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Table 1 Chemical composition of 12CrMoV substrate and NiCrAlY spraying powder

Mass fraction/%

Material

Ni Cr Al Y Mo

Vv Si Mn C Fe

12CrMoV  <0.03  0.30-0.60 - -
NiCrAlY Bal 22 10 1.0

0.25-0.35 0.15-0.30 0.17-0.37 0.40-0.70 0.08-0.15 Bal
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Table 2 Spray parameters for HVOF process

Coating Oxygeg f}?w/ Propanelz t:l?w/ Air ﬂpﬁ// Oxygen-fuel ratio Spray distance/ Feed .raifle/
(L-min ) (L-min ) (L-min ) mm (g'min )
Al 220 75 350 391 250 50
A2 250 75 350 431 250 50
A3 250 70 350 4.62 250 50
A4 250 60 350 5.39 250 50
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Fig. 2 Surface morphologies of NiCrAlY coatings with different oxygen-fuel ratios: (a) Al, 3.91; (b) A2, 4.31; (c) A3, 4.62;

(d) A4,5.39
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Table 3 EDS data of as-sprayed coatings

Mass fraction/%

Coating
Ni Cr Al Y (¢
Al 68.47  24.68 3.43 0.51 291
A2 68.48  24.70 3.39 0.50 2.93
A3 68.50 24.78 3.21 0.42 3.08

A4 68.43 2477 3.22 0.42 3.17
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Fig. 3 Section((a), (c), (e), (g)) and fracture((b), (d), (f), (h)) morphologies of NiCrAlY coatings with different oxygen-fuel
ratios: (a), (b) Al, 3.91; (c), (d) A2, 4.31; (e), (f) A3, 4.62; (g), (h) A4, 5.39
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Table 4 Porosity, microhardness and bonding strength of
NiCrAlY coatings

Coating Poroosity/ Microhardness, Bonding
% HV,; strength/MPa
Al 0.3140.02 400+60 49+4
A2 0.30+0.01 417459 56+4
A3 0.30+0.01 399423 6143
A4 0.28+0.01 397+21 62+1
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Fig. 4 XRD patterns of powder and as-sprayed NiCrAlY

coatings with different oxygen-fuel ratios
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Fig. 5 Hot corrosion kinetic curves and macroscopic
morphologies of NiCrAlY coatings with different
oxygen-fuel ratios(a) and relationship between square of

mass gain and oxidation time(b)
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Fig. 6 XRD patterns of NiCrAlY coatings with different

oxygen-fuel ratios for 100 h hot corrosion

Fig. 7 Hot corrosion surface topographies of NiCrAlY coatings with different oxygen-fuel ratios: (a) Al; (b) A2; (c) A3;

(d) A4
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Table 5 EDS data of coatings in different regions after hot corrosion

Mass fraction/%

Area

Ni Cr Al Y O K Cl
1 1.18 17.57 17.65 45.51 18.09 - -
2 242 84.26 1.31 0.04 11.85 0.11 -
3 1.00 40.26 10.14 0.48 37.28 10.81 0.03
4 1.87 22.88 17.20 49.88 7.93 0.26 -
5 1.06 60.42 4.53 7.42 24.72 1.84 -
6 0.63 79.89 1.89 1.87 15.23 0.48 -
7 0.74 48.43 5.39 0.50 34.80 10.14 -
8 3.06 38.20 13.46 37.79 6.67 0.76 0.07
9 0.62 57.80 6.14 0.72 23.59 11.06 0.06
10 0.88 34.65 1.42 54.97 7.76 0.33 -
11 0.48 46.16 7.74 2.83 30.88 11.88 0.04
12 0.84 47.46 4.49 - 37.50 9.70 -
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Fig. 8 Cross-section morphologies of NiCrAlY coatings endured hot corrosion and EDS map analysis with different

oxygen-fuel ratios: (a) Al; (b) A2; (c) A3; (d) A4
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Fig. 9 Average thickness of corrosion product layer and
internal oxidation layer of NiCrAlY coatings with different
oxygen-fuel ratios
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Fig. 10 Schematic diagram of hot corrosion mechanism in NiCrAlY coating exposed to atmosphere with KCl molten salt at

700 C
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T FE A 13 A Tl = ) 2 R R P R A X R Ik
KA. BEEERLLIEE R, B2 N IR
59, FAMRELAN 539 I, A4 §EBIE Y2 R
FA AL IR BE 43 B/ N 2] 86 pm A 70 pm.. X 2
EER S SO L SN E R A A 7 A i 22 LA
(LB 2), [FIRERL = A2 AR . K, 6453
WRIEOM A LR BIREE, BHURASRE T LI &
AN BT 1 SR (L 3), AR ki 7R
H Cl. O ¥ HUBIE AR . RN, RERALLER
J2 P98 JE e R B T 2 0 S i AR L 2
R4 IR OESER) ALOs B, 1 w8 L IR
P o TE D, AR AR AT RS A 2 U
BOESH) ALOs JZ. X BAERA T AR iR A
TARESR IR ZHNEE, Cl. O BHAERIARZEA
BRAL, ERE NI AR . R, 7EAH Al #
AR TR, S s AR R LR %
& NiCrAlY W2 A iy BusEHcE, IR
W ATFR, R mIRIEPT KCLIE Eh R i Be .

3 Zig

1) BEEERRLLHI TS, RIS AR D, IR
B yly W I A RS, IR 4 G SR T 49 MPa
2] 62 MPa. U EERHAR 2 2 U B2 52 e 50/
AR BEAERFTE 400 HV oA .

2) IJEMIS AR, 4 PR JE B AR BT E RS N
P I 1) A A S I A e R, HLBE A AU B )
B, W JES 2B ol 5T B B I 2R 2 K, FH 93.37
mg*/(cm* h)FEILE] 1.54 mg*(cm*h), L%EBREL A
5.39 I, IREHAERVERERAL .

3) £ KCl /gt fEd, SERLIRE

HORE 474 B 78 70 HORE 7 AR R IR s B 7 BE K,
AR IRIZ WO LR G s, HEA R HR
KR ¥4 SR, gD 1 CLL O Tl N9 Uil
A3 IR )= RSB AR PR, AT 3RA5 L5 1
PURJE R RE o
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Effect of oxygen-fuel ratio on microstructure and
hot corrosion behavior of NiCrAlY coatings in KCI molten salt

HU Kai"?, LIU Xia"®, ZHANG Shi-hong"? WANG Shuo-yu’, WU Chao-jun*, ZHU Guang-hong’, DING Yi’

(1. Key Laboratory of Green Fabrication and Surface Technology of Advanced Metal Materials,
Ministry of Education, Anhui University of Technology, Ma’anshan 243002, China;
2. School of Materials Science and Engineering, Anhui University of Technology, Ma’anshan 243002, China;
3. Anhui Masteel Surface Technology Co., Ltd., Ma’anshan 243000, China;
4. China Aerospace Materials and Technology Research Institute, Beijing 100076, China;
5. Masteel (Group) Holding Company Ltd., Ma’anshan 243000, China)

Abstract: The NiCrAlY coatings with oxygen-fuel ratio of 3.91, 4.31, 4.62 and 5.39, respectively, were prepared
by high-velocity oxygen fuel spraying (HVOF). The changes of microstructure and mechanical properties of the
coating were characterized by XRD, SEM, EDS, microhardness meter and tensile testing machine. Then, the effect
of microstructure on hot corrosion behaviors of coatings in KCl molten salt environment was investigated. The
results show that, with the increase of the oxygen-fuel ratio, the y/y’ peak shifts to a high angle, the denser coating
structure is obtained and the boundaries of unmelted particles decrease. The coating bonding strength increases
from 49 MPa to 62 MPa, while the oxygen-fuel ratio has little effect on the microhardness of the coating. The
average hot corrosion rate constant K, decreases from 93.37 mg*/(cm*h) to 1.54 mg*/(cm®-h), which implies that
the hot corrosion resistance of the coating enhances with the increase of oxygen-fuel ratio. The lower porosity and
fewer unmelted particle boundaries in the high oxygen-fuel ratio coating result in the decrease of the diffusion
channels of Cl and O. So, the extent of chlorination-oxidation of the coating decreases, thereby, endowing the
coating with better hot corrosion resistance.

Key words: high-velocity oxygen fuel spraying; NiCrAlY coating; oxygen-fuel ratio; microstructure; hot corrosion
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