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I. ABSTRACT

A survey 6f all available project informatiéh pertaining to the recovery
of uraniuﬁ from graphite is presented. A recovery process which‘appears to be
féasible, on the baéis of present data; is suggested. A proposal is mgdelon
the future course of action to be takeri in developing a process fof‘recovery

of uraniuvm from spent graphite fuel material to be used in the power pile.

33. SCOPE

This report deals only with that step in the recovery of uranium from
speﬁt graphite fuel material which 1s concerned with the recovery of uranium,
together with the bulk of fission products which will accompany it, from the

graphite; the process for separation of uranium from fission products is

currently being developed by the Technical Division.
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III. SBMARY

Seétion-? of.the‘Table of Contents lists processes which hayé been
investigated for the recovery of uranium from carbon ahd graphite parts.
No study on the recovery of uranium from carbon parts conﬁaining fission
products has been reported.
The only process utilized on a large scale has been the cperation at

’ ¥-12 in which carbon parts are burned in oxygen, the ash leached with het
nitric acid, and the residue fused with sodium hydroxide,.and then leached
with nitric §cid5 lf complets combustion is'obtainedﬂ the uranium oonient_
of the residue after the first nitric acid leach is of thé order éf 1,000 ppm,
and the urénium contént of the insoluble‘resiﬁue after'leaching of the fusion
prbduct is of the\qrdef of 50=-100 ppm., If we may eitrapoiaté these recovery
data to a power pile graphite fuel unit containing .04% ash and 2% uranium,
tﬁe losseé after the first and second leach would be of the order of ;00&5
and 0,0001% respectively. - |

~ Itlhas been demonstrated that a residue comﬁletely géiuble in nitric acid
can be obtained by mixing groﬁnd carbon pérts_containing‘uranium with five
parts by weight of sodium carbonate, and heating to 750°C for i? hours. The
residue has a sodium/uranivm atom ratio of about. 1000 to 1, and nullifiss éne
;f the major advaniages-of theigraphite fuel unit, ioeeg/the sﬁall'umount\of
solution raquiréd for fission prbduct separation compared to that necessary

when the Be-U and Be0-U02 type fuel units are used.
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I11. SUWMHARY (continued)

The other methods of recovery reported in the literature appear to Bé
less attracpive than the process outlined above, either becausé of incomplete
recovery or excessive corrosjion effects on muterials of construction:

It is recommended %Lhat an experimental program be undertaken‘to de(enmine
the recovery which can be obtained by the burning-acid leach’précess, using a
graphite containing fission produéts and .O4% ash. If it i? fognd that the
recovery is sufficiently high, as éan be expected; then recovery eyuipment
should be designéd, and the adequacy of the process and eyuipment demonstrated.
An outline of a-design which appears to be feasible on the basis of present

data is given in Section VIII and Figures 2 and 3.

IV, INTRODUCTION

- Current. estimates indicate that the maximum allowable depletion of
fissionable material in'the graphite type fuel units will be of the order
of 4-10%. ‘When this depletion‘hés been reached, the fuel units will be
extracted from the pile and'stored.for about 4 months., 7This interval is
necessary to permit the decay of U237 formed in the pile to such an extent
that the uranium recovered can be handled by the fabricating perscnnel. with-
out necessity for us?ng remote control equipmeﬁto “On the basis of 4=10%
‘depletion of the fuel units, the chemical processing loss would be determined

by multiplying the processing loss per pass through the processing plant by a
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IV. INTRODUCTION (continued) - )

factor of 2 to 24. It is evident that the loss of uranium during each pass
through the chemical processiﬁg plant must be maintained at an extremely small
value, and the permissible loss in any one step of a cycle must be maintained
at perhaps 0.01l% or less. Llosses estimated in later sections will be baszed

on a graphite fuel unit containing 2% uranium.

V. LITERATURE REVISW

A. General ’ : !

Project data pertaining to the recovery‘of uraniuw fraom graphite was
found to be widely scattered and inadequately indexed; much of the
more valuable‘information was obtained as a result of numerous
conferenges with perscnnel at Y-12 who are currently working on the
problem, or who had worked on it préviouslya For these reasons t.h‘is
suniary of the project. literature on recovery of uranium from graphite

is considered f.o be the major contribution of this memorandum.

Although there has been no project experience in the recovery of
uranium from graphite which contained fission products, there was
found a very considerable amount of experimental and plant operation
data on the recovery of uranium from carbon parts used in the isotopic

separation process at ¥=12. A certain amount of the experimental data
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V. LITERATURE REVIEY (Continued)
A. General (continued)

P

obtained in the development, of the process used at Y-12 was cbiained

at, Purduebﬁesearch Foundation.

For a satisfactory interpretation of this literature, it is necessary
to note the current value of enriched uranjum relative to its value
at the time when the bulk of the experimental data were taken. ln
1944 and 1945/evefy ef fort was made to reduce the enriched uranium cone-
tenl of any waste stream %o a negative spectrographic test. It is
currently believed thaﬁ & uranium loss of perhaps 0.0Lh in any waste
‘ stream may be a practicable figure, with about 0.1% loss for an entire
. cgele through the fissioq product separation process. ALl methods
found in the 1iteratu;§ fér the fécovery of uranium from graphite are
reportéd in this review, but it is believed that §he applicability
of some of the obviously complicated processes to the present problem
is questionable in view of the fact thal a satisfactory sclution to
Lhe problem must be, for the present time at least, a simple and
étraight»forward pfocess due to the presence of‘radioauhive fission

products,
B, Kecovery by fusion of graphite with sodium carbonate.

Workers at the Purdue Research Foundation (6,7,8,9) demonstrsted

repeatedly that uranium could be completely recoversd from carban



. V. LITERATURE REVIEW {Continued)

B.

Recovery by fusion of graphite with sodium carbonate (continued)

- parts by mixing one part of ground carbon {65-100 mesh) with 5§ parts

by weigm of NgzC03, and heating the mixture to about 750°C for 17
hours., Such a treatment burns away the carbon without dusting and
leaves a residue which is completely soluble in nitric acid. This

method was also used as an analytical procedure.

The use of less NapCO3 or less than about 15 hours fusion time gave
less than 100% recovery. NapOp, NaOH, CalO3 aad Eschka's mixture

{2 parts MgO-l part Na2CO3 by weight ) were found to be less effective
thn Na2003b Some tendency for the NagCOg~Carbon mixture to sinter

was observed; apparently the sintering was not too serious; and simply
decreased the burning réta wi. thout. effecting the recovery of wuranium,
The addition of sodium silicate to the fusion mixiure did not increase
the rate of burning. Since sodiﬁm silicate is known to increase

the rate of oxidation of carbon, it was believed that there were
probably sufficient silicateé in the binder of the carbon to act

as a catalyst. The presence of silica is uﬁdesirable during'subuequent
e#traction steps because of its tendency to stabilize emulsions. It
was noﬁed that an increase in rate of burnipng could be obtained by

introducing air through a small nickel pipe placed in the mixture.

The high ratio of sodium to uranium (1100 to 1 on an atom basis)
resulting from a sodium carbonate fusion of the graphite would lead

1o no particular difficulty in the subsequent solvent extraction

" e 8 ==
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. V. LITERATURE REVIEY (Continued)

y

B, Recovery by fusion of graphite with sodium ¢arbonate (continuerd)

operations- -Since sodium is a poéé éalting~out agen£y an elecirolyte
such ac aluminum must be added. 4 solution that‘;s M Al(NOj)gs

LM NaNO3 and .4MHNO3 (practically a saturated solution) gives 2
uraniue distribution coefficient.with hexone of 10-20, and this 1s
quite sétiﬁfactor&J The ur;nium concentration in thls extraction
feed solution wogid‘be’about -OLM, which is of the same order as the .
uranium, concentration in the feed solution from the hetergenecus pile
fuel unitso' On a long range basis however, the dilution of uranium
in thq solvent éxtraction feed necessitated by ihe presende/of s large
quantity of,sodiqm'ioﬁ would be objectionable; thé 'small volumas of
colvent extraction feed solution the;aretically necessary for uranium

relaitive to the volumes required for Be-U and Be0~-U0z fuel units is

cne of the principal advantages of the grapﬁite fuel unit {11).
C. Recovery by leaching of graphits with nitric acid

?ﬁe Purdue Research Foundation (5,6,8,§) unaertook the recovery of
. ' " uranium from ground carbon parts by leaching with HNO4, The
procedure in general was to mix ground carbon parts'QCOniaining ebouh
0,106% éf U and .4% ash) with HNOj in & flask eqﬁipped-with a water
- cooled condenser ts’reilux‘the acid. Aboﬁt 90$ of thenurgnium was
extracted after one. hour, and about 95% was extracted after four
hours, There was evidencevthgt little:pr no increase in recovexry

. could be obtained with increase in leaching time greater than four

-

e § =
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‘ V. LITERATURE.REVIEY (Continued)

C. Recovery by leuching of graphite with nitric acid (continued)

hours alﬁhough no runs lasting more than a half a day or so were

-reported. 70% acid was found to be slightly more eifective than 10p

acid.

Rate of extraction of uranium from 10--50 mesh pérticles was at least

three times greater than the rate of extraction from 1 mesh particles.

It wus noted that there existed a distinct possibility of losing an
appreciable amount of curbon dust during grinding. It was shown that
simultaneous  grinding and extraction had no appréciable'effect on the

percentage of uranium extracted,

The consensus of opinion of several workers-wasthat much unreported
work had been done on the complete recovery of uranium from graphite

by leaching with various solvents, with negative results,

Recovery by burning of graphite and subsequent leaching with nitric acid.

[

l, General

s
P

Recovery of uranium from graphite by burning and subseynent leaching
of the ash is the mephdd most generally proposed, and is.the only
method used in large séale operation tc recover the bulk of the
uranium from graphite.. It has been found, however, that this
treatment alone does not completely recoﬁer the uranium from the

ash residue,
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@ v LITERATURE REVIEY (Continued)

- D. Recovéry by burning of graphite and subsequent leaching with nitric

acid (Continued)
2. Experiments at the University of California

Tolbert and Zebroski (1) conducted two experiments to determine
losses relative Eo recovery of uraniuﬁ from carbon parts. In
the first experimént the carbon containeleGZ% U and .35% ash,
‘and in the second experiment the carbon contained .06% U and
0.1% ash. apnalysis of ash was not given. ~Samples of 100 granms
of carbon~were igﬁited in a stream of 6xygen“ The ésh from each
100 gram sample was leached fgr.one hour with either boiling
aqua regia, boiling HNO, plus 30% Hy0p, or boiling cone ENO3.
The insoluble m;terial, composed primarily of titanium and
vanadiun oxides and silica, amounted to .02%, 0,06% and 0.C8%,
respectivély of the carbon ignited. %The loss of uraniu@ in

the insoluble part after the single treatment with squal
volumes of any one of thé reagenis was stated to be substantiallg
ﬁhe same and of the order‘of magnitude of 0.2% or less. Wﬁether
the figure of ,2% referred to the percent of original ﬁranium or

percent uranium in the ash was not clear.

These experiments indicute tha£ if it couid be determined that

the absolute loss of dranium is primarily 2 function of the
-absolute amount of ce;iain constituﬁients of the ash, and if it
could be determined that any insoluble fission products weuld

‘ | retain negligible uranium either in. combination or occluded, then
the loss of uranium in simple‘ighition and leaching might be quite

negligible for a fuel rod containing 2% wranium,
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V. LITERATURE REVIEW (Continued)

D. Recovery by burning of'graphite and subseyuent leaching with nitric

acid {(Continued)

3. Experimentsbat Purdue University (5,6,7,8)
Carbon parts containing 0.18% U were burned in air and’the ash
extr;cted with HNOg, HC1, HQSUA,‘HCQHBOZ, and nixtures of these
acids (6). HNO73 was ghown to be the most effective; ‘the residues
remaining contained more than 0,1% of urani;xm0 The time of

leaching was not given., Original ash was about .4%.

A series of experiments (7) was conducted to show the effect
of time upon uranium removal from carbon ash by extraction at
120°C with 70% nitric acid. About 80% was removed by extraction

for 1 hour and about 95% was removed by extraction for 4 hours.
4., Experiments on ‘leaching of‘incompletely burned carbon ash.

Expérience at Y-12 has shown that complete combustion of carbon
parts is very difficult to obtaih, and eiperimenta {(2) were
conduéted to  determine the effectiveness of different methods of
recovery of ur&nium from the incompletely burned carbon ash. It
was found that a 6-hour leaching of 84 grams of incompletely
burned carbon ash with 625 ml of 20% nitric acid at 90°C extracted..
* about 97% of the total wranium. Addition of Hy0; to the acid did

not increase the yield. 4 fusion of ash, potassium pyrosulféte,
and potassium biflouride in proportions l:lO:E‘increased recovery .

of uranium to 98-99%. No data were given for the percent combustion,



" V. LITERATURE REVIEW (Continued)
D. Recovery by burning of gfaphibe and subsequent leaching with nitric

acid (Continued)

L.  Experiments on leaching of incampletely burned carbon ash (continued). ‘

or_the'percent of ash and uranium in the carbon.

t

Essentially complete combustion of the carbon can be obtained by
either soaking at high temperatures in a stream of air or oxygen,
or by bubbling oxygen through a suspension of the ash in liquid

sodium hydroxide,
55 | large scale processing at Y-12

Uranium has been recovered froﬁ carbon parts for the past three
. | years at 1-12 by burhiné of the carbon in equipment as shown in
Fiéura 1, Diameter of the combustion chamber is six inches.
Detail drawings of the ahparatus are available in the files §f

the Power Pile Division (14). Carbon parts of various sizes are
charged to the niqkel combustion chamber without grinding and
jgnited by dropping in a stick of buﬁning ﬁooda A carbon grate

is. used, A’Btainleaswsteel combustion chamber wag found to be
unsatisfactory; nickel cambustion chambers perform satisfactorily,
in general; for a period of eightecn months-if cooled with a water

coil, and - less than two weeks if not cooled.

”

Oxygen is fed to the combustion chumber at the rate of -about 0.8
cubic feet per minute, and carbon is burned at the rute of about
‘ one ldllogra.m per hour. The cambustion gases pass through the

carbon bed, the carbon grate, the filter, and into sn exhaust

L
@
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V. LITERATURE RAVIEN (Continued)
Pe Reéovery by burning of grayhite anu subseyuent leaching with nitric
acid (Continued)

5. large scule processing at Y-12 (continued)

manifold leading to a Cbtirell precipitator. The carbon monoxide

concentration is reduced below explosive limits in the manifold
by dilution with nitrogen. A Davis carbon monoxide alarm is

providedc

Tge nickel grate shown as Item 10 is inserted Into the exhaust
bell and roughly occupies that(bortion of the bell that is shown
as wrapped with cooling coils. The remainder qf the exhaust bell
is filled with loosely pucked glass wool. A glass cloth filter
is then held over the end of the bell with a perforated niqkel
disc. Using a carbon containing about 1.3#% uranivm, wzbout .4%

of the uranium will be found in the filter after burning; and
about GOB% ofkthe original uranium will escape through and be
deposited in the exhaust manifold and Cottrell precipitator. The

pressure drop through the filter is presumably & few inches of

water.

The glass wool filter,.while proving the nmost efficient filtering
medium of various materials tried, presents a rather difficult
salvage problem (16). Rgéovery of uranium from this medium by
methods other than solution in HF is limited to reducing the
concentration of uwranium to the order of 25-50 ppm, The use of

bronze wool as a filtering medium is now being studied.

1

S - -
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. V.  LITER.TURE REVIE. {Continued)}

’

D. Recovery by burning of graphite and subsequent leaching with nitric
acid {Continued)

5. lLarge scale processing at Y-12 (continued)

In connection with the problem of dusting, there is some evidence
Lo indicate that dusling can be eliminated by refined methods of
ignition and burningo_AT° iockwell is studying the recovery of
uranium from graphite molds used by the Technical Division, and
his preliminary work indicates that the loss of uranium in Lurning
can be reduced to a negligible value. In Rockwell's apparatus,

ignition temperature is obtained by heating the graphite with an

induction coil.

Usually about 2% of the carbon is unburnt, and must be recycled.
Complete buming is accomplished by ignition at high temperatures

in a muffle furnace,

The next step ih the process is a nitric acid leach of the ignited
residue. After leaching for three hours with boiling ,‘505.1 nitric
“acid, the residue contains in the order of 1000 ppre of uwranium if
oxidation of the carbon waé complete, The residue from tne nitric
acid leach is fused with about L=5 times its weight of sodium
hydroxide, and oxyyen is bubbled through the melt to insure complete
oxidation of the curbon. sfter cooling and leaching again with

nitric acid, the residue contuins avout 50-100 ppm of uranium.
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V. LITERATURE ReVIES (Continued)

E. Miscellaneous methods of recovéryc

1. General

Methods for recovery listed under this heading fall into two
groups:
a. Methods which do not appesar to be promising in view of their

complexity and incomplete recovery.

b. - Methods which give excellent recovery, but which, because of
the complications involved in their use, would possibly be
used only after all but a small amount of uranium hod been

removed by simpler methods.

2. HRecovery by chlorination.

Balcziak and NeWman.(B) undertook to determine the feasibility of
recovering U by chlorinating powdered carbons at high temperatures.
The carbon contained approximately 15% uranium and was g?ound sd
that 95% of the material‘passed an 80 mesh screen. The best
result obtained was Shlorinating for 30 minutes at 1000¥C which

" resulted in 99.71% recovery of uranium. Usually the carbon during
chlorination lost 50% in weight. An attempt to chlorinate at
13009 resulted in an explosion, indicating that at this high
temperature an explosive compoﬁnd'was formed or the‘reaction was
too vigorous. Increasing the time of chlofinétion resulted in

. - little increase, if any, in recovery of uranium. It was concluded

[ N |

that the last 0.3% to 0.5% is held as a stable silicate or tungstate

which wiﬁhstands the action of hot chloringu' It was stated that

onl& successive fusions with NaHSQ, and leaching with hot 1:1 nitric.

acid outs the uranium in soluble form. Y
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L. Miscellaneous methodszs of recovery.

3o

Recovery by continuous fusion of ash residues with NaHSOhs

Récovery of uranium from ash residues was attempted {(4) by fusion
of & 10:1 mi.xture of NahS(, and ash residue, the composition of

which is ]isted below:

K » K3
uo2 32.7 Cl 0,20
5302 6.68 CO3 2.92
Al204 2.16 V205 trace
Fe03 19.43 NiO 1.78
Hgo 094 Cul 1.0
Ga0 4.16 4n0 A2
Ti0 © .35 w0 1.50
205 - 1.07 Ta .01
509 less than  0.01 G 16.2
: N“‘B WA

With fusion at 850° to 900°F for 2) hours, 98.6% of the uranium
in the ash was rendered soluble and recovered, IiL should be noted
that vanadium and titanium, both suspected of having & high affinity

: ]
for uranium in the ash, were present in only very minute or trace

amounts in the original ash,
Recovery by KpS307 fusion and HpSO,-HF leach.

"Ash remaining from carbon burnt in oxygen can be converted-to

a soluble form by fusion at 500»690°C with K252097 followed by
treatmen£ of the insoluble residue with a mixture of sulfuric and
hydrofluoric acids (6,7). Corrosion tests (7) indicated that a
graphite crucible might be satisfactory aS a material of construction
for the fnsioﬁ, but that 0.5% of the graphite crucible was dissolved
per fusion. Nickel, iron, fireclay; monel and stainless steel were

unsatisfactory,
. - 17 -
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V. LITHIATUIE RiEVide {Continued)

k.  Miscellaneous methods of recovery. (continued)

5

Recovery by fusion with K2S207 ~ KHF mixture

At least 99.9% of the uranium in a carbon ash was converted into
soluble form (8) by a fusion with Kp9p07 - KHF mixtures in ratios

of 10:1 to 10:5., Corrosion.tests (7) indicated that graphité,

, platinum and iron might be satisfactory as a material of con-

"struction, but the corrosion was very high, except for platinum.

Nickel, fireclay, Carbate 2, silver and stainless steel were

unsatisfactory.
Hecovefy'by use of elemental fluorine-

A two-stage fluorination of carbon ash was performed (5), the
objective being to remdvé_volatile silicon and chromium fluorides
in thé first stage at 8 relatively low temperature, and tien to
recover UFg in the second stage at a higher temperature. «fter
treatment at 90-114°C for 2w5 hours and at 360-472°C for 2.7%
hours, 34% of the uranium was recovered. The total uranium in

the ash originally was not given but was presumably of the corder

of 1-30 ppm.

Recovery by leaching of graphite residue with nitric and hydro-

fluoric acids (5)

The residue from a 96-~hour hot nitrie acid extraction of 100 g. of
carbon asﬁ weighed 37 g. ‘ihen this residue was le&ched‘with L858
HF, the insoluble residue was reduced to 20 g. .However, tﬁe final
residue still gave a positive spect;ographic test. No adaitional

detalls were given. The original carbon presumably contained of

the order of 0,15% uranium. _
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. V. LITERATURE REVIE (Continued)
L. Miscellaneous methods of recovery. (continued)

8. Recovery by K26207, Nap02 and NayC0O3. fusion and HpS0),--Hp0, lesching.

It was found (5) that K25207 and Nap0p fusion permitted extraction
of more uranium and left smaller residues than did NajCO3 fusion on
leaching with H250;~H20, mixture. The residue from K35207 fusion
contained less than 0.1% uranium by spectrographic analysis,
‘indicating recovery of at least 99.9% oﬁ the uranium in the original

ash.,. sash and uranium content of original carbon was not given.
F. Effect of metal datalysts on burning rate of graphite (10)

kxperiments on burning rates of graphite with and without metallic
. catalysts (nickel and copper impregnated from a 0.1M solution) indicate
that though the latter accelerated this rate markedly at 600°C., they

are without significant effect at 900°C.
G. Grushing and grinding of graphite

A very considerable amount of work was done at Johns Hopkins Universi£y
'(10) on crushing and grinding‘of gréphiteﬁ A high speed impact hammer .
mill was investigated for plant scale grinding; and tests‘indicéted
satisfactory pulverization_with dust losses Ao greater than 0.1%. It
was felt that a suitable hodification ol the machiné would solve the

problem of grinding with losses not exceeding .02 to .04%.
H. Solubility of fission products and gfaphite ash,

’ The individual fission products will be highly dispersed in both tlie
graphite fuel unit and in the oxide residue after fusion, and the
vsefulness of solubility data obtained on the pure element or pure

oxide is questionable, However, the sclubility of each individual



' V. LITERATURL REVIEW (Continued)

. ' H. Solubility of fission products and graphite ash

fission product and the solubility of 'its oxide was investigated.
It was determined; from a consideration of the chemistry of the pure
element or oxide alone, that the following fission products and their

oxides might be difficult to dissolve:

Element, Grams/month produced¥
Ge 0.003
sn ' " 0.3
‘Cb , 17
Zr o L6

The last two elements listed account for about 98% of the gamma activity
‘ of the fission products during the period in which chemical separation

T ‘is effected,

ﬁxperience of the technical division in dissolving fission products in
proceSs apd decontamination operations is ehcoufagingn In dissolving

U and U~Al fuel units little difficulty has been encountered in effecting
.essentially complete éolutioﬁ of fimsion products by use of hot 60%
nitr;c aéidu Ignition of the fission products, however, might increase

the difficulty of dissolving.

The residue from ignition of a spent fuel rod should be completely

’

soluble in fused sodium hydroxide.

<7

#  See Section VI



VI. REQUIHED GAPAGITY OF RECOVERY L UIPMENT

‘The total amount of material involved in the recovery of uranium from graphite
fael units will be very small in comparison to ordinary plant';cale operations.
It is the purpose of this section to indicate the amounits of certain materials
involved; it is felt that these data w1i1 be useful in making a decision
chcerning the feasibility of carrying out certain operutions on a hot laboratory
scale rather than on plant scale.

Recent estimates on the necessury capacity of chemicul separation eyuipment
have been based in part on an averuge powef level of 7000 kw for the power pile.
Usi;g this value and assuminé 5% depletion of a fuel unit containing 2% uranium
of 30% enrichmeni\impregnated in Kendall type graphité, thé following yuantities
of materialsAwill be handled per month by the chemical processing plant:

Uranivm 17 kg

Graphite 850 kg

Fission products ~ 270 grams
Including Cb - 17 grams

Zr = 46 grams

[

Sn - 0.3 grams
Graphite ash  « 340 grams

Inciuding Ti

i

20 grams
V - 1, grams
Ga —~256 grams
Fe « 30 grams
51 - %A grams
Oxygen for burning = 57,000 cu. ft. at std. cond.

(theoretical required for burning to CO2).

=21 =~
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. Vi. REQUIRED CAPACITY UF RECOVHRY EQUIPHMENT {continued)

 Volume of solvent extraction feed solution

(1) Recovery Ey NapC0O; fusion of graphite - about
4000 liters

(2) Recovery by ignition and leaéhing - about 34 liters.
Actually the 34 liters represents a minimum theoretical
value and a solution of this concentration Qould be
impractical from both heat effect and criticality
(;onsiderations0 The ecdnomic‘advantage of using a
solution in tﬁis range of cpncentration on a large

scale has been discussed by Daniels (11).

VI, GRAPHITE SPECIFICATIONS

Although there is no quantitative daﬁa to indicate how the per cent recovery
of uranium varies as a functién of the composition and amount of ash, there is
strong evidence that the total amount of wranium remaining in the residue after
any given treatment iﬁ dependent on the amounts of such.elements as silicon,
vanadium and titanium. Project graphite which contains the lowest ash and also
the lowest vaﬁadium, silicon and titanium is the Kendull type graphité, containing
.037% ash, including .48 ppm B, 8 ppm V, 12 ppm Ti, 18 ppm.Fe, 8 ppm 51, and
150 pom Ca. Fortunately, this type gruphite has also the iowest‘danger coefficienb
of thevthr§e types of AGOT graphite (Kendall, Gulf Clenes and Whiting), and from
the point of view of stress, it has the best combination of modulus qf eiasticity,

‘ coefficient of thermal expansiéﬁ and thermal conductivity.



VII. GRAPHITE SPECIFICATIONS (continued)
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The feasibility oonbtaining a graphite with greater purity than the project
graphite now used was investigated. It was gstimated (12) that graphile having
an ash of perhaps as little as 0.001% could be obtained at‘a cost of ten dollars
per pound, as an order of magnitude. The graphite currently being used costs
about tweniy cents per pound. The increased cost of graphite for pile operation

at 7000 kw would be in the order of $17,000 per month.

VIII. SELECTIUN OF A PRUCESS UN THE BASIS UF PHRESENT DuTa

It is believed that the method of recovery of uranium fr@m graphite which
shows the most promise is the ignition of the graphite withsoxygen, followed by
a continuous leach of the ash with concentrated mitric acid near its boiling point.

The available data indicate that at least 99,99% of the 9ranium can be recovered

in this manner, if it develops that the presence of fission products cause no lossi
of uranium in the insoluble residue; Tﬁe insoluble residue remaining from the
acid ieach'will be small enough; and shoﬁld be decontaminated enough to be
treated on a hot laboratory scale for additional -recoveryc

Ihe\apparatus Pequifed for carrying ocut the procéss must make provision for
satisfying the foll;wing more important requirements.

1. Ignite and burn the graphite.

2. Separate from the combustion gases any dust formed during burning.

. JLeach the ash

3
4, Recover dust from combustion gas filter

Vh
2

. Complete axidaticn of graphite in the dust and ash, and remove res:idues

from the filters.




VIII. OSELECTION OF A PRUCESS bN THE BASIS OF PRESENT DATA (continued)
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A schematic diagram of the main features of recovefy equipmént considered
feasible is shown in Figure 2. Various service lines, heating énd cooling lines,
and thermocouples'have been omitted, Fuel slugs enter the fuel charging chamber,
designed to preheat the fuel slugs and to minimize loss;of graphite dust. Burning
is accbmplished in a water cooi;d nickel agparatus similar in size to those used
at 1412, ignition being oﬁtained by the use of high temperature oxygen. To
minimize formation of hot spots, a liyuid co&led nickel grate is used, with
carefully coutrolled down draft, Dusting will be kept at a minimuﬁ by careful
control of gas velocities, and use of oxygen. Combustion will be taken to'ngar
completion by soaking the residue in oxygen &t & high temperature, It is believed
Tt,hat. all but a negligible fraction éf any dust produced cin be recovered by use of
a porous stainless steel filter having a pressure drOp'of perhaps several pounds
per square inch if necessary.,

Since nitric acid attacks nickelsthe‘asﬁ would‘be transferred to a stainless
steel vessel‘for lezching. The simplest method'seems to be the dropping by gravity,
with perhaps a water wash, to a vessel ﬁelow the combustion chamber. Tne leacihing
vessel would be provided with a porous stainless steel riltero Provisicn could
be miade to maintain a liquid level of acid'in.the continuous leaching vessel,
and to drain the acid. An air jet below the filter would probably be required,',
ard a steam Jjet between the dust filter and ihe étack might be rejuired if it is
found that a high pressure drop across the filt.er is necessary to remove essentially

all the dust. The recovery of uranium at this point will be over 99.6%, depending

almost entirely on the magnitude of the dusting.
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VI1I. SBLECTION OF A PHOCESS UN THE BuSIS OF PRESENT DATA ‘continued)

Removal of dust and residues from filters is accomplished periodically by
flooding the filteré with molten sodium hydro#ide, and bubbling oxygen through
the melt to completely oxiéize any unburnt graphite. Yhen completely oxidized,
all residues should be completely soluble in the molten sodiuh hydroxide. This
step cleans the filtérs\of the small amount of residue, and removes the uranium
in a form suitable for furthef recovery, possibly by hot laboratory methods.

The maximum rate of burning will be limited by the maximum permissible
velocity of outlet combustion gases as determined by the carr}ing over of\ash
rgsidueo sssuming that a sufficiently low velocity of exit gases would be 0.2

feet per second; assuming complete burning to CO, with no excess oxygen, and
assuming that the exhaust channels from the combustion chamber conld be designed
to have a‘total‘crosgmsection of 15 sq, in., one such apparatus as indicated

in Fig. 2 .ould be sufficient to handle the burning of fuel on a con}inuous
basis, #with no factor of safety-

In Figure 3; there is shown a similar scheme, provisicn in this case being
made for leaching the dust trapped in the combustion gas filter., This would

redice the amount of uranium to be recovared by the sodium hydroxide fusion.

IX. PROPUGED EXPERIHENTAL PROGRAM

In accordunce with the process proposed in the previous section, an experi--
mental. program is proposed to obtain data on the following phases of the process,

or modifications thereof:

- D2F
= 25
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' IX. PROPOSED EXPrRIMENTAL PROGRAM {continued)

A. The per cent of graphite and uranium leaving the various designs of

combustion chambers as dust as a function of rate of burning.

B. The removal of uranium from an ignition residue as a function of time
of leaching, and.as a function oi concentration, temperature and amount

of nitric acid.

C. The performance characteristica cof various types of powdered metal filters

for the gas filtration and leaching of ash residues.

D,  The effect of fission px:oduct,s on various. phases of the process, especially
their solubility and their effeét on the solubility of uranium. A
‘ sgpnthetic spent fuel unit prepared by adsorption of stable isotopes of
fission products from agueous solution should be useful in the early work.
A method of preparaticn of synthetic fission product mﬁbwes for Laborat.ory

use is given in the literature (13).
B, The rate of oxidation of incompletely burned graphite and graphite dust by:

l. Sopaking in oxygen at various temperatures

2 Soéking in fused sodium hydroxide through which oxygen is bubbled.

F. The amount of uranium insoluble in acid after sodium hydroxide fusion
of the residue obtained in the nitric acid leach, and a laboratory process

for recovering this uranium (15).

" G, The amount of uranium and‘ fission products which can be removed by leaching
' of the spent fuel units with HNO3, and HHOLOHF mixtures. It might be

desirable to add to the process a long leaching, perhaps one of thres

months duration, while the fuel units are cooling.

- 26 -
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IX. PROPUSED EXPERIUENTAL PROGRAM (continued)

It is further'propgsed that equipment be designed and the ade§uacy of the
equipment and of the burning ~ leaching procéss be demonstrated. In order to
expedite the completion of this Qrojeci, it is recommended that the- design,
canstruction and testing of a combustion chamber proceed concurrently with the

experimental work on the other items listed above.

- 27 =
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