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Finely divided Pt and Pt-Pb black powders have been used for some time as
anode cetalytic mzterials for the oxidation of hydrocarbons and hydrocarbons
containing oxygen in fuel cells. These blacks have been prepared by a number of '
different methiods with the end result that each preparative method and even
variztions within 2 given method yield catalysts of different activity. The
subject of this paper is 2 study of the microstructural and electrochemical surface
area characteristics of Pt and Pt-Pb électrodeposited blacks prepared under
different electrochemical conditions and is part of an over-all program on €lectro-
catalytic materials.

EXPERIMENTAL APPROACH

Three important aspects of preparing catalysts by electrodeposition were
studied, These were the effects of the electrode surface microstructure upon
which the catalyst nucleates and grows, the current demsity during electrodepo-
sition and the Pb ion concentration in the plating solution. Earlier in the
program, it was observed that the electrochemical surface area and activity of
electrolytically prepared Pt blacks varied with different surface treatments
of the electrode substrate prior to electrodeposition. Replication electron
microscopy in conjunction with electrochemical surface area measurements were ) R
performed to establish whether or not differences in nucleation and growth of '
Pt and Pt-Pb blacks could account for such differences. Cross-sections of the
electrodeposited layers were also examined.

The extent of electrochemical surface area was investigated in regard to
the deposition parameters, current density and Pb concentration of the plating
solution. These results were correlated with catalytic activity for the electrode
oxidation of hydrocarbon fuels studied in other parts of the program. The surface
areas were measured using a charging method which involves the measurement of the
number of coulombs required to remove a monolayer of adsorbed hydrogen by electro-
chemical oxidation from the surface of the catalyst. The influence of the.concen-
tration of Pb upon the character of the catalytic deposit was studied both micro-
scopically and electrolytically employing the same methods as mertioned above,

DISCUSSION OF EXPERIMENTAL RESULTS

Microscopy of the Nucleation and Growth of Pt and Pt-Pb Electrodéposits

Flectron Microscopy: Replication electron microscopical techniques were
used to study the nucleation and growth of Pt and Pt-Pb electrodeposits on Pt
electrodes which were purposely chemically pretreated to alter the electrode
topography to ascertain what effects topography had upon.structural and physlcal
properties of the deposit. The surfaces examined were, untreated, metallographically
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polished, sandplasted'and etched by heat, molten sodium carbonate and aqua regia,
Figure I contains electron micrographs 1llustrating the effect of each treatment on
the topography. Pt was electrodeposited on a series of 1 cme area pretreated
electrodes at different time intervals from a 2% agueocus solution of HpPtClg at a
current density of 100 ma/cm2; Each electrode was electrochemically cleaned and
reduced before electrodeposition. Figure II shows the nucleation and growth of Pt
on untreated Pt surfaces. . The electrodeposit appears first as randomly distributed
particles which enlarge laterally with plating time until the electrode surface
becomes covered. Further deposition appears to occur primarily in the surface
asperities and the deposits become smoother. Deposn:ion on other surfaces follows
the same general pattern with minor variations.

' Pt-Pb blacks were electrodeposited on untreated, annealed and sandblasted
surfaces at current densities of 10 and 100 ma/cm2 from 0.1 M HpPtClg, 2 x 107 3u
PbOOCCH3 solutions. The electrodeposits formed at 10 ma/cm2 on the various surfaces
as fine nuclei randomly dispersed over the surface. These nuclei grew laterally
into a thin smooth grayish deposit. The electrodeposits prepared at the higher
current density were different from those prepared at 10 ma/cm2 in that the nuclei
formed more rapidly and were coarser in appearance; Each pretreated surface
showed some difference in mode of nucleation. Figure IIT shows the nucleation
and growth on untreasted Pt surfaces. The same general growth pattern persists in
this case as those described in the previous experiments. However, these deposits
were much more fragile than those previously discussed.

Light Microscqpic Surface Analysls- Light microscopic examinations of Pt
and Pt-Pb electrodeposits prepared at 100 ma/cm revealed only rough appearing
surfaces without any distinguishing features. The same examinations for Pt-FPb
blacks deposited at 10 ma/cﬁ2'did reveal some distinguishing features and are
shown in Figure IV, This figure contains a series of photomicrographs for deposits
on annealed substrates showing first the smooth deposit followed by craéking defects
and some Interesting secondary growth phenomena as the electrodeposition time was:
advanced.

Cross-Sectional Microscopical Analysis: FElectron and light microscoplc
studies show only the topographical features of the deposits. Cross-sections of

'these‘deposits were prepared to glve some concept as to the structural character-

istics of the catelyst interior. Figure V contains cross-gections of deposits
prepared at 10 and 100 ma/cm2 for Pt and Pt-Pb black deposits, Both types of
deposits prepared at 10 ma/cm® and the Pt deposit prepared at 100 ma/cm? appear
as solid films with vertical cracks, The Pt-Pb deposit prepared at 100 ma/cm2
is bigﬁificantly different and is characteristic of dendritic type structure.

Deposit Thickness Growth Rates
;

R Cross-sectional analysis also afforded as a means to obtain information
regarding deposit thickness growth rates and the compactness of the deposit from
deposit thickness measurements, deposition times and deposit weights. The two
types of deposits were prepared on untreated Pt electrodes at tlme intervals and
average film thicknesses and deposit weights were measured.

. Linear thickness growth rates were observed for Pt and Pt-FPb deposits pre-
pared at 10 ma/cm® and 100 ma/cm@ respectively. The respective rates are 2 x 107
and 2.8 x 103 mn/sec. Pt discharged at 100 ma/cm® was not linear and was found to
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ovey the relebion-
- ' m
£ =Dt

wrere ¢ 1is the deposit thickness and b and m are coastants. The: Pt-Pb black
deposited =zt 10 ma/cm2 shows an initial rapid thickness growth rate which tapers
ofi' and appears to become linear after approximately 200 seconds deposition time.

7,

Surrace Area of Electrodeposits

Surface Area of Pt Blacks Prepared on Pretreated Electrode. Surfaces: The
surface area of Pt electrodep051ts prec1p1tated at 100 ma/cﬁg on the pretreated
Pt electrodes is shown graphically vs deposition time in Figure VI. These data
indicate the intluence of surface pretreatment on electrochemical area. An ex-
pression was found which relates surface area with deposition time for deposition
a% 100 :na/cm2 for the first LOO seconds of plating time, it is?

G = mb(1-e @) | - (1)

where o 'is the electrochemical surface area, m is the slope.at high values of time
in € vs % plots, such as Figure VI, & 1s obtained by solutkon of (1) after
sutstitution of m and an experimental point 6 , t. @ and m are different for each
of the deposits on the differently treated electrodes. ' :

Surface Area of Pt-Pb Deposits on Pretreated Pt Surfaces: The surface area
of these deposits was found to increase linearly with time or deposit weight for
depositions at 100 ma/cme} Furthermore, the pretreatment of the substrate electrode
did not irfluence the surface area of the deposit. Surface area vs deposit weight
plots have averzge slopes of 21.5 mC/mg deposit. The average weight of deposit
which builds up was found to be 0.05u g/sec. From this 'information, the following
equation was derived for calculating deposition times to prepare catalysts of
epproximate desired i?r! ce areas;

- 4 mCZcm2 : : : (2)
1.07 ‘

This eguation assumes no loss of catalyst due to flaking off from the electrode,
Deposition of this codeposit at 10 ma/cm2 did not show any linear relation-

ship cetween surface area and deposit time or weight, The amount deposited per

unit time veried with electrode pretreatment and the rate of increase in surface

area was observed to decrease with deposition time. The experimental data were

found to obey the following equation:

= bB'(i/t)’"/2 : : (3)

tsec

v and m are constants dependent upon the nature of the substrate surface and are
ot-ained from graphical plots of experimentsl data. 1 1s defined as the current
density. Figure VII shows the experimental and calculated surfaces areas using
equation (3).

Tne Effect of Current Density on Surface Area: Since codeposits prepared
at the two current “densities varied so widely, experiments were conducted to
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" determine the effect of variations in current density on the surface area of the
~codeposit. The same number of Faradays were discharged in the preparation of each
codeposit. The results of the experiment on untreated Pt electrodes is shown in
Figure VIII, This plot is essentially the same for each of the treated surfaces,
A plot of deposit weight vs current density has the same shape as in Figure VIII,
The surface area was found to be related to the current density by the

following:

where each symbol has the same definition as given before, Figure IX shows agree-
ment between experimental and calculated surface areas.

Cogpositioﬁ of Electrocodeposits

The Effect of Current Density on Deposit Composition: Electrodeposits formed
in the same manner as in the previous section were found to give the same shape
curve as Figure VIII when %Pb is plotted versus current density.. Consequently the
form of the equation which related surface area and current density will serve to

"relate $Pb found in deposit vs current density; it 1s:

4Pb = bt(1/t)® ) (5)

Again, b and m are constants and are obtained from linear plots of equatlon (5)
using. experimental data.

Effect of Pb Ion *Concentration in the Plating Solution Upon the. Structure and
Pglsical Properties of the Electrodeposit

Effect Upon Surface Area: The electrochemical surface areas were measured for
a series of Pt-Pb deposits prepared from plating solutions containing different f
amounts of Pb ion at a current density of 100 ma/cm®, The surface area per unit
weight of the electrodeposit was found to decline upon increased additions of Pb ion.
The concentrations studied ranged between 1 x 10~* and 5 x 10-2 moles/liter.

Effect on Deposit Structural Properties: Cross sectional and surface photo-
graphs were taken of the deposits prepared from solutions containing different
amounts of Pb ion at 100 ma/cmz. Cross sectional studies revealed a transition from
a closely -packed deposit prepared from a solution containing 1 x 10'h moles/liter Pb
ion to a dendritic type deposit from a solution containing 1 x 10-2 moles/liter Pb ion
Surface photographs show a corresponding transition in texture from fine grains to a '
Toarse .open structure for the lower and higher concentrations of Pb ion respectively.

CONCLUDING REMARKS

This study has demonstrated that replication electron microscopy in con-
Junction with cross-sectional optical microscopy can be applied to the characteri-
zation of the morphology and mode of nucleation of Pt or Pt-Fb electrodeposits. The ¢
., analysis has also shown.that by closely controlling the microstructure through
Judicious chenges in the cell plating conditions, large variations in the properties
of the deposit can be obtained. The quantity of nuclei deposited from solutions
containing Pt and Pb was greater than that observed with solutions containing only
Pt under similar conditions. An increase in the surface area of .the Pt-Pb codeposits '
was found to be dependent on the weight of the deposit, the electrodeposition time,
and the current density.
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CROSS SECTIONS OF ELECTRODEPOSITS
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