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1. Field of the Invention

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

2. Description of the Rela_ted Art

With the increased emphasis on the use of plastic medical
20 products, a special need exists for improving the barrier properties of
articles made of polymers. :

Such medical products that would derive a considerable benefit
from improving their barrier properties include, but are not limited to,
25 collection tubes and particularly those used for blood collection.

Blood collection tubes require certain performance standards to
be acceptable for use in medical applications. Such performance
standards- include the ability to maintain greater than about 90%

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

Therefore, a need exists to improve the barrier properties of
articles made of polymers and in particular plastic evacuated blood
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and the article would be effective and usable in nmedical applications.
SUWARY OF THE I NVENTION 5 The present invention is a plastic conposite
container with nmultiple organic and inorganic coating materials di sposed
over the outer or inner surface of the previously formed conposite
container. Desirably, the barrier coating materials conprise a first |ayer
of a 10 polyneric material applied to the outer surface of the pg?§f26”y
formed conposite container, a second |ayer conprising a seguence

coati ngs conprisinﬂ organic and inorganic materials applied over the first
-~ layer and a t hi r ¢ollggion dfibas veherein certainepeeformppes stansasds twieuldebe maet
layer. 15 The fiGhl the\ficlcwBhld'Be cPRRLVE Gnd dsable P hRidival Bpliehtivns! ossed
| i nked acryl ate pol yner. e coating may be formed elther on an interior
surface portion, on an exterior surface portion, or both of the container.
20 The second | ayer is preferSMMARYWOKTHE IRVENTEON gani ¢ and

i nor gani c coa$ings. Prefereably, the sequence ol the coatlngs may be

expressed as follows: 25 Second Layer= [err] (inorganic coating + organic
coating + inorganic codiliengresentimvention-s0a3plastic comphsye gonthmenb he

wher i x is fromulfph; UreafRy afd AROIETE" AR ualelihls WiEhode GVer | the
conposi tion. MbsOUlTepkianer, surface ofthei preyaouslyformed compogite copiainer.
linked acryl ate pydsiibly, e bdrfief toatig anfAeEAls ebRfPrise a first layer of a
10 polymeric material applied to the outer surface of the previously

formed composite container, a second layer comprising a sequence of

coatings comprising organic and inorganic materials applied over the

first layer and a third layer of an organic material applied over the

second layer.
15
The first layer, a primer coating, is preferably a highly crossed
linked acrylate polymer. The coating may be formed either on an
interior surface portion, on an exterior surface portion, or both of the
confainer.
20

The second layer is preferably a sequence of multiple organic
and inorganic coatings. Prefereably, the sequence of the coatings may
be expressed as follows:

25 Second Layer = 2, (inorganic coating + organic coating + inorganic

coating)
' n
where n=0-10
30 Most preferably the inorganic coating is a silicon oxide based

composition, such as SiOx wherem x is from 1.0 to about 2.5; or an
aluminium oxide based composition. Most preferably, the organic
coating is a highly crossed linked acrylate polymer.
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3 Optionally, a third layer of a barrier coating, preferably an. organic
barrier conposition, such as poly (vinylidene chloride) (PVDC), is npst
preferably applied over the second |ayer. 5 Preferably, the priner
coating is a blend of nonoacrylate (i.e., isobornyl acrylate) and

di acryl ate nononers (i.e., an epoxy diacrylate or a urethane diacrylate) as
described in U S. Patent Nos. 4,490,774, 4,696,719, 4,647,818, 4, 823 :
4,954,371 and 5,032,461, the disclosures of which are herein incofporated
by reference. The prinmer 10 coating is cured by an el ectron beamqr by a
source of ultraviol et rfaptanally, apdurd dayer ofie barrier ceating, preferably a1 a

ol yaoryl at ey 15 D EAMc, VAlTie? TRORRY S‘ﬁi‘ifq‘@?‘el*" d“‘mniwﬁ“?%?s%‘géf‘ﬁ? an
aver age nol ecul a@@ﬁlﬁﬁl ISOWOBEPW %Gpﬁﬁﬂ %ﬁﬁc‘g"fl% - pressure in
the range of 1x10[err] to 1x10[err] Torr at standard tenperature and
ressure. Mos refera e

Ilgr eferably, t ept hi ckngtréf%%ﬂﬁhrmgwg{ gasﬁflgég %igﬁl n%f ﬁg)nélggfxlatel(lt
about 10 m cr ons isehomyt acpylate)rand disorylate meonomers (i.epantepoxy diasmglater
Compr | ses o sequinch e “‘%F*“‘hfg“ Yo BoSiiftied i U 5! Fattft/Rlos1 ”‘Z*’qé‘é‘é’hy
Compos: 11 on, oo G360} 4 oAt B18° s SR80S, oMy« Bnel, o Ua 76 T

or gaHSSI i cgn cormsulosksre@rtsfwhtdi atecherbite inddrp @ﬁdtedm fefeparse. CThRqRi mepn
rovi des a se er.vi ai.in era e SS
gf the sili cgﬁ o>?°& a’ssegg'&eéia{l‘rPy §1%§88§t Bﬁ%‘g BEY%@?AWE)&V%}P?E

(A) and nost radiation.

Desirably, the first layer is formed of a substantially cross
linked component selected from the group consisting of polyacrylates _
15 and mixtures of polyacrylates and monacrylates having an average
molecular weight of between 150 and 1,000 and a vapor pressure in the
range of 1x10-6 to 1x10-1 Torr at standard temperature and pressure.
Most preferably, the material is a diacrylate.

20 Preferably, the thickness of the acrylate primer coating is about
.1 to about 10 microns and most preferably from about .1 to about 5
icrons.

A desirable second layer which is disposed over the first layer

25 preferably comprises a sequence of multiple coatings comprising a

silicon oxide based composition, such as SiOx_that is desirably derived
from volatile organosilicon compounds and acrylate.

The silicon oxide based composition provides a dense, vapor- |
30 1impervious coating. Preferably, the thickness of the silicon oxide
based coating is about 100 to about 2,000 Angstroms (A) and most
preferably from about 500 to about 1,000 A. A coating above 5,000 A
may crack and therefore be ineffective as a barrier.
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preferably from about 500 to about 1,000 A. A coating above 5,000 A may
crack and therefore be ineffective as a barrier. 4 The acryl ate provides
a platformfor deposition of the i norgani c coating. Preferably, the

t hi ckness of the acrylate coating is about 0.1 mcrons to about 10 m.crons
and nost preferably fromabout 0.5 mcrons-to about 3 mcrons. 5 An
optional third layer may be di sposed over the second | ayer and prefg!
conprises vinylidene chloride - nethyl nmethacrylate - nethacrylate acrylic

acid polynmer (PVDC), rmset i ng y Cco paryl epe palyners or,
pol yesters. 10 Pr eferablefr)l1e Y. Q‘tﬁpé'm?&§ aoplatﬁwniméaq Hion 99 theoorgagis
about 15 i crons ébdtM%StPﬂafa*abl Vibthe thickneab B the dczy hit@lb‘oaﬁm isrout O1e
process for applyln e fir al\er toacotalng iﬁg %eferﬁg Y. 0.5
carried out in a 9& TR @ BYLIqns, apg, MOSE pRGTRIARlY opt; &
netered to a heat ﬂdcrmmjrualmuts’ilnnemmhere the material is atom zed,

vapori zed and gondensed on the surface of the cont ai ner. Foll ow ng deposit
of the nmonomer” onto the surface of .the container, is cured by suitable

means such as el ectron h?éanptmnah@urdztayem@anéwodiswwd aver the isaeord dayernay
be repeated until ahﬂ%x‘éféﬂabﬁﬂ esO{lm ﬁﬂéﬁé dMén@@enn&ﬁ’Mem%ﬁ)a&? I#Ré hod

for depositing a siljcon OXIde I S reating
the first |ayer. oﬁletth%cwwpalaﬁ&‘ 1Ghj ?‘H a Hq %fz@@i%%ﬁ@& PFYen:
(b) controllably toatings) pargknegiolpmers ot polyesgeran or ganosi | i con conpound
into a pl asma and (c) depositing

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

‘The process for applying the first layer to a container is

15 preferably camried out in a vacuum chamber wherein a curable

monomer component is metered to a heated vaporizer system where

the material is atomized, vaporized and condensed on the surface of the

container. Following deposit of the monomer onto the surface of the

container, it is cured by suitable means such as electron beam curing.

20 The deposition and curing steps may be repeated until the desired
number of layers has been achieved.

A method for depositing a silicon oxide based coating is as
follows: (a) pretreating the first layer on the container with a first
25 plasma coating of oxygen; (b) controllably flowing a gas stream
including an organosilicon compound into a plasma; and (c) depositing
a silicon oxide onto the first layer while maintaining a pressure of less
than about 500 microns Hg during the depositing.

30 Although the pretreatment step is optional, it is believed that
the pretreatment step provides for improved adherence qualities
between the second layer and the first layer.
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a silicon oxide onto the first layer while maintaining a pressure of |ess

t han about 500 m crons Hg during the depositing. 30 Al t hough the
pretreatnment step is optional, it is believed that the pretreatnent step
provi des for inproved adherence qualities between the second |ayer and the
first |ayer. 5 The organosilicon conmpound is preferably conbined with
oxygen and optionally heliumor another inert gas such as argon or _rru,litgr gen
and at least a portion of the plasma is preferably magnetically colr)1 | 'ed
adj acent to the surface.of the first layer during the depositing, 5 nost
preferably by an unbal dheedrgagesilicon. comporudCis apeaferablypgpmbuned ewithhe

second ‘ayer by @itk obioR¥lI)ohéliithn’ S anbRIdroMRf. Bs Aichday | digiodor
Ecfe

about 50[err]. 10. refera , ol ositing.a
barti er coating Bitregenand akiehsta, partian of the plasma i p YBBESAN ses

tl g'e fol  owing st leofﬁﬁnéd)acﬁsé@nttbrtlhe'sarfa@ercﬁhhe ﬁx_sotawr&im?ngﬂ@dépcbsfiﬁng, i)
po nclio Cr es. ory 1i) mxtures of nonoacryl ates

and pol yfunct?onﬁosgcﬂrﬁfezﬁ@iy;gxﬁiﬁ"ﬁtbgiqu?gp[&?@?mgnt he conponent into the

chanmber; (c) condensing a first layer of a film-of vaporized conmponent onto

the outer surface of tHgCPYREN %rn%%fyéiegd?ﬁ’érﬁkg%bﬂa 1%2?,] ﬁ, Ldg%pﬁl%)or

vapori zi ng an organosilicagn, co the vo
organosi | i con coRpGEYRg amttheﬁ%gBQW&ﬂztéf aif shryigeat abot XhtGonal 1y an inert

gas conponent to forma gas steam exterior to the chanber;

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

(a) selecting a curable component comprising: - 1)

15 polyfunctional acrylates, or ii) mixtures of monoacrylates

and polyfunctional acrylates; ' |

(b) flash vaporizing the component into the chamber;

(c) condensing a first layer of a film of vaporized component
onto the outer surface of the container;

20 (d) curing the film;

(e) 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;

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

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

(h) depositing a coating of silicon oxide adjacent the first

30 layer; |

(1) repeating steps (a) through (d) above, thereby depositing
an acrylate coating on the silicon oxide coating; and

(J) repeating steps (e) through (h) above; thereby depositing a
silicon oxide coating on said acrylate coating.

_ .
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25 (f) establishing a glow discharge plasma in the chanber from one
or nore of the gas stream conponents; (g) controllably flow ng the gas
streaminto the plasma while confining at | east a portion of .the plasna
therein; (h) depositing a coating of silicon oxide adjacent the first 30

| ayer; (i) repeating steps (a) through (d) above, thereby depositing an
acrylate coating on the silicon oxide coating; and (j) repeating @ﬁslde)
through (h) above; thereby depositing a silicon oxide coating on sai

acryl ate coating. Optionally, the nethod further includes: (k) dip
coating PVDC on the silicon oxide coating. 5 Optionally, steps (i)

through (j) may be rep@pucndliyrthaimethod fusthebimdludés:ti nes before dip

The 1irst layer my be(dafibd %ﬁngﬁfiﬁé‘goaﬁﬁélﬁg%@ b e o

corona di scharge treated prior to applylng the second layer coating.

Plastic tubesgcoated w @ oy it he
priner coati ng, and anc?)éhdﬁﬁ}}g/gé%ﬁsa{u f¢ ?d: ) g?)gﬁﬂ le to
mai nt ai n substanﬁoaabq»f mebef%em peam%%{g o thel S oanaxﬁ%e.r
nonechani cal int @gguhg retention than previous tubes conprised of polyner
conpositions and bl ends thereof without a coating of barrier materials or
of tubes conprising only an oxide coating. In addition, the tube's

resistance to inpact i Qmmﬂalbgtﬂxercmﬂtameicand/batth@fﬁrgt dayer mayt bedlahey i s
the ol arity g6 ¢ ol Cr-fiANG QR eAHY b Sofbhid didtited treutb i @

W t hst and resT st ) act
applying the second layer coating.

Plastic tubes coated with the multi-layer barrier coating,

comprising the primer coating, and an oxide layer and an overcoating

15 layer are able to maintain substantially far better vacuum retention,

draw volume and their momechanical 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

coating. In addition, the tube's resistance to impact is much better than

20 that of glass. Most notably is the clarity of the multi-layer coating and

its durability to substantially withstand resistance to impact and
abrasion.

Most preferably, the container of the present invention is a

25 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
terephthalate, polypropylene, polyethylene napthalate or copolymers

thereof.
30
Printing may be placed on the multi-layer barrier coating
applied to the container of interest. For example, a product
identification, bar code, brand name, company logo, lot number,
expiration date and other data and information may all be included on
6 .
T




abrasion. Mst preferably, the container of the present invention is a 25
bl ood coll ection device. The bl ood collection device can be either an
‘evacuat ed bl ood collection tube or a non-evacuated bl ood col |l ection tube.
The bl ood collection tube is desirably nade of polyethyl ene terephthal ate,
pol ypr opyl ene, pol yet hyl ene napt hal ate or copol ynmers thereof 30 Printing
may be placed on the nulti-layer barrier coating applied to the cop _gingr
of interest. For exanple, a product identification, bar code, brand nane,

conmpany | ogo, lot nunrber, expiratign date and oth ata and
may all be incl uddg er coatiig. p MPreqverogrmate ﬁ%‘lsgd?fe? coioﬁﬁt‘ﬁéaaqrgf’gh
or a corona di scrsmm sdy deedewsloped day ¢he tedien ddaemlgasolasr te anakeghso

The label . Furt ner b e LR, for, Hrilthe A@Hﬁﬂ& a@%&i&n&w@% ek

over 5 the barriEurthermmoney a pressure seositiveoadhesive ab@lsnms et ace over
over-labels, fs0r weapmifr d?fgﬁh 8 Phy tota{b%o%hbdaﬂ @hbb@ﬁal%@éﬂ-ﬁ%eﬁ
es a transpar ent oOr C ess appear ance and

t he present mve%on pr
may have 10 pri @r applied thereon. An advant age is that the
met hod of the present invention provides a reduction in the gas

perneability of three-dj sk onal S; t hat, has not been eved w

conventi onal depositi ng,%g“ ’hcﬂ} t%‘?‘i‘aﬁ% u?@T% t‘??a? Ir}‘hﬁ Pres

been found in thanventientprowidestd transparent oe cadxmlrebsstq:pearance and may have
10  printed matter applied thereon.

An advantage is that the method of the present invention
provides a reduction in the gas permeability of three-dimensional
objects that has not been achieved with conventional deposition

15 method typically used with thin films.

It has been found in the present invention that the acrylate
organic material, provides a good platform for the growth of the dense
SiOy barrier material. '

20

It has been found that a highly crosslinked layer of acrylate
improves the adhesion between a plastic surface and SiOy and overall
mmproves the thermomechanical stability of the coated system. In
addition, acrylate primer coating has a role of a planarization (leveling)

25 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 arcylate is polar and the polarity provides means for good
bond formation between the SiOx and the acrylate. In addition, it has

30 been found that a good bond formation is made between plastic tubes
made of polypropylene and acrylate. Thus, the present invention
provides the means of substantially improving the barrier properties of
polypropylene tubes. The adhesion properties of both the acrylate
coating and the oxide coating can be further substantially improved by

7
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organic material, provides a good platformfor the growmh of the dense
[err] barrier material. 20 It has been found that a highly crosslinked

| ayer of acrylate inproves the adhesi on between a plastic surface and [err]
and overall inproves the thernonechanical stability of the coated system
In addition, acrylate prinmer coating has a role of a planarization
(leveling) 25 layer, covering the particles and inperfections on tpg120
surface of a polynmer and reducing the defect density in the deposited

due {othe Tact | RUEFAGE cPrefentmensomathally S 21 ining” o pragehnPliuns

ue to the fac o o] 0 or
goodbbondf for (rjrat Lamebme,% signéfi¢antedaction e peomghbility olfrthjmdﬁclied ,duettohas
30 een found t . [ i t KRt

made of pol ypr opy [ SuBRAALANY nioVR SOy JufR0E ARIHIES (RIS LB DY
the neans of substhéusapfq primenooaigng b aperlateon phoplasticastigle surface.

pol ypropyl ene ¢ubes. The adhesion properties of both the acrylate coating

0 D e okl BB B ™
SUBS ant Al 1y | Moot L B P T ercre e
3:‘] Z Spi ner zoa{r}oﬁé}ﬁﬁ ‘Ef(’,"hyrga m(?ﬁ’egﬁﬁe ﬁf’&ﬁ}?l& rgg.fstiagﬁg O?Jﬁ?ﬁ@x %0"1‘ 2| ayer
of PVDC inproves the layer of [err] because it plugs the defects and/or
raTar S ST e LA oSaetng BLGRITRe LoRel Bhup 8 gy
col l ection tube cgm Gpatng ok tﬁﬁlﬁrﬁsﬂgyﬂweﬂﬂon 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
mertness, hematology, blood chemistry, blood typing, toxicology
15 analysis or therapeutic drug monitoring and other clinical tests
mmvolving body fluids. Furthermore, 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 readiation in the sterilization process with substantially
20 no change in optical or mechanical and functional properties.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a typiéal blood collection tube
25 with a stopper. '

FIG. 2 is a longitudinal sectional view of the tube of FIG. 1
~ taken along line 2-2. |

30 FIG. 3 is a longitudinal sectional view of a tube-shaped
container similar to the tube of FIG. 1 without a stopper, comprising a
multi-layer barrier coating.
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barrier coating of the present invention will not interfere with testing
and analysis that is typically perforned on blood in a tube. Such tests
include but are not limted to, routine chenmical analysis, biological

i nertness, hematol ogy, blood chem stry, blood typing, toxicology 15

anal ysis or therapeutic drug nonitoring and other clinical tests i nvoI Vi ng
body fluids. Furthernore, a plastic¢ blood collection tube coated ge
barrier coating is capable of being subjected to autonmated machi nery such
as centrifuges and may expased (o certain |levels of readiati i
sterilization process \ﬁ%& guﬂ%t&n{qllﬂﬂl gl sgeft nQéCWnng@i e—g ape(f
mechani cal and f wegitaines sigfikesdt ﬂ%mUESWIGIMJ%WWﬂ@g dis
a perspective Vi ew f.a typical blood collection tube 25 with a st opper.
FIG 2is a | ongihili-layer Z’@E@?roﬁ%‘fmbg ew of the tube of FIG 1 taken al ong
line 2-2. 30 FIG -3 is a longitudinal sectional view of a

be- shaped |
conprioing a pul ti-LayadGha 15 ﬁ%feé?%&ﬂ%%ﬂﬁa?“%‘ﬁé&fi%memwew
9 FIG 4 is a |ofdi ﬂmadmwsntlg@dilusﬁanngutgw tybe with e stoppsgdsBlaraton KIG.

sinmlar to the tlahﬁ Wit tise rﬂum-ra@eﬁ tﬁdrﬁewoauﬁgnem gssﬁn%%th ﬂﬂ-y@abe

barrier coating is a |longitudinal tion view of a
further enbodi ne@PdO?tOPH%rm%‘l’ﬁl on illustrating the tube with a stopper
simlar to FIG 1 and with the nulti-layer barrier coating encompassing

both the tubgyand stopRgg tEYi§fates an enlarged partially sectioned, diagram of a
flash evaporator apparatus.

FIG. 7 illustrates a plasma deposition system.

15 FIG 8 is a general schematic diagram illustrating the layers
deposited on the substrate



10 FIG 6 illustrates an enlarged partially sectioned, diagramof a

flash evaporator apparatus. FIG 7 illustrates a plasna deposition system
15 FIG 8 is a general schematic diagramillustrating the |ayers
deposited on the substrate. This is the replacenent sheet 10 DETAI LED

DESCRI PTI ON The present invention may be enbodied in other specific forns 5
and is not limted to any specific enbodi nent described in detail ]yg_)sml S
nerely exenplary. Various other nodifications will be apparent to and
readily nmade by those skilled in the art w thout departing fromthe scope
and spirit of the invention. The scope of the invention will be measured by
t he -appended clains and their eqPREAINED DESCRIPTIONt 0 the drawi ngs in
which like reference characters Tefer to ITke parts throughout the several
views thereof, FIGS. 1 and 2 show a typical blood collection tube 10,
having a sidewal |l 11 exFeepresgnt imverdoromay beémbodied in otherespeerfic f&rmsid a

st opper 14 which - dncld I : ' ek Q)
extends into gnd %rﬁelssslggt lgg'g?'ﬁg%’ %ﬁl’%bﬁ%@g{e&g? °§§“‘?§‘%E’§P§§”\Nm‘ﬁ?&
mei Nt ai ni ng st oppémerely rexsgga@éy.Fﬁ@nC;;s@ﬂmo Higafions| gtmparna;;z_
ere are ree rg@eh i afttwidh fom i on
tube: (A) gas permaﬁyﬁlmr oﬁggpﬁ?gest g&g:ﬂ |ll1et/eri al ; bg%zébasﬁ%erne td on
through the tube S¢QBE(@8d sRUK ok the Berﬂ;gb@qpﬁtgﬁ é‘%’%@?’b%ﬁebe -
when there is submeasiredbyythecappendedrolmats and dreir equivadéntst here is good

vacuum 10

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

15 includes a lower annular portion or skirt 15 which extends into and

presses against the inner surface 12 of the sidewall for maintaining
stopper 14 in place.

'FIG. 2 schematically illustrates that there are three mechanisms
20 for a change in vacuum in a blood collection tube: (A) gas permeation
through the stopper material; (B) gas permeation through the tube and
(C) leak at the stopper tube interface. Therefore, when there is
substantially no gas permeation and no leak, there is good vacuum
retention and good draw volume retention.
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
substantially identical to the components of FIGS. 1 and 2.
30 Accordingly, similar components performing similar functions will be
~ npumbered identically to those components of FIGS. 1 and 2, except
that a suffix "a" will be used to identify those components in FIG. 3.
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retenti on and good draw volune retention. 25 FIG 3 shows the preferred
enbodi nent of the invention, a plastic tube coated wth at |east two | ayers
of barrier materials. The preferred enbodi nent includes nany conponents

whi ch are substantially identical to the conponents of FIGS. 1 and 2. 30
Accordingly, simlar conponents performng simlar functions will be
‘nunbered identically to those conponents of FIGS. 1 and 2, except i,hj{izﬁl

suffix "a" will

be used to identify those corrponents in FIG 3.

Referring now to FIG 3, the preferred_enbaqdi mant the i nvePtlon

col l ection tube assenbl Z?tDTlBSnﬁOWsé@ Bl 3stthe p "ﬂae

meng ef dbeal |

1la extending fr%@ﬁtl@ﬂ,eaéﬂe@t%h lﬁﬁetd%sém‘ﬁ'l Wc@ﬂﬂ)rﬂs%§ a Hlastid beke dVal i ng
er

25 extends over
with the excepti

GRS shsidenrall 1o %snémé?ﬁeﬁaﬁﬁ?@a%ﬁcwéi@ié 4gbted

| ayer 26 of pol ynend IﬁaerAdiarnapboam@ESaextym@s evera sabsttiahperti@y of fthe

an or bani ¢ over ocAReT,Utad8 BEShERE A, e BARELAA, 7 U, bAY i, ’a‘ﬁm@ o

conprises a. m|t|qﬂm25mpna@s ef fixst dayery26es polygner matennl such asealmnd

mul tipl e sequence

| ayer = [err] (i

—

El%‘,' 'd”Ei (23 OZ'WHT' & Iﬁﬁﬁfglé‘ Qeegubﬁé’é Qﬁ“irfo | §9d N

di nent of

wher e n=0-10. 15 F| ustrag ter

i nvention, wher ei9F2aBiq 6@@@%&9 2t &@5@3‘8 %ﬁ%r‘?rgégmspﬁfﬁwauﬁlg layer
place for closi nguehess EV(ID@l oThé WeeoAd. 1a§@r cpreférabiye eccompiisesal muidiple
ext ends fromlgpense%ngn coa{lgésegxspe%seéagl}gllaw%pper 48 i ncl udes an

annul ar

15

20

25

30

Second layer = ) (inorganic coating + organic coating + inorganic
coating) B ’
where n=0-10.

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 S0 which extends over the top edge of tube 42. Stopper
48 includes a lower annular portion or skirt 49 which extends into and
presses against the inside inner surface 46 of sidewall 43 for
maintaining stopper 48 in place. Also, the stopper has a septum
portion 52 for receiving a cannula therethrough.

Thus, the user, once receiving a container such as that shown in
FIG. 4 with a sample contained therein, may insert a cannula through
septum S2 for receiving part or all of the contents in tube 42 to perform
various tests on a sample. Covering a substantial portion of the length
of the tube is a multi-layer barrier coating 45. Multi-layer barrier
coating 45 covers substantially most of the tube with the exception of
open end 41 thereof. Multi-layer barrier coating 45 comprises a first
layer 54 of a polymer matenal, a second layer 56 of multiple sequence
of inorganic and organic materials such as silicone oxide and acrylate

11
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20 upper portion 50 which extends over the top edge of tube 42. Stopper 48

i ncl udes a | ower annul ar portion or skirt 49 which extends into and presses
against the inside inner surface 46 of sidewall 43 for nmaintaining stopper
48 in place. Also, the stopper has a septum portion 52 for receiving a
cannul a therethrough. 25 Thus, the user, once receiving a contai ner such as
that shown in FIG 4 with a sanple contained therein, nmay insert apcyagl a
t hrough septum 52 for receiving part or all of the contents in tube 42 to
perform various tests,on sa Coveri.ng a .substant, al ,port f e
Pangtn 30 of ¢ h@RBbART Fayehath of Pl SEPAI HATEFT BensuRl 55 BVICT 1S
barrier coating 45 differy frombihieaembeldimentan BIGt Be in ljlhat vﬂlehtuheermgcdm i on
of open end 41 t ReneRirelith i lahkhRS g‘fé)&hgééﬁ $OSOPPRE i°helel s

| ayer 54 of a polyner iate a secon |'e sequence of
i norgani ¢ and orggwapnhﬁaeonaofs layges Sdsand | Q@H@Téb@dlé @nd/gkgﬂ%tﬁ\t ely, th

and a third | syeimdffi-Byef bafieR8oRit2 idybe Bpeia HectibesafIE ha! &en4

differs fromthe enb He in FIG the tube may be evacuat ed
with the sinul taﬁé@ﬁ‘éa t8acenent of stopper 48 therein after the application
of layers 54 and 56 over the tube. Alternatively, the 5 nulti-I|ayer

barrier coating nay be I f n u
FIG 5 shows an additi gﬂgf 5 ﬁﬂ%‘@géﬂﬁd@#‘%‘?ﬁg %?4@@@ Y ﬁ% b% &ﬁ it
The alternate endodiartuhe. f’ti‘hetaltmnaterembedmemrﬁxmhnes ma smularnaanner to
enbodi ment i h usihabhfhddimehBillstr age&%gg GOy AbOIiblyC SiFRAAF Bbmponents
performng sim Ihg)re unct i ons qull; waliche n l}FllecalE)‘ & those
conponents in t

components in the embodiment of FIG. 4, except that a suffix "a"

be used to identify those components in FIG."5.

1))

will

15 Referring now to FIG. 5, a further embodiment 60 of the
invention wherein multi-layer barrier coating 45a incorporates both
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

20 determined if the sealed container has been tampered with. Such an
embodiment may be utilized, for 'example, for sealing the container
with the stopper in place. Once a sample has been placed in the tube,
the sample cannot be tampered with by removal of the stopper.
Additionally, the serrations may be registered so that it can be

25 determined if the sealed container has been tampered with. Such an
‘arrangement may be appropriate, for example, in drug abuse testing,
specimen identification and quality control.

In an alternate embodiment of the invention, multi-layer barrier

30 coating 45 is repeatedly or sequentially applied to the inner and/or

outer surface of the tube Preferably, the coating is applied at least
twice.

12
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be used to identify those conmponents in FIG 5. 15 Referring now to
FI.G 5, a further enbodi nent 60 of the invention wherein nulti-I|ayer
barrier coating 45a incorporates both upper portion 50a of stopper 48a, as
well as the entire outer surface of tube 42a. Milti-layer barrier coating
45a includes serrations 62 at the tube, stopper interface. The serrations.
are registered so that it can be 20 determned if the seal ed Contl"'ffl() has
been tanpered with. Such an embodi nent may be utilized, for exanple or
seal ing the contai ner th t.he st opper pl ace. Once sanpl.e has, be

pl aced in the tube, wﬂﬂpeeua G Od)i@m#ﬁ@n@aewmn ﬂ@&épchftugﬁ%

st opper. Addltloﬂﬂhj‘ibontéjﬁ r‘éﬁgéﬂ%llﬁrﬂiefl%mﬁﬁ hddithles’ @dcoatingmbni theGanebe
25 determned if t iﬁal cont ai ner has been tanpered wt Such an

ar r angenent rray [96 f for exanple, in drug abuse testl ng,

speci men identification and qual ity control. In an alternate enbodi nent of

the inventiong multi-l| ?}ﬁlmh_!as,ér :{%}_ngp%b?ﬁag% eﬂgﬁfﬂnﬁi@}f clear or

sequentially applled t eresur

Preferably, the dwnslugentbarpsri efheareforasthe opRtents o 1a3nlastw tube, avith 2
under st ood by pr&ﬁﬁlt;;;ﬁ?rl’iafriérté&tﬁf cofpHsifg Cdt Idﬁ@?%wmﬂafér@téffbamer

reagents in the formof additives or. coating
tube. 5 gafﬁ’rqli]iyeP’lséi?;& ?%gtﬁPoSﬁierXeg L%V\ﬁ%tsﬁﬁ’lel ?n?ﬁ ear
or translucent bademteﬁym fmfcﬂﬁmtmn hiay bermsptagedf overpthes multitlayer \Wiarhern

mul ti-Iayer [ 0, | ayers of barrier
materials ar 28 g?@&ﬁgaa;qe{}at ff % édﬂpﬂ%rﬁlagﬁéi‘%er at the sane tine
identifying informati on nay be displayed over the nulti-layer barrier
The first layer of the multi-layer barrier coating may be formed
* on the tube by dip-coating, roll-coating or spraying acrylate monomer

or the blend of monomers, followed by UV curing process.

15
The acrylate polymer material may also be applied to the tube
by an evaporation and curing process carried out as described m U.S.
Patent No. 5,032,461, the disclosure of which is herein incorporated by
reference.
20

The acrylate evaporation and curing process involves first
atomizing the acrylate monomer into about 50 micron droplets and then
flashing them off of a heated surface. This produces an acrylate
molecular vapor which has the same chemistry as the starting

25 monomer.

Acrylates are available with almost any chemistry desired.

They usually have either one, two or three acrylate groups per

molecule. Various mixtures of mono, di and tri acrylates are useful in

30 the present invention. Most preferable are monoacrylates and
diacrylates.

Acrylates form one of the most reactive classes of chemicals.
They cure rapidly when exposed to UV or electron beam radiation to

~
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10 coating after it is applied to the plastic tube. The first |layer of the
mul ti-layer barrier coating may be fornmed on the tube by dip-coating,
roll-coating or spraying acryl ate nononmer or the blend of nononers,

foll owed by WV curing process. 15 The acrylate polyner material may al so be
applied to the tube by an evaporation and curing process carried out as
described in U S. Patent No. 5,032,461, the disclosure of which ispggfﬁbn
incorporated by reference. 20 The acrylate evaporation and curing process

i nvol ves first atom zing the acrylate nmonongr . into about .50 m cron droplets
and then flashi ngtpome.aa Srossohinked strucdusauy | 4bis nmagtsprleglnctsmpgﬁa e yand e

nmol ecul ar vapor vgbrggmha@s{smlts;ﬁrﬁpemrmqhéw@gnghe starting 25 nononer.
Acryl ates are available- with alnbst any chem stry desired. They usually

have either one, two or three acrylate groups per nol ecul e. Various
m xtures of nono, di arbh¢ moromer ataterials artilizetdudre rel@fvely Howpiremmilecular

formone of 1 he nciFBRved! TRETIO AL, ﬁﬁfﬂfgb%ﬁ*/ R Pl SAW
exposed to W or ¥kenddiavecuaporapressuras betwoeansabeut: hx O ore anshd Xiﬂ
14 forma cross- 'T&f%{ ﬁhﬁ&ﬁtdlféi‘n?c?r‘&hﬁe' amdy éséiirs ber‘i}é‘féﬁ&élyelo%ﬂ%oﬂmg
abr asi on resi st ant rtres I n coatin nl?)nﬁr,rrmteirlaresfrred :
utilized are rel JP?{‘)FH?@S [YaReT B fsawe o about X orr 1S prete
Polyfunctlonal acrylates are especially preferred. The monomers
10 employed have at least two double bonds (i.e., a plurality of olefinic
groups). The high-vapor-pressure monomers used in the present
invention can be vaporized at low temperatures and thus are not
degraded (cracked) by the heating process. The absence of unreactive
degradation products means that films formed from these low
15 molecular weight, high-vapor-pressure monomers have reduced volatile
levels of components. As a result, substantially all of the deposited
monomer is reactive and will cure to form an integral film when
exposed to a source of radiation. These properties make it possible to
provide substantially continuous coating despite the fact that the film is
20 very thin. The cured film exhibits excellent adhesion and are resistant
to chemical attack by organic solvents and inorganic salts.

Because of their reactivity, physical properties and the

properties of cured films formed from such components, polyfunctional

25  acrylates are particularly useful monomeric materials. The general
formula for such polyfunctional acrylates is:

14
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5 weight, between 150 and 1,000 and preferably in the range of 200 to 300
and have vapor pressures between about 1x10[err] Torr and 1x10[err] Torr at
standard tenperature and pressure (i.e., relatively low boiling materials).
A vapor pressure of about 1x10[err] Torr is preferred. Polyfunctional
acrylates are especially preferred. The nononers 10 enployed have at

| east two double bonds (i.e., a plurality of olefinic groups). The p_312¢

hi gh- vapor - pressure nononers used in the present invention can be vapori zed
at |ow tenperatures and thus are not degraded (cracked) by the heating
process. The absence of unreactive degradation products neans that filns
formed fromthese | ow 15 nol €cul ar wei ght, hi gh-vapor-pressure nononers
have reduced volatile Ievels f conponents. As a result, substantially al

of the deposited nonomer js actlve and will cure to form an integral film
when exposed to a sourcR CK%&FHEH@bn These properties nmake it possible to
provide substagtially continuo coating despite the fact that the filmis
20 very thin. The cured f||ﬁ1§€?|bits excel | ent adhesion and are resistant
to chem cal attack by organic vents and inorganic salts. Because of
their reactivity, physical properties and the properties of cured filns
formed from such %aggpnents, pol yfunctional 25 acrylates are particularly
useful nononeric | s. The general formula for such pol yfunctiona
acrylates is: This is the replacenent sheet 15 [err] 5 wherein: 10

[err] is an ajjphatic, @1 fys bhpRA&T ARG M abled Aipmatil-hficy @t flical;
R2 is a hydrogen, methyl, ethyl, propyl, butyl or pentyl; and
nis from 2 to 4.

Such polyfunctional acrylates may also be used in combination
15 with various monacrylates, such as those having the formula:

x1
l .
CH3(CH2)C~(CHp)sX3
l

20
CH,0C-C=CH;
I
O R2
25 wherein:
R2, is as defined above;
X! is H, epoxy, 1,6-hexanediol, tripropyleneglycol or urethane;
and
30 r, s are 1-18.

15
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R2is a hydrogen, met hyl, ethyl, propyl, butyl or pentyl; and nis from?2
to 4. Such pol yfunctional acrylates may al so be used-in conbination 15
wi th various nonacryl ates, such as those having the formula: xI [err] 20 25

wherein: [err], is as defined above; [err] is H, epoxy, 1,6-hexanediol,
tripropyl enegl ycol or urethane; and 30 r,sare 1-18. 0 16 [err]
and 5 [err] is CNor [err] wherein [err] is an alkyl radigplzg

containing 1-4 carbon atons. Most often, [err] is CN or COOCH3. Dracry ates

of the fornmula below are p referred: 10 [err] [err] 15 wherein:
X1, r and s are as defi nedﬁéﬁ&g %ﬁé@% I s acconplished by opening the
double bonds of the reactant nolecules. This can be acconplished by neans
of an ener gy " R2 '

5 X3 is CN or COOR3 wherein R3 is an alkyl radical containing
1-4 carbon atoms. Most often, X3 is CN or COOCH3.

Diacrylates of the formula below are particularly preferred:

O
10 I
CH3(CH)3),CX1(CH2)sCH2OC-CH=CH>
|
CH>OC-CH=CH>
o
15 0)
wherein:
X1, r and s are as defined above.
20 -

Curing is accomplished by opening the double bonds of the
reactant molecules. This can be accomplished by means of an energy
source such as apparatus which emits infrared, electrons or ultraviolet
radiation.

25

FIG. 6 illustrates the process for applying an acrylate coating.

An acrylate monomer 100 is directed through a dielectric evaporator

102 and then through an ultrasonic atomizer 104 and into a vacuum

chamber 106. The monomer droplets are atomized ultrasonically and

30 the droplets vaporized where they condense on the rotating tube or film
that is loaded on a drum 108.

The condensed monomer liquid subsequently is radiation cured
by means of an electron beam gun 110.

16
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source such as apparatus which emts infrared, electrons or ultraviolet
radiation. 25 FIG 6 illustrates the process for applying an acryl ate
coating. An acrylate nononer 100 is directed through a dielectric
evaporator 102 and then through an ultrasonic atom zer 104 and into a
vacuum chanber 106. The nononer droplets are atom zed ultrasonically and 30
the droplets. vaporized where they condense on the rotating tube orpfyjl

that is | oaded on a drum 108. The condensed nononer |iquid subsequently is
radi ati on cured by means of an el ectron beam gun 110. 17 The second

| ayer of the nulti-layer barrier coating, an inorganic material, may be
formed over the acryl affthecssgionddaper oﬁﬁmﬁlmhwﬂ;arﬂescba&ng,mﬂm hnier

o5 desori bed | ﬁe%*)%eﬁéﬁﬂeﬂy%toﬂm@%e br B¢ SRyt UGG by BB SRR O
5, 055, 318, the ddmhasga ediroét Whldilalam beari depositionorsputering mfplasmae
o cremle. 8 e BN S B N
plasma is deri vet %%gig é{§§ apd B> ﬁé% sfthea §19$B&Pﬁerﬂ swqﬂﬁhl

preferably is dehemdtl ihné@Poreddnsreferer i tself. The article is positi oned
In the plasma, preferably adjacent the confined plasma, and the gas stream

is controllably flowed into the 15 plasma. A silicon oxide based filmis
deposi ted on the subst Fareexampledesimethodhiofkdepositiiip ean hoxideesoatmig tise

oxi de coatingy i s,3004Eq 100 MASISHRAE 4 ohP diiBUtee! Pidifa‘in & pRVIETNESS ©f

| ess than about . )
evacuated chamber. The plasma is derived from one or more of the

gas stream components, and preferably is derived from the gas stream
itself. The article is positioned in the plasma, preférably adjacent the
confined plasma, and the gas stream is controllably flowed into the

15 plasma. A silicon oxide based film is deposited on the substrate to a
desired thickness. The thickness of the oxide coating is about 100
Angstroms (A) to about 10,000 A. A thickness of less than about
"5,000 A may not provide sufficient barrier and a thickness of greater
than about 5,000 A may crack, thus decreasing the effective barrier.

20 Most preferably, the thickness of the oxide coating is about 1,000 A
to about 3,000 A.

Another method of depositing an oxide coating is by
confining a plasma with magnets. Preferably, the magnetically
25 enhanced method for depositing a silicon oxide based film on a
substrate is preferably conducted in a previously evacuated chamber
of glow discharge from a gas stream. The gas stream preferably
comprises at least two components: a volatilized organosilicon
component, an oxidizer component such as oxygen, nitrous oxide,

30 carbon dioxide or air and an optionally inert gas component.

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

17
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5,000 A may not provide sufficient barrier and a thickness of greater than
about 5,000 A may crack, thus decreasing the effective barrier. 20 Mbst
preferably, the thickness of the oxide coating is about 1,000 A to about
3,000 A. Another nmethod of depositing an oxide coating is by confining a
plasma with magnets. Preferably, the magnetically 25 enhanced nethod for
depositing a silicon oxide based filmon a substrate is preferably p.312¢
conducted in a previously evacuated chamber of gl ow discharge froma gas

Vol at11126d or gandBPRt Do leABHer Capnd inclnge iHpesEne. Tuontadsialh

ni trous oxide, 30diethylsilang] pmmésulnnea|phemytk1hmeph3xmathwdlsuiane galsz 2—
streamin the pl LE%%SB@Q{*@ﬁéﬁ%&ﬁ@ﬁﬁé@&?@%&ﬁ%@?ﬂ%ﬁ ipsthvislignan:
t enper ature and wiathene.at hexamethyldisilaxans,| i vigypoitiimethoxg silsne, ovayl] to
about 150[err]s anﬁhéﬁﬂhﬁroﬂgﬁlﬁémt hy%‘tﬁ ?iﬂfﬂﬁiﬂ%}" si | éﬂﬁllﬂ’ﬂh@ﬂl@)ﬁ%ﬂﬁ’@e
propyl si | ane, pheal | SI

tetramethyl disila Gine) ne?‘ﬁéﬁ'@e%hﬁ QS’Q%WW& hy! sAiynyl-
net hane, hexanet hhbﬂmeﬂgﬂﬁmlomneyl trimet hoxm\anyl@eﬁtameﬂwlltrﬁlloxazane |

triethyoxysil ane, oxvslla | trimethoxysilane,
di vi nyl t et ranet hﬁ%}fﬁfi@i}g‘%ﬁ %%ﬁ et ?’Pg@'gi; e divinyl-
hexanet hyl tri si | oxane, trivinyl pentanethyltrisiloxazane, '
t etraet hoxysi jgne and t t hi [ et eLr ed
organosi | i conis@ are %‘gg tgi rréﬁ'ﬁf?‘rd&gll gne 11 (hs% éir}]g
hexanet hyl di si | oxtfeamg Hoxarey | si FIHF@ .‘/ﬂ%‘@ﬂﬂ trinke ?@5 ﬁ oxane,
vinyl trimet hoxysi viiydtrimethylsilane, methyltrimethoxysilane, vinyltrimethoxysilane
and hexamethyldisilazane. These preferred organésilicon compounds
have boiling points of 71°C, 55.5°C, 102°C, 123°C and 127°C
15 respectively.

,_>

The optional inert gas of the gas stream preferably is helium,
argon or nitrogen.

20 The wvolatilized organosilicon component is preferably
admixed with 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.

25

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.

30 .

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

13
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and hexanet hyl di sil azane. These preferred organosilicon conpounds have
boiling points of 71[err], 55.5[err], 102[err], 123[err] and 127[err] 15
respectively. The optional inert gas of the gas streampreferably is

hel ium argon or nitrogen. 20 The volatilized organosilicon
conponent is preferably adm xed with the oxygen component and the inert gas
conponent before being flowed into the chanber. The quantities of tphggen
gases being so adm xed are controlled by flow controllers so as to

adj ustably control . the . flo te ratl of t S _streamconponents.
Various opti cal n‘é%ﬁe&b%thﬂttﬂg B 6%138@&1?“( Bpgﬁ’tnerﬁ‘l% SYR &
]Eh: ck?ﬁsskof t he prepeard edsiltd inWower | §bbnmdxemimst udmemrmglger aysteine

i | mthickness c r

deposi tion Cha%gﬁt&gﬁg&%ﬁ%gﬁsﬁ ﬂé?é ﬁgﬁr%e% m eg‘gg)ﬁ%ﬁlve%ﬁcw%s
preferably practibkedoated & hcatv&ﬂl’)ﬁltmﬁgl‘a systeng pressurewnay desused
pressure |ess g haﬁ@pﬂ et T a I n
t he deposition, a pre% E&gl y t ”let g rigg]rﬂ{e;)sgtﬁmggéigﬂfp&egt&g g
19 43 to about 49@cPRSifion &etcaaﬁﬁ sWasteat tERLE JeMpesaiuses are 1o be(ﬁm ed gﬁf
pressure results ldw |T%\@hlﬁﬁéﬁ§sﬁ¢lplasrmﬂgpmﬁ3&éﬂ@%nﬂl BB (Byssen0pCeandr e

|

provi des faster on rab&s When the plastic article to be coated is
heat sensitive, @QS pressure may be used to 5 mnimze the
amount of heat the substrate I s exposed to during
10 The substrate is electrically isolated from the deposition
system (except for electrical contact with the plasma) and is at a
temperature of less than about 80°C during the deposmng That 1s,
the substrate is not dehberately heated.

15 ~ Referring to FIG. 7, the system for depositing a silicon oxide
based film comprises an enclosed reaction chamber 170 in which a
plasma is formed and in which a substrate or tube 171, is placed for
depositing a thin film of material on a sample holder 172. The
substrate can be any vacuum compatible material, such as plastic.

20 One or more gases are supplied to the reaction chamber by a gas
supply system 173. An electric field is created by a power supply
174.

The reaction chamber can be of an appropriate type to
25 perform any of the plasma-enhanced chemical vapor deposition
(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.

30 ~ The pressure of the chamber is controlled by a mechanical
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

—_— '19
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deposi tion because high substrate tenperatures are to be avoided for [ow Tg
pol ymers such as pol ypropyl ene and PET (Tg is -10[err] and 60[err]
respectively). 10 The substrate is electrically isolated fromthe
deposition system (except for electrical contact with the plasma) and is at
a tenperature of |ess than about 80[err] during the depositing. That is,
the substrate is not deliberately heated. 15 Referring to FpG 270
the system for depositing a silicon oxide based filmconprises an enc* osed

reacti on chanber in ich ma i s _far and in.which a s a
o uba 1S Pe shaoran: by meckaticAngumR 159, | (e GPerAting PErSSUF Pl
hol der .172. The shasiberts glboutb90 oy abewt d40ceTiort ifor @ PEEVIDalor lastnaas

Gaesuppl y syst oRbARH AR Hlofes ﬁi?%ﬁﬁﬂe%@&e%ﬂi@@ﬁ@%’%p%sg 174,

The reaction chamxygenandtimethyl sdapeomto the chamb etof
the pl asma- enhangeg chenical vapor deposition (PECVD) or pI asna

pol yneri zation procéss. Furthernore, the reaction chanber nmay be nodified
so that one or nore articles may be coated with an oxide |ayer

si nul t ?nefrsgybwi thin l’lf‘hkﬁﬁﬁfﬁlﬁns osited on mﬂ;@u&r%&ﬁfgge oifltygftgbe@mbfr
IS controlle y a rrec connec Q chanper a,val ve
150  “The t ube ¢ oS 3 unfip B, thiclalias o1, € ehastion firofdss Hay be

hol der 172. The mmmtedqfendthcallgambammguzemeaangtofahombim iandfdre
repl acement %Qg%lecm?&é TnlPSf iy sTEARA Yefiftve? Pitiditte TRatRPCH3M e

pressure of f .
articles.

Magnets 196 and 198 are positioned behind electrode 200 to
create an appropriate combination of magnetic and electrical fields in
15 the plasma region around the tube.

The system is suitable for low frequency operation. An
example frequency is 40kHz. However, there can be some
advantages from operating at a much high frequency, such as in the

20 radio frequency range of several megahertz. |

The silicon oxide based film or blends thereof used in
accordance with this disclosure, may contain conventional additives
and ingredients which do not adversely affect the properties of

25 articles made therefrom.

The third layer of the multi-layer barrier coating may be
formed on the second layer by dip-coating, roli-coating or spraying an
agueous emulsion of the polyoinylidene chloride or homo or co-

30 polymers, followed by air drying.

The third layer may preferably be vinylidene chloride-
acrylonitrile-methyl  methacrylate-methyl acrylate-acrylic  acid

20
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chanmber is about 90 to about 140 mforr for a PECVD or plasma pol ynerization
process and.is achieved by flow ng the process gases, oxygen and tri nethyl
silane, into the chanmber through nononmer inlet 5 176. The thin filmis
deposited on the outer surface of the tube and has a desired uniform

t hi ckness or the deposition process nmay be interrupted periodically to
mnimze heating of the substrate and/or 10 el ectrodes and/or phyplfﬁﬁy
renmove particulate matter fromthe articles. Magnets 196 and 198 are

posi ti oned behind el ectrode 200 to create an appropri ate conbi {“latl on of
magnetic and el e€opobygners, ethegmosettng apoxyl £oaHNZHgPeRYIsRe uBalIMIS; WM.
The systemis swmgelfsor | ow frequency operation. An exanple frequency
is 40kHz. However, there can be sone advantages from operating at a mnuch
hi gh frequency, such as in the 20 radio frequency range of several
megahertz. The silicon Mfetablyasthel thirdriayer i3 & pisylenerpolymese dPanylene is

"ored; ent s v CF%H% ?“‘3' ﬁverse Pf“e’éc* fﬂ ﬁ%ﬁ%{a. %%hsgd‘?g}éléi??‘? E"Bfe’s
made t herefrom atbida Ol‘pﬁrath basgymenther Q:&@lﬂesagc
formed on the Se‘iﬁi‘ﬁehéwrls lgﬁFggﬁéh@%hh %ﬂéc?fé’t lﬂﬂ: ﬂ&téri&lay' ng an

agueous enul si onof” t he pol e chlori onob or co-
polynmers, followed by air drylng The third | ayer may preferably be
vinylidene <chloride- acrylonitrile-methyl nethacryl ate-nethyl '

acryl ate- acr%i c acid

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

20

' ' cl
{ac )
25 .

15

\
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copol ymers, thernpsetting epoxy coatings, parylene polyners, or polyesters.
Preferably, the third layer is a parylene polyner. Parylene is 5 the
generic nane for nmenbers of the polyner series devel oped by Uni on Carbide
Corporation. The base nenber of the series, called parylene N, is
poly-p-exlylene, a linear, crystalline material: 10 15 Parylene C, a second
menber of the parylene series is produced fromthe same nonormer as gafgpene
N and nodified by the substitution of a chlorine atomfor one of the
aromat i ¢ hydrogens: err

Parylene D, the third m% Ln%fD[ hg‘epéh’;meme’gb?ﬁé%f |ﬂ§epPQBhE%?i ?‘T’rb‘?ﬁ tlﬁe
same nononer as p rodlmeel Roanthesxné nsshomiet A panyiene Niandnmodifiedkbgither i ne

om0 o A i o e

met hacryl at e-net hacryl ate acrylic acid polyner (PVDC). This polyner is
avai | abl e as DQARAN 8600- C-(trademark of WR. 20 Grace and Co.) sold by
GRACE, Organic Chenicals Division, _

' a
{QHZ CH,.
10 '
o

15

=t

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

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

The third layer of the barrier coating, a polymer material, may

be a parylene polymer applied to the second layer by a process

25 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-

acid acrylic polymer, applied to the second layer by dip-coating, roll-

30 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 herein incorporated by
reference.

—_— _ 22
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Lexi ngton, Mass. The third |layer of the barrier coating, a polyner
material, may be a paryl ene polyner applied to the second | ayer by a
process 25 simlar to vacuum netallizing, 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-nmethyl methacrylate-methyl acrylate- acid apLy{i¢
polynmer, applied to the second |ayer by dip- coatlng, roll- 30 coating or
sprayi ng an aqueous e sion of .t y | | oned. by a ng. of the
coating, as descri bed ,As @?’QWIPH% Eﬁﬁor\% H‘%S fg@%ﬂ}gbﬂﬁdﬁg ﬂ{

di scl osurﬁ of \Ah:mhdarbasbdremann cB)rh moay diave &afects‘ erem@ulanué’s?(As thzswn in
FIG 8, the acryhal a g t he co a

have defects or i r&’g §ﬁ &M{ é’?‘%ﬁg v%k%éq e&eaﬁkhg'flgg‘iﬁgl g?e%@g%tr&’ e of
the substrate D @@hmedamﬂmeHyeﬂmMsmcomlo;udm asedi coatings aadbacndate
coatings and §Cf>60%hﬁ§1§ gﬁﬂﬂid\;gf thé! 4dfeEE ahA S ﬁﬂﬁeﬁnﬂ | | b ﬁﬁ'fcr | | es

are substantialy mni ate

he sequence of s|Ji1co OXI
coatings, a fi naMBEWRHIGHWS é’@li?ql@ncﬁé)? SlcQH K aery ﬁt’? P%%Hngﬁ, i con

oxi de coating to fifaddeating @W@@emm @'ezimﬁidmavéwﬂfe Iatsesﬂwam:oﬂd% :
surface. 10 A varleg%/1g &?]sub rates can, be ,coat ed a arg1 Hﬁoatl ng by
S

t he process of t tprp £fit 3 Jrpm B]f’% Wr%‘?‘@g g8 Strate not

limted to packagimnfacecontai ners, bottles, jars, tubes and nedical devices.

10
A variety of substrates can be coated with a barrier coating by
the process of the present invention. Such substrates include, but are
not limited to packaging, containers, bottles, jars, tubes and medical
devices.
15

A plastic blood collection tube coated with the multi-layer
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,

20 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 automated machinery such as centrifuges

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

25 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

30 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 is dependent on good
vacuum retention. A plastic tube coated with a barrier coating

23
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15 A plastic blood collection tube coated with the nulti-layer barrier
coating will -not interfere 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, henmatol ogy, 20 bl ood

chem stry, blood typing, toxicology analysis or therapeutic drug nonitoring
and other clinical tests involving body fluids. Furthernore, a pla?y%g}

bl ood coll ection tube coated with the barrier coating is capable o %g
subj ected to automated nachinery such as centrlfuges and may be exposed to

certain |evel s ofsubstingiallyrprienentsegast permeatiam thmowgh the tuesmatenial so as to

substantially no My P%;, es.
A plastic bl ood éﬁd @ﬁﬁ on ?ﬂ%mm[% déaﬂﬁﬁ% tio ﬁn%}(i a er"}gﬁ}nﬁofee?&??)%‘%l ng
is able to naint& 9 e ity aﬂiﬁ t‘ﬁ?"-‘é\/\Wlﬁ putth tlﬂaw C?ﬁiﬂ&)@ the praseptar .
Draw vol une ret eriﬁir@mti&enﬁaylsmimhﬂﬁ aboub t9%e dpdwavohimhe cfog ABEWUB) tEr4

reduced pressg I ngi de the tube. The draw vol une changes in direct
proportion to théneﬂ ge in vacuum (reduced pressure). Therefore, draw
vol une retention is dependent on good vacuum retention. A plastic tube

coated with a barrier t

substantially prevent sq?ilﬁé erhrlﬁgai?%ﬁaﬁ#? %ﬁlng % O@ﬁ ted on

mai ntain and enhdh@er swdaceafuiher plashici bogngoliection, gabmcthec barrisropoRing he
tube. Plastic tubgy beleanbrepeBefit'aid/or Ruoe c‘hﬁ?ddtéﬂsﬁés bf‘ﬁ oﬂ’éleéétf\iator

I nvention max mai nt/ai n about "90% draw vol une for about 4 5 nonths.
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
15 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.

20 The barrier coating used in accordance with this disclosure,
may container conventional additives and ingredients which do not
adversely affect the properties of articles made therefrom.

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

EXAMPLE 1

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

An acrylate coatin-g was applied to polypropylene tubes and
films (substrates) of various thickness in a chamber wherein
Tripropylene Glycol Diacrylate (TPGDA) was fed into the evaporator

24
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If the nmulti-layer barrier coating is also coated or applied on the inner
surface of the plastic blood collection tube, the barrier coating may be
henor epel | ent and/ or have characteristics of a clot activator. 10 It wll
be understood that it makes no difference whether the plastic conposite
container is evacuated or not evacuated in accordance with this invention.
The presence of a barrier coating on the outer surface of the con'ﬁ]éirjﬁo has
the effect of maintaining the 15 general integrity of the contai .
hol ding a sanple so that it may be properly di sposed of w thout any
contani nati on t o ande weseflashiovapdrized athabaitad4BJCobdntchdhbasubstrate aat they as
coated or applie n t@ance.
20 The batPmietaid ouRie T SofEARE St By Ras SR B0
cont ai ner conventmeMbYW@C@ﬁmbﬁQ%Mnts whi ch do not adversely
affect the properties of articles nade therefrom The follow ng exanpl es
are not I|mtedto any ecific 25 e di of t I nvent i are
only exenpl ary EXAI\/PLIélstEe ﬂié% @%&’ﬂl{ﬁldim P%%@MA was
TU:BES WT:—I MULTI -thélYEEIeBﬁEﬁzl | RHCQATINI uA® e@;]p priging cetptal npavtss ofipal frdrd o
pol ypr opyl ene tub es). o {
chanber wherein 'cr‘r%?emc ﬂ?ed%& g?i\) %thsé)\{%j %@%@é m#oﬁ?%ed
evapor at or 25 thorbu@ﬂyﬂhi@hwﬂpoandeﬂlome(hlmmr dmg| ath cleanedtsubstrate
substrate in the GAARRAT sRREd SRHIGANREN N SOROISAYRAIEPARITE furftil iTWiStd hen
e ?ron be

E- beam cured by an am gun.
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

‘15 base pressure of 5 mTorr. '

The electrode configuration is internally capacitively coupled
with permanent magnets on the backside of the titanium electrodes.
This épecial configuration provides the ability to confine the glow

20 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

25 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

30 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

. 25
—_—
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5 The substrate coated with the acrylate coating (TPGA) was then
cleaned with a m xture conprising equal parts of a mcro detergent and
de-ionized (D) water solution. The substrate was rinsed thoroughly in DI
water and allowed to air dry. The cl eaned substrate was then stored in a
vacuum oven at roomtenperature until it was to 10 be coated. The cl eaned
substrate was then attached to a holder which fits m dway between tly%

el ectrodes in the glass vacuum chanber. The chanber was cl osed and*a 120
mechani cal punp was used to achieve a 15 base pressure of 5 niforr. The

el ectrode confi guspstennparameters uséd Yorcthin diltn deposition wfgelasmapglymenzedt

Cont i gur ati on pr oy ISR ERTPOVYRE SBRARERERLES SURHS, " Bet veen ¢ e
el ectrodes because of the increase in collision probability between

el ectrons and reash}ﬁgemuggﬁﬁeﬁﬂ-es. oIS Elow esul t of apricghf’d a magnetic
[ t

field is simlar to I ncreasing e po applied to the eIechrodes, but

wi t hout the disadvantages of hi gher b\(l)%ﬁpr@ﬁwr@nergi“es M8 TORCr eased
substrate heating. The use of nagnetr@x}%enﬂldwhar ge- al fOwecaperation in
the | ow pressure region and a substanti@l_,1n se_in_pol r sition
rate. The nononer which consists of a ,ﬁ%’fﬁ{??@gglﬁﬁ m{hyﬁgﬁrﬁﬁgﬂ?ﬂ\ﬁ) and
oxygen was introduced through stainl esPosverel tubing rear S8ovattse

el ectrodes. The gases were nixed in therpppnoner inletding rﬁﬁﬁi%?

introduction into the chanber. Flow rates were manually controlled by
stainl ess stell netering valves. A power supply operating at an audio

frequency of 40 kExkidePepmitite suppl y TMSEFlowe the e ect oodes].(0fbecm 26

Oxygen Flow = 2.5=3.0 sccm
System Pressure = 90 - 100 mTorr
Power = 30 watts

15 Deposition Time = 5 minutes

After the thin film was deposited, the reactor was allowed to
cool. The reactor was then opened, and the substrate was removed.

20 The process of applying the acrylate coating followed by oxide
deposition was then repeated.

“A protective topcoating of a water-based emulsion of PVDC
. copolymer was then applied by dip coating and cured at 65° C for 10
25 minutes to produce a final coating thickness averaging about 6 microns.
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system paraneters used for thin filmdeposition of plasma pol ynerized
TMS/ 02 on the polynmer substrate were as follows: Surface Pretreatnent:

TVS Fl ow = 0 sccm 5 Base Pressure = 5
mrorr Oxygen Fl ow = 10 sccm System Pressure = 140 mTorr Power

= 50 watts Tine =" 2 mnutes 10 Oxi de Deposition: '

Fl ow = 0.75 - 1.0 sccm Oxygen Fl ow = 2.5 =3.0 sccmPSﬁ&&m
Pressure = 90 - 100 mlorr Power = 30 watts 15 h
Deposition Tinme = 5 mnutes After the thin filmwas deposited, the
reactor was allowed to cool. The reactor was then opened, and the substrate
was renoved. 20 The process of pRUANJPPE Be acryl ate coating

fol | oned by oxide deposition was then r'e'p'ea‘iw-led—#prot ective topcoating of

a wat er - based enul si on of PVDC copol yner- was then applied by dip coating

aﬂd EUF ed at 65[err] LMETQl@i) F‘OR@QPATINGWAS’PI(C ISUBSCIRATC%%H \G
PLASTI C SuBsTRATES 5~ WITH UL THLAYER BARRERCORTING an acryl at e
coating was applied to pol ypropyl ene tubes and filnms (substrates) in a
chanber wherein a 60: 4041 XN 8eOlodtiP W4AY 'applied to polypropylene tubes and
films (substrates) in a chamber wherein a 60:40 mixture of isobornyl
acrylate: epoxydiacrylate (IBA:EDA) was fed mto the evaporator and
10 flash vaporized at about 343°C onto the substrate in the chamber and
condensed. The condensed monomer film was then UV cured by an
actinic light source of 365 nm. |

The substrate coated with the acrylate coating (IBA:EDA) was

15 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.
20
_ 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.
- 25

The electrode conﬁguration is internally capacitively coupled -
‘with permanent magnets on the backside of the titanium electrodes.
The special configuration provides the ability to confine the glow
between the electrodes because of the increase in collision probability
30 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

\ | 27
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acryl ate: epoxydiacrylate (1 BAEDA) was fed into the evaporator and 10
flash vapori zed at about 343[err] onto the substrate.in the chanber and
condensed. The condensed nononer filmwas then W cured by an actinic |light
source of 365 nm The substrate coated with the acrylate coating (I|BA: EDA)
was 15 then cleaned with a m xture conprising equal parts of a mcro
detergent and de-ionized (D) water solution. The substrate was rigs f%
thoroughly in DI "water and allowed to air dry. The cl eaned substra?éf 2
~then stored in a vacuum oven at roomtenperature until it was to be coated.
20 The cl eaned sulisthiaage allasvs bperationainhthe low préssuderegibncind atsubstamtmy
bet ween the el ect; s hanber. The chanber was cl osed
and a nechani cal tl%ﬁfﬁé%%ﬁu@pbi}?g@%gé%ﬁﬁg@ﬁi&basé pressure of 5 mlorr. 25
The el ectrode configuration is internally capacitively coupled with

oo nl, et o Mydasiayder iklichadss T pasie o i me
el ect rodes beéaus(mgf PRYFEL VS| Wtr&d?\cpai @ﬁo'ﬁglgﬁwsfs\;ﬁ\%%% t"lg’é‘?g\/@@ﬂr
el ect [ _onsf anlddr eght ichectgstesnoThe ghsss weTtberﬂxeﬂ inethalmlopénmmih%dt himesbefore
magnetic field i .0, i AGI &3

el gct rodes, but kﬁh%{;ﬁéﬂg&&@%ﬁiﬁ@%&%%@%ﬁ&&@%r?'lta%gﬁ’é]regll@é
and increased sulstainlass steclmetering’valvese Afpowgnesupply opeging atcamagdio
al | ows operation ﬁéﬁdaétﬂgyl SO LIS WR U O siiiply powdbicilid Blecttde82SPhd N

ol ymer deposition ] .. .
poLY O30 system parameters used for thin film deposition of plasma polymerized

TMS/O9 on the polymer substrate were as follows:

Surface Pretreatment: TMS Flow = 0sccm

Base Pressure = S5mTorr

15 , Oxygen Flow = 10 sccm

' System Pressure = 140 mTorr

Power = 50 watts
Time = 2 minutes

20 Oxide Deposition: TMS Flow = 0.75 - 1.0 sccm
OxygenFlow = - 2.5=3.0sccm
System Pressure = 90 - 100 mTorr
Power = 30 watts
Deposition Time = 5 minutes

25 . :

After the thin film was deposited, the reactor was allowed to
cool. The reactor was then opened, and the substrate with a muiti-
layer barrier coating was removed.

30 The process of applying the acrylate coating followed by oxide

deposition was repeated.

28
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The nononer which consists of a mxture of trinethylsilane 5 (TM5) and
oxygen was introduced through stainless steel tubing near the el ectrodes.
The gases were mixed in the nonomer inlet |line before introduction into the
chanber. Flow rates were nmanually controlled by stainless steel netering
val ves. A power supply operating at an audio frequency of 40 kHz was used
to supply power to the electrodes. The 10 system paraneters used Egé %@in
filmdeposition of plasnma pol ynerized TM5S/ 02 on the pol yner substrar 1

as follows: Surface Pretreatnent: TMS Fl ow = 0 sccm Base
Pressure = 5 nilor rAlprotective topcoating of a water-b@sgd)enmision of PVEC 10

secm Syst em <o Suiyger 40 B RbpBAYy di. conipg e o 3 & 15

sccm Okygen Fl ow minutes to preducesa finet coating thicknesssavereging abau 6 nmgmnﬁror r

Power = 30 watts Deposition Tinme = 5 mnutes 25 After the
thin fil mwas deposited, the reactor I 0 cool. The reactor was
t hen opened, and the substrate with aww barrier coating was

removed. 30 The process of applying the acrylate coating foll owed

by oxide deposi ti onciirp SREIRGR OF SUBSTRATEY WitIFAND WiTHOGT
MULTI-LAYER BARRIER COATINGS

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

(1) Oxygen permeance (OTR):
15
Film or plaque samples were tested for oxygen permeance
(OTR) using a MO CON Ox-TRAN 2/20 (sold by Modern Controls,
Inc., 7500 Boone Avenue N., Minneapolis, MN 55428). A single
side of the film sample was exposed to 1 atm of 100% oxygen
20 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
produced in proportion to the amount of oxygen permeating through
the sample. Samples were tested at 30°C and 0% relative humidity
25 (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.

Tube samples were tested for oxygen permeance (OTR) using

30 a MOCON Ox-TRAN 1,000 (sold by Modemn Cohtrols, 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

tube to be immersed in a 100% O7 atmosphere while the inside of tube

1s flushed with a nitrogen carrier gas. The tubes were then tested at

\ : 29
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A protective topcoating of a water-based enul sion of PVDC copol yner was
then applied by dip coating anc cured at 65 C for 10 minutes to produce a
final coating thickness averagi ng about 6 mcrons. 5

EXAMPLE 3 COVPARI SON OF SUBSTRATES W TH AND W THOUT MULTI - LAYER BARRI ER
COATI NGS 10 Al'l of the substrates prepared in accordance with
Exanples 1 and 2 above were eval uated for oxygen perneance (OIR) in_the
oxi de coatings as follows. (i) Oxygen perneance (OIR): 15 Film or

sanpl es were tested for oxygen perneance (OIR) using a MO CON Ox- TRAN 2/ 20

(5 ZZ'Zg) byANbderln CQOSCOhﬁd tﬂr?% R. H50Wh8lctﬁbes &V@f@uﬂlébvedl\ﬂonemmk?t%l%dwo\/ﬁ -14
single e e _was 0
oxygen 20 at m)spﬁ'gg %6@&%&@%?&8"9@@%‘8 %&“-fg&%&eﬁﬁ
entrained in a ni repayted imTable | gnamitsrafaoo/m? -afme-dayposi te si de of the
film and detected by a coulnetric sensor. An electrical signal was
produced in proportion to the anobunt of oxygen perneating through the
sanple. Sanples were tested at 30[err] and 0% relative humdity 25 (R H).
Sanpl es were conditioned for 1 to 20 hours prior to determ ni ng oxygen
per meance. The results are reported in Table 1 in units of cc/nR-atmday.
Tube sanples were tested for oxygen perneance (OIR) using 30 a MOCON
[err]-TRAN 1, 000 (sold by Modern Controls, Inc., 7500 Boone Avenue N.,
M nneapolis, M 55428). A package adapter was used for nounting the tubes
in a manner that allowed the outside of the tube to be inmmersed in a 100%
[err] atnmpsphere while the inside of tube is flushed wnth a nitrogen
carrier gas. The tubes were then tested at
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30 20[err] and 50% R H. The tubes were ili
. H. ube allowed to equilibrate for 2-
pefore a steady state perneability is determ ned. Tﬂe results are reégrsgés

in Table 1 in units of cc/[err]-atmday.

31 TABLE 1 Sampl e

Acrylate [err] Acryl ate [
: ! _ err] PVDC Ox
Cbaﬁlng Coat i ng Coating Coating Coating Transnissiony%gPe
(cc/[err]-atmday) 30[err], 0% RH PP film control no no
no no no 1500 PP pl aque
yes no no
es no no 37 PP pl aque TPGDA
Ve no no no 3.5 RREREAque
yes yes no nﬁo 325 65 PP pl aque
control no N0 AcrvlateN0  SiO Aé9late  SiOgN0 015\(1)1)4c i tUng’n
PP t ube | BRPI5A ervlate & S0« 0 x Yre!
70 PP tube no Coating y cCoating %oat'“% Coatﬂl% Coatmg nﬂ'ansmlssmn Rate
46- 60 PP tube | BA: DA e cc/m -da
yes no no ( - y)
4.3-6.4 PP tube | BA: DA. yes no o no
yes 2.5 PP tube TPGDA yes no , nteRd
28 %gs 5 PC film control no no
no no PP ﬁlmhcontrol, no 1700 BC filmpo no 140 1500
0 no 559 PC film $10
{?_S no PP plaquao nong yes 6%-8 3 P&ilm no
Y€S  pp plaque 110 TPGDXES  yes NOno no (. 119 2 3.5
PP plaque no no no no no 65
PP plaque yes yes 10 no, yes 0.04
PP tube, control no no no no no 70
PP tube IBA:DA no no no no 70
PP tube no yes no no no 46-60
PP tube IBA:DA yes no no no 4.3-64
PP tube IBA:DA yes no no ves 25
PP tube TPGDA yes no no yes 5
PC film, control no no no no no 1700
PC film 110 no no no no 559
PC film 110 yes no no no 6.4-8.3
PC film 110 yes 110 yes no 0.1-0.2
PC film no yes no no no 8

IBA:DA = iso-norbornyl: epoxydiacrylate (60:40), UV cured
TPGDA = tripropylene glycol diacrylate E-beam cured

SiO,, Coating = 1000 - 3000 Angstroms (as measured by Scanning Electron Microscope)

PC = polycarbonate
= polypropylene
plaque = 75 mil thickness
film = 3 mil thickness
tubes = nominal wall thickness of 40 mil
110 = crosslinkable acrylate, uv cured
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PC film
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PP = pol ypr opylce
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is the repl acene
conprising: a pl
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over the outer s
of said outer su
conprising an or
first layer conp
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conprising an or

yes no no no
epoxydi acryl ate (60:40), WV cured TPGDA =
|acrylate E- beam cured [err] Coating = 1000 - 3000

|, mﬂrannr ng El ectron M croscope) PC = pol ycarbonate
75 m| thickness film= 3 ml thickness tubes

ckness of 40 mi| 110 crosslinkable acrylate, uv cprgﬁoThr S

nt sheet 32 WHAT IS CLAIMED IS: 1. A sanpl e asse

astic contai ner having an open end, a closed end, an inner
uter surface; and a nmulti-Iayer barrier coating associated

qviﬁgq*gg(gggqnggnjgsner and extendi ng over a major portion
er, said coating having a first |ayer

ganic primer coating material, and a second |ayer on said

risingla ségvampte asemblygsomprising: or gani ¢ coatings. 2. The

n LW@%@%@A@@&@@%@&«Q@ cheldd soR have

conprising a cl osurface andzndowtse sudfadepindai d cont ai ner whereby a contai ner

and cl osure interface
pl astic container .is

of said container and extending over a major portion of said outer
surface of said container, said coating having a first layer comprising
an organic primer coafing material, and a second layer on said first
layer comprising a sequence of mnorganic and organic coatings.

2.  The 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
said 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 1s 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.
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a tube and said closure is an elastoneric stopper. 5. The assenbly of
Claiml, m coating extends substantially from said open
end of sal d over said closed end of said container. 6.
The assenbl mﬂ" ’E{mﬂ W rein said barrier coating extends froma
portion of said opper to a point adjacent said closed end of
said container. 7. The assenbly of Claim3, wherein said tube is

evacuat ed. 33 8. The assenbly of Claim6, wherein said multi-|I Hy%lZO

barrier coating includes registered tanper serrations adjacent to said
contai ner and said cl os8ir e T asderably 6f Cldife 6asdmrbinysaifl ihlti-tayer bdrgeei n

aesenbly of O af HORgBCHIGE Lé%ﬁst%ee?“%ﬁéeg%?f’ﬁt@%% iy’ %4?3.9931?@3%1“

and organi ¢ coat |anglssaadrqi>osmengterﬁawm num oxi de or silicon oxide based
conposi tions and acrylates. 11. The assenbly of Caim 10, wherein said

sequence of coatings is ap led to st layer in -acc nce wth the
fol | owi ng expression: [9err] e ass?mggf gﬁjtia@balmw eﬁelﬁr@?da gﬁéo@ﬁ’?ﬁdsﬁ

I norgani ¢ coati n@olmﬂlmeﬂ&@fﬂ&loJaﬁdr(ﬁ%rylat@@tI ng= al um num or
silicon oxide; and organic coating = acrylates. 12. The assenbly of Caim

10, wherein said inorganic coating
10. The assembly of Claim 1, wherein said second layer is a

sequence of inorganic and organic coatings comprising, aluminum
oxide or silicon oxide based compositions and acrylates.

11. The assembly of Claim 10, wherein said sequence of
coatings is applied to said first layer in accordance with the following
expression:

2 (inorganic coating + organic coating + inorganic
coating)
n
wherein n=0-10;
inorganic coating = aluminum or silicon oxide; and
organic coating = acrylates.

12. The assembly of Claim 10, wherein said inorganic coating
of 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.

13. 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. |

\

This Shee, 33

I



of said second | ayer is deposited by radio-frequency discharge, direct ion
beam depost m deposition, sputtering, plasna chem cal
vapor depo aIIy enhanced plasma systens. 13. The assenbly
of Claim?2 IW jlﬂﬁﬁﬂ rd | ayer is thernosetting epoxy, parylene

pol ymer, - acrylonitrile-nethyl nethacryl ate-nethyl
acryl ate- acryllc acid polyner, or polyesters. 34 14. The assenbéy gb
Claim 1, wherein said first layer conprises polynerized acryl at éﬁ

sai d second | ayer conprises silicon oxide and polynerized acrylates.
The assenbly of C ai m 114f uTheeassemblyi sofgChuimut 1, -whemein baaid eﬁrstobayeng

cerylate primer copfise: ﬁ@’ﬁg'“f’%é‘a L%?B‘#ég o953 5kSnd 2Yer! Bohteld 2"
conprising a seqU%hﬁ@n@»ﬂdﬁan polymgnigedagaylatescoat i ngs and a thlrd | ayer -

on said second |layer of an organic material. 35 16. Amulti-|I ayer
barrier coating conprisj

a second | ayer on said 1 gsT&%é‘?S&lhl)f@fr aix ”f;’léﬁ glg@?’g{s gtafrga 1= “ aI
organi ¢ coatings; bm:éra:ddmgdo{r@yﬂfe ﬁm@amﬂfmcefldaidau@maﬁmfpm aaﬁrst
organi ¢ material-iodfy ii1Gafiihh WhrfarS phiribr-Boatths TRAtbriSe! & s28588 a) @/ Sh

said first layer comprising a sequence of inorganic and organic coatings

and a third layer on said second layer of an organic material.
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conpri ses —a—Mam c coating and organi c coatings conprising
al um num ox | de based conpositions and acrylates. 18. The
coating of mw'm! Iwmml '\ said third layer is polyvinylidene chloride.
19. The ass wherein said acrylate of said first layer is
deposited on said outer surface of said container in a previously evacuated
chanber conprising the followi ng steps: (a) selecting a curable p_
conmponent conpri si ng: i) polyfunctional acrylates, or ii) mxtures of
nonoacryl ates and pol yfunctional acrylates; (b) flash vaporizing said
conponent into said chanber; (c) condensing a film of vaporized conponent
onto the outer surface 9§, sa suliaverGarriepRBatifly comipriginggai d film 20. The
assenbly of Claim 19, wherein said 1norganic coating of said second |ayer
is deposited in said previously evacuated chanber onto said first |ayer by

the follow ng steps: a$ts( lnyev epmprising anaovylasenwiteiian conponent  and
adm xing the volatili zeg Jolpet-tele) c}}nen T]:ﬁ}:gf:% &4 %@hﬁi@t 1 % gugﬁ

and optionally an_ inert gas, conpg as S

chanber; (b) estamqrgWgami@rgwmpgemgs;e pI asrra in the chanber from one
or nore of the gas St r eang G e ARV ér oh C3aid Q¥coal! l%%i/ cfo'n‘i’ﬁhéiﬁﬁtﬁ? digénic
streaminto the pla%ma while confining at |east a portion of the plasm

t herein; and '

17. The coating of Claim 16, wherein said second layer
comprises a sequence of inorganic coating and organic coatings
comprising alummum ox1de or silicon oxide based compositions and
acrylates. '

18. The coating of Claim 16, wherein said third layer is
polyvinylidene chloride.

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

(a) selecting a curable component comprising: i)
polyfunctional acrylates, or ii) mixtures of monoacrylates
and polyfunctional acrylates;

(b) flash vaporizing said component into sa1d chamber;

(¢) condensing a film of vaporized component onto the outer
surface of said container; and

(d) curing said film.

20. The assembly of Claim 19, wherein said inorganic coating
. of said second layer is deposited in said previously evacuated chamber
~ onto said first layer by the following steps:
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(d) depositing a layer of silicon oxide adjacent said first |layer. 21. The-
assenbly of G aim 20, wherein said oxidizer conponent IS oxygen nitrous

oxi de, , or an inert conpound. 22. The assenbly of Caim
20, wher Inm ﬂ"mu ﬂ”t pubstrate is electrically isolated fromthe chanber
except for* cont acts w he confined plasma. 23. The assenbly of C aim 15,
wherein said third layer is a parylene polyner. 24. The assenbly o;, azﬂ

15, wherein said parylene polymer is parylene N, parylene C or paryl D

25. A method of depositing a nultilayer barrier coating on a plastic
substrate conprising: (@ separizing anaorgamosilicon component andradmiing the )

pol yfunctional acrylates, 0\{) lhhilzéEI!lxb dtiosfl cdﬂ)’%ﬁbﬁh&heswﬁﬁdan ox1dlzer

pol yfunctional acryl ates; flas or 1.zl sal d onent into s
chanber; (c) condensing a f‘? popeRtand,pphan W‘dp@rtf gas,compenent %g‘@'ﬂ’zed
corrplon;antfolnto Eh)e outer sy haceant eﬁwrd)lrﬁtulthérchhmber t37 (d) curing said
acrylate film (e) vapogizi silize CO a in

vol atilized organosili %h ?ﬁ%@%’r‘ﬁg E‘I nﬁfas%&ﬂ%ngﬂﬁhﬁer frofn
optionally an inert gas conpmEnenmare dfcthm@sg;tmam compexests;or to the
chamber; (1) establishiey oMby i tHegasstrbatfoes TR Rhsrhh While

confining at least a portion of the plasma therein; and

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

(

21. The assembly of Claim 20, wherein said oxidizer
component 1s oxygen nifrous ox1de carbon d10x1de air, or an inert
compound.

22. The assembly of Claim 20, wherein the plastic substrate
is electrically isolated from the chamber except for contact with the
confined plasma.

23. The assembly of Claim 15, wherein said third layer is a |
parylene polymer.

24. The assembly of Claim 15, wherein said parylene
polymer is parylene N, parylene C or parylene D.

25. A method of depos1t1ng a multilayer barrier coating on a
plastic substrate comprising:

(a) selecting a curable component comprising: 1)
polyfunctional acrylates, or ii) mixtures of monoacrylates
and polyfunctional acrylates;

(b) flash vaporizing said component into said chamber;

(c) condensing a first layer of an acrylate film of said
vaporized component onto the outer surface of said
substrate;
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one or nore of the gas stream conponents; (g) controllably flow ng.the gas

streaminto the plasnma-whitte confining at | east a portion of the plasm
t herei n; '('Wé[—)gsi ti oating of silicon-oxide adjacent said first

ng a
| ayer; (i) ﬂ Ei\'(a) through (d) above, thereby depositing an
acryl ate c&%ﬁiﬂ“ﬂﬂ 5“) i con oxide coating; and (j) repeating steps (e)
t hrough (h) *abdve' tﬁereby depositing a silicon oxide coating on s '_._(3 20
acryl ate coating. 26. The nethod of O aim 25 further conpri sing: (% (}i
coating PVDC on said silicon oxide coating._ 27. The nethod of C aim 25
further conprising: (k)(depsuringgaid aprylate)filonr ough (j) fromabout 1 to
about 10 1'7es. 28. The(p! vagofiking ahbrshnosilidefy cofipdrient Nitid alimitin
coating PVDC on said sili‘con ﬁde coat i ng.. .29. The net hod o{l Claim?2
wherein said first |ayer of VeHitlized, AIRROSBEPR ngoOMPIRent - uathe by OXIAIERI
pl asna. component and optionally an inert gas component to form
a gas steam exterior to the chamber;
(f) establishing a glow discharge plasma in the chamber from
one or more of the gas stream components; |
(g) controllably flowing the gas stream into the plasma while -
confining at least a portion of the plasma therein;
(h) depositing a coating of silicon oxide adjacent said first
layer; '
(i) repeating steps (a) through (d) above, thereby depositing
. an acrylate coating on said silicon oxide coating; and
() repeating steps () through (h) above, thereby depositing a
silicon oxide coating on said acrylate coating.

26. The method of Claim 25 further comprising:
(k) dip coating PVDC on said silicon oxide coating.
27. The method of Claim 25 further comprising:

(k) repeating steps (i) through (j) from about 1 to about 10
 times.

28. The method of Claim 27 further comprising:
() dip coating PVDC on said silicon oxide coating.

29. The method of Claim 25 wherein said first layer of said
- acrylate coating is pretreated by oxygen plasma.

-
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