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BACKGROUND
Field of the Invention
This invention relates to a sterilization container for use in sterilizing,
storing and transporting and presenting instruments, in particular medical
instruments.

Background of the Invention

Most, reusable medical instruments require sterilization before each use.
Many methods are employed for sterilization, but the most prevalent methods
include: steam autoclaving, vapor phase chemical sterilization and vapor phase
chemical sterilization in combination with a plasma field. The chemical sterilants
include hydrogen peroxide and ethylene oxide. One of the most versatile, quickest
and most effective methods employs an initial period of vapor phase hydrogen
peroxide followed by application of an electromagnetic field which drives the
hydrogen peroxide vapor into the plasma state of matter. The plasma phase
enhances the sterilization and when the electromagnetic field is released the plasma
free radicals recombine to form water and oxygen.

Typically, instruments are placed into a container and then the container is
placed into the sterilization device. Portals for the passage of sterilizing media
must be provided. Also, the container is usually provided with a filter material
which allows passage of the sterilizing media through the portals and container yet
prevents the ingress of microorganisms. The portal and filter material may be
combined as in the Nichols U.S. Patent No. 4,704,254, issued November 3, 1987
and incorporated herein by reference, or the container may be provided with a
plurality of apertures and then be wrapped prior o each sterilization in a filter
wrapping material such as SPUNGUARD brand CSR wrap available from
Kimberly Clark Corporation which is a2 spunbonded/meltblown/spunbonded (SMS)
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Most, reusable nedical instrunents require sterilization before each use.
Many met hods are enpl oyed for sterilization, but the nost preval ent nethods
i ncl ude: steam autocl avi ng, vapor phase chem cal sterilization and vapor
phase chenmical sterilization in conbinaRi-on with a plasma field. The

chem cal sterilants 15 include hydrogen peroxi de and et hyl ene oxi de. One
of the npstlaminateaconsistingiofaioswovemoutenlayersiaf spun-bonded polyelefinpandyan an

initial period of vapar phase ro i de followed by application of
an el ectrodﬁﬁﬁ@f&’m&}ﬁmﬂf@ﬁﬁ%ﬁwyggbﬁgﬁ ydr ogen peroxi de vapor into the
pl asma state of matter. The plasma phase enhances the sterilization and

when the el ectromagnetic field is released the plasma 20 free radicals
reconbi ne to forUsuallysrholding dexicesnf one form or another hold one or more

§ individual instruments within the container. The holding device may comprise
clips or other such arrangements, which may or may not be speciaily adapted to
hold a particular medical instrument. One popular holding device simply
comprises a plurality of upwardly extending flexible projections, sometimes called
fingers, which prevent the instruments from moving about within the container and

10  provide minimal contact with the instruments. Typically, these are provided on a
mat which lies in the bottom of the container.

The ideal sterilization tray or container is compatible with all major

sterilization methodologies, minimizes or eliminates condensation collection

15 through thin, yet strong, walls, has a long life, is easy to operate and can be
provided for a reasonable cost. Containers presently known suffer from
shortcomings which limit their performance in one or more of these areas. For
instance, many trays designed for steam autoclaves are formed of stainless steel
which may interfere with formation of a plasma in some systems. Other trays

20 made of polymers may not have sufficient heat resistance to withstand repeated
steam sterilization cycles. Some tray materials interact with chemical sterilants,
and may even decompose the sterilant. Other materials may absorb excessive
amounts of chemical sterilants, thereby decreasing the sterilization effectiveness by
decreasing the amount of sterilant available for sterilizing.

SUMMARY OF THE INVENTION
The present invention overcomes these and other limitations in the prior art
and provides compatibility with hydrogea peroxide vapor, liquid or gas plasma,
steam autoclaves, ethylene oxide and other chemical or heat based sterilizing
30 methods. It is durable, inexpensive 10 produce, enhances drainage and limits
condensate entrapment.
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Typically, instrunents are placed into a container and then the container
Is placed into the sterilization device. Portals for the passage of
- sterilizing nmedia nust be provided. Al so, the container is usually provided

with a filter material 25 which all ows3 passage of the sterilizing nedia
through the portals and container yet prevents the ingress of

m cr oor gani sns. Alsterilization containet forcstenlizing instrumants Recosdingito dhie assem t he

Ni chols U S. Patent 4,704..2 venbe and porat ed
her oi n_ by rBYERIoN, comBfises A, Wl FAetoniok W FoDBRgF fasd for meiing et PV O
apertures sgnidiéit Withinthe Bestainet; oxndtaneea«cdao&twingzmm tohtdinks fdrer 30
wrappi ng material such as SPUNGUARD brand CSR wrap avail abl e fromKi nberly

d ar k Cor poadmitting sierilizing gasess pTinswall dsi formedinf asheemaplastio diqy
S polymer whereby the wall resists chemical attack from hydrogen peroxide,
ethylene oxide, and other chemical sterilants or their precursors, the wall does not

unduly interfere with any electromagnetic fields, and the wall resists attack from
elevated temperatures.

10 Preferably, the thermoplastic liquid crystal polymer comprises a wholly
aromatic polyester. The liquid crystal polymer is preferably selected from the
group consisting of: polybenzoate-naphthalate; polybenzoate-terephthalate-
bisphenol-isophthalate; polybenzoate-terephthalate-ethylene glycol; and
polynaphthalate-amino terephthalate. The liquid crystal polymer can be reinforced

15  with a filler, such as glass, mineral fibers, or flouropolymers, in the form of
powder, flakes or fibers.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an exploded, perspective view of a sterilization container
20  according to the invention;

FIG. 2 is a perspective view of the assembled sterilization container of
FIG. 1;

25 FIG. 3 is a perspective view of the inverted lid of the sterilization container
of FIG. 1;

FIG. 4 is a cross-section taken along lines 4 — 4 of FIG. 2;
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-2- lam nate consisting of nonwoven outer |ayers of spun-bonded pol yol efins
and an interior barrier layer of nelt-blown polyolefins. Usually, holding

- devices of one formor another hold one or nore 5 i ndi vidual instrunments
within the container. The hol ding devied sy conprise clips or other such
arrangenents, which may or may not be specially adapted to hold a

particul ar medi cEIG. hisa perspactivendisassemblyr vinw ofianpprtion of 8 sterilization

container according to the present invention which illustrates an alternative
latching mechanism according to the present invention;

b FIG. 6 is a cross-section of the latching mechanism of FIG. §, with the
latch shown in the closed position;

FIG. 7 is a perspective view of a further embodiment of a sterilization tray
according to the present invention;

10
FIG. 8 is a cross-section taken along line 8 - 8 of FIG. 7;
FIG. 9 is a perspective view of a stacking device according to the present
invention;
15

FIG. 10 is a side view of the stacking device of FIG. 9 positioned between
two sterilization containers to stack and separate the containers;

FIG. 11 is a perspective view of a further embodiment of a stacking device
20 according to the present invention; and

FIG. 12 is underside plan view of a further embodiment of a lid according
to the present invention.

25 DETAILED DESCRIPTION
FIG. 1 illustrates a first embodiment of a sterilization container 10
according to the present invention. The container 10 comprises a tray 12, a mat
14, and a lid 16. The tray 12 comprises a rectangular base 18 from which extends
upwardly two opposing side walls 20 and two opposing end walls 22. Comers 24
30 formed between the side walls 20 and end walls 22 are rounded for a pleasing

appearance, improved strength, and to reduce sharp edges which may compromise
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conprises a plurality of upwardly extending flexible projections, sonetines
called fingers, which prevent the instrunents from novi ng about within the
cont ai ner and 10 provi de mniml contact with the instrunments. Typically,
these are provided on a mat which |ies-iSn-the bottom of the container. The

ideal sterilization tray or container is conpatible with all_najor
sterilizati\e integrtyiof agoperatogis pratective rubben glave {netshownlic Ashillet 36

col | ection tqdl . | a3y, ' is easy to
operate and&g‘é’ﬁ&@éﬁﬁ%i ?e%'df%‘rgggiﬁaégsr&gﬁgwé %oﬁ?i%?ﬁ%%ﬁﬁae’}#s;%?esent |y
known suf f estréngthios ey trapd2ngs which |imt their performance in one or nore

of these areas. For instance, many trays designed for steam autocl aves are
formed of stainless steel

5 The base 18 comprises a plurality of drainage wells 28, each one

comprising a downwardly sloping surface 30 terminating in a drainage aperture
32. The sloping surfaces 30 of adjacent drainage wells 28 intersect to form peaks
34. Preferably, the peaks 34 form distinct lines or singularities, as opposed to
rounded interfaces between adjacent sloping surfaces 30. This minimizes the

10  surface areas of the peaks 34 which support the mat 14, thereby reducing the area
of contact between the base 18 and mat 14. Thus, little space is provided in
which condensate or other liquid matter may become trapped.

The mat 14 has a plurality of mat apertures 38 therethrough and a plurality

15  of upwardly extending projections 36 for holding medical instruments (not shown)
that are to be sterilized within the container 10. Apertures 38 on the mat 14 align
with drainage apertures 32 through the tray base 18. Preferably, the mat 14 is
formed of a silicone or other elastomeric substance which resists high heat
associated with steam autoclaving, and also resists chemical attack from hydrogen

20 peroxide, ethylene oxide, or other chemical sterilants or their precursors,
particularly the oxidizing type sterilants. Further, the material of the mat 14
should not absorb or chemically interact with such chemical sterilants.

The upwardly extending projwﬁmfs 36 may take several forms. For
25 instance, they may taper upwardly, or have constant diameter. The tip may be
flat, rounded or radiused. They may be relatively soft or they may be rigid. The
total number and spacing of the projections 36 may also be varied. Such mats are
known in the art, and it is well within the ordinary skill of a practitioner in the art
to vary these design parameters to achieve a desired overall effect.
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which may interfere with formation of a plasm in sone systens. Qher trays
20 made of polyners may not have sufficient heat resistance to wthstand
repeated steam sterilization cycles. Sonme tray materials interact with

chemi cal sterilants, and nay even decorpse the sterilant. QG her materials
may absorb excessive anpunts of chenical sterilants, thereby decreasing the
sterilization efTheromaines idib hasox plugality of héamtmm%to pramétedhe avail abl e

f t I MVARY  OF t
over cones. + RS Sfouehane vapes SoreheSGe” ¥ 1 fosPrufis il may g0 i
conpati bi | i the draindgé ApkrfudesinPdieQidydE2, it Reed hdt Beist aligndfs TRe 36
further comprises downwardly depending sidewalls 42 and endwalls 44.

Tumning also now to FIG. 2, the tray 12 and lid 16 are sized so that the
tray endwalls or sidewalls and endwalls 20 and 22 fit snugly within the lid
sidewalls and endwalls 42 and 44. Preferably, a latching mechanism 46 is
integrally formed in the tray 12 and lid 16. Each of the base endwalls 22 has a
10  recessed portion 48. A pair of U-shaped cutouts S0 in each recess portion 48
define a flexible tang 52. An upper extent 54 of each tang 52 comprises a sloped
camming surface 56 and a retaining lip 58. Recessed portions 60 in the lid 16
align with the endwall recesses 48 and comprise an aperture 62 and retaining lip
64. To engage the latch mechanism 46, the camming surface 56 on each tang 52
1S s inserted into the corresponding aperture 62 in the lid 16 and cammed over the
retaining lip 64 until the retaining lip S8 on the tang 52 snaps into engagement
with the retaining lip 64. Inward pressure on the tang 52, applied manually,
disengages the retaining lips 58 and 64 to release the latch mechanism 46.

20 To enhance the flow of sterilizing gases through the container 10, each of
the tray sidewalls 20 and lid sidewalls 42 contain several shallow cutout portions
66. As best seen in FIG. 2, when the lid 16 and tray 12 are interconnected, the
cutout portions 66 thereon align with each other to form shallow slit-like openings
68 into the container 10. This enhances the flow of sterilizing gases through the
25 container 10.

Tuming to FIG. 3, four pads 70 are provided inside of the lid 16 to space
the lid 16 from the tray 12 and thereby minimize any surface contact area
therebetween which might block the flow of gas or liquid or which might trap,

30 condensate, or other liquid material.
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st eam aut ocl aves, ethyl ene oxi de and ot her chem cal or heat based
sterilizing 30 nmethods. It is durable, inexpensive to produce, enhances
drai nage and limts condensate entrapnent. JJM 225 -3- Asterilization
container for sterilizing instrunents agcording to the present invention,
conprises a wall enclosing the container, means for hol ding a nedical

' FIG. 4 illustrates the drainage enhancing features of the present invention.

The peaks 34 of the base 18 support the flexible mat 14. Condensate or other
liquid which enters between the mat 14 and base 18 comes within one of the
drainage wells 28. The small contact surface 71 formed between the peaks 34 and
S mat 14 prevents condensate or other liquids from being trapped between surfaces

of the base 18 and mat 14. The downwardly sloping surfaces 30 of the drainage
wells 28 encourage any condensate or other liquids to move toward the drainage
apertures 32. Condensate then physically drains out of the container 10. The
supporting characteristics of the peaks 34 can not be over emphasized. Silicone

10 and other elastomeric materials suitable for forming the mat 14 tend to soften
considerably in high temperature sterilizing environments. Accordingly, it is
crucial to properly support the mat 14.

The selection of tray material for use in hydrogen peroxide or chemical

15  based sterilization technology is influenced by the chemical resistance and
inertness of the material with respect to the sterilant or precursor for chemical
plasma. For chemical plasma sterilization methods which depend on excited free
radicals, the inertness of the material with respect to the plasma precursor is even
more critical due to possible low concentrations of precursor available to generate

20 plasma in some preferred plasma methodologies. The tray material should be non-
reactive to the sterilani(s), or the precursor(s) for the chemical plasma in order not
to affect biological lethality of the sterilizer chamber. For ease of operation, the
material should also be resistant to the chemical and thermal environments during
the cleaning and decontamination procedure of instruments and trays as commonly

25  used in clinical situations. Hospitals typically use a washer/decontaminator
operating at 270°F as well as detergents and enzymatic cleaners for removing
organic matter.

The ideal tray material should further be compatible with all major
30 sterilization methods employed by hospitals and the like, including steam (flash
and gravity), ethylene oxide gas, and hydrogen peroxide based sterilizers. One
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instrument within the container; and one or nore openings into the
container for admtting sterilizing gases. The wall is fornmed of a
thernoplastic liquid crystal 5 pol ymer whereby the wall resists chemi cal
attack from hydrogen peroxide, ethyl enggaxide, and ot her chemi cal
sterilants or their precursors, the wall does not unduly interfere with any

el ect rOW&greeAm?le‘ beu\dazydw|§6n foxidel based: plasina sedrilizatior isoe STERRAD
t enper at ures erably, the t her nopl ast i c liquid crystal
pol ymer corfserilization Systsm Whﬂ%ﬁﬁ'ﬂﬂ@!ﬁ%ﬂ’?@! Phg% Wminater yst al pol yner

Is prefera r £
pol ybenzoame‘*ﬁi&h?ha oé,n? %ali]ybenzo ef er epl)'ﬁfo a?%,? ideal material should have
bi sphenol - Iwﬁmmwmptmd w withstand steame ekhibit lew gkhytale, and

S oxide residuals after processing, and have extremely low interaction with H,0, or
other oxidative sterilants.

We have rigorously examined and tested many materials to identify a
. material suitable for such varied and extreme service environments. As a result of
10 our investigations, we have found the preferred materials to be neat (non-
reinforced) and reinforced polyester based liquid crystal polymers, neat and
reinforced polyesters, and reinforced polypropylene. The most preferred material
is neat or reinforced polyester liquid crystal polymer, or its blend with the above
mentioned polymers. One commercially available example of a suitable liquid
1S  crystal polymer is the Vectra® family produced by the Hoechst Celanese
Corporation.
Within each family group, there are preferred chemical structures, either

with or without reinforcement, which can be considered as tray materials:

L Reinforced polypropylene, especially when reinforced with calcium
carbonate or glass fiber, provides the chemical inertness and
structural properties required for multi-sterilization application.

25 II.  Polyester type polymers have a variety of basic structures, among
them:

This Sheet Has Been Rep

[T

IIM-225



pol ynapht hal at e-am no terephthal ate. The liquid crystal polyner can be
rei nforced 15 with a filler, such as glass, mneral fibers, or

-flouropolyners, in the formof powder, flakes or fibers. BRI EF DESCRI PTI ON
OF THE DRAWNGS FIG 1 is an expl oded, -ffspective view of a sterilization
container 20 according to the invention; FIG 2 is a perspctive view of
the assenbl ed sterili2ati ofolxsthylenedereghthalate (PET) wjth the followingchemical 5 -

perspective view of the i n\gg.{'&gfg.l id of the sterilization container of FIG
1; )

[ ] [ ]
5 _(-o-i-@-c'i-—.- c.ﬂ.a-l;ﬁ—
[ 4]

2. Polybutylene terephthalate (PBT), in which chemical
10 structure is:

o

[
—(—0-2- -l = o — ergediarnec

>

b [
15
and
3. Polycyclohexylene terephthalate (PCT), with the following
20 chemical structure:
g _ .
-(- o= @_g - O;._
25
PCT is available from Eastman Chemical Company under the tradename of
"Ektar®, in a variety of unmodified and modified structures. Modification may
include acids and glycol structures.
30 —_—
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FIG 4 is a cross-sectio taken along lines 4-4 of FIG 2; - REPLACEVMENT
SHEET 04 SEP 1997 -4 - FIG 5 is a perspective, disassenbly view of a
portion of a sterilization container according to the present invention

which illustrates an alternative Iatchiﬂb'nechanisn1according to the
present invention;

Among the polyester family, the structure of polyethylene terephthalate is
preferred. The most preferred configuration is glass fiber reinforced PET. The
fiber reinforcement provides structural strength for steam autoclave operation and

is preferred in oxidative chemical vapor or oxidative chemical plasma sterilization
S methods.

IlI. Liquid crystal polymers, in which there are four major structural
variations:

10 1. Polybenzoate-naphthlate

t oLt

15 .
An example of a commercially available product is under the
tradename VECTRA® A and C series by Hoechst Celanese
Corporation.
20 2. Polybenzoate-terephthalate-bis phenol-isophthalate
; F s f ot
L
- }—{-c.-@-c—:}-——{—o-@—@-e}—-g-c-g‘
[ b [ oy b c
25

An example of a commercially available product is under the
tradename of Xydar® by Amoco Performance Products.
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5° FIG 6 is a cross-section of the |atching nechanismof FIG 5,
with the latch shown in the closed position; FIG 7 is a perspective view
of a further enbodi nent of a sterilization tray according to the present
i ivention; 10 FIG 8 is a cross-sectiontkaken along line 8 - 8 of FIG 7;

FIG 9 is a perspectiye vi f a stacki devi.ce according to the present
invention; 15 FIG 10 s aﬁ‘\g?'g@‘wmw teehienegl¥edli ce of FIG 9

posi ti oned between
. . :
-E c- @-o}f-e@.e'.}-g- 6—ch,ed,—0
» L} ]

h]
An example of a commercially available product is under the
tradename of X7G and X7H by Eastman Chemical Company
10 and

4, Polynaphthalate-amino terephthalate
15 -+ NoCa j—f S oum e-@-uj._
x
Y

An example of a commercially available product is under the
tradename of Vectra® B series by Hoechst Celanese
20 Corporation.

The most preferred structures are the wholly polyester aromatic liquid
crystal polymers, which are polybenzoate-naphthalate and polybenzoate-
terephthalate-bis phenol-isophthalate. Both neat and reinforced grades are

25 preferred due to the structural strength of this material family. The most preferred
reinforcements fillers are glass or mineral fibers, orﬂuoropolymersihpowdets. .

The material characteristics in a hydrogen peroxide environment are of
particular importance. Both the tendency to absorb hydrogen peroxide and the
30 tendency to decompose hydrogen peroxide were studied for a variety of materials.
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two sterilization containers to stack and separate the containers; FIG 11
is a perspective view of a further enbodi nent of a stacking device 20
according to the present invention; and FIG 12 is underside plan view of a
further enbodi ment of a lid according to12he present invention. 25

DETAI LED DESCRIPTION FIG 1 illustrates a first enbodi nent of a

sterilizat i ofhecfoliowing=Table lallustratenthetresults fopsomeof themoretimportadie

cont ai ner ﬁB%'SeS atray 12, a mat 14, and a lid 16. The tray 12
conpri ses a rectangul ar base 18 from which extends upwardly two opposing
side walls 20 and two opposing end walls 22. Corners 24

\
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30 formed between the side walls 20 and end walls 22 are rounded for a

and to reduce sharp edges which may
the integrity of an operator's protective rubber glove (not
A fillet between the base 18 aniB the side and end walls 20 and 22

pl easi ng appear ance,
. conpromni se

shown) .

| mproved strength,

al so enhances the strength of the tray 12. 5

a plurality of drainage wells 28,

surface 30 termnating in a drai nhage aperture

The base 18 conpri ses
each oNABLExri sing a downwardly sl oping

Material Material H;0, H,0,
Tradename Family Absorption Decomposition
(ppm) (/g
S Ultem 1000 Polyetherimide 1443
Ultem CRS 5011 | Polyetherimide 346
Radel R-5100 Polyaryl sulfone 356
Noryl Polyphenylene 52
oxide/Polystyrene
blend
Vectra AS30 Polyester liquid 4.5 0.009
crystal
polymer (mineral
fiber filled)
10 Vectra AllS Polyester liquid no absorption 0.013
crystal polymer
(glass fiber filled)
DPP40W18357 | 40% calcium no absorption 0.012
carbonate
filled polypropylene
Ektar EG-015 Glass fiber filled 3.3 no
poly ethylene decomposition
terephthalate
15 Amoﬂumsuuhrwmscﬁnmumulu:ewmmnetheconunﬁbﬂnycftnnrnum:ﬁﬂs
with simulated hydrogen peroxide plasma sterilization and washer/decontamination
cycles, which includes alternating hydrogen peroxide plasma sterilization cycle,
washer/decontaminator cycle and enzymatic cleaner immersion. The samples were
placed under 0.5% and 0.75% strain. The following Table 2 illustrates the results
20  of this evaluation.
JIM-225 T TTTT—
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32. The sl oping surfaces 30 of adjacent drainage wells 28 intersect to form
peaks 34. Preferably,

the peaks 34 formdi stinct
opposed to rounded interfaces between adjacent sloping surfaces 30. This

lines or singularities,

as

m nimzes the 10 surface areas of the pbsks 34 which support the mat 14,

t hereby reducing the area of contact between the base 18 and mat 14. Thus,
little space is provided in which condenTABLER2 other liquid matter may
beconme trapped. The nmat 14 has a plurality of mat apertures 38 therethrough

and a plurality 15

nedi cal

cont ai ner
t hrough t hg

10

15

inW

of upwardly extending projections 36 for hol ding
be_steorilized

gt ]

32

5 36 the nat yidd al | prresti@ dr ai n
tray base L%eveplr ef er abl y,séeggmna Stlrinlgti Break
Ultem 1000 | Coatrol 15,320 psi | 14,690 psi 68.5%
Ultem 1000 0.5% 10,140 psi | 10,140 psi 2.4% (a)
Ultem 1000 0.75% 11,630 psi | 11,230 psi 4.2% (a)
Noryl Control 9,965 psi | 7,852 psi 13.1%

'| Noryl 0.5% 10,400 psi | 7,961 psi 9.3%
Noryl 0.75% 10,550 psi | 8,091 psi 98.5%
Vectra A530 | Control n/a 22,672 psi n/a
Vectra AS30 | 0.5% na 22,371 psi n/a
Vectra A530 O.iS% n/a 22,431 psi n/a
Vectra Control n/a 24,265 psi n/a
AllS
Vectra A115 | 0.5% n/a 23,266 psi n/a
Vectra A115 | 0.75% na 23,485 psi na
DPP40OW1 Control 3,258 psi | 2,699 psi 19.27%
DPP40WI 0.5% 2,862 psi | 2,449 psi 54.42%

Aside from using chemically inert material, there are other controlling

characteristics of sterilization trays or containers so as to reduce interaction with
the sterilization environment and 30 as to enhance the resistance to hospital-use

cleaning chemicals. Interaction of tray material with the sterilants or precursor for
chemical plasma reduces the available sterilant or precursor for chemical plasma in

IM-225
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formed of a silicone or other elastomeric substance which resists high heat
associ ated with steam autoclaving, and al so resists chemcal attack from
hydr ogen 20 per oxi de, ethyl ene oxide, or other chem cal sterilants or
their precursors, particularly the oxidilSfng type sterilants. Further, the
material of the mat 14 should not absorb or chemically interact with such
chemi cal st efaporphase sa s ta gffectcthe biologicalilethality ojResistanoe 1@ Gospital-uske sever al

The i p nay BETRA VI lspbilEd o YriedRd aebictils, Tos hed Hamaiersir jo bei ¢ or

they may be donttolled iEftRe béxfide Me@ﬂdﬁaﬂwtofm%d%@b? éons 36 may

al so be varied. Such mats are known in the art, and it 1s well within the
ordinary skisterilization Fay should decas smootihas possible s0 as to reduce surface

5 area/volume ratio. Since both chemical and physical interactions with sterilants or
precursor(s) for chemical plasma and material degradation are a function of the
surface area/volume ratio, smooth surfaces will reduce the rate of these
interactions.

10 The second characteristic to be controlled is wall thickness. Wall thickness
is integral to the structural strength of the tray or container. For the sterilization
tray or container to operate in an oxidative chemical vapor or chemical plasma
environment, often under reduced pressure and low concentration, the
condensation of chemical sterilant or precursor for chemical plasma should be

15 minimized. Condensation is a function of the thermal mass and heat transfer
characteristics of the tray or container, which may reduce the amount of available
sterilant or precursor for chemical plasma in vapor phase and thereby effect the
biological lethality. To minimize the thermal mass and enhance the heat transfer
characteristics, the wall thickness of the tray or container should be minimized.

20
Accordingly, the preferred materials for forming the tray 12 and lid 16 are
as follows:
) I.  Reinforced polypropylene: Reinforced polypropylene, especially
235 when reinforced with calcium carbonate or glass fiber, will provide
the thermo-mechanical structural integrity required for multi-
sterilization application.

_ 1. Neat or reinforced polyester: Among the polyester family, the
30 - structure of polyethylene terephthalate is preferred. The most
preferred configuration is glass runfomed polyethylene terephthalate

JIM-225
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to vary these design paraneters to achieve a desired overall effect. 30

-6- The container lid 16 has a plurality of |lid apertures 40 to pronpte the
‘passage of sterilizing vapors therethrough. The |id apertures 40 may align

with the drainage apertures in the trayl62, but need not be so aligned. The
lid 16 further conpriags downwar dl y. dependi ng sidewalls 42 and endwal | s 44.

10

15

20

ET). The fiber reinforcement provides structural strength for
steam autoclave operation and allows for a thin-wall design, which
is preferred in oxidative chemical vapor sterilization method.

HI.  Neat or reinforced liquid crystal polymer, and/or a blend of the
above materials. The most preferred structures are the wholly
polyester aromatic liquid crystal polymer, which can be of the
chemical structure of polybenzoate-naphthalate or polybenzoate-
terephthalate-bis phenol-isophthalate. Both neat and reinforced
grades are preferred due to the thermo-mechanical strength of this
material family. The most preferred reinforcements types are glass
and mineral fibers. |

IV. A blend or alloy of liquid crystal polymers and I or 11 of the above.

FIGS. § and 6 illustrate a second embodiment of a sterilization container
according to the invention. The container 72 comprises a tray 74, lid 76 and mat
(not shown) similar to the previous embodiment. However, it incorporate an
alternative latching mechanism 78.

The lid 76 comprises an apertured top wall 80; side and endwalls 82 and
84, respectively, depending therefrom. A latch member 86 is integrally molded
into a recessed portion 88 in each endwall 84 of the lid 76. A pair of torsion bars
90 extend inwardly of the recess portion 88 from opposing sidewalls 92 thereof to
rotatably support the latch member 86. The torsion bars 90 bias the latch member
86 into a standing, engaged position as shown best in FIG. 6, and allow a limited
amount of rotation away from the engaged position.

A notch 94 in each endwall 96 of the tray 74 forms an engagement surface
98. A lip 100 protruding from a lower portion 102 of the latch member 86

_—
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5 - Turning also nowto FIG 2, the tray 12 and |lid 16 are sized so that the
tray endwalls or sidewalls and endwalls 20 and 22 fit snugly withinthe lid
sidewal I s and endwal I s 42 and 44. Preferably, a latching mechanism46 is
integrally formed in the tray 12 and | +d7¥6. Each of the base endwalls 22
has a 10 recessed portion 48. A pair of U shaped cutouts 50 in each recess

portion 48 eegages the engagement susface 39 on Ahe tray,df to thereby baldghe didcté t ang 52

conprises a ] S Usk: Ll ' . cessed
o t1 one. 60 el do REHAR AP RS reufy Vaathal Sh Reflalidn sidfacd JoHEEECCT,
an apert ure\:ﬁiera?iﬁmtle'srdfnuem MémberoB& pivotscthee liitch ameniberBshaboutste 46, t he
camm ng surface 56 on_ each tan% 52 .
torsion bars 90 to disengage the engagement surface 98 from the lip 100 and
S thereby release the lid 76 from the tray 74. When the pressure on the actuation
surface 104 is release, the torsion bars 90 return the latch member 86 to its

standing, engaged position.

All edges and surfaces of the latch member 86 are rounded and smooth

10  especially those on that portion 108 of the latch member facing outwardly of the
recess 88. The only exception is the lip 100 which lies on that portion 109 of the
latch member facing inwardly of the tray 74, to thereby present no sharp edges or
surfaces which may engage and tear the users protective glove (not shown). All
portions of the latching mechanism 78 are integrally molded with either the tray 74

1S or lid 76 thereby reducing manufacturing and assembly costs. Of course, the
orientation of the latching mechanism 78 may be reversed, such that the latch
member 86 is formed in the tray 74. Further, the lid 76 could be adapted to pivot
about a hinge (not shown) and of course, the latching mechanism 78 need not be
provided in the endwall 84 but could be located elsewhere on the container 72.

20 However, the orientation illustrated in FIG. S is particularly convenient.

FIGS. 7 and 8 illustrate an alternative arrangement for a tray 110 according
to the invention. The tray 110 may be used with a sterilization container as in the
first and second embodiment and differs primarily in its base 112. The base 112
25 comprises a flat panel 114 having a plurality of apertures ithhaethrough.
Additionally, a number of larger, elongated apertures 118 penetrate the panel 114
and an upwardly extending lip 120 encircles each of the elongated apertures 118.
The lips 120 support a mat 122 and further provide rigidity to the tray base 112.
Apertures 124 through the mat 122 aligned with the elongated apertures 118
30 through the tray base 112 to provide an efficient diffusion path for sterilizing
gases.
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15 is inserted into the corresponding aperture 62 in the lid 16 and camred
over the retaining lip 64 until the retaining lip 58 on the tang 52 snaps

i nto engagenent with the retaining lip 64. Inward pressure on the tang 52,
appl i ed manual | y, di sengages the retainiigg |lips 58 and 64 to rel ease the

| at ch mechani sm 46. 20 To enhance the flow of sterilizing gases
through the cont BlGe9 illistratesahstacking) device §24 forstaeking stetilizadon trdyssi®leval | s

42 contain seyeral shallow cutout rtions As _best seen . in FIG 2, when
the Iid 16 GUTNG 3 Aprilizatign.p oo seaiking: devide: 174cis sestangahas e shadke. con

gjln'?gi \r,1me£ hl . quagmﬁ{ &#ggiwsl)@vwo@dst erﬁ#ﬁ.m ng g h%es(iﬁ?] s(%‘gaﬁt'{']he 25
cont ai ner 1BIG. 9). It comprises vertical sidewalls 126 and vertical endwalls 128. An L-
S  shaped shelf member 130 extends horizontally inwardly from each comer 132 of
the stacking device 124. As illustrated in FIGS. 9 and 10, each of the sidewalls
126 and endwalls 128 has elongated openings 134 therethrough of similar vertical
dimensions to the shelf member 130 so that when containers 10 are stacked using
the stacking device 124, the flow of sterilizing gases into and out of the individual
10 containers 10 is not impeded by the stacking device 124.

FIG. 10 shows two sterilization containers 10, each wrapped in a sterile
wrap material 136. The stacking member 124 sits atop a first tray 10 with the
shelf member 130 resting upon'the tray 10. The second tray 10 rests upon the

15  shelf member 130. Both trays 10 are positioned within the side and endwalls 126
and 128 of the stacking device. Thus, the two trays 10 are stacked and separated
from each other with a full and open flow path thereabout.

FIG. 11 illustrates an alternative embodiment of a stacking device 138. In
20  place of the opening 134, each of the side and endwalls 140 and 142 respectively
have a low vertical profile vertically offset from a shelf member 144 to thereby
provide an open flow path to the stacked trays (not shown in FIG. 11). Vertical
ribs 146 on the side and endwalls 140 and 142 provide rigidity and maintain an
‘open flow path, if the stacking device is placed next to another stacking device or

25 flat surface.

FIG. 12 illustrates an alternative embodiment of a lid 150 according to the
invention. The lid 150 duplicates the lid 16 of FIGS. 1 and 3, with several
modifications. Accordingly, features similar to those on the lid 16 will be

30 designated with similar numerals with the addition of a single prime symbol ().
Specifically, the lid 150 differs from the lid 16 in its mixture of round and
mM2s 00—
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Turning to FIG 3, four pads 70 are provided inside of the |lid 16 to space
the lid 16 fromthe tray 12 and thereby m nim ze any surface contact area
t here between which mght block the flow of gas or liquid or which m ght
trap, 30 condensate, or other |iquid matgrd al . -7- FIG 4 illustrates

t he drai nage enhancing features of the present invention. The peaks 34 of
the base 18 etongawedtapérnes 15X amd ¢54rm¢spéctivetinn ity ahadditiondlifilet 156 has

been added at each corner which both strengthens the lid 150 aids in lifting the lid
150 above the base 8 (not shown in FIG. 12) for improved circulation.

S Liquid crystal polymers are known for their difficulty in molding.

One particular problem arises where opposing flows of molten polymer meet.
Such areas often have reduced strength and accordingly it is desirable to locate
them away from areas of the molded article which will be subjected to high levels
of stress. In the lid 150, the recess 60’ is formed by a core pin in the mold (not

10 shown). The molten polymer flows around the core pin and meets to enclose the
recess 60°. Normally these flows would meet at the retaining lip 64°. However,
this area is subjected to high stresses. Accordingly, the lid 150 is formed with a
pair of flow leaders 158, each leading from a center area 160 of the lid 150 where
the molten polymer is injected in the molding process and leading to an inside

1S comer 162 of the respective recesses 60°. During the molding process the molten

polymer thus flows around the core pin and the opposing flows meet at a side
portion 164 of the recess 60°.

While the invention has been particularly described in connection with
20  specific embodiments thereof, it is to be understood that this is by way of
illustration and not of limitation, and that the scope of the appended claims should
be construed as broadly as the prior art will permit.

\\\
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| rquid-which enters between the mat 14 and base 18 cones within one of the
drai nage wells 28. The small contact surface 71 forned between the peaks 34
and 5 mat 14 prevents condensate or other liquids from being trapped

bet ween surfaces of the base 18 and mat 204. The downwardly sl opi ng surfaces
30 of the drainage wells 28 encourage any condensate or other liquids to
‘nove towar dWB&IDABMnage apertures 32. Condensate then physically drains
out of the container 10. The, sypporti,n haragieri stics of the peaks 34 can
not be over enphdsize F%?‘FF%HB‘QW“‘“&@"O‘W@‘"@ MENLS,CCAMANSING:| s

suitable for forrq'ggntehaogﬁk M cdntiihkrl © SOften considerably in high
tenmperature sterilizing envbronnents. Accordingly, it is crucial to
properly support meéeansrfat halding a medical instrument within the container; and

at least one opening into the container for admitting sterilizing gases;

S the improvement comprising the wall being formed of a thermoplastic
liquid crystal polymer whereby the wall resists chemical attack from hydrogen
peroxide, and ethylene oxide, the wall does not unduly interfere with any
electromagnetic fields, and the wall resists attack from elevated temperatures.

2. A sterilization container according to claim 1 wherein the
thermoplastic liquid crystal polymer comprises a wholly aromatic polyester.

3. A sterilization container according to claim 2 wherein the wholly
aromatic polyester comprises polybenzoate-naphthalate.

4. A sterilization container according to claim 2 wherein the wholly
aromatic polyester comprises polybenzoate-terephthalate-bisphenol-isophthalate.

5. A sterilization container according to claim 1 wherein the liquid
crystal polymer is selected from the group consisting of: polybenzoate-naphthalate;
polybenzoate-terephthalate-bisphenol-isophthalate; polybenzoate-terephthalate-
ethylene glycol; and polynaphthalate-amino terephthalate.

6. A sterilization container according to claim 1 wherein the liquid
crystal polymer is reinforced with a filler.

7. A sterilization container according to claim 6 wherein the filler
comprises glass or mineral fibers.

_—
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The selection of tray material -for use in hydrogen peroxide or chem cal 15
-based sterilization technology is influenced by the chem cal resistance and
i nertness of the material with respect to the sterilant or precursor for
chem cal plasma. For chemical plasma sfefilization nethods which depend on
excited free radicals, the inertness of the material with respect to the
"plasma precursor is even nore criti 0 possi ble | ow concentrations
of precursor available to generate 20 plasma in sone preferred plasna

met hodol ogi es. T, A ' . r i .0 &
sterilant(s), ornt% @%%%&@%%g F‘?%’?h@éﬁ@ﬁéaﬁﬁ a%@a&ﬁ%t‘%&mﬁot to
e o B e e
t Eer nal Sen/SONANAT, s Strong nghas th%l walls so that condensation is m?nimizem §‘uita%?e

polymers include wholly aromatic polyesters such as: polybenzoate-naphthalate;
polybenzoate-terephthalate-bisphenol-isophthalate; polybenzoate-terephthalate-
ethylene glycol; and polynaphthalate-amino terephthalate.

_—
JIM-225 .
This Sheet Has Been

T



t he cl eani ng and decont ami nation procedure of instrunents and trays as
comonly 25 used in clinical situations. Hospitals typically use a
washer/ decont am nator operating at 270[err]F as well as detergents and
enzymatic cleanes for renoving organic matter. The igagl tray materi al
shoul d further be conpatible with all major 30 P> I on net hods
enpl oyed by hospitals and the like, including stg# = ,qravhﬁy),
et hyl ene oxi de gas, and _hydrogen peroxi de baseg o~ N
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~exanpl e of the hydrogen peroxi de based plasma sterilization is the STERRAD
Sterilization Systemthat uses hydrogen peroxide plasma to elimnate

m croorgani sms on nedi cal instruments. Therefore, the ideal material should
have adequate therno-nmechanical properties to withstand steam exhibit |ow

et hyl ene 5 oxi de residuals after processing, and hatrerrel 46 OW
Interaction with Herr]O[err] or other oxidative stgRa AR have

rigorously exam ned and tested nany materials to @
suitable for such varied and extrene service e

10 our investigatio hayg found the pg
(non- reinforced) an#’i&r cé pol yest er
| ()

neat and :
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rei nforced polyesters, and reinforced pol ypropyl ene. The nost preferred
material is neat or reinforced polyester liquid crystal polyner, or its
blend with the above nentioned polyners One connerC|aIIy avai |l abl e exanpl e
of  a suitable liquid 15 cryst a=pol is th@®Vectra fam |y produced by
t he Hoechst Cel anese Cbrporatlon ~S‘ Es each fgmly group, there are
preferred chem cal structures, X lp\ = A

can be considered as tray materfa ‘% l. ‘
especi ally when reinforced w {4 JQQ“-"n. ar DQ .t-
t he chem cal inertness d °*

f @cenent, which
G propylene,
X i ber, provides

96

74

FIG. 6
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structural properties required for nmulti-sterilization application. 25

. Pol yester type polyners have a variety of basic structures, anong
Pol yet hyl ene terephthalate (PET) with the foll ow ng

t hem -9- 1.
chem cal structure: 2. Pol ybut yl ene terephthal ate (PBT), in which
chem cal '

110

et

|
|

o N T, I S W Mm?;i - N,
4 = N - I &
& W B e WP <0 P HMW

116 118 116 118 114

This Sheet Has Been Re

MR



16 structure is: [err] 15 and 3. Pol ycycl ohexyl ene
terephthalate (PCT), with the follow ng 20 chem ca

Structure: [err] PCT is available from Eastman Chem cal Conpany under the
tradenane of "Ektar", in a variety of unnﬂg%fied and nodified structures .
Modi fication may include acids and gl ycol OCUDRRS . 130

een Replaced
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30 Anong the polyester famly, the structure of polyethylene
terephthalate is preferred. The nost preferred configuration is glass fiber
reinforced PET. The fiber reinforcement provides structural strength for

st eam aut ocl ave operation and is preferred in oxidative chem cal vapor or
oxi dative chem cal plasma sterilization 5 met hods. I11. Liquid crysta
polynmers, in which there are four nmjor structural
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variations: 10 1. Pol ybenzoat e- napht hl atje m:ﬁ\_mﬂ\&‘dnpi e of
a commercially avail able product is under the tradenane
series by Hoechst Cel anese Corporation. 20 :
Pol ybenzoat e-t er epht hal at e- bi s phenol -i sopht hal ate An exa
commercially avail abl e product i s undey _the tradename of
Per f or mance Products. —

INSTRUMENT STERILIZATION CONTAINER FORMED OF A LIQUID
CRYSTAL POLYMER

BACKGROUND
5  Field of the Invention
This invention relates to a sterilization container for use in sterilizing,
storing and transporting and presenting instruments, in particular medical
instruments.

10 Background of the Invention

' Most, reusable medical instruments require sterilization before each use.
Many methods are employed for sterilization, but the most prevalent methods
include: steam autoclaving, vapor phase chemical sterilization and va;Sor phase
chemical sterilization in combination with a plasma field. The chemical sterilants

15'- “include hydrogen peroxide and ethylene oxide. One of the most versatile, quickest
and most effective methods employs an initial period of vapor phase hydrogen
peroxide followed by application of an electromagnetic field which drives the
hydrogen peroxide vapor into the plasma state of matter. The plasma phase
enhances the sterilization and when the electromagnetic field is released the plasma

20 free radicals recombine to form water and oxygen.

Typically, instruments are placed into a container and then the container is
placed into the sterilization device. Portals for the passage of sterilizing media
must be provided. Also, the container is usually provided with a filter material

25  which allows passage of the sterilizing media through the portals and container yet
" prevents the ingress of microorganisms. The portal and filter material may be
~ combined as in the Nichols U.S. Patent No. 4,704,254, issued November 3, 1987
and incorporated herein by reference, or the container may be provided with a
plurality of apertures and then be wrapped prior to each sterilization in a filter
30  wrapping material such as SPUNGUARD brand CSR wrap available from
~ Kimberly Clark Corporation which is a spunbonded/meltblown/spunbonded (SMS)



‘3. ' Pol ybenzonat e-t er epht hal at e-et hvl ene gl ycol An exanpl e

comercially avail abl e product is under the tradenane of X7G and X7H §¥_ 1997
East nan Chem cal Conpany 10 and 4. 04 oeP

Pol ynapht hal at e-ami no terephthal ate [err] An exanple of a comergially
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avai l abl e product is under the trdenan® of Vectra B series by Hoechst

Cel anese
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laminate consisting of nonwoven outer layers of spun-bonded polyolefins and an
interior barrier layer of melt-blown polyolefins.

Usually, holding devices of one form or another hold one or more
individual instruments within the container. The holding device may comprise
clips or other such arrangements, which may or may not be specially adapted to
hold a particular medical instrument. One popular holding device simply
comprises a plurality of upwardly extending flexible projections, sometimes called
fingers, which prevent the instruments from moving about within the container and
provide minimal contact with the instruments. Typically, these are provided on a
mat which lies in the bottom of the container.

The ideal sterilization tray or container is compatible with all major
sterilization methodologies, minimizes or eliminates condensation collection
through thin, yet strong, walls, has a long life, is easy to operate and can be
provided for a reasonable cost. Contziners presently known suffer from
shortcomings which limit their performance in one or more of these areas. For
instance, many trays designed for steam autoclaves are formed of stainless steel
which may interfere with formation of a plasma in some systems. Other trays
made of polymers may not have sufficient heat resistance to withstand repeated
steam sterilization cycles. Some tray materials interact with chemical sterilants,
and may even decompose the sterilant. Other materials may absorb excessive
amounts of chemical sterilants, thereby decreasing the sterilization effectiveness by
decreasing the amount of sterilant available for sterilizing.

SUMMARY OF THE INVENTION
The present invention overcomes these and other limitations in the prior art
and provides compatibility with hydrogen peroxide vapor, liquid or gas plasma,
steam autoclaves, ethylene oxide and other chemical or heat based sterilizing
methods. It is durable, inexpensive to produce, enhances drainage and limits
condensate entrapment.

JIM-225
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20 : Corporation. The nost preferred stryicfures are the
whol |y pol yester aromatic liquid crystal polyners, which ar 04 SEP 1997
pol ybenzoat e- napht hal at e and pol ybenzoat e- terephthal ate-bi $

v

phenol -i sopht hal ate. Both neat and reinfoced grades are 25 preferred due
to the structural strength of this matedi-al family. |1he nost preferred

reinforcenents fillers are glass or m.neral fibers, or fluoropolyners in
powders, . The Aestestlization cantaines fos stealizing instrymentsAsrordingota the pesent onnent

and 1 ne- aotmvEdtidt shBRE G Rl the GRERREY w707 SoRiy St 01 O
vari ety of insghmentavithin the container; and one or more openings into the container for
admitting sterilizing gases. The wall is formed of a thermoplastic liquid crystal
S  polymer whereby the wall resists chemical attack from hydrogen peroxide,
ethylene oxide, and other chemical sterilants or their precursors, the wall does not

unduly interfere with any electromagnetic fields, and the wall resists attack from
elevated temperatures.

10 Preferably, the thermoplastic liquid crystal polymer comprises a wholly
aromatic polyester. The liquid crystal polymer is preferably selected from the
group consisting of: polybenzoate-naphthalate; polybenzoate-terephthalate-
bisphenol-isophthalate; polybenzoate-terephthalate-ethylene glycol; and
polynaphthalate-amino terephthalate. The liquid crystal polymer can be reinforced

1S  with a filler, such as glass, mineral fibers, or flouropolymers, in the form of
powder, flakes or fibers.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is an exploded, perspective view of a sterilization container

20 according to the invention;

FIG. 2 is a perspective view of the assembled sterilization container of
FIG. 1;

25 FIG. 3 is a perspective view of the inverted lid of the sterilization container
of FIG. 1;

FIG. 4 is a cross-section taken along lines 4 — 4 of FIG. 2;



F’ NLPLAVEIVIGIS T orlEC |
- 12- The following Table 1 illustrates the results for spnp of the nore
i nportant materials. TABLE | Materi al Mat eri al 04 SEP 1997
Herr]O[err] Herr]O[err]
-4 -

FIG. 5 is a perspective, disassembly view of a portion of a sterilization
container according to the present invention which illustrates an alternative
latching mechanism according to the present invention;

5 FIG. 6 is a cross-section of the latching mechanism of FIG. §, with the
latch shown in the closed position;

FIG. 7 is a perspective view of a further embodiment of a sterilization tray
according to the present invention;

10 .
FIG. 8 is a cross-section taken along line 8 — 8 of FIG. 7;
FIG. 9 is a perspective view of a stacking device according to the present
invention;
15

FIG. 10 is a side view of the stacking device of FIG. 9 positioned between
two sterilization containers to stack and separate the containers;

FIG. 11 is a perspective view of a further embodiment of a stacking device
20 according to the present invention; and

FIG. 12 is underside plan view of a further embodiment of a lid according
to the present invention.

25 DETAILED DESCRIPTION
FIG. 1 illustrates a first embodiment of a sterilization container 10
according to the present invention. The container 10 comprises a tray 12, a mat
14, and a lid 16. The tray 12 comprises a rectangular base 18 from which extends
upwardly two opposing side walls 20 and two opposing end walls 22. Corners 24
30 formed between the side walls 20 and end walls 22 are rounded for a pleasing
appearance, improved strength, and to reduce sharp edges which may compromise
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1_  REPLACEMENT SHEET
Tr adenane Fam |y Absor ption Deconpogi g1 on (ppm i&
(g/g) 5 Utem 1000 Pol yet heri m de 144.3 Y fe 1

Pol yet heri m de 346 Radel R-5100 Pol yaryl sul f ope %%%197 '
Nor yl . Pol yphenyl ene 52 oxi d/ Pol ystyrehetblend.Megira
A530 Pol yester liquid 4.5°3- 0. 009 crystal

the integrity of an operator's protective rubber glove (not shown). A fillet 26
between the base 18 and the side and end walls 20 and 22 also enhances the
strength of the tray 12.

The base 18 comprises a plurality of drainage wells 28, each one
comprising a downwardly sloping surface 30 terminating in a drainage aperture
32. The sloping surfaces 30 of adjacent drainage wells 28 intersect to form peaks
34. Preferably, the peaks 34 form distinct lines or singularities, as opposed to
rounded interfaces between adjacent sloping surfaces 30. This minimizes the
surface areas of the peaks 34 which support the mat 14, thereby reducing the area
of contact between the base 18 and mat 14. Thus, little space is provided in
which condensate or other liquid matter may become trapped.

The mat 14 has a plurality of mat apertures 38 therethrough and a plurality
of upwardly extending projections 36 for holding medical instruments (not shown)
that are to be sterilized within the container 10. Apertures 38 on the mat 14 align
with drainage apertures 32 through the tray base 18. Preferably, the mat 14 is
formed of a silicone or other elastomeric substance which resists high heat
associated with steam autoclaving, and also resists chemical attack from hydrogea
peroxide, ethylene oxide, or other chemical sterilants or their precursors,
particularly the oxidizing type sterilants. Further, the material of the mat 14
should not absorb or chemically interact with such chemical sterilants.

The upwardly extending projection-s 36 may take several forms. For
instance, they may taper upwardly, or have constant diameter. The tip may be
flat, rounded or radiused. They may be relatively soft or they may be rigid. The
total number and spacing of the projections 36 may also be varied. Such mats are
known in the art, and it is well within the ordinary skill of a practitioner in the art
to vary these design parameters to achieve a desired overall effect.
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The container lid 16 has a plurality of lid apertures 40 to promote the
passage of sterilizing vapors therethrough. The lid apertures 40 may align with
the drainage apertures in the tray 12, but need not be so aligned. The lid 16
further comprises downwardly depending sidewalls 42 and endwalis 44,

Turning also now to FIG. 2, the tray 12 and lid 16 are sized so that the
tray endwalls or sidewalls and endwalls 20 and 22 fit snugly within the lid
sidewalls and endwalls 42 and 44. Preferably, a latching mechanism 46 is
integrally formed in the tray 12 and lid 16. Each of the base endwalls 22 has a
recessed portion 48. A pair of U-shaped cutouts 50 in each recess portion 48
define a flexible tang 52. An upper extent 54 of each tang S2 comprises a sloped
camming surface 56 and a retaining lip 58. Recessed portions 60 in the lid 16
align with the endwall recesses 48 and comprise an aperture 62 and retaining lip
64. To engage the latch mechanism 46, the camming surface 56 on each tang 52
is inserted into the corresponding aperture 62 in the lid 16 and cammed over the
retaining lip 64 until the retaining lip S8 on the tang 52 snaps into engagement
with the retaining lip 64. Inward pressure on the tang 52, applied manually,
disengages the retaining lips S8 and 64 to release the latch mechanism 46.

To enhance the flow of sterilizing gases through the container 10, each of
the tray sidewalls 20 and lid sidewalls 42 contain several shallow cutout portioas
66. As best seen in FIG. 2, when the lid 16 and tray 12 are interconnected, the
cutout portions 66 thereon align with each other to form shallow slit-like openings’
68 into the container 10. This enhances the flow of sterilizing gases through the
container 10.

Tuming to FIG. 3, four pads 70 are provided inside of the lid 16 to space
the lid 16 from the tray 12 and thereby minimize any surface contact area
therebetween which might block the flow of gas or liquid or which might trap,
condensate, or other liquid material.
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tray materials with sinulated hydrogen peroxide plasma stierji |, a% g di |
washer/ decont am nati on cycles, which includes alternatin hydﬁég' iﬁppg?{gxi dg
pl asma sterilization cycle, washer/decontam nator cycle and ' b
cl eaner inmrersion. The sanples were pl-ated under 0.5% and} 0. 75% strai n. The
followng Table 2 illustrates the results 20 of this evatuatitom TABLE
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Anot her study was conducted to eval uate the cdnpatTbiTTTy Of

FIG. 4 illustrates the drainage enhancing features of the present invention.
The peaks 34 of the base 18 support the flexible mat 14. Condensate or other
liquid which enters between the mat 14 and base 18 comes within one of the
drainage wells 28. The small contact surface 71 formed between the peaks 34 and
mat 14 prevents condensate or other liquids from being trapped between surfaces
of the base 18 and mat 14, The downwardly sloping surfaces 30 of the drainage
wells 28 encourage any condensate or other liquids to move toward the drainage
apertures 32. Condensate then physically drains out of the container 10. The
supporting characteristics of the peaks 34 can not be over emphasized. Silicone
and other elastomeric materials suitable for forming the mat 14 tend to soften
considerably in high temperatﬁre sterilizing environments. Accordingly, it is
crucial to properly support the mat 14.

The selection of tray material for use in hydrogen peroxide or chemical
based sterilization technology is influenced by the chemical resistance and
inertness of the material with respect to the sterilant or precursor for chemical
plasma. For chemical plasma sterilization methods which depend on excited free
radicals, the inertness of the material with respect to the plasma precursor is even
more critical due to possible low concentrations of precursor available to generate
plasma in some preferred plasma methodologies. The tray material should be noa-
reactive to the sterilant(s), or the precursor(s) for the chemical plasma in order not
to affect biological lethality of the sterilizer chamber. For ease of operation, the
material should also be resistant to the chemical and thermal eavironments during
the cleaning and decoatamination procedure of instruments and trays as commonly
used in clinical situations. Hospitals typically use a washer/decontaminator
operating at 270°F as well as detergents and enzymatic cleaners for removing
organic matter.

The ideal tray material should further be compatible with all major
sterilization methods employed by hospitals and the like, including steam (flash
and gravity), ethylene oxide gas, and hydrogen peroxide based sterilizers. One
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2.4% (a) Utem 1000 0.75% 11, 630 ps ,
Cont r ol - 89, 965 psi 7,852 psi 13. 1%

0. 5% 10, 400 psi 7,961 psi 9.3% Nor yl
examplo68@ hydroges peaixideshased plasmggtegtlization is the STERRABO  Cont r ol

gtgﬁl?z?a%iogisyétem that usne/s %yé(?o%teﬁ %ei'bé‘r:’c:l)’c?e pla.srga ?oo/oeliminate n/a
microorganisms on medical instruments. Therefore, the ideal material should have
adequate thermo-mechanical properties to withstand steam, exhibit low ethylene
oxide residuals after processing, and have extremely low interaction with H,0O, or
other oxidative sterilants. '

We have rigorously examined and tested many materials to identify a
material suitable for such varied and extreme service environments. As a result of
our investigations, we have found the preferred materials to be neat (non-
reinforced) and reinforced polyester based liquid crystal polymers, neat and
reinforced polyesters, and reinforced polypropylene. The most preferred material
is neat or reinforced polyester liquid crystal polymer, or its blend with the above
mentioned polymers. One commercially available example of a suitable liquid
crystal polymer is the Vectra® family produced by the Hoechst Celanese
Corporation.

Within each family group, there are preferred chemical structures, either
with or without reinforcement, which can be considered as tray materials:

I Reinforced polypropylene, especially when reinforced with calcium
carbonate or glass fiber, provides the chemical inertness and
structural properties required for multi-sterilization application.

1. Polyester type polymers have a variety of basic structures, among

them:



Vectra A530 0. 75% n/ a 22,431 psi

Contr ol n/ a 24, 265 psi n/fa All5 1
0.5% n/ a 23, 266 psi n/a Vectra AL
n/ a 23, 485 psi n/ a DPP40W Contr ol
2,699 psi 19. 27% DPP40W 0. 5% 2,862
chem cally inert materlal there are

54. 42% 20 efrii:;nl d&)ﬂ

other controlling char acri %@Fﬁﬁ‘w (RET) with thzfqilnmag chemicalo as
to reduce interaction wth stlyewed:rilization environment and so as to
enhance the resistance to hospital -use

e ®
5 —é°~g -—@—cu.-— ® o ‘“"‘H‘ﬂ—
”

2, Polybutylene terephthalate (PBT), in which chemical
10 structure is:

—(—O-c-' —2‘9"“&“'5‘&09‘9-'

15
and
3. Polycyclohexylene terephthalate (PCT), with the following
20 chemical structure:
~€o- Z- : -~
S-i--O
25

PCT is available from Eastman Chemical Company under the tradename of

"Ektar®, in a variety of unmodified and modified structures. Modification may
include acids and glycol structures.
30
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‘cl eaning chemicals. Interaction of tray material with th
precursor for chem cal plasnma reduces the avail able steriil

for chem cal plasma in vapor phase so as to effect th
| ethality. Resistance to hospital -use chemcals wll
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snoot hness of final t. The .surface of th terilizatd ray shoul d

be as snooth as' §ﬁh€§3@8$t%rspap&fyr é%ﬁég“_&‘fﬁ gggglge&yl&?eegf xsat i 0.

Si nce bot hpgdfgréd: aThé mbsPPietéreedl configQiRidr 3 Aask fiter $6iRfforded PET O The
fiber reinforcement provides structural strength for steam autoclave operation and

is preferred in oxidative chemical vapor or oxidative chemical plasma sterilization
§ methods.

IO.  Liquid crystal polymers, in which there are four major structural
variations:

10 1. Polybenzoate-naphthlate

tio- i T

Nt
15
An example of a commercially available product is under the
tradename VECTRA® A and C series by Hoechst Celanese
Corporation.
20 2. Polybenzoate-terephthalate-bis phenol-isophthalate
: PN 1L .
—E— c—@—o}—gc-@}—l%o—@-@a c_-@"j’
[ b e b PR
25

An example of a commercially available product is under the
tradename of Xydar® by Amoco Performance Products.
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brecdrsor(s) for chem cal plasma and materi al degradatlon:am:e»x_a
the surface area/volune ratio, snmooth surfaces wll reducég
3@3%

these interactions. 10 The second characteristic fo ::b
is wall thickness. Wall thickness is igtegral to the strudtudr
the tray or container. For the steri ik ation tray or contai

in an oxi dative cherng cal r or . cheni viron
reduced pressure an?l %ﬁﬁ@é‘ ‘el hﬁ}‘h‘ég gﬁ'ﬁﬁsﬁ +°
sterilant or precursor for chem cal plasnma should be 15 m ni m zed.
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An example of a commercially available product is under the
tradename of X7G and X7H by Eastman Chemical Company
10 and

4, Polynaphthalate-amino terephthalate
. : ]
15 "‘E < "- i i' < '@-3-~°-@-uj._
x
Y

An example of a commercially available product is under the
tradename of Vectra® B series by Hoechst Celanese
20 Corporation.

The most preferred structures are the wholly polyester aromatic liquid
crystal polymers, which are polybenzoate-naphthalate and polybenzoate-
terephthalate-bis phenol-isophthalate. Both neat and reinforced grades are

25 preferred due to the structural strength of this material family. The most preferred
reinforcements fillers are glass or mineral fibers, or fluoropolymers in powders, .

The material characteristics in a hydrogen peroxide environment are of
particular importance. Both the tendency to absorb hydrogen peroxide and the
30 tendency to decompose hydrogen peroxide were studied for a variety of materials.



sterilant or precursor for chem cal plasma in vapor phase and thereby
effect the biological lethality. To mnimze the thermal mass and enhance
the heat transfer characteristics, the wall thickness of the tray or

cont ai ner should be mnimzed. 20 Accordingly, the preferred materils for
forming the tray 12 and lid 16 are as fdRl-ows: I. Rei nf or ced

pol ypropyl epe: i nf orced .p ropyl ene; especially 25 when
rei nf orceda&“t fotlowsing ﬁﬂﬁﬁa‘r%ﬁ&'ﬁs gsultssforisome of Whe mope impatearit he

t her no- mech@mdefials, St ructural integrity required for multi- sterilization
appl i cation.
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Neat or reinforced pol yester:

Anmong the polyester famly,

the 30

structure of polyethylene terephthalate is preferred. The st f
pol yet hy p p BEPUACEMENT SHEET

( PET) .

in oxidative chem cal

10

configuration is glass reinforced pol yethyl ene terephthal at
The fiber reinforcenent provides structural strength f[or steam
aut ocl ave operation and allows for a-tlin-wall design, whigh i soargﬁpm@'ﬂ
vapor sterilization nethod.
Material Material H,0, H,0,
Tradename Family Absorption Decomposition
(ppm) (2/g)
Ultem 1000 Polyetherimide 144.3
Ultem CRS 5011 | Polyetherimide 346
Radel R-5100 Polyaryl suifone 356
Noryi Polyphenylene 52
oxide/Polystyrene
blend
Vectra AS530 Polyester liquid 4.5 0.009
crystal
polymer (mineral
fiber filled)
Vectra All5 Polyester liquid no absorption 0.013
crystal polymer
(glass fiber filled)
DPP40W18357 | 40% calcium no absorption 0.012
carbonate
filled polypropylene
Ektar EG-015 Glass fiber filled 3.3 no
poly ethylene decomposition
terephthalate

15

Another study was conducted to evaluate the compatibility of tray materials
with simulated hydrogen peroxide plasma sterilization and washer/decontamination
cycles, which includes alternating hydrogen peroxide plasma sterilization cycle,
washer/decontaminator cycle and enzymatic cleaner immersion. The samples were
placed under 0.5% and 0.75% strain. The following Table 2 illustrates the results

of this evaluation.
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liquid crystal polymers and | or Il of tteabove. 15

Material Strain Yield Tensile Elongation at

Level Strength | Strength Break
Ultem 1000 | Control 15,320 psi | 14,690 psi 68.5%
Ultem 1000 0.5% 10,140 psi | 10,140 psi 2.4% (a)
Ultem 1000 0.75% 11,630 psi | 11,230 psi 4.2% (a)
Noryl Control 9,965 psi | 7,852 psi 13.1%
Noryl 0.5% 10,400 psi | 7,961 psi 9.3%
Nory! 0.75% 10,550 psi | 8,091 psi 98.5%
Vectra AS30 | Control n/a 22,672 psi n/a
Vectra AS30 | 0.5% nfa 22,371 psi n/a
Vectra A5S30 | 0.75% n/a 22,431 psi n/a
Vectra Control n/a 24,265 psi nfa
All5
Vectra A115 | 0.5% n/a 23,266 psi na
Vectra A11S | 0.75% n/a 23,485 psi n/a
DPP40OWI Control 3,258 psi | 2,699 psi 19.27%
DPP40WI 0.5% 2,862 psi | 2,449 psi 54.42%

Aside from using chemically inert material, there are other controlling
characteristics of sterilization trays or containers so as to reduce interaction with

the sterilization environment and so as to enhance the resistance to hospital-use

cleaning chemicals. Interaction of tray material with the sterilants or precursor for
chemical plasma reduces the available sterilant or precursor for chemical plasma in



FIGS. 5 and 6 illustrate a second enbodi ment of a sterilizati @EpCADEMENTESHEET
according to the invention. The container 72 conprises a tray Fé4—+Td—76
and mat (not shown) simlar to the previous enbodi mrent. Howgvdr, it
i ncorporate an 20 alternative | atching nechanism 78. The I}i d 7@4c§§5r1?%7es
an apertured top wall 80; side and endwelis 82 and 84, repedtifvely

oF 1 on 5 VAPOTBIGHE hatuih F1ies] thy Blalesied) by A Hatslangy 5 BPSBI o e o0
portion wy.

extend in fas ' @AM ' ' I 2 t hereof

to rotat aﬁ?@%ﬁ%&‘%lhﬁ\ieﬁﬁgt&%h ﬁ%n%g? 26.{[?' e -tﬁciﬁ)gf%g Bar%ﬁégétﬁgg t he

| at ch nenbeont@diledris theasusface dimapthresy) af) fidalpreduct.o Thesustacewof thest in FI G 6,

and allow %tclrflirz?attloenduay should be as smooth as possible so as to reduce surface

S5 area/volume ratio. Since both chemical and physical interactions with sterilants or
precursor(s) for chemical plasma and material degradation are a function of the
surface area/volume ratio, smooth surfaces will reduce the rate of these
interactions.

10 The second characteristic to be controlled is wall thickness. Wall thickness
is integral to the structural strehgth of the tray or container. For the sterilization
tray or container to operate in an oxidative chemical vapor or chemical plasma
environment, often under reduced pressure and low concentration, the
condensation of chemical sterilant or precursor for chemical plasma should be

15 minimized. Condensation is a function of the thermal mass and heat transfer
characteristics of the tray or container, which may reduce the amount of available
sterilant or precursor for chemical plasma in vapor phase and thereby effect the
biological lethality. To minimize the thermal mass and enhance the heat transfer
characteristics, the wall thickness of the tray or container should be minimized.

20
Accordingly, the preferred materials for forming the tray 12 and lid 16 are
as follows:
L Reinforced polypropylene: Reinforced polypropylene, especially
25 when reinforced with calcium carbonate or glass fiber, will provide
the thermo-mechanical structural integrity required for multi- |
sterilization application.

. Neat or reinforced polyester: Among the polyester family, the
30 structure of polyethylene terephthalate is preferred. The most
preferred configuration is glass reinforced polyethylene terephthalate



20

I

FIGS. § and 6 illustrate a second embodiment of a sterilization container
according to the invention. The container 72 comprises a tray 74, lid 76 and mat
(not shown) similar to the previous embodiment. However, it incorporate an
alternative latching mechanism 78. '

The lid 76 comprises an apertured top wall 80; side and endwalls 82 and
84, respectively, depending therefrom. A latch member 86 is integrally molded
into a recessed portion 88 in each endwall 84 of the lid 76. A pair of torsion bars
90 extend inwardly of the recess portion 88 from opposing sidewalls 92 thereof to

rotatably support the latch member 86. The torsion bars 90 bias the latch member

86 into a standing, engaged position as shown best in FIG. 6, and allow a limited
amount of rotation away from the engaged position.

A notch 94 in each endwall 96 of the tray 74 forms an engagement surface
98. A lip 100 protruding from a lower portion 102 of the laich member 86

REPLACEMENT SHEET
‘arount of rotation away fromthe engaged position. 30 r”’"N"matt ch 94"
In each endwall 96 of the tray 74 forns an engagenent surfdc 7@;1; @9710(;)
protruding froma | ower portion 102 of the | atch nenber 86
engages the engagenent surface 98 on the tray 74 to thereby
securely to the tray 74. Fi nger pressurlé "fagai nst an act uat i on surface 104
on an upper portion %Pl':@l')m nenber 86, pivots t ? Tenber 86
about the r rem orcement provides structu strength or
steam autoclave operation and allows for a thin-wall design, which
is preferred in oxidative chemical vapor sterilization method.
5 III.  Neat or reinforced liquid crystal polymer, and/or a blend of the
above materials. The most preferred structures are the wholly
polyester aromatic liquid crystal polymer, which can be of the
chemical structure of polybenzoate-naphthalate or polybenzoate-
terephthalate-bis phenol-isophthalate. Both neat and reinforced
10 grades are preferred due to the thermo-mechanical strength of this
material family. The most preferred reinforcements types are glass
and mineral fibers.
IV. A blend or alloy of liquid crystal polymers and I or II of the above.
15 '
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‘torsion bars 90 to disengage the engagenent surface 98 fromfhe Lip 100 and
5 thereby release the lid 76 fromthe tray 74. \Wen the pr SEipé ShPtRe7
actuation surface 104 is release, the torsion bars 90 returnf tlhe |atch
menber 86 to its standi ng, engaged position. Al edges and surfaces of the
latch menber 86 are rounded and snooth 110 especially thos

portion 108 of the |latch nb faci ng outwardl y, of, t he, rec 8. :I'heonly
exception FRza2fd ﬁff'gféﬁ“ isﬂﬁraﬁ i@oﬁghﬁ ﬁa%ﬁgf’t%ﬁblg@“o °1(:iﬁ27 at ch nmenber
faci ng i nwegkely @b thé'@ay 7@y ﬁiﬂ%ertp?eishﬁr £JainsP AR RAJatioN seifadeP1 (A0EES OF
surfaces which fmy engage and tear the users protective glove (not shown).

A1l porti onpperfpartien |LB6 sifithglatehcmemben 86 pive rateh magmber 6 about et h ei t her
the tray 7€'orsion bars 90 to disengage the engagement surface 98 from the lip 100 and
S thereby release the lid 76 from the tray 74. When the pressure on the actuation
surface 104 is release, the torsion bars 90 return the latch member 86 to its

standing, engaged position.

All edges and surfaces of the latch member 86 are rounded and smooth

10  especially those on that portion 108 of the latch member facing outwardly of the
recess 88. The only exception is the lip 100 which lies on that portion 109 of the
latch member facing inwardly of the tray 74, to thereby present no sharp edges or
surfaces which may engage and tear the users protective glove (not shown). All
portions of the latching mechanism 78 are integrally molded with either the tray 74

1S or lid 76 thereby reducing manufacturing and assembly costs. Of course, the
orientation of the latching mechanism 78 may be reversed, such that the latch
member 86 is formed in the tray 74. Further, the lid 76 could be adapted to pivot
about a hinge (not shown) and of course, the latching mechanism 78 need not be
provided in the endwall 84 but could be located elsewhere on the container 72.

20 However, the orientation illustrated in FIG. § is particularly convenient.

FIGS. 7 and § illustrate an alternative arrangement for a tray 110 according

to the invention. The tray 110 may be used with a sterilization container as in the
first and second embodiment and differs primarily in its base 112. The base 112

25 comprises a flat panel 114 having a plurality of apertures 116 therethrough.
Additionally, a number of larger, elongated apertures 118 penetrate the panel 114
and an upwardly extending lip 120 encircles each of the elongated apertures 118.
The lips 120 support a mat 122 and further provide rigidity to the tray base 112,
Apertures 124 through the mat 122 aligned with the elongated apertures 118

30 through the tray base 112 to provide an efficient diffusion path for sterilizing
gases.
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15 or lid 76 thereby reduci ng manufacturing and assenbly jcgsts: l

course, the orientation of the |atching nechanism 78 may b e\ﬁéﬁ% such l
that the latch nenber 86 is fornmed in the tray 74. Further he Ti 97
coul d be adapted to pivot about a hinge (not shown) and of}c
| at chi ng mechani sm 78 need not be provi8led in the endwall B4 but could be
| ocat ed el sewhere aon the container 72. 20 However, the orientatron _
i | lustrated i n FIGGY iblustsatgsaistackingrdeyiceol?ddar stacking steglizationgays 10 | ustrat e
an alternati. d i LE Lon. The
fray 110 SuEa EORARRR Brocelud, et RerE 1ol t@unifial TV BBPEP",
second eniaadiofalighty targer dienensions and ihan the sietitizitivaardyl PO (WO1ghows n 112 25
conprises a flat Panel 114 having aaﬂl urality of apertures 116
t her et hr odtJ@. 9). It comprises vertical sidewalls 126 and vertical endwalls 128. An L-
S  shaped shelf member 130 extends horizontally inwardly from each comer 132 of

the stacking device 124. As illustrated in FIGS. 9 and 10, each of the sidewalls

126 and endwalls 128 has elongated openings 134 therethrough of similar vertical

dimensions to the shelf member 130 so that when containers 10 are stacked using

the stacking device 124, the flow of sterilizing gases into and out of the individual

10 containers 10 is not impeded by the stacking device 124,

FIG. 10 shows two sterilization containers 10, each wrapped in a sterile
wrap material 136. The stacking member 124 sits atop a first tray 10 with the
shelf member 130 resting upon the tray 10. The second tray 10 rests upon the

1S  shelf member 130. Both trays 10 are positioned within the side and endwalls 126
and 128 of the stacking device. Thus, the two trays 10 are stacked and separated
from each other with a full and open flow path thereabout.

FIG. 11 illustrates an alternative embodiment of a stacking device 138. In
20 place of the opening 134, each of the side and endwalls 140 and 142 respectively
have a low vertical profile vertically offset from a shelf member 144 to thereby
provide an open flow path to the stacked trays (not shown in FIG. 11). Vertical
ribs 146 on the side and endwalls 140 and 142 provide rigidity and maintain an
open flow path, if the stacking device is placed next to another stacking device or
25 flat surface.

FIG. 12 illustrates an alternative embodiment of a lid 150 according to the
invention. The lid 150 duplicates the lid 16 of FIGS. 1 and 3, with several
modifications. Accordingly, features similar to those on the lid 16 will be

30 designated with similar numerals with the addition of a single prime symbol (’).
' Specifically, the lid 150 differs from the lid 16 in its mixture of round and



‘Addi tionally, a nunber of larger, elongated apertures 118 peretREP ACEMENT SHEET

panel 114 and an upwardly extending lip 120 encircles each off tithe el ongated
apertures 118. The lips 120 support a mat 122 and further prqvildeD4i SER1997
to the tray base 112. Aperture 124 through the mat 122 aligngd{w th the

el ongated aperture 118 30 through the 19ay base 112 to provide an
efficient diffusion path for sterilizing gases. rates. a

stacki ng deslpegatedapertyies IS8 ard Hg4seapectively i Ahog ma;@t_mal et 158 as
been added at each comer which both strengthens the lid 150 aids in lifting the lid

150 above the base 8 (not shown in FIG. 12) for improved circulation.

S Liquid crystal polymers are known for their difficulty in molding.
One particular problem arises where opposing flows of molten polymer meet,
Such areas often have reduced strength and accordingly it is desirable to locate
them away from areas of the molded article which, will be subjected to high levels
of stress. In the lid 150, the recess 60° is formed by a core pin in the mold (not

10 shown). The molten polymer flows around the core pin and meets to enclose the
recess 60°. Normally these flows would meet at the retaining lip 64’. However,
this area is subjected to high stresses. Accordingly, the lid 150 is formed with a
pair of flow leaders 158, each leading from a center area 160 of the lid 150 where
the molten polymer is injected in the molding process and leading to an inside

15  comer 162 of the respective recesses 60°'. During the molding process the molten

polymer thus flows around the core pin and the opposing flows meet at a side
portion 164 of the recess 60°.

While the invention has been particularly described in connection with
20  specific embodiments thereof, it is to be understood that this is by way of
illustration and not of limitation, and that the scope of the appended claims should
be construed as broadly as the prior art will permit.
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‘during a steri % QR BERRERMLE. The stacking device 124 REPUASEMENTBHEET
shape and of sli i I mensi ons and than the steti tzatTomtray—L0
(not shown in FI ﬂl lfﬂ]ta rises vertical sidewalls 126far; |.cal
endwal I's 128. An ! shel f menber 130 extends ho |2ﬂ41\t“5§|rﬂt§?§9
inwardly from each corner 132 of the s28cking device 124} hsillusirated|ih

FIGS. 9 and 10, each of the sidewalls 126 and endwal | s 1P8 has el ongat ed
openi ngs 1WEHABAhr ough of sinilar vertical di nensions*to-tte—shets
menber 130 so tHhat %a : SiALKE -ﬂ@h h ﬁé[ﬁg&.ng devi ce
124, the flow op'st\gﬁﬁﬁ gtlgng Sg‘géé“‘%‘ﬁfo%r?a“c Jt“& @g‘l‘é\'d?% ual® 10

contai ners 10 i 3 wall enclosidgdhdsontdimerst acki ng device 124. FIG 10 shows two

sterilization containers 10, each w.apped in a .sterile,
means for hold?ng a medw;,i/r mspttgument wi the container; and

at least one opening into the container for admitting sterilizing gases;

5 the improvement comprising the wall being formed of a thermoplastic
liquid crystal polymer whereby the wall resists chemical attack from hydrogen
peroxide, and ethylene oxide, the wall does not unduly interfere with any
electromagnetic fields, and the wall resists attack from elevated temperatures.

2. A sterilization container according to claim 1 wherein the
thermoplastic liquid crystal polymer comprises a wholly aromatic polyester.

3. A sterilization container according to claim 2 wherein the wholly
aromatic polyester comprises polybenzoate-naphthalate.

4. A sterilization container according to claim 2 wherein the wholly
aromatic polyester comprises polybenzoate-terephthalate-bisphenol-isophthalate.

s. A sterilization container according to claim 1 wherein the liquid
crystal polymer is selected from the group consisting of: polybenzoate-naphthalate;
polybenzoate-terephthalate-bisphenol-isophthalate; polybenzoate-terephthalate-
ethylene glycol; and polynaphthalate-amino terephthalate.

6. A sterilization container according to claim 1 wherein the liquid
crystal polymer is reinforced with a filler.

7. A sterilization container according to claim 6 wherein the filler
comprises glass or mineral fibers.
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wap material 136. The stacking nenber 124 sits atop a firgt ptray T0 Wt hH |
the shelf nmenber 130 resting upon the tray 10. The second tir gy iﬂiarﬁfﬁi@ ‘
upon the 15 shelf nmenber 130. Both trays 10 are positionedq Wt h s7i

and endwal | s 126 and 128 of the stacking device. Thus, theijtv
stacked and separated from each other wi4h a full and open|flow path

t hereabout. FIG 11 illustrates an al ternative enmbodi ment of—a—stackrmy
device 138. | RByNd9g ' endwal | s
140 and 142 respe set from
a shelf nenber 144 to thereby pr ow path to the st acked
trays (not shown in FIG 11). Vertical ribs 146 on the side and endwal | s

140 and 142 provide rigidity and mai nhm[

A sterilization container for sterilizing, storing and transporting instruments
is formed of a liquid crystal polymer, such as a wholly aromatic polyester. The
5  container is strong yet has thin walls so that condensation is minimized. Suitable
- polymers include wholly aromatic polyesters such as: polybenzoate-naphthalate;
polybenzoate-terephthalate-bisphenol-isophthalate; polybenzoate-terephthalate-
ethylene glycol; and polynaphthalate-amino terephthalate.

Figure 1

This Sheet Has Been Replaced
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REPLACEMENT SHEET 04 SEP 1997 -19 el ongated apertures 152..and.154 -
respectively. Also, an additional fillet 156 has been adde@fRILAGEMENTCOHEEST
whi ch both strengthens the lid 150 aids in lifting the |ijd %@"'abov-ewt—-hei
base 8 (not shown in FIG 12) for inproved circulation. j
Liquid crystal polyners are known for their difficulty i rml%r&ﬁpwg 5
particul ar problem arises where opposi N3 flows of nolten p(gL,y.Lm.L__me_L__SLc
areas often have reduced strength and accordingly it is desirable to | ocat
them away from areas of the nolded article which will be i i
| evel s
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of stress. In the Iid 150, the recess 60" is fornmed by a ¢ P-A—-n--L-he
mold (not 10 shown). The nolten polyner flows around the dﬂW&AOHWHﬁh@ﬁHj
neets to enclose the recess 60'. Normally these flows woulld the
retaining lip 64'. However, this area is subjected to high

Accordingly, the lid 150 is formed with.qa pair of flow legd 6%5§EPég@h

| eading froma center area 160 of the ITd 150 where the m:ItJ-m polyner | s
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20 ‘specific enbodi ments thereof, it is to be understood that this is by
way of illustration and not of [imtation, and that the scope of the
appended cl ai ms shoul d be construed as broadly as the prji qepas¢EWENT
permt. 20 WVE CLAIM 1. A sterilization container for{ sgefitt+z+ng
i nstruments, conprising: a wall enclosijg the container,|whereb |4l
Is suitable to resist both chem cal -él- 04 gE}’hﬁ#\a

SHEET |
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attacks from hydrogen peroxi de and et hyl ene peroxide and thermal attacks
fromelevated tenperatures, and the wall does not unduly interfere with any
el ectromagnetic fields; nmeans for holding a nmedical instrunent within the

container; and at | east one opening into the container for a@nipbin E——
sterilizing gases, wherein the wall isﬁégrned of a thernopl asft iRE Lﬁéﬁ%ﬁﬂ? SHEET
crystal polyner. 2. A sterilization co I ner according to cljaijm 1 whéerern
the thernoplastic liquid crystal polyner conprises a wholly encnaﬁhps 1997
pol yester. 3. A sterilization container according to claim 2 jwjerein gﬁe
whol | y aroratic pol yester conprises pol ygnzoate- napht hal at e.

FIG. 9




4. A sterilization container according to claim2 wherein the wholly
aromati c pol yester conprises

pol ybenzoat e-t er epht hal at e- bi sphenol -i sopht hal ate. 5. A steri

contai ner according to claim1l wherein the liquid crys

pol ybenzoat e- terephthal at e- bi sphenol -~sopht hal at e; 7
pol ybenzoat e-t er epht hal at e- et hyl ene gl ycol ; and pol ynaght haOdt@Egr‘#%O
terephthalate. 6. A sterilization container according t | ai m

the liquid crystal polymer is reinforced with a filler.
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" | TEXT OF THE ABSTRACT

INSTRUMENT STERILIZATION CONTAINER FORMED OF A LIQUID
- CRYSTAL POLYMER

A sterilization container (10) for sterilizing, storing and transporting instruments is formed of
a liquid crystal polymer, such as a wholly aromatic polyester. The container (10) is strong yet
has thin walls so that condensation is minimized. Suitable polymers include wholly aromatic
polyesters such as: polybenzoate-naphthalate; polybenzoate-terephthalate-bisphenol-
-isophthalate; polybenzoate-terephthalate-ethylene glycol; and polynaphthalate-amino tere-
phthalate.

Fig. 1

FSG005 960628 SG-Abstract



WZWNJ

l20 : . 5‘"}0&»\/9/&4/&

WE CLAIM:

1. A sterilization container for sterilizing instruments, comprising:
a wall enclosiﬁg the container, whereby the wall is suitable to resist both chemical
attacks from hydrogen peroxide and ethylene peroxide and thermal attacks from
elevated temperatures, and the wall does not unduly interfere with any
electromagnetic fields;
means for holding a medical instrument within the container; and
at least one opening into the container for admitting sterilizing gases,

wherein the wall is formed of a thermoplastic liquid crystal polymer.

2. A sterilization container according to claim 1 wherein the thermoplastic liquid crystal

polymer comprises a wholly aromatic polyester.

3. A sterilization container according to claim 2 wherein the wholly aromatic polyester

comprises polybenzoate-naphthalate.

4. A sterilization container according to claim 2 wherein the wholly aromatic polyester

comprises polybenzoate-terephthalate-bisphenol-isophthalate.

5. A sterilization container according to claim 1 wherein the liquid crystal polymer is
selected from the group consisting of: polybenzoate-naphthalate; polybenzoate-
terephthalate-bisphenol-isophthalate; polybenzoate-terephthalate-ethylene glycol; and
polynaphthalate-amino terephthalate.

6. A sterilization container according to claim 1 wherein the liquid crystal polymer is

reinforced with a filler.

7. A sterilization container according to claim 6 wherein the filler comprises glass or

mineral fibers.
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