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The synthesis of bulk nanocrystalline nickel by a novel polishing jet electrodeposition (PJED) 

technology with real-time polishing for deposit surface was studied. The morphology, surface 

roughness, microstructure and microhardness of deposits produced by PJED without any organic 

additives were examined compared with traditional JED. The results indicated that PJED could 

significantly smoothen the deposit surface by removing pits and nodules with real-time polishing of 

free particles. The structure of nanocrystalline deposits was more uniform with refined grains and the 

microhardness was significantly improved by PJED. A nickel thin-walled part with a complex profile 

was experimentally produced by PJED which had mirror-like surface and excellent hardness 

uniformity. 
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1. INTRODUCTION 

Comparing with the conventional electrodeposition, jet electrodeposition (JED) provides the 

advantages of selective and high-speed plating, and the grain refining effect is more efficient since a 

much higher overpotential of cathodic substrate can simultaneously be used with much higher current 

density [1-2]. However, until now, it is very difficult for JED to produce high-quality and large bulk of 

nanocrystalline. This is because, the high current density and electrolyte flow rate of JED can severely 

promote outward growth of adatom clusters perpendicular to the surface and tend to generate large 

amount of nodules or dendrites, causing deposit surface always irregular during JED, and eventually 

yielding a nonuniform deposit [3-6]. Furthermore, with the large current of JED, many additives tend 
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to be largely consumed and codeposit with adatom clusters, which may reduce the Levelling power of 

additives, evenly affect the structure and decrease some properties of deposits [7-8]. 

In this paper, a novel polishing jet electrodeposition (PJED) technology is developed to 

overcome the above-mentioned drawbacks of JED and produce bulk nanocrystalline nickel deposits by 

introducing real-time polishing of dynamical free particles to the process of electrodeposition without 

any additives using direct current. The structure and properties of the deposits were investigated. 

 

 

 

2. EXPERIMENTAL 

Experimental system. Fig. 1 shows a schematic diagram of the PJED system and 

electrodeposition room. A revolving cathode was half buried in a heap of isolating and insoluble little 

free particles, and rotated under the control of CNC unit, thus the particles were forced to move around 

and slightly polish the deposit surface continuously during PJED. The electrolyte was injected locally 

onto the cathode surface from the nozzle which moved along the cathode profile in accordance with 

the CNC commands, and was continuously recirculated to electrolyte tank. Further details similar to 

the geometry of traditional JED system can be found elsewhere [9-12].  

Deposition experiments. The experiments were carried out in the solution containing 

Ni2SO4·6H2O 280 g/L, NiCl2 40 g/L, H3BO3 38 g/L, pH 4–5, T= 40 ± 1 ºC. No organic additives were 

used. Graphite sticks with revolving and complex profile were used as cathodes. Spherical ceramic 

beads with diameter of Ø 1–2 mm were employed as the free particles. Nickel deposit samples were 

prepared in the cathode rotational speed range 2–10 r/min and current density range 40–120 A/dm
2
. 

Deposit analysis. The surface morphology of deposits was characterized by Hiroxkx-7700 

optical microscopy, and the surface roughness was measured by Mahr Perthometer M1 roughness 

tester. A JEM-2000EX transmission electron microscope (TEM) was used to characterize the 

microstructure and grain size of the samples at an operating voltage of 160 kV. The microhardness of 

samples was measured with a HXS-1000A Vickers microhardness measuring device. 
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Figure. 1  Schematic diagram of (a) PJED system and (b) electrodeposition room 

 

 

 

3. RESULTS AND DISCUSSION 

Fig. 2 shows the surface morphologies of nickel deposits produced by JED at different times. 

As shown in Fig. 2a, b and c, surface protrusions develop more faster and larger as deposition time 

prolonging, and merge with the neighboring ones leaving some holes inside, and eventually reducing 

the uniformity and compactness of deposits produced by JED
 
[13-15]. 

 

 

 
 

Figure 2. Surface morphologies of nickel deposits electrodeposited by JED at different times: (a) 40 

min, (b) 80 min, (c) 120min. 

 

Due to the polishing of free particles, a refinement of the surface morphologies appeared as 

shown in Fig. 3. The existence of marks on the deposit surface proves the polishing effect of free 

particles during PJED. The polishing became more important especially in the late stages of 

deposition, in which large nodules with polished tops began to emerge (see Fig. 3b and c). 
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Figure 3. Surface morphologies of nickel deposits electrodeposited by PJED at different times: (a) 40 

min, (b) 80 min, (c) 120min. 

 

Fig. 4 shows the variation of surface roughness of deposits with cathode rotational speed and 

current density. As it is expected, the surface roughness has relation with the polishing effect of free 

particles, and the effect decreases with current density and increases with cathode rotational speed, 

which leads to the variation of surface roughness as shown in the fig. 4a and b. 
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Figure. 4  Variation of surface roughness of deposits with (a) cathode rotational speed and (b) current 

density. 

 

Fig. 5 shows the photos of typical deposits produced by JED and PJED. The deposits became 

smooth and mirror-like without pits or nodules by the use of PJED. Fig. 6 shows the TEM micrograph 

of the deposits. The result suggests that nanocrystalline deposits with very fine-grained and uniform 

structure can be obtained by PJED. This is probably because the polishing of free particles may 

produce more active sites increasing the number of nucleation, polish the tops of crystallites and slow 

their growth [16-18]. 
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Figure 5. Photos of nickel deposits produced by JED and PJED 

 

  
 

Figure 6. TEM micrographs of nickel deposits produced by (a) JED and (b) PJED. 

 

The test results of microhardness are shown in Fig. 7. It suggests that the polishing of free 

particles can significantly improve the hardness of deposits (see Fig. 7a). The highest value is about 

650 HV, which can be obtained in a competitive balance between the polishing effect of particles and 

the growth of surface protrusions. The variation of hardness, surface roughness and abrasion mark 

provide strong evidence for beneficial polishing effect of free particles. 
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Figure 7. Variation of microhardness of deposits with (a) cathode rotational speed and (b) current 

density. 

 

Fig. 8 shows the photo of a typical thin-wall revolving part with complex profile produced by 

PJED at current density of 120 A/dm
2
and cathode rotational speed of 10 r/min, and the thickness of the 

nickel deposits obtained was about 1.8 mm. The deposit surface remained smooth and bright during 
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PJED. Fig. 9 shows the test results of hardness and surface roughness measured along the thin-wall 

part profile, both of which show small variations indicating a uniform structure. 

 

 
 

Figure 8. Photo of the nickel thin-walled part prepared by PJED. 

 

1 2 3 4 5 6 7
50

100

150

200

250

 

 Roughness

 Microhardness

Detecting position

R
a

/n
m

550

575

600

625

650

675

(a)

M
ic

ro
h

a
rd

n
e

s
s
/H

V

(b)

 
 

Figure 9. Distributing graph of (a) surface roughness and (b) microhardness. 

 

 

4. CONCLUSION 

During PJED, the particles were driven to do compound movements and polish the surface of 

cathode continuously. It is evident that the polishing of the particles can significantly smoothen the 

deposit surface without any organic additives by removing the pits and nodules of deposit in real time. 

The surface roughness and microhardness improved significantly compared with traditional JED. A 

nickel thin-walled part with a complex profile was experimentally produced with mirror-like surface 

and excellent hardness uniformity. 
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