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ELECTROCHEMICAL CELL CAP

INCORPORATION BY REFERENCE TO PRIORITY APPLICATION

[0001] The present application claims the benefit of priority to U.S. Provisional

Application No. 62/673,792, filed May 18, 2018, which is hereby incorporated by reference in its

entirety.

STATEMENT REGARDING FEDERALLY SPONSORED R&D

[0002] This invention was made with U.S. government support under grant 1721646

awarded by the U.S. National Science Foundation (NSF). The U.S. government has certain rights

in the invention.

BACKGROUND

Field

[0003] Embodiments relate to caps for sealing electrochemical energy storage devices,

such as batteries or electrochemical capacitors. The energy storage devices may use a liquefied

gas electrolyte or liquefied gas solvent. Methods of preparing and using such cap devices, systems,

and related components thereof, are also provided.

Description of the Related Art

[0004] Electrochemical storage devices have been in use for several years. The

electrochemical energy storage device itself is typically made up of one positive electrode and one

negative electrode separated by electrically insulating material such as in a battery or an

electrochemical capacitor. Conventional electrochemical storage devices use electrolytes which

are a liquid under standard conditions. Typically these electrolytes are injected into a cell in liquid

state. This injection may occur with no cap on the device, after which a cap is placed onto the

device and sealed shut. Alternatively, electrolyte injection may occur with a cap on the device with

a smaller electrolyte injection hole in the cap, after which a rubber or metal stop is placed into the

hole which creates a seal. Typically, the electrolyte injection and the material insertion to plug the

hole are done in two steps. This disclosure focuses on electrochemical devices which utilize

electrolyte materials and solvents that are gaseous at standard room temperature of 20 °C and



standard pressure (approximately 1.01325 bar). Because of the gaseous nature of these electrolytes,

conventional liquid electrolyte injection may not feasible.

SUMMARY

[0005] Embodiments of the present disclosure relate to cap devices, systems, and

components thereof, in particular, of an electrochemical energy storage device that uses a liquefied

gas solvent, for example, in the electrolyte thereof. Other embodiments of the present disclosure

relate to methods of preparing and methods of using the cap devices, systems, and related

components thereof.

[0006] One embodiment is an electrochemical energy storage device cap which

enables injection of a liquefied gas solvent or electrolyte. These solvents and electrolytes may

include highly volatile solvents which are typically gaseous under standard conditions of standard

room temperature of +20 °C and standard pressure (approximately 1.01325 bar). The solvent may

be transferred to the cell in either gaseous or liquid form while the electrolyte, composed of

liquefied gas solvent and other liquids and solid including salts, can be transferred in a liquid form.

If mass transfer is in liquid form, the pressure within the mass transfer tube must be greater than

the vapor pressure of the material at the temperature of the mass transfer portion. If mass transfer

is in gaseous form, the pressure within the mass transfer tube should be less than the vapor pressure

of the material at the temperature of the mass transfer portion. In both embodiments, the injection

process occurs under a differential pressure between the pressure within the mass transfer tube and

the internal pressure of the cell. This pressure differential opens a plug on the cell cap when

pressure external to the cell housing is higher than the pressure internal to the cell housing. When

the pressure differential falls to near zero, this plug will seal and prevent mass escape even if the

external pressure is lower than internal pressure within the can. This type of one way pressure

activated plug is commonly known as a check valve.

[0007] Embodiments also feature a check valve which uses a biased member or spring

to require a minimum differential pressure to open.

[0008] Other embodiments feature a spring-less check valve which uses no spring to

force a seal to form but instead relies entirely on a non zero pressure differential to push a plug to

seal the valve.

[0009] Other further embodiments include a method in which vacuum is first pulled on

the internal housing and cell components prior to liquefied gas solvent or liquefied gas electrolyte



[0010] The present disclosure also provides a check valve having a metallic housing.

This metallic housing may be electrically connected to either the positive or negative electrode of

the device such that the check valve itself may also serve as an electrical current pathway to the

external load.

[0011] An electrochemical device is disclosed herein. In some embodiments, the

electrochemical device may comprise a cell housing, two or more electrodes, an electrolyte

comprising a liquefied gas electrolyte solvent, and a cap with a check valve. The check valve can

be configured to seal shut under higher internal cell pressure compared to outside cell pressure.

[0012] In some embodiments, the electrochemical device may comprise an

independent cap housing. In some such embodiments, the check valve can be built into the cap

housing.

[0013] In some embodiments, the check valve may act as an electrical contact to one

of the two or more electrodes. In some embodiments, the check valve may comprise a spring

configured to create a minimum differential pressure.

[0014] A method of preparing an electrochemical device is also disclosed herein. The

electrochemical device can be any one described below in the Detailed Description or described

elsewhere herein. The method may comprise transferring the liquefied gas solvent into the cell

housing by connecting the liquefied gas solvent to the check valve. The method may further

comprise building a pressure differential between the interior and exterior of the cell housing. In

some embodiments, the pressure differential may be created by a temperature differential. In some

embodiments, the pressure differential may be created in gaseous argon, gaseous nitrogen, gaseous

oxygen, gaseous carbon dioxide, gaseous hydrogen, gaseous helium, or a combination thereof.

[0015] In some embodiments, the method of the preceding paragraph may comprise

adding salt to the cell housing prior to transferring the one or more liquefied gas solvents into the

cell housing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIGS. l(a)-l(c) shows a cross-section view of one possible embodiment of the

mechanical constructions of a cell cap. FIG. 1(a) shows a press fit into a metallic component. FIG.

1(b) shows the check valve inserted into an electrically insulating component. FIG. 1(c) shows a

check valve inserted horizontally into a cap according to one embodiment.



[0017] FIGS. 2(a)-2(b) show cross-sectional views of one possible embodiment of the

mechanical constructions of a cell cap. In this design a check valve based on a ball is housed

directly into the cap housing. In FIG. 2(a), the ball may open a pathway for mass transfer.

However, as shown in FIG. 2(b), when the internal housing pressure is greater than the external

pressure, the ball may close the pathway for mass transfer.

[0018] FIG. 3 shows a cross-section view of one possible embodiment of the

mechanical constructions of a cell cap. In this design a check valve using a spring creates a

minimum differential pressure to seal the cap.

[0019] FIG 4 is a plot showing the change of mass over number of days of two

representative cells before and after liquefied gas filling and sealing.

[0020] FIG 5 shows an impedance spectra of an exemplified cell after filling with

liquefied gas solvent.

DETAILED DESCRIPTION

[0021] One embodiment relates to a cap design and electrolyte injection method in

which a plug is used to reversibly create a seal in an energy storage device such as a battery or

capacitor. The seal may be created as a function the differential pressure placed on the plug such

that the plug opens when the pressure external the cell device housing is greater than the pressure

internal to the housing. A liquefied gas solvent or liquefied gas electrolyte may be injected into a

device and the plug creates an immediate seal when the differential pressure is near zero and when

flow of liquefied gas solvent or electrolyte is ceased. Further, the plug may itself be housed inside

a smaller metal housing which is inserted into the cap. This metal housing may itself be used as an

electrical contact to either the positive or negative electrode. Examples of the electrochemical

energy storage device are described in International Patent Application Publication Nos. WO

2015/074006 (PCT/US201 4/06601 5) and WO 2017/204984 (PCT/US201 7/029821), which are

incorporated by reference in their entireties.

[0022] In some processes, vacuum is pulled on the internal housing containing cell

components prior to liquefied gas solvent or liquefied gas electrolyte fill to remove any gas from

the cell. This may be done by mechanically holding the plug in an open state during vacuum.

[0023] In some processes, a temperature differential between liquefied gas solvent or

electrolyte to create a pressure differential due to the vapor pressure difference at the different

temperatures is used to fill a cell. This can be done by holding the liquefied gas solvent or



electrolyte at room temperature and lowering cell temperature to around +10 °C, around 0 °C,

around -10 °C, around -20 °C, around -30 °C, around -40 °C, around -50 °C, around -60 °C, around

-70 °C, or around -80 °C. Alternatively, the temperature of the liquefied gas solvent or electrolyte

may be increased to around +25 °C, around +30 °C, around +35 °C, around +40 °C, around +45

°C and holding the cell at room temperature. Alternatively, the temperature of the liquefied gas

solvent or electrolyte may be increased and cell to be filled temperature decreased. As used herein,

one of skill in the art will understand the temperature differential refers to a difference in

temperature between the cell and liquefied gas solvent source, such as a compressed gas cylinder.

As used herein, one of skill in the art will understand the pressure differential refers to a difference

in pressure between the cell and liquefied gas solvent source, such as a compressed gas cylinder,

created by the vapor pressure of the liquefied gas solvent or liquefied gas electrolyte or an

externally applied pressure. One of skill in the art will understand that the vapor pressure of the

liquefied gas solvent or liquefied gas electrolyte may vary according to temperature, and so a

combination of both temperature and pressure differential may be used to fill a cell.

[0024] In some processes, an external pressure source to force the liquefied gas solvent

or liquefied gas electrolyte through the mass transfer tube and into the cell is used. An external

pressure may come from a variety of gasses such as argon, nitrogen, oxygen, carbon dioxide,

hydrogen, helium, amongst others. The pressure used to force the material through the mass

transfer tube should be greater than that of the vapor pressure of the material at the process

temperature. Ideally, pressure should be around 1 psi, around 5 psi, around 10 psi, around 20 psi,

around 30 psi, around 50 psi, around 100 psi, around 200 psi, or around 300 psi greater than the

vapor pressure.

[0025] In some embodiments, the liquefied gas solvent is capable of being placed under

a compressive pressure equal to, or greater than, the liquefied gas solvent’s vapor pressure at a

temperature when the compressive pressure is applied, thereby keeping the liquefied gas solvent

in a liquid phase. In some embodiments, the liquefied gas solvent has a vapor pressure above an

atmospheric pressure of 100 kPa at a room temperature of 293 .15 K .

[0026] In some embodiments, the liquefied gas solvent comprises one or more

materials selected from the group consisting of fluoromethane, difluoromethane, sulfuryl fluoride,

thionyl fluoride, carbon dioxide, methyl ether, 1,1-difluoroethane, chloromethane, and a

combination thereof. In some embodiments, the liquefied gas solvent comprises fluoromethane



and carbon dioxide. In some embodiments, the liquefied gas solvent comprises fluoromethane and

sulfuryl fluoride. In some embodiments, the liquefied gas solvent comprises fluoromethane,

sulfuryl fluoride, and carbon dioxide. In some embodiments, the ratio of sulfuryl fluoride to

fluoromethane is lower than 1:9. In some embodiments, the ratio of sulfuryl fluoride to carbon

dioxide is about 1:1.

[0027] A check valve which is used on the cell cap may take several configurations. In

one embodiment, the check valve has an independent housing which may be inserted into a cap.

The mechanism within the check valve housing may or may not be biased or spring operated. The

seal within the check valve may be made by rubber on rubber contact, metal on rubber contact or

metal to metal contact. The check valve housing and the material in which it is inserted may each

be metallic or electrically insulating. The valve may be held mechanically in the cap by

interference fit, welding, solder, brazing, epoxy, glass to metal seal or other suitable method known

in the art. The location of the check valve maybe be located anywhere within the cap, but most

preferably in the center, and oriented for gas flow in any direction, but most preferably vertically

oriented along the cell’s length. With reference to the outside of the cell housing, the top of the

valve may also be flat with the top of the cap, but could also extrude above the cap surface for easy

electrical contact or be embedded below the cap surface such that the top of the valve is below the

top of the cap. In order to ensure high integrity of sealing the high pressure liquefied gas solvent

or liquefied gas electrolyte within the cell, an additional plug may be added to the top of the check

valve. This plug may be welded, soldered, or press fit to ensure seal. With reference to the inside

of the cell housing, the valve may flat with the bottom of the cap, extrude out further than the

bottom of the cap, or have the valve bottom higher than the cap bottom. In one embodiment, the

valve bottom extends further than cap bottom and into the mandrel diameter of the electrode

winding, which will allow gas to flow preferentially down the center of the electrode winding.

Electrical contact from either the negative or positive electrode may be made directly to the valve

such that it may be used as a current collector contact and contacted from outside the cell to make

electrical contact to the electrode.

[0028] In Figures la-c, the check valve 104 is held in place by a press fit. Figure 1(a)

features a press fit into a metallic component 103. The metallic component is also mechanically

held in place via interference fit with electrically insulating component 101. A component 105 is

also placed on top of the cap to weld to the can edge to further improve mechanical rigidity. O-



ring components 102 and 107 are also used to eliminate leak paths through interference fit

pathways. In this embodiment, electrical conduction to one of the electrodes may be through 103

or 104.

[0029] Further, Figure 1(b) features the check valve insert into an electrically

insulating component 106. In this scenario, electrical conduction to one of the electrodes may be

made directly through a metallic check valve housing 104.

[0030] Further, Figure 1(c) features a check valve which is inserted horizontally into

the cap into component 110. After insertion, the valve is held in place by component 108. The cap

features an overall lower height than cap designs featured in Figures 1(a) and 1(b). Further, it is

much more difficult to eject the check valve from cap due to high pressures built up within the cell

housing.

[0031] In another embodiment, the check valve is built into the cap housing itself as

shown in Figures 2a-b. In this example, a rubber or metal ball 207 is housed in a metal housing

204 which has an interference fit to electrically insulating component 210. There is also a mesh

screen 2 11 which supports the ball from falling out from the cap housing and a mesh support 208.

When external pressure is greater than internal housing pressure, the ball may open a pathway for

mass transfer as shown in Figure 2(a). When the internal housing pressure is greater than the

external pressure, the ball may close the pathway for mass transfer as shown in Figure 2(b). The

additional metal component 203 may be used to weld or solder the crimped can walls 202 to

prevent the internal pressure from pushing the cap out of can.

[0032] In some embodiments, the check valve is fluidly connected to an area of the

housing and allowing the liquefied gas solvent or electrolyte to flow into the housing and

preventing the liquefied gas solvent or electrolyte from flowing out of the housing.

[0033] In another embodiment, the cap may feature a valve 303 built into the cap 1

which uses a spring 304 to create a minimum differential pressure in order to open the valve and

allow mass transfer, as shown in Figure 3 . In this example, there is a greater surface area 302 to

make a seal due to the non-circular rubber component geometry.

[0034] Figure 4 shows a plot of mass vs time of an example cell which was constructed

using a geometry similar to Figure 2 . At day 0, the cell was empty of liquefied gas solvent and at

day 1 the cells were filled with solvent using a differential pressure method and check valve. The



mass increased by approximately 3 grams for two example cells. The mass held fairly constant

over several days showing the very good seal on the check valve and rest of cap seals.

[0035] An electrochemical cell was built with a cap design similar to Figure 2 and with

battery type electrodes. A salt was preloaded into the cell device and liquefied gas solvent was

mass transferred into a cooled cell as a gas and liquefied within the cell due to the pressure within

the housing being higher than the vapor pressure of the solvent at the cell housing temperature.

The solvent mass transfer went through the check valve in the cap and sealed shut after fill. After

liquefying inside the cell, the solvent mixes with the salt in the cell to form a liquefied gas

electrolyte. An impedance spectra of this cell is shown in Figure 5, showing a functional cell.

Electrical connection to one electrode was made through the check valve metal component which

electrical connection to the other electrode was made through the cell metal housing.



WHAT IS CLAIMED IS:

1. An electrochemical device, comprising:

a cell housing,

two or more electrodes,

an electrolyte comprising a liquefied gas solvent, and

a cap with a check valve, wherein the check valve is configured to seal shut under

higher internal cell pressure compared to outside cell pressure.

2 . The electrochemical device of Claim 1, wherein the electrochemical device

comprises a cap housing that is independent from the cell housing.

3 . The electrochemical device of Claim 2, wherein the check valve is built into the

cap housing.

4 . The electrochemical device of any one of Claims 1 to 3, wherein the check valve

acts as an electrical contact to one of the two or more electrodes.

5 . The electrochemical device of any one of Claims 1 to 4, wherein the check valve

comprises a spring configured to create a minimum differential pressure.

6 . The electrochemical device of any one of Claims 1 to 5, further comprising a plug

or seal connected to the top of the check valve.

7 . The electrochemical device of Claim 6, wherein the plug or seal is soldered, welded

or pressed fit onto the top of the check valve.

8 . The electrochemical device of Claims 1 to 7, wherein the liquefied gas solvent is

capable of being placed under a compressive pressure equal to, or greater than, the liquefied gas

solvent’s vapor pressure at a temperature when the compressive pressure is applied, thereby

keeping the liquefied gas solvent in a liquid phase.

9 . The electrochemical device of Claim 8, wherein the liquefied gas solvent has a

vapor pressure above an atmospheric pressure of 100 kPa at a room temperature of 293.15 K .

10. The electrochemical device of any one of Claims 1 to 9, wherein the liquefied gas

solvent is selected from the group consisting of: fluoromethane, difluoromethane, sulfuryl

fluoride, sulfuryl chloride, carbon dioxide, 1,1-difluoroethane, chloromethane, and a combination

thereof.

11. A method of preparing an electrochemical device of any one of Claims 1 to 10,

comprising transferring the liquefied gas solvent into the cell housing by connecting the liquefied



gas solvent to the check valve and building a pressure differential between the interior and exterior

of the cell housing.

12. The method of Claim 11, wherein the pressure differential is created by a

temperature differential inside and outside of the cell housing.

13. The method of Claim 11 or Claim 12, wherein the pressure differential is created

by introduction of gaseous argon, gaseous nitrogen, gaseous oxygen, gaseous carbon dioxide,

gaseous hydrogen, gaseous helium, or a combination thereof into the cell housing.

14. The method of any one of Claims 1 1 to 13, further comprising adding salt to the

cell housing prior to transferring the one or more liquefied gas solvents into the cell housing.
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