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INTRODUCTION

+ Improved power source and energy conversion systems

’represent one of the most imbortant léhg-range problems facing
the worid, A rapidly increasing population and an increasing
per capita usage of energy, coupled with deeclining fugl re-
serves, poses this serious problemo This problem isﬁiead-

¢ o -
- Ing us to direct energy conversion systems,

A, COMPARISON OF DIRECT ENERGY SYSTEMS WITH CONVENTIONAL
SYSTEMS FOR CONVERTING ENERGY (1-L)

The conversion of the chemical energy of a fuel into
electrical energy’byconventional means suffers from an un-
avoidable limitation imposed by thermodynamics, This limita-
tion applies to any process converting heat_intg work and de-
rives from the nature of heat itself, ,When heat is converted
uinto another form of energy, it must fall from an absolute

(fhfémperature Ty, to an absolute temperature T,, and the maxi-
mum fraction that can be converted under idéal conditions is

Th-T¢.. This is the Carnot efficiency.
Th |
Conversion of the chemical energy of a fuel into elec~

trical energy by electrochemical means never involves the

conversion of heat into work, The process is essentially .

isothermal and escapes the Carnot limitations,
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The thermodynamic principles are represented by the
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relationship

RESRRESAS

AG = AH - TAS

RS SN s

where AG is the free energy change of the system, The maxi-

mum electrical work which can be obtained under reversible

Y R R D R R A

! | |
‘§ | operation of the cell is equal to AG. Thus the efficiency in
% the ideal case is -

_AG - 1-TAS
119=% .

| The maximum possible efficiency then depends on the entrépjo
- Given an electrochemical system, one 1is more likely
to be interested in the efficiency on the basis of |
‘ ‘AG = -nE°F |
where n 1s the number of electrons involved in the reaction,
F is the PFaraday constant, and E° the theoretical voltage,

Thus, our ideal efficiency becomes

; 1d=-nE°F‘
T o

A comparison of the conversion efficiencies shows that

for conventignal methods, the maximum effictency to date is
about 4O per cent., -"However, the direct conversion systems
lappear to have ideal efficiencies of 80 - 100 per cent,

e ety

Figure 1(3) gives a schematic comparison.of the two systems,

One of the direct energy conversion systems receiving

»

- much attention is the fuel cell, A fuel cell may be defined
(1) (5=8)

(TN

TR T
SRR

J~
o

as an,electrocheﬁical device‘in which the chemical

energy of;a‘cqnventional fuel .is conVertéd diﬁéotly, contin-
 uously, and usefully, into low-voltage direct-current electr-

ical energy,

- . N r
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Inherent simplicity and‘high efficiencies make the

fuel cell very attractive. There are, however, other advan-
tages which are paramounts (1) Fuelcells are noiseless and
have noimoving parte, (2) thej are clean and generate less
heatvand toxic'fumes than do internal combustion.engines,
(3) unlike batteries, they do not need reeharging, and (L)

they have high power per unit volume or weight

B. HISTORICAL DEVELOPMENT OF FUEL CELLS
The concepts of thé Fuel cell are not new, As early
- as 1801 a fuel c¢oll usinguzinc and oxygen was built by
| Davy(S)° Houever, he did_notsrecognise this cell as such,
jIn 1839, Ssir William Grove (9);\whe is considered to be the
father of the fuel cell, constrgpted a*chemfnal battery using
platinum catalysts in which the familiar water=forming reac-
tion of hydrogen and oxygenlgenerated an electrical current,
However, due to the high cost of platinum,-this idea was not

followed up, Fifty years-later, MondandﬁLaner(lo)

develop-
ed another vereion of this deviee’whieh enerated on air or
oxygen° , \ | & | ‘ ‘

It was not until 1932 when Bacon(7)wbegan working on
the idea of fuel cells that any large quantity of research
was extended in this area, %In 194, the work towards the de-
~¥elopment of & practical fuel cell was initiated. Since

that time, many indistrial firms and institutions have done

, considerable work in the field of fuel cells, This last
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~ work has been.thofoughly"cqvered in many conference proceed-

1ngs(11°1%)_and journals,(B)(luﬁlé)‘

C. TYPES OF FUEL CELLS -~ CLASSIFICAgiQQ
Three types of’fﬁel cells have been undér investiga-

tion, distingﬁ&shed largely by their temperature of operation.
They are the low-temperature cells which operate In the tem-
perathre range from room.to\100° C,_the<@ediumwtemperature‘,
cells which operatelip the range of 150-250°C, and the high-
itemperature'cells which operate in the range of 500-1000° C,.

| Cénsiderable success has been dbtained.in research and
development work on the Yow- and mediumetemperature celis in

recent years,(11’17) In the medium-temperature category the

(7)

- Bacon cell has réachad ﬁhe highest state of development up
to the present, Work has been conducted on the high-tempe ra-
ture fuel cell ih several laboratorieso(a)(ll°16)

The low- and medium-temperature cells appear to have
a relatively restricted agea of'abplication at their present
state of development., This is true at least as long as pure
hydrogen’and oXygen are required aé fuel gas and oxidant,
It is\cié;r that utilization of relatively impure gasés such
as water-gas or producer gas, the use of air rather than oxy-
gen, and atmosphefio pressure operation would be regquired
before the low-temperature cell oould become interesting as

g o €

% basic power source, | g
| |

-/ The high-temperature fuel cell has a much larger poten-

\ :
tial area of application for two reasons: (1) it can accommo-
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date relatively%cheap fuel gases, and (2) high over-all elec#
trical efficience can be achieved,

The work carried out in this present 3$Wdy was for a

low-temperature fuel cell operating with hydrogen as the

fuel gas and oxygen as the oxidant,

AN

D. OPERATIONAL FEATURES OF A HYDROGEN-OXYGEN FUEL CELL(3s+7»17)

%

Hydrogen and oxygen burn to produce water in order to
}

"reach a lower energy state, However, at ordinary temperatures

and pressures, additional activation energy is needed to
raise the molecules to the energy state at which the reaction
will ignitez +this energy barrier ordinarily prevents the
reaction from proceedihg at room temperature, By proper
,éhoice of a catalyst, this energy barrier will be lowered
and the reaction will proceed rapidly at room temperature,
Catalyst selection discussion will be deferred unﬁil later,
The cell (Figure 2) consists of two poréus electrodes
separated by an electrolyte, which iﬁ this case is a;27%
potassium hydroxide solution, At the fuel electrode or
anode, hydrogenxgés is fed to the electrode under pressure
and diffuses into the electrode, The hydrogen molecules (Hg),
assisted by a catalyst embedded in the electrode, are chemi=

sorbed on the internal surface in the form of atomic hydro-

2

“geh(H)o The hydrogen atoms théh;miéfate into the reaction

~zone (the three=phase'boundary between gas, electrolyte, and

solid) and react with the hydroxide ions of the electrolyte /

to form water and releasé elestrons, Summarizing the fu%l

electrode reactions:
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(1) 2Hy (free) 3 2Hg (chemisorbed)

(2) 2 H, (chemisorbed) = :LH (chemisorbed)

(3) LH (chemisorbed) + L(0OH)™ -k HaO+ Lo~

and the net reaction 133 WQ‘

(LY 2H, + L4 (0OH)™ equQO‘ + J&e‘
After the electrons aré réleésed at the fuel electrods,

- they are conducted through an exiernal'circuit where the

v & .

vvvvv

electrons can perform useful work'énd thénfto the oxygen
electrodgo |
At the oxygen electrode or tathode, the molecular

~. oxygen supplied from.gn external source is introduced into
the eléctfode and is gLen chemisorbed on a catalytic sur-
face prior to reaction. After chemisorption, the oxygen
molecules migrate into the reaction zone of the electrode
ahd combine with}the gleCtron% from the fuel electrode and
water from the electrolyte to form hydroxyl ions. The hyd-
roxyl ions pass into the electrolyte to replace those con-
/3 sumed concurrently'at the hydrogen electrode, Summaggzing ,
these reactions: .

(5) O (free) - O0gp (chemisorbed) | -

(6) 0g (chmnisorbeé)+ 2HaO + lie™ = A(CH)° .
and the net reactibn is | |

(7) 0g (free) + 2H,0 + Lo~ - Iy (oH) ™

The overall cell reactioﬁ cén hoﬁ«be,founa by adding
reactions (l4) and (7): “ | |

(1) 2Hg + L(OH)™ = LH,0 + ke~

(7) 0+ 2HpO + Lo~ - 4(oH)™

t

J

. .
A




to give » | |
(8) 2Ha0 + 0z - 2 HyO

When the circuit ie closed and the resistance acfess.
the externalxcireﬁit between'the electrodes is'higﬁ; the
‘reection.pfoceede at'a'yoderate‘rate, and a high percentage
of the‘reaetion enefgy is releaeed aé'electricity. Part of
the energy is expended at all times in driving the chemieal

?»reactions over the barriers of the activatlon.energies of

'_ the reactions in31de the cell and toaovercome 1nterna1 po-

larization°

- The total polarization(S)"Of a fuel coll arises from

many factors Which can be classified into three groups° (1)
chemical actﬂvation polerization due to energy'being con-
eumed in ﬂreparlng and causing the reactants to electro-
chemically eoq?ine, (2)»concentretion polarization due to
a decreaee in:&he &on and reactent molecule'coneentration;or
" to an\ increase ihﬂihe reaction product concentration, and

(Q) resistanee polarization due to ohmic of,eleetrioalrre-

sistances to the flow of electrons and ions, It is impossi-

ble to measure the actuallcontribution of every polariza-
ﬁionveiement, bué,a close approiimation'can'be made by iso-
lating th?.?°§a1 polarization losseeﬁof each cell element
through thewuse of refereﬁce electrodes. By subtracting
the total polarizatlon losses from the theoretical cell-

voltage, the actual cell voltage can be obtained (Figure 3),
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E. ELECTRODES -- DOUBLE SKELETON CATALYST FUEL ELECTRODE -

The design of the electrodes for long operating life

% | | ' - at high current densities is by far the most serious problem
i | facing fuel-cell workers, Each eleetrode material, reactant
g gas, and eleotrolyte&system~is unique. In general, a good |
§ | fuel electrode for use with caustic electrolytes should meet

the follewing requirements:

X (a) The activity of the electrode material must be

§ | - such that it corresponds to that of the most

active hydrogenation cetalyst known in order

| to have eufficient hydrogen ion flow at tem-

%  peratures below iOO° C.

(b) The electrode material mus have maximum re-

1 | sistance to poisoning,

' (¢} The material must have mechanical strength to
withstand operational pressures to 26,000 psi.

(d) The materlal must have good electrical con-

duetivity°

~{e) The material must permit fabrication with a
predetermined poroSityx,és

(}) The material must be lye-proof.

(g) Cost of materials should be as low as possible,

. ~ The single-layer double- skeletonmeatalyst d;ffugien

SRR SR e sy

electrode developed by;Iusti(l7) meets all of these above

B TR IS S e

requirements, The electrode is fabricated from two materidlis:

A

Raney nickel powder and nickel carbonyl powder.
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Raney nickel powder is the most active hydrogenatibn cat-
al;it known.§18°20)‘ Not only is it highly active but it is
also very insensitive to Impurities, The Raney nickel obtained
by the method of M, Raney(21°23) is a fine-grained, pyrophoric
powder with a large internal surface ﬁﬁich is required for
catalysts, This catalyst satisfies requirements a, 9, and g,
bﬁf not the others,

In order to overcome these difficulties, a supporting
macro-skeleton of nickel carbonly powder is introduced. This
macro-skeleton contains the grains of Raney catalyst wﬂieh
form the micro-skeleton and provides the electrical conducti-
vig} and mechanical strength which the catalyst lacks. Toge-

ther, these skeletons provide the pores required for satisfac-

tory operation of the fuel electrode,

F. DEFINITION OF THE PROBLEM

The optimum.properties of a fuel electrode may be ob-
tained grter empirically eéﬁablishing many payameters such as
the composition of the Raney nickel lloy, its graih size and
that of the supporting skeleton, the compacting pressure, the
sintering temperature, the sintering time, and the blending |
ratio of the micro- and macro-skeleton materials. The activa-

tion or leaching procedure will also affect the properties of

&y

the electrode, B SR
w In the work presented here,i%ﬁe object was to study the AN

effect of compacting pféssure énd sintering temperature on the

properties of the élecﬁ;ode, The other parameters were held

constaft and are given in the section for experimental proce-

dure and technique.




EXPERIMENTAL PROCEDURE_AND TECHNIQUE

The electrode selected for study in this thesis was a

,double«skeleton-catalyst electrOde similar to that of Justi(l7). L

Raney nickel alloy number 2813 was used as“the catalyst with
Grede B carbonyl nickel powder to provide the supporting skel-
eton, -
Raney alloy number 2813 wee procured in fine powdsér ferm
and had a composition corresponding to 50 weight pér cent
nickel and 50 weight per cent aluminum. According'to the-
binary constitutional diagram for aluminum and nickel pro-
vided by Hansen‘ah), this alloy should contain two phases:
NigAls, an 1ntermediate phase of trigonal structure which
forms peritectically at 1133° C at a composition of 59,19
welght per cent nickel, and NiAls, a phase of orthorhombic
structure forming peritectically at 85h° C and having a sin-

gular composition of 42,03 weight per cent nickel (Figure L), .

A. ELECTRODE FABRICATION

In the preparation odehe\electrodes, the mixture of the
Raney alloy with the "B" niclkel was the first step, The blend-

ing ratlo of the powders was one part by weight Raney alloy

. to two parts by weight "B" nickel. These were mixed in a ro-

tating drum for times of 20 to 4O hours’ to insure a homoge -
neous powder for fabricating the electrodes,

This.powder mixture was then compacted into electrodes
using e etainless steadl die (Figdre 5). The initial powder

thicknessBin the die was 0,1875 inches for all specimens.

This powder weeneempected al pressures of approximately
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15,000, 25,000, and 35,000 psi with the force being supplied
by a 120,000 pound capacity Baldwin Tensile Tésting Machine
which wasjmodified to provide compression loads. "

Féllowing compacting, each electrode was individuelly
sintered in a resistance-wound furnace capable of handling
various aﬁmospheres (Figure 6), The eleétrodes wefe placed
on graphite pedestals inside the fufnace chamber and then
the chamber sealed, The electrodes weré then heated to
éintepingtemperatures of 750, 775, and 800° C, under a
dynamic argon atmosphere. When the electrode had reached
‘the desired temp?rature, the atmosphere was changed to hy-
drogen and the specimen was held at temperature for 30 min-
utes, Then the atmosphere was changed back to argon and
"the specimen cooled to less than 100° C. Temperature con-
trol was maintained by having a chromelwalumel thermocouple
inserted into the specimen chamber and maintaining the de-
sired temperature by manually controlling the current in
the heéting elements,

Following the.sintering treatment, each electrode was
weighed and its dimensions (diémeter‘and thickness) measured,

The electrodes were then ready for activation,

B, ACTIVATION PROCEDURE

Various activation or leaching procedures have been

s ~-,,/
LR

fecbmmended in the 1iterature(20”23)(25”31)3 hOWGV@P,”DOHG;

of these were duplicated in this work,

Initial‘activation was carried out on loose Raney alloy

powaers. The Raney alloy was added to a 6N potgssium hydroxlde

|
|
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FIGURE 6
ELECTRODE SINTERING FURNACE
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E “ solution which was externally cooled to prevent exdessive
heating., The hydroxide attacks the aluminum in the alloy

and forms an aluminate, The rate of reaction can be follow-

| ed by observing the evolution of hydrogen‘which is given of?P

S SRR

- In the leaching process, This reaction was carried out at

room temperature while periodicallyPchanging the pétassium
% | hydroxide‘solution unt il no mbre hydrogen was seen tob-a@
evolved. Then the bath was slowly heated to 80° ¢ to per-
é mit final activation of the catalyst. During this heating,

the potassium hydroxide solution was periodically replenished.’
X-ray diffraction analysis was made on the "activated" catalyst

to determine its structure, | S

Some of the ”adtivatéd“ catalyst powder was then deacti-
vated by heating in air at temperatures of 75 - 200° C for
thirty minutes, Again, X-ray diffraction structural analysis
was made, u

Another deaétivation procedure which was tried was to
heat the ?activated" catalyst for various lengths of time at
the boiling point of 6N potassiumwﬁ&droxide solution (110-125° C).
This temperature was selected because the electrolyﬁe used in
the fuel cell is 6N potassium hydroxide solution, However,
this test was terminated after almost six hours due to a fail-
urewiﬁ the deactivation container., X-ray diffraction analysis

% ‘ rﬁés madelggmall speéimené tq:determinpﬁphe effect of deactiva-
§ | tion, |
% ﬁ | The activation procedure used for the electrodes was

not the same as that for the loose powders, in order to com-

pare data with that of the sponsor,
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| After the electrodes had been sintered, weighed, and
" ' their dimensions measured, the;'were placed in a beakér con-
tainingdapproximetelyé100ml. of 1N potassium hydroxide solu-
tion for 24 hours, This was exposed to air and the temperature

was kept below 50° C. During this 24 hour period, the potas- *

sium hydroxide solution was periodically replenished, After |
this period, the specimens and beakers were placed in a | o

vacuum desiccator which was evacuated for times of 30 to 1305

|
| ]
minutes and then sealed off, By using this evacuation pro- | |
cedure, the rate of leaching or activation was increased,
Approximately every two days, the vacuum was released and‘the
solutions replenished; dfter which the chamber was again eva-
cuated, After a month of evacuation in 1IN potassium hydroxide
solution, the leaching agent was eﬁenged to a 27% potassium

hydroxide solution, The same evacuatlon procedure was used,

Activatioh continued until no reaction occurred when fresh

leaching solution was added. | | L

C. TEST PROCEDURE

The procedure used for determining the electrical char-
acteristics of each electrtde was set up by the Sun 0il Com-

(32) --!

pany and used here so that the results could be compared ‘ \
with their data, .

After the activation or leaching process was'completed,

the electrical characteristics of%eech electrode wefe deter-

B R O R Y T A e R O e o e e T St o oo T R EETE——— "

mined using the equipme nt shown in Figures 7 and 8, The elec-

trode was quickly mounted in a teflon t&8t cell and immersed

K R T R N 0 S L S N R S PP B At B AT AT 1,98

|
I
in e 27% potassium hydroxide solution at a temperature of 21l - | l
|
I
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FIGURE 7 /

ELECTRODE TESTING EQUIPMENT )

L

A = Hydrogen Source

B - D, C. Power Supply

C - Ammeters and Current Centrol
= Vacuum Tube Voltmeter

- Oscillastpev

1 I o B

- Test Cell
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F IGURE 8
SPECIMEN HOLDER FOR ELECTR!CAL TEST ING

'A- TEFLON HOLDER
. B~ 302 STAINLESS BOLTS
~ C- RUBBER GASKETS
D- STAINLESS STEEL BACKUP PLATES &

PLATINUM ELECTRICAL CONTACT RING
E- DISC ELECTRODE
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| | - #
2L° C, The test cell was designed so that hydrogen under

preésure could be applied to the back of the electrode

while the front was exposed to the electrolyte, similar to
S

-

the acvual fuel cell operation.

The electrode was first purged with hydrogen so that
vigorous bubbling of hydrogen occurred on the front side of
the electrode and then the hydrogen pressure was reduced‘to
the point where no hydrogen bubbles appeared on the front _
slde of the electrode, The electrode was permitted tamg;main‘
in this state until the theoretical e.m.f. of the system was
reached., Because our reference electrode was Hg-HgO, the
theoretical e,m.f, of this half-cell would be 0;93:v01ts.

When the half-cell had obtained the theoretical e.m.f.
at zero load, the load was increased and-tﬁe electrical char-
acteristics were determined for current densities of 0, 20,
50, 100, 200, and 285 milli-amperes per square centimeter,

The potential was allowed to equilibrate for two min-
utes at each of the current densities before any measurements
were made, At each of the current densities, twb measure-
ments were taken:

(1) the e.m.f. of the electrode was read on a Vacuum

Tube Voltmeter, and

(2) the IR-drop was read on an oscill@scope.

These two ﬁoltages were added together. in such a manner as to

correct the actual e.m.f, towards thé'theoretical e.m.,f. of

0093 VOlt%o
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fter the last measurement was taken, the current den-

sity was reduced to zero and the cell was permitted to equili-

| brate for thirty minutes, During this period, the e.m.f.

read on the Vacuum Tube Voltmeter returned to the theoretical
e.m,f,

Then the current density was increased to a constant
valuse of 70 milli-amperes per square centimeter and the elec-
trical characteristics were determined as a function of time
at constant current density., Cell e.m.f, and IR-drop read-
ings were made at 0, 5, 10, 15, éO, and 30 minutes, The
data were handled in the same manner as befbre. After test-
ing was completed, the electrodes were stored in 1N potassium
hydroxide solution, |

Because the measurements requirq a constant power sup-
ply, the load on the cell was a direct current supplied by

an Electro Model B Filtered D.C. Power Supply.

7
Do X-RAY DIFFRACTION ANALYSIS

Powder examination was performed on a G.E. XRD-4 dif-

fraction apparatus with assoéiateibG,E. cameras and acces-

sories, The diameter of the G.E, cgmera was ih.32 cm,

Spindles were preparel using Pyrex glass in the form of
drawn fibers of sbout O 0005 inch diameter; the absorption was
found negligible and the glass itself was found non-diffract-
ing, The powder was applied to the spindle usinéfa bonding
agent of collodion thinned to the désired viscosity with amyl

acetate,




" |

f

Concentricity of rotétion in the G.E. camera was assured
by observing the rotation of the spindle in the slit image
formed on a white background after passing light through the
collImator from its tube side,

| Kodak Medical No-Screen film was used for recording
diffraction data, Flilm processing was performed in Kodak

‘pray developing and fixing solutions for the times at tem-

- peratures recommended. Films were washed a minimum of three

hours and allowed to dry for 24 to 48 hours in still air
bef'ore measurement, '

Electrode examiﬁation was perflormed on a Siemens Crys-
talloflex IV diffraction unit usling a scintillation counter
and a direct recording device to record t@e diffraction data,

A special holder was constructed to permit the use of a whole

electrode in the diffraction studies,

/




RESULTS

A. RESULTS OF ELECTRODE TESTING

Electrodes produced from a ﬁowdef mixture of one parf
by weight Raney alloy and two parts by weight "B" nickel were
fabricated according to the procedure previously outlined.

The actual,fabrieation data (compacting pressure and sinter-
ing temperature) are glven ih Table I together with the size
and weight of the electrode after sintering. The electrodes
were then activated and tested by the previously mentioned
procedures. Results of these tests afe given in Tables II-A
to II-P.

It had been determined that the theoretical open-cir-
cuit voltage of the hydrogen half-cells being testdd should be
0,93 volts’when using a mercury-mercuric oxide reference
electrode, In all tests, the e.m.f. of the celiﬁapproaehed
this value before any load wes applied,

Upon applicatlon of a load, the e.m.f, ef the cell
- should become less than this theoretical value due to the po;
larization losses, With the present testing system, 1t is
possible to determine the ohmic polgrization of the cell and
thus get an 1dea of the magnitude of the activation and con-
centration polarizationy’ "This latter could be obtained by - j

ﬂ?’ ) l|

correcting the actual © oM, fo of the cell back towards the

B I R Y N e 2 R G Ly LB A T WA T

theoretieal, the difference between the corrected e.m.f, and ;

L A B Sy KA N Ty

the theoretical being due to actlivation and concentrations, |




Table I - Electrode Fabrication Datsa
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Materials 1 part Raney Catalyst No. 2813 to 2 parts "B"

nickel

- Original Thickness:

3/16" for all Specimens

(b)

Blec- Cdmpact- - Sintering Wéight(b) ‘Diameter(b) Thickness
trode iﬁ%eP 2?- Ezﬁgera- |
DM1-1 15,220psi 791%5°C  8.8315 g  1.512 in. 0,0965 in,
- DMl-2 15,280  T775%5 9,296l 1.4945  0,09725
DM1-3 15,220(c) 750%5 8.6475 1.4827 0,0875
DM2-1 24,960 795%5 7.1625 =~ 1,505 0,070
DM2-2 2L4,960(d) 7755 6.6548 1.L773 0,061
DM2-3 21,960  750%5 6.5132 14775 0,060
DM2-l 25,020  775%s 6.648L- 1486 ) 0,062
DM2-5 35,160 800ts5 6,8968 1,48l 0,061
M2-6 35,220 775%5 6.14770 1.4855 0,057
DM2-7 35,200 750%5 6.5130 1,483 0,057
o pM2b8 15,010  750%s 7.5762 1.4985 0.0785
DM2-9 1,410 750%5 7.3135 1.4,987 0.0725
DM2-10 28,730 T75%5 7.2303 1.h8) 0,0672 ;
DM2-11 24,970  750%5 7.2972  1.481 0,0675
DM2-12 31,980 800%5 Te3675 1.478 0.,0637 ?
DM2-13 34,990 775%5 73473 1.4815 10,0648

Q (a) Pressure based on initial area. :
| (b) Measured after sintering. |

| | (c) Pressure jumped to 16,700 psi at end of cycle.
(d) Pressure jumped to 28,700 psi at end of cyecle.

3,
i
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Table II-A. Electrode Testing Data for DMl-1

l. Test at Constant Time (2 minutes)

Current Density _IR Drop
-0 ma}zm? | 0.0 volts
20 . 0,185
50 | 0.235
100 0.375
200 0,68
285 . 0.7h

Time IR Drop

0 min., 0.0l volts
5 0,260

10 o 0,285~

15 3 0.31

20 0.33

30 0,375

L

Corrected EMF
N\

0.91\%Q1§@

0,905
0.875
0.875
0,88

0,740

2. Test at Constant Current Density (70 ma/dm?)

- Corrected EMF

0.88l volts

0.79
0.755
0,73
0.69

0/595

o
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Table II-B. Electrode Testing Data for DM1-2

1. Test at Constant Time (2 minutes)

Current Density

0 ma/cm®
20
50
100
200

285 o

IR Drop Corrected EMF

0,0 volts 0'.93 volts
0,095 0.895

0,22  0.88

0,35 0,885
0.53 0,865
0,61 0,72

2, Test at Constant Current Density (70 ma/cm®)

Time

O min.

5
10

15
20
30

IR Drop . Corrected EMF
O.OLLOA volts 0,909 volts
0.235 0.84

0,235 ' 0.81

0.235 0.79

0.240 0,77

0,235 0.715
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Table II-C, Electrode Testlng Data for DMl-3
1. Test at Constant Time (2 minutes)
Current Density IR Drop - Corrected EMF
0 ma/cm® 0.0 volts | O.92{§Lvolbs
20 | 0.5k 1,08
50 . 05k - 1.00
100 0,60 0295
200 ( 0,74 0,90
285 | 0,84 ,; 0,79
.\
2, Test at Constént Current Density (70 ma/cmﬂ)
Time IR Drop Correbted EMF : |
0 min., 0.0 volts 0.86 volts i
5 min ' 0.48 0,86 : 3
10 Q.47 0.86 , ' |
15 T 0.45 0.815
20 . 0,46 0.80 | ]
30 ~0.46 0.75 o
| _ ?
& |
¢ &f % :
B y ﬁ%@ A ,
!
I
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Table II-D. Electrode Testing Data for DM2-1

Current Density

0 me/cm®

20
50
100
200
285

1. Test at Constant Time (2 minutes)

}

IR 2262

/6:6 volts

0,041
0.112
0,240
0.58
0.62

Corrected EMF

0.92'volts
0,886
0,882

0.39
0.88

0,85

2. Test at Constant Current Density (70 ma/ém?)

Time

O min,

5
10
15
20

30

IR Drop
0.040 volts

0.13
0,135
0,135
0,14
0.15

Corrected EMF

0,90 volts
0.82 -

0.79
0,745
0,705
0.59

.30.

O "
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Table II-E. Electrode Testing Data for DM2-2

/

l, Test at Constant Time (2 minuégs)

Current Density

0 mé/bmﬁ
20
50
100
200
285

- IR Drop Corrected EMF

0.0 volts 0,925 volts
0.29 * 0.93
0.42 0493
0.50 0.93
0.64 0.92
0.80 0.89

2, Test at Constant Current Density (70 ma/ém?)

Time

0 min.

5
10

15
20
30

IR Drop Corrected EMF
5 70,0 volts M 0.91 volé;

0,52 0492

0.43 : | - 0.89

0ok7 0.90

047 0,87

0,40 0.81

31
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Test II-F. Electrode Testing Data for DM2-3

l. Test at Constant Time (2 minutes)

Current Density - IR Drop Corrected EME
0 ma/cm® 0.0 voltg 0.925 volts

20 ., 0.30 0.95 |

50 | 0443 0493 | | |

100 0.47 0,91 - |

200 ' 0460 0,88 ES o

285 0,69 0479 '

2, Test at Constant Current Density (70 ma/bm?) :

. |

Time IR Drop Corrected EMF ’

——
/ i \’

0 min 0.0 volts 0.89 volts
5 0.245 0.85

10 0,24 | 0.815

15 o) 0.265 080

20 . 0,285 0,78

30 0.305 0.71
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Table II<G, 'Electrode'Testing Data for DM2-L

/

l. Test at Constant Time (2 minutes)

Current Density IR Drop Corrected EMF
0 ma/cm? 0.0 volts 0.925 volts
20 | 0.26 0.90
50 0.35 - 0692
100 0,45 0,93
200 0,58 0,90
285 0,66 0,815

2, Test at Constant Current Density (70 ma/cm®)

Tlme IR Drop Corrected EMF
O min, 0.015 volts : 0.93 volts
5 0.19 | 0.825
0 0.195 - 0.80
15 | - 0.,20 0,775
20 0.20 0.765
30 0,20 | 0.725
&4 e
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N Table IT-H. Electrode Testing Date for DM2-5
1, Test at Constant Time (2 minutes)
Current Density IR Drop Corrected EMF
0 ma/om® 0.0 volts - 0.93 vblts

V20 0437 0.975
g 100 0.5k 10496
| 285 0,72 0478
§ 2, Test at Constant Current Density (70 ma/cm®)
; Time | IR Drop Corrected EMF
| 0 min. 0,075 volts 0,925 volts
5 0.19 0.835
| 10 0,195 0.815
15 . 0.19s 0,785
| 20 - 0420 0.76
§ 30 0.205 0.73

O \




Table IT-I. Electrode Testing Data for DH2-6

1. Test at Constant Time (2 minutes)

Current Dens 1@

0 ma/cme
20
50
100
200
285

- v
«

IR Drop
OfO'volts

0.265

0,38
0.54
0.80
0492

\

Corrected EMPF.

0.93 volts
0,945
0.94

0,96

0.92

0.8

2, Test at Constagi\?urrent Density (70 ma/cm®)

Time

0 min.

5
10

e -

20

30

7

74:

IR Drop
0.0 volts

0.225
0.23
0.23
0,23
0.235

Corrected Er_g_lf

0.92 volts
0.835
0,815
0,785
0.775
0.735

35
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| Table II-J. Electrode Tésting Data for DM2-7
‘ l. Test at Constant Time (2 m;n;fes)
gggrentbengjgz IR Drop. Corrected EMF
0 ma/ecm® 0.0 volts 0.92 volts
20 0,025 - 0,865
50 | 0,075 0,85
100 0,215 0.865
200 0,37 0.845
285 0.46 0,785
2o Test at Constant Current Density (70 ma/ome®)
Time | IR Drop Corrected EMF
0 min. 0.0 volts 0.95 volts
5 | 0.12 0.84
10 | 0,125 0.82
15 0.3 0,80
20 -~ 0,13 0,79
T 30 o 10413 0,76




37

Table II-K. ZElectrode Testing Data for DM2-8

1. Test at Constant Time (2 minutes)

Current Density IR Drop Corrected EMF
0 ma/cm® 0.036 volts 0.93 volts
20 0.225 0.925
50 0,305 0,915
100 : 0,48 0,92
' 200 0,73 0,91 | |
285 0,86 ' 0.85 '

|
\
2. Test at Constant Current Density (70 ma/cme) |

Time | IR Drop - Corrected EMF
0 min. | 0.0 volts 0.905 volts

5 03 0490
10 | 0.46 0.86
15 Ol 7 0479
20 0.46 ' 0.71
30 047 ' 057
s & |




R

Table II-L. Electrode Testing Data for DM2-9

oy

~

% ,*1; 'Test at Constant Time (2 minutes)

~ Current Density IR Drop Corrected EMF

R

0 ma/cm2 0,030 volts 0.93 volts
20 | 0,050 0.89 '
50 0.2 0,92
| 100 0,32 0,905
200 0,46 0.9
285 0,56 ~ 0.88

2. Test at Constant Current Density (70 ma/cme)

Time 1R Drop Corrected EMF

RS

0 min. 0,035 volts 0,905 volts
5 0.305 0.89

10 | 0.33 0.875
15 0,325 0,855

5 | 20 0. 325 0,815

e | 30 0.325  0.82

PR
X
o3




Table II-M. Electrode Testing Data

/

l. Test at Constant Time (2 minutes)

Current Density
0 ma/cmé

20

g

100

200

285

0.030 volts
0,029

0,06l

0.12}

0.25

0,33

for DM2-10

Corrected EMF
0,935 volts
0,899
0,879
0,874
0,88
0.82

)

2. Test at Constant Current Density (70 ma/cme)

Time

0 min.

5
10
15
20
30

IR Drop
0.530 volts

0,09
0.09
0.091
0.094
0.09L

Corrected EMF

- 0,935 volts

0.86

0.845
0.826

0,799
0 .7&_9 N




Table II-N. Electrode Testing Data for DM2-11

l. Test at Constant Time (2 minutes)

Current‘Densigz - IR Drop Corrected EMF
0 ma/cme f.0.018 volts 0.922 volts
200 0,037 - 0,889
5o 0,100 ©0.882
100 0.225 ‘ 0,897
200 | 0,57 0,862
285 0.0 0,732

. /

2, Test at Constant Current Density (70 ma/ocm2)

Time IR Drop Corrected EMF
0 min, © 0,026 volts 0,926 volts
5 ‘ 0.195 0.86

10 v 0,195 ~ = 0,82
15 0195 . 0479
20 04195~ 0,77

oy 30 - 0495 0.715
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Table II-0. Electrode Testing Data for DM2-12

le Test at Constant Time (2 minutes)

Current Density

0 ma/cm®

20

50
100
200
285

Time

: O min.
10
15
20
30

IR Drop ; ghigécted EMF
0.030 volts '\\\ 0,93 volts
0,06k 0.899

O0l.21 0,915

0.315 0,915

0.43 0,885

0459 0,84

2, Test at Constant Current Density (70 ma/cm®)

IR Drop Corrected EMF

SRR

0,0 volts
0.15 © 0,87
0,5  0.83
0,15 0.815

0,92 volts

0.15 ’ 0079
0,15 | 0,745




- Table II-P. Electrode Testing Data for DM2-13

l, Test at Constant Time (2 minutes)

e Current Dens ity IR Drop Corrected EMF
M\\\\ 0 ma/ome 0,030 volts 0,93 volts
v 20 0,032 0.887
50 0.08h4 | 0.859
100 “ 0.19 0,92 .
285 076 ' 0,93

2. Test at Constant Current Density (70 ma/ome)

Tlme {7, - IR Drop dorrected EMF
b <\ 0 1n?““/ 0.0 volts 0,915 volts

5 0.108 - 0.868

10 0.116 | 0.841

15 0,138 0,828

20 | 0,143 0,818

0 . 0.1 0,73
? - e
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The corrected e.m.f, 1s found by adding the ohmic polarization.

to the measured e.m.f, in a manner mentioned above,

It can be noted from the data that electrodes DM1-3,
DM2-3, DM2-5, and DM2-6 gave results for the corrected e.m.f. i
which were larger than the theoretical open-circuit e.m.fg
This could be due in part to eithér experimental error or
fluctuations in the line voltage., However, it 1s felt that

these anomalous results are due to lncomplete activatlons

- that 13, all of the aluminum had not been removed from the

electrode and thus gave rise to higher voltages.

Another asnomaly in the data appears'in the tests at
constant current density where the ohmic polarization should
range between that observed for 50 milli-amperes per square
centimeter and 100 milli-amperes per square centimeter in the
constant time teSQS. Electrodes pMl1-3, DM2-3, DM2-l, DM2-5,
and DM2-0 all show ohmic polarization losses in the constant
current density test which are lower than that expec%ed from
the constant time tests. Most of these electrode’s also showed
previously noted dlscrepancies which are probably due to in-
complete activation,

; In an effort to analyze for these dlscrepancies, two
approaches were taken: (1) retest the electrodes after they
had éeen stored for several weeks In 1N potassium hydroxide
solution, and (2) make up new eleotrodes, ‘duplicating the
fabricatfbn procedures of the electrodes in question. The S
new electrodes are labeled DM2-8 to DM2-13 inclusive and cor-

respond to the original electrodes as followso

i
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Ml-3 - - - - DM2-8 and DM2-9

DM2-3 - - - - széil

DM2-5 - - - - DM2-12

DNi2=b - = - - DM2-13
The results of these electrodes are given in Tables II-K
to II=-P, |

In all the tests at constant time, the results showed

that activation had apparently been complete as all corrected
e.m.f. values were below the theoretical e.m.f, Electrode
DM2-13 showed highly irregular results which cannot be ex-
plalned, The result s of the constant current density tests
showed that the ohmic polarizations for all electrddes 0X~-
cept DM2-12 were in agreement with that expected from the
ccﬂstant time tests,

The déta of the retests are given in Tables III-A to
ITI-D. The results indicate that the Qaéalyst has deteriorated
with time but that activation was apparently completed during
the storage perlod. This deterioration ggrees with the re-
sults of Smith, Bedoit, and Fuzek(17) However, the constaﬁt
current density- tests sﬁill indicate ohmic polar;zations less
Xhan that expected from the constant time tests. |

The data for the constant time tests indicated,(Figures
9A,B,C, and 10A,B,C) that the best results were obtained from
the electrodes compacted at 15 000 or 25,000 psi and sintered
at 750 or 775° C. ‘The higher the compacting pressure, the

higher the sintering temperature, or a combination of both,

the lessrborous will be the resulting electrode, 8ince the




Table TII-A. Retest Data for DM1-3

J Té.st at Con‘stantTime (2 minutes)

. Current Density - IR Drop Corrected EMF
. 0 ma/cm® 0.0 volts - 0.91 volts
20 0,082 0.92
50 0,420  0.875
100 0.25 0,81
- 200 0.30 0,63
285 A0e3L 0k

2, Test at Constant Current Density (70 ma/cme )

Time IR Drop Corrected EMF

O min 0,0 volts 0,92 volts
5 0,096 0,781
10 0,096 0,711
15 | 0,096 0,621
20 | 0.096 v:f 1 0.516
| 30 A 0,098 . - 0.343 |
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Table III-B, Retest Data for DM2-3

l. Test at Constant Time (2 minutes)

Current Density IR Drop Corrected EMF
0 ma/cm® 0,0 volts 0.92 VOlts O

20 0,023 . 0,883

50 0,068 ~ 0.828
100 ; 0.1} . 04755
200 0429 0.45
285 | 0,36 @ 0.0

)

2, Test at Constant Current Density (70 ma/dme)

/

Electrode falled to return to theoretical voltage

= test discontinued -+

. , £
i
i
%:é{"\ . N - 3
')‘?:
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Table III-C. Retedt Data for DM2-l

l. Test at Constant Time (2 minutes)

Current Density IR Drop Corrected EMF
0 ma/cm® . 0.0 volts 0,935 volts
| 20 0,025 0,905
50 0,07 0.855
100 e 0.1l 0,809
200 | 0429 0,76
285 | 0439 | 0,59

|
i
b

2o Test at Constant Current Density (70 ma/cm?)

Time | IR Drop ~ Corrected EMF
0 min., 0.0 volts 0.92 volts /
5 . 0,105 o 0,77 |
10 - 0.105 0,665
15 | 0,105 04525
S 0,110 S 0.39 :

30 0.1l . - 0,135 .




Table III-D.: Retest Data for DM2-5

l, Test at Constant Time (2 minutes)

Current Density IR 'Drog Corrected EMF

0 ma/cm® | 0.0 volts 0.92fy;:1ts
20 0,102 . 0.907
50 0,242 0.892
100 0.4412 - 0.892
200 _ 0,612 " 0.867
285 0,722 0,722

2, Test at Constant Current Density (70 ma/cme)

Time IR Drop Corrected EMF

0 min. 0,0 volts 0,915 volts

5 | 0,16 0.825 ;
10 0,16 0.80
15 | 0,16 0477 i
20 0,16  0.ThE

30 0.16 0,68
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FOR ELECTRODES COMPACTED AT 5000 PSI

FIGURE 9A- COMPAR%ON OF CURRENT DENSITY DATA
AND~ SINTERED AT VARIOUS TEMPERATURES
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FIGURE 9B- COMPARISON OF CURRENT DENSIT DA
FOR E CTRODES COMPACTED AT 25000 PSI

AND f“*”*"'l AT VARIOUS TEMPERATURES
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FIGURE SC- OOMPARISON OF CURRENT DENSITY DATA

FOR ELECTRODES COMPACTED AT 35000 PS
AND SINTERED AT VARIOUS TEMPERATURES
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FIGURE I0A-COMPARISON OF CURRENT DENSITY DATA
- FOR_ELECTRODES SINTERED AT 750°C AND
~ COMPACTED AT VARIOUS PRESSURES
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FIGURE 10B-COMPARISON: OF CURRENT DENSITY DATA
| | FOR ELECTRODES SINTERED AT 775°C

AND COMPACTED AT VARIOUS PRESSURES
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o~ FIGURE 10C-COMPARISON OF CURRENT DENSITY DATA
FOR ELECTRODES SINTERED AT 795 °C
AND COMPACTED AT VARIOUS PRESSURES ﬁ
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successful operation of the fuel electrode depends on a cer-

tain amount of porosity, one would conclude that lower come

Vpactiné pressures and lower sintering tempepatures would yield
electrodes of greater porosity and betterogerational charac-
teristics, |

However, the important part of the tests is that which
determines the behavior of the electrode operating at a con-
stant load over a period of time (figures 11A,B,C and 12 A,B,C).
These results indicate that better electrods properties as
determined by the decrease in voltage with time occur when
the electrpdes,heve been compacted at preesures'of 25,000 or
35,000 psi and sintered at temperatures of 750 or 775° C.

it/was noted in Fhe results given above, that one elec-
trode appeared to be much better thae the others: DM2-2, This
-electfode was compacted at a pressure of approximately 25,000
psi for two minutes and then due to an operational difficulty,
the pressure increased to 28,700 psi for a few seconds before
being released, The electrode was then eintered at 775° C ac-
cording to the procedure previously noted. The superlor re-
sults may be explained by'the fact that instead of e_single-
layer doubie-skeleton electrode having pores of a constant
size, the electrode was a double-layer double-skeleton electrode
with the surfaces having smaller pores than the interior of the
eleetrode.L This is the result of -the application of the high
pressure for a short time which may affect only the surface,
Accordi&g to Just1(17) and Bacon(7), this type of electrode is

>
superlor to single-layer electrodes because it minimizes the

™
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- FIGURE HA-DECAY OF ELECTRODE PROPERTIES WITH
TIME AT LOAD FOR ELECTRODES COMPACTED
AT 15000 PSI AND SINTERED AT VARIOUS »
TEMPERATURES |
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 FIGURE IIB-DECAY OF ELECTRODE PROPERTES WITH

TIME AT LOAD FOR ELECTRODES COMPACTE

AT 25000 PSI AND SINTERED AT \ARIOUS
TEMPERATURES
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'_ ~ FIGURE 1IC-DECAY OF ELECTRODE PROPERTIE S WfTH

TIME AT LOAD FOR ELECTRODE MDA
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FIGURE I2A-DECAY OF ELECTRODE PROPERTES WITH

TIME AT LOAD FOR ELECTR

PRESSURES
0954 s o DM2-8 15000 PS)
' 000

0.85

o DM2-11  250C
a DM2-7 35000

TIME AT LOAD (MINUTES)

; -

H0.80 \

g .

|

LL. Ny

=075

a

i .

O 070k °

L)

X

O
Q65 k

4060

055! ————t- + = ————
0 5 10 15 20 25 30

'59°

ODES SNTERED -
AT 750°C_AFTER COMPACTING AT VARIOUS




N e e e e M R TG N e ot 0y o D A TR i e et e B mrorer £ e M o o Pt e o I _ ] " ) }

B PR BN RN TSy, - T 3 T A

.~ FIGURE

EMF (VvOLTS)

Q.70

CORRECTED

0051

060}

0.5 5 -

2 B DECAY OF F CTRODE
TIME AT [OAD FOR EL

PROF’ERTIE S WITH

FCTRODES  SINTERED

» -

AT 770°C AFTER COMPACTING AT VARIOUS
PRESSURES

o DMI-2 =

0 DM2-2

A DMe2-4
O DM2-13

o

15000 PS|

- 25000+

25000 .

4

L

1 P
o) 10

TIME AT LOAD (MINUTES)

1S

20

!

23

30




N

CORRECTED  EMF (voLrs)

FIGURE 12C -DECAY OF E
~ TIMEAT LOAD FOR ELECTF

0.95 |-

0,651

0,601

0.75

o
N
o

|

. AT e

@;

O DMI-|
- DMZ"' 2 | l

B, EomE ey

1506 pSl

A DMZ-12 3

| 1

FCTRODE. PROPERTES WITH
RO0DES_ SINTEF
AFTER COMFECTNG AT ARDUS

X2

0.55 —

T : =

10 y .
-TIME AT LOAD (MINUTES)

4
I

25

-

30

e




e A T N P Y I T A R A s

AT R

Y

amounts of fuel and electrolyte which migrate completely
through the electrode, and thus minimize any "flooding" of
‘the electrode,

As a further test, electrode DM2-10 was compacted at
28,730 psi and sintered at 775° C in order to check the re-
sults of electrode DM2-2, In both the constant time and con -
stant current density tests,rthe results indicate a better
electrode than all except DM2-2 and thus lead one to a better

approach to the fabrication of electrodes,

B. RESULTS OF X-RAY DIFFRACTION STUDIES

Powder diffraction patterns of the Raney Alloy No. 2813
show that it 1is a twb phase allby composed of NiAla and
Nizﬂia°_ This is in agreement with the data presented in the
<;{%erature(2u)F33'35) for a Raney alloy of”SO‘weight per cent
nickel and 50 weight per cent aluminum. ‘
\\Initial activation of loose Raney powder using 6N po-
tassium hydroxide solvent for the aluminum resulted in a cata-

lyst whose powder pattern showed i1t to be face-centered-cubic

nickel, Aluminum may have been present but in such small quan-

tities that it produced no diffraction pattern. This is in
agreement wlth the-work of Kokes and Emmett(18°19) which is
presented in Table IV and with that of Lainer and’Kagah(36).
That the structure was noted £o,be face-centered-cubic is attri-
buted to the fact that no attempt was made to control the tem-
perature of actlvation and at higher tempe ratures, the cata-

lyst lattice has been reported(33)(35) to "coilapse“ to a face-

centered-cubic structure.
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Table IV.' Lattice Parameters pf Activated Raney Catalyst

Sy A

Component Structugp Lattice Parameters

Py
[;/

| _ Literature 'Eggerimental(a)
Nickel | feo a=3.52383 a=3#520631

.W.,ﬂ...,vv_a,. ,,,‘,‘
e O S R S e R e g 2

E R

§ Activated Nickel(b)
(1) Initial . fee a=3,5328
(2) Degassed fec a=3.535R

Activated Catalyst ® ) o
No, 2813 fec 8=3.5337A

-

. f (a) Average of several patterns

% (b) Kokes and Emmett, J. Am. Chem, Soc. 81 (1959) 5032




A sedond batch of loose Raney alloy was activated
dsingyéN potassium hydroxide solvent., The temperature of
activation was maintained below . 50° C. After activation
~was completed, a sample was taken for X=-ray diffraction ana-
lysls and the remainder sforedhin a weak alkaline solution
until required for testing, X-ray data for the activated
sample is listed in Table V.

After a short time;'sampleé of this activated cata-
lyst were taken‘fbr a8 deactivation study. ‘It has been re-
ported(17)(33) that upon heating, the catalyst deteriorates,
Samples were placed in a drying oven and heated in alr for
thirty minutes at temperatures ranging from 75 to 200° C in
order to deactivate the catalyst., After the deactivation
treatments, X-ray diffraction patterns were taken tg deter-
mine the effect of deactivation temperaggre on the catalyst
structure, ~

Analysis of the powder patterns showed that nickel of
face-centered-cubic structure was present in all deactivated
samples, It was noted that at deactivation temperatures
above 125° (¢, the nickelbegég.to oxidize, It was also hbted
that evidence of the presence of small traces of NiAlg could
be detected, This indicates that the activatlon was not
complete as would be expected since the maximum actiﬁﬁfidn
temperature was 50° ¢,

Figure 13 and Table V show the "collapse™ of the cata-
lyst ;tructure with deébtivatiOn,température. The nickel lat-

tice parameter of the catalyst increases unti] it approaches

e il
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Table V. Temperature Dependent Deactivetion Structural

, Analysis of Raney Catalyst No. 2813

Catalyst Condition

Activated
75°C Deactivated

100°C Deactivated

125°C Deactivated

150°¢ Degctivated.

175°C Deactivated

200°C Deactivated

Deactivation time was 30 minutes for all samples,

dy11 Nickel

2,02608

2.0286
2.0260
2.,0306
2,0299
2,0286
2,0299
2.0358
2.0299

2 ° 0 378 .

2,0332
2.0326
2.0326

ao(Nickel) ag(average)
3.509A 3,5094
3,51l / ‘

- 3.509 3.5115
34517
3,516 3.5165
3.51L
36516 3,515
3.526
3,516 3.521

- 3.529
3,522 3.5255
3,520
3,520 3,520

Iron K_, Radietion used for all dlffraction patterns,

%

%
)
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the lattice parameter of normal pure nickel and then decreases.

| SE This "collapsing" of the structure is in agreement with pub-
lished 1iterature.(18‘20)(33 (35)

e

D T e e R

A second deactivation test was studied to determine

the effect of time at deactivation temperature on the cata-
lyst structure, After activation, a sample of the catalyst

was taken for X-ray diffraction structure analysis (results

P i R RS R SO T A A 3 T D e e S e T g

given in Table VI) and deactivabion . was started immediately.

BRI R

| Semples were removed periodically for X-ray diffraction

&

structure analysis,

X=ray diffraction analysis of the samples showed that
I the actlvated material and all deactivated samples, except
the six-hour deactivation, contained NiAl, and face-centered-

cubic nickel, In general, it appeared that the amount of

T R R e e T A AR T PR A ST e SRR B SATAT

NiAl, decreased with increasing time due to the additional
 leaching effects,
The X-ray data were then énalyéed for the'variation

of lattice pafameter of nickelsbased on the 111 plane spacing
| as a function of deactivation time (Table VI), A graph of
§ these data (Figure l&) shows that the meiimum.in lattice para-
meter occurred after thirty minutes and then a decrease in
parameter indicating the lattice "collapse".

| After storage in 1N potassium hydroxide solution, X-ray
diffraction patterns of the electrodes which showed irregular
electrical results (DM2-3, DM2-6, DM2-12, and DM2<13) all

showed the material to correspond to face=-centered-cubic nickel.




Table VI. Time Dependent Deactivation Structural Analysis
, of Raney Catalyst No, 2813

Catalyst Condition djjj(Nickel) a (Nickel) g, (average)

s 4009090 e —

Activated  2.0280% 3.5084 ;
| 2,031y 3,518 - 3.513R
~15 min. Deactivated 2.0352 3,525
| ‘ 2,0372 3,528 3.5265
30 min, Deactivated 2,0339 3,523 |
' 2,0392 3,532 3.5275
60 min, Deactivated 2.0319 3,519
2.,0273 3.511 3.515
120 min.Deactivated 2,0306 36517
_ 12,0293 3,515 3,516
2li0 min.Deactivated'® | |
2,023Y 3,505
2,025) 3.508 3.5065
360 min.Deactivated (2 '
2.0215 3,501
2,0209 30500 3,5005

(a) Results subject to question as container féiled and -
may have contamiﬁ@ted catalyst. '
Deactivation temperature is boiling point of 6N KOH
selution (110-115° ()

'Iron KO‘ radiation use for all aiffraction.patterns.

68




3,93

3.52

3.91

350

LATTICE PARAMETER of NICKEL A&

FIGURE |4
TIME DEPENDENT DEACTIVATION
oF RANEY CATALYST 2813

(IRON RADIATION)

3 4 S 6

DEACTIVATION TME  HOURS




70

Thére was no indication of intermediate aluminum-nickel phases
Being present, thus indicating that activation ha&"apparently
been completed. From this, it appears that the lrregularities
were the properties developed by the various'compacting and
sintering treatments., However, aluminum may have been present
In the form of a solid solution with nickel. This would re-
sult in a slight increase in the lattice parameter of nickel
but would not produce any extra diffraction lines,

‘Thﬁs, a further explanation of the irregularities in
the electrical properties may be that there were various amounts
of aluminum In solution with nickel and this had the same ef-

fect as Incomplete activation,
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CONCLUSIONS AND RECOMMENDATIONS

From the results presented in the previous,séction, 
1t would appear that a double-layer double=skeleton-catalyst
olectrode will perform more satisfactorily under the test
cénditions described than will a single-layer double-skeleton-:
catalyst electrode, This is shown in the data of electrode
DM2-2 and agrees with the 1iterature(7)(l7)., Also, from the
powder metallurgical variables studied, an electrode com-
pacted at a pressuré of 28,700 psi and sintered at 775° C
will be seen to have maximum operating characteristics for
the singularly-pressed electrodes and is second only to the
double-pressed material, However, this does not mean that
such an electrode will have the maximum possible operating
characteristics,

It 1s recommended that future work should expand the
study of the powder metallurgical variables involved in the
fabrication of electrodes for use in fuei cells to Include
a more comprehensive study of compacting pressure, including
double pressing, and sintering temperatures, In addition,
such work should also include a stﬁdy of the effect of sinter-
ing time and atmosphere, composition of the Raney alloy and
the supporting skeleton, and the grain sizes of the Raney

alloy and the supporting skeleton, on the pperating eharac- |

teristics of the fuel electrodes,
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