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UTz. ERLUEEZEFML 2.

900 T® NaCl 1&, 3.2 mol%® CaMoO4 ZIAEMR L J=. TOEMEITIE, BEKFENRSD
Sfr. TOFZRDESZBEIL, 790 £ 5 CTHholz. RDEBREMBICEISE, 900 CTD
EEBEERETNE, HRNO CaMoOs BEENRE T2 THA I I L2HFTE S,

NaCl 75w 7 A& AWEERERN 5, EEBEHD CaMoOs BEREFTRTAHI &N
TE, ERLUAEROWED, N\HEHERSDIWEEHRTH o2, N\EERREZKORES
{ERA3 mm, SHRERITEES2 mm IKELTWE, BEOKEIIIAEREIKEFL
7. EEERICEEOEEEEIL molsTho/. BELZT Ty I N5 DfEREDE
NELIE, EHDTEETHoIz,.

FE L7 VER CaMoOs Bt R B A REL, HEEEEITHETH >/, ANEED
EETOEKIL, (100OBEE1100BE02BENH -/, <N, {111ITED
HETHZESHok. HRERITESHREE CHENCAERTHD Fig)), 7A
N7 MHIR160~T60TH oo TOMEFML, 00D TH o7k, NEERIESR SEHRE
BT, EERTEONIN VT A, e : e
BYTTFUoBLUBENTNTN
BH—ZHhfL, BHMETH >,
TSI AERTRETHSHT MY
T ARERIL, BERPICREIN
mdo k. EROETFERE,
a=5226(3) A, ¢=1143(D A THh
Sfz. BEL, 424 £003 gem?
THo T,

NaCl 7o v 7 AinG, REIC®
ELWEHETT CaMoOs BEfEfZ :
BRL LTz, Fig.l Needle CaMoO4 crystals grown from

NaCl flux.
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%%ﬁ?éﬁﬁﬂib<m%ﬁ%%ﬁﬁﬁﬂ%f%@T,75yﬁXtLTﬁWTﬁm&
TNTER, &AM, REMZEIAY TH S AE NaCl: HEFT MU D L) ML OB
E R DERICEATH D ENEESICLVALNICEINTE L. BAFICEE
BEETLEETHS NaCl 12, (DBESEMNMEY, QKBEETHD, QAKITEETHD
REDEFELE, BELPILWISYIAELTHEETHD. AFFETIL, NaCl &
75vﬁxtbt%ﬁ%ﬁé%%bf,%%E@%%%%k%iﬁ%%%&?é:&%ﬁ'
BMET 5,

et bt & LT, BAEEAVIV b - B T2 APZEER ED & OB & 2T EM11F
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NbaOn)E#EE D&, R 12 FEIZA NOCF U LERT/NE A b ISsClPO)s - HEIL
%Ux@ﬁﬂ@ﬁ]buy%vﬁJﬁﬁﬁbéan75vﬁxﬁ6§&btnﬁﬁw&ﬁ
2, ZOREELT, TUTFUBHITT A (CaMoO) BRERED 7 T v 7 AR R ZEE
L7,

CaMoOs 13, WIZEUAMBELTELHABNTWVS I, ZORRITEFERD
Scheelite FUREHE (ZSfHEE : M) NIC/B L, FDRIAIE 1468 TTH D J. CaMoO4 LI,
£ TIC Czochralski 3 SO T T v 7 A MOTERINTWS, 779 7 AETIE,
NazMoO49, LiCllH1D, KC®B X CaCLONT T v 7 A ELTHWEN TS, Nall
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275y s AELLERAI, BSHE5m0. LBL, WENT 5o 2 255 CaMoOs
RAORET BHISONESEITTSE, NaCl 5D CaMoOs FEBIRET 5 Z LA T
&3, NaCl D Nat{ Z 2 EFERD Ca+ A2 DRETIFIFIEELNDT, NaCl HFRET
BEEBETETHA5. TNHDOEBET, NaCl 27T v 7 AL L TERLZ. CaMoO4
RO NCl 7 79 7 ARRCBLIET HHBEORBERE L. HHOWEERNE,
SREROEBNAREES DT H20K, NaCl IKHT 5 CaMoOs DEAEESBIE L
s

2 WEHE
2.1 BREORE

BHEEZHAWT, NaCllTwd 5 CaMoOs DIAEEZEIE L7z, NaCl(® 15 g 2HES
DFICFEL, 900 CT 3 KEIRFEL /=, TDH, 2B LT NaCl DE{HZEIERL 2.
FOLEIZ, HENLDT TV I AETER Lz CaMoOs i (1 ¢ Z20E, FTEDIRE
(800 ~ 900 °C) T 3 RrRE L /2%, ERO/KkBICAB Lz, BELET v X &2EK
THAMBL, #HRERDELE. BREOEEZHEL, T0EERIN SBMEZREL .

TREBGH DTA EERWT, CaMoOs — NaCl ROIEEEBEZREL 2, «-ALOs Z
EHEYE E L, CaMoOs AR E NaCl MR DEEYZ, EENS 900 CTETOFHEN
T, 10 C/min PEE TIED 2 WTmA L7z,
22 HEZKOER

VREITIE CaCOs & MoOs DEEIVIEEMZE, 75 v 7 AT NaCl ZA Wz, BEIBE
1405~ 8 mol%® 9FEEE L (Table 1) BEET TV I AMSIRDMEY (K25 g &
HKENI c® DHEDIDIFIKEL, Sz L TRIET T ZREMEOBEHESIFITAN

Table 1  Starting compositions for the growth of CaMoO4 crystals from NaCl flux.

Run Solute CaCO3 MoO3 NaCl
(mol%) (g) (g (g)
1 0.5 0.21 0.30 24.60
2 1 0.42 0.60 24.18
3 2 0.82 1.17 23.37
4 3 1.20 1.72 22.62
5 4 1.56 225 21.88
6 5 1.91 2.75 21.21
7 6 2.24 322 20.49
8 7 2.57 3.69 19.89
9 8 2.87 4.12 19.25
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7o ¥345°C/Hh OEET 0 CETMEL, TORETI0RMRELZ, 51&#HE, 5Ch
DEETS0CETHREL, UBZERITHALL. 2DEATELLEZTZ S/ AZ2E
K TEEREL, BRERERDIELZ.
2.3 HiERORE

AERUFEERE, AFEENE S EERETHEMSE (SEM ZANWTEE L. MR X
WEHT (XRD) EIC LD, E&EZFAEL7Z. Run 1 ~9 DZNETNDERTEHER LIZHEHED
KEETERRUELE, FEL SEOEZOFNSRKEVEIC 10 BOBERZEDZL, €
OEX 1) LEW OFHE Lav & Wav) [EEZRD ., BRI LEHEEDO XRD ERICEHADH
EEEENE LT, BREOELERE L. NEEENE L Tr 1% GHE 99.9%) &
AWK XRD Eick D, BFEKZERE LR, 7/ A—F—EZHANT, BEEZH
FLjr, TRIVE—DHEEXESH EDX)EBEZAY, T OEMRITRSRMY D0
mEREL .

3 WIFEEREEER
31 BREMREFEREHFOR . .
E
NaCl IZx3 % CaMoOs DR 900k
Efi#R % Fig1 IZR7. 800 CTT
DYEMREVE, 0.5 mol% (1.7 g/100
g NaC) Th o7z, RENEFRT
5EEDIT, BERETEML .
900 Clc BT B2EME, 32
mol% (11.3 g) T o 7z. NaCl 14,
LS B D CaMoOs ZIEMEL
7. T, Natk Ca* DA A
CHENEMLTNE I ED— 800 79045
KTHA. , ' ; ,
CaMoO4 — NaCl RiEEH D 0 1 2 3 A
DTA BHRIZIZ, 790 fHficE— CaMoO4 (mol%)
pENE. ZNiE, EERE
kB EEZEND, ZODRD
CHEEIRE, 790 + 5 CTTHo of temperature.
7re BLED XD ITKRDIEBE
fhiE S EEENS, T DROLEMMIT CaMoOs (8 0.3 mol%) — NaCl(#7 99.7 mol%)
EEZLND,

8501

Temperature (°C)

Fig.1 Solubility of CaMoO4 in NaCl as a function
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Figl DEMREMBICEDE, 852 ICEREILREICKET 5, LERo>T, 900 C
DERBRERE TN CaMoO+ BERMNRET 2 I LEHRETZ 20T, BREROR
ERFREZ 000 CE L. TORERFEEL, 77V I RAEELTIELIEN, &
Nid, REATEBOBEANSDBEEL N, BREXEROBERED, SREREICBX
FTRBERKFREZRANSZDIZ, 05~8mo%&EL7zRunl~ 9,

TRTOBMEREERICBNT, NaCl OEFEERIL 8 masshIA T THo . BREEIC
BELIFY NaCl REOFE I PRV EEZ 5N B,

3.2 CaMoOs Hif&E & D&

Run 1~ 9 DITRTOREREDEIRABEMNS, BHHD CaMoO4 BiERNER Lz, &

NEOFERIL, BEBHTHSZ. WITNOBEEETD, NEKER Fig2) BLUEHR

NN

(Fig.3) D&M MNER L 7=,

NERRERIE, ECdDIF
DEBmMPERMICERL TW
7zo SHRIERIT, EIRAERT
DI RTOMBETEKL .

JVH AR A & (Fig.2) 1T,

HEWIHN=AF OMERE
(B d 5 LD, {101} mE]
MRS N\EREIZEE=HA
AR WS D= AT O &
BT 2k 5ic, {112} HE] Fig3 Needle crystals of CaMoOs.
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MBRBNEERD 2EBEND 57z, MEOKEIOERITF LA ERMN 0. &ZRO/NH
ERESEOAREZE 3 mm THo F. SFHREROREMEIL, 52 mm ITELK,
ERLUENAAEREZDOTEHDOKEE L & Way) EEEIREDOBELRE Table 21287,

VETIEEEN 0.5 mol% (Run 1) DEE, 0.44 mm X 034 mm OFEENEE L. BHEIEBED
BT 5 & EHICERIZAE(EL, 3 mol% (Run 4 TWE 1.7 mm X 1.2 mm OFERDIES
Nz, ZOEEOASHIL, Fgl OBRBEMBRESEICT AL, RERFEED 900 T
KBWT, 2EOBRENBBRL TS, TOE—RERBRERET 5L, LBENIHO
EEENRAELZZDIC, BISEERSRERICRELLEEALNS. SORKBHEE
BN 3 SRR/ L, EEEEMNS mol% Run 9) T, 0.95 mm X 0.81 mm D
EENRE L. CHUL, AAYNRERBEEE TOBBEZERIAEEZZIVOT, iR
DENICEOBEOEENENLHORERZERD, BRE—EHLVICECTHEDEDN
Mo krhEEZLND, BQEOLSI, KERNERREREZELZDITHBEDOE
HIEEL3 mol% TH DTz, '

Table 2 Variation in average length, Lav, and width, Wav, of octahedral CaMoO4

crystals with solute content.

Run Solute Lav Wav
(mol%) (mm) (mm)
1 0.5 0.44 0.34
2 1 0.39 0.36
3 2 0.83 0.52
4 3 1.67 1.22
5 4 1.56 1.18
6 5 1.34 1.06
7 6 1.19 0.85
8 7 1.03 0.79
9 8 0.95 0.81

AR LS REROFEHDOKREE Ly & W) [EEBEIRBEOBERE Figd IRY. BE
JEEA 3 mol% (Run 4) DEFIT, 45 mm X 6.8 pm OEHRFERDLEL . EHARERD
Ext, AEEBEN3 milsk DEETSEEBICHALEZ. ZORRE, #Ro/\EE
RESDES AR, BEAKTOBRER L EERERBROXIPEELTNDLEEA
END, —F, SHREEOERIL, BAEREECEFLASKELRN DK, SREEDT A
RY B La/Way) 1, 160 205 670 DEFENTH o 7z. EHRER DO ERICREDRE,
NEEREROSEE ERERIC, 3mil% THD 7.

AEIEEMN 3 molh DB RER Run 4) TIE, 1.90 g DFE&E \EGR+EHR) MERL
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. TNIE, AWwkiAH"
(CaMoOs &L T 239 g @
79% TH >z, FEWFK &
HEMRERANT, SRAR
ERE L EEIRESNDHE
mODEEZFHETDE, 216
giZiz5d, DD 023 g DI
i3, *EEEMEBRDIET
Thb, ERICRE LR
DEEIL, BEMED 88%IT
EL/, NaCl 7T v 7 AM
5, HINERT CaMoO4 & &
EENBI ENDNo Tz,

NaCl 277w 7 X&LT
Awns &, giakdss570C
1FE EEWIEE T CaMoO4 & 0 R N RN TR SN R N
EER TS, AR LR 0123456738
DRRE, NEAR EEHRT CaMoO4(mol %)
Holz., LiICl 7T v Ry Fig.4 Variation in average length, Lav, and width, Wav,

S5/ EARESR 101D, KCl of needle CaMoO4 crystals.

75y g A0S IE\EEREE

g CEHIRAERE 9, CaClz 7 T w 7 A I3 /\EMHRIRAE &L 10D CaMoO4 R EL T b,
FERTHRELUERESRER L, FUBRELRGEFT KC 79 v 7 AN5KEELZEHR
HERIDK2FHEOEIZE > TIN5,

728, Run1~ 9 DERERICBITE NaCl 77 v 7 ADEFERIL, 4 masshEA FD/NE
ZETH o, CaMoOs MERDREICB LT T T T v I ARROHEIIEDOT/HIETNE
EALND, BRERICAVWEHE2 DI, NaCl 7T v 7 AREBEINS Z &idah
o7z, BE{bL7z NaCl 75 v 7 X EE L CaMoOs #EE: & DA BEE, 75 v 7 ZADKA
DEMRENRKENZDIZ, BKPTEETH- =,

33 CaMoOs BiE& ORET

AR UEBERIE, 32 ThNZX 32, EEERHT/NEERRKRD 2 WIEHRTH - .
FNH5 DMK XRD HFIEIXEED TN 9L —&KL=DT, &% CaMoOs ERIEL
7o

JNERIRFERICIE 2 BENEE Uiz, IEVWITEI=AFN 5725 /\HEIRE & (Fig.2)
ERELZESOXRDEBICES &, (101 & 202) HICL 2 BEFTHENMERRICHE L2

L av/mm

|
A O O —
Wav/ [t m
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DT, KELRELEHEOD
EgT (01 THBE I END
Mmojz. fFE, FFE=A
FBIIEWEA=AFN5
72 5 \E AR AE & (Fig2) &
Eim L 7= & 0 X R D K
T, (112) @ik 2 ER
PMERICHE Lz, KE
<EZLUEMEE, (1121ET
BB ENDMNoTz, {101}
ECTHENLHERDOEGE,
(101 A (011 & (10D A Fig.5 CaMoOs4 crystal having {111} faces.
(10D PEAZRELZED
% ZFNENE1&50+ 1" Tholk. 25 DMEIE, TNETNOEEM (80.0 £4937)
EE<—FHL7, URIETHENAELEOES, 112 &) OEAZ 6 £ 1" THD,
ZOEEMBE58°) EL<—F Lk, 2EEQNEERERS, Tnen{i01) B Lt {112}
HTHEEN R TH2 I LR L. FERERITBWTERL N\EFRERD S
5, ﬂOﬂEflﬂiﬂfc%ﬁr&ﬂlﬁﬁ'@[ﬂiﬂ’lf:%%@%ﬂé@, FE1 : 1 Thok. T
<Ehic, (10 ECTHEENENAEERERI/NEZ{IILEIHRL T I Edbo 7
(Fig.5). 10D A (111) QHEALL, 43+ 1" THo /= (EEME : 4237). NaCl 7 T v 7 A1,
QEEONFERERERES TS ENEMTH S, 2B, NaaMoOs 7T v TADS
1) EE W CTEENANAEARES 792, KCl 7T v 7 A5 5 ERE AR TR
ER OREL TV,
ERUESRERD
SEM EE % Fig.6 1T~
FOREMNEHEMIRED
2, SPIRIERIT, EOD
7B CHE E N AR
THolz. sHRFER,
BT ART N (160 ~
670) 2 H o Tz, &R
W zEM Lz XRD
Fizid, (2000 & (2200 &
IC & B EHTRAMESRAIC
HELRE, LEXRST,

Fig.6 Cylinder-shaped needles of CaMoO4 crystals.
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SHRFESZDOHEAFII001>TH B Z ENbno 7z,

R XRD Ik 2 &, NHEEREEHRD CaMoOs &R DB TFERIL, 2=5.226 £ 0.003
A, ¢=1143 £ 001 ATH o7, N5 DOMHEIE, STHE (=5226 A, c=11.43 A)9E &<
—E Lz, EVJA—F—RILED L, BROEEL 424 £ 003 glem’ THol, I
&, BELAEFEREANTER LA (425 gomd) OSHME (425 gemd) 9 & k< —5
Lize INBOHERNS, BEFICTIVvIZAA I N—Va FEEAEEENTAR
WweEEzZons,

JNEARPEHIRD CaMoO4 #55% EDX IETHRANLEZS, HRERTETHI NIV
A, BEUTTFOBLUBEN TN ENE—IIHHEL TSI ENDR o7, 7TV TR
%Wﬁ%ﬁ%ébe@A%ﬁ%@,iot<ﬁméhmﬂotoﬂEbKCﬂmmﬁﬁ
12, RN EHDOTAHARLS, BRETH 7,

4 SBOFE

NaCl 7 Z v 7 Xid, Na2CaaNbaO13D% SrsCl(PO4)sd DEAEFEIZIT TR, CaMoOs B
ROBERICHEDTH S Doz, ERLUEEOREDR, NERRD S0WIEFEHR
THolk. NEAEREZEORZIITHRA3 mm, RERITIRES2 mm ITEL T,
BEROKEZTIAEREICKEL, BERERICEEOHZREII3 mo%sTH ok, NaCl
ICHT B CaMoO4 DIEMRE HEE L7z, NaCl 1%, BEHEICP S L < CaMoOs fEdaE BT
BHDITHELIZTTIVIATH 3,

UT4E, Table 3 ICRTHBEMER (L BAERAT NaCl 7 T v 7 ADSERET 5 T & 2T
228 (KA) BMNRWELE, —RICT7 I v 7 XA ELTORENNZLNESNTEZ NaCll?
me, UVEE —FATBECE) T UBEERNRELR. 2 TAT VBREREED

Table 3 Functional oxide single crystals grown from NaCl flux.

Compound Temperature Crystal Reference
®)

CasCI(PO4)3 1100 — 500 (5 C/h) Prism (up to 4 mm) 13)
Needle (up to 2.1 mm)

SrsCl(PO4)3 1100 — 500 (5 C/h) Prism (up to 8.6 mm) 2)
Needle (up to 2.6 mm)

BasCl(PO4)3 1100 — 500 (5 C/h) Prism (up to 12 mm) 14)
Needle (up to 4 mm)

Na2Ca2Nb4O13 1100 — 450 (5 C/h) Plate (up to 1.2 mm) i)

CaMoO4 900 — 550 (5 C/h) Octahedron (up to 3 mm) 15)

Needle (up to 5.2 mm)
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NaCl 75w I AMBRET A I EDERBLECGRER) . 58, 5 ITLEEOKERR
YBEERDOERIC NaCl 7oV 7 AZANSIENTEDEEASLSND. L DERE
BERVEL, NaCl 75 v 7 AQOHEAHEE V> ZILETD I ENSRORBETDH 2,
NaCl 75w 7 2%, BEICEDDTRELW, NaCl 7T v 7 ANE < OEREHRL)E
EEOERICEN THS I E0bhE, HEBREETFIZDICD, SETORREANOD
KENWT Sy I ZOEAFEDTETH A, 7797 AELTD NaCl OFZBFAS
ENERHETESZTHAD,

KEFZRICIE, BRIEAVIV S - B T ARERED 5B EWEEEE L. BR&
FHELUET,

EFEEHLEDDICHZD, RIEKFESBA BRI B RS R
g F— g L ETRRERIC SR E TR EWEEER L. {EJ‘IUQ%K%IS‘EI%
AR E T SR T IRE S A ORAKRHE R 5 CICEMKNFE T AR
sSml e BEEMATE D TEMENWEEEE L, BRUTHEZERLET,

P, APEOBRO—EIL, BAREKZESHICERLEILLED,

5 STH
1) S. Oishi, M. Kanoh and N. Ishizawa, Chem. Lett., 1999, 1011.
2) S. Oishi, M. Mitsuya, T. Suzuki, N. Ishizawa, J. C. Rendon-Angeles and K. Yanagisawa,
Bull. Chem. Soc. Jpn., 74, 1635 (2001) . '
3) Cz. Koepke and A. Lempicki, J. Lumines., 47, 189 (1991).
4) JCPDS 71— K 29-351.
5) B. Cockayne and J. D. Ridley, Nature, 203, 1054 (1964).
6) I I Ivleva, B. I. Galagan, A. P. Aleynik, B. L. Denker and V. V. Osiko, Cryst. Prop.
Prep.,36-38, 169 (1991)..
7) S. Oishi, K. Takao and M. Hirao, Chem. Express, 8, 81 (1993).
8) KEIEh, W T, EFEL M EME— Bk 1997, 406.
0) kAR, WIER FINEE, INE=, MK I BEHE— 1999, 93
10) A. Packter and B. N. Roy, Krist. Tech., 6,39 (1971).
11) S. K. Arora, N. M. Batra and G. S. T. Rao, J. Am. Ceram. Soc., 68, C-240 (1985).
12) D. Elwell and H. J. Scheel, Crystal Growth from High-Temperature Solutions, Academic
Press Inc., London (1975).
13) S. Oishi and 1. Sugiura, Bull. Chem. Soc Jpn., 70, 2483 (1997).

_41_



13 | 15 3

14) S. Oishi, N. Michiba, N. Ishizawa, J. C. Rendon-Angeles, and K. Yanagisawa, Bull. Chem.
Soc. Jpn., 72, 2097 (1999) .
15) KAEER, RKEKE, HBAREE, KF#H, BEREBKESF, 56,26 (2002).

_4:2_



13 15 3

Growth of Functional Oxide Single Crystals from a Sodium Chloride Flux

Shuji Oishi and Takaomi Suzuki
Department of Environmental Science and Technology,
Faculty of Engineering, Shinshu University

Summary

Sodium chloride, NaCl, was successfully used as 2 flux to grow calcium molybdate,
CaMoOs, single crystals by a slow cooling method. The crystals of CaMoO4 belong to the
tetragonal system with space group [41/a. Sodium chloride has a low melting point with
sufficient solubility in water. In addition, NaCl is nontoxic to humans.

The solubility of CaMoO4 in NaCl increased with a rise in temperature, reaching 3.2 mol%
(113 g/100 g NaCD solubility at 900 ‘C. The crystal growth of CaMoO4 was conducted by
heating a mixture of solute and flux at 900 °C for 10 h, and then cooling to 550 C at a rate of 5
°C/h. Well-formed octahedral crystals with lengths of up to 3 mm were grown. The cylinder-
shaped needle crystals with lengths of up to 5.2 mm were also grown. Typical needle crystals of
CaMoOs4 are shown in Fig.1. The obtained octahedral and needle crystals were colorless and
transparent. The crystal sizes were dependent on the solute content. The most suitable solute
content for the growth of CaMoOs4 crystals was 3 mol%. The resulting crystals could be readily
separated by dissolving the NaCl flux in warm water. Sodium chloride was found to be a
suitable flux to grow CaMoO4 crystals.

The long and short octahedral crystals were bounded by the {101} and {112} faces,
respectively. The crystal surfaces were very flat. The needle crystals were elongated in the 001>
directions, with respect ratios ranging from 160 to 670. Calcium, molybdenum, and oxygen
atoms were distributed almost homo-
geneously in the octahedral and needle
crystals. No Na* and CI- ions from the
flux were incorporated into the
crystals. The lattice parameters were
determined as a=5.226(3) A and c=
11.43(1) A. The density was pycnom-
etrically determined to be 4.24 + 0.03
g/cm®. The quality of the crystals was
high.

Sodium chloride is an environ- :
ment-friendly flux for growing Ca Fig.l Needle crystals of CaMoQ4 grown from
MoO4 crystals. Nacl flux.
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