TERERERFR

The Chinese Journal of Nonferrous Metals

2018 4E 12 A
December 2018

H28EE 124
Volume 28 Number 12

DOI: 10.19476/j.ysxb.1004.0609.2018.12.12
THIKEEWE HRS TZ4H|&ZaRE
RS EASENAA

Mena, XLF, & F, KAF, 5 £, HALR
(LRI R TR SEdt iR S AR S =, dEAT 100095)

8 B JERL A R 2 (HRS) S [7) Bk [ o A o 8 B AP AR S 5e B B TR B, R4S T B E 17 g i U P
BEEE(=30 Clem), % 1 &6 R B LM & min & bl 855RRY: R F I HRS T Z (L EZ~50 C/em)
% I & e OBOR AIEE DY 323 um, &4 1.70%5 &350 TR BURIR RS HRS T2 4 1 & & — KB
[IBEIAE] T 704 pm, RFHM HRS LZM 2.2 £, IF HAEESH B M = IRBRBONRIL; Lok, #RALIX
BB PR R RS 9 200 pm RSl AR RN 4.64% OBE S S, TR 22 A1 4 & 4 Ta JUE 1 MC BALY).
S 164 B [ Ao 2 PP SR PR FEE A FEE 1 K 7 5 < ) — O ) BB R A & < O 3K AR [ AT I B, S BSOIR DCOVBUAR i 2

XHA BT IR, Mt T EREH M

KEEIA: IR G e (RIREREEE; E VR BhAE; D REE T

SCEHRE: 1004-0609(2018)-12-2494-05

FEDES: TG249.5

MERSS: A

BERGSERGEFNAAEARIFHmRLGENHE
e, & AT RIS Ee IR EE Ty 2 T i
F e S A R . B 2 A 23 R BT B TR S A DL
Bt AR N i 25 0 A FR EE I, i RST)
BRUA R A G rpoEia o R S M, B o s
B IR I T T [ SR 8 4 ) 7 TR T O ke ko )k
ljjﬁ[577]0

FEDE S L il B G P I — R B, — A
NAEPR S B T il B S 7 E [ I AR R A
F IO AT 51 RS T R B ELHEA 3 K
O3B — AN/ INE A ) 3 i B AR AL BB A AL
W52 e SR 7T, R BB AT R it il A
HERSFOSREE DIA T, BRI, R AE B
WIHERRZ, Gamal P BEsHS Y, %
TR AN R U145 TR 2 35 22 56 i g il ok 2 o ) 405 sk
T, BETTRT A BE R S SO . AR AP Z5 T,
FEPEE LT S R R, RS 2 B X
IR, RS N AR ERBEA, YANG 7SR
RE TR E, IN625 & 4wt X 2 HIl MC Btk
¥ Laves #HAI 6-NizNb Z07 HiAH. SRT0, A KA
B R A S BT A2 L.

AR S Ik 7E e T [ i (HR S) 32 7] 4 ] o 2

8 KB AR 5 S R TR TN, N R b i s H A
R 170 k[ 9L 66 (~30 °C/em), AT 1) 4%t 5 2
PR ik, JEX B HRS T 2% 16 & 440
UL B & 3T T X ELIF AL

AHFEET AR G AT AR FE B B 32 B
(R S WL 28 — AR #4085 Tl AR R R R A &
DD488, Z & Phie 55 — R ib =il & 4 PWA1483
FHM o S [ % ] S 56 7E [ 7= i 8 E 6] 15 (HR S) 1S kg 5&
R EEAT . 1 B W ZEL T R SE I, A AR
TR B RN MR A A, Horp, (RIS RA
SE [ 8 [ H 3 3 1 R 5 ) [ A X 5 v H X 2 (]
RR R RR (7 B, 1 K 7 AL 5 P4 AR 2 ] ) A v ]
B, AT SRAF AR I o ] 468 [T s FE A6 B2 (~30 “C/em),
i UL S5 A P AL 1 ) [ DU D O AT (R
FEREE~50 ‘Clem). T TR, 8 #6473
B NERE S MEME S,

SHIAFER A 1%HF+33%HNO;+33%CH;COOH+
33%H,0 ¥R . KRGS RIS S E I A 48

EEWH: EEELHIL R BITH(2016YFB0701402); [H 5 A ARG B BN H (51771020); %5 F1 245 4 W BT H (2015ZE21006)

WisBEA: 2017-11-01; 1&iTHHEA: 2018-02-28

WBEEE: WRABH, mg LR, -+ #iE: 010-62498316; E-mail: jychen126@126.com



228 455 12

FREBPH, &5 SRAMGIRZAEE HRS L2 & RO B m iR & S e R 41 2495

WA SRR A, I — R ] BE
AR IRERA SRR, RABT
T HUR AT 55 (EBSD)ZE 1 48 B 4H 4 v 1A 46 Al o R R
o SRS AR FL T B B (FE-SEM) ML % 48 BE X
SR ZR,  FEA A4 R S SO B ) RE AR
(EDS) 7 M BEAL 2R R B o7 - BE4F, FIF] EDS
Xt A B e AR S e T SR 1A A TR T A
K s #ATINE, TR M RE S E SO,

i i
S i = Cdendrite / Cinterdendrite (1)

ﬁ EP : c(iiendrite }F[] ciinterdendrite %%U y\ji% i Eﬁ EEIH:F‘$H ﬁ
mlAHIRE . §>1 FonaE&cHk | Wi TEGT, 1M
Si<1 FrrEaIouEk i b T b E .

2 FHRE5DH

2.1 EBRAR

P SRR AR 6 ki 11 S 78 2 W 5
1 fime BB 1 AT, KRN 2 5 28R A
TR AR, ST MEEASFAT . BT HRS E 17
I T2 G HIARAIE, eI A B 12 7K VA 45 i 25
PO, I AR AR HOR A LR, AH L PR P
BEFE R, W T BTN A B E 1
FRIUIEAT, #ATT Sl HE SR I , IR

El1 ARALN M RIS
Fig.1 Macrography of freckle
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Fig.2 Optical image(a) and EBSD crystal orientation(b) of longitudinal section of freckle
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Fig. 3 SEM micrograph in region of freckles
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Freckle of Ni-based single crystal superalloy prepared by
low thermal gradient HRS process

CHEN lJing-yang, WU Wen-jin, LI Qing, ZHANG Ming-jun, TANG Xin, XIAO Cheng-bo

(Science and Technology on Advanced High Temperature Structural Materials Laboratory,

Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: The low thermal gradient during directional solidification was obtained by adjusting the distance between the
baffle and the shell mold during traditional Bridgman (HRS) directional solidification process, and the single crystal
superalloy bars containing freckles were prepared. The results show that the primary dendrite arm spacing of the normal
HRS process alloy is 323 pum, which contains 1.70% cast eutectic. The primary dendrite arm spacing of the alloy prepared
by lower temperature gradient HRS process reaches 704 um, which is 2.2 times of that prepared by the normal HRS
process. In addition, the secondary dendrite arm and thirdly dendrite arm are extremely developed under the low
temperature gradient HRS process. The region of the freckles contains a large amount of equiaxed grains with a grain size
of about 200 um and 4.64% eutectic, and there are MC carbides enriched in Ta. The coarsen primary dendrite arm
spacing and aggravated solidification segregation, caused by low thermal gradient during directional solidification,
increase the tendency of convection of the liquid phase in the mushy zone, and promote the formation of freckles.

Key words: superalloy; low thermal gradient; directional solidification defects; freckle; solidification segregation
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