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BACKGROUND OF THE INVENTION

1. Field of the Invention

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

2. Description of the Related Art

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

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

Blood collection tubes require certain performance
standards to be acceptable for wuse 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 noninterfering in tests and
analysis. ' ' _

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 able to
be met and the article would be effective and usable in
medical appliéations.
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W th, t'he increased enphasrs on the use of plastic nedLQaL#pLgduGLs——a————
speci al need exists for inproving the barrier properties of artlcles

of polymers: Such nedical products that would derTh lw Ie
benefit frd@m2468proving their barrier properties incl ot
limted %o, collection tubes and particularly those used

coll ection. Blood collection tubes require certain perfor mance st andards
to be acceptable for USESUNMMARYBON CBHE INVENTION

The present invention 1is a plastic composite
container coated with a barrier coating comprising at
least two barrier materials. Desirably, the barrier
coating comprises a first layer of an inorganic material
and a second layer of a polymer material.

The first layer of the Dbarrier coating may
preferably be an aluminum oxide based composition, such
as AlOx wherein x is from 0.3 to about 0.9; a silicon
oxide - based composition; or a diamond based
composition. Most preferably, the first layer is an
aluminum oxide based composition. .

The second layer may preferably be vinylidene
chloride—-acrylonitrile-methyl methacrylate-methyl acry-
late—acrylic acid copolymers, thermosetting epoxy
coatings, parylene polymers, or polyesters. The barrier

~coating may be formed either on an interior surface
portion, on an exterior surface portion, or both of the

10

15

20 container.
Preferably, the second 1layer 1is a parylene
polymer. Parylene is the generic name for members of a
polymer series developed by Union Carbide Corporation.
The base member of the series, called parylene N, is

25 poly-p—xylylene, a linear, crystalline material:
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mai ntai n greater than about 90% origi nal draw vol ume wmequahsbweRe
period, to. be radiation sterilizable and to be nonln sts
and anal ysi -2kl efore, a need exists to inprove the b

of articles nmade of polyners and in particular plas |c evacuate

bl ood collection tubes wherein certain perfornmance standards woul d be
able to Parylene C, a second member of the parylene series

is produced from the same monomer as parylene N and
modified by the substitution of a chlorine atom for one
of the aromatic hydrogens:

> cl
C“L— CHy
10 .
Parylene D, the third member of the parylene
series is produced from the same monomer as parylene N
and modified by the substitution of the chlorine atom
for two of the aromatic hydrogens:
15
.o
o]
20

Most preferably, the polymer layer is a vinylidene
chloride-methyl methacrylate-methacrylate acrylic acid
polymer. This polymer is available as DARAN® 8600-C

25 (trademark of W.R. Grace and Co.) sold by GRACE, Organic
Chemicals Division, Lexington, Mass.

Plastic tubes coated with the barrier coating are
able to maintain substantially far Dbetter vacuum
retention and draw volume retention than previous tubes

30 comprised of polymer compositions and blends thereof
without a coating of barrier materials.

Printing may be placed on the barrier coating
applied to the container of interest. For example, a
product 1identification, bar code, brand name, company

35 logo, lot number, expiration date and other data and
information may all be included on the barrier coating.
.._3._.
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Moreover, a matte finish or a corona discharged surface
may be developed on the barrier coating so as to make
the surface appropriate for writing additional
information on the 1label. Furthermore, a pressure
sensitive adhesive label may be placed over the barrier
coating so as to accommodate = various hospital
over—labels, for example.

DESCRIPTION OF THE DRAWINGS

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

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

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

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

DETAILED DESCRIPTION

Referring to the drawings in which 1like reference
characters refer to 1like 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 stopper
14 which includes a 1lower annular portion or skirt
15 which extends into and ?resses against the inner
surface 12 of the sidewall for maintaining stopper
14 in place.

FIG. 3 shows the preferred embodiment of the
invention, a plastic tube coated with at least two
layers of barrier -materials. The preferred embodiment

—t



cant ai'ni-ng et hyl ene- (meth) acrylic acid butyl (meth) acrylate. SUMVARY OF

THE | NVENTI ON The present invention is a sanple assenbly conprising:. a

pl asti c cont.ai ner having an open end, a closed end, an inner surface and an

outer surfapez4d@d a barrier coating conprising at |east two barrier

material $ applied to the outer of said container, said coating having a

first layer applied to the outer surface of said container conprising a

pl asma- ger)oshbeddie:sorgmahg rragetfhbaheﬁltsal Uﬁhﬁl'ﬁhm oxide Ogu_BéthﬁQﬁanﬁzge and

a secon a i.ed to s Irst |layer, charac e n that s

second Iaye¥888%‘6g: {: 6}: component’s of tﬁ%rdsz ! ané 3
Accordlngly, similar components performing similar

functions will be numbered identically to those

s components of FIGS. 1 and 2, except that a suffix “a“
will be used to identify those components in FIG. 3.

Referring now to FIG. 3 the preferred embodiment

of the invention, collection tube assembly 20

comprises a plastic tube 10a, having a sidewall 1la

extending from an open end 16a to a closed end 18a.

0

: A Dbarrier «coating 25 extends over a substantial
portion of the 1length of the tube which is upon the
outer surface of the tube with the exception of open end
16a. Barrier coating 25 comprises a first layer

1s 26 of an inorganic material and a second layer 27 of

a polymer material. .

FIG. 4 illustrates an alternate embodiment of the
invention, wherein collection tube assembly 40
comprises stopper 48 in place for closing open end

20 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 1lower annular portion or skirt 49

25 . which extends into and presses against the inside inner
surface 46 of sidewall 43 for maintaining stopper
48 in place and a well 52.

Covering a substantial portion of the length of

the tube 1is a barrier coating 45. Barrier coating
30 45 covers substantially most of the <tube with the
exception of open end 41 thereof. Barrier coating

45 comprises a first layer 54 of an inorganic
material and a second layer 56 of a polymer material.
FIG. 4 differs from the embodiment in FIG. 3 in

35 that the tube may be evacuated with the simultaneous
placement of stopper 48 therein after the application
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a ¢oating of vinylidene chloride-acrylonitrile-nethyl

met hacryl at e-net hyl acryl ate-acrylic acid polyner. Desirably, the barrier
coating conprises a first layer of an inorganic material and a second | ayer
of a polyner pmtsegd al . The first |ayer of the barrier coating may
preferably be an al um ni um oxi de based conposition, such as [err] wherein X
iIs fromO0.3 to 0.9 or a silicon oxide based conposition. Mst preferably,

the first layy bardled UBbALERKOXLYE Rased (GRITPRSIKG.0N. Ak rsRAGRA I AYer
may preferably be vinylidene chloride -acrylonltrlle-neth%g bef ]
net hacryl at e- ﬁ%?r {?QISP@FAEHymﬂf'&E?daEBbbFQnéPthe tube before 1t

has been evacuated.
An alternate embodiment of the invention also

S includes a barrier coating incorporating both the upper
portion of the stopper, as well as the entire container
tube. 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

10 cannot be tampered with by removal of the stopper.
Additionally, serrations could be included at the tube,
stopper interface. The serrations may be registered so
that it can be determined if the sealed container has
been tampered with.

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

The barrier coating forms a substantially clear or
translucent barrier. Therefore, the contents of a

20 plastic tube layered with a 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
barrier coating after it is applied to the plastic tube.

25 The inorganic material of the barrier coating may
be formed on a substrate as a first layer by radio
frequency discharge, direct or dual ion beam deposition,
sputtering or 'plaéma chemical vapor deposition, as
described 1in U.S. Patent Nos. 4,698,256, 4,809,876,

30 4,992,298 and 5,055,318, the disclosures of which are
herein incorporated by reference.

The second layer of the barrier coating, a polymer
material, may be a parylene polymer applied to the . first
layer by a process similar to vacuum metallizing, as

35 described in U.S. Patent Nos. 3,342,754 and 3,300,332,
the disclosures of which are herein incorporated by
—6— e
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The barrier coating may be fornmed either on an interior surface portion,

an exterior
t he pol yner
met hacr yl-at

avai l abl e as_DARAN[err] 8600-C(trademark of WR G ace and Co.) sold by

on

surface portion, or both of the container. Most preferably,

bayer is a vinylidene chloride -acrylonitrile-nethyl
| acrylate-acrylic acid polymer. This polyner is

GRACE, Organic Chem cals Division, Lexington, Mass.
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reference. Alternatively, the second layer may be
vinylidene chloride-acrylonitrile-methyl methacrylate-
methyl acrylate-acid acrylic polymer, applied to the
first layer by dip-coating, roll-coating or spraying an
aqueous emulsion of the polymer, followed by air drying
of the coating, as described in U.S. Patent Nos.
5,093,194 and 4,497,859, the disclosure of which are
herein incorporated by reference.

The barrier coating of the present invention is
preferably a first layer material comprising aluminum
oxide,  and a second layer of vinylidene
chloride—acrylonitrilé—methyl methacrylate—methyl
acrylate-acrylic acid polymer applied to the first layer.

A plastic blood collection tube coated with the
barrier coating will not interfere with testing and
analysis that is typically. performed on blood in a

" tube. Such tests include but are not 1limited to,
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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.

A plastic blood collection tube coated with the
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 partial vacuum, or reduced
pressure, inside the tube. The draw volume changes in
direct proportion to the change"in vacuum (reduced
pressure). Therefore, draw  volume retention is
dependent on good vacuum retention. A plastic tube

coated with a barrier coating substantially prevents gas
—F= //
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Plastlic tubes coated wth the barrier coating are able to maintain
substantially far better vacuumretention and draw vol une retention than
previ ous tubes conprised of polynmer conpositions and bl ends thereof w thout
a coating of barrier materials. Printing may be placed on the barrier
coating applied to the container of interest. For exanple, a product

I dentification, bar code, brand nane, conpany |ogo, |ot nunber, expiration

date and ot fen g3t pofndrl BLGHMHENCIBE Hdedi dT°LUOSE oot hu ARILLET
and enhance the vacuum retention and draw volume
retention of the tube.

If the barrier coating is also coated or applied
on the inner surface of the plastic blood collection
tube, the barrier coating may be hemorepellent and/or
have characteristics of a clot activator if the first _
layer of the barrier coating is a diamond composition.

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

10

15

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.

20
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-4- MNbreover a matte finish or a corona discharged surface nmay be devel oped
on the barrier coating so as to nake the surface appropriate for witing
additional i.nformation on the label. Furthernore, a pressure sensitive
adhesive | abel may be placed over the barrier coating  so as to
acconmodat e vari ous hospi t al

ot A

WHAT IS CLAIMED:

1. A sample assembly comprising:

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

a 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 including an inorganic material and a second layer on said first layer including a

polymer.

2. The assembly of Claim 1 wherein said first layer is deposited by radio-
frequency discharge, direct ion beam deposition, dual ion beam deposition, sputtering or
plasma chemical vapor deposition.

3. The assembly of Claim 1 wherein said first layer is aluminum oxide, silicon
oxide or a diamond based composition and said second layer is thermosetting epoxy,
parylene polymer, vinylidene chloride-acrylonitrile-methyl methacrylate-methyl acrylate-
acrylic acid polymer, or polyesters.

4. The assembly of Claim 3 wherein said first layer comprises aluminum oxide
and said second layer comprises vinylidene chloride-acrylonitrile-methyl methacrylate-
methyl acrylate-acrylic acid polymer, or polyesters.

5. The assembly of Claim 3 wherein said first layer comprises silicon oxide and
said second layer comprises vinylidene chloride-acrylonitrile-methyl methacrylate-methyl
acrylate-acrylic acid polymer, or polyesters.

6. The assémbly of Claim 3 wherein said second layer is a parylene polymer.

7. The assembly of Claim 6 wherein said parylene polymer is parylene N,
parylene C or parylene D.

.
Sheet Has Been Re‘laccd

—_ HII\I\\\II!\\\\\l\lHI\



over-l'abel s, for exanple. DESCRI PTI ON OF THE DRAWBI@ G lis a

perspective view of a typical blood col m “)‘ a stopper. FIG 2
is a longitudinal sectional view of theL ‘m “ aken al onB-2468

2-2. FIG 3 is a longitudinal sectidnal view of a tube- shaped
container; simlar to the tube of FIG 1 without a stopper, conprising a

barrier cogling, assembly of Claim 1 further comprising a barrier coating over the inner
surface of said container, said coating having a first layer including an inorganic material
and a second layer on said first layer including a polymer.

9. A sample asseinbly comprising:

a plastic tube havmg an open end, a closed end, an inner surface and an outer
surface; and

a barrier coating associated over the outer surface of said tube, said coating having
a first layer including aluminum oxide, silicon oxide or a diamond-based composition and
a second layer on said first layer including thermosetting epoxy, parylene polymer,
vinylidene chloride-acrylonitrile-methyl methacrylate-methyl acrylate-acrylic acid

polymer, or polyesters. . _

P2468.clm Replaced
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FIG. 4.is a longitudinal sectional view of a tube-shaped container,
simlar to the tube of FIG 1 with a stopper, conprising a barrier coating.
DETAI LED DESERI PTI ON Referring to the draw ngs in whichtike—reference
characters refpseg80 |ike parts throughout the several views thereof. 1 EaCS.
1 and 2 show a typical blood collection tube 10, hath o ek R Rent 11
extending froman open end 16 to a cl osed end 18 andigt# ﬂ“m‘\ﬂ“ m“
BARRIER COATING 1 R

ABSTRACT OF THE DISCLOSURE
5 The present invention is a plastic container
coated with a barrier coating. The barrier coating is
useful for providing an effective barrier against gas
permeability in containers and for extending shelf-life

of containers, especially plastic evacuated blood
10 collection devices.
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‘14 whi ch includes a | ower annular portion or skirt 15 which extends into
and presses against the inner surface 12 of the sidewall for maintaining

stopper 14 i.n place. FIG 3 shows the preferred enboW
invention, ~ a plastic tube coated with at |east yers of b%{:gdl er
mat eri al s. The preferred enbodi nment his Sheet \\\\\\\\\\\\“\
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-5- inmcludes nmany conponent s whi ch are substantially identical co

t hé components of FIGS. 1 and 2 Accordingly, simlar conponents
performng .simlar functions wll be nunbered i denti cal ly to those
corrponents ,of FIGS. 1 and 2, except that a suffix "a" W

identify tthose conponents in FIG 3. Referring now to %ShgthL erred
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of the [ 1NREPLACED HRfsectt -+ybe  asse REPIQ:@CEMENM 1689
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This Sheet
FOR: BARRIER COATING

BACKGROUND OF THE INVENTION

1. Field of the Invention

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

2. Description of the Related Art

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

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

Blood collection tubes require certain performance
standards to be acceptable use medicdl
applications. Such performance standards include the
ability to maintain greater than about 90% original draw
\.rolume over a year period, to be
sterilizable be noninterfering in tests
analysis.

products

from barrier

for in

radiation
and

one
and to
- Therefore, a need exists to improve the barrier
properties of articles made of ©polymers and in
particular plastic evacuated blood collection tubes
wherein certain éerformance standards would be able to

be met and the article would be effective an«W
TREPT SHEET

- Wi

medical appl ications.
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FIG 4.illustrates an alternate enbodi ment of the inventi
col |l ection tube assenbly 40 conprises stopper 48

on, wherein
in place for

closing open and 41 of tube 42. As can be SG&ﬂh_;ﬁJﬂﬂMﬂJ__AEL__

extends from open end 41 to closed end 44 and st

of tube 42. Stopper 48 includes a |ower annular por

opper 48

includes an "annular upper portion 50 which extendsTbvihwﬂheBt

whi ch extends into and presses agai nst the inside inner
5 _

SUMMARY OF THE INVENTION

The present invention is a plastic

I~

compasite

container coated with a barrier coating comprising at
least two barrier materials. Desirably, the barrier
coating comprises a first layer of an inorganic material

and a second layer of a polymer material.

The first layer of +the barrier coating may
preferably be an aluminum oxide based composition, such

as Alox wherein x is from 0.3 to about 0.9’

a silicon

oxide  based composition; or a diamond based
composition. Most preferably, the first layer is an

aluminum oxide based composition.
The second 1layer may preferably be

vinylidene

chloride-acrylonitrile-methyl methacrylate-methyl acry-
late—acrylic acid copolymers, thermosetting  epoxy
coatings, parylene polymers, or polyesters. The barrier
coating may be formed either on an interior surface
portion, on an exterior surface portion, or both of the

container.

Preferably, the second layer 1is a parylene
polymer. Parylene is the generic name for members of a
polymer series developed by Union Carbide Corporation.
The base member of the .series, called parylene N, is
poly-p—-xylylene, a llnear, crystalline material:

O
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surface 46 of sidewall 43 for maintaining stopper 48 in place and a well

52. Covering a substantial portion of the length of the tube is a barrier
coating 45. Barrier coating 45 covers substanti Zhi§heet een Beplacedy o
tube with the exception of open end 41 thereof. i t|ng
45 conprises a first layer 54 of an inorganic seCond

| ayer 56 of a polyner material. FIG 4 glffers fromthe enbodlnent In FIG
3in

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

cl

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:

. .ol
Ci

Most preferably, the polymer layer is a vinylidene
chloride-methyl methacrylate-methacrylate acrylic acid
polymer: This polymer is available as DARAN® 8600-C
(trademark of W.R. Grace and Co.) sold by GRACE, Organic
Chemicals Division, Lexington, Mass.

Plastic tubes coated with the barrier coating are
able to maintain ' substantially far better vacuum
retention and draw volume retention than previous tubes
comprised of polymer compositions and blends thereof
without a coating of barrier materials.

Printing may be placed on the barrier coating
applied to the container of interest. For example, a
product identification, bar code, brand name, company
logo, lot number, expiration date and other data and
information may all be included on the barrier ¢ _L&QJWW?T\”EFTi
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that the tube may be evacuated with the si mul t aneous placenent of stopper

48 therein after the application -6- of barrier coating 45 over thedl
t ube. Al ternatively, the barrier coating may be appl iTéi ace
before it has been evacuat ed. |‘ H

4
Moreover, a niatte finish or a coro.g-a dlscharged surface
may be developed on the barrier coéting so as to make
the surface appropriate for "writing additional
information on the 1label. Furthermore, a pressure
sensitive adhesive label may be placed over the barrier
coating so as to accommodaté. various hospital

over—labels, for example.

DESCRIPTION OF THE DRAWINGS

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

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

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

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

DETAILED DESCRIPTHBN

Referring to the drawings in which 1like reference
characters refer to 1like 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 stopper
14 which includes a lower annular portion or skirt
15 which extends into and press?é-""s”" against the inner
surface 12 of the sidewall for maintaining stopper
14 in place.

FIG. 3 shows the preferred embodiment of the

invention, a plastic tube coated with a REPI%%EMEN@OSHEET

layers of barrier -materials. The preferred |embodiment
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An al ternate enbodi nent of the invention also incl udes—a—barﬁﬂef—coaﬁ—ng

i ncorporating both the upper portion of the stopper, aﬁ“s}/ﬁeet sBere l@e petdl re
cont ai ner tube. Such an enbodi nent may be utilized, for

sealing the container with the stopper in place. Owce_ a
placed in the tube, the sanple cannot be _tanpered wt
~the stopper. Additionally, serrations couPd be i ncl uded at the tube

- stopper interfaesudesne RgAYAL | CBRPIRYNLE CGLSLRM €058  substantially
| -identical to the components of FIGS. 1 and 2.
Accordingly, similar components pecrforming 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 invention, collection tube assembly 20
comprises a plastic tube 10a, having a sidewall 1la
extending from an open end 1l6a to a closed end 18a.
A Dbarrier coating 25 extends over a substantial
portion of the 1length of the tube which is upon the
outer surface of the tube with the égéeption of open end
16a. Barrier coating 25 comprises a first laye}:
26 of an inorganic material and a second layer 27 of
2 polymer material. .

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 ‘dlosed end 44 and
stopper 48 includes an annular. upper portion 50
which extends over the top edge of tube 42. Stopper
48 includes a lower annular portion or skirt 49
which extends into and presses against the inside inner

 surface 46 of sidewall 43 for maintaining stopper
48 in place and a well 52.
Covering a substantial portlon of the length of

the tube is a barrier coating 45. Barrier coatlng
45 covers substantially most of the tube with the
exception of open end 41 thereof. Barrier coating

45 comprises a first layer 54 of an inorganic
material and a second layer S6 of a polymer material.
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 REREAGEMH@&&MM
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that it can be determned if the seal ed container has been tanpered wth.
It will be understood by practitioners-in-the-art that such tubes nmay al s0
contain reagents in the formof additives or coatings mghwnhmR]ﬁbdd of

the tube. The barrier coating forns a substantially cle bnt’
barrier. Therefore, the contents of a plastic tub;um&
barrier coating conprising at | east té(vo | ayers -

material s are

of barrier coating 45 over the tube. Alternatlvely,
the barrier coating may be applied to the tube before it
has been evacuated.

An alternate embodiment of the invention also
includes a barrier coating inéorporating both the upper
portion of the stopper, as well as the entire container -
tube. Such an embodiment may be utilized, for example,
for .sealing the container with the stopper in place.
Once a sample has been placed in the tube, the sample
cannot be tampered with by removal of the stopper.
Additionally, serrations could be included at the tube,
stopper interface. The serrations may be registered so
that it can be determined if the sealed container has
been tampered with.

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

The barrier coating forms a substantially clear or
translucent barrier. Therefore, the contents of a
plastic tube layered with a 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
barrier coating after it is applied to the plastic tube.

The inorganic materiai of the barrier coating may

be formed on a substrate as a first 1layer by radio
frequency discharge, direct or dual ion beam deposition,
sputtering or plasma chemical wvapor deposition, as
described in U.S. Patent Nos. 4,698,256, 4,809,876,
4,992,298 and 5,055,318, the disclosures of which are .
herein incorporated'by reference. '
The second layer of the barrier coating, a polymer
material, may be a parylene polymer appllied to the first
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 inc‘;” REENPYSEEET
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substantially visible to the observer at the sane tlrre+den{—|—f—w—ng——————

information may be di splayed over the barrier coating after I|

to the plastic tube. The inorganic material of the barrlgi“ ’
formed on a substrate as a first layer by radio frequency I ect
or dual ion beam deposition, sputtering or plasma chem cal

deposition, as described in U S A 4,698, 256, 4,809,876, 4,992,298 and
5, 055, 318. 7

reference. Alternatively, the second layer may be
vinylidene chloride-acrylonitrile-methyl methacrylate-
methyl acrylate-acid acrylic polymer, applied to the
first layer by dip-coating, roll-coating or spraying an
aqueous emulsion of the polymer, followed by air drying
of the «coating, as described 1in U.S. Patent Nos.
5,093,194 and 4,497,859, the disclosure of which are
herein incorporated by reference.

' The barrier coating of the present invention is-
preferably a first layer material comprising aluminum
oxide, and a second layer  of vinylidene
chloride—acrylonitrile-methyl methacrylate-methyl
acrylate-acrylic acid polymer applied to the first layer.

A plastic blood collection tube coated with the
barrier coating will not interfere with testing and _
analysis that is typically. performed on blood in a
" tube. Such tests include but are not limited to,
routine chemical analysis, biological inertness .
hematology, blood chemistry, blood typing, toxicology
analysis or therapeutic drug monitoring and other
clinical tests .involving body £luids. 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. -

A plastic blood collection tube coated with the
barrier coating is able to maintain 90% otiginal draw
volume over a period of one year. Draw volume retention
depends on the existence of a partial wvacuum, or reduced
pressure, inside the tube. The draw volume changes in
direct proportion to the change in  vacuum (reduced
pressure). Therefore, draw volume retention is

dependent on good vacuum retention. A astl K
. . . . P AL
coated with a barrier coating substantially iki;E\M a5
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7 The.second layer is a vinylidene chloride- acrylonltrl

net hacryl ate-nmet hyl acrylate-acid acrylic polynmer, which is_a Q%@@gmﬁm 't he
| ayer by di p-coating, roll-coating, or spraylngha h IS|on

of the polymer, followed by air-drying of the coating,

U S .A 5 093,194 and 4,997,859. The barrier coating of

I nvention is preferably a flrst | ayer matgeri al conpr|5|ng alun1nun1OX|de

first

and

a

second | ayer of vi nyl i dene

permeation through the tube material so as to maintain
and enhance the vacuum' retention and draw volume
retention of the tube.

If the barrier coating is also coated or applled
on the inner surface of the plastic blood collection
tube, the barrier coating may be hemorepellent and/or
have characteristics of a clot activator if the first
layer of the barrier coating is a diamond composition.

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

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

REPLACEME! ? SHEET
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chloride-acrylonitrile-nethyl met hacryl ate-net hyl acrylate-acrylic
acid polyner applied to the first layer. A plastic blood collection tube

coated with the barrier coating will not interfere with testing and
analysis that is typically performed on blood in a tube. Such tests
include but are not limted to, routine chem cal anal ysi s,
bi ol ogi cal I nertness, hematol ogy, blood chemstry, bl '
t oxi col ogy anal ysis or therapeutic drug nonitring and oﬂmm mm "ﬂ“'l,l " ,III
* c L M 1 *
WHAT IS CLAIMED:

1. A sample assembly comprising:

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

a 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 including an inorganic material and a second layer on said first layer including a

polymer.

2. The assembly of Claim 1 wherein said first layer is ‘deposited by radio-
frequency discharge, direct ion beam deposition, dual ion beam deposition, sputtering or
plasma chemical vapor deposition.

3. The assembly of Claim 1 wherein said first layer is aluminum oxide, silicon
oxide.or a diamond based composition and said second layer is thermosetting epoxy,
parylene polymer, vinylidene chloride-acrylonitrile-methyl methacrylate-methyl acrylate-
acrylic acid polymer, or polyesters.

4. The assembly of Claim 3 wherein said first layer comprises aluminum exide
and said second layer comprises vinylidene chloride-acrylonitrile-methyl methacrylate-
methyl acrylate-acrylic acid polymer, or polyesters.

5. The assembly of Claim 3 wherein said ﬁrst_ layer comprises silicon oxide and
said second layer comprises vinylidene chloride-acrylonitrile-methyl methacrylate-methyl
acrylate-acrylic acid polymer, or polyesters. P

6. The assembly of Claim 3 wherein said second layer is a parylene polymer.

. 7. The assembly of Claim 6 wherein said parylene polymer is parylene N,
parylene C or parylene D. '

U ) Th i
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clinical tests involving body fluids. Furthernore,- a plastic blood
collection tube coated with the barrier coating is eﬂMﬁ" _ g
subjected to automated nachinery such as centrifug Mﬂﬂmlmﬂgsed
to certain levels of radiation in the sterilization procédsstwi tth s *
substantially no change in optical or nmechapjcal and functional properties.

A pl ?s_t i Cgb | oo, CQFHeﬁé‘sTgéxﬁBIf yPe1fine] echtid (BmpPRid24 akiercAkih GvbSthdlhgert ©
mai ntain 9Qw-QL L8LNg cofifaitier, said coating having a first layer including an inorganic material -
' and a second layer on said first layer including a polymer.

9. A sample assembly comprising:

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

a barier coating associated over the outer surface of said tube, said coating having
a first layer including aluminum oxide, silicon oxide or a diamond-based composition and
a second layer on said first layer including thermosetting epoxy, parylene polymer,
vinylidene chloride-acrylonitrile-methyl methacrylate-methyl acrylate-acrylic acid
polymer, or polyesters.

P2468.clm
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vol une over a period of one year. Draw. volune retention depe

exi stence of a partial vacuum or reduced pressure, msﬂ(‘liest,gg tube
draw vol unme changes in direct proportion to the change | che
pressure). Therefore, draw volume jjetention S d
vacuumretention. . A plastic tube coated with a barrier

substantially prevents gas BARRIER COATING

ABSTRACT OF THE DISCLOSURE

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

REPLACEMENT SHEET
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perneation through the tube material so as to maintain and enhance the
vacuum retention and draw volume retention of the tube. If the barrier
coating is also coated or applied on the inner surface of the plastic bl ood
col l ection cube, the barrier coating may be henorepellent. It will be

runderstood that it nmakes no difference_whether the plj - I n
container is evacuated or 1 mﬁ\mm %E1
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not evacuated in accordance with this invention. The presence of a
barrier coating on the outer surface of the container has the effect of

mai ntai ning the general integrity of the container holding a sanple so that
it may be properly disposed of without any contam nation to the user.

- Notable is the clarity of the barrier coating as coated or applied on the
contai ner and its abrasion and scratch réesistance. The barr ] used
in accordance with this

FIG—3 FIG—4
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d:jsctostjre may contain conventional addi ti ves and ingredients which do not
adversely affect the properties of articles nmade therle -
Clainms: |. A sanpl e assenbly conpri si ng: fRIEPmCEMENT Q-IEET
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BARRIER COATING

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a sample assembly comprising
a plastic container and a barrier coating, which barrier
coating is prov:.dmg an effective barrier aga:.n.st gas and
water permeability for said containers, especially plastic
evacuated blood ccllec_.t:.on tubes.

2. Description of the Related Art

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

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

Blood collection tubes require certain performance
standards to be acceptable for use in medical
applications. Such performance sta.nda.:ds include the
ability to maintain greater than about 90% original draw
volume over a one year period, to be radiation
sterilizable and to be noninterfering in tests and
analysis. _ - '
Therefore, a need exists to improve the barzrier
properties of articles made of polymers and in
'na.:tz.cula.r: plastic evacuated blood collection tubes
wherein certain performance standards would be able to
be met and the article would be effective and usable in
medical appliéations.

REPLACEMENT $ TS SG
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a plastic container having an open end, a closed end, an |nner ‘surfkat:eqcanq},r

an outer surface; and a barrier coating conprising at |east thwo-batr++-ef
materials applied to the outer surface of said container, sal,d ico t| 8
having a first layer applied to the out2r surface of sai d cont al néf AU 19?3
conprising a plasna-deposited inorganic material of alumi numioXi_de_or

silicon oxide and JR-A<x08id62yPerwenp Absttact AN 9-1B4028)sdisdlesesr ; characteri zed

in that said second | ayer conprises a coating of vinylidene L
a plastic container, which is coated with the laminate film of an inorganic compound such

as aluminium oxide or SiO, deposited by vacuum vapour or by sputtering and a resin

containing ethylene-(meth) acrylic acid butyl (meth) acrylate.
S Y OF THE INVENTION

The present invention is a sample assembly comprising: a
plastic container having an open end, a closed end, an inner surface and an outer
surface; and
a barrier coating comprising at least two barrier materials applied to the outer of said
container, said coating having a first layer applied to the outer surface of said container
comprising a plasma-deposited inorganic material of aluminium oxide or silicbn oxidé and
a second layer applied to said first layer, characterized in that said second layer comprises
a coating of vinylidene chloride-acrylonitrile-methy! methacrylate-methylacrylate-acrylic
acid polymer. Desirably,. the barrier coating comprises a first layer of an inorgahic
material and a second layer of a polymer material.

The first layer of the barrier coating may preferably be an
aluminium oxide based composition, such as AlO, wherein x 1s from 0.3t0 0.%ora
silicon oxide based composition. Most preferably, the first layer is an aluminium oxide_
based coniposition.

The second layer may preferably be vinylidene chloride
-acrylonitrile-methyl methacrylate-methyl acrylate-acrylic acid copolymers.
The barrier coating may be formed either on an interior surface portion, on

an exterior surface portion, or both of the container.



chloride-acrylonitrile-methyl methacryl ate-nethyl acryl ate- rylic acid
polymer. 2. The assenbly of claim1 wherein said first |ayeREPEAGWUMTNGGRET |
oxide. 3. The assenbly of claim1 wherein said first |ayerq qonpr+ses
silicon oxide. 4. The assenbly of clai-Bs1 further conprisifng t?ﬁi@éri er
coating as defined in anyone of claims 1 to 3 over the inngr |su 3 Jp98
sai d contai ner.

Most preferably, the polymer layer is a vinylidene chlori

-acrylonitrile-methyl methacrylate-methy! acrylate-acrylic acid polymer.
This polymer is available as DARAN® 8600-C(trademark of W.R. Grace and Co.)

sold by GRACE, Organic Chemicals Division, Lexington, Mass.

Plastic tubes coated with the barrier coating are able to
maintain substantially far better vacuum retention and draw volume retention than
previous tubes comprised of polymer compositions and blends thereof without a coating

of barrier materials.

Printing may be placéd'on the barrier coating applied to the
container of interest. For' example, a product identification, bar code, brand name,
company logo, lot number, expiration date and other data and information may all be

included on the barrier coating.



5. A sanple assenbly conprising: a plastic tube having an open end, a

cl osed end, an inner surface and an outer surface; and a barrier coating
conprising at least two barrier materials applied to the outer surface of
sai d tube, said coating having a first” Tayer applied to said outer surface
of said tube, including alum num oxide or silicon oxide and a second |ayer
appl i ed t o MS£I2PYRT st 2| AYRECeh&riadisdy i 2edd readena sdigcaecand |saface

conprises WJiyltdeardlPhbdeorll ¥hoNbhlidi®sdethykiRBt Nsg as to make

che sucface appraopciace focz writing additional
infgrmation oo cthe label. Furthecmore, a Dpressurce

sensicive adhesive label may be placed ove: cthe barvier
coating so as to accommodate  various hospital

over-labels, for example. | REPLACEMET\W SH?ET
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DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a typical bloed
collection tube with a stopper. _ o

FIG. 2 is a longitudimal sectional view of the
‘tube of FIG. 1 -takem along line 2-2.

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

FIG. 4 is a longitudinal sectional view o
tube~shaped containec, similar to the tube of FIG. 1
with a stopper, comprising a barrier coating.

Iy
v

DETAILED DESCRIPTION

Referring to the drawings in which like reference
characters refer to 1like parts: th.'r:ough.cut'tb.e‘ 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 stopper
14 which includes a lower a.nnular.- portion or skirt
15 which extends into and presses against the inner
surface 12 of the sidewall for maintaining . stopper
14 in place. S _ :

FIG. 3 shows the preferced embodiment af the
invention, a plastic tube coated with at least two
layecs of barrier ‘materials. The preferred embodiment



v st b & NN S,
o g 8 s AT

acryl ate-methyl acrylate-acrylic acid pol yner. 1@;53,{“;]?{:1& agsénbl y of
Claim1l further conprising a barrier coating overjthe-tnmner- SUl’fafce of said

container, said coating having a first layer includin n} c
material and a second layer on said first™|ayer iRc ?f\‘ﬁ&*@@%’?ﬁ
sanpl e assenbly conpri sing:

v so—— o

includes many components which are substantially

idancical te the <components of FIGS. 1 and 2.
Accordingly, similar components pecfocming similaz
functions will be numbeced identically to those
components of FIGS. 1 and 2, except that a suffix "a"
will be used to identify those components in FIG. 3.

Referring now to FIG. 3, the preferred embodiment
of the invention, collection tube assembly 20 -
comprises a plastic tube 10a, having a sidewall 1lla
extending from an open end 1léa to a closed end 18a.
A barrier coating 25 extends over a substantial
portion of the length of the tube which is upon the
ocuter surface of the tube with the exception of open end
16a. Barrier coating 25 comprises a  first layer
26 of an inorganic material and a second layer 27 of
a polymer material.

FIG. 4 illustrates an alternate embodlment of the
invention, = wherein collection  tube assembly 40
comprises -stopper 48 in place for . closing open énd
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 skirct 49
which extends into and presses against the inside inner
surface 46 of sidewall 43 for maintaining stoppet
48 in place and a well S2. ' | |

Covering a substantial portion of the length of
the tube is a barrier coating 4S. Barrier coating

. 45 covers substantially most of the: tube with the
exception of open end 41 thereof. Barrier coating
45 comprises a first layer S4 of an inorganic
material and a second layer S6 of a polymer material.

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



a plastic tube having an open end, a closed end, an inner surface and an
outer surface; and a barrier coating associated over the outer surface of
sai d tube, sai d coating having a first dayer including alum num oxi de,
silicon oxide or a dianond-based conp6sition and a second |ayer on said
first layer including thernosetting epoxy, parylene polyner, vinylidene
chloride-ageylwittieke-deabByhgneibhacsye at extiet hykbacr yl &l eeaorylivelgci d

pol ymer, Or“gogyesrtleerr_s cggﬁsggdm@v be applied to cthe tube before ic
nas been evacuared. _

An alternate embodiment of the invention also
includes a barrier coating incorporating both the upper
portion of the stopper., as well as the entire container
tube. Such an embodiment may be utilized, for example,
for sealing the container with the stopper in place.
Once a sample has been placed in the ‘tube, the sample
cannot be tampered with by removal of the stopper.
Additionally, serrations could be included at the tube,
stopper interface. The serrations may be registered-so
that it can be determined if the sealed container has
been tampered with.

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

The barrier coating forms a substantially clear or
translucent barrier. Therefore, the contents of a
‘plastic tube layered with a barrier coating comprising
at least two layers of Dbarrier materials are
substantially visible to the observer at the same time
identifying information may be displayed over the
 barrier coating after it is applied to the plastic tube.

The inorganic material of the barrier coating may be formed on
a substrate as a first layer by radio frequency discharge, dlrect or dual ion beam
deposition, sputtering or plasma. chemical vapor deposition, as described in U.S-A-

4,698,256, 4,809,876, 4,992,298 and 5,055,318

——
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The second 1&'yéf is a vinylidene chloride-acrylonitrile-methyl e
methacrylate-methyl acrylate-acid acrylic polymer, which is applied to the first layer by
dip-coaﬁng, roll-coating, or spraying an aqueous emuision of the polymer,

followed by air-drying of the coating, as described in U.S-A- 5,093,194 and 4,997,859.

The barrier coating of the present invention is
preferably a £irst layer material comprising aluminum
oxide, and a second layer  of vinylidene
chloride—acrylonitrile-methyl methacrcylate-methyl
acrylate-acrylic acid polymer applied to the first layer.

A plastic blood collection tube coated with the
barrier coating will not interfere with testing and
analysis that is typically performed on blood in a
tube. Such tests include but ‘are <wot limited to.
routine:. chemical analysis, biolog‘igal 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 1is capable of being subjected to automated
machinery such as centrifuges and may be  exposed to
certain levels of radiation in the sterilization process
with substantially no change in optical or mechanical
and functional properties.

A plastic blood collection tube coated with the
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 partial vacuum, or reduced
pressure, inside the tube. The draw volume changes in
direct proportion to the ch.anée ~ in wvacuum (re&uced
- pressure). = Therefore, draw volume  retention is
dependent on good vacuum retention. . A plastic tube
coated with a barrier coating substantially prevents gas




-8-

permeation through the ctube material so as to maincain
and enhance thé vacuum cectencion and dcaw volume
recention of the tube.

If the barcrier coating is also coatad or applied
on the inner surface of the plastic blood collection
tube. the barrier coating may be hemorepellent.

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

The barrier coating used in accordance with this
disclosure, may contain conventional additives and
ingredients which do not a.dversely affect the aronert:.es
of articles made therefrom.

RER, mc.'”‘ “NT SHEET
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Claims: |
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A sample assembly comprising:

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

a barrier coating comprising at least two barrier materials
applied to the outer surface of said container, said
coating having a first layer applied to the outer surface
of said container comprising a_plasma-deposited inorganic
material of aluminum oxide or silicon oxide and a second
layer applied to said first layer, characterized in that
said second layer comprises a coating of vinylidene
chlor;de-acryionzt:zla—methylmethacrylate-methylacrylate-

acrylic acid polymer.

' The assembly of claim 1 wherein said. first layer is

aluminum oxide.

The assembly of claim 1 wherein said f£irst layer comprises

silicon oxide.

The assembly of claim 1 further comprising the barrier
coating as defined in anyone of claims 1 to 3 over the
inner surface of said container.

A sample assembly comprisings |
a plastic tube having an open end, a2 closed end, an inner

'surface and an outer surface; and a°‘ barrier coating

comprising at least two barrier materials applied to the
outer surface of said tube, said coating having a first
layer applied to said outer surface of said tube, including
aluminum oxide or silicon oxide and a second layer applied
to said first layer characterized in that said second layer

comprises vinylidene chloride-acrylonitrile-methyl meth-

acrylate-methyl acrylate-acrylic acid polymer.
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BARRIER COATING

ABSTRACT OF THE DISCLOSURE

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

of containers, especially plastic evacuated blood
collection devices.

FIGURE 4.




