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Electroplating Condition for Ni Nanocrystalline on Metal (Ni and Cu) Plates

Keun Yung Park, Young Rang Uhm, Kwang Jae Son, Young Ho Shim, and Sun Ju Choi*

'Radioisotope research Division Korea Atomic Energy Research Institute, 1045 Daeduckdaero, Yuseong-Gu, Dagjeon
305-353, Republic of Korea
"Corresponding author: choisj@kaeri.re.kr

1. Introduction is used in the nickel plating solutions for buffeyi
purposes. The pH of the bath was adjusted to A®@+
Ni-63, a beta radiation source, is prepared by the by the addition of drops of KOH (1 N).

electrical deposition of radioactive Ni-63 ions arthin A nickel sheet (99.99%, Aldrich) with dimensions of
non radioactive nickel foil or Cu plate. Given dftife 10 mm x 20 mm x 0.27 mm, and a Cu plate (99 %,
of 100 years, a nuclear battery will still produwf of Nialco) with dimensions of 10 mm x 20 mm x 0.125

its initial starting power after 100 years. A speaxfka mm was used as cathode (substrate), and Pt coated T
radioisotope like nickel-63, for example, contains mesh with dimensions of 25 mmx135 mmx1 mm as
enough energy to power a nano-nuclear battery foranode materials. The deposition time was adjusted t
decades, and to do so safely [1-2]. achieve an average thickness of gfh based on
Ni-63 plating is similar to other electroplating Faraday's law [4]. The experiments were carriediout
processes that employ soluble metal anodes. liresqu the baths containing amounts (2 g/l) of sodium
the passage of a direct current between two eldesro saccharin as a grain refiner. The microstructuréhef
that are immersed in a conductive, aqueous solutfon coatings was studied by scanning electron micrascop
nickel salts. The charged Ni ions are formed byasel (SEM), and X-ray diffraction (XRD). XRD
sulfamate, chloride, and a Watts bath. However, theinvestigations were carried out using a PhilipsextP
charged Ni-63 ions are formed by dissolving metal N Pro instrument operated at 40 kV and 30 mA with a
63. To established the coating condition of Ni-68n CuKa radiation §=1.5418 A).
radioactive metal Ni particles are dissolved andaci
solution and electroplated on a Ni sheet. The ticke 2.2 Effect of substrate
plating process is used extensively for decorative,
engineering and electroforming purposes because the Nickel deposition was produced at a current density
appearance and other properties of electrodepositedbf 1, 5, 10, 15, 20, and 30 mA/éna bath temperature
nickel can be varied over a wide range by contiglli  of 27 °C, and pH=4. Saccharin was added up to 29/l
the composition and operating parameters of théngla  a grain refiner. XRD patterns showed that the afyst
solution. A continuous increase in the grain sieesus structure of the coating is pure fcc nickel, and no
current density has also been recognized in thecdir characteristic peaks of other phases have beerdesto
current electrodeposition of nickel coating. On ttieer The crystal orientation of the films was estimalsd
hand, Aruna et al. [3] reported that the currenisity a degree of high (200) Ni orientation in the XRD
has no significant effect on the grain size of elck patterns. Ni films prefer a plane orientation. frthe
electrodeposits. A review of the literature showatt peak broadening of XRD patterns, by means of a
saccharin has often been added to a nickel pléutéty Scherrer relationship, the average crystalline size
since the 1980s to improve the ductility and bmglsis, calculated from the XRD line broadening of the (200

and in later periods as a grain refiner agent. peak, using the classical Scherrer relationshig)8h k
In the present paper, not only the preparation bfi- [) = K\/B cos6, where D(h k [) is the particle diameter,
plating solution prepared by dissolving metal jdet, k is the constant (shape factor) with a value 6f 8.is

but also an optimization of the deposition condisio half of the maximum line width, and. is the
such as the current density, saccharin concentratio  wavelength X = 1.5418 A), were determined. The size
the bath, and different metal substrates were of the deposited particles was at or below 70 nhe T
investigated. The proposed model can also be applie smallest size of the particles was 25 nm, which was

for radioactive Ni-63 electroplating. formed at 10 mA/ctof current density.
Fig. 1 shows the results of scanning electron
2. Methods and Results microscopy (SEM) for the Ni coated Ni sheet, and
deposted Cu sheet at a current density of 10 and 20
2.1 Electroplating of Ni mA/cn?. The results showed that the average grain

sizes were 25 nm and 40 nm for Ni coating on Ni and
Nickel (Ni) coatings were deposited by direct catre on Cu plates, respectivelyzigs. 1(a), and 1(b) show
(DC) electroplating at a current density at 1 to 40 SEM images for electrodeposited Ni on a Ni sheet at
mA/cn?. The basic composition of the bath was 0.2 M urrent density of 10 and 20 mA/énrespectively. The
Ni, 0.4 M boric acid (HBO3). Ni metal powders were particles on the Ni sheet were formed as in a spdhler
dissolved in mixed HCI and distilled water. Boricich shape. In Figs. 1(c) and 1(d), electroplating NiaoCu
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plate was observed a&urrent densities of . and 20
mA/cn?, respectively.The particles on the Ni she
were formed as needle-like shapEke substrate affes
the formation of their shape of pates
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Fig. 1. SEM images for theurface oiNi coated on the
Ni plate at a current density of (a) &408d (b)20 mA/cr?,

and Ni deposited on Cu plate atcarrent densityof

(c)10 and (d) 20 mA/cf

1S mm
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Fig. 2 SEM images for thiéhickness o coating layer of
Ni on (a) Ni sheet and (b) Cu plate at the current dgi
for 10 mA/cnf in a bath addingaccharine

Fig. 2 showsSEM images foithe thickness of the
Ni coating layerat same currendensities and on a
different substrateThe deposition time was adjusted
achieve an average thickness of gfh base on
Faraday's law [4] as below;

t XIXMW

pxvalancexfaraday constantxA

T (cm) =

1)

where T is theéhickness to be deposite: is the time of
the deposition, | is theurrent, MW andp are the
molecular weight and density Ni, and A is the area of
the film. Estimated time teeact 30 pm in thickness
was determined to be7B6 s ala current density of 10
mA/cn?. The thickness cthe Ni layer on a Cu substrate
is well matched with théheoretical thicknes However,
the coating layer on Hi substrate is insufficient to t
30 um, because of differencathode size (substrate),
from 92 to 97%. Te thickness cthe Ni layer was 24.8
and 37 um for depositingon Ni and Cu plates,
respectively.

3. Conclusions

A nanocrystalline Ni coating was synthesized
direct current electroplatingt a current density of 10
mA/cn? and pH=4. The basic composition of the t
was 0.2 M Ni ions, which was prepared by dising
Ni metal particles in HCI. The effect the substrates
was investigated by aBEM technique The substrate
affected not onlyformation oftheir shape of particles,
but also thehickness to be deposit.
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