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Research on Mechanical Properties of DZ125L Columnar Crystal
Blade Directionally Repaired by Laser Direct Forming
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Abstract Directional repair of the same material by laser direct forming is performed on the columnar crystal
substrate of DZ125L. Microstructure and normal mechanical properties of cladding layers are analyzed and tested.
Besides, the mechanical properties of the interface between cladding layers and directional substrate are tested.
The results show that the microstructure of laser direct forming DZ125L is columnar crystal with the primary
dendrite arm spacing of 8~12 um and the deterioration of secondary dendrite arm. The size of columnar crystal after
heat treatment rises to 30~90 um and v’ strengthening phases separate out on the matrixes of columnar crystals
in quantity and uniformly; The longitudinal tensile strength of as—deposited columnar crystal is 1312 MPa, while
the elongation is 5.27%. After heat treatment, the longitudinal tensile strength and elongation are 1201 MPa and
6.69%, respectively, which both meet the national standards. The interface between cladding layers and directional
substrate shows good mechanical property, which can meet the operation requirements.
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Table 1 Main elements of DZ125L powder and substrate (mass fraction, %)

Element DZ125L powder DZ125L substrate
Co 9.64 9.54
Cr 9.70 8.74
W 7.14 6.46
Mo 2.18 2.21
Ti 3.12 3.18
Al 4.90 5.03
Ta 3.78 3.96
C 0.09 0.12
B 0.015 0.0076
Ni Residual Residual
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Table 2 Main process parameters of laser direct forming

Parameter Value
Laser power /W 210~230
Scanning speed /(mm/s) 4~6
Powder feed rate /(mm’/s) 8.7~9.3
Shielding gas flow rate /(L/min) 0.4~0.6
Oxygen content /(107) 50~80
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Fig.1 As—deposited SEM microstructure of laser direct forming DZ125L. (a) 500x; (b) 2000
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Fig.2 Heat treatment SEM microstructure of laser direct forming DZ125L. (a) 500x; (b) 5000%; (c) 15000%
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Table 3 Room—temperature tensile properties of DZ125L by laser direct forming

Forming technology o, /IMPa ay, IMPa 6 /%
As—deposited 1139.5 1312 5.27
As—deposited + Heat treatment 1001 1201 6.69
National standard =840 =980 =5

0603002-3



bR Wt
P 3 S0 PO B U e 5 T A DB 1 A 300 o L mT R A BRI S B0 R W S LR ST L
K0, S At e R AR T 1 ) S T A AR B o H R 3(c)  (d) AT A, BA KR B i R DR 11 2 T B4 A

TE W B B85, W 2L B o 8L . XS LL AT B(e) L (0T 2 BRAAAL B 2 5 1 A ) SORC R W 5 A i F B A
Z , i VAL A nl B 5E ey s

AN

B3 BO6E 2 NIE DZ125LIREERT LTHE S . (a) 30X, () 2500X%, (e) 5000x, TLALAS; (b) 30%, (d) 2500%, (f) 5000, F kb

Fig.3 Fractography of laser direct forming DZ125L. (a) 30X, (¢) 2500%, () 5000x, as—deposited; (b) 30%, (d) 2500x, (f) 5000 , heat treatment
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Fig.4 Microstructures of interfaces of laser directing forming DZ125L. (a) As—deposited; (b) heat treatment
T 548 2 R o SR AN 181 5 RN SR 4 F s o P 5 T RS S R 1 i ek T 2K 1 AR SRS B R R 22
PBCRI A AR W R X R WIE 5 2H 25 b Y 45 G T PR RE R4, T 45 5 T A ) o M RE S i T TR R
EA AN ALY S . rh ] 40T R A 2O b 4 A T A AE S e A R R R B A — B, B
EHAL SR RS /I [ B8 o AR — € PR BE BORBE 745 5 RS EE 2) 245 & AL IS BI TR IE . 1h 1] 4 7T 0 45

THT AR P fie KT 38 100 o 72 47, — 2 I DR T LA AR B 75 b4 RIS 22 (A1 )58 42 1906 4 45 6 T, 32 o 45

SE SR =

PERE (1 AT SEPEFIRR SE P . SR AE RR R W] T B R A AW IR e e R TR R MOt EMAERER

e

\

\?>

—
AN

Ji
)

2
¢

S

B
AN
=
AN
=

KI5 WO Y DZ12SLAE A RERLIAT R . (a) DUBLES; (b) FAAL FHAS
Fig.5 Tensile results of repaired samples by laser direct forming DZ125L. (a) As—deposited; (b) heat treatment
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Table 4 Room-temperature tensile properties of DZ125L by laser direct forming

Forming technology o, /MPa o, /IMPa 0 /%
As—deposited - 799.5 -
As—deposited + Heat treatment - 830 -
National standard =840 =980 =5
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Fig.6 Results of microhardness
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