Office de la Propriete Canadian CA 2973373 A1 2016/08/04

Intellectuelle Intellectual Property
du Canada Office (21) 2 973 373
v organisme An agency of 12y DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2016/01/28 (51) CLInt./Int.Cl. A678 7//76 (2006.01),
. o . o . HOTM 10/48(2006.01), HOTM 10/673(2014.01),
(87) Date publication PCT/PCT Publication Date: 2016/08/04 HOTM 10/657(2014.01). HOTM 10/658 (2014.01)
(85) Entree phase nationale/National Entry: 201/7/07/07 HO1M 2/10(2006.01)
(86) N demande PCT/PCT Application No.: US 2016/015380 | (71) Demandeur/Applicant:
(87) N° publication PCT/PCT Publication No.: 2016/123350 COREX, LLC, US
(30) Priorité/Priority: 2015/01/28 (US62/108,749) (72) Inventeur/Inventor:

PEDICINI, CHRISTOPHER, US
(74) Agent: MACRAE & CO.

(54) Titre : ENCEINTE DE BATTERIES POUR DES OUTILS CHIRURGICAUX STERILISABLES COMPRENANT UNE
ISOLATION THERMIQUE
54) Title: BATTERY ENCLOSURE FOR STERILIZEABLE SURGICAL TOOLS HAVING THERMAL INSULATION

(57) Abrégée/Abstract:
A battery pack assembly or enclosure comprises one or more batteries having an electrochemical cell and an enclosure having at
least an outer wall configured to create a sealed volume of space substantially around the batteries. An atmosphere of the volume

S SNV ENEEN
O - 2.7 20 a0

J "..
KT
e
A

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 2973373 A1 2016/08/04

en 2973 373
13) A1

(57) Abrege(suite)/Abstract(continued):
of space comprises gas having a thermal conductivity less than 0.018 watts per meter per degree Celsius. This atmosphere of gas

provides an Insulative layer between the outer wall of the enclosure and the batteries. With this insulative layer, the battery pack
assembly can be subjected to autoclaving without damaging the batteries. The battery pack assembly can be used to power

surgical tools or other devices that are subjected to autoclaving.



woO 2016/123350 A3 | {10 RW V00010 A 0000 0 0

International Bureau
(43) International Publication Date 5_:5
4 August 2016 (04.08.2016) WIPO I PCT

CA 02973373 2017-07-07

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

(10) International Publication Number

WO 2016/123350 A3

(1)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(71)

(74)

(81)

International Patent Classification:

A61B 17/16 (2006.01) HOIM 10/613 (2014.01)
HOIM 2/10(2006.01) HOIM 10/658 (2014.01)
HOIM 10/48 (2006.01) HOIM 10/651 (2014.01)

International Application Number:
PCT/US2016/015380

International Filing Date:

28 January 2016 (28.01.2016)
Filing Language: English
Publication Language: English
Priority Data:
62/108,749 28 January 2015 (28.01.2015) US

Applicant: INTERNATIONAL MEDICAL SUPPLI-
ERS & TECHNOLOGY INC. ("IMST") [PA/PA]; Edi-
ficto P.H. Plaza 2000, Calle Cincuenta, 16th Floor,
Panama (PA).

Inventor; and

Applicant : PEDICINI, Christopher [US/US]; Medical
Enterprises, LLC, 5875 Peachtree Industrial Blvd., Suite
160, Atlanta, GA 30092 (US).

Agents: MICKEOWN, Scott, A. et al.; Oblon, McClel-
land, Maier & Neustadt, L.L.P., 1940 Duke Street, Alexan-
dria, VA 22314 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
IR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

(33)

with international search report (Art. 21(3))

before the expiration of the time [imit for amending the
claims and to be republished in the event of receipt of

amendments (Rule 48.2(h))

Date of publication of the international search report:
1 December 2016

(54) Title: BATTERY ENCLOSURE FOR STERILIZEABLE SURGICAL TOOLS HAVING THERMAL INSULATION

—~130

(87) Abstract: A battery pack assembly or enclosure comprises one or more batteries having an electrochemical cell and an enclos-
ure having at least an outer wall configured to create a sealed volume of space substantially around the batteries. An atmosphere of
the volume of space comprises gas having a thermal conductivity less than 0.018 watts per meter per degree Celsius. This atmo -
sphere of gas provides an insulative layer between the outer wall of the enclosure and the batteries. With this msulative layer, the
battery pack assembly can be subjected to autoclaving without damaging the batteries. The battery pack assembly can be used to
power surgical tools or other devices that are subjected to autoclaving.




CA 02973373 2017-07-07

WO 2016/123350 PCT/US2016/015380

BATTERY ENCLOSURE FORSTERILIZEABLE SURGICAL TOOLS HAVIRG
THERMAL INSULATION

RELATED APPLICATION

This application claims the benefit, under 35 U.S.C. § 119(e), to provisional
application Serial No. 62/108,749.
BACKGROUND

The present disclosure relates to the thermal msulation of a batiery enclosure and, for
example, to an msulation of an enclosure contaming battery cells that 13 exposed to high
temperatures during operation,

Battery powered tools have provided increased convenience and productivity (o
medical professionals in surgical settings. These surgical tools and their associated batieries
are sterilized before utilization, such as in the sterile field of an operating room. Batiery
powcered surgical tools are typically designed to withstand the temperatures associated with
an autoclave cycle for stertlizing a surgical ool or msirument. These temperatures may
reach, for example, 132°C {or several minutes tn a pre-vacuum stertlizer or 121°C tor 30
minutes or longer in a gravity displacement sterilizer.

Like the surgical tools and mstruments, the battery enclosures of such tools are also
sterilized. This sterihization presents a problem as the performance of rechargeable battery
cells can be degraded if they are exposed to temperatures tn excess of 70°C, Bevond
degraded performance, the battery cells themselves are at risk of being permanently damaged
upon exposure to temperatures m exceess of 83°C,

One approach to prevent the battery cells from reaching such critical temperatures has
been to stertiize the battery enclosure withowut the batiery ceils. The battery celis are then
added to the enclosure with the use of shields and scalable covers to prevent exposure of the

cells to the sierile field. Another approach has been o msulate the battery cell with the use of
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mnsulation materials, such as microporous stlicate (U5, Patent No. 6,756,766) or silica
(silicon dioxide) or stlica ceramic carbon nitride and stlica acrogel (U.S. Patent No.
8,480,560).

Yet another approach has been to use chemicals and gasses to sterilize the batiery
cnclosure with the battery cells. This type of sierilization process avoids generating
teraperatures that could potentially damage the battery cells. However, this approach requires
sterifization infrastructure not typically present in hospitals, surgery centers and other
healtheare mstitutions,

SUMMARY

A stmpie low cost, sealed battery enclosure and assoctated method of manufacture is
provided. In the exemplary embodiment, the enclosure can be autoclaved with the
rechargeable batiery (electrochemical) cells enclosed therein.

According {0 one aspect of the exemplary embodiment , a batiery pack assembly
comprises at feast one batiery comprising an electrochemical cell and an enclosure having at
icast an outer wall configured o create a sealed volume of space substantially around the at
least one battery. An atmosphere of the volume of space comprises gas. The thermal
conductivity of the gas 1n the volume of space 1s less than 0.018 watts per meter per degree
Celsius,

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Fig. 1 1s an illustration of a perspectlive view of a battery pack assembly consistent
with an aspect of an exemplary embodiment of the 1nvention;

Fig. 2 1s an tllustration of a perspective view of a battery pack assembiy consistent

with another aspect of an exemplary embodiment of the invention;
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Fig. 3 1s an tllustration of a perspective view of a battery pack assembly coupled
to a recharging station consistent with an aspect of an exemplary embodiment of the
invention:

Fig. 4 1s an illustration of a perspective view of a battery pack assembly coupled
to a surgical device consistent with an aspect of an exemplary embodiment of the invention;
and

Fig. 5 1s an tliustration of a perspective view of a battery pack assembly including
a display consistent with an aspect of an exemplary embodiment of the invention,
DETAILED DESCRIPTION

The exemplary embodiments described herein are provided for illustrative purposes
only and arc not imiting of the scope of the mvention. It 1s understood that various
omissions and substitutions of equivalent structures are contemplated as circumstances may
suggest or render expedient as known o one of skill i the art, Furthermore, although the
following relates substantially to exemplary embodiments of the physical design, it will be
understood by those familiar with the art that changes to matenals, part descriptions and
ceomelries can be made without departing {rom the spirit of the inveniion.

In one aspect of an exemplary embodiment of the mnvention, a baitery pack assembly
or enclosure comprises one or more batteries having an electrochemical cell and an enclosure
having at least an outer wall configured (o create a scaled volume of space substantially
around the batteries. An atmosphere of the volume ol space comprises gas having a thermal
conductivity less than 8.818 watls per meter per degree Celsius. This atmosphere of gas
provides an insulative layer between the outer wall of the enclosure and the batteries. With
this msulative layer, the batiery pack assembly can be subjected to autoclaving without

damaging the batteries.
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The thermal conductivity of the gas in the volume of space can be lower, such as less
than 0.016 watts per meter per degree Celstus. In addition, the atmosphere of the volume of
space can include a partial vacuum suflicient to make the thermal conductivity of the gas in
the volume of space less than 0.018 watts per meter per degree Celsius, The gas included n
the atmosphere of the volume of space can be at least 25% or at least 33% of an mnert gas
selected from the group consisting of krypton, xenon, argon, and freon.

The battery pack assembly can also inciude a plurality of standofis that separate the
batterics from the outer wall of the enclosure. In addition, an inner wall can be included that
at lcast partially encloses the batieries. The outer wall of the enclosure 18 formed {rom a
composite plastic that can be covered with a coating such as a metallization laver that reduces
the permeation rate of the outer wall,

To provide power, the battery pack assembly includes battery termunals that exiend
from the batierigs to the extertor of the outer wall, The battery terminals mclude a positive
terminal and a negative terminal that are coupled to electrical contacts, which are configured
to connect to and power a surgical tool as well as to connect to and be charged by a
recharging station.

As shown in Fig. 1, a battery pack enclosure or assembly 100 mcludes battery cells
110, battery ternunals 120, a first or outer wall 130, and a second or inner wall 140, The
battery cells 110 can be rechargeable, electrochemical batieries, such as lead—acid, nickel
cadmium (NiCd), nickel metal hydnide (NiIMH), lithium 1on (Li-1ion), or lithtum 1on polymer
(Li-10n polymer).

The outer wall 130 forms a contiguous, sealed compartment around the inner wall 140
and the battery cells 110, The space between an interior surface of the outer wall 130 and an
gxterior surtace of the inner wall 140 represents a volume of space 160 having an atmosphere

comprising gas, a partial vacuum, or both. The inner wall 140 can be a contiguous or non-
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contiguous wall around the batiery cells 110, When maplementied as a non-contiguous wall,
the 1nner wall 140 can partially or substantially cover the battery celis 118 and separate them
from the iterior surface of the outer wall 136, The mmner wall 140 preferably has a cross-
sectional arca that 1s less than 25% of the exterior arca of the cuter wall 130, Reducing the
cross-sectional area of the inner wall 140 with respect to the ocuter wall 130 helps to minimmmze
conductive heat transier through the battery pack enclosure 100 from the outer wall 130 {o the
baticry cells 110,

To separate the outer wall 130 from the mner wall 140, the battery pack enclosure 100
includes a plurality of standoffs, spacing material or separators 150 that maintain the
separation of the outer wall 130 from the inner wall 140, In the exemplary embodiment the
spacing material 1s formed of individual standoffs 150 that prevent the battery cells 110 from
contacting the outer wall 130. Of course, aliernative arrangements are contemplated that
provide a filler, or contiguous spacing rather than discrete structural “standoffs.”
Alternatively, as shown in Fig. 2, the battery pack enclosure 100 can be designed without the
inner wall 140, In this configuration, the battery cells 110 are exposed to the atmosphere in
the volume of space 160. Without the inner wall 140, the standotis 150 are arranged to
separate the outer wall 130 from the battery cells 110, as shown i Fig. 2.

The standoffs 130 are preferably formed from a material having a low thermal
conductivity material, which helps to reduce heat transfer from the outer wall 130 {o the mmner
wall 140 and the battery cells 110, In addition, the cross-sectional area of the standoffs 150 1s
preferably munimized. For example, the cross-sectional area can be a fraction of the surface
arca of the battery cells 110, such as less than 10%. The number of standoffs 150 included
within the battery pack enclosure 100 depends on the particular configuration of the battery

ceils 110, but the number of standotfs 150 1s preferably a number suflicient to maintain the
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position of the battery cells 110 {(or inner wall 140 if mcluded) within and away from the
outer wall 130,

Whereas the exterior surface of the outer wall 130 1s exposed to the environment, the
interior surface of the outer wall 130 15 exposed to the atmosphere in the volume of space 160
between the outer wall 130 and the 1mner wall 140 or battery cells 110, This atmosphere
provides an insulative layer between the outer wall 130 and the batiery celis 110, The
atmosphere of gas can comprise, for example, at least 25% of a low thermal conductivity gas,
The low thermal conductivity gas can comprise larger portions of the atmosphere, such as at
icast 33%, at least 50%, or all of the atmosphere in the volume of space 160. The low
thermal conductivity gas is preferably an inert gas such as Argon, Krypton, Xenon, or Freon,

In addition o the low thermal conductivity gas, or as an alternative to the low thermal
conductivity gas, the atmosphere i the volurne of space 160 can comprise a partial vacuum.
The partial vacuum preferably amounts to at least 25% of the atmosphere 1o the volume of
space 160, The partial vacuum can comprise larger portions of the atmosphere, such as at
icast 33%, at least 50%, or all of the atmosphere in the volume of space 160,

The partial vacuum helps (o reduce heat transfer from the outer wall 130 (o the batiery
ceils 110 because heat transter at atmospheric pressure s predominantly affected by either
direct transier during gas molecule-to-molecule collisions or by molecular motion
convection. If two objects, such as the outer wall 130 and the batiery cells 110, are at
different teraperatures and placed in a chamber at atmospheric pressure, heat will begin (o
flow from the hotter to the colder through the gas molecules. 1 such pressure 1s reduced by
removing some of the gas molecules, such as by introducing a partial vacuum, the distance
between the molecules will become greater and the number of molecular collisions will
become decrease, thereby resulting in a reduction of heat flow. Lowering the thermal

conductivity of the heat transfer medium (such as the gas molecules) permits the hotter object
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to retain its heat, Morcover, i the pressure 1s continually reduced, the heat flow will
similarly be continually reduced. Thus, introducing at least a partial vacuum between the hot
and coid objects {e.g., the outer wall 130 and the battery cells 110} creates a thermal
insulator. The amount of insulation provided by the partial vacuum depends on the amount
of the vacuum (i.¢., the paucity of molecules) between the hot and cold objects.

Whether the atmosphere in the volume of space 160 comprises a low thermal
conductivity gas, a partial vacuum, or a combination of them, the thermal conductivity for the
atmosphere 1s preferably configured to msulate the battery cells sufficiently to protect the
battery cells 110 from being damaged during an autoclave cycle. The thermal conductivity of
atr 18 0.024 walts per meter degree Celsius. Using the low thermal conductivity gas and/or
partial vacuum reduces the thermal conductivity of the atmosphere in the volume of gas 160
to be lower than the thermal conductivity of air. To provide prolection to the batiery cells
110, sufficient low thermal conductivity gas and/or partial vacuum 1s preferably provided in
the atmosphere to make the range of thermal conductivity for the atmosphere, for example,
from 0.002 to 0.018 watts per meter degree Celsius. More preferably, the thermal
conductivity of the atmosphere 13 less than 0.018, less than 0.016, less than 0.012, less than
(1.009, or less than 0,007 watts per meter per degree Celsius. In an exemplary embodiment,
the low thermal conductivity gas has a thermal conductivity of less than 0.012 watts per
meter degree Celsius such as Freon (having a thermal conductivity of 8.007) or Krypion
(having a thermal conductivity of 0.009.) With the atmosphere of the volume of space 160
configured to have a low thermal conductivity, the battery pack enclosure 100 prevents, for
exampie, the inner wall 130 and the battery cells 120 {from reaching 70°C when the outer wall
is exposed to 132°C for four minutes or 121°C for 30 minutes.

To provide further protection of the battery cells 110 beyond the msulative layer

provided by the atmosphere in the volume of space 160, the walls of the battery pack
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enclosure 100 can comprise a maierial having a very low permeation rate to gases including
Nitrogen, Oxygen and any other gas present in the atmosphere. The material preferably has a
very low permeation rate both at room temperature as well as at autociave temperatures, such
as 132° Celsius. The material for the outer wall 130 and mmner wall 140 can be, for example,
a compostie plastic having different webs and lavers (o reduce permeability. The thickness of
the outer wall 130 18 preferably sutficient to withstand damage, such as from being dropped
on a floor, as well as to account for the impact and molding characteristics of the material
used, such as plastic.

In addition to the matenal for the walls of the battery pack enclosure 100, a
membrane, coating, co-extrusion or plating can be provided on the interior or exterior of the
outer wall 130, and optionally to the inner wall 140 as well. The coating 1s preferably located
at icast on the interior of the outer wall 130 {o protect from damage, such as from scraiching.
The coating, which can be a metallization layer for example, helps to decrease the permeation
rate of the walls, preferably by at least 90%. The desired low permeation rate will generally
be a function of the “free gas volume” inside the outer wall 130 of the battery pack enclosure
100, In a preferred embodiment, for example, the material of the outer wall 130 and the
coating are preferably designed to permit a transier of no more than 10% of the free volume
within the atmosphere of the volume of space 160 within one year when stored at 23°C. With
such a low permeation rate, the atmosphere within the volume of space 160 does not dissipate
{rom the battery pack enclosure 100 over time,

The batiery terminals 120 can mclude positive and negative leads that can connect to
clectrical contacts 170, The electrical contacts 170 are configured to connect and provide
power {0 a device such as a surgical tool, such as shown 1n Fig. 4. The surgical tool can be,
for example, an orthopedic power tool such as the one described mm ULS, Patent No.

8,936,106, The clectrical contacts 170 can also connect fo a battery charger to recharge the
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battery cells 110, such as shown in Fig. 3. The battery terminals 120, which pass through the
outer wall 130 and the mner wall 140, are preferably sealed by a low permeability potling
compound, O-ring or other sealing method to mininuze gas leakage. The sealing material can
be, for example, 20-2350 polyurethane. Additionally, the cross-sectional arca of the
clectrical contacts 170 1s kept at a minmmum in order (o reduce conductive heat transfer to the
battery cells 114,

in addition to the positive and negative leads, the battery terminals 120 can also
include one or more communication terminals, These communication terminals can be
conligured to provide mformation about breaches of the atmosphere, the temperature of the
batiery celis 110, the charge level of the battery cells, and any other information relevant (o
the operation or condition of the battery pack enclosure 100 including the battery cells 110,
To provide this mformation via the communicaiion terminals, the batiery pack enclosure 100
can mclude circuttry, detectors, and transducers configured to detect the conditions and
parameters related to the operation of the battery pack enclosure 130 and the batiery cells
110, The communication terminals can be coupled to a display 180, such as shown in Fig, 5,
which 1s conligured to display mformation provided by the communication termnals. A {uel
cell may also be substituted for the electro-chemical battery cell.

To detect temperature, the batter pack enclosure 100 can include a thermal couple that
monitors the temperature of the battery cells 1120 or the arca around the battery cells 110,
Indicator lights visible on the extertor surface of the outer wall 130 or sounds from a speaker
mounted on the exterior surface of the outer wall may be used to indicate the status of the
temperature, such as if the temperature remains at an acceptable level, has reached a point
approaching critical level, or has reached a critical ievel. The indicator lights and sound can

also be used to indicate whether a battery s ready to be used or not. A thermochromic sinp
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can also be provided that indicates via color or other change that the battery cells 110 are at a
safe operating temperature.

Besides detecting and providing indications of temperature, the batiery pack enclosure
100 can mnclude a failsafe that, when activated, prevents the batiery from being used. The
failsale can be implemented, for example, by blowing a fuse in the connection. Additional
satetics commonly used 1n the mndustry, such as PTC elements, may be incorporated 1u the
battery pack enclosure 100 to prevent the battery cells 110 from being discharged until they
have cooled sufficiently. The battery pack enclosure 100 can also include a sensor for
detecting the thermal conductivity of the internal gas chamber area and a sensor {or detecting
the peak temperature reached by the battery celis 110 within the battery pack enclosure 100
during an autoclave cycle. Based on the detected information, the sensors can communicate
information {0 an operator, such as a breach in the thermal insulation system or a defect with
the battery cells 110, e.g., that the battery celis 118 will not charge.

Although there have been described particular embodiments of the present disclosure,
it 1s not intended that such references be construed as limitations on the scope of the

disclosure.

10
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What is claimed 1s:
i A battery pack assembly comprising:

at least one battery comprising an electrochemical cell;

an ¢enclosure having at least an outer wall configured to create a sealed volume of
space subsiantially around the at least one battery;

wherein an atmosphere of the volume of space comprises gas, wherein the thermal
conductivity of the gas in the volume of space 1s less than 0,018 watts per meter per degree

{elsius.

2. The batiery pack assembly of claim 1, wheretn the thermal conductivity of the gas in

the volume of space 1s less than .016 waltts per meter per degree Celsius,

“?

3. The batiery pack assembly of claim 1, wheretn an atmosphere of the volume of space

#

includes a partial vacuum sufficient to make the thermal conductivity of the gas in the volume

of space less than 0.018 watis per meter per degree Celsius,

= The battery pack assembly of claim 1, wherein an atmosphere of the volume of space
includes at least 25% of an tnert gas selected from the group consisting of krypton, xenon,

argon, and freon.

S. The batiery pack assembly of claim 1, wheretn an atmosphere of the volume of space

includes at least 33% of an inert gas sclected from the group consisting of krypton, xenon,

argon, and {reon.

11
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0. The battery pack assembly of claim 1, further comprising a plurality of standoffs that

separate the at least one batiery trom the outer wall of the enclosure.

The battery pack assembly of claim 6, wherein the enclosure {urther comprises an
inner wall at least partially enclosing the at least one battery, wherein the plurality of

standotis separate the 1nner wall from the outer wall.

3. The battery pack assembly of claim 1, wherein the outer wall of the enclosure 1s

formed from a cornposite plastic,

9. The battery pack assembly of claim 8, wherein at least one of an exterior surface and
an mterior surface of the outer wall of the enclosure includes a coating that reduces the

permeation rate of the outer wall.

10,  The battery pack assembly of claim 9, wherein the coating includes a metallization

layer.

{1, The batiery pack assembly of claim 1, further comprising battery terminals, wheremn

the battery terminals extend from the at least one battery to the exterior of the outer wall,

12.  "Fhe battery pack assembly of claim 11, wherein the battery terminals comprise a

positive terminal, a negative terminal, and a communication terminal.

13.  The batlery pack assembly of claim 11, wherein the communication terminal provides

information regarding the temperature of the at least one battery.

12
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{4,  'The batiery pack assembly of claim 11, further comprising a sensor that detects the
thermal conductivity within the volume of space,
wherein the sensor provides information via the commumication terminal of a breach

of the battery pack assembly based on the detected thermal conductivity.

I

(%

The battery pack assembly of claum 11, further comprising a sensor that detects a peak
temperature reached by the at least one baticry during an autoclave cycle,

wherein the sensor provides information via the communication terminal of the
detecled peak temperature.
16, The battery pack assembly of claim 12, further comprising ¢lectrical contacts coupled

to the posiiive terminal and the negative terminal.

17.  The battery pack assembly of claim 16, wherein the electrical contacts are configured

to connect to a recharging station.

18, The battery pack assembly of claim 1, wherein a temperature of the at least one

batiery remains below 70°C when the outer wall is exposed to 132°C for four minutes.

19, The battery pack assembly of claim 1, wherein a temperature of the at least one

batiery remains below 70°C when the outer wall 1s exposed to 121°C for 30 munutes.

20. A surgical tool comprising:

13
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a battery pack assembly having at least one batiery comprising an ¢lectrochemical cell
and an enclosure comprising at least an cuter wall configured to create a sealed volume of
space substantially around the at least one battery;

wherein an atmosphere of the volume of space comprises gas, wherein the thermal
conductivity of the gas in the volume of space 1s less than 0,018 walls per meter per degree
{_elstus, and

wherein the batiery pack assembly provides power for the operation of the surgical

tool.

14
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