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Table 1 Powder ratio of core wire materials (w/%)

Coating No. Steel strip Cr;C, wWC A\ Mo Nb Ni Cr Al Fe
FeAIMoCrC ARC-1 04 30 10 75 132 6 ; ; 13 Bal
FeAINiMoCrC ARCy ~ Stainlesssteel ), 3 3 8 24 16 9 8 Bal.
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Table 2 Arc spraying process parameters

Atomized air Spray distance/
pressure/MPa mm

0.65~0.75 160~180

Voltage/V ~ Current/A

30~35 220~240

NI, IR A, LR 45 HVER PR R iR
BB P MR AL B TS L AE 300~500 °C, 44 Bl AR
WZ AT 300~950 °C, 3%k BUR i A AL R JE 700 °C,
WFFT R 2 B R A AT, N 45 ARAE IR T E T [ B
PrEEHEFR AR R FE b T AR ORI 10 h i A,
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Fig.1 OM (a, c¢) and SEM (b, d) images of cross section microstructure of ARC-1 (a, b) and ARC-2 (c, d) coating; EDS results

corresponding to region A (e) and region B (f) in Fig.1b
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Fig.2 XRD patterns of ARC-1 (a) and ARC-2 (b) coatings
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Fig.3 Matlab image processing process: (a) original picture, (b) noise reduction processing, (c) grayscale selection, and (d) convert to

binary image
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Table 3 Porosity of the two Kinds of coatings (%)

Coatings Porosity Average value
ARC-1 651 543 6.55 5.64 4.78 5.78
ARC-2 647 723 7.63 497 5.12 6.28

K4 RS HEAE 700 °C il UG HT G ) SEM JE S
Fig.4 SEM images of coating and substrate before and after high temperature oxidation at 700 ‘C: (a) ARC-1 before oxidation;

(b) ARC-2 before oxidation; (c, €) ARC-1 after oxidation; (d, f) ARC-2 after oxidation
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Fig.5 Surface morphology (a), EDS result of marked region (b) and XRD pattern (¢) of ARC-1 coating after oxidation at 700 ‘C
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Fig.6  Surface morphology (a), EDS result of marked point (b) and XRD pattern (c) of ARC-2 coating after oxidation at 700 ‘C
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Table 4 Oxidation mass gains of coatings and substrate

Samples ARC-1  ARC-2  Substrate
Oxidation mass gain/mg-cm™ 25.8 11.6 96.6
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M AG<0 I, RN T A RBET . it H A
B, AL RARMRN . G655 ME 6 f 2 ik
JZ4 A0 )5 I XRD B3 23 47 0] 411, ARC-1 %2 FiT ARC-2
WA G 2E T ALOs. Cry,05. Fey)O5. Fes0y
HNICryO4 S5 4L, 2 PR EAE AL I B R T 4
ARG~ DR NPT, BAR R N IIE 5 Fis.
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Be, BIAMEAG. TR SR RS A, B LE S
WIREE T & R A R, Frdlfm 2 FiRE
4 Al. Cr. Ni. Fe Z0%, AP B 72£42£(0.0535 nm),
Cri' i 12£48(0.0615 nm)Fl Ni*" 2 1-2£4£(0.0600 nm)
NT Fer B 12 42(0.0780 nm), X EERRBNKE T
FERRER VR 2 A BRIy B, B R = R T
Al Crv Ni Jo# A LMRSEE LI HIR 2 N Al
Cr. Ni JGFIE 1] DLk S [ 4h 5028, fr AR S Akt 7
T BB T B S8 T S0 IR AL, T B R e ) R
PHER . 4hia3% 5 hbsuk R A At e ¢ R T & ve
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Table 5 Chemical formula of oxidation reaction and Gibbs

free energy relationship

Chemical formula of
oxidation reaction

Gibbs free energy

relationship Eq.

Al(s)+3/405(2)=1/2A1,05(s) AGs’=-1675100+313.20T (5)
Cr(s)+3/405(g)=1/2Cr,05(s) AG)’=-1110140+247.32T (6)
Ni(s)+1/202(g)=NiO(s) AG @)= -232450+83.59T  (7)
Fe(s)+1/204(g)=FeO(s) AGs)= -62050+14.96T  (8)
Fe(s)+2/305(g)=1/3Fe;04(s)  AGp) = -86926+24.91T  (9)
Fe;04(s)+1/404(2)=3/2Fe;05(s) AG0 = -29812+16.81T  (10)

NiO(s)+Cr,05(g)=NiCr,04(s)  AG(1’=-53600+8.40T  (11)
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Fig.7 Schematic diagram of oxide film formation



+3232 -

Wity @A RS TR

49 %

BLIBVE DRSS T A i T = da = R A
SR ENMMT, RA&EE RGN EN G REK
YE TE EAL I RS o AR I I A2 Kk =2 31 5)) ) 2
(R RE R, 1 4E A B FHL R <6 8 AN AR I e ik ) A S Y
M4k S AT B T 7 B AL B S A 5 e Y A
3 TR

B RMAITN, A S b
AR FERG BERVA AT . M@ R IE R 258
VIR, 2548 AL B FrI _EIE G AT, A B
AP E A E AW o i I 1 Py, B SHIHIAFAE S KA T
0 Py BB AR A AN R B AR
BE, W2 RS . —28 p R SR I NiO,
FL A A I S AR S 2R Hs D BB B, AR A A A AR
B AE R IE AR A JEm B 1 10 s e FE AR
M E N, BHES 2807 m) A SRS 1L 1< e B 2y
R 8 F A B R A S TRl T R B S I R I
£ A I B FHIAL AT E AR AL S OV, 2 A Gt
AL, )& 78 PO B 78 B Stimal, SR
T 7 & AT SE & &R & 1 o A, ik
HIR . e Fa s TE AN AR, £
W E S, @EPHE . B LS 1 R R
Ji iz sh .

Fe;04 H A A A B S AR S5 40, 6 ik A v B0 i
gE TR NS AL E, P AR E R 4F s NiCrO4 AH i
FLAN /N B 25 B0, fe g i BHAS 42 s s 1 AN AU
T, B BIHURH RS A s i BN ZE A A ALO;
Ml CryO5 #S LA EUE, RAAT RAFIIPUAANE . X5
A N BE 8% A5 R A T Ak B B B 4R SRR AT, DT s v
J2HLA R PR v il A A T R
232 FHRAAMAF A FoAN

T 3l ) 2 it e 2 W S A I R 8)) ) 2 K e A Ty
2 AR AN ] IS Tl 1R AR A 3 2 o A Ak s O it
2k, 1 8a AARFELE 700 “C AN [ I 7] [ 4 Ak 45 o pih 2k

8b A ARKE 1 A1 TR KT 7 Aw® IR £ 12K R
8c g AE AL 1 T 1R B InAw 55 I A6 Ing (R K &R .
M 8a AL BN I th SemT %0, 2 Mg J2 B 1
BN —B, G ES AR, A A B
TE BB, B S #h Zedimimiie T2, AR A K
BrBr, AT A EWT RN, U0 UR 2 3R T A R
T8 5 TR0, BH RS B 4k SR AT .

4 B A e I AR A R A I, S AR A AR Y
AYEUBIN, 4 ) A T R eR I PN 1 A% Jp e R A
WH RIS, vELEH, WZMAEND)
P IEARTT S I LA, RERE R R AL
AR AL TE RS, MR Wagner FEALZ I A RKPY, £

Aw" = kt (12)
b Aw BRI A AL G B R, n O SRR AL
k ARG AL, ¢ I

Wagner Bt , H%AIEE n 1 I, RFSEU
BN ) AR, BN S A R BT R iRk
R NAER], A AREE, AR 2 AU, AR
HIRY P, ASREANEIE A SN P 3T A4
n o2 N, FRETEIR AN I E P S, IR A
A T A H 2 T R 2 O AR A, AR AT AR
R R s AR S n O 3 I, FFAER ) )
=N VA R O 7 4R R (S S =

LA ¢ R REAR R, (Aw)? Ry P ABKR, 2 S I8 33 %
Rk, T H L 8b P (Aw) -t KRN E LR RRAT, 4
R A)M14) iR

AWy = 713561~ 627 R* =09936 K =7.1356 (13)
AW, = 125281 +15.5 Rz2 =09911K =12528 (14)

HIE 8b tHRIA4E B4, ARC-1 ¥ ML &
N KA A 7.1356 mgrem™h!, ARC-2 )2 i
W I N R 20 R 1.2528 mg?em™ht. ALk
I i FAR A A A 2, W) ARC-2 ¥R 21
AL L ARC-1 38218

100 a 700
Substrate 600 m R=0.9936
o gob ®ARC S'E o R*=0.9911
g A ARC-2 5 500+
“e0 400
£ 2
s o 300F
© a0t z
] 53200'
= .
20F ./,/.—~rr 100
-_-A___A___A/k_.‘_m—k——l ol
0 ! 1 1 1 1
0 20 40 60 80 100

ARC-2

b c
- 32
m R'=0.9947
o R'=0.9909
2.8
2 = InAw =0.62031ns+0.3840
(Aw1)°=7.1356162.7 g 24 !
2.0 InAw, =0 37281Ins+0.7374
(Aw,)'=1.25281+15.5 ® ARC-2
16

Oxidation Time/h

0 10 20 30 40 50 60 70 80 90 100110 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Time/h Int

Kl 8 WREFEARTE 700 CF#FA% D) )%

Fig.8 Static oxidation kinetics of coatings and substrate at 700 ‘C: (a) oxidation kinetic curves, (b) relationship between (Aw)® and

oxidation time, and (c) double logarithmic curves
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Oxidation Behavior of FeAIMoCrC and FeAINiMoCrC Coatings at 700 °C

Jiang Xudong', Zhou Zhiwen', Xu Zhengbing'?, Chen Xiaoyang', Wei Deman', Zeng Jianmin'~
(1. Guangxi Key Laboratory of Processing for Non-ferrous Metal and Featured Materials, Nanning 530004, China)

(2. Center of Ecological Collaborative Innovation for Aluminum Industry in Guangxi, Nanning 530004, China)

Abstract: FeAIMoCrC and FeAINiMoCrC coatings were prepared by spraying two kinds of self-developed wire onto the surface of 45
steel with high velocity arc spraying technology. The microstructure of the two coatings was analyzed and the cyclic oxidation behavior of
the two coatings and substrate at 700 °C was investigated. The results show that the FeAIMoCrC coating mainly consists of three
intermetallic compounds: FeAl, FeCr, and Fe,AlV, and two oxide phases of Al,O; and Fe;O4. The FeAINiMoCrC coating is mainly
composed of four intermetallic compounds: AINi, AICr,, FeNis; and FesCr, and three oxide phases of Al,O3, Cr,03 and Fe;04. According to
the calculation of the porosity of the coating, it is found that the internal porosity of the coating is low, all of which are less than 10%.
After fitting and analyzing the oxidation mass gain curve, it is found that the FeAINiMoCrC coating has lower oxidation rate constant,
larger oxidation index, slower oxidation rate and better oxidation resistance. Through phase and microstructure analysis, it is considered
that the low porosity of the coating and the formation of continuous and dense oxide films such as Al,O3, Cr,03 and Fe;O4 in the oxidation
products contribute to the improvement of high temperature oxidation resistance.

Key words: high velocity arc spraying; FeAIMoCrC coating and FeAINiMoCrC coating; microstructure; oxidation behavior
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