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Hot corrosion performance of Ni electrodeposited coatings

MA Li, ZHOU Ke-chao, LI Zhi-you

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Ni coatings with different grain sizes, preferred orientation and impurity element contents can be
electrodeposited by regulating cathode current density. Using transmission electron microscopy(TEM), scanning electron
microscopy (SEM), energy dispersive spectroscopy (EDS) and X-ray diffractometry(XRD), the oxide film structures,
composition and morphology of Ni coatings before and after being corroded in corrosive atmosphere of
78.07%Na3AlF-9.5%AlF;-5%CaF, (mass fraction, %) were investigated comparatively at 960 C. The results show that
Ni coatings with smaller grains and a strong (100) preferred orientation are easily obtained under higher current density.
While Ni coatings deposited under lower current density have coarser grains and a weak (111) preferred orientation. In
the corrosive atmosphere, Ni coating prepared with a lower current density is benefit to the formation of dense NiAl,O4
spinel phase on the surface layer, while NiO is the major phase on the surface of oxide film after the corroding Ni coating
prepared with a high current density.
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Table 1 Chemical composition of Inco Ni plate used as anode

Element Mass fraction/%
Ni =99.9
Co 0.1
C <0.005
Cu =0.003
Fe =0.000 7
S <0.0005
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Fig.1 XRD patterns of Ni coatings: (a) J=1 A/dm?; (b) J=15
A/dm®
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Fig.2 Atomic structure of Ni: (a) Eight Ni single-cells (100);
(b) Nearest neighbor atomic structure of Ni; (c¢) Ni(100); (d)
Ni(111)
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Fig.3 TEM bright-field images of Ni coatings (a, b) and corresponding SEAD patterns (c, d): (a), (c) 1 A/dm%; (b), (d) 15 A/dm>
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Fig.4 Grain size distribution of Ni coatings: (a) 1 A/dm?; (b) 15 A/dm?
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Table 2 XRD and TEM data analysis of Ni coatings prepared

under different current densities

Cathode current Average  Preferred Texture
density/ grain size/ orientation coefficient/%
(A-dm™) nm {hil) (111) (200) (220)
1 975 (111) 387 294 319
15 120 (100) 73 915 12
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Fig.5 XRD patterns of Ni coatings electrodeposited with
different current densities and then subjected to hot corrosion in
environment of 78.07%Na;AlF¢-9.5%Al1F;-5%CaF, at 960 C
for 12 h: (a) 1 A/dm?; (b) 15 A/dm?

W NiALO, EEMN B E. Wi, B S@F
Inioony/Ia MR E MM EHE X T HE 50b)+
Iiogon /14 BIABXTIRBEME, BT LMK R B T 3RABAY
Ni EELBME, BHr=¥+ Nio 78 EK(100)
BARE

23 960 CiEih 12 h BIEEMREFER

B 6 FTn ARNF A E E T BRIIRAENIEES
REEBRERRRE[FARMENRITES. WE 6
AIAEH, 7ERBERHEE THEN N EELEMSE,
REBMEREHHHEOLE 6@), IR 4H, A
RN, BRLR A 1~4 um, REEE, SN
KL B B B R 1E )\ 2 (LB 6(b)): TR EHE
Fa R AR B/ LB 6(c)), XTI Be 2 B il A o 2R
BHSATERSRANGEHRAT BOEEAN
B, HMABRREWSAREENTREAMNKE. TE
AT E FHIEN NI ERERmE, RERHEZEE
¥, L%, BREENWERTFE. SRIEEHD,
BAEEE 6(d)F(e). HTIKEREETHEH
Ni EREREKR, BFRD, BHr=WeRE R,
BB AT ERAEK, SBURBEREK. im
BRI E T TR Ni 8245 R4l /b, BB AR R
B, RAFE, MEAELSEMFERHXE, 2k
JRHEE R, BAEmBARUTINERES, BEMm
PRI o

FrY, RIER 3 9 EDS o474, KEBEHUEH
EEREWRERR F t2RkH M4LEY. HF B X
Al TESERE, CK Al TXSEMY B XEHH
by ER Al TEEERD, NiflO tESERE.

#3 Be6PRUXKTRST

Table3 Micro-area element analysis in Fig.6

Mole fraction/%
Zone
Ni Al 0 F
B 19.85 28.69 51.46 0
C 39.25 17.21 43.54 0
E 56.70 1.05 42.25 0
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Fig.6 Surface photographs of Ni coatings

subjected to hot corrosion in environment of
78.07%Na3AlFs-9.5%AlIF;-5%CaF, at 960 C
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Fig.7 SEM back scattered images of oxides formed on Ni coatings subjected to hot corrosion in atmosphere of

78.07%Na3AlFg-9.5%AlIF3-5%CaF, at 960 °C for 12 h: (a) 1 A/dm? (b) Enlarged graph of Fig.7(a); (c) 15 A/dm?; (d) Enlarged

graph of Fig.7(c)

A B 4E A B ALOs B & A7 4 B B A& 5 —106.09
kJ/mol, H£ /& Ni 5§ NiO & NiALO, KIS A# B i
843 B 4—150.05 kJ/mol F1—16.18 kJ/mol, 3 M MEHI
HAH B RS ASUE, VR RNVEBEKR, BIEE
BEAARERELAER—E NiALO, IE. BT NiALO,
R\AREGEMEBE, 5 NP O BFHEE—57 8
BB THER. Fik, Z2B0ERARRNERE
BEMHELRK.

AT RIS AR HSER R, AFHEIRES, 7
BERERELBRRER, BEBHNTER,
Ni EERERBEE SENNKREARET, EEERE
IR, R Ni R PR EAAER NIO. BTFA
FERFEETHREERN ST FEREER, ®£R
EHERFEAHAMEENIXBENEIA, Ni 2L
T 4E AL NiO SRR MAAERKER . BEER
T, FEEAYE, SEABEAEKFTEREEAITHE
By 8. ZERRAEE TS NUERK BRI/, F
BB RSFEgKk S, WRERRK, EHERE, A
BARER? EEMAVH, REETFRRETFIED
RERGEAREY BTH, REAERERER, E8E
METAI 48 Ni SFERSHE —EREEFEMN Nio RE
& MEREREE TR N SR, SEEX F

BER RTIEK SR, ST, IR TR
THELEFT BHBREFHRELD, BHERRRE, &
FERE AT A 9 R AR D B NiO Ak

AT B U SRR X EALIR R BRI, 1X
B 5| F Hart #EEIPH8T .

Deffz(l_f)Db"_ngb (3)

K F: Dyl Dy, 7 A AKT HEAEER B AT HRARE: f
B AT RSN S B Ni gEE I SR
HEERE, STFERER, £20d, B 6 REAR
B, BEHN 107 em; dAEREER. LRt
HIBCK R FEBIPIR G ES, ¥E &Y BUR S R
TR, MRAT BRABEXTET 8RHEESE
Dg/Dy=10*~10%2%, & By 2% B T Br 48 Ni 482 H0°F3
AR~ A 120 nm, BEBL, RSP, B 7R
BFHART BRI SRIEEG K. ok, xTFa
4B Ni ki, 78 973 K BZKEMHTF, (1)EEHE
W H E L (100) B EME—ME LS. #T R LREA
TR R [ B R AR ZE SR TR A SR R BT THE I 72
H, ERSMERAT, KBEREE FHEN NI EER
R ZBEEANE, T mBREE T HENEEENEER
B,



B8 Ni$H/R7E 960 CHJ 78.07%NasAlF-9.5%AlF;-5%CaF, VR Tk 12 h /SIS (8 25 80 I A EDS G475
Fig.8 BSE images (a, b) and EDS mappings (b~h) along cross-section of oxides formed on Ni coatings subjected to hot corrosion

in environment of 78.07%Na;AlF-9.5%AIF;-5%CaF, at 960 °‘C for 12 h: (@), (©), (e), (g) 1 A/dm?; (®), (d), (), (h) 15 A/dm?
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Table 4 Standard Gibbs free energy of reactions at 1 200 K

Standard Gibbs
No. Reaction free energy/
(kJ-mol™)

1 Ni+1/20,=NiO —133.19
2 NiO+2/3AlF;=NiF,+1/3A1,04 27.10

3 Nit+1/20,+2/3AlF3=NiF,+1/3A1,0, —106.09
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5 Ni+1/20,+A1,05=NiAl,O, —-150.05
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