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ABSTRACT

.

Conversions of different uranium compounds such as u308,U03, U04,and

U02C2(14to ~anium tetrafluoride for reduction to metal were made inthc; cuwtomar~ two.

stage process of reduotion to U02 by mee,nsof hydrogen and hydrofluorination‘ofthe

U02 to UF~. Of these starting materials U300, U03, and U02C204 of .100=mesh particle

ai~e were mo8t satisfactory. Temperatures of 650°to71j00c in stop one and 550° to

650° C for st~ two were best for conversion of U30S.

600° C for both steps involving conversion of U03 were

drogen and hydrogen fluoride in the seoond step proved

Temperatures between 550° ‘~nd

best. Use of a mixture of lv-

more advantageous than the

●

●

.

usual procedure using anhydrous hydrogen fluoride alone. This prevented caking of

the tJF~so the produot was of the same particle size as the original material. Re-

moval of impurities by volatilization of their fluorides is partially accomplished

for those elements such as carbon, silicon, and boron.
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PRODUCTION OF URANIUM TFTRAFIJJORIDIION A 2000GRAM SCALE

>

I. INTRODUCTION

Since UF~ seems to be the best starting material

u~anium metals a system was set up to produce UF4 locally.

conversion from the initial materials to the tetrafluoride

in the production of

The highest degree of

was sought to insure the

best possible yields of metal in reduction. %ethods were also investigated to r~duce

the time of conversion to tetrafluoride. These objectives were to be acaomplS.Wied

without decreasing the bulk density of the UF4 produced.

11. APPARATUS

The general commercial practice in the production of UF4 is a two=stage

operation. The first stage consists of rcduotion of an oxide of uranium to U02 by

the use of hydrogen.> The U02 is then converted in the second step to UF4 with an=

1
hydrous hydrogen fluoride.

●

Because of the oorrosive nature of HF and the high temperatures involveds

a reactor tube of nickel was used. For conversions on a 200-grsm scale a nickel tube

15 inches long, 3 inches outside diameter, and I/& inoh wall thickness was employed.

The opening was closed by a steel plate and rendered gastight by use of a sharp edge

on the steel plate whioh cut into a copper washer. A diagram of the complete assambl:

is EJhownin Fig. I.@tf~

Ail connecting tubes not subject to

inch-01)annealed copper tubing connected with

Other connections were made with hard solder.

hi~h temperatures were made with 3/8-

atandard brass refrigerator fittings.“

Kerotest valves with annealed copper

seats were used at the point of introduction of the various*

were installed where it was necessary to regulate gas flow.

. c
points was reduced by use:~”;~e”$al ~~&@zrbon greases.

● **9 ●*99.09 :00.

gaaes. Hoke needle valvet

Corrosion of the needle
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Since it was found that passage of a mixture of hydrogen

tageous, a copper trap was filled with liquid anhydrous Hl?through

bubbled by extending the inlet tube of this trap ‘tothe bottom. A

vialedfor direct use of hydrogen alone. Relative conoentrationa of’hydrogen and HE’

and HF wm advm=

which Ha oould be

by-pass Watipro-

could be controlled by regulating the temperature of the trap.

Commercial hydrogen contains small amounts of oxygen whioh may not permit

complete reduction of uranium compounds to U02. Purification of the hydrogen ‘.n~.g

accomplished by passing it over powdered uranium met-alin a nickel tube heated to

IJ)o”c* The anhydrous hydrogen fluoride used was the commercial grade supplied by

Wtheson. For sweeping and cooling purposes in an inert atmosphere, nitrogon gas Mae

used,

The samples for conversion wcro placed in platinum trays resting on niclcel.

supports. The trays were covered with a platinum canopy to prevent nickel fluoride

formed on the walls of the re~ctor tube from droppinq into the sample.
,

.

bling

111.

The ra+e of flow of gase8 paased through the ay~tem was observed by hub.

the gases from the reactor through concentrated sulfuric acid in a copper cup.

FXWRIMFNTAL PROCEJXJRJW

Various a~pects of the conversion process were investigated to determine

the best conditions for conversion from the standpoint of time and degree of conver-

sion. The rate of reaotion is influenced by such factors as the starting material,

particle size, depth of material in the tray, temperature, and rate of flow and com-

position of gaees over the sample.

Numerous runs were made involving the use of U30ti,UO~, u04 and UO@204 as

the starting material to bo converted to UF4.

only to deterdd.nethe nwte~$a.~,b$a~ts@J@ for
● ● ● 9 ●’*:: ● ● 0● 00: ●:00

● m* :0
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These experimentswere conducted not

conversion., but also the best conditio~

.,
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for each materia

j,b~mKri&J?’&
/. -

Tests on the particle size of the initial material were made principally cJr

U50e which was sieved to give separations of’-100, +~()()ta -~, and +60 mesh frcctiofi

A few tests were made to determine the degree of penetration of the gases into the

sample piled at different depths.

Caking of the material on the surface led to tests involving use of a mix-

ture of hydrogen and hydrogen fluoride to sweep out the water formed in the hydro-

fluorination of U02 whioh wqs found to be the source of the caking tendency. Varia-

tion of the temperature of the liquid HF altered the ratio of hydrogen and hydrogen

fluoride passing over the sample.

Different temperatures for both the reduction and hydrofluorination steps

were studied to find the ahortes% time necessary for conversion and to increase the
●

, degree

v

UF4to

sample

of conversion on the different s+=rting v+v?r+.e.ls,

The degree of conversion was determined by igniting a weighed mmple @f tine

U30e. From this weight of U308, theoretical values for the weight of the

were calculated if it were 100% U02 or 100% UF4. From these values the per-

omtage conversion in different runs was calculated through

$ conversion=
ti sample o theoretical wt U02

theoretical wt UF4 - theoretical wt U02

use of

x 100.

It must be remembered that oxygen remaining in the sample may be present as U30~or

as oxyfluorides rather than as U02, through the nature of the oxycompound doe8 not

greatly affect the peroc?ntageconversion if it is nearly complete.
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N. IXPERI}WNTAL RFSULTS

A.. Use of Different Starting Materials

The following table gives a comparison of time, temperature and degrea oi’

conversion for the different starting materia15 under the best conditions found for

each oompound.

Starting
Material

uf)~ ‘

Uo>

uo~

U02C~04

-—.

.—

Hareduction
Time
hrs.

——

3

;

b
7
3

3
5
l&

4
3

‘3
—-

650
650
750

::

6U0

580
600
550

500
~80
575

Hydrofluorination*
-—~ey

* Mixture of X2 and HP

B. Paz’titleSize and Depth of Material.

hr8.—>

6
8
6

6
6
5

2
6

6
6
6

Tempera~
O(J

—.

650
600
650

635
550
600

58o
600

m

635
58o
600

-. .--a

——... . .

%
Conversion

-.—.

99.61
99.70
gg.66

g.:g

99:47

100.1
100.0

%.7

99.6
100.2
9995

After the mixture of hydrogen and HF wa8 u8ed in 8tep 2 of the conversion

to prevent formation of’ a hard surface which hindered penetration by the gases, it

was found that conversion of layers up to 3/2+inch in thickness was oomplete. No

difficultieswere encountered in failure of the bottom of the material to convert.

Particle size assumes an important role in the po8eible formation of an

oute’rcoating of UF~ and subsequent failure of the gases to penetrate the core of’an

individual particle. Stu~+.e&%.w$Wc~r~~ed.out on U306 to find the effect of particle
● 0 ● ● ● ● .0
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size. Three samples of dii’ferentparticle size were placed in the reactor for cv.Pli-

.
oation of conditions in two different runs.

lunNo. Partiole Size

-100 mesh
+100 to -60

+60

-3.00mesh
+100 to -60

+60

c. Rate of Flow of Gases

+

hre.

7
7
7

i3
8
8

‘edu&tion Hvdrofluori.nation.
=raTur e Tue

Oc hrs.
..—

650 5
&Jo
650 ;

600 6
600 6
600 6

Temperature
Oc

650
650
650

600

600

%
Convcr-oion

—— —

99=7
95.2
79.1

%.2
w ●4
Iill.g
-.-..—

A hydrogen flow rate of about 100 co per minute was used in the first step

(reduction). An equal rate of flow of ~ through the liquid HF was used in the

~econd step (fluorination). In controlling the ratio of hydrogen and HI?passing

?
the sample. a tap&ature of -25° c for the liquid HF did not allow enough HF to

. for rapid or complete conversion. Maintainence of the temperature of’the liquid.
.

at Oo c during the seoond step provided sufficient HF for conversion to UJ?4. ~ter

it was found that leaving the trap at room temperature was satisfactory, because the

cooling effect of the vaporization of liquid HI’retained a ratio of hydrogen and HF

which gave complete conversions. The development of’special HF-resistant flow meters

has allowed mixing the H2 and MF as gases in any desired ratio.

The rate of

tory (Brown and Hill,

found to be inversely

reduction of u 08 to U02 has been determined at another labora-3
Report CN=261, p. Q) as a function of hydrogen flow and was

proportional to the flow rate~ the product.of reaction time and

flw rate was equal to about 25,000 cc at 650° c.
$ .
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D. l?ffeotof Tem&~t”&:e”?% C&%rs~on

The range in temperature at whioh the original material was treated with

hydrogen and the mixture of hydrogen and hydrogen fluorido, as well as the degree of

conversion under eaoh condition, is indicated below$ ...~

wxirting Temp. @ reduction Temp. Eydrofluorination %
Material Oc Oc Conversion

,...-

600 81.5
750 650 99-7

u308 675 650 99a5
650 600 99*7
600 600 9!5.4

675
650

700 56.5
U03 650 95.4

600 550 99=5
59 580 300.0

600 600 100.3
U0202% 580 580 100.2

,550 580 100.1
500 635 99.6

600 600 100.0
Uob m w

I
100.1

5% 9 580 98.7—*- —

E. Removal of Impurities in Conversion
#

A hydrofluorination at high temperatures should be effeotive in volatiliz-

ing out quantitie8 of

effeotiveneasof this

different methods.

boron, silicon, and carbon as their fluorides. To check the

prooeas, an analyais for carbon was made on UF4 prepared by

Material analyzed Ca;~

UFL by conversion ofU308 50
~ by conversion of UO~ <50
U% by direotcormersion of U02C204 w
U308 by ignition of UO.g220~ 80
uF4by conversion of Q~:fr~ikU~~~~”&nition 70

● 0000
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The variation in these analytical results (analyses carried

● probably not very significant,although i% indicates carbon

v.

is

SUIWR.RY

out by Group CM-9)is

oontent can be kept low.

For tie production 0fUF4 on a 200- to 500-gram aoaleo

stitable for the starting material. In time of aonveraion and

UO@204 co~ares favorable.

reduction is le8a favorable

In the conversion

most favorable betamen 650°

but the

on suoh

Of u308

degree of converse@:

UF~produoed is of auoh low bulk density $hat ite

a eoale.

to UF4

and 7500 0 and

out between 550° and 650° C. A conversion

of U03 to UF4 take eight to ten hours at a

the temperature for the reduction step ie

the hydrofluorination step is best carrici

oonsumes nine to tqvelvehours. Conversion”

temperature of 550°to 600° C for both

steps in the process. The time disadvantage iB overcome by better bulk density of

? W4 from u308and the relative eaae with whioh U3013oan be prepared rro~ moat ~~i~$~.

. saltJ3 ●

Parti.olesizes of -100 mesh are beat suited for conversions to tetrafluorid,

beoauae the penetration of individual partioles of this size by the gases is rapid.

In the seoond step of the process, a mixture of hydrogen and HF has several

advantages. The hydrogen serves as a sweeping gas

reaotion~

U02+4.EF+UF4+21Q0

in removal of water formed in the

Thi8 prevents formation of a hard surfaoe layer whioh is difficult for the HP to pene-

trate. The excess hydrogen qervea also to insure complete reduction of the starting

material to U@, aasuring better conversion. The best ratio of hy&ogsn and EF is

*
obtained by keeping the trap containing the HP between 0° C and room temperature.

.

>.

.
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