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High Temperature Oxidation and Tribological Behavior of Cr;C,-25CoNiCrAlY and
Cr;C,-25NiCr Coatings Prepared by AC-HVAF
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(1. School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640; 2. Gent Materials
Surface Technology (Guangdong) Co., Ltd., Zhongshan 528437, Guangdong)

Abstract: To improve the high temperature oxidation and wear resistance of hot working dies, Cr;C,-25CoNiCrAlY and
Cr3C,-25NiCr coatings were prepared by activated combustion high velocity air fuel (AC-HVAF) spraying on H13 steel,
respectively. The high temperature oxidation and wear resistance performances of the coatings were contrastively studied. The
microstructure and phase structure were investigated by SEM, EDS and XRD. The results show that the Cr;C,-25CoNiCrAlY
coating provides superior high temperature oxidation resistance compared with the Cr;C,-25NiCr coating. The oxidation
weight gain of Cr;C,-25CoNiCrAlY coating (0.80 mg/cm?) is less than that of the Cr;C,-25NiCr coating (0.87 mg/cm?) after
cyclic oxidation at 800 °C for 100 h, which is attributed to the formation of the denser oxidation layer and spinel phase with
excellent high temperature stability on surface of the Cr;C,-25CoNiCrAlY coating. The Cr;C,-25CoNiCrAlY coating has
lower friction coefficient and wear rate than that of the Cr;C,-25NiCr coating at 700 °C due to the y-matrix phase (Co-Ni-Cr
solid solution) in the Cr;C,-25CoNiCrAlY coating having great high temperature strength and thermal fatigue properties,
which is better supportive for carbide hard phase and enhances the spalling resistance of the coating.
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Fig.1 Morphologies of the feedstock powders

# 1 Cr;C,-25NiCr 1 Cr;C,-25CoNiCrAlY # R 8L F R 5

Table 1 Chemical composition of Cr;C,-25NiCr and Cr;C,-25CoNiCrAlY powders (W/%)
Powders Co Ni Y C (6] Cr
Cr3C,-25NiCr 19-21 9.1-10.1 <0.5 Bal.
Cr3C,-25CoNiCrAlY 8.0-11.0 6.5-9.0 0.05-0.20 9.0-11.0 <l.5 Bal.
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Table 2 Parameters of spraying process (al%)
Parameers INCr 25CoNICeAlY

Fuel Propane Propane

Fuel 1 pressure / MPa 0.669 0.710

Fuel 2 pressure / MPa 0.703 0.724

Air pressure / MPa 0.745 0.745
Nitrogen carrier rate / (L-min™") 70 70
Powder feed rate / (g'min™") 72 53

Spray distance / mm 320 320

Spray angle / (°) 90 90
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Fig.3 Cross section and surface morphologies of Cr;C,-25NiCr and Cr;C,-25CoNiCrAlY coatings

22 EERSNRE

El 4 250 T 800 °C T HMIRIZNEIRE LS
Ji2fgk . BT LIB H, CryC,-25CoNiCrAlY
Fl CryC,-25NiCr 1 )2 Ay A A3 B it 2 34 m] 4l 43k
P B—— Pl S BoRR e AL B . 12
FMTENT 20 h PR AL, AL ER; A A
R AT, )2 R R AR — 2 S A Ak
JBE, Bl A AR BTN TS, AR
EEAB B, 4t 800 °C F 100 h %A fL)5, CryC,-
25NiCr il Cr;C,-25CoNiCrAlY 4 Z Atk & /3
ALK 0.87 mg/cm?® Al 0.80 mg/cm?, i B PIFh I
SRR E N EA R P e R A etk RE, (A
Cr;C,-25CoNiCrAlY B EEKAL T CrsC,-
25NiCr IR )2,

Cr3C,-25CoNiCrAlY Fl Cr3C,-25NiCr IR J2
T A ALHT S 9 XRD EIE Qi 5 i, MR 5 Af
U, BIZHFRIAYIA S CryCy A, B & A B a B

%, UL Cr;C, 75 800 °C @i FHA RiFfsE
e, SEALFIM L, CryC,-25CoNiICrAlY &2
TR T Cry05 F12R 4 R4 ALY) (Spinel A1 T
fiE & NiCr,0,4. CoCr,04. NiC0,04. NiAlO, 8

COA1204)[20]; ﬁﬁ Cr3C2-25NiCr %%)%/%:‘L'f't}a E/‘J%%E
1.2

—e—Cr;C,-25CoNiCrAlY
—&— Cr;C,-25NiCr

N o o =
~ =N % o
T T T T

Weight gain / (mg-cm ?)

o
o
T

1 1 1 1 1
0 20 40 60 80 100 120
Time/h

€4 800 C TFik/ZM% ksl ik
Fig.4 Oxidation kinetic curves of the coatings at 800 °C




106

b B xR T LT IR 2017 4¢

* « Cr;C, * y-matrix ¢Cr,0,
o VNiCr ® Spinel ANiCr,0,
_ .
=5 iy Jter s x CrC-CoNiCrAlY after oxidation
& ¢ u WM [P Aps, .
> y
z . "-" 2. Cr,C,-CoNiCrAlY befgre.oxidation
£ WA oo ee .
=
© ot esese N Cr,C,-NiCr after oxidation
B Ae w I R Y
3 (i
. “ eV Cr,C,-NiCr before oxidation
: .. V .o .

20 30 40 50 60 70 80 90
20/(°)

[§ 5 iRJZEALHTG B XRD 7T 55 K
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Table 3 EDS analysis results of the zones in Fig. 6 (al%)

Zone C (6] Cr Ni Co Al

A 14.05 57.82 26.76 1.37
B 8.67 61.28 21.23 8.83
C 16.01 56.94 25.81 1.24
D 8.51 56.03 22.80 566 6.04 0.96
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Table 4 EDS analysis results of the zones in Fig. 9 (al%)

Zone (6] Cr Ni Si Co Al

E 69.62 15.6 4.96 9.82

F 42.23 43.52 14.52

G 66.05 17.19 2.89 873 253 2.6l
H 28.45 45.96 9.54 9.69 6.36
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