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Attorney Docket No. 79790

A SYSTEM AND A METHOD OF SOLID STORAGE AND DISSOLUTION OF

A CATHOLYTE FOR USE IN ELECTROCHEMICAL CELL

STATEMENT OF GOVERNMENT INTEREST
_The invention described herein may be manufactured and used.

by or forrthe Goverhment ef’the‘United States of America for
Governmental purpeses‘without the payment of any royalty thereon:

or therefor. ' _ - ' o .

BACKGROUND OF THE INVENTION

'(1) Fleld Of The Inventlon

This 1nvent10n relates to semi fuel electrochemlcai cells
used for undersea vehicle propulsion. Specifically, this -
inVention relates to a sYetem and a method for solid storage and
subseduent dissolution of eTeetrolytee/catholytes used in eemi
fuel:electroehemical cells_uSed-for undersea uehiele propulsion.

More'specrfieally, this inventien~relates to a eystem and‘a
method for solid storage andvsubsequent dissolution of
electrolytes/catholytes, whereln a solid medium is prov1ded

comprlslng electrolytes/catholytes in a SOlld form and includes

sodium perox1de partlcles suspended in a matrix of pota851um

‘superox1de and/or sodlum hydrox1de, whereln the matrlx contrOIS'

the dlssolutlon and hydroly31s rate of the solid catholyte by
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allowing for a dissolution only from a.controlled surface of the

solid’medium, and whereln the matrlx 1tself 1s dlssolved and
hydrolyzed and the’ products of this dlssolutlon and hydrolys1s
are_usable by the semi fuel cell. |
(2)‘Description Of The Prior Art

- Primary batteries employing caustic electrolytes with

hydrogen'peroxide as the cathode species have been under

development by the Navy and other laboratories since the 1980s.

. The aluminum-hydrogen peroxide semi -fuel cells have applications 4

in torpedoes, unmanned undersea vehicles ("UUVS") and_other"

undersea craft that utilize electric energy.  Emphasis has been

gplaced on cost reduction in utilizing hydrogen peroxide as the

~cathode as opposed to earlier_silver oXide'cathodes. In order to.

achievé high energy storage densities it has been necessary to
consider storing all reactants in concentrated form. Limiting
factors in the development of the semi fuel cell systems,

however, are -the safety issues’ assoc1ated with 11qu1d hydrogen

perox1de and the total mass of hydrogen perox1de that would be’
requlred to be’ stored for a given mission.

Research has been conducted in an effort to avoid the

problems related to liquid hydrogen peroxide as a catholyte‘. For

example, use of oxygen as the cathode species employing an oxygen

reduction. cathode membrane has been investigated, developed and :

 demonstrated for_use_undersea (with bottled oxygen or oxygen

candles) and on land (using air as the oxygen sOurce);‘ However, -
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‘there is a need for higher energy densities than those that have

been achieved by these methods. Additionally, as with
concentrated hydrogen peroxide, there are also safety concerns
associated with each of these systems.

Other forms of concentrated catholyte for fuel cell systems

that have been investigated for high energy storage densities are

catholytes delivered to catholyte solutions‘from solid form, for

example; powders or pellets. -HoWever, thesebforms_for delivering

catholytes render control of the dissolution rate of the solid

catholyte composition’into the agueous electrolyte difficult.

Although catholyte rate delivery can be attained, to some degree,
by adjusting the geometrical size and shape of the catholyte'y
comp051tlon, the degree of control is too 1mprec1se to properly
control the dlssolutlon of the catholyte when its shape and size

varies durlng its lifetime. A related problem is posed by

~dissolution rate sensitivity of solid catholytes to the flow rate

of the catholyte solution.
Attempts to solve the problems associated with solid

electrolytes and the control of their dissolution and hydrolysis

have been made. For'example; U.S. Patent No. 5,399,444vto‘smith

discloses a device that operates based on the stated discovery.

that the concentration of an;electrolyte in solution can be

‘maintained even when the electrolyte is being consumed

contlnuously or 1nterm1ttently by utlllzlng an electrolyte

dellvery system based ‘upon 1nternal osmotlc pressure The device
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,employsbsalts as ‘solid electroiytes,7for example sea'salt'and

zine chloride, or bases such as lithium hydrexide,'sodium ‘

hydfbxide, ahd-botassium’hydroxide or mixtures thereof.

Particles of electrolytes are coated with a semi-permeable
coating. Water is imbibed through the coating and dissolves the

water-soluble electrolyte, thereby creating an osmotic pressure

that causee the saturated solution of the electrdlyte to be

pumped out the micro-paSsageways'in the film.coatihg. By
adjusting the relative amount of eleCtrolyte_solution to solid
electrolyte in the delivery, one can maintain the concentration

of the electrolyte in solution relatively constant during the use

. of the electrolyte solution in an electrochemical apparatus.

U.S. Patent No. 5,529,707 to Kejha discloses solid composite

polymeric electrolytes that are'made by mixing alkali metal -

'trifluoremethanesulfonate and polyethylene oxide to which

mixtures of lightweight non-conductive inorganic fillers such as

oxides or peroxides of lithium, magnesium, and sodium have been

-added with cS-solvents of esters and ethers. Solidification of

the electrolyte-is achieved by the‘preSence“of the alkali metal
triflucromethanesulfonate and by partial evaporation of the lower
boiling point ether or ester. ‘These electrolytes can be used as

solid, semi-solid or liquid state polymer electrelytee for

batteries and other electrochemical devices.

None of the above prior‘aft address the problems related to -

catholytes where the cathode epecies is hydrogen perokide,..'
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obtained by dissolution of caustic oxides, peroxides, -or
superoxides and which are an alternative to liquid hydrogen
peroxide and provide the required high»energy densities for semi

fuel cells in underwater vehicles. Thus, powdered or crystalllne

forms of these peroxides, okides, and superox1des,dlssolve
rapidly in water with an exothermic reaction. It is necessary to
control the hydrolysiS'rate of these solid catholytes to avoid

decompos1t10n of hydrogen perox1de as the heat that is generated

during the hydroly51s destabilizes hydrogen perox1de before 1t

reaches the fuel cell.
Consequently there is a need in the art for an inexpensiVe

system and method that utlllzes SOlld catholytes such as oxides,

‘perox1des and superox1des of alkallne metals 1n Wthh the rate of

~ hydrolysis is controlled to limit the productlon of cathode

species (H;0;) to the rate at which they are consumed in the semi

fuel cell.

SUMMARY OF THE INVENTION
The object of this invention is to provide an inexpensive‘

system and method that does not pose high safety risks related to

the storage of liquid hydrogen peroxide by utilizing solid

catholytes such as oiides, peroxides, and superoxides of alkaline
metals and'which‘proVides for a controlled rate of catholyte
hydrolysis to limit the.production of cathode species (H;0;) to

the rate at which they are consumed in a semi fuel.cell.
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In accordance with this invention there is-proyided a solid
medium for storing a solid catholyte wherein catholyte particlee
are.suspended within.a matrix ofvencapsulating species. |
Specitically) there is provided a solid medium'for storing.a,
solid catholyte wherein catholyte particles are selected from
oxides, superoxides and peroxides of alkaline metals and the
encapsulating species areyselected fromloxides, superoxides, and
peroxides of alkaline metals and sodium hydroxide. Preferably,

the solid medium comprises sodium peroxide (Na;0;) as catholyte

particles encapsulated in a matrix of potaesium superoxide and/or

sodium hydroxide (KO; and/or NaOH). The solid medium includes a

‘controlled surface where hydrolysis resulting in products that

include hydrogen peroxide, is to occur..
In accordance with this invention there is also provided a
high energy density system including a solid'medium‘comprising

catholyte particles suspended within the encapsulating species,

- wherein the rate of dissolution' and hydrolysis of the solid

catholyte is controlled by the encapsulatlng spec1es by. allow1ng
for dlssolutlon and hydroly51s to occur only on a controlled
surface of the medium, wherein the encapsulating species ie
dlssolved and hydrolyzed and used up for the operation of a fuel
cell, and wherein products of hydroly51s of catholyte partlcles
and encapsulatlng spec1es include hydrogen perox1de. |

In accordance w1th this 1nvent10n there 1s also prov1ded a

high energy denslty system including a SOlld medlum.comprlslng
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’sodium peroxide partiCles; as a solid catholyte‘particles,
‘suspended within the matrix of potassium superoxide and/or sodium

v‘hydroxide,‘wherein the rate of dissolution and hydrolysis of the

solid catholyte is controlled by the encapsulating species of the

matrix in that the encapsulating species creates a controlled

surface of the solid medium and the dissolution and hydrolysis

occur only on the controlled surface of the medium,_wherein the

‘encapsulating spe01es 1s dissolved and hydrolyzed and used up for

the operation of a fuel cell, and wherein products of hydrolys1s'
of catholyte'particlesvand encapsulating species include hydrogen
peroxide;

In accordance with this invention there is further provided

a method of making a catholyte solution compris1ng hydrogen

peroxide, 1nclud1ng the steps of fabricating a solid medium

comprising catholyte,particles suspended within a matrix ofy
encapsulating.species, wherein the solid'medium has a controlled
surface, dissolution of the solid catholyte»and'encapsulating
species in a liquid circulating across the controlled snrface of
the medium, wherein said matrix controls‘the rate of the
dissolution and hydrolysis:of'the golid catholyte by allowing for
dissolution and hydrolysis to occur only on controlled‘surface of
the solid medium, recirculating and cooling the liquid.that'- |
remained'after the necessary amount of the liquid was drawn off

for the operation of the fuel cell, and introducing seawater to -
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the remaining liouid to make up for the part'of the liquidfthat
was drawn off. | |

| ln accordance with this invention there isifurtheriprovided :
a method of making a.catholyte solution“comprising hydrogen |
peroxide,'includingvthevsteps-of fabricating a solid:medlum-
comprlslng sodlum perox1de partlcles as a solid catholyte
suspended within a matrlx of pota531um.superox1de and/or sodlum
hydroxide, whereln the_solld medlum has a controlled surface,
dissolution'of the solld‘cath01yteiand'encapsulating species in a
lfquid circulating across'the controlled surface~of the medium,
whereln said matrlx of potass1um superoxlde and/or sodlum
hydrox1de controls the rate of the - dlssolutlon and hydroly81s of
the solid catholyte byballow1ng for dlssolutlon to occur only on.'
the’ controlled surface of sald medlum, rec1rculat1ng and coollng

the llquld that remalned after the necessary amount of the 11qu1d

was drawn off for the operatlon of the fuel cell and introducing .

seawater to the remalnlng lquld to make up for the part of the

11qu1d that was drawn: off
These and other;features of the present'invention.will

become apparent from‘the‘following detailed descriptiOn‘when

taken in conjuhction»With the accompanYing drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS
fIG. l'shoﬁs graphically the short éerm stability of
'hydrogeﬁ pefoxidé; and | | | |
-~ FIG. 2 is a schematic illustration of the system of this

invention.

DESCRIPV’TIloN_OF THE PREFERRED EMBODIMENT
Thisvinvention providés a system and a methodlof'étoragé of
a solid cathoiyte, whérein the'solidbéatholyte is stdred in al
solid ﬁediuh; and a subéequent dissolution and hydrblysis qf the
céthqute for use in'electrochemical qells that are.ﬁsed in
tdrpedoes,}UUVs; and'other undersea vehicléé.
Tﬁe pfesént invention ;ies in thé.reactions of b#ides,‘

peroxides, and supéroxides of alkaliné metals with water and

their hydrolysié‘to produce hydroxides, hydrogen peroxide, and

oxygen, depending oﬁ the chemical compoundlused for hydrolysis.
Hydrogeﬁ perbxide is the éathode speciés used in semi fﬁel cells
'in.underséa vehicles. This system and methéd provide'for'
hydrogen ﬁeroxidé.as~a‘cathoae species.aQOiding, howevér,-high

safety risks associated with storing and the transportation of

'liqﬁid hydrogen peroxide.

The hydrolysis reactioﬁs of potassium superoxide and sodium
peroxide yield the hydrogen peroxide necessary for operation of
aluminum-hydrogen peroxide semi fuel cell from a dry storage

form. These reactions are as follows:

10
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' 2KO, + 2H;0 = ‘2KOH + H;0; + Of!

Na,0; + 2H,0 = 2NaOH + HiO,

’J'Thé powdered or crystalliné form of sodiﬁm_peroxide and
potassium sﬁperoxide lends itself to rapia dissolution wi;h an
exothermic.reaCtion.' The heat thatiis‘genefated during the
hydfdlysis is detrimental té the stability.of hyer§én peroxide
formed dufing the reaction. FIGURE 1 ‘shows resuits Qf-a‘hydrbgenv'
peroxide cdncentfaﬁion test where 4% per hour decomposition:rate
of»unstabilized hydrogen peroxide was observed.

Although drop in hydrogen peroxide concentration would not

present a problem in short torpedo type missions, it would reduce

system energy density in'appliCations of long duration. It is

neceésary.then to‘coﬁtrol the hydrolysis rate of ﬁhéldry‘
cétﬁolyte to_limiﬁ its-production to'the rate at which it ié
consumed in the.semi fuel cell. |

Accofding to the present inven;i&n, the‘ratg of diSsoluﬁion
of a solid éatholyte can be‘limi;ed By préviding a solid cake of
reactént épecies where'the,hydrolysis is allowed to occur on a
specific controlled surféce instead of over the entire éurface of
multiple fine particles of the‘catholyte. As the aikaline metal
oxides lack thermal stability, the process of castiﬁg a solid

cake is not possible for most of the oxides. However, a 501id_

cake can be formed as a solid_medium comprising‘solidvcatholyte :

particleé,Suspended within a matrix of encapsulating speéies when

“11




10

11
S12

13

14 -

15

16

17
18

19

20
21
22
23

24

the encapsulated species have melting temperatures below the
thermal'deCOmpositiOn temperature of the solid catholyte.

Accordingly, a solid medium of this invention includes, in

'_addition to .a solid catholyte, an,eﬁcapsulating species to enable.

formation of a stable entity and at the same time‘to control'
disé&lution df the solid caﬁholyte,from a controlled surface of
the SolidAmediumvinto aVworking"liquidvcathbiyte'by flow of the
catholyte over the-controllea surface. .Thé encapsulating species
1imitst£he access of ﬁhe hydrolyzihg»liquid to cathqutel

particles present-on‘the controllea surface only. The controlled

surface is that portion of the solid medium where the hydrolysis

actually occurs.

' Solid catholyte for the solid medium of this invention is

'selécted from alkaline metal oxides, superoxides, and perpxidés

and the encapsulating spécies is selected from alkaline metal
oxides, superoxides, and peroxides and sodium hydroxide such that

the melting temperature of the encapsulating species is below the

“thermal decompositioh temperature-of the solid catholyte.'

Preferably the solid catholyte is sodium peroxide particles and
the encapsulating species is a matrix of potassium superoxide

and/or sodium hydroxide. The preferred particle size of the

‘sodium peroxide ranges from 0.03” to 0.12". The preferred amount

of the sodium peroxide in-the solid medium is about 65-75% by

weight.

12
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FIG. 2 shows a preferred embodiment of this invention. This

‘embodiment providés for a'system of'storagé and subsequent

i dissolution of a solid catholyte. It includes a. solid medium

comprising sodium peroxide particles suspended within a matrix -of

potassium superoxide and/or sodium hydrokide. This solid medium

provides completely consumable materials for a semi fuel cell as

the encapsulating species (potassium superoxide and/or sodium

hydroxide)‘are‘also useful in the operation of.thé fuel cell and
aré used up in the cell in édditionAto-the produéts of hydrolysis
of the solid catholyte. | |

In FIG. 2, dissolution of solid ﬁediumil and, at theAsame :
timé,.solid catholyte particles 2 and encaﬁsulating species 4 is
accomplished by ablation'of sQlid_medium 1 from ch§rol1ed
surfaceﬁlof‘ Liquid.supply 14 that is a:wéter SOIutién bftthe"
prbducts reSulting from the hydrolySis of solid catholYte
particlés 2 éhd.éncapsulating species 4 is cirpulated'aéréssrthe'
controlledlsurface 10 of’meaiuﬁkl to dissolve and_hydrolyze solid»
catholytg and encapsulating’spécies.énd produce Hydrogenlperbxide

while other products are_also.produced depending on the specific

| chemical composition of the solid medium.‘ While some of liquid

‘working catholyte 16 is drawn off for use in semi fuel cell 8,

the remaining liquid working catholyte 16 is recirculated and

cooled thfoﬁgh recirculation loop 12 to reduce the heat build up

resulting from the ptéCesé'of_hydrOIYSis. As a portion of liquid

working cathoIYte 16 'is drawn off for use by semi fuel cell 8;

13
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' ‘seawater supply 18 is introduced to recirculating loop 12 to make

‘up additional solution. Various cogling means for recirculating

loop 12, such as tube in tube, tube and shell héaﬁ éxchangef, or
heat exchahger integrated to ﬁhe'underwater vehiéle‘hull,band
various means'for ihtroducing seéwater'to recirculatiﬁg loop i2,
such aé pumps and valves, can.be used with the preéent‘inventioﬁ.
This system and methdd»have'several'advantagés. -The solid

medium provides for high system enérgy density{vincreasés Shélf

1life, and provides for low cost'in long term storage of the

concentrated solid catholyte without the safeﬁy risks that are

associated with_the'storage'ofvliquid hydrogéh péroxide. As both

' the'solid catholyté and the encapsulating species_are'used'for '

the operation Qf'thé alﬁminum4hydrogen‘peroxide semi fuel cell, a

savings of over 40% in electrolyte/catholyte species weight that

needs to be stored onboard an undersea vehicle is_possible when -

usiﬁg the system of';his invention, as compared ﬁo 50% hydrogen
peroxide and 50% éodium hydroxide solutions. This sYstem and
method allgws fé#_é'smallef Size'oﬁ aﬁ energy éystém or longer
mission duration'Within'the saﬁevweight aliocation. The
materials used aé'a solid cathqlYte and eﬁcapsﬁlating species are
staple‘items of &ommercé and do not iequire further expensiﬁe
development costs.v |

Thé additionél advantage of this system and method is thét

transportation restrictions associated with liquid hydrogen

,pefoxide are avoided. The air shipment of‘alkéline.metal oxides

14
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is permitted within'éertaiﬁ parameters while concentfatéd
hydrogen‘béroxidé cannot be shipped;vahié'élléws for'thekuse of
this'system and methodlat rémote'siteé where éir transpoftatién"
is the only reésonable meﬁhéd of delivering material;'

In addition to the Na&y applications of this invention in

torpedoes, UUVs, etc., there exist numerous possible commercial

" applications of this invention, for example, in the area of

- undersea exploration such as deep sea search, rescue, and

discovery and oil platform sﬁrveillanéé as well as applicatipns
in physical oceahography,_for example, in remote water sampling.
While the present invention has been described with respect

to the preferréd embodiﬁents thereof, it will be understood by

‘those of ordinaryAskill-in the art that-many variétioﬁs and

modifications can be effected within the scope and spirit of this

invention.

15
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Attorney Docket No. 79790

A SYSTEM AND A METHOD OF SOLID STORAGE AND DISSOLUTION OF.

A CATHOLYTE FOR USE IN ELECTROCHEMICAL CELL |

ABSTRACT OF THE DISCLOSURE
‘A system and a method of storage and dissolution of solid

datholyte are-providedl The system and the method employ a solid

" medium having a'cchtrolledvsurfaée‘from which 'solid catholyte

particles suspended within a matrix of encapsulatihg.speciés are
dissolved and hydrolyzed producing hydrogen peroxide to be used

in semi fuel cells of undersea vehicles. Encapsulating species

- are also dissolved and-hydrolyzed rendefing products complétely

usable in the semi.fuel cell. Sodium peroxide is preferably used

as the solid catholyte and potassium sﬁperoxide and/or sodium

| hydroxide are pfeferably used as encaﬁsulating species.

22
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