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simulator to determine heat generation rates in nitric acid, in the pipe

- on the heat generatlon rate was determlned Results of the tests estab-

- lished condltlons that w1ll allow 1nduct10n heatlng to be used in a con-

tected from corrosion by a layer of frozen salt. ' Equatlons were developed

designs tested. - -

~ tem to replace saltfthat had been discarded with the ‘original salt feed-

. SUMMARIES
'FROZEN-WALL FLUORINATOR DEVELOPMENT: EXPERIMENTS ON
V INDUCTTION HEATING IN A CONTINUOUS FLUORINATOR SIMULATION
’ Twenty—one'additionel'runs were'made'in‘the continuous fluorinator
surrounding'the'eoid column, “and in the. induction'coii . Three additional

1nductlon coil designs were tested and the effect of bubbles in the ec1d
tinuous fluorinator experlment in which the fluorlnator vessel is pro-
for_predlctlng heat generation rates in the molten salt, the induction

coil, and the fluorinatoriveseei. These equatione predict a high effi-

ciency for heating'moltenrsalt in a fluorinator for one of the four coii

SEMICONTINUOUS "REDUCTIVE - EXTRACTION EXPERIMENTS
IN A MILD STEEL FACILITY

The new salt feed—and-catch tank was installed 1n the system, and
iron oxide was partlally removed from it ‘and from the system by contacting
the equipment with hydrogen. Reductent was added to the_blsmuth, about
20 liters of ealtt(72-l6412 mole %_LiF-BeFQ—ThFh) was charged to the sys-

and-catch tank, and bothgpheeesfnere circulated throngh the system in
rlorder to . coﬁplete the removal of oxides.'rAfter the addition of a smell
‘:amount of zlrconlum to restore the system 1nventory to about 15 g, both
"’,iphases were treated -with a 307 HF-—H stream in order to remove ox1des
from the salt '

About 1 g-equiv of - reductant;lin the form of thorium'and Li-Bi

r'alloy, was added to the treatment vessel for the purpoee of estebllshlng
a 21rconium dlstribution coefflcient value in the range of 1 to 5. After

" the bismuth -and salt had been transferred to their respectlve feed tanks,

9T

Zr tracer was added $0 the salt Mess transfer experiment ZTR 1 was
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then carrled out using bismuth and salt flow rates of 216 ml/min and 99
ml/min, respectlvely Countlng of the flowing-stream sa,mples showed : .

97

that no transfer of the °'Zr tracer had occurred. The reductant that

had been added to establish the proper D value had apparently been - - ¥

Zr
_oxidlzed by HF and FeF2 which were present in the salt in the treatment

vessel.

DEVELOPMENT OF THE METAL TRANSFER PROCESS:
INSPECTION OF EXPERIMENT MTE-2
The eéuipment“used for metal transfer process expefiment MTE-2, com-
pleted previously, was disassembled and inspected. Some blistering and
cracking of the 20-mil-thick nickel aluminide coeting had occurred during
-the 2370-hr periodithat.the,vessel-had been held at7650°c;-_The vessel
was sectioned in a manher such that the salt and bismuth phaseS'could
be observed. The salt and bismuth phases appeared to be clean, and
the-interf&ces were free of contamination. A black material which - A -

covered the vessel wall in the fluoride compartment is thought to be’

)

a mixture of salt and finely divided bismuth.

Deposits containing unusually high concentrations of rare earths
were observed on the lip and overflow spout of the Li-Bi alloy container
and in the bottom layer of the Th-Bi solution., The total quantities of
rare earths in these deposits wvere only 5 to 10%. of the rare-earth in—'

ventories in the system.

The inside of the carbon steel vessel appeared to be iﬁ gooé condi-
tion except for corr031on ‘on ‘items that were constructed of thin carbon
_ steel: The carbon steel pump, which used bismuth check valves was in
good condition at the completion of the experiments (1.e.; after being
operated to circulate a total of 702 liters of LiCl). |

DEVELOPMENT OF THE METAL TRANSFER PROCESS:
AGITATOR TESTS FOR EXPERIMENT MTE-3
-Equipﬁent was-cdnstructed in order to test the shaft seal design-
that is proposed for use in metal transfer experiment MTE-3., The system ‘ 7}

_will also allow us to measure the extent to which bismuth is entrained
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in salt in a. mechanicaliy Egitated system, and to evaluate a vapor-.
dep081ted tungsten coating as 8 means for protectlng carbon steel from

corr051on by molten salt and bismuth.

Several shaft seals were tested for various time periods at aglta—
tor speeds ranging from 150 to TSO rpm. It was found that the seal life
could be incresséd and that the seal leakage rate was decreased consid-
erably by lubricating the seal with mineral oil, A seal d951gn which
allowed satlsfactory operation: for TL days was judged to be acceptable

for use in experlment MTE—B.-

Unfiltered salt samples taken during s T45-hr period in which salt

and bismuth were mechanic&lly-egitated showed that the ooncentfation of

bismuth'in the salt’increesed_from 8 ppm to 200 ppm as the agitator
speed was increased from 150 rpm to 750 rpm., During this period, the
concentration of nickel in the bismuth increased from 20;ppm to 1000

ppm, which indicated that the bismuth had penetrated the tungsten coating

on the interior of the test vessel, Inspection of the coating after

- completion of the test fevealed.qraCRs_in the-coating in a number of
 places. ' Also, it appeared that the’coating had not been’applied'over
~the entire surface of the drain 11ne at the base of the test vessel, It

 was concluded that protection of & vessel from attack by bismuth via a

tungsten coating would be dlfflcult because of the tendency for such a

- ‘coating to crack,

DISTRIBUTION OF RADIUM BETWEEN LiCl AND Li~B1 SOLUTIDNS

Data on the distribution of radium between molten LiCl and Li-Bi

solutlons containing 13 to 35 mole % lithium Were obtalned prev1ously

'hradurlng metal transfer experlment MTE—Q' Addltlonal data were obtalned

'by diluting a portion of" the Li-Bi solution from the experlment (con—

taining radium) and equllibrating the resulting solutlon w1th L1Cl at
650°C. . A1l of the radium distribution data could be correlated well in

'the-manner used prev1ously for correlating distribution data for a large

number of elements 1f radium was assumed to be divalent 1n the LiCl

phase.’ It was Tound that the distribution characteristlcs for radium
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are qulte similar to those of the dlvalent rare~earth and. alkaline-
earth fission products (Sm, Eu, Sr, and Ba), in fact the dats for

radium and barium are almost identical,

 DEVELOPMENT OF MECHANICALLY AGITATED SALT-METAL CONTACTORS

Efforts involving the developmént'of mechanicalky‘agitated-salt- 7
metal contactors of fhe Lewis cell type were continued. - Preliminary
tests were carried out in contactors of several sizes and with differ-
ent agitator configuratibns in order to determine the factors that will
- limit the agitator speed in.stirred-interface contactors. The agitator
speed was foﬁnd to be limited by the transfer of the low-density (water)
phase via entrainment in the cifculating high-density (mercury) phase.
/The limiting agitator spéed was essentially indgpendent'of the size and
éhape.of the contactor but was strongly dependent on the agitator diam-
eter. A test made with a low-melting alloy and water, which resulted in
& density difference of T.l rather than 12.6, indicated that the limiting
agitator speed is not highly dependenﬁ on the difference invdensities
of the two liquid phases. It is believed that entrainment of salt in .
the bismuth.in metal transfer experiment MIE-3 will occur at essentially
tﬁe same agitator speed as was observed with the»mércury—water system
(300 rpm), and fhaﬁ the experiment should be operated initially with

agitator speeds weli‘below this value,

Two tests were carried out for determining the rate at which bisﬁﬁth
circulates between the two sides of a compartmented salt—metal contactor
containing a captive blsmuth phase.‘ These tests, in which mercury and
'water were used rather thqn bismuth and salt, indicated mércury flow
rates of 11.2 and 19. SJiters/minfor agitatbrs (speed, 7195 rpm in each.
case) hav1ng straight and canted blades respecplvely. it was'conéluded
that the bismuth circulation rate in metal transfer experlment MTE~3
will be a@equate and much greater than the mlnlmum_deslred_value of 0.5

~liter/min.
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'ANALYSIS OF MULTICOMPONENT MASS TRANSFER BETWEEN
'MOLTEN SALTS AND LIQUID BISMUTH DURING COUNTER-
CURRENT FLOW -IN PACKED COLUMNS

The trsnsfer-of_materials between_a molten salt and liquid bismuth

_results in a condition ﬁhere the'fluxes-Of the transferring ions are

dependent on both concentrstlon gradlents and electrical potentlal gradi-
ents. ThlS greatly compllcates the mass transfer process and maekes the |
design of cont1nuous reductive extraction columns difficult. Calculations _A
were completed for both binsry and multicomponent,mass transfer in order

to determine the conditions under which the presence of an electric .

potentlal gradlent significantly alters the mass transfer rate. Con-

: d1t1ons whlch typlfy molten—salt--bismuth and aqueous—organlc systems

were examlned

The effect of the electrlc potentlal gradlent was found to be of

greater importance when the electrolyte is a molten salt than when it is

‘an aqueous solutlon, In the latter case, the nontransferrlng coions

redistribute in the electrolyte phase in a manner which suppresses the

' effect of the electric potential gradient;_ However, it was shown that

_significant errors in calcﬁlated mass transfer rate values will result

under some 0perating,conditions in both cases.

Two cases involving reductlve extraction of uranlum from a molten

fluor1de salt phase into a llquid bismuth phase contalnlng reductant

: 1nd1cate that neglect of the effect of an electric potentlal gradient

probably causes essentlally no error 1n calculated mass transfer rates

for reductlveAextractlon operatlons of interest in MSBR processing.

| ENGINEERING STUDIES OF URANIUM OXIDE PRECIPITATION

Stndies of the chemistfy“oflpfotactinium'end'ufanium oxide precip-

1tatlon have 1ndlcated that ox1de prec1pitation may be an attractive.
.alternatlve process to fluorlnatlon—ureductlve extractlon for 1solat1ng

: protactlnium and remov1ng uranium from the fuel salt of -an MSBR . An

experlmental fac111ty has been de51gned and equipment is belng ‘installed
in order to study the kinetics of uranium oxide precipitation, to investi-

gate the s1ze distribution and settling character1st1cs of oxide precip-

'-»itate, and to gain experlence with oxide precipltatlon systems.
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The experimental facility will allow for batch precipitatidn studies
to be made in a L-in.-diam vessel containing approximately 2 liters of
72-16-12 mole % LiF-BeF,-ThF) salt that also contains UFy at an initial
concentration of about 0.3 mole %. Oxide will be supplied to the pre-
cipitator in the form of a water~argon gas mixture that will be introduced
through a l-in.-diam draft tube to promote>¢ontact'of the salt and oxide.
The salt will be decanted to a receiver vessel after allowing the oxide
‘tp'settle for a short time. The facility also includes a system for
supplying hydrogeh-HF gas mixtures that will be used for converting oxides
to fluori&es'at the conclusion of an experiment. The off?gas system
includes caustic scrubbers for removing HF'from'the precipitatof of f-gas
stream ih order’that additional informstion relative to the extent of

precipitation of oxides can be obtained.

STUDY OF THE PURiFICATION OF SALT BY CONTINUOUS METHODS

Salt purification studies were continued on the cbnﬁinuous reduc-

tion of iron fluoride by countercurrent contact of the salt (72.0-1b.k-
13.6 mole % LiF-Ber—ThFh) with hydrogen in 8 packed column. Tests carried
out to investigate the possibility that iron particles in the molten salt
might be the cause of occasional high iron analyses showed that iron '
particles are not present. Sampling tests with various sampler designs
showed that iron particles,lif present, dp.not remain in the salt durihg
one pass through the experimental system; that iron analyges below 100
Ppm are unreliable with sample sizes of 1 g or less; and that salt samples

taken in nickel samplers are more subject to iron contamination during

' removal than samples taken in copper samplers..icémparison of flooding data

taken during the countercurrent flow of molten salt and argon indicate
. that flooding occuré at throughput values below those predicted by the

Sherwood correlation.

U
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A'molten salt breeder reactor (MSBR) will be fueled with a molten

1.  INTRODUCTION

fluorade mixture that will c1rculate through the blanket and core

'regions of the reactor and through the primary heat exchangers
developlng processing methods for use in a close-coupled facility for

removing f1551on products, corrosion products, and f15511€ materials

from the molten fluoride mixture.

Several operations associated with MSER processing are under study.

(1)

(2)

| (3)

(k)

‘The remaining parts of this report discuss:

experiments conducted in & simulated continuous fluo-
rinator for studylng 1nduction heating in molten salt,

experlments conducted in a mlld—steel reductlve extrac~ .
tion facility to increase our understanding of the
rate at which materials are extracted from molten salt

"into bismuth in a packed column,

the results of inspection of equipment used in experi-
‘mént MIE-2 for demonstrating the metal transfer proc-
-ess for the removal of rare earths from MSER fuel car-
‘rier salt, :

results of agltator tests carried out for evaluating

" . various shaft seals- for use in metal transfer experi-

L ®

(1.

ment MTE-3,

studies on the. dlstributlon of radium ‘between L101
‘and Li-Bi solutlons,

development of mechanlcally agitated salt»metal
contactors, ‘

analysis. of multicomponent mass transfer between '

~molten salts and liquid bismuth durlng countercurrent
flow in packed. columns,_» - :

- (8)
' ~related to the precipitation of uranlum oxide from
- molten fluoride mixtures, and ' : '

(9) s
o ’.methods.ns'*

design of a fac111ty for conducting englneering studies

studles of the purlflcation of salt by contlnuous

- Thls work was carrled out in the Chemlcal Technology Div151on durlng the

perlod January through M&rch 1971.

We are




‘2. FROZEN-WALL FLUORINATOR DEVELOPMENT: EXPERIMENTS ON INDUCTION
HEATING IN A CONTINUOUS FLUORINATOR SIMULATION '

J. R. Hightower, Jr,

An experiment to demonstrate the usefulness'of leyers of frpzen salt
for protection againsﬁ corrosion in a continuous fluo;inator requires an
internal heat source thet is not subject to corrosion by the molten salt.
High-frequency induction heating has been proposed for this purpose, and
the estimated performancel of a frozen-wall fluorinator_heving an indue-
tion coil embedded in the frozen salt near the fluorinator wali has indi-
_cated that such a method may be: acceptable.  However, there are uncer-
tainties associatedeith‘the‘effect‘of bubbles in the molten salt and
i wifh the amount. of heat that will.be. generated in the metal walls of the
fluorinator. Equipment has.been installed2 for studying. heat generatioh'
in a simulated frozen-wall.fluorinator:containing provisions for induc-
tion heating. In the simulation a 31 wt. % HNO3 solution,‘which has
electrical properties similar to those of molten salts, is being used as
a substitute for molten salt in & fluorinator veesel.- We have previously
reported3 results for the first eight experiments with the earlier induc-
tion heating coil design."Durihg this report pefiod, experimental work
‘on'induction heating in the fluorinstor simulation was completed. Twenty-
‘one additional runs were carried out in order te test three other indue-
tion coil designs. Relations were derived for predicting the rates of
heet generation in the molten salt, the induction coil, and the pipe wall

in a fluorinator having frozen-wall corrosion protection,

2.1 Modification of Power Genération and Transmission Systems

The electrical diagram showing the rf power generation and trans-
mission systems for the induction heating experiment is shOWn in Pig. 1.
The. generator, 8 Thermonic Mbdel 1400. oseillator, is rated at 25 kW,
operates. at a nominal frequency_of 400 kxHz, and develops a terminal
voltage of about 13,000 V (rms) “The terminals: of the generator ere-

- connected to the primary side of en.oil-filled rf etep—down transformer;

this arrangement reduces the vqltage to approximately one-sixth that

<)
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Fig. 1. Electrica.lrbriaéra.m for Induction Heating mcberiments.




of the input in: order to not exceed the voltage ratings of the coaxial
transmission cables, .The coaxial cables (Model T~20-D and Model T-10-D
made by‘L. C. Miller Company) are connected in series and allow trans-
mission of power to a point about 30 £t from the genersator. 'During'the
current report period, the 10~ft segment (Model T-~10-D) of the cable
was replaced with a 5~ft-~long coaxial conductor, This conductor was
madé of 3/8-in.-diem copper tubing enclosed within 1/2-in.-diam poly-
ethylene tubing, ﬁhich'was, in turn, placed insidé 3/b=in.-diam copper
tubing. The new section of the transmission line operated satisfac-
torily. |

In order to obtain e high.curxeht through the induction_cbil_and to

 -minimize the current in the coaxial cable, additional inductances and

capacitances were incorporated into:the.circuit with the induction coil

to form a parallel RLC resonant cireuit. * Two capacitors (General

Electric, Cat. No. 19F23k4), each.having a capacitance of 0.0105 wF, were.

used. These capacitorS'were.rated for a maximum current of 196 A at sho
‘kHz "and a maximum voiﬁage of 5500 V.. For the induction heating,coils
tested, it was possible. to achieve conditions near resonance byisubsti—
tuting coils of different sizes for -the resonance and coarse-tuning .
-coils. (see Fig. 1). Resonance was then approaéhed more closely by
adjusting the slide-bar on the fine=tuning loop., It was not possible
to obtain precisely rescnant conditions because the operating frequency
of the generator was affected by each tuning adjustment, However, with
the’circuit adjusted as close to resonance a&s possible, we were able‘to
drive up to 250 A through one induction coil (Coil III) with a current
of only 190 A in the coaxial cable, When the resonant ciréuit was not
‘used and the coaxial cable was connected directly to the induction coil

~ leads, we could drive only about 160 A through the induction coil.

2.2 Experimentel Results

- To date, 29 runs have.been made with the continuous fluorinator
simulation to determine heat generation rates in the nitric acid, in
the pipe surrounding the acid, and in the four induction coils. Each

induction coil had & length of 5 £t and an inside diameter of 5.6 in.,

~)
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and was made of a number of smaller coil sections connected in parallel
electrically, The characteristics of the individual induction coil

'designs'are.shoﬁn in Table 1._ Coil iV was choéeh g5 the best design

because it produced the highest heat generation rate in the nitric acid

for a giveo current ih the induction coil.

'~ Table 1, Characteristics of Coils Tested in
’ Continuous Fluorinator Simulation

'Coil‘ A Lengfh of No. of

‘No. of .. Conductor Small Turns in  Adjacent

‘ Small = Diameter - Section Small Sections

Coil Material Sections (in.) - (in.) =~ Section Wound
I Monel . 1T o l]h 3 6-1/4 Opposing
II Stainless 18 3/8 3 6 Assisting

| - Steel L : L .
III Stainless 18 - 3/8 36 Opposing
'~ Steel . R o -
IV  Copper. o 1/h Rt 11-3/% Opposing

“Table 2 glves the experlmentally determlned heat generatlon rates

‘ 1n the ac1d c01l and 31mu1ated vessel wall, along with the run condi-
' tlons. Coil currents~rangingifrom 100 to 250 A and oscillator frequen-
-cies ranging from 390 to 426 xHz were used'in'these experiments, Heat

_generatlon rates as high sas 1559 W- were developed 1n the acid,

The experlmentaily determlned heat generatlon rates Were used to

"1r:calculate correctlon factors for use with design equations that were
'derived for.induetion c01;s_having.idealized geometries. The design
1equations;'which define these correction factors,'afevlisted,below. The

" rate of'heat_generation in liquid inside an induction coil is given by

the relation

far- \of \L '
TOT o’
P k 0.3818 —_— o
. 3 ( N ) (Pj) 8|’ v(l)




Table 2. Reéults of Heat Generation Measurements

Average  Total ' D Heat
: Acid Coil Oscillator - Generation Rate
Run ) Temp. = Current Freq. Gas (W)
No. Coil (°c)  (a) - (kHz)  Holdup Acid Pipe Coil
CFS-1 I 241 : k1o 0 2k2  1ko
.2 I 246 - 130  h1e 0 Lo9 167
3 I 26.5 150 - hig 0 316 © 279 1uk2
L I 25.6 100 h12 0 1kl 116 '
' 28.1 150 - k1o 0 3718 263
. 29,1 150 - e 0 . 383 309
5 I 26.7 160 L12 0. 448 308
6 I L46.5 150 . k1o 0 393 282
7 I. 28.9 150 - k12 0 377 273 1356
! 26.6 120 7 k12 0 235 178 870
8 ' I 514 150 Shi2 0 Lo2 275 1hk2
9 II 21.9 140 koo 0 201 128. 1179
10 II  19.6 165 , 393 0 - 195 206 1327
20.3 189 390 0 227 253 1094 -
11 IT  1T7.h 200 - koo 0 207 - 304 1946
12 II  19.3 200 koo 0 370 . 313 - 2335
13 II 18.5 160 : ho2,5 0 > 250 201 1253
. 160 hoo,5 0 : 1282
21.3 200 hoo.5° 0 > 466 338 2061
: 200 hoo,5 0 . 2083
200 ho2,.5 0} © - 19k6
14 II  1k.9 150 k02,3 0 215 166 1150
15 IITI  15.7 1L9 © ho2.3 0 370 220 . '
16 III 18,5 150 h02,8 0 360 318 137k
17 III 18.5 150 Lo2.8 0.130 365 254k 1k08
18 III 19,3 150 403.8 0.171 325 235 1202
19 III 19.0 150 ko2,8 ~ 0.180 304 188 1099
20 III 19.0 . 1k9 ~ ho2.8 0 b2 186 1030
21 III 20.0 ©1h9 ko2,8 0o 382 o0k 1195
22. III 22,2 - 250 L24,8 0 1134 626 3606
23 III 20.9 250 426.1 0.17 976 688 3366
24 III © 2h4.9 2h9 425,8 0.107 1159 599 - 3457
25 III 25.3 252 k26,0 - 0,106 1292 976 3617
26 III 24.8 = 2k : 425.9 0 1243 533 343k
27 III  23.3 okl 425,3 0,167 1080 601 3228
28 IV 29,7 115 - 416.6 0 1559 530 962
29 IV 27.2 119 Lh2,1 0.164

1378 560 962
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7 by the relation

where ‘ .
P, = hesat generation rate in 11quid W,
= average number of turns per meter over length of coil, m l,

n
N= number of small coil sections,
a = radius of fluid zone, m,

L

= length of coil, m,
)—1/2

p, = (2nfg,u,

f = frequency, Hz,

gy = specific,conductivity'of'liquid,-9—1 m—l R

Mg = magnetic permesbility of the liquid, N:A_e,
ITOT_= total coil current (rms), A,

k =vcorrection factor, dimensionless.

Equatlon (1) is based on an approxlmate relatlonl for the rate of heat
generation in an 1nf1n1tely long cylinder positioned inside an infinitely
long 1nduct10n_coil. and is valid for (a/pz) < 1.h,

The rate at which heat is generated in the pipe surrounding the coil
is given by the relation '

nl_ . 12 8 /

R N e (2)
] G G B Y A -3 |
‘where' ‘
Pp’# heat generatidn rété”in pipe W, .
g, = specific conductlvlty of plpe, Qﬁl‘mf;,,
8 = 1n51de radius of: pipe m, ’
Lo -1/2

Cpo= (enfgpu )"

o )

'ué =‘magnetic permeability of pipe N A,

kp = correction factor, dimensionless, " . _

~and ITOT’ n,‘N, L, and £ afé ﬁefiﬁed abovea"Equetien (2) is valid only

for (a /p Y > 10

"~ The rate at which heat is generated in the 1nduction coil is given

2 y1/2

. bN_S (f.p -
_ T 17c| 2.
Fes K7 Jgg| ‘oot (3)
‘ ) s ‘ cec
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where

P = heat generatibn rate in coil, W,

b = inside diameter of coil, m,
d = épnduétor diameter, m; -
% = length of small coil section, m,
N, = number of turns in small coil’seétion;
N_ = number of small coil.sections,
pc = specific resistivity of coil ﬁefal, Q-m,
f. = frequency, kHz, . ‘
K, = proﬁortionality.constaﬁt,'(9/kHz-m3)l[?,

and ITOT and L are deflned above,

The effect of bubbles in the nitric acid on the héat geheration rate:
was investigated with coils ITI and IV, Eight runs were made with air
- flow rates up to 2,16 sefm, which produced bubble volume fractions in the
acid as high as 18%. In the rapge of bubble volume fractiohs examined,
the'value of the correction factor k, defined bvaq._(l), varied approxi-
matelyllinearly with the bubble volume fraction as showh in Fig. 2; this

variation can be represented by the relatidn'

k = ko(l -1.079¢) , ()

b
1}

correction factor, defined by Eq. (1),

oy
[}

0 constant,

(]
I}

bubble volume fraction.

The'effect_of bubbles in the liquid on the rate of heat generafion'is
slight, as would be expected if the bubbles remained near the center of
the liquid'zdne. 7-

0’ % 13 defined by Egs. (4), (2), and (3),

respectively, were determined for the four induction coils tested (see

Values for k_; k , and K

Table 3). - The values of the cogstants for coil II are smaller than the
corresponding constants for the other coils; thellargest re1ative varia-

tion occurs in the values of ko, which is pfoportional to the heat genera-

tion rate in the liquid. The low heat generation rate with this induction



1.0

0.8

06

04

0.2

ORNL DWG 7i-3846

T | S T j T 1 Y T

k=ky (1-1.079¢)

X e o
 ® COIL T ky=0.178 )
X COIL I¥ k,=0.26!
L L I ] L 1 1 I
0 0.0 0.04 0.06 0.08 0.0 0.2 ol  0I6 0.8 _ 0.20

«,BUBBLE VOLUME FRACTION

- Fig. 2. Efféct of Bubble Volume Fraction on Correction Coefficient
- for Celculating Heet Generation Rate in Nitrie Acid.
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Table 3. Correction Factors for Heat
Generation Rate Equations '

: ' k= ' 3y1/2
Coil ko . kp 'Kl = (Q/kHz.m”)

1 ~0.130 0.624 1,015 x 1072
I 0.089 0.847  1.755 x 1077
I 0.178 0.623 : ©1.885 x 1077

v | 0.261 0.586 2,15 x 1077

coil design is apparently the result of having all of the small coil
'Sections wound in the same'direction since the remaining chéracteristics
of the coil are similar to those for the other coils, Coil IT would
'require the largest current in order to produce a given heat generation
rate in molten salt; however, it might have a high efficiency for
heating the salt if the diameter of the molten region were sufficiéntly

large;

The value of ko for coil I was smealler than that for coil III,
although the two coils have essentially the same design and comparable
values were observed for the otherrconstants; This variation in ko
values is.probably due to changes in experimental technique and operating
¢onditions incorporated after tests with coil I were carried out. The
new technique consisted in using alcohol-in-glass thermometers to méasure
the acid temperatures, since the temperatures indicated by thermocouples
used in the runs with coil I were affected to some extent Ey the rf power
generation. Also, thé coil designs tested after coil I resulted in |
higher heat generation rates in the acid which, in turn, led to smaller

relative errors in the measured heat generation rates in the acid,

o Velue for coil IV and the k, values

for coils I and II is probably due, in large part, to the different

The differenée between the k

spacing of the small coil sections. Coil IV had h—in.-long'small coil
sections, with 11.7 turns in each section (see Table 1), and the sec-

tions were separated by a space of 2 in. in which turns were not present.
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The ‘smaller sect1ons in the other three coils were placed closer together
so that the coil turns wvere spaced unlformly over the length of the acid
column; the total number of turns was. about the same for each coil. 1In
the case of coils I and III this spac1ng compressed the magnetic field
between each of the small 0011 sectlons, thereby effecting a decrease in
the axial component_of‘the field.» It is the axial component that pro-

vides the proper eddy currents for heat generation.r

Although any one'of the four coils .could be used to generate heat

in the proposed fluorinator, coil IV would require the lowest coil

current to produce the requlred heating and, for thls reason, would be

the most de51r3b1e. Calculatlons have shown that, for a 5-in.~diam

,molten-salt zone, a 5. 56—1n.-ID coil made from l/h-ln. ‘nickel tubing

(u31ng a coil IV design in Wthh each small sectlon has 9,5 turns over
a 3. TS—ln. length, with: a 2. 25-1n. space between small sections), and
a 6-9/16-in.-ID nickel fluqunator‘vessel, an efflclency of heatlngithe
salt (withino bubbiee) of about h9%'wouldibe achieved with a total
current of less than 150 A Wlth c01l III the efficiency of heating
the salt would be about 58%, but a coil current of 267 A would be

requlred
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L 3. SEMICONTINUOUS REDUCTIVE EXTRACTION EXPERIMENTS:
| L IN A MILD-STEEL FACILITY

B. A. Hannaford C. W. Kee
- o - L. E. MclNeese '

We have continued operation of arfdcility inAwhich éemicontiﬁuous
reductive extraction experiments can be carried.outAin a'mildfsteel sys-
tem.h Initial work with the facility.was directed toward obtaining data !
on the hydrodynamicé of the countercﬁrrent flow of molten salt and bis-
mith in e 0.82-in.-ID, 24-in.-long column pecked with 1/4-in. molybdenum
rRaschig rings. We were able to Shoﬁ fhat flooding data oﬁtained with
thié’column are in agreement with prediétions'from a correlﬁtidﬁs based
on Studies_of the.couﬁtercurrént flow of mercury‘and.aqueous 301u£ions A
ih fackéd colunns. We'have'carried out’se?éfal'experiméntsvfor deter-
mining the mass trahsfér'perfbrmance of thé packed column in which a
-salt sﬁream containing UFh ﬁas éountércurreﬁt;y chtacted zith bismuth .
containing reductant over a range of operating cbnditions. d It was
found that the rate of uranium transfer to the bismuth was controiled X
by the diffusive resistance in the salt film under conditions suéh that
thg concentration of réductantrin the bisﬁuth remained high throughout
| the column. The extraction data could be correlated in terms of the
. height of an overall transfer unit based on the salt phase. In order
to measure mass transfer rates under more closely controlled conditions
where the controlling resistance is not in the salt phase, preparations.
were begun for experiments in which the rate of exchangeiof zirconium

isotopes will be measured between salt and bismuth phases otherwise at

chemical . equilibrium, Difficﬁlty was encountered at the beginning of
the first run of this type'because of a salt leak in the vicinity of the

salt feedfandrcatch vessel.8

3.1 Replacement of the Salt Feed~-and-Catch Tank

A new salt feed-and-catch tank of the initial_designa was fabricated
and instelled in the system.. Thermal insﬁl&tion was removed from all

o
* B - . - x/—Hi
transfer lines to allow their inspection, and lines that were more than f \i,}
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moderatelyIOxidized'were replaced. The salt transfer line from the

feed tank to the salt,jack—leg,Was rerouted to a.point_ll'in. higher

.than in the original design in orderfto improve control of the salt

feed ratevandito prevent the backflow of biSmuth into the salt feed

tank during column upsets..

After 1ts 1nstallatlon the new salt feed—and—catch tank was stress
relieved by the same technique used for the original feed-and-catch
tanks; that is, the rate'of'heating to the operating temperature (650°C)

was maintained at less than 60°c/hr. The bismuth feed-and-catch tank,

which had been allowed to cool- during the time required to fabricate and

install the new salt tank, was heated to the operating temperature (550°C)
at the same controlled rate. Both the salt and bismuth feed-and-catch

tanks were subjected to'a pressureeprOOf test at the operating tempera-
:Vture after frozen bismuth seals had.been estahlished in the freeze valves
‘1n order to 1solate the feed tanks (rated at 50 psig) from the receiver
 tanks (rated at 25 p31g) -+ After the pressure tests had been successfully

completed, the salt}feed-and—catch tank -and the newly 1nstalled salt-

_transfer lines were contacted with a hydrogen stream for 13 hr at 600°C

in order to remove accumulations of iron ox1de from the internal sur-

: faces of the system.

3. 2 Preparation for Mass Transfer Exteriment ZTR-1

After the system had been treated with hydrogen for removal of most

. of the iron oxlde, it was necessary to (1) add reductant to the bismuth

phase, (2) increase the salt inventory in the system to about 20 liters,

and (3) circulate the salt and bismuth phases through the system in

order to remove 1mpur1t1es that might have been 1ntroduced during the

maintenance operations.- It was also necessary to 1ncrease the zirconium

1nventory in the system, to remove impurities from the salt phase by

thdrofluorination, and finally, to add a suff1c1ent amount of reductant

to the bismuth phase to produce & zirconium distribution ratio of about

l; These operations are discussed in the remainder of this section.

A 103-g quantity of thorium was suspended in the bismuth phase in

the treatment vessel in & perforated container as described earlierT in
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order to increase the reductant concentration in the bismuth to about

- 0.002 equiv per g-mole of bismuth. During dissblution of the thorium, ‘ T
the treatment veésel was held at 650°C, and argon was fed to the draft

tube in'the?vessel_ét the rate of 2.5 std ftslhr. Only S g of thorium _ S

- remained undissoivedAafter a period of 41 hr; analyses of bismuth sam-
ples for uranium and thorium showed that sbout 80% of the thorium had
dissolved during the first 24 hr. About 18 liters of salt (T2-16-12

mole % LiF-BeF2-ThEh) was then charged to the tréﬁtment vessel in order
to replace salt that had been discarded when the original salt feed-
and-catch tank was replaced.. The salt and bismuth phases weré—equili-
brated in thé‘treatment vessel for abput 20 hr before they were trans-
ferred to their reépective feed tanks; Bismuth_and-salt'wefe then
circulated through thé system in order to complete the removal of oxides
‘that had ﬁot been removed from the internal>surfaces of'the system after
the previous treatment with hydrogen. In addition, column pressure drop
measurements were made during a period when onlyrsalt wés.flowing through
the column. - The observed'pressure drop ﬁasrdbout 2»in. ﬁzo at the sait 7
flow rate of 70 ml/min, which is in agreement with data obtained soon v
after the column was installed.VVIt was concluded that the flow charac-

teristics. of the colum hed not changed during runs made to date.

The zirconium masé transfer experiments require that a significant
quantity of zirconium be present in the salt and'bismutﬁ-phases to ensure
that only a negligible change will occur in the zirconium distribution
ratio durlng the transfer of 97Zr tracer from the salt to the bismuth
phase. A 5.2-g quantlty of Zircaloy-2 was dissolved in the blsmuth to

increase the zirconium inventory of the system to sbout 15 g.

The salt and bismuth were then contacted in the treatment véssel
w1th a 30% HF—-hydrogen stream hav1ng a flow rate of about 16 std ft3/

hr at 650°C in order to remove oxide (from the salt) that might have : .
~accumulated during the previous transfer of the salt and bismuth through
the facility. Treatment of the salt and bismuth with the HF—H stream »

- was interrupted after about 2 hr by a restriction caused by-deposxtlon‘
of material on the sintered-Monel filter in the off-gas stream from the ' " ]

treatment vessel. The filter, which has an external surface area of
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a thermal neutron flux of about 2 x 10

15

about 20 1n.2, is used for remov1ng particulates which would otherwise
cause restrictions in valve ports in the off-gas system. The filter

was removed and replaced hy,a’h-ln.-dlam, 8—1n.-long cylinder of com-

‘pacted copper mesh. Analyses of the black eolids_remcved from the

Monel filter showed that the material consisted primarilyiqf carbon,
along with substantial amounts of thorium, uranium, and lithium. After

the treatment w1th HF-H,., the salt and bismuth were contacted with argon

2’
at sbout 3 std ft /hr for & 20—hr period in order to remove HF from the

salt. The bismuth and salt were subsequently sampled, and a perforated

" basket conta1n1ng 48 g of thorlum metel was. suspended in the bismuth

phase. After a period of 66 hr at a temperature of about 620°C, only

-25 g of the thorlum had dlssolved In order to add reductant to the

bismuth phase more rapidly, 2h0 g of Li-Bi alloy contalnlng 1.75 wt %
lithium was added to the treatment vessel. The total quantlty of
reductaht added during these periods was about 1 g-equiv. The resulting

' zirconlum dlstrlbutlon ratlo should have been about 5 1f 1t is assumed

that all of .the added reductant was present in the blsmuth as uranlum,

‘zlrconlum, thorium, and 1ithium,- However, the resultsvof experlment

ZTR-1, described in the folloring section, indicate that_thiS'essumption
is not valid. o

3.3 Mass Transfer Experiment ZTR-1

At the conclusion of a 22—hr equilibration period which followed

“the final addition of reductant to the treatment vessel, the salt was
" transferred to the salt“feedztenkfj'The transfer'of;bismuth from the

treatment vessel was only sbout 50% complete when a failure of the

transfer line inside the vessel at the weld which joins the molybdenum

tubing to ‘the mlld-steel transfer l1ne made it necessaxy to cease this

"0peratlon. The. affected portlon of the transfer llne was replaced at

a later date; however, the 1ntended duration of” experlment ZTR-l was

. reduced in order that the run could be carrled out, w1th the smaller '

~amount of’ blsmuth that was avallable in the bismuth feed tank

A 6.7-mg quantity qflgSZrO that had been irradiated for 12 hr at

2 1k 2 -1
neutrons cm sec was

-~
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transferred to a 0. TS-ln.-dlam steel capsule after an 18~hr decay perlod
to fac111tate addition of the 97Zr tracer to the salt’ phase.. Periodic

salt samples taken after immersion of the capsule indicated that miiing
of the tracer wlth the salt phase was complete after 2 hr. In order to

verify that most of the tracer had entered the salt phase, the steel

 addition capsule was counted for 97Zr activ1ty.v The counting results

for the bulk salt and for the capsule showed that greater than 99% of
the tracer ‘had been transferred to the salt phase." '

The volumetric flow rates for bismuth and salt during experimeht

ZTR-1 were 216 and 99 ml/min respectively; these values are equivalent

to about'90% of the combined column flow capacityvat fleoding. Seven

'sets of flow1ng stream samples were taken over a 29-min perlod. Counting
" of the °

w7

Zr activities in the samples showed that no measurable

- transfer of 97Zr tracer from the salt to the bismuth phase had o¢curred

during the experiment. It was later found that the lack of transfer was
due to an unexpectedly low distribution coefficient for zirconium, which

resulted in essentially no zirconium being present in the bismuth phase.

Wet-chemical analyses of post-run, equilibrated samples for lithium and

uranium'implied & zirconium distribution coefficient value of about

0.001. A more precise value (o. 023) was obtained by countlng the samples

r 97, 97Zr activity. It was concluded that essentially all of the

reductant that had been added'tofthe system had been consumed by,one or
more side reactions, for example, the reduction of FeF in the salt

phase to metallic. iron, or the reaction of reductant with HF that was

desorbed from the graphite crucible. It is alsozpossible‘that a fraction

of the 1lithium in the Li-Bi alloy reacted with air or water vapor during

'its addition to the treatment vessel,

3.4 Variation of Reductant Inventory in the
Bismuth Phase in the Treatment VeSsel-

During this report perlod ve dbserved 8 con51derably greater varia-

tion ‘in the reductant 1nventory in the blsmuth phase in the treatment

vessel than had been expected conseqnently, we have begun to give addi-

tional’ attentlon to this subject. Reductant can be_remeved_from the .
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bismuth phase by aAnuﬁber of-side.reactions, including:. (1) reaction

i . of reductant with materials in the salt phase such as FeF_, HF, or

’
oxygen—coﬁfeining compounds; and (2) reaction of reduced Eetals (uranium,
'1 . thorium, zirconium) with the graphite_orucible in the treatment vessel.
| Information related to the veriation of redﬁctant inventory in the bis-
muth phase, . as #ell as the"inventory of uranium in the system, will be
reported here aﬁd in futﬁrejreports covering work in this experimental
facility so that the phenomena responsible for the observed effects can

be identified.

Data on the variation of inventories of reductent, uranium, and
' zirconium during this report period are summarized in Table 4. At the
' beginning of the period, the treatment vessel contained,lT.T liters of
bismuth end lih liters of salt (72-16-12 mole % LiF-BeF-ThF)). After
a 118-day period in which the salt and bismuth were held in the treat-
ment vessel, the reductant ihventory’in the bismuth had decreased from
0.80 g—eduiv to 0.058 g-equiv. The average rate of decrease in redut-

tant concentration during this period this period was O¢26'meq/hr.A The

addition of 1.69 g-equiv of thorium metal to the bismuth phase resulted
in approximately fhe eipected change in the reductant concentration in -
the biSmuthvbaSed on uranium and zirconium snalyses. Following the
addition of salt to the system to increase the salt volume to about
21.5 liters, samples ﬁaken from'the treatment vessel showed that the
reduCtant.inveﬁtory-had'déoreased.slightly to '1.33 g-equiv; & decrease
‘was expected because of thefprobability of introducing small amounts
'of'oxidents during the addition'of ealf to thé'system.. Subsequently,
;the salt and bismuth phases were circulated through the system (run
HRwlS) in order to remove ox1des whlch may have been 1ntroduced durlng
- -the 1nstallat10n of new carbon ‘steel lines and equlpment " Analyses of
| blsmuth samples showed ‘that &bout half of the reductant was removed
from the blsmuth durlng thls operation. Next, z1rcon1um metal (0.23
‘ g~equ1v) was dlssolved in the bismuth phase in order to achieve the
'de51red zlrconium 1nventory in the system, Following this addition,
D ~ the salt and bismuth were contacted W1thran HF—H2 mixture. At this
; \ir) : point, the salt phase should have contained all of the uranium and




Table 4. Summary of Reductant, Uranium, and Zirconium Inventory Data for Treatment Vessel

Salt Phase Bismuth Phase
Total Total .
Salt Uranium Zirconium Bi Uranium Zirconium Total Reductant® Combined Phases
Wt Inventory Inventory We Inventory Inventory (u, 2r, Th, Li) Uranium Zirconium
Operation Sequence (g) (g-equiv) (g-equiv) (€3] (g-equiv) (g~equiv) (g-equiv) (g~equiv) (g-equiv)
1. Material remaining 4,760 0.152 0.0313 171,200 0.601 0.10 0.80 0.753 0.13
in treatment vessel i
at time of salt
feed tank failure
2. FPollowing 118-day 4,760 0.702® 0.13* 171,200 0.058 ~o 2 " 0.058 0.76% 0.13°
equilibration period '
3. Pollowing addif;ion of 4,760 10.0038‘ no 8 : 171,200 0.757 0.16 1.65 0.76 0.16
1.69 g-equiv of Th :
reductant
4. Pollowing addition of 72,560 . 0.061 0.007% 171,200 0.700 0.24% 1.33 0.760 0.248
67,800 g of LiF—Ber-
ThF, (72-16-12 mole%)
containing 0.114 equiv
of 2r )
5. Following equil- 63,670 0.337 0.0922 168,250 0.435 4 0.1522 0.74 0.772 0.242
" ibration run HR~-13 :
6. Following addition of 63,670 0.76® 0.47% 168,250 np B no 8 O ‘ 0.76% 0.478
0.23 g-equiv of Zr and .
HF-H, treatment ’
7. Following addition of 63,670 0.76° 0.478 168,250 A0 a ~o 8 EY) '0.763 0.472
1.04 g-equiv of o
(Th + Li) reductant
8. Following tracer 63,670 0.72 0.62 168,250 <0.003 "o 8 ~0 0.72 0.62

experiment ZTR-1 -

#nferred value based on mntérial balance and/or equilibrium considerations. The best value for uraniu;n inventory wag taken to be 0.76 g-equiv.

bC!_wmit.'.a]. analyaié resulted in 1nveﬁt'ory in one phase equal to 0.76 g-equiv t 4Z; this value was taken to be the more accurate measure.

°18
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" zirconium,: and samples:showed a uranium concentration in the salt that

was within sbout 4% of the expected value. We then added to the bismuth

. a quantity:of reductant‘(o h3 g-equiv of thorium, 0.61 g-equiv of lith-

1um) theoretlcally sufflclent to produce a zirconlum distribution coef-

" ficient of about 5, in the absence of reductantuconsumlng side reactions.

However, analyses ‘of blsmuth and salt before and after tracer experiment

~ ZTR-1 showed that the reductant had been consumed almost entirely before

the experiment was performed, as discussed earlier. -

The material balance for uranium throughout the report period was
excellent, as shown'in Table h- the zirconium'balanoe was'satisfactory

in view of the greater dlfficulty encountered in ana1y21ng samples for

'21rcon1um at low concentratlons.

3.5 ,Oberation of the Argon‘Purification Systenm

The argon purification system, described earlier,h was modified by

the addltlon of a parallel purlflcatlon system (Englehard Deoxo Puri-

fiers, Models D and C. m serles) The purpose of this modification was
to evaluate the effectlveness of - Englehard units relative to that of
the regular purlflcatlon traln, vhich consists of a bed of molecular

siéves followed by a bed of uranium turnings at 650°C

The Delphi trace oxygen analyzer indicated'an oxygen concentration

, of 3.6 ppm in the argon stream leaving the Deoxo unlts, as compared
. thh a value. of 1. 6 ppm measured in the argon stream leav1ng the regular
‘ 'purlfication traln.‘ The comparlson was not completely conclu51ve how-
-;_ever, because of the p0551b111ty of sllght air 1n1eakage and the POSSl—
:blllty of catalyst p01soning 1n the Deoxo units. The Delphl analyzer

had also shown symptoms 1nd1cative of s1lver cathode p01son1ng, although

it had been restored to- service by heatlng the cathode grids to 800°¢C

: 1n air to remove suspected surface contaminatlon. Recurrlng fallure of
-the Delphi analyzer mllltated against our obta1n1ng & rellable compari-'

~son of the two. purlflcation systems. Prior to the flrst evidence of

maloperation, the Delphi analyzer ind;cated that the reguiar purification

‘ system was reduclng the  oxygen leVel from about 0. 75 ppm in the inlet

argon stream to about 0.2 ppm in the outlet stream._
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Meesurements of the same argon streams showed water contents of

<0.1 ppm; the poncentratidns were usually. <0.01 ppm. It was‘qbserved,'

however, that the water concentration indicated by each of the Pana-

metrics probes tended - to diminish over a period of many weeks, This

suggested that the calibration was Shifting downscale with tiﬁe, since

a new prdbe installed in the éame location would generally indicate a

significantly higher concentration (i.e., 2 ppm vs 0.01 ppm).

_Despite the difficulties experienced in measuring the level of
oxygen and water in the purified:argoh, the concentrations were estab-

lished to lie within limits which were acceptably low.
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k. DEVELOPMENT OF THE METAL TRANSFER PROCESS:
| INSPECTION OF EXPERIMENT MTE-2

E, L. Youngblood L. E. McNeese

It has been found that rare earths distribute selectively into mol-

" ten LiCl from bismuth solutions-containing rare eafths and thorium, and

an 1mproved rare-earth removal process based on thls observatlon has
been dev1sed.9 Work that will demonstrate all phases of the improved
rare-earth removal method,,whlch is known as the metal transfer process,
is presently under way. B |

We previouslylo carriédeout—an,engineering expefimentv(MTE—l) for .
studying the femoval-offfare-earths from single—flnid_MSBR fuel salt by
this brocess{, During'thexexperinent,ve@pﬁoximately 5b%'of the lanthanum

_ and 25% of neodymium origineliy present in the fluoridé’salt were removed

et about the expected rate. Surprisingly, however, the lanthanum and

neodymium removed from the fluoride salt did not accumulate in the Li-Bi

‘ solution used fof,removing these,materiels from LiCl., It is believed

that reactionvof.impurities in the System;with the rare earths caused
this unexpected behavior. ' ' '

A second‘engineering_experinent (MTE-2) wes'recently'completed.ll’IQ

A brief description of the'equipment used for this experinent and the

_results of an 1nspect10n carried out after comple€1on of the experiment

are presented in the remalnder -of: this section.-

',h 1 —Deseription of EQuipment
Experlment MIE-2 was performed in a vessel constructed of 6~in.

sched ho carbon steel plpe. The out51de of the vessel was spray coated

with'a 20-mil thlckness of nlckel alumlnlde for protectlon agalnst oxi-~

;'datlon. The vessel, “shovn schematlcally in Fig. 3, wes divided into two

compartments by & partition (constructed of l/h—ln.-thick carbon steel

'plate) that extended to w1th1n 1/2 in. of the bottom of the vessel. The

 two compartments were 1nterconnected by & 2—1n.-deep_pool of bismuth

that was saturated with thorium. One compartment contained a 3.6-in.-
deep pool of-fluoride salt (72-16-12 mole % LiF-BeFa-ThFh to which 7 mCi
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Fig. 3. Carbon Steel Vessel Used for Metal Transfer Experiment MTE-2.



*

wy)

ud

23

of lhTNd and sﬁfficient LaF3 were added to produce a 0 3 mole % concen-

tration) gbove the Th Bi phese. The other compartment contained a 4.2-

1n.—deep pool of molten LiCl above the Th-Bi phase. The LiCl compart-

ment also contained a cup (l.9h in. in diameter, 8.25 in. high) which -

was initially filled to a depth of 4 in. with a 35 at. % Li-Bi solution.
The cup was constructed of.0;03l-in.-thickVCarbon»steel sheet metal and
was held in place by a holder made of 2-in. sched 40 carbon steel pipe.

Alumins spacers ﬁeré used to electrically insulafe the cup from the

holder.

During operation, LiCl was circulated through-the cup containing
the Li-Bi solution via a pump constructed of‘1-1/2;in.—diam carbon steel
pipe (0.083-in. wall thickness). The pump used molten bismuth as check
9

valves.” During the 3.3-month period in which the experiment was in

operation, 702 liters of LiCl was circulated through the cup containing

“the Li-Bi solution. Gas-lift sparge tubes were used in both compartments

ofuthe vesselaand in the éuﬁ.containing the:Li—Bi;solution to improve
contact bet#eep the salt and metal phases. The spérge tubes were con-
struqtéd'df 1/4-in. carbon steel tubing which was placé& inside 3/8-in.

tubing as shown in Fig. 4, Thermowells, constructed of 1/b-in.-diam

.carbon steel tubing, extended into the salt and blsmuth phases for

temperature_measurements. The lower sectlon of the vessel was maintained

‘at the. operating temperature (650 to 660°C) by an 8-kW furnace. The
upper 6 in. of the vessel was,wrapped with a cooling coil through which

vater4was circulated in order to méinﬁain the flange at about 100°C.

The equipment péfformed satiéfattorily EUring 6peration. At the

'completlon ‘of the experlment the vessel was cooled to ‘room temperature,
7‘w1th the salt and blsmuth phases in place and was: cut apart for inspec~

. tion.

h 2 Inspectlon of Equlpment

. The vessel was removed from the furnace and the exterlor of the

vessel, shown in Flg. 5, was v1sually 1nspected Some bllsterlng and

_crack;ng of the 20-mil—thick nickel aluminide coating had occurred durlng

the 2370-hr period that the vessel had been held at sbout 650°C. However,
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Fig. 4. Gas-Lift Sparge Tube Used for Metal Transfer Experiment MIE-2.
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Fig. 5. Photograph Showing Externsl Air Oxidation of the Exterior
of the Carbon Steel Vessel Used for Experiment MI'E-2. The exterior of

the vessel had been coated with 20 mils of nickel aluminide to retard
air oxidation. ' o A o
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the external oxidetion_that had occurred did not cause difficulty with
the experiment. ' o R

To facilitate inspeetion of its interior, the vessel was cut in
such a manner that the lower 11 in. on each side of the partition could R
be removed to expose the salt and metal phases. A view of the fluoride |
compartment is shown in Fig. 6. The fluoride s&lt-end Th-Bi phases
appeared. to be clean and free from any accUmulation'of material at_the‘r
.saltfmetal interface; however, the vapor regionrof the fluoride compart-
ment was covered with a black powder having the composition (by weight)
of: 2.4% Li, 2.2% Be, 70.2% Bi, 1.1% Th, 0.02% Fe, and 19.9% F. The
l denosit‘was greatest (ebout‘l/B in. thick) in the cooler portions of
the compartment near the upper flange. Some of the powder had also
dlscolored the surfaces of the salt that had contacted the vessel wall
The black powder is thought to be & mixture of salt and metallic bis-

 muth that had been entralned into the gas space by the argon sparge.

A view of the LiCl compartment (w1th some of the LiCl removed) and
the Li-Bi container is shown in Fig. T. The vapor region in ‘the LiCl
compartment was covered with a white powder consisting of LiCl oontaining
0.6 wt % Bi. This material is belleved to have resulted from vaporiza-
tion and from entrainment of LiCl and smaller amounts of bismuth in the
argon stream fed to the gas spargers. The Licl and Th-Bi phases appeared
to be clean, with no accumulation of impurities at the salt-metal inter-
face as had been seen in metel transfer ekperiment MTE—I.E‘ o

There nere only two areas in the system where'deposits'containing
unusnally high concentrations of rare earths were found. A 1/8-in.-
‘thick layer of gray material (shown in Fig. 8) had deposited on the lip
and overflow:spout of the Li-Bi container. This deposit‘had the following
'composition (by weight): -23% LiCl, 59% Bi, 10% Le, and 2% Th.. The lan-
thannm contained in the deposit was eoual to 5 to 10% of the lanthanum - .
inventory in tne system. ‘The mechanism by which the material was depo— '
sited on the rim of the lithium-bismuth cup has not been determlned : v
however, it may have resulted from the Li-B;:solutlon wetting the con- ‘

 tainer vall and subsequently flowing up it.. The lanthanum eould then ) { j
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Fig. 6. Salt end Bismuth Phases from the Fluoride Salt Compartment
on Completion of Metal Transfer Experiment MTE-2.
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View of LiCl Compartment Following Metal Transfer Experiment MTE-2.

Fig. 7.
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:
Fig 8. View of Upper Section of thé,Lii-Bi Container Showing
| : ~ Metellic Deposit on the Rim After Completion of Metal Transfer Experiment
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have been deposited from the LiCl that was in contact with tﬁe metal

film. The lanthenum concentration in the bottom layer of the Th-Bi

~ solution was approximately eight'timés higher than that observed in

filtered samples taken dufing the run; howevef, this does not.represént

a significant fraction of the total lanthanum in the system. The bottom

layer of the Th-Bi phase also'contained 20 wt % thorium and is assumed

to have been a mixture of thorium bismuthide particles and bismuth. The

higher lanthanum concentration'in this material is not surprising

13 that rare earths distribute prefer-

since it has been shown‘previously
entially to the solid phase via formation of compounds of. the type

ThLaBiy.

Inspection of the carbon steel vessel interior revealed little evi-
dence of corrosion, as shown in Figs; 6 and 7. However, some corrosion
d1d -occur on the cup that contalned the Li-Bi solution, and on thermo-

wells and sparge tubes. All of these items were constructed of thin

carbon steel. The corrosion of the Li-Bi cup occurred mainly at the

salt-hetal interface. A crack and & 5/8-in.-diem hole had developed
in the vicinitf of the interface snd had allowed a portion of the Li-Bi
solution to run'into the holder. Data from the experiment indicate :
that the hole'had de#eloped aftér about two months of operation' how-

ever, it did not cause serious difflculty since the Li-Bi solutlon was

_ contalned in the holder and did not mix Wlth the other phases in the

experiment. The lower portlons of the carbon steel sparge tubes and

~ thermowells that were in contact with the salt and bismuth phases during

the experiment are shown in Fig. 9. The sparge tubes in both the fluo-
ride salt and the LiCl compartments were severely corroded, particularly

in the area near the salt-bismuth interface. The 3/8-in.-diam tubing

was absent from the sparge tube that was removed from the fluoride salt

compartment. The sparge tube from the Li-Bi vessel and the thermowells

were less severely corroded. The corrosion observed on the carbon .

steel components is thought to be due mainly to mass transfer of'iron‘
due to a thermal gradient in the bismuth phase. Iron has a solubility
of about 80 ppm in bismuth at 6_50°C,lh and thermel gradients in the

ekperiment could cause iron to be dissolved‘in hot areas and deposited

in cold areas.
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Carbon Steel Sparge Tubes and Thermowells Removed After

Completion of Metal Transfer Experiment MTE-2,

Fig. 9.
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The carbon steel pump, which used bismuth check valves was in good
.condltlon at the completlon of the experiment Figure lO shows a view -
‘of the lower portlon of the pump after it had been sectioned to show the
b1smuth checkvvalves. Little evidence of corrosion could be found by
visual examination of.the pump. There was no apprec1able loss of bis-
muth from the check valves by its entrainment in the LiCl during the
experlment. The‘bismuth in the top check valve contained 130 ppm of Li,
less than 50 ppm of Th ‘and less than 20 ppm of La after 702 liters of
LiCl had been c1rculated through the pump. -

While carbon steel is not being considered-ae a material of con-
struction for an MSBR processing plant, it eppears to be suitable ?or
- use in experiments such as MIE-2, where a limited amount of corrésien'

is acceptsble.

-
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 Fig. 10. Lowver Portion of the Carbon Steel Pump Used in Metal
Trensfer Experiment MTE-2. The pump has been sectioned to show the
bismuth check valves. T o
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5. DEVELOPMENT OF THE METAL TRANSFER PROCESS:
AGITATOR TESTS FOR EXPERIMENT MTE-3

E. L. Youngblood =~ W. F. Schaffer, Jr.

Mechanlcal agitators will be used to promote contact of the salt
and metal phases in metal transfer experlment MTE-3, whlch is currently
being designed and.constructed._l5 The shaft seals for.the agitators must
‘be capable of operating in .a dry argon atmosphere and mustrhave a low
leakagé rate in order to preveht-air and moisture from enﬁering the exper-
'iment. Equipment has been constructed in order to testbthe shaft seal.
~ design that'is proposed for‘ﬁse in metal transfer experimént MTE-3. The
‘system will also sllow us to measure the extent ts which bismuth is
entrained in salt in a mechanically agitated system and to svaluate a
‘vapor-deposited tungsten\coating as.a mesns for protecting carbon steel

from corrosion by molten salt and bismuth.

5.1 Description of Equipment

" Figure 11 shows the ﬁest eqnipment before installatiop of the elec-
trical heaters and thermal insulation. The agitator drive assembly (shown
in Fig. 12) consisted of a 1-1/4-in.-diem steinless steel shaft held in -
positioﬁ by two ball béarings that were separated by a distance of 4 in.
After passing through the ball bearings, the shaft diemeter was reduced
to 1 in.; the shaft passed through two le—Seals (product of Bal-Seal
Engineering Co.) before enterlng the test vessel. The'seals were con-
structed of graphite-impregnated Teflon and were spring-loaded in order
to hold the sealing surface agalnst the shaft. The portion of the shaft
- that was in contact with the seals was plated with chromium and polished
tqna 10- to'l2—uin; surface that would produce‘satiéfactéry sealing.

The region. between the two seals was pressurized with argon in order to
reduce the raterof air inleakage past the seals. A b-in.-long cooling
rﬁater jacket was located below the shaft seal as & means of protecting
ﬁhe seals from damags by heat from the lower portion of the s&stem (which
operates at 650°C). A thermowell was prov1ded for measuring the temper-

ature in the vicinity of the seals.
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PHOTO 0455-71R1

- Fig. 11, Agltator Test Syst.em Used for Testing the Shai‘t Seal

"Proposed for Use in Metal Transfer Experiment MTE-3.
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Fig. 12. Agitatoi' Drive Unit and Seal Assem‘biy.
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The agltator used for the test, shown 1n Fig, 13, was machlned from
a single bar of molybdenum. The agltator shaft was 12.31 in. long and

had a diameter of 0.5 in, 'Separate. blade assemblles were located in the

‘salt and bismuth phases. Each assembly had a diameter of l 12 in. and

a height of 0.5 in.; each blade was 0.13 in. thick. The upper end of
the agitator was threaded to facilitate its attachment to the drive unit.

The vessel used to contain the salt eﬁdrbismﬁth for the agitator
test was constructed of 3-in. sched 80 carbon steel pipe (ASTM A 106
Grade B). A standard pipercep was used for the bottom of the vessel.
The overall length of the vessel was 20.8 ‘in. -Four,baffles‘(S in. long,
1/2 in. wide) were welded to the‘inside of the vessel begihning at a
point 2-1/l4 in. above the bottom of the vessel. A 1/4-in. sched 40 pipe
was attached to the side of the vessel to allow sampllng of the salt and

.bismuth phases, and a l/b-in. pipe- was attached to the bottom to allow

the salt and bismuth to drain from the vessel. The lower 10 in. of the

vessel interior was coated with tungsten in order toievaluate the effec-

tiveness of this type of coating for reducing corrosion in systems con-
ta1n1ng bismuth. ' o

In applying the tungsten coatlng, the 1n31de of the vessel was first

plated with nickel (approxlmately 1 mil thick) by electrodep051tlon. The

‘nickel layer was bonded to the vessel by ma1nta1ning the vessel in vacuum

at 800°C° for 4 hr.: Heaters were then 1nstalled on the vessel, and the

tungsten coating was vapor dep051ted from a H -WF6 m1xture.16 The temper-

"ature of the vessel varied from. about Loo to 650°C along its length

during the coating operation, consequently, the coatlng thlckness varied

from 0. OOh to 0. 020 in., with the thickest dep051t belng ‘located near
: _the bottom of the vessel.- Flgure 1h shovws a view of . the 1nter10r of the
"vessel after the coatlng had been applied. Examinetlon of the coating

w1th a8 borescope revealed no obv1ous s1gns of crecklng or: bllsterlng

1

[ The exterlor of the carbon steel vessel was spray coated with a 20-

omil leyer of nlckel aluminide in an. effort to retard air oxidation. How-

ever, before the nickel alumlnlde was epplied, half of the vessel was
first sprayed with stainless steel to determine whether,such a coating

would provide improved protectioh against oxidation. During operationm,
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S -.'F;‘i.g.'.lh. Inside of Test Vessel Showing Tungsten Costing. R
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the lower section of the vessel was heated with tubular electric heaters;
The upper section of the equipment was eQuipped with e cooling coil in
order to malntaln the shaft seal temperature at about 50°C. The agitator
was driven by a l/h-hp varlable-speed motor that was coupled dlrectly

to the drive unit.

5.2 Experimental Results

The shaft seals used in the first teSt‘uere Bal-Seal No. R30hA-
(SZ)GlQO. The agitator was'initially operated at 200 rpm- for 100 hr with
no salt or bismuth in the system. During the first SO—hr.period:therr
vessel was held at room temperature' duriug the remaining 50 hr, temper-
atures for the vessel and the seal were malntained ‘at 650°C and about
50°C respectively. Throughout the test, the. seal leakage rate was: deter- |
mined by pressurizing the region between the two seals with argon and |
measuring the rate of decrease in pressure when the argon supply was shut
‘off.. The seal leakage rate durlng the first 100 hr, as measured at 1
atm and ambient temperature, was about 3 cm3/hr. The internal pressure

in the reglon between the seals was 15 to 20 p51g inltlally.

After the initial testing of the seal, 35h9 g of purified bismuth
and 915 g of fluoride salt (72-16-12 mole %'LiF-BeFeuThFh to which 0.3
mole % LaF,

‘interface‘was located at a point about 1 in. above the lower agitator

had been added) were charged to the system. The salt-bismuth .

blades, and the'salt—ges interface was located about 1 in. aboVe:ther
upper agitator blades. During the following one-month period, the agi-
‘tator speed was increased stepwise from 150 to 750 rpm; the eeltnahd
-5ismuth pheses uere maintained at_650°C. The operating time at each
speed is summarized in Table S. - During most of theAtest period, the
seal leakage rate remained constant at about 10 cm /hr however, ‘near

'the end of this perlod it increased to greater than 100 cm /hr.

After a total operatlng perzod of 845 hr, the salt and blsmuth
were drained from the system and the seals were removed for 1n5pect10n._
The upper seal was found to be badly deter;orated, while the Teflon |
had worn through to the spring in some areas. The lower seal, although

.slightly worn, appeared to be in good condition. Evaluation of various
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Table 5. Operating Time Dﬁring Tests of
Bal-Seal No. R304A-(SZ)G120 Shaft Seals

Agitator'speed : Operating Time
(rpm) - - - (br)

No Salt or Bismuth in System |

200 S 100

Salt and Bismuth in System

150 R '_- .50

20 W8
1300 e

500 . 360
70 139

Total 845

seals was continﬁed #ithoﬁt'tﬁe’use of'salt'and bisﬁuth in the system
Short tests were made at agltator speeds of 100 to 500 rpm ‘using Bal-
Seals heving 8 light expander spring, however, these seals leaked exces-
sively and were replaced with Bal-Seals (No. R3-6A-(1.000)G) having a
moderate expander spring and & thicker cross section than the seals used
initially. The 1eakage,rate us;hg these‘seais was-setisfactory, and
testing was-continued-at”aﬁbient'temﬁerature for TOIdays ﬁsing agitator

- speeds of 150 to 300 rpm. ; Durlng the flrst 31 days of operation, the
. rate gradually 1ncreased from 0.3 cm /hr to 2 cmsjhr At that tlme,

1 cm3 of mlneral oil was injected into the region between seals to

. determine whether thlS would reduce the seal leakage rate and increase ..
" the seal life After the 011 had been injected the 1eakage rate decreased
to 0. 05 cm3/hr. During the next 2h days of operatlon, however, it grad-

-3

ually 1ncreased to 0. h cm /hr. A second 1nject10n of 1 cm of o0il between

the seals resulted in & decrease in the leakage rate. to 0 02 cm3/hr and

conflrmed that the use of oil is effectlve 1n reducing the seal leakage

rate.
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After T1 days of operation the seals were removed for inspection.
"Although both seals shoved some wear, a sufficient wall thickness remained
to allow a Eonsiderably longer operating time, Based On‘these'teét. )
results, itiwas determihedrthat this type of seal is'accéptable for use

in metal transfer experiment MTE-3.

At intervals thfoughout the period during which salt and bismuth
were present in the system, unfiltered‘samples.of the séli'phasé were
- taken to determiné the exteﬁt of bismuth entrainment in the salt. Also,
unfiltered bismuth samples were takeh'fdr nickel and iron analyses in
‘order to determine whether the tungsten coating was intact. During the
test, the bismuth content of the salt increased from 8 ppm to 101 ppm
as shoﬁn'in Table 6; however, there was no indiéation:that'large quan-
tities of bismuth were beiﬁg ehtrained in-the salt. The purified biémuth
charged to the experiment contained 10 ppm of iron and less than 20 ppm
of nickel. During the test the concentration of nickel in the bismuth
* inereaseéd to about 1000 ppm (shown in Table 6), which indicated that
the bismuth had penetrated the tungsten coeting. The.cohcentration of
iron iﬁ the bismth phase increased  from 20 ppm to 50 ppm (the approx-
imate solubility of iron in bismuth at 650°C dufing the fest. The tungsten
and molybdenum concentrations in the bismuth remained below 20 ppm and '

10 ppm, respectively, throughout the test..

After completion.of the agitator test, the equipmenﬁ was disassembled
for inspectidn (see Fig. 15). During operation; the vessel and agitatorv
~had been maintained at 500 to 650°C for a period of-1150 hr, and salt and
.bismnth hdd been present in the Systemrfor 1005 hr.' Visual examinétioh
revealed no evidence of corrosion. ‘The'portion-df the agitator submerged
in the bismuth phase had been wet by the bismuth. Also, drbplets of salt

and bismuth could be seen clinging to the agitator shaft at points above
| the salt surface; The upﬁer'portions of the shaft and the drive unit
were covéred;withua black maferial-that may hﬁve formed asufhe résult
of decompoéition of oil from the shaft seal;. :

The tungsten coafing on the inside of the vessel was examined_by

7

members of the Metals and Ceramics Division.’ The nickel plate and tung-

sten coating were found to be intact and adherent in two samples taken
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‘TableFG;' Anslyses of Salt and Bismuth Samples™
: Taken During the MTE-3 Agitator Test

L]

Max. Agitator Bismuth Conc. | " 'Nickel Conec.

Operafingg : Iron Conc.
TimeD ‘Speed - in Salt Phase - in Bi Phase in Bi Phase
(hr) (rpm) (ppm) - - - (ppm) (ppm)

(CHE 200 8 500 20
gV i L -
b1k s00 39 500 30
102 50

750 o 101 1000

Sa11 samples were uhfilfered

b'I'he agitator had been operated continuously for at least 2h hr at the indicated .

speed before salt and metal phase samples were taken.

£f



Fig. 15. Agitator After Completion of Test.
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from the main vessel. However, cracks in the coatlng were noted in

several places, and there was ev1dence thet ‘bismuth had penetrated

Athese cracks and had attacked the nickel substrate.' The cracks are

thought to be the result of thermal cycllng since the coefficients of
thermal expan51on of the tungsten coatlng and iron vessel are consid-
erablyrdlfferent.r In samples taken from the 1/4-in. drain line at the
bottdmrof the vessel, the tungsten eoeting was not in contact with the
metal substrate and the nickel layer was absent. ‘The carbon steel was
also attacked to a depth of about 2 mlls in that area. Although the

nickel and tungsten coatlngs were_fairly adherent in the 1/k-in. sample

- line attached to the side of the vessel, numerous cracks were found in

the tungsten coating. It was concluded from examlnatlon of the vessel
that complete protectlon of a vessel of this type from exposure to bls—
muth by tungsten coatlng wlll be difficult bécause of the tendency of
such e_c0eting to crack, Howevef,.although eonsiderable dissolution
of the.nickel coating had‘becurred,latteek on the carbon steel base

metel ﬁas,relatively minor in the'samples exemined.

- The nickel aluminide coating on the exterior bf the vessel appeared

to be in’good condition’after the teet' however, the vessel was not held

at elevated temperature for a sufflclently long perlod to determine

whether the use of the stainless steel coatlng under the nlckel aluminide

on half of the vessel was beneficial.
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‘6. DISTRIBUTION OF RADIUM BETWEEN LiCl AND Li-Bi SOLUTIONS

E. L. Youngblood L. E. McNeese

Redium is present at tracer levels in me'tall. transfer process experi-
ments as & decay product of thorium. Radium would be. expebt_ed. to have
distribution characteristics similar to those for divalent‘r"a:‘"e.—:ea.rth
fission products (Sm and Eu) and alkeline-earth fission i:rqducté (Sr end

Ba). Thus, it is of interest to obtain information concerning the behavior

of raedium in metal transfer systems.

Date relative to the diétribution of radium between molten LiCl and
“lithium-bismuth solutions conté.in:lng from 13 to 35 mole % lithium, obtained

~during metel transfer experiment MTE-2, were reported p::'ev:].ow.zsly.l2 After

the completion of metal transfer experizxient MIE-2, & jportﬁ‘.pn of the Li-Bi
solution from the experiment ('contaj.ining redium) was diluted with bismuth
and contacted with purified LiCl st 650°C in order to' obtein sdditional
distri'but‘ion date for radium et lower concentretions of lithium in bismuth.

These date ere discussed in the remsinder of this sect:‘Lon',

6.1 Descript:_[bn of Equip_mént

The distribution coefficient méasurements were made in la 12-in.-high
vessel constructed of 2-1/8-in.-diem carbon steel tubing. A thermowell
.and & gas-lift sparge tube, a.iso copstructed of carbon steel, were installed
in”'the vessel for temperature measurement and for contacting the salt and
metal phases. Thé carbon steel vessel conta.ining the LiCl and Li-Bi phases
‘was enclosed in a heated, 4-in,-diem steinless steel vessel which was
“mainteined under an argon a.tmosphere. Samples of the salt and metsl phases
could be teken by the method described ]grev"lw.sly.:I'8 Before the LiCl and
- the Li-Bi solution contzining radium were charged to the system;.the
7 éa;cbon steel vessel and bismuth were contacted with 'hydrogen- at 650°C for
© 12 hr to remove oxide impurities. The LiCl vas purified in & separate
vessel bjr contact with bisﬁuth that had been saturated with thorium at
= 650°C. '
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- by the Ac after & decay period . of about 24 hr to ensure that the

W7o

Initially, 272. L g of Ll-Bl solution from metal transfer experlment
MTE-2 was charged to the system along with h8h 0 g of purified bismuth
and 97.0 g of purified LiCl. The system was then‘heated to 650°C and

maintained at that temperature during the subseqdentrqperations. Semples

' were taken periodically‘of”the LiCl and Li-Bi phases for determination

of the radium concentrations in the phases. The radiﬁm content of the

samples was determlned by counting the 0.9-MeV gamma radiation emitted
228 228

228

(half—llfe, 6. 13 hr) was in secular equllibrlum with the Ra.

6.2 Experimeﬁtal Results

~ Semples of the LiCl and Li-Bi phases were taken 23 hr and T0 hr
after the temperature of the system had reached €50°C. The concentration

of lithium in the Li-Bi solution was then lowered by the addition of

193.0 g of purified bismuth, and additional measurements were made over

. & period of 408 hr. Distributlon coefficlents vere calculated from the

data obtained. "The results are given in Table T

In previous studies of the distribution of materlals between fluorldes,

19,20

chlorides or bromldes, and bismuth solutlons, Ferrls et al. have

determlned that dlstrlbution coefflcient data can be correlated in terms

,Of the llthium concentration in the bismuth phase accordlng to the follOW1ng

relatlon o
L 10g D, =;Wn,l?6_ P tieRe (5}
vhere . _ B e o : ) .
DM‘ =_:dlstr1bution ratlo for material
_ SE XM(Bl)/XM(salt)’r _ _
"XM(Bi) ='4concentrat10n of materlal M in bismuth phase, mole. fractlon,
i Xﬁ(sﬁlt)r.; concentratlon_of hal;de of-materlal M;ln hallde salt, mole
i . fraction, o ' o
: n“¥=>‘valence of material M in halide. salt .
Dy = dlstribution coefficlent for 1ith1um,,.'

RY

‘constant dependent on materlal M.

* : . . .
Distribution coefficient is defined as the ratio of the mole fraction of

~radium in the metal phase to the mole fractlon in the salt phase at
equllibrlum . :




Table 7. Data for Radium Distribution Between LiCl and
R Lithium-Bismuth Solutions at 650°C

Equilibration

Raedium Content

Lithium Conec. Tic1 : TI-BL

Time in Bismuth Phase Phase - Phase Distribution
(hr) (mole fraction) (counts min-1 g'l) (counts min~1 g-1) Coefficient
23 0.05 ol,0 76k 0.15
70 - 0.049 19.6 _ 803 - 0.12
| 193.0 g of bismuth added to the Li-Bi phase o
96 0.032 | 2.2 . 736 0.08
239 © 0.035 13.0 | . T8Y 10.08
408 - 0.035 2.8 : 821 0.07"
( ) o (N\,
v 5 m . ‘

8t
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‘where

L9

Thus, at a giveh temperature, a plot of the logarithm of the distribution

coefficient for radium vs the 1ogarithm of the mole fraction of lithium
in the bismuth phase should give a straight line having a\slope equal
to the valence of radium in the LiCl phase. Figure 16 shows radium dis-

'trlbutlon data from thls experiment and previously reported data from

metal transfer experiment MTE-2, along with the line having a slope of "

72-that best fits the data. It is seen that'the distribution data'can be

correlated quite satisfactorlly by assuming that radium is divalent in-
the LlCl phase.

It should be noted that only about 30% of the distribution data from
metal transfer experiment MIE-2 is based on LiCi samples taken from the
Li-Bi alloy container, while the remainder is-bssed on samples taken from
the main LiCl pool. We:Believe thaﬁ the LiCl and Li—Bi'phases in the Li-Bi
container were essentially at equlllbrlum at all tlmes ‘however, during
the early stages of the experlment the main LlCl pool and the Ll—Bl phase
would not have been at equilidbrium with respect to the dlstrlbut1on of
radium. For this reason, the data based on LiCl samples from the Li-Bi
alloy container and from the main LiCl pool during the latter part of
the experiment were weighted more hea#ily in correlating the information
than data based on LiCl samples taken'from the main‘LiCl pool early in
the experimeﬁt. The distribution COeffieient date'for radium at 650°C'
in the LiCl--Li-Bi system can be represented by the following relation:

D

s VNLi._V

radium distrlbutiOn coefflcient and

the mole fractlon of 11th1um in the blsmuth phase.

A comparlson of the relatlon summar121ng the radlum dlstrlbutlon data
20,21

',fand prev1ously reported dlstrlbutlon data _ for Sm, Eu Ba, and Sr is
”'r;jshown in Fig. 17. As expected the distribution characterlstlcs for
jradlum are quite 51milar to those of the dlvalent rare-earth and alkallne—
;; earth fission products, in fact the data for radium and barium are almost
- identical. '
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7. DEVELOPMENT OF MECHANICALLY AGITATED SALT-METAL CONTACTORS

H. 0. Weeren . L. E. McNeese

As reported previously,22 a program;has been initiated for the develop-
ment of mechanically agitated salt-metal contactors as an alternative to
packed column contactors presently under consideration for MSBR processing
systems. After brief experimentation with several cdntactor types using
mercury and agueous solﬁtions, it was decided that the Lewis type contac-
tor23’2h has the greatest potential for achieving acceptable mass transfer
rates with minimum dispersion of the salt and metal phases. This is an
important factor since entrainment of bismuth in processed fuel salt that
‘is returﬁéd to the reactér cannot be tolerated. The Lewis contactor has
two agitators — one. in the salt phase and one in the bismuth phase — that
are located well away from the salt-metal interface. These agitators
. are operated in & menner such that the phases are mixéd as vigorously as

possible without dispersing one in the other.

A review of the 1iﬁerature23 revealed the existence of considerable
data concerning mass transfer coefficients in equeous-organic systems in
Lewis cell cdntactbrs having agitator diemeters of 2 to 4 in. and indicated
that the mass transfer coefficient is strongly dependént on both-the speed
‘and the diameter of the agitator. However, before Lewis cell contact0£s
_ can be designed ahd evaluated for salt-metal systems, it will be necessary
to obtain data for larger contéctbrs, as well as hydrodynamic and mass
transfer rate data for systems having phy51cal properties that more closely
resemble the salt-bismuth system.’

During this report period, data were obtained on (1) the maximum
agitator speed that can be used with a mercury-water system before entrain-
ment of water in the mercury is observed, and (2) the rate of circulation
of meréurf between the two compartments of a stirred-interface contactor
of the type(being considered for the metal transfer procéss.l5 Results

from these studies are summarized in the remainder of this section.
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T.1- Studies for Determination of Limiting Agitator Speeds '

Preliminary tests were carried out in contactors of several sizes

and .with different agitator configurations in order to determine the

factors that will limit the agitator speed in stirred-interface contactors.
The contactors used in these tests contained two compartments and were

of the type shownrschematicaliy in Fig. 18. Aqueous solutions and mercury
or a low-melting alloy were used to simulate molten salt and bismuth
during the studies. It was found that the common factor that limited

the agitatof‘speed.was the transfer of water between the two compartments

_via entrainment in the circulating metal phase. For a given contactor

and agitator configuration, this'phenOmenon was found to begin at a defi-
nite agitator speed below this speed no entralnment was observed The
tests were carried out in compartmented cyllndrlcal contactors having
diameters of 5. 5 and 10 1n. and in a compartmented rectangular contactor
measuring 12 x 24 in., In each case, the vessel contained no baffles and
a single fourAbladed paddle was used 1n the metal phase on one 51de of

the contactor.

The limiting agitator speed Was found to be eseentlally independent
of the 51ze and shape of the contactor vessel but strongly dependent on
the diameter of the agltator. Data obtained during these studies are
summarlzed in Fig. 19, where 1t is seen that the allowable agitator speed
is inversely proportlonal to the 1. h3 power of the agltator diameter.

h’ 5 1nd1cates that the mass transfer coeffi=-

Since the Lewis correlatlon
c1ent is dependent on the agltator diameter to the 3.7 power, it appears
that at speeds sllghtly below the 11m1t1ng agltator speed the mass transfer
coefficient will be dependent on the agltator dlameter to the 0. 9k power.

Thus, 1t should be advantageous to operate a contactorfhavzng the largest

*possible agltator diameter.

It should be noted that the data shown in Flg. 19 are valid only for

the operating condltlons under which they were,obtained, ‘The use of

baffles, canted agitator blades rather than straight bledes, an agitator

on each side of a contactor, or other changes in the cell design could

make a considerable difference in the limiting agitator speed. The
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following observations rélative to this point were noted during the
studies: - .

(1) The limiting agitator speed was relatively independent of
the vertical position of the paddle in the'mergpry phase as
long as the paddle was'iocated well below,the mércury;water
interface. However, when the paddle was located near the

,interface;_the limiting speed was decreased appréciably,

(2) The limiting agitator speed was appreciably ﬁighef whéﬁ the
. bismuth phaée in each compartment .of the contactor was agitated

than when the bismuth in only one compartment ﬁas agitatéd.

| For example, the difference.in limifing agitatér speeds for

& 3-in.-diam agitator blade was sbout 60 rpm. The limiting

agitator speed was esséntiallj wnaffected by thé degfee of

agitation of the aqueous phase.

(3) The size of the opening below the'pértitiqn that separated
the two contactor compartments could be increased from 0.25 in.
to 0.75 in.‘ﬁithout appfeéiablj affecting the limiting agitator
speed. On the other hand, the limiﬁing agitator speed was
reduced considerably as the separation distance was increased

above 0.75 in.

(L) The use of baffles or the location of the sgitator at an off-
center position increased the limiting agitator speed. This
éffe_ct was more important with small-diameter agitators, where
the variation in limiting agitator speed was sbout 30%, then
with large-diemeter agitators, where the difference was only
about 10%. . |

(5) WVhen the agitator blades were canted rather than being vertical
and when the direction of rotation was such that the agitator
lifted the mercury phase, a considerably higher agitator speed
could be attained without entrainment of water bétweenlthe two
compartments of the contéctor. The limitiﬁg3agitatof speed
under these conditions was sbout twice that shown in Fig. 19

for both-1.5- and 3-in.-diam agitators, but was only sbout

73
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10% higher then the value shown for & 9-in.-diam agitator.
'Theflimiting agitator speed was found to be affected signif-
jcantly and unpredictably by baffles in the contactor.

A tesfywas'carried oufiusingva'lowemeltisg alloy (Cerrolow 105) and
vater in'a heated contactor'haVing'a diameter of 5.5 in in order to
determlne the. effect of changes in the propertles of the llquld phases'
on the ‘contactor performance. The alloy (42,9-21.7-8.0-5.0-18.3-4.0 wt
% Bi-Pb-8n-Cd-In-Hg) has a specific gravity of 8.1 and a liquidus tem-
peratureUOf,about'38°C. ‘At an operating temperature of 60°C, the limiting
- agitator speed was essentiaily‘identical to the limiting speed observed
'withjthe mercuryfweter system.“Thusg*it appears thet the limiting agitator
speed is not highly dependent on the difference in densities of the two
1iqﬁid'phases. 'This observation’increases our confideﬁce in predicting
the performance of a bismuth-salt system at 650°C by extrapolating data

obtalned with a mercuryawater system

It was concluded that these data constltute sufflclent information
for designing the salt—metal contactor for experlment MTE-3 and for
suggestlng the llmltlng agltator speed to be used wlth molten salt and
'blsmuth in the contactor at 650°C. Tt 1s believed that entrainment of
salt in the blsmuth will oceur . at essentlally the same agitator speed
‘as was observed with the mercury—water system (300 rpm) and that experi-
ment MI'E-3- should be operaied 1n1tlally W1th agltator speeds well below

"this value.

7 2 Determlnatlon of Metal Flow Rate Across Contactor Partltlon

Proper operation of the salt-metal contactor proposed for use with

: metal transfer experlment MTE-3 w111 requlre a blsmuth 01rculat10n rate
'j-of 0. 5 llter/mln or’ hlgher between the two perts of the contactor. - Two
" tests were carried out w1th agitator speeds of 195 rpm -to obtain data

}rfrelatlve to this poxnt.‘am___o?

~In the flrst test the agltator consisted of a fouerladed paddle
having vertlcal blades, in the second test the blades Were canted at

45° in a manner such that the mercury was llfted toward the metal surface.
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Duriﬂg each test, only ohe sidetqf the cohtactor cell wes agitated.' The
experimental technique consisted of temporarily preventing'circulatibn- -
of mercury between the two halves of the contactor, establishing a temper-

ature diffetrential between the mercury pools in the two compartments, and

14

allowing resumption of the circulation of metal between the compartments.
The rate of change of the temperature of the mereury in one compartment
was then measured in order to determine the rate of mercury flow between
the compartments. Results of previous tests had shown that the rate of
cenductive heat transfer across the contactor pertition end the rate of
ﬁeat loss to the surroundings were negligible as compared with the rate

of convective heat transfer resulting from circulation of the mercury phase

' between the two compartments.

A mathematical analysis was carried out to aid in imterpretation of
the experlmental measurements made for the purpose of determlnlng the '
rate of flow of mercury between the two contactor compartments. In

making the ahalysis,-the following assumptions were made:
(1) Only mercury is present in the contactor.
(2) Equal quantities of mercury are present in the two compartments.

(3) The mercury in compartment 1 is initially at temperature Ty

and the temperature in compartment 2 is at temperature TL.

(4) Mercury circulates between the two:cempartments at a constant

. rate.
A heat balance on the mercury in compartment 1 yields the relation

- ary :
| Ve TS ch T, = FoC s o . (7)
where

V = volume of mercury in each compartment , cm3,

p = density of mercury, g/cm s S : . _"'- : e
Cp = heat capacity of mercury, cal/g-° ' _
Tl = temperature of mercury in compertment 1 at time ¢, °C, _ ' .
T2 = temperature of mercury in compartment 2 at time t, °C, ' ,

t = time, sec, : - . ' \EHJ.

F = mercury flow rate, g/sec. ' o : ‘
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‘Since the rate at which heat is exchanged with the surroundings is negli-

gible, & heat balance on the mercury in both compartments yields the
relation '

+‘ A = : ' ' ’
. VpCpTl | VpCpT2 j‘VOCPTH +_Vpcp?L' , , (8)

' Combination of Eqs. (7) and (8) yields the relation

LA |
| Frate 7 Ty * Ty, - 2T, ) ' _(9)
- which has the solution |
ety = Ty = Tp- 'ZTFt -
T =e . , (10)
H "L ‘ ‘

The first test was carrled out u51ng a 3-in.-diam stralghtAbladed

paddle on only one 51de of the contactor. The paddle was located 0.75 in.

from the bottom of the contactor vessel and was operated at the speed of

195 rpm. The_mercury.in one side of the contactor was heated to 30.5°C,

and the mercury in the other'compartment was cooled to 26°C. Seven seconds
after the flow of mercury vas resumed, the temperature of the mercury in
the heated side of the contactor had decreased to 29°C. The resulting
mercury flow rate, calculated from Eq. (), for this- condition was 19. 3

11ters/min. The estimated uncertainty in this value is *60%.

The second: test was carrled out in the same vessel under similar
cond1t10ns except that the blades of the agitator were cented at 45°,

= One sade of the contactor was heated to 32.5°C, and the other was cooled
‘fter29 590, Twelve eecdndé~after'fIGW'mas resumed ‘fhe ‘mercury in the
'fheated side appeared to have reached the equlllbrlum temperature. A
'mercury flow rate of 1.2 llters/mln was celculated on this basis, how-

'd.ever the estlmated uncertalnty in this value 1s large.

”'f7.3‘-Conclusions

It is concluded that snff1c1ent data are avallable to establlsh the

,deS1gn of the proposed contactor for metal transfer experlment MTE—3 and

to suggest approprlate operatlng llmlts with salt-bismuth systems at
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650°C. Mass transfer coefficients remain to be determined under conditions
that more closely resemble a salt-metal system; however, the hydrodynamic

pefformance of stirred interface contactors is now partially understood.

“For a given*vessel size, the meximum degree of agitation'(éhd'hence the

highest mass traﬁsfer rates) can be obtained by using the\largeét practical -

agitator blade, canted agitator blades, and no baffles. For such a

_vessel, the degree of agitation that can be achieved will be limited by

carry-over of the light phase between the contactor combartments. Carry-
over will probebly occur in the salt-bismuth system at the approximate
agifator speed observed with the mercury-water system (300 rpm). There-

~ fore, agitatbr speeds well below this value should be usedrihitially for

metal transfer experiment MTE-3.

[
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8. ANALYSIS OF MULTICOMPONENT MASS TRANSFER BETWEEN
MOLTEN SALTS AND LIQUID BISMUTH DURING
COUNTERCURRENT FLOW IN PACKED COLUMNS

C. P. Tung * Jd. S. Watson

Reductive ektraction; an_impertant operation in the removal of prot-

actinium and rare earths from MSBR fuel salt, involves the exChange of

metal ions in the salt phase with neutral (reduced) metal atoms in the -

bismuth‘phase, 'Since no net electric current flows between the salt -
and metal phases, the rate at which metal ions are reduced must equal
the rate atrwhich metal atoms are oxidized (taking into consideration
differences in the charges of the ions involved) In the bismuth phase,
the fluxes of the transferrlng atoms are dependent only on concentratlon
gradients. In the salt phase however, electrlc potential gradlents are
generated near the salt-metal interface as the result of differences in
the mobllltles and/or charges of :the various diffusing ions. This
results 1n & condltion where the fluxes of the transferring ions are
dependent on both concentratlon gradlents and electric potentlal gradi-
ents. These effects greatly compllcate the mass transfer process and
make dlfflcult the design of continuous (dlfferentlal) reductive extrac-

25

tion columns. We have previously™ - carried out a mathematical analysis
of mass transfer during reductlve extraction processes to aid in under-
standing the results from present and proposed experiments in packed

columns and'tc aid in using these data for design of larger reductive

7ertraction systems.v'Duringnthisureport period calculatiens were com-
'ipleted for both. blnary &and: multlcomponent mass transfer preparatory to

"_:;determlnlng the” condltlons under which the presermnce of an electrlc

potent1al gradient s1gn1f1cant1y alters the mass transfer rate. In the

remalnder of this sectlon,rexamples are glven for cases that represent

f'elther molten-salt~—bismuth or aqueous-organlc systems.:

8.1. Mathematical Models .
The,mathematicaldmodeldbeing conéidered represents a modification of

the'two—filmAmodel'frequently'used for solvent extraction applications.

¥Present address: Instltute of Nuclear Energy Research P 0. Box No. 3,
Lung—tan Talwan Republlc of Chlna.
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One liquid phase is considered to be an electrolyte (molten salt or an
aqueous solutlon), while the other is con51dered to be a solvent (blsmuth
‘or an organlc phase). The behavior of- materlals 1n the solvent phase is
similar in the two cases in that the transferrlng-components are assumed
to be present in an uncharged or neutral state. However, the behavior of
materials in the eleCtrolyte phase differs for the two_cesee. In repre-

senting a molten salt, it was essumed-that the concentratioﬁ'of»electro—

lyte coione (ions which have a charge opposite to that of the transferring

iQnS) isrconstant throughout the electrolyte phase since the equivalent
volumes bfrthe fluorides or chlorides of interest are essentially equél.
In representlng an aqueous phase, it was. assumed that the concentration
of coions varies across the electrolyte film adjacent to the- solvent-
electrolyte interface. In each case, there was no net transfer of coions

across the solvent-electrolyte interface.

As shown previously,QS-the_rates'at which components transfer bet-

ween an aqueous phase and an organic phase are defined by the relations

D A
, = -Si - '
Y51 =5, Coir " %) | (11)
: : ZiceiF : R '
| Jei = — Dy [érad Coi * —gp — erad ¢], ] , (12)
ey =91 o | | | (13)
NJ.% =~ Jd.% =0, ' , (1k)
(el "1 Tsi i - 7
i i
ei sr z, /Z : '
si Ver

[

(X}
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, e ‘ L. Dei .
' o : 2 2 :
i _ :2 >.Z1 Cei + 7 Cy
i

where

J = flux of transferrlng component

D= dlffus1on coeff1c1ent of transferring component

§ = thlckness of solvent or electrolyte film adjaCent to solvent-
electrolyte 1nterface,

‘C'= concentratlon of- component in solvent or electrolyte,

Cc,, = concentratlon of component i in the solvent phese,'

Cc .. = concentratlon of component i in the solVent phase at the solvent-
A 7 electrolyte 1nterface, '

- valence (electrie charge) of ion,

= electrlc potentlal 1n electrolyte fllm,

= Faraday constant

gas constant, »

=_absolute temperature and

‘= equilibrium constant.

o B W ™ e N
i

The subscrlpt i refers to.the. 1th transferrlng component the sub-
scr1pt r refers to a reference transferrlng component ‘and the subscripts

e and 8 denote the electrolyte and solvent phases respectlvely.

Simllarly, the rates at whlch components transfer between a molten

.:salt and a blsmuth phase are deflned by Eqs. (1)- (5), and the relation

-r-——el . Z. =
e .

: gT grad ¢ = — . . 't l:?—: S an

In presentlng the- calculated mass transfer rate data for the molten-

salt——blsmuth and the aqueous-organic systems, the transfer rates will
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be normalized to the transfer rate that would be observed under the same
conditions in the absence of electric potentlal effects. The rates at .
.whlch components transfer between an electrolyte and a solvent phase in
the absence of electric potential effects are defined by Egs. (1)-(5)
and the. follow1ng relatlon.

J.==D, grad C . . ‘ - {(18)
ei el ei : _

8.2 Calculated Mass Transfer Rates for the Case of Binary
Exchange with Uniform Bulk Concentrations

The extent to which an electric potential gradlent'aiters the rates
at which compoaents transfer between electrolyte and solvent phases -
_ having uniform bulk concentrations depends upon (1) the valences of the
.transferrlng and nontransferrlng ions in the electrolyte phase, (2) the
diffusion coefficients of the transferrlng components in the electrolyte
and solvent phases, (3) the resistance to transfer of components through .
the electrolyte and solvent films adjacent to the electrolyte;solvent
‘interface, (4) the equilibrium constants for the transferring components,
(5) the relative concentrations of the transferring components in the
electrolyte and solvent phases, (6) the concentration of nontransferring
ions in the electrolyte phase, and (7) the behavior of the nontransferring

ions.

Because of the large number of variables involved, it is not possi-
ble to portray in & simple manner the complete solution to the’set of
‘equations that defines the effect of the electric potential'grsdient on
the rates at which components transfer between the electrolyte and sol-
vent phases. Instead, results for selected cases involving two trans-
ferring components will be given in order to show the importance of the
various factors. In each case, the rate at which a comﬁonent transfers -
between a solvent and an aqﬁeouS'or molten salt phase in the presence of
en'electric potential gradient will_be compared to the rate et which the
component would transfer in the absence of an electric potential gradient.
- In the remainder ofvthis chapter, the term relative flux value (RFV) will .

be used to denote the ratio of the‘flux of a transfefring component - in

“

18
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the presence of an electrlc potentlal gradlent to the flux in the sbsence.

 of an electric potential gradient

In all cases involving binary. exchange w1th unlf.‘orm bulk concentra- -
t1ons, the valences of the transferrlng and nontransferring ions were
-assumed to be unity. The concentrations of components 1 and 2 in the
solvent phase were assumed to be 0.1 and 0.05 g-mole/cm3, respectively,
and the concentratlons of . components 1 and 2 in the electrolyte phase

‘were assumed to be 0.05 and 0.01 g-mole/cm3.

8.2.1 Effect of lefusion Coeff1c1ents of" Transferring Tons in Electro-
' lyte Phase

The effect of the diffusion coefficients of the transferring ions

in the electrolyte phase durlng blnary exchange is shown in Fig. 20,
_where the RFV (for elther component) is given as a funct1on of the ratio

~of the diffusion coefficient of component 1l in the electrolyte phase to

. the diffusion coefficient of component 2.1in the electrolyte phase, In

obtaining these results, the equilibrium constant was assumed to be
‘unity, and the- thickness of the solvent film was assumed to be negligible
(negllglble re51stance to transfer in the solvent film). It should be
;noted that the RFV is affected by the relative values of the diffusion
coefflcients for the transferrlng species except»in the case where the
diffu51on coefflcients (as well as the valences) are equal. The effect
of an electrlc potentlal gradlent on the mass transfer rate is greater
. in the case of a ‘uniform concentration of c01ons 1n the electrolyte

phase (molten salt solution)vthan for the-case of a nonuniform concen-

'-.tration of coions in the electrolyte phase (aqueous solution) because

the moblle c01ons in the aqueous electrolyte distribute 8cross the

_ 'electrolyte film in e manner. whlch suppresses or reduces the effect

l-lof the electric potential gradient. If the ratio of the diffuslon _
gcaefflcient for component l to that of" component 2 1is 0. 25, ‘neglect -of

i-’the effect of an electrlc potential gradient would result in errors in

the calculated mass transfer rate. of 23 and 50% for. aqueous and molten‘

salt electrolyte phases respectively
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Fig. 20. Effect on Relative Values of Diffusion Coefficients for
~ Transferring Ions in Electrolyte Phase on Relative Flux Value. The
resistance to mass transfer in the solvent phase was negllgible (zero
film thickness in solvent phase).

[



”»

61

8.2.2 " Effect of Ind1v1dual Mass ‘Transfer Coefficient in Electrolyte
Phase

The effect of the ind1v1dual mass transfer coeff1c1ent in the elec—
trolyte phase is shown 1n Flg. Ql,where the RFV (for gither component) is

given as a‘functlon of,the ratio of the 1nd1vidualvmass transfer coeffi~

cient for component'l invthe electrolyte phase to the individual mass

”transfer coefficient of component 2 in the electrolyte phase. ‘The mass

transfer coefficients for components 1 and 2 in the solvent phase were
assumed to be equal to the mass transfer coefficient of component 2 in
the electrolyte phase. The equllibrium constant was assumed to be unity.
The error: caused by neglect of the effect of an. electrlc potentlal gra=-

dlent is greater 1n the case of the molten salt. electrolyte than 1n the

case of an aqueous electrolyte and becomes 31gn1f1cant for the case where
- the 1nd1v1dual mass transfer coefflclent for component 1 in the: electro~

‘lyte phase is small relatlve to the other 1ndividual mass transfer coef-

ficient values.

8 2. 3 Effect of Ind1v1dual Mass Transfer Coefficient in Solvent Phase

The effect of the 1nd1v1dual mass transfer coefficient 1n the sol-

vent phase is shown in F1g.,22 where the RFV (for either component) is

.glven ag a functlon of the ratio of the individual mass transfer coef-

f1c1ent for component 1 or 2 in the solvent phase. (assumed to be equal)

" to the :Lnd:l.vidua.l mass tra.nsfer coefflclent for component 2 in the

':electrolyte phase. In obtalnlng these results, 1t was assumed that the

V.equ1llbr1um constant was. unity and that the ratio of the 1nd1v1dual mass:
'Vi'transfer coeff1c1ent for'component 1'in the electrolyte phase to that

for component 2.was equal to 5

When the transfer coeff1c1ent in the solvent fllm 1s very h1gh, as

5_ on the rlght 51de of Fig. 22 the transfer rate is controlled by the
"re51stance in the electrolyte fllm As 1n the earller cases, the effects
) _of an electrlc potentlal gradlent are more evxdent in the case of a

-molten salt electrolyte than 1n the case of an aqueous electrolyte. At

very high values of the solvent f11m transfer coefficient, mass transfer

resistance is solely‘in.the'Electrolyte film, and the influence of an
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mass transfer coefficients in the solvent phase were assumed to be equal.
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component 1 to that for component 2 was assumed to be 5.
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electric-potentiai gradient approaches an asymptotic value. As the sol-
vent phase transfer coefficient decreases, the effects of electric fields
decrease since the fransfer‘rate is no longer.controlled by tﬁe electro-
lyte fiim. Eventually, for very low values of the solvent film transfer
coefficient (left side of.Fig. 22), the tfansfer rate is conﬁrolled by
the film resistance in the solvent and is not 51gn1f1cantly affected by

electrlc fields.

.2 4 Effect of Equilibrium Constant

The effect of the equlllbrlum constant on the RFV is shown in Fig.
23. 1In obtaining these results, it was assumed that the individual mass
transfer coefficients in the solvent phaQe were equal to the individual
' mass transfer coefficient fér component 2 in the electrolyte phase. It
was also assumed'that the individual mass transfer coefficient.for com- |
ponent 2 in the electrolyte phaée was five times that for‘component 1. “
Changes in the equilibrium constant result in changes in the interfacial
concentrations in both phases. For very small values for the equilibrium
constant, the equilibrium concentrations of the transferring species on
the solvent side of the interface become small relative to the concen-
trations on the electrolyte sidé of the interface. 1In this case, the
resistance to transfer between the phases is pfincipally in the solvent
fihm;theelectfic potential gradient has essentially no effect, ‘as shown
in the left-hand portion of Fig. 23. For high values of the equlllbrlum
constant the prlmary resistance to mass transfer is in the electrolyte

» film and the effect of the electric potential gradient becomes important.

8.2.5 Effect of Concentration of Nontransferring Ions in' the Electrolyte

Phase

The effect of the concentratidn 6f nontransferring ions in‘the elec-
trolyte phase/dﬁring‘binary exchange is shown in Fig. 24, where the RFVf
is given as a function of the fraction of the eléctrolyte concentration
that cannot exchange between th¢ phases. In ﬁaking these calcplations,
the bulk concentrations of the transferring ions in the.electrolyte éha

solvent phases remained constant at the values given earlier, and the

Ly
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bulk concentration of a nontransferring component'in the electrolyte

phase was varied in a ‘manner whlch.produced nontransferrlng ion fraction

values ranging from 0 to 0.5. The valence of the nontransferrlng ion

was +1. ‘As in the case of the 001on,rthe value of the diffusion coef-
ficient of the nontransferring ion ie unimportant. 'The nontransferring
ion beheves as a supporting electrolyte (as does the coion) and suppresses

the effect of the electric potential gradient.

As shown in Fig. 24, the RFV value decreases steadily as the con-

centration of the nontrensferring ion (relative to the total electrolyte

,concentration) is increased. As in the earlier casee,‘the effect of the

electric potential gradient is more pronounced in the case where the
electrolyte is a molten salt solutlon than in the case where the electro-

lyte is an aqueous solutlon.

8.3 Calculated Mass Transfer Rates in an Extraction
- Column Having Nonuniform Bulk Concentrations
» The rates at which components trensfer between the solvent and
electrolyte phases in a pecked column involve meny‘independent variables,
and no attempt.will be madejto show the effect of each of these varia-
bles. Instead, results will?be preSented for two operating conditions.
The first is a simple binary exchange process in4Which the electrolyte

that enters one end of the column contalns component 1 but not compo-

‘nent 2, whlle the solvent that enters the opposite end of the column

contalns component 2 but-not component 1. Results are presented for
the cases of an aqueous electrolyte'and'a molten salt electrolyte, and

for the case‘where‘there is no effect of an electric potential gradient.

The second operating- condltlon con31dered corresponds to an‘ actual

reducthe extraction operation involving a molten fluorlde mlxture and

v llqu1d ‘bismuth containing reductant. ‘In thls case, four cations are

et h 3+ ) + L+

con51dered (Ll 5 Be~ Th s and H ! However, only Li y Th" , and

L U3 are allowed to transfer between the electrolyte and solvent phases.

Results are presented for the cese where the electrolyte is-a 'molten

salt and for the case Where there is no effect of an electrlc potent1al

. gradient.
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8.3.1 Binary Exchange

Table 8 shows the operating conditions for the case Of-binery
,'exchenge'in'a packed column. ' The valences of theitranSferring ions and
the coion were assumed to be unity. The equilibrium constant for the *
transferring ions was assumed to be unity. It was assnmed that the

column was of such length that the total 1nterfaclal ares between the

_solvent and electrolyte phases was’ 2000 cm2.

Table 8. Operating Conditionsifor the Case of
Binary Exchange in a Packed Column ’

Quantity = Phase .
, ectrolyte . Solvent
Flow rate, cm3/sec 50 _ 50
Film thickness, cm » o 2 x lth ',7 = 1 x.lth
Inlet concentrations, g—-m.ole/cm3 v : ' )
Component 1 : ' 2 x 1073 0
Component 2 : » 0 1l x 10-3 :
Diffusion coeff1c1ents, cm /sec ' . ,
Component 1 : 1x107° . 2x lObs_
Component 2 o lx 10-6 | b ox I'LOI-5

In making the calculations, the column was divided into 50 axial
increments of equal length and the electrolyte film in a given increment
of column length was diVided into 20 increments of equal thickness.
Calculated values for the concentration pr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>