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HEASiSBBtt OF MASS TBMBTBl COPTIC IHgb J A MBCHMPCALLI 
AGITATED, CTDISIHBnB COnTACTOB OflffifcTDa? M M A 
MOUBM lOXICBE OF LlT-BeF^-ThF^ AM) IfXIBl BISWJTH 

C. H. Brown, j r . 
J. B. Htghtnwer, Jr. 
J. A. Klein 

ABSTRACT 

A Mechanically agitated, nondiapersing contactor in 
which molten fluoride salt and molten bismuth phases were 
contacted has been built and operated, the ansa transfer 
perf oraance of the contactor was evaluated over a range of 
agitator speeds under conditions in which the major resist* 
ance to aess transfer was in the salt phase. The Measured 
•ass transfer rates were compared with rates predicted by 
literature correlations. The equina*fit necessary to contain 
the salt and biaauth at •* 60O*C is described along with the 
complete set of experimental data obtained during operation. 

1. ZRBODUCTIOli 

A molten-salt breeder reactor (KBB) will be fueled with a molten 
fluoride mixture that will circulate continuously through the blanket 
and core regions of the reactor and through the primary heat exchanger. 
Methods are being developed for use in a close-coupled processing facility 
for removing fission products, corrosion products, and fissile materials 
from the molten fluoride mixture. 

The proposed MSBR processing plant is based on fluorination to 
remove uranium, reductive extraction to remove protactinium, and the 
metal transfer process to remove the rare-earth fission products. The 
type of two-phase contactor being considered for the latter two steps in 
the processing plant is a nondispersing, msrtianlrally agitated contactor 
in which a molten-salt phase and molten-bismuth phase are contacted to 
effect the desired separation. 
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A facility n t installed for Measuring mass transfer rates across a 
salt Metal interface in a Tctianlrally agltatd, nondiapersing contactor 
using a Molten Mixture of UF-BeF 2-zhF^ (72-16-12 Mole %) aa the light 
phase, and aolten btnaith aa the heavy ptatse. Mass transfer rates for 
2 3 7 D tat 97^. t r m e e n !,«„ aeaaursd at nine different agitator speeds, 
lhe purpoee of the experiaents was to provide Meaaureaents of aass trans­
fer coefficients in a fluoride salt-bismuth systen with which existing 
correlationa could be compared, and to provide data for developing new 
correlations for aass transfer coefficients which wojld allow large-
scale contactors to be designed. 

Included in this report is a complete description of the experimental 
equipment, operating procedures, experlMuital data, and interpretation of 
the results. 

2. HCPERD0RAL BQDHMBR 

Mass transfer rates between nolten salt and bisnuth ii the Mechani­
cally agitated contactor were Measure! in steady-state experiments in 
which aalt and bismuth streams flowed through the contactor. Concentra­
tions of componenta which transferred between phases were measured in 
inlet and effluent streams. The equipment used to make these measure­
ments consisted of the contactor vessel; feed and catch tanka for salt 
and bismuth; a vessel for purification of the salt and bismuth inventory; 
proviaiona for withdrawing samples of each phase from varioua locations; 
freeze valves for aalt and bismuth flow control; instrumentation for 
temperature, pressure, and gaa flow measurement and control; and gas 
supplies and purification systems. A description of the equipment 
follows. 

2.1 Flow Diagram of Salt-Bismuth System 

A flow diagram of the system for flowing salt and bismuth streams 
through the contactor is shown in Fig. 1. Salt and bismuth ware metered 
from the salt feed tank and the bismuth feed tank (vessels T-l and T-3, 
respectively) by controlled pressurizetion of these tanks. The aalt and 
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bismuth flowed to the contactor vessel; each phase entered below the 
surface of the contactor inventory of that phase and left the contactor 
through an effluent line at the salt-bisnuth interface elevation. The 
interface thus was continuously renewed and anus-transfer inhibiting 
film were W W H J . The coabined effluent stress was separated, and 
each stream flowed through a flowing stress iwayler and then to the 
salt and biaauth catch tanks (vessels T-2 and T-fc, respectively). 3he 
feed and catch tanks for each phe*c were concentric tanks to conserve 
space in the hood (see Sect. 2.3). the salt and biaauth inventory 
could be sent to a graphite-lined treatment «ssel (vessel T-5) for 
periodic treatment with H--HF mixtures for removal of impurities and 
adjustment of distribution coefficients. 

2.2 Contactor Vessel 

A diagram of the contactor is shown in Fig. 2. The contactor was 
a 6-in. (152-em)-dism low-carbon steel vessel containing four 1-in. 
(25-am)-wide vertical baffles. The agitator consisted of two 2-7/8-in. 
(73-am)-diaa turbines with four 3/Win. (19-ma)-wide straight blades. 
A 3/U-in. (19-am)-diam overflov at the interface allowed the removal of 
interfacial films with ohe salt and metal effluent streams. Salt and 
bismuth were fed to the contactor below the surface of the respective 
phase. 

?.3 Feed and Catch Tanks for Salt and Bismuth 

The duplex feed and catch tanks for salt and bismuth were identical 
in construction. The feed tank, an inner cylinder of 6-in. sched 80 
pipe, was designed to operate at pressures up to 50 psig (3^5 klu) at 
600 SC. Both the inner feed tank and the outer catch tank had a capacity 
of about 20 liters of fluid; however, only about 15 liters of salt and 
15 liters of bismuth were used. 

The top of each feed tank contained seven ports: (1) an inlet 
port (1/2-in. pipe with a fitting for 3/8-in. tubing), which did not 
extend into the tank; (2) an outlet line (1/2-in. pipe with a fitting 
for 3/8-in. tubing), which extended to within 1/2 in. (13 ma) of the 
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bottom of the tank; (3) a sparge and pressurizatiai port (vith a fitting 
for 3/d-in. tubing), which extended to within 1/2 in. (15 ma} of the 
bottom of the tank; (k) a \JZ-in. pipe (with a fitting for 3/3-ir. 
tubing) used as a thermocouple well, which extended to within 1/2 in. 
(13 am) of the bottom of the tank; (5) a 1/2-in. pipe A+h a fitting 
for a 1/Z-iiL. ball valve and sampler and a fitting for 1/Vin. tubing 
below the valve; (6) a l-in. pipe with a l-in. ball valve as an addition 
port; and (7) a 1/2-in. capped pipe as a spare part. Each catch tank 
had the same ports as the feed teaks except that no addition port was 
provided. The outer surfaces of the feed and catch tanks were flame 
sprayed with nickel aluminide to retard oxidation. 

2.k Treatment Vessel for Salt and Metal 

The treatment vessel consisted of a 30fcL stainless steel pressure 
vessel that hela a graphite crucible. The cylindrical portion of the 
pressure vessel was 26.5 in. (0.67 m) long [1/V-in. (o.U-ma) wall thick­
ness] by 13 in. (0.46 m) OD and with lS-in. (O.Uo-m)-OD by 1/fe-in. 
(6.1t-mm)-thick dished heads cu each end. It was designed to withstand 
Hg-HF at 600*C at a pressure of 50 psig (3&5 kH.). 

The incer crucible, machined of graphite, * had an outer diameter 
of 16.75 in. (0.1*3 m) and was an overall 26.75 in. (0.68 a) high. The 
wall thickness tapered from 1.75 in. (Ufc mm) at the bottom to 0.75 In. 
(19 mm) at a point 16.75 in. (0.V3 m) from the bottom, and was uniform 
from there to the top. The bottom of the crucible was 1.75 in. (kk am) 
thick. The crucible had a l6.75*in. (0.V3 n)-diam lid, whose thickness 
varied from 1 in. (25 am) at the rim to 0.5 in. (13 mm) at the center. 
The graphite crucible rested on a support plate inside the pressure 
vessel, and the lid was held loosely in position by three studs pro­
jecting from inside the top of the pressure vessel. The vessel had 13 
nozzles, which are described in Table 1. 

*%>• 8735, Speer Carbon Company, a Division of Air Reduction Company, 
St. Mays, fennsyivania. 
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2.5 S»olers 

The treatment vessel and the feed and catch tanks were each pro­
vided with a 1/2-in. sched Uo pipe nozzle fitted with a ball valve and 
sample port. These tank sample ports held four sample capsules attached 
to capillary tubing that extended through a Teflon plug in the top. 
These capsules were lowered (while the system was under argon pressure) 
through the ball valve into the tank below, and samples were drawn into 
the capsules by vacuum. 

la addition to the five sample ports on the vessels, there were two 
flowing-stream sample ports that operated in a manner similar to that of 
the tank sample ports. These flowing-stream sample ports allowed seven 
samples to be taken from each of two flowing streams during operation. 
One sample port was located on the salt return line (between the con­
tactor and the salt catch tank), and one was located on the metal return 
line (between the contactor and the metal catch tank). 

The filtered sample capsules, which were used to take bismuth and 
salt samples, were made from 1/k-in. (6. <t-na)-diam stainless steel rod 
that was 3/k in. (19 ma) long. The sample capsules were fitted with a 
porous 3U7 stainless steel filter on one end and l/l6-in. (1.6-mn)-diam 
capillary tubing on the otuer. Figure 3 shows a schematic diagram of a 
sample capsule and a typical tank sample port. 

2.6 Freeze Valves and Lines 

Salt and metal flows through the facility were directed by four 
freeze valves in the transfer lines, located as indicated in Fig. 1. 
These valves were simply dips (in the carbon steel tubing) that were 
fitted with air cooling lines. Those freeze valves that had to oe closed 
before any salt or metal, could be transferred from the treatment vessel 
were equipped with small reservoirs (about 50 cm^) upstream and down­
stream from the valre. The facility, which was of welded construction, 
contained approximately 200 ft (6l m) of salt and metal transfer lines 
(3/8- and 1/2-in. pressure tubing). 
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2.7 Instrumentation and Control 

The principal objective of the instrumentation end control system 
was to provide closely regulated flows of bismuth and molten salt to the 
contactor. Th* range of flow rates for both bismuth and molten salt was 
nominally 40 to 300 cc/min, corresponding to experiment durations of 
about 5 to 0.5 hr. Pressures and liquid levels in the five vessels 
(treatment vessel and feed and catch tanks) of the facility were sensed 
by Foxhoro differential-pressure transmitters, which sent signals to 
miniature pneumatic recorders or controllers. Liquid level was inferred 
from the pressure of the argon that was supplied to a dip-leg bubbler in 
each tank. Flow rates of bismuth and salt to the contactor were con­
trolled by regulating the rate of change of liq>iid level in the two feed 
tanks. The feed and catch tanks, the treatment vessel, and the contactor 
were maintained at the desired temperatures by automatic controllers; 
transfer-line temperatures and temperatures of small components were 
controlled by manually regulating the appropriate voltage transformers 
that supplied power to Calrod tubular heaters. 

Figure If is a schematic diagram of the control system that regulated 
the flow of bismuth or salt to the contactor. It was designed to circum­
vent the flow-control problems that sometimes occur when gas pressure is 
used to maintain a constant flow of liquid from a heated feed tank. An 
adjustable ramp generator and an electric-to-pneumatic converter were 
used to linearly decrease the set point of a controller that sensed 
liquid level in tht feed tank. The level was controlled by controlling 
the flow rate of argon to the gas space of the feed tank. The result 
was a uniformly decreasing liquid level and, hence, a uniform discharge 
rate of bismuth or salt from the tank. This control system was unaffected 
by small increases in back pressure, partial plugging of transfer lines, 
decreasing feed tank level, etc., or leakage cf argon (a small argon 
bleed was provided to improve pressure control). Small gas pressure 
oscillations caused by temperature cycling was minimized by using time-
proportioning controllers. Bates of transfer of salt and metal between 
the collection tanks and the treatment vessel were not required to be 
closely regulated; therefore, manual control of pressurizetion was used. 
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Hfeating circuits were controlled manually for U transfer lines and 
the two flowing stream samplers. On the transfer lines, the Calrods 
rated at 230 V were operated at 1^0 V or less, and provided up to 185 H 
per foot (600 W/m) of line. Typically, temperatures at three points on 
each line were recorded. The temperature of approximately 100 points 
was recorded for the system. 

2.8 Gas Purification and Supply Systems 

Diree gases were required for the experimental facility: anhydrous 
hydrogen fluoride (HF), hydrogen, and argon. Because of the highly 
deleterious effect of smell amounts of oxygen or water vapor, the nomi­
nally pure bottled hydrogen and argon were further purified to remove 
traces of oxygen or water vapor. The anhydrous hydrogen fluoride that 
was used only in the treatment vessel for hydrofluorination of the metal 
and the salt was given no additional 1nirification, A schematic diagram 
for each of IJhe three supply systems is shown in Fig. 5. 

Highly purified argon was used for all applications requiring an 
inert gas (e.g., pressurization of tanks for transferring bismuth and 
molten salt, dip-leg bubblers for liquid-level measurements, and purging 
of apparatus for sampling bismuth and salt;. Cylinder argon with a 
n^r^mm purity of 99.995$ was first fed to a bed of molecular sieves 
(Pig. 5*0, which reduced the water vapor content to about 2 ppm [-100°F 
(-73°C) dew point]. The argon then flowed through a bed of uranium 
metal turnings where the remaining oxygen and water vapor were removed. 
A porous stainless steel filter removed any uranium oxide dust that 
might have been carried from the uranium bed by the gas stream, The 

maximum argon flow rate, based on the capacity of the molecular sieve 
bed, was about 6 scfm (2.8 x 10"3 std or/sec). 

The hydrogen purification system was a commercially available device* 
that purified hydrogen by the selective diffusion of hydrogen across a 

*Serfass hydrogen purifier, product of Milton Roy Company, St. Petersburg, 
Florida. 
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palladium alloy barrier. Impurities, along with a small flow of hydro­
gen, were bled continuously from the upstream side of the barrier. The 
capacity of the unit was 15 scfh (1.2 x 10"^ std M^/sec). Controls for 
the purifier were self-contained. 

The anhydrous HF supply system utilized small capillaries fo-
metering; a pneumatic controller maintained a specified pressure diop 
across a capillary by controlling the HF gas supply pressure. Ihis was 
achieved by regulating the teaperature of the water bath in which the HF 
supply tank was suspended (Fig. 5c). Accidental overheating of the HF 
supply tank was prevented by a switch that released cold water into the 
bath if the teaperature exceeded 60°C. The Minimi flow range for the 
HF supply was nominally 0 to 0.25 lb of HF per hour (0 to 0.15 g/sec); 
the maximum range was 0 to 6 lb/hr (0 to 3.7 g/sec). 

3. EXPERIMENTAL PROCEDURES 

In order to measure mass transfer rates in the equipment previously 
described, it was necessary to perform several operations. Die proper 
distribution coefficient of the transferring materials was adjusted by 
adding reductant thorium and lithium to the bismuth. Tracers ( 3 MJ and 
9 7Zr) were prepared by irradiating 2 3 6 U and ^Zr in the Oak Ridge 
Research Reactor (ORR) and these were edded to the salt feed before 
each run. The salt and bismuth were fed through the contactor. Samples 
were taken of salt and bismuth and were prepared for analysis. Ihe salt 
and metal phases were treated periodically with mixtures of hydrogen and 
HF. Details of these procedures are described in this section. 

3.1 Reductant Addition 

Periodic adjustment of the reductant inventory in the bismuth phase 
was necessary in order to replenish reductant loss due to oxidation, 
since even the high-purity argon which was used as a cover gas still 
contained a small amount of oxygen. The reductant inventory in the 
bismuth also required adjustment after Hg-HF treatment of the salt and 
bismuth. The aethod used for adjusting the reductant inventory was 
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electrolytic dissolution or beryllium ions in the salt phase while the 
salt and bismuth were in contact in the treataent vessel. 

A schematic diagram of the experimental apparatus used for electro­
lytic beryllium addition is shown in Fig. 6. A 3/8-in. (8.2-n) diam by 
6-in. (152-am) long berylliua rod was suspended in the treataent vessel 
and inaersed in the salt phase. The berylliua *od was connected electri­
cally to the positive terminal of a 12-V lead-acid storage battery via 
wire and a stainless steel rod, which is insulated electrically from the 
treataent vessel. To complete the circuit, the negative pole of the 
battery was connected to an ammeter, a variable resistance, and finally 
to the treatment vessel. The bismuth phase served as the cathode in 
this electrolysis. 

The overall reaction that takes place in this electrolytic cell 
when current is passed between the beryllium anode and bismuth cathode 
is: 

| Be° •»• U 3 +F 3(salt) * Be^F^salt) • U°(oismuth) . (1) 

Thus, the electrolysis resulted in the oxidation of berylliuu at the anode 
(the beryllium rod) and the reduction of uraniua at the cathode (the 
bismuth surface). The reduced uranium dissolved in the bismuth and the 
concentrations of thorium and lithium dissolved in the bismuth adjusted 
to satisfy the equilibrium conditions that were reportei previously. 

3.2 Tracer Irradiation and Addition 

Mass transfer rates between the salt and bismuth phases were 
237 97 determined from the extent cf transfer of U and of 7 toe tracers that 

were dissolved in the salt phase prior to an experiment. The salt and 
bismuth vere at chemical equilibria with respect to the nonradioactive 
uranium and zirconium. 

97 The Zr tracer was prepared by irradiating a 7.5-ag quantity of 
9 ZrO enclosed in a quartz ampul in the ORR for *v 2U hr. The ZrO-
was then transferred to a 0.75-in. (l9-nm)*diam steel capsule after an 
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18-hr decay period (for decay of activity from the ampul) to 
facilitate addition of the tracer to the salt phase. The capsule was 
then immersed in the salt phase in the salt feed tank while argon was 
sparged through the capsule to circulate salt through the capsule and 
enhance mixing. 

Uranium-237 tracer was prepared by irradiating t 1 mg 236U (as 
o) encased in a quartz ampul in the ORR for i 72 hr. As with 

the zirconium tracer, the uranium was then transferred to a steel addi­
tion capsule and loaded into the salt phase in the salt feed tank. 

3-3 Run Procedure 

All runs were performed using the same procedure. While the 
fluoride salt and bismuth were in contact in the treatment vessel 
(T5), sufficient beryllium was added to the salt electrolytically to 
produce the desired distribution coefficient (D). 

Prior to a run, the salt and bismuth phases were separated by 
pressurizing the salt-bismuth treatment vessel and transferring salt 
and bismuth to their respective feed tanks. Approximately 7 mCi of 
9 7Zr- 9 7Wb and 50 to 100 mCi of 2 3 7 U - 0 8 were allowed to dissolve in the 
salt phase about 2 hr prior to an experiment. 

Salt and bismuth streams were passed through the contactor vessel 
at the desired flow rates by controlled pressurization of the salt and 
bismuth feed tanks. The contactor was maintained at 590 to 600°C for 
all runs. Both phases exited through a common effluent line, separated, 
and returned to the salt and bismuth catch vessels. 

3.b Treatment with Hydrogen-Hydrogen Fluoride Mixture 
Periodic treatment of the salt and bismuth phases with HF-H- mix­

tures was necessary to remove oxides from the salt, and dissolved 
reductants and impurities (thorium, lithium, and iron) from the bismuth. 
Th<; treatment procedure also served to adjust the equilibrium distri­
bution of uranium and zirconium between the salt and bismuth phases. 
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The procedure followed was to sparge an HF-F? mixture into the salt 
phase while both the salt and bismuth were in the treatment vessel (T5). 
In order to prevent excessive attack on containers and piping, the 
hydrogen fluoride concentration was kept below 30 mole % by dilution 
with hydrogen, although an attempt was made to keep the HP concentration 
as near 30% as possible to afford the maximum oxide removal rate. The 
total nominal flow rate was 30 scfh. The hydrogen fluoride flow rate 
was set by the pressure drop across a capillary, and the H ? flow rate 
was set by a rotameter which was calibrated with H ?. Prom the treatment 
vessel, the HF-H? stream passed through a sodium fluoride bed (to remove 
HF) and then was exhausted to the atmosphere outside of Building 3592. 

The feed and off-gas from the treatment vessel were analyzed by 
diverting a small portion of the stream through a small aqueous scrubber 

3 —3 3 
and a 0.05 ft /revolution (l.U x 10 m /revolution) wet-test meter, 
which were connected in series. The concentration of HP in the gas 
stream was determined by passing the gas through 250 nl of a 0.U II HaOH 
solution in the scrubber. When 0.05 ft 3 (l.U x 10~ 3 m 3) of H g had 
passed through the wet-test meter, the gas flow was stopped and the 
solution was removed for analysis. The HF concentration in the gas was 
determined by titrating small samples of the scrubbing solution with 
0.1 If HC1. Utilization of the HF was calculated from the feed and 
discharge concentrations. 

3.5 Sample Preparation and Analysis 

In an effort to avoid contamination of the samples obtained in each 
run with extraneous material, the sample capsules were cleaned of foreign 
material before analysis by the following procedure. Gross amounts of 
salt or bismuth were first removed with a file, the sample capsule was 
then polished with emery cloth, and, finally, the capsule was washed 
with acetone. 

The samples were analyzed by first counting the sample capsules for 
the activity of 2 3 7 U (207.95 keV B") and the activity of 9 72r- 9 7Hb 
(71*3.37 keV and 658.18 keV S", respectively) after secular equilibrium 

97 97 
vis reached between 7 Zr and its daughter 'Kb. The material in the 
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237 sample capsules was then dissolved, and the activity of U was counted 
97 97 again after the Zr- Mb activity had decayed to a very low level. This 

was done to correct for self-absorption in the solid samples. Mass 
transfer rates were than calculated from the ratios of tracer concentrations 
as discussed in Appendix B. 

k. EXFERUCBTAL RESULTS 

Bine runs were made in the experimental equipment to measure rates of 
237 97 mass transfer of U and Zr between salt and bismuth. In these runs, 

the agitator speed was varied over the range of 68 to 2UU rpm, and the 
operating temperature was held in the range of 590 to 600°C. Concentra-

97 237 tions of Zr and U were measured (as described in Sect. 3.5) in the 
salt input and both the salt and bismuth effluent streams. The counting 
data obtained in all runs are given in Appendix A. Using these concen­
trations, three different equations were used to calculate the mass 
transfer coefficient between the salt and bismuth in the contactor. 
The derived equations are given in Appendix B. The calculated mass 
transfer coefficients for all the runs are summarized in Table 2. The 
values given in Table 2 are the average of the values calculated from the 
three equations [Eqs. (B-l8)-(-20)] with the standard deviation. Values 
are given both for results based upon the uranium counting and for results 
based upon the zirconium counting. 

Run TSMC-1 was mainly a preliminary run designed to test the procedure. 
Gait and bismuth flows were approximately 200 cc/ain, and the stirrer rate 
was 123 rpm. Unfortunately, the distribution coefficient (defined in 
Appendix B) was too low to effect any significant mass transfer, and mass 
transfer rates could not be determined accurately; thus, no results are 
shown for this run in Table 2. 

Operation of the equipment during run TSMC-2 was very smooth. The 
salt and bismuth flow rates were 228 and 197 cc/rain, respectively. The 
distribution coefficients were higher than for the previous run, but were 
lower than desired, resulting in much uncertainty. Several determinations 
of the distribution coefficient of uranium D., were made chat ranged from 
0.91* to 3b, One determination was made of the distribution coefficient 



Table 2. Experimental results of mass transfer measurements in the salt-bismuth contactor 

Sal t f lov 
(cc/mln) 

223 

Bitauth 
(cc/mi 

f lov 
n) 

St irrer 
rate 
(rpn) DU DZr 

Fraction 
tracer 

transferred* 

K, (on/ •ec) 

Run 
Sal t f lov 
(cc/mln) 

223 

Bitauth 
(cc/mi 

f lov 
n) 

St irrer 
rate 
(rpn) DU DZr 

Fraction 
tracer 

transferred* 
Based on 

uranium 
Based on 
zirconium 

TSNC-2 

Sal t f lov 
(cc/mln) 

223 197 121 Q.9^-31* O.96 0.17 0.0059 - 0.009? 0.0083 •. 0.00S5 
TSMC-3 166 173 162 » 3fc ~ 0.50 0.012 •. 0.003 — 
TSMC-1. 170 lW 205 > 172 > 2k 0.78 0.05't • 0.02 0.03'; • O.OI' 
TSMC-5 219 175 X2U > »3 > 2U 0.35 0.0095 • 0.0013 0.0163 1 0.01V9 
TSMC-6 206 185 180 > 172 > 2J4 0.6 J. 0.039 1 0.005 0.O20 •. 0.01 
TSMC-? 152 170 68 > 97 — 0.1)0 0.0057 £ 0.001? . . . 
TSNC-8 152 16<» •\. 0 > bo — 0.25 0.0022 •. 0.0010 — 
TSMC-9 169 161. 2UU > J.7 — 0.91* 0.121 •, 0.108 — 

"Fraction tracer transferred • (1 — C /C,). 
9 * 

o 
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of zirconium D. that indicated D_ was O.96. Consequently, only a range 
of possible values for the overall aass transfer coefficient could be 
stated for the results based on uraniua. A value for overall aass transfer 
coefficient based on zirconiiai is given, but since the value for D_ is 
uncertain, there is aore uncertainty in the BOSS transfer coefficient 
than is indicated by the reported standard deviation given in Table 2. 

A bisnuth line leak occurred iaaediAtely preceeding run TSMC-3. 
97 During the resulting delay for repairs, the Zr decayed and only the 

237 
U tracer could be used. The remainder of the run went saoothly. Salt 

and bisouth flow rates were 166 and 173 cc/ain, and the stirrer rate was 
l62 rpm. A high value for D„ (greater than 3b) was aaintained for this 
run. 

In run TSMC-U, flow rates of 170 and ikk cc/min were set for the 
salt and bismuth flows, and a stirrer rate of 205 rpm was aaintained. 
The distribution coefficients, which had been determined from samples 
taken before, after, and during the run, were greater than 172 for D„ 
and greater than 2k for D_ . These values are sufficiently large so that 
Eqs. (B-18M-20) in Appendix B are valid. Large distribution coefficients 
cannot be determined precisely due to the inability to determine very 
small amounts of uranium in the salt phase. No problems arose during 
this run. 

Runs TSMC-5 and -6 were performed without incident. The distribution 
coefficients were maintained at high levels for both runs. TSMC-5 had a 
stirrer rate of 12U rpm and salt and bismuth flows of 219 and 175 cc/min. 
TSMC-6 salt and bismuth flows were 206 and 185 cc/nt.n, respectively, with 
a stirrer rate of 180 rpm. 

Prior to run TSMC-7, two leaks developed in the bismuth transfer line 
from the bismuth feed tank to tiie contactor vessel. This transfer line 
was completely replaced along with the associated Calrod and thermal 
insulation. The volumetric flow rates of salt and bismuth during the 

3 3 
run were 152 cm /min and 170 em /min, respectively. The stirrer rate was 
set at 68 rpa for the run. The uranium distribution coefficient was 
greater than 97. Seven sets of salt and bismuth flowing stream samples 
were taken from the contactor effluent during the run. 
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Run TSMC-8 vas performed with salt and bismu*:i flow rates of 152 cc/ 
din and 16b cc/min, respectively. The uranium distribution coefficient 
was maintained at a level (> Uo) for this run which was greater than the 
minimum desired value of 20. It was presumed that the agitator operated 
at 2kl rpm. which is high enough to produce mild dispersion of the phases 
in the contactor and, therefore, a high measured mass transfer rate. 
However, results from this run indicated that very little (t> 25?) of the 
237 

U tracer was actually transferred from the salt to the bismuth. 
Inspection of the magnetically coupled, agitator drive assembly indicated 
that an accumulation of a highly viscous carbonaceous material between 
the upper carbon bearing and the agitator drive shaft had prevented 
proper rotation of the shaft. The drive assembly was cleaned of all foreign 
material, vas reassembled, and was found to operate satisfactorily. 

The ninth tracer run, TSMC-9, was performed as a repeat of the eighth 
run. Salt and bismuth flow rates were set at 169 cc/min and l6U cc/min, 
respectively. The agitator was operated at 2kk rpm during this run. A 
high stirrer rate was maintained to determine the effects on the mass 
transfer rate of dispej^al of one phase in the other, ar.d to determine 
if large amounts of bismuth and salt are entrained in the other phase 
after settling in the contactor effluent line. Entrainment results from 
this run and another similar run are given in Appendix D. The uranium 
distribution coefficient was greater than 1*7 during this run. Ho 
systematic problems were encountered and the run was performed smoothly. 

5. INTERPRETATION OF RESULTS 

In this section, the jass transfer coefficients measured in the salt-
bismuth system are compared with typical mass transfer coefficients 
measured in aqueous-organic systems at comparable agitator diameters and 
speeds and with mass transfer coefficients measured in a water-mercury 
system. The mass transfer coefficients measured in this study are also 
compared to predictions made by three mass transfer correlations taken 
from the literature that were developed from data measured in aqueous-
organic systems. 
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237 The mass transfer coefficients for U given in Table 2 are probably 
97 store reliable than the results given for Zr because, in all cases, the 

237 97 
material balance for U was greater <an 80]E, whereas that for Zr was 
consistently about 60j. Because of this, and also because more useful 

237 97 data points were obtained for 0 than for Zr, the interpretation of 
237 results presented in this section is based aainly on the U Measurements. 

237 The aass transfer coefficients for U are compared in Fig. 7 with 
sane typical mass transfer coefficients measured in aqueous-organic syst 
and with water-side mass transfer coefficients measured in a water-mercury 

3 U system. ' The figure shows that the mass transfer coefficients measured 
in the salt-bismuth system (curve A) are quite high compared to the aqueous-
organic and water-mercury results measured in cells of comparable size 
and ax comparable agitator speeds (curves B through E). Except for curve 
E all the mass transfer coefficient data can be divided into two regimes: 
(l) at low agitator speeds the mass transfer coefficient is proportional 
to the agitator speed raised to a power less than 1.0 (0.9 for the salt-
bismuth results and 0.7 for results represented by curves B through E); 
and (2) at higher agitator speeds the mass transfer coefficient is pro­
portional to the agitator speed raised to a power significantly greater 
than 1.0 (1.5 for curve D, 1.95 for curves B and C, and 9-0 for curve A). 

2 Olander and Benedict suggest that the sudden change in exponent for their 
data (in the absence of phase dispersal) is caused by a laminar-turbulent 
transition at the interface. Observation has shown that phase dispersal 
did not occur at the break points of curves B, C, and D, but it was not 
possible to determine unequivocally when dispersal occurred in the salt-
bismuth system since measurements of entrainment were inconclusive on 
this point (see Appendix D). However, previous work ' with water-mercury 
and with aqueous-organic systems indicates that, for the agitator diameter 
used, dispersal of molten salt into bismuth should begin to occur at an 
agitator speed of about 170 rpm. This entrainment would cause the apparent 
mass transfer coefficient to be greater than the mass transfer coefficient 
that would have resulted if phase dispersal had not occurred. The increase 
would be due to the increased area for mass transfer, since the apparent 
mass transfer coefficient is based upon the area of the undisturbed inter­
face. Since dispersal was expected, and because the dependence on agitator 
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speed is so different froa the aqueous-organic data and the water-aercury 
data, it is concluded that dispersal of salt into bisauth occurred at an 
agitator speed between 160 and 180 rpa, even though entrainaent aeasure-
cents do not support this. 

97 The aass transfer coefficients for Zr are shown in Fig. 8 coapared 
to curve A froa Tig. 7. In all but two cases (runs TSMC-2 and -5), the 
zirconiua mass transfer coefficient was lover than the uraniua aass trans­
fer coefficient. This difference is probably related to the inability to 
correct for the self-absorption of the 7^3.37 keV B~ in the analysis of 
97 
' Zr in the solid bisauth saaples. In run TSMC-2, all the resistance to 

ss transfer of uraniua was in the salt phase, whereas there was sig­
nificant resistance to aass transfer of zirconiua in both phases. Never­
theless, the overall aass transfer coefficients for uraniua and zirconiua 
were of coaparable aagnitude in this run. 

The aass transfer coefficients were compared with three literature 
correlations for BOSS transfer coefficient in stirred cells that were 
developed for aqueous-organic systems. The properties of the fluoride 
salt that were used to evaluate these correlations are given in Appendix 
D. The properties of bismuth at 600°C that were used are: 

pBi = 9 ' ^ e/cn and 
n B 1 = 1.0 x I0~ g/cm-sec. 

7 Lewis investigated mass transfer rates in mechanically agitated, 
nondispersing contactors, all of the sane size, using several aqueous-
organic systems. He fitted his results with the following empirical 
equation: 

60 \ 6 / "A1'6 5 

— - 6.76 • ID" 6 I B. 1 • Re 2 ^ I 

where ? 

Re • Reynolds number v , 
N * stirrer speed, rps , 
L • stirrer length, cm , 
k * mass ansfer coefficient, cm/sec , 

+ 1 , (1) 



25 

. * ' -

E u 

l iKF 

T—I I I I 
ORNL DWG. 7 6 - 5 8 2 

1 1—i—i i i 11 

o u 

z 
2 -<oV 

< 
2 

i i K$<. 

• U TRANSFER M FLUORlOC SALT 
( M HEAVY PHASE) 7 3 * * ACITATOR 

I- X OUINOME TRANSFER IN WATER IREF. 3,4) 
(Hf HEAVY PHASE) 8 » M M ACITATOR 

A OUMONE TRANSFER IN WATER (REF 3.4) 
(Hf HEAVY PHASE)«4 M M ACITATOR 

O WATER IN 3 0 % TBP-70% n-HEX AWE (REF 2) 
(WATER HEAVY PHASE) 7S M M AGITATOR 

A WATER II R IN iSOfuTANOL (REF. 2 ) 
(WATER HEAVY PHASE) 7C M M ACITATOR 

20 40 60 SO CO 200 400 600 ©00 
AGITATOR SPEED (rpm) 

237 Pig. 7. Comparison of U mass transfer coefficients in fluoride 
salt with representative aqueous-organic aass-transfer coefficients and 
vater-mercury coefficients. Numbers in parentheses on top curve refer 
to run number in the salt-bismuth experimental faci l i ty. 
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ORNl OW6. 76-578 
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Fig. 8. Effect of agitator speed on salt-side smss transfer coef­
ficient of 9Tzr in the salt-bismuth contactor, luabers in parentheses 
refer to run number. 
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0 * density, g/ca , 
n » viscosity, g/ca sec , 

2 v » kineaatic viscosity, n/p, ca /sec. and 
1,2 * phase being considered . 

For the case in which 8- » •_ and L. » L ?, the above equation can be 
reduced to the form: 

6 0 ki -6 - » 6.76 x 10"" 
1 -H) 1.65 • 1 . (2) 

For Levis' work, where the densities of the various phases varied from 
0.8 to 1.2 g/ca but the stirrer length was kept constant, this correla­
tion effectively uses only the Reynolds a-«ber of the phase being con­
sidered. 

The uraniua aass transfer coefficients are coapared to the Levis 
correlation in Fig. 9. At agitator speeds below 170 rpa, the Lewis corre­
lation overpredicts the aass transfer coefficient for uraniua; it also 
shows a stronger dependence of aass transfer coefficient on the agitator 
speed than the data indicate. So dependence of aolecular diffusivity is 
shown by this correlation. The omission of a term containing aolecular 
diffusivity from the correlation has been criticized in the recent liter-

8.9 9 
ature. It has been shown theoretically and in recent experiments 
that the aass transfer coefficient should be proportional to aolecular 
diffusivity raised to a power near 1/2. 

Mayers developed a slightly acre involved correlation of the 
following form: 

60 k L 
M » 0.1896 (Re 
Vl 

• l V W ( ? ) X ' 9 ( ^ ? ) * k «*!>-»'«. (,) 
When both phases are stirred with identical paddles at the saae speed, 
this equation reduces to: 
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Fig. 9. Comparison of uranium mass transfer coefficients with the 
Levis correlation. lumbers in parentheses refer to run number. 
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v l ».#>•?)-".«,-»(?)-^ = 0.1896 (Re, ) ( ^ \ ( o . 6 * ^ l ( S c i r 1 / 6 ( 7 1 <*> 

where 
Sc * Schmidt number, n/pB. 

This correlation, which is based on data covering a limited range of den-
sities (0.8 to 1.2 g/ca ), indicates that the viscosity and density of 
each phase affect the Bass transfer coefficient. 

A comparison of the uraniua Bass transfer coefficients with the Mayers 
correlation is shown in Fig. 10. At agitator speeds below 170 rpm, the 
Mayers correlation also overpredicts the Bass transfer coefficient, but 
the predicted dependence of mass transfer coefficient on agitator speed 
is more nearly in accord with the data than it is in the Lewis correlation. 
Note that the dependence on the Schmidt number (molecular diffusivity) is 
fairly weak. 

McMananey correlated his data and the results obtained by Lewis 
by using the following expression, which is similar to that used by Lewis 
but includes the Schmidt number: 

60 k 1 ^ 0 ' 9 { ^ n i ^ ^ ' ^ = 0.0861 (Re n) u-Ml + - ^ S - M (Sc,P" J I (5) 

where 
Sc = Schmidt number, n/o&, and 
£ * diffusion coefficient, cm /sec. 

This equation can be reduced to: 

60 K, 
X 

v l 
= 0.0861 

for the case where L-

' • • / • ' ( • J ) (sc r 0 - 3 7 , (6) 

L ? and R- = N„. Note that the numerical constant 
in Eqs. (5) and (6) has the dimension of reciprocal centimeters. 
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Tig. 10. Comparison of uraniia aass transfer coefficient with the 
Mayers correlation. Rushers in parentheses refer to run maiber. 
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The uraniua nass transfer coefficients are caapared vith the NcManaaey 
correlation in Fig. U . This correlation shows good agrees*nt vith the 
data at agitator speeds belov 170 rpa. It swat be pointed out, however, 
that the Schmidt matter for diffusion of uraniua in aolten fluoride salt 
was estiaated by using correlations t^sed upon Materials with solution 
behavior that is quite different from aolten salt solutions. Bence, the 
very good agreement shown here should be considered somewhat coincidental. 

6. C O K U S H M S AID RBCOMOEnTIOB 

The following conclusions and recommendations are based upon the 
experimental results and analysis presented in this report. 

(1) At comparable agitator speeds, salt-side mass transfer coeffi­
cients Tor uranium are higher than water-side aass transfer 
coefficients for quinone measured in water aenury systems, 
and higher than aass transfer coefficients for other components 
in aqueous-organic systems. Furthermore, the dependence cf 
salt-side aass transfer coefficients on agitator speed seemr 
to be somewhat stronger than for the water-mercury system at 
low agitator speeds and with similar diameter agitators. 

(2) The change in slope of the aass transfer coefficient vs agitator 
speed curve at 170 rpn is probably caused by the onset of phase 
dispersal. The occurrence of dispersal at this speed is in 
reasonable agreement with data measured in water-mercury and 
aqueous-organic sys^-as. 

(3) There is a large increase in aass transfer rates with only 
slight phase dispersal. It may be possible to achieve aass 
transfer rates required in the KSBR processing plant by 
operating under these conditions without suffering bismuth 
entrainaent in the salt. The data on bisoutb entrsinaent 
presented in the Appendix suggest this, but further testing 
is required to confirm it. 
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(fc) the aass transfer coefficients •ensured at agitator speeds 
below 170 rpa provide data which should be coapared with new 
correlations for stirred noadispersing contactors. The 
McManaaey correlation correlated these data such bet»r than 
two other literature correlations; however, it should he used 
with extreste caution for scaleup and design if extrapolations 
to untested conditions axe required. 
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APPHTOIX A. 

Saaple Analyses 

The counting data obtained during runs TSMC-2 through -9 are pre-
sented in Tables A1-A8. Counting data are given for J , U (207.^5 keV B") 
and 9 TZr (7V3.37 keV 6") in the solid salt and bisauth saaples, and for 
237 

U after the saaples were dissolved. All results are given in terns 
of counts per nitrate per grast. 
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Table A-2. Covering data obtained froa run TSMC-3 

Solid analysis Solution analys is Sol id analysis 
for *»& 

Solution analysis 
Sample for 217u for * " u Sample 

Sol id analysis 
for *»& for * « D 

code* (counts/g-«in) (couots/g-aln) coda* (cooBta/c-alB) (cousta/g-edn) 

1 1 . 1 3 x l O 2 

T a l l i n taka 
< 5-X 1 10* 

a orior t o m B 

< 3 .3 x 1 0 3 lkl-B-5 1 1 . 1 3 x l O 2 

T a l l i n taka 
< 5-X 1 10* lk j .S -5 

B 

< 3 .3 x 1 0 3 < 5 .3 x 10* 
lk2-B-5 < 1.6k x 1 0 2 < 5-5 x 1 0 J lkk-S-5 < 3.2 x 1 0 J < 7-6 x 10* 
ll-*-B-5 £ 6 . 2 6 x 1 0 1 < 3-k x 1 0 J lk5-S-3 i 3.k x 1 0 J < 7 .6 x 10* 
H8-B-5 1 1 . 0 0 x l O 2 < k.O x 1 0 J lko-S-3 <. 3 .2 x 10* i 5-6 x 10* 

Saanlea taken prior to n n but af ter addiUon of tracer 
lko-S-3 6.13 x 1 0 5 9-37 x 1 0 s 

150-S-3 6.33 x 1 0 s 9-29 x 1 0 5 

151-B-FS k.52 x 10* 
Samples tafcs 

1.13 x 10 1 158-s-re 3 .M x 10* k.89 x 1 0 s 

152-B-FS k.lk x 10* i . ? 9 x 1 0 s 159-S-FS — _ 
153-B-FS k.12 x 10* 1.3S x 1 0 s 160-8-PS 2.96 x 1 0 s k.36 x 1 0 s 

15k-B-FS k.51 z 10* l .kk x l** l 6 l -S - fS 3.06 x 1 0 s k.56 x 1 0 5 

155-B-FS 6.32 x 1 0 s 1.26 x 1 0 s ita-s-ps 3.02 x 1 0 s 3.99 x 1 0 s 

156-B-FS 3.88 x 10* l .kk x 1 0 s 163-8-75 3.19 x 1 0 s k.k3 x 1 0 s 

157-B-PS k.00 x 10* 1 k9 x 1 0 s l6k-8-PS — — 

jag*** Hfamja»r PB 
165-B-l k.38 x 1 0 2 k.e x io J 167-8-3 6.68 x 1 0 s 1.19 x 10 5 

166-B-l 6.53 x l O * k.7 x 1 0 1 168-8-3 _ _ 
169-B-2 3.19 x 10* 1.61 x 1 0 s 171-8-k 2.6k x 1 0 s k.Tl x 1 0 s 

170-B-2 2.86 x 10* 9-56 x 10* 172-S-k 2.70 x 1 0 s k.12 x 1 0 s 

173-B-5 5.k7 x 10* l .k3 x 1 0 s 175-8-5 < 6.k x 10* < l . k x 10 3 

17k-B-5 5.2k x 10* l.kk x 10 s 176-8-5 < 6 k x 1 0 s <• l . k z 10* 

*B~h sample is designated by a code corresponding to A-B-C, where A * sample 
aaterlal in sample (B « bismuth, S * sa l t ) ; and C « sample origin; 1 - Tl; 2 
U • Tkj 5 * T5; FS * flowing stream sample. 

T2; T3; 



Tabla A-3. Counting data obtained from run TSMC-U 

Saapla 
Solid aaalyaia 

for 2 , 7 U 
Solution analyala 

for 2 " U 
Solid aMlyala 

for *'Zr Saapla 
Solid analyala 

for , , T U 
Solut ion aaalyala 

for * , ? U 
Solid aaalyala 

for »78r 
coda* (counta/gtain) (counta/g-aln) (counta/g-aln) coda* (counta/gHiln) (counta/g-aiin) (coui.ti/f-asln) 

< 1.03 x 10* I 5-1 x 10* 1 5 . 9 X 1 0 * i J . 6 x 10* 191-B-5 < 1.03 x 10* I 5-1 x 10* <. •».*• x 10* 189-8-5 1 5 . 9 X 1 0 * i J . 6 x 10* < 1.5 * 10* 
192-B-5 <" 8.83 x 10* I 6.7 x 10* <.3.3 x 10* 190-8-5 i It.O x 10* 1 3 . 8 x 10* ~6.l» x 10* 
195-B-l < I . 0 0 x 1 0 s < It.9 X JO* i 3 .3 x 10* 193-8-3 < U.7 x 10* 1 3 . 6 x 10* < l i t x 10* 
196-B-l <, 1.19 x 10* i U.7 x 10* i 5.7 x 10* 19«-S-3 I*.3 x 10* 1 1 . 0 x 10* <.9.5 x 10* 

SajBlau tektn prior to ran but aftar addition of t r toan 
197-S-3 1,22 x 10* l.ltk x 10* 1.92 x 10* 
198-8-3 1.21 X 10* 1.M9 x 10* 1.99 x 10* 

9.67 x 10" 2.91 X 1 0 * !.*« x 10* 2.97 x 10* 199-B-FS 9.67 x 10" 2.91 X 1 0 * 3.63 x 10* 206-S-FS !.*« x 10* 2.97 x 10* It.58 x 10* 
200-B-re l .«5 x 10 s 3.57 x 10 s l*.50 x 10* 207-S-FS 2.61. X 10* 3.23 X 10* 6.33 x 10* 
201-B-FS 1.70 x 10* It.82 X 1 0 * 5.66 x 10* 208-8-PS 2.98 x 10* 2.88 x 10* It.61 x 10* 
202-B-FS 1.85 x 10 s a.72 X 10* 6.3k x 10" 209-8-re 2.97 x 10* 5.01 x 10* 6.07 x 10* 
203-B-re 2.19 x 1 0 s 5.01 X 1 0 s 6.38 x 10* 210-8-FS 2.76 x 10* 3.31. x 10* 6.96 x 10* 
204-B-FS 1.83 x 10 s 5.36 X 10* 6 .*3 x 10* 211-B-FS 2 .63 x 10* S . l * x 10* 8,lt8 x 10* 
205-B-rS 1.57 x 10» 5.32 X 1 0 s 7.12 x 10* 212-8-FS 

Swltt sihtn iTttr PHI 
2.52 x 10* 3.1U x 10* 6.8I1 x 10* 

213-8-1 2.06 x 10* 8.7 X 10* 1.9 x 10| 217-8-3 1,31 X 10* l . M x 10* 2.39 x 10* 
21U-B-1 1.73 x 10* 7.7 X 1 0 s 1.1 x 1 0 s 218-S-3 1.25 x 10* 1.3k x 10* 2.36 x 10 s 

215-B-2 1.08 x 1 0 s 2.8U X 1 0 s 3.69 x 10* 219-8-lt 2.29 x 10* 2.61 x 10* It.88 x 10* 
216-B-2 1.07 x 1 0 s 3.17 X 10* 3.68 x 10* 220-S-li 2.38 x 1 0 s 2.71 x 10 s It.67 x 10* 
221-B-5 7.86 x 10* 2 .23 X 10* 2.53 x 10* 223-8-5 8 ,3 x 10* i « , 7 x 10* < 2 . 2 x 10* 
222-B-5 8.28 x 10* 2.38 x 10* 2.62 x 10* 22lt-8-5 8 .0 x 10* « Jt.9 X 10* < 3.9 x 10* 

% 

*aach aajxple la daalgnatad by a cod* corraipondlpg to A-B-C, wbara A • aaapla ntxtbar; B • malarial In aaapla (B • biaauth, 3 • aa l th and 
C • aajapla origini 1 » Tli 2 • T2; 3 • T3; » • T«; 5 • T5; fS • flowing atraaa aaapla. 

»*«*£~mMiM 



Table A-b. Counting data obtained fro* run TSMC-5 

3a*ple 
code* 

Solid analysis 
for 2J» U 

(counts/t-mln) 

Soluclon analysis 
for 2 " U 

(counts/g-min) 

Solid analysis 
for * 7Zr 

(eounts/g-mln) 
Sample 
cods* 

Solid analysis 
for *» ?U 

(counts/g-«ln) 

Solution analysis 
for * " u 

(eounts/gHiln) 

Solid analysis 
for'»7?r 

(counts /.'(-siln) 

227-B-5 ± 5.6b x 10* 
228-B-5 < 8.b9 x 10 ? 

231-B-l < b.83 x 10* 
232-B-l i 5.91 x IP 2 

235-B-FS 1.0*1 x 1 0 s 

236-B-FS 1.30 x 1 0 s 

237-B-FS 1.53 x 1 0 s 

238-B-re 1.35 x 10* 
239-B-PS 1.35 x 10* 
2ko~B~rs 1.67 x 10* 
2bl-B-FS l . b l x 10* 

2i>9-B-l I 1.38 x 10* 
250-B-l < 1.05 x 1 0 s 

251-B-2 7 .70 x 10" 
252-B-2 1.00 x 10* 
257-B-5 1.71 X 10* 
258-B-? 1.3k x 10* 

s««ii tihin min \t ran 
<.l.b x 10* 285-8-5 
< 2.8 x 10* 226-8-5 
< 1.1 x 10* 229-S-3 il.O x 10* 

i 7.1» x 10* 
< 6.9 x 10* 
~b.9 x 10* 

230-8-3 I 6.0 x 10* 

9mmpl». taken prior to run but aftsr addition of traosrs 
833-8-3 2.5»» x 10* 
23b-S-3 2.57 x 10* 

87 
,13 
60 
.61 
.83 
67 
31 

10* 
10* 
10* 
10* 
10| 
10* 
10* 

Pfjmrtti vnttn fttrlM ran 
85 
62 
9«t 
89 
78 
0b 
98 

10* 
10" 
10" 
10" 
10" 
10" 
10" 

8b2-S-« 
8b3-S-f8 
sbb-s-w 
8b5-8-» 
2b6-0-FS 
8b7-8-W 
8U6-8-P8 

8—plaa taken aftsr run 
10* 
10* 
10" 
10" 
10" 
10" 

1.83 x 
1.6k x 
1.8? x 
1.76 x 
1.96 x 
1.79 x 
5. bo x 

853-8-3 3.11 x 
85b-8-3 3.88 x 
855-S-b 1.58 x 
856-8-b 1.10 x 
859-S-5 < 9.8 x 
260-8-5 <Jl.l X 

10* 
10* 
10* 
10* 
10* 
10* 
10* 

10* 
10* 
10* 
10* 
10* 
10" 

3. M X 10* 
3, ,b8 X 10* 

8, ,*3 X 10* 
8, ,00 X 10* 
2. ,00 X 10* 
8, ,10 X 10* 
2. ,01 X 10* 
8.08 x 10* 

< 1.6 x 1 0 ' 
< 8 .9 X 10* 
4 1.8 x 10* 
< . I-1" x 10* 

8.10 x 10* 
2.20 x 10* 

2.1*7 x 1 0 s 

1.79 x 10* 
2.6b x 10* 
2.1*3 x 10* 
2.25 x 10* 
1.98 x 10* 
5.36 x 10" 

2.96 x 10* 
3.19 x 10* 
1.19 x 10* 
1.37 x 10* 

< 2.6 x 10* 
< , 3.5 x 10* 

3 

sample la designated by a cod* corresponding to A-B-C, where A • ssjsple numbers 1 • material In sample (B • bismuth, 8 • sa l t )} 
and C * sample origin; 1 • Tl; 2 • T2; 3 • T3; b • Tb; 5 • T5j FS • flowing stream sample, 



Tab la A-5. Counting data obtained froa run TSWC-6 

Saapio 
So l id M&lyala 

for * " U 
Solution analys i s 

for * " l / 
So l id 1 

for • w g " 1 
Saaple 

S o i l * 1 
for 

l 8 « U , i ' Solut ion ana lys i s 
for *T,U 

Sol id 1 
for 

tug.*. 
coda* (count »/g-a>ln) (counta/g-ain) (counts /g-a ln) code* (counts/g-«ln) (eounti/fvin) (oountf/SHitn) 

Saaslaa taken »rlor_ to run 
261-B-5 1.75 x 10* 5.32 X 10* -. 859-8-5 « 6 .2 X 10* i < 1 . 3 x 10* < 2 .2 X 10* 
262-B-5 2.37 x 10* 5.55 X 10* 2.51 x 10* 260-8-5 I6.1 x 10* « 1.3 x 10* I !••» x 10» 
265-B-l 1.V5 x 10* 5.78 X 10* 8.96 X 1 0 l 263-8-3 1 1 . 3 x 10* « l . lt x 10* < 1.6 X 10* 
266-6-1 1.99 x 10* 5.U7 X 10* 9. *8 X 1 0 l 26lt-8-3 1 5 . 6 x 10* i l . l t x 10* 1 2 . 1 x 10* 

1.39 x 10* 3.29 x 10* 267-8-3 1.12 x 10* 1.39 x 10* 3.29 x 10* 
268-8-3 1.07 x 10* l .Jl . x 10* 3.16 x 10* 

7.69 x 10* 2 .39 X 10* 
a* 

6.78 
ttlfl t tk tn durlna run 

It.11 x 10* i . 5 3 x 10* 1.75 x 10* 
«-

269-B-FS 7.69 x 10* 2 .39 X 10* 
a* 

6.78 X 10* 276-8-F8 It.11 x 10* i . 5 3 x 10* 1.75 x 10* O 
270-B-FS 1 .13 x 1 0 s 3.63 x 10* 6 .70 X 10* 277-S-FB li.63 x 10* fc.» x 10* 2 .30 * 10* 
271-B-FS 1.25 x 1 0 s U.16 x 10* 7.5» x 10* 278-8-F8 It.59 x 10* 3.83 x 10* 3.11 x 10* 
272-B-FS 1.U3 x 10* It.17 x 10* 8.01 X 10* 279-8-FB It.03 x 10* It.38 x 10* 2.16 X 10* 
273-fc-rs 1.55 x 10* U.36 X 10* 7.79 x 10* 260-8-ra 5.00 x 10* It.26 x 10* 1.85 x 10* 
?fl»-B-FS 1.5U x 10* U.27 . 10* 9.01 X 10* 281-8-F8 It.83 x 10* It.66 X 10* 2.03 x 10* 
275-S-W 1.53 x 10* It.53 x 10* 8.85 x lO* 283-8-rS It.63 x 10* 3.1*0 x 10* 2.0T X 10* 

2 .28 x 10" 6.79 x 10* 
an 

3.73 1.32 x 10* 1.60 X 10* 3.1.7 x 10* 283-B-l 2 .28 x 10" 6.79 x 10* 
an 

3.73 X 1 0 1 287-8-3 1.32 x 10* 1.60 X 10* 3.1.7 x 10* 
28U-B-1 2.51 x 10" 6.59 x 10* 3.Its x 10* 288-8-3 1.90 x 10* 1.3b x 10* 3.57 x 10* 
285-B-2 1.07 x 1 0 s 3.3k x 10* 5.33 X 10* 289-8-M w.ou x 10* U.15 x 10* 8.1.0 x 10* 
286-B-2 1.13 x 10* 3 11 x 10* 5.59 X 10* 290-8-« 3.90 x 10* 3.80 x 10» 8.89 1 10* 
291-B-5 1.05 x 10* 3.1.1 x 10* It.36 X 10" 293-8-5 1 9 . 2 X 10* < 1.8 I 10* 15.7 I 10* 
292-B-5 1.33 x 1 0 s 3.31 x 10* I.. 1.5 x 10* 29«-8-5 < 8 . 1 x 10* 1 1 7 x 10* 1 5 . 0 1 10* 

*Iach saapls i t designated by a cod* corresponding to A-B-C, where A • aeaplo nuKbert " • Mtorlal In asaple (B • blsauth, 8 • ialt)t and 
C - saaple origin; 1 - Tli 2 • T2; 3 • T3; » • T*i 5 • T5i W • flowing stress saaple. 

http://il.lt


41 

i 

P 
e 
3 u 
I 
»• 
•o 
c 
m 
o 

c 

I 

I 

o u « 

o " 

U 
o 1 

t l 

9 = s 
c • o u *» 
- H O C 

X O 
o — 

o ! 

f! 

o ' o ' o o 
X X X 

v | v | v | * | 

x x 
S2S5i*a? 

V o * 
I I I 
I • • 

I 

o 
c 
« 

o o o o • 
*« «4 *4 ••* O « 
X X X M »• 

n «• * • •• 
. . . . o 
r̂ •» <• r-

v | v | v | v | O 

• ••* 

\>V***> 

§ 
o 

5 * x 

o o 
X X 

o o o o o o 
«4 »* * * * * *« *4 
X X X X X X I I I 

I I I 

x x x 

rl«l 

o o o 
~* ** -t 
x x x 

it. 
51 

Mitt* 

• »"• a o o o o o o o 1 
«4 *4 *4 • « «4 * * • * 4 

« x x x x x x x •4 •* •* m « m •*-•» n «t O O O »4 

I I I I I I 
•> O •« « • <M « 

V | « | 

H* 

e o o 
«* «-i *4 
X X X 

o o o 
«-t • * r4 

x x x 
« *» • 

V«*VQ 
X X X X 

8JS3 

*t*t 

o o o o o o o 
^4 - • —• «-• «4 »* »* 
x x x x x x x 

iSSSS 

o o o o o o 
x x x x x x 
o r» *» *» • •» * « r> •> o o 

rv r« m >•» m <n f» 

s s t r 
• i 1 1 1 • i 

_i «•» « « m « r» 

I I I I I I 

i • i • > • 
m « r» u> <-» >r 

5* 

* : 
a __ 

il 
I: 
« a 

1 « • > 

• *+ 
1 — 
< c 

r° 
it 
u a w 
8° 

i 
s? 
N 

s 
I 

S i 

« *» 
o 

•o • 

s If fi 



Table A-7. Counting data obtained from run TSMC-tt 

Solid analytla 
Sample for 2 3 7 U 
code* (counts/g-min) 

Solution analysis 
for 2 3 7 U Sample 

(counts/g-mln) code* 
Solid analysis 

for 2 3 7 U 
(counWg-siin) 

Solution analysis 
for 2 3 7 U 

(counts/g-min) 

358-B-5 < 1.7 x 10 s 

359-B-5 < l.U x 10 3 

362-B-l 1.27 x 10 3 

363-B-l 1.25 X 10 3 

«*.i8 x 10 s 356-S-5 
U.33 x 10 3 357-S-5 
u.51 x io» 
i».o6 x 10 3 

360-S-3 
301-S-3 

< 3.8 x 10 s 

7 14.8 x 10 3 

< U.J x 10 3 

< It.8 x 10 3 

Samples taken prior to run but after addition of tracer 
36U-S-3 2.35 X 10* 
365-S-3 2.M x 10* 

* 8.9 x 10 3 

" 1.6 x lO* 
" 1.6 x 10" 

2.89 x 10* 
2.91 x 10* 

366-B-FS 2.1U x 10 3 1.00 X 10* 373-8-FS 3.0U X 10» 3.73 x 10* 
367-B-FS 9.18 x 10 3 3.21 X 10 H 37U-S-FS 9.1«5 x 10 s 1.02 x 10* 
368-B-FS 2.66 x 10" 8.88 x 10 w 375-S-FS 1.76 x 10* 2.lit x 10* 
369-B-FS 2.1*3 x 10* 8.03 x lO* 376-S-PS 2.08 x 10* 2.29 X 10* 
370-B-FS 2.36 x lO" 8.69 X lO* 377-S-FS 1.9*» x 10* 1.90 X 10* 
371-B-FS 2.99 x lO* 9.59 x lO* 378-S-FS 1.90 x 10* 2.18 x 10* 
372-B-FS 3.06 x lO* 1.06 x 10 5 

3«fl£ie-P 

379-S-fS 

.tAtan ifttr run, 
2.1*3 x 10* 2.31* x 10* 

380-B-l 1*.78 x 10 s 1.57 X 10 w 38U-S-3 2.28 X 10* 2.67 X 10* 
381-B-l U.8l x 10 3 1.1*8 x lO* 385-S-3 2.10 x 10* 2.1*8 x 10* 
382-B-2 1.51 x lO* 5.22 x lO* 386-s-k 1.77 x 10* 2.15 x 10* 
383-B-2 1.56 x I0k 1*.07 x 1Q" 387-s-i* 1.80 X 10* 2.35 x 10* 
388-B-5 1,22 x 10 s 3.19 x 10 5 390-S-5 < 1.0 x lO* < 2.1* x 10" 
389-B-5 1.39 x 10 5 3.66 x 10 s 391-S-5 < 1.2 x 10 v < 2.U X 10" 

M 

Each sample is designated by a code corresponding to A-B-C, where A • sample number; B • material in sample• 
(B • bismuth, S • aalt)i and C » sample origin; 1 • Tl; 2 - T2; 3 • T3 • U • T<* 1 5 • T5 FS • flowing stream 
sample. 

irfUMMMMvttl 



Table A-8. Counting data obtained from run TSMC-9 

Solid i uialysis Solution analysis Solid analysis Solutlor i analysis 
Sample for 23 'U for 2 3'U Sample for 237U for 2J7u 

code* (counts/g-min) (counts/n-min) code* (counts/c-mln) (count f/g-min) 

saroies .tihejn prior ta.rw 
394-8-5 1 7 , 8 x 10 2 1 3-2 x 10 3 39*-S-5 < 6.6 x 1 0 3 < 1.3 x 10* 
395-B-5 < 8.2 x 1C2 < 2,6 x 1 0 3 393-S-5 7 6 . 8 x 1 0 3 i 1-3 x 10" 
398-B-l ~ 7 . 6 4 x 10 2 I » 5 x 10 3 396-S-3 " 6 . 7 x 10 3 <,1.3 x 10" 
399-B-l 8.53 x 10 2 i 3.0 x 10 3 397-S-3 1 6 . 9 x 10 s I 1.2 x lO* 

Samlet taken urior to run but after addition of tracer 
2.89 4C0-S-3 2.17 x 10» 2.89 x 10 1 

401-S-3 2.18 x 10* 3.25 x 10» 

Samples, takjn. AuxUULQUL 
U02-B-FS 3.05 X 10 5 5.20 X 10 5 409-S-FS 2.17 x 1 0 s 1.94 x 10 s 

koy-B-rs 3.15 x 1 0 s 4.74 x 10 s 410-S-FS 2.06 x 10 5 2.16 X 10 s 

uoJ»-B-re 2.96 X 10 5 6.35 X 10 5 4ii-s-rs 2.04 x 1 0 s 2.00 x 10 s 

405-B-FS 2.78 x 10 s 5.29 x 1 0 s 4l2-S-fS 1.96 x 1 0 s 1.95 x 10 s 

i»o6-B-rs 3.31 x 10 s 4.36 X 10 5 413-S-FS 2.22 X 10* 1.79 x 10 s 

407-B-fS 2.88 x 1 0 s 5.71 x 1 0 s 4i4-s-re 1.74 x 10 s 1.86 x 10 s 

4O8-B-FS 2.92 x 10 5 5.9»» X 10 5 415-8-KS 1.89 x 1 0 s 1.69 x 10* 

8.55 X 10 a 1 3 . 7 
iamnlea taken after run 

6.89 x 1 0 s 8.72 416-B-l 8.55 X 10 a 1 3 . 7 x 10 3 420-8-3 6.89 x 1 0 s 8.72 x 10 s 

4l7-*~l 9.25 x 10 2 I 3.1 x 1 0 s 421-8-3 7.12 x 10 s 8.65 X 10 s 

418-B-l 1.47 x 1 0 s 3.05 x 10 s 422-S-4 1.54 x 10 s 1.81 x 10 s 

U19-B-2 1.43 x 1 0 5 2.86 X 1 0 s 423-8-4 1.54 X 1 0 s 1.69 X 10 s 

U2U-B-5 1.08 x 10 5 2.29 x 10 s 426-8-5 1 7 . 1 x 10* I 1<5 x 10* 
U25-B-5 1.19 X 10 s 2.45 X 10* 427-8-5 <.6.4 x 10 3 < 1.4 x 10" 

Bach sarnie is designated by a code corresponding to «-B-C, where A • saspic numberi B • Material in saaple 
(B • bismuth, S - salt); and C • sample origin} 1 • Tli 2 • T2\ 3 • T3i 4 • T4i 5 • T5i TB • flowing 
stream sample. 

0" 
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APPEBDIX B. 

Calculation of Mass Transfer Coefficients 

For a flow-through, continuously stirred contactor at steady-state 
conditions, a aass balance on the salt phase yields: 

F j ^ « F xC s • J , (B-l) 

where 
F- » flow rate of salt, en /sec, 

C. * tracer concentration in salt inflow, units/cm , 
C 2 * tracer concentration in salt outflow, units/ca , 
J * rate of transfer of tracer across the interface, units/sec. 

Expressing the rate of transfer across the interface as the product 
of an overall aass transfer coefficient and a driving force tines the 
area available for aass transfer yields:x 

J « K [C - C /DjA , (B-2) 
s s • 

where 

1/K - 1/k • 1'Dk , (B-3) 
s s • 

and 
K * overall mass transfer coefficient based on salt phase, cm/sec, 
k * individual aass transfer coefficient in salt phase, cm/sec, 
8 

it * individual aass transfer coefficient phase in metal, cn/sec, 
D * distribution coefficient * ratio of concentration in metal 

phase to concentration in salt phase at equilibrium, 
3 

moles/cm 
3 ' moles/cm 
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C = tracer concentration in metal outflow, units/cat , 
* 2 
A - interfacial — 
Taking an overall aass balance results in: 

C1 F1 * T^2 * Cs Pl * Cm F2 * ( B~* ) 

where 
C_ = tracer concentration in aetal inflow, units/cm , and 
' 3 

F_ = flow rate of aetal, cm /sec. 

If C ? = 0, Eq. (B-fc) can be rearranged to give the four following 
relations: 

C.F, * C F, • C F, , (B-5) 1 1 s i m 2 

Cl " C s * C - l ^ f (B-6) 

Cs - C. " C . ( ^ ) • «* ( B" 7 ) 

1 F 2 S \ F
2 y c * c^~-cA^\- (B-8) 

Combining Eqs. (B-l), (B-2), and (B-8) yields: 

K « C i A / F i \ K « C * A / F i 
F i c i - F I C S + K S C S A - - ¥ - ( F 7 J + - ¥ - ( F 7 / . <*-*> 

which can be rearranged to give: 
K A 

F l * ~D~ ( F 1 / F 2 ) 

V C 1 " K A / M <«°> 

Combining Eqs. ( B - l ) , (B-2), and (B-7) y i e l d s : 
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? 1 C 1 • F 1 C 1 - C . F 2 + K s C l* * ( K s C . A ) Tx -^¥) • (B-Il) 

which is rearranged to give: 

K A 
C /C, « 2= r=r-rv (B-32) V I '»•«/»£•(¥) 

Coabiniug Eqs. (B-1) , (B-2) . and (5-6! / i e l d s 

W-F l C s * C . F 2 ' F 1 C « * I . C . A - | - S = ? - 1 - ( B " 1 3 ) 

which i s arranged to give: 

K A 
C Jcs ' —7TI, {*-lk) 

r2 + (¥) 
Rearranging Eqs. (B-10), (B-12), and (B-lU) gives three expressions for 
the overal l aass transfer coeff ic ient in tenas of the Measured quan t i t i e s 
C l » C s ' P l » F 2» D * a n d A : 

(B-15) 

, and (B-l6) 
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ft) 
• « • 

(B-17) 

The above equations can then be used to calculate aass transfer 
coefficients fro» experimental results (i.e., the ratio of tracer 
concentration in any two of the salt of bisauth flows). 

Within experinental error, the distribution coefficient D can be set 
as desired. To ainiaize effects of uncertainties in the value of D on 
the calculated value of the overall aass transfer coefficient, D should 
be aade fairly large. For the values of concentrations and flow rates 
used in these experiments, the teras which contain D in Eqs. (B-15), 
(B-l6), and (B-17) are less than 5% of the values of the other terms 
for values of D greater than 20 and can be neglected vith little error. 
By assuming that the teras that contain D can be neglected, Eqs. (B-15), 
(B-16), and (B-17) reduce to 

s A (B-l8) 

K_ = F2 , and (B-19) 

K. - ~ 
P2 C» (B-20) 
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Uncertainties in the distribution coefficient do not affect the 
accuracy of the overall aass transfer coefficient. However, as shown 
by Eq. (*), when D is very large, the overall aass transfer coefficient 
is essentially the individual salt-phase coefficient, since resistance 
to aass transfer in the aetal phase is comparatively negligible. 
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Appsroix c. 

Calculation of Diffusivity of UP. and ZrF^ in Xolten Salt 

The d i f fus iv i t i e s of UF_ and ZrP^ in molten s a l t (72-16-12 ac le t) 
LiF-BeF -ThF. were estimated from an eapir ical equation developed by 
V i l k e , 1 3 which was based on the Stokes-Einstein equation: 

(* K.X^^ T 
BAB - 7 ^ , 1 0 - ^ » " * . CC-1) 

0 ? A 

where 

£_ - diffusion coefficient of specie A in solvent B, ca /sec, 
» B = association parameter for solvent B, which is equal to 1.0 

for an unassociated liquid, 
T * teBperature, °K, 

Ptg * molecular weight of solvent B, g/g-aole, 
V A = molar volume of solute A, arVg-acle, 
n = solution viscosity, cP. 

This equation is good only for dilute solutions of nondissociating solutes; 
Ik for such solutions the error is within • 10% of .he true value. 

Sample calculation 
The diffusivity of U F 3 and ZrF^ in molten LiF-BeFg-ThFj. (72-16-12 

mole %) at 600°C was calculated as follows: 
T « 873°K, 
n * 11.81 c P , 1 5 

Msalt " 6 3' 1 6 g/s-oole* 
V,— * U6.U csT/g-aole at 600°C. This value was assumed to 

UFjj 

apply to both UF- and ZrF,. 
Tsalt a S 8 u m e d " 1'°» 
psalt = 3' 3 5 g / c » 3 - 1 7 



Substituting the above values in Eq. (C-l) results in: 

** or ZrF salt - ^ * 1 0~ 8 U ' ° ' ^ ' ^ ) 1 , 2 ? ? = ^ * 10-6cn2/sec. njF 3 or ZrFu - salt ( u Q l ) {h6.kf-^ 

Sc = \ = (11.81 x 10~ 2 g/a» sec) , ^ 
^ (3.35 g/c«3) (U.1.5 x 1 0 - 6 cm2/sec) 

i 
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APPHTOIX D. 

Entrainment Studies 

One hydrodynaaic test was performed to determine the amount of fluo­
ride salt that might be dispersed and entrained in the bismuth and the 
amount of bismuth that might be dispersed and entrained in the fluoride 
salt effluent streams of the contactor at various agitator speeds. This 
hydrodynamic run was performed with salt and bismuth flow rates of 150 
cc/min and lUO cc/min, respectively. The agitator was operated at three 
different speeds during the run, 250 rpm, 310 rpa, and 386 rpm. At 250 
rpm and 310 rpm three sets of unfiltert. 1 salt and bismuth samples from 
the contactor effluent streams were taken at U-min intervals. Three 
sets of unfiltered effluent samples were also taken with the agitator 
operating at 386 rpm, but the samples were taken at 2-min intervals. The 
sample capsules were cleaned and the contents of each sample were removed 
as described in Sect. 3.5 of this report. The contents of each sample 
were inspected for evidence of gross entrainment of one phase into the 
other. Ho such evidence of eiitrainment was found. Results of chemical 
analysis of the bismuth and salt samples for beryllium and bismuth con­
tent, respectively, are given in Table D-1. 

The flowing-stream bismuth samples from runs TSHC-5, -6, and -9 were 
also analyzed for beryllium content, and the results of these analyses 
are given in Table D-2. Runs TSMC-5, -6, and -9 were performed with agi­
tator speeds of 12l» rpm, l80 rpm, and 2kk rpm, respectively. 

The bismuth concentration measured in the salt samples taken during 
the hydrodynamic run (Table D-1) shows a general decrease with increasing 
stirrer speed, with very low values occurring at the highest stirrer speed. 
It also seems evident that the bismuth concentration in the salt phase nay 
have been a function of the rue time. After the fourth sample,the bis­
muth concentration in the salt samples remained at a relatively constant 
value of 50 •, 11 ppm; this is quite different from the values reported 
for the first four samples, which ranged from 1800 ppn to 155 PP». 



Table D-1. Results from analysis of the salt and bismuth 
samples taken during the hydrodynamic run 

Agitator speed Bismuth sample Beryllium in Salt sample Bismuth in 
(rpm) No. bismuth (ppm) NO. salt (ppm) 

250 428 215 437 1800 
250 429 125 438 205 
250 430 215 439 155 
310 431 85 440 270 
310 432 910 441 53 
310 433 --- 442 34 
386 434 110 443 64 
386 435 175 444 54 
386 436 50 445 43 
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Table D-2. Results of analysis of flowing streaa bisauth 
saaples for presence of berylliuai 

Run Aiitator speed Bisauth flowing streaa Beryllium in 
NO. (rpa) saaple No. bisauth (ppm) 

TSHC-5 124 235 81 
124 236 131 
124 237 86 
124 238 181 
124 239 162 
124 240 111 
124 241 132 

TSMC-6 180 269 464 
180 270 315 
180 271 118 
180 272 12i-
180 273 86 
180 274 278 
180 275 113 

TSMC-9 244 402 85 
244 403 118 
244 404 41 
244 405 < 10 
244 406 26 
244 407 56 
244 408 104 
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These results are significantly higher than those of Lindauer who 
saw less than 10 ppa of bismuth in fluoride salt that was in contact with 
bisnith in several different contacting devices. It is likely that sample 
contamination is a contributing factor to the high bismuth concentrations 
that were measured. Three possible sources of sample contamination have 
been reported: 

(1) sample contamination during sampling by withdrawing the samples 
through a sample port that has been in contact with bismuth; 

(2) sample contamination during sample handling and in the analytical 
laboratory by the use of equipment that is used routinely for 
bismuth analyses; 

(3) sample contamination from a low-density bismuth material that 
may be floating on the salt surface. 

The beryllium concentration in the bismuth samples taken in the hydro-
dynamic run (Table D-l) and in runs TSMC-5, -6, and -9 (Table D-2) show 
both high and low values with no discernible dependence on agitator speed. 
Based on previous experiments with water-mercury and organic-mercury systems, 
one would expect entrainment of the light phase into the heavy phase at 
an agitator speed of about 170 rpm. 
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APPHIDIX E. 

Location of Original Data 

All data and operating records for the salt-metal contactor studies 
are recorded in log book Ho. A-6686-G. Records for the facility up to 
the tine at vhich the stirred interface contactor vas installed are con­
tained in log books numbered: A-5#»9-C, A-5965-G, A-6219-G, A-6W2-G, 
and A-6722-G, and are available from the author. 


