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BIELIOGRKPHY OF ROVER FUEL PROCESSING AND MOLTEN 

SALT FLUORIDE VOLATILITY PROCESS DEVELOPMENT 

STUDIES AT OAK RIDGE NATIONAL LABORATORY 

J. C .  Brcsee 

AESTRACT 

On t h e  occasion of  t h e  AEiC Fluor ide  V o l a t i l i t y  meeting 

a t  Argonne Nat iona l  Laboratory on Apr i l  28 and 29, 1964, a 
complete bibli-ography was assembled of  Rover f u e l  process ing  

and molten sa l t  f l u o r i d e  v o l a t i l i t y  process ing  research  at, 
o r  sponsored by, Oak Ridge Nat iona l  Laboratory.  The b i b l i -  

ography conta jns  open l i t e r a t u r e  references,  t o p i c a l  r epor t s ,  

s t a t u s  and progress  repo-rts, and t e c h n i c a l  memoranda. Re- 

ques ts  f o r  copies  of t h e s e  reports should be r e f e r r e d  to t h e  

L”3;boratory Records Department of t h e  Oak Ridge Nat ional  

Laboratory.  

FLUORIDE VOLATILITY 

ORNL Topical  Reports 

G. 1. Cathers,  “Recovery and Decontamination of  Uranium from Fused Fluo- 
rLde Fuels by F luor ina t ion ,  OW~-1709 (May 26, l95k). 

S .  I. Cohen and T. N .  Jones, “A Summary of Density Measurements on Molten 
F luo r ide  b1ixturE.s and a Cor re l a t ion  for Pred ic t ing  Dens i t i e s  of F luo r ide  
Mi%ures, I’ ORl!TL-l7Oz ( J u l y  1.9, 1.95’1); also, see Reactor Chemis t r j  Dlvis ion 
Annual Progress  Report f o r  Per iod  Ending January 31, 1962, 0~~~-3262, 
pp 38-41.. 

J. T. Long, “Uranium Hexafluoride D i s t i l l a t i o n :  Cor re l a t ions  f o r  Engi- 
neer ing  Design, ‘ I  ORNL-1’738 (Aug. 10, 1.954) 

R. E. Eeuze, G. I. Cathers,  and C. E.  Sch i l l i ng ,  “Disso lu t ion  o f  Metals 
I n  Fused Fluor ides ,  ORNL-1877 (Sep t .  28, 1955) ( S e c r e t ) .  
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G. I. Cat'ners and M. H. Bennett ,  "A Fused Sal%-Fluoride VolatkLlity Process  
f o r  Recovery and Decontamination of Uraniim, I' 0 ~ 1 ~ - 1 8 8 5  (Oct.  10, 1955). 

S.  I. Cohen, W .  D. Powers, and N .  D. Greene, "A Phys ica l  Propej-ty Sura- 
n a r y  f o r  ANP Fluoride Mixtures, '' OlUlL-~L ' jO (Aug. 23, 1956). 

R. G. Wymer, "Dissolut ion of Uraniiriii,-%;erconium Fuel  Elements i n  Fused. 
N U  -ZrFb, 

R.  L .  J o l l e y  e t  a].. , "Equi.pment Decontainina.Lion Meth.ods f o r  t h e  Fused 
Sal t -F luor ide  V o l a t i l i t y  Process, " ORNL-2550 (Aug. 10, 1958). 

ORNL -21.83 ( Jan. 2k, 1957). 

I- 

L. R. T m t t e r  and E. E .  Hoffman, "Progress Report on Vo1ati.l.i.ty P i l o t  
P i an t  Conos ion  Problems t o  Apr i l  PI., 195'1, I' ORNT2-E1)-ir95 (Sept. 30, 1958). 

G. I. Cabhers, M. R. Bennett, and H. L. Jo l l ey ,  "The Fused Sa l t -F luor ide  
V o l a t i l i t y  Process  f o r  Recovering Uraniim, 'I ORNL -?661 (Apr. 1, 1959). 

R. E .  Thoma, ed i to r ,  "Ynase Diagrams of  Nuclear Reactor Ma%erials, " 
ORNL-2548 (Nov. 6, 1959). 

C .  L .  Whitmarsh and W .  I € .  Carr, "Fused S a l t  Fue l  Processing i.n the ORNL 
V o l a t i l i t y  Pilot Plant ,  'I OHNI, -2918 (May 6> 1960).  

R. W .  Swinderritzn, "The Mechanical P rope r t i e s  of IN OR-^, It ORNL-2'78O 
(Jan. 10, 1.961). 

F .  R .  Groves, Jr., "Measurement of Dissoc ia t ion  Pressure o f  Molybdenum 
Fluor ide  -Sodium Fluor ide  Complex, ORNL -3088 (Mar. 28, 1961). 

A. I?. Litman aad A. E. Goldman, "Corrosion Associated wi th  F luo r ina t ion  
i n  t h e  Oak R i d g e  Nat ional  Laboratory F1 iioride V o l a t i l i  by Process,  ' I  0RNL -2832 
(JW 5, 1.961). 

A. E .  Goldman and A. P. Litman, ' lCorrosion Assocj-ated with lfydrofbuorination 
i n  the Oak Ridge Nat ional  Laboratory F luor ide  Volatility Process, ' I  ORNL -2833 
(Nov. 1, 1961). 

A. P. Litman,  "Corrosion of V o l a t i l i t y  P i l o t  P l an t  Mark I IDiOH-8 IIydso- 
f l u o r i n a t o r  and Mark IT1 L Nickel F luo r ina to r  A f t e r  Four t ea l  Dissolut ion 
RUES, I t  0RNTJ-3253 (Feb. 9, 1962).  

G. I. Cathers, R. L. Jo l ley ,  and. H. F .  Soard, "Use of Fused Sa l t -F luo r ide  
V o l a t i l i t y  Process with I r r a d i a t e d  Urania  Decayed 1 5  -30 Days, I '  0IQTL -3280 
(Sept .  6, 1962) .  

G. I. Cathers and R. 1,. Jo.l.ley, "Recovery of PuF6 by F1-uoriiiation of Fused 
Fluor ide  Salts, I' om~-32-98 (Sept. 2b., 1.962). 

E .  C .  Moacrief and M.  C. I I i l l ,  "Evaluation of  Automatic Data Processing 
i n  t h e  %l.imriile Volat i l i -by P i l o t  Pl.ant, ORNL -3371 (Dee, 1.4, 1962). 



Sidney Katz, "Apparatus f o r  the Gasometric Study of  S o l i d  -Gas Reactions : 
Sodium Fluoride with Hydrogen F luor ide  and Uraniwn Hexafluoride," ORNL- 
3497 (Oct ,  15, 1963). 

L. E. McNeese, " A n  Experimental S%udy of Sorp t ion  o f  Uranium Hexafluoride 
by Sodium F luor ide  P e l l e t s  and- LL Mathematical Analysis of Di f fus ion  with 
Simultaneous Reaction, ORNL-3494 (Mov. 14, S963) a 

Sidney Xatz, "Reduc-t;ion of Uran5.m Hexafluoride Retent ion on Beds o f  
Magnesium F luor ide  Used f o r  Removal 03 Technetium He-xifluoride, ' I  ORNL- 
3544 ( Jan ,  17, 1964), 

Jou rna l  References and Non-OREL Reports 

J. W. Ullrnann e t  al . ,  "Reactor Fuel  Process ing  Costs: Papers Presented 
a t  t h e  Idaho ScpGiwn,  LDO-14363, P a r t  111, p 841 (Jan. 18-20, 1956). 

G. I. Cathers and R- E. Leuze, "A V o l a t i l i z a t i o n  Process  f o r  Uranium Ne- 
covery," Se lec t ed  Papers 1st Nucle. Eng. S c i .  Congress, Cleveland, 1955, - 
Vol. 1, 157-63 (19573. 

G. I. Gathers, "Fluoride V o l a t i l i % y  Process for I-Iigh Alloy Fuels, ' I  Sym~,or~;Lm- 
on the Reprocessing of I r r a d i a t e d  Fuels  he ld  a t  Brussels,  Belgium, May 20-25, 
1957, TID-75349 Book 2, PP 560-73. 

G. I. Gathers, "Uranium Recovery for Spent Fuel by Disso lu t ion  i n  Fused 
Salt and F luor ina t ion , "  Mud.  S e i .  Eng. %(6), 768 (1957). 

3" C1 Br ian t  and Alvin M. Weinberg, "Molten Fluor ides  as Power Reactor 
Fuels, I '  JlTucJ-. S e i .  Eng. 2(6), I 'j'gr(-803 (1.5177). 

J. C. Bresee and P. R. Larson, "Contiiuous Cold Trap f o r  F luo r ide  Vola- 
t i l i t y  Processing of Uranium, " Tad-. Eng. Chem. 9, 1349 (1957). 
R .  P. Milford,  "Engineering Design of Oak Ridge Fluor ide  V o l a t i l i t y  P i l o t  
P l an t , "  Ind.  Eng. Chem. - 50(2),  187-191 (Feb., 1958)+ 

G. I. Cathers  e t  al., "Recovery OS Ura.iliurn from Highly I r r a d i a t e d  Reaxtor  
Fuel. by a Fused-Sal t  Fluoride -Vo la t i l i  'cy Process, " Proceedings o f  t h e  2nd 
I n t e r n a t i o n a l  Conf. Peacefbl Uses Atomic Enertgy, Geneva, 1958, V O ~ .  17, 
p 473, P/535, United Nations, New York, 1.958, 

G. I. Cathers, M, R. Bennett, and R. L. Jo l l ey ,  "UF6-3NaF Complex Formation 
and Decomposition, " Ind.  Eng. Chern.. 50, - L709-IO (1958). 

J T. Long, "Engineering Developments for t h e  F luor ide  V o l a t i l i t y  Process, I' 

Ind .  Ene;. Cbern. - 51, 169-73 (Feb.,  l g j g } .  

-- 
- 
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Weinrich and Associates,  "Process Desigas and Estimated Costs of Chemtcal 
P l a n t s  for Reprocessing Molten Salt, Reactor Fuels,  I '  r e p o r t  %o Chemical 
Technology Divis ion of 0RNL from Weinrich and Associates,  1518 K S t r e e t ,  
N.W., Washington, D. C.  (June 1.959). 

J. D. P o t t s  and 3. 13. Krause, "Kinet ics  o f  Uranium and F i s s i o n  Troduct 
F luo r ide  Adsorption by Sodium Fluoride,  Houdry Process Corporation 
Report No. 60-OCK-1 (Apr. 18, 1960). 

W. H. Cam, " V o l a t i l i t y  Processing of  the ARE E'uel, I '  Chem.  Eng. Prog. 
symp. S e r i e s  NO. 28, Nuclear Engineering, I-_ P a r t  VIIJ, V O ~ .  56, p 57 
( 1960 1. 
G. 1. Cat'flers, R. L.  d-ol1.eyJ and E. C .  Moncrief, "Tests of  t h e  Fused S a l t  
V o l a t i l i t y  Process with High Burnup Fuel  i n  a Hot C e l l  F a c i l i t y , "  Trans.  
of  t h e  ANS, 1960 Annual Meeting, Chicaeo, Ill., June 13-15, 1-960, Vol. 3, 
No. 1. (June 1960). 

Weinrich and Associates,  "Fuel Reprocessing f o r  Molten Sal'c Reactor" 
(March 1961). 

R.  P. Milford e t  al., "Recovering Uranium Submzrine Reactor F u e h , "  Ind. Eng. 
Chem. 2, 357 n9m). 

G. I. Cathers, "Dissociat ion P res su re  of  MoY6-NaF Complex and tlne I n t e r -  
a c t i o n  of Other Bexaf1.uorides wi Lln NaF, " presen ted  a t  American Chemical 
S o c i e t y  meeting, C'nicago, 111 ., Sept  . 3 -8, 1961. 

G.  I. Cathers, R. L. Jo l l ey ,  and E .  C .  Moncrief, "Laboratoyy Sca le  Demon- 
s t r a t i o n  of  Yne Fused S a l t  V o l a t i l i t y  Process, '' Nucl. S e i .  Eng. 13, - 
391 -7 ( 1.962 ) . 
G. I. Cathers, M. R. Bennett, and R.  L. Jol.l.ey, "The Appli-cation of  Fused 
S a l t  -Fluoride V o l a t i l i t y  Processing to Various Reactor Fuels, I '  Nuclear 
E n g h e e r i n g  Symposj-im Se r i e s ,  V o l .  1.0, March 1964 (p re sen ted  a t  tne RIChli: 
54th - Aanual Meeting, New Yoyk, Dec. 3-7, 1961). 

R. W .  IIorton, S. H. Stainker ,  and M. E .  Whatley, "Correlat ion of  Fused 
S a l t  D i s so lu t ion  Data, Nuclear Engineering Symposium Ser i e s ,  Vol. 10, 
March 1.36l-L (p resen ted  a t  t h e  NChE 54th - Annual Meeting, Dee. 3-'.rJ 1961). 

W .  H.  C a n ,  S. Mann, and E.  C .  Moncrtef, '2Jranium-Zirconium Alloy Fuel. 
Reprocessing i n  the OENL, V o l a t i l i t y  P i l o t  PI-ant, ' I  Nuclear Engineering 
Symposiu!'~ Se r i e s ,  Vol .  10, March 1964 (pwesented a t  the A I C W  54th - 
Annual. Meeting, N e w  York, Dee. 3-7, 1961). 
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ORNL Technical Memoranda 

M, Richardson, "Development of Freeze Valve f o r  Use i n  t h e  MSRE," O m -  
m-128 (Feb. 28, 19621, 

E.  C .  Moncrief, "Corrosion of the V o l a t i l i t y  P i l o t  P l a n t  INOR-8 Hydro- 
f l u o r i n a t o r  and L Nickel F l u o r i n a t o r  Af t e r  21 Monradioactive Disso lu t ion  
Runs, I' ORNL,-P4-186 (Mar, 29, 1962). 

W .  L. Carter ,  "Thorium U t i l i z a t t o n  Program: A Survey of Process ing  
Methods f o r  Thorium Reactor Fue l s , "  ORNL-Dd-241 ( J u l y  12, 
104. 

19621, pp 91- 

J. H. DeVan and Ii. B. Evans 111, "Corrosion Behavior of Reactor Materials 
i n  F luo r ide  S a l t  Mixtures, 0FNL -nd-328 (Sep-t . 19, 1962). 
W .  L. Carter ,  R. P.  Milfard, and W. G. Stockdale,  "Design Studies and 
Cost Est imates  OT %*ro Fluor ide  V o l a t i l i t y  P lan ts ,  OREL-TM-5Z? (Oct.  10, 
1962) 

E .  C .  Moncrief, "Processing of Submarine Reactor Fuels  in t h e  V o l a t i l i t y  
P i l o t  P lan t ,  " O H Y L - T M - ~ ~ ~  ( O c t .  29, 1962) (Conf iden t i a l ) .  

E .  C. Moncrief, "Processing of 5.4-yr Decayed Z r - U  Alloy Fue l  i n  t h e  Vola.- 
t i l i t y  P i l o t  P l a n t  (Runs R - 5  and R-6), '' OmL-TM-447 (Dee. 29, 1962).  

T. M. Kegley, Jr, and A. P. Litman, "Corrosion o f  Nickel-Base Specimens 
Exposed i n  t h e  V o l a t i l i t y  Pilot Plant; Mark I11 Fluor ina to r ,  'I OEWL-TM-hll 
(Jan. 4, 1963). 

R. P. Mtlford, l'Process Developments i n  the OmL Fluo_ride V o l a t i l i t y  Pro - 
gram October, 1962, t o  September, 1963, ORl!K,-TM-rj'17 (Oet.  25, 1963). 

S t a t u s  and- Progress  Reports 
_II 

Chemical Technology Divis ion  Annual Progress Report f o r  Per iod  Ending: 

May 31, 1963 - OARNL-3452 - page 26 
June 30, 1962 - ORNL-3324 - page 39 
May 31, 1961 - OHUL-3l53 - page 30 
A u g ~ ~ s t  31, 1960 - OWL-2993 - page 68 

Oak Ridge NatTiosza l  Laboratory Sta'Lus and Progress  R e p o d  for: 

January 1960 ORNL -2906 raarch 1961. Om& -3120 

J u l y  1960 o m  -2991 September 1961 om -3211 

January 1961 ORXL -3074 March 1962 OPrn -3279 

March 1960 o m  -2932 ~ a y  1961 OKNL -3149 
May 1960 ORNL -2960 July 1961 ORNL -31'74 

September 1960 ORJNL -3024 B O V ~ I D ~ E T  1961 ORNL -3237 
November l96O o m  -30 @ January 1962 ORNL -3256 
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M ~ Y  1962 

m y  1962 
June 1962 

August 1962 
s ep t eni'oe r 1962 
October 1962 
November 1962 
December 1962 

January 1963 
February 1963 
March 1963 
April 1963 
May 1963 
June 1963 
Ju ly  1963 
August 1963 
Octo'oer 1.963 

OldXiL -3410 
ORNL -3426 
o i w  -3436 
ORNZ -3451 
om -3 462 
OXIVS, -3477 

OHNL -3508 
ORNL -3491 

OWL3532 

Ai.rcraPt Nuclear Propulsion Pro jec t  Quarterly Progress Report for Period 
Ending I 

September 10, 1.954 OKNL -1771 
,June 10, 1-95? O , ~ L  -1896 
December 10, 1955 ORNL-2012, P a r t s  I, 11, 111 
March 10, 1956 O R N L - ~ O ~ J . ,  Pa r t s  I, IT, TIJ 
J u n e  10, 1956 ORPJL -2106, Par t s  1 -5 

March 3S, 1957 0FUL -2274 
Septem5er 10, 1956 ORNL -215'-7 

Throughout t he  remainder of t he  f luo r ide  v o l a t i l i t y  bibl-iography, 

reports  a r e  l i s t e d  which i n  most cases have been assigned R. cen t r a l  f i l e s  

number ( t yp ica l ly  ORNL-CF-XX-YY-ZZ) , 

numbers of the  year of i s sue .  

made ava i lab le  f o r  ex terna l  d i s t r ibu t ion  through the  Division of Tech- 

nical. Infol-raation Extension i n  Oak Ridge - I n  general, -those des i r ing  

a spec i f i c  report  should wr i te  .Lhe La'ooratory Records Department of  t he  

Oak RLdge National Lainoratory t o  request 'che repol-t. For reports  which 

have not been previously i-e.!.eased f o r  external dis t r lbu t ion ,  several  

months may be requi.red t o  obtain x copy. 

The "XX" di.gits  a r e  the  l a s t  two 

Marly of those repor t s  p r i o r  4x1 1961 were 

Chemical Technology Division U n i t  Operations Section Month1.y Progress 
Report f o r :  

March 1956 
December 1956 

June 1959 
Ju ly  !..959 
August 19 5 9 
September 1959 
October 1959 
November 1959 
JanlJ-ary 1960 
February 1960 

May 19 59 

CF -56 -3 -116 
CF -56 -12 -128 
CF -59 -5 -1+7 

CF -59 -7 -58 
CF -59 -8 -76 
CF -59 -9 -69 
CF -59 -10 -77 
CE' -59 -11 -5 4 
CF -60 -1 -49 
CF -60 -2 -56 

CF -5 9 -6 -6 3 

March 1960 
Apri l  1960 
May 1-960 
June 1-960 
July 1360 
k g l  s t, 1960 
scp tetnbcr 1960 
November 1960 
December 1960 
March 1961 
June 1961 

CF -60 -3 -61 
CE' -60 -4 -37 
CF -60 -5 -58 
CF -60 -6 -11 

CY -60 -8 -86 
CF -60 -9 -43 
CF -60 -1.1 -38 
CF -60 -1.2 -28 
CF -61 -3 -67 
O m ,  -m -3 4 

C'F -60 -7 -46 
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August 1961 om-TM-65 October 1962 0-fw1 -TM -412 
September 1961 O F J X L - T M - ~ ~ ~  December 1962 ORNL -TM-453 
Novemnber 196s o m  -m -122 February 1963 om -m-581 
December 1961 ORNL -TM -136 March 1963 OXNL -m -586 
March 1962 ORNL -'lY4 -222 

ORNL Centra l  F i l e s  Memoranda 

R. E. Leuze and C. E.  SchilLing, "Dissolut ion of' Metals i n  Fused Fluor ide  
Baths, I '  OWL-CF -5'4 -7 -59 (July 51 1954). 

G. I. Cathers, J. T. Long, and E. P. Milford, "Proposed P lan t  for Proc-  
e s s ing  Spent ARE Fuel," O Z W L - C F ' - ~ ~ - L ~ - ~ ~  (Dee+ 1, 1954). 

S, €1. Stainker ,  "Unit Operatioris Ssc t ion  - Problem Staterrlent: ANP Fuel  
Recovery Process - Disposal of Process Off-Gases, " OmL-CF-55 -5-5'7 
(May 3, 1955).  

R. P .  Milford, " V o l a t i l i t y  Pilot P l a n t  - Valve and Pip ing  Spec i f ica t ions ,  '' 
ORNL-CF-55-12-99 (D~c. 12, 1955). 

R. G. Wymer, "Fused S a l t  Processing:  Ten ta t ive  Flowsheet, " ORNI,-CF -56-5-19 
(May. 1, 1956). 

W. H. Can,  Comment on "Tentat ive Flowsheet for t h e  Fused S a l t  Dissolution 
of  STR Fue l  Sub-Assemblies, I '  by R. G. Wymer, OFdJL-CF -56-5 -26 (May 2, 1956). 

J. T.  Long, "Notes on Volatility Corrosion Meeting, August  8, 1956,'' 
OFdTL -CF -56 -8-107 ( Aug . 15, 1956 1 a 
6.. I. Cathers, M.  E. Bennett ,  arid R. I;. Jo l ley ,  "A Uranium Hexafluoride 
V o l a t i l i t y  Process f o r  Fused Salts, I '  OWL-CF -56-9 -21 (Sep ta  4, 1956) 

R .  P.  Mil-ford, " V o l a t i l i t y  ProceBs - Use of Ma;F-LiF Melt f o r  Batch D i s -  
solution of Z i r c o n i m  Type Reactor Fuels with D, '' OmL-CF -56 -11 -4 
(NOV. 6, 1956). 

S .  H. Sta inker ,  "Cold Trap ProSLern Statemen%, I '  Om-CF-57-1-19 (Jan .  2, 
1957) (Conf iden t i a l )  

G. 1. Cathers, "Uranium Recovery f o r  Spent Fue l  by Dissolu t ion  in Fused 
Salt and Fluor ina t ion ,  I f  ORXL-CF -57 -1 -118 (Jan. 29, 1957). 

W .  11. Cam and S .  H. Sta inker ,  "The Pm-posed Schedule OS Operation of 
%he V o l a t i l i t y  P i l o t  Plant, " 0 ~ 1 1 - ~ ~ - 5 7 - ~ - 1 5 8  ( J a n .  lo9 195'7) (Conf iden t i a l ) .  

L. M. Ferris, "Prel iminary Evaluat ion of  t h e  Fused Sa l t -F luo r ide  Vola- 
t i l i t y  Process  f o r  APPR Fue l  Elements," ORYL-CF-57-2-92 (Feb. 19, 1957). 
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