
MINEIIALOGICAL NOTES 1469

supported in part b,v-- grants from the National Aeronautics and space
administration (No. NsG317-63), the National science Foundation
(No.  G-12325),  and the Atomic Energ,v Commission (AT (30-1)-2623).

RnranrNcrs
Bennv, L. G. aNn D. A. Mooorr (1941) studies of mineral sulpho salts: tru-Meneghinite

from Ontario and Tuscany. Lt nh. T or onto Studies, G eol. S er. 46, 5,lI .
Peucnr, C., W. E. RrcuuoNn eNo H. WtNcnrrr (1938) Crystallographic studies of

sulpho-salts: baumhauerite, meneghinite, jordanite, diaphorite, freieslebenite. ,4m.
M i.ner al,. 23, 821-836.

Rernoonn, P. (1960) Die Erz.mineroli.en und. Ihre lteru'achsttngen. Akademie-verlag,
Ber l in,  714-715.

voN Rarn, G. (1867) Mineralogische Mitteilungen. Ann. phys. Chem.I32, g72_404
zrw,ot-o, T. o. aNo R. E. ocr'vrn (1963) euantitative analysis rvith the electron micro-

analyzer. AnaI Chem 35(6),621 627.

THE .{MERICAN MINERALOGIST, VOL. 49, SEPTEMBER_OCTOBER, 1964

SYNTHESIS OF THORIANITE CRYSTALS FROM BISMUTH
OXIDE-LEAD FLUORIDE MELTS

A. B. Cneso AND JuDrrH A. Oslrnn, Aerospace
C or poration, El S egundo, C alif ornia.

oxides that can be readily grown as single crvstals, and into which rare-
earth ions can be incorporated, are of research interest and may be of
value for certain electronic applications. uranium and the lanthanides
substitute for thori,m in natural occurring thorianite (palache et al.,
1944). The growth of thorianite by long continued fusion of Tho2 in
Borax has been previously described (Mellor, 1960). However, the syn-
thesis of thorianite by this method resuits in either minute crystals or
trell is-l ike aggregates of crystals. The purpose of this report is to describe
a method for the growth of large thorianite crystals.

It has been found that ThOz crystals can be readily synthesized from
the PbO-PbFz, BizOa-PbF2, and PbF2 flux systems. The melts from which
the Iargest Tho2 crvstals were grown contained 7 mole per cent Tho2,
15 mole per cent BizOa, and 78 mole per cent PbFr. Melts containing 10
mole per cent Thoz and 90 per cent PpF2 also produced large crystals.
The materials employed were 99.99 per cent pure ThO2, reagent grade
Bi2o3, and a purif ied grade of PbFz. The powders were mechanicalry
mixed (generally in 100 gram lots) and fused in tightly covered 50 ml
platinum crucibles.

The crucibles were placed in two Super Kanthal heated horizontal
muffie furnaces. The melts were held at 1250" c. for 4.5 to g hr and cooled
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at a uniform rate (2 to 4' C/hr) to 1000o C. At this temperature the

crucibles were removed from the furnace and allowed to cool to room

temperature. The vertical temperature gradients in these furnaces are

,-uil il.r, than 3o C/in.) and probabiy have little effect on crystal

growth. Between 35 and 50 per cent of the melt is lost by evaporation

I.r.irrg a normal run' despite care in capping the crucibles' The major

portio'n of this weight loss is probably PbF2, which has an appreciable

i"po, pr.rr.rre at these temperatures. The cry'stals were recovered by
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Colorless crystals up to 3
mm grew on 11111 den-

drites, {100} habit
Very clear subhedral crYs-

tals 1-1 5 mm, {1001
habit

Large crystals, inclusions
in larger ones, 3.5-5 mm

Clear, colorless crYstals uP

to 3 mm.
Large, clear crystals 3.5-6

nm. Largest have inclu-

sions. BEST RUN

Good quality crYstais C 1-

1.5 mm in size
Good qualitY. Cubic
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1 5 m m
Very good quality. Cubic
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best results as far as cr)rstal size is concerned' It is felt that this is due to

decreased nucleation because of reduced losses of PbF2 during the com-
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Frc. 1. Thorianite crystals grown from a typical meit (4X).

{ too } tei"g the dominant habit. Microscopic examination reveared the
outline of dendrites within some of the crystals. The arms of the dendrites
extended along [111] directions. The material outl ining the dendrites is
finely divided and appears to be flux that was trapped during growth.
During later growth the ends of the dendrit ic arms come in contact with

It has been found that the crystals grown b1, this technique are easily
doped with the rare-earth sesquioxides and uoz. preliminaly investiga-
tions indicate that some of the rare-earth ions fluoresce strongly in sinlie
crystals of thorianite.

The authors wish to express appreciation to G. M. wolten who identi-
f ied the crystals by r-ray techniques.
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