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SUMMARY

The research program during this quarter was devoted almost entirely
to discovering and developing an effective process for preparing a suitable
chloride source electrolyte free of water and combined oxygen.
A large number of possible processes were investigated or considered,
& - including chlorination with carbon-chlorine, chlorination with sulfur chlorides,
e : chlorination in sodium chloride and preparation from anhydrous solvents,
The most successful method and the one finally selécted consisted of reacting
ThOCO; with concentrated HCl, addition of NH,Cl and subsequent heating in an
inert atmosphere to drive off the NH,Cl. Thé resultant anhydrous ThCl, \v;as

found to contain only 0,14% insoluble matter. This may be considered a

suitable starting material for electrolysis.
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INVESTIGATION FOR THE PRODUCTION OF THORIUM METAL

Technical Progress Report — Fifth Quarter
By M. Merlub-Sobel

Introduction

The most pressing problem facing the research program, at the beginning
of this quartér was the need for an effective process for preparing thorium
tétrachloride in an anhydrous form and free of any combined oxygen for use
as an electroly’tic cell feed material. The work during this quarter has
therefore concentrated almost entirely on developing such a process.

Thorium tetrachloride, among a relatively few other;, is intermediate
between the two extremes of metal halides -- those that are completely
stable in water solution and can be. recovered undecomposed from such
solution (s.uch are the alkali metal chlorides) -- and those which, once in
water solution, can in no known direct manner be recoverec} undecomposed

-~ these latter being typified by the chlorides of aluminum, beryllium,

" zirconium, tantalum, etc.

In this intermed;,ate position, thorium resembles cerium and, to a lesser
extent, magne‘sium. Evaporation of a solution of the chloride yieids’ first a
hydrated salt; when this latter is heated, what at first ensues is the usual
series of partial dehydrations:

THC14. 9HzO*TﬁCl4. 8H,0—+ThCl,. 7TH,O0-~ThCl,. 4HZO-’ThC142HzO
The final dehydration step is not, however, the desired

ThCl,.2H,0-ThCl4 + ZH;O
but, rather, a series of partial hydrolyses, to yie_ld, in sequence,
Th(OH),Cl,, Th(OH);Cl, ThO,.xH;O, and, finally ThO,.

In this, of course, the action of thorium is directly parallel to that of

aluminum, zirconium, and the .other metals whose chlorides hydrolyze

completely. Where thorium differs (together with cerium and, to an even
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6 . | NYO-3729
greater extent, magnesium) is in the fact tﬁat the last-step hydrolysis can be
reéressed by the use of hydrogen.chloride, either as such or in the form of
high'-temperature-decofnpbséble ammonivm chloride. ~In?the case of thorium,
repressing thé chloride hydrc:lljysisi is a difficult task, considerably fno?e
difficult than for magnesium chloride. These difficulties have been
sufficient to have resulted in thorium chloride b.eing frequently produced'
through non-aqueous procedures, jﬁs_t as with aluminum and similar elements
whose chlorides aré not at all obtainable \(ia. aqueéus processes.

Of the non-aqueous methods for thorium chloride, some are manifestly
out of the question for all prac,ticlal pt;,rposes, Foremost in any such list
would, of course, be the interaction between .elemen_tarf thorium and chlorine
gé.s or hydrogen chloride gas, Another in the obviously impos.sible class is
the formation of thorium chloride by reacting thorium bromide with chlorine.

However, the concept of réacti«on with elementary chlorine or with hydrogen
chloride can be extrapolated to thorium carbide, a material which, if not as
common éa the dioxide, is still within réason; thoriun:chloride was obtavine.d
in this manner by Moiss‘an, as part of his classical work on carbides during
the closing years of the past century,

As.far as practilcal metho&s go, most of the pro‘cedures auggested to date
use the relativelsr cheap dioxide as # starting;material. Attempts at making
the chloride from the dioxide byvr‘eaction with PCl; under p:essure’ and at

low temperatufes did yield some thorium tetrachloride, but yields have been

found to vary and the procedure has neither economy nor practicality to re-

commend it. Substituting sulfur chlorides as reactants and operating at
higher temperatures, without pressure and in the vapor phase, has been

shown to give reasonably good results as far as yields go, both with and with-
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out the addition of excess chlorine to the stream of sulfur monochloride
(the latter, in effect, creating SCl, and SCl, in the vapor phase). However,
unpublished experimentation, several decades ago, has shown that chloride
so rh_ade is. impuré and is like‘lAy to céntain sulfur contamination, and so must
be subjected to redist‘illation or resublimation to be at all usable for metal
extraction. |

The most practical reductarnt for thorium dioxide, to achieve chlorination,
is carbon; for thisl purpose eiementary carbon or carbon monoxide can both
be used, with chlorine, or the reducing action can be combined with the
chlorination by using carbon chlorides (such as CCly) or phosgene:

ThO, + 2C + 2Cl; - ThCl, + 2CO

ThO, + 2CO + 2Cl, - ThCl, + 2CO,

ThO, + CCl, - ThCl, + CO,

ThO, + 2COCl,; - ThCl, + 2CO,
It will be noted that either CO or CO, can be the by-product; whether CO will
act as a further reductant on Tho; will depend on the concentration of the
reactahts. The purest thorium chloride, least contaminated with‘ by-products

(such as C;Clg as occurs with carbon tetrachloride use) results from operating

‘with phosgene or carbon‘monoxide‘with chlorine (same unpublished experimenta-

tion). The toxicity of phosgene or of the monoxide-chlorine combination, is
howevet, so great a drawback to broad utilization of this procedure that it
has not found favor, either for thorium or for ‘a"ny other metal halide.

Experimental

A. Chlorination with Suifur Chlorides

In preliminary exploratory tests in this project, interaction of basic

thorium carbonate with sulfur monochloride, in the liquid state, by simple

ceessse
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refluxing, with a stream of gaseOULs chlorine pass%ng through the suspension,
w-a:s tried; ‘it resulted in a mass which was substantially inéoluble iﬁ the
sulfur chloride solvent. Filtration, and analysis of the residue, showed tha;c ;o oy
approximately 70.5% of the original basic carbonaté had been converted into

_chloride. Undoubtedly, longér operatic;n, and changes in details of érocedure,

could rai(se.tht'e yield, perha‘ps even to quantitat‘ive proportions, but the

difficulty of handling the monochloride, together with ingvitable partial

hydrolysis, with eleméntary sulfur as a by-produgt, as ;weli as the many

complicated éperating steps involved, all made it evident that there was

little reason to expect that this procedure could prove practical on a large

s'cale. A similar experimént, ~with the sulfur chioride diluted wifh an inert
hydrocarbon solvent, was not as ‘succe.ssful. ‘nor did it 6verqome any of the N
major prqblems. Some thought was given to the possibility of using the oxy- ¥/
sulfur chlorides (thionyl and sulfu:r}'ri chloride;), »butA their low boiling pointé

made it quite unreasonable to expect reaction, ana there was also danger of

further reaction between any thorium chloride formed and the mother Q;)lvent

or by-products of the initial interaction (for example, sulfur trioxide), The

whole concept of low-temperature conversion by sulfur chlorides was there-

fore abandoned.

B. Chlorination with Carbon-chlorine

Instead, attention was directed to the standard chlorination technique of
carbon-chlorine combination actiom?t elevated temperatures. While such . o
chlorir'latioﬁn is quite simple and éfifective in the ‘case of certain elements
(it is being done on high-tonnage scale with aluminum, for example), thoriuﬁ
presents-dn{u.sual problems in consequence of the inconvenient melting and - .

sublimation points of the chloride. Most anhydrous chlorides, when formed
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by carbon-.chlorine or equivalent techniques,readily volatilize away from the

~ zone of interaction, for the chlorination reaction usually takes place most

favorably in the 800°C. -1000°C. range, while the vaporization point of the

resultant chloride is far lower (e.g., 178°C. for aluminum chloride, 520°C.

for beryllium chloride, etc.). When operating with metallic chlorides of this

type, the chlorides are readily carried away in the gas stream, immediately
as formed, and are caught in collection chambers at a convenient distance
away from the reaction furnace. As long as the boiling'point of the chloride
is reasonably below the temperature of chlorination, the carbon-chlorine
procedure works well, and this holds true for the greater >majority of
elements.,

Thorium unfortunately is the major exception to this rule; both its
melting and boiling points are such as to impede easy chlorination of the
bxide by the standard chlorination techniques. Published data on thorium
chloride are, actually, none too definite at be st, with reports on the melting
point‘varyving from as low as 567°C, vto as high as 820°C; , and with the zone
of volatiliz#tion even more nebuloua; What is known, particularly from the
unpublished w'ork-previously referred to, is that the normal chlorination
procedure will, if temperatures exceed about 7§,O°C. , cause the t.h_oriurn
chloride, as formed, to fuse (either as a pure compound, or by virtue of
thorium chloride in solution), and, in fusing,'blind" the rest ‘of the raw
thorium oxide, effectively preventing further cfoxé’;tlact of the oxide with the
chlorinating gases. Under such circumstances‘j,i‘ the rate of thorium chloride
formation becomes dependent upon the vaporizir:xg away of any chloride formed,
which is at best a slow pro cess, even at temperatures in the 1000-1.100°C. range.

Actually, what thorium chloride does vaporize during chlorination is not

.
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o
carried over very ~faAr,- but condenses alm'éat_immediat'ely outside of the
actual 'heating zone, It haviné proved so difficult to obtain the thorium |
chloride either 1n volatilized or in fused state, tﬁe best érocedure werked .
out in the past involved chlorination with carbon tetrachloride and chlorine
ata tenﬁpérature rigidly held between 720°C. and 740°C. This control of
temperature prevented fusion of the chloride, and was, i’n effect, the solid-
state conyez:sion of thorium oxide to ithe ch}oride. It had the imp.ortantv ad-
vantage of producing the chloride in massive crysté.l-like form, rather than
the feathery form characteristic of the sublimed material, which latter is
80 readily hydrolyzed by the moisture of the air because of ifs exfensive
surface area. | The temperature of operation being so low, however, rates
: bf production are low; in the technique as developed, horizontél éuartz‘tube
_.furnaces, with thin l-ayer‘s of the oxide in quartz bbatq; were exposed to the
chlorine-carbon tetrachloride stream. The Qcheme did not permit of any
la;'ge scale product'ibn at the time, and what was true at the time of the
original development isv still vali&.
The problem being‘ essentially physical rather than strictly chemical --
its major aséect being how to remove the thoriu;n chloride, after formation,
from the reécti.qn zoné, so as to prevent vits blinding qf the remainder of the
thorium oxide -- logic seemed to dictate the use of a vértical tube furnace, with
the thought that the liquid thorium chloride would drain away, as rapidly as
formed, from the reaction mass, leaving the oxide free agafn.
Any vertical furnace of the sort is faced, however, with the question of agr#te
arrangement to hold the thoria-carbon mixture against the gas stream, while
at the same time permitting any liquid chloridé formed to drain down into

a receiving vessel, In the first furnace designed in this project, a vertical

.
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' tube of fused silica, approximately six inches in diameter, was extérnally

heated electrically; an intimately ground mixture of two parts of thorium
oxide and one of charcoal was made up into small briquettes about 1-1/4
inches in diameter and about 3 /4 inches in thickness, with polystyrene-
xylene as binder These briquettes rested on a round plate, which filled
substantially all of the inner circle of the quartz tube, the plate being of

porous carbon (made by National Carbon Co.). The porous plate rested on

a short block of carbon shaped like a flattened funnel; this in turn, topped

a long deep crucible of graphites Chlorine was led in from the top of the
furnace, and it was expected that the interaction of the gas with the thoria-
carbon mixture would yield thorium chloride liquid enough, at the high

temperature of operation, to filter through the porous carbon into the

'receiving crucible, aided somewhat by the slight pressure of gas above the

porous plate. A total of 1470 grams of thoria-carbon mixture was used,

and the mixture Qas preheated, in a slow stream of chlorine, at about 200°C.
to drive off the xylene and polystyrene. Thereafter the furnace was brought
up to 1000°C. and held at that temperature, \yithi.n about ten degrees, for
approximately one and one-half hours. At this point, the top carbon plug

(see Fig.1l) blew out, and it proved impooliblfev- to refit it to hold chlorine
pressure, the plug ’blowing out immediately a;fter repairl. The run was there-

fore stopped and cooled as rapidly as poqsiblé, with a slow flow of chlorine

' (flowing out past the plug instead of through tixe furnace, of course), so as to

prevent any air intake.
Ei:amination of. the apparatus, after ltam:iing_ overnight and complete
cooling, showed that no thorium chloride whatever had collected in the

érucible, but a trivial amount had sublimed up on to the silica tube just

ceeee
.
oscee
<
-
ceeves




12 . NYO-372‘9"
Fig. 1
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outside the heating zone, and a slight amounf had also settled on the upper
carbon plug as well, In both cases, the thorium chloride was in the cottony,
hiéhly reactive forrh characteristic of the vaporized material, and hydrolyzed
rapidly when exposed to the air. The filter block of porous carbon was found.
to be satﬁrated with thorium chloride; on standing for some time, the
chloride hydrolyzed in the air, and, by ?xpansion, disintegrated the block.
Quite evidently, some chloride had formed, as expected, but its flow
characteristics were not adequate to allow free flow through the porous
carbon. It ivaa concluded, therefore, that the concept of a porous filtration
plate which would hold_back any excess oxide and carbon, while allowing

free flow of thorium chloride, was not workable; instead, a grate, with
vidible-sized hoies. would have to be substituted.

The blowing-out of the carbon plug high-lighted one of the mé,jor
meé:ha.nicaldiffiéulties of the whole procedure -- that of sealing the ends of
the fused ciuartz tube against gas 1e'akage.‘ Various methods were tried
preliminarily; the one finally adopted involved the use of graphite plugs with
a sealing corhpound cement of graphite-latex composition. This latter
material was quite satisfactory as long as the joint was hot subjected to

undue heat, and as long as no undue pressaredeveloped inside the tube. (The

" seal could not, however, withstand the pressure of chlorine gas once the

_filter plate 'pluggedl up with fused thorium chloride), The worst feature of the

seal problem, however, was the fact that the ;efnenting material hardened
sufficiently, under the influence of heat and chlorine, so as to make very |
difficulf the removal of the plug after completion of the run; in point of fact,
it did not prove possible, in an} preliminary or experimental run, to remove

both plugs from the tube without at least one breakage of the highly fragile
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14 ' NYO-3729

silica tube, with consequent need for recutting the tube and shortening its
operating length,

With the substitution of a perforated round disc for the porous plate,
it was deemed desirable to overlay the disc with crushed petroleum coke,
starting with relatively coarse material in contact with the plate (plus six
mesh) and decreasing in size to about twenty mesh at the top: on this the

thoria-carbon briquettes were laid - ‘_Otvhér than this one change, and a

raising of the temperature to 1100°C. (measured externally against the side

of the silica tube at the level of t‘hle' plate), the run was substantially
identical, with the pfeviouq one+ Unfortunately, the results weré also the
same; nd thorium chloride was collected in the cvrucible,i and there was
only a small amount to be found, in the coke and sublimed on to the wall

of the tube and on to the graphite plug+ Here, too, there was evidence of

clogging, since, after about an hour of operation, the top plug was forced:

off by chlorine pressure; evidently, the fused thorium chloride, though
far above its melting point (which,, in any event, is below 850'°C..) is quite
viscous and does not flow readily through even the coarse coke layers. A
further, and major, break in the silica tube resulted when dis-ass‘embling
the unit, ih consequence of the hardening of the graphite cement, making .
further use of the tube impossible.

With the thought that bringing chlorine from below, and thereby

operating countercurrently, some improvement might be attained, a smaller-

scale experiment was tried, using a quartz tube with one end closed, and

arranged as in Fig. 2, the chlorine gas cbming in from under the drilled

graphite plate and rising through the thoria-carbon mixture. Here, no coke

was used on the plate, and the 'briquettes were laid directly on it. A total
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of 89.4 grams of briquettes wére:, used, made from a mixture comprising
100 grams of thoria-coke (two parts thoria to one of petroleum coke), 4
grams of dextrine, and 14 g:x-amen of water.: Chlorination was continued for
about one and one-half hours, at which time it was assumed that the re-
action would logically be complete. Although it had been hoped that c.on- ‘
siderable molten thorium chloride would cAollect at the bottom of the tube,
no material was found there at all. A few grams of thorium chloride were
found above the heating zone in semi-fused form, but the gréater amount of
thorium oxide was‘not affected and remained unreacted, |

C. Chlorination by Carbon-chlolrine (volaLtilizatibn procedures)

In order to determine whether it might not be more feasible to recover
thé thorium chloride by sublimation and vaporization te;:hniques, a small
(approxifnately 1-1/2"1.D.) horizqntﬁl electrically-heated porcelain tube
was arranged, with a mixture of thoria and petroleum coke, as before, held
in two small zirconia boats. Chlofine as brought in through one end of the
tube (the stoppers, on both ends, being protected by\ a firebrick plug pre-
venting heat access); the effluent gases were caught in a caustic solution.

The thorium oxide was made by igniting Lindsay Light thorium carbonate

at 500°C.; this oxide was mixed, volume for volume, with petroleum coke.

The temperature of operation was 1000°C., being held within ten degrees.
A mass of fine white needle-shaped crystals collected near the outlet fire-
brick plug: it proved to be pure thorium chloride, completely soluble in

water, The total quantity was small, approxirﬁating two grams in all

—

(exact weighings were difficult because of the highly hygros copic nature, of -
the material, a basic characteristic of all volatilized metal chlorides).

A second run, of more quantitative character, involved the use of
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twenty grafns of thorium oxide (made as above) with the ten grams of coke;
both materials were passed through a forty-mesh screen and then blended
through the same screen. The mixture was pelletized, under pressure,
using a polybutene-xylene mixture as a binder, approximately five grams

of the binder being used fér thirty of the thoria-coke mixture. The reaction
mass (thirty grams in all) \;as heated in twé zirconia boats, at 1000°C., as
in the previous run, Mechanical back-pressure interfered frequently with the
mun; no reason for such back-pressure could, however, be found. On weigh-
ing tfxe boaté after completion of that run, it was found that the charge had
increased in weight, instead of suffering the expected decrease, the total
weight having risen from‘ 30 grams to 32.2 grafns. Evidently, therefore,
considerable conversion of the thorium oxide had actually occurred, forming
thorium chloride, but such chloride had remained in the boat instead of
volatilizing over, As hoped for. This was substantiated by the comparatively
small amount (about one gram only) of volatilized solids obtained. All this is
in close confirmation of earlier researches, published and otherwise, that
the volatilization of tho'riur'n chloride does not take place on sufficiently

high a scale to yield a \;'vorkable process, even when the operation is con-

ducted at as high a chldrinating temperature as 1000°C,

D. Chlorination in"Sodium Chloride

In consequence of the above, it was viewe:d desirable to test the feasi-
bility of chlorinating under conditions which fn‘fould allow for dissolving away
the chloride as r‘apidlyéas formed, After prgléiinina:y cruder tests had
showed positive results, a graphite crucible ‘wgé.s charged with 360 parts of

sodium chloride and 42.4 parts of a 2: 1 mixture of thoria and petroleum

coke (the mixture being equivalent to about 10% of ThCl, in the bath if
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chlorinati;:n were corr;plete). The crucible was héated,_ by means of an
electric furnace, t6 906’.0. , and chlox:ine gas was bubbled through the
suspension for one hour, by meanis‘of a porous carbon sparging tube. &)n
completi;on of the chlorinating step, it was observed that a great deal
(most, in fact) of the petroleum coke excess ﬂoatea on the surface of the
bath, together wifh a good deal of unreacted thoria; much of this carbon
aﬂd thoria could be removed mechanically from the surface.v The salt
bath itself, on analysis, showed 2, 21% water-soluble thorium in the bath,
with only 0.08% insolubles, the l\atter proving to be practically all carbon,
since, on ignition, it 1eft no res‘ic'lu;a. With this indication that the procedure
could» give soluble, and therefore ele/ctrolyzable, thorium in a salt bath, a
series of runs were ur;deftaken fo determine the electrolytic characteristics
of materials so made. |

In the first run, four pounds of sodium chloride were melted down in
a graphite crucible, together with 154 grarhs of thoria and 28 grams of
carbon (this being equivalent to 100% excess ca:;bon). The mixtt.u'e’ was
treated with chlorine gas for about two hours, using a graphite tube with
small, drilled outlet holes. Operating at 886°C., with an average voltage
of 3.8 carrying 50 amperes of. current, 80 ampere-hburs sufficed to.bring
the end of the run (as. indicated by the appearanée of sodium). No thorium
was obtained on the cathode, b\ﬁ a small quantity (5.5 grams) of hard
metal (Rockwell A, 68.5) was recovered from the bottom of the crucible.
Quite evidently, thorium had been forfned at the cathode, but it had dropped

off and was partially reoxidized, and partially it had reacted with the carbon

of the crucible (hence the hardness of the metal), There was a large
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quantity of sludge floating a't the surface of the bath; examination showed it
to be mostly carbon,

A second run, again with four pounds of sodium chloride, but with an
increased amount of thorium dioxide together with 550% of theoretical carbon
(190 grams of the mixtuzre being used) involved treatment with chiorine for two
hours, followed by ovérnight cooling. The top layer (about 1-1/2 inches) was
removed, thereby removing most of the excess carbon and unreacted thoria.
An electrolysis at 25 amperes and 3.2 volts gave a run in which 75 amper;:-
hours were required, but no metal resulted at the cathode. A good deal of
carbide was found at the bottom of the crucible, indicating that metal, again,
had formed, but that it did not adhere and had been converted to carbide when
it fell to the bottom of the crucible.

The next run was made wlith only 100% excess carbon, using the same
quantity of sodium chloride, but with 462 grams of thoria-carbon and four hours
chlorination, followed by skimming off excess carbon and floating thoria. A
pre-electrolysis at about 7 amperes for 40 minutes and 50 amperes for 10
minutes was followed by electrolysis proper at 50 amperes and 3 volts. about
150 ampere-hours being required till sodium appeared. A good-appearing
deposit was obtained, totaling, however, only 55 grams in all. The Rockwell
B hardness was 98, much too high for good thériium. The presence of con-
siderable carbon in the ipetal as evidenced by _gjassi_ng during washing of the
metal, was undoubtedly the main cause of the hijgh hardness. 1

In the last run of this series, carbon yvjas limited to its theoretical
ratio, and a’large quantity (1050 grams) of the it;horia-carbon mixture was used

(962 thoria and 88 carbon). Chlorination was for 3-1/2 hours, and the bath

was subjected to a pre-electrolysis varying from 0.5 amperes.to 16 amperes
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over a period of one hour, Thereafter, the elect;rolysis itself was co;lducted
' at 50 amperes, fequiring 2.6 to 3,0 volts; after 150 ampere hours had been
passed through the bath, the deposit apparently s_horféd across between 'ité
cathode origin and tfxe anode pot, so that the run had to be stopped. The
deposit fell into the.bath, and showed extensive carbonization (again, as
evidenced when treated with water). A yiel@l of 43 grams of metal was oBtained,
having a Rockwell B value of 102,‘ essentially the same as before, and far too -

hard for usable tl_mrium.

E. Thorium Chloride from Aqueous Solutions

Since neither the formation of pure anyhdrous thorium chloride by high-
temperature chlorination procedures, nor the in-situ forr.nation-o/f,»thorium
chloride in sodium chloride, had y_itelded results justifying carrying into
pilot scale ope fatious (although the latter represented qualitative success along
the lines of a technique which h(ad hitherto not proven at. all workable) and since

preliminary experim'entati'o'n.had simultaneously shown that the dehydration of

hydrated thorium chloride was feasible on both labofatory and pilot plant scales, .

it was decided to forego further expeiimenta.tion on the former techniques, and
to determine, inste_aad.) operating characteristics for forming thorium chloride
in electrolyzable form, by dehydration procedures.

Preliminary, exploratory efforts at forming Na,ThCl, by dehydrating a
mixture of salts ;'esulting from evaporating down a solution containing sodium
and thoriufn chlorides in the proper ratio ahoWed that extensive hydrolysis

takes pliace-when the salt mixture-lis heated to Z_OO‘CI. or beyond; This
parallels the findings of Chauvenet that even in a stream of HCl gas, the com-
pound NaThCls'iOHzO canh_dt be dehydrated without hydrolytic‘d;ecomposition

yielding, instead of the anhydrous double salt, an oxychloride of the formula
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NaTh(OH)Cl,. Although it might have been of some merely-theorefical in-
terest to determine the characteristics of the potassium analogues (and
eapecially-so in view of conflicting reports in the literature), it appeared far
more immediately fruitful to follow the line of dehydration technique which
had already proven successful in the hande of other researchers -- that in-
volving the use of ammonium chloride as a hydrolysis-repressant.

The theoretical basis for the procedure lies in the fact that the compound
(NH4)zThCl‘. 10H,0 can be deposited out of a solution containing 3 mols of the |
ammonium salt to one of thorium chloride. When he.ated_to about 150°C.,
this compound loses its water, but, unlike the equivalent sodium and lithium
compounds, no significant hydrolysis takes place during such dehydx;ation.

Much more important, heating to 500°C., or slightly above that point, de-

_composes the anhydrous double salt,resulting inthe indirect formation of the

desired anhydrous thorium chloride.

After some preliminary qualitative experimentation, a test was made to
determine whether the dryfng could be done directly, without specific care as
to drying conditions from the physical -viewpoint. A quantity of 334 parts of
thorium basic carbonate (79.1% ThOQ,) was added at 50-70°C. to a mixture of
384 parts of 37% HCl and 500 water, To this was carefully acided 190 parts of
28% ammonia water, which still left the solution highly acid; beyond. this,
thorium hydroxide was pfecipitat_ed. To redissolve, sufficient HCl was added,

bringing the solution back to a pH of about 1,0, after which the solution was filtered

hot, and an additional 150 parts of ammonium ¢ﬂioride dissolved in the solution.

This solution was then taken down to dryness; ,eiven in this state, the mass

already showed considerable insolubles when tested by re-solution in water,

indicating extensive hydrolysis. When this same residue was heated to 675°C.
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for an hour in a covered crucible, -strong hydrolysis and oxidation was found

to have taken place, the material showing 84. 5% insolubles and only 4.15%

chlorine. This confirmed an earlier éxplora.tory test which had shown that" : v
hea.ting a high-thorium mixture of ammonium and thorium chloride at 500°C.

yielded over 25% of insoluble matte'r. The basic purpose of the test had been " .
to de.termine whether there was any constancy to the Th: NH, ratio.

To a solution of 330 parts of basic thorium carbonate dissolved in 395
partav of 37% HCl with 500 of water at 50-70°C. and then h&ated to 90-95°C.,
161 parts of ammonium chloride were added. The first crop of crystals obtain-
ed on cooling the solution showed only 4.47% of thorium., When the same
solution was boiled down to about half its origihal volume and similarly
cooled, a large amoﬁnt of yellbw crystals resulted; on drying these at 110°C.,
~analysis showed an incrgase in thorium content to 9.28%, with 19.9% als nitrogén ' y
and 33,9% chlorine, The mother liquor from this crlystallization, when boiled
down, gave a thick syrup, but did not crystallize, which action is characteristic
of pure.thormm chloride solutlor;s. From this it is obvmus that ammonium -
chloride tends to deposit separately and in excess of the equivalent quantity
of thorium; any proceduré based mérely on concentrations of the two sailts-
would also be subject to changes resulting from variations in solvent con-
qentration. temperature, etc. It was to avoid this complication .that the HCL -
gas proéeduie was resorted to, as will be discussed later.

F., Thorium Chloride from Anhydrous Solvents

In an effort to determine whether the problems of drying might not be
entirely eliminated by the use of non-aqueous solvents, a series of essentially-
q-ualitati've' tests were conducted. invblving the use of anhydrous HCl gaé dis- .

solved in organic 'l'iquids as reactant on basic ‘thorium carbonate. In the first
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~experiment of the series, 161 parts of basic thorium carbonate were added to

550 parts of methanol solution containing 142 giams of HC1 per liter., After

raising to boiling, and filtering, (discarding a small amount of insoluble
gelatinous residue), a quantity of 52 parts of ammonium chloride was mixed
into the solution (it being essentially insoluble); this mixture was evaporated
down almost to dryness, cooled, and the crs;stal mass filtered off. The
thorium constituent evidently contained methanol of salvation, for, on heating
to 110°C. a great deal of charring resulted.

The same technique was tried with normalbutanol, with 143 parts of basic
thorium carbonate, and 550 parts of the butanol containiﬁg 125 grams of an-
hydrous HCIl per liter, The solution was raised to boiling and then additional
HCl was bubbled through it, followed by filtration and the addition of 68.8
parts of ammonium chloride. Further evaporation, almost to dryness,was
followed by cooling; the mass then solidified. When dried at 200°C., ex-
tensive charring developed.

In the hope of avoiding the formation of solvates, which appears to occur
between thorium chloride and most alcohols, hexyl ether was tried as a re-
action medium. A quantity of 100 parts of basic thorium carbonate was added
to 500 of hexyl ether and then HCl gas was‘ bubbi‘ed through the suspension.

After all reaction has ceased, the hexyl ether was filtered off (since the re-

action product proved insoluble). A portion of the product was heated care-

fully vin a closed crucible. On analysis of this }né:;aterial for chlorine, ’it proved
 to contain oniy 58, 3% tho‘rium chloride, the re;ﬁginder of the tho_rium having
quite evidently gone over to oxide. ‘ '

Sinée both alcohols and others had failed t‘o“give satisfactory results the

use of organic solvents was abandoned as an approach to the problem.
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G. Drying Techniqges S , : .
Returning to the concept of drying thorium ammonium chloride and |

igniting the resultant anhyd'rousb &oluble chloride. it was deemed advisable | X

to test the pouih’dity that the presence of sodium .chloride might protect

the thoriq.m chloride at elevatéd temperatures, after the a_mmoriiu.m chlofide

had been sublimed away. In. an experiment involving 334 parté of basic thorium

carbonate dissolved in a solution of 409 parts of 37% HCl and 500 of water,

L

60 parts of sodium chlbride wer.e added at 95-100°C., followed by 165 of
ammonium chloride. The mixture was then evaporated down to dryness, R
boiling begihhing at about 107°C.; after being brought to the dr‘y 8 tate, the
mass was transferred.to a caé§¢rcyie and heated to 600°C. to drive off the
ammonium chloride. A sample of the resultant:mavterial,. when dissolved in i
water, showed é. great deal of insoluble mattei, indicating that the technique » Y 4
used was probably at fault, since, theoretically, a fully-soluble product ought i
have been obtained. This only served further to e’mphas’ize‘ the view that the
problem was essentially one of care in drying and ighiting. and of finding the
proper physical conditions -- time-temperature chief among them -- for drying
and igniting, rather than one of chemical concentrations.

After further te‘sts had confirmed the fact that the presence of sodium

chloride did not aid in protecting the thqriufn chloride against hydrolysis

[

during any of the low temperature étages of drying, and especially in view of
the danger that the thorium chloride might preferentially unite with the sodium

chloride instead of with the ammonium chloride (the sodium double compound

o
(\)J .

being known to hydrolyze even’_in the presence of HCl gas, as already cited),

L /S

it was decided to limit any NaCl to additions only after the preliminary de-
hydration of the ThCl,-NH,Cl maé_s had been effected. It was similarly re-
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cognized that an essential part of any workable process would be the
deveiopment of a pi-ocedure for ovefcoming the variability in'salts ratio
when crystallizing down a solution containing both ammonium and thorium
chlorides.

This last was achieved by the use of HCl gas as a precipitant for thorium
chloride. Normally, a ‘soluticlm of thorium chloride, when concentrated down,
forxﬁs a syrupy liquid and then a semi-plastic mass, without any tendency to
true crystallization; when the thorium chloride solution is saturated with HCl
gas,howe\‘rer, a highly-crystalline, easily-filterable crystal mass is deposited,
which can be drained of its adherent _motﬁer liquor as readily as any other
crystalline material depositing out of water solution. Experimentally, a

solution of basic thorium carbonate in an excess of strong hydrochloric acid,

when saturated with additional HCl gas, does throw down most of the thorium

contént in finely -crystalline form, easy of filtration; the mother liquor can
be used for the next cycle. It was further found that the addition of ammonium
chloride (at least two mols to one of thorium, three being preferred, for
safety) could be méde either directly to the solution itself, or, alternatively,
ammonium chloride in solid form, could be su?:)é’aequently mixed in with

hydrated thorium chloride crystals equally efféétively. It may be assumed

. that the double thorium ammonium chloride cofrﬁpound forms on heafing the

solid _mixtixre, with the water of hydration proi)ébly acting as reaction solvent.

N [
In a typical run, the basic thorium carbonate, after solution in concentrated

.hydrochloric acid, was saturated with HCl gasij #nd cooled by the addition of dry
‘ |t

ice (merely to speed cooling). The hydrated thorium chloride (concentration
131 grams per liter) was mixed with 3 mols of ammonium chloride, dried

carefully at 150°C., and then heated at 500°C. in a dry argon atmosphere until
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practically all of the'amrr‘xonium chlozjide'had beendriven off. On analysis
of the resultant anhydrous thorium chloride, it was found that only 0. 14%
was in insoluble form, thus representing a substantially pure thorium chloride,
ready for electrolysis, .
Conclusions

Further data on this procedure f'Qr{ making electrolyzable anhydrous
thorium chloride, and the results obtained on électi-olysis‘, will be found in
the next report (No, 6) of this :;e_ries: Here it is sufficient to anticipate that
report only to the extent of ind_i.cating that chloride made in this manner, on
a large laboratory scale, has proven -full_y. amenable to electrolytic treatment,
yielding metal of Rockw'ell B 10 hardness, with good yields and efficiéﬁcies.
it should bé added that the dryi:nlg technique, as £in;.lly worked out, calls for |
the maximum practical drawing ;ff of the mother l'iquo_r from the hydrated
thorium chloride as thrown down by the HCl gas (ordinary suction filtration
is adequate), preliminary drymg above 100°C.and best at about 150°C. » to
remove free water and water of hydration of the double ammonium thonum
compound. Sodium clhloride can be added at any convenient point after this
preliminary dehydratién; possibly it helps in the subsequent deh_Ydrétion too,
but, in any‘event, its addition at sorﬁe ﬁoint' of thi;operation fulfills con-
veniently all later electrolytic requirements. Heating of the mixed thorium-
ammonium chlorides, with or without sodiufn chloride additions, in a;n inert
dry atmosphere, to about 600°C2. will drive off substantially all of the
ammonium chloride, If sodxum chloride has not been added prxor to this
stage, this represents a good point for such add1t1on, best followed by

melting the two salts down together to form the electrolyzable bath, ready for

use,
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Layout and equipment needs for producing the electrolyzable mixture
by the'above techniques, on a pilot éla.nt scale, will also be outlined in the
next. report. No ﬁart’icularly difficult proi:l_erné of chemical engineering
appear to .be_inv;olved, ;.nd all equipmént needed should prove either of

standard type or, at worst, readily designed and cheap of construction.
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