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Intr oduct ion term unattended operat ion with fu el utilization cf1~cicncies as
Etturts are con t in u ing to develop .i pr a ctical  low power hi gh as 82~7 Single cells have operated for more than 8,000

• ~~ direct methanol-air battery for use in mi litary equipment. Thus hours , demonstrating t he long life twrfo rmant c iII cell eke-

3 work i responsive iii the r equir em ent fo r light we ight . low t rode components. In addition, sing le i,dls exhibited th~ ca-
power . ~x)wc r sources for use in tra ns isuor u ,ed ci)mmunicat iu)n pahulity of perating at extremely cold temperature s . Fxperi-
equipments that are or will lx- uis d h~ t he Armed Forces . The mental single cells , wit h meth y l form.utc ~ddcd it ) t he d cc-

I~~~l met hanol-air battery is especially urt raer ive ’ since methanol is trolyte , have operated it temperatures down to 4(Y F with
‘
~~ an inex pensive , readi ly available fu el thu presents no handling .ipproximatel y a ~0’ drop in lr ,u ,iz during a pulse load of

or trans portat ion problems . 2 A . su perimposed on the stead y st ile load of •~ ( )  mA The
Experimental methanol-air ,ells have- demonstrated long long pc-raring Ii I~ of ele it sIc omponents . j~lus the low
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temperature operating capability, make the methanol-air bat- the cement joints after 1,000 hours of iipe- ratioui, forc ing
tery ideally suited for military Lise in remote areas where- long termination of life test.
unattended serv ice is required. Nine--cell stacks have been
eva luated and ftiuiid capable of delivering [5 watts pulse Electr ode Fabrication
power , under a practical test load cycle, w ith 40 milliwatis as The anodes used during this investigation were of the
t he steady state output. Pd-Pt , te -f lon bonded type and th&- ~.itlii sIc s we’re ut the A g-

Hg air type. Anodes were fabricated by mixing palladium-
Discussion platinum blacks In a 75 2~ ’ ra do with a teflon solution
Cell Desi gn and Components to form a paste. The Nste mix was then rolled onto an ix-

Single cell studies were conducted on cells with dual an- panded silver screen and air dried. ‘Flie cathod e was prepared
odes and cat hodes. Figure I shows a diagram of the cell de- by preci pit at ing a silver nitrate ulicreuric nitrate s i l t  solution
sign. An asbestos ( fuel cell grade separator is sandwiched w ith a concentrated solutioit u t  lxut ,issi lim hydroxide. The
between t he cathode and anode to make an electrode pack. oxide precipitate formed was then washed with w.iter and a ir

dried, The oxide powder svds mixed with teflon so lui t ion to
form a pa ste that was rolled onto an xpanded silver Screen .

ANODE The- screen containing the paste- mix cu t s dried in in oven ~it

ASBESTOS 50O’~F until the Ag~0 was reduced to metallic silver , Finall y.
CATHODE a thin 7 mil thick te-Ilon film was pressed onto the air breath-

ing side of the electrode at 60,00() psi.
Single cells were evaluated tinder prac ’r~ca l load duty u les

to a cutoff voltage- of 0.6 V ( itt the high pulse. Figure 2 shuws
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Fi~ tir &— I. Single (‘ eli With l)i~~l _ ‘itt~~u ie-~ an d ( uuth~,t k’s . F igiire 2. ( ‘~ u 0-lu \ ‘ iiSCr i t i t i  I t~ i) .ita t ~,rnz Ic ( ‘di.

One electrode pack is cemented to each side of an anolyte the current-vo ltage .ind l i fe  dat ,i u f a cell operating oti a con-
frame to form a complete cell. The cell’s exter ior dimensions t inuous discharge ditty e~ c le’ u t  . 1 ) i i ) - ‘it f u r  I tit u iitttes and 2 (1
ire ~~~~

“ x 9” x 0, ~75” svit li ,in active electrode area of A for I second. ‘flits load duty e~c le was s et for the- sin dc
u,,2 5” x $. ‘S” . The air compartment serving the cathode is cell in order ti u simulate operation in .i ce l l  battery that was

us ” in cv idth w ith a 0.0-it)” inlet air port in the top center require’d to delis er 0.2 svat rs stand- by ait ul 12 2 u  wat ts  pulse’
edge ~uf each air chambe r, The’ sm,ill ,iir ports are needed to for 110 c~ Jes per day . ‘l’he’ c l i  sv .ts , ie t icatc d cv ii 12 ( 1 ml
minimize methanol losses duritig extended periods of opera- of anol yic- conta ining 1 M (‘II ( )}l in II ~t K( )U ,ind per’
non . The- asbestos sep,ir,itor ser ce s a three- -fo ld purpose : ( I ) ared for 120( 1 h o u rs Fe - tore ti le s u l u .u~ e ir~~’pu I to 0 . vo lts
e lectrical u nsut l,itor between cathode ,iiuel anode, ( 2 diffusioti on rIte high pulse- load. ‘lii is lii ~ dr p cc is it t r ibuted t o
barrier t u I mi iii unt ie- methanol oxidation at the cath Mj e, and a i r starved , ,ithi t ie An addt tu i  ti,ul ( ( ( ( 3 ( 1 ’’ ui  r - r u  sva opt tied
I ~
, ) l i f t  u suu ui harrier to m i  numize’ uiue-tha nt >1 evaporation II ose’s in the- chamber t i  perm it rn ire .iur iF \~‘he it -at tug was

iii t hue- at m usphe’re- . resutiucd . the eel I operated f r .t r il ‘t 2 2  2 h uirs be f re
All test  cells we-re- fabricated wi th lucite frame holders voltage’ decreased to .u c ut tof f  voltage ut  ii (u V .5 t the c m l  of

for t he- electrol y te ’  aui ulvr e reservoir A tt uaj or problem w.is test , t he , uuuuhtc w,is tlr, ittleil at i l .in.il~,ed t~~ tiiet lian I c u t
cruel o u t  te’red in f it id u ng a good cc -inc-nt that cvi iii Ic! permanently me- itt , ihe- quatli i t s  • t met hiani d pr se flu s’. .u u i uts he
bond t he ce-Il electrode ’ ciumporue’nrs to time- luc ite frame- holder. detected , It 55 ,15 ,ussuu tn eth  t h a t  ill nuet li itiol li - I k-eu e misu:nu d
l ucite- e etri e’nt atid seve ral e’pi xv cements we-re evaluated for throu gh ux ud.ut on t u  ( ( ) cc ith si me I ussu l i e  mu , (‘5 ,1 -u ur ,i
l~unduig u Ie c p i i cs  ,itud t h e’ best of these’ w.us used in cell co n— tuo n at the e,it hode- . :it tu , i lssu s i ,t ui , it It sF ‘ c c c l  ~~rh It , l~ u c a t
st r i le m iotu . l l u ~~e-ce t , m.uny of the te s t  cells developed leak s  at c n t t , u t t u m i  of 9T2 N intl (Ml a 1 ~ s N ( ii d i i i -  ut ’ cc -crc
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ummade to det e ruiti ne fuel utiliz,it ion eflicuc-ncy, assuming corn- . —pkae txidatu t i i of mueuitanol to ( ( ) with a 6 electron change-.
A 52’ , hid Lunluzatu ou m e’ ll icu e itc ’v cc’as obta ined based on the - 

~ ‘
.

folhuwing c,ulculatütn: 
- 

- 
‘ ~‘ -

coulomhs obtained ~4 1875.4
“F —~—~~~~___________ = ~~- -________ = 082

tu tta I m ule’s ci sisti med • nF 1 .7 2 1 6 96,500 , - . -

Af ter 2 ,2 ~2 Iu iiirs of upc- r .tt ioiu iii ti t e- cutoff voltage- of , - -

— 
( l U  V. t he cell cc ,us refilled criOt % iuml uuf anitlyte of the sam e - 

- Icouic’enrranion _ ummcl life’ testing resume- el U) determine operat-
ing life- of cunlpouic-uuis. (‘elI voltage cs’ ,us comparable to the- ‘. ~- — — ‘

f irst test .  Open circuit v o ltage sc a s IOU V . l’he cell operated -

for 1,5(11) iii uutrs on t h e ’  sct n ih  filling before voltage’ went
he-husc’ cutoff voltage . A une-thu,uiiol detc’rrninat ion indicated
t hm,ut fuel had been exhausted. l’he cell operated for ~u tota l of
mitre t han  51)0( 1 hmurs on three subsequent refills before
sen it us e-x ter uma l leakage- prohle’ttis de’c’c-hupc-d which forced
me r ltuuiu a tto i l  of life’ testing.

Single cell eI.ui,i eleum ionst rated time- long life capability of
e lectrode- ni,ute’ri.uls and time capability of .ucimieving high fuel
tutu luZ .it i(t im e t f i  c i te  ic-s. Howc-c ’er , t hte- energy density ( Wh lb ) Fig ure 4 Mt th u iu u i ‘ ,‘\ir t utu , ’, Es prr im uu (’ tui ui
cv~is low . 1 his was ,uttruh iitc ’d to mime small am ount of fuel
st , u re’el in the cell ,us counpared uu due ttc-e rall weight of the-
com plete- cell . ‘Phi- 120 ml of ;umutl ytc- in the above cell con- and electrical chi ,u raet e- rus tuc ’, ire- s luutsc n iii ‘l’.uhle I
ta m ed 2 u,.06 u ut ’ fuel. lIme electru tl yt .- cve ightect I ~6 5  g, and The battery cc’as t cu uva ted wi th 2( (i ml uuf S M CH:uOH
t he- electrodes and t r ,ui t ues wei ghed 2 1 S g. The Wh lb based in 13 M KOH. Etch cell co ut m.uim c ’ d tim ,tve’rage- tf 296 ml of
ott  2 ,2 ~2 lmu tt tr s cc . is II 1 .96 Whm lb.

A mmin c- ’ee II hatte-ry , conta ining single cells of the detal TAB! I: I 
—

anode-eltta l e,ithotle desi gn, w ,ts ,issetmih led for test and eca htia . 
PHYSICAl. AND Eli~CTRlCA!. (‘HARA( ‘FERISl’ICS OFtu tu I he uuuol ~ me c t t litme itt mime s tu m ~,le cell cc us m ere ssed from 9 CII I  ME I HANOI AIR I~A 11 1 R\ ‘STACkS

it - to I I (~~ m u - to cxtencl operating life and increase energy
dens ity ut the overall battery s ys re’u t l . Fi gt ure u, shocvs a 
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anolyte . Calculations , made to determine theoretical iperatung
life and energy density based on the 2 A I second and 40

• mA 13 minute load cycle-. s imocs- 7 159 h~ttu rs of operation
- , ‘ and 2 u,2 W im Ib, res peetuc- ely. If the’ battery operated at 5

I”ug ,urr 1 I’.~ j t ,-rirn,’iit ii Siuu g li ’  (‘ eli. ‘ .
efficiency, t he calculated e’ne’rgv ule nsu u wou ld be’ I 9_ .6 Wh lb.

Open circuit voltage u1 the battery w ,us 9.6~, V at t he
com plete su img le’ cell , 1mm order to preclude internal leakage beginning (If test ( .urre nt-vt ultage data ,ure shown in Figure’
he-tcc’ee im ce lls , eac h cell was asse m bled individually with ) its 5 . The battery sta c k operated tut ider a Iut ,id cycle ut 2 A 1
own a ir ch,utnhcr. Con’equently, ii (ti le cell developed aim elec- second and So mA II) minutes fo r 5(5) hu iu urs before’ problems

• trt i lyte’ leak , t he’ performance iii the’ adjacent cells would not begami. At this time, ce’ll ~9 had .u rec er se- read ing tinder the
be u ffee te- d us cc ,us the’ c isc cc ith previous batteries tested. 2 a m p  load and ha(1 tut be- re’mumc’ed from the st u k ,  Cell
Figt tre - i s F cc s time comp lete methanol’a ir battery. Physical failure was attributed t i m the eam hiude ’s and ha lf-cell measuire-
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10 operated for at least 24 hours at temperature steps in the
—30°F to +72 ’ F range. Figure 6 shows increase in cell volt-
age with increase in temperature. During low temperature
operation, the cathode was found to be the most limiting of
the rwo electrodes, as shown from performance curves in
Figure 6, When cell was operating at —40°F, the cathode

~~: 

showed an increase in polarization of 0,275 V while the

1 . 1
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Figure 5. Cuurrent-Voltage and Life Data of a Battery Stack. 
A - 3~ ~~~~ ~ ~0.3

ments showed very high polarization. The test was continued 0,2 
_ , ‘~~~

‘
~~ CATHODE vs SC[for an additional 250 hours before voltage dropped for a -

second time, Cell #8 was removed due to low voltage, By 
• , I uthis time the battery had developed serious leaks in all of the 

~ 70 60 ~~ 40 ~~ 20 10 0 10 20 30 40cells.
TO RPE RAIl RE 1 01)

Low Temperature Study F i guure 6. Low Temperature Performance Dat a of a Single Cell ,
Low temperature studies were conducted usin g 3 M

HCOOCH:u ( methyl formate) in 5,5 M KOH as the anolyte. anode showed an increase of only 0.115 V. when comparedMethyl formate was used as fuel since previous studies had to room temperature voltages. Visual observation of anolyteshown that the addition of potassium formate to the methanol solution at —40°F showed it to be in a liquid state, and freecell improved the performance at low temperatures. A 5.5 M • of ice crystals.KOH electrolyte solution was used to ensure that the elec-
trolyte would remain in the liquid state at —40°F to permit Cqnclusionsmaximum ion transport . Low temperature testing was con- These investigations have demonstrated the feasibility ofducted by first soaking the cell for 24 hours on open circuit, long.term operation of methanol-air battery componentsat a given temperature, and then operating cell on a con- through life testing of more than 8000 hours. Fuel utilization
tinuous discharge load cycle of 13 minutes at 40 mA and I efficiency, using bulk or single clmarge fuel ‘electrolyte storagesecond at 2.0 A for at least 24 hours at each temperature techniques, has increased to 52”; with changes in cell designlevel, Since the goal was to achieve satisfactory cell perform- and fabr ication techniques. Each attempt to get !ong’termance at —40°F, the test was started at —40°F and increased operation from multicell stacks and batteries resulted in shortsequentially in 10 degree increments. The open circuit volt- operational life caused b) mechanical leakage, forcing termina-

~~~ decrease in voltage from room temperature perform- showed that these meshanol-air batteries can operate at ex-

age of the cell at the end of the 24 hour soak at —40°F was don of test. A continued investigat ion will be directed toward0.95 V, Cell voltage after 24 hours on discharge cycle was improving fabr ication techniques. selecting better bonding0,82 V at 40 mA load and 0,62 V at 2.0 A load, showing a cements , or alternatively, changing cell frame materials. Studies

ance at the high load. This performance was maintained for tremely low temperatures with anolyte solutions containing 372 hours which demonstrated the capability of the cell to M HCOOCH, (met hyl formate ) in 5,5 M KOH.operate in a —40°F environment. Low temperature perform-
ance data are shown in Figure 6. The a uthor wi’.hes to ai-kn~ wTe dge the ass istance ,if Capt. h enryAfter test at - 40°F, the cell was soaked for 24 hours and l pton j im cnuu duui- t iu ig the expe rimeii tal iuuves t igat i~ns .
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