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[57] ABSTRACT

Lanthanide and actinide hexaborides are electrolyti-
cally synthesized using a molten salt electrolyte con-
taining 4 major portion of cryolite and minor portions
of an alkali borate and a source compound to supply
the lanthanide or actinide metal. Minor amounts of an
alkali hydroxide or carbonate added to the electrolyte
tend to improve product recovery and purity. The syn-
thesis may be accomplished in a cell open to the atmo-
sphere to produce highly pure lanthanide and actinide
hexaborides.
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ELECTROLYTIC PREPARATION OF
LANTHANIDE AND ACTINIDE HEXABORIDES
USING A MOLTEN, CRYOLITE-BASE
ELECTROLYTE

BACKGROUND OF THE INVENTION

Lanthanide and actinide hexaborides generally dis-
play high melting points, extreme hardness, and inter-
esting electrical properties. Lanthanum hexaboride. for
example, is reported to possess the highest clectronic
emissivity of any known substance. As a group, these
hexaborides are useful as basc constituents for high
tempcerature materials and in applications utilizing their
thermionic emission properties as in thermionic power
generation. 4

Known methaods of preparing lanthanide and actinide
hexaborides include the following: (1) Dircct combina-
tion of the metal with boron; (2) carbon reduction of

mixtures of mectal oxide and boron anhydrides; (3) re- -

duction of metal oxide with boron carbide; (4) reduc-
tion of metal oxide with boron: and (5) fused salt clec-
trolysis. Of these techniques. reduction of mctal oxides
with boron carbide is known to be practiced commer-
cially but the proccss requires highly pure boron car-
bide and metal oxides. The product is often contami-
nated with boron and mectal carbides.

Preparation of lanthanide and actinide hexaborides
using known tcchniques are reported to codeposit
boron as a by-product (Samsonov ¢t al., Boron and Iis
Compounds and Allovs, Publishing House of the Acad-
emy of Sciences Ukrainian SSR Kiev, 1960, pp.
447-497). This results in borides containing less than
stoichiometric quantities of metal. Codeposited boron
cannot be removed by conventional solvent leaching.
Many investigators.such as Andricux (L. Ann. Chim.
Phys., 12, 42, 1929) preferred clectrolytes containing a
lanthanide oxide, alkaline carth oxide, alkaline carth
fluoride, and boric oxide. A shortcoming of these clec-
trolyte systems.was the difficulty in obtaining a single-
phase product.:

SUMMARY OF THE INVENTION

We prepured lanthanide and actinide hexaborides by
passing a dc current through a molten elcctrolyte com-
posed of alkali aluminum fluoride and alkali borate.
Dissolved in the bath is an oxide, fluoride or chloride of
a lanthanide or actinide metal. Minor amounts of an al-
kali hydroxide or carbonate added to the bath tends to
improve recovery and product purity. Coarse, crystal-
line hexaboride product is deposited on the cathode. A
protective atmosphere is unneccessary. Electrolysis
temperatures may vary from about 900° to about
1,100°C and the process may be carried out in a batch,
semicontinuous or continuous fashion.

Hence, it is an object of our invention to produce lan-
thanide and actinide hexaborides.

It is a specific object of our invention to synthesize
lanthanide and actinide hexaboride using a cryolite-
borate electrolyte in a cell open to the air.

DETAILEDV DESCRIPTION OF THE INVENTION

Our process comprises. in its broadest sense, the
passing of a direct current through a molten salt mix-
ture containing a lanthanide or actinide compound to
form a metal boride deposit on the cathode. The metal
boride, which may be a lanthanide hexaboride, an acti-
nide hexaboride, or mixtures of lanthanide and/or acti-
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nide hexaborides, is deposited on the cathode as clus-
ters of dendritic cerystals, Recovery of the metal boride
product is accomplished by removing the cathode from
the clectrolyte and physically dislodging the adhering
crystals. Separation of the metal boride crystals from
adhering clectrolyte may be accomplished by leaching
in hot, diluted sulfuric acid.

Constituents of the clectrolyte preferably are of tech-
nical grade and, of course, are in the anhydrous form.
Use of technical grade salt offers considerable cco-
nomic advantage in carrying out our process while the
usc of more highly purc electrolyte components con-
tributes little if any improvement to the process.

The clectrolyte constituents comprise a major por-

tion of an alkali aluminum fluoride such as cryolite to-
gether with minor amounts of an alkali borate and a
lanthanide or actinide compound. Additions of minor
amounts of alkali hydroxides or carbonates to the clec-
trolyte tend to increasc product recovery and purity.
The alkali borate preferably is a sodium borate and
may be a metaborate, orthoborate, diborate, tetrabo-
rate, pentaborate, or.mixtures thercof. Naturally occur-
ring borate compounds such as borax may also be used.
The lanthanide or actinide compound may be in the
form of a chloride, fluoride, oxide, or mixtures thercof.
Since a substantial degree of refining occurs during the
clectrodeposition, impure lanthanide or actinide oxide
concentrates may advuantageously be used in our pro-
cess. .- .
Composition of the clectrolyte may vary over a fairly
wide range. The following table .illustrates a range of
clectrolyte compositions -which have been found to be
suited for use in our process:

Table 1
Component Range. Mole Pct.
Lanthanide or Actinide Compound 2 - 20
Alkali Aluminum Fluoride 50 - 85
Alkali Borate 10 - 25
Alkali Hydroxide or Carbonate 0= 30

Operating temperatures may range from about 900°
to 1,100°C. but best results arc obtained in the temper-
ature range of 950° to 1,050°C. This last range is pre-
ferred. Current density can vary widely; from about 15
to 150 amps per, square decimeter. Depending some-
what upon cell gecometry, the cell potential is generally
in the range of 2.0 to 5.0 volts. .

The clectrolytic cell may conveniently comprise a
conductive crucible serving the double function of con-
tainer and anode. A conductive rod or plate, preferably
centrally positioned, may serve as the cathode. Graph-
ite is suitable for usec in all portions of the clectrolytic
cell in contact with the clectrolyte when potassium is
absent from the electrolyte composition. Potassium
ions intercalate with graphite resulting in physical dam-
age or even failure of graphitic cell components. For
this recason, as well as for reasons of economy, we pre-
fer sodium as the alkalt metal component of our elec-
trolyte. Other refractories, such as silicon nitride, may
also be used in the fabrication of electrolytic cells suit-
able for use in our process. Since the process does not
require a protective atmosphere, any convenient heat-
ing means, including oil or gas fired furnaces, may be
used to maintain the required clectrolysis tempera-
tures. A particularly preferred heating means consists
of an clectric resistance pot furnace.
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When opecrating our process in a batch manner, the
bath ingredients are mixed and fused. After fusion,
which effectively dehydrates any salts in the hydrated
or partially hydrated form. the bath is stabilized at op-
crating temperature. The cathode member is inserted
into the bath and electrolysis is begun. Electrolysis 1s
continued for a period of time sufficient to build up an
adhering mass of boride crystals on the cathode after
which the cathode is removed from the bath. Excess
clectrolyte is shaken from the cathode deposit and the
deposit is then physically removed from the cathode as
by scraping. Remaining clectrolyte is lcached from the
crystal mass using acids. Hot sulfuric acid diluted about
1:1 with water is a preferred leaching agent. After
leaching, free carbon can be removed by water clutria-
tion or by heavy media separation. The process may be
opcerated on a semicontinuous or continuous basis by
adding electrolyte components to the bath as they be-
come depleted and by periodically changing cathodes,
thus removing the boride product from the electrolytic
cell.

The following cxamples represcnt spccific embodi-
ments of our process and serve to more fully illustrate
our invention:

EXAMPLE 1|

An clectrolytic cell was constructed which consisted
of a graphite crucible functioning both as a container
and an anode and a graphite rod which served as a
cathode. The anode crucible was threc inches in inter-
nal diamcter and scven inches in height, while the cath-
ode was | inch in diameter. The cathode was centrally
placed within the anode crucible leaving a 1-inch space
betwecn the cathode and sidewalls and 1 % inches from
the bottom. Heating mecans for the cell consisted of an
electric resistunce furnace and the ccl] was opcn to the
air.

A 1,000g clectrolyte charge was prepared having the
following composition:
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Table 2
Component Weight-Percent Mole-Percent
CcO, 7 8
Na,B.O, 14 22
Na,AlF,; 79 70

An electrolysis was then performed for three one-
hour cycles at a temperature of 1,000° =% 10°C. The cur-

rent was 60 amps at a cell potential of 4.4 volts. After <

cach one-hour clectrolysis cycle, the cathode was with-
drawn and the deposit scraped off. The cathode was
then replaced in the electrolyte and the electrolysis was
continued. Cathode deposits were cooled and then

leached in hot 1:1 sulfuric acid to remove the adhering 5

clectrolyte. Frec carbon was recmoved from the hexa-
boride product by a float-sink separation in methylene
iodide and the product was then washed in ether, dried,
and sampled.

Total weight of the three cathode deposits was 250g
of which 36 grams was cerium hexaboride and 214
grams was adhering clectrolyte. Yield of cerium hexa-
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boride was 0.2g/amp-hr. Vacuum fusion and combus-
tion analysis of the product indicated the carbon con-
tent to be 0.72% and the oxygen content to be 0.52%.
A spectrographic analysis of the CeB; product showed
the following contaminating metals in weight percent:
Al 0.5; Ba, 0.05; Ca, 0.10; Cu, 0.01: Fe, 0.35: Mg
0.01; Mn. 0.14; Si, 0.20, and Ti, 0.01.

EXAMPLE 2

The clctrolytic cell of Example 1 was used to synthe-
size and deposit lanthanide hexaborides using an im-
pure lanthanide oxide feed material of the following
composition:

Table 3

Analysis of Impure Lanthanide Oxides Feed Material

Weight-Percent Weight-Percent

Ce 42.3 Ca 0.3
la 23.9 Ba 4.7
Nd 9.8 C .6
Pr 32 Fe 7
Sm 6 S .
Gd .1 Si L0
Y .2 F 2.0

A 1000g clectrolyte charge was prepared having the
following composition:

Table 4
Component Weight-Percent Mole-Percent
Lanthanide Oxide 7 s
(L.n.Oxy)
Na,B.O, 13 20
NayAlE, 70 60
N, CO;, 8 i5

An clectrolysis, consisting of threc onc-hour cycles,
was then pcrformed at a temperature of 1000° == 10°C.
During the first cycle, cell potential was 3.0 volts and
current was 30 amperes; cell potential was 4.0 volts and
current was 55 amperes during the second cycle, and
cell potential was 5.0 volts and current was 100 am-
peres during the third hour. The procedure used for re-
covering the cathode deposits was the same as in Exam-

ple 1. Results were as follows:
Table 5
:Adhering
Product Electrolyte
Weight of deposit cycle 1 6.0 25
2 1.5 53
3 17.1 118
Totals 34.6 296

Yield of I.nB, per amp hr - 0.2

Vacuum fusion and cumbustion analyses were per-.
formed on the products of cycles 2 and 3. The hexabor-
ide product of cycle 2 showed 0.34% carbon and 0.61%
oxygen, while the product of cycle 3 showed 0.48%
carbon and 0.35% oxygen.

Spectrographic analyses of the products recovered
from all three cycles were performed with the following
rcsulis in weight percent:

Table 6
Cycle Al Ba Ca Fe Mg Mn Si
! 0.20 .50 0.50 .30 0.005 0.06 0.10
2 .20 50 .50 L3230 005 04 03
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Table 6-continued
Crcle Al Bu Ca Fu hY Mn Si
3 40 .50 .50 .20 0o 03 02
As may be seen from a comparison of the hesaboride reccovering as a cathode deposit a crystalline metal
product analyses with the analysis of the impure lantha- hexaboride, said hexaboride being a lanthanide
nide oxide feed. a substantial degrec of refining takes hexaboride, an actinide hexaboride, or mixtures
place during the clectrolysis. 10 thereof.
EXAMPLE 3 2. The process of claim 1 wherein the alkali alumi-
A e num floride is cryolite.
A number of other clectrolysis runs were made with 3. The process of claim 2 wherein the clectrolyte
a variety of clectrolyte compositions and feed materi- temperature is maintained within the range of 900° to
15

als. These cxperiments arc sct out in the following ta-
ble:

1,100°C during clectrolysis.
4. The process of cliim 3 whercein the alkali borate is

Table 7

Exp. Product Elcctrolyte. Mole-Percent

1 CeB,,  5Ce0,. SCeF,. 54Nu,AlF, 12NaOH. 12Nu,. CO;, 12Na:B.O,
2 o SCeCl,. 7ONuALF, . 22Nw,B.O,

3 RCeF . TONu,AlF,,. 22 -

1 & RCeO.. TONm,AIF,,. B.O,

3 " 9CcQ,. SOKAIF,. 1 iNu,B.O,

G v 1SCeF,. 65K AlF, 20Na,B,0,

7 " 9Cc. O, 78LL,ALF,. RB.O,

] LaB,  3La,O0, S5Na Al AN, COy, 14N, BO,

9 LaB, 6LuF,. TONGAIF, 12NAOH. 12Na,CO,. 12Nw,B,0,
1O Y B, 3Y LO,. 6YF, SSNaALF, 12NaOH., 12N0.COy 12N, BLO,
| GdB,;,  6Gd.O,. TONuALF,. 24Nu,B.O,
12 DyvB, 6Dy, 05 7ONaAIF, 24Na,B.O,
13 ThB,;, 2ThO,. 3ThF,. 56 Ny, AlF,,. 13NaOH, 1 3Na,CO;,. 13Na,B,0,
14 InB; S50n,O,; 6ONWAILF,. 15NQ,CO, 20Na,B.O,

In all cases, the hexaboride product was of high quality
and the synthesis proceded without complication.

These examples are illustrative of the results ob-
tained by practicing our invention. Many minor modifi-
cations of apparatus and procedure will be apparent to
thosc familiar with the art. For example, polarity of the
cell may be reversed making the crucible function as
the cathode. Conduyctive rods of graphite may be sus-
pended in the electrolyte to function as both anode and
cathode and refractory metal rods may be used as cath-
odes. Multiple anodes or cathodes may be utilized in-
stead of the single ¢lectrode system described.

We claim:

1. An clectrolytic procgss for the preparation of lan-
thanide and actinide hexaborides and mixtures therecof
which comprises:

preparing an clectrolytic bath by fusing a mixture of

ingredients; thosc ingredients comprising a major
portion of an alkali aluminum fluoride and minor
portions of an alkali borate and a metal compound
sclected from the group consisting of lanthanide
and actinide oxides, chlorides, fluorides, and mix-
tures thereof;

passing a direct current through the clectrolyte be-

tween an anode and a cathode while maintaining
the electrolyte in a molten state, and
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a sodium borate and wherein the clectrolyte contains a
minor amount of a compound sclected from the group
consisting of sodium hydroxide, sodium carbonate. and
mixtures thercof.

5. The process of claim 4 wherein the sodium borate
is selected from the group consisting of borax. sodium
metaborate, sodium orthoborate, sodium diborate, so-
dium tetraborate. sodium pentaborate, and mixtures
thercof.

6. The process of claim 5 wherein the electrolyte
temperaturce is maintained within the range of 950° to
1050°C during clectrolysis.

7. The process of claim 6 whercin the electrolyte
contains from about 50 to 85 mole percent cryolite.

8. The process of claim 7 wherein the metal com-
pound is a lanthanide compound.

9. The process of claim 8 wherein the lanthanide
compound is an impure mixture of lanthanide oxides.

10. The process of claim 8 wherein the lanthanide
compound is sclected from the group consisting of lan-
thanum oxide, lanthanum fluoride. and lanthanum
chioride.

11. The process of claim 1 wherein the metal hexa-
boride containing cathode deposit is leached with acid
to remove adhering clectrolyte therefrom.

12. The process of claim 11 wherein the acid is hot,

sulfuric acid.

* * * * E3
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