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Fig.1 Microstructures of GH720Li in transverse (a) and

longitudinal (b) section
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Fig.2 Morphologies of y' phase in GH720Li alloy: (a) backscatter

electron image and (b) secondary electron image



© 1412 -

G E A e

¥ 52 3

RO 20 N E, — Ik y e E o 72
W R, 75 8200 [E s b B R e R e VAR, B
F B AR AR AR AL, X SR ATHLE A,
fl s R A . IRy AR SRR RO AT, RS
7E 100 nm~1 pm Z 8], R HE K, N EEEL
M, SRy AR L IE . 1 =Ky R KR 4
£ 50 nm PLF, —HE /NI =R pAHAE 10 nm BLF,
SR M EEAER SO AR AT, A TR AR .
FE— Ry M A B AEAE 1~2um T8 19 TC AR AT B A, o
B 3a fTom o — Ky M AEAT ok B2 rp s RE TR B 1 T
Al R T, A Ry ARAE — Ry A 3 e DA
o, RGN, EE2H—k A
R MR SRR . RS IRy MM A
B Z =R y'H.

GH720Li "l 34k y MR fee 4544, y AN LI, &5
¥o B4 9 y M B AT AERE, o FE I HL T AT S AR
WremS y MMATEPE S —3, H7E (1000, (010D
J (110) S5A7E H U S FEBE i, X2y A A R
T P HEBITE B o p AR o A 35 8 T 72 A2 6 2 b s
Z A e A — 8 RARIE S AL B0 o

AL yAIX 5. B 5 R 6 N y#HEIJC R 0 AT, &
TN T IRy R IRy AR A =R ARy AR TR
WAk, HLREAMERTE, 3 ARSI 4
TCERMAR—F, NF Niv AlL TifH, Wik y MAHE
YA, H Cr. Co H& EAN L . Wk H EBSD-EDS
I FH B2 R TR B SR 46 B 4 11 % Tt A6 BE R RE 1S, B
EBSD K& 1) Chi-Scan T AE 4K 3 AH 523 1) 2 57
S AHIEAT 708 A& IR A =Ry RS
fE 1 pm BAF, HRSE /N T304 F B e 1 1) 2 18] 7
%, EBSD-EDS B ARA Gede H AR 1
2.2 GH720Li &&% yHH =% R

K 7 JBoRT GHT720Li & 4 1% Hae A i & K
Q). A /34 B (IPF) A4 ¥l (phase
map). @it EBSD-EDS R —ik y'#H 5 IPF Kl 4
PR A2 B ARV G, 2R 25 (8] 73 2 B
— SG X I A BRI INE FE R S, R — IRy
AHEITEASRR /N /N B 7by 7 AT WSR2 & 4
HR — IRy AHAE p A &G R G SRS S An, KR4y
—X YA y AGFERE R K R K Te, 7f
o, SR BIJEAR p A bR A A AE S B A — B —

Tertiary y’
200 nm

3 GH720Li &4 y'#iff1 STEM-HAADF 14
Fig.3 STEM-HAADF images of y' phase of GH720Li alloy

4 GH720Li 1 — K #8107 H T AT 6 RE
Fig.4 Electronic diffraction patterns of primary y’ phase: (a) [001] zone axis and (b) [011] zone axis
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Bl 5 GH720Li & 4:f) SEM %A1 EDS Ju &K i 114
Fig.5 SEM image and EDS element mappings of GH720L.i alloy

6 GH720Li &4t TEM {4/ EDS JT % ifi 133
Fig.6 TEM image and EDS element mappings of GH720Li alloy
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Fig.7 EBSD images of GH720Li alloy: (a) IQ map (image quality); (b) IPF map (inverse pole figure map); (c) phase map+grain boundary
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Fig.8 Misorientation angle distribution (=59 in y phase (a) and y’ (b) phase of GH720L.i alloy
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Fig.9 Two dimensions unique grain color maps of primary y' phases in GH720Li alloy (slice number a: 1; b: 23; c: 45; d: 67; e: 89)
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Table 1 Morphometric parameters of primary y’ phases

Parameter Slice 1 Slice 23 Slice 45 Slice 67 Slice 89 Average of 5 slices
Average grain size/pm 1.93 1.82 1.94 1.79 1.86 1.87
Average particle size/um 2.40 2.43 2.52 2.37 2.41 2.43
Average particle area/pm? 5.45 5.49 5.78 5.18 5.59 5.50
Particle circularity 0.30 0.27 0.29 0.26 0.30 0.28
Area fraction/% 18.3 19.9 17.1 19.2 19.6 18.8

Note: average grain size and particle size are shown in equivalent circle diameter

K 10 GH720Li &4&— X y MM =4EE 3K
Fig.10 3D rendering map of primary y’ phase in GH720Li alloy
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Fig.11 Three-view diagram of primary y’ phase in GH720Li alloy
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Fig.12 Display graphs of typical primary y’ phase in three directions
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Table 2 Volume, surface area, equivalent sphere diameter and spherical degree of primary y’ phase particles marked in Fig.12

Primary phase y' particle Volume/pm® Surface area/pm? Equivalent sphere diameter/um Spherical degree
Particle 1 7.6 20.5 2.44 0.91
Particle 2 11.0 29.4 2.76 0.81
Particle 3 25.3 59.3 3.64 0.70
Particle 4 46.5 105.9 4.46 0.59

Average of 779 particles 10.3 27.9 2.13 0.76

P13 — R p ARSSURL 4 £ Z 75 18 AT A5 T AR
Fig.13 Morphological process of No.4 primary ' phase in Z direction (neighboring distance: 0.486 um)
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Microstructure and Three-Dimension EBSD Characterization of ' Phases in Aged
GH720Li Alloy

Han Xiaolei %3, Du Zhiwei **3, Che Cong **?3, Peng Yonggang 22, Jia Rongguang’??, Li Ting"??, Li Cong"?®
(1. National Center of Analysis and Testing for Nonferrous Metals and Electronic Materials, GRINM Group Co., Ltd,
Beijing 101417, China)

(2. China United Test and Certification Co., Ltd, Beijing 101417, China)

(3. Guobiao (Beijing) Testing and Certification Co., Ltd, Beijing 101417, China)

Abstract: GH720Li alloy is the preferred material for aero-engine turbine disk. The morphology, microstructure and micro-area
composition of three kinds of ' in GH720Li dual-aged alloy were investigated via combination of scanning electron microscope (SEM),
transmission electron microscope (TEM) and energy dispersive spectroscope (EDS). y phases and primary y’' phases were analyzed by
EBSD-EDS method based on the focused ion beam/ electron microscopic system. 3D reconstruction of primary y’ phases was done by
Avizo software. The shapes, morphometric parameters and volume fraction of primary y’ phases were given by the software and compared
with the analysis results of 2D slice. The results show that there are a large number of X3 twin boundaries in both y phases and primary y’
phases. The primary y' phases have multiple shapes from a three-dimensional perspective. The larger continuous primary y’ phases in
three-dimensional space present discontinuous distribution in 2D slice sometimes. The real morphology of primary y' phases can be
represented comprehensively by 3D EBSD method instead of 2D method. 3D information of primary y' provides the basis for heat
treatment’s improvement of GH720Li alloy.

Key words: GH720Li alloy; 3D EBSD; y’ phase; primary y’ phase
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