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ABSTRACT

Droplet size distributions were determined by stabilizing in gelatin and measurement of the distributions by
means of computerized image analysis. Several variables that affect droplet sizes were studied and the
resulting size distributions were modeled via a population balance equation. Key parameters in the model were
related to the physical properties and operating conditions of the systems examined using a multiple linear
approach.
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Int roduction

Dispersed phase mixers are an important reactor
type in several major industries and are becoming very
popular in the metallurgical industry for the recovery
of metal values from low grade aqueous solutions via
solvent extraction. A key aspect of optimizing
dispersed phase reactions, such as found in solvent
extraction systems, is to understand the variables
that affect the drop size distribution. The droplet
size distribution and interfacial area are critical
parameters of most solvent extraction systems since
these often control the reaction rate between phases
and may also influence significant economic issues
such as organic losses, power consumption and capital-
cost of equipment. Due to the wide wuse of
mixer(s)/settler(s) in solvent extraction systems an
important contribution can be made by quantifying the
effect of important operating variables which deter-
mine the performance of these systems.

To accomplish this objective simple accurate
measurements of the drop size distributions in the
mixer must be made. Numerous techniques have been
utilized for measuring drop size distributions includ-
ing: chemical reactions (7); sedimentation techniques
(1,9 simulation with hot wax (5,20) ; light
transmission @G, 19, 24); dilution/stabilization
techniques (17, 21); photographic techniques (4, 6, 8,
12, 14, 16, 20); and encapsulation techniques (14).
Each technique has some advantages and limitations and
each can be effective in certain systems or cases.
Few, however can be used universally. Hence, after
careful consideration of all of these techniques and
after preliminary testing of many of these techniques,
a dilution/stabilization technique known as gelatin
embedding (17) was selected as the best possible met-
hod for stabilizing droplets in this project.

Finally, any complete description of a drop size
distribution should 1include an accurate mathematical
model for describing the size distribution. This
model should also be wuseful for predicting size
distributions in terms of the variables that affect it
without introducing unnecessary complexity. In this
regard a useful mathematical model was developed based
on population balance concepts.

Experimental Systems and Techniques

The liquid-liquid system investigated in this
project was studied at six different phase ratios and
employed six organic and eight aqueous phases
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of different compositions. The standard organic phase
was selected as a 10% by volume LIX 64N in 90% by
volume Escaid 200, whereas the standard aqueous phase
was selected as a 0.25 molar sodium sulfate solution
which is believed to represent the ionic strength of
typical industrial systems. A summary of the organic
and aqueous phases used in this project 1is presented
in Table 1. Details of these systems and their physi-
cal properties can be found elsewhere (13) (18).

The experimental equipment utilized in this project
consisted of two agitating units, three different
vessels and one impeller for mining. The primary
agitation unit used was a Benco Model ELB Agitator
which was mounted on a dynamo-meter stand and equipped
with an Ametek Model L-2 force gage for power input
measurements. This unit was capable of speed settings
up to 1100 RPM and torque measurements of up to 20 in-
Ibs. A secondary agitating unit consisted of a Vick-
ers hydraulic drive transmission assembly powered by a
5.0 horsepower motor. This unit was connected to the
impeller shaft by a coupling arrangement which would
also permit the insertion of a torque transducer for
power measurements. High speeds and power inputs
could be attained with this unit using small impell-
ers.

The primary vessel wused 1in this project was a
modified, four [liter beaker constructed of pyrex
glass. This beaker was designed to allow for the
mounting of four equally spaced baffles of 1.3 cm and
provided with an enlarged spout to facilitate sampl-
ing. This vessel had an inside diameter of 15.9 cm
and was run at a constant volume of 3.25 liters or a
liquid depth of 17.2 cm in a batch mode. A sifflil*r
vessel to this was utilized for the continuous tests
and a somewhat different, totally enclosed vessel of
larger volume was used for the high speed tests, de~
tails of these are reported eleswhere (13).

The only impeller employed in this project was
single, flat blade turbine impeller with a diameter of
6.35 cm and a blade height of 0.8 cm. The impelled
was constructed of 316 stainless steel and came wit
the ELB agitator kit.

The sampling procedure was essentially the
regardless of the agitating equipment or vessel 5
used. The organic droplets inside the vessel we
sampled by withdrawing a small amount of emulsion n
the desired point in the vessel by means a sm*
siphon. These small siphons were constructed fro®
mm diameter glass tubing by heating and bending
"V" shape. Generally this construction allowed
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Table 1. Aqueous and Organic Phase Composition

and Physical

Systen Composition

Aqueous 1 Distilled Water

Aqueous 2 .25 M Na2so04

Aqueous 3 .875 M Na2S04

Aqueous 4 1.50 M Na2s04

Aqueous 5 .25 M Na2S04 + .0826 M H2S04

Aqueous 6 .25 M Na2s04 + .1815 M NH”OH

Aqueous 7 .25 M Na2S04 + .0826 M H2S04
+ .051 M CuSo~

Aqueous 8 .225 M NaHCO03 + 0.225 M Na2C03

Organic 1 Escaid 200

Organic 2 Cyclohexane

Organic 3 Xylene

Organic 4 Isooctane

Organic 5 10% LIX in 907 Escaid 200

Organic 6 5% Adogen 383 in 95% Xylene

at 0.076 M Sebacyol Chloride

sjiphon to be placed in the sample lip of the vessel in
a manner such that the outside stem of the siphon was
vertical while the inside stem was located at the
desired sampling point which was usually at a point
mid-way between the liquid surface and the impeller
and raid-way between the vessel wall and the impeller
shaft.

Once in place, the siphon was initiated and allowed
to run briefly after which a couple of drops of emul-
sion were allowed to fall into a petri dish containing
4 to 6 ml of freshly prepared, 8% by weight pigskin
gelatin solution at 28= to 30=C. The emulsion drops
were mixed briefly and the gelatin solution manipula-
ted to allow the formation of a thin layer of gelatin
with representative drops to cover the bottom of the
petri dish. The petri dish was then immediately
placed in an ice water bath where it solidified almost
instantly after which it was scanned microscopically
for quality. Poor quality samples were discarded
whereas good samples were refrigerated at 10°=C and
then analyzed within the next 24 hour period.

Most samples were analyzed using the Quanta Met
720, a computerized image analyzer that counts and
sizes the embedded drops. A minimum of 300 drops per
sample were sized in this manner, however, as many as
1000 per sample were often counted.

Experimental Results

The major variables affecting drop sizes which were
investigated in this project include: (1) the time to
reach equilibrium; (2) speed/power input; (3) phase
ratio or phase fraction; (4) the presence and ab-

Properties
lonic Density Viscosity
pH Strength (g/cc) (poise x 107
6.4 0.000 1.00 1.00
6.8 0.750 1.03 1.18
7.2 2.625 1.10 1.61
7.7 4.500 1.17 2.16
2.0 1.000 1.03 1.26
11.0 0.930 1.03 1.26
2.0 1.100 1.03 1.26
9.8 1.35 1.04 1.30
0.751 1.49
0.761 0.762
0.860 0.610
0.693 0.520
0.764 1.720
0.900 0.650

sence of an extractant-LIX74N, (5) the behavior of pure
diluents; (6) the rate of mass transfer across the
interface; (7) aqueous phase pH; and (8) aqueous phase
ionic strength. The ability to predict continuous
flow distributions at steady state from batch data was
also examined.

The approach to equilibrium or steady state was
investigated mainly to note the appropriate time for
sampling to obtain a true steady state sample. The
approach to equilibrium was noted to be a complex
function of several variables of which speed/power
input and phase fraction are the most significant.
Therefore, a high phase fraction system agitating at a
low speed was chosen as a limiting case with all
subsequent cases to be tested utilizing higher speeds
and lower phase fractions and hence shorter times for
equilibrium to occur. The test consisted of taking
samples at times of; 1.25, 2.5, 5.0, 10.0 20.0, 30.0,
40.0, and 50 minutes after the start of agitation. It
was found upon analysis of these respective size
distributions that significant changes occurred for
times up to 30.0 minutes. Thus all subsequent tests
were conducted after allowing a miniumum of thirty
minutes for equilibrium to occur.

The experimental design performed on the standard
system consisted of four level's of phase ratio; 0.2,
0.3, 0.4, and 0.5 and three levels of speed/power
input; 450rpm/2.5x10~~ HP, 550rpm/3.7x10”™ HP, and
650rpm/5.7x10-"~ HP. Typical results are illustrated
in Figure 1 for speed/power inputs at two levels of
phase fraction and Figure 2 where four levels of phase
fraction are illustrated at two levels of speed. The
results of these tests concur with the general
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findings of other researchers, 1i.e., an increasing
fineness of droplet size distribution as the
speed/power input increases and as the phase fraction
decreases.

The effect of mass transfer on the droplet size
distribution was studied by adding copper as dissolved
cupric sulfate to the standard system at a pH of 2.0
and then sampling the size distribution at times of:
0, 20, AO, 80, 160, 320 and 1800 seconds after addi-
tion.

DROP SIZE, d (micron*)

FIGURE 1. The effect of speed/power input at phase
fractions of .5 and .A in the standard
system (Upper scale right side plots,

lower scale left side plots).

The respective size distributions for these times were
noted to differ very little and hence it is concluded
that mass transfer in this system has no effect on
droplet size distribution which is not too surprising
since the physical properties of the system remained
relatively constant.

DROP SIZE, d (micront)
FIGURE 2. The effect of phase fraction at speeds
of 550 and 650 rpm in the standard
system (Upper scale right side plots,
lower scale left side plots).

The effect of the presence of the extractant, LIX
6AN, as 10% of the organic volume was evaluated by
comparing the sire distribution obtained 1in a pure
Escaid 200 system co the size distribution of a systenm
in which the organic phase contained 10% LIX 6AN. The
results are given In Figure 3 which shows the size
distributions for the pure Escaid 200 system to be
significantly coarser than the 10% LIX 6AN system.

DROP SIZE d,(m*cronf)

FIGURE 3. The effect of LIX 6AN presence in Escaid
200 on the drop size distribution at a
speed of 650 rpm In the standard aqueous
system (Upper scale right side plots,

lower scale left side plots).

This phenomenon can be explained In terms of the
effect of the LIX 6AN concentration on the
liquid/liquid interfacial tension. With LIX 64N
present, the interfacial tension was found to be 16*2
dynes/cm as compared to A5.2 dynes/cm for the pure
Escaid. The lower interfacial tension results in a
lower resistance to breakage forces, hence a finer
drop size results. Essentially the same behavior was
noted when other diluents with similar interfacial
tensions such as isooctane and cyclohexane were
used. Pure xylene with a lower interfacial tension
than any of the other diluents again displayed a finer
size distribution.

The variation in droplet sizes caused by changes in
the aqueous phase composition was also investigated.
Obviously the most common changes in the aqueous phase
are those resulting from dissolved salts or ionic
strength and changes in pH.

The effect of dissolved salts or iol.lc strength
level was studied by measuring the change in the sizfc
distribution at four levels of sodium sulfate addi-
tion. The results are Illustrated in Figure A and
Indicated that small additions of salt have little
effect on the droplet size distribution while larg®
addition of salt causes the distribution to become
progressively finer. The explanation for this phenom-
enon arises from changes in the physical properties of
the aqueous phase, namely density and viscosity which
are changing to promote breakage, and also as a result
of electrostatic surface forces. In the latter c3®e
preferential adsorption of an lon at the orga”c
surface may lead to droplet charging or the formation
of a dense double layer which inhibits coalescence and
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enhances droplet shattering during breakage.

The pH of the aqueous phase in the standard system

FIGURE 4. The effect of aqueous ionic strength on
size distribution in the L.IX 64N/Escaid
200 system at a phase fraction of .5 and

speed of 650 rpm.

was also noted to affect droplet size distribution
appreciably in some cases. Here it was found that
size distributions from low and high pH ranges dif-
fered from those at moderate pH ranges. The change
was most dramatic in the case of high pH"s as shown in
Figure 5.

FIGURE 5. The effect of aqueous pH on drop size
distribution in the standard organic
system at a phase fraction of 5 and a

speed of 650 rpm.

The size distribution at a pH of 11 was much finer
than at lower pH's. This behavior was again traced to
a large decrease in interfacial tension which changes
from 16.2 dynes/cm at moderate pH to about 5.2
dynes/cm, at a high pH - a decrease of over two
thirds. These results may reflect the conversion of

the acid form of the extractant into the sodium salt
which could significantly alter the interfacial
tension and electrostatic forces thus accounting for
the fine drop size distribution.

The less drastic changes in size distributions that
occur at low pH are not conclusive and should be
checked at very low pH values which may display vari-
ations more clearly. Nevertheless, it is thought that
lowering the pH may affect the charge on the drops and
hence droplet electro-kinetic behavior which in turn
may influence breakage and coalescence mechanisms.

The last topic of interest investigated 1in this
project was the appropriateness of using batch tests
to simulate continuous tests in the LIX 64N/Escaid 200
-acid/sulfate system. These tests were performed in a
slightly different vessel which was modified for
continuous flow. The size distributions produced by
this vessel in the batch mode were compared to the
size distributions generated 1in the continuous mode
with retention times of 2.16 and 0.54 minutes. The
results are shown in Figure 6 and indicate that very
similar size distributions occur between batch tests
and continuous tests with moderate to high retention
times.

DROP SIZE , d(microns)

FIGURE 6. Drop size distribution differences
produced by vessels one and two and
continuous mode operations with the
standard system at a phase fraction of
.5 and a speed of 650 rpm (Upper scale
right side plots, lower scale left side
plots).

At short retention times the agreement becomes worse
and thus the simulation is worse. However, we can
conclude from these results that batch tests can be
used to simulate continuous tests run at moderate to
high retention times.

Mathematical Model

Mathematical models for describing drop size dis-
tributions are numerous and varied. Several models
have utilized a population balance approach with good
success (2, 5, 23), but have incorporated some ques-
tionable assumptions, manipulations and excessive
complexity into their development and use. Hence it
was desired to examine these models in an effort to
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improve on their utility.

Since the scope of this topic is rather extensive
it is impossible to report all the details of the
model development here. Instead a general outline
will be presented. The details of the model develop-
ment are given elsewhere (13, 25).

The model development begins with the macroscopic
population balance -equation initially proposed by
Hulbert and Katz (10):

J -
I £ we.t)y =-1JL

v 3t J -

D(c,t) + B(c,t)

Q)utl\out ) (1

The term on the left hand side of Equation 1 repre-
sents the overall time rate of change in the average
population density function for a droplet assembly.
Where 1j/(E»t)dE gives the number of particles in a
system per unit volume (“represents the transposed
vector of properties Cs"meef )eThe first ternm
on Che right hand side represents the change in prop-
erties resulting from continuous processes such as
mass transfer while the next two terms represent the
changes occuring as a result of catastrophic processes
such as breakage and coalescence events. The final
terra on the right hand side represents changes due to
flow in and out of a vessel.

We now proceeed to make the following initial
assumptions and simplifications for the mixer:

(€] The system being modeled is a batch mixer
and hence flow in and out are zero (Q =

Q out - =

) The volume 1in the mixer is constant, hence
the volume terms, V, cancel from each term
in the equation

3) The model is concerned with only one
property s , that being droplet size
expressed as volume v, and a size distri-
bution represented as a number density
functon by volume, t(v,t).

A) Size changes due to continuous processes
such as chemical reactions are negligible,
thus dr-j/dt is eliminated from the
equation.

o) The system being modeled is isothermal and
homogeneous and will approach a state of
equilibrium in a finite time. Equation (1)
therefore reduces to:

3/3t iikKv.t)} = B(v,t) - D(v,t)
T (v,t) + B (v,t) -T5 (v,t) - T (v,t 2
(D + B (VD) STS () - (D (@)
Where the subscripts b, c, refer to the processes
of breakage and coalescence respectively, hence
B, refers to the birth of drops due to breakage and so
forth.

Each term on the right hand side of Equation 2 must

now be developed individually and thus we begin with
the term DM(v,t) since it is the most basic to the
model  development. We are interested here in
obtaining an expression for the death of droplets due
to breakage of drops in any given interval v to v+dv
per unit time and volume which we shall represent as:

Db (v,t)dv = -S(v,t)v(v,t)dv 3)

Here the term S(v,t) 1is known as the selection
function which 1is a lumped parameter representing
the fraction of droplets of a given size which
are breaking per unit time. For simplicity it is
assumed that the selection function is indepen-
dent of time and 1is proportional to droplet
"sizeun as represented in Equation A;

DB(v,t)dv = -kv 4

where k is a constant. The exponent m will take on a
value of unity for breakage rates proportional to drop
volume, two thirds for rates proportional to drop
area, one third for rates proportional to drop dia-
meter and zero if the breakage rate 1is independent of
drop size.

Likewise the term representing the birth due to
breakage of new drops into the interval v to v4dv from
all larger intervals v to vmax can be represented as:

B (v,t)dv = maxb(v,v/) kv/V(v ", t)dv dv )

Where b(v,v") 1is known as the breakage function and
represents the number of daughter droplets of size v
resulting from a breakage of a droplet of size v". An
assumption now must be made as to the form of

b(v,v"). In this case it was assumed that binary
breakage occurs producing a uniform distribution of
daughter drops. Equation 5 then becomes:

B (v,t)dv = / max 2kv*~m ~ V (v",t)dv dv ()

Now turning to the contributions of coalesence
events we can state that the death of droplets out of
this interval via coalescence events over the range of

d (Vtidv =-r “ A(v,v'iO iKv.t) @
0 vmin
<Kv*® ,t) dvdv
n(t)

Where the term A(v,vT,t) s known as the
coalescence function which represents the probability
that a drop of size v will coalesce with a drop of
size v" in a dt of time. The form of this function
has been assumed to be constant, hence independent of
droplet size and time. Furthermore, if Vmax Is
assumed to be large with respect to dv", the integra*"
tion of Equation 7 gives:

®

Finally the birth of droplets into the interval v
to v4dv from coalescence events occuring among drops
from all smaller size intervals from Vimia to the size
v can be represented as:
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f (v,t)dv = ———- Jv i|/(v-vT,)t(v\t)dv dv (©)

c n(t) Vrain

Combining each of these respective expression into
the reduce population balance equation and rearranging
gives:

t))=-~(v,t)jkvm+A[+ 2k J™maxv "(ra Mif>(v",t)dv”

+ A/2"n(t) /v "~(v-vT,tyiRvT,t)dv " (10)
ml n

The form of this equation now requires that the
parameters k, A, m and vraax be specified prior to
obtaining a solution. However, by making the equation
dimensionless we can eliminate the parameters k, A and
thereby attempt solutions by choosing various values
for the parameter m (from zero to one) once a reli-

able estimate of vmax is obtained.

The following non dimensional quantities are pro-
posed for making Equation 10 dimensionless:

(A/2k) Um (11)

to = VA (12)
= v/v and dv* dv/v (13)
t = t/t0 and dt* = dt/to 14)
fo(v,t) = fo*(v*,t*)/v0 (15)
n*(t*) = n(t)/n(0) (16)
ij/*(ve,t9)dv* = n*(t)f *(v*,t*)dv* an

Upon substituting these expressions into Equation
10 one obtains:

3/31%{ ) = A (vE L tE) (1A -)
. ml
veE PRV, T )dvt * (18)

+ 1720 (E)/n(0) /v \IFFOF-VTE TR AR (vTE, TR dv

The solutions for the selected values of the para-
meter m were generally obtained by using a fourth order
interpolating polynomial to integrate and a fourth ord-
er Adams-Bashforth-Tloulton method to differentiate (13).
However, it was found that for the case of m”l an ana-
lytical solution was possible (25) in the steady state
form of Equation 18 which produces an exponential num-
ber density function, f (v), with a dimensionless mean
size of 1.0, that is: <

-v/v

folv) =— e 19

Numerical solutions for the cases where the
parameter m equals 1, 2/3, 1/3 and 1/6, corresponding

to selection functions which are proportional to drop
volume, drop area, drop diameter and the square root
of the drop diameter, are shown in Figure 7.

FIGURE 7 .Dimensionless drop size distributions
generated by the population balance

Equation 18 for a batch mixer.

The formulation of the dimensionless population
balance equation results 1in the recognition of the
importance of the parameters m and vQ# Therefore, to
fully utilize and develop the potential of the model
it becomes necessary to relate these parameters to the
system properties and operating conditions.

The parameter m is the single most important para-
meter of the model since it stresses the importance of
breakage processes on the droplets as well as the
final form of the mathematical solution and, in this
regard, can be thought of as a distribution modulus.

The solutions to the model for various cases of m
indicates that larger values of m result in coarser
size distributions than those with smaller values of
m. This behavior suggests that the parameter m can
be related to system variables and operating condi-
tions. To test this possibility an empirical equation
developed from knowledge of important liquid physico-
chemical properties and operating conditions was con-
structed. Important variables were grouped together
in dimensionless groups via Buckingham Pi Theory and
the coefficients and exponents determined by multiple
linear regression on experimental data. Values for
the parameter m were selected by plotting each set of
experimental data transformed to dimensionless form
against the dimensionless distributions generated by
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the model for several cases of the parameter m and
then choosing the value of m that best explained the
experimental data. Hypothesis tests were then per-
formed on each term to test its significance in the
model. The final accepted equation for m was:

0.19 /MIA. 1.76 0.37 ,0.52 ~ _-0,38
A ) Wyt J vy oy

(20)

The parameter v on the other hand is the basis for
converting to or from the diraensionless form and is
the basis for the simplified model. The parameter vQ
is also a function of the other parameters k, X, and
and has the units of volume and hence may be thought
of as a characteristic size or volume. The parameter
v is readily obtained from the dimensionless mean
size or volume, which is determined both from the
numerical solution to the population balance equation
for each value of m, and from the dimensional mean
size of the experimental data by the relation:

= v/v* (21)

The dependence of the dimensionless mean size, which
is a function of vQ, on the parameter m is shown in
Figure 8 and is seen to be approximately linear.

FIGURE 8. The parameter m as a function of the
dimensionless mean size by volume.

It may be obvious by now that once the parameter m
can be predicted as by Equation 20 and the corres-
ponding dimensionless mean size estimated from
Figure 8 all that remains is to predict the
dimensional mean volume. At this point all the major
parameters of the model are known and the size
distribution can be determined.

Since the mean si2e can be related to the parameter
v which in turn is a function of the parameter m; it

seems logical to assume that the mean size is a func-
tion of the same variables that determine the para-
meter m. (Independent considerations of the factors
affecting the mean size will lead to the same conclu-
sion.) Hence developing an analogous expression for
the mean size by the same method as that used to
develop the expression for the parameter m we get:

V - D3 e-6-37(H/D)-1-24(T)0*03(N" T ~ W 89 (22)

The large dependence of this equation on the impel-
ler size, D, is the result of the dimensionless analy-
sis by the Buckingham Pi Theory and unfortunately
limits this equation to systems with similar sized
impellers to the one used here.

Dimensionless Correlation of Experimental Data and
Prediction of Dimensional Size Distributions

The experimental data generated in this project
was transformed into dimensionless form utilizing m-
values calculated from Equation 20 and vq values
calculated from the data mean sizes with assistance
from Figure 8. Examples of experimental data that fit
the model predictions for various cases of the para-
meter m are shown in Figures 9, 10, 11 and 12.

FIGURE 9. Dimensionless drop size distributions with
m-values near two-thirds compared to the
model at m equal two-thirds.



Values of m for the data obtained in this project
ranged from 0.69 to 0.13 with most falling in the
neighborhood of ra equal to one-half.

FIGURE 10. Dimensionless drop size distributions with
ra-values near one-half compared to the
model at m equals one-half.

The upper limit of m-values is believed to be in
the range of m equal to 0.85 to 1.0 for most conven-
tional solvent extaction systems«

FIGURE 11. Dimensionless drop size distributions for
data with m-values near one-third compared
to the model prediction at m equal one-
third .
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Large values of m seem to correspond to low intensity
of agitation. Few distributions can be found with in

values larger than one as complete emulsifications of
the organic phase cannot occur in these systems.
Values of m near zero on the other hand are believed
to be the lower limit for the parameter values and
these would apply only to very fine, collodial
dispersions produced by very intense agitation not
commonly used in solvent extaction systems.

Dimensionless Mid-Class Volume , Vj*

Figure 12.Dimensionless drop size distribution for
data with a m-value near one-sixth compared
to the model prediction at m equal one-
sixth.

It 1is apparent by now that once the population
balance equation has been solved to yield dimension-
less size distributions and mean sizes for a reason-
able range of m-values, and once equations become
availiable for calculating accurate m-values and
dimensional mean sizes from the system physical pro-
perties and operating conditions, then the entire
dimensional size distribution can be predicted.

To demonstrate the validity and accuracy of this
procedure the solutions to the population balance
equation and Equations 20, 21 and 22 for raand vQ were
used to generate the dimensional distributions for
several experimental tests conducted during this
project as well as experimental tests conducted by
other researchers.
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Examples of project data versus model predictions
are shown 1in Figures 13 and 14 for cases with m-values
ranging from 0.14 to 0.58 (13).

FIGURE 13. Predicted dimensional

drop size distribu-

tions compared to actual data for experi-
ments 2a and 13b from reference (13),

Mid

- volume Size CIOM, v(mo4

Figure 14. Predicted dimensional drop size distribu-
tions compared to actual data for experi-

ments 10b,

10c,

and

10e from reference (13)<

Examples of data correlations using the results of
other researchers are shown in Figures 15 and 16.

Mid-Volume Size, V[*I107 y.m3
0.6 Lo I-fi 2-0 ZA

OpPam 3 Blair
A Spraw
— Pradlcltd

Mid-Volume Size Clae», V[*10®/im*

FIGURE 15. Predicted dimensional drop size distribu-
tions compared to actual data for the work
of Park and Blair (16) and Sprow (22).

Mid - Volume Siie. V.* 10T m*'3

FIGURE 16. Predicted dimensional drop size distribu-
tion compared to actual data for the worfc
of Schlinder and Treybal (19) and verifi-
cation of Equation 19 for the data of
Coulaloglou and Tavlarides (6).
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The model predictions for the work of Coulaloglou
and Tavlarides (5) shown 1in Figure 16 utilizes the
mean size reported by the authors instead of calculat-
ing one by Equation 22 since the impeller sizes are

quite different.
Summary and Conclusions

Several important variables were found to influence
drop size disribution in dispersed phase mixers: (1)
agitation time; (2) -speed/power input; (3) phase
fraction; (4) the presence or absence of an
extractant; (5) aqueous pH; and (6) ionic strength of
the aqueous. Other factors such as simultaneous
chemical reaction and continuous mode operaton at
moderate to long retention times seemed to have little
effect on size distribution in the system studied.

The model developed here is unique 1in that it
simplifies the mathematics with logical assumptions
and reduces the number of adjustable parameters to a
minimum via dimensional analysis. This allows one to
relate the significant parameters of the model to the
system physical properties and operating conditions
via simple multiple linear regression expressions. It
was demonstrated that this model permits the predic-
tion of dimensional size distributions without experi-
mentation for similar bench scale systems and has
considerable potential for future application.
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Notat ion
English
'E Average change in population due to discrete
birth events ((1 t ) )
T Average bigth,, of drops due to breakage
0 events (1%§t FS
Average bijt.th~of drops due to coalescence
events (I t)
D Impeller diameter (1 )
D Average change in population due to discrete
death events (1 t)
Average degth® of drops due to breakage
events (1 t)
Average de~th "of drops due to coalescence
events (1 t)
PQ (d) Cumulative number density function by

diameter ( - )

r density function for droplet volume

RICIIE;

fo*(v*) Dimensionless

N*We

n(t)

Q*n
Qout

S(v,t)

vQ
v*
vmax

vmin

number density function by

volume ( - )

Liquid height (1 ).

Selection function constant (variable units)
Selection function size dependence parameter
-9

Average number of drops per unit volume
u

Modified Weber number

Dimensionless
unit volume

average
-

Flow rate into the mixer

number of drops per

(rt-9)
Flow rate out of the mixer (I"t-%)
Droplet selection function (t-%)
Time (t)

Dimensionless time ( - )

Characteristic time-inverse of the coales-
cence function ( t)

Total volume of liquid in the mixer

Volume of a drop (1 i)
Dimensionless drop volume ( - )
Average drop volume (10)

Voéme of drops in different size classes

Parameter for dimensional analysis

-)

(-)
Dimensionless mean drop size
Maximum drop volume (@1 )
Minimum drop volume (1")
Property of interest.
Coalescence function (t-%*)
Phase fraction ( - )

Average population density (1~")
Dimensionless population density ( - )
Continuous phase kinematic viscosity, (I1"t--

Disperse phase kinematic viscosity (I"t-%)

lonic strength
I = 1/2 InCrZ"

Standard ionic strength equal to .75
Dimensionless ionic strength equal to 1/1Q.

Time rate of change of property
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