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SUMMARIES 

CONTINUOUS FLUORINATOR DEVELOPMENT: AUTORESISTANCE HEATING 
TEST AHT-4 AND CONCEPTUAL DESIGN OF THE CONTINUOUS 

FLUORINATOR EXPERIMENTAL FACILITY 

Installation of equipment for autoresistanca heating test AHT-4 was 
completed and salt is being charged to the system. Design of a continuous 
fluorinator experimental facility to demonstrate fluorination in a vessel 
protected by a frozen salt film has begun. 

DEVELOPMENT OF THE METAL TRANSFER PROCESS: 
EXPERIMENT MTE-3B 

All salt and bismuth phases were purified and charged into the proc-
ess vessels for experiment MTE-3B. In the first run (Nd-1), NdF with 
147 

Nd as a tracer was added to the system and its transfer was monitored 
for 98 hr. Preliminary results showed that 18% of the original Nd 
charge was removed from the fuel salt, and 13% of the original Nd charge 
was transferred to the stripjrer alloy. 

SALT-METAL CONTACTOR DEVELOPMENT: EXPERIMENTS 
WITH A MECHANICALLY AGITATED, NONDISPERSING 

CONTACTOR IN THE SALT-BISMUTH FLOWTHROUGH FACILITY 

A hydrodynamic run was performed which was intended to determine the 
effect of increased agitator speed on entrainment of one phase into the 
other in the salt-bismuth contactor. No visual evidence of gross entrain-
ment was found. Analytical results indicate that the bismuth concentra-
tion in the fluoride salt phase decreased with increasing agitator speed. 
This unexpected result is probably due to sample contamination. 

In preparation for a mass transfer run in which the bismuth film 
mass transfer coefficient will be measuxed, the salt and bismuth in the 
treatment vessel were treated with HF and H 2 to oxidize the reductants in 
and bismuth and transfer them to the salt phase. Analytical results from 
samples taken before and after the treatment indicate that essentially 
all of the reductant has been removed from the bismuth. 
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SALT-METAL CONTACTOR DEVELOPMENT: EXPERIMENTS WITH A 
MECHANICALLY AGITATED, NONDISPERSING CONTACTOR 

USING WATER AND MERCURY 

We have continued development work on an electrochemical technique 
for measuring electrolyte film mass transfer coefficients in a nondis-
persing, mechanically agitated contactor using an aqueous electrolyte 
solution and mercury to simulate molten salt and bismuth. 

The experimental equipment has been changed to facilitate measuring 
the potential of the mercury surface vs a standard calomel electrode. 
R-C filters have been attached to the inputs on the x,y plotter to damp 
out noise in the signal to the plotter. 

Copper, iron, and gold anodes have been tested. The gold anode is 
the most satisfactory choice since it does not react with the electrolyte 
solution. Decreasing the active anode area in the cell did not change 

the diffusion current; we have thus determined that the mercury 
cathode, rather than the gold anode, is polarized. Results indicate 
that the ferric iron is being reduced by some contaminant in the system; 
further tests will be made to determine the source of the contaminants. 

FUEL RECONSTITUTION DEVELOPMENT: ANALYTICAL INSTRUMENTATION 
AND ALTERNATIVES FOR GOLD-LINING OF EQUIPMENT FOR THE 
SECOND FUEL RECONSTITUTION ENGINEERING EXPERIMENT 

Off-gas streams from the reaction vessels in the fuel reconstitution 
engineering experiments will be continuously analyzed with Gow-Mac gas 
density detectors. To determine if hydrogen back-diffusion in the cell 
body will be a problem in the analysis of the HF-H2 mixture from the 
hydrogenation column, a calibration curve for N 2~ H2 m i x t u r e s w a s mea-
sured. It was found that if the reference gas flow rate to ti.e cell is 
sufficiently high, the effect of hydrogen back-diffusion is not seen. 

The second engineering experiment will be conducted in equipment 
which is either gold or gold lined in order to eliminate or minimize 
equipment corrosion. Several alternatives for gold lining or gold plating 
are discussed. The factors which must be considered in deciding between 
lining or plating are described. 
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1 . INTRODUCTION 

A molten-salt breeder reactor (MSBR) will be fueled with a molten 
fluoride mixture that will circulate through the blanket and core regions 
of the reactor and through the primary heat exchangers. We are developing 
processing methods for use in a close-coupled facility for removing fis-
sion products, corrosion products, and fissile materials from the molten 
fluoride mixture. 

Several operations associated with MSBR processing are under study. 
The remaining parts of this report discuss: 

(1) installation of new equipment fcr testing autoresistance 
heating to be used in a frozen wall fluorinator and the 
start of a conceptual design of a continuous fluorinator 
experimental facility; 

(2) the purification and charging of the salt and bismuth 
phases for metal transfer experiment MTE-3B and prelimi-
nary results from the first run; 

(3) measurements of entrair.ment from a mechanically agitated 
salt-bismuth contactor; 

(4) development of an electrolytic method of measuring mass 
transfer coefficients in mechanically agitated water-
mercury contactors; 

(5) a preliminary calibration of the gas density cell to be 
used for measuring the composition of the H2-HF stream 
from the hydrogen reduction vessel in the engineering 
studies of fuel reconstitution; and 

(6) a discussion of alternatives for providing gold-lined 
vessels for corrosion protection in these experiments. 

This work was performed in the Chemical Technology Division during 
the period April through June 1975. 

2. CONTINUOUS FLUORINATOR DEVELOPMENT: AUTORESISTANCE HEATING 
TEST AHT-4 AND CONCEPTUAL DESIGN OF THE CONTINUOUS 

FLUORINATOR EXPERIMENTAL FACILITY 

R. B. Lindauer 

Installation of equipment for autoresistance heating test AHT-4 was 
completed and salt is being charged to the system. Design of a continuous 
fluorinator experimental facility (CFEF) to demonstrate fluorination in 
a vessel protected by a frozen salt film has begun. 
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2.1 Installation of Equipment for Autoresistance 
Heating Test AHT-4 

The equipment for autoresistance heating test AHT-4 was installed in 
cell 3 of Building 4505. All the piping, electrical work, and insulation 
was completed, and charging of the 80-liter salt batch has begun. Three 
cans of 72-16-12 mole % LiF-BeF^-ThF^ have been received for this pur-
pose. Photographs of the equipment were taken after mounting the 
cell. Although the piping is complete in the photographs, the electrical 
and insulating work had not been started. Figure 1 shows the test vessel 
with the heaters and cooling coils strapped on; the salt exit line can be 
seen at the bottom of the vessel below the fluorine inlet side arm. The 
surge tank is shown in Fig. 2; the 6-in.-diam section provides submer-
gence for the gas lift, while the 24-in.-diam section provides the 
required volume. Figure 3 shows the gas-liquid separator mounted on the 
grating; the salt inlet (gas lift) is on the left, and the line to the 
test vessel is on the right. Figure 4 shows _he top of the test vessel; 
the left flange is the electrically insulated salt inlet from the separa-
tor, and the right section is the deentrainment section with the gas exit 
line. 

2.2 Design of a Continuous Fluorinator Experiment Facility 

The objective of the Continuous Fluorinator Experiment Facility 
(CFEF) is to demonstrate the actual fluorination of uranium using a fluo-
rinator that has frozen-wall corrosion protection. The uranium that is 
not volatilized, but is oxidized to UFg, will be reduced back to UF4 in 
a hydrogen reduction column; this is done to demonstrate protection 
against corrosion by using a frozen salt film and to obtain operating 
experience and process data, which includes fluorine utilization, reaction 
rate, and flow rate effects. 

The facility will be installed in a cell in Building 7503 to provide 
3 

beryllium containment. The system will contain about 7 ft of MSBR fuel 
carrier salt (72-16-12 mole % LiF-BeF2~ThF4) containing an initial 0.35 
mole % of uranium. It will be necessary to add uranium to the salt when 
the concentration becomes too low to obtain good data. The salt will be 
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Fig. 2. Salt surge tank with test vessel in the background. 



Pig. 3. Argon-salt separator. 
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Fig. 4. Top of the test vessel with salt inlet at left. 



circulated at up to 50% of the MSBR flow rate (4 liters/min). The maximum 
uranium volatilized will be less than 50% per pass because of the short 
fluorination height. The variables of salt flow rate, fluorine flow rate, 
and fluorine concentration will be studied by measuring the UF. concen-o 
tration in the fluorinator off-gas stream and by sampling the salt stream 
after reduction of UF to UF^. The fluorinator will have two fluorine 
inlets to provide data for determining the column end effects. Reduction 
of UF,_ will be carried out in a gas lift in which hydrogen will be used as 
the driving gas and also as the reductant. If additional reduction is 
required, this can be done in the salt surge tank. The surge tank is 
designed to provide sufficient salt inventory for about 10 hr of fluorina-
tion with 50% uranium volatilization per pass. About 99% of the uranium 
should have been removed from the salt batch after this period of time. 

The flowsheet for the CFEF is shown in Fig. 5. Salt enters the fluo-
rinator through the electrode in a side arm out of the fluorine path. 
The electrode flange is insulated from the rest of the fluorinator, and 
the autoresistance power is connected to a lug on the flange. The salt 
leaves at the bottom of the fluorinator below the fluorine-inlet side 
arm. The fluorinator wall is cooled by external air-water coils to form 
the frozen salt film which serves the dual purpose of preventing nickel 
corrosion and of providing an electrically insulating film for the auto-
resistance current. The fluorinator wall is not cooled below the fluorine 
inlet, and the molten salt completes the electrical circuit to the vessel 
wall. Since all of the uranium is not volatilized there will be some UF^ 
at the bottom of the fluorinator. The fluorinator bottom, exit line, and 
reduction column are protected from the highly corrosive UF^ by either gold 
lining or plating. The molten salt containing UF,. enters the bottom of 
the column where it is contacted with hydrogen. The hydrogen enters 
through a palladium tube that acts as a catalyst to form monomolecular 
hydrogen, which greatly increases the reduction rate to UF^. The hydrogen 
reduction column also acts as a gas lift to raise the salt to a gas-liquid 
separator. Gravity then returns the salt to the fluorinator through a salt 
sampler, surge tank, heat flowmeter, and electrical circuit-breaking pot. 
Off-gas from the separator, which contains HF and excess hydrogen, passes 



Pig. 5. Continuous fluorinator experimental facility flowsheet. 
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through a NaF bed for removal of the HF. UFC from the fluorinator is also 
removed by NaF. Mass flowmeters placed before and after the NaF beds are 
used to continuously measure the UF flow rate. o 

3. DEVELOPMENT OF THE METAL TRANSFER PROCESS: 
EXPERIMENT MTE-3B 

H. C. Savage 

The charging of all of the salt and bismuth phases into the process 
vessels of experiment MTE-3B was completed. The experiment incorporates 
all of the steps in the metal transfer process as shown in the process 
flowsheet for processing fuel salt from a single region, molten-salt 
breeder reactor,^" and is designed to measure the rate of removal of rare-

2 
earth fission products from the fuel salt. Salt and bismuth flow rates 
in the experiment are about 1% of those required for processing the fuel 
salt from a 1000 MW(e) MSBR. 

The primary objective of the experiment is to measure the mass trans-
fer coefficients across the three salt-metal interfaces in the system.3 

The experimentally determined mass transfer rates will be compared with 
4 

literature correlations and other correlations being developed at Oak 
Ridge National Laboratory (ORNL). 

Operating variables in the experiment are basically (1) the flow 
rate of the fluoride fuel salt between the fuel salt reservoir and the 
contactor, (2) the flow rate of the lithium chloride salt between the 
contactor and the stripper vessel, (3) the degree of agitation of the 
salt and bismuth phases in the contactor and stripper, and (4) the amount 
of reductant (lithium) in the bismuth phase in the contactor. The oper-
ating temperature of the system is ^ 650°C. Overall mass transfer rates 
for representative rare-earth fission products are determined by adding 
the rare ea^th to the fluoride fuel salt in the reservoir. The rate of 
transfer of the rare earth across the three salt-bismuth interfaces is 
then followed by periodic sampling of all phases to measure the amount 
transferred as a function of time. 
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We plan to measure the transfer rate and mass transfer coefficients 
of neodymium in the initial experiments in MTE-3B. A series of experi-
ments (each of about 100 hr in duration) using neodymium has been 
scheduled, the first of which was completed June 20, 1975. 

3.1 Charging of the Salt and Bismuth Phases 

Following the additions of bismuth to the contactor, and the fluoride 
fuel salt (72-16-12 mole % LiF-BeF -ThF ) to the contactor and fuel salt 

5 2 4 
reservoir, a new charging vessel was installed for makeup and charging 
of the bismuth—5 at. % lithium to the stripper, and the lithium chloride 
to the contactor and stripper. The carbon steel charging vessel was 
hydrogen treated at 650°C for "v- 7 hr to remove oxides from the internal 
surfaces. Bismuth, which was also hydrogen treated to remove oxides by 
sparging with hydrogen at 'v 600°C for ^ 7 hr, was then added to the 
charging vessel. 

The charging vessel contained 67.87 kg of bismuth to which we added 
120 g of lithium metal to make up the bismuth—5 at. % lithium for the 
stripper. Chemical analysis of the bismuth-lithium in the charge tank 
indicated ^ 1600 ppm (wt) lithium (4.8 at. % Li). The bismuth-lithium 
(41.80 kg) was transferred into the stripper vessel. The bismuth-lithium 
was filtered through a molybdenum filter 30-p-pore diam) installed in 
the transfer line. 

Thorium metal (109 g) was added to the 26 kg of bismuth-lithium 
solution in the charge vessel; 15.88 kg (35 lbs) of lithium-chloride, 
oven dried at 200°C, was added to the charge vessel on top of the bismuth-
lithium-thorium and was sparged with argon, using a gas-lift sparge tube, 
for 4 days. The Licl was then transferred into the LiCl side of the con-
tactor and the stripper through the transfer line containing the molyb-
denum filter previously used for the bismuth—5 at. % lithium transfer. 

We added 119.7 g of thorium metal to the 61.4 kg of bismuth in the 
contactor ('v 50% of saturation) . This was calculated to result in a 
lithium concentration of 40 ppm (wt) in the bismuth phase in the con-
tactor. The calculation used Th-Li distribution relationships between 
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liquid bismuth and molten-fluoride fuel salt, as determined by Ferris. 
An inventory o-T the salt and bismuth phases charged to the process ves-
sels of experiment MTE-3B is shown in Table 1. 

3.2 Operation of the First Run in Metal 
Transfer Experiment MTE-3B 

For the first run in MTE-3B, which was made June 6, 1975, we added 
3.301 g of NdF3 (2.36 g of Nd) to the 97.0 kg of fluoride fuel salt (72-
16-12 mole % LiF-BeF -ThF ) in the fuel-salt reservoir. As of 0800, 

147 
June 10, 1975, the neodymium contained Nd tracer (tjy2 = 1 1 with 
an activity of 56.6 mCi. 

The neodymium concentration in the reservoir fuel salt was calculated 
to be 24 ppm (wt), which approximates the amount expected to be in the 
fuel salt of a single-region 1000 MW(e) molten-salt breeder reactor. 
Neodymium was chosen as the representative rare-earth fission product 
for studies to be made in the first series of experiments in MTE-3B for 
several reasons: 

(1) results can be compared with those obtained using neodym-
ium in the previous experiment, MTE-3;^ 
147 

(2) Nd tracer, used for following the transfer rate of 
neodymium, has a relatively short half-life (11 days), 
which will prevent excessive levels of radioactivity 
in the experimental equipment as additional neodymium, 

147 
containing Nd, is added to the fuel salt during the 
life of the experiment; and 

(3) neodymium is one of the more important trivalent rare-
earth fission products to be removed from a molten-
salt breeder reactor fuel salt. 

We attempted to begin the first run (Nd-1) on June 9, 1975; however, 
a malfunction in the electronics of the stripper-agitator speed control 
instrumentation prevented startup. Run Nd-1 was started on June 15, 
1975, and the scheduled 100 hr of operation was completed on June 20, 
1975. Operating conditions of run Nd-1 are summarized below: 



Table 1. Quantities of salts and bismuth charged to the process vessels for experiment MTE-3B 

Material Vessel 

Volume3 at 
650°C 

(liters) 
Weight 
(kg) 

Amount 
(g-moles) 

Fluoride fuel saltb 
(72-16-12 mole % LiF-BeF -ThFJ 2 4 

Reservoir 29.4 97.0 1535 

Fluoride fuel salt 
(72-16-12 mole % LiF-BeF^-ThF^) 

Contactor 3.1 10.2 161 

Bismuth-thorium I'v 1500 ppm (wt) Th, 
50 ppm Li] 

Fluoride salt 
side of contactor 

2.9 27.6 132 

Bismuth-thorium 1500 ppm (wt) Th, 
•v 50 ppm Li] 

LiCl side of 
contactor 

3.5 33.8 161 

Lithium chloride Contactor 2.9 4.3 101 

Lithium chloride Stripper 3.8 5.6 132 

Bismuth—5 at. % lithium in 
stripjaer 

Stripper 4.3 41.8 200 

aDensities at 650°C: fluoride fuel salt = 3.30 g/cc; LiCl = 1.48 g/cc; Bi = 9.66 g/cc. 
b Mole weight = 63.2 g. 
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Run duration: 9 7 . 7 hr; 
Temperatures of salt and bismuth phases: 650 to 660°C; 
Stripper agitator speed: 300 rpm; 
Contactor agitator speed: 300 rpm; 
Fluoride-fuel salt flow rate: 30 to 40 cc/min; 
Lithium chloride salt flow rate: 1 . 1 to 1 . 3 liters/min. 

All salt and bismuth phases were sampled at regular intervals during 
the run. The neodymium concentration in each phase was determined by 

147 
counting the 0.53 MeV gamma emitted by Nd tracer. These concentrations 
were used to determine the rate of removal of neodymium from the fluoride 
fuel salt and the rate of transfer across the three salt-bismuth inter-147 
faces. More than 200 samples were taken. Tn addition to the Nd 
counting, samples were submitted for total neodymium analyses by isotopic 
dilution mass spectrometry. Chemical analyses for other constituents 
are being performed on representative samples obtained throughout the 
run (e.g., the lithium and thorium concentrations in the bismuth in the 
contactor; lithium in the bismuth in the stripper; iron in the salt and 
bismuth phases from corrosion of the carbon steel process vessels; as 
well as analyses to determine whether entrainment occurred between the 
fluoride and chloride salt phases). 

To date, analytical results necessary to calculate the mass transfer 
coefficients for neodymium across the three salt-bismuth interfaces have 
not been completed. However, based on very preliminary results obtained 

147 
f r o m c o u n t i n g t h e 0 . 5 3 MeV gamma f o r Nd, we e s t i m a t e t h a t a b o u t 18% 

o f t h e neodymium o r i g i n a l l y cha rged t o the f l u o r i d e f u e l s a l t was removed 

d u r i n g t h e 9 7 . 7 - h r r u n . Abou t 13% o f t h e neodymium o r i g i n a l l y i n t h e 

f u e l s a l t i s e s t i m a t e d t o be i n t h e s t r i p p e r a l l o y . 

The e x p e r i m e n t a l equ ipment o p e r a t e d s a t i s f a c t o r i l y t h r o u g h o u t r u n 

Nd -1 . A l l o p e r a t i n g v a r i a b l e s were m a i n t a i n e d a t d e s i g n c o n d i t i o n s . 

The p r e l i m i n a r y r e s u l t s i n d i c a t e t h a t t h e r a t e o f t r a n s f e r o f neodymium 

i n t o t h e l i t h i u m — 5 a t . % b i s m u t h phase i n t h e s t r i p p e r was e s s e n t i a l l y 

c o n s t a n t d u r i n g t h e 9 7 . 7 - h r r u n , showing t h a t t h e t r a n s f e r and r e m o v a l 
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of neodymium was not obstructed. The observed rate of removal of neodym-
ium from the fluoride salt 18% in 97.7 hr) would be adequate for the 
refei-ance design removal time for neodymium (30 days) in a single region, 
molten-salt breeder reactor using metal-transfer process equipment of 
reasonable size.*3 

For the next run, scheduled for the week of July 14, 1975, we plan 
to duplicate run Nd-1. Subsequent runs will also be identical, except 
that the agitator speeds will vary from 300 rpm to 100 and 200 rpm to 
determine the effect of agitation on mass transfer rates. 

4. SALT-METAL CONTACTOR DEVELOPMENT: EXPERIMENTS WITH A 
MECHANICALLY AGITATED, NONDISPERSING CONTACTOR 

IN THE SALT-BISMUTH FLOWTHROUGH FACILITY 

C. H. Brown, Jr. 

Operation of a facility in which mass transfer rates between molten 
LiF-BeF^-ThF^ (72-16-12 mole %) and molten bismuth in a mechanically 
agitated, nondispersing contactor has continued. Nine mass transfer 
r u n s have been c o m p l e t e d t o d a t e , a l o n g w i t h one hyd rodynamic r u n w h i c h 

was intended to determine the amount of entrainment of one phase into 
t h e o t h e r a t a s e r i e s o f d i f f e r e n t a g i t a t o r speeds . R e s u l t s f r o m t h e 

9-11 
n i n e mass t r a n s f e r r u n s have been p r e v i o u s l y r e p o r t e d . The e x p e r i -

m e n t a l p r o c e d u r e f o r and r e s u l t s o b t a i n e d f r o m t h e hyd rodynamic r u n and 

t r e a t m e n t o f t h e s a l t and b i s m u t h w i t h HF and H 2 a r e d i s c u s s e d i n t h e 

f o l l o w i n g s e c t i o n s . 

4 . 1 E x p e r i m e n t a l O p e r a t i o n D u r i n g t h e Hydrodynamic Run 

The hyd rodynamic r u n was p e r f o r m e d w i t h s a l t and b i s m u t h f l o w r a t e s 

o f ^ 150 c c / m i n and ^ 140 c c / m i n , r e s p e c t i v e l y . The a g i t a t o r was o p e r a t e d 

a t t h r e e d i f f e r e n t speeds d u r i n g t h e r u n : 250 rpm, 310 rpm, and 

386 rpm. Three s e t s o f u n f i l t e r e d s a l t and b i s m u t h samples f r o m t h e 

c o n t a c t o r e f f l u e n t s t r e a m s were t a k e n a t 4 - m i n i n t e r v a l s a t 250 rpm and 

310 rpm. Three s e t s o f u n f i l t e r e d e f f l u e n t samples were a l s o t a k e n w i t h 

t h e a g i t a t o r o p e r a t i n g a t 386 rpm, b u t t h e samples were t a k e n a t 2 -m in 

i n t e r v a l s . 
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In an effort to avoid contamination of the sample contents with 
extraneous material, the sample capsules were cleaned of foreign matter 
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 sample capsules were then cut open with a tubing cutter, and the 
contents of each sample were drilled out and visually inspected for the 
presence of one phase in the other. No evidence of gross entrainment was 
found. In some of the salt samples, small flecks of metal were noticed 
which were probably small pieces of the sample capsule produced during 
the drilling operation. The contents of each sample were then sent to 
the Analytical Chemistry Division for determination of the presence of 
bismuth in the salt samples and the presence of beryllium in the bismuth 
samples. It is assumed that any beryllium present in the bismuth is 
indicative of entrained fluoride salt. The results of these analyses 
are given in Table 2. The bismuth concentration in the salt samples 
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 may have been a function 
of the run time since, after the fourth sample, the bismuth 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 ppm to 155 ppm. 

12 
These results are significantly higher than those of Lindauer who 

observed less than 10 ppm of bismuth in fluoride salt which was in con-
tact with bismuth in several different contacting devices. It is likely 
that sample contamination is a contributing factor to the high bismuth 
cor.centratio.ic that were measured. Three possible sources of sample con-12 tamination have been reported: 

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

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

(3) from a low-density bismuth material which may be floating 
on the salt surface. 
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Table 2. Results from analysis of the salt and bismuth 
samples taken during the hydrodynamic run 

Agitator speed Bi sample Be in Bi Salt sample Bi in salt 
(rpm) number (ppm) number (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 

Since a maximum permissible rate of bismuth entrainment in the fuel salt 
going to the bismuth removal step or in the salt returning to the reactor 
from the fuel processing plant has not been set, it is difficult to 
assess the significance of these results. However, the bismuth concen-
trations in the salt do not seem to be inordinately high at the highest 
stirrer speed; it seems likely that some degree of phase dispersal might 
be tolerated in order to achieve higher mass transfer rates. 

The beryllium concentration in the bismuth samples at each agitator 
speed show both high and low values with no discernible dependence on 
agitator speed. These results are in agreement with previously reported 

2 
data for beryllium concentration in the bismuth phase during mass trans-
fer runs in this system at agitator speeds of 124 rpm, 180 rpm, and 244 
rpm. 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. The concentration of beryl-
lium in the bismuth phase is not significantly different from previous 
results observed at lower agitator speeds. The effect of entrained 
fluoride salt in the bismuth would be most detrimental in the metal 
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transfer process in cases where fluoride salt in the chloride salt phase 
decreases the separation factors between thorium and the rare-earth fis-
sion products. 

4.2 H^-hf Treatment of Salt and Bismuth 

The nine mass transfer runs completed to date in the salt-bismuth 
contactor have all bcaen performed under conditions in which the controlling 
resistance to mass transfer is in the interfacial salt film. One final 
mass transfer run will be performed in which the bismuth-film mass trans-
fer coefficient is measured. 

In preparation for this run, the salt and bismuth in the treatment 
vessel were treated with HF diluted with H^ to oxidiEe the reductants 
present in the bismuth phase. The procedure used was essentially that 

13 which was previously reported. The salt and bismuth were sparged with * 
25 scfh of 30% (mole) HF for 9 hr. The HF utilization decreased from 
75% at the beginning of treatment to 35% during the final 2 hr of treat-
ment. Analysis of the salt and bismuth phases before and after treatment 
with HF and Hindicates that essentially all of the reductant in the 
bismuth phase was transferred to the salt phase. 

5. SALT-METAL CONTACTOR DEVELOPMENT: EXPERIMENTS WITH A 
MECHANICALLY AGITATED, NONDISPERSING CONTACTOR 

USING WATER AND MERCURY 

C. H. Brown, Jr. 

Development work on a mechanically agitated, nondispersing two-phase 
contactor using an aqueous electrolyte and mercury to simulate molten 

14 
fluoride salt and bismuth has continued. As previously reported, we 
have investigated the feasibility of using a polarographic technique for 
measuring electrolyte-film mass transfer coefficients in this type of 
contactor. During this report period, we have (1) made a few minor alter-
ations to the experimental equipment; (2) tested three different anode 
materials; and (3) produced cathodic polarization waves corresponding to 

* Standard cubic feet per hour. 
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3+ the reduction of Fe , complexed with excess oxalate ions, at the mercury 
surface. 

5.1 Modifications to Experimental Equipment 

The basic experimental apparatus used to measure mass transfer rates 
in the aqueous electrolyte-mercury contactor has been described prev-

14 
iously. A calomel electrode and a Keithley electrometer have been 
added to the system in order to measure the potential of the mercury sur-
face vs the standard calomel electrode. R-C filters have also been added 
to the inputs on the x,y plotter to damp out transients in the signals 
from the electrochemical cell. A revised schematic diagram of the system 
is shown in Fig. 6, 

5.2 Experimental Results 

The electrolyte used for all the experiments performed during this 
2+ report period was nominally 0.001 M Fe obtained from ferrous sulfate, 

0.00025 M Fe^+ obtained from ferric sulfate, and 0.8 M potassium oxalate. 
3+ 2+ 

The oxalate ions form a stable complex with both the Fe and Fe , which 
facilitates direct measurement of the ferric iron reduction wave. 

Three anode materials have been tested: copper, iron, and gold; 
successful polarization waves were produced with all three materials, but 
the copper and iron reacted with the electrolyte solution. This addi-
tional side reaction caused poor reproducibility in the data and could 
also possibly alter the properties of the solution. To avoid this prob-
lem, an anode was fabricated by plating gold on a 0.0625-in.—thick sheet 
of nickel, which was formed to fit the inner perimeter of the electro-
chemical cell. 

Shown in Fig. 7 is a polarogram made by using the electrolyte 
described above, the 5- by 7-in. Plexiglas contactor, the gold anode, 
phase volumes of about 1.8 liters each, and no agitation. The current 
through the cell is plotted as a function of the mercury surface poten-
tial vs the standard calomel electrode (SCE). The current increases 
from zero at zero applied potential to a relatively constant value at 
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Fig. 6. Schematic diagram of the equipment used to measure polari-
zation currents in the aqueous electrolyte-mercury contactor. 
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ORNL DWG 75- 8425 

Fig. 7. Cathodic polarization wave for Fe measured in the 
5-in. x 7-in. rectangular contactor with no agitation. 
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an applied potential of about -0.35 vs SCE. In this region, continuous 
electrolysis is taking place in the cell, which corresponds to reduction 

4-of F e( C2°4^3 a t ano"3e. In the region of applied potential 
from -0.35 vs SCE to -0.80 vs SCE, the current through the cell increases 

3-
only slightly. The current is limited by diffusion of the FefC^O^J^ 
to the mercury surface where it is reduced. The diffusion current can be 
related to the mass transfer coefficient through the electrolyte film, 
as discussed previously. 

The half-wave potential is defined as the potential at which the cur-
rent is equal to one-half the limiting value. Shown in Fig. 7 is the 
measured half-wave potential for the ferric oxalate complex. The half-
wave potential of -0.245 V measured in the contactor agrees well with 
the value reported in the literature of -0.24 vs SCE for the reduction 

15 of ferric oxalate. 

Under ideal conditions, the diffusion current is directly proportional 
to the polarized electrode surface area and the bulk concentration of the 
limiting ion. Two tests were performed to determine that we were actually 
polarizing the mercury surface. In the first test, the anode surface area 
was decreased by about 48%. This had no effect on the magnitude of the 
diffusion current, indicating that the mercury surface (cathode) was 
polarized rather than the anode. In the second test, the concentration 
of the ferric ion was doubled with no concomitant increase in diffusion 
current. Since the diffusion current is directly proportional to the 

2+ concentration of the limiting ion (Fe ), one would expect the current 
to double. The only explanation for this behavior is that all of the 

3+ 
Fe had been reduced by some contaminant in the system, possibly present 
in the mercury. This would cause the ferric iron concentration to be 
present at only a very low level during cell operation due to electro-
lytic oxidation of the ferrous iron. Further studies will be made to 
alleviate these problems. 
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6. FUEL RECONSTITUTION DEVELOPMENT: ANALYTICAL INSTRUMENTATION 
AND ALTERNATIVES FOR GOLD-LINING OF EQUIPMENT FOR THE SECOND 

FUEL RECONSTITUTION ENGINEERING EXPERIMENT 

R. M. Counce 

The reference flowsheet for processing the fuel salt from a molten-
salt breeder reactor (MSBR) is based upon removal of uranium by fluorina-
tion to UF as the first, processing step.^ The uranium removed in this o 
step must subsequently be returned to the fuel-carrier salt stream 
before the fuel-carrier salt returns to the reactor. The method used 
for recombining the uranium with the fuel-carrier salt (reconstituting 
the fuel salt) consists of absorbing gaseous UFr into a recycled fuel o 

salt stream containing dissolved UF^ by utilizing the reaction: 

U F6(g) + UF4(d) = 2 U F5(d) * <D 
The resultant UF5 would be reduced to UF4 with hydrogen in a separate 
vessel according to the reaction: 

U F5(d) + 1 / 2 H 2 ( g ) " UF4(d) + H F ( g ) * ( 2 ) 

We are beginning engineering studies of the fuel reconptitution step 
to provide the technology necessary for the design of larger equipment 
for recombining UF generated in fluorinators in the processing plant 6 
with the processed fuel-carrier salt returning to the reactor. During 

17 
this report period, equipment described previously was fabricated and 
installed in the high bay area of Building 7503. This report describes 
instrumentation for off-gas analysis, including a preliminary calibration 
curve, and two alternatives for providing corrosion-resistant gold linings 
for the second Fuel Reconstitution Engineering Experiment (FRE2-2) equip-
ment. 



6.1 Installation and Preliminary Calibration 
of Gas-Density Detectors 

Factors important in carrying out reactions (1) and (2) will be 
studied in experimental process equipment described in previous reports 
in this series. The parameters that are expected to be cf interest 
include concentration of urar.ium in the salt, gas flow rates, liuu.'d 
flow rates, and reaction temperature. Results will be determined by 
analyzing the efficiency of UF^ absorption and H ? utilization under 
various operating conditions. 

The efficiency of UF absorption will be determined by metering UF 6 ^ 
and argon to the UF^ reaction vessel and then determining the UF^ con-
tent in the vessel off-gas. This analysis will be done with the use of 18 a model 11-373 Gow-Mac gas-density cell. 

The H2 utilization will be determined in a similar manner. Hydrogen 
is metered to the H^ reduction column and the column off-gas is analyzed 
for H 2 content. The 11-373 Gow-Mac gas-density cell, commonly used as a 
gas chromatograph detector, provides a continuous signal which varies 
directly with the density of the sample gas; this allows continuous 

19 
analysis of the sample gas stream with accuracies of 3 to 4%. Since 
the detector elements are not exposed to the sample stream (see Fig. 8), 20 the gas-density cell is very useful in analyzing corrosive gas mixtures. 

21—23 
The stability of the gas-density balance depends on several factors, 
principally: the nature of the carrier gas; the flow rates of the 
reference and the sample gas streams; the back diffusion of H 2 to the 
detector elements if H^ is present in the sample; and the temperature 
variations of • ie gas-density cell, sample gas, or reference gas. 

The internal geometry of the gas-density detector resembles a pneu-
matic Wheatstone bridge, the circuits of which must be in a vertical 

18 
plane. A schematic diagram is shown in Fig. 8. The reference gas 
enters as point A and the gas in the measuring circuit enters at point 
B; the common exit is at C. The two gas streams coming from the reference 
and measuring circuits are each divided into two streams before rejoining 
at the common exit, C. Sensing elements F^ and F 2 are placed in the path 
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Fig. 8. Schematic diagram of Gow-Mac density balance. 



of the reference gas streams, after the surge chamber, mounted as a 
measuring bridge. 

If the gas sample ;point B) has the same density as the reference 
gas coming from point A, the flow rates over both sensing elements will 
be the same and the measuring bridge will be balanced. 

When the gas arriving at point B has a higher density than the 
reference gas, the lower gas stream between point A and sensing element 
F^ is retarded, while the upper stream is accelerated, causing an imbal-
ance in the measuring bridge. With a sample of density lower than that 
of the reference gas, the inverse phenomenon is produced and is regis-

18 tered by a signal of opposite sign. 

Nitrogen and argon will be used as reference gases for the gas-
density cells that analyze the off-gas from the UF absorption vessel D 
and the H^ reduction column, respectively. The gas-density cell is less 
sensitive to changes in the sample gas flow rate when nitrogen or argon 
is used as a reference gas.2^" 

In order to calibrate the response of the gas-density balance with 
varying Ar-UF^ and H -HF ratios, it is necessary to control the reference 6 ^ 
gas flow rate precisely. High precision is not required for controlling 

22 
the sample gas flow rate. The reference gas flow rates are controlled 
sufficiently by rotameter and separate gas supply systems. The sample 
flow rates will be controlled sufficiently by the arrangement shown 
schematically in Fig. 9. The sample flow rate entering the gas-density 
cell is maintained sufficiently constant by passing it through a cali-
brated capillary under constant pressure drop conditions. This flow rate 
varies as the viscosity of the sample gas changes with concentration 
variations. The changes produce a nonlinear calibration curve with 
varying gas compositions. Such a calibration has been measured with H^-
N^, and is shown in Fig. 10. 

For sample gases containing hydrogen, it has been found that at 
reference flow rates below a critical flow rate, hydrogen will diffuse 
countercurrently into the reference gas stream and then into the area 
of the detector elements. Due to the high thermal conductivity of H , 
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Pig. 9. Schematic diagram of fuel reconstitut.ion ..•nguio'n-i 
equipment off-gas system. 
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GOW-MAC GAS DENSITY CELL 
MODEL 11 -373 

DETECTOR CURRENT: 7 0 mA 
SENSITIVITY: 32 mV 
DETECTOR TEMP: 2 8 °C 
REFERENCE GAS: ARGON 
REFERENCE GAS FLOW RATE: 6 6 c c / m i n 
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Fig. 10. Calibratic rve of Gow-Mac gas-density cell model in 
fuel reconstitution engineering equipment for H 2 and N2. 
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the back diffusing concentrations can greatly effect the sensitivity of 
th . gas density cell. However, by maintaining sufficiently high reference 
flow rates, this problem can be overcome. 

Each gas density cell installed in the fuel reconstitution engineering 
experiment is part of a temperature regulated cell assembly, Gow-Mac cata-
log Mo. 24-400, made by Gow-Mac Instruments Company. The cell assembly 
consists of a nickel gas-density detector, Gow-Mac catalog No. 11-373, 
with Monel fittings and nickel tubing; 4W2 filaments; and a controller/ 
power supply, Gow-Mac catalog No. 24-510. The recorder, made by the 
Linear Instruments Company, Gow-Mac catalog No. 261, is a potentiometric 
recorder with ranges of 1 to 100 mV. Both detectors are enclosed in a 
.Model 11-373 Gow-Mac oven module which regulated the detector temperature 
to + 0.5°C.18 

The o~f-gases from the UFabsorption column and from the H^ reduction 
column leave the system through identical off-gas and analytical systems. 
A typical off-gas system is illustrated in Fig. 9. A continuous sample 
stream is taken from the main off-gas stream at an approximately constant 
flow rate. This flow rate is held sufficiently constant by maintaining a 
constant, pressure drop across a calibrated capillary. This pressure drop 
is held approximately constant by bubbling the off-gas stream and the 
sample stream through bubblers with different depths of liquid. Both UF 

6 
and HF are removed from the respective sample gas streams after analysis 
by passing each gas stream through a packed bed of NaF pellets, which are 
similar to those used in removing these components from the main off-gas 
line. 

6.2 Alternatives for Providing Corrosion-Protecting 
Gold Linings for FREE-2 Equipment 

The design of equipment for experiment FREE-2 is continuing. The 
equipment for FREE-2 will be very similar in design to the equipment for 
FREE-1, except for the addition of an intermediate liquid-phase sample 
port between the UF- absorption vessel and the H reduction column. In 6 2 
addition, all vessels and transfer lines, with the possible exception of 
the receiver tank, will be gold or gold-lined. 
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Gold sheet of 0.010-m. thickness is available for use as the fabri-
cated liner of the UF& absorption vessel. Two alternative methods exist 
for lining the H^ reduction column and the receiver vessel: (1) interior 
gold plating, or (2) a fabricated gold liner. The minimum plating thick-
ness that would probably provide a pinhole-free lining is approximately 
0.005 in. The minimum thickness for fabricated gold vessels of this size 
is approximately 0.010 in. 

Fabricated gold liners are economically competitive with gold plating 
in the thicknesses mentioned, because sheet gold is available at ERDA 
precious metal account prices of approximately $34.99/troy oz; gold in 
commercial gold-plating solutions is available only at market prices of 
about 5164/troy oz, as of June 18, 1975. Some comparisons involving the 
alternatives of interior gold plating or fabrication of a gold liner are: 

(1) The technology involved in fabricating a welded gold vessel 
is available, while some technology would need to be devel-
oped for interior plating high length/diameter ratio ves-
sels, such as the H^ reduction column; 

(2) The time involved in both processes is approximately the 
same; 

(3) The plating will be difficult to inspect, and there will 
be no guarantee of pinhole-free coverage, while dye 
penetrant examination of welded joints is available for 
a fabricated liner. 

At present, the ERDA precious metals account does not contain 
sufficient gold for the receiver tank liner; thus, gold plating is 
economically favored. An additional alternative would be to not line 
the receiver tank â-. all. Corrosion by UF,. in the receiver could be 
tolerated, and corrosion products could be removed by hydrogen reduction 
and filtration between runs. 
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