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The possibility eridsts that nuclear reacti<»i8 nay be operated with 

fuels coraposed of refSractozy laaterials, Snith^ in paâ t I of this srad.es of 

papers has outlined a decontanination process based cm chloride volatility* 

It appears that another possible mst}K}d which should be c<m8idered would in*-

elude a single cycle extraction step as a deooiitamination method* 

The cott̂ >lete flea sheet for -Uiis process is given in Figo 1» The 

first step would be dissolution of the refractory material in acid to produce 

a feed con^atible xd.th tributyl phosphate extraction 8ystan» Research would 

be required on the dissolution step* Possib3y nosed l^ydrofluoric and nitric 

acids could be utilized^ This step would no doubt depend en the physic£LL f ona 

of the material and its past histozy such as firing tesnperature. Highly 

irradiated refractories sss^ suffer enou^ radiation danage to render them 

reactive to strong acidSo 

The feed adjustment step would sii:5>3y be a hold tank where the con­

centration of the feed vrould be adjusted to the proper levelo Lf fluoride 

ion were used in the dissolution step, aluminum nitrate would be added both 

as a CGsnplexing agent for the fluoride ion and also to provide salting strength 

for the extraction 8tep« 

Technology on extraction by TBP is well advanced as both the Purear 

and Thor93c3 processes have he&a. operated successfully. Thus, the main require-

sient for this step would be picking a suitable sisse colusm and flan sheet to 

perform the esctraction. The same also ai^liea to the stripping column where 

the uranixm azid/or thorium is re<»extracted into dilute nitric acid yielding a 

solution of uranyl nitarato or thorium nitratec 

http://srad.es
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The solution woild then be fed to a caldner where ih& laateriaQ. is 

fired to the o3cide» The bulk of the oxides of nitrogen could be absorbed in 

water, concentrated and returned to the beginning of the process far dissolution, 

feed adjustoent, etCeo 

If the product needs reenrlching the required amount of u233 or 

u2^5o2(NOo)2 solution would be added in the calcining stepo 

If only a thorium solution is being dealt with, i,eo the bred U^33 is 

separated in a partition column during the extraction <^cle, tb&a the ThOg 

product Eecsa. the calciner woiild go directly to the ref abrication step« 

If a uranium fuel is being dealt with, the U^Og ia>oduct frosn the 

calciner would go through a hycirogen reduction step to produce UO2 and thence 

to the refabrication step* 

The refabrication step depends on the shape, composition, whether the 

material is fired, etc«« Probably, some blending and hot psressing would be 

required if some diluent such as MgO were eo^loyed, Edwever, whatever operations 

were required could be carried out r^otely» 

A modest research and development prograin would be required to prove 

out such a flow sheet. The dissolution step would requia?e the major effort* 

The proe?>axB vaoM be dependent on what types and cozspositions of re£t>actories 

were considered* For exas^e, a high fired, dense thoria coapact would probably 

be difficult to dissolvoo 

In the extraction s t ^ a small amount of developiswnt would be necessary 

to prove out t^e extraction flow sheet<, However, disposal of the waste stream 

trcsa t&e extractitm cycle would require sosse development work<. 

Other sites have studied and are ̂ udying 1 ^ calciijing of tiranyl 

nitrate solution so the dervelopiBent effort on this point would be adaptatitai of 

remcbe methods« 

The refabrication step would require the developaaBt of remote handling 
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methods for whatever processing is done in this stepo 

To sum up the developnent effort required, a major effort would be 

required on the dissolution and ratiote calcination and refabrication steps 

and only a minor development effort on the actual extiraction (^cloo 

One of the main disadvantages of the aqueous reprocessing methods 

for metallic fuels is that the decontaminated material has to be reduced 

back to the metal for refabrication. Using an ojside fuel, no metal reduction 

step is needed and hence, the oversuU process is simplifiedn 

One possible advantage of an extraction step lies in the decontami'-

nation obtained. Ordinary aqueous plants have second and third extraction 

cycles to reduce zirconium and ruthenitam activity in the metal to a point 

where direct refabrication is possible. In a single (̂ ycle, decontamination 

factors of 10^ or better can be esqjected for the rare earths, and cesiiim and 

strontium. The main fission products remaining to any degree are sirconium 

and rutheniumo Thus, fron the nuclear standpoint, the product would be quite 

satisfactoryo 

Although the oxide product from the calciner trould be sufficiently 

radioactive to require remote handling, this should not be a serious problano 

The rotiote refabrication of metallic fuels is already uxKier considerationo 

The r@TiOte refabrication of oxide powders should not be as difficult as that 

for metallic fuels, 

(tee disadvantage of this process is the production of an aqueous waste 

solutioa which would be hij^y contaminated. An evaluation of the effect of 

increased waste volume with subsequent increased storage costs on the overall 

Qconosnics of the prtscess would be required. 

This process appears to be single enou^ to waa^ant consideration as 

a method for reprocessing and refabrication of refi-actory fuelSo 
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A flow sheet based on a single extraction cycle has been presented for 

the repzxjcessing of irradiated reactor fuels coii5x>sed of refractory materials*, 

The adv^antages and disadvantages were discussede 

It is reconaoended that this process be included in the consideration 

of methods for decontamination of such fuels. 
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