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Dear Dr. Hllbprry:
\

In accordance with the arrangments made with
Dr. Compton, I am attaching hereto Copy No. 13 of
Dr. Kraus' Progress Report dated December 15, 1942.

This report contains additioml information
on the preparation of metallic uranium by the reduction
of UCl3 with sodium,
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Progress Report
By Charles A. Kraus
December 15, 1942

Cortract No. 0ZMsr-290,
Supplement 2
Contract No. OZEMsr-688.

.A? Preparation of UCl; focm Udz; and CC1,.

The study of the various lactors which may influence the
rate of rzaction between UQOg und CCl, has been cor.i.ruedi and

is s5t111 in progress. The procedure for carryling out the re-

action, to ci.z a specific exzuple, has been to allow 200 grams

of U0, to reacy with a large excess of CCl, in a stainless
steel autoclave, heated in an oil bath. When the internal

temperature raaches approximately 100°C, reaction s=ts in and

is charanierized by a rapld temperature rise of 30 to 40 degrees.,

At the end of 10 to 15 minutes, the temporature begins to fall,
indicatinz that the rate uf couversion has slowed up consider-
ably. The bath temperature i3 now elevated. and the mixture
continues to react until conversion 1s substantlially complete.
The end of the reaction 1s signalized by & leveling off of

the pressure to a constaﬁt value (at constant temperature),
since there 1is no further production of COCl;. After most

of the COClg has been allowed to exhasust. the remalning COCl,
and CCl, are listilled,and, finally, the residual volatile
materiels are removed under vacuum. When the products of

the reaction are examined, they are frequently found to
consist of two fractions; a top laywr of dark red, coérsely
crystalline material which has obviously been depositeg from
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solution in the excess CCl,,and s bottom layer which is a
" har¢, brown cake.  The two lagers often differ widely in
composition; the crystalline material 1s usuaslly nearly pure
UClg, while the casked bottom layer frequently contains UOClg
in addition to UCl, and UCljs. Both fractions are.ordiharily
complétely soluble in weter. |

In order to determine the axtent of conversion to UCl,
and UClg, samples of the produvcts have been di%ﬁilled in =
stream of purlfied Np at 5 mm. pressurse, with the temperature
reaching a firna, value of approauimately 700°C. This process 1
- requires aboﬁt 30 minutes from the 1ime the heating furnace p :
Is turned on. If the product contains residual oxide or oxy-
chlorides, a dark brown residue of UQ, remains in ths boes.
"fhen conversion has been substantially complete, the residue is
less Lhan 0.1%.

1. Influence of Excess CCl, on the Rate of Conversion. As

has bren pointed out in earlier progress reporis, when the
reaction is first initiated, it proceeds very rapldly. There
is a possibility that it would continue to progress rapldly if
the :eactants‘remained continuously in contact with each other,
but as.the products accumulate and the CCl, layer becomes
saturated with UClg, the remaining oxide becomes coated wilth
products of reaction and as a result; further reaction is

very seriously inhibited. This view is supported by the im—
provement obtained in tlhe conversion when the amount of exﬁess
CCl, is increased to large values, as summarized in Table I.

Tne results of four experiments are given in which the qmqﬁnt
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of excess CCl, varied from 100% to 300%. This does not
'change.the temperature at which reaction sets in nor the time,
t1, for the completion of the initial rapid phase but use of
larger amounts of CCl, shortens.the time, tp, required for
completion of the cohversion and reduces the maximum tempera-
ture which i1s reached in the initial phase. The amount of
crystalline product is likewise incpeased and the quality of
the material found in the bottom layer is improved. Thé
-maximum pressure reached 1s also reduced, due %o the solubility

of COClg in CCl,. It may be concluded that the preparation of

UClg {(end UCl,) 1s facilitated by the use of CCl, in

large execess.
TABLE 1

N

Influence of Ixcess CCl, on the Rate of Chlorination of UOa

Matarials Used Initial : .
Exp. U0; UClg 0OCly % Reaction t1* Temp. of to** TFinal
No. g. e excess Tenp- . Min., Maximum hrs. Temp.®C
89 200 30 100 103 10 159 2.5 154
90 200 30 200 105 17 145 1.3 164
91 330 30 200 104 16 143 2.0 165
92 250 20 300 104 13 128 S 1.0 160

*t: = time of initial reaction phase
**te = time from end of initial reaction phase until reaction
appears to be complete

" Analysis of Products
ExXD. % Product Ratio C1/U Non-volatile residue, %
No. Top ottom Top  Bottom Top Bottom .

89 S50 50 - 4.78 4.86

Ded .26e1
90 e 48 4.91. 4,78 Q.1 12.3
91 48 . 52 4,95 4.51 C.l 1.5
92 61 59 4,96 4,93 0.1 0.6
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2. Effect of the State of Subdivision of Uls. It was 05-

-+

served.in earller experiments that when Usba was not ground to
a fine powder, but was used in the lumpy condition in which 1t

was produced by decomposition of UQ,, the rate of conversion to

A o R

UClg and the extent of the reaction were unsatisfactory. On.

the other hand, with finely ground UszOg, a satisraétofy'rézé of
the conversion to UClg was obtailned. U0z 1s more reactive than
UzCg, and 1t was of interest to test the effect of its state of
subdivision upon the rate of reaction and, particularly, to learn
whether the rapid initial phase of the reaction could be eliminated
by use of coarser Ulg. In.one experimént, the U0; was sifted to
remove the fines; the oxide used passed a 20 mesh but wasgs retained
by & 60 mesh sieve., In Teble II, the results are compared with
those obtained with ground and unground UQg. It will be noted

that there were no significant differsnces.

o T 1

TABLE 1T
Effect of the State of Subdivision of UQs Non-
volae
Materials used Initlal Max. Final tile
Exp. U0z UClg CClg % Temnp. ti* Temp. t2¥ Temp. C1/U oxide
No. g. Z. excess °C Min, °¢. Min. °C Ratlo %
E' s0 200 15 75 96 37 137 100 . 128 4.91  --
- Not ground
§ 79 200 15 75 102 25 147 120 118 B3.91 ==
£ Ground
&. 88 200 30 75 101 10 164 120 148 4.71  0.32

& Flnes removed

*The symbols t,and t, have the same significance as in Table I.
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3. Ef{oct of Addluion of CCly in Small Increments. In &n

attempv to umntrol ths inlcial rapld reaction between UOs and
CCl., the 2Cl, was injected by means of a pump in increments of
approximatcly 25 cc.  After the oxide and UCls (catalyst) had
been placed in the autoclave, the 1id was clamped on and 40 cc.
of CCl, were introduced, and the temperature of the extern&l oiin
bath was raised slowly. 2=2acticn set in at approximately the

'l

same tempersture aes usual, but “he t-mperature rise was vﬁry musl.
greater. In one eperimsat, o internel temperature reached

305°C in 17 minuies.. Whea the mixture had coocled sonewhar,

additional CCl, was introduced, but the rate of the subsejucnt /
reaction was slow.. Reaction was not complete; analyais 6f the

product showed that 1% contained unconverted oxides ~. OXT -

chiorides. The injectior method of controlling the reaction‘

Teils becaure there 1s no e.ucess CCl, for removing the hea’ g;nn

~2vatad in the reactlon as it proneeds.:

4, Effect of Prolonged Prehqating of the Uv.-CCl, Miuture

«.» 1ts Boiling Point.. The rapid initfial phase of the reaction

is moderated by proionged refluxing of the UOz~CCl, mixture at
atmospheric pressure. In Table IIT,-the results of two experi-

ments, No. 96 and No. .57, are summarized.  Experiment No., 83 has

also been included for comperison bﬁt,-in this case, the mixture
was heated for five hours in a sealed autoclave, where 1t
5 presumably dld not boil.. In Zxperiments Nos. ‘96 and 97, the

reactor was provlided with a reflux condenser and the carbonyl

T

chioridie was aliowed to escujpe at atmceipharic pressure. Boiling

for 6 hours with 100% excess CCl, {Nc.96) had little affegy,

-
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the course of the'reaction, although the amount of caking
wes unusually smell, and the product was chiefly UCl,. Bolling

for 12 hours with 150% excess CCl, (No.97), had the effect of

practically eliminating the rapid phase of the reaction; no
sharp increase in temperature was observed. The product

~was nearly pure UClg. When a sample was distilled, less

A

than 0.2% non-volatile oxide remained in the container,
TABLE IIIX
Effect of Preheating the UQ4;-CCly Mixture

Initial
Materials Used Time of Reaction Max. « TFinel
Txp. UOs UCls CCl, Reflux Temp . Temp. Temp. ;
No. e g. %excess hrs. o, o, °Q. '
83 200 30 75 5 109 120 135
96 200 a0 100 6 101 170 158 :
g7 200 30 150 12 94 96 168 _ ;
Analysis of Prcducts
' Non=-volatile
Exp. Cl/uU Residue
No. Ratio %
83 4,917 -
96 4.323 C.58
97 1op layer 4,975 -
Bottom layer 4,960 0.2

B. Reaction of U0, and CCl, st the Bolling Point.

To ascertain the nafure of the products of the low
temperature reaction between U0, and CCl,, several 50-gram
lots of UQs were refluxed In glass vessels with 75%,or greater,
excess ﬁf CCl, &t atmospheric pressure for periods varying
from 6 to 72 hours. T"he results are tabulated in Table IV
in the order of increasing time of reflux. In cases whers ‘ N 4

the time of reflux was the same, the data are arranged BTN

4 woay

Bkl 31
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acéording to increasing amounts of ﬁCls added to the reaction
mixtures. The ratios C1,7, which are given in column 5, have
been,corrected for the UClg added origlinally. The percentage
of material which did not volatilize when the products were
heated in = stream of nltrogen at 5 mm. pressure, are given

in eolumn 7. They have also been corrected for the amount of
UClg added to the reaction mixture.

From the appearance of the product, its behavior in solu-
tion and its enalysls after 6 hours of reflux, more than 50% of
the UOs; was converted to U0pClp. With longer boiling, the
C1/U ratio increased steadily and after 72 hours, nearly all
the UOs had been converted to UClj. The content of non-
volatile material in thia product was reduced to 1l.64%.

TABLE IV. .

Results of Refluxing 50 grams U0, with Excess CCl,

Hours % % In- % Non-
Exp. of excess Grams Cl/9 soluble volatile
No. Reflux CCly,  UClg  Ratio Residue Residue -
4 8 75 7.5 . 1.26 5.4 -
7 6 75 20.0 2.02 0.25 -
3 12 75 7.5  2.82 0.52 -
2 18 75 7.5 30 Oel? -
10 24 75 0.0  4.21 0.2 --
1l 24 75 745 394 O.1l2 32,0
8 24 100 30,0 '3.88 0.28 20.1
9 24 100 60,0 4.24 Q.07 15.4
6 72 79 7.2 4.80 Q.2 1.6

C. Solubllity of UClﬁ in CCl,.

The only mention of the so6lubllity of UClg in CCl, in
Gmelin is the gualitative statement that it is."somewhat ‘

soluble”. Solubilities were determined at 25° am 70°C ‘and
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estimated et 160°C from the weight of crystals precipitated

from reactions carried out at 160°C. The results are as

fellows:

Temperature 25°C 70°C 160°C
p Solubility 1,04 5.3 20
' g.UCl5/100 g, CCl,

The value given for 160° 1§ & Véry rough one, since the
precise welght of CCl, liquid could not be determined and
an unknown quantity of COCl. was dissolved in the €Cl,.

Da Preperation of Metallic Uranium gdvot of UCla

with Sedium.

Additional experiments have been carrled out in the study
of the reduction of UCls by means of sodium, The reduction
is accomplished without difficulty and i{f the temperature is
maelintained above 1100°C sufficlently long, the fused particles
of the metal agglomerate into & regulus. At present, thé ;
chief problem 1s the development of suitable contalners in
witleh to carry out the reduction.

Crucibles of ziréonium oxide are falrly satisfactory, .
but expensive, It is not possible to use them more than two _
or three times, slnce they are porous to ruséd sodium chloride
and they begin to'disintegrate oﬁ long use. A zircon crucible
was found to be wholly unsatlsfactory. —

A steel tube, lined with partially sintered meagneslium
oxide, gave satisfactory results. Such containers are easy . \
to éonstruct"and can be re-used. Reaction contginers of this
type are being studied further.

As may be seen from Table V, the yleld in later é-

-y
-
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varied between 60 and 80¢%, The reduction ig quantitativé but

some of the metal 1s carrled into the walls of the crucible,

which 1s pofous and absorbs nearly all of the melted salt., In

{

experiment 17, the crucible of experiment 16 was re-used and
‘the yield was raised from 65.5 to 82.4%. The results obtained
vwith the MgO-lined steel container are promi§ingX*™Mré Pellets
of metalproved to be quite malleable when hammered on an anvil,
TABLE V
Preparation of Metallie Uranium

Time at Time

. ' Max. Max. above
Exp.. -UGis e U Yield Type of Temp. Temp. 1100°C. y
NO. ‘go Ze _Bs % Crucible °C Min. Min.
1% 50 10.0 18,0 50.4 2r0g 1140 H 40
14 46 11,0 8,4 32,6 " 1135 5 40
15 -b8 11.6 17.1 42,7 LU 1135 8 60
16 45 9.0 20.4 65.5 " 1135 8 80
17 45 . 9.2 25.6 B2.,4 . " . 1140 10 - 85
18 60~ 1le8 B3D3 73,0 " 1140 8 100
20 P57 14,7 34.5 67,5 steel- 1125 70 80

21 75 - 14,7  35.9 70.5 lined with 1135 70 80
- Mg0

O
o’oh(‘,’_"‘:.‘ 0.5 f‘,o.&, -
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