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Surface Modification by Laser Cladding of Ni-Cr-Al-Y Alloy
APkio Hirose, Hideki Korant and Kojiro F.KosayasHi

Ni-22mass%Cr-10mass% Al-1mass%Y (NiCrAlY) alloy, Al, Nb carbide, and Cr carbide added NiCrAlY alloy were
deposited on to mild steel substrate using laser cladding. Crack free clad layers were obtained at laser power of 2.5kW,

Laser clad NiCrAlY alloy and Al added NiCrAlY alloy exhibited superior oxidation resistance because of formation of an
AlLO, protective scale. Spalling of oxide scales reduced the oxidation resistance of laser clad Nb carbide and Cr carbide

Wear resistance of laser clad NiCrAlY alloy enhanced after a surface oxidation treatment because of a lubricating effect
of the oxide scale. Al addition has no advantageous effect on wear resistance of laser clad NiCrAl'Y alloy. Laser clad Nb
carbide added NiCrAlY alloy has superior wear resistance regardless of the oxidation treatment. Wear resistance of laser
clad Cr carbide added NiCrAlY alloy was also improved by the oxidation treatment. However, degradation of the wear
Thus, the improvement seems to be caused by an effect of

Synopsis :
defocus length of 25mm and traverse speed of Smm/ks.
added NiCrAlY alloy in comparison with NiCrAlY alloy clad layer.
resistance did not occur after removing the oxide scale.
carbides precipitated in the clad layer during the oxidation treatment.
Key words : wear ; oxidation ; laser cladding ; surface modification ; NiCrAlY alloy ; carbide ; oxidation treatment.

1. #&

I

TEEMEIO EHEREO BRI L b Lo THROEAIL,
EMERE LRI S T 3 0, FRCITERICEE, WEERETE, W
S OMRE 2 MR 5T A RASUEIE S EEMR 2
NTw3, 2OWTr—F 23 v7 4 o 277 R3IEH~DBGE
BRI, »OIYV A —FOEKEPHEMEL CERTS 5
YaeAt L THEHIN TS, KEZERT 2MELE L
T, WrEdE, WEgibrE, mERetE, WEMEL EofEni
HEEPH LTV 52 LD RETH 55, AR EEM
B L2 CNICrAIYAEY ¥ o s, AEEIEEL L
Tz —7 4 v Z7MERtI I vz ra—T74 2 LH
MHEOEABLELTHCLR, PVD, A A7 v—F 14
7, WEESHEL E LS THEBEINR T 5D, LyL,
NiCrAlYA &3 L 8B L e 7 I v 2 a2 AL
ZHEREAL, SRR L R X 2 o DRI DRI A L. 2 2T
KR TRy —F 25 974 > 2 %M T, Ni-22Cr-10Al-
1IY&4 L6 U0, Al NbR{b s L OCCrirfbin &

BafLLIcz o974 V2 RBEHR LI, 2L T2y T
4 RBORIFLREERGEME 2 R CIZT L E LI, £ O/,
fitfebtt, MR S TRE 21T - 15

2. KRER5E

2.1 HRE

25 w34 YOI, T5mmY X 150mm! X 20mm'D
SHEO TR DSS418/ 2 FH v 12, EM KR I v —F v — 20D
WS Py s 7022’ v F100RT 7 7 2 FLEZIT-
120 75 v 74 2 MENC GIERLIE A ST H 5 NiCrAlY
B4 L, ZNCHIAIEIRIR, Nbis & FCrik{bmh K% 2
NZENFMLIRAAEREREH VI, BRIZFLEETHEM
FICIRA L2, 20 OBROMAK LRI # Table 112RT,
73, NbRALIZE L L TNDCTH b, Crik{t¥idCr,C,,
Cr;Ce¥ & U Cro;CeDIRAMT H %, ALGRIME S K KL
NiCrAlYA e B AR P g s AlL Ab¥ Tlomass% & s
555 AR ZIRA L TR L foo IRALHRINA SRR

R 4448 6 BRF P4 410 2 B2 8 (Received on Apr. 6, 1992 ; Accepted on Oct. 2, 1992)
%  KIRAKZT%E (Faculty of Engineering, Osaka University, 2-1 Yamadaoka Suita 565)
% 2 KPRAEAERE GRIIFEEE () (Graduate School, Osaka University, now Kawasaki Steel Corp.)

105 I



06 $£&$@Vol79 No. |

Table 1. Chemical composition and particle size
distribution of cladding powders.
a) NiCrAlY alloy powder
b) Al powder
c¢) Niobium carbide powder
d) Chromium carbide powder

a)
Chemical composition (mass?%) Particle
Ni Cr Al Y size (um)
NiCrAlY Bal. 21.92 10.05 0.92 —45 /+10
b)
Chemical composition (mass%;) Particle
Al Si Fe size (um)
Al 99.78 0.06 0.16 —150 /+45
c)
Chemical composition (mass%) Particle
Nb C Fe size (um)
Nb-C Bal. 11.51 0.09 —150 /+75
d)
Chemical composition (mass%) Particle
Cr C bl S Fe size (#m)
Cr-C Bal. 109 0.04 0.025 0.13 —212 /+106
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PelENEN

B
Penetration ratio : B/(A+B) X 100(%)

Fig. 1. Schematic illustration of penetration ratio
measurement A : area of deposited metal, B:
area of melted substrate
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Table 2. Results of penetrant test.

Cladding Traverse speed (m/ks)

Materials [1.67 3.33 5.00 6.67 8.33 10.00 11.67 13.33 15.00 16.67
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Fig. 2. Optical microstructure of laser clad Ni-22Cr-
10A1-1Y alloy.
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Fig. 3. Microstructure and X-ray diffraction pattern of
laser clad Ni-22Cr-10Al-1Y alloy.
(a) X-ray diffraction pattern
(b) Secondary electron image
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Fig. 4. Microstructure of laser clad Al added Ni-22Cr-
10Al-1Y alloy.
(a) Optical microstructure
(b) Secondary electron image

Fig. 5. Optical microstructure of laser clad 20mass%
Nb carbide added Ni-22Cr-10Al1-1Y alloy.
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Fig. 6. Microstructure, EDX and WDX analysis of laser
clad 20mass% Cr carbide added Ni-22Cr-10Al-
1Y alloy.

(a) Optical microstructure

(b) Secondary electron image

(¢) C X-ray image corresponding to (b)

(d) Cr X-ray image corresponding to (b)

Fig. 7. Microstructure and EDX analysis of laser clad
Ni-22Cr-10Al-1Y alloy oxidized at 1273K for
176.4ks.

(a) Secondary electron image
(b) EDX analysis of oxide scale (position A in(a))
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Fig. 8. EDX and WDX analysis of Nb carbide particles
at surface of laser clad 20mass% Nb carbide
added NiCrAlY alloy oxidized at 1273K for
176.4ks.

(a) Secondary electron image
(b) O X-ray image corresponding to (a)
(c) X-ray line analysis of Nb and Al

Fig. 9. Microstructure and EDX analysis of laser clad
20mass% Cr carbide added Ni-22Cr-10Al-1Y
alloy oxidized at 1273K for 176.3ks.

(a) Secondary electron image
(b) EDX analysis of oxide scale (position A in(a))
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Fig. 10. Oxide scale thickness formed on laser clad
layers vs. square root of oxidizing time in
oxidation test at 1273K.
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Fig. 11. Sliding wear test results of laser clad layers.
(a) As fabricated condition (b) Oxidation at 1273K for 176.4ks (c) Oxide scale elimination after the oxidation
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