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BACKGROUND OF THE INVENTION

1. Field of the Invention

This mvention relates to a non-ideal barrier coating sequence
composition for providing an effective barrier agéinst gas and water
permeability for containers, especially plastic blood collection tubes.
In particular, the barrier coating composition of the present invention
comprises the combination of thin films of inorganic oxides and organic
polymers, such as highly crosslinked organic thermoset plastics. The
composition of the present invention has improved barrier to oxygen
and water vapor transport than would have been predicted from the
barrier characteristics of either the individual oxide and organic
polymer films.

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 use in medical applications. Such performance
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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.

Glass-like or metal oxide films synthesized from chemical
vapor deposition techniques have been used as thin barrier coatings on
polypropylene films. However, glass-like thin films that are
synthesized are substantially granular in morphology instead of
substantially continuously glass-like and therefore do not have the
oxygen and water vapor barrier characteristics of a truly continuous
glass-material.

It has been shown that to overcome the drawbacks of the
morphology of glass-like thin films is to "stack" layers of glass-like
films with a continuous organic polymer film mterposed between each
layer. Such laminar multilayer coatings improve the oxygen barrier
performance of polypropylene films, however such layering does not
produce a glass-like barrier and the layering merely performs as a
laminate of metal oxides and acrylate polymer coatings.

It is therefore desirable to produce a composite that may be
used to achieve gas and water barrier performance similar to glass.

SUMMARY OF THE INVENTION

The present invention is a plastic composite container
comprising a non-ideal barrier coating sequence composition. The
non-ideal barrier coating sequence composition desirably comprises
organic and inorganic materials disposed over the outer and/or inner
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Such nedi cal products that would derive a considerable benefit from
inproving their barrier properties include, but are not limted to,
col I'ection tubes and particularly those used for blood collection

Bl ood col | ection tubes require certain perfornm apdan s deeNp '
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2 standards include the ability to ntain gLe £="90%

original draw volune over a one year period, to be radiation P-3460

surface of the previously formed composite container whereby the
barrier performance of the barrier coating composition as a whole is
greater than the lamination of each individual material in the whole
composition.

Preferably, the non-ideal barrier coating sequence composition
comprises a sequence of materials comprising organic and inorganic
materials applied to the outer surface of the previously formed
composite container.

Most preferably, the sequence of the materials may be
expressed as follows:

Sequence = 2. (organic material + inorganic material)
n
where n=1-20

Desirably, an organic material is preferably a highly cross
linked acrylate or acrylic polymer.

Preferably, the organic material is a blend of monoacrylate (i.e.,
isobornyl acrylate) and diacrylate monomers (L.e., an epoxy diacrylate
or a urethane diacrylate) as described in U.S. Patent Nos. 4,490,774,
4,696,719, 4,647,818, 4,842.893, 4954371 and 5,032,461, the
disclosures of which are herein incorporated by reference. The organic

material is cured by an electron beam or by a source of ultraviolet
radiation.

Most preferably, the organic material 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 range of 1x10-0 to 1x10-1 Torr at
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sterilizable and to be non-interfering in tests and anal ysis. _
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nmor phol ogy i nst &lﬁ?@é ' I nu Y, Qﬁ@ | i -herefore
do not have the%@%gn a ‘ag{réfé‘{\/‘%&ﬁggﬁgé;r%&hc%‘?f ac g’léﬁ@%@%éaalst uly
continuous gl asiaggflate. al . It has been shown that to overcone the
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barrier inorgamic material. Preferably, the thickness of the acrylate material is
about 0.1 microns to about 10 microns and most preferably from about

0.5 microns to about 3 microns.

Desirably, the inorganic material is a metal oxide, such as a
silicon oxide based composition, such as SiOy wherein x is from about
1.0 to about 2.5; or an aluminium oxide based composition. Most
preferably, the organic material is a highly cross linked acrylate

polymer. '

The silicon oxide based composition is substantially dense and
vapor-impervious and is desirably derived from volatile organosilicon
compounds and acrylate. Preferably, the thickness of the silicon oxide
based material is about 100 to about 2,000 Angstroms (A) and most
preferably from about 500 to about 1,000 A. A material above 5,000
A may crack and therefore be ineffective as a barrier.

An optional organic material may be disposed over the non-
ideal barrier coating sequence composition and preferably comprises
-vinylidene chloride - methyl methacrylate - methacrylate acrylic acid
polymer (PVDC), thermosetting epoxy materials, parylene polymers or
polyesters.

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

The process for applying the organic material of the sequence
is preferably carried out in a vacuum chamber wherein a curable
monomer component is metered to a heated vaporizer system where
the material is atomized, vaporized and condensed on the surface of the
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container, it is cured by suitable means such as electron beam curing.
The deposition and curing steps may be repeated until the desired
thickness of materials has been achieved.

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

The organosilicon compound is preferably combined with
oxygen and optionally helium or another inert gas such as argon or
nitrogen and at least a portion of the plasma is preferably magnetically
confined adjacent to the surface of the organic material during the
depositing, most preferably by an unbalanced magnetron.

Although the pretreatment step is optional, it is believed that
the oxygen plasma pretreatment step provides for improved adherence
qualities between the organic material and the organic material.

The PVDC material is bptionally applied over the non-ideal
barrier coating sequence composition by dipping or spraying and then
followed by air drying at about 50° C.

Most preferably, the method for depositing non-ideal a barrier
coating sequence composition on a substrate, such as a plastic
collection tube comprises the following steps:

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

(b) flash vaporizing the component into the chamber;,
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inorganic materials applied to the outer surface of the preV|ousI 3226ned
conposite contai ner. Most preferably, the sequence of th
materials may be expressed as foll ows: Sequence = [err] (organic

material + inorgani c néd)ercatdensing an organichmaterial of a vaporized component
onto the outer surface of the container;

(d) curing the organic material;

(¢) vaporizing an organosilicon component and admixing the
volatilized organosilicon component with an oxidizer
component and optionally an inert gas component fo form
a gas steam exterior to the chamber;

(f) controllably flowing the gas stream into the chamber;

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

(h) depositing a silicon oxide material adjacent the organic
material;

(1) repeating steps (a) through (d) aboveé, thereby depositing
an acrylate material adjacent the silicon oxide material;
and

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

Optionally, the method further includes:
(k) dip coating PVDC on the non-ideal barrier coating
composition sequence.

Optionally, steps (i) through (j) may be repeated from about 1

to about 20 times before dip coating PVDC on the silicon oxide
material.

Optionally, the container and/or the organic material may be
flame-treated or plasma oxygen treated or corona discharge treated
prior to applying the inorganic material.

Plastic tubes coated with the non-ideal barrier coating sequence
composition are able to maintain substantially far better vacuum
retention, draw volume and mechanical integrity retention than
previous tubes comprised of polymer compositions and blends thereof
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coating sequence composition of the present invention and its

durability to substantially withstand resistance to impact and abrasion.

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

In addition to blood collection devices, the non-ideal barrier
coating sequence composition of the present invention may be used
with polymer films wherein both sides of the film include the non-ideal
composition of the present invention. Such films may be about 0.002"
or less in thickness.

Printing may be placed on the non-ideal barrier coating
sequence composition of the present invention. 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 non-ideal composition. Moreover, a matte finish or a corona
discharged surface may be developed on the non-ideal composition so
as to make the surface appropriate for writing additional information on
the label. Furthermore, a pressure sensitive adhesive label may be
placed over the non-ideal composition so as to accommodate various
hospital over-labels, for example.

Preferably, the non-ideal composition of the present invention

provides a transparent or colorless appearance and may have printed
matter applied thereon.
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standard tenperature and pressure. Mst preferably, the material is a
di acryl ate. The organic material provides formfor
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preferably fromabout 0.5 microns to abaout 3 mecr
the inorganic nmaterial is a netal oxide, such as a

An advantage is that the non-ideal composition of the present
invention provides a reduction in the gas permeability of three-
dimensional objects that has not been achieved with conventional or
ideal compositions typically used with thin films.

The non-ideal composition of the present invention provides a
reduction in permeation greater than is expected by standard
permeation theory. Permeation thermodynamics demonstrates that the
non-ideal composition of the present invention exhibits a more nearly
“glass-like" property than a single-layer ideal SiOy composition.
Therefore, the non-ideal composition of the present invention provides
an unpredicted barrier system.

It has been found that a highly crosslinked layer of acrylate
improves the adhesion between a plastic surface and SiOy and overall
improves the thermomechanical stability of the non-ideal barrier
coating sequence composition. In addition, the acrylate material covers
the particles and imperfections on the surface of a polymer and reduces
the defect demsity in the non-ideal barrier coating sequence
composition. The good bonding properties of the acrylate are also due
to the fact that acrylate is polar and the polarity provides means for
good bond formation between the SiOy and the acrylate. In addition,
it enhances the bond formation between plastic tubes made of
polypropylene and SiOy. Thus, the present invention provides the
means of substantially improving the barrier properties of
polypropylene tubes.

A plastic blood collection tube coated with the non-ideal
barrier coating sequence composition 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
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It has also been found that the non-ideal barrier coating
sequence composition of the present invention does not exhibit true
laminate properties in accordance with the laminate equation.

As illustrated in FIG. 1. when two or more different barrier
films are stacked, the permeation of small molecules through the
multilayer laminate is generally described by the laminate equation:

(1) =1y} + 1171y

where ITj, is the permeation rate through component layer 1, [Ip, is the
permeation rate through component layer 2 and ITj2, is the permeation
rate through the laminate of components 1 and 2. When the permeance
of the individual components is known, the permeance of the total layer
laminate of those components can be calculated and predicted.

However, the transport rate of permeants through the non-ideal
barrier coating sequence composition of the present invention is lower
than the permeation rate predicted by the laminate equation.
Therefore, the non-ideal barrier coating sequence composition of the

present mnvention is a non-ideal composite with unpredicted transport
rate of permeants.

The performance of the non-ideal barrier coating sequence
composition of the present invention is different from predicted
laminates because permeation of gases through the non-ideal barrier
coating sequence composition of the present invention requires the
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about 15 microns and nost preferably from about 3 to about 5 microns.

The process for applying the organic material of the sequence is preferably
carried out in a vacuum chanber wherein a curable "
netered to a heated vaporizer system where the matgr *ﬁfﬁ
5 container. Follow ng deposit of th& nononer onto

vapori zed and condensed on the surface 0 t he
container, it is cured by suitable nmeans such as el ectron beanlcuﬂLBQGO

expenditure of more thermal energy than would be predicted from the
laminate equation.

The laminate equation is therefore modified for the non-ideal
barrier coating sequence composition of the present invention as
follows:

Mo < (o1 + 135711

where T, is the permeation rate through the organic material of the
sequence, I1j is the permeation rate through the inorganic material of
the sequence and Iy is the permeation rate through the laminate of the
organic and inorganic materials. The transport rate of permeants is
therefore less than expected from ideal additivity.

It can therefore be concluded that the transport rate of
permeants of the non-ideal barrier coating sequence composition or
non-ideal composite composition of the present invention is not an
additive effect. Therefore, non-ideal composite composites must be
discovered for maximum permeance efficiency or performance and not
predicted.  Furthermore, the permeance properties of a non-ideal
composite composition are not inherent.

When the transmission rate of a permeant, such as oxygen or
water, through a barrier structure is obtained at several different
temperatures, the thermodynamic energy necessary to transport the

permeant completely through the barrier structure is obtained by the
Arrhenius equation:

InQ = InQq - AG/RT
where AG is the energy necessary to move one mole of permeant

molecules through the barrier structure in cal/mole, R is the gas
constant in cal/mole - degree, T is temperature in degrees Kelvin, Q is
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The deposition and curing steps nmay be repeated until the desired
t hi ckness of materials has been achi eved.

a silicon oxide based material is as follows: (a)
material on the container with a first plasma natiﬁ
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a plasma; and (c) depositing a silicon oXide onto the organi ¢ mo
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t he organi c nmat evarans the reciprocal of each temperature is plotted. The slope of the
resultant linear plot is the quantity -AG/R, from which AG is obtained.

It has also been found that the non-ideal barrier coating
sequence composition of the present invention results in the
expenditure of more thermal energy (AG) than that of any of the
components of the composition or AGT> AGA, AGR, where T is the
non-ideal barrier coating sequence composition and A and B are the
organic and inorganic components of the non-ideal barrier coating
sequence composition. In contrast, a laminate or ideal composite
composition will havea AGT = AGA or AGR, whichever component
(A or B) has the lowest permeance.

DESCRIPTION OF THE DRAWINGS

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

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

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

FIG. 4 is a longitudinal sectional view of a tube-shaped
container, similar to the tube of FIG. 1 with a stopper, comprising the
barrier coating composition. -
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The PVDC material is optionally applied over the non-ideal barrier coating
sequence conposition by dipping or spraying and then followed by air drying
at about 50[err]C. Most preferably, the ng e

non-ideal a barrier coating sequence conposition th as a
plastic collection tube conprises the folLlow ng ¢t

selecting a curable conponent conprising: 1) ==

pol yfunctional acrylates, or ii) mixtures of nonoacrylates P-3460and
pol yfunctional acryl ates; (b) flash vaporizing the conponent into
the chamber; FIG. 5 is a longitudinal sectional view of a further embodiment

of the invention illustrating the tube with a stopper similar to FIG. ]
and with the barrier coating composmon 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 the plot of the natural log of the transmission rates
versus the reciprocal of the temperature for the measurements of
Examples 1, 3 and 4 and Table 1.-

FIG. 9 illustrates the draw volume loss for PET/[Ac/Siox]y
Tubes at 40°C, 1 atm in accordance with the data reported in Table 4.

DETAILED DESCRIPTION

The present invention may be embodied in other specific forms
and is not limited to any specific embodiments 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.

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
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.
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6 ) (c) condensing an organic material of a vaporized conponent

onto the outer surface of the container; (d) curing the organic
material ;- (e) vaporizing an organosilico ent_and admi xi ng
t he vol atilized organosilicon conpo Wﬁlg"éh@e?ﬁ,@ r Br
conponent and optionally an inert gas c onent tjp formgg LAC.EL' == l a gas
steam exterior to the chanber; ?5;) contr gas
streaminto the chanber; (g) establishing a gl ow di schar geP-p4esma
in the chanber from the gas stream (h) depositing a

silicon oxide material adjacent the organic material ;
(i) repeating steps (a) through (d) above, thereby depositing _
an acrylate material ddiGceachematically diusteatesithatdhers ate three mechanisms and

for a change in vacuum in a blood collection tube: (A) gas permeation
through the stopper material; (B) gas permeation through the tube and
(C) leak at the stopper tube interface. Therefore, when there is
substantially no gas permeation and no leak, there is good vacuum
retention and good draw volume retention.

FIG. 3 shows the preferred embodiment of the invention, a
plastic tube coated with a non-ideal barrier coating sequence
composition. The preferred embodiment includes many components
which are substantially identical to the components of FIGS. 1 and 2.
Accordingly, similar components performing similar functions will be
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 11a extending from an opened end 16a to a closed
end 18a. A non-ideal barrier coating composition 25 extends over a
substantial portion of the outer surface of the tube with the exception of
open end 16a. Non-ideal barrier coating sequence composition 25
comprises a sequence of organic and inorganic materials and PVDC.

The sequence composition preferably comprises multiple
materials expressed as follows:

Sequence = 2, (organic material + inorganic material)
n

where n=1-20.

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
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(j) repeating steps (e) through (h) above; thereby depositing a

silicon oxide material on said acrylate material. Optionally, the
met hod further includes: (k) dip coating he_non-ideal
barrier coating conposi tion sequenferHiS SHEET HAS%@%I\? al ly,
steps (i) through (j) may be repeated Légm abouf 1 tREMQER S before
dip coating PVDC on the silicon oxide erial. Sptt+oenal-byl the

a4

contai ner and/or the organic material may be flame-treated or plaspe4pgygen
treated or corona discharge treated prior to applying the inorganic

. ) : i - ) ' in
sequence corposi TN TS S A1 clarsi S 4ALBES SHRIRAT 9 fafluges ABravaL
retention, draw wppempoahon fcwhrdlcextends eyet thye tep edge af tuberdr Stopper
tubes conprised ofg RRINIER' a (VR ShhUIAP oI Vet 49'W18h extends into and
~ presses against the inside inmer surface 46 of sidewall 43 for
maintaining stopper 48 in place. Also, the stopper has a septum
portion 52 for receiving a cannula therethrough. -

Thus, the user, once receiving a container such as that shown in
FIG. 4 with a sample contained therein, may insert a cannula through
septum S2 for receiving part or all of the contents in tube 42 to perform
various tests on a sample. Covering a substantial portion of the length
of the tube is the non-ideal barrier coating sequence composition 25.
Non-ideal barrier coating sequence composition 25 covers substantially
most of the tube with the exception of open end 41 thereof. 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 non-ideal barrier coating sequence composition 25
over the tube. Altemnatively, non-ideal barrier coating sequence
composition 25 may be applied to the tube after it has been evacuated.

FIG. 5 shows an additional embodiment of the non-ideal barrier
coating sequence composition 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.

Referring now to FIG. 5, a further embodiment 60 of the
invention wherein the non-ideal barrier coating sequence composition
25a incorporates both upper portion 50a of stopper 48a, as well as the
entire outer surface of tube 42a. Non-ideal barrier coating sequence
composition 25a includes serrations 62 at the tube, stopper interface.
The serrations are registered so that it can be determined if the sealed
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7 wi t hout an ideal barrier coating or of tubes conprising only an oxide
material. In addition, the tube's resistance to inpact is much better than
that of glass. Most notably is the clarity of th ToR=i=e

coating sequence conposition of the present invetT’tﬂﬁ SHEGETH

to substantially w thstand resistance tﬂSE mgrclt i | N I/ect  on

preferably, the container of the presen :
devi ce. The bl ood coll ection device can be either an

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

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 non-ideal barrier coating sequence composition forms a
substantially clear or translucent material. Therefore, the contents of a
plastic tube with the non-ideal barrier coating sequence composition is
substantially visible to the observer at the same time identifying
information may be displayed over the non-ideal barrier coating
sequence composition after it is applied to the plastic tube.

The organic material is an acrylate material and may be formed
by dip-coating, roll-coating or spraying acrylate monomer or the blend
of monomers, followed by UV curing process.

The acrylate material may also be applied 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
monomer.
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evacuated bl ood col | ection tube or a non-evacuated bl ood col | ection tube.
The bl ood collection tube is desirably made of pol yethylene terephthal ate
(PET), pol ypropyl ene (PP), polyethyl ene napt hal a £PEN-—-pol-ycar bonat e
(PC) or copol yners thereof. | n addi ti on||tTHiblspEdTeMd BN E t
resen
Ilm

devices, the non-ideal barrier coating sequence GONPOSREPIACEDS the
invention may be used with polynmer fil me Sher ei n i

i ncl ude the non-ideal conposition of the present invention. Such fR-B460 may
be about 0.002" or less in thickness. Printing may be placed on the
non-i deal barri er coat u

For exanpl e, pr ductAI&g%ﬁf&f %(E%ﬁ\gagmg ‘R’Ltgdgﬂlflgé aﬁﬂg gﬁgl%%bﬁp(i%}q 0go,

| ot nunber, expl Igﬁ)’ obsurlbe hawve sither one.a twied anfthrﬁmwcﬁyﬂaﬁ@ygmwsb@er

| ncl uded on the Afleduledl VaaoReRikhREs oFRAGRY.Cdi a@d'ﬁﬁta{%fa!téﬂ aft Afefd] G ONa

di scharged surfage na vel o e no ositro
nmake thg surfaceﬁ’zfpﬁ?%ﬁ?‘?tat@v?@ﬁ‘g%l tM@S ta e %

URT GRABRILIHI% e.sméd
| abel . Further nodmcr@atesessure sensitive adhesive | abel may be

Acrylates form one of the most reactive classes of chemicals.
They cure rapidly when exposed to UV or electron beam radiation to
form a cross-linked structure.  Therefore acrylates impart high
temperature, stability and abrasion resistant properties to compositions.

The monomer materials utilized are relatively low in molecular
weight, between 150 and 1,000 and preferably in the range of 200 to
300 and have vapor pressures between about 1x10-0Torr and 1x10-1
Torr at standard temperature and pressure (i.e., relatively low boiling
materials). A vapor pressure of about 1x10-2 Torr is preferred.
Polyfunctional acrylates are especially preferred. The monomers
employed have at least two double bonds (i.c., a plurality of olefinic
groups). The high-vapor-pressure monomers used in the present
invention can be vaporized at low temperatures and thus are not
degraded (cracked) by the heating process. The absence of unreactive
degradation products means that films formed from these low
molecular weight, high-vapor-pressure monomers have reduced volatile
levels of components. As a result, substantially all of the deposited
monomer is reactive and will cure to form an integral film when
exposed to a source of radiation. These properties make it possible to
provide substantially continuous coating despite the fact that the film is
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
acrylates are particularly useful monomeric materials. The general
formula for such polyfunctional acrylates is:
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pl aced over the non-ideal conposition so as to acconmopdate vari ous hospi tal
over-| abels, for exanple. Preferably, the nan-i dqi conposi tion of
the present invention provides a transparent or coljos [ Pearance..and
may have printed matter applied thereon.
An advantage is that the non-i7deal conpEsi=tion =t
I nvention provides a reduction in the ga?s pernmeability of t

0
|
R1-0-C-Cc=CHy

I
R2

wherein:

R! is an aliphatic, alicyclic or mixed aliphatic-alicyclic radical;
and

R2isa hydrogen, methyl, ethyl, propyl, butyl or pentyl.

Such polyfunctional acrylates may also be used in combination
with various monacrylates, such as those having the formula:
¥1
|
CH3(CH2)rCI-(CH2)sX3

CH,0C-C=CH)

I |
O R2

wherein:

R2, is as defined above;

XlisH, epoxy, 1,6-hexanediol, tripropyleneglycol or urethane;
I, s are 1-18; and
X3 is CN or COOR3.

This Sheet Has Been Replaced




di mensi onal objects that has not been achieved h conventional or ideal

conpositions typically used with thin fil ns. Y
conposition of the present invention provides a TPesgeati on
greater than is expected by standard perneati ot R BN

t her nodynam cs denonstrates that the g%lldeal conpos o of thg present
I nvention exhibits a nore nearly "glas | ke" property than a gl e-l ayer
ideal SiJerr] conmposition. Therefore, the non-ideal conpositionpag4éde

present invention provides an unpredicted barrier system It has
been found that a hi ghby. Eﬁ%ﬁ ove th

adhesi on between a pl asta}&c&%ﬁ%ggg{%g@ {)?gar@%%gaﬁ?ulgﬁ%ﬂ%e e(cﬁe

t her nonechani cal stability of the non-ideal rr| er coating sequence

conposition. In addition, the acrylate rrat er covers the particles and

i nperfections on the f m é C t he defect density in
the non-ideal barri ersdg%faj’iﬁ%%g F‘{Eﬂ'g (ej'lﬂa good bondi ng
properties of the acrylate are plso due to the fact that acrylate is polar
and the polarity provides ”eansdI-?fOC-CH=CH2

I
0

wherein:
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

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

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

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

The inorganic material is an oxide material and may be formed
by radio frequency discharge, direct or dual ion beam deposition,
sputtering or plasma chemical vapor deposition, as described in U.S.
Patent Nos. 4,698,256, 4,809,876, 4,992 ,298 and 5,055,318, the
disclosures of which are herein incorporated by reference.
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good bond formation between the Si(Jerr] and th:aﬁfil._al.e.“__LD__.aﬂg_'_tlon, It
enhances the bond formation between plastic tubgs Trege et BREYD opy| ene and
Sigerr]. Thus, the present invention provides the HEQIEMQEE 5&Napt i al | y

i nproving the barrier properties of polypropyle es : !

bl ood collection tube coated with the ngn-ideal barrier coating sequence
conposi tion of the present invention wl1” not interfere with testing and
analysis that is typically performed on blood in a tube. Such test#s346f| ude
but are not limted to, routine chem cal analysis, biological inertness,

henmat ol ogy, bl ood chengstr o] L 0§, ' aqy . anal:usi e
therapeu'?iyc drug rmn(%lg(?ﬁt r%ma (:Je’ojtgh@réﬂ(ll: | rﬁ%gﬁﬁ%g@g ?ﬁv@%@?ng}a@%{w 1 ui ds.
Furthermore, a pPeM Myo&atablishing a glow discharge plasma in a previously

evacuated chamber. The plasma is derived from one or more gas
stream components, and preferably is derived from 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. An oxide based film is deposited to a desired thickness. The
thickness of the oxide material is about 100 Angstroms (A) to about
10,000 A. A thickness of less than about 500 A may not provide
sufficient barrier and a thickness of greater than about 5,000 A may
crack, thus decreasing the effective barrier. Most preferably, the
thickness of the oxide material is about 1,000 A to about 3,000 A.

IR A 8 e

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

Examples of suitable organosilicon compounds useful for the
gas stream in the plasma deposition methods are liquid or gas at
about ambient temperature and when volatilized have a boiling point
about 0°C to about 150°C and include dimethysilane, trimethylsilane,
diethylsilane, propylsilane, phenylsilane, hexamethyldisilane, 1,1,2.2-
tetramethyldisilane, bis (trimethylsilane)methane, bis (dimethylsilyl)
methane, hexamethyldisiloxane, vinyl trimethoxy silane, vinyl
triethyoxysilane, ethylmethoxysilane, ethyltrimethoxysilane,
divinyltetramethyldisiloxane, hexamethyldsilazane divinyl-
hexamethyltrisiloxane, trivinylpentamethyltrisiloxazane,
tetracthoxysilane and tetramethoxysilane.
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‘ i ] - i ting sequence
9 collection tube coated with the non-ideal barrier coa
conposition is capabl e of being subjected to autonmated nachlpery such as

centrifuges and may be exposed to certain levels df Frond :

sterili zgt ion process with substantially no changg ﬂngEHAgrBfEEH hat
mechani cal and functional properties. 5 It 2 ’b@eo oungl tha
the non-ideal barrier coating sequence (Q,orrp05|t|pn of the preses .
i nvention does not exhibit true |am nate properties in accordance-gighp the

S

| am nat e equati on. As illustrated in FIG 1. fwhenI Itwo Ior nFrg
different barrier fil st ed er neation,.of sma nol e

through the multjlayer | am: atgfelks Bgetr{gr&gﬁl FHSQE??‘B&B“%y e I‘qln‘f;&’af‘e
equat i on: tetramethyleglglloxane, trimethylsilane, hexamethyldisiloxane,

vinyltrimethylsilane, methyltrimethoxysilane, vinyltrimethoxysilane
and hexamethyldisilazane. These preferred organosilicon compounds
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.

The wvolatilized organosilicon component 1s 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 1s
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
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
68°C respectively).
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(I't[err]) = ([err] + [err])[err] where [err], is the perneation rate
through conponent layer 1, [err], is the permeation rate through conponent
layer 2 and 1112, is the perneation rate through the | am nate of conponents
1 and 2. Wen the per meance of the individual co

per neance of the total |ayer |am nate of,,t hose cf ﬁEETears @QE,\Q | cul ated
and predi cted. However, the transport r; t hgjough t he
non-i deal barrier coating sequence conposition of the presenmt—rnudM34d60 is

| ower than the perneation rate predicted by the lanminate equation

Therefore, the non- Ide@hebéﬁlﬁstﬁitecgatélé&rﬁzﬁ ei‘s‘%ﬁa&:ﬂ dl cfslf't? n
e sport rate

d 0 Ite
b “pormeants.  Systém® (et 157, clERREeal Cqntactavith dbsIplgami cindsucat iy
sequence corrp03|tenweratureh@f lesssthah abm¢r80°®1duﬁnglth‘eed sllfugg)m"plﬁﬁdisﬁtedn
| am nat es becaus&eoﬁf&ﬁ&%&nnggd& eq‘ﬁte gﬁt%#%@the non-i deal barrier coating

sequence conposition e pr ese I’eCIUI res the

Referring to FIG. 7, the system for depositing a silicon oxide
material comprises an enclosed reaction chamber 170 in which a
plasma is formed and in which a substrate or tube 171, is placed for
depositing a thin film of material on a sample holder 172. The
substrate can be any vacuum compatible material, such as plastic.
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 process. Furthermore, the
reaction chamber may be modified so that one or more articles may
be coated with an oxide layer simultaneously within the chamber.

The pressure of the chamber is controlled by a mechanical
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
Sm Torr 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 trimethyl silane, into the chamber through monomer inlet
176.

The thin film is deposited on the outer surface of the tube and
has a desired uniform thickness or the deposition process may be
interrupted periodically to minimize heating of the substrate and/or
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diture of nore
REPLACEMENT SHEET 10 expen _
thermal energy than would be predicted fromthe |amnate equation.

' i i i fi -ideal_ __barrier
The lanminate equation is therefore nodified for he-non. | _ a9
coating sequence conposition of the present inv t@.@@sﬁgETQ%IE@@ [err]
22 *  REPLACED

P-3460

electrodes and/or physically remove particulate matter from the
articles.

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

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

The oxide materials or blends thereof used in accordance with
this disclosure, may contain conventional additives and ingredients
which do not adversely affect the properties of articles made
therefrom.

An optional additional material may be formed on the non-
ideal barrier coating sequence composition by dip-coating, roll-
coating or spraying an aqueous emulsion of the polyvinylidene
chloride or homo or co-polymers, followed by air drying.

The optional additional material may preferably be vinylidene
chloride-acrylonitrile-methyl methacrylate-methyl  acrylate-acrylic
acid copolymers, thermosetting epoxy coatings, parylene polymers,
or polyesters.

Preferably, the optional additional material is a parylene
polymer. Parylene is the generic name for members of the polymer
series developed by Union Carbide Corporation. The base member
of the series, called parylene N, is poly-p-exlylene, a linear,
crystalline material:
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where [err] is the perneation rate through the grgani c material of the

sequence, [err] is the perneation rate through Weﬁ&ﬁo?granl c material of

t he sequence and [err] is the perneation rate ”t:hekhtﬁq:nate of the

organic and inorganic materials. The transport Fpp«@égg%éiﬁg@ 'S

therefore | ess than expected fromi deal gdditivity - 1t caf

. therefore be concluded that the transpo? rate of perneants

non-ideal barrier coating sequence conposition or non-ideal conmpoF-8460

conposition of the present invention is not an_additive effect. Therefore,

non-i deal conposite conposites nust pe di scg J for maxi num perneance

efficiency or performance and not—pr etk erofe—the perneance

properties of a non-ideal conposite conp05|t are not inherent.

When the transm ssion rate of a perneant, such as oxygen or water, through

a barrier structure i sp t eral different te ratures, the

t her mrodynani ¢ ener Ql&g%aéx@’tgatﬁég om her pfgnr(ilé%nﬁ’ J)?ﬂﬂe?teéley‘ﬁ ihr ough

the barrier strulé e drormtthe setheoyonometrashparylene Nuand enodified by the
substitution of a chlorine atom for one other aromatic hydrogens:

Ci

CH
2 CH

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

C1

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

Sheet Has Been Replaced

T



InQ = InQerr] - [err] GRT where AGis the energy necessary to nove one
nol e of pernmeant nol ecul es through the barrier structure | in cal/mole, Ris

the gas constant in cal/mole - degree, T is tenped@iy 1 uc jees Kel vin,
Qi sg 11 t he pef Nig{ﬁ BE fnLS‘m §sl:dn iirate
the

and Jerr] is a constant unique to the itructure 1n.n _
transm ssion rate Q for oxygen transpor? t hrough the barrier strUCTure S
obtai ned at several tenperatures. Then P-3460

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

The optional additional material may be a parylene polymer.
The optional additional material may be processed similar to vacuum
metallizing, as described in U.S. Patent Nos. 3,342,754 and
3,300,332, the disclosures of which are herein incorporated by
reference. Alternatively, the optional additional material may be
vinylidene chloride-acrylonitrile-methyl methacrylate-methyl acrylate-
acid acrylic polymer. This material is applied 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.

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

A plastic blood collection tube coated with the non-ideal
barrier coating sequence composition 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 non-ideal barrier coating sequence composition 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.
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the natural | og
versus the reci
resultant |inea
It has al so bee
conposition of

t hermal energy

or [err]Jerr]>
coating sequenc
conponents of t

of the transm ssion rate obtained at each tenperature
procal of each tenperature is plotted. The slope of the

r plot is the quantity -AG R, fromu hhAG~|s oquLned

n found that the non-ideal barrier %i‘"{

the present invention re ts int f nor e
(AG than that of any of conperents—at—1] e_conpgsi tion
[err](Jerr], [err]G{err] vvhere T is the non-ideaP-3a80ri er
e corrposition and A and B are the organic and inorganic

Contrast, a | am nate of MBHC cngds EBAeLAl, AR TaRted TWRRC e fopifeal

[err]G{err] or
per neance.
per spective vie

[ barr]ey evating wqudmeewompommms alfle tor mBjnthins 90 %e origiweadt
draw _volum fF eD%X\ENGE) aw volltlme':hﬁ‘enﬂlohs a

w.of a | bJoo ectlontu
depends oh' the ex1stence of a particle vacuum, or reduced pressure,
inside the tube. The draw volume changes in direct proportion to the
change in vacuum (pressure). Therefore, draw volume retention is
dependent on good vacuum retention. A plastic tube coated with the
non-ideal barrier coating sequence composition substantially prevents
gas permeation through the tube material so as to maintain and enhance
the vacuum retention and draw volume retention of the tube. Plastic
tubes without the non-ideal barrier coating sequence composition
coating of the present invention may maintain about 90% draw volume
for about 2 years.

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 the non-ideal barrier
sequence coating composition 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 non-ideal

barrier coating sequence composition and its abrasion and scratch
resistance.

The non-ideal barrier coating sequence composition used in
accordance with this disclosure, may container conventional additives

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

The following examples are not limited to any specific
embodiment of the invention, but are only exemplary.
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FIG 2 is a longitudinal sectional view of the tube of FIG 1 taken along
line 2-2. FIG 3 is a longitudinal seetianal..vi-ewof a-tube-shaped

container simlar to the tube of FIG 1 w thoulrHs SHEPDPEAS SERQRET Si ng t he

barrier coating conposition. FIG 4 ||s a | BEQLAQQDnaI 4 ~f- i onal
view of a tube-shaped container, simlar, to t4E=%H S =M th a
st opper, conprising the barrier coating conp03|t|on

12 P-3460

EXAMPLE 1

METHOD FOR APPLYING ACRYLATE TO A SUBSTRATE

An acrylate coating was applied to tubes and films (substrates)
of various thickness in a chamber wherein Tripropylene Glycol
Diacrylate (TPGDA) was fed into the evaporator and was flash
vaporized at about 343°C onto the substrate in the chamber and
condensed. The condensed monomer film was then E-beam cured by
an electron beam gun.

EXAMPLE 2

METHOD FOR APPLYING SIOx TO A SUBSTRATE

The substrate from Example 1 above was then attached to a
holder which fits midway between the electrodes in a vacuum chamber.
The chamber was closed and a mechanical pump was used to achieve a
base pressure of about 50 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.

The monomer which consists of a mixture of trimethylsilane
(TMS) and oxygen was introduced through stainless steel tubing near
the electrodes. The gases were mixed in the monomer inlet line before
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FIG 5 is a longitudinal sectional view of a further enbodiment of the

invention illustrating the tube with a stopper simlar.to ELG 1 and with
the barrier coating conposition enconpassing both {heysueerand stoprder

t her eof . FIG 6 illustrates an enlarged artlam_gy,_ﬁ@g_t,lone E
diagramof a flash evaporator apparatus tSi-fat a

pl asma deposition system FI G g Is the pl ot of the natural | og of
the transmi ssion rates versus the reciprocal of the tenperature fPg4éthe
measurenents of Exanples 1, 3 and 4 and Table 1. FI G 9

illustrates the ss Jfor, PETL] Ac/ Sjoferr

40[err]C, 1 atm ﬂlﬁ%ggléﬁpﬁgﬁ@e&ﬁ ?}P.pr{lhgr d anw s @t? W&Eg H?"ﬁ*ahv oﬁle% 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 substrate were as follows:

Surface Pretreatment: TMS Flow = 0 sccm
Base Pressure =  50mTorr
Oxygen Flow = 10 sccm
System Pressure = 140 mTorr
Power = 50 watts
Time = 2 minutes
Oxide Deposition: TMS Flow = 0.75 - 1.0 sccm
Oxygen Flow = 2.5-3.0 sccm
System Pressure = 90 - 100 mTorr
Power = 30 watts
Deposition Time = 5 minutes

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

EXAMPLE 3

METHOD FOR APPLYING A NON-IDEAL BARRIER

COATING SEQUENCE COMPOSITION TO A SUBSTRATE

A non-ideal barrier coating sequence composition was applied
to a substrate by repeating Examples 1 and 2 above from 1 to 20 times.
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DETAI LED DESCRI PTI ON The present invention may be enbodied in
ot her specific forns and is not limted to any specific. _enbodi nents

described in detail which is nerely exenplary. Varioqg.m@%%gp A !E_ L s
0 T hgedh

will be apparent to and readily nade by those skille
departing fromthe scope and spirit of 2%6 i nvention. =5 _ |
invention will be measured by the appended clainms and their equivalents.
Referring to the drawings in which like reference characters referpiaggi ke
parts throughout the several views thereof, FIGS. 1 and 2 show a typical

bl ood col | ection tube 10, having a Sidiﬁﬁééﬁtidgéhendlng froman open end
16 to a closed end 18 and a stopper 14 ; des a | ower annul ar
portion or skirt 15 which extends into and presses agai nst the inner

surface 12 of the MEEHOD FOR BPPI A INCIACRRICATE T3 &'s’ﬁESTRATE

Tl

An acrylate coating was applied to 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.

EXAMPLE 5

: METHOD FOR APPLYING SIOx TO A SUBSTRATE

The substrate from Example 4 was then attached to a holder
which fits midway between the electrodes in a vacuum chamber. The
chamber was closed and a mechanical pump was used to achieve a
base pressure of about 50 mTorr.

The electrode configuration was internally capacitively coupled
with permanent magnets on the backside of the titanium electrodes.
The 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.

The monomer which consists of a mixture of trimethylsilane
(TMS) and oxygen was introduced through stainless steel tubing near
the electrodes. The gases were mixed in the monomer inlet line before
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13 ) FIG 2 schematically illustrates that there arethree
mechani snms for a change in vacuumin a bl ood coll ec = weffy)-gas
permeation through the stopper material; (B) gas pe nﬂd‘ﬁlwmwght,gh-e
tube and (C) leak at the stopper tube interface. Tleref oREPLAMED ther}a S
substantially no gas perneation and no lgak, there is

retention and good draw vol une retention. FIG 3 shows the
preferred enbodi ment of the invention, a plastic tube coated w tHhP-$460
non-i deal barrier coating seguence

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
TMS/O7 on the substrate were as follows:

Surface Pretreatment: TMS Flow = 0Osccm
Base Pressure = 50 mTorr
Oxygen Flow = 10 sccm
System Pressure = 140 mTorr
Power = 50 watts
Time = 2 minutes
Oxide Deposition: TMS Flow = 0.75 - 1.0 sccm
Oxygen Flow = 2.5-3.0 sccm
System Pressure = 90 - 100 mTorr
Power = 30 watts
Deposition Time = 5 minutes

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

EXAMPLE 6

METHOD FOR APPLYING A NON-IDEAL BARRIER
COATING SEQUENCE COMPOSITION TO A SUBSTRATE

A non-ideal barrier coating sequence composition was applied
to a substrate by repeating Examples 4 and 5 above from 1 to 20 times.
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conposition. The preferred enbodi nent includes many conponents. which are
substantially identical to the conponents of FIGS. 1 n‘i‘H%SHACICO,EQ'DQQ Y,
%e

simlar conponents performng simlar functions wll ﬁ’%@ ED ”
all

identicalty to those conponents of FIGS. 1 and 2, excd _
will be used to identify those conponen%a in FIG 3. ~Referring now
to FIG 3, the preferred enbodi nent of e invention, collection tube
assenbly 20 conprises a plastic tube 10a, having a sidewal | 1lla expepgiong
froman opened end 16a to a closed end 18a. A non-ideal barrier coating
conposition 25 extends over a substantbﬁgggabilg% of the outer surface of
the tube with the exception of open en deal barrier coating
sequence conposition 25 conprises a sequence of organic and inorganic

materi als and PVDC. BEHAVT

nmul tiple nmaterials expre a6 St
material + inorganic materi aI )COMPOSITE EOMPOSIT ON

Vanous dlfferent substrates were prepared in accordance with
Examples 1-6 above and then the following characteristics and
properties were evaluated and the results are reported in Tables 1, 2
and 3 and Figures 8 and 9.

(1) Laminate equation analysis:

When two or more different barrier films are stacked, the
permeation of small molecules through the multilayer laminate is
generally described by the laminate equatlon

(M) =+ !
or
M= [rip-l

n

where n is the number of layers of different materials deposited as in
Example 6 above, Iy, is the permeation rate through component layer
1, I3 is the permeation rate through component layer 2, and 117 is the
permeation rate through the laminate of components 1 and 2. The
transport rate of a permeant through a laminate barrier system is
therefore dependent upon the transport rate of that permeant through
each of the laminate's components. When the permeance of the
individual components is known, the permeance of the total layer
laminate of those components can be calculated and predicted.

The permeance of oxygen or water through such systems can
be obtained at defined temperature and driving pressure by use of a

MOCON OX-Tran 2000, MOCON T-1000 or MOCON Permatran
device.
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where n= 1-20.

FIG 4 illustrates an alternate enbodi nent of the

I nvention, wherein collection tube assenbly 40 conprises stopper 48 in

place for closing open end 41 of tube 42. As can be seen, sidewall| 43

ext ends

14 UHI 0)
cl osed end 44 and stopper 48 incl udes aglannul ar up ef ‘ﬁo"ﬂ
extends over the top edge of tube 42. Stopper 48 in de

i

portion or skirt 49 which extends into and P-3460

(i1) Arrhenius relationship analysis:

When the transmission rate of a permeant, such as oxygen or
water, through a barrier structure is obtained at several different
temperatures, the thermodynamic energy necessary to transport the
permeant completely through the barrier structure is obtained by the
Arrhenius equation:

InQ = InQ, - AG/RT

where AG is the energy necessary to move one mole or permeant
molecules through the barrier structure in cal/mole, R is the gas
constant in cal/mole - degree, T is temperature in degrees Kelvin, Qis
the permeant transmission rate and Q, is a-constant unique to the
structure. In practice, the transmission rate Q for oxygen transport
through the barrier structure is the permeance 1, obtained at several
temperatures. Then the natural log of the transmission rate obtained at
each temperature versus the reciprocal of each temperature is plotted.
The slope of the resultant linear plot is -AG/R, from which AG is
obtained.

These data are obtained at several defined temperatures, using
the same equipment as described above. The resulting permeance data
(I1) are then treated by the Arrhenius equation, and AG values for the
laminate are compared to AG values obtained for the components of
the laminate. An ideal laminate system has a AG equivalent to that of
the component with the best barrier characteristics. A non-ideal
system has a AG greater than that of either component.

(i)  Oxygen permeance (OTR):

Film or plaque samples were tested for oxygen permeance
(OTR) using a MO CON Ox-TRAN 2/20 (sold by Modern Controls,

‘his Sheet Has Been Replaced

i




presses agai nst the inside inner surfaccra] 46 of sitdewall 43 for ——FWSIFPE ai n| ng
stopper 48 in place. A so, the stopper has a septum [ =

recépgovi ng a caﬁnul a t heret hrough. Thus, the {fisars SHEERHAS BEE | g a
contai ner such as that shown in FIG 4 with a sanplgjcont AERACERer e
may insert a cannula through septum 52.for receiving=get—or arl of the
contents in tube 42 to perform various'fests on a sanple. Covering a
substantial portion of the length of the tube is the non-ideal baprigp
coating sequence conposition 25. Non-ideal barrier coating sequence

t 25 ers anti a f the tube with exceptlon of
SSS‘SOZhd' 21 ther 2§ ES@,BS%OOH%A@IWWBEN%C@% i Mt 3 if{?b&%e 43 singl @gat
the tube may be Stdmufaﬂmdﬁlmfs ewlémmdb S t! Bcﬁﬁ?rﬁf QD@%OQR? geft
conposi ¢ on 25 t?@’ﬁ‘?ﬁé?thmﬁﬁf&%ﬁ?ﬁ@sﬁ%ﬁhd | e o i s
segﬁence conpos Enirameg 5mrawltr@gapmaradr tgaststeeanulon Hie eppomtdﬂaEdéJ@frthe I
bar i or B b O by a il RenSB A lbefcal el Whne

] ing se e; composi L on rnat
barrier coating prodiced in proportion to the amount of oxygen permeating through

the sample. Samples were tested at 30, 35, 40 and 45°C and 0%
relative humidity (R.H.). Samples were conditioned for 1 to 20 hours
prior to determining oxygen permeance. The results obtained for
polycarbonate (PC) and polyethylene terephthalate (PET) are reported
in Tables 1 and 3.

Tube samples were tested for oxygen permeance (OTR) using
a MOCON Oy-TRAN 1,000 (sold by Modem Controls, Inc., 7500
Boone Avenue N., Minneapolis, MN 55428). A package adapter was
used for mounting the tubes in a manner that allowed the outside of the
tube to be immersed in a 100% O7 atmosphere while the inside of tube
is flushed with a nitrogen carrier gas. The tubes were then tested at
30°C and 50% R.H. The tubes were allowed to equilibrate for 2-14
days before a steady state permeability is determined. The results for
polyester based blood collection tubes is reported in Table 4, and the

results for polypropylene based blood collection tubes is reported in
Table 5.

(iv) Water Vapor Transmission Rate (WVTR):

a. Tubes: Tubes were filled with a2 2 ml of distilled water,
closed with a rubber stopper, and placed into an oven at 40°C, 50%
R.H. The tubes were then weighed once a week for 4 months. The
water vapor transmission rates were then calculated based on the
equilibrium water loss per day. Examples of PET based blood
collection tubes are reported in Table 4.
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functidns in a sinmlar manner to the enbodinent illustrated in FIG 4.
Accordingly, simlar conponents perfornmi ng simlar functions wll tze
nunbered identically to those conponents in the enbodinent..ofH-G=4,

except that a suffix "a" will be used to identifyj ‘{J‘Q""" ReBEENI W FI G
5. Referring nowto FIG 5, a fuyher enbgdi rrenth:O_AoEDt h .
i nvention wherein the non-ideal barrier coating sqguebee—cCorFosT 25a

i ncor porates both upper portion 50a of stopper 48a, as wel | as thePéhtﬁOre
outer surface of tube 42a. Non-ideal barrier coating sequence conposition

. i r ns

222 )2 LA, Pt AL AR S BB 0
mstrument at ~ 40°C. A single side of the film was exposed to 100%
relative humidity (RH). Water vapor permeating through the sample
film was introduced into an IR sensor by a nitrogen carrier gas. An
electrical signal was produced in proportion to the amount of water
vapor permeating through the sample. Data was collected at 25, 30

and 35°C for use in the Arrhenius equation, InQ = InQ - AG/RT.

5 22

A. Non-Ideal Barrier Coating Sequence Compositions on

Films

Samples 1-4 of Table 1 and Figure 8 illustrate that coating
both sides of a PET film results in an unexpected decrease in the
oxygen transmission rate that the laminate equation does not predict.
The measured and predicted oxygen transport rate of films coated
with SiOx were compared to the separately measured oxygen
transport rate of PET and SiOyx. The results are reported in Figure 8
and Table 1. This occurs despite the fact that the PET/SiOy sample
behaved as a predictable laminate.

Figure 8 is the Arrhenius equation plot of the natural log of the
transmission rates versus the reciprocal of the temperature at which
each measurement was taken for Samples 1, 3 and 4. From Figure 8 A
G, or the energy required to transport one mole of oxygen through
SiOx/PET/SiOy, Sample 4, is 20+ 1 kcal/mole as compared to the AG
of 7 + 2kcal/mole for PET, Sample 1 and PET/SiOy, Sample 3.

This result shows that the non-ideal barrier coating composition
of SiOx/PET/SiOy results in the expenditure of more thermal energy, A
G than the individual components of the composition. This is
consistent with the relationship of the non-ideal barrier sequence
coating composition of the present invention, AGT > AGA, AGR,
where T is Sample 4 and A and B are Samples 1 and 2 respectively.
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15 contai ner has been tanpered with. Such an enbodi nent may be
utilized, for exanple, for sealing the container with the stopper in

place. Once a sanple has been placed in the tube, the:-sasple—easnetsbe
tanpered with by renoval of the stopper. AdditionfllTis SHEET toe3 BEEN Qns may
be registered so that it can be determ 'id I f the Heal edRERIOKTED ner S
been tampered with. Such an arrangenent “nay be apf | e,

in drug abuse testing, specinen identification and quality controp.3460
It will be understood by practitioners-in-the-art, that such tubes nmay

[ [ ' ..on the inper wall of
the tube, - oo o SabiR 2 et iliteds P IR Saamlsot Astscomiyor s
a substantially 8$ehrlaminateaof | REEnande$iOy,awhidleszal dee prédietetdnivbiei&inof a
plastic tube w tBiOYPEP/SIOEAISHHIE' ¥ &I InSEIUERL SHGAMaRE! 2t

Therefore this illustrates that the barrier performance of Sample 4 as a
whole is independent of the properties of its constituents, with respect
to oxygen permeation. :

In addition, Table 2 illustrates the unexpected increase in water
vapor barrier performance of Sample 9 (SiOx/PET/SiOy).  The
observed water vapor transmission rate through the structure is 30 to
50 times lower than the value predicted from laminate theory, based on
the transmission rates through Sample 5 (PET film), Sample 6 (SiOy)
and Sample 7 (PET/SiOy).

Samples 10-18 of Table 3 illustrate that the OXygen permeance
of PC/SiOx/acrylate/SiOx (Sample 16) is 1.1 x 10-10
moles/m2-sec-atm as compared to the 16.4 x 10-10 moles/m2-sec-atm
that is predicted (Sample 18) with the laminate equation.

In addition, Samples 10-16 also illustrate that the water
permeance of PC/SiOy/acrylate/SiOy (Sample 16) is 0.9 x 10-10
moles/m2-sec-atm as compared to the 4.9 x 10-10 moles/m2-sec-atm
predicted (Sample 18) with the laminate equation. The result of
Sample 16 shows that the barrier performance of the non-ideal barrier
coating sequence composition of PC/Si0Ox/acrylate/SiOy as a whole is
greater than the sum of each individual material in the whole
composition, with respect to both oxygen and water.

Also noted is that Sample 15 (PClacrylate/SiOyx) (measured)
behaved as a single laminate which indicates that Sample 16
(PC/SiOx/acrylate/SiOy) should have also exhibited simple laminate
characteristics. ~ However, as shown in Table 3, Sample 16,
(PC/SiOy/acrylate/SiOy) did not  exhibit simple  laminate
characteristics. Therefore, it can be concluded that Sample 16 follows
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substantially visible to the observer at the sane tine identifying

information may be displayed over the non-ideal barrier coating sequence
conposition after it is applied to the plastic tube. ___The grganic
material is an acrylate material and nmay be formgd-by 0 &T‘iﬁ’@ébﬁﬂﬂ
roll-coating or spraying acryl ate rmnomj? or the; a0 g@ners,
foll owed by UV curing process. he acryl & : 0 be
applied by an evaporation and curing process carried out as descripgdedn

U. S. Patent No. 5,032, 461 t he di sclosure of which is herein incorporated

by reference. ss. I nvol ves

first atom zing tthhe ac afagﬁ%&ﬁé %&Xt?(%fg %@&Pa@galﬁr&%ﬁéﬁ cgqag@%egeguggﬁ €t hen
fl ashing them of¢0mP081tll®@aQ d surface. This produces an acryl ate nol ecul ar

vapor which has the sanme chem stry as the starting nononer.

([IPC/SiOy/acrylate/SiOy) ! < (Fh?c)'1 + (Tacrylate)™! + 2 ([Tsi0,)

where ([Tpc)-! is Sample 10, (Hagwlate) 1 is Sample 12, and (IT
Si()x)‘1 is Sample 11.

Consistent with the laminate characteristics of Sample 16
(PC/SiOy/acrylate/SiOyx) are the AG values (energy necessary to
transport oxygen or water through the sample) observed for this
sample. The AG value for oxygen transport through Sample 16,
(PC/SiOy/acrylate/SiOy), is 9 kcal/mole higher than the energy
necessary to transport one mole of oxygen through the PC, PC/SiOx or
PClacrylate/SiOx systems (Samples 10, 14 and 15). This result shows
that the non-ideal barrier coating sequence composition results in the
expenditure of more thermal energy, AG, than any of the components

of the composition. This is consistent with the relationship of AGT > A

GA, AGB, AGC where T is Sample 16 and A, B and C are Samples 10,
14 or 15, respectively.

The AG value for water transport through Sample 16 follow the
same non-ideal characteristics as reported for oxygen transport. The A
G values for transport through PC/SiOx and PC/acrylate/SiOy, are 3-4
kcal/mole higher than the AG of transport through PC alone. However,
the water transmission rate through the PC/SiOyx/acrylate/SiOy
structure is not predicted by the laminate equation as compared to
Sample 18. These non-ideal results show an unexpected enhancements

of water vapor barrier and that AGT > AGp, AGR, AGC where T is
Sample 16 and A, B and C are Samples 10, 14 and 15 respectively.

B. Non-Ideal Barrier Coating Sequence Compositions on
Tubes
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REPLACEMENT SHEET 16 Acryl at es
are.available with al nost any chem stry desired. They usually have either
one, two or three acrylate groups per nolecule. Varl ous. m.xtiees of nono,

di and tri acrylates are useful in the presen mAg hbsitt ipreferabl e
are nmonoacryl ates and diacrylates. 3 Adr I C t he nost
reactive classes of chemcals. They cure rapi gLy uwheh—exposer~wo- UV or

el ectron beamradiation to form a cross-linked structure. Therepgago
acrylates inpart high tenperature, stability and abrasion resistant
properties to conpositions.

In addition, an unexpected improvement in barrier properties
for PET and PP coated tubes was observed. Tables 4 and 5 summarize
the barrier characteristics of PET and PP tubes coated with
(acrylate/SiOy);.

Samples 19-27 (Table 5) illustrate that PET tubes coated with
more than 1 sequence of acrylate/SiOx exhibit non-ideal behavior with
respect to oxygen and water vapor permeance, wherein experimental
water vapor and oxygen transmission rates are significantly lower than
theoretically predicted based on the laminate equation.

Samples 25-27 follow the modified laminate equation for a
non-ideal barrier coating sequence composition as follows:

I_IPET (acrylate/SiOx)n < ((HPET)i1 + n(l_[acrylate)'1 + n(HSiOx)'l)-

where PET (acrylate/SiOy), is Samples 22-25, PET is Sample 19 and
acrylate is Sample 23 and SiOy is Sample 22.

It is observed that th&* deposition of a single sequence of
acrylate/SiOy does not improve water barrier properties of the PET
tube, however, two sequences of acrylate/SiOy (Sample 25) result in
decreasing water vapor transmission rates by a factor of 17.5 compared
to the PET control (Sample 19). As a result of a non-ideal barrier
behavior, tubes coated with 4 and 6 sequences of acrylate/SiOy have
remarkably low oxygen and water vapor permeance, superior to any

transparent barrier coating on a plastic substrate reported in the
literature as shown in Table 6.

In “addition, Samples 28-33 (Table 5) illustrate non-ideal
behavior of the PP tubes coated with 2 sequences of acrylate/SiOy.
The measured oxygen permeance of PP/(acrylate/SiOx)) sequence
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The nmononer materials utilized are relatively low in nolecular weight,

bet ween 150 and 1,000 and preferably in the range of 200 to 300 and have
vapor pressures between about 1x10[err] Torr and 1x10[err] Torr at standard
tenperature and pressure (i.e., relatively Io ~&ks) . A vapor
pressure of about 1xl1[err] Torr is prgferred. thg@mmgtwpmﬁ$aat | ates are
especially preferred. The nononers enpl oyed Léve aﬁEﬁﬁﬁuﬁotmo doubl e bonds
(i.e., aplurality of olefinic groups). The hlgh—vapor—pFres 8460 s
used in the present invention can be vaporized at Iom1tenperatures and t hus

anr eact 329523?2%“?361 mgoab‘ylt ?*ﬁegﬁ‘i" o R pbouBARAl 806 1 oy

mol ecul ar wei ght erhetedo laavisate dquation.ol Bhéreforee Vel s
of conmponents. Ag @arf%%%bnel%ﬂé&tﬂﬁt'%h @'3'1 HIbRE ARPITOELd " RIRTR e | S
reactive and wl | n |nte f.il mwhen expos ed to a source of
radi ati on. Thesé (B’rag ré’sn‘?l% arlt 35585 PB@téng ée%@ﬁed@fgﬂ%ﬂéﬁtqfal ly

continuous coating despite the fact that the filmis very thin. The cured

A R Rt e RUF SR S

where PP/(acrylate/SiOx)7 is Sample 33, PP is Sample 28, acrylate is
Sample 32 and SiOy is Sample 30.
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such

acryl ates are

formula for

pol yfuncti onal
The gener al

[err]

properties and the properties of

cured films formed from such conponents,

particul arly useful
pol yfuncti onal

38

physi cal

nononeric naterial s.

acrylates is:

reactivity,

Because of their
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wher ei n: Rlerr] is an aliphatic, alicyclic or m xed

aliphatic-alicyclic radical; and Rl err] is a hydrogen, nethyl,
et hyl, propyl, butyl or pentyl. Such pol yfunctional acryl ates my
al so be used in conbination with varigus nonacryl ates, such as those having
the formul a: x| 39 [err]
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Di acrylates of the fornula below are particularly preferred:
acconpl i shed by openi ng the doubl e bonds of the reactant

can be acconplished by neans of an en

emts infrared,

wher ei n:
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FIG 6 illustrates the process for applying an acrylate material. An

acryl ate nononer 100 is directed through a dielectric evaporator 102 and
then through an ultrasonic atom zer 104 and into a vacuum chanber 106. The
nmononer droplets are atom zed ultrasonically and the droplets vaporized
where they condense on the rotating tgpe or filmthat is | oaded on a drum
108. The condensed nononer |iquid subsequently is radiation cured
by neans of an el ectron beam gun 110. The inorganic material is an
oxide material and may be formed by radi o frequency discharge, direct or
dual i of@ beam deposition, sputtering or plasma chem cal vapor deposition,
as descp;bed in U S Patent Nos. 4,698, 256, 4,809, 876, 4,992, 298 and
5,055, 3#8, the disclosures of which are herein |ncorpgﬂ =

Hy

Theoretical Oxygen
Transmission Rate
(10‘10 moles/m2-sec atm
496

TABLE 5
BARRIER CHARACTERISTICS OF TUBES
11.5

Measured Oxygen
Transmission Rate
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T

(10'10 moles/m2-sec atm
1120
1000
9300
739.5
2200

Sample Description
PP/(acrylate/Si0y)y )

PP tube, control (1)

PP/SiO,

Si0y
PP/acrylate

acrylate

0
29
30

ol
o

Sample
N
2
31
33

(1) 1 sequence of acrylate/SiOy
2) 2 sequences of acrylate/SiOy




19 ) For exanple, a nmethod of depositing an oxide material is

provi ded by establishing a gl ow di scharge plasma in a previously evacuated
chanber. The plasma is derived fromone or nore gas stream conppaesis, and
preferabl’y is derived fromthe gas stgpam itself. The article is
positioned in the plasma,. preferably adjacent the confined.pl.asma, and the
gag_streamis controllably flowddBhES the plasma. An oxide based|(filmis
degdRefersice 0 a desired thickness. The thickness of the oxide materjial is
abqut 100 Angstroms (A) to about 10,000 A._A thickness of |less thgn about
500 Bxoerdyt. fonf. prasyWeth. Csaif SihciZhi2haraly er and a t hi ckness of greatdr than
abqut—5,000 A may crack, thus decreasing the effective barrier st

pr 4FBr4988169 t he
Proc. Int. Conf. Vac. Web. Coat. 5th, $6-103

JP No. 91-277164

JP No. 04103757 A2

EP No. 469926 Al

US Patent No. 3,442 686

US Patent No. 4,702,963

US Patent No. 4,557,946
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t hi ckness of the oxide material is about 1,000 A to about 3,000 A

Anot her net hod of depositing an oxide material is by confining a plasm
with magnets. Preferably, the nagnetically enhanced nethod for depositing a
silicon oxide based filmon a substrate is conducted in a previously
evacuated ch me,ﬁm harge f4bm a gas stream The gas stream
preferably c two conponents: a volatilized organosilicon
conmponent, an oxi “di Zer "cofmpohent such as oxyﬁ::—mi:r\s_om de, ca-Baso
dioxide or air and an optionally inert gas cqy I*BESHEETH N anpl es of
sui t abl e organosilicon conpounds useful for ffhe gaGEPLAggm | E the pl asma

deposition methods are |iquid or gas at about™ anbrem—tespe: [ e and when
vol atilized have%ﬂ@ll!ﬁg&@lME&iﬁn O[err]C to about 150[err C and

i ncl ude di net hysi | ane, trinethylsilane dlethyIS|Iane propyl silane,
phenyl si | ane, hexanet hyl dig: | ane, E - tetranethyldisilane, bis
(trinethylsilane) et hahe sn?HTlf’f@‘{ﬂhy 3imey ) cogitigansequence COHIPOSlthH

hexanet hyl di si | ompnsmgﬂybrgtammeaﬂ@xm@i  mitetidls t WHREEYO XS | Bifier
ethyl met hoxysi | apgeormafidd Yot 'Sl ' RYSsitianCas a whole is greater than the

lamination of said organic and inorganic materials in said composition.

2. The composition of Claim 1, wherein the permeation
rate of the lamination of said organic and inorganic materials (ITo;), is
less than the inverse of the sum of the inverse of the permeation rate
through said inorganic material ([];) of said sequence and the inverse

of the permeation rate through said organic material (I,) of said
sequence.

3. The composition of Claim 2, wherein said permeation
rate of the lamination of said organic and inorganic materials is not an
additive effect. '

4. The composition of Claim 1, wherein the thermal energy
(AGT) of said non-ideal barrier coating sequence composition is
greater than the thermal energy of said organic component (AG ) and
said inorganic component (AGR).

5. The composition of Claim 1, wherein said organic
material is a highly crossed linked acrylate or acrylic polymer.

6. The composition of Claim 1, wherein the inorganic
material is a metal oxide.

7. The composition of Claim 6, wherein said metal oxide is a
silicon oxide based composition or an aluminum oxide based
composition.
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divinylietranethyldisionane, hexamet hyl dsi | azane di vinyl -
hexanmet hyl tri si | oxane, trivinylpentanmethyltrisil oxazane,
t et raet hoxysil ane and tetramnet hoxysil ane.

20

tetramet hyl d
vi nyl trimet hy

- ferred organosilg o8-
!mmmwmuﬂm’et hyl si | ge, He TaieSHEE HHASIEREANg,
Si t ane, metshyktrinet hoxysil ane, {vi nyl REPWACESXysi | gne and

hexanet hyl di si | azane. These preferred organosiftrcom compoundas ye3d6n | i ng

points of 71[err]C, 55.5[err]C, 102[err]C, 123[err]C and 127[err]C

8.  The composition of Claim 7, wherein said silicon oxide
based composition is silicon oxide, SiOy, where y is from about 1.0 to
about 2.5.

9.  The composition of Claim 5, wherein the thickness of said
organic material is about 0.1 microns to about 10 microns.

10. The composition of Claim 9, wherein the thickness of said
organic material is about 0.5 microns to about 3 microns.

11. The composition of Claim 6, wherein the thickness of said
metal oxide is about 100 to about 2,000 Angstroms.

12. The composition of Claim 11, wherein the thickness of
said metal oxide is about 500 to about 1,000 Angstroms.

13. The composition of Claim 1 further comprising

poly(vinylidene chloride), thermosetting materials, parylene polymers
or polyesters.

14. The composition of Claim 13, wherein said thickness of
said poly(vinylidene chloride) is about 2 to about 15 microns.

15. The composition of Claim 14, wherein said thickness of
said poly(vinylidene chloride) is about 3 to about 5 microns.

16. A non-ideal barrier coating sequence composition
comprising the following sequence:

2. (organic material + inorganic material)
n

where n=1-20

17. The composition of Claim 16, wherein the permeation
rate of the lamination of said organic and inorganic materials (ITop, is

This Sheet Has Been Replaced

L




respect‘i vel y. The optional inert gas of the gas stream preferably
I's helium argon or nitrogen. The volatilized organosilicon
conmponent is preferably  admi xed with the oxygen conponent and the inert

as conponent ' owed i nto the grarber—Fre—guantities of
tghese gases umm)muﬂ"ﬂmﬁHmare conttfol | ed|| bY$ ISHIREE bSIRAEN;s SO as to
adj ustably controt tthe*lew rate ratio of thg_gas REM@Eonpofents.

Various optical nethods known in the art may D€ USeU tU uetermrne phego
t hi ckness of the deposited filmwhile in the deposition chanber, or the

[ [ -m th ticle | noved fromthe
deposi 11 on chanpaess hal thE'HVASE §f el Grthifysrasrof i peiaasation rafent i on
is preferably pr&dioughcsaid penganio/magenialg] [Povesaidstquente ahduhprisesgee. A
pressure less thaf teopérmdfticH rhte! BiroughTS4ill) o InBRrAR' (13 Bp%Hy" ' N9

the sequence.

18. The composition of Claim 17, wherein said permeation
rate of said lamination of said organic and inorganic materials is not
an additive effect.

19. The composition of Claim 16, wherein the thermal
energy (AGT) of said non-ideal barrier coating sequence composition
is greater than the thermal energy of said organic component (AGa)
and said inorganic component (AGR).

20. The composition of Claim 16, wherein said organic
material is a highly crossed linked acrylate or acrylic polymer.

21. The composition of Claim 16, wherein the inorganic
material is a metal oxide.

22. The composition of Claim 21, wherein said metal oxide is

a silicon oxide based composition or an aluminum oxide based
composition.

23. The composition of Claim 22, wherein said silicon oxide
based composition is silicon oxide, SiOyx, where  is from about 1.0 to
about 2.5.

24. The composition of Claim 20, wherein the thickness of
said organic material is about 0.1 microns to about 10 microns.

25. The composition of Claim 24, wherein the thickness of
said organic material is about 0.5 microns to about 3 microns.
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deposi t 0}1 and preferably the chanber is at a pressure between about 43 to
about 490-m l-litorr.during the deposition of film Low system pressure

results in osition rates whereas higher system pressure pLov![ des
faster depoH ﬁ J n the pla {/I c a thg,lsesﬁ ‘is hea

sensitive, mﬂ ' ressure rrg sed_ tREi ggé anmount of
heat the substrate is exposed to during dep ' substrate

tenperatures are to be avoided for Iow Tg polymers such as polypr @g4eme
and PET (Tg is -10[err]C and 68[err] C respectively).

21 26. The composition of Claim 21, wherein the thickness of
said metal oxide is about 100 to about 2,000 Angstroms.

27. The composition of Claim 26, wherein the thickness of
said metal oxide is about 500 to about 1,000 Angstroms.

28. The composition of Claim 16, further comprising
poly(vinylidene chloride), thermosetting materials, parylene polymers
or polyesters.

29. The composition of Claim 28, wherein said thickness of
said poly(vinylidene chloride) is about 2 to about 15 microns.

30. The composition of Claim 29 wherein said thickness of
said poly(vinylidene chloride) is about 3 to about 5 microns.

31. A sample assembly comprising:

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

a non-ideal barrier coating sequence associated over the outer
surface of said container composition comprising;

2. (organic material + inorganic material)
n

- where n=1-20

32. The assembly of Claim 31, wherein the permeation rate of
the lamination of said organic and inorganic materials (Ilo;) of said
sequence, is less than the inverse of the sum of the inverse of the
permeation rate through said inorganic material ([];) of said sequence
and the inverse of the permeation rate through said organic material dI
o) of said sequence.
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The substrate is electricall y isolated fromthe deposition system (except
for-electrical contact with the plasm) and is at a tenperature of.|ess
t han about 80] errhc during the depositing. That is, the substrate is not

ly h ferring to Fl T
gg:ololsole{ ?tng )alt sﬂm urmlu}“lueum rial é®nprisef aMSEHEEISEP BEERt]} on chanber
170 in which a pI dasmt i% fdrfed and in whichlla subBEPEAGER  t 171, is

placed for depositing a thin filmof material anpl € hol der B3360 The
substrate can be any vacuum corrpati bI e material, such as plastic. One or

more gases are supplieg3t oThRe sk %T@B?rﬁbﬂ %e?e@gs}ld%é?ﬂ{e\éu%ﬁrﬁe

173. An electric |el |s create a power sup

reacti on chamber© £ a@naéwnag S@Hﬂl‘&gémlcy tlaorgarm@rmawnalsmsmm an

pl asma- enhanced adindamnveadﬂ‘e(npor deposition (PECVD) or plasma pol ynerization
process. "Furthernore, the reaction chanber may be nodified so that one or
nore articles may

34. The assembly of Claim 31, wherein said organic material
is a polymerized blend of mono-and di-acrylates.

35. The assembly of Claim 31, wherein said ihorgam'c
material is aluminum oxide or silicon oxide based composition.

36. The assembly of Claim 31, wherein said organic material

comprises polymerized acrylate and said inorganic material comprises
silicon oxide.

37. The assembly of Claim 31, wherein said acrylate of said
organic material is deposited on said outer surface of said container in
a previously evacuated chamber comprising the following steps:

(a) metering a curable monomer component into a heated
vaporizer system;

(b) flash vaporizing said component in said chamber;

(c) condensing, vaporizing or atomizing a film of the
component onto the outer surface of said container; and

(d) curing said film.

38. The assembly of Claim 37, wherein said inorganic
material is deposited in said previously evacuated chamber onto said
organic material by the following steps:

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

This Sheet Has Been Replaced
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be coated with an oxide | ayer simultaneously within the chanber.
The-pressure of the chanber is controlled by a nechanical punp 188
connected to chanber 170 by a val ve 190. The tube to be coated is

first | oadegyj O in sanmple h 172, TIE 'sure of the
chamber is ﬂmmm!‘rmmm |5m Torr b¢9nme hTé'H$§§‘I_‘:E|B;'ﬂE%?L%é‘f The operating
pressure of thecchanper si s*about 90 to abgut 1 REHT TP £ or PECVD or

pl asma pol ynmeri zation process and is achi éveéd by flow ng the procesgqgagses.

oxygen and trinethyl silane, into the chanber through nononer inlet 176.
dosi rod uni form ¢ ckned. SRapheagh &l ol et pldsisy i % Ahambep
periodically to m nimze héag¢ongnate mﬂ;lﬁhesgﬂssstreamcemﬂonents;
(¢) controllably flowing the gas stream into the plasma while
confining at least a portion of the plasma therein; and
(d) depositing a layer of silicon oxide adjacent said first layer.

39. The assembly of Claim 38, wherein said oxidizer
component 1s oxygen nitrous oxide, carbon dioxide, air, or an inert
compound.

40. The assembly of Claim 39, wherein the plastic substrate

is electrically isolated from the chamber except for contact with the
confined plasma.

4]1. The assembly of Claim 40, wherein said sequence
further comprises a parylene polymer material.

42. The assembly of Claim 41, wherein said parylene
polymer is parylene N, parylene C or parylene D.

- 43. The assembly of Claim 31, wherein the thermal energy (
AGT) of said non-ideal barrier coating sequence composition is
greater than the thermal energy of said organic component (AGA) and
said inorganic component (AGR).

. . 44. The assembly of Claim 31, wherein said organic material
1s a highly crossed linked acrylate or acrylic polymer.

45. The assembly of Claim 31, wherein the inorganic material
is a metal oxide.

46. The assembly of Claim 45, wherein said metal oxide is a

silicon oxide based composition or an aluminum oxide based
composition.

This Sheet Has Been Replaced




‘ [ [ fromthe

el ectrodes and/or physically renmove particulate matter
gfticles. Nhgne?s 196 and 198 are positioned behind el ectrode 200
to create an appropriate conmbination of magnetic and electrical fields in

i on around the tube. : +ems _suiipble for |ow
wgqﬁlaﬁigaﬂﬁg' ARl errp:Je fregs@ncy !ET&(H(WEET %%@?gb
sone advant? Ummmmy#mﬁ ng at a much hi ‘ h.fr _ S

\t here can be
radi o frequency rhange several nmegahertz. -

as in the
P-3460

47. The assembly of Claim 46, wherein said silicon oxide
based composition is silicon oxide, SiOy, where y is from about 1.0 to
about 2.5.

48. The assembly of Claim 45, wherein the thickness of said
inorganic material is about 0.1 microns to about 10 microns,

49. The assembly of Claim 48, wherein the thickness of said
inorganic material is about 0.5 microns to about 3 microns.

50. The assembly of Claim 45, wherein the thickness of said
metal oxide is about 100 to about 2,000 Angstroms.

51. The assembly of Claim 50, wherein the thickness of said
metal oxide is about 500 to about 1,000 Angstroms.

52. The assembly of Claim 31, further comprising

poly(vinylidene chloride), thermosetting materials, parylene polymers
or polyesters.

53. The assembly of Claim 52, wherein said thickness of said
poly(vinylidene chloride) is about 2 to about 15 microns.

54. The assembly of Claim 53, wherein said thickness of
said poly(vinylidene chloride) is about 3 to about 5 microns.

55. A method of depositing a non-ideal barrier coating
sequence composition on a substrate comprising:

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

(b) flash vaporizing said component into said chamber;

This Sheet Has Been Replaced




The oxide materials or blends thereof used in accordance with this
di sel osure, may contain conventional additives and ingredients which do

not adversely affect the ropertles of articl.es ‘N't\mrefrqm

An opti onal m! “Iﬁlmm ﬁ may be forned barri er
coating seq m by di p-cgati ng, rayi ng an
aqueous emul si orf of the pol yV| nyl i dene chl or I yrrers
foll owed by air drying. The opti onal addl ti onal mater

preferably be vinylidene chl bride-acrylonitrile-mnethyl rret hacryl at e- lrrgglgyl
- ' i therrmset |n epoxy, co |ng pary.
acrylate-acrylic acid g&po&gﬁénsi ng o8, a%ﬁrya ?ﬂén&s{%b | vapatized

ol yners, or polyester
ﬁat grl al is apparyl ene pol gomponear ghtenthei @tbh@uﬂ@df@bfﬁmﬂasﬁbsﬁ@fe nenbers  of

t he pol yner series dev&i)op@ﬁhﬁgzsm é’é}yfﬁé%gt%ngf” poration. The base menber

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

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

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

(h) depositing a material of silicon oxide adjacent said
acrylate material;

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

() repeating steps (e) through (h) above, thereby depositing a
silicon oxide material on said acrylate material.

56. The method of Claim 55 further comprising;

(k) dip coating PVDC on said non-ideal barrier coating
composition sequence.

57. The method of Claim 55 further comprising:

(k) repeating steps (i) through (j) from about 2 to about 20
times.

58. The method of Claim 57 further comprising:

(D dip coating PVDC on said non-ideal barrier coating
composition sequences.

This Sheet Has Been Replaced

A




seri i i talline
f the series, called aryI ene N, is poly-p-exlylene, a linear, crys
gaterl al : P . 23 [err] ... Paryl ene C, a

second menber of the parylene series is prod Cﬁqsczﬁ%mw_' Safe- nononer as
paryl ene N a Elm Mﬁﬂuﬁ HI e substjjution pf _ ,q_AfﬁsS%%@Yn

f or one
ot her aronati s

P-3460

59. The method of Claim 55 wherein said acrylate material
is pretreated by oxygen plasma.

This Sheet Has Been R
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[err] Paryl ene D, the third nenber of the parylene series is
produced fromthe sane nononer as parylene N and nodified by the

53

P-3460

NON-IDEAL BARRIER COATING SEQUENCE
COMPOSITION

5 ABSTRACT OF THE DISCLOSURE

The present invention is a non-ideal barrier coating sequence

composition comprising oxides and organic polymers. The non-ideal

10  barrier coating sequence composition 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.

15

P34602.app
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substitution of the chlorine atomfor two of the aronmatic hydrogens:

[err] Most preferably, the polynmer material is a vinylidene

chl ori de-met hyl nethacryl-ate-nethacrylate acrylic acid polynmer (PVDC). This
pol ymer is avail abl e as DARAN 8600-C (trademark

1/7
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24 of WR Gace and Co.) sold by GRACE, Organic Chenicals Division,
Lexi ngt on, Mass. The optional additional material may be a
paryl ene polymer. The optional additional material may be processed
simlar to vacuum netallizing, as described in U S. Patent Nos. 3,342,754
and 3,300,332, the disclosures of which are herein incorporated by
reference. Alternatively, the optional additional material may be

vi nyl i dene chloride-acrylonitriIe-netggl nmet hacryl at e- net hyl acryl at e-
acid acrylic polymer. This material i ,éaplied by di p-coating, roll-
coating or spraying an aqueous enul sion of the polyner, 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
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r ef er ence. A variety of substrates can be coated with the
non-i deal barrier coating sequence conposition by the process of the
present invention. Such substrates include, but are not limted to

packagi ng, containers, bottles, jars, tubes and nedi cal devi ces. A
pl astic blood collection tube coated with the non-ideal barrier coating
sequence conposition will not interfere with testing and analysis that is

typically perforned on blood in a tube. Such tests include but are not
limted to, routine chem cal analysi55/670logical i nertness, hemat ol ogy,
bl ood chem stry, blood typing, toxicology analysis or therapeutic drug
nonitoring and other clinical tests involving body fluids. Furthernore, a
pl astic bl ood collection tube coated with the non-ideal barrier coating
sequence conposition is capable of being subjected to autonmated machi nery
such as centrifuges and may be exposed to certain levels of radiation in
the sterilization process with substantially no change in optical or
mechani cal and functional properties.

FIG—5
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25 ) A plastic blood collection tube coated with the non-idea
barrier coating sequence conposition is able to nmaintain 90% origi nal draw
vol une over a period of one year. Draw volune retention depends on the

exi stence of a particle vacuum or reduced pressure, inside the tube. The
draw vol unme changes in direct proportion to the change in vacuum
(pressure). Therefore, draw volune retention is dependent on good vacuum
retention. A plastic tube coated mﬁthét? non-i deal barrier coating
sequence conposition substantially prévents

FIG—6

100
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gas pérneation through the tube material so as to maintain and enhance the
vacuum retention and draw vol une retention of the tube. Plastic tubes

wi t hout the non-ideal barrier coating sequence conposition coating of the
present invention may naintain about 90% draw vol une for about 2 years.

It wll be understood that it nmakes no difference whether the plastic
conposite container is evacuated or not evacuated in accordance with this
i nvention. The presence of the non-ideal barrier sequence coating
conposition on the outer surface of tHh/Eontainer has the effect of

mai ntai ning the general integrity of the container holding a sanple so that
it may be properly disposed of w thout y contam nation to the user.
Notable is the clarity of the non-ideal <arrier coating sequence
conposition and its abrasion and scratch=resi stance. The non-i dea
barrier coating sequence conposition us&@ in accordance with this

di scl osure, may contai ner conventional &additives and ingredients which do
not adversely affect the properties of éEticIes
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limted to any

but are only exenpl ary.
26
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The foll ow ng exanpl es are not

METHOD FOR APPLYI NG ACRYLATE TO A SUBSTRATE
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An acrylate coating was applied to tubes and filns (substrates) of various
t hi ckness in a chanber wherein Tripropylene Aycol D acrylate (TPGA) was
fed into the evaporator and was flash vaporized at about 343[err]C onto
the substrate in the chanber and condensed. The condensed nononer fil m was
t hen E-beam cured by an el ectron beam gun.

EXAMPLE 2 METHOD FOR APPLYING SIJerr] TO A SUBSTRATE The
substrate from Exanpl e 1 above was then,attached to a holder which fits

m dway between the el ectrodes in a vacyuﬁ_vh chanmber. The chamber was cl osed

e L ST MR S e o o,
coupl ed wit FpL@he_nt gng@gﬂrwﬁbﬁcﬁﬂ@ﬁ@%ﬁét I’]Aenlat | pag u éﬁfet\f{t r odes.
Thi s speci arl_c_o_n_f_i_gur_a_tj;on provided the ahility to confine the glow N

DRAW LOSS SHELF LIFE
n | (% PER YEAR) | (MONTHS)
0 41 2.9
1 41 2.9
2 17 7.9
4 12 - 13.7
6.3
6.2
DRAW
PET
VOLUME g.1 — ,
(ml) [AC/SIOx]z
EST. SHELF LIFE = 7.92 MO
6.0 -{ R-SQUARED = 78.4%
SIGMA = 0.025
P—LOF = 0.441
I | I I [ I 1
0 10 20 30 40 50 60
DAYS (TEMP.=40, PRESS.=1 ATM)
6.3
£
6.2 —
DRAW 6.1
VOLUME ©.1 ™

6.0 —{ EST. SHELF
LIFE = 2.94 MO
R-SQUARED = 92.7%
5.9 —| SIGMA = 0.029
P—LOF = 0.968
] | T T T 1
0O 10 20 30 40 5
DAYS (TEMP.=40, PRESS.=1 ATM)




bet ween the.el ectrodes because of the increase in C@IEPI-/%@EMEMF ShigeTIfity -
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The use of magngtra

and oxygen was introduced through stainless steel

‘““ ‘\m;\m rodes. The gases were m xed in the nononer inlet line

UNITED STATES PATENT APPLICATION

OF: Yelena G. Tropsha and Noel G. Harvey

FOR: NON-IDEAL BARRIER COATING SEQUENCE
COMPOSITION

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a non-ideal barrier coating sequence
composition for providing an effective barrier agalnst gas and water
permeability for containers, especially plastic blood collection tubes.
In particular, the barrier coating composition of the present invention
comprises the combination of thin films of inorganic oxides and organic
polymers, such as highly crosslinked organic thermoset plastics. The
composition of the present invention has improved barrier to oxygen
and water vapor transport than would have been predicted from the
barrier characteristics of either the individual oxide and organic
polymer films. -

2. Description of the Related Art

With the increased emphasis on the use of plastic medical
products, a spe01al 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

resutt—ef—appllying a - .-



27 . introduction into the chanber. Flow rates were

st ai nl ess st eel

frequency of 40 kHz was used to supply power to the g erod

9065'(

netering val ves. A power supply operati

on the substrate were as foll ows: Surface Pretreatg

= 0 sccm Basg Pressure =

Oxygen Fl ow = 10 sccm

140 niforr _Power o

Ti me = 2 mnutes Oxide Deposition: TMS Fl ow

0.75 - 1.0 sccnstandards include the ablhty toOM&iRRaiR B¥eater than 2bBuf S0P

System Pressure

e
original %rawl(%/%hrlnme over a one year period, to be radiation

sterilizable and to be non-interfering in tests and analysis.

Therefore, a need exists to improve the barrier properties of
articles made of polymers and in particular plastic evacuated blood
collection tubes wherein certain performance standards would be met
and the article would be effective and usable in medical applications.

Glass-like or metal oxide films synthesized from chemical
vapor deposition techniques have been used as thin barrier coatings on
polypropylene films.  However, glass-like thin films that are
synthesized are substantially granular in morphology instead of
substantially continuously glass-like and therefore do not have the
oxygen and water vapor barrier characteristics of a truly continuous
glass-material.

. It has been shown that to overcome the drawbacks of the
morphology of glass-like thin films is to "stack" layers of glass-like
films with a continuous organic polymer film interposed between each
layer. Such laminar multilayer coatings improve the oxygen barrier
performance of polypropylene films, however such layering does not
produce a glass-like barrier' and the layering merely performs as a
laminate of metal oxides and acrylate polymer coatings.

It is therefore desirable to produce a composite that may be
used to achieve gas and water barrier performance similar to glass.

SUMMARY OF THE INVENTION

The present invention is a plastic composite container
comprising a non-ideal barrier coating sequence composition. The
non-ideal barrier coating sequence composition desirably comprises
organic and inorganic materials disposed over the outer and/or inner

g@w&'



Power = 30 watts _ _ RE
5 m nutes After the thin fil mwas deposited, -
allowed to cool. The chanber was then opened, and tHe [STD
renmoved. EXAVPLE 3 O£

NON- I DEAL BARRI ER  COATI NG SEQUENCE COMPCSI TI ON TO fj JUHER
non-i deal barrier coating sequence conpgsi tion was #p
by repeating Exanples 1 and 2 above froem 1 to 20 ti{IES.

surface of the previously formed composite container whereby the
barrier performance of the barrier coating composition as a whole is
greater than the lamination of each individual material in the whole
composition.

Preferably, the non-ideal barrier coating sequence composition
comprises a sequence of materials comprising organic and inorganic
materials applied to the outer surface of the previously formed
composite container.

Most preferably, the sequence of the materials may be
expressed as follows:

Sequence = 3, (organic material + inorganic material)
n
where n=1-20

g / Desirably, an organic material is preferably a highly cross
linked acrylate or acrylic polymer.

Preferably, the organic material 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,
4,696,719, 4,647,818, 4,842,893, 4,954,371 and 5,032,461, the
disclosures of which are herein incorporated by reference. The organic
material is cured by an electron beam or by a source of ultraviolet
radiation.

Most preferably, the organic material 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 range of 1x10-6 to 1x10-1 Torr at



28 EXAMPLE 4 METHIDREER AR \QI YLATE
TO A SUBSTRATE An acrylate coating was apglied 10 fld% gﬁg filmns
(substrates) in a chanber wherein a 60:40 m xture jof rnyl acryljat e:

b
epoxydi acryl ate (1BA:EDA) was fed into the evaporatfor_dh g ﬁMs 9 vctpc_rl_ihzed
G Mgl ' e

g/ fof 365
Bl err]

condensed nononer filmwas then UV cureg by an
nm EXAVPLE-

TO A SUBSTRATE

standard temperature and pressure. Most preferably, the material is a
diacrylate.

The organic material provides a platform for deposition of the
inorganic material. Preferably, the thickness of the acrylate material is
about 0.1 microns to about 10 microns and most preferably from about
0.5 microns to about 3 microns.

Desirably, the inorganic material is a metal oxide, such as a
silicon oxide based composition, such as SiOy wherein x is from about
1.0 to about 2.5; or an aluminium oxide based composition. Most
preferably, the organic material is a highly cross linked acrylate

polymer.

The silicon oxide based composition is substantially dense and
vapor-impervious and is desirably derived from volatile organosilicon
compounds and acrylate. Preferably, the thickness of the silicon oxide

/ based material is about 100 to about 2,000 Angstroms (A) and most
preferably from about 500 to about 1,000 A. A material above 5 ,000
A may crack and therefore be ineffective as a barrier.

An optional organic material may be disposed over the non-
ideal barrier coating sequence composition and preferably comprises
vinylidene chloride - methyl methacrylate - methacrylate acrylic acid
polymer (PVDC), thermosetting epoxy materials, parylene polymers or
polyesters.

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

The process for applying the organic material of the sequence
is preferably carried out in a vacuum chamber wherein a curable
monomer component is metered to a heated vaporizer system where
the material is atomized, vaporized and condensed on the surface of the
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A method for depositing a silicon oxide based material is as
follows: (a) pretreating the organic material on the container with a
first plasma material of oxygen; (b) controllably flowing a gas stream
including an organosilicon compound into a plasma; and (c) depositing
a silicon oxide onto the organic material while maintaining a pressure
of less than about 500 mTorr during the depositing.

The organosilicon compound is preferably combined with
oxygen and optionally helium or another inert gas such as argon or
nitrogen and at least a portion of the plasma is preferably magnetically
confined adjacent to the surface of the organic material during the
depositing, most preferably by an unbalanced magnetron.

Although the pretreatment step is optional, it.is believed that
the oxygen plasma pretreatment step provides for improved adherence
qualities between the organic material and the organic material.

The PVDC material is optionally applied over the non-ideal
barrier coating sequence composition by dipping or spraymg and then
followed by air drying at about 50° C.

Most preferably, the method for depositing non-ideal a barrier
coatng sequence composition on a substrate, such as a plastic
collection tube comprises the following steps:

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

(b) flash vaporizing the component into the chamber;
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29 introduction into the chanber. Flow rates were jafuat+y—eeatralled by
stainless steel netering valves. A power supply operjat] g ga n dl 0
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on the substrate were as follows: Surface Pretreat il

= 0 sccm

(©)

(d)
(e)

®
(8)

(h)
)

)

condensing an organic material of a vaporized component
onto the outer surface of the container;

curing the organic material;

vaporizing an organosilicon component and admixing the
volatilized organosilicon component with an oxidizer
component and optionally an inert gas component to form
a gas steam exterior to the chamber;

controllably flowing the gas stream into the chamber;
establishing a glow discharge plasma in the chamber from
the gas stream;

depositing a silicon oxide material adjacent the organic
material;

repeating steps (a) through (d) above, thereby depositing
an acrylate material adjacent the silicon oxide material;
and

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

Optionally, the method further includes:

(k)

dip coating PVDC on the non-ideal barrier coating
composition sequence.

Optionally, steps (i) through (j) may be repeated from about 1
to "about 20 times before dip coating PVDC on the silicon oxide
material.

Optionally, the container and/or the organic material may be
flame-treated or plasma oxygen treated or corona discharge treated
prior to applying the inorganic material.

Plastic tubes coated with the non-ideal barrier coating sequence
composition are able to maintain substantially far better vacuum
retention, draw volume and mechanical integrity retention than
previous tubes comprised of polymer compositions and blends thereof
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material. In addition, the tube's resistance to impact is much better
than that of glass. Most notably is the clarity of the non-ideal barrier
coating sequence composition of the present invention and its
durability to substantially withstand resistance to impact and abrasion.

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

In addition to blood collection devices, the non-ideal barrier
coating sequence composition of the present invention may be used
with polymer films wherein both sides of the film include the non-ideal
composition of the present invention. Such films may be about 0.002"

»  or less in thickness.

Printing may be placed on the non-ideal barrier coating
sequence composition of the present invention. 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” non-ideal composition. Moreover, a matte finish or a corona
discharged surface may be developed on the non-ideal composition s¢
as to make the surface appropriate for writing additional information on
the label. Furthermore, a pressure sensitive adhesive label may be
placed over the non-ideal composition so as to accommodate various
hospital over-labels, for example.

Preferably, the non-ideal composition of the present invention
provides a transparent or colorless appearance and may have printed
matter applied thereon.
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An advantage is that the non-ideal composition of the present
invention provides a reduction in the gas permeability of three-
dimensional objects that has not been achieved with conventional or
ideal compositions typically used with thin films.

The non-ideal composition of the present invention provides a |
reduction in permeation greater than is expected by standard
- permeation theory. Permeation thermodynamics demonstrates that the
non-ideal composition of the present invention exhibits a more nearly
“glass-like" property than a single-layer ideal SiOyx composition.
Therefore, the non-ideal composition of the present invention provides
an unpredicted barrier system.

It has been found that a highly crosslinked layer of acrylate
improves the adhesion between a plastic surface and SiOx and overall
improves the thermomechanical stability of the non-ideal barrier
coating sequence composition. In addition, the acrylate material covers
the particles and imperfections on the surface of a polymer and reduces
the defect density in the non-ideal . barrier coating sequence
composition. The good bonding properties of the acrylate are also due
to the fact that acrylate is polar and the polarity provides means for
good bond formation between the SiOy and the acrylate. In addition,
it enhances the bond formation between plastic tubes made of
polypropylene and SiOy. Thus, the present invention provides the
means of substantially nnprovmg the barrier properties of
polypropylene tubes.

A plastic blood collection tube coated with the non-ideal
barrier coating sequence composition 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 -
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above and then the follow ng characteristics and pr¢ hat ed
and the results are reported in Tables 1, 2 and 3 d anHQ (1)
Lam nat e equation anal ysis: When two or no Tiefr
films are stacked, the perneation of small nol ecul | ayer
lam nate is generally described by the §am nate equati

([err]) = ([err] + [err])[err] = o

[err] = ([err])[err] where n is the nunber of layers of different
materials deposited as in Exanple 6 above, [err], is the perneation rate
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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.

It has also been found that the non-ideal barrier coating
sequence composition of the present invention does not exhibit true
laminate properties in accordance with the laminate equation.

As illustrated in FIG. 1. when two or more different barrier
films are stacked, the permeation of small molecules through the
multilayer laminate is generally described by the laminate equation:

(T12)= (1771 + mmp-1y]

where Iy, is the permeation rate through component layer 1, Iy, is the

/ permeation rate through component layer 2 and ITy2, is the permeation
rate through the laminate of components 1 and 2. When the permeance
of the individual components is known, the permeance of the total layer
laminate of those components can be calculated and predicted.

However, the transport rate of permeants through the non-ideal
barrier coating sequence composition of the present invention is lower
than the permeation rate predicted by the laminate equation.
Therefore, the non-ideal barrier coating sequence composition of the
present invention is a non-ideal composite with unpredicted transport
rate of permeants.

The performance of the non-ideal barrier coating sequence
composition of the present invention is different from predicted
laminates because permeation of gases through the non-ideal barrier
coating sequence composition of the present invention requires the
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dependent upon the transport rate of that permeant throuwn cach—~of
| am nat e' s conponents. When the perneance of the i fg~w=d : itq is

known, the perneance of the total layer lam nate o - |[dan be
cal cul ated and predi ct ed. The pernmeance of |[¢xyg ough
such systens can be obtained at definedgt enperat ur egana dri i re by
use of a MOCON OX- Tran 2000, MOCON T- 1860 or MOCON Per matTan dggviTe:

expenditure of more thermal energy than would be predicted from the
laminate equation.

The laminate equation is therefore modified for the non-ideal
barrier coating sequence composition of the present invention as
follows:

I < (o1 + 771y

where I is the permeation rate through the organic material of the
sequence, Ij is the permeation rate through the inorganic material of
the sequence and Iy is the permeation rate through the laminate of the
organic and inorganic materials. The transport rate of permeants is
therefore less than expected from ideal additivity.

It can therefore be concluded that the transport rate of
permeants of the non-ideal barrier coating sequence composition or
non-ideal composite composition of the present invention is not an’
additive effect. Therefore, non-ideal composite composites must be
discovered for maximum permeance efficiency or performance and not
predicted. Furthermore, the permeance properties of a non-ideal
composite composition are not inherent.

When the transmission rate of a permeant, such as oxygen or
water, through a barrier structure is obtained at several different
temperatures, the thermodynamic energy necessary to transport the
permeant completely through the barrier structure is obtained by the
Arrhenius equation:

InQ = InQ, - AG/RT

where AG is the energy necessary to move one mole of permeant
molecules through the barrier structure in cal/mole, R is the gas
constant in cal/mole - degree, T is temperature in degrees Kelvin, Qis
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mol e or perneant nol ecul es through the Parrier structure in cal/mole, Ris
the gas constant in cal/nole - degree, T is tenperature in degrees Kelvin,
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through the barrier structure is obtained at several temperatures. Then
the natural log of the transmission rate obtained at each temperature
versus the reciprocal of each temperature is plotted. The slope of the

resultant linear plot is the quantity -AG/R, from which AG is obtained.
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It has also been found that the non-ideal barrier coating
sequence composition of the present invention results in the
expenditure of more thermal energy (AG) than that of any of the
components of the composition or AGT> AGay, AGR, where T is the
non-ideal barrier coating sequence composition and A and B are the
organic and inorganic components of the non-ideal barrier coating
sequence composition. In contrast, a laminate or ideal composite
composition will havea AGT = AGA or AGR, whichever component
(A or B) has the lowest permeance.

DESCRIPTION OF THE DRAWINGS

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

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

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

FIG. 4 is a longitudinal sectional view of a tube-shaped
container, similar to the tube of FIG. 1 with a stopper, compnsmg the
barrier coating composition.
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and with the barrier coating composition 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 the plot of the natural log of the transmission rates
versus the reciprocal of the temperature for the measurements of

Examples 1, 3 and 4 and Table 1.- '

FIG. 9 illustrates the draw volume loss for PET/[Ac/Sioyx]y
Tubes at 40°C, 1 atm in accordance with the data reported in Table 4.

, DETAILED DESCRIPTION

The present invention may be embodied in other specific forms
and is not limited to any specific embodiments described in detail
which is merely exemplary. Various other modifications will be
apparent to and readily made by those skilled in the art without
fleﬁarting from the scope and spirit of the invention. The scope of the
mvention will be measured by the appended claims and their
equivalents.

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
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.
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the film sarrpl e was exposed to 1 at m of 100% oxygen
perneating through the sanple film was entrained j
gas streamon the opposite side of the film and gefpcte
sensor. An electrical signal was produced in propgr o1
oxygen perneating through the sanple. ;Sanples wer
and 45[err]C and 0% relative humdity .H). Sa
1 to 20 hours prior to determ ning oxygen perneance. The results obt
for polycarbonate (PC) and pol yet hyl ene terephthal ate (PET) are reported

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

FIG. 3 shows the preferred embodiment of the invention, a
plastic tube coated with a non-ideal barrier coating sequence
composition. The preferred embodiment includes many components
which are substantially identical to the components of FIGS. 1 and 2.
Accordingly, similar components performing similar functions will be
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 11a extending from an opened end 16a to a closed
end 18a. A non-ideal barrier coating composition 25 extends over a
substantial portion of the outer surface of the tube with the exception of
open end 16a. Non-ideal barrier coating sequence composition 25
comprises a sequence of organic and inorganic materials and PVDC.

The sequence composition preferably comprises multiple
materials expressed as follows: '

Sequence = 2 (organic material + inorganic material)
n

~where n=1-20.

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
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mont hs.  The presses against the inside inner surface 46 of sidewall 43 for
maintaining stopper 48 in place. Also, the stopper has a septum
portion S2 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 the non-ideal barrier coating sequence composition 25.
Non-ideal barrier coating sequence composition 25 covers substantially
most of the tube with the exception of open end 41 thereof. 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 non-ideal barrier coating sequence composition 25
over the tube. Alternatively, non-ideal barrier coating sequence
composition 25 may be applied to the tube after it has been evacuated.

FIG. 5 shows an additional embodiment of the non-ideal barrier
coating sequence composition and a tube. The alternate embodiment
functions in a similar manner to the embodiment illustrated in FIG. 4.
Accordlngly, similar components performing similar functions will be
numbered identically to those components in the embodiment of FIG.
;, except that a suffix "a" will be used to identify those components in

IG. 5.

Referring now to FIG. 5, a further embodiment 60 of the
invention wherein the non-ideal barrier coating sequence composition
25a incorporates both upper portion 50a of stopper 48a, as well as the
entire outer surface of tube 42a. Non-ideal barrier coating sequence
composition 25a includes serrations 62 at the tube, stopper interface.
The serrations are registered so that it can be determined if the sealed
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contamner has been tampered with. Such an embodiment may be
utilized, for example, for sealing the container with the stopper in
place. Once a sample has been placed in the tube, the sample cannot

be tampered -with by removal of the stopper.

Additionally, the

serrations may be registered so that it can be 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.

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 non-ideal barrier coating sequence composition forms a
substantially clear or translucent material. Therefore, the contents of a
plastic tube with the non-ideal barrier coating sequence composition is
substantially visible to the observer at the same time identifying
information may be displayed over the non-ideal barrier coating

sequence composition after it is applied to the plastic tube.

The organic material is an acrylate material and may be formed
by dip-coating, roll-coating or spraying acrylate monomer or the blend

of monomers, followed by UV curing process.

The acrylate material may' also be applied 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

monomer.



nd

35[err]C for use in the Arrhenius equation, |nQ 3 ( err]

Non- I deal Barrier Coating Sequence Conpositions ¢n .Flal _

1-4 of Table 1 and Figure 8 illustrate that coat {fg DetHsre i
filmresults in an unexpected decrease in the oxyg ; te that
the laminate equation does not predict., The measfired R predP ct ed]lbxygen

transport rate of filns coated with Si ées-we_re commpared—+o-—Ihe_Sepafatel y
nmeasured oxygen transport rate of PET and Si(err]. The results are
reported in Figure 8 and Table 1. This occurs despite the fact that the

PET/ S Ieb)—eﬁ,ﬁ b1 2Rid Lk eat . F 8 is
t he Alrgh:Flir]ussgrmat [ ofr?x O?es";?r?hﬁefnﬂgbg% g%@ogaﬁgpgﬁk@yt rcgﬁrsnrlﬁtgl %%H#a'es
versus the reci pRE¥aPs Xl*ha‘(eerﬁi t ane, dwanorc Hheeg raorglater graups s
taken for Sanpl amléculd. a¥idridus miktares GfMfioflo dCand trit e yRRES GYe USERIRY t O
transport one nple GOy 4R0ehtiof 9 Most preferable are monoacrylates and

diacrylates.

[ th h the sanple. Data was coljl REPE 5our
vapor pernmeating roug np ! ‘%ENEN% 8’"%5’

anpl es
4 PET

Acrylates form one of the most reactive classes of chemicals.

- They cure rapidly when exposed to UV or electron beam radiation to
form a cross-linked structure.  Therefore acrylates impart high
temperature, stability and abrasion resistant properties to compositions.

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

+ employed have at least two double bonds (i.e., a plurality of olefinic
groups). The high-vapor-pressure monomers used in the present
invention can be vaporized at low temperatures and thus are not
degraded (cracked) by the heating process. The absence of unreactive
degradation products means that films formed from these low
molecular weight, high-vapor-pressure monomers have reduced volatile
levels of components. As a result, substantially all of the deposited
monomer is reactive and will cure to form an integral film when
exposed to a source of radiation. These properties make it possible to
provide substantially continuous coating despite the fact that the film is
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
acrylates are particularly useful monomeric materials. The general
formula for such polyfunctional acrylates is:
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R1-0-C-C=CH,
|
R2
‘wherein:

Rlisan aliphatic, alicyclic or mixed aliphatic-alicyclic radical;
and

R2isa hydrogen, methyl, ethyl, propyl, butyl or pentyl.

. Such polyfunctional acrylates may also be used in combination
with various monacrylates, such as those having the formula:
x1
l
: CH3(CH2)C-(CHp)sX3
|

CHyoC-C=CH),

I ]
O R2

wherein:

R2, is as defined above;

XlisH, epoxy, 1,6-hexanediol, tripropyleneglycol or urethane;
I, s are 1-18; and

X3 is CN or COOR3,
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wherein;
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
source such as apparatus which emits infrared, electrons or ultraviolet
radiation.

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

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

The inorganic material is an oxide material and may be formed
by radio frequency discharge, direct or dual ion beam deposition,
sputtering or plasma chemical vapor deposition, as described in U.S.
Patent Nos. 4,698,256, 4,809,876, 4,992,298 and 5,055,318, the
disclosures of which are herein incorporated by reference.
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stream components, and preferably is derived from 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. An oxide based film is deposited to a desired thickness. The
thickness of the oxide material is about 100 Angstroms (A) to about
10,000 A. A thickness of less than about 500 A may not provide
sufficient barrier and a thickness of greater than about 5,000 A may
crack, thus decreasing the effective barrier. Most preferably, the
thickness of the oxide material is about 1,000 A to about 3,000 A.

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

Examples of suitable organosilicon compounds useful for the
gas stream in the plasma deposition methods are liquid or gas at
about ambient temperature and when volatilized have a boiling point
about 0°C to about 150°C and include dirnethysilane, trimethylsilane,
diethylsilane, propylsilane, phenylsilane, hexamethyldisilane, 1,1,2,2-
tetramethyldisilane, bis (trimethylsilane)methane, bis (dimethylsilyl)
methane, hexamethyldisiloxane, vinyl trimethoxy silane, vinyl
triethyoxysilane, ethylmethoxysilane, ethyltrimethoxysilane,
divinyltetramethyldisiloxane, hexamethyldsilazane divinyl-
hexamethyltrisiloxane, trivinylpentamethyltrisiloxazane,
tetraethoxysilane and tetramethoxysilane.
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35 the nodified | am nate equation for a non-idea .
sequence conposition of ([err]PC Sierr]/acryl e err]
([err])[err]+ ([err])[err] + 2 ([err])[err] wherfe = e
Sample 10, ([err])[err] is Sanple 12, and ([err] i I ! np
11 Consistent with the | am nate characte Al e J_

(PC/SiQerr]/acrylate/SiQerr]) are thggAG val ues (en

Among the preferred organosilicons are 1,1,33-
tetramethyldisiloxane, trimethylsilane, hexamethyldisiloxane,
vinyltrimethylsilane, methyltrimethoxysilane, vinyltrimethoxysilane
and hexamethyldisilazane. These preferred organosilicon compounds
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.

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

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 is preferably
practiced at relatively high power and quite low pressure. A pressure
less than about 500 millitorr (mTorr) should be maintained during the
deposition, and preferably the chamber is at a pressure between about
43 to about 490 millitorr during the deposition of film. Low system
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
68°C respectively).
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LerrlGerr]l, | qhideHaf" EdmPRSES ah eRclosed reaction chamber 170 in which a
plasma is formed and in which a substrate or tube 171, is placed for
depositing a thin film of material on a sample holder 172. The
substrate can be any vacuum compatible material, such as plastic.
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 process. Furthermore, the
reaction chamber may be modified so that one or more articles may
be coated with an oxide layer simultaneously within the chamber.

The pressure of the chamber is controlled by a mechanical
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
Sm Torr 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 trimethyl silane, into the chamber through monomer inlet
176.

Th.e thin film is deposited on the outer surface of the tube and
?as a desired uniform thickness or the deposition process may be
mterrupted periodically to minimize heating of the substrate and/or
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electrodes and/or physically remove particulate matter from the
articles.

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

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

The oxide materials or blends thereof used'in accordance with
this disclosure, may contain conventional additives and ingredients
which do not adversely affect the properties of articles made
therefrom.

An optional additional material may be formed on the non-
ideal barrier coating sequence composition by dip-coating, roll-
coating or spraying an aqueous emulsion of the polyvinylidene
chloride or homo or co-polymers, followed by air drying.

The optional additional material may preferably be vinylidene
chlbﬁde-acryloniuﬂe-methyl methacrylate-methyl  acrylate-acrylic
acid copolymers, thermosetting €poXy coatings, parylene polymers,
or polyesters.

Preferably, the optional additional material is a parylene
polymer. Parylene is the generic name for members of the polymer
series developed by Union Carbide Corporation. The base member
of the series, called parylene N, is poly-p-exlylene, a linear,
crystalline material:
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It is observed that the deposition of 23 Si ence~of—

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:

C1

Parylene D, the third member of the parylene series is
prodtfced from the same monomer as parylene N and modified by the
substitution of the chlorine atom for two of the aromatic hydrogens:

1

. Most preferably, the polymer material is a vinylidene
chlonde-metffyl methacrylate-methacrylate acrylic acid polymer
(PVDC). This polymer is available as DARAN® 8600-C (trademark
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Division, Lexington, Mass.

The optional additional material may be a parylene polymer.
The optional additional material may be processed similar to vacuum
metallizing, as described in U.S. Patent Nos. 3,342.754 and
3,300,332, the disclosures of which are herein incorporated by
- reference.  Alternatively, the optional additional material may be
vinylidene chloride-acrylonitrile-methyl methacrylate-methyl acrylate-
acid acrylic polymer. This material is applied 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.

A variety of substrates can be coated with the non-ideal

barrier coating sequence composition by the process of the present

* invention. Such substrates include, but are not limited to packaging,
containers, bottles, jars, tubes and medical devices.

A plastic blood collection tube coated with the non-ideal
barrier coating sequence composition 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 non-ideal barrier coating sequence composition 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.
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where PP/ (acrylate/SiQeig])[err] =

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

~dependent on good vacuum retention. A plastic tube coated with the

non-ideal barrier coating sequence composition substantially prevents
gas permeation through the tube material so as to maintain and enhance
the vacuum retention and draw volume retention of the tube. Plastic
tubes without the non-ideal barrier coating sequence composition
coating of the present invention may maintain about 90% draw volume
for about 2 years.

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 the non-ideal barrier
sequence coating composition 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 non-ideal
barrier coating sequence composition and its abrasion and scratch
resistance.

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

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

METHOD FOR APPLYING ACRYLATE TO A SUBSTRATE

An acrylate coating was applied to tubes and films (substrates)
of various thickness in a chamber wherein Tripropylene Glycol
Diacrylate (TPGDA) was fed into the evaporator and was flash
vaporized at about 343°C onto the substrate in the chamber and
condensed. The condensed monomer film was then E-beam cured by
an electron beam gun.

EXAMPLE 2

METHOD FOR APPLYING SIOx TO A SUBSTRATE

The substrate from Example 1 above was then attached to a
holder which fits midway between the electrodes in a vacuum chamber.
The chamber was closed and a mechanical pump was used to achieve a
base pressure of about 50 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.

The monomer which consists of a mixture of trimethylsilane
(TMS) and oxygen was introduced through stainless steel tubing near
the electrodes. The gases were mixed in the monomer inlet line before
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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
- TMS/O7 on the substrate were as follows:

Surface Pretreatment: TMS Flow = 0 sccm
Base Pressure = 50 mTorr
Oxygen Flow = 10 sccm
System Pressure = 140 mTorr
Power = 50 watts
Time = 2 minutes
Oxide Deposition: - TMS Flow = 0.75 - 1.0 sccm
Oxygen Flow = 2.5-3.0 sccm
System Pressure = 90 - 100 mTorr
Power = 30 watts '
Deposition Time = 5 minutes

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

EXAMPLE 3

METHOD FOR APPLYING A NON-IDEAL BARRIER

COATING SEQUENCE COMPOSITION TO A SUBSTRATE

A non-ideal barrier coating sequence composition was applied
to a substrate by repeating Examples 1 and 2 above from 1 to 20 times.
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EXAMPLE 4

METHOD FOR APPLYING ACRYLATE TO A SUBSTRATE

An acrylate coating was applied to 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.

EXAMPLE 5

METHOD FOR APPLYING SIOx TO A SUBSTRATE

The substrate from Example 4 was then attached to a holder
which fits midway between the electrodes in a vacuum chamber. The
chamber was closed and a mechanical pump was used to achieve a
base pressure of about 50 mTorr.

The electrode configuration was. internally capacitively coupled
with permanent magnets on the backside of the titanium electrodes.
The 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. .

The monomer which consists of a mixture of trimethylsilane
(TMS) and oxygen was introduced through stainless steel tubing near
the electrodes. The gases were mixed in the monomer inlet line before
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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
TMS/O7 on the substrate were as follows:

Surface Pretreatiitent: TMS Flow = 0 sccm
Base Pressure . = 50 mTorr
Oxygen Flow = 10 scem
System Pressure = 140 mTorr
Power = 50 watts
Time = 2 minutes
Oxide Deposition: TMS Flow = 0.75 - 1.0 sccm
Oxygen Flow = 2.5-3.0 sccm
System Pressure = 90 - 100 mTorr
Power = 30 watts
Deposition Time = 5 minutes

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

EXAMPLE 6

METHOD FOR APPLYING A NON-IDEAL BARRIER

COATING SEQUENCE COMPOSITION TO A SUBSTRATE

A non-ideal barrier coating sequence composition was applied
to a substrate by repeating Examples 4 and 5 above from 1 to 20 times.



42

[err]

05 May 1997

EXAMPLE 7

BEHAVIOR CHARACTERISTICS OF NON-IDEAL
COMPOSITE COMPOSITIONS

Various different substrates were prepared in accordance with
Examples 1-6 above and then the following characteristics and
properties were evaluated and the results are reported in Tables 1, 2
and 3 and Figures 8 and 9.

(1) Laminate equation analysis:

When two or more different barrier films are stacked, the
permeation of small molecules through the multilayer laminate is
generally described by the laminate equation:

(M) = (117! + 7yt
or
= 1)1
n

where n is the number of layers of different materials deposited as in
Example 6 above, I, is the permeation rate through component layer
1, Iy is the permeation rate through component layer 2, and IT17 is the
permeation rate through the laminate of components 1 and 2. The
transport rate of a permeant through a laminate barrier system is
therefore dependent upon the transport rate of that permeant through
each of the laminate's components. When the permeance of the
individual components is known, the permeance of the total layer
laminate of those components can be calculated and predicted.

The permeance of oxygen or water through such systems can
be obtained at defined temperature and driving pressure by use of a
MOCON OX-Tran 2000, MOCON T-1000 or MOCON Permatran
device.
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(1) Arrhenius relationship analysis:

When the transmission rate of a permeant, such as oxygen or
water, through a barrier structure is obtained at several different
temperatures, the thermodynamic energy necessary to transport the

‘permeant completely through the barrier structure is obtained by the

Arrhenius equation:
InQ = InQg - AG/RT

where AG is the energy necessary to move one mole or permeant
molecules through the barrier structure in cal/mole, R is the gas
constant in cal/mole - degree, T is temperature in degrees Kelvin, Qis
the permeant transmission rate and Qo 1s a-constant unique to the
structure. In practice, the transmission rate Q for oxygen transport
through the barrier structure is the permeance [], obtained at several
temperatures. Then the natural log of the transmission rate obtained at
each temperature versus the reciprocal of each temperature is plotted.
The slope of the resultant linear plot is -AG/R, from which AG is
obtained.

These data are obtained at several defined temperafures, using
the same equipment as described above. The resulting permeance data
(IT) are then treated by the Arrhenius equation, and AG values for the
laminate are compared to AG values obtained for the components of
the laminate. An ideal laminate system has a AG equivalent to that of
the component with the best barrier characteristics. A non-ideal
system has a AG greater than that of either component.

(i)  Oxygen permeance (OTR):

Film or plaque samples were tested for OXygen permeance
(OTR) using a MO CON Ox-TRAN 2/20 (sold by Modern Controls,
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Inc., 7500 Boone Avenue N., Minneapolis, MN 55428). A single
side of the film sample was exposed to 1 atm of 100% oxygen
atmosphere. ~ Oxygen permeating through the sample film was
entrained in a nitrogen carrier gas stream on the opposite side of the
film, and detected by a coulmetric sensor. An electrical signal was
produced in proportion to the amount of Oxygen permeating through

_ the sample. Samples were tested at 30, 35, 40 and 45°C and 0%
relative humidity (R.H.). Samples were conditioned for 1 to 20 hours
prior to determining oxygen permeance. The results obtained for
polycarbonate (PC) and polyethylene terephthalate (PET) are reported
in Tables 1 and 3.

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
used for mounting the tubes in a manner that allowed the outside of the
tube to be immersed in a 100% O3 atmosphere while the inside of tube
is flushed with a nitrogen carrier gas. The tubes were then tested at
30°C and 50% R.H. The tubes were allowed to equilibrate for 2-14
days before a steady state permeability is determined. The results for
polyester based blood collection tubes is reported in Table 4, and the
results for polypropylene based blood collection tubes is reported in
Table 5.

(iv) Water Vapor Transmission Rate (WVTR):

a. Tubes: Tubes were filled with a 2 ml of distilled water,
closed with a rubber stopper, and placed into an oven at 40°C, 50%
R.H. The tubes were then weighed once a week for 4 months. The
water vapor transmission rates were then calculated based on the
equilibrium water loss per day. Examples of PET based blood
collection tubes are reported in Table 4.
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r B = A
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relative humidity (RH). Water vapor permeating through the sample

film was introduced into an IR sensor by a nitrogen carrier gas. An
electrical signal was produced in proportion to the amount of water
vapor permeating through the sample. Data was collected at 25, 30
and 35°C for use in the Arrhenius equation, InQ = InQ - AG/RT.

([err]), is less

A. Non-Ideal Barrier Coating Sequence Compositions on
Films

Samples 1-4 of Table 1 and Figure 8 illustrate that coating
both sides of a PET film results in an unexpected decrease in the
oxygen transmission rate that the laminate equation does not predict.
The measured and predicted oxygen transport rate of films coated
with SiOy were compared to the separately measured oxygen
transport rate of PET and SiOyx. The results are reported in Figure 8
and Table 1. This occurs despite the fact that the PET/SiOy sample
behaved as a predictable laminate.

Figure 8 is the Arrhenius equation plot of the natural log of the
transmission rates versus the reciprocal of the temperature at which
each measurement was taken for Samples 1, 3 and 4. From Figure 8 A
G, or the energy required to transport one mole of oxygen through
SiOx/PET/SiOx, Sample 4, is 20+ 1 kcal/mole as compared to the AG
of 7 + 2kcal/mole for PET, Sample 1 and PET/SiOy, Sample 3.

This result shows that the non-ideal barrier coating composition
of SiOx/PET/SiOy results in the expenditure of more thermal energy, A
G than the individual components of the composition. This is
consistent with the relationship of the non-ideal barrier sequence
coating composition of the present invention, AGT > AGp, AGR,
where T is Sample 4 and A and B are Samples 1 and 2 respectively.
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based conposition.

Samples 1, 2 and 3 illustrate that PET/SiOy, Sample 3 acts only
as a laminate of PET and SiOy, which can be predicted, wherein
SiOx/PET/SiOx, Sample 4 exhibits non-ideal permeance results.
Therefore this illustrates that the barrier performance of Sample 4 as a
whole is independent of the properties of its constituents, with respect
to oxygen permeation.

In addition, Table 2 illustrates the unexpected increase in water
vapor barrier performance of Sample 9 (SiOy/PET/SiOy). The
observed water vapor transmission rate through the structure is 30 to
50 times lower than the value predicted from laminate theory, based on
the transmission rates through Sample 5 (PET film), Sample 6 (SiOy)
and Sample 7 (PET/SiOy).

Samples 10-18 of Table 3 illustrate that the oxygen permeance
of PC/SiOx/acrylate/SiOx (Sample 16) is 1.1 x 10-10
moles/m2-sec-atm as compared to the 16.4 x 10-10 moles/m2-sec-atm
that is predicted (Sample 18) with the laminate equation.

In addition, Samples 10-16 also illustrate that the water
permeance of PC/SiOx/acrylate/SiOy (Sample 16) is 0.9 x 10-10
moles/m2-sec-atm as compared to the 4.9 x 10-10 moles/m2-sec-atm
predicted (Sample 18) with the laminate equation. The result of
Sample 16 shows that the barrier performance of the non-ideal barrier
coating sequence composition of PC/Si0y/acrylate/SiOx as a whole is
greater than the sum of each individual material in the whole
composition, with respect to both oxygen and water.

Also noted is that Sample 15 (PC/acrylate/SiOy) (measured)
behaved as a single laminate which indicates that Sample 16
(PC/SiOy/acrylate/SiOy) should have also exhibited simple laminate
characteristics. = However, as shown in Table 3, Sample 16,
(PC/SiOy/acrylate/SiOy) did not exhibit simple laminate
characteristics. Therefore, it can be concluded that Sample 16 follows
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the modified laminate equation for a non-ideal barrier coating sequence
composition of

(TTPC/SiOy/actylate/SiO,)! < (ch)'1 + ([Tacrylate) ! +2 [si0,)"

where (Hpc)’ is Sample 10, (ITacrylate)” -1 js Sample 12, and (1
Sle)' is Sample 11.

Consistent with the laminate characteristics of Sample 16
(PC/SiOx/acrylate/SiOx) are the AG values (energy necessary to
transport oxygen or water through the sample) observed for this
sample. The AG value for oxygen transport through Sample 16,
(PC/SiOy/acrylate/SiOx), is 9 kcal/mole higher than the energy
necessary to transport one mole of oxygen through the PC, PC/SiOx or
PC/acrylate/SiOy systems (Samples 10, 14 and 15). This result shows
that the non-ideal barrier coating sequence composition results in the
expenditure of more thermal energy, AG, than any of the components
of the composition. This is consistent with the relationship of AGT > A
GA, AGB, AGC where T is Sample 16 and A, B and C are Samples 10,
14 or 15, respectively.

The AG value for water transport through Sample 16 follow the
same non-ideal characteristics as reported for oxygen transport. The A
G values for transport through PC/SiOy and PC/acrylate/SiOy, are 3-4
kcal/mole higher than the AG of transport through PC alone. However,
the water transmission rate through the PC/SiOx/acrylate/SiOx
structure is not predicted by the laminate equation as compared to
Sample 18. These non-ideal results show an unexpected enhancements

of water vapor barrier and that AGT > AGa, AGR, AGC where T is
Sample 16 and A, B and C are Samples 10, 14 and 15 respectively.

B. Non-Ideal Barrier Coating Sequence Compositions on
Tubes




12. The conposition of Caim1ll, wherein the thickness of said netal oxide
I s about 500 to about 1,000 Angstrons. %d The conposition of

Claim1 further conprising poly(vinylidene chlor S
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sai d thickness of said poly(vinylidene chloride)}iq about 3 to aboyt 5
m crons. 16. A non-ideal barrier coating{sequence conpositijon
conprising the foll ow ng sequence: [err] L(organic material {+
I norganic material) n

In addition, an unexpected improvement in barrier properties
for PET and PP coated tubes was observed. Tables 4 and 5 summarize
the barrier characteristics of PET and PP tubes coated with
(acrylate/SiOy)y.

| Samples 19-27 (Table 5) illustrate that PET tubes coated with _
more than 1 sequence of acrylate/SiOy exhibit non-ideal behavior with
respect to oxygen and water vapor permeance, wherein experimental
water vapor and oxygen transmission rates are significantly lower than
theoretically predicted based on the laminate equation.

Samples 25-27 follow the modified laminate equation for a
non-ideal barrier coating sequence composition as follows:

pgr (acrylate/SiOx)n < ((HPET)il + 0(ITacrylate)™ ! + 2(Tsi0, )" L)

where PET (acrylate/SiOy)y is Samples 22-25, PET is Sample 19 and
acrylate is Sample 23 and SiOy is Sample 22.

It is observed that the" deposition of a single sequence of
acrylate/SiOy does not improve water barrier properties of the PET
tube, however, two sequences of acrylate/SiOx (Sample 25) result in
decreasing water vapor transmission rates by a factor of 17.5 compared
to the PET control (Sample 19). As a result of a non-ideal barrier
behavior, tubes coated with 4 and 6 sequences of acrylate/SiOx have
remarkably low oxygen and water vapor permeance, superior to any
transparent barrier coating on a plastic substrate reported in the
literature as shown in Table 6.

In addition, Samples 28-33 (Table 5) illustrate non-ideal
behavior of the PP tubes coated with 2 sequences of acrylate/SiOy.
The measured oxygen permeance of PP/(acrylate/SiOy)7 sequence



where n= 1-20 17. The conposition of Caim 16, wherein the
pernmeation rate of the |am nation of said organi c [Fre==Rgrgani

([err]), is 46 | ess than the inverse of |
the pernmention rate through said inorganic materig
sequence and the inverse of the perneation rate tf
material ([err]) of said sequence. 37 /

(Sample 33) is 11.5 x 10-10 moles/m2-sec-atm, compared to 496 x 10-
10moles/m2-sec-atm predicted with the laminate equation. Therefore,
it can be concluded that Sample 31 follows the modified laminate
equation for a non-ideal barrier coating sequence composition of

[Tpp/(acrylate/SiOx)2 < ([1pp)! + 2([Macrylate)™! +2([Tsi0x)"

~ where PP/(acrylate/SiOx); is Sample 33, PP is Sample 28, acrylate is
Sample 32 and SiOy is Sample 30.
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18. The conposition of Claim1l7, wherein said perneation rate of said
| am nation of said organic and inorganic materials is not an additive

ef fect. 19. The conposition of Caim 16, wherein the thermal
energy (AGTI) of said non-ideal barrier coating sequence conposition is T
greater than the thermal energy of s%d organi c_conponent (AGA) and said d

i norgani c conponent ([err]{err]). 20. The coj

hight [

wher ei n sai cumaterl arTigarh crossed lin

acrylic polyner. s 5 Z. [Thg conposiition of d ai =36 WRHGIOR

i norganic npteri @l | & a= al| oXi de.=; 2 22. The conposi of—C m
[ i ]

, N il & . c
21, wherein|sai d{net “oxidle | s {a $i3li &n oxi de based conposition or an
al um num ox| de based = %lt orn. i

— REPLACEMENT SHEET
=
8 &
: & _ 05 MAY 1997
al g 3 S =
sl =+ g - o
doe
Q o~y
Ol O o
E =
$ 3 = 37
- g E S IR
. <3
85 & o ©
g 5 =B
—
E: o -] = ~
5 | & EF R
= Z 8 @
ol |2 3 9| £ &
= = s| 8| £| §
g |Le 2 3| 3 S
Ju—y
NS5~ 4 2
PR I <5 =)
2§ |
- o o ] BN 7]
E—'ég;‘g? & &! él -2
(] 172}
O 2 =
EEQ@) 3§
O 2 =
@ 8 .~ O 25
Al &l € E & S o
SR g s
ol & o I ] &3
S.H2 F ¢ g B P £ 3
gl Ot 82 & S 3
= T 2 —
o 8 < O
Ol—'m gf:
. = = >
= 9 5 = % =
gé‘:o’* ';:)'55 §_
s 29 |g®s8 S2E g
a =3 T N il o ._.C'._g Q
g2 E 22 &
S e 8 S = 5 o X
Eoo.f/)__.m
8&8”:'
. o E3ER
Q @ o o + +
5 4 Z w L B ko
Sl g al & 2T mm
s 58 Ja@ 8 ol g
§ g bkl =gEol
(7] .4 W] o] w»n E-gg"" v
= §§o'_-"7
£ - OB =
= Z e e N Sy
%] — ] en] o0 T wn




23. The conposition of Caim22, wherein said silicon oxide based
conposition is silicon oxide, SiJerr], where [err] is fromabout 1.0 to
about 2.5. 24. The conposition of Caim 20, wherein the thickness
of said organic material is about 0.1 mcrons to about 10 m crons.

25. The conposition of C aim 24, vmoiae_l n the thickness of said organic
material is about 0.5 mcrons to ab 3 mcrons.
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26. The conposition of Claim 21, wherein the thickness of said netal oxide
I s about 100 to about 2,000 Angstrons. 27. The conposition of .7

Claim 26, wherein the thickness of said netal oxide is about_ 500 to}gpﬂﬂt
1, 000 Angstrons. 28. The conposition of Clahﬁk487+ﬁahkhapwu-- ,

conprising poly(vinylidene chloride), thernosetting
pol ymers or polyesters. 29.40he conpositioniof

sai d thickness of said poly(vinylidene chloride) is ;
m crons. 30. The conposition of Caim29 wherein said thickness of

said poly(vinylidene chloride) is about 3 to about 5 m crons. 31.
A sanpl e assenbly conpri sing:
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REPLACEMENT SHEET 33. The assenbly of O aim 32, wherein said
pernmeation rate of said |am nation of said organic and inorganic materials
is not an additive effect. 34. The assenbly of C aim 31, wherein
said organic material is a polymerized blend of nono-and di-acryl ates.

35. The assenbly of Caim 31, wherein said inorganic material is alumnum
oxi de or silicon oxide based conposi4d on. 36. The assenbly of Clalm“
31, wherein said organic material conprises polyneriff ot

i norgani c material conprises silicon oxide.
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Theoretical Oxygen
Transmission Rate
(1 0-10 moles/m2-sec atm

TABLE §
BARRIBR CHARACTERISTICS OF TUBES
- Measured Oxygen
Transmission Rate
(10:10 moles/m2-sec atm

1120

1000

9300

739.5

2200

11.5

Sample Description
PP/(acrylate/Si0,), @

PP tube, control (1)

PP/SiO,

Si0
PP/acrylate

acrylate

28
29
30
31
32
33

Sample
No
(1) 1 sequence of acrylate/SiOy
(@) 2 sequences of acrylate/SiOy




37. The assenbly of Caim31, wherein said acrylate of sal d orgam C
material is deposited on said outer surface of said [fOF ‘

previ ously evacuated chanber conprising the foll owi Pk AS BEENCR)
nmetering a curable nonomer conponent into a heated 2 ACEBpOT | ZRr
system (b) flash vapori zing aal d conponent in Sigisics .

(C \..und\..na;ﬂy, \vlapcrl Zi nn or—at-om 7| nn afilmof_the "‘On‘ponent
onto_the outer surface of said FABLE Ger: and (d) curing sajd film

38| Refesenpesenbly of G aim 37, wherein said inorganic material is Heposited

i nW@Wd r-hnnhnr ant o _said or aanl c material by|the
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a gas steamexterior to the chanber; (b) establishi n a

gl ow di scharge plasma in the chanber from ~one or nore of e
gas stream conponents; (c) controllably flo he. gas st \
into the plasma while-- confini ng ?t | eas ISBHEE A8 hel
pl asma t herei d) depositing a | ayer df- ede ||

adJ acent sai c”"mm "l“"#m"," 489. The assenbl FEpSST—wheri N

aid oxidiz

WHAT IS CLAIMED IS:

1. A non-ideal barrier coating ~SEquUence —COmMpOSition
comprising organic and inorganic materials wherein the barrier
performance of said composition as a whole is greater than the
lamination of said organic and inorganic materials in said composition.

2. The composition of Claim 1, wherein the permeation
rate of the lamination of said organic and inorganic materials ITop, is
less than the inverse of the sum of the inverse of the permeation rate
through said inorganic material ([T;) of said sequence and the inverse
of the permeation rate through said organic material (ITo) of said
sequence.

3. The composition of Claim 2, wherein said permeation
~ rate of the lamination of said organic and inorganic materials is not an
* additive effect.

4. The composition of Claim 1, wherein the thermal energy
(AGT) of said non-ideal barrier coating sequence composition is
greater than the thermal energy of said organic component (AGA) and
said inorganic component (AGR).

5. The composition of Claim 1, wherein said organic
material is a highly crossed linked acrylate or acrylic polymer.

6. The composition of Clalm 1, wherein the inorganic
material is a metal oxide. )

7. The composition of Claim 6, wherein said metal oxide is a
silicon oxide based composition or an aluminum oxide based
composition.



conmponent is oxygen nitrous oxide, carbon dioxidey air, or an inert

conpound. ~ 40. The assenbly of C ai m 39, whef-erﬂ— pe C
suggt rate is electrically isolated fromthe cha BEPldﬁfcept--'_:f br‘s_f-&) tact
with the confined plasm. =~ 41, The asserbly~—of O aimi 407 vherein
sai d Sequenceummml’mumm”me_s a paryl ene pol yrert S N 3
The assenbly b# ein sayg paryl ene I N,
paryl ene C or paryléne"D. 5 * 437 The asse y [Qdr ei n

the thermal energy ( AGI) of said non-ideal barril_gz coating sequende
conposition is greater than the thermal energy of “Sard organic conponent

r err and saig in i opRane erylGerr]). ., .. 44. The
((31 [Sgren%% of] )CI ey g'v\hefé?ﬁdbsnjpﬁslﬁ%agf ?lé;&rll ok \tg{;perml? said silicon oxide
based composition is silicon oxide, SiOy, where y is from about 1.0 to
about 2.5.

9.  The composition of Claim 5, wherein the thickness of said
organic material is about 0.1 microns to about 10 microns.

10. The composition of Claim 9, wherein the thickness of said
organic material is about 0.5 microns to about 3 microns.

11. The composition of Claim 6, wherein the thickness of said
metal oxide is about 100 to about 2,000 Angstroms.

12. The composition of Claim 11, wherein the thickness of
said metal oxide is about 500 to about 1,000 Angstroms.

13. The composition of Claim 1 further comprising
poly(vinylidene chloride), thermosetting materials, parylene polymers
or polyesters.

14. The composition of Claim 13, wherein said thickness of
said poly(vinylidene chloride) is about 2 to about 15 microns.

15. The composition of Claim 14, wherein said thickness of
said poly(vinylidene chloride) is about 3 to about 5 microns.

16. A non-ideal barrier coating sequence composition
comprising the following sequence:

2. (organic material + inorganic material)
n
where n=1-20

17. The composition of Claim 16, wherein the permeatidn
rate of the lamination of said organic and inorganic materials (Ioy), is



Is a highly crossed |inked acrylate or acrylic polyner.

45. The

assenbly of Claim31, wherein the inorganic material is a metal oxide.

46. The assembly of C aim45, wherein said netal/
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less than the inverse of the sum of the inverse of the permeation Tate
through said inorganic material ([];) of said sequence and the inverse
of the permeation rate through said organic material (ITo) of said

sequence.

18. The composition of Claim 17, wherein said permeation
rate of said lamination of said organic and inorganic materials is not

an additive effect.

19. The composition of Claim 16, wherein the thermal
energy (AGT) of said non-ideal barrier coating sequence composition
is greater than the thermal energy of said organic component (AGA)

and said inorganic component (AGR).

20. The composition of Claim 16, wherein said organic
material is a highly crossed linked acrylate or acrylic polymer.

21. The composition of Claim 16, wherein the morganic

material is a metal oxide.

22. The composition of Claim 21, wherein said metal oxide is -
a silicon oxide based composition or an aluminum oxide based

composition.

23. The composition of Claim 22, wherein said silicon oxide
based composition is silicon oxide, SiOy, where x is from about 1.0 to

about 2.5.

24. The composition of Claim 20, wherein the thickness of
said organic material is about 0.1 microns to about 10 microns.

25. The composition of Claim 24, wherein the thickness of
said organic material is about 0.5 microns to about 3 microns.




47. The assenbly of Caim46, wherein said silicomexkde -basesd=epnposition
is silicon oxide, Sigerr], where x is from abo tREP.LQCi:TﬁF{'e}aUQWLQZ 5.

48. The assenbly of C aim45, wherein the thickhegs—ef-said -i-Bprganic
material is about 0.1 microns to about 10 micr d :

e S e

: . Caim
45, wherein tHe thi tknkss® of* said metal oxide iK oT—r66—to=akapll 2, 000
Angst romns. : 51. The assenbly of C ai m 50, Wierermtie—~thckness of
said netal oxide is about 500 to about 1,000 Angstrons. 52. The

aﬁsenbl yt ;)f d ai {n 3%5%6'ur1“ﬂ§r¢i<ﬁ-ﬁ€@§i{i§h2§t; ?‘]M\Qﬂyl&}h%?&ﬁ Y ehicRfidss of
thermosetting met et oxlde 1§ about 100"t0 about 2,000 Angstroms.

27. The composition of Claim 26, wherein the thickness of
said metal oxide is about 500 to about 1,000 Angstroms.

28. The composition of Claim 16, further comprising
poly(vinylidene chloride), thermosetting materials, parylene polymers
or polyesters.

29. The composition of Claim 28, wherein said thickness of
said poly(vinylidene chloride) is about 2 to about 15 microns.

30. The composition of Claim 29 wherein said thickness of
said poly(vinylidene chloride) is about 3 to about 5 microns.

. 31. A sample assembly comprising:
! a plastic container having an open end, a closed end, an inner
surface and an outer surface; and
a non-ideal barrier coating sequence associated over the outer
surface of said container composition comprising;

2. (organic material + inorganic material)
n

where n=1-20

32. The assembly of Claim 31, wherein the permeation rate of
the lamination of said organic and inorganic materials (I1o;) of said
sequence, is less than the inverse of the sum of the inverse of the
permeation rate through said inorganic material ([];) of said sequence
and the inverse of the permeation rate through said organic material a1
o) of said sequence.



or polyesters.

53. The assenbly of O ai m-52. . wherein said thickness

of said poly(vinylidene chloride) is about 2 to atHEFLAQEMEN?rSHE%T
54. The assenbly of C aim53, wherein said thickh

SAal

pol y(vinylidene chloride) is about 3 to about 5 q@f&;&w 45h. A
béﬂ%

met hod of dep w ' barrier coating EM OGN on a
substrate con’ﬂ“l nml ﬂll "'m” ﬁ(a) sefigcting a nt{ |

conpri si ng: * pol yfunctional acrlyTate OT res of
nonoacryl ates: -and pol yfuncti onal acry. ot cs; () _Ifl ash

vapori zing said conponent into said chanber;

33. The assembly of Claim 32, wherein said permeation rate
of said lamination of said organic and inorganic materials is not an
additive effect.

34. The assembly of Claim 31, wherein said organic material
is a polymerized blend of mono-and di-acrylates.

35. The assembly of Claim 31, wherein said inorganic
material is aluminum oxide or silicon oxide based composition.

36. The assembly of Claim 31, wherein said organic material
comprises polymerized acrylate and said inorganic material comprises
silicon oxide.

37. The assembly of Claim 31, wherein said acrylate of said
organic material is deposited on said outer surface of said container in
a previously evacuated chamber comprising the following steps:

(a) metering a curable monomer component into a heated
vaporizer system;

(b) flash vaporizing said component in said chamber:;

(c) condensing, vaporizing or atomizing a film of the
component onto the outer surface of said container; and

(d) curing said film.

38. The assembly of Claim 37, wherein said inorganic
material is deposited in said previously evacuated chamber onto said
organic material by the following steps:

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



(c) condensing an acrylate material of said vaporiz dREPLACEN‘;Eﬁé\T SHEET
conponent onto the outer surface of said substrate; {(~eh)-—curLl n

said acrylate material;. . (e) vaporizing an ofgg n(hsé Ig’;gﬁgﬂ)m)p ent

and adm xi ng vol atilized organosilico

pevoreer (IR o, oo e i

establ i shing a gl ow di scharge plasma™in the chanber :
or nore of the gas stream conponents; (g) controllably flow ng the
gas streaminto the plasma while confining at |east a portion

of the plasma thereiny estaplishitl QEPOOV\S/'&i'sc'}%rge 'Sfés%é?r'x B cfil'culnlb%?r}frgr;(ll de
adj acent said one or more of the gas stream components;
(¢) controllably flowing the gas stream into the plasma while
confining at least a portion of the plasma therein; and
(d) depositing a layer of silicon oxide adjacent said first layer.

39. The assembly of Claim 38, wherein said oxidizer
component is oxygen nitrous oxide, carbon dioxide, air, or an inert
compound.

40. The assembly of Claim 39, wherein the plastic substrate
is electrically isolated from the chamber except for contact with the
confined plasma.

41. The assembly of Claim 40, wherein said sequence
further comprises a parylene polymer material.

42. The assembly of Claim 41, wherein said parylene
polymer is parylene N, parylene C or parylene D.

43. The assembly of Claim 31, wherein the thermal energy (
AGT) of said non-ideal barrier coating sequence composition is
greater than the thermal energy of said organic component (AGA) and
said inorganic component (AGR).

44. The assembly of Claim 31, wherein said organic material
is a highly crossed linked acrylate or acrylic polymer.

45. The assembly of Claim 31, wherein the inorganic material
1s a metal oxide.

46. The assembly of Claim 45, wherein said metal oxide is a
silicon oxide based composition or an aluminum oxide based
composition.
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acrylate materi al ; (i) repeating steps (p—through (d) above,

t hereby depositing an acryl ate nater
mat eri al ; and (j) repeating steps (e) thr
depositing a : stlicon oxide materi al

56. The tm 1B further conprising:
PVDC on snal Hm |I&E|I|WE}| er coati E@L o
57. The nethod oft Chkal mn further conpri sing:

(i) through (j) fromabout 2 to about 20 tines.

Claim57 further conprising: (1) dip coating PVDC on s

barrier coating

47. The assembly of Claim 46, wherein said silicon oxide
based composition is silicon oxide, SiOy, where y is from about 1.0 to
about 2.5.

48. The assembly of Claim 45, wherein the thickness of said
inorganic material is about 0.1 microns to about 10 microns.

49. The assembly of Claim 48, wherein the thickness of said
inorganic material is about 0.5 microns to about 3 microns.

50. The assembly of Claim 45, wherein the thickness of said
metal oxide is about 100 to about 2,000 Angstroms.

51. The assembly of Claim 50, wherein the thickness of said
metal oxide is about 500 to about 1,000 Angstroms.

52. The assembly of Claim 31, further comprising
poly(vinylidene chloride), thermosetting materials, parylene polymers
or polyesters.

33. The assembly of Claim 52, wherein said thickness of said
poly(vinylidene chloride) is about 2 to about 15 microns.

54. The assembly of Claim 53, wherein said thickness of
said poly(vinylidene chloride) is about 3 to about 5 microns.

53. A method of depositing a non-ideal barrier coating
Sequence composition on a substrate comprising:

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

(b) flash vaporizing said component into said chamber;



conposition sequences.

times.
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(g)

(h)
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56.

(k)

57.

(k)

58.
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said acrylate material is pretreated by oxygen
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condensing an acrylate material of said vaporized
component onto the outer surface of said substrate;

curing said acrylate material;

vaporizing an organosilicon component and admixing a
volatilized organosilicon component with an oxidizer
component and optionally an inert gas component to form
a gas steam exterior to the chamber;

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

controllably flowing the gas stream into the plasma while
confining at least a portion of the plasma therein;
depositing a material of silicon oxide adjacent said
acrylate material;

repeating steps (a) through (d) above, thereby depositing
an acrylate material on said silicon oxide material; and
repeating steps (e) through (h) above, thereby depositing a
silicon oxide material on said acrylate material.

The method of Claim 55 further comprising:

dip coating PVDC on said non-ideal barrier coating
composition sequence.

The method of Claim 55 further comprising:

repeating steps (i) through (j) from about 2 to about 20

The method of Claim.57 further comprising:

(D dip coating PVDC on said non-ideal barrier coating

composition sequences.
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59. The method of Claim 55 wherein said acrylate material
is pretreated by oxygen plasma.
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NON-IDEAL BARRIER COATING SEQUENCE
COMPOSITION

ABSTRACT OF THE DISCLOSURE

The present invention is a non-ideal barrier coating sequence
composition comprising oxides and organic polymers. The non-ideal
barrier coating sequence composition 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.

05 MAY 1397
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_ '-NON-IDEAL BARRIER COATING SEQUENCE
: COMPOSITION .

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a non-ideal barrier coating sequence
composition for providing an effective barrier against gas and water
permeability for containers, especially plastic blood collection tubes.
In particular, the barrier coating composition of the present invention
comprises the combination of thin films of inorganic oxides and organic
polymers, such as highly crosslinked organic thermoset plastics. The
composition of the present invention has improved barrier to oxygen
and water vapor transport than would have been predicted from the
barrier characteristics of either the individual oxide and organic
polymer films. - .

2. Description of the Related Art

With the increased emphasis on the use of plastic medical

- products, a speéial need exists for improving the barrier properties of

articles made of polymers.

Such medical products that would derive a considerable benefit
ﬁ'oméimprb‘viﬂg 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



