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A novel synthesis of uranium tetraboride (UB,) by solid-state
metathesis reaction is demonstrated. This approach significantly
lowers the temperature required to synthesize this material to <850
°C. When UCl, is reacted with 2 equiv of MgB, at 850 °C,

been synthesized at lower temperatures but require the use
of molten plutonium (800C), which is extremely corrosive,

or the use of Puki(900°C).5 Plutonium borides are known

to be refractory, but other properties such as chemical

behavior and stability have not been evaluated. In contrast,
many transition metal and lanthanide borides, such as’ZrB
and LaB,® have been extensively studied and have been used
as refractory materials and corrosion-resistant coatings. It is
therefore expected that some actirid@ride phases will also
be corrosion resistant.

During the past two decades significant advances have

crystalline UB, is formed. Powder X-ray diffraction and ICP-AES
data support the reduction of UCI, to UCl; as the initial step in the
reaction. The UB, product is purified by washing with water.

The Department of Energy strategy for plutonium has
shifted focus within the past decade from production and in the | hesis of highl
recycling to stabilization and disposal. This change results been made in t eloow-temperature synthesis of highly
from the reduction in the nuclear stockpile and the ac- refractory material81° New methods, such as molecular

companying need for plutonium disposition. Today’s strategy prTcurslorsa %redcer:mm plolymﬁrs, chelmlcal vapor dep03|t||on,
uses plutonium oxide as the optimum intermediate (:60- SO g€l and hydrothermal syntheses, low-temperature moiten

year) storage form, even though Haschke reported thag PuO salts, self-propagating high-temperature synthesis (SHS), and
slowly reacts with moisture to form hydrogen, causing solid-state metathesis reactions (SSM), virtually eliminate
numerous safety and storage concér@r work flocuses the problems associated with slow solid-state diffusion by

on the preparation of actinide borides as an alternative mixing the constituents of the ceramic at a molecular level.
intermediate storage form for actinide elements. These SHS and SSM methods have been used successfully to

materials would offer the prospect of highly refractory boride synthesize transition metal borides, nitrides, and oxides and

phases of plutonium and other actinides that are stable toaCt'n'ﬁ?Z?;('des and nitrides at low to modera_te_te_mper_a-
moisture, are highly compact, and will have many of the turestt1213The key to low-temperature synthesis is identi-

desired nonproliferation physical characteristics (e.g., chemi-];:ca?'on (r)]f sgltqblzprﬁcqrs?rsr:hat lead to czraml_cbm(;ateglals
cal inertness and stability to radiolytic decay). aving the desired physical characteristics described above.

The area of actinide borides is underdeveloped, in part Our approach focuses on the use of solid-state metathesis
due to the high temperatures required to produée thesereactions for the production of new actinide boride materials,

materials® The total list of known binary thorium and
uranium-boride phases includes only ThBThBs, ThBgg,
UB,, UB4, and UB,,, with little information reported on their

chemical propertie%.In contrast, plutonium borides have
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Figure 1. Powder X-ray diffraction pattern for the water-washed solid
product from the reaction of UgH 2MgB; for 1 day at 85C°C (top) and

a powder X-ray diffraction pattern of UBcalculated from single-crystal
data (bottom).

nium boride materials. Typically, 5250 mg of UC} and
2 equiv of MgB, were reacted in a vacuum-sealed 1.5 mL
guartz tube and heated to 853G for 1 day**

850°C, 1 day

ucCl, + 2MgB, UB, + 2MgCl,"®
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Figure 2. Powder X-ray diffraction patterns of the crude products of the
reaction of UC} with (a) 0.5 MgB, (b) 1 MgB;, (c) 2 MgBy, and (d) 2.5
MgB; at 850°C for 1 day. The powder patterns are normalized to a constant
MgCl, peak height. The-axis corresponds to pattern a; patternsdbare
offset by+0.5 in 20 from the pattern above for clarity. All powder patterns
were taken with the sample under a dry, inert atmosphere.

20 mL of 3.2 M HNG. Any unreacted UGJ as well as UG
and MgC} produced, will dissolve in the water; unreacted

After reaction, the tubes were opened and the contentsMgB: and UB, produced are insoluble in water and will

washed in water to remove soluble salts. The sample wasremain in the solid. The resulting samples were analyzed
then rinsed with ethanol and dried. In Figure 1, a powder for uranium, magnesium, and boron content and compared
X-ray diffraction (pXRD) pattern of the washed product is with the initial amounts present in the reaction. At 0.5 equiv
compared with a UBpattern calculated from single-crystal  of MgBz, almost all of the uranium (96%) and magnesium
data. From the similarity of the experimental pattern and the (83%) is present in the filtrate, which is consistent with the

calculated pattern, it is clear that YB the only crystalline
phase readily identified in the remaining solid.
The reaction of UClwith substoichiometric amounts of

production of soluble UGland MgC} as proposed above.
This is also consistent with the lack of YBnd MgB; in
the pXRD pattern of this sample (Figure 2a). The lack of

MgB, produces a mixture of crystalline phases composed significant quantities of uranium (3%) and magnesium (1%)

of UB4, UCl;, and MgC}. X-ray powder diffraction patterns
of the reactions of UGI+ xMgB, (x = 0.5, 1, 2, 2.5) for
reactions conducted at 83Q for 1 day are shown in Figure
2. As the amount of MgBin the reaction increases, the
amount of UC} remaining in the reaction decreases while
the amount of UBproduced increases. The presence ofUCI
in the reaction mixture was also confirmed by single-crystal
X-ray diffraction. This evidence suggests that Mgigts as

a reducing agent as well as a boron source:

uCl, + 0.5MgB, — UCI, + 0.5MgCl, + B

To support this hypothesized reduction of Y& UCI;

in the x = 0.5 solid is consistent with the formation of
elemental boron as the only boron-containing product in the
reduction reaction proposed above (i.e., no Mg&mnains
and no UB has yet been formed).

With increasing amounts of MgB(i.e., x = 0.5), the
amount of uranium in the filtrate is expected to decrease
and the amount in the solid increase due to the conversion
of soluble UC} into insoluble UB. Indeed, ak = 2.5, 90%
of the uranium is in the solid product. If all of the uranium
in the solid samples is in the form of YBthe elemental
boron inx = 0.5 must be converted to UBsx approaches
2.5 (Figure 2d). For all values of, less than 4% of the
magnesium is in the solid product; thus, all of the magnesium

and in order to better understand the nature of the reactionjs gissolved in the filtrate (presumably as MgCIThis is
products, two sets of samples were taken for ICP-AES consistent with the observation that no magnesium uranium
analysis. First, the reaction products were washed with 40 poride ternary phases are present in the pXRD patterns.

mL of distilled water and the filtrate was collected. Sepa-

Experiments were also conducted to determine the effect

rately, the water-insoluble, solid products were dissolved in of time (1-5 days) and temperature (66850 °C) on the

(14) Note: Although depleted uraniur®®U) was used in these studies,
care must still be taken in the handling and disposal of starting
materials and products as they are dtilparticle emitters. Sealed

ampules were run in furnaces in a fume hood to prevent contamination

issues in the case of a tube rupture.
(15) AHxn = —58 kcal/mol.

reaction of UCJ with 2 equiv of MgB. In all cases, the
products were the same: YBJCls, and MgC}. The major
difference in these reactions is the crystallinity of JJBs
might be expected, longer reaction times and higher tem-
peratures yield a more crystalline product.
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