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INTRODUSTION
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The purpose of thls trip was *o discuss the mutiusl problems involved in the boamb reducti
of uranium oxides, the slag lsaching operation, anc the classification procedures %
with Dr. A. P, Beard at KAPL. It appeared desirable also to visit tha Mallinckrodt
Works to beccme familiar with the large scals uranium reduction equipment end to

discuss the separation problems involved in recover’npg shot from the fluoride slags.

VISIT TO MALLINCKRODT URANIUM WORKS

A. Trip Thrcugh Reduction Facilities - W. Petty

A brief descrivtion of the metal redusction facilities may Ls of ioterest. Al the prese
time 300 pound charges of uranium tetrafluoride are being routinely fired. The =
tetrafluoride is prepared ty ammonia reductiop of uranium trioxide and subsequent hyéro-:&
fluorination of the dicxide, Magnesium is used to reduce the uranium tetrafluoride to
metal which is coalesced in a button called "the derby". The bomb itself is made of
3/&" boilsr plate and is useable 4V to 50 times. Coat of each reducticn bom: is about _
$150. Magnesium fluoride formed from the reduction of uranium tetrafluoride is used as ¢
a bomd liner. The fluoride {s talled and cleasned of large uranium matal pleces which
had not ccalesced. A liner is *'.en jolt-packed around a taperad mandrel centered in
the bomb. Uranium texrafluorids with a stcichfometric plus four percent excess of
magnesium is packed in the lined bomb. This charge i{s {ired by scsaking the bomdb in

a 1300 F, 705 C, resistance furnace about thres and one-half hours. The bomb 1s not
hermetically sealed. A steel 1lid bolted to the bomb does, however, restrict gas flow
and transient pressures of 50-80 psi have "zen estimared comparsed to 100-150 psi in a
gealed reactor. After reaction, the bomb 18 cocled to 700 or 800 F or 370 to k27 C,
by forced air and Quenched in water. A two-hour pickle in k5 percent nitric acid is
employed to clean up the derby before casting. Four pickled derbys are cast in vacuo
from and into a magnesium oxide coated grephite orucible. Metal temperatures of ok
about 2600 F are attained before the pour. The uranium ingot is a cylinder approximatel$
nine inches in diamster and 48" long. This ingot is cleaned and sent to the rolling
operation for slug fabrication. An all-out l‘svelopment effort on the Weldon Springs
Plant {s underway at Mallinckrodt. While the present reduction charges yisld a 300-
pound uranium derby which is cast into 1200-pound ingots, the Weldon Springs reduction
will scale up to'a 3300 pound "dingot". The wv.rd "dingot" has been used tc designate
an ingot cast directiy from the reduction reactor or a direct ingot. Prior to vork

on the 3300-pound d’ngot, the 1%00-pound dingot reaction was under study. The firing 3%
times for the 1400 and 3300 pound dingots are 5 1/2 - é 1/2 hours and §-10 hours, e
respectively. This compares t~ 3 1/2 hours in the 300 pound charges. BREfficiency of V¥
1400-pound reduction wes 96 to 97 percent. As of Jure 7, 195%, nine 3300 pound reduvl;,
had been fired. TYields ranged from 93-G7 percent. Results are encoursging and all :
evajlable time is being spent on the development of the large dingot process.

It was pointed out by Mr. Petty that the pickling astep in the pressant process using
4% percent nitric acid results in & six psrcent uranium loss. However, an increasge
of six and one-half percent is realiged in ingot yield from the casting operstion.

§

The Questior of what factcre generally seem to regult ip poor vields in the redustion
of uranium tetrafluoride wvas ssked. M. Petty stated tnat charges containing small

amounts of UOQF2 + U02 s8ve varying results:
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Charge Composition Reduction Bfficiency

1) 002F2 High or about 3% Clean metal, hign yleld
Uo, High or about %

2} UO2F2 High 3% Clean metal, higk ield
UO_ Lov - much less than 3%
[+

3) UO_F_ Low - much lees than 3% Poor metal, .ower yislds
22

U0, Eigh 3%.

In all three cases the firing time was long compared to the normal three and a half
hours required with the 300 pound chargee.

Calculations and axperimental determination of the maximum temperatures attained

in the production bombs indicste temperatures >f 3000-3100 I' and 3L0C F, respectively.
The higher temperatures ohtained experimentally were made by adding capsules of
oxides of different melting points to the charge and pin-pointing the maximum
temperatures in this marner. The feeling (s that the calculated temperstures are at
present more accurate than the experimental.

Some development work has bLeen done ob recovery of uranium metal obtained from ingot

scalping. Burning the metal to Ux0e for rehydroflucorination and briguaetting the piecss
for recasting have been considered.

B. Diecussion with J, W. Stevensor and F. W, Frey

1 was able to talk briefly with people in research and dsvelopment adout bomb
reduction problems. Prior to the effort on the Weldon Springs Plant, emall scale
reduction resctions were being investigated.

Fred Frey felt that the murs repid heating of the esmall charges tended toward massive
metal and had noticed that dolamite additions decreased the yield of massive metal.

Reductions of uranium oxides on & small scale gave metal shot instead of a button.

F. W Frey has reduced UQ, with nagnesium in a CaF -Mgre sutectic slag. The small
approximately 1/16 inch uranium spheres were not goparatod from the slag. TYield was
low as much unrmacted oxide wae found. Similar results were obtained reducing UF,
vith magnesium {p the CaF,-MgF _  eutectic slag. Frey had started s program to determins

the MgO-MgF_phase dismgram The orly data obtained is that 15 w % MgO in MgF, produces
a slag with“as melting point above 1300 C.

J. W, Stevenson has heated UF, p.us magnesium charges to tapperatures Jjust below the
firing point and has then quick chilled the bombs. Ofter the reacticn continues,
hwowvever, ir cases whers firing was prevanted, UF; is formed 2-3 minutes defore firing.
Thus, the @ I of rasc-ion is apread out and hoaé produced in the bomb is less effectiwe
than if 1t were produced at one time. Varicuas sdditives, as 0. and RaF. have bheen
uveed to retard firing times. The thought is that these conpoun&a film the magnesium
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preventing the partial reduction to UFB' Also, firing temperatures are raised from
450 C to as high as 700 C. Therefore, heat from reaction is not consumed in raising

the charge to 700 C. Likewise, additions of water, 100 grama/300 pounds of uranium dels
firing time and results in higher yield.

Stevenson remarked that compressing the UF, charges appeared to have little effect on

the yleld except Lhat lees metal could be broduced in any given bomb if it were loosely
packed.

Purging the UF) chargee with inert gas prior to firing seems to give slightly better metA

Hcwever the improvements in quality and yield do not warrant purging the 300-pound
charges which are presently fired.

C. Discusaion wiih W. M. Leaders

Haniord Metallurgy Research has received 20 pounds of shot from Mallinckrodt. The

pellets were badly crushed during rolling clean-up operations. Dr. Leaders ies planning
to send several hundred pounds of pellets to Hanford in the future. Several lnches »
of the slag Jjust above the dingot and derby apperently contain most of the uncoalesced
pellets. This material will be jaw crushed and then added to a ball mill. Using

the uranium pellets as the balling material, the magnesium fluoride slag should powder
and then can te separated by sieving. By the first of July we should know if the pell
can be effectively cleaned in this manner. The question was ralsed about the possibilit
of fire during this operation. Apparently, the best extinguisher for uranium fires
at Mallinckrodt has been magnesium fluoride so there iz little concern in ball milling,

the uranium containing, magnesium fluoride salags. :

Dr. Leaders was peseimistic about controlling a reduction of UF, to yield pellsts.
He folt the yield of useable pellets would be low due to fines and massive metal
formed. However, one method of eliminating the amount of maseive metal formed in
the UFy chargea ie to trigger the reaction without heating the charge. The physical
methods of converting wassive metal to shot appear much more promising than reduction
processes according to Dr. Leaders. Mallinckrodt in conjunction with Metallurgy Reseaxg
at Hanford is building a spinning plate shot tower. Dr. Leaders indicated trial runs

would be made using inert atmospheres. Molten metal falling on the spinning plate
should produce the desired shot.

It may be possible to reduce U0, with caloium ou a thres hundred pound scale at
Mallinckrodt Works. An experimént of thie neture may be of interest to ua in the
foturs, Dr. leaders wuas concerned mbout trying a megnesium reduction of 003 beoause
of possible high magnesium vapor pressures formed. He felt the only reason

that excessive magnesium pressures were not found in the present reductions of UFy
was the large volume reduction at firing which allowe magnesium to coudense on the
colder portions of the bomb above the molten slag.

VISIT TO KNOLL3 ATOMIC POWER LABORATORY

A. Bomd Reduction of Uo3 with Caleium, A. P. Beard

Dr. A. P. Beard and F. K. Huemann have besn reducing uranium trioxide with calecium.
Efforta have been 4o increass the yleld of pellets of -20 +100 mesh. ¥uur kg of
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uranium oxide is the largest charge that has been reduced to date. Tune oxide reduction
program at Hanford has been studied primarily on a 20-gram socale with a few reductions
run on the 400-gram scals.

The four kg reduction bomd in use at KAPL is made of ssamless heavy duty stesl pipe of
about 5 3/4 inches I.D. A s%eel plug and flange have baen welded on to complete the
asgembly. An 18-inch magnesia crucible is being used as the liner. The bomb is hermstig
sealed using a heavy 3/ inch, copper gasket with a bolt-down steel 1id. The gasket
edges are machined after each firing and the gasket re-annealed. No life expectancy
hes been assigned to the bombs; however, they have been used 30 to 40 times. The charges
are fireéd with a 10,000 cycle, 15 KW induction furnace in a brick rcom with a blow-out wg
Personnel can observe recorded bomdb wall temperatures and induction gensrator power
behind the brick partition. The coil being used is made of 1/2 inch copper tubing. On
the lower helf of ths bomb is being heated. The bombs are vacuum purged with argon
or helium and lesk tested prior to firing. An averasge heating rate of 100 C/minute
has been used in essentially all charges fired. The initial rate is greater than
this. At about the curie point the charges fire and coupling is much less effective.
To date, the charges have been hcated until firing ocourred and heating continued
until the temperature of the bomi wall started to desarsase, The charges generally
fire at bomd wall temperatures of 720-T750 C, Maximum temperature attained is about
900 C. When a heating rate of 30 C/minute was employed, the charges fired at
temperatures of about 640 C. Yields of +325 mesh uranium were smaller. Several
intermediate rates between 30 and 100 C/minute were tested before the 100 C/minute
rate was accepted as the most satisfactory. Percent excess calsium in the charge has
been varied through 15, 30, 50, 60, and 7O percent. Some slight variation in yields
of +32% mesh uranium were observed. iikewiss, the mole ratio of CaCl,/U0, has been
varied. Best results were obtained using 50 percent excess calcium and a 05012/00
mole ratioc of 0.84. The degree of subdivision of the CaCl2 seemad to have ne offeét
on ths yield. Pressures within the bombs have not hsen meésured. Howesver, no diffieyl
vere noticed in firing any of the oharges even with U0, that was partielly hydrated. THg
yield of +325 mesh uranium hag varied considerably. Apfparently drying the U0y at 450 &
resulted in more reproducible results. Recovery yislds are averaging about 90 percent.
An average sieve analysis of the uranium particles from the dry 003 reductions followsy

Mash Size Yield
-325 45%
-100 +3e5 21%
~-20 +100 21%
+20 13%

The +20 mesah matarial ia s>ften large vith pilescs weighing ss mich as 50 grams, Muskh
of the asmallest +20 material is not apherical, Dr. Bsard feels there would be 2 mayRet
for any -325 mesh and for any +20 wmesh uranium produced in the oxide reduction mrocess.

8everal charges of UO, mixed with UF) were fired. Large pieces of uranium were
obtained in these runi which aeorresponded to tho amount of uranium added as fluorids. A
The amournt of -325 mesh material remained about the same. Reductions were made employings:
Ua-I, booster. Again, results vere not greatly improved and reproducibility was much

poorer., Howsver, the boostered scharges were fired with the moist Uo3. %%
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An Na.(!l-(:a(:l,‘e flux was employed in several UO_ reductions. Yields were very poor
and the NaCl®additions were discontinued. A ﬁumbor of charges in which the CaCl,,
UO,, and redustant were placed in the crucible in layers were fired. The homogeneous
ohirges were far superior and layering of the reactants was discontinued. Charges
wore fired in which the reactants were compressed. This increased loading by a fasctor
of one half but results were not quite as good 48 in the mormal charges. Agein, the
undried UQ. was used in these tests so a true evaluation of the briquetting of
charges maY not have been ohcained.

°

The fused oharge is removed from the bomb and leached ir acetic acid. The 7B of
the leach solution is made L-5 sud the eolution is cocled with ice. At present, the
slag is not jJaw srushed. The solid pilecs is placed in the leach tank for two to
three hours. The uranium metal particles are wet sieved by hand and dried on

e paper filter with ethsr or aloohol. A fev uranium fires have occurred. However,
the caloium deposited on the cruci®le 1id has generally been more pyrophoric than
the uranium fines. The leaching operation is stralghforward but rather messy.

Tittle was kn of the CaCl,-Ca0 system except thet 13.8 percent Cal was soluble in

CaCl, at 900 C{1), Wo attemfte have been made to learn more sbout the phase diagram ¢
this systenm.

Dr. beard hopes to be able to try Kg size reductions of an-Cl . He fesls that
toamb reduoctions of this oompound may produce massive uranium.

Modifications of the induction equipment at EKAPL will now permit batter coupling to
the redustion bombh after the curie point has besn reached., Some experiments will be
in whioh the charges are soaked at high temperature after firing. Dr. Beard
appears extremely encouraged about the oxide reduction process. However, at the
present the process is far from ssceptable for large ssale produstion of pellets.
Apperently Dr. Beard tuasons that any of the fines ocould be readily marketed for powd

metellurgy uses while the massive pieces could be processed by casting fasilities st
various sites. 3

B. Hot Pressing U-Mg Fusl Elemerts, B. §. Foveyman

Mr., Honuymen has beaen involved in a program of preparing the U-Mg fuel pleces for 1M
pile evalustion by Eanford persomnel. A group of ons-half inch diameter, 1-3/h

inch long pleces ocanned in pircaloy are bsing fabricated using partinles prepared
by Dr. Beard and Mr., Huemann, Three fuel capsules of ccarse particles, three of
medium, and thres of fine par:ticles were to be prepared. The uranium particle sizeaus#
<20 #100, -100, +32% and -325 mesh, respeotively. Thesse fuel pins would contain about
6% volume percent uranium. B1x high density capaules are being prepared. If the corg
asounts of spheriscl particles with a rutio of diameters of 0.003 are packed together
the density of the place can bs increased abave the normal pack density of uniform
spheres. Three fuel pieces of about 7% volums percent u ranfum have bsen prapared

W e e m e e e W w " e ow

(1) Arndt, Eurt and Lowenstein, V., Zeitsehrift Pur Blektroohemte, 15, p. 784 (1005}
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using 60 percen:t ~20 +40 mesh and A5 percent -325 mesh uranium pellets. The other thiee
high density fuel pins will be prepared using the same uranium composition but vith an
excess of magnesium resulting in about 65 volume percent uranium in the fuel material.
The high dersity pleces contain one to three psrcent void space. Mr. Hcmeyman was
concerned sbout the effect of void spaca an 4n.rilz fo.lurmance Or the fuel material,
Te +23 iulurwed oAt one to two percent voids may be bemaficial due to fission yroduct
build-up in the plece. The U-Mg fuel material prepured from -325 mesk wranium hac not
been satisfactory. Excessive voids have been found in several pieces while the few
apparently sound elements began to deteriorate after a few days. Work is being
continued on ths preparatior of these pieces. Mr. Honeyman has been remcving
magnesia, filter paper, and othar solid meterial from the uranium fines by flotation, .
The uranium oxide skin can be effectively removed from even the -325 aesh uranium in &%
pitric acid. Bright urenium fines can be held in vacuum ovarnight with fair succesa,
The ¢lean uraniupn spheres and magnesium are cold pressed at four tons and this

piece which ocar be handled is hot pressed at about 650, and 4000 psi for thirty minute
If the die is poor, there is some extrusion of magnesium. Aquadag lubricant seems to
act as 4 goal and tends %o prevent this effect.

Mr. Honeyman will atiempt to hot press uranium zirconium at temperaturea of ¢ C.
Zirconium has been compressed to essentially hundred percent densities at this tewperatki
S8ince uranium is above the alpha, beta transformation, it should reaist Ilow aad
remain as Gisorete particles.

C. Eleotrolytic Reduction of Uranium, Dr. L. ¥, Biedrach

Dr. Kledrack aad Mr. Dearing have been working on electrolytic reduction of uranium
oxides and fluorifes to metal, Container problems for fluoride and chloride slegs ha
a major problem. Graphite orucibles lined with UC, and UC have been prapered,
but the carbide layer seems to break eway from the graphite.

Crucibles of cerium sulfide, boron nitride, eilicon cardide, and silicon nitride
are being investigated. Most of the work is being done in graphite for lack of
a better material., A ten percent nicksl-thoriua alloy has been prepared by electrody ;
redustion of thorium oxide. The low mslting alloy ie collected &s a liquid at 950 L]
from a I4F-ThF, bath using a nickel cathode and graphite anode, Since the solubilx’
of thorium oxide ir the LiF-ThF, slag is lov, the oxide is aflded to m perforeted yréphl
chm nt. This provants an oxids sludge from forming on the bottom of ths oakd.
S8imilar runa using urapium oxides have failed to yield metallio ursnium or urantum
allcys. ZExperiments are also underway on the eloctrorefining of uranium simed at
fiasion product removal. Uranium rod anode is added to a UCly-CaCly bath at 950 €
znd & 195 niockel uranium alloy is recovered on the nickel utgoae.

Ssversl pellets of uranium have teen prepared dy sleotrolysis of ma ¢issolved 1n
®inoride slags at temperatures above the melting point of urenium. A heliun atmowpiil
wes employad in these experiments. Only a frastion of a percent yisld vas obtained ujhd
extrems current densities. ONne large pesllet of about 1/4 inch diameter has beah YeRS,

wed '77"'3
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