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[57] ABSTRACT 
A process for preparing uranium nitride, uranium oxy-
nitride and uranium carboxynitride microspheres and 
the microspheres as compositions of matter . The mi-
crospheres are prepared f rom carbide sols by reduc-
tion and nitriding steps. 

18 Claims, No Drawings 
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1 2 
stoichiometry by normal casting and sintering tech-

PREPARING MICROSPHERES O F ACTINIDE niques. Our process yields materials of extremely well 
NITRIDES F R O M CARBON CONTAINING OXIDE controlled composition and purity. 

SOLS Previous techniques, employing the approach of clas-
Our invention relates to nitride and carbonitride 5 sical ceramics to the fabrication of nitrides, require the 

compositions for use in nuclear reactors. It also relates mechanical blending of reactant powders. These pow-
to a process for converting oxides and carbides to their ders are large in size, coarse, dense, of low surface area, 
respective nitrides or carbonitrides or oxynitrides by and of low reactivity. Our starting materials are of col-
careful selection of reactant ratios and of sintering loidal dimensions and are therefore by comparison ex-
techniques. 1° tremely small, finely divided, of low density, of high 

In one specific embodiment , it relates to actinide ni- surface area, and of high reactivity. The small size of 
tride materials and to actinide nitrides and carboni- the particles, and the method of preparing the codis-
trides diluted with certain additive nitrides and carbo- persion allows quantitative accuracy in preparing the 
nitrides; and more particularly, to these materials in the ratio of reactants. Also the degree of homogeneity 
form of powders and spherical particles. 1 5 achieved in our colloidal residues is far beyond that 

In another embodiment , it relates to making such ni- possible by normal blending of ceramic powders. The 
trides, carbonitrides and oxynitrides f rom colloidal res- closer approach of reactant particles allows completion 
idues. of chemical reaction. The high reactivity of the parti-

In still another embodiment , it relates to a novel cles permits reaction and densification at temperatures 
method for converting actinide oxides-carbides to the 20 below those encountered with materials prepared by 
nitride or carbonitride by the careful selection of reac- normal ceramic techniques. This obviates the high den-
tant ratios and of sintering techniques. sification temperatures which may lead to dispropor-

Of the actinide nitrides, the most interest is in ura- tionation and loss of product purity in nitrides. Also siz-
nium nitride. There are three nitrides of uranium. The ing and shaping of the product in the case of micro-
mononitride, UN, the dinitride, UN 2 and the sesquini- spheres is accomplished without the disadvantageous 
tride, U,N3 . The most stable modification and the one use of arc-melting and without the production of costly 
of greatest interest for nuclear applications is the and noxious fines. 
mononitride, UN. The prior art process for preparing W e have found that uranium dioxide sols with mi-
the mononitride is by direct heating of the elements, celle sizes about 10 /u. can be mixed in any desired pro-
using finely divided uranium powders and nitrogen, the portion with any of a variety of carbon dispersions. The 
uranium powder being in the form of a metal. Another carbon dispersions may range f rom 9 /x (as in the case 
prior technique is to reac t the hydride with nitrogen to of Carbolac 1, a Cabot Corporation product) up to 
form UN. Sterling MT (another commercially available product) 

Uranium nitride is particularly advantageous as a nu- with a particle size of about 500 p.. 
clear fuel. Uranium nitride is very dense and has a high 3 5 By suitable choice of carbon to uranium ratio in the 
atomic percent uranium and thus gives the largest num- colloidal feed materials we can prepare uranium nitride 
ber of uranium atoms per cubic centimeter of volume product which is quantitatively pure and free of excess 
of any of the practical or feasible nuclear fuels known carbon or residual oxygen or alternatively, contains any 
to date. This high density gives uranium nitride great desired amount of carbon in solid solution as the car-
utility in applications in high power density nuclear re- 4 0 bonitride. 
actors and also reactors where space is a factor and We have found that when nitride formation proceeds 
where it is desired to pack the highest density of nu- at temperatures of 1500°C. and below in samples con-
clear material per unit volume. The second advantage taining an excess of carbon that such carbon is present 
of the material is its very high thermal conductivity by in the form of free or uncombined carbon. By treat-
comparison with materials like the oxide and carbide. 4 5 ment at temperatures in excess of 1500°C. the free car-
The thermal conductivity actually increases with in- bon and uranium nitride will react to form a solid solu-
creasing temperature above 815°C. One of the prod- tion of the type U(CJ.N I_J.). 
ucts of the present application has another special ad- By proper choice of carbon to uranium ratio we can 
vantage in that it is prepared in the form of micro- also make a uranium mononitride-uranium dioxide nu-
spheres. The microsphere shape is particularly desir- clear fuel of any desired oxygen compositions. Both the 
able in that it simplifies dispersion of the fuels and the carbonitride and oxynitride compositions are ideal mix-
ability to encapsulate them to retain fission products. tures of the two components. Because each has been 
Uranium nitride in the form of microspheres is also made f rom colloidal materials, the components are inti-
compatible with matrix materials. It is very compatible mately mixed on the micellar level. This advantage 
with coolants normally used in nuclear reactors and 55 confers a degree of homogeneity and intimacy of com-
therefore the problem of stability over long periods of ponents and phases not achievable by the blending 
time is minimized. techniques of classical ceramics. The fact that we are 

In the operation of a nuclear power reactor econom- starting with 10 /x size micelles as reactants means that 
ics is an important consideration. The previously de- reaction and sintering may be accompanied by several 
scribed methods depend on first converting the oxide 6 0 orders of magnitude increase in grain size and the final 
to the metal, thus introducing added cost. By contrast product will still be in the sub-micron size range. W e 
uranium oxides are relatively inexpensive. More re- have found this behavior in all our colloidal residues; 
cently economical methods for producing the carbides that is, powders as well as microspheres, 
have been developed. Our invention relates to an eco- It is an object of this invention to provide a uranium 
nomic method for converting the oxides and the car- 65 nitride nuclear fuel in the form of a powder or micro-
bides of uranium directly to the nitride. sphere. 

Prior methods for producing uranium nitride have It is a fur ther object of this invention to provide a ura-
difficulty in obtaining product purity and compound nium nitride microsphere having a ratio of major to 
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minor axis of 1.00. 

It is also an object of this invention to provide a ura-
nium nitride powder or microsphere of high density 
and extremely high purity. 

It is an object of this invention to provide uranium ni- 5 

tr ide binary and ternary powders and microspheres of 
the composit ion ( U — X ) N and ( U — X — Y ) N . 

It is an object of this invention to provide such pow-
der and microsphere composit ions with an extremely 
small grain size f rom colloidal residues. 

Another object of this invention is to provide a pro-
cess for making a uranium nitride nuclear fuel powder 
of irregularly shaped particles. 

Another object of this invention is to provide a pro-
cess for making a uranium nitride nuclear fuel shaped 
in the f o r m of a microsphere. 

It is also an objec t of this invention to provide a pro-
cess for making a uranium nitride powder or micro-
sphere of high density and extremely high purity. 

It is also an object of this invention to provide a pro- 20 
cess for preparing coa ted uranium nitride microspheres 
that can withstand high tempera ture t rea tment without 
migration. 

It is also an object of this invention to provide a pro-
cess for making oxynitride and carboni t r ide solid solu- 25 
tion systems by quanti tat ive control of reactant ratios 
in the colloidal feed and by adjus tment of reac tant ra-
tios in the first step. 

It is also an object of this invention to provide a pro-
cess for making mul t icomponent actinide nitride pow- 3 0 

ders and microspheres of the type ( U — X ) N , (U—X-
—Y)N, and (X—Y)N. 

It is also an object of this invention to provide a pro-
cess for making such powder and microsphere compo-
sitions with extremely small grain size. 3 5 

We have found that uranium nitride can be made 
f rom porous uranium carbide using a sintering tech-
nique. One novelty of our process resides in the very 
careful control of the carbon to uranium ratio, the kind 
and amount of sweep gas used in the preparat ion and 40 
the very careful control of the t empera ture th roughout 
the preparat ion. The raw material for my novel process 
can be any of the carbide powders o r microspheres. 
Carbide microspheres can be prepared using a conven-
tional swaging technique which involves a prepara t ion 4 5 
of the carbide, followed by screening and abrasion 
techniques. 

One suitable raw material for the prepara t ion of the 
uranium nitrides according to my novel process has 
been disclosed previously. Very briefly, this process 50 
consists of the prepara t ion of mixed actinide metal ox-
ide-carbon sols and the preparat ion of a colloidal resi-
due to obtain the dried microsphere or powder. 

The dried uranium dioxide-carbon residue (micro-
sphere or powder) is highly porous. In the case of mi- 55 
crospheres, this property allows reactants t o flow in 
and products to flow out of the microsphere simulta-
neously without disruption of the microsphere struc-
ture. In the following discussion, it is unders tood tha t 
our invention applies to all colloidal residues — micro-
spheres as well as powders — and that the microsphere 
is chosen only for purposes of providing an example of 
the invention. 

The carbide microsphere is obtained by sintering to 
form porous carbide microspheres. T h e colloidal mi- 65 
crosphere of uranium dioxide plus carbon reacts t o 
complet ion at very low temperatures ; that is, t empera -
tures which do not densify the microsphere. Thus , we 
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f o r m a microsphere of high carbide purity and low den-
sity — a combinat ion not achievable by me thods re-
quiring high t empera tu re and melting for react ion to 
complet ion and spheroidization. The porous micro-
sphere now allows the nitriding gas access t o the inte-
rior and produc t gases to escape. Again, the reactivity 
of the particles permits this to occur at low tempera-
tures where higher nitride format ion and premature 
densification do not occur . T h e nitride microsphere 
may then be heated to a higher t empera tu re for a short 
period of t ime for final densification. The process com-
prises prepar ing a colloidal ca rbon system in which fine 
sized ca rbon is dispersed in a small volume of water . 
This dispersion can be prepared using an ultrasonic 
probe, but o ther conventional dispersion techniques 
and dispersing agents may also be used. 

In the next step of the process, the carbon dispersion 
is added to the actinide oxide aquasols such as are de-
scribed in U.S. Pat. No. 3,097,175. T h e two sols are 
mixed in the presence of dispersing agents and are de-
hydrated in a co lumn using the techniques described in 
detail in another application. The mixed carbonoxide 
microsphere is then ready for use as a feed to the pro-
cess of the instant application. 

T h e aquasols of zirconia, alumina, tantala, t i tania, ni-
obia, yttria, beryllia, magnesia, silica, vanadia, tungsta; 
actinide oxides such as urania, thoria, plutonia, and 
mixtures thereof; rare ear th oxides such as ceria, yt-
terbia, gadolinia, etc.; mixed sols p repared f r o m mix-
tures of actinide oxides with rare earths, zirconia, etc., 
may be used to prepare the green spheres that are used 
in our novel process. 

For purposes of simplicity, the process will be de-
scribed using urania and carbon, al though it is under -
stood that our process is not limited there to . 

In this part icular modif icat ion, a urania-carbon green 
sphere is prepared f rom urania and carbon with careful 
ad jus tment of the carbon to urania ratio so tha t there is 
just enough carbon available to remove the oxygen 
f r o m the green sphere. This result is achieved if the car-
bon to uranium ratio is maintained at 2.2 to 2.4. W e 
have also found that composit ions having the fo rmulae 
U N O and U N O C can be prepared by careful control of 
the sintering cycle and the carbon to uranium ratios. If 
the carbon to uranium rat io is maintained above about 
2.4 excess carbon is present and theproduc t recovered 
has the empirical formula UNOC. W h e n the carbon to 
urania rat io is decreased to about 2.1 or lower the 
produc t recovered has the empirical fo rmula U N O . 

In actual pract ice, we f ind tha t the amoun t of hyper-
stoichiometric oxygen available in the urania is vari-
able. The equat ion for t he oxygen removal would 
therefore more properly be written in the f o r m 

U O a + J + ( 3 + X ) C — U C + ( 2 + X ) C O . 

It would be extremely problemat ic f r o m the process 
control point of view to try to ma tch the a m o u n t of 
available carbon with a variable oxygen content . T h e 
first s tep in our process, therefore , is an ad jus tment of 
the oxygen-uranium ratio. 

In our process the excess oxygen is removed by heat-
ing the sample in a hydrogen a tmosphere . T h e temper -
a ture is raised to 400°-600°C. over a period of abou t 1 
hour and held a t this level fo r about 3 hours. T h e poros-
ity of the colloidal residue permits diffusion of the reac-
tant gas into the innermost port ions of t he sphere and 
also allows outward diffusion of the p roduc t gas with no 
disruption of the particle shape or physical integrity. 
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Carbide formation takes place by sintering the 

spheres at temperatures in the range of 1400° to 
1500°C. This is done in an inert gas such as argon, for 
example, in the proper temperature range to form the 
carbide. At this temperature range, the porosity of the 
green sphere is maintained. Very little, if any, densifi-
cation takes place. 

In the next step of my process, the argon atmosphere 
is bled f rom the system and a nitrogen atmosphere in-
troduced. The nitrogen reacts with the uranium carbide 
which is still highly porous to displace the carbon and 
form the mononitride. Considerable densification of 
the mononitride takes place at this stage. Densification, 
as much as 80%, is achieved by the end of the nitride 
formation. Should an excess of unreacted carbon be 
present at this stage the remaining porosity may be 
used to advantage to remove the impurity. W e may 
simply introduce hydrogen or carbon dioxide into the 
gas stream to act as a scavenger for the excess carbon. 
The reactant gas will diffuse into the microsphere and 
the product gas will diffuse out of the microsphere. 

The porosity and method of purification of the mi-
crospheres are novel features of our invention. The pu-
rified mononitride is then heated in an inert atmo-
sphere, such as an atmosphere of argon or helium, to 
temperatures of greater than 1500°C. to achieve the 
final density. At very high temperatures the nitride may 
have some tendency to disproportionate. This tendency 
may be counter-balanced by introducing a slight 
amount of nitrogen into the inert atmosphere. Nor-
mally, however, we have found that our colloidally pre-
pared materials can be densified at sufficiently low 
temperatures and over sufficiently short t ime periods 
that nitrogen is not lost in the process. 

When the process is completed, the furnace is cooled 
in the presence of the sweep gas and the nitride spheres 
recovered. It is possible to prepare spheres of greater 
than 90 percent of theoretical density using our novel 
process. 

The critical features in the process reside in the care-
ful selection and control of the sweep gas in the early 
carbide formation stage and careful control of temper-
atures. The sweep gas in the carbide formation stage 
can be any inert gas such as argon, helium, etc. In a typ-
ical run, for example, with about 50 grams of U 0 2 + C 
the gas is maintained in the range of one to five liters 
per minute of argon, preferably about 3 to 4 liters per 
minute. The temperature during the carbide formation 
stage is kept in the range of 1100°C. to 1800°C., prefer-
ably 1400°C. to 1500°C. for 10 to 30 hours. 

In the next step of the process, the porous carbide 
spheres are converted to the nitride or mixtures of the 
nitride and carbon by changing the atmosphere to ni-
trogen. Any commercially available grade of nitrogen 
gas can be used in our novel process. In a typical 50 
gram sample the nitrogen gas is swept through the sys-
tem at the rate of 5 to 10 liters per minute. The limiting 
factor on the temperature and times in our novel pro-
cess resides in the maintenance of a temperature high 
enough for the formation of dense spheres over an ap-
propriate period of time. The reaction is normally car-
ried out at temperatures of 1450° to 1800°C. for 6 to 10 
hours; however, it can be carried out at temperatures as 
high as 1 850°C. for 1 to 1 Ms hours without encounter ing 
problems with interparticle sintering or agglomeration. 

By adjusting the carbon to uranium ratio, it is possi-
ble to make any mixture of nitride and uranium carbide 
f rom the pure uranium nitride to the pure uranium car-
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bide. There is considerable interest in the literature in 
carbonitrides of this sort and our novel process pro-
vides a method of preparing carbonitrides that have 
any desired composition. Our process is further illus-

^ trated by the following specific but non-limiting exam-
ples. 

EXAMPLE I 

This example illustrates one method of preparing a 
1 0 porous carbide green sphere for the use as a raw mate-

rial in our novel process. 
A urania sol containing colloidal carbon was ob-

tained by mixing a urania sol containing 10 weight per-
cent uranium with a carbon sol containing 15 weight 

1 5 percent carbon. The final sol contained 9 weight per-
cent U 0 2 and 1.1 weight percent carbon. An electron-
micrograph of the urania sol showed dense particles of 
about 10 millimicrons in diameter. The carbon sol was 
prepared by dispersing Cabot 's Regal SRF-S with dilute 

20 ammonia and Daxad 11. This particular carbon has a 
particle size of about 56 millimicrons. 

The urania sol was prepared by electrodialysis of a 
uranyl chloride solution at 60°C. The mixed sol was 
dried to microspheres by settling through a counter 

2 5 flow column of hot hexanol of controlled temperature 
and water content . The water was exchanged to the sol-
vent and removed f rom the solvent in a second distilla-
tion step. The equipment used for this run was a 7 foot 
column, 3 inches in diameter equipped with a double 

30 valve system at the bottom for separating the dried 
spheres f rom the hexanol and for collecting the dry 
spheres which settled through the solvent mixture. A 
50 liter three-necked distillation flask was fitted with a 
condenser used for water removal. The separated sol-

35 vent was returned to the pot and the distillate water ei-
ther discarded or controlled amounts were returned to 
the pot, as required to maintain a given water content 
by the control of distillation temperature. 

The distillation pot also serves as a solvent reservoir 
40 for the system wherein the solvent was maintained at a 

given temperature and water content. The solvent was 
pumped f rom the distillation pot through a line with 
heat exchanger and water cooler to adjust the tempera-
tures required. The solvent entered the column four 

45 inches below the bot tom to provide a slow upward sol-
vent counterflow in the column and to the exit f rom the 
column, which was four inches f rom the top. The sol-
vent was returned through a flow meter to a distillation 
pot. In the return solvent line, there was a provision for 

50 recycle of any desired portion of this solvent flow to the 
column bottom. 

Water was used to establish operating conditions 
after which the sol was substituted for water. The sol or 
water was injected centrally at the top of the column 
through a submerged needle or other device to produce 
droplets of controlled size dehydrated to dried spheres 
on passing through the column. The spheres settled and 
were collected in the valve system at the bot tom of the 
column. 

6 0 The urania-carbon sol was injected at the column top 
into the hexanol, at a temperature of 96°C. at the inlet 
and 60°C. at the outlet. Distillation pot temperature 
was maintained at 105°C. The column was operated to 
maintain an inlet solvent water content of about 5 to 6 
weight percent . The green sphere products ranged in 
size f rom 130 to 200 microns. The spheres were air 
dried, set with concentrated ammonia for 20 minutes, 
washed for 8 hours with water to remove any residual 
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impuri t ies , vacuum dr ied and used as o n e of the r aw 
mater ia l s of ou r novel process . 

E X A M P L E II 

This example i l lustrates t h e m e t h o d of p repar ing t h e 
u ran ium nitrides. 

Approximate ly 50 g rams of t h e g reen u r a n i u m oxide-
c a r b o n microspheres , p r e p a r e d by t h e t echn ique of Ex-
a m p l e I, with a c a rbon to u ran ium mola r ra t io of 2 .37 
were t r ans fe r red t o e a c h of two g raph i t e crucibles . T h e 
c ruc ib les were inser ted in ce ramic t u b e s inser ted be-
tween t h e silicon c a r b i d e hea t ing e l emen t s of a two 
tube Burrel l f u rnace . In o rde r t o h a v e s o m e c h e c k o n 
the first s tep of t he process , two samples were p laced in 
sepa ra te ce ramic t ubes in side by side re la t ionship in 
the h o t zone of the fu rnace . Hydrogen gas f low was 
s ta r ted t h r o u g h the two tubes and the t e m p e r a t u r e was 
increased to 500°C. ove r a per iod of 1 hour . T h e t em-
pe ra tu r e was ma in ta ined a t SOCC. fo r 3 hours . T h e gas 
sweep was changed t o argon and the t e m p e r a t u r e was 
increased to 1500°C. over a 3V2 h o u r pe r iod and main-
ta ined a t this t e m p e r a t u r e fo r a pe r iod of 16 hours . 

A t the end of this t ime , o n e of the crucibles was re-
m o v e d and the p r o d u c t charac te r ized . T h e o t h e r cruci -
ble was al lowed to remain in the f u r n a c e and the gas 
sweep was changed f r o m argon t o n i t rogen. T h e ni t ro-
gen sweep was con t inued at a t e m p e r a t u r e of 1400°C. 
for a per iod of 7 hours . T h e t e m p e r a t u r e was then in-
creased t o 1500°C. for an addi t ional per iod of 7 hours . 
T h e p r o d u c t was r e m o v e d and analyzed. T h e d a t a col-
lected in this run a re shown in the tab le below: 

Tab le I 

E X A M P L E IV 

10 

15 

20 

25 

30 

This example i l lustrates the i m p o r t a n c e of the c a r b o n 
t o u r a n i u m rat io in the g reen spheres used as a f e e d ma-
terial f o r t he process . In this run , the g reen spheres 
were p r e p a r e d using t h e process descr ibed in Example 
I. T h e spheres have a c a r b o n to u ran ium rat io of 2 .78 as 
con t r a s t ed with a c a r b o n t o u r a n i u m ra t io of 2 .37 in 
Example II. 

In this run , approx imate ly 5 0 g rams of the g reen 
sphe res were p l aced in sepa ra te graphi te c ruc ib les in 
side t o side re la t ionship in t h e Burrel l f u r n a c e as in Ex-
ample II. T h e hydrogen f low was s ta r ted over the 
spheres and the t e m p e r a t u r e s increased to 500°C. fo r a 
pe r iod of 3 hou r s then increased to 1400°C. u n d e r 
a rgon fo r a pe r iod of 13 hours and ma in ta ined a t 
1500°C. for 16 hours . A t the end of this t ime , o n e of t h e 
tubes was r e m o v e d f r o m the f u r n a c e , t he sweep gas was 
c h a n g e d f r o m argon to n i t rogen and the t e m p e r a t u r e 
held a t 1300°C. f o r 2Vz hours , fo l lowed by increase to 
1500°C. fo r 7 hours . T h e da ta co l lec ted in this r un is 
shown in Tab l e II. 

Tab l e II 

Treatment X-ray 
Product Analysis 

Unit Cell Free Carbon Oxygen 

Argon only U C 4.947 A Not No t de-
determined ter-

mined 
Argon followed 
by nitrogen UN 4.895 A 2.26% 0.699% 

Run Trea tment 
Product and Analysis 

X-ray Unit Cell Free Carbon Oxygen 

1 
II 

argon only 
argon followed 
by nitrogen 

UC 

. UN 

4.922 A 

4.892 A 

1.23% 

0.6 9Vc 

2.469!-

580 ppm 

T h e uni t cell for u r a n i u m ni t r ide is given in the col-
lection of x-ray da ta publ i shed by the A m e r i c a n Society 45 
of Tes t ing Materials . In this series, c a r d No . 11315 a 
unit cell fo r u ran ium ni t r ide is given at 4 .890. This 
c o m p a r e s with a unit cell of 4 .892 f o r the u ran ium ni-
tr ide p roduc t . T h e p r o d u c t r ecovered in this run h a d a 
density of 81% of theore t ica l . 

E X A M P L E III 

50 

60 

An e f fo r t was m a d e to increase t h e theore t ica l den-
sity and dec rease t h e oxygen c o n t e n t of t he U N prod-
uct. T h e p r o d u c t r e cove red f r o m the a b o v e run , having 55 
a density of 81% of theore t ica l and con ta in ing 5 8 0 
par ts per million of oxygen was t r ans f e r r ed t o a c o m -
mercial ly available high t e m p e r a t u r e A b a r f u r n a c e 
equ ipped with m e a n s fo r sweeping t h e gas t h r o u g h the 
fu rnace . T h e sample was b rough t up t o a t e m p e r a t u r e 
of 1700°C. in an a rgon a tmosphe re . T h e p r o d u c t was 
analyzed a n d f o u n d to con ta in 4 1 0 pa r t s pe r mill ion of 
oxygen and to have a densi ty of 9 0 % of theore t ica l . It is 
a p p a r e n t f r o m these d a t a tha t t he p r o d u c t can be im-
proved by con t inued s inter ing of the mater ia l in an 6 5 

argon a tmosphe re . T h e r e was n o ev idence of in terpar t i -
cle agglomera t ion o r o the r undes i rab le p rope r t i e s in 
the p roduc t . 

It is a p p a r e n t f r o m these d a t a t ha t the c a r b o n to ura -
n ium rat io in the g reen spheres is critically impor tan t . 
T h e p r o d u c t r e cove red had a uni t cell of 4 .895 which is 
only slightly d i f fe ren t f r o m the p r o d u c t of Example II. 
However , t he f r e e c a r b o n c o n t e n t of t h e p r o d u c t and 
t h e oxygen c o n t e n t w e r e substantial ly higher . T h e 
p r o d u c t had a densi ty of 90% of theore t ica l . 

E X A M P L E V 

This example i l lustrates the e f f ec t of s inter ing t em-
pera tures . In this example , a p r o d u c t with a c a r b o n to 
u r a n i u m rat io of 4 .42 was used. In this run , approxi-
mately 50 g rams of the u ran ium ca rb ide g reen spheres 
were p laced in s epa ra t e c ruc ib les in side by side rela-
t ionship in the Burrel l t u b e f u r n a c e using the t ech-
niques descr ibes in Example II. T h e t e m p e r a t u r e was 
increased t o 500°C. u n d e r hydrogen fo r 3 hou r s and in-
creased to 1400°C. a n d he ld this t e m p e r a t u r e f o r 17 
hours . Argon was swept t h r o u g h the f u r n a c e a t a ra te 
suff ic ient t o r e m o v e the c a r b o n m o n o x i d e as it was 
f o r m e d . A t t h e end of 21 hours , o n e of the cruc ib les 
was r e m o v e d and analyzed. T h e o the r c ruc ib le was al-
lowed to r emain in the f u r n a c e . T h e argon sweep gas 
was d i scon t inued a n d the f u r n a c e was swept with ni tro-
gen. T h e t e m p e r a t u r e was ma in ta ined at 1400°C. f o r a 
per iod of 10 hou r s with a n i t rogen sweep. T h e products : 
were r ecove red and analyzed. T h e da ta co l lec ted in this 
run is se t o u t in Tab l e III. 
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cooled to room temperature under the argon atmo-
sphere. The product of this run, designated Run 3, was 
analyzed and found to have properties set out in the 
table below. 

A ten gram sample of green microspheres having a 
carbon to uranium ratio of 2.56 was placed in a Burrell 
tube furnace and heated at 500°C under a hydrogen at-
mosphere for 4 hours. The atmosphere was switched to 
argon and the temperature increased to 1450°C over a 
1.5 hour period. The temperature was held constant at 
1450°C for about 16 hours in argon. The atmosphere 
was then switched to nitrogen and held for 8.5° hours at 
1450°C. The sample was then cooled in an argon atmo-
sphere over a 16 hour period. 

TABLE IV 

Run No. 
Carbon to 

Urania ratio Unit Cell Carbon 

Weight percent 

Oxygen Nitrogen Uranium 

2.1 1 4.870 0.02 7.5 4.8 91.06 
II 2.11 4.889 5 5.56 

III 2.68 2.31 3 - 5 89.23 

Table III 
Product Analysis 

Treatment X-ray Free Carbon Oxygen 

Argon only UC 3.37% 0.7 % 5 
UC2 
trace U 0 2 

Argon followed UN 5.31% 0.2 % 
by nitrogen 

trace U 0 2 

10 

These data show that a uranium nitride product can 
be recovered using green spheres with a carbon to ura-
nium ratio as high as 4.42 as the starting material. The 
product was contaminated with a t race of uranium 

oxide and contained 0.2 weight percent oxygen. This 
run emphasizes the importance of the carbon to urania 
ratio in the green spheres used to prepare the nitride. 
The product microspheres can either be treated with 
C O and hydrogen at this stage to remove excess carbon 
or, alternatively, they may be treated at a higher tem-
perature to produce a homogeneous uranium carboni-
tride solid solution. 

Example VI 

This example covers the preparation of materials an-
alyzing U N O and UNOC. Green microspheres having a 
C/U ratio of 2.11 were put into the Burrell tube furnace 
and heated very rapidly over a one-half hour period to 
1400CC in a nitrogen atmosphere. The temperature was 
held at 1400°C for 19 hours, then increased to 1500°C 
and held for 26 hours. The samples were quenched and 
removed from the furnace and sent fo r analysis. The 
product f rom this run, designated Run 1, was analyzed, 
the data obtained is set out in the table below. 

Green microspheres having a C/U ratio of 2.11 were 
heated for 2% hours at 500°C in hydrogen. The atmo-
sphere was then switched to nitrogen, and the tempera-
ture increased to 1100°C over a 20 minute period. The 
temperature was then increased over a 2 hour period to 
1450°C in nitrogen. The temperature was maintained 
at 1450°C about 24 hours in a nitrogen atmosphere. 
The temperature was increased to 1550°C and held 
there for 20 hours in the nitrogen atmosphere. The at-
mosphere was then switched to argon, the reactor 
cooled to room temperature over a period of 1.5 hours. 
The product from this run, identified as Run 2, was an-
alyzed and found to have the properties set out in the 
table below. 

Green microspheres having a C/U ratio of 2.68 were 
treated for 4 hours in hydrogen at 500°C. The atmo-
sphere was switched to argon and the temperature in-
creased to 1450°C over a 40 minute period. The tem-
perature was held constant at 1450°C in argon for 24 
hours. The temperature was then increased and held at 
1500°C for 2 hours. The atmosphere was switched to 
nitrogen and held at 1450°C for 24 hours, then in-
creased to 1500°C for a period of 1.5 hours. The atmo-
sphere was then switched to argon and the sample 

It is apparent f rom the data collected in Runs 1 and 
2 that at a carbon to urania ratio of 2.1 1 the product 
recovered has the composition UNO. The urania con-
tent is about 91 weight percent and there are roughly 
equal amounts of oxygen and nitrogen in the com-
pound. The data presented in Run 3 summarizes the 
preparation of the carboxynitride compound, UNOC. 
In this run the carbon to urania ratio was increased to 
2.68. The product had a total carbon in excess of 
1.50% and contained f rom 3 -5% oxygen. From the per-
centage of uranium present in the compound it is obvi-
ous that there was also nitrogen present. The composi-
tion recovered in this run had the empirical formula 
UNOC. 

EXAMPLE VII 

This example describes the coating procedure for the 
uranium nitride microspheres. 

The product recovered in Example 2, Run 2 having a 
f ree carbon content of 0.69% was coated according to 
the following procedure. The coating reactor used was 
a graphite reactor suitable for coating materials in a flu-
idized bed. The reactor was about 1 inch in diameter 
and about 12 inches in length. Gases were introduced 
into the bot tom of the reactor in such a manner as to 
cause fluidization of the particles in the reactor. The 
graphite reactor was enclosed in a quartz envelope and 
insulated with small particles of a commercially avail-
able graphite (sold by the Cabot Corp.) . The reactor 
was heated by induction coils placed external to the 
quartz envelope and connected to a 25 kilowatt Wes-
tinghouse generator. The particles were initially fluid-
ized with an argon flow of 2 - 3 liters per minute. The 
temperature was brought to about 1200°C and held at 
1200°C for 1 hour. The argon flow was then set at 1.4 
liters per minute and methane admitted into the reactor 
at a rate of about 0.03 liter per minute. This represents 
a volume fraction of methane of about 2.1 to 2.3 vol-
ume percent . The coating was applied over a 3.5 hour 
period at 1200°C. The temperature was then increased 
to 1900°C for a 3 hour period while the volume fraction 
of methane was maintained at about 2.2 volume per-
cent. 

W e have found that coating in the range of 
1200°—1400°C and in the range of 1900°-2200°C gives 
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the densest and most graphitic pyrolitic ca rbon coat-
ings. These coatings are most desirable when the vol-
ume f rac t ion of me thane to argon is in the range of 2 t o 
7 volume percent . 

O n e of the most crucial propert ies of the coa ted mi-
crosphere is that the coa ted particle must be stable a t 
extremely high temperatures , tha t is to say, that unde r 
high t empera tu re t rea tment or high t empera tu re use in 
a reac tor o r during high t empera tu re fabricat ion the 
core material of the particle must not migrate into the 
coating of the particle. W e have found that by coating 
under these condit ions migration resistant micro-
spheres of uranium mononi t r ide can be formed. 

Wi thout being bound by these observations we be-
lieve that these desirable properties of migration resis-
tance are strongly dependen t on the spherical shape of 
the uranium mononi t r ide substrate core . None of the 
prior art composit ions of uranium nitride were spheri-
cal and migration resistance has not been obtained with 
these materials. Prior ar t materials were usually materi-
als with an irregular radius of curvature . It has been 
found that where depar tures f r o m sphericity occur one 
is most likely to encounte r migration of the core mate-
rial at high temperatures . 

Other prior art spherical materials previously avail-
able were made f r o m very dense precursors and fabri-
cators were successful only in convert ing the outer 
most edge of the microsphere to the nitride composi-
tion. These materials also encountered migration prob-
lems. 

To test the migration resistance of our p roduc t we 
placed about one-half gram of material in a graphite 
crucible and heated extremely rapidly to 2300CC under 
argon a tmosphere . Again the 25 kilowatt R F generator 
was used. The 2300°C was held constant for a 4 hour 
period. At the end of the 4 hours the material was 
quenched rapidly and removed f rom the reactor . When 
it had achieved room tempera tu re the material was ex-
amined by radiographic technique and compared with 
material before the high tempera ture t rea tment . 

The radiographic technique used involves mount ing 
the microspheres above an x-ray sensitive photographic 
plate. X-rays are then passed through the microspheres 
in such a manner that the core material will stop the x-
rays, with the carbon coating which is f r ee of uranium 
permitt ing the passage of x-rays. The x-ray plates ob-
tained f rom the material before thermal t rea tment re-
vealed tiiat the particles were entirely spherical and 
that no uranium was present in the coating material . 
The photographic plates obtained af te r the thermal 
t rea tment revealed that the uranium in the core was 
still all entirely conta ined in the core and that none of 
it had migrated into the coating material . T h e photo-
graphic plates obtained af ter thermal t rea tment were 
indistinguishable f rom those obtained before thermal 
t rea tment . 

Obviously many modificat ions and variations may be 
made without depart ing f rom the essence and scope 
thereof, and only such limitations should be applied as 
are indicated in the appended claims. 

Wha t is claimed is: 
1. A process for prepar ing nitrides, oxynitrides, and 

carboxynitrides of act inide metals and mixtures of acti-
nide metals with o ther ions in microspheroidal fo rm, 
which comprises: 

a. Preparing carbon containing spheres of said acti-
nide metal f rom the corresponding actinide metal 
oxide sol wherein the carbon to actinide metal rat io 
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is in the range of 2.2 to 2.4, less than 2.1, greater 
than 2 .4 to about 4.4 respectively; 

b. Heat ing said spheres t o a t empera tu re of about 
400°—600°C. in a reducing gas a tmosphere to re-

5 move excess oxygen; 
c. Sintering the spheres a t a t empera tu re of about 

1400° to 1500°C. in an inert a tmosphere to com-
plete carbide format ion; 

d. Conver t ing the carbide spheres to the nitride by 
1 0 heating in a nitrogen a tmosphere ; 

e. Densifying the nitride spheres by heating in an 
inert a tmosphere , and 

f. Recovering the nitride microsphere product . 
2. The process according to claim 1 wherein the 

produc t is the nitride, the act inide metal selected f r o m 
the group consisting of thor ium, uranium, and pluto-
nium, and the ca rbon to act inide metal rat io used in 
preparing the carbon containing spheres is 2.2 to 2.4. 

2 Q 3 . T h e process according to claim 1 wherein the oxy-
gen removal is effected by heating the spheres in a hy-
drogen a tmosphere at a tempera ture of abou t 400°C. t o 
600°C. 

4. T h e process according to claim 1 wherein the 
2 5 spheres are heated to about 1100°C. to 1800°C. for 10 

to 30 hours to complete carbide format ion . 
5. T h e process according to claim 1 wherein the ni-

tride is fo rmed f rom the carbide microspheres in a ni-
trogen a tmosphere wherein the nitrogen is swept 

3 q through the reactor at ra te in excess of 1 liter pe r min-
ute per 10 grams of carbide spheres, and the reac tor is 
maintained at a t empera ture of 1450° to 1850°C. 

6. The process according to claim I wherein the ni-
tr ide is densified by heating in an a tmosphere of an 

35 inert gas a t a tempera ture of 1800° to 2000°C. for 0.1 
to 1 hour . 

7 . The process according to claim 1 wherein the acti-
nide metal is thor ium. 

8. T h e process according to claim 1 wherein the acti-
40 nide metal is uranium. 

9. T h e process according to claim 1 wherein the acti-
nide metal is plutonium. 

10. The process according to claim 1 wherein the 
produc t has the empirical formula X N O C wherein X is 

45 an actinide metal selected f r o m the group consisting of 
thoria, urania and plutonia, and the carbon to actinide 
metal rat io used in preparing the spheres is above about 
2.4 to about 4.4. 

11. The process according to claim 1 wherein the 
50 produc t has the empirical formula X N O wherein X is 

an actinide metal selected f r o m the group consisting of 
thoria, urania , and plutonia, and the act inide metal to 
ca rbon ratio used in preparing the spheres is less than 
about 2.1. 

55 12. A process for convert ing actinide prepared f rom 
colloidal materials to nitrides which comprises: 

a. Preparing ca rbon containing actinide oxide micro-
spheres by mixing ca rbon and actinide metal sols 
and drying to fo rm microspheres; 

60 b. Heat ing said microspheres in a reducing atmo-
sphere to remove excess oxygen; 

c. Sintering the spheres to complete carbide forma-
tion; 

d. Conver t ing the carbide spheres to the nitride by 
65 heat ing in a nitrogen a tmosphere ; 

e. Densifying the nitride spheres by heating in an 
inert a tmosphere and; 

f. Recover ing the nitr ide microspheres product . 



1 3 

3 , 9 0 4 , 7 3 6 

10 

15 

13. The process according to claim 12 wherein the 
actinide metal is selected f rom the group consisting of 
thoria, urania and plutonia and the carbon to actinide 
metal ratio used to prepare the carbon containing 
spheres is 2.2 to 2.4. 5 

14. A process for preparing nitrides, oxynitrides, and 
carboxynitrides of actinide metals and actinide metals 
with other ions which comprises: j ; J 

a. Preparing carbon containing colloidal residues of 
said actinide metal oxide f rom the corresponding 
actinide oxide sol, wherein the carbon to actinide 
metal ratio is 2.2 to 2.4, less than 2.1 and 2.4 to 
about 4.4 respectively, 

b. Preparing spheres of said residues, 
c. Heating said residue in a reducing gas atmosphere 

to remove excess oxygen, 
d. Sintering the residues to complete carbide forma-

tion, 
e. Converting the carbide residues to the nitrides by 

heating in a nitrogen atmosphere, 
f. Densifying the nitride residues by heating in an 

inert atmosphere, and 
g. Recovering the nitride product . 
15. The process according to claim 14 wherein the 2 5 

product is the nitride, the actinide metal oxide is se-
lected f rom the group consisting of oxides of thorium, 
uranium, and plutonium and the carbon to actinide 
metal ratio is 2.2 to 2.4. 

16. The process according to claim 14 wherein the 3 Q 

oxygen removal is effected by heating the residues in a 
hydrogen atmosphere of a temperature of about 400° 

2 0 : 

to 600°C, carbide formation is completed by heating 
the residues to 1100° to 1300°C for about 10 to 30 
hours and the nitride is formed in a nitrogen atmo-
sphere at a temperature of 1450° to 1850°C. 

17. A process for preparing crystalline microspheres 
consisting essentially of actinide mononitride compris-
ing: 

1. Preparing carbon containing actinide oxide micro-
spheres having a carbon to actinide metal ratio of 
about 2.3 to 1 by mixing carbon and actinide metal 
oxide sols and drying to form microspheres; 

2. Heating the spheres in an argon atmosphere at an 
elevated temperature to form the actinide carbide; 

3. And thereaf ter heating the resulting carbide in a 
nitrogen atmosphere at a temperature of about 
1500°C to form said actinide mononitride micro-
spheres. 

18. A process for preparing crystalline microspheres 
consisting essentially of actinide mononitride compris-
ing: 

a. preparing carbon containing actinide oxide micro-
spheres having a carbon to actinide metal ratio of 
about 2.3 to 1 by mixing carbon and actinide metal 
oxide sols and drying to form microspheres; 

b. heating the spheres in an argon atmosphere at an 
elevated temperature to form the actinide carbide; 

c. and thereafter heating the resulting carbide in a ni-
trogen atmosphere at an elevated temperature at 
which said carbide is readily converted to said acti-
nide mononitride microspheres. 
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