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Susan L. Burkett and Bryan Soo Wong

FOR: BLOOD COLLECTION TUBE ASSEMBLY

10 BACKGROUND OF THE INVENTION

1. Field of the Invention
15 This invention relates to a multi-layer barrier coating for

providing an effective barrier against gas and water permeability for
containers, especially plastic blood collection tubes.

2. Description of the Related Art

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

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

Blood collection tubes require certain performance standards to

30 be acceptable for use in medical applications. Such performance

standards include the ability to maintain greater than about 90%

original draw volume over a one year period, to be radiation
sterilizable and to be non-interfering in tests and analysis.
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products, a special need exists for inproving the barrier properties of
arti el es stmde of polyners. 25 Such nedi cal products that would
derive a considerable benefit frominproving their barrier properties

i nclude, but are not limted to, collection tubes and particularly those
used for blood collection. Blood collection tubes require certain
performance standards to 30 be acceptable for use in nedical applications.
Such performance standards include the ability to maintain great

about 90% ori gi nal draw vol ume over a one year period, to be radiation

sterilizable and to bgheeefore! ari&dd egists thefhprovedttnbhyidess properties of
articles made of polymers and in particular plastic evacuated blood
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 comprising at least two barrier materials
10 disposed over the outer or inner surface. of the previously formed
composite container. Desirably, the barrier materials comprise a first
layer of a polymeric material applied to the outer surface of the
previously formed composite container, a second layer of a metal oxide
applied over the first layer and a third layer of an inorganic oxide

15 applied over the second layer.

The first layer, a primer coating, 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

20 container. .

The second layer of the barrier coating may preferably be a
metal oxide chosen from metals of Group IVA, or a mixture of the
oxide and the metal.

25

The third layer of the barrier coating may preferably be a
silicon oxide based composition, such as SiOyx wherein x is from 1.0 to
about 2.5; or an aluminium oxide based composition. Most preferably,
the third layer is a silicon oxide based composition applied over the

30 second layer.

Preferably, the primer coating is a blend of monoacrylate (i.e.,
isobornyl acrylate) and diacrylate monomers (i.e., an epoxy diacrylate
or a urethane diacrylate) as described in U.S. Patent Nos. 4,490,774,
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-2- Therefore, a need exists to inprove the barrier properties of articles
made®f polymers and in particular plastic evacuated bl ood coll ection tubes
wherein certain performnce standards would be nmet and the article would be
effective and usable in nedical applications. 5 SUMWARY OF THE | NVENTI ON
The present invention is a plastic conposite container with a nulti-I|ayer
barrier coating conprising at least two barrier materials 10 dispaosed over
the outer or inner surface of the previously forned conposite co 'éﬂﬂgr
Desirably, the barrier materials conprise a first layer of a polynmeric

material applied,G36,7h8, ody6d7 818,f ak;842{893) e 49954,3GUs | and 051032 46hpoghiet e

container, a segpRfod¥ésbf Whith Bk Herdi! f8orporated by reference. The primer
coating is cured by an electron beam or by a source of ultraviolet
radiation.

Desirably, the first layer is formed of a substantially cross
lmked component selected from the group consisting of polyacrylates
and mixtures of polyacrylates and monacrylates having an average
molecular weight of between 150 and 1,000 and a vapor pressure in the

10 range of 1x10-6 to 1x10-! Torr at standard temperature and pressure.
Most preferably, the material is a diacrylate.

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

A desirable second layer which is disposed over the first layer
preferably comprises a metal oxide such as SnOx, GeOx or PbOy.
Such a film desirably is deposited by means of plasma polymerization . -

20 of a mixture comprising tetramethyltin and oxygen in a magnetically
enhanced audio frequency capactively coupled discharge chamber.

Preferably, the thickness of the metal oxide is about 50A to
about 250A and most preferably from about 75 to about 200A.

25
A desirable third layer which is disposed over the second layer
preferably comprises an oxide based composition such as silicon or
aluminum oxide. Such a film desirably is derived from wvolatile
organosilicon or organoaluminum compounds.
30

The silicon or aluminum oxide based composition provides a
dense, vapor-impervious coating over the second layer. Preferably, the
thickness of the silicon or aluminum oxide based layer is about 500 to
about 2,500 Angstroms (A) and most preferably where the thickness of

- 3
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applied over the first layer and a third |layer of an inorganic oxide 15
applied ower the second layer. The first layer, a prinmer coating, is
preferably a highly cross linked acrylate polynmer. The coating may be
formed either on an interior surface portion, on an exterior surface
portion, or both of the 20 container. The second | ayer of the barrier
coating may preferably be a netal oxide chosen fromnetals of G YA, or
a mxture of the oxide and the nmetal. 25 The third | ayer of the Eg !42
coating may preferably be a silicon oxide based conposition, such as

Si 0 err] wher eithexthixl layemis thréeotabivettufes the thiwknebs i ithe reecenddaper ed

composi tion. Mgt PLALLBBLY 5 000 A may crack and therefore be ineffective as a
barrier.

5 Optionally, a desirable fourth layer which is disposed over the
third layer preferably comprises vinylidene chloride - methyl
methacrylate - methacrylate acrylic acid polymer (PVDC),
thermosetting epoxy coatings, parylene polymers or polyesters.

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

The process for applying the primer coating to a container is
preferably carried out in a vacuum chamber wherein a curable
15 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

20 number of layers has been achieved.

A method for depositing a second layer of a barrier based film
is as follows: (a) pretreating the first layer on the container with a first
oxygen plasma; (b) controllably flowing a gas stream including an

25 organotin and oxygen or oxidizing gas compound into a plasma; and
(c) depositing an oxide onto the first layer while maintaining a pressure
of less than about 500 mTorr during the depositing.

A method for depositing a third barrier based film is as follows:

30 (a) pretreating the second layer on the container with a first plasma

coating of oxygen; (b) controllably flowing a gas stream including an

organosilicon compound and oxygen or oxidizing gas into a plasma;

and (c) depositing an oxide onto the second layer while maintaining a
pressure of less than about 500 mTorr during the depositing.

4
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the third layer is a silicon oxide based conposition applied over the 30
second | ayer. Preferably, the prinmer coating is a blend of nonoacryl ate

(i.e., isobornyl acrylate) and diacrylate nononmers (i.e., an epoxy
diacrylate or a urethane diacrylate) as described in U S. Patent Nos.
4,490, 774, -3 - 4,696) 719, 4,647,818, 4,842,893, 4,954,371 and

5,032, 461, the dlsclosures of mhlch are hereln |ncorporated by re erence.
The primer coating is cured by an el ectron beamor by a source of 142
ultraviolet radiation.

s

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

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

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

(a) selecting a curable component comprising: ()
15 ~ 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 container;
20 (d) curing said film;.
{e) applying a plasma surface treatment of oxygen on the
film;
(f) vaporizing an organotin component and admixing the
volatilized organotin component with an oxidizer
25 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
one or more of the gas stream components;
(b) controllably flowing the gas stream into the plasma while
30 -+ confining at least a portion of the plasma therein;
(1) depositing a second layer of a tin oxide adjacent said first
layer;
() applying an oxygen surface treatment to the second layer;
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5 Desirably, the first layer is fornmed of a substantially cross |inked
conp@nent ¢sel ected fromthe group consisting of polyacrylates and m xtures
of polyacryl ates and nonacryl ates having an average nol ecul ar wei ght of

bet ween 150 and 1,000 and a vapor pressure in the 10 range of 1x10[err] to
1x10[err] Torr at standard tenperature and pressure. Mst preferably, the
material is a diacrylate. Preferably, the thickness of the acryla& rimer
coating is about .1 to about 10 microns and nost preferably from b5ﬁ4 21 to
about 5 15 mcrons. A desirable second |ayer which is di sposed over the

fir SPL | ayer prS ef ﬁr ab:c \ gwpmng mbqgan@sﬂﬂmasuoﬂnpaaeﬁw@éradmu@gj[tm rl
B{)' ymgr ?;;{ : OnUC a tilm deghiRbld organ%@gixséc}nedcobtﬁpgﬁéﬂs With PLAS Bidizer
component and optionally an inert gas component to form
a gas stream exterior to the chamber;
5 () establishing a glow discharge plasma in the chamber from
one or more of the gas stream components; '
(m) controllably flowing the gas stream into the plasma while
confining at least a portion of the plasma therein; and
(n) depositing a third layer of silicon oxide adjacent said
10 second layer.

Optionally, primer or planarization layers may be interposed
between the plastic substrate and the first oxide layer, oxygen plasma
treatment of the first oxide layer prior to the deposition of the second

15 layer and use of other barrier enhancing layers on the discrete metal
oxide layer.

Plastic tubes coated with the multi-layer barrier coating and an

overcoating layer are able to maintain substantially. far better vacuum

20 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

25 coating and its durability to substantially withstand resistance to impact

and abrasion. Another attribute of the discrete oxide coatings is that

they are stable as compared to conventional methods of medical
sterilization, such as gamma irradiation or ethylene oxide (ETO).

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

i




20 of a mxture conprising tetramethyltin and oxygen in a magnetically
enhanced audi o frequency capactively coupl ed di scharge chanber. Preferably,
t he thickness of the netal oxide is about 50A to about 250A and nost
preferably from about 75 to about 200A. 25 A desirable third |l ayer which is
di sposed over the second |ayer preferably conprises an oxi de based
conposition such as silicon or alum num oxide. Such a filmdesirably is
derived fromvol atile organosilicon or organoal um num conpounds. Be3I4ik
silicon or al um num oxi de based conposition provides a dense,

vapor - i mper vi OU&eféiﬁithélﬁt@Vﬁélygﬁ ﬂ@ﬁen%dlyeyzﬁyle&rﬁ ?&ﬁ%’%t‘éi of heogdlfitepsss

of the silicon % lfm num ox ased I"'ayer is abou

Printing may be placed on the multi-layer barrier coating
5 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
10 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 accommodate various hospltal over-labels,

for example.

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

A further advantage is that the method of the present invention

20 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.

It has been found in the present invention that the organic
25 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

improves the adhesion between a plastic surface and the metal oxide

30 layer and overall 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 reducing the defect density in the
deposited inorganic coatings. The good bonding properties of the
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about 2,500 Angstrons (A) and nost preferably where the thickness of

the third.layer is three to five tines the thickness of the second | ayer.

-4-
A

coating above 5,000 A may crack and therefore be ineffective as a barrier.

5 Optional |y,
third | ayer preferably conprises vinylidene chloride - nethyl

- methacrylate acrylic acid polyner (PVDC), thernosetting epoxy coat IM&S
paryl ene polymers or polyesters. 10 Preferably, the thi ckndes t he
PVDC | ayer is about 2 to about

10

15

20

25

30

acrylate are also due to the fact that acrylate is polar and the polarity
provides means for good bond formation between the discrete metal
oxide and the acrylate. In addition, it has been found that a good bond
formation is made between plastic tubes made of polypropylene and
acrylate.  Thus, the present invention provides the means of
substantially improving the barrier properties of polypropylene tubes.
The adhesion properties of both the acrylate coating and the oxide
coating can be further substantially improved by surface pretreatment
methods such as flame or oxygen plasma. 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.

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 barrier coating is capable of being subjected to
automated machinery such as centrifuges and may be exposed to
certain levels of radiation in the sterilization process with substantially
no change in optical or mechanical and functional properties.

DESCRIPTION OF THE DRAWINGS

FIG.1isa perspectlve 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.
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15 mcrons and nost preferably from about 3 to about 5 m crons.
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primer coating to a container is preferably carried out

wherein a curable 15 nononer conmponent is netered to a

system where the material is atom zed, vaporized and

The process

in

surface of the container. Follow ng deposit of the nononer

of the container, it is cured by suitable neans such43z
til

ring. The deposition and curing steps may be repe

nunber of layers has been achi eved. A nmethod for depositing
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mdhnhyeabdmer 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.

FIG. 6 illustrates an enlarged partially sectioned, diagram of a
flash evaporator apparatus.

FIG. 7 illustrates a plasma deposition system.

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

FIG. 9 ESCA spectra of discrete layers of Group IVA and
inorganic oxides.

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
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.
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(c) depositing an oxide onto the first layer while maintaining a pressure
of |l e@ss than about 500 niforr during the depositing. A nethod for depositing
athird barrier based filmis as follows: 30 (a) pretreating the second

| ayer on the container with a first plasnma coating of oxygen; (b)
controllably flow ng a gas streamincluding an organosilicon conpound and
oxygen or oxidizing gas into a plasma; and (c) depositing an oxidﬁﬁgﬂio.the
second | ayer while maintaining a pressure of |ess than about 500

during the depositing. Al though the pretreatnent step is optional, it is

bel i eved that the pretRefRifiRfitostlen drpawitigien ftiichnike veferedbe engacters
qualities 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
5 includes a lower annular portion or skirt 1S which extends into and
presses against the inner surface 12 of the sidewall for maintaining

stopper 14 n place.

FIG. 2 schematically illustrates that there are three mechanisms
10 for a change in vacuum in a blood collection tube: (A) gas permeation
through the stopper material; (B) gas permeation through the tube and
(C) leak at the stopper tube interface. Therefore, when there is
substantially no gas permeation and no-leak, thére is good vacuum
retention and good draw volume retention.

15 .
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 componemts of FIGS. 1 and 2.
20  Accordingly, similar components performing similar functions will be
numbered identically to those components of FIGS. 1 and 2, except

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

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

25 invention, collection tube assembly 20 comprises a plastic tube 10a,
having a sidewall 11a extending from an opened end 16a to a closed

end 18a. A barrier coating 25 extends over a substantial portion of the
outer surface of the tube with the exception of open end 16a. Barrier
coating 25 comprises a first layer 26 of a polymer material, such as an

30 acrylate material, a second layer 27 of a Group IVA metal oxide
material, a third layer 28 an inorganic material such as a silicon oxide
based composition and a fourth layer 29 of an organic overcoating

layer such as PVDC.
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between the |l ayers. 5 The organotin and organosilicon conpounds nay be

conbi:ned with oxygen and optionally heliumor another inert gas such as

argon or nitrogen. 10 Most preferably, the nmethod for depositing a

barrier coating on a substrate,

the follow ng steps: (a) selecting a curable conponent conprising:

15

pol yfunctional acrylates, or (ii) mxtures of m)no :ﬁf‘tes

and pol yfunctional acrylates; (b) flash vaporizing said conponent®T
(c) condensing a first layer of a film of vaporized conponent

chanber ;

10

15

20

25

30

FIG. 4 illustrates an alternate embodiment of the invention,
wherein collection tube assembly 40 comprises stopper 48 in place for
closing open end 41 of tube 42. As can be seen, sidewall 43 extends
from open end 41 to closed end 44 and stopper 48 includes an annular
upper portion 50 which extends over the top edge of tube 42. Stopper
48 includes a lower annular portion or skirt 49 which extends mto and
presses against the inside inner surface 46 of sidewall 43 for
maintaining stopper 48 in place. Also, the stopper has a septum
portion 52 for receiving a cannula therethrough.

Thus, the user, once receiving a container such as that shown in
FIG. 4 with a sample contained therein, may insert a cannula through
septum 52 for receiving part or all of the contents in tube 42 to perform
various tests on a sample. Covering a substantial portion of the length
of the tube is a multi-layer barrier coating 45. Multi-layer barrier
coating 45 covers substantially most of the tube with the exception of
open end 41 thereof. Multi-layer barrier coating 45 comprises a first
layer 54 of a polymer material such as an acrylate, a second layer 56 of
a metal oxide such as SnOy, GeOy or PbOy, a third layer 57 of an
inorganic material such as a silicon oxide material and a fourth layer 58
of an organic barrier material such as PVDC. FIG. 4 differs from the
embodiment in FIG. 3 in that the tube may be evacuated with the
simultaneous placement of stopper 48 therein after the application of
layers 54 and 56 over the tube. Alternatively, the multi-layer barrier
coating may be applied to the tube after it has been evacuated.

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
be used to identify those components in FIG. 5.

il i \i‘ﬁ
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onto the outer surface of said container; 20 (d) curing said film
(e) applying a plasma surface treatnent of oxygen on the film (f)
vapori zi ng an organotin conponent and adm xing the volatilized organotin
conponent with an oxidizer 25 conponent and optionally an inert
gas conponent to forma gas streamexterior to the chanber; (Qg)
establishing a gl ow di scharge plasnma in the chanber fromone or npre of the
gas stream conponents; (h) controllably flow ng the gas st ream i ntir3d

pl asma while 30 confining at least a portion of the plasna

therein; (i) depositinRefersitgondw apeFIG % i fumhédenlbodiesnit 601 of ffhest

mvention wherein multi-layer barrier coating 45a incorporates both
upper portion 50a of stopper 48a, as well as the entire outer surface of
tube 42a. Multi-layer barrier coating 45a includes serrations 62 at the

5 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,
the sample cannot be tampered with by removal of the stopper.

10  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.

15 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
twice.

20 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.

The multi-layer barrier coating forms a substantially clear or
25 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
identifying information may be displayed over the multi-layer barrier
coating after it is applied to the plastic tube.
30
The first layer of the multi-layer barrier coating may be formed
on the tube by dip-coating, roll-coating or spraying acrylate monomer
or the blend of monomers, followed by the UV curing process.
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| ayer; (j) applying an oxygen surface treatnent to the second | ayer; - 6-
(k) wvaportizing an organosilicon conponent and adm xing the volatilized
organosi |l i con conponent with an oxidi zer conponent and optionally an inert
gas conponent to forma gas streamexterior to the chanber; 5 (1)
establishing a glow di scharge plasma in the chanber fromone or nore of the
gas stream conponents; (m controllably flowng the gas streaminto the

pl asma whil e P-3142

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
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
molecular vapor which has the same chemistry as the starting

10 monomer. ' |

Acrylates are available with almost any chemistry desired.

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

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

15 the present invention. Most preferable are monoacrylates and
diacrylates. '

Acrylates form one of the most reactive classes of chemicals.

They cure rapidly when exposed to UV or electron beam radiation to

20 form a cross-linked structure. This imparts high temperature and
abrasion resistant properties in the coating.

The monomer materials utilized are relatively low in molecular

weight, between 150 and 1,000 and preferably in the range of 200 to

25 300 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.
Polyfunctional acrylates are especially preferred. " The monomers
employed have at least two double bonds (i.e., a plurality of olefin

30 groups). The high-vapor-pressure monomers used in the present
invention can be vaporized at low temperatures and thus are not
degraded (cracked) by the heating process. The absence of unreactive
degradation products means that films formed from these low
molecular weight, high-vapor-pressure monomers have reduced volatile

R, l 3
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confining at |least a portion of the plasma therein; and (n) depositing a
third layer of silicon oxide adjacent said 10 second | ayer
Optionally, primer or planarization |ayers may be interposed between the
pl astic substrate and the first oxide |ayer, oxygen plasma treatnent of the
first oxide layer prior to the deposition of the second 15 |ayer and use
of other barrier enhancing |layers on the discrete netal oxide |aygr
Plastic tubes coated with the multi-layer barrier coating and an -3142
overcoating |ayer are able to maintain substantially far better vacuum 20
retention, drawleetlsnef eonponentso e anresalt, isubstanitiajlyr &l eoft thendepasited
previ ous t ubes GROHOEE sChedRfvE TRRd HIROSE! DSRARE ol SflBrn A Wit NoUt
a coating of barrrer t'er eS_conprisin

exposegato a source of radiation. These propex%es make 1t possible to

provide substantially continuous coating despite the fact that the film is

5 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

properties of cured films formed from such components, polyfunctional

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

0]
|
15 R1-(OC-C=CH»),,

2

wherein:
20 .
R1 is an aliphatic, alicyclic or mixed aliphatic-alicyclic radical;
R2 is a hydrogen, methyl, ethyl, propyl, butyl or pentyl; and
n is from 2 to 4.

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

x1
!

30 CH3(CH){C-(CHp)sX3
|

CH,0C-C=CH>

1
O R2

_—
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oxide coating. In addition, the tube's resistance to inpact is nuch better
than that:of glass. Modst notably is the clarity of the nmulti-Ilayer 25
coating and its durability to substantially w thstand resistance to inpact
and abrasion. Another attribute of the discrete oxide coatings is that they
are-stabl e as conpared to conventional nethods of nedical sterilization,
such as gamma irradiation or ethylene oxide (ETO. 30 Most
preferably, the container of the present invention is a bl ood col PsddZon
device. The bl ood collection device can be either an evacuated bl ood

coll ection tube or a non-evacuated bl ood col |l ection tube. The bl pod
collection tube is de%hkgghy made of polyethyl ene

R2, is as defined above;
5 xX1isH, epoxy, 1,6-hexanediol, tripropyleneglycol or urethane;
and
r, s are 1-18.
10 O

|
CHpOC-C=CHj; and

R2
15
X3 is CN or COOR3 wherein R3 is an alkyl radical containing
1-4 carbon atoms. Most often, X3 is CN or COOCH3.
Diacrylates of the formula below are particularly preferred:
20 ' . O
|
CH3(CH);CX1(CH2)sCHOC-CH=CH)
l
CH0OC-CH=CH)
25 |
O
wherein:
30 X1, r and s are as defined above.

Curing is éccomplished by opening the double bonds of the
reactant molecules. This can be accomplished by means of an energy

——
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-7- terephthal ate, pol ypropyl ene, polyethyl ene napthal ate or copol yners
thereof. Printing may be placed on the nmulti-layer barrier coating 5
applied to the container of interest. For exanple, a product
identification, bar code, brand nanme, conpany |ogo, | ot nunber, expiration
date and other data and information may all be included on the barrier
coating. Moreover, a matte finish or a corona discharged surface naé be
devel oped on the barrier coating so as to make the 10 surface apﬁ? éﬁ?ate
for witing additional information on the Iabel. Furthernore, a pressure
sensi tive adhesiswmurcabstclrags ban ph t/ ewhidie &mitsi enfraed i slzc&onds dro

accommodat e vari&%‘)?&ép}écﬁhﬁ’%‘er- abel s, for exanple.

FIG. 6 illustrates the process for applying an acrylate coating.
5 An acrylate monomer 100 is directed through a dielectric evaporator
102 and then through an ultrasonic atomizer 104 and into a vacuum
chamber 106. The monomer droplets are atomized ultrasonically and
the droplets vaporized where they condense on the rotating tube or film
that is loaded on a drum 108. .
10 '
The condensed monomer liquid subsequently is radiation cured
by means of an electron beam gun 110.

The second and third barrier coatings of the multi-layer barrier
15 coating, may be formed by radio frequency discharge, direct or dual
ion beam deposition, sputtering or plasma enhanced chemical vapor
deposition, as described in U.S. Patent Nos. 4,698,256, 4,809,876,
4992298 and 5,055,318, the disclosures of which are herein
mcorporated by reference.
20 '
For example, a method of depositing the second and third
barrier coatings 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
25 the gas stream 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 250A and preferably at about 75A to
about 200A. The barrier based film is deposited on the substrate to a
30 desired thickness. The thickness of the third coating is about 100 A
to about 10,000 A. A thickness of less than about 5,000 A may not
provide sufficient barrier and a thickness of greater than about 5,000
A may crack, thus decreasing the effective barrier. Most preferably,

16 .
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15 Preferably, the multi-layer barrier coating of the present

I nvention-provides a transparent or col orl ess appearance and may have
printed matter applied thereon. A further advantage is that the nethod of
the present invention 20 provides a reduction in the gas perneability of
t hr ee- di nensi onal objects that has not been achieved with conventi onal
deposition nethod typically used with thin filns. It has been found_ in the
present invention that the organic 25 material, acrylate, provid s3b4%ood
platformfor the growth of the dense G oup | VA oxide barrier material. It
has been found tthetthickriessl of theoshirdionidd ¢omtarg & abouy|1a0@0 i Aptooubsut he
adhesi on betweem goglgstic surface and the metal oxide 30 |ayer and
overal | inproves’tﬂe ther nronechani cal stability of the coated

Another method of depositing a barrier coating is by

5 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 components: a volatilized organosilicon or

10  organotin component, 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
useful for the gas stream in the plasma deposition methods are liquid
15 or gas at about ambient temperature and have a boiling point about
0°C to about 200°C and include tetramethyltin, tetracthyltin,
tetraisopropyltin,  tetraallyltin, dimethysilane, trimethylsilane,
diethylsilane, propylsilane, phenylsilane, hexamethyldisilane, 1,1,2,2-
tetramethyldisilane, bis (trimethylsilane)methane, bis (dimethyisilyl)
20 methane, hexamethyldisiloxane, vinyl trimethoxy silane, vinyl
triethyoxysilane, ethylmethoxysilane, ethyltrimethoxysilane,
divinyltetramethyldisiloxane, hexamethyldsilazane divinyl-
hexamethyltrisifoxane, trivinylpentamethyltrisiloxazane,
tetracthoxysilane and tetramethoxysilane.
25
Among the preferred organosilicons are 1,1,33-
tetramethyldisiloxane, trimethylsilane, hexamethyldisiloxane,
vinyltrimethylsilane, methyltrimethoxysilane, vinyltrimethoxysilane
and hexamethyldisilazane. These preferred organosilicon compounds
30 have boiling points of 71°C, 55.5°C, 102°C, 123°C and 127°C
respectively.

The optional inert gas of the gas stream preferably is helium,
argon or nitrogen.
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system In addition, acrylate priner coating has a role of a planarization
(leveling) layer, covering the particles and i nperfections on the surface
of a polymer and reducing the defect density in the deposited inorganic
coatings. The good bondi ng properties of the acrylate are also due to
the fact that acrylate is polar and the polarity provides neans for good
bond formati on between the discrete netal oxide and the acrylate._In
addition, it has been found that a good bond formation is nade beP

pl asti c tubes nade of pol ypropylene and 5 acrylate. Thus, the present

i nvention provides the nmeans of substantially inproving the barrjer

properties of pol ypropy eng iHnesy organotin and organosilicon components are
preferably admixed with the oxygen component and the inert gas

component before being flowed into the chamber. The quantities of

5 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

determine the thickness of the deposited fitm while in the deposition

10 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

practiced at relatively high power and quite low pressure. A pressure

15 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
pressure provides faster deposition rates. When the plastic article to

20 Dbe coated is heat sensitive, a higher system pressure may be used to
minimize the amount of heat the substrate is exposed to during
deposition because high substrate temperatures are to be avoided for

low Tg polymers such as polypropylene and PET (Tg is -10°C and

60°C respectively).
25
The substrate is electrically isolated from the deposition
system (except for electrical contact with the plasma) and is at a
temperature of less than about 80°C during the depositing. That is,
the substrate is not deliberately heated.
30

Referring to FIG. 7, the system for depositing a barrier
coating, including the second and third barrier layers comprises an
enclosed reaction chamber 170 in which a plasma is formed and in
which a substrate or tube 171, is placed for depositing a thin film of

- — 18
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The adhesi on properties of both the acrylate coating and the oxide coating
can be further substantially inproved by surface pretreatnent nethods such
as flame or oxygen plasnma. Therefore, a significant 10 reduction in

perneability of the article is due to the substantially inproved netal

oxi de surface coverage that is obtained by the use of a prinmer coating of
acrylate on the plastic article surface. A plastic blood collectiagn tube
coated with the nulti-layer 15 barrier coating of the present in 1id2n

will not interfere with testing and anal ysis that

bl ood in a tube. nsatehal eats smfpllél%ld&tlm e THY stibsiidte anObe eyt Vﬁ!@lum
chem cal anal ysi s, t g ertgess h,gma&gn%gﬁ bl ood chem str
typing, toxicol o§9m ndlt\? F@S’f‘aﬂ lasticy, ME; $75eS Aie supehie
clinical tests 200 thmmacwnong:hmmlyeﬁby:a(gas slﬁppﬁwsystmrelﬁ_ p%nsieoinblfieid
col lection tube jg created by a power supply 174.

5

10

15

20

25

30

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 an oxide 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.

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

_ The thin film is deposited on the outer surface of the tube and
subsequent layers 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

19
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coated with the barrier coating is capable of being subjected to autonated
machi-nery:such as centrifuges and may be exposed to certain | evels of
radiation in the sterilization process with substantially no change in
optical or mechanical and functional properties. 25 DESCRI PTION OF THE
DRAWNGS FIG 1 is a perspective view of a typical blood collection tube
with a stopper. 30 FIG 2 is a longitudinal sectional view of the tube of
FIG 1 taken along line 2-2. P-3142

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

The barrier film or blends thereof used in accordance with

5 this disclosure, may contain conventional additives and ingredients

which do not adversely affect the properties of articles made
therefrom. |

The optional fourth layer of the multi-layer barrier coating

10 may be formed on the third layer by dip-coating, roll-coating or

spraying an aqueous emulsion of the polyvinylidene chloride or
homo- or co- polymers, followed by air drying.

The fourth layer may preferably be vinylidene chloride-

15 acrylonitrile-methyl = methacrylate-methyl acrylate-acrylic  acid

copolymers, thermosetting epoxy coatings, parylene polymers, or
polyesters.

Preferably, the fourth layer is a parylene polymer. Parylene is

20 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:

CHS (‘H2
N/

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

25
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-9- FIG 3 is a longitudinal sectional view of a tube-shaped contai ner

simlar to the tube of FIG 1 w thout a stopper,

barrier coating. 5 FIG 4 is a longitudinal sectional view of a
t ube- shaped container, simlar to the tube of FIG | with a stopper,
conprising a nulti-layer barrier coating. FIG 5 is a |ongitudi nal

conprising a multi-Ilayer

sectional view of a further enbodinent 10 of the invention illustrating the
tube with a stopper simlar to FIG | and with the nulti-Iayer bar Pr3142
coating enconpassing both the tube and stopper thereof FIG 6 illustrates
an enlarged partially sectioned, diagramof a .
c1
CH, CH
5 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

; ;cr5 CH,
10

Most preferably, the polymer layer is a vinylidene chloride-

methyl methacrylate-methacrylate acrylic acid polymer (PVDC).

15  This polymer is available as DARAN® 8600-C (trademark of W.R.

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

The fourth layer of the barrier coating, a polymer material,

20 may 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 herem

. 2‘1
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15 flash evaporator apparatus. FIG 7 illustrates a plasnma deposition

system FtG 8 is a general schematic diagramillustrating the |ayers 20
bei ng deposited on a substrate. FIG 9 ESCA spectra of discrete |ayers of
G oup I VA and inorgani c oxides. 25 DETAI LED DESCRI PTI ON

The present invention may be enbodied in other specific forns and is not
limted to any specific enbodi nent described in detail which is ngﬁe}é
exenpl ary. Various other nodifications will be apparent to 30 an |y
made by those skilled in the art w thout departing fromthe scope and
spirit of the inuecorponate@hbysrefpremet. t h&ltemagivielpntivé |thirde layeas prayd bey t he

appended cl ai ms i AGld cIRBH LS Hohitrile-methy! methacrylate-methyl acrylate-
acid acrylic polymer, applied to the second layer by dip-coating, roll-
coating or spraying an aqueous emulsion of the polymer, followed by
5 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.

As shown in FIG. 8, the acrylate- coating A and the second
10 and third oxide based coating B may have defects or irregularities C.
It is believed that complete coverage of the substrate D cannot be
achieved with only the acrylate and oxide based coatings. Therefore,
a fourth coating of PVDC, E is applied over the third oxide based
coating to produce a substantially complete barrier coating over the

15 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

20 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 limited to, routine chemical analysis, biological inertness, hematology,
blood chemistry, blood typing, toxicology analysis or therapeutic drug
monitoring and other clinical tests involving body fluids. Furthermore,
a plastic blood collection tube coated with the barrier coating is
capable of being subjected to automated machinery such as centrifuges

30 and may be exposed to certain levels of radiation in the sterilization
process with substantially no change in optical or mechanical and
functional properties.
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-10- Referring to the drawings in which |like reference characters refer to
| i ke+parts throughout the several views thereof, FIGS. | 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 5 includes a |ower
annul ar portion or skirt 15 which extends into and presses against the

I nner surface 12 of the sidewall for maintaining stopper 14 in place. FIG
2 schematically illustrates that there are three nmechanisns 10 f dP-3 42
change in vacuumin a blood collection tube: (A) gas perneation

A plastic blood collection tube coated with the multl-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

5 wvolume changes in direct proportion to the change in vacuum (reduced

pressure). Therefore, draw volume retention 1s dependent on good

vacuum retention. A plastic tube coated with a barrier coating

substantially prevents gas permeation through the tube matérial so as to

maintain and enhance the vacuum retention and draw volume retention

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

mvention 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
15 inner surface of the plastic blood collection tube, the barrier coating
may be hemorepellent and/or have characteristics of a clot activator.

It will be understood that it makes no difference whether the
plastic composite container is evacuated or not evacuated m
20 accordance with this invention. The presence of a barrier coating on
the outer surface of the container has the effect of maintaining the
general integrity of the container holding a sample so that it may be
properly disposed of without any contamination to the user. Notable is
the clarity of the barrier coating as coated or applied on the container

25 and its abrasion and scratch resistance.

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.

30

The following examples are not limited to any specific

embodiment of the invention, but are only exemplary.
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t hrough the stopper material; (B) gas perneation through the tube and (C)

| eakat the stopper tube interface. Therefore, when there is substantially
no gas permneation and no |leak, there is good vacuumretenti on and good draw
volune retention. 15 FIG 3 shows the preferred enbodi nent of the

I nvention, a plastic tube coated with at |east two |ayers of barrier
materials. The preferred enbodi nent includes nany conponents which are
substantially identical to the conponents of FIGS. 1 and 2. 20 P-3142
Accordingly, simlar conponents performng simlar functions will be
nunbered identically to those conponeEISAMPEISS. 1 and 2, except that a
suffix "a" will be used to identify those conponents in FIG 3. Referring

nowto FIG 3, the preferred enbodi nent of the
METHOD FOR COATING PLASTIC SUBSTRATES

WITH MULTI-LAYER BARRIER COATING

An acrylate coating was applied to polypropylene tubes and
films (substrates) in a chamber wherein a 60:40 mixture of isobornyl
acrylate: epoxydiacrylate (IBA:EDA) was fed into the evaporator and
flash vaporized at about 343°C onto the substrate in the chamber and

10 condensed. The condensed monomer film was then UV cured by an
actinic light source of 365 nm.

The substrate coated with the acrylate coating (IBA:EDA) was
then cleaned with a mixture comprising equal parts of a micro
15 detergent and de-ionized (DI) water solution. The substrate was rinsed
thoroughly in DI water and allowed to air dry. The cleaned substrate
was then stored in a vacuum oven at room temperature until it was to
be coated.

20 The cleaned substrate was then attached to a holder which fits
midway between the electrodes in the vacuum chamber. The chamber
was closed and a mechanical pump was used to achieve a base
pressure of about 5 mTorr.

25 The electrode configuration was internally capacitively coupled
with permanent magnets on the backside of the titanium electrodes.
This special configuration provided the ability to confine the glow
between the electrodes because of the increase in collision probability
between electrons and reacting gas molecules. The net result of

30 applying a magpetic field is similar to increasing the power applied to
the electrodes, but without the disadvantages of higher bombardment
energies and increased substrate heating. The use of magnetron
discharge allows operation in the low pressure region and a substantial
increase in polymer deposition rate.

e 24 B
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25 invention, collection tube assenbly 20 conprises a plastic tube 10a,
havi ng a sidewal |l 1la 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
conprises a first layer 26 of a polynmer material, such as an 30 acrylate
material, a second |layer 27 of a G oup IVA netal oxide material, a third

| ayer 28 an inorganic material such as a silicon oxide based conp8%3l4%n
and a fourth |ayer 29 of an organic overcoating |ayer such as PVDC. FI G
4 illustrates an alternate enbodi nent of the invention, .

The oxide precursor composition which consists of a mixture of
tetramethyltin (TMT) and oxygen was introduced through stainless
steel tubing near the electrodes. The gases were mixed in the inlet line

5 Dbefore introduction into the chamber. Flow rates were manually
controlled by stainless steel metering valves. A power supply
operating at an audio frequency of 40 kHz was used to supply power to
the electrodes. The system parameters used for thin film deposition of
plasma polymerized TMT/O2 on the polymer substrate were as

10 follows:
Surface Pretreatment: TMT Flow = 0 sccm
Base Pressure = SmTomr
Oxygen Flow = 6-7sccm
15 System Pressure = 120 mTorr
Power = 30 watts
Time = (.5 - 1.0 minutes
Oxide Deposition: TMT Flow = 2.75-3.25 sccm
20 Oxygen Flow = 3.5-4.0 sccm
System Pressure = 160 - 180 mTorr
Power = 30 watts
Deposition Time = 0.75 minutes
25 After approximately 150A of oxygen and SnOx was deposited,

oxygen was flowed into the chamber and a second 07 plasma treatment
was then carried out with the following system parameters:

Surface Pretreatment: Base Pressure = 5 mTorr
30 ' Oxygen Flow = 10 sccm
- System Pressure = 140 mTorr
This S ST Power = 50 watts
I I”Ii”etliii/ﬁlmmiﬁm Time = 2 minutes
25
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wherein coll ection tube assenbly 40 conprises stopper 48 in place for

cl osiing 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 5 upper
portion 50 which extends over the top edge of tube 42. Stopper 48 incl udes
a lower annular portion or skirt 49 which extends into and presses agai nst
the inside inner surface 46 of sidewall 43 for maintaining stopp I n
place. Al'so, the stopper has a septumportion 52 for receiving a éiﬁ%
theret hrough. 10 Thus, the user, once receiving a container such as that

tSEOWH Ihn FI tG 45WIth EoHawm ﬂﬂ@t mn&ﬂotgmelmudea)premor eomposition,
(nrough Septum ZhiPEohSE é%nﬁp%%{%%% S STRSTSIG ey L
| engt h introduced through stainless steel tubing near the electrodes. The gases
were mixed in the monomer inlet line before introduction mto the
5 chamber. Flow rates were manually controlled by stainless steel
metering valves. A power supply operating at an audio frequency of
40 kHz was used to supply power to the electrodes. The system
parameters used for thin film deposition of plasma polymerized
TMS/O7 on the polymer substrate were as follows:
10
Oxide Deposition: TMS Flow = 1.5-2.0 sccm
Oxygen Flow = 2.5-3.0 sccm
System Pressure = * 90 - 160 mTorr
Power = 30 watts
15 Deposition Time = 4 minutes

After approximately 1000A. of SiOy was deposited, the reactor
was allowed to cool. The reactor was then opened, and the substrate
was removed. The results are reported in Table 1.
20 .
EXAMPLE 2

METHOD FOR COATING PLASTIC SUBSTRATE FILMS
WITH MULTI-LAYER BARRIER COATING
25
A film of polyethyleneterphalate (PET) was cleaned with a
solution comprising equal parts of a microdetergent and de-ionized
(DD) water. After rinsing the film with the solution, the film was air
dried and stored under vacuum for about 12 hours.
30
The film was then placed in the deposition chamber and
brought to a pressure of about 5 mTorr using a mechanical pump.
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15 of the tube is a multi-layer barrier coating 45. Milti-layer barrier
coati'ng 45 covers substantially nost of the tube with the exception of open
end 41 thereof. Multi-layer barrier coating 45 conprises a first |ayer 54
of a polymer material such as an acrylate, a second |ayer 56 of a netal

oxi de such as Sngerr], G(err] or Poderr], a third layer 57 of an 20

I norganic material such as a silicon oxide material and a fourth *’%ﬁi 58
of an organic barrier material such as PVDC. FIG 4 differs from 2
enbodinment in FIG 3 in that the tube nay be evacuated with the

si nul t aneous pl acementThe electymdercotfiguration was internably capalcitiedly aroupl

| ayers 54 and 5 ot 25
con g e e el ik
shows an additi

al ternate enbodiggtweeh theldledtPodes Becauve 6f tHEpHRPEadelin collision probability

5 Dbetween electrons and reacting gas molecules. The net result of
applying a magnetic field is similar to increasing the power applied to
the electrodes, but without the disadvantages of higher bombardment
energies and increased substrate heating. The use of magnetron
discharge allows operation in the low pressure region and a substantial

10  increase in polymer deposition rate.

The film was then first pretreated with an oxygen plasma using
a flow of about 6 SCCM of 07, system pressure of about 120 mTorr,
power of about 30W, for 30 seconds.
15
Following the 09 pretreatment, a metal oxide precursor
composition consisting of tetramethyltin (TMT) and oxygen were
introduced through stainless steel tubing near the electrodes. The gases
were muxed in the monomer inlet line before introduction into the
20 chamber. Flow rates of the tetramethyltin and oxygen were controlled
by metering valves. Power to the electrodes was provided by an audio
frequency of about 40 kHp. System parameters for the SnOy
deposition were as follows:

25  Surface Pretreatment: Oxygen Flow = 6 sccm
System Pressure = 120m Torr
Power = 30 watts
Deposition Time = 30 seconds

30 Oxide Deposition: TMT Flow = 12 sccm
Oxygen Flow = 3.2 sccm
System Pressure = 140 mTorr
Power - = 30 watts
Deposition Time = 45 seconds

Wi




the enmbodinent illustrated in FIG 4. Accordingly, simlar conponents 30

performng simlar functions will be nunbered identically to those
conponents in the enbodi nent of FIG 4, except that a suffix "a" will be
used to identify those conponents in FIG 5. Referring nowto FIG 5, a

further enbodi nent 60 of the invention wherein nulti-layer barrier coating
45a i ncorporates both upper portion 50a of stopper 48a, as well #1{2‘&1
entire outer surface of tube 42a. Multi-layer barrier coating 4521§T des
serrations 62 at the 5 tube, stopper interface. The serrations are

regi stered so that it can be determned if the seal ed container has been

tanpered with. Such amfger the deposition of SnOy, oxygen was flowed into the
chamber and a plasma generated to remove residual carbon from the
surface of the film. A second Oy plasma treatment was then carried

5  out with the following system parameters:

Surface Pretreatment: Oxygen Flow = 5 sccm
System Pressure = 120 Torr
Power = 30 watts
10 Deposition Time = 60 seconds

The final oxide layer was then deposited using a mixture of
trimethylsilane (TMS) and oxygen with the following system

parameters:
15
TMS Flow = 5.8 sccm
Oxygen Flow = 3.3 sccm
System Pressure = 120 mTorr
Power = 30 watts
20 Deposition Time = 4 minutes

The chamber was then allowed to cool and the coated PET film

was removed. The results of the coated PET film are reported in Table

1. Analysis of the film by ESCA and SEM indicate a layered

25 composite of polymer, tin oxide and silicon oxide as reported in FIG. 9.

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

30 :
(1) Oxygen permeance (OTR):

Film or plaque samples were tested for oxygen permeance
(OTR) using 2 MOCON Ox-TRAN 2/20 (sold by Modem Controls,

28
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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, the sanple
cannot be tanpered with by renoval of the stopper. 10 Additionally, the
serrations may be registered so that it can be determned if the seal ed
cont ai ner has been tanpered with. Such an arrangenent may be appropri ate,
for exanple, in drug abuse testing, specinen identification and ﬂpallty
control. 15 In an alternate enbodi nent of the invention, P-3142

nmul ti-layer barrier coating 45 is repeatedly or sequentially applled to the

i nner and/ or outgg Sl?Sb@CBoeﬁet)W?ﬁ %, NI §9308N0 ASsiappl i ed

at | east tw ce. be "uhdersto

practitioners-i ﬁlcf)%é)-fame ﬁlﬁhtsa%ﬁ Wa§e SXResF gﬁt il At 96 dRQ% OX¥EED or m
of additives or agmesph@e. on QOkygémnpérmeating through the sample film was

entrained in a nitrogen carrier gas stream on the opposite side of the
5 film, and detected by a coulmetric sensor. An electrical signal was

produced in proportion to the amount of oxygen permeating through

the sample. Samples were tested at 30°C and 0% relative humidity

(R.H.). Samples were conditioned.for 1 to 20 bours prior to

determining oxygen permeance. The results are reported in Table 1 in
10 units of cc/m2-atm-day.

Tube samples were tested for oxygen permeance (OTR) using
a MOCON Ox-TRAN 1,000 (sold by Modern Controls, Inc., 7500
Boone Avenue N., Minneapolis, MN 55428). A package adapter was
15 used for mounting the tubes in a manner that allowed the outside of the
tube to be immersed in a 100% O) atmosphere while the inside of tube
is flushed with a nitrogen carrier gas. The tubes were then tested at
20°C and 50% R.H. The tubes were allowed to equilibrate for 2-14
days before a steady state permeability is determined. The results are

20 reported in Table 1 in units of cc/m2-atm-day.

(i) Atom % of the elements present in the oxide coating:

A Surface Science Model SSx-100 X-ray photoelectron

25 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

30 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 inreased to 40 seconds and the ESCA. spectra was obtained until

29
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wal | of the tube. The nulti-layer barrier coating forns a substantially
clear or 25 translucent barrier. Therefore, the contents of a plastic tube
with a multi-layer barrier coating conprising at |east two | ayers of
barrier materials are substantially visible to the observer at the sane
time identifying informati on may be di spl ayed over the rrulti-layer barrier
coating after it is applied to the plastic tube. 30 The first f t{zthe
mul ti-layer barrier coating may be formed on the tube by dip- coat r'%}o
roll-coating or spraying acrylate nononer or the blend of nononers,

fol lowed by t he thd/ bulki agylatecssthe polymer substrate was reached. Thé 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.

TABLE 1
Sample Acrylate SnOyx SiOx Oxygen Transmission
Coating Coating Coating Rate
(cc/mZ-atm-day)
30°C, 0% RH
PP tube, control 60
PP tube IBA:DA no ’ 20
PP tube no yes yes <9
PP tube no yes yes <9
PET film no no no 30
PET film no yes yes 16

IBA:DA = iso-norbornyl: epoxydiacrylate (60:40), UV cured

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

Tin Oxide Coatings - 70 - 200 A (as measured by Scanning Electron
Microscope)

PP = polypropylene

tubes = nominal wall thickness of 40 mil

PET film thickness = 1mil.

30
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-13 - The acrylate polyner material may al so be applied to the tube by an
evaporation and curing process carried out as described in U S. Patent No.
5,032,461, the disclosure of which is herein incorporated by reference. 5
The acryl ate evaporation and curing process—iavetves fiTst—atom zing the
acryl ate nmononer into about 50 m cron drop shing them of f
of a heated surface. This produces an acryumg m\l“]ml“mpor V\/n Cﬁ))f?
the sane chem stry as the starting 10 ' ates*are aval
wi th al nost any chem stry desired.

WHAT IS CLAIMED IS: .

1. A sample assembly comprising:

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

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

2. The assembly of Claim 1, further comprising a closure in
said open end of said container whereby a contammer 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 container
and said closure interface.
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They usual ly have either one, two or three acrylate groups per nol ecul e.
Various m xtures of nono, di and tri acrylates are useful in 15 the
present invention. Most preferable are_nonoacrylates and diacryl ates.

Acryl ates formone of the nost reactive classes of chen1ca| . They cure
rapi dly when exposed to WV or el ectron b ﬂﬂ! E Hﬂ '&u forma
cross-linked structure. This inparts hig abrasio

resi stant properties in the coating. The nonomer materials utiliz
relatively low in nol ecul ar weight, between 150 and 1, 000 and preferably in

the range of 200 to 258 30@handsdemybst VéﬁC(Claﬁh%Suﬂ@érehetsaﬁi&rﬁladeyer is a
1x10[err]Torr and 1x10[.er To at stan rd t erature and pressure
(i.e., relativel ?OX}W’ (o) ‘H’Fﬁ}ldﬁf &I%Aa\(;gagf pressure of about
1x10[err] Torr is preferred.

-

9. The assembly of Claim 1, wherein said second layer is
SnOy, GeOx or PbOx.

10. The assembly of Claim 1, wherein said third layer is
aluminum oxide or silicon oxide based composition.

11. The assembly of Claim 10, wherein said third layer
comprises silicon oxide.

12. The assembly of Claim 10, 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.

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

14. The assembly of Claim 13, wherein said first layer
comprises polymerized acrylate and said third layer comprises silicon
oxide and said fourth layer comprises polyvinylidene chloride.

15. 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 discrete metal oxide and a third layer of an organic
material.

16. A multi-layer barrier coating comprising:

a first layer comprising an acrylate material;
32
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Pol yfunctional acrylates are especially preferred. The nononers enpl oyed
have-at |east two double bonds (i.e., a plurality of olefin 30 groups).
The hi gh-vapor-pressure nononers used in the_present invention can be
vapori zed at | ow tenperatures and are not degraded (cracked) by the
heati ng process. The absence of un m u'i ﬂ i on products neans t hat
films formed fromthese | ow nol ecul E ,, vapor - pressure _nononer s
have reduced vol atile -14- | evel s o conpon éntd. As a result, P-3142
substantially all of the deposited nonomer is reactive and will cure to

forman integral film ykggond layer on said first layer comprising a metal oxide;
and a third layer on said second layer comprising an morganic
oxide.

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

18. The coating of Claim 16, wherein said second layer 1s
SnOx, Ger or PbOx.

19. The coating of Claim 16, further comprising a fourth layer
on said third layer of polyvinylidene chloride.

20. 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:

(@) sélecting a curable component comprising: i)
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.

21. The assembly of Claim 20, wherein said second layer is
deposited on said first layer by the following steps:

(a) vaporizing an organotin component and admixing the
volatilized organotin component 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;
33
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exposed to a source of radiation. These properties neke it possible to
provide substantially continuous coating despite the fact that the filmis
5 wvery thin. The cured film exht b|+s -excell-ent _adhesion and is resistant

to chem cal attack by organic so organi c salts. Because of
their reactivity, physical prope ﬂmgﬂ mpert les of cured filns
formed from such conponents, pol y crylates are party 'y
useful nononeric materials. The general formula for such pol yfunct#gﬁé‘&r
acrylates is: [err] 15 wherein: 20 Rlerr] is an aliphatic, alicyclic or

m xed aliphatic-alicycey wogitrollably flowing the gas stream into the plasma while
confining at least a portion of the plasma therein; and
(d) depositing a layer of tin oxide adjacent said first layer.

22. The assembly of Claim 21, wherein said third layer is
deposited in said previously evacuated chamber onto said second layer
by the following steps:

(a) vaporizing an organosilicon eomponent and admixing the
volatilized organosilicon component 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 silicon oxide adjacent said second
layer.

23. The assembly, of Claim 22, wherein said oxidizer
component is oxygen nitrous oxide, carbon dioxide, air or an inert gas.

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

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

(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;
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Rlerr] is a hydrogen, nethyl, ethyl, propyl, butyl or pentyl; and nis from

2 to4. 25 Such pol yfunctional acrylates may al so be used in
conbi nation with various nonacrylates, such as_hpse having the fornula: xl
[err] 30 wherein: Rlerr], is as defi ned above; Xerr] is H,

eboy. s noxancal o 1151 oo o T AN

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

(d) curing said film;

(e) vaporizing an organotin component and admixing the
volatilized organotin component with an oxidizer
component and optionally an inert 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;

(b) depositing a layer of tin oxide adjacent said first layer;

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

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

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

(1) depositing a third layer of silicon oxide adjacent said
second layer; and -

(m) dip coating a fourth layer of PVDC onto said third layer.

P-3142

26. The method of Claim 25 wherein said first and second
layers are pretreated by oxygen plasma.

“ﬁﬁ’iiﬁ‘ liiifﬁﬂi“ii‘iﬁlt
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and r, s are 1-18. 10 ) [err] 15 X[err] is CN or COOR[ err]
wherein R err] is an alkyl radical containing 1-4 carbon atons. Mst often,

X3 is CN or COOCH3. Diacrylates of the formula below are particularly
preferred: 20 [err] 25 wherein: 30

Xerr], r and s are as defined above. Curing is acconplished by opening the
doubl e bonds of the reactant nol ecules. This can be acconpli shed bf‘jrfﬁw
of an energy : B

-

-

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

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

P3142.app

[T
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source such as an apparatus which emts infrared, electrons or ultraviolet
radiation.” FIG 6 illustrates the process for applylng an acryl ate coating.
5 An acrylate nononer 100 is directed through a dielectric evaporator 102
and then through an ultrasonic atom zer 104 and into a vacuum chanber 106.
The nononer droplets are atom zed uItrasBp?caIIy and the dropl ets vaporized
where they condense on the rotating tube filmthat is | oaded on a drum
108. 10 The condensed nononer |iquid subsequently is radiation cured
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by neans of, an el ectron beam gun 110. The second and third barrier coatings
of the multi-layer barrier 15 coating, nmay be forned by radi o frequency

di scharge, direct or dual ion beam deposition, sputtering or plasm
enhanced chem cal vapor deposition, as described in U S. Patent Nos.

4,698, 256, 4, 809, 876, 4,992,298 and 5,05§%Z§B t he di scl osures of which are.
herein incorporated by reference. 20 For npl e, a nmethod of depositing

the second and third barrier coatings is prOV|ded by establishing a gl ow
di scharge plasma in a previously evacuated chanber. The plasna is derived
fromone or nore of the gas stream conponents, and preferably is derived
from25 the gas streamitself. The article is positioned in the“plasng,
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preferably adjacent the confined plasma, and the gas streamis controllably
flowed int'o the plasma. The thickness of the second | ayer is about 50A to
about 250A and preferably at about 75A to about 200A. The barrier based
filmis deposited on the substrate to a 30 desired thickness. The

t hi ckness of the third coating is about 1%£{ to about 10,000 A. A

t hi ckness of |ess than about 5,000 A may provi de sufficient barrier and
a thickness of greater than about 5,000 A may crack, thus decreasing the
effective barrier. Mst preferably, -17- the thickness of the third

oxi de coating is about 1,000 A to about -

-
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3,000 A. Another nethod of depositing a barrier coating is by 5 confining
a plasma Wwith magnets. Preferably, the magnetically enhanced nethod for
depositing a silicon oxide based filmon a substrate is preferably
conducted in a previously evacuated chanber of glow discharge froma gas
stream The gas stream preferably conprises at |east two conponents: a

vol atilized organosilicon or 10 organotlﬁiéahponent an oxi di zer conponent
such as oxygen, nitrous oxide, carbon dioxide or air and an optionally

i nert gas conponent. Exanpl es of suitable organosilicon and organotin
conpounds useful for the gas streamin the plasma deposition nethods are
liquid 15 or gas at about anbient tenperature and have a boiling point
about O[err]C to about 200[err]C and include tetranethyltin, tetraethyltin,

FIG—6
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tetrai sopropyltin, tetraallyltin, dinmethysilane, trinethylsilane,

di et hyl si I*ane, propyl silane, phenylsil ane,

hexanet hyl di sil ane, 1,1, 2, 2-
tetramet hyl di silane, bis (trimethylsilane)nethane,

bis (dinethylsilyl) 20

met hane, hexanet hyl di sil oxane, vinyl trinethoxy silane, vinyl

triethyoxysil ane, et hyl met hoxysi | ane,

et hyl tri met hoxysi |l ane,

di vi nyl t etranet hyl di si | oxane, hexanethyﬁbé?lazane di vi nyl -
hexanet hyl tri si | oxane, trivinyl pentamethyltrisil oxazane,

Ll

tetraet hoxysil ane and tetramet hoxysil ane~ 25 Anmong the preferred

organosilicons are 1,1,3,3- tetramethy
hexanet hyl di si | oxane, vinyltrinethylsilané

vi nyl tri nmet hoxysi | ane and hexanethyldisiﬂ}%a

organosi |l i con conmpounds >

><}===: ——— 02
><}==—== -=— TRIMETH

i si | oxane, trimethyl si’l ane,
nmet hyl t ri nmet hoxysi | ane,

These preferred

i

This §

i

188

190

FIG—7
)




30 have boiling points of 71[err]C, 55.5[err]C, 102[err]C, 123[err]C and
127[err] Crespectively. The optional inert gas of the gas stream preferably
is helium argon or nitrogen. -18- The volatilized organotin and
organosilicon conponents are preferably adni xed with the oxygen conponent
and the inert gas conponent before bei n&% owed into the chanber. The
quantities of 5 these gases being so atfri’xed are controlled by flow
controllers so as to adjustably control, tpqe fl OV\‘ ratle ratio of the gas

l| |
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Various optj cal

met hods known in the art may be used to determ ne the

t hi ckness of the deposited filmwhile in the deposition 10 chanber, or the
filmthickness can be determ ned after the article is renoved fromthe

deposi ti on chanber.

preferably practiced at
pressure 15
during the deposition,
about 43 to about 490 m ||
pressure results in | ower

provi des faster deposition
is heat sensitive,
amount of heat the substra
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The deposition nethod of the present invention is
relatively high pgﬂp} and quite | ow pressure. A
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orr) should be maintained
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Wien the plastic article tolf0 “be coated

system pressure nay be used to nib'nize t he
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deposi ti on because high substrate tenperatures are to be avoideﬂ%ﬂ@ﬂfﬁ%mrfb'
pol ymers such as pol ypropyl ene and PET (Tg is -10[err]C and 60[ err] ‘
respectively). 25 The substrate is electrically isolated fromthe Ky
deposition system (except for electrical contact with the plasmg) andei f
a tenperature of less than about 80[err{C during the depositing. That f%%?é
the substrate is not deliberately heated—30 Referring to FIG 7, the
system for depositing a barrier coating, including the second and third
barrier layers conprises an encl osed reaction chanber 170 in which a plasna
Is formed and in which a substrate or tube 171, is placed for depositing a
thin film of

UNITED STATES PATENT APPLICATION

5 OF: Yelena G. Tropsha, Christopher J. Knors
Susan L. Burkett and Bryan Soo Wong

FOR: BLOOD COLLECTION TUBE ASSEMBLY

10 ' BACKGROUND OF THE INVENTION

1. Field of the Invention
15 This invention relates to a multi-layer barrier coating for

providing an effective barrier against gas and water permeability for
containers, especially plastic blood collection tubes.

2. Description-of the Related Art

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

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

Blood collection tubes require certain performance standards to

30 be acceptable for use in medical applications. Such performance

standards include the ability to maintain greater than about 90%

original draw volume over a one year period, to be radiation
sterilizable and to be non-interfering in tests and analysis.
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-19- material on a sanple holder 172. The substrate can be any vacuum
conpati ble material, such as plastic. One or nore gases are supplied to the
reaction chanber by a gas supply system 173. An electric field is created
by a power supply 174. 5 The reaction chanber can be of an appropriate type
to performany of the plasma-enhanced cfem cal vapor deposition (PECVD) or
pl asma pol yneri zati on processes. Furthernmore, the reaction chanber nay be
nodi fied so that one or nore articles my

Therefore, a need exists to improve the barrier properties of
articles made of polymers and in particular plastic evacuated blood
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 comprising at least two barrier materials
10 disposed over the outer or inner surface of the previously formed
composite container. Desirably, the barrier materials comprise a first
layer of a polymeric material applied to the outer surface of the
previously formed composite container, a second layer of a metal oxide
applied over the first layer and a third layer of an inorganic oxide

15 applied over the second layer.

The first layer, a primer coating, 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

20 container.

The second layer of the barrier coating may preferably be a
metal oxide chosen from metals of Group IVA, or a mixture of the
oxide and the metal.

25

The third layer of the barrier coating may preferably be a
silicon oxide based composition, such as SiOyx wherein x is from 1.0 to
about 2.5; or an aluminium oxide based composition. Most preferably,
the third layer is a silicon oxide based composition applied over the

30 second layer.

Preferably, the primer coating is a blend of monoacrylate (i.e.,
isobornyl acrylate) and diacrylate monomers (i.e., an epoxy diacrylate
or a urethane diacrylate) as described in U.S. Patent Nos. 4,490,774,
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10 be ‘coated with an oxide |ayer sinultaneously within the chanber. The
pressure of the chanber is controlled by a nechanical punp 188 connected to
chanber 170 by a valve 190. 15 The tube to be coated is first |oaded
into chanmber 170 in sanple holder 172. The pressure of the chanber is
reduced to about 5 niforr by mechanical _gunp 188. The operating pressure of
the chanber is about 90 to about 140 miforr for a PECVD or pl asna

pol ymeri zati on process and is achieved by flowi ng the process gases, 20
oxygen and barrier precursor, into the chanber through nmononer inlet 176.

The thin filmi I ted e rf 0. he t,ub d, subsequent

| ayers and has gégggﬂ ed%ﬁﬁéag}tzt&ﬁéé ) o‘?a%t%ﬁeg’é éé‘ﬂosﬁevpggﬁl bOéE%S may

be i nterrupt ed discloseifesadfl which afenhefedie incorporated by reference. The primer
coating is cured by an electron beam or by a source of ultraviolet
radiation.

Desirably, the first layer is formed of a substantially cross
linked component selected from the group consisting of polyacrylates
and mixtures of polyacrylates and monacrylates having an average
molecular weight of between 150 and 1,000 and a vapor pressure in the

10 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 primer coating is about
.1 to about 10 microns and most preferably from about .I to about 5
15 microns.

A desirable second layer which is disposed over the first layer
preferably comprises a metal oxide such as SnOy, GeOy or PbOy.
Such a film desirably is deposited by means of plasma polymerization

20 of a mixture comprising tetramethyltin and oxygen in a magnetically
enhanced audio frequency capactively coupled discharge chamber.

Preferably, the thickness of the metal oxide is about SOA to
about 250A and most preferably from about 75 to about 2004.

25
A desirable third layer which is disposed over the second layer
preferably comprises an oxide based composition such as silicon or
aluminum oxide. Such a film desirably is derived from wvolatile
organosilicon or organoaluminum compounds.
30

The silicon or aluminum oxide based composition provides a
dense, vapor-impervious coating over the second layer. Preferably, the
thickness of the silicon or aluminum oxide based layer is about 500 to
about 2,500 Angstroms (A) and most preferably where the thickness of
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heating of the substrate and/or electrodes and/or physically renove
particulate matter fromthe articles. Magnets 196 and 198 are positioned
behi nd el ectrode 200 to 30 create an appropriate conbination of magnetic
and electrical fields in the plasma region around the tube. The systemis
suitable for |ow frequency operation. Ap_exanple frequency is 40kHz.
However, there e sone -20- advant ages from operating at a nuch
hi gher frequency, such as in the radio frequency range of several
megahert z.

the third layer is three to five times the thickness of the second layer.
A coating above 5,000 A may crack and therefore be ineffective as a
barrier.

5 Optionally, a desirable fourth layer which is disposed over the
third layer preferably comprises vinylidene chloride - methyl
methacrylate - methacrylate acrylic acid polymer (PVDC),
thermosetting epoxy coatings, parylene polymers or polyesters.

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

The process for applying the primer coating to a container is
preferably carried out in a vacuum chamber wherein a curable
15 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

20 number of layers has been achieved.

A method for depositing a second layer of a barrier based film
is as follows: (a) pretreating the first layer on the container with a first
oxygen plasma; (b) controllably flowing a gas stream including an

25 organotin and oxygen or oxidizing gas compound into a plasma; and
'(c) depositing an oxide onto the first layer while maintaining a pressure
of less than about 500 mTorr during the depositing.

A method for depositing a third barrier based film is as follows:

30 (a) pretreating the second layer on the container with a first plasma

coating of oxygen; (b) controllably flowing a gas stream including an

organosilicon compound and oxygen or oxidizing gas into a plasma;,

and (c) depositing an oxide onto the second layer while maintaining a
pressure of less than about 500 mTorr during the depositing.
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The barrier filmor blends thereof used in accordance with 5 this
di scl osure, may contain conventional additives and ingredients which do not
adversely affect the properties of articles made therefrom The opti onal
fourth layer of the nulti-layer barrier coating 10 nay be fornmed on the
third | ayer by dip-coating, roll-coatipg_or spraying an aqueous enul sion of
t he pol yvinylidene chloride or hono- or-to- polyners, followed by air
drying. The fourth layer nay preferably be vinylidene chloride- 15
acrylonitrile-nethyl nethacrylate-nethyl acrylate-acrylic acid
copol ynmers, thernosetting epoxy coatings, parylene polyners, or polyesters.
Preferably, the fourth layer is a parylene polyner. Parylene is

Although the. pretreatment step is optional, it is believed that

the pretreatment step provides for improved adherence qualities
between the layers.

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

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

(2) selecting a curable component comprising: (1)
15 polyfunctional acrylates, or (i) mixtures of monoacrylates
and polyfunctional acrylates;
(b) flash vaporizing said component into said chamber;
(¢) condensing a first layer of a film of vaporized component
onto the outer surface of said container;
20 (d curing said film;
() applying a plasma surface treatment of oxygen on the
film;
(f) vaporizing an organotin component and admixing the
volatilized organotin component with an oxidizer
25 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
one or more of the gas stream components;
(h) controllably flowing the gas stream into the plasma while
30 - confining at least a portion of the plasma therein;
() depositing a second layer of a tin oxide adjacent said first
layer; '
() applying an oxygen surface treatment to the second layer;
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20 the generic nane for nenbers of the polyner series devel oped by Union
Car bi de Corporation. The base nenber of the series, called parylene N, is
poly-p-exlylene, a linear, crystalline material: [err] 25 Parylene C, a
second menber of the parylene series is produced fromthe sanme nononer as
paryl ene N and nodified by the substitggLon of a chlorine atomfor one

ot her aromati c hydrogens: -21- [errd——

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

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

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

(n) depositing a third layer of silicon oxide adjacent said

10 second layer.

Optionally, primer or planarization layers may be interposed
between the plastic substrate and the first oxide layer, oxygen plasma
treatment of the first oxide layer prior to the deposition of the second

15 layer and use of other barrier enhancing layers on the discrete metal
oxide layer.

Plastic tubes coated with the multi-layer barrier coating and an

overcoating layer are able to maintain substantially. far better vacuum

20 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

25  coating and its durability to substantially withstand resistance to impact

and abrasion. Another attribute of the discrete oxide coatings is that

they are stable as compared to conventional methods of medical
sterilization, such as gamma irradiation or ethylene oxide (ETO).

30 Most preferably, the container of the present invention is a
blood collection device, The blood collection device can be either an
evacuated blood collection tube or a non-evacuated blood collection
tube. The blood collection tube is desirably made of polyethylene
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CH25 Paryl ene D, the third nenber of the parylene series is
produced fromthe sane nononer as parylene N and nodified by the
substitution of the chlorine atomfor two of the aromati ¢ hydrogens: [err]
10 Most preferably, the polymer layer is a vinylidene chloride- nethyl
met hacryl at e- net hacryl ate acrylic acid_pglyner (PVDC). 15 This polyner is
avai | abl e as DARAN 8600-C (trademark ofW R G ace and Co.) sold by GRACE,
Organic Chem cals Division, Lexington, Mass. The fourth |layer of the
barrier coating, a polynmer material, 20 nmay be a paryl ene polyner applied
to the second | ayer by a process

terephthalate, polypropylene, polyethylene napthalate or copolymers

thereof.

Printing may be placed on the multi-layer barrier coating
5 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
10 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 accommodate various hospital over-labels,

for example. '

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

A further advantage is that the method of the present invention

20 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.

' It has been found in the present invention that the organic
25 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

improves the adhesion between a plastic surface and the metal oxide

30 layer and overall 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 reducing the defect density m the
deposited inorganic coatings. The good bonding properties of the
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simlar to vacuum netal lizing, as described in U S. Patent Nos. 3,342,754
and 3, 300, 332, the disclosures of which are herein -22 - incorporated by
reference. Alternatively, the third |layer nay be vinylidene
chloride-acrylonitrile-nethyl nethacrylate-nethyl acrylate- acid acrylic
pol yner, applied to the second |ayer bygdip-coating, roll- coating or
sprayi ng an aqueous enul sion of the potyner, followed by 5 air drying of
the coating, as described in U S. Patent Nos. 5,093,194 and 4, 497,859, the
di scl osure of which are herein incorporated by reference.
acrylate are also due to the fact that acrylate is polar and the polarity
provides means for good bond formation between the discrete metal
oxide and the acrylate. In addition, it has been found that a good bond
formation is made between plastic tubes made of polypropylene and
5 acrylate.  Thus, the present invention provides the means of
substantially improving the barrier properties of polypropylene tubes.
The adhesion properties of both the acrylate coating and the oxide
coating can be further substantially improved by surface pretreatment
methods such as flame or oxygen plasma. Therefore, a significant
10 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.

A plastic blood collection tube coated with the multi-layer

15  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

20 involving body fluids. Furthermore, a plastic blood collection tube

coated with the barrier coating is capable of being subjected to

automated machinery such as centrifuges and may be exposed to

certain levels of radiation in the sterilization process with substantially

~ no change in optical or mechanical and functional properties.
25
DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a typical blood collection tube
with a stopper.
30
FIG. 2 is a longitudinal sectional view of the tube of FIG. 1
taken along line 2-2.
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As shown in FIG 8, the acrylate coating A and the second 10 and third

oxi de based coating B may have defects or irregularities C. It is believed
that conplete coverage of the substrate D cannot be achieved with only the
acryl ate and oxi de based coatings. Therefore, a fourth coating of PVDC, E
is applied over the third oxide based cgating to produce a substantially
conplete barrier coating over the 15 -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 limted to

packagi ng, containers ottles, jars, tubes and dical 2 deyi ces.

pl astic blood col | ectﬂ)er t%bég dodeagitydmal ; seetianad Yi%ePPb%rw\{)@r'ﬁmﬁi ng

wi Il not interfeostamdrhsitRiri tacharndbarnsf] FKG.s1 twithowtsa stopper, comprising a
multi-layer barrier coating.

5 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
10 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.

FIG. 6 illustrates an enlarged partially sectioned, diagram of a
15  flash evaporator apparatus.

FIG. 7 illustrates a plasma deposition system.

FIG. 8 is a general schematic diagram illustrating the layers
20 being deposited on a substrate.

FIG. 9 ESCA spectra of discrete layers of Group IVA and
inorganic oxides.

25 ~ 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

30 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.
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typically performed on blood in a tube. Such tests include but are not 25
limted to, routine chem cal analysis, biological inertness, henmatol 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 w441 the barrier coating is capable of
bei ng subjected to automated machi nery—such as centrifuges 30 and nay be
exposed to certain levels of radiation in the sterilization process with
substantially no change in optical or nmechanical and functional properties.

"3 Referring to the drawings in which like reference characters
refer to like parts throughout the several views thereof, FIGS. 1 and 2
show a typical blood collection tube 10, having a sidewall 11 extending
from an open end 16 to a closed end 18 and a stopper 14 which

5 includes a lower annular portion or skirt 15 which extends into and
presses against the inner surface 12 of the sidewall for maintaining
stopper 14 in place.

FIG. 2 schematically illustrates that there are three mechanisms
10  for a change in vacuum in a blood collection tube: (A) gas permeation
through the stopper material; (B) gas permeation through the tube and
(C) leak at the stopper tube interface. Therefore, when there is
substantially no gas permeation and no leak, thére is good vacuum
retention and good draw volume retention.
15
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.
20  Accordingly, similar components performing similar functions will be
numbered identically to those components of FIGS. 1 and 2, except
that a suffix "a" will be used to identify those components in FIG. 3.

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

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

having a sidewall 11a extending from an opened end 16a to a closed

end 18a. A barrier coating 25 extends over a substantial portion of the

outer surface of the tube with the exception of open end 16a. Barrier

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

30 acrylate material, a second layer 27 of a Group IVA metal oxide

material, a third layer 28 an inorganic material such as a silicon oxide

based composition and a fourth layer 29 of an organic overcoating
layer such as PVDC.
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A plastic blood collection tube coated with the nulti-layer barrier coating
ks able to maintain 90% ori gi nal draw vol une over a period of one year.
Draw vol une retenti on depends on the existence of a particle vacuum or
reduced pressure, inside the tube. The draw 5 volunme changes in direct
proportion to the change in vacuum (reduced pressure). Therefore, draw

vol unme retention i s dependent on good-aedumretention. 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

Coating of the presenFlandeiligrER A IE SHDORBEN Hallc SRR, '
about 3 to 4 nophbfein ldollebtomtubt -dssarablpd0r¢omprises stoppes 48 soplaatfed or
applied on the . .
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
5 upper portion 50 which extends over the top edge of tube 42. Stopper
48 includes a lower annular portion or skirt 49 which extends mto and
presses against the inside inner surface 46 of sidewall 43 for
maintaining stopper 48 in place. Also, the stopper has a septum
portion 52 for receiving a cannula therethrough.
10
Thus, the user, once receiving a container such as that shown in
FIG. 4 with a sample contained therein, may insert a cannula through
septum 52 for receiving part or all of the contents in tube 42 to perform
various tests on a sample. Covering a substantial portion of the length
15 of the tube is a multi-layer barrier coating 45. Multi-layer barrier
coating 45 covers substantially most of the tube with the exception of
open end 41 thereof. Multi-layer barrier coating 45 comprises a first
layer 54 of a polymer material such as an acrylate, a second layer 56 of
a metal oxide such as SnOy, GeOx or PbOy, a third layer 57 of an
20  inorganic material such as a silicon oxide material and a fourth layer 58
of an organic barrier material such as PVDC. FIG. 4 differs from the
embodiment in FIG. 3 in that the tube may be evacuated with the
simultaneous placement of stopper 48 therein after the application of
layers 54 and 56 over the tube. Alternatively, the multi-layer barrier
25 coating may be applied to the tube after it has been evacuated.

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

30 performing similar functions will be numbered identically to those
components in the embodiment of FIG. 4, except that a suffix "a" will
be used to identify those components in FIG. 5.
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15 inner surface of the plastic blood collection tube, the barrier coating
may be henorepel |l ent and/ or have characteristics of a clot activator. It
will be understood that it rmakes no difference whether the plastic
conposite container is evacuated or not evacuated in 20 accordance with
this invention. The presence of a barrlfg_coatlng on the outer surface of
the container has the effect of naintatat+fg the general integrity of the
contai ner holding a sanple so that it nay be properly disposed of w thout
any contam nation to the user. Notable is the clarity of the barrier

coratch resi stance. TRENHERE Bpwdd FRG. ibed Fethiss Srabadmant w0 : pf dhe
di scl osure, nayinsentishnwhersianirubtidhyed datrisesoatidgi 4§a enicenpsratds dotldo not
adversely affecp § e, B ne464 BF s%p;?erru&]ﬁ %% WBSs (he" &8 Buter surface of
tube 42a. Multi-layer barrier coating 45a includes serrations 62 at the
5 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,
the sample cannot be tampered with by removal of the stopper.
10 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.

15 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
twice.

20 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.

The multi-layer barrier coating forms a substantially clear or
25 translucent barrier. Therefore, the contents of a plastic tube with a
multi-layer barrier coating comprising at least two layers of barrer
materials are substantially visible to the observer at the same time
identifying information may be displayed over the multi-layer barrier
coating after it is applied to the plastic tube.
30
The first layer of the multi-layer barrier coating may be formed
on the tube by dip-coating, roll-coating or spraying acrylate monomer
or the blend of monomers, followed by the UV curing process.
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30 The follow ng exanples are not |limted to any specific enbodi nent of the-
bnvention, but are only exenplary. -24- EXAVPLE 1 METHOD FOR CQATI NG
PLASTI C SUBSTRATES W TH MULTI - LAYER BARRI ER COATI NG 5 An acryl ate coating
was applied to pol ypropyl ene tubes and filns (substrates) in a chanber
wherein a 60:40 m xture of isobornyl _-q13-

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
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
molecular vapor which has the same chemistry as the starting

10 monomer. '

Acrylates are available with almost any chemistry desired.

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

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

15 the present invention. Most preferable are monoacrylates and
diacrylates. ‘

Acrylates form one of the most reactive classes of chemicals.

They cure rapidly when exposed to UV or electron beam radiation to

20 form a cross-linked structure. This imparts high temperature and
abrasion resistant properties in the coating.

The monomer materials utilized are relatively low in molecular

weight, between 150 and 1,000 and preferably in the range of 200 to

25 300 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.
Polyfunctional acrylates are especially preferred. The monomers
employed have at least two double bonds (i.e., a plurality of olefin

30 groups). The high-vapor-pressure monomers used in the present
invention can be vaporized at low temperatures and thus are not
degraded (cracked) by the heating process. The absence of unreactive
degradation products means that films formed from these low
molecular weight, high-vapor-pressure monomers have reduced volatile
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acryl ate: epoxydiacrylate (1 BA EDA) was fed into the evaporator and fl ash
vapori zed at about 343[err]C onto the substrate in the chanber and 10
condensed. The condensed nononer filmwas then UV cured by an actinic |ight
source of 365 nm The substrate coated with the acrylate coating (I|BA: EDA)
was then cleaned with a mixture conpris{fg equal parts of a mcro 15
detergent and de-ionized (D) water sotution. The substrate was rinsed
thoroughly in DI water and allowed to air dry. The cl eaned substrate was
then stored in a vacuum oven at roomtenperature until it was to be coated.

20 The Ckﬁg eﬁectr O%él?élﬁswa s@‘?@sxﬂit%t’iﬁlﬁaﬂ%ﬁ? P%‘Mé‘p%gltéﬂts

m dway between e vacuurh f? f cl osed
and a nechani caMOPOMETAS Teaetive ansk widly §uke Hgséorm an mtegral film when

exposed to a source of radiation. These properties make it possible to
provide substantially continuous coating despite the fact that the film is

5 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

properties of cured films formed from such components, polyfunctional

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

0]
|
15 R1-(0OC-C=CHp),
?
R2
wherein:
20 :
R1 is an aliphatic, alicyclic or mixed aliphatic-alicyclic radical;
R2isa hydrogen, methyl, ethyl, propyl, butyl or pentyl; and
nis from 2 to 4.
25 Such polyfunctional acrylates may also be used in combination

with various monacrylates, such as those having the formula:

x1
|

30 CH3(CH)C-(CHp)sX3
|

CH,0C-C=CHj

|
O R2
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pressure of about 5 mforr. 25 The el ectrode configuration was
bnternally capacitively coupled wth permanent magnets on the backsi de of
the titanium el ectrodes. This special configuration provided the ability to
confine the gl ow between the el ectrodes because of the increase in
coll'ision probability between el ectrons;gand reacting gas nol ecul es. The net
result of 30 applying a magnetic field—ts simlar to increasing the power
applied to the el ectrodes, but w thout the di sadvantages of higher

bonmbar dnent energi es and i ncreased substrate heating. The use of magnetron
di scharge allows operation in the | ow pressure region and a substanti al

i ncrease in polyner deposition rate.

wherein:
R2, is as defined above;
5 X1 is H, epoxy, 1,6-hexanediol, tripropyleneglycol or urethane;
and
r, s are 1-18.
10 O

I
CHOC-C=CHj; and

R2
15
X3 is CN or COOR3 wherein R3 is an alkyl radical containing
1-4 carbon atoms. Most often, X3 is CN or COOCH3.
Diacrylates of the formula below are particularly preferred:
20 O
il
CH3(CH2),CX1(CH3)sCHOC-CH=CHy
I
CHOC-CH=CH»
25 I
O
wherein:
30 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

REPLAGCEMENT SHEET

05 MAY 997




-25- The oxi de precursor conposition which consists of a m xture of
tetranethyltin (TMI) and oxygen was introduced through stainless steel

tubi ng near the el ectrodes. The gases were nixed in the inlet line 5
before introduction into the chanber. Flowrates were nmanually controlled
by stainless steel netering valves. A_jpower supply operating at an audio
frequency of 40 kHz was used to supply—power to the el ectrodes. The system
paramnmeters used for thin fil mdeposition of plasma polymnerized TMI/ ( err]

on the polynmer substrate were as 10 foll ovvs Surface Pretreat ment: TMI
Fl ow = 0 sccm Base Pressure
source such as an apparatus whmh emlts infrared, electrons or
ultraviolet radiation.

FIG. 6 illustrates the process for applying an acrylate coating.
5 An acrylate monomer 100 is directed through a dielectric evaporator
102 and then through an ultrasonic atomizer 104 and into a vacuum
chamber 106. The monomer droplets are atomized ultrasonically and
the droplets vaporized where they condense on the rotating tube or film
that is loaded on a drum 108.
10
The condensed monomer liquid subsequently is radiation cured
by means of an electron beam gun 110.

The second and third barrier coatings of the multi-layer barrier
15 coating, may be formed by radio frequency discharge, direct or dual
ion beam deposition, sputtering or plasma enhanced chemical vapor
deposition, as described in U.S. Patent Nos. 4,698,256, 4,809,876,
4992298 and 5,055,318, the disclosures of which are herein
incorporated by reference.
20
For example, a method of depositing the second and third
barrier coatings 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
25 the gas stream itself. The article is positioned in the plasma,
preferably adjacent the confined plasma, and the gas stream is
controilably flowed into the plasma. The thickness of the second
layer is about 50A to about 250A and preferably at about 75A to
about 200A. The barrier based film is deposited on the substrate to a
30 desired thickness. The thickness of the third coating is about 100 A
to about 10,000 A. A thickness of less than about 5,000 A may not
provide sufficient barrier and a thickness of greater than about 5,000
A may crack, thus decreasing the effective barrier. Most preferably,
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Oxygen: Fl ow = 6 - 7 sccm 15 System Pressure
= 120 niforr Power 30 watts Tine = 0.5- 1.0
m nut es Oxi de Deposition: TMI' Fl ow = 2.75 - 3.25 sccm 20
Oxygen Fl ow = 3.5 - 4.0 sccm System Pressure = 160 - 180 miorr
Power = 30 watts DepositionTinme 0.75 mnutes 25

After approximately 150A of oxygen and was deposited, oxygen was
flowed into the chanber and a second (JQerr] plasm treatnent was then
carried out with the follow ng system paraneters: Surface Pretreatnent:

Base Pressure e thicRndss of the third oxide coating is about 1,000 A to about
3,000 A |

Another method of depositing a barrier coating is by

5 confining a plasma with magnets. Preferably, the magnetically

enhanced method for depositing a silicon oxide based film on a

substrate 1s preferably conducted in a previously evacuated chamber

of glow discharge from a gas stream. The gas stream preferably

comprises at least two components: a volatilized organosilicon or

10  organotin component, 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

useful for the gas stream in the plasma deposition methods are liquid

15 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, propylsilane, phenylsilane, hexamethyldisilane, 1,1,2,2-
tetramethyldisilane, bis (trimethylsilane)methane, bis (dimethylsilyl)

20 methane, hexamethyldisiloxane, vinyl trimethoxy silane, vinyl
triethyoxysilane, ethylmethoxysilane, ethyltrimethoxysilane,
divinyltetramethyldisiloxane, hexamethyldsilazane divinyl-
hexamethyltrisiloxane, trivinylpentamethyltrisiloxazane,
tetraethoxysilane and tetramethoxysilane.

25 .

Among the preferred organosilicons are 1,1,3,3-
tetramethyldisiloxane, trimethylsilane, hexamethyldisiloxane,
vinyltrimethylsilane, methyltrimethoxysilane, vinyltrimethoxysilane
and hexamethyldisilazane. These preferred organosilicon compounds

30 have boiling points of 71°C, 55.5°C, 102°C, 123°C and 127°C
respectively. |

The optional inert gas of the gas stream preferably is helium,

argon or nifrogen. REPLACEMENT SHEET
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30
140 niforr Power
-26- Fol |l owi ng

consists of a mxture of trinmethylsilane (TM5) and oxygen was i ntroduced

Oxygen Fl ow = 10 sccm System Pressure

= 50 watts Tine = 2 mnutes
this, an inorganic oxide precursor conposition, which

t hrough stainless steel tubing near the gl ectrodes. The gases were m xed in
et line before introducttonminto the 5 chanber. Flow rates

were manual ly controll ed by stainl ess steel

t he npnoner inl

10

15

20

25

30

The volatilized organotin and organosilicon components are
preferably admixed with the oxygen component and the inert gas
component before being flowed into the chamber. The quantities of
these gases being so admixed are controlled by flow controllers so as
to adjustably control the flow rate ratio of the gas stream components.

Various optical methods known in the art may be used to
determine the thickness of the deposited film while in the deposition
chamber, or the film thickness can be determined after the article is
removed from the deposition chamber.

The deposition method of the present invention 1s preferably
practiced at relatively high power and quite low pressure. A pressure
less than about 500 millitorr (mTorr) should be maintained during the
deposition, and preferably the chamber is at a pressure between about
43 to about 490 millitorr during the deposition of film. Low system
pressure results in lower deposition rates whereas higher system
pressure provides faster deposition rates, When the plastic article to
be coated is heat sensitive, a higher system pressure may be used to
minimize the amount of heat the substrate is exposed to during
deposition because high substrate temperatures are to be avoided for
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 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 and third barrier layers comprises an
enclosed reaction chamber 170 in which a plasma is formed and in
which a substrate or tube 171, is placed for depositing a thin film of
REPLACEMENT SHEET
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met eri ng val ves.
was used to supply power to the el ectrodes.

thin filmdeposition of plasnma polynerized TMS/Jerr] on the pol yner
substrate were as follows: 10 Oxide Deposition TMS Fl ow
1.5 - 2.0 sccm Oxygen Fl ow = 2.5 - 0 sccm System Pressure =

160 mflorr Power
Deposition Tine
deposited, the

10

15

20

25

30

= 30 vvatts-—%%—

= 4 mnutes After approximately 1000A of Si Ox was

A power supply operating at an audio frequency of 40 kHz
The system paraneters used for

90 -

reactor was allowed to cool. The reactor was then "opened,
and the substrate was,  renoved. The results are reported in Table 1.

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.

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 an oxide 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.

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

The thin film is deposited on the outer surface of the tube and
subsequent layers 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 m
the plasma region around the tube.

The system is suitable for low frequency operation. An
example frequency is 40kHz. However, there be some

05 MAY 1997
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20 EXAMPLE 2 METHOD FOR COATI NG PLASTI C SUBSTRATE FI LMs W TH MULTI - LAYER
BARRI ER COATING 25 A fil mof polyethyl eneterphal ate (PET) was cl eaned with
a solution conprising equal parts of a mcrodetergent and de-ionized (Dl)
water. After rinsing the filmwth the solution, the filmwas air dried and
stored under vacuum for about 12 hours,,80 The filmwas then placed in the
deposi ti on chanber and brought to a pressure of about 5 niforr using a

mechani cal punp.

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

The barrier film or blends thereof used in accordance with

5 this disclosure, may contain conventional additives and ingredients

which do not adversely affect the properties of articles made
therefrom.

The optional fourth layer of the multi-layer barrier coating

10 may be forrned on the third layer by dip-coating, roll-coating or

spraying an aqueous emulsion of the polyvinylidene chloride or
homo- or co- polymers, followed by air drying.

The fourth layer may preferably be vinylidene chloride-

15 acrylonitrile-methyl methacrylate-methyl acrylate-acrylic  acid

copolymers, thermosetting epoxy coatings, parylene polymers, or
polyesters.

Preferably, the fourth layer is a parylene polymer. Parylene is

20 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
substitution of a chlorine atom for one other aromatic hydrogens:

25
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-27- The el ectrode configuration was internally capacitively coupled with
per manent nagnets on the backside of the titaniumelectrodes. This special
configuration provided the ability to confine the gl ow between the

el ectrodes because of the increase in collision probability 5 between

el ectrons and reacting gas nol ecules. _Jhe net result of applying a
magnetic field is simlar to increasi power applied to the

el ectrodes, but w thout the disadvantages of hi gher bonbardnment energies
and increased substrate heating. The use of magnetron di scharge all ows

operation in the | ow pressure region and a substanti al

10 increase in

pol ymer deposition rate.

C1

CH CH

5 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

. .'__CH Cl-&

ct
10

Most preferably, the polymer layer is a vinylidene chloride-

methyl methacrylate-methacrylate acrylic acid polymer (PVDC).

15 This polymer is available as DARAN® 8600-C (trademark of W.R.

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

The fourth layer of the barrier coating, a polymer material,

20 may 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
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The filmwas then first pretreated with an oxygen plasma using a flow of
about 6 SCCM of (Jerr], system pressure of about 120 mlorr, power of about
30W for 30 seconds. 15 Following the Qerr] pretreatnment, a netal oxide
precursor conposition consisting of tetranmethyltin (TMI) and oxygen were

I ntroduced through stainless steel tublgcgJ near the el ectrodes. The gases
were mxed in the nononer inlet line I ntroduction into the 20
chanber. Flow rates of the tetranethyltin and oxygen were controll ed by
netering val ves. Power to the el ectrodes was provided by an audi o frequency

of about 40 kH[ mR rarret ers for the Snd e d Si plere as
foll ows: 25 sﬂ"é’k@oﬁ%‘g @é r?g E l(yw t(He ﬂ:n]rd % clﬁ?ﬁ
vinylidene chlorlde-acrylomtnle-methyl methacrylate-methyl acrylate- _
acid acrylic polymer, applied to the second layer by dip-coating, roll-
coating or spraying an aqueous emulsion of the polymer, followed by
5  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.

As shown in FIG. 8, the acrylate coating A and the second
10 and third oxide based coating B may have defects or irregularities C.
It is believed that complete coverage of the substrate D cannot be
achieved with only the acrylate and oxide based coatings. Therefore,
a fourth coating of PVDC, E is applied over the third oxide based
coating to produce a substantially complete barrier coating over the

15 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

20  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 limited to, routine chemical analysis, biological inertness, hematology,
blood chemistry, blood typing, toxicology analysis or therapeutic drug
monitoring and other clinical tests involving body fluids. Furthermore,
a plastic blood collection tube coated with the barrier coating is
capable of being subjected to automated machinery such as centrifuges

30 and may be exposed to certain levels of radiation in the sterilization
process with substantially no change in optical or mechanical and
functional properties.
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Sysfem Pressure = 120m Torr Power = 30 watts Deposition Tine

30 seconds 30 Oxi de Deposition: TMI' Fl ow 12 sccm Oxygen
Fl ow = 3.2 sccm System Pressure = 140 mflorr Power = 30
watts Deposition Tine = 45 seconds -28- After the deposition of

Sngerr], oxygen was flowed into the _54.

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

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

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

vacuum retention. A plastic tube coated with a barrier coating

substantially prevents gas permeation through the tube material so as to

maintain and enhance the vacuum retention and draw volume retention

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

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

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

It will be understood that it makes no difference whether the
plastic composite container is evacuated or not evacuated in
20 accordance with this invention. The presence of a barrier coating on
the outer surface of the container has the effect of maintaining the
general integrity of the container holding a sample so that it may be
properly disposed of without any contamination to the user. Notable is
the clarity of the barrier coating as coated or applied on the container

25  and its abrasion and scratch resistance.

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.

30

The following examples are not limited to any specific

embodiment of the invention, but are only exemplary.
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chanber and a plasma generated to renove residual

carbon fromthe surface

of the film A second Jerr] plasma treatnent was then carried 5 out wth
the foll owi ng system paraneters: Surface Pretreatnment: Oxygen Fl ow
S sccm System Pressure 120 Torr Power = 30 watts 10
60 seconds The final_oxide | ayer was then deposited
using a mxture of trinethylsilane (T nd oxygen with the follow ng
system paraneters: 15 TMS Fl ow = 5.8 sccm Oxygen Fl ow =

Dep05| tion Tine

Sccm

10

15

20

25

30

EXAMPLE 1

METHOD FOR COATING PLASTIC SUBSTRATES
WITH MULTI-LAYER BARRIER COATING

An acrylate coating was applied to polypropylene tubes and
films (substrates) in a chamber wherein a 60:40 mixture of isobornyl
acrylate: epoxydiacrylate (IBA:EDA) was fed into the evaporator and
flash vaporized at about 343°C onto the substrate in the chamber and
condensed. The condensed monomer film was then UV cured by an
actinic light source of 365 nm.

The substrate coated with the acrylate coating (IBA:EDA) was
then cleaned with a mixture comprising equal parts of a micro
detergent and de-ionized (DI) water solution. The substrate was rinsed
thoroughly in DI water and allowed to air dry. The cleaned substrate
was then stored in a vacuum oven at room temperature until it was to
be coated.

The cleaned substrate was then attached to a holder which fits
midway between the electrodes in the vacuum chamber. The chamber
was closed and a mechanical pump was used to achieve a base
pressure of about 5 mTorr.

The electrode configuration was internally capacitively coupled
with permanent magnets on the backside of the titanium electrodes.
This special configuration provided the ability to confine the glow
between the electrodes because of the increase in collision probability
between electrons and reacting gas molecules. The net result of
applying a magnetic field is similar to increasing the power applied to
the electrodes, but without the disadvantages of higher bombardment
energies and increased substrate heating. The use of magnetron
discharge allows operation in the low pressure region and a substantial
increase in polymer deposition rate.
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Syst'em Pressure
Deposition Tinme

= 120 niforr Power 30 watts 20.
4 m nutes The chanmber was then allowed to cool and the

coated PET filmwas renoved. The results of the coated PET filmare
reported in Table 1. Analysis of the filmby ESCA and SEMindicate a
| ayered 25 conposite of polyner, tin oxéde and silicon oxide as reported

in FIG 9. A

of the substrates prepared-in accordance with the Exanpl es

were eval uated for oxygen perneance (OIR) in the oxide coatings as follows.
30 (i) Oxygen perneance (OIR): Filmor plaque sanples were tested for
oxygen permeance

10

15

20

25

30

The oxide precursor composition which consists of a mixture of
tetramethyltin (TMT) and oxygen was introduced through stainless
steel tubing near the electrodes. The gases were mixed in the inlet line
before introduction into the chamber. Flow rates were manually
controlled by stainless steel metering valves. A power supply
operating at an audio frequency of 40 kHz was used to supply power to
the electrodes. The system parameters used for thin film deposition of
plasma polymerized TMT/O) on the polymer substrate were as
follows:

Surface Pretreatment: TMT Flow = ( sccm
Base Pressure = SmTorr
Oxygen Flow = 6-7sccm
System Pressure = 120 mTorr
Power = 30 watts
Time = (0.5 - 1.0 minutes
Oxide Deposition: TMT Flow = 2.75 - 3.25 scem
Oxygen Flow = 3.5-40sccm
System Pressure = 160 - 180 mTorr
Power = 30 watts
Deposition Time = 0.75 minutes

After approximately 150A of oxygen and SnOx was deposited,
oxygen was flowed into the chamber and a second 07 plasma treatment
was then carried out with the following system parameters:

Surface Pretreatment: Base Pressure = SmTorr
Oxygen Flow = 10sccm
- System Pressure = 140 mTorr
Power = 50 watts
Time = 2 minutes
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(OTR) using a MOCON Ox- TRAN 2/ 20 (sold by Mddern Controls, -29- Inc.,
7500 Boone Avenue N., M nneapolis, M 55428). A single side of the film
sanpl e was exposed to 1 atm of 100% oxygen atnosphere. Oxygen perneating
t hrough the sanple film was entrained in a nitrogen carrier gas stream on
the opposite side of the 5 film and dgitected by a coul netric sensor. An

el ectrical signal was produced in pro +on to the anobunt of oxygen
perneating through the sanple. Sanples were tested at 30[err]C and 0%
relative humdity (RH). Sanples were conditioned for 1 to 20 hours prior

to . . : : : ..
Following this, an inorganic oxide precursor composition,

which consists of a mixture of trimethylsilane (TMS) and oxygen was
mmtroduced through stainless steel tubing near the electrodes. The gases
were mixed in the monomer inlet line before introduction into the
5 chamber. Flow rates were manually controlled by stainless steel
metering valves. A power supply operating at an audio frequency of
40 kHz was used to supply power to the electrodes. The system
parameters used for thin film deposition of plasma polymerized
TMS/O2 on the polymer substrate were as follows:
10
Oxide Deposition: TMS Flow = 1.5-2.0 sccm
Oxygen Flow =  2.5-3.0sccm
System Pressure = 90 - 160 mTorr
Power = 30 watts
15 Deposition Time = 4 minutes

After approximately 1000A of SiOx was deposited, the reactor
was allowed to cool. The reactor was then opened, and the substrate
was removed. The results are reported in Table 1.
20
EXAMPLE 2

METHOD FOR COATING PLASTIC SUBSTRATE FILMS
WITH MULTI-LAYER BARRIER COATING

25
A film of polyethyleneterphalate (PET) was cleaned with a
solution comprising equal parts of a microdetergent and de-ionized
(DI) water. After rinsing the film with the solution, the film was air
dried and stored under vacuum for about 12 hours.
30
The film was then placed in the deposition chamber and
brought to a pressure of about 5 mTorr using a mechanical pump.
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determ ni ng oxygen permnmeance. The results are reported in Table 1 in 10
units of cc/nk-atmday. Tube sanples were tested for oxygen perneance (OTR)
using a MOCON Jerr]-TRAN 1,000 (sold by Mdern Controls, Inc., 7500 Boone
Avenue N., M nneapolis, M 55428). A package adapter was 15 wused for
mounting the tubes in a manner that allgwed the outside of the tube to be

i mrersed in a 100% (JQerr] atnosphere wht+e-the inside of tube is flushed
with a nitrogen carrier gas. The tubes were then tested at 20[err]C and 50%
R H The tubes were allowed to equilibrate for 2-14 days before a steady

SLale permeabi|iLy |5 HEl S eSS e 20 et Tabl e
coating: A Surf awithSperenarentbaiaign&isxei ObeXbacksidd asfodieetitamiom electrodes.
This special configuration provided the ability to confine the glow
between the electrodes because of the increase in collision probability
5 between electrons and reacting gas molecules. The net result of
applying a magnetic field is similar to increasing the power applied to
the electrodes, but without the disadvantages of higher bombardment
energies and increased substrate heating. The use of magnetron
discharge allows operation in the low pressure region and a substantial
10  1ncrease in polymer deposition rate.

The film was then first pretreated with an oxygen plasma using
a flow of about 6 SCCM of 07, system pressure of about 120 mTorr,
power of about 30W, for 30 seconds.
15
Following the 0p pretreatment, a metal oxide precursor
composition consisting of tetramethyltin (TMT) and oxygen were
introduced through stainless steel tubing near the electrodes. The gases
were mixed in the monomer inlet line before introduction into the
20 chamber. Flow rates of the tetramethyltin and oxygen were controlled
by metering valves. Power to the electrodes was provided by an audio
frequency of about 40 kHj. System parameters for the SnoOy
deposition were as follows:

25 Surface Pretreatment:  OxygenFlow =  6scem
System Pressure = 120m Torr
Power = 30 watts
Deposition Time = 30 seconds
30  Oxide Deposition: TMT Flow = 12 sccm
Oxygen Flow = 3.2 sccm
~ System Pressure = 140 mTorr
Power = 30 watts
Deposition Time = 45 seconds
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25 spectronmenter (ESCA) was used to determne the atom % of the el enents
present in the oxide coatings. Filmsanples were placed inside the
spectroneter and the el enmental conposition was determ ned of approximtely
100A into the surface. The surface was then argon ion etched as foll ows:
5000V and 9-10 mA argon ion beamwas 30,,directed at the sanple surface.
After 5 seconds the ESCA spectra was ba%%n-and this procedure was repeated
for atotal of 5 tinmes. The etch tinme was then increased to 20 seconds
foll owed by ESCA and this process was repeated for a total of ten tines.
Finally, the etch tinme was inreased to 40 seconds and the ESCA spectra was
obt ai ned until

After the deposition of SnOy, oxygen was flowed into the
chamber and a plasma generated to remove residual carbon from the
surface of the film. A second O7 plasma treatment was then carried

5 out with the following system parameters:

Surface Pretreatment: Oxygen Flow = 5 sccm
System Pressure = 120 Torr
Power = 30 watts
10 Deposition Time = 60 seconds

The final oxide layer was then deposited using a mixture of
trimethylsilane (TMS) and oxygen with the following system

parameters:
15
TMS Flow = 5.8 sccm
Oxygen Flow = 3.3 sccm
System Pressure = 120 mTorr
Power = 30 watts
20 Deposition Time = 4 minutes

The chamber was then allowed to cool and the coated PET film

was removed. The results of the coated PET film are reported in Table

1. Analysis of the film by ESCA and SEM indicate a layered

25 composite of polymer, tin oxide and silicon oxide as reported in FIG. 9.

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

30
(1) Oxygen permeance (OTR):

Film or plaque samples were tested for oxygen permeance

(OTR) using a MOCON Ox-TRAN 2/20 (sold by Modem Controls,
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-30- the bulk acrylate or the polymer substrate was reached. The oxide
l-ayer was clearly indicated by the presence of silicon in the ESCA spectra
bet ween the etch tinmes of about 0 through about 1.3 mnutes. TABLE 1 Sanpl e

Acryl ate Sng err] Sigerr] Oxygen Transm ssi on Coati ng

Coati ng Coati ng Rate (cc/nlggr]-atmday) 30[err]C, 0% RH PP
tube, control e 60 PP tube

| BA: DA no 20 PP tube no

yes yes <9 PP tube no yes yes
<9

Inc., 7500 Boone Avenue N., Minneapolis, MN 55428). A single
side of the film sample was exposed to 1 atm of 100% oxygen
atmosphere.  Oxygen permeating through the sample film was
entrained in a nifrogen carrier gas stream on the opposite side of the
5 film, and detected by a coulmetric sensor. An electrical signal was
produced in proportion to the amount of oxygen permeating through
the sample. Samples were tested at 30°C and 0% relative humidity
(R.H.). Samples were conditioned. for 1 to 20 hours prior to
determining oxygen permeance. The results are reported in Table 1 in
10 units of cc/m2-atm-day.

Tube samples were tested for oxygen permeance (OTR) using
a MOCON Ox-TRAN 1,000 (sold by Modern Controls, Inc., 7500
Boone Avenue N., Minneapolis, MN 55428). A package adapter was
15 used for mounting the tubes in a manner that allowed the outside of the
tube to be immersed in a 100% O atmosphere while the inside of tube
is flushed with a nitrogen carrier gas. The tubes were then tested at
20°C and 50% R.H. The tubes were allowed to equilibrate for 2-14 .
days before a steady state permeability is determined. The results are
20  reported in Table 1 in units of cc/m2-atm-day.

(i) Atom % of the elements present in the oxide coating:

A Surface Science Model SSx-100 X-ray photoelectron

25  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

30  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 inreased to 40 seconds and the ESCA spectra was obtained until
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PET'fiIm no

no

epoxydi acryl ate (60:40),

- 70 -

yes yes

pol ypropyl ene tubes = nom nal

Im .

5

no

wal |

no

30 PET film

16 | BA: DA = i so-norbornyl:

W cured Silicon Oxide Coatings = 1000 - 3000
Angstrons (as nmeasured by Scanning El ectron Mcroscope) Tin Oxi de Coatings

200 A (as neasured by Scanning ctron Mcroscope) PP =

E
thié—éﬁéss of .40 m |

PET fil mthickness

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.

Sample

PP tube, control
PP tube

PP tube

PP tube

PET film

PET film

IBA:DA = iso-norbornyl:

Acrylate
Coating

IBA:DA
no
no
no

no

TABLE 1
SnOy SiOx
Coating Coating

no
yes yes
yes yes
no no
yes yes

Oxygen Transmission
Rate
(cc/mz-atm-day)
30°C, 0% RH

60
20
<9
<9
30
16

epoxydiacrylate (60:40), UV cured

Silicon Oxide Coatings = 1000 - 3000 Angstroms (as measured by Scanning

Electron Microscope)
Tin Oxide Coatings - 70 - 200 A (as measured by Scanning Electron

Microscope)

PP = polypropylene

tubes = nominal wall thickness of 40 mil

PET film thickness

= Imil.
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WHAT IS CLAIMED 1S 1. A sanple assenbly conprising: a plastic container
havi ng an open end, a closed end, an inner surface and an outer surface;
and a nmulti-layer barrier coating associated over the outer surface of said
cont ai ner and extendi ng over a major portion of said outer surface of said
container, said coating having a first 5fyer conprising an acrylate primer
coati ng naterlal a second | ayer on sar&—Fir st | ayer conprising a netal

oxi de and a third | ayer on said second | ayers conprising an_inorganic oxide
material. 2. The assenbly of Claim1l, further conprising a closure in said

open end of sal gRin| A% RGN " 1o 19 °HII|H||III1|I||I|I|I||l||||l

1. A sample assembly comprising:

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

a multi-layer barrier coating associated over the outer surface
of said container and extending over a major portion of said outer
surface of said container, said coating having a first layer comprising
an acrylate primer coating material, a second layer on said first layer
comprising a metal oxide and a third layer on said second layer
comprising 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 container
and said closure interface.
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interface is fornmed. 3. The assenbly of Caim?2, wherein said pI astic
container is a tube and said closure is an el astorrerl C stcrppe-r---- ; The

assenbly of Claiml1, wherein said barrier coating exten al
fromsaid open end of said container to and over said c E}(ﬂ ,M'
The assenbly of Claim 3_3yherein said barfier

cont ai ner.

5.
extends froma portion of said el astor‘rE‘rT'C" stopper to a point adj acent sai d

cl osed end of said container. 6. The assenbly of Caim2, wherein said

tube is evacuated. 7. The assenbly of Claimb5, wherein sai d multi-Iayer

barrier coating inclu regi stere ta .serratjons adj.ac 0 said
J r{p&{ 418 ﬁrst

cont ai ner and said cl < @85¢mblY

/ aim |, wherem s
polymenzed blend of mono-and di-acrylates.

ayer 1S a

9. The assembly of Claim 1, wherein said second layer is
SHOX, GCOX or PbOx

10. The assembly of Claim 1, wherein said third layer is
aluminum oxide or silicon oxide based composition.

11. The assembly of Claim 10, wherein said third layer
comprises silicon oxide.

12. The assembly of Claim 10, wherein said second layer is
deposited by radio-frequency discharge, direct ion beam deposition,
dual 1on beam deposition, sputtering, plasma enhanced chemical vapor
deposition or magnetically enhanced plasma systems.

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

14. The assembly of Claim 13, wherein said first layer
comprises polymerized acrylate and said third layer comprises silicon
oxide and said fourth layer comprises polyvinylidene chloride.

15. 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 discrete metal oxide and a third layer of an organic
material.

16. A multi-layer barrier coating comprising:

REPLAGEMENT SHEET
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8. ~The assenbly of Claiml1, wherein said first layer is a polynerized
bl end of nono-and di-acrylates. 9. The assenbly of O aim-1,--wherein said

1, wherein said third |ayer is alum num oxi de or sil

second layer is SnJerr], G(err] or Poerr]. 10. ly of Claim
AW

conposi tion.

11. The assenbly of Caim4§. wherein sal

conprises silicon oxide. 12. The assembfy—of O aim 10, wherein said second
| ayer is deposited by radio-frequency discharge, direct ion beam

deposi tion,

a second layer on said first layer comprising a metal oxide;
and a third layer on said second layer comprising an inorganic
oxide.

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

18. The coating of Claim 16, wherein said second layer is
SnOx, GCOX or PbOx

19. The coating of Claim 16, further comprising a fourth layer
on said third layer of polyvinylidene chloride.

20. 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: )
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.

21. The assembly of Claim 20, wherein said second layer is
deposited on said first layer by the following steps:

(a) vaporizing an organotin component and admixing the
volatiized organotin component 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;
REPLACEMENT SHEET
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dual ion beam deposition, sputtering, plasma enhanced chem cal vapor
deposition or magnetically enhanced plasnma systens. 13. The assenbly of
Claim1, further conprising a said fourth | ayer -adj a(;eni-_sai d third | ayer

of a thernosetting epoxy, parylene polyner, hono-polyners mers or
pol yesters. 14. The assenbly of C ai m 1g4_wher ei Em"@ﬂ l Ul E

conpri ses polynerized acrylate and saie-t+hird Ia con oxi de
and said fourth layer conprises polyvinylidene chlorlde 15 Thé assenbly
of Caim1l, further conpr|3|ng a multi-layer barrier coatlng over the inner

surface of said containper r.st Jayer includi n
o ot coati ng mater; & KoBBENARNT ouiR th&e e SplP R Bfﬁﬁ%% ete
metal oxide and a third | apafinufg anleastympoctiomoéthaplasma therein; and

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

22. The assembly of Claim 21, wherein said third layer is
deposited in said previously evacuated chamber onto said second layer
by the following steps:

(a) wvaporizing an organosilicon component and admixing the
volatilized organosilicon component 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 therem; and

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

23. The assembly of Claim 22, wherein said oxidizer
component is oxygen nitrous oxide, carbon dioxide, air or an inert gas.

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

25. 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;
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16. A nulti-layer barrier coating conprising: a first |ayer conprising an

acrylate materi al ;
oxi de;

nmet al
oxi de.

17. The coating of Caim16, wherein said thir

oxi de or silicon oxide. 18. The coatingzgf C aim 16,
| ayer is Sngerr], Gderr] or Pbgerr{—

A

-33 - a second layer on said first | ayer—_conprising a
and a third | ayer on said second | ayer c | Si.ng an inorganic

o O

(c) condensing a first layer of a film of vaporized component

onto the outer surface of said container;

(d) curing said film;

(e) wvaporizing an organotin component and admixing the
volatilized organotin component with an oxidizer
component and optionally an inert 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;

(h) depositing a layer of tin oxide adjacent said first layer;

(1) vaporizing an organosilicon componént and admixing the
volatilized organosilicon component with an oxidizer
component and optionally an inert gas component to form

a gas stream exterior to the chamber;

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

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

(1) depositing a third layer of silicon oxide adjacent said’

second layer; and

(m) dip coating a fourth layer of PVDC onto said third layer.

26. The method of Claim 25 wherein said first and second

layers are pretreated by oxygen plasma.
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19. The coating of Caim16, further conprising a fourth |ayer on said
third | ayer of polyvinylidene chloride. 20. The assenbly of Claiml1, -
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 cogprising: i) polyfunctional
acrylates, or ii) mxtures of nonoacry. and pol yfunctional acryl ates;
(b) flash vaporizing said conponent into said chanber; (c) condensing a

fil mof vaporized conponent onto the outer surface of said container; and
(d) curing said film 21. The assenbly of C aim 20, wherein said second

| ayer is

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

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

Figure 1
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deposited on said first layer by the follow ng steps: (a) vaporizing an
organotin conponent and adm xing the volatilized organotin conponent with
an oxi di zer conponent and optionally an inert gas conponent to forma gas
stream exterior to the chanber; (b) establishing a glow discharge plasma in
the chanmber fromone or nore of the gas_$iream conponents; -34- (c)
controllably flow ng the gas stream i nto—the plasna while confining at

| east a portion of the plasma therein; and

FIG—1
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(d) depositing a layer of tin oxide adjacent said first layer. 22. The
assenbly of Claim2l1l, wherein said third layer is deposited in said

previ ously evacuated chanber onto said second | ayer by the follow ng steps:
(a) vaporizing an organosilicon conponent and adm xing the volatilized
organosi li con conponent with an oxidizejzponponent and optionally an inert
gas conponent to forma gas streamexteriqQr to the chanber; (b)
establishing a gl ow di scharge plasnma in the chanber fromone or nore of the
gas stream conponents; (c) controllably flowing the gas streaminto the

pl asma while confining at |east a portion of the plasma therein; and (d)
depositing a layer of silicon oxide adjacent said second

FIG—3
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| ayer. 23. The assenbly of O aim 22, wherein said oxidizer conponent is
oxygen nitrous oxide, carbon dioxide, air or an inert gas. 24. The assenbly
of Claim22, wherein the plastic substrate is electrically isolated from

t he chanber except for contact with the confined plasma.. 25. A nethod of
depositing a multilayer barrier coatingf$n a plastic substrate in a

previ ously evacuated chanber conprising—f{a) selecting a curable
conmponent conpri si ng: i) polyfunctional acrylates, or ii) mxtures of

nonoacryl ates and pol yfunctional acrylates; (b) flash vaporizing said
conponent into said chanber;

52”"\_

A L
49q_/:‘\/ : N
NV N
‘g \
_/;‘\/\ / J1

RE

57a A \4
YN / k4
LM N/

58¢a—" AN 7 N 46a
NN\
- 44V
N \
E\/: \:

A\ N
450—BIN g 424
N ]

N q
’\/\ A
;\;\ y

N5
N g 54aq
. 1
* F
550/2 A
¢ l»
N




-35- (c) condensing a first layer of a filmof vaporized conponent onto the
outer surface of said container; (d) curing said film (e) vaporizing an
organoti n conponent and adm xing the volatilized organotin conponent wth
an oxi di zer conponent and optionally an inert gas conponent to forma gas
stream exterior to the chanber; (f) estaipl i shing a gl ow di scharge plasma in
t he chanber fromone or nore of t he gas_Stream conponents; (g) controllably
flowng the gas streaminto the plasma while

FIG—6
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confining at |east a portion of the plasnma therein; (h) depositing a | ayer
of tin oxide adjacent said first layer; (i) vaporizing an organosilicon
conmponent and adm xing the volatilized organosilicon conmponent with an
oxi di zer conponent and optionally an inert gas conponent to forma gas
stream exterior to the chanber; (j) est@blishing a glow discharge plasm in
the chanber fromone or nore of the gas—stream conponents; (k) controllably
flowng the gas streaminto the plasma while confining at | east a portion
of the plasma therein; (1) depositing athird [ayer of silicon oxide

adj acent said second |ayer; and (m di@icoating a fourth layer of PVDC onto
said third | ayer

>Jr=—= ~— TRIMETHYLSIL




26. The nmethod of Claim25 wherein said first and second | ayers-are
pretreated by oxygen pl asna.
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