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(57) Abrégée/Abstract:
A storage battery Is provided comprising a positive electrode of lead, a negative electrode of mercury, and an electrolyte consisting
of an agueous solution of a salt of an alkali metal. Upon charging the battery, lead is converted to lead dioxide and the alkali metal
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(57) Abrege(suite)/Abstract(continued):
forms the amalgam with the mercury. During discharge, the lead dioxide Is reduced to the plumbous state and the alkall metal Is
oxidized to the positive ion and goes Into solution. The mercury Is iImmobilized in one of several alternative ways.
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(57) Abstract: A storage battery
is provided comprising a positive
electrode of lead, a negative
electrode of mercury, and an
electrolyte consisting of an aqueous
solution of a salt of an alkali metal.
Upon charging the battery, lead is
converted to lead dioxide and the
alkali metal forms the amalgam
with the mercury. During discharge,
the lead dioxide is reduced to the
plumbous state and the alkali metal
is oxidized to the positive ion and
goes into solution. The mercury
is immobilized in one of several
alternative ways.
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ALKALI METAL BATTERY

TR N M
Fied ok the vention

G The present invention relates to a novel type of storage battery that ¥s

distinguished }u e urique glectrochenyisty ¥, The posttive electrode of the batiery is fabricated

k|

from a lead-based material; 1.0, lead dioxide and fead monoxide or a plumbous salt, The

negative electrode consists ot merpury. The electrolyie for the battery i an aqueous solution of o

salt of an alkali metal, including lithium, sodium, potassium, rubidium and cestum. Upon
harging the battery, the lead-based materigl 15 converted 1o lead dipxide, and an amalgani s

{ormed from the mere ey and the alkali wetal. When the mﬁu*} s diseharged, lead dioxide is

reduced to the plumbous form, and alkali metal in the amalgam is oxidized to form a positive

ion, which goes into solution.

Backpround

§[§B B2 The most common storags ’i}:{i.‘t-_t;ef;:}g found o almost every autcmotive vielaele, s

the lead-acid battery. This battery wmi cs @ fead dioxide positive electrode, a lead metal

R A muniber of alternatives to the lead- ‘md hattery have been developed over the
s for use wn other applications, Two of these alternalive batleres employ #ivw as the negalive

@}._s&:{f:-'i}‘f’é;)(fﬁ awd caustic potash as the electrolyte. The positive electrode of one battery i3 nickel

oxide, and the other uses silver oxide.

,ﬁf.ﬂ

04 (i an effort fo combine the best features of the Jead-acid battery and the common

....... 3

allcaling batteries, a lead-alkaling batiery was developed, Described in the above-identified co-

g patent appheation, this batlery has 3 apposilive electrode of lead, a negalive electrods

."&_

rt)

pendadiy

from such proven materiala as zine, cadnnum, lead and von, and an alkaling electroiyie,
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Y T is an opgeet of the present invention 1o provids a still Rurther ingproved sforage

LM

(II"I

batiery, These snd other objects, features, and advantages of the movention will be recogmzed

frory the follo wmﬂ' description.

Summary gf the Invention

RULHY The invention is a rechargeable battery in which the positive electrode comprises
lead-based waterial, the negative elecirode mercury, anda the electrolyie an agqueous soiution ol a
salt of au alkali metal. {;J'gt;mﬂ. charging the battery, the lead-based material is converted to lead

dioride and s amalgam is formed form the mereury and the alkali metal. When the batiery is
discharged, lead dioxide i3 reduced o lead monoxide or a lead (i1} salt, and the alkali metal from
the amalgam is oxidized o form a positive fon that goes into solation,

T The alkal metal way be chosen from the group consisting of hithium, sodham,

-1

potassium, rabidium, ar cesign, S

alis of these mietals (nclude sulfates, varbonates, bicarbonates,

phosphates, silicates and borates. These salts may be used individoally or in combination.

{008 In order to maintain the stability of the Henid MErcry, (-“%pmi'iih* in mobile

applications, any of several means can be employed. For example a semipermaeable merobrane
raay be used to restrict the movement of the mercury. Such a mewbrang 18 pervious to the
slectrolvie but confines the ereury 10 its compar tment. As alternative, the mercury can be

coated, plated, adsorbed or otherwise appl ied o a solid substeate that 18 elecirically conductive,

Another altermmative 18 1o mmb&:l the bat ftery to resist acceleration in all or scme directions.

Hrie! Deoseniphion ol the Rgawing

FHEEA Fig. 1 15 a schematic diagram ol a profotype of a batlery wcorperating the key
features of the present nvention; and

{E I Flg. 2 s a sehematie diagram of analiernative embodiment.
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{0011 The electrachemistry of the alkali metal battery of the present nventioy
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iHustrated by the case where a sodium sulfate solution is used for the electrolyie.
discharge, :_‘im~f‘aﬁ-:sjia-wmg{ reactions are predicted:
At the postitve electrode;
{E 3 FhOs + NasBS0, +2H-0 + 2 g — 1""* SOy A+ 2 MaldH + 2 OH
and at the negative electrode:;
(}} IWaiHg) - 2Na -+ Hg+2e

During recharging of the u:‘ﬁl the above reactions dare reversed,

a"‘

PG Any alkali metal can be uged in the battevy of the presend wvention. Thus, instead
of sodium shows by the aibie;:rv 2 *”‘QL tions, lithinm, putammni ruttdiom or eesium roight be used.
performance, ' he sin fjltﬁ ¢ 1-&{‘2:11’(3 d e potential ftﬁ; v i:'ir;*: fﬁs(%:;g&iii_\?fi electrode bas been found to depend

on the particular alkali metal employed.

T3] The alkal woetals differ from gach other m avother respect; Le., the sohubnlities of

their salts are different. For exam p ie, the solubility of cesium sulfate in waier at 0 C, i 167 G,

Per 100 parts of water, This value compares with 7.35 g, per 100 parts of water for potassinm

sulfafe at the same femperature.

§€}U{P’§§§ Solubilities of the salls considered for use in the el *uoi}u, also depend on the
spectiic anion, To tHustrate, thinm sulfate has a solubibity of 3534 gm. Per 100 parts of water
at (. whereas lithium silicate is insoluble. Lithium in particular is guite restricted by the
vunther of gvailable slats that are suitable.

OGS Hesides sulthies, the battery of the present invertion can use & numwber of niher

.“.
[y

S zli: mcinding carbonates, bicarbonates, };;}’iﬁ‘?}is:;ssphaiie:‘ sitteates and borates, These salis can be

uaed singly or as additives {0 achieve desired resulis.

faﬁl

LHEUN S When salls other than sulfates are used, the electrochemastvy ditters from that

shown by equation 1. Beeauss these salte tend to be alkaline w solution, a person skilled in

electrochomisiry will nnderstand that lead dioxide 18 redused to load oxide when the battery 15

discharped, This vesull affects the single slectrads potential for the positive elecirode.

{" ] -.
Lt wA
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&2{3:‘-‘& A M)mnm natvw ot the present vention s showa in iﬂgz, b, The cell cast 18 {

holds a pool of yoercury 2 that covers the bottem of the containier. This mercury serves as the

negative elecirade. The positive electrode is fabricated from a sheet of lead 3. The elsatrical

lead o the pool of mercury runs through a glass fube 4 fo nsudate i frovo the electrolyie. Both
electrodes, nawoly, the pool of mercury and the lead sheet e tnomersed n the aqueous

electrolyte 5. A semipermenble menibrane 6 holds the mercury 2 in place.

SRR Z{?’f‘?t__. 2 shows an alizrnative embodiment of the invention i which the mercury 2

is bonded foa g I ite subsirate 8 to immobilize it Al of the other COMPONCTHIS are ideantical to

-t

those of Fug, 1 and ave sundarty numbeyed.

Hxamples
(G001 An experimental cell was made front a glass jar 2-1/2 in. diameter by 2 in. high,
The positive electrods was a 2-1/2 fu. diameter disk of lead. The negative eleetrode was a pool
of mercwry that covered the bottom of the JAT The negative electrical lead was connected 1o the
mereury by means of 4 copper wire mside a glass tube, The electrolyle was prepared by
diszelving 26.0 g, sodium sulfate jn i -{?}‘{}. i&fﬂ,, waler.
;{'ﬁi}{?‘m} After charging the cell at 3.7y, for three minutes, an open civeui! potential of 338

. was obtained., The cell was iepe*‘ltmilv charged and discharged with reproducible resulis. At

[

{"

the end of the run, the electrodes were in excellent condition !.md the clectr olvie was water -
whute,
[ooo21y T
sodiun., ”Ef’i‘it?; ‘_.E;j‘.i*t%j&jlglﬂi_':ﬁi are as follows, A cell with an t,im;imiyle omtm Ju&; fithiwn sulfate
produced an open circuit potential of 3.33 v, after uhawuw it for three minutes at 3.5 v, Witha

solution of potassium sulfate as the electr ul e, afe L achieved an open clroult potential of 3,45

xt S

v. after charging it for severn nunutes at 3.7 v, Pmally, apn open cweutt potential of 350 v, was
ciiained from a cell using cestum sulfate n the glectrolvie after charging it at 3.3 v, for 22

Yoes,

Y s
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What is ciaimed 1s
i A storage batter comprising:
a. A posittve electrode of lead-based material,

b, A negalive electrode ol mercury, and

ey

2. A §torage ‘imtu of (L,ihﬁ | i’n which the alkali meig] iz lithium.

w1 swhich the alkall metal iy sodium.
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4. A storage battery of claim 1 in which the alkali metal is potassium.
> A storage daliery of elaim 1 in which the alkah metal s rubrdium,
&. A storage batter ¥ of elarm 1 in Whij@é h the alkaly metal 18 costum,
A siomm Emlaw of claim 1 in swhich the allkali metal i3 sulfaie,
3. A storage battery of elaim 1in which the alkali metal is carbonaie.
g, A storage battery of claini 1 in which the alkali metal is phosphate.
14, A storage ballery of elaim 1 in which the alkal meial s silicaie,
11. A slovage E‘}‘aiﬁttﬁsrﬁj{ of claim 1 i which the atkali metal 15 borate.
12, A storage battery of claim 1 in which means are provided for immobilizing the
mereury.
13, A storage battery of claim 2 in which the immob '1';1;;-_::ing means inchudes a solid
subsirate to which the mercury 1s bonded,
14, A storage battery of claum 13 iy whitch the solid subsir att, 15 graplite.

T

is, A storage battery mfcl atrn 12 1 which the :im 1‘3‘10'1;? ;-iz_ifi:éin Ineans i a

R 41
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