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Fig. 1 Schematic diagram of molten salt electrodeposition device
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Table 1  Process conditions of molten salt electro-
deposition
Current . Cr(Il)
Sample . Deposition Temperature/
No. dens1ty{ time/s C content/
(mA-cm™) %
1 20 150 450 3.0
2* 20 300 450 3.0
3* 20 900 450 3.0
4* 20 1800 450 3.0
5% 20 3600 450 3.0
6" 10 1800 450 3.0
7* 25 1800 450 3.0
8" 30 1800 450 3.0
9" 40 1800 450 3.0
107 20 1800 420 4.0
11" 20 1800 450 4.0
12% 20 1800 480 4.0
13* 20 1800 510 4.0
14* 20 1800 540 4.0
15% 20 1800 450 2.0
16* 20 1800 450 1.0
17 20 1800 450 0.5
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Fig. 2 Surface SEM images of Cr coatings prepared at different deposition time: (a) 0 s; (b) 150 s; (c) 300 s; (d) 900 s; (e)

1800 s; (f) 3600 s
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Fig. 3 Section SEM images of Cr coatings prepared at different deposition time: (a) 150 s; (b) 300 s; (c) 900 s;

(d), (e) 1800 s; (f) 3600 s
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Fig. 4 XRD patterns of Cr coatings prepared at different
deposition time

"2 ANETRRIN (] 2 (Y Cr i 2 B & T 2 R 2
Table 2 Crystal plane texture coefficients of Cr coatings
prepared at different deposition time

Deposition time/s T110) T 200) Tony
300 1.78 0.97 0.25
900 1.29 0.62 1.08
1800 1.45 0.45 1.10
3600 0.82 0.13 2.05
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Fig. 5 SEM images of Cr coatings prepared at different current densities: (a) 10 mA/cm?; (b) 20 mA/cm?; (c) 25 mA/cm?;

(d) 30 mA/cm?; (e) and (f) 40 mA/cm?
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Fig. 6 XRD patterns (a) and 7, value change curves (b) of Cr coatings prepared at different current densities
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Fig. 7 SEM images of Cr coatings prepared at different molten salt temperatures: (a) 420 C; (b) 450 C; (c) 480 C; (d)

510 C; (e) 540 C
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Fig. 8 XRD patterns (a) and T, value change curves (b) of Cr coatings prepared at different molten salt temperatures
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Fig. 9 SEM images of Cr coatings prepared at different Cr( I) contents: (a) 0.5%; (b) Powder shedding (0.5%); (c) 1.0%;
(d) 2.0%; (e) 3.0%; (f) 4.0%
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Fig. 10 XRD patterns (a) and 7, value change curves (b) of Cr coatings prepared at different Cr(II ) contents
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Table 3 Process parameters of stepped current mode electrodeposition of Cr coating

Step Current density/(mA +cm™2) Cr(II) content/%
1 50 300 450 4.0
2 20 1800 450 4.0

Deposition time/s Temperature/'C
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Surface SEM images and EDS results of Cr coating produced by optimized process: (a), (b) After first step of

electrodeposition; (c) EDS result of area 1; (d), (e) After second step of electrodeposition; (f) EDS result of area 2
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Fig. 12 Section SEM images and EDS results of Cr coating produced by optimized process: (a) BSE image; (b) SE image
with EDS line scan; (¢) SEM image after vibration polishing; (d) BSE image for EDS map scan; (¢) Cr; (f) Ni
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Fig. 13 XRD pattern of Cr coating produced by optimized
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Fig. 14 Nano-indentation test results of Ni/Cr sample prepared by optimized process: (a) Indentation image; (b) Hardness;

(c) Elastic modulus
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Fig. 15 Scratch test results of Ni/Cr samples prepared by optimized process under different loads: (a)—(c) 50 N;

(d)—(f) 80 N; (g)=(1) 100 N
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Fig. 16 Surface elevation and contour maps of Cr coating prepared by optimized process: (a), (b) Point 1; (¢), (d) Point 2;

(e), (f) Point 3
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Process of electrodepositing chromium coating in
molten salt of chloride system

WANG Shu-xiang, BAI Shu-xin, ZHU Li-an, WANG Zhen, YE Yi-cong, WAN Hong, LI Shun, TANG Yu

(Collage of Aerospace Science and Engineering,

National University of Defense Technology, Changsha 410073, China)

Abstract: After the Fukushima nuclear accident, the surface modification with Cr coating on nuclear fuel cladding
Zr alloys becomes a research hotspot. Molten salt electrodeposition technology has attracted much attention
because it can solve the problem of hydrogen evolution during Cr coating deposition effectively. In view of the
corrosion characteristics of Zr alloy in molten salt, Ni is used as the transition layer to solve the preparation
problem of high-quality Cr coating on the surface of Zr alloy. In order to research the effect of molten salt
electrodeposition process of Cr coating on Ni surface systematically, the growth process of Cr coating was studied
firstly. On this basis, the effects of current density, temperature and Cr( 1) ion concentration on the microstructure
of Cr coating were characterized. Meanwhile, the preparation parameters of Cr coating were optimized, and the
properties ware tested in this paper. The results show that increasing the cathode current density, lowering the
molten salt temperature and reducing the Cr( II) ion concentration will lead to refine the grain size of the coating,
and improve the compactness and continuity within the scope of the study. But at the same time, these changes are
easy to induce concentration polarization, causing serious deterioration of the roughness and compactness of the
coating. The Cr coating is composed of fine equiaxed crystals with (211) orientation under the optimized process
conditions, and the hardness is (2.47+0.24) GPa, the binding force is about 85 N and the surface roughness is
2.6 pm.
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