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Preparation of NiO/NiFe,O4 coatings by electrophoresis and
pre-oxidation diffusion treatment and their formation mechanism
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Abstract: Electrodeposition-electrophoretic deposition (EPD) technique was employed for fabricating the ferric oxide
(Fe,O;) thick films on the Ni-based superalloy, and then pre-oxidation processing method was used to obtain the
NiO/NiFe,O, composite coating. DSC, SEM, EDS and XRD analysis methods were used to analyze the influence of
pre-oxidation temperature on the coating structure, morphology, elemental distribution and composition of the phase, and
forming reaction mechanism and kinetics of the coating were also discussed. The results show that by high temperature
diffusion processes at 1 000, 1 100 and 1 200 C for 4 h, respectively, the oxide film is made up of NiO and NiFe,Oy.
When the oxidation temperature is 1 000 C, there isno reactive Fe,O; layer on the surface of coating, while with
the oxidation temperature increasing, Fe,O; layer disappears. When the temperature increases to 1 100 and 1 200 °C, the
NiO, NiFe,O,4 phase and the Ni plating reach metallurgical combination, and NiFe,O, spinel precipitates and forms inside

NiO matrix phase through diffusion transport. The per unit area mass gain of Ni substrate and electrophoretic Ni/EPD
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Fe,Oj5 coating after 1 000 ‘C pre-oxidation diffusion treatment increases with the increase of time, which generally follows

the parabolic law, and the per unit area mass gain of Ni/EPD Fe,O; increases faster than that of the electroplated Ni. The

thickness and mass gain of oxide coating obviously increase with the pre-oxidation the increase of temperature.

Key words: Ni-based superalloy; electrodeposition; electrophoresis; NiFe,O,; coating structure; pre-oxidation
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Table 1 Formulation of suspension (mass, g)

OC-F€203 HzO CTAB PVA

4 1 000 0.4 1

K P TE TRV 5 B VK DORR 2, S8 A 30
V/em H HLI7 588 544 F (T, DOREA] R 600 s, &
TFIAE DK—S22 4 B BiE L K % 4 35 °C M HE L.

1.3 IR ERME LY Bt

TUBUG PORE S BON 5y 30 i b EAT TR A A
L, SN IAE 1000, 1100, 1200 CEEAZSAUR
EERAA 4, THEG A 1.5 C/min, FREE Y
1.5 ‘C/min, i J5 43 BTl BE X A ALER 2 5T 76 1
000 CHPAZT M FMERA 1~100 h, RHALESE
FREUTT S AT AR i R A B B 1S 0, B AR Al — s b
() JE VA A, RO, K5 PRl s Ak, T
JEAH), FERRIBUT S . BT IR BT & £ AUW120D
R R, Rk 0.01 mg.
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1 FH H A3 2% D/MAX-RA 1 X 27500 T4
=y BEAT AR BT, IR 10°~90°, i H
CuK, K X 1405, 1#H Nova Nano SEM 230 17 & it
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Fig. 1 DSC and TG curves of electroplating Ni+electro-

phoresis Fe,O; diffusion in air
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Table 2 AG of pre-oxidation reaction of Ni/Fe,O; coating[%*m

AG/(kJ'mol ")
Reaction
1000°C 1100°C 1200 °C
2Ni+0,=2NiO —248.85 —226.86 —208.26
NiO+ Fe,0;=NiFe,0, —45.02  —48.54  —72.08

2Ni+O,+2Fe,0;—2NiFe,04 —333.89 —323.93 -352.42

2.2 NiO-NiFe,0, % EHILHLA L

2 iR A H A Ni/HLUK Fe, O A4 A AN Al
JE T HEALEPE 4 h J5 R THY XRD 5. A& 2 ]
PUE H, = #F A2 T NiONiFe,O4 PIFMIAH,
U SEARIT, WA e e, BB T A AR R
AN MEAEE N 1000 CHF, E¥RZER ST
Fe,0s [AE4E; T4 1100 'C 5 1200 'C R HHAb#
J5 CA WA B Fe,05 TS IE, AT NiO 1 NiFe,0,
MIRTS 0 . MR T 3 1 200 CHF, S AR K
NiFe,04 \ZHTHITEJLAN T AR, A8 g H(311) 75 1l
K.
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Fig. 2 XRD patterns of Ni/Fe,O; coating after pre-oxidation

diffusion treatment under different conditions: (a) 1 000 C, 4 h;

(b) 1100 ‘C, 4 h; (c) 1 200 C, 4 h
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Fig. 3 Cross-sectional SEM images of Ni/Fe,O; coating after
pre-oxidation diffusion treatment under different conditions:
(a) 1 000 ‘C, 4 h; (b) 1 100 ‘C, 4 h;(c) 1200 °C,4 h
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Table 3 Elemental contents of characteristic zones in oxide
film of Fig. 3

Mole fraction/%
Layer
Ni Fe O
3.48 44.30 52.22
13.80 29.50 56.71
49.69 1.99 48.32
A 23.32 25.83 50.85
B, 15.28 25.09 59.63
Cy 48.75 2.89 48.75
D, 45.30 0.85 53.85
A, 55.86 5.86 38.28
B, 50.25 1.76 47.99
C, 47.99 0.45 51.55
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Fig. 4 Distributions of elements Ni, Fe and O in cross section

of coating with heat treatment at 1 200 ‘C for 4 h shown in
Fig. 3(c)
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Fig. S Oxidation kinetics curves of electroplated Ni and
Ni/Fe,0s coating at 1 000 ‘C
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Fig. 6 Lattice defect graphs: (a) Ni substrate; (b) Ni substrate
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