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Abstract 

The uae ot elemental iron on porous nickel substrates as a hydrazine anode baa been round to give anodic current densities eqUIIJr to that of pallMium catalyat. Anodic current densities ot 100 mA/csf at o.o6o V polarization ba..e been obtained at temperatures ot 6o0c, with fuel con­centrations ot 3M 1t,114 in 51 roa. The re h1dr&Zine anode baa ope~ted well over 200 hours at 100 mA/c:r (shoving stable pertormnce). 'l'be initial anode potential n SCE under load vu -1.20 v. Thia voltage vaa •intained with little variation through the lite testing. 

ii 



' 

ABSTRACT 

Ilfl'ROWCTION 

DISCUSSION 

Experimental 
Measurements 
catalyst Study 
Lif'e Tr-sting 

SUMMARY 

ACJC!l)WLEDGFMENT 

REFmENCE3 

CO?fl'mTS 

FIGURE 

Page 

11 

1 

1 

1 
2 
3 
4 

5 

5 

5 

1. Experimental Test Anangement 6 

2. Voltage-CUrrent eurves f'or Hydrazine Anode Fllploying Porous T 
Sintered Nickel Subatratea with 11129, Fe, CU and Au aa 
Active catal.y'ats 

3. Voltage-eurrent curves tor Experimental Hydrazine Anodea Operating 8 
at 6o0c 

4. Life Teat ot Fe Hydrazine Anode 9 

5. Voltage-eurrent Cbaracteriatica ot :,razine Anode Arter 10 
162 Hours ot Operation at 100 mA/ 

6. Lite Test of Fe Hydrazine Ano·:.•' 11 

TABLES 

I - Measured Gas Evolution at Various Exper:llllental Hydrazine 12 
Anodes 

111 



= I ' 

• 

BLANK PAGE 



IWEXPffiSIVE CATALY&'TS FOR HYDRAZINE FUEL CELL ANODIB 

OORCW~I0N 

Fuel cells using hydrazine as a f'uel have received much attention in 
recent yea.rs due to the high energy levels obtained.. In 1965, a contract 
was awarded to Monsanto Research Corporation by the USAECCJ,1 for the develop­
ment ot a 60-vatt hydrazine-air fuel cell system to be used as a power 
supply tor military field equii;ment. Presently, only noble metal catalysts 
have been used on the anode tor the oxidation ot hydrazine and other fuels, 
such as~ and methanol, in tuel cell systems. Sane innstigators have 
tound that less expensive metals, such aa nickel boride, can be used 
ettectivel.y as catalyats in the oxidation ot hydrazine and hydrogen.~ 

fflort■ are bein& •de througbout the tuel cell area to drastically 
reduce the cost ot tuel cell components, miru.y the catalyst mterials. The 
purpoee ot thi■ inftetip.tion is to develop inexpensive non-noble metal 
catal.yats tor the oxidation ot hydrazine in the hydrazine-air fuel cell 
system. The goal is to obtain both high tuel etticiency and high current 
densities; both equal to, or better than, those presently obtained with 
noble metals. 

This report describes prepu,tion and test data ot a non-noble met.al, 
elemental iron, aa a catalyst tor the hydrazine anode. The catal.y-st is 
tonaed by the reduction ot ferrous chloride in aqueous solution with sodium 
borohydride to produce tine particles ot iron powder on porous sintered 
nickel ■ubstrates. 'l'he experimental results show that current densities 
trm this catalyst are equal to those obtained with palladium catal.y-sts; 
and at the ■- t:lJlle, better taradaic fuel etticienciea are obtained. 

DISCUSSI01' 

!CJ!r1mental 

'l'his report will discuss only the preparation ot the iron catalyst in 
detail and cmpare it■ performance with other catalysts. All catalysts 
investigated were imprepted into pores or porous sintered. nickel plaques 
(1-1/8 x 1-1/8 x 0.03011

). The plaques, nickel powder sintered. onto a 
nickel screen, vere purchased trm Sonotone Corporation. The platinum, 
paJJM.ium, and gold electrodes were prepared by displacement re!i.ction of the 
respective lletala. copper catalyst vas formed by reaction ot copper 
chloride and sodium borobydride within the pores of the plaques. 

'!'he iron catalyst was prepared by tirst impregnating the porous 
plaques with ferrous chloride solutions (100 gms of ferrous chloride in 
100 ml ~O). '!'bis waa accomplished by placing the nickel plaque in a vesoel 
containing the iron salt solution, then evacuating the air rran the system; 
thus allowing the solution to till the pores of the substrate. The plaques, 
saturated with FeC~, were shaken slightly to remove excess solution; then 
immersed for about ~0-30 seconds in a 21' solution of sodium borohydride in 
water. Plaques were removed and washed several times with hot distilled 
water to remove traces ot unreacted. sodium borohydride and sodium chloride 
tormed. After washing, the plaques were dried tor several hours at 
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120°-14o0 c in an argon atmosphere. The react i0n produced a finely divided 
black precipitate, which at first vas thought to be ferric horide. 2 X-ray analysis of the prec ipitate fonned shoved i t to be of Alpha iron patterns, i ndicat ing that the fol lowing react i on i s probably i nvolved 

Fec1?. + 2Na.R:t4 ~ Fe + ~ iTa, + '!f 2 + 2NaCl • 4 

The cathodeeused i n the experiments were .'."• th i ck carbon electrodes vi th spinel catalyst (Ag- Co-Al) and vetproofed .wi th pe.raff in. The cathode perfonnance will not be di scussed in this report, since it served only as a counter electrode i u completin , a s ngle cell. 7o efforts were made to optimize its perfonnance. 

In studying the anode half-cell, a complete single cell was used (anode, separator and cathode) with a liquid junction connecting the reference to the anode as shown in Fig. l. The two half-cells (anode and cathode) were bolted together with an ion exchange membrane and an asbestos separator in between. The ion exchange membrane served to prohibit o2 leakage fran cathode to the anode canpartment; thus, allowing for more accurate gas evolution measurements at the anode. The fuel was mixed with the electro­lyte and supplied to the anode compartment from a 200 ml externally con­nected reservoir. The fuel mixture was fed to the anode compartment by gravity. Olring operation the nitrogen gas generated by the reaction lifts the anolyte back into the reservoir; thus, providing anolyte circulation for the cell. When operating at elevated temperatures, the fuel was preheated in the reservoir and then fed to the cell. 

Measurements 

The anode potential was measured against a mercury/mercuric oxide reference electrode in the initial experiments. After the initial screening of' anode catalysts for hydrazine oxidation, using Hg/HgO reference electrodes, a saturated calomel electrode was introduced into the fuel electrolyte reservoir for a closer check and evaluation of polarization data. When using HgO reference electrodes at elevated temperatures, gas bubbles appeared in the reference electrode vessel ann or leg, causing errat i c readings. The use of a camnercial standard sat urated calomel electrode eliminated this problem. 

Faradaic efficiencies were calculated using the following fonnula 

.1, theoretical ~~.2 
W= _________ _ 

theoretical VN2 + meas. gas V - theoretical VN2 
3 

• 

The theoret i cal J ield of . 2 as evolved dur i ng 51,ir·ect electro­
chemical oxidation of :'2 l s 2.49 cc/ mi n at 100 mA / crrf using electrodes of 7.28 c~ i n area. However, due to hi h activit ·.r of hydraz i ne in the 
presence of most cat ~lysts some self - decomposl t lon of the hydrazine 
occurs produc i ng ~ and r.2 . Th s, the measured -~as volume will include gas produced from the electrocherr.ical react i on, plus gas evolved through auto-decompos i t i on of hydre.z i ne ( :12 + , r2 + 2H2 ) . Gas measurements 
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were made by collecting the gas evolved from the anode compartment in a 
buret over water. Cias volumes were corrected for temperature, pressure and 
water vapor 

v1 = v2 ~ T1 X P2 - Vap Pres H20 
T2 pl 

The cell was operated at a constant load for one hour or more to allow for 
stable electrode perfonnance and gas evolut i on. The gas was collected for 
a total of ten minutes to determine rate. 

Voltage-current measurements were made using the Kordesch-Marko current 
interrupter technique to eliminate IR losses. 

catalyst study 

The first set of experiments vas to examine the polarization character­
istics of several catalysts at roan temperature, using a fuel electrolyte 
concentration ot 3M N2H4 •H2o in ~ KOH. The tirat experiment vu conducted 
using uncatalyzed porous n"lckel plaques. Several uncatalyzed sintered. nickel 
electrodes were tested; their performances varied trom electrode to electrode, 
probably due to oxide tilma termed during storage. No ettort vu mde to 
clean the elN:trodea. It was felt that the influence of the oxide in the 
study of the varioua catalyst mterials would be void atter catalysing the 
nick.el substrates. 

Gold, copper, palladium, platinum, nickel bori-\e and iron were catalyata 
studied on sintered nickel aubatratea. Fig. 2 ahova the potential-current 
density data obtained from these catalyata (anodes va Hg-HgO reterence). 
The initial experiment at 24°c ahoved Pt to be auperior to the othera with 
iron, N~, and Pd next beat in descending order. Gold and copper catalyst• 
gave perlo:nance leas than the uncata~ed nickel plaquee. -An aa.onia odor 
was detected from the cella idth Au and CU atter several hours ct operation. 
Thia vu probably an indication ot an 11111110nia reaction mechanism taking 
place. The high performance ot iron catalysts vu both surprising and 
interesting in ·that iron has not been considered as an anode catalyst in 
f'uel cell studies. Thia is because the overvoltage ia excessive tor the 
oxidation of a simple fuel such aa ~- Several investigators have stated 
that hydrazine is not oxidized directly at the anode, but is decanposed to 
nitrogen and molecular hydrogen. Thia hydrogen is absorbed on the electrode 
and subsequently oxidized. 

The performance of Pd, N~, and Fe catalysts had a spread of approxi­
mately O.CJ25 volts at 100 mA/c!iri! indicating that the performance of these 
catalysts is nearly equal at room temperature. The Fe electrode catalyst 
was chosen for further study because it i s an inexpensi ve metal with very 
low hydrazine auto-decomposition rates on both open circui t and on drain at 
room and elevated temperatures. Table No. I shows the rates of gas evolved 
at open circuit indicating auto-decomposition of the 12H1~ by the catalysts 
( N2H4 + ca.talyst ~ ~ + 2H2 ). Note in thi s table t hat the catalyst Fe 
shows a lower gas evolution rate at open circuit than Ni , i ndicating that 
it is less active in pranoting auto-decomposition at roan temperature. 
When auto-decomposition occurs at open circuit and closed ci rcuit conditions, 
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~ne .fuel energy ·a bein 1 wasted and 1assed off .in the ronn of hydrogen gas. The build-up of r.aseous products could cause high internal resistance and r oncentre.t.ion polarization by proh i. i tinr, fuel contact at the r.atalyst sites. 
m1e use 01' i ron as catalyst on s i ntered nickel plaques has been shown to rcdilce the self-decomposition of hydrazine and at the same time maintain good electrical and electrochemical characteristics. 

;ractical hydre.z i ne-a.jr ruel cell systems will operate at a temperature r-a ne of 125°F to 17:;°F . A temperature of ··0°-.. (140°F) was selected to study t ' e V!lrious catalysts, for it i s in this range that most hydrazine-air fuel cells will be operated. It 111as found that. hoth Pt and ~a~ gave higher potentials at the same r.ur~·ent densities as compe.red to the others. Figure 3 shows voltage-current curves of these catalysts tested at 6o0 c. '!'he volt­age is recorded as anode vs the SCE electrode. Surprisingly, the uncatalyzed nickel oxide plaques gave current densities near that of ·Pd and Fe catalysts. The potential of iron catalyzed electrodes is probably a mixed potential caused by both the nickel substrate and iron catalyst, but it is significant to note that the addition of iron improves the electrode performance. This eing an exploratory investi~atton of catalysts, no effort was made to pt :mize t he catalysts loadings for maximum performance. The catalysts 
loa.di nes ir 7 ~g. 3 were: ? e ( 4 m.r/cef-), :'d ( l ~~ rng/crn2), pt ( 1. 5 mg/cm2-), and fi~ (5 mg/ cnr). The performance of nickel plaques with iron deposited on the surface was lower than the electroties with >t and Ni~ catalysts. Yet, it is being considered here as a good electrode and warrants further investi­gation, because of its high fare.dale fuel e~flciency of 9~ as compared to the other metals of 9~ and lower. The fuel utilization can be an important factor in practical fuel cell systems, from a logistical standpoint. It seems that the Fe catalysts on the nickel plaques retard the self decomposition of ~H4 during the oxidation process. Table I show~ a comparison of eas evolu­tion rates of the various catalysts at 100 ma/cm drain operating at 6o0 c. 
Li fe Testing 

A life test was conducted usin a, r e catalyzed electrode; the cell performance and life is shown in Fig. 4. The cell was operated at room temperature for 110 hours ( intem~.ttent loads of e hours a day) at 100 mA/cm2 
to measure the voltage stability of the elP.ctrode. ~fter 110 hours of operation at ambient room temperature ~.he t emperature of the fuel mix i n the reservoir was increased to 70°c and the cell operaterl. at 6o0 c. The anode potential increased under load to 1.20 V vs SCE and maintained this averap,e for more than 120 hours before signs of decrease in perfonnance; at which time the wax wetproofing on the cathode began to breakdown. As can be seen i n the Fig. 4, the potential was fairly stable at the 6o0 c temperature. It is believed that the wax wet proofing diffused across the matrix and began to poison t he anode electrode. 

Figure 5 shows the perf rrna. e f ~he cell P..fter l o2 hours of operation at 100 mA/cn?-. The anode :;x,te:1t·a1 was approx ir..ately_ 0~ 974 volts vs~ • electrode. The oxidation potent : al t' h:,rlr .3en ls O. 2 ·> volts vs 1-!2 refer­ence; thus, indicatin that the oxi1ation react ~on is not solely that of q2, b rought about by the decomposit'on of ~2u4 i nto 12 2~ 2 . The same anode has operated over 200 hours as of he date of this writine . 

Figure 6 shows anothe 1~ e tes ~ o ft! Fe anode usine a Teflon wetproof­-~ j n the cathode. 
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It has been shown that Fe, an in@xpens1,,e metal, can b@ used. as a 
catalyst for the hydrazine anode. The iron catalyst uaed in thi& study 
reduce& the auto-decomposition of hydrazine nnd &lso the tendency of the 
substrate •terial& (sintered nickel) to oxidize H2• No effort was mde 
during this period to determine the exact electrode mechaniam. It is 
believed, however, that probably a mixed oxidation potential ia involved 
resulting in iartial oxidation of hydrazine through "2H4 + 40K-____.. ~ + 
4~0 + 4e· route and the o!her reaction through the decanpoaition ot 
nyaraztne by the ~olloving 

N2'{4 + cat ~ "2 + 4H( ads) 

4H(81.U1) + 4oH- ) 4~0 + 4e•. 

In conclusion, it 1& believed tbat iron can be uaed. aa an anode 
eiectl"Ode catalyot on &in~ered nickel to give practical current denaities 
and to tncreaoe farsdaic ~el efficiencies. 
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FIG. I HYDRAZINE FUEL CELL (EXPERIMENTAL) GROUP VIEW. SHOWING COMPONENTS
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THEORETICAL 11 CATALYST ocv - 2 4 •c 100 ma/cm1 -so•c BY PRODUCT AT 
100 ma/cm1 

Ft 0.12 cc/min 2.8 cc /min 2. 4 9 cc/min 

Pd 0.1 cc/min 3.8 c c/mln 2.49 cc/min 

li,I 0.35 cc/min 8.4 c c/mln 2.49 cc/min 

Pt 0.5 cc/min 6.2 cc/min 2.41 cc/min 
/ 

Ii 0.14 cc/min 3 .4 cc/min 2.41 cc/min 
\ 

r ..., 

TABLE I MEASURED GAS EVOLUTION AT VARIOUS EXPERIMENTAL HYDRAZINE 
ANODES 
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