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SUMMARY, .
| This report covers the period from 4th September,
1956 tb 19th November, 1956; : buring this time the author
visited Atomic Energy and other esfabiishments in the United
Kingdom and made a brief visit to several ceramics firms in
Germany.
For convenience, the report is divided into sections

under the following main headings i- |

Section 1 .. Uraqium Metal - The Gibson Process.

Section 2 .. A.E.R.E., Harwell.
Section 3 .. Other Atomic Energy establishments.

Section 4 .. C.R.L., Teddington.
Section 5 .. Other Establishments visited.

Section 6 .. Visits outside the U.X.

SECTION 1 ..

Uranium Metgl —~ The Gibson Process.

The main purpose of the visit was to discuss with .
Mr, A.R. Gibson of A;E.R.E., Harwell, the process.suggested by
him for production of uranium metal, Experimental work in
Adelalde on this process had reached é stage where additional
experience and advice were considered to be desirable, It
was'hoped to obtain information regarding 1mpfovements in the
'process and to discuss the properties of materials for use in
containing the molten salﬁs used in the process.

Some time was spent at Harwell with Mr, Gibson but no
experimental work was carried out. It was clear that there
had been very little progress made since the visit to Harwell
in 1954 of Messrs. Caﬁning & Dixon of this Department. There
were no experimental data avallable to enable ah evaluation to
be made of steps in the process and it was obvious that some
of the work carried out in our own laboratorics was at least as
advanced as that at Harwell. |

Subseduently some tests were carried out in an
assoclated laboratory at Gloucestér. The tests were on a

8lightly largsr scale than those previously carried out at
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HafWell and were 1ntended‘to ihvestigate'the recovery of uranium
metal from the Port Pirie Chemical condenfrate; The authop

wag present durlng most of the testé and was able to form some
opinions of the likely future of the process.

It was apparent that the initial stage of the process
in which the oxide is. converted to chlorides could be carried
out successfully. In thls operation, the progress of the |
chlorination was followed successfully by use of fhe analytical
procedure developed in the Laboratories at Parkside., The tests
did not proceed beyond the next stage which was almed at removal
of the iron and other 1mpurities by gelectrolysis.

It was cohcluded from the resuifs of these tests and
from discussions held with varlous officers that the process
would not be sui%éble for uée with impure starting material,
viz., Port Pirie chemical concentrate. Some work has been
carried out all ready in the Parkside Laboratories with the
object of producing the uranium oxide in a pure form suitable
for subsequent recovery of the uranium metals. It has been
shown however, that the molten salts containing uranium chlorids
attack ceramlc materlals resulting in reoxidatlion of the uranium
and contamination.of the finél product. It is considered
that the only material suitable for use in containing the melts
1s graphite and care must be taken in using this material to
avold formation of uranium carbide.

SECTION 2 .. : _
A.E.R. Eoy Harwell,

While at Harwell visits were made to other sections
which were considercd llkely to be of interest.

The chemistry division had been concerned mainly with
solvent extraction studies fofrthe recovery of various metals
from solution.' Much of the experimental work was carfied out
in mixer~settler units made of pyrex glass. The unlts were
designed to operate continuously at small flow rates.

Ihterest in the Analytical Division waé mainly in

lmproved techniques for radiochemical analysis. - A "square
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wave Polarograph had been developed and was used for determin-
ing elements 1in oohplex mixtures.,  Ion exchange and chrom-
atographic techniques were used 1n separating flsslion prod@ots
and conslderable use‘was.made of recently'developed electronic
équipment for determination of small amounts of eiements in
solution.

In the Chemical Engineering Divislon & programme of
work on development of solvent extraction equipment was in its
final stages. Most of the work was concerned with the con-
strucfion of pulse type columns which had been found satls~—
factory for large scale opcration. The ore dressing section
was notable fof the standard of cleanllness which was
maintained rigidly. The equipment was designed to reduce
dust eontamination to a minimum and the whole layout appéared
to be most effective, _

Graphite teohnolog.y.was discussed with Mr, J.M.
Hutcheon who was.in charge of a programme for the production
bof graphite billets for,exﬁerimental usé. The billlets were
extruded from high pressure dies and.fired.in suitable
furnacea; Some of these billets would probably be made
available on request.

A group working under Dr, E. Glueckauf was concerned
with the recovery of radioaotivexconstituents from fisslon
product waste liquors. Ion eichange techniqueg had been
used but the synthetic resins could not be used at high
temperaturee and pressurcs. Alternative materials in the
form of oxy salts of zirconium and thofium were beihg investi-
gated and some success had been achlieved,

Various types of reactors were inspected briefly and
some of  the proposed investigations were discussed. In an
interview with Dr. Dalton of the A.A.E.C. ittvas stéted that
materials of construction and containment would cohtinue to

be a major stady both in U.X. and Australia. It was also

)
indicated that the metals zirconium, lithium and beryllium were
likely to be of major importance in future atomlic energy

programmes,



SECTION 2 . :
- Other Atomic energy establishments.

A visit wee made to the establishment at Springfields
where uranium metal 18 produced from crude oxlde such as the
Port Pirie material, Various aspects of chemical research
were discussed with officers of thé Research and Development
Section and the physical and Metallurglcal Laboratories were

'vlelﬁed. It was apparent from the considerable amount of
work in progress in the latter laboratories that ths problems
aséociated With uranium fuecl processing and handling were
extremely complex.

At Windscale some of the Reactor Ressarch was explain-
ed, particularly the use of metallit sodium as a heat exchange
medium, _ The chemical and physical léboratories were visited

and discusslons were held with members of the staff,

SECTION 4 .. -
' Chemical Rescarch Laboratories, Teddington.

The laboratories arec a part of the National Physical
Laboratorics at Teddingtqn and a large part of the work 1is
concerned with a3pecté of Atomic Energy.

The inorganic Secction were interssted in methods of
geparation of lanthandéns using ion exchange technlques aﬁd were

~aleo concerned with the recovery andApurifioation of rare
metals. The rare metal sclenium was mentioned as likely tQ
be in demand in the future and 1t was suggested that sources
should be sought in S.A. ,

The high polymefs group were investigating the
preparation and propefties of synthetic ion exchange resins,
Fundamental studles were in progress in an attempt to determine
the nature of the complex mschanisms involved. The prepard-
tion ana application bf ion exchange membranes was also under
investigation,

| In the Radiochemicél Laboratories the work included
1nVestigation of the use of lon exchange resins for recover& of
gold from cydnide golutions and for recovery of uranium from

leach liquors. Current studles included the use of con-
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ventional colﬁmn methods and a "Resin in puip" procedure for
the treatment of leach liquors from the "Mary Kathleen" ore,
The use of solvenf extraction techniqueé'for recovery of
uranium from liquors was also belng 1lnvestigated. The méthods
used were similar to those apblied in Cgnada and the Unlted:
States., The analytical section of this Group was actively
engaged in develqﬁing and improving methods for the estimation
of the constituents of radioactive ores.

SECTION H .. : :
Other establishments visited.

At the Royal School of Mines which 1s part of the
Imperial College, the main interest was in the MinerallDressing-
Laboratories, The equipment and téohniques used were malnly}
conventional and only a,limited amount of research work was in
progress. An interesting épplication of pressure leaching
techniques was the récovery of zirconium salts from zircon
sands. Detalls of the process were not disclosed but 1t
appeared to be falrly slimple, involving the use of sodium
hydroxide under control}ed conditions, It.was claimed that
the process could be appliecd also to the recovery of tantalum
and niobilum from ores.

The Fulmer Résearch Institute at Stoke Poges carried
out W6rk on‘researoh projects sponsored by organlisations con-
cerned with metals producfion and fabrication. The eQulipment
was malnly of a physical or physical chemical nature and
included X—ray'diffractidn}and electron microscope units,

A cdnsiderable amount of work had been done over a period of
years on the development of a process for recovery of certain
metals from thelr alloys with irons, Metals such as
aluminium and titanium had been recovefed by a process involv-
ing initially, reaction of the higher chlorides of the |
respective metals with the corresponding ferro alioy. The
metals were‘subsequentiy recovercd by decomposition of the
mixed gaéeous chlorides under controlled conditions. . |

It was ascertained that the Ingtitute was prepared to



accept Research Staff from other brganisatibns and had in
fact accommodated several CommonWealth.Officers in recent
years. |
Other organisations which were visited included
The Thermal Syndicate Ltd, at Wallsend; The British non-
Ferrous Metals Research Assooiatibn; the Chalk Lime and
Ailied Industries Research Associatlon; 'The Permutit Co. Ltd
and the Morgan Crucible Co., all of which were in or near
London, |

SECTION 6 ,. : :
e Visits outside the U.K.

Brief visits were made to the Degussa Co., ceramic
premises in Frankfurt and té the ﬁaldenwange porcelain
mgnufeacturers in Berlin.‘ The obJject of the visits was to
diséuss requirements for ceramlc materials sultable for use
in‘molten salt electrolysis.

The Degussa organisation manufactured only oxide
matsrials such as alumina, zirconia, thoria etc, and the
materials were not considered to be satisfactory for the
purpose intended.

The saleé end laboratory personnel of Haldenwange
were most courteous and helpful in discussing the problems,
It was conciuded that the'ceramicrware known as "pythagoras"
would'be the most suitable material to use for containing the

molten salts,
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SECTION 1 ,. URANIUM METAL - THE GIBSON PROCESS. ;
f———— ]

1. INTRODUCTION.

The Gibson prqcesé for the production of uranium
metal from-impure oxide was first referrcd to 1in 1954 during
the visit to Karwell bf Messrs., P. Dixon and R. Canning. jThe
process as described at that time depended on the reaction of
crude oxide with chemical égents in a melt of sodium and pot-
asslum ohlorides contained in a sultable refractory vessel.
The oxide was reduced by the addition of elther sodium sulphidé
or barium sulphide with simultanecous injJection of chlorine gas
to convert the oxides to chlofidee. The purification of the
chloride melt depended on precipltation of impuritiee such as
iron, by addition of a sultable amount of magnesium metal,

At this stage the melt was decanted from the precipltated
1mpuritieé and the Uranlum metal was similérly'precipitated by
Mg in another vessel, The Uranium metal was subsequently
recovered by elsctrolytic transfer to a cathode which was
generally made of molybdenum; |

It was iater proposed by Gibson that certain modifi-
catlons be introduced to the process originally describesd. In
the conversion stage 1t was found more convenient to use a .
block of carbon as the reducing agent, The block served also
as a distributor for gaseous chlorine. By this means the
addltion of chemical reducing agehts was ¢liminated. The con-

-verted melt which contained Uranium ae UCi4 was treated further
by the injection of Hp gas to rsduce the UCl4 fo UC13. At
this stage, the Mg precipitation technique could be used as
.before. It was further proposed however that an electrolytic
procedure should be adopted. The iron and other impurities
having_lower decomposition potentials than that of uranium
should be- deposited first, lsaving uranium to be recovered in

a later stage, | Considerable difficulties were experienced-in
this procedure both at Harwell and in the Research & Developmert
Laboratories in Adelaide and it 1s doubtful whether a pure.

product could be obtailnecd by this mcans.
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&. LABORATORY TESTS.
2;1 Prdoedure ’
The laboratory set up was much the same as when |
P. Dixon and R, Canning were st Harwell, Conversions were
carried out in a 3 inch diameter silica crgcible contalned in
& small wire wound silica furnéce (Fig. 1), Both argon and
hydrogen gase. used in the experiments were deoxygena;ed before
use. The argon was passed through a small tube furnace
packed with Mg metal turnings at a temperature of 40000, while
_the hydrogen was passed through a smail catalytic attachment."/
Argdn aﬁd hydrogen lines were connected to a mercufy blow off
bottle in case of blockage of tubes during a run, The source
of current for electrolysis was a rectifier w;th primary vatage
controlled by means of a '"Variac" transformer. This equipment
provided current up to 50 amps. The method for conversion of
the melthas much the same as now used at Parkslde, Generally
the procedure was as follows — The C distributor was Just
covered with molten‘Na01~KCl eutectlc; this quantity was about
350 g. - The 1ntroduc£10n of chlorine was cbmmepced énd the
impure pxide was added élowly until about 400 g; had been added.
The melt COntaihed at this stage about 40-50% uranium and could
be treated directly or else used as a master melt ‘for further
work, It was agreed that there weas llkelihood of some hydrolysis
and oxidation of méitg during pouring but 1t was consldered
that this would not be-serious on a large scale and that any
remalning oxysalts wouid be removed as UOp durlng H2 injection
and subsequently deposifed eléctrolytically dlong with Fe etc;
Hydrogen wae introduced during the latter part of the
convefsion and it was sﬁated_that the end product obtained was
red—browh in leour, presumably due to the presence of U013.
Although 1t was stated that electrolytic removal of Fe eto.,’
.Was not difficult and had been carried out successfully many

times, no experimental eVideﬁce was advanced to prove this,

"/ Catalytic purifier for electrolytic hydrogen.
, DEOXO, Baker Pty. Ltd,, High Holborn, London. W.1,
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According to the decomposition potehtiéls of impurities 1nithe
Porst Pirie chemical concentrate;_the mogt likely contaminants
An the uranium metal product would be Sc and Th. Ca, La, Y,
Mg have decomposition potentials higher than 2.3V (U, Sc, Th)
whilst those of Al, Mn, Ti, V, Or, Fe, Pb, Cu, Ni are below
1.96 V in diminishing order., A Ni-Fe alloy cathode was used
in the electrdlysis etage'for iron removal and the cell was
operated at 1.4741.5 Volts. The‘constituents were maintalned
in a reduced condition by passing hydrogen into the melt,
‘Although iron and other impurities should have been precipitat-
ed on the cathode at thls stage, the melt was decantedxbefore
uranium recovery was attempted. Geherally the procedure was
to pour the melt into large nickel crucibles, cool, break up
into pieces and store in a desiccator. The lumps were re-
melted for uraniuﬁ electrolysis. It was proposed to attempt
the complete process in one crucible by using equipment of
sultable design as shown'(Fig.'aA);

It was proposed to carry out the conversion as usual
using chlorine}and hydrogen injection, The iron and other
impurities would be removed electrolytically-w;thout wi th-
drawal of the carbon distributor. The cathodes wers made
80 thatAthe hollow Ni-Fe alloy tube fitted over the shaft of
. the dlstributor (Fig. 2C).

The Ni~Fe tube wae insulated from the melt by means
of a closely fitting elundum or mullite tube which did not
need to be tightly sealed.’ The cathodes were flat circular
discs generally made of molybdenum welded on to the Ni-Fe tube.
Gibson had used saucer shaped ceramic discs with the metal
cathode resting,in'the flat centre position, but considered
that they would not be feasible for large scale work, A ring‘.
anode (Fig. 2B),would be placed in the upper stepped portion
of tlie silica crucible in an attempt to direct the current
flow so that deposition of metal would be on the upper surface
of the cathodes rather than at the edges. It was intended that

the cathode containing precipitated Fe and other impurities



10..

should be'remoﬁed and replaced by one of similar design haéing
a molybdenum disc ih place of the Ni-Fe alloy material. ghis
would then be used for récovery of uranium metal by'electré—
‘lysis. | . :

At the end of the uranium eleétrélysis the caﬁhoée
would be withdrawn above the melt to cool and t6 allow the melt
to eolidify, then transferred rapidiy to a cooling vessel |
filled with afgon gas., An atmosphere of argon would be main-
tained above the melt throughout the prebeding processes.
These steps had been carried out iln the laboratory at Harwell
‘but with a decagtation stage in between. |

The single cell system would be dependent upon
avallability of sultable cruclbles of the design 111lustrated..
It was proposed to use a crucible of this deslgn about 5 inches
Glameter in the upper portion and about 4% inches dliameter in
the lower pdrtion. A orucible of this design was actually
made in the leboratory at Harwell during the author's visit,
but the dimensions of the sectioné'Were 34" diameter and 3"
dlameter respectively. The two sections of the crucible
were welded together by means of an oxygen-hydrogen flé,me
using silica'rod a8 a welding agent, It was feported subse-
quently by Gibson that the crucible was used satisfactorily
for a number of experiments before a crack develobed in the
welded portion. The crucible was not actually used for the
procedure envisaged 8o no data are available concerning its
effectiveness. |

Gibson also considefed altering the design of the
carbon diffuser block, so.that'instead of the Vanes as now
used, there would be a series of ver%lcal holes drilled to
allow escape of chlorine. This could result in a greater
area of carbon beihg available for the reaction.

" There were no control methods used in laboratory
tests cdrried out at Harwell. The end of chlorination was
judged by'the appearance of the melt which was reddish-brown,

providing hydrogen was introduced, There were no attempts
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made to follow the progéess of the chlorination by any chemical
means such as_employéd in our own laboratory (Appendix I).

Current densities for removal of irenium were in the
range 40-60 amps/sq. Dec or 360-500 amps/sq.ft. approx. This
- ‘applied only‘at the commencement of the electrolysié.since the
cathdde area %puld increase with deposition of metal, The
product obtained was sald to be dendritic and non-pyrophoric.
Chemlcal tecsts ocarried out by the author on some of the
"Uranium metai" samples showed that they contained considerable
anounts of uranium oxide, ,

| | In typical electrolyses carried outlin the laboratcry
at Harwell, the following conditions were uscd.

The lower énd ¢f the ancde was abcut 3 inches above
the flat cathodé,disé. (The stepﬁed sllica pot Waslintended
to cbviate the necessity to remove the ancde assembly which
formeriyfhadfbeén‘placedulh the;meltﬂinwgretraignt gided pot).:
Electrclysis: current was: 8 amps at 2,75+ 3.3 velts, ... There was
ecme tendency for'thevprcduct,tuybuild‘upfaf"the*edges cf
cathode,fbut.it_Was.claimed\that«unden‘these‘conditicne very -
1it%le. uranium:was lost.byufailingitd“the:bcttom cf the-
~crucible;’ - Anyﬁeuchtioss‘WOuldabe reccuped - in.the next run
carried out in..the same pct without first emptying, the carbon
distributcr remaining .in place” throughout.: 'Duriﬁgfthe
ﬁériodaof4thelauthor!é'v1£1$.t0“Harwell no .successful. runs '
were. carried-out for-the removal of impurities from the melt
_or for the! recovery. of .uranium metals . ..

2.2 Reports.of Laboratory. Tests:

Some’ detalls.of laboratory tests weregiven by Gibson
at-a discussion held later.at The Chemlcal Research Laoboratories,
Teddington.. The: Port.Pirie chemical concentrate which Waé
representative  of the: material used. in- laboratory’ work at
Parkside. was used in thesc tests,

| .. 300 grams concentratec weﬁe:used in each test in a

eutectic mixture. of 300 g. NaCl=K(Cl;
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Run (1) :

Chlorine was passed for three hours during the con-
version stage and hydrogen wag introduced during the last
hour to reduce UClg to UCl3., The melt was diluted with!
NiC1-KC1 to approx. 1600 g, total weight, (11-12% U) and:
electrolytic removal of Fe was attempted, The melt was
glectrolysed at 2.5~ 3,0 volts and the total current pasged
was equal to 30 ampere hours, The cathode product was ;
small and consisted of a mixture of metallic iron and UOp,
Very little iron was removed at this stage. . The uranium
in the melt was then precipitated by introducing alr which
presumably produced UO2., '~ In the absence of uranium in
the melt it was then possible to remove electrolytically
21l the iron remaining., , This. was accompllished at 3.0
volts with a total current pasgsed equal to 20 ampere hours,
The test was not continued beyond this stage ‘but it was
intended that the precipitated uranium should be reconverted
to UCl4 by re—-introduction of the carbon block and passage
of chlorine as in the first step.  The uranium metal could
then be recovered eleotrolytlcally..

. Run (2).:‘

The conversion of crude oxide followed the procedure -
in Run (1) but no hydrogen was introduced during the last
hour, The titre of NaOH solution per gram of melt
(diessolved in dlstilled water) was the same as that obtained
in Run (1), viz. 30 ml/g.  When hydrogen was introduced,
the titre dropped to 20 ml/g. indicating loss of uranium
probably as UOp. Thls may occur as a result of reduction
of UOClo. -

2 U0Clp + 4 Hp —y UOg + HC1 + UCL3
It was reported that it was not then possible to precipltate
all of the uranium as UOpo by introduction of air as in Run
(1), Approximately 3% uranium remained in the melt equal
to 25% of the total.: : :
‘ - The results of.theee teste indicate the need for much
more detalled ldboratory investigation before a true evaluation

can be made of the prccess,

€3 Altérnative Processes -

| fDuring the vislt tc Harwell several modifled
prccedures were referred to by Gibscn and cne of them was 1n‘
ccurse of frlal; |

(1) It was suggested that pure uranium cxide (UO2) cculd
be reduced tc the metal by means of metallic calcium pre-
duced electrolytically at the cathcode in a fuscd salt bath.
‘The calcium metal would presumably reduce the UOp to uranium
metal forming calclam oxide which wculd dlgsoclve in the
melt, a eutectic of Callp-— KCy, This procecure had not
been attempted but may be workable. 4 possible variation
of this procedure would be the introduction of a small
carbon block dlffuser into the melt, With the addition of
chlorine, the calcium oxlde in the melt could then be re-
converted to CaClp by the Gibson conversion process.

(2) The conversion of oxide to chloride by anodic chlorine
in o porous compartment using graphite as the anode.
Gibson had used this technique for conversion of Tho2 to
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ThC1 Aand was attempting to make it continuoué. It was
foung necessary to apply slight pressure to the anode com-
partment periodically to assist the melt to diffuse through
the walls of the vessel into the catholyte. Argon gas
was used for this purpose and on releasing the pressurc; the
melt flowed back into the.compartment.
‘ The initial attempt tp,convert UO2 by thls means was
made in the apparatus (Fig., 3). ’

The anode'compartment congisted of a porous alundum
thimble about 1 inch diameter at the top, tapering to £ inch at
the bottom and 3 inches in - length. This was fitted into o
talc 1id which oovered’the main sillica crucible containing the
cathode and catholyte melt. A small talc 11d was made to
fit the top of the alundum érucible, with holes to allow the
entry of .the anode‘conneption'and gas'or oxlde feed tubes.

It was necessar& to seal the 114 to the alundum thimble in
order to obtain sufflclent pressurs of argon to force the melt
through the porous walls when required.

In the test ocarried out at Harwell, crude South
Australian uranium oxide wasg fed into the anode compartmént in
batches off 10 grams. The cathode compartment contained 500
gramg NaCl-K(Cl eutectic containing initially 8 percent uranium
converted to chloride by the conventional process. The cell
current during the test was about 4.5 amps at 3.5~ 3.8 volts.-
There was.no evolutidn of chlérine during the first 30 minutes
after addition of each 10 gram chargo of oxide indicating that
some conversion was taking place, Wheh chlorine began to
evolve, the contents of the anode vessel were discharged into
the.catholyté compartment by means of argon pressurc, and the
mixed melt was dllowed to flow back under 1ts own head, The
addition of a fresh batch of oxide to the aholyte caused an
immédiate rise in cell current to a maximuﬁ of 5.2 amps while
thé e.mn,f, dropped to 3 volts, Gibson attributed this to o
depdlarising effect due to formation of U0oC1o, The conditions
rapldly reverted tc those prevailing befeore discharge of the
‘anolyte.

60 grams UOp (or U308) were added during the run
which was 1nterrdpted ovérnight with argon passing into the
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top of the pot at reduced temperanture. The anode compartment
was discharged by argon presgsure after conierelon of each ten
gram lot of oxide. The electrclytic prqduct which adhered to
the upper surface of the cathcde on remo€a1 ffom the melt ha&
the brown appearance simil&r to fhe‘producte of.unsuccessful
rune at Parkside. There cculd be several reascns for this.

(1) Incomplete chlorination of original melt which
~ formed the catholyte (8% uranium).

(2) Oxidation and/or hydrolysis during introduction of
anode pot assembly.

It was in fact, observed at the time of introduction
of this assembly that there were ominous spltting and crackling
sounds whille water vapour condensed at the top of the silica
anode sheath,

(3) 1Incomplete chlorination and reduction of oxide in the
anode pot after each fresh addition of oxide. The
length of each chlorination stage was judged by
(a)  approximate number of amp-minutes required for
conversion of 10 grams UOp at current passing;

(b) appearance of free chlorine above the anode

compartment. The time allowed may have been in-—

sufficient and as no control methods were used, UOp
could appear in catholyte. The use of sultable
analytical procedurces would probably meke this stage
more controllable.

(4) Attack by the catholyte on the alundum anode vessel,
It was observed after the test, that the outslde
surface was badly chipped, obviously due to flaking
off of alundum. . Thls may have been only
mechanical and there may have been no actual
chemical attack,

The reason given for carrying out the test was not
so much to obtain uranlum metal as to show that the change in
cell current was due to okychloride formation and hence by
analogy, that oxychloride is formed during treatment of ThOp
in this manner.

The procedure outlined above may be of value, but at
present would apply only to recovery of metal from pure oxlde.
It may be poséible to remove impuritles such as Fe at each
gtage by variation of cell current and use of interchangeable
cathodes, e.g., electrclyze at say 1.5 volte immediately after
dilscharge of anode contents intoe catholyte, until all ircn and

other 1mpur1ﬁ1es were removed, then change the cathode and
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electrolyze at 3—5 volts for the remainder of the time, for
recovery of urahium until the new charge in the anode pot wés

fully chlorinated.

3. LARGER SCALE LABORATORY EXPERIMENTS.

3.1 P"Pilot Plant" at Gloucester

A considerable amount of work had been carried ouﬁ
on the use of the Gibson conversion process for production 5f

pure thorium metal, :
The so called Pilot Plant was run under contract by
Impregnated Diamond Products Ltd. The work was under the
supervislon of Mr, R. Marshall and Mr. J. Chalkley and there
were about silx technlcal assistanté, The Gibson electrolytic
process had been applied for the production of thorium and
some 25~ 30 runs had beén}conducted. The process as operated
produced Th metal of good quality (by density determination).
The raw material was high grade ThOg2 and the sole problem wans
the production of pure Th metal, In actual practice metallic
iron was éddéd in.the form of a fine powder to act as &a carrler
for chlorine, Some tests were madé using finely divided
carbon as a reducing agent in place of the graphite block, but
as far as can be ascertained 1t was not proposed to dispense
with the metallic iron.  Three batch conversions were required
to provide sufficlent melt for final thorium recovery by

electrolysis,

3,2 Production of thorium metal

3.2.1 Conversion Procedure -

The conversion 1s carried out in conical bottomed
silica pdts 80 as to allow good distribution of chlorine and to
allow any solld mnaterials to move towafd the bottom. The
graphite distributor 1s made to the same shape, The pot holds
about three kg. of melt and sufficlent ThO2 is added to each
of threec melts to provide about three kilograms of thorium
altogéther. The eutectic is NaCl—KCl as in the uranium metal

precess, Chlorine is intrcduced until the melt is free of
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solid ThOp and then chlorination is continued for about 13
hours, At this stage, the distributor 1s removed and a |
conical nickel cathode dropped in Whichlrests on the bottom:
of the pot. Contact 1s made by'a nickel rod shielded by a
" vitreosil sheath., - The anode 18 a spade type graphite disp
suspended in the melt,  Electrolysis 1s carried out at 9 §
volte and 5-— 10 amps and continued until the iron content of
the melt is reduced to 5+ 10 p,p.m, ‘There is no hydrogen
introduced in this stoge, After the anode and the nickel
rod are removed the melt is poured by tilting the furnace.
The melt is colleoted in heavy aiuminium moulds and later
~crushed and stored in glass Jjars,

The deposited iron-is scraped-out of the pot and
crushed for use in a recycle, Some trouble has been
experienced from attack on the silica tube shielding the
nickel rod cathode connection, The cause 1s not certain
‘but 1t is thought to be due to ferric oxide or thorium metal,
It is quite possible that'meta;lic sodium or potassium may
also be formed at the cathode under the conditions of
electrolysls and these metals would attack the silica sheath
vigorously.

3.2.2 Recovery of Metal -

The electrolysis of thorium metal 1s carricd out in
a beaker—shaped'silica pot which holds about 20 kilograms of
melt. A fairly elaborate procedure is used to ensure the
exclusion of molsture and alr from the cell durlng electro-
lysis. The melt at the commencement of the electrolysis
~contains 15 percent thorlum. Various deslgns of cathode
have been tried in attémpts to simplify the collection of the
metal, but none so far has been an outstanding success,
Ceramic saucers used as underlays to flat molybdeﬁum discs
have suffered fractures due tc thermal shock and chemical
'dttﬁck. Electrcdcs painted or sprayed with alumina (A1203)
‘have tended to. flake. It 1e 1likely that plain metal (Mo)

electrecdes will be used but this i1s still under discussicn,
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The electrolysis is normally carried ouf at 260 amps. and 10 ~
20 volts, Dip samples are taken and residual thorium is
determined by qualitative gravlmetric methods, usually preoip1~
tation with ammonia, The thorium content of the melt 1is
reduced to low levels, ceftainly less than one percent.

| The metal product adhering to the cathode 1s leached
out after sultable hﬁndling of the electrode assembly to
prevent oxidation of the metal While hot. . The mixed melt-
metal 1s Tirst lecached with water in a stalnless steel bath
to rémove from the elecﬁrode. The produpt is transferred to
stainless steél cement mixer type vessels and agitated for
some time, After stahding for 11 hours, the supernate is
decanted and several decantationAWashes follow. The metal -
18 then washed by agitatioﬁ with 5 percent nitric acid in a
simlilar manner, Thba i1s recovered from the washes by
precliplitation with ammonia.

The metal is dried ih a frecze-drier unit operating
at a pressure‘of 200 millimicrons, Hot water 1s circulated
in pipes under the drying trays to prevent the formation of
ice in the product and consequent unsatisfactory drying. The
metal product is screened into about 6 size ranges and density
déterminationa are made on each slze, 'The density usually
decredsed with decrease in particle slze, This may be due to
an lncrease 1ﬁ the amount of oxlde remaining or to difficulties
1h determination of density. The denslty of a product con-
sldered to be of high purity is generally about 11.6 g/ml.
compared with a theoretical figure of 11l.72 g/ml.

'.‘An ideal slze for subsequent fabrication is in the
range Just below 100 mesh but a considerable proportion 1s
much coarser than this, The stripped melt is retained and
used in further conversions. A colorimetric thiocyanate
method 1s used to determine fhe iron remaining in the melt
during the 1lron electrolysis stage. .More complete details
of plant, equipmeht and procedure have been cbtalned by

F. Hartley.



18.

3.3 Uranium Metal Tests

The equipment used at I.D.P. Gloucester for thorium
pProduction was used for attempts to recover uranium by the
Gibsdn process, | | .

3.3.1 Scale of Tests -

| | The converslon step was carried out in a ellica pot
with conical shaped bottom section. These pote were ﬁade
each as a single unit with no welds by Thermal Syndilcate Ltd.

Diameter about 4 inches, Length 12 inches.
‘Capacity 3 kg. melt.

The uranilum concentration in melts in the ccnversion
stage was 30 percent approkimately. The graphite converter
block 1s shaped to fit the conlcal seotion. Mullite tubes
have been used tc conduct the chlorine and are cemsnted with
C60 alundum cement. In cne test, a fused alumina tube was
used but 1t corroded badly and broke half way through the run.
There was evidence of considerable reaction between the alumina
and the melt.

The analytioél methods developed at Parkside
»(Append1X’I) were used for control of chlorination - without
actual celculation of 02/U ratio. It was assumed that both
the NaOH and K20rp07 titrations would reach a constant figure
at complete chlorination providing there was no change in con-
centration of melt constituents, Samples were taken by dipping
in a 80lid rod of silica-and collecting melt by freezing on
the éurfaoe. The rod was quickly withdrawn and the melt was
flaked off into aluminium dlishes. .Samples of the melt were
weighed separately for each titratlion, It was found that
methyl red screcned with brom cresol purple was o more satis-
factory indicator than methyl red + methylene blue.

The colour changé is positive, 1.e., from yelloﬁ to
purple~brown and the end point 1s easily distinguishéd in the
presence of precipitated uranium. - At equilibrium (presumed
complete chlorination),’titration figures are likely to show
variations of 4 0.5 ml. in a titration of about 40 ml,
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" Results are expressed as titre/g, of melt, The officer in
charge of the fests was satisfied with the results and con-
sideréd the methods were moegt valuable 1n.following the prog?eas
of the chlorination. The conversion stage appeaféd to be
satiefactory but attempts to remove iron electrolytically were
not successful,
C 3.3.2 Gonvérsion of Crude oxides to Chlorides -

About 1.75 kg. eutectic were placed in the speclal
8llica pot and melted at 780-80000. The ccnverter block  .
was positioned through the talc 1i1d in which was a feed'holé
about £ inch diameter for product. At start up from fresh
" melt 200 g. product (ignited at 450°C. ) were fed in and
chlorine passed untll all the soclld was in solutlon. 'The
additlon of the main sample ‘was then commenced to bring the
amount of oxide added to 1,25 kg. The_méterial was added by
hand using o small aluminium spoon or similar utensll and the
feed rate was very slow,. The melt tended to froth at
intervals and caution was needed in adjuéting the feed rate
'to aveld boiliné over, A dark scum formed on the surface of
 the melt, probably mainly carbon from the converter block.

The gas evolved during the reaction, (CO or COz) did not seem
to be the maln cause of frothing, The frothing took place
at 1ntermedlate,timeé and could be reduced by addition of more
80lid product. The addition of 1 kg. of product usually
took about threec hours. By the time all the solid had been
added, conversion was apparently almost éomplete. This was
indicnted by the solublllty of the melt,-appearﬁnce of the
soluticn and by levelling out bf the titrations of samples of
the melt. '

3.3.3 Electrolysls -

Hydrcgen was passéd into the UCl, melt before electro-
lysis end also during electrolysis. Samples of the melt were
titrated with NaOH and KgdrgQ7 during this reducticn but the
results weré not>ccnsistent. The KoCrg07 titre at apparent
complete reducticn was low and thls was undcubtedly due to

oxidaticn cof UCl3 when the sample was expcsed todr and in

soluticn,
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Electrqutlc Removal of Iron ¢ ' ' '
A oconical graphite cathode was used with a mild sﬁeel

rod tepped in for support and conduction of current. The god
was shielded with mullite or silica tubing. The anode was !of

/

spade type with holes for cathode, tube for hydrogen, thermo~
‘couple and sample tube. ‘ :

The cathode rested on the bottom of the pot and tﬂe
anodé wo.8 susbended so that 1t was Just in the melt when
hydrogen was passing. This arrangement allowed chlorine
géherated to escape without dissolving in the melt or reacting
with the hydrogen which was introduced near the cathode. .
Results were disappointing and iron removal was poor, .- AL low
current dehsities, 20 amps, 6 volts, the removal rate was slow
and the efficiency was very low, » At higher current densities,
50 amps, 11~ 12 volts, iron Wés removed quantitatively, |
together with much of the uranium. In one test for lnstance,
the iron content was reduced from 1.5% to 0.003% but the uranium
content dropped from 30% to 17%. Ag far as can be ascéertalned,
this uranium was deposited as UO2 or at least was present as
UOp when the bathode product was removed. There are at least

four possible explanations.

(1) Incomplete conversicn. This is not 1likely since
control analytical methods were used.

(2) Oxidation during changeover of equipment, 1,e. the
carbon block replaced first by the hydrogen tube, then
by the cathode, JnOQu, ete.

(3) Oxygen in the hydrogen. Thie cannot be ruled out
since 1n this case, no Jdeoxygenator was used.

(4) Attack on silica and ceramics,  If this is the
- main reason, then the future of the process does not
appear bright. The colour of the hydrogen reduced
melts was by no meang red-brown as stated by Gibson,
but rather grey to black, The red colouration formerly
geen could have been duc to surface oxldation.
3.3.4 .Details of Repeat test -

Chlorination of a 3 kg, melt containing 30 percent
uranium, which wes commenced the previous day, was continued
for one hour the following morning. NaOH and K2Cr207 titres
of samples of the melt remainéd constant, . Ho .was passed

through the melt -and after three hours the electrolysing
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equipment was introduced. The melt was'electfolysed at 35
}ambs, 12 volts at the start. The initlal iron content of the
melt determined by the phenénthroline colorimetrie method
(rough) was 0,87%. The iron content dropped to 0.45% in about
‘one hour but the.decréase was slow thereafter. - The iron con-
tent remalned at about O.30% for tHree hours and aﬁ this stage
the melt was decanted. The cathode product was dense and
hard and consisted of a mixture of metallic iron and UOswt in
only small amounts, It appeared that ccnversion cof the éxide
was almost complete and that little oxidatlion had taken place
gubsequently, However,.the electrolysis efficlency was very
low and it would appear that further investigation of conditilons
would be advisable,

The procedure used for the electrolysis, probably
resulted in too much cell resistance and this may account for
poor efficiencieé. The anode and cathode were at least 6
inches apaft and the voltage required was high, Better results
moy be achieved by decreasing the electrode distance, say by
roelsing the cathode, rather than by lowering the anode.

| A Investigations of. current dengitj, electrodé>distanceg
point of addition of hydrogen, remoV;l of chlorine and hydro-
chloric acid etc,, would be more a laboratory project than a
Pilot scale one., - |

Examination of the silica pot which had been used for
thfée cdnvergions and hydrogen reductions did not reveal any
etching of the surface and i1t is probable that no serious con-
tamination of the melt occurred from thls sourde.

A very useful report is avallable, now declassified,
which ‘describes work carried out on electrolyslis of various

uranium compounds in fused salt eutectics (1),
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SECTION 2 .. OTHER ACTIVITIES AT HARWELL,
e = ]

1. CHEMISTRY DIVISION. o - |

| A obnsiderable amounﬁ of work had been carried out
on solvent extraction procedures for separation of metals. E.A
barticular agpect of the work wae the rccovery of Th ueing TBP-
Xylene mixtures, The opinion was expressed that solvent ex-
troction proceduree.were most sultable for providing materilals
of a high degree of purlty and doubts were'expressed of the
efficlency of electrolytic processes such as the Gibson process
for Uranium Metal. |

Much of the laboratory wérk was carried out in small

glass mixer-ecttler units which had a modified pumping device
operated by an overhead camshaft, By sultable arrangement
any number of tﬁe unifs could be incorporated in the*equipment,
. depending on the number of stages required in the extrabtlon.
Almost theoretical efficlency was clalmed for the units. The
flcew rate of 11@uor was.abcut 10 ml/minute on the scale used in -
the laboratcry. The units aré fully described in an A.E.R.E,
repoert (2), | .

2. ANALYTICAL DIVISION, - o
(Head of Divisicn — Mr. A, Smales).

The grcup 18 cperating much the same as when P, Dixon
and R. Canning were at Harwell, Ccneslderable attenticn has
been'gliven to'sélvent extracticn, chfomatcgraphic and icn
exchange techniques for anﬁlytical methods.

2.1 Polarography

A "square wave® polarograph is 1n‘&se in this section
and heas glven good results. - It use has enabled the determin-
ation of small amdunts of impurities such as copper or nickel
in steels, desplte the presence of large quantities of iron in
the ferric condition. The application of the square wave AC
potential has the effect of differentlating the normal step
curves; so that, instead, peaks are obtained which are most
distinct. The sensltivity claimed 1s much greater than for

normal polarography. The instrument is expensive, the cost
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being about £1800 sterling and 1t is probably more sultable
as a research instrument. - It is likely that cheaper models
will be produced. | c
2.2 Ion Exchange

-‘One application of anion exchange in analytical
work has becn the use of Deacldite FF for separation of
bismuth, uranium and thorium in . fission products, The finely
divided resin, about 40— 60 mesh, is contained in glass columns
about 5 mm, diameter and 100 mm., long. . The metals are passed
through in HC1 solution. The first pass is made in dilute
HCl -~ not more than 3N and bismuth is adsorbed on the resin
while uraniﬁm and thorium are not. .

Subsequently the acidity is increased to 9N and the
.solutlion passed through'another qélumn. Under these éon~
ditlons, uranilum is adsorbed while thorlum passes through.
Uranium 1s determined in micro - and semi-micro amounts by use
of a lead réductor. The -lead uged 1s of a high degrée of
purity. The reduced uranium solution ls titrated with ceric
sulphate solution using ferroin as indicator.. |

2.3 Coulometry

The development of coulometric techniques has been
studied by Dr. Bmythe, orlginally from Melbourne, The pro-
cédure can be made automatic by the use of sultable equipment
but is sultable only for trace quantitics. This 1s applied
with a high degree of abcuracy\for'inetance, tc the titraticn
of ohromium‘(VI) by cathodically generated iron (IT).

2.4 Chromatcgraphy

Chromatographic paper strip techniques developed at
C.R.L., Teddingtcn, have been used fcr separation of radio-

active ccnstituents in sqlutions in very small amcunts,

3. CHEMICAL ENGINEERING DIVISION.

3.1 Solvent Extraction

The work here had been confined to the study of the
mechanics of extraction and to the development of equipment.

The actual chemlstry of solvent extraction was not considered.



24,

The moiln work wae done with pulse columns using perforated:
disc plates.  Generally the eize of holes in the plates was
- about 4 1lnch and‘fhe total area about 25 percent of surface:
area (i.e. 25 percent "Freec Space"). | The group was changihg
to study of reactor problems, heavy wéter production etc,

3.2 Ore Dressing

This section contalned all the usual equipment
assoclated with ore dressing. A feature which impressed was
the extreme neatness.of layout which was designed to reduce
dusting and contaminatioh to the absoluté minimum, A rigid
standdrd of cleanliness was insisted upon throughout all
operdtldns and the use of thies system had oﬁviously paid
dividends. The sampllng of ores was controlled by one
techhical assistant, thus ensuring etandafdization of procedure
and minimieing confusion, Beparate colour codes were used
for heads, middlings, tallings and concentrates and cards of
the appropriate colour were used to record détails, treatment
required and analytlcal results for eaoh.

The technicién in charge of sampling was the only
person permitted to add to or remove samples from the . etore.

3,3 Graphite Technolggy (Mr. J.M. Hutchecn).

Mr. Hutcheon was conducting investigations into
properties of graphite for reactor use. The main specifications
for reactor graphite are deﬁsity,‘eléctridal resistivity and to
some extent chemical 1mpur1t1ée. In general 1f the electrical
resistivity 1s within prescribed iimits then the amounts of
impurlities afe likely to be low. :’Ghemical limits prescribed
fcr boron and.vanadiﬁm are -

Boron 2 P.p.m.
Vanadlum 10 p. p.m.

There 1s a danger cf borcn pickup during electrolysie
if o high boron graphlte 1s used as ancde, This cculd
presumably be avoided if pro~clectrc1ysis were carried out te
duplutu the ancdu of boron.

-Experimental test billets ¢f graphite 4 Ainches

diameter and 12 inches in length were prcduced in this secticn.
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"~ The usual raw materials'are-coke and coal tar pitch. The !

. blllets were extruded from a high pressure die after mixing'
of the raw material, Three furnaces were used durlng fléing
of the billets - 1

(1) Wire wound, up to 100000. " This operates at an .
internal pressure of 200 p.s.i.g. The billets are
sealed 1n a drum and packed in graphite dust at this
stage. The internal pressure in the drum is kept at
Just below the 200 pb.s.l.g. in the furnace to avoid‘

leakage of volatiles and attack on -the furnace
windlings,

(2) Molybdenum wound operating up to 1300°C,  Oracked’
' ammonia gas is used to protect the windings. A
geparate ammonia cracking plant 1s used to provide
.. the nitrogen and hydrogen.

(3) A carbon resistance furnace using hairp%n type
carbon elements and operating up to 3000~C,

Mr, Hutcheon indicated that there would be some
billets of impermeable graphite avallable. The test billets
are 4 inches dlameter and 12‘1nchee in length. Some pf these

spare billets could probably be obtained on request.

ﬁ,\;;3.4 Fission Product Technology Group (Head of Group -
T . ; Dr. E, Glueckauf.)

3__;_ Ion Exchange Membranes -
Tho group had been working on membrane cells for
_ removal of low grade radioactive fission products from waste
" water, They were. .expecting to obtain from Permuti¥ Ltd. a
Pilot Scale cell for exberlmentalhpurposes,_but had not
received it. A small cell had been operated successfully in
the laboratory producing de-ionised water of conductivity
grade. (Fig. 4).A |
The lon-permeable membrancs act as barriers and fhe
maln de-~lonizing 1s done by the mixed bed of resin contailned
between the membranes, The platinum mesh electrodes extend
- the full width and height of the cell, In practice a good
deal of the 1mpufit1€s are removed by various chemical treat—
ments and the cell 1s used for final stripping. The cell
used was 6 inches high, 2 inches wide and one inch deep.
3.4.2 Inorganic Ion Excﬁange Matérials -
| Considerable proéress,had been made with the

development and use of inorganic materials. Natural vermi-
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culite had been used for catlion removal, while~attempts were
mgde to aggregate clays such as montmorillonlte fof simlilar:
use, Organic resins will not stand the oonditions of
operations which involve temperatures up to 300°C. ahd presgures
up to 1200 p.s.1. | |

It was found that various.oxy'compouﬁde of some metals
possess remarkable 1og exchange properties, whioch persist under
the conditione mentioned, The compounds studied most were
zirconium phbsphate dnd zirconium oxide; - Thorium phosphate
also exhibits ion exchange propéfties-and in general, probably
most metallic compounds of amphoteric nature will do so.-

 Zirconium phosphatc 1s produced by precipitation from
solution 1n & gelatinous form which is filtered and subsequent&y
dried. _ _

.The cake acts much like gelatinous sillica and'breaks
up into irregular fragments which are subsequently heated at
temperatures not exceeding 200°¢. A fairly coarse product
results, with fhe majority of particles in the range —20 «

100 mesh. The particles.are-stable at temperatures up to
30000 and pressures of 1200 p.s.l. Thefe are no undue
attrition losses or 10Wer1ng of capacify providing they are
kept wct during tho process,

Zirconium phosphate acts as an anion exchanger with
capacities ranging from 1-5 milli-equivalents per gram depend-—
ing on pH.

' Zirconlum oxide acts as an anlon exchanger up to pH
8 but at high pH, about 13, becomes catlonic.

Thorium phosphate will not remain aggregated but
crumbles on drying. - Ite exchange capaclity is lower than the
Zirconium compound-but the exbhange rate is about the same.
Some experiments had been carried out with mixed Zr—Th phos-
phates and aggfegates containing up to 80 percent thorium
phosphote were made successfully.

A sample of zirconium phosphate "resin'" had been
obtained from & U.S,A. source. This wae in bead form and had

to be kept wet even when not in uss. . It was not known how



7.

the beads were produced, but the makers clailmed an effectivé
gurface area of about 400 square metres per gram,

The mechanism ef the lon exchange 1s thought to be
slmilar to thaﬁ of the synthetic resins with ZrO-Zr linkages
and possibly PO4H".and PO4H2~ groups present., Bome form of
polymerisation'thrbugh’cross linkingiis possible, but it is
not yet possible to control the degree of "cross linking" on
‘account of the fact that the material 1s all of one kind;‘

The 1nve§ﬁigaﬁioné are only in éafly stages but a
considerable programmé is envisaged and 1% is understood that

similar work is procceding in U.S.A.
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SECTION 3 e OTHER ATOMIC ENERGY ESTABLISHMENTS.

1, SPRINGFIELDS.

1.1 Uranium-Mefal Production

The conventional plant using ether extraction, and
conversion of oxide to UFy féllowed by celcium redﬁction to
metal was stlll in operation and was the same in most respects
a8 when seen by P. Dixon and R. Ganning._ Pfecipitation of
uranium by hydrogenAperoxide prior to solvent extraction had,
in lerge mensure been discontinued since most concentrates
have only smali amounts of boron which 1s easlly removed in
the solvent extraction (ether) step. In the final stage
magnesium rgduétion of the UF4 may replace calcium reduction.
Before undergoing the final firing stage, the UFy4 1s compacted
in briquettes with magnesium metal.

A process for production of UF4 was proJjected in
which the concentraﬁe was dissolved as usual and the uranium
extracted by solvent extraction. - The nature of the solvent
was not diesclosed but 1tIWas presumably tributylphosphate,
Btripping and backﬁash follow befors proceeding to ammcnium—
~ di-uranate ete. .

1.2 HRescarch & Development Springfields .. Ohemical
& Physical including Metallurgy

l.2.1 Thorium Extraction -

Beveral processes have been ekamined for the pro-
duction of ThOp from mcnaéite and "thcritel,

Monazite is mainly Malayan (7% ThOg,-SS%‘Ln203)
 Nigerian (5% ThO2) cr Korean. There is also SoﬁthAAfrican
mcnazite rock contaihing othgr phosphate mineral, pcssibly
apatite, Thie rock is not as amenable to conventional
treatment as monazite but is the main raw material being used
by Thorium Limited.

The "thorite" cbntains up to 50% ZrOs and the extfact—
ive prpperties of ThO2 vary considerably. There 1s probably a
' large'proportion of Zircon in most samples.

There are two main routes to ThOp separation,
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(1) Alkaline.
caching monazite with 50ﬁ Ne.OH w/v and flltraticn

of insoluble hydroxides. The precipitated hydroxides are .

' dissolved in acid and the ThOé repreoipiﬁated at pH 5.5.
Alternatively, the preeipitatod hydroxides may be leached with
HNO3 at constant pH 2.2~ 8.3 86 a8 to dissolve the Ln(OH)
leaving Th(OH)4 insoluble,  Neither method 1s much favoured,

(2) Acid Leaching,
A process 1s being cohsidered for recovery 1in an acld

circuit as follows i~
Digestion of Monazite with concentrated H2S04, 1 -part
of cre plus 2 parts”of'acld at 200°C for four hours, Thehce

[
2

several alternatives.

(o) The residue is leached with ten parts water to one
part ore which dissolves 99 percent cf the ThOp and most
of the LnaO;. The lanthancns can be removed at pH:

0.6 by precipitaticn as double ammonium sulphates. It
wes claimed that the contamination with thorium was lcw
in tests on a laboratory scale, but results were varl-
able. . Thorium could be recovered from the filtrate by
alkaline precipltatlion, caustlclsing ete. The more :
favoured method i1s solvent extraction of the HNO3 solu-
tion of the hydroxide using tri-butylphosphate, -~ Any
uranium present was Tirst extracted with 5% TBP-Xylene,
and the thorium extracted with 40% TBP-xylena,

(b) The residue is leached with 4% parts water to one
part ore, Most of the thorium is dlssolved but 2/3 of
the lanthanons remain in the residue. It was suggested
that washing of the residue might be deleted involving
a loss of 5~ 10% ThOg, in order to simplify the process.

"The thorium 1s recovered from the liquor by precipi-
tation as anhydrous Th(804)2.  The liquor 1s added to con—
centrated H 804 at temperatures of (1) 1&O°G (2) 200°c.

The latter temperature glves a better recovery and better
.product but poses handling problems on a larger scale.  The
usual technique is to drip the leach liquor into the hot Hp804.
The Th(804)2 1s fiitered, washed with concentrated
HpB804 and dissolved in water, The be# temperature for disso-
lution is 45°C.  Th(OH)4 1s precipitated at pH 6 by addition
of NaOH or NH4OH. This step could be done by direct
dilution With Water to give the required pH but would 1hvolve
large volumes and difficult handling problems. | |
The products obtained usually contain very little

phosphate.
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The detalls of the solvént extraction procedure are
included in a Research & Develbpment Branch (Springfields)
Report (3).

2:2&3 Niobium «
Two methods are being investigated on Pilot Scale.

(1) Dry Way. g o
' hlorination of ferroniobium (60% Nb-~Ta) followed by

condensatibn of the chlorides, The chlorides are distilled
fractionally at about 220°C. so that Ta, Nb chlorides volatilise
- leaving FeClz as a residue, The TaCls 1s then distlilled off
leaving the NbCl5 in solid form substantially free from impuri-
ties. The Nb metal is produced by a modified Kroll process
by‘distillation 1nto'molten magnesium mefal. The metal is of

high purity and contains less than 4% oxygen,

2 E;Edﬂ%g;roniobium is decomposged by digestion with concen-
~trated KOH solution followed by filtration ete, An lnsoluble
- sodium salt is then.precipitated, filtered washed and treated
with acid fo produce mixed oxides of Ta and Nb, These are
dlesolved in HF and the Nb is recovered by crystallisation of
KoNbF7.  The KgNbF7 is sultably treated (dry) with metallic
Na, (no details given), to produce metallic Nb. |

1.2.3 Other aspects of Research & Development —

Work was broceeding on solvent extraction of uranium,
detalls of which were not available. A type of micro alir 1lift
is msed in mixer settler units of simlilar deslgn to those used |
in the Chemistry Division at Harwell, The advantage of this
systenm 1s that flow can be stopped at any time and the phases
at each stége'analysed. Edwards‘micro flow control valves are

'used to.cdntrol flow which is produced by normal constant head
gravity feed. | | |

Refining of Urwnium Metal :
A pilot scale cell has been bullt for testing the

electrolytic refining of uranium, It 18 intended to use
uranium metal as anode in a bath of t1012~K01 eutectic with a
molybdenum cathode. The eutectic will be heated intcrnally

by/oarbon electrodes operating on A. G
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1.3 Reactor Réséarch at Windscale (Seliafield)

' 'The various rigs used for liquid sodium metal cooling
were inspected and problame assooclated with 1te use were ei—
. plained. Magnetloc pumps are used to pdmp the liquid metal.
Pumping efficlencies range up to 50 perocent. |

Boﬁe fisslon p:oduct disposal methods were sxplalned

during a tour of some of the laboratories, Solvent extraction
experiments were prooaeding but detalls were not disclosed.
In these experiments some extractlcn cells were built from
sollid perspex biocké drilled appropriately to form mixer
settler units. Stirring was by'single rods and the mechan-
isme were coupled tc a crown wheel and pinicn éystem by
flexible drives,

1.4 Uranlum Metal Production and Fabrication

Observations made at Harwell, Springfields and
Windscale emphasised the/magnitude of the task of production
of uranium metal and fuel élements. Apart from problems of
production qnd fabrication there arevcomplex problems assocl~-
atsd with the physical stgte and behpviour of fuel elements.

- There are considerable numbers of staff working on physical
and metallurgical aspects at springfields and Windscale. The
problems include bursting of ﬁcans“ and wrinkllng, which can
be very serious. » '

The physical phase changes are not well understood
and the amount of techﬁiéal equipment and staff required to
pursue these problems would be enormous by S.4. standards.

It would be desirable for a very careful asscssment
to be‘made of such problems before consldering the establish-
ment of a reactor especially if production of fuel elements
were considered. ‘ .

In fact the wholeAquestion‘of metal pfoduction should
be studied from the viewpoint of economy and disposal since 1%t .
1s unlikely that a market would be avallable outside Australia.

The gensral oplnlon expressed by technical and admni~
strative personnel whc are aware of these problems, is that South

Australia wculd be advised ot o enter the field o fuel production
and technology. | |
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SECTION 4 .. CHEMICAL RESEARCH LABORATORY,
- TRDDINGTON,

1. INORGANIC SECTION.

1.1 BRare Earth_Fractionatidnfby Ion Exchenge

Three methods are génerally applied to eeparation

of lanthanons on cation gxchangw resin,

(1) The resin is loadud to saturation with a solution
contalning lanthanons‘and eluted with cltrate solutions at .con-
trolled pH, This was an sarlisr method and gave eluates with
very low concentrations of lanthanons.

(2) The loaded column 1is eluted with ethylene-diamine—
te tra—ao»tic acid and the eluate 1s passed through a column
contuining copper following the lanthanon column, This method
was developcd by Spedding and other workers in the U.S.A., and
depends on improved fractlonation due to presence of copper on
the scoond column, The members of the section were not
intercsted greatly in this process and did not have any explan-
atlon of the mechanlsm, .

(3) The only method being investigated at C.R.L. is as
follows :-—

Lanthanons in chloride solutlion are loaded on a
catlon resiln, specifically Zeocarb 225 to about 50 percent
capgcity. fhe remalnder of the capaclity 1s occupled by
NH . .

4 The loaded resin is eluted with nitrilo-triacetate

(NH4 form), The eluate le passged through a second’

coclumn in which the ratio of NH, %' /H* on the resin is varied

by prior treatment, Fairly good separations are obtained
of the M™light group", particularly N4, Smf Pr, but 8ome

difficulty 1ls bslng expericenced with thb 'heavy group .

(Diagram of IX COIumns ete., )
(1) (2)

Ln+++-"—~m~1 . Nitrilo tri acetic
NHA*’ ‘\..-_.-‘ ac id ; NH4+ f crm PO
H 1 L \V/
f &/ 2 “ '!
| N
, » : ; Gromdt ic
Zewarb | lcaded _ AN g0l umn(gj.‘f'l’ph
2z5 ‘ column § NH4+, H* form
i
E !
et ' SR T S
to abcut 50% A =S separated

saturati on, : \i’ Ln+++
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The section was currently interested in rebovery ct
Tm from lanthancn residues using this method. The lanthanon
residuee ccntain three parts Tm/1000 LngO}. Flow rate of
eluent was about 4 cm/min, or 600 ml/hr. cn 2 inch columns.

1.2 Rare Metals Recovery

A group in this secticn was working on reccvery and
purificaﬁiuh of rare metals, germanium, galliﬁm, selenium, etc, -
| In the past, coals from Australia had been examined
for germanium and other elements but nothing of 1mpoftance had

'been found,

Seienium which can be present in sglphides, notably
pyrite, is generally recovered from the dilute acid wash stage
after solids removal from flash roaster gaées in contact acld
“plants. Metalllc Selis deposited by reduction at this stage.

| Some products contain up to 80 percent selenium, B
The world supply 1s short énd with the demand increasing, 1t 1is
expected that the price will rise.

An 1ntensive‘éurvey of possible South Australian
sources seems Jjustiflied at an early dafe.' The present demand
18 Tor (1) rectifiers, (é) glass manufacture.

1.3 Purification of Mctals

Considerable work has bcen donelon purification of
low melting point metals by zone me1t1ng in pyrex glass tubes
sealed in vacuum, Metals such as bismuth; selenium and tin
in a high gtate of purity afe sealed off in tubes 1ln vacuum and
melted by moving a small hot zone along the tube, Ih the
laboratory, movement rates of about 0,5 em/hr are employed,
the heatling zone being 4~1 inch long. Several ingenious
devices are used to make the operation.eimple and automatic.
The main requiremenfs are low horse power motion and a variety
of ordinary “Meccano".pgrts and gears, The segregdfion of
impurities at the end of the bars of metal can be clearly seen
in tést pleces,

The technique 1s also applied to ealts - e.g.,

indium chloride and organic compounds. For succesaful
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operation of zone melting 1t is essential that the ilmpurities
present should cause-either,lowering or raising of the melt}ng
point of the .solid. :

5., HIGH POLYMERS SECTION.

2.1 Preparation of Resin

The reaction kinetics of synthetic resines prepared
in this section were belng studied, The resins are preparéd
by addingJVarioué proportions of di-vinyl benzene to polystyrene
and cross iinking by polymerising wilth benzoyl peréxide. A
proprietary'line "Promulsin® is used ae a suspending agent for
the resin, This 18 most 1likely a ocarboxy methyl cellulose
derivative, Btudies included the effect of varying the number
of exchange sltes and the amount of swelling of resin due to
water. |

Ions used so far in studies Qf resin béhaviouf have
been simple, i.e. Na*, K*, Noz', C1!,

Investigations have shown that substituted groups

such as COOH‘,}OH, give greater selectivity for some metals

than ordinary cross linked polystyrene resins, l.e. resins of

the form -

"SOjH
Thus the‘phenol formaldehyde type of resin may be more effici-
ent in some cases.
| Somé work had 5een done on condensing polystyrene
resins with complexing agéhfs such as EDTA to give greater
eelectivity for metals with variation of pH. Absorption

curves are of the type.
) A R4

% Ab / / / A for say 3 metals
I " Ta, B, o0,

pH

2.2 Ion Exchange Membranes

A good deal of_the work was with ion exchaﬁge mem-—

branes of the types IRA 400, zcocardb 225. Polyethylene was
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used as a binder and usUaliy comprised about 50 percent of the
membrane. It had been found that good electrical conductivity
was obtained with most membranes when wet. This 1is though%
to be due to swelllng of the resin allowidg small pockets of
eiectrolyte to enter 1nters£ices'between resin and binder,

.Homogeneous resin shects heve not been much studiéd

.owing tc fragility.

2.3 OChromatographic cellulose 18 prepared by mixing
cellulose powder and fine resin and grinding together (5).

The prcduct is formed intc sheets and allowed to dry. " The

" RF foactor of scme metals 1s improved.and more clear cut
separaticn 1s possible, €.8. ccbalt and ‘nickel, This may be
a methed for spet testing for uranium in liqucrs if a caticn
exchange resin were mixed with cellulcse and a nitric acid-
ethyl acetate extracticn used. Thé ferric ircn may be’

further retarded.

- %, RADIOCHEMICAL GROUP.

3.1 Ion Ekchange

3,1,1 Recovery of Gold -
-The recovery of gold from'convenfional cyanide solu-—
tions has been investigated. A typlcal cyanide solution con-

tains -
- Au 6 -ppm, Ni 40, Cu 30, Fe 24,

in solution of 150 mg. NaCN/1. Investigations starting with
Déadldlte H showed that résins containing a mixture of weak
and strong base groups have good'eeleotivity for Au, A
typlcal resin has 6~ 10 percent strong base contalning quarter—
nary ammonium groups and 90 percent weak base wlith groups of
the type benzyl'dimg?hyl amine. |

T oy

Typical absorption curves show break through of Fe, Cu, Ni, in
that order up to say 25 1. Whereas break thfough for Au is
at say 250 1. |

The reein is eluted with NaCNS at about 0.2 N and

‘the Au is recovered from the eluate by electrolysis. The
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gstripped eluate 1s recycled without neoeesity for bleed offi
Recovery of Au from cyanide solutions 1s 97.7 percent.

The resin base used for these experiments is chlor-
methylated polystyrene.
3.1.2 Resln in Pulp -

' Investigations were in progress for the reoovepy of
uranium from Mary Kathleen leach pulp. The Ion Exohange |
resin was used in the form of blocks which were moved along»a
trough counter current to the pulp. Fresh blocks were 1ntro—
duced at the end opposlte to the point cf 1ntroductitn of the
pregnant puln, lThe loaded blocks were remcved as they reached
the other end cf the trough'and washed and eluted. Ne resulte
Were forthcoming but 1t was claimed that the syetem shcowed
promise, | ‘

3. 2 Solvent Extraotion of Uranium

it Work had -been continued on the use of varlous alkyl )
kphosphate egters for the extraotion of uranium from sulphate
solutlions, Much of the work had paralleled work all ready
oarr;ed)out;;n theﬂReeearoh_&.Detelopment~Labonatories tn
Adeio;deiond;many_ofltneiconclueione arp;ved.at;were.similnr.
The, most satisfqotory reﬂgent appeared to”be di~2—etnyl hexyl
phosphoric acid as usod 1n Gnnada and the United States. pIt
had been found thot suooossful differential extraction of
arentun could be obtatned By limLting the contact time of the
20lvent_(in kerosene soluticn) and the agueous phaso, to around
1-.2 seoonds._: By tnis means a satiechtory recovery of urqnium
oould bu obtalned whilc ferric iron and other impuritics were
not ext;acted.- Again no aotuﬂl detalls were availablc but’

th e is no doubt that 1t should be pcesible to apply such a

systom to Auétralian ores ‘Afrtheunecesslity arose.

30 3 Andlytical l;.;';“..-,\.:. Gl AL Ty H

R, SOk R . v oL fe T N N TN po Pt g e d e o ey e s FO ST VU i
s3cltcThobium =or bho sxbtraction of uaranium Yrom suliphato

sciutidne, Thortum wAstdeterminedd inmohazité orvMthoritelieon~
tatning zirconiumobyaucéeiluloéevooiymnug volumetricsorin

eclerimetrie precedursys <The!sample cfrireicrimineraliwad:fused
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in KOH and the HNO3 solutign ¢f the melt was eVaporated’tog
dryness. The reesidue was treatedlwith reagents as fcllowsﬁ

20 ml. 25% V/V HNO3

HoOo was added to redice CelV to Oelll

8 g. Fe(NOé hydrated,

4 g. NagEPO4

The bulk 6f the zirconium wes precipitated as phas-
phate and the excess phbsphate we.s oompleied.by the ferric iron,
The mixture wes adéorbed on a wad of activated aluming and
transferred to a cellulosc column which contained a lnyer of
alumina above the cellulose; -The column was eluted with
| ether containing 124 percent V/V HNO3.  Thorium was determined
in the eluate subseqnently elther by precipitation as oxalate
or titration with EDTA™using Alizarin Red S and methylene
blue as indicatore. The colorimetric method with "ihorin"
had also becn used.

Note - At SprihgfieldsnThorium was separated from

ziroonium by precipitation as fluoride and subse-
quent solvent extraction by TBP in HNO3 solution,

}_ﬁ__ Uranium -~

The colorimetiric procpdurc of De Sesa and Niotzel (6)
had been investigated. This was o modification of previously
published work on the measurement of theAabsorbance of urannun—v
'thiocyanate complex in acetone solution. |

At C.R.L., a solution of 2 acetone/1 water was used
for optimum»éolour development, . It was found that satis-
facfory}results were obtained for liquors if the stannous
chloride and ammonium thlocyanate solgtions were kept in

‘separate containers and not mixed as suggested by De Sesa and

Nietzel.

K ethylene diamine tetra acetic acid.
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SECTION g .. OTHER ESTABLISHMENTS VISITED.

1. THE IMPERTAL COLLEGE (London University).

1.1 quaIISchobl of Mines

Several visits were made to the mineral dressing
laboratories. The equipment and procedures used were mainiy
ccnventional. One sectlon ﬂus investigating pressuré leach~
ing of minerals under alkaline conditions.

§ The process used is subject to patent application
and no detalls were avallable, If woe however; apparcnt
that leaching was carried out with either NaOH or KOH under
controlled conditions.

The process had been appiied to the recovery of
goluble zirconium saits from the mineral zircon, It was also
claimed that tantalum and nioblum salts could be rccovered
from tantalite and columbilte. The mechanism of the leach 1s
probably the effect of alkaline hydroxide at high temperature
(200°¢). Natural steam preesure only was used except where
there was a pressurc drop due to withdrawal of samples. In
this case the pressure was maintailned by introduction of ritrogen

A stalnless steel autoclave hqd been used with a con-
Qentional 114 and gland stirrer, but it was intended to build a
model which contalned the stirring mechaniem in the 11d. It
was hoped that by so doing, the usual proublee attending the use

of gland stirrers would be overcome,

2. THE FULMER RESEARCH INSTITUTE.

| The Institute is sifuated'in ideal rural surroundings
0t Stoke Poges about 20 miles-from London. The laboratories
contain mostly physical»and physical chemistry equlpment and the
work carried out has been mostly in these categories.. X-~ray
diffraction and electron microscopy are included in thé activi-
ties while there is a small analytical section tc cope with

. chemical requirements.

The research work is sponsored by various organisations

ccneerned with metals production and fabricetion and consequently

much of the work is of a ccnfidential nature.
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Ounsiderable progress had been made 1in research 1%tc
metals production by a group headed by Dr. Gross. Dr. Gro?s
has been responsible for 1hveet1gat1ng the production of metals
by a process involving disproportionation of gaseous chlorigee
under established conditions (7), (8). Metallic aluminiub
of high purity has been produced using Fe-aAl alloy as the
starting point and AlGl}Aas the vapourising medium.

| 2 Al + 41013 = 3 41 C1
The resulting vapour mixture reverts on cooling, forming Al and
A10l3 the latter being recycled, It was coneldered likely
thét the~process would work satisfactorily if the starfing'
materigl weie an alloy of Fe~Al-8i such as could be derived
from slliceous bauxites or clays.

The probess had been applied successfully tplthe
recovery of Ti from Fe-Ti; The reactions involved are o

believed to be broadly as follows :

Fe-~TL 2 600~700° : '
alloy + a0l 00100 § TiClp + Ti0lz ...... (1)

T4 Clp + 2 Ti0l3 130000, T1 + 2 T1014(recycle).(2)

The TiClo produced is a purple-black crystalline
solid, It was necessary to sublime the mixed subchlorides in
stage (1) and subsequently reheat to 1300°C to achieve stage
(2), whereas in the production of 4l the process was continuous

The Ti metal was obtained in the fdrm of a sponge
which was subsequently'remelted by an arc melting process. It
was claimed that the measured "hardness" was lower than that
producéd by thé Kroll prooess,lindicating o higher degree of
purity. .

One of the problems associated with produétion cf T1
wae the supply of su;table materials for containing the reactim
products, Owing té the extreme reactivity of Ti metal, there
are Tew materials which remaln uﬁattacked especlally at high A
temperatures;_ Investigation on these lines was proceeding
using a 2 inch dlameter mullite tube furnace wound with Pt wire
Afor heating purpcsecs. Inserts cof varlcus materials were used

in the furnace to investigate their prbperties. The materials

used included -~
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"Kromite® - a high Ni-Cr alloy

Graphite ~ various types were under investigation to
determine the resistance tc attack by
titanium at temperatures up to 1300°C,

The Work»oﬁ metals included the determination of heats
of formation of ¥&fious metal chlorides. For this purpose,
sultable abparatus was designed for each particular detérmin~
ation and the results obtained were claimed to be of a high
degree of accuracy. Typlcal examples weré the determination
of H.O.F, of T10l; (9) TiBrj and ZrCly. |

Whehever possible, the experimental approach to
problems is preceded by consideration of the thermodynamic
equilibria involved and from thié, muéh preliminary useful
information is obtalned.

The Institute is prepared to accept research staff
from other organisations for limited periods to enable them to
galn experience in particular fields of research. At the time-
of visiting the laboratories, a number of officers from
Commonwealth Departments had been attached to the Institute:.

It is understood that'officers'from S.A, would be accepted
under simllar terms and 1t would be an advantage ;f arrangements
could be made for some of the younger members to be sent to the

Institute for experience,.

3. THE THERMAL SYNDICATE WORKS, NEWCASTLE-ON-TYNE.

A visilt was made to the 8ales Department and factory
of the Thermal Syndicate Ltd. to discuss requirements for .silica
laboratory equipment and to inspect the production précedufes.
~ The silica in the form of pure sand 1s heated to a woiking
temperature of 1750°C in electric furnaces and fabricated |
according to the typé of product required. There 1is little'of
no mechanical control of procésses and most of the fabrioation
1s carried out according to experience’of the operators. Thié
1ndugtry is definitely'one in which personal experience 1is

valuable and the loss of - the services of a skilled operator is

considered gerious.
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The company kindly. supplisd a copy of notes on the
working of fused sllica which will be 1n00rporated in o
brochure "about Vitrecsll!. The notes are included in this

repert in Appendix 2.
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SECTION 6 .. VISITS OUTSIDE THE UNITED KINGDOM,.

1. THE DEGUSSA (O: DEPARTMENT "DEGUSSIT".

The properties of ceramic materianls were discussed
with members: of the Technical 8taff ¢f the "Degussit" worksé
in Frankfuﬁt, Germany. Ths ceramics produced by this
organisaticn were mainly made from Qxide materinls. These
would stand high temperatures but were not generally resistant
to thermal shock and were in addition too expensive for
general use, A small quantity of "Alsint" fused alumina
ware was ordered for testing 1ts sultability for fused salt

work,

2, THE.HALDENW GE PORCELAIN WORKS, BERLIN,

Discussiong were held with the sales and Technical
staff 5t the Works and Laboratory premisce at Spandau, Berlin,
Tﬁé persons taking part in the discussions were extremely
helpful and sparéd no effort té‘be of assistance. The members
of the Research Staff carried out tests to determine the
permeability of varlous prodﬁcts to fused salt mixtures. as
o result of the discussions 1t was decided that the materiel
known as "Pythagoras", which consisted of 60% Alp0O3 and 40%
810p, was likely to be satisfactory for the purpose lntended.
It was emphaslsed that the material was not highly resistant
to thermal shock but that it should dthérwise prove satisfactory

providing that sudden temperature changes were avoided,
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APPENDIX I.

CONTROL OF GHLORINATION IN THE GIBSON PROCESS
FOR URANIUM METAL

by
R.G. Cannihg #

1. INTRODUCTION.

Several possiblé'methods of determining the progress
and completion of chlorination were investigated, using the
melt samples withdrawn as described in the text.

The means of testing the samples were -
)  Visual appearance of a water solution.
Bpesctrovhotometric examination of a solutlion. ‘
X~-Ray diffraction spectrometry of the solid samples.

An analytical procedure for determining oxygen associated
with uraniumn,

0T D

The development of the analytical procedure and 1te
application are the main contents of this Appendix,

o, PRELIMINARY TESTS.

2.1 A4ppearance of water solution of the samples

If the samples were dissolved in water, without
heating, then the appearance and behaviour of the solution
appearced to be a gulde to the state of chlorination. The
following stages were distingulshed -

. Yellow solutlon containing insoluble oxide,
. Completely soluble, yellow solution.
. Yellow-green solution.

. Green solution, easily hydrolysed on warming.
. Relatively stable green solutlon,

SO AN O

2.2 BSpsctrophotometric examination of sample soluticns

8pectrophotometric examination of these scluticns
gatablished that the yellow colour of stages 1 and 2 was due
to ferric chloride and uranyl chloride. | By stage 4, no
uranyl chloride remained, but the easy hydrolysis of the solu-
tion indicated the pfesence of}uranous oxy—chloride, ‘Thie

1t was unfortunately not distinguishable from UCl4 spectro—-

photometrically. Btage 5, taken as indicating complete
chlorination, was therefore only distinguish@ble by the doubtful

gharacteristic of stabllity of the solution on being warmed,

- ® R.D. Report in preparation,
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2¢3 Xeray diffraction spectrometry of the s80lld samples {

One series of slx samples was examlned in the
Mineralogical Seotion; uslng the X-ray diffrdction spegtrcgeten
The graphs obtalned were exaﬁined for possible peaks by .which
the final disappearance of oxysalts could be judged. élthough

the build—up and the reduction of uranyl chloridehthrouéh

- stagee 1, 2 and 3, could clearly be followed by the appearance
.of the solutions; there were no definite peaks attributable

%o uranous oxy-—chloride. | Thls method was therefore of no

value.

3, ANALYTICAL DETERMINATION OF OXYGEN ASSOCIATED WITHiURANIUM.

3.1 Theory
An analytical approach was worked out in theory.

Pogslble compounds of uranium mentioned by Katz and Rnbinowitch

1

(1951), which could be present during ohlorination, rnnged from
UO3 or UOg, through U0Cl4, UO2Cl2, UOCl2, UClz, UC1l4 to volatile
UCl5 and U016 It was obviously not possible to determine

all of these compounds individually, but an over-all distribu~
ticn of oxygon and chlorine cculd be determined on oach sample
a8 follows ‘-

(a) Total uranium determination, giving "x" g. atoms of U
per unit of melt, or 61cg. equivalents of«U,:if all_the
U were hexavalant. ' LT

(b) Titration of the solution with dichromate, giving
indirectly the average valence state of the uranium, "y"
g. equivalents of dichromate per unit of melt was a measuwrse
of the differcnce between the actual valence.state of the
- uranium and the hexavalent state assumed in. (a).'

(¢) Titration of the water solution of the sample with stand-
- ard NaOH to the completlion of the precipitation of the
uranium, From the equations below it can be seen that
the consunption of NaOH ig a msasure of thé chlorine
associdtod with the uranium :-

UoC1y & 4 NaOH -——: 4 NaCl =+ UO3.Hp0 & HpO
UOg0ly + 2 NaOH ~—— 2 NaCl + UO3.HZO
U001y~ + 2 NaOH ~——3 2 NaOl + UO3.Hs0
UOl(ﬁ + 4 NaOH -~ % 4 NaGl + UOg.HZO « HoO
5 + 10 NaOH  -—->10 NaCl + - UO3.H50 4 UO3.HzO + -

3 HpO
-Providing som¢ sultable means of determining the end of the
precipltation was avallable, then "z" g, equivalents of NaOH
por unit of melt would give the numbor of g. equivalents of

chlorine aggsoclated with the uranium.
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With x g. atoms of U, a maximum of 6xg. eduivalents
- of thorine and/or oxygen can he¢ assoclated. Bince y g.
equivalents of dichromate arc taken up by this amount of
uranium,'onlj 6x~ y g. equivalents are available for oxygen
and chlorine, The amount of oxygen (in g. equlvalents) 1is
thus represented by 6x— y— 2.
An oxygen/uraniuh ratio may then be calculated and

" expressed as percentage chlorination, assuming a 3:1 atomlc
ratio (U03) as zero chlorination, and a nil ratio (UCly or UClg
with no oxysalts) as 100 percent chlorindtion. |

_ Iron, and other impurities, which will precipltate
with NaOH must be determined and allowed for at thelr normal
oxidised valence states..

3.2 Sodium hydroxide titration

Synthetic solutions of uranium chloride were made
from pure UO}.

Solution & Uranyl chloride (UO2Clp), containing

2l.2 g/1. U )

10.6 g/1., Cl1
Approximately O,1N free acid.

determined by analysis.

Solution B : Uranous chloride (UCl4),

Produced by electrolytic reduction of a solution of the
same composition as 4 above, The solution was electrolysed
for a prolonged period in the cathode compartment of a
cation~permeable membrane cell, The reduced solution was
aerated for two hours to ensure that any UGl3 was re-
oxildised %o UGl4.

10.6 g/1. C1)
Free acldity practically nil,
These solutions were titrated with standard NgOH

determined by analysis.

SOIQtion both coﬁductometrically and by following the pH change.
Best agrecment befWeen theory and practice was obta;ned hy
titratioh of uranyl chloride using pH measurement,

The end-~point inflection at pH 6 coilncided with the theoretiéal
titration figure. .

| | It was decided to oxidise all solutions with hydrogen
peroxide before titrating. Most of the'uranium was precipi-

tated as uranium percxide, 11berating free acid which was then
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titrated, Methyl red indicator could be used in place of a
pH meter, pH 6 being the peint of nc further change of polour.
It was shown by peroxidising reddced goluticns that the
ccrrect &nd-point could e determined. The addition of excess
percxide did noct affect the NalOH cecnsumption,

In order to chtaln a better end-point in the presence
of ferric hydroxide precipitate, the methyl red indicater was:
screened with methylene blue,

3.3 Procedure with samples

During chlorination tests, samples of melt were
withdrawn at suitable 1ntervalé, weighed and dissolved in
measured volumes of pure water, so that sultable aliquots of
the solutlon could be taken for assay.

“When crude oxlde was belng chlorinated, assays for
uranium, lron and sometimes titanium were made. All other
impurities which were precipitable with NaOH were estimated
from the known ratios of impurities to uranium in the crude
oxlide, Aliquots of the solution were titrated with O,1 N
dichromate ahd with O,1 N NaOH, _

~ The following formula Was then applied :-
. Oxygen (g. equivalents) = (6xU g. atoms) + (BJ{Fe 2. atomé)
+ other impurities (g. equivalents) — NaCH (g. equivalents)
- KzC0rg07 (g. equivalents).

From this figure, the oxygen/uranium ratié and hence
percentage chlorination was calculated.

From the dichromate titraticn, the average valence
state of the uranium could alsc be cdlculated. In a fully
chlorlnated melt, this meant that the propcrticn of uranium
present as UCl5 was known, and the correct quantity of magnaﬂﬁm
required for reducticn cculd bes calculated.

3.4 Prcbable limits cf errcr

The maximum possible spread of srror in the aeterm1n~
ation of percentage chlofination was of the order of + 5 per
cent when near 100 percent chlorinated, but from the testé
carriqd aut so faf the normal spread of. error in any onc test

was no more than + 1 percent.
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4, _TEST CHLORINATION OF PURE UO3.

A chlorination of pura UO3'was carried out to provide
a saries of samples %o test the above method of determining the
degree of chlorination. Pure UO3 wae used as feed 1h order to
simplify the analytical procedure;

Temperature was malntalned at 750°C,

The results of the analyses of progress samples from

this test are summarised in Table 1.

TABLE 1.
CHLORINATION OF PURE UO3.
Sample No. 1 2 3 4 5 6

Time — hours 0.75 1.5 2.25 3.0 4.5 6.0
Fraction of theo~ . .

raghion gf,thegza) 0.6 e L8 24 3.6 48
Appearance of solu-)yellow yellow/ light 1light

tion of Sample )(some) green green green green green

: insol,)

U Sgnforto DGy Fme) 375 L3575 .375 .370 .32 .382

KoCrp0O7 titration
‘mg. equive, per
1l g, melt

NaOE titration mg.i‘

.044 . 216 .433 ° .638 ».719 . 711

equivs. per 1 g. ) .485 .95 1.25 1.41 1.52 1.57

melt. :
Calculated oxygen
og. equivs., per ) 1.72 1.08 ~.B67  .172 -,007 ,011
1.3, melt ‘ ’
0 : U ratio (atomc) 2,3 1.44 0,75 0,23 -0.01 ,014
Percentage chlor— ) . ) . ;
1natio;6;f uo3. ) 23% 58%h 75% 92% 100% 99.5%

5. _DISCUSSICN.

The test chlorinqtion showed that the analytical
method of determining oxygen in the melt would provide a reason-
ablé form of control of the chlorination reacticn, The rela-
tiVely small scatter of points about a smcoth durve indicated.
only a small haphazard error in the determinations, and the
general valldity of the method wae confirmed by the fact that
the curve flattéened out at 100% chlorination.

It was noted-in Table 1 thatlat the stage where No. 3
samnple was completely soluble, giving a green sclution, the

uranium was only 75% chlorinated, This implied that encugh



) 49.

oxygen was present for 25% of the uranium to/exist as U03, ér
75% of the uranium to exist aS'UOGig. As the uranium was
completely soluble, giving a gréen solution, the latter was
obviously* the case. After the theoretical quantity of
ohlorineAhad been passed, only 42% chlorination had been
achieved and over 3 times the theoretical amount of chlorine
was necessary to ensure 100% chlorination.  The danger of
relying on the visual appearance of the sample solutlions as a
gulde to completion of chlorination was emphaslised by compar-
ing visual appearances with the dnalyticql determinations.

The analytical work on each_sdmple, including weigh-
1ng the cooled sample and dissolving in a measured volume of
wafer,>could be completed in 1little more than one :nour, provided
the necessary equipment and reagents were prepared and ready
for use. The services of two assistants would be requlired to
enable rapld uranlum and iron agsays tc be carried out without
delay.

The use of this procecdure as a process control was
consldered tc be qulte feasible, the delay cf cne hcur being.
well worth-while in crder tc obtain an accuratelestimate of
‘the state of the melt. Hcwever, in most of the laboratory
tests, 1t was more convenlent tc carry cut assays and calcu-
laticns, and tc draw the graph showlng the rate cf chlerinatiam,

afﬁer the experimental run was completed.

6. REFERENCE.

Katz & Rabincwitch (1951). "The Chemistry of
‘ Uranium" Part I. (McGraw—%il} Book
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- APPENDIX ITI.

NOTES ON THE

RNy ML

WORKING. OF FUSED SILICA SUPPLIED

Two operations likely to be of interest to users of
our material, e.g. for repailrs, are cutting and fusing with the -
blowpipe and the following suggestions are given,

Cutting : -
Tubes of reasonable length and up to 7/16" external

diameter may be snap cut, that is a file scratch 1s made on
the surface of the tube which 1s then snapped with the fingers
a8 for glass. Sharp cdges may be rubbed off on an'abfasive
wheel or stone. This 1s satisfactory for 6ccasional use.

| If many tubes are to be cut to length, or in the case
of larger tubes and pipes of all sizes, then silicon carbide
cutting wheels are used, Juitable wheels may be obtained
from the Turrent Grinding Wheel Company or The Carborundum
Company and when ordering they should Be spepified o8 being
requiréd for-cutting fusedlsilica. Tﬁe usual dimenéions are
64" dlameter by 1/16 to 3/32" thick, the latter thickness is
usually for shafﬁ drive. The wheel ie used on a rotary cutting
head running-at a peripheral speed of 6000 ft, per minute.
It 18 important that during the whole operation there should be
a coplous flow of water directed on tc the cutting point.

The assembly used for thie work slmply consiets of an
elactric motor fitted with a suitablé flexible asscmbly tc which
the cutting head, with water supply arrangemeht and protection
shield, are fitted. The water supply 1s conveniently
arranged by leading o rubber hose from a tap tc a metal tube
fastenlng on te apart ¢f the shield, which 1n turn is merely a
semli~circular metal ccver over the wheel,
fros tha Itrwill readilysbeérunderstoodsthaty thet cutting’ assemdy
Canrbe;arranged.:foripermanentymountingiwth; flexible-driveiwhen
. reQuired.fﬁr cutﬁi&g o BLLL DA Tho sl Slocasiong ape
o4 dinne Copper oriphosphor:bronze:bonded:diamond cutting &=
wheelsy areralso- usediwhere the volumelofwork: justifies; thewri. -
expénseq.:The~8peedsshould-be-similar tolthat. used forusilicon

carbideswheelsl thnt Turing bho wholo oporsiion Sl anooad o
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Tubes are cut by firet grooving all round; then até
three or four points around the periphery cuts are made right
through the wall to leave a serles of spokes which hold the
parts together until fhey are finally cut away carcfully to
4separaté the two parts. The cut ends are then dressed on thé
side of the wheel,

The drilling of holes is a trepanning operation, as
with glass,.and either copper tube drills in assoclatlion with
silicon carbide abrasive, or "Habib® dlamond drills (Impreg-
ndted Diamond Products Ltd,) can be used. The latter are well
worthwhile 1if the volume of work Justifies the eipense. In
all casss ccpious cooling water at the cutting point 1is ‘
essentlal, The "drilling action 1s the application of 1ight
pressure with alternate 'press.und 11ft!, to enable debrie tb
be removed by water, To avold breakage at the bock surface,
drilling is performed from.both sides or a glaés plate 1s
waxed behind the fused silica plate and the work sultably

supported.

Fusing: ‘
“In all fusing work protective spectacles must be worn

by the operator and the recommended glass is green 'Protex!
grode 'C",%" thick (Ohanée Bros.) to gilve the best protection,
Britiéh Stahddrd 679 is the guidé to this type of protecction,

It 1sltrue that occasional repalr Jjobs can be perform-
ed with anony~acety1ene torch, but fhie is not recommendéd;
oxy~hydrozen, oky—coal gas and oxy-propane flames are prefer—-f
able.

The following torches are recommended 3

(a) For very small work, use British Oxygen Co.'s No,
35069 lead welding type torch fitted with hose pro-
tectors and having the injector hole drilled to 1/32"
dia. This blowpipe may be used with oxy-hydrogen or
oxy-propane, but not oxy-coal gas unless the gas
supply 1s above 6" W,G. pressure.

(b) For small work use British Oxygen Co.'s No. 109616
lead welding type torch fitted with hose protectors
and having the injector hole drilled to 1 mm, dia.
This blowpipe may be used with oxy-hydrogen or oxy-
propane, but not oxy-coal gas unless the gus supply
is above 6" W.G. pressure. Beslde being used as a
hand torch, this unlt may be mounted on a bench for
working transparsnt tubing up to 11" bore or trans-
lucent tubing up to 1" bore,: Fused silica 1s not
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usually removed from the flame during blowing, so a

light rubber blowlng tube having a glass mouthplece

is. used by the operator,

(¢) For larger work, particularly the repair and Jolning

of translucent tubes, colls and pipes, use C.S. Milne

and Co., London Ltd,, general weldling torch lnjector

model. This i1s supplied with heads, ejeotors and
nozzles in varying sizes according to the type of

work to be carried out, and 1t i1s a valuable general

purpose blowpipe, We use No. GL8 and GL1O heads and

injectors with No, 8, 10 and 12 nozzles.

Usually oxy-coal gaé 18 used with this torch but
certaln heavy work is best carried out with an oxy-propane
(Pyro gas) flame, which is hotter and quickens the operation.
Strain in the area around the Joint 1g thus reduced.

Cleanlliness 1is ﬁost essentlal in 2ll fusion work and
special instructions have been compilced for preparing trans-
parent material,

For hand work the usual rotation in the flame 1s

employed to ensure even heating. A sultable poker for bell-
ing or flanging an open:end consists of a 12" length of 3/16“
nickel chrome wire. Uore elaborate quartztiowing necessitates
special graphite shapes which can be attached to the end of thé
poker for tooling the work.,  The joilning and repniring cf
translucent fused sllica pleces which are usually of largexf
size call for special menticn.,  For exampls, tubes and oolls
up tc 3" bore and. wall thickness up tc.é" can readlily be welded.
The ends to be Joined are first ground to knife edges to form a
V shaped notch all around when butted togethef, the knife edges
belng on the lnside periphery. These edges are Jolned after |
adequate preheating by first using a fused silica filling rod
of 3/16" dla. drawn down to " at the tip. ~ The blowpipe
flame 1is dirécted into the notch and on to the end of the rod
at ths same tinme, ‘

When the end of the rod is sufficiently plastic, it 1is |
pressed rizht into the base_of the Notch and pulled so that the
drawn end 1s maintalned, this prodedure is repeated progress-
lvely untill the whole Joint 1s‘oompletéd. The welding
operation must be done cxpeditiously, malntaining the heat all
round.the Joint by constant flame manipulation, The finished

work is then annealed in a furnace, operation being at 1050°C
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for an Hour to remove bulk strain from the area arouhid the
" joint. If it is not possible to place any article in an
annealing furnace, a construction of firebricke aroﬁnd the
Joint and -sultably mounted welding'torches may suffice.

While the skllful operator may successfully anneal
Joints up to 2" external dia. with the géneral welding torch,
ﬁhe furnace method 1s‘essentialkfor larger work,

| The methods described gbove can be applied within
certain limits, to the welding of lqrge sections up to ca., 6"
bore, It has been mentioned earlier that in general parts
for chemlcal plant above 3" bore have a wall thickness of 2"
fising to 2" in the largest sizes and it is, therefore,
-necessary to grind the walls down to ¢" for some d1stance
befére cutting the knife edges which are to form the V-notch
for filling at-the Jolnt. . _

There are more risks of breakage in making the large

.welds, which in turn raise the problem of adequate annealing.

This is why many repair jobs are declined, e.g. broken
sockete\on pipes are not usually repaifable. Cost of repalr,
dllowing for risk of breakage must always be balanced against
renewal ccst.. .

During manufacture, speéial moulding methods arghsed
when, e.g. brancheé are tc be attached to larger pleces.: In
such a.case a boss 1ls first blown on the moulding, it is then
cut away tc glve a sultable nozzle t¢ which & branch may be
attoched. In this way the desired thin wall fcr the Juncti@n
18 more easlly obtalned, and there is less chance of the torch
flame impinging on the main body to 1ncreasé the risk of strain
Additionally, grﬁphite platé baffles are used to protect the
moin body from the blowpipe flame, |
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