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XVII. Tils USi UF SULFIDYE C(TUCIBLES FuR
REIL L LING ALD REDUCTLONS

In érrer to determine thé'prsner purities and porosities
required to nmake the sulfids crucibles most resistant to attack in-
use and to dsterimine the begt uses for sach suvlfids naterial, vari~

ous experire have been performed at Berkeley using cerlum and
uranivm( 8 ande=insd™ e mumer e e ke an Ci,(:ZI:

i e

Previous experimonts have determined the effects of U, Ce,
Ba, Sr, U+UBrz, U+CaClz, U+SrBro, U+Balz and U4SrlIz. The results
of testing of baS are glvea in Sulfide Report FIV (CT--2222). The
results of most of the tests of other sulfides are given in Sul~-
fids Report AL {CK=1714) and "The Thsrmodynaridcs of Ligh Vacuum~High
Teuperature Systems Applled to Refractories" (CC-1802) with a summary
in Sulfids Report XVI (Cl- ). :

The present report nresents results of recent tests. The
tests of crucibles for remelting purposes will be dlscussed first.

A. ‘Ths Usse of Sulfilde Crucibles for Remslting.

tructive to refractories than uraniumjanﬁ 1t 1s a more {sfactory

SEE=ind ) TriereforsTdll predent-work has bsen done with cerium.

Prevrious exneriments extending up to 1300C. have indicated that all
ths sulfldes except BaS ware satisfactory for remelting of cerium.
This was very promlsing since even the best oxids refractorics are
reported to be badly attacked at 1000=1200°C. To test the sulfide
crucibles under vsery severe condltions, cerium was heated for fiftesn
minutes in each of the svlfide crucibles at 1500C. in a vacuum. The
sulfides tested were Thqsv, ThaSs, ThS, CezSx, Cesz34, and CeS. The
cerium used was Ames cerium which was prepared by calcium reduction
and contalned a considerable amount of calclum. The csalcium impurity
increases the reactivity of the cerlum, but the presence of cq@g}um
duplicates rmore clesely the remelting conditionse. : d 0
Lable I gives the composition, firing conditions, and ee
porosities of the crucibles used in the tests. No oxygen analyses
were performed on the CezSz and Ce:S¢ used, but they contain at least
2 tc 5% oxlds which comes from the starting CezS3z material. They alse
contain sodiuwm, masnesium, and calcium sulfides as impuritles which
also come largely from the starting CezSs material. The other sulfides
wore analyzed for sulfur and the oxidation number determined by the
methons civen. in Sulfide Report XII (CC-2078) . ''he difference between
sulfur and oxidstion number gives oxygen content. ‘The firing tempera-
tures given are temperatures observed with optlcal pyrometer with no
corrections for glass absorption or black body deviations. The true
temperatures are about 100°C. higher. The porositlies glven include
closed volds and are deturmined Ly comparing observed densitles with
x=ray dsnsities. The porosities viere not actually determined for
each crucible but were estimante? by comparing shrinkages on firing
with shrinkages of similar crucilles-for which densities were determined.
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5 . No. Composition Firing Condltions { Yorosity
T . Qbserved Temperatures ! !
- ; 435 | 4hSy, 79.0.04Th0o 1650°C. 30 mine 205 §
o . 495 ThS3 , 75 -0.04Th02 ~ 1e95°C.s 60 min. 2255 §
g 430 ThS 580« 07ThO2 1740°C. 15 min. 2035 E
| 458 | ThS1.53.0.087hop 1750°C, 60 min. 55
i 387 ThS(.994 -0 .22ThOg 1825°C. 15 min. 10-157 |
E 390 " ThS0,994-0.22Tho2 1900%C. 40 min. | 1¢ %
s CeSy .51 1780°C. 10 min. { 5«10 E
_438 Cer8e . 1760%C. 15 min, | o é
. 422 cesoogévoo°o4s 1600°C. 30 min. E 254 |
e E 440 | CeSy.029¢.0s 1750°C. 15 min. i 25
; 501 CeSp.9700,06 I Unfired Unfired {\ 25%

Clean pieces of cerium metal were a’'ded to each crucitle.

The crucibles were N type crucibles and 2.2 to 2.6 grams of metal
were added. The ecrucibles were heabted slowly to 900°C. in ons houro
The slow heating was raquired so that the evaporation of the volatile
Immurities such as Ca and CeClz would not spray the cerium nmetal out
of the crncibles. The temperature was then raissd to 1500°C. over a
period of thirty wminutes and then rmintained at 1600"C. for fiftecn
minutes. The cruclbles were all heated together inside a io cruclble
which was inductisoly heated. The pressure read on the irmuisen gauge
without trap was 4x10”°mm. just before hesting was stopped. After
coolling, the crucibles were broken from the ingote and 0.1 g. gamplss
of nstal removed for sulfur analysis. DPuplicate Adesterminationg are
brecic.od together. Samples from the lngots with very high sulfur

- contsnt rive varving results veconse svlfide inclusions anparently
causz variation in sulfur content *hrough the i ... “ulfur analyses
were performed osings the wethed given im Part IV of Sulfide Beport

- XIT (CC~207%). Table II gives the salfur consents of ths 1ingots and
crucibles a*ter the hesting at 1500%C. All remelted ingots had a
silvery retullic lusteor when cleaned. - Sulfur content is given in p.p.m.
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TABLE II., RUESULTS OF REMBLTING OF CERIUM AT 1500YC.

rucible Sulfur

TPescrintion of IAL0s

c .

L T —— ‘?ﬁﬁ%&%ﬁ,ﬂlmﬁﬁ% T1a¥7 Moot surtrace with no wetting ol
Por.thySy 210,670§;sides of crucible above ingot. 4 thin laye
; iof crucible stuek to ingot when crucible was

broken off. The Ingot was silvery when cru=

icible layer was filed off. 0650 weight loss,

465 ~oma ?559010, Same appearance as 45, (.5% weizht loss.-
Dense Th487&6,880;

430 'E 55280 |Same anpearance as 4%%. 0.5% weight loss.

458 e o ;{54,600}Concave surface with wetting of sides of cru=
Dense Th283g27,200}cible almost up to lip. A thin layer of cru=
o clble stuck to ingot. 0.6% weight loss.

3
1

387 7,900 |Concave surface with wetting of sides of cru-
Por. ThS jcible part way up to lip. A thin layer of
‘ cruclible stuck to ingot,
390 18,080 iVery concave surface with metal over lip and
Dense 1'hS on outslde sides of crucible. ketal had evi=
: ‘tdently sprayed out- over edge. The ingot had

lost almost half of 1ts weight. A thin layer
| of ‘crucible was stuck to ingot. '

511 . 4,110 |S1lightly concave surface with no wetting of
CeaSs ‘ Jerucibls walls above ingot surface. 1he

jerucible broks lose from the ingot with praci..-
j@lly none of the crucible left on the ingot.
0.5% welght loss.

488 -+ ! 3,490 1Exactly same appearance as 5il. ‘The cruci...c
CeszSs : broke loose from ingot with practically » ne

' - of the erucivle left on the ingot.

422 ====w= |lhe metal had coupletely soaked into t}. crue
Por. CesS - clble leaving no trace although from t.¢ weight

: i of erucible and ingot, only 1.6% of t!: insot

: was lost. :

440 11,650 | Slijntly concave surfacs with no we'%lng of walls

Dense CeS i above ingot surface. A thin laver ~f the crucible
: stuck to the ingot whiel was gilvery when cleaned.

The welcht joss waa 0.7%,

501 - eow==s | The .ingot had completely soalked into the crue

Por. CeS . 'eible lcaving no trace of metal,

SAREIA
RGN 271




(9

i ™ s 1Ty
SRR oy vy

— 5 -

The first conclusion to ba Jdravn by comparlison of Tables
I ard IT is that the ocrucibles with pornsitiss greater than 20%

. soaked up 211 the cerium wmetal at 1500“C. It 1s clear that the

pore clze is the debtsrmining factor and the high surface tension

of the metal prevents soalting into the crucible unless thse porcs
are large. ‘Yhe higher the temperature, Lhe more non=porous rust
the cruclbles be to prevent soaking of the metal into the crucible.
Since 1t 1s casy to obtain sulfide crucibles with porosities less
than 10%, soaking up of metal by eaplllary action is no problem
with sulfide crucibles.

‘'he second conclusion is given by the small welght losses. -
The spraving of metal which occurred ln previous experiments was
eliminated by slow heating while volatile lmpuritles were distillled

‘out sxcept in the case of IhS crucible 320. The ThS cruclibles are

belizsved to have the hilghest thermal conductivity of any of the cru=
cibles and due to more rapld heat conduction from the Mo heating cru=
cible, the dense ThS heated more rapidly than the other crucibles and
apraved metal even though the others did not. Therefore, one would
contlude that the rate of heating should be slowest when using ThS
crucibles and can be increasing more rapidly. in going from CeS to
ThzSz to ThaSy to Cezd4 to (ez33 cruclbles.

Yhe most remarkable reault of these tests is the slight dsgreé
of atteck of the (2354 and CezSz crucibles. The attack of any of the
crucibles was remarkebly swall consldoring the temperature of the ex=
perirent, but the ingots contalned in the Cezda and Cez83 cruclbles broke
cleanly from the crucibles. The sulfur pickups of 3000=4000 p.pole
were very small consifering the temperaturs. The lack of attack is due
to a %h'n iwpsrious Tilw of CeS formed on the surface of the crucibley
or to lael: of weiting by the mstale Vhen the crueible 1s broken off
the ingot, Lucre is a very thin brassy CeS film on the crucible and on
the ingot. ‘fhe ingot in the CeS crucible had the smallest swvlfur picke
up, but like the ingobts 1in the thorium sulfide crucibles, there was a
layer of crucible material approximalely 0.1=0.5 mite thick which did not
breal: off sasily and may represent slight penetration of the crucitle
by ths cerium wetale It is Adifficult to explain why the lnjots in the
CezS. and CezSsz cruciblss break away cleanly while the ingot in the
CeS cruclible foes nob, bui the same results were obtalned in the lower
temporature runs where it was evident that CeS s wet wmors readily
than are the higher sullfldes.

The thorium sulfides held up rather poorly compored with the
cerium sulfides at the high tenperature. Qhiis is in contrast to their
vehavior at tempnerabures below 1300%C. where the thorium sulfi‘fes vizre
as ool or batter than the cerlum sulfides. A4 possible explanation
for the hlzher sulfur plclups and the O.1=U.d miie thicknesses. of cru-
cible remaining on the ingot is the ozxide content of thess sulfinfes
vihieh varisd from 229 ThOz in Th$ to 55 ThOz in ThySy. It 1s known
thot the oxides are riore readily abttoeclied thon the sulfides and the
attack of the oxide vhase can allow penstralion of the cruclule by
tme nebol Tor soveral Lenths of a ~illimster ard nossibility of Adlsen-
sogement of marticles of sulfide material from the surface. It is
quite mossivle that oxlide fres thorium sulfides would give much swaller
gulfur niclup and would break cleanly from the ingot. Oxids free sul=
fides can be iwAds if fthorium metad can ke purified to rcduce thﬁioxide

see oo 2!71
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mctal + CaClz, and {3) a mlxin
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content. Worlk 18 in progress to attempt such purification. Such vork
sesnia vorthwhile since Th4Sy and TheSz anpear to be very uromising
rafractoriss on the basis of the lower tenperaturse experirentse.

The smaller sulfur pilckups in the ceascs of the norous ThaSs
and Th3 erucibles are rather puzsling. A possible cherilical explana=
tion is that tho higher firlng temperature required for production
of the dense cruclblzs has resulted in reaction totween YhOz and
sulflde to give oxysulfides that are more readily attacked than ThOz.
From apncarance of the ingots in the cruclbles, it apnsared that the
dense cruciblas were mors readily wetted by the molten mstal.

In surmary, these results at 1500°C. indicated that remelte
ing or vacuvum heoating of cerium containing alkaline earth lmpurities
can bz carriesd out with little attrek of thes cruclbles. The poro=
sitles of the crucibles muat bs 207 or lower to nrevent soeking
up of the metal., The thorium sulfides glve higher suilur plokups
snd more svidence of attack vhich may be dus to the high oxide contento
Ce2Sz oand CezSs gave ingots which brolie away cleanly with $000=4000
PoD.lle Sulfur. CeS gave an ingot with 1600 po.ps.m. sulfur and thln
layer of crucible sticking to ingot.

Comparison with previous lower tempsrabure runs shows that
ThaSy and ThaeSs also give ingots whlch break cleanly away from the
eyucible when the heating is below 1500"C. Also the sulfur pickups
at the lover tenpsratures were alwvays less than 400 p.p.m. and less
than 100 pepsie in many cases. It should be noted that the profuct
remelts are usually not made above 1200°C. Comparison of these results
vlth results obtained in oxide crucibles lndicats that the sulfide
crucibles are far superior.

The resistance of the sulfides to attack at 1500°C. may
prove valuable if it is desired to purify a metal by vacuum heating
at a hirh tempsrature. Vhile all the alkall and alkaline earth mctals
except Be can L2 removed by vacuum hsating at 1200=1300%C., A, Cr,
and In con not be removad unless the tempsrature is ralgsed to avout
1500%C. Even higher tempneratures are requlred to remove De and B by
gimple Aistillation of the metal, but it should be nossible to obtailn
complete romoval of Be and B as BeS and BS gases even at temperatures
as low as 1200=1300°C. by vacuum heating in a Th4S7, CezS4, or CeaSg3
crucille. It has been shown in experiments which have bLeen reported
in provious reports that Be in uranium can be decreased to below Q.05
Nepafle by melting for five ninutes at 1300°C. in a high sulfide
crucibled ' : .

B T Usk OF SULFIVE CRUCINLIS FOX LWT«L REDUCTTIONS .

'he previous tests with Ba, Sr, and nixiures of U viith
various halides which were memtioned in the introduction showed
that the hizhor sulfides are abtacked too severely to Lec used a3
coniainers for reductions. ilowever, CeS, IhS, US, and s01id nolu~
tiona of these monosulfides 419 resist attack and they anpcar gatis=
factory as conbainers. Ur. dilliam Gwinn has carried out further tesls
on Ced crucibles with varying amounts of hizhor sulfide impurity in the
Ca%. Crucldles of commosition CeSp,9900.073 tiere not attacksd ty the
following mixtures at 80v=900"C.: (1) molten calcium wetal, calcium
re of LiGl,.XCQl.. £aCle, and CeClsz-
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Howsver when Ca + LiCl 4 KCl + 2301z »»s headed in the cruclile or
when CeClaz wus reduced by Ca in a LICL + ¥C1 bath, the crueclible vas
scverely cracked. Lrxaminnticn of the crmcicle materlal bebween cracls
indicabed no shewmleal ashacek of She 6 sinte the brassy z2olor of the
Ces$ was auite evirsnt. Previous micrascesrds exsalnatlon of pollshed
gsaction »f vrucibiles of this compesition of W.I.T. had shown that
LeS.9900.uT7s conslate ¢f two phoses., There 1s the brass Ced phase
and a Llue phase which 1s undoubtedly CezS4 conbaining a larle per=
centage of oxysen. <The Ceb gralns averape aboub 79 microns in dlameter
and ure cormpletely separated from esch othier by the Llue phase. Since
previous experiments have siown that the higher sulfildes ars ssversly
attacked by the reduction mixbture, the cracklng of Cel(.9900,073 cru-
cibles 18 probakly fdus to attacl of the higher sulfide bLetveon the

grains which results in intergranular cracking. To checlt this, the

reduction experiments were repented witih erucibles of coumposition
CeS50.96700.043 Which had been siown undser the microscope to conslst
of a econtinuous field of CeS with small patches of the Liue phase.
These crmeibles shoved no cracking whatever during the rsduction al=
thourh heating was vary ranid and every attempt was wode to make the
teat as severe as possible.

It 1s clear from thoss exveriments that in orfer to be satise
factory, CeS cruciules used for reductions =ust have go 1little hilgher
snlfide in ther thot the CeS grains are no longer separated by the
higher sulfide rhase. Cel samples with oxidation murvers 2,12, 2.10,
2.09, 2.05, and 2.02 Liave besn sent to I.I.T. to determine the maxirmm
allowable oxidation number above 2.00 for vhich the CeS grains avre not
surrounded by the higher sulfide. The Ced3 preparations have wvean
rumning sonmevhat high in oxidatlon number Lecausse of rather high carbon
and oxide contents of the CszS3 we have been recelvinge. Dr. Jomson
at Ii.L.T. expscts to have the preparation difflcultics overcoums shiort=
1y and he should be able to prepare Coz33 on a large scale with little
oxide or carbon zonbtamination which will allow preparation of purer CuS.

fests of ThS as a redustion container will also be run shortly.
The ThQe impurity in the present ThS cruclbles may cause nome trouble.
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