8PBENOGaIS-10US noSPUe} Queksiangts,

al ternate embofbrrexaimple. t he i nvention, wherein collection tube assenbly 40
conprises stopper 48 in place for closing open end 41 of tube 42. As can be

seen, sidewall 43 extends fromopen end 41 to closed end 44 and stopper 48
i ncl udes alf annul ar Brgferabiyy tthen multistdayen barmerdsceating t ok thep prasentof

tube 42. St 0ppﬁfve11ti93§)rak&me?s09§ahregéx%n&rb?'d&i@ﬁes?s %ﬁﬁ@draﬁeé"éhﬁrmﬂﬁ?’ﬂaiv@n or

skirt 49 which exten into ﬁn presses against the inside I nner” surface 46
of sidewal | 43PFB{edHRHERARP gddhesseBr 48 in place. Also, the stopper has a
septum portion 52 for receiving a cannula therethrough. 5 Thus, the user,

i vi ' h h h in Fi 4 with a. I
cont ai ned thgmdwéy : ;é?ai‘e”vg@%%ma&xa? ﬁﬁ%“a@ﬁ%gpq‘?u@eﬁﬁf@%&wﬁng
part or alZ0 of pt epre eedactiont ubehd2ghe pemi 1arofo ISCTNMORA
sanpl e. COVG“GE'e%tsS‘tHﬁ{ ﬁ%d qutp%ispio_%fsﬂfevfeﬁe \Jvlﬂﬁglé&n%ég}tﬁ]ngallzgegaﬁﬁohs a

nufti-layer barrier, coa / ayer barrier c overs
subst anti al | y mgthodtynigeally ysed with thindilssept i on of open end 41 t her eof.

Mufti-layer barrier coating 45 conprises a first layer 54 of a polyner
mat eri al such as an gppxide, a.second l,ayer 56 of an_inorgani,c nmater. al
such as a silicon oxtd a?r&fé&ni gq)uré(ﬁdnah!qyliprresqrgyg}vefgogﬂ it th? R E e
barrier ne2%r i matenalhepoxidenitovides afodidf platforfr fon theegromthdifthetdénseFl G 3
in that the t“@ﬁ)”@%ﬁ@rﬁ}\éﬁ&% ted with the sinultaneous placenent of

arter

st opper 48 thefeih e application of |layers 54 and 56 over the tube.
Alternatively, the nufti-layer barrier coating nmay be applied to the tube

after it has been evRGal&kn found that the epoxide layer improves 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



20 FIG 5 shows an additional enbodi nent of the barrier coating and a tube.
. The alternate enbodi nent functions in a simlar manner to the enbo&i mﬁﬂt
illustrated in FIG 4. Accordingly, simlar conponents performing POl
functions will be nunbered identically to those 2s conponents in the

enbodi nent of FIG 4, except that a suffix "a" wll be used to identify

t hose conponents in FIG 5. Referring-hew to FIG 5, a further enbodi nent
60 of the invention wherein nufti-layer barrier coating 45a incorporates
both 30 upper portion 50a of stopper 48a, as well as the entire outer
surface of tube 42a. Mufti-layer barrier coating 45a includes serrations 62
at the tube, acoppter 1§ mpalaf ael thitepalantyat i provades magist doedzead thod it can
be det erm nedgi t&ine baec@g ek b h; C

enbodi ment rrafér\;b%?htk}ﬁ fjlggvgg& fct(gir@ g)@aﬁr%f]g%ﬁ?or lezlg?mg {iﬁjem%gh%t l}s‘*r%eﬂr%&po 5
JUN 2002 m wi toundhthajiagped bw%fmtl%@emdgabﬁfmmlaﬁaér&u&w&ﬁ%the

tube, the sanpf ?)&Wyl&@e aadpPgE tel t Thixy, 'tl?é”ﬂptééerﬁf inffv@ﬁtiého;ﬁk}@ﬁﬂides )
Addltlonal%y, t he serrations ) regi st ered otﬁat.lt can be determ ned
if the seal edMonfgaRS aéuggéim?gbfpé O\X}nc%.a’ﬁjc AT s PIOPSHES e may
bedappr Iopri at polypropglemephehesi n Theiqdheson peopemes ofdmithethd denglafe cati on
and quality c o) ; i ‘Lnv

it ayer oapeis anb R AL YRBnE GHPRE AIRfEr ShbtaRialySHoBled by o (he
i nner and/ or F@rface epresieataeat ometheds usich FRrefBamisl or thegeoatplagmas

R S LTI LAl byt ey ST e i,

t hat suchtubﬁémag contdin rea engﬁsi.gnt formo
on the inHer SRbstaphally amprgked xEFIACE Laverage thal 15 88t31ed fW ns a
substanti al | ytied e oba fpirtmexsbu@t@ig obacrylate od ies plastie, articke swrfasnts of a
plastic tube with a nufti-layer barrier coating conprising at |east two
| ayers of barrier 20 materials are substantially visible to the observer at
the sanme tine ident ilhgilager of BMRCi improwgs the thyep ofyfaldpbecauseat pldgs - | ayer
barrier coati i dnd ed h I i be hrst yer of
the mufti-| ayg% gg?értftser%nc%grt ?ﬁgéﬁ rrlgEil t%:g_ %‘o?’ﬁgﬁ?é‘ gar}; étrlhe_Ftu gl‘g‘g“%l??é’ tHe
di p-coati by, PHIPCdaxer hgpmvesghgabsasionrgsistanpecticthexd@ex Byesxi r ane
nononers on the surface to be coated, followed by UV or thermal curing. The
second | ayer of the,mufiti-|ayer ,barrier coafin an ingrganic 30 ,material,
may be fornmed over %é’l%q“stat}ipgge?o%?ﬁet}%i%%?rg‘éﬁ‘f&ﬁc?"‘ﬁ? ggﬁamj‘gt,"la}'?rect or
dual ion beanbaepmrscoatmg ofpthetpresay Drveptianmevilt heoti maerferp oitid egmimig i on,
as described | t : (6 9
5 055, 318, 1 nankAnapstS VB is S Rjealy TbtESied S Bibod’ila bl At
0 5 JUN 2202 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, a plastic blood collection tube
coated with the barrier coating is capable of being subjected to
25 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 functional properties.

DESCRIPTION OF THE DRAWINGS

30
FIG. 1 is a perspective view of a typical blood collection tube
with a stopper.



12 For exanple, a nethod of depositing an oxide coating is provided by
-establlshlng a glow di scharge plasma in a previously evacuated chanber. The
plasma is derived fromone or nore of the 5 gas stream conponents, GhdUN 2002
preferably is derived fromthe gas streamitself. The article is positioned
in the plasma, preferably adjacent theéunﬁined pl asma, and the gas stream
is controllably flowed into the plasma—A silicon oxide based filmis
deposited on the substrate to a desired thickness. The thickness of the
oxi de coating is about 100 1o Angstrons (A) to about 10,000 ~. A thickness
of | ess than about 5,000 ~ may not provide sufficient barrier and a

thi ckness of greaterFlihad baubngr@didal seeonalaciew tafuthedediecafilfigs .t he

effective barr rably, the thickness of the oxide coating is
about 1,000 ~ thﬁén&g&éﬁfg gﬁégOSA 15 Anot her nethod of depositing an oxide

coating is by confining a plasma with nmagnets. Preferably, the magnetically

enhanced met hod for FEPoy ing foudibidiAR QeABERSAEW IdMmomuBetigEaLte 19

pref erably conducte preV|ou I schar ge
froma gas strcé’&mm%é“@ ?%Ql‘léf‘a?ﬁ @?ﬁé’b |y wathiaut |as§t§P£’Fr,l ‘é%i@t-mﬁ“kg a
conponent s: amg]tﬂtayerzba@lnef ggal_@@gl i con conponent, an oxidizer conponent
such as oxygen, nitrous oxide, carbon dioxide or air and an optionally

i nert gas conponent. 25 Exanples of suitable organosilicon conpounds useful
for the gas st ream iH{G hel p's asmomppulnali sectrenabddewr eofl iaquubefshagad at

about anbi ent |t z \% bout
0C to about 5%% | nc e d| rne';l]lf'l]yés)|0I?altr‘1lle('j ?Yv%t sl%ﬁﬁ ne&ﬂgpﬂ lﬁl?l gl | ane,
propyl si | dﬁe Tb“]éh )’@TI er pextt hyl di silane, 1,1,2,2 30

tetranet hyl di silane, bis (tr| met hyI SI | ane) met hane bis (di rret hyl silyl)

nmet hane, hexanet hyl cﬁ{ xan vin r| met h il i

triethyoxysil ane, ?T nﬁt‘shaj% a é‘?%‘fl’fi %E?Mﬁé embodiment

di vi nyl t et ranmf‘rmedmhammdalusham bytubei Wamaaatd ppényimiladté FIGN R002 13
hexanet hyl tri sanldo e hé }gt th A@g{ Slé 3 tgéI ae&@ gl | ane
and tetramet hoxysi :5 a@§ yﬁgr‘%ﬁg{é (%/ l@r ﬁé@iﬁ ?glgﬁs ﬂe %i%

t et r anet hybdi smldcﬁtapper thereet. hyl si | ane, hexamet hyl di si | oxane,
vinyltrinethylsilane, methyltrimethoxysilane, vinyltrinmethoxysilane and
hexanet hyl di si | azan% T?éae preferred or% nosj ] i con conpounds have boiling
points of 71C, 55.5&IGdptlusirates a plasmy CPESIEY $YAPRA: to The optional
inert gas of the gas streampreferably is helium argon or nitrogen. The
vol atilized organos n.conponent, i refer 15...ad ith the
oxygen conponent ana:llhﬁz i et PSR! cSehsanats Cﬁéﬁ%% ﬁlﬁﬁpgo di]qyrﬁr% t he
chanber. The demg depesited onresubsgeates bei ng so adni xed are control | ed by
flow controllers so as to adjustably control the flowrate ratio of the gas
st ream conmponents. 20 Various_opti cal rret hods _known in the art nay be used
to determine the thickness of DdhkAdddul)i DK RIBTEONe in the deposi tion
chanmber, or the filmthickness can be determ ned after the article is
rem)vedfromthe depgsi tion hanb . d ..on et hod.of . he
present invention i E’FeéFﬁ ‘é’@tm@éf ea?“&éﬂ%i?‘i%wlﬁ %H’F%@Q\é?"ﬁ?}d

qui te | ow2pr e;ndris.nok lnnﬂedmoanb/mclﬁmenﬁhmmat)@lescﬂlbedmlde(aﬂl' whlah shoul d
be mai nt ai ned r

pressure bet vve%xﬁ%rggﬁieg gl%to abo a?‘fbdjgsogﬁ}'eﬁ’ rﬁ{;@{ifcl?a rnltsnh&’ll %aéjseﬁ |on of
film Low systaahrzadyasade byrtbosetskilied iniks atewitbiou

hi gher syst emsppge i spR arAR iehfibnde e%]dogiasbe&ﬁe mw}ﬂibﬁ *@ﬁll%@s“ c

article to be coated bwgeat sensitive, stlem pressure may be
used to m ni niMeAsuRed Rtappen EQtCl‘l"ﬁ%ﬁ §lﬂffléﬁﬂul valeiSosed to during
deposi ti ogobecause high substrate tenperatures are to be avoi ded for

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



0 5 JUN 2002 14 | ow Tg pol yners such as pol ypropyl ene and PET (Tg is -10C
.and 60C respectively). The substrate is electrically isolated fromﬂtga'm 0
deposition 5 system (except for electrical contact with the plasm) ‘a 3&2
at a tenperature of |ess than about 80C during the depositing. That is, the
substrate is not deliberately heated. Igeferri ng to FIG 6, the systemfor
depositing a silicon oxide 1 o based f+l m conprises an encl osed reaction
chanber 170 in which a plasna is forned and in which a substrate or tube

| 71, is placed for depositing a thin filmof material on a sanple hol der
172. The substrate can be any vacuum conpati ble material, such as plastic.
One or nore gasedudaseaslopydri aunular ipoetiopaott skt difamduch bgxtandaiants asdppl y
system 173. An LG i fd ] r . | ¥yl #dbei

reaction charrb%l%'lsgggn aﬁg‘%#e‘gg %’%8?osgﬁag%el??ygfewﬁgwgﬁm%gn% 5?{5Ekﬁ8g

pl asma- enhance#fopReRilddn plagdr deposition 20 (PECVD) or pl asma

pol yneri zati on process. Furthernore, the reaction chanber nay be nodified

t hat i ¢l . b ted with i de | .
S mul taneods!y wi t hi hi@ne Schmgdcaly ilosTaes that Giere HES Lngayrchanisms
clzggt rglhlaeslugg fornechamge ai vaduymnn alJBB)ombool?amtm tubec h6AD gas pédmeatianval ve
ol der 172 TrioPBy IRE fopddt bichial, (85 Bs lirheBiBiiRodd hd BBEBNG
nechani cal punfCideak Tafe the sstappery tpbesimiedaces. t Hhezefarharshen i thesdost 90

to about 140 ndstadtefliy? iEEYD RirmRlaARARaRa! NEHERRAE RY @O0HS vAAGhS
achi eved by flown %%dlgi ?as S, ox%gen and trinethyl” silane, into

t he chanbel? t htd velggne retgngogyN 2002 15 5 to 15 20 25

FIG. 3 shows the preferred embodiment of the invention, a
plastic tube coated with at least two layers of barrier materials. The
preferred embodiment includes many components which are

15 substantially identical to the components of FIGS. 1 and 2.
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



30 The thin filmis deposited on the outer surface of the tube and has a
.desired uni formthickness or the deposition process may be interrupted
periodically to mninize heating of the substrate and/ or electrodegﬁamﬂﬁﬁﬂ
physically renove particulate matter fromthe articles. Magnets 196 and 198
are positioned behind el ectrode 200 to,greate an appropriate conbi nati on of
magnetic and electrical fields in the'pgasna regi on around the tube. The
systemis suitable for |ow frequency operation. An exanple frequency is
40kHz. However, there can be sone advantages from operating at a much high
frequency, such as in the radio frequency range of several negahertz. The
silicon oxide 4&seclulies mlowdr @mmidart pertenf ousknt 48 whodr drrendsvitdandi s

di scl osure, taln..cqn ti |t Nk 4i | i do not
adversely af ??clrteg?%ea_z}fghdégr ;{ﬁgsl"gﬁaér f’ﬁ%’feéﬁﬁag tq Iﬁe;}gg fsgéri]%?@%.ﬁe‘ﬁ?hfl}r&& | ayer
of the nulti- |mgmtaining i ¥oppoatddannplacee fAlsaedhenstoppescian@ Isapaimby

di p- coati ng, r%t}r:tibﬁcy‘éz E&gr&%i‘ﬁHF%d‘ﬁ“ﬂ@‘Wéwﬁ%ﬁ%W“' sion of the PVDC

honopol yner, f owe y thermal curing. The third | ayer nay preferably be
vi nyl i dene3chl ori deacrylonitrile-methyl methacryl ate- met hyl
acryl ate-acryl i ¢ aciThus)phé yiser,sondehecensrg hicuntaipex yuclhasithgisshgan yh ene

olynmers, or egt . f . krd |ayer 1S I | ymer .
bar vl one i s t FlGenef 1t 4 DbRE 20plaintd Ihddid imaliRSent SaRRUK fROWE0 Y07,
Uni on Car bi de septwrar532 famreceidng paet opabi@f the contentenn dabe 93l tocperfemy| ene
D ot Prary engr DR RstSon fefiple; " Ep\Elihk P BRERAS portich of ATIHIE 1°1 om
the sane rnorfrt @ VIS e MMty §Fp BATTIGE d COILIRE, X L b AR EIGHEY SR 18T

T e e g ey ntAS b Mitilaven bam
chlorine atomdgatindn4s Golers anbstahtigllPaosoeNthe tubeCith the dxbeptydrend D,

e et Lan T il ML Theien Gt B R R APBSELE RIS,
of the aronat ilayéy84 efenpolyhter-matertal such as an epoxide, a second layer 56 of
an inorganic material such as a silicon oxide material and a third layer
15 57 of an organic barrier material such as PVDC. FIG. 4 differs from
the embodiment in FIG. 3 in that the tube may be evacuated with the
simultaneous placement of stopper 48 therein after the application of
layers 54 and 56 over the tube. Alternatively, the multi-layer barrier
coating may be applied to the tube after it has been evacuated.
20
FIG. 5 shows an additional embodiment of the barrier coating
and a tube. The alternate embodiment functions in a similar manner to
the embodiment illustrated in FIG. 4. Accordingly, similar components
performing similar functions will be numbered identically to those
25 components in the embodiment of FIG. 4, except that a suffix "a" will
be used to identify those components in FIG. 5.

Referring now to FIG. 5, a further embodiment 60 of the

invention wherein multi-layer barrier coating 45a incorporates both

30 upper portion 50a 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



Most preferably, the polynmer layer is a vinylidene chloride2o nethyl

.met hacryl ate-net hacryl ate acrylic acid polynmer (PVDC). This pol ym!ﬂcij

avai | abl e as DARAN 8600-C (tradenmark of WR 0 5 uuN Zoos mG hio?
Co.) sold by GRACE, Organic Chemcals Division, Lexington, Mass. The third
| ayer of the barrier coating, a pol ymer material, may 5 be a paryl ene

pol ynmer applied to the second | ayer by—éli process simlar to vacuum

nmetal lizing, as described in U S. Patent Nos. 3,342,754 and 3, 300, 332, the
di scl osures of which are herein incorporated by reference. Alternatively,
the third | ayer may be vinylidene chloride-acrylonitrile-nethyl

et hag r ?/I ate- nwttgythemoglbat f éla@le.aoa)d_ca@rs/dmplepms/been phaged adtheottbee f
secon ayer LD- gl r S Ion o
he pol yror . 1bF1 SHEERE,Sdfor B GETERR, Sl 67 Mol 0 AR Sy BileR) <
Patent Nos. 5,Additkowllyndtie, semagions may dic cegssieredofsonthah iér eamebei n

| ncor por at ed Qi’etétj({lxﬁiéeﬂgffethgls%dféd TAAMInkF h k%eegr Firﬁﬁex@&p%ﬂﬁe L9 A

and the silicon o ased coati ng may_ have defects or irregularities C
It is belidvedITangemenipmayebe Appragaats;, forexamples 40 dmecabwsa tedingshi eved

with only the kAl edéntificdtidmcand exhls, bemedl. coatings. 20 Therefore, a
thud coating of PVDC, E is applied over the silicon oxide based coating to

produce a substantially conplete barrier coating over the substrate
surface. A variety dih aubkermmte embzodinent odtthe inventien, antti-dayerdadriieg by 25

h f ' iap. - NG b
i foa to paciiainan USSR kel el BF sepligmBty Siflat oo %&“ﬂnﬁwcéﬁd@éﬁi ces.

A pl asti c 18] oduitepIsneace of thinsuboatRefenably.i the soating jis\anpled atileass

coating will nQtcénterfere with testing and analysis that is typically
performed on blood in a tube. Such tests include but are not limted to,
routi ne chem cal analysis, biological inertness, hematol ogy, bl ood

chenistry, blood tydtwall bowhdetsooyd dyaprastisioners-hetienartt titatdyueh tubsst or i ng

2o ast ¢ bl odBegsohER Rl s he B, pf HaHRivesobt RERIRRS on % Brttlabi e
of being dabj evakofithe fubonat ed machi nery such as centrifuges and may be
exposed to certain levels of radiation in the sterilization process with

substanti al | no ch e in optical or nechani gcal and 5 functjonal
properti es. y alnl?e mlr;ltl-ﬁiyer abamer coating forms a substantlallly clear or

translucent barrier. Therefore, the contents of a plastic tube with a
multi-layer barrier coating comprising at least two layers of barrier

20 materials are substantially visible to the observer at the same time
identifying information may be displayed over the multi-layer barrier
coating after it is applied to the plastic tube.

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.



A plastic blood collection tube coated with the nmufti-layer barrier coating
.is able to maintain 90% origi nal draw vol une over a period of one year.
Draw vol ume retention depends on the existence of 10 a particle vaduBidiIN 32
reduced pressure, inside the tube. The draw vol ume changes in direct
proportion to the change in vacuum (r ced pressure). Therefore, draw

vol unme retention is dependent on good cuumretention. A plastic tube
coated with a barrier coating substantially prevents gas perneation through
the tube material so as to 15 maintain and enhance the vacuumretention and
draw volume retention of the tube. Plastic tubes without the nufti-I|ayer
coating of the present invention may nai ntain about 90% draw vol une for

about 3 to 4 nonths.g Y, i | oat ed
or applied on the nn&lr) gg"r %eg})‘ﬁétw@ (?Fsdté?bglbﬁ{(go%ﬂctgﬁw%t@gﬁl %)SC t he
barrier coati ﬂyoﬁﬁiﬁ% Yhesap atgl@m/cgsc harge plasmiectrd sﬁfﬁlé@l’él‘y a cl ot
afti ;/f'it or. It é&{[abhaié@lt SNAAbEE. Oqulet l%"sniat isn@eved éroth fdRy §ﬁ¢ﬁor\éh6f ﬂgbr the 25
pl as |c_cogp03| e .cont ai ner |s evacuat e eva in_accordance

Wi th this PhveRs SHEATGENHHS @n(s#’prgwﬁm SRNE T s RaS SHEBM surf ace
of the conL a: nmelﬂa?hblmlel‘efﬂcposmonwdmdnenpta;méqq)rgﬁerabbt admceg}: they ﬁf t he
cont ai ner ho s t hout
any cont anmi nagl:oorﬁnmt%d ﬁ{;@{r 3€r. Zhd f\}%{ §E# an?s BF?BB% ‘??‘.‘flfﬁﬁ‘?é‘f t%bfaﬁrlgn er
coating as codlasmar Applicenioxide h@sagbﬁtranﬁeiep@ﬁuedt@ &m&@b&mtaﬁa acrat ch
Chis i sct gsursied Mickiets  TThE thikAiiesS of @it bRMde, BEANE if WRRETEE " i ch
do not add@rsé‘?‘?g%ﬁg@ &t‘)nﬁo et q;ﬁl Q(gé(# At&ﬂ?]é‘%e%ﬁg 1?%&%@ U5 The
fol I owi ng exarfp0e8 &rrﬂaymbtl ravideohafﬁcmu tawaer ind thiokhesnof pf eztténgLASTl .
i nventi on,

SUBSTRATES TUEE%E &P%ﬁ ﬁﬁ%?ﬁ%ﬁ@@%&s&%@&%@ﬁ%@% yepOX| de
coating was nadesbprefesahlynther thiokeessodf thet oxidet oyatene ipaboutl RO0A

nol es of EPON oxi de in 1-methoxy-2-propanol (Dowanol PM To
this mxture \}gs%a%oélge%o{%p of diethanolamne, 36.1 g of N, N, N1, N1

tetrakis, lpoxiranylinethyl - 1, 3 - benzene di net hanani ne, TETRAD X,
M t subi shi Gas Chemigabtiep- neth68. &8 %re@ﬁ§1t91f agldi éxmalcdm@nqls

111.18g of 2-but et hano] and 70 _0 [ Thi s 20 ture was
lied to th § of oPSSIER pRICh tEfectBiyy | ey IPAGISHGUD
gggclr iebedopol )eahaneéqb?xln;&igfd(lfdgﬁdnpdmmeg %tsﬂ({m @udetbkfged dileh baked for 15
- 20 m nut t
ot o=, S8 B bRIAMINSBRCRSAL A pAOIS AABhaR dRpert e

t he 25 substr ure was_ t he
cl eaned w2fh #® ngmrcbselwg fomy acgaalstream.s dheagas csmaaetmcgesablyand

de-i oni zed (D|cbn¥]ﬁft‘iﬁs 3! 1asOtwd MufipbdiS! © woolkiifised bhgiRiaion in D

water and allo o ar cl eaned substrate was hen storgd in a

vacuum oven atCOmRRRGH rQM@ruﬁ?mpannWC oasbé’xé'(ggfled“ 9HS 19dde4 eaned

substrate was cablpon dlco)adbexi divand hal sjstiondllycineft gas comdpoeyeniet ween the
el ectrodes in the glass vacuum chanber. The chanber was closed and a
mechani cal punp was used to achi eve a base pressure of 5 niforr.

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-




0 5 JUN 200Z 20 5 to 15 20 25 30 The el ectrode configuration is internally
capacitively coupled with permanent magnets on the backside of the é%tﬁgi®?1
el ectrodes. This special configuration provides the ability to conf dUN i

gl ow between the el ectrodes because of the increase in collision
probability between el ectrons and reac gng gas nol ecul es. The net result of
applying a magnetic field is simlar to-increasing the power applied to the
el ectrodes, but w thout the disadvantages of hi gher bonbardnment energies
and increased substrate heating. The use of magnetron di scharge all ows
operation in the | ow pressure region and a substantial increase in polynmer
deposi tion rathexaifethylerisit®xanghi ch consi st srivinydpentatnetieylofisdoxamnby! si | ane

ol oct 2335°Xyﬂ%%é@éé%fﬁe"#ﬁ@ﬁ%ﬁ%‘hgt@éﬁi}ﬁhﬁeeS.Snftete ine before

introduction into the chanber. Flow rates were manual ly controlled by

stai nl ess steel net val yes. S in t an i 0
frequency of 40 kHzf:vﬁgg sedﬂl]% slﬁ‘ 4 qu %ﬁ aré all e

ouer % ectrog&! He system
par amet er sSus datrage Fﬁllqulaﬁﬁdepo@m Ist a@%asrra ssrmethyldislonereo2” on

t he ngol ym;:)r Swﬁﬂh&ﬁﬁ sRams fmhtF | méﬂfo‘x fafe tetvmgutmﬂéthowlﬁélfgi@w 0
sccnBase Pressur en yst em Pressure -

i or  Pover - S90mrR YA AR o Lhsse %ﬁa |qreafiostig@hampognds,
sccnmxygen Fl (hzwezbmlanQ poiats iy St1é@y, Pﬁé§§€r el&@?ﬁ 128 Chitaord PRAELC - 30
vvattsDeposmlqgsﬂ'é m nut es 0 5 JUN Z002 21 After the thin fil mwas

deposited, the reac or was allowed to cool. The reactor was then opened,
and the suBstrate was rermoved. A protective topcoating of a water-based

enul si on of PVDC 5 Cijpoby ﬁBﬁalV\ﬁi%rtagﬁ bpthd¥adiFreapfproferably tW&ihml 65 C
for about 10 m nutes to produce a nal coating thickness averagi ng about 6

m crons. EXAVBLEOD Of j1 Rl SON OF SUBSTRATES W TH AND W THOUT MULTI - LAYER
BARRI ER COATI NGS All of the substrates prepared in accordance w th Exanpl es

coat i ngs s ol | ous T ) PR, oo HEERe BT epBploeit 0 tpierétib? 12
15  admixed w1 the oxygen component and the inert gas component
before being flowed into the chamber. The quantities of these gases
being so admixed are controlled by flow controllers so as to
adjustably control the flow rate ratio of the gas stream components.

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



Filmor plaque sanples were tested for oxygen pernmeance (OIR) using a MO
CON Ox- TRAN 2120 (sold by Mddern Controls, 20 Inc., 7500 Boone Avenue N.

M nneapol is, M 55428). A single side of the film sarrpl e was exposedﬂﬁo’UM 2002
at m of 100% oxygen at nosphere. Oxygen perneating through the sanple film
was entrained in a nitrogen carrier ggié)stream on the opposite side of the
film and detected by a coulnetric se An el ectrical signal was 25
produced in proportion to the anount of oxygen perneating through the
sanple. Sanples were tested at 30C and 0% relative humdity (R H). Sanples
were conditioned for 1 to 20 hours prior to determ ning oxygen perneance.

The results arlpw pwﬁnbfs dadh @slpol 1en@fanelc PE- T Y.0°@0aildibe
él?o sIpolypropyiend'a QwaomegAM1 000

sanpl es were t r.oxygen pernmeance (OIR) using a

(sol d by Nbderﬁégﬁ?sfpcﬁcgwe ﬁc., 7500 Boone Avenue N., M nneapolis, M
55428). A package adapter was used for nounting the tubes in a manner that
al l oned the outside 2

100% 02 at m)sphere V\XB? EI'?% #ﬁs}%%@%%gé lﬁl?@s%@nwﬁg%%ﬁgogen
carrier gas. mes@rnb(e@m@ﬁeformincttr@@decwraactzwlhrthead%mam anghds tafbes wer e
al l oned to eqUﬂehiﬂHrﬁﬁRef&f leds Jtﬁaﬁ’%u@@@@dﬁnﬁg%@%éﬂ@aﬁﬁnger’[‘ﬁei’tbis| ity is

determ ned. Th are r rted | inunits of cc/np-af mday.
TABLE 1 Sanpt éé@fﬂﬁf&ga{fé ﬁEféoatl ngCoat i ngTr ansni ssi on

Rat eMet hod(cc/ nR2- at m day) 30C, 0% RHPP t ube, control nonono60- 70PP

t ubenoyesno20- 50PP t g 9 Oﬁl‘dgg H&: Q}‘? n %O&'&FE ﬁyogaagso 15PP
t ubenonoyes15- 30 Q(I% % gq& %glg%ﬁi msg(tzl asur

Scanni ng HoectbasedmMilm o@mpayesaanﬁ ) opa}qtmmcham@@r:l%mna lch/aal

thi ckness of 493G, js @)rﬁlea%@g?%vlﬁéh bétﬁtg(ﬁ‘ M%@ 1A, f la@e?(ﬁﬂf)' e

assenbly conp sti1 ¢ contal ner. havi ng n ed end,
an i nner surfdi"d’%g@n%r;éﬁ’c ,ﬁﬁghrofr}ag@teréﬂdon a sampe olger 173.°

substrate can be any vacuum compatible material, such as plastlc.

One or more gases are supplied to the reaction chamber by a gas

15 supply system 173. An electric field is created by a power supply
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.



a nufti-layer barrier coating associated over the outer surface of said
cont ai ner and extending over a nmajor portion of said outer surface Oﬁhijﬁﬁ
container, said coating having a first |ayer conposing an epoxide pri 2002
coating material, and a second | ayer on said first |ayer conprising a netal
oxide. 2. The sanple assenbly of Caim3l further conprising a third |ayer

on said second |l ayer conprising an or ic material. 3. The assenbly of
Claim1, further conprising a closure in said open end of said container
whereby a container and closure interface is formed 4. The assenbly of
Claim 3, wherein said plastic container is a tube and said closure is an

el astoneric stopper.The thihdilas sedbpysitdd 6h aherolitervdataienos el tuiser aner

and over sai o Modcian Spitn ERITOP AR 8qfiugh ARIGEReF BE , °

wherei n sai d baterreptedoperiodicelly sndminimizeshgasing of e subsiraeaandioer
stopper t0 a RAbetoded aaRbr S@lﬁa‘i’s&&%lﬂ}ﬁeﬁxﬁ@% hartitutate O Mt from- t@_@e

assenbly of d al. , Whereln e Is evacuated. 8. The assenbly of
Claim6, wler dTHCESi d nufti-layer barrier coating includes registered

tanper serrations adjacent to said container and said closure interface.
0O 5 JUN 2002 24 9 T ass of bam | . wherej n sai can er is
al um num oxi de or si 'aggﬁ%r(;g#%@nf;a%% E'IE%Wég}qqeggb&}l&%@ggﬁggg%d@i(%f daim
9, wherein saiatestecamdpproprate aombinatonidfimagnetic dad dectritad feddenbl y of
Claim9, wher %Qtp?ié‘érﬂa?@gl%ﬂgarbﬁﬁﬁrthé?ugépog ted by radio-frequency

c m dep

di scharge, dire Ion be osrtion, dual ion beam deposition,
sputterind® plasma chemical vapor deposition or magnetically enhanced

plasma systens. 1?7. The A&&ADIY sAitabledifst dowr TR QichcSaiopertionl | auer is

t her nosetti ng epoxy, ryl ene poly vi nyl i dene
chl ori deacryl cﬁﬁ@éﬁpewwyrrﬁ hggﬁﬂzdt eiﬁ@WFr’acﬁhﬂ%t gan . bg| iOME g
pol yner, or pddvantages. frofh opbratagsatrhlmuoh Highifrequendyerstich ssiin tisecond
| ayer conpris | kJ X| a i i yer conprises polyvinylidene
chl oride. 14. Ei?ﬁr;d ?g@@%g%?%fgecﬁgls m {91 I%’[ﬁl‘|g%‘ﬂee¢t§'corrpri sing a nmutli-Ilayer
barrier cdét! ng over the inner surface of said container, having a first
Layer wncluding an epud dcBh! BRIdec sl I il Blends SBEART hayar ipn sal d
first layer of a netal oxide .an thir ayer of an orqanl qut'e“ al . 15.
A mufti-iayer 3&PFFalCecyath ﬁ}ls ﬁ@@ﬁgmg}na)ﬁ qontain pouywen &mﬁra 1HY¥eSin
epoxi de materigd Aageedand hWiveli do a6l ddversely | affect ithesplopertiesxofle; and
athird | ayer Qe e%lrga ee%ﬁ&gfrlo%)(er i s polyvinylidene chloride.
20
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 wvinylidene 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 maternial:



0 5 JUN 2002 25 16. The assenbly of Caiml, whereon said first layer_is
deposited on said outer surface of said container in a previously eddcdi 20
chanber conposing the follow ng steps: (a) applying an uncured pol yam ne
pol yepoxi de m xture onto the outer surface of said container; and (b)
curing said mxture. 17. The assenbly—iéaCIain1l6, wherein said second

| ayer is deposited in said previously cuated chanber onto said first

| ayer by the follow ng steps: (a) vaporizing an organosilicon conponent and
adm xi ng the volatilized organosilicon conponent with an oxidi zer conponent
and optionally an inert gas conponent to forma gas steamexterior to the
chanber; (b) establishing a glow discharge plasma in the chanber from one
or nore of the gas stream conponents; (c)/contNollably flow ng the gas
streaminto the plasma while cenrtidi ng -‘ a—rd+ern of the plasma
therein; and (d) depositing a |layer of siNi cor/ oxide adjacent said first

| ayer. 18. The assenbly of Claim 17, wherein said oxidizer conponent is
oxygen nitrous oxide, carbon dioxide, air, or an inert conpound, 19. The
assenbly of O ai m 1ParytaneeiG, hesepbadt memharsofathe | parylens rsezigs| ys

i sol ated from HRsh t ' of fisea. 0
5 JUN 2002 526 ﬁu§€§ as eﬂﬂ:l %gﬁfgfﬁ%lhgﬁﬁlﬁ,% eérd(s ﬁhggﬁlﬁ?drl}l:ﬁ?g tI.p%yer is a
paryl ene poly .stlwlowagaﬁi@m gtom fer gngofher Fomatic, hydrQgens, vi ene
polymer is parylene N, parylene C or parylene D. 22. A method of depositing
a nultilayer barrier coating on a plastic substrate in a previously
evacuat ed chanber conprising: (a) applying an uncured pol yam ne pol yepoxi de
m xture onto said plastic substrate; (b) curing said mxture; (c)

vapori zing an organosilicon conmponent and adm xing the volatilized
organosi |l i con conponent wi th an oxidi zer conponent and optionally an inert
gas conponent to forma gas steamexterior to the chanber;

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

C1

Most preferably, the polymer layer is a vinylidene chloride-
20 methyl methacrylate-methacrylate acrylic acid polymer (PVDC).
This polymer is available as DARAN® 8600-C (trademark of W.R.



(d) establishing a glow discharge plasma in the chanber fromone or nore of
the gas stream conmponents; (e) controllably flowi ng the gas stream 'G‘?QUNQMZ
pl asma while confining at | east a portion of the plasnma therein; and
depositing a second | ayer of silicon oxide adjacent said first Iayer 23.
The nethod of Caim22 further conprising: (g) dip coating a third | ayer of
PVDC onto said second |ayer. 24. The d of Cdaim22 wherein said first

| ayer is pretreated by oxygen plasma. .A3. AIN. A N. AY. A3N9. AFy. Ay. Ay. A3. A . A
y.AAe A3 Ay A3’> A S AAAA A 3. A&Ah A AIq &828645 Z8C
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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,
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a plastic blood collection 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
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
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 i1s dependent on good
vacuum retention. A plastic tube coated with a barrier coating
substantially prevents gas permeation through the tube material so as to
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.

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
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
the clarity of the barrier coating as coated or applied on the container
and its abrasion and scratch resistance.

2007
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adversely affect the properties of articles made therefrom.

The following examples are not limited to any specific
embodiment of the invention, but are only exemplary.

EXAMPLE 1

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
polyepoxide in 1-methoxy-2-propanol (Dowanol PM). To this mixture
was added 21g of diethanolamine, 36.1g of N, N, N1, N1 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
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
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.

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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the electrodes, but without the sadvantages 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/O7 on the polymer substrate were as follows:

Surface Pretreatment: TMS Flow = (0 sccm
Base Pressure = SmTorr
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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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 Modemn 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
(R.H.). 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 Ox-TRAN 1,000 (sold by Modermn 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/mz-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 015
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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2.  The sample assembly of Claim ! further comprising™a
third layer on said second layer comprising an organic material.

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

4. The assembly of Claim 3, wherein said plastic container 1s
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, wheremn 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.
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comprises silicon oxide.

1l. The assembly of Claim 9, wherein said second layer is
deposited by radio-frequency discharge, direct ion beam deposition,
dual ion 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 chlonde-
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 is silicon oxide;
and a third layer on said second layer is polyvinylidene chloride.
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deposited on said outer surface of said container in a previously

evacuated chamber compnising the following steps:

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

17. The assembly of Claim 16, wherein said second layer 1s
deposited 1n said previously evacuated chamber onto said first laver 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.

18. The assembly of Claim 17, wherein said oxidizer
component is oxygen nitrous oxide, carbon dioxide, air, or an inert
compound.

19. The assembly of Claim 17, wherein the plastic substrate
1s electrically isolated from the chamber except for contact with the
confined plasma.
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70. The assembly of Claim 14, wherein said third layer is a
parvlene polymer.

21. The assembly of Claim 14, wherein said parylene
polvmer is parylene N, parylene C or parylene D.

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

(a) applymng 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.

23. The method of Claim 22 further comprising:
(g) dip coating a third layer of PVDC onto said second
layer.

24. The method of Claim 22 wherein said first layer is
pretreated by oxygen plasma.



