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Effect of Solid Solution and Aging Treatment on Microstructure and Hardness of
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Abstract: The GTD222 nickel-based alloy was prepared by selective laser melting technique and then treated
by solution at 1 150 C and aging. The effects of solution treatment time (0,20,40,60,120 min) , aging temperature
(760,780,800,820,840 C) and aging time (2,4,8 h) on the microstructure and hardness of the alloy were studied.
The results show that the columnar crystals in the GTD222 alloy formed by selective laser melting had a certain
oblique angle to the forming direction. There were cellular substructures and high-density dislocations in the alloy,
no Y phase was precipitated, and MC carbides mainly distributed at grain boundaries and interfaces of adjacent
substructures. The substructures of the alloy disappeared after solution treatment at 1 150 ‘C. With increasing
solution time, the carbides gradually dissolved, and the alloy hardness decreased first and then became stable. After
aging at 760—840 °C for 2—8 h, a large number of 7' phases were precipitated in the alloy matrix. The size of ¥’
phase increased with aging time and temperature, while the hardness of alloy increased with increasing aging time
and decreasing aging temperature.
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Fig. 1 Laser scanning strategy diagram
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Fig.2 Microstructures of GTD222 alloy formed by selective laser

melting: (a) at low magnification and (b) at high magnification
5t R A RE L 33X PR AT A Tt ) L B R e fef A5
PR TT 10 FF AT RS S 2 BFAT TS, TR X
JCIE A Y H% 4348 T8 YWY HE AT, 3 8 3 A5 9
i B T B OHE  2 EH Ab E TERD R A R R XY
P2 SRR — O R L AT
NP BAN L v N

- S

19 5 T

(b) FRIA %

0.5_um
(d) BFITHHERX

I PR S ) A A [ DX AL 3 ORI T
RGO X, XA AT R R S 5 & AR
S K Ty B 001 ] 5 ] .
22 FIEBAEHMNEN

v A i R T B g A R R A A EE SRk
Mo GESPUbIRE K5 v/ A DLBERR 3T R
TEATESAM PR RS R IL 942K D F 78 fh A
BAE AT T AL IR B AR R v/ v SR

HE 3 Ca) /] LLAE M, 3% X6 & b %
GTD222 & 4 A7 AE Wt (0 MR 0 45 449 o B8 44 v 43
A3 5 5 AW 1 T 57 8 4 5 3 XS b T 3 4 AR
DI R Y A AR 2 KR R A iR R B8 AR
ARKFE M, e 1o A8 b A 4 2 7 D A 5 e
YA D ah A L VI HeF A ARG I DX T R R AR K
O BOM R AR 224 Z A AR T 1 T G A
BN IR, PSR RS - B EE, X
M it A% 1R 78 8 G ¥ - A5 P R D s AR R 2 AR
AL 485 S B L — 308 40 AR T RN R F7 4 P IR T i 2 R A
BEZk . SCBREOEIE A R, — A AR A
i 22 IR 2 2% W) 38 A 30k 5 SO M i 15 S 2h i
L E R BT & TR RS & &,

Kl 3(h) 5K 3(c) Ny [F— M7 T i W 351458 F i
1A 3 I K5 37 1% (High-Angle Annular Dark Field,
HAADF), HAADF H{% {55 5 B 5% 00 8 i )7

05 pm
(o) EHIFEEHEG

51 nm

(e) LB 1HOE FHIGIDES

B3 EXEABURTE GTD222 £/ TEM F 51

Fig.3 TEM images of GTD222 alloy formed by selective laser melting: (a) dislocations and substructures; (b) light field image;

(c¢) HAADF image; (d) electron diffraction selected area and (e) electron diffraction spots of position 1
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Fig. 4 SEM images of GTD222 alloy formed by selective laser melting after solution treatment at 1 150 C for different times

YA A NEIRTHEF 1150 °C mF CRP E % i e
0, 25 B R0 R 2 TS T W4 B /D ik
A3 TR o 3 TR SRy o7 45 11 52 1) o 38 L sk Ak 90 175 A
PR B, S Al EA S A AR B
Bl B AT ENZS 19 (354 HV) /N R [ BRI 4 b b
JEASAA A, Bl [ 35 B I A A K s 1 ) 4k 2
fi, % 40 min B E AR E WM, &4 £ mY —
Sk AR BEAE B 20 min 5 OR FER AR B AR
b BT LA A R4 42 P9 1 1 7 B 3R A Bl S B L
AR IR AR R AE K. 25 BT RKE 1 150 C AR IR

40 min i € R 3% X OB IE L UE GTD222 & 41
FEALALFR T 2,
24 HRLEXNBREANREEZNZM

& 6 AT AE 760 ~840 CHF AL 3 2~8 h
J& 2 KOG IE AL RTIE GTD222 & 4 B4R th #4187
Ky ALy AR AR B R Ak IR RE T s I S )
FIE K T3 KL 3R DA PR A S R T L T R T HIOE
ATy BT A 2 A AR K R DA R AL L A T
RE. MR 1A LUAE AR ORI R, 4 4 b R Bl
s AR B 1 T v T A A L 3ty R v

69



ML EH

MATERIALS FOR MECHANICAL ENGINEERING

B B

For i 2 A0 28 AF ik KBRS AL R GTD222 4K &2 W R A i L 14 % h

350

340
330 -
320
E 310 -
J%é( 300 -
290 +
280

20|
10
0
0 20 40 60 120
[ F¢ R [1)/min
B 5 ERMBUBT GID222 A4 % 1150 CEELE
A [E) B 8] 5 B B
Fig.5 Hardness of GTD222 alloy formed by selective laser melting
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Fig. 6 SEM images of GTD222 alloy formed by selective laser melting at different aging temperatures for different times
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