WD 03/012913 PCT/ CA02/ 00976 METHOD AND PRODUCTS FOR | MPROVI NG PERFORMANCE
OF BATTERI ES/ FUEL CELLS FIELD 5 The present invention relates to nethods
and produwD3/0imn3 i nprovi ng the perfornmance of nagnesi um eam@iRI0Mg6 et al
air battery/fuel cells in one or nore ways including: increasing anode

utilization gphiuebeAky PREBBLESSFBE INYHOYIRE SERFBRMANLE bRCreasing energy

density, increasing 10 po t asing cell voltage.
BACKGROUND It is well kno%ﬁ&Fﬁﬁ?Eg/gpggrbgﬁthhat certain battery

el ectrodes, especially those used in netal-air 15 batteries/fuel cells,
suf f er FEE&M undesi rabl e hydrogen evol ution during their "discharge" in
whi ch they generate electrical power or when they are stored, due to
corfosi on ahe/ presedér angeatdoyy reédasesy to. methatls- hodr pidoducésout put
and/or low cell voltage. These el ectrodes include those 20 contai ni ng

magnesisyp aﬂ@x@bli@ibntmea@)@/x%rﬁiaﬂ@eabqnmagheis&mc@%itaahim@, magag@xanpl es.
The production of Aydrogen is described by commercial fuel cell (battery)

suppliers gp. . .greenvol t.. com fuel cells. htm.. This producer portrays
this ad*& 5F%F§y?g¥6%.c vér PPeanmeéﬁrgegﬁtsn§I ste’ 25 of nmetal
fuel .

increasing anode utilization efficiency (suppressing

hydrogen evolution), increasing energy density, increasing

10 power density or increasing cell voltage.

BACKGROUND
It is well known in the prior art that certain battery

electrodes, especially those used in metal-air

15 Dbatteries/fuel cells, suffer from undesirable hydrogen
evolution during their “discharge” in which they generate
electrical power or when they are stored, due to corrosion
and/or moderate energy density i.e. watt-hours/litre output
and/or low cell voltage. These electrodes include those

20 containing magnesium and aluminum and/or zinc alone or in
combination, as examples. The production of hydrogen is
described by commercial fuel cell (battery) suppliers (e.g.

www.greenvolt.com/fuel cells.htm). This producer portrays

this as a safety issue. However it also represents a waste

25 of metal fuel.



WO 03/012913 PCT/ CA02/ 00976 It is well docunented that nagnesium suffers

fromparasitic hydrogen evolution in inorganic electrolytes.

For exanpl e

Ant onyr ajwOAawoys aj, A. and C. O Augustin, 5 1998, "Anon@icaucsaoBebesi our of
Magnesi um Anodes in Different Electrolytes at H gh Concentrations”,
Corrosion Reviews, 16(1-2): 127-138) states "when nagnesi um netal cones in

contact wi t htaqueqids 1ebeeirehybascnae! ﬁ‘aghéé%ﬂt]i;eﬁf?%stbﬁomﬁet al and the

evol ution of hydrogen take place 10 sinul'taneous

al (Son

VagnesPRReth PN BB R Paut SRS RChBBFoS0L6) ¢ 88bFe

see pg 131). Song et
El ectrochem ca Cbrroilon of Pure
Bf€Pndicate that

“under free corrosion conditions, magnesium corrosion can be considered to
occur BQrt gXampler Agtpayrai Ké@épnisaanoﬂesaaﬂdcegthbﬂggStésee pg 871).
Song et al. suggest that magnesium can be converted to hydride by the

f ol § owilng 8, elecbmatbesi Bahateaaki 68 NS§ReHJURSBNOCAME in2bifte28nt= MyH2 (1)
?0 MUH2 + H2O = Myg2+ + 20H+ 2H2 (2) Proof of this suggested nechanismis

Voo on 5 ub 0367281 hel GaGbPAREFEionsT Ebrfbatod Rivichgl Ml on O

16(1-2): 127-138) states “when magnesium metal comes in

contact with aqueous electrolytes, self-dissolution of the

metal and the evolution of hydrogen take place

[0 simultaneously” (see pg 131). Song et al. (Song, G. et

al., 1997, “The Electrochemical Corrosion of Pure Magnesium '

in 1N NaCl”, Corrosion Science, 39(5): 855-875) indicate

that “under free corrosion conditions, magnesium corrosion

can be considered to occur by the interaction of local

5 anodes and cathodes” (see pg'871). Song et al. suggest

that magnesium can be converted to hydride by the following

electrochemical reaction (see pg 858):

Mg + 2H" + 2e° = MgH, (1)
20
MgH, + H,0 = Mg*> + 20H + 2H, (2)

Proof of this suggested mechanism is given by Nazarov

!5 et al. (Nazarov, A.P. et al., 1989, “Formation of MgH, on



El ectrochem cal Dissolution of Magnesiumin Aqueous Electrolytes,
Zashchita Metallov, 25(5): 760-765). United States Patent No. 5, 024,904,

i ssued t owOusioe1913 5 descri bes the use. of netal anodes, mpcaf@soalobyremade of
magnesi um al um num or nmagnesi um alum num alloy, in conbination with salt
cont ai IElrg tloetiend s le D iddblaition aifthedgaeko umPiHPA§AS0RE Produci ng
portable, direct current electrical power. Testing of the Curiel prototype

by the ghQcilichehled NVARRAS dANCEE193Ld 2508, O kgW,Rg) M) of - weakness:

magnesium utili"zation efficiency as | ow as ue to parasitic hydrogen
evolution. United States Patent No. 4,908,281, issued to 15 O Callaghan
descri bes the undesirable production of hydrogen on al um num el ectrodes in
al uni num ai VE&eSs SGafes Hateans &9+) 5,024, A0eh d6RBRAbEOt Gurdelt his
hydrogen can easily reach expl osive concentrations.” (page 2 lines 10 to
12)5 Odesofritdes mirepeses off rdralOafadeaghpreifayabliyonade 30 to create a
system designed to properly vent hydrogen to help prevent explosions. The

el ect! flalefeditinfleS1GMANID oxf iYridRWRdS) ARdnaNCh1 2opel fnt 0 di scharge
al um num™ hydroxi de product intdo an electrolyte resefvoir. Air is wused to

diTute yaose] e AN i ik oJUst 31y0.33LR4 213 PCT/ CA02/ 00976

cathodes for purposes of producing portable, direct current

electrical power. Testing of the Curiel prototype by the
0 current inventors has revealed the following major

weakness: magnesium utilization efficiency as low as 30%

due to parasitic hydrogen evolution.

United States Patént No. 4,908,281, issued to

[5 O’Callaghan describes the undesirable production of
hydrogen on aluminum electrodes in aluminum air cells (pg 1
lines 63+). “As with other batteries this hydrogen can
easily reach explosive concentrations.” (page 2 lines 10 to
12) . One of the purposes of the 0’Callaghan invention is

!0 to create a system designed to properly vent hydrogen to
help prevent explosions. The electrolyte is designed to
flow upwards and over a weir to discharge aluminum
hydroxide product into an electrolyte reservoir. Air is

used to dilute hydrogen below explosive limits. Tuck



(Tuck, Cive D.S., Mdern Battery Technol ogy, 489-490) al so describes
parasitic, gaseous hydrogen evol ution on alum num contained in aqueous

el ectrol ywex3/ob2oqur ai shi et al. (Quraishi, MA et al., 19€9/CA02/00976
"Dithiobiurets: A Novel Class of Acid Corrosion Inhibitors for MId Steel,

Jour nal(TatkAppliee Bl sctr ekiemns Bay ebgveecHaSToGPedahespohi Higbon of
corrosi on/ hydrogen evolution on steel, in strongly acidic environnents

umng r I i t EFNCGNR

BbEBxRel, BhTaRletd. poeatoh bl Beh LUGLYE Fon b aThRAGE S Cich
as phenyl tolyl ,and so on >0 United States Patent No. 5,004,654 issued to
Hunt er Coptainedyd i pOHEOUSH EL5EREPILYEESF a source of tin e. g. tin

contai ning ions such as stannate ions, on undesirable hydrogen evolution in
alumnumair cells. ?5 United States Patent No. 3,594,235 issued to Mran
destri bes t barasiehdf eguatler Nn@uyad@hmni MOASakt DNt aipbpg electrolyte in

conbination with netal/air batteries (fuel 4 WO 03/012913 PCT/ CA02/ 00976
“Dithiobiurets: A Novel Class of Acid Corrosion Inhibitors
for Mild Steel, Journal of Applied Electrochemistry) have
described the inhibition of corrosion/hydrogen evolution on

steel, in strongly acidic environments using dithiobiurets

|0 with the following structure:

H H H
|

R-N-C-N-C-N-R’
il
S S
where R and R’ are aryl substituted functional groups such

as phenyl, tolyl and so on.

0 United States Patent No. 5,004,654 issued to Hunter
et al. describes the benefits of a source of tin e.g. tin
containing ions such as stannate ions, on undesirable

hydrogen evolution in aluminum/air cells.

’5 United States Patent No. 3,594,235 issued to Moran
describes the use of quaternary ammonium salt containing

electrolyte in combination with metal/air batteries (fuel



cell s) containing cadm um or magnesi um el ectrodes. The use of quaternary
ammoni um salt as the sole electrolyte conponent other than water,

especi al Iwoas/omexcessi vely high concentration of | oo byCraiaghng97eakes
the Moran 5 invention prohibitively expensive for non-mlitary

appl i cateldrss. Chmtaimiorg arddntiainatoad ragynatiuer e@ectespesi. al irje gBRal /air
batteries (fuel cells) such as those including 10 magnesi um and al um num

and/or(iﬁ'&haﬁﬂﬁﬂ%ﬁ?”éddbd¥uﬂﬂéE¥E %% ﬁ&ﬁ?soﬁﬁ %ﬁb%¥§012§§ failed to

i ncorporate know edge in the use o ogen evolution nhibitors derived

for steel especially in highly acidic.egyironments. Attenpts to mnimze
deIetef?%%ﬂ?qgﬁ% &Fﬁﬁﬁyg?wﬁ& l%?ﬂ?cﬂég Y18t98HePXFEFSLESLYi cted to the

use of exotic and/or expensive netal-alloys. Finally, the prior art

rel at edrigh eggrenityatadion afatliodr bas wedghtuemakels| $heRadotanl ed to
i ncorporate ?0 know edge derived by the alum numindustry related to

cor § osiievdntiidi prehiby divie 160 RE@aHsAT e lrost h@hytngiitaé\gcordi ngly, it is an
object of the current invention to provide inproved nethods for inhibition
of hydrog8n -3 W03/ 012913 PCT/ CA02/ 00976 evol ution (inproved anode

utilizatron effici ency) and/ or

The prior art related to batteries, especially

metal/air batteries (fuel cells) such as those including

10 magnesium and aluminum and/or zinc, alone or in combination
e.g. as alloys, has failed to incorporate knowledge in the
use of hydrogen evolution inhibitors derived for steel,
especially in highly acidic environments. Attempts to
minimize deleterious evolution of hydrogen have been

I5 generally restricted to the use of exotic and/or expensive

metal alloys.

Finally, the prior art related to magnesium/air
batteries and fuel cells has failed to incorporate
!0 knowledge derived by the aluminum industry related to

corrosion inhibition by tin containing electrolytes.

Accordingly, it is an object of the current invention

to provide improved methods for inhibition of hydrogen



energy density and/or cell voltage and/or power density inprovenent in
batteries, especially netal/air batteries (fuel cells), especially those
cont ai ni gorma®M®S3 um 5 nagnesi um and al um num nagnesi uPCaNTh02/00006
SUMVARY OF THE I NVENTI ON The invention relates to a method of inproving the

10 per £QbIAREBNOT i FRBORHUANEABT 8Ll Nati 66t bedesibned)i AndyBal / air
batteries (fuel cells), conprising the addition of one or nore additives

h L f I
bor or REREEY PRtbS o aROREL 00 SUIERE AMBIS-ORBELE! ARHLY L (o0 12

or in conblnatlon the inhibition of hydrogen evolution (inprovenent of
eIectré@@rQVﬁmﬁﬁétPBnPattﬁﬁﬁéﬁenﬁﬁPeﬁialéKemQFaééﬁértPatFﬁﬁﬂﬁﬁenent of
power density and/or increase in cell voltage. The additives are sel ected
from diiyeaf celashol eaperdadiguphosdi tbhobdink aly, mhgnesand,tin 20 plus a
quat ernary anmoni um sal t. Advantageously, dithiobiuret additives may be

usesgl, Qlﬂ%V%nhh%lh%hHmM Ngaghbdehkr §na6zYR:03/ 012913 PCT/ CA02/ 00976 H
HHRNGCGNCN

SUMMARY OF THE INVENTION
The invention relates to a method of improving the
10 performance of magnesium containing electrodes used in
metal/air batteries (fuel cells), comprising the addition
of one or more additives to the electrolyte or electrode
surface. More specifically it relates to performance
improvement due to any one of the following factors alone
15 or in combination: the inhibition of hydrogen evolution
(improvement of electrode utilization), improvement of
energy density, improvement of power density and/or
increase in cell voltage. The additives are selected from
any of the following groups: dithiobiuret, tin, and tin

20 'plus a quaternary ammonium salt.

Advantageously, dithiobiuret additives may be used,

which have the following structure:



5 S Sin which either or both of the Rand or R function groups contain
an aryl group (aromatic ring structure), for exanple, in which Ris a
tolyl growp 03061493 CH3 and R is a 0 phenyl group C6H5- . POIYCADRNOOES NI Ng
additives may be used either in the electrolyte or on the el ectrode
surface, foy exgmpHe, in the formof stannate salts such as sodi um

st annat e. 5|Tin coptaining additives may al so be used either in the

el ectrol ytfg_,\{)_b_ [b_él\p_ﬁ,el ectrode surface, for exanple, in the form of
stannate sal TI sutgh as sodium stannate, in conbination with a quaternary
a ni um sal t ucg as ,0 tricapryl nmet hyl ammoni um chloride (e.g. Aliquate
3gg§. The i nventYon al so includes inproved netal/air fuel <cells and
batteries based on the above nethods. ,5 DETAI LED DESCRI PTI ON The fol | owi ng
non- | i #t YRYCBx8HPNeE SRoPEMeC | Ehe f 13rd QF R't HRIMGHAGR | BFPURS appl i ed to
magnesi unf air battery/fuel cells: 7 WO 03/012913 PCT/ CA0O2/ 00976 Exanple 1
MagnescoantAMBOaal oyl sheetp alwcend 9496 miagn essi mum tanck 6% for

example, in which R is a tolyl group -CH,-CH, and R’ is a

0 phenyl group C/H.-.

Tin containing additives may be used either in the
electrolyte or on the electrode surface, for example, in

the form of stannate salts such as sodium stannate.

Tin containing additives may also be used either in
the electrolyte or on the electrode surface, for example,
in the form of stannate salts such as sodium stannate, in
combination with a quaternary ammonium salt such as

0 tricaprylmethylammonium chloride (e.g. Aliquate 336).

The invention also includes improved metal/air fuel

cells and batteries based on the above methods.

S DETAILED DESCRIPTION
The following non-limiting examples show the flexibility of

the invention as applied to magnesium/air battery/fuel

cells:



5 al um num content by weight) was subnerged together with an air cathode
in a seawater electrolyte with and without the addition of 0.0001 nol ar

di t hi obi uwetosmoyaai ni ng p-tolyl and phenyl R and R functricanaio2gowoaps,
respectively. The cell was operated at a discharge current of 5 anperes
(32 10 manp/cnR starting anode current density) w thout replenishnment of
t he elgggmgngeilnnil the cell voltage dropped to zero due to dissolution
of magnesi um plus alum num The electrolyte was initially at room

tenperature The aver cel vol r depsity 15 (watts liter,
WL) energy "d&i§ RddPy ﬁéthIFBQ§B 6ﬁfﬁ)mﬁéﬂeﬁ%BWa6€ ande
utilization eff|C|ency (100@6 - hydrogen production efficiency) for a
S|n@leaéémPJ%WBﬂéﬂﬂK%ﬁekéhﬁﬁﬂBhiédesl§ubm3ryeﬂ08b9$29¢3 RPCTHhCAD2/ 00976 No
Wth % | nprovenment Additive Dithiobiuret via Dithiobiuret Cell 0.66 0.74

12 VoliageatWodePauea scawat@rlélebemsli¥e( Withldind without the
addition of 0.0001 molar dithiobiuret containing p-tolyl
and phenyl R and R’ functional groups, respectively. The
cell was operated at a discharge current of 5 amperes (32

[0 mamp/cm’ starting anode current density) without
replenishment of the electrolyte until the cell voltage
dropped to zero due to dissolution of magnesium plus
aluminum. The electrolyte was initiélly at room
temperature. The average cell voltage, power density

S (watts per liter, W/L) energy density (watt hours per

liter, Wh/L) and average anode utilization efficiency (100%

— hydrogen production efficiency) for a single-cell system

are summarized below:



Energy 57.7 69.7 21 Density (Wh / L) Anode 54 60 11 Uilization
Efficiency (% 5 Exanple 2 Magnesi um AMGO al | oy sheet anode was subnerged
t oget her wotod/ozyiai r cathode in a 13% by wei ght sodi um chricardabe/ 00976
electrolyte with and wi thout the addition of 10 0.0001 nol ar dithi obi uret
containing p-telyl and phenyl R and R functional groups respectively. The

cell was operated at a discharge current of 5 arrperes (32 manp/ cn
st art i-ng-anode current—densit ) —wt-hout—r the el ectrol yte

vvl ol UI. JI bg’ll U1
until |the cell vol tage. "dfr opps =d t {'{o due| 15° t%‘h SS 'Y“u’%“r on of magnesi um
pl us al umi num_The e‘g@&‘?b‘f & t\%&é’ ta| MPeaPiERRPLBESEr [at ure. The
aver age cefkllvol t age,0 power densﬂtﬁ4(matts per |if@, WL) lenergy density
(watt [howslysgel i tter, Wh/L) |and average apode 9 VO 03/ 012913
PCT/ CA02/ 00876 uti|l i zation ¢fficiency (10p% - hydrogen production
ef fi cirencygof@y—a grngbegcetsystgmyare summari zeg 2bet ow.

Density
(w / L)
Energy 57.7 69.7 21
Density
(Wh / L)
Anode 54 60 11
Utilization
Efficiency
(%)

5 Example 2
Magnesium AM60 alloy sheet anode was submerged

together with an air cathode in a 13% by weight sodium
chloride electrolyte with and without the addition of

10 0.0001 molar dithiobiuret containing p-tolyl and phenyl R
and R’ functional groups respectively. The cell was
operated at a discharge current of 5 amperes (32 mamp/cm’
starting anode current density) without replenishment of
the eiectrolyte until the cell voltage dropped to zero due

15 to dissolution of magnesium plus aluminum. The electrolyte
was initially at room temperature. The average cell
voltage, power density (watts per liter, W/L) energy

density (watt hours per liter, Wh/L) and average anode



No Wth % I nprovenent Additive Dithiobiuret via D thiobiuret Cell 0.93
1.06 14 voltage (v) Power 3.7 4.2 14 Density (W/ L) Energy 84.0 101.6
21 Densiwpo3wiivid L) Anode 54 57 6 UWilization Efficien®gT/dp/oos6Exanpl e
3 Magnesi um AM60 aIon.sheet anode was subnerged together with an air
cathod th .CJ te, % sul . 1% sodi um chl ori de
(al | % ﬂl@a%%i“ ediencyf ﬁé’%% {5 o> BEBAALE s o o P00 U O 0l 00

nmol ar sodlun1st nnat e (thSn ®B). The cell was operated at a_ discharge
currenf 51J.C5.e 3 r( 32¢ ﬂm#pr/eCﬁ:@lSL[ éﬁ’tsitﬁﬂ‘ AF6dEUMggrige EP@F'}@Wt’y) wi t hout
repl eni-shnent of the el ectrolyte wuntil the cell voltage dropped to zero

due to dissolution No With % Improvement
Additive | Dithiobiuret | via Dithiobiuret
Cell 0.93 1.06 14
Voltage
(v)
Power 3.7 4.2 14
Density
(W / L)
Energy 84.0 101.6 21
Density
(Wh / L)
Anode 54 57 6
Utilization’
Efficiency
(%)

5 Example 3
Magnesium AM60 alloy sheet anode was submerged
together with an air cathode in a 24% sodium citrate, 12%
sodium sulphate, 1% sodium chloride (all % by'weight)

0 electrolyte with and without the addition of 0.003 molar
sodium stannate (Na,Sn0O,). The cell was operated at aA
discharge current of 5 amperes (32 mamp/cm’ starting anode
current density) without replenishment of the electrolyte
until the cell voltage dropped to zero due to dissolution

5 of magnesium plus aluminum. The electrolyte was initially

at room temperature. The average cell voltage, power

10



15 of magnesium plus alum num The electrolyte was initially at room
tenperature. The average cell voltage, power 10 WO 03/012913 PCT/ CA02/ 00976
density (wetd®129¢3 |iter, WL) energy density (watt hoursPpgarcAoevex7s \Wh/ L)
and average anode utilization efficiency (100% - hydrogen production

ef fi ci etengithor(watdisngler adlder,s WA MeacegyudeRsized (RAk@Whoaro Wth %

| nprovenent via Additive Stannate Stannate Cell .0.49 0.76 55 Voltage (V)

Pover ek B i Dwnﬂ)y A0l fa. vle)ra@ée%lg%déz%%1§§zétﬂm RReSIhYCYn /L)

Anode 75 73 - 'i zation Efficie

(100% - hydrogen production efficiency) for a single-cell

system are summarized below:

5
No With % Improvement via
Additive Stannate Stannate
Cell 0.49 0.76 55
Voltage
(V)
Power 2 3.1 55
Density (W
/ L)
Energy ‘ 32.9 56.4 71
Density
(Wh / L)
Anode 75 73 -3
Utilization
Efficiency
(%)
Example 4
10 The experiment in Example 3 above was repeated with

the further addition of a quaternary ammonium salt,
tricaprylmethylammonium chloride ([CH,(CH,),],CH,N'C1 ,

Aliquat® 336) to the electrolyte at 0.0001 molar
concentration. The average cell voltage, power density

15 (watts per liter), energy demnsity (watt hours per liter,

11



Exampl e 4 10 The experinent in Exanple 3 above was repeated with the
further addition of a quaternary ammonium salt, tricapryl nethyl anmoni um
chl ori de Wp@BIB10CH2) 7] 3CH3WC1-, Aliquat(r) 336) to the @Caatacohytre at
0. 0001 rnol ar concentration. The average cell voltage, power density 15

(watts waer)l idRy )av&rggeghm'&ail(l%tttloho'é&%le%nbytQ&ooall WD 03/012913
PCT/ CA02/°00976 Wh/L) "and average anode utilization efficiency (100% -

hydr og roducti on eff|C|e are _summari ze Wth Aliquat %
| or ovaREOISTH ARG S arEY) | Ao RITRETERa REAPMIve. Col | ol t age
0.49 0.71 45 (V) Pomer Density 2.0 2.9 45 (W/ L) Energy 32.9 55 67

Densitly (Wh / L) Anagde 7% 82 ¢ Wirh|Aldkgquamn |Ef fi émpreyement
additive | 336 +Stannate | via Combination
Additive
Cell Voltage 0.49 0.71 45
(v)
Power Density 2.0 2.9 45
(w/ L)
Energy 32.9 55 67
Density '
(Wwh / L)
Anode 75 82 9
Utilization
Efficiency
(%)

This experiment clearly shows the beneficial
5 interaction between tin and quaternary ammonium salt
additives in improvement of the metal/air battery
performance with anodes containing magnesium or its alloys.
Example 5
10
The experiment in Example 4 above was repeated with
the removal of the tin additive (i:e. stannate) from the
electrolyte, while retaining the quaternary ammonium salt
additive Aliquat 336. The average cell voltage, power
15 density (watts per liter, W/L), energy density (watt hours

per liter Wh/L) and average anode utilization efficiency

12



(%9 This experinent clearly shows the beneficial 5 interaction between tin
and quaternary ammonium salt additives in inprovenent of the netal/air
battery weriBonzvance, w th anodes contai ni ng magnesi um or PCITaCARI0eys .
Exanple 5 10 The experinent in Exanple 4 above was repeated with the
renoval of he 1L | t I : r t olyte, while
retain#ggﬁ%he 5%%?%?%%&&”?@#%&%@#,§§??8§§§§¥Ei§gé ﬁ%ﬂ%%f%éé. The aver age
cell vaql aqﬁ, power 15 density (watts per liter, WL), energy density (watt
hour s %ﬁéro ‘iter Wh/L) and average anode utilization efficiency 12 WO

03/ 012913 PCT/ CA02/00976 (1000 - hydrogen production efficiency) are

sumali zed bel ow. No Wt W% | nproveigtnh Addit$vempkogeaén83G via Al i quat
336 Cell Voltage 0.4R(dAiFl w5 (M iqRone3@.|OvRa9atbquiensssy (W/ L)
Cell Voltage 0.49 0.71 45
(V)
Power 2.0 2.9 45
Density
(W / L)
Energy 32.9 49.3 50
Density
(Wh / L)
Anode 75 79 5
Utilization
Efficiency
(%)

Although the addition of the quaternary ammonium salt
5 additive improved the cell performance, the combination of
tin containing additives with the quaternary ammonium salt
and magnesium containing anodes, was clearly superior to
that of a quaternary ammonium salt alone, as shown by the
energy density and anode utilization efficiency comparison
|0  with Example 4. The combination of a tin additive and a
quaternary émmonium salt suppressed hydrogen evolution on a
magnesium containing anode to a greater extent than either

additive used alone.

13



Energy 32.9 49.3 50 Density (Wh / L) Anode 75 79 5 Utilization
Efficiency (o) Although the addition of the quaternary amoniumsalt 5
additi ve wopsoved3t he cel|l performance, the conbinati on ofPCTIGAV20@Tsai ni ng
additives with the quaternary amonium salt and magnesi um cont ai ni ng
anodes, was clearly superior to that of a quaternary amoni um salt al one,
as shoEQ ¥1Ehg energy density and anode utilization efficiency conparison
10 with Exanple 4. The conbination of atin additive and a quaternary
ammoni um salt suppressed h dro en ey Iut| n _on gnesi um cont ai ni ng

B g sharePvel cia ang

anode to a gPeff e%?eﬁp ER&AYeHtnEpe PEFVR HB1Vas ¥ 03/012913
PCT/CAOZ/Q0976_ Exanple 6 I'n order to investigate the effect of the
addi t i eesjhnctéon] wathi eangi-chngzeapiognmagneagumaghésiyam al | oys 5
experiments were perforned using AZ31 alloy sheet anode subnerged with an
ai rs cathpdeimBndB @kget pektbemeiXudifg AZ31 alloy sheet anode
submerged with an air cathode in an electrolyte mixture
composed of 24% by weight sodium citrate, 12% by weight
sodium sulfate and 1% by weight sodium chloride.
Experiments were performed with and without additives
l0 present in the electrolyte. The additives were either
0.0001 molar Aliquat 336 or a combination of 0.0001 molar
Aliquat 336 and 0.003 molar sodium stannate. A discharge
current per cell of 5 A was applied (anode current density
at start of 35 mamp/cm’) and the experiment was continued
S until the cell voltage dropped to 0.8 V. The electrolyte
was initially at room temperature and it was used without

replenishment. The average cell voltage, power density

(watt per liter, W/L), energy density (watt hours per

liter, Wh/L) and anode utilization efficiency (100% -
0 hydrogen production efficiency) per single cell are

summarized below:

14



conposed of 24% by wei ght sodiumcitrate,

1% by
addi ti

wei ght sodi um chl ori de.

veswoll/opesent in the electrol yte.

12% by wei ght sodi um su
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(wat t [hour s (Ber Ilter Wh/ L) land anode utili zatijon eff|C|ency (100% >.0
hydr ogen prodaet | on effBCBency) per sihgte cell are sunm&rized bel ow. 14
WO 03/0128é8sPEY/ CAP2/ 00976 No Wth Aliquat 336 |% | nprovenent Additive and
St annat e Ywazcgyblnatlon Addijtive Cell voltage|0.87 0.91 5 (V) [Power 3.5
3.7 6 —PeAdtiyey 10.7 11.5 7
Density
(Wh / L)
Anode 84 95 13
Utilization
Efficiency
(%)
No with Aliquat 336 % Improvement
Additive via Aliquat 336
Additive
Cell voltage 0.87 0.70 -19
(V)
Power 3.5 2.8 -20
Density
(W / L)
Energy 10.7 15.4 44
Density
(Wh / L)
Anode 84 65 -23
Utilization
Efficiency
(%)

The above example shows that using the combination

additive (i.e. quaternary ammonium salt Aliquat 336 and

stannate) in conjunction with the AZ31 alloy, improved all

4 performance factors of the magnesium-air fuel cell

containing a magnesium-aluminum-zinc alloy.

15



(W/ L) Energy 10.7 11.5 7 Density (Wh / L) Anode 84 95 13 Utilization
Efficiency (%9 No Wth Aliquat 336 o Inprovenent Additive via Aliquat 336
Addi tive weli3/ovodhs age 0.87 0.70 -19 (V) Power 3.5 2.8 -2@cTmnmwzioeys( W/ L)
Energy 10.7 15.4 44 Density (Wh / L) Anode 84 65 -23 Utilization

EfflCl ency Aab@raaﬁggyexaﬂmh@ ah%s1hbéhtyéhnﬁatshBeEHnEbeéhged addi tive
(i. quaternary amonium salt Aliquat 336 and
with reference to illustrative embodiments, this
description is not intended to be construed in a limiting
sense. Various modifications of the illustrative
5 embodiments, as well as other embodiments of the invention,
will be apparent to persons skilled in the art upon
reference to this description. It is therefore
contemplated that the appended claims will cover any such

modifications or embodiments as fall within the scope of

10 the invention.
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5 stannate) in conjunction with the AZ31 alloy, inproved all 4 performance
factors of the magnesiumair fuel cell containing a

magnesi unwaloamirvus zi nc al l oy. 15 WO 03/012913 PCT/ CA02/ 0@eTR A020ews di ngl y,
while this invention has been described with reference to illustrative
enbodi gnicgaTMi S description is not intended to be construed in a
limting sense. Various nodifications of the illustrative 5 enbodi nents,
as well as other enbodinents of the invention, wll be apparent to persons
skilled in the art ugg reference to this desgrhgtlon is therefore

cont enpl-at ed AR 8TAERAGEINE| BEFEOMARCE 09 %?e§hﬁﬂ nodi fi cati ons or
enbodi nents as fall within the scope of 10 the invention. 16 WO 03/012913
PCT/ CAG2nsednd no\Elecarhtes. uaedeiRotiebfli abrobaktgepees opraficelof magnesi um
containing el ectrodes used in netal/air batteries or fuel 5 cells,
conpri glengs, ( @bmpatdsAggene or nore additives to an electrolyte or an
el ectrode surface, said additives selected fromthe group consisting of:
d'th'Ob'ure%a)t'Qdding one or more additives to an electrolyte or

an electrode surface, said additives selected

from the group consisting of: dithiobiuret, tin,

and tin plus a quaternary ammonium salt.

10
2. The method according to claim 1, wherein said tin is

added to said electrolyte as a stannate salt.

3. The method according to claim 1, wherein said tin is
15 added to said electrode surface as tin metal, for example

as a magnesium/tin alloy.

4. The method according to claim 2, wherein said stannate

salt is sodium stannate.

20
5. The method according to claim 1, wherein said
dithiobiuret has the structure:
H H H
I
25 R-N-C-N-C-N-R’
.
S S

17



and tin plus a quaternary amoniumsalt. 10 2. The nethod according to
claim1, wherein said tinis added to said electrolyte as a stannate salt.
3. The nmewbedoasedrding to claim1l, wherein said tin is PeTatdedore said
el ectrode surface as tin netal, for exanple as a magnesiunitin alloy. 4.
The net hod according to claim2, wherein said stannate salt is sodium

st annate. %Eﬁg r@bnglgg ckai jmd yﬁeéﬁén §abgthd|th|ob|uret
has th% structure %ﬁ%ﬁ F%?%% 25 RNCANGNR I °$°8 17 WO
03/012913 PCT/ CA02/ 00976 6., The nethod according_t erein one
or bot RfofthEn& R &-Rfupﬁﬁeﬁwoﬁr§P88p§°8§ﬁ%8.ﬁn ﬁrgry9r8V8u% ﬁﬁth an

aromatic ring structure. 5 7. The nmethod according to claim®6, wherein said
R groupn aromatic ring structure.

5
7. The method according to claim 6, wherein said R group
is a tolyl group (-C/H,-CH,) and said R’ group is a phenyl
group (-CH.-).

10 8. A method of inhibiting hydrogen formation on a metal

containing magnesium, comprising: allowing a dithiobiuret

additive to contact a surface of said metal.

9. The method according to claim 8, wherein said allowing
15 step is achieved by adding said dithiobiuret additive to a

liquid which is in contact with said metal.

10. The method according to claim 9, wherein said metal is
dipped in a dithiobiuret containing liquid and then allowed

20 to dry.

11. The method according to claim 10, wherein said liquid

is allowed to dry by evaporation.

18



is atolyl group (-C6H5-CH3) and said R group is a phenyl group (-C6H5 -)
10 8. A nmethod of inhibiting hydrogen formation on a netal containing

magnesi urkvoaamilsi ng: allowing a dithiobiuret additive PeTINIRACYT6A

surface of said netal. 9. The nethod according to claim8, wherein said

al | owi ng. 1Phsetmpthedaabievraingytaddiagmsnj desltdiobiaigt additive to a

liquid which is in contact with said netal. 10. The nethod according to

claim i i d mnetal_hs .di i i+ hiobi containing liquid
and traeebPFESED aghOplEhtsalt 8 RECabR Anethhibatah T2 T 10 here n
said liguid, is allowed to dry by evaporation. 18 WO 03/012913
PCT/CAﬁg¥95§9%' 12. The nethod according to claim1, wherein said

guat ernary anmonium salt is tricapryl methyammoni um chloride. 5 13. The
met hod according to claim1l, wherein said magnesium containing el ectrode
al so copt ai The ahethodnaceodddngt to abdimriziwiterdin Sdnproved netal /air
fuel cell or battery, O conprising: (a) a magnesi um containing el ectrode;

magnesium containing electrode also contains aluminum

and/or tin and/or zinc.

14. An improved metal/air fuel cell or battery,
0 comprising:
(a) a magnesium-containing electrode;
(b) an air electrode;
(c) an electrolyte; and
(d) one or more additives, said one or more additives
5 being added to said magnesium-containing
electrode or said electrolyte, said one or more
additives being selected from the group
consisting of: dithiobiuret, tin, and tin plus a
quaternary ammonium salt,
0 wherein said one or more additives results in a performance

improvement of said metal/air batteries or fuel cells.
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(b) an air electrode; (c) an electrolyte; and (d) one or nore additives,
said one or nore additives 5 being added to sai d nagnesi um cont ai ni ng

el ect r odeworo3®aioas el ectrol yte, said one or nore additive®CraiAvgoasbect ed
fromthe group consisting of: dithiobiuret, tin, and tin plus a

quat eragry &AEDAmpFoTR fued %Q'.’L?batﬁé!r aeeoealﬁgréoaéﬂam\/fé results in
a performance inprovenent of said netal/air batteries or fuel cells. 19 WO

03/0129 PCT/ CAQ 0976 1 cell/batte according to
cIa|n1Y§%rewﬂe§3| saldltslﬁgdgg §8e§B% gFGEEPQXF?o?ﬁt% ﬁggﬁ P3%@nnat e
salt. 5 16. The inproved fuel cell/battery according to claim 14, wherein
sai d tPAlfts added to said electrode surface as tin nmetal, for exanple as a

magnesiuntin alloy. 17. The inproved fuel cell/battery according to claim
15, 10 wherein said stannate salt is sodium stannate. 18. The inproved

fued CQU/bQ-‘hberﬂhpQ@%Bdlfﬂﬁlt eeqllabatééry whebehingatd disbhopiuret has the
structure: HHH
wherein said tin is added to said electrode surface as tin

metal, for example as a magnesium/tin alloy.

17. The improved fuel cell/battery according to claim 15,

|0 wherein said stannate salt is sodium stannate.

18. The improved fuel cell/battery according to claim 14,

wherein said dithiobiuret has the structure:
H H H
|5 |
R-N-C-N-C-N-R’
Il
S S
0 19. The improved fuel cell/battery according to claim 18,

wherein one or both of the R and R” function groups contain

an aryl group with an aromatic ring structure.

20. The improved fuel cell/battery according to claim 19,
5 wherein said R group is a tolyl group (-C/H,-CH,) and said

R’ group is a phenyl group (-CH.-).
21. An improved fuel cell/battery comprising:

20



RNCNGCNR Il Il Ss !0 19. The inproved fuel cell/battery according
to claim 18, wherein one or both of the R and R' function groups contain
an aryl gwoup/onsih an aromatic ring structure. 20. The i npcaxes2iowgb
cell/battery according to claim19, :5 wherein said Rgroup is a tolyl

group (-C6Hy-,CH, (e P nkS .group (-C6H5-). 21. An
i nproved fﬁgﬁ§?e%]?g'F%%#smkgégg?gﬁﬁag eggesgpg%/012913 PCT/ CA02/ 00976 (a)
a magnesi um cqQntai nin elec%roggi (b) an air electrode; (c) an
el ectrol yt e:Pand ¥R &ENEEAEF et additive contacting a surface of 5
sai d magnesi um cont ai ni ng el ectrode, wherein said dithiobiuret additive
i nhi bi ts hydicdgemn fediegsriodivte; 889d magnesi um cont ai ni ng el ectrode. 22.
The inmproved fuel cell/battery according to claim?21, 10 wherein said
contact is aehi ewedivhildia vaddi agdigiide donbiachingeta atdiftices ctfo a |iquid
which is in contact with said netal. 23. The inproved fuel cell/battery
accgrdlng to ClwégféLmagnesium—containing electrode,

wherein said dithiobiuret additive inhibits hydrogen

formation at said magnesium-containing electrode.

22. The improved fuel cell/battery according to claim 21,
10 wherein said contact is achieved by the adding said
dithiobiuret additive to a liquid which is in contact with

said metal.

23. The improved fuel cell/battery according to claim 21,
15 wherein said metal is dipped in a dithiobiuret containing

liquid and then allowed to dry.

24. The improved fuel cell/battery according to claim 23,
wherein said liquid can evaporate.

20 A
25. The improved fuel cell/battery according to claim 14,

wherein said quaternary ammonium salt is

tricaprylmethyammonium chloride.
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15 wherein said netal is dipped in a dithiobiuret containing |iquid and
then allowed to dry. 24. The inproved fuel cell/battery according to claim
23, wherwor3sadodz | i quid can evaporate. 20 25. The i nprovedTia®k/00976
cell/battery according to claim 14, wherein said quaternary amoni um sal t
is trpeapryheethpasvea saethtell fbat 2dryVh 886642 3:;5’(315692190976 26.

The i nproved fuel cell/battery according to claim1l4, wherein sai d

magnes), HI-GOR" 8h0h"aGh8E1 LA EAL 50 £4Y" 81 08r rShYTLINE" BBRLQLnL N and/or

Zi nc.

aluminum and/or tin and/or zinc.
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