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ABSTRACT

SOLVEX is a FORTRAN IV computer program that simulates the
dynamic behavior of solvent extraction processes conducted in
mixer-settlers and centrifugal contactors. Two options permit
terminating dynamic phases by time or by achieving steady state,
and a third option permits artificial rapid close to steady state.
Thus the program is well suited to multiple phases of dynamic
problems and multiple input of steady state problems. Changes
from the previous problem are the only inputs required for each
succeeding problem. Distribution data can be supplied by two-
variable third-power polynomial equations or by three-variable
tables in any one of 16 different combinations involving phase
concentrations or distribution coefficients {ratio of phase con-
centrations) or their logarithms.
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SOLVEX - A COMPUTER PROGRAM FOR SIMULATION
OF SOLVENT EXTRACTION PROCESSES

INTRODUCTION

SOLVEX is a FORTRAN IV computer program that simulates the
dynamic and steady state behavior of solvent extraction banks
composed of either mixer-settlers or centrifugal contactors.
Under one option, the program closes rapidly to steady state for
the specified input conditions. Under two other options, various
aspects of dynamic or transient behavior can be simulated, in-
cluding startup, flow and concentration changes, and shutdown,

The program handles chemical systems with as many as:five
components with or without mutual dependence of the distribution
of the components between organic and aqueous phases (dependence
of distribution coefficients on a single reference compgnent is
not considered mutual dependence).

Distribution data may be expressed in the form of tables or
cubic polynomial equations. The equations are limited to two
variables (one reference component), but the tables may include
two or three variables (one or two reference components) and, for
three-variable tables, may apply to a specific concentration of
an aqueous salting agent (third reference component). The de-
pendent variable can be expressed as the organic phase concentra-
tion or the distribution coefficient itself, or as the natural
logarithm of either. Similarly, the reference component(s) can
be expressed as the concentration itself, or the logarithm of the
concentration, in either the aqueous or organic phases. Finally,
the distribution data for each component may be split into two
concentration ranges with different methods of expressing the
data in each.

The bank may consist of as many as 24 stages with the option
of feeding both aqueous and organic streams to each stage. The
organic phase can be withdrawn only from Stage 1 and the aqueous
phase only from the highest numbered stage.

For steady state solutions, output results provide the aqueous
and organic concentrations of each component leaving each stage and
can provide as an option the aqueous, organic, and total inventories
of each component in the bank if the mixer and settler volumes are
provided. The definition of steady state invelves meeting two
criteria: change in bank inventory of each component must be less



than 1% per hour, and instantaneous flow of each component out
of the bank must be within 0.1% of the instantaneous flow into
the bank.

For dynamic solutions, aqueous and organic concentrations
of each component leaving the terminal stages and seven other
selected stages are shown at time intervals selected by the user.
The entire operation can be broken down into phases with different
print intervals, feed rates, and feed concentrations. Another
option provides a rapid close to steady state at any selected
time as a preface to a transient behavior period. A complete
inventory and material balance, including total flow in and out
for each component in each phase, will also be printed at time
intervals specified by the user,

The dynamic calculations are based on a variation of the
so-called lumped parameter system; i.e., mixers are assumed to
be well-mixed tanks, and each settler is assumed to be a series
of well-mixed zones or tanks overflowing one to another. As many
as 50 settlers zones can be specified by the user.

The agueous and organic volumes in the settlers are specified
by the user and are assumed to be independent of flow rate. The
specified mixer volume is split between aqueous and organic phases
in proportion to the flow rate of each.

CALCULATION METHOD

The mathematical equations used to simulate the solvent ex-
traction process are described in detail in Appendix B. TFor both
dynamic and steady state options, the calculation proceeds from
Stage 1 through the last stage specified by the user for successive
time intervals, beginning at time zero with pure water and pure
solvent in the bank. For steady state calculations, an arbitrary
time interval of unity is used which has no relation to real time.
In that case, "time'" merely corresponds to the number of iterations
to that point in the calculation. The calculation is based on
the concept of well-mixed tanks as described in the Introduction.
The rate of change in the inventory of a given component in either
the mixer or a settler zone is proportional to the flow of that
component into the "tank'" less the component flow out, assuming
that the concentration leaving corresponds to the uniform concen-
tration in the well-mixed tank. The differential equation de-
scribing that material balance is translated into finite difference
form; input concentrations to the stage are taken as the output
concentrations from adjacent stages during the previous time
interval; and the equations are solved for the aqueous and organic
exit concentrations during the current time interval by trial-
and-error iteration. Concentrations from the mixer and each
settler zone are calculated before proceeding to the next stage.

-6 -



The calculations described above are performed in the main
SOLVEX program, The main program also calls the other subroutines
described briefly below:

Subroutine SETUP, This subprogram establishes flow rates
throughout the bank from input data for feed rates and feed stages.
This subroutine also establishes the integration time interval.
Minimum holdup time is first determined as the holdup time for
liquid in the smallest of these volumes: mixer aqueous and organic
volumes and settler aqueous and organic zones. The integration
time interval is then determined by multiplying this minimum time
by a fraction TMULT provided by the user. The smaller the value
of TMULT, the better the simulatiom, but the longer the computing
time. The user must strike a compromise between simulation ac-
curacy and computing time. :

Subroutines GETDOA and INTERP. These subprograms supply the
distribution coefficient D relating concentrations of organic and
aqueous phases in equilibrium with each other. GETDOA calls INTERP
to interpolate within two- and three-variable tables. The options
or methods of supplying this information are summarized in Figure 1.
The dependent variable u can be expressed as the distribution co-
efficient itself, the organic phase concentration, or the natural
logarithm of either of the two. For simple two-variable relation-
ships, the independent or reference variable v can be either a
concentration or the natural logarithm of the concentration of
any one of the components in either the agueous or organic phases
{the phase is specified by another input described under INPUT,
page 11). These two-variable relationships are identified by
numbers in the shaded section of Figure 1 (Type 1 through Type 8).
They can be supplied either as a table or as a polynomial equation
of the form: -

uw=A+ By + Cv? + Do?

The equation transforms to constant, linear, or quadratic form
by equating appropriate coefficients to zero.

Relationships involving the dependent variable u and two
independent or reference variables v and 2z can be set up, but
only in tabular from, Type 1 through Type 16 cover these com-
binations. As with the first reference variable, the second
reference variable can be a concentration of any one of the com-
ponents in either the aqueous or organic phases.

For both equations and tables, the data for a given component
can be restricted for use above or below a specified value CMIN
of the first reference concentration. When a third reference com-
ponent is specified, the entire table applies to a specific aqueous
concentration of a salting agent which must be greater than CMIN.



NTYPE u v 5

C

C

C

C

C

C

c

C
9 p° C n C

a

10 c c ) In C
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12 In C C iIn C
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15 1n DZ InC In C
16 In C In C In C

FIGURE 1. Allowable Methods of Expressing Distribution Data
Only combinations in shaded area can be used for
equations. For components that do not transport into
the organic phase, NTYPE = 0 (on a No. 3 card).

u - dependent variable

v - independent variable

2 - second independent variable for tables only



CMIN would now apply solely to the salting agent. Problems with

a salting agent as a third reference component are more inflexible
and must be set up with care because flow rates and feed concen-
trations of the salting agent must be made compatible with the
distribution data tables. This is not the case when the salting
agent is the second reference component in a three-variable table.
In that case, the table will be properly interpolated as the con-
centration of salting agent changes with changes in flow rates

and feed concentrations.

Subroutine OUTPUT. Program results are printed by this sub-
routine. Several options which can be exercised by the user are
best explained by the various types of printout described under
OUTPUT, page 18.

INPUT

Input data are supplied on standard IBM cards, Card formats
are shown in Figure 2, and the various types of cards are described

below. N

SPEADY STATE PROBLEMS

5 m maggﬁ@50|muﬁggﬁs90|EB£E§%§%&
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DYNAMIC PROBLEMS
In addition to the card fieids shown above for steady state, the card fields shown below must also be punched for dynamic

problems:

* MREF3 ** MREF

FIGURE 2. Input Data Card Formats



Title Card. This must be the first card in the data deck.
The title applies to one dynamic problem or to a series of steady
state problems. It consists of as many as 52 legal alphameric
characters including blanks punched in Columns 1 through 52, The
component names are also provided on this card. Each name can be
four alphameric characters long including blanks, and the name
for the first component must start in Column 56, Names for ad-
ditional components begin in Columns 61, 66, 71, and 76 succes-
sively for as many components as are involved. With the following
exceptions, subsequent cards bear characteristic numbers in
Column 1 and can be in any order:

o Tabular distribution data cards, which must follow No, 2 cards,
do not require characteristic numbers in Column 1, which can
be occupied by the first digit of a data number.

® A No. 8 card must be provided for every problem and must be
the last data card for that problem.

The program recognizes two types of data input numbers:
whole or integer numbers which do not include a decimal point and
decimal numbers which do include a decimal point. Integer numbers
are entered in card fields that are 1 to 5 columns wide. These
numbers must be right-justified within the field (must have no
unused columns to the right of the number).

Decimal numbers are entered in card fields that are always
10 columns wide and can be punched anywhere within that field,

Definitions of the terms used in labeling card entries are
given in Appendix A, Glossary.

No. 1 - Bank Card. This card provides the total number of
stages JT and the total number of components MI. For steady state
problems, no other entries on this card are required, but if in-
ventory results are desired, the user should also provide mixer
volume VM, aqueous settler volume VSA, and organic settler volume
VSO. For dynamic problems, VM, VSA, and VSO are required, and in
addition, the user must provide the number of aqueous and organic
settler zones KX and KY,

~ No. 2 - Tabular Data Control Card. Cards of this type pro-
vide program control information for reading and using tabular
distribution data. The following information must be supplied
for two-variable tables:
o Component number M to which the data apply.

e Type of distribution data from Figure 1 (NTYPE).
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® Reference component number (MREF}.

o Phase (aqueous or organic} in which the reference component
concentration exists {NPHAS equals O for organic or 1 for
aqueous}.

& Minimum concentration CMIN for the reference concentration
covered by the table (if left blank CMIN is assumed to be

Zero).
e Number of rows in the table (NROWS).
e Number of columns in the table (KOLS).

For three-variable tables, similar information for MREF2 and
NPHASZ must also be supplied for the second reference component
(CMIN is not required for the second reference component). If
MREF3 is supplied, CMIN refers to the concentration of that com-
ponent, and the entire table applies to a specific concentration
of the MREF3 nontransportable salting agent which must be greater
than CMIN.* This control card is followed by cards providing the
tabular data. Data are punched on cards (eight values per card
in 10-column fields) to fill successive rows of a table with the

format shown in Figure 3.

For three-variable tables, the first row provides values for
the second reference component (MREF2). The first position in
the table labeled DUM must be filled with an unused dummy value
{0.0}) or left blank on the card. The first entry in each succeeding
row provides values for the first reference component with values
for the dependent variable filling successive positions in the
row. The second table row begins on the same card and in the
card field following the last entry of the first table row.

For two-variable tables, the DUM and 3 values are not re-
quired, and the data entries begin with the first value for the
first reference component followed by the corresponding value of
the dependent variable. Successive pairs of values are punched
in the succeeding fields of the first card and continued on as
many cards as required for the whole table. Thus, two-variable
tables occupy only the first two columns of Figure 3 as shown by
the shaded section.

* Problems with a salting agent as a third reference component are
more inflexible and must be set up with care as described earlier
under subroutines GETDOA and INTERP.
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DUM z(1) 2(2) 2(3) LR 2(K)
u(1,3) toee u(1,K)
- . s = u(N,K)

FIGURE 3. Tabular Data Format

Successive rows in this table do not correspond to
successive input data cards, except by coincidence
when the table has eight columns (K=7).

u - dependent variable

v - first reference variable (MREF)

2 - second reference variable (MREF2)

DUM - dummy position

Format for two-variable tables is in shaded area,
K = KOLS-1

For two-variable tables, N = NROWS

For three-variable tables, N = NROWS-1
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A maximum of five tables are allowed: one for each of five
components, or two for each of two components and one for a third
component, etc.

No. & - Distributton Bquation Control Card. Cards of this
type provide coefficients and program control data to express
distribution data in equation form., The entries M, NTYPE, MREF,
NPHAS, and CMIN must be provided and serve the same functions as
described for tabular data (No. 2 Cards). The A, B, C, and D
entries provide the coefficients in a distribution equation of
the form:

u=A+ By + (9% + D?

Components that do not transport into the organic phase (Dg = 0)
are assigned an NTYPE value of zero on a No. 3 card with no further
card entries required. No. 2 cards should not be used for this
purpose, nor should this be done by setting all equation coef-
ficients to zero on a No, 3 card with an NTYPE greater than zero
(excessive execution time),

No. 4 - Aqueous Feed Cards. The feed stage J, the feed rate
AF{J), and component concentrations in the feed XF(M,J) are pro-
vided on these cards. There can be as many cards as there are
stages, '

No, & - Organie Feed Cards. The format of these cards is
the same as for the No. 4 cards, providing organic feed rate
OF(J) and concentrations YF(M,J) to the Jth stage.

No., 6 - Miscellaneous Control Data Card. This card provides
for mutual dependency of component distribution between phases
(MUT = 1 rather than 0), provides stage efficiency EFF and closing
tolerance TOL, and for dynamic programs, provides the integration
factor TMULT which must always be less than one. The function of
these terms is explained in Appendix A, Glossary. For MUT = 0 to
be applicable, the reference component must have a lower component
number than the component for which the distribution data apply.
For MUT = 1, distribution data for a given component can reference
any other component. However, MUT = 1 should be used only where
necessary because of the greater computation time required.

No. 7 - Output Control Card. This card is not required for
steady state calculations ({although it can be used to get inter-
mediate values in the iteration to steady state for debugging
purposes; however, these values would have no dynamic meaning in
the real world). For dynamic calculations, the program control
value LI and the output control values LJ, LM, JB, JE, and JI
are provided on this card, These terms are explained in OUTPUT,
page 20 and Appendix A, Glossary.
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No. 8 - Option Card. This card provides program options and
program control data for the first option as tabulated below:

NOPTI  Dynamic calculation; phase terminated by executing in
that phase a number of cycles equal to LOOPS or by reach-
ing a process time equal to ETIME.

NOPT2 Dymamic calculation; phase terminated by reaching steady
state; LOOPS and ETIME must not be provided.

NOPT3  Artificial rapid close to steady state. LOOPS and ETIME
must not be provided; process time is reset to zero.

A No. 8 card must be provided for every dynamic phase and steady
state problem and must be the last data card.

Delineation Cards. A single blank card must be inserted to
delineate the end of each dynamic phase and each steady state
problem, '

SAMPLE PROBLEM '

Figure 4 is a computer facsimile of the data read directly
from cards for a problem that combines steady state and dynamic
phases. The first card provides the title of the problem. The
study explores the possibility of injecting acid at the 11th stage
to enhance the separation of neptunium from uranium. Three of the
five component labeling fields on the right side of the card are
used to identify the acid, neptunium, and uranium (valence 6) com-
ponents.
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N LB BANKy 3.5% TEP, h=NP—U, INJECT H#
P18 3 3 3 5.5
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The next card, Type 1 (Column 1), provides the following
information:

JT = 16 stages

MI' = 3 components

KX = 3 aqueous settler zones

KY = 3 organic settler zones

VM = 5.9 liters mixer volume

VSA = 34,7 liters aqueous settler volume
V80 = 31.5 liters organic séttler volume

The next card, Type 2, provides control information for
reading tabular distribution data on the next 5 cards. The No. 2
card provides the following information:

M = 1 (data apply to component 1)

NTYPE = 2 (organic concentration of H' versus aqueous concentration
of HY)

MREF = 1 (H* reference)

NPHAS = 1 {aqueous concentration of H* reference)

CMIN =0

NROWS = 17 (17 rows in the table)

KOLS = 2 (2 columns in the table)

The next five cards provide the distribution data for H',
alternating aqueous and organic concentrations in eight 10-coclumn
fields on each card.

The next card, Type 3, provides the following distribution
information for neptunium (M = 2) in equation form:

NTYPE = 7 (logarithm of the distribution coefficient for neptunium
versus logarithm of the reference concentration)
MREF = 1 (H* reference)

NPHAS = 1 (aqueous reference)
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CMIN = 0 (data apply down to zero reference concentration and
up to CMIN on another card, if provided. Otherwise,
unlimited application)

’; - ‘;:;gg} In D = 3,350 In H* - 4.784

The next card, Type 2, provides control information for
tabular distribution data for neptunium (M = 2) on the next two
cards. The data are in the form NTYPE = 7 and are good at aqueous
(NPHAS = 1} acid concentrations (MREF = 1) greater than or equal
to 0.501 mole per liter (this also limits the neptunium data
presented earlier by equation to acid concentrations less than
0.501M). The data are provided in a table of eight rows and two
columns. The next two cards provide these data, alternating
logarithms of Hy and DS.

The next No. 2 card and the following five cards provide
tabular distribution data for uranium in the form NTYPE = 3
(1n D9 versus reference concentration) with aqueous acid as the
reference. Since CMIN = 0 and no other cards are provided for
uranium, the data apply over the whole range of concentration.

The next two No. 4 cards provide the following aqueous feed
information:

g Np  U(VI)

Stage liters/minute moles/Liter
1 0.840 2.0 0 0
11 0.10 4.0 0 0

The next two No. 5 cards provide the following organic feed
information:

Ht Np  U(VI)

Stage liters/minute moles/liter
8 2.87 0.035 0 0
16 2.45 0 0 0

The next No. 6 card specifies no mutual dependence of dis-
tribution data (MUT = 0}, an 80% stage efficiency (EFF = 80.0),
a closing tolerance of 0.1% (TOL = 0.001), and an integration
time (TMULT) of 0.104406 of the maximum permissible (this was
carried to six places in an unsuccessful attempt to make the
process time print in whole minutes).
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The No. 7 card provides:

LJ = 500 integration cycles between print profiles
LM = 2000 integration cycles between printed material balances
LI = 100 integration cycles hetween steady state checks

The JB = 2, JE = 14, and JI = 2 cause mixer concentrations
to be printed for Stages 2, 4, 6, 8, 10, 12, and 14 in addition
to the first and last stages. The No. 8 card with NOPT = 3
specifies that this is a steady state problem (rapid artificial
close to steady state).

The blank card terminates input for the first problem, which
is actually the first phase of a dynamic problem,

Two more phases are specified with all conditions the same
as specified for the first phase with these exceptions:

e On a No. 5 card, the organic feed to the eighth stage for the
second phase is changed to include concentrations of 1.0 gram/
liter of neptunium and 1.0 gram/liter of uranium (nominal con-
centration).

¢ The No. 8 card for the second phase specifies that the phase
should be terminated at a process time of 1440 minutes (24
hours; process time was set to zero at the end of the first
phase).

# The third phase is a rapid close to steady state from the
process conditions existing at the end of the second phase.

OUTPUT

Steady State Resulte. The first phase of the sample study
(Figure 5) illustrates the output format for steady state problems.
This phase brought the bank to acid equilibrium before introducing
neptunium and uranium.

The format at the top provides the bank and program control
input data and feed rates and feed concentrations. The efficiency
E is expressed as a fraction rather than the percentage (EFF)
required on input. If VM, VSA, and VSO are not provided, they
are set to 1.0 by the program for use in the steady state closure
routine.

The profiles provide aqueous and organic concentrations
leaving each stage.
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M old BuhKs 3.5% THP, H-NP-U, INJECT H+ AT STAGE 11
MY G JT KX KY WMy V5A,V5D 3 L4 L 1 5230000 34,70000 31.50000
MUTUAL s o TIL, TMULT o] 0.8000C C.CC10Q 0.10441
STAGE, AC FEEC RATE, CCNG'NS 1 J+« 64000 2.00G00 C.0 d. 0 g.0 0.0
STRGEy AC FEED HATE, CONC'NS 11 G.10000 4 .20000 Je0 J.0 0.0 Q.0
STACE, ORG FEEC RATE, CONC'NS 8 2.ETIIQ J. (3530 Je 0 G2 2.9 Q.0
STAGE, GRG FEED HATE, CCNC'NS ié 2.45000 Ja.0 0.0 0.0 0.0 0.0
CTIME 1.00C00 MIN.
STEADY STATE RESULTS
He ‘ NP uvl
STAGE ACUECUS CRGANIC AQUECLS CRGANIC AQUECUS QRGANIC
1 2.090e 00 &4.653E~02 OQ.0 0.0 0.0 0.0
2 2.000E 00 4.652E-02 0.0 0.0 0.0 0.0
3 Z.000E 00 4.£50E=02 0.0 0.0 0.0 Q.0
4 1.S5SE 00 4.646E=-02 0.0 0.C 0.9 0.0
5 L.597E 00 4.635E=-02 Q.0 0.0 C.0 0.0
6 L.993E Q) 4.639E-02 0.0 0.0 0.0 0.0
7 1.582E Q0 4.%544E-02 D) 0.0 0.0 0.0
E 1.%58E GO  4.3E3E~02 0.0 J.0 9.0 G.0
9 1.564E 00 4.5606-02 0.0 0.0 0.0 0,0
L0 L1.985E 00 4.773E-02 0.0 0.0 0.0 0.0
11 Z.199E 00 24485E-C2 J.0 G0 0.0 0.0
12 2.15%E 00 5.4B7E=0Q2 0.0 0.0 0.0 0.
13 2.198E Q0 5.459E=02 y.0 0.0 0.0 0.
14 2.1B7E 90 5.3¢3E-02 0.0 0.0 0.0 0.
15 Z2.158F 00 5.033E-C2 0.0 G.0 0.0 0.
1€ 2.(56E CO 3.G05E-02 0.0 0.0 0.9 Q.
*
-------- MATERIAL IN -=-- MATERAL QUT =m=mememecce oo INVENTORY
CUNMFONENT AQUECUS QRGANIC TOTAL AQUEOUS CRGANIC TATAL AQUECUS CRGANIC
He Q.0 0.0 D0 0.0 0.0 0.0 l.181E @2 2.780E 01
NP 0.0 0.C 1.6 J.0 0.0 0.0 Q.0 J.0
Lyl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FIGURE 5. First Phase - Rapid Close to Steady State
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If the VM, VSA, and VSO fields on the No. 1 input card are
punched, the inventory values are provided but the Material In,
Material Out, and ERROR columns, pertinent only to dynamic output, |
are filled with zeros (same routine is used to print both dynamic
and steady state inventories).

Dynamic Results. The output format for dynamic results
{second phase of the sample study) is shown in Figures 6 and 7:
Coencentration profiles are provided for each component at the
frequency specified by the LJ parameter on the No. 7 card. The !
integer LJ is the number of integration time intervals between
profiles (500 cycles or 50 minutes). The integration time interval
OTIME is described on page 7 under Subroutine SETUP (0.1 minute
in the example). The profiles include the concentration of each |
component in both the aqueous and organic phases leaving the
mizers of the first and last stages in the bank and seven other
selected stages. This is the maximum number that can be accommo- |
dated across the width of the printout.

The seven optional stages are selected with the JB, JE, and
JI parameters on the No. 7 card. The JB entry is the first of ‘
the seven, the JE entry the last, and the JI entry the increment
between print stages. For example, JB, JE, and JI parameters of
3, 15, and 2 would print the concentrations leaving stages 3, 5,
7, 9, 1i, 13, and 15 between the first and last stages.

Under the column labeled BANK EXIT, the profiles also show
the organic concentration leaving the setiler of the first stage
and the aqueous concentrations leaving the settler of the last
stage. In Figures 6 and 7, the difference in aqueous concentra-
tion between Stage 16 mixer and aqueous bank exit illustrates
process holdup in the Stage 16 settler,

The LI parameter on the No. 7 card fixes the number of
integration cycles between steady state checks when NOPT option 2
on the No. 8 card has been selected. If the LI field is left
blank, the degree of approach to steady state is determined every
10 integration cycles {under NOPT option 3, steady state is also
checked every 10 cycles unless overridden by specifying a different
LT on a No. 7 card},

Component material balances (Figure 7) will also be shown on
the printout at the frequency in integration cycles given by the
LM parameter on the No. 7 card (2000 cycles or 200 minutes in the
example). Because the program carries only seven significant
figures (single precision), there will always be a measurable
error in closing the material balance, The current error, al-
though usually negligible, is shown in the last columm as percent
of the total feed flow for that component during the last inte-
gration cycle.
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Broid Eahk, 3.5 FEP, H=NP-U, INJECT h+ AT STAGE 11

MT T, KX Ky, WM,y 54 ,¥v5D 3 la 3 3 5.,490000 34.70000 31.50000

PUTUALy o TCL,y TMULT N JaBIVED CeC31aG Ceila%l

STaGEs AC FEED RATE, CCACT'NS i J.3%002 22030949 0.3 Jetd 0.0 0.0

STAGE,y &0 FEED RATE, CONC NS i C.lCCLQ 440000 0.0 0.0 Je) J.0

STaGeoe LRG FEEC RATE, CONC'KNS o 2.87030¢C Je03500 l.COCCO 1. 03000 Qe 0.0
STAGEy JRG FEED RATE, CUNC'NS L& 2.45000 Ja0 . 0.0 0.0 0.0 0.0

CTIME (0.10000 MIN,

STAGE 1 STAGE 2 STAGE & STAGE & STAGE 8 STAGE 10 STAGE 12 STAGE l& STAGE 16 BANK EXIT

2.18T 00 2.056E 00 2.056E 0O

TIFEWMIN a 1
2 5.363£-02 3,906E=02 #.653E-02

[ .14 2
5J.60 MIXR (ORG 4

TIME.MIN NP AQ 5.468E-04 2.521F=03 2.9:1E~02 2.6G4E=01 2.728E 00 2.282E-01 1.831£-04 7.870E=09 3.25TE-l4 6.522E-17
5J.0 MIXR QRG 5.205E~05 2.08JE-C4 2.250E—-03 2,.153E-02 1.914E-01 6.983E-03 &.935E-C6 2.949E-10 1.0726-1L5 3.3886-G5

TIME,MIN UVI AQ B.734E-02 1.558E=-01 2.84GE~4Gi 4,33GF-01 &6.1BTE-01 7.6508-03 B8.27TE~07 4.320€-12 2.88BE-18 6.138E-21
£J.0 MIXR 0RG T.703E=02 1.358E~01 2.455£-01 3.638E~01 5.073E-01 4.985E~03 6.3296=-07 3.48576-12 1.990E~18 4.324E~02

STALE 1 STAGE 2 STAGE. 4 STAGE & STAGE 8 STAGE 10 STAGE 12 STAGE 14 STAGE L& BANK EXIT

TIMEsMIN H+ AQ 2.300E 93 2.000E 00 1.959E 00 1.993E 00 1.958f 00 1.585E 00 2.199E 00 Z.I87E 00 2.056E 00 2.056E DO
LoJ.0 MIXR ORG 4.653E=02 4,652E-02 4.046E-02 4.609E~02 4.383E-02 4.TV3IE-02 5.487E~-02 5.363E-02 3.906E-02 4.653E~02

TIME,MIN NP AQ 1.505E-03 5.238FE-03 4.749E=02 3,SS7E-01 3.220E ‘00 Lle492€ 00 T.011E-02 3.393E-04 2.109E-Q7 4.156E-09
100.0 MIXR ORG L.187E=04 3.803E=04 3.352E=03 2.738E=02 2.103E=01 4.736E=-02 2,06TLE-C3 1.2T3E=-05 6.942E~09 1.116€E-04

TIPE.MIN UVI AQ 2.560E=01 3.326E-01 4.¢6LS5E-01 5.B888E-01L 7.1276-01 5.109E-02 3.18%E~04 2.081E-07 1.871€=11 3.686E~13
100.C MIXR ORG 2.21BE-01 2.831E~Q1l 3.BSTE~01l 4,G17E=01 S54T51E=04 3.374E-02 2.443E-04 1,579€-07 1.2B89E-11 2.Q65E-01

“
STAGE 1 STAGE & STAGE 4 STAGE 6 STAGE 8 STAGE 10 STAGE 12 STAGE 14 STAGE 16 BANK EXIT

TIMEsMIN H#+ AQ 2.0C0E 00 2.0X0E 00 1.999E 00 1.993E 00 1.9588 00 1.985E 00 2.199E 00 2.18TE 00 2.056E 00 2.056E 00
150.0 MIXR 0ORG 4o 53E=02 H.652E=02 4.045E-02 4.609E~02 4.383E-02 4.773E=02 5.487E=C2 5.383E-02 3.906E-02 4.693E-02

TIFEMIN AP AQ 2e134E-03 7.449E-03 6.126E-02 4.667TE-01L 3.473F 20 2.505€ 00 5.551E-01 3.93BE~02 2.734E-04 1.897E~0S
15¢.¢ MIXR ORG 1+676E-04 5.215E=~04 4.137E=0G3 3.(7SE-0Q2 2.203E~01 8.523E-02 2.327E-02 1.14B€-03 B.,99BE~06 1.626FE-04

TIFME,MIN UVI  AQ 3.BLLFE=01 %.808E-01 5.879E-01 6,765€-01 7.603E-01 S.146E-02 Z.B833E-C3 1.89BE-05 2.439E-08 1.6BBE-09
150.C MIXR CRrG 3,3016=01 4.J49E-01 4.513E~01 5.602E-U1 56.099E=)1 6.183E-02 24191E=23 1.444E-05 1.681E-08 3,191E-01

FIGURE 6. Second Phase - Dynamic Results - Beginning
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STAGE 1  STAGE 2  STAGE 4 STAGE & STAGE ¥
TLFEZMIN He & 2.000F 90 2.000E GO 1.999E 00 L.994E 90 1.958E Qu
1248.5 MIXR ORG  4$.653E-02 4-£52E-0F 4.£46E-02 4.50%E-02 4.383E-32
TIME,MiN NP AQ 3.446E-03 l.2136-02 B8.911E-02 5.82€E-01 3.839E 00
1248.5 MIKR CRG 2.6GBE=04 8.138E~04 5.049E=03 3.642€-02 2.350E-01
TIME,MIN UVI  AQ 6.2456-01 7.£73E-31 d.979E-01 8.1356-JL 8.387E-d1
1248.5 MIXR CRG  5.394E-01 6.383E-01 6.6575-01 6.673E-01 6.685E-01
STAGE 1  STAGE 2 STAGE 4 STAGE 6  STAGE 48
TIME(MIN F+ 40 2.900€ U3 2.000F Q0 1.999€ 00 1.992E 00 1.958E 00
1298.4 MIXR CORG 4.5653F=02 4.652E-02 4.646F=02 4.,509E-02 4.3835-02
TIME,MIN NP AQ 3.446E-03 1.213E-02 B.931E-02 5.8286-01 3.839E 00
1266.4 MIXR 0ORG  2.565BE=34 B.L3BE-04 35.644E-03 3.642F-02 2.3506-01
TIWEMIN UVI  AG 6.245E=01 7.673E-Cl B8.080E-01 8,139E-0L B.388E-0L
1256.4 MIXR GRG  35.3S56-01 5.381E-01 6.657E=0L 6.€74E-01 6.689E-01
STAGE 1 STAGE 2 STAGE 4 STAGE 6  STAGE 8
TIME,MIN H+  AQ 2.000F 00 2.000€ 00 1,999E 00 1.593FE 00 1.958E 00
1348.4 MIXR ORG  4.653E-02 4.652E-02 4.646E-02 4.,609E-02 4.383£-02
TIFE,MIN NP 4G 3.446E-03 1.213E-G2 8.931£-02 5.5286-01 3.839F 00
1248.4 MINR DRG  2-€58F-04 B.L33E-04 5.644E-03 3.€42E-02 2.350€-01
TIME,MIN UV  aQ 6.246E-01 T.674E~01 B8.080E-01 6,1406-01 8.388§~01
1343.4 MIXR CRG  5.3S5E-0l 6.381E=01 64€58E~01 6.674E-01 6.689E~01
STAGE L STAGE 2 STAGE & STAGE & STAGE B
TIME,HIN H+  AC 2.000E 00 2.0C0E 00 1.9995 00 1.593F 00 1,958E 40
1358.7 MIXR ORG  44653E-02 4.652E-0Z 4.646E=02 4.6095-02 4.383E-02
TIME,MIN NP AQ 3.4466~03 1.213E-02 0.931E-02 5.828E-01 3.839E 00
1358.3 MIXR GCRG  2.6%8E-04 B8.138E-04 5.644E-03 3.642E~02 2.350E-O1
TIME,MIN UV] AQ 6.246E=J1 T.6T4E-0l B.0B0E-0L 8.1406-01 8.368E-01
135843 MIXR CRG  54395E=01 £.3B1E-0L 6.658E=01 6.8T4E=~01 6.689E-01
NATERIAL BALANCES AT TIME= 13$B.30 NIb.
________ MATERIAL N MATER AL OUT m=-=m—-
CGMPONENT AQUEDLS IRGANIC TcTaL AQUECUS CRGANIC
He 2.909E 03 L.406E 02  3.050E 03  2.704E 03 3.462E 02
NP 2.0 4.CL6E 03 4.GleE 03 2.724F 03 1.T83E 00
uvlI 2.9 4.vlbf I3 ALCLEE O3 T.575E-21  3.55TE 03
FIGURE 7.

Second Phase - Dynamic Results - Ending

3.
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STAGE 10 STAGE 12
l.785E 00 2.1%SE CQ
4.TT7IE=D2 5.48TE-02
3.6S5E 00 3.474E QO
La319€~01 1l.6%0E-CGl
1.922E-01 3.509£-02
L. 384E-01 2.643£~C2
STAGE 10 STAGE L2
1.985 00 2.1%9E Q0
4. 7T3E-02 5.487E-(2
3.895E 00 3.47%E 00
l.519E-01 i.640E=-01
1.923E-01 3.512€E-02
1.384E=01 2Z2.%46E=02
STaGE 10 STAGE 12
1.985E 00 2.199& 00
4. 1T3E-02 5.4LBTE-C2
3.895E Qv 3.474E QO
L+519E-0L 1.540E-01
1.922E=01 3.514E=-02
1.384E-01 2.948E-02
STAGE 10 STAGE 12
1.983E 00 2.199E g0
4. TTIE-02 5.487E-02
3.895E€ 00 3.474E 00
1.519E-01 1l.&40F-01
1.924E=01 3.S1&6E~02
1.385E-01 2.95Q0E-C2
TOTAL AQUECLS
O50E 03 1.16LE C3
T28E 03 1.238E G3
557 Q3 2+499E 02

STAGE L4

2.187% 00
S.363E=22
3.420E 00
La963E-01

5.T93E-03
5.396E-03

STAGE 14

2.187TE 00
5.3463E-22

3.420E Q0
L.363E-01

6+806E-03
5.00T7E-23

STAGE 1%

2.187E Q0
5.363E-02

3.420€ 00
1.5363E=01

€. 817E-0Q3
3.616E=03

STAGE 14

2.187E Q0
5.363E-02

3.420E 00
l.5463E=01

&+ d425E-03
5.623F-03

ORGANIC

2.780¢ 0Ol
56608 01

2.088E 02

STAGE l&

2.05s£ 00
3.906E=02

3.053E Q0
1.005E=01

9.37TTE~-O4%
6.875E~04

STAGE 16

2.056E Q0
3.906E-0Q2

3.053€E 00
1.0056-921

L.001E-Q3
6.89TE-04

STAGE l6

2.0546E 00
3. 936E=02

3.053E 00
1.005E=0Q1

L.703E-03
B6-F14E-04%

STAGE 16&

2.056E Q0
3. 9046E-02

3.053€E o0
1.005E=01

1.0Q5€E-03
6.927E=04

INVENTORY =v=mwmme———

TOTAL
1L.209E 03
L. 294E Q3

+.5R7E Q2

BANK EXIT

2.058E 00
4.653E-02

3.054E 00
Z.697E=0%

9.543E-04
5.394E-01

BANK EXIT

2.355E Q0
4 4653E-Q2

3.05+€ Q0
2.697E=04

G.98TE-04&
5.395E~01

BANK EXIT

2.756E Q0
4. 653E=-02

3.054E 00
2. 697E-04

1.002¢€=~03
5.395E~01

BANK EXIT

2.056€ 00
44 653E-02

3.054E 00
2.09TE-04

1. 004E~03
5.395E~-01

—~ERRQR~—-~

=1.401E-02
4. 997E-22

5. TI6E-02



When a dynamic phase closes to steady state, complete steady
state profiles are printed in the form shown by Figure 5.

In the example, the process is essentially at steady state
before the end of the second phase. To confirm that, a rapid
close to steady state was specified as the third phase of the
study. Those results are shown in Figure 8.

Distribution Data. The SOLVEX program summarizes the input
of distribution data as shown by the compact tables in Figure 9.

To illustrate dymamic behavior of the bank, the peak con-
centrations of neptunium and uranium are plotted in Figure 10 as
a function of time during the second phase. The peak concentra-
tion for neptunium shifted from Stage 8 to Stage 10 after about

8 hours.

APPLICATION

For further information concerning the SOLVEX program,
contact: :

Director

Argonne Code Center

Argonne National Laboratory
9700 South Cass Avenue
Argonne, IL 60439
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M Lk SANKy 2.5% TBP, H-AP-U, INJECT He AT STAGE 11

MT s dT oKX KY 3 VM, VSA,VSD 3 16 1 1 5.90000 34.70000 31.50000
MUTUAL4E » TGLy TMLLT 0 0.8000C 9.00100 Oa10441
STAGE, AQ FEED RATE, CONC'NS 1 0.84000 2.00000 .9 2.0 0.2 9.0
STAGE, AC FEEQ RATE, CCAC'NS 11 0.10000  4.00000 0,0 0.0 0.0 0.0
STAGE, ORG FEED RATE, CONCINS 8§ 2.87000 0.03500 1.00000 1.00000 0.0 0.0
STAGE, QRG FEED RATE, LONC'NS 1é 2.4500¢0 2.0 0.0 0.0 0.0 0.0
DYIME  1.00000 FIN.
STEADY STATE RESULTS
He NP uvI
STAGE ACUEQUS  ORGANIC AQUEGUS  ORGANIC AQUEOUS  ORGANIC
1 2.000F QU 4<£536~02 3.446E-03 2.698E-04 6.243E-01 5.393E-01
2 2.L00E O0 4.6526-02 1.213E~02 £.138E-04 7.671E~01 6.379E-01
3 2.000E 00 4.650E=02 3.404E-02 2.1B5E-C3 7T.999E-01 6.604E-01
4 1.SS9E 00 4.546E-02 8.532E-02 5.645E-03 @.07BE-01 6.656E=31
5 1.SGTE 00 4.6356-02 2.290E-01 1.4376=02 &.l06E-J1 6.668E-01
6 L1a593E 00 4.609€=02 S5.829E-01 3I.642E-02 B.138E-01 6.673E-01
7 1.983E 00 4.544E=02 L.487E 00 G9,230£~02 8,209E-01 6.678E~01
8 1.958E 0D 4.383E-02 3.839E 00 2.350E=Cl B8.38TE-01 646B5E=01
9 1.964E 00 4.560E-€2 3.8586 U L.455E-81 4.051E-01 2.872E-01L
10 1.5856 00 4.773E-C2 3.8%5€ 00 1.51SE-01 1.924E-01 1.385E-01
11 Z.15GE 00 5.4556-02 3.479E CO 1.646E-01 7.800E-02 6.558E-02
12 2.15SE OC 5.4BTE~CZ 3.474E $0 1.639E-0l 3.521E=02 2.954£=02
13 2.196FE 00 5.459E-02 3.459E 00 L1.619E=-0l 1.571E-92 1.312E-22
14 2.187E 00 5,363E=02 3.419E 00 1.562E-01 5.845E-03 5.6460E-03
15 2.158E 09 5.0336=02 3,313E 00 1.408E=0f 2.825E-03 2.238E~03
16 2.056E 00 3.906E-02 3.052E 00 1.004E-01 1.0liE-02 6.963E-04
————————— MATER T4l IN ——-———-—==— ——w——eee MATERIAL QYT —————————=—=  —=mm=a——e [NVENTORY =—m====—ww=om  -=ERROR--
COMPCNENT AQUECUS GRGANIC TGTAL AQUEQUS CRGANIC TOT AL ACUEOUS GRGANIC TOTAL
He 8.3 2.0 3.0 0.0 0.0 . 0.0 1.181E 03  2,730F 01  1.209€ 03 0.0
4 0.0 0.0 0.0 0.0 0.0 0.0 1.237€ 03 5.659E 01 1.294E 03 Q.0
uvl 0.0 a.0 9.0 0.0 0.9 ded 2.498E D2 2.088E 02  4.586E 02 0.0

FIGURE 8. Third Phase - Rapid Close to Steady State
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TYFE 2 TABULAR CISTRIGUTICN DATA FUR H+ AEOVE He = 0.0
VY] 0.0 0. 3000 0.C030 0.6000 0.0067 0.9000 0.0118 1.2000
1.800) 03.0384 2.1000 J.0506 2.4000 0.0638 2. T000 Qe 0742 3.0000
3.6000 0.0%65 3.9000 d.101e 4.2000 0.1058 46000 0.1102- 5. 0000
COEFFICIENTS FOR DISTRIBUTION EQUATIGN OF TYPE T FOR NP ABCVE He+ = Q.2
~4. 7840 3.3500 Q.0 0.0
TYPE 7 TABULAR OISTRIBUTIGN DATA FCR MNP ABGVE He = 0.50100
-0 .5531 -7.1060 -0.2877 =5. 7480 C.0 -4.9210 0. 4055 ~3.,8870 046931
1.09%0 =2.4350 1.38860 -1.9810
TYPE 1 TABULAR DISTRIBUTION DATA FOR LY[ ABOVE He = 0.0
Jad 0.0 02000 9.0200 0.4000 0.051¢0 0.6000 0. 0960 0.8000
1. 2000 0.3310 1.5000 0.5100 1.8000 0.6930 2.1000 0.8%00 2+4000
2.8000 1.3120 3.1000 l.4380 3. 4000 1.5450 3.7000 1.6400 %.00040

FIGURE 9. SOLVEX Summary -of Distribution Data

00190
0.0830
0.1140

~3.2490

0.1650
1.0900
1.7200

15000

3. 3000
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0.0904
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Neptunium - Stage 10

Uranium - Stage 8

FIGURE 10.

Time, hours

Peak Concentration Behavior Dur‘irfg Second
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APPENDIX A — GLOSSARY

The following definitions include a consistent set of dimen-
sional units. Any other consistent set of units may be used. The
terms integer and decimal refer to the form of input. Integers
must be entered as a whole number, right-justified within the
specified field., Decimals must include a decimal point and may
be entered anywhere within the 10-column field.

AF(J) Aqueous feed rate to stage J, liters per minute,
decimal, :

COMP1 Names for components 1 through 5; any legal alphameric

through  characters for the line printer.

COMPS

C Concentration, units per liter of solution where units
can be moles, grams, etc., decimal.

CMIN Low end of range of reference concentration over which a
specific method of expressing distribution data applies,
decimal.

Dz .Distribution coefficient (organic-to-aqueous concen-
tration ratio), decimal,

DTIME Integration time interval, minutes,

DUM A dummy number used to pad the unused corner of a
three-variable data table (Figure 3), -

EFF Stage efficiency, percent, decimal,

ETIME Process time at end of a dynamic phase, minutes,
decimal.

J Stage number, integer.

JB,JE,JI First, last, and increment between seven selected
stages for printing concentrations (output control),

integers.
JT Total number of stages in bank, integer.
KOLS Total number of columns in a data table, integer.

KX (KY) Total number of aqueous (organic) zones in settlers,
integer.
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LI

LJ

LM

LOOPS

MREF

MREF2

MREF3

MT

NOPT

NPHAS

NPHAS2

NROWS
NTYPE

Number of integration cycles between steady state
checks, integer.

Number of integration cycles between printed concen-
tration profiles, integer.

Number of integration cycles between printed material
balances, integer.

Number of integration cycles in dynamic phase, integer.
Component number, integer,

Reference component number for distribution data,
integer,

Second reference component number for three-variable
distribution data tables, integer.

Third reference component number for nontransportable
salting agents (the entire table applies to a specific
concentration of that agent which must be greater than
CMIN}, integer,

Total number of components in system.

LY

Mutual dependency parameter, integer:
0 component distributions not mutually dependent
1 distributions mutually dependent

Program options, integer:
1 dynamic, terminate phase by integration cycles
or process time provided’
2 dynamic, terminate phase at steady state
3 rapid close to steady state, time reset to zero

Phase of reference component concentration, integer:
0 organic phase
1 aqueous phase

Same as NPHAS but for second reference component,
integer.

Total number of rows in a data table, integer.

Form of distribution data (Figure 1)}, integer.

* If neither time nor cycles is provided, program execution will
terminate on computer job time or maximum printer lines under
the job control system at the Savannah River Plant.
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OF (J)

TMULT

TOL

VM
VSA
VS0

XF(M,J)

YE(M,J)

Organic feed rate to stage J, liters per minute, decimal.

Integration time factor, decimal fraction less than one:
Integration time interval = TMULT x (minimum process hold-
up time).

Closing tolerance for iterations on concentrations and
distribution coefficients (internal program control; an
input of 0.001--one part in a thousand--will generally
give satisfactory results without excessive computation
time)}, decimal.

Dependent variable in equations and tables of distri-
bution data.

Independent variable (reference concentration) in
equations and tables of distribution data.

Mixer volume, liters, decimal,
Aqueous settler volume, liters, decimal.
Organic settler volume, liters, decimal.

Concentration of component M in aqueous feed to Stage
J, units per liter, decimal,.

Concentration of component M in organic feed to Stage
J, units per liter, decimal.

Second independent variable (second reference concen-
tration) in tables of distribution data {(not vali@ for
equations).
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APPENDIX B — MATHEMATICAL SIMULATION*

DYNAMIC BEHAVIOR
Mixer Equations

By assumption:

_ A
Vma T A+O Vm (1}

Vmo = Vm h Vma i 2)

By material balance for the nth stage over the infinitesimal time
interval dO, the rate of change in invemtory is equal to the
material flow in minus the material flow out:

[a W)

v Xy 4y Ax, + Oy, - Ax - Oy (3)

ma E§'+ mo d&

For a finite time increment (designating values at end of previous
time increment by primes):

Ax

Ay _ _ C Ov?
A Vmo 75 = Axi + Oyi Ax! - Oy €3]
A=A =A +A. (5)
0=0 =0, +0. (6)

]
A X1t Anf xnf

X. = {(7)
1 An--l + Anf
, _
_%ne1 Yot * Ong Yng (8)
;i < 0. +0
n+l nf

* Terms are defined in Nomenclature, page 35.
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This estimate for the derivative is based on all values at the
end of the previous time period. A better estimate can be
achieved at no great sacrifice in computing time by substituting
the average of the exit concentrations at the beginning and end
of the, current time increment for the x' and y' values in Equa-
tion 4':

Ax Ay
Voa 78 F Vo A5 T A% * Oyy - Axav - Oyav (9)
where
1
_OX+X
*av T T2 {10)
oyt
yav 2 (11

Ax = x-x' (12)

Ay = y-y' ' (13)

1 (14)

or, solving for y

y = Ey* + vy, (1-E) - (15)

At distribution equilibrium between phases
y¥ = Dx (16)

Substituting Equations 10-16 into Equation 9 and solving for x
yields:

A(xi _-%)Jr ° {yi } .712- [yi(l-E)+y']} A6 +Vmax' } Vmo[yi(l—E)-y']

X =
v +V ED + 5_1_952_ AB

ma mo 2 | (17)

t One could do the same for the inlet concentrations x; and y;,
but this would require a preliminary calculation through the
entire bank on the basis of Equation 4, which would involve a
significant increase in computing time.
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If D is dependent upon x, the program iterates until the specified
closing tolerance is satisfied on both D and x, The value of y
is then calculated by combining Equations 15 and 16 to yield:

y = EDx + yi(l—E] (18)

This same procedure is repeated for each component. If distribu-
tion coefficients are mutually dependent, the entire cycle is
iterated until all x and y values close to the specified tolerance,

Settler Equations

Similar equations apply to each of the several zones into which
the settler is divided, each zone representing a well-mixed tank.
These zones, however, handle either organic or aqueous but not both
therefore no equilibrium relationship is involved. Further, be-
cause the flow is sequential from one zone to the mnext, the inlet
as well as the outlet concentration may be approximated more
closely by the average of concentrations at the beginning and end
of the time interval,

Thus, for aqueous zone 1, the inlet aquecus concentration is the
average of the exit concentrations from the mixer.

X -+
X7 “ILQ“'XE (19)

By material balance for zone 1:

Vsa dxl
' Ka 5 A (xm - le } (20)

For the finite increment:

t 1
Vsa Axl o X ¥ Xp i Xp * X 21
K 8 2 2
a
Substituting the equivalent Xy - xi for Ax and solving for x,:
t 1
KaAAG xm+xm_3(_l_ o
Vsa 2 2 1
= 22
1 K AAO (22)
1+ 2
2V
sa
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For the kth zone:

) ]
KaAAB (xk—l * X xk) ‘
-+ xk

VSa 2 2
X T X ARG (23)
1+ =&
2V
sa
Similarly, for organic phase zone 1l:
¥ L}
KOOAG Yo * Y i ZL .y
Vso 2 2 1
Yy = R O%0 (24)
1+ =2
2V
S0
And for zone k:
1 1
KOOAG yk—l + yk-l }r_k . ‘
v 7 T2 4
Yy = K_0%8 (25)
1+ 77
50

STEADY STATE BEHAVIOR
The mixer is the only element in each stage that needs to be con-
sidered at steady state; the aqueous and organic sections of the

settler will each be at a uniform concentration corresponding
to the conditions at the exit of the mixer.

Calculation of steady state concentration profiles does not in-
volve mixer and settler volumes, and these do not need to be
provided unless steady state inventories are required.

Only three relationships are involved for steady state concentra-
tion profiles:

e Material balance around stage n:

Axi + Oyi = Ax + Oy (26)

where
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A +
X, = (27)

_ On+1 Yae1 0nf Ynf
Y = —5—15 (28)
n+l nf

® Equilibrium relationship:
y* = Dx . (29)

e Stage efficiency:

E - yi 0
E rm——— 3
y* -y, (30)

1

x; and y; can be calculated directly from values generated during
tﬁe previous calculation cycle. Equation 29 is substituted into
Equation 30 to eliminate y* and provide the following equation
explicit in y: s

y = EDx + y. (1 - E) (31)

Equation 31 is then substituted into Equation 26 to solve for x:

Axi + OEyi

X = Ko (52)

If D is dependent upon x, the program jterates to a closing
tolerance on both D and x. This final value of x is then sub-
stituted into Equation 31 to provide a value for y.

This same procedure is repeated for each component. If distribu-

tion data are mutually dependent, the whole cycle is iterated
until all x and y values close to the specified tolerance.
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NOMENCLATURE

Primes are used to designate values at end of previous integration
cycle,

A agqueous flow at stage n, liters/minute
D distribution coefficient, D = %i
E stage efficiency, EFF/100
K number of settler zones
0 organic flow at stage n, liters/minute
Vv volume, liters
X aqueous concentration, units/liter
y organic concentration, units/liter
y* organic concentration in equilibrium with aqueous concen-
tration X
G time, minutes
Subscripts:
a aqueous
£ feed
i in [entering)
k zone K
m mixer
n stage n
0 organic
settler

1 zone 1
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