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Al,O; Nanocrystalline/Ni-Based Alloy Composite Coatings
Produced by Laser Cladding

LI Ming-xi""?, HE Yi-zhu', SUN Guo-xiong*
'Research Center for Laser Processing , Anhui University of Technology, Maanshan, Anhui 243002, China
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Abstract Composite coatings of Al;O; nanocrystalline/Ni-based powder produced by transverse flow CO; laser on
Ni-based superalloy were introduced. With Olympus Pme-3 type optical microscope, Philip-XL 30 type scanning
electronic microscope (SEM) and energy dispersive X-ray spectroscopy (EDS), the microstructure, chemical
composition and distribution of nano particles of the cross-sections of the coatings were analyzed. The results
showed that columnar dendrite grew perpendicularly to the interface without nano Al; O; particles. And the growth
morphologies of dendrite transformed from long columnar to short form by adding nano additives. Non-directional
dendrite growth at the interface and equaxied dendrite across the section of the clad appeared with the additive
amount of Al,O; particles to 1%. The solidified microstructure was greatly refined because the nano Al,O;
accelerated nucleation ahead of the advancing interface of solid/liquid and held back crystal growth by its
concentration. Nano particles prevented the formation of cracks in the coatings.
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Table 1 Nominal composition of substrate, in wt.-%

C Si Cr Fe w Mn Ni
0. 40 1.2 25.4 3.0 8 0.8 Bal.
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Table 2 Nominal composition of powder, in wt. -%

C Cr Si Cu Fe B Ni
0. 50 12 4,5 2.0 10 3.5 Bal.
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Fig. 1 Transmission electronic microscope (TEM)

morphology of nanocrystalline Al; O;

BEFRA SRR E HES MU LKE R, K Ni
HAEESMARCRLENR 20~106 pm) 545k AL O, (J
B D —EWERBLMO%,0.5% % 1% EE,

R AR FS B TR SR, A 2 B /Y 2 % 7 - PR
EXAE, B GRERE oM. RRYSE,. W
il 3] Ni B4 S i R 1 Gl R~ 8 100 mm X
100 mm>X10 mm) ,JEBJEFE K 0. 6~0. 8 mm [ il
FIMRZE RIE LA 120°C B LA R 48 2 h, BUH 77
M.

ORI TE TI-HL-T 5000 % CO, ¥
JEn TRRE R4 b HEAT i AL R BT £ 7S %l DO 3% 3l
BIERG . BOLtH BTN P =2600 W, H##HE V
=150 mm/s, K EHZE K 4.5 mm,EER N 30%.
EREESMHRAAELMEE A EKERE®, B
OLYMPUS PME-3 #4448 2 458 & PHILIP XL30
F 5 B8 (SEM) MLE H 4UR BB 3% 4317 .

3 R R

BEXA R REETFAEARKN R TSR
X, BB A A K 1) FE AL X ROE R B P AT T
SEHERHEE T M AERKX,

B 2 REEZEIR A HE ., B E L
Bl ARG AL O, By 5 AL BE E 45 & 7 16 o 3
H TR, ASMERA K AR AR A E
K AL O, (0.5%), — R KESE 2 M L B

T

oy

= 50 pm

B2 RS YRGBT
Al Oz AR : () 0%;(b) 0.5%;(c) 1%
Fig. 2 Interface morphology of the clad (cross section)
(@) 0% Al Os; (b) 0.5% ALOs; (o) 1% Al Os
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Fig. 3 Edge morphology of the clad (cross section)
(a) two overlaps, 0% Al;Oz; (b) single, 1.0% Al O3
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Fig. 4 SEM microstructure of the clad
(a) 0% Al,O3; (b) 1% Al,O3, back scattering image;
(¢) SEM EDS microanalysis of A (Fig. 4(b))
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Table 3 Results of SEM EDS analysis, in at.-%

Location (0] Al Si Cr Fe Ni
A 32.1 24.2 7.6 16.0 3.9 16.1
B 18.3 0.46 11.7 28.3 13.1 49.4
C 21.0 0.60 11.3 32.9 5.4 20.1
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