E3M PEH OB ¥ R £ 19

FREREETEREERENA

b B A
(FERERAMERALSN)  (FLILAF)

Tl XN FERARPEES TN - PaREE THEIL MBI A RN EEE LA
WR SR AMHE. A% B a9 EEB B 8. A SRR, ERBMNERAE ST E.
FAERBHEAR R BRI, MARSFHARBRAREREM MU EHLHES
MREFHHARE SRR R SERSR, CHESFPRERIRESMAR. Bt FPHEE
R PFETR, iR, ER A ¥ 5 SRR, ST BN B PR, ML AR
FHESRREREESRE T EBENTRITE. XEPFRBUR T ARG MATHIRE hE R
SaMERRRS S BAE &R, T T KBS S T, ESRHREEIBRE.

— FEERERRHBX

BEE R A BEE AT RO AR R S RAE RIS AT AR . BEELS R P
P AT B 12 BRI AR B9 G5 44 A0 G SR B R R0, 00 I T X o L A R e [ R T
AEEI TSR FGS BB 0 ANTTR B RS, B FE kR, 5H— X EEHASARRE
#E PR 0 2 98 1 L T A4 O PRI AT T A O 90 3 T AT > AT S 0 T 445 AT 1) AT 3.
XML IEMIE TR, ERAEFE-ENERES. NRELAERERIBIER
SHFERLREZH - ERSHIER B. BESHRAIBRTEREN I NFERS
8 S5 RS BB B R E I K.

BT A&, pOR L R B R SR 3 M 5 M KR, B — R RS
RERBT-ERROEMZ b XA BRSO A LR E R, i B & bR
SXBAME. UE XTEBAGINZRPFRED, KEAK T LRSI EIEX
BARELSHEMW. &I 10 FFFEREABERSEELSE-NSRENE LERN
HEEANTYES K A ARAKMAUNAR, H EEHTERFRUEBRHHER. AL, &
AR T BE ] AR BEAE B b AR P A L RAE R T B S BROL A B 2, WA o R B T2 25 0 L T Wi
HREMERSIENBNEREXER SENEBEM T EREFR S LB SORFE.
HETEREIBREGHE 2 ARYBENELEHASES THEIENZEUN. Hit
1o B X P AT R E T R IRAMIBESE

BEE M RBHER TR AR R R, LUERF& 5 WL Br g 36 F- 65 5 B 25, 1) A £ h 5E E
BBRRER—RFISAFORFHN R BMMRRERNERERE. FHFRIME AR
FEXEBEFRWAF@E: (1)@ 3% FEEEE T 3L MANBIR. W R RE31% 58
A, L BT M R A R 1 S R AR E A P A TR, E R AREZMF TSR



20 TE M ¥ E S , 1991 4

BH T B R, 7 BUR e BB 2 A 3RV 48 20 S, AE AR S i 2 -4 2% A T ROt BE R %5 07
BUSEHRZMAN (48 LR IE VA SEE B8 1Y F T 2R P AR € 1) BE [ FER R BE A, 458 5%
BrAtRHE 4, 75 IR B SCBRAORL O RRBR AN S ek, HFFE 4P 4 8RB 3 2 o 19 57 i ) ‘LA A
TE R, i I ST o [ RR K Y-8 20 B V8 JRJR 1) B S B A PR A R 0 O R
. BAENEIBRAEERARNEKESR, EHEE TR & FHOHTL, 2R
AEHGA RS, BIHOX — B TR BT PR A E [ 45 S bR B R AR R LB 1R
A0 E BN FARTR T M TR R AR S AR A K R s o R AR &R R W AT i
EMERFSRASNABEHEREANRERLSE, URE—FPERETR T. BIHH
GollR Ry G o

B B A R T R BE R AR B 3 R B R 4 B AR, DA T X 22 S A 5 5
WRE TRA MK, fERERNE LY. BRA RS EE. IR EEIR
MR, WM ETE R, B S KRS ERTEHTRENOR, FFELFHEL. SAE
FER R — L F bkl ME SFRL E R itd. & REAGY . GEGE. FHRE. B T,
B AR 5 A IR AR B KB T X AR B T AR A S AR . P, X RS0
Fo 05 [ 2 7 4 S B B T G 20 X R B R B ST RN T R B R G A T REM PR R

HEBRBEREZ N2 T 1989 FE400ER “IE T EER & T 2L B R H N ™51 %
ERUH, BRETH—BERFRAZT RRBREMEHITRANDI: (D) EE RS
BRER&EE Q) shBEARKIERM: Q) mE FaEEREF m1Th; (DERMNIEFESE: O)F
[RIZIBR 2 AR T B X AR T b s (6) AR AN AL S K Bl & & B ) AR A (T IRImAT 2 1)
SRERASHEII Q) RAEMBRERASHBII O) AMYB AR T 45 B 4
ARl .

Z. B &

FIEIRE S A TIRE 81 TREEEAFIT:

1. REFEHNEERTEERR

MFERI SR 0 A B BE 5T 4k A 0GR 130 390 ] (BT 7 T R N P S B S R R AR RS 2
BB AR XA ERNIERSL BN RAE RPN A M R 7 SR B Sk, REM
RUBEE B A¥ L, A HE FIREF AR {ERHILKE.

2. ZETEHRERAEESBHEE QTR BN

BFS0E B P A B A5 AF T RE A AR WREAEANRERA &, K#EESHNBRE
AR PE R 12 SRR AR, MR BRI BB R AR R S H AR A g
MRRFER, HAAPEEESEARNZE, FRHEBAEREER S SMKES EHH
s (R BEBE E B T BT AR BT S L

3. ERSERBRFLHIENENRKEAHR

B PR R TR R BE B S R o M 36 4 e, BT ST e K R A BLAE R R e
LA TR E ) R R AT A A BRI AT L LR AT AR SR AT I ORI AT R AR,



3 S - JF 1 4 05 A A T R (A B R LY 21

PEBE. DA MM AT E S SRR S 2.

4. FRERECEHAARMRAELRRESS LHORA

HREZMAREMG T ERIRE AR S SRR EERSEE LR, HPFRRARH
Bt A A T BERE B R, BF R & &SR AL ROTHUB O oL, AT BF 5 i 3 — A R PR RE SRR
MRERREREE.

5. BRBEFHTE T. BESMHRELS AT

Br 8 AR E AT SR B AR 1 U IR 20 FISR AR BE A T HIBEE 45 A R L S
HESHMAREWAIRR, ABOLE XA UEREANBERIR FHERG B IFAEIER,
FOF RS E RS, RIREN S ER RRBOLHERE S H R B

B H S P EM RSB RA AL T K, $HA 54 AS i, HhEBRBR
AR 19 A

B ) FARHLE AT LA

I D FEREI RN TR, BT RESRE—E.

2. BENMHABRKGEEER ANIRENSEM BB R ARBERE S BRATRBIE S
ZHE S AITR IR E R EIS R B R BT WBT & BRI BBt R K Tl
¥t

3. EEHEIRL KPR, M0 GRI AR E A L R ER SRS, AR RES iR
B BT B AR, DY 4R A& T B BEE F LTS F BT A ROE &

4. FEECRRREAL A . BN BRI B HURRRE A T4,

5. HAME, BHEL. T Tk KR 67 S 5 A A S UK BADR BT T &
& BT E 3R P SR A A KPR R AT N R, ME R R A SR T 8IMR. S400%T
FERZX, @BTRH—1 %,

A0 H # B tr 2 7R RV 5 E BT 5 7 RS A T RA EER 2K P EiE R R R
—LeFR L FF R — R AT AL 23R

=. MBXEHRITRER

L it T BATHT IR A RDRIBEE BT 5T 4, SE R E T /R3] 1:130000, 3 H ek 2
FPRUE 77 AT B SR E B R M. B3k T 9836 X IS 1o S B 3 B SR8 T VB R 5
T R B R (8 R B MR T XHB B 5 LR B X — AR KRR . BT —
EAFENFRAT T EN X SRR AN R RS, NTTRIE TER TR S50
:En

H B3R &R R IF R R, S KR HHE 2 BIFERAR R,
FF AR X — RO FR A 0 R T 7 A R A 1K SR AR, AT 7 [ B B SRR IR T X — X
B, KRBT AR E T AN LR, FEYTS5ZWEaNELEAR. fI%
BE— R, TR R B 28 A BB dh AR50 2 42 ) B AR S AR /DS » T — Y o ] B U
RAY B BEARNE. ZEREA T MR EEZEHI N T INRERESEFAE
EHERAAEEE L. EERE—ENREEEFMHTHS—RKEEAEKHEITFHEE 7T



22 7 EH B ¥ B £ 1991 4

T AR E PR B R E AR ERE R AR—KERE. oAt R SR Ra X
Fixt 8 B S F AR, 2R AR AR AR A AR KO [ B — IR BE A FE S B B E1EA

2. ) P 0 A TR B X 1 BT B (B R IR BE B 9 1300K / om, B [B] i 2 AF
ALTEE R 6—10000um /' s), R HEE T Ni—5Swt%Cu #1 Al-0.85wt%Cu & £ 7F it & V4
B[] %1 AE 1o B B B I G O o 9 F 0 VBB TR O SR 4 B 1 - TR — MR — Bk
—HR FETREE R XWRAFEERME LB MR RESE, MAETREERKXH
BURFERER M RERBIHERASE. A RKE IR 5 0] A S0 10 5 B 00 ) 200 B B 7= 42
SR 8- HE RS LS RRAS. RENBKMESHEEROAUEESRBIE
ARG, PRFREREETESBREEL, AR ST BALRAREE T
B, NTRERHBEFBHSERE TN &2, FEEEES B RN, FRET 5 LR
AF. ERBCRA AR 1A R A R BB 28 B, XAPVAR A P I B AL 1 0 B B 40 BB RAT R K
B RBHFAGERERR. STEMEHSHL, 7 1073K M1 167TMPa £ 4T, HEFAR
BRE 5%, HAFMER 364 FALMRER 27 %, MTUMTEREK#EEE, HO¥
YEREFIREPERERRA TR AR R .

3. 0T RE M SRR A S, BT T RS R T R LIRS E S R P 3P 2 BE Rk
HAEKEE. RAESENR/GERERX, BT XEHBITRN ™ HRRIT X EMEREAR
FERER A BRI, R0 X I BT RTE & & M 455 1 B i w3 w0 T
RE A SRR, BIITT B Fh s A T IR B0 8 B B %) 2 P 5 B S B A R RE R
. RACARERRME, HEARER A2 850C, 450MPa, 100h fiKF. AR
DZ38G & &, & 5E 4t IN738 & & R 2866 25 47 240 Tl 2R 55 b 6 #4 oo of 3 HO A2 » iE B
DZ38G § &L ERER.

4 PRTHEEZERESHIBBRLRESESSHREHRSHERRITAOER. BE
B E BB, (rtr) L8 RTS8 A r R BB/, B8 2 1 H SO 2 A
REIFRVIRFEAL, F AL 8 AT OUILR L 4R i) X TC R MATH/D, FIR B3R R R TR
P RN, B B R AT R SRR . EARMERE TR R I T AR TiC
H ERAR, FELE b R R ECR LS, —REIE RAFRITEE SRR R, HER
REBEEMBANABRAE. EXHERT T, RIA—MEHEE SR X5
ERAMCARERERFRETEENGFL. EIVLENHELSR, CEBERFARITE
REFIHEMPARBRE SN BRI RLEHE. &2 HERRKT R 850T,
490MPa, 100h. 85 & &8 1A, SR M EELI R & S E TR S B P i R 8 25t Fn
B CRENLER.

5. BATHHE. R AR TEAE - A THSFESKE KNBEEFREKRE. &
B AT TER T B R AR R I, BE B #%, 20 /MIR, T A S SR ES A DEOE Y RE,
SHETEHAL, RARKERBR/DMBESERE-RIMLE. BAMHERHTHES
PBL AR R R AT A LU i R A BT ST, KB RFAM. B, R IR F 5 B 1
AR, BBRIERSAFE R, KB —FAEKESBRMAAEN L, E4 K Smm K, 2—
10pm x 30—50um #) (2212) Bi RBF M- FAZ R EXM HHIT T TR AR R IKEH
B, BTt R IRE N 106K, BB &/ T HAMME XL KM RS 75K f1 76K. 550, H T,




®3M BB P aREE TEIRRE RN A 23

(2223) Bi T AW T AR RAER &, U7, EIEMASE R gk il (2223)
frs X— 550 Xl Bi RAAA —ERBHERE L.

6. EESMEARTIY LEARRL 6 B, ALEMHAERA LAREX 1THR. EERFZN
L#fRkE IR ERARNERE 147, FE—MRRPHEEY =L, HEFH LR -0, 8
F WA — T

AIE SR 4 B S AELAN I BREES BRI, SNARAKEE
BIEBRERAYUFTREEM AR —FL, KFUBHERAKPEREEEENERE.

m &5 EH

L FFRBMEEREAESNFESH SRR GF SR RME X SR SR REE, 5
B SE A S RN IR, U RERESEENHBERMNKTR. FRERESYE
WELH. FAMELTH R BREER ALY AR,

2. SRS TIE BV T SRR R T R B 5T B L BT R OB R R A AR A, 4k
St EAHE RN EEBEK#EEENRER RS SNERTEHEH REAREE
FrAE R PR RE RS KR

3. BARTTREMBTREARER LB DT, SEFENIEFE20 8 X{EV&
RETAHRBRW, ANTTFMEXTERSREEHENEMEE. SEMRRRTERERRE
BEENHERE.

4. FSERAHNSEHTANERRESE, KRR P BOL A g7
% BHTIRAR A M T HSAEE, A B RENE R BAERPIR. AHFRRRIETE
BERFIBA R, LR B G SN ARG R HA XK 1 F R,

5. MEMRIEFEREEMNBSERAANER. BRALMANALLH. BIM
PR REL R AE KR SRR, EHRAFHEFRALAREANE8IY EAMR2d#
KREEBEAL IR AR

SOME THEORETICAL PROBLEMS OF NONEQUILIBRIUM
SOLIDIFICATION AND THEIR APPLICATIONS

Hu Zhuangqi Zhou Yaohe

(Institute of Metals, Academia Sinica shenyang) (Northwest Polytechnical University)

Abstract

The importance, the scientific significance and the application value of the research on the
NSFC major project of “Some theoretical problems of nonequilibrium solidification and their ap-
plications” have been briefly introduced, as well as the major objectives, plan, recent progress and

future approach have also been summarized.
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New materials are a gap and foundation for the development of high technology, which has a
decisive influence to condition the future progress of economy and technology. The preparation
and quality of new alloys and superconducting materials, etc, are closely related to the
nonequilibrium solidification and crystallization, particularly to the nonequilibrium solidification.
For this reason, it is very important to have a deep understanding on interface behaviour, trans-
port process, kinitics at solidification front and morphology selection, variation during the
nonsteady transition stage, phase formation, solute redistribution and crystallization characteris-
tics of the nonequilibrium solidification process. It can provide a concrete scientific basis to guide
the development of novel materials, such as new low segregation hot corrosion resistant
directionally solidified and monocrystal superalloys, super—fine directionally solidified materials,

wrought permanent magnetic alloys and superconducting materials.
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