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Liquid Structure Analysis of High Temperature Molten Metals
with the Use of Electrostatic Levitator

By
Tadahiko MASAKI, Takehiko ISHIKAWA, Shinichi YODA

Abstract: The structure of undercooling liquid state is one of the important subjects of materials science. The
levitation techniques are powerful tools for the investigation of undercooled liquids. In this research, we devel-
oped the electrostatic levitation furnace for the liquid structure analysis due to the neutron and x-ray diffrac-
tion methods. The apparatus was tested by using a synchrotron radiation facility, a laboratory X-ray source and
a reactor. The structures of several kinds of materials were investigated and the liquid structures can be mea-

sured with high precision.
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Fig. 1 Schematic figure of position control system of electrostatic levitator.
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Fig. 2 Photograph of electrostatic levitator for neutron dif- Fig.3 Photograph of electrostatic furnace for the x-ray dif-

fraction measurement. fraction experiment at the SPring-8.

T % 64 AOBIZFIC L O RERCHEH L2, SEOMBARIZIZI00W D Co, L —F—%FH L, RERERZHVwTLY
AHPEEzEE L, PEFEEERTE R cc ORBORBPTA VLN PEBEFELETCIERE 2 mmBED/NS
ZEFLPBESEALAZENTELRY, 04O 0FEBRTEEEL-BESEFOBRITO O, BEUREVHEIZHE
TEBBEE TV IFIRE, FREMPES T VD A2 ERERE S L GEIRL 72, %ﬁ%‘é%wﬁi?&IZ IR

2.3 XEHEEROLOOBETRER

XEHEERFOEZEF v -3, EREO XHNFEE (Rigaku SWXD) O T =4 A — 4% 8 LU SPring-8 D
BLUMB2VY —A T4 VIZEBINLT VYV LRAT— 2 3 VO _HMOMEIOWMEICHEBETE AL ICEMELTBY, Wi
ﬁ’t’:%ﬁﬁwf:r%%’%?x%ﬁﬁi}&%%ﬁﬁ LARWVORITHEROME LR L (TR AETE L. R3IIRENEROEOEED
BEEYRY., EEBTIE, BEHEAKEATRT W IV I AB LYY avd sy L, XERTEIC L LEEmT
%ﬁot.ﬁ¢®xﬁ%%%ﬁmu —HICARCEREID T A= 7 R e TREEE HWTHEIE S N7, :@%%

T, RORED> S OYFELBE LY ERECEHT A0, ZEETBIRLT. BBBEOEE, 3B L5 XEOWIU
S THELBENRKELBET A2 I 00, RO XHBRNREEZRL TINV a2y 2023 HS
MoKafga s T k& Lz,

Vo 7A®%L%ﬁ®ﬁn,usmvwéi%wﬁwmiﬁxﬁ%ﬁﬁb,:%@ﬁ%,va%%%%B;W”E
AR % G CERBIC L 2 ELX BMOBEO/E AL HE Lz, ZoZ8EIEHE, KEFMICREGEBET 5
YA TTHAD. SRAVHFEREERDL, LTOEBEBICRALTEET L0, SoOTHMEEIERAVWAZ LIZ L) EZE
%ﬁyﬂ~®%%®%mfﬂﬁ'ﬂﬁx%@ﬁ%%éx%é%@@ﬁmﬁﬁ%&*ﬁ®ﬁﬂ¥%ﬁﬂﬁféa

)3 DOA, MoKa IXHT ARIDBEAENIIZIERELS VD, EERED 18 kW O MoKaX #il % FvTE Bk
CEAWEERE T o, HELXBRBIEORBIZE ST 7 A N vy =T s u A=y FBIEIREAERL, #
NPINE, B0 £ L ERIC ZEETRN, AU v M REREMHA L.

S~

3.1 EBREMOEH

FEEZHCTHAZRESTLH5E, VERHOBESCHMUELZERBELERZERS, % 4 - & b REFERR
TEARKISPEZ2mmBETH A, Ziié%%%“f‘li, Vhaz=gh, YYareEdl, EE2mm OFRKEE T HEH L.
AHEEICME L B2 SIEBRsIEEREIBCTREOE o0IT L 25720, READBFEEZBIERTES L
WL TCHBEER LA, BEEZ2naBEIL L0100 LoFE LAHEL, GHMETVIVERE L2707 R
v 7 ANDOENF T FREREIZES, T, SROOEERL —F— (200W) & HvCHRE TERM - & S 3RIR0
REEFER L. Y I 220 TIE09999 %, Y2 LI onTIZ 995 %OMEORE AEA L7z, Vel LizatE
BRI RRTH Y, TN anyn - Y2 yFEHEDICEBBIRA AL TV, BRI 7L Ty FEREAF TR

This document is provided by JAXA.



28 FHHME R RN ER RS JAXA-RR-05-034E
BB L, STV Ty ERAEHEL - ABEFEEEOT v N IZEALTL.

3.2 BEEEEORETE LU X REEERA

HEEEEEHCCRE P BRER S 25, REOFEEERHERT A LPBOTEETHS. LrLuDb, =
BT BV TR X B R E L e, BURETE A S OARRE T A LOSIZ X D HEESRS L, B —l
HAPAREEI D, YNy ABL0Y ) a2 r0Rs, RENERETHL I rs, FEHCHLN U 30 % gL
L, BETHHICL o CHBE RS oFRE L I ENTRTH L. AERIZBNT b, k& HENICEE
% 1400 KARFEEICINEL L, 2058 L7-FEERIRE 2 2 L /2.

RO - B OWTIE, REBEAAL—F—ORNEHETS I L2 XV To7z. 8510, BB 2 Bm IR RIRER IS
FREICE, SEABALD D 100 KARESRICME L TR FIC B S8, B TREBRT A L =¥ =Dl A
TR ELBEL FIIRE L. 28, REEETORTRELEICT=S — L, BEIE) BHRREALC) ALyt
VAL EDENT EFFERDD LT, BEHRIRETH S Z L R HER L.

SR O IR ARLRBE A RS L7700, THTFBIUXBEN Y — AR by ERERL, HBEREOAERTETAEL
7o REETEGELCOWTIE, EEOBET VI FRBLORAEEO VIS A0BELHEL, XRIELIZOWTI,
SRR 2125 K (BhAEEE), 2035 KB L UMK DY VI T LB L OSEHERE 1683 K (BhAEEE) 0 ) 2 » Ok
T Sk =By

4. 1 R & & B

41 BETIVIFBLIUBREI LT LOBETFEIE KR

ERIZBIFL TN FONETHEREOMEREERNART. FESFS0 7T v 7 EEED THEZ Y- 7 &5
T, REBCHG L) /RS AR O TO BB RHE Y — v &8 I TE. BEOEFORK YV T =
B AT ONT b FRORIE LT -7, BRIEEEICLVBESELY VIS LEGOTERR, PHEFOREOFEC
HLTERETH Y, 11EHLOEBHORE L -FEREBEMET L2 el Tax. TR OSESREDTE R & B L T
TAO—RBELEAD L RREWRS VI E2D, EREENIC TS 2RETEEOMEL Y — v 2B TS 2D
7278, AP LOHMELEEZ SN T O - FRFEREL B L Z LA TAT,

(a) alumina sphere

i g
1 PR N Ye PO

(b) background

Intensity {arb.unit)

ool

oelddfudeblissduap it e diiBionnat
T TETTT T T
20 40 60 80 100

T T T

PR
120 140
diffraction angle, 28 (degree)

Fig. 4 Diffraction pattern of sintered alumina at room temperature.
(a) alumina sphere, (b) diffraction of empty chamber.
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Figh X-ray diffraction patterns of levitated Fig. 6 X-ray diffraction pattern of levitated liquid silicon
liquid zirconium and empty chamber. at melting point.
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Fig.7 Correction factor of absorption for X-ray diffraction
measurements of liquid zirconium
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Fig. 8 Static structure factors of lHquid zirconium Fig. 9 Static structure factor of liquid silicon at melting point.
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Fig. 10 Effective pair potential and radial distribution function
of liquid zirconium at melting temperature
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