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Table 1 Elemental composition of the single crystal superalloy used in the experiment Wg /%
TiH Cr Co Mo w Ta Re Al Nb Ti Ni
SX1 5 9 1 12 0 0 6 1.4 1.1 AhE
SX2 25 9 15 6 8 2 6 0 0.2 Sy
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YRz E&8)3E ( primary dendritic arm spacing, PDAS) . ERFN e it RO TRE ) BN R A B @K iE fr, LI
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BHRERS, FREMSSHEZEDFF, TR~ a2hsxipd, FMOFRNMSRSXUERSX?2, St
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i A BRI 3NSX1FI3NSX2RIKF & . BB ) WEEADSHSXET, HFEMNAS ESX1itE
BTN EELMCIRE MR EFHEE. LMCE EEAHASNRE (HBAZEBME LT ) , 38
[EEE TZRALXMAREL 500 €, TR

1520 C, ZRERETLURIERINIFRBEI LI %2 BRABENIHER

SEMY . EEEEL 550 €, ETAEEE10 min, Table 2 Results of the macrostructure of the single crystal
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Fig. 1 The macrostructures of the single crystal bars
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Fig. 3 The morphologies of the dendrites in the seed
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Fig. 4 The morphologies of the dendrites in the seed at the S/L
interface
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Fig. 5 The distribution of PDAS for single crystal bars
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Fig. 6 The result of the orientation test
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Fig. 7 The single crystal bar with SX1seed and SX2 component

2.2 HieS5HF
221 MRERIcERRAS

JMFXMAE, ZFE(FTT KERHR,
HTFHFR5ZIEGENmSsIER, REGERFIRE
FREMMNRNSE, IHREEREMiTRER
MR, MREZEI=EBNERdE. Bxiss
HIPDAStH 4T RAIPDAS, EIHPDASKEER
RAXHE, BEERRRS, AT BTN S
MY R, FREBETHRSIZHIE, BRilENRTE
MIENRATLMCTZ . EREHHMANIES, H
FLMCIZXKHEREHE, HENS+HLXEZIMEFER
HIFE, EEREFBERTRELRSHERTNL
&, FERARRIPDASHEREISH (REFBEFLEEIR
) RE, SHRHNERE—XFEREETLX. ELMC
SHEESEMERT, MEREBEITE. XA
THTRK, REFNARDE, B TRERBTRENH
NEORIE FRAEER, WNEI4FNESFT7x . HallenslebenZ:
AR th R BEEAT R EAN R EmL == £ KERIFY
RERMY, XL S T E A (R B AR R RS
K, NFREENEEFBISX. ZAEET BE
AR R, EEoSFantta—%, U
SEETR, EolNERESET, TRMLAINT SR
A,
222 MHRERIcEHRRAS

HRSRIGERRAEGH, HRASX2. ®E
BEASXINESER T EBNRERIAE, MFREN
SX1. FIEFEESASX2WEESHSIREM, FEXSE
MNEHSR. DEHREASFENEEN. REIGEW
FEKX, BEEZEERRAFZIE TR LER0FERIK

T, SEXRITE, WIEETARETAIS R E AR
HERERIREZE, XAIRERT ERALEATE
MEREE™. DEFNHARS, NEEFENERRE
ReFFET VBRI, KREPD MR ERIDAREL T # &
IR ERER, BEAXPIFRELIERELIZET
RPEFT LRAR. BIHERUL, REIEE
MBIBLEESTHRIRBLESEARAR IR
S —1EERE, NESFR. HARKFFTAIISX2
BEHRIEE 91381 C, MSXIESANRIEE /91345 C .
SX2MRIBEL B ES TSXIEEIRIEZL . EtahEa®
SX2i%iE5ERL, FHEL0 minblfE, ERHAIRIRIFFIEES
BERIREIRTS, EEmERBEININFTG . BEMAL
ROBtAT, HRIETEJ9120 sBY, Aoy ASX1RUKF&R, #
BETM ENIRERETERE . EEFRRIBFRESIR
ERISX2EEMNFREEIHNNSIRAE (EhEEH
LANERPENUE, SHSBRETERCANR
Sn) , IZEHISX2EE AT RENISR . BEHMAL
AIBETT, HRERFAEIEINNER, LASX2E2H
BB AN . DARMRAEIZ B T HERERT

(a) =0

B8 $FRASXL. FEEEHSX2H B R HHALIIZRIEIER
Fig. 8 Solid fraction of the single crystal bar with SX1seed and SX2
component during the withdrawal process
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Fig. 9 Thermal field of the single crystal bar with SX1seed and SX2
component during the withdrawal process
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Effect of Seed Composition on Single Crystal Growth During LMC
Process

HUANG Ya-gi', ZHANG Ai-min?, ZHANG Jin®, ZHENG Wei', SHEN Jian}, WANG Dong’, XIE Guang’, LU

Yu-zhang'

(1. Institute of Metal Research Chinese Academy of Sciences, Shenyang 110023, Liaoning, China; 2.Chengdu Hehong Technology
Company Limited, Chengdu 610100, Sichuan, China; 3. State Key Laboratory of Advanced Casting Technologies, China Academy of
Machinery Shenyang Research Institute of Foundry Co., Ltd., Shenyang 110022, Liaoning, China)

Abstract:

Liquid Metal Cooling (LMC) directionally solidified (DS) experiment and numerical simulation were
conducted based on seed method using single-crystal superalloy (SX) SX1 and SX2 as materials. The seeds
and castings were cut to observe the microstructure of the dendrites. It was found that the complete SX casting
can be achieved with the same orientation between casting and seed when the same materials were used in
casting and seed. In case of different composition between seed and casting, the complete SX casting can also
be obtained with preferred <001> orientation if the liquidus of seed was higher than that of casting. Otherwise
DS structure would be found from stray grain formed at meltback interface of seed, which indicated that SX
growth was failed. The numerical simulation results show that casting material with higher liquidus than
that of seed can solidify preferentially from meltback interface and DS structure formed subsequently during
withdrawing. Therefore, it is necessary for orientation control to ensure that the liquidus line of seed is equal
to or higher than that of casting during seed method.

Key words:
liquid metal cooling; single-crystal superalloy; orientation controlling; seed method
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