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BACKGROUND OF THE INVENTION
10

1. Field of the Invention

This invention relates to a multi-layer barrier coating for
15 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.

Such medical products that would derive a considerable benefit
25 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

be acceptable for use in medical applications. Such performance

30 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.

Therefore, a need exists to improve the barrier properties of
35  articles mad_e of polymers and in particular plastic evacuated blood
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25 froMinproving their barrier properties include, but are not limted to,
cokl ection tubes and particularly those used for blood collection. Bl ood
coll ection tubes require certain performance standards to be acceptable for
use in nedical applications. Such performance 30 standards include the
ability to maintain greater than about 90% origi nal draw vol ume over a one
year period, to be radiation sterilizable and to be non-i nterferil{usg i?
tests and anal ysis. Therefore, a need exists to inprove the barri 2
properties of 35 articles nade of polynmers and in particular plastic
evacuat ed bl oodcollectiam hitesst wher¢inbesrtamnepeiformandenstandardo warldebe hastdar ds

woul'd be met .44 the article would be effective and usable in medical applications.

SUMMARY OF THE iNVENTION

The present invention is a plastic composite contamer with a
multi-layer barrier coating disposed over the outer or inner surface of
the previously formed composite container. Desirably, the barrier
materials comprise a mixture of an inorganic oxide and a metal oxide

10 applied to the surface of the previously formed composite container.
Most preferably, the barrier materials comprises a first layer of a
polymeric material applied to the surface of the previously formed
composite container and a second layer of a mixture of an inorganic
oxide and a metal oxide applied over the first layer.

15

The polymeric material is preferably a highly cross linked
acrylate polymer. The coating may be formed either on an interior
surface portion, on an exterior surface portion, or both of the container.

20 The mixture of an inorganic oxide and a metal oxide may
preferably be a metal oxide chosen from metals of Group IVA and a
silicon oxide based composition, such as SiOx wherein x is from 1.0 to
about 2.5; or an aluminium oxide based composition. Most preferably,
the mixture comprises SnOy and a silicon oxide based composition.

25

Preferably, the polymeric material is a blend of monoacrylate
(Le., isobornyl acrylate) and diacrylate monomers (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, 4,842,893, 4,954,371 and 5,032,461,

30 the disclosures of which are herein incorporated by reference. The
polymeric material is cured by an electron beam or by a source of
ultraviolet radiation.
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and the:article would be effective and usable in nedical

appl i cati ons.

SUMMVARY OF THE I NVENTION 5 The present invention is a plastic conposite
container with a multi-layer barrier coating disposed over the outer or

i nner surface of the previously forned conposite container. Desirably, the
barrier materials conprise a m xture of an inorganic oxide and a netal
oxide 10 applied to the surface of the previously forned corrpositsltgz i
contai ner. Most preferably, the barrier materials conprises a fir -3 gr;ler
of a polynmeric material applied to the surface of the previously forned
conposi te contai ner aniPesirablysrihiel pglymeric matexialiise fofmed ofharsybstantiakiyde

and a metal oxi d@r@%D'lhﬁ&dOV&Fmgglge t "sledtBd fromh® thEe gP8hY "HohSisiRke !

is preferably a gl)g’glc}{ycross |, i

10

15

20

25

30

lates and muxtures 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.

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

Desirably, the mixture of an inorganic oxide and a metal oxide
is preferably a mixture of a metal oxide such as SnOy, GeOy or PbOy
and a silicon or aluminum oxide. Such an oxide mixture is desirably
deposited by means of plasma polymerization of a mixture comprising
tetramethyltin, oxygen and a volatile organosilicon or organoaluminum
compound in a magnetically enhanced audio frequency capactively
coupled discharge chamber.

Preferably, the thickness of the oxide mixture is about 50A to
about 5000A. and most preferably from about 750 to about 2000A..

The composition of the oxide mixture provides a dense, vapor-
impervious coating over the first layer. Preferably, the thickness of the
oxide mixture is about 500 to about 2,500 Angstroms (A) and most
preferably where the first layer is a polymeric material and the second
layer is the oxide mixture the thickness of the second layer is greater
than five times the thickness of the first layer. A coating above 5,000
A may crack and therefore be ineffective as a barrier.

Optionally, another layer may be disposed over the mixture
layer, preferably comprising vinylidene chloride - methyl methacrylate
- methacrylate acrylic acid polymer (PVDC), thermosetting epoxy
coatings, parylene polymers or polyesters.

T 3
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acryl ate pol yner.

por#ion,

conposition,

The coating may be forned either on an interior surface

( on an exterior surface portion, or both of the container. 20
The m xture of an inorganic oxide and a netal oxide may preferably be a
nmet al oxi de chosen fromnetals of Goup IVA and a silicon oxide based

such as SiOx wherein x is from1.0 to about 2.5; or an

al um ni um oxi de based conposition. Mst preferably, the m xture cgrr?iﬁ;es

SnJerr] and a silicon oxide based conposition. 25 Preferably,
polymeric material is a blend of nonoacrylate (i.e., isobornyl acryl at e)
and diacryl ate nononers (i.e., an epoxy diacrylate or a urethane

4,696, 719, 4, 647. 635, 4 B thg ickilest 8 y6 £ Y0 der i ghout 3 to about

di scl osures of

mat eri al

wh? exiceons and most preferally frem iﬁ%P'-lteﬂ"fté}é ‘ét THETORS-yner i ¢

I's cured by an el ectron beamor by a source of

5
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15

20

25

30

The process for applying the polymeric material to a container
is preferably carried 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.
The deposition and curing steps may be repeated until the desired
number of layers has been achieved.

A method for depositing a mixture of inorganic oxide and metal
oxide components is as follows: (a) pretreating the container with a
first plasma coating of oxygen; (b) controllably flowing a gas stream
including an organotin, organosilicon compound and oxygen or
oxidizing gas compound into a plasma; and (c) depositing the oxide
mixture onto the container while maintaining a pressure of less than
about 500 mTorr during the depositing.

Although the pretreatment step is optional, it is believed that
the pretreatment step provides for improved adherence qualities.

The organotin and organosilicon compounds may be combined
with oxygen and optionally helium or another inert gas such as argon or
nifrogen.

Preferably, the method for depositing a barrier coating on a
substrate, such as a plastic collection tube comprises the following
steps:
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ultravi ol et radiation. Desirably, the polynmeric material is forned of a
substantially cross |inked conponent selected fromthe group consisting of
pol yacryl ates and m xtures of polyacryl ates and nonacryl ates havi ng an
aver age nol ecul ar wei ght of between 150 and 1,000 and a vapor 5 pressure
in the range of 1x10[err] to 1x10[err] Torr at standard tenperature and
pressure. Mst preferably, the material is a diacrylate. Preferabl 1%3

t hi ckness of the acrylate coating is about 1 to about 10 m crons st
preferably fromabout 1 to about 5 10 microns. Desirably, the mxture of
an inorgani c oxi de and(@® nselactingi d@ curable component comprising: (1)

polyfunctional acrylates, or (ii) mixtures of monoacrylates
and polyfunctional acrylates;

(b) flash vaporizing said component into said chamber;

5 (¢) condensing a first layer of a film of vaporized component

onto the container;

(d) curing said film;

(e) applying a plasma surface treatment of oxygen on the
film;

10 (f) vaporizing an organotin component and an organosilicon
component with an oxidizer component and optionally an
inert gas component to form a gas stream exterior to the
chamber;

(g) establishing a glow discharge plasma in the chamber from

15 one or more of the gas stream components;

(h) controllably flowing the gas stream into the plasma while
confining at least a portion of the plasma therein; and
(i) depositing a second layer adjacent said first layer.

20 Most preferably, the method for applying a barrier film coating
to the interior wall surface of a container comprises the following
steps:

(a) positioning the open end of the container to the vacuum
25 manifold system;
(b) positioning the external surface of the container with
means for imparting energy inside the container;
(c) evacuating the container;
(d) adding reactant gases such as tin and HDMSO into the
30  container;
(e) imparting energy inside the container; and
(f) generating a plasma inside the container and thus applying
a barrier film coating to the interior wall surface of the container.
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Is preferably a mxture of a netal oxide such as Sn(Jerr], Ge(err] or
PoQ err] and a silicon or alum num oxide. Such an oxide m xture is
desirably 15 deposited by neans of plasma pol ynerization of a m xture
conprising tetranethyltin, oxygen and a volatile organosilicon or

or ganoal um num conpound in a magnetically enhanced audi o frequency
capactively coupl ed di scharge chanber. 20 Preferably, the 'E#] (iéﬂess
of the oxide mxture is about 50A to about 5000A and nost prefera '9
about 750 to about 2000A. The conposition of the oxide m xture provides a
dense, vapor- inpervi oBBefenwhlyﬂgtlwermDhemfetrSdodreeyeris Paref &Irgbhasilibbn

(A “and rost pr ofaRRRREREE ThidthCC, o F° fifatityQidiRane: ~OPHMBSORIT
t he second Iayertqt@eih@man@(mﬁ) or tetcampthyitsitane GfMS)e second I ayer is

greater than five tines the thickness of the first layer. A coating above

5, 000  q. .. . .
5 Preferably, the oxidizer source is air, oxygen or nitrous oxide.

Preferably, the diluent gas source is an inert gas, such as
helium, argon or a non-reactive gas such as nitrogen.

10 Preferably, the electrodes are inductively or capactively
coupled metallic electrodes in the form of coils, pointed rods or flat
or curved plates. Most preferably, the electrodes are energized with
an energy source such as low frequency alternating current (AC),
radio frequency (RF) or microwave frequency electrical potentials,

15  either continuous or pulsed.

Most preferably, the method of applying a barrier coating to
the interior wall surface of a container comprises the following steps:

20 (a) positioning the open end of the container to the vacuum
manifold system:;

(b) positioning the external surface of the container with
electrodes that are connected to an energy source;

(c) maintaining a pressure of about 300 mTorr inside the

25 container by evacuating the container with the vacuum pump;

(d) controllably flowing an organosilicon component with an
oxidizer component and an optional inert gas component through the
manifold system and into the container;

(e) energizing the electrodes so as to impart energy to the

30 components inside the container;,

(f) establishing a glow discharge plasma inside the
container; and

(g) depositing a barrier film coating onto the interior wall
surface of the container.
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A may crack and therefore be ineffective as a barrier. 30 Optionally,

anot her |ayer may be di sposed over the mxture layer, preferably conprising
vinyl i dene chloride - nmethyl methacrylate - nmethacrylate acrylic acid

pol ymer (PVDC), thernpsetting epoxy coatings, parylene polymers or

pol yesters. 4 Preferably, the thickness of the PVDC | ayer is about 2 to
about 15 m crons and nost preferably fromabout 3 to about 5 n1cr?p§ ?

The process for applying the polynmeric nmaterial to a container 12
preferably carried out in a vacuum chanber wherein a curable

Preferably, the method steps may be repeated wherein the
electrodes in step (b) are repositioned on the external surface of the
container.

Alternatively, the method steps may be repeated wherein the
electrodes in step (b) are turned off and on and/or the flow of
components in step (d) are turned off and on so as to pulse the plasma
energy or component flow or both so as to enhance the barrier

10 properties.

Therefore, the alternate method steps may be as follows:

(h) de-energizing the electrodes; and
15 (i)  energizing the electrodes so as to impart energy.

Another alternate method may be as follows:

(h) stopping the flow of components in step (d); and
20 (i)  then again controllably flowing the components as in step

(d).
A further alternate method may be as follows:

25 | (h) stopping the flow of components in step (d);
(i)  de-energizing the electrodes in step (€); and
()  then repeating steps (d) - (g).

Optionally, the method steps may be repeated so as to assure
30 that the barrier film coating is uniformly applied throughout the inside
of the container or to apply a second barrier film coating.

Optionally, primer or planarization layers may be interposed
between the plastic substrate and the first layer, oxygen plasma

7
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nononer :conponent is netered to a heated vaporizer systemwhere the
mat-erial is atom zed, vaporized and condensed on the surface of the
cont ai ner. Follow ng deposit of the nonomer onto the surface of the 10
container, it is cured by suitable means such as el ectron beam curing. The
deposition and curing steps may be repeated until the desired nunber of

| ayers has been achieved. A nethod for depositing a m xture of ingr | C
oxi de and netal 15 oxide conponents is as follows: (a) pretreatingégﬂgi
container with a first plasma coating of oxygen; (b) controllably flowng a

gasdst ream i ncl L@leattmegm oft thenBist ayer pﬂoosolthecnleposm@mmf thedsezopdelayer
onto the cont ai HuR Uy Pkt heRiF ibakife Al s e elBpHIRv Gy “Soout s00
mrorr during the depositing. Al though the pretreatnment step is optional, it
I's believed that Plastic tubes coated with the multi-layer barrier coating and an
5 overcoating layer are able to maintain substantially far better vacuum
retention, draw 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 coating. In addition, the tube's resistance to impact is much
10  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. Another attribute of the oxide mixture coatings is that
they are stable as compared to conventional methods of medical
sterilization, such as gamma irradiation or ethylene oxide (ETO).
15
Most preferably, the container of the present invention is a
blood collection device. The blood collection device can be either an
evacuated blood collection tube or a non-evacuated blood collection
tube. The blood collection tube is desirably made of polyethylene
20 terephthalate, polypropylene, polyethylene napthalate or copolymers
thereof.

Printing may be placed on the multi-layer barrier coating
applied to the container of interest. For example, a product
25 identification, bar code, brand name, company logo, lot number,
expiration date and other data and information may all be included on
the barrier coating. Moreover, a matte finish or a corona discharged
surface may be developed on the barrier coating so as to make the
surface appropriate for writing additional information on the label.
30 Furthermore, a pressure sensitive adbesive label may be placed over
the barrier coating so as to accommodate various hospital over-labels,

for example.
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the pretreatnment step provides for inproved adherence qualities. 25

The' organotin and organosilicon conpounds may be conbined with oxygen and
optionally heliumor another inert gas such as argon or nitrogen.
Preferably, the nmethod for depositing a barrier coating on a 30 substrate,
such as a plastic collection tube conprises the follow ng steps: 5 (a)
selecting a curable conponent conprising: (i) pol yfunctional
acrylates, or (ii) mxtures of nonoacryl ates and pol yfunctional adfBl3es;

Preferably, the multi-layer barrier coating of the present
invention provides a transparent or colorless appearance and may have
printed matter applied thereon.

5 A further 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
method typically used with thin films.

10 It has been found in the present invention that the organic
material, acrylate, provides a good platform for the growth of the dense
Group IVA oxide barrier material.

It has been found that a highly cross linked layer of acrylate

15 improves the adhesion between a plastic surface and a layer of a

mixture of an inorganic oxide and a metal oxide improves the

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

20  reducing the defect density in the deposited inorganic coatings. The

good bonding properties of the acrylate are also due to the fact that

acrylate is polar and the polarity provides means for good bond

formation between the oxide mixture and the acrylate. In addition, it

has been found that a good bond formation is made between plastic

25  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 mixture coating can be further substantially improved

by surface pretreatment methods such as flame or oxygen plasma.

30  Therefore, a significant reduction in permeability of the article is due to

the substantially improved metal oxide surface coverage that is

obtained by the use of a primer coating of acrylate on the plastic article
surface.
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(b) flash vaporizing said conmponent into said chanber; 5 (c)
condensing a first layer of a film of vaporized conponent onto the
container; (d) curing said film (e) applying a plasma surface treatnent of
oxygen on the film 10 - (f) vaporizing an organotin conponent and an
organosi licon conponent wth an oxidizer conponent and optionally an inert
gas conponent to forma gas streamexterior to the chanber; (Q) 3
establishing a gl ow discharge plasna in the chanber from 15 P-3121 one
or nore of the gas stream conponents; (h) controllably flow ng the gas
streaminto the pl asnwmawmdnhéodllmleamdmmbe acquted | withothé hawiti-beyer

therein; and barrier coating of the present invention 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
5 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
automated machinery such as centrifuges and may be exposed to
10  certain levels of radiation in the sterilization process with substantially
no change m optical or mechanical and functional properties.

DESCRIPTION OF THE DRAWINGS

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

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

20
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.
25 FIG. 4 is a longitudinal sectional view of a tube-shaped

container, similar to the tube of FIG. 1 with a stopper, comprising a
multi-layer barrier coating.

FIG. 5 is a longitudinal sectional view of a further embodiment
30  of the invention illustrating the tube with a stopper similar to FIG. 1
and with the multi-layer barrier coating encompassing both the tube

and stopper thereof.
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(1) depositing a second | ayer adjacent said first |layer. 20 Most
preferably, the nethod for applying a barrier filmcoating to the interior
wal | surface of a container conprises the follow ng steps: (a) positioning
t he open end of the container to the vacuum 25 mani fold system (b)
positioning the external surface of the container wth neans for inparting
energy inside the container; (c) evacuating the container; (d) adg%gg
react ant gases such as tin and HDMSO into the 30 contai ner; (e) glng
energy inside the container, and (f) generating a plasm i nsi de t he
cont ai ner and thus appFM}nQlﬂuﬁmaKBGMIbnkugedqnuhgﬁymechenedudnn;mnmafa

surface of the cgadipedfiorator apparatus.
FIG. 7 illustrates a plasma deposition system.

FIG. 8 is a general schematic diagram illustrating the apparatus
for plasma generation.

FIG. 9 1s a general schematic diagram illustrating the layers
10  being deposited on a substrate.

FIG. 10 ESCA spectra of the mixture of a Group IVA
compound and a silicon oxide compound.

15 DETAILED DESCRIPTION

The present invention may be embodied in other specific forms
and is not limited to any specific embodiment described in detail which
is merely exemplary. Various other modifications will be apparent to

20 and readily made by those skilled in the art without departing from the
scope and spirit-of the invention. The scope of the invention will be
measured by the appended claims and their equivalents.

Referring to the drawings in which like reference characters
25  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
includes a lower annular portion or skirt 15 which extends into and
presses against the inner surface 12 of the sidewall for maintaining

30 stopper 14 in place.

FIG. 2 schematically illustrates that there are three mechanisms
for a change in vacuum in a blood collection tube: (A) gas permeation
through the stopper matexial; (B) gas permeation through the tube and

11
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6 Preferably, the nononmer source is an organosilicon conponent such as
hexamet hyl di si | oxane, (HVDSO), tetraethoxysilane (TEGCS) or . .
tetramethyl silane (TM5). 5 Preferably, the oxidizer source is air,
oxygen or nitrous oxide. Preferably, the diluent gas source is an inert
gas, such as helium argon or a non-reactive gas such as nitrogen. 10 _
Preferably, the electrodes are inductively or capactively coupl ed lq?gzlll I C
el ectrodes in the formof coils, pointed rods or flat or curved pla .

Most preferably, ectrpdes are energized with_an epergy source such as
| ow frequency al g(éfﬁgfel* ngt gﬁgerggpp(:rp\éy, e mtergface. There ore, 'when there is

substantially no gas permeation and no leak, there is good vacuum
retention and good draw volume retention.

5 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.
Accordingly, similar components performing similar functions will be

10 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.

Referring now to FIG. 3, the preferred  embodiment of the

invention, collection tube assembly 20 comprises a plastic tube 10a,

15 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

coating 25 comprises a first layer 26 of a polymer material, such as an

acrylate material and a second layer 27 of a mixture of a Group IVA

20  metal oxide material and a silicon oxide based composition and a third
layer 28 of an organic overcoating layer such as PVDC.

FIG. 4 illustrates an alternate embodiment of the invention,

wherein collection tube assembly 40 comprises stopper 48 in place for

25 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

48 includes a lower annular portion or skirt 49 which extends into and

presses against the inside inner surface 46 of sidewall 43 for

30 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

12
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radi o f.orequency (RF) or mcrowave frequency electrical potentials, 15

ei ther continuous or pulsed. Mst preferably, the method of applying a
barrier coating to the interior wall surface of a container conprises the
foll owi ng steps: 20 (a) positioning the open end of the container to
t he vacuum mani fol d system (b) positioning the external surface of the
container wwth electrodes that are connected to an energy source; (%921

mai ntai ning a pressure of about 300 mlorr inside the 25 container"
evacuating the container with the vacuum punp; (d) controllably flow ng an
organosi | i con ccepbaeri2 feniecaiving partzer aﬁ ofsbe sentenis iatubpd2dagerfor t

gas conponent thpRUaf febf HRA §291‘115‘le5y€b%€?'1ﬁ%% SUBSRant] ﬁ@r‘ﬂfcﬁi BEthe [edkth
energizing the el tro fube is a m tl-layera{)amer cggmtlgo J Multi-layer barrier
coating 45 covers substantially most of the tube with the exception of

5 open end 41 thereof. Multi-layer barrier coating 45 comprises a first

layer 54 of a polymer material such as an acrylate, a second layer 56 of

mixture of a metal oxide such as SnOy, GeOx or PbOy, and a silicon

oxide material and a third layer 58 of an organic barrier material such

as PVDC. FIG. 4 differs from the embodiment in FIG. 3 in that the

10 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.

15 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 pumbered identically to those
components in the embodiment of FIG. 4, except that a suffix "a" will

20 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
upper portion 50a of stopper 48a, as well as the entire outer surface of

25 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
with the stopper in place. Once a sample has been placed in the tube,

30 the sample cannot be tampered with by removal of the stopper.
Additionally, the serrations may be registered so that it can be
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.

i ii‘l‘iii\fﬁfi‘ uf'l‘”“ ~-
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30 conponents inside the container; (f) establishing a glow discharge

pl asma inside the container; and (g) depositing a barrier filmcoating onto
the interior wall surface of the container. 7 Preferably, the nethod
steps may be repeated wherein the electrodes in step (b) are repositioned
on the external surface of the container. 5 Alternatively, the nethod steps
may be repeated wherein the P-3121

In an alternate embodiment of the invention, multi-layer barrier
coating 45 is repeatedly or sequentially applied to the inner and/or
outer surface of the tube. Preferably, the coating is applied at least

5 twice.

It will be understood by practitioners-in-the-art, that such tubes
may contain reagents in the form of additives or coatings on the inner
wall of the tube.

10

The multi-layer barrier coating forms a substantially clear or
translucent barrier. Therefore, the contents of a plastic tube with a
multi-layer barrier coating comprising at least tio layers of barrier
materials are substantially visible to the observer at the same time

15 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
on the tube by dip-coating, roll-coating or spraying acrylate monomer
20 or the blend of monomers, followed by the UV curing process.

The acrylate polymer material may also 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 is herein incorporated by

25 reference.

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

30 molecular vapor which has the same chemistry as the starting
monomer.

Acrylates are available with almost any chemistry desired.
‘They usually have either one, two or three acrylate groups per
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el ectrodes in step (b) are turned off and on and/or the flow of conponents
in‘step (d) are turned off and on so as to pul se the plasna energy or
conmponent flow or both so as to enhance the barrier 10 properties.
Therefore, the alternate nmethod steps may be as follows: (h) de-energizing

the el ectrodes; and 15 (i) energizing the electrodes so as to inpart
energy. Another alternate method may be as follows: (h) stoppi nglslngfll ow
of conponents in step (d); and 20 (i) then again controllably

flow n the corrpo nt in ste further alternat met hod be as

foll owg O((? ‘ﬁestsgﬁ‘ap%l lﬁg‘%ﬁ&%‘ameoabéﬂ@rfﬂsa"? %tte&?r‘(:dl)sng(lll}’

de- ener gi 2| ng t htheel presendeimventishep (Mdst gneferable are monoacrylates and
diacrylates.

5 Acrylates form one of the most reactive classes of chemicals.
They cure rapidly when exposed to UV or electron beam radiation to
form a cross-linked structure. This imparts high temperature and
abrasion resistant properties in the coating.

10 The monomer materials utilized are relatively low in molecular
weight, between 150 and 1,000 and preferably in the range of 200 to
300 and have vapor pressures between about 1x10-0Torr and 1x10-1
Torr at standard temperature and pressure (i.e., relatively low boiling
materials). A vapor pressure of about 1x10-2 Torr is preferred.

15 Polyfunctional acrylates are especially preferred. The monomers
employed have at least two double bonds (i.e., a plurality of olefin
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

20 degradation products means that films formed from these low
molecular weight, high-vapor-pressure monomers have reduced volatile
levels of components. As a result, substantially all of the deposited
monomer 1S reactive and will cure to form an integral film when
exposed to a source of radiation. These properties make it possible to

25 provide substantially continuous coating despite the fact that the film is
very thin. The cured film exhibits excellent adhesion and is resistant to
chemical attack by organic solvents and inorganic salts.

Because of their reactivity, physical properties and the

30  properties of cured films formed from such components, polyfunctional

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

This Sheet Has Been R ’i 15
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(j) then repeating steps (d) - (g). Optionally, the nethod steps nmay be
repeated so as to assure 30 that the barrier filmcoating is uniformy
appl i ed throughout the inside of the container or to apply a second barrier
filmcoating. Optionally, prinmer or planarization |ayers may be interposed
between the plastic substrate and the first |ayer, oxygen plasna
REPLACEMENT SHEET 2 2 APR 1997 8 treatnent of the first |ayer i{ior to

t he deposition of the second | ayer and use of other barrier enhanér §21

| ayers on the second | ayer.

I
R1(0C-C=CHy),

I
5 R2

wherein:
R1 is an aliphatic, alicyclic or mixed aliphatic-alicyclic radical;
10 RZisa hydrogen, methyl, ethyl, propyl, butyl or pentyl; and

n is from 2 to 4.

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

15
x1
|
CH3(CH2);C-(CHp)sX3
i
20 CHy0C-C=CH;
I
O RZ
wherein:
25
R2. is as defined above;
X1 is H, epoxy, 1,6-hexanediol, tripropyleneglycol or urethane;
and
| r,sare |-18.
30 O

I
CH0C-C=CHj; and
!
R2

- 16
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Plastic tubes coated with the multi-layer barrier coating and an 5
overcoating layer are able to maintain substantially far better vacuum
retention, draw volune and thernonechanical integrity retention than

previ ous tubes conprised of polynmer conpositions and bl ends thereof w thout
a coating of barrier materials or of tubes conprising only an oxide
coating. In addition, the tube's resistance to inpact is nmuch 10 Jpgggﬁr
than that of glass. Mdst notably is the clarity of the nmulti-Ilayer T i ng
and its durability to substantially wthstand resistance to inpact and
abrasion. Another attribute of the oxide m xture coatings is that they are

stabl e as compared to gAuenN efﬂ@oﬁmggf?ﬁ, ﬁq@%@a@p%ﬁ%ﬁ&m
me d h . ,
o o v K sk SR LR Pnch 0 o0 pog

coll ection device can be either an

S Diacrylates of the formula below are particularly preferred:
O .
|
CH3(CH2),CX1(CH2)sCH2OC-CH=CH)
I
10 CHyOC-CH=CH»

|
0

wherein:
15
X1, rand s are as defined above.

Curing is accomplished by opening the double bonds of the

reactant molecules. This can be accomplished by means of an energy

20 source such as an apparatus which emits infrared, electrons or
ultraviolet radiation.

FIG. 6 llustrates the process for applying an acrylate coating.
An acrylate monomer 100 is directed through a dielectric evaporator
25 102 and then through an ultrasonic atomizer 104 and mto a vacuum
chamber 106. The monomer droplets are atomized ultrasonically and
the droplets vaporized where they condense on the rotating tube or film
that is loaded on a drum 108.

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

The second layer of the multi-layer barrier coating, may be
formed by radio frequency discharge, direct or dual ion beam

17
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evacuat ed bl ood coll ection tube or a non-evacuated bl ood collection tube.
The bl ood collection tube is desirably made of pol yethyl ene 20

t erepht hal ate, pol ypropyl ene, pol yethyl ene napthal ate or copol yners
thereof. Printing may be placed on the nulti-layer barrier coating applied
to the container of interest. For exanple, a product 25 identification,

bar code, brand nanme, conpany |ogo, |ot nunber, expiration date %&Cer
data and information may all be included on the barrier coating.

a matte finish or a corona discharged surface may be devel oped on the
barrier coating dsposiian Sputieringos plasna eapenopd ichemicalr vapor deposition,

addi tional inf OrzﬁBdiés‘éhHéﬂ fhh@ Sapﬁtleﬁt Hos. @699%5‘6”49809 8157"695159'923 298Ngid | ve

\e}grlegh\s/ehlogglelt al éﬁ,gfil iosgwrérw {chcofrtél hérein 1§cgr%or§t%(gl ydat

reference.

5

For example, a method of depositing the second layer is

provided by establishing a glow discharge plasma in a previously
evacuated chamber. The plasma is derived from one or more of the gas
stream components, and preferably is derived from the gas stream

10 itself. The article is positioned in the plasma, preferably adjacent the
confined plasma, and the gas stream is controllably flowed into the
plasma. The thickness of the second layer is about 50A to about
5000A and preferably at about 750A to about 2000A. The barrier
based film is deposited on the substrate to a desired thickness. A

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

20 Another method of depositing a barrier coating is by confining
a plasma with magnets. Preferably, the magnetically 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

25 components: volatilized organosilicon and organotin components and
an oxidizer component such as oxygen, nitrous oxide, carbon dioxide
or air and an optionally inert gas component.

Examples of suitable organosilicon and organotin compounds

30 useful for the gas stream in the plasma deposition methods are liquid or
gas at about ambient temperature and have a boiling point about 0°C to
about 200°C and include tetramethyltin, tetraethyltin, tetraisopropyitin,
tetraallyltin, dimethysilane, trimethylsilane, diethylsilane, propylsilane,
phenylsilane, hexamethyldisilane, 1,1,2 2-tetramethyldisilane, bis
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9 Preferably, the nulti-layer barrier coating of the present invention
provi des a transparent or col orl ess appearance and nmay have printed matter
applied thereon. 5 A further advantage is that the nethod of the
present invention provides a reduction in the gas perneability of

t hr ee- di nensi onal objects that has not been achi eved with conventi onal
deposition nethod typically used with thin filns. 10 It haﬁpﬁﬁ%ﬂ
found in the present invention that the organic material, acrylate,

provi des a good platformfor_the growth of the dense G oup | VA oxide
barrier materi al {trimethylsilane)methane, bis (dimethylsilyl) methane,
hexamethyldisiloxane, vinyl trimethoxy silane, vinyl triethyoxysilane,
ethylmethoxysilane, ethyltrimethoxysilane,
divinyltetramethyldisiloxane, hexamethyldsilazane divinyl-
5  hexamethyltrisiloxane, trivinylpentamethyltrisiloxazane,

tetracthoxysilane and tetramethoxysilane.

Among the preferred organosilicons are 1,1,3,3-

tetramethyldisiloxane, trimethylsilane, hexamethyldisiloxane
10 (HMDSOQO), vinyltrimethylsilane, methyltrimethoxysilane, vinyltri-
methoxysilane and hexamethyldisilazane. These preferred

organosilicon compounds have boiling points of 71°C, 55.5°C, 102°C,
123°C and 127°C respectively. '

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

The volatilized organotin and organosilicon components are
preferably admixed with the oxygen component and the inert gas
20 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.

Various optical methods known in the art may be used to

25 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.

The deposition method of the present invention is preferably

30 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
pressure results in lower deposition rates whereas higher system

— 19
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It has been found that a highly cross linked | ayer of acrylate 15 inproves
t he adhesi on between a plastic surface and a |layer of a mxture of an

i norgani c oxide and a netal oxide inproves the thernonechanical stability
of the coated system |In addition, acrylate prinmer coating has a role of a
pl anari zation (leveling) |ayer, covering the particles and inperfections on
the surface of a polynmer and 20 reducing the defect density in tQ@_ 2
deposi ted inorganic coatings. The good bonding properties of the r%hehe
are also due to the fact that acrylate is polar and the polarity_provides
means for good bBREPSHER HE@YlaﬁS bester dapesidop ntes. nWhawr heplastinartde ypdice.

Iln afldl t|2 gn tIE) h@atdge@mflfe@ursénfsftﬁte ag dfigHeP &F §tefn§)r srlﬁ*é nfayTaste u@é%\r/]\tt%en

paSIC upes -npge o ropy n acr us

i nvention provi o Bunfiize h g a%‘P ‘%fg}ﬁai% ﬁ} “%’ﬁ&@fﬁ g Fﬁgoﬁfrtl%e unng

properties of podppomnphehecausbdmghTMMeiempepam tare o dbe avdidedhéor

acryl ate 5 low Tg polymers such as polypropylene and PET (Tg is -10°C and
60°C respectively).

The substrate is electrically isolated from the deposition system

(except for electrical contact with the plasma) and is at a temperature

10 of less than about 80°C during the depositing. That is, the substrate is
not deliberately heated.

Referring to FIG. 7, the system for depositing a barrier coating,
mncluding the second layer comprises an enclosed reaction chamber 170
15 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.
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.
20
The reaction chamber can be of an appropriate type to perform
any of the plasma-enhanced chemical vapor deposition (PECVD) or
plasma polymerization processes. Furthermore, the reaction chamber
may be modified so that one or more articles may be coated with the
25 oxide mixture layer simultaneously within the chamber.

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

30 The tube to be coated is first loaded into chamber 170 in
sample holder 172. The pressure of the chamber is reduced to about 5
mTorr by mechanical pump 188. The operating pressure of the
chamber is about 90 to about 140 mTorr for a PECVD or plasma
polymerization process and is achieved by flowing the process gases,

20
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coating and the m xture coating can be further substantially inproved by
surface pretreatnent nethods such as flanme or oxygen plasma. 30 Therefore,
a significant
substantially inproved netal oxide surface coverage that is obtained by
use of a prinmer coating of acrylate on the plastic article surface.

pl astic blood collection tube coated with the nulti-Iayer barrierpgyﬁi
of the present
is typically perforned on blood in a tube.

limted to,

reduction in perneability of the article is due to the

invention will not interfere with testing and anal ysis i[

r outaXygenand bamesrprepyrsor, pitel thgidumber through monomer inlet

10

15

20

25

30

176.

The thin film is deposited on the surface of the tube and has a
desired uniform thickness or the deposition process may be interrupted
periodically to minimize heating of the substrate and/or electrodes
and/or physically remove particulate matter from the articles.

Magnets 196 and 198 are positioned behind electrode 200 to
create an appropriate combination of magnetic and electrical fields in
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 higher frequency, such as in the radio
frequency range of several megahertz.

Referring to FIG. 8, an apparatus of the present invention
mcludes a vacuum manifold system 22. The vacuum manifold system
includes at least five connections 24, 26, 28, 30 and 32 and a coupling
port 34 that is desirably a rubber grommet.

Connections 24, 26, 28, 30 and 32 lead to isolation gate valves
42, 44, 46, 48 and 50 respectively. Valves 42, 44, 46, 48 and 50 lead
respectively to a monomer gas source 52, an oxidizer gas source 54, a
vacuum pump 56, a vent filter 58 and a diluent gas source 60
respectively. The apparatus further includes means for creating energy
including an external electrode system 62 and an energy source 64.
The energy source preferably includes a tuner 66, an amplifier 68 and
an oscillator 70.

After the tube has been fabricated by any suitable plastic tube
forming method, such as injection molding, extrusion with end-
capping, blow molding, injection blow molding, etc., the open end of

. o I
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5 inertness, hematol ogy, blood chem stry, blood typing, toxicology

anal ysis or therapeutic drug nonitoring and other clinical tests involving
body fluids. Furthernore, a plastic blood collection tube coated with the
barrier coating is capable of being subjected to autonated machi nery such
as centrifuges and may be exposed to 10 certain levels of radiation in the
sterilization process with substantially no change in optical or EBEFQTlcaI
and functi onal properties DESCRI PTI ON OF THE DRAW NGS 15

a perspective vi typi cal bl ood collection tube with a stopper._ FIG
2is a |ongitud|t§1§| t%hﬁ‘ctlﬁoﬁléﬁt Goanecsed t toe thebeaqyrunr) manyfold keistemont thene

2-2. 20 FIG 3 isouplimpnpottughidall vedd arain ¥ickesced padsitidne- Theredlve 46 is
opened and the vacuum pumyp is initiated to reduce the pressure in the
tube to the vacuum region of about 0.001 mTorr to about 100 mTorr.

The reactant gas components necessary for the plasma to form
inside the tube are then introduced by way of the manifold system into
the tube. Valve 42 is first opened so that the monomer gas component
flows into the manifold system at a pressure of about 125 mTorr, a

10 flow rate of about 1.0 sccm, and a room temperature of about 74°F.
Then valve 44 is opened so that the oxidizer gas component flows into
the manifold system at a pressure of about 175 mTorr, flow rate of
about 22 sccm and a temperature of about room temperature or about
74°F.

15 _

The monomer gas component and the oxidizer gas component
are preferably admixed with the inert gas component in the manifold
system before being flowed into the tube. The quantities of these gases
being so admixed are controlled by flow controllers so as to adjustably

20  control the flow rate ratio of the reactant gas stream components. The
mixture of the reactant gas components is achieved inside the tube
prior to energizing the electrical system.

Most preferably, the monomer gas component is preferably

25 HMDSO and the oxidizer gas component is preferably oxygen so as to

form and deposit a barrier coating of silicone oxide (SiOy) on the
internal wall surface of a tube.

The barrier coating is deposited on the internal surface of the

30 tube to a desired thickness. The thickness of the coating is about 500

Angstroms (A) to about 5000 A. Most preferably, the thickness of the
oxide coating is about 1000 A to about 3000 A.

22
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container simlar to the tube of FIG 1 wthout a stopper, conprising a
multi-layer barrier coating. 25 FIG 4 is a |longitudinal sectional
vi ew of a tube-shaped container, simlar to the tube of FIG 1 with a
stopper, conprising a multi-layer barrier coating. FIG 5 is a |ongitudinal

sectional view of a further enbodinment 30 of the invention illustrating
the tube with a stopper simlar to FIG 1 and wth the rmlti-layei,_?fﬁler
coating enconpassi ng both the tube and stopper thereof. FIG 6

il lustrates an enl arged Part lally sectioned, diagramof a flash evaporator
appar at us. Optionally, a general control system including a computer

control portion, is connected to each of the components of the system
in a manner to receive status information from and send controlling
commands to them.

Suitable pressure of the reactant gas mixture is between about
70 mTorr and about 2000 mTorr, preferably between about 150 mTorr
and 600 mTorr and most preferably about 300 mTorr.

10 Desirably, an organosilicon such as HMDSO and
tetramethyltin are used as the monomer gas components at a flow rate
of about 0.1 to 50 scem, at (25°C) and from about 80 mTorr to about
190 mTorr preferably at about 0.5 sccm to about 15 scem and most
preferably at about 1.0 sccm.

15

Desirably, air is used as the oxidizer gas component at a flow
rate of about 0.1 to about 50 sccm, (at 25°C) and from about 110
mTorr to about 200 mTorr, preferably at about 15 to about 35 sccm
and most preferably at about 22 scom.

20

The barrier film blend thereof used in accordance with this
disclosure, may contain conventional additives and ingredients which
do not adversely affect the properties of articles made therefrom.

25 The optional 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 polyvinylidene chloride or homo- or co-
polymers, followed by air drying.

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

23
This Sheet Has Been Rei

| IIII lIIIH




FIG 7 tllustrates a plasma deposition system FIG 8 is a general
schematic diagramillustrating the apparatus for plasm generation. FIG 9
is a general schematic diagramillustrating the |ayers 10 being deposited
on a substrate. FIG 10 ESCA spectra of the m xture of a G oup |VA conpound
and a silicon oxide conpound. 15 DETAI LED DESCRI PTI ON The

present invention nmay be enbodied in other specific forns and isngptgl i
limted to any specific enbodi ment described in detail which is X I%

exenpl ary. Various oth i fi atlon wi Il be apparent to 20 _and readily
nmade by those skill ed ﬁ??%lﬁff ﬁ‘gd@}’%reb'aﬂm% leneopphymeers c dlasylene 1s

spi ri'é gf lthga inMgénchffmsci@FeminBéﬁ oNRStPSIPmdr| Serk® WRIEINRA By the
appended clai ms gigyt ReLhi@d ¢ S3ofiSa. The base member of the series, called

parylene N, is poly-p-exlylene, a linear, crystalline material:

CH2 ¢ \ (‘H2

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

C1

CH 2 CH

15
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:
1
___CI'E Cl-&
20 ct
24
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Referrisng to the drawngs in which |ike reference characters 25 refer to

| i ke parts throughout the several views thereof, FIGS. 1 and 2 show a

typi cal blood collection tube 10, having a sidewall 11 extending from an

open end 16 to a closed end 18 and a stopper 14 which includes a | ower

annul ar portion or skirt 15 which extends into and presses agai nst the

I nner surface 12 of the sidewall for maintaining 30 stopper 14 i?hgkgfe.
0

FIG 2 schematically illustrates that there are three nmechani sns
change in vacuumin a blood collection tube: (A) gas perneation through the
stopper material; (B) gas perneation through the tube and 12

Most preferably, the polymer layer is a vinylidene chloride-

methyl methacrylate-methacrylate acrylic acid polymer (PVDC). This

5 polymer is available as DARAN® 8600-C (trademark of W.R. Grace

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

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

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

to vacuum metallizing, as described in U.S. Patent Nos. 3,342,754 and

3,300,332, the disclosures of which are herein incorporated by

reference. Alternatively, the third layer may be ‘vinylidene chloride-

acrylonitrile-methyl methacrylate-methyl acrylate-acid acrylic polymer,

15 applied to the second layer by dip-coating, roll-coating or spraying an

aqueous emulsion of the polymer, followed by air drying of the coating,

as described m U.S. Patent Nos. 5,093,194 and 4,497,859, the
disclosure of which are herein incorporated by reference.

20 As shown in FIG. 9, the acrylate coating A and the second
mixed layer B may have defects or irregularities C. It 1s believed that a
completely defect-free coverage of the substrate D cannot be achieved
with only the acrylate and mixed layer. Therefore, a third coating of
PVDC, E is applied over the layer to produce a substantially defect-

25 free barrier coating over the substrate surface.

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

30 devices.

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

25
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(C leak at the stopper tube interface. Therefore, when there is
substantially no gas perneation and no | eak, there is good vacuumretention
and good draw volune retention. 5 FIG 3 shows the preferred

enbodi mrent of the invention, a plastic tube coated with at |east two | ayers
of barrier materials. The preferred enbodi nent includes nmany conponents

whi ch are substantially identical to the conponents of FIGS. 1 ang_gl
Accordingly, simlar conponents performng simlar functions wll"™be 2110

nunbered identigally.to those conmponents of FIGS. 1 and 2, except that a

Sufix "a" will GeitEdde, fwtirereﬁmmycaﬁ ms@m@m@f‘mw@s, emREPlOLYL ng

now to FIG 3, thleodrotlettisty, b[ﬁmﬂty}ﬁﬂ%, Wixik Ry BRI $i8or &@rblls@iltil@arﬁglbe
a

ext endi g om JHOBeriBe Ao thex el ariss davelin BaY Ayasy i Thorsy 25
extends over a sulplastit itlbodocollestiaf tube coated with the barrier coating is
5 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.

10 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

15 pressure). Therefore, draw volume retention is dependent on good
vacuum retention. A plastic tube coated with a barrier coating
substantially prevents gas permeation through the tube material so as to
maintain and enhance the vacuum retention and draw volume retention
of the tube. Plastic tubes without the multi-layer coating of the present

20 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
25 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

30 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.

26
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outer suarface of the tube with the exception of open end 16a. Barrier
coating 25 conprises a first layer 26 of a polyner material, such as an
acrylate material and a second | ayer 27 of a mxture of a Goup |IVA 20
netal oxide material and a silicon oxide based conposition and a third

| ayer 28 of an organic overcoating |ayer such as PVDC. FIG 4 illustrates
an alternate enbodi nent of the invention, wherein collection tubeFa§§ggbly
40 conprises stopper 48 in place for 25 closing open end 41 of tube

can be seen, sidewall 43 extends fromopen end 41 to closed end 44 and
stopper 48 includes an annul ar upper portion 50 which extends over the top
edge of tube 42. St opp?fheé&aarrmlmﬁx ubeodein agevrdance onithothiordis&lostired9

Si deval| 43 1or 505 RORRD ﬁ@i‘@&@f%%%e?&@@veﬁ 8 LR BERE Bsbothas

a septum porti onadversely a:f&ﬁélthe pyopertwsrafl axticlesrmade duﬂgbfrom

5 _
The following examples are not limited to any specific
embodiment of the invention, but are only exemplary.
Example 1
10

A polypropylene (PP) tube was connected to the vacuum
manifold system and with external parallel plate electrodes surrounding
the outside of the tube. A vacuum of about 60 mTorr was first drawn
inside the tube. Then air at about 200m Torr was introduced into the

15  tube through the manifold system and the electrodes were energized at
30 watts from a 38MHz oscillator for about 30 seconds to provide a
surface activation treatment. While the plasma was energized, a
monomer gas mixture of tetramethyltin and hexamethyldisilxane vapor
(1:20 v/v) was added into the tube through the manifold until the total

20 pressure of the gas mixture was about 250 mTorr. The plasma
deposition was maintained for about 5 minutes, followed by a 90
second air treatment.

After SnOx/SiOy was deposited on the interior wall surface of
25 the tube, the tube was disconnected from the manifold.

Example 2

A PET tube was connected to the vacuum manifold system and

30 to external parallel plate electrodes surrounding the outside of the tube.
A vacuum of about 60 mTorr was first drawn inside the tube. Then air

was introduced into the tube at a pressure of about 150mTorr. Then a
mixture of tetramethyltin and hexamethyldisiloxane (1:20 v/v) vapor

was introduced into the tube until the total pressure of the gas mixture

e 27
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Thus, the user, once receiving a container such as that shown in FIG 4
with a sanple contained therein, may insert a cannula through 13 septum
52 for receiving part or all of the contents in tube 42 to performvarious
tests on a sanple. Covering a substantial portion of the length of the tube
is a multi-layer barrier coating 45. Multi-layer barrier coating 45 covers
substantially nost of the tube with the exception of 5 open end 41
thereof. Miulti-layer barrier coating 45 conprises a first |ayer 5P K12

pol ymer material such as an acrylate, a second |ayer 56 of mxture of a

met al oxi de suchiradStie cubd wz@eﬁaﬂtrzowﬂ" oth (Tder élecﬁodeﬁv%ﬂelémﬁ ivelddgt

material and a thgr §053Y5hd % WA P0PABLGt B hintted BbeHA a f)‘lcasma was

generated inside the tube.

5 After SnOy/SiOx was deposited on the interior wall of the tube,
the tube was disconnected from the manifold.

Example 3

10 A Surface Science Model SSx-100 X-ray photoelectron
spectromenter (ESCA) was used to determine the atom % of the
elements present in the oxide coatings. Film samples were placed
inside the spectrometer and the elemental composition was determined
of approximately 100A into the surface. The surface was then argon

15 ion etched as follows: 5000V and 9-10 mA argon ion beam was
directed at the sample surface. After 5 seconds the ESCA spectra was
taken and this procedure was repeated for a total of 5 times. The etch
time was then increased to 20 seconds followed by ESCA and this
process was repeated for a total of ten times. Finally, the etch time

20  was increased to 40 seconds and the ESCA spectra was obtained until
the bulk acrylate or the polymer substrate was reached. The oxide
layer was clearly indicated by the presence of silicon in the ESCA
spectra between the etch times of about 0 through about 1.3 minutes.
The results are reported in FIG. 10.

25
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as .PVDC. FIG 4 differs fromthe enbodinent in FIG 3 in that the 10 tu
may be evacuated with the sinmultaneous placenent of stopper 48 therein
after the application of |ayers 54 and 56 over the tube. Alternatively,
mul ti-layer barrier coating may be applied to the tube after it has been

evacuat ed.

15

FIG 5 shows an additional enbodi nent of the barrie

coating and a tube. The alternate enbodi nent functions in a sim|l n
to the enbodinment illustrated in FIG 4. Accordingly, simlar con?%gZ?
performng simlar functions will be nunbered identically to those

conponent s in t  WHADISELADMEDdS:4, except that a suffix "a" will 20
be used to identify those conponents in FIG 5. Referring nowto FIG 5, a
further enbodi ment 60 of the invention wherein nulti-layer barrier coating
45a i ncorporates both lppeh sampleassemblycomppying: 48a, as wel | as the

entire outer surface 0f plastic container having an open end, a closed end, an inner

surface and an outer surface; and

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

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

3. The assembly of Claim 2, wherein said plastic container is
a tube and said closure is an elastomeric stopper.

4. 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.

5. The assembly of Claim 3, wherein said barrier coating
extends from a portion of said elastomeric stopper to a point adjacent
said closed end of said container.

6. The assembly of Claim 2, wherein said tube is evacuated.

7.  The assembly of Claim 5, wherein said multi-layer barrier
coating includes registered tamper serrations adjacent to said contamer
and said closure interface.

8. The assembly of Claim 1, wherein said first layer is a
polymerized blend of mono-and di-acrylates.

29
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25 tube 42a. Multi-layer barrier coating 45a includes serrations 62 at the
tube, stopper interface. The serrations are registered so that it can be
determned if the seal ed contai ner has been tanpered with. Such an

enbodi mrent may be utilized, for exanple, for sealing the container with the
stopper in place. Once a sanple has been placed in the tube, t he sanpl e
cannot be tanpered with by renoval of the stopper. Addltlonally 3231
serrations may be registered so that it can be determned if the &
cont ai ner has been tanpered with. Such an arrangenent may be appropri ate,
for exanple, in drug abuse testing, specinen identification and quality
control . 14

9. The assembly of Claim 1, wherein said second layer is a
mixture of SnOx, GeOx or PbOy and aluminum oxide or silicon oxide
based composition.

10. 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 enhanced chemical vapor
deposition or magnetically enhanced plasma systems.

11. The assembly of Claim 1, further comprising a said third
layer adjacent said second layer of a thermosetting epoxy, parylene
polymer, homo-polymers, co-polymers, polyesters or vinylidene
chloride.

12. The assembly of Claim 11, wherein said first layer
comprises polymerized acrylate and said second layer comprises a
mixture of tin and silicon oxide and said third layer comprises
polyvinylidene chloride.

13. The assembly of Claim 1, further comprising a multi-layer
barrier coating over the inner surface of said container, having a first
layer including an acrylate primer coating material, a second layer on
said first layer of a mixture of metal oxide and an inorganic material.

14. A multi-layer barrier coating comprising:

a first layer comprising an acrylate material; and
a second layer on said first layer comprising a mixture of a
metal oxide and an inorganic oxide.

15. The coating of Claim 14, wherein said second layer is a
mixture of SnOy, GeOx or PbOy and aluminum oxide or silicon oxide.

30
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In an alternate enbodi nent of the invention, multi-layer barrier coating 45
I s'‘repeatedly or sequentially applied to the inner and/or outer surface of
the tube. Preferably, the coating is applied at least 5 twice. It will be
understood by practitioners-in-the-art, that such tubes may contain
reagents in the formof additives or coatings on the inner wall of the
tube. 10 The nmulti-layer barrier coating forns a substantially C|?Q§ vl
transl ucent barrier. Therefore, the contents of a plastic tube w g

mul ti-layer barrier coating conprising at |east two |ayers of barrier
materials are substantially visible to the observer at the sane tinme 15

| de?t i fyi P? i nf ?r mat i ofp. WHVh@@oQtfn}ﬁQ'q’ﬁ@%hmVﬂ fltthérubdrphisiter athird! Ber
coating after it | e ARRhEd 15der OF pbly¥in Ihdene cliloride.

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

(a) 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 film of vaporized component onto the outer
surface of said container; and
(d) curing said film.

18. The assembly of Claim 17, wherein said second layer is
deposited on said first layer by the following steps:

(a) wvaporizing an organotin component, an organosilicon
component and admixing the volatilized components with
an oxidizer component and optionally an inert gas
component to form a gas stream exterior to the chamber;

(b) establishing a glow discharge plasma m 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 a mixture of tin oxide and silicon
oxide adjacent said first layer.

19. The assembly of Claim 18, wherein said oxidizer
component 1S oxygen nitrous oxide, carbon dioxide, air or an inert gas.
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The first layer of the nmulti-layer barrier coating may be forned on the
tube by dip-coating, roll-coating or spraying acrylate nononer 20 or the
bl end of nonomers, followed by the UV curing process. The acryl ate pol yner
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

di scl osure of which is herein incorporated by 25 reference. The @ggyifte
evaporation and curing process involves first atom zing the acrylate

nononer into about 50 m cr dropl et s then flashing themoff of a,
heat ed surface. This pfé)du Q%amrabfwﬁagam 8nwihegeinhe pigstic substFatgds t he
same chem stry @ehﬁ&&%@iwlmdﬁﬁl‘mﬁeﬂle Abatibreexédpt feidonadt withh the nost

any chem stry dec%nrﬁded-r agm%gually have either one, two or three acrylate

groups per ned p

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

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

(b) flash vaporizing said component mto said chamber;

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

(d) curing said film;

(e) wvaporizing an organotin component, an organosilicon
component and admixing the volatilized components with
an oxidizer component and optionally an imert gas
component to form a gas stream 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; and

(h) depositing a layer of a mixture of tin oxide and silicon
oxide adjacent said first layer.

22. The method of Claim 21 wherein said first and second
layers are pretreated by oxygen plasma.

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

(a) vaporizing an organotin component, an organosilicon
component and admixing the volatilized components with
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nol ecul e. Various m xtures of nono, di and tri acrylates are useful in the
present invention. Mst preferable are nonoacryl ates and diacrylates. 5
Acryl ates formone of the nost reactive classes of chem cals They cure

rapi dly when exposed to UV or electron beamradiation to forma
cross-linked structure. This inparts high tenperature and abrasion

resi stant properties in the coating. 10 The nononer materlﬁogbz
utilized are relatively Iow in nolecular weight, between 150 and 1 ]and
preferably in the range of 200 t.Q. 300 and have vapor pressures between
about 1x10[err] Torr and 1x®#9[ &mﬁlmarpomp@leaﬁdand taisadyuran amerpr gasur e

(i.e., relatively |ow boilicogmponent to form a gas stream 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 a mixture of tin oxide and silicon
oxide onto the outer surface of said container.

24. The method of Claim 23 wherein said first layer is
pretreated by oxygen plasma.

25. A method for applying a barrier film coating to the interior
wall surface of a plastic substrate comprising:

(a) positioning a plastic article having an open end, a closed
end and an external and interior wall surface so that said
open end is connected to a vacuum manifold system
having a monomer supply source, an oxidizer supply
source and a vacuum supply source;

(b) positioning said exterior wall surface of said plastic article
with an electrode assembly;

(c) evacuating said interior of said article;

(d) delivering a monomer gas mixture of tetramethyltin and
HMDSO to said interior of said article;

(e) delivering a radio frequency power to said electrode of
about 38 MHz and from about 22 Watts to about 30
Watts.

26. A method for applying a barrier film coating to the interior
wall surface of a plastic substrate comprising:

(a) positioning a plastic article having an open end, a closed
end, an exterior, an interior and an external and interior
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materials). A vapor pressure of about 1x10[err] Torr is preferred. 15

Pol yfunctional acrylates are especially preferred. The nononers enpl oyed
have at | east two double bonds (i.e., a plurality of olefin groups). The
hi gh- vapor - pressure nononers used in the present invention can be vaporized
at low tenperatures and thus are not degraded (cracked) by the heating
process. The absence of unreactive 20 degradation products neans%t
filnms formed from these | ow nol ecul ar wei ght, high-vapor-pressure oners
have reduced volatile |levels of conponents. As a result, substantially al

of the deposited nononer iwall engfaoee santhati saidc opent end aisncennéctedgtaala fil m

P8 pr v e subst ant i ai |y SRR Hnadiold "SAReRY W0RRhECR TRbRokiorDRABLR) 7, | 0

25 provide substantially continuous coat spitet film
is very thin. The cured fiSPHGhami @5dek ceiPPlyiSOMeR arYacuuny sypplyant
to chem cal attack by orggaufceol vents and inorganic salts.

(b) positioning the external wall surface of said plastic article
with an electrode assembly;

(c) evacuating said interior of said article;

(d) delivering a monomer gas mixture to said interior of said
article;

(e) delivering a radio frequency power to said electrode;

(f) 1omizmg said gases so as to form a plasma whereby a
barrier film coating is applied to the interior wall surface
of said container. '

(g) stopping the radio frequency power mn step (e); and

(h) repeating steps (e) - (f).

27. The method of Claim 25 wherein step (d) further inchudes
a diluent gas.

28. A method for applying a barrier film coating to the interior
wall surface of a plastic substrate comprising:

(a) positioning a plastic article having an open end, a closed
end, an exterior, an interior and an external and interior
wall surface so that said open end is connected to a
vacuum manifold system baving a monomer supply
source, an oxider supply source and a vacuum supply
source;

(b) positioning the external wall surface of said plastic article
with an electrode assembly;

(c) evacuating said interior of said article;

(d) delivering a monomer gas mixture to said interior of said
article;

(e) delivering a radio frequency power to said electrode;

34 '
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Because of their reactivity, physical properties and the 30 properties of

cured filnms fornmed from such conponents, polyfunctional acrylates are
particularly useful nonomeric materials. The general fornmula for such
pol yfunctional acrylates is: [err] 5 wherein: Rerr] is an aliphatic,
alicyclic or mxed aliphatic-alicyclic radical; 10 Rlerr] is a
hydr ogen, nethyl, ethyl, propyl, butyl or pentyl; and n is from Zptﬂfl]
Such pol yfunctional acrylates may al so be used in conbination B
(f) ilonizing said gases so as to form a plasma whereby a
barrier film coating is applied to the interior wall surface
of said container;
(g) stopping the delivery of gases in step (d); and

(h) repeating step (d).

29. The method of Claim 27 wherein step (d) further includes
a diluent gas.

30. A method for applying a barrier film coating to the interior

wall surface of a plastic substrate comprising:

(a) positioning a plastic article having an open end, a closed
end and an external and interior wall surface so that said
open end is connected to a vacuum manifold system
having a monomer supply source, an oxidizer supply
source and a vacuum supply source;

(b) positioning said exterior wall surface of said plastic article
with an electrode assembly;

(c) evacuating said interior of said article;

(d) delivering a monomer gas mixture of tetramethyltin and
HMDSO to said interior of said article;

(e) delivering an oxidizer gas of air to said interior of said
article;

(f) delivering a radio frequency power to said electrode;

(g) stopping the delivery of gases in step (d);

(b) stopping the radio frequency power in step (e); and

(1) repeating steps (d) - (h).
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with various nonacrylates, such as those having the formula: 15 [err] 20
wherein: 25 Rerr], is as defined above; X err] is H epoxy,

1, 6- hexanedi ol , tripropyl eneglycol or urethane; and r, s are 1-18. 30
[err]

P-3121

BL.OOD COLLECTION TUBE ASSEMBLY

ABSTRACT OF THE DISCLOSURE

The present invention is a plastic container coated with a multi-
layer barrier coating. The multi-layer barrier coating is useful for
providing an effective barrier against gas permeability in containers and

10 for extending shelf-life of containers, especially plastic evacuated
blood collection devices.

P3121a.app
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17 X3 15 CN or COOR[err] wherein R err] is an alkyl radical containing 1-4
carbon atons. Mst often, Xerr] is CNor COOCH err]. 5 D acryl at es
of the fornmula below are particularly preferred: [err] 10 wherein: 15
Xerr], r and s are as defined above. Curing is acconplished by opening the
doubl e bonds of the reactant nol ecul es. Jhis can be acconplished by neans
of an energy 20 source such as an appara d& which enits I nfrared, electrons
or ultraviolet radiation. FIG 6 illustrates the process for applying an

acryl ate COFLilnC 1
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An acrybtate nonomer 100 is directed through a dielectric evaporator 25 102
and' t hen through an ultrasonic atom zer 104 and into a vacuum chanber 106.
The nononer droplets are atom zed ultrasonically and the dropl ets vaporized
where they condense on the rotating tube or filmthat is | oaded on a drum
108. 30 The condensed nononer |iquid subsequently is radiation cured
by means of an el ectron beam gun 110. Th2/€&kcond | ayer of the nulti-|ayer
barrier coating, may be forned by radio frequency discharge, direct or dual
i on beam 18 deposition, sputtering or plasma enhanced chem cal vapor
deposi tion,
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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. 5
For exanple, a nethod of depositing the second |ayer is provided by
establishing a glow di scharge plasna in a previously evacuated chanber. The
plasma is derived fromone or nore of the gas stream conponents, and
preferably is derived fromthe gas streagy itself. The article is
positioned in the plasma, preferably adjacent the confined plasm, and the
gas streamis controllably flowed into the plasma. The thickness of the
second | ayer is about 50A to about 5000A and preferably at about 750A to
about 2000A. The barrier based filmis deposited on the substrate to a

desired thickness. A 15 thickness of |ess than about 5,000 A nay not
provi de sufficient barrier .
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and a thickness of greater than about 5,000 A may crack, thus decreasing
the' effective barrier. Mst preferably, the thickness of the third oxide
coating is about 1,000 A to about 3,000 A 20 Anot her net hod of
depositing a barrier coating is by confining a plasnma with nmagnets.
Preferably, the magnetically enhanced nethod for depositing a silicon oxide
based filmon a substrate is preferably ggopgducted in a previously evacuated
chanber of gl ow discharge froma gas stream The gas stream preferably
conprises at least two 25 conponents: volatilized organosilicon and
organotin conponents and an oxi di zer conponent such as oxygen, nitrous

oxi de, carbon dioxide or air and an optionally inert gas conponent.
Exanpl es of suitable organosilicon and organotin conpounds 30 wuseful for
the gas streamin the plasm deposition nmethods are |iquid or gas at about
anbi ent tenperature and have a boiling point about O[err]Cto

FIG-6
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about 260[err]C and include tetranethyltin, tetraethyltin,

tetrai sopropyltin, tetraallyltin, dinmethysilane, trinethylsilane,

di et hyl sil ane, propylsilane, phenylsilane, hexanethyl di sil ane,
1,1,2,2-tetranet hyl di silane, bis 19 (trinethylsilane)nethane, bis

(di met hyl silyl) met hane, hexanet hyl di sil oxane, vinyl trinethoxy silane,
vinyl triethyoxysil ane, ethylnethoxysilq?

et hyl tri net hoxysi | ane, divinyltetranethxddisionane, hexanet hyl dsi | azane
divinyl- 5 hexamethyltrisil oxane, = '

trivinyl pentanmethyltrisil oxazane, tetragﬁhoxysilane and tetramet hoxysil ane.

Anmong the preferred organosiliconsaa are 1,1, 3, 3-
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t et ranmet hyl di si | oxane, trimethyl silane, hexanethyldisiloxane 10
(HMDSO), vinyltrinethylsilane, nethyltrinethoxysilane, vinyltri-

nmet hoxysi | ane and hexanet hyl di sil azane. These preferred organosilicon
conpounds have boiling points of 71[err]C, 55.5 err]C, 102[err]C, 123[err]C
and 127[err] C respectively. 15 The optional inert gas of the gas

stream preferably is helium argon or nigf@8en. The volatilized organotin
and organosilicon conmponents are preferably adm xed with the oxygen
conponent and the inert gas_20 _conponent before being flowed into the

chanber. The quantq" s of [thes bases bei ng so adm xed are control |l ed by
flow controllers so as\to fadjustlaply control the flowrate ratio of the gas
st ream conponents. Vari dpkt da] net hods known in the art may be used to
25 deternmine the thicknesslcfggketdeposited filmwhile in the deposition
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chanmbers or the filmthickness can be determ ned after the article is
renbved fromthe deposition chanber. The deposition nethod of the present
invention is preferably 30 practiced at relatively high power and quite

| ow pressure. A pressure |less than about 500 millitorr (mlorr) should be
mai nt ai ned during the deposition, and preferably the chanber is at a
pressure between about 43 to about 490 nf{8itorr during the deposition of
film Low system pressure results in |ower deposition rates whereas higher
system 20 pr ure ovi des fastkr dépﬂs tloplratgs.|en the plastic
article to b Lial ! b, Isyl

ed | !
used to

he%& sensitﬂvk al ;h systlem pf essure may be
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m nim2e the amount of heat the substrate is exposed to during deposition
because high substrate tenperatures are to be avoided for 5 | ow Tg pol yners
such as pol ypropyl ene and PET (Tg is -10[err] C and 60[err] C respectively).
The substrate is electrically isolated fromthe deposition system (except
for electrical contact with the plasma) and is at a tenperature 10 of |ess
t han about 80[err] C during the depositing/8hat is, the substrate is not
deliberately heated. Referring to FIG 7, the systemfor depositing a
barrier coating, including the second | ayer conprises an enck®sed reaction
chanber 170 15 in which p plasma is formed and in which 4 sggstrate or
tube 171, is placed for depositing a thin filmof nmaterialjJon a sanple

hol der 172. The substratefjcan be any vacuum conpati bl e nafjéri al, such as
plastic. One or nore gasefp are supplied to the reaction chhgnber by a gas

| —
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supply .system 173. An electric field is created by a power supply.174..20
The reaction chanber can be of an appropriatejty mqmmmmwsq Sﬁg

pl asma- enhanced chem cal vapor deposition (PEC @eﬁmj@s:_rpagabll)mmpagah?ﬁl
processes. Furthernore, the reaction chanber ay'daginedi fijRged?7. tibatagehB20n
nore articles may be coated with the 25 pxidej rg wg(gy:qjag&nfultbqngaﬂsiy

Jubit
wi thin the chamber. The pressure of the-ehanbpryfi g, &t I 0l daged B8 paged ..
mechani cal punp 188 connected to chanber 170 py a valve 190." 30 472 T

tube to be coated is first | oaded into chanbef 170Q_ ] e heldey

The pressure of the chanber is reduced to abo tDﬁ%ﬁr&Ffﬁ e 4 NI N
188. The operating pressure of the chamber is about 90 to about 140 nilorr
for a PECVD or plasna pol ynerization process and is achieved by flow ng the
process gases, UNITED STATES PATENT APPLICATION

he

5 OF: Christopher J. Knors
FOR: BLOOD COLLECTION TUBE ASSEMBLY

BACKGROUND OF THE INVENTION

10

1. Field of the Invention

3

This invention relates to a multi-layer barrier coating for
15 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.

Such medical products that would derive a considerable benefit
25  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

be acceptable for use in medical applications. Such performance

30 standards include the ability to maintain greater than about 90%

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

Therefore, a need exists to improve the barrier proper&eé of
35 articles made of polymers and in particular plastic evacuated blood



21 oxygen and barrier precursor, into the chanber through nononer inlet

176. The thin filmis deposited on the surface of the tube and has a 5
desired uni formthickness or the deposition process may be interrupted
periodically to mnimze heating of the substrate and/or el ectrodes and/ or
physically renove particulate matter frgmthe articles. Magnets 196 and 198
are positioned behind electrode 200 to -8 create an appropriate

conbi nati on of magnetic and electrical fields in the plasma regi on around
the tube. The systemis suitable for |ow frequency operation. An '

collection tubes wherein certain performance standards would be met
and the article would be effective and usable in medical applications.

SUMMARY OF THE INVENTION

The present invention is a plastic composite container with a
multi-layer barrier coating disposed over the outer or inner surface of
the previously formed composite container. Desirably, the barrier
materials comprise a mixture of an inorganic oxide and a metal oxide

10  applied to the surface of the previously formed composite container.
Most preferably, the barrier materials comprises a first layer of a
polymeric material applied to the surface of the previously formed
composite container and a second layer of a mixture of an inorganic
oxide and a metal oxide applied over the first layer.

15

The polymeric material is preferably a highly cross linked
acrylate polymer. The coating may be formed either on an interior
surface portion, on an exterior surface portion, or both of the container.

20 The mixture of an inorganic oxide and a metal oxide may
preferably be a metal oxide chosen from metals of Group IVA and a
silicon oxide based composition, such as SiOx wherein x 1s from 1.0 to
about 2.5; or an aluminium oxide based composition. Most preferably,

. the mixture comprises SnOy and a silicon oxide based composition.
25
Preferably, the polymeric material is a blend of monoacrylate
(i.e., isoborny! acrylate) and diacrylate monomers (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, 4,842,893, 4,954,371 and 5,032,461,

30 the disclosures of which are herein incorporated by reference. The
polymeric material is cured by an electron beam or by a source of
ultraviolet radiation.
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exanpl e frequency is 40kHz. However, there can be sone advantages 15 from
operating at a nuch higher frequency, such as in the radio frequency range
of several megahertz. Referring to FIG 8, an apparatus of the present

i nvention includes a vacuum mani fold system 22. The vacuum mani fol d system
20 includes at |east five connections 34, 26, 28, 30 and 32 and a coupling
port 34 that is desirably a rubber grommet. Connections 24, 26, 28, 30 and
32 lead to isolation gate valves 42, 44, 46, 48 and 50 respectively. Yalves
42, 44, 46, 48 and 50 lead 25 respectively to a nononmer gas source 52, an
oxi di zer gas source 54, a vacuum punp 56, a vent filter ‘58 and, a dijﬂent

gas source 60 re;pectD?é!@bIYTHhed?Sﬁmmﬁlﬂeis formedi ©f asuhstangally
creating energycror§! liaked adndyéminalseRicgsd I fthins Yhé eBr&dp 208nsitIABE Y
source 64. The e erg source, prefer ablfy' | PCl udte% a taner 66 ap aﬂgl.l fier
68 and polyacrylates' and Tixtures of polyacryfates and monactylates hiving
an average molecular weight of between 150 and 1,000 and a vapor
5 pressure in the range of 1x10-6 to 1x10-1 Torr at standard temperature
and pressure. Most preferably, the material is a diacrylate.

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

Desirably, the mixture of an inorganic oxide and a metal oxide
is preferably a mixture of a metal oxide such as SnOy, GeOyx or PbOy
and a silicon or aluminum oxide. Such an oxide mixture is desirably

15 deposited by means of plasma polymerization of a mixture comprising
tetramethyltm, oxygen and a volatile organosilicon or organoaluminum
compound in a magnetically enhanced audio frequency capactively
coupled discharge chamber.

20 Preferably, the thickness of the oxide mixture is about S0A to
about 5000A and most preferably from about 750 to about 2000A.

The composition of the oxide mixture provides a dense, vapor-
_ impervious coating over the first layer. Preferably, the thickness of the
25 oxide mixture is about 500 to about 2,500 Angstroms (A) and most
preferably where the first layer is a polymeric material and the second
layer is the oxide mixture the thickness of the second layer is greater
than five times the thickness of the first layer. A coating above 5,000

A may crack and therefore be ineffective as a barrier.

30

Optionally, another layer may be disposed over the mixture
layer, preferably comprising vinylidene chloride - methyl methacrylate
- methacrylate acrylic acid polymer (PVDC), thermosetting epoxy
coatings, parylene polymers or polyesters.
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30 ~an oscillator 70. After the tube has been fabricated by any suitable

pl astic tube form ng nmethod, such as injection nolding, extrusion with end-
cappi ng, bl ow nolding, injection blow nolding, etc., the open end of 22
the tube is first connected to the vacuum nmani fold system at the coupling
port and all valves are in a closed posigion. Then valve 46 is opened and
the vacuumpunp is initiated to reduce ¢tre pressure in the tube to the
vacuum r egi on of about 0.001 mflorr to about 100 mTorr. 5 The reactant gas
conponents necessary for the plasma to form

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

5 The process for applying the polymeric material to a container
is preferably carmied 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

10  container, it is cured by suitable means such as electron beam curing.
The deposition and curing steps may be repeated until the desired
number of layers has been achieved. i

A method for depositing a mixture of inorganic oxide and metal
15 oxide components is as follows: (a) pretreating the container with a
first plasma coating of oxygen; (b) controllably flowing a gas stream
including an organotin, organosilicon compound and oxygen or
oxidizing gas compound into a plasma; and (c) depositing the oxide
mixture onto the container while maintaining a pressure of less than

20 about 500 mTorr during the depositing.

Although the pretreatment step is optional, it is believed that
the pretreatment step provides for improved adherence qualities.

35 The organotin and organosilicon compounds may be combined
with oxygen and optionally helium or another inert gas such as argon or
nitrogen.

Preferably, the method for depositing a barrier coating on a
30 substrate, such as a plastic collection tube comprises the following
steps:
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i nside the tube are then introduced by way of the manifold systeminto the
‘tube. Valve 42 is first opened so that the nononmer gas conponent flows into
the mani fold systemat a pressure of about 125 nmiforr, a 10 flow rate of
about 1.0 sccm and a roomtenperature of about 74[err]F. Then valve 44 is
opened so that the oxidizer gas conponent flows into the manifold system at
a pressure of about 175 mforr, flow rate of about 22 sccmand a tenperature
of about roomtenperature or about 74[err]F. 15 The nononer gas component
and the oxidi zer gas conponent are preferably adm xed with the inert gas

conponent in the manjfold systembefore being flowed into the tube. The
quantities of these G’Qse%e}S g <3 a‘ﬂ%ﬁai?g“d HUNPAREHo| CAMPEISIAL oW (;5

controllers so as to adjpslyfphotichhl aveplated, drh@i)fiduurest of rinoacpflatdie
reactant gas stream corrp&%%wr&ﬁonal acrylates;
(b) flash vaporizing said component into said chamber;
5 (c) condensing a first layer of a film of vaporized component
onto the container;
(d) curing said film;
(e) applying a plasma surface treatment of oxygen on the
film;

10 (f) wvaporizing an organotin component and an organosilicon
component with an oxidizer component and optionally an
inert gas component to form a gas stream exterior to the
chamber;

(g) establishing a glow discharge plasma in the chamber from

15 one or more of the gas stream components;

(h) controllably flowing the gas stream into the plasma while
confining at least a portion of the plasma therein; and
(1) depositing a second layer adjacent said first layer.

20 Most preferably, the method for applying a barnier film coating
to the interior wall surface of a container comprises the following
steps:

. (a) positioning the open end of the container to the vacuum
25 manifold system;
(b) positioning the external surface of the container with
means for imparting energy inside the container;
(c¢) evacuating the container;
(d) adding reactant gases such as tin and HDMSO into the
30 container;
(e) imparting energy inside the container; and
(f) generating a plasma inside the container and thus applying
a barrier film coating to the interior wall surface of the container.
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m xture of the reactant gas conponents is achieved inside the tube prior to
energi zing the electrical system Most preferably, the nononer gas
conponent is preferably 25 HWVMDSO and the oxidi zer gas conponent is
preferably oxygen so as to formand deposit a barrier coating of silicone
oxide (Si(Jerr]) on the internal wall syrface of a tube. The barrier
coating is deposited on the internal suwface of the 30 tube to a desired

t hi ckness. The thickness of the coating is about 500 Angstronms (A) to about
5000 A. Mbst preferably, the thickness of the oxide coating is about 1000 A

to about 3000 A 23 . .
Preferably, the monomer source 1s an organosilicon

component such as  hexamethyldisiloxane, = (HMDSO),
tetraethoxysilane (TEOS) or tetramethylsilane (TMS).

5 Preferably, the oxidizer source is air, oxygen or nitrous oxide.

Preferably, the diluent gas source is an inert gas, such as
helium, argon or a non-reactive gas such as nitrogen.

10 Preferably, the electrodes are inductively or capactively
coupled metallic electrodes in the form of coils, pointed rods or flat
or curved plates. Most preferably, the electrodes are energized with
an energy source such as low frequency alternating current (AC),
radio frequency (RF) or microwave frequency electrical potentials,

15  either continuous or pulsed.

Most preferably, the method of applying a barrier coating to
the interior wall surface of a container comprises the following steps:

20 (a) positioning the open end of the container to the vacuum
manifold system;

(b) positioning the external surface of the container with
electrodes that are connected to an energy source;

_ (¢) maintaining a pressure of about 300 mTorr inside the
25 container by evacuating the container with the vacuum pump;

(d) controllably flowing an organosilicon component with an
oxidizer component and an optional inert gas component through the
manifold system and into the container;

(e) energizing the electrodes so as to impart energy to the

30 components inside the container;

(f) establishing a glow discharge plasma inside the
container; and

(g) depositing a barrier film coating onto the interior wall
surface of the container.
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Optionally, a general .control systemincluding a conputer control portion,
1s connected to each of the conponents of the systemin a manner to receive
status information fromand send controlling conmands to them 5 Suitable
pressure of the reactant gas mi xture is between about 70 mlorr and about
2000 niforr, preferably between about 159 niforr and 600 niforr and nost
preferably about 300 mforr. 10 Besirably, an organosilicon such
as HVDSO and tetranethyltin are used as the nononmer gas conponents at a
flowrate of about 0.1 to 50 .sccm at (25[err]C) and from about 80 nmlorr to
about 190 nmTorr preferably at about 0.5 sccmto about 15 sccm and nost
preferably at about 1.0 sccm 15

Preferably, the method steps may be repeated wherein the
electrodes in step (b) are repositioned on the external surface of the
container.

Alternatively, the method steps may be repeated wherein the
electrodes in step (b) are tumed off and on and/or the flow of
components in step (d) are turned off and on so as to pulse the plasma
energy or component flow or both so as to enhance the barrier

10  properties.

-

Therefore, the alternate method steps may be as follows:

(h) de-energizing the electrodes; and
15 (1)  energizing the electrodes so as to impart energy.

Another alternate method may be as follows:

(h)  stopping the flow of components in step (d); and
20 (1) then again controllably flowing the components as in step

(d).
A further alternate method may be as follows:

25 (h) stopping the flow of components in step (d);
(1)  de-energizing the electrodes in step (e); and

(G)  then repeating steps (d) - (g).

Optionally, the method steps may be repeated so as to assure
30 that the barrier film coating is uniformly applied throughout the inside
of the container or to apply a second barrier film coating.

Optionally, primer or planarization layers may be interposed
between the plastic substrate and the first layer, oxygen plasma
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Desirably, air is used as the oxidizer gas conponent at a flow rate of
about 0.1 to about 50 sccm (at 25[err]C) and from about 110 niforr to about
200 nmTorr, preferably at about 15 to about 35 sccm and nost preferably at
about 22 sccm 20 The barrier filmblend thereof used in accordance with
this disclosure, may contain conventiong additives and ingredients whi
do not adversely affect the properties % articles nmade therefrom 25

The opti onal

on the second | ayer by dip-coating, roll-coating or spraying an aqueous
emul sion of the polyvinylidene chloride or honmp- or co- polyners, followed
by air drying. tesatment of thadfinshilayen pxior todthe pdagasition witbevsacpniddayer

chi ori de- " acrylpp igel bothRr Batrier BARARINE ByRrTthe scbhil!I@j&r acry! i c

10

15

20

25

30

Plastic tubes coated with the multi-layer barrier coating and an
overcoating layer are able to maintain substantially far better vacuum
retention, draw 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 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. Another atfribute of the oxide mixture coatings is that
they are stable as compared to conventional methods of medical
sterilization, such as gamma irradiation or ethylene oxide (ETO).

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

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
the barrier coating. Moreover, a matte finish or a corona discharged
surface may be developed on the barrier coating so as to make the
surface appropriate for writing additional information on the label.
Furthermore, a pressure sensitive adhesive label may be placed over
the barrier coating so as to accomumodate various hospital over-labels,
for example.

ch

third layer of the nulti-layer barrier coating nay be forned

acid
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copol yners, thernosetting epoxy coatings, parylene polynmers, or polyesters.
24 Preferably, the third layer is a parylene polyner. Parylene is 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

pol y-p-exlylene, a linear, crystalline wgaterial: 5 [err] Parylene C, a
second nenber of the parylene series isproduced fromthe sanme nononer as
paryl ene N and nodified by the

Preferably, the multi-layer barrier coating of the present
ivention provides a transparent or colorless appearance and may have
printed matter applied thereon.

5 A further advantage is that the method of the present invention
provides a reduction in the gas permeability of three-dimensional
obiects that has not been achieved with conventional deposition
method typically used with thin films.

10 It has been found in the present invention that the organic
material, acrylate, provides a good platform for the growth of the dense
Group IVA oxide barrier material. )

It has been found that a highly cross linked layer of acrylate

15 improves the adhesion between a plastic surface and a layer of a

mixture of an inorganic oxide and a metal oxide improves the

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

20 reducing the defect density in the deposited inorganic coatings. The

good bonding properties of the acrylate are also due to the fact that

acrylate is polar and the polarity provides means for good bond

formation between the oxide mixture and the acrylate. In addition, it

. has been found that a good bond formation is made between plastic

25 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 mixture coating can be further substantially improved

by surface pretreatment methods such as flame or oxygen plasma.

30 Therefore, a significant reduction in permeability of the article is due to

the substantially improved metal oxide surface coverage that is

obtained by the use of a primer coating of acrylate on the plastic article
surface.
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10 substitution of a chlorine atomfor one other aromati c hydrogens: [err]
the third nmenber of the parylene series is produced fromthe
same nononer as parylene N and nodified by the substitution of the chlorine
atomfor two of the aromatic hydrogens: [err] 20 25 Most preferably,

15 Paryl ene D,

pol yner layer is a vinylidene chloride- qpgethyl nethacryl ate-nethacrylate

acrylic acid polyner (PVDC). This P

10

15

20

25

30

A plastic blood collection tube coated with the multi-layer
barrier coating of the present invention 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, a plastic blood collection tube
coated with the barmrier 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.

-

DESCRIPTION OF THE DRAWINGS

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

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

FIG. 3 is a longitudinal sectional view of a tube-shaped
container similar to the tube of FIG. 1 without a stopper, comprising a
multi-layer barrier coating.

FIG. 4 is a longitudinal sectional view of a tube-shaped
container, similar to the tube of FIG. 1 with a stopper, comprising a
multi-layer barrier coating.

FIG. 5 is a longitudinal sectional view of a further embodiment
of the invention illustrating the tube with a stopper similar to FIG. 1
and with the multi-layer barrier coating encompassing both the tube
and stopper thereof.
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5 polymer is avail able as DARAN 8600-C (trademark of WR G ace and Co.)
sold by GRACE, Organic Chem cals Division, Lexington, Mass. The third | ayer
of the barrier coating, a polyner nmaterial, may 10 'be a paryl ene pol yner
applied to the second | ayer by a process simlar to vacuumnetal lizing, as
described in U S Patent Nos. 3,342, 7541and 3, 300, 332, the disclosures of
whi ch are herein incorporated by referefrce. Alternatively, the third | ayer
may be vinylidene chloride- acrylonitrile-nethyl methacryl ate-nethyl
acrylate-acid acrylic polynmer, 15 applied to the second |ayer by

di p-coating, roll-coafjng o, spraying an aqyeous, ermul sion Qf the pol yner,
fol lowed by air dryi rallé){(gf 6tlh¥8’e%ﬁ5i%@9né§geéwgﬁbf sectioned, diazam aba.
5,093,194 and 4fldélve ratdreappaaghgsur e of which are herein incorporated by
reference. 20 shown in FIG 9, the acrylate coating A and the

second . .
FIG. 7 illustrates a plasma deposition system.

FIG. 8 is a general schematic diagram illustrating the apparatus
for plasma generation.

FIG. 9 is a general schematic diagram illustrating the layers
10 Dbeing deposited on a substrate.

FIG. 10 ESCA spectra of the mixture of a Group IVA
compound and a silicon oxide compound. '

15 DETAILED DESCRIPTION

The present invention may be embodied in other specific forms
and is not limited to any specific embodiment described in detail which
is merely exemplary. Various other modifications will be apparent to

20 and readily made by those skilled in the art without departing from the
scope and spirit of the invention. The scope of the invention will be
measured by the appended claims and their equivalents.

. Referring to the drawings in which like reference characters
25 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
includes a lower annular portion or skirt 15 which extends into and
presses against the inner surface 12 of the sidewall for maintaining

30 stopper 14 in place.

FIG. 2 schematically illustrates that there are three mechanisms
for a change in vacuum in a blood collection tube: (A) gas permeation
through the stopper material; (B) gas permeation through the tube and
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m xed |ayer B may have defects or irregularities C. It is believed that a
conpl etely defect-free coverage of the substrate D cannot be achieved wth
only the acrylate and mxed layer. Therefore, a third coating of PVDC, Eis
applied over the layer to produce a substantially defect- 25 free barrier
coating over the substrate surface. A varjety of substrates can be coated
with a barrier coating by the process ok~the present invention. Such
substrates include, but are not limted to packagi ng, containers, bottles,
jars, tubes and nedical 30 devices. A plastic bl ood col | ecti on tube coated

with the nulti-| arri atlng I nt with testing and
anal ysi s that s(@jy[ﬁai(alalty&ﬁ %f‘) tﬂ %n a Il Or%u@fhepeylﬂ%rel Bl ude
but are not substanttally no gas permeatlon and no leak, there is good vacuum

retention and good draw volume retention.

5 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.
Accordingly, similar components performing similar functions will be

10 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.
Referring now to FIG. 3, the preferred’ embodiment of the
invention, collection tube assembly 20 comprises a plastic tube 10a,
15 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
coating 25 comprises a first layer 26 of a polymer material, such as an
acrylate material and a second layer 27 of a mixture of a Group IVA
20 metal oxide material and a silicon oxide based composition and a third
layer 28 of an organic overcoating layer such as PVDC.

FIG. 4 illustrates an alternate embodiment of the invention,

wherein collection tube assembly 40 comprises stopper 48 in place for

25 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

48 includes a lower annular portion or skirt 49 which extends into and

presses against the inside inner surface 46 of sidewall 43 for

30 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
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26 limted to, routine chem cal analysis, biological inertness, hematol ogy,
bl ood chem stry, blood typing, toxicology analysis or therapeutic drug
nonitoring and other clinical tests involving body fluids. Furthernore, a
pl astic blood collection tube coated with the barrier coating is 5 capable
of being subjected to automated nmachi ney such as centrifuges and may be
exposed to certain levels of radiation«f-the sterilization process wth
substantially no change in optical or nechanical and functional properties.
10 A plastic blood collection tube coated with the nmulti-Iayer

: :
of one. year . DS S E0T EERIIRG, PAIL L AL O RO BN R db HEE 7 tecpedpfiRc o
vacuum or reduv:ambtpsr testaion,a samphe Gwemlgea siibstadtialwortion 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
5 open end 41 thereof. Multi-layer barrier coating 45 comprises a first
layer 54 of a polymer material such as an acrylate, a second layer 56 of
mixture of a metal oxide such as SnOy, GeOy or PbOy, and a silicon
oxide material and a third layer 58 of an organic barrier material such
as PVDC. FIG. 4 differs from the embodiment in FIG. 3 in that the
10 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.

15 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
components in the embodiment of FIG. 4, except that a suffix "a" will

20 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 mcorporates both
upper portion 50a of stopper 48a, as well as the entire outer surface of

25 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
with the stopper in place. Once a sample has been placed in the tube,

30 the sample cannot be tampered with by removal of the stopper.
Additionally, the serrations may be registered so that it can be
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.
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vol une changes in direct proportion to the change in vacuum (reduced 15
pressure). Therefore, draw volune retention is dependent on good vacuum
retention. A plastic tube coated with a barrier coating substantially
prevents gas perneation through the tube material so as to maintain and
enhance the vacuumretention and draw vbdunme retention of the tube. Plastic
tubes without the nmulti-layer coating 6 The present 20 invention may
mai nt ai n about 90% draw vol unme for about 3 to 4 nonths. If the nmulti-Iayer
barrier coating is also coated or applied on the inner surface of the

pl astic blood collection tube, the barrier coating 25 nmay be henorepell ent
and/ or have characteristics of a clot _activator. It will be understood that
it makes no differendB amaliermate pmbediment of the savensian multhigyer basuige uat ed

o p?te r egggg?tn %aﬁﬁgws O dgepeatedily Mot Requemtyaly iiplicihto RheSRiee sid/er
Buler surface of the tube. Preferably, the coating is applied at least
5 twice.

It will be understood by practitioners-in-the-art, that such tubes
may contain reagents in the form of additives or coatings on the inner
wall of the tube.

10

The multi-layer barrier coating forms a substantially clear or
translucent barrier. Therefore, the contents of a plastic tube with-a
multi-layer barrier coating comprising at least two layers of barrier
materials are substantially visible to the observer at the same time

15 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
on the tube by dip-coating, roll-coating or spraying acrylate monomer
20 or the blend of monomers, followed by the UV curing process.

The acrylate polymer material may also 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 is herein incorporated by

25 reference.

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

30 molecular vapor which has the same chemistry as the starting
monormer.

Acrylates are available with almost any chemistry desired.
They usually have either one, two or three acrylate groups per
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30 the outer surface of the container has the effect of maintaining the
general integrity of the container holding a sanple 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. 1&7 The barrier coating used in
accordance with this disclosure, may coatai n conventional additives and

i ngredi ents which do not adversely affect the properties of articles nmade
therefrom 5 The follow ng exanples are not limted to any specific

molecule. Various mixtures of mono, di and tri acrylates are useful in
the present invention. Most preferable are monoacrylates and
diacrylates.

5 Acrylates form one of the most reactive classes of chemicals.
They cure rapidly when exposed to UV or electron beam radiation to
form a cross-linked structure. This imparts high temperature and
abrasion resistant properties in the coating.

10 The monomer materials utilized are relatively low in molecular
weight, between 150 and 1,000 and preferably in the range of 200 to
300 and have vapor pressures between about 1x10-6Torr and 1x10-1
Torr at standard temperature and pressure (i.e., relatively low boiling
materials). A vapor pressure of about 1x10-2 Torr is preferred.

15 Polyfunctional acrylates are especially preferred. The monomers
employed have at least two double bonds (i.e., a plurality of olefin
groups). The high-vapor-pressure monomers used in the present
mvention can be vaporized at low temperatures and thus are not
degraded (cracked) by the heating process. The absence of unreactive

20 degradation products means that films formed from these low
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

25 provide substantially continuous coating despite the fact that the film is
very thin. The cured film exhibits excellent adhesion and is resistant to
chemical attack by organic solvents and inorganic salts.

Because of their reactivity, physical properties and the

30 properties of cured films formed from such components, polyfunctional

acrylates are particularly useful monomeric materials. The general
formula for such polyfunctional acrylates is:
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enbodi nent of the invention, but are only exenplary. Exanple 1 10 A

pol ypropyl ene (PP) tube was connected to the vacuum mani fold system and
with external parallel plate el ectrodes surrounding the outside of the
tube. A vacuum of about 60 niforr was first drawn inside the tube. Then air
at about 200m Torr was introduced into tjhe 15 tube through the manifold
system and the el ectrodes were energi zee~at 30 watts froma 38MHz
oscillator for about 30 seconds to provide a surface activation treatnent.
Wil e the plasma was energi zed, a nonomer gas m xture of tetranmethyltin and
hexanet hyl di si | xane vapor :20 v/v) was added into the tube through the
mani fold until the total 2 pressure of the gas m xture was about 250
mlforr. The plasma depositijjon was nai ntained for about 5 minutes, followed

by a 90 R1-(OC-C=CHy),

l
5 R2

wherein:

R1 is an aliphatic, alicyclic or mixed aliphatic-alicyclic radical;
10 R2isa hydrogen, methyl, ethyl, propyl, butyl or pentyl; and
nis from 2 to 4.
Such polyfunctional acrylates may also be used in combination
with various monacrylates, such as those having the formula;

15
x1
!
CH3(CH2),C-(CHp)sX3
|
20 CH,0C-C=CH>
i
O R2
' wherein:
25
R2, is as defined above;
XlisH, epoxy, 1,6-hexanediol, tripropyleneglycol or urethane;
and .
1, s are 1-18.
30 O
i A
CHyOC-C=CHj>; and REPLACEMENT SHEET |
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second air treatnent. After Sn(Jerr]/Sierr] was deposited on the interior
wal | surface of 25 the tube, the tube was di sconnected fromthe manifold.
Exanple 2 A PET tube was connected to the vacuum mani fold systemand 30 to
external parallel plate electrodes surrounding the outside of the tube. A
vacuum of about 60 mlorr was first drawpzi nside the tube. Then air was

I ntroduced into the tube at a pressure of~about 1 50mTorr. Then a m xture
of tetranethyltin and hexanet hyl di sil oxane (1:20 v/v) vapor was i-ntroduced
into the tube until the total pressure of the gas m xture 28 '

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

5 Diacrylates of the formula below are particularly preferred:
O
|
CH3(CH3),CX1(CH2)sCHyOC-CH=CHy
|
10 CH,OC-CH=CH)

I
0

wherein:
15
X1, r and s are as defined above.

Curing is accomplished by opening the double bonds of the

reactant molecules, This can be accomplished by means of an energy

20 source such as an apparatus which emits infrared, electrons or
ultraviolet radiation.

FIG. 6 illustrates the process for applying an acrylate coating.
An acrylate monomer 100 is directed through a dielectric evaporator
25 102 and then through an ultrasonic atomizer 104 and into a vacuum
chamber 106. The monomer droplets are atomized ultrasonically and
the droplets vaporized where they condense on the rotating tube or film
that is loaded on a drum 108. '

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

‘The second layer of the multi-layer barrier coating, may be
formed by radio frequency discharge, direct or dual ion beam
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inside the tube was about 200 Torr. The el ectrodes were energi zed at 38 Mz
and 22 Watts for about 5 mnutes so that a plasma was generated inside the
tube. 5 After SndJerr]/SiJerr] was deposited on the interior wall
of the tube, the tube was di sconnected fromthe manifold. Exanple 3 10

A Surface Science Mddel SSx-100 X-ray photoel ectron spectronenter (ESCA)
was used to determ ne the atom % of the-elenents present in the oxide
coatings. Filmsanples were placed inside the spectroneter and the

el enmental conposition was determ ned of approxinmately 100A into the
surface. The surface.was then ,argon 15 ion etched as follows: 5000V and
9-10 mA argon | GPOSHIGR-\FRUtESTING OF plagma rnhanepd chemicak #apar deposition; onds

the ESCA spect ras descriteilein BnS. Phicnt Noseflg08, 2565 4,809 RH 4 99299®ha4 of 5
times. The etchs 055318, the disclosures of which are herein incorporated by
reference.
5
For example, a method of depositing the second layer is
provided by establishing a glow discharge plasma in a previously
evacuated chamber. The plasma is derived from one or more of the gas
stream components, and preferably is derived from the gas stream
10 itself. The article is positioned in the plasma, preferably adjacent the
confined plasma, and the gas stream is controllably flowed into the
plasma. The thickness of the second layer is about 50A to abotit
5000A. and preferably at about 750A to about 2000A. The barrier
based film is deposited on the substrate to a desired thickness. A
15  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. Most preferably, the thickness of the
third oxide coating is about 1,000 A to about 3,000 A.

20 Another method of depositing a barrier coating is by confining
a plasma with magnets. Preferably, the magnetically 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

25  components: volatilized organosilicon and organotin components and
an oxidizer component such as oxygen, nitrous oxide, carbon dioxide
or air and an optionally inert gas component.

Examples of suitable organosilicon and organotin compounds

30 useful for the gas stream in the plasma deposition methods are liquid or
gas at about ambient temperature and have a boiling point about 0°C to
about 200°C and include tetramethyltin, tetraethyltin, tetraisopropyltin,
tetraallyltin, dimethysilane, trimethylsilane, diethylsilane, propylsilage,
phenylsilane, hexamethyldisilane, 1,1,2,2-tetramethyldisilane, bis
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time was then increased to 20 seconds followed by ESCA and this process was
Fepeated for a total of ten tines. Finally, the etch tinme 20 was increased
to 40 seconds and the ESCA spectra was obtained until the bulk acrylate or

t he pol yner substrate was reached. The oxide |ayer was clearly indicated by
t he presence of silicon in the ESCA speggra between the etch tinmes of about
O through about 1.3 mnutes. The resulte—~are reported in FIG 10. 25 29

WHAT IS CLAIMED IS: 1. A sanple assenbly conprising:

(trimethylsilane)methane, bis (dimethylsilyl) methane,
hexamethyldisiloxane, vinyl trimethoxy silane, viny! triethyoxysilane,
ethylmethoxysilane, | ethyltrimethoxysilane,
divinyltetramethyldisiloxane, hexamethyldsilazane divinyl-
5 hexamethyltrisiloxane, trivinylpentamethyltrisiloxazane,

tetracthoxysilane and tetramethoxysilane.

Among the preferred organosilicons are 1,1,3,3-

tetramethyldisiloxane, trimethylsilane, hexamethyldisiloxane
10 (HMDSO), vinyltrimethylsilane, methyltrimethoxysilane, vinyltri-
methoxysilane and hexamethyldisilazane. These preferred

organosilicon compounds have boiling points of 71°C 55.5°C, 102°C,
123°C and 127°C respectively.

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

The volatilized organotin and organosilicon components are
preferably admixed with the oxygen component and the inert gas
20 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.

Various optical methods known in the art may be used to

25 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.

The deposition method of the present invention is preferably

30 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
pressure results i lower deposition rates whereas higher system
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a plastic container having an open end, a closed end, an inner surface and
an outer surface; and a nulti-layer barrier coating associated over the
surface of said container and extending over a nmjor portion of said
surface of said container, said coating having a first |ayer conprising an
acrylate prinmer coating material and a ggcond |ayer on said first |ayer
conprising a mxture of a netal oxide aft*an inorganic oxide material. 2.
The assenbly of Caim1l1, further conprising a closure in said open end of
sai d contai ner whereby a container and closure interface is forned. 3. The

losure’is an oPHESHHEPRvides foer aBsitinn TRy pietp aftis antivapdicn
sai d barrier cosbated éxtheatisensiibiegnd itaghsr fsystens spreéssyen nend b usad dto
container to ang:g¥flse the amount of heat the substrate is exposed to during
deposition because high substrate temperatures are to be avoided for
5 low Tg polymers such as polypropylene and PET (Tg is -10°C and

60°C respectively).

The substrate is electrically isolated from the deposition system
(except for electrical contact with the plasma) and is at a temperature
10 of less than about 80°C during the depositing. That is, the substrate is
not deliberately heated.
Referring to FIG. 7, the system for depositing a barrier coating,
including the second layer comprises an enclosed reaction chamber 170
15 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.
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.
20
The reaction chamber can be of an appropriate type to perform
any of the plasma-enhanced chemical vapor deposition (PECVD) or
plasma polymerization processes. Furthermore, the reaction chamber
may be modified so that one or more articles may be coated with the
25 oxide mixture layer simultaneously within the chamber.

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

30 The tube to be coated is first loaded into chamber 170 in
sample holder 172. The pressure of the chamber is reduced to about 5
mTorr by mechanical pump 188. The operating pressure of the
chamber is about 90 to about 140 mTorr for a PECVD or plasma -
polymerization process and is achieved by flowing the process gases,

REPLACEMENT SHEET

22 APR 997




said closed end of said container. 5. The assenbly of Claim3, wherein
said barrier coating extends froma portion of said elastoneric stopper to
a point adjacent said closed end of said container. 6. The assenbly of
Claim 2, wherein said tube is evacuated. 7. The assenbly of Claim5 wherein

said nmulti-layer barrier coating includeg registered tanper serrations
adj acent to said container and said closture interface. 8. The assenbly of

Claim 1, wherein said first layer is a polynerized blend of nono-and
di - acryl at es. 30

oxygen and barrier precursor, into the chamber through monomer inlet
176.

The thin film is deposited on the surface of the tube and has a

5  desired uniform thickness or the deposition process may be interrupted

periodically to minimize heating of the substrate and/or electrodes
and/or physically remove particulate matter from the articles.

Magnets 196 and 198 are positioned behind electrode 200 to

10  create an appropriate combination of magnetic and electrical fields in

the plasma region around the tube.

The system is suitable for low frequericy operation. An

example frequency is 40kHz. However, there can be some advantages

15 from operating at a much higher frequency, such as in the radio
frequency range of several megahertz.

Referring to FIG. 8, an apparatus of the present invention

includes a vacuum manifold system 22. The vacuum manifold system

20 includes at least five connections 24, 26, 28, 30 and 32 and a coupling
port 34 that is desirably a rubber grommet.

Connections 24, 26, 28, 30 and 32 lead to isolation gate valves
42, 44, 46, 48 and 50 respectively. Valves 42, 44, 46, 48 and 50 lead
25 respectively to a monomer gas source 52, an oxidizer gas source 54, a
vacuum pump 56, a vent filter 58 and a diluent gas source 60
respectively. The apparatus further includes means for creating energy
including an external electrode system 62 and an energy source 64.
The energy source preferably includes a tuner 66, an amplifier 68 and

30 an oscillator 70.

After the tube has been fabricated by any suitable plastic tube |
forming method, such as injection molding, extrusion with end-
capping, blow molding, injection blow molding, etc., the open end of
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9. The assenbly of CGaim1l, wherein said second layer is a mxture of
Snderr], GQerr] or PbJerr] and al um num oxide or silicon oxide based
conposi tion. 10. The assenbly of Claim9, wherein said second |ayer is
deposi ted by radio-frequency discharge, direct ion beam deposition, dual

i on beam deposition, sputtering, plasnmagnhanced chenical vapor deposition
or magnetically enhanced plasma systenms™ I1. The assenbly of Caiml,
further conprising a said third | ayer adjacent said second | ayer of a

t her nosetti ng epoxy, parylene pol yner, hono-polynmers, co-polyners,

ol yesters or v I (O assenbl y m 11, wherein
gal é first | ayep{éclonggnl?eg?% a?ﬂﬁ??tfédt%%l ¥AeUYRy %lglae%ﬁﬂm & ethe
conprises a m xtouplieg porhardallsvalvesaroii declased paisitidrhi ffcﬂlehavﬂvem i ses

opened and the vacuum pump is initiated to reduce the pressure in the
tube to the vacuum region of about 0.001 mTorr to about 100 mTorr.

The reactant gas components necessary for the plasma to form
inside the tube are then introduced by way of the manifold system into
the tube. Valve 42 is first opened so that the monomer gas component
flows into the manifold system at a pressure of about 125 mTorr, a

10 flow rate of about 1.0 sccm, and a room temperature of about 74°F.
Then valve 44 is opened so that the oxidizer gas component flows into
the manifold system at a pressure of about 175 mTorr, flow rate of
about 22 sccm and a temperature of about room temperature or about
74°F.

15

The monomer gas component and the oxidizer gas component
are preferably admixed with the inert gas component in the manifold
system before being flowed into the tube. The quantities of these gases
being so admixed are controlled by flow controllers.so as to adjustably

20  control the flow rate ratio of the reactant gas stream components. The
mixture of the reactant gas components is achieved inside the tube
prior to energizing the electrical system.

Most preferably, the monomer gas component is preferably

25 HMDSO and the oxidizer gas component is preferably oxygen so as to

form and deposit a barrier coating of silicone oxide (SiOx) on the
internal wall surface of a tube.

The barrier coating is deposited on the internal surface of the

30 tube to a desired thickness. The thickness of the coating is about 500

Angstroms (A) to about 5000 A. Most preferably, the thickness of the
oxide coating is about 1000 A to about 3000 A.
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pol yvi nyl i dene chloride. 13. The assenbly of Claim1l, further conprising a
mul ti-layer barrier coating over the inner surface of said container,
having a first layer including an acrylate priner coating material, a
second layer on said first layer of a m xture of netal oxide and an
inorganic material. 14. A nulti-layer bggrier coating conprising: a first

| ayer conprising an acrylate material; a#d a second | ayer on said first

| ayer conprising a mixture of a nmetal oxide and an inorganic oxide. 15. The
coating of Claim114, wherein said second |layer is a mxture of SndJerr],

Geqerr] or PoOerr] Gnc Allm AUTL KT et 'syshiin OXidiSding a computer

control portion, is connected to each of the components of the system
m a manner to receive status information from and send controlling
commands to them.

Suitable pressure of the reactant gas mixture is between about
70 mTorr and about 2000 mTorr, preferably between about 150 mTorr
and 600 mTorr and most preferably about 300 mTorr.

10 Desirably, an organosilicon such as HMDSO and
tetramethyltin are used as the monomer gas components at a flow rate
of about 0.1 to 50 scem, at (25°C) and from about 80 mTorr to about
190 mTorr preferably at about 0.5 sccm to about 15 sccm and most
preferably at about 1.0 sccm.

15

Desirably, air is used as the oxidizer gas component at a flow
rate of about 0.1 to about 50 sccm, (at 25°C) and from about 110
mTorr to about 200 mTorr, preferably at about 15 to about 35 sccm
and most preferably at about 22 sccm.

20

The barrier film blend thereof used in accordance with this
disclosure, may contain conventional additives and ingredients which
do not adversely affect the properties of articles made therefrom.

25 The optional 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 polyvinylidene chloride or homo- or co-
polymers, followed by air drying.

30 The third layer may preferably be vinylidene chloride-
acrylonitrile-methyl  methacrylate-methyl  acrylate-acrylic  acid
copolymers, thermosetting epoxy coatings, parylene polymers, or
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31 16. The coating of Claim14, further conprising a third |layer on said
second | ayer of polyvinylidene chloride. 17. The assenbly of Caiml,
wherein said first layer is deposited on said outer surface of said
container in a previously evacuated chanber conprising the foll ow ng steps:
(a) selecting a curable conponent cegprising: i) pol yfunctional
acrylates, or ii) mxtures of nonoacryl etes and pol yfunctional acryl ates;
(b) flash vaporizing said conponent into said chanber; (c) condensing-a
filmof vaporized conponent onto the outer surface of said container; and

() curing said fi1mplG Hio BBl Magle € &' fcblenc B5lihe SPayRELoRd
the generic name for members of the polymer series developed by
Union Carbide Corporation. The base member of the series, called
parylene N, is poly-p-exlylene, a linear, crystalline material:

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

~

C1

CH H

15
' 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:
1
.___CIE Cl-&
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deposited on said first layer by the follow ng steps: (a) vaporizing an
organoti n conponent, an organosilicon conponent and adm xi ng the

vol atilized conmponents with an oxidi zer conponent and optionally an inert
gas conponent to forma gas streamexterior to the chanber; (b)
establishing a gl ow di scharge plasnma inaghe chanber fromone or nore of the
gas stream conponents; (c) controll abl y-~fow ng the gas streaminto the

pl asma while confining at |east a portion of the plasnma therein; and (d)
depositing a layer of a mxture of tin oxide and silicon oxide adjacent
said first layer. 19. The assenbly of C aim 18, wherein said oxidizer
conponent i s oxygen nitrous oxide, carbon dioxide, air or an inert gas.

Most preferably, the polymer layer is a vinylidene chloride-

methyl methacrylate-methacrylate acrylic acid polymer (PVDC). This

5 polymer is available as DARAN® 8600-C (trademark of W.R. Grace

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

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

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

to vacuum metallizing, as described in U.S. Patent Nos. 3,342,754 and

3,300,332, the disclosures of which are herein incorporated by

reference. Alternatively, the third layer may be vinylidene chloride-

acrylonitrile-methyl methacrylate-methyl acrylate-acid acrylic polymer,

15  applied to the second layer by dip-coating, roll-coating or spraying an

aqueous emulsion of the polymer, followed by air drying of the coating,

as described in U.S. Patent Nos. 5,093,194 and 4,497,859, the
disclosure of which are herein incorporated by reference.

20 As shown in FIG. 9, the acrylate coating A and the second
mixed layer B may have defects or irregularities C. It is believed that a
completely defect-free coverage of the substrate D cannot be achieved
with only the acrylate and mixed layer. Therefore, a third coating of
PVDC, E is applied over the layer to produce a substantially defect-

25 free barrier coating over the substrate surface.

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
30 devices.

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
- REPLACEMENT SHEET
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32 20. The assenbly of Caim 18, wherein the plastic substrate is
electrically isolated fromthe chanber except for contact with the confined
pl asma. 21. A nethod of depositing a multilayer barrier coating on a
plastic substrate in a previously evacuated chanber conprising: (a)
selecting a curable conmponent conprigi ng: i) pol yfunctional

acrylates, or ii) mxtures of nonoacryl ates and pol yfunctional acryl ates;
(b) flash vaporizing said conponent into said chanber; (c) condensing a
first layer of a film of vaporized conponent onto the outer surface of said

contai ner; limited to, routine chemical analysis, biological inertness, hematology,
blood chemistry, blood typing, toxicology analysis or therapeutic drug
momnitoring and other clinical tests involving body fluids. Furthermore,
a plastic blood collection tube coated with the barrier coating is
5 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.

10 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

15 pressure). Therefore, draw volume retention is dependent on good
vacuum retention. A plastic tube coated with a barrier coating
substantially prevents gas permeation through the tube material so as to
maintain and enhance the vacuum retention and draw volume retention
of the tube. Plastic tubes without the multi-layer coating of the present

20 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
25  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 imnvention. The presence of a barrier coating on

30 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 15
the clarity of the barrier coating as coated or applied on the container

and its abrasion and scratch resistance.
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(d) curing said film (e) vaporizing an organotin conmponent, an
organosili con conponent and adm xing the volatilized conponents with an
oxi di zer conmponent and optionally an inert gas conponent to forma gas
stream exterior to the chanber; (f) establishing a glow discharge plasma in
t he chanber fromone or nore of the gas ,gt ream conponents; (g) controllably
flow ng the gas streaminto the plasnma Jhile confining at | east a portion
of the plasma therein; and (h) depositing a |layer of a mxture of tin oxide
and silicon oxide adjacent said first layer. 22. The nmethod of O aim 21
wherein said first and second | ayers are pretreated by oxygen plasma. 23. A
nmet hod of depositing a barrier coating on a plastic

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

5
The following examples are not limited to any specific
embodiment of the invention, but are only exemplary.
Example 1
10

A polypropylene (PP) tube was connected to the vacuum
manifold system and with extemnal parallel plate electrodes surrounding
the outside of the tube. A vacuum of about 60 mTorr was first drawn
inside the tube. Then air at about 200m Torr was introduced into the

15  tube through the manifold system and the electrodes were energized at
30 watts from a 38MHz oscillator for about 30 seconds to provide a
surface activation treatment. While the plasma was energized, a
monomer gas mixture of tetramethyltin and hexamethyldisilxane vapor

_ (1:20 v/v) was added into the tube through the manifold until the total

20 pressure of the gas mixture was about 250 mTorr. The plasma
deposition was maintained for about 5 minutes, followed by a 90
second air treatment.

_ After SnOy/SiOx was deposited on the interior wall surface of
25 the tube, the tube was disconnected from the manifold.

Example 2

A PET tube was connected to the vacuum manifold system and

30 to external parallel plate electrodes surrounding the outside of the tube.
A vacuum of about 60 mTorr was first drawn inside the tube. Then air

was introduced into the tube at a pressure of about 150mTorr. Then a
mixture of tetramethyltin and hexamethyldisiloxane. (1:20 w/v) vapor

was introduced into the tube until the total pressure of the gas mixture
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substrate in a previously evacuated chanber conprising: (a) vaporizing an
organotin conponent, an organosilicon conponent and adm xi ng the

vol atilized conponents with 33 an oxi di zer conponent and optionally an

i nert gas conponent to forma gas streamexterior to the chanber; (b)
establishing a glow discharge plasma inyghe chanber fromone or nore of the
gas stream conponents; (c) controll abl y—fl oW Nng the gas streaminto the

pl asma while confining at |east a portion of the plasnma therein; and (d)

depositing a layer of a mxture of tin oxide and silicon

10

15

20

25

inside the tube was about 200 Torr. The electrodes were energized at
38 MHz and 22 Watts for about 5 minutes so that a plasma was
generated inside the tube.

After SnOx/Si0x was deposited on the interior wall of the tube,
the tube was disconnected from the manifold.

Example 3

A Surface Science Model SSx-100 X-ray photoelectron
spectromenter (ESCA) was used to determine the atom % of the
elements present in the oxide coatings. Film samples were placed
inside the spectrometer and the elemental composition was determined
of approximately 100A into the surface. The surface was then argon
ion etched as follows: 5000V and 9-10 mA argon ion beam was
directed at the sample surface. After 5 seconds the ESCA spectra was
taken and this procedure was repeated for a total of 5 times. The etch
time was then increased to 20 seconds followed by ESCA and this
process was repeated for a total of ten times. Finally, the etch time
was increased to 40 seconds and the ESCA spectra was obtained until
the bulk acrylate or the polymer substrate was reached. The oxide
layer was clearly indicated by the presence of silicon in the ESCA
spectra between the etch times of about 0 through about 1.3 minutes.
The results are reported in FIG. 10.
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oxi de onto the outer surface of said container. 24. The nmethod of O aim 23
wherein said first layer is pretreated by oxygen plasma. 25. A nethod for
applying a barrier filmcoating to the interior wall surface of a plastic

s

substrate conprising: (a) positioning a plastic article haviIH E O gﬁgfl
a closed end and an external and interigg wall surface softTEt™ B il
end is connected to a vacuum nmani fol d sy¥stem having a non )rdBr supply

c

[

;

1.
source, an oxidi zer supply source and a vacuum supply soufce; AD)APR 1997
positioning said exterior wall surface of said plastic arfigle with an

el ectrode asse ;,[( a eﬁing said interior of said arttcre—Td)
delivering a ) ‘tetranmethyltin and

1. A sample assembly comprising:

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

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

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

3. The assembly of Claim 2, wherein said plastic contamer is
a tube and said closure is an elastomeric stopper.

4. 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.

5. The assembly of Claim 3, wherein said barrier coating
extends from a portion of said elastomeric stopper to a point adjacent
said closed end of said container.

6. The assembly of Claim 2, wherein said tube is evacuated.

7. The assembly of Claim 5, wherein said multi-layer barrier
coating includes registered tamper serrations adjacent to said container

and said closure interface.

8.  The assembly of Claim 1, wherein said first layer is a
polymerized blend of mono-and di-acrylates.

A Y



HVDSO to said interior of said article; (e) delivering a radlo frequency

power to said el ectrode of about 38 MHz and from about 22 :
Watts. 26. A nethod for applying a barrier filmcoating tqg
wal | surface of a plastic substrate conprising: (a) positijoding a p

article having an open end, a closed engdg an exterior, an |te,§2qm§%f
external and interior 34 wal | surfac'e"so that said opeh &nd is ted

to a vacuum mani fol d system havi ng a nononer supply

9. The assembly of Claim 1, wherein said second layer is a
mixture of SnOy, GeOy or PbOy and aluminum oxide or silicon oxide
based composition.

10. 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 enhanced chemical vapor
deposition or magnetically enhanced plasma systems.

11. The assembly of Claim 1, further comprising a said third
layer adjacent said second layer of a thermosetting epoxy, parylene
polymer, homo-polymers, co-polymers, polyesters or wvinylidene
chloride.

12. The assembly of Claim 11, wherein said first layer
comprises polymerized acrylate and said second layer comprises a
mixture of tin and silicon oxide and said third layer comprises
polyvinylidene chloride.

13. The assembly of Claim 1, further comprising a multi-layer
barrier coating over the inner surface of said container, having a first
layer including an acrylate primer coating material, a second layer on
said first layer of a mixture of metal oxide and an inorganic material.

14. A muiti-layer barrier coating comprising:
a first layer comprising an acr&late material; and

a second layer on said first layer comprising a mixture of a
metal oxide and an inorganic oxide.

15. The coating of Claim 14, wherein said second layer is a
mixture of SnOy, GeOx or PbOy and aluminum oxide or silicon oxide.




source, an oxider supply source and a vacuum supply source;
the external wall surface of said plastic article with an e
assenbly; (c) evacuating said interior of said article; (d) .
nmononer gas mxture to said interior of said article; (e) delfiverring a- = ,
radio frequency power to said electrodegy(f) ionizing said g seﬁZShPﬁspppzz k
forma plasma whereby a barrier filmcoating is applied tojtiie interior i :
wal | surface of said container. (g) stopping the radio frefuen€y po - »
step (e); and (h) repeating steps (e) - (f). 27. ‘The metho cbaim?25 .
wherein step (d) further includes ; R :

osi tioning

-~

16. The coating of Claim 14, further comprising a third layer -
on said second layer of polyvinylidene chloride.

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

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

(b) flash vaporizing said component into said chamber;

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

(d) curing said film.

18. The assembly of Claim 17, wheremn said second layer is
deposited on said first layer by the following steps:

(a) vaporizing an organotin component, an organosilicon
component and admixing the- volatilized components with
an oxidizer component and optionally an inert gas
component to form a gas stream 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 a mixture of tin oxide and silicon
oxide adjacent said first layer.

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




a diluent gas. 28. A nethod for applying a barrier filmcoating to the =
I'nterior wall surface of a plastic substrate conprising: (f@a o
pl astic article having an open end, a closed end, an exteni gﬁBEMEWéﬁ%
and an external and interior wall surface so that said opgniend is
connected to a vacuum mani fold system I‘i)/—sng a nononer sugplly ,.sgmmm
oxi der supply source and a vacuum suppl ource; (b) posi ning the .
external wall surface of said plastic article with an el e¢t
(c) evacuating said interior of said articl e; (d) deliveri
m xture to said interjor of said artigc
The assembly of Clalm 18, wherein the plastic substrate is
electrically isolated from the chamber except for contact with the

confined plasma.

g_a rononer gas j

21. A method of depositing a multilayer barrier coating on a
plastic substrate in a previously evacuated chamber 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 a film of vaporized component
onto the outer surface of said containér;

(d) curing said film;

(e) wvaporizing an organotin component, an organosilicon
component and admixing the volatilized components with
an oxidizer component and optionally an mert gas
component to form a gas stream 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; and

(h) depositing a layer of a mixture of tin oxide and silicon
oxide adjacent said first layer.

22. The method of Claim 21 wherein said first and second
layers are pretreated by oxygen plasma.

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

(a) wvaporizing an organotin component, an organosilicon
component and admixing the volatilized components with

T



(e)'delivering_a radi o frequency power to said el ectrode;

roni zing said gases so as to forma plasm whereby a barri |’-IA:‘1¥@5&T|%ET
is applied to the interior wall surface of said container; (5) st opp

delivery of gases in step (d); and (h) repeating step (d).
of Claim 27 wherein step (d) further i%des a diluent g
for applying a barrier filmcoating to I nterior wall
pl astic substrate conpri sing:

: ,_'@ mﬁ?zd

S

an oxidizer component and optionally an inert gas

component to form a gas stream 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 a mixture of tin oxide
oxide onto the outer surface of said container.

and silicon

24. The method of Claim 23 wherein said first layer is

pretreated by oxygen plasma.

25. A method for applying a barrier film coating to the interior

wall surface of a plastic substrate comprising:

(a) positioning a plastic article having an open end, a closed
end and an external and interior wall surface so that said
open end is connected to a vacuum manifold system
baving a monomer supply source, an oxidizer supply

source and a vacuum supply source;

(b) positioning said exterior wall surface of said plastic article

with an electrode assembly;
{c) evacuating said interior of said article;

(d) delivering a monomer gas mixture of tetramethyltin and

HMDSO to said interior of said article;

(e) delivering a radio frequency power to said electrode of
about 38 MHz and from about 22 Watts to about 30

Watts.

26. A method for applying a barrier film coating to
wall surface of a plastic substrate comprising:

the interior

(a) positioning a plastic article having an open end, a closed
end, an exterior, an interior and an external and interior

[



(a) positioning a plastic article having an open end, a closed end and an
external and interior wall surface so that said o€} kS ai 1 ? pd to a
vacuum rani f ol d system havi ng a nononer supply soyr g; ;E_ %ﬁ_‘_“ suppl y
source and a vacuum supply source; (b) positioning gaid exterior ypall
surface of said plastic article with anygl ectrodefagsen®l ARR (1997 e atuat i ng
said interior of said article; (d) deliwering a ngmer ..gas. m xt ug ef of
tetramethyltin and HMDSO to said interior of saidiartrcre; -(e) deliyering
an oxidizer gas of air to said interior of said afticle; (f)  delivering a

radi o frequency power to sai' d el ectrode; (g).stopping the delivery of gases
in step (d): wall surface so that said open end is connected to a

vacuum manifold system having a monomer supply
source, an oxider supply source and a vacuum supply
source,

(b) positioning the external wall surface of said plastic article
with an electrode assembly;

(c) evacuating said interior of said article;

(d) delivering a monomer gas mixture to said mterior of said
article;

(e) delivering a radio frequency power to said electrode;

(f) ionizing said gases so as to form a plasma whereby a
barrier film coating is applied to the interior wall surface
of said container. :

(g) stopping the radio frequency power in step (e); and

(h) repeating steps (e) - (f).

27. The method of Claim 25 wherein step (d) further includes
a diluent gas. '

28. A method for applying a barrier film coating to the interior
wall surface of a plastic substrate comprising;

(a) positioning a plastic article having an open end, a closed
end, an exterior, an interior and an external and interior
wall surface so that said open end is connected to a
vacuum manifold system having a monomer supply
source, an oxider supply source and a vacuum supply
source; - '

(b) positioning the external wall surface of said plastic article
with an electrode assembly;

(¢) evacuating said interior of said article;

(d) delivering a monomer gas mixture to said interior of said
article;

(e) delivering a radio frequency power to said electrode;

WA



(h)' st oppi ng the radio frequency power in step (e); and (i) repeating

steps (d)

(h).

®

)
()

29.
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ionizing said gases so as to form a plasma whereby a
barrier film coating is applied to the interior wall surface
of said container; '

stopping the delivery of gases in step (d); and

repeating step (d).

The method of Claim 27 wherein step (d) further includes

a diluent gas.

30.

A method for applying a barrier film coating to the interior

wall surface of a plastic substrate comprising:

(@

(b

(©
(d)

(e)

®
(2
(h)
®

positioning a plastic article having an open end, a closed
end and an external and interior wall surface so that said
open end is connected to a vacuum manifold system
baving a monomer supply source, an oxidizer supply
source and a vacuum supply source;

posttioning said exterior wall surface of said plastic article
with an electrode assembly;

evacuating said interior of said article;

delivering a monomer gas mixture of tetramethyltin and
HMDSO to said interior of said article;

delivering an oxidizer gas of air to said interior of said
article;

delivering a radio frequency power to said electrode;
stopping the delivery of gases in step (d);

stopping the radio frequency power in step (e); and
repeating steps (d) - (b).

I
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BLOOD COLLECTION TUBE ASSEMBLY

ABSTRACT OF THE DISCLOSURE

The present invention is a plastic container coated with a multi-
layer barrier coating. The multi-layer barrier coating is useful for
providing an effective barrier against gas permeability in containers and
for extending shelf-life of containers, especially plastic evacuated
blood collection devices.

-

Figure 1
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