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ELECTROCHEMICAL ENERGY STORAGE ( e.g. , reactive chemicals such as , for examples , a chemical 
DEVICES with a strong chemical reducing capability , or reactive 

metals such as , for example , lithium or sodium ) . Such 
CROSS - REFERENCE devices may need to be sufficiently sealed from an external 

5 environment during use , such as , for example , to prevent 
This application is a continuation - in - part of U.S. patent device failure , prolong device use , or avoid adverse health 

application Ser . No. 16 / 718,020 , filed Dec. 17 , 2019 , which effects on users or operators of such devices . 
is a continuation of U.S. patent application Ser . No. 157647 , The disclosure provides seals for energy storage devices 
468 , filed Jul . 12 , 2017 , ( now U.S. Pat . No. 10,541,451 ) , and other devices having ( e.g. , containing or comprising ) 
which is a continuation - in - part application of U.S. patent reactive materials ( e.g. , reactive metals ) and operating at 
application Ser . No. 14 / 688,179 , filed Apr. 16 , 2015 , ( now high temperatures ( e.g. , at least about 100 ° C. or 300 ° C. ) . 
U.S. Pat . No. 9,735,450 ) , which is a continuation of PCT The energy storage devices ( e.g. , batteries ) may be used Application No. PCT / US2013 / 065092 , filed Oct. 15 , 2013 , 
which claims the benefit of U.S. Provisional Application No. within an electrical power grid or as part of a standalone 
61 / 715,821 , filed Oct. 18 , 2012 , and which is a continuation - 15 system . The batteries may be charged from an electricity 
in - part of U.S. patent application Ser . No. 13 / 801,333 , filed production source , for later discharge when there is a 

demand for electrical energy consumption . Mar. 13 , 2013 , ( now U.S. Pat . No. 9,312,522 ) , which claims 
the benefit of U.S. Provisional Application No. 61 / 763,925 , An aspect of the disclosure is directed to a high - tempera 
filed Feb. 12 , 2013 , and U.S. Provisional Application No. ture device , comprising : ( a ) a container comprising a reac 
61 / 715,821 , filed Oct. 18 , 2012 , and a continuation - in - part 20 tive metal and / or molten salt ; and ( b ) a seal that seals the 
of U.S. patent application Ser . No. 14 / 536,563 , filed Nov. 7 , container from an environment external to the container . The 
2014 , ( now U.S. Pat . No. 9,728,814 ) , which is a continua seal comprises ( i ) a ceramic material exposed to the reactive 
tion of U.S. patent application Ser . No. 14 / 178,806 , filed metal and / or molten salt , wherein the ceramic material is 
Feb. 12 , 2014 , ( now U.S. Pat . No. 9,520,618 ) , which claims chemically resistant to the reactive metal and / or molten salt 
the benefit of U.S. Provisional Application No. 61 / 763,925 , 25 at a temperature of at least 100 ° C .; ( ii ) a metal collar 
filed Feb. 12 , 2013 , each of which is entirely incorporated adjacent to the ceramic material ; and an active metal braze 
herein by reference . This application is a continuation - in disposed between the ceramic material and at least one of the 
part of U.S. patent application Ser . No. 15 / 130,292 , filed metal collar and the container , wherein the active metal 
Apr. 15 , 2016 , which is a continuation of PCT Application braze comprises at least one metal that chemically reduces 
No. PCT / US2014 / 060979 , filed Oct. 16 , 2014 , which claims 30 the ceramic material . 
the benefit of U.S. Provisional Application No. 61 / 930,298 , Another aspect of the disclosure relates to an electro 
filed Jan. 22 , 2014 , U.S. Provisional Application No. 61/891 , chemical cell , comprising : ( a ) an electrically conductive 
784 , filed Oct. 16 , 2013 , and U.S. Provisional Application housing comprising a liquid metal that is liquid at an 
No. 61 / 891,789 , filed Oct. 16 , 2013 . operating temperature of at least about 200 ° C. , wherein the 

35 liquid metal is configured to store / release charge during 
BACKGROUND charge / discharge of the electrochemical cell ; ( b ) a conductor 

in electrical contact with the liquid metal , wherein the 
Various devices are configured for use at elevated ( or conductor protrudes through the electrically conductive 

high ) temperatures . Examples of such devices include housing through an aperture in the electrically conductive 
elevated temperature batteries , which are devices capable of 40 housing ; and ( c ) a seal that electrically isolates the conductor 
converting stored chemical energy into electrical energy . from the electrically conductive housing , wherein the seal 
Batteries may be used in many household and industrial comprises a ceramic material , a braze material , and a sleeve . 
applications . Another example of a high temperature device Another aspect of the disclosure relates to an electro 
is a chemical vapor deposition chamber such as those used chemical cell , comprising : ( a ) an electrically conductive 
in the fabrication of semiconductor devices . Another 45 housing comprising a liquid metal that is liquid at an 
example of a high temperature device is a chemical process operating temperature of at least about 200 ° C. , wherein the 
vessel , a transfer pipe , or storage vessel designed to process , liquid metal composition is configured to store / release 
transport , contain , and / or store reactive metals . These charge during charge / discharge of the electrochemical cell ; 
devices typically may operate at a temperature at or in ( b ) a conductor in electrical contact with the liquid metal , 
excess of 300 ° C. 50 wherein the conductor protrudes through the electrically 

conductive housing through an aperture in the electrically 
SUMMARY conductive housing ; and ( c ) a seal that seals the conductor 

to the electrically conductive housing , wherein the seal 
Recognized herein are various limitations associated with provides a helium leak rate of no more than about 1x10-6 

elevated ( or high ) temperature devices . For instance , some 55 atmosphere - cubic centimeters per second ( atm - cc / s ) at a 
batteries operate at high temperatures ( e.g. , at least about temperature of at least about 25 ° C. 
100 ° C. or 300 ° C. ) and have reactive material vapors ( e.g. , Another aspect of the disclosure is directed to an electro 
reactive metal vapors such as , for example , vapors of chemical cell , comprising : ( a ) an electrically conductive 
lithium , sodium , potassium , magnesium or calcium ) that housing comprising a liquid metal that is liquid at an 
may need to be sufficiently contained within the devices . 60 operating temperature of at least about 200 ° C. , wherein the 
Other examples of high temperature reactive material liquid metal composition is configured to store / release 
devices include nuclear ( e.g. , fusion ) reactors that use a charge during charge / discharge of the electrochemical cell ; 
molten salt or metal ( e.g. , molten sodium or lithium or ( b ) a conductor in electrical contact with the liquid metal , 
molten sodium- or lithium - containing alloys ) as a coolant , wherein the conductor protrudes through the electrically 
devices for manufacturing semiconductors , heterogeneous 65 conductive housing through an aperture in the electrically 
reactors , and devices for producing ( e.g. , processing ) and / or conductive housing ; and ( c ) a seal that electrically isolates 
handling ( e.g. , transporting or storing ) reactive materials the conductor from the electrically conductive housing , 
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wherein the impedance across the seal is at least about 1 results in a radially compressive force of the metal collar 
kilo - Ohm at the operating temperature . onto the ceramic conductor , and configured with a conical 

Another aspect of the disclosure is directed to an electro- angle of about 20 degrees relative to a vertical orientation . 
chemical cell , comprising : ( a ) an electrically conductive Another aspect of the disclosure provides an electro 
housing comprising a liquid metal that is liquid at an 5 chemical cell , comprising : ( a ) a container comprising a 
operating temperature of at least about 200 ° C. , wherein the reactive material maintained at a temperature of at least 
liquid metal is configured to store / release charge during about 200 ° C .; and ( b ) a seal in the container that seals the 
charge / discharge of the electrochemical cell ; ( b ) a conductor container from an environment external to the container . The 
in electrical contact with the liquid metal , wherein the seal comprises a ceramic component exposed to the reactive 
conductor protrudes through the electrically conductive 10 material and a metal collar joined to the ceramic component , 
housing through an aperture in the electrically conductive wherein the seal is arranged in a stacked configuration with 
housing ; and ( c ) a seal comprising an electrically insulating one or more sealing interfaces that are perpendicular to a 
ceramic bonded to a metal collar and connected to both the direction parallel to a conductor that passes through the seal . 
conductor and the electrically conductive housing , wherein Another aspect of the disclosure provides an electro 
the seal electrically isolates the conductor from the electri- 15 chemical cell , comprising : ( a ) a container comprising one or cally conductive housing , wherein the electrically insulating more materials comprising liquid components and gaseous 
ceramic has a coefficient of thermal expansion ( CTE ) of less components maintained at a temperature of at least about 
than 6 um / m / ° C. , and wherein the CTE of the metal collar 100 ° C. , wherein at least one of the materials is a reactive 
is less than 60 % different than the CTE of the electrically material ; and ( b ) a seal in the container that seals the 
insulating ceramic . 20 container from an environment external to the container . The 

Another aspect of the disclosure provides an electro- seal is configured as a pressure relief component above a 
chemical cell , comprising : ( a ) an electrically conductive critical pressure or above a critical temperature . The seal is 
housing comprising a liquid metal that is liquid at an provided adjacent a head space inside the container , wherein 
operating temperature of at least about 200 ° C. , wherein the the head space comprises the gaseous components , and 
liquid metal is configured to store / release charge during 25 wherein the head space is above the liquid components . 
charge / discharge of the electrochemical cell ; ( b ) a conductor A further aspect of the disclosure is directed to an elec 
in electrical contact with the liquid metal , wherein the trochemical cell , comprising : ( a ) a container comprising a 
conductor protrudes through the electrically conductive reactive material maintained at a temperature of at least 
housing through an aperture in the electrically conductive about 200 ° C .; and ( b ) a seal that seals the container from an 
housing ; and ( c ) a seal that electrically isolates the conductor 30 environment external to the container . The seal comprises a 
from the electrically conductive housing , wherein the seal ceramic material exposed to the reactive material and a 
comprises a material with a coefficient of thermal expansion metal collar joined to the ceramic material , wherein a 
( CTE ) that is at least 10 % different than the CTE of the coefficient of thermal expansion ( CTE ) of the metal collar is 
electrically conductive housing and / or the conductor , and less than 30 % different than the CTE of the ceramic mate 
wherein the seal has a geometry such that the electrochemi- 35 rial , and wherein the metal collar is a ferrous alloy . 
cal cell is hermetically sealed . A further another aspect of the disclosure relates to a seal 

In another aspect of the disclosure , a high - temperature for containing a reactive material in a high - temperature 
device is provided . The device comprises ( a ) a container device . The seal comprises a ceramic material that is elec 
comprising a reactive metal and / or molten salt ; and ( b ) a seal trically isolating and has a normalized Gibbs free energy of 
that seals the container from an environment external to the 40 formation ( AG , n ) that is more negative than a AG ,, n of a first 
container . The seal comprises ( i ) a ceramic material exposed compound associated with the reactive material and a com 
to the reactive metal and / or molten salt , wherein the ceramic mon element ; and an active braze material that is chemically 
material is chemically resistant to the reactive metal and / or stable with the reactive material , wherein a AG.r.n of a second 
molten salt at a temperature of at least 100 ° C .; and ( ii ) a first compound associated with the active braze material and the 
metal collar joined to the ceramic material , wherein the first 45 common element is more negative than the AGrn of the 
metal collar has a coefficient of thermal expansion ( CTE ) of ceramic material . 
less than 8 ppm / ° C. Another aspect of the present disclosure provides a high 

Another aspect of the disclosure provides a method for temperature device , comprising : a container comprising a 
selecting materials to form a seal for a high - temperature reactive metal and / or molten salt ; and a seal that seals the 
device containing a reactive material . The method comprises 50 container from an environment external to the container , the 
rank - ordering a set of materials based on increasing or seal comprising : a ceramic material exposed to the reactive 
decreasing Gibbs free energy of formation ( AGr ) of each of metal and / or molten salt , wherein the ceramic material is 
the materials ; selecting a subset of the rank - ordered mate- chemically resistant to the reactive metal and / or molten salt 
rials , wherein the selected materials remain rank - ordered ; at a temperature of at least 100 ° C .; a metal collar adjacent 
and selecting a set of seal materials based on the selected 55 to the ceramic material ; and an active metal braze disposed 
rank - ordered materials , thereby eliminating a driving force between the ceramic material and at least one of the metal 
for the selected rank - ordered materials to degrade when collar and the container , wherein the active metal braze 
provided in the seal . comprises at least one metal that chemically reduces the 

Another aspect of the disclosure provides an electro- ceramic material . 
chemical cell that comprises a container comprising a reac- 60 In some embodiments , the ceramic material comprises 
tive material maintained at a temperature of at least about aluminum nitride ( AIN ) . In some embodiments , the metal 
200 ° C. The electrochemical cell further comprises a seal collar is formed from stainless steel or zirconium . In some 
that passes through the container and seals the container embodiments , the active metal braze is an alloy and the 
from an environment external to the container . The seal metal that chemically reduces the ceramic material is tita 
comprises a ceramic component exposed to the reactive 65 nium ( Ti ) or zirconium ( Zr ) . In some embodiments , the 
material and a metal collar joined to the ceramic component . device is a liquid metal battery . In some embodiments , the 
The seal is arranged in a circumferential configuration that device is a nuclear reactor . In some embodiments , the device 
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is for the production and / or handling of a reactive metal or ( A1203 ) or yttrium oxide ( Y203 ) . In some embodiments , the 
a reactive gas or for semiconductor manufacturing . In some seal is inert to metal vapors and metal salts . In some 
embodiments , the reactive metal is an alkali metal or an embodiments , the metal vapors comprise lithium , sodium , 
alkaline earth metal . In some embodiments , the reactive potassium , magnesium , calcium , or any combination 
metal is magnesium ( Mg ) , calcium ( Ca ) , sodium ( Na ) , 5 thereof . In some embodiments , the ceramic material and / or 
potassium ( K ) , lithium ( Li ) , or any combination thereof . In the braze material are coated with a coating that provides 
some embodiments , the reactive metal is a metal vapor or a resistance to the metal vapors and metal salts . In some 
liquid metal . In some embodiments , the molten salt is a embodiments , the coating is yttrium oxide ( Y203 ) erbium 
vapor or a liquid . In some embodiments , the seal is capable oxide ( Er203 ) , boron nitride ( BN ) , aluminum nitride ( AIN ) , 
of being resistant to lithium vapor at a temperature of at least 10 or any combination thereof . In some embodiments , the seal 
about 350 ° C. for at least one year . In some embodiments , is joined to the electrically conductive housing and / or the 
the seal surrounds an electrically conductive feed - through , a conductor . In some embodiments , the coefficients of thermal 
thermocouple or a voltage sensor coupled to the container . expansion of the ceramic material and the braze material 
In some embodiments , the impedance across the seal is at match the coefficients of thermal expansion of the electri 
least about 1 kilo - Ohm at the temperature . In some embodi- 15 cally conductive housing and / or the conductor to within 
ments , the device further comprises an electrical conductor about 5 % . In some embodiments , the electrically conductive 
adjacent to the seal , wherein the seal electrically isolates the housing and / or the conductor comprise 400 - series steel , 
electrical conductor from the container . In some embodi- 300 - series steel , nickel , titanium , zirconium , or any combi 
ments , a coefficient of thermal expansion ( CTE ) of the seal nation thereof . In some embodiments , the liquid metal 
is less than 10 % different than the CTE of the container 20 comprises one or more Group 12 elements . In some embodi 
and / or the electrical conductor . ments , the Group 12 elements are zinc , cadmium , or mer 

Another aspect of the present disclosure provides an cury . In some embodiments , the liquid metal further com 
electrochemical cell , comprising : an electrically conductive prises one or more of tin , lead , bismuth , antimony , tellurium , 
housing comprising a liquid metal that is liquid at an and selenium . In some embodiments , the liquid metal com 
operating temperature of at least about 200 ° C. , wherein the 25 prises one or more alkali metals . In some embodiments , the 
liquid metal is configured to store / release charge during liquid metal comprises one or more alkaline earth metals . In 
charge / discharge of the electrochemical cell ; a conductor in some embodiments , the liquid metal comprises lithium , 
electrical contact with the liquid metal , wherein the conduc- sodium , potassium , magnesium , or any combination thereof . 
tor protrudes through the electrically conductive housing In some embodiments , the operating temperature is at least 
through an aperture in the electrically conductive housing ; 30 200 ° C. In some embodiments , the electrochemical cell is 
and a seal that electrically isolates the conductor from the capable of storing at least about 50 watt - hours of energy . 
electrically conductive housing , wherein the seal comprises Another aspect of the present disclosure provides an 
a ceramic material , a braze material , and a sleeve . electrochemical cell , comprising : an electrically conductive 

In some embodiments , the ceramic material comprises housing comprising a liquid metal that is liquid at an 
aluminum nitride ( AIN ) , beryllium nitride ( BezN2 ) , boron 35 operating temperature of at least about 200 ° C. , wherein the 
nitride ( BN ) , calcium nitride ( Ca3N2 ) , silicon nitride liquid metal composition is configured to store / release 
( SizN4 ) , aluminum oxide ( Al2O3 ) , beryllium oxide ( BeO ) , charge during charge / discharge of the electrochemical cell ; 
calcium oxide ( CaO ) , cerium oxide ( Ce203 ) , erbium oxide a conductor in electrical contact with the liquid metal , 
( Er203 ) , lanthanum oxide ( La203 ) , magnesium oxide wherein the conductor protrudes through the electrically 
( Mgo ) , neodymium oxide ( Nd203 ) , samarium oxide 40 conductive housing through an aperture in the electrically 
( Sm203 ) , scandium oxide ( Sc203 ) , ytterbium oxide conductive housing ; and a seal that seals the conductor to the 
( Yb2O3 ) , yttrium oxide ( Y203 ) , zirconium oxide ( ZrO2 ) , electrically conductive housing , wherein the seal provides a 
yttria partially stabilized zirconia ( YPSZ ) , boron carbide helium leak rate of no more than about 1x10- atmosphere 
( B4C ) , silicon carbide ( SiC ) , titanium carbide ( TiC ) , zirco- cubic centimeters per second ( atm - cc / s ) at a temperature of 
nium carbide ( ZrC ) , titanium diboride ( TiB2 ) , chalco- 45 at least about 25 ° C. 
genides , quartz , glass , or any combination thereof . In some In some embodiments , the liquid metal comprises one or 
embodiments , the braze material comprises iron ( Fe ) , nickel more Group 12 elements . In some embodiments , the Group 
( Ni ) , titanium ( Ti ) , chromium ( Cr ) , zirconium ( Zr ) , phos- 12 elements are zinc , cadmium or mercury . In some embodi 
phorus ( P ) , boron ( B ) , carbon ( C ) , silicon ( Si ) , calcium ( Ca ) , ments , the liquid metal further comprises one or more of tin , 
beryllium ( Be ) , magnesium ( Mg ) , vanadium ( V ) or any 50 lead , bismuth , antimony , tellurium and selenium . In some 
combination thereof . In some embodiments , the sleeve is embodiments , the liquid metal comprises one or more alkali 
formed of 430SS stainless steel , 304SS stainless steel , metals . In some embodiments , the liquid metal comprises 
tungsten ( W ) , tungsten carbide ( WC ) , zirconium ( Zr ) , iron- one or more alkaline earth metals . In some embodiments , the 
nickel alloy , or any combination thereof . In some embodi- liquid metal comprises lithium , sodium , potassium , magne 
ments , the ceramic material comprises aluminum nitride 55 sium , or any combination thereof . In some embodiments , the 
( AIN ) and the braze material comprises titanium ( Ti ) . In operating temperature is at least about 200 ° C. In some 
some embodiments , the seal hermetically seals the electro- embodiments , the electrochemical cell is capable of storing 
chemical cell . In some embodiments , the seal is inert to an at least about 50 watt - hours of energy . In some embodi 
atmosphere in contact with the electrochemical cell . In some ments , the seal provides a helium leak rate of no more than 
embodiments , the atmosphere in contact with the electro- 60 about 1x10- atm - cc when the electrochemical cell has been 
chemical cell comprises oxygen ( O2 ) , water , nitrogen ( N2 ) , operated for a period of at least about 1 year . In some 
argon ( Ar ) , hydrogen ( H2 ) , carbon dioxide ( CO2 ) , neon embodiments , the seal provides a helium leak rate of no 
( Ne ) , or a combination thereof . In some embodiments , the more than about 1x10-6 atm - cc / s when the electrochemical 
ceramic material and / or the braze material are coated with a cell has been operated for about 350 charge / discharge 
coating that provides resistance to the atmosphere in contact 65 cycles . In some embodiments , the seal provides a helium 
with the electrochemical cell . In some embodiments , the leak rate of no more than about 1x10-6 atm - cc / s at a 
coating comprises silicon dioxide ( SiO2 ) , aluminum oxide temperature of about 50 ° C. In some embodiments , the seal 
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provides a helium leak rate of no more than about 1x10-6 conductor and / or the electrically conductive housing at all 
atm - cc / s at a temperature of about 200 ° C. In some embodi- temperatures between -10 ° C. and the operating tempera 
ments , the seal provides a helium leak rate of no more than ture . In some embodiments , the operating temperature is at 
about 1x10- atm - cc / s at a temperature of about 350 ° C. In least about 350 ° C. In some embodiments , the coefficient of 
some embodiments , the seal provides a helium leak rate of 5 thermal expansion ( CTE ) of the electrically insulating 
no more than about 1x10- atm - cc / s at a temperature of ceramic is less than 30 % different than the CTE of the metal 
about 450 ° C. In some embodiments , the seal provides a collar . In some embodiments , the liquid metal comprises one 
helium leak rate of no more than about 1x10- atm - cc / s at a or more Group 12 elements . In some embodiments , the 
temperature of about 550 ° C. In some embodiments , the seal Group 12 elements are zinc , cadmium or mercury . In some 
provides a helium leak rate of no more than about 1x10-6 10 embodiments , the liquid metal further comprises one or 
atm - cc / s at a temperature of about 750 ° C. more of tin , lead , bismuth , antimony , tellurium and sele 

Another aspect of the present disclosure provides an nium . In some embodiments , the liquid metal comprises one 
electrochemical cell , comprising : an electrically conductive or more alkali metals . In some embodiments , the liquid 
housing comprising a liquid metal that is liquid at an metal comprises one or more alkaline earth metals . In some 
operating temperature of at least about 200 ° C. , wherein the 15 embodiments , the liquid metal comprises lithium , sodium , 
liquid metal composition is configured to store / release potassium , magnesium , or any combination thereof . In some 
charge during charge / discharge of the electrochemical cell ; embodiments , the electrochemical cell is capable of storing 
a conductor in electrical contact with the liquid metal , at least about 50 watt - hours of energy . 
wherein the conductor protrudes through the electrically Another aspect of the present disclosure provides an 
conductive housing through an aperture in the electrically 20 electrochemical cell , comprising : an electrically conductive 
conductive housing ; and a seal that electrically isolates the housing comprising a liquid metal that is liquid at an 
conductor from the electrically conductive housing , wherein operating temperature of at least about 200 ° C. , wherein the 
the impedance across the seal is at least about 1 kilo - Ohm at liquid metal is configured to store / release charge during 
the operating temperature . charge / discharge of the electrochemical cell ; a conductor in 

In some embodiments , the impedance across the seal is at 25 electrical contact with the liquid metal , wherein the conduc 
least 100 kilo - Ohms . In some embodiments , the liquid metal tor protrudes through the electrically conductive housing 
comprises one or more Group 12 elements . In some embodi- through an aperture in the electrically conductive housing ; 
ments , the Group 12 elements are zinc , cadmium or mercury . and a seal that electrically isolates the conductor from the 
In some embodiments , the liquid metal further comprises electrically conductive housing , wherein the seal comprises 
one or more of tin , lead , bismuth , antimony , tellurium and 30 a material with a coefficient of thermal expansion ( CTE ) that 
selenium . In some embodiments , the liquid metal comprises is at least 10 % different than the CTE of the electrically 
one or more alkali metals . In some embodiments , the liquid conductive housing and / or the conductor , and wherein the 
metal comprises one or more alkaline earth metals . In some seal has a geometry such that the electrochemical cell is 
embodiments , the liquid metal comprises lithium , sodium , hermetically sealed . 
potassium , magnesium , or any combination thereof . In some 35 In some embodiments , the coefficient of thermal expan 
embodiments , the operating temperature is at least 200 ° C. sion ( CTE ) of the material comprising the seal is at least 
In some embodiments , the electrochemical cell is capable of 30 % different than the CTE of the electrically conductive 
storing at least about 50 Watt - hours of energy . In some housing and / or the conductor . In some embodiments , the 
embodiments , the impedance across the seal is at least 1 coefficient of thermal expansion ( CTE ) of the material 
kilo - Ohm after the electrochemical cell has been operated 40 comprising the seal is at least 40 % different than the CTE of 
for a period of at least 1 year . the electrically conductive housing and / or the conductor . In 

Another aspect of the present disclosure provides an some embodiments , the coefficient of thermal expansion 
electrochemical cell , comprising : an electrically conductive ( CTE ) of the material comprising the seal is at least 60 % 
housing comprising a liquid metal that is liquid at an different than the CTE of the electrically conductive housing 
operating temperature of at least about 200 ° C. , wherein the 45 and / or the conductor . In some embodiments , the seal pro 
liquid metal is configured to store / release charge during vides a helium leak rate of no more than about 1x10-6 
charge / discharge of the electrochemical cell ; a conductor in atm - cc when the electrochemical cell has been operated for 
electrical contact with the liquid metal , wherein the conduc- a period of at least about 1 year . In some embodiments , the 
tor protrudes through the electrically conductive housing seal provides a helium leak rate of no more than about 
through an aperture in the electrically conductive housing ; 50 1x10-6 atm - cc / s when the electrochemical cell has been 
and a seal comprising an electrically insulating ceramic operated for about 1,000 charge / discharge cycles . In some 
bonded to a metal collar and connected to both the conductor embodiments , the seal hermetically seals the electrochemi 
and the electrically conductive housing , wherein the seal cal cell at the operating temperature . In some embodiments , 
electrically isolates the conductor from the electrically con- the operating temperature is at least about 200 ° C. In some 
ductive housing , wherein the electrically insulating ceramic 55 embodiments , the seal is configured to hermetically seal the 
has a coefficient of thermal expansion ( CTE ) of less than 6 electrochemical cell after the electrochemical cell has been 
um / m / ° C. , and wherein the CTE of the metal collar is less heated to a temperature of at least about 200 ° C. and cooled 
than 60 % different than the CTE of the electrically insulating to a temperature below about 30 ° C. at least 40 times . In 
ceramic . some embodiments , the geometry of the seal comprises a 

In some embodiments , the coefficient of thermal expan- 60 ceramic material bonded to a flexible metal component . In 
sion ( CTE ) of the metal collar is less than 50 % different than some embodiments , the flexible metal component is welded 
the CTE of the electrically conductive housing and / or the to the electrically conductive housing and / or the conductor . 
conductor at the temperature at which the electrochemical In some embodiments , the liquid metal comprises one or 
cell is operated . In some embodiments , the operating tem- more Group 12 elements . In some embodiments , the Group 
perature is at least about 200 ° C. In some embodiments , the 65 12 elements are zinc , cadmium or mercury . In some embodi 
coefficient of thermal expansion ( CTE ) of the ceramic is less ments , the liquid metal further comprises one or more of tin , 
than 50 % different than the CTE of the metal collar , the lead , bismuth , antimony , zinc , tellurium and selenium . In 
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some embodiments , the liquid metal comprises one or more ( LizN ) , aluminum nitride ( AIN ) and titanium nitride ( TIN ) . 
alkali metals . In some embodiments , the liquid metal com- In some embodiments , the reactive material contained in the 
prises one or more alkaline earth metals . In some embodi- high - temperature device comprises lithium ( Li ) , the selected 
ments , the liquid metal comprises lithium , sodium , potas- ceramic material comprises aluminum nitride ( AIN ) and the 
sium , magnesium , or any combination thereof . In some 5 selected active braze material comprises titanium ( Ti ) . In 
embodiments , the electrochemical cell is capable of storing some embodiments , selecting the set of seal materials com 
at least about 50 watt - hours of energy . prises selecting a seal material with an associated compound 

Another aspect of the present disclosure provides a high- that has a AG , that is more negative than a compound 
temperature device , comprising : a container comprising a associated with the reactive material . In some embodiments , 
reactive metal and / or molten salt ; and a seal that seals the 10 selecting the set of seal materials comprises selecting a 
container from an environment external to the container , the ceramic material that is electrically insulating and that has a 
seal comprising : a ceramic material exposed to the reactive AG.r , n that is more negative than a compound associated with 
metal and / or molten salt , wherein the ceramic material is the reactive material . In some embodiments , selecting the set 
chemically resistant to the reactive metal and / or molten salt of seal materials further comprises selecting an active braze 
at a temperature of at least 100 ° C .; and a first metal collar 15 material with an associated compound that has a AG ,, n that 
joined to the ceramic material , wherein the first metal collar is more negative than the ceramic material . In some embodi 
has a coefficient of thermal expansion ( CTE ) of less than 8 ments , the method further comprises selecting a sleeve or 
ppm / ° C. collar to join to the seal , wherein the sleeve or collar 

In some embodiments , the first metal collar has a Young's comprises a material that is chemically compatible with the 
Modulus of less than 100 GPa . In some embodiments , the 20 seal . In some embodiments , the method further comprises 
ceramic material has a CTE of less than 5 um / m / ° C. In some selecting a container of the device to join to the sleeve or 
embodiments , the ceramic material comprises aluminum collar , wherein the container comprises a material that is 
nitride ( AIN ) . In some embodiments , the first metal collar chemically compatible with the sleeve or collar . In some 
comprises zirconium ( Zr ) or tungsten ( W ) . In some embodi- embodiments , the high - temperature device is a battery . In 
ments , the device further comprises a second metal collar 25 some embodiments , at least a pair of the selected rank 
joined to the first metal collar . In some embodiments , the ordered materials is CTE - matched . 
second metal collar is joined to a lid of the container via a Another aspect of the present disclosure provides an 
weld or braze . In some embodiments , the second metal electrochemical cell , comprising : a container comprising a 
collar is a ferrous alloy . In some embodiments , the first metal reactive material maintained at a temperature of at least 
collar is less than about 1,000 microns thick . In some 30 about 200 ° C .; and a seal that passes through the container 
embodiments , the device further comprises a third metal and seals the container from an environment external to the 
collar joined to the ceramic material . In some embodiments , container , the seal comprising a ceramic component exposed 
the third metal collar is joined to a or , thereby to the reactive material and a metal collar joined to the 
forming a hermetic and electrically isolated seal between the ceramic component , wherein the seal is arranged in a 
conductor and the container . In some embodiments , the first 35 circumferential configuration that results in a radially com 
metal collar or the second metal collar comprises a structural pressive force of the metal collar onto the ceramic conduc 
feature that relieves strain due to CTE mismatch in joined tor , and wherein the seal is configured with a conical angle 
materials . In some embodiments , the structural feature com- of about 20 degrees relative to a vertical orientation . 
prises a bend . In some embodiments , the first metal collar is In some embodiments , the seal is hermetic . In some 
joined to the ceramic via a braze . In some embodiments , the 40 embodiments , the seal has a lifetime of at least about 20 
braze material comprises titanium , zirconium , and / or nickel . years with less than about 1 % failure . In some embodiments , 

Another aspect of the present disclosure provides a the seal has a cycle life of at least about 300 cycles . In some 
method for selecting materials to form a seal for a high- embodiments , the ceramic component comprises silicon 
temperature device containing a reactive material , the nitride ( SizN_ ) or aluminum nitride ( AIN ) . In some embodi 
method comprising : rank - ordering a set of materials based 45 ments , the metal collar comprises stainless steel . 
on increasing or decreasing Gibbs free energy of formation Another aspect of the present disclosure provides an 
( AG , ) of each of the materials ; selecting a subset of the electrochemical cell , comprising : a container comprising a 
rank - ordered materials , wherein the selected materials reactive material maintained at a temperature of at least 
remain rank - ordered ; and selecting a set of seal materials about 200 ° C .; and a seal in the container that seals the 
based on the selected rank - ordered materials , thereby elimi- 50 container from an environment external to the container , the 
nating a driving force for the selected rank - ordered materials seal comprising a ceramic component exposed to the reac 
to degrade when provided in the seal . tive material and a metal collar joined to the ceramic 

In some embodiments , the set of materials comprises component , wherein the seal is arranged in a stacked con 
compounds associated with the set of seal materials and / or figuration with one or more sealing interfaces that are 
the reactive material . In some embodiments , the compounds 55 perpendicular to a direction parallel to a conductor that 
comprise a common element . In some embodiments , the passes through the seal . In some embodiments , the seal is 
common element forms a compound with the reactive hermetic . 
material . In some embodiments , the common element is In some embodiments , the seal has a lifetime of at least 
nitrogen , oxygen or sulfur . In some embodiments , the rank- about 20 years with less than about 1 % failure . In some 
ordering is based on increasing or decreasing normalized 60 embodiments , the seal has a cycle life of at least about 300 
Gibbs free energy of formation ( AG , .n ) of each of the cycles . In some embodiments , the seal further comprises a 
materials . In some embodiments , one or more reactions ceramic material , and a metal collar adjacent to the ceramic 
involving the common element aid in bonding between the material . In some embodiments , the ceramic material com 
selected rank - ordered materials . In some embodiments , the prises aluminum nitride ( AIN ) . In some embodiments , the 
selected set of seal materials comprises a ceramic material 65 metal collar comprises zirconium ( Zr ) . In some embodi 
and an active braze material . In some embodiments , the ments , the temperature of the seal is at least about 200 ° C. 
selected rank - ordered materials are , in order , lithium nitride In some embodiments , a height of the seal is less than about 
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2 inches above a top plate of the container . In some difference between the negative electrode and positive elec 
embodiments , the height of the seal is less than about 0.5 trode at a second temperature of at least about 250 ° C. , 
inch above a top plate of the container . wherein the second potential difference is greater than the 

Another aspect of the present disclosure provides an first potential difference , wherein at least two of the positive 
electrochemical cell , comprising : a container comprising 5 electrode , electrolyte and negative electrode are liquid at the 
one or more materials comprising liquid components and second temperature , wherein the container has a surface 
gaseous components maintained at a temperature of at least area - to - volume ratio of less than or equal to about 100 m- ?, 
about 100 ° C. , wherein at least one of the materials is a and wherein the electrochemical energy storage device 
reactive material ; and a seal in the container that seals the maintains at least about 90 % of its energy storage capacity 
container from an environment external to the container , 10 after 500 charge / discharge cycles . 
wherein the seal is configured as a pressure relief component In some embodiments , the container contains one or more 
above a critical pressure or above a critical temperature , electrochemical cells , and wherein an individual electro 
wherein the seal is provided adjacent a head space inside the chemical cell of the one or more electrochemical cells 
container , wherein the head space comprises the gaseous includes the negative electrode , the positive electrode and 
components , and wherein the head space is above the liquid 15 the electrolyte . In some embodiments , over the charge / 
components . discharge cycle , a rate of heat generation in the individual 

In some embodiments , the electrochemical cell further electrochemical cell is greater than or equal to about 50 % of 
comprises a conductor that protrudes through the container , a rate of heat loss from the individual electrochemical cell . 
wherein the seal further seals the conductor to the container . In some embodiments , the electrochemical energy storage 
In some embodiments , the critical pressure inside the con- 20 device maintains at least about 90 % of its energy storage 
tainer is at least about 2 atmospheres . In some embodiments , capacity after 1,000 charge / discharge cycles . 
the critical temperature in the container or of the seal is at Another aspect of the present disclosure provides an 
least about 300 ° C. In some embodiments , the seal com- energy storage system , comprising : a container comprising 
prises a ceramic material . In some embodiments , the one or more energy storage cells , wherein an individual 
ceramic material comprises aluminum nitride ( AIN ) . In 25 energy storage cell of the one or more energy storage cells 
some embodiments , the seal is brazed to the container . comprises at least one liquid electrode ; and a control system 

Another aspect of the present disclosure provides an comprising a computer processor that is programmed to 
electrochemical cell , comprising : a container comprising a monitor at least one operating temperature of the one or 
reactive material maintained at a temperature of at least more energy storage cells and / or the container , wherein the 
about 200 ° C .; and a seal that seals the container from an 30 computer processor regulates a flow of electrical energy into 
environment external to the container , the seal comprising a at least a subset of the one or more energy storage cells such 
ceramic material exposed to the reactive material and a that the subset undergoes sustained self - heating over a 
metal collar joined the ceramic material , wherein a charge / discharge cycle . 
coefficient of thermal expansion ( CTE ) of the metal collar is In some embodiments , over the charge / discharge cycle , a 
less than 30 % different than the CTE of the ceramic mate- 35 rate of heat generation in the individual energy storage cell 
rial , and wherein the metal collar is a ferrous alloy . is greater than or about equal to a rate of heat loss from the 

In some embodiments , the ceramic material is stable in individual energy storage cell . In some embodiments , over 
air . In some embodiments , the ceramic material is stable the charge / discharge cycle , a rate of heat generation in the 
with lithium . In some embodiments , the ceramic material individual energy storage cell is less than or equal to about 
has a CTE of at least about 10 microns / m / ° C. In some 40 150 % of a rate of heat loss from the individual energy 
embodiments , the ceramic material comprises yttrium oxide storage cell . In some embodiments , the computer processor 
( Y203 ) or lanthanum oxide ( La 03 ) . In some embodiments , monitors the at least one operating temperature and regulates 
the ceramic material further comprises magnesium oxide the flow of electrical energy such that the at least one 
( MgO ) . In some embodiments , the ceramic material com- operating temperature is greater than or equal to about 250 ° 
prises about 12.5 % Mgo . In some embodiments , the ferrous 45 C. and the at least one liquid electrode is maintained as a 
alloy is capable of being joined to the container . liquid . In some embodiments , the computer processor moni 

Another aspect of the present disclosure provides a seal tors the at least one operating temperature and regulates the 
for containing a reactive material in a high - temperature flow of electrical energy such that over the charge / discharge 
device , the seal comprising : a ceramic material that is cycle , the at least one operating temperature is greater than 
electrically isolating and has a normalized Gibbs free energy 50 or equal to about 250 ° C. In some embodiments , the at least 
of formation ( AG ,, n ) that is more negative than a AG ,, n of a one liquid electrode comprises ( i ) lithium , sodium , potas 
first compound associated with the reactive material and a sium , magnesium , calcium , or any combination thereof , or 
common element ; and an active braze material that is ( ii ) antimony , lead , tin , tellurium , bismuth , or any combi 
chemically stable with the reactive material , wherein a AG , nation thereof . In some embodiments , the individual energy 
of a second compound associated with the active braze 55 storage cell further comprises an electrolyte adjacent to the 
material and the common element is more negative than the at least one liquid electrode . In some embodiments , the 
AGr.n of the ceramic material . electrolyte is liquid , solid or a paste . In some embodiments , 

In some embodiments , the active braze material reduces the one or more energy storage cells maintain at least about 
the ceramic material . 90 % of their energy storage capacity after 100 charge / 

Another aspect of the present disclosure provides an 60 discharge cycles . In some embodiments , the one or more 
electrochemical energy storage device comprising a con- energy storage cells maintain at least about 90 % of their 
tainer including a negative electrode , a positive electrode energy storage capacity after 500 charge / discharge cycles . In 
and an electrolyte disposed between the negative electrode some embodiments , the individual energy storage cell has an 
and positive electrode , wherein the electrochemical energy efficiency of at least about 80 % . In some embodiments , the 
storage device has a first potential difference between the 65 individual energy storage cell has an efficiency of at least 
negative electrode and positive electrode at a first tempera- about 80 % at a current density of at least about 100 mA / cm2 . 
ture that is less than about 50 ° C. and a second potential In some embodiments , the individual energy storage cell has 
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an efficiency of at least about 90 % . In some embodiments , FIG . 8 shows the coefficient of thermal expansion in units 
the individual energy storage cell has an efficiency of at least of parts ( p ) per ° C. for various types of sleeve or collar 
about 90 % at a current density of at least about 100 mA / cm² . materials , braze materials and insulating ceramics ; 

Another aspect of the present disclosure provides an FIG . 9 shows the Gibbs free energy of formation ( AGr ) 
energy storage device comprising a negative electrode , a 5 for various materials at a range of temperatures with nega 
positive electrode and an electrolyte disposed between the tive numbers being more thermodynamically stable ; 
negative electrode and positive electrode , wherein at least FIG . 10 shows examples of features that can compensate 
one of the positive electrode and negative electrode is liquid for a coefficient of thermal expansion mismatch ; 
at an operating temperature of the energy storage device that FIG . 11 shows an electrochemical cell having a brazed 

10 ceramic seal ; is greater than a non - operating temperature of the energy 
storage device , wherein the energy storage device maintains FIG . 12 shows a schematic drawing of a brazed ceramic 
at least about 90 % of its energy storage capacity after 500 seal where the materials are thermodynamically stable with 

respect to the internal and external environments of the cell ; charge / discharge cycles , and wherein the energy storage FIG . 13 shows a seal where the ceramic and / or braze 
device has an efficiency of at least about 80 % at a current 15 materials are not thermodynamically stable with respect to density of at least about 100 mA / cm² . the internal and external environments ; In some embodiments , the energy storage device main FIG . 14 shows an example of a brazed ceramic seal ; tains at least about 95 % of its energy storage capacity after FIG . 15 shows an example of a brazed ceramic seal ; 500 charge / discharge cycles . FIG . 16 shows an example of a brazed ceramic seal ; 

Additional aspects and advantages of the present disclo- FIG . 17 shows an example of a brazed ceramic seal ; 
sure will become readily apparent to those skilled in this art FIG . 18 shows an example of a seal having an alumina or 
from the following detailed description , wherein only illus- zirconia seal with yttrium oxide ( Y203 ) coating and iron 
trative embodiments of the present disclosure are shown and based ze ; 
described . As will be realized , the present disclosure is FIG . 19 shows an example of a sub - assembly ; 
capable of other and different embodiments , and its several 25 FIG . 20 shows how the shape of a sub - assembly can 
details are capable of modifications in various obvious accommodate coefficient of thermal expansion mismatch ; 
respects , all without departing from the disclosure . Accord- FIG . 21 shows a seal design having multiple ceramic 
ingly , the drawings and description are to be regarded as insulators disposed between one or more metal sleeves ; 
illustrative in nature , and not as restrictive . FIG . 22 shows an example of the forces on a seal ; 

FIG . 23 shows a seal design having a single ceramic 
INCORPORATION BY REFERENCE insulator disposed between one or more metal sleeves ; 

FIG . 24 shows a cell cap assembly ; 
All publications , patents , and patent applications men- FIG . 25 shows examples and features of seals ; 

tioned in this specification are herein incorporated by ref- FIG . 26 shows examples and features of seals ; 
erence to the same extent as if each individual publication , 35 FIG . 27 shows examples and features of seals ; 
patent , or patent application was specifically and individu- FIG . 28 shows an example of a cell pack ; 
ally indicated to be incorporated by reference . FIG . 29 shows an example of braze connection between 

the top of a conductive feed - through and the bottom of a 
BRIEF DESCRIPTION OF THE DRAWINGS cell ; 

FIG . 30 shows an example of joining two cells using a 
The novel features of the invention are set forth with compression connection between parts that forms at the 

particularity in the appended claims . A better understanding operating temperature of the battery based on differences in 
of the features and advantages of the present invention will the coefficient of thermal expansion ; 
be obtained by reference to the following detailed descrip- FIG . 31 shows an example of a stack of cell packs , also 
tion that sets forth illustrative embodiments , in which the 45 referred to as a core ; 
principles of the invention are utilized , and the accompany- FIG . 32 in an example of a method for selecting materials 
ing drawings ( also “ Figure ” or “ FIG . ” herein ) , of which : to form a seal based on a rank - ordered free energy of 
FIG . 1 is an illustration of an electrochemical cell ( A ) and formation selection process ; 

a compilation ( e.g. , battery ) of electrochemical cells ( B and FIG . 33 is a cross - sectional side view of an electrochemi 
C ) ; 50 cal cell or battery with a pressure relief structure . 
FIG . 2 is a schematic cross - sectional illustration of a 

housing having a conductor in electrical communication DETAILED DESCRIPTION 
with a current collector pass through an aperture in the 
housing ; While various embodiments of the invention have been 
FIG . 3 is a cross - sectional side view of an electrochemical 55 shown and described herein , it will be obvious to those 

cell or battery ; skilled in the art that such embodiments are provided by way 
FIG . 4 is a cross - sectional side view of an electrochemical of example only . Numerous variations , changes , and substi 

cell or battery with an intermetallic layer ; tutions may occur to those skilled in the art without depart 
FIG . 5 is a schematic cross - sectional illustration of an ing from the invention . It should be understood that various 

electrochemical cell having feed - throughs that are electri- 60 alternatives to the embodiments of the invention described 
cally insulated from a housing with dielectric seal compo- herein may be employed . It shall be understood that different 
nents ; aspects of the invention can be appreciated individually , 
FIG . 6 shows examples of current collectors combined collectively , or in combination with each other . 

into a shared lid assembly ( A and B ) ; The term “ cell , ” as used herein , generally refers to an 
FIG . 7 shows coefficients of thermal expansion in units of 65 electrochemical cell . A cell can include a negative electrode 

parts per million ( ppm ) per ° C . for various types of steel and of material ‘ A ’ and a positive electrode of material ‘ B ’ , 
an insulating ceramic ; denoted as A || B . The positive and negative electrodes can be 

a 

40 

a 

a 

a 

a 



2 2 2 

2 

. 

US 11,211,641 B2 
15 16 

separated by an electrolyte . A cell can also include a least about 36 packs . In some cases , a core is capable of 
housing , one or more current collectors , and a high tem- storing at least about 200 kilo - Watt - hours of energy and / or 
perature electrically isolating seal . In some cases , a cell can delivering at least about 40 , 50 , 60 , 70 , 80 , 90 or 100 
be about 4 inches wide , about 4 inches deep and about 2.5 kilo - Watts or more of power . 
inches tall . In some cases , a cell can be about 8 inches wide , 5 The term “ core enclosure ” , or “ CE , ” as used herein , 
about 8 inches deep and about 2.5 inches tall . In some generally refers to a plurality of cores that are attached 
examples , any given dimension ( e.g. , height , width or depth ) through different electrical connections ( e.g. , in series and / or 
of an electrochemical cell can be at least about 1 , 2 , 2.5 , 3 , parallel ) . A CE can comprise any number of cores , e.g. , at 
3.5 , 4 , 4.5 , 5 , 5.5 , 6 , 6.5 , 7 , 7.5 , 8 , 8.5 , 9 , 9.5 , 10 , 12 , 14 , 16 , least about 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 
18 or 20 inches . In an example , a cell ( e.g. , each cell ) can 10 17 , 18 , 19 , 20 , or more cores . In some cases , the CE contains 
have dimensions of about 4 inchesx4 inchesx2.5 inches . In cores that are connected in parallel with appropriate by - pass 
another example , a cell ( e.g. , each cell ) can have dimensions electronic circuitry , thus enabling a core to be disconnected 
of about 8 inchesx8 inchesx2.5 inches . In some cases , a cell while continuing to allow the other cores to store and return 
may have about at least about 70 Watt - hours of energy energy . In some cases , a CE comprises at least 4 cores . In 
storage capacity . In some cases , a cell may have at least 15 some cases , a CE is capable of storing at least about 100 
about 300 Watt - hours of energy storage capacity . kilo - Watt - hours of energy and / or delivering about 25 kilo 

The term “ module , " as used herein , generally refers to Watts of power . In some cases , a CE comprises 4 cores . In 
cells that are attached together in parallel by , for example , some cases , a CE is capable of storing about 100 kilo - Watt 
mechanically connecting the cell housing of one cell with hours of energy and / or delivering about 25 kilo - Watts of 
the cell housing of an adjacent cell ( e.g. , cells that are 20 power . In some cases , a CE is capable of storing about 400 
connected together in an approximately horizontal packing kilo - Watt - hours of energy and / or delivering at least about 80 
plane ) . In some cases , the cells are connected to each other kilo - Watts , e.g. , at least or about 80 , 100 , 120 , 140 , 160 , 180 
by joining features that are part of and / or connected to the or 200 kilo - Watts or more of power . 
cell body ( e.g. , tabs protruding from the main portion of the The term " system , ” as used herein , generally refers to a 
cell body ) . A module can include a plurality of cells in 25 plurality of cores or CEs that are attached through different 
parallel . A module can comprise any number of cells , e.g. , electrical connections ( e.g. , in series and / or parallel ) . A 
at least about 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , system can comprise any number of cores or CEs , e.g. , at 
17 , 18 , 19 , 20 , or more cells . In some cases , a module least about 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 
comprises at least about 4 , 9 , 12 , or 16 cells . In some cases , 17 , 18 , 19 , 20 , or more cores . In some cases , a system 
a module is capable of storing about 700 Watt - hours of 30 comprises 20 CEs . In some cases , a system is capable of 
energy and / or delivering at least about 175 Watts of power . storing about 2 mega - Watt - hours of energy and / or delivering 
In some cases , a module is capable of storing at least about at least about 400 kilo - Watts ( e.g. , about 500 kilo - Watts or 
1080 Watt - hours of energy and / or delivering at least about about 1000 kilo - W s ) of power . In some cases , a system 
500 Watts of power . In some cases , a module is capable of comprises 5 CEs . In some cases , a system is capable of 
storing at least about 1080 Watt - hours of energy and / or 35 storing about 2 mega - Watt - hours of energy and / or delivering 
delivering at least about 200 Watts ( e.g. , about 500 Watts ) of at least about 400 kilo - Watts , e.g. , at least about 400 , 500 , 
power . In some cases , a module can include a single cell . 600 , 700 , 800 , 900 , 1000 kilo - Watts or more of power . 

The term “ pack , " as used herein , generally refers to ? group of cells ( e.g. , a core , a CE , a system , etc. ) with 
modules that are attached through different electrical con- a given energy capacity and power capacity ( e.g. , a CE or a 
nections ( e.g. , vertically ) . A pack can comprise any number 40 system capable of storing a given amount of energy ) may be 
of modules , e.g. , at least about 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , configured to deliver at least about 10 % , at least about 20 % , 
12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , or more modules . In some at least about 30 % , at least about 40 % , at least about 50 % , 
cases , a pack comprises at least about 3 modules . In some at least about 60 % , at least about 70 % , at least about 80 % , 
cases , a pack is capable of storing at least about 2 kilo - Watt- at least about 90 % , at least about 95 % , or about 100 % of a 
hours of energy and / or delivering at least about 0.4 kilo- 45 given ( e.g. , rated ) power level . For example , a 1000 kW 
Watts ( e.g. , at least about 0.5 kilo - Watts or 1.0 kilo - Watts ) of system may be capable of also operating at 500 kW , but a 
power . In some cases , a pack is capable of storing at least 500 kW system may not be able to operate at 1000 kW . In 
about 3 kilo - Watt - hours of energy and / or delivering at least some cases , a system with a given energy capacity and 
about 0.75 kilo - Watts ( e.g. , at least about 1.5 kilo - Watts ) of power capacity ( e.g. , a CE or a system capable of storing a 
power . In some cases , a pack comprises at least about 6 50 given amount of energy ) may be configured to deliver less 
modules . In some cases , a pack is capable of storing about than about 100 % , less than about 110 % , less than about 
6 kilo - Watt - hours of energy and / or delivering at least about 125 % , less than about 150 % , less than about 175 % , or less 
1.5 kilo - Watts ( e.g. , about 3 kilo - Watts ) of power . than about 200 % of a given ( e.g. , rated ) power level , and the 
The term " core , " as used herein generally refers to a like . For example , the system may be configured to provide 

plurality of modules or packs that are attached through 55 more than its rated power capacity for a period of time that 
different electrical connections ( e.g. , in series and / or paral- is less than the time it may take to consume its energy 
lel ) . A core can comprise any number of modules or packs , capacity at the power level that is being provided ( e.g. , 
e.g. , at least about 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , provide power that is greater than the rated power of the 
15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , system for a period of time corresponding to less than about 
31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 45 , 50 , or more packs . 60 1 % , less than about 10 % or less than about 50 % of its rated 
In some cases , the core also comprises mechanical , electri- energy capacity ) . 
cal , and thermal systems that allow the core to efficiently The term “ battery , ” as used herein , generally refers to one 
store and return electrical energy in a controlled manner . In or more electrochemical cells connected in series and / or 
some cases , a core comprises at least about 12 packs . In parallel . A battery can comprise any number of electro 
some cases , a core is capable of storing at least about 25 65 chemical cells , modules , packs , cores , CEs or systems . A 
kilo - Watt - hours of energy and / or delivering at least about battery may undergo at least one charge / discharge or dis 
6.25 kilo - Watts of power . In some cases , a core comprises at charge / charge cycle ( “ cycle ” ) . 
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The term “ direct metal - to - metal joining ” or “ direct metal- a chemical storage device , or for a battery ( e.g. , a liquid 
to - metal joint , ” as used herein , generally refers to an elec- metal battery ) . For instance , some batteries operate at high 
trical connection where two metal surfaces are brought into temperatures ( e.g. , at least about 100 ° C. or 300 ° C. ) and 
contact ( e.g. , by forming a braze or a weld ) . In some have reactive metal vapors ( e.g. , lithium , sodium , potassium , 
examples , direct metal - to - metal joints do not include wires . 5 magnesium , or calcium ) that may need to be sufficiently 

The term “ interconnect , " as used herein , generally refers contained within the battery . In some examples , such high 
to any electrical connection other than a direct metal - to- temperature devices operate , are heated to and / or maintained 
metal joint . Interconnects can include wires or bent sheet at a temperature of at least about 100 ° C. , 150 ° C. , 200 ° C. , 
metal components designed to pass current . Interconnects 250 ° C. , 300 ° C. , 350 ° C. , 400 ° C. , 450 ° C. , 500 ° C. , 550 ° 
may be compliant ( e.g. , flexible ) . 10 C. , 600 ° C. , 650 ° C. , 700 ° C. , 750 ° C. , 800 ° C. , 850 ° C. , 

The term “ wire , " as used herein , generally refers to any 900 ° C. , or more . At such temperatures , one or more 
cord , strip , or elongated electrical conduit . Wires can be components of the device can be in a liquid ( or molten ) or 
flexible . As used herein , a braided metal strip is a wire . In vaporized state . 
some cases , a busbar is a wire . The seal can comprise a ceramic material ( e.g. , aluminum 

The term “ electronically , ” as used herein , generally refers 15 nitride ( AIN ) ) that is in contact with the reactive material 
to a situation in which electrons can readily flow between ( e.g. , a reactive metal or molten salt ) contained in the device . 
two or more components with little resistance . Components The ceramic material can be capable of being chemically 
that are in electronic communication with one another can resistant to a reactive material ( e.g. , a reactive material 
be in electrical communication with one another . contained in the device , such as , for example , reactive metal 

The term " vertical , ” as used herein , generally refers to a 20 or molten salt ) . The ceramic material can be capable of being 
direction that is parallel to the force of gravity . chemically resistant to the reactive material when the device 

The term “ charge cutoff voltage ” or “ CCV , ” as used operates at a high temperature ( e.g. , at least about 100 ° C. , 
herein , generally refers to the voltage at which a cell is fully at least about 150 ° C. , at least about 200 ° C. , at least about 
or substantially fully charged , such as a voltage cutoff limit 250 ° C. , at least about 300 ° C. , at least about 350 ° C. , at least 
used in a battery when cycled in a constant current mode . 25 about 400 ° C. , at least about 500 ° C. , at least about 600 ° C. , 

The term “ open circuit voltage ” or “ OCV , ” as used herein , at least about 700 ° C. , at least about 800 ° C. , or at least about 
generally refers to the voltage of a cell ( e.g. , fully or partially 900 ° C. ) . 
charged ) when it is disconnected from any circuit or external The seal can comprise a metal collar or sleeve ( e.g. , made 
load ( i.e. , when no current is flowing through the cell ) . from stainless steel ( SS ) or zirconium ) . A sleeve and / or the 

The term “ voltage ” or “ cell voltage , ” as used herein , 30 collar design can be coefficient of thermal expansion ( CTE ) 
generally refers to the voltage of a cell ( e.g. , at any state of accommodating ( e.g. , can accommodate differences in CTE 
charge or charging / discharging condition ) . In some cases , ( also “ CTE mismatch ” herein ) ) . In some cases , a sleeve can 
voltage or cell voltage may be the open circuit voltage . In be a collar . In some cases , a collar can be conical . For 
some cases , the voltage or cell voltage can be the voltage example , a collar can be a conical metal ( e.g. , zirconium ) 
during charging or during discharging . 35 collar . Any aspects of the disclosure described in relation to 

Voltages of the present disclosure may be taken or rep- collars may equally apply to sleeves at least in some 
resented with respect to reference voltages , such as ground configurations , and vice versa . 
( 0 volt ( V ) ) , or the voltage of the opposite electrode in an The seal can comprise an active metal braze disposed 
electrochemical cell . between the ceramic material and at least one of the metal 

The term “ stable , ” as used herein to describe a material , 40 collar / sleeve and the device . The active metal braze can 
generally refers to a material that is thermodynamically comprise a metal species that chemically reduces the 
stable , chemically stable , thermochemically stable , electro- ceramic material ( e.g. , titanium ( Ti ) or zirconium ( Zr ) ) . 
chemically stable , or any combination thereof . A stable In some cases , the seal can surround an electrically 
material may not be chemically or electrochemically conductive feed - through ( and can electrically isolate the 
reduced or attacked or corroded . Any aspects of the disclo- 45 feed - through from the housing of the device ) , a thermo 
sure described in relation to stable , thermodynamically couple or a voltage sensor . For example , the ceramic mate 
stable or chemically stable materials may equally apply to rial can be an insulator . 
thermodynamically stable , chemically stable , thermochemi- In some examples , the seal may be capable of being 
cally stable and / or electrochemically stable materials at least chemically resistant to reactive materials in the device at a 
in some configurations . 50 temperature of at least about 100 ° C. , at least about 150 ° C. , 
Seals for High - Temperature Devices at least about 200 ° C. , at least about 250 ° C. , at least about 
An aspect of the present disclosure provides a seal for a 300 ° C. , at least about 350 ° C. , at least about 400 ° C. , at least 

high - temperature device . The device can be a high tempera- about 500 ° C. , at least about 600 ° C. , at least about 700 ° C. , 
ture reactive material device that contains / comprises one or at least about 800 ° C. , or at least about 900 ° C. In some 
more reactive materials . For example , the high - temperature 55 examples the seal may be capable of being chemically 
device can contain a reactive material . In some cases , the resistant to reactive materials at such temperatures for at 
device can be a high - temperature reactive metal device . The least about 6 months , 1 year , 2 years , 5 years , 10 years , or 
device can be , without limitation , for the production and / or more . In some examples , the device can be a high - tempera 
handling of a reactive material , such as , for example , a ture reactive metal device , and the seal can be capable of 
reactive metal ( e.g. , lithium or sodium ) and / or a chemical 60 being chemically resistant to materials in the device that 
with a strong chemical reducing capability ( e.g. , reactive comprise the reactive metal . In an example , the seal is 
chemical ) , for semiconductor manufacturing , for a nuclear capable of being resistant to lithium vapor at a temperature 
reactor ( e.g. , nuclear fusion reactor , nuclear reactor that uses of at least about 350 ° C. for at least about one year . The seal 
a molten salt or metal , such as , for example , molten sodium can retain the reactive material ( e.g. , vapors of the reactive 
or lithium or molten sodium- or lithium - containing alloys , as 65 material ) in the device . For example , the seal can retain 
a coolant ) , for a heterogeneous reactor , for a chemical reactive metal vapors and / or molten salt vapors in the 
processing device , for a chemical transportation device , for device . a 
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Electrochemical Cells , Devices and Systems a ratio ( mol- % ) of about 20:80 , 40:60 , 50:50 , or 80:20 of the 
The present disclosure provides electrochemical energy first positive electrode species to the second electrode spe 

storage devices ( e.g. , batteries ) and systems . An electro- cies . In some examples , the positive electrode comprises Sb 
chemical energy storage device generally includes at least and Pb at a ratio ( mol- % ) of about 20:80 , 40:60 , 50:50 , or 
one electrochemical cell , also “ cell ” and “ battery cell ” 5 80:20 Sb to Pb . In some examples , the positive electrode 
herein , sealed ( e.g. , hermetically sealed ) within a housing . A comprises between about 20 mol % and 80 mol- % of a first 
cell can be configured to deliver electrical energy ( e.g. , positive electrode species mixed with a second positive 
electrons under potential ) to a load , such as , for example , an electrode species . In some cases , the positive electrode 
electronic device , another energy storage device or a power comprises between about 20 mol- % and 80 mol- % Sb ( e.g. , 
grid . 10 mixed with Pb ) . In some cases , the positive electrode 
An electrochemical cell of the disclosure can include a comprises between about 20 mol- % and 80 mol- % Pb ( e.g. , 

negative electrode , an electrolyte adjacent to the negative mixed with Sb ) . In some examples , the positive electrode 
electrode , and a positive electrode adjacent to the electro- comprises one or more of Zn , Cd , Hg , or such material ( s ) in 
lyte . The negative electrode can be separated from the combination with other metals , metalloids or non - metals , 
positive electrode by the electrolyte . The negative electrode 15 such as , for example , a Zn — Sn alloy , Zn - Sn alloy , Cd - Sn 
can be an anode during discharge . The positive electrode can alloy , ZnPb alloy , ZnSb alloy , or Bi . In an example , the 
be a cathode during discharge . positive electrode can comprise 15:85 , 50:50 , 75:25 or 85:15 

In some examples , an electrochemical cell is a liquid mol- % Zn : Sn . 
metal battery cell . In some examples , a liquid metal battery The electrolyte can include a salt ( e.g. , molten salt ) , such 
cell can include a liquid electrolyte arranged between a 20 as an alkali or alkaline earth metal salt . The alkali or alkaline 
negative liquid ( e.g. , molten ) metal electrode and a positive earth metal salt can be a halide , such as a fluoride , chloride , 
liquid ( e.g. , molten ) metal , metalloid and / or non - metal elec- bromide , or iodide of the active alkali or alkaline earth 
trode . In some cases , a liquid metal battery cell has a molten metal , or combinations thereof . In an example , the electro 
alkaline earth metal ( e.g. , magnesium , calcium ) or alkali lyte ( e.g. , in Type 1 or Type 2 chemistries ) includes lithium 
metal ( e.g. , lithium , sodium , potassium ) negative electrode , 25 chloride . In some examples , the electrolyte can comprise 
an electrolyte , and a molten metal positive electrode . The sodium fluoride ( NaF ) , sodium chloride ( NaCl ) , sodium 
molten metal positive electrode can include , for example , bromide ( NaBr ) , sodium iodide ( Nal ) , lithium fluoride 
one or more of tin , lead , bismuth , antimony , tellurium and ( LiF ) , lithium chloride ( LiCl ) , lithium bromide ( LiBr ) , 
selenium . For example , the positive electrode can include Pb lithium iodide ( Lil ) , potassium fluoride ( KF ) , potassium 
or a Pb Sb alloy . The positive electrode can also include 30 chloride ( KCI ) , potassium bromide ( KBr ) , potassium iodide 
one or more transition metals or d - block elements ( e.g. , Zn , ( KI ) , calcium fluoride ( CaF2 ) , calcium chloride ( CaCl2 ) , 
Cd , Hg ) alone or in combination with other metals , metal- calcium bromide ( CaBrz ) , calcium iodide ( Calz ) , or any 
loids or noi netals , such as , for example , a Zn - Sn alloy or combination thereof . In another example , the electrolyte 
Cd - Sn alloy . In some examples , the positive electrode can includes magnesium chloride ( MgCl2 ) . As an alternative , the 
comprise a metal or metalloid that has only one stable 35 salt of the active alkali metal can be , for example , a 
oxidation state ( e.g. , a metal with a single or singular non - chloride halide , bistriflimide , fluorosulfano - amine , per 
oxidation state ) . Any description of a metal or molten metal chlorate , hexaflourophosphate , tetrafluoroborate , carbonate , 
positive electrode , or a positive electrode , herein may refer hydroxide , nitrate , nitrite , sulfate , sulfite , or combinations 
to an electrode including one or more of a metal , a metalloid thereof . In some cases , the electrolyte can comprise a 
and a non - metal . The positive electrode may contain one or 40 mixture of salts ( e.g. , 25:55:20 mol- % LiF : LiCl : LiBr , 50:37 : 
more of the listed examples of materials . In an example , the 14 mol- % LiCl : LiF : LiBr , etc. ) . The electrolyte may exhibit 
molten metal positive electrode can include lead and anti- low ( e.g. , minimal ) electronic conductance ( e.g. , electronic 
mony . In some examples , the molten metal positive elec- shorting may occur through the electrolyte via valence 
trode may include an alkali or alkaline earth metal alloyed reactions of PbCl2PbCl2 which increases electronic con 
in the positive electrode . 45 ductance ) . For example , the electrolyte can have an elec 

In some examples , an electrochemical energy storage tronic transference number ( i.e. , percentage of electrical 
device includes a liquid metal negative electrode , a liquid ( electronic and ionic ) charge that is due to the transfer of 
metal positive electrode , and a liquid salt electrolyte sepa- electrons ) of less than or equal to about 0.03 % or 0.3 % . 
rating the liquid metal negative electrode and the liquid In some cases , the negative electrode and the positive 
metal positive electrode . The negative electrode can include 50 electrode of an electrochemical energy storage device are in 
an alkali or alkaline earth metal , such as lithium , sodium , the liquid state at an operating temperature of the energy 
potassium , rubidium , cesium , magnesium , barium , calcium , storage device . To maintain the electrodes in the liquid 
sodium , or combinations thereof . The positive electrode can states , the battery cell may be heated to any suitable tem 
include elements selected from transition metals or d - block perature . In some examples , the battery cell is heated to 
elements ( e.g. , Group 12 ) , Group IIIA , IVA , VA and VIA of 55 and / or maintained at a temperature of about 100 ° C. , about 
the periodic table of the elements , such as zinc , cadmium , 150 ° C. , about 200 ° C. , about 250 ° C. , about 300 ° C. , about 
mercury , aluminum , gallium , indium , silicon , germanium , 350 ° C. , about 400 ° C. , about 450 ° C. , about 500 ° C. , about 
tin , lead , pnicogens ( e.g. , arsenic , bismuth and antimony ) , 550 ° C. , about 600 ° C. , about 650 ° C. , or about 700 ° C. The 
chalcogens ( e.g. , sulfur , tellurium and selenium ) , or combi- battery cell may be heated to and / or maintained at a tem 
nations thereof . In some examples , the positive electrode 60 perature of at least about 100 ° C. , at least about 150 ° C. , at 
comprises a Group 12 element of the periodic table of the least about 200 ° C. , at least about 250 ° C. , at least about 
elements , such as one or more of zinc ( Zn ) , cadmium ( Cd ) 300 ° C. , at least about 350 ° C. , at least about 400 ° C. , at least 
and mercury ( Hg ) . In some cases , the positive electrode may about 450 ° C. , at least about 500 ° C. , at least about 550 ° C. , 
form a eutectic or off - eutectic mixture ( e.g. , enabling lower at least about 600 ° C. , at least about 650 ° C. , at least about 
operating temperature of the cell in some cases ) . In some 65 700 ° C. , at least about 800 ° C. , or at least about 900 ° C. In 
examples , the positive electrode comprises a first positive such a case , the negative electrode , electrolyte and positive 
electrode species and a second positive electrode species at electrode can be in a liquid ( or molten ) state . In some 
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situations , the battery cell is heated to between about 200 ° ions of the positive metal species ( e.g. , cations of the 
C. and about 600 ° C. , between about 500 ° C. and about 550 ° positive electrode material ) accept electrons at the positive 
C. , or between about 450 ° C. and about 575 ° C. electrode and deposit as a metal on the positive electrode . 

In some implementations , the electrochemical cell or During charging , in some implementations , the alloy at the 
energy storage device may be at least partially or fully 5 positive electrode disassociates to yield cations of the nega 
self - heated . For example , a battery may be sufficiently tive electrode material , which migrate through the electro 
insulated , charged , discharged and / or conditioned at suffi- lyte to the negative electrode . In some implementations , one 
cient rates , and / or cycled a sufficient percentage of the time or more metal species at the positive electrode disassociates 
to allow the system to generate sufficient heat through to yield cations of the negative electrode material in the 
inefficiencies of the cycling operation that cells are main- 10 electrolyte . In some examples , ions can migrate through an 
tained at a given operating temperature ( e.g. , a cell operating electrolyte from an anode to a cathode , or vice versa . In 
temperature above the freezing point of at least one of the some cases , ions can migrate through an electrolyte in a 
liquid components ) without the need for additional energy to push - pop fashion in which an entering ion of one type ejects 
be supplied to the system to maintain the operating tem- an ion of the same type from the electrolyte . For example , 
perature . 15 during discharge , an alkali metal anode and an alkali metal 

Electrochemical cells of the disclosure may be adapted to chloride electrolyte can contribute an alkali metal cation to 
cycle between charged ( or energy storage ) modes and dis- a cathode by a process in which an alkali metal cation 
charged modes . In some examples , an electrochemical cell formed at the anode interacts with the electrolyte to eject an 
can be fully charged , partially charged or partially dis- alkali metal cation from the electrolyte into the cathode . The 
charged , or fully discharged . 20 alkali metal cation formed at the anode in such a case may 

In some implementations , during a charging mode of an not necessarily migrate through the electrolyte to the cath 
electrochemical energy storage device , electrical current ode . The cation can be formed at an interface between the 
received from an external power source ( e.g. , a generator or anode and the electrolyte , and accepted at an interface of the 
an electrical grid ) may cause metal atoms in the metal cathode and the electrolyte . 
positive electrode to release one or more electrons , dissolv- 25 The present disclosure provides Type 1 and Type 2 cells , 
ing into the electrolyte as a positively charged ion ( i.e. , which can vary based on , and be defined by , the composition 
cation ) . Simultaneously , cations of the same species can of the active components ( e.g. , negative electrode , electro 
migrate through the electrolyte and may accept electrons at lyte and positive electrode ) , and based on the mode of 
the negative electrode , causing the cations to transition to a operation of the cells ( e.g. , low voltage mode versus high 
neutral metal species , thereby adding to the mass of the 30 voltage mode ) . A cell can comprise materials that are 
negative electrode . The removal of the active metal species configured for use in Type 2 mode of operation . A cell can 
from the positive electrode and the addition of the active comprise materials that are configured for use in Type 1 
metal to the negative electrode stores electrochemical mode of operation . In some cases , a cell can be operated in 
energy . In some cases , the removal of a metal from the both a high voltage ( Type 2 ) operating mode and the low 
positive electrode and the addition of its cation to the 35 voltage ( Type 1 ) operating mode . For example , a cell with 
electrolyte can store electrochemical energy . In some cases , positive and negative electrode materials that are ordinarily 
electrochemical energy can be stored through a combination configured for use in a Type 1 mode can be operated in a 
of removal of the active metal species from the positive Type 2 mode of operation . A cell can be cycled between 
electrode and its addition to the negative electrode , and the Type 1 and Type 2 modes of operation . A cell can be initially 
removal of one or more metals ( e.g. , different metals ) from 40 charged ( or discharged ) under Type 1 mode to a given 
the positive electrode and their addition to the electrolyte voltage ( e.g. , 0.5 V to 1 V ) , and subsequently charged ( then 
( e.g. , as cations ) . During an energy discharge mode , an discharged ) under Type 2 mode to a higher voltage ( e.g. , 1.5 
electrical load is coupled to the electrodes and the previously V to 2.5 V , or 1.5 V to 3 V ) . In some cases , cells operated 
added metal species in the negative electrode can be released under Type 2 mode can operate at a voltage between 
from the metal negative electrode , pass through the electro- 45 electrodes that can exceed those of cells operated under Type 
lyte as ions , and deposit as a neutral species in the positive 1 mode . In some cases , Type 2 cell chemistries can operate 
electrode ( and in some cases alloy with the positive elec- at a voltage between electrodes that can exceed those of 
trode material ) , with the flow of ions accompanied by the Type 1 cell chemistries operated under Type 1 mode . Type 
external and matching flow of electrons through the external 2 cells can be operated in Type 2 mode . 
circuit / load . In some cases , one or more cations of positive 50 In an example Type 1 cell , upon discharging , cations 
electrode material previously released into the electrolyte formed at the negative electrode can migrate into the elec 
can deposit as neutral species in the positive electrode ( and trolyte . Concurrently , the electrolyte can provide a cation of 
in some cases alloy with the positive electrode material ) , the same species ( e.g. , the cation of the negative electrode 
with the flow of ions accompanied by the external and material ) to the positive electrode , which can reduce from a 
matching flow of electrons through the external circuit / load . 55 cation to a neutrally charged metallic species , and alloy with 
This electrochemically facilitated metal alloying reaction the positive electrode . In a discharged state , the negative 
discharges the previously stored electrochemical energy to electrode can be depleted ( e.g. , partially or fully ) of the 
the electrical load . negative electrode material ( e.g. , Li , Na , K , Mg , Ca ) . During 

In a charged state , the negative electrode can include charging , the alloy at the positive electrode can disassociate 
negative electrode material and the positive electrode can 60 to yield cations of the negative electrode material ( e.g. , Li " , 
include positive electrode material . During discharging Na + , K + , Mg * , Ca ) , which migrates into the electrolyte . The 
( e.g. , when the battery is coupled to a load ) , the negative electrolyte can then provide cations ( e.g. , the cation of the 
electrode material yields one or more electrons , and cations negative electrode material ) to the negative electrode , where 
of the negative electrode material . In some implementations , the cations accept one or more electrons from an external 
the cations migrate through the electrolyte to the positive 65 circuit and are converted back to a neutral metal species , 
electrode material and react with the positive electrode which replenishes the negative electrode to provide a cell in 
material ( e.g. , to form an alloy ) . In some implementations , a charged state . A Type 1 cell can operate in a push - pop 
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fashion , in which the entry of a cation into the electrolyte cavity of the container . A first one of the electrodes of the 
results in the discharge of the same cation from the electro- cell ( e.g. , positive electrode ) can contact and be electrically 
lyte . coupled with an endwall of the container . A second one of 

In an example Type 2 cell , in a discharged state the the electrodes of the cell ( e.g. , negative electrode ) can 
electrolyte comprises cations of the negative electrode mate- 5 contact and be electrically coupled with a conductive feed 
rial ( e.g. , Li + , Na + , K + , Mg * , Ca2 + ) , and the positive elec through or conductor ( e.g. , negative current lead ) on the trode comprises positive electrode material ( e.g. , Sb , Pb , Sn , container lid ( collectively referred to herein as “ cell lid Zn , Hg ) . During charging , a cation of the negative electrode assembly , " " lid assembly ” or “ cap assembly ” herein ) . An material from the electrolyte accepts one or more electrons electrically insulating seal ( e.g. , bonded ceramic ring ) may ( e.g. , from a negative current collector ) to form the negative 10 
electrode comprising the negative electrode material . In electrically isolate negative potential portions of the cell 

from positive portions of the container ( e.g. , electrically some examples , the negative electrode material is liquid and 
wets into a foam ( or porous ) structure of the negative current insulate the negative current lead from the positive current 
collector . In some examples , negative current collector may lead ) . In an example , the negative current lead and the 
not comprise foam ( or porous ) structure . In some examples , 15 container lid ( e.g. , cell cap ) can be electrically isolated from 
the negative current collector may comprise a metal , such each other , where a dielectric sealant material can be placed as , 
for example , tungsten ( e.g. , to avoid corrosion from Zn ) , between the negative current lead and the cell cap . As an 
tungsten carbide or molybdenum negative collector not alternative , a housing includes an electrically insulating 
comprising FeNi foam . Concurrently , positive electrode sheath ( e.g. , alumina sheath ) or corrosion resistant and 
material from the positive electrode sheds electrons ( e.g. , to 20 electrically conductive sheath or crucible ( e.g. , graphite 
a positive current collector ) and dissolves into the electrolyte sheath or crucible ) . In some cases , a housing and / or con 
as cations of the positive electrode material ( e.g. , Sb3 + , Pb2 + , tainer may be a battery housing and / or container . 
Sn2 + , Zn2 + , Hg2 + ) . The concentration of the cations of the A cell can have any cell and seal configuration disclosed 
positive electrode material can vary in vertical proximity herein . For instance , the active cell materials can be held 
within the electrolyte ( e.g. , as a function of distance above 25 within a sealed steel / stainless steel container with a high 
the positive electrode material ) based on the atomic weight temperature seal on the cell lid . A negative current lead can 
and diffusion dynamics of the cation material in the elec- pass through the cell lid ( and be sealed to the cell lid by the 
trolyte . In some examples , the cations of the positive elec- dielectric high temperature seal ) , and connect with a porous 
trode material are concentrated in the electrolyte near the negative current collector ( e.g. , metal foam ) suspended in an 
positive electrode . 30 electrolyte . In some cases , the cell can use a graphite sheath , 

In some implementations , negative electrode material coating , crucible , surface treatment or lining ( or any com 
may not need to be provided at the time of assembly of a cell bination thereof ) on the inner wall of the cell crucible . In 
that can be operated in a Type 2 mode . For example , a Li | Pb other cases , the cell may not use a graphite eath , coating , 
cell or an energy storage device comprising such cell ( s ) can crucible , surface treatment or lining on an inner wall of the 
be assembled in a discharged state having only a Li salt 35 cell crucible . 
electrolyte and a Pb or Pb alloy ( e.g. , Pb - Sb ) positive During cell operation , material ( e.g. , Fe ) from a wall of 
electrode ( i.e. , Li metal may not be required during assem- the cell can react under the higher voltage potential ( e.g. , 
bly ) . Type 2 mode ) , and ionize as a soluble species in the 

Although electrochemical cells of the present disclosure electrolyte . Hence , the wall material can dissolve into the 
have been described , in some examples , as operating in a 40 electrolyte and subsequently interfere with the cell's elec 
Type 1 mode or Type 2 mode , other modes of operation are trochemistry . For example , the dissolved material can 
possible . Type 1 mode and Type 2 mode are provided as deposit on the negative electrode , which , in some cases , can 
examples and are not intended to limit the various modes of grow as dendrites and stretch across the electrolyte to one or 
operation of electrochemical cells disclosed herein . more walls of the cell , or toward the positive electrode , 

In some cases , an electrochemical cell is a high tempera- 45 which can result in a short failure . The present disclosure 
ture battery that utilizes a liquid metal negative electrode provides various approaches for suppressing or otherwise 
( e.g. , Na , Li ) , and a solid ion - conducting ( e.g. , B " -alumina helping minimize the dissolution of solid ( passive ) cell 
ceramic ) electrolyte . In some instances , the solid ion - con- material such as Fe and its potentially negative effects on 
ducting electrolyte operates above about 100 ° C. , above cell performance by , for example , formation of dendrites and 
about 150 ° C. , above about 200 ° C. , above about 250 ° C. , 50 cell shorting . In some cases , a cell can be designed such that 
above about 300 ° C. , or above about 350 ° C. The electrolyte increased spacing between the negative electrode and a wall 
may comprise molten chalcogenide ( e.g. , S , Se , Te ) and / or of the cell suppresses or otherwise helps minimize the ability 
a molten salt comprising a transition metal halide ( e.g. , of dendrites from forming and shorting the wall to the inner 
NiClz , FeC1z ) . The electrolyte may include other supporting wall . A cell can include an electrically insulating , and 
electrolyte compounds ( e.g. , NaCl , NaF , NaBr , Nal ) . 55 chemically stable sheath or coating between one or more 
Batteries and Housings walls of the cell and the negative electrode , electrolyte 

Electrochemical cells of the disclosure can include hous- and / or positive electrode to minimize or prevent shorting to 
ings that may be suited for various uses and operations . A the one or more walls of the cell . In some cases , the cell can 
housing can include one cell or a plurality of cells . A housing be formed of a non - ferrous container or container lining , 
can be configured to electrically couple the electrodes to a 60 such as a carbon - containing material ( e.g. , graphite ) , or a 
switch , which can be connected to the external power source carbide ( e.g. , Sic , TiC ) , or a nitride ( e.g. , TiN , BN ) , or a 
and the electrical load . The cell housing may include , for chemically stable metal ( e.g. , Ti , Ni , B ) . The container or 
example , an electrically conductive container that is elec- container lining material may be electrically conductive . 
trically coupled to a first pole of the switch and / or another Such non - limiting approaches can be used separately or in 
cell housing , and an electrically conductive container lid that 65 combination , for suppressing or otherwise helping minimize 
is electrically coupled to a second pole of the switch and / or chemical interactions with Fe or other cell wall materials , 
another cell housing . The cell can be arranged within a and any subsequent negative effects on cell performan 
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A battery , as used herein , can comprise a plurality of a cell can be capable of operating at a direct current ( DC ) 
electrochemical cells . The cell ( s ) can include housings . efficiency of at least about 10 % , 20 % , 30 % , 35 % , 40 % , 45 % , 
Individual cells can be electrically coupled to one another in 50 % , 55 % , 60 % , 65 % , 70 % , 75 % , 80 % , 90 % , 95 % and the 
series and / or in parallel . In series connectivity , the positive like . In some instances , a cell can be capable of operating at 
terminal of a first cell is connected to a negative terminal of 5 a charge efficiency ( e.g. , Coulombic charge efficiency ) of at 
a second cell . In parallel connectivity , the positive terminal least about 10 % , 20 % , 30 % , 40 % , 50 % , 60 % , 70 % , 80 % , 
of a first cell can be connected to a positive terminal of a 85 % , 90 % , 95 % , 98 % , 99 % , 99.5 % , 99.9 % , 99.95 % , 
second , and / or additional , cell ( s ) . Similarly , cell modules , 99.99 % , and the like . 
packs , cores , CEs and systems can be connected in series In a charged state , electrochemical cells of the disclosure 
and / or in parallel in the same manner as described for cells . 10 ( e.g. , Type 1 cell operated in Type 2 mode , Type 1 cell 

Reference will now be made to the figures , wherein like operated in Type 1 mode , or Type 2 cell ) can have ( or can 
numerals refer to like parts throughout . It will be appreciated operate at ) a voltage of at least about 0.5 V , 0.6 V , 0.7 V , 0.8 
that the figures and features therein are not necessarily V , 0.9 V , 1.0 V , 1.1 V , 1.2 V , 1.3 V , 1.4 V , 1.5 V , 1.6 V , 1.7 
drawn to scale . V , 1.8 V , 1.9 V , 2.0 V , 2.1 V , 2.2 V , 2.3 V , 2.4 V , 2.5 V , 2.6 

With reference to FIG . 1 , an electrochemical cell ( A ) is a 15 V , 2.7 V , 2.8 V , 2.9 V , or 3.0 V. In some cases , a cell can have 
unit comprising an anode and a cathode . The cell may an open circuit voltage ( OCV ) of at least about 0.5 V , 0.6 V , 
comprise an electrolyte and be sealed in a housing as 0.7 V , 0.8 V , 0.9 V , 1.0 V , 1.1 V , 1.2 V , 1.3 V , 1.4 V , 1.5 V , 
described herein . In some cases , the electrochemical cells 1.6 V , 1.7 V , 1.8 V , 1.9 V , 2.0 V , 2.1 V , 2.2 V , 2.3 V , 2.4 V , 
can be stacked ( B ) to form a battery ( i.e. , a compilation of 2.5 V , 2.6 V , 2.7 V , 2.8 V , 2.9 V , or 3.0 V. In an example , a 
one or more electrochemical cells ) . The cells can be 20 cell has an open circuit voltage greater than about 0.5 V , 
arranged in parallel , in series , or both in parallel and in series greater than about 1 V , greater than about 2 V , or greater than 
( C ) . about 3 V. In some cases , a charge cutoff voltage ( CCV ) of 

Further , as described in greater detail elsewhere herein , a cell is from about 0.5 V to 1.5 V , 1 V to 3 V , 1.5 V to 2.5 
the cells can be arranged in groups ( e.g. , modules , packs , V , 1.5 V to 3 V , or 2 V to 3 V in a charged state . In some 
cores , CEs , systems , or any other group comprising one or 25 cases , a charge cutoff voltage ( CCV ) of a cell is at least about 
more electrochemical cells ) . In some cases , such groups of 0.5 V , 0.6 V , 0.7 V , 0.8 V , 0.9 V , 1.0 V , 1.1 V , 1.2 V , 1.3 V , 
electrochemical cells may allow a given number of cells to 1.4 V , 1.5 V , 1.6 V , 1.7 V , 1.8 V , 1.9 V , 2.0 V , 2.1 V , 2.2 V , 
be controlled or regulated together at the group level ( e.g. , 2.3 V , 2.4 V , 2.5 V , 2.6 V , 2.7 V , 2.8 V , 2.9 V or 3.0 V. In some 
in concert with or instead of regulation / control of individual cases , a voltage of a cell ( e.g. , operating voltage ) is between 
cells ) . 30 about 0.5 V and 1.5 V , 1 V and 2 V , 1 V and 2.5 V , 1.5 V and 

Electrochemical cells of the disclosure ( e.g. , Type 1 cell 2.0 V , 1 V and 3 V , 1.5 V and 2.5 V , 1.5 V and 3 V , or 2 V 
operated in Type 2 mode , Type 1 cell operated in Type 1 and 3 V in a charged state . A cell can provide such voltage ( s ) 
mode , or Type 2 cell ) may be capable of storing and / or ( e.g. , voltage , OCV and / or CCV ) upon operating at up to and 
receiving input of ( “ taking in ” ) a suitably large amount of exceeding about 10 cycles , 20 cycles , 30 cycles , 40 cycles , 
energy ( e.g. , substantially large amounts of energy ) . In some 35 50 cycles , 100 cycles , 200 cycles , 300 cycles , 400 cycles , 
instances , a cell is capable of storing and / or taking in and / or 500 cycles , 600 cycles , 700 cycles , 800 cycles , 900 cycles , 
discharging about 1 watt - hour ( Wh ) , about 5 Wh , 25 Wh , 1,000 cycles , 2,000 cycles , 3,000 cycles , 4,000 cycles , 5,000 
about 50 Wh , about 100 Wh , about 250 Wh , about 500 Wh , cycles , 10,000 cycles , 20,000 cycles , 50,000 cycles , 100,000 
about 1 kilo - Watt - hour ( kWh ) , about 1.5 kWh , about 2 kWh , cycles , or 1,000,000 or more cycles ( also “ charge / discharge 
about 3 kWh , about 5 kWh , about 10 kWh , about 15 kWh , 40 cycles " herein ) . 
about 20 kWh , about 30 kWh , about 40 kWh , or about 50 In some cases , the limiting factor on the number of cycles 
kWh . In some instances , the battery is capable of storing may be dependent on , for example , the housing and / or the 
and / or taking in and / or discharging at least about 1 Wh , at seal as opposed to the chemistry of the negative electrode , 
least about 5 Wh , at least about 25 Wh , at least about 50 Wh , electrolyte and / or the positive electrode . The limit in cycles 
at least about 100 Wh , at least about 250 Wh , at least about 45 may be dictated not by the electrochemistry , but by the 
500 Wh , at least about 1 kWh , at least about 1.5 kWh , at degradation of non - active components of the cell , such as 
least about 2 kWh , at least about 3 kWh , at least about 5 the container or seal . A cell can be operated without a 
kWh , at least about 10 kWh , at least about 15 kWh , at least substantial decrease in capacity . The operating lifetime of a 
about 20 kWh , at least about 30 kWh , at least about 40 kWh , cell can be limited , in some cases , by the life of the 
or at least about 50 kWh . It is recognized that the amount of 50 container , seal and / or cap of the cell . During operation at an 
energy stored in an electrochemical cell and / or battery may operating temperature of the cell , the cell can have a 
be less than the amount of energy taken into the electro- negative electrode , electrolyte and positive electrode in a 
chemical cell and / or battery ( e.g. , due to inefficiencies and liquid ( or molten ) state . 
losses ) . A cell can have such energy storage capacities upon An electrochemical cell of the present disclosure can have 
operating at any of the current densities herein . a response time of any suitable value ( e.g. , suitable for 
A cell can be capable of providing a current at a current responding to disturbances in the power grid ) . In some 

density of at least about 10 milli - amperes per square centi- instances , the response time is about 100 milliseconds ( ms ) , 
meter ( mA / cm² ) , 20 mA / cm² , 30 mA / cm² , 40 mA / cm² , 50 about 50 ms , about 10 ms , about 1 ms , and the like . In some 
mA / cm² , 60 mA / cm² , 70 mA / cm2 , 80 mA / cm² , 90 mA / cm² , cases , the response time is at most about 100 milliseconds 
100 mA / cm² , 200 mA / cm² , 300 mA / cm² , 400 mA / cm² , 500 60 ( ms ) , at most about 50 ms , at most about 10 ms , at most 
mA / cm² , 600 mA / cm² , 700 mA / cm² , 800 mA / cm² , 900 about 1 ms , and the like . 
mA / cm² , 1 A / cm² , 2 A / cm² , 3 A / cm² , 4 A / cm² , 5 A / cm² , or A compilation or array of cells ( e.g. , battery ) can include 
10 A / cm² , where the current density is determined based on any suitable number of cells , such as at least about 2 , at least 
the effective cross - sectional area of the electrolyte and about 5 , at least about 10 , at least about 50 , at least about 
where the cross - sectional area is the area that is orthogonal 65 100 , at least about 500 , at least about 1000 , at least about 
to the net flow direction of ions through the electrolyte 5000 , at least about 10000 , and the like . In some examples , 
during charge or discharging processes . In some instances , a battery includes 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 15 , 20 , 30 , 40 , 
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50 , 60 , 70 , 80 , 90 , 100 , 200 , 300 , 400 , 500 , 600 , 700 , 800 , through a weld , a braze , or other chemically adhesive 
900 , 1000 , 2000 , 5000 , 10,000 , 20,000 , 50,000 , 100,000 , material that joins relevant cell components to the insulating 
500,000 , or 1,000,000 cells . sealant material . 

In some implementations , one or more types of cells can FIG . 2 schematically illustrates a battery that comprises 
be included in energy storage systems of the present disclo- 5 an electrically conductive housing 201 and a conductor 202 
sure . For example , an energy storage device can comprise in electrical communication with a current collector 203 . 
Type 2 cells or a combination of Type 1 cells and Type 2 The battery of FIG . 2 can be a cell of an energy storage 
cells ( e.g. , 50 % Type 1 cells and 50 % Type 2 cells ) . Such device . The conductor can be electrically isolated from the 
cells can be operated under Type 2 mode . In some cases , a housing and can protrude through the housing through an 
first portion of the cells may be operated in Type 1 mode , and aperture in the housing such that the conductor of a first cell 
a second portion of the cells may be operated in Type 2 is in electrical communication with the housing of a second 
mode . cell when the first and second cells are stacked . 

Batteries of the disclosure may be capable of storing In some cases , a cell comprises a negative current col 
and / or taking in a suitably large amount of energy ( e.g. , a lector , a negative electrode , an electrolyte , a positive elec 
substantially large amount of energy ) for use with a power trode and a positive current collector . The negative electrode 
grid ( i.e. , a grid - scale battery ) or other loads or uses . In some can be part of the negative current collector . As an alterna 
instances , a battery is capable of storing and / or taking in tive , the negative electrode is separate from , but otherwise 
and / or discharging about 5 kilo - Watt - hour ( kWh ) , about 25 kept in electrical communication with , the negative current 
kWh , about 50 kWh , about 100 kWh , about 500 kWh , about 20 collector . The positive electrode can be part of the positive 
1 mega - Watt - hour ( MWh ) , about 1.5 MWh , about 2 MWh , current collector . As an alternative , the positive electrode 
about 3 MWh , about 5 MWh , about 10 MWh , about 25 can be separate from , but otherwise kept in electrical com 
MWh , about 50 MWh , or about 100 MWh . In some munication with , the positive current collector . 
instances , the battery is capable of storing and / or taking in A cell housing can comprise an electrically conductive 
at least about 1 kWh , at least about 5 kWh , at least about 25 25 container and a conductor in electrical communication with 
kWh , at least about 50 kWh , at least about 100 kWh , at least a current collector . The conductor may protrude through the 
about 500 kWh , at least about 1 MWh , at least about 1.5 housing through an aperture in the container and may be 
MWh , at least about 2 MWh , at least about 3 MWh , at least electrically isolated from the container . The conductor of a 
about 4 MWh , at least about 5 MWh , at least about 10 MWh , first housing may contact the container of a second housing 
at least about 25 MWh , at least about 50 MWh , or at least 30 when the first and second housings are stacked . 
about 100 MWh . In some instances , the area of the aperture through which In some instances , the cells and cell housings are stack the conductor protrudes from the housing and / or container is able . Any suitable number of cells can be stacked . Cells can small relative to the area of the housing and / or container . In be stacked side - by - side , on top of each other , or both . In 
some instances , at least about 3 , 6 , 10 , 50 , 100 , or 500 cells 35 some cases , the ratio of the area of the aperture to the area 
are stacked . In some cases , a stack of 100 cells is capable of of the housing is about 0.001 , about 0.005 , about 0.01 , about 
storing and / or taking in at least 50 kWh of energy . A first 0.05 , about 0.1 , about 0.15 , about 0.2 , about 0.3 , about 0.4 , 
stack of cells ( e.g. , 10 cells ) can be electrically connected to or about 0.5 . In some cases , the ratio of the area of the 
a second stack of cells ( e.g. , another 10 cells ) to increase the aperture to the area of the housing is less than or equal to 
number of cells in electrical communication ( e.g. , 20 in this 40 about 0.001 , less than or equal to about 0.005 , less than or 
instance ) . In some instances , the energy storage device equal to about 0.01 , less than or equal to about 0.05 , less than 
comprises a stack of 1 to 10 , 11 to 50 , 51 to 100 , or more or equal to about 0.1 , less than or equal to about 0.15 , less 
electrochemical cells . than or equal to about 0.2 , or less than or equal to about 0.3 , 
An electrochemical energy storage device can include one less than or equal to about 0.4 , or less than or equal to about 

or more individual electrochemical cells . An electrochemi- 45 0.5 . 
cal cell can be housed in a container , which can include a A cell can comprise an electrically conductive housing 
container lid ( e.g. , cell cap ) and seal component . The device and a conductor in electrical communication with a current 
can include at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 20 , 30 , 40 , 50 , collector . The conductor protrudes through the housing 
100 , 200 , 300 , 400 , 500 , 1000 , 10,000 , 100,000 or 1,000,000 through an aperture in the housing and may be electrically 
cells . The container lid may utilize , for example , a seal ( e.g. , 50 isolated from the housing . The ratio of the area of the 
annular dielectric gasket ) to electrically isolate the container aperture to the area of the housing may be less than about 
from the container lid . Such a component may be con- 0.3 , 0.2 , 0.15 , 0.1 , 0.05,0.01 , 0.005 , or 0.001 ( e.g. , less than 
structed from an electrically insulating material , such as , for about 0.1 ) . 
example , glass , oxide ceramics , nitride ceramics , chalco- A cell housing can comprise an electrically conductive 
genides , or a combination thereof ( e.g. , ceramic , silicon 55 container and a conductor in electrical communication with 
oxide , aluminum oxide , nitrides comprising boron nitride , a current collector . The conductor can protrude through the 
aluminum nitride , zirconium nitride , titanium nitride , car- container through an aperture in the container and is elec 
bides comprising silicon carbide , titanium carbide , or other trically isolated from the container . The ratio of the area of 
oxides comprising of lithium oxide , calcium oxide , barium the aperture to the area of the container may be less than 
oxide , yttrium oxide , silicon oxide , aluminum oxide , or 60 about 0.3 , 0.2 , 0.15 , 0.1 , 0.05 , 0.01 , 0.005 , or 0.001 ( e.g. , 
lithium nitride , lanthanum oxide , or any combinations less than about 0.1 ) . The housing can be capable of enclos 
thereof ) . The seal may be made hermetic by one or more ing a cell that is capable of storing and / or taking in less than 
methods . For example , the seal may be subject to relatively about 100 Wh of energy , about 100 Wh of energy , or more 
high compressive forces ( e.g. , greater than about 1,000 psi than about 100 Wh of energy . The housing can be capable 
or greater than about 10,000 psi ) between the container lid 65 of enclosing a cell that is capable of storing and or taking in 
and the container in order to provide a seal in addition to at least about 25 Wh of energy . The cell can be capable of 
electrical isolation . Alternatively , the seal may be bonded storing and / or taking in at least about 1 Wh , 5 Wh , 25 Wh , 
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50 Wh , 100 Wh , 500 Wh , 1 kWh , 1.5 kWh , 2 kWh , 3 kWh , interior 306 may be thermally conductive , thermally insu 
5 kWh , 10 kWh , 15 kWh , 20 kWh , 30 kWh , 40 kWh , or 50 lating , electrically conductive , electrically insulating , or any 
kWh of energy combination thereof . In some cases , the housing interior 306 

FIG . 3 is a cross - sectional side view of an electrochemical may be provided for protection of the housing ( e.g. , for 
cell or battery 300 comprising a housing 301 , an electrically 5 protecting the stainless steel material of the housing from 
conductive feed - through ( i.e. , conductor , such as a conduc- corrosion ) . In some cases , the housing interior can be 
tor rod ) 302 that passes through an aperture in the housing anti - wetting to the liquid metal positive electrode . In some 
and is in electrical communication with a liquid metal cases , the housing interior can be anti - wetting to the liquid 
negative electrode 303 , a liquid metal positive electrode 305 , electrolyte . 
and a liquid salt electrolyte 304 between the liquid metal 10 The housing may comprise a lining component ( e.g. , a 
electrodes 303 , 305. The cell or battery 300 can be config- lining component that is thinner than the cell body ) of a 
ured for use with cell chemistries operated under a low separate metal or compound , or a coating ( e.g. , an electri 
voltage mode ( “ Type 1 mode ” ) or high voltage mode ( " Type cally insulating coating ) , such as , for example , a steel 
2 mode ” ) , as disclosed elsewhere herein . The conductor 302 housing with a graphite lining , or a steel housing with a 
may be electrically isolated from the housing 301 ( e.g. , 15 nitride coating or lining ( e.g. , boron nitride , aluminum 
using electrically insulating seals ) . The negative current nitride ) , a titanium coating or lining , or a carbide coating or 
collector 307 may comprise foam material 303 that behaves lining ( e.g. , silicon carbide , titanium carbide ) . The coating 
like a sponge , and the negative electrode liquid metal soaks can exhibit favorable properties and functions , including 
into the foam . The liquid metal negative electrode 303 is in surfaces that are anti - wetting to the positive electrode liquid 
contact with the molten salt electrolyte 304. The liquid salt 20 metal . In some cases , the lining ( e.g. , graphite lining ) can be 
electrolyte is also in contact with the positive liquid metal dried by heating above room temperature in air or dried in 
electrode 305. The positive liquid metal electrode 305 can be a vacuum oven before or after being placed inside the cell 
in electrical communication with the housing 301 along the housing . Drying or heating the lining can remove moisture 
side walls and / or along the bottom end wall of the housing . from the lining prior to adding the electrolyte , positive 
The housing may include a container and a container lid 25 electrode , or negative electrode to the cell housing . 

( e.g. , cell cap ) . The container and container lid may be The housing 301 may include a thermally and / or electri 
connected mechanically ( e.g. , welded ) . In some cases , the cally insulating sheath or crucible 306. In this configuration , 
mechanical connection may comprise a chemical connec- the negative electrode 303 may extend laterally between the 
tion . In some instances , the container lid is electrically side walls of the housing 301 defined by the sheath or 
isolated from the container . The cell lid may or may not be 30 crucible without being electrically connected ( i.e. , shorted ) 
electrically isolated from the negative current lead in such to the positive electrode 305. Alternatively , the negative 
instances . In some instances , the container lid is electrically electrode 303 may extend laterally between a first negative 
connected to the container ( e.g. , cell body ) . The cell lid may electrode end 303a and a second negative electrode end 
then be electrically isolated from the negative current lead . 303b . When the sheath or crucible 306 is not provided , the 
During operation ( e.g. , when in a molten state ) , the container 35 negative electrode 303 may have a diameter ( or other 
lid and the container can be connected electronically ( e.g. , characteristic dimension , illustrated in FIG . 3 as the distance 
through a direct electrical connection , such as , for example , from 303a to 303b ) that is less than the diameter ( or other 
via a welded lid - to - cell body joint , or ionically through the characteristic dimension such as width for a cuboid con 
electrolyte and the electrodes ) . The negative current lead tainer , illustrated in FIG . 3 as the distance D ) of the cavity 
may be electrically isolated from the container and / or con- 40 defined by the housing 301 . 
tainer lid ( e.g. , cell cap ) , via , for example , the use of an The crucible can be made to be in electronic contact with 
electrically insulating hermetic seal . In some examples , an the cell housing by means of a thin layer of a conductive 
electrically insulating barrier ( e.g. , seal ) may be provided liquid metal or semi - solid metal alloy located between the 
between the negative current lead and the container lid . As crucible and the cell housing , such as the elements Pb , Sn , 
an alternative , the seal can be in the form of a gasket , for 45 Sb , Bi , Ga , In , Te , or a combination thereof . 
example , and placed between the container lid , and the The housing interior ( e.g. , sheath , crucible and / or coating ) 
container . In some examples , the electrochemical cell or 306 can be constructed from a thermally insulating , ther 
battery 300 may comprise two or more conductors passing mally conductive , and / or electrically insulating or electri 
through one or more apertures and in electrical communi- cally conductive material such as , for example , graphite , 
cation with the liquid metal negative electrode 303. In some 50 carbide ( e.g. , SiC , TiC ) , nitride ( e.g. , BN ) , alumina , titania , 
instances , a separator structure ( not shown ) may be arranged silica , magnesia , boron nitride , or a mixed oxide , such as , for 
within the electrolyte 304 between the liquid negative elec- example , calcium oxide , aluminum oxide , silicon oxide , 
trode 303 and the ( liquid ) positive electrode 305 . lithium oxide , magnesium oxide , etc. For example , as shown 

The housing 301 can be constructed from an electrically in FIG . 3 , the sheath ( or other ) housing interior 306 has an 
conductive material such as , for example , steel , iron , stain- 55 annular cross - sectional geometry that can extend laterally 
less steel , low carbon steel , graphite , nickel , nickel based between a first sheath end 306a and a second sheath end 
alloys , titanium , aluminum , molybdenum , tungsten , or con- 306b . The sheath may be dimensioned ( illustrated in FIG . 3 
ductive compounds such as nitrides ( e.g. , silicon carbide or as the distance from 306? to 306b ) such that the sheath is in 
titanium carbide ) , or a combination thereof ( e.g. , alloy ) . contact and pressed up against the side walls of the cavity 

The housing 301 can comprise a housing interior 306. The 60 defined by the housing cavity 301. As an alternative , the 
housing interior 306 may include , but is not limited to , a housing interior 306 can be used to prevent corrosion of the 
sheath ( e.g. , a graphite sheath ) , a coating , a crucible ( e.g. , a container and / or prevent wetting of the cathode material up 
graphite crucible ) , a surface treatment , a lining , or any the side wall , and may be constructed out of an electroni 
combination thereof ) . In one example , the housing interior cally conductive material , such as steel , stainless steel , 
306 is a sheath . In another example , the housing interior 306 65 tungsten , molybdenum , nickel , nickel based alloys , graphite , 
is a crucible . In yet another example , examples , the housing titanium , or titanium nitride . For example , the sheath may be 
interior 306 is a coating or surface treatment . The housing very thin and may be a coating . The coating can cover just 
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the inside of the walls , and / or , can also cover the bottom of Current may be distributed substantially evenly across a 
the inside of the container . In some cases , the sheath ( e.g. , positive and / or negative liquid metal electrode in contact 
graphite sheath ) may be dried by heating above room with an electrolyte along a surface ( i.e. , the current flowing 
temperature in air or dried in a vacuum oven before or after across the surface may be uniform such that the current 
being placed inside the cell housing . Drying or heating the 5 flowing through any portion of the surface does not sub 
lining may remove moisture from the lining prior to adding stantially deviate from an average current density ) . In some 
the electrolyte , positive electrode , or negative electrode to examples , the maximum density of current flowing across an 
the cell housing area of the surface is less than about 105 % , or less than or 

Instead of a sheath , the cell may comprise an electrically equal to about 115 % , less than or equal to about 125 % , less 
conductive crucible or coating that lines the side walls and 10 than or equal to about 150 % , less than or equal to about 
bottom inner surface of the cell housing , referred to as a cell 175 % , less than or equal to about 200 % , less than or equal 
housing liner , preventing direct contact of the positive to about 250 % , or less than or equal to about 300 % of the 
electrode with the cell housing . The cell housing liner may average density of current flowing across the surface . In 
prevent wetting of the positive electrode between the cell some examples , the minimum density of current flowing 
housing and the cell housing liner or sheath and may prevent 15 across an area of the surface is greater than or equal to about 
direct contact of the positive electrode on the bottom surface 50 % , greater than or equal to about 60 % , greater than or 
of the cell housing . The sheath may be very thin and can be equal to about 70 % , greater than or equal to about 80 % , 
a coating . The coating can cover just the inside of the walls , greater than or equal to about 90 % , or greater than or equal 
and / or , can also cover the bottom of the inside of the to about 95 % of the average density of current flowing 
container . The sheath may not fit perfectly with the housing 20 across the surface . 
301 which may hinder the flow of current between the cell Viewed from a top or bottom direction , as indicated 
lining and the cell housing . To ensure adequate electronic respectively by “ TOP VIEW ” and “ BOTTOM VIEW ” in 
conduction between the cell housing and the cell lining , a FIG . 3 , the cross - sectional geometry of the cell or battery 
liquid of metal that has a low melting point ( e.g. , Pb , Sn , Bi ) , 300 can be circular , elliptical , square , rectangular , polygo 
can be used to provide a strong electrical connection 25 nal , curved , symmetric , asymmetric or any other compound 
between the sheath / coating and the cell housing . This layer shape based on design requirements for the battery . In an 
can allow for easier fabrication and assembly of the cell . example , the cell or battery 300 is axially symmetric with a 

The housing 301 can also include a first ( e.g. , negative ) circular or square cross - section . Components of cell or 
current collector or lead 307 and a second ( e.g. , positive ) battery 300 ( e.g. , component in FIG . 3 ) may be arranged 
current collector 308. The negative current collector 307 30 within the cell or battery in an axially symmetric fashion . In 
may be constructed from an electrically conductive material some cases , one or more components may be arranged 
such as , for example , nickel - iron ( Ni - Fe ) foam , perforated asymmetrically , such as , for example , off the center of the 
steel disk , sheets of corrugated steel , sheets of expanded axis 309 . 
metal mesh , etc. The negative current collector 307 may be The combined volume of positive and negative electrode 
configured as a plate or foam that can extend laterally 35 material may be at least about 5 % , 10 % , 20 % , 30 % , 40 % , 
between a first collector end 307a and a second collector end 50 % , 60 % , 70 % , 80 % , 90 % , or 95 % of the volume of the 
307b . The negative current collector 307 may have a col- battery ( e.g. , as defined by the outer - most housing of the 
lector diameter that is less than or similar to the diameter of battery , such as a shipping container ) . In some cases , the 
the cavity defined by the housing 301. In some cases , the combined volume of anode and cathode material is at least 
negative current collector 307 may have a collector diameter 40 about 5 % , at least about 10 % , at least about 20 % , at least 
( or other characteristic dimension , illustrated in FIG . 3 as the about 30 % , at least about 40 % , at least about 60 % , at least 
distance from 307a to 307b ) that is less than or similar to the about 75 % , of the volume of the cell . The combined volume 
diameter ( or other characteristic dimension , illustrated in of the positive and negative electrodes material may increase 
FIG . 3 as the distance from 303a to 303b ) of the negative or decrease ( e.g. , in height ) during operation due to growth 
electrode 303. The positive current collector 308 may be 45 or expansion , or shrinkage or contraction , respectively , of 
configured as part of the housing 301 ; for example , the the positive or negative electrode . In an example , during 
bottom end wall of the housing may be configured as the discharge , the volume of the negative electrode ( anode 
positive current collector 308 , as illustrated in FIG . 3 . during discharge ) may be reduced due to transfer of the 
Alternatively , the current collector may be discrete from the negative electrode material to the positive electrode ( cathode 
housing and may be electrically connected to the housing . In 50 during discharge ) , wherein the volume of the positive elec 
some cases , the positive current collector may not be elec- trode is increased ( e.g. , as a result of an alloying reaction ) . 
trically connected to the housing . The present disclosure is The volume reduction of the negative electrode may or may 
not limited to any particular configurations of the negative not equal the volume increase of the positive electrode . The 
and / or positive current collector configurations . positive and negative electrode materials may react with 

The negative electrode 303 can be contained within the 55 each other to form a solid or semi - solid mutual reaction 
negative current collector ( e.g. , foam ) 307. In this configu- compound ( also “ mutual reaction product ” herein ) , which 
ration , the electrolyte layer comes up in contact with the may have a density that is the same , lower , or higher than the 
bottom , sides , and / or the top of the foam 307. The metal densities of the positive and / or negative electrode materials . 
contained in the foam ( i.e. , the negative electrode material ) Although the mass of material in the electrochemical cell or 
can be held away from the sidewalls of the housing 301 , 60 battery 300 may be constant , one , two or more phases ( e.g. , 
such as , for example , by the absorption and retention of the liquid or solid ) may be present , and each such phase may 
liquid metal negative electrode into the foam , thus allowing comprise a certain material composition ( e.g. , an alkali 
the cell to run without the insulating sheath 306. In some metal may be present in the materials and phases of the cell 
cases , a graphite sheath or graphite cell housing liner ( e.g. , at varying concentrations : a liquid metal negative electrode 
graphite crucible ) may be used to prevent the positive 65 may contain a high concentration of an alkali metal , a liquid 
electrode from wetting up along the side walls , which can metal positive electrode may contain an alloy of the alkali 
prevent shorting of the cell . metal and the concentration of the alkali metal may vary 
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during operation , and a mutual reaction product of the the cell 400 can include a thermally and / or electrically 
positive and negative liquid metal electrodes may contain insulating sheath 406. In an example , the negative liquid 
the alkali metal at a fixed or variable stoichiometry ) . The metal electrode 403 includes magnesium ( Mg ) , the positive 
phases and / or materials may have different densities . As liquid metal electrode 405 includes antimony ( Sb ) , and the 
material is transferred between the phases and / or materials 5 intermetallic layer 410 includes Mg and Sb ( Mg , Sb , where 
of the electrodes , a change in combined electrode volume ' x ' is a number greater than zero ) , such as , for example , 

magnesium antimonide ( Mg3Sb2 ) . Cells with a Mg || Sb 
In some cases , a cell can include one or more alloyed chemistry may contain magnesium ions within the electro products that are liquid , semi - liquid ( or semi - solid ) , or solid . lyte as well as other salts ( e.g. , MgCl2 , NaCl , KCl , or a The alloyed products can be immiscible ( or , in some cases , 10 combination thereof ) . In some cases , in a discharged state , soluble ) with the negative electrode , positive electrode and / the cell is deficient in Mg in the negative electrode and the or electrolyte . The alloyed products can form from electro 

chemical processes during charging or discharging of a cell . positive electrode comprises and alloy of Mg Sb . In such 
An alloyed product can include an element constituent of cases , during charging , Mg is supplied from the positive 

a negative electrode , positive electrode and / or electrolyte . 15 electrode , passes through the electrolyte as a positive ion , 
An alloyed product can have a different density than the and deposits onto the negative current collector as Mg . In 
negative electrode , positive electrode or electrolyte , or a some examples , the cell has an operating temperature of at 
density that is similar or substantially the same . The location least about 550 ° C. , 600 ° C. , 650 ° C. , 700 ° C. , or 750 ° C. , 
of the alloyed product can be a function of the density of the and in some cases between about 650 ° C. and about 750 ° C. 
alloyed product compared to the densities of the negative 20 In a charged state , all or substantially all the components of 
electrode , electrolyte and positive electrode . The alloyed the cell can be in a liquid state . Alternative chemistries exist , 
product can be situated in the negative electrode , positive including Ca - Mg || Bi comprising a calcium halide constitu 
electrode or electrolyte , or at a location ( e.g. , interface ) ent in the electrolyte ( e.g. , CaF2 , KF , LiF , CaCl2 , KCI , LICI , 
between the negative electrode and the electrolyte or CaBr2 , KBr , LiBr , or combinations thereof ) and operating 
between the positive electrode and the electrolyte , or any 25 above about 500 ° C. , Ca - Mg || Sb - Pb comprising a calcium 
combination thereof . In an example , an alloyed product is an halide constituent in the electrolyte ( e.g. , CaF2 , KF , LiF , 
intermetallic between the positive electrode and the electro- CaCl2 , KCI , LiCl , CaBr2 , KBr , LiBr , or combinations 
lyte ( see , for example , FIG . 4 ) . In some cases , some elec- thereof ) and operating above about 500 ° C. , Li || Pb - Sb cells 
trolyte can seep in between the intermetallic and the positive comprising a lithium - ion containing halide electrolyte ( e.g. , 
electrode . In other examples , the alloyed product can be at 30 LiF , LiCl , LiBr , or combinations thereof ) and operating 
other locations within the cell and be formed of a material between about 350 ° C. and about 550 ° C. , and Na || Pb cells 
of different stoichiometries / compositions , depending on the comprising a sodium halide as part of the electrolyte ( e.g. , 
chemistry , temperature , and / or charge state of the cell . N. NaBr , Nal , NaF , Lici , LiF , LiBr , KCI , KBr , KF , 
FIG . 4 is a cross - sectional side view of an electrochemical KI , CaCl2 , CaF2 , CaBr2 , Calz , or combinations thereof ) and 

cell or battery 400 with an intermetallic layer 410. The 35 operating above about 300 ° C. In some cases , the product of 
intermetallic layer 410 can include a mutual reaction com- the discharge reaction may be an intermetallic compound 
pound of a material originating from the negative electrode ( e.g. , Mg , Sb for the Mg || Sb cell chemistry , LizSb for the 
403 and positive electrode material 405. For example , a Li | [ Pb - Sb chemistry , CazBi , for the Ca - Mg || Bi chemistry , or 
negative liquid metal electrode 403 can comprise an alkali or CazSb , for the Ca - Mg || Pb - Sb chemistry ) , where the inter 
alkaline earth metal ( e.g. , Na , Li , K , Mg , or Ca ) , the positive 40 metallic layer may develop as a distinct solid phase by , for 
liquid metal electrode 405 can comprise one or more of example , growing and expanding horizontally along a direc 
transition metal , d - block ( e.g. , Group 12 ) , Group IIIA , IVA , tion x and / or growing or expanding vertically along a 
VA or VIA elements ( e.g. , lead and / or antimony and / or direction y at the interface between the positive electrode 
bismuth ) , and the intermetallic layer 410 can comprise a and the electrolyte . The growth may be axially symmetrical 
mutual reaction compound or product thereof ( e.g. , alkali 45 or asymmetrical with respect to an axis of symmetry 409 
plumbide , antimonide or bismuthide , e.g. , Na3Pb , LizSb , located at the center of the cell or battery 400. In some cases , 
K Sb , Mg , Sb , Ca , Sb , or Ca Bin ) . An upper interface 410a the intermetallic layer is observed under Type 1 mode of 
of the intermetallic layer 410 is in contact with the electro- operation but not Type 2 mode of operation . For example , 
lyte 404 , and a lower interface 410b of the intermetallic the intermetallic layer ( e.g. , the intermetallic layer in FIG . 4 ) 
layer 410 is in contact with the positive electrode 405. The 50 may not form during operation of a Type 2 cell . 
mutual reaction compound may be formed during discharg- Cell Lid Assemblies and Adhesive Seals 
ing at an interface between a positive liquid metal electrode Cell lid assemblies can use adhesive seals to achieve a gas 
( liquid metal cathode in this configuration ) 405 and a liquid tight and electrically insulating seal . As seen in FIG . 5 , a 
salt electrolyte 404. The mutual reaction compound ( or conductive feed - through 501 can be electrically isolated 
product ) can be solid or semi - solid . In an example , the 55 from the housing and the housing can be sealed by an 
intermetallic layer 410 can form at the interface between the adhesive sealing material 502 disposed between the feed 
liquid metal cathode 405 and the liquid salt electrolyte 404 . through and the housing . The adhesive sealing material can 
In some cases , the intermetallic layer 410 may exhibit liquid include any sealant material capable of adhering to the 
properties ( e.g. , the intermetallic may be semi - solid , or it components of the cell lid assembly that are to be sealed . 
may be of a higher viscosity or density than one or more 60 In some cases , for cells that are sealed with adhesive 
adjacent phases / materials ) . dielectric seals , a pressure of less than 1 psi may be sufficient 

The cell 400 comprises a first current collector 407 and a to maintain a gas tight seal . In some cases , at least a part of 
second current collector 408. The first current collector 407 the pressure can be supplied by the weight of one or more 
is in contact with the negative electrode 403 , and the second electrochemical cells stacked upon each other in a battery . 
current collector 408 is in contact with the positive electrode 65 The adhesive seal material can comprise a glass seal or a 
405. The first current collector 407 is in contact with an brazed ceramic , such as , for example , alumina with Cu — Ag 
electrically conductive feed - through 402. A housing 401 of braze alloy , or other ceramic - braze combination . 
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In a stacked battery configuration , it may be desirable to FIG . 6 shows examples of cells with multiple conductive 
reduce head space ( e.g. , inside a cell chamber or cavity ) so feed - throughs . In these configurations , current collectors can 
that relatively more of the volume of the cell can comprise be combined into a shared lid assembly for each cell . Such 
anode and cathode material ( e.g. , such that the cell can have cell lid assemblies may be used with cells of any size . The 
a higher energy storage capacity per unit volume ) . In some 5 electrochemical storage device and / or housings can com 
instances , the height of the head space ( e.g. , as measured prise any number of conductive feed - throughs ( e.g. , 1 , 2 , 3 , 
from the top of the feed - through to the top surface of the 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , or 
anode ) is a small fraction of the height of the battery ( e.g. , more ) . In some cases , the conductive feed - throughs are 
as measured from the top of the feed - through to the bottom separate ( A ) . In some cases , the conductive feed - throughs 
surface of the housing ) . In some examples , the head space is share a common upper portion ( B ) . 
about 5 % , about 10 % , about 15 % , about 20 % , or about 25 % Features and Properties of Seals 
of the height of the battery . In some examples , the head The seal can be an important part of a high temperature 
space is at most about 5 % , at most about 10 % , at most about system containing reactive metals ( e.g. , a liquid metal bat 
15 % , at most about 20 % , or at most about 25 % of the height tery ) . Provided herein is a method for choosing materials 
of the battery . suitable for forming a seal and methods for designing a 

In some examples , the combined volume of anode and suitable seal for a system containing reactive liquid metals 
cathode material is about 20 % , about 30 % , about 40 % , about or liquid metal vapors and / or reactive molten salt ( s ) or 
50 % , about 60 % , or about 70 % of the volume of the battery reactive molten salt vapors such as , for example , a liquid 
( e.g. , as defined by the outer - most housing of the battery , 20 metal battery ( e.g. , based on the selection of these materials , 
such as a shipping container ) . In some examples , the com- and considerations of thermal , mechanical , and electrical 
bined volume of anode and cathode material is at least about properties ) . The seal can also be used as part of an electri 
50 % , at least about 60 % , at least about 70 % , at least about cally isolated feed - through connected to a vessel comprising 
80 % , at least about 90 % , or at least about 95 % of the volume reactive liquid metals or reactive metal vapors for applica 
of the battery 25 tions other than energy storage , such as fusion reactors 

In some examples , the electrolyte can have a thickness comprising molten or high pressure Li vapor , or other 
( measured as the distance between negative electrode / elec- applications that involve liquid sodium , potassium , and / or 
trolyte and positive electrode / electrolyte interfaces ) of at lithium . The use of stable ceramic and electronically con 
least about 0.01 cm , 0.05 cm , 0.1 cm , 0.5 cm , 0.8 cm , 1.0 cm , ductive materials can also be appropriate for applications 
1.3 cm , 1.5 cm , 2 cm , 3 cm , 4 cm , 5 cm , 6 7 8 with reactive gases such as those used in semiconductor 
9 cm , 10 cm for a cell having a thickness of at least about material processing or device fabrication . 
1 cm , 2 cm , 3 cm , 4 cm , 5 cm , 6 cm , 7 cm , 8 cm , 9 cm , 10 The seal can be electrically insulating and gas - tight ( e.g. , 
cm or more . In some examples , a cell has a thickness of at hermetic ) . The seals can be made of materials that are not 
most about 3 cm or 4 cm , and an electrolyte with a thickness attacked by the liquid and vapor phases of system / vessel 
of at most about 1 cm or 2 cm . components ( e.g. , cell components ) , such as , for example , 

In some situations , the use of a few or only a single molten sodium ( Na ) , molten potassium ( K ) , molten magne conductive feed - through can result in uneven current distri sium ( Mg ) , molten calcium ( Ca ) , molten lithium ( Li ) , Na bution in an electrode ( e.g. , in the negative electrode ) . A vapor , K vapor , Mg vapor , Ca vapor , Li vapor , or any plurality of conductive feed - throughs ( also " conductors ” 40 combination thereof . The method identifies a seal compris herein ) can more evenly distribute the current in the elec 
trode . In some implementations , an electrochemical energy ing an aluminum nitride ( AIN ) or silicon nitride ( SizN_ ) 
storage device comprises a housing , a liquid metal electrode , ceramic and an active alloy braze ( e.g. , Ti , Fe , Ni , B , 
a current collector in contact with the liquid metal electrode , Zr alloy - based ) as being thermodynamically stable with 
and a plurality of conductors that are in electrical commu- 45 most reactive metal vapors , thus allowing for the design of 
nication with the current collector and protrude through the a seal that is not appreciably attacked by metal or metal housing through apertures in the housing . In some examples , vapors . current is distributed substantially evenly across the liquid 
metal electrode . In some implementations , the seal can physically separate 

In some examples , the liquid metal electrode is in contact 50 the negative current lead ( e.g. , a metal rod that extends into 
with an electrolyte along a surface ( and / or interface ) and the the cell cavity ) from the positively charged cell body ( e.g. , 
current flowing across the surface ( and / or interface ) is the cell can ( also " container " herein ) and lid ) . The seal can 
uniform . The current flowing through any portion of the act as an electrical insulator between these cell components , 
surface ( and / or interface ) may not deviate substantially from and hermetically isolate the active cell components ( e.g. , the the average current through the surface . In some examples , 55 liquid metal electrodes , the liquid electrolyte , and vapors of the maximum density of current flowing across an area of 
the surface ( and / or interface ) is less than about 105 % , less these liquids ) . In some cases , the seal prevents external 
than about 115 % , less than about 125 % , less than about elements from entering the cell ( e.g. , moisture , oxygen , 
150 % , less than about 175 % , less than about 200 % , less than nitrogen , and other contaminants that may negatively affect 
about 250 % , or less than about 300 % of the average density 60 the performance of the cell ) . Some examples of general seal 
of current flowing across the surface ( and / or interface ) . In specifications are listed in TABLE 1. Such specifications 
some examples , the minimum density of current flowing ( e.g. , properties and / or metrics ) can include , but are not across an area of the surface ( and / or interface ) is greater than limited to , hermeticity , electrical insulation , durability , Cou about 50 % , greater than about 60 % , greater than about 70 % , greater than about 80 % , greater than about 90 % , or greater 65 lombic efficiency ( e.g. , charge efficiency or round - trip effi 
than about 95 % of the average density of current flowing ciency ) , DC - DC efficiency , discharge time , and capacity 
across the surface ( and / or interface ) . fade rate . 
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TABLE 1 about 8 hours , at least about 9 hours , at least about 10 hours , 
or more . In some examples , a battery or device comprising 

EXAMPLES OF GENERAL SEAL SPECIFICATIONS the seal can have a discharge time ( e.g. , measured at a 
Specification Example Value current density of about 200 mA / cm² or about 220 mA / cm² ) 

5 between about 4 hours and about 6 hours , between about 2 
The seal can have these properties under operating conditions : hours and about 6 hours , between about 4 hours and about 

Hermetic < 1 x 10-8 atm cc / s He total 8 hours , or between about 1 hour and about 10 hours . In 
leak rate some examples , a battery or device comprising the seal can 

Electrically insulating > 1 kOhm impedance across seal have a capacity fade rate ( e.g. , discharge capacity fade rate ) Durable maintain integrity for > 20 years 
Battery metrics : of less than about 10 % / cycle , less than about 5 % / cycle , less 

than about 1 % / cycle , less than about 0.5 % / cycle , less than 
Coulombic efficiency > 98 % ( @ ~ 200 mA / cm² ) about 0.1 % / cycle , less than about 0.08 % / cycle , less than 
DC - DC efficiency > 70 % ( @ ~ 200 mA / cm² ) about 0.06 % / cycle , less than about 0.04 % / cycle , less than Discharge time 4-6 hours ( @ ~ 200 mA / cm ” ) 
Capacity fade rate < 0.02 % / cycle about 0.02 % / cycle , less than about 0.01 % / cycle , less than 

about 0.005 % / cycle , less than about 0.001 % / cycle , less than 
about 0.0005 % / cycle , less than about 0.0002 % / cycle , less The seal can be hermetic , for example , to a degree than about 0.0001 % / cycle , less than about 0.00001 % / cycle , quantified by a leak rate of helium ( He ) ( e.g. , leak rate from or less . The capacity fade rate can provide a measure of the 

a device at operating conditions ( e.g. , at operating tempera- change ( decrease ) in discharge capacity in 3 % per cycle ’ 
ture , operating pressure , etc. ) filled with He ) . In some ( e.g. , in % per charge / discharge cycle ) . 
examples , the leak rate of helium ( He ) can be less than about In some cases , the seal allows the electrochemical cell to 
1x10- atmospheric cubic centimeters per second ( atm cc / s ) , achieve on one or more given operating conditions ( e.g. , 
less than about 5x10-7 atm cc / s , less than about 1x10-7 atm operating temperature , temperature cycling , voltage , cur 
cc / s , less than about 5x10-8 atm cc / s , or less than about rent , internal atmosphere , internal pressure , vibration , etc. ) . 
1x10-8 atm cc / s . In some cases , the leak rate of He is Some examples of operating conditions are described in 
equivalent to the total leak rate of He leaving the system TABLE 2. Such operating conditions can include , but are not 
( e.g. , cell , seal ) . In other cases , the leak rate of He is the limited to , metrics such as , for example , operating tempera 
equivalent total He leak rate if one atmosphere of He ture , idle temperature , temperature cycling , voltage , current , 
pressure was placed across the sealed interface , as deter internal atmosphere , external atmosphere , internal pressure , 
mined from the actual pressure / concentration differential of vibration , and lifetime . 
He across the sealed interface and the measured He leak rate . 

TABLE 2 The seal can be electrically insulating . For example , an 
impedance across the seal can be at least about 50 Ohm , at EXAMPLES OF OPERATING CONDITIONS FOR CELLS 
least about 100 Ohm , at least about 500 Ohm , at least about 35 
1 kOhm , at least about 1.5 kOhm , at least about 2 kOhm , at Example description Example metrics 
least about 3 kOhm , at least about 5 kOhm , at least about 10 Operating The normal temperature 440 ° C. to 550 ° C. 
kOhm , at least about 100 kOhm , at least about 1 mega - Ohm temperature experienced by the seal 
( MOhm ) , at least about 10 MOhm , at least about 100 during operation . 
MOhm , or at least about 1,000 MOhm . The seal can be 40 The temperature experienced -25 ° C. to 50 ° C. 

temperature by the seal while battery is durable . In some examples , the seal can maintain integrity idle ( e.g. , in manufacturing , 
for at least about 1 month , at least about 2 months , at least during transport , battery in 
about 6 months , at least about 1 year , at least about 2 years , off - mode ) . 

Temperature The seal can experience -25 ° C. to 700 ° C. at least about 5 years , at least about 10 years , at least about cycling infrequent but large amplitude with at least about 10 
15 years , at least about 20 years , or more . The seal can have 45 thermal cycles over the course thermal cycles 
such properties and / or metrics under operating conditions . of battery operating lifetime . 

In some examples , a battery or device comprising the seal Voltage The voltage drop across the seal . O V to 3 V 
Current The electric current flowing 0 A to 500 A can have a Coulombic efficiency ( e.g. , measured at a current through materials that density of about 200 mA / cm² or about 220 mA / cm² ) of at interface with the seal . 

least about 50 % , at least about 55 % , at least about 60 % , at 50 Internal The seal is exposed to vapors of 0.133 Pa or 0.001 torr 
least about 65 % , at least about 70 % , at least about 75 % , at atmosphere reactive alkali metals or reactive vapor pressure of alkali 

alkaline earth metals and halide metals or alkaline earth least about 80 % , at least about 85 % , at least about 90 % , at salts from within the battery . metals and halide salts 
least about 95 % , at least about 96 % , at least about 97 % , at External The atmosphere that the seal is Air at 0 ° C. to 550 ° C. 
least about 98 % , at least about 99 % , at least about 99.5 % , at atmosphere exposed to from the externals of accompanied by 100 % 
least about 99.8 % , at least about 99.9 % , or more . In some 55 the battery , e.g. , ambient air , relative humidity 
examples , a battery or device comprising the seal can have high moisture . 

Internal Vacuum gradient or positive 0.5 atm to 4.0 atm 
a DC - DC efficiency ( e.g. , measured at a current density of pressure across the seal . 
about 200 mA / cm² or about 220 mA / cm² ) of at least about Vibration The seal can be exposed to Capable of handling 
50 % , at least about 55 % , at least about 60 % , at least about vibrations caused during vibrational loading 

manufacturing , transportation , analogous to transpor 65 % , at least about 70 % , at least about 75 % , at least about 60 installation , operation , and tation when used in cell 
80 % , at least about 85 % , at least about 90 % , at least about rare events ( e.g. , drops , or system application . 
95 % , or more . In some examples , a battery or device shock impact ) . 

Lifetime The expected lifetime of a comprising the seal can have a discharge time ( e.g. , mea life with < 1 % year 
seal in full operation . sured at a current density of about 200 mA / cm² or about 220 

mA / cm² ) of at least about 1 hour , at least about 2 hours , at 65 
least about 3 hours , at least about 4 hours , at least about 5 In some examples , an operating temperature ( e.g. , tem 
hours , at least about 6 hours , at least about 7 hours , at least perature experienced by the seal during operation ) is at least 
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about 100 ° C. , 200 ° C. , 300 ° C. , 400 ° C. , 500 ° C. , 600 ° C. , capable of withstanding temperature excursions for about 1 
700 ° C. , 800 ° C. , 900 ° C. , or more . In some examples , the hour , 2 hours , 3 hours , 4 hours , 5 hours , 6 hours , 7 hours , 8 
temperature experienced by the seal during operation is hours , 9 hours , 10 hours , 12 hours , 14 hours , 16 hours , 18 
between about 440 ° C. and about 550 ° C. , between about hours , 20 hours , 22 hours , 24 hours , or more . In some cases , 
475º C. and about 550 ° C. , between about 350 ° C. and about 5 such temperature excursions may not exceed 700 ° C. 
600 ° C. , or between about 250 ° C. and about 650 ° C. In an In some examples , voltage ( e.g. , voltage drop across the 
example , an operating temperature of about 400 ° C. to about seal ) is at least about 0.1 V , at least about 0.5 volt ( V ) , at least 
500 ° C. , about 450 ° C. to about 550 ° C. , about 450 ° C. to about 1 V , at least about 1.5 V , at least about 2 V , at least 
about 500 ° C. , or about 500 ° C. to about 600 ° C. , or an about 2.5 V , at least about 3 V , at least about 4 V , at least 
operating temperature of about 200 ° C. or more ( e.g. , 10 about 5 V , at least about 6 V at least about 7 V , at least about 
suitable for cell chemistries that can operate as low as 200 ° 8 V , at least about 9 V , or at least about 10 V. In some 
C. ) can be achieved . In some cases , the temperature expe- examples , the voltage is less than about 0.1 V , less than 
rienced by the seal may be about equal to the operating about 0.5 V , less than about 1 V , less than about 1.5 V , less 
temperature of the electrochemical cell or high temperature than about 2 V , less than about 2.5 V , less than about 3 V , less 
device ( e.g. , energy storage device ) . In some cases , the 15 than about 4 V , less than about 5 V , less than about 6 V less 
temperature experienced by the seal may differ from the than about 7 V , less than about 8 V , less than about 9 V , 
operating temperature of the electrochemical cell or high less than about 10 V. In some examples , the voltage drop 
temperature device ( e.g. , by at least about , or less than about , across the seal is between about 0 V and about 3 V , or 
1 ° C. , 5º C. , 10 ° C. , 20 ° C. , 50 ° C. , 100 ° C. , 150 ° C. , 200 ° between about O V and about 10 V. 
C. , and the like ) . In an example , an electrochemical cell 20 In some examples , current ( e.g. , electric current flowing 
comprises a reactive material maintained at a temperature through materials that interface with the seal ) is at least 
( e.g. , operating temperature of the cell ) of at least about 200 ° about ( ampere ( A ) , at least about 5 A , at least about 10 A , 
C. , and the temperature of the seal is at least about 200 ° C. at least about 25 A , at least about 50 A , at least about 100 A , 
( e.g. , the same as the operating temperature of the cell , or at least about 150 A , at least about 200 A , at least about 250 
different than the operating temperature of the cell ) . In some 25 A , at least about 300 A , at least about 350 A , at least about 
cases , the operating temperature of the seal can be lower or 400 A , at least about 450 A , or at least about 500 A. In some 
higher than the operating temperature of the electrochemical examples , the current is less than about 0 A , less than about 
cell or high temperature device . 5 A , less than about 10 A , less than about 25 A , less than 

In some examples , an idle temperature ( e.g. , temperature about 50 A , less than about 100 A , less than about 150 A , less 
experienced by the seal while device ( e.g. , battery ) is idle , 30 than about 200 A , less than about 250 A , less than about 300 
such as , for example , in manufacturing , during transport , A , less than about 350 A , less than about 400 A , less than 
device ( e.g. , battery ) in off - mode , etc. ) is greater than about about 450 A , or less than about 500 A. In some examples , the 
-25 ° C. , greater than about -10 ° C. , greater than about 0 ° C. , electric current flowing through materials that interface with 
greater than about 15 ° C. , greater than about 20 ° C. , or the seal is between about O A and about 500 A. 
greater than about 30 ° C. In some examples , the idle 35 In some examples , internal atmosphere ( e.g. , vapors of 
temperature is less than about 30 ° C. , less than about 20 ° C. , reactive materials , such as , for example , alkali metals or 
less than about 15 ° C. , less than about 0 ° C. , less than about reactive alkaline earth metals and halide salts from within 
-10 ° C. , less than about -25 ° C. , or less . In some examples , the device ( e.g. , battery ) that the seal is exposed to ) , com 
the temperature experienced by the seal while the device is prises at least about 1x10-5 torr , at least about 5x10-5 torr , 
idle is between about -25 ° C. and about 50 ° C. 40 at least about 1x10-4 torr , at least about 5x10-4 torr , at least 

In some examples , temperature cycling ( e.g. , infrequent about 1x10-3 torr , at least about 5x10-3 torr , at least about 
but large amplitude thermal cycles over the course of device 1x10-6 torr , at least about 5x10- torr , at least about 1x10-1 
( e.g. , battery ) operating lifetime that the seal can experience ) torr , at least about 5x10-1 torr , or at least about 1 torr vapor 
is over a range of at least about 100 ° C. , at least about 200 ° pressure of alkali metals or alkaline earth metals and halide 
C. , at least about 300 ° C. , at least about 400 ° C. , at least 45 salts . In some examples , the internal atmosphere comprises 
about 500 ° C. , at least about 600 ° C. , at least about 700 ° C. , less than about 1x10-5 torr , less than about 5x10-5 torr , less 
at least about 800 ° C. , or at least about 900 ° C. In some than about 1x10-4 torr , less than about 5x10-4 torr , less than 
examples , the temperature cycling is over a range of less about 1x10-3 torr , less than about 5x10-3 torr , less than 
than about 100 ° C. , less than about 200 ° C. , less than about about 1x10-2 torr , less than about 5x10-6 torr , less than 
300 ° C. , less than about 400 ° C. , less than about 500 ° C. , less 50 about 1x104 torr , less than about 5x10-1 torr , or less than 
than about 600 ° C. , less than about 700 ° C. , less than about about 1 torr vapor pressure of alkali metals or alkaline earth 
800 ° C. , or less than about 900 ° C. In an example , the metals and halide salts . In some examples , the internal 
temperature cycling is between about -25 ° C. and about atmosphere that the seal is exposed to comprises at least 
700 ° C. The seal may withstand ( e.g. , continue to meet all about 0.001 torr ( about 0.133 Pa ) or at least about 0.01 torr 
required specifications ) such temperature cycling after at 55 ( about 1.33 Pa ) vapor pressure of alkali metals or alkaline 
least about 1 thermal cycle , at least about 5 thermal cycles , earth metals and halide salts . In some examples , the internal 
at least about 10 thermal cycles , at least about 20 thermal atmosphere that the seal is exposed to comprises less than 
cycles , at least about 40 thermal cycles , at least about 80 about 0.001 torr ( about 0.133 Pa ) or less than about 0.01 torr 
thermal cycles , at least about 100 thermal cycles , or at least ( about 1.33 Pa ) vapor pressure of alkali metals or alkaline 
about 1000 thermal cycles . In some cases , the cell and seal 60 earth metals and halide salts . 
can be thermally cycled at least about 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , The external surface of the cell and seal can be exposed 
9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 25 , 30 , 35 , 40 , to the atmosphere ( e.g. , ambient environment comprising 
45 , 50 , 55 , 60 , 65 , 70 , 75 , 80 , 85 , 90 , 95 , 100 , or more times 02 , N2 , Ar , CO2 , H2O ) . In some examples , external atmo 
per year ( e.g. , going from room temperature up to operating sphere ( e.g. , atmosphere that the seal is exposed to from the 
temperature ) . The seal may be capable of withstanding brief 65 externals of the device ( e.g. , battery ) such as , for example , 
temperature excursions above or below typical operating ambient air , high moisture , etc. ) is at a temperature of at least 
temperature range limits . For example , the seal may be about 0 ° C. , at least about 50 ° C. , at least about 100 ° C. , at 
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least about 150 ° C. , at least about 200 ° C. , at least about capacity of the electrochemical cell / battery / energy storage 
250 ° C. , at least about 300 ° C. , at least about 350 ° C. , at least device falls below , for example , 80 % of its original capacity ) 
about 400 ° C. , at least about 450 ° C. , at least about 500 ° C. , of at least about 10 , 50 , 100 , 150 , 200 , 250 , 300 , 350 , 400 , 
at least about 550 ° C. , at least about 600 ° C. , at least about 450 , 500 , 600 , 700 , 800 , 900 , 1,000 , 1,500 , or 2,000 cycles . 
700 ° C. , at least about 750 ° C. , at least about 800 ° C. , at least 5 External cell dimensions may impact system design and 
about 850 ° C. , or at least about 900 ° C. In some examples , performance . For example , a seal height may be limited to 
the external atmosphere is at a temperature of less than about a given distance above a cell top plate ( e.g. , top surface of 
0 ° C. , less than about 50 ° C. , less than about 100 ° C. , less the cell container lid ) . In some cases , seal height can be less 
than about 150 ° C. , less than about 200 ° C. , less than about than about 2 inches above the cell top plate , less than about 
250 ° C. , less than about 300 ° C. , less than about 350 ° C. , less 10 1 inch above the cell top plate , be less than about 1/2 inch 
than about 400 ° C. , less than about 450 ° C. , less than about above the cell top plate ( e.g. , since spacing between cells can 
500 ° C. , less than about 550 ° C. , less than about 600 ° C. , less change the thermal environment within a stack cell cham 
than about 700 ° C. , less than about 750 ° C. , less than about ber ) , less than about 1/4 inch above the cell top plate , or to 
800 ° C. , less than about 850 ° C. , or less than about 900 ° C. less than about 1/8 inch above the cell top plate . In some 
In some examples , the atmosphere that the seal is exposed 15 cases , the resistance of the conductor ( e.g. , negative current 
to from the externals of the device is at a temperature of lead ) that conducts electric current from outside the cell 
between about 0 ° C. and 550 ° C. , between about 350 ° C. and through the aperture in the cell lid is sufficiently low . For 
about 600 ° C. , or between about 250 ° C. and about 650 ° C. example , the resistance of the conductor is sufficiently low 
( e.g. , accompanied by 100 % relative humidity ) . Such tem- to achieve a given system efficiency ( e.g. , about 40 % , about 
peratures can be accompanied by at least about 10 % , at least 20 50 % , about 60 % , about 75 % , about 80 % , about 90 % , about 
about 20 % , at least about 30 % , at least about 40 % , at least 95 % , or about 99 % energy efficiency ) . In some instances , a 
about 50 % , at least about 60 % , at least about 70 % , at least decreasing diameter or radial circumference of the conduc 
about 80 % , at least about 90 % , or 100 % relative humidity . tor may allow for a more robust seal to be formed around the 
For example , such temperatures are accompanied by 100 % conductor , but lead to an increase in resistance of the 
relative humidity . 25 conductor . In such instances , the resistance of the conductor 

In some examples , internal pressure ( e.g. , vacuum gradi- can be decreased or minimized to a value sufficient for a 
ent or positive pressure across the seal ) can be at least about robust seal to be formed ( e.g. , the resistance of the conductor 
0 atm , at least about 0.1 atm , at least about 0.2 atm , at least in the seal can be as low as possible as long as a robust seal 
about 0.4 atm , at least about 0.6 atm , at least about 0.8 atm , can be made , and the conductor can be large enough to 
at least about 1 atm , at least about 1.5 atm , at least about 2 30 achieve low resistance but small enough to achieve a robust 
atm , at least about 2.5 atm , at least about 3 atm , at least about seal around it ) . The resistance may be less than about 200 
3.5 atm , at least about 4 atm , or at least about 5 atm . In some milliohms ( mOhm ) , less than about 100 mOhm , less than 
examples , the internal pressure can be less than about 0 atm , about 80 mOhm , less than about 50 am , less than about 
less than about 0.1 atm , less than about 0.2 atm , less than 30 mOhm , less than about 10 mOhm , less than about 3 
about 0.4 atm , less than about 0.6 atm , less than about 0.8 35 mOhm , less than about 1 mOhm , less than about 0.75 
atm , less than about 1 atm , less than about 1.5 atm , less than mOhm , less than about 0.5 mOhm , less than about 0.3 
about 2 atm , less than about 2.5 atm , less than about 3 atm , mOhm , less than about 0.1 mOhm , less than about 0.075 
less than about 3.5 atm , less than about 4 atm , or less than mOhm , less than about 0.05 mOhm , less than about 0.03 
about 5 atm . In some examples , the vacuum gradient or mOhm , or less than about 0.01 mOhm . 
positive pressure across the seal is between about 0.5 atm 40 The chemical stability of the materials ( e.g. , cell lid 
and about 4.0 atm . assembly materials , adhesive seal material ( s ) , etc. ) can be 

The seal may be capable of handling vibration ( e.g. , considered ( e.g. , to ensure the durability of the seal during 
vibrations caused during manufacturing , transportation , all possible temperatures that the system may reach ) . The 
installation , operation , and rare events such as , for example , seal may be exposed to one or more different atmospheres , 
drops or shock impact that the seal can be exposed to ) . In an 45 including the cell internals ( internal atmosphere ) and open 
example , the seal is capable of handling vibrational loading air ( external atmosphere ) . For example , the seal can be 
analogous to transportation ( e.g. , when used in a cell or exposed to typical air constituents including moisture , as 
system application ) . well as to potentially corrosive active materials in the cell . 
The seal may have a given lifetime ( e.g. , expected lifetime In some implementations , a hermitic seal is provided . A 

of the seal in full operation ) . In some examples , the lifetime 50 hermetically sealed battery or battery housing can prevent an 
of seal is at least about 1 month , at least about 2 months , at unsuitable amount of air , oxygen and / or water into the 
least about 6 months , at least about 1 year , at least about 2 battery . In some cases , a hermetically sealed cell or cell 
years , at least about 5 years , at least about 10 years , at least housing can prevent gas or metal / salt vapors ( e.g. , helium , 
about 15 years , at least about 20 years , or more . The seal can argon , negative electrode vapors , electrolyte vapors ) from 
have such lifetimes at operation ( e.g. , utilization ) of at least 55 leaking from the cell . 
about 20 % , at least about 40 % , at least about 60 % , at last The seal can meet one or more specifications , including , 
about 80 % , at least about 90 % , or full operation . The seal but not limited to : electrically insulating and hermetic , 
can have such lifetimes at a failure rate of less than about ability to function at operating temperature for duration of 
75 % , less than about 50 % , less than about 40 % , less than lifespan , thermal cycle - ability , sufficiently high electrical 
about 40 % , less than about 30 % , less than about 20 % , less 60 conductivity of the conductor ( e.g. , negative current lead ) , 
than about 15 % , less than about 10 % , less than about 5 % , or configuration that does not excessively protrude from cell 
less than about 1 % . In an example , the seal has a 20 year life body , inner surface chemically stable with liquids and 
with less than about 1 % failure , or a 20 year life with less vapors of active components , outer surface stable in air , 
than about 10 % failure . ability to avoid arcing under high potentials , etc. 

The seal may have a cycle life ( e.g. , number of complete 65 In some implementations , an electrochemical cell com 
charge / discharge cycles of the cell that the seal is able to prises an electrically conductive housing comprising a liquid 
support before its performance degrades and / or before the metal ( including liquid metal alloys ) that is liquid at an 
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operating temperature of at least about 200 ° C. In some provide electrical isolation when the electrochemical cell 
cases , the operating temperature is at least about 350 ° C. In has been operated ( e.g. , at rated capacity ) for a period of , for 
some instances , the electrochemical cell is capable of storing example , at least about 1 month , at least about 6 months , at 
at least about 50 watt - hours ( Wh ) of energy . In other least about 1 year , or more . In some cases , the seal provides 
instances , the electrochemical cell capable of storing at 5 the electrical isolation when the electrochemical cell has 
least about 270 watt - hours ( Wh ) of energy . The liquid metal been operated for at least about 350 charge / discharge cycles , can be configured as part of an electrochemical cell that can at least about 500 cycles , at least about 1,000 cycles , at least store / release charge during charge and / or discharge of the about 3,000 cycles , at least about 10,000 cycles , at least electrochemical cell . The electrochemical cell can comprise about 50,000 cycles , at least about 75,000 cycles , at least a conductor in electrical contact with the liquid metal , where 10 about 150,000 cycles . the conductor protrudes through the electrically conductive The seal can provide electrical isolation when the elec housing through an aperture in the electrically conductive trochemical cell has been operated for a period of at least housing . The electrochemical cell can comprise a seal that 
seals the conductor to the electrically conductive housing . about 1 year , at least about 5 years , at least about 10 years , 
The seal can provide any suitably low helium leak rate . În 15 at least about 20 years , at least about 50 years , or at least 

some cases , the seal provides a helium leak rate of about about 100 years . In some cases , the seal provides the 
1x10-10 , about 1x10-9 , about 1x10-8 , about 1x10-7 , about electrical isolation when the electrochemical cell has been 
5x10-7 , about 1x10-6 , about 5x10-6 , about 1x10-5 , or about operated for about 350 charge / discharge cycles . 
5x10 - S atmosphere - cubic centimeters per second ( atm - cc / s ) A hermetically sealed battery or battery housing may 
at about 25 ° C. In some instances , the seal provides a helium 20 prevent an unsuitable amount of air , oxygen , nitrogen , 
leak rate of no more than about 1x10-10 , no more than about and / or water into the battery ( e.g. , an amount such that the 
1x10-9 , no more than about 1x10-8 , no more than about battery maintains at least about 80 % of its energy storage 
1x10-7 , no more than about 5x10-7 , no more than about capacity and / or maintains a round - trip Coulombic efficiency 
1x10-6 , no more than about 5x10-5 , no more than about of at least about 90 % per cycle when charged and discharged 
1x10-5 , or no more than about 5x10-5 atmosphere - cubic 25 at at least about 100 mA / cm² for at least about one year , at 
centimeters per second ( atm - cc / s ) at a temperature ( e.g. , an least about 2 years , at least about 5 years , at least about 10 5 
operating temperature of the cell or a temperature of the years or at least about 20 years ) . In some instances , the rate 
seal ) of at least about -25 ° C. , at least about 0 ° C. , at least of oxygen , nitrogen , and / or water vapor transfer into the 
about 25 ° C. , at least about 50 ° C. , at least about 200 ° C. , at battery is less than about 0.25 milli - liter ( mL ) per hour , less 
least about 350 ° C. , at least about 450 ° C. , at least about 30 than about 0.21 mL per hour , or less than about 0.02 mL per 550 ° C. or at least about 750 ° C. The seal can provide such hour when the battery is contacted with air at a pressure that helium leak rates when the electrochemical cell has been is at least about ( or less than about ) O atmospheres ( atm ) , 0.1 operated ( e.g. , at rated capacity ) for a period of , for example , 
at least about 1 month , at least about 6 months , at least about atm , 0.2 atm , 0.3 atm , 0.4 atm , 0.5 atm , 0.6 atm , 0.7 atm , 0.8 
1 year , at least about 5 years , at least about 10 years , at least 35 atm , 0,9 atm or 0.99 atm higher than , or at least about ( or less 5 
about 20 years , or more . In some cases , the seal can provides than about ) 0.1 atm , 0.2 atm , 0.5 atm , 1 atm or lower than 
such helium leak rates when the electrochemical cell has the pressure inside the battery and a temperature of about 
been operated for at least about 350 charge / discharge cycles , 400 ° C. to about 700 ° C. In some instances , the rate of metal 
at least about 500 cycles , at least about 1,000 cycles , at least vapor , molten salt vapor , or inert gas transfer out of the 
about 3,000 cycles , at least about 10,000 cycles , at least 40 battery is less than about 0.25 mL per hour , less than about 
about 50,000 cycles , at least about 75,000 cycles , or at least 0.21 mL per hour , or less than about 0.02 mL per hour when 
about 150,000 cycles . the battery is contacted with air at a pressure of about 0.5 

The seal can electrically isolate the conductor from the atm , 1 atm , 1.5 atm , 2 atm , 2.5 atm , 3 atm , 3.5 atm , or 4 atm 
electrically conductive housing . The degree of electrical less than the pressure inside the battery and a temperature of 
isolation can be quantified by measuring the impedance 45 about 400 ° C. to about 700 ° C. In some examples , the 
across the seal . In some cases , the impedance across the seal number of moles of oxygen , nitrogen , or water vapor that 
is about 0.1 kilo - Ohms ( kOhm ) , about 1 kOhm , about 5 leaks into the cell over a given period ( e.g. , 1 month period , 
kOhm , about 10 kOhm , about 50 kOhm , about 100 kOhm , 6 month period , 1 year period , 2 year period , 5 year period , 
about 500 kOhm , about 1,000 kOhm , about 5,000 kOhm , 10 year period , or more ) is less than about 10 % , less than 
about 10,000 kOhm , about 50,000 kOhm , about 100,000 50 about 5 % , less than about 3 % , less than about 1 % , less than 
kOhm , or about 1,000,000 kOhm at any operating , resting , about 0.5 % , less than about 0.1 % , less than about 0.05 % , or 
or storing temperature . In some cases , the impedance across less than about 0.5 % of the number of moles of active 
the seal is at least about 0.1 kOhm , at least about 1 kOhm , material ( e.g. , active metal material ) in the cell . 
at least about 5 kOhm , at least about 10 kOhm , at least about A sealed high temperature device containing reactive 
50 kOhm , at least about 100 kOhm , at least about 500 kOhm , 55 materials may in some cases experience an increase in 
at least about 1,000 kOhm , at least about 5,000 kOhm , at internal pressure ( e.g. , if the temperature of the device is 
least about 10,000 kOhm , at least about 50,000 kOhm , at increased above the boiling point of one or more of the 
least about 100,000 kOhm , or at least about 1,000,000 kOhm materials within the device ) . The device may comprise a 
at any operating , resting , or storing temperature . In some metal housing ( e.g. , stainless steel cell body ) and a metal 
cases , the impedance across the seal is less than about 0.1 60 housing lid ( e.g. , stainless steel cell lid ) that are joined ( e.g. , 
kOhm , less than about 1 kOhm , less than about 5 kOhm , less brazed or welded ) together . The cell lid may comprise a high 
than about 10 kOhm , less than about 50 kOhm , less than temperature seal . In the event of a pressure build - up inside 
about 100 kOhm , less than about 500 kOhm , less than about the device , the device may rupture . In some cases , the device 
1,000 kOhm , less than about 5,000 kOhm , less than about may rupture , eject material , and result in a hazardous event . 
10,000 kOhm , less than about 50,000 kOhm , less than about 65 It may be desirable for the device to comprise a component 
100,000 kOhm , or less than about 1,000,000 kOhm at any that relieves pressure before it reaches a hazardous level . It 
operating , resting , or storing temperature . The seal can may also be desirable that the pressure relief component is 
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in a gaseous head space of the device such that the pressure ( um / m / ° C. ) , at least about 4 um / m / ° C. , at least about 5 
is released via the escape of gaseous components rather than um / m / ° C. , at least about 6 um / m / ° C. , at least about 7 
liquid components . um / m / ° C. , at least about 8 um / m / ° C. , at least about 9 

In some implementations , the seal may be designed to um / m / ° C. , at least about 10 um / m / ° C. , at least about 11 
serve as the pressure relief component ( e.g. , to be the 5 um / m / ° C. , at least about 12 um / m / ° C. , at least about 13 
weakest portion of the device that will allow the pressure um / m / ° C. , or at least about 14 um / m / ° C. In some cases , the 
that may build inside the device to be released through the CTE of the ceramic is less than about 3 um / m / ° C. , less than 
seal ) above a critical pressure and / or above a critical tem- about 4 um / m / ° C. , less than about 5 um / m / ° C. , less than 
perature . One or more seals may be provided on the device about 6 um / m / ° C. , less than about 7 um / m / ° C. , less than 
( e.g. , a seal around a conductor , a dedicated pressure relief 10 about 8 um / m / ° C. , less than about 9 um / m / ° C. , less than 
seal , a seal around a conductor that also provides pressure about 10 um / m / ° C. , less than about 11 um / m / ° C. , less than 
relief , etc. ) . In some cases , the seal releases pressure when about 12 um / m / ° C. , less than about 13 um / m / ° C. , or less 
the device and / or seal is heated above the melting point of than about 14 um / m / ° C. In some cases , the CTE of the metal 
the braze material that is used to create the metal - to - ceramic collar or sleeve is at least about 5 um / m / ° C. , at least about 
sealed interfaces . In some cases , the strength and / or geom- 15 6 um / m / ° C. , at least about 7 um / m / ° C. , at least about 8 
etry of the ceramic - to - metal joints in the seal are designed to jm / m / ° C. , at least about 9 um / m / ° C. , at least about 10 
fail ( e.g. , leak ) before the metal - to - metal joints of the device um / m / ° C. , at least about 11 um / m / ° C. , at least about 12 
housing and / or lid ( and / or before the metal - to - metal joints of um / m / ° C. , at least about 13 um / m / ° C. , or at least about 14 
the seal ) . For example , one or more of the ceramic - to - metal um / m / ° C. In some cases , the CTE of the metal collar or 
brazes in the seal may be weaker than the metal - to - metal 20 sleeve is less than about 5 um / m / ° C. , less than about 6 
welds of the device housing and / or lid . In some examples , um / m / ° C. , less than about 7 um / m / ° C. , less than about 8 
the critical pressure inside the device can be greater than um / m / ° C. , less than about 9 um / m / ° C. , less than about 10 
about 1 atm , 2 atm , 3 atm , 4 atm , 5 atm , 10 atm , 20 atm , 50 um / m / ° C. , less than about 11 um / m / ° C. , less than about 12 
atm , or 100 atm . In some examples , the critical temperature um / m / ° C. , less than about 13 um / m / ° C. , or less than about 
( e.g. , of the device and / or of the seal ) can be greater than 25 14 um / m / ° C. In some cases , the ceramic material comprises 
about 300 ° C. , 400 ° C. , 500 ° C. , 600 ° C. , 700 ° C. , 800 ° C. , at least about 50 % AIN and has a CTE of less than about 5 
900 ° C. , 1000 ° C. , 1100 ° C. , 1200 ° C. , 1300 ° C. , or 1400 ° um / m / ° C. In some cases , the metal collar or sleeve com 
C. prises Zr and has a CTE of about , or less than about , 7 

In some implementations , a cell comprises an anode and um / m / ° C. In some cases , the maximum difference in 
a cathode . The cell can be capable of storing at least about 30 coefficients of thermal expansion ( e.g. , between any two of 
10 Wh of energy and can be hermetically or non - hermeti- the ceramic material , braze material and cell top or body ) 
cally sealed . At least one of the anode and the cathode can can be less than about 0.1 microns per meter per degree 
be a liquid metal . Celsius ( um / m / ° C. ) , less than about 0.5 um / m / º less than 

In some implementations , a group of cells is capable of about 1 um / m / ° C. , less than about 2 um / m / ° C. , less than 
storing at least about 10 kWh of energy and each of the cells 35 about 3 um / m / ° C. , less than about 5 um / m / ° C. , less than 
is hermetically or non - hermetically sealed . If the cells are about 7um / m / ° C. , less than about 10 um / m / ° C. , or less than 
not hermetically sealed , the battery ( e.g. , several cells in about 15 um / m / ° C. 
series or parallel ) can be hermetically sealed . In some cases , the seal comprises a metal collar ( e.g. , a 

In some implementations , a cell housing comprises an thin metal collar ) or sleeve . The collar or sleeve can be 
electrically conductive container , a container aperture and a 40 brazed to the ceramic ( e.g. , via a braze material ) and joined 
conductor in electrical communication with a current col- to the cell lid and / or the negative current lead that protrudes 
lector . The conductor may pass through the container aper- through the cell lid and into the cell cavity . The seal can 
ture and can be electrically isolated from the electrically comprise features that alleviate CTE mismatches between 
conductive container . The housing may be capable of her- the ceramic and the cell lid and / or the negative current lead . 
metically sealing a cell which is capable of storing at least 45 In some implementations , an electrochemical cell com 
10 Wh of energy . prises an electrically conductive housing comprising a liquid 
Seal Materials , Chemical Compatibility and Coefficients of metal that is liquid at an operating temperature of at least 
Thermal Expansion about 200 ° C. In some cases , the operating temperature is at 

The seal can be made of any suitable material ( e.g. , such least about 350 ° C. In some instances , the electrochemical 
that the seal forms a hermetic seal and an electrical isola- 50 cell is capable of storing at least about 50 Watt - hours of 
tion ) . In some cases , the seal is made from a ceramic energy . The liquid metal ( including liquid metal alloys ) can 
material and a braze material . The ceramic material and the be configured to store / release charge during charge / dis 
braze material can have coefficients of thermal expansion charge of the electrochemical cell . The electrochemical cell 
( CTEs ) that are matched to each other and / or to the housing can comprise a conductor in electrical contact with the liquid 
material such that the electrochemical cell maintains a 55 metal , where the conductor protrudes through the electri 
suitable seal during operation and / or start - up of the battery . cally conductive housing through an aperture in the electri 
The ceramic material can have a coefficient of thermal cally conductive housing . The electrochemical cell can 
expansion that matches a coefficient of thermal expansion of comprise a seal that seals the conductor to the electrically 
the braze material and the cell top ( e.g. , lid or cap , or any conductive housing . 
component of a cell lid assembly ) or body , or combination 60 In some cases , the seal comprises a ceramic material and 
thereof . a braze material . In some cases , the ceramic material is 

In some cases , the coefficients of thermal expansion of the thermodynamically stable ( e.g. , does not chemically react ) 
ceramic material , braze material and cell top or body are not with reactive materials ( e.g. , reactive liquid metals or reac 
identically matched , but are sufficiently close to minimize tive liquid metal vapors ) . In some cases , the ceramic mate 
stresses during the braze operation and subsequent thermal 65 rial is thermodynamically stable with , is not attacked by and 
cycles in operation . In some cases , the CTE of the ceramic does not dissolve into the molten salt . Examples of ceramic 
is at least about 3 microns per meter per degree Celsius materials include , but are not limited to , aluminum nitride 
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( AIN ) , beryllium nitride ( BezN2 ) , boron nitride ( BN ) , cal- Al , 04 , BeO , Cao , Ce20 , Er?O , MgO , Nd , O , Sm?O , 
cium nitride ( Ca N2 ) , silicon nitride ( SizN_ ) , aluminum Sc , Oz , Yb , 03 , ZrO2 , YPSZ , B.C , Sic , Tic , Zrc , TiB , 
oxide ( A1203 ) , beryllium oxide ( BeO ) , calcium oxide chalcogenides , quartz , glass , or any combination thereof ) . In 
( Cao ) , cerium oxide ( Ce2O3 ) , erbium oxide ( Er203 ) , lan- some examples , the main ceramic material ( e.g. , AIN 
thanum oxide ( La203 ) , magnesium oxide ( Mgo ) , neo- 5 ceramic ) comprises at least about 0.1 % , at least about 0.5 % , 
dymium oxide ( Nd203 ) , samarium oxide ( Sm203 ) , scan- at least about 1 % , at least about 2 % , at least about 3 % , at 
dium oxide ( Sc203 ) , ytterbium oxide ( Yb203 ) , yttrium oxide least about 4 % , at least about 5 % , at least about 6 % , at least 
( Y203 ) , zirconium oxide ( ZrO2 ) , yttria partially stabilized about 7 % , at least about 8 % , at least about 9 % , at least about 
zirconia ( YPSZ ) , boron carbide ( B4C ) , silicon carbide ( SIC ) , 10 % , at least about 15 % , or at least about 20 % of the 
titanium carbide ( TiC ) , zirconium carbide ( ZrC ) , titanium 10 secondary ceramic material ( or a combination of secondary 
diboride ( TiB2 ) , chalcogenides , quartz , glass , or any com- materials ) by weight . In some instances , the secondary 
bination thereof . ceramic material serves to increase the strength of the 

In some cases , the braze material comprises at least one ceramic by lowering the sintering temperature of the 
braze constituent that has low solubility in the reactive ceramic , thereby reducing the grain size , by forming a glassy 
material , in which the reactive material has low solubility , 15 phase between the grains of the main ceramic material to 
that does not react ( e.g. , form intermetallic alloys with ) the promote tortuous crack growth path , or by other strength 
reactive material at the operating temperature of the device , ening mechanism ( s ) for ceramic toughening . In some 
and / or that melts above the operating temperature of the instances , the ceramic comprises a main ceramic material 
device . The reactive material can be a reactive metal . In ( e.g. , greater than about 50 , 60 , 70 , 80 , 90 , 95 or more 
some examples , the braze material comprises at least one 20 weight- % ) that is thermodynamically stable with the con 
braze constituent that has low solubility in the reactive tents of the cell ( e.g. , the reactive metal and molten salt ) , and 
metal . In some examples , the reactive metal has low solu- a secondary ceramic material ( e.g. , MgO ) that is not ther 
bility in the braze constituent . In some examples , the braze modynamically stable ( e.g. , not stable with the contents of 
constituent does not form intermetallic alloys with the the cell , and / or not stable with the atmosphere outside the 
reactive metal at the operating temperature of the device . In 25 cell ) at sufficiently low quantities ( e.g. , less than about 20 % , 
some examples , the braze constituent melts above the oper- or less than about 15 % on a weight , atomic , molar or 
ating temperature of the device . Examples of braze constitu- volumetric basis ) . The secondary ceramic material may exist 
ent materials include , but are not limited to , aluminum ( Al ) , as particles dispersed throughout the bulk of the main 
beryllium ( Be ) , copper ( Cu ) , chromium ( Cr ) , iron ( Fe ) , ceramic material ( e.g. , in such as a way that most of the 
manganese ( Mn ) , molybdenum ( Mo ) , nickel ( Ni ) , niobium 30 secondary ceramic particles are not in direct contact with 
( Nb ) , rubidium ( Rb ) , scandium ( Sc ) , silver ( Ag ) , tantalum other secondary ceramic particles ) . In some cases , the sec 
( Ta ) , titanium ( Ti ) , vanadium ( V ) , yttrium ( Y ) , zirconium ondary ceramic material particles strengthen the overall 
( Zr ) , phosphorus ( P ) , boron ( B ) , carbon ( C ) , silicon ( Si ) , or ceramic material by establishing local regions of stress 
any combination thereof . In some instances , the ceramic concentration to promote crack tip deflection and crack tip 
material comprises aluminum nitride ( AIN ) and the braze 35 pinning . In some cases , the secondary ceramic material may 
material comprises titanium ( Ti ) . In some cases , the braze be added to the main ceramic material to tune the CTE of the 
material comprises a mixture of two or more materials ( e.g. , overall ceramic material to more closely match the CTE of 
3 materials ) . The materials may be provided in any propor- the metal collar or sleeve or cell lid . When exposed to 
tion . For example , the braze can comprise 3 materials at a reactive metal ( s ) and / or molten salt ( s ) and / or air , the sec 
ratio ( e.g. , in weight- % , atomic- % , mol- % or volume- % ) of 40 ondary ceramic particle on the surface may be attacked , but 
about 30:30:40 or 40:40:20 . In some cases , the braze mate- the secondary ceramic particles dispersed throughout the 
rial comprises a mixture of Ti — Ni - Zr . In some instances , bulk of the main ceramic material may not be attacked , thus 
the braze comprises at least about 20 , 30 or 40 weight- % enabling the ceramic material to be chemically stable when 
titanium , at least about 20 , 30 % or 40 weight- % nickel , and exposed to the reactive metal ( s ) and / or molten salt ( s ) . 
at least about 20 , 30 or 40 weight- % zirconium . In some 45 In some examples , such a ceramic comprises the main 
instances , the braze comprises less than about 20 , 30 or 40 ceramic material ( e.g. , Y203 ) and at least about 2 % , at least 
weight- % titanium , less than about 20 , 30 % or 40 weight- % about 4 % , at least about 6 % , at least about 8 % , at least about 
nickel , and less than about 20 , 30 or 40 weight- % zirconium . 10 % , at least about 12 % , or at least about 15 % by weight of 
In some instances , the braze comprises about 18 % Ti , about a secondary ceramic material ( e.g. , AIN , BezN ,, BN , CazN , 
60 % Zr , about 22 % Ni ( e.g. , on a weight- % , atomic- % , 50 SizN4 , Al2O3 , BeO , CaO , Ce2O3 , Er203 , La203 , MgO , 
mol- % or volume- % basis ) . In some instances , the braze Nd203 , Sm203 , Sc203 , Yb2O3 , ZrO2 , YPSZ , BAC , SiC , TIC , 
comprises about 7 % Ti , about 67 % Zr , and about 26 % Ni Zrc , TiB2 , chalcogenides , quartz , glass , or any combination 
( e.g. , on a weight- % , atomic- % , mol- % or volume- % basis ) . thereof ) . In some examples , the ceramic comprises primarily 
In some instances , the braze can comprise at least about , or the main ceramic material ( e.g. , Y203 ) with less than about 
less than about , 5 , 10 , 15 , 20 , 25 , 30 , 35 , 40 , 45 , 50 , 55 , 60 , 55 2 % , less than about 4 % , less than about 6 % , less than about 
65 , 70 , 75 , 80 , 85 , 90 , 95 or more weight- % , atomic- % , 8 % , less than about 10 % , less than about 12 % , or less than 
mol- % or volume- % of titanium , nickel or zirconium ( or any about 15 % by weight of a secondary ceramic material ( or a 
other braze material herein ) . In some cases , other suitable combination of secondary ceramic materials ) . In some 
brazing material ( s ) can be added to the braze to improve examples , the main ceramic material is Y203 . In some 
chemical stability , change the melting temperature , or 60 examples , the secondary ceramic material is Mgo . In an 
change mechanical properties ( e.g. , change the CTE of the example , the ceramic comprises primarily Y , 0 , with about 
braze , change the ductility of the braze , etc. ) . 12.5 weight- % MgO particles . In some cases , a ceramic 

In some instances , the ceramic material comprises a main comprising Y , O , and , for example , about 12.5 weight- % 
ceramic material ( e.g. , AIN ) and a secondary ceramic mate- MgO may have a CTE that closely matches ( e.g. , within 
rial that is also thermodynamically stable , such as , for 65 about 10 % or less ) the CTE of steel or stainless steel alloys 
example , Y203 , La203 and / or any other ceramic material ( e.g. , 430 stainless steel ) at the operating temperature of the 
described herein ( e.g. , AIN , BezN2 , BN , CazN2 , SizN4 , cell and / or system . 
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Examples of main ceramic materials and secondary mate- mately linearly from about 10 ppm / ° C. to about 12 ppm / º 
rials thus include any ceramic material of the disclosure , C. between 250 ° C. and 800 ° C. The CTE for nickel - cobalt 
such as , for example , aluminum nitride ( AIN ) , beryllium ferrous alloy 710 can range non - linearly from about 5 ppm / º 
nitride ( BezN2 ) , boron nitride ( BN ) , calcium nitride C. to about 10 ppm / ° C. between 250 ° C. and 800 ° C. The 
( CazN2 ) , silicon nitride ( SizN4 ) , aluminum oxide ( A1203 ) , 5 CTE for aluminum nitride ceramic 715 can be relatively 
beryllium oxide ( BeO ) , calcium oxide ( Cao ) , cerium oxide constant at about 4.5 ppm / ° C. between 250 ° C. and 800 ° C. 
( Ce , 0z ) , erbium oxide ( Er_03 ) , lanthanum oxide ( La , 03 ) , FIG . 8 shows the CTE in units of parts ( p ) per ° C. for 
magnesium oxide ( MgO ) , neodymium oxide ( Nd203 ) , various types of sleeve or collar materials ( e.g. , steel ) , braze 
samarium oxide ( Sm203 ) , scandium oxide ( Sc203 ) , ytter- materials and insulating ceramics . The sleeve or collar 
bium oxide ( Yb203 ) , yttrium oxide ( Y203 ) , zirconium oxide 10 materials can include , for example , 304 stainless steel 805 , 
( ZrO2 ) , yttria partially stabilized zirconia ( YPSZ ) , boron 430 stainless steel 810 , 410 stainless steel 815 , and nickel 
carbide ( B4C ) , silicon carbide ( SiC ) , titanium carbide ( TIC ) , cobalt ferrous alloy 820. The braze materials can include , for 
zirconium carbide ( ZrC ) , titanium diboride ( TiB2 ) , chalco- example , nickel - 100 825 , molybdenum ( Mo ) 830 and tung 
genides , quartz , glass , or any combination thereof . sten ( W ) 835. The ceramic materials can include , for 

The braze can be a passive braze or an active braze . 15 example , aluminum nitride ( AIN ) 840 , aluminum oxide 
Passive brazes can melt and wet a ceramic material or wet ( A1203 ) 845 , boron nitride ( BN ) in the direction parallel to 
a ceramic material that has a metallization layer deposited the grain orientation 850 , boron nitride ( BN ) in the direction 
onto it . Copper and silver are examples of passive brazes . perpendicular to the grain orientation 855 , yttrium oxide 
Active brazes can react with the ceramic ( e.g. , chemically ( Y203 ) 860 and yttria partially stabilized zirconia ( YPSZ ) 
reduce the metal component of the ceramic ( e.g. , Al is 20 865 . 
reduced from AIN ) ) . In some cases , active brazes can The CTE of the seal can match the CTE of the housing 
comprise a metal alloy having an active metal species such and / or conductor to any suitable tolerance . In some cases , 
as titanium ( Ti ) or zirconium ( Zr ) that reacts with the the seal electrically isolates the conductor from the electri 
ceramic material ( e.g. , AIN + Ti- > Al + TiN or AIN + Zr- > Al + cally conductive housing , where the CTE of the seal is at 
ZrN ) . The active braze can further comprise one or more 25 least about 1 % , at least about 5 % , at least about 10 % , at least 
passive components ( e.g. , Ni ) . The passive component ( s ) about 15 % , at least about 20 % , at least about 30 % , at least 
can , for example , reduce the melting point of the braze about 50 % , at least about 60 % , at least about 70 % , or at least 
and / or improve the chemical stability of the braze . In some about 80 % different and / or less than the CTE of the elec 
cases , the active metal braze beads up on the ceramic and / or trically conductive housing and / or the conductor . In some 
does not wet the ceramic . 30 instances , the seal electrically isolates the conductor from 

The seal can hermetically seal the electrochemical cell . In the electrically conductive housing , where the CTE of the 
some cases , the seal is inert to an atmosphere in contact with seal is less than about 1 % , less than about 5 % , less than 
the electrochemical cell . The atmosphere in contact with the about 10 % , or less than about 15 % , or less than about 20 % , 
electrochemical cell can comprise oxygen ( O2 ) , nitrogen or less than about 30 % , less than about 50 % , less than about 
( N2 ) , water ( H2O ) , or a combination thereof . In some cases , 35 60 % , less than about 70 % , or less than about 80 % different 
the ceramic material and / or the braze material are coated to and / or less than the CTE of the electrically conductive 
provide resistance to the atmosphere in contact with the housing and / or the conductor . 
electrochemical cell . For example , the coating can comprise The CTE of the seal can be matched to the conductive 
silicon dioxide ( SiO2 ) , yttrium oxide ( Y203 ) , aluminum housing or the conductor at the operating temperature and / or 
oxide ( A1203 ) , or any combination thereof . 40 during start - up of the cell ( e.g. , starting from non - molten 

The seal can be at least partially inert to metal vapors and metal electrodes ) . In some cases , the CTE of the seal is less 
molten salts . In some cases , the metal vapors comprise than about 5 % , less than about 10 % , less than about 15 % , or 
lithium , sodium , potassium , magnesium , calcium , or any less than about 20 % different than the CTE of the electrically 
combination thereof . The ceramic material and / or the braze conductive housing and / or the conductor at the temperature 
material can be coated to provide resistance to the metal 45 at which the electrochemical cell is operated . In some 
vapors and metal salts . For example , the coating can be instances , the CTE of the seal is less than about 5 % , less than 
yttrium oxide ( Y203 ) , erbium oxide ( Er203 ) , boron nitride about 10 % , less than about 15 % , or less than about 20 % 
( BN ) , aluminum nitride ( AIN ) , silicon nitride ( SizN4 ) , sili- different than the CTE of the electrically conductive housing 
con carbide ( SIC ) , or any combination thereof . and / or the conductor at all temperatures between about -10 ° 

In some cases , the coefficients of thermal expansion of the 50 C. and the operating temperature . 
ceramic material and the braze material match the coeffi- The materials comprising the seal ( e.g. , ceramic insulator , 
cients of thermal expansion of the electrically conductive braze alloy , and sleeve / collar ) can be chosen to be chemi 
housing and / or the conductor ( e.g. , to within about 1 % , to cally compatible with ( e.g. , stable in contact with ) the 
within about 5 % , to within about 10 % , to within about 15 % , interior and / or exterior environments of the cell . 
to within about 20 % , or to within about 30 % ) . In some cases , 55 FIG.9 shows the Gibbs free energy of formation ( AG , ) for 
a hermetic joint can be formed if the braze is not of a similar various materials at a range of temperatures with negative 
CTE compared with the CTE of the ceramic and / or other numbers being more thermodynamically stable 905 . 
components or sub - assembly of the seal ( e.g. , a metal Examples include AG , curves for lithium nitride ( LizN ) 910 , 
sleeve ) . aluminum nitride ( AIN ) 915 and titanium nitride ( TIN ) 920 . 
The seal can be welded or brazed to the electrically 60 A thermodynamic evaluation of different insulating ceramic 

conductive housing , cell ( housing ) lid , and / or the conductor . materials can indicate that aluminum nitride ( an electrically 
In some cases , the electrically conductive housing and / or the insulating ceramic ) can be stable in the presence of lithium 
conductor comprises 400 - series stainless steel , 300 - series ( e.g. , since the AG , per mole of N of AIN is more negative 
stainless steel , nickel , or any combination thereof . than LizN ) . Also , the AG , per mole of N of TiN is more 
FIG . 7 shows the CTE in units of parts per million ( ppm ) 65 negative than LizN and also more negative than AIN . Thus , 

per ° C. for various types of steel and an insulating ceramic . a titanium - alloy braze can chemically reduce AlN and form 
The CTE for 430 stainless steel 705 can range approxi- TiN ( e.g. , by the reaction AIN + Ti - TiN + A1 ) , which , in turn , 
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can bond well with the titanium - alloy braze . The reactive nitrogen in LizN , AIN and TiN ) . In such cases , the rank 
material ( e.g. , reactive metal ) , ceramic and braze materials ordering can be based on increasing or decreasing normal 
can be selected such that the stability ( e.g. , normalized ized Gibbs free energy of formation where AG.r.n is equal to 
Gibbs free energy of formation ( AG ,, n ) , such as , for AG , divided by the stoichiometric number of atoms of the 
example , Gibbs free energy of formation of the nitride 5 common elements in the formula of the compound , such as , 
compounds normalized by the number of nitride atoms in for example , AG , = AGr . / 1 for LizN and AG , = AGr.n / 2 for 
each compound formula ) of the reactive metal- , ceramic- CazN , where nitrogen is considered the common element ) of 
and braze - nitride compounds exist in rank order . In an each of the materials ( e.g. , the associated compounds ) . The 
example where nitride compounds are rank - ordered , AG ,, n common element can be capable of forming a compound 
of the reactive metal nitride ( e.g. , LizN ) is less negative ( i.e. , 10 with the reactive material ( e.g. , LizN ) . The common element 
more positive ) than the AG.r?n of the ceramic nitride ( e.g. , can be , for example , nitrogen , oxygen or sulfur ( e.g. , the 
AIN ) which is less negative than the AG.r.n of the braze compounds are nitrides , oxides or sulfides ) . As previously 
nitride ( e.g. , TiN ) . Rank - ordering the materials in this man- described , reaction ( s ) involving the common element may 
ner may reduce or eliminate a driving force for the rank- aid in bonding between the selected rank - ordered materials 
ordered compounds to degrade . In some cases , the braze 15 ( e.g. , AIN + TiTiN + Al ) . 
material also comprises materials that show low mutual The method can further include selecting a subset of the 
solubility in the reactive material ( e.g. , reactive metal or rank - ordered materials ( 3210 ) ( e.g. , such that the selected 
molten salt ) and / or do not react with the reactive material materials remain rank - ordered ) . Next , in a step 3215 , the 
( e.g. , do not form intermetallic compounds with the reactive method can include selecting a set of seal materials ( e.g. , a 
metal ) . Such a selection of materials can ensure thermody- 20 ceramic material and an active braze material ) based on the 
namic stability of the reactive material ( e.g. , reactive metal ) , selected rank - ordered materials . This may eliminate a driv 
ceramic , and braze material . Additional materials can in ing force for the selected rank - ordered materials to degrade 
some cases be added based on such rank - ordering . For when provided in the seal and / or exposed to the reactive 
example , a component ( e.g. , ceramic ) can be replaced by material ( e.g. , Li ) . The selected set of seal materials can 
two or more components with more suitable rank - ordering 25 comprise a ceramic material and an active braze material . 
characteristics . Selecting the set of seal materials can comprises selecting 

Nickel - cobalt ferrous alloy , titanium ( Ti ) , nickel ( Ni ) , one or more seal materials ( e.g. , first a ceramic and then a 
zirconium ( Zr ) , and 430 stainless steel ( 430SS ) can be stable braze ) with associated compounds that have a AG , . , that is 
in the presence of molten lithium ( Li ) , as indicated , for more negative than a compound associated with the reactive 
example , by phase diagrams that show that lithium and the 30 material . The selection ( e.g. , a first step of the selection ) may 
metal components of nickel - cobalt ferrous alloy and 430SS include selection of a ceramic material ( e.g. , AIN ) that is 
( e.g. , Fe , Ni , Cr , Co ) do not form intermetallic compounds electrically insulating and that has a AG ,, that is more 
with Li and that their respective solubility into ( or with ) Li negative than a compound associated with the reactive 
is relatively low ( e.g. , less than about 1 mol- % ) . Titanium- material ( e.g. , LizN ) . The selection ( e.g. , a second step of the 
alloy braze can bond to ferrous alloys , such as , for example , 35 selection ) may include selection of an active braze material 
nickel - cobalt ferrous alloy and / or 430 SS . In some cases , ( e.g. , Ti - alloy ) with an associated compound ( e.g. , TiN ) that 
AIN , titanium - alloys , and nickel - cobalt ferrous alloy / 430SS has a AG.r , n that is equal to or more negative than the ceramic 
are all stable in the presence of air at elevated temperatures . material . În an example , the reactive material contained in 
Thus , in one example , the method for choosing seal mate- the high - temperature device comprises lithium ( Li ) . In this 
rials described herein shows that a seal comprising an 40 example , the selected rank - ordered materials can be , in 
insulating ceramic that comprises AIN , a braze that com- order , lithium nitride ( LizN ) , aluminum nitride ( AIN ) and 
prises Ti - alloy , and a sleeve or collar that comprises one or titanium nitride ( TIN ) ; the selected ceramic material can 
more of a nickel - cobalt ferrous alloy , 430 SS and zirconium comprise aluminum nitride ( AIN ) and the selected active 
forms a suitable seal material set . braze material can comprise titanium ( Ti ) . In some cases , the 
FIG . 32 is an example of a method 3200 for selecting 45 active braze material is also selected based on its stability 

materials to form a seal for a high - temperature device . The with the reactive metal ( e.g. , a stable active braze material 
device can comprise a reactive material . The method can may have low ( e.g. , < 1 % , < 0.1 % ) mutual solubility with the 
comprise a rank - ordered free energy of formation selection reactive material and / or the active braze material and the 
process . Such a selection process can provide a path toward reactive material may be stable in the presence of each other 
a seal that has long - term stability . Such a seal can comprise 50 and / or not form intermetallic compounds ) . In some cases , 
thermodynamically stable materials ( e.g. , stable ceramic , the selected AIN ceramic and Ti active braze material are 
stable ( active ) braze material , braze that can reduce the thermodynamically stable with Li . In some examples , the 
ceramic ) . The method can include rank - ordering a set of seal may comprise a ceramic material that is thermodynami 
materials based on increasing or decreasing Gibbs free cally stable in the presence of the reactive material , an active 
energy of formation ( AG ) of each of the materials ( 3205 ) . 55 braze material that is chemically stable with the reactive 
In some cases , the materials that are compared in the Gibbs material , and where the active braze material chemically 
free energy comparison ( i.e. , the set of materials ) comprise reacts with the ceramic material ( e.g. , Ti + AINTIN + A1 ) 
compounds associated with one or more seal materials ( e.g. , and the compound product of that reaction ( e.g. , TiN ) is 
compounds associated with the set of seal materials , e.g. , stable in the presence of the reactive material . 
compounds associated with a ceramic material and a braze 60 The method 3200 can further include selecting a sleeve or 
material , such as , for example , an active braze material ) collar to join to the seal ( 3220 ) and / or selecting a container 
and / or compounds associated with the reactive material that of the device to join to the sleeve or collar ( 3220 ) . As 
is to be contained . The associated compounds may be ranked described in greater detail elsewhere herein , the sleeve or 
in accordance with their AG , ( e.g. , LizN as the compound collar can comprise a material that is chemically compatible 
associated with the reactive material Li , TiN as the com- 65 with the seal and / or with one or more other materials of the 
pound associated with the active braze material Ti ) . In some device , and the container can comprise a material that is 
cases , the compounds comprise a common element ( e.g. , chemically compatible with the sleeve or collar and / or with 
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one or more other materials of the device or seal . In some about 125 % , about 150 % , about 300 % , about 400 % , about 
cases , one or more pairs of the selected rank - ordered mate- 500 % , about 600 % , or about 700 % different than the CTE of 
rials can be CTE - matched . The steps of method 3200 may the electrically conductive housing and / or the conductor . In 
performed in a different order , or one or more steps may be some cases , the CTE of the seal ( or a portion thereof ) is at 
omitted . Further , the method 3200 may in some cases 5 least about 1 % , at least about 5 % , at least about 10 % , at least 
include additional or different step ( s ) . about 15 % , at least about 20 % , at least about 25 % , at least 
Structural Features that can Compensate for CTE Mismatch about 30 % , at least about 40 % , at least about 50 % , at least 
The coefficient of thermal expansion ( CTE ) may be about 60 % , at least about 70 % , at least about 80 % , at least 

considered when designing a seal . A coefficient of thermal about 90 % , at least about 100 % , at least about 125 % , at least 
expansion mismatch ( CTE mismatch ) between various 10 about 150 % , at least about 300 % , at least about 400 % , at 
materials may not be a major concern during initial fabri- least about 500 % , at least about 600 % , or at least about 
cation heat - up and brazing process of the high temperature 700 % different than the CTE of the electrically conductive 
seal ( e.g. , since the components may not be bonded , which housing and / or the conductor . In some cases , the CTE of a 
allows for sliding interfaces ) . In some instances , during first seal material ( e.g. , metal collar ) is less than about 1 % , 
cool - down ( e.g. , after the braze has melted , bonded and 15 less than about 5 % , less than about 10 % , less than about 
solidified ) , the materials can contract at different rates ( e.g. , 15 % , less than about 20 % , less than about 25 % , less than 
the insulator and metal sleeves can be exposed to large about 30 % , less than about 40 % , less than about 50 % , less 
stresses ) . Therefore , one or more transition pieces may be than about 60 % , less than about 70 % , less than about 80 % , 
added . The transition pieces may have CTE values interme- less than about 90 % , less than about 100 % , less than about 
diate to that of the insulator and the cell top and / or can have 20 125 % , less than about 150 % , less than about 300 % , less than 
spring - like design features ( e.g. , a nickel - cobalt ferrous about 400 % , less than about 500 % , less than about 600 % , or 
alloy or 430 SS or zirconium sleeve ) . In some cases , the less than about 700 % different than the CTE of a second seal 
transition pieces are thin relative to the insulator ( e.g. , the material ( e.g. , electrically isolating ceramic ) . In some cases , 
transition piece can have a thickness that is less than about the CTE of a first seal material ( e.g. , metal collar ) is at least 
50 % or less than about 10 % the thickness of the insulator ) . 25 about 1 % , at least about 5 % , at least about 10 % , at least 
In some cases , the braze material is separated ( e.g. , kept about 15 % , at least about 20 % , at least about 25 % , at least 
away ) from intended welding joints . In some cases , the seal about 30 % , at least about 40 % , at least about 50 % , at least 
includes a chemically stable material set ( e.g. , aluminum about 60 % , at least about 70 % , at least about 80 % , at least 
nitride ceramic , titanium - alloy braze , and nickel - cobalt fer- about 90 % , at least about 100 % , at least about 125 % , at least 
rous alloy or 430 stainless steel sleeve ) , and can be CTE- 30 about 150 % , at least about 300 % , at least about 400 % , at 
matched or have a design that can accommodate differences least about 500 % , at least about 600 % , or at least about 

700 % different than the CTE of a second seal material ( e.g. , 
In some cases , the seal does not comprise materials that electrically isolating ceramic ) . 

are exactly matched in CTE and / or matched to the CTE of The CTE of the seal can be mismatched ( e.g. , intention 
the housing and / or conductor . A mismatch in CTE can be 35 ally or purposely mismatched ) to the CTE of the conductive 
compensated for by structural features and / or geometries housing and / or the conductor at the operating temperature 
such that the seal remains hermetically sealed and / or forms and / or during start - up of the cell ( e.g. , starting from non 
a suitable electrical insulation ( e.g. , at the operating tem- molten metal electrodes ) . In some cases , the CTE of the seal 
perature of the battery ) and / or following one or more is at least about 10 % different than the CTE of the electri 
start - ups of the battery ( e.g. , melting of the liquid metal 40 cally conductive housing and / or the conductor at the tem 
electrodes ) . perature at which the electrochemical cell is operated . In 

In some implementations , an electrochemical cell com- some instances , the CTE of the seal is at least about 1 % , 5 % , 
prises an electrically conductive housing comprising a liquid 10 % , 15 % , 20 % , 25 % , 30 % , 40 % , 50 % , 75 % , 100 % , 125 % , 
metal that is liquid at an operating temperature of at least 150 % , or 300 % different than the CTE of the electrically 
about 200 ° C. In some cases , the operating temperature is at 45 conductive housing and / or the conductor at any or all 
least about 350 ° C. In some instances , the electrochemical temperatures between about -10 ° C. and the operating 
cell is capable of storing at least about 50 Watt - hours of temperature ( e.g. , at least about 200 ° C. , 250 ° C. , 300 ° C. , 
energy . The liquid metal can be configured to store / release 350 ° C. , 400 ° C. , 450 ° C. , or 500 ° C. ) . 
charge during charge / discharge of the electrochemical cell . In some cases , the geometry of the seal comprises a 
The electrochemical cell can comprise a conductor in elec- 50 ceramic material bonded to a flexible metal component . The 
trical contact with the liquid metal , where the conductor flexible metal component can be joined ( e.g. , welded or 
protrudes through the electrically conductive housing brazed ) to the electrically conductive housing and / or the 
through an aperture in the electrically conductive housing . conductor . 
The electrochemical cell can comprise a seal that seals the FIG . 10 shows examples of features that can compensate 
conductor to the electrically conductive housing . In some 55 for a CTE mismatch . Examples include fins , cuts or bends in 
cases , the seal electrically isolates the conductor from the any configuration that can accommodate CTE mismatch 
electrically conductive housing , where CTE of the material ( e.g. , by spatial compliance ) . For example , a bend can be 
comprising the seal is not the same as the electrically sinusoidal ( either horizontally 1005 or vertically 1010 ) , oval 
conductive housing and / or the conductor . The seal can have or tubular 1015 , a sharp bend 1020 , etc. The feature can be 
a shape ( i.e. , suitable geometry ) such that the electrochemi- 60 attached at a point above , below or in line with the top of the 
cal cell is hermetically sealed . cell and / or current collector . The feature can be joined to , 

The materials of the seal , the conductive housing and / or part of , or cut away from the cell housing and / or conductive 
the conductor can have any amount of CTE mismatch . In feed - through . The feature can be coated ( e.g. , to improve 
some cases , the CTE of the seal material ( or a portion chemical stability to the internal or external environments of 
thereof ) is about 1 % , about 5 % , about 10 % , about 15 % , 65 the cell ) . The orientation , thickness and / or shape can be 
about 20 % , about 25 % , about 30 % , about 40 % , about 50 % , optimized to increase stability and resistance to failure from 
about 60 % , about 70 % , about 80 % , about 90 % , about 100 % , vibration and mechanical forces . 
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Material Selection for Low CTE Mismatch compound metal collars . In some examples , the seal com 
In some cases , one or more of the electrically conductive prises at least about 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 12 , 14 , 16 , 

components of the seal comprise an electrically conductive 18 , 20 , 25 , 30 , 40 or more individual metal collars . In an 
ceramic ( e.g. , tungsten carbide ) with a CTE that matches or example , the seal comprises 4 individual metal collars 
is within about 1 % , 2 % , 5 % , 10 % or 20 % of the electrically 5 forming two compound metal collars . In some examples , at 
insulating ceramic . The electrically conductive ( CTE least a portion of the individual metal collars may comprise matched ) ceramic can be joined to both the insulating the same material . For example , metal collars comprising ceramic component and a metal collar . The joining process the same material may be used for joining metal collars to may involve brazing , diffusion bonding , and / or welding . similar materials ( e.g. , similar cell housing or conductors The conductive ceramic may comprise , for example , tung- 10 materials ) . sten carbide ( WC ) , titanium carbide ( TiC ) , and / or other 
carbides . The conductive ceramic may be sintered with some In some cases , the seal comprises a ceramic , a braze 
fraction ( e.g. , about 2 % -10 % , a least about 2 % , at least about material , a first ( e.g. , thin ) metal collar , and / or a second 
3 % , at least about 4 % , at least about 5 % , at least about 6 % , metal collar . The first metal collar may be brazed to the 
at least about 7 % , at least about 8 % , at least about 9 % or at 15 ceramic , and the second metal collar may be brazed to the 
least about 10 % in terms of weight , atomic , molar or first metal collar . In some cases , the first metal collar is a low 
volumetric composition ) of metal ( e.g. , Co or Ni ) which can CTE material such as zirconium ( Zr ) or tungsten ( W ) and the 
allow for direct wetting of braze to the conductive ceramic . second metal collar is a ferrous alloy , such as steel , stainless 

In some cases , the electrically conductive components of steel or 400 series stainless steel ( e.g. , 430 stainless steel ) . In 
the seal comprise a metal with low CTE ( e.g. , less than about 20 some examples , the first metal collar is less than about 10 
1 ppm / ° C. , less than about 2 ppm / ° C. , less than about 3 micro - meters ( um , or microns ) thick , less than about 20 um 
ppm / ° C. , less than about 4 ppm / ° C. , less than about 5 ppm / º thick , less than about 50 um thick , less than about 100 um 
C. , less than about 6 ppm / ° C. , less than about 7 ppm / ° C. , thick , less than about 150 um thick , less than about 250 um 
less than about 8 ppm / ° C. , less than about 9 ppm / ° C. , less thick , less than about 500 um thick , less than about um 1,000 
than about 10 ppm / ° C. , or less than about 15 ppm / ° C. ) , low 25 thick , less than about um 1,500 thick , or less than about 
Young's Modulus ( e.g. , less than about 0.1 GPa , less than 2,000 um thick . 
about 0.5 GPa , less than about 1 GPa , less than about 10 In some cases , the seal comprises a ceramic , a braze , a 
GPa , less than about 50 GPa , less than about 100 GPa , less first metal collar , a second metal collar , and a third metal 
than about 150 GPa , less than about 200 GPa , or less than collar . The first metal collar may be joined to one part of the 
about 500 GPa ) , high ductility ( e.g. , an ultimate strength 30 ceramic , and the second metal collar may be joined to the 
greater than about 100 % , greater than about 200 % , greater first metal collar . The third metal collar may be joined to a 
than about 300 % , greater than about 400 % , or greater than different part of the ceramic such that the first metal collar 
about 500 % that of the yield strength ) , or any combination and the third metal collar are separated by an electronically 
thereof . In some cases , the ultimate strength can be greater insulating ceramic material . Joints between the first metal 
than about 50 % that of the yield strength , greater than about 35 collar and the ceramic and between the third metal collar and 
100 % that of the yield strength , or greater than about 200 % the ceramic may both be hermetic . In some cases , the seal 
that of the yield strength of the material for it to have further comprises a fourth metal collar that is joined to the 
sufficient ductility . In some cases , the electrically conductive third metal collar ( e.g. , the first metal collar is joined to one 
components do not comprise an electrically conductive part of the ceramic , the second metal collar is joined to the 
ceramic . Low CTE , low Young's Modulus and / or high 40 first metal collar , the third metal collar is joined to another 
ductility component characteristics can lead to low stress part of the ceramic and the fourth metal collar is joined to the 
concentrations in the ceramic and reduce likelihood of third metal collar ) . The braze material used to join the first 
failure . Metals that meet these specifications in addition to metal collar to the second metal collar may comprise or be 
corrosion resistance to the internal and external cell envi- similar to any of the braze compositions described herein . 
ronment ) can include , for example , zirconium ( Zr ) , high- 45 The first metal collar or the second metal collar may be 
zirconium content alloys , tungsten ( W ) , titanium ( Ti ) , or joined ( e.g. , using a braze composition similar to any of the 
molybdenum ( Mo ) . braze compositions described herein , or welded ) to the cell 

In some implementations , the seal comprises a ceramic , lid . The third metal collar may be joined to the fourth metal 
one or more braze materials and one or more metal collars . collar or directly to a negative current lead ( e.g. , brazed 
For example , two metal collars may be joined to the ceramic , 50 using any of the braze compositions of the disclosure ) . 
one to each side of the ceramic . Each such metal collar may FIG . 23 is an example of a seal 2300 that comprises one 
be further joined to additional metal collar ( s ) . Thus , a ceramic component ( e.g. , AIN ) 2305. The ceramic compo 
compound metal collar may be created that comprises two or nent may be a washer . The ceramic component may be 
more metal collars . In some examples , the compound metal electrically insulating . The ceramic component 2305 is 
collar comprises at least two metal collars , of which at least 55 joined with a first metal collar ( e.g. , Zr ) 2310 via a first 
one metal collar comprises a material that is suitably joined metal - to - ceramic joint ( e.g. , braze ) 2315. The first metal 
( e.g. , using one type of braze ) to the ceramic and at least one collar 2310 is joined with a second metal collar ( e.g. , 430 
metal collar comprises a material that is suitably joined to SS ) 2320 via a first metal - to - metal joint ( e.g. , weld , braze ) 
another component of the seal or of the cell ( e.g. , using 2325. The second metal collar 2320 is joined to a cell lid 
another type of braze ) . The two metal collars may also be 60 ( e.g. , 430 SS ) 2330 via a second metal - to - metal joint ( e.g. , 
joined ( e.g. , using yet another type of braze ) . In some weld , braze ) 2335. The seal further comprises a third metal 
instances , at least a portion ( e.g. , all ) of the brazes used to collar ( e.g. , Zr ) 2340 joined to the ceramic component 2305 
join the metal collars of the seal to each other and / or to other via a second metal - to - ceramic joint ( e.g. , braze ) 2345. The 
parts of the cell may be of the same type . In other instances , third metal collar 2340 is joined with a conductor ( e.g. , 
all of the brazes may be of different types . Further , one or 65 negative current lead ) 2350 via a third metal - to - metal joint 
more of the metal collars may be welded rather than brazed , ( e.g. , weld , braze ) 2355. The seal 2300 may comprise one or 
or welded and brazed . The seal may comprise one or more more gaps ( e.g. , air gaps ) 2360 . 
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In some cases , the first , second , third , and / or the fourth the internal 1205 and external 1210 environments . In some 
metal collar comprise structural features to relieve mis- instances , a coating can be applied to an outside 1305 and / or 
matches in the CTE of the joined materials , described in an inside 1310 of the seal or enclosure components . 
greater detail elsewhere herein . Such configurations may FIG . 14 , FIG . 15 , FIG . 16 and FIG . 17 show more 
enable mechanically robust joining of the ceramic to one or 5 examples of brazed ceramic seals . In some cases , the seals 
more metal collars ( e.g. , the first metal collar , or the third extend above the housing by a greater distance . FIG . 14 
metal collar ) , and the joining of on one or more metal collars shows an example of a seal on a cell which may advanta 
( e.g. , the second metal collar , or the third or fourth metal geously not need a coating , not need a CTE mismatch 
collar ) to the cell lid or a current conducting rod ( also accommodation feature , and / or provide increased structural 
“ conductor " herein ) by simple welding ( e.g. , TIG welding , 10 stability against vibration and mechanical forces during 
or laser welding ) or brazing . operation , manufacturing or transportation . In this example , 
Brazed Ceramic Seals a housing 1405 can be sealed from a current collector 1410 . 
A brazed ceramic seal may be used to hermetically and / or This arrangement can hermetically seal an inside 1415 of the 

electrically seal a system or vessel comprising a reactive cell from an outside 1420 of the cell . The components of the 
material ( e.g. , an electrochemical cell having liquid metals ) . 15 seal can be arranged vertically and can include a first braze 
FIG . 11 shows an electrochemical cell having a brazed 1425 , a ceramic 1435 , a first metalized surface 1430 of the 
ceramic seal . A cell housing 1105 can have an empty head ceramic , a second braze 1440 , and a second metalized 
space 1110 , a molten negative electrode ( e.g. , anode during surface 1445 of the ceramic . 
discharge ) 1115 , a molten positive electrode ( e.g. , cathode FIG . 15 shows a seal 1520 that can provide structural 
during discharge ) 1120 and a molten electrolyte 1125 dis- 20 stability against vibration and mechanical forces during 
posed therebetween . The liquid metal anode can be in operation , manufacturing and transportation . In this 
contact with a conductive feed - through 1130 that passes example , CTE accommodating features 1505 are disposed 
through the housing and serves as a negative terminal . The between a housing 1510 and a current collector 1515. The 
conductive feed - through can be electrically isolated from the seal 1520 can comprise a ceramic and two brazes in contact 
housing by the seal 1135. The liquid metal cathode can be in 25 with metalized surfaces of the ceramic . In some cases , the 
contact with the housing , which can serve as a positive seal is coated on an inside 1525 and / or an outside 1530. In 
terminal . some cases , the coating ( s ) can comprise yttrium oxide 

In some cases , a brazed ceramic seal comprises a sub- ( 7,0 ) . 
assembly . The sub - assembly can comprise the insulating FIG . 16 shows a seal 1610 with secondary mechanical 
ceramic bonded to one or more ( e.g. , two ) flexible , spring- 30 load bearing components 1605. The load bearing compo 
like components , referred to herein as metal sleeves . After nents are electrically insulating in some cases . In some 
the sub - assembly is fabricated , the sleeves can be brazed or instances , the load bearing components do not form a 
welded to other cell components such as the cell lid and / or hermetic seal . The seal 1610 ( e.g. , including a ceran two 
the negative current lead . Alternatively , all of the joints can brazes in contact with metalized surfaces of the ceramic , 
be created on the complete cap assembly by brazing ( e.g. , if 35 etc. ) can hermetically seal a cell housing 1615 from a current 
tolerance limits are sufficiently tight ) . The chemical com- collector 1620 . 
patibility between the braze materials and the atmospheres FIG . 17 shows an example of a secondary back - up seal 
the materials will be exposed to , and the thermal robustness 1705 ( e.g. , in case of failure of a primary seal 1710 ) . The 
during high temperature operation and thermal cycling can secondary seal can fall onto and / or bond over the primary 
be evaluated during design of the sub - assembly . In some 40 seal in the case of failure of the primary seal . In some cases , 
instances , the ceramic material is aluminum nitride ( AIN ) or the secondary seal comprises glass that melts and becomes 
silicon nitride ( SizN4 ) , and the braze is a titanium alloy , flowable in the case of the primary seal failing . The melted 
titanium doped nickel alloy , a zirconium alloy or a zirco- secondary seal can pour down onto the failed primary seal 
nium doped nickel alloy . and block leaks . In some cases , the seal 1705 and / or the seal 

FIG . 12 shows a schematic drawing of a brazed ceramic 45 1710 can be axisymmetric ( e.g. , doughnut - shaped around a 
seal with materials that are thermodynamically stable with vertical axis through the aperture in the cell lid ) . 
respect to internal 1205 and / or external 1210 environments FIG . 18 shows another example of a seal configuration or 
of a cell . Such materials may not require a coating . The sub - assembly ( e.g. , an alumina or zirconia seal with yttrium 
various materials can have mismatched CTEs that can be oxide ( Y203 ) coating and iron- or titanium - based braze ) . 
accommodated for with one or more geometric or structural 50 The seal can include a collar 1805. The collar can provide 
features 1215 ( e.g. , a flexible metal bend , fin , or fold ) . The mechanical support . The collar can comprise ferritic stain 
CTE - accommodating feature 1215 can be welded to a cell less steel welded to a rod . The seal configuration can include 
housing 1220 ( e.g. , 400 - series stainless steel ) on one end and a conductor 1810. The conductor can be made of ferritic 
brazed 1225 to a first metalized surface 1230 of a ceramic stainless steel ( e.g. , having a CTE of about 12 ) . The con 
material 1235 on the other end . The ceramic material 1235 55 ductor can be tolerant of one or more reactive materials ( e.g. , 
can be , for example , aluminum nitride ( AIN ) , boron nitride tolerant of liquid lithium ) . The conductor can be unlikely to 
( BN ) or yttrium oxide ( Y203 ) as described herein . The change mechanical properties or form due to a phase tran 
ceramic material can be brazed to a current collector ( con- sition . The conductor can have about 40 % higher electrical 
ductive feed - through ) 1240 by a braze 1245. The braze 1245 conductivity than 304 stainless steel . The seal can include a 
can comprise , for example , iron ( Fe ) , nickel ( Ni ) , titanium 60 braze 1815. The braze can be disposed above and below a 
( Ti ) or zirconium ( Zr ) . The braze 1245 can be in contact with ceramic washer 1820. The braze can be iron - based . The 
a second metalized surface of the ceramic 1250 ( e.g. , braze can have a CTE of about 12 and withstand high 
titanium or titanium nitride ) . Several layers of materials temperatures ( e.g. , 850 ° C. or greater ) . The ceramic washer 
placed adjacent to each other can result in a CTE gradient 1820 can be made of alumina ( e.g. , with a CTE of about 7 ) , 
that can mitigate mismatch . 65 or zirconia ( e.g. , tetragonal with CTE of about 11 ) . The low 

FIG . 13 shows a seal where the ceramic and / or braze CTE mismatch of a zirconia washer can allow higher 
materials are not thermodynamically stable with respect to brazing temperature without cracking . A cell housing 1825 
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can be made from ferritic steel and provide mechanical one or more metal sleeves or collars 2110 , 2115 and 2130 
support through the ceramic ( e.g. , the ceramic washer ) to the ( e.g. , zirconium metal , zirconium alloy , or nickel - cobalt 
collar . The seal configuration can comprise a coating ( e.g. , ferrous alloy forming a flexible joint ) . In some cases , the 
spray coating ) 1830 ( e.g. , comprising yttrium oxide ( Y , 0z ) ) . collar 2130 may not be used and the collar 2115 may be 
The coating can be provided on the cell housing ( e.g. , lid ) . 5 joined directly to the cell housing 2125. The ceramic 2105b 
The coating can be capable of being resistant to reactive may provide sealing . The ceramic components 2105a and 
materials ( e.g. , lithium ( Li ) vapor ) , inexpensive and / or miti- 2105c may provide stress and / or support for the seal . The 
gate ceramic compatibility . ceramic components 2105a and 2105c may or may not 
The length ( e.g. , horizontal extent ) of the braze interface provide sealing . In some situations , the ceramic components 

can be about three to six times the thickness of the thinnest 10 2105a and 2105c may break ( e.g. , break and fall off ) . In such 
component being brazed . If the ratio of thickness to braze situations , the sealing provided by the central ( in this case 
interface length is too low ( e.g. , less than about three ) , the middle ) ceramic component may not be affected . 
sealing area may be mechanically too weak to hold the The ceramic component 2105b is joined with a first metal 
brazed joint together . If the ratio is too high ( e.g. , greater collar ( e.g. , Zr ) 2115 via a first metal - to - ceramic joint ( e.g. , 
than about six ) , the stresses on the sleeve due to CTE 15 braze ) 2135. The first metal collar 2115 may further be 
mismatch may cause the sleeve to fracture or pull away from joined to the ceramic component 2105a via a fourth metal 
the ceramic . In some cases , the braze interface absorbs the to - ceramic joint 2170. In some cases , the first metal - to 
stresses induced by the mismatch of the CTEs of the sleeve , ceramic joint 2135 and the fourth metal - to - ceramic joint 
braze and ceramic induced by forming the joint at high 2170 are the same type of joint ( e.g. , comprise the same 
temperature and cooling down to room temperature after 20 braze material ) . The first metal collar 2115 is joined with a 
fabrication . second metal collar ( e.g. , 430 SS ) 2130 via a first metal - to 
FIG . 19 shows an example of a sub - assembly with braze metal joint ( e.g. , weld , braze ) 2140. The second metal collar 

length equal to about 3 to 6 times the thickness of a metal 2130 is joined to a cell lid ( e.g. , 430 SS ) 2125 via a second 
sleeve . The metal sleeve ( e.g. , nickel - cobalt ferrous alloy , metal - to - metal joint ( e.g. , weld , braze ) 2145. The seal fur 
zirconium alloy ) can have a thickness of about 0.01 inches , 25 ther comprises a third metal collar ( e.g. , Zr ) 2110 joined to 
about 0.0080 inches , about 0.0060 inches , about 0.0030 the ceramic component 2105b via a second metal - to - ceramic 
inches , or about 0.0015 inches . The sub - assembly can com- joint ( e.g. , braze ) 2150. The third metal collar 2110 may 
prise a braze 1905 , one or more ( e.g. , nickel - cobalt ferrous further be joined to the ceramic component 21050 via a third 
alloy or stainless steel ) sleeves ( e.g. , 1910 and 1915 ) and an metal - to - ceramic joint ( e.g. , braze ) 2165. In some cases , the 
insulator 1920 . 30 second metal - to - ceramic joint ( e.g. , braze ) 2150 and the 
FIG . 20 shows an example of a shape of a sub - assembly third metal - to - ceramic joint 2165 are the same type of joint 

that can accommodate CTE mismatch . The sub - assembly ( e.g. , comprise the same braze material ) . The third metal 
( i.e. , seal ) can have a sleeve ( e.g. , a nickel - cobalt ferrous collar 2110 is joined with a conductor ( e.g. , negative current 
alloy sleeve ) 2005 and an insulator ( e.g. , a ceramic ) 2010 . lead ) 2120 via a third metal - to - metal joint ( e.g. , weld , braze ) 
Compressive forces can act in the direction of indicated 35 2155. The seal 2100 may comprise one or more gaps ( e.g. , 
arrows 2015. Ceramic materials may be capable of with- air gaps ) 2160 . 
standing a high level of compression . In some cases , seal In some cases , the sealing is provided by a central ceramic 
designs can utilize this characteristic of ceramics to provide ( e.g. , the middle ceramic 2105b in FIG . 21 ) that is joined to 
a reliable seal . In order to produce a compressive seal , outer metal collars ( e.g. , metal collar 2110 and 2115 in FIG . 21 ) 
material of the seal can have a higher CTE value than inner 40 on opposite sides of parallel faces of the ceramic ( e.g. , along 
material of the seal . During processing and fabrication , the interfaces / joints 2150 and 2135 in FIG . 21 ) in a stacked 
sub - assembly can be heated , causing the materials to fashion . Two additional ceramic components ( e.g. , the top 
expand . After reaching the braze melting temperature , the ceramic 2105a and the bottom ceramic 2105c in FIG . 21 ) are 
braze joint can be formed , and upon cooling , the higher CTE included in the design and joined on the face of each metal 
material can contract at a higher rate than the inner material 45 collar that is opposite to the face that is bonded to the central 
to create a compressive seal . Due to the high temperature ceramic ( e.g. , along brazing interfaces / joints 2170 and 2165 
brazing operation and subsequent cool - down , the sleeves in FIG . 21 ) . A stacked configuration with three ceramic 
( e.g. , nickel - cobalt ferrous alloy or stainless steel sleeves ) components may create symmetric braze lengths on either 
can apply a compressive force to the sealed bonding inter- side of the metal collars . Braze joints comprising symmetric 
face ( e.g. , nickel - cobalt ferrous alloy or stainless steel / 50 braze lengths on either side of a metal collar may create 
insulator interface ) due to the insulator in the center con- symmetric forces on the metal collar . This may enhance the 
tracting less . The example in FIG . 20 utilizes a Ti - alloy overall strength of the braze joint ( e.g. , by minimizing stress 
braze to form the sealing joint , and the compressive forces concentrations and placing the metal under tension and the 
2015 formed during the cool - down to press the sleeve 2005 ceramic components under compression ) . In some cases , a 
( e.g. , nickel - cobalt ferrous alloy sleeve ) onto the insulator 55 joint comprising a flat ceramic surface that is bonded to a flat 
( e.g. , ceramic ) 2010 , thus providing a stable and robust seal . metal surface is considered to be a face seal . 
The seal in FIG . 20 is an example of a circumferential seal . Different applications may benefit from different seal 
FIG . 21 is an example of a seal 2100 that comprises designs . A circumferential ( e.g. , conical ) seal design ( e.g. , 

multiple ceramic components . The ceramic components see FIG . 20 ) may provide a robust seal design with a single 
may washers . The ceramic components may be electrically 60 ceramic component . The angled circumferential surface on 
insulating . The seal can electrically isolate a conductor ( e.g. , the ceramic may enable easier assembly ( e.g. , the parts may 
negative current lead ) 2120 from a cell housing ( e.g. , cell fall into the proper configuration without the need for 
lid ) 2125 ( e.g. , by a hermetic seal ) . The seal in FIG . 21 is an fixtures with tight tolerances or without the need for careful 
example of a stacked seal design . In this seal design , three assembly prior to brazing ) . The circumferential design may 
separate ceramic components ( e.g. , AIN ) 2105a , 2105b and 65 in some cases be able to withstand greater CTE - mismatches 
2105c are positioned vertically on top one another . The between the metal collars and the ceramic since the primary 
ceramic components ( e.g. , insulators ) are disposed between force exerted by the metal onto the ceramic after cooling 
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down from the brazing temperature may be a radially FIG . 22 shows examples of forces on seals by providing 
symmetric compressive force ( e.g. , due to ceramics gener- images of results from computational models that predict 
ally being stronger in compression than in tension ) . A stress and strain generated during a post - fabrication cooling 
stacked seal design ( e.g. , see FIG . 21 , or FIG . 23 which may process for a seal due to CTE mismatch ( without incorpo 
be considered a special case of the stacked design with just 5 rating plastic deformation ) . The models show the von Mises 
one ceramic ) may allow for lower cost components based on stress distribution ( e.g. , a calculated stress distribution based simpler machining of flat parallel surfaces on the top and on forces applied in three spatial dimensions that provides bottom of the ceramic instead of machining the outer insight into the likelihood of a stress - induced mechanical diameter and or machining the side of the ceramic to a failure , e.g. , if the calculated von Mises stress exceeds the specific conical angle ( e.g. , a conical angle of about , less 10 strength of the material , the material is predicted to fail ) than about , or at least about 5 , 10 , 15 , 20 , 25 , 30 , 35 , 40 , 50 , 
or 75 degrees relative to a vertical orientation ) as may be generated using a linear elastic model for a process involv 

ing joining ceramic and metal components together at con required by a circumferential seal . The stacked design may 
also enable designs with lower seal height ( e.g. , since the tacting interfaces at 850 ° C. and cooling the system to 25 ° 
sealing interfaces are perpendicular to the height of the i5 C. In the example image on the left in FIG . 22 , the seal 
design ) . The seals of the disclosure ( e.g. , the seals in FIG . comprises only one ceramic insulator ( e.g. , as shown in FIG . 
20 , FIG . 21 and FIG . 23 ) may be axially symmetric to aid 23 ) . In the example image on the right in FIG . 22 , the seal 
in balancing forces on the seal . In some configurations , the comprises three ceramic insulators ( e.g. , as shown in FIG . 
stacked configuration may include 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 21 ) . As shown in these examples , the single ceramic seal on 
12 , 14 , 16 , 18 , 20 or more ceramic components . The number 20 the left in FIG . 22 can be subject to larger von Mises stresses 
of ceramic components may be configured to balance the and / or strain than the three ceramic seal on the right in FIG . 
forces in a given seal configuration . In some cases , the 22. The shades in FIG . 22 represent different levels of the 
ceramic components may be symmetrically distributed on von Mises stress , with white being zero stress and black 
two sides of a central ( e.g. , middle ) ceramic component . In being the maximum stress on the scale , as indicated by an 
some cases , the ceramic components may be non - symmetri- 25 arrow in the direction of increasing stress 2205 . 
cally distributed on two sides of a central ( e.g. , middle ) While the sub - assembly is cooled , stresses may build up , 
ceramic component . In some cases , the ceramic components leading to immediate failure or failure when the seal is 
may be distributed in any configuration around ( e.g. , on two joined with the rest of the components of the cell top 
sides of ) one or more ceramic components that provide assembly . Since nickel - cobalt ferrous alloy can experience a 
sealing . Further , thickness of the ceramic components and / or 30 phase transition at around 425 ° C. ( e.g. , as noted by the 
of the metal collars may be selected to balance the forces in sudden change in CTE as a function of temperature in FIG . 
a given seal configuration . For example , metal collars joined 7 and FIG . 8 ) , it can maintain a higher stress level unless 
or bonded to the ceramic ( e.g. , the first metal collar or the annealed below that temperature . In some cases , annealing 
third metal collar ) may have a first thickness , metal collars of nickel - cobalt ferrous alloy is completed by a 30 minute 
joined or bonded only to other metal collars ( e.g. , in com- 35 soak at 850 ° C. , which can ultimately yield high stresses in 
pound metal collars ) may have a second thickness , and metal the sub - assembly . Higher temperature braze materials may 
collars joined or bonded to a conductor , cell housing lid use 430 stainless steel sleeves , since they do not experience 
and / or other part of the housing may have a third thickness grain growth after a phase transition leading to a change in 
( e.g. , the third thickness may be equal to the first thickness shape or properties that may occur at prolonged periods of 
if the metal collar is also directly joined to the ceramic ) . 40 time at the device's ( e.g. , liquid metal battery's ) operating 

Brazing can be provided on either side of the sleeve or temperature . 
flexible joint ( e.g. , a balanced seal as shown in FIG . 21 ) or FIG . 24 shows an exploded view of a cell cap assembly 
on just one side of the joint ( e.g. , an unbalanced seal as having a cell top 2405 , a sub - assembly 2410 and a conductor 
shown in FIG . 23 ) . Brazing on either side of each metal 2415. The cell top can have any suitable geometry ( e.g. , as 
sleeve can balance the forces experienced by the sealing 45 long as it interfaces with the cell body and allows for 
interfaces . An advantage of the balanced seal design may be features such as , for example , gas management ( if neces 
that there can be limited force applied to the ceramic and sary ) , and a hole for the sub - assembly to be welded to ) . For 
minimal torque present during the cooling of the system . example , the cell top can comprise a first aperture for the 
Such configurations can place the sleeves ( e.g. , nickel - cobalt conductor / sub - assembly and a second aperture for a gas 
ferrous alloy sleeves ) in tension and the ceramics in com- 50 management connection . Each aperture may be sealed with 
pression . In an example , balancing of the seal may enable a seal of the disclosure . In some cases , the conductor has a 
stress ( e.g. , stress generated during post - fabrication cool- low CTE ( e.g. , so that the part does not short or crack the 
ing process ) to be less than the tensile strength of the ceramic or fail ) . 
ceramic . In another example , balancing of the seal may FIG . 25 , FIG . 26 and FIG . 27 show examples of various 
enable strain ( e.g. , strain generated during a post - fabrication 55 features of seals . The seal in FIG . 25 utilizes corrosion 
cooling process ) to be less than the strain strength ( e.g. , resistant metals such as molybdenum , tungsten , 630 SS or 
maximum strain that the ceramic can withstand prior to 430 SS 2505 ( e.g. , having a low CTE of less than about 4 
breaking ) of the ceramic . The ceramic may have a given ppm / ° C. , or less than about 10 ppm / ° C. ) and ceramics 2510 
strength . In some examples , a strength value ( e.g. , tensile ( e.g. , aluminum nitride ( AIN ) ) . The seal comprises a CTE 
strength , ultimate strength , yield strength ) of a ceramic 60 matching component 2515 ( e.g. , at about 5.5 ppm / ° C. ) to 
material , such as , for example , AIN , BN , A1203 , La , 03 , allow for reduced or minimal stress build - up ( e.g. , between 
Y203 , MgO , SIC , TiC or SizN4 , can be greater than about 10 the metal 2505 and the ceramic 2510 ) . The CTE - matching 
mega - Pascals ( MPa ) , 50 MPa , 100 MPa , 150 MPa , 200 component 2515 can comprise , for example , molybdenum , 
MPa , 250 MPa , 300 MPa , 350 MPa , 400 MPa , 450 MPa , or an alloy of tungsten and / or molybdenum . Examples of 
500 MPa , 550 MPa , 600 MPa , 650 MPa , 700 MPa , 750 65 such materials are provided in Example 1. The seal has a 
MPa , 800 MPa , 900 MPa , 1,000 MPa , 1,500 MPa , 2,000 robust design for mechanical loading and is resistant to 
MPa , 3,000 MPa , or 5,000 MPa . electrical bridging shorts . The seal has a low profile design 
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2520 ( e.g. , about 0.25 inches ) , and can be welded or brazed tance ( e.g. , such that the battery is capable of efficiently 
in a commercially scalable way 2525 ( e.g. , by laser or during storing energy and delivering power ) may be desirable in 
sub - assembly brazing ) . some cases . The system resistance can be determined by the 

In FIG . 26 , parts of the seal are submerged into the cell combined effect of a plurality of resistances along the 
such that the seal does not extend up beyond the surface of 5 current flow path such as between electrochemical cells , 
the cell lid . The seal can include a gas management port and within electrochemical cells , and between groups of elec 
nickel - cobalt ferrous alloy in place of molybdenum . A trochemical cells . In some cases , electrochemical cells or 
flipped metal collar 2605 can reduce or eliminate the catch- groups thereof are connected using interconnects . In some 
ing of debris . In some cases , an inner diameter braze ( e.g. , instances , an interconnect is a wire . However , the shortest 
between nickel - cobalt ferrous alloy and aluminum nitride 10 possible electrical connection can generally lead to the 
( AIN ) ) 2610 can result in undesirable amounts of stress . lowest system resistance . Therefore , the present disclosure 
The cell shown in FIG . 27 can be sealed by a vacuum describes direct connection of cells to each other ( e.g. , by 

brazing process . The seal can enter about 3/8 inch below the brazing ) , in some cases reducing or eliminating the use of 
cell top , with about 0.05 inch extension above the cell top . wires to connect electrochemical cells . 
The cell can have increased structural capability when 15 In some implementations , a battery comprises a plurality 
compared to the cell in FIG . 26. The design can allow for of electrochemical cells connected in series , where the 
addition of a central pin after brazing , allowing for more battery is capable of storing at least about 10 kWh of energy , 
control and flexibility during assembly . In some cases , the the battery has an operating temperature of at least about 
smaller gap between the metal pieces can lead to a short by 250 ° C. , and each of the electrochemical cells has at least 
wetting of the ceramic 2705 . 20 one liquid metal electrode . The battery can be any suitable 

In some implementations , seals , sub - assemblies , conduc- size . In some cases , the battery is capable of storing at least 
tors and / or housings may comprise structural features ( e.g. , about 10 kilo - Watt - hours of energy . In some cases , the 
mating features ) or be combined with structural members battery is capable of storing at least about 30 kilo - Watt - hours 
such as , for example , flanges , hooks , ledges , interlock fea- of energy . In some cases , the battery is capable of storing at 
tures , weldable tabs , brazable tabs , snap fits , screw fits , 25 least about 100 kilo - Watt - hours of energy . 
screws , nuts , bolts and / or other structural members to facili- The internal resistance of the battery can be any suitably 
tate a secure connection of the sealing arrangements herein . low resistance . In some cases , the internal resistance of the 
In some cases , such mating features may be used in concert battery ( e.g. , at the operating temperature ) is about 2.5 * n * R , 
with welding , brazing , coating , metalized surfaces , struc- where ' n ' is the number of series connected modules of the 
tural features for CTE mismatch , etc. Further , seals , sub- 30 battery and ' R ' ( also referred to herein as ‘ RModule ' ) is the 
assemblies , conductors and / or housings may comprise struc- resistance of each of the individual modules or parallel 
tural features to facilitate interconnection between cells and connected modules . In some examples , the inverse of R is 
groups of cells . In some cases , such features may be directed the sum of the inverses of the resistance of each electro 
at reducing or minimizing stress and forces acting on seals chemical cell in a given module , as given by , for example , 
as a result of interconnection . Further , the seals herein may 35 1 / R Module = Si = 1 1 / R ;, where “ m ' is the number of cells in 
be configured for use in concert with various interconnec- one module . Each module can include a plurality of elec 
tions features ( e.g. , current transfer plates ) . Configuration of trochemical cells in a parallel configuration . Electrochemi 
the seals may in such cases include , for example , material cal cells in adjacent modules can be arranged in a series 
considerations ( e.g. , material compatibility of seals and configuration ( e.g. , individual cells in a module can be 
interconnections ) , desired system resistance ( e.g. , affecting 40 connected in series with corresponding individual cells in an 
choice of seal with a given resistance ) , space and operating adjacent module , such as , for example , in a configuration 
condition considerations ( e.g. , affecting choice of a seal that where individual cells of a first module are connected in 
is compatible with space constraints imposed by a given series with individual cells of a second module located 
interconnection arrangement and / or operating conditions ) , above the first module ) . In some cases , the internal resis 
and so on . 45 tance of the battery ( e.g. , at the operating temperature ) is 
Interconnections about 2 * n * R , about 1.5 * n * R , about 1.25 * n * R , or about 

Wired or wire - less ( e.g. , direct metal - to - metal ) intercon- 1.05 * n * R . In some cases , the internal resistance of the 
nections may be formed between individual electrochemical battery ( e.g. , at the operating temperature ) is less than about 
cells and / or between groups of electrochemical cells ( e.g. , 2.5 * n * R , less than about 2 * n * R , less than about 1.5 * n * R , 
modules , packs , cores , CEs , systems , or any other group 50 less than about 1.25 * n * R , or less than about 1.05 * n * R . In 
comprising one or more electrochemical cells ) . In some some cases , the total system resistance ( e.g. , at the operating 
cases , groups of cells may be joined via one or more temperature ) is greater than about 1.0 * n * R due to the 
cell - to - cell interconnections . In some cases , groups of cells resistance contribution of interconnects , busbars , surface 
may be joined via a group - level interconnection . The group- contact resistance at connection interfaces , etc. The battery 
level interconnection may further comprise one or more 55 can comprise electrochemical cells connected in series and 
interconnections with one or more individual cells of the in parallel . The number of electrochemical cell modules ( or 
group . The interconnections may be structural and / or elec- parallel connected modules ) that are connected in series ( i.e. , 
trical . Cells and / or groups of cells may be assembled ( or n ) can be any suitable number . In some examples , n is at 
stacked ) horizontally or vertically . Such assembled cells least 3 , at least 5 , at least 6 , at least 10 , at least 12 , at least 
and / or groups of cells may be arranged in series or parallel 60 15 , at least 16 , at least 20 , at least 32 , at least 48 , at least 54 , 
configurations . Further , groups of cells may be supported by at least 64 , at least 108 , at least 128 , at least 216 , or at least 
various frames . The frames may provide structural support 256. In an example , n is 3 ( e.g. , for a battery comprising 
and / or participate or aid in forming the interconnections pack ) , 6 ( e.g. , for a battery comprising a pack ) , or 216 ( e.g . , 
( e.g. , frames on groups of cells may mate or be connected ) . for a battery comprising a core ) . 

In some implementations , interconnections may be con- 65 A wired or wire - less ( e.g. , direct metal - to - metal ) inter 
figured to decrease resistance ( e.g. , internal resistance ) in a connection between individual electrochemical cells and / or 
system ( e.g. , a battery ) . A battery with a low system resis- between groups of electrochemical cells can have a given 
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internal resistance . In some cases , electrochemical cells are interconnect for at least every 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 15 , 
not connected with wires . In some examples , series connec- 20 , 25 , 30 , 40 , 50 , 75 , 100 , 150 , 200 , or more electrochemi 
tions ( e.g. , wire - less cell - to - cell connections , or current cal cells . 
transfer plate connections ) are created with a connection that FIG . 28 shows an example of a cell pack 2800 comprising 
has an internal resistance of about 0.05 milli - ohm ( mOhm ) , 5 3 modules 2805. Each of the modules comprises 12 cells 
about 0.1 mOhm , 0.5 mOhm , about 1 mOhm , about 2 2830 that are connected in parallel 2810. The modules are mOhm , about 5 mOhm , about 10 mOhm , about 50 mOhm , held in place with cell pack framing ( also “ frame " herein ) about 100 mOhm , or about 500 mOhm at an operating 2815 that includes a top component of the frame 2820. The temperature greater than 250 ° C. In some examples , series cells are stacked directly on top of each other with the connections are created with a connection that has an 10 negative current terminal of one cell 2825 contacted directly internal resistance of less than about 0.05 mOhm , less than with the housing of another cell ( e.g. , the cell above it ) . The about 0.1 mOhm , less than about 0.5 mOhm , less than about 
1 mOhm , less than about 2 mOhm , less than about 5 mOhm , negative current terminals of the top layer of cells will have 
less than about 10 mOhm , less than about 50 mOhm , less no housing of another cell directly above , so can instead be 
than about 100 mOhm , or less than about 500 mOhm at an contacted ( e.g. , brazed to ) a negative busbar 2835 . 
operating temperature greater than about 250 ° C. In some In some configurations , the parallel connections 2810 
instances , the resistance is measured by a direct electrical made in the module can be created using a single piece ( or 
connection between the conductor of a first electrochemical component ) with multiple pockets for cell materials . This 
cell and the electrically conducting housing of a second cell . piece can be a stamped component that allows for direct 
In some cases , one or more busbars and / or interconnects can 20 electrical connection between cells . In some examples , the 
be used to create a connection between any two groups of stamped pocketed electrically conductive housing does not 
cells . In some examples , such a connection has an internal create a barrier between the cells . In some cases , the 
resistance of about 0.01 mOhm , about 0.05 mOhm , about pocketed electrically conductive housing seals the pockets 
0.1 mOhm , about 0.2 mOhm , about 0.5 mOhm , about 1 from each other . This electrically conductive housing can be 
mOhm , about 5 mOhm , about 10 mOhm , about 50 mOhm , 25 easier to manufacture and assemble than individual electri 
or about 100 mOhm . In some examples , such a connection cally conductive cell housings . In some configurations , the 
has an internal resistance of less than about 0.01 mOhm , less parallel connections 2810 made in the module can be created 
than about 0.05 mOhm , less than about 0.1 mOhm , less than by direct contact of the housings of the cells in the module . 
about 0.2 mOhm , less than about 0.5 mOhm , less than about When stacked vertically , the electrochemical cells bear 
1 mOhm , less than about 5 mOhm , less than about 10 30 the weight of the cells stacked above . The cells can be 
mOhm , less than about 50 mOhm , or less than about 100 constructed to support this weight . In some cases , cell - to 
mOhm . In some instances , the resistance is measured by the cell spacers 640 are placed between the layers of cells . These 
voltage drop across a busbar ( and / or interconnect ) while spacers can disperse the weight of the above cells and / or 
current is flowing through the busbar ( and / or interconnect ) relieve some of the weight applied to the negative current 
according to the following formula : Rbusbar = V / I , where 35 terminals . In some cases , the negative current terminals are 
‘ Rbusbar ' is the resistance of the busbar ( and / or interconnect ) , electrically isolated from the housing with a seal . This seal 
' V ' is the measured voltage drop across the busbar ( and / or can be the weakest structural component of the electro 
interconnect ) and ‘ I ' is the current flowing through the chemical cell , so the spacers can reduce the amount of force 
busbar ( and / or interconnect ) . Any aspects of the disclosure applied to the seals . 
described in relation to internal resistance of cell - to - cell 40 In some implementations , a liquid metal battery com 
connections may equally apply to connections between prises a plurality of electrochemical cells each comprising 
groups of cells at least in some configurations , and vice an electrically conductive housing and a conductor in elec 
versa . Further , any aspects of the disclosure described in trical communication with a current collector . The electri 
relation to internal resistance of series connections may cally conductive housing can comprise a negative electrode , 
equally apply to parallel connections at least in some con- 45 electrolyte and positive electrode that are in a liquid state at 
figurations , and vice versa . an operating temperature of the cell . The conductor can 

In some implementations , an electrochemical energy stor- protrude through the electrically conductive housing 
age system comprises at least a first electrochemical cell through an aperture in the electrically conductive housing 
adjacent to a second electrochemical cell . Each of the first and can be electrically isolated from the electrically con 
and second electrochemical cells can comprise a negative 50 ductive housing with a seal . The plurality of electrochemical 
current collector , negative electrode , electrolyte , positive cells can be stacked in series with the conductor of a first cell 
electrode and a positive currently collector . At least one of in electrical contact with the electrically conductive housing 
the negative electrode , electrolyte and positive electrode can of a second cell . The liquid metal battery can also comprise 
be in a liquid state at an operating temperature of the first or a plurality of non - gaseous spacers disposed between the 
second electrochemical cell . A positive current collector of 55 electrochemical cells . In some cases , the electrochemical 
the first electrochemical cell can be direct metal - to - metal cells are stacked vertically . For example , at least 2 , 3 , 4 , 5 , 
joined ( e.g. , brazed or welded ) to the negative current 6 , 7 , 8 , 9 , 10 , 15 , 20 , 25 , 30 , 36 , 40 , 48 , 50 , 60 , 70 , 80 , 90 , 
collector of the second electrochemical cell . In some 100 , 120 , 140 , 160 , 180 , 200 , 216 , 250 , 256 , 300 , 350 , 400 , 
examples , the negative current collector comprises a nega- 450 , 500 , 750 , 1000 , 1500 , 2000 or more electrochemical 
tive current lead . 60 cells can be stacked in series . In some cases , the battery 

In some cases , the first and second electrochemical cells further comprises at least one additional electrochemical cell 
are not connected by wires . In some cases , the electrochemi- connected in parallel to each of the plurality of electro 
cal energy storage system comprises one or fewer intercon- chemical cells that are stacked in series . For example , each 
nects for every 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , vertically stacked cell can be connected in parallel with at 
16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , or 65 least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 15 , 16 , 20 , 25 , 30 , 40 , 50 , 
more electrochemical cells . In some cases , the electrochemi- 60 , 70 , 80 , 90 , 100 , 120 , 140 , 160 , 180 , 200 , 250 , 300 , 350 , 
cal energy storage system ( e.g. , battery ) comprises one 400 , 450 , 500 , 750 , 1000 , 1500 , 2000 or more additional 
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electrochemical cells . In some cases , the electrically con- The cell to cell connections can be configured in a variety 
ductive housings are part of a current conducting pathway . of ways based on tolerances and optimal conductive path . In 
The non - gaseous spacers ( also “ spacers ” herein ) can be a one configuration , the top face of the negative current lead 

solid material . In some cases , the spacers comprise a in one cell can be direct metal - to - metal joined ( e.g. , brazed , 
ceramic material . Non - limiting examples of ceramic mate 5 welded ) to the bottom of the cell above it ( see , for example , 
rials include aluminum nitride ( AIN ) , boron nitride ( BN ) , FIG . 29 ) . Other configurations can include , for example , 
yttrium oxide ( Y203 ) , zirconium oxide ( ZrO2 ) , yttria par alternative direct metal - to - metal joined ( e.g. , alternative 
tially stabilized zirconia ( YPSZ ) , aluminum oxide ( Al2O3 ) , braze joined ) configurations , such as an outer diameter braze 
chalcogenides , erbium oxide ( Er203 ) , silicon dioxide enhanced by differences in the coefficient of thermal expan 

10 sion ( CTE ) of the inner rod and the outer fixture ( see , for ( SiO2 ) , quartz , glass , or any combination thereof . In some example , FIG . 30 ) . of thermal expansion ( CTE ) of the inner cases , the spacers are electrically insulating . rod and the outer fixture ( FIG . 30 ) . The spacers can have any suitable thickness . In some In some cases , as shown in FIG . 29 , the conductor 2905 cases , the thickness of the spacer is approximately equal to of a first cell 2910 is brazed 2915 to the electrically the distance that the conductor protrudes out of the electri 15 conductive housing 2920 of the second cell 2925. The braze cally conductive housing ( e.g. , the thickness of the spacer material can be any suitable material . Some non - limiting 
can be within about 0.005 % , about 0.01 % , about 0.05 % , examples of braze materials include materials that comprise 
about 0.1 % or about 0.5 % of the distance that the conductor iron ( Fe ) , nickel ( Ni ) , titanium ( Ti ) , chromium ( Cr ) , zirco 
protrudes out of the electrically conductive housing ) . nium ( Zr ) , phosphorus ( P ) , boron ( B ) , carbon ( C ) , silicon 

The majority of the force ( e.g. , the weight of electro- 20 ( Si ) , or any combination thereof . The cell can comprise a 
chemical cells stacked vertically above a cell ) is generally cathode 2930 , an electrolyte 2935 and an anode 2940 
born by the spacers and / or housing rather than the seals . The connected to the current collector and conductor 2905. The 
non - gaseous spacers and / or the electrically conductive hous- conductor can feed through the cell lid 2950. In some cases , 
ing can support any suitably high percentage of the applied the cell has some empty head space 2945 . 
force . In some cases , about 70 % , about 80 % , about 90 % , 25 In some implementations , the conductor 2905 can feed 
about 95 % , or about 95 % of the force is applied to the through a seal 2960 in the cell lid 2950. The conductor ( e.g. , 
non - gaseous spacers and / or the electrically conductive hous- negative current lead ) 2905 may rigid . The seal 2960 may 
ing . In some cases , at least about 70 % , at least about 80 % , not be rigid . As additional cells are added during assembly , 
at least about 90 % , at least about 95 % , or at least about 95 % an increasing weight can be exerted on the conductor 2905 
of the force is applied to the non - gaseous spacers and / or the 30 of the bottom cell 2910 by the housing 2920 of the top cell 
electrically conductive housing . 2925 ( e.g. , at the position 2915 ) . In some instances , the 

There can be any suitable amount of force applied to the vertical spacing between the cells 2910 and 2925 may 
electrically conductive housing and / or seal . In some decrease if the seal 2960 ( with the conductor 2905 and the 
instances , the force applied to the seal is no greater than the anode 2940 ) move downward into the cell 2910 as a result 
seal can support . In some cases , the force applied to the seal 35 of the compression force . To ensure that modules are elec 
is about 10 , about 15 , about 20 , about 25 , about 30 , about 35 , trically isolated from each other , spacers ( e.g. , ceramics ) 
about 40 , about 45 , about 50 , about 60 , about 70 , about 80 , 2955 can be placed across the surface of the cells to support 
about 100 , about 120 , about 150 , or about 200 Newtons . In the cells above them . In this configuration , the cell housing 
some cases , the force applied to the seal is less than about can be used as the main structural support for the system . 
10 , less than about 15 , less than about 20 , less than about 25 , 40 The ceramic spacer 2955 can relieve the seal 2960 from 
less than about 30 , less than about 35 , less than about 40 , less having to support the weight of the top cell 2925 ( and any 
than about 45 , less than about 50 , less than about 60 , less additional cells added during assembly ) . In some configu 
than about 70 , less than about 80 , less than about 100 , less rations , there may initially be a gap between the top of the 
than about 120 , less than about 150 , or less than about 200 spacers 2955 and the bottom of the housing 2920 of the top 
Newtons . In some cases , the force applied to the housing is 45 cell 2925 ( e.g. , the thickness of the spacer can be slightly 
about 100 , about 500 , about 1000 , about 5000 , or about less than the distance that the conductor initially protrudes 
10000 Newtons . In some cases , the force applied to the through the electrically conductive housing ) , and the spacers 
housing is at least about 100 , at least about 500 , at least ( e.g. , ceramics ) can be placed in compression during assem 
about 1000 , at least about 5000 , or at least about 10000 bly as additional cell ( s ) are added ( e.g. , as the spacing 
Newtons . 50 between the top of the housing of the bottom cell 2910 and 

There can be any suitable amount of pressure applied to the bottom of the housing of the top cell 2925 decreases ) . As 
the electrically conductive housing and / or seal . In some a result , the displacement ( also “ anode - cathode displace 
instances , the pressure applied to the seal is no greater than ment ” herein ) between anodes and cathodes ( e.g. , final 
the seal can support . In some cases , the pressure applied to displacement after assembly between the anode 2940 and 
the seal is about 1 , about 10 , about 50 , about 100 , about 200 , 55 the cathode 2930 in cell 2910 ) can in some cases be 
about 300 , or about 500 pounds per square inch ( psi ) . In determined by the non - gaseous spacers . In some configura 
some cases , the pressure applied to the seal is less than about tions , the spacers can be placed in compression right away 
1 , less than about 10 , less than about 50 , less than about 100 , ( e.g. , if the thickness of the spacer is slightly greater than the 
less than about 200 , less than about 300 , or less than about distance that the conductor initially protrudes through the 
500 pounds per square inch ( psi ) . In some cases , the pressure 60 electrically conductive housing ) . 
applied to the housing is about 500 , about 1000 , about 2000 , In some cases , differences in the coefficient of thermal 
about 2500 , about 3000 , about 5000 , or about 10000 pounds expansion ( CTE ) can be used to connect two cells . As shown 
per square inch ( psi ) . In some cases , the pressure applied to in FIG . 30 , the conductor of the first cell 3005 sits in a 
the housing is at least about 500 , at least about 1000 , at least recessed portion of the electrically conductive housing of the 
about 2000 , at least about 2500 , at least about 3000 , at least 65 second cell 3010 , and the coefficient of thermal expansion 
about 5000 , or at least about 10000 pounds per square inch ( CTE ) of the conductor 3015 is greater than the CTE of the 
( psi ) . electrically conductive housing 3020 . 
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The CTE of the conductor can be any amount greater than plate and direct the weight onto the housing ( e.g. , the cell 
the CTE of the electrically conductive housing . In some cap ) , thereby reducing the portion of the applied weight that 
cases , the CTE of the conductor is about 2 % , about 5 % , is transmitted through the seal . In some cases , the strain 
about 10 % , about 15 % , about 20 % , about 30 % , about 40 % , relieving function may include a spiral pattern ( e.g. , a single 
about 50 % , about 60 % , about 70 % , about 80 % , about 90 % , 5 spiral arm or multiple spiral arms ) or other feature on the 
or about 100 % greater than the CTE of the electrically current transfer plate to give the current transfer plate 
conductive housing . In some cases , the CTE of the conduc compliance and may reduce stress experienced by the seal as 
tor is at least about 2 % , at least about 5 % , at least about 10 % , the cells are stacked on top one another or during heat - up at least about 15 % , at least about 20 % , at least about 30 % , due to CTE mismatches . The spiral pattern may comprise 
at least about 40 % , at least about 50 % , at least about 60 % , 10 one or more spiral arms . The spiral arms may be , for at least about 70 % , at least about 80 % , at least about 90 % , example , about 0.5 mm thick , about 1 mm thick , about 2 mm or at least about 100 % greater than the CTE of the electri thick or about 4 mm thick . The spiral arms may create a cally conductive housing . 

Cells stacked vertically in series can be attached through spiral that has a circular or oval external shape that is about 
a direct or hard electrical connection such that the height 15 1 cm , about 2 cm , about 3 cm or about 4 cm or larger in 
from 2950 to 2940 and / or anode - cathode displacement diameter . In some cases , the current transfer plate may be 
( ACD ) can be determined by the dimensional tolerance of sufficiently compliant such that the strain relieving feature is 
2955. In some examples , the height from 2950 to 2940 can not needed . 
be at least about 3 millimeters ( mm ) , at least about 5 mm , at Cell packs can be attached in series and parallel in various 
least about 7 mm , at least about 10 mm , at least about 15 20 configurations to produce cores , CEs , or systems . The num 
mm , and the like . In some examples , the ACD can be about ber and arrangement of various groups of electrochemical 
3 mm , about 5 mm , about 7 mm , about 10 mm , about 15 cells can be chosen to create the desired system voltage and 
mm , or greater . FIG . 29 is an example of how such connec- energy storage capacity . The packs , cores , CEs , or systems 
tions may be configured . can then be enclosed together in high temperature insulation 

Cells stacked vertically in series can be connected using 25 to create a system that can heat itself using the energy 
a direct ( e.g. , metal - to - metal ) electrical connection such that created from cells charging and discharging . For example , 
resistance per cell connection is reduced , for example , below FIG . 31 is an example of how packs can be configured , 
about 100 mOhm ( or another internal resistance value indicating that the cell packs in a given plane are connected 
described elsewhere herein ) . FIG . 29 is an example of how to one another in parallel 3105 , while the packs connected 
such connections may be configured . FIG . 29 also provides 30 directly atop one another are connected in series 3110 . 
an example of a CTE mismatched seal connection . The packs themselves can be connected vertically and 

In some implementations , cells can be joined vertically by horizontally to one another through busbars ( e.g. , unlike the 
means of a current transfer plate that can be connected ( e.g. , cell - to - cell connections within a pack which can generally 
welded ) to the negative current lead or conductor on the be direct connections such as brazes or welds ) . In some 
bottom cell , and the cell body ( e.g. , electrically conductive 35 cases , the busbar is flexible or comprises a flexible section 
housing ) on the top cell . The negative current lead can ( e.g. , to accommodate non - isothermal expansion of the 
protrude through a housing of the bottom cell through a seal . system throughout heat up and operation ) . 
For example , multiple cells can be connected in parallel into A busbar can be used to make an electrical connection 
a cell module or a partial cell module , and then connected in with cells in a parallel string ( e.g. , a parallel string of cells , 
series with other cell modules or partial cell modules via 40 a parallel string of packs , etc. ) . In some examples , a busbar 
vertical stacking . The vertical stacking can be implemented can be used to configure a set of cells or cell modules into 
by connecting the current transfer plate from one cell to the a parallel string configuration by being electrically con 
cell body or a feature on the cell body on the cell above it nected with the same terminal on all of the cells or cell 
( e.g. , to form the basis of a cell pack ) . The current transfer modules ( e.g. , the negative terminals of all of the cells or cell 
plate can be formed from a conductive material , such as any 45 modules , or the positive terminals of all of the cell or cell 
conductive material described herein . The current can com- modules ) . For example , a positive busbar and / or a negative 
prise one or more surfaces ( e.g. , a flat surface ) that can be busbar may be used . The positive busbar can be connected 
welded or otherwise direct metal - to - metal joined with to the housing and may or may not need to be flexible . In 
another surface ( e.g. , a cell body or a feature on the cell body some cases , the positive busbar may not be used . The 
of an adjacent cell ) . The current transfer plate can extend 50 negative busbar can be joined to features in ( or on ) one or 
from the negative current lead toward the periphery of the more of the cell bodies ( e.g. , the cell bodies of individual 
cell surface comprising the negative current lead . Such cells in a pack ) to provide a strong electrical connection . In 
configurations can enable electrical connections to be more some cases , the negative busbar can be attached to conduc 
conveniently made in tight spaces between cells or in cell tive feed - throughs ( e.g. , negative current leads ) , which may 
assemblies ( e.g. , more convenient access during vertical 55 require some compliance for thermal expansion . For 
stacking of cells ) . example , a flexible connection between a relatively rigid 

The current transfer plate may be combined with or busbar core and the feed - through may be achieved using a 
comprise a strain relieving function to reduce stress on the compliance feature between the feed - through and the bus 
seal ( e.g. , the seal around the negative current lead ) that may bar . The compliance feature may involve a spiral pattern 
be generated by the welding / joining process and / or thermal 60 ( e.g. , a single spiral arm or multiple spiral arms ) that may be 
expansion differences during heat - up and / or cool - down , created by cutting away and / or removing material from a flat 
and / or stresses generated when cells and / or packs are ver- busbar in the desired pattern . The spiral pattern may involve 
tically stacked on top one another . In some cases , the stresses one or more spiral arms . The spiral arms may be , for 
on the seal may be reduced by including an electrically example , about 0.5 mm thick , about 1 mm thick , about 2 mm 
insulating non - gaseous ( e.g. , ceramic ) spacer . The non- 65 thick or about 4 mm thick . The spiral arms may create a 
gaseous spacer can support the weight from the current spiral that has a circular or oval external shape that is about 
transfer plate and / or cells stacked onto the current transfer 1 cm , about 2 cm , about 3 cm or about 4 cm or larger in 
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diameter . In some cases , the busbar may be sufficiently between cells may be configured for use between modules , 
compliant such that the compliance feature is not needed . an interconnection interface comprising a feature on a cell 
One or more interconnects can be used to connect the body for connecting cell bodies within a module may be 

busbar of one pack to the busbar of another cell pack , configured for connecting cell bodies of outer cells on 
thereby placing the cell packs in parallel or in series . In some 5 adjacent packs , and so on . Further , interconnections 
cases , the negative busbar of one cell pack is connected to described in relation to forming a series connection may be 
the positive busbar of another cell pack using a compliant in some cases be adapted to forming a parallel connection , 
interconnection component ( also “ interconnect ” herein ) . In and vice versa . 
some cases , the interconnect may be braided metal or metal Pressure Relief Mechanism 
alloy . In some cases , the interconnect may be made from 10 FIG . 33 is a cross - sectional side view of an electrochemi 
sheet metal and take the form of a bent sheet that is about 1/32 cal cell or battery 3300 with a pressure relief structure 3311 . 
inch thick , about 1/16 inch thick , about 1/8 inch thick , or about In an example , the battery cell 3300 can have an axially 
1/4 inch thick . In some cases , the interconnect may comprise symmetric , circular cross - section when viewed from above 
the same conductive material as the busbar . In some cases , ( “ top view ” in FIG . 33 ) . The housing 3301 can have 
the positive busbar and the interconnect are the same com- 15 concentric walls 3311a , 3311b . A first chamber or cavity can 
ponent . include a negative liquid metal electrode 3303 , a negative 

The busbar and / or interconnect components can comprise current collector 3307 , a liquid metal electrolyte 3304 , a 
a conductive material . For example , the busbar and / or positive liquid metal electrode 3305 and a positive current 
interconnect components can comprise ( e.g. , be made of ) collector 3308. During discharge , a solid intermetallic layer 
stainless steel , nickel , copper , aluminum - copper based alloy , 20 3310 may form , as described elsewhere herein . The pressure 
or any combination thereof . relief structure 3311 forms a second chamber . The walls of 

The pack may further comprise or form other intercon- the first and second chambers can form the concentric walls 
nections ( e.g. , to allow the pack to be interconnected with of the housing 3301 which may include a container , as 
additional packs ) , including , but not limited to , additional described elsewhere herein . Thus , the pressure relief struc 
interconnects , additional busbars and / or additional connec- 25 ture 3311 is provided in the annular chamber ( also referred 
tion interfaces . In some implementations , busbars may be to as “ riser pipe ” herein ) defined by the concentric walls . In 
used to provide pack - level electrical connections / intercon- some cases , the concentric walls of the housing may be 
nections ( e.g. , only busbars may be used for pack - level integrally formed . Alternatively , the concentric walls may be 
electrical connections / interconnections ) . formed separately and mechanically joined , e.g. , by weld 

In configurations where cells are stacked vertically atop 30 ing . The housing and / or the walls can be formed of any 
one another , the busbar at the top of the cell stack ( e.g. , cell materials for housings / containers described herein . 
pack stack ) can comprise only the negative busbar ( e.g. , During discharge , the negative liquid metal electrode 
since the positive terminal of the stack can be on the bottom 3303 can be an anode and the positive liquid metal electrode 
cell in the stack ) . 3305 can be a cathode . The intermetallic layer 3310 includes 

The thermal insulation and / or the frame may be designed 35 an upper interface 3310a and a lower interface 3310b . As the 
to allow the core ( and / or any system of the disclosure ) to be lower interface 3310b of the intermetallic layer 3310 moves 
cooled , the insulation to be removed , individual or sets of in a downward direction indicated by arrows 3312 , the liquid 
packs to be disconnected and removed from the core to material of the cathode 3305 is compressed . When pressure 
allow for a single pack to be disconnected , removed and builds due to active electrochemistry in the first chamber 
replaced , or any combination thereof . The core can then be 40 space , the cathode material can rise between the walls 
reassembled and heated back up to operating temperature to 3311a , 3311b of the pressure relief structure 3311 via one or 
allow for resumed operation . more openings 3313a , 3313b , 3314a , 3314b . The openings 

Various interconnection configurations described herein can be provided adjacent to the housing 3301 ( e.g. , openings 
in relation to individual cells or a given group of cells may 3313a , 3313b ) such that the inner wall 3311a of the pressure 
equally apply to other groups of cells ( or portions thereof ) at 45 relief structure is not in contact with the bottom wall of the 
least in some configurations . In one example , interconnec- housing 3301. In some examples , the bottom wall can be the 
tions such as , for example , brazed positive and negative positive current collector 3308. The openings can also be 
current collectors of cells , braze enhanced by differences in provided at some predetermined distance from the bottom 
coefficients of thermal expansion , connecting ( e.g. , welding ) wall of the housing 3301 ( e.g. , openings 3314a , 3314b ) . For 
cell bodies or features in cell bodies , etc. , may apply to ( or 50 example , the inner wall 3311a can be attached to the bottom 
be adapted to ) groups of cells such as , for example , modules , wall of the housing and only have openings 3314a , 3314b . 
packs , etc. In another example , interconnections such as , for The holes may be circular or of any other shape allowing 
example , stamped pocketed electrically conductive housing the cathode material to flow through the holes . For example , 
in cells and / or modules , etc. , may apply to ( or be adapted to ) circular holes may be preferred to minimize drag on the 
groups of cells such as , for example , modules , packs , etc. In 55 flowing cathode material . The cathode material may flow 
yet another example , interconnections such as , for example , through the holes as indicated by arrows 3315 , and upward 
busbars / interconnects between packs , etc. , may in some in the pressure relief structure as indicated by arrows 3316 . 
cases apply to ( or be adapted to ) groups of cells such as , for Combinations and / or a plurality of openings 3313a , 
example , cores , etc. Further , stress - relieving configurations 3313b , 3314a , 3314b can be provided along the inner wall 
( e.g. , current transfer plates between cells , spacers , spiral 60 of the annular pressure relief chamber 3311. The holes may 
relief or compliance features / structures / patterns , etc. ) and be provided at different axial distances from the bottom wall 
electrical / structural features ( e.g. , end - caps , etc. ) may in of the housing and may be of varying size . For example , the 
some cases be applied to ( or be adapted to ) any group of holes may be spaced to prevent the intermetallic layer 3310 
cells herein . The various interconnection configurations may from “ bottoming out ” , i.e. , from reaching the uppermost 
be applied at group level or to individual cells . Thus , in an 65 level of the holes ( which may be near the bottom of the first 
example , a spacer used between cells may be configured for chamber ) , and blocking the riser pipe inlet ( the area around 
use as a spacer between packs , a current transfer plate arrows 3315 ) . 
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The pressure relief structure can have a top wall 3311c . provide a surface texture or chemistry that interacts with the 
The top wall 3311c can close the pressure relief structure to intermetallic material , e.g. , the intermetallic may easily slide 
prevent material inside the riser pipe from spilling over the along the surface . 
top of the riser pipe . In some cases , the wall 3311b may be Conversely , one or more parts of the pressure relief 
formed separately from the housing . For example , the walls 5 structure , e.g. , the surfaces defining the chamber of the riser 
3311a , 3311b , and 3311c can be integrally formed as an pipe , may be formed of and / or coated with a material that is 
annular tube with a closed top and an open bottom ( e.g. , readily wet by the cathode to ensure smooth flow of the 
openings 3313a , 3313b ) , or as an annular tube with closed cathode material in the riser pipe . The material can be inert . 
top and bottom but with perforations or holes near the In some cases , the material may have desired reactivity with 

10 the cathode material . In some cases , the inlet and / or the bottom ( e.g. , openings 3314a , 3314b ) . In some examples , openings 3313a , 3313b , 3314a , 3314b can be coated with a one or more parts or all of the pressure relief structure may material that prevents the intermetallic from sliding into the be formed of one or more materials different than the riser pipe . The inlet and / or the openings 3313a , 3313b , housing 3301. One or more parts or all of the pressure relief 3314a , 3314b may be covered with a mesh . The inlet and / or structure may be formed of an electrically insulating mate 15 the openings 3313a , 3313b , 3314a , 3314b may comprise rial , such as the electrically insulating materials described one or more valves or valve - like features . For example , the elsewhere herein . inlet and / or the openings can be configured to allow flow 
With continued reference to FIG . 33 , the cathode material into the riser pipe above a certain hydraulic pressure value 

in the riser pipe is not in contact with to the electrolyte 3304 . ( e.g. , during discharging ) , and to allow flow from the riser 
Further , the cathode material is electrically isolated from the 20 pipe into the first chamber ( e.g. , during charging ) at a 
electrolyte and the anode . When the cathode material is relatively lower pressure . 
electrically conductive ( e.g. , a liquid metal cathode mate- Alternative configurations of the pressure relief mecha 
rial ) , the cathode material in the riser pipe ( second chamber ) nism may include external pressure relief structures , such as , 
can be electrically connected with the cathode material in for example , a riser pipe mounted externally to the housing 
the first chamber . In some cases , such as , for example , when 25 3301 and in fluid communication with the first chamber via 
an unsheathed housing is employed as described elsewhere one or more the openings 3313a , 3313b , 3314a , 3314b , 
herein , only the wall 3311b may be electrically insulating ; ducts or connectors . 
the walls 33116 and 3311c may be electrically conductive . Devices , systems and methods of the present disclosure 
The wall 3311c may only be electrically conductive if it is may be combined with or modified by other devices , sys 
to not contact the electrolyte at any point . 30 tems and / or methods , such as , for example , batteries and 

The cathode material may rise in the pressure relief battery components described in U.S. Pat . No. 3,663,295 
structure 3311 to a height h . The height h may vary around ( " STORAGE BATTERY ELECTROLYTE ” ) , U.S. Pat . No. 
the circumference of the pressure relief structure . The height 3,775,181 ( “ LITHIUM STORAGE CELLS WITH A 
h can be related to the volume change of the cathode ( i.e. , FUSED ELECTROLYTE ” ) , U.S. Pat . No. 8,268,471 
the liquid and solid cathode materials 3305 and intermetallic 35 ( “ HIGH - AMPERAGE ENERGY STORAGE DEVICE 
layer 3310 ) . For example , the cathode materials 3305 and WITH LIQUID METAL NEGATIVE ELECTRODE AND 
3310 can have a volume V , when charged , and a volume V2 METHODS ” ) , U.S. Patent Publication No. 2011/0014503 
when discharged . The height h can be related to the volume ( “ ALKALINE EARTH METAL ION BATTERY ” ) , U.S. 
difference V2 - V , and the cross - sectional area of the pressure Patent Publication No. 2011/0014505 ( “ LIQUID ELEC 
relief structure . The annular pressure relief structure in FIG . 40 TRODE BATTERY ” ) , U.S. Patent Publication No. 2012 / 
33 can have a width w , and an area related to w and the 0104990 ( “ ALKALI METAL ION BATTERY WITH 
circumference of the annular structure . The dimensions of BIMETALLIC ELECTRODE ” ) , and U.S. Patent Publica 
the pressure relief structure , e.g. , w , may be such that the tion No. 2014/0099522 ( “ LOW - TEMPERATURE LIQUID 
cathode material can easily enter and rise in the structure . METAL BATTERIES FOR GRID - SCALED STORAGE ” ) , 
For example , the pressure relief structure can be dimen- 45 each of which is entirely incorporated herein by reference . 
sioned to minimize capillary wicking effects , and to ensure Energy storage devices of the disclosure may be used in 
that the cathode material experiences minimal drag forces . grid - scale settings or stand - alone settings . Energy storage 
The pressure relief structure can be dimensioned to accom- device of the disclosure can , in some cases , be used to power 
modate a predetermined amount of cathode material . For vehicles , such as scooters , motorcycles , cars , trucks , trains , 
example , the pressure relief structure may be dimensioned to 50 helicopters , airplanes , and other mechanical devices , such as 
accommodate less than 10 % , less than 25 % , less than 50 % , robots . 
or less than 75 % of maximum volume or mass of the cathode A person of skill in the art will recognize that the battery 
material or of the liquid cathode material . housing components may be constructed from materials 

In some cases , the addition of the riser pipe decreases the other than the examples provided above . One or more of the 
gap between a first negative electrode end 3303a and an 55 electrically conductive battery housing components , for 
adjacent wall ( e.g. , the wall 3311a in FIG . 33 ) , which may example , may be constructed from metals other than steel 
contribute to enhanced side wall creep of the liquid cathode and / or from one or more electrically conductive composites . 
material . To prevent the cathode material from climbing the In another example , one or more of the electrically insulat 
pressure relief structure 3311 along the wall facing the first ing components may be constructed from dielectrics other 
chamber and shorting to the anode from the sides ( i.e. , 60 than the aforementioned glass , mica and vermiculite . The 
climbing upward in FIG . 33 , parallel and on the opposite present invention therefore is not limited to any particular 
side of the wall 3311a from the arrows 3316 ) , the pressure battery housing materials . 
relief structure ( s ) may be isolated from the anode by a sheath Any aspects of the disclosure described in relation to 
( e.g. , carbon or metal nitride or other sheath materials cathodes can equally apply to anodes at least in some 
described herein ) or coating of material ( e.g. , PVD or CVD 65 configurations . Similarly , one or more battery electrodes 
coating of a high temperature material ) , which is not readily and / or the electrolyte may not be liquid in alternative 
wet by the cathode material . In some cases , the material may configurations . In an example , the electrolyte can be a 

a 1 

1 
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polymer or a gel . In a further example , at least one battery 
electrode can be a solid or a gel . Furthermore , in some 
examples , the electrodes and / or electrolyte may not include 
metal . Aspects of the disclosure are applicable to a variety Material 
of energy storage / transformation devices without being lim- 5 
ited to liquid metal batteries . 

EXAMPLES OF TUNGSTEN AND MOLYBDENUM ALLOYS 

Brand Description Composition 
WL - S WL - S 

WLZ WLZ EXAMPLES 
WT WT20 

WVMT10 Example 1 : Materials of Construction 10 WT 

Tungsten - Lanthanum 1.0 % La203 
Oxide - Stem 
Tungsten - Lanthanum 2.5 % La2O3 
Oxide - Zirconium Oxide 0.07 % ZrO2 
Tungsten - Thorium Oxide 2.0 % ThO2 
Tungsten - Thorium Oxide 30-70 ppm K / 

1.0 % ThO2 
Tungsten - Thorium Oxide 5-30 ppm K 

2.0 % ThO2 
Tungsten - Rhenium 5.0 % Re 
Tungsten - Rhenium 26.0 % Re 
Tungsten - Copper 10-40 % Cu 
DENSIMET ® 1.5 % -10 % Ni , 

Fe , Mo 

WT WVMWT 

WRe5 
WRe26 
WCu 
DENSIMET ® 

Alloys of tungsten ( W ) and molybdenum ( Mo ) , such as , 
for example , those listed in TABLE 3 , can be used in the wRe 

seals of the disclosure . The alloys can be used as the WRe 
WCu component ( e.g. , W or Mo ) that is brazed to the electrically 15 W - High insulating ceramic ( e.g. , aluminum nitride ) . In some cases , density 

the tungsten and / or molybdenum alloy has a coefficient of tungsten 
thermal expansion ( CTE ) that is matched with the ceramic heavy metal 
( e.g. , within about 1 % , within about 5 % , or within about alloys 

W - High 
10 % of the CTE of the ceramic ) , is resistant to oxidation , 20 density 
and / or is resistant to attack , alloying and / or corrosion from tungsten 
the metal vapor of the negative electrode ( e.g. , lithium , heavy metal 
sodium , potassium , magnesium or calcium vapor ) or the alloys 

W - High molten salt . density 
25 tungsten 

TABLE 3 heavy metal 
alloys 

INERMET ® INERMET ® 5 % -9.8 % Ni , 
Cu 

DENAL ® DENAL ® 2.5 % -10 % Ni , 
Fe , Co 

EXAMPLES OF TUNGSTEN AND MOLYBDENUM ALLOYS 

Material Brand Description Composition 

= 

It is to be understood that the terminology used herein is 
30 used for the purpose of describing specific embodiments , 

and is not intended to limit the scope of the present inven 
tion . It should be noted that as used herein , the singular 
forms of “ a ” , “ an ” and “ the ” include plural references unless 
the context clearly dictates otherwise . In addition , unless 

35 defined otherwise , all technical and scientific terms used 
herein have the same meaning as commonly understood by 
one of ordinary skill in the art to which this invention 
belongs . 

While preferred embodiments of the present invention 
40 have been shown and described herein , it will be obvious to 

those skilled in the art that such embodiments are provided 
by way of example only . Numerous variations , changes , and 
substitutions will now occur to those skilled in the art 
without departing from the invention . It should be under 

45 stood that various alternatives to the embodiments of the 
invention described herein may be employed in practicing 
the invention . It is intended that the following claims define 
the scope of the invention and that methods and structures 
within the scope of these claims and their equivalents be 

50 covered thereby . 

Mo Mo Molybdenum 99.97 % Mo 
TZM TZM Titanium - Zirconium- 0.5 % Ti / 

Molybdenum 0.08 % Zr / 
0.01-0.04 % C 

MHC MHC Molybdenum - Hafnium- 1.2 % Hf / 0.05 
Carbon 0.12 % C 

Mo ML Molybdenum - Lanthanum 0.3 % La203 
Lanthanoxid Oxide 0.7 % La203 
( ML ) 
Mo MLR ( R Molybdenum - Lanthanum 0.7 % La203 
Lanthanoxid Re Oxide 
( ML ) crystallized ) 
Mo MLS ( S Molybdenum - Lanthanum 0.7 % La203 
Lanthanoxid Stress Oxide 
( ML ) relieved ) 
MOILQ MOILQ ( ILQ = Molybdenum - ILQ 0.03 % La203 

Incandescent 
Lamp 
Quality ) 

Mo MY Molybdenum - Yttrium 0.47 % Y2031 
Yttriumoxid Cerium Oxide 0.08 % Ce203 
More MoRe5 Molybdenum - Rhenium 5.0 % Re 
More MoRe41 Molybdenum - Rhenium 41.0 % Re 
MoW MW20 Molybdenum - Tungsten 20.0 % W 
MoW MW30 Molybdenum - Tungsten 30.0 % W 
Mow MW50 Molybdenum - Tungsten 50.0 % W 
MoCu MoCu30 Molybdenum - Copper 30.0 % Cu 
MoCu MoCu15 Molybdenum - Copper 15.0 % Cu 
MoZrO2 MZ17 Molybdenum - Zirconium 1.7 % Z102 

Oxide 
MoTa MT11 Molybdenum - Tantalum 11.0 % Ta 
MoNb MoNb Molybdenum - Niobium 
W ( pure ) W ( pure ) Tungsten > 99.97 
W - NS W - NS Tungsten - Non Sag 60-65 ppm K 
WVM WVM Tungsten Vacuum 30-70 ppm K 

Metallizing 
WVMW WVMW WVM - Tungsten 15-40 ppm K 
S - WVMW S - WVMW S - WVM - Tungsten 15-40 ppm K 
WC WC20 Tungsten Cerium Oxide 2.0 % CeO2 
WL WL10 Tungten - Lanthanum 1.0 % La203 

Oxide 
WL WL15 Tungten - Lanthanum 1.5 % La203 

Oxide 
WL WL20 Tungten - Lanthanum 2.0 % La203 

Oxide 

= 

55 
a 

What is claimed is : 
1. An electrochemical energy storage device , comprising : 
a container including a reactive material and an electro 

lyte comprising a molten salt , wherein said container 
has a surface area - to - volume ratio of less than or equal 
to about 100 m- ?, and wherein said molten salt is a 
liquid or a vapor at an operating temperature of at least 
100 ° C .; and 

a sealing unit configured to seal said container from an 
environment external to said container , wherein said 
seal comprises : 
a ceramic material exposed to said reactive material or 

said molten salt , wherein said ceramic material is 
chemically resistant to said reactive material and said 
molten salt at said operating temperature , and 
wherein said ceramic material comprises an element 

60 
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capable of forming a first compound with said reac- 10. The electrochemical energy storage device of claim 1 , 
tive material , and wherein said ceramic material has wherein said metal collar comprises a bend configured to 
a normalized Gibbs free energy of formation ( AGr.n ) relieve strain due to coefficient of thermal expansion mis 
that is more negative than a AG.r , n of said first match between said container and said ceramic material . 
compound of said reactive material ; 11. The electrochemical energy storage device of claim 1 , 

wherein said metal collar is formed from stainless steel or a metal collar disposed adjacent to said ceramic mate zirconium . 
rial ; and 12. The electrochemical energy storage device of claim 1 , a metal braze disposed between said ceramic material further comprising a conductor adjacent to said seal , wherein 
and at least one of said metal collar and said con said seal electrically isolates said conductor from said con 
tainer , wherein said metal braze comprises at least tainer . 
one metal that chemically reduces said ceramic 13. The electrochemical energy storage device of claim 
material . 12 , wherein a coefficient of thermal expansion of said seal is 

2. The electrochemical energy storage device of claim 1 , less than 10 % different than a coefficient of thermal expan 
wherein said reactive material comprises a positive electrode sion of said container or said conductor . 
and a negative electrode , and wherein said electrolyte is 14. The electrochemical energy storage device of claim 1 , 
disposed between said positive electrode and said negative wherein said metal braze is capable of forming a second 
electrode . compound including a element , and wherein a AG , of said 

3. The electrochemical energy storage device of claim 1 , second compound of said metal braze is more negative than 
wherein said reactive material comprises calcium , lithium , said AG.r.n of said ceramic material . 
or a combination of calcium and lithium . 15. The electrochemical energy storage device of claim 1 , 

4. The electrochemical energy storage device of claim 1 , wherein said element is nitrogen , oxygen , or sulfur . 
wherein said seal is chemically resistant to lithium vapor at 16. The electrochemical energy storage device of claim 1 , 
a temperature of at least 350 ° C. wherein said seal comprises a first metal collar and a second 

metal collar . 5. The electrochemical energy storage device of claim 1 , 
wherein said seal is chemically resistant to calcium vapor at 17. The electrochemical energy storage device of claim 
a temperature of at least 350 ° C. 16 , wherein said first metal collar is joined to said ceramic 

6. The electrochemical energy storage device of claim 1 , material and said second metal collar is joined to said 
wherein said ceramic material is electrically isolating . container . 

7. The electrochemical energy storage device of claim 1 , 30 16 , wherein said seal further comprises a third metal collar 18. The electrochemical energy storage device of claim 
wherein said metal braze comprises silver , aluminum , or a 
mixture of silver and aluminum . joined to said ceramic material and an electrically conduc 

8. The electrochemical energy storage device of claim 1 , tive feed - through extending into said container , and wherein 
wherein said metal braze comprises titanium or zirconium . said third metal collar electrically isolates said electrically 

9. The electrochemical energy storage device of claim 1 , conductive feed - through from said container . 
wherein said ceramic material comprises aluminum nitride . 

20 

25 


