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Magnetic Field Effects on the Unidirectional Solidification Process of Bi-2212
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The effect of a magnetic field on the unidirectional
solidification process of the high-7t superconductor
Bi2Sr2CaCuz0, (Bi-2212) was studied. The apparatus
used in this study was a high-frequency heating
furnace located in the room-temperature bore of a
superconducting magnet. A sintered rod of Bi-2212 was
put into an alumina tube, then moved parallel to the
applied magnetic field direction through the
high-frequency coil. The magnetic field intensity was
about 7 T in the molten zone. After solidification, the
initial and later parts of the samples thus obtained
were cut into blocks, and X-ray diffraction and
magnetization measurements were performed to
evaluate their orientations. When a conventional
unidirectional solidification process such as the
floating-zone method is used, Bi-2212 crystals tend to
grow with their caxes perpendicular to the direction of
motion. On the other hand, when a high magnetic field
is applied during the solidification process, samples
with their caxes parallel to the direction of motion
were obtained. This phenomenon was due to the
paramagnetic anisotropy of Bi-2212 crystals. It can be
said therefore that a magnetic field can be used to
control the grain orientations in melt-solidification
processes of even feeble magnetic substances.
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EFOBGERMORRICE VBB I LEZLEL
LANRBRERAMOBLEY Xy MRS N, B
BORRANEERbDEL STz, TDD, THETHE

DEBZRIEAERTRVWEINTOW:, BERO/NE Y,

B, REEOWDYIFHREMBEICHL THHka it
BYEBLANRBRBHRNR DON> TS V9, 2ZTH
AT, TS OEBMAEORREZRT X, SEIEA SO
TANBEOEALZRTIBREEL>TETWS. XH
AT, MEBIR/OCANDOHBOBEALZBENEL, B
MEB7OEAICEBLE. MEMEELTIE, BELmR
51K BizSr2CaCu20, (LLTF Bi-2212 £537) ##-7-.
BILMBEEEDT, BRAUNKEVEVSIHUEETS.
DS, INETIZHLHEPICHMERZ OB S ERIER
MZEAATDHIET, HNEFIAT-MEIZERLELES S
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[T, RIROZEEHM<ZITZDT, RBEOME%:
BRI D-DIC3, AREEBENSFARTHS. Y Rk
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LHBEEFICEL T, ZoRMERBGRRICHIE M
TBHIEICED, BEMUERBEZERLIZEVOIREND
DD, Ff Bi-2212 RDWTHEHROIFENTOIhTE
TW3 99, KBHFETIE, Bi-2212 2MKELT, IhF
TITONTELFF THAMIREN»SBRHBTIHIRERR
B0, BEHREEANOBRAESHICESE, BAKMAFEL
RAWBB P TO—HRBAMEE%1To 2. BEdRE
B ZEATE LT, BARELDREZFBL KD
ZEL, HROMEBLEDHRAMBFEINTNS. SEIIZ,
HSRAHREVIBEIN S, —HRIBREEGRICHT
DHBONREFMEL 7=, :

2. RBFiE

Biz03, SrCOs3, CaCOs, CuO DEEKZTELN
2.1:1.9:1.0:20 &3 XDICFHEL, BALAK, F
800 CT 24 ByfMRBEAR ZE, 850 TT 24 BrIABERZ1T
5 Z &TBiI-2212 8K #2157, KT, 550/ Bi-2212 ¥
KIZ A0 K% 30 wt.% IR BS L%, #HKESLX
ICEDEZE 6 mm, T 50 mm BEOEIRIZKREIL,
830 TT5 MR L. TIT, Ag0 3B DEEM
2L, SAEMAINRTLTE=DIImMA. T/,
ZDPERRDIBIET Age0 13 Ag ICBITEI B, Bohike
R, AEPBROERLFARBEOTIIFEIAR, £
HEEEE T, 5 920 TT 10 BRI, — KR L 7=,
—REmEOREHI. REBOBEHEE 1.0 mm/h, 3.5
mm/h D 28D OFRHGTEAHEMBIZL 2 —HFRARER
{707, OB, FHRETHW-ERAENAEIZ, BE
BRAOBRATNIREL TH, BEIRZ, RE27)
TFEOERAMRSNS, BAEIIINANEZTHIBHEE
BT &I, A INVEARNIZCTESRWAREEEZBEHX
BE2HRXTITo/k. BEZH-FEHIIBLE 30 mm TH
5. BiHI3, REOBEAHEEEITALFRICEIML, B
M TORIEREIXTT &5, /-, MBELT, BB
FEMUAAWRETHRIBKODERZIT 7. —HWBRE
B OREHT, TAHMS 5 mm(REVES), 20 mm (6E
BB EERE L TESE 2mm OFBIKRIZTIOHL,
INSZIBIT 3X3X2 mm3DTOy ZIRICKRFEL .
Zo7oy 7REEZDHENT, X BEHHR, LU SQUID
WX ARIEBIEZTV, EREEFMEL-.

3. RERER
3.1 X &EH
Fig. 1 IZEREIOBENEEAS 1.0 mm/h NDEED, Fig. 2121335
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Fig. 1 X-ray diffraction pattern of samples grown
while moving at a slow rate (1.0 mm/h) with (a) the
initial part grown without a field, (b) the initial part
grown under a magnetic field, (c) the later part
grown without a field, and (d) the later part grown
under a magnetic field.

mm/h D& EFITHSHEREID X RERBEDHRETRY. h
SOREITTNT, REOBIAEEEELIATITO TS, V
TRIE—VI13 Ag DE—ITH5. BEHEE 1.0 mmh DOFED
REVIERE T, ERBOHS, B RE T, BROEBS
EIFFTRBROE—I ERLTHS (Fig. 1) DITML, 7T OiF
BEEMNLBE T 00) THS5HEND abEICHKT B E—
7 ORHHERE N, BIEEIC abmAFTN TS ZEEZRLTNS
Fig- 10b). CDT & EREIRR SN, BEIAMEERD ¢
I TE78TWB I EZERTHDTHS. UL, IhET
DPFFETHRSNTE/- 09L& 312, HNREEEHERD o By SET
EBOTVBEDTHBEEZSND. —h, ZHUIHMLT, K
EHMERTIS, BBZEMLAW@, LTWRnEEDBIZ,
WEIE be TICHAETIE—IA8E<ENTNS. LIS T,
ZONETIY, FBESOFEITK ST, &E, PErsisis s
TRLHNDLDIC, HEOBIAREHERD c & HTEEIT/L>
Tha 0EEZ 515,

BEhEREN 3.5 mmh DEE, REVHIERTIE, BEEEN
1.0 mm/Mh D& & EFRRIZ, BEBEENL e & Cl3BdrtE 2oR
9 (Fig. 2), BEBZEMMU/HE T, ab EICHKTDE—
UHESEN, ZOZRHTH, MRS EERD c BSTHTIR
S TWAENHNBFig. 20). EEZEERHETIE 1.0 mm/h D
REOMER LIRS, BIBEEMILAWEE T, FEE /il
ZRETFig 2(0), BHSEEMINLBAS, EMIDL 7SV MBE & X
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Fig. 2 X-ray diffraction pattern of the samples grown
while moving at a fast rate (3.5 mm/h) with (a) the
initial part grown without a field, (b) the initial part
grown under a magnetic field, (c) the later part grown
without a field, and (d) the later part grown under a
magnetic field.
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Fig. 3 Magnetization curves of sample whose
initial parts were grown while moving at a slow
rate (1.0 mm/h) (a) without a field and (b) under a
magnetic field.
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A UAERO c Bl I TH BT EERL TS,
KIT, BEREMUF T, SIHEE 35 mmh OREHIBIS BEHL
PR Fig. 5 ), OITRT. @IIREMER, OIIMEE
HIEHTH 5. BHEE 10 mwh OBSEER REIS
T BESE, b bR OENRES & TSR0
BHEAKE <735 THD, TOHENKERD ¢ MHSH-TH 4%
1 Fashma. /- TOHEEBEHEE 1.0 mwh OHSEHN
T R B T, EAVNE< o TVS, THIRBMLHHRITH L CikiRn &
im° DHROBBIOEEER NG, TCORMETTL ik
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> T T T T T 77T BRI BWLTIE, ARNZLBBHEORESDEWNIEAER
g SHMorz. CHUL COBRBTS, BEEE 1.0 mmh OF
N BOXIIT. ¢ EHHELIEEEEICHD DTII8L, B>
5 FFNELTIES S F WIS ENS T EERL TS, 1L,
3 X HEHROHEREEHETERDE, TOHEAIL KRELTH
g RAERITT L F LBEBED S, ¢ EEEMNEES S T
10 FEEROTHIMSEL L2 TR EEZSNS. Tsbt,
= [n FRERIIC BT SREERROEN TN TS EEX 5N B.
0 1 2 3 4 5
Applied magnetic field (T) 4 B8
Fig. ‘4 Magnetization curves of samples whose LULEDRERE D, — ARG B TREESENTS 5
latter parts were grown while moving at a slow — . ,.,,_' e . e - =y
rate (1.0 mm/h) (a) without a field and (b) under CEITkD, EEOHEFRES ETRRSIVEY, BEAOBH
a magnetic field. HREIEFERD ¢ T LR DEEESR SN TOXKD4%)

ENESN-DIE. Bi-2212 OfEEMSEAEICER T SRE5A
IR THDEEZSNS. Bi-2212 DREIBIZBIT 3 &85O
HFIERHERIL, BESEEAVTORIEHERENS, x.=7.73X10%

5&, ab MIZEKT 5 E— A< ENAHERME SN (Fig.
2@). g7z, EOABIEEOHAIL, RERBERICENT
DI X DERBIRA TR D T2 EE X SNSHERIF S,

3.2 WEiAlE _

SQUID Ik BRULRFEDIER % Fig. 305 Fig. 5 1579 # 24
T RTEK TITo T3, ZITR, BIEREOTAS5T gz
FTOEbE, 7Ov 7K B OBREER OB HRE EHTE et
L UBEAAICHRE L. BEIAE & BIERORISENTS A1 ,§ o
HIsHe200, BELHEZROL CFINTRLTNS. s
DIREETIY Bir-2212 IHBRHIRIETH B0, BERE=> S/ Di: £
0, EHBETIIAORY, HREBETIIEORILETRL, HiE g i
ERICERT ) P ANETD. B 7 MR ¢ BihHIEF 0 1 2 3 4 5
FICBAT BBEDHIKEL 13575, BILRAEROENIRLE Applied magnetic field (T)
HES el T2 5 TOBRHTE X7 S ANKEL 125, T T T d))_l

Fig. 312, BEHEE 1.0 mm/h, REMHESEOREHIREY 245 g i
F277. @, OETNTN, SEWERBHCREREENIL 72V 5 =2
B, HNLZBE0MRTHS. T, BEEEMTARIZE B8 2 0
(EDEOIINE Y, TR > ¥ ARBL TWSHT S ’
BB, TNUTHLT, OTI, BEFMEFTAAR, $75b5 oS24 —
IERERER OEINGES & AT/ ARORILAK E <o THB T g ]
L5, COBPITKRO > T HEEA5NS. Fig. R B mr e
4 (@,013, BEEE 1.0 mm/bh, RESEERTCORERRE Applied magnetic field (T)
Y. QISBZEMILASVES, OB EEMLBETH
5. RREREMERE T, W& & bBEhm & EELAEOBEN Fig. 5 Magnetization curves of samples grown
KELEH>TWAS., ZHid ENREEOREICL ST, BEAMA while moving at a fast rate and under a

magnetic field: (a) initial parts, (b) later parts.
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[in ST unit], xc = 155X10% [in SI unit} TH3 (xa. xIEETN
FN a B XU c B MDA EER). Z /. cHilrhSENINiE
BEHTI o AT RN F—ENIKE LD, TORSEEN
DIFNF—IIUTOHXTRENS.

AU = (axB2xV)/2u, V]

T TAX=X, — X, [in SI unit): #o FSEZEDEEE 47X 107 [H/ml,

BIES [T), ViSSR0 3 THs. ZOERIRIV
FARBEDT AN F— T (k3TN R, Tt
BELDRENEE, #EENIIIINF—INIRELHMER D
ELUTERL, BSAREARART 0185, SEIDERSEMN. B=
7T, T=1200 K TI3F5EROMAFNY 102 umd LA, LEELS.
SEM IZX 2HIHEREMN S, B NBROKEXIIZ D&t E+
Tl TW37-8, BBSEEEIRVERIS N EEX 65,
Z ZTHREAB X BB BT 2B DENIZDNT
EZXTHD. Bi-2212 T3 ab BTN 7= FHRIKOEERATE RS
h2 2, ZN3HEROREEEICRAMNSE7-HTHS. —F
FBRIREEIZBNT, ZOXSREEEDRAENHD L, iR
HOBEEENEORH T IREDEROE U ABEARICKE
TREDEOHAABRANC, EHTIISICHETS. Bi-2212
DEFEETIE, BEARNIIR DL IIZ, ab EAEANTARLLD
B0, HRELT, BEAMEHERD c & MEEIT/LD.
=L, ZHUIBEREE 1.0 moh T, BEEEENIL TN
BT TOHRNS BN BEDIZ, REDVHEMSTIE, 0%
BIIWNT, BEAEEFITI TV IIDNTENT3HDTH
3. FORH, REEIIBWLTIY, COMRIKERIELD,
ENSTFAMSIERESNIREL T oSN ERT 52 &
MEEL <, WBEREMRISIRNah o7z, T U TREVI
IZBNTIE, ERORESFMEISEE > TR DIZ, B

TEHHERNEITEL, BBERBIRIRNI-LEZEZASNS. -

—7%, BRI U/ ERD SIERESHNCRER L T < IZidBE)
HEASET 256, SRIIBEARIZHR D XOITIRETET
W, AREREE S £ L /- i SE B T ORISR RATH
L&D, ZOD, FBREERIZBNTS, ML /oEsnimE
ETEDRANFRL TR EEZSNS, BOBAEERNT
RERHESE I BV T HRIBAMOMENRRIES N =DIT, D
HETHDHLEEZONSD.
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4[a], 3485 T T Bi-2212 O—ARARIEERZ1T> J &1L 0.
EEOBREEETIIESHLL, HERO o finskEAH&ETHT
EIBEEREAEB SN EE. Bi2212 T c BHFEICRY %
GBS NENED, JORBIZEIRENDDTHDEEZALN
3.
T, SEOHERNS, BEBEMNIIMA T, REOBIEEZ
FiFHT 2 &IZkD, TORROBERCIREENHHRGETSHS Z
EASEEEN. Thbb, BB SBRMEMHEOERTOEX
IZHNTH, BEEDHlEiEE L TASITH B ZEARENE
ENED, 5% METOTAOH UWGIHNS A—5 &L TOF)
2PN e g Y
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