2 7 JAN 2006 WO 03/012913 PCT/ CA02/ 00976 METHOD AND PRODUCTS FOR | MPROVI NG
PERFORVMANCE OF BATTERI ES/ FUEL CELLS FIELD 5 The present invention rel ates
to nmethods and products for inproving the performance of nagnesi%m
containing metal air battery/fuel cells in one or more ways i ncludiAigils

i ncreasi ng anode utilization efficiency (suppressing hydrogen evolution),

i ncreasi nv@p¥tgyidensity, increasing 10 power density or P@EFCA4MG6cel |
voltage. BACKGROUND It is well known in the prior art that certain battery

el ectrodes, easPPROB! Aipt PResudEe o THRimivald PEREmhLaideséf uel cell s,

suffer from undesirable hydg TEYAHoH @Erdy i ng their "discharge” in
whi ch they generate electrical power or when they are stored, due to

corrosion and/or noderate energy density i.e. watt-hours/litre output
and/ or F%#Rel | voltage. These el ectrodes include those 20 contai ni ng
magnesi um and al um num and/or zinc alone or in conbination, as exanples.
The Spr oduct | Dine opréyenogomverst ialesorlidtess e oehierds and ystodetks(battery)
suppliers (e.g. ww.greenvolt.com fuel cells.htm. This producer portrays

]E []'els asg Gy SAhSESvE RS Uene HOUENSImAic @l SO MARESAM S éhtesh fng ZRepb1Met Al
air battery/fuel cells in one or more ways including:
increasing anode utilization efficiency (suppressing

hydrogen evolution), increasing energy density, increasing

1V  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 batteries/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.qg.

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

this as a safety issue. However 1t also represents a waste

25 of metal fuel.



1 2 7 JAN 2006 WO 113/9 1 2 9 1 3 PCT/CAO2 /00976 It is well docunented that
magnesi um suffers from parasitic hydrogen evolution in inorganic

el ectrolytes. For exanple Antonyraj (Antonyraj, A and C. O Aug@3tjaN 208
1998, " Anomal ous Behavi our of Magnesi um Anodes in Different Electrolytes at
H gh Conwantyiaions”, Corrosion Reviews, 16(1-2): 127-138¥T&AdRE8YT6when
magnesi um netal cones in contact wth aqueous el ectrol ytes,

sel f-dissolution of the netal and the evolution of hydrogen take place 10

si mul t aneoust yi's (8€E1 Pdoddheént S@NEhEE BhgreSPNd, sGrr8ks akom 1997, "The
El ectrochem cal Corrosion of Pure Nhgne5|un1 in 1IN NaCl ", Corrosion Science,

39(5 855-875 d f
cor r oot P EREr APkt ct bSERERLC 1 EEFRRYBPS ocal |18 anodos

and cat hodes" (see pg 871). Song et al. suggest that nmagnesium can be
convemnmjexamgbeua@tgyyrhm {antonynyl . ehecandcBedi chigrehini on (see pg
858): My + 2H + 2e MHL (1) '0 MgH2 + H2O = My" + 20H + 2H, (2) Proof of

this %HQH?StQﬂn@ﬁﬁh@ﬁé53&h§v9bﬂ§“ob¥M§@ﬁé§9Mm'ﬁnS&eé'1n(b@§§é?%ntA P. et

al ., 1989, "Formation of MgH2 on

Electrolytes at High Concentrations”, Corrosion Reviews,

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

contact with aqueous electrolytes,'se1f~5issolution of the

metal and the evolution of hydrogen take place

[0 simultaneously” (see pg 131). Song et al. (Song, G. et
al., 1937, “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

15 anodes and cathodes” (see pg‘871). Song et al. suggest

that magnesium can be converted to hydride by the following

f electrochemical reaction (see pg 858):

Mg + 2H' + 2 = MgH, (1)

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



2 2 7 JAN 2006 WD (13/012913 El ectrochem ca

Di ssol ution of Magnesiumin

Agueous El ectrol ytes, Zashchita Metallov, 25(5): 760-765). PCT/ CA02/ 00976
United States Patent No. 5,024,904, issued to Curiel, 5 descriQdsjith#iuse.

of netal anodes, preferably made of nagnesi um al um num or
~magnesi umal um num all oy, in conbination with salt contaigkggyﬁﬁﬁ&kgolytes

and air Y2&K4dEY3or pur poses of producing portable, direc

el ectrical power. Testing of the Curiel prototype gé the 10 current

i nvent GrEHILTREREFRH PHeSPLPFORR nGE ndpEPeS hRaKHR

current

AUERlYhesi um utili zation

efficiency as low as 309. due to parasitic hydrogen evol ution. United

St at es FR&co NG esl, 9085128 tasdervdliov, 185 (b Cal 1aghads descri bes the

undesi rabl e production of hydrogen on al um num el ectrodes in alum numair

cells (pg 1 lines 63+) . "As with other batteries this hydrogen can easily
reach expl osive c t] . ag i 1 .~One_of the
pur poses of%bﬁgx%?ggﬁ$%%%a%8?§e%n%?bngfézatgggfeg%%ggﬁgé t%%?ﬁ%glgned to

desh

product into an electrolyte reservoir. Air is

magnesium, aluminum or magnesium-aluminum alloy, in
combination with salt containing electrolytes and air
cathodes for purposes Qf producing portable, direct current
electrical power. Testing of the Curiel prototype by the
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
0‘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
to create a system designed to properly vent hydrogen to
help prevent explosions. The electrolyte is designed to
flow upwards and over a welr to discharge aluminum
hydroxide product into an electrolyte reservoir. Air is

used to dilute hydrogen below explosive limits. Tuck

erly vent hydrogen to help prevent explosions. The electrolyte is
gneeaar ibes vk iviasesobnBebder aROUEF r PHefesanby gBade udf num  hydr oxi de



used to,dilute hydrogen bel ow explosive limts. Tuck 3 2 7 JAN 2086 (Tuck,
Clive D.S., Mddern Battery Technol ogy, 489-490) al so describes parasitic,
gaseous hydrogen evol ution on alum num contained in aqueous el ectrol ytes.
Quraishi et al. (Quraishi, MA et al., 1999, " Dithiobiurets: A Novel C ass
of Acid Corrosion Inhibitors for MId Steel, Journal of Applied27 JAN 2006

El ectrochem stry) have described the inhibition of corrosion/hydrogen
evolution on steel, in strongly acidic environnents using dithiobiurets
with the following structure: HHH | I I RNGCNGNR Il Il S S wiere R
and R are aryl substituted functional groups such as phenyl, tolyl and so
on. United States Patent No. 5,004,654 issued to Hunter et al.
(correspondi ng to European patent application EP354752) describes the
benefits of a source of tine.g. 4 2 7 JAN 2006 tin containing ions such as
stannate ions, on undesirable

{Tuck, Clive D.S., Modern Battery Technology, 48%-4%0) also
describes parasitic, gaseous hydrogen evclution on aluminum

contained in agueous electrolytes.

Quraishi et al. (Quraishi, M.A. et al., 1899,
“*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

with the following structure:

H H H
oL
R-N-C-N-C-N-R’
I
S S
where R and R’ are aryl substituted functional groups such

as phenyl, tolyl and so on.

United States Patent No. 5,004,654 izsued to Hunter
et al. (corresponding to European patent application

EP354752) describes the benefits of a source of tin e.g.



hydrogen evolution in alumnumair cells. US. Patent No. 4,332,864 issued
to.King et al. (corresponding to GB2058837) descri bes magnesi um al | oys
containing alumnium zinc and tin used as anode in primary cells with sea
water as electrolyte. U S. Patent No. 5,376,471 issued to Hunter et al.
(correspondi ng to European patent application EP0549664) reIat@ﬁjkNZ%ﬁ
netal/air cells conprising an air cathode and an anode being conposed of an
al umi nium magnesium tin alloy and/or the tin is added in the formof tin
dichloride to the electrolyte. United States Patent No. 3,594,235 issued to
Moran describes the use of quaternary ammonium salt containing electrolyte
in conbination with netal/air batteries (fuel 4A 2 7 JAN 2006 WD 03/012913
PCT/ CA02/ 00976 celli% cont ai ni ng cadm um or magnesi um el ectrodes. The use

of quaternht}) &AfbA h?%a}?n%ﬁfﬁqﬂa%ﬁﬂ%?%ﬂnéEFrépﬁﬁe ORoHBBRBAT2BEPer t han

water, espgcial | exce55|v§By conc tratlon of 10% by wei ght,
og n. evo Yiom 1 lnu
makes t he ran i nvention proh| i've y ex ve for non- mlitary

applications. The prior art related to batterles especially

U.S. Patent No. 4,332,864 issued to King et al.
{(corresponding to GB2058837) describes magnesium alloys
containing aluminium, =zZinc and tin used as anode in primary

cells with sea water as electrolyte.

U.S. Patent No. 5,376,471 issued to Hunter et al.
(corresponding to European patent application EP0549664)
relates to metal/air cells comprising an air cathode and an
anode being composed of an aluminium, magnesium, tin alloy
and/or the tin is added in the form of tin dichloride to

the electrolyte.
United States Patent No. 3,594,235 issued to Moran

describes the use of guaternary ammonium salt containing

electrolyte in combination with metal/air batteries (fuel

4A



metal /air batteries (fuel cells) such as those including 10 magnesi um and

al um num and/or zinc, alone or in conbination e.g. as alloys, qul%ﬁ@¢ dto
i ncorporate know edge in the wuse of hydrogen evol ution inhibitO0r e ed
for steel, especially in highly acidic environnments. Attenpts to mnimze
del eterious evol ution of hydrogen have been 15 generally r i o the
use of ex¥Pi'% LY or expensive netal alloys. Finally, theﬁgiégﬁbge?krelated
to magnesiumair batteries gnd fuel cells, has {ailed to incorporate ?0

know ed§e-1ddr ISR At SAAMHYRIAT MARRSSAYRI Gt eatYedeE or r B]F oWSEnhi bi ti on

by tin containing electrolytes. Accordingly, it is an object of the current
i nvent iodh cua frmnarge ammproved seEitheds flor sabé béleéonroiybydrogen 5 2 7 JAN
2006 WO (13/012913 PCT/ CA02/ 00976 evol ution (inproved anode utilization

ef fi ci emporitfl Yerterafensidy, afariLely H@léﬁg@x@QQéWeP?V\’er density
i nprovenent in batteries, especially netal/air batteries (fuel cells),

especi ally those containin nesi um. ﬁhna nesi u nd . al um num nmagnesi um
and 21 RS GRRERGE (RVER &Y HE Thvertion® r 6hat 48798 a met hod of
i nprovi ng the perfornmance of nagnesi um cont ai ni ng el ectrodes used in

5 invention prohibitively expensive for non-military

applications.

The prior art related to batteries, especially

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

10 magnesium and alumihum 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 eveolution of hydrogen have been

S 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
10 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



metal/air batteries (fuel cells), conprising the addition of oq% 35 ﬂﬁge
additives to the electrolyte or electrode surface. Mirre specifica w
relates to performance inprovenent due to any one-of the follow ng factors
alone 15 or in conbination: the inhibition of hydrogen evol ution

(i nproven¥Ati3gtz9db ectrode utilization) , inprovenent of eMeFEAIUHMISHtY,

| mprovenent of power density and/or increase in cell voltage. The additives
are seéeoledibnormingrpveld Eedeolltdling tdoaupsfidiidrioh wmed/otin, and tin
20 plus a quaternary amesi um salt. Advantageously, dithiobiuret additives

may be ' fQlylyow r : 6 WO 03/012913
PCT/ CAGDT 8%57*3@&%2‘?%‘%‘%’ Q’% AU AR Hoidfi ponier’ el VO Do e
both of the R and or R function groups. _contain an aryl group (aromatic
ring stPEEPYPEFNL: g DAELRIHES | FORFCIRLRY] §‘eé:at]rfla rdg%fdig)elf $5-CH, and R
is a

{(fuel cells), especially those containing magnesium,

5 magnesium and aluminum, magnesium and zinc.

SUMMARY OF THE INVENTION
The invention relates to a method of improving the
Y 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 evolutiqn
(improvement of electrode-utiliéation), 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:



O phenyl group C6H5- . Tin containing additives may be used either in the
el ectrolyte or on the electrode surface, for exanple, in the form of
stannate salts such as sodium stannate. 5 Tin containing addltlvagJﬁ%ﬂWﬂso
be used either in the electrolyte or on the el ectrode surface, for exanple
in the formof stannate salts such as sodium stannate, in__conbination with
a quat er PP Y3/8¥bhi um salt such as trlcaprylnethylannnnluﬁ%ﬁﬂ@ﬁpﬂwéwke g.
Aliquate 336) The invention also includes inproved netal/air fuel cells and
batteries bdsedHonHt he abkeve net hods. 5-.DRTAI LED DESCRI PTI ON The fol | ow ng
non-limting expnp| es show the flexibility of the invention as applied to
magnesi umRaNCCoIg-e-R/ fuel cells: 7 2 7 JAN 2006 WO 03/012913 Exanple 1
PCT/ Cn02/ 0097 Nq nesi um AM6O al | oy sheet anode (94% nagnesi um and 6% 5
algnlnun1cont nt ®y wei ght) was subnmerged together with an air cathode in a
wat er el ectrolyte with and mﬁthout the addition of 0.0001 nol ar

dltr"(¥ng§§c§Og£€hé¥rg&F£oéh 6f the R and or R’ function groups
contain an aryl group (aromatic ring structure}, for
example, in which R is a tolyl group -C/H,-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

tricaprylmethylammonium chloride (e.g. Aliquate 336).

The invention also includes improved metal/air fuel

cells and batteries based on the above methods.

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

the invention as applied to magnesium/air battery/fuel

cells:



and phenyl R and R functional groups, respectively. The cell was operated
at a discharge current of 5 anperes (32 manp/cne starting anode_current
density) without replenishnent of the electrolyte until the cell2VoANAYE
dropped to zero due to dissolution of magnesi um plus alum num The

el ectrol ywweosmvinitially at room tenperature. The aver ageCwehdzmetd age,
power density 15 (watts per liter, WL) energy density (watt hours per
liter, Wh/L) and average anode utilization efficiency (100% - hydrogen
producti oppehfhciency) fer a single-celt-system are sunmarized below. 8 2 7
JAN 2006 V&)03/012913 PCT/ CA02/ 00976 Nowi t h% | npr ovenent

Addi tiveDi t hi obiuretvia Dithiobiuret CellQ, 660. 7412 Vol t age

Power 2. 62. 913IPERMIM, AMRL %}%né%?.aﬂﬁ%z‘fﬁeﬁ?}%ﬁsm%‘ S

5 aluminum content by weight) was submerged together with an
air cathode in a seawater electrolyté with and without the
addition of 0.0001 molar dithiobiuret containing p-tolyl
and phenyl R and R’ functioﬁal groups, respectively. The
cell was operated at a discharge current of 5 amperes (32
mamp/cm’ starting anode current. density)} without
replenishment of the electrolyte until the cell voltége
dropped to zero due to dissolution of magnesium plus
aluminum. The electrolyte was initially at room
temperature. The average cell voltage, power density

[5 (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:



(Wh / L) Anode546011 Utilization Efficiency (% 5 Exanple 2 Magnesi um AM60
all oy sheet anode was subnerged together with an air cathode in a 13t by
wei ght sodium chloride electrolyte with and wi thout the addizhgquﬁﬁlo

0. 0001 nol ar dithiobiuret containing p-tolyl and phenyl R an functi onal
groups r y. The cell was operated at a dlscharge

anper es Q%g%@%ﬁﬂﬁ} starting anode current density) mﬁthégykﬁgg%gz{shnent
of the electrolyte until the cell voltage dropped to zero due 15 to

di ssol ution of magnesi umyptus al um num ~“Fhe el ectrolyte was initially at
roomtenperature. The average cell voltage, power density (watts per liter,

WL) energy densitly (Wt hours parthiter] Wa/ Lipaodemgrtage anode 9 2 7
JAN 2p06 WO 03/0 1|2udk ité | imsattiobiafddtc] ancy oik3%bidnet ogen producti on
PCT/ ffcrepoyyfor—a gy mgie=celt—systemare—summar i zed bel ow
NoW t h% Ivrg)ir overrent
(v)
Power 2.6 2.9 12
Density
(Ww / L)
Energy 57.7 69.7 21
Density
(W h / L)
Ancde 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 electrolyte until the cell voltage dropped to zero due

15 €o dissolution of magnesium plus aluminum. The electrolyte
was lnitially 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



Addi tiveDi thiobiuretvia D thiobiuret Cell0.931. 0614 voltage (V)
Power 3. 7.4.214 Density (W/ L) Energy84.0101. 621 Density (w h / L? ANZWE
Anode54576 Utilization Efficiency (%9 5 Exanple 3.Magnesi um AV60 é{Hoy sheet
anode was subnerged together with an air cathode in a 24% sodiumcitrate,
12% sodiwmswiphate, it sodiumchloride (all % by wei ght)PCECSBHPEFyte with
and wi thout the addition of 0.003 nolar sodiumstannate (Na, SnO,). The cel

was opgiat§d Ak o éﬁﬁ@lae_r&ﬁ, CUTARN ofy & RAREROIRE {BP/ c2 starting
anode current density) wwthout repleni-shment of the electrolyte wuntil the

Il vol tage d t due ta dissol ution 5 of magnesium pl
al i nEE HHEIRCA i & WS A THFT AR A0 PTTer Sies he aver age

cell voltage, power

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)
electrolyte with and without the addition of 0.003 molar
sodium stannate (Na,5n0Q,). The cell was operated at a
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 2 7 JAN 2006 WO 03/(112913 PCT/CAO 2 /110 9 7 6 density (watts per liter,
WL) energy density (watt hours per liter, Wi/ L) and average anode ' '
utilization efficiency (100% - hydrogen productlon ef ficiency) for
single-cell systemare summarized bel ow. NoWth% I nprovenent vial AN 1006
Addi ti veSt annat eSt annate Cel | 0. 490. 7655 Vol tage (v) Power23.155 Density (W
/ L) Ene é%"%qu47l Density (Wh / L) Anode7573-3 Utili ztri@m2kbi#Ci ency
(o) Exanple he experinent in Exanple 3 above was repeated with

density (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:

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
(%)
Exanmple 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'CLl,

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

15 (watts per liter), energy density {watt hours per liter,

1



the further addition of a quaternary amoniumsalt, tricapryl nethylanmoni um
chloride ([CH (CH, ),],CH NNCL , Aliquat(r) 336) to the electrolyte at

0. 0001 nol ar concentration. The average cell voltage, power denleﬁAﬂgmﬁ
(watts per liter), energy density (watt hours per liter, Il 2 7 JAN 2Q06 WD
03/ 012913wB@B0CA@RN0976 Wh/ L) and average anode utilizati omCceCAnoiency (100%
hydr ogen production efficiency) are summari zed bel ow. Now th Ali quat %

| ti e rized N |
mpr ovggf@o% %a%/@ggge NS0 TGV 13 L8 Nt ¢ 10y e} €| Vo L8l

Vol t ag ower Density?. 02:945 (W7 L) ‘Energy32.95567 Density
(Wh tlf}dx"bc\)r‘lg'oedr“?z?rgc)zgucl%i(l)rll Zgééfcniquyl)cIaernecysu(rrmarized ‘below:
No With Aliquat % Improvement
additive | 336 +Stannate | via Combination
Additive
Cell Voltage 0.49 0.71 45
(v)
Power Density 2.0 2.9 45
(w / L) .
Enerqgy 32.9 55 67
Density '
(Wh / L)
_ Anocde 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
The experiment in Example 4 above was repeated with
the removal of the tin additive (i1:.: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



This experiment clearly shows the beneficial 5 interaction between tin and
quaternary ammonium salt additives in inprovenent of the nmetal/air battery
performance wi th anodes containing magnesiumor its alloys. Exanple 5 }Hﬁ
experinent in Exanple 4 above was repeated with the renmoval of théJaN
additive (i.e. stannate) fromthe electrolyte, while retaining the

quat er nar annnnlunlsalt additive Aliquat 336. The avera age,
power 15 ?9”(matts per liter, WL), energy density (ag??ékgﬁyghtper
liter Wh/L) and average anode utilization efficiency 12 2 7 JAN 2006 WO
(13/ 012908% PETHGADREEQF60qUO0on &l GRAr DY ctet Sonmatizedency) are
sumari zed bel ow. Nowi tht | nprovenent AdditiveAliquat 336via Aliquat 336
Cell Vgbis@e0.490.7145 (V) Power2.02.945 Density (W/ L) Energy32.949. 350

No With % Improvement
Additive | Aliquat 336 | via Aliquat 336
Cell Voltage 0.49 0.71 45
(v}
Power 2.0 2.9 45
Density
(Ww / 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 ancde to a greater extent than either

additive used alone.

13



Density (Wh / L) Anode75795 Utilization Efficiency (o) Al though the
addition of the quaternary ammoniumsalt 5 additive inproved the7cgiy 2006
performance, the conbination of tin containing additives with the quaternary
ammoni um salt and magnesi um cont ai ni ng anodes, was clearly superior to
that of awguatmenary amoni um salt al one, as shown by the remaragy/odensity
and anode utilization efficiency conparison 10 with Exanple 4. The
conbination of a tin additive and a quaternary ammoni um salt suppressed
hydr ogggaglégleutsi on on a -magnhesi um contakrntng anode to a greater extent than
either "additive used alone. 132 7 JAN 7006 WD 03/012913 PCT/ CA02/ 00976
Exanple 6 In order to investigate the effect of the additives in,
conj unct i on I GFAHEQHEFH A MRGMR i SH el R Bexdidiremes Rre
performed using AZ31 all oy sheet anode subnerged with an air cathode in an
el ect r ebytjenkivdtalr eri tdonpinsedcait 24% iy nwedgdd sodilloygstrate, 12% by wei ght
5 experiments were performed using 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
(0 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
[5 wuntil 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:
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sodiumsulfate and it by weight sodiumchloride. Experinments were perforned
with and without additives 10 present in the electrolyte. The additives
were either 0.0001 nolar Aliquat 336 or a conbination of 0.0001 l.ar
Al'iquat 336 and 0.003 nol ar sodi um stannate. A discharge currentngéﬁiﬂ%ﬂMB
of 5 A was applied (anode current density at start of 35 manp/cm) and the
experi memowasi2oont i nued 15 until the cell vol tage droppeddrocminvie The
electrolyte was initially at roon1tenperature and it was used w thout

r epl gni—shment— Thg AV er g UE||4KQEIQQQ TS “b%riﬁfkﬂ@bheﬂﬁ' itgr,
WL),| energy den5|ty}%§@qgjngurs el gkt t_W‘\/L) ﬁg c &ngapﬁb|l7atlon
efficiency (100% !D d?ogen production efficiency n | are
sumari zed below. 14 2 7 JAN i006 WO Q3/012913 P ?gehbvv h Aliquat
336% | Gprbdv¥mdiBIRdIdI t | Vedihd Stannate@h§1CDnbinat|on Addlﬁlve Cel
vol t age0. 870915 (v) Power3.53. 76 Density
Power 3.5 3.7 6
Density
(W / L)
Energy 10.7 11.5 7
Density
(wh / L) .
Anocde 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)
Enode 84 65 -23
Utilization
Efficiency
(%)

The above example shows that using the combination
additive (i.e. quaternary ammonium salt Aliquat 336 and
5 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) Energyl0.711.57 Density (Wh / L) Anode849513 Utilization Efficiency
(% NoWth Aliquat 336% I nprovenent Additivevia Aliquat 336 Additive Cell

Vol t age0. 870. 70-19 (V) Power 3.52.8-20 Density (W/ L) Energyl0.715. 444
Density (Wh / L) Anode8465-23 Uilization Efficiency The abgge pxagp! e
shows that using the conbination additive (i.e. quaternary amonium salt

Al i quat 336 and

Accordingly, while this invention has been described
with reference to illustrative embodiments, this
description is not intended to be construed in a limiting
gsense. Various modifications of the illustrative
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 of the invention.
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5 stannate) in conjunction with the AZ31 alloy, inproved all 4 performance

factors «f the magnesiumair fuel cell containing a magnesi um al um num zi nc
alloy. 15 2 7 JAN 2006 Accordingly, while this invention has been descri bed
with reference to illustrative enbodi nents, this description is not

intended to be construed in a limting sense. Various nodifi @at yishdpf the
illustrative enbodinents, as well as other enbodi nents of the invention,
will be apparent to persons skilled in the art wupon reference to this
descripti ogg Idpdpyiherefore contenpl ated that the appended clainms will
cover any such nodifications or enbodinments of the invention. 16 t 2 7 JAN
2006 WVE CLAIM 1. A %%od of making a mei | [air battery or fuel cell,
conpri si ng:t (a) proviheCh RRFANg af rBhet 67 §* oP2FLBF Y cRF I THEVI AGLlan air

el ectrode, Aan electrolyte, and a magnesiumcontaining el ectrode; and (b)
addi ng one “Gf *iore-"addi tives to said electrolyte or surface of said

nagneSIUH}Contalnépg providing a metal/air battery or fuel cell having

an air electrode, an electrolyte, and a
magnesium-containing electrode; and

(b) adding one or more additives to saild electrelyte
cr surface of said magnesium-containing
electrode, said additives selected from the group
congisting of: dithiocbiuret, and tin plus a

guaternary ammconium salt.

2. The wmethod according to clazim 1, wherein said tin is

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

22 a magnesium/tin alloy.

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

salt i1s sodium stannate.
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el ectr ode,

di t hiobi uret,

said additives selected fromthe group consisting of:

and tin plus a quaternary ammoniumsalt. 2. The nethod

according to claim1l1l, wherein said tin is added to said electrolyte as a
stannate salt. 3. The nmethod according to claim1, wherein sai @7y ioB
added to said electrode surface as tin netal, for exanple as a
magnesium tin alloy. 4. The nethod according to claim2, wherein said

stannate salt

is sodiumstannate. 17 2 7 JAN Z006 5. The nmethod according to

claim1l, wherein said dithiobiuret has the structure: HHHI1 | |
RNCNGCNR 11 11 S S 6. The nmethod according to claimb5, wherein one or
both of the Rand R function groups contain an aryl group with an

aromati c ring stfhetweehod adherdieichdd adedrmdilngwherekai an6d@ wherein said R

group is a tolyl

(-C, HS')

group (-C6H5-CH3) and said R group is a phenyl group

dithiobiuret has the structure:

H H H

l

|

l

R-N-C-N-C-N-R’

I
S S

6. The method according to claim 5, wherein cne or both

cf the R and R’ function groups contain an aryl group with

an aromatic ring structure.

7. The method according te claim &, wherein said R group

is & tolyl group (-CH.-CH,) and said R’ group is a phenyl

group {(-C/Hg-1.

8. Metal/air fuel cell or battery, comprising:

{a)
(b)
(c)
(a)

a magnesium-contalning electrode;

.an alr electrode;

an electrolyte; and

one or more additives, said one or more additives
being added to said magnesium-ceontaining
electrode or said electrolyte, said one or more
additives being selected from the group
censisting of: dithicbiuret, and tin plus a

guaternary ammonium salt,

18



8. Metal/air fuel cell or battery, conprising: (a) a magnesi um contai ning
el ectrode; (b) an air electrode; (c) an electrolyte; and (d) one or nore
additives, said one or nore additives being added to said
magnesi um containing electrode or said electrolyte, said one or nore
additives being selected fromthe group consisting of: dithiobi%%ft, and
tin plus a quaternary amoniumsalt, 18 2 7 JAN 2006 wherein sai JAK 2P
nore additives results in a performance inprovenent of said netal/air
batteries or fuel cells. 9. The fuel cell/battery according to claim8§,
wher ei n saWhEIéhmisaéddQUEtOrsabdeebédﬁt@VyBefaSUQtstamnat@xsmﬂdrmaﬂle'The
fuel cell/battery according to claim8, wherein said tinis added to said
el ectrode surpaeeenentialnéeal, mefol/exanbrbtasigsmegndsicdmceinsal | oy 11
The fuel cell/battery according to claim9, wherein said stannate salt is
sodi um stannate. 12. The fuel cell/battery according to claim8, wherein

sai d dlthlobluret has t he strycture: HHHSS
The fuel cell/battery according to claim 8, wherein

said tin is added to said electrolyte as a stannate salt.

10. The fuel cell/battery according to claim 8, wherein
said tin is added to said electrode surface as tin metal,

for example as a magnesium/tin alloy.

11. The fuel cell/battery according to claim 9, wherein

sald stannate salt is sodium stannate.

12. The fuel cell/battery according to claim 8, wherein
said dithicocbiuret has the structure:

[ H H

L
R-N-C-N-C-N-R’

Hool
S S
13. The fuel cell/battery according to claim 12, wherein

cne or both of the R and R' function groups ccntain an

aryl group with an aromatic ring structure.
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13, The fuel cell/battery according to claim 12, wherein one or both of the
R and R function groups contain an aryl group with an aromatic ring
structure. 19 2 7 JAN 2006 14. The fuel cell/battery according to claim13,
wherein said Rgroup is a tolyl group (-C6H5-CH3) and said RZbubNigllsis a
phenyl group (-C6H5-). 15. Fuel cell/battery conprising: (c) a
magnesi um contai ning el ectrode; (d) an air electrode; (e) an el ectrol yte;
and (f) a dithiobiuret additive contacting a surface of said
magnesi um cont ai ni ng el ectrode, wherein said dithiobiuret additive inhibits
hydrogen formation at said magnesi um contai ning el ectrode. 16. The fuel
cell/battery according to claim15, wherein said contact is achieved by the
addi ng sai ddi t fit6biflifét ceaddPrEveTY 02aCPT AT shicREms 130 edeEgdn with said

nmetal. 17. The fuel cell./batte accor di to claim15, wherein said netal
i s di pped i%& & CFCEE dfef &851}1;%“ A AP | F%%?{erc N0 SPReR2A R BuedrPBPdry. 18.

ZC:pLESLe?q%%@p%&k%5M %ggggdkngghg)qlain1l7, wherein said |iquid can
15. Fuel cell/battery comprisging:
(c) a magnesium-containing electrode;
{d) an air electrode;
(e} an electrolyte; and
(f) a dithiobiuret additive contacting a surface of
said magnesium-containing electrode,
wherein said dithicbkbiuret additive inhibits hydrogen

formation at said magnesium-containing electrode.

16. The fuel cell/battery according to claim 15, wherein
said contact is achieved by the adding said dithiobiuret

additive to a liquid which is in contact with said metal.
17. The fuel cell/battery according to claim 15, wherein
said metal is dipped in a dithicbiuret containing ligquid

and then allowed to dry.

18. The fuel cell/battery according to claim 17, wherein

gaid liquid can evaporate.
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2 7 JAN 2006 19. The fuel cell/battery according to claim8, wherein said
quaternary amonium salt is tricapryl nethyanmoni um chloride. 20. The fuel
cell/battery according to claim8, wherein said nmagnesi um contai ni ng

el ectrode al so contains alum num and/or tin and/or zinc. 21

27 JAN 2006
139. The fuel cell/battery according to claim 8, wherein
gaid quaternary ammonium salt is tricaprylmethyammonium
chloride.
20. The fuel cell/battery according toc c¢laim 8, wherein

said magnesium containing electrode also contains aluminum

and/or tin and/or zinc.
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