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Novel Materials Research Using Containerless Processing

WANG Wei, ZHANG Minghui, WANG Chaoyue, HE Huan,
PAN Xiuhong, LI Qin, YU Jianding

(State Key Laboratory of High Performance Ceramics and Superfine Microstructure, Shanghai Institute of Ceramics,
Chinese Academy of Sciences, Shanghai 200050, China)

Abstract: Containerless processing is a new technology in the development of new materials. It uses the microgravity or
electrostatic force, electromagnetic force, acoustic force and aerodynamic force to levitate the samples for fabricating novel
materials and studying its physical properties and structure. Because containerless processing avoids the heterogeneous

nucleation from the container wall, it is easy to get deep cooling and form new functional materials which cannot be fabricated by
conventional methods. As no containers is needed, it opens up a new method for measuring thermophysical properties for ultra-
high temperature melt. Combing containerless processing with space microgravity, high-energy precision structural analysis devices

and supercomputer simulation, a new materials research frontier will be established in China.
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Fig. 13 DSC curve of BaTi, Oy glass, showing the glass phase

transition and three successive phase transitions [*]

Yu 2%} BaTi, O BEIHEAT T 1 1 X BFERATHHMT,
I RS2 (RMC) BT 20, HE I T B A 2 1y
HRAELE TR 1) TiO, 454 (181 14) ) Ti-04 19 22 T 4 i
PRt A A . R T AR B GG, Hoh Ak fh 65% |
JEH 3% ,

31 32% |

@ Ba
©Ti
©0

14 TiOs Zp A i S5 . A AR 7 CHK )
Fig. 14 TiOspolyhedral linked by edge-sharing, corner-sharing

and face-sharing'®!

4.2 Y,A,O,(YAG) T3 FayHl &

B 22 B PR T R 1B 4% B G AT AR TR AT A AR
N BEE, K50 O ES R M al s B A 1 RE
FRERDE RS, DHHAE 4 pm DA_E A AR (4 W e i PR T
AL MR N . — e AL E £ A0k B LA AR
Iz %, TR S A A ) AR ) BB 38 D 4 S T 21 A
BEAT ZmN . B, ANEa A E i
YIERORE BEAR, P BEZ W H S W, 1E s e,
ARAMEHR 2538 A R

YAG e SRRt R RO R, BA A
TG AR rERR AR E SR A, DU RE B B T
K, EERHEOCAE . LB REITI ZN A, YAGIE
JE, RS EEAR, 353 OB HARAR MR & RS YAG
HEF . TAMMHAR T IR R IR, Ref% il &5
U 24 A B AR M B, Weber 4558 i A8k P2 RT3
WSR2 ARG, BN R T AR Aot er
AR, SCIRARE A 15 s, kR AR
rhas 1 B TR e T B, CO, BUBA In#Va 1k, St
DA S AT B 0 3 A R IR B 5 I A — > AR
100 wm Btk EBIFE 22 F g o F R R ol 46
YAG, ALO,:Si0,, Mg,SiO, . CaAl0,. LaAlO, 25555
25, ZITIEY R T B LF R S, RIT R B R O
REEBE 1A, BEERARNM PRI, BB Ek
YR ROCLF GBI e O RS S5 UG &
N FH o
4.3 BRSNS

HRE X [FPARST . AR A BRI A
W, A EAER, Gl R R UR R S, 4
B EL AR AT BRI 73 A sREL, AT LAST BT AR ] M2 AR
ASHEAEHLEE, S K RIS S

Kohara 55 FI AR F AR G T BHA A 78R W4T
BRI Mg, Si0, 3555, 256 X Gk, frg ek H
SERHEAT T RAE, BEFERW Mg-O 2 1K 75 24 M 28 TF 1k,
i, Mg B[y HAT AR & B g, 2L 1A (] A4H
VEFBEIR T Mg, SO EIRIREEE , XSRS R B ST
R AT ) IR bR R BB BE 48 W1 T 7
Navrotsky 4 F A B IR B AR FE T 4% O i kL U0,
KEREERE, 450y UO, B A bl DL B S8 Ab AL —FE 19
HCEAEHE, MR IE s, U0, R4 14 & AEH i 5
AR R BT SR HYE . BEE R T, U-0 6
ZIRIABE B 3, A R U A R A T
16% , HAMARFEERIAHZER U0, Fl UO, SRR ™ .
Skinner 25l A AR PR AR S5 A A 4 X BHERAT 5T X UO,
FEVRHEAT T PRARISS MO FAE, UO, 76 =5 I, O 3 fi 4%



%536 &

910 rh b
F%:used
. 2
Video laser )
beam sl
~o . [ -
Sl 1! e
‘\:)~~\ | —‘115_:——'
T Levitated molten oxide
Stepper Stinger
motor

Ternp: ——
Rate 1o~
I

Pulley

Stepper

motor
controller

Computer I»

1S AU HOR T A LB CEP RS TR R LR 610 YAG J 2

Fig. 15 Diagram of the apparatus used to make fibers from levitated drops of the undercooled molten oxides and the YAG glass fiber

PR, USRS 2, SRR o R g 5350k

2.22 +0.01 AF13.88 + 0.10 A, 435 /12 R85 7]
RERIZEE" o X BERF T4 R ) LR UO, AL L R 4 A

i 12 A T
5 & &

TR H T H 7 O AL PRAFIRS 7 A5 B
PROEEEI] , il 258 5L S REAS RHI R 7 T B AE BT A
JEAPRL B ITH RO AORE L B R RO R AR A
BRI R SR T RE R BRSO . T4, TR
SEAAR A BERE AR REMA 7 R AP A i
i TR B AT R A G B, X A 3 1 i IR R ) A
PP IR A 1 A B 2 O R

ALK Yok 6 5 R A JC 25 i bR 24 F 9 19 1R
W AT e ARSI bR G A A BOR HEAT ok B A
PRI, T e T A B AR A R A X A
FATSS AR 224 B A TR AR R S5 R I, 456 KA
THRALABUERTT R 4B 25 i v M IR i BE ST HLEE, Ay
BB R REA R 1 T ALK A o

R P s [l 19 JC 7 4 SE B L L 2P IR e e, 2022
A T 2 RS F) B ] 225 1) 3l ) I 7 i A S B AL PR 0 A2 15
HOr WA TE R, H I A [R] 254 S e A3 A 2
B B AR AUCE IEAE AW AR . oA e HoAR AN
2RI EAR  RE R A T BOR A G0 R AL

SCHORAG A, R bR B2 BB 0 70

R RERME TH R & .

St References

[1] Ai Fei, Liu Yan, Zhou Yanfei, et al. Journal of Japanese Society Mi-
crogravity Apply [J], 2007 (24); 23-25.

[2] Zhou Yanfei( J&#EK), Tang Lianan( Hi&E%Z), Ai Fei(3( ),

et al. Journal of Inorganic Materials( TCHLAFRI2A4) [T], 2003, 18
(1):211-214.

(3]

(4]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[48]

Happe R A, Topol L E. Journal of the Electrochemical Society [J],
1975 (122) ; C259.

Herlach D M. Annual Review of Materials Science [ J], 1991 (21): 23
—-44.

Xu Yingfan, Wang Wenhui. Journal of Materials Science [ 1], 1991,
26(6) : 1677-1682.

Han X J, Wei B. Metallurgical and Materials Transactions A [J],
2002, 33 (4): 1221-1228.

Yu J D, Koshikawa N, Arai Y, et al. Journal of Crystal Growth [1],
2001, 231 (4) ; 568-576.

Yu D, Arai Y, Masaki T, et al. Chemistry of Materials [J], 2006,
18(8) : 2169-2173.

Yu J D, Kohara S, Ttoh K, et al. Chemistry of Materials [J], 2009,
21(2) ; 259-263

Arai Y, Tioh K, Kohara S. Journal of Applied Physics [J], 2008, 103
(9) : 094901-094905.

Kaneko M, Yu J D, Masuno A. Journal of the American Ceramic Soci-
ety [J],2012,95 (1) 79-8l.

Song Y C, Li J Q, Qiu R Y, et al. Rare Metal Materials and Engi-
neering [17, 2013, 42(1A) ; 115-118.

Ma X G, LiJ Q, Peng Z ], et al. Rare Metal Materials and Engineer-
ing [J], 2015 (44): 60-64.

Zhang M H, Liu Y, Yu H M, et al. Optical Materials Express []],
2015, 5(4) ; 676-683.

Zhang M H, Wen H Q, Yu H M, et al. Journal of Alloy Compound
[J], 2016(672) : 7-12.

Pan X H, Yu J D, Liu Y, et al. Journal of Alloy Compound [J],
2011, 509 (27) . 7504-7507.

Pan X H, YuJ F, Liu Y, et al. Journal of Luminescence [J], 2012,
132 (4) : 1025-1029.

Millot F, Rifflet J, Wille G, et al. Jouranl of the American Ceramic
Society [J], 2002, 85 (1): 187-192.

Arai Y, Aoyama T, Yoda S. Review of Scientific Instruments [J], 2004
(75) : 2262-2265.

Sakai I, Murai K, Jiang L, et al. Journal of Electron Spectroscopy and
Related Phenomena [J], 2005 (144-147) . 1011-1013.

Rhim W K, Chung S K, Barber D, et al. Review of Scientific Instru-



5512 1)

£ OB AR EA SR

911

[22

[

(23]

[24]

[25]

—
8]
=)

s

[29]

[30]

[31]

[32]

[33]

[34

[

[36

[t

[37]

[38]

ments [J], 1993, 64 (10) : 2961-2970.

Notthoff C, Franz H, Hanfland M, et al. Review of Scientific Instru-
ments [J], 2000, 71 (10) . 3791-379.

Xie W J, Cao C D, Lu Y J, et al. Physical Review E [J], 2002, 66
(6) : 061601-061610.

Xie W J, Wei B B. Chinese Physical Letter [J], 2001, 18 (1): 68
-70.

Nordine P C, Atkins R M. Review of Scientific Instruments [J], 1982,
53 (9) : 1456-1464.

Paradis P F, Babin F, Gagne ] M. Review of Scientific Instruments
[J], 199, 67 (1) : 262-270.

Paradis P F, Ishikawa T, Lee G W, et al. Materials Science Engineer-
ing R [J], 2014 (76): 1-53.
Ishikawa T, Paradis P F, Yoda S.
[J], 2001, 72 (5): 2490-2495.
Paradis P F, Ishikawa T, Yoda S. Journal of Applied Physics [J],
2003, 26 (4): 1031-1049.

Kim T H, Gangopadhyay A K, Xing L. Q, et al. Applied Physics Letters
[J], 2005, 87 (25): 251924.

Paradis P F, Ishikawa T, Lee G W, et al. Materials Science and Engi-
neering: R: Reports [J], 2014 (76) . 1-53.

Hu L, Wang H, Xie W, et al. Science China Physics, Mechanics and
Astronomy [J], 2010, 53 (8) . 1438-1444.

Review of Scientific Instruments

Hu L, Wang H, Li L, et al. Science China Technological Sciences
(77,2013, 56 (1) 53-59.

Yu Jianding( 475 ) , Mao Zhaozhao( BEHEH), Duan Jao(Bf ).
China, CN106268568A [P]. 2017-01-04.

Zhu Yuying(REJL), Li Qiang(Z= 3#), He Yunhua(fif =€),
et al. Materials Review( $4#F24%) , 2009, 23(7) . 78-81.

Yoda S, Koshikawa N, Nakamura T, et al. J Jpn Soc Microgravity Ap-
17, 2000, 17 76-86.

Mukherjee J L, Wang F F Y. Journal of the American Ceramic Society
[J], 1971, 54 (1) 31-34.

Yu J D, Arai Y, Koshikawa N, et al. Containerless solidification of
BiFeO, oxide under microgravity [ C] // USA. SPIEs 4™ Annual
Meeting , 1999 226-233.

[39]

[40]

[41]

[42]

[43]

[46]

[47]

(48]

[49]

[50]

[51

[l

[52]

(53]

[54]

[55]

Yoda S, Yu J D, Kumar M V. Applied Physics Letters [J], 2012, 100
(10) ; 1441-1443.

Yu J D, Paradis P F, Ishikawa T, et al. Chemistry of Materials [J],
2004, 16 (21): 3973-3975.

Yu J D, Ishikawa T, Paradis P F. Journal of Crystal Growth [J],
2006, 292 (2) : 430-484.

Chen Liaozeng(JB4) , Fu Zhiyong (142597), Deng Lijuan (X
18), et al. China Measurement & Testing Technology ( 7 [E ik, )
[J], 2010, 6 (5): 5-8.

Langstaff D, Gunn M, Greaves G N, et al. Review of Scientific Instru-
ments [J], 2013, 84 (1): 573.

Lee K J, Lee C H, Lee G W, et al. Thermochimica Acta [J], 2012,
542 (16) . 37-41.

Feng J Q, Beard K V. Series A; Mathematical and Physical Sciences
[J]. 1990, 430 (1878): 133-150.

Ishikawa T, Paradis P F. Measurement Science & Technology [J7],
2009, 16 (2); 443-451.

Ishikawa T, Paradis P F, Ttami T, et al. Journal of Chemical Physics
[J], 2003, 118 (17) ; 7912-7920.

Weber J K R, Felten J J, Cho B, et al. Nature [J], 1998, 393
(6687) . 769-771.

Benmore C J, Weber ] K R, Sampath S, et al. Journal of Physics:
Condensed Matter [J], 2003, 15 (31): S2413.

Shankar K, David L P. Journal of Physics: Condensed Matter [J],
2000, 12 (12) ; R145-R176.

Weber ] K R, Benmore C J, Jennings G, et al. Nuclear Instruments &
Methods in Physics Research [1], 2010, 624 (3) : 728=730.

Hennet L, Cristiglio V, Kozaily J, et al. The European Physical Jour-
nal Special Topics [J], 2010, 624 (3): 728-730.

Kohara S, Suzuya K, Takeuchi K, et al. Science []], 2004, 303
(5664 ) : 1649-1652.

Navrotsky A. Nuclear Materials Science [1], 2014, 346 (6212) : 916—
917.

Skinner L. B, Benmore C J, Weber J K R, et al. Science [J], 2014,
346 (6212) ; 984-987.

(48 & 3)



