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Electron Microscopic Investigations of
Pyramidal Structures formed on the Surfaces
of Electrodeposited Nickel

In o previous communication!, we reported the
development of various struetures on the growing sur-
faces of electrodeposited niekel, using electron microscopy.
The deposits examined were obtained by electrodepositing
nickel, mainly on polyerystalline copper foils, at a eurrent
density of 10 m.amp/em? from & Watt's type of bath ot a
temperature of 25° (. Deposition times of about 1 and
12¢ min were used for most of the work. The presence of
growth features, such as sub-grain structures formed 6
an early stage and microcnvities formed at an advaneced
stage of deposition, led us to helieve thas internnl stresses
associated with dislocations and other structural defects
play an important part in the growth of cathodic erystals.
Recently, we have observed by electron microscopy the
development of pyramidal struetures at intermediate
times of deposition from the same baths and a6 the same
deposition conditions as used previously., In this com-
munieation, results on the development of these strue-
tures are d.presente

Purified sulphate-chloride baths of pH 51, having com-
positions as described in the previcus work!-, were used.
Deposition was earried out on 1-mil-thick platinum foils,
which were previously otched in dilute aqua regia. The
electron micrograph of the platinum surface is shown in
Fig. 1. Replicas of the electrodeposited nickel surfnces
for electron microscopic investigntions were prepared as
previously deseribed?:®.
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Tig. 1. Tlecbron microzraph showing the polyerystalline stmicture of
the elehed plaiinum eathiode .



Fig. 2. Tlectron mlcrograpi revealing the formation of crystal graing
during clectrodeposition of nickel fram o suiphate-chloride bath, of
pH 51, at 25° ¢, and a carrent density of 16 m.ampfem?, for 5 min

Tig. 4. Eleciron micrograph showing the development of paralle] lines
us well as steps during the electrodeposition of nickel using the same
bath conditions as in Fig. 2, but for o deposition time of 10 min

Niekol slectrodeposited from the sulphate-ehloride bath
of pH &1 at a current density of 10 m.amp/em?®, snd
for o deposition time of 5 min, generally developed large
erystal groins with well-defined boundaries (Fig. 2). A
similar growth for electrodeposited mickel was observed,
in some cages, by Weil and Cook*. For a deposition time
of 10 min, under the foregoing bath conditions, a surface
developed, which contained mutuslly parallel lines and
steps (Fig. 3). If deposition was carried cut at & longer
time, say 45 min, simple pyramidal structures bounded
by stepped surfaces were formed (Fig. 4). The apexes
af a set of pyramids are in general connected by a line,
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Fig, £, Blectron micrograph revealing the formntlon ofsimﬁlc pyranidal
structures using the same bath condltions as in Fig, 2, but for o de-
position time of 48 min

Fig. 5. Tleciron micrograph of the electrodenositad niekel surfaee

farmed under conditions slmilar to those in Fiy. 4, but revealing the
formation of pit-like séructures on the pyramids

with the lines eonnecting the different sets of pyramids
running paraliel to ench other. For s still longer time of
deposifion, say 065 min, pit-like structures appeared ai
the apexes ond on the steps of the surfaces of the pyra-
mids (Fig. 5). The pyramids completely disappearad at
sufficiently long times of deposition (120 min), with miero-
cavities, resembling etch pits, forming on the various
ports of the cathode surfacel.

No pyramids were formed a4 comparable thicknesses of
electrodeposited nickel from the foregoing boths and
deposition conditions ut higher current densities of 25 ar



Tig. 6. Blecbron miorograph of the nickel surface as obtained by
electrodeposition from n sulphrée-chioride bath of pH 5-1, at 256° C, ot
o current density of 50 m.amp/em?, with o deposlilon time of 12 min

80 m.amp/em?® (Fig. 6), This is in agreement with the
finding of Economou, Fischer and Trivich®, who examined
the structure of electrodeposited copper. At low current
densities, pyromidal growth predeminated; at higher
current densities, layer growth predeminated. According
to these workers, high mobility of dislocations on a grow-
ing cathode surface is necessary to account for the
development of simple as well as extended pyramidal
structures. This high mobility of dislecations could ke
a consequence of the exothermic character of the electro-
deposition process’ and the fact that newly formed sur-
faces tend to o confipuration which reduces their internal
stresses.
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