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~1 
Metallex Process> ■ Methanol and petroleum ether from t^ich dissolved 

oxygen has been removed have less oxidative effect upon thorium amalgam 
than -water with or without dissolved oxygen. 

A rough correlation between the free voidage of sintered thorium 
metal and its oxide content, and therefore the metal q,uality, is indi-
catedo A procedure vas developed for determining the total voidage and 
the atmosphere-connected voidage in sintered thorium metal. 

Fluorox Process. The specific siirface areia of UF4 appears to be 
constant over the temperature range-25-600°C. Above 600°C the specific 
surface area decreases as sintering begins. Ihe major impurities found 
in Ur5 produced from African ore concentrate were Al, Ca, Cu, and Fe. 

The 4-in.-i.d, reduction-hydrofluorination and oxidation reactors 
were modified to improve their operability, and two rtins were made with 
the improved oxidation rfeactor. Low-carbon Ui"!̂ , suitable for fluorina-
tion to UFg or reduction to metal, was prepared by burning the carbon 
in the UFĵ  with oxygen. •* 

Excer Process. Results of runs in the 2-in.-dia Higgins continuous 
ion-exchange contactor indicate that UOgCl^ product may be withdrawn at 
concentrations as high as l̂l-O g of uranî m̂ per liter and containing as 
low as Oe05 M HaCl. Conductivity instrtunents provided excellent process 
control, \ifeich in turn allowed efficient usage of 5 M NaCl eluant. This 
eliminated the need for recycle of the NaCl, 

Ihe presence of sodium or calcium did not affect the density of the 
electrolytic UFî 'S/'+HgO product. An electrolytic cell with 6U in.^ 
inside area was operated 5 hr to produce UFi^'3/4%p,. /Qie resulting 
sliirry of UFî 'S/l̂ HgO appears acceptable as far as physical characteristics 
are concerned for making specification gi^de UFî^ after filtration and-
dehydration. 

A nickel ribbon flite dehydrator is being constructed, 

scjri 
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1.0 MEJmLEEX PROCESS 

Reduction of ThClĵ  with soditim amalgam and recovery of the thorixun 
from the resulting thorium amalgam by filtration and retorting is a 
promising method of preparing thorium metal. 

lol Laboratory-scale Studies (O. C, Dean) 

Amalgam Washing Tests. Five tests on liquids that migfht be used 
in washing thorium quasi amalgam indicated that removal of dissolved 
oxygen from the wash liquid considerably reduces the oxidation of the 
amalgam during the \reishing process. 

Wash Liquid 

Distilled water, no treatment 
Argon-sparged distilled water 
Distilled water, distilled from 
potassium pyrogallate under argon 

Methanol, distilled from potassium 
pyrogallate vmder argon 

Petrole\im ether, sodium-treated 

Methanol distilled from potassium pyrogallate in an inert atmosphere had 
the least oxidative effect on the amalgamj deoxygenated petroleum ether 
was nearly as inert. Reduction of the oxygen content of water reduced 
its oxidative effect but did not eliminate it. Evidently water itself 
has a corrosive effect, 

For the tests 135-g analggun samples containing k g ot thorium were 
washed in 1 M HCl and distilled water and were then agitated in an argon 
atmosphere for k hr luider 10 ml of the wash liquids 

1-2 Relation between Voidage and Quality of Metal 

A procediare for determination of pinholes and voids which are con
nected with the STirface of the sinter is iinder study* in an effort to find 
a quantitatively measurable property that '̂ will indicate the quality of 
the sintered metal. It is reasoned that the quality of the extruded 
metal prepared from the sintered will be dependent on how well the metal 

Ihorium Dissolved from 
Quasi Amalgam 

(f)  
0.62 
0,26 

0,U2 

0.07 
0,08 
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around a void "heals" to sound metal under pressure, and this in ̂ urn is 
dependent on how "clean" or free from oxide this surface remains through 
sintering and pickling. A void connected to the atmosphere by a pinhole 
would be oxide-coated, and there is evidence that oxide-coated surfaces 
do not weld well \inder pressure. In addition, an atmosphere-connected 
void would fill with molten salt in the preheating operation prior to 
extrusion. The percentage of "free" or atmosphere-connected voidage was 
determined from the relation 

voidage = tapparent density - bulk density) 
theoretical density 

The apparent density was determined by a carbon tetrachloride—immersion 
technic, vising the evacuated metal sanrple. The bulk density was 
determined by a water-immersion technic, after the free voids had been 
sealed by a coating of acrylate plastic film. In three determinations 
on the same porous sau^le, reoulto wore reproducible= 

The following tabulation shows how free voidage determinations may 
be related to some variabless 

Treatment after 

Sample 
Reduction 
Temp (oc) 

Washing with 
1 M HCl and HgO ^ 

mS-12-2 130 Rinsed with argon-
sparged HgO 

3 Rinsed with oxygen-
free methanol 

1 Vacuum-dried 
T/̂ S-13-2 200 Rinsed with argon-

sparged HgO 
1 Rinsed with oxygen-

free methanol 
3 Vacuum-dried 

Atmosphere-con-
nected Voidage 
after Pressing at 

1000 psi and Sintering 
13.2 

lloT 

T.^7 
35.^ 

38.1 

30,2 

It is known that thorium amalgams produced at higher temperatures are 
reactive to water and oxygen, and this is reflected in increased free 
voidage. The voidage test shows that water removal by vacvrum-drying is 
more effective than by methanol rinsing, 

In a series of seven tests there was a rough correlation between 
atmosphere"Connected voidage in sintered thorium metal and the ThOg 
content. With voidages ranging from 23 to k&^, the ThOo contents were 
2pOT to 3 . ^ , while those with voidages of 7=7 to ik,^ had ThOg con
tents of I0I5 to lof 
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1.2 Largerscale Studies (J. Co Suddath) 

Storage of Thorium QuasiAmal^un. Washed thorium quasi amalgam from 
a i)—liter stoichiometric reduction was divided into 25 equal, portions, 
and each portion was stored in a closed container with 1.0 M HCl solu
tion as a blanket, the acid volume being half the amalgam volvime. Five 
portions were examined every 7 days, five were allowed to stand ik days, 
five for 21 days, five for 28 days, and the remaining five for a total 
of 35 days without agitation during the standing. Caking was observed 
at each examination, but mild agitation broke up the cake, and the amal
gam returned to a fluid state. After 2U hr there was a small amotmt of 
i^ite precipitate (probably ThO) in the acid of each bottle, but this 
increased only slightly during the next 3U days. Gas bubbles were 
released at the glassamalgam interface at a very slow rate, but the 
analgam volxime did not increase. The amalgam that was stored for 35 days 
without agitation appeared to have properties identical with those of 
the material stored only 7 days. The test will be continued for another 
35 day periodo 

Reduction Stei In three dryreduction runs in a lp5gal 
Dispersal unit, thorium recovery ranged from 61 to 

Run Na Remaining 
Ko. H of initial 

Siorium 

35 
36 
37 

3»5 

5.0 

657.0 Jk 
78306 88 
5̂ 1̂.7 61 

79 
71 
75 

9806 
1160 5 
86.4 

Ttie feed for each run was 14,50 g of Fernald ThClh (thorium, 922 g total, 
890 g methanolsoluble)j k liters of 3.3 M Wa(Hg) was used for each 
reduction, 'Bbe agitator speed was l4lO rpm, with 5 min contact time at 
90155°Ca WiHi 15 min contact time, recovery was 75'ĵ . At llOlÔ '̂ 'C 
with 5 min conlact time, recovery was 86^« It was necessary to remove 
heat during Sie contacting period to keepHhe temperature down, 

2.0 FLUOROX PROCESS 

Oxidation of UFĵ  to UF^ and UOgF with air or Og is a potentially 
economical method of producing UF5. Among the variables likely to be 
important in the oxidation reaction are surface area, temperature, and 
partial pressure of oxygen. Since the UFĵ ^ is produced by reducing UO^ 
with starch and "^^ iQrdrof luori^nating, residual carbon removal is also 
an inipMrtant practical problem. 

• • • • • • • • • • • • • 
• • • • • • ♦ • • • • • • • • • • « • ••• • • • • • • 
• • • • • • • • s e e • • • ••• • ••• • • •• •• • • • ••• 
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2.1 Laboratory-scale Studies (R, G, Wymer, L. M, Ferris) 

Ŝ irface Area Measurements. Ttie variation of the specific surface 
area of UFĵ  with temperature and time is being investigated, since it 
is felt that the rate of oxidation of UFj,. is at least partially con
trolled by the UFl̂  surface area available. If this proves to be the 
case, knowledge of surface areas will be essential in comparing oxida
tion reactivities of various Wi^ samples. Studies to date have been 
performed by heating 98^ UFî (2̂  UOgFg) in dry helium for 1 hr at 
various ten^jeratures, The apparent specific surfiace is essentially 
constant up to 600°C, at which temperature sintering begins to occur. 
For one type of UF]^ the specific surface area remained at ~'0,3 m^/g 
over the temperature range 25'=̂ 0O°C and then fell to ~»0.1 m^/g at 
800OC, Since this UF4 contains some UOgFp initially, and will be 
coated with increasisag amoimts as the oxidation proceeds, work is under 
way to evaluate the effect of varying amounts of UO2F2, 

Ore Concentrate Studies. In CF 56-5-100 purity data were given 
for UFĵ  and UOgFg produced from African ore concentrate by the Fluorox 
process. Data are now available on the purity of the DF5 formed 
simultaneously with the UOgFg. After the UFg' gas had been passed 
throxigh a sintered nickel filter, the impurities, in grams per gram of 
uranium, were: 

Al 0,0074 Fe 0,0023 
Ca 0.0275 Mg 0,0005 
Cu 0,0052 

Particles with diameters greater than 20 ̂  were collected on the nickel 
filter. The appearance of the relatively large amount of impurities 
in the UF5 is thtis due to entrainment of very small particles and/or 
to the existence of volatile compounds of the varioxzs impurities, 

2.2 Larger-scale Studies (j. E, Moore) 

Rediiptinn-iHyf̂ rpf]xiorination Step. Tha 'i-ln,-i.d, reduction' 
hydrofluorination reactor was modified (Figs. 1 and 2) to nake it more 
dependable. In the original design the reactant gases were introduced 
through annuli surrounding the reactor shell. The unused annul! 
occasionally split, as a result of thermal stresses, ̂ ich allowed the 
gases to escape. In the new design the reaction zone is a straight 
section of 4-ln,-i,d. inconel pipe containing a suitable nxmiber of gas 
inlet tubes and thermowells for wall and bed temperature measurements. 
The gases are injected through l/4-in.-dia tubes, directly into the 
center of the bed, 

Oxidation of UFk to UF/;. The 4-in,-i.d, oxidation reactor was 
modified (Figs, 3 and 4) to Improve its flexibility and operabllity. 
Increasing the heated length of the solids feed' pipe eliminated the 

i 
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need for using the reducrbion-hydrofluorfnaitlon i^act^r. as a solids pre-
heater. A heiated screw feeder was installed to• aiet̂ i? tfee'pellets into 
the reactor in order tb prevent stirges of excess 'HFiĵ lh-̂ .the reaction 
zoneo Ihe solids oatlet was constricted by a flalijsei-shaped..baffle to 
reduce surges of WQE2 pellets firom the reaction zme<, 'Me proposed 
method of operation •was also changed so iSat the, reiadtor would be kept 
slightly less 113xan> instead of coargiletelyj fille!d> and^^t -the oxygen 
wo\ild be fed to 'pss bed from above instead of being, injected directly 
into the bed. 

As a result of these chsinges, heat losses have been greater, 
probably because of heat radiation from the now exposed reaction zone, 
Consequently, the reaction was only partially complete in two runs, 
even with 1> carbon iia the W\ and a solids preheating temperature of 
700®C. In future runs the reaction zone temperattdre will be raised to 
the level required for efficient conversion by preheating iHe oxygenj^ 
increasing the carbon, content of the UFij,,, and possibly by increasing 
the feed rate. 

With the old design^ 90^ conversion was OlDtaihed with UF]̂  contain
ing Op4^ carbon, preheating of the solids to 625°G,and oxygen preheiated 
to 406OCand injected directly into the bedo 

Removal of Carbon from pF̂ .̂o When the UFK is to be reduced to metal, 
the carbon must be removed o In a moving•̂ bed test at 680%, the carbon 
content of UF4 pellets was decreased from 0.3^ to 0^012^ with very 
little oxidation of tJ(IV) to U(¥i). However, portions of̂  the bed that 
were overheated were partially oxidized to UO2F2 and UFg. 

For the run (see HJable l) the reactor was filled with carbon-free 
UFij. arid was preheated t© i}-00°C at the topj, with the teiaperatttre increas
ing to 600^0 at the bottomd. It was plaxmed to mbve the WFl,. pellets 
containing carbon into the ij-OÔ Ĉ zone counter currently tq a stream- of 
oxygen; however, scmae of the pellets reached the 6OOPC zone before the 
oxygen feed was started, and, as a result, the bed temperature 
exceeded 800°C dviring the initial part of the ran and appreciable amounts 
of UF]̂  were oxidized (P-l). As the feed oontiicaea to move into the 
reaction zone, the inaximum tejarperature dropped to ̂ He 66b^05®C rutige, 
and little of the UFĵ .̂ was oxidized (P-2 and 3)0 ^ e small amounts of 
partially oxidized pellets in samples P-2 and 3 probably had been delayed 
in transit out of the initial*800^0 zone. After the initially high 
temperatvires were reduced, the wall heater temperattsres were again 
increased in an effort to force the'bed tea^erature to T00°C. As a 
result, the pellets adjacent to the wall were overheated during the last 
part of the run and some of the UFĵ  pellets (P̂ l*-) were again oxidized., 
A weight balahce'indicated that approximately 20 lb, or about 20^ of the 
UFî^ feed, was lost, presvimably as UFg, \^ich was visible in the off-gas, 
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Tlable 1. Removal of Carbon from UF), by Combtistion with Oxygen in 
a U. • I n e - l . d . by 6 0 -i n . - l o n g Moving -bed Reactor (Run G0-3> _ 

Max 
' ' Bed 

Temp 
(°cl 

O2 
Fed Saraple^ Weight ( l b ) 

Composition {i>) Bed 
Temp 
(°cl 

O2 
Fed Saraple^ Weight ( l b ) To ta l 

Time 

Bed 
Temp 
(°cl ( f t ^ ] No. I n c r . Cum. U 13 (TV) AOI F " C 

Feed^ 

Precharge 133 133 
SRH-I;-P-6 3h 167 76 .89 73.36 2 .08 23.92 0 .317 
SRH-l^-P-9 30 197 75.72 71.80 2 .22 24.00 0 .279 
SRH-i^-P-17 13 210 75.i^8 72o45 0,75 24,00 0.256 
SRH-U-P-18 17 227 76.26 75 .36 1.79 ^24.01 0,265 

Product 

^24.01 

0845 615 0 PR-1 t h r u 6 66.5 66.5 
091^5 660 1 PR-7 2 0 , 9 87 .4 
10I+5 81fO 9 PR-8 19 .2 106.6 
lli^5 800 18 P-1 2 2 . 8 129.4 

P-IG 75,70 69i64 0 .19 23 .3 ,0.025 
(G = 66% of P - 1 , W = 25&, M^:^: ,3^) 

121^5 660 18 P-2 20 .2 149.6 
P-2G 75.»^3 70 .13 o.o4 23.7 0.034 

(G = 95^ of P-S , w = 1^ , M = 4?^) 
13^5 685 15 P-3 1 9 , 1 168.7 

P-3G 76.08 7 2 . 3 ^ o.o4 24 .0 0.012 
(G = 97^ of P - 3 , W = l i , M = 2^) 

li^l^5 680 8 P-4 2 1 . 8 190,5 
P-lfG 75 0 1 72 .71 0 .01 23 .9 0.016 

(G = 87^ of P -4 , w = %, M = 1^) . 
15^5 575 0 P-5 

R-1 

R-2 
P-W-C 

(Composite W's) 

0 . 8 
14„4 

1.3 

191=3 
205.7 
207.0 

77.00 12 .8 

P-M-C 76.36 47 .89 5=^0 1 9 . 1 0.027 
(Composite M's) 

The reactor was precharged with UFĵ . product from an earlier carbon removal run. 
Remainder of fe^d was that produced in a reduction-hydrofluorination run. 

°Codes PR = pre-run material; P = product removed duting operation; R = residue in 
reactor at end of run; G = green; W = idaite; M = mixture of green and white. The W 
and M samples were composited for analysis. 
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Comparison of the U(IV) content of the UFu before and after oxida
tion at 680°C (SRH-4-P-6 and 9 with P-3G and 4G) showed that the U(IV) 
content of material that was not overheated decreased only slightly or 
not at all. Approximiately 95^ of the carbon content of this-iaiterlal 
was removed, 

A 10-lb batch of the P-36 product was ground to pass an 80-mesh screen 
and will be forwarded to the Mallinckrodt Chemical Works for reduction 
to metal. Ihe tap density of the pulverized material is 2.75 g/cc, 
the VSFi^ content is 95^, and the carbon content is 0.oi4^. 

3.0 EXCER PROCESS 

3.1 laboratory-scale Studies (l. R. Higgins) 

Ion-exchange Step. Synthetic ore leach liquor is being processed 
by the 5 M WaCl—water elution flowsheet in the 2-in.-dia cbhtinuoiis 
contactor. Because of limitations on height, Permutit SK, 20-4o mesh, 
was used instead of 10-20 mesh. The gain in efficiency is noticeable, 
but the conditions have not smoothed out enough for a final analysis, 
One product sample contained 92 g of uranium per liter. 

Excellent process control was obtained with conductivity instruments. 
Becavise of the good flow-rate control, the amount of NaCl required to 
convert the uranivua from the sulfate to the chloride form was decreased 
to 2.5 lb per potmd of uranium. The cost of fresh NaCl is th\is less 
than the cost of CaCl2 to remove sulfate from used NaCl, and NaCl recycle 
is not necessary. Ihe NapSO]^-NaCl waste, containing 3-15^ of the luraniim, 
is recycled as feed. The concentration of the chloride thus introduced 
into the feed is less than 0.1 Mp which is not high enough to interfere 
with loading. The uranium recovery was greater than 99^ on 3 ft of 
resin with a uranium loading of 50 g/liter. Product concentrations 
varied with the uranium loading, but for 1 hr a product sblution contain
ing 98.1 g 0f?laraniiun, as UO2CI2, per liter was. obt-alned. The final 
product composite wao 0.5 M in N&Cl, buL Lhe NaCl content is determined 
by the control of the rate of product removal. A product containing 
53 g of uranium per. liter was withdrawn which was only O.05 M in NaCl, 
A portion with a peak uranitim concentration of l40.6 g/liter was obtained. 

The UO2CI2 producife of one run contained 45 g of uranium per liter. 
Because of experimentation with instrument controls> it was high in 
sodium, 1.4 M, When batch-converted to U02Fp on a Dowex 50 colTimn, the 
product contained 84 g of uranium, 3.5 g of sodium, and 0.25 S of cal
cium per liter, lhe sodium and calcium were further reduced to 0,007 
and 0.12 g/liter, respectively, by treatment again xd.th H-form Dowex.50. 

^^flWWrfBffR^^* 
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Product UFji'S/̂ HpO Density Studies, Calcium and sodium do not appear 
to affect the density of the electrolytic reduction product, UFl̂ *3/̂ 226 
prepared from the UO2F2 product of the ion exchange column, which contains 
calcium and sodium, has a density of 2.4 g/cc. When the feed to the ion 
exchange column was a pvire UO2F2 solution prepared by reaction of UO3 and 
HF, the electrolytic reduction product UFi|*3/4H20 had a tap density of 
1.5 g/cc. Itowever, when O.I6 g of calcium or 2 g of sodium per liter.; 
was added to the UO2F2, about the amounts in the ion exchange product 
UO2F2, the tap density of the UF2).*3/4H20 was 1,6 g/ccc The effect of 
variations in current density arid feed concentrations are now being studied. 

3.2 Larger-scale Studies (C. W, Haneher) 

Electrolytic Reduction Step, The Boltaron (polyvinyl chloride) Excer 
electrolytic cell (Figs. 5 and 6) was operated to produce a dense slurry 
of UF2J^»3/4H20, with a density estimated as 2-2.5 g/cc. The cell has an 
8- by 8-in. cathode, anode, and membrane area. The operating conditions 
were: 

Temperature 90-100°C in cathode compartment 

Feed HF, stoichiometric for U cone. + 
10^ excess; H2S0î , 0.25-0,5 M 

Anolyte H2S0j^, 0.25-0.5 M 

Feed rate At lOÔ o efficiency, 1 mole of U 

per 53.6 amp-hr 

Anolyte rate F concentration less than 2 g/liter 

Voltage 12,4 volts d.c. 

Theoretical current density 2 amp/in.^ per cathode side 

Usual current effieieuey 85-90^ 

Laboratory analyses are not yet available, 
In a 4-hr preliminary run, chemical, hydratilic, and heating tests 

indicated satisfactory operation. 
Dehydration Step, A nickel ribbon-flite dehydrator (Figs, 7-9) -' 

has been constructed and is being installed. It is 3 in, dia by 6 ft 
long. The estimated feed rate to this dehydrator is 50 g of UFĵ -'S/̂ HgO 
per minute. The UFi,. will be swept countercurrently with dry N^ during 
dehydration at a maximum of 350°C. 
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4.0 ION-EXCHANGE ORE PROCESSING 

C. W, Haneher 

One of the problems that must be studied in operation of large-
diameter (36 to 60 in,) continuous ion-exchange contactors is the method 
of resin movement. This will be investi^ted in a 36-ln.-dia resin test 
loop. Constraction drawings for such a loop have been completed (Flg.lO) 
and fabrication and installation have been started. This loop is part 
of a contactor with a capacity for processing 100 or 200 tons of ore 
per day, depending on -idiich part of the fuel contactor it is used for, 

MWGsjgh 

The previous report in this series was ORNL CF No, 56-5-100, for 
May (30^), The next, ORNL CF NOo 56-7-100 (30^), will be published 
about the end of July, 
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