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Effects of High Al and Hf Content on Weldability of Ni; Al Based Alloy by Laser Welding

GAO Hai-yun'*?, HE Run'", ZHANG Dong-yun’, LU Kun®
(la. Department of Material and Chemical Engineering, 1b. Department of Mechanical and Electronic Engineering, West
Anhui University, Lu”an 237012, Anhui; 2. Laser Research Institute, Beijing University of Technology, Beijing
100022)

Abstract: Influence of high Al and Hf content on the laser welding properties of Nis Al base alloy was investigated.
Three types of alloys with different compositions were used to analyze the weld solidification mechanism and the crack
sensitivity. The laser welding process was studied from such parameters as preheating temperature, laser source proper-
ties, etc. It is found that with the increase of Al centent, the segregation of Mo content in the weld crack was reduced,
and the brittle temperature range got smaller during the solidification process to result in a decrease of the solidified struc-
ture (y+7v') eutectic phases in the remote eutectic area. Meanwhile, with the increase of Hf element content, the crack
sensitivity was reduced by a fine plume (y+7v') eutectic was generated from good interdendritic filling. Therefore, the
crack sensitivity could be reduced to some extent by adjusting the preheating temperature and laser wavelength due to the
high cooling speed, however, some small cracks still existed, which would disappear if welding with semiconductor laster
of shorter wavelength and larger spot is used.
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Table 1  Elements compositions of the MX246A,No. 2 and No. 3 alloy (w/ %)
Alloy Al Cr Zr B C Ti w Mo Y Hf Ni
MX246 A 8.2 7.8 0 0.05 0.1 1 2 4 0.01 0.5 Bal.
No. 2 alloy ~ 10.0 7.8 0 0.05 0.1 1 0 2 0.01 0.5 Bal.
No. 3 alloy 8.2 7.8 0 0.05 0.1 1 2 4 0.01 1.2 Bal.
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Fig.1 Microstructure of the MX246A alloy
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Fig. 2 Microstructure of the MX246A alloy with differ-

ent grain sizes
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(a) Low magnification
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Fig. 4 Microstructure of the weld zone under low welding speed
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Table 2 EDS results of the weld under low welding speed

(w/ %)
) Element
Point
Al Ti Cr Ni Mo Hf

1 7.01 1.50 6.86 77.77 3.39 3.47
2 4.72 1.33 7.48 72.05 3.60 10. 82
3 8.32 1.69 6.76 79.68 2.27 1.27
4 5.43 1.23 6.90 79.95 3.01 3.47

(a) Surface m;)rphology

(b) Map of Ti

(c) Map of Hf
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Fig. 5 Distribution of Ti and Hf in weld zone under low welding speed
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Fig. 6 Microstructure of the weld zone under high welding speed

SO, T ARG 46 75 . Mo T &K i % A1 R
AIPTRIE = EA R R0 . Fr LA 4 e rp i R
/D Mo JC R 19 0 5K - 7] I I 33 T AR B 1 LR 4

3 BREYSZHEEXBERETEMNSE

Table 3 Surface element contents of the YSZ spallation

area under high welding speed (w/ %) N
SR AL
Element
Area
. . X 14
Al Ti Cr Ni Mo Hf o e
o L B
5 7.88 1.17 8.28 76.87 2.90 2.90 E;:::) 1.2 “*~ High speed
6 6.65 2.83 8.19 71.96 7.69 2.69 § Lot
g oslh
7 4.59 1.70 9.92 78.84 4.07 0. 88 *g .
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Fig. 8 Element distribution of the weld zone under high welding speed
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Fig. 9 Shape and microstructure of the weld under low welding speed
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Table 4 Element distribution of the solidification structure in No. 2 alloy (w/ %)
Area Al Ti Cr Ni Mo Hi
Interdendritic 21.21 1.71 4. 44 71.29 0.75 0.6
Dendrite arm 18. 97 1.19 4.23 74.73 0. 88 0
Interdendritic 19. 38 0.90 4. 83 74.08 0.75 0. 05
Dendrite arm 17.70 0. 87 4. 64 76.47 0.32 0
Interdendritic 12.03 1. 45 5. 55 79. 14 0.73 1.1
Dendrite arm 18. 84 0.49 5. 17 74.67 0.83 0
Interdendritic 16. 61 4. 84 4. 69 70.92 1.73 1.21
Dendrite arm 16.79 0.93 4.44 76.65 0.93 0.25
Interdendritic average 17.31 2.23 4. 88 73. 86 0.99 0.74
Dendrite arm average 18.08 0. 87 4.62 75.63 0.74 0. 06
Equilibrium distribution coefficient, K 1.04 0. 39 0.95 1.02 0.75 0.08
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Fig. 10 Comparison of the segregation state between
MX246 A and No. 2 alloy
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Table 5 Element distribution of the solidification structure in No. 3 alloy (w/ %)
Area Al Ti Cr Ni Mo Hf
Interdendritic 10. 72 1. 15 12.57 71.25 2.14 2.18
Dendrite arm 15.97 0.98 7.40 73.96 1.11 0.58
Interdendritic 12. 69 1.06 8. 64 74.97 1.17 1.46
Dendrite arm 16.78 1. 36 8.39 71.78 1. 69 0
Interdendritic 15.99 0. 89 7.99 73.24 1. 16 0.74
Dendrite arm 16. 88 1.09 7.72 72.49 1. 29 0.52
Interdendritic 9. 30 1.75 9.11 76.87 1.78 1.19
Dendrite arm 15. 54 0.19 7.14 74.55 1.84 0.75
Interdendritic average 12. 16 1.21 9.58 74.08 1. 56 1.61
Dendrite arm average 16. 29 0. 90 7.66 73.20 1.48 0. 46
Equilibrium distribution coefficient, K 1.34 0.75 0. 80 0.99 0.95 0.29
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