w0 2021/133531 A1 A HUPL 00 A AR T A0 00 0

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

19) World Intellectual P It
(19) World Intellectual Property A A 800 0 0 0RO A 0

Organization
International Bureau (10) International Publication Number

(43) International Publication Date WO 2021/133531 Al
01 July 2021 (01.07.2021) WIPOIPCT
(51) International Patent Classification: (74) Agent: HANNON, Brian W. ¢t al.; 2000 Pennsylvania
HOIM 50/308 (2021.01) HOIM 50/392 (2021.01) Avenue NW, Suite 900, Washington, District of Columbia
HOIM 50/383 (2021.01) 20006 (US).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/US2020/063052 kind of national protection available). AE, AG, AL, AM,

. o . AO. AT. AU. AZ. BA. BB. BG. BH. BN. BR, BW. BY. BZ.
(22) International Filng Date: CA. CIL CL. CN. CO. CR. CU. CZ. DE, DJ. DK. DM. DO.

03 December 2020 (05.12.2020) DZ. EC. EE. EG. ES. FI. GB. GD, GE. GH. GM. GT. HN,
(25) Filing Language: English HR. HU, ID. IL. IN, IR, IS. IT. JO. JP. KE. KG. KH. KN.
KP, KR, KW.KZ.LA. LC.LK. LR, LS. LU, LY. MA. MD.

(26) Publication Language: English ME, MG, MK, MN, MW, MX, MY, MZ. NA, NG, NI, NO,
(30) Priority Data: NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
16/725,669 23 December 2019 (23.12.2019) US SA, SC, SD, SE, 5G, SK, SL, 8T, SV, 8Y, TH, TJ, TM, TN,

. TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.
(71) Applicant: SAFT AMERICA [US/US]; 107 Beaver

Court, Cockeysville, Maryland 21030-2152 (US). (84) Designated States (unless otherwise indicated, for every

. , kind of regional protection available). ARIPO (BW, GH,
(72) Inventor: EMERY, Alain; c/o Saft America, 107 Beaver GM. KE. LR. LS. MW. MZ. NA. RW. SD. SL. ST. SZ. TZ.

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,

(54) Title: VENT ASSEMBLY WITH MEMBRANE

400
(RFANS

RS,

FIG. 1

(57) Abstract: A vent assembly for a battery or a electrochemical cell may include a vent body configured to connect to a battery
casing or a electrochemical cell body, a flame arrester and/or a pressure valve disposed in the vent body, a membrane disposed 1n the
vent body between a vent opening of the battery or the electrochemical cell and the flame arrester and/or the pressure valve, and that
1s configured to shield the flame arrester and/or the pressure valve from electrolyte solution of the battery or the electrochemical cell,
and a seal disposed between the vent body and the membrane. Also, a battery including a vent assembly.

[Continued on next page/



WO 20217133531 AT }F0VRH ) 0RD VO AP PN A0 A F 0000 80 R

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



WO 2021/133531 PCT/US2020/063052

VENT ASSEMBLY WITH MEMBRANE

FIELD

[0001] The present disclosure relates to vented cells or batteries, with alkaline or acid
electrolyte chemistry, and the use of an expanded polytetrafluoroethylene (ePTFE) membrane in
the vent assembly to protect the flame arrester and/or the pressure valve from being
contaminated by the electrolyte during service or during handling/transportation. A vent
assembly with the correct ePTFE membrane sizing and grade, the correct elastomer, and the

correct compression permits tight sealing around the ePTFE membrane.

BACKGROUND

[0002] On vented cells or batteries, a component (e.g., a flame arrester, a pressure valve,

etc.) may be clogged, damaged based on electrolyte contamination when the vented cells or

batteries are in service, handled, transported, etc.

SUMMARY

[0003] According to an aspect of the disclosure, a vent assembly for a battery or an
electrochemical cell may include a vent body configured to connect to a battery casing or an
electrochemical cell body; a component disposed 1n the vent body; a membrane disposed in the
vent body between a vent opening of the battery or the electrochemical cell and the component,
and that 1s configured to shield the component from electrolyte solution of the battery or the
electrochemical cell; and a seal disposed between the vent body and the membrane.

[0004] According to an aspect of the disclosure, a vent assembly may include a

component disposed 1n a vent opening of a battery casing of a battery or a cell body of an

1
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electrochemical cell, a membrane disposed 1n the vent opening, and that 1s configured to shield
the component from electrolyte solution of the battery or the electrochemical cell; and a seal.
The membrane may be disposed between the seal and the component.

[0005] According to an aspect of the disclosure, a battery may include a plurality of
electrochemical cells; a casing to contain the electrochemical cells; and a vent assembly.

[0006] According to an aspect of the disclosure, a battery may include a plurality of

electrochemical cells that each may include a vent at one end of the cell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 1s an exploded view of a vent assembly according to an embodiment;
[0008] FIG. 2 1s a cross-section view of the vent assembly of FIG. 1;

[0009] FIG. 3 1s an exploded view of a vent assembly according to an embodiment;
[0010] FIG. 4 1s a cross-section view of the vent assembly of FIG. 3;

[0011] FIG. 5 1s an exploded view of a vent assembly according to an embodiment;
[0012] FIG. 6 1s a cross-section view of the vent assembly of FIG. 5;

[0013] FIG. 7 1s an exploded view of a vent assembly according to an embodiment; and
[0014] FIG. 8 1s a cross-section view of the vent assembly of FIG. 7.

DETAILED DESCRIPTION
[0015] The following detailed description of example implementations refers to the

accompanying drawings. The same reference numbers 1n different drawings may identify the
same or similar elements.
[0016] FIG. 1 1s an exploded view of a vent assembly according to an embodiment. As

shown 1n FIG. 1, a vent assembly 100 according to an embodiment may include a seal 110, a
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vent body 120, an elastomeric seal 130, a membrane 140, a component 150, and a vent cover
160.

[0017] The vent assembly 100 may be configured to be used 1n conjunction with a
battery, an electrochemical cell, etc. and may be removable. The vent assembly 1s adapted for
being used 1n conjunction with a battery comprising one or more electrochemical cells
containing an electrolyte, such as a N1Cd electrolyte. Any kind of alkaline electrolyte, such as a
NiFe, NiZn, NiMH electrolyte or lead-acid electrolyte, may also be used. For example, the vent
assembly 100 may be connected to a battery casing, an electrochemical cell body, etc. The cell
body refers to the set of parts enclosing an electrochemical cell, a cell container or a cell can and
a cell cover.

[0018] The seal 110 may be configured to seal the vent body 120 and a battery casing.
For example, the seal 110 may be disposed between a battery casing or cell body and the vent
body 120, and may seal the vent body 120 and the battery casing from internal and external
substances. The seal 110 may be comprised of any suitable material, such as synthetic
polyisoprene, polybutadiene, silicone rubber, etc.

[0019] The vent body 120 may be configured to connect to a battery casing, an
electrochemical cell body, etc. For example, the vent body 120 may include a bottom portion
that 1s configured to connect to a battery casing via a locking mechanism, a press-fit mechanism,
an adhesive, etc. The vent body 120 may be comprised of any suitable material, such as a metal,
a plastic, or the like.

[0020] The vent body 120 may be configured to accommodate the elastomeric seal 130,

the membrane 140, and the component 150. For example, the vent body 120 may include an
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intermediate portion 1n which the elastomeric seal 130, the membrane 140, and the component
150 are disposed.

[0021] The vent body 120 may be configured to connect to the vent cover 160. For
example, the vent body 120 may include a top portion that 1s configured to connect to the vent
cover 160 via a locking mechanism, a press-fit mechanism, an adhesive, etc.

[0022] The elastomeric seal 130 may be configured to support the membrane 140 within
the vent body 120. For example, the elastomeric seal 130 may support the membrane 140 such
that the membrane 140 remains substantially stationary within the vent body 120. In this way,
the membrane 140 may be supported in the vent body 120 via the elastomeric seal 130, instead
of being thermo-welded or adhered via adhesive because such techniques might not be possible
with the presence of corrosive electrolyte.

[0023] The elastomeric seal 130 may be comprised of any suitable material, such as
silicone rubber, silicone foam, rubber, ethylene propylene rubber, etc. The elastomeric seal 130
may be directly connected to the vent body 120. Alternatively, the elastomeric seal 130 may be
integrated with the vent body 120, such that the vent body 120 and the elastomeric seal 130
constitute a single material and member. Alternatively, the elastomeric seal 130 may be directly
connected to the membrane 140. Alternatively, the elastomeric seal 130 may be directly
connected to the component 150. Alternatively, the elastomeric seal 130 may be integrated with
the component 150, such that the component 150 and the elastomeric seal 130 constitute a single
material and member.

[0024] As shown 1n FIG. 1, the elastomeric seal 130 may be annular. Alternatively, the
elastomeric seal 130 may be any suitable shape that permits the elastomeric seal 130 to support

the membrane 140 within the vent body 120.
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[0025] The membrane 140 may be configured to shield the component 150 from
electrolyte solution of the battery or the electrochemical cell. For example, the membrane 140
may shield the component 150 from electrolyte solution of the battery or the electrochemical cell
during transport, service, etc. of the battery, such that contamination and/or corroding of the
component 150 may be mitigated.

[0026] The membrane 140 may be a synthetic fluoropolymer of tetrafluoroethylene that
exhibits hydrophobic, non-wetting, heat-resistant, etc. properties. By being disposed between the
electrolyte solution of the battery and the component 150, the membrane 140 may prevent the
electrolyte solution 1n vapor or liquid form, from contacting, damaging, corroding, clogging, etc.
the component 150 (e.g., during transport, based on the battery being inverted, during usage,
etc.). Further, the membrane 140 may permit the component 150 to retain functionality and may
let gazes (hydrogen and oxygen) escape from the battery or the electrochemical cell.

[0027] The membrane 140 may be comprised of any suitable material. For example, the
membrane 140 may be comprised of polytetratluoroethylene (PTFE), expanded
polytetrafluoroethylene (ePTFE), etc.

[0028] The component 150 may be a flame arrester, a pressure valve, or the like. The
vent cover 160 may be configured to cover the vent body 120. For example, the vent cover 160
may connect to the vent body 120 via a locking mechanism, press-fit, an adhesive, etc.

[0029] As shown, the vent assembly 100 may include a vent body 120 connected to a
battery container, and an elastomeric seal 130, a membrane 140, and a component 150 disposed
within the vent body 120. The vent cover 160 may cover the vent body 120. In this way, the

membrane 140 may be disposed within the vent body 120 between the component 150 and the
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elastomeric seal 130 with adequate compression, such that the membrane 140 may shield the
component 150 from electrolyte solution of the battery.

[0030] FIG. 2 1s a cross-section view of the vent assembly of FIG. 1. As shown in FIG.
2, the vent assembly 100 may include the seal 110 disposed between a battery container and an
outer surface of the vent body 120, the vent body 120, the elastomeric seal 130 disposed within
the vent body 120, the membrane 140 disposed on the elastomeric seal 130, the component 150
disposed on the membrane 140, and the vent cover 160 connected to the vent body 120.

[0031] As shown 1n FIG. 2, the vent body 120 may include an internal recess that houses
the elastomeric seal 130, the membrane 140, and the component 150. As shown, the vent body
120 may include an internal flanged surface that permits the elastomeric seal 130 to be supported
by the vent body 120. The membrane 140 may be disposed on the elastomeric seal 130, and the
component 150 may be disposed on the membrane. The vent cover 160 may compress the
component 150, the membrane 140, and the elastomeric seal 130. In this way, the membrane
140 may be disposed within the vent body 120 between the component 150 and the elastomeric
seal 130 with adequate compression, such that the membrane 140 may shield the component 150
from electrolyte solution of the battery.

[0032] FIG. 3 1s a perspective view of a vent assembly according to an embodiment. As
shown 1n FIG. 3, a vent assembly 200 may include an elastomeric seal 230, a membrane 240, a
component 250, and a vent cover 260.

[0033] The elastomeric seal 230, membrane 240, component 250, and vent cover 260
may be substantially the same as the elastomeric seal 130, the membrane 140, the component

150, and the vent cover 160 described above in connection with FIG. 1.
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[0034] A battery casing or cell body may include a portion that 1s configured to
accommodate the elastomeric seal 230, membrane 240, and the component 250. In this way, the
membrane 240 may be disposed within a battery casing or cell body between the component 250
and the elastomeric seal 230 with adequate compression, such that the membrane 240 may shield
the component 250 from electrolyte solution of the battery.

[0035] FIG. 4 1s a cross-section view of the vent assembly of FIG. 3. As shown in FIG.
4, the vent assembly 200 may include the elastomeric seal 230 that 1s disposed on an internal
flanged surface of a battery casing or cell body, the membrane 240 that 1s disposed on the
elastomeric seal 230, the component 250 that 1s disposed on the membrane 240, and the vent
cover 260.

[0036] FIG. 5 1s an exploded view of a vent assembly according to an embodiment. As
shown 1n FIG. 5, a vent assembly 300 may include a seal 310, a vent body 320, an elastomeric
seal 330, a membrane 340, and a component 350. The vent assembly 300 may be substantially
the same as the vent assembly 100, except that the vent assembly 300 might not include a vent
cover.

[0037] The component 350 may be configured to connect to the vent body 320. For
example, the component 350 may include a portion that 1s configured to connect to the vent body
320 via a locking mechanism, a press-fit mechanism, an adhesive, etc.

[0038] FIG. 6 1s a cross-section view of the vent assembly of FIG. 5. As shown in FIG.
6, the vent assembly 300 may 1nclude the seal 310 disposed between a battery container and an
outer surface of the vent body 320, the elastomeric seal 330 disposed on an internal flanged
surface of the vent body 320, the membrane 340 disposed on the elastomeric seal 330, and the

component 350 disposed on the membrane 340.
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[0039] FIG. 7 1s an exploded view of a vent assembly according to an embodiment. As
shown 1n FIG. 7, a vent assembly 400 may include an elastomeric seal 430, a membrane 440,
and a component 450. A battery casing or cell body may include an opening that 1s configured
to accommodate the elastomeric seal 430, the membrane 440, and the component 450.

[0040] The component 450 may be configured to connect to the battery casing or cell
body. For example, the component 450 may include a portion that 1s configured to connect to
the battery casing or cell body via a locking mechanism, a press-fit mechanism, an adhesive, etc.
[0041] FIG. 8 1s a cross-section view of the vent assembly of FIG. 7. As shown in FIG.
8, the elastomeric seal 430 may be disposed within a battery casing or cell body, and may be
disposed on an internal flanged surface of the battery casing or cell body. The membrane 440
may be disposed on the elastomeric seal 430, and the component 450 may be disposed on the
membrane 440.

[0042] Experimental testing was performed using a vent assembly as described herein.
For a transportation test, a cell was positioned 1n an inverted state for seven days at a temperature

of 65°+ 5°C, and was filled with 25,4 mm of 30% KOH electrolyte solution. The vent assembly

did not exhibit leakage.

[0043] Further, experimental testing was performed using N1Cd batteries under constant
potential (floating voltage), under uncontrolled climate, and with annual average humidity 25%
and temperature 1n excess of 39°C (103°F). During this testing, the vent assembly did not
exhibit an increasing in back-pressure.

[0044] Further, experimental testing was performed 1n accordance with the UL 1989

standard. The vent assembly exhibited conformance with the UL 1989 standard.



WO 2021/133531 PCT/US2020/063052

[0045] The foregoing disclosure provides illustration and description, but 1s not intended
to be exhaustive or to limit the implementations to the precise form disclosed. Modifications and
variations are possible in light of the above disclosure or may be acquired from practice of the
implementations.

[0046] Even though particular combinations of features are recited 1n the claims and/or
disclosed 1n the specification, these combinations are not intended to limit the disclosure of
possible implementations. In fact, many of these features may be combined 1n ways not
specifically recited in the claims and/or disclosed 1n the specification. Although each dependent
claim listed below may directly depend on only one claim, the disclosure of possible
implementations includes each dependent claim in combination with every other claim 1n the
claim set.

[0047] No element, act, or instruction used herein should be construed as critical or
essential unless explicitly described as such. Also, as used herein, the articles “a” and “an” are
intended to include one or more 1items, and may be used interchangeably with “one or more.”
Furthermore, as used herein, the term “set” 1s intended to include one or more 1items (e.g., related
items, unrelated 1items, a combination of related and unrelated 1items, etc.), and may be used
interchangeably with “one or more.” Where only one 1item 1s intended, the term “one” or similar
language 1s used. Also, as used herein, the terms “has,” “have,” “having,” or the like are intended
to be open-ended terms. Further, the phrase “based on” 1s intended to mean “based, at least in

part, on” unless explicitly stated otherwise.
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WHAT IS CLAIMED I5S:

1. A vent assembly for a battery or an electrochemical cell, the vent assembly
comprising:

a vent body configured to connect to a battery casing or a cell body;

a component disposed 1n the vent body;

a membrane disposed 1n the vent body between a vent opening of the battery or the
electrochemical cell and the component, and that 1s configured to shield the component from
electrolyte solution of the battery or the cell; and

a seal disposed between the vent body and the membrane.

2. The vent assembly of claim 1, wherein the membrane 1s comprised of

polytetrafluoroethylene (PTFE) or expanded polytetratluoroethylene (ePTFE).

3. The vent assembly of claim 1, wherein the seal 1s an elastomeric seal.

1 The vent assembly of claim 1, further comprising;
a vent cover configured to cover the vent opening of the battery or the electrochemical

cell, configured to connect to the vent body, and that 1s disposed on the component.

5. The vent assembly of claim 1, wherein the component comprises a flame arrester,
and wherein the membrane 1s disposed between the vent opening of the battery or the

electrochemical cell and the flame arrester.

10
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6. The vent assembly of claim 1, wherein the component comprises a pressure
valve, and wherein the membrane 1s disposed between the vent opening of the battery or the

electrochemical cell and the pressure valve.

7. The vent assembly of claim 1, wherein the component comprises a flame arrester
and a pressure valve, and wherein the membrane 1s disposed between the vent opening of the

battery or the electrochemical cell and the pressure valve and the flame arrester.

8. A vent assembly comprising:

a component disposed 1n a vent opening of a battery casing of a battery or a cell body of

an electrochemical cell;

a membrane disposed in the vent opening, and that 1s configured to shield the component
from electrolyte solution of the battery or the electrochemical cell; and

a seal,

wherein the membrane 1s disposed between the seal and the component

9. The vent assembly of claim 8, wherein the membrane 1s comprised of

polytetratluoroethylene (PTFE) or expanded polytetratfluoroethylene (ePTFE)

10. The vent assembly of claim 8, wherein the seal 1s an elastomeric seal.

11
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11. The vent assembly of claim 8, wherein the component comprises a flame arrester,
and wherein the membrane 1s disposed between the vent opening of the battery or the

electrochemical cell and the flame arrester.

12. The vent assembly of claim 8, wherein the component comprises a pressure valve,
and wherein the membrane 1s disposed between the vent opening of the battery or the

electrochemical cell and the pressure valve.

13. The vent assembly of claim 8, wherein the component comprises a flame arrester
and a pressure valve, and wherein the membrane 1s disposed between the vent opening of the

battery or the electrochemical cell and the pressure valve and the flame arrester.

14. The vent assembly of claim 8, further comprising:
a vent cover configured to cover the vent opening of the battery or the electrochemical
cell, configured to connect to a battery vent body 1n the battery or the electrochemical cell, and

that 1s disposed on the component.

15. A battery comprising:
a plurality of electrochemical cells;
a casing to contain the electrochemical cells; and

a vent assembly according to claim 1.

16. An electrochemical cell assembly comprising:

12



WO 2021/133531 PCT/US2020/063052

an electrochemical cell
a body to contain the electrochemical cell ; and

a vent assembly according to claim 1.

17. A battery comprising a plurality of electrochemical cells according to claim 16.

13
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