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ABSTRACT 

A twa element dissolution of 50 . 89 Kg of Zr-U alloy fuel element with 92 
g/ min of anhydrous HF in NaF-LiF-ZrF4 fused solt at 490 to 6700 C was mude 
with the fuel element "3% submerged . Initial and final ZrF 4 contents in the 
equimolar NaF-LiF f')sed solt w .. re 25.1 and 40 . 3 mole %, respectively . 
Fluo.inati.", of t!>e dissolver sol' ¥/as ac.::omplished with 12 SLM fluorine flow at 
5~-505~C"" ihe so~tion-desorption cycle of UF 6 on NaF was accomplished 
at I0j)9C and 100-400 C, respecti 'iely, in two fixe<l bed absorbers . Product 
Y~cS was collected in a cold trap. 

,// A complete uranium moterial balance over the run was not mode . However, 
,/ non-recoverable urar,ium losses for the run were only 0 . 362g. Product impurity 

level was .(1421 ppm total cations based on UF6 with No at 1300 ppm being the 
major impurity . A fuel dissolution rate of 2.52 Kg/hr was obtained with an 
ov .. r~" HF utilization of 35.2%. Fluorine utilization was 5 . 7% for 99 . 90% 
con"ersion of the UF4 to UF6' Final solt U content ",as 1. 2 ppn' . Fluoride Salt 
recovery was 100.5%. The generation of "" 30Cg of off-gos solids occurred dur­
ing dissolution . 
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1.0 INTRODU~~ION 

The Volat1li ty P1lot Plant is currently performing complete flowshc~t 

~emonstration runs with nonirradiated Zr-U alloy fuel elements. The pur­

pose of this report is to disseminate the results of the first cold uranium 

flowsheet demonstration run, TU-l. 

The ORNL Fluoride Volatility Pilot Plant was recently modified to 

process Zr-U alloy fuel elements. The principal modification was the addi­

tion of HF dissolution, or head-end, eqUipment to the ARE Pilot Plant 

fac1lity. Dissolution of the fuel "lement'3 is performed with anhydrous HF 

in a J'JlOlten salt of equimolar NaF-LiF containing 25-45 mole 'f, ZrF4 at 

650-500·C. After dissolution, the UF4 1s con~erted to UF6 by fluorination 

at 500'C, with subsequent decontamination from fission products during hot 

runs accomplished by an absorption-desorption cycle on NaF at lOO'C and 

lOO-400'C, respectively. Product UF6 is collected in cold trap •. 

A seriee of "quipment shakedown runs has been performed in the VPP to 

evaluate the performance of the head-end equipment (H>' dissolution) for 

processing box-type fuel elements. Also, a series of seven development 

runs u3ing dumll1Y Zr-2 fuel elements has recently been performed. Currently, 

a series of flowsheet demonstration runs io progressing using nonirradiated 

uranium-bearing fuel elements for the dissolution studies. 

Fig . 1 represents a schematic diagram of the entire Volatility Pilot 

Plant Flowsheet. In addition to ac.cumulating additional data on fuel 

element d1ss01utions, the flowsh~et demonstration runs are also designed 

to evaluate the fluorination step and the absorption-desorption cycle 

since both operations are performed in vessels of new geometry. Following 

completion of system containment and certain eqUipment modifications, 

proc~ssing of long cooled Zr-U fuel elements will commence. 

2.0 PURPOSE 

Run TU-l was a complete flowsheet demonstration cf the Volatil~ty 

Process. In addition to the evaluation of the main process operations, 

that is hydrofluorination and fluorination, the purpose of the flowsheet 

demonstration run was to study ~d evaluate sub,idiary operations ano ne~ 

process systems such as the dissolver off-gas filtration system. The 

ultimate objective of the runs in the cold uranium flowsheet demonstration 
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series is to establish firm operating conditions for the VFP prior to the 

start of hot operations on long cooled Zr-U alloy fuels. 

3.0 URANIUM PRODUCT 

The uranium produ~t, approximately 7('1n -~ .; ~ ~T6' ::.:....a ~a...:~. ~r the 
cold runs is scheduled for collection in 4-in ID prCld1.ct cylinders to per­

mi t sampling of each run. Under nor:na.l operating cond! tions only a lilll1 ted 

quantity of UF
6 

is expected to pass the pr1.mar;y cold trap (FV-223, Fig. 1) 

and be retained 1n the seconda..-;y cold traps, F'!- :?2'J !l.:Id FV-222. Material 

passing FV-223 will not norme.ll;y be thermally transferred back to FV-223, 

and, therefore, a compl.ote uranium mat.p.rial balance on each individual run 

will not be made. A complete material balance over the cold runs will be 

attempted when product is transferred to standard shipping cylinders. 

However, a water wash of the system will not necessarily be made at that 

time. Sampling of individual product cylinders will be primarily for the 

evaluation of chemical contam1.nants 1n the product during cold runs, and 

chemical and radiochemical contaminants during hot runs. All product from 

the cold runs will eventually be combined into two atandard 5-io ID UF6 

product cylinders for shipment to the Y-12 Product Processing Department 

for uranium recovery. SS accountability for these transfers will be based 
1 on multiple sampling of the standard cylinders. 

3.1 Chemical Contaminants 

3.1.1 'jydrofluoric Acid 

Hydrofluoric acid was a major im!>urity in the product from run TU-l. 

Although the ~ content does not present a major difficulty in the conversion 

of the product t o UF4' it does complicate sampling of the product. 

HF and UF
6 

exhibit :(~, 3 ~ a mi scibility gap in the temperature range 

from 6l·.2 ~o 101 'c for a UF 6 composition range of 9 to 79 formula '1> UF 6' 

There fore, homogeneous samples vf t he product cannot be ebtained at tempera-

l/obnCr1e!, E. C., "Handling of VPP Product by Y-12 Product Processing 
Department," ORNL-CF-6l-6-30, June, 1961. 

2Rutledge, G. P., R. L. Jerry, and W. Davis, Jr., "Freezing Point 
D1agram and Liquid-Liquid GOlllbili ties of the Gystem Urar..iwn Hexafluoride­
Hydrogen Fluor1de, " J. Phys. Chem., 57 , p. 541 (1953 ). 

3J &rry, R. L., F . D. Rosen, C. F. Hale, and W. DaViS, Jr . , "~iquid­
Vapor Equilibrium in the System Urani'llll Hexafluoride-Hydrogen Fluoride," 
J. Phys . Chem., 57 , p. 9C~ (1953). 
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.ures belov 10JoC i:!" the; llF content in the UF 6 is sufficient to form 

compositions in the miscibility gap . For UF6 - Hi' compositions in the 

misicibility gap, homogene ity may be cbtained either by sampling at higher 

t emperatures (and increased pressure, i.e., 10 atmosphc~eo~t 101"C) or by 

pumping or "flashing" off the llF and forcing the composi tio!l of the JD!xture 

toward the homogeneous UF6 rich region of the phase diagr8ID. The inherent 

dangers of s8lDpling at 101-105·C under 10 atmospheres pressure el1m1na~ed 

this method of obtaini!.,3 product homogeneity. Prior to /IF removal, samp­

ling procedures would result in only the v~ rich phase being sampled. 

The removal of the /IF from the TU-l product cylinder was accolI\Pllshed 

by "flashing" the I!F into the secondary cold trap, FV-220. The produc·" 

cylinder vas placed in a regular ice-vater ba.h at O·C and allowed t o reach 

equilibrium. The cold trap was cooled to -60·C and evacuated to < 10 mm Hg . 

The valve between the product cylinder and FV-220 vas then opened for 7 

minutes to flash the Hi'. Total TV-l product cylinder "eight loss was 

60±l0 g, or essentiu.U,y qU8.llti tati ve removal of t .le !IF. The quanti tati ve 

!IF removal vas v~ rined by a vapor pressure measU!'" ment of the product at 

the sampling temperature (72°C). 

The removal of I!F from the TV-l product cylinder produced a 8-9 fold 

increase in the sodium content in the product. sample (~ee Tallle 1). A 

small quantity of black-brown particula-ce material \las !\lso collected in 

the UF
6 

sample after !IF removal and vas determined to be 8i0
2 

by X-r~ 

diffraction techniques. In addition, a greenish-yellow oolor vas dispersed 

heterogeneously throughout t he sample. The 8102 vas proba.bly formed by 

the reaction of 8iF
4 

(formed by fluorination of 8i in the :.alt and N~8iF6 

in NaF) with moisture and !IF in the prcduct cylinder, and .he 8i02 being 

soluble in !IF, was not sampled when the miscibil1 ty gc.p existed in ti.e 

product. The ineoluble nature of the 8i02 on hydrolysis of the UF6 sample 

would preclude its presence in the Rpectrographic analysis presented in 

section 3.1.2. It is expected that no apprecia.ble corry-over of the 8i02 
will occur on thermal trans fer of the tJ}'6 to the standard cylir.aer for 

shipment to Y-12. 

3.1.2 ~al Cation Impurities 

~uantitative spectrographic analys i s of ( ~e TV-l product before /IF 

removal indicated a total cation impurit y level of < 320 ppm based on UF6 . 

This level of cation impurity essentially meets A. E. C. product specifi-

• 
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cations for return of product (300 ppm total cations based on UF
6

). 

Table 1 summarizes the product impurity before and after llF re~val. 

Table 1. T'1i-l Product Cation lD!Purities 

Element Before 
PPM of UFg 

K'? removal After hF r emoval 

chromium 2 <1 

copper 31 10 

irOll 7 2 

lithium < 1 <2 

molybdenum 120 100 

sodium 150 1300 

nickel 4 3 

tin < 4 2 

zirconium <1 <1 

Total < ~20 < 1421 

The sodium contamination of the product is apparently due to entrein­

ment o~ sub-micron uize NaF fines from the absorbers. The increase in the 

sodium content of the sample after !IF removal can be attributed to solu­

bility in the !IF prior to "flashing." The TU-l product Na contamination 

after HF removal is a facto!' of 2-5 above that found in the ARE E-run 
4 product. 

The molybdenum contamination in the product i s due to the formation 

of volatile MoF6 during fluorinatIon. The MoF6 complexes NaF at loo·C 

much like UF6 and exhibits a partial pressure of 760 mm at 22O·C. Since 

the INOR-8 dissolver contains 16 wt 'f, 1-10, corrosion of the vessel may tend 

to mai ntain a high molybdenum contamination of the product. The f act that 

molybdenum 1s the end po:tnt of several radioactive deca,y ~hains may also 

increase the level 1n the product during hot runs . Molybdenum vas shown 

to be the major product contaminant during hot cell stud1es on 1rradiated 

Zr-U ~oy fuel. 5 

4Wh1tmrsh, C. L. , "Reprocessing of P.RE Fuel, Volati lity Pilot Plant 
runs E-3 through E-6," ORNL-CF-59-8"73, Augu s t, 1959. 

5Cathers, G. I. , R. L. Jolley, E. 
of the Fused Salt Volatility Proces s," 

C. ll.oncrief, "Hot Cell Demonstration 
ORNL-CF-60-3-ll, June 3, 1960. 
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3.2 I sotopic Concentration of Product 

I Sl)tc,.,j c analyses on samples from t~,,, TtI-l product are shown in Table 2. 

Table 2. Isotopic Analyses of Ttl-I Prod~* 

Sample No. 
~ei~ht ~ 

U-234 U-235 U-236 U-23B 

UP-I 0 .80 87.52 0.10 11. 50 

UP-2 0. 94 87.95 0.18 10·93 

UP- 3 0.98 87.84 0.16 11.02 

up-4 0 .81 87.33 0.04 11.82 

up-6** 0.86 87.15 0 .18 11.81 

UP-7** 1.01 86.89 0.21 11.89 

* Accuracy ± . 25% 
** Sampled c.ftel' "flashing" !IF from produ~t cylinder 

The fact that the U-235 enrichment .as 87'/> is extremely interesting. 

Since the fuel f or run Ttl-I was nonlrradiated and fully enriched, th. U-235 

concentration of the product should have been 93.1'/>. This would seem to 

indicate : (1) contamination of the product with depleted uranium during 

process ing, or (2) use of lower enrichment uranium during fuel element 

fabrication . Tte possibility of (1) above has been investigated thoroughly 

ar.d eliminated. The second possibility is being investigated by the SS 

accountability office. 

3.3 Approximate Uranium Balance 

As stated i n sectio'\ 3.0, quantitative uranium balances will not be 

practiCal. over ea.oh individual run. The approximate balance shown in 

Table 3 is indicative of the ~terial collected in the product cylinder, 

samples, and non-recoverable l osses. The "system holdup" figure represents 
a 'by d1ff,=rence" f orced balance over the run. 
) .4 Fluorin~tor Sampling 

Eultip1e 56Jllples "e"e t.'lken of the mol ten salt in the fluorinator 

(f'V - 100 ) rlu ri:! '; run TU-l as an accountability check against the SS transfer 

sheet " . 1'h<' W<o i Bht or salt i n the fluorinalor was determined by (1) weigh­

ing aftE:r .... a s : ~ s alt tra.o3fer J and (2) by calculation f:'~in system dens ity 

and lev~l i ns truments. AnaIyse s c,f t he salt aver!l{!"d 3,320 ppm U in the 

s al:' . The total uro.nh.ur. charge i n the !11.J.0l ":' n8 tor by weighing and by c6.1 ~ 

cul ation r espect ively, was 645~lOl e and 66l~103 g. Compared with 530 g 

in t he fue l el eme nts, t he SS t::-ansfer sheet tal:CY was not within the limit 

) , 
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Table 3 . Approximate TU-l Uranium B!tJ.ance 

Source 

CHARGED: 

Fuel elements 

Fl~orinator feed (by weighing) 

Fluorinator feed (by c-uc.) 

RECOVERED: 

Product 

NON-RECOVERABLE LOSSES: 

Caustic scrubber (0 mg) 

lIute salt (223 mg) 

Caustic ne~tralizer (69 mg) 

Off-gas ~~lids (70 me) 
Total 

SYSTEM HOLDUP 

*ratio U actual/U theoretical: 0.998 

Weight U, g 

530 . 

645±l01 

66l:!:103 

o. 
O. 

o. 
o. 
o. 

29. 

~ of Feed 

0. 0 

5.5 

of error of the f:.uorinator samphs by either method of determination. 

Whether a discrepency exists or whether sampling and measurement techniques 

are inaccurate will h;we to be resolved as additional runs are completed. 

:'. 0 DISSOLlJrION STUJlIES 

Run TU-l was the first diGs.,l .,tiun run i n which nonirradiated Zr-U 

alloJ" fuel elements were used. However, it was not the first two-ele~nt 

dissolution run (see Re£ults of Volatilit y Pilot Pla.'lt Disso:tution Run T-7, 
ORNL CF-60-12-57). Sinc~ the !lowsheet demonstration runs (TU- series) 

are also developoent rullS, operating condi tiona will be varied systematically 

throughout the series to achieve optimum oper ating conditions prior to hot 

operat1ons • 

. 4.1 Dissolution Run Conditions 

Run dates : 2320, 12-30-60 to 2215, 12-31-60 

Per ~p.nt completion of dissolution, 

Fuel : 2 Zr-U fuel elements (~ l~ U, Zr-2 clad) 

Fuel we i gh", (includes Zr wire ) 

Fu';ed salt charged, 

> 95~ 

50 .89 Kg 

100.8 Kg 



Fused salt compositi CIl, mole '1> 

Initial 
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39.9 - 35.1 - 25.1* 
Final (theoretical, for 1001> completion) 29.0 - 25.5 - 45.5* 

Dissolver lower Gecti~n temperature, 

Dissolver vapor section temperature, 

Run time, 

HF flow rate (ava.), 

Suhmergence of fuel in salt, (initial) 

"NaF-LiF-ZrF4 

4.2 Dissolution Results 

Maxicum dissolution rate, 

670 - 49Q·c 

562 - 4oo"c 
22.9 hr 
92 gjmin 

ll3~ 

1.46 l1J8/cm2 min ** 
Average dissolution rate tor 

Average dissolution rate for 

m completion, 0.67 l1J8!ci1? min** 

m completion, 2.52 K8/hr 

HF utilization, ~ 

First 27 minutes, 

Over-all (maximum), 

Over-all (average), 

Off-gas solids collected, g 

1n off-gas line, 

by cyclone separator, 

on porous metal filter, 

on cop..?<!r mesh filter, 

Final fused salt composition, mole 1> 

(from analysis) 

*NIIoF-LiF-ZrF4 
**rates based on total initial area of fuel 

4:3 Discussion of Dissolution 

4.3.1 Dissolution Rate 

- 10-15 g 

> 30 g 

essentially zero 

250 - 300 g 

32.8 - 2~.8 - 40.3* 

The dissolution rate cur,,,, for run TU-l is shown in Fig. 2. The 

general shape of the curve is typical for dissolutions .of plate-type fuel 

elements . The hl,:>h peak at 25 to 45 per cent completidn probably occurs 

as a result of the fuel element diSintegration. 
2 Dissolution rates expressed in l1J8/cm -min often do not convey a true 

indication of the dissolution efficiency. For example, a comparison of 

the average dissolution rate (for m completion) for runs T-7 a."\Ci TU-l shows 

1.06 and 0.67 mg/cm2_min, respectively, or a ratio of 1.57. However, when 
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t he rat.es for the same 9(ff, completion 'are expressed i" Kgjhr exclusive of 

fuel area, a r at.e ratio of 1.10 iE obtained (2.78 Kg/ hr 1n T-7; 2.52 Kg/hr 

1n TV-l). Thus, variations in the fuel element weight (~ 15i great.er in 

T-7 than in TV-l) and area (~ 43i greater in TV-l than T-7) during runs 

can contribute to dissolut.lon :oates expressed in mg/cm
2 

-min which are 

deceptive . This becomes even more notable where there ie doubt as t o t he 

true contribution of the i nternal surface area of the fUel tcnrdl'"d . he 

di ssolution rate . Therefore, 1n view of the difficulty 1n coorelating 

rates expressed in mgl cm2 -min, fUture reference to diseoluti ')n rates will 

be in te.rms of KeJhr tor ~ !'..:.c:!.. diooolut l vu. 

4 . 3.2 HF Utilization 

Ma.x1mwu and avel·86e HF uT,lli zat ions in run TV-l vere 87.1 and 35 .2i, 

r e spect.ivel,y. The 35 .2 fi",'Ure represenT,S an increase over the aver86e 

utilization for .run T-7 (27 .8;t. ) . This i ncrease can be attribut.ed to one , 
or mor e of the following condit ions which existed in run TV-l: (1) 43;t. 
more fue l " l ement surface area than in r un T-7, (2 ) lSi greater fue l 

e l ement height than in T-7, and ( 3) 32i !over HF mass velocity than i n T-7. 

Thus, each of t he above factor s would ~ontribute to greater HF r e6 idence 

time in pr oXimit y t o fuel and t hereby increase t~e probability of reaction. 

I t is hoped that fut ure runs unde:o s imil ar geometry conditions will deter­

mine ,the e ffect 0: eac h of the above factors on the HF uUlization. 

4 3. 3 ~)sed Salt 

No:n1nal ini t ial and final ZrF4 salt cOJl!POsitions are 25 . 2 and 45 . 0 

mole 1, respec t i vel,y. The composl tioDG shown in section 4 .1 and 4.2 are 

based on analySH of t he salt be f ore and after dis solution of the fUel. 

During run TV- l t he salt temperature in the dissolver lover section 

\1'15 ma l ntained approX1matel,y 4O·60·c above tb.! n ·" e zing point of the salt 

( i niti al salt , 608 ' C; final salt, 450·C). 

4 .3. 4 ,if Inventory 

The HF In ...,ntory f or r un TV- I i s based on an aver86e HF now rate of 

9;2 g/mi!> , 

Total HF charged \'0 syste .. (FV-loo6 , FV-1207, e tc.) , 

Total HF neut r alized from system (including dumps from 

FV- I OO6 , FV-1207, et c . , after run), 

:IF used , 

HF r equired f or di s solut i on (theoretical), 

HF unbalance, 

81.3 Kg 

28.6 Kg 

52.7 Kg 

44 .7 Kg 

8. 0 Kg 
+17.9 i 
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Tbe large !IF unbalance cannot be explained. !IF Deviations of tbis magnitude 

are not uncommon since runs T-5 and T-6 exceeded ±15.~, and run T-3 +l~. 

Unfortunately, the fact that run TU-l was only ~95~ completed tends to make 

the deviation for that run conservative . Altbough tbe quantitative value 

obtained for the !IF inventory has deviated greatly in several runs, the use 

of the liquid level instrument in the !IF accumulator (FV-loo6) as a measure 

of the end of dissolution has proved very successful. 

4.3.5 Est1mate of E!!!Plver Corrosion 

An atu,mpt vas made w evaluate the corrosion sustained by FV-1OOO 

during run TU-l . However, since the NaF pellets from the complexible 

radioactive products (CRP) trap, zone 1 of FV-105, were discharged to the 

vaste salt without sllll\Pling, the cation balance for run TU-l was incompl"te. 

Neverth.less, the cation content for all other streams is presented below 

for general information. 

Table 4. Cation Content in Streams During Run TU-l 

Weij1ibt. j1i 
Source Ni Fe Cr »:> 

IN: Feed salt 10 70 26 10 

Fuel e1elDl'nt a 
36 66 82 

Total IN 46 136 108 10 

OUT: waste salt 97 31 31 2 

Off-gas b solids 19 83 1 2 

Total OUT 116 ll4 32 4 

~ed on analyses of Zr-2: Fe 0.13, Ni 0.07, Cr 0 . 16 (wt 'l». 

bApproximately 345 g collected during Run TU-l. 

4.3.6 Off-j1ias Solids Removal 

Tbe generation of sub-micron size solid particles during dissolution 

continues to complicate ~be dissolution operation . Tbe mechanism of tbe 

solids generation i s associated witb tbe reduction of metallic fluoride 

impurities l~sa active than zirconium (the fuel) and the deposition of these 

im~urities on the fuel at tbe site of the dissolution reaction.6 Once 

6Cathers, G. 1., "Thermodynamics in the Fused Salt Dissolution Process 
fer Zirc')n1um Fuel, " ORNL-CF-59-ll-ll0, Nov . 19, 1959. 
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deposited, the mete.lic impU!"ities (Ni, Fe, etc.) l1J8<f flake off the fuel 

element surface, migrate to the surface of the molten salt, and be entrained 

to the off-gas, or l1J8<f be oxidized in the presence of BY and molten salt to 

a soluble form sueceptibl~ to re-deposition on other sites of the fuel, 

thereby creating an Oxidation-reduction cycle. Evidence supporting this 

theory is strengthened by two notable facts: (1) Ni and Fe have been ob­

served to participate in the above oxidation-reduction cycle, and (2) whe:re 

dissolution conditions are employed without an active material such as 

zirconium as fuel (copper dUIIIII\Y fuel substituted) the generation of off-gas 

sol1ds is nil, thereby supporting the theory of generation at the site of 

an active fuel (zirc~oi~~). 

Since no satisfactory procedure has been formulated to pre~nt solids 

generation (i.e., pretreatment of feed salt to obtain ultra-purity in con­

Junction with schemes to pr event impurity build-up by dissolver corrosion), 

the problem becomes one of solids removal rather than suppression of their 

generation. 

A cyclone, backed by a 20 micron sln~red ir.conel filter and a copper 

scouring pad filter pack, was used in t~e off-gas line during run TU-l to 

prevent plugging of off-gas control valves HCV-1OOO-l and m:V-1OOO-2. In 

general, the cyclone and backup filters were effective in preventing 

plugging of the valves although a partial cyclone plug occurred after 

18 hours of dissolution when the cyclc,ne vibrator broke lo:>se frC>lll the 

housing . As shown in section 4.2, tl>! maJority of t!le sol1ds passed the 

cyclone and 20 micron filte? and wero. contained by the scouring pad filter. 

The appea.rance of t!le solids vas sirdlar to those collected in the T-series 

of runs. The electron micrograph .hown in Fig. 3 continues to suggest that 

the larger particles are agglomeraues. Table 5 summarizes the analyses of 

the soli ds from run TU-l. 

With certain exceptions, the analyses of the two samples in Table 5 

are similar tC' those observed for the sol1ds collected on the comparable 

filter system in run T-7 (see cF-60-12-57, p. 6). The exceptio~s a.re the 

l:>w Ni content of hotb samples, and the extremely high (27 . 5%) Fe conte!:'; 

of the solids from the scouring pad filter . No explanation can be given 

for the high Fe value as it is a factor of 2 greater than the maximum Fe 

content of any solids sample from the entire T-serles of runs. 
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Table 5. Analyses of Solids Collected During Run TV-l 

Analyses l vt % (unless i ndicated ot n.r wise ) 

Source of Sample Na Li Zr Ni Fe Cr F- I·b Sn Si Cu. S U 

Cycl one collection pot 5.0 1.5 21.0 3.7 0 ·3 0.1 48.5 C.7 3. '( < .1 .4 75 PPM 580 PPH 

Scouring pad filter 1.9 0 .1 1.4 5.6 ~ 7 .5 0. 4 0.6 3· 4 < .1 22 PPM 
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4 .3.7 Recycle I~ 

Recycle !IF was sampled a.fter run TU-l and analyzed 99 .8 wt 1> !IF, 0 .09 

wt 1> water, and < 0. 1 ppm uranium. The water content cf the sample was the 

lowest of &~y sample to date and may reflect the extra precautions taken 

during sampling to purge the sample bomb . Individual cation impurities "ere 

all < 1 ppm in the liqUid !IF sample. 

5.0 FWORlNATION STUDIES 

5.1 Fluor1nation Conditions 

Fluorinator: 

Feed: NaF-LiF-ZrF4 - UF4 salt 

Feed uranium concentration., 

Fluorination temperature, 

Fluorine floYrate, 

Total fluorine flo" time, 

CRP Trap (Zone 1 FV-I05 ) : 

FV-I05 temper~ture , 

Weight NaF discharged to FV-loo from 

FV-I05 after run, (estiIDF.te) 

FV-I05 pistoll pressure required to discharge, 

Fixed Bed AOsorbez:, FV-l2O temperature, 

5.2 Fluorination Resu'ts 

3,320 ppm 

500 - 505 ' c 
12 SIJ.l 

150 min 

400' C 

2.0 Kg 

80 psig 

85 - 120' C 

Fluorine ut11ization (for 99.~~i conversion of UF4 to UF6 ), 5.7i 

F2/U (orig) mole r~tio (for 99.901> conversion of UF4 to UF6 ) 17.5~ 

~.3 

Waste salt w'anium concentration, ppm 

After 60 min fluorine sparge 

After 90 min fluorine sparge 

Aft<!r 120 min fluorine sparge 

After 150 min fluorine sparge 

Waste c.alt recovered, 
Waste salt recovery, 
Discussjon of Fluorination 

326 ppm 

~. ppm 

4 ppm 

1.2 ppm 

194. 5 Kg 

100 . 5 % 

COllver. ion of t,he UF4 in the salt f~om th" dissolver to UF6 "ith 

elemental fluorine \laS studied in run TU-l. Since both the fluor i nator 

vessel geometry and the salt uranium concentration are markedly differ ent 
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from fluor inat i ons of the ARE salt, optimum fluorinat ion ccnditions Vill be 

e s tab l ished in the current ser ies of cold uran:!. .JlIl runs. 
5.3.1 Fl uorine Utilization 

Tabl e 6 summarizes t he r esults of t he l2 SLM fluorination performed in 

run TV-I. F1\.or i ne utilization \/as o~ 5. 7'1> for 99.m conversion of the 

UF4 t o UF6. The corresponding F
2

/ ll mole ratio for this cOnversion was 17. 5 

a s s hown i n Table 6. Possible reasons for the high F2/U mole ratiO (F~U 

< 6 normal for ARE process ing ) in TU-l are: 7 (1) high 1JIIpur1ty l~vel 1n 

salt, (2 ) high fluorine flowrat e , and (3) vessel geometry cons1derat1ons. 

bi tial U concentration i n t he salt \/as shown to have o~ minor significance . 

Since the aver • .ge impuri ty l evel in the TU-l feed salt was lower thdn that 

in the ARE feed salt , hi.sh Fe flowrate 8I1d/or i'l'lorinator geometry factors 
'" may account for t~e high F2/ U m~le ratio obtained. 

5. 3. 2 Salt Balance 

As shown in section 5.2, the 

of 100 . 5\1> . 

_ :;te salt recovery vas 194.5 Kg, Or 8 

'r'his recoverj' _s approximately the same s nl t r ecovery balance 

as t he loo.~ average f or the T- series of runs . 

5. 3 .~ Waste Salt COmpos i t i on Deviations 

Average deviations of the f i nal salt composition from the theoretical 

i n runs T-l t hrough T- 7 f or NaF, LiP, and ZrF4 were +2 .7, +2.2, and -2.2'1>, 
respec':;ively . The maximum devIati on was +14.1'1> for NaF 1n run T-3'lThe 

corr~spond1ng deviat ions f or run TU-l were +22 . 5, -2 .2, and -14.5'1> suming 

lO~ c~mplet1on of t he dissolution and deducting the 2 Kg of NaF discharged 

t o t he \last " salt f rom t he JOOvable b,' d absorber (FV-105). Thus, t~~NaF 
and ZrF 4 devi a t i ons f or run TtLl were excessive . However, visual examina­

t ion of the dis .olver af ter the run indicated that undissolved fuel remained 

i n the dissol ver , t hereby accounting f or a portion of t he large ZrFL devia­

tion. The TU-l NaF devi ation (+22 . 5'1» was the greatest of any run to date. 

This hi gh deviation might be at tributed to a NaF pellet discharge to the 

waste salt from FV-I05 in excess of t he 2 Kg estimated of section 5.1. 

FolloVing fluorination, t he content s of the t rap was discharged to the waste 

salt without sampli ng . 

7 Cathers, G. 1. , M. R. Bennett, andR. L. Jolley, "The Fused Salt -
Fluoride Volatil i t y Process f or Recovering Ur anium," ORNL-266l, April 1 , 
1959 · 



Table 6. Su-rr of Run TU-1 nuor;;'ll&tion Results 

Fluorine Uranium Cone. 
Time, in salt 

wt~ of 
Min. Pl!!l initial U 

0 3,320 100.0 

60 326 9.6 

90 4 0.10 

120 4 0.10 

150 1.2 0.03 

Fluorill&tioo 'temp: 5OO-505·C 

Fluorine f10wrate, 12 SUI 

Feed: NaF-LiF-ZrF4-UF4 salt 

Uranium Total Uranium F2Uj (original) 
Conversion nuorine in salt, ~le ratio 
to UF6 ' Feed, 
~ moles g-moles 

0 0 2.750 

90.4 32.2 0 . 269 11.7 

99.90 48.2 0.003 17 . 5 

99.90 64 . 3 0.003 23.4 

99.97 80.4 0.001 29·2 

nuorine 
Utilization, 

7. 7 

5.7 

4 .3 

3 . 4 
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5 · 3.4 COlljPlexlble Radioactive Products (CRP) Trap 

Zone 1 ot the movable bed absorber functioned as the CRP trap during 

run TV-l. This trap is necessary during tluorination operations to remove 

Z.·F4 "snoy", entrained salt, and volatile tluorides, 1.e., chro;nium fluoride, 

from the tluorinator Off-gas. In subsequent runs using irradiated fuel 

certain volatile fission product flUOl ides Y1ll also be retained by the bed . 

During run TV-l, the trap prevented plugging of the tluorinator ott-~as 

valves pr~lly by relllO"ling chromium fluoride. 

6. 0 PRODUCT COLLECTION 

6.1 Product Collection Conditions 

Absorbers: 

Cycle Absorber T~seeratures, ·C 
~i-120 FV-12l 

Fluorination 

Desorption 

Fluorine flovrate, 1 SIJ~ 

85-100 

80-410 

Total fluorine floy time, 253 min 

Cold Traps: 

Product collected in: FV -223 

Cold Trap temperatures, FV-220 

FV-222 

85-435 

-60·c 
-lKl·c 

6.2 Product Collection Results (see Section 3.0 for uranium losses) 

Weight of uranium r ecovered as product, 

Per cent recovery of uranium in FV-22}, 

6.3 Discussion of Product Collection 

6 . 3.1 Movable Bed Absorber 

501. g 

94.5~ 

Except t or zone 1 (CRP t rap), the movable bed absorber vas not used 

dur i ng run TV-l. IIovever, the fluorinator Off-gas floy vas routed through 

FV-I05 and t o the fixed bed absorbers. 

6 . 3. 2 Fixed Bed Absorbers 

The sorption-desorption cycle of UF6 on NaF in the tixed bed absorbers 

of the VPP has been previously described . (8 ) In rrlef, the gaseous products 

BWllitmarsh, C. L., and W. 
ORNL Volatility Pilot Plant," 

H. Carr, "Fused Salt Fuel Processing in the 
0RNL-29IB, May, 1960. 



- 20 -

from the fl'lOl"inator are routed through the CRP trap (Zone I FV-I05) at 

4oo'c and then to the f i r st fixed bed absorber at l OO 'C where the UF6 . 

3 NaP complex i3 formed. The gas stream i6 next routed to the chemice.! 

trap, FV-124, and f1~ to the off-gas scrubber tower. 

After sorption of the UF 6 is complete, the UF 6 is desorbed from the 

NaP by simull;aneous heating of both fixed bed absorbers to 4oo'c in an 

atmosphere of fluorine sweep gas to prevent reduction of the UF6 to the 

nonvolatile UF
5

• The second absorber, FV-121, serves to decontaminate 

the UF6 from fission products during hot operations. The UF6 , after 

passing through both absorbers is condensed in the product collector, 

FV -223, held at -60'c. 

Operation of the fixed bed absor bers during run TV-I vas satisfactory. 

Discharge of the beds and subsequent uranium analyses indicated only 0. 477 g 

of uranium retained on the beds after desorption. The 0.477 g uranium was 

recoverable since the entire contents of the absorbers, minus samples, was 

charge~ to t he movable bed absorber for run TV-2 . 

Current plans are t o use the movable bed absorber for future runs of 

the TV-series, but to maint ain the fixed bed absorbers ~peratione.!. 

6.3.3 Cold Traps 

The two Freon cooled cold traps, FV -220 and FV -222, were used only 

as backl'!> traps during TU-I with the small product receiver, FV-223, 

serving as the primary cold trap. 

Cold trap performance during the run vas good. As expected, some 

UF6 did pass FV-223, but the 95:£ collected in FV-223 should asSure a 

representa~ive sampl~ of t he total desorbed product. 
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