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BY 

. J. T. *PINKSTON AND KARL‘ S. -WILLSOfi 

(Work done by D. A. Hbond, M. F. Rejdak ‘J. R. Bard, A.  Predota, 
D. Barta, K.S:Willson and J. T. Pinkstonj 

ABSTRACT 

This report summarizes briefly the work done. on various 

projects by the Research and Bevelopment Group of Plant C of The Harshaw 

Chemical Company during its existence from September‘ 15, 1950 until 

December 31, 1951. References are given to various reports covering 

in greater detail the results secured by the group. . - .  I .- 1 

The m3or crcconplishnent ,has been the development and plant 

scale installation. of a process, for uranium refining using mixer-settler 

equipment and a TBP-kerosene mixture as :the solvent fo r  the countercurrent 

extraction of urany1,nitrate from r a w  sleries. 

- 

Various other projects have been studies briefly. . 

c 
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11. Results and 'Conclusions 

Purpose and Projects of the Research Group 
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I. PURPOSE 'AND aOJEC%S OF T€E RESEARCH, GROUP AT FIARSHAW PLAN" "C" 
I .  

When the Research and Development Group was activated on 

September 15, 1950 at Plant C of The Harshaw Chemical Company, i t s  

major responsibil i ty %s t o  develop an improvement over the then 

operating process f o r  production of uranium dioxide. During i t s  

existence, fhe Group was also called upon t o  consider 'briefly several 

other problems of importance t o  the Atomic Energy Co,mmission. 

1. Production of Uranyl Nitrate Solutions 

Product3on of a concentrated solution of uranyl n i t r a t e  

i s  the f i rs t  step i n  production of uranium dioxide from various Wanium 

feed materials received a t  Harshaw. In  the process operating a t  the 

time the Research Group was established, the feed material ms digested 

with n i t r i c  acid t o  give a neutral  slurry; the slurry was f i l t e r e d  and 

the f i l t ra te  then contacted with diethyl  ether into yhich the bulk Of 

the uranyl n i t r a t e  w a s  transferred i n  a single batch extraction. The 

ether solution, afterr-Fshing t o  remove impurities, was stripped with 

water t o  give a solution of uranyl ni t ra te .  

Press cake from the f i l t r a t i o n  operation was repulped, 

re f i l t e red  and again elrtracted one o r  nore times w i t h  ether, The 

final press cake still contained uranium values and was shipped amy  f o r  

fur ther  reworking. 
I 

--- - .--- . 
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The extf.iqlcti$h scrubbing and stripping operations involving 

the ether  were done i n i a  sbgle  un i t  which was operated batchwise 

without adequate meansl  of clean separations between operations. 

(It should b'e noted a t  t h i s  point t ha t  the operations w e r e  
\ 

carried out i n  equipme)'h, and by methods, inherited Srom other producers 

who brought about theyr developments under extreme wartime pressure). 
I 

A t .  the 9ery;outset of t he  Research program, it became apparent 

t ha t  a c0ntinuous'proc;ess with elimination of f i l t r a t i o n  and reworking 

of solutions was mbstldesirable and night be expected t o  lead t o  

production of a better ;pm-duct a t  a lower cost. 

and replacement by.a ILess hazardous, more selective solvent was also 

, 
Elimination of ether 

indicated. 

2. DenitralXon'of Uranyl Nitrate Hexahydrate t o  Uranium 
TEioxidk 

Following boildown of the d i lu te  uranyl n i t r a t e  solution 

(secured by extraction 'as described abo;e) t o  uranyl n i t r a t e  hexahydrate, 

t h i s . l a t t e r  material is denitrated by further heating i n  pots equipped 

with sweep agi ta tors . '  The resulting uranium tr ioxide has- i n  general 
P , a  

been sat isfactory f o r  j/further processing but because of dust, problems 

i n  emptying the,pots,,!and also because of the d e s i r a b q i t y  of a continuous 

process capable of greater capacity, some study of o a e r  procedures 

appeared desirable. 

A I  

- 1  
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3. ,Reduction of Uranyl Trioxide to  Dioxide 

Reduction of the tr ioxide by hydrogen ("cracked" a,mmC)nia 
. I .  , -  

gases) i n  heated Rockwe-U furnaces o r d i w i l y  gave a' dioxide suitable 

f o r  fur ther  processing. However, occasional unsatisfactory pro&ict 

- 1  8 -  

indicated the need for  study of the matter of "8cadti;r!.t;f'. 

studies had indicated the-lack of reac t iv i ty  rxi@l:t he ?-IE to variations 

i n  the trioxide, t o  poor reduction technique o r  t o  varl?.>le operation 

i n  the subsequent hydrofluorination step f o r  production of uranium 

E a T l k r  

, ?  ... 
. .  

tetrafluoride. 
,. 

Because of the nuperous variables, 8 study of basic 

facto3s aspeared wgdnt pr ior  to  an i  attempt t o  m o d ~ y  plant technipuedi 
7 .  

4. Reducltion, of .Uranium Hexafluoride t o  Tetrafluoride, :and 
Attempted Production of a Dense Tetrafluoride 

Because o f '  the potentially great amounts of by-product 

hexafluoride available, and the debirabil i ty of reducing t h i s  material 

i 
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only a few exploratorytests  before the project was abandoned, 

6 .  Electrolytic .Production of Uranium 

Earl ier  $ tes t s  by other groups hzd indicated the possibi l i ty  

of securing urnniq ,me ta l  by electrolysis  i n  mhyclrous me.l.ts, Again, 

only exploratory t e s t s  were made before the g r c q  m s  fsnsctPmted. 

7. Recovery of Uranium Values from C-Liner 'knterials 

Recovery' of uranium values from C-Liner materials accord- 

- -.- 

ing t o  proposed methods involved considerable expense due t o  the 

neutralization of large amounts of alkaline earths. 

solvent fo r  uraniuin d u e s  or other means of avoiding use of large 

quantit ies of acid appeared worthy of study and some t e s t s  were carried 

out. 

Use of a selective 
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11. RESULTS ANb CONCLUSIONS 
1 . I  40 

The work df the Research Group has been covered i n  a ser ies  

of Progress and other Reports bearing the numbers NYO-14-52-1466 inclusive. 

The following reviews give more specific references t o  pome of the 

projects but fo r  the Tributyl Phosphate ( 3 P )  extr;.,c'c.i.3;1 process i n  

particular,  a l l  reports should be consulted f o r  continuity i n  the develop- 

ment of the project. 

1. Production of Uranyl Nitrate Solutions --- 
A s  mentioned ear l ier ,  f irst  evaluation of the etber-batch 

extraction process indicated the des i rab i l i ty  of developing a continuous 

process which would involve a l e s s  hazardous solvent. 

use of equipment t o  1 provide the necessary extraction'stages t o  effect  

essent ia l ly  complete removal of uranium values without f i l t r a t i o n  or  

reworking of sluriries aGpeared mst desirable. 

Also, the 

, 

erosene solvent, according t o  available data, appeared 

promising and lab scale tests followed by semi-pilot plant  scale operations 

confirmed the value of th.is solvent, both with regard t o  ease a d  safety 

of operation an& p&i$y of product (see NYO-1456)'. 
I 

A ful$ !scale plant (see NYO-1456, 1460 expecially), t o  

serve as i t s  own pdlc$t plant, with consequent saving i n  time and money 

was designed on t$e %,asis of re lat ively meager tests. This plant was 
I )  
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ins ta l led  and put into' operation on September 4, 1951 inmediately after 

stopping of the older ;process. 

The new process, i n  sp i t e  of eaec te t t  delays during 

I conversion of equipment from the old process md adjustment of inetmunen- 

tation, has produced from the start m t e r i d s  of h i& qual i ty  and, after 

the first two months,&rquEtntities approaching the design capacity of 

the plant. 

Operation of the plant  is largely as projected except 

f o r  some re la t ive ly  miinor changes involving handling of the stripped 

solvent ( see "YO-1462 e t  seq. ) . 
Except fo r  f loor  drainings due t o  leakage, spillage, 

etc., l i t t l e  reworking of materials is  necessary. 

variable r e su l t s  d ~ i n g  the start-up period, spent ra f f ina te  has 

consistently contained 0.01 g Uranium per l i t e r  or less. 

After somewhat 

. 

2. DeniFratkon of Uranyl Nitrate Hexahydrate.to Uranium 
Trioxide. 

Desirabi l i ty  of a continuous denitration process t o  
. I !  * 

minimize dust problems indicated possible use' of an enclosed rotat ing 

drum with e i ther  +te nal  o r  external heating, o r  bo 

heating appeared preferable since heat applied t o  the  drum m i g h t  r e su l t  

i n  corrosion of the diirm with consequent contamination of the product, 

1 1  

A sm&L "flaker" uni t  (NYO-1453) was operated i n  the 
i I I1 

laboratory, with the 4otating drum first  picking up b layer  of molten 
_+-- - _--- -. .- I ;  - 

i '  x 
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uranyl nitrate. ( a t  about l90-2OO0C), -then passing under radlant heating 

coi ls .  

removed from the 

The resulting8uranium trioxide, i n  a flake-powder film, was 

by a- doctor knife. 

Fe product As found t o  be well denitrated although * 

still containing somewhat mre volat i les  than the usual U03 produced 

i n  $he. denitrating pots. "he bulk density of the oxide was somewhat 

lower than desired for  .conversion t o  UF4 f o r  metal-,pro'duction. 

e suff ic ient ly  promising, however, that a large 

unit, capable of producing 30#/hr. was s e t  up by adapting a vacuum 

f i l t e r .  

less steel tubes NYO-1457;1461). This u n i t  essent ia l ly  confirmed the 

findings of the -+ler uni t  i n  that -while a well denitrated material 

could be forned the bulkdens i ty  was too low to permit'use of the mater-id.. . 

i n  current-operations fo r  metal. It appeared t o  be ideal, however, f o r  

conversion t o  UF~,-.for both tEe.-reduction t o  U02 and the hydrofluorina- 

tion t o  v4 p 

In  this  mit, heat was supplied by radiant gas-fired stain- 

' 

4 .  

ioxide t o  U% 

~~ ~- I__-_- _ -  ._ 



crystdl-  structure; size .of p-aurticl'es &nd other 'characteristics may 

-pl e t  in this sitwition. Al-ather deteriLed review-of the problem 

'and :-the wdrk 

4. 

Reduction of.hexafluoride was.studies using a variety of 

organic liquids. Reduction 'oc 

o-ethylene giving the best results (NYO-145'7). A high assay 

-gfeen salt (UFq)' was , .  &ec&ed but'in a1 the - tests,  this compound had 

a low buik density *which i i wwitable for production .of maniuh m e t a l  

by current' procedures. 

AtXe6pts t o  :f$nd means-of securing d denser product by 

ent; by-various mech@caL means, variable means of 

contact of the hexafilmride * &d ieducing 'agent were unsuccessful 
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work by others,+. 

swelded on -the butside by. a, stainless. s t ee l  cup and hiea$ed, > .  by a'gas 

burner.. Some uranium mete i n  gr6nul.e form was, secur 

i-pg fluoride melts contatned in a graphite crucible 
1 -  

7% 

as metal,, oxides ori fiuoride, yere schedu$ed- t o  be handled -by digesting 

the mass. o f  n p t e r i d  i n  acid followed by a prechpitation q d  . .  recovery 

procedp-e, The des.irability of finding a solvent which would selectively 

r e m e  the u r e u m  v q u e s  without dissolving the k i n e  earth materials 

camprising the, b@ of the material was, a'iiparent. 

solutions were tested (NYO.4&3) ,  none appeared prolpising, 

this, was due i n  part t o  the f a c t  . .  that the alkaline , 
I .  

* mate r ids  themselves 

Although many solvent 

However, 

....... . ... ........... 
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not . *  interfere Ath the pin objective of the grot@ 

a*irent. urgency of ‘a particular project placed 

on it at the time by the A t o q c  Energy Conrmisaion. 
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