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Crystal Growth Direction and Interface Anisotropy During
Directional Solidification

Fu Hengzhi Liu Lin

(State Key Laborotary of Solidification Processing , North Eastern Polytechnical university)

Abstract: Controlling the crystallographic orientation during directionalsolidification has becoming one
of important parts in processing of advanced materials. In present presentation, the competitive grains
growth and their crystallographic orientations during directional solidification are discussed in the case of Ni-
based single-crystal superalloys. Based on the results of simulation and experiments, the relationship
between growth direction, the preferential crystallographic orientation and the direction of maximum
thermal gradient during directional solidification are established. Moreover, the effects of thermal gradient
and growth rate on this relationship are investigated. It shows that the morphology and stability of solid-
liquid (S/L) interface are a function of preferential crystallographic orientation and interface anisotropy,
mainly determined by the local orientation of S/L interface and its anisotropic interface kinetics. Appropriate
regularity about the change of growth direction of isotropic and anisotropic solidifying system with change of
interface moving speed during directional solidification is also discussed. Some suggestions for controlling

the crystal growth orientation during directional solidification in principle are also proposed.
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protein, GFP) i 28 i STk 1 2R 153 W /R4b2e% . fifi12& Osamu  Shimomura CF &) .
Martin Chalfie. Roger Y. Tsien (&), & 1 Fix.

Osamu Shimomura THHE Martin Chalfie Roger Y.Tsien #&Rkfi

B 1 2008 4F 10 A 8 HIR“LREICE "k IURME LI = (B2 RK

GFP 2 — R e i (0 8UR T & 9Ot B RFBR 3 H B, B AT 5 A= W B o0 5 % WL = ] 48

1EE B A RS R, P E TR B b+ MR L K LB A U, 3 NS SR 5 4 i1 BE AR & A
FERE BT R B B R, ) 25 i e R R 45 b K b KL L O L e b R O B A M R BB A4 AR B AR RE R 7
HEAMGFRAEHEEH FHR, URENHER T SHRIPN M TRERMAEE.
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E MR T - B - M8 - 88 o

AL IR AR AT 58, 30 A W2 R G0N HE I M A L T BEIR C gene) BYTE SN, BRI IE UK 40
RSPRS00 52 B AR A, 2 B b2 R FE 40 L L 4E 4 2 1) G A 5 A AR L BERR OO TR
1961 4 ,0Osamu  Shimomura( F#&) 7 Aequorea victoria (4E £ F| W £ 45 % Y6 7K £) & 4
B Aequorin UK BE A ) . H A BMAEHATESR G AR LTEHAQ LI LTE
SRANGRE, X RH THEE TFH5KSREX TR RA T RERH, Wil 74 LR, 1962
ERFTHAXIBL . 1974 FFERBUH GFPY, B 2 RS KEFEANEN,

(a) (b)

B2 BABAFNG%ELSHTELEKE

1985 #11 1992 4, Douglas Prasher 5& )5 #2 H 7K 8 & 1 GFP f DNA (desoxyribonucleic
acid R EEWER L) , 9 GFP WA “A Y4t} 7 8 1 C# — . Martin Chalfie 1994 4 H
GFP i HH A BRAT & L Gl 5B GRS 4D 0 6 M MmgRE TH A, 58X, X
FEANBEICHEERELZARER T ZEN, BKBNT FAEY¥EHERET GFP A
ML, FHXF GFP AT T EMEE . A GBI EMEA, XHZARAE
HARCE AR, T SL B R A X 2 AP F BT R, ik R RERRAEYRARE AR, AT1E
T 4B PR R A SR AR )2 L R, W 3 B AR R R I A7 . GFP B[R H i /E Ay il &
B, AT B E S e R & E L, TR, A 3 i,

(b)

& 3 FH GFP {#iE R % H e @ik
(a) Bid;(bh) &5
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o ENEBRENALR 3D FEMAZATMMNBNNE T BT RAHAR E

2 BREFRABENAZANFTENZIERR

2.1 GFP R4

GFP i1 238 MREEMIBREAMN . /r T8N 26.9 kDa, H ¥ & H Aequorea victoria H1 4}
Bk, GFP 5 Y 65-67 5k HE (Ser65-Tyr66-Gly67) o] H & il ¢ St & 8 35k Pl — %
FREE R BK MR , an & 4 s . GFP iUk ikt 11 4 -4, 2R, HEY 3
nm, K% 4 nm, HEHPRE - o BIEWE] 5 frn, KOEATE MRIE L. EAN_HKEWN
KED A o« MEBEM P18 . KR GFP BT CHALIEINE 6 Fiam. HBUA g (E 6
ST R EBOAEFAE 400 nm MEIT R AIER 470 nm. K S6IE (B 6 FEL) B E K5
%% 505 nm, J§ ¥k 540 nm.

[ 4 GFP —Z45% s 65-67 v 2 5L /8 5% 3L (Ser65-Tyr66-Gly67)
T B 5% 6 & £ 5k A

&l 5 GFP U445 HRGH Ry [ 6 Aequorea victoria i) X4k GFP [y
R o 5 Y IR FENC W RO IE (L4 MR 56 (R4

2.2 GFP %&3k45i¢

1995 4F 4R K SE A S RAF(S65T) BE R & T GFP By 63 M 5, %6 65k E AL &
Pt KRS, R R R G a3 Y E H (EGFP), W B RS . B Ak 14iAF) 488 nm, &
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l MRIET - B - 8 - 828 o

SR 509 nm, I 5% A FITC LR ITE . 28 06E At RO, ¥Rl N KK
J6TBOR X 40 ML AN GG B TR/, I B E R SEOG I ZUR 6 R W B DN, T BLAT B s a3t
HXT R S A AN R, RIS R A& BB Mt mi. FHEREAFRE
Y, ZHMEEE UERKERENAEARMS I, 3 B4 F3, i mStrawberry . mCherry
(2004 %) ,mAapple (2008 4£) ,mRuby (2009 4£),

TR AR B iR R L0 b O 75 BB 600 nm B0 K 9 63 & , 153X 28 Y6 7
B X BR AL A 2 17 B B I 4T 2R R R B U 55, A R BT & Y BR JBIE FE 700 nm £
AWPOCER . KBERESRE T RN, HEEB T # % 2 GFP, Hil# GFP X6, #R Rh3e %
HIREER B (FRET) . Bk @A M MRAERM DNA BARAERSE R L OHEEKRE, &
BT —FotRRE LS B R AR AR, R K R 684 nm, ZH KN 708 nm , 4
1) Y B vk 5 AR A /I BRI JFF U 2 3K 3K o 2 A8 A B, L8 3 3 B B 0 AR 6 L 2 SR R AT 4k
POLE 40 M AR A, oA AR R E LT AR fFE, R EW, T fE L IRAE B B
(FRET) 1 i F » % 25 Fb 80 2 IR B KB R 650~750 nm., 3833 % A0 A9 5L R #8290, F
POGE AR IC HA HARE B, W] WAL BRI H AR R R R] 23 R AR Ak, 3k Bl o Fe dE LAk
Bl o BE R, I AT R0 MR S S K s Wk W % B & F, € AT B B HIV (Human
Immunodeficiency Virus, LB . B0F —MEE# %L E H (EosFP) fE & HR ZI& 6,
4IRS AR X —F BRI R B ARIE B S HIV CLUD S E H Gag H
AT BR R HIV 5 3 78 B 4% 40 Mo B8 1 2 anfal /- A RS .

GFP ) HASE , T 32 = iR A0 38, FFY B8 31 8 A S A 3R B o Lok e tE R, RIEEH A,
AR O ER R AAL 38, — BR S rh PSR B sl AR MR, BB R &, & 5T 6 il AR AR,
GFP JiaE M HE A X SR MPUA MR8 E N 100% ., GFP RikFIFBH 1L,
SAFTE T 65-67 L MY & FE MR 3R 5 (Ser-Syr-Gly) 314k, JE BU & 6 A , 0% B A9 , 76 %
SAMEEN T B R, HEARGHE K., 7 450-490 R T, Al f#+F 10 min P4 LM, GFP
XS4 F '/ TN, 2 R ARIEY . H cDNA 2K 2.6 kb, [HAF 5 HiE
B WERRE, EHEEFENEERN B R E T a8 T# m , 7N R0l g6 A A
Xt/ E R ,GFP 4 F BB /N R 27 000, R H B A S ER K — KA. GFP
H5EERBEE X BERASLEHIIGETITE W, KEREX MM ITHEEIER, VT E8 %
R¥EsR., HMmERERE, 3k RWROCER, A A THRARIEE, B HMHEX 4 F 'K 61
000, fESFRICA U GFP B4R . GFP M A HOCHLAE R J7 8, o B8 TG 4R 2 , 2 —
HEFHEHMRAREEBE=EFOCNEAD, 7T T 154 S A, REHREBRE
s, MBEAMAEE NREMESERES . UREIFES RS T EANESRE.,

2.3 WAEBEAZBHEK

PR A RHAAEY LR, © B I T 08 A ) | A B 2 55 A A B2 U, 7 40 Y
B 3% A0 3l 0y Pk B 3R 3 o A g R A R R N L R TR AN TR TE BR L VA SV A L 4
SENL AN, LA K IR B R0 M . OB AR B AR BOR R B 4 A 2 B A L 4 A A
HREMT T M Z 12

WTE FE % G RER B S S SR v . MR, AN BERTEOL R B
Fr= i OEE E RO RS pH B AT 7R R ok . T A= 48 TR B TR] K S A
H AR AR AR E ., Fik, 28 THIOEEANBEARETILE, ftT5l
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