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GENERAL INTRODUCTION

The St. Louis Refinery produced its first U0 3 and U0 2 in 192, and
its first UF) and U metal in 193. The accent has always been on
production, and the function of the extremely small research and
development groups has been to aid the production units to do their
job. Troubleshooting, experimental processing of new raw materials,
gathering data for design purposes, and advising on chemical problems
have overshadowed research efforts of a more fundamental nature. In
spite of this, Messrs. Ritchie, Kuhlman, Yeager, and others were able
to carry out a moderate amount of excellent experimental work on the
fundamental chemistry and engineering of uranium refining, which
serves as the basis for current practice in the industry.

Recently, there has been a growing realization of the need for a broader
and more detailed knowledge of both the chemical and technological
aspects of all phases of the work. The St. Louis refinery has been
increasing its research and development staff and facilities to do its
part in meeting this need. The production assistance functions are still
carried on, and have themselves expanded, because of changes in raw
materials and production rates. We are, however, gradually putting more
effort on fundamentals, and on the application of new knowledge to
process changes.

This is the first of a series of quarterly progress reports on the
research and development activities at the St. Louis Refinery. At the
beginning of this quarter we had recently completed, or had in progress,
work along the following lines:

1. The extraction of uranium from secondary raw materials, such as MgX,
soda salt, and black oxide, by slurry extraction. Problems involving
emulsion stabilization, improvement in uranium recovery, scaling of
equipment, and de-etherization of raffinate required more study to
minimize difficulties.

2. Continuous conversion of U0 3 to U02 and UF. More complete utiliza-
tion of excess HF required study.

3. The mechanism of bomb reduction, and of intermediate and side
reactions, were better understood, but further work was desirable.

h. The slag liner had been used successfully in the laboratory and
pilot plant. A program to establish the exact conditions of its
adaptation to plant practice was in progress.

CONFIDENTIAL
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5. Experiments directed toward recovery of U and HF from slag were
being planned.

6. An experimental program for laboratory and pilot plant U metal
casting was planned, and equipment was on order.

7. Experiments on evaluation of cast metal had been started.

During the third quarter of 1952, progress on all of these projects has
been made, as detailed below. In addition, work has been started on
the continuous de-nitration of uranyl nitrate to produce U0 3 , on the
reactivity of U03 , and on the production of U alloys by co-reduction.
A continuing program along the same lines is planned for the immediate
future.

CONFIDENTIAL



CONCLUSIONS

Since work on most of the projects is still in progress, the following
conclusions must be regarded as tentative and subject to revision.
Our work to date indicates that:

1. The principal losses of U in raffinate are due to incomplete
extraction of soluble U. Higher concentrations of salting agents,
the presence of more favorable types of salting agents, and the
absence of anions which complex with uranyl ion, favor more complete
extraction. Competition for the completing anions by other cations
counteracts the unfavorable effects of such anions.

2. Loss of uranium in the raffinate from our Pilot Plant columns
increases for pitchblende feed concentration above 600 Be'a Various
additives to digest slurries were tried as a means of improving
filtration rate, with little success.

3. Both Mo and V are less soluble in hot than in cold solutions of
uranyl nitrate. Increased acidity increases the solubility of both
Mo and V. Minor effects due to complex formation are also observed.

4. A number of surface active agents are effective in reducing the
stability of emulsions and foams. A larger number are ineffective or
increase the stability of emulsions or foams.

5. Most of the ether in raffinate is easily vaporized, but the final
traces are hard to remove. This is being studied in the laboratory,
and a method of removal based on vacuum flashing is being tried in
the pilot plant. Chemical removal of scale from the raffinate
stripper shows some promise.

6. Continuous de-nitration of pure uranyl nitrate to UOg by adding the
molten salt to hot U0 3 powder is sufficiently promising to warrant
a pilot plant trial.

7. A new technique for study of the kinetics of U0 3 reduction has been
developed. Sufficient data have not been collected to draw definite
conclusions.

8. The reaction between magnesium metal and UF) proceeds first to UF3 ,
then to U metal. The MgF2 formed by this reaction, or by reaction
of HF with the magnesium, produces a film on the surface of the
magnesium. The permeability of the film is grossly affected by the
presence of oxygen. Oxygen-containing compounds, such as U0 2 F2 ,



delay the ignition of Mg 4 UF thereby conserving heat and
promoting better separation of U metal from slag. NaHF2 plus air
is such a filming combination, and has been used to improve yields
in pilot plant bombs.

9. The details of the slag liner in the plant are being worked out.
Grinding, liner forming, the use of NaHF2 , excess magnesium, and
bomb shell design for easier breakout are the main variables being
studied.

10. Magnesium oxide reacts with uranium metal at high temperatures and
low pressures, to volatilize magnesium metal and leave oxides in
the uranium metal.

11. The use of fluxes to lower the oxygen and nitrogen content of recast
uranium metal is being studied. Impregnated graphite crucibles for
uranium melting, to reduce the contamination by carbides are also
being studied. Metallographic and vacuum fusion analysis equipment
for evaluation of cast metal are being installed.

12. The lime-free slag resulting from elimination of oxide liners mar
result in a cheaper process for recovery of uranium and HF from the
slag. Uranium removal, prior to HF recovery, is being studied by
fluorine treatment, anhydrous solvent leaching, slurry extraction,
and carbonate leaching. HF recovery, prior to uranium recovery, is
being studied by sulfuric acid treatment, and by pyrohydrolysis of
the slag.

13. Concentration of HF in the off-gas of hydrofluorination reactors by
means of electrolysis of the water from the condensed vapors is
being studied.

14. Conversion of scrap U metal to uranous hydroxide by boiling water
has been practiced in the refinery for some time. Study of this
reaction, aimed at better rates and larger capacities, is in progress.
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COCURRENT ETIER EXTRACTIONS OF URANYL NITRATE

by

Donald E. Rhodes

Introduction.

The present work is concerned with the extraction of uranyl nitrate
from different feeds now being used in the uranium purification at
Mallinckrodt Chemical Works, Plant 6. The ores being used at present
are pitchblende ore, obtained from Belgian Congo, and MgX ore, which
is primarily a magnesium precipitation of uranium recovered from
sulfuric acid leach liquors of tailings from pitchblende recovery and
concentration. At present, V-20 ore is also being used, and is
primarily sodium diuranate, with vanadium being the chief impurity.

Pitchblende ore along with some black oxide is treated with nitric
acid, and after some purification to remove radium and excess
sulfate is extracted with neutral ether as a solution. MgX and V-20
ores are at present being mixed in various percentages, treated with
nitric acid, and being extracted with neutral ether as a slurry.

Since about October, 1951, neutral ether has been used in place of
acid ether, 0.5N to 1.ON in nitric acid, as the extractant of uranyl
nitrate from the different feeds. At the same time the acidity of
the feed has been increased from O.5N to 1.2N HNO3. As a result of
the change, work has been continued from time to time upon factors
influencing the extraction of uranium under this new set of condi-
tions, as well as from changes occurring in the nature of the feed
materials.

This investigation has been carried out on a laboratory scale using
separatory funnels as apparatus for the extractions and cocurrent
extraction as the type of extraction being used to compare results.

work has been done on pure systems to aid in correlating the effect
of various inorganic salts upon the distribution of uranyl nitrate
between ether and water. The effect of such complexing 'agents as
sulfate and phosphate has also been investigated to some degree.

With feeds actually being used in the plant several runs have been
completed and comparisons made.

The addition of iron to improve feeds has also been investigated.

Some work has aiso been accomplished using high Baume' (65-700)
pit:hblan:6 feed.
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Aim.

It is the aim of this investigation to define and understand the
problem of extracting uranyl nitrate with neutral ether. The final
goal being to arrive at conditions for extraction which will reduce
uranium losses to the raffinate to a minimum in the most economic
manner.

Experimental Data and Discussion of Results.

A. Study with ]nown Systems of Components.

1. Extraction of Uranyl Nitrate as Influenced Various

Inorganic Nitrates.

In order to extract uranyl nitrate favorably from water into
ether, it is necessary to have a salt background in the aqueous
layer which is capable of salting out the uranyl nitrate into
the ether phase. Some data is already available in the litera-
ture for various salts(l)(2)(3)(h)(5)(6 ), but does not cover
an extensive range of concentration for a number of different
salts.

It was therefore decided to compare a number of the common
nitrates over a fairly wide range of concentration for the
various salts. The basis for comparison was chosen to be
ionic strength, which is defined to be

= a 2 m zi

where mi = molarity of ion "i" and "zi" is the valence of ion
"i" in solution. According to the Debye-Huckel theory
of activity of an electrolyte, the activity of an electrolyte
(in this case, uranyl nitrate) should remain constant at a
constant ionic strength. This has been found to be satisfactory
at low ionic strengths, on the order of three or less, but at
higher ionic strengths deviations may be expected. This con-
cept does, however, tend to correct in part for the ion-ion
interaction, and should tend to bring out other possible
factors which may have been overlooked previously.

At any rate, this method of measure should be more satisfactory
than a criterion such as molarity or total nitrate concentrations.
One factor it does not correct for is the ion-solvent inter-
action which could be quite significant at the higher ionic
strengths.
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The various salts studied were investigated over a range of
ionic strength from three to twelve. Initial uranium concen-
tration in this study was 4.0 gms uranium per liter. Single
extractions were made using equal volumes of ether and water.
Extractions were carried out in separatory funnels, and
liquids brought to a water bath temperature maintained between
about 26-300C.

Separatory funnels were shaken for three to five minutes and
allowed to stand for the same length of time before the phases
were separated. Results for several of the important salts
are given in Table 1.

The data from Table 1 is given graphically in Figure I on
semilog-graph paper. It may be seen that the K for uranium
varies from salt to salt and is not a true function of ionic
strength. However, using the concept of ionic strength does
seem to indicate another important concept, which is that
the salting effect of an inorganic nitrate salt upon uranyl
nitrate appears to be some function of the period in which the
cation is found. Although it will be necessary to investigate
several more nitrate salts in order to verify or disqualify
this concept, on the basis of the salts already investigated
this seems to be the case. As may be seen from Figure I,
lithium nitrate is the best salting agent for uranyl nitrate
and lanthanum nitrate is the poorest on an ionic strength
basis.

As to the theoretical significance of the variation of salting-
out effect from cations of low atomic numbers to cations of
higher atomic numbers, no completely satisfactory explanation
has been worked out. It may possibly be related to ion-solvent
interaction which is not taken into consideration by the con-
cept of ionic strength. The activity coefficient data obtained
for various nitrates by Robinson, Wilson, and Ayling( 7), and
Robinson( 8 )(9) indicates that the activity coefficients for the
alkali and alkaline earth groups of elements decrease with
each period of elements. Correspondingly the activity of
water is decreased the most by the electrolytes having the
higher activity coefficients. This tends to indicate that as
either the activity coefficient of the electrolyte increases
or as the activity of the water decreases better extraction.
of uranyl nitrate by ether may be expected.
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DISTRIBUTION COEFFICIENTS OF URANYL NITRATE BETWEEN ETHER

AND WATER IN THE PRESENCE OF VARIOUS SALTING AGENTS

INITIAL U CONC. 420 GMS. U/L

p H 1.0-2.5

TEMP 26-30 C
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TABLE 1

DISTRIBUTION COEFFICIENTS FOR URANYL N TRATE IN
THE PRESENCE OF VARIOUS SALTING AGENTS 1),

Ionic Strength

U in
ether
gms/1.

0.169
0.259
1.05
0.295
0.123
0.093
0.150
0.078

3.00
U in
Aqueous
ems/

3.38
3.5 ~
2.82
3.63
3.68
3.50
h.26
3.72

(2)

0.05

0.073
00372
0.081
0.033
0.027
0.035
0.021

U in
Ether
gms/I

0.538
1.9h
3.16.
2.h3
0.913
0.87h
0.731
0.354

6.00
U in
Aqueous

gms/1 KD

2.82
2.37
0.32
1.hh
3.12
2.80
3.20
3.25

0.191
0.818

10.82
1.69
0.293
0.312
0.229
0.109

Ionic Strength

Factor
for Ionic
Strength

1XM 3)
1XM

1XM
3XM
31M
6XM
6XM
6XM

U in
ether

gms/1

1..75

3.98
3098

3.04
2.98
2.80
1.12

9000
U in
Aqueous
gMs/ I

U in
Ether

D gms/1

12.00
U in
Aqueous
gms/1

2.18 0.803 2.22 1.61

<0.10
0.22
1.35
1.12
1028
3.02

>39.8
i80iO

2.25
2.66
2.19
0.371

h.16
h4.05
4.24
h.24
2.76

0.05
0.36
0023
0.353
1. 46

1.35

81.6
11 .4
18.44
11.98
1.89

(1) Solutions prepared from standard uranium solution and A.R. grade
salts, common anhydrous or hydrate form. pH of solutions between
1.0 and 2.3.

(2) KD - ms U/I ether
gms U/1 aqueous

(3) M = polarity.

Salt

NH N03
N 03
LiNO3

Mg(N0)2

Ca(NO3)2
A1(NO

3)3Fe (NO 3)3La(N0
3) 3

Factor
for Ionic
Strength

lXMW ~
1XM
lXM
3XM
3XM
6XM
6XM
6XM

Salt

NHlNO3

Na1 03
LiNO3
Mg(N0

3 )2
Ca(N0

3)2Al(NO
3)3Fe (NO3 )3

La(N03)3
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2. Extraction of Uranyl Nitrate as Influenced b Combinations of
Different Salts.

A number of extractions were also made at an ionic strength of
nine using various percentages of magnesium, calcium, and ferric
nitrate. Observed distribution coefficients were somewhat less
than calculated on the basis of ionic strength, but were consider
ably greater than would be expected if egh salt were assumed
to influence the distribution of uranyl nitrate independently.
Results are given in Table 2.

TABLE 2

DISTRIBUTION OF URANYL NITRATE BETWEEN
WATER AND ETHER USING VARIOUS SALTS.

Initial U conc. 4.2 gms U/1 Shaking time 3-5 min.

Temp. 28-300C. KD = .sU/1 ether
gms, U/1 aqueous

Phase Ratio 1.0:1.0

Calculated KD
Salt on Basis of Calculated KD
or Ionic Observed Effect of Each on Basis of
Salts M Strength K Sal.t Alone Ionic Strength

Mg(N03)2  3.00 9.00 18.10 --- --

Ca(N03)2  3.00 9.00 2.25 --- ---

Fe(N03)3  l*5O 9.00 2.19----

Mg(N03)2  1.50 9.00 7.19 0.47 10.17
Ca(N03 )2  1.50

Fe(N03 )3  0.75 9.00 2.31 0.17 2.21
Ca(NO3 )2  1.50

Fe(N03 ) 3  0.75 9.00 7.38 0.46 10.14
Mg(NO3 )2  1.50

Fe(N03 )3  0.50
Ca(N03)2  1.00 9.00 2.37 0.15 7.50
Mg(No3 )2 1.00



As indicated from Table 2 the influence of any particular salt
is greatly affected by the presence of other salts. For a two
component salt background, it appears that the distribution
coefficient can be predicted with fair accuracy at a given
ionic strength if data is available for the salts alone at the
same ionic strength. With more than two components it is
doubtful if a very accurate prediction can be made.

"

3.. Influence of Nitric Acid Upon the Extraction of Uranyl Nitrate.

Data has been obtained for the influence of nitric acid upon
partition of uranyl nitrate between ether and water. Nitric
acid was used alone and in the presence of different nitrate
salts. Results are given in Table 3.

TABLE 3

EFFECT OF NITRIC ACID UPON THE PARTITION OF
URANYL NITRATE BETWEEN ETHER AND WATER

Initial U Conc. 4.20 gms U/1

Temperature 27-3O0C.

Phase Ratio 1.0:1.0

KD = s Ui1 ether
gms U/1 aqueous

Conc. HNO3
in H20 at3

Equilibrium
mole s/i

1.528
0.714
0.236

0.375
0.308
0.167
0.044

Conc. HNO3 -
in Ether
at Equil.
moles/1

0.248
0.204
0.394
0.548
0.605
0.797
0.909

Calc.
Ionic
Strength

1.528
3.714
6.236
6.375
9.305
9.167

12.04)

Temp.
oC.

29.5
29.5
27.5
29.5
27.2
30.2
27.9

Observed

0.09
0.136
0.762
3.62
4.81

36.0
12.79

KD
For
Salt
Alone

0.054
0.270
2.25
2.70

19.5
12.1

On the basis of the increase in KD for uranyl nitrate in the
presence of different salts because of added nitric acid, indi-
cations are that nitric acid Is almost as good a salting agent
on an ionic strength basis as lithium nitrate. The data
obtained with 2.0 M ferric nitrate appears to indicate also
that nitric acid in the ether phase has little effect on the
distribution coefficient of uranyl nitrate.

Salt

Ca(N03 )2
Fe(N03)3
Mg(No3 )2
Ca(NO

3)2
Mg(N0

3 ) 2
Fe(NO

3 )3

Conc. of
Salt
moles/1

1.00
1.00
2.00
3.00
3.00
2.00
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4. Influence of Sulfate and Phosphate upon the Partition of
Uranyl Nitrate.

Sulfate and phosphate both form complexes in solution with the
uranyl ion. The result of these complexes is a lower effec-
tive distribution coefficient for uranyl nitrate between ether
and water. Since the ferric ion also complexes sulfate and
phosphate, ferric nitrate will counteract, to some degree, the
influence of the sulfate and the phosphate on uranyl nitrate.

In these experiments a constant ionic strength of nine has
been used, with ferric nitrate and magnesium nitrate as salt
background and varying relative percentages of each. Since
magnesium nitrate is a good salting-out agent and ferric
nitrate a good complexing agent, the relative importance of
a salting agent as compared to a complexing agent can be
established.

Sulfate has been studied at two levels, 30 and 60 gis SOh/l
and phosphate at one level, 10 gis PO/1. The results are
given in Table 4 and S.

TABLE 4

EFFECT OF SULFATE ON THE PARTITION OF URANYL
NITRATE BETWEEN ETHER AND WATER.

Initial U conc. 4.20 gms U/1 pH 0.0-2.0

Phase Ratio 1.0:1.0 KD s U/ ether
gins U/1water

Ionic Strength 9.00

Conc. U in Conc. U in
Complexing Conc. Temp. Ether Layer Aqueous Layer

Salts NM Agent gms/1 C. gms/1 gms/l

Mg(N03)2  3.O --- 29.2 3.98 0.22 18.10

Mg(NO3)2 2.50 --- --- 29.1 4.00 0.24 16.67
Fe(N03)3 0.25

Mg(N03)2  2.00 --- --- 29.2 3.78 0.25 15.12
Fe(N03)3 0.50

Mg(N03)2  1.50 --- --- 27.8 3.564 0.48 7.38
Fe(N03)3 0.75

Mg(NO3)2 1.00 --- --- 29.2 3.30 0.78 4.23
Fe(N0 3)3 1.00
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TABLE 4 (Contvd.)

Complexing
Salts M Agent

Conc.
gm/1

30

30

Temp.
C0

29.5

28.8

28.5

30 28.8

30 28.8

30 28.8

Fe(NO
3 3

Mg(NO
3 )2

Mg (N03 ) 2
Fe(NO

3 3

Mg(N03)2
Fe (NO3)3

Mg (NO3)2
Fe (NO3)3

Mg(N0
3)2

Fe(NO
3 )3

Fe(N03)3
Mg(N03)2

Mg(NO
3)2

Fe(NO
3 3

Mg(N03)2
Fe(NO

3 ) 3

Mg(NO3 )2
Fe(NO3)3
Mg(N03 )2
Fe (NO3)3

1950

3.00

2.50
0.25

2.00
0.50

1.50
0.75

1000
1.00

1.50

3.00

2.50
0.25

2.00
0.50

1.50
0.75

1000
1.00

S04

S0)4

SO4

SO4

SO4

504

SO4

SO4

SO4

30)4

SO4

Conc. U in
Ether Layer

gm s1

2.80

2.92

3.46

3.44

3020

3.08

2.06

1.14

1.96

2.72

2.66

2.50

Conc. U in
Aqueous Layer
gis/1

1.28

1031

0.76

0.78

0.83

1.114

1.82

3.12

1.93

1.46

1.46

1.6k

60 29.2 2.08

30

60

60

28.8

29.2

29.0

60 28.8

60 30.0

60 28.8

KD

2.19

2023

1.55

3.85

2.70

1.13

0.365

1.01

1.86

1.82

1.49

Fe(N03)3 1.50 S04 1.079 1.16
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TABLE 5

EFFECT OF PHOSPHATE ON THE PARTITION OF URANYL
NITRATE BETWEEN ETHER AND WATER.

Initial U conc. 4.2 gis U/1 Ionic Strength 9.00

Phase Ratio 1.0:1.0 pH about 0.0-1.0

Conc. U in Conc. U in
Complexing Conc. Temp. Ether Layer Aqueous Layer

Salts M Agent gis/ 0C. gms/1 gins/i K

Mg(N03)2 2.50
Fe(N03)3  0.25 PO 10 28.5 3.90 0.32 12.18

Mg(N03)2 2.00
Fe(N03)3  0.50 PO4 10 28.0 3.90 0.2 9.28

Mg(N03)2 1.50
Fe(N03)3 0.75 PO 10 29. 3.72 0.71 5.2

Mg(N03)2 1.00
Fe(N03)3  1.00 PO 10 29.h 3.04 1.00 3.01

Fe(N03)3  1.50 P04 10 29.2 2.78 1.56 1.78

The results of Table 4 and Table 5 are given in Figure II. As
may be seen from Figure II maxima in the distribution coefficient
occurred at both 30 and 60 gis of sulfate per liter. These
maxima occurred at about a 101 mole ratio of iron to sulfate.
This should correspond closely to the minimum amount of ferric
nitrate needed to complex the sulfate at an ionic strength of
nine.

Data could not be obtained on phosphate over the entire range
because of the low solubility of magnesium phosphate in the
absence of acid.

This experiment appears to indicate that provided an adequate
salting-out background is present, 0.25-0.50 M ferric nitrate
is adequate to overcome most of the adverse effects of
sulfate and phosphate at the particular concentrations used
here. However, had 2.00 M Mg(N0 3 ) 2 been used as the maximum
magnesium nitrate concentration with no ferric nitrate present
and correspondingly less for the other concentrations of iron,
a much poorer distribution curve could be expected. This is
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based on the value of the distribution coefficient obtained
for uranyl nitrate in the presence of 2.00 M Mg(NO 3 )2 and the
absence of complexing agents. The value obtained is 1.69 for
the KD. This means that the magnesium-ferric nitrate distri-
bution coefficient curve in the absence of sulfate and phosphate
would vary from a value of 1.69 to 2.19 and in the presence of
sulfate or phosphate would be expected to be of a lower magni-
tude, probably on the order of one or less for most of the
curve. Distribution coefficients in that range would be unde-
sirable from the standpoint of favorable extraction of uranium.
This should give some suggestion as to the importance of the
salting-out background of uranyl nitrate in the presence of
impurities such as sulfate and phosphate.

B. Study of Various Low Baume' Plant Feeds.

1. Distribution Coefficients for Various Feeds.

Several analyses of plant raffinate, as well as raffinate
obtained from laboratory extractions indicated that most of
the uranium in the raffinate was soluble.e In pitchblende feed
the uranium was found to be all soluble, while with MgX-V20
feed the insoluble uranium was usually about 0.1 gm U/1 or less.

In spite of the small difference in the amount of insoluble
uranium between the two feeds, pitchblende feed was still found
to give better extraction than MgX-V20 feed. In order to
better understand the problem, cocurrent extractions have
been made on different kinds of feeds, and equilibrium data
obtained for each extraction stage.

Extractions were made using separatory funnels at room tempera-
ture. No attempt was made to control the temperature accurately.
The organic phase was analyzed for uranium in each stage, and
the raffinate for the final stage. Uranium in the aqueous
phase for the remaining stages was obtained by calculation of
the amount of uranium extracted into the organic phase plus
the concentration of uranium in the raffinate. A summary of
results for different feeds is given in Table 6.
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TABLE 6

DISTRIBUTION COEFFICIENTS FOR VARIOUS PLANT FEEDS.

Phase Ratio ether:water 2.0:1.0

KD m s U/i ether
gma U/1 water

Conc. U in
Feea(') Feed gms/1

PB-1
PB-2
MX-1
MX- 2
MX-3
MX-4

282
330
326
298
192
279

Conc. U in
Raffinate

Soluble Insoluble
gms/l s/1

<0.05
0.15
0.14
0.05
0.h9
1.6h

-w

0.11
0.01

0.13

K
Extraction Stage

1 2 3 h 5 6

7.56
9.68
2.69

12.86
6.88
1.92

5.25
8.28
1.73
1.h3
h.06
0.88

3. h8
1.21

1.25
1.30
0.79
0.61

1.10
0.21
1.31
0.36
0.19
0.xh3

0.069
0.13
0.97
0.36
0.06
0.h4O

0.72
0.28

0.3L

* Total U.

-(1) Description of Feeds.

Excess
Acid

Be ' s/1

Pitchblende
Pitchblende
MgX-V20**
MgX
MgX
MgX-V20**

580

600
--5

57.5

--

73.8
71.2
72.0
39.6
60.5

2.52
5.31

11.29
8.8
9.8

PO 0 SO Fe V
gms/1 gs/1 gs/1 gs/

9.96
8.19

1i.5
27.5
33.4
X0.3

10
18.7
19.3
15.5
14.5

0.28
2.81
h.71
2.15
3.29

** MgX-V20 contained 50% MgX and 50% V20 on a uranium basis.

It may be seen that pitchblende feed starts with a high distribution
coefficient which drops off rapidly with each extraction stage, while
with MgX-V20 feed the distribution coefficients start at a comparatively
lower value and decrease more slowly. MgX without V20 added is observed
to give about the same type of distribution coefficient curve as pitch-
blende. The results of Table 6 are given graphically in Figure III.

Index -Type

PB-1
PB-2
MX-1
MX-2
MX-3
MX-14
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FIGURE 3
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In terms of uranium recovery this means that more extraction
stages are required for MgX-V20 feed than for pitchblende feed
in order to reduce the uranium in the raffinate to the same
level. This can be more clearly understood by following the
uranium concentration in the aqueous phase for each extraction
stage. In Table 7 is given the concentration of uranium in
the aqueous phase for each extraction stage for the feeds
listed in Table 6.

TABLE 7

CONCENTRATION IN THE AQUEOUS PHASE FOR EACH EXTRACTION STAGE

Conc. U Aqueous Phase gms/l
Conc. U in Extraction Stage

Feed Feedgms/1 1 2 3 4 5

PB-1 282 18.26 1.57 0.18 0.06 0.05 -
PB-2 330 15.9 0.91 0.27 0.19 0.15 -
MX-1 326 54.30 13.15 3.61 0.94 0.34 0.14
MX-2 298 10.2 2.79 0.22 0.13 0.08 0.05
MX-3 192 14.3 1.60 0.70 0.52 0.49 -
MX-4 279 59.h 21.5 9.564 5.00 2.76 1.64

From Table 7 it may be concluded that if enough extraction
stages are used about as much uranium may be removed from MgX-
V-20 feed as from either pitchblende feed or MgX feed. However,
if only three or four extraction stages are used, pitchblende
and MgX feeds are much better feeds from the standpoint of
uranium recovery. At this point only two feasible reasons
appear to explain the difference noted, either a difference
in the concentration of complexing agents in different feeds,
or differences in the salting-out background. As may be seen
for the analyses of the different feeds given in Table 6,
pitchblende feed has much lower concentrations of sulfate,
phosphate and vanadium. The analysis given for Feed PB-2
has been found to be a fair representative of most pitchblende
feeds at the present time. This difference in concentration
of complexing agents might explain the behavior of pitchblende
feed, but since MgX and MgX-V20 feeds have about the same
level of complexing agents and of ferric iron, the difference
in these feeds cannot be explained satisfactorily by this
means. This leaves salting-out effect. Since V-20 material
is almost entirely sodium diuranate, with little impurity
other than vanadium, most of the salting-out agent in the
form of various nitrates must come from the MgX material.
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Therefore, there is essentially a reduction in the effective
salting-out agent o MgX when it is mixed with V-20 feed.
Indeed, V-20 feed material gives very poor uranium recovery
when used alone. Even with 1 0 5M Mg(N0 3 ) 2 present for
additional salting agent, a raffinate containing 50.5 gms U/1
was obtained after three cocurrent extraction stages.

A method to improve the MgX-V20 material would be to increase
the number of effective extraction stages in any piece of
equipment used for extracting uranium from these feeds.

A second way would be to increase in some way the concentrations
of salting agent in MgX-V20 feed. This has been accomplished
to some degree in the boiling down of MgX-V20 feed during
preparation. Another possibility is to add salting agent in
the form of some inorganic nitrate, such as magnesium or
ferric nitrate.

Most of the laboratory work has been carried out with ferric
nitrate, since it not only increases the salting agent, but
will also complex sulfate, phosphate, and vanadate.

2. Irluence of Ferric Nitrate and Nitric Acid Addition on MgX-
V20 Feed.

Several runs have been made adding different concentrations'of
ferric nitrate at the start and following the third extraction
stage. Nitric acid, in one instance, has also been added
following the third extraction stage. The distribution co-
efficients for two MgX-V20 feeds are given in Table 8. In
Figures IV and V are given the graphic results of the same
data.
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FIGURE 5
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TABLE 8

THE INFLUENCE OF FERRIC NITRATE ON MgX-V20 FEED

Phase Ratio ether-water

Temp. Room Temp.

2.0:1.0

25-30oc.

Excess acid in Feed

Feed Treatment

MX-1 As is.
"? 20 gis Fe/1

added at start
10 gms Fe/1
added 3rd Ex.
20 gms Fe/1
added 3rd Ex.
50 gis HNO3
added 3rdEx.

MX-4 As is.
it 20 gms Fe/1

added at start
" 20 gms Fe/1

added 3rd Ex.

Conc. U
in Feed
gs/1

60-75 gns HNO3/i

Conc. U in Di:
Raff. gis/1
Soi. Insol. 1

326 0.14 o.ii

276 0.05 0.07

327 0.066 0.08

326 0.02 0.10

326 0.01 0.13
279 1.64 0.13

310 0.22 -

292 0.14 -

KD = 9 UlLether
gis U/1 water

stribution Coefficient
Extraction Stage

2 3 14 5 . ... r w

2.69 1.73 1.25 1.31.0.97 0.72

5.27 4.10 3.21 1.23 0.39 0.17

2.67 1.68 1.11 4.15 1.20 0.45

2.70 1.75 1.31 5.149 2.50 0.55

2.72 1.86 1.63 3.24 2.00 0.44
1.92 0.88 0.61 0.43 0.40 0.34

4.52 2.149 1.16 0.76 0.39 0.26

2.14 0.80 0.51 2.27 1.46 1.32

As indicated by the two graphs, the addition of 20 gms Fe/i
greatly increases the distribution coefficients for the feeds.
As to how much of this is due to an increase in salting agent and
how mudito complexing action of the ferric nitrate is not
known.

The eventual decrease of the distribution coefficient appears
to be a function of the uranium concentration, indicating that
perhaps a certain small percentage of uranium is tied-up in a
fairly tight manner and is not readily extractable.

C. Study ofHigh Be' Feed.

Because of the necessity in Plant 6 to increase the percentage of
black oxide in the pitchblende feed from about 10% to 20% starting
about August 1st, 1952, a study was made to determine how this
increase in black oxide would effect the extraction of uranium
from pitchblende feed.
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Of first concern was the freezing point of the new feed. Because
of the demand for increased throughput in the ether house, it is
desired to put through as small a volume of pitchblende feed as
is practical. This is accomplished by boiling pitchblende feed
to a higher specific gravity or Baume". This is accompanied by
an increase in the freezing point, so that it is quite important
that a freezing point curve be obtained for pitchblende feed.

Pitchblende feed was obtained from the plant and uranyl nitrate
hexahydrate added to be comparable to an increase in black oxide
by 10%.

Pitchblende feed was then boiled down, and samples taken at
various Be' during extraction. Freezing points of the solution
were determined by temperature-time curves, the highest tempera-
ture to which the solution rose after crystalization started
was taken to be the freezing point. The results of the experi-
ment are given in Table 9.

TABLE 9

FREEZING POINTS OF A PITCHBLENDE FEED AT VARIOUS
BAUME' AND URANIUM CONCENTRATIONS.

Be' Conc. U in Freezing
of Solution Points
Solution gms/1 OF.

59.0 336 87.1
60.8 31 92.1
63.2 360 100.1

.65.0 376 103.3
66.8 392 104.2
69.1 445 105.4
74.0 516 109.9

Be' = lh5 lh at 217 F.
S.G.

The results in Table 9 are given graphically in Figure VI. From
the figure it is indicated that the freezing point of pitchblende
feed levels off at a Be' of about 65 and increases slowly for the
next 8 to 100 of Be'. Since ether boils at about 95 F feed with
freezing points below this temperature have previously been con-
sidered to be the upper limit for extraction with ether. However,
it has been suggested that perhaps a hot extraction could be made
at the first stage, cooled by evaporation of ether, and subsequently
sent through the column at a normal column temperature of about
800F. If this were possible, higher Be' feeds could be used.
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FIGURE 6
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It was 9 therefore, necessary to investigate the relative extracta-
bility of the higher Beg feeds as compared to the lower ones.

A preliminary investigation gave encouraging results.
10 are given the results for uranium in the raffinate
different Be9 feeds from the same pitchblende.

In Table
for three

TABLE 10

URANIUM IN RAFFINATE FOR
BAUME' PITCHBLENDE FEED.

DIFFERENT

Phase ratio ether-water 2.0:1.0

Number of co.-current stages four

Neutral Ether

Excess Acid 60-70 gms HNO 3 /1

Be' of Feed

59.0
68.0
74.0

gms U/1 Raffinate

0.81
O.054
0.055

This experiment was followed by a second experiment in which
greater accuracy was desired. Equilibrium data was obtained,
both phases being analyzed for uranium for each extraction stage.
The results are given in Table 11.
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TABLE l

EQUILIBRIUM DATA FOR A PITCHBLENDE FEED AT
VARIOUS BAUME? VALUES0

Feed A

Bet of feed = 600 Freezing point of feed " 86.90 F.

Excess acid a 73 gms HNO3/1 Phase ratio ether-water - 2.0:1.0

Initial U concentration - 410 gms U/ Raffinate U concentration-0.12 g/l

Conc. U in ether gms/1
ConQ.U in Aqueous gs/i
KD
Temp. 0C.
Excess Acid gms/l

1

195
23.50

8030

29.2
5.2

Feed B

2

7.64
0.5

15.28
29.2
-7.1

3 m
0.32
0.11
3.0

29.2
-9.7

h

0.08
0.12
0.67

29.2
-11.9

Bet of feed = 65.00

Excess acid - 66 gis HNO3/i

Initial U concentration = 428 gms U/1

Conc. U in ether gms/1
Conc. U in aqueous gms/1

KD

Temp. C.
Excess Acid gms/1

1

227
21. 2
9o4

31.5
3.46

Freezing point of feed - 100.40 F

Phase Ratio ether-water * 2.0:1.0

Raffinate U concentration= 0.026 g/

2

1.1
0.98

1.4h
3105
-h.66

3

0.31
0.063
4.92

31.5
-10.5

0.034
0.026
1.30

31.5
-15.1
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TABLE 11 (Cont'd.)

Feed C

Be' of feed 71 Freezing point of feed - 107.20F.

Excess acid - 29.2 gms HNO3/1 Phase ratio ether-water - 3.0:1.0

Initial U concentration i 580 gis U/1 Raffinate U conc. - 3.55 gis U/l

Extraction Stage

L 2 3 4

.Conc. U in ether gms/i 269 23.84 2.90 0.73
Cone. U in aqueous gms/I 72.0 11.8 4.65 3.55
KD 3.74 2.02 0.62 0.21
Temp. C. 30.2 30.2 30.2 30.2
Excess Acid gms/l -4.41 -20.7 -21.4 -27.9

Contrary to the preliminary extractions the feed above 700 Be' gave
higher than normal uranium in the raffinate. This was probably
primarily due to precipitation which occurred during extraction for
Feed C of the last experiment. The reason precipitation did not
occur in the preliminary extraction is not known. At about the
same time work in the pilot plant indicated precipitation was occurring
during column extraction for the very high Baume' feeds.

The next step was to investigate the possible cause for this preci-
pitation and what the upper Be' limit was for most pitchblende feed.
A spectographic analysis gave the following elements as being present
in the precipitate to the extent of greater than 1%, Ca, Mg, Ni, Al,
'Co, Cu, V, P, Fe. Since most of the precipitate was found to be
soluble in weak acid, it is believed that the precipitate contained
a fair amount of the cations as hydroxides. This is due to the
greater removal of acid from the feed by extraction, leaving the
feed with a high deficiency of acid, and therefore, promoting preci-
pitation. Addition of ferric nitrate was found to increase precipi-
tation, rather than decrease it.

In the plant there is a recycle of about 10% of the pitchblende
throughput consisting of NOK liquor, which is a concentrated uranium
solution with very low concentration of impurities. It was decided
to determine roughly the upper Be' limit with and without NOK liquor
being present. The limit was chosen as the point at which precipi-
tation occurs during extraction.

The results are given in Table 12.
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TABLE 12

UPPER Be ' LIMITS FOR PITCHBLENDE FEED
UNDER DIFFERENT CONDITIONS.

Phase Ratio ether-water 2.0 I.0

NOK Liquor 0.8N HNO3 n- about 200-300 gis U/1

Type of Ether

Neutral
Neutral
0O.N HNO3
0.5N HNO3
0.lN HNO3

Condition of Feed

No NOK added.
10% NOK added.
No NOK added.
10% NOK added.
10% NOK added.0

Upper Be' Limit

68
70
71-72
74
71-72

The use of acid ether in this experiment appears to indicate that
acid is a major factor in controlling precipitation in pitchblende
feed. The addition of the 10% NOK liquor probably dilutes the
salt background somewhat so that precipitation does not occur
until a higher Be' is reached.

Several runs have been completed comparing acid and neutral ether,
with and without NOK liquors added. The results are given in
Table 13.



ABLE.i3

A COMPARISON OF H1GH BAUMEI PITCHBLENDE
FEEDS UNDER DIFFERENT CONDITIONS.

Phase ratio ether-water 2.0 1.00

Four extractions

Temperature not controlled.

Type Condition Be' Conc. of
of of of Uranium in
Ether Feed Feed (hot) Raffinate gm/

Neutral No NOK liq. added 66.5 0.28
0.5N HNO3  No NOK liq. added 71.0 0.6
Neutral 10% NOK liq. added 71.0 0.80
0.5N HNO3  10% NOK liq. added 74.0 0.60
0.lN HNO3  10% NOK liq. added 7h.0 0.08

This experiment indicates that pitchblende feeds with a Be as
high as 74 0 can be handled under proper conditions.

Equilibrium data has been obtained for another 700 Be' feed which

looks somewhat promising. The results are given in Table 1h.

TABLE 1h

EQUILIBRIUM DATA FOR A 700 Be' PITCHBLENDE FEED

Phase Ratio ether-water i.6g1.0 Neutral ether

Be' of Feed (hot) = 70.0 Cocurrent extraction

Extraction Stage
1 2 3 h

Conc. U gms/1 ether 272 9.96 0.78 0.16
Conc. U gms/1 aqueous 17.8 0.56 0.24 0.22
KD 15.3 17.8 3.26 0.70
Temp. 0C. 28.0 27.5 27.0 28.5

This run indicates that neutral ether may in some cases be used on
feed with a higher Be' than 68, although 680 seems to be a more
practical limit for pitchblende feed under present plant conditions.
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Conclusions.

A study has been made as to the effectiveness of various inorganic
nitrates upon the extraction of uranyl nitrate from water into ether.
The comparison was made on the basis of ionic strength. On this
basis the salting-out effect of a particular nitrate salt appears to
be a function of the period in the periodic table in which the cation
is found. The following order has been observed as to the effective-
ness of various nitrates for salting-out agents of uranyl nitrate
from water to ether,

HNO30' LiNO3 >Mg(NO 3 ) 2 >NaNO 3 )Ca(NO 3 ) 2 ' Fe(N03 )3

33Al(NO 3)3 >NHhNO3 >La(NO3 )3 .

The influence of sulfate and phosphate upon the distribution of
uranyl nitrate in the presence of magnesium and ferric nitrate at
an ionic strength of nine has been investigated. Sulfate has been
investigated at 30 and 60 gms SQL/1. In each case a maximum occurred
at about 1:1 mole ratio of ferric nitrate to sulfate. In the case of
phosphate at 10 gms PO/l the best extraction occurred at 0.25M Fe(NO3) 3.

A study of the distribution coefficients of several different feeds has
been made. Pitchblende and MgX-V20 feeds were found to show marked
differences in distribution coefficients with each extraction stage.
Pitchblende feed was found to give high initial distribution coefficients,
around 6.0 to 9.0, and MgX-V20 was found to give low initial distri-
bution coefficients around 2.0 to 4.0. In both cases at low concen-
trations of uranium the distribution coefficients were always less than
one.

Ferric nitrate and nitric acid were both found to be somewhat effective
in improving the extraction of uranyl nitrate from MgX-V20 feed. Work
with pitchblende feeds having Be' values from 65 to 74 indicates that
good extraction can be obtained with these feeds under the proper condi-
tions. However, there is an upper limit as to how high the feed can
be concentrated because of precipitation during extractions.
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ETHER Ex TRACTION WITH A FOUR INCH JET MIXER COLUMN

by

A. M. Kirby

J. L. Corder

Introduction

The investigation of uranium extraction in a h" jet mixer column in the
Plant 6 ether pilot plant was continued. The extraction column is
essentially an open column with pumps spaced at intervals to remove the
continuous phase from the column for re-introduction through some type
of mixing device. Previous work with this column is described in NYO
Report No. 1337. A complete description of the equipment and operating
procedure are included in that report.

The present report includes extractions made during July, August, and
September, 1952, to investigate the following:

1. The effect on extraction efficiency of the addition of iron (as
ferric nitrate) previous to a second extraction of MgX slurry with*
neutral ether.

2. The effect of vanadium concentration in MgX slurry on extraction
efficiency. The vanadium concentration was increased with
(a) additional V-20 ore digest slurry containing about 6 gm/l
vanadium and (b) pure vanadium pentoxide dissolved in 3N nitric
acid.

3. The effect of increasing the concentration and temperature (to
prevent crystallization) of pitchblende filtrate feed on extraction
efficiency and column operability.

h. The effect of various pretreatments of MgX slurry on extraction
efficiency and raffinate scaling.

A tabulation of all runs made with the immediate objectives of each run,
operational data, and analytical results are given in Table 1, 2, and 3,
respectively, in the appendix. Pertinent data from these tables together
with any changes in equipment or procedure are given under the appropriate
heading below.
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Effect of Iron Addition on Extraction Efficiency

A series of five two-pass MgX slurry extractions with neutral ether were
made to check the effect of iron addition to the first pass raffinate on
the second pass extraction efficiency. One batch of MgX slurry stored
in a 1000 gallon tank was used for the series of runs to eliminate batch
to batch variations in extraction distribution coefficient of the aqueous
feed. The series included a control run using straight de-etherized Mgl
raffinate for a second pass extraction, two runs using de-etherized MgX
raffinate spiked at levels of about 10 and 20 gm/l Fe for second pass
extractions, and two runs using unde-etherized MgX raffinate spiked at
levels of about 10 and 20 gm/l Fe for second pass extractions. Analyses
of the uranium in the first pass raffinate (second pass feed) and second
pass raffinate are shown in Table 1.

These data show an improvement over the control run of approximately
0.5 gm/. less uranium in the second pass raffinate using first pass de-
etherized raffinate spiked with iron. The improvement in the case of
unde-etherized first pass raffinate spiked with iron is indicated to be
about 0.25 gm/l less uranium on one run. The last run is not comparable
with the rest of the series due to the high uranium in the first pass
raffinate. This is discussed further under reproducibility of results.

TABLE 1

Raffinate Uranium Values for Neutral Ether Extraction

of MgX Slurry

Raffinate Iron Added
Uranium Analyses to 2nd Pass 2nd Pass

Run lst Pass 2nd Pass Aqueous Feed Feed
Number gm/i gm/i gm/l Description

23 5.7 0.7T 0 De-etherized
24 5.3 0.22 20 De-etherized
25 ).2 0.2S 10 De-etherized
26 S.)0.45 20 Unde-etherized
27 12. .l 10 Unde-eth eriz ed
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Effect of Vanadi urm Concentration on &traction Efficiency

A series of five MgX slurry extract«.ons with neutral ether was made at
several vanadium concentrations to investigate the effect of vanadium
on extraction efficiency. This series of runs was also made using one
batch of MgX slurry to eliminate batch to batch variation in uranium
distribution coefficient. The series included a control run of Plant
MgX slurry, two runs with MgX slurry containing about 30 and 15 volume
percent respectively of a 6 gm/l vanadium slurry made from V-20 ore,
and two runs with MgX slurry containing approximately equivalent amounts
of vanadium added as a 20 gm/l vanadium solution of vanadium pentoxide
in 3N-nitric acid. Anvlytical results for this series of runs are given
in Table 2.

The insoluble uranium (1.7 and 1.2 gm/I) indicated in the raffipates
from the runs spiked with V-20 slurry (Runs 29 and 30) can be accounted
for by the 10 gm/l insoluble uranium added with the V-20 slurry. This
insoluble uranium 9 however, is not enough to account for the greater
amount of uranium in these two raffinates than was found in the control
run raffinate; 6.4 and 5.0 gm/i as compared with 2.5 gm/i uranium. An
indication that this greater amount of uranium in the raffinate might
be attributable to a lowered salting agent concentration is observable
in Run 31 (spiked with vanadium pentoxide dissolved in 3N nitric acid)
which raffinate analyzed 3.6 gm/i uranium. Again, the last run of the
series, Run 32, is not felt to be comparable with the rest of the runs
and is discussed further under reproducibility of results.

TABLE 2

Raffinate Uranium Values for Neutral Ether Extractions

of MgX Slurry Spiked with Vanadium

Aqueous Feed Analyses* Raffinate Analyses*
Vanadium, gm/i Uranium, gm/l

Run Number Sol. Insol. Tot. Sol. Insol. Total

28 2.0 0.0 2.0 2.37 0.014 2.52
29 2.8 0.8 3.5 14.55 1.714 6.14
30 2.5 0.6 2.9 4.15 1.20 5.0
31 3.2 3.7 0.03 3.6
32 2.6 5.05 0.02 4.8

* Soluble and insoluble uranitim results do not check with total
uranium results chiefly because they were separate analyses.
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Effect of Pitchblende Filtrate Concentration on & traction Efficiency
and Column Operability

Recent laboratory work has indicated that concentration of pitchblende
filtrate (to obtain greater salting agent and uranium contents) might
yield lower uranium concentrations in raffinate as a result of an
improved uranium distribution coefficient. Several series of runs were
made with both neutral and acid ether to investigate this possibility.
Densities of pitchblende filtrate feed obtained from the plant were
varied from 600 to 650 Be' for several runs with an aqueous feed
temperature of about 1000 F. and from 650 to 720 Be' for several runs
with an aqueous feed temperature of 110-1150 F.

Pertinent operational and analytical data for most of the runs are
given in Table 3. Several runs were not included in this table since
they were made using different batches of pitchblende filtrate for
exploratory or other reasons, and thus, are not directly comparable
with any other runs. Table 3 is organized in the order of increasing
aqueous feed densities within each batch of pitchblende filtrate used.
Only those runs within each batch may be compared directly. Comparison
of runs with the same density from different batches gives an indication
of the variation encountered in uranium distribution coefficient from
batch to batch.

It may be observed from Table 3 that the amount of uranium found in the
raffinate increased with increasing feed concentration within each batch
of pitchblende filtrate with the exception of one run. A possible
explanation of these results, contradicting laboratory predictions, might
be a decreased column holding time resulting from th e heavier aqueous
phase falling through the column more rapidly coupled with back diffusion
in the column of a heavier ether extract. Another contributing factor
mig6t be an increasing tendency towards emulsification with increasing
feed concentration as indicated by the general trend towards higher ether
contents in the raffinate with higher feed specific gravities (see
Table 3). Physical observation of solids precipitation (which could be
eliminated by raising the aqueous feed temperature) promoting emulsion
in the column on several runs gives further support to the possibility
of increased raffinate uranium being caused by emulsion.
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TABLE 3

Neutral and Acid Ether Ictractions of Pitchblende

Filtrate Feed

Aqueous Feed

Temp.
o .

115
110
113
115

116
U5
115
115

99
116
102
115

101
102
114
116
116

Sp. Gr.
0 Be'

67
70
70.2
71

60
66.6
66.6
71

61. h
65.5
68
6906

59.6
64.8
65.6
70
69

Raffinate

U
gm/i

1.52
2.5
3.32
4.9

1.6
3.0
3.h
9.0

0.6
1.06
1.7
3.9

0.8
0.42
0.37
o.64
o.66.

Ether
Vt, %

8.6
4.0
10.0

0.6
5.2
6.2

11.4

2.5
7.0
2.3

14.8

O.7
0.5
0.6j
0.5(
o.h

Effect of Mg!
of Raffinate

I Slurry Pretreatment on kctractionEfficiency and Scaling

Difficulties introduced in plant operation by heavy scaling of MgX slurry
raffinates prompted a pilot plant investigation of the effect of various
pretreatments of MgX slurry on extraction efficiency and raffinate
scaling. Since spectographic analyses had shown the major constituents
of the scale deposited from MgX raffinates to be iron and vanadium, it
was postulated that ferric vanadate might be precipitated by heating a
low acid or acid deficient slurry of MgX. A subsequent acidification
and extraction of the MgX slurry might then be possible before the slowly
solubilized ferric vanadate were redissolved to present scaling problems.
A description of the runs made, together with raffinate uranium analyses
is given in Table 4.

Batch
No.

1

2

3

Run
No.

ho
38
h1
39

45
42
43A
43B

51
53
49
52

54
59
56
57
58

U
gm/i

295
1400
395
303
441

198
3h0
370
360

198
318
282.5
268

280
338
335
4h3
393

% Loss

Neutral
Ether

Acid
Ether
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TABLE IV

Neutral Ether Extraction of Pre-Heated MgX Slurry

Run
Number Feed Description

33 MgX slurry made 0.JL#/gal HNO
deficient, heated at 2000F. fRr
2/2 hour and reacidified to
0.59#/ gal. excess HNO 3 before
cooling.

34 Treated same as Run #33 after 20
g/l of iron was added.

36 Control run for Runs 33 and 34.
Same MgX slurry untreated.

44 MgI slurry adjusted to 0.03#/gal.
excess HNO3.

!t6 MgX slurry made 0.11/gal HNO3
deficient, heated at 200 F. for
one hour, cooled to 1000F. and
readjusted to 0.55#/ga1 excess
HNO3.

Raffinate *
Uranium

Analyses, V/].
Sol. Insol.

4.96 0.04

1.20 0.02

Effect on
Total Scaling

5.04 None

1.12 None

13.5 0.10 12.4

4.0 0.67

8.15 0.33

4.67 None

8.48 Scaling
reduced
30-40%

*Soluble and insoluble uranium results do not check with total uranium results
chiefly because they are separate analyses.
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Data from Run 46 indicates that scaling might be reduced by a factor
of about 30-10 percent, at the expense of insolubilizing about
0.3 g/l uranium in the slurry, by the following procedure-

1. Add additional MgI ore to a standard MgI slurry to obtain a
slurry 0.1-0.2#/gal HNO 3 deficient.

2. Heat this slurry at about 2000F. for one hour.

3. Cool the slurry to about 100 0F.

h. Add sufficient nitric acid to obtain a final slurry containing
0.5-0.7#/gal excess HNO3 *

No further pilot plant work was done on this problem since the procedure
outlined above was introduced into plant procedure on a trial basis.
Aft er about a week trial in the plant with no significant decrease in
raffinate scaling, the procedure was dropped as being of questionable
value.

Reproducibility of Results

Standard pilot plant practice during recent months has included storage
of about 1000 gallons of aqueous feed from one batch so that a series
of h to 6 extractions could be made using the same liquor. Variations
of the uranium distribution coefficient among different feed batches
could thus be eliminated permitting a direct comparison of the uranium
in the raffinates to be used as an indication of extraction efficiency.

Previous work included in NYO Report 1337 which indicates that
variations of about 2 gm/l uranium in the raffinate might be expected
for MgI slurry extractions from one batch are borne out by work
included in this report with the following exception. At least two
runs using the last of the liquor from the storage tank gave raffinate
uranium values about double that expected from the remaining runs in
the series. Run 27 of the series Runs 23-27, yielded a raffinate
uranium analysis of 12.4 gm/l as compared with values of 5.7, 5.3,
11.2, and 5.4 g/1 for the other runs in the series; and Run 36 of the
series Runs 33, 34 and 36 yielded a raffinate uranium analysis of
12.4 gm/l as compared with 5.04 gm/l for run 33 (Run 3h is not com-
parable since the aqupous feed was spiked with iron). For this
reason, the last run of the series investigating the effect of vanadium
on extraction efficiency is not felt to be comparable with the other
runs in the series.

Th increase of uranium in the raffinate for a run using the last
portion of liquor in the 1000 gallon s borage tank might be attributed
to inadequate agitation. It is planned to install a turbine type
agitator in the storage tank to eliminate this factor.



CONCLUSIONS

The following conclusions may be formed on the basis of the work
included in this report.

Addition of 10-20 gm/l of iron, as ferric nitrate, to an MgX raffinate
from a neutral extraction in the h" jet mixer column produced a
raffinate from a second neutral extraction which contained O.25-O.5O gz/l
less uranium than the raffinate obtained from an untreated slurry.

The increased concentration of insoluble uranium in the raffinate from
a neutral ether extraction of MgX slurry spiked with vanadium using
V-20 digest liquor was attributable to the insoluble uranium in the
V-20 digest liquor. The addition of pure vanadium in equivalent con-
centration yielded no increase of insoluble uranium in the raffinate.

The amount of uranium in the raffinate from an ether extraction of
pitchblende filtrate increased with increasing density of the aqueous
feed from 600 to 710 Be' for four series of runs of about h runs per
series.

Attempted precipitation of ferric vanadate in MgX slurries prior to
extraction was not too successful in eliminating scaling of the MgX
raffinate in plant operation.

-65 -
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APPENDIX

TABLE 1

Ether pilot plant extraction runs made during July, August, and
September, 1952 with imrnedate objectives of each run or series of runs.

Run Number Objectives

23-27 A series of two pass runs using MgX slurry and neutral
ether. The concentration of iron was varied in both
de-etherized and unde-etherized raffinates from the
first pass to investigate the effect of iron concen-
tration on extraction efficiency for a second pass
extraction with neutral ether.

28-32 A series of runs using MgX slurry and neutral ether.
The concentration of vanadium was varied by spiking
the MgX slurry using both V-20 digest liquor and a
pure vanadium solution to investigate the effect of
vanadium concentration on extraction efficiency.

33 A run using MgX slurry made 0.11 #/gal HNO3 deficient,
heated at 2000 F. for one hour, and re-acidified to
0.59 #/gal excess HNO3 before extraction with neutral
ether to determine the effect of such treatment on
raffinate scaling.

34 A run using MgX slurry spiked with 20 gm/l Fe and
treated as in Run 33 to investigate the effect of
such treatment on raffinate scaling.

35 An exploratory run to investigate column operability
for a neutral extraction of concentrated pitchblende
filtrate.

36 A run using the same MgX slurry batch used for Runs
33 and 34 for comparison with raffinate scaling
tendencies for those runs.

37-43 A series of runs using pitchblende filtrate with
45 neutral ether. The concentration of the aqueous feed
47-53 was varied from 60 to 720 Be' to investigate the

effect of feed concentration on extraction efficiency
and column operability.
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Run Number Objectives

44 A run using MgX slurry adjusted to 0.03 #/gal excess
HNO3 to investigate the effect of lower acid concen-
tration on extraction efficiency and raffinate
scaling.

46 A run using MgX slurry adjusted to 0.11 #/gal HNO3
deficient, heated at 2000 F. for one hour, cooled
to 1000 F., and re-acidified to 0.55 #/gal excess
HNO3 before extraction with neutral ether to
determine the effect of such treatment on raffinate
scaling.

5E-59 A series of runs using pitchblende filtrate with 0..5N
acid ether. The concentration of the aqueous feed
was varied from 60 to 70 Be' to investigate the
effect of feed concentration on extraction efficiency
and column operability.
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DESCRIPTION OF AQUEOUS FEED TYPES

1. Plant pitchblende filtrate, as received.

2. Plant MgX slurry, as received.

5. De-etherized raffinate from a neutral ether extraction of plant MgX
slurry.

6. De-etherized raffinate from a neutral ether extraction of plant MgX
slurry spiked with 20 gm/l iron.

8. De-etherized raffinate from a neutral ether extraction of plant MgX
slurry spiked with 10 gm/l iron.

9. Unde-etheriz ed raffinate from a neutral ether extraction of plant MgX
slarry 'spiked with 20 gm/i iron.

10. Unde-etherized raffinate from a neutral ether extraction of plant MgX
slurry spiked with 10 gm/l iron.

11. Plant MgX slurry spiked with V-20 ore digest slurry.

12. Plant ! gX slurry spiked with a 3N nitric acid solution of vanadium
p entoxide.

13. Plant MgX slurry made 0.1 to 0.2 #/gal acid deficient, heated at
2000 F. for one hour and reacidified to 0.5 to 0.7 #/gal excess
nitric acid.

3a. Plant MgX slurry with 0.1 to 0.2 #/gal excess acid.

1 . Plant MgX slurry spiked with 20 gm/l iron prior to the same treat-
ment as type 13 feed.

5. Plant pitchblende filtrate concentrated to 650 to 670 Be'.

6. Plant pitchblende filtrate concentrated to 680 to 710 Be'.

3. Plant pitchblende filtrate diluted to 600 to 64 0 Be'.
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ANALYTICAL DATA FOR ETHER PILOT PLANT EXTRACTION RUNS 23-59
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57 240.6 - -- 0.64 39.6 0.49 0.19 443 8.5 8.6 -- -- -- L.7 52 70

Def.
56 211.5 -- -- 0.66 6.2 42.2 0.4 0.11 393 10.0 6.0 -- -- -- 5.3 71 69

-59 216 -- -- 0.42 1..6 36.6 0.5 0,05 338 8.0 7.5 -- -- -- 4.2 73 64.8

I

I
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PITCHBLENDE ORE SLURRY FILTRATION

by

A. N. Kirby

J. L. Corder

Introduction

Plant 6 Production personnel reported that certain batches of pitch-
blende ore digest slurry filtered poorly on the FEinc string discharge
filters. The cake did not pick up properly and had a tendency to stick
to the cloths. This condition existed at random times during operation
but was primarily recurrent on Monday morning startup. It was hypo-
thesized that aging of the digest slurry with an associated chemical
change in the solid constituents of the slurry was a major cause of
poor filtration. A preliminary investigation of this problem has been
conducted in the Plant 6 pilot plant.

Experimental Procedure and Equipment

A 6" x 3" String Discharge Filter Leaf designed by FEine was used for
comparison of filtration characteristics. An 8 to 10 liter sample of
digest slurry was used. Three leaf filtrations were made with each
sample (one unwashed and two washed cakes). When desired, representa-
tive or individual samples of wet cakes were analyzed for soluble
uranium, insoluble uranium and water content.

The following standard conditions were maintained during all filtrations.

Equivalent FEinc Drum Speed
Equivalent Submergence
Filtration Cycle
Filtering
Dewatering
Washing
Drying
Vacuum
Slurry Filtration Temp.
Wash Water Temperature
Filter Media

-=

Cso

15 MPR
33 1/3%

- 270 sec.
90 sec.

225 sec.
- 75 sec.

15-18 inches Hg
- 200-210 F.
- 200-210 F.

Vinyon 114N

1.
2.
3.

4.
5.
6.
7.



Additional data observed and recorded for each filtration are listed
below.

1. Wet solids in slurry before each filtration.
2. Volume of Filtrate.
3. Volume of Wash Water.
4. Filtrate Clarity.
5. Cake weight.

'6. Cake thickness.
7. Percent cake discharge.

Experimental Results

1. Effect of aging of pitchblende digest slurry on its filtration
characteristics.

Forty gallons of freshly prepared Pitchblende Ore Digest Slurry
was obtained from the plant and stored at the pilot plant.
Triplicate Leaf filtration tests were repeated every day for
seven days. During this period the average weight of wet cake
obtained per test increased from an initial 93.5 gis to 115.1 gms
on the final day. The volume of filtrate collected also increased
as the slurry aged. Other filtration characteristics apparently
did not change. Since these results were contrary to those
predicted, a second sample of Plant Digest Slurry was obtained
and tested in a like manner. The second series of filtration
studies also indicated a slight improvement, or at least no
decrease in filterability of digest slurry after aging for one
week.

It is possible that some batches of digest slurry may be affected
adversely on aging but it certainly does not occur all the time.

Variation of ore or digestion methods may cause intermittant
filtration difficulties,

2. Effect of various additives to digest slurry to improve filtration.

A. Acrylonitriles

Rohm and Haas Company have several acrylonitrile products on
the market which are purported to stabilize aggregates in
soils. Production of aggregates in the digest slurry might
improve filtration rate and discharge characteristics of the
wet cake.

- 2



The following five materials were added to digest slurry to
check for filtration aid.

1. Agrilon N.A.
2. Agrilon N. Dry
3. Polyco 2961
L. Acrysol A-l
5. Acrysol G.S.

One tenth percent (by weight of total wet solids in the slurry)
of the agent to be tested was stirred into the digest slurry
for four to five hours. Leaf filtration tests were run and
compared with a standard run with no agent added.

Filtration characteristics of digest slurry were changed very
little, if any, by addition of any one of the five agents tested.

B. Sodium Fluoride and Potassium Acid Fluoride (Plant 7
Waste Liquors).

A sample of Pitchblende Ore Digest Slurry which was filtering
slowly with poor cake discharge was obtained from the Plant.
Leaf filtrations were conducted at two levels of added NaF (5 g
Na? per liter and 20 gm NaF per liter). The NaF was slurried
with each sample about 2 hours before the filtrations were started.
Data from these runs are recorded in Table I given below.

TABLE I

Filtration Characteristics of Digest Slurry with NaF Added

Digest Slurry Digest Slurry Digest Slurry
With no NaF With 5 g/1 With 20 gp/1

Filtration Characteristics (Control) Na? Na?

1. Initial Wet Solids in
Slurry, lbs/gal 8.i6 8.16 8.16

2. % Cake Discharge 0 100 100

3. Cake Thickness, Inches 1/8 3/8 1

4. Clarity of Filtrate Clear Clear Clear

5. Volume of Filtrate, Mis. 108 250 572
6. Volume of Wash Water, Mls. 232 350 375

7. Wet Cake Weight, (s None 133 693



It is apparent that addition of NaF greatly improved the
filtration. A suggested mechanism for this improvement is
that the fluoride ion reacts with silicious material, which
caused poor filtration, to form fluosilica compounds thereby
producing a filterable slurry.

As a result of the above investigation a series of tests were
run in the pilot plant in which the concentration of fluoride
ion was varied to determine the optimum concentration of
fluoride which will aid filtration. Use of both sodium
fluoride and Plant 7 waste scrub tower liquors (potassium
acid fluoride) as a source of fluoride ion were included in
this work.

A 75 gal. Pitchblende Ore digestion (lot C-73) was made in
the Pilot Plant to prepare a large quantity of digest slurry
for use in a series of tests. This lot of ore had been
previously tested and found to give relatively poor filtration.

The leaf filtration tests were made following the schedule
outlined below.

Run A - Digest Slurry, as is
Run B - Slurry spiked with 2.5 gm/l NaF
Run C - Slurry spiked with 5.0 gm/l NaF
Run D - Slurry spiked with 3.6 ml/1 Plant 7

Waste Liquor (KHF3 sl. )
Run E - Slurry spiked with 7.2 ml/l Plant 7 Waste Liquor
Run F - Slurry spiked with 7.5 gm/l NaF
Run 0- Slurry spiked with 10.8 ml/1 Plant 7 Waste Liquor
Run H - Slurry spiked with 10 gm/l NaF
Run I - Slurry spiked with 14.4 mi/I Plant 7 Waste Liquor

Some improvement was noted but the results obtained from the
tests were not as promising as expected from the previous work.
Data obtained from the runs are listed in Table II.

It is probable that the conflicting results obtained might be
attributable to differences in chemical composition of the two
slurries. In that case, addition of fluoride to a digest slurry
might improve filtration of one poorly filtering slurry but
have a negligible effect on another. Other important con-
siderations involved in using fluorides as filter aids are-

1. Corrosion of stainless steel with various concentrations
of fluoride

2. Effect of fluoride on column extraction efficienty.
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Leaf Filtration Tests of Lot C-73

TABLE II

Pitchblende Ore Digest Slurry with Fluoride Added

y U

xO -H
8 A C

Fluoride Mat11. Balance
4,

0

4,3

Cake Analyses

H
0
U)D

H
Ui)

H

C)

1-.
OH

-i
Q)
4)

A-1 0
A-2 0
A-=3 0

B13, 2.5
B-2 2.5
B-3 2.5

C-I 5.0
C-2 5.0
C-3 5.0

D-1 0
D.-2 0
D-3 0

E-1 0
E-2 0
E-3 0

F-1 7.5
F-2 7.5
F-3 7.5

0
0
0

0
0
0

0
0
0

3.6
3.6
3.6

5.03

4.8
4.5

4.9
5.2
4.814

5.14
5.24
5.3

5.0
5.6
6e1

7.2 50 4

7.2 4.8
7.2 5.6

0
0
0

1.19
4.51
4.49

198
200
180

].42

2014
192

186
210
225

135
120
100

175
200
150

225
220
210

None
450
350

0
350
460

0
420
375

0
380
340

0
400
450

0
1400
1850

60
20
25

0
:5
10

15
10
18

5
2

10

0
3
0

98
30
10

1/8
1/8
1/8

1/8
1/8

1/8
1/8

1/16
1/16
1/16

1/8
1/8
1/8

15014
13.1
17.7

1509

7.2

17.2
11.2
12.4

22
5.8

0
3.1
0

1314.8
26.0
11.2

10.14 0.07 29.68 O.25 0

0.19 0.01 42.54

12.2 0.09 28.35 1.14

0.11 0.03 142.6

11.3 0.14
0.26 0.03

12.2 0.06
o.o6 oo

11.6

28.8
141.3

28.46
45.82

2.7

1.6
-wm

0.05 30.16 2.1

1.52 7.9 '

3.04 11.2
--ow-

1.12

2.23 5.83

0.13 0.014 46.12

11.2 0.05
0.08 0.o

26.06
114.79

3.0

-v
1.56 34.2

I
0
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oH

E"4 r

")

r4

U)

0

U)

H ,0
U)H

H
0

4,
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r

H
0

1
)
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TABIE II (Contid)

Fluoride Matt'1. Balance

H 0u

0~ 
Hm

Cake Analyses43

0
H4
0

C/)

0

H
4)

4)

4.,

Hr -

0
0
0

10.0
10
10

10.8
10.8
10.8

3.86
3.84
3.80

0
0
0

0o 1.4
0 114.14
0 14.14

290
300
220

295
300
310

182
235
210

0
1300
1580

99
95

95

0 95
1475 90
310 90

0 40
380 5
330 70

1/8
1/8
1/8

1/8+
1/8
1/8+

1/8
1/16+
1/8

126.2
89.2
75.9

104.7
57
78.9

27
5

29

12.4 0.03 25.4 2.6

0.11 0.01 . 46.43

11.0 0.35
0.18 0.03

9.8 1.49
0.18 0.04

23.0
38.0

24.14
142.0

3.4

3.314 22.2I
s xa s " / 0

6.08

1.146 23.8
-cmu -

* Plant 7 Wast Liquor Analysis.

F" = 310 gm/i
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H
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G-1

G-2
G-3
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H-3
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Conclusions

On the basis of two series of filtration studies, aging of Pitchblende
Ore Digest Slurry alone would not be expected to cause poor filtration
on the Plant FEinc Filters.

Use of various acrylonitriles as filtration aids to produce aggregation
of particles in digest slurry showed little promise.

Fluoride addition to a digest slurry of one pitchblende ore composite
yielded considerable improvement in leaf filtration characteristics;
fluoride addition to a digest slurry of a different pitchblende ore
lot yielded little improvement in leaf filtration characteristics.



VANADIUM AND MOfi3DENUM SOLUBILITY

by

R. M. Paine

Introduction

The solubility of vanadium and molybdenum in liquors about the
Mallinckrodt plant is quite important in relationship to the smooth
operation of the manufacturing process. Vanadate and molybdate
precipitates quite often scale tanks and columns, which increases
maintenance costs and down-time. Usually the precipitate is at
least partially a uranyl salt, and uranium is lost in the process
if the precipitate is not recovered. Precipitation during
extraction almost always results in loss of uranium to the
raffinate. Many changes in operating procedure have been made
during the past several years for the sole purpose of preventing
precipitation of a vanadate or molybdate salt.

Also important in this connection is the fact that vanadium and
molybdenum form heteropoly acids. Many of these acids are very
soluble in ether. With a favorable ratio of vanadium, molybdenum,
and phosphate during ether extraction the extract contains too much
of these elements and the ether house is plagued with scales of
uranyl vanadate and molybdate.

To obtain some practical and some basic information about the
solubility of these elements in liquors containing a high concen-
tration of uranium and more or less iron, sulfate, phosphate, and
nitric acid, a solubility progam was set up about two years ago.
During much of tnis period, there hasnu t been time available to
work on this program. Much of it has been concerned with obtaining
immediate practical knowledge, with no attempt toward absolute
equ l2.it ri' m values. Furthermore, it seems that true equilibrium
values could easily be misleading.

Early in the progra rr vanadiu solutiora were stirred for months at
room tmperature and at 75"C, and apparently remained far from
equilibrium even after continuous strring for these long periods.
Solutions were made up In pairs, oQie supersaturated and the other
unsaturated with vanadAurp. The difference between the two values
was usc*d as a masure of the attainment of equilibrium. The
unsa uratd Solution was ustafly spiked with solid sodium uranyl
vanadateo The supersaturated sYution was obtained by adding
vanadium in fue form cof an acid solution of sodium orthovanadate.



In many instances the solid phases present in corresponding solutions
were entirely different in color, even after several months.
Since it was known that boiling the liquors in the plant tended to
precipitate both molybdenum and vanadium, solubility studies were
started using boiling solutions under reflux. This hastened the
equilibrium process in many cases; and on the other hand, gave some
valuable information, inasmuch as many of the plant liquors were
boiled.

More or less pure solutions were used to obtain basic information,
but actual pitchblende and MgX liquors were ,also used to gather more
practical information.

Only the more recent and most important data will be reported at this
time.

Experimental

In many of these experiments more or less pure solutions were used.
In these instances the uranium concentration was on the order of
2S0-300 gWl to correspond to most of the feed liquor of the plant.
It was added in the form of uranyl nitrate crystals. Other elements
were added as Na2S0h, Na2 HPO4, and Fe(NO3 ) . Vanadium and molybdenum
were either added as the uranyl salts (so um uranyl vanadate or
uranyl dimolybdate) or as acid solutions of their sodium salts.

Results with pure solutions containing approximately, 0.5 N HNO which
show that a combination of iron and phosphate or iron and sulfa very
definitely increase the solubility of vanadium are shown in Table I.
These data point to the existence of possible triple complexes between
Fe, S04 and V and Fe, POE, and V. The results were obtained on
duplicate samples (both from the unsaturated side) after boiling under
reflux for 24 hours.

A similar experiment using MgX liquor from laboratory digested material
after 2L hours reflux gave the following results found in Table II.
The difference in acid concentration may have produced some of the
difference in vanadium solubility, but it seems more likely that the
increased solubility in PC13 was due mainly to the higher concentration
of Fe, P049 and SOh. This, of course, does not take into account the
many other constituents present in MgX liquor.

- 59 -
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TABLE I

Solubility of Vanadium in Synthetic Feed Liquors

(0.5N HNO3) After 24 Hours Under Reflux, Showing Effect of Fe

In Combination with PO or SO

Samples - in duplicate(1) g/1 excess HNO3

36.0C
8) -~~37.2C

0.5 g/1 Mo C4.2C
9J g, l.6

35.2 0C
1 3 g/1PO 6Fe 36C

4 3 g/ 1 P S0 36.0 C

ll 10 g/1 Fe 36.0 C

(1 2og/lo i 36.6
12) 35.2 C

6' 20 g/l 50h h3.L6 c
13 10 g/l Fe 39.0 C

7 10 g/l Fe 39.0
1h) 36.0 c

(1) All solutions contained approx. 300 g/l U and were adjust
approx. 560 Be' with Mg(N03)2 *

).2
)038

)036
0.38

)028
D)o28

.50

0.26
0.32

. h8
l.52

030
.29

bed to

TABLE II

Solubility of Vanadium in MgX Liquor

from Laboratory Digested Material

After 24 Hours Reflux

PC 13

V 2.28 g/l
Fe 26.0
P04 23.0

Soo 45.2
Excess HNO3 42.

P 115

0.64 g/l
16.0
14.h

26.8
260

v
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As a comparison to the data in Table I, the solubility of vanadium in
0.5 HNO 3 solutions at room temperature is shown in Table III. It is
apparent from these data that true equilibrium is approached very
slowly. The values obtained at room temperature are on the average
greater by a factor of 3 to 6 than those obtained on similar boiled
solutions.

TABLE III

Solubility of Vanadium in Synthetic

Feed Liquors (0.5N HNO3) at Room Temperature

g/f
After 2 hrs. After 23 days

1. 270 g/l U, Mg(N03 )2 salted

2. 270 g/1 U, Fe(N03)3 salted

3. 270 g/1 U, Mg(N03 )2 salted plus
100 g/l S as MgS0g

4. 270 g/l U, Mg(N03)2 salted plus
10 g/1 P0 and 6 g/l Fe

0.9 - 1.8

1.2 - 3.1

1.L - 2.h

1.0 2.8

0.9 - 1.8

1.2 - 2.8

1.6 - 2.5

1.5 - 2.h

The effect of acid concentration is shown in Table IV. These, of
course, are solutions which were maintained at room temperature, and
they again show the wide variation between similar solutions, ones
which were approached from the unsaturated side and ones which were
approached from the supersaturated side. There was a greater difference
in this respect with room temperature studies as compared to work done
on boiling solutions.

(1) First figure represents solution approaching equilibrium from the
low side and the second represents solution approaching equilibrium
from the high side.

Solution



- 62 -

TABLE IV

Solubility of Vanadium in synthetic Feed Liquors -

Effect of Acid - Stirred at Run Teperature

g/l y(l)

HNO3  After After
Solution N2 days 23 days

1. 270 g/1 U, Mg(N0 3) 2 salted to 560 Be' 1.0 2.6 (Lo) 3.1 (Lo)
2. , e 1.5 3.2-6.1 3.5-6.1
3. 2.0 3.9-5.6 4.0-5.6
4. * , p 3.5 7.2-6.7 7.57.0
5. , Fe(N0 3 ) 3 salted to 560 Be' 1.8 10.9 (Lo) 11.2 (Lo)
6. , w0.8 7.9 (Hi) 81 (Hi)

(1) llhere two values are given, the first is from a solution where V was
added as a solid phase, and the second is from an identical solution
where the V was added in the form of a liquid. Where only one value
is given, the "Hi" or "Lo" designate whether the V was added as a
solution or as a solid phase.

Table V shows the effect of Fe, P0 4 , SO1, and time of reflux at an acid
level of approximately 1.2N HNO3 .

More recent work has concerned itself with the solubility of both
vanadium and molybdenum in 3N HNO3 feed liquors. Actual pitchblende and
MgI liquor has been used in this work. For the results reported in
Table VI only one particular batch of pitchblende and one of MgX was used,
so that accurate comparisons could be made. These are the first results
of a tentative program designed to provide data useful to a TBP extraction
using stronger acid. Studies will include rates of solution of various
compounds of molybdenum and vanadium, differences between solubilities and
rates of solution at room temperature, 800 C., and boiling, and other
factors which might enter into such a process.

These first results indicate what to expect in the way of "essential."
equilibrium, i. e., after relatively prolonged periods of boiling or
stirring at room temperature and after 96 hours of boiling. Consequently,
the present solutions were sampled after these times to obtain values for
"essential' equilibrium.
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TABI V

Solubility of Vanadium in Synthetic Feed Liquors (1.2N HN0)-)

Effect of Fe, Ppk, .,, and Time of Reflux

Sample(1)

5. 3 g/ Poh

16. 20 g/i 50h

17. 10 g/l Fe

18. 3 g/l PP
and 10 g/1 Fe

19. 20 g/1 so
and 10 g/l Fe

20. Control

Reflux
lr.

24
48
72

24
48
72

24
t8
72

24
48

48

I~ccess
H_1X)cdl

79
79
80

77
77
76

76
79
79

76
79
78

78

7 3

(:1) All solutions contained approximat 1y
approximately 560 Be' with Mg(N0 3 ) 2 *
the supersaturated side.

g/1 V g/1 P04

2.7.4
2.12
2.00

1.84
1.62
1.48

2.20
1,52
0.96

3.46

2.12
1.96

2.02

g/1 Fe

3.32
3.32
3.37

3.26
3.26
3.26

9.8
10.5
11.8

114.0

10.0
8.5

8.3

300 g/l U and were adjusted to
Zquli brium was approached from



TABLE Vi

Solubility of Molybdenum and Vanadium in Pitchblende and

MgX Liquors 3M in Nitric Aid(1)

Pitchblende -560 Bev
Additions to
Normal Liquor(2)

None

20 g/l Fe

20 g/l So

20 g/l Fe plus
20 g/l SOh

Most S04 removed

Most S04 removed
plus 20 g/ 1 F

One Week Rh.
Temperature

3.3-5.3 Mo
7.6-8.7 V

3.O5.l Mo
60o-77.? V

1.9-6.0 Mo
7.3-7.8 V

3.3-5.4 Mo
6.2-8.1 V

96 Hours
Boiling

008,0.8 Mo
3.6-4.5 v

.h-1.9 Mo
3.5m-5.1 v

1.1-0.8 Mo
5.0-4.5 V

1.5-L.9
4.5-5.5

2.8-1.7
7.5-7.14

2.8-3.9
6.8-7.1

MgX -56
One Week Rm.
Temperature

3.2-2.0 Mo
6.h-6.7 V

3.6-3.3
7.2-8.5

Mo
V

Be'
96 Hours
Boiling

1.1-0.8 Mo
0.2-t.3 V

1.5-1.5
.7,5.1

Mo
V

Mo
V

Mo
V

Mo
V

1.1-0.8
5.0-5.0

2.5-1.3
4.0-3.9

Mo
V

Mo
V

(1) Values are given in grams per li-ter in sets of twq, the first
being the solution in which equilibrium was approached from the
low side and the second that in which it was approached from the
high side.

(2) The original MgX liquor contained 50 g/1 SO and 14 g/l Fe9 and
the original pitchblende liquor 24 g/l S04 and 6 g/l Fe.



65 -

CONCLUSIONS

True equilibrium in the case of molybdenum and vanadium solubility Is
approached very slowly. Boiling the solutions vigorously hastens the
process, but even so, the time involved in attaining equilibrium in
such that it would seem impractical to obtain such information for
plant use. Rather it seems desirable to obtain rates of attaining
equilibrium. Equilibrium is more nearly attained in the strong er acid
solutions over similar periods of time as compared to the weaker acid
solutions.

There are same indications that triple complexes of Fe, POD, and V and
Fe, SOh, and V are formed in the weaker acid solutions, which tend to
hold the vanadium in solution. This is not true in the stronger acid
solutions.

Increased acid concentration increases the solubility of vanadium
markedly. Although there are no figures reported here to confirm this,
it is believed that the solubility of Mo in boiling solutions is not
effected greatly by changes in avoid concentration in the range O.5N
to 3.ON.
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USE OF SURFACE ACTIVE AGENTS

by

G. W. Lewis, Jr.

J. L. Corder

Introduction.

Late in 1951 a collection of some forty surface active agents were
brought into this laboratory. Henry Kloepper of this laboratory dis-
covered that the use of some of these surface active agents inhibited
the emulsions which occasionally occurred in the ether extraction
process. This discovery prompted an expanded study of the potential-
ities of surface active agents in this plant. At present three general
courses of exploration are being followed: first, the inhibition of
emulsions during the ether extraction process; second, the prevention
of foaming in the raffinate stripper and third, the prevention of foams
in the leach Olivers in the C-3 area. The raffinate foaming problem is
being directed by A. Kirby and J. Corder; the C-3 area foaming problem
is being handled by W. Weber; the anti-emulsion problem is being studied
in this laboratory.
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EMULSION INHIBITION DURING ETHE? EXTRACTION

by

G. W. Lewis, Jr.

Several samples of surface active agents have been procured for this
laboratory by the purchasing department. The first step in the present
study was to develop a test which would permit the evaluation of the
surface active agent as an emulsion inhibitor. Most of this scanning
of surface active agents took place prior to the period covered by this
report; however, since some of the newly arrived samples were scanned
during the present quarter the procedural details of the test used for
the scanning will be presented here.

Evaluation Test.

This test is based upon the discovery of H. Kloepper, that the addition
of UH feed material to any other feed material will yield a quite
stable emulsion during a hand shake-out if the UH feed material is
present to the extent of five percent of the total uranium in the final
feed. The procedure for performing this test is as follows.

Procedure.

An amount of surface active agent sufficient to yield 0.2% (W/V) active
agent in 30 ml is transferred to a 100 ml glass-stoppered shaking
cylinder. Five ml of water is then added, the cylinder is stoppered
and the contents are shaken until the surface active agent is dissolved.
Now 25 ml of synthetic emulsifiable feed and 60 ml of shotgun ether are
added. The cylinder is stoppered and shaken vigorously for twenty
seconds. After standing for two minutes the volume of aqueous plus
emulsion layers is read.

The synthetic emulsifiable feed is made as follows: weights of 131.5
grams of V-20 feed material, lot 90 and 11.0 grams of UH feed material,
lot B are transferred to a liter beaker. The beaker containing this
material is set under a "Lightnin" laboratory mixer and the stirrer
adjusted so that it is within an inch from the bottom. Initial agita-
tion is begun at a very slow rate and 130 ml of 70% HNO3 is gradually
poured into the beaker. After the addition of the acid the rate of agi-
tation is increased to mid-speed and mixing is allowed to continue for
forty minutes. At this point 333 ml of H20 are added and the mixing is
allowed to proceed for another 10 minutes. The agitation is stopped
and the synthetic emulsifiable feed is used immediately. This procedure
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will yield 400 ml of feed. By scaling the amounts of materials upwards
or downwards any amount of feed may be made. We have used as little as
200 ml and as large as 1000 ml and have not noted any untoward differ-
ences in behavior.

This test was subjected to a comprehensive statistical study early in
our studies. This statistical study revealed that batch-to-batch
variance of the synthetic emulsifiable feed is negligibly small relative
to the variance between replicates of the actual test itself. The
statistical study also permitted the establishment of four categories
for evaluating the results of the test.

If the volume of the aqueous plus emulsion layer, V, was in the range:
27.3 ml <V <35.2 ml the surface agent was considered a good emulsion
inhibitor. The range: 38.5 ml<V h2.h ml, fair emulsion inhibitor.
The range: 43 ml'eV<h7 ml, poor emulsion inhibitor. The range 50 ml

'V <904 ml indicated an emulsion promoter and not an inhibitor. For
the purposes of further study in this laboratory the surface active
agent being tested had to fall in the good category.

During this period 52 samples were tested as described above. Of these
the following fell into the good category

EMCOL X-25
Nonisol 100
Ultrawet 35 KX
Nonisol 300
Antaron L-121

Antaron K-430
Surface Active Agent BDE
EMOOL 1150
Ultrawet 60L
Nonisol 210

The following fell into the fair to poor categories

Reagent 825
Span 60
Nullapon BFC

Antarox A-400
Antarox A-401
Teen 81

The following were considered emulsion promoters, category L:

Alkaterge C
Antaron R-155
AHCO Wet LR
EMCOL E-607
Pluronic F68
Alrodyne G
Tret-o-lite VEZ 2
Naxonate L
Alrosol S
Pluronic L62

Alrosol H
Tween 60
AHCO Wet N
Tret-o-lite VEZ-1
Onyxol 336
Antarox A-403
Antaron S-370
Nonisol 110
Tret-o-lite VEZ-3
Nullafoam S, Conc.
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AHOD Wet RS Reagent 801
Pluronic L-4h Alrodyne 97
Pluronic L-64 Victawet 34-B
Sorbit P Antarox A-40h
Antarox A-402 Alrodyne 315
Alrosene 31 Surface Active Agent TR
Oronite Wetting Agent S Alrosol C
Alrosol 0 Victawet 14

Antaron L-135.

As a result of experiments performed prior to this quarter, Antaron L-135
was found to have a set of properties which made it stand out as an

emulsion inhibitor for potential plant use. Among these properties are
excellent emulsion inhibition during hand shake-outs and Scheibel
column runs, excellent stability toward the nitric acid concentrations
used in plant feeds and an apparently extremely small partition coefficient
in the ether extraction. It also does not appear to enhance foaming in
either raffinate or NOK during sparging. The work done in the present
quarter with Antaron L-135 has been concerned with an accurate evalua-
tion of the amount of this surfactant passing into the ether phase
during extraction. The work, therefore, has been mostly with the develop-
ment of a suitable analytical procedure because the analytical aspect of
the problem is the only bottleneck standing in the way of a successful
solution of the overall problem.

Use of Methylene Blue Chloride.

J. H. Jones (J. A. 0. A. C. 28, 398 (1945)) made the discovery that a
blue color appeared in the CHC1 3 phase when certain sulfated or sulfonated
surface active agents were present in an aqueous solution of methyl
thionine chloride. Jones' view was that the transfer of blue color to
CHCl3 was due to the formation of a CHCl3-soluble complex between the
surface active agent and methyl thionine ion. This view was also the
one taken by the writer at the start of the investigation. However,

experiments in this laboratory have led to a different view of the

phenomena.

Exploratory experiments in this laboratory relative to the behavior of
methyl thionine chloride lead to the following facts.

1. Methyl thionine chloride does not extract from neutral aqueous
solution into CHCl3 .

2. A neutral aqueous system containing methyl thionine chloride and
Antaron L-135 yields a blue coloration in the CHC'3 after shaking.

3. An aqueous solution of HNO3 and methyl thionine chloride yields a
blue coloration in CHCl3 after shaking.
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h. Using the same solution as in (3) above but adding Anrtaron L-135
yields a still more intense Zoloraticn of the CHC13 after shaking.

5. An aqueous alkaline solution. (HCG -, CO3a, OH-) of methyl thionine
chloride yields a pink color in CHCl.3 after shaking. If Antaron
L-135 is now added to this system there will be a transfer of blue
color superimposed upon the pink already present.

6. An aqueous solution of methyl thionine chloride and sodium chloride
yielded an extremely heavy blue coloration in CHCl3 after shaking.

7. U0 2 (NO3)2 in aqueous methyl thionine chloride also yielded a blue
coloration in CHCI3 after shaking.

The presence of these facts prompted another look at Jones' paper. The
evidence presented in Jones' paper viewed in the light of the above
facts points towards-the idea that a complex between methyl thionine ion
and the surface active anion is not formed in the system considered.
Jones' paper presents the spectro-absorptimetric curves for Several
"complexes" as well as that of methyl thionine chloride dissolved directly
in CHCl3 . These curves all possess an absorption peak at 647 mA. This
leads to the suspicion that the "complexes" and methyl thionine chloride
are the same compound. The presence of a pink color from alkaline
solutions might be due to the replacement of chloride ion by hydroxyl
ion on the methyl thionine ion. This leads to a shift in peak of at
least 50 n. If a surface active anion replaced chloride ion as Jones
supposed, one would expect some pronounced changes in the position of
the absorption peaks and not coincidence with the 67 me* peak of methyl
thionine chloride itself.

One is forced to take the view that the blue color appearing in the
CHCl3 is due to methyl thionine chloride itself. In fact all of the
facts presented above may be explained by considering that methyl thionine

chloride is completely ionized in neutral aqueous solution containing
no other electrolytes. The addition of NaCl causes the formation of
molecular methyl thionine chloride by a common-ion effect. The function
of HNO3 and U02(N03)2 is such as to also form molecular species. With
a surface active agent, such as Antaron L-135, it is probably the
micelles of the surface active agent which are functioning in such a
manner as to also yield the molecular species. It is the molecular
specie per se which is extracted into CHCl 3 upon shaking.

Analytical Method.

From the view just outlined in the last paragraphs, it oecame apparent
that any analytical procedure for the determination of Antaron L-135
based upon the use of methyl thionine chloride as a reagent would be
nonspecific for the surface active agent because one would also have
to take into account the fact that HNO3 and other electrolytes also
caused transfer of methyl thionine chloride to CHC1 3 . This fact pointed
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to only one possible way in which methyl thionine chloride could be
used as a reagent for Antaron L-135. One could consider only relatively
pure U02 (N0 3 ) 2 solutions, assay these solutions for HNO 3 and U0 2 (NO3) 2
contents and use these values to prepare a blank solution. The methyl
thionine chloride transferred to CHCl3 from the blank solution would be
subtracted from the amount of methyl thionine chloride (transferred to
CHC13 ) from the unknown containing the Antaron L-135.

Several experiments were made in which this idea was pursued. The results
of these experiments indicated that the transfer of methyl thionine
chloride to CHC1 3 from both the blank and the unknown was too variable
to be used in an analytical method.

The surface active agent problem was shelved abruptly on September 18,
1952 in favor of the de-etherization of raffinate problem. Consequently,
no further work has been done on the present problem.
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TBP TRACTION

by

R. Piper

The use of surface active agents to improve the physical operability of
slurry extractions using TBP in kerosene or in carbon tetrachloride was
investigated and is described in NYO Report #13h7 entitled, 'Use of
Surface Active Agents to Prevent Dnulsions in Slurex E!ctractions*.

In brief, this work indicated that certain surface active agents could
considerably reduce the amount of emulsification produced when uranium
was extracted from pitchblende slurry with TBP in kerosene or in carbon
tetrachloride. About 50 surface active agents were tested in cylinder
shakeouts and those found effective run in a Scheibe. Column. The use
of surface active agents has given satisfactory operation in Scheibel
Column runs under conditions which would otherwise produce emulsions,
but more work would be required to establish the exact conditions needed
and to determine the effect of the surface active agents on product
purity.
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BREAKING OF RAFFINATE FOAMS

by

J. L. Corder

Plant raffinate stripper operation was hindered at times by excessive
foaming during de-etherization. A preliminary study of the possi-
bilities of breaking this foam with surface acting agents was conducted
in the Plant 6 pilot plant.

Experimental Equipment and Procedure

In order to qualitatively test and compare the raffinate foam breaking
characteristics of various surface acting agents used with unde-
etherized raffinate, a three foot section of 4 inch glass pipe was
set up as in Figure I. The action of this stripper differed from the
plant raffinate stripper in that all tests must be done batchwise
rather than continuously as the actual raffinate stripper operates.

Tests with individual agents were conducted as follows. Unde-etherized
raffinate was pumped from the funnel to fill the column about half full.
Steam was then bubbled into the layer of raffinate at about 2 psig.
When foaming occurred some raffinate was allowed to flow back by
gravity into the funnel. The agent was added to the raffinate in the
funnel (2 gm of solids, 2 mis of liquids) and pumped into the column.
If the agent appeared to do any good as a foam breaker, a second test
was made in which the agent was added to the raffinate before being
heated. If this prevented foaming, the agent was to be considered
for further study.

Results

As steam was started into unde-etherized raffinate the ether boiled off
rapidly. As the last portions of ether was going off, foaming started.
As the temperature rose the foaming became worse until the temperature
reached 210-22 0 F. at which point most foams broke.

The agents were compared with respect to their ability to knock down
and hold down foaming. Three general classifications were used to
tabulate the results of the agents tested. Group A appeared to break
foaming completely or allowed only a slight layer of foam to form.
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Group B knocked foam temporarily, but did not hold it in check
permanently. Group C seemed to have no effect and in some cases
appeared to increase the foaming tendency. A tabulation of these
groups are given below.

Effect of Various Wetting Agents and

Antifoamers on Raf finate Foaming During Stripping

Group A

The following agents broke foaming completely or allowed only a
slight layer of foam to form ( 1 inch).

Dow Corning Antifoam A Emulsion
Tributyl Phosphate 45112
Tret-o-lite VEZ-l
Antifoam A m Dow Corning
Foamex - Dow Corning
Primene JM- T
Hodag Antifoam KA
Hodag Antifoam KG
Nalco X-199
S/V Foamrex E
Enjay CPS-221
V Con S-75879
V Con S-80660
Diisobutyl Carbinol

Group B

The following agents knocked down foam temporarily but did no
permanent good.

Wetsit Single 20186
Tergit.ol Penetrant 08
Tergitol Penetrant EH
Tergitol Agent 7
Tergitol Penetrant h
Aerosol OJ B
Tret-0- ite LL6hh5
Tret-0- lite VEZ-3
Alcowet RS
Ethofat 60/20
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Group C

The following agents did no good and in some cases increased foaming.

Monsanto AE-1
Petrowet R
Glucaterge 28
Nonic #218
Pernol - Liq. J.
Triton X-100
Ethomeen T/20
Aerosol C-61
Triton X-200
BRIJ 35
Santomerse
Nytron
Nacconol NR
Aerosol 18
Antaron L-135
Tergitol Dispersant NPX
Ferro Hypodyme #1

N A #2

#3
N AY #4
N " #5

Aerosol AY
Defoamer S-190-W
Primene 81T
Defoamer W-1701
Lomar PW
S/V Foamrex S
S/V Foamrex W

N. F. Oleyl 0-8
Primas JMA-T
Antaron L-135
Victowet 34B (E-8017)
Tret-o-lite VEZ-2
Alkaterge C-16214
Ahcowet N
Ahcowet LR
Etbofat 60/60
Ethofat 242/60
Detergent D-60
Oronite
Detergent D-40

Ethofat C/20

Ethofat 112/25
Ethofat 2142/20
Ethomid C/20
Ethomid RO/15
Victowet 14
Glyceryl Ricenoliate S.E.
Tertiary Octylamine
Nalco X173
Nalco 71-D5
Nalco 70
Nalco 71-5
AHCO Defoamer 45
AHCO Defoamer 511
2 Ethylhexanol 1-57416

Raffinate foam breaking tests using agents in Group A in connection
with a continuous raffinate stripping setup has been started and first
results seem to prove the validity of the batchwise tests. Further
work is being done along this line but results are insufficient to
warrant a full discussion at this time.
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DX-ETHIRIZA'ITON OF RAFFINATE

by

G. W. Lewis, Jr0

The problem of stripping ether from the raffinate resulting from the
ether extraction process has been the subject of some concern to the
engineering department for quite a period of time. Lately the plant
raffinates have proven to be more difficult to strip of ether, and
this laboratory has been asked to supply some fundamental data relative
to how much ether exists in the raffinate as it leaves the stripper and
to how long the stripped raffinate retains the ether upon standing at
various temperatures.

From the outset, this writer has had the view that the problem is
analytical in nature. If one can accurately measure the amount of ether
present in the raffinate at any time, it will be easy to design experi-
ments which will yield to the engineering staff the type of data they
will require.

Work on this problem is pursuing along the following line of attack.
An attempt will be made to quantitatively extract the ether present in
raffinate into some solvent such as kerosene in which ether is miscible
and in which water is quite immiscible. If this step can be accomplished,
the plan is to use the vapor pressure of ether in kerosene to obtain a
quantitative estimate of the ether present in the kerosene.

Work on this problem has progressed to the point where a sensitive,
Puddington -type, manometer has been built0  The plan is to begin experi-
mental work on the problem as soon as this report has been submitted.
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RAFFINATE STRIPPING

by

A. M. Kirby

J. L. Corder

Introduction

Recent trouble has been encountered in the plant with incomplete de-
etherization of raffinate and excessive scaling of the raffinate stripper
and auxilliary equipment. This report covers preliminary investigation
on these problems done in the Plant 6 pilot plant.

Experimental Equipment

Equipment available for raffinate stripping in the pilot plant consists
of a two stage countercurrent stripper column, shown in Figure I, and
a pilot model of the plant raffinate stripper, shown in Figure II.
Either one of these strippers can be operated in connection with the
pilot plant extraction column. The glass model of the plant raffinate
stripper, Figure II, can be operated in parallel with the plant stripper
using plant raffinate as feed.

In addition, another column has been equipped for vacuum operation, as
shown in Figure III, to permit flashing of the raffinate discharge from
the plant duplicate stripper, Figure II, into a vacuum up to 20" Hg.

De-etherization

Operation of the plant duplicate stripper, Figure II, in parallel with
the plant raffinate stripper over a period of several weeks has shown
that incomplete de-etherization of plant raffinate is usually obtained
if raffinate is discharged at a temperature of less than 2150 F.
Complete de-etherization is usually, but not always, obtained if the
raffinate is discharged at a temperature above 2150 F. In determining
if de-etherization is complete, explosion meter readings have been
abandoned as being less reliable than attempting to ignite a sample of
the raffinate shaken in a 250 ml sample bottle. If any sign of a flash
is obtained with this test, the sample is considered incompletely de-
etherized.
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The difficulties are inherent in maintaining a raffinate discharge
temperature above 2150 F. constantly because of variations in raffinate
ether content, degree of sensitivity of automatic controls, etc. This
prompted an investigation of the possibility of flashing a lower temper-
ature raffinate into a vacuum. Preliminary results indicated some
degree of success in de-etherization but also revealed a problem of
excessive foaming. Work is continuing on the vacuum flashing of raffinate
to (a), determine the effectiveness of this method for complete de-
etherization of a wide variety of plant raffinates and (b), to find some
method to eliminate foaming.

Scaling

Pilot plant work on the raffinate scaling problem has proceeded along
the lines of both preventing formation of the scale and removal of scale
deposits. These scale deposits have been shown by previous spectrographic
analyses to consist mostly of iron, vanadium, calcium with traces of
silica and phosphorous.

Some work on scale prevention, involving pretreatment of MgX slurry prior
to extraction, has already been described under ether extraction. Little
success was achieved. Another attempt to prevent scaling included
addition of 5 gm/l NaF to plant raffinate prior to de-etherization. No
decrease in scaling was observed. Work on removal of scale done in the
pilot plant has included

1. Attempted dissolution of raffinate scale in various plant solutions
on a beaker scale.

Results of these tests indicate the various raffinate scales are equally
soluble (50 to 100 percent) in hot plant NOK or hot ferric nitrate
solutions. Scale solubility was found to be very low in other hot plant
liquors such as regular or acidified Peterson filtrate, NG liquor, and
regular or acidified pitchblende raffinate. These observations indicate
that a suitable scale solvent consists of a hot concentrated solution of
uranyl nitrate or iron nitrate, at least O.SN in excess nitric acid.

2. Descaling tests of various plant and pilot plant equipment using
NOK liquor.

Results of these tests indicate that descaling of raffinate stripping
equipment can be accomplished successfully using NOK liquor if sufficient
time is available. A 20 hour, descaling vcperiment, involving recycling
of hot NOK, 200-2100 F., liquor through the plant raffinate stripper, has
been recommended to plant personnel for determination of the practicability
of such a process.



- 83

Conclusions

The recent work done on the stripping of plant raffinate has indicated-

Complete de-etherization of raffinate was not obtained at temperatures
below 2150 F. Complete de-etherization was obtained most of the time at
temperatures above 2150 F.

Descaling of the plant raffinate stripper might be accomplished by
recycling NOK liquor at 200-2100 F. through the stripper for a 20 hour
period.
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CONTINUOUS DE-NI'[RATION OF URANYL NITRATE HFAHYDRATE

by

R. M. Edwards

W. S. Knecht

A very limited amount of experimentation had been done in the past at
Mallinckrodt to demonstrate the feasibility of continuous de-nitration
of UNH by slowly adding the molten salt to an agitated bed of hot
orange oxide. With these experiments as a basis, a pilot plant unit
was constructed during July, 1952, to determine the feasibility of
continuous manufacture of uranium trioxide.

The unit consists of a gas fired furnace which contains a u-shaped
reaction vessel 10 ft. long, 8 in. wide and 20 in0 high. The sides of
the reactor are of stainless steel 3147. The trough is 1/4" Inconel.
The trough is equipped with a non-conveying agitator driven by 3
horsepower motor through a gear reducer drive mechanism. Variable
agitator rates are achieved by gear changes. The cover of the reaction
trough is equipped with several feed ports, thermocouple wells, and an
exhaust gas outlet. The exhaust gases, consisting of water, nitric
oxide, and nitric acid, are filtered through an Adams type filter and
neutralized by a caustic scrub solution. Powder discharge from the
reactor is regulated by an adjustable overflow outlet through a duct
equipped with a Gemco valve. A slight vacuum is maintained on the
equipment by pumping the caustic solution through a single stage
aspirator. The furnace is heated with bayonet-type gas burners, of
rather crude design, making accurate temperature control quite difficult.

During the first 2 1/2 months of operation considerable difficulty was
encountered through mechanical failures, caking, poor temperature
control, freezing of feed line, and other minor difficulties. Several
screw designs were tried without any spectacular success. Quite
recently it has been possible to make a prolonged run of approximately
150 hours which yielded about 1600 lbs0 of product which had the
following specifications.

Assay Tap Density HC1 Insoluble Screen Analysis

99.76% U03  4.5 gms/cc .Oh% +30 .6%
450 13.7%
470 17.1%

+100 17.9%
4200 19.2%
4-325 13.3%
0325 14.8%



It is expected that this material will be high in iron, nickel, and
chromium because the agitator was scraping the sides of the reactor.
However, the analyses of the product leads to considerable encouragemnt.
A new agitator has been designed whi ch will have greater strength and
will not scrape the reactor and it is expected that in the next quarter
sufficient material will be produced of metal quality to permit its
reduction, hydrofluorination and subsequent reduction to metal to
determine its reaction characteristics through these stages of the
operation.

It is also contemplated that during the next quarter the reactor will
be used to continuously de-nitrate boiled down raffinate to recover the
nitrate values and produce a dry mixed oxide raffinate residue.
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REACTIVITY OF IRANIUM TRIOXIDE.

by

R. M. Paine

Introduction.

Much work has been done at various A.E.C. installations on the problems
involved in the hydrogen reduction of UO and the subsequent hydrofluori-
nation of U02. It has been concerned wih the reactivity of both oxides
and with the yields of U02 and UFh obtained. Reactivity and product
yield are probably much the same thing. This is especially true when
one considers the starting material as made up of its various constituents,
i.e., in the case of Mallinckrodt uranium trioxide constituents to consider
are U03 , U03 hydrates, U?08., nitrate, and perhaps other minor impurities.
Some work has been done to determine the effect of impurities such as
sodium mnum oxide, silicon dioxide, and iron oxide on the reactivity
of U03  1)2). Excessive nitrate in UO3 has also been studied in regard
to product (UO2) yield(3). There has al o been some work done on oxide
from other sources than uranyl nitrate(1). This latter work includes
factors of density and surface area.

It has been stated that U308g present in small amounts in orange oxide,
should have a high density(4).

Results from Harshaw indicate that UO3 with the larger particle size is
the more reactive. X-ray work indicated at the more reactive material
actually was composed of larger crystals (.

There have been many conflicting statements about the st b lity of U03.
An explanation for this is given in Katz and Rabinowitch 6 ..

All in all, it seemed that a more thorough knowledge of the basic
chemistry, of U03 and U02 was necessary in order to cope with production
problems; if not immediate problems, those which might come up in the
future. Only recently, in attempting to reduce and hydrofluorinate
some Harshaw U03 in the continuous reactors here at Mallinckrodt, a lot
of trouble was encountered because of caking in. the hydrofluorination screw
reactor. So far, the reason for this has not been determined, even
though considerable time has been expended investigating this problem.
Gross differences between Harshaw and Mallinckrodt U03 are not evident.

The fact that two oxides which appear so similar can behave very
differently indicates that the problem is not a simple one. The scope
of the present work, planned on a long-range scale, includes studies
of U03, UO3 hydrates, surface area, structure and particle size, and
trace constituents. Immediate work is concerned chiefly with how these
things affect reactivity, and at the same time, ultimate product yield.
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The present apparatus used to investigate reactivity was designed to
correlate as closely as possible with plant conditions. This has not
been realized.as yet in regard to temperature, but other factors seemed
more important. One of the factors involved in choosing this type of
apparatus was that of introducing the sample into the hot zone of the
furnace in an atmosphere of hydrogen. This would correspond to plant
operation. In much of the previous work samples were preheated in inert
atmospheres. This practice provided ample time for evolution of water
and nitrate, and possibly for phase changes to take place. It definitely
did not correspond to present Mallin(;krodt plant conditions.

It must be emphasized that this work is in its earliest stages at the
present-time. The method has not yet been fully evaluated. Neverthe-
less, several runs have been made to test the reactivity of various
samples of UO3 . The results of these tests are reported here along
with a description of the apparatus and method used.

(1) Diakiw, F. R., et.al., "Progress Report on the Factors Influencing
the Reactivity of TO3 and T3 08 ", C-3.385.7 (195).

(2) Tanford, C., et.al., "Tuballoy Oxides - I The Reduction of TO3"9
C-3.385.1 (1915).

(3) Kaplan, L., and Midlam, R., "The Effect of Temperature and of
Nitrates on the Reduction of Orange Oxide", M.C.W. Memorandum. (1943)

(h) Cates, J. W. Jr., et.al., "The Production of a Dense Tuballoy

Tetrafluoride", CD-495 (1945).

(5) Willson, Karl S., "The Reactivity of Uranium Oxides", NYO-lh66 (1952)

(6) Katz, J. J., and Rabinowitch, E., "The Chemistry of Uranium Part I",
McGraw-Hill Book Co., Inc., N.Y. (1951).

Experimental.

Apparatus.

The apparatus is comparatively simple outside of the reaction tube. It
consists of a cylinder of hydrogen and one of argon, an absorption tower
(CaC1 2 , Ascarite, and Mg(C10) 2 ) and a flow meter for each, and a
further step in purification common to both consisting of a Pyrex combus-
tive tube containing uranium metal turnings maintained at approximately
500oC. Following this is an additional Mg(Cl04)2 absorption tube to
absorb water formed by the reaction, U3 08 + 2H2 -- 3UO 2 + 2H0. This
reaction is possible assuming that U 3 08 Is formed during puriication
of argon and that subsequent use of the tube for hydrogen reduces the
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Details of the Monel reaction tube are shown in Figure 1. The tube is
supported vertically inside a Multiple Unit combustion furnace. The
temperature is controlled by a Simplitrol unit using aniron-constantan
thermocouple in the lower thermowell of the reaction tube. The four
baffles shown in the drawing are solid discs with approximately 1/64
inch clearance between their perimeters and the wall of the Monel tube.
The incoming gases are thereby more efficiently heated by being forced
into contact with the hot walls of the tube.

The top thermowell serves two purposes: 1) as an additional position
for a thermocouple for checking the temperature of the gases immediately
after contact with the sample, and 2) as a means of raising and lowering
the sample holder. The thermowell is flattened at the end and slightly
bent so that by cocking the sample holder to one side, the end of the
thermowell slips between the small retaining bar and the inside ring of
the sample holder. While in a strictly upright position as it must be
within the apparatus, the sample holder is suspended by the tip of the
thermowell. In the lowered position the sample holder rests firmly
against a metal ring which is welded to the inside of the Monel tube.

The short pieces of Teflon tubing fitted inside the rubber stopper
serves as a smooth bearing for the thermowell.

A three-way stopcock attached to the outlet tube provides a means for
rapidly switching the flow of gas from one Nesbitt absorption bulb to
another.

Procedure.

After the completion of a run, the sample holder is gradually raised to
the top of the tube where it is allowed to remain for several minutes
to cool to the normal temperature of this portion of the reaction tube
(approx. 800 C). With argon flowing the top flange is removed, the
sample holder is placed on an aluminum block to cool, and the flange
replaced temporarily. When cool, the sample holder is disassembled
and the old sample removed. Two grams of UO ("2 mg) is then placed
into the sample holder, which is then assembled and replaced in the
uppermost portion of the reaction tube. Before tightening the bolts,
the flow of gas is switched to hydrogen. Approximately five minutes
later the sample is lowered into the hottest zone of the tube and
timing is started at this point with the exit gases being directed through
one of a series of Nesbitt bulbs.

For determination of the amount of residual water in the original U0 3
the same procedure is followed except that the flow of gas is never
switched to hydrogen. When weighing a Nesbitt bulb containing argon,
the amount of gas in the bulb must be closely controlled, due to the
fact that it is comparatively heavy (approx. 0.1200 g argon in each
bulb). To accomplish this the bulb is cooled slightly just before
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FIGURE 1
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removing it from the apparatus. It is then placed into a water bath at
300C, and after several minutes, it is momentarily vented to the atmos-
phere. Changes in atmospheric pressure are disregarded, inasmuch as the
weights before and after a run are made on the same day.

The Nesbitt bulbs are accurately weighed to within a few tenths of a
milligram by using a tare bulb and a standard procedure, for wiping them
with damp flannel and chamois.

Results.

Preliminary work done in connection with the setting up of the apparatus
and the judging of its effectiveness will be described briefly. The
efficiency of a Nesbitt absorption bulb filled with anhydrous magnesium
perchlorate was determined by passing water saturated argon through two
bulbs connected in series. No increase in weight of the second bulb
was detected for flow of water in 30 minutes was absorbed in the first
bulb.

It was decided that an auxilliary gas preheater was not necessary in the
present apparatus. Using a potentiometer in connection with a Chromel-
Alumel thermocouple located in the top thermowell, it was found that
temperature control was plus or.minus five degrees centigrade at tempera-
tures on the order of 5000. With a flow of argon the average tempera-
ture of the top thermocouple increased slightly as follows:-

No flow 520 C.
200 ml/min. - 52hC.
500 ml/min. - 52hoC.

1500 ml/min. - 531 C.

This increase, of course, is due to the fact that the lower, controlling
thermocouple is cooled somewhat by the incoming gas and the furnace as
a whole becomes hotter in order to maintain a constant temperature of
520 . This affect is negligible, inasmuch as the recorded temperatures
of reduction were taken with the top thermocouple under normal gas flow.

Apparatus flanks using either argon or hydrogen, determined intermittently
throughout these experiments have been very inconsistent. However, they
have been on the order of a few milligrams per hour. They have never
been high enough to account for the excess gain in weight noticed for
all reductions over and above the calculated water from reduction plus
residual water in the original UO3 determined with dry argon at the
temperature of reduction. A two gram sample of UO should give up 126
mg of water during reduction. Values obtained in the present work,
corrected for original water in the U0 3 , have been closer to 16 mg.
Nevertheless, work on actual reduction was started with the intent that
some preliminary information could be obtained at this time, and that
the anomalier of the method could be corrected in the near future.



91 -

In most of the runs reported the absorption bulbs were changed at 6, 12,
18, 30, and 60 minutes. As mentioned previously, zero time was taken
as the moment the sample was lowered into the hot zone of the furnace.
By actual measure it was found that approximately three minutes were
required for the sample (top thermocouple) to reach reaction tempera-
ture. Consequently, the time has been adjusted accordingly, and
reported as 3, 9, 15, 27, and 57 minutes.

Determination of the residual water in the original UO3 revealed that
most of it was given up in three minutes at 485 C, the remainder in
the next six minutes. Therefore, for each sample of U0 3 used, two
values were obtained, the amount of water given up in three minutes
and the amount given up in nine.

The data obtained thus far are shown in Table 1 and plotted in Figures
II thru V. In all cases a hydrogen flow of 600 mi/min. was used at a
temperature of 485 0C.

In order to compare the rates obtained by this method with those otained
by another; namely, the loss in weight method used by C. Kuhlman( ) ,-the
data from Runs 1 through h were composited and averages calculated as
follows:

Time Mg 2 % Unreacted

3 min. 49.0 66.2
9 min. 86.0 40.7

15 min. 115.0 20.6
27 min. 137.0 5.5
57 min. 145.0 0.0

The total quantity of water collected was assumed to correspond to 100%

reduction.

Kuhlman's data for the same temperature were as follows:-

Time % Unreacted.

3 min. 92.1
h min. 78.0
6 min. 60.3
9 min. h5.0

12 min. 36.2
18 min. 22.1
22 min. 15.2
25 min. 10.7
28 min. 7.2
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FIGURE 4
EFFECT OF PARTICLE SIZE ON THE REDUCTION OF UO3
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FIGURE 5

REDUCTION OF U03 - hALLINCKRODT, HARSHAW, AND HANFORD MATERIAL
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These data are plotted in Figure VI for comparison. It will be noted
that Kuhlman s data form a very smooth, however slight, S-curve which
crosses the 100% line at approximately two and one-half minutes. It
is apparent from his data that there was a slight induction period.
If one assumes that the reaction is fastest at the beginning, then
reduction in his case must have started sometime between 2 1/2 and 3
minutes according to his recorded time. The reason for this is not
clear, but it may have taken this long for the hydrogen to replace the
nitrogen in the system.

Conclusions.

The present apparatus appears to give fairly reproducible results,
although the total amount of weight gain in the absorption bulbs is
10 to 20% higher than expected. It is highly doubtful, however, that
further refinements will change the present results appreciably, i.e.,
in regard to relative rates of reduction.

Using a one-gram sample instead of the usual two-gram sample increases
the apparent error by a factor of two. This evidence tends to remove
suspicion from the U03 itself and cast doubt on the apparatus or
procedure.

There is only a slight difference between the reduction rate of slow
( 2 1/2 hour) and fast (1 1/2 hour) denitration UO. The difference
in the case of these two special lots is probably insignificant.

The fact that particle size has no effect on the reduction rate in the
case of this one particular lot of Mallinckrodt oxide is shown conclusively.
It may be that this U03 is quite porous. Another batch of U0 3 might
behave differently, especially if'it were from another source.

Harshaw U03 behaves very much like Mallinckrodt UO30 The theory that

the cause of caking of the Harshaw oxide (Lot 2h)4 might be due to an
increased reduction rate was voided by these experiments. In fact,
the reactivity was slightly lower than that of MalLinckrodt oxide.
Incidentally, no caking occurred in these experiments with Harshaw U03 4
The big difference between Harshaw and Mallinckrodt oxide was in water
content. This may have been peculiar to the samples, which had been
around for some time, and not to the entire lot as used in the plant.

The rate of reduction of Hanford material was decidedly slower than
that from either Mallinckrodt or Harshaw. No direct correlation was
obtained between rate of reduction and sodium content.

The rates obtained with this apparatus compare favorably with those
obtained by the loss in weight method used by Kuhlman (at M.C.W., 19h8).
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FIGURE 6

HYDROGEN REDUCTION OF U03 AT 485*C.- COMPARISON
WITH KUHLMAN'S DATA
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TABLE 1

Data on the Evolution of Water During UO Reduction with H2 at 485 c.

Data on the Evolution of Water During UOg - Accumulated Totals

15 min. 27 min. 57 min

MCW Lot Z6i-MY0h43, 2 1/2 hr. de-nitration
1 11 11 f I

" " "! " II

"1 " " "t "? t

U 4 11 1 11 t 4Y (2)

MCW Lot Z61-X0l41 1 1/2 hr. de-nitration
MOW Lot Z61-MY0443. -325 sieve fraction

It f +6V U t

" i i60 " ground(3)

Harshaw Lot 21-3 and..21-4 Composite
Harshaw Lot 24-206 thru 215 Composite(4)
Harshaw Lot 25-261 thru 275 Composite
Hanford Lot HL026 (800 ppm Na)
Hanford Lot HL048 (600 ppm Na)(S)
Hanford Lot HLO61 (200 ppm Na)(5 )

66.7-19.4
73.0-19.4
63.8-19.4
72.0-19.4
92.4-19.4
49.8-10.7
70.2-22.3
70.5-22.7
75.8-28.0

100.6-46.2
112.1-68 00
78.2-43.0
37.8-12.9
49.8-11.9
24.7- 4.6

m 47.3
- 53.6
- 44.4

52.6
- 73.0
- 39.1
- 47.9
- 47.8
-(47.8)
- >4..4
- 414.1
- 35.2
- 24.9
- 3709

- 20.1

103.6-20.9
109.3-20.9
100.4-20.9
113.5-20.9
132.2-20.9
8L.4-11.8

103.8-23.5
107.9-24.7
112.9-30.0
134.4-K2.1
145.5-74.2
112.5-45.8
62.6-12.9
77.1-11.9
52.4-4.6

(1) Numbers in these two columns correspond to (Mg H20 collecte - Mg residual H20 - Mg due to reduction).

(2) Only a one-gram sample used instead of the usual two grams. Results were multiplied by two.

(3) Sieve analysis on ground sample; 8% on 60 mesh, 38% on 200 mesh, 54% on 325 mesh. Residual water in the ground

sample was not determined; therefore, the values in the first two columns were estimated using the previous

sample as a guide and the fact that undoubtedly some water was picked up during grinding.

(4) This particular lot caused trouble in the Mallinckrodt reduction furnace.

(5) It will be noted in the graph corresponding to these runs that additional points are recorded at 47 minutes

which are not included in this table.

Sample 3 min. (1)

i. .

2.

4.

6.
7,
8.
9,

10.
11.
12.
13o
1.
15.

9 min. (I)

82.7
- 88.4
- 79.5
- 92.6
-111.3
- 72.6
- 80.3
- 83.2
-(82.9)
- 82.3
- 71.3
- 66.7

L9.7

- 65.2
- 47.8

109.4
115.6
109.4
119.9

}38.9
99.8

108.0
309.7
110.8
110.2

99.8
93.0
68.1
88.4
66.8

135.1
136.8
137.4
137.2

129.0
132.9
135.2
135.0
138.0
129.5
125.2

98.7
21.1
94.8

140.7
142.1
149.3
143.0
167.7
140.9
a44.31.4k0.
146.1
14j .5
145.6
13502
133.5
140.4
152.1

v

Is

'0
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FILMS ON MAGNESIUM

by

J. W. Stevenson

0. J. Buckheim

Introduction

Films on magnesium, e.g. a MgF2 film, have been studied at Mallinckrodt
for some time. The results of laboratory work will soon appear in a
topical report(l) which will show that the presence of films decreases
the reactivity of magnesium toward UF. This work was carried out in
collaboration with the pilot plant where it has been shown that films,
produced on magnesium by HF (generated by thermal decomposition of
NaHF2 ), do, affect the yield of uranium in the bomb reaction.

There has been some indication that small concentrations of air, in the
presence of large concentrations of gaseous HF, may increase the effec-
tiveness of the film formed on the magnesium surface. This air is
present in the voids of the bomb charge and is, at least partially,
expelled through leaks around the bomb lid when the charge is heated.
Thus, if NaHF2 has been added to the bomb charge, the gaseous atmosphere
within the bomb must change from air, to air-HF mixtures, tn HF during
the course of heating to ignition.

Aim

It would be interesting to study the properties of films produced on
magnesium by heating with various mixtures of air and HF, but the only
work that has been possible this quarter has been a set of experiments
that simulate bomb conditions. The aim of this set of experiments was
to disclose whether the ratio of NaHF2 to air is critical in the region
in which the plant might operate.

Data and Technique

The experiment consisted in heating magnesium in the presence of air and
HF (generated by thermal decomposition of NaHF2) at 500 C. for 1. hour.
The NaHF2 and the magnesium were separated physically so that they could
interact only through the gas phase. The gas escaped, while heating,
through a mercury trap and the pressure was kept at, atmospheric during
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cooling by supplying helium. Thias filmed magnesium was mixed with UFO
in the proportions 31.4 grams U1 to 5.4 grams magnesium after w :tch

the mixture was heated in helium to Ignition. During this heating
period, temperature versus time data were taken for the furnace and for
the reaction mixture.

The data of Table 1 show the details of the experiment.

TABLE 1

Films Produced on Magnesium by HF o Air Mixtures

Grams
NaHF2 per*
Gram of Mg

.023

.023

.095

.095

.38

.38

.38

.02.x

Grams
of Air*
(approx0 )

1.2
1.2
1.2
1.2
1.02

102
1.2
1.1

Time of
Reaction
in Min.

14
22
21
28
15
25
30
22

Tep. of
Reaction
in 0 Co

675
675
925
700
660
700
725
625

Reference

B5iP98
B51P97
B5iP95
B51tP132
B5lP99
B5hP96
B5iPloo
B5hPlo1

* Volume of tube used in treating magnesium was 1060 cc.

The time and temperature at which reaction first became noticeable have
been recorded in the belief that they are more fundamental than the
ignition time and ignition temperature.

Discussion and Conclusions

Since the temperature of reaction of U) with unfilmed magnesium is
5750 C. to 6000 C.(l) it is apparent that all of the magnesium was filmed
i.e. the observed reaction temperatures are all greater than 6000 C.

The reaction temperatures do not reflect variations in the ratio of NaHF2
to air. Since these conditions bracket those obtaining in the plant, one
can say that the plant is not operating in a region where the NaHF2 to
air ratio is critical.

The reaction temperature variations are probably larger than would be
expected if due to chance alone. The result of 9250 C. for run B5tP95
is one, occasionally observed, fox which no satisfactory explanation

Grams
Mg

50
50
50
50
50
50
12.5
200

Grams
NaHF2g

1.2.9
1.19
4.75
4,.75

19.0
19.0
4.75
4,.75
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can yet be offered. Of the four reaction temperatures below 7000 C.,
three were obtained at the lowest ratio of NaHF2 to magnesiwn. In
other words 1.2 grans of NWHF2 may not be enough to produce a film of
maximum effectiveness on 50 grams of magnesium.

(1) Stevenson, J. 1t., and Ruehle, A. E., Uranium Metal by Bomb
Reduction VI, Mallinckrodt Chmical Works, in preparation, (NYO 1339).
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PRODUCTION OF URANIUM ALLOYS

by

T. 0. Anderson and L. G. Weber

Mallinckrodt Chemical Works has received several requests from other
Atomic Energy Commission installations during the past two years to
produce alloys of uranium by co-reduction. To date, the requests have
been confined to molybdenum and zirconium alloys.

The zirconium alloys are produced by the co-reduction of the respective
fluorides using our regular bomb technique. A brief topical report
discussing the problems encountered in zirconium alloy preparation has
been distributed, NYO 1346. Briefly, it has been found impossible to
produce a uniform zirconium-uranium alloy derby. It is felt that this
is caused by the long liquation period in the bomb.

Molybdenum alloys have been made by three methods:-

1. Co-reduction of uranium tetrafluoride and molybdenum trioxide.

2. Co-reduction of uranium tetrafluoride and powdered molybdenum
metal.

3. Co-reduction of uranium tetrafluoride and a mixture of molybdenum
trioxide and molybdenum metal.

The use of molybdenum trioxide generates excessive heat at the 5 and
10% molybdenum levels. Complete use of molybdenum metal at these
levels reduces temperature sufficiently to produce poor derbies.
Therefore, a combination process using both molybdenum oxide and
powdered molybdenum metal has been developed in the pilot plant to
successfully produce molybdenum-uranium alloys.

It is expected that during the next few months considerable expansion
in the alloy research and development programs will occur. This is
based on the increasing interest expressed in various uranium alloys
by several installations.
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REACTION OF URANIUM METAL WITH MAGNESIUM OXIDE

by

R. M. Paine

J. W. Stevenson

It is known that considerable magnesium oxide is found in the slag from
a fired bomb. The bomb reaction, 2Mg + U -- , U + 2MgF 2 , provides
magnesium fluoride which may react with c cium oxide to form magnesium
oxide and calcium fluoride, or, magnesium oxide may come directly from
the dolomite liner. Some of this slag, and, therefore, some of the
magnesium oxide finds its way to the recast furnace where the uranium
is remelted and cast into billets. It was of some concern to determine
whether magnesium oxide would react with uranium at those high tempera-
tures to form uranium oxide and magnesium, the magnesium distilling off
under the vacuum necessary during recast. This could be a source of
oxygen contamination in the uranium metal billet. Magnesium metal
condensate is frequently noticed in the cooler portions of the furnace.
An experiment was designed to show that uranium reacts with magnesium
oxide at temperatures slightly above the melting point of uranium.
Essentially complete conversion to U02 was obtained in 40 hours under
vacuum. Exceptionally good contact between uranium and magnesium oxide
was obtained by first forming uranium hydride, and subsequently decom-
posing it to leave powdered uranium metal.

A topical report covering this work will be issued soon.
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METAL RECASTING DEVELOPMENT

by

R. Piper

Summary.

Preliminary laboratory and literature studies on the use of fluxes to
reduce oxygen and nitrogen contamination of uranium during recasting
have been carried out. Reduction in carbide contamination has also
been considered and attempts to impregnate graphite with UO2 , MgF 2 , and
MgO are described.

An induction heating apparatus which will permit melting of small charges
of uranium under vacuum has been assembled and a testing program for
fluxes is now in progress using the equipment.

Introduction.

Data from plant operation in the vacuum recasting of uranium indicates
that both the oxygen and the nitrogen content is increased during the
recasting operation from about 5 ppm in metal from the reduction step
to about 50ppm in the final product. One method which has been
suggested for preventing this is the use of a flux which would form a
protective layer over the molten metal and possibly dissolve nitrides
and oxides which might be present. The protective action of a flux has
received some support from plant runs which indicate that the presence
of adhering MgF2 slag on metal from the reduction step improves the
purity of the recast metal.

Another factor which has received some attention is the reduction in the
amount of carbide formed by reaction with the graphite crucibles. A
possible means of preventing this is the formation of a protective
coating on the graphite by forming a material such as UO 2 in the graphite.
Laboratory work on the formation of UO2, MgO, and MgF 2 in graphite is
described below.

The effectiveness of the fluxes and of the crucible treatments will be
tested on small scale melts of uranium under vacuum. The induction
heating and vacuum systems for this work have been assembled and are
described below.
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Experimental.

A. Fluxes.

The solubility of U02 in several salts which seemed promising as
fluxes was investigated by melting the salts in a crucible with
10% granular U02 . The salts were heated in a resistance furnace
and held molten for 15 minutes to allow undissolved U02 to settle
to the bottom. The top portion of the product was then analyzed
for uranium and the solubility calculated on the assumption that
all of the'insoluble U02 had settled to the bottom. Solubilities
determined in this manner are listed in Table 1. Attempts to obtain
similar data for uranium nitride were unsuccessful because of
difficulties in obtaining uranium materials free of oxides.

TABLE 1

SOLUBILITY OF U02 IN MOLTEN SALTS

Temperature ( C)

920

950

600

1050

1000

MgF 2 & CaF2 (eutectic) 1050

900

900

Solubility of UO (%)

0.74

.22

>10.

->10.

.26

.99

.52

2.4

Literature data indicates that all of these materials have a vapor
pressure at 13500C greater than the 10-20 microns currently used in
production work. Magnesium and calcium fluorides have a pressure
of less than 100 microns at this temperature and might be used in
the present procedure, but the other would probably require an
inert gas atmosphere to prevent excessive vaporization. Both K2C03
and Na2 CO 3 have an appreciable CO2 pressure above 12000C and would
probably not be suitable. Phosphates or sulfates might react with
molten uranium and should be used only with caution.

Salt

K2C03

Na2C03

NaOH

Na3AlF6

NaF

NaCl

Na2S04
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B. Crucible Treatments.

Several scraps of graphite and two small graphite crucibles were
impregnated with U0 2 by soaking in uranyl nitrate solution, denitra-
tion by heating to 3000C, and reduction to U02 with hydrogen at
8000C for one hour. Varying uranyl nitrate concentration and soaking
times were used and overnight soaking in 200-500 g/l solutions of
uranyl nitrate was found necessary to get visible impregnation. The
graphite so treated appeared brownish on the surface and when broken
showed a duller luster throughout its 1/2" thickness.

Impregnation with MgO was attempted by soaking the graphite overnight
in Mg(N03)2 solution and heating to 9000C. The surface of the
graphite so treated was grey, but the grey layer easily rubbed off.
The MgF2 treatment consisted of soaking the graphite first in
Mg(N03)2 solution and then in NHbF . HF solution followed by heating
to 3000 C. Again a grey surface layer which rubbed off easily was
formed. In both cases the interior of the graphite looked only
slightly different and it was not determined whether the treatments
had penetrated the graphite or not.

C. Induction Heating Apparatus.

An induction heating apparatus has been assembled which will allow
further testing of fluxes and crucible treatments by melting uranium
under vacuum at temperatures and pressure similar to those obtained
in plant production. Power is supplied by a Tocco motor-generator
set delivering 15 KW at 10,000 cycles. A 2" diameter coil is used
to heat a graphite crucible 1 5/8" OD0 x h" long. The crucible is
supported by a silica firebrick and is insulated from it and the
coil by zirconium silicate grog.

The vacuum system consists of a quartz cylinder 15" x h" diameter
mounted on a rubber gasket grooved in a bakplite base.. A water
cooled brass flange was sealed on the top of the cylinder with
apiezon "W" wax and the top closed with a rubber gasketed brass
head containing a 7/8" I.D. vacuum connection and a sight glass for
temperature measurements with an optical pyrometer. The water
cooled coil leads pass through rubber stoppers in the bakelite base.
Connection to a Cenco Hypervac 25 pump is made with 13/16" I.D.
rubber tubing and the pressure is measured with a Stokes-McLeod
gauge. A pressure of 75 microns can be readily obtained.

In operation a temperature of 1350C can be produced using only 12%
of the output of the unit. Several runs have been made using 300 g
charges of uranium producing a slug of uranium 7/8" in diameter and
1 3/8" long. Samples cut from these slugs will be analyzed for
nitrogen, oxygen, and carbon, but no analytical results are available
at this time.
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CASTING OF URANIUM METAL

by

B..J..Buntz & L..G. Weber

Vacuum Casting Pilot Plant.

The construction and testing phases of the operation of the new
vacuum casting pilot plant have been completed. Test runs were
begun on September 11, 1952 for the purpose of training operators
and developing techniques.

The plant is built around a water cooled vacuum vessel 60" in
internal diameter and 11' tall provided with a crucible support
table, power ports, pour mechanism, periscope, sight glasses and
vacuum connection to the vacuum system. Heat is introduced into
the charge through a 15" diameter induction coil in a balanced
circuit with a capacitor bank and with a 100 KVA, 3000 cycle
generator as a source. The metal charge is melted in a dressed
graphite crucible equipped with a shear type pour plug which,
when sheared off, allows the molten metal to flow into the cylindri-
cal graphite mold 5-3/16" in diameter. Melting of the metal is
done in vacuum which is produced by a vacuum pumping system consisting
of two 115 cfm Stokes Microvac pumps, one Distillation Products
Industries (DPI) KB-300 oil jet diffusion pump, one DPI MB-300
diffusion pump, one DPI MC-3000 diffusion pump and a small 103 Welch
mechanical pump.

Instrumentation includes a six station thermocouple gauge, a recording
Pirani gauge, a Phillips gauge, a McLeod gauge, a temperature recorder
and a halogen leak detector.

Overhead hoists are used to load and unload the furnace and to move
the finished material around the room. A Marvel power hack saw using
18" blades is used to cut the final billets.

A power driven air swept cover cleaner is used to clean the water
cooled condenser in the furnace lid. A hydraulic jack is used to
raise up the portable mold section of the furnace and also to
lower the loaded crucible into position in the core of the induction
coil.

A 50 KVA 3000 cycle motor generator set and panelboard have been
installed to provide equipment for hot mold work.
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PROGRESS REPORT ON THE METALLOGRAPHIC LABQRAIORY PROGRAM

by

H. C. Kloepper

Introduction

The pressure on improving the quality of uranium metal produced at
Mallinckrodt has been increasing. To this end various laboratory, pilot
plant, and production level experimental programs have been started.
These programs have been aimed at the production of metal pieeting higher
standards of chemical purity and physical soundness. Chemical analysis
and unaided visual examination of the metal ingots will not give a
complete picture of the results of these experiments. Therefore, in the
latter part of February of this year it was decided to construct and
equip a small metallographic laboratory to provide information on the
microscopic and macroscopic character of the metal produced in this
improvement program.

Purose

The ultimate purpose of establishing this metallographic laboratory is
to provide information of value to the overall metal improvement program.
The present operating aim is to become fasntliar with the act of metal
polishing and to obtain as much background material as possible.

Construction Program

The construction program was hampered by delays in obtaining the equip-
ment for the laboratory. By the end of June most of the equipment had
been installed. There were two major pieces of equipment that were not
available for use at that time. These pieces were the abrasive cut-off
wheel, which required a hood to meet health requirements, and an
electrolytic polisher and etcher which was not delivered until the
latter part of August. At the present time all equipment has been
installed and is in operation.
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Training Program

In order that the training period would serve a dual purpose it was
decided that two very broad problems be worked on during this p eriod.
These problems were designed to provide a goal for achievement and yet
allow the maximum room for fan:il3iar z ati on and experimentation with the
equipment. The assigned problems were to work on the cause of the
voids in cast ingots and the identification of inclusions in uranium
metal.

There is little in the way of results to be reported but the problems
have provided an excellent opportunity to learn metallographic tech=
niques. It can be said that the voids are believed to be caused by
trapped magnesium vapor during the solidification of the cast metal.
The reason for this belief being that the surfaces surrounding the voids
have a bright metallic appearance that do es not show signs of oxidation
upon exposure to air nearly as rapidly as does the surrounding uranium
metal. The coatings are extremely thin as it is not possible to see
them at the edges of the voids nor can a difference in composition be
detected by spectrographic means. Samples of uranium metal containing
voids of this type are being prepared for shipment to Battelle for
electron diffraction studies to see if an identification can be made.

The problem of inclusions is a more complex one and at best only a
description of the types found can be given. There are of course the
oxide and carbide inclusions that others have already described. In
addition to these there are bright globular inclusions which are not
identified and also irregularly shaped inclusions which are easily
etched or polished out forming pits. This latter type appears to be
crystalline and range from a milky white color to a clear brilliant red.
These are believed to be slag inclusions, but no definite identification
has been made.

Conclusions

The building program has been completed successfully. The need for
f'irther work on the assigned roblems is obvious



THE E~fl~Y F URNIU FRO Mg~ BOB SAG A Uv

by

J. W. Stevenson

0. J. Buckheim

Introduction

Pure MgF 2 will soon be a by-product of the production of uranium metal.
This slag contains uranium which must be recovered and HF which may
profitably be recovered.

Treatment of the slag with F2 in order to remove the uranium as UF6
would give a good separation from impurities and from the slag. It
would leave the slag dry, an advantage if HF recovery is to be attempted.

Aim

The aim of the work done this quarter on this method of uranium recovery
has been to discover and estimate the magnitude of the difficulties
inherent in the method.

Data and Technique

The equipment and techniques used were selected after a study of the
literature and some helpful advice from Dr. Katz' group at Argonne.
The reaction system is Monel.

Table 1 summarizes the details of the experiments now completed.

THE R11MVfR OF URANIUM FROM MgFq BOMB SLAG AS U76
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TABLE 1

Removal of Uranium from MgFp Slag by Treatment with Fluorine

Pretreat-
ment of
Slag

Air roast
then HF

None
Air roast

Weight
of
Slag

Grams

100

100

100

Bed
Depth of
Slag in
Inches

1 1/2
1 1/2
1 1/2

Parti.cle
Size of

Slag

-325
*

*

Temp. of
Fluorin-
ation,

0 C.

mesh <200

5404-80
580-640

* 56% on 200 mesh
16% -200 +325 mesh
29% -325 mesh

** All slag contained 1.74% uranium originally.

Discussion and Conclusions

Although 95% of the uranium has been removed, the uranium removal will
have to be improved and the fluorine consumption will have to be measured
and found to be reasonable before this process can be evaluated, but the
results are encouraging enough to warrant further work. Some caking of
the slag and attack of the Monel reaction tube has been noted and these
difficulties will be considered as the work progresses.

At Dr. Katz' suggestion, ClF3 has been tried as a convenient substitute
for F2 at high temperatures. Qualitative tests show substantial uranium
removal with this reactant. If quantitative data show CIF3 to be
equivalent to F2 , most of the work next quarter will be performed with
C1F3 , but it will probably be necessary to check crucial experiments
using F2 .

Time of
Fluorin
ation,
Min.

<30

60
60

% U in
Treated
Slag**

1.55
0.12
0.08

Ref er-
ences

BlOiPh3
B1OIP57
BlOlP61

v _ _v



RECOVEI1 OF URANIUM FRO MgFp BOMB SLAG BY ACID TEAThENT

by

D. LeGrand

J. W. Stevenson

Introduction

Pure MgF2 will soon be a by-product of the production of uranium metal.
This MgF2 contains uranium which must be recovered and HF which may
profitably be recovered.

Acid extraction offers a number of advantages for the recovery of
uranium but one would predict that the extract would contain undesirable
amounts of fluoride ion and that filtration problems and corrosion
problems would be encountered.

Aim

The aim of the work done this quarter on this method has been to
discover and estimate the magnitude of the problems inherent in the
method.

Data and Technique

Three experiments were run to determine the extraction of uranium from
slag and the separation of uranium from fluoride in the extract under
various conditions. In one experiment 25 gis of slag containing 1.7%
uranium was allowed to stand with 10 cc of 70% HNO3 for 1 hour at room
temperature. Stirring was intermittent. This slurry was then extracted
for one hour at ho C. with 90 cc of ether saturated with water. The
results appear in Table 1 under the entry BUlOP3.

Another experiment 10 cc of 70% HNO 3 and 90 cc of ether saturated with
water was allowed to stand with 25 gm slag containing 1.7% U for one
hour at 4O C. with intermittent stirring. The results appear in Table
1 unaer the entry B11OP7.

In the third experiment 25 gm slag containing 1.7% uranium was extracted
with 90 cc water and 10 cc of 70% HNO3 for one hour at )L0 C. The results
appear in Table 1 under the entry BllOP10.
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TABLE I

SEPARATION OF URANIUM FROM

FLUORIDE BY ACID TREATMENT OF MgF 2 BOMB SLAG

Ratio of Uranium
% Uranium to Fluoride in

Reference Ectract ed Extract

B110P3 70.0 9.0
B11OP? 18.0 3.6
B1OP10 34.oJ 0.9

All work done in fluothene containers.

The extraction of uranium from the slag is not satisfactory and the sepa-
ration of uranium from fluoride in the extract is not satisfactory.

In two additional experiments 25 grams of slag was extracted with
100 cc of aqueous acid at 500 C. for 3 hours with continuous mechanical
stirring. Ten percent acid was used for one of the experiments and 20%
acid for the other. Four percent of the slag dissolved in each case.
The treated slag was tested for uranium, and found to contain 0.02%
uranium. These experiments, B11OP12 and B11OPl, disclose conditions
under which uranium can be satisfactorily separated from the MgF2 slag.

A 25 gm sample of slag was stirred with 1.5 cc of 70% HNO3 for two hours.
Ninety cc of ether was added and the suspension was stirred one hour.
The ether extract was analysed and found to contain 80% of the uranium.
The slag was washed, analysed and found to contain 0.16% uranium. This
experiment, B11OP29, discloses a method that provides good separation
from slag but the results suggest that the uranium is not extracting
into ether very well, possibly because of the presence of fluoride.
Therefore, the separation of uranium from fluoride is probably poor.

The poor extraction of uranium from slag by treatment with acid ether is
probably due to poor mixing. The poor mixing has been shown 'to be due
to traces of water. A wetting agent9 Antaron L-135 improved mixing but
the percent uranium extracted was still only 23%; B110P27. Moreover,
foaming was encountered.

Extraction of slag with 10% acid ether in the presence of Al(NO-)3 * H 2 0
as a salting agent resulted in only 4% extraction of uranium. BlIOP21.
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Twenty-five grams slag was extracted for one hour at 300 C. with a
solution of 2.5 cc of 70% HNO3, 7.5 cc TBP, 42.5 cc Shell Dispersol.
Five percent of the uranium was exctracted. B110P16.

Twenty-five grams slag was stirred one hour at 300 C. with 100 cc of
10% HNO 3 and a solution containing 25 cc of 70% HN3, 7.5 cc TBP, and
142.5 cc of Shell Dispersol. About 50% of the uranium stayed in the
aqueous phase. The treated slag contained .02% uranium, B110P18.

Conclusions

The results of these tests can be summarized by the statement that
satisfactory extraction of uranium from slag has been demonstrated but
that no satisfactory method of separating uranium from fluoride in the
extract has been discovered. Countercurrent multiple. stage extraction
and Al(No3 )3 salting will be tried.
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RE0OVU OF HF FROM MgFp BOMB SLAG BY TREATMENT WIIH ACIDS

by

J. W. Stevenson

Introduction

Pure MgF2 will soon be a by-product of the production of uranium metal.
Uranium must be recovered from this slag and an economical method of
recovering the HF values would be attractive. The literature contains
little information on the recovery of HF from MgF2 and the information
on HF recovery from CaF2 is expressed in such general terms that one
is led to expect difficulties may be inherent in the problena.

Aim

The work on this problem has been aimed at discovering and estimating
the magnitude of the difficulties in recovery of HF from MgF2 by
treatment with acids.

Data and Technique

For this early work the slag was treated with acid then washed with
water, dried and weighed. The weight loss was assumed to be the amount
of slag dissolved. A sample of slag was separated into a -325 mesh
fraction, a -200 4325 mesh fraction and a +200 mesh fraction. Ten grams
of each fraction was mixed with 20 cc of 96% H2Sli and heated at 200 to
2300 C. until the mass set to a paste. The results are given in Table 1.

TABLE 1

The Effect of Screen Size on the Rate

of.SolutionofMgF2 i n 2 H9

Screen Size % Dissolved Reference

-325 75.9 B101P29
-200 +325 56.2 B101P29
+200 25.1 BlO1P30
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It is evidently advantageous to use the finer screen fractions in order
to obtain rapid dissolution ,of the MgF2.

As a further test of this point, 10 grams of the 4200 mesh fraction was
ground to pass a 325 mesh screen. Under conditions comparable to those
used above, 66.4% of the slag dissolved. B1OIP30.

To test the possible effect of roasting, a sample of -325 mesh slag was
roasted 1/2 hour at about 7000 C. in platinum. When tested under
similar conditions to those mentioned above, 73% of the slag dissolved,
B101P39. Therefore, roasting has no effect.

A slag sample having the following screen size distribution was tested
under various conditions.

56% on 200 mesh
17% -200 +325 mesh
29% -325 mesh. B101P22

Table 2 shows some of the data obtained on this slag sample.
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TABLE 2

Acid Treatment of MgF 9 Slag

Volume
of Acid

cc
Kind

of Acid
Time
min.

20 96% H2SOh 60
20 96% H2S04 60
20 96% H2S0h 30
20 96% H2SOh 30

100 96% H2S0j4 240
175 96% H2SOh 30

from Bl01P25- l 96% H2 0 4 30
large
excess
100
excess
excess
100
400

96% H2SO4 24 hrs.
96% H2S04 24 hrs.
70% HNO3  15
Cont. H3P04 60
20% H2S0 4  30
96% H2SO4 120

Temperature
0 C.e

250
250
200
225
200

200
200
boiled
225
boiled
225

% of Slag
Dissolved Reference

47'
55
!45
614
54
51
13**

78
37
148

48
14
59**

B1OIP18
B1OlP18
B101P20
B1O1P20
BIOIP 21
B101P25-1
B101P25 2

B101P26
B1O1P26
B101P27
B1O1P28
B11P31
B101P33

* Temperature probably 200 - 2250 C.
** Combined treatments of B101P25-l and

** Mechanical stirring.
B-l0lP25-2 resulted in 64% dissolved

Time and temperature appear to be the important variables in this set of
experiments.

Conclusions

This work can be summarized by the statement that particle size, time
and temperature are the main variables, but that a satisfactory recovery
method has not been demonstrated. Buckhem has carried on this work and
describes his results in his report, "The Decomposition of Magnesium
Fluoride"

Weight
of Slag

1.
10
10
10

100
10

Residue
10

100
10
10
10

200

r
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THE DE(XMPOSIfTON OF MAGNESIUM FLUORIDE

by

0. J. Buckheim

Introduction

Analytical procedures for the dissolution of fluoride compounds have
shown the possibility of recovery of evolved hydrofluoric acid. Some
of these methods permitted adaptation of large scale operation, and
accordingly a series of experiments were devised to determine the
efficiency and flexibility of these modified procedures.

Aim

The object of this study is the quantitative removal of fluoride from
bomb slag (MgF2) as hydrofluoric acid.

Data and Precedure (A)

Portions of a sample of pulverized bomb slag were leached in H2SO with
and without added salts. Samples labeled Was is' were chosen from
'plant-grind' material while 'fine" samples were those which had been
screened through 325 mesh. The molar ratio of acid, or acid and salt
to slag, was varied along with temperature and time leaching. In
every sample, melt was diluted with one liter of water followed by
fifteen minutes of boiling. Aqeuous liquor was filtered on a tared,
sintered-glass crucible. The amount of dried residue was subtracted
from the weight of original slag to yield a comparative estimate of
solubility. Variations of weight, time, temperature, and procedure
are listed in Table 1.
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TABLE 1

MgF2
(Moles)

0.2 (as is)

0.2
0.2
0.2
0.2

(as
(as
(as
(as

is)
is)
is)
is)

0.2 (fine)
0.2 (fine)
0.2 (fine)

0.2 (fine)

0.8 (fine)

0.25 (fine)

0.8 (fine)

0.8 (fine)

0.8 (fine)

H2S0j4
(Moles)

0.3

0.3
0.3
0.6
0.6

0.6
0.6
0.6

0.6

1.0

1.6

Added
Salts

(Moles)
Time

(Hours)
Tenp.
(o C.)

0.5 190

-- m

--

Na2S0,1
.015
KHSO 1

.05-Na2SOh
1.0

Na2SO14
1.0

Na2SO4
1.0

K2SO4
1.0

0.5
0.5
1.5
1.5

2
2
2

2

250
330
330
335

330
330
325

335

0.5 462

0.5

1.0

4

411

450

275

300

Dis-
solved

(%) Procedure

31 Acid and solids
mixed before

40
42
47
54

90
914
90

84

heating.
w

n
U

U

w

w

4
V

76 Slag & Na2S04
mixed: H2904
added to mix.

70 Slag added to
molten Na2SO4
and H2504*

56 Acid and solid
mixed,

56 Slag and Na2SO4
mixed before
H2S014 added.

914 Slag and K2504
mixed before
H2S04 added.



Conclusions

Plant-grind material (about 60% on 325 mesh) does not appear to be
easily dissolved when both time and temperature are varied. Screened
slag is largely affected by increasing time of leaching. The effect
of added salts, as well as that of larger H2SOh volumes, is masked by
lack of control samples having the same period of leaching, this last
variable seeming to be an all-important factor.

Changes in sequence of adding materials does not increase the extent
of attack on slag.

Further work is planned with various additives; higher temperatures
will be combined with shorter periods of heating.

Data and Procedure (B)

A second procedure for the removal of fluoride involved the pyro-
hydrolysis of slag in the presence of metallic oxide additives. Small
quantities (2-3 gm) of screened slag were heated to 6500 C. in a steam
flow of 3 g/min. Raw slag, treated in this manner for one hour, lost
an average of 0.2% of the fluoride present. Several oxides were mixed
with slag, in equi-weight quantities, and heated for one hour. Results
are shown in Table 2.

TABLE 2

Slag (raw) 0.2% loss
Slag + MnO2  0.7% loss
Slag 4 A1203 2.3% loss
Slag + h25 1.8% loss

Results are not conclusive since the series, which includes TiO2, Fe2 03,
Cr2 03 , and ZnO, is not completed.
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CONCENTRATION OF HF BY LECTROLYSIS

by

H. C. Kloepper

Introduction.

The problem of concentrating HF is not a new one and there are various
methods of doing this reported in the literature. Of the reported methods
none seem to be particularly suited to our problem.- namely, producing
anhydrous HF from approximately 70% HF.

Aim.

The purpose of these experiments is to determine if electrolysis will
concentrate 70% HF and to obtain some current efficiency figures to
see if electrolysis is economically feasible.

Experimental.

The first experiment was performed in a polythene beaker using platinum
electrodes. This experiment was a failure in that the loss of HF by
evaporation by far exceeded any concentration effect due to electrolysis.

In order to control the loss of HF without a complicated setup we lowered
the vapor pressure of HF by using a mixture of 70% HF and KF so as to
form a solution of approximately KF . 2HF.in the water from the 70% HF.
Upon electrolysis the weight percent of HF in the mixture increased from
36.8% to 0.9%. In the setup we used this would mean a loss of h.1 gm
of H20. However, from the amount of current used only 0.h gm of water
could have been decomposed into H2 and 02. The remainder of the loss
had to be water as only 0.1 gm of HF could not be accounted for by assay.
This means that the loss was due to the evaporation of water by heat.

With the above information in mind an experiment was set up using 0.1
mole of. KF for every 0.9 moles of HF. This mixture is liquid when held
at 200 C and the vapor pressure of water is 42 and the vapor pressure of
HF is about 25 cm. The loss of HF can easily be checked by assay and
there would be very little loss of water due to evaporation. By operating
on a weight basis the difference between the total weight loss and loss
due to HF would represent the loss of water due to electrolysis.

The actual total weight loss was 6.8 gm and the loss due to the vaporiza-
tion of HF accounted for only 6.2 gms leaving 0.6 gm due to the loss of
water by electrolysis. From the amount of current consumed a total of
0.9 gm of water could have been decomposed which means that the current
efficiency is of the order of 66%.
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It must be pointed out that very small errors in assay would make large
differences in current efficiency, therefore, more exact experiments
must be performed. However, the above experiment does show that concen-
tration by electrolysis is possible.

Plans are being made to construct a somewhat larger electrolysis
apparatus and to equip it with a reflux condenser operating at tempera-
tures well below zero. With this setup we hope to be able to cut to a
minimum the loss of HF and H 2 0 due to vaporization from heating and
thereby get more exact data on current efficiency.

Although thermal concentration of 70% HF using various HF and KF mixtures
is a possibility only electrolysis is to be considered at this time.

Conclusions.

Concentration of 70% HF by electrolysis is possible but it means operating
a condenser at extremely low temperatures to cut HF losses and at perhaps
low current efficiencies.
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HYDIELYSIS OF URANIUM METAL

by

G. W. Lewis, Jr.

Introduction

Initial work on this problem was done in this laboratory by 0. J.
Buckheim, Mai-185, May 12, 199. The idea progressed through pilot
plant and into plant, NYO 5259. The original plant sawdust converter,
which was the result of this initial work, contained a total charge of
about 100 lb. U sawdust. While this unit was operated, about 300-400 lb.
U/day could be converted. Near the first of this year this rate of
sawdust conversion was not sufficient to keep up with the amount of
sawdust being made in Plant 6E. At this time a larger sized converter
was installed in Plant 6 (700 lb. total charge, converts 400-500 lb.
U/day) and this laboratory was asked to begin further studies of the
hydrolysis reaction with the view of improving the rate of hydrolysis.

Work on this problem began in this laboratory during the second week of
February, 1952 and is being continued at present. Three runs will be
reported here, but since the earlier work has not been previously
reported, it seems advisable to give some of the more important findings
of this earlier work in order that the present results may be given their
proper perspective.

Apparatus

It was recognized very early that the problem could not be solved through
recourse to beaker and test tube experimentation. Consequently, it was
decided to build a laboratory model of the sawdust converter.

Water is heated to boiling in a three-liter beaker and pumped through a
rotameter to the bottom of a vertical reaction tube. In the reaction
tube the water passes by a bayonet-type immersion heater which replaces
the heat lost through the pump and rotameter. The hot water then passes
upwards through a bed of uranium sawdust which is contained in a
perforated stainless steel basket and then back to the beaker. The
basket is held in position in the reaction by rings cut from rubber
stoppers. A Model D-ll pump made by Eastern Mfg. Co. was found to be
satisfactory. Dropwise addition of water was made to replace the water
lost through evaporation from the beaker.
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Earlier Thins

A few runs were made in which the initial phases of the hydrolysis
reaction were studied. It was found that a two and one-half to three
hour incubation period ensued before reaction between ordinary tap
water and well-drained, but not further degreased uranium sawdust took
place, Once the reaction started, however, the apparent rate of
hydrolysis was quite rapid for the next two or three hours. After this
short period of rather rapid rate, the rate of reaction became constant
at 1.1% U converted per hour. This constant rate persisted until
virtually all of the original sawdust had been converted. In a dupli
cate run, there was some difference in the initial incubation and
subsequent rapid rate periods, but the constant 1.1% long-time rate
was the same as the original run.

During the studies of the initial phases of the reaction it was found
that the presence of surface active agents such as Nacconol NR,
Tergitol EH, Ethomeen T-20 and Synthetic B-79 in amounts of 0.2% (W/V)
prevented the reaction from starting within four hours elapsed
reaction time. It was also found that low concentrations of NaH2PO in
the recycle water (0.01 g NaH2 P0.fH2O per liter H2 0) virtually eli ated
the 2 1/2 - 3 hour incubation period mentioned above. The run to be
reported immediately below is a long time run whose purpose was to see
if the use of NaH2POh affected the constant 1.1% U converted/hour found
for the straight H 2 0 runs.
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Long-Time Run ,iith 0.01 g NaH2POLH20Olter H20

Data: TABLE 1

Recycle H 20:

Recycle Rate:

Recycle H 20 Tenp.:o

Elapsed
Reaction
Time

Hours

0.0
6.5

13.5
20.5
27.5

0.01 g NaH2P0t-H 2 0/liter H 20
About liters total volume.

0.35 gallons per minute.

100.h-101 C. uncorrected.

Weight of
Uranium
Sawdust
Present

Grams

35.0
23.0
20.0

10.2

Loss of
ip. ght

of
Uranium

Grams

0.0
12.0
15.0
20.7
21..8

Discussion

The data from 13.5 through 27.5 elapsed reaction time indicate an
apparent rate of 2.2% uranium converted per hour. This is twice that
of ordinary water alone determined under the same conditions. Further
replication of this run is necessary to establish its complete
significance.

A word should be said about the influence of the amount of recycle rate
used in this run. With the present apparatus, a recycle rate of 0.35
gallons per minute causes rather severe boiling at the bayonet heater
below the sawdust bed. This boiling permits the rapid passage of steam
bubbles upward through the bed and causes jumbling to take place among
the bed particles. This jumbling apparently is sufficient to abrade
the oxide coating on the sawdust particles and permit the reaction to
continue. One can account in part for the steady 1.1% rate mentioned
above by the presence of a film of uranium oxide, the diffusion through
which, actually controls the reaction rate. Earlier experiments demon-
strate that a higher recycle rate in the laboratory apparatus prevents
bed jumbling and under these conditions the oxide coating builds up to
a thickness which virtually stops the hydrolysis reaction.

Percent
Loss

in Weight

0.0
34.3

112. 8

58.3
73.7

_ _ __ _
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Massive Uranium Runs

It was suggested by Mr. C. F. Ritchie that hydrolysis might possibly be
used to convert massive chunks of waste uranium to uranium oxides which
are readily soluble in nitric acid. The purpose of the two runs to be
reported below was to gain some idea of the rate of hydrolysis using
relatively small surface area per gram of uranium.

Datas TABLE 2

Recycle: Ordinary tap water with no additives, pumped at a rate of
0.5 gallons/Min. Temperature was 100.-101.00 C.

Uranium: Recast MCII possessing
weighing 45 grams.

Elapsed
Reaction
Time

Hour

0
3.50
9.75

16.83
23.67
31.00
38.00
4.00

Weight
of

Uranium

Grams

45.0
44.5
14.5

44.0
43.2
43.5
43.2
43.2

an area of 3.72 in2 . (23.4 cn2) and

E1apsed
Reaction
Time

Hours

50.50
57.50

&.75
71.75
78.75
85.75
91.75
98.75

Weight
of

Uranium

Grams

42.9
42.5
42,5
42.3
42.3
42.3
42.0
42.0



CONFIDENTIAL
- 341 -

Data: TABLE 3

Recycle: Same as Table 2

Uranium: Recast MCW; 2.50 in2 (16.2 cm 2 ) area; 35.2 grams.

Elapsed
Reaction
Time

Hours

0
3.50

10.00
18.00
25.67
32.75
39.75

Weight
of

Uranium

Grams

35.2
34.9

34.5

34.2
34.1
33.8
33.7

Elapsed
Reaction
Time

Hours

46.75
49.50
64.58
71.58
78.58
85.92
89.75

Weight
of

Uranium

Grams

33.5
33.4
334
33.3
33.2
33.0
32.9

Discussion

The data in Tables 2 and 3 indicate that the hydrolysis reaction of
larger pieces of uranium proceeds quite slowly. Since sawdust possesses
considerably more surface per weight of uranium than the two pieces tried
here, it appears that the exposed uranium surface is a factor in the rate
of hydrolysis. Een the data presented here indicates that surface might
be a factor in the hydrolysis rate for the loss in weight rram Table 2
was 2.7 grams in 85 3/4 hours while the loss in weight from Table 3 was
2.2 grams in about the same elapsed reaction time. In the first instance
the area was 3.72 in2 while in the second instance the area was 2.50 in2 .
These facts point towards a possible trend but more data is required to
pin this trend down.
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