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A suslaey of a U  available project information pertaining t o  the recovery . 
of uranium from graphite is presented, A recovery process which appears to be 

feasible, on bhe basis  of present data, is suggested, A proppsal is made on 

the future-course of action to be takm- h- developing a process for' recovery 

of uranium f r o m  spent iraphite fuel material to be used i t 1  the power f i l e .  

\ 

z'hils report deals only with t h a t  s%ep in the rccowesy of uranim from 

spent grapbile fiiel material, which i s  concerned with the recovery of uranium, * 
togsther with the bu&,of f iss ion products which w i l l  accompany ikP fr0m Lhe 

g r a p ~ t e ;  

currixla;ly being developed kg the Technical. liivizlion. 

the process f o r  separation of usan,ium from fission products is 

\ 

, 

, 



Seciiioa V of t h e  Table of Contents Lfsts processes which havk been 

bvsst igatad for the recovery of uranium from carbon and graphite pasts, 

Nds s;tubgr on the recovery of uranium from carbon ports containing fission 

products has been reported, ~ 

.. 
The o d y  process utilized om a large scale has been the operation at 

I 

I 

X-U h which carbon parts are burned i n  axygenp the ash leached with  Pa&% 

n i t r i c  acid, and the residue fused vdth sodium hydroxide, and then leached 

Qf the residue after the f i r a t  n-ltrj.~ acid leach is of  thb order of 1,OQQ ppnp 

end %he uranium content af the  insoluble residue af%ea leaching of the  fusion. 

product i s  of the  . ord& o f  W-BW p p ,  

d a h  t o  a power p i l e  graphite fusk linie cmtdning  004$ ash and 2% uratlf~.~~,  

If we m y  extrapolate these recovery 

the 

and 

can 

Isasss after the  first and second loach wouldl be of the order of 

0,,000l.% respect ive ly ,  

%$ has been demonstrated that, a residue complbete3.y soluble in n i t r i c  acid 
. 

parts by weight o f  sodium carbonate, and heating to  750% for 17 hours, The 

I 



‘Phe other methods of recovery reported in thk literature appear to be 

less atkrac.tiva than the process outlined above , either becausk of incomplete 

recovclry or excessive corrosion efkcts on arat..erials of construction I 

It is recommended that an aperjmental program be undertaken to determine 

Lhe recovery which can be obtained by the burning-acid leach process, usins, a 

graphite containing fission produc.ts arid .Of& ash, 

recovery i s  sufficiently high9 as can be expected, then recovery equipent 

If it is found that the 
9 

should be designed, a~wi the adequacy of t h e  procuss m d  equipment demonstrated., 

Rrm outl .he o f  a design which appears to he feasible on the basis of present. 

data is giwm in Section VI11 and k’igures 2 and 3.. 

. Current estimates indicate’ that the  mwiniram aUowab2-e depletion of 

fissionable material in the grsphite typac fuel units w i l l  be of the order 

of l+-l@;, Xhon this depbstion laas been reached, %he fuel units w i l l  be 

extracked from the p i l e  and stored for about; db. months. This interval is 

nscessnry t o  permit the decay of U237 famed in the pile to such an extent, 

%ha% the uranium recovered can be handled by the fabricating personnel. w i t h s  

aut  necessity for using remtrte, control squfpanent. ‘On the basis of k-J,O% 

daplet im of,’ She fuel wits, the chemical processing loss would be determirierf 

by m u l t i p l g h g  the processing loss per p~ through the psoceasing plant by a 

t 

0 ‘  
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factor OS 3 to 26,. Pt; is evident that  t h e  loss of uranium during each pass 

through the chemical. processing pla i t  mu3L be maintained at CUI extrerriely mal1 

val.ue, and the permissible loss in any one step of a cycle must be maintained 

at perhaps 0,015 or less, Lasses estimated In later ~lect iot ia  w i l l  bo based 

on a graphite fuel, unit containing 2% twanium, 

Bojec t  data pertaining to the recovery of uranium frcxn graphite has 

found t o  be widely  scattered and inadequately indexed; 

more valuable informatdon was obtained as a result of nrmeraus 

conferences with p e r s o ~ e l  at  E12 who are current ly  working 9r-1 the 

problem, or who had worked on it pro3viaualyu 

summary of the  projectJ literat.ure on recovery o f  uraniun from graphite 

is considered 60 bs the major contribution of this rnenormdm~,., 

much o f  tho 

For these reason? this 

Although there bas been no project experience b a  the recovery of 

uranium from grayhike which conLained f i ss ion products 

found a very considerable amowzt of expea5mentaf. and plant operation 

d a h  on the recovery of uranii.un from carbon pres used i n  the isotopic 

separation process at X=1.2, A certain aniount uf the experlmental data 

ithere 'NaB 
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obtained in t h e  development, of t h e  process us&d a t  X-32 was ob‘Lained, 

at, i.’mdue Hesearch Fotmdat ion i 

For a satisfact.ory interpretation o€ t h i s  l i lerature ,  .it is necessary 

to rmLe t h e  current. value of  anricheel urax~ium relative t o  its value 

.1(Blplb arid J.91+5 every effort was mads Lo reduce the anrichod uranium con- 

tent. o f  any waste. stmmn to a negakivo spectrographic test,., 

currently balievsd khat a urarxim loss of perhaps O , , O s  hul a r ~ y  waste 

stroam may be a practicable f i g : r a ,  w i t h  about Q,k;s, loss for aa entire 

cgcb through kfre f iss ion produc’t separation p~oceus 

k fs 

, 

AM methods 
a 

fow~tl. in t.he lit0rat.ure for tho hcowesy of usaaium from grziphite are 

repor-tad J.n this review, but i t  i s  beli.evect tha t  the appl icabi l i ty  

of s o m ~  ai‘ the obrioualy complicated processes to the present ;Irobhem 

is qusstAonable in view of the fact tJ1a-L a s a t h f a c t o r y  solut,ion t-a 

tho  pmb1.m must be, f o r  the present; %.hie at least, a simple m d  

str&ht-forward process due to tfie pessnce  of aa&ioaclive fission 

produc L3 :> 

13 I Kecovery by fuaion of graphite wit4h scsdiim carbonate., 



0- Rseovery by fusion o f  gra,Jhite, with s o d i u ~  carbonate (continuad) 

parts by mixing one part o f  ground carban (65-3.00 mesh) a t h  5 parts 
' 

by weqaa. o f  Nq2C03, and heating the mixture t o  about 750% R0.r 17 

hours,, Such a treatment burns away the carbon vdthout dusting arid . 

leaves a residue which is completely soluble in nitric  acid, 

method was also used as an analytical procedurei 

?his 

The use of lese  Na2CO-j or lass than about, 1.5 hours fusion t h e  gave 

leas than 100% recovery, 

(2 mrts AigO-~l pa.rt !k@O3 by weight) were found to he l e a s  effec:,t.iwe 

tinn Na2C03L 

wa8 abserved; 

decreased the burning rate vdthorxt, sf fecting t h e  recovery of imtnium, 

N q O - 2 ,  NaOfl, CaC03 and Escfika's mixture 

I 

some tendericy for the NazGOj-Carbon ~ x t u r s  to sk ter  

apgarcntly the sintering was not too serious, and s imply  

The addition of sodium s i l icate  t o  the fusion mixture d i d  not  increhse 

the rate of burning:, Since sodium s i l i c a t e  i s  known to increase 

tha rate c d  oxidal;ioai of carbon, it was believed thaL there were 

probably suff ic ient  s i l i cates  i n  the binder of the carbon t o  act, 

as a catalyst -, The presence o f  s i l ica  is undeai.rable during subeequml; 

extraction s teps  because of it8 tendency to s tabl . l i ze  einulsions 

was noted that an increase in rcite o f  bwi ing  cauM be obliLir;ed by 

It 

introducing air  through a small nickel pipe placed i n  the mixture, 

Tba high ratio of sodium to uranium (UOO Lo 1 on m atom basis,)  

rssulting from a sodium carbonate fusion of t h e  graphite would leal 

J+o nu particular d i f f i c u l t y  in tho subsequent solvent, extraction 



B ;  

c3 

Rslcolrery by fusion off graphite with sodium carbonate (eonLhw:c!) 

oper-at1.w~- Since sodium is a pox' sallting-out agent, an ceLer;Crolyts 

such as alwdnum must be tidded, 

4.U 2cd-403 and , ~ ~ O ~  (practically a saturated solution) gives a 

milaiii\km distribution coefficient w j ~ h  kiexone of LO-+, and &his is 

yui%e satlpfactosy , 

'feed sobution would be about - which is of the sme order as bh@ 

urani-m, cancentrztion isl the? feed solution froffi the hebergensous pile 

fuel witso 

in tho s o l v a t  extraction feed nscesslt.,abed by %he presence'of 3 large 

quantity of sodim ion wodd be objectionable; 

A so$.ation ttatJ.;s U AldN03jz, 
,.e 

1 

The wanim concantratian kn Lids ax%ras;tJ.ura 

, 

On a long range basis  however, the d i l u t i o n  of uranium 

the small. vubrdmt3 o f  

/ 

could be obkained with increase j, leachhg time greater than fwr 



6, Recovery by letiching oi‘ 

hours, a l thowh no runs 

reported 70% acid ’ was 

acid, 

graphite with nitsi.c acid (continued) 

lasting more than a hal l  a &y or so were 

found to be sLighPlly more eifectivs than lob 

0 

Rate of extraction si uranibm from lOO!’iO mesh p&rt ic ies  was at least 

three , t ines greeter than the rate of extraction frck 1 mesh particleq, 

Dd 

It. was noted. that there existed a dist inct  possibi l i@y of losing an 

appreciable amount of Grbon dua% during grinding:, 1% was shown t h a t  

aimultdmeous grinding and extraction “had no appxiable sffecti on t h e  

percentage of uranium extracid, 
1 

The consensus of opinion of sewural workers. was \ th& much unreported 

work had been done on the complete reco~~cry of u ~ a n i m  from grayhito 

by laaching with various solvents, with negative results 

, 
Recovery by burning of graphite and subseqtent leqchhg with n i t r i c  acid, 

0 

1, General 
./ 

Recowry of uranium from graphits by burning and aubseqiretat leaching 

of the ash is the methad mast g:enertilLy proposed, and i a  the only 

method used In large scale operation %G recover t h e  bulk of the 

uranium from graphite,, 1% has been found, hoavever, that this , .  
treatment alone does not completely recover the uranium from the 

ash residue, 
/ 

Q 10 u 



e v .  LITFJIATW REVXEJ (Continued) 
L 

e D- Recovery by burning of graphite and subsequent l e a c h h g  with ni.LI*ic 

acid (Continued) 

2 ,  Experiments at the University of California 

T o b e r t  and Zebrosk.3. (1) conducted two experiments to deterruins 

losses relative t o  recovery of uranium from carbon pkrtso In 

&he first exprimenti the  carbon contained Oca$ U and .35$ ash, 

and in th% aecond experiment the carbon contained ,Ob% u and 
0,s ash, Analysis of ash was not given, . Samples of 100 gram 

of car'bon were ignited in a stream of oxygen,, Th.s ash irom each 

100 gram sample was liached for one hour with either boi.Ung 

aqua regia, boi l ing  1NO3 plus 30% H Z O ~ ~  or boiJ.irg conc kNQ3, 

The insoluble material, composed prshglasily of t i tanium and 
I 

vanadium oxides and s i l i ca ,  amounted to 002$$ 0,06$ aid  O,C8$, I 

respectively of the carbon ignited,  The loss of uranfum in 

the insoluble part after khea single treatment w i t h  equal. 

.crol.mes of any one of t h e  reagents was stated to be substantially 

the same and of the order of magnitude of 0,2% or bas, 'Yihethsr 

the  figure of .2% referrad to the percent o f  original b w t i w  ox' 

percent uranium in the ash was not clear, 

These ex;Jeriments indicbte that i f  it couid be detemhcd that, 

the  absolute loss  of h n i u m  is primarily a function of the 

\ 

absolute amount of certain constitgtients of the ash, and i f  i t  

csuld be determined thkt m y  insoluble fission products i ~ o u l d  

retab negugible uianim either h. caabhation :OF occludsd, then 

the  loss of uranium in s h p l e  igfi i t ion and leaching ~&igh% be qt&te 

negligible for a f u e l  sod contiihing 2% uranium:. 

. 
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V .  lJTMkTUltE liEVIf$?J (Continued) 

Do Hecotrery by burning of graphite and subseyuent leaching with nitric 

I 

I 

. .  

~ 
Garbm parts containing O,lB% U were burned i n  air and'the ash . 

extracted with HNQ3p El, H S 0 4 ,  W;2H3023 thnd L ~ X ~ W ~ S  of these 

acids (6 j0 HMO3 was &own to be t h e  most effective; 'the residues 

remaking contained more than of ur;lraium, The time OX 

beaching was not given, Original ash was about o&$o 

A series of expewimermts (7) was conducted to'skow &e effc?c% 

of time upon uranium ranoval frm carbon ash by extraction a t  

U O 0 C  with 70% nitric acid, 

for b hour and about 95% was removed. by extraction %OF 4 hours, 

Abcut 80% was removed by extraction 

1 

4" E#parhsnta on ,leaching o f  -incompletely burned carbon ash, 

kperience at  &X-U has shown that complete combustion of carbon 

parts is very d i f f i cu l t  t o  obtain, and experiments (2) were 

conducted t o .  determine the effectiveness of different methods o f  

recowery of uranium fsw the incompletely burned carbon ash, 

was found 'that a &-hour leaching a€ 8k granis of inc01~p1eh-d.y 

burned carbon ash w i t h  625 nal of 20% nitric  acid a t  90% extracted. 

about 97% of the tota l  uranium. 

not increase the  yield, 

Lt 

Addition of W20~ bo the acid did 

N fusion of ash, potassiuraa pysosul.fate, 

of uranium to No data were,given for the percent cmbustion, 



- ____ . . 

B, Kecovery by burning 

acid 

4 

(Continued) 

Ikprimente on 

or the percent 

of graphite and subsequent leaching with n i tr ic  

leaching of hcample%eby burned carbon ash (continued) 

of ash and uranium in %he carbon,, 

Es?entialby complete &bustion of the carbon can be obtained by ' 

either soaking at high temperatures in a streain of air or oxypnen, 

or by bubbling oxygen through a suspension of the ash in li'yuid 

53 

9 

sodium hydroxide. 

Large male processing .a& Y-l.2 

Uranium has, been recovered from carbon pasta for %he past three 

years at 1-J.2 by burning of %he carbon in equigment as shown h 

Figure 1, Diameter of %he combustion chamber is six inches,  I 

Detail charwings of the apparatus are avaibabfe i n  the  files o f  

the Power P i l e  Division (u), 
charged to the nickel combustion chamber without gsindiug a d  

Carbon prts of various sizes are 

ignited by dropping in a s t i c k  of burking ~tood,  A carbon grata 

i s ,  used, ~b stableas steel combuo%ion chamber was found to be 

msatiafactory; nickel ccunbustiion chambers perforin sa%isfactorily, 

in general, for a period. of eightem months -if 

coi l ,  and less than ewa weeks if not cooled, 
/ 

Oxygen iS fed to t h e  combustion chamber at  the 

cubic feet pes minute, and carban is burned at 

cooled wi th  a water 

rate o f .  a b ~ t  0,,8 

the ra te  of about 

one killograrm per hour, The cambustion gases pass through the 

carbon bed, the carbon grate, the filter, and into tin &iauat 
I, 

# 
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-LEGE N D- 
I EXPLOSION CAP 
2 TO COTTRELL 
3 MAIN MANIFOLD 
4 DAMPER 
5 BELL ADAPTOR 
6 C-CLAMPS 
7 DISC GRATE 
8 GLASS CLOTH FILTER 
9 BURNER BELL  

II COOLNG WATER W E T  VALVE 
12 ROTASIGHT FLOW ALARM 
I 3  COOLING WATER COILS 
I4 SCREW CAP OUTLET 
IS  CARBON GRATE 
16 OUTLET WATER THERMOYETER 
I? BURNER CHAMBER 
IO  BURNER TOP 
19 GLASS CLOTH GASKET 

20 SIGHT GLASS 
2 1  BARCO SWIVEL JOINTS 
2 2  OXYGEN CONTROL VALVE 
23 SOLENOID SMUT-OFC VALVE 
2 4  OXYGEN ROTALUETER 
2 5  OXYGEN FEED VALVE 

DRAWN R A WMIODEN 

IO B E L L  GRATE 

1-2-46 - 
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Redovery by burning of grajhite and subsequent leaching with n ibr ic  

' acid (Continued) 

?', Large sctll-e processing at  Y-12 (continued) 

manifold leading t o  a GbttreU precipi ta tor ,  

concentration i s  mduced below e Q o s i v s  l imi t s  in the manifold 

by dilution with nitrogen 

psovi ded I_ 

The carbon monoxide 

A Ilawis carbon monofide aliirm is 

The nickel  gra te  shown as I t e m  18 is inserted ht ,o  the exhaust 

bell and roughly occupies t ha t  portion of t h e  b e l l  t ha t  is shown 

as wrapped w i t h  eoollng co i l s ,  

is filled w i t h  bose ly  picked glass wool, 

is t h e n  held over t he  end of the bell hith a perfor&ted nickel 

disc. 

o f  the uranium w i l l  be foTnd in the f i l%er after burning, and 

about 03% of the original uranium will escape through and bo 

. 

The remainder of tile exhaust b e l l  

A glass c lo th  f i l t e r  

Using a carbon containing about L3$ uranitlm, ;.bout 

deposited i n  t h e  exhaust manifold and Cot t rc l l  precipitatorP 

pressure drop through the  f i l t e r  is presumably a few inches of 

water ., 

The 

The glass wool f i l ter ,  while proving the most cf'ficien9, fiLtlerine, 

medium of variom materisl-t; esied, presents a ra ther  dif.ficul.t 

salvage problem 4161, Recovery of uranium froui this meddwn by 

methods other t h a n  sobutAon in HY is limited ko reducing the 

* 

I 

concentration of 

bronze wool as a 

uranium t o  the order of 25-50 ppm, The use of 

fibteririg medim is now being studied,  
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1).> Kelcovery by burning of kral;hite mci subsequerit leaching with 1i.itri.c 

acid (Continued 1 

!jS Large scale processing at Y-12 (continued) 

In connection w i t h  the problem of dusting, tnere is some evidence 

,to indicnte that dusting can be eU.ainated by refined methods of 

i g n i t i o n  tind burrling. , To riockweU iu ~t~ i idy ing  the rec~vtsry o f  

uranium from graphite molds used by the Technical Divisio!i ,  aid 

h i s  preliminary hork iltdicntos thbt the loss of uraniIm in burmirig 

can be reduced ts a n e g l i g i b l e  value, In h c k w e X l n s  appratus,  

i g n i t i o n  temperature i.s obtained by iicaCing the eraphitc with an 

. 1  
jnd uc tion e oi 1 <, 

Usually about 2i of ttie Garbon is unbumt, and must bo recycled, 

The next s t e p  in the process is a n i t r i c ,  acid leach o f  the i g n i t e d  

~*esS.due. After leaching for  three hours , d t h  bo i l ing  50% nitric  

ac id ,  t h e  r?esiduci! conta ins  ~ I I  t h e  order of  1000 p p  of uruilum I f  

oxidation of' the carbon was complete,, 

acid leach is fused w i t h  about 12-5 t imes i t 8  weieht 01 Sodiuia 

hydroxide, arid oxyi<elt is bubbled through $lie m a l t  to i1aSure carnpht,e 

oxidation of the cc.rban- hfter cooling arid l.eactlinl: again rith 

nitric ~ c i d ,  t i l t !  residue coritihs i ~ t m i i t  fiij-lW ppn of uran ium,  

The residue from tile n i t r i c  
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E, tdisceuaneoias rnetkiods of recovery, 

1, General 

&sthods for recovery l i s t e d  under t h i s  heading fall into two 

groups : 

a<. Methods which do not appebr t o  be promising in view of t h e i r  

complexity and incomplete recovery, 

b, ~ Uethods which give excellent recovery, bu t  .which, because of 

the complicttions involved in t h e i r  use, would possibly be 

used only after all but a small amount of urznium had been 

removed by simpler methods 

- 
2 Hecovery by chlorination, 

.Balcziak and Mewman ( 3 )  undektook t o  daternine t h e  f e a s i b i l i t y  of 

recovering U by chlorinating powdered a r b o n s  at high temperatures, 

The carbon contained approximately 15% uranium and Mas ground $0 

that 95% of t h e  mater ia l  passed an 80 mesh screen, 

result obZIained wa5 chlorintrtirig for  30 minutes a t  1000°6 khich 

resulted in.99,7l$ recovery of uraniumJ 

chlorination l o s t  50% in weight,, A n  atteriipt t o  chlorinate a t  

UO0S resulted i n  an explosion, indicating thaP, a t  this high 

The beS% 

0 

Usually the carbon during 

temperature an explosive compound was formed or the rcrtction iryas 

too vigorouso 

l i t t l e  increase, if any, in recovery of uranium, 

Increasing the t h e  of chlorination resul3,ed in 

It was concluded 

tha t  the last On3% t o  0,5% i s  held as a stable s i l icate  or  tungstate 

which withstands the action of hot chlorine, It was s ta ted  that 

only successive fusions with NaHSQb and leacking with hot 1:l n i t r i c  

acid ~ u t s  the uranium i n  soluble form, 



tiionT - 320 

k;. Miscellaneous methods o f  recovery 

3o Recovery by coritinuoua fus ion  of ash residues with  NafiSOh, 

Reicovery of uranium from ash residues was attempted { l + )  by fus ion  

of e 1O:l mixture of NalBO4 and ash residue, t h e  co:nposition of 

which is l i s t ed  below: 

X t h  fusion a t  85O0 to  WOOF for 2,: hours, ?t3p6$ of the uranium 

in the ash was rendered soluble and recovered, 1.t shguld be noted 

tillat vbnadiwn and titanium, both suspected of haviiig a high aff:init#y 

for uranium in the  ash, were present, in only very !ninilte or trace 
0 

Ash remaining from carbon burnt in oxygen can be converted to 

a soluble form by fusion at 500-6OO0C with KS2O7 foLlowed by 

treatment of t h e  insoluble reeiduer with  a mixture of sulfuric and 

hydrofluoric acid8 (6,7)o Corrosion t e s t s  (7) indicated t h k t  a 

. graplrite crucible might be satisfactory as a rnbterial of construction 

for ttle fusion, but that OC.5% ob the graphite crucible was ctisisolved 

per fusion, Nicke l ,  iron, f irechy,  rnonel and stainless st,ee-l were 

IUI s at is f i i  c t o ry 
.A J-7 - 
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h.. hiisce1l;ineous methods of recovery, (continued) 

5 D 

6, 

7 c: 

Hecovery by- fus ion  rr i th  K&O7 - KHF .mi.xture 

At l eas t  99ccKb; of the uraniuni in a crirbon ash was converted i n t o  

so lub le  form (8) by a fusion witl i  K2S2O7 - i(W mixtures in ratios 

of 1 O : l  to Uk50 Corrosien. t e s t s  (7) indicated t h z t  grapt:ita, 

, p l a t b u m  tu?d iron might be s a t i s f a c t o r y  as a material of con- 

st ruct ion,  but t,ha corrosion vias very l?ieh, except, far platinum, 

Piic!tel, f i rec lay,  (:arbate 2, silver arid stainless st.ee1 were 

~ m s a b i s  factory, 

Hscovery, by use of elemental. f l u o r h e n  

A two-stage f luo r ina t ion  of carbon aski was performed ( 5 ) ,  t h e  

ob jectiwe being t o  remove vola t i le  s i l i c o n  and chromium fluorides 

.in the first;, stage a t  a selativeLy lcw temperature, arid ti,en t o  

recover UP6 i n  t,hb second stage a t  a higher temperature: c:.fter 

treatment t r t  YO-UL°C; for 2 5 hours  a d  at 360-4720C for  2 73 

hours, 34% af t h e  uranium was recovered, 

the ash or iginal ly  was not given b u t  was presumably of t h e  order 

of 1-30 ppm.. 

TIE t o t a l  ur i in i iun  in- 

Recovery by leadl ing  of grapk1it.e residue ivith nit8ric and hycko- 

f luor fc  actcis ( 5 )  

The rssidue from a 96-ho1.w hot n i t r i c  acid. extraction of 100 g o  of 

carbon ash weighed 37 g. ',';hen this residue \vas lea'ched v d t h  4%$ 

HF, the insoluble residue was reduced to 20 g ,  However, %!-re f i n a l  

residue s t i l l  gsve a posit ive spectrogkaihic test cL No adaitional 

deta i l s  were given I, The ariginal carbon presumably contkiiried o f  

%ha order of 0..15$ \rlranXwn I w 
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0 V .  LTTi%ATUiGi ItEWIX',! (Continued) 

a .  Miscellaneous methods of recovery. (continued) 

It was l'ound ( 5 )  t h a t  US207 and Na202 fusion permitted ex t rac t ion  

of more uranium and left .  smaller residues than d id  Na2CO3 fus ion  on 

leaching with &SOk-H202 m i x t u r e ,  The res idue  from KzSzO7 fusion 

contained less than O,, l.% U E ~ R ~ W  by spectrographic analysis , 
ind ica t ing  recovery of a t  least  9909% of t h e  uranium in  the o r i g i n a l  

ash. Ash and uranium canten t  of o r i g i n a l  carbon was not given. 

I?.: Bffect of metal cattilysts on burning rate of' g raphi te  (10) 

lhper5ments on burning rates of graphi te  with and without metallic 

c a t a l y s t s  (n i cke l  and copper impregnated from a 0,U so lu t ion )  i n d i c a t e  

ttiat though the  latter acce lera ted  this rate markedly a t  60O0C,, they . 

are withoulh s i g n i f i c a n t  e f f e c t  a t  soO°C. 

G,; Crushing and grinding of graphi te  

A very considerable amount of work was done at Johns Hopkins University 

(10) on crushing and gr inding  o f  graphite.; h high speed impact hammer. 

miU was investigated for plant  s c a l e  grinding, and t e s t s ' i n d i c a t e d  

s a t i s f a c t o r y  pulver iza t ion  with dusk losses no g rea t e r  than ODl& 

was felt t h a t  a suitable modification of: the machine would solve the 

problem of grinding with losses not exceeding .02 t o  ,04$:, 

1% 

H.: So;kubiU.ty of fission products and g raph i t e  ash, 

The individual f i s s i o n  products w i l l  be h ighly  dispersed i n  both the 

graphite fuel uni t  and In the d d e  res idue  a f t e r  fusion, arid t h e  

usefulness of s o l u b i l i t y  da ta  obtained on the pure element or piire 

cf.xi.de is questionable, However .o t h e  s o l u b i l i t y  of each i nd iv idua l  
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H, S o l u b i l i t y  of f i - s s ion  products arid graphif;e ash 

fission product and t h e  s o l u b i l i t y  of b i t s  oxide was investigated$ 

It was determined, from a consideration of t h e  chemistry of the pure 

elernent or oxide alone, that  the  following fission products a i d  their 

oxides might be d i f f i c u l t  to dissolve: 

0 

0 

Blemen t, Grams/month p r o d u c e  

Ge 0.003 

Sn 0 , 3  

Cb 17 

Tho last two elements listed account for about 9856 of t h e  gamma a c t i v i t y  

of the fission products during the  period in which chenical separation 

is ef .fec.ted 

Ihparience of the technical. d i v i s i o n  in d i s s o l v k g  fission products in 

process and decontaminntion operations is erkco~~iagi~ig LI 

U and U-A1 f u e l  u n i t s  U.ttle d i f f i c u l t y  has been encountered in effecting 

essentially complete sohation of fission products by use of hot 6C$ 

ni t r ic  acid ,  

the d i f f i c u l t y  of dissolving,  

I n  d i s s o l v j ~ l g  

Ignition of t h e  f i s s i o n  products, however, might h ~ r e a s s  

The residua from ign i t ion  of a spent f u e l  rod should be completely 

soluble in f u s d  sodium hydroxide.. I 

* See Section VX 



The tot.aJl mount of material involvcd in t h e  recovery of uranium frGm grapMte 
0 

ftael mi.ts will be very small i t n  comparison to ordLni.ry plant scale operattons, 

1% is the purpose of this section to indicate the amour,ta of certain materials 

involved; 

concerning the feasibility of carrying out certain operations on a hot Laboratory 

.it, is felt that these data hill be useful i n  r a k i r i i  a decisicui 

scale rather than on planf, scale, 

Recent estimates on the: necesscsy ctpacity of ckxnica l  separation equipment 

have been hased i n  part  on an average power Level of '7000 kw f o r  t h e  power pile., 

Using this value and assuming 5% depletion o f  a fuel u n i t  containing 2 i  uranium 

o f  3% eririckment hpregnaterfi in ~ e n d a ~  typs graphite, tile following q u a n t i t i e s  

( 

L 

0 of materials will be handled & month by the chedca l  processing plank: 

Urwfm 17 kg 

Graphit qs 850 43 

Piusion praducts - 270 grams 

Including Cb == 17 grams 

Sn 0.,3 grams 

Graphite ash *- 3f+O gram 

Including Ti - 20 grams 

Oxygen for burning - 57,000 cu0 ft- at, std.,  cond, 

(theoretical required for burning t o  G02) 
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Volwe. of solvent extraction feed solution 

(a) Recovery by Na2C03 fusion of grir2hite - about 
4000 Utera 

(2) Hecovery by ign i t ion  and leaching - about 34 li.tess;, 

Actually the 34 liters represents a m h h u m  theoretical 

value and a solution of this concentration would be 

impractical. from both heat, effect and cr i t ica l i ty  

considsrations, The economic advantage of using a 

solution in this range of cmcentration on a large 

scale has beer; discussed by Daniels (LL)c 

VXX GKAPUTG SP&GIFICnTIONS 

~crbthough there is  no quantitative data to indicate how the per cent recovery 

of uraniwn varies as a function of the composition and amount of ash, there is 

atrong evidence that  the total amount. of uranium remaining in the residue after 

any given treatment i s  dependent on the amounts of such.elements as sil icon, 

vanadium and t;3.tanilrm2 

the lowest vanadium, s i l i c o n  and titaniilfvl i s  t h e  KendaLl type graphite, containing 

.,03?% ash, including .48 p p  B, 8 ppm V, l2 p p  Ti, l.8 ppm Fer, 8 PP si, and 

150 p p  Ca, 

of t,ha thres types of G02' graphite (Kandall, G u l f  Clenes and :Jhiting), and from 

the po$nt of vim of s t ress ,  it h;:s the best combination of modulus of e last ic i ty ,  

coe f f i c i ent  of thermal expansion and thennal conductivity, 

Project graphite which contkiins the lowest ash arid also 

fortunately, this type grt.phite has also the lowest danger coefficiank 
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The f e a s i b i l i t y  of obtaining a graphite with greater purity t han  the project 

graphite now used was bvestkgated, 

an ash o f  perhaps as l i t t i e  as 0,003$ could be obtained at  a cost of ten dollars 

It was estimated (la) .that graphite having 

per pound, as an order of magnit,uds,. The graphite currently being used CGS%lj 

about twenty cents per pound:, The hcreased cost  of graphite for p i l e  operation 

at 7000 kw would be in the order of 817,COo pep month, 

It i s  bel ieved that the method of recovery of uranium from graphite V d i i C h  

shows the most promise is %he ign i t ion  of t h e  g r a p h i h  with {oxygen, followed b,y 

a conthuous leach of the ash wLth concentrated n i t r i c  acid, near its b o i l i n g  pL)int. 

She available data indicate that a t  l e a s t  99.,99$ of  the uranium can be recovered 

i n  ibis manner, if it develops that the presence of fission products cause no iostl 

of uranium in the insoluble residua', The insoluble residue remaining from ths  

acid leach will be mall enough, and should be decontaminated enough to be 

treated on a hot laboratory scale for additional recovery, 

rhe'apparatus required for carr;ying out; $lie process must make provision Ifor 

satisXying the: fol lowhg more important requiremenix = 

L ,  Ignite and burn t h e  graphite, 

2,: Separate from the combustion gases my dus% formed during burning: 

3,, Leach the ash 

d+,, 

5 ;  

Recover dust from combustion gas filter 

Complete axidatiw of graphite h t h e  dust and ash, and remove res:idues 

from Lhe filters,. 

~ 
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A PHOCES TliL U f i B  OF PRGSNT DATA (continued) 

A schematic diagram of t h e  main f ea tu res  of recovery ec.iuf.pment considered 

f e a s i b l e  is shown i n  Figure 2 ,  

and tfiermocouples have been omitted, 

Various service lines, h e a t i n 8  and C O O ~ ~ F I ~ ,  l i n e s ,  

Fuel s lup  en te r  t h e  f u e l  charging chaieber, 

des igned  t o  preheat the f u e l  slugs and t o  minimize bss 'o f  graph i t e  dus t  

is accomplished in a water cooled n i c k e l  a,Jpa.ratUs similar in  size t o  t h s e  used 

at Y - U 9  i g n i t i o n  being obtained by t h e  use of high temperature oxygen. 

Burning 
c 

To 

minimize formation of hot spots,  a liquid cooled n i c k e l  g r a t e  is used, with 

ca re fu l ly  corrtrolled down d r a f t ,  

c o n t r o l  of gas ve loc i t i e s ,  and use of oxygen. 

completion by soaking t h e  res idue  i n  oxygen a t  

I)usting Will 

> 

be kept a t  a minimum by careful 

Combustion liiill be taken t o  near  

a high temperature, It is believed 

produced can be recovered by use of that  hbl  but .E, neg l ig ib l e  *f rac t ion  of any dust 

a porous stainless steel  filter having a pressure  drop'of perhaps several pounds 

pes square inch i f  necessary, 

Since :nitric acid a t t a c k s  nkckeb,the*ash would be t r ans fe r r ed  t o  a stainless 

st&l vessel  f o r  lez,ching, 

with perhaps a water wash, t o  it vessel below t h e  combustion chamber, 

The simplest method seems to be t h e  drogphg by gravi ty ,  

Tile leaciThg 

vessel would be provided with a porous stainless steel f i l t e r ,  Provision could 

be miido t o  maintain a l i q u i d  l e v e l  of a c i d  in t h e  continuous lebching vessel, 

and t o  drain t he  acid,, 

m d  a steam jet between t h e  dus t  f i l t e r  knd the s t a c k  might be required if it is 

A n  a i r  j e t  below t h e  filter would probably be required, 

found t h a t  a high pressure drop ,ac ross  the f i l ter  is necessary t o  remove e s s e n t i a l l y  

a l l  t h e  dus t ,  The recovery of uranium at this poin t  will be over 9906;6, depending 

almost e n t i r e l y  on t h e  magnitude of the dusting, 
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Removal 02 dust and res idues  from filters is  accomplished periodically by 

flooding the  filters vdth molOIen sodium hydroxide, and b u b h l h g  oxygen through 

t h e  m e l t  to complatdy oxidize any unbwnb graphite il ?;hen completely oxjdized, 

a U  residues should be completely soluble in the molten sodium hydroxide, T h i s  

step cleans the filters of the small amount of residue, and rsrnoves the urani.cn 

i n  a form suitable for further recovery9 possibly by hot laboratoory methods., 

The maxitnm rate of burning w v i l i  be l imited  by the maximum permissinle 

velocity of outlet combustion gases as determined by the  carrying ower of ash 

residue, 'Cssulllling that  a sufficiently low velocity of exit gi*ses ~voultl be 0,2 

Saet per secand, assuming complete busning to cO2 w i t h  no excess oxy.tpn, arid 

assuming that the exhaust charnels from .the combustion chamber CCUU be cieu-igned 

to have a total cross-erection o f  15 sq. j . x iQ9  one such apparatus as indicated 

-in Fig(, 2 :,oilld be sufficient to handle the burning of f u e l  on a continuous 

basis, w i t h  factor of safety- 

. 

;IA~ Figure 3 ,  there is snu-m a simj,L;ir scheme, provision in  t h i s  case b e h g  

mtide for leaching t h e  dust trap2ed in the. combustion gas f i l ter ,  This would 

redige %&B arn~un8; af uranium Lo be secovsreel by the sodium hydroxide fusion.. 

Xtr accorliance iAth the p r O G @ S S  proposed i n  the prevj-ous section, an  experia- 

rnenta3. program is proposed t o  obtain data on the following phases of t h e  

modifi. ctiti O ~ S  titweof : 

process a 
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IX, P,ILOPOSI%;D EICPi%D&3ITa P R m  (continued) 
* 

A, The per cent of graphi te  and uranium leaving bhe various designs of 

combustion chambers as dust  as a functfon of rate of burning., 

B., The removal of uranium from an ign i t ion  residue as a function of time 

of leaching, and.as a function of concentration, temperatwe and amount 

of n i t r i c  acid,, 

C, The performance characteristics cf various types of powdered metal filters 

for  t h e  gas fi ltration and l eackng  of ash residues,  

0,  The effect, of fission products on various,phases of t h e  process, espec ia l ly  

t h e i r  so lubi l i ty  and t h e i r  effe66 8n %he so:Lubili%g of uranium, i: 

sganthetic spent f u e l  u n i t  prepared by adsorption of &able isotopes of 
i fission products fron aqueous solution should be use.fu1 in the early work, 

k method of preparation of s y n t l ~ s t i c  fission product m i x t u r e s  f o r  laboratory 

use i a  gi.ven i n  the U-terature (3.,3>* 
- 

E, The rate of oxidation of incompletely burned graphite and graphite dust by: 

1, Soaking oxygen at various temperaturea 

2,) Soaking i n  fused sodium hydroxide through which oxygen is bubbled, 

F,> The amount of uranium inso luble  In acid after sodium hydroxicis fusion 

0.l' t he  residua obtained i n  the n i t r i c  acid leach, and a laboratory process 

for rec0verin.g t h i s  uranium (15) a 

G,, The amount of uranium and fission products which can be removed by leaching 

of t h e  spmt fuel units w i t h  HNO3, and HHO3OW mixtures. Xt might be 

desirable t o  add to the'yrocess  a long lehchhg, perhaps one of three  

mntha duration, while lihs f u e l  units are cooUng, 

e 
Y 
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ZX I PHc)P(hsLD &XPEIU%\TiiL P!IUXMa (continued) 

Xt is further proposed that. equipment be designed and the adequacy o f  the 

equipment and of the burning - leaching process be demonstrated, In. order t o  

cms%suction and test ing o f  a c m h u s t i m  chmber proceed concurrent13 w i t h  the  

experimentd. work on t h e  other items Usted ahovct, 

t 
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