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Abstract  The GH738 nickel-based superalloy through-groove sample is repaired by laser deposition, and the
microstructure and room temperature tensile properties of the repaired sample are analyzed. The results show that
the microstructure of repair zone presents typical characteristics of columnar dendrite with epitaxial growth, and the
dendrites are perpendicular to the substrate and tend to grow along the deposition height direction through multiple
layers. The dendritic orientation in the center of the repair area shows a large deflection. No ¥’ phase is found in the
repair area, the content of carbide in the area is less, the M,;C; type carbides rich in Cr and Co mainly exist in the
dendrite stem, and a few cubic MC carbides with relatively larger size and higher contents of Ti and Mo exist among
the dendrites. Compared to the substrate, the size of ¥’ phase in the heat affected zone obviously increases, the size
of partial ¥’ phase exceeds 200 nm and the average distance between them increases obviously. The content of
carbide in the heat affected zone reduces, and partial carbides decompose. The room temperature tensile strength
and elongation of the laser deposition repair sample is 78.2% and 69.2% of those of the forging, respectively.
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Table 1 Chemical composition of GH738 alloy powders

Element C P Co Al Fe Mn S Mo
Mass fraction /% 0.06 0.015 13.00 1.40 2.00 0.01 0.015 4.50
Element B Cu Si Cr Ti Zr Ni
Mass fraction /% 0.005 0.10 0.15 20.00 23.00 0.10 Base

X T GH738 & 4 e B 10 B 2 2L 8045 s o vl R 45 0 0 A2 B U Ak Sy BB AR R B R R KB L
30 mm, ) H 5 3.2 mm, FWTSEW R 14 mm, M 0 S 30°, AN 1 s, SE90 AT X By AR AT T8 AL 4k
B, AR T AR A8 2 BE AR, SR 5 R DI K LR v v T, DIRMEE LR 280 I E AR 3 mm, O
1000 WL HHEH A 4 mes ' B BE 7 gemin 'L )25 0.5 mm. R OLYMPUS-GX51 %527 5 i 8 i
B4 AR 1 S A 2 25 SR A48 H 88 (SEVD) L8 B W0 20 SRR AIE I T 41 415 Hh B B A 1) BE 3% A (CEDS) X 9
AH B B3 BEAT 5347

K1 BTl R K
Fig. 1 Schematic of through-groove
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Fig. 2 Microstructures of repair zone. (a) Repair zone interface; (b) heat affected zone;

(c) edge of repair zone; (d) center of repair zone

32 YHEHMEERS

YA JE GHT738 44 b i 2 i s ALAH , i T S XA S i RE AT E . AR TR
WLEE BB 5 DX AEAE v A L 33X 02 R T OGTURME Sl A v i1 v A S 54 5 v AH S U TC 3R ol o D 9 1
PR FBOY A BT 3 AT LA R Y AR T RE S 50 nm RN B 5T BRIy
Aif T HEVR s X TR BAGE  DX gy A B AR P B R S 110 nm, AR A3 AR BT R Ak L RS 35 3
230 nm, y A W] S /D P 24 )RR B E RGO, R T A OB TR S8 B 0 B B e, B E IX e R
SFE/INE Y AR A AR A3 A L D TR I RE T Ry AR T 3R T R T AR HE RO Ry A S
BRI,

B3 ) PSR X R (b) JER A v AR 4 IE 55
Fig. 3 Morphology of ¥' phase in (a) heat affected zone and (b) substrate

33 BUYMHESERSTE

P 4 Ca) i 2 AF R B TAT I B M2 1) A AR U 8 SR IX G R X (HAZ) FLEEAR . 7R85 X b, B (]
AT BT A AT EANTRIE S S SR AR AR AT AR AR /N S8 RO R R
WAy, a4 () AL E 1 Frs . HA EDS 2087 L6487 H W) B9 A7 oy 4 R N3k 2 o, & 2 i,

1002003-3



H | i ot

PR BRAL Y Y Cr.Co & B O Moy Co BUBRALYY o ALk 18] 7 7 A0 d (8 ROSF AR A 85 /9 2. 07 M e A 4
WP 4 Ch) AL E 2 BN IS BRI T Y Tiu Mo & 18508 . MC BUERAE 9 AR T R AT 5 #4052
M) X f i Ak 4 IR <H B S /N, L 4 (o) TR, i EDS 5 5 080 0 052 i X AT 1 10 40 /0N 1) JB0RE 9 A
M.; Cs BURRALY) B RSF292 150 nm, H B 4 () A] WL, B A A7 AE 6 RUSTBEK 5 TUREAR (9 Btk £k 9 5 3
6 i A W) T B0 AR AR 5 B

Cr.Co i fii A 70 2 o £ 5 (¥ b A rb R HE 3 fig Ay T80 B 0 T A1 Mo O 1E A 6 & o B8 18] 2 7 ok
O AT TR AR B AT L A T 5 A T B A IS AN [ DR B AR ) R B N [ . O DR A i
o ) 5 1] o R A B AR T R RN BT s 0 =2 A T B AR /1 R ] e AR e g A 0 ) A I S TR AR R
/AN o DRI e 2846 52 DX DN ) B A ) RS /0 o S ) R B 17 RS AR X 5 R iy 2 S D5 IR B AL 0 B 1T T BE R A
WOLTURUE & i B P oo v A7 A 1 A a5t b R A 9 R DA A 7 s 5 I I O 388 7 R TR B . 6 RO
UURRE S i R v, PG ey DXL JEE T e R BB 19 MC B B AL W 7 e il T A ARE 8 2 o ik 2 T i RS
BN My; Cs BIRRALPIFL Y/ AHY

repair zone

substrate

4 BRI 1 () SEMIJESI K (WDIER X (O #F I X, (d) £ 14 i fi Au 1 1 T8 35
Fig. 4 (a) SEM morphology of cross section of repaired sample and carbide images in (b) repair zone,

(¢) heat affected zone and (d) substrate
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Table 2 EDS analysis of different positions in Fig. 4 (mass fraction, %)

Position C Al Ti Cr Ni Mo Co
1 15.78 0.24 39.23 23.82 6.59 12.16 2.19
2 18.08 0.05 65.75 1.45 1.85 8.49 4.32
3 13.97 0.38 3.56 1.12 52.92 6.09 21.96
4 38.73 0.15 1.59 13.31 31.72 4.32 8.11

3.4 ERhMiEsE
GH738 @il & & B P hism B 1276 MPa, JE Il 58 2k 780 MPa, Wi J5 i K 5k 26 %, % 3 MOk
DIBUEE GH738 il & &= B Re i M 25 5. N BEALIR 22 M T2 S8 T B E 3 ik
FELRIE R X 3 MR T SR BILs, MRS AL VRSB E RN RRE o, N 998.2~
1020.2 MPa, Ji IR¥EJE 0., }1663.6~681.9 MPa, 5B B AIK T8 R0y 38 B . DAPTHL 3R B /iy 37 350RE Ry 4]
AT hr o B R B F 0 78.2 %, Wi JE R RO SR A 69.2 00,
F 3 WIS GHT38 il A 4 1y 3 e b i ik ik

Table 3 Room temperature tensile properties of GH738 superalloy repaired by laser deposition

Sample number o,/ MPa 602/ MPa Elongation /%
1% 1008.7 672.8 19.0
27 1020.2 681.9 18.1
3% 998.2 663.6 18.0
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Fig. 5 Room temperature tensile fracture morphology of GH738 superalloy repaired by laser deposition.

(a) macrograph; (b) microscopic morphology
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