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A fluoride vo7 a t i l i t y  process for I-ecoverizg enriched U ~ E L ~ ~ I U R  
P ~ n m  Udi”4-NaF-ZrF4 melts, produced by the dissolution of reactor 
fuel elements in molten GJa;F-ZrF4 through hydi=ofluorin&tion, is 
deswibed, 
i s  separated T ~ o m  volatile fission products in a NaF absorption- 
desorption cycle, 
decontamination fac tors  s f  105 with B uranium loss sf less %ban 
0 1.5 were secured, 
to I F 4  or  nie%aL for f i r t h e r  use as reactor feeel, 

The W4 i s  fluorinated to UF6, which vola,Liliz,es, and 

In laborsatdory s tud ies  gross beta and g m a  

‘%ne produc-b UT6 m y  be convenien.tly re-tmrned 

Chemical stud5 es, supplementary t o  praeess deiae3-opmen% vox%, 
showed t h a t  impurities, possibly oxides, have a m.acla greater effect  
i n  t h e  $%sed salt-fluorination step than such factors  as use of 
nitrogen with the fluorine, o r  t he  method of intrraducing the 
fluorine i a t o  the fluoride rnzlt, 
a slightly so21ibJ. e corrosion produe.t, f s n i e d  in the fhnarination, 
ind i  eated that Lhls mtw%dl. wsu3.a not interfere i n  m c l  ten salt 
handling i f  *he Pased ssl% was no% allowed to stand without 
agit8tisIn ;far prolonged periods, 
was found t o  be due t o  the  f o m t i o n  of a W6-EJaF comp1.e~. The 
equilibrium between gaseous TJFG and sol id  complex was establ-i shed 
fa r  the tempersbi;ure range of 80 to 320%, Decorqmition a f  the 

uranium loss i n  the process i f  specified process i.ondit,tons are 
m i n t  alned 

The col loidal  behmior  a f  MQ2, 

The ahsorption of U.Fh in N G  

T J F ~ - M @  complex to 8 Wg-NaaT t.onaprex does not lead %o zeppr.acfabl@ 
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A n?w apprcmch t o  p r x e s s i n g  o f  Pnriekaed iirP.nium c i7r i l ia .a  
power reactor fuels by n, f'lvsride -Jcslatility method- be,s been 
reported * The rr;rA;bod consir ts  i n  :.hree s t e p ; :  dissal~i t , ion 
of the meta l  or a l l o y  i n  a f luor ide  melt by b y d r o f l u o r ~ ~ ~ , t . i a n ,  
volPt i l izat , ion of UF6 frmn t h e  mo'l-ten s e l t  through fliiorixlat3an, 
and f i n n l  pu r i f i ce t ion  of. the LF6 from volatile or ent,rained 
f i s s i o n  product. F h m r i d e s  by a b s o q t i o n  o r  d i s t i l l a t i o n .  
typical. s?lt ccmpsi t ion  i F  $0-50 male $ NeF-ZrF),, with a melting 
point  of abw% 510°C. The second step appenrs feas ib le  with m e  
of e i t h e r  elemenS,el.. f l u o r i n ?  or bromine psnt.aflm-~rids. The QIIHL 
development progf~m on t h i s  process has been d i rec ted  towsl-d use 
sf elemrr\t..al f luor ine  i n  the second step s n d  absorption of t,he 
UF6 on NaF P.S R mepns cf c-ompletely doeent8minatiag the UFh 
product frm fission product a c t i v i t y ,  

R 

A prschicPb1e process fl.owshee2, f o r  the fuse& se l t -TLuor ina t ion  
and NsF decontsmin%tion steps i s  descrlbed in t'nis report e lor4 with 
the results of 18boratory process t e s t  s tudies ,  I n  addition, the 
s t a t a s  of seme o f  t h e  inor? b?sie devalopment wnrk car r ied  on con- 
c v r r e n t l y  with. t h e  process sl:udies i s presented This siippsrtlng 
work b e s  incXudzd further st,ud:y of the fl~aoriiia,%ion step, : w m e  of 
t h e  c h m i s  t r y  involvdd i n  the NaF decontamination process, and  
e q l o r s t m - y  work an the eorrnsicn problem- 

2 ( 0 'OESC-RIflION OF PROCESS 

The recomml-nded f lcwshept  for the fused s a l t - v o l a t i l i t y  process 
(see Fig 7.1) h a s  the following Tcrhures: 
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Fig. 2.1. Flowsheet for Fused Salt-Fluoride Volat i l i ty  Process. 



-6- 

The F&J male r a t io  required for- vslati1iza;t;ion of more than 
o f  the  W6 w a s  decreased by the elimination o f  impurilJes, but It 
was not significantly affected by t h e  csncentrahilan o f  uraniann? In? 
the in i t ia l  fused salt; (Pig. 3.3). 

Use of N2 w i t h  the Pe, the nethod of gas in%ro&ic.%iaxl i n to  %lac 
melt, md the rate of gas flow has some effect  on the F2/U male 
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Fig. 3.1. Amount of UF6 Remaining in 
375 g of NaF-ZrF4-UFq (50-46-4 mole%) 
Fluorinated at  60OOC at  a Rate of 100 ml/min 
as a Function of Amount of Fluorine Intro- 
duced. 

Fig. 3.2. Efficiency of UF6 Volatilization 
as a Function of Amount of Fluorine Introduced. 
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RUN 
NO 

1 

6 

i 

8 

2 

3 

4 

5 

MOL~TEN SAU. 
AS-RECEIVED NaF-ZrF4-UF4 ( 5 0 - 4 6 - 4  mole o/o) 
NaF -ZrF,,-UF4 ( 5 0 - 4 6 - 4  mole o/o), HYDROFLUORINATED 
4 hr AT 600°C 

PREFI-UORINATED N u F - Z r F 4  ( 5 0 / 4 6  mole R A T I O )  PLUS UF4 
(76 .2  %* URANIUM ) 
PSEFI-UORINATED NaF-  ZrF4 ( 5 0 / 4 6  mole R A T I O )  P L U S  UF; 
( 7 6 . 2 % “  U R A N I U M ) ,  AIR-SPARGED FOR 2 h r  BEk-ORE 
FLUOR IN AT10 N 
PRET-L-UORINATED NaF-ZrF - i  ( 5 0 / 4 6  mole R A l - I O )  P L U S  UF,, 
(72.9’/dc URANIUM)  

PREkLUORiNATFD N a F -  ZrF4 (50/46 mole  RATIO) P L d S  UF4 
( 7 2 . 9  %* U R A N I U M )  

P R E N U O R I N 4 T E D  NaF-ZrF,, ( 50 /46  mo le  R A T I O )  PLlJS UFs 
( 7 2 . 3  oI”x U R A N I U M )  

PREFLLJORINATED NaF-ZrF, ( 5 0 / 4 6  mo le  R A r l O )  F’LUS UF4 
(72 .9  %* U H A N I d M )  

U C0NTEN.I- 
( m o l e  % )  

U 

4 

4 

4 

4 

4 

2 

1 

X - [ l - iEORETICAL 2 7 5 . 8 %  

Fig. 3.3. Effect of Uranium Concentration and Impurities of the Fused Salt Fuel Mixtures 
an the Fluorine-to-Uranium Male  Ratio Required for IJF Volatilization. Conditions: 190 rnl 
of F per min; l/ l&in.-dia sieve plate on dip tube thafintroduced fluorine to melt. 2 
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ra t io ,  but the results could not be correlated with the  known 
variables (Fig .I 3.4) .  

These experiments were performed at  600% i n  8 2-in,-dia 
nickel reactor  with a 375-.9 charge OS NaF-ZrF4-UF4. 
t he  tes ts  the  salt was made by the  addition of W4 t o  Na-ZrF4 
(50/46 mole r a t io )  t h a t  w a s  believed t o  be re la t ive ly  free of 
oxide iinpurities as a resu l t  of previous use i n  a f luorinat ion 
run. Uranium te t ra f luor ide  concentrations of I, 2, and 4 mole 9 
were used t o  study the ef fec t  of concentration, I n  other t e s t s  
N@-ZrF4-UF4 (50-11-6-4 mole 4) was used as received. 
obtained by d i r ec t  s q l i n g  of t h e  salt u t  in te rva ls  during the  
f1uorinEti.m. 
t i o n  point f o r  comparison, but usually a sharp break w a s  observed 
i n  the  curve between 95 and loo$, which extended the  curve t o  higher 
fluorine- to-uranium mole r a t io s  fo r  vola t i l i za t ion  of the last t races  

I n  some of 

Da-ta were 

m e  curves were extrapolated t o  t'ne loo;./, vo la t i l i za-  

o f  UFG. 

~ o ~ . a t i l i z a t i o n  of more than 99% of t he  U F ~  from as-received 
Nal?-ZrF]+-UE"4 required a fl7rorine-to-uranlum mole r a t i o  of about 
3.1/1, which w a s  reduced t o  about 2.2/1 by sparging with HF for  
4 hr before f luo r imt ion ,  
synthesized by adding UFi,. w i t h  a uranium content of only 'j'Z?*9$ 
( theoret ical ,  75.8s) t o  prefluorinated NdF-ZrF4, t he  fluorine-to- 
uranium mole r a t i o  required f o r  more than 99$ UFg vola t i l i za t ion  
was about 2.4/1. When very pure UFiL, uranium assay of '{6.2$, w a s  
used, the  fluorine-to-uranium mole r a t i o  w a s  1.4/1, which represents 
a f luorine u t i l i z a t i o n  efficaj-ency of about '(0%. 

I n  two t e s t s  with the  f'uel mixture 

A quick-freeze sampling tteclnnique was used i n  a l l  of t he  f luor i -  
nation work, 
t o  within 3% w a s  obtained i n  uswiiurn analyses of samples taken,during 
the  course of f luorinat ion experiments with t h e  use of a dip ladle, 
immersion of a sol.id rod in to  the  fused salf; t o  obtain a quick-freeze 
sample, and samples taken a f t e r  f luorinat ion by grinding and sampling 
the  e n t i r e  batch of salt. 
uranium concentrations i n  the NaF-ZrFk salt, 8, 2, and 0.5 w t  8. 

A comparison of sampling methods showed t h a t  agreement 

Tjnis study WELS niadc w i t h  three d i f fe ren t  

3.1.2 Corrosion Studies 

The corrosion of nickel test  coupons arid of a nickel vessel was 
fair7.y LOW after 20 f used  sal t - f luorinat ion runs at 65Ooc, confirming 
previous work, 5 Since conditions changed continually during the 
ruts and since the  various components of t h e  vessel  were attacked 
t o  d i f fe ren t  degrees, a calcul-ated over-s l l  corrosion r a t e  would 
have no significance. However, it appears t ha t  a large number of 
f luorinat ion runs can be made i n  one reaction vessel before the 
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UNCLASSIFIED 
Y-14847 

Fig. 3.5. Cross Section of Assembled "A" Nicke l  Reaction Vessel. The pit t ing 
on the fluorine gas inlet tube may be seen at  paint A. 

Fig. 3.6. Cross Section o f  Welded "L" N icke l  Test Coupon Exposed to Molten 
Salt in  a N icke l  Reaction Vessel. Note uniformity of attack. 
plus (NH4)2S208. 12X. 

Etched with KCN 
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Fig, 3.7. Qwter Surface Attack of Fliaarine Gas Inlet Tube in Vapor Zone of  
Reaction Ve55eI. Section taken a t  point A OF Fig. 3.5. Etched wi th  KCN plus 
(NH4)2S208. 20X. 

i 
i 
i 

* 

UNCLASSIFIED 
Y-15139 

Fig. 3.8.  inner Swrface of Specimen of  " A 1 l  Nickel  Reaction Vessel Taken From 
Region Exposed to NaF-ZrF -UF4 Fuel 
wi th KCN plus (NH4)2S20:. 250X. 

Note nonuniform surface attack. Etched 
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3.1~4 ~ehb~trior of M S ? ~  i n  Corrosion 

Tbe beha-rior o f  N i F 2  i n  molten NaF-ZrF4 and JNaF-ZrF4-UE4 systems 
we28 studfed "is determine if  the  pyesence of &his  corrosion product 
would fssm sludges which would interfere with salt t r ans fe r s  i n  athe 
f luoride volatility process, Although U S 2  has been reported t o  be 
fairly insoluble i n  t h i s  type of salt (approx-tmately 0,2  w t  $ as W i  
at 600°@), a% higher concentrations N-2 readily forms a viscous 
dlspersion whleh sett les slowly, Based on t h i s  observation, it w a s  
Con@luded that M U 2  coneentrakions up to 2 wk $ would no% interfere 
with salt trcwsfers unless the molten salt were permitted t o  stand, 
umgitaled,  for long periods of time. 

Anhydrous NV2 was  added to molLen l%F-zxT4 (50-50 mole $1; the 
mix w a s  he&m3. until a elear solution was obtained and. then cooled 
u n t i l  t u rb id i ty  reappeared. Solubi l i ty  values (Table 3.3)  estimated 
by the di.sappenranee o f  tu rb id i ty  were i n  fafrly goad cagreement with 
those detemined electrochemically an 53 mole 8 Ril?-kT$ ZrF4 sal.%, 

mole '$) at 600% resulted in the f~rmabtion o f  a viscous dispersion 
which was f a i r l y  stable, 
ebfter only Oe! j  hr with an i n i t i a l  nickel concentration of 2 Frl; '$> 
complete setl l ing had not occurred even after 72 hr (Table 3 0 4 ) 0  
With l w% 4, settling was  more nearly mmp%ete at 72 hr since %he 
NSE'2 concentr@tion arnd viscosity at the b~tt.0131 c~urld not; increase 
as much. 
s i m l l e n r  t o  those f o r  the uranLw-free system (Table 3.5Ie Bowever, 
with 2 w t  $ Ni a d  with ml.lj_um present t he  settling w a s  less after 
2 hr  than i n  the $est with no u~r3lasEm, 
i s  represeated by the lower limit of &&el, concentration encountered 
fn the S&%lirr@; k & S ,  it appears 

Addition of EES mCh as 6 w t  $ NiF2 t o  molten Nd?-ZrF4 (50-50 

fl%haue;h some settling of NiiF2 was evident 

The resu9ts f o r  the i'id?-ZrF4-W4 system appear very 

Since the ~olub~lbty of  N U 2  

be &ppL"cpXhEt,td~ the St%Xie dn 
Urrtmim-beapiw a d  umdm-free SELL% o 
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Table 3.2. Uranium Lasses in Laboratory-Scale Fluorination R m s  

Number of Duration Fluorine Flow Rate 
R u n s  (&/rnin) 

Uranium Loss 
in Waste 

($ of Total) 

4,58 
2.50 
1.25 
0.83 

55 
100 
200 
300 

0.11 
0.02 to 0.16 
0.06 to 0.23 
0.01 -to 0.04 

Table 3.3. Visual Determinations of Solubility of NiFp i n  
NaF-ZrFh (50-50 mole 5 )  

Temperature 
( O c  1 

640 
670 
68 5 

0.7 
1.0 
1.3 
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N i  Concentration ( w t  $) 
Rekativc Position 

05 I n i t i a l  After A f t e r  After A f t e r  
Sample Content 0,5 hr  2 hr 8 hr 72 hr 

__ _. ~ 

Initial Ni Contenta - 2 w t  $ 

1060 
1.74 
1.72 
1 ~ 8  
2.13 

0.28 0.20 - m *  

0*73 0030 0.22 0.20 
~ 7 2  2.20 1.40 0*21 
l e 8 6  2.62 3.48 1923 
2.02 3-82 3.54 20 99 

1 (tal?) 
2 
3 
4 
5 (bottom) 

%he nickel. wa6 added as NIIF2* 
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Table 3.5. Sedimentation of NiF i n  Molten Na.E'-ZrF4-W4 
(48-48% mole %I 

Temperature: 6oo0c 

s , -. 
Ni Concentration ( w t  $) 

Relative I n i t i a l  N i ,  2 wt $ Initial H i ,  1.. w t  '$6 I n i t i a l  Ni, O,? w t  $J 
Position - - I 

of After After After A f t e r  A f t e r  
Sample 2 hr 48 hr 2 hr 48 hr 48 hr 

_L_- 

1.26 --- --- --I ..we 1 (top> 
2 1.23 0~25 0 ~ 3 6  0.18 0 24 
3 2.12 0.34 0.40 0*20 0.33 
4 2.78 2.75 20 53 0.47 0.22 
5 (bottom) 2.81 6.94 3.08 --- 0.85 
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Table 3.6. Swnmary of Four Consecutive Runs i n  Two-Bed Fused Sal-& 
.-1___- 

Fluoride-Volatility I_ Process 

Conditions: 128 g of uranium i n  NaF-ZrFI~.-usl”i+ (52-44-4 mole $) F a i t h  
gross beta  ac t iv i ty  per milligram of uranium of 
5 x 105 counts/min. 
1/1 F2-Nz mixture fo r  1.5 hr and then with pure P2 
f o r  0.5 hr; UFC; i n  F -N2 gas stream absorbed on. N e ;  

in to  a cold t rap  

Each run fluorinated with 

UFg desorbed at  100- t OO°C through second Nd’ bed 

Average F2/U mole r a t io  i n  absorption period: 

Average F & J  mole r a t i o  i n  desorption period: 

Absorbent beds: 

4 / l  

2/1 

60 ml. of 12- t o  40-mesh Nd? in I-in.-dia t u t ~ e s  

N ~ F / U  weight r a t i o  a f t e r  four runs: 111 

II ..-I- - 
Uranium Retention ( 4 )  

Product Gmi ,  Activity - 
Product F i r s t  F i r s t  Second per Milligram 
Yield Cold Nd? NaSP Waste of Uraniuma 

Run (74 Trap Bed Bed Sa l t  (cts/min) 
I 

1 83 0.01 0.02 
2 35.2 0,lO 0 *05 
3 151 0.07 0.08 
4 43.8 0,08 oe02 

Over-all 70.1 0.06 005 5.1 0.04 

3.6 
3 . 1. 
1.0 
2,s. 
2.5 

a Gamma ac t iv i ty  per milligran of natural uranium i s  8 cts/min. 
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Table 3.8. Decontamination of UF6 i n  the Single-Bed Fused S a l t  -- 
Fluoride-Volatility Process 
~ 1 1 1  cII_- 

UFG i n  F2-N2 gas stream from fluorination of NaF-ZrF4-UF'j4. (gross 
beta ac t iv i ty  per milligram of uranium i n  salt = 5 x 105 cts/min) 
a t  600OC; absorbed on NaF at  100°C, desorbed with excess F2 by 
increasing the temperature from 100 t o  4000C 

Absorbent: 200 ml. of 12- t o  40-mesh N a 3  i n  I-in.-dia bed 

Total F*/U mole ra t io:  - 5 
N#/U weight ratio:  - 6 

Product; yield: 87% 

.~ -. 

Decontamination Factors 

Over- all, 
Includin# 

Activity Absorptiona DesorptionS Fluorination 

4 
4. Gross beta  2.1 40 1.2 x 10 

Gross gamans. 1-2 310 1.4 x 10 
4 Ru gamma 2,4 46 l-100 

Zr-Nb gamma 1,o 1600 5.9 x 10 
Total rare-earth beta 1.0 5 

%ased on ac t iv i ty  not absorbed with UF6 on N U  but passed in to  
cold trap.  

bBased on ac t iv i ty  remaining on NaF a f t e r  desorption of VP6. 
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The uranium retention on the  two Hal? beds In tSe fou~-mn  
series was respectively O,? and 5+l$ (Table 3,6Q0 
loss w t ~ s  due t o  some back-pressure buildup, which was evident i n  
all runsd as the  resu l t  of e i the r  pa&iaL pl'tgging of the  Ed? beds 
o r  a stogpge i n  t h e  1% is: essent ia l  t o  amid ;raw 
prolonged r e s t r i c t ion  of the g w  fao%r, Ai& wodL6 result 5x1 a 
mor part of the W6 remining im the bed RS it approaches hOOoc 
(see c~scussion of decoqosi t iun ef fec t ,  ~ e c .  403).  or exrm-p~e, 
three mccesslve complete cycles wi t la  'UFG i n  a two-bed &d?' syslern, 
where l i t t l e  plugging occurredj resulted in retentions of 0,04 ma 
O,Ol$, respectively, in the two beds, In single-cycLe t e s t  wlth 
the sane eqdprnent, the uranium retea"cons were 0.05 adndb O,Sl'$ 
respectively, The per cent o f  Xcesss, thexxxfore, does not appear t o  
depend on the number o f  cycles, 

This exeesr;Sv-e 

colB trap. 

3.2,2 Operation at a Temperature Above 680'G 

Fair decontamimtion, was obtained with N@ i n  e i ther  a 9- or  
18-ine-1~ng bed at  650% when the H@/U weight r a t i o  was 3/1 

(Table 3.9) Runs lJ 2, 3) o r  6/1 (Table 3.10, X ~ n s  1 a d  3) . When 
the g-in.-long bed wa6 re-use& (TabZe 3.9? R u n s  3 mil k ) ,  60 %hat 
the over-all Nd?/U weight ratio was S,'j/l for both runsf &eccpntmi- 
nation factors for gross beta, gross gtxmma, and ruthenium Seta 
decreased sharply. 
observed, although here %he over-eell %@/U weight ra%Zs f o r  the  
two runs was 3/l  (Table 3,,lO, Runs 1-2 and 3-4)* The imperfect 
decontwimt ion  of the 
absorbed i n  one m leads t o  cross-contamination over consecutive 
m s  ( i l l u s t r a t ed  by shmp decrease fn ruthenium gama-deconteurai- 
nation factors  In  subsequent runs) 
of Na?? i n  r e m s ~ a g  ~lutheniwm at 3 600% was in contmst  t o  %be much 
smaller e f fec t  obrsemed i n  a 
see. 3.2,1), 

With the  E8-irsO-Cbong bed. the sane ef fee t  was 

i n  m y  single ~ " ~ 1 1  and the m%hexarlwn 

Ho%rc"v&r:, the high e%fe@tfVeness 

absorption cgeEe at 100°C (see 

Use of NeiF at 600-650°c was discontinued because of the excessive 
co~rosion, the d i f f h u l t y  wLtb wh2& the  tmpemture  =as maintained, 
and the  great vetriatiion af u d w a  re%e&icPn on the bed. 
r e su l t s  were secure6 with a hi& flaw mte for the  W?Q-S~ gas sZasesam 
from the molten s d t  step. men the f m r  rat;e WEE &c?-c3asea ~n order 
to secure more d e c o n t W m t i ~ n , ,  t he  u,nuxLwaz retention b e w e  very 
high (see See, 4,3). 
at high uranium retentions, thus sccszw"tiw for some of the  eXeesS%v'e 
cornsion.  

!!%e best 

Ac"cu&2 ska%edrg of the R E S  bed usue23-1~ ocCUJared 
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Table 3.9. Decontamination i n  a 9-ine-long N G  Absorbent Bed 

UFg-F gas stream from fluorination of Nd?-ZrF4-W4 (52-44-4 mole $1 fine?_ 
at $00 t o  65OoC passed through l-in.-dicz NE$ bed (12-40 mesh) with 
temperature of 65ooc i n  ho t tes t  portion; same bed used i n  Runs 3 and. 4 

F2/U mole ra t io:  R u n  1 - 3.7 
Run 2 - 3+6 

Run 3 - 8.2 
Run 4 - 4.8 

NaP/U weight r a t i o  i n  absorber: 3/1 f o r  Runs 1, 2> anct 3; over-all r a t i o  
f o r  Runs 3 and 4 = l e 5 / 1  

Decontamination Factors 
I 

Activity Hun 1 Run 2 Run 3 Run 4 

Over-all 
-______- 

2900 4 Gra s 8 bet a lP3 1-04 5800 1,o x 10 

Ru gmmm 1700 1600 LO 104 200 
Z r - a  gamma 3.2 105 7 ~ t  x io 7.0 104 1.0 105 

Grass gamma 3.2 104 2.1 10 2.4 x LO4 4 500 

Total rare-earth beta  5.2 x 105 5.0 x lo4 4,9 x lo4 1,l x 107 
- 

Across Ab sorbent a 
-....-.- 

Gross beta  340 200 35 
Gross gammn 930 4100 220 
Ru gamma 940 1400 62 
Zr-Nb g m - a  900 1 2  104 2000 
Total. rare-earth beta  a 17 8 

a Calculated on basis of ac t iv i ty  found i n  absorbent end find product, 



G ~ Q S S  beta 
@rosa gamaaa 
Ru g8.%mm 
Zr-m &amma 

2 
40 

5 
250 

14 
82 
31 

700 
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4-1  - NaF Capacity f o r  UF6 - 

The absorption capacity of N e  f o r  W6 was  about 0.9 g of 
uranium per gram of salt f o r  one l o t  of Hnrsh3w Chemical Company 
material under 8 variety of conditions (Table &.I.), 
of B&er and Adamson Company reagent-grade N d  w a s  1,89 g of 
uranium per  gra.m of s a l t .  Absorption of Up6 on NaF under an 
i n i t i a l  vp,cuum. indicated a capacity range of 0.80 t o  0.90 f o r  
different  mesh sizes, while absorption vKLues obtained when the  
excess UF6 was removed with fluorine as a sweep g;as varied from 
0.72 t o  0.86. 
a t  70, 100, and 150°C and ab two different pressures. 
of 0,g fo r  the  Harshaw Chemical C01qm.n~ material i s  independent of 
the p a r t i c l e  s ize  t o  which it i s  degraded, Tkze l.,89 value for  $he 
capacity of the  Baker and Adamson Company anaterial corresponds 
closely t o  the  molecular r a t i o  i n  the  complex Wg-3NaFd A complex 
of t h i s  nature has been reported by other investigators.6 

TPle capacity 

Pract ical ly  the  same capacity values were obtained 
The capacity 

A s  indicated, the or iginal  1 / 8 - f ~  pe l l e t s  (Harshaw CJ?mic&L 

ExaminatLon showed tha'c the lemon-yellow 
Company) had prac t ica l ly  the  same capacity as the same m a t e r i d  
degraded t o  12-40 mesh, 
color, character is t ic  o f  the  complex, w a s  uniform inside the  
pe l l e t ,  Although the m t e r i a l  w a s  therefore f a i r ly  porous, the 
limited cagacity of ap-oroxi,mtely 47% of theoret ical  and a. surface 
area o f  only about 1 rnp per gram indicated tha t  %he c rys t a l l i t e  
s ize  was about 103 angstroms. 
such as  heating t o  100-kOO°C w i t h  e i ther  m e u m  or  m atmasphere 
of fluorine t o  eliminate H%' o r  moisture, did not affect %he 
capacity measurements 
showed that the  HF o r  moisture content w a s  no more than 0,05$8 

Severe conditioning of the N@"r 

Weight-loss t e s t s  a f t e r  prolowed heating 

4,2 Pressure of WC; Above UF6*3NaJ? Complex 
I__ 

Vapor-pressure data for the  WG-NaF complex were obtained by 
the t ranspirat ion method over tne temperature m ~ e  80 ,to 320°C 
(see Fig, 4*1)* The reaction involved i s  described by the equation 

w6*3H*(S) __z mC;(@;) -t- 3N@(S)*  (1) 

The data a re  f i t t e d  w i t h  the  analytical  expeas ion  

(5.09 x 103/T), 
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Fig. 4.1 . Dependence of U Fg-NoF Complex Vapor Pressure on Temperature. 
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whcrz T is the absolute temperature. 
formula with t h i s  equation gave a value of +23,2 k c d  per  mole OS 
uI"6 for the enthalpy change of Eq. 1. 

100 mllmin, or  less ,  through a prepared bed of the UF6-Nali" complex 
at> any desired temperature, trapping out the UF6 i n  the nitrogen 
stream i n  a d i lu t e  Al(NO3)3 solution, and measuring the t o t a l  
volme of nitrogen with a wet-test meter. The UF6 hydrolysis 
samples were analyzed by colorimetric o r  fluorimetric methods t o  
an accuracy of be t t e r  than +5%. 
w&s maintained always t o  wixhin +O,2'@. The UFg-NaP complex was 
prepared by saturating a 30-g be2 of' 12-20 mesh Harshaw NE$ i n  a, 
l - in , -d ia  ver t ica l  nickel reactor with N?6 at 100°C. 
bed saturation was  maintained throughout the t e s t s .  Check runs, 
made a t  various N2 flow rates,  showed no flow-rate effect .  

Use of the Clausius-Clapeyron 

The data were obtained by passing nitrogen at a flow ra t e  of 

Temperature control of the bed 

Over go$ of 

Crude adiabatic experiments were made w i t h  100-ml batches of 
N a F  to show tha t  the reaction heat of 23.2 kea1 per mole of UF6 
produces a large temperature r ise ,  approximately 130°C, i f  t o t a l  
saturation with UFg (preheated t o  about 100°C) i s  carried out 
quickly i n  a period of a few minutes. 

4.3 - Decomposition of UFQ*~N@ Complex 

A study of the decomposition of the UF6.3Na;r" complex at  temper- 
atures of 2 4 5 O C  and higher has confirmed the bel ief  t ha t  uranium 
retention on the  NaF bed will be excessive i n  %he N a 3  desorption 
step i f  the  temperature and sweep-gas flow ra t e  a re  not properly 
controlled. 
convlex t o  a complex of NaF with W5, which is not volatile.5 A 
mimum decomposition r a t e  of about 0.01, 0.09, and O.5$ per minute 
i s  incurred at 250, 300, and 35OoC, respectively, i n  the  absence of 
f luorine i f  a l l  the  uranium i s  assumed t o  be i n  the Tom of the 
sol id  complex U??6*3NaJ?. 
f r o m  the  NaF bed (see Secs. 3.1.1 and 4.2) competes favorably with 
the d-ecomposltion effect ,  res-&ti% i n  a small ui%nim loss. 

"he retention resu l t s  from decomposition of the UF6*3NaF 

Under o p t i m  conditions, UP6 desorption 

Fluorine appears essent ia l  t o  inh ib i t  the decomposition reaction, 
and possibly t o  promote refluorination of the  nonvolatile TJ(V) com- 
pound, formed i n  the decomposition. The posslbility of my uranium 
retention by the decomposition mechanism i n  the absorption step at 
100°C appears t o  be insignificant,  even over extended periods. 

The temperature-dependence of the r a t e  of decomposition o f  
ur;l6*3N@ was determined. i n  a ser ies  of runs over the temperature 
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range 2hg-355°@ (Fig. 4.2). The probable reaction involved i s  

UF603N@ (sol id)  ---+ vFg*xNaF (solid) f 0.5F2 (gas).  

The dependence of decomposition r a t e  on temperature i s  

log r = 6.09 - 5.22 x ld/T 

where r i s  the f rac t iona l  decomposition r a t e  i n  reciprocal minutes 
and T i s  the absolute temperature, The rate w a s  calculated on the  
basis of an absorption capacity of 1.33 g of m6 per gram of N a F ,  
The energy of act ivat ion w a s  calculated as +23.9 kcal/mole of m6*3N& 
complex. It i s  possibly significant t h a t  th i s  energy chnnge i s  
approximately the same as the  enthalpy change of +23.2 kcal  per mole 
involved i n  tine vola t i l i za t ion  of UF6 from the W6*3N# complex. 

The  decomposition data were obtained w i t h  14- t o  5-g samples of 
Nd? (Xarshaw Cnemical Company pe l l e t s  c lass i f ied  t o  12-20 mesh) held 
i n  a IT tube (l /2-ina-dia s ta in less  s t ee l  tubing), through which 
gaseous UE'6 was passed at atmospheric pressure. An o i l  bath w a s  
used for manually controlling tine temperature t o  +3OC during the  
course of each eqeriment* The m s  were ended by removing the  
o i l  bath and ra;?idly cooling the  sample, 
a t  the beginsling by saturating the  N@ at n high W6 flow rate,  
a f t e r  which %he f l o w  r a t e  w a s  decreased t o  0,l-I g/min f o r  the 
remaining t h e ,  %he length of the runs at various t q e m % u r e s  
was adjusted so as t o  obtain a U(V) content i n  the  f i n a l  product 
02 1 t o  lo$, Tine excess UF6 s t i l l  absorbed on the NaF at the end. 
of each t c sL  was not desorbed because of the  d i f f i c d t y  of achieving 
this withoixb ineressing the U(V) content, The amount of ul?6*3&d? 
complex affected. by the reaction w a s  determined from U(V) and U(V1) 
analyses. A temperature above 355OC was not used since it would be 
difficul2; t o  maintain saturation of %he N a F  with UF6 without use of 
a pressurized. system. 

The UF6*3N@ was  famed 

I n  preliminary work on the decomposition reaction, a U(V) 
content 02' 20-2676 represented a l i m i t  which cod-d not be exceeded 
i n  one cycle of saturation of the  NE$ w i t h  WQ at 100°C followed 
by heating as a closed system t o  350-4OO0Ce Generally, i n  these 
runs, t he  N& weight increase ver i f ied the asswyp-bion khat t h e  
decomposition product i s  a complex of UF wlth NaK X-ray crystal-  
lography d&a indicated tha t  the W5*xN a 3  complex i n  the  decczmposi- 
t l o n  produ t has an orhombic st cture with c e l l  dimensions 

The x-ray pat tern o f  y-, 80 = k 9 0  1, bo = , co = 3.87 72 
or B-WT was not observed i n  the  material, 
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Fig. 4.2. Dependence of Rate of UF *3NaF Complex Decomposition on Temperature. 
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Both the  f’used sa l t - f luminat ion  and I”-absmption steps of 
the v~la%f . l l ty  process require further research aand development 
m e  presented laboratory studies have demonstrated the chemicsl 
feasibility of the  process. 
hswemx, i n  ~ i i h p . t i ~ ~ g  the  process Tor use at, %he pilot-plant level.  
Chmice331-engfneerisg requirements w i l l  doubtless be a mdor factor 
dn f i t s a ~ e  modification of the prseese f o r  use with various types 
o f  reactor fuel. Continued resear& is also essential to seeurix@ 
a. b e t t a  wderstmding of the  basic chemistry invdved i n  the two 
steps of the  v o l a t i l i t y  process. 

Much fir2;her work w i l l  be needed, 
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