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ABSTRACT

In the proposed Molten S a l t Breeder Reactor flowsheet, a
fraction of the rare earth fission products is removed from the
fuel s a l t in mass transfer c e l l s . To obtain design parameters
f o r this e x t r a c t i o n , the e f f e c t of c e l l s i z e , blade diameter,
phase volusre, and agitation rate on the mass transfer for a high
density r a t i o system (mercury-water) i n non-dispersing square
cross section contactors wes determined. Aqueous side mass
transfer coefficients were featured by polarography over a wide
range of operating conditions. Correlations f o r the experimental
mass transfer coefficients as functions of the operating parameters
are presented. Several techniques f o r measuring mercury-side mass
transfer coefficients were evalu t e d , and a new one i s recommended.
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1.

SUMHARY

F1la mass transfer coefficients were determined in stirred, square
cells with large density difference liquids. The effects of cell size,
phase height, blade length, and stirring speed were evaluated. There
was no significant dependence on the ratio of blade length to cell length
or phase height; however, a strong relationship of mass transfer coeffi
cient with blade length and stirring speed was noted. The power law
correlation was
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Thft,object of this investigation was to determine and to correlate
film masTTWnsfer coefficients for design of »
f i r ^ U processing
section in the Molten Salt Breeder Reactor. In this processTmoTten fuel
s a l t containing rare earth metal fluorides is contacted with liquid bis
muth containing lithium as a reductant. The contactors w i l l be square
graphite vessels with agitators in each phase. The correlation of mass
transfer coefficient for high density non-dispersing systems is necessary
to size this process.
iM>
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The experimental system consisted of various size square Plexiglas
cells with a dense mercury phase and a light aqueous phase. Agitation was
provided by paddles of several lengths centered in each phase. The mass
transfer rate of quinone was measured by polarography with the mercury
phase as the polarized cathode and a gold or silver anode suspended in
the aqueous phase. The concentration of hydroqulnone was 50 times that
of quinone to prevent anode polarization. Both concentrations remain
constant since oxidation and reduction occur simultaneously and stolchlometrically.
An established technique for mercury side mass transfer determination
did not exist. The feasibility of a proposed method was determined. In
this method, an oxidizing agent in the aqueous phase oxidizes a metal
amalgamated with the mercury. The progress of this reaction Is monitored
by the potential of the redox couple against a standard calomel electrode.
Ferric ion was not suitable as an oxidizing agent because i t also oxidized
the mercury. The oxidation of zinc by hydrochloric a d d also failed be
cause the rate of reaction was too slow. The general method s t i l l deserves
further development.
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2.

INTRODUCTION

2.1 Background
A breeoer reactor produces more fissionable Material than I t cons—es;
In addition, protactlnlun and rare earth byproducts are created. In the
Molten Salt Breeder Reactor (MSBR) these excess fission products leave the
reactor In the fuel salt stream. Removal of protactinium and rare earth
fission products fro* the fuel salt streaa of a MSBR Is a critical step 1n
the proposed processing scheme. To achieve good breeding In a MSBR, seme
of the salt-soluble fission products, and particularly the rare earths,
aust be reaoved rapidly. A flowsheet of the proposed processing scheat
Is shown In Fig. 1.
In the fluorlnator, uranlua is volatilized from the aolten salt as
uranfua hexafluorlde by contacting I t with fluorine. The reductive ex
traction process contacts liquid blsauth containing dissolved lithiua
with the fuel salt streaa to extract the protactinium and to transfer I t
to another salt streaa. Here, the protactinium remains In solution until
i t decays naturally to uranium which is volatilized with fluorine. The
uranium- and protactinium-free salt stream is then contacted again with
the bismuth-lithium amalgam, extracting the remaining rare earth fission
products. These rare earths are then re-extracted into lithium chloride
and finally selectively extracted from the lithium chloride for storage
and disposal. The uranium hexafluorlde is injected into the purified
salt stream and returned to the reactor.
The protactinium is removed by reductive extraction with lithium.
The lithium Is oxidized to l l * i entering the salt phase as lithium fluo
ride. The protactinium Is reduced from protactinium tetrafluoride to
metallic protactinium and dissolved in the bismuth phase. This contacting
must take place without entratnment of bismuth in the salt phase as bis
muth is corrosive to the reactor containment alloy. Hence a contactor
which maximizes mass transfer while minimizing entralnment is desirable.
2.2 Previous Work
Lewis (2) Investigated mass transfer rates In cylindrical, non-dispersed,
two-phase, nechanically-agltated cells, with several aqueous-organic systems.
He correlated his results by an empirical equation,
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When s t i r r e r speeds and stirrer lengths are equal in both phases, the above
equation can be reduced to the form
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Lewis postulated that mass transfer was only a function of eddy transport
to and fro* the Interface and was independent of the Molecular dlffusivity
of the observed systems over the range of Rey.ioids nuflbers considered. The
range of liquid densities varied fron 0.8 to 1.2 g/cwr. HcManaaey (5_) cor
related his own data and Lewis' results by the following expression:
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which is similar to that by Lewis but includes the Schmidt number. For
equal stirrer speeds and lengths in each phase this reduces to:
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Mayers (4) developed an improved correlation on the basis of Lewis' data
and confirmed it by additional experimental drta on new systems:
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This equation reduces to Eq. (6) when s t i r r e r speeds and lengths are equal,
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The effect of the molecular diffusion coefficient, D, on the film
coefficient of mass transfer 1s not entirely negligible for the stirred
cell system, so that the transfer 1s not completely controlled by eddy
dlffusivity. It was found that K, is proportional to D , . This Is
less than the exponent of 1/2 expected for unsteady state diffusion to a
, / D
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stagnant surface (unstirred system) and approaches the exponent of zero
expected I f the transfer takes place by a turbulent mixing process. In
practice, for Nell-stirred conditions and In the presence of clean liquidliquid Interfaces, the exponent w1U He between 0.5 and 0.0 since the
physical process Involves both penetration and turbulent mixing at the
Interface. All the above equations correlate the data for systems of
similar density liquids well; the Nayers and NcHanamey correlations provide
a slightly better f i t than the Lewis correlation.
Hightoner (2) presented th« following correlation to f i t the experi
mental results i\i a water-mercury system:
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This correlation was obtained using the Nayers correlation as the best of
the existing correlations and adding two additional terms to include the
effect of the density ratio of the two phases ( P J A ^ ) and a geometrical
ratio, L/H, where H is the height of an Individual phase and L Is the tipto- tip Impeller length.
Predictions from different correlations were compared with experimental
results from experiments conducted in a 7-3/4 x 10-1/2-in. contactor with
a 5000-cc volume for each phase. While the Lewis correlation vastly overpredicts the mass transfer coefficients, the modified correlation usually
underpredlcts them, although to a somewhat lesser degree. The modified
correlation predicts the aqueous-organic systems as accurately as the Nayers
correlation and fits the experimental water-mercury data with a standard
deviation of 25X (2). These results indicate that the mass transfer rates
In the salt-bismuth" system fall between the Lewis correlation and the modi
fied correlation [Eq. (7)] obtained at ORNL.
Note that alI the investigators have found a different dependence on
the molecular d1ffus1v1ty. In addition, most of the previous experiments
have been performed In cylindrical cells with liquids of nearly equal den
sities and mass transfer results were based on measurements of bulk phase
concentration. Therefore, no distinction can be made between mass transfer
at the bulk phase boundary between two liquids and at the phase boundaries
of entrained material.
If dispersion occurred in any of the experiments, the value of apparent
dlffuslonal mass transfer coefficient would be enhanced and the dependence
on molecular dlffuslvity coefficient would be larger. Hence, the previous
correlations may not be directly applicable to the design of the proposed
bismuth-fuel salt contactor which 1s a graphite vessel of square cross sec
tion with a bismuth/fuel salt density ratio of about three.
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2.3 Objectives and Method of Attack
The objective Is to determine the effect *.' cell and paddle sizes,
stirring speed, and phase volume on the water side mass transfer coef
ficient in a stirred cell containing water and Mercury. Dimensional
analysis of the results will determine Important dlaenslonless groups by
regression analysis. In addition, the feasibility and possible development
of a proposed experiment for Measuring Mercury side mass transfer coeffi
cients will be determined by running the experiment with certain specific
Materials while seeking possible alternative Materials consistent with the
general procedure and theory.
3. THEORY
3.1

Polarographlc Determination of Mass Transfer Coefficients

The polarographlc technique for determining mass transfer coefficients
involves oxidation of a reduced species or reduction of an oxidized species
at an electrode which is at a condition of concentration polarization.
Polarization of the cathode can be accomplished in one of two ways: either
the anode surface area is made very large with respect to the cathode sur
face area, or the concentration of the oxidized species is made very small
with respect to the reduced species.
The migration of an Ion In combined electric ard concentration fields
is described by the Nemst-Planck equation:
J = D(f£*ZuCFf±)

(8)

where the first term on the righthand side represents the contribution of
ordinary diffusion to the flux, and the second term represents the contri
bution of electromigration. When the concentration of an Inert electrolyte
(relative to that of the reacting ion) Is large, the dielectric properties
of the solution are altered such that the potential will decrease smoothly
across the region between the electrodes while the reacting ion concentra
tion drops sharply across the thin, polarized layer near the cathode. Thus,
the term containing the electric potential becomes relatively small, and
Eq. (8) can be expressed as,

J •
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Then the current flowing between the electrodes is a Measure of Mass
transfer rates governed by ordinary Molecular diffusion. This current is
soMetiMes called the diffusion current.
The total Molar flow rate of *ons at the interface is described by
the product of a concentration driving force, the interfaclal area for Mass
transfer, and the Mass transfer coefficient:
Q * K A ^ -C^

(10)

Rearranging, the Mass transfer coefficient is given by,

Wtpr T?

'")

The Molar flow is related to the current Measured across the cell by
the equation
Q ' \f

(12)

I f Eq. (12) is substituted into Eq. (11), the Mass transfer coefficient
across the stagnant layer between the bulk electrolyte and the polarized
cathode is obtained as a function of the current through the contactor
cell:
K

' (ZJ(r)(A)(Cb)

(13)

assuming that C* « C^.
3.2

Determination of Mercury-Side Mass Transfer Coefficients

The proposed experiment calls for dissolving a metal 1n mercury, then
extracting the Metal by contacting the mercury with an aqueous solution
containing an excess of oxidizing agent. This excess insures the mass
transfer limitation will be on the mercury side. The equation for the
molar flow rate of metal Is:

or
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for determining the mass transfer coefficient. By plotting the natural
logarithm of the concentration ratio against elapsed time, the mass trans
fer coefficient can be found from the slope.
The concentration of metal will be monitored by the cell potential
of the oxidizing agent 1n its oxidized and reduced forms against a standard
calomel electrode. The Nemst equation

E * E° * 5 l n ^ ^ X

(16)

relates this potential to the ratio of the concentration of the two forms.
This Information along with a mass balance on the oxidizing agent deter
mines the concentration of the reduced form. This 1s sto1ch1ometrical1y
related to the amount of metal that has been oxidized.
Certain requirements must be bet in the selection of metals and oxi
dizing agents. The metal must form <.n amalgam with mercury so that it can
be extracted and must also be more ea. 1ly oxidized than mercury so that
the mercury will not also react. In .dditlon, the oxidized form of the
metal must be soluble 1n water with tie anion of the oxidizing agent.
Finally, the metal should only be capable of reducing the oxidizing agent
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once. Further reduction would at least complicate and possibly render
Impossible the potentlometHc monitoring of the concentration of redox
couple.
The oxidizing agent must be compatible with the metal. It should
oxidize the metal but not the mercury, and not be further reduced by the
metal. It must also be soluble in aqueous solution In both oxidized and
reduced forms.
4. APPARATUS A W PROCEDURE
4.1
4.1.1

Apparatus

Water Side Mass Transfer
1

Table 1 presents a summary of the experiment-* variables. A large
Table 1. Experimental Variables
Cell Size
(in.)

Blade Size

4x4
8x8

12x12

Phase Volume
(cm3)

Agitator Speed Range
(rpm)

2.5 x 0.75
3.5 x 0.75

700; 900

15 - 180

3.5 x 0.75
5.5 x 0.75
7.5 x 0.75

3000; 5000; 7000

15 - 140

9000; 18.000

15 - 65

(in.)

3.5
5.5
7.5
9.5
11.0

x
x
x
x
x

0.75
0.75
0.75
0.75
0.75

number of experiments with various agitation rates were performed at each
of the conditions listed in Table 1. Agitation rates were limited to
values below the point at which dispersion of the phases became apparent.
Dispersion could be detected by small droplets of water entering the mercury
phase near the edge of the cell. The paddles In each phase were always
Identical 1n size and placed at equal distances frtm the Interface. Fig
ure 2 presents a detailed view of the general experimental cell and the
potentlostat-recorder arrangement.
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The mercury surface in the electrochemical cell acted u the cathode.
The potential of the mercury surface was measured against a standard
calomel electrode in the aqueous phase. The anode of the cell was sus
pended in the aqueous electrolyte phase. In the 4x4-in. and 8x8~in. cells,
the anode consisted of 0.0625-in. gold plating on 1/16-in. nickel sheet.
In the 12xl2-in. cell the anode was silver on nickel. All anodes f i t
closely inside the perimeter of tne cell. The maximum current throughout
the cell is inferred from the voltage drop across a 1,0-ohm (+0.5%) preci
sion resistor. The voltage drop across the resistor (proportional to
cur.'ent) is recorded as the y-coordinate on a Hewlett-Packard x-y plotter.
The x-coordinate on the plotter is produced by the voltage supplied to the
cell which is a direct signal from the potentiostat. The electrolyte for
the water-side mass transfer experiments in different contactors was a
solution of quinone varying from 0.001 to 0.0002 N and hydroquinone from
0.05 to 0.01 K in a 0.2 M monobasic potassium phosphate buffer solution
(pH * 7).
Shown in Fig. 3 are polarograms, measured with the electrolyte des
cribed above, in the 4x4-in. contactor with the 2.5x0.75-in. paddle and
and with phase volumes cf 0.900 liters at several agitation rates. The
current through the cell is plotted as a function of the mercury surface
potential relative to the standard calomel electrode (SCE). For a fixed
value of agitation xhe current increases from zero at zero applied poten
t i a l through a small maximum at about -0.5 v and becomes relatively con
stant at about -0.6 v. In the region of applied potential from -0.6 to
-0.9 v, the current through the cell is relatively constant, limited by
diffusion of quinone to the mercury surface where i t is reduced. The
diffusion current is related to the mass transfer coefficient th/ough the
electrolyte film by Eq. (13).
4.1.2

Mercury-Side Mass Transfer

The apparatus, shown in Fig. 4, consisted of a 150-ml beaker to hold
the water and mercury phases, a platinum electrode and a standard calomel
electrode for monitoring the cell potential, and a millivoltmeter for
reading the potential when connected to the electrodes.
4.2
4.2.1

Procedure

Water-Side Mass Transfer

Monobasic potassium phosphate buffer solution (KH^P04, 0.2 M, pH 7)
was prepared with distilled water and was sparged continuously with argon
to eliminate oxygen. The electrolyte solution was then prepared by first
dissolving quinone in the buffer solution and subsequently hydroquinone
to obtain the desired concentrations. The electrolyte was prepared in the
dark and was continuously sparged with argon to avoid quinone decomposition
or dissolution of oxygen.
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The required volume of mercury was measured Into a graduated cylinder
and added to the c e l l ; then an equal volume of electrolyte solution was
added. Phase heights were calculated and paddles located on the shaft
such that they were centered in each phase, equidistant from the Interface.
The shaft was centered in the c e l l , the agitator speed was determined
manually by counting the number of times an obstruction on the shaft h i t
one's finger in 30 sec. The speed was found to vary not more than 1 rpm.
Mass transfer coefficients were measured by the polarographic tech
nique presented in Sect. 4 . 1 . 1 .
4.2.2

Mercury-Side Mass Transfer

A known amount of lead was amalgamated with mercury. A solution of
oxidizing agent (ferric chloride) of known concentration was prepared and
the relative cell potential determined with a mi H i voltmeter, the other
electrode being a platinum wire. The solution of oxidizing agent was
added to a beaker containing the mercury amalgam and the voltage monitored
as a function of time.
5.

RESULTS AND DISCUSSION OF RESULTS
5.1

5.1.1

Water-Side Mass Transfer

Effect of Agitator Size on Mass Transfer Coefficient

As expected, the mass transfer coefficient is increased when blade
diameter is increased for a particular cell size and agitator speed. This
effect is shown in Fig. 5 for the 8x8-1n. contactor with 5000 cm3 phase
volume and three different blades.
5.1.2

Effect of Phase Volume on Mass Transfer coefficient

The effect of phase volume on the mass transfer coefficient was found
to be slight as shown in Fig. 6 for the case of a 8x8-in. cell and 3.5 x
0.75-in. agitator.
5.1.3

Effect of Selective Phase Agitation on Mass Transfer Coefficient

At very low agitation rates when the mercury-water interface Is not
moving, the effect of agitation of the mercury phase was found negligible
with respect to the agitation on the water phase. On the other hand, at
higher agitation rates, aglU*'«n of the mercury phase Is the only Important
parameter. The global performance is a result of a combination of agitation
in both phases as shown In Fig. 7 for the 12x12 c e l l , 7.5x0.75-1n. blade,
and 18,000 cnw phase volume.
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5.2 Mercury-Side Mass Transfer
A 0.1-H ferric chloride solution (200 ml) was contacted with 50 al of
0.05 M lead In mercury. The cell potential of the ferric-ferrous io.i
couple relative to a standard calomel electrode changed more rapidly than
expected. A precipitate formed at the interface after about 1 min of
reaction time. A precipitate due to the formation of plumbous chloride
(solubility 1 g/100 ml of cold water) (1) was expected, but the amount
formed was much larger than expected.
Due to the rapid potential change, indicating higher consumption of
oxidizing agent than expected, and the quantity of precipitate formed,
it was thought likely that the ferric chloride was oxidizing the mercury
as well as the lead. To check this hypothesis some ferric chloride was
added to clean mercury. Almost immediately a precipitate formed. Ferric
chloride is therefore not a satisfactory oxidizing agent for metals amal
gamated with mercury, due to its oxidation of the mercury itself. It may
be possible to find a specific aqueous solution chemistry which will lower
the potential of ferric ion relative to mercury sufficiently for its utili
zation. A preliminary review of the electromotive series did not reveal
any such solution chemistry which is not reactive to mercury itself.
The possibility of using hydrochloric acid to oxidize zinc from mer
cury was also tested by monitoring pH to detect hydrogen ion consumption.
Two experiments were run contacting 1.0 and 0.5 M hydrochloric acid with
0.05 and 1.0 M zinc in mercury, respectively. In each experiment, no sig
nificant change occurred in the pH during the course of the experiment.
In addition, since this reaction liberates hydrogen, bubbles forming at
the interface would be expected if the local hydrogen concentration ex
ceeded its solubility; none were observed.
To check the concept of oxidizing zinc with hydrogen ion, another
experiment was run in which 0.5 and 1.0 M HC1 were brought into contact
with zinc, no mercury present, and the pH observed. In this experiment,
yery gentle bubbling was observed, but again no change in pH occurred.
The reaction of zinc with hydrochloric acid to form zinc chloride In
aqueous solution is apparently so slow as to make changes In hydrogen Ion
concentration undetectable in time intervals of approximately one hour.
Although the bubbling does indicate that the reaction Is proceeding, the
extremely slow evolution of gaseous hydrogen is further confirmation of
the slow reaction rate. This slow rate makes mass transfer experiments
impossible since the rate limiting step Is the reaction rate, not the mass
transfer rate.
Although neither of the above experiments were successful, the general
technique remains promising. The savings in time and expense over other
possible experimental methods (such as wet chemistry) still justify develop
ment of this general procedure. Other possible metals and oxidizing agents
to investigate might Include the stannic ion oxidation of lead with corres
ponding reduction to stannous 1on. Possible health hazards exist with
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powdered, tin salts however, so thorough precautions would be necessary.
The oxidation of a more reactive metal with either hydrochloric acid or
just water should be investigated.
5.3

Correlations

The mass transfer coefficient of quinone in water in a stirred cell
was correlated with the cell operating parameters. Previous authors (3_» 4_»
5) have suggested pertinent correlation forms for liquid-liquid mass trans7er to be sums or products of the Peynolds numbers and viscosity ratios in
the two liquid phases and the molecular diffusivity of the transferring
species. However, in this investigation the operating parameters varied
were limited to the Reynolds number based on the stirrer tip speed and
the cell geometry. The experimentation was conducted with a single solute
and liquid pair, precluding any variation in the ratio of the liquid vis
cosities or the molecular diffusivity. Furthermore, the experimental
apparatus did not permit the independent variation of the two liquid Rey
nolds numbers since both i sellers were located on the same shaft. The
mercury and water phase Reynolds numbers were always related by a multi
plicative constant and consequently could not be distinguished in the cor
relations. The meaningful correlating groups possible in this investigation
relate the mass transfer coefficient to a single Reynolds number, the cell
size, and the liquid phase heights within the cell.
The principal operating parameter influencing the transfer of quinone
In the water phase to the mercury-water interface was the Reynolds number.
A product form correlation of the dimensionless mass transfer coefficient
wiJi the mercury-based Reynolds number yielded the following relationship:
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(17)

This equation had a correlation coefficient of 0.942 which indicates good
agreement between the calculated and experimental mass transfer coefficients
as shown In Fig. 8. This correlation form was expanded to Include the
geometric effects of cell size and liquid phase depth. Incorporating these
effects, the correlation for the mass transfer coefficient was:
KL „
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The correlation coefficient for Eq. (18) was 0.953. Ti,1s small Increase
was not considered significant and did not justify inclusion of the geo
metric factors In the mass transfer correlation.
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Inspection of the comparison shown In Fig. 8 Illustrates that the
•ass transfer coefficient did not follow a simple power relationship with
the Reynolds n-j*er. The logarithmic plot In Fig. 8 Is slightly curved.
This may be attributed to different flow or mixing regimes intrinsic to
different Reynolds numbers. Possible controlling factors in these regions
involve diffusion or free convection at low Reynolds numbers, eddy diffu
sion and transfer at intermediate Reynolds numbers, and vortexing at high
Reynolds numbers. The diffusion and free convection were accounted for
by extrapolation of Fig. 8 to low Reynolds numbers. The apparent mass
transfer rate occurring at this condition was subtracted from all the
experimentally measured transfer rates. The correlation obtained by this
method was:

^ - 3
m
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= 7.62 x l O " * . -
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having a correlation a correlation coefficient of 0.962. As shown in
Fig. 9 , this correlation eliminates the curvature apparent previously at
the low Reynolds numbers. The exponent on the Reynolds number reflects
the mass transfer dependency on the eddy diffusion alone, enabling a
slightly better f i t of t:ie drta at the larger Reynolds numbers. However,
the wide deviation of tt>s emulated values from the experimental obser
vations implies a non-opt.'.*! value describing the diffusion contribution
was selected, or that this ten? is a function of other operating parameters.
Several alternative correlation forms were attempted to describe the
curvature at the higher Reynolds numbers. The mass transfer in the stirred
cell was considered to occur in two distinct flow regions, and as such
could be correlated by a linear combination of Reynolds numbers of the
form:
^

c

= a + bRe +dRe

f

(20)

V

The computerized correlation program available did not enable evalua
tion of both the exponents and coefficients In Eq. (20). Several techniques
were applied In attempting to evaluate the exponents prior to correlation.
The first technique assumed the two flow regimes to correspond to the In
dividual water and mercury phases. Figure 7, which shows the mass transfer
rate agitating one liquid phase only, can then be employed to determine the
exponents In Eq. (20). A second technique Involved correlating the mass
transfer coefficient and Reynolds number by a simple power law equation
over small Intervals of Reynolds numbers. In this manner the variation In
exponents from one regime to another may be Isolated. Finally, an Itera
tive search technique optimizing the values of the exponents was applied
over the range of values suggested by the previous analysis. However, no
linear combination of Reynolds numbers could be obtained which adequately
described the measured mass transfer coefficient as had Initially been
expected.
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Examination of Figs. 7 and 8 suggested that the mass transfer coef
f i c i e n t could be best represented by an exponential font of the Reynolds
number. The best correlation of this fora was:
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The correlation coefficient for Eq. (21) was 0.970. Furthermore, i n 
spection of this correlation, shown on Fig. 10, indicates that much of the
curvature existing previously at both low and high Reynolds numbers has been
eliminated and a compaction of the calculated and observed mass transfer
coefficients about the 45° line was noted. However, no physical model is
presented which suggests this type of correlation. Significant difficulty
was encountered in attempting to correlate the mass transfer coefficients
corresponding to higher Reynolds numbers in Fig. 8, though these points may
in fact represent experimental error. At high Reynolds numbers, substan
t i a l rippling and vortexing of the mercury surface was observed to occur,
significantly increasing the interfacial surface area. The experimental
and calculational techniques employed would register a higher mass transfer
rate than was actually occurring. The curvature apparent in Fig. 7 may be
a result o the mercury surface vortexing and not a transition to a different
flow regime.
e

6. CONCLUSIONS
1. A direct dependence of mass transfer coefficients on agitator speed
and blade length was found.
2. Phase volume has a very small influence on the mass transfer coef
ficient compared with the Reynolds number effect as exponents in Eq. (18)
indicate.
3. Ferric chloride is not a satisfactory oxidizing agent for reacting
with metals amalgamated with mercury due to its oxidation of the mercury.
4. Hydrochloric acid reacts with zinc too slowly for mass transfer
experiments since the limiting step would be the reaction rate.
7.

RECOWfcNDATIONS

1. Experimentation on water-side mass transfer varying viscosity and
density of solutions should be continued.
2. The time and expense of alternate experimental methods justify more
development of the proposed procedure for mercury-side mass transfer
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determination with further oxidizing agents and metals systems such as
stannic ion/lead and hydrogen ion/magnesium.
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9.

9.1

APPENDIX

Sanple Calculations

Data were analyzed as shown below for Run J-28 (ORNL Databook A-7551-G).
The mass transfer coefficient, K, was found applying Eq. (13). The diffu
sion currer.t was found to be 121 mA. The interfacial area in a l l calcula
tions was the cross-sectional area of the c e l l . Therefore,

K

(ZJ(F)(AJ(C J
B

3

"

121 x 10" A
U ^ ! < 9 6 . 4 8 7 SS}_,(1 5 ^ ) ( 9 9 « ) t f . O X 10"' * £ )
Z

2

.3
= 3.38 x 10 cm/sec
9.2 Location of Data
The original data are located in ORNL Databook A-7551-G, pp. 1-92.
All calculations and the databook are on file at the MIT School of Chemical
Engineering Practice, Bldg. 3001, ORNL.
9.3 Nomenclature
2

A

interfacial orea for mass transfer, cm

C

concentration or reacting ion, gmole/cm3

D

diffusion coefficient, cm^/sec

E

width of c e l l , cm

F

Faraday constant, coulombs/eq

H

height of an individual pnase, cm

I

polarization current, amp

J

mo'hr flux, gmole/cm^-sec

K

mass transfer coefficient, cm/sec

L

tip-to-tip stirrer length, cm

30

N

starrer speed, rev/sec or rev/«in

Q

t o t a l molar flow r a t e , gnole/sec

R

gas constant, joule/mole-°K

r

distance f r o * electrode surface, cm

Re

Reynolds number, L^tlp/n, dlmenslonless

Sc

Schmidt number, n/pD, dlmenslonless

T

absolute temperature, °K

u

mobility of Ion

Z

valence change of the transferring i o n , eq/mole

r,

viscosity, gm/cm-sec

v

kinematic viscosity = n/p,

p

density, gm/an

+

electric potential, v

air/sec

3

Subscripts

1,2 phase being considered
b

bulk phase

1

Interfacial

m

mercury phase

a

aqueous phase

9.4
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