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Abstract

Cobalt and cadmium additive distributions in the active material across the thickness of
a nickel electrode were determined by using scanning electron microscopy and energy
dispersive X-ray analysis techniques. The nickel oxide/hydroxide active material is impregnated
in small pores (10 to 15 um) of the nickel substrate of the electrode. To avoid possible
interference by the nickel metal substrate, the additives and ionic nickel were analyzed
on micro-spots in the active material on a cross section of the electrode. The atomic ratio
of nickel to oxygen at each analytical point was used to confirm that the analyses were
carried out at spots constituting pure active materials only, without any contamination
from the nickel substrate/metal. Results showed that cobalt and cadmium additives were
more concentrated at the surface than the bulk for electrodes prepared by the electrochemical
impregnation technique. Trends in the distributions of the individual elements (additives)
did not change after cycling of the electrodes (up to about 50 cycles) in flooded cell
configurations.

Introduction

Additives are commonly used in nickel electrodes [1] for alkaline batteries such
as Ni/Cd, Ni/MH, and Ni/H,. The active material of the nickel electrode is nickel
oxide/hydroxide. Many different additives have been used to improve the electrode
performance [2]. Among the additives, cobalt showed many beneficial effects such as
increase in the utilization of the active material of the nickel oxide electrode [3-5],
dimensional stability, reduced electric resistance [6] and improved electrochemical
reversibility [7]. Cadmium addition is also believed to improve the electrode performance
through improvement of the conductivity of the active material and raising the oxygen
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overvoltage [8]. A recent micro-calorimetric study showed that cadmium additive in
the presence of cobalt might reduce self-discharge reaction of a Ni/H, cell [9, 10].

Undesirable inequalities in the distribution of additives in the active material of
a nickel electrode may arise during electrochemical impregnation from nonuniform
current distribution in the porous structure and also from the differences in solubility
product of the different hydroxides. Uneven distribution of additives within the active
material may also play a diminished role during activation of the active material; the
eventual utilization of the electrode will depend strongly on the distribution of additive,
and as a consequence, full utilization is seldom attained in practical electrodes. It is
thus desired to have even distributions of additives in the electrode in order to achieve
optimum effects of the additives. However, a comprehensive study of the distribution
of additives had not been previously undertaken. This was due, in large part, to
experimental difficulties in analyzing the additives which are imbedded in small pores
(10 to 15 wm) within the nickel substrate of the electrode. The difficulty has been
attributed to possible interference by the nickel substrate during the analysis, contributing
to the overall material count of nickel oxide/hydroxide active material. In this report,
we have discussed an effective technique for the analysis of the distribution of additives
across the thickness of the electrode and between adjacent nickel particles.

Experimental

The electrode samples used in this work were sintered types and of similar nature
to those used in aerospace Ni/H, cells ‘fly-type electrodes’. The electrodes were prepared
by an electrochemical impregnation technique in an aqueous alcoholic bath containing
nitrates of nickel and additive metals (Co and Cd). Electrode substrate was a dry
powder sintered nickel plaque which was ~80% porous [1]. Test sample electrodes
contained additives of either Co alone or a combination of Co and Cd. Thickness of
the electrodes were within 0.7 to 0.8 mm.

The scanning electron microscopy (SEM) and energy dispersive X-ray (EDX)
equipment used in this study was a JSM model 6400 scanning electron microscope,
equipped with a Noran I-2 EDX unit. Experimental samples were prepared by potting
the electrodes in an Araldite epoxy mixture. The potting was carried out under vacuum
to avoid formation of air bubbles in voids of the electrode samples. The epoxy was
cured at 45 °C. The cross section of the electrode in the potted epoxy was polished
with 0.3 to 1 um alumina powder solutions.

Results and discussion

Surface morphology and active material distribution

The active material constituents in the various electrode samples were analyzed
using both the EDX and atomic absorption techniques. Figure 1 shows representative
EDX spectra of the active material for electrode samples of the two types described
in the previous section, i.e., with Co additives only, and with Co and Cd additives
together. The spectra were taken in areas which appeared to be active material, and
thus the oxygen peak observed in the spectra is an indication of the presence of the
active components — Ni, Co, O and Ni, Co, Cd, O - respectively. Atomic absorption
measurements yielded elemental contents which are consistent with the impregnation
electrolyte constitution, the ppm of Cd increasing as the concentration in the impregnation
solution increases (Table 1).
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Fig. 1. Representative EDX spectra of the active material in the electrode with (a) Co, and
(b) Co and Cd additives. :

Representative SEM iniages (X75 to %X80) of a polished electrode cross section
of a typical sample before and after about 50 .cycles are shown in Fig. 2. Large light
circular areas represent cross sections of Ni wire screen. Light microscopic areas
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(b)

Fig. 2. Backscatter electron images (X 75 to X 80) of a typical area of the electrode cross section
perpendicular to Ni screen: (a) before cycling, and (b) after cycling.

represent the Ni metal particles of the sintered substrate. Grey areas represent the
active material while dark areas represent epoxy-filled voids of the electrode. The
micrographs show, qualitatively, the distribution of the active material and Ni particles
across the body of the electrode. In general, the distribution of active material appears
to be uniform along the orthogonal directions, but uneven along the thickness of the
sample, with the grey content (active material) increasing as one moves from the
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Fig. 3. (a) An SEM picture of the whole cross section of a Ni electrode with Co additive and
(b) the corresponding Co distribution; after cycling.

center of the electrode to the top (and bottom) surfaces. Upon cycling, the areas
representing the active material show a visible increase. The probable reason is that
the extended cycling causes a conditioning and activation of NiOOH.

Distribution of elemental components in the active material

In the previous section, the distribution of active material in the electrode structure,
as examined by the SEM technique, was discussed. The analysis, however, does not
give a complete description of the distribution of the elemental constituents in the
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active material. To do this, two types of component distribution were considered: (i)
across the entire thickness of the electrode, and (ii) between two sintered Ni particles
at different portions along the thickness of the electrode. Figure 3 is an illustration
of the analysis of the first type, using an electrode with Co additive only. The analysis
was carried out on the grey areas only along the solid line shown in the micrograph
of Fig. 3. The distribution shows a lower Co content at the geometric center of the
electrode, and the content increases from the center towards the surfaces of the
electrode. A semi-quantitative statistical analysis of the percentage Co distribution
along the electrode sample often yielded average values which are comparable to the
percentage Co content in the impregnation solution, and thus in the electrode. In the
case of Fig. 3, the average value of the Co in the active material was around 7%
while the reported Co content during impregnation was 7%. Figure 4 illustrates identical
analysis for a typical electrode with both Co and Cd additives. The electrode sample
for the latter case was prepared in an impregnation bath solution containing Ni, Co
and Cd nitrates, with the composition based on the material added, in %, (93:4.2:2.6).
In this Figure, R refers to the Ni:O ratio, a constant value of which would indicate
an exact measure of the true elemental contents, as will be discussed later. The
distributions of both Co and Cd are lower in the middle of the electrode than near
the surfaces of the electrode in both cases, while the Ni:O ratio was constant within
experimental errors. The observed higher concentrations of the additives at the surface
than in the bulk might be due to preferential deposition of the additive ions relative
to Ni ions in the impregnation bath conditions.

The second type of analysis is pictorially illustrated in the micrograph of Fig. 5.
Here, the distribution of active components in the electrode is measured between two
sintered Ni particles at microscopic points along a line which connects the two Ni
particles. The analyses were performed at different positions along the thickness of
the electrodes, for example, at the center between two Ni wires and also near the
surface of the electrode. Flat distributions of the additives were observed for both
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Fig. 4. Cross-sectional distributions of Co, Cd, and Ni:O ratios for an electrode with both Co
and Cd additives; before cycling.
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Fig. 5. SEM micrographs of an electrode showing locations of EDX analytical points for analysis
:){t‘ component distribution between adjacent nickel particles: (a) center portion, and (b) near
rface; cycled electrode.

the electrodes with Co only, and Co and Cd additives. In other words, the additive
(Co and Cd) content was found to be constant between adjacent Ni particles. Table
2 illustrates this trend in ‘as-prepared’ electrodes with 7 and 10% Co only additive
for measurements carried out at analytical points near the surface, and at the center,
of the electrodes. The flat micro-distribution of Co between adjacent Ni metal particles
is consistent with results reported earlier [11, 12].
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TABLE 2

Results of EDX elemental analysis of active material in nickel electrodes which were prepared
in an impregnation bath solution containing nickel and cobalt nitrates in ratios of (A) 93:7 and
(B) 9:1, respectively

Electrode Location Micro-spots Cobalt Nickel Potassium
(%) (%) (%)
A Center 1 257 95.98 175
2 2.32 95.88 1.80
3 3.83 94.76 1.41
4 2.55 95.86 1.59
5 3.98 94.35 1.67
6 0.91 98.93 0.16
Near surface 1 9.36 89.3 1.34
2 8.65 89.94 1.40
3 8.52 90.18 1.29
4 9.64 89.05 1.32
5 8.25 90.44 1.31
B Center 1 10.47 87.66 1.88
2 11.88 85.64 248
3 11.88 84.76 3.69
4 11.74 84.48 3.78
5 3.60 95.37 1.02
Near surface 1 13.88 81.98 4.14
2 12.77 84.37 2.86
3 13.43 83.43 3.14
4 2.99 96.25 0.27
5 7.89 90.44 1.66

It has been argued that analyses based on SEM/EDX techniques are not sufficient
to conclusively quantify the distribution of active components in a NiOOH electrode
structure. This argument was based on the presumption that pure Ni particles from
the sintered Ni and/or Ni screen current collectors may be exposed to the electron
beam during the analysis, and thus the measured percentage would not give a true
representation of the additives present. In this work, however, this problem has been
overcome by measuring the relationship between the Ni; and O, peaks for each
analytical point. A constant value from this relationship would indicate that the Ni
analyzed was coming from the active material, rather than from Ni metal. In other
words, a constant Ni;:O, peak ratio would indicate a negligible, if any, contribution
of Ni from the screen and/or sintered Ni, or even more accurately, a uniform contribution
to the total counts. To demonstrate the validity of this claim, an attempt was madg
to artificially increase this ratio by intentionally choosing analytical points close to a
sintered Ni particle. This is illustrated in Fig. 6, and it can be seen that the peak
ratio increased about sixfold when the analytical point was centered on a Ni particle.
Otherwise, the peak ratio was constant in the grey regions of the micrograph representing
the active electrode material up to the point where the beam was significantly less
than 1 um away from an exposed sintered grain. In the analyses described in the
previous sections of this work, care was taken to only include analytical points for
which the Ni;:O, peak ratios were constant. This way, only the contribution of the
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Fig. 6. (a) An expanded view (X2500) of the electrode cross section showing locations of EDX

analytical points. (b) Corresponding values of Ni:O ratios for same analytical points; cycled
electrode.

active components in the electrode structure are taken into account for the determination
of the distribution of the additives, and erroneous results due to the presence of
shallowly buried sintered Ni could be avoided.

Using this technique, it should be possible to draw a correlation between the
active material utilization (after cycling) and the electrode thickness. Such a correlation
will be most beneficial in improving the Ni electrode performance.
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Conclusions

This work has demonstrated the use of the SEM/EDX techniques to identify
elements in a NiOOH electrode while simultaneously monitoring the distribution of
both the active electrode material and the individual elemental components in the
electrode structure. This was achieved by evaluating the Ni:O peak heights at each
analytical point, a process which accounts for the validity of the measured percentages
of the active ingredients in the electrode material. For the electrodes examined in
this work, the distribution of the active material was found to be uneven across the
thickness of the electrode, decreasing from the top and bottom surfaces towards the
center of the electrode. Consequently, the individual element additives such as Co
and Cd also decrease, following the same trend. However, at any analytical area along
either orthogonal direction, the distribution of the elements remains constant between
any two sintered Ni points.
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