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-libel. reprocessing metihods are be- investigated for molten salt nuclear 
reactors which use LiF-*F2 s a l t  as a solvent for Q and W4,. A liqyid HF 
dissolution procedure coupled Kith flrcarination has been developed for re- 
covery of the urani’;m and LIF-BeF solvent salt which is highly enriched in  
Li-7. !he recovered salt i s  decon%minated in the process fzcrpn the major 

of alternate methods, including Qdde .preci@tt~~tian, partis3 freezing, and 
metal reduction, *&cated that such methods may give some separation of 
%he solvent saXt From deactor poisons, but they &-not qppek t o  be suffl-- 
ciently quantitative for a s-Ie processing operation. 

Solubilities of LIF and EeF2 in aqueaus 7O-lOO$ HF are presented. !Phe 

a 

1 reactor poisong namely, rare earths and neptunium. A3rIef investigation 
! 

, BeF2 solubility is appseciably inereeed. inslthe presenee of watq and large 
amaunts of LiF. 

solvent sizrt S O l U b i l i t Y ,  ucrease fimpitjat d L i o ~  Q in *$ 

Salt BolubllAti&s of 150 g/liter are attabable. Wacer 

to  0.003 
I 

I 

I experiments indicate that rare earth solubilitie relative t o  LiF-BeFe 

, % -  mole $ in Bo$ EF. 

. .  

Y origlation of uranium LIF-RT salt has been demons.t;r&ed. !J5is 
appears feasible also-for the recovery odthe relatively small concentration 
of WaniUm prodnzced in the fJYF-BeF2-q b-t, ,1+ 

~ 

e 

l A proposed chemfcal flowsheet is presented- on the basis his ealaratory 
work as applied t o  the Semic ,gocessing of a 600 MM power reactor. 

This document contains informotion of a preliminary fb* iMormation b not to be abstnetcd, 
nature and was prepared primarily for internal use @epAntrA or othenViso given public diswr5~t&m 
a t  the Ook Ridge Natianol Laboratory. It is  rubiect &&nut the t;pproyal of the ORNL pattnt &ma&, 
to revision or correction and therefore does not h a  .M informotion aotrol hyartmcnf 
represent a final report. 
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I LEGAL NOTICE 

Th is  report was prepared as an account o f  Government sponsored work. Neither the United States, 

nor the Commission, nor any person acting on behalf of rho Commission: 
A. Makes any warranty or representation, expressed or implied, wi th respect t o  the accuracy, 

completeness, or usefulness of the information contained in this report, or that the use of 
-any information. apparatus, method, or process disclosed in th is  report may not infringe 

privately owned rights; or 
B. Assumes any l iabi l i t ies wi th respect to the use of, or for damages resulting from the use o f  

any information, apparatus, method, or process disclosed in th is  report. 

As used i n  the above, “person acting an behalf of the Commission” includes any employee or 
contractor of the Commission, or employee of such controctor, to the extent that such employee 

or contractor of the Commission, or employee of such contractor prepares, disseminates, or 

provides access to, any information pursuant t o  his employment or contract wi th the Commission, 

or h is  employment w i th  such contractor. 
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IWI!RODUCTIOPJ 

\ 
High temperature fluid Axel reactors sing-molten fluorides have been pro- 

parer.. 'j2 !be core or blanket s a l t  in this pose4 for the production of nucle 
tyge'reactor would be ideally a Id F-BeF2 mixture for 0ptbm.m neutron- moderation and 
economy. 
fisslae or fe r t i l e  elements, uranium, plutonium and thorium. 
economic justification of such a reactor system depend8 on f'uel processing,' i.e4, a 
processing method that will-maintain the desired neutron economy and reactor cpera- 
b l l i t y  at a reasonable cost'. 
proesm for this type 05' fluwide fuel'based on two principles-, namely, volatiliza- 
t&gn of UF- from the reactor salt by fluckination a d  recovery of the U7F-BeF2 

This materhl would act as a solvent or carrier for the fluorides of the 
The feasibility and 

This paper presents a description of a new-demical 

solvent sa P t for reuse by a EF dissolution pkocess. 

high temperature Ilyolten saXt reactor 4 Detailed crelcubtions far a power reactor 

Li 7 F--37 mole 5 BeF2 with up t o  1 mole 5 rrp-4 rind ThF4 as a cor'e s a l t  and 71 mole $ 

MOLTEm SALT REACTOR D[ESCRIPTIOM 

The Aircraft Reactor Experiment, in which &3F-ZrFb-rj"3519+ Axe l  .circulated 
through inconel tubing in fi?eO-zne&era ur, dentinstrated %he basic feasi%ility of a 

ha e been published on 600 Mw heat two-region homogeneous &chines using 63 mole 96 

kt7F-16 mole $ BeF2-13 'mole $ ThF4 as a blimht salt2, 
as' reference in this paper  ha^ a uranium (@33 or $35 1 inventory of 600-1000 kg 
(varying with time) with an 8-f't-dia core -an& a to ta l  fuel voltme of 530 ft3 (334 ft3 
external t o  the care). Jphe cure salt weight Is apgraximately 75,000 lb, the blanket 
l50,OOO lb. 

%e reactor design used 

In the reference reactor at  -least of the power is produced in the core, yield- 
ing about kg of fission prodncts per year. After operation for one year without 
processing (exce t inert as remmal), the fission prodticts-absorb'abaut 3.85 of a l l  

y&s, the fission product removal at the rate of one -fuel mlurae 
fission products would absorb 2. $ of the neutrons; 

absorption by fiijaion moducts would continus t o  increase almost linearly-with time, 
exceeding XO$ after 10 years; e 3 7  waal(i. wild up at an accelerat-ing rate, abs0rIxin.g I 

about 3$ of-the neutrons after 10 gears; the amount of fissionab%e material required 
t o  keep the reactor c r i t i ca l  would increase by about 200 &/par3 and the c m r s i o n  
ra t io  would - decrease maskedly. 

' Even-mntlbered uranium is0%opss, part-icularly are the worst poiSons, but 
%heir rmuval is beyond the scape of chemical reprocessing. 
fission products per year 22 atan 

neutroa and $3 g and $3 8 absorb abaut'3.94&. If tEe reacfor fuel is processed for 

sorb 10.4$'(m6stly $36); and I@ H 37 about-O.g$. Without Axel processing neutron 
wpuld ab- 

Of the 180 kg of 
with half-lives of m c r e  than 78 min are 

. Wlant, A. M. Weinbrg, Aircraf't Eeactor Exgeriment," 
f ic l*  *i* and Eng., 2, 797-85 

2J. A. hne, H. 0. WPherson aPa F* kslan, "Fluid Rae1 Reactors," 
A M ~ s Q I I - W ~ S ~ Y  h b l i s h h g  (30 , I ~ c  1958. 
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subject t o  removal from the reactor as rare gases; these would contribute 26s 
of the fission product poisoning for 100 ev neutrons-. About  26 atom $ of the 
long-lived fission products are rare earths, which contribute 40% of the to ta l  
Pissfon product poisonhg. The rest  of the fission products consist of a wide 
variety of Elements, no one of which is outstan 9 from the nuclear poisoning 
point of view. After reasonably Xong operation Np 37-rS the worst individual 
poison other than the rare earths. 

FLuowIDl3 VOLATILITY PROCESS FCW M91 FUEL 

Fluoride volatilization processing for uranium recovery appears feasible 
It is for molten s a l t  reactor (MSR) fuel on-the basis of hcboratory studies. 

based on direct fluorination of the fuel s a l t  t o  convert VFq t o  UF6 with atten- 
daKt volatiliz&tion and recovery. Similar voiati l i ty processes have been pro- 
posed and &ve$qed for zirconium alloy-reactor fuel elements after dissolution 
i n  fused sa l t .  One of these, t he  OWmL Volatil'ity Process, was successfully 
used for  recoyery and decontamination of uranium f'rom the 1QaF-ZrFtr-UF4 s a l t  
f y e l  of the Aircraft Reactor l5qmimtnt.5 The MSR volatilization process would 
differ, hbxcverj from other volati l i ty processes in that cmglete deconta.mlna- 
tion of t he  product m6 m l d  not be essential, since it could be remotely re- 
duced t o  UF4 ana reconstituted into reactor sal t .  

A series of small-scale fluorhations uas c w i e d  out with a 48 mole $ 
UFO-52 mole 6 BsF2 eutectic m3xture containing about 0.8 mole 6 m4. (BBR 
& e l  wwld contain 0.25 t o  1.0 mole 6 Up4, &pending on the operating time:) 
The eutectic s a l t  was used instead o f  the fuel s a l t  in order-tu invgstigate 
lower teqerature aperat3on. 
rate of uranium removal increased with the -teaperatme (Table 1): 

covery at as low a temperature as that used t o  process the fuel sa l t .  

Tk fluorinations a t  450, 500, and 550 C, the 

The thorium-ccmtaining blanket salt cannot b processed fur uranium re- 

'Go I. Cathers, ''tkanium Recovery for'Spent Fuel, "mUcl. Sci. and Ebg. $ 

'Ii. H. sjr;man, R. C. Vogel and J. J. &tz, "PToceedings of Intcrnat~onal.Con- 

7a-777 (1957 1 

3 fercnce.on Peaceful Uses of Atomic  Energy," Vol. 9, pp. 613-626, thited 
%tionsI EJcw York (1956). 

'G. I. Cathers e t  al., "Rccmery of Uranium from Highly Irradiated R~el," 
Unite& Mations Paper 535., 2nd International Conference on *acefUl Ubes 
of Atomic Energy (1958). 
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Table 1. Effect of Flumination Temperature on the Fluorination of 
WaiUm fra UF-BF, (48 -52 m ~ h ~  Q)" 

Fluorination 
Time, hr 

0 

0 -5 
1.0 

1.5 
2 -5 

3*3gM 5 .io 4 -91 
1.96 0.20 0 055 
0.39 0.17 0.20 
0 *21 0.12 9.06 
0.32 0 .u. o .05 

* 
No induction period before uran€um evolution. 

of the uraaium probably precipitated as oxide. 



- 5 -  
ld 

The urapium concentration in the blanket, hawever, is very low; i% has been esti- 
mated that with continuopis processipg at the rate of one blanket volume per yeax, 
the blanket salt (UF-BoF -"fhF4, p.rlcj-13 mole $) wia contFLin approljmately 
0.004 mole $ UF (140 p p y  a-r on& year and 0.014 &le $ aF4 after 20 years. 
R%uuorinations o two such niktures -at 6w0c for 90 min -gave ap~~$um concentra- 
Oions in the s a l t  of 1-2 ppm, the Lowest urBr?ftMI concentrations- mer obtained 
-in f'usbd salt-laboratory fiiuorfmations, Over of the uranium was removed 
in 15.m. 
salt can be accamplished. 

, 1 
\ 

It is concluded, therefore, that fluorpllation of uranitmi from blanket 

The bhavfor-of protactinium in the blanket salt during fluorination is of 
2nterest, although-the protactinltm is 
returned t o  th& reactor 
suff3cient irradiated 
gram of salt was fluarinahd for 150 min at  600OG.j there was no measurable de- 
crease in protactinim activity in the salt. 
the prltocess'seems t o  be unlikely. - Hc~weve~, the protactini 
the blanket of the referen& &sign -reactor is higher (;lo3 g per gram of sa l t ) .  

R-otactlnium volatilization in 
concentration in 

Ii17F-&FQ SALT RECOVERY Wrma HF' 
- 

;ESsperlmental wokk has &momtreed %hat the LIF-BeF2 s a l t  can be pro- 
cessed by dissolntion in aahydrapls-or nearly anhydraus lj,qElid hydrogen fluaride. 
DecontaniImitioh of the U F ~ B F ~  salt *am the mas& neutron poisons, rare earths 
and ncpttmium, is achie%ed due to  tho relative insolubility of-the flumidcs 
of these elements in auch solutions. The I;tF-BeF2 s a l t  is recoverable from the 
HF solution by evaporation. 

It-is well laiown that IkF is vgry 80lub)c and U F  is rather insoluble in 
drm HF the water in contrast t o  liqpid &where the rcvcT8e is .true. 

poLyvdLent elanent fluorldes generally exhibit l o w  s o l u b i l i % F  Ini t ia l  con- 
--s54era%ion of the problem 6aggkste;d -#mt &e of aqueous HF (greater than 8O$ HF) 
Xatld give suffkicnt  solubility .of both LIF and Be@ - to =-et proccqs objectives. we s.olubili.);y studies were-therefore c m i e a  out over the range of 70-1m HF. 
HowT?vcr, in addition t o  the nixed solvent -effect there existed also the possi- 
bility that anhydraus HF would be suitable as a so1vent:fdi. 'the LIF-BeF2 salt 
camplex in the aimlogous sense that cryolite, ~ $lF& is tjyite soluble whereas 
AlF I s  insoluble in 
HF kth the material being obtained By-mpor transfer from a cammercial %nk 
(ncminaq conta;ining less than ~.%$,watcr)-.- 

&me emphasis tiaS the tfore placea on using "a.nhydrous" 

Initial measurements of the solubilities of LiF and-BeF separately, in 
I I aqueous HF solu$ions indicated that both materials are solub 2d t o  an appreciable I 
I 

I C  

extent in solutions containing 70 t o  90 w t  $ HF (Tables 2 and 3). In general, 
. .  

I 

6A. W. J ack  and G. W. citdy, J. shys. Chen., 56, llofj-UOg (1952). 

'L. F. Audrieth ana J. Kleinborg, uNon-Agyeaus Solvents," Chapter 10, 
John Wiley and Sons, lnc., &w York (1953). 

L4 
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Temperature, 
0, 

12 
62s 
47+ 
37" 
32 *5* 

U F  in Solution, mg/g of solution 
73 *6 82.3 90.8 100 

10 -7 
20.6 

* 
Reflux temperature. 

, 

31.7 

41.0 

5.8 *4 74.8 88.2 

62 .% 80.4 
91.4 

Wble 3. Solubility of BeFp in Aqueous HF, Solution 

12 
d o '  

45 .€I 26.3 9 -2 2.8 

3 -8 

J 

0 .(x112 



i, UF w ~~~~‘soluble at higher temperatures if water was Present in the solvent, 
-but the effect QF texu&ratie-Oti I=2 SoluJ-W WM not d@finitCly established. 
me I&F sol&ility decreased rapfd-ly as Water,was added to anhydrou~ up, and 
& BF S~bMUt~ increased from near zCrO3 the so&ubSlities were roughly the 
saib in280 w-t & HF, 25 to 30 6/&I- The *F2 WRE g-W bi W+e-and dissolved 
slm~.y. flihe solubili%y values regmted far I@ %ZL Table 2, except at Iz'c, were 
obtaj.mdafter reflming HFOV@r the se far 3br- No further W?aS~ementa 
were made with LiF or BeF- al-e,. 

%@ 
%incC the s~W?ilities Of the tWO-COlpnents 

together were of Fy ortance. 
- i m &ubility Ofjk%.%x$ EdSO DAeas~b at vltslriou&J Hf? COnWS?.ir~t~~ and 

temperatures in the presence Of I;LFe t!!ht! SW+tS &XMr&ly cpnftid that the 
grqence of! L$F as well as w&er Increases the BeF2 solubtiity. A plot of 
s0iubility values at one temperature (l2OC) Uhzstrates both effects (Mg. 1). 
!Lbse aud data at other tempera~es are Present% ti bbles 4, 5, and 6. The 
favorable effect of water On BcF SoaUbibz%%y ti Bkawa PaSticularly In.70 and 
60s H~.~oluti~ns (Table 4). Eel? volubility WLS euhar&cd further when 70, 80, 
and go wt $ Ei? 8olutlons were sa iur atid wlltrh I&F @able 5). Because of the 
i&ream In BeF2 solubmty at hi@er m COnCCn~atiOIX+ when LdF is present, 
the ~o-~OO&HF range was stuaed ~I.uWU. .(TabZe 6): 9he~solubilitles in approxi- 
mtely lOO$ BF-appear sufflclently~h%$h f@ IprOsess purposes. 

?the results presented here RIUF& BO c~fdaredprelzi@.nary. BerylUwn 
solubilkies, in partic*, may be generally higher than Indicated because 
of ~&lytM~I problems. Difficulty was also encountered +I dq~rmining a~cu- 
Pa’tie3.y the kter W&an% ti kl&hl;y COnCen'@%d @?, %&!.8 was ey a prOblen 

' of miqpling the votitile 603&&XM @Xi g?@?tw the reaukt of deter&~&&g the 
' small amount of water by the 6eme Of the sEuQlc weight and th? total ; %ght~pf I&F, BoF2, and EFi 

S&ubillty measurezwnts were -de also on 63-a ?&tAc $ LIF-BeF2 skit 
(h&5$? wt 4) in the 80 to @ w% $ $@rm ($&b&e 7 . !Qxls salt c@gined 
about 0.1 mole $ &F4r 0.2 !JXU $B%xedT@~?e; *Wth (Liudsay Code 370), 
aud t&t fission pr'oducta (me fc?Um rtoo~ion). The’sa& was crushed Ipt 

-not &mud-to a powder3 avers& particles were flakes about lO.&ls thick.and 
50 to 100 qils across. !iBe solution -were s&mpktl 15 and 60 min af'ter salt 
addition to permit an estimate of the rate of.dissolut$on+ !Chc results iudi- 
cated thataq a~eci.a?d.Q cow!cnt~Mo~ is reaehed rapidly,but that the solu- 
tions arc not saturated, espeqla%ly W'Lth respect to BeF2, ti.less than several 
days. Th~yalso dexnonstratethatthe fasedsaltbehaves s23i1ilar4 tothe two 
components added tidlvi@ual&y. 

FISSIOPI PRolluCT mco~TxQIo 33 tmEE ElF 60I#uT10E FBOCESS 

The aqueous HF solutions of i&e sSlt f%om the precedlrg experiment wkrc 
'I filtered through sintered nickeJ., and@lochemicaX analyses were ma&to de- 

termine the-fiss$ou $ioduct isolubillties or decoutsmluatlon effect. !Che results 
(!Lable 8) show that rare-earths, as represented by eeritq were relatively in- 
soluble,ln the HF solution and were therefore-effectively separated from the salt. 
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-7a- 



i . f ,  

- 8 -  

Table 4. Solubility of BeFp in Aqyeaus HF Contahlng LiF 
.- 

of ~01uti0n *3t? In Eblution, ma/g  68.6 

42.8 15.6 

38.2 16.5 

I 
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Table 6. Solubility of LIF and BeFo in Solvents Conta$ntng 
89.5 %o 100 w t  9 HF 

12 60 45 7% 27. 92 26 107 28 
-60 50 24 60 33 62 32 90 30 
43+ 69 68 
40* 87 66 
36* 98 46 
33* 105 49 

* 
Reflux temperature. 

Table 7. Solubility in Aqueous HF Solution of U F  and BeFe froxu 
SEtlt &e Conta€n- 63 mole $I I;IF and 37 mole $ BeFe 

- 

35 12- .28 33 so 44 40 17 28 4 
1 h r  29 35 51 50 43 17 22 3 
20 br 31 50 68 74 
4 aass ..-' 32 a* 79 82* 63 28 70" 22 

5b -60 21 65 74 io2 70 36 71" 22 
20 hr 12 34 io0 76 92 88* 53 60* 22 

~ E s s e n t ~ l l y  all t he  component indicate& ha8 dissolved asd therefore the 
Solubility may be higher t han  the valuo given. 
added t o  8me of the 80lwti~ns to ensure an excess of both co315poncnts. 

* 
Insufficient s a l t  was 



Activity in Qrlgina3 Salt *and in EF Solution, 
counts/icLn/g of; salt 

‘Fission ()rig- 79: 5 
z?roduct* SLLt 

Gross 8 230 x IO 
cfr_gs,*y 228 293 213 244 282 
Ca 7 - 174 ’ 251 196 223 . 258 
*8 104 73 67 72 75 
=f3  650 97 92, 94 101 
W B  510 7 *9 3 06 1.3 0.28 
YW B 195 73 66 74 81.5 



The solubillty decreased as the-HF concentration was increased. 
earth (TRE) and trivalent rare earth (except cc22um) analyses do not show this 
separation because of the *esence of the yttrium dfqhter of strontium. 
earth activity other than cerium (and yttriurn) was detected in the HF solutions. 
The sligdt apparent @contamination from strontium i s  not understood; strontium 
is expected t o  be fairly soluble in these solutions. 
and all cesium in the salt added apparently dissolved. 

salts by dissolution of the salt in an aqueous BF solution, -8 strontium and 
cesium m e  not. The rare earth solub lity a these BF solutions saturated with 

80 w t  $ HF,%ed en the amount of LiF + BeF dissolved. Reac%or fuel with a 
1-year fuel cycle will contain rase earths ag a concentration of about 0.05 mole$. 

SOLUBILmtIES OF HFAW E I Z " S  IM HF 

The to ta l  rare 

No rare 

Cesium is known t o  be soluble, 

Thus the rare earths, as represented by cerium, axe remavcd From LiF-bF2 

LiF and BeF increased from about -le- i: mole $ in 9 w t  $ 3F t o  0.003 mole $ in 

a molten salt reactor, -Ding 335 .) 
Neptunium is the mst sori 

The neptunium solubility in 80 t o  100$ EF saturated with LIF and\BeF was 

nuclear poison other than the rare earths in 

faund sufficiently l o w  t o  permit its removal-along with the rare c ths ($able 9). 
For these d+mina.tions small quantities of neptuniuni (aqueous I@' nitrate solu- 

The 
concentration of nitrate so sdiad was 4 . W $  of the fluoride concentration. Soh- 
bilities m e  reported in rmg I@ per g solution and in mole $ of neptunium relatiye 

* tion) were aMed Incrementally t o  HF- solutions saturated with LIF and BF2.  

tQ dissolved LiF-BeF2 s a l t .  

The neptunium was determined by Upha counting with pulse analysis t o  dis-  
tinguish neptupium from plutoniutn'activity present as an irapurity. 
appeared t o  be carried with the-neptunium t o  a considerable extent; the ra t io  of 
the amount of plutonium in- solution .to the amaunt undissolved w& within a fac- 
tor of 2 of the ra t io  for neptunium althouglpthe plutonium concentration was 
smaller by et faetar of 500. 

The plutonium 

Addition of iron and nickel mtal t o  the EF' solutions resulted In a signi- 
ficant reauction in the-poss LT activity, probably as the result of reduction 
t? Q(III:) :$ad Rz[III) . 
The trivalent state 
the rare emfhs) the observed sklubilities are in the stme range a;S those rc- 
ported previously fac- rare earths. It ir, expected tbt the rare earths, nep- 

therefore exhibit; lower solabil.lties when present together than the values 
rEported here for the separate camponents. 

t o  100$ HF initicate ,that ura.nium and thorium &e relatively insoluble. All 

Tbl6  -has nqt get been verified lq pulse analysis. 
be ewe&ted t o  behave insomewhat the 6- way a s  

.) 
tunlmn, plutonium, and possibly trrasi t tm will bebave as a kingle group and 

Measurements of the solubilities .of thorium and uranium fluorides in 90 

ThF4 determinations showed less than 0.03 mg of thorium per &ram of solution, -- 
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i 

salt  - 
LIF 

BeF2 
&J 

solubility 
relative t o  
salt, mole Q 0 .OO31 0 .WE 0.00072 0.00024 



the limit of detection. Better analytical methods are available for UFb, 
and solubilities were generally in the range O.OO5-O.OlO ng of uraiUm.per 
gram of solution. 
b i l i t i es  were somqwhat lower, 0.002-0.00~ mg/g, indicating perhaps a higher 
solubility for higher oxidation states. Relative t o  dissolved salt these 
solubilities are the order of 0,001 mole 5. 

In the presence of Fresh Iron or nickel metal. solu- 

SOLUBILITY OF CORROSION PRODUCT FLUCMIES I N  BF SOLVEMT 

&asurements were made of the solubilities of corrosion products 
fluorides (iron, chropnfum, and nickel) in HF solutions saturated with 
LiF. Chrcmium f1uurid.e was relatively eoluble, w i t h  values of about 8, 
32, and 18 mg of chroaaium per g a m  of eoluticm in 100, 95, and-90 w t  6 HF, 
respectively. +Don ana nickel fluorides were less S Q l U b l e .  ‘&asurements 
of the iron fluoride ooltibility varied *om 0.08 t o  2 mg iron Fey gram of 
solution; the average and average deviatiqm neglecting extreme Wues.uas 
0.14 + 0.10. Bkasurements of the nickel fluoride solubility varied Frm 
0.01 go 1.3 m~ of nickel per gram of aolutian, the average being 0.15 2 
0.06. The resats were so incmisistent that no trend with HF concentra- 
tion could be established. When $ran, ntckel and cbropnfuun fluorides were 
present together, the solubilities of all appeared t o  be sanewhat lower. 

Similar measuremeqts in 90 and XOO$ EF (no cttsscWed s a t )  f e n  in 
the 13- range, but in 80 w t  $ HF the iron and nickel solubilities appeared 
t o  be significant* higher* 

RECOVERY OF SAKI! F’ROM SOLUTION 

The I&F es8 BeF salt can be recovered from the HF solutions by 
evaporation. mere 5 same question of w o l y ~ i s  of the salt in re= 
covery, the-result pwticulaxly of the existence of a high-boiling 
azeo*ope a t  38 w t  $ HF, which would be obtained If eane water was 
present in i t ia l ly  and if flash evaporation was not,used. A-M HF 
sol&ion-saturateti with LIF asd BeF wa.8 slarly evaporated. to dryness 
W-heated t o  45OoC. X-ray rUff’ra&ton indicated that the resulting 
s a l t  wag about go$ 2UF*BeF2 and XO$ BF2, an4 p e t r y p h t  emmination 
indicated Xesq thga 3& ofaaterial *her than these‘ luoriaes. A se- 
mad sampJ.e was eyapmated af’ter,aUi%$cm of a little QF ( W h  would 
decqose  a ~ d l  perhaps ~ k f l y u o r i n a t e  the s a t  at elevated teqpt$ratures) 
and k e d  at 7q0G.  %is stZlt,w-ared t o  be entirely the bbaky ,ern- 
pound, and the x-ray-pa-tbrn & soonewhat cleaner t k  dn the first case * 
3 m e r ;  hydrolysis did not appear t o  be a significant factor in any 
event. 

- 

PROCESS FLOWSHEET Fow REACTCW PROCESSING 

A tentative flowshe& fpr application of %he fluoride volati l i ty 
and EF Bie;solutian processes t o  molten salt reactor fluids has been 
= & w e d  (Fig. 2). In this system the uranium.b separated from the 
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-salt a$ -UP6 b&'&m BF dissolution of the salt, although the reverse tight 
be feasible In som~circumtances;~, I"he -UF4eP2 salt is then dissolwed 
in-coqeentrated RF (* RF) for separatim~pr&narily frQn the rare earth 
and neptunium neutron poisons. The mQ,t ip re-formed in au evapmatlon 
step, from which it would pro&ed to a final makeup and purification step. 
The latterwouldperhaps involve the s andRFtreatmmtnowbellekd 
necessary fan. ti salt used-in,& reactor. .'The W&p'J?odnced in the vola- 
tility'pmceim wc@d be cmwerted to UF 
reduction, or alternately it could pass 4 

for reuse in salt by I@rogen 
bly be reduced In situ in the 

fused salt by essentially the same-method. Althoughthe volatility ' 
process achleves,high decontamzLz&tion, and the dissolution process leads 
to thm~liminatlon of the rare earths and nept&m activities, the salt 
recycle would require shielding andrernote operation. . P.. 

The scale of the process with a-l-year cycle, relative to.the 
reactor, Is indicated in Pkg. 3. !Llhe daily core salt-processlng rate 
wouldbeabout 125 &containiugabopXt 4% ofuranltm. Ass~a 
lO$ solublllty for LIP-l&F2 in the RI? s iution the solution processing 
rate would be less.than one-liter per 3llLu te 
(260 Rfw electric). 

for the-reference reaetor- 
The daily blanket processing rate .would be abokt 250 kg 

qmtai@ng cxiLy about 0.1 kg of @33-wh%ch would be recovered by the fluo- 
ride volatility prgcess. Thqblmket'salt wou3.d then be'rejmqed to the 
reactor, after treatment-to rexove co~~,oslan products, -If necessary. fn- 
frequentprocessingaftpeblrRnketsalttoremove fissionprodmtsmuld 
be rixp$red since'at most a few percexkt of the fissionsoccur in the 
blanket. Although more develpuent of some ofthe paqzess chemistry is 
cert@nly needed, the principal features of the process appear to be 
suited to the ObjeCtim%..fm processlag molten salt reactor fuel. Maah 
more wmk wAll be ne@ed fmr developing oh&Cal flowsheets for specific 
Tea&or systems. 5. 

HIGHS PROOESSLIPT: I 
.\ 

!J!he dzirectrenovalofrare earths fr@nmltenfluorSi.eswas In- 
vest~~dbrieflyusisgt~~~-~jrideprecfpltation&ndpastia3. 
salt crystaUizatlon:‘These re.sults were generaUy 'not favorable and 
were not pursued furf2mr. Ana~te?na%ive approachwhichappearstd- 
have cons1derabJ.e pm3mise consists of dIkeqt equilibratlaxl of th 
with a bed.of CeT~~toliemove the worse;po$s~, the tisxe I? 

saJ.t 
earths. 

OxMe.precipi$at~on, &h&@dby sipall add&tlons to the fused salt 
wi8 water'or 080, w86 tried tith 50-5s mole $ IkawrF); and u.5&2-46.5- 
mole $I I?&F-Xl?-i[;fF since 'it had iw2; been~detemined-at.the time'that 
I&F-Be-F sal. would def3nltel.y be preferreds !&ace fission products 

d&? werea d. OxWe add%tion results in preclpltaticm o$ priiaxily 
zkconiumilnthe case of zirconitan-beasingaaltwithauetoomucheffect 

85. 8. S&a&f&,- JV. ~.Snii$h, 5. A. Strehlow, W. P, Wmd aud 
(3. M. wat6on, "High Te@erature Processing'of Molten'Pluorlde 
Reacts Euels." Inpress -ChemlcalRngineering. 



. . .. . . . .. . -. . . .. . .- 

I 
I-J 

I 
f 

c 

UNCLASSI FIE0 
ORNL-LR-DWG 3 2 7 4 7 - R  

CORE SALT 
62-37-1.0-0.3 mole O/O 

425 kg SALT/DAY 
- _  - 

Li F-BeFz-ThFq-UFq 
INVENTORY - 75,000 Ib 

BLANKET SALT 
71-16-13 mole O/O 

Li F - Be F2-T h F4 
1 NV EN TORY - 4 50,000 Zb 

I r 4 k g  U/DAY 260 NE? MW ELECTRICAL 

CONVERSION + 
11 SALT RECOVERY -1- 

Fig. 3. Molten-Salt Reactor Placesing. 
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&I on fission product activities (uranium if present wauld behave similarly t o  tir- 

conium). However, in kF-KF-LIF salt ,  the rare earth, zirconium, and niobium 
sctsvities were effectively remaved since a M g e  aslaunt of zirconium (or other 
oxide fuming material) was not present. In the c d e  of LIF-BeF2 (63-37 mole $ 
and 50-50 mole $) salt ,  C ~ O  or water vapor addition caused precipitation of zir- 
conium and niobium activities, with l i t t l e  effect on the rare earths or other 
activities. 

Pastial freezing by slow cooling of both RaF-XF-UF and XaF-ZrF4 salt con- 
i taining 0.2 mole $ raxe earth fluoride resulted in a concentration in the unfrozen 

liquid of most fission products, incluckiq cesiurp, strontium, and rare earths. 
The concentration factors were generally less than 2 and elways less than 3. The 
solubilities of these collg?onents are considerably higher than their concentrations 
in these salts. However, partial  freezing of IdF-BeF2 (50-50 mole. $ and 63-37 
mole $) and kF-B6F2 (63-37 mole $), each containing 0.2 mole $ rare emth fluo- 
rides, 0.1 mole $ ZirF4 and trace fission products, resulted in-a decrease in  rare 
earth activity in the anfrozen liquid. 'ilhis is the result of the solubility being 
less a t  the melting point than the 0.2 mole $ rare ewth concentration. 
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