H50% 4w
2021 4F 4 A

WHEERMBISIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.50, No.4
April 2021

GH4169 & =3I iE PHRT SRR

XA, REZ?, B O, RERY, IPXED, EHMI
(1. REEPNE ARG R 2 KA S U H 5 R % 0 Tl SR %, Rt 300222)
2. RIFFEBER TROIAMRA T, K 300450)
G. THEEEG BT, LT PR 110016)
4. REMEREARAR, Kidt 301718)

8 FE. W#Es GH4169 & 4785 Ak B T8 7 B 3 F0 4 2R 0038 AR RAHE, R FH v i 4 A S8 T8 S0 IF D 07 0 5 Ak Ak 3 it
BhEE&MEMAN, EEN TWHJE G4 T Laves AR /20, T HE EPMA #4830 T &4 1 Nb TRk
BRI JG 10y A B o 5 R T, GHA169 A4 THIE 1151 CIF, 483 Laves AHJE Bl X T 4R 9145 . 1180 CHAb 2 5 GH4169
A4 Laves AHBURLEO N, 11 Laves A8 5 A RURLR S 35 98D, ZNBORE Laves A8 o3& A 1900 . 76 1180 C LRI BT, GH4169
H T A BARAETE, 0 NbC REMF. AR )E G 4 5B i 5] 28 5 XK Nb Je SR BT 4775, (0 Nb JCRTER R4 y

AHT AR N3 .

KEEIR: GH4169 il &4 HAMk; JEALWEE; Laves Al
XHEkFRIRAG: A

FEESES: TG132.33; TG146.175

MEHS: 1002-185X(2021)04-1334-08

GH4169 & & il T A il )y 24 Ege . RUF
(3T 2RISR ., |72 N FH AR 2 R B AL e 45
I Fr s A A% T g R AR 7 GH4169
B AT, Nb 5 BIAE] 4.75%~5.50%, s K8t
R g A AH p (A0 DU J7 858 WASAH , 46 2% 2004 NisNb)
ME AT, AR Nb 3 57 5 76 8 B e 1 45 g
R op = 2 B A A T, 3 BCCE B i TR i 1 (L UIR Laves
. Laves #HA/NT 4,8 & J@latb&4y, B RIb
2230 (Nig sFeg25Cro25)2(Nb, Mo, Si), Co,Ti Fl Fe,
(Nb, Ti, Mo). Laves #H % 25%[1) Nb, K A>T
y AEBT T LK Nb, BRAK T & &M . Laves AH
EMEPE, B RIAEAE S AT ORI P e R0 9 S B
1%, Ea 45T RE s 5 51 R IFR0 . sk fn ok
B AT, T BOR SR S AR B, I = R
AT B AR CR , (2 HE S 0 1~ (9 BT, W Bk Laves
M, SR 55 R R G R 2 S R d M

HE GH4169 &4 F1EEH Inconel 718 &4 (5
GH4169 &4 N MM ED MLk, WMEREERH &
ZE, FERMAER SR BB s A4
R G R I EEIA R E . APt
T GH4169 G aMA LA, X& 41h 43
Jo 3550 A b B 25 T RO 9 — ELAEEATL O B

Fs HEA: 2020-06-02

GH4169 & 434210 i R ORI 7% 5 B2 SR i K i
gh45 SEM FOM 23 BT B HL TR B A3 9 W 1) T R R R
GH4169 5 4k i ik BR800 BT S 38 1 b (b AR, e
TKEIEANREIE BB G A1 i B A2V AE DL, A
REVEEAff Hb S Wl =il T 22U A SR e il A0 2 A%
JEAT M EE 48 A G 1A e S H R R I 4L, mT e
FE AR M SR A B i N A2V A, o B A gy
W AR 45 &, WA G 3450 A 3 F R B8 o4 17 5
845 A 70 TP HVIR AT H AR A R A0,

A TTAE R i S A0 BB A A W g8k, k)
GH4169 15 & 76 AR B ¥4 HI ik T vp A1 AR 155 Bl EAT S I
JARI LSS, 454 DSC BHE & & AT SR PR 5
P TR AR T & &M%t i, it b4
18 GH4169 & &35 (LA B FE P Nb JC & 9 L
05 HOU L 2 1 9 A R 3 AL AR (R AR AL B0 T %K
i F A o

=

1 % 5

K ZLA N N LA A FE T 20R % GH4A169 &4
WeoE, HALE s (Bt 7020, %) A € 0.021, Nb 5.36,
Ti 0.97, A1 0.56, Mo 2.98, Fe 19.93, Cr 17.72, Ni & #&.
W& EA R S mm, JEER 1 mm WA, JEFRH

EEWE: RKANAEEKNTI (18ZXIMTG00050); KET BAR#HESE (19JCYBIC17100)
TEBE N X, <o, 1976 44, Mk, JRVEBNECRITIE KRS, Kt 300222, HEiE: 022-88181083, E-mail: 13502158936@163.com



o554 10

XHEHEEE: GHA169 & 43S il FE v AH AR Zh 25 R AT

* 1335~

5 BHORE BE VR AE RS ik d Y RE R SR T OhR R . R
SETARAM /A% ff] SETSYS Evolutionl8 Zi& #0Hr
1, J¢ TG-DSC FHAFEAT #A3H o SIS0 s
W 30 mL/min, FE0CE TEACEIIIRN KA
TOMAE] 650 CHRHE 20s, LL20 C/min 3%, M 650
CThidg] 1400 °C, £ 1400 CHEHE 20 s, AR5 L
20 ‘C/min JE#, M 1400 CFEEF] 700 C, Hjath
HF R EIR . KM Zeiss Axiophoto2 =i 440 BT
SN LB RE 78 I FARN A BN AR Uk .
BN S L@ AR, BL100 ‘C/min FHEF] 650 C,
FFLL20 C/min $AF 5 h0#4 3] 1100~1330 °C Rk 3~30
min, SRJGHLL 100 C/min A HIF) 0. B4kt
BV H S AR SR VE IO T I ik, A S ARRE S, AR
W T REAT U E . A Micro-image Analysis-
Process System (Release Ver.5.7)4: 41 &5 73 Hr 4k £, Xt
Laves A, NbC HEATHRLE BT . 758 AH B L0 by
W, M Laves. NbC. & MIFITEARFAE . b4 blUs
FomBGE R R E AR B A GHA169 & 4x
Ff b A R S AR EAT J W R 23 AU R R EPMA-1610
FL T IRER 3BT GH4A169 4 4 In#AGT J5 Nb Je K 14 i

2 HERESH

2.1 GH4169 E&EMM KA ENTIEPRIET

B2 GHA169 & 4 I A HI DSC i 2.
AL, 774, 803, 1190. 1270 CHr5lk p's »".
Laves. NbC AH7E I #E 2 rh (R AHAZ £, 1165, 1248 C
534 Laves. NbC AHAE A E1ik F v () AH A2 55

BRE I FE] 1100~1330 C IR, R Ar W 545
A GH4169 & e A A AR L 7 . e & i AR
AL TR 45 A GHA169 & & ke BT 20T, FES S5
JARKE S HVE W 1,

B2 2 TR 0 Al 72 o 1 s W ¢ (2 2l

Endothermic

Heat Flow

1336 C
600 800 1000 1200 1400

Temperature/‘C

Bl 1 GH4169 & i K v Al i DSC i £
Fig.1 DSC curves of GH4169 alloy during heating and cooling
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Table 1 Sample number and heat treatment parameters
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Fig.2 Microstructures of sample 1# during heating: (a) at room temperature, (b) at 1100 ‘C for 30 min, and (c) after polishing and

corrosion followed by cooling
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Fig.3 Microstructures of sample 2# at different temperatures during heating: (a) at room temperature, (b) at 1102 C, (c¢) at 1151 C,
(d)at 1180 C, and (e) at 1180 °C for 5 min
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Fig.4 Microstructures of sample 3# at different temperatures during heating: (a) at room temperature, (b) at 1330 C,

and (c) at 1330 ‘C for 3 min
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Fig.5 Microstructures of sample 2# before heating (a) and after

polishing and corrosion followed by cooling (b)

K6 3#FE I FAHT A v E1G P06 Tl A2 21
Fig.6  Microstructures of sample 3# before heating (a) and after

polishing and corrosion followed by cooling (b)
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Fig.10 EDS line scanning of Nb element near Laves phase for sample 2#: (a, c) before heating and (b, d) after heating
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Dynamic In-situ Study on Phase Transition of GH4169 Superalloy
During Homogenization Process

Liu Yanmei', Zhao Meilan®, Feng Hui’, Zhao Qingquan®, Sun Wenru®, Wang Tiegang'
(1. Tianjin Key Laboratory of High Speed Cutting and Precision Machining,
Tianjin University of Technology and Education, Tianjin 300222, China)
(2. Tianjin Heavy Equipment Engineering Research Co., Ltd, Tianjin 300450, China)
(3. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China)
(4. Tianjin Dezheng Technology Co., Ltd, Tianjin 301718, China)

Abstract: In order to reveal the evolution of composition and microstructure of GH4169 alloy during the homogenization treatment, the
alloy microstructures during heat treatment were in-situ observed by high temperature metallographic microscope. The particle size
distribution of Laves phase in the alloy after cooling was analyzed by quantitative metallographic analysis. The distribution characteristics
of Nb element in alloy before and after heat treatment were analyzed by EPMA. The results show that when the heating temperature of
GH4169 alloy rises to 1151 C, the initial melting happens around the Laves phase. The particle number of Laves phase in GH4169 alloy
increases after heat treatment at 1180 °C, the particle size of maximum Laves phase decreases significantly, and the proportion of small
Laves phase in alloy increases slightly. At 1180 °C, there is a certain amount of liquid phase existing in GH4169 alloy, but the NbC phase
undissolves. After heat treatment, the segregation of Nb element in the black area between the primary dendrites still exists, but the
distribution of Nb element in the y phase dendrite becomes more uniform.

Key words: GH4169 superalloy; homogenization; in-situ observation; laves
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