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i.• I1NTRUCTLOZ

The Bu-ffalo Electro-Chemical Company, Inc. is investigating the use of HOQ

in a long life primary cell under a contract with the Office of Naval Research. At the

outset of this investigation, it was decided that there were two possible cells to

be considered. The first wotuld utilize the oxygen from external decomposiLion of

11IO and the second would utilize the H2O 2 directly.

The oxygen electrode characteristics under normal conditions of tempera-

roiro and pressure were well known and the oxygen electrode is comercially available

1-n the National Garb'i Co. air cells. The decelopment of an Hv0 2 electrode on the

other hand has never been accomplished. The theoretical capacity of a cell

u* tilizin- an HO 2 electrode; however, is such that an attempt to develop this

,++!ctrode was desirable. Such a cell would utilize the heat of decomposition of

the '1202 directly; whereas, this energy would be lost in a cell utilizing the

* Vcix-e'n only. in this case. the lost energy could be recovered by utilizing the

ji,+-. deco-xositton produhcts in a turbine prior to supplying the oxygen portion

n,2i cells. In addtiton, a cell ahich would develop power with reasonable

off:JAiency on either oxygen or air would be suitable for a dual operating pro-

P+.d+ ,. on; system.

-:r f rat uhase of the 2,ork; therefore, consisted of - study of the

,:'o :,f thY vc'.yon lFo-, v in a Ct _nl Carbon air cell and, in particullar, a

+wb/ Of lo" , )f -innj ,o-,,-, +rnj increased elnictrolrta concentra-

" , . this ce1ll. it is thi,3 phose thrit has Meen cr,pit ed

"", + "++_.u ,+,++-+ r i e tc in rin a t+! n+coll is.

+ " , ,+ z3 =  .... ,1

F E S T q I C T 'F, D
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in an acid z:yjen cell, it w'ould be:

4 hH+ L, - 2HJ20 = 1.229

Tn pr-.+ire ;hese rtr.cticnz are never obtained. The oxygen actually

l, s Hy,dr;(de and ?cridroyl irios according to the reactions:

In' >.;:l!r': i. O 0} 1H02 Es = .076

'C 2 H .. 2e H5,0 2  V =. 682
n.T icn . Iorring iI- and 02.

cia .r .d, coP..is.in[, of porous carbonr electrodes combined

LV .llic zinc .lec~rodes arc ruin in strongly alkaline electrolytes. The

- e in ",. '.r -x-,rn electro.- from .682 to .07" violts is made up

f;,' 'i ncr.aso in -,,/ fer, i, L ., the zinc electrode which reacts as follows:

";1Zn 4, LO - n . - 2H 2 0 + 2e E = 1.216

Zr, ,---: Z, P Zf -, 2e E = .763

SGOPE OF'JW0Y

ks s±rn.dlv et up, the w*ork on ox.,Fen cells was divided into two

St,': thc ,,-"tilon of ?,-tional Carbon air cells ,ith

YyO' n at vart.. -errtures and with varying electrolyte

. Tn'onl,'-t~on -f porous etals in place of porous carbon

W-rk -n Pnrf Z w-r, lare!/ vtarted before the Oz electroi NorK wa3 dropped

r 4f n -:''z ,rt'ue lvestaiton of the possibilities of an fi1O; cell.

1. .r -i',- r .r.z ,±l :-L. ?)rts stainlets steel was insatis-

"- f- -0,-sn -f na irnert and ins,.1atin oxi e film. Porous

- 3 7 Ta 0' C I D
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,:):, Ukn he orr ,r- o n )c.,b.te bronze material) also formed an. oxide film, but

thlM acted as a depolarizer in the samie manner as a copper oxide depolarized cell.

>; s of te low open circuit voltage of this cell (about 0.9 volts), work onSo;,u~eeroopehe.oOne enecimi'

tno asplor Ylectrole vas dropped. One preliminary test on a porous Nickel electrode

Kric tnt t_ hi -otri7 was satisfactory in hot electrolyte (test was run

• rn IO and 1/0C) This r.erely confirmed the work of others with 1.ickel

rnu mulk of the work duine by the Buffalo Electro-Chemical Conpany on

J -. 3lo has teen with the Nationa l Carbon C500 air cell ulctrode. Several

_ ... ,J rDr 4 A air ce>! A-etrode while Ah test set up and

S, 'rg -oiedre were Le., ,cveloped. About this time, the C,50 electrode

, el th" C.rY in ,ai:,,na Carbon rir cells and since it had many obvious

S.,"T.gu, over the AG -, tme C310, ws used for all further ;;ork. The ma;dinmu

I .ItIX c.r .Wr~o And, fo rolr, the -vxinn electrolyte conccrtratJ on

z .. .... y W , ;.t rez. tir.c, o: th porous carbon electrode in ,the

Tin CGI)KIprar le *asn--bly consistud of a plastic holder containing

, - ,IW f-no'-- -:r-:n pl n of aprxinately 25 sq.in. area nefvenn two

- ..... .S ! 40 . v-ith a 3/81 scice bei ,,,, r ,

"" -n ,. v, ;- : r.idel bet-ae',n tho cnar'-n Ia-,ts to Slow

i- -.- 0 w V rr i; :1j~ A ' 10 al r::Ja. Ty' loctrn.7u use in our

- --

:- -j A"T % 11-r f rA 'he call. iz au<pied ty N ..in Q~r'o . us ed

~ r~ ri-- ;~'*i's~ frrozS6 yt is )owc r i

-'-'.,.2, *nlqW = c ssr -b±y for _q -.C i - I'A±;

-~~~ 7',1 ni rA- - '*'t sea! f t'*~r n~c r- I.*' fr,-,

R t,5* R 'I C T E D
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.!r. !Pire oxygenr at 1 psi, , as then supplied, from an H.0 2 generator or an O

. to the cell. This inzured a slight excess of oxygen in most. cases. A

,,I rJrjl1prd in one zinc rdate to allo-r Lor the introduction of a thin

* z strip as a rcference ectroO.

7. VOLTA'. '. CIRCUIT

The r.rl -jrry surir ir rrient in the circuit for voltage measure-

-.-, ' -i~rc 3 as a. Fischer Tt i - -eter available from previous work. This was

,,"-ni y -/zuv, ,' volt,-,er h tvng a range of 0 to 1.0 volts and cali-

, in .01 Tr,] ',-j In order -o extend the range :#f the ireter, a serLes

, ,.La' ,', tam, e! off cc d-v <clls and used t: op-ose the *eamnred volt-

~' V:h t5 riC~.nt- 2 * 1-:ss than I volt. The following potential 'easurements

s,,-II Ito;,~

C.. Pofrenoe zre n., c:<:ger, electrode.

; C ,!Iz .nC v o~c/ie ,lecod

,i -r :,n ... t,-"-nt on the drv cells.

Thi! 1'''yr 'vt 5 '~~ 0 r illiar1-ter fitted with

- )J . 2. Thr.. frS, trhree r3',i'oj co-ld Le

" ~ " ; h10 ':he 0CO am-re hn h b t: be cror,eted
s- n. nJ.

'o-tU tO tUO C'~.

TPt,_.'U~ . -~s X-~-~ rr !w r-"T td21, c 1 xa s qf .r, wiriboto re7 t. r,

C' E T T Ei p ~~4--rn - i



R E S T R I C T E D

otner 0.5 ohm resistor was connected in parallel with them. The latter resistor

could be used for fine adjustment of the load.

Vi. TST M-41' AID 1SULTS

The cell consisting of the electrode assembly and approximately b liters

rf olectrolyte in a t-liter beaker was placed on an electric hot plate. A stirrer

w:as isred to insure uniform temperature and electrolyte distribution. Readings

, re tasen os the cell was heating up and as it cooled down.

Tha follocwrlng lat ",';,_re cbtained.

1. Open circit voltage of tne cell.

2. Oren circuit voltage of reference vs. oxygen electrode.

3. Current drawn from the cell.

11. Cell zinc vs. c:c:,ven voltage (cell voltage) for these currents.

. Reference zi.nc vs. oxygen voltage (reference voltage) for

these currents.

-. Te-Craitu4re of the cell.

Ireliminnry Lcsts werp r'in at constant temperature, and pjlots of cell

,r. :' freen e v It~ij vs. current -w-ra rrc-arod. Above about It aqteres, these

Fwrthor ,;t were rn at current levels (6) !j, and 15 *eres), 3nd

-,! +f C rffrncf, *laje- a M,',-ritire.at those levels were prervred, Figures

10lC, 1rJi 1-. F,. tl~ioo i a series olf lines of refer, ,ce voltne vs.

I- -wr r7 Fres , 7'*, 11 ird 13.

Theao ",sts w~re ro lte°d tsing six different concenfratinns of ?NaOl

y, e ,L'~ r 70 pr cent by welight, awln'Irv' fX

--. ",:,.-' -t 2$ .- :!rrs lo-irng 'were pre-irod P'r i-'Kll

E ST RI CT ED
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with ?NaolH concentr,,ation at 'terneratures to uO00 were also plotted, Figure 15.

'ITTT. QP'JI,',' LIKIlTATI0NS -0-, CELL

Dfiring preliminaryI operation at 1000C, -the plastic binder i.n the carbon

wt~ectrod,e softened and tende3 -to pull awtay from the metal backing. Cell operation

rha~refUre, lirl.tul to 93*C for the hulk of tho testing.

Tn addition,# high tc--perature operation Th.th. lower strength electurolyt~tes

-f;dte reroduIliibl o,' tho,: -ata. This wos probably the result 61" pnetrzq-

)n o" the lAr 'rmU *lzrlt in-to the carbon electrode due to destruction

_.f io ilctr-I ri~nj-r 0;-cratior. t terperature 1-D 85*G was possible

41 th 2D, _30, an~d IIU : '!~L ol. ctrollytes, btut the affect of the electrolytes

--ni 1.r tId ~ -io fP-rrr;t ros -'a-i the results questionable. Therefore

-I hose 3 bowcr rtren,:-h cl-c-rolytes were rerunin several times and the cell

t~~~~~>c 1r1,r w l'ae4t C.

heresults) with 70 rer ceint NaOH also were not reproducible. This was

1.1i~ r dt".in7, p:ointI .f thlo .2croly tIl (about 65"C), Althouigh the cells

*~~ir..~~ -i,,~' i ~ ).i o p tocloctrolyte rnaP on, the 0;, --s - ppied

d~ ee~y r~~ acy~-or at roo- enoatr and apparentLly caused freezing of tI.,he

"A -~r Can,-0' o2tct~rr n t 1 ~cctr,:tei nrraceo fladn woru, hr~ae

Thr- t--,na 'Hl orIc fT' elplr o~o h

m~ ~n~-' r-AI a;1thV~za I-!i) applicd. The '-x-nc'irrort 'I-;rr twn -.

*t I'D*t n r~ 1 1 1 -tr_,rs wa ch'seori ~:12T

r~~ST R T C T X D
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The results of identical tests run with different electrodes indicated

slight variations between these electrodes; therefore, an entire series of tests

"r"I. clkrefully performed on one C3500 electrode. The results of this series, as

-)u:ined amd discussed herein, should be interpreted as indicating the general

effecs of te-pmrnture and concentration of the electrl.:rte on the CG500 oxygen

lectrode.

IX , DISCISSIO. OF T.]SfLTS

From, the first sets of nrelininary tests, it was obvious that operation

i! ,i;h :e-'. . ir'l . r to r _'- --erature opera/ i'.:. Therefore, our

rffU-rI vTCrc concentrated on obtnining good data at as high a temperature as the

71CO culd fe-sibly operate. The data at low tenmeratures were, therefore.

r'vhor nketchy. "he cur-ves for 40, c0, and 60*C on Figure l4 are shown as dashed

inea to indicate that the results are more of a qualitative nature.

Fron Finares 1, , 10 and 12,f .e can see that in all cas,s raising

thi -,nperntire increases the reference voltage of the cell. This is due to a

ok'roase in polarization of the O electrode. There is, also, a decrease in

internal resistance of the cell as the temperature is raised which makes the

c. vo-,ent in cell, voltage even re marked than the irmrovement in reference

i, can -. ce seen in Fire: L 6, 1 , 10 and 12 that th,. rd.t )f

M I*Io of raf.rence ,oltago ,with tcomrat,,re decreases at higher temperatures

:.r 4 vI:en strength .lo-nctrolyte and the rate of charige of reference voltaj, over

S'..-Tratre ran-c in -ro-ter for stronger electrolytes.

,Ftll 1 . V s' .i6rates the tffect of concentration and 'er n-eratur . of

irlc !to on reference voltaje for a given load on the cell. At room tempera-

, lar ..t'2 i (2-1) was the "ost s~:tabe electrol te. The Folarization of

' " 2 ,--! . lss a Th "n ct.. was reater than that for any higher

-'r,",i.', ' et; trol - . ah o ,-er+--,r waS increased, the high strength

11 STRICTID
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-~ r~' '1'' ~A~l %,'bout ;0Oc tiw'rr little difference

w'~rY ~ 'KY>Y A ~tie'0;1 NaJ? elect-rol-to Csave the hi.-,host

'' wJIi-~ .:~ -n-,-rl-' tested) qnd the cuirves in'ljca'ed that

Ar - ~r. . ~.~rlt: -te o n irrro',ertmnt. This ;a 2'eto

hy :r~br~~f ~.k ~::aHnlthoir'h re-nroducible, results coiild

T-o t'-T- ~ f etz h cell .voila-e decreased ;dith incru-';sc

Xi h e orP~ir~ rI~ ~ers.load .i+ all temperatures, Ficujre 15- Hovmver,

J, tU-icce ro I .cc d as the tomoerature increased, indicatiin2 ti)t

'4 p~vccri~j'. nraeiwt teiperature at P ;rp,,ter rate~ as the

!'-j--> .rcrI- f~~esr Te ;nternal cell resistanc' n-1 , ;-en

"':~.~-, ~' ~ ~od cr.1 -irty and the reduced polarizationa h

~r~'~' ~"~ ~t*r~t~ rL'oth~cell voltage for 601 ?NaDH -it 3O 'C ihove

I-i -'.v e~Y '! r- S p cu'v' t e hr-fat in the c;,F' of

(1) ~ irer'~r ~onreduced -'th r)ari zation --n] intornal

1 1 '~.r'r' ~i ~~i'~o2~.+ 'so re ut e Aarviza-

:) ;.~.. ,,~, '-,~,*-i~-4 ~rP,-c cncentra4.ion !or -irni.u

r 2in' - coll ror a given op~ratini, fe-perat~ure.

* r r .. ~ ~"~~z-i~t n r e9L -iu.ari ty of' ;r

'1 T E; D -f
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reported e 1ei7 ore "y the National Carbon Co. res - lar

I-n-ifcial eff'ect fm an oxycen e!,,ctcrode when pressure is incrcasc. Ilurefol,

-2, high pressure c-el right be constructed which would -t. ye high
t',,. >v>-. ai coil using oxgen fro- the d co'-poition of hO coT ined, ;th n

n n-ino oerating on the heat of .cotpoA. t~on of the H20 should :-iold a very

Y--.. on r vstprn. The cell could also be op:'rnted on air ,ahen air 'is

SS T T, C T . D
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