474 512 4
2018 4F 124

WAEERMBIS IR

RARE METAL MATERIALS AND ENGINEERING

Vol.47, No.12
December 2018

— ¥ Ni-Fe-Cr £ & £ B8 E4FIEFRATIT A

IHM, FRE? ks, FEE!, Rz
(1. P EFFBE AP, LT PEBH 110016)
2. PEAL TR B A E R E SRR =, B % 710072)

O R R 5 S ARG T Bl Ni-Fe-Cr 34 47 FERURURL A2 K 4 10 358 [ 45 1E R 5 A AT AT
Ho GEREFW, AE&RARAN y Eh MC R PIR yIise A Al BERIUE A L—L+y—L+y+MC—y+y'+MC. ¥
FHTH AR KA A VAR K TR D0 7 B0 45 R W, Tiv Nb A1 Mo R & ST, WA REUNT 1. Fe si#
WARTREAM, WHARARLKT 1. AL Cr TR PPl Z BN, R T R AT 1. b, ARSI
AT AR UL SR, JL R W U Tl it i, LR A L EAE B S AR . B P I A A B D AT
AT HEEAR =BG ORI, A A A I RPIR X5 A0 P T J5E 15~ 0 T 24 IR o] /9 7 T i o 9 o A 7 2 22501
Bl A S A T OBIIR D T AT R P S 2 o T AR AR A B, AR S 47 ORI MC 2R e A 400 0 A 1 S 2 B A o i A7 R
XKHEIR: Ni-Fe-Cr HA4r: A4Sl BB, WO RE: BSmbT

REESES: TG146.175 XHERFRIRAE: A

XEHS: 1002-185X(2018)12-3816-08

T ) i Y5 A HLRT AR 358 e FT, Db 208w R FL 3t 7
IS B s KR HLA R0 M SE BT e i, DALtk
A5 2y 2y 38 H 28V B8 700~760 C H 287K
J135 3 35~37.5 MPa [ 56 388 s FL IR ri it 11 K1
AV IE R 650 C LA, A& G0 b ol 2k %
PRI B G AN O B3l 2 R, Ni-Fe-Cr 3£ 44
LA S 11 v a5 7 5 RVAEG A A 34T 1l kg A0 3 AR o
BRI, KT Ni-Fe-Cr B4 &1 & &0 5 -H U1k I
g M-y 2Pk BE A DGCHERR 21 T 2 i 5>,

B A IR BEE 20 2R, G ] Sk B R 53 4 A R IR R B
0 R 5 e 3 A B B Y. & Sk
[e] 2H 23 ok 1] d5t B3 AN RS2 o AT R AE 5 G 48 TR I B A
FABT H A AT AT g B AR U B 4 0 e [
HE - CREE B AR . ARAT H 25 A AT 47 o] LR P4
20 2L LR Tt o] 5 b 4 1k s 06 R B O BE Al . LB AF
XF TR F 95 B 13 R B A, — s BN B EE AT ) —
ARAEEE . B G I R AT AT S, — T R RLE i
TG BE (1 £ T 20805 & & 70 A, o — 5T ml AR
i G I AT AL e N LR T,
T BRARAB A i R A I S M e o e mT 2, A 4
{14 5 ] A AR T AT A ) 556 R AR 3l FH Nii-Fe-Cr 2
A G T RE I B AR i oA B A 2R X

i HEA: 2017-12-30

PRI e 3k T VT UE #R ALY Ni-Fe-Cr &4 B £ 41
TG~ SAARL R AE, o AR AH B R R e &
S (R [ B A2 AEATH S VTR L R AL B A IR AT S
SE ] B[] 7 ke ke R 24100, S AHA Uy
TIE A5 4 (R B [ % A2 . ARBT H R oG 3 AT A7 A 2%
Tk U RSP G 1A 4% S v
ARAFVE KT FLIH, W5 S P B AR AR, W R
T VS L2 T AR B8 A i S T 5 ) k] 4 A i i
W ARAF IR, AST) il B 58 [ 1 20 SRR AIE A0
AR R B B, v DURA 8 A 4 e[ B% A2 AR T
HH O VR it D AT R AL

hy B R AR H 5 ] Ni-Fe-Cr 525 4 (14 468 [ 4 10k AN
WATAT N, i TS H, 5 G 4 I B 20 2UR Rl
G303 AT D R E G, AT TUR e ) 5
DS T PR e 3k T Ni-Fe-Cr JE 4 4 1% R 23 it R 50
L PR AR AFAT B« AL D AT R [ 20 SUREAE

o

1 % I

S Ni-Fe-Cr e &5 Gy (RS EL %) 4
C0.05, Cr19.1, Mo 2.03, Nb 1.02, Til.11, A10.32,
Fe33.2, Ni R, SCU0 B XX H BN s & s
B e VA IV R 0 SO T [ AR A o R R AR AR

EE&WME: BEERELAUIRIIE (2017YFB0305204); [EKEENHITH (NY20150102); [EZK AARR#IES (5130117105 PHdb Tk K 2%k
[t 5 AR ] R L S FF OGS (SKLSP201512); DY IR THRI (2016J20036); £ FH ARk E RIS QT & B LI (YC-2015-QY01)

EHEN: LHIM, B,
cswang@imr.ac.cn

1983 47k, {4, ®IWFST R, PEBEBES BV, L7 YL 110016, HiG: 024-83978449, E-mail:



%12 1 FHINAE: — b Ni-Fe-Cr H &G B BEN R AR R AT 1T A

Gto K HEAEN 4 mm KRS T iS4l L8, fEE
2 EIA ] 107 Pa I R ARPAAE (Ar 0, KX
JETFR A 1550 CH-{RiE 30 min, SRJ5 TFUA 5E I Bk
SEG o AR RO 1 wm/s R 0 [ A S T A T
FrIT, 50 wm/s RAG RS R A& A A . 4
SE [) o [ 1 BRSNS, AR FE PRI NS 6 R
o, SRAREEK S

SEEG AT AR AR AL 2w L S AH AR B, O 2 WA
BiFll JEOL 6340 %447 S FA 4 LB (SEM) WL 44 & 4 1)
T 20 ZURFAiE ., SR A Shimadzu 1610 74 Hi 1 ¥R 4
(EPMA) Al SEM #£ 4% (1) g i (EDS) W %€ Ji 73 11k
% 5 BT (TEM) WL /E L AT EDS RE 1% ¥ JEOL 2100FX
BT, BIAAHBE)RAENT AR A SRR . AT
WAEFE(SADP) 4 & Re il 73 T (EDS) % i #AH . DTA SE
%K H SETSYS Evolution 18 £ #4r#14%, 1100 C
PL_ETFRR G R4 10 "C/min. #7238 R A
J-MatPro %, %#is /7 K H Ni-Fe 24 45 FEU0 2 .

2 HER500

2.1 FREERBLTBRDHEFE

HHOE R 1 pm/s I, SIS 4 [ AR T T A& AE
- q B Rk GEAS I S o N TIS B W TN S e e
KW AL ZUREAE . AT LA, W T — 00k y AH A
FHALEY, — 0y GA A AL 2L . A A1 23 3% BH A KT
B T, MR RAERE . iy AL
VAR KR v bl R AF AT H R A i S TR DRSS S St
TR 458 [ NF PR [ /90 5 T o7 2

2 T A VR A (]S T T I A S T
M U AR AE . AT LUE H, BEEDE RS Tiv Nb
FT Mo JG % 7 8] /480 S Th H7 v IR B 2 25 s T [ AR X
W] Ti. Nb Ml Mo JC# & & TWAH, NIEMmTCEs.
Fe 702 75 [l /00 A4 10 07w B W 5 KT AR X, 3R B

ST

BT S S e ] K S i N L SN A

Fig.1 Longitudinal microstructure of the directionally solidified

bars with planar interface growth
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Table 1 Solution composition and corresponding solute parti-
tion coefficients for Ni-Fe-Cr based alloy with planar
interface growth

EPMA composition Solution partition
Element (mass fraction/%) coefficient

S I k K
Fe 34.58 31.25 31.75 1.11 1.09
Cr 20.02 19.44 19.82 1.03 1.01
Mo 1.89 2.21 2.07 0.86 0.91
Al 0.31 0.34 0.32 0.91 0.97
Ti 0.82 1.29 1.17 0.64 0.70
Nb 0.89 1.31 1.07 0.68 0.83
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Solidification Characteristics and Segregation Behavior of a Ni-Fe-Cr Based Alloy

Wang Changshuai', Su Haijun?, Guo Yongan', Guo Jianting', Zhou Lanzhang '
(1. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110006, China)

(2. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The solidification characteristics and segregation behavior of a Ni-Fe-Cr based alloy with planar interface and dendritic growth,
which was obtained through quenching experiments during directional solidification, were investigated. Results show that the major
precipitates are y, " and MC. The phase transition route is determined as follows: L—L+y—L+y+MC—y+y'+MC. The solution distribution
coefficients of Ti, Nb and Mo are less than unity. The solution distribution coefficients of Fe is greater than unity, and Al and Cr are close
to 1. The solute boundary layer forms ahead of the liquid/solid interface when the steady-state growth begins. The solute is carried away
mainly by diffusion in the solute boundary layer, but carried away mainly by flow out of the solute boundary layer. The solute distribution
in solid phase with dendritic growth is similar to that with planar interface growth. However, the solute concentration in the quenched
liquid in the interdendritic area is obviously higher than that ahead of the liquid/solid interface. The solidification segregation of the mushy
zone is more serious than that of the solid region. It indicates that the back-diffusion in solid phase and the precipitation of MC carbide
would reduce the solidification segregation during the dendritic growth.

Key words: Ni-Fe-Cr based alloy; solidification microstructure; solidification path; solution distribution coefficient; dendritic segregation
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