H50% 4w
2021 4F 4 A

WHEERMBISIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.50, No.4
April 2021

EOEeE DZ4125 e ReEmiE kit iE
BOENREZEFEEIKITH

#oR&L @R, ke, &

o> 1
»

EF

ITAX, IBE', FEFA?

(1. RAEKRY BB SOER AL E R E G LS, 07T JEM 110819)
(2. WK TR MORLRL: 5 TR R, TRIBIT WR/RIE 150001)

¥ 2. KM Bridgman & [ BE A% DZ4125 KE G il & 80E R, AT SE7E TR E IR s AR 5 ) R A I R
WA GO AL T L) 56 4 AR AT o G5 AR T, B S 1) 68 [l A o i & BB Iy B B I, — IR LB o, 7
AEUR Ly MRS iR (7 3705 M0k S EOR B AR, A i A1 Ak AT RS R 32 i T B Tk BRAA Ay
S B A TR I D, ELRE A A I BE RIS 0, BRALP B S et A0 /N BOlRIZ T 1) 2R A GO AL . s, i
RO SE AR AR, B AR e B INAT IR B W b, SRBILNAE fee 2 A X AP AE 5 ) R AR BUR O kL. L3R
UR R JUSP/E o it 1 R TS o S8 S U SO A LBl A R S a6 5 SSP AP WS TV AT M7 R 1T Y W44 B SYA=4a £ S8

KB SEMBEE DZ4125 &4 MOMAL; g kK
FEESES: TG132.3™3; TG146.175

XEFRIRTE: A

XEHS: 1002-185X(2021)04-1350-09

K F 7€ 1) ok [i] 52 A i) 2 AT i / B ot 2H 2 e il
W E ) N TS B RS LY e
HEM L FE T, A RE<00 1> FE UL E 17 ST AT I 77 1) 32 1)
S EARKTE AR A S, TR T N il R )
Bl It AENE S IR UG ) il R R R AT R R PG AL
PURGE S5 PERED ) SR, A 1) v [ o R A A S M
A 5 1] 25 4 Jes v g SRR A 7 ) R R R,k ] R T
AFAE ST 2% VAT (7] - ] A 2 Jek 5 R Ak 0 201 2 35 40 ik
Fo 156, BRI I i AR T i RO A AR E
BALS R BE S R P BLAE K, i FE AR AE ok A K
MBS W B R kLAl se S A K B4, Enil
HEFE T N2 AL )G 2 AR R AE R 5 %
Ak, iy A AT A OR BB AR A R L AL ER T A
T S W 5 24 1) ) 2E MR

DZ4125 & H [ fe KPR w10 10 e ] B
Sl a &y —, BRI sl g v fe
P I PURIE 57 R e, HATT 32 N T s PR B i
Bt R HE S, A el P Ti n R SRR
I Hf J6#, A E&HA RS EIERE, o7 H 16k
P9I S AR R R s L e U H R, O F e
HEME DZ4215 mil G @B SALACT R KEWS, H

IF= HEA: 2020-06-11

J T B OCTE T 170 Bk ] 2 MO B AL LR s T
TE € ) B L R rh s B AN [ v 8 A v/ 0 1k 6 48 A G
GAAAAE—E E T, RGP EESHL A,
XA PERE R M AR K o 10 B HTN AR SCHHE S Ak 2,
DAL b A 06 BRI AN [ AR A vy B Ak 46 J T 4 1) v
o UBAh, 1 T-<001>%i ) 23R I P 5T B /) TR
BT I — 8 PREF<001>%h [y #5307 7 1) B v
BRI TR 57 VERE o T ) g ] s R A A 1R K A
it I R 23 it S5 Bl B 7 R g e S e v 0 ) 2 bERE, b
IR B 0 T AR AT il A AR K TR 3 DL R R ] 1) 35 4
AR PR STV, AR S 1 g L R R R AT AE
Z M A B S B AS, H S B SR A A KR
LBV A € I A Z ARG A28 o o DRI 1 HE AR 2 2R
AE, HBT A <001>% v ffoRn A8 4 1w iR 4 1) 77 ) 2+
Y. b, AR E R S ] AR R AR A R DA R
L) FR) 578 4 A AT R 5 1) ] 2 20 280

A TAEDRIE s B 4 DZ4125 N %, K
FH Bridgman & [n) & [E] 7 1) £ 22 ) &6 [ AE 5 =il & 4
WFE. M I EEE DZ4125 M miR & S A F A K
e BE AL LR A SR AR RST 25 88 ikl AR T R I 7k
M LA A o [ IR0t 5 AN [] A K v 52 A1 A it bt

EEWB: EKESATAITER (2016YFB0301200, 2016YFB0300603); [ 5 AR ¥4 (51504060); oo i FL AR Y 45 o

(N160713001)
fE&E M R %, U,
xumang99@126.com

1990 FA4=, fA, RICKAMBIRYES TRY6E, T WA 110819, Hi&: 024-83686739, E-mail:



* 1351 -

43 TROFESE: E IBE DZ4125 KR milh S e iR BRI R AL QU AL MO R R RAT N
AN
[

AR TG SR SE A A KO R, A 1)k ] v i A 4
SO A SRS i A S R 2%
1 % I

SE 7] 35 [ 52 46 F BE-A S M RL Yy DZ4125 @il G
4, HA4 X A4 A Ni-0.1C-8.9Cr-10Co-7W-2Mo-
5.2A1-0.9Ti-3.8Ta-1.5Hf-0.015B (&%, %). 2%
K H Bridgman 5 [m) & [& 47 i) & DZ4125 #1 54 AFf
BELWAIT B LRRIEAZ, RGN T2
P VR T, IR ORI
Tk Vs RS TR A e vl P A 1Y, A /ML A ] DUTR] B i 12
MREAE A 16 mm R o B b DOIFALE R 1490
C, NN E N 1520 °C, P %4 5 mm/min,
by ) e IR B AR S S WL 1.

I 2 ) BT R 5 552 36 b v v B 7 1) i AT A
DIRRED) o ARE AT BE W0 5 FH RS b 3R B AT 5 1l
g k. 2 g CuSO,+20 mL HC1+20 mL H,O. 1# ]
Olympus-GX-71 £:AH 25t (OM) LA & 717 BE 1% (EDS) ¥
Quantan-200 74§14 B 5% (SEM)HEAT 300 2H 230 2 F1 4y
#r. RH Bruker D8 Discover Y X 4 £k fiT 4 {1 (XRD)
HEAT AR AR % 00 o AR TPWIN $RE S A5 it 1) B0 A0
o R AT I

2 FR5i1E

2.1 EMEEE DZ4125 S & EMAL RIHE D
K1 SR ) REE DZ4125 &4 v i i 30
HBEMAL I o € 1n RS L DG P, BA7
SJEICEE, TATMRLG, WE 16 . Bl e BEn
3t ] 2 AN [i] AR A A A 2 A 2 o e[
P T BN 3 B AT P A X B R e e 2k
KXo A5 TE (7] 46 1] 5 2 S i, Bk I 20 252 B AR I
REWAAFAETC 7 AR . WA A K X I A 80 Ty 1m) P
Lo ) Bk E A SVE KA G, 4 F ) a6 A K I K
AT DASE s R A 2R e o B A 1) g 1 o R )k
i1, A9ad i dEERKXRERE K. REtKX
WO 7 AR S L 25E 1) P ARG . AR In)
W1, DL Y, e A R [ A S T =k B
OO 1 VY ST T I ST o3 S E B VAT o S (1
[l /0 S T T B AR AR L, B AR 1) R, 8
4L A R BRI SR AT DL Y, Bl A R )
L R REAT, WO Ty e AR B G N,
) AT & () AT ZURFAE AR B ARk . 18] 2 O DZ4125 B
B 4 S 1) B [ R 1) AR KX XS 2R AT o 1 .
AT AU IR bR E v DUE Y, )R E ) AR K X A 4

&1 Dz4125 ERRBUFERS
Table 1 Chemical composition of directionally solidified DZ4125 alloy (/%)

Cr Co w Mo Al Ti Ta

Hf B C O N S Ni

9.1 9.82 7.1 2.12 5.08 0.86 3.7

1.54 0.012 0.08 0.0038 0.0003 0.001 Bal.

1 JEEEM DZ4125 & Sl bk 2 WL 2 W B A 4 A

Fig.1 Preparation of directionally solidified DZ4125 alloy test rod: (a) ceramic shell mold, (b) macro morphology, and (c¢) macrostructure
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Fig.2 XRD patterns of directionally solidified DZ4125 alloy
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Fig.3 OM microstructures of cross section (a~d) and vertical section (e~h) of directionally solidified DZ4125 alloys at different growth

heights (H): (a, ) H=5 mm, (b, f) H=15 mm, (¢, g) H=30 mm, and (d, h) A/=120 mm
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Fig.4 Relationship between dendrite spacing and growth height
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Fig.5 SEM images of dendritic arm (a~d) and interdendritic (e~h) for y’ precipitates at different growth heights of directionally solidified

DZ4125 alloys: (a, ) H=5 mm, (b, f) H=15 mm, (c, g) /=30 mm, and (d, h) A/=120 mm
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Fig.7 Morphologies of carbides at different growth heights of directionally solidified DZ4125 alloy: (ai, a2) H=5 mm, (b1, bo) H=60 mm,

and (cy, ¢2) H=120 mm
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Table 2 EDS analysis results of carbides of position 1~3 marked in Fig.7a,~7c; (w/%)

Position C Ti Cr Co Mo Hf Ta W
1 4.78 6.68 0.55 0.76 2.16 22.86 52.03 3.96
2 4.79 8.32 0.76 0.51 2.89 7.76 60.21 6.56
3 5.14 8.18 0.93 1.02 2.92 11.51 59.24 5.34
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Fig.8 Morphologies of y+y’ eutectic in directionally solidified DZ4125 alloy at A=5 mm (a) and H=60 mm (b, ¢) and EDS results of the

domain 1 marked in Fig.8b (d) and domain 2 marked in Fig.8c (e)
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Fig.9 Competitive growth of grains at different growth heights of directionally solidified DZ4125 alloy: (a) OM images of the cross

section at different heights with grain boundaries and (b) OM images of the longitudinal section at the corresponding position in

Fig.9a (the color diagram in Fig.9a shows the area fractions of different grains at different growth heights)
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Microstructure Evolution and Competitive Growth During Grain Growth
of Directionally Solidified Column Crystal DZ4125 Superalloy

Xu Mang', Liu Guohuai', Zhang Xianglong', Li Zeyu', Wang Bingxing', Wang Zhaodong', Guo Jingjie
(1. State Key Laboratory of Rolling and Automation, Northeastern University, Shenyang 110819, China)
(2. School of Materials Science and Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The directionally solidified column crystal DZ4125 superalloy was prepared by Bridgman directional solidification. The
microstructure evolution and competitive growth of oriented crystal at a constant withdrawal rate were studied. The results show that the
primary dendrite spacing increases and the sizes of the y’ precipitates decrease, as the growth height increases. The morphologies of y’
precipitates change from irregular butterfly shape into regular cube and sphere shapes, and the size and amount of y' phase in the
interdendrite are higher than those in the dendritic arm. The y+y’ eutectics and carbides mostly distribute in the interdendritic areas and the
morphology of carbides gradually changes from small block into strip or skeleton shape with the increase of growth height. Moreover, due
to the competitive growth proceeding, the number of columnar crystals decrease significantly with the increase of growth height and the
central grains of the initial segment are retained in the final growth zone. This is mainly due to the existence of convex solid-liquid

interface, the crystals diverge towards the furnace wall and the central grains grow steadily and the edge grains are gradually eliminated.

Key words: directional solidification; DZ4125 alloy; microstructure; competitive growth
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