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FOREWORD

This report was produced in accordance with U. S. Army
Contract No. DA-28-043-AMC-02205(E) by the Pratt &
Whitney Aircraft Division of the United Aircraft Corpor-
ation., It discusses the work performed during the period
from November 1, 1966, through January 31, 1967.
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ABSTRACT

A program is being conducted to investigate the mechanisms of electrocatalysis
witi respect to the anodic oxidation of selected fuels by novel electrocatalysis

in acr1 electrolyte at temperatures below 150°C and at ambient pressure. Major
emphasis has been given to the investigation of the properties of transition metal
silicides when surface-doped with platinum, gold, or both.

Conflicts had occurred in the data for silicides incorporated on gold and gold-
plated current collectors, but investigation during the current quarter indicates
that the conflicts resuited from platinum contamination. The study also showed
that TiSi; exhibits some activity for hydrogen and methanol oxidation.

The electrochemical behavior of WSi, in acid electrolyte was studied and was
found to be similar to that of MoSis. Both of these materials have tetragonal
structures. VSio and TaSig also have similar clectrochemical characteristics,
and both have hexagonal structures.

Experiments with platinum-doped TiSi2 electrodes indicates that relatively large
amounts of platinum are required to obtain a catalytic activity which approaches
that of an equivalent platinum sheet and that the utilization of the platinum is low.
However, gold-platinum co~deposits on TiSig exhibit markedly different behavior.
The current obtained from the co-deposits as the ratio of geld to platinum was
varied shows maxima at 50 and 70 weight percent of gold and a sharp minimum

at 55 weight percent of gold. The maxima are higher than the levels of activity
obtained with platinum alone.
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I. INTRODUCTION

5

E‘ A program is being conducted to investigate the mechanism of electrocatalysis

3“;%‘ . with respect to the anodic oxidation of selected fuels by novel electrocatalysts

j’}‘ in acid electrolyte at temperatures below 150°C and at ambient pressure. The

‘x studies are particularly concerned with the influence of surface properties on H
& catalytic activitv. The study is being conducted in an effort tc identify active, H
;%) low-cost catalysts for direct-energy conversion devices such as fuel cells. é
=§ The work performed curing this report period involved study of the electrochem- ‘,{

ical behavior of selected transition-inetal silicides and the effect oa this behavior
of adding trace amonnts of gold and platinum to the surfaces of the silicides.
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I. PROGRESS

A. CATALYTIC ACTIVITY OF TiSip

Daring the first quarterly period, TiSiz was found to have some catalytic activity
when it was incorporated on a gold-plated platinum-sheet current collector. How-
ever, when a pure gold-sheet current collector was used, no activity could be
detected. In both cases, a gold counter electrode was used. The understanding
of this behavior was farther complicated by data obtained prior to the current
contract which indicated that certain silicides have considerable activity for hy-
drogern and methanol oxidation, whereas activity of the magnitude indicated by
this data has not been duplicated during the current studies. Since the previous
tests were performed with a platinum counter electrode, it was suspected that
the high activity sometimes observed was caused by platinum contamination.
Testing during this report period was directed toward verifying this hypothesis.

Testing was conducted in the original cell shown in Figure 1 of the first quarter-
ly report. A pure gold sheet was used for the counter electrode and three dif-

ferent materials were used for current collectors, nameiy, platinum, gold-plated
platinum, and gold. The electrolyte used was l1-molar HySO4 at 50°C, with hy-
drogen and methanol as fuels. For each test point, the potential was maintained
constant for ten minutes before current readings were taken to provide essentially
steady-state daa.

Initially, the activity of the current collectors was measured to obtain baseline
data. Subsequently, the TiSis, mixed with 15 w2ight percent Teflon powder for
binding, was pressed onto the current collectors and sintered at 250°C for five
minutes. The current for hydrogen oxidation at a potential of 200 mv was then
measured, and the results are shown in Table I.

TABLE 1

Activity of TiSia for Hydrogen Oxidation or Various
Current Collectors

Current-Coliector Current for Hydrogen Oxidation at 200 mv {ma)
Material Current Collector Only TiSi2 on Current Collector

Platinum 1.2 0.3

Gold~Plated Platinum 0.3 0.2

Gold 0.05 0. 12

Note: Corrosion current for 'I‘iSi2 {nitrogen gas) at 220 mv was 0. 005 ma.
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As sho'vn, the TiSig on the platinum and the gold-plated platinum current col-
lectors actually inhibited rather than increased the catalytic activity. On the
gold current collector, however, the TiSig increased the current over that of
the gold current collector alone. Hence, it appears that TiSiy; powder does have

some activity for hydrogen oxidation. The higher currents obtained with the other

electrodes are probably a combination of the current from the TiSig and from the
exposed platinum,

These results were then related to the tests performed prior to the current con-
tract by testing the gold current collector with a platinum counter electrode.
Further, to conform to the procedure used in ‘ue previous tests, a corrosion
test using a nitrogen-saturated electrolyle was conducted before the oxidation
tests were conducted. This was done to determine if the procedure allowed
platinum to dissolve from the counter electrode and then diffuse over to and
plate onto the working electrode. As ifor the previous tests, each potentia! was
maintained for ten minutes before current readings were recorded. The elec-
trolyte concentration and temperature were the same as used previocusly. The
results obtained for the current collector alone and for the current collector
with TiSio powder are shown in Figure 1. These results show beyond anv doubt
that the gold sheet was contamirated with p.atinum from the platinum counter
electrode, since considerable current was obtuined with the current collector
alone, and pure gold has no activity for hydrogen oxidation. The higher limiting
current obtained with the TiSiy powder is aitributed to the larger surface area
produced by the powder. The limiting current obtained is approximately the
same as that obtained prior to the contract for TiSi,.

o8 T T 1711 |

O coLD SHEET

O T1:si, ON GOLD SHEET i i
0.6

0.4

POTENTIAL ~VYOLTY

0.2

0 nné:é—l— _rD,dQ'—""O l

165 10-4 10-3
CURRENTY ~ AMP

Figure 1  Activity of Gold Current Collector With and Without TiSi2

Powder for Hydrogen Oxidation When a2 Platinum Counter
lectrode is Employed

PAGE NO. 3

T
L

£

b

7
L
& -3
ol
V20NN
ol

3
N

13

e

Sas A

B A RS TR A TR S BTSSR AN . WWWWW&E

T b X i,




T
1,

R

S PTIR ERT
)

t
%
S

5
5
33
A
s

PRATT & WHITNEY AIRCRAFT

Additional tests were performed for a gold-sheet working electrode and for TiSiy
supported on the geld sheet in the cell shown in Figure 1 of the second quarterly
report. A gold counter electrode was used ior these tests to aveid platinum con-
tamination. The working electrode used in this cell was a rotating sheet, and
the TiSi, was mixed with 15 weight percent Teflon 30 and water and then sprayed
onto the sheet. after which it was sintered at 250°C for five minutes. The same
electrclyte concentration and temperature were used as for previous tests. When
nitrogen or hydrogen gases were used, they were bubbled through the electrolyte

in the working electrode compartment. Methano! fuel was used at a concentration
of 0. 1 molar.

The test results obtained are shown in Table 1I. As shown, the currents at
600 mv for both hydrogen and mrethano! oxidation with TiSip are considerably
higher than those obtained with the gold sheet, and these currents are signifi-
cantly higher than the corrosion current of the TiSis.

TABLE II

Activity of TiSis on Rotating Flag-Type Gold Current
Collector for Hvdrogen and Methanol Oxidation
at a Potential of 600 mv

Electrode Current for Curreant for Current for
Material Nitrogen {ua) Hydrogen (ua) Methanol (pa)
Goid Sheet - <1 1.1

TiSio on Gold Sheet 2 16 4.3

From the data obtained during this quarter, it can be concluded that TiSio pow-
der has some catalytic activity for hydrogen and methanol oxidation. Previous
tests on sintered plugs of TiSiy detected no catalytic activity, but this is not
surprising since the high temperatures used in sintering the powder would un-
doubtediy destroy the active sites.

The relatively high activity found previously for the silicides was apparently
caused by platinum contamination from the counter electrode. The effect of the
contamination differed among the silicides because some silicides are more
amenabie to platinum: activation than others.
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8. PRELIMINARY DATA FOR WSip

The electrochemical behavior of WSip was investigated by the same procedure
and at the same conditions used to study the silicides of titanium, molybdenum,
vanadium, and tantalum. The potential sweep and steady-state (taken after
maintaining the potential constaat for 15 minutes) data for WSi, is shown in
Figures 2, 3, and 4. As shown, there is essentially no difference between the
curves obtained with soiufions saturated with argon and those saturated with hy-
drogen. Further, the corrosion currents are approximately ten times those ob-
taired with the titanium and molybdenum disilicides.

Subsequently, 2.8 ug of piatinum was added to the WSis electrode by adding

the platinum to the solution and holding the electrode at ~-6060 mv for 30 minutes.
Triangular potential sweeps were made between ~-600 mv and 1120 mv at rates
of 34 mv/sec and 100 mv/sec. As in the case of MoSis, the overvoltage in the
hydrogen evolution region was reduced, but no activity for the oxidation of hy-
drogen could be observed. The magnitude of the corrosion current was not re-
duced significantly by the addition of platinum. No attempt has been made to
activate the electrodes by depcsiting the platinum over a gold deposit.

2

[l I I N O B
SWEEP RATE = 34 mv/sec
1000 TEMPERATURE = 25°C
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Figure 2  Triangular Potential Sweep Curves for WSip With Sweep Rate of
34 mv/sec

PAGE NO, 5

- AATEEgy

VD A,

3
e
¢

‘\

AN
o
A

L B B oy SRR

e

ANy WD irr B
. o

-
»\M
SIS G A wtin ™ Y s

Coamfe
e




Yt
(o] 1
3 ¢
o > 5
/2] MZ
g =
& : .(
= E=
e (/]
W wd
~” T hd 5
oy ¢ 8 3
172} FA 4 Q
2l 4 el -t 0 a
- x Ny = w T 14 =
X T e g o & = [ o
¢ N 2 5 Eilg &
T
// N.l 17/7 \.m o Gt m .,MSI.\.A . ﬂnbv
N T — n ow €
o~ € a -
] 4/// '/ 1 % bt ﬁ H "W H m
N ] .Nln o g— " Lo m r— :
T & o [~ ot b o
' g ~ & O N Uea o > ©
2 . haad - 1 [«% \ <o | = U : ¢
w ' - () ) { [ At O = o p
A L C -y 8 Y R g
! = 2 a z'} = V] W ! .
< < [=3 3 (4] o) Q
xa X /7] \ ~E Lo q
”" _n - \ /l.“ 3 a
w O 3 S (&)
s e \
n 2 y 7 3
. 3 \ &
c 73]
5§ & § § & &8 ° % £ . § § 8 8 ° 8 § § &8 7
L
AS -~ YYIINILOd 300810313 M m aw -~ TYILN2 10 RGOY L33 .n‘@
= S
m_ 2 %
-t
$ot
=2 <«
, - ®
‘ g @ B
< <
i N o
g &
w
. r4 . .
i E ty
3
h
.J L w i
§ -
L *
<
| J
4 a
§ :
&
B

- e ——
Chaid e g~ - )
.
]

°

- - S NN GO £ T t.,
«)akg.»‘; oLy S ettiuts st 08 R o TS a3 Sl 1 00 S ORI Tl f&«t

v M

i st B <YW S~

¢
s

; '

‘.x 5

’ ot o . e by ot s 5
ame e a e ey
T .



e A ¥ AR T ».";?..ar“ N

PWA-3051

C. ELECTROCHEMICAL BEHAVICR OF THE SILICIDES

Two swdies were conducted to investigate the electrochemical behavior of the
silicides in the absence of fuel. The first of these involved a correlation of
crystal svructure with behavior, and the second involved an experiment to deter-
n.ine the cause of the cathodic current observed at low positive potentials for
TaSis and VSis.

1. Effect of Crystal Structure on Electrochemical Behavior

During the course of the program, the electrochemicai behavior of TaSi2 was
found to be similar to that of VSip, but quite different from that of TiSip or
MoSis. Since the structures of TaSip and VSi2 are the same, it was postulated
that the similarity in electrochemical behavior was related to the crystal struc-
ture. Both VSi and TaSi, have hexagonal structures; MoSiz and WSig have
tetragonal structures, and TiSip has an orthorhombic structure. TiSi2 is built
of close-packed layers of the type shown in Figure 5. The titanium atoms of
successive layers fall above the points B, C, and D, respectively. Therefore,
each atom has ten neighbors. Each titanium atom is approximately equidistant
from ten silicon atoms, and each silicon atom is approximately equidistant from
five titanium atoms and five silicon atoms. In the VSig and TaSi, hexagonal
structures, the repeating unit is comprised of only three layers instead of four,
with the metal atoms of successive iayers falling above the points B and D only.
In the tetragonal structures of MoSig and WSip, however, the repeating unit is
comprised of only two layers, with the adjacent layers being displaced with re-
spect to one another such that the metal atom of one layer falls above point B of
the other. Consequently. the three structures form an interesting series, all
being built from the same type of close-packed iayer superimposed in the same
way so that each atom has ten neighbors, but differing in the number of layers
in the repeating unit.

Figure 5 Crystal Structure of Silicides
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!
; From this analysis, it was concluded that the electrochemical behavior of Wiy
: should be similar to that of MoSig, the behavior of TaSig should be similar {o
! that of VSij, and the behavior of TiSig should be different from that of either of
\ the other two types of silicides. This is shown to be the case in the steady-state
| . curves shown in Figures 6, 7, and 8. {These data were obtained by recording
P { current readings after the corresponding potential had been maintained for ten
t minutes in a nitrogen-saturated electrolyte. )
400 l ]
MoS)
H WSiy
200
b
«<
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z
< w
_4 h
: S o
s g MoaSi
B © 2
; =
E:' g -200 Z WSy
: 400200 100 0 oSty
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i Figure 6  Steady-State Current-Voltage Characteristics for WSig and MoSip
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Figure 8  Steady-State Current-Voltage Characteristics for TiSip

2. Investigation of Cathodic Current of TaSis at 100 mv

Both TaSi, and VSi2 are characterized by cathodic current at potentiais below
200 mv, and it was not known whether this current is caused by impurities or

by the reduction of the oxide film. To find out, a rotating sintered TaSi, elec-
trode was treated in 1-molar HoS04 electrolyte at 25°C by maintaining a potential
of 1200 mv for one hour. The cathodic current was then measured as a function
of time at 100 mv. The electrode was then held at -1200 mv for one hour, after
which the current was aga’n record:d at 100 mv.

The results of the two tests are shown in Figure 9. As shown, pretreatment at
1200 mv was foilowed by an initial cathodic current of 1.3 ma at 100 mv which
decayed velatively steadily and was still progressing after ten hours, when the
test was terminated. This behavior is attributed to the reduction of the oxide
formed at the more positive potential. After pretreatment at -1200 mv, the
cathodic current remained constant at 0.22 ma. This behavior is diificult to
explain in terms of oxide film formation, known reactions, or impurities and is

not understood at this time.
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Figure 9  Effect of Prepolarization at +1200 mv and ~1200 mv on the Cathodic
Current of TaSig at 100 mv

D. NOBLE METAL UTILIZATION ON TiSig

A series of experiments were performed tofind a more quantitative measure of
nocle metal utilization on a silicide surface and to provide a baseline for judging
the activity of surface~doped electrodes. The activity for hydrogen oxidation of
smooth and platinized platinum electrodes of both the rotating flag and disk type
was measured at the same conditions used for the silicide. Sweep curves were
generated with a sweep rate of 34 mv/sec, and the results are shown in Figures
10 and 11. True surface area was determined by measuring the double-layer
capacxtance (assuming that smooth platinum has a double-layer capacitance of
40 pF/cm? true area) and by determining the hydrogen adsorption. The capac-
itance is determined from the curves by relating the current in the double-layer
region to the volicge sweep rate. Hydrogen adsorption was determined by in-
. . tegrating the area under the sweep curve in the hydrogen adsorption region. The
- amount of charge involved for a theoretically smooth surface was calculated on
the basis of the assumptior: that one atom of hydrogen is adsorbed on each sur-
face platinum atom. The results of the area measurements normalized with
respect to geometric area are shown in Table IH.
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TABLE III

. ‘ Electrochemical Parameters for Rotating Disk
; and Flag-Tipe Platinum Electrodes

Surface Roughness

. Measured Measured Hydrogen Calculated Hydrogen (Real Area/Geometric Arez)
: 3 . Double-Layer Adsorption Adsorption Double~-Layer Hydrogen
% “"“:Si Elcctrode Capacitance (uF/cm?) {1 coul/cm?2) ( coul/em?2) Capacitance  Adsorption
) % Disk (Smooth) 60 255 185 1.5 1.4
I vt 5]
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Figure 10 Anodic Branches of Triangular Potential Sweep Curves for Smooth
and Platinized (Platinum) Rotating Disk Electrodes With Sweep
Rate of 34 mv/sec
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and Platinized (Platinum) Flag-Type Electrodes With Sweep Rate
of 34 mv/sec
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The sweep curves (Figures 10 and 11) show that, in the case cof hydrogen, the
current in the limiting current region is not a function of the surface roughness,
at least for a factor of 40 change in the roughness factor. This is to be expected
in a mass-transport controlled process. Comparison of the limiting currents
obtaired with the disk and with the flag-type electrode reveals thai the disk pro-
vides a higher limiting current by a factor of 1.5 for equivalent true areas.

From the limiting current on the rotating disk and from the fact that the current
is limited by the geometry of the system, the amount of current which would be
obtained from a geometrically flat monolayer of platinum having the dimensions
of the disk can be calculated. This would represent complete utilization of the
platinum for this system. TFor this calculation, it was assumed that the platin-
um forms in a square array for the first monolayer with an atomic radius equiva-
lent to that calculated from the density. On this basis, a monolayer of platinum
with an area cf one square centimeter is equivalent to 0. 36 ug, and, consequently,
for the electrode disk size used, 0. 12 ug would be required to form a monolayer
over the disk surface, providing the surface is flat. Hence, if at teast 0. 12 pg

' of platinum is deposited as a monolayer on the surface of the silicide electrode,
the limiting current should be 0. 64 ma.

Comparison of this conclusion with the experimental results for platinum and
platinum on gold deposited on TiSi, (see Figure 7 of the second quarterly re-
port) does not verify the theory, however. Although the amount of platinum ap-
plied to the silicide exceeded the amount required to produce a rionolayer over
the geometrical surface area by a factor of about 10, the limiting current was
0. 55 rather than 0. 64 ma. This indicates that the utilization of the platinum is
low, and, consequently, it is clear that it is not deposited in a2 monolayer, but

; rather in discrete islands. This would result in a simple geometrical area ef-

’ fect, reducing the diffusion current by the ratio of the area covered with platinum
to the total area. In addition to this effect, the silicides have a relatively rough
surface, which requires 2 larger amount of platinum to completely cover the sur-
face. Hence, the lower limiting current for the silicide electrodes and the re-
latively large amount of platinum required seems to result from the combination
of two factors which are inseparable until either the true surface area or the

o deposit crystallite size (or, complimentarily, the fraction of the substrate
v l covered) is measured.

B S

An atteinpt was made to measure the surface roughness of the TiSig electrode by
plating it with gold, since the double-layer capacitance of thc resulting surface
could be compared with that of a smooth gold sheet to calculate the relative sur-
face area. The TiSiy electrode was cleaned by immersion in a HNOg-HF mix-

! ture at 99°C for one minute followed by rinsing in distilled water. It was then
LT placed for two minutes in a solution containing 1 g KAu(CN)g, 2 ml 48 perc.nt

- HF, and 100 mi HZO, at room temperature. A shiny gold plate resuited. How-
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ever, it was not possible to measure the double-layer capacity of the plated plug
because the electrochemical behavior was thc same as that of the unplated sili-

‘ cide. Apparently, the TiSis plug is porous enough that the electrolyte penetrates
i info the structure.

[ N L T

’ E. EFFECT OF GOLD-PLATINUM RATIO ON TiSi2g SURFACE DOPING

A series of experiments were reported in the second quarterly report in which
TiSip was plated from a sulfusic acid solution containing equal molar amounts of
geld and platinum. The results were unusual since the sweep curve showed no
defined limiting current and the maximum currents obtained were about 40 per- !
cent higher than the limiting current obtained for the rotating platinum disk.

During this report period, similar experiments were performed with co-deposits
of platinum and gold, but the amount of platinum was held constant at 0.2 pg and
the amount of gold was varied. The ratio of the current obtained for the co-
deposit to that obtained for platinum is plotted in Figure 12 as a function of the
weight percent of gold in the deposit. The curve exhibits maxima at 50 and 70
percent of gold which are higher then the level obtained with 0.2 pg of platinum
alone. A sharp minimum occurs at about 55 percent of gold. There s some un-
certainty in the absolute values of these percentages because of the small amount
of the materials involved and because of the sharpness of the maxima and the
minimum. However, a sufficient number of points have been repeated to assure
that the general shape of the curve is correct and that the minimum occurs close
to the indicated value. It is difficult to interpret these results because the char-
acter of the surface is not known, that is, it is not known whether the deposit is
a mixture or an alloy. At present, an attempt is being made to correlate the re-
sults with those published by M. W. Breiter* on hydrogen zdsorption on hetero-
geneous platinum-goeld alloys.
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IIl. CONCLUSIONS AND RECOMMENDATIONS

v .
Ly

The experiments performed on TiSis on a gold suhstrate indicate that TiSig
powder has a slight catalytic activity for hydroger and methanol oxidation, :
whereas TiSi, in the form of 4 sintered plug has no detectable catalytic activity. 3
This is not surprising since t'.2 high temperatures used during fabrication of the
plug could destroy the active sites. The activity previously reported for the
silicides on a gold~piated platinum curr<at collector is probably caused largely
! by the small amount of exposed platinum on the current collector rather than by
: the silicide. Further, since corrosion testing was usually performed first,
some of the exposed platinum could dissolve in the electrolyte at the high po-
tentials used and subsequently plate out on the silicide at lower potentiais. The
higher catalytic activity observed during testing conducted prior to the contract
apparently was caused by plating of the silicide with platinum from the platinum
counter electrode used at that time.
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The electrochemical behavior of the silicides in the absence of fuel was found

to be related to crystal structure. VSiy and TaSi; have hexagonal structures

and similar electrochemical characteristics. Similarly, WSig and MoSigp both
have tetragonal siructures and also have similar electrochemical characteristics,
but different characteristics from those of VSig and TaSi,.

o B NG < AN

Surface doping of TiSi, with platinum and with platinum-gold combinations by
electrodeposition from very dilute solutions of gold in salfuric acid resuits in
low utilization of the noble metal. No evidence was found that the silicide made
any significant contribution to the catalytic activity observed under these condi-
tions. Since no catalytic activity on the part of the silicides has been observed,
it is recommended that further studies of silicides bz abandoned. The use of
silicides solely as catalyst supports does not appear to be desirable because of
the difficulty in obtaining silicides in a finely divided state and because, in the
finely divided state, they have 2 high electronic resistance because of the high
ratio of oxide volume to silicide volume.

Tests have indicated that platinum contamination of the current coliector can
seriously distort the results. The amount of platinum responsible for the
activity observed on gold in Figure 1 is not known, but it must be present in
very small amounts. Consequently, some of the data published in the literature
on electrodes other than platinum is questionable, since most workers have used
platinum as 2 counter electrode. An even more serious source of platinum con-
tamination would be the fairly standard practice of conducting pre-electrolysis
of the electrolyte 'sing platinum electrodes. The resulting contamination of the
electrolyte with platinum and its subsequent deposition on the electrode ur.der
study cculd seriously affect the results.
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Because the piatinum contamination is of considerable significaace to the

study of electrocatalysis and since the silicides have bezn found to be unsuitable
as catalysts fcr hydrogen or methrano! reduction, it is recommended that the re-
mainder of the contract effort be devoted to the study of the effect of trace amounts
of platinum on « gold substrate. It would be of interest to determine how small

an amount of platinum can be detected cn gold by electrochemical techniques,

and it would also be of value to determine how the surface coverage »of gold with

platinum affects hydrogen adsorption and the Tafel parameters for hydrogen
evolution and dissolution.

pace no. 16

ooy g, R )
eSS g IS




k et e e p———— e LR S T T ST _ﬂ?

R ST

Security Classification

DOCUMENT CONTROL DATA - R&D
{Security ciaselfication of titls, body of abstract and indexing tatinn xwist be d when the overall report ie cleseilied)
1 ORIGINATING \CTIViITY (Corporate author) 20. REPORY SECURITY C LASSIFICATION
Peatt & Whitney Aircraft Division
United Aircroft Corporotion Unclossified
€ost Hortford, Connecticut 26 anrour
t

3. REPORT TITLE

INVESTIGATION OF MECKANISMS FOR ELECTROCHEMICAL CATALYSIS i

4 DESCRINTIVI HOTES (Type of repoet and inclusive dates)
. Quarteriy Progress Report, November 1, 1966 through Jonuary 31, 1967

$ AUTHOR(S) (Laat name. first nome, initisl)

o ————y

Aylward, John R., and Smith, Stonley . )

TR N 5 Sl s AT S R RS A

é REPORT DATE 78. TOTAL NO. OF PAGKS 170, no. OF &REFS ;
May 1967 16 0 Y
§8. CONTRACT OR GRANT NO 98. ORIGINATOR'S REPORT NUMBER(S)
DA 26-043-AMC-02205(E)
b. PROJECT NO. PWA-3051
§C01450i434A00
Task 11 - o
c. 3 »
) ] a'{.ﬂ&” ORT NC(Y) (Any olher nunbers that may be sesigned
d ECOM-02205-3

10. AVAILABILITY/LIMITATION NOTIZCES .

Distribution of this document is unlimited

11. SUPPL EMENTARY NOTES 12 SPONSORING MILITARY ACTIVITY

U.S. Army Electronics Cormand . 3
Fort Monmouth, New Jersey 07703 .

AMSEL -KL -PE i i
| S , %

13 ABSTRACT .

A progrom is being conducted to investigate the mechanisms of electrocutalysis with respect to the ancdic oxidotion of
selected fusls by novel electrocatulysts in acid electzolyte ot temperatures below 150°C and ot ambient pressure. - Major
emphosis has been given to the investigation of the properties of transition metal silicides when surfoce—deped with
plasinum, gold, or kzth,

Conflicts had occurred in the doto foz silicides incorporcted on gold and gold—platad currunt collactors, but investiga~
ticn during the currant quarter indicates *hat the conflic's resultid from plotinum contamination. The rtudy alsc showed
that TiSi, exhibits some octivity for hydrogen and methonol oxidotion.

The electrochemical behavior of WSi, in acid elecirolyte was studied ond wos found 1o be similar to thot of MoSiy.

Both of these materials hcve tetragona! structuras. ¥Sij and TaSiy olxo hove similar slectrochemical chatacteristics
and both have hexagonal structuras.

Experimants with pletinum~duped TiSiy elecirodes indicctes that relatively iarge amounis of platinum ore required

to obtoin o catalytic activity whick approaches that of on equivalent platinum shaet and thot the utilizstion of fhe

. platinum is low. However, gold—platinum co-deposits on TiSiy exhibit mockedly different behavior. The current
obtaoined from the co-deposits as the rotio of go!d to platinum was variad shows moxima ot 50 ond 70 weight percent

of gold end o shurp minimum at 55 weight percent of gold. The moximo ore higher thon the levels of activity

obtained with pletinum olone, -

e D T s e, S 4 2 x4 on

o mow e hre a1 b

DD .22 1473 ‘

Security Classification

PN

IR P S T U S e




RS L DARIG, U DU Bl o . e — - -

v o————

: Security Classification
—

t ¥ 14 LINK A LINK 8 LINE C
KEY WORDS ROLE wY LT-I% ¢ T noLK wY
‘ Electroztsxtcal Catalysis 4
. ~ Hydrogen Oxidation 4
i 3 Methanol Oxidoiion 4
. . Silicides 1
. s - Corrosion 1
:
"
L
’ £
H
£
INSTRUCTIONS
1. ORIGINATING ACTIVITY: Entes the name and address imposed by aecurity claswificution, using standard statements
< of the contractor, subcontractor, grantee, Departmunt of De- such aa:
N {ense activity or other organization (corporate outhor) issuing (1) *““‘Qualified requenters muy obtain copies of this
the report. report fom DDC.**
2a. REPOKT SECURTY CLASSIFICATION: Enter the over- (2) “Foreign snnouncement and cissemination of this

all security classificxtion of the report. Indicate whether % "
“Restricted Data’ 19 included. Marki g is to L& in accord report by DDC .4 not sutherized
snce with appropriate security raguiaticns, (3) '"U. S. Governmant agencies may obtaia copies of

e, \
2b. GROUP: Automatic downgreding ie specified in DeD Di- ﬁ;:?::x'xt:ﬁg& ‘tmul:i?c Other quatified DDC
tective S200. 10 an¢ Armed Forces Industria: Manual. Euter

the group number. Also, when spplicable, show that optional M
gnatkmp hsve been used for Group 3 and Group 4 as author- (4) *C. S. military agencies may oMtain copies of this
ized. repost directly from ODC. Other qualified users
o 3, REPORT TITLE: Enter the corplete report title in all shall request through

capital letters. Tlties in all cases should be unclassified. R

g If & meaningfu; title cannot be selected without classifice- " -

H tion, show title classificstion in all capitals in parenthesis (5) “All distributicn of this report is controlled. Qual-

: immediately following the title. ified DDC users shall request through
4. DES’RIPTIVE NOTES: If ppropriste, enter the type of %4
report, e.g., intetim, progress, summary, annual, ot final, If the report hus been furniahied to the Office of Technical
Give t:: inclusive dates when a specific reporting period is Services, Department of Commercs, for sale to the public, indi-
cover

cate this {act and snter the price, if known

S. AUTHOR(S): Enter the natw(s) of suthor(s) as shown on 11, SUPPLEMENTARY NOTES: U

or in the zeport. Enter last name, first name, middls initial. to. - notes. NT ES: Use for additional explans-
17 xmilitary, show rank and branch of service. The name of :
the principal sithor iv an absclute miaimum requirement. 12, SPONSORING MILITARY ACTIVITY: Enter the name of

. the departmental project office or 1aboratory spensoring (pay-
6. REPORT DATEL: Enter the det of the report as day, ing for) the research ond development. Include addreas.
r inth, yea:; or mcnth, year. If more than one date sppests

« un the report, use date of publication. 13. ABSTRACT: Enter an abstract giving a brief and factusl
7e. TOTAL NUMBER OF PAGES: The total page count summary of the document indicative of the report, even though

- it may also appear 21sewhere in the body of the technical re-
should follow normal paglaation procedures, iLe., enter the sort. If additions] space is required, a continuation shest shall

number of pages containing information. be attached.

7b. NUMBER OF REFERENCES: Enter the total number of 1t is highly desirable thet the abstract of clasasified reporte
reletences cited in the report. be unclassified. Each parsgraph of the abstract shall end with
8. CONTRACT OR GRANT NUMBER: If sppropriats, enter an indication of the military security classification of the in-
the spplicable number of the contract or grant under which formation in the paragraph, represented as (T8), (S). (C}. or (U)

the report was written There is no limitation on the length of the abstract. How-
82, &, & 8d. PROJECT NUMBER: Enter the appropriste ever, the suggestad length is from 150 to 225 words.

militery depertment identification, such as project number, 14. XEY WORDS:
. S: Key words are technically meaningfu! terms
subproject number, system numbers, task number, stc. or short phrases that characterize a repsrt and may be uaed as

Sa. ORIGINATOR'S REPORT NUMBER(S): Eater the offi- indox entriea for catsloging the report. Key words muct be

clal report number by whick the document will be identified selected 80 that no security classificetion is required. Ideati-
and comrolled by the originating sctivity. This number must fiers, such as equipment model designation, trade name, military
be unique to this report. ptoorj:c:odo ll;uue. geographic locaz?.uuy be used as key

98. OTHER REPORT NUMBER(S): If the report has boen words but will be followed by an lndicetion of techalcal cou-
assigned any o:her report numbers (either by the originstor text. The asaignment of links, raiss, and weights is oprional.

or by the sponaor), alsc enter this number(s).

10. AVA7T ABILITY/LIMITATION NOTICES: Eater any lise
itetior: un f:xther disseninetion of the report, other than thoss) J

DD .52 1473 (BACK)

R o Ly e S L

Security Classification




