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1. USE OF LITHIUM ALLOY TO SHORTEN BOMB REDUCTION FIRING TIME
J. H. Trapp

Abstract

Plant -scale bomb reductions using hydrofluori-

nated green salt (UF4) and magnesium were initi-

ated by a suitably located lithium pellet. Under the

best of the conditions tried, the firing time was

reduced from 250 minutes to 135 minutes. There

were no adverse effects on the yield or the quality

of slag -metal separation. The firing time was

uniform, and the quantity of lithium in the derby

was negligible (<1 ppm).

Introduction

Uranium is produced at this site by the bomb

reduction of green salt with magnesium in steel

vessels lined with packed magnesium fluoride

slag. The reduction is accomplished by heating

the charged and sealed vessel in a resistance -

heated furnace maintained at about 1320F. Firing

time, i.e., the heating interval required to cause

initiation of the reduction, varies with the furnace

temperature and with the type of green salt. For

charges made of hydrofluorinated green salt heated

at a furnace temperature of 1320F, a typical firing

time is 190 minutes. When the same charge is

heated at 1360F, a typical firing time is 165 min-

utes. However, the quality of slag-metal separa-

tion is somewhat lower at the shorter firing time.

If the firing time could be shortened without

diminishing the yield or the quality of slag-metal

separation, the capacity of the reduction facilities

would be increased.

A firing time of 150 minutes was therefore

chosen as a desirable goal in this work.

The reduction reaction may be initiated at a

preselected time in several different ways:

1. By electrically heating a nichrome coil em-

bedded in the charge.

2. By embedding in the charge a chemical pellet

which undergoes exothermic reaction at the desired

temperature.

3. By embedding a pellet of green salt reductant

which melts at the desired initiation temperature.

Although the use of an electrically -heated ni-

chrome coil allows positive control of firing time,

it also requires the tedious placement of a coil and

lead wires in the charge and installation of equip-

ment to provide the triggering pulse of electricity.

At Mallinckrodt Chemical Works, this method is

used routinely to initiate the reaction in dingot

production. At this site, where a large number of

reductions are made each day, this method is not

considered practical.

The use of a chemical pellet offers many ad-

vantages, among which are low cost and minimum

metal contamination. At Oak Ridge National Lab-

oratory, where enriched uranium is produced by the

reduction of green salt with calcium in small-scale

facilities, the use of a chemical pellet to initiate

the reaction is routine. However, before this

method can be tested in plant -scale equipment,

the development of a pellet suitable for the green

salt -magnesium reaction is required.

The use of lithium pellets to initiate the reaction

has been tested in small-scale equipment.1  Be-

cause lithium will reduce green salt, and because

it melts at a low temperature (315F), it will in-

itiate the reaction at a specified time when ap-

propriately located in the charge. In view of this

experience it was decided to perform plant -scale

tests to ascertain the decrease in firing time and

subsidiary effects when a lithium pellet is used to

initiate the reduction reaction.

Objectives for This Quarter

The primary objective for this quarter was to

determine in plant -scale equipment the effect on

firing time when a lithium pellet is used to initiate

the bomb reduction reaction. It was desired to

investigate four lithium pellet locations and three

furnace temperatures.
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Secondary objectives were to determine the

effect of the lithium initiator on metal yield and

on the quality of the slag-metal separation.

Summary of Results

Fifteen plant -scale reductions were made using

lithium pellets to initiate the reaction of hydro-

fluorinated green salt with magnesium. Control

reductions (without a lithium pellet) were made at

each of the three temperatures employed. Best

results were obtained at a 1350 F furnace tempera-

ture and with the 50-gram lithium pellet touching

the inner wall of the liner at the horizontal mid-

plane of the charge. Specific results for this con-

dition were as follows:

1. The average firing time was reduced to 135

minutes (from about 250 minutes for the control

charges).

2. The firing times were uniform.

3. There were no adverse effects on the yield

or the quality of slag -metal separation.

Reductions made with the lithium pellet at other

locations within the charge were less satisfactory.

When the pellet was at the horizontal midplane 4

inches from the center of the charge, there was

little reduction in firing time. When the pellet was

located at the bottom of the charge in contact with

the side wall, the average firing time was very

low (97.5 minutes), but the yield and the quality of

slag-metal separation were poor. With the pellet

again at the bottom of the charge but at the center,

the firing time averaged 180 minutes. The yield

and quality of slag-metal separation were com-

parable with those of the control reductions.

In all reductions, the amount of lithium in the

uranium derby was below the detectable limit of

1 ppm.

Experimental Procedures

Production plant practice was followed in jolt -
packing the liners, blending the charges, and

filling the slag-lined vessels. Both control and

experimental charges consisted of 446 pounds of

hydrofluorinated green salt and 70 pounds of mag-

nesium. Two lots of green salt having similar

analyses were used (Table 1.1). Three reductions

were made for each condition.

TABLE 1.1 Reduction Results

Firing Time Average No. by

Derby Yield Derby
Lithium Furnace (min)) Grade Green

Pellet Temperature No. Salt

Location* ( F) Avg Range AfterIAfter II IIl Reductions Lot**
Breakout Blasting

(Control) 1200 336 2 99.8 99.1 1 1 0 2

A - 315 4 99.8 97.9 1 1 0 2

(Control) 1400 206 38 100.0 98.6 2 0 0 2

A - 161 37 100.7 98.6 1 1 2 4

(Control) 1350 250 47 97.5 96.6 2 0 0 2

B - 135 0 96.5 95.6 2 0 0 2

Bt - 136 2 98.3 97.4 2 1 0 3 2

C - 97.5 47 98.6 94.5 0 0 2 2

D - 180 25 97.6 97.0 1 1 0 2

* For sketch of pellet locations, see Figure 1.1.
** Analyses of Green Salt: Lot 1 - 97.5 w/o UF 4 , 1.5 w/o UO 2F 2 , 1.0 w/o AOI.

Lot 2 - 97.5 w/o UF 4 , 1.8 w/o UO 2 F 2 , 0.7 w/o AOI.
t 15 kw power to bottom element.
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Because the blender could contain only one -half

the charge, blending and charging were done in

two steps.

For experimental reductions, lithium was used in

the form of cylindrical pellets, each 2 1/ inches in

diameter by 1 1/ inches high and weighing about

50 grams. The pellets were tested at four dif-

ferent locations, as shown in Figure 1.1. When

tested at a 4-inch radius (location "A") the pellet

was placed on the charge horizontal midplane and

held upright by a simple jig made from a magnesium

strip 12-inches long, 1/32-inch thick, and /-inch
wide. No jig was necessary at the other locations.

LINER

[]A B

D C

lined pot, and charging was completed without

interruption.

Three furnace temperatures were tested: 1200 F,

1350 F, and 1400 F. No power was supplied to

the bottom heating element except for one series of

three reductions with lithium at location "B"

(Table 1.1). All three furnaces were operated

with muffles in place.

Derby breakout, weighing, and evaluation of

slag-metal separation were done according to

plant practice. All derbies were then cleaned by

blasting with uranium shot and reweighed.

Samples for lithium analysis were taken from 6

DWG. 77-63 control and 15 experimental derbies.

Results and Discussion

CHARGE

HORIZONTAL MIDPLANE

FIGURE 1.1 Lithium Pellet Location

The lithium isotopic composition was 2 a/o Lib

and 98 a/o Li7. Its absorption cross section for

thermal neutrons was 18.9 barns.

When locations "A" and "B" were tested, the

pellet was inserted after half the charge had been

added. The remainder of the charge was added in

a second operation. When locations "C" and "D"

were tested, the pellet was added to the slag -

A summary of the reduction results is shown in

Table 1.1. During the experiment it was dis-

covered that one of the furnaces was defective

in that a substantial heat loss occurred due to

improper seating of the pot. As a result, both

control and experimental firing times were too

long. Although the defect was repaired, the data

obtained before repair are not reported. For this

reason, only two reductions are reported for some

furnace conditions.

Examination of the data shows that the most

desirable results were obtained at a 1350 F fur-

nace temperature with the lithium pellet flat in

the charge horizontal midplane and touching the

liner inner wall (location "B"). The uniformity

of firing time is notable. For the five experi-

mental reductions there were four identical firing

times of 135 minutes and one of 137 minutes. The

average yield and the quality of slag-metal sepa-

ration compare favorably with similar data for the

controls.

When the lithium was at location "A," the de-

crease in firing time was not enough to warrant

further study of this location.

At location "C" the average firing time was

only 97 minutes, but the average yield after shot

-9-
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TABLE 1.2 Comparison of Various Lithium Pellets

Isotopic Analysis
Weight of 2 a/o Lib, 98 a/o Li7  0.1 a/o Li6 , 99.9 a/o Li7  Size of

Lithium Pellet Pellet

(grams) ppm Lithium equal Cost ppm Lithium equal Cost (in.)
to 0.2 ppm Boron (t/lb Uranium) to 0.2 ppm Boron (t/lb Uranium)

50 5.2 0.22 103 1.85 22 diameter

by 1V2 thick

5 5.2 0.02 103 0.19 diameter
by % thick

blasting was a low 94.5%, and both experimental

derbies were Grade III.

At location "D," the average firing time was 180

minutes, and the derby yield and grade were com-

parable with those of the control reductions. It

can be concluded that a location intermediate to

"C" and "D" will result in a firing time of 150

minutes or less. This intermediate location would

offer the advantage that charging could be a single

uninterrupted operation. However, a jig would be

required to insure consistent location of the pellet.

All derbies, both control and experimental,

showed less than 1 ppm of lithium by spectro-

graphic analysis, and 1 ppm of lithium is the lower

detection limit at this site. At Oak Ridge National

Laboratory, 35 grams of Li 7 is used to lower the

slag melting point when making about a 30-pound

derby. The lithium content of the derby is con-

sistently less than 0.2 ppm.

Lithium of naturally occurring isotopic ratio

(92.5 a/o Li7, 7.5 a/o Li6 ) has an absorption cross

section for thermal neutrons of 71 barns. In ability

to absorb thermal neutrons, 1.4 ppm of natural

lithium is equivalent to 0.2 ppm of boron, and very

little can be tolerated in the derby. The lithium

used in this work, obtained from Oak Ridge Na-

tional Laboratory, was 98 a/o Li 7 and 2 a/o Li6 ,

with a cross section of 18.9 barns. In ability to

absorb thermal neutrons, 5.2 ppm of this material

is equivalent to 0.2 ppm boron. Based on the

analysis made at this site, the lithium remaining

in the metal is equivalent to less than 0.04 ppm

boron. In the experience of Oak Ridge National

Laboratory, the lithium remaining in the metal is

equivalent to less than 0.008 ppm boron. Oak

Ridge National Laboratory can supply lithium

metal that is 99.9% Li7 . If the balance is assumed

to be Li6 , the cross section is about 1 barn, and

103 ppm of this material is equivalent to 0.2 ppm

boron. Although this material is expensive, the

amount which would remain in the metal is equiv-

alent to less than 0.002 ppm boron.

The amount of lithium used in this work was

somewhat arbitrary. The 50-gram pellets were

readily available, and small-scale work showed

that 50 grams of lithium would initiate the reaction.

It is likely that as little as 5 grams of lithium will

initiate the reaction. Table 1.2 is a tabulation of

costs for two weights of lithium at two isotopic

ratios, when used to initiate the reduction.

References

1J. H. Trapp. "Effect of Lithium Addition on Bomb

Reduction," Summary Technical Report for the Period

October 1, 1961, to December 31, 1961, USAEC Report

NLCO-845, p. 31. January 24, 1962 (Classified).
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2. ELECTRON MICROPROBE EXAMINATION OF URANIUM CONTAINING
SMALL ADDITIONS OF ALUMINUM

J. W. Colby

Work on this project was not completed in time for inclusion in this quarter.
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3. HIGH-TEMPERATURE DECOMPOSITION OF URANIUM MONONITRIDE
A. D. Cavett

Abstract

A high-temperature vaporization study of urani-

um mononitride has been completed. The enthalpy

of decomposition of this compound has been de -

termined to be 68.7 kcal/mole. The temperature

range of the study was from 16000 C to 2000C.

Introduction

A knowledge of the thermodynamic properties of

the uranium compounds encountered in the various

processing steps at this site is very helpful in

formulating recommendations for the preparation

of reactor -grade uranium. Of the several programs

in this area of interest that are under way at the

National Lead Company of Ohio, one deals with

a study of gas -metal reactions. The approach to

this program is one in which the gas effusing from

a suitable Knudsen cell is monitored by the Bendix

TOF (time-of - flight) mass spectrometer. Since

there is very little mass discrimination in the

multiplier unit, the ion current data may be treated

traditionally after appropriate correction is made

for relative ionization cross sections and appear -

ance potentials. The nature of the case under

current study made it possible to take advantage

of the direct relationship of pressure to the product

of the ion current intensity and the temperature in

degrees Kelvin.

The selection of uranium mononitride for the

present study does not represent its relative im -

portance to the process, but reflects only that

high purity uranium mononitride was immediately

available.

Previous Work on Project

A study initiated at Battelle Memorial Institute

during FY 1958 was designed to furnish data

amenable to thermodynamic treatment.' These

experiments, however, were unsuccessful because

R. W. Bonham

of limitations imposed by the experimental pro-

cedure and the equipment then available.

Examination of the problem was continued under

a second off - site contract at the Bendix Corpora -

tion, Detroit, Michigan.2 The introduction of the

TOF mass spectrometer made it seem likely that

a Knudsen cell could be mounted in such a manner

as to give line-of-sight entry into the source

region of the mass spectrometer. This, together

with consideration of the rapid analyses capability

of the instrument, made it seem likely that the

principal shortcomings of the Battelle effort could

be surmounted. A Knudsen cell furnace was con-

structed, and a feasibility study was carried out

to determine the capabilities of the Bendix instru-

ment. It was demonstrated that the TOF mass

spectrometer could be used satisfactorily in this

type of a study.

Subsequently, an instrument was designed to

meet the needs of the National Lead Company of

Ohio, and this unit was installed in the labora-
tory.3

The experimental furnace built for the feasibil-

ity studies at the Bendix Corporation was not

satisfactory for the work contemplated here. Con-

sequently, an electron -bombardment Knudsen

cell furnace with attendant power supply was de-

signed by Laboratory personnel and built in the

Experimental Machine Shop.4

Objectives for This Quarter

During the current period, effort was directed

toward the identification of the species present in

the effusion stream of a sample of high - purity

uranium mononitride obtained from Battelle Memo -

rial Institute. Also, it was desired to obtain suf -

ficient data to determine the heat of sublimation.

The temperature range was to be determined after

a Langmuir -type evaporation and was to cover

as broad a range as practical.



NLCO- 885, SUMMARY TECHNICAL REPORT, APRIL 1, 1963 TO JUNE 30, 1963

Summary of Results

1. Thirty -three determinations of the equi -

librium ion intensity of nitrogen over uranium

mononitride were made covering the temperature

range from 16000C to 200 0 C.

2. The vaporization was determined to proceed

by decomposition according to the following equa -

tion:

UN(s) + U(l) + /N 2(g) (1)

3. The ratio of the rates of vaporization QN2 QU

was calculated to be 2.0 x 104 at 180000.

4. The enthalpy of decomposition of uranium

mononitride was determined to be 68.7 kcal per

mole with a standard deviation of 2.2 kcal per

mole.

5. The purity of the Battelle sample was sub-

stantiated, in that only trace amounts of UO were

detected in the scan during evaporation.

Discussion

A Knudsen cell machined from a single crystal

of tungsten was chosen for this series of experi -

ments to minimize contamination of the specimen.

Figure 3.1 depicts a plot of / log IT versus l/T
x 10 4 OK for the vaporization of uranium mononi -

tride. From the slope of this line, the enthalpy of

decomposition is determined to be 68.7 kcal per

mole with a standard deviation of 2.2 kcal per

mole. Investigators at the Los Almos Scientific

Laboratory quote a theoretical value of 70.4 kcal

from calculations based on data provided by Rand

and Kubaschewski.5 The fact that the experi -

mental value obtained at this site is about 2.4%

lower than the above theoretical value is due in

part to limitations in the accuracy of determining

temperature. An effort was made to determine the

reliability of the temperature measurements through

observing the melting points of pure metals. These

observations indicated decreasing reliability of

the optical measurements with increasing tempera -

ture, but they were accurate enough to contribute

less than a 2% error to the experimental results.

The partial pressure of uranium was not considered

I-

V

0
-J

DWG. 78.63

F.o
104/T K

FIGURE 3.1 Decomposition of Uranium Nitride

nor was the solubility of nitrogen in uranium,

since these factors would have had no significant

effect on the experiment.

References

1 R.W. Endebrock, E. L. Foster, Jr., and R. F. Dicker-

son. Examination of Factors Affecting the Quality of

Vacuum Induction-Melted Uranium, USAEC Report

BMI -1275. July 3, 1958 (Classified).
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Calibration of the Time-of-Flight Mass Spectrometer

for Use in Remelt Reaction Studies," Summary Tech-
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1960 (Classified).
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4. GAMMA-PHASE ANNEALING OF URANIUM CONTAINING PHOSPHORUS
W. N. Wise J. W. Colby

Abstract Summary of Results

Uranium metal containing 400 ppm phosphorus

was annealed for 6 hours at 17000F (927C) in the

vacuum heating stage metallograph. The sample

was analyzed with the electron microprobe before

and after the anneal. The uranium phosphide in -

clusions were found to be completely stable at the

test temperatures.

Introduction

Recently, higher - than - usual levels of phospho -

rus have been found in the enriched uranium metal

produced at the National Lead Company of Ohio.7

There has been some concern that uranium phos -

phide might precipitate in grain boundaries, and

that the precipitate might agglomerate during heat -

treatment. Such actions might lessen the strength

of the metal in fuel elements, and affect the be -

havior of the elements during irradiation.

Derby uranium containing 400 ppm phosphorus,

present in the form of a eutectic, was annealed at

a high gamma temperature (9270C) for 6 hours.

Under these conditions, uranium carbides have

been reported to agglomerate after first becoming

spheroidized. 2 Experiences with other precipi-

tates indicated that if the phosphides in this metal

resisted agglomeration, dissolution, and movement

to grain boundaries during a gamma - phase anneal,

they would not be affected by any fabrication or

heat-treating process at this site.

Objectives for This Quarter

The objectives for this quarter were to determine

(1) the amount of uranium phosphide present in

grain boundaries of derby uranium containing 400

ppm phosphorus, and (2) if grain boundary enrich -

ment or UP migration could be effected by anneal-

ing at a high gamma temperature (927C).

1. No uranium phosphide was found in alpha

grain boundaries, except in a few random cases

attributable to chance.

2. No grain boundary enrichment could be de-

tected after annealing for 6 hours at 927C.

3. The shapes and positions of uranium phos -

phide precipitates did not change curing annealing,

and the phosphorus content of the matrix was not

altered.

4. The contamination layer deposited during the

microprobe analysis disappeared on heating and

was practically nonexistent in the beta range

(1360 F).

Equipment

The vacuum heating stage metallograph employ -

ed in the investigation has been described pre -

viously,3.4 as has the microprobe.1 However, in

the microprobe at the National Lead Company of

Ohio, the whole sample stage has been lowered to

make room for a Kossel line camera. Hence, in

addition to the samples of standard size (1 -inch

diameter by 3/6 -inch thick), thicker specimens

may be accommodated. A special holder was de -

signed and fabricated to accept heating-stage

specimens 5/6 - inch diameter by %- inch long, mak -

ing possible the analysis of a given area before

and after heat treatment in the vacuum heating

stage.

Procedure

A sample of derby uranium containing 400 ppm

phosphorus was "attack polished" in a standard

chromic-acetic acid solution. The sample was

inserted in the microprobe analyzer, and back -

scattered - electron (BSE) images and phosphorus

K -alpha X-ray images were obtained at magnifi-

cations of 220X and 440X showing the distribution
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of the UP (see Figures 4.lA, 4.1B, 4.2A, and 4.2B).

The sample was removed from the microprobe,

placed in the vacuum heating stage, and the same

field was located.

961-119

The field examined in the microprobe was mark -

ed by dark, square, contamination layers as may

be seen in the photomicrographs (Figures 4.3A and

4.3B). These contamination layers occur as a

961-120

I

FIGURE 4.1A BSE Image of Sample Prior to
Annealing (440X)

961- 135

-- mm

1P

FIGURE 4.1B Phosphorus K-Alpha Image of
Same Field as in Figure 4.1A (440X)

961 - 136

S

FIGURE 4.2A BSE Image of Same Field as in
Figure 4.1A (Except at 880X)

FIGURE 4.2B Phosphorus K-Alpha Image of
Same Field as in Figure 4.2A (880X)
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961- 121

I

4

r .

FIGURE 4.3A Photomicrograph of Same Field
as in Figure 4.1A, (Except at 140X) Taken at
Room Temperature in Vacuum Heating Stage

961-123

FIGURE 4.3B
as in Figure

Photomicrograph of Same
4.3A (Except at 280X)

961-124

I. P

I.

FIGURE 4.4A Photomicrograph of
1180*F in Heating Stage (140X)

Sample at FIGURE 4.4B Same
(Except at 280X)

Field as in Figure 4.4A,

result of the interaction of the electron beam with

the oil vapor present in the dynamic vacuum sys -

tem and is deposited on the sample surface as the

electron beam sweeps across it. As may be seen
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in Figures 4.4 through 4.6, the contamination

layers are completely removed during the vacuum

anneal.

Figures 4.3A and 4.3B show the sample at room

temperature. The sample was heated to 1700OF

(9270 C) at a rate of 1000C to 1500C per minute.

961- 125 961- 126

./ K

4.

V
4.

1 ' 0
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".. .I 'o.

A

* 4 I ~

t a-o

FIGURE 4.5A Photomicrograph of Sample at
1360*F on Heating (140X)

961- 127

FIGURE 4.5B Same Field as in Figure 4.5A,
(Except at 280X)
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FIGURE 4.6A Photomicrograph of Sample on
Reaching 1700*F (140X)

FIGURE 4.6B Same Field as in Figure 4.6A
(Except at 280X)
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Figures 4.4A, 4.43, 4.SA, 4.53, 4.6A, and 4.5B3

show the sample during the heating sequence.

Figures 4.7A and 4.7B show the sample surface at

1700 0 F after being held at that temperature for 6

hours. The sample was then quenched with helium

961-129

k4~4

e

to 150 0 F, and allowed to cool to room temperature

in the vacuum heating stage. The sample was

removed from the heating stage and placed in the

microprobe analyzer. Figures 4.8A, 4.8B, 4.9A,

and 4.9B show BSE and Phosphorus K -alpha X-

961- 130

F 

iue .A .B .5,45,46,ad46

FIGURE 4.7A Photomicrograph
1700 F After 6 Hours (140X)

of Sample at FIGURE 4.7B
(Except at

Same Field as in Figure 4.7A

280X)

961-132961-131

\. a

FIGURE 4.8A BSE Image of Sample After Being
Cooled From 1700F (440X)

FIGURE 4.8B Phosphorus K-Alpha Image of
Same Field as in Figure 4.8A (440X)

S

N

-25-
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961 - 133

4,

Lv'

I 4

FIGURE 4.9A BSE Image of Same Field as in
Figure 4.8A (Except at 880X)

ray images of the same approximate field. A com-

parison of these last figures with those initially

obtained shows that no redistribution of phos -

phorus occurred.

Conclusions

The UP phase is stable, and no phosphorus dif -

fusion was observed in samples held at 1700'F

(9270 C) for 6 hours. Therefore, no thermal treat-

ment currently employed in production would be

sufficient to cause appreciable redistribution of

phosphorus in uranium metal.

Future Work

The contamination of the sample surface by the

microprobe will be the subject of further study.

Since the contamination obersved in this study was

completely removed during the vacuum anneal, and

since the vacuum obtained in the heating stage is

no better than that obtained in the microprobe, this

FIGURE 4.9B Phosphorus K-Alpha Image of
Same Field as in Figure 4.9A (880X)

suggests that a heating stage built into the micro -

probe, in addition to being useful for diffusion

studies, should also retard the formation of the

contamination layers.
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5. METALLOGRAPHY OF URANIUM CONTAINING SMALL ADDITIONS OF ALUMINUM
W. A. Althaus M. M. Cook V. Morton

Work on this project was not completed in time for inclusion in this quarter.
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6. RECRYSTALLIZATION OF URANIUM CONTAINING SMALL ADDITIONS
OF IRON AND SILICON

W. N. Wise

Abstract Summary of Results

Samples of partially recrystallized alpha -rolled

uranium containing dilute alloys of iron and silicon

were studied using a metallograph equipped with

a heating stage. Sample structures were observed

at temperatures in the high alpha range and in the

beta phase to study the recrystallization and phase

transformations.

Introduction

In one fabrication process at the National Lead

Company of Ohio, billets rolled from 7 -inch - diam-

eter cast ingots are heated in molten salt to 1185'F

(high alpha range) but cool to 11600F prior to roll -

ing to rods in a six-stand continuous mill. This

process produces finished rods having a complete-

ly recrystallized structure.

Currently, iron and silicon are being added to

the uranium to effect grain refinement. Recrystal -

lization temperatures in excess of 11600 F are

characteristic of these dilute uranium -base alloys.

Hence, the structure of the rolled material is not

completely recrystallized.

Objectives for This Quarter

The normal process of producing finished fuel

cores includes a beta heat treatment to eliminate

textures produced during prior fabrication process -

es. The objective of this study, therefore, was to

study samples of this partially recrystallized

material, using the vacuum heating stage metallo -

graph',2 to determine (1) if this structure would

completely recrystallize prior to beta transforming

and (2) if a satisfactory beta-quenched structure

could be obtained.

Tests showed that samples of partially recrys -

tallized alpha-rolled uranium, containing 164 ppm

iron and 108 ppm silicon, when heated to 1180*F

(high alpha range) and immediately cooled in the

furnace to room temperature, were completely re-

crystallized. Samples of the same partially re-

crystallized uranium, when heated to 13650F (beta

phase) and quenched to room temperature, were

completely transformed and were comparable to

regular beta-quenched material.

Test Procedure

A section of alpha-rolled rod, 21/2 inches in

diameter and 8 inches long, and containing the

iron and silicon additives, was obtained for this

study. The rod from which the sample was obtain -

ed was rolled from a 7-inch-diameter cast ingot

and received a 91% total reduction during rolling.

Preliminary metallographic evaluation disclosed

the sample of this material selected for examina -

tion was 95% unrecrystallized after rolling. A

sample of the rod section was submitted for chem-

ical analyses; its composition is shown in Table

6.1.

TABLE 6.1 Chemical Composition of Sample

Element ppm Element ppm

C 537 Fe 164

N 45 Mg 8

Al 8 Mn 7

B <0.15 Mo <6

Be <1 Ni 43

Bi <1 Pb <1

Cd <0.2 Si 108

Cr 13 Sn <1

Cu 9 Zn <20
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From this section of material, heating -stage

samples /16 inch in diameter by 3/4 inch long were

machined. These heating -stage samples were

taken from the rod section in both transverse and

longitudinal directions.

Both transverse and longitudinal specimens

were "attack polished" in a standard chromic-

acetic acid solution and were subjected to the

following heating cycles in the vacuum heating

stage:

1. Heating to 11800F (alpha range) at a rate of

100 F per minute followed by immediate furnace

cooling to room temperature at a rate of 400F per

minute.

2. Heating to 11800F (alpha range) at a rate of

1500F per minute followed by immediate furnace

cooling to room temperature at a rate of 40 F per

minute.

3. Heating to 1365 0F (beta range) at a rate of

100F per minute, holding at this temperature for

5 minutes, and then quenching to room temperature

with helium gas.

4. Heating to 13650 F (beta range) at a rate of

1500F per minute, holding at this temperature for

5 minutes, and then quenching to room temperature

with helium gas.

Temperatures were obtained with a thermocouple

spot welded to the sample surface and were record-

ed on a recording potentiometer. All heating was

done at a pressure of 5 x 10~5 torr or less.

Test Results

Figure 6.1 is a photographic sequence of a lon -
gitudinal sample heated to 11800F at a rate of

1500F per minute and immediately cooled in the

furnace to room temperature. Figures 6.1A through

6.1C show the sample structure at room tempera-

ture, 1180 F, and 200 F after cooling in the vacuum

heating stage. No recrystallized structure could

be observed in the heating stage until a sample

temperature in excess of 11600F was obtained.

(In fact, a sample was held at 11600F for 3 hours

without any observable change attributable to

recrystallization. This sample was not cooled

from the 1160*F temperature to ascertain the room

temperature structure.) Note that the recrystallized

structure observed at 11800F becomes much more

apparent after furnace cooling as can be seen by

comparing Figures 6.1B and 6.1C.

Figures 6.1D and 6.1E show the as -rolled struc-

ture of the sample at two magnifications, using

polarized light. This is the same approximate

field as in the photographs taken in the heating

stage during the heating cycle.

Figures 6.1F and 6.1G show the same field,

again using polarized light, after the sample had

been heated to 11800 F and furnace cooled to room

temperature. The structure is now completely re -

crystallized. Figures 6.1H and 6.lJ show a struc-

ture typical of the entire sample after % inch of

metal was ground from the sample surface.

Figure 6.2 is a photographic sequence of a lon -
gitudinal sample heated to 13650 F and quenched

to room temperature after being held for 5 minutes

at the beta -phase temperature. Figures 6.2A

through 6.2D show the sample structure in the

heating stage at room temperature, 1180"F (alpha

range), 13650F (beta range), and at 2000 F after

quenching with helium gas. Again, no recrystal -

lized structure could be observed in the heating

stage until the sample temperature exceeded 1160F.

Figures 6.2E and 6.2F show the as -rolled struc-

ture of the sample at two magnifications, using

polarized light. This, again, is the same approxi -

mate field as was seen in the photographs taken

in the heating stage during the heating cycle.

Figures 6.2G and 6.2H show the same field

using polarized light after the sample had been

quenched from 13650F to room temperature. Note

the roughness of the sample surface resulting from

the alpha - to- beta - to- alpha transformation (caused

by nonuniform expansion of individual grains). It

should be noted that samples quenched with helium

must be given a very light electropolish to remove

-36-
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the slight oxide film resulting from water vapor

in the quenching gas.

Figures 6.2J and 6.2K show a beta-quenched

structure typical of the entire sample after 1/ inch

of metal was ground from the sample surface.

The results obtained with these two samples,

as shown in Figures 6.1 and 6.2, are typical of

the results obtained in all other samples examined,

including both transverse and longitudinal sur -

faces, regardless of heating rate.

Conclusions

Samples of uranium metal having dilute alloys

of iron and silicon, and having partially recrys -

tallized structures after alpha rolling, recrystallize

completely during heating prior to the beta trans -

formation. The structure obtained by quenching

from the beta phase is completely transformed, and

comparable in appearance to regular beta-quench-

ed material.
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7. RECOVERY OF URANIUM BY THE PRECIPITATION OF
URANYL AMMONIUM SULFITE

E. A. Andrew T. J. Collopy

W. P. Tolos M. Mendel

Abstract

Uranyl ammonium sulfite [ UO 2 SO3 -(NH 4 )2SO3 ]
has been precipitated from Scrap Recovery Plant

leach liquor by a pH adjustment with ammonium hy-

droxide and the addition of a concentrated solution

of ammonium sulfite. The relatively pure uranyl

ammonium sulfite product can be calcined to U3 08

and used as a uranium source for UF4 prepared by

the Winlo process.

Introduction

During the past year a project has been under

way to develop an alternate to the uranyl ammo -

nium phosphate (UAP) process for the conversion

of low-grade residues to Winlo feed.' The devel-

opment work has centered on three possible routes:

ion exchange, solvent extraction, and uranyl am-
monium sulfite precipitation.

The uranyl ammonium sulfite (UAS) process was

an outgrowth of work on the solvent extraction

process. During the evaluation of sulfurous acid

as a stripping agent for uranium-laden Aliquat

336-Solvesso 100 solvent, it was observed that

uranyl sulfite crystals separated on standing. An

examination of the literature indicated that the

solubility of sulfite salts of the major impurities

contained in Scrap Recovery Plant leach liquor

is high. This finding suggested that the precipi-

tation of a relatively pure uranyl sulfite from the

leach liquor might be possible. To achieve opti -

mum purity and high uranium recovery, the process

was altered from uranyl sulfite precipitation to

uranyl ammonium sulfite precipitation.

Objectives for This Quarter

1. To develop a process based on the precipi -

tation of UAS that would quantitatively remove

J. H. Mueller

uranium from Scrap Recovery Plant leach liquor in

a form pure enough for subsequent use in the Winlo

process.

2. To optimize, as nearly as possible, the con -

ditions necessary to establish a workable UAS

process.

Summary of Results

1. The UAS process has been developed to the

point that uranium in the form of U02 C12 in Scrap

Recovery Plant leach liquors can be recovered by

a pH adjustment with ammonium hydroxide and the

addition of an ammonium sulfite solution to pre -

cipitate UO2SO3 '(NH 4 )2 SO3 . The crystalline UAS,

after filtration and washing, can be calcined to

U300. This oxide is pure enough to be used as a

uranium source for the Winlo process.

2. Optimum conditions have been fairly well

established to yield a pure UAS product and to

keep the uranium remaining in the mother liquor to

a minimum value (approximately 1.5 g/1).

Experimental Procedure

Ammonium Sulfite Preparation

An essential step in the UAS precipitation

process is the preparation of an ammonium sulfite

solution just prior to use. The ammonium sulfite,

(NH4) 2 SO3 (hereafter designated as AS), has been

easily prepared in the laboratory, and no major

problems would be expected in moving to a larger

scale. Sulfur dioxide gas was dispersed through a

fritted glass tube into an agitated, concentrated

NH4OH solution. The reaction proceeded until

the AS solution reached the desired pH value.

During this time of constant SO2 addition, the

temperature rose almost linearly, dependent upon
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the rate of addition (500C for a 2 - hour reaction

time and 750C for a 11 -hour reaction time).

A typical laboratory preparation of AS was made

as follows: Sulfur dioxide was bubbled at a con -

stant rate into 200 ml of 58% NH 4 OH solution

(200C at start). At the end of 2 hours, 40/2 g of

SO 2 had been added, and the pH of the AS solution

was 7.9. The final temperature of the AS solution

was 520C. The change in pH, temperature, and

volume with time, and the SO 2 addition for this

typical AS batch is shown in Figure 7.1. The AS

concentration was measured as 4.OM, indicating

that 82% of the SO 2 was converted to AS. The

volume of the solution at the end of this period

was 154 ml; hence a volume loss of 20% occurred.

The volume loss can probably be attributed to

H2O and NH3 losses, since only 46% of the original

NH4i was converted to AS. Since the solubility

of NH3 in H 2 0 is less than one-fourth as great at

800C as it is at 100C, AS was prepared at 120C to

18 0C to determine if lower NH3 losses could be

achieved. At this temperature range, 71% of the

NH4 and 94% of the SO 2 used was accounted for

in the AS product.

The mole ratio of NH 4+:SO3 as a function of the

pH of the AS solution is shown in Figure 7.2. From

this figure it can be seen that the proper pH of the

AS solution to maintain a mole ratio of NH+:SOj of

1.95:1 (see Optimum Process Conditions section)

is from a pH of 7.2 to 7.4.

8.0' DWG. 81-63
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FIGURE 7.2 Mole Ratio of NH 4+:SO As a
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Uranyl Ammonium Sulfite Precipitation

30 The final procedure developed for the precipi -

tation of uranyl ammonium sulfite (UAS) was as

20 follows for a typical laboratory preparation: A

2000 -ml portion of Scrap Recovery Plant leach

10 liquor was agitated and neutralized with 58% am -

monium hydroxide to an acid concentration of 0.3N.

An AS solution at a pH of 7.2 was then added to

the slightly acidic leach liquor at a constant rate

for 25 to 30 minutes until the desired pH of 2.0

ring was reached. Agitation was continued for one hour

to complete the precipitation and promote crystal -

-
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lization. The UAS was then filtered on a Buchner

funnel. The filtration rate was comparable to the

rate normally observed for UAP. After washing

three times with approximately 200 ml of distilled

water and once with approximately 150 ml of ace -

tone to aid drying, the UAS cake was dried for

12 hours at 1000 C. For subsequent black oxide

analysis and green salt conversion, the UAS was

calcined for 2 hour at 6000C to produce the black

oxide.

A sample of the UAS cake, after washing and

drying was submitted for analysis of NH4 *, U,

SO3, and H 2 0. The following results were ob-

tained:

Analysis (%) NH4+ U SO% H 2 0
Sample 6.6 46.1 30.3 10.7

Theoretical 6.9 45.8 30.8 10.4

It is shown by these results that the compound

formed during precipitation is the hydrated double

salt UO 2SO 3 '(NH 4 )2 SO3 '3H 20.

The mother -liquor and the wash water from the

UAS filtration were combined and treated with 75%

H3 PO 4 (PO4 :U wt ratio 0.6 : 1.0) to precipitate

any remaining soluble uranium as UAP.

Discussion

Ammonium Sulfite Preparation

UAS was originally prepared by acidifying the

Scrap Recovery Plant leach liquor with SO2 for

2 hour and then adding NH4OH while maintaining

the sulfur dioxide flow. Proper stoichiometric

balance between the SO2 and NH 4OH was very

difficult to control, and the individual material

flow rates were uncertain under even the best con -

ditions. The process was then changed to the

addition of solid, crystalline ammonium sulfite

to the leach liquor to form an acceptable UAS.

However, after making a number of acceptable UAS

batches, the impurity level of the UAS increased

considerably. This problem was traced to the high

sulfate (10%) content of the solid AS being used.

A limited study was made to determine the ex -

tent of oxidation of solid (NH 4 )2503 to (NH 4) 2SO 4 .

The results of this work are shown in Table 7.1.

TABLE 7.1 Oxidation of Solid Ammonium

Sulfite to Ammonium Sulfate

Conditions Temperature Time of Conversion
(C) Test (%)

New bottle of 'i 30 freshly
(NH 4 ) 2 SO3  opened 3.55

Dessicator -30 2 days 49.6

Air dried 'v 30 1 week 71.2
Oven dried 100 1 day 70.1

The study indicated that solid (NH 4 ) 2SO3 will

oxidize to (NH 4 ) 2SO 4 at a rate that would prevent

the plant usage of solid AS for the preparation of

a low-impurity UAS.

A procedure for preparing a low -sulfate level
AS solution was devised, as was explained in the

Experimental Procedure section, and is presently

being used in all of the UAS work. Tests were

also made to determine the rate of oxidation of AS

solutions made in accordance with this procedure.

A 4.85M AS solution was subdivided into 3 por-

tions, and each portion was then agitated in open

beakers at temperatures of approximately 30C and

60 C. Constant concentration levels were main -

tained throughout the test, and samples were peri -

odically withdrawn for NH4 , S03, SO4 analyses .

The formation of SO4 as a function of time at the

ambient temperature is shown in Figure 7.3. These

data indicate that the formation of SO ions in an

aqueous (NH 4 )2SO 3  solution increases almost

linearly with time and that 3 to 4 days would be

required to reach 1% to 2% S4 (AS basis). The

1% to 2% SO4 would be about the maximum con -

centration that could be used without affecting

the purity of the U30 8 made from UAS. (The effect

of sulfate on purity is discussed later.)

Sulfate ion formation proceeds at about the same

rate at temperatures of 30C and at 60C as indi -
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TABLE 7.2 SO4 Formation From SO in an

Ammonium Sulfite Solution* [4.85M1 (NH 4) 2 S0J3]

Temperature
Time

Ambient (N 30 C) 60 C

1 day 0.35 0.33

2 days 0.71 0.69

4 days 1.88 -

* Per cent SO 4 formed on (NH 4 ) 2 SO3

basis.

I I I I I I I

However, a solution held at

10 days showed a 92% con -

Uranyl Ammonium Sulfite Precipitation

Purity

The purity of UAS prepared from Scrap Recovery

Plant leach liquor (containing high concentrations

of many metal ions) is influenced by (1) the sul -

fate content of the AS solution (see Table 7.3),

and (2) the pH of the UAS slurry (see Table 7.4).

TABLE 7.3 Effect of Sulfate on UAS Purity

Test Number

1 2 3 4 5

Test Conditions

(UAS Preparation)

pH after AS addition 1.75 1.90 1.85 2.00 1.90

pH 1 hr later 1.92 2.20 2.08 - 2.65

A pH 0.17 0.30 0.23 - 0.75

Filtrate (U g/l) 3.6 1.0 1.0 - -

O/o Sulfate (AS Basis) 0 1 2 5 10
Spectrochemical and

Wet Analyses of

U O (ppm U Basis)
Al <6 27 7 <6 12

Cr 12 19 30 24 27

Cu 13 49 44 140 214

Fe 14 23 36 44 65

Mg 1000 - 1100 1700 2000

Mn 5 <4 6 10 11
Pb 17 18 22 18 30

Na 100 - - - 125

Ca - 100 175 175 200

K 396 388 398 426 423
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TABLE 7.4 Effect of UAS Slurry pH on UAS Black Oxide Purity

(Laboratory prepared leach liquor)

Test Conditions Spectrochemical Analyses (ppm U Basis)

AS UAS Filtrate Al Cr Cu Fe Mg Pb Na Ca K
pH pH* (U g/l)

1.00-1.00 15.8 66 <5 8 20 110 2 35 100 441

1.28-1.61 18.1 <6 <5 9 24 1200 2 35 50 246

7.9 1.50-2.55 1.1 <6 34 79 29 980 15 15 400 386

1.75-2.50 1.6 10 44 110 36 1000 24 35 650 464

2.00-2.85 2.2 32 37 258 43 1500 29 150 680 478

NOTE: Very low impurity levels: B, Be, Bi, Cd, Mn, Mo, Ni, Si, Sn, V, Zn.
* First figure is pH after AS has been added; second figure is pH 1 hour later.

Since (NH 4 )2 S03 oxidizes readily to (NH4) 2SO 4 ,

a study was made to determine the specific quan -

titative effect that the sulfate ion has on the UAS

purity. The UAS precipitations were made from a

laboratory - prepared leach liquor and a commercial

AS solution to which was added (NH 4)2SO 4 to

produce the desired SO4 percentage levels [for

example, 1% SO 4 would mean 1 part of SO4 per

100 parts (NH4)2 SO3 ] . The results of these tests

are shown in Table 7.3.

From the data shown in Table 7.3, Al, Cr, Mn,

Pb, Na, and K in the U3O8 appear to be only

slightly affected by sulfate while Cu, Fe, Mg, and

Ca show a decided increase in the product with

increased sulfate concentration.

As shown by the data in Table 7.4 all of the

contaminants in the black oxide made from UAS

increased in concentration as the final pH of the

UAS slurry increased, except for aluminum. Mini -

mum soluble uranium in the filtrate was obtained

in the pH range (after AS addition) of 1.5 to 2.0.

A pH of 2.0 in the UAS slurry would provide maxi-

mum precipitation recovery and reasonable decon -

tamination from impurities.

The analyses of samples from a typical UAS

test are shown in Table 7.5. The UAS was pre -

pared by the process outlined in the Experimental

Procedure section. The time after addition of re -

agents and prior to filtration for these tests was

1 hour. The washing technique consisted of three

water washes followed by an acetone wash. The

product was oven-dried for % hour at 100C.
Analyses are also given in Table 7.5 of the Winlo

UF 4 made from this test batch of UAS.

These results indicate that a feed material ame -

nable to the Winlo process can be prepared by the

UAS precipitation process.

Optimum Post - Precipitation Time

A short study was made to determine the opti -

mum post -precipitation time for the UAS. In Table

7.6 are shown the values of uranium in the filtrate

for various post -crystallization times (time after

the last addition of ammonium sulfite).

The data from this single test indicated that a

post -precipitation time of from 1 to 2 hours would

produce a minimum of uranium in the filtrate from

the UAS.

Filtration Rates

No extensive rate study was made on the filtra -

tion of UAS, but comparative laboratory filtration

rates were obtained for the filtration of UAS and

UAP. These tests indicated that a UAS slurry can

be filtered at approximately the same rate as a
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TABLE 7.5 Chemical Analyses of UAS System

Scrap Recovery Plant Leach Liquor Composition

U (g/1) 45.4

Fe (g/l) 0.72
Ca (g/l) 0.96
Mn (g/1) 8.9

Mg (g/1) 10.6
P (g/l) 0.26
H (N) 0.9

UAS Filtrate

U (g/l) 1.7

Calcined
Component UAS Cake Winlo UF4

Spectrochemical Analyses (ppm-U Basis)

Al 77 26
B <0.15 <0.15
Be <1 -

Bi <1 <1
Cd 0.36 0.2
Cr <5 <5
Cu >50 26
Fe 20 7
Mg >120 >120
Mn 60 4
Mo <6 <6
Ni <2 <2
P >500 <50

Pb >70 9
SiO 2  17 18

Sn 9 3
V <5 <5
Zn <20 <20

Wet Chemical Analyses (%)

U 84 73
UF4 * - 96.2

F - 23.3

AOI - 0.1
U0 2 F2  - 0.3
H 20 - 3.3

Tap Density

(g/cm)- 
3.3

* By difference

UAP slurry; hence, filtration rates similar to those

of UAP would probably be obtained for UAS in a

production operation.

Optimum Process Conditions

The leach liquor as produced in the Scrap Re -

covery Plant may vary in acid content from 0.5 to

TABLE 7.6 UAS Post -Crystallization Time

Time*

(mn)

0
15
30
60

120
240
360

Uranium in Filtrate

(q/1)

1.06
0.86
0.83
0.73
0.48
0.77
1.12

* After all (NH 4 )2 SO 3 had been
added.

1.5N and in uranium concentration from 15 to 75

g/l. To eliminate the effect of variation in acidity,

the leach liquor should be neutralized with NH4 OH

to a normality of 0.3N. The 0.3N free acid was

empirically determined to be an optimum concen -

tration in terms of accommodating the amount of

ammonium sulfite to be added for quantitative
precipitation of the uranium without exceeding the

desired pH level of 2.0 in the UAS slurry.

A slight excess of SO2 is desirable in the AS

reagent (NH 4 :SO 3 ratio of 1.95:1) again to achieve

a pH level of 2.0 in the UAS slurry and yet add

enough AS reagent for quantitative uranium pre-

cipitation. The relationships between the H+ con-

centration in the leach liquor, the pH of the AS

solution, and the pH of the UAS slurry may be

clarified by consideration of the following chemi -
cal reactions involved in the UAS preparation:

1. Neutralization of excess acid in leach liquor:

UO 2 " + H+ (0.5 to 1.5N) + NH 4OH ->

U02 + H+ (0.3N) + NH 4+ + H 20
2. Addition of ammonium sulfite with excess

sulfite:

a. H++HS0j-+SO 2 t+H 2 0

b. UO2 + 2NH4
t + 2503> UO2SO3 . (NH4 )2 SO3

Calcination of UAS

Before UAS can be used as feed for the Winlo

preparation of UF 4 , it must be calcined to remove
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ammonia. A study was therefore undertaken to

determine the proper calcination temperature (see

Table 7.7).

TABLE 7.7 Calcination Temperature for UAS

Temp Time NH3 in Black
Oxide from UAS Appearance

(0C) (min) 
(%)

300 30 2.3 yellow-tan
300 60 0.37 yellow - tan

400 30 0.44 light brown
500 30 <0.03 light gray/brown
600 30 <0.03 medium gray
700 30 <0.03 shade darker than above
800 30 <0.03 shade darker than above

The data indicate that UAS would probably re -

quire calcination at 4000C for 1 hour or 5000C for

2 hour to remove the NH 3 . A calcined UAS cake

was analyzed for sulfur. The black oxide con-

tained 110 ppm, indicating almost complete de -

struction of the sulfite.

UAS was examined in the laboratory to determine

the phase transformations which occur during ther-

mal decomposition. Differential thermal analysis,

thermogravimetric analysis, and X -ray diffraction

techniques were used in the investigation.

DTA

Differential thermal analysis of the UAS gave a

large endotherm at 300 C and a small endotherm

at 7000C.

TABLE 7.8 X -Ray Diffraction Study
of Calcined UAS

Phases Detected

Ambient UAS

300 UAS
400 Amorphous
500 Amorphous + U308

600
700 U 308
800

TGA

Thermogravimetric techniques were then used in

an attempt to determine the chemical composition

of the phases present in the temperature range,

5000C to 6000C. The following procedure was

used: A sample of UAS was placed in the thermo -

balance and held at the appropriate temperature

until constant weight was obtained. The sample

was then reduced to UO 2 and then oxidized to

U308 . From the weight of the U 308 present, the

composition of the constant weight line was cal-

culated. This technique was used at temperatures

of 5000C, 5500C, and 6000C with the results shown

in Table 7.9.

At temperatures of 5000C and 5500C, it is noted

that compositions above U 3 08 of UO 3 were obtain-

ed. Undoubtedly, the compositions here were mix-

tures of uranium oxides and sulfites. Further

evidence of the presence of sulfites was the lib -

TABLE 7.9 Thermogravimetric Analysis

X-Ray Diffraction of Calcined UAS

A series of samples prepared by calcination of

UAS at various temperatures was examined by X -

ray diffraction (Table 7.8).

A consideration of the above information indi-
cates that the first endotherm on DTA trace is

due to decomposition of uranyl ammonium sulfite

with the evolution of ammonium sulfite.

Calcination Temperature Approximate Molecular

( C) Weight of Material

500 320
S00* 309
550 297
600 280

* Left in thermobalance overnight
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eration of H 2S during the reduction reaction. At a

6000 C calcination temperature, no liberation of

H2 S was noted, and the starting weight checked

exactly with the weight of U308 obtained from

oxidation of UO2. Thus, after calcination at 6000C,

the material consists entirely of U 308 as was

shown by the X -ray diffraction and thermogravi -

metric analyses.

From the above tests, one may conclude that

the thermal decomposition of uranyl ammonium

sulfite proceeds through an amorphous phase

directly to U 306 . Stoichiometric U 3 O8 is formed

at 6000C. The amorphous phase consists of a

mixture of uranium oxides and sulfite. Although

UO3 was not found in the system, it may be present

in a small temperature band during decomposition.

Future Work

1. A plant - scale test of the UAS process is

planned.

2. Additional samples of Scrap Recovery Plant

leach liquor will be converted to UAS and Winlo

UF 4 to demonstrate the process with different

feed materials.
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