






































































































































CHAPTER V

TESTING THE ASPEN USER MODEL

The purpose of +this chapter is to outline the
procedure used in testing the validity of the ASPEN User
Model described in Chapter IV. Three electrolyte-water
systems for which sufficient thermodynamic data are
available were used. In each test case temperature
dependent concentration data were passed from the ASPEN
INPUT file to the ASPEN User Model where the mean ionic
activity coefficent for the electrolyte system was
calculated. These results were then compared to mean ionic
activity coefficient data found in the literature for
accuracy. The order of this discussion will be (1)
KCl-Water Test Case; (2) KNO3-Water Test Case; (3)
NaCl-Water Test Case; and (4) Discussion of Results.

KCl-Water Test Case

This electrolyte system was chosen to test the
validity of the ASPEN ELECTROLYTE User Model as sufficient
concentration versus activity coefficient data from
literature (Hamer, 1972) were available. The literature
concentration data were passed from the ASPEN INPUT file to
the ASPEN User Model where the respective mean ionic
activity coefficients for the KCl-Water electrolyte systems
were calculated. The ASPEN calculated mean ionic
coefficients were then compared to the literature mean

ionic coefficients for accuracy.
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Figure V.1 is the ASPEN INPUT file for the KCl-Water
electrolyte system. The development of this INPUT file is
covered in Chaper IV. This INPUT file accesses the AQADAT
and SOLDAT files which contain the thermodynamic
information needed for the simulation, provides the GMELCC
parameters needed for electrolyte simulation, and passes
the concentration data to the ASPEN User Model where the

mean ionic activity coefficient is calculated.

Figure V.2 shows a plot of the mean ionic coefficients
versus molality for the calculated and literature data
sets. Table V.1 shows these same results with the relative
percent difference calculated between the data sets. The
results shown in Table V.1 and Figure V.2 show an excellent
correlation between the calculated and literature mean
ionic activity coefficients for the KCl-Water electrolyte

system.

KNO3-Water Test Case

This electrolyte system was also chosen to test the
validity of the ASPEN ELECTROLYTE User Model as sufficient
concentration versus activity coefficient literature data
(Hamer, 1972) were available. Figure V.3 is the ASPEN
INPUT file for the KNO3-Water electrolyte systemn. Figure
V.4 shows a plot of the mean ionic coefficients versus
molality for the calculated and literature data sets.
Table V.2 shows these same results with the relative

percent difference calculated between the data sets. The
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NEW

TITLE ’KCL-WATER USER MODEL’

DESCRIPTION "TEST CASE OF KSP USER MODEL TO ACCURATELY
PREDICT MEAN IONIC ACTIVITY COEFFICIENTS OF ELECTROLYTES"

3

; GLOBAL DATA

N-UNITS ENG
OUT-UNITS ENG
HISTORY MSG-LEVEL PROPERTIES=8

; PHYSICAL PROPERTIES SECTION

COMPONENTS H20 H20/K+ K+/CL- CL-/KCL KCL
FORMULA H20 H20/K+ K+/CL- CL-/KCL KCL
FILES USRPP1A AQADAT/USRPP1B SOLDAT
PROP-SOURCES

GLOBAL AQADAT COMPS=K+ CL-/SOLDAT COMPS=KCL
PROP-OPTIONS SYSOPA ELECTRO &

PHIVMX PHIVMX12/HVMX HVMX12
PROPERTIES SYSOPA GLOBAL

PROP-DATA
COMP-LIST CL-;H20-KCL PAIR
BCVAL GMELCC 1 1 K+ 8.676126
COMP-LIST K+;KCL-H20 PAIR
BCVAL GMELCC 1 1 CL- -4.300940

FLOWSHEET

BLOCK FL1 IN=BRIN OUT=BRIN2
STREAM BRIN TEMP=76. PRES=14.7
MOLE-FLOW H20-122.3786/K+ 1./CL- 1./KCL O.
BLOCK FL1 USER
DESCRIPTION "SIMULATE KCL SOLUTION FLASH"
PARAM NINT=200 NREAL=200 NIW=200 NW=800

; TEMP (C) MOLALITY PRES(PA) SLN TYPE
REAL 25.0 .001 101325 1 &
25.0 .002 101325 1 &
25.0 .005 101325 : | &
25.0 .020 101325 1 &
25.0 .200 101325 1 &
25.0 .500 101325 i | &
25.0 1.000 101325 1 &
25.0 2.000 101325 i
INT 8
SIMULATE

FIGURE V.1: INPUT FILE TO TEST ACCURACY OF ASPEN
USER MODEL
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FIGURE V.2: ACTIVITY OF POTASSIUM CHLORIDE IN WATER
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TABLE V.1: CALCULATED VERSUS LITERATURE MEAN IONIC
ACTIVITY COEFFICIENTS FOR KC1-WATER
SOLUTIONS AT 25 DEGREES CELSIUS

MOLALITY ASPEN CALCULATED LITERATURE RELATIVE
ACTIVITY ACTIVITY PERCENT
COEFFICIENTS COEFFICIENTS DIFFERENCE

(Zemaitis, 1986)

.001 0.965 0.965 0.032
.002 0.951 0.951 0.032
.005 0.927 0.927 0.043
.020 0.869 0.869 0.046
.200 0.717 b iy 0.070
.500 0.649 0.649 0.077
1.000 0.603 0.604 0.132
2.000 0.572 0.573 0.192
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results shown in Table V.2 and Figure V.4 show an excellent
correlation between the calculated and literature mean
ionic activity coefficients for the KNO3-Water electrolyte

system.

NaCl-Water Test Case

This system was chosen to test the validity of the
ASPEN User Model as most previous electrolyte studies have
either been based on NaCl or have included NaCl-water data
in the studies. A compilation of various sources of
NaCl-Water activity coefficient data can be found in the

HANDBOOK OF AQUEOUS ELECTROLYTE THERMODYNAMICS (Zemaitis,
1986) .

Figure V.5 is the ASPEN INPUT file for the NaCl-Water
electrolyte system. Figure V.6 shows a plot of the mean
ionic coefficients versus molality for the calculated and
literature data sets. Table V.3 shows these same results
with the relative percent difference calculated between the
data sets. The results shown in Table V.3 and Figure V.8
indicate that the ASPEN User Model simulated this

electrolyte system very accurately.

Discussion of Results

The ASPEN Electrolyte User Model is able to predict
the activity coefficient for strong electrolytes within 2
percent of the measured activity coefficient for the

electrolyte systems studied. The difference between the
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NEW

TITLE ’KNO3-WATER USER MODEL'’

DESCRIPTION "TEST CASE OF KSP USER MODEL TO ACCURATELY
PREDICT MEAN IONIC ACTIVITY COEFFICIENTS OF ELECTROLYTES"

; GLOBAL DATA
)

IN-UNITS ENG
OUT-UNITS ENG
HISTORY MSG-LEVEL PROPERTIES=8

H

- PHYSICAL PROPERTIES SECTION

COMPONENTS H20 H20/K+ K+/N0O3- N0O3-/KN03 KNO3
FORMULA H20 H20/K+ K+/N03- N0O3-/KN0O3 KNO3
FILES USRPP1A AQADAT/USRPP1B SOLDAT
PROP-SOURCES

GLOBAL AQADAT COMPS=K+ NO3-/SOLDAT COMPS=KN0O3
PROP-0OPTIONS SYSOPA ELECTRO &

PHIVMX PHIVMX12/HVMX HVMX12
PROPERTIES SYSOPA GLOBAL

PROP-DATA
COMP-LIST NO3-;H20-KNO3 PAIR
BCVAL GMELCC 1 1 K+ 7.3130
COMP-LIST K+;KNO3-H20 PAIR
BCVAL GMELCC 1 1 NO3- -3.4202

FLOWSHEET

BLOCK FL1 IN=BRIN OUT=BRIN2
STREAM BRIN TEMP=76. PRES=14.7
MOLE-FLOW H20-122.3786/K+ 1./N03- 1./KNO3 O.
BLOCK FL1 USER
DESCRIPTION "SIMULATE KNO3 SOLUTION FLASH"
PARAM NINT=200 NREAL=200 NIW=200 NW=800
; TEMP (C) MOLALITY PRES(PA) SLN TYPE
REAL  25.0 :

001 101325 1 &

25.0 .002 101325 1 &

25.0 .005 101325 1 &

25.0 .100 101325 1 &

25.0 .200 101325 1 &

25.0 .500 101325 1 &

25.0 1.000 101325 1 &

25.0 2.000 101325 1

INT 8
SIMULATE

FIGURE V.3: INPUT FILE TO CALCULATE MEAN IONIC
ACTIVITY COEFFICIENT FOR KNO3-WATER SYSTEM
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FIGURE V.4: ACTIVITY OF POTASSIUM NITRATE IN WATER

38



TABLE V.2: CALCULATED VERSUS LITERATURE MEAN IONIC
ACTIVITY COEFFICIENTS FOR KNO3-WATER
SOLUTIONS AT 25 DEGREES CELSIUS

MOLALITY ASPEN CALCULATED LITERATURE RELATIVE
ACTIVITY ACTIVITY PERCENT
COEFFICIENTS COEFFICIENTS DIFFERENCE

(Zemaitis, 1986)

.001 0.965 0.964 -0.073
.002 0.951 0.950 -0.105
.005 0.925 0.924 -0.141
.100 0.742 0.735 -0.911
.200 0.668 0.662 -0.891
.500 0.547 0.546 -0.128
1.000 0.439 0.444 1.194
2.000 0.328 0.332 1.205
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NEW

TITLE ’NACL-WATER USER MODEL’

DESCRIPTION "TEST CASE OF KSP USER MODEL TO ACCURATELY
PREDICT MEAN IONIC ACTIVITY COEFFICIENTS OF ELECTROLYTES"

GLOBAL DATA

IN-UNITS ENG
OUT-UNITS ENG
HISTORY MSG-LEVEL PROPERTIES=8

)

3 PHYSICAL PROPERTIES SECTION

P
COMPONENTS H20 H20/NA+ NA+/CL- CL-/NACL NACL
FORMULA H20 H20/NA+ NA+/CL- CL-/NACL NACL
FILES USRPP1A AQADAT/USRPP1B SOLDAT
PROP-SOURCES

GLOBAL AQADAT COMPS=NA+ CL-/SOLDAT COMPS=NACL
PROP-OPTIONS SYSOPA ELECTRO &

PHIVMX PHIVMX12/HVMX HVMX12
PROPERTIES SYSOPA GLOBAL

oo e e

PROP-DATA
COMP-LIST CL-;H20-NACL PAIR
BCVAL GMELCC 1 1 NA+ 9.7695
COMP-LIST NA+;NACL-H20 PAIR
BCVAL GMELCC 1 1 CL- -4.6436

FLOWSHEET

BLOCK FL1 IN=BRIN OUT=BRIN2
STREAM BRIN TEMP=76. PRES=14.7
MOLE-FLOW H20-122.3786/NA+ 1./CL- 1./NACL O.
BLOCK FL1 USER
DESCRIPTION "SIMULATE NACL SOLUTION FLASH"
PARAM NINT=200 NREAL=200 NIW=200 NW=800
; TEMP (C) MOLALITY PRES(PA) SLN TYPE
25.

REAL 0 .001 101325 1 &
25.0 .002 101325 1 &
25.0 .005 101325 3 &
25.0 .100 101325 1 &
25.0 .200 101325 1 &
25.0 .500 101325 1 | &
25.0 1.000 101325 1 &
25.0 2.000 101325 1
INT 8
SIMULATE

FIGURE V.5: INPUT FILE TO CALCULATE MEAN IONIC
ACTIVITY COEFFICIENT FOR NACL-WATER SYSTEM
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FIGURE V.6: ACTIVITY OF SODIUM CHLORIDE IN WATER
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TABLE V.3: CALCULATED VERSUS LITERATURE MEAN IONIC
ACTIVITY COEFFICIENTS FOR NaCl-WATER
SOLUTIONS AT 25 DEGREES CELSIUS

MOLALITY ASPEN CALCULATED LITERATURE RELATIVE
ACTIVITY ACTIVITY PERCENT
COEFFICIENTS COEFFICIENTS DIFFERENCE
(Zemaitis, 1986)

.001 0.965 0.965 -0.018
.002 0.952 0.951 -0.028
.005 0.927 0.926 -0.045
.100 0.766 0.770 0.531
.200 0.713 0.724 1.528
.500 0.662 0.673 1.629
1.000 0.644 0.657 1.890
2.000 0.651 0.664 1.921
5.000 0.835 0.849 1.560
6.144 (sat) 0.922 0.921 -0.142
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measured and calculated mean ionic activity coefficients is
tied to the fact that even strong electrolytes do not

possibly dissociate completely in solution.

The Ksp parameters developed by this study are a
function of composition and activity coefficient and will
vary from literature Ksp values by a maximum of 2 percent.
This difference is based on the maximum difference between
literature and ASPEN generated activity coefficients

developed for this study.
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CHAPTER VI

DEVELOPING Ksp PARAMETERS FOR THE MHD SEED
REGENERATION SIMULATION

In Chapter V the ability of the ASPEN Electrolyte User
Model to accurately predict the activity coefficient of
strong electrolytes and, in general, of any electrolyte in
an infinite dilution state was demonstrated. This chapter
will show the logic added to the USRVAP subroutine,
introduced in Chapter IV, that calculates the Ksp parameter
for an electrolyte solution. As explained earlier, this
parameter defines the maximum electroyte concentration in a
particular solution. When comparing various electrolyte
systems the Ksp parameter defines which electrolyte will
precipitate out of solution first if the molality of the
system is changed. The order of discussion for this
chapter will be: (1) Ksp Determination for MHD Simulation;
(2) Adapting The ASPEN User Model to Incorporate Ksp
Parameters; (3) Case Studies; and (4) Discussion of

Results.

Ksp Determination for MHD Simulation

The theory of the Ksp parameter was developed in
Chapter II and, in general, is defined by equation II.1.
The Ksp algorithm is included in the USRVAP subroutine
listed in Appendix B, Before potential MHD Seed
Regeneration processes can be simulated, Ksp parameters
need to be developed for the chemical constituents involved
in each process. As described in the Introduction, the two
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processes to be modeled are the Hydrated Lime Process and a
potassium formate producing process called the Econoseed
Process. Based on these two processes, Ksp parameters for
potassium sulfate (KZSQ4), calcium hydroxide (Ca(OH)z),
potassium hydroxide (KOH) , potassium carbonate (K2003>’
calcium formate (Ca(HCOU)Z), calcium sulfate (CaSQ4), and
potassium formate (KHCOO) are needed.

The approach used in developing the needed Ksp
parameters described above was to pass temperature
dependent solubility data to the USRVAP subroutine. The
algorithm then determined the activity coefficient of the
solution and the Ksp parameter was calculated for a
particular electrolyte at a particular temperature and
concentration. This step was repeated over a range of
temperatures. Calculated Ksp values were then correlated

over the applicable temperature range using the form:
In(Ksp) = A + B/T + C*1n(T) + DxT (VI.1)

where A, B, C, and D are regression coefficients and T is
the temperature in Kelvin. The algorithm wused in
regressing the Ksp-temperature data is given in APPENDIX C.
Figure VI.1 shows the ASPEN INPUT file used to determine
the Ksp parameters for potassium sulfate (KZSQ4). Table
VI.1 shows the calculated temperature dependent Ksp values.
Table VI.2 shows the regression results for the KZSO4 case.
Table VI.3 shows the developed Ksp parameters for the
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TITLE ’K2S04-WATER USER MODEL’
DESCRIPTION "TEST CASE OF KSP USER MODEL TO ACCURATELY
PREDICT MEAN IONIC ACTIVITY COEFFICIENTS OF ELECTROLYTES"

)

3 GLOBAL DATA

IN-UNITS ENG
OUT-UNITS ENG
HISTORY MSG-LEVEL PROPERTIES=8

; PHYSICAL PROPERTIES SECTION

)
COMPONENTS H20 H20/K+ K+/S04-- S04--/K2S04 K2S04
FORMULA H20 H20/K+ K+/S04-- S04--/K2S04 K2S04
FILES USRPP1A AQADAT USRPP1B SOLDAT
PROP-SOURCES

GLOBAL AQADAT COMPS=ALL/SOLDAT COMPS=ALL
PROP-OPTIONS SYSOPA ELECTRO &

PHIVMX PHIVMX12 / HVMX HVMX12
PROPERTIES SYSOP1 GLOBAL

PROP-DATA
COMP-LIST S04--;H20-K2S04 PAIR
BCVAL GMELCC 1 1 K+ 11.3093
COMP-LIST K+ ;K2504-H20 PAIR
BCVAL GMELCC 1 1 S04-- -5.4028

FLOWSHEET

BLOCK FL1 IN=BRIN OUT=BRIN2
STREAM BRIN TEMP=76. PRES=14.7
MOLE-FLOW H20 122.3786/K+ 1./S04-- 1./K2S04 O.
BLOCK FL1 USER
DESCRIPTION "SIMULATE K2S04 SOLUTION FLASH"
SUBROUTINE USRVAP USRRPT
PARAM NINT=200 NREAL=200 NIW=200 NW=800
; TEMP (C) SOLUBILITY PRES(PA) SLN TYPE
10. B

REAL 0 .44 101325 3 &
20.0 10.00 101325 3 &
25.0 10.75 101325 3 &
30.0 11.48 101325 3 &
40.0 12.86 101325 3 &
50.0 14.16 101325 3 &
60.0 15.38 101325 3 &
70.0 16.49 101325 3 &
80.0 17.63 101325 3 &
80.0 18.57 101325 3 &
100.0 19.42 101325 3

INT 11

FIGURE VI.1: K2S04 INPUT FILE FOR Ksp DETERMINATION
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TABLE VI.1: CALCULATED Ksp VERSUS TEMPERATURE FOR K2S04-WATER
SOLUTIONS AND COMPARISON WITH LITERATURE VALUES

TEMPERATURE ASPEN CALCULATED LITERATURE RELATIVE
(K) Ksp Ksp PERCENT
Value Value DIFFERENCE

(Goldberg, 1981)

283.15 7 .578E-03
293.15 1.185E-02
208.15 1.463E-02 1.484E-02 1.37
303.15 1.793E-02
313.15 2.619E-02
323.15 3.726E-02
333.15 5.157E-02
343.15 6.859E-02
353.15 9.199E-02
363.15 1.143E-01
373.15 1.366E-01
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TABLE VI.2: REGRESSION ANALYSIS FOR K2S04-WATER SOLUTIONS

INTERPOLATION:
TEMPERATURE (K) 1n (Ksp) 1n (Ksp) % Difference
Experimental Regressed

283.15 -4.88 -4.89 -0.24
293.15 -4.43 -4.43 0.02
298.15 -4.22 -4.22 0.13
303.15 -4.02 -4.01 0.18
313.156 -3.64 -3.63 0.27
323.15 -3.29 -3.28 0.16
333.15 -2.96 -2.97 -0.10
343.15 -2.68 -2.68 0.00
363.15 -2.39 -2.42 -1.31
363.15 -2.17 -2.18 -0.49
‘373.15 -1.99 -1.96 1.35

NOTE:

K2504 Ksp NON-LINEAR REGRESSION
EQUATION MODELED:

lIn (Ksp) = A + B/T + Cx*1n(T) + DxT
EQUATION COEFFICIENTS:
9.62329E+00
-5.00291E+03

1.53550E+00
—1.94899E-02

Q>
i mnn
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TABLE VI.3:

Ksp PARAMETERS FOR MHD SEED
REGENERATION SIMULATIONS

COMPONENT A B C D
K2S04 9.623E+00 -5.002E+03 1.535E+00 -1.948E-02
KOH -8.594E+00 -5.269E+03 9.612E+00 -6.027E-02
K2C03 -8.658E+00 2.989E+03 6.082E-01 4 .567E-02
KHCOO -2.043E+01 6.962E+03 -4.162E+00 9.759E-02
CASOD4 -2.220E+01 -7.002E+02 6.557E+00 -6.242E-02
CA(OH) 2 5.092E+01 -8.613E+03 3.703E-01 -1.188E-01
CA(HCOD)2 4.472E+00 -1.911E+03 1.563E-02 -1.151E-02

NOTE:

EQUATION MODELED:

ln (Ksp) = A + B/T +

Cx1n(T) + DT
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chemical constituents required in the MHD simulations. A

complete listing of the results of each Ksp regression is

provided in APPENDIX C.

Adapting The ASPEN User Model to

Incorporate Ksp Parameters

Once the Ksp parameters were developed, equation VI.1
was incorporated into the USRVAP subroutine. The completed
ASPEN User Model was then incorporated into the ASPEN USER
LIBRARY SYSTEM to be called during electroyte simulations.
The ASPEN Electrolyte User Model can be found in APPENDIX
B. The regression coefficients for a2 particular
electrolyte system can then be passed to the subroutine
from the ASPEN INPUT file or included in the subroutine
where the system can be tested for solid precipitation. If
a solid phase is present, the subroutine separates this
phase from the inlet 1liquid stream, then the FLASH
subroutine is called to perform the wvapor-liquid
equilibrium calculations. A new Ksp parameter is then
calculated and compared to the inlet value passed to the
subroutine for convergence. If convergence criteria are
met the subroutine addresses the next electrolyte
constituent in solution. The three phase stream results
are passed to the ASPEN REPORT WRITER SYSTEM after
completing the wvapor-liquid-solid chemical and phase
equilibrium calculations and the next block in the ASPEN
INPUT file is addressed.
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Case Studies

Six case studies were evaluated to determine the
accuracy of the User Model. The input files for each of the

six case studies are presented in APPENDIX D.

In case study one, excess potassium sulfate is fed
into a mixed reactor containing water. The User Model
determines the amount of potassium sulfate that will
completely dissociate into potassium and sulfate ions. The
insoluble material will be placed in an exit solids stream.
This process is repeated at a variety of temperatures. The
results from this simulation were compared to literature

values for potassium sulfate and are given in Table VI.A4.

Case studies two, three, and four are identical to
case study one except that the studies involve mixtures of
calcium formate in water, calcium sulfate in water, and
potassium formate in water, respectively. The results of
these simulations can be found in Tables VI.5, Yi. 6, and
L'

Case studies five and six test the User Model’s
ability to predict the common ion affect on electrolyte
solubility. In case study five, sodium sulfate is mixed
with a saturated solution of potassium sulfate in water.
The inlet concentration of sodium sulfate and potassium
sulfate were held constant during this simulation while the
solvent concentrations based on solubility constraints were
reduced as the temperature of the solution increased. The

addition of sodium sulfate to these solutions caused the
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TABLE VI.4: CALCULATED SOLUBILITY VERSUS TEMPERATURE
FOR K2S04-WATER SOLUTIONS AND COMPARISON
WITH LITERATURE VALUES

TEMPERATURE ASPEN CALCULATED REPORTED RELATIVE
(K) SOLUBILITY SOLUBILITY PERCENT
WT % WT % DIFFERENCE
(Seidell, 1948)
298.15 10.75 10.75 0.01
313.15 12.87 12.86 -0.07
328.15 14.76 14.77 0.05
343.15 16.47 16.49 0.14
358.15 18.02 18.10 0.42
373.15 19.47 19.42 -0.24
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TABLE VI.5:

CALCULATED SOLUBILITY VERSUS TEMPERATURE
£HCDD%%

FOR CA
COMPAR

SON

-WATER SOLUTIONS AND
TH LITERATURE VALUES

TEMPERATURE ASPEN CALCULATED  REPORTED RELATIVE
() SOLUBILITY SOLUBILITY PERCENT
WT % WT % DIFFERENCE
(Seidell, 1948)
208.15 14.28 14.31 0.15
313.15 14.54 14.56 0.12
328.15 14.79 14.81 0.10
343.15 15.04 15.05 0.11
358.15 15.28 15.30 0.14
373.15 15.52 15.53 0.07
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TABLE VI.6: CALCULATED SOLUBILITY VERSUS TEMPERATURE
FOR CASO4-WATER SOLUTIONS AND COMPARISON
WITH LITERATURE VALUES

TEMPERATURE ASPEN CALCULATED REPORTED RELATIVE
(K) SOLUBILITY SOLUBILITY PERCENT
WT % WT % DIFFERENCE
(Seidell, 1948)

298.15 0.74 0.76 2.52

313.15 0.58 0.58 0.86

328.15 0.44 0.43 -1.62

343.15 0.34 0.34 0.89

358.15 0.25 0.26 0.78
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TABLE VI.7: CALCULATED SOLUBILITY VERSUS TEMPERATURE

FOR KHCOO-WATER SOLUTIONS AND COMPARISON
WITH LITERATURE VALUES
TEMPERATURE ASPEN CALCULATED  REPORTED RELATIVE
(K) SOLUBILITY SOLUBILITY PERCENT
WT % WT % DIFFERENCE
(Seidell, 1948)

208.15 77 .47 77 .65 0.23
313.15 78.89 79.48 0.74
328.15 81.07 81.46 0.47
343.15 83.80 83.75 ~0.06
358.15 86.75 86.04 -0.83
373.15 89.68 88.53 ~1.29
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forced precipitation of potassium ions from solution. The

solubility of potassium sulfate at various temperatures in

these solutions was then calculated and compared to
literature values for accuracy. The results from this
simulation are given in Table VI.8. In case study six,

potassium hydroxide is mixed with a saturated solution of

potassium sulfate in water. The inlet concentration of
potassium hydroxide and potassium sulfate were held
constant during this simulation while the solvent

concentrations based on solubility constraints were reduced
as the temperature of the solution increased. The addition
potassium hydroxide to these solutions casued the forced
precipitation of sulfate ions. The results from this

simulation are given in Table VI.Q.

Discussion of Results

The case studies show that the ASPEN User Model is
capable of accurately calculating the solubility of various
electrolytes in water. The maximum relative percent
difference in these studies was 2.5 percent (CaS04 case
study) with the average relative percent difference below
1.0 percent. Based on this, it is believed that the ASPEN
User Model could provide a satisfactory simulation (within
1-2 percent) of the underlying solution chemistry for the
two test cases to be modeled for application in MHD Seed

Regeneration.
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TABLE VI.S8:

CALCULATED SOLUBILITY VERSUS TEMPERATURE
FOR K2S04-WATER SOLUTIONS AND COMPARISON
WITH LITERATURE VALUES-COMMON ION AFFECT
DUE TO ADDITION OF NA2S04

TEMPERATURE ASPEN CALCULATED REPORTED RELATIVE
(K) SOLUBILITY SOLUBILITY PERCENT
WT % WT % DIFFERENCE
(Seidell, 1948)
2908.15 10.77 10.75 -0.26
313.15 12.90 12.86 -0.32
328.15 14.79 14.77 -0.16
343.15 16.49 16.49 -0.05
358.15 18.05 18.10 0.23
373.15 19.50 19.42 -0.41
NOTE:
K+/Na+ molar ratio is 150/1

57



TABLE VI.9: CALCULATED SOLUBILITY VERSUS TEMPERATURE
FOR K2S04-WATER SOLUTIONS AND COMPARISON
WITH LITERATURE VALUES-COMMON ION AFFECT
DUE TO ADDITION OF KOH

TEMPERATURE ASPEN CALCULATED REPORTED RELATIVE
(K) SOLUBILITY SOLUBILITY PERCENT
WT % WT % DIFFERENCE

(Seidell, 1948)

298.15 10.72 10.75 0.26

313.15 12.84 12.86 0.13

328.15 14.73 14.77 0.23

343.15 16.44 16.49 0.29

358.15 17 .99 18.10 0.55

373.15 19.44 19.42 -0.10
NOTE:

S04--/0H- molar ratio is 125/1
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CHAPTER VII

ASPEN SIMULATION OF THE MHD
SEED REGENERATION PROCESSES

The purpose of this chapter is to provide the
background and logic behind the development of the two
ASPEN INPUT files needed to simulate two of the potential
seed regeneration processes for application to the MHD
technology. The order of discussion will be (1) Simulation

Basis; (2) Econoseed Process; and (3) Hydrated Lime

Process.

Simulation Basis

The basis listed in the previous UTSI work (Jackson,
1985) will be wused in these two simulations. This basis
includes a 2260 mega Watt thermal feedstock, a 1000 mega
Watt electric MHD facility, and a 111,000 pounds K2804 per

hour waste stream to be regenerated.

Econoseed Process

The Econoseed Process which is part of the
commercially applied Formate Process, was developed and
patented by TRW, Inc. (Meyers, 1982). The chemistry of this

process is:

KZSO4 + Ca(HCDO)Z + 2H20 o
Casq4—2H20 y + 2HCOOK (VII.1)

A possible processing scheme is shown in Figure VII.1 and
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involves a reactor in which water soluble calcium formate
and potassium sulfate react to form water insoluble calcium
sulfate (gypsum) and soluble potassium formate. After the
insoluble calcium sulfate is removed from the system the
potassium formate is dried to a crystalline form and

recycled to the MHD combustor.

The ASPEN INPUT file used to simulate the Econoseed
Process is given in APPENDIX E. Figure VII.2 translates the
INPUT file into block diagram format. It should be noted
that the INPUT file calls both AQADAT and SOLDAT to
retrieve the thermodynamic data needed to calculate
physical properties. Additionally, the GMELCC parameters
developed by this study are included for calculating the
vapor-liquid equilibrium of electrolyte systems. Further,
the Ksp coefficients are included in the USRSOL subroutine

to provide for the liquid-solid phase calculations.

The ASPEN simulation was carried out and the results
of interest are shown in Table VII.1. These results will be
discussed in detail in Chapter VIII. A detailed ASPEN
generated report file of this simulation is given in

APPENDIX E.

Hydrated Lime Process

This process is currently being used in various forms
in a number of flue gas desulfurization applications for
sodium systems. A possible flow diagram for the Hydrated
Lime Process is shown in Figure VII.3. The chemistry of the

process is:
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TABLE VII.1: ECONOSEED SIMULATION RESULTS

Parameter (Units) Value

Process Water to dissolve
K2504 and Ca(HC00)2 (1b/hr) 5.38E+05

Gross Heat Requirement for
Process (BTU/hr) 1.16E+09

Preheat inlet water from 25
to 80 degrees Celsius with
10 1b. inlet steam (1b/hr) 5.50E+04

Multi-effect Evaporator
Steam Requirements with
70 1b. inlet steam (lb/hr) 2.98E+05

Evaporator Economy 1.80E+00

Inlet KHCOO concentration
to Evaporators (mass fraction) 1.67E-01

Outlet KHCOO concentration
from Evaporators to Spray
Dryers (mass fraction) 7.62E-01

NOTE: These results do not include possible credits
available for internal recycle streams.

NOTE: Evaporator economy is defined at the inlet
process water mass flow rate divided by the
required evaporator steam mass flow rate needed

or concentrating the process stream.
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K2SO4 + Ca(OH)2 + 2H20 o
2K0OH + CaS0, -2H,0 v (VI.2)

The causticizing reaction (equation VI.2) must be kept
above 302 degrees Farenheit to avoid the formation of
insoluble double salts and thus this system requires a
pressurized reactor (AVCO, 1978). A tanks-in-series reactor
model will be wused to maximize the conversion of the
products. It should be noted that the AVCO concept of this
process also included the following equation:

2KO0H + CO2 i O K2003 + H20 (VI.3)

A carbonator (equation VI.3) is not needed for application
in the MHD Seed Regeneration system as KOH can be recycled
back to the MHD combustor as the regenerated seed. In an
effort to minimize process utility cost the carbonation

reaction will not be considered in this study.

The ASPEN INPUT file used to simulate the Hydrated
Lime Process 1is located in APPENDIX F. Figure VII.4
translates the input file into block diagram format. It
should be noted that the INPUT file calls both AQADAT and
SOLDAT to retrieve the thermodynamic data needed to
calculate physical properties. Additionally, the GMELCC
parameters developed by +this study are included for
calculating the vapor-liquid equilibrium of electrolyte
systems. Further, the Ksp coefficients are included in the
USRSOL subroutine to provide for the liquid-solid phase
calculations.
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The ASPEN simulation was carried out and the results
of interest are shown in Table VII.2. These results will
be discussed in detail in Chapter VIII. A detailed ASPEN

generated report file of this simulation is given in

APPENDIX F.
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TABLE VII.2: HYDRATED LIME SIMULATION RESULTS

Parameter (Units) Value

Process Water to dissolve

K2S04 and Ca(OH)2 (1b/hr) 3.61E+07

Gross Heat Requirement for
Process (BTU/hr) 1.04E+11

Preheat inlet water from 25
to 50 degrees Celsius with
10 1b. inlet steam (1b/hr) 1.865E+06

Multi-effect Evaporator
Steam Requirements with
1000 1b. inlet steam (1lb/hr) 2.38E+07

Evaporator Economy 1.52E+00

Inlet KOH concentration
to Evaporators (mass fraction) 1.90E-03

Outlet KOH concentration
from Evaporators to Spray
Dryer (mass fraction) 7 .06E-01

NOTE: These results do not include possible credits
for internal recycle streams.

NOTE: Evaporator economy is defined at the inlet
process water mass flow rate divided by the
required evaporator steam mass flow rate needed
for concentrating the process stream.
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CHAPTER VIII
CONCLUSIONS AND RECOMMENDATIONS

The purpose of this chapter is to summarize the key
results developed in this study and to recommend areas for
additional work. The order of discussion will be (1) ASPEN
Extensions and Recommendations; and (2) Simulation Results

and Recommendations.

ASPEN Extensions and Recommendations

In this study extensions were made to the public
domain version of ASPEN that allow for simulations that

involve the vapor-liquid-solid equilibrium of electrolytes

in water. The model has proven to be accurate to within 2
percent for the electrolytes studied. This includes
predictions of both activity coefficient and water

solubility of electrolytes. Additional work that should be
considered to enhance this model revolves around literature
searches to extend the thermodynamic databases for
electrolytes. This would allow Ksp parameters to be
developed for other electrolytes of interest. Additionally,
since dissociation of electrolytes is rarely complete,
dissociation data either generated in the laboratory or
found through literature searches could be included in the
model to improve the accuracy of the activity coefficient

model, if desired.
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Simulation Results and Recommendations

The results of the Econoseed and Hydrated Lime studies
show the importance of computer simulations in chemical
process design. In the Econoseed Process calcium formate,
which is moderately soluble, is used as the reactant with
potassium sulfate to form calcium sulfate, which is highly
insoluble. In the Hydrated Lime Process calcium hydroxide,
which is highly insoluble, is used as the reactant with
potassium sulfate to form calcium sulfate, which is highly
insoluble. A comparision of the simulation results
presented in Tables VII.1 and VII.2 show that the Hydrated
Lime Process requires 67 times the amount of process water
used in the dissolver stage than does the Econoseed
Process. Additionally, the Hydrated Lime Process requires
90 times more gross energy to perform the preheat and
evaporation stages than does the Econoseed Process. While
the product potassium hydroxide is less heat sensitive than
potassium formate, the process water and gross heat
requirements for the respective process make the Hydrated
Lime Process infeasible for further consideration as a

possible MHD Seed Regeneration scheme.

The results of the simulations show that the Econoseed
Process or the Formate Process from which it is derived
should be given additional consideration as a potential
seed regeneration scheme. Three additional areas of further
study include development of process to supply calcium
formate to reactor, evaluation of spray dryer system to

completely dry the potassium formate product to a
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crystalline state for recycle back to the MHD combustor,

and overall process economics for the Econoseed Process.

The results from the Econoseed Process simulation were
compared to the results predicted by an earlier UTSI study
(Jackson, 1985) for completeness. Both studies accounted
for greater than 99 percent regeneration of potassium ions
into potassium formate with the Econoseed Process. Process

water requirements were similiar for both studies.

In an effort to provide experimental validity to the
results reported by this study, several evaporation studies
were conducted with potassium formate and water to
establish vapor-liquid equilibrium data. This information
is outlined in Appendix G and Tables G.1 and G.2 and
verfies that greater than 99.9% of the vapor phase was
gaseous water and that electrolyte dissociation in the
liquid phase was virtually complete. Additionally, the data
in Table G.2 show that the thermodynamic data and
physical property sets used in this simulation are able to

accurately describe the potassium formate-water system.

The simulations show that improvements in process
water requirements and gross energy requirements can be
realized by evaluating candidate schemes whose reactant
solubility is close to that of potassium sulfate.
Additionally, improvements in evaporator exit concentration
can be realized by evaluating reactor products that are
less heat sensitive than potassium formate; however, this
must be weighed against the economics of various sized
spray dryer systems.
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APPENDIX A

THERMODYNAMIC DATABASES AND

GMELCC PARAMETERS



: AQADAT DATABASE

TITLE

’CREATION OF AN ELECTROLYTE DATA BASE’

FILE ASPENPP2 ASPENPP2 OLD / ASPENPCD ASPENPCD
WRFILE ASPENPP2 SESAME

NEW-COMP ’K+’ K+/’CA++’

CA++/’NA+’

NA+/ H+’

H+/’CL-’ CL-/

’NO3-’ NO3-/°S04--’ S04--/°0H-’ OH-/’C03--’ C03--/
’HCO3-’ HCO03-/’HC00-’ HCO00-/’S--’ S—-/’HS-’ HS-/

'HS04-’ HS04-
"HC
,NO’
1/TC 1
HAQFM 1/S025C 1/PL T
COPY ASPENPCD COMPS=HCL H2S NO N02 02 02S 03S° CO CO2 CH202
PROPS=MW TC PC VC ZC CPIG PLXANT DHFORM DGFORM DHVLWT

1 0/S025C 1 0
0.48D4
.76D4

’C02°
’028°

NEW-PROP MW

D

PROP-DATA
PROP-LIST CHARGE 1 O/IONTYP 1 06D M
PVAL ’CO’ O 70T o ~1.2008
PVAL ’C02° O / O / -4.1380D8 11
PVAL ’HCL’ O / O / -1.6716D8 5.
PVAL 'CH202° O / O / -4.2543D8 / 16.
PVAL ’H2S’ O / O / -0.3970D8 / 12.
PVAL ’02’ 0 [/ "Q+"f: <0.1170D8 7 .13
PVAL: 028’ /0~ /.0 0= L3.2208D8 "/ ' 18.
PVAL ’03S° O / O / * 7
PVAL ’NO’ 0" £ 0" * 7
PVAL 'NO2° O / O / * 7

PROP-DATA
PROP-LIST MW 1 0/TC 1 0/PC 1 0/VC 1 0/ZC

IONTYP 1 O

PVAL ’K+’ 39.102/647.3/.2205D8/ .0559/
PVAL ’CA++’  40.080/647.3/.2205D8/.0559/ .
PVAL ’NA+’ 22.990/647 .3/ .2205D8/ .0559/ .
PVAL ’H+’ 1.008/647.3/.2205D8/ .0559/ .
PVAL ’CL-’ 35.453/647.3/.2205D8/.0559/ .
PVAL °NO3-’  62.005/647.3/.2205D8/.0559/ .
PVAL ’S04--’ ©6.062/647.3/.2205D8/.0559/ .
PVAL ’0OH-’ 17.007 /647 .3/ .2205D8/ .0559/
PVAL ’C03--’ 60.009/647.3/.2205D8/ .0559/
PVAL ’HCO3-’ 61.017/647.3/.2205D8/.0559/ .
PVAL ’HCO0-’ 45.018/647.3/.2205D8/.0559/ .
PVAL ’S—-’ 32.064/647.3/.2205D8/ .0559/
PVAL ’HS-’ 33.072/647.3/.2205D8/ .0559/
PVAL ’HS04-’ ©7.070/647.3/.2205D8/.0559/
PVAL ’KS04-’ 135.164/647.3/.2205D8/.0559/ .
PVAL ’HS03-’ 81.070/647.3/.2205D8/.0559/ .

PROP-DATA
PROP-LIST DHFORM 1 OéDHAQFM 1 0/S025C 1 0
PVAL ’K+’ 5.4126D8 5238D8/10.25D4
PVAL ’CA++’ 7. 7425D8/—5 4283D8/-5.31D4
PVAL ’NA+’ 6.0936D8/-2.4012D8/ 5.90D4
PVAL ’H+’ 15.2804D8/ 0DO/ 0DO
PVAL ’CL-’ -2.3313D8/-1.6716D8/ 5.65D4
PVAL ’NO3-’ %  /-2.0500D8/14.64D4
PVAL ’S04--’ * /-9.0927D8/ 2.01D4
PVAL ’0OH-’ -1.4350D8/-2.2999D8/~1.07D4

coz/
02S

KSO4—’ KS04-/
’CH202°’  CH202/°H2S’ H2S/’02’ 02/

ONTYP 1/DHFORM 1/

02’

oy
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NO2/

e,

’HS03

>03S°’
ZC 1

.

03S

CHARGE léI
5/DGFOR

HS03-/

.229/
.229/-2/3

.229/
.229
.229/

’C0’ €0/

1/CPIG 11

65D4

30D4
10D4

.09D4

19D4
*
*
*

1 O/CHARGE 1 0/
.229/

1/1
229/ 2/1
229/ 1/1
229/ 1/1
229/-17/2
229/-1/3
229/-2/3
~1/3

229/-1/3
229?-154
-2/2
/-172
229/:%43
229/-1/3



PVAL ’C03--' * /-6.7714D8/-5.69D4

PVAL °’HC03-’ * /-6.9199D8/ 9.12D4

PVAL °’HCO00-’ * /—-4.2555D8/ 9.20D4

PVAL ’S--° 5 / 0.3310D8/-1.46D4

PVAL ’HS-? e /-0.1760D8/ 6.28D4

PVAL °’HS04-’ * /-8.8734D8/13.18D4

PVAL ’KS04-’ * /-11.5742D8/15.10D4

PVAL °’HS03-’ * /-6.2622D8/13.97D4
PROP-DATA

PROP-LIST DGFORM 1 O/DHVLWT 1 O/CPIG 1 O

PVAL ’K+’ */2D7 298 * * %x/2.08D4 0 O 0 O O O 2D3

PVAL °CA++’ =*/2D7 298 % * %x/2.08D4 0 0 0 O O O 2D3

PVAL ’NA+’° */2D7 298 *x *x %x/2.08D4 0 0 0 O O O 2D3

PVAL ’H+’ */2D7 298 * x *x/2.08D4 O 0 O O O O 2D3

PVAL °’CL-? */2D7 298 = * *x/2.08D4 0 0 O O O O 2D3

PVAL °NO3-’ */2D7 298 x * %/2.08D4 0 0 0 O O O 2D3

PVAL ’S04--’ %/2D7 298 = * %/2.08D4 0 0 O O O O 2D3

PVAL °’Q0H-’ */2D7 298 * *x %x/2.08D4 O 0 0 O O O 2D3

PVAL ’C03--’ x/2D7 298 * * %x/2.08D4 0 0 0 O O O 2D3

PVAL ’HCO3-’ %/2D7 298 % = %/2.08D4 0 0 O 0 O O 2D3

PVAL ’HCO0-’ =/2D7 298 * * %/2.08D4 0 0 0 O O O 2D3

PVAL ’S--2° */2D7 298 * x %x/2.08D4 O O 0 O O O 2D3

PVAL °’HS-’ */2D7 298 * x *x/2.08D4 O O 0 O O O 2D3

PVAL ’HS04-’ %/2D7 298 * x %/2.08D4 0 0 0 0 O O 2D3

PVAL ’KS04-’ %/2D7 298 = x %/2.08D4 0 0 O 0 O O 2D3

PVAL °HS03-’ =/2D7 298 * * %x/2.08D4 0 0 0 O O O 2D3
PROP-DATA

PROP-LIST PLXANT 1 O

PVAL ’K+° —1D30 O * * % % * %

PVAL °’CA++’ —1D30 0O * * * * * % x*

PVAL ’NA+’ —1D30 O * * * % * *

PVAL ’H+’ —1D30 O * % * % % * %

PVAL °’CL-’ —1D30 0O * * * * * * x*

PVAL ’N03-’ —1D30 O * % % s % s

PVAL ’S04--° —1D30 O % % % * s s

PVAL °’0H-’ —1D30 O * * * * % % x*

PVAL ’C03--’ —-1D30 O * * % % % % 3

PVAL ’HC0O3-’ -1D30 O % * % * * *

PVAL ’HCOO0-’ -1D30 O % * * * s * 3

PVAL ’S--? —1D30 O * * * % * s %

PVAL ’HS-’ —1D30 O * * * * * * x*

PVAL ’HS04-’ -1D30 O % % % * % s

PVAL ’KS04-’ —-1D30 O % % % % % *

PVAL ’HS03-’ -1D30 O * * % * % % 3

PRINT-DIR AQADAT
PRINT-DATA AQADAT
END-INPUT
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SOLDAT DATABASE

)

TITLE ’CREATION OF A SOLIDS DATA BANK’
FILE USRPP1B SOLDAT NEW
WRFILE SOLDAT
NEW-COMP ’CAC03’ CACO3/’CAH2C204’ CAH2C204/’CAN206° CAN206/

’CAD2H2’ CAD2H2/’CASD4’ CAS04/’CACL2’ CACL2/’C’ C/

’K2C03’ K2C03/’KCL’ KCL/’KHC03’ KHC03/’KHCO0’ KHC0O0/
’KHS’ KHS/’KNO3’ KNO3/’KOH’ KOH/’K2S’ K2S/’K2S04’ K2S04/

’NACL’> NACL/’NA2C03’

’NAOH’

NAOH/

’NA2S04°

’CAN206D4°

CAN206D4/

CPSO1 8/VSPOLY 7

A2C03/’ C03’ NAHCO3/’NANO3’ NAN03/

NA2S04/°K
» CAS04D2’

C2H302’
CAS04D2

KC2H302/

’K2C03D1P5’

NEW-PROP MW 1/DHSFRM 1/DGSFRM 1/TBP 1/TFP 1/PSANT 5/

K2C03D1P5

PROP-DATA
PROP-LIST MW 1 / DHSFRM 1 / DGSFRM 1
PVAL ’CACO3’ 100.0894/-12.0692D8/-11 . 2879D8
PVAL ’CAH2C204’ 130.1160/-13.8660D8/ *
PVAL ’CAN208’ 164.0898/ -9.3839D8/ -7.4307D8
PVAL ’CAO2H2’ 74.0948/ -9.8609D8/ -8.9849D8
PVAL ’CAS04’ 136.1416/-14.2080D8/-13 .0898D8
PVAL ’CACL2’ 110.9860/ -7.9590D8/ -7 .4810D8
PVAL ’C’ 12.0112/ 0DO/ 0DO
PVAL ’K2C03’ 138.2134/-11.5102D87/-10.6350D8
PVAL ’KCL’ 74.5550/ —4.3675D8/ -4.0914D8
PVAL ’KHCO03’ 100.1194/ -9.6320D8/ -8.6350D8
PVAL ’KHCOO’ 84.1200/ -6.7973D8/ *
PVAL ’KHS’ 72.1740/ -2.6510D8/ *
PVAL ’KNO3’ 101.1080/ -4.9463D8/ -3.0486D8
PVAL ’KOH’ 56.1094/ -4.2476D8/ -3.7908D8
PVAL ’K2S’ 110.2680/ -3.8070D8/ -3.B8400D8
PVAL ’K2S04’ 174.2656/-14.3779D8/-13.2137D8
PVAL ’NACL’ 58.4428/ -4.1115D8/ -3.8414D8
PVAL ’NA2C03’ 105.9890/-11.3068D8/-10 .4444D8
PVAL ’NAHCO3’ 84.0072/ -9.5081D8/ -8.5100D8
PVAL ’NANO3’ 84.9947/ -4.6785D8/ -3.6700D8
PVAL ’NAOH’ 39.9972/ -4.2560D8/ -3.7949D8
PVAL ’NA2S04’ 142.0412/-13.8708D8/-12.7016D8
PVAL ’KC2H302’ 98.1472/ -7.2800D8/ *
PVAL ’CAN206D4’ 236.1510/-21.3233D8/-17.7170D8
PVAL ’CAS04D2’  172.1720/-20.2263D8/-17.9730D8
PVAL ’K2C03D1P5° 165.2400/-16.0920D8/~14 .3250D8

; PROP-DATA
PROP-LIST TBP 1/TFP 1/CPSO1 8
PVAL ’CACO3’ 1172/1172/ 8.188D4 0 0 0 O O O 2D3
PVAL ’CAH2C204° 373/ 373/ 2.080D4 0 0 O O O O 2D3
PVAL ’CAN208’ 834/ 834/14.937D4 0 0 0 O O O 2D3
PVAL ’CA02H2’ 853/ 853/ 8.749D4 0 0 0 O O O 2D3
PVAL ’CAS04’ 1723/1723/ 9.904D4 0 0 0 O O O 2D3
PVAL ’CACL2’ 1873/1045/ 7.256D4 0 0 0 O O O 2D3
PVAL °’C’ 3925/3925/ 0.853D4 0 0 0 O O O 2D3
PVAL ’K2C03’ 1164/1164/11.443D4 0 0 0 O O O 2D3
PVAL ’KCL’ 1773/1049/ 5.130D4 0 0 0 O O O 2D3
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PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL

’KHC03’
’KHCOO0’
’ms’
’KNO3’
’KOH’
’K28S°’
’K2S04°
>NACL’
’NA2C03’
’NAHCO03’
’NANO3’
’NAOH’
"NA2S04’
’KC2H302’
’CAN206D4°’
>CAS04D2’
’K2C03D1P5’

; PROP-DATA
PROP-LIST

PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL
PVAL

’CAC03’
’CAH2C204°
>CAN206°
>CAO2H2’
’CAS04’
’CACL2’

’C ’
’K2C03”’
’KCL’
’KHC03’
’KHCO00’
’ms >
’KNO3’
’KOH’
K28’
’K2S04°
’NACL’
’NA2C03’
’NAHC03’
’NANO3’
’NAOH’
’NA2S04’
’KC2H302’
’CAN206D4°
>CAS04D2’
’K2C03D1P5’

PRINT-DIR SOLDAT

PRINT-DATA SOLDAT

END-INPUT

373/ 373/ 2.
441/ 441/ 2.
728/ 728/ 7.
673/ 607/10.
1593/ 633/ 6.
1113/1113/ 2.
1962/1342/13.
1686/1074/ 5.
1124/1124/11.
543/ 543/ 8.
653/ 580/ 9.
1663/ 591/ 5.
1157/1157/12.
565/ 565/12.
405/ 316/45.
440/ 401/18.
436/ 401/22.

PSANT
-1D30
-1D30
-1D30
-1D30
-1D30
-1D30
-1D30
-1D30
-1D30
-1D30
-1D30
-1D30
-1D30
-1D30
-1D30
-1D30
-1D30
-1D30
-1D30
-1D30
-1D30
-1D30
-1D30
-1D30
-1D30
-1D30

(elejelolololololololololololololoToloXoXoYoTo Yo oXo)
XXX XXX XXX XXX EEREREXEHEN N

XXX XXX XX XXX XEEEEEEREXNR¥®
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080D4
080D4
531D4
740D4
490D4
080D4
146D4
050D4
230D4
761D4
288D4
954D4
820D4
661D4
053D4
602D4
737D4

*
ot
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.693D-
.470D-2
.563D-2
.308D-2
.599D-2
.052D-2
.534D-2
.692D-2
.758D-2
.614D-2
.404D-2
.271D-2
.794D-2
.745D-2
.109D-2
.546D-2
.699D-2
.308D-2
.891D-2
.759D-2
.878D-2
.300D-2
.251D-2
.460D-2
.421D-2
.088D-2
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2D3
2D3
2D3
2D3
2D3
2D3
2D3
2D3
2D3
2D3
2D3
2D3
2D3
2D3
2D3
2D3

(ejejojojoleololololololofolololofolofolololoo Yo oo
(elejolojololeololololololololololololololotooYo o o)

1D3
1D3
1D3
1D3
1D3
1D3
1D3
1D3
1D3
1D3
1D3
1D3
1D3
1D3
1D3
1D3
1D3
1D3
1D3
1D3
1D3
1D3
1D3
1D3
1D3
1D3



Table A.1:

GMELCC PARAMETER VALUES AND STANDARD DEVIATIONS

COMPONENT PARAMETER STANDARD

NAME ESTIMATE DEVIATION
NA+ CL- 9.7695 0.2376E-01
CL- NA+ -4.7052 0.6398E-02
NA+ NO3- 7 .5853 0.1336E-01
NO3- NA+ -3.8782 0.3341E-02
NA+ OH- 11.8711 0.3319E-02
OH- NA+ -4.9976 0.2448E-02
NA+ C03-- 9.2104 0.1211E-01
C03-- NA+ -4.8249 0.4158E-02
NA+ S04-- 9.7423 0.5437E-01
S04-- NA+ -4.9341 0.1913E-01
NA+ HCO3- 8.2208 0.2036E-01
HCO3- NA+ -4.1175 0.5748E-02
K+ OH- 10.8050 0.1834E-01
OH- K+ -5.2144 0.2647E-02
K+ CL- 9.3662 0.2992E-01
CL- K+ -4.4424 0.7297E-02
K+ NO3- 7.3130 0.3063E-01
NO3- K+ -3.4202 0.1129E-01
K+ C03-- 10.8544 0.1723E-01
CO03-- K+ -5.4726 0.2773E-02
K+ S04-- 11.6593 0.7707E-01
S04-- K+ -5.7928 0.2911E-01
K+ HCO03- 8.4924 0.1988E-01
HCO3- K+ -4.2523 0.5289E-02
CA++ CL- 11.7474 0.2570E-01
CL- CA++ -6.0221 0.4155E-02
CA++ NO3- 8.8413 0.8740E-01
NO3- CA++ -4.9984 0.2574E-01
CA++ HCO2- 14.8546 0.9109E-01
HCO2- CA++ -6.3948 0.2842E-01
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SUBROUTINE USRVAP (NSIN,NINFI,SIN1,SIN2,SIN3,SIN4,
1 SINFI,NSOUT,NINFO,SOUT1,S0UT2,S00T3,S0UT4, SINFO
2 NSUBS, IDXSUB, ITYPE,NINT, INT,NREAL,REAL, IDS, NPO,
3 NBOPST,NIW,IW,NW,W,NSIZE,SIZE)

DESCRIPTION OF VARIABLES IN ARGUMENT LIST

VAR

NSIN
NINFI
SIN1
SIN2
SIN3
SIN4
SINFI
NSOUT
NINFO
SOUT1
SOUT2
SOUT3
S0UT4
SINFO
NSUBS
IDXSUB
ITYPE
NINT
INT
NREAL
REAL
IDS
NPO
NBOPST
NIN
Iw

NwW

W
NSIZE
SIZE
ITEMP
IMOLE
IPRES
JCOUNT
POUT
TIN
COUNT
KGMH20
KMOLST
VP

WM

DESCRIPTION AND RANGE

NO. INLET STREAMS (MAX=5)

NO. INLET INFO. STREAMS (O OR 1)
INLET STREAM 1

INLET STREAM 2

INLET STREAM 3

INLET STREAM 4

INLET INFORMATION STREAM

NO. OUTLET STREAMS (MAX=5)

NO. OUTLET INFO. STREAMS (O OR 1)
OUTLET STREAM 1

OUTLET STREAM 2

OUTLET STREAM 3

OUTLET STREAM 4

OUTLET INFORMATION STREAM

NO. SUBSTRMS (ALL STRMS MUST BE SAME!)
INDEX VECTOR OF LENGTH NSUBS
SUBSTREAM TYPE VECTOR OF LENGTH NSUBS
LENGTH OF INTEGER ARRAY

INTEGER ARRAY

LENGTH OF REAL ARRAY

REAL ARRAY

ARRAY ID’S TO WRITE TO (HIST/REP FILEg
NO. PHYSICAL PROPERTY OPTION SETS (=2
ARRAY OF PP OPTION SET POINTERS
LENGTH OF INTEGER WORK ARRAY
INTEGER WORK ARRAY

LENGTH OF REAL WORK ARRAY

REAL WORK ARRAY

LENGTH OF SIZE ARRAY

SIZE ARRAY

POSITION VECTOR

POSITION VECTOR

POSITION VECTOR

POSITION VECTOR

OUTLET PRESSURE

INLET TEMPERATURE

ELECTROLYTE TYPE

WEIGHT OF H20 IN KILOGRAMS
KILOMOLES OF SALT PRESENT

NUMBER OF POSITIVE IONS

NUMBER OF NEGATIVE IONS
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. § TOTAL NUMBER OF IONS

GAMPM MEAN IONIC ACTIVITY COEFFICIENT
MOLPM MEAN IONIC MOLALITY OF SOLUTION
DECLARATIONS

IMPLICIT REAL * 8 (A-H,0-Z)

REAL KGMH20,KMOLST,M, MP » MM, MOLPM, MOLM, MOLP ,KSP
INTEGER COUNT

DIMENSIONS

DIMENSION SIN1(1) SINzg SIN3(1) SIN4(1) SINFI(1),
1SOUT1 (1), SDUT2£ %PSOUT3 SOUT4£ % SINF N&
2IDXSUB (NSUBS) , IT EégSUBS INT (NIN REAL

3EDS (2, 13; NBDPST 3 (NIW) W(NW) SIZE(NSIZE),
4RETN (500 IRETN(7) NBO s1(3 1), DUMMY(10)

COMMONS

COMMON/USER /RMISS , IMISS, NGBAL , TPASS , IRESTR , ICONV,
1LMSG, LPMSG , KFLAG , NHSTRY , NRPT, NTRMNL , ISTZE
COMMON /NCOMP /NCC , NNCC
COMMON/IDSCC/INSCC(2,1)
COMMON/IDSNCC/ID SNCC(2 1)
CDMMON/IDXCC XCC (1)
CDMMON/IDXNCC/IDXNCC(I)
COMMON /MW /XMW (1 I%
COMMON/RPTGLP EPFL, ISUB(10)
COMMON/CHARGE /CHARGE (1
COMMON/DHAQFM/DHAQFM ( 1
COMMON/IONTYP/IONTYP (1
COMMON/S025C /S025C (1)
COMMON/GMELCA/GMELCA (1
COMMON/GMELCB/GMELCB (1
COMMON/GMELCC/GLEMCC (1
COMMON/GMELCD/GMELCD (1
COMMON/GAMMA /GAMMA (1
COMMON/GAMUS /GAMUS (1
COMMON/GAMMAS /GAMMAS (1)
COMMON/GAMPC /GAMPC (1)
COMMON/GAMPC1 /GAMPC1 (1
COMMON/GAMSPC/GAMSPC (1
COMMON/VLION/VLION (2,1

EXECUTABLE STATEMENTS AND EXPLANATION OF ACTIONS

LOAD STREAM VARIABLES INTO SOUT1
N=NCC+9

84



aaaQaQ aQQAQ QOO0

QaaQaQ

aQaQQ

100

200

310

DO 100 I=1,N

SOUT1 (I)=SIN1(I)
CONTINUE
DO 200 I=1,3

NBOPS1 (I, 1)=NBOPST(I,1)
CONTINUE

NDATA=INT(1&D
DO 300 I=1,NDATA

THESE STATEMENTS INITIALIZE THE VARIABLES
FOR EACH DATA SET

SOUT1 (1) =SIN1 (1)
TITEMP=I%4-3
IMOLE=I*4-2
TPRES=T*4-1
TCOUNT=Ix4

READ THE DATA FROM THE CRYVAP.INP FILE

POUT=REAL (IPRES)
TIN=REAL ( TEMP%N
COUNT=REAL (ICOUNT)

CONVERT THE TEMPERATURE FROM CENTIGRADE TO KELVINS
AND CONVERT THE MOLALITY TO FLOW RATE OF IONS IN
KMOLES /SECOND

TIN=TIN+273.15
KGMH20=SDUT1§1)*XMW(l)*BGO0.0
KMOLST=REAL (IMOLE)

COUNT DIRECTS THE PROGRAM TO THE CORRECT EQUATION
FOR_CONVERSION OF MOLALITY TO FLOW RATE DEPENDING
ON ELECTROLYTE TYPE (i.e 1:1,1:2,2:1, OR 2:2)

IF (COUNT.EQ.1) GO TO 310
IF (COUNT.EQ.2) GO TO 320
IF (COUNT.EQ.3) GO TO 330

ASSUMPTION: COMPLETE IONIZATION OF SALT
COUNT=1 REPRESENTS CONVERSION FOR 1:1 ELECTROLYTES
(i.e, NACL DECOMPOSES INTO NA+ AND CL-)

SOUT1 2;=KMOLST/3600.0

SOUT1 (3)=KMOLST/3600 .0
GO TO 340
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320

330
340

350

360

370
380

COUNT=2 REPRESENTS CONVERSION FOR 2:1 ELECTROLYTES
(i.e, NA2S04 DECOMPOSES INTO 2NA+ AND S04--)

SOUT1 (2) =2*KMOLST /3600 .0
SOUT1 (3)=KMOLST/3600.0
GO TO 340

COUNT=3 REPRESENTS CONVERSION FOR 1:2 ELECTROLYTES
(i.e, CACL2 DECOMPOSES INTO CA++ AND 2CL-)

SOUT1 (2) =KMOLST/3600 . 0
SOUT1 (3)=2*KMOLST/3600 .0
CONTINUE

CALL ASPEN FLASH ROUTINE TO CALCULATE THE MEAN IONIC
ACTIVITY COEFFICIENT OF THE SOLUTION

CALL FLASH(SOUT1,NSUBS, IDXSUB,ITYPE,NBOPS1,2,2,
1,30,1.D-4,TIN,POUT,0.DO,LMSG,LPMSG, IRESTR,
IPASS,RETN, IRETN,LCFLAG)

CALCULATE MEAN IONIC ACTIVITY COEFFICIENT AND MEAN
IONIC MOLALITY

IF (COUNT.EQ.2) GO TO 360
IF (COUNT.EQ.3) GO TO 370

IF éCOUNT.EQ.l% GO TO 350
VP=1.0

MOLP=S0UT1 (2) *1000.0%3600 . 0 /KGMH20

MOLM=S0UT1 (3) %1000 . 0%3600 . 0/KGMH20
MOLPM=§€MOLP**VP)*(MOLM**VM %

GAMPM=( (EXP (GAMMA (2) ) +VP) » (EXP (GAMMA (3) ) *+VM) )

CALCULATE SOLUBILITY PRODUCT (Ksp)
KSP=MOLPM*GAMPM

THIS DATA IS THEN SENT TO A REGRESSION ROUTINE FOR NON-

LINEAR INTERPOLATION.
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INSERT WRITE STATEMENTS

300 CONTINUE
RETURN
END
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SUBROUTINE USRSOL (NSIN,NINFI,SIN1,SIN2,SIN3,SIN4,
1 SINFI,NSOUT,NINFO,SOUT1,S0UT2,S00T3,S0UT4, SINFO |
2 NSUBS,IDXSUB, ITYPE,NINT, INT,NREAL,REAL,IDS,NPO,
3 NBOPST,NIW,IW,NW,W,NSIZE,SIZE)

DESCRIPTION OF VARIABLES IN ARGUMENT LIST

VAR

NSIN
NINFI
SIN1
SIN2
SIN3
SIN4
SINFI
NSOUT
NINFO
SOUT1
SOUT2
SOUT3
SOUT4
SINFO
NSUBS
IDXSUB
ITYPE
NINT
INT
NREAL
REAL
IDS
NPO
NBOPST
NIN
IwW

Nw

W
NSIZE
SIZE
ITEMP
IPRES
POUT
TIN
KGMH20
KSP
DUMMY

DECLARATIONS

DESCRIPTION AND RANGE

NO. INLET STREAMS (MAX=5)

NO. INLET INFO. STREAMS (0 OR 1)
INLET STREAM 1

INLET STREAM 2

INLET STREAM 3

INLET STREAM 4

INLET INFORMATION STREAM

NO. OUTLET STREAMS (MAX=5)

NO. OUTLET INFO. STREAMS (0 OR 1)
OUTLET STREAM 1

OUTLET STREAM 2

OUTLET STREAM 3

OUTLET STREAM 4

OUTLET INFORMATION STREAM

NO. SUBSTRMS (ALL STRMS MUST BE SAME!)
INDEX VECTOR OF LENGTH NSUBS
SUBSTREAM TYPE VECTOR OF LENGTH NSUBS
LENGTH OF INTEGER ARRAY

INTEGER ARRAY

LENGTH OF REAL ARRAY

REAL ARRAY

ARRAY ID’S TO WRITE TO (HIST/REP FILE
NO. PHYSICAL PROPERTY OPTION SETS (=2
ARRAY OF PP OPTION SET POINTERS
LENGTH OF INTEGER WORK ARRAY

INTEGER WORK ARRAY

LENGTH OF REAL WORK ARRAY

REAL WORK ARRAY

LENGTH OF SIZE ARRAY

SIZE ARRAY

POSITION VECTOR

POSITION VECTOR

OUTLET PRESSURE

INLET TEMPERATURE

WEIGHT OF H20 IN KILOGRAMS

SOLUBILITY PRODUCT

DUMMY STREAMS FOR VARIABLE MANIPULATIONS

IMPLICIT REAL = 8 (A-H,0-2)
REAL KGMH20,KSP1,KSP2,KSP3’,KSP4
REAL KKSP1,KKSP2,KKSP3,KKSP4

DIMENSIONS

DIMENSION SIN1(1),SIN2(1),SIN3(1),SIN4(1),SINFI(1),
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SINFO(1

é& REAL§ EAL%S

1SOUT1 (1), SOUT2£ %PSOUTB(I SOUT4£
2IDXSUB (NSUBS) , ITYPE (NSUBSY . INT (NIN
3EDS (2,13 NBOPST 3 % , IW(NIW) , W ,SIZE (NSIZ
4RETN (5009 , IRETN 7 ' NBOP$1 3 1Y, DUMMY(17) DUMMYl(l ),
5DUMMY2 (17 , DUMM 3(17) DUMMY4(17)

COMMONS

COMMON/USER /RMISS , IMISS , NGBAL, IPASS , IRESTR , ICONV,
1LMSG, LPMSG,KFLAG, NHSTRY, NRPT , NTRMNL , TSIZE
COMMON /NCOMP /NCC , NNCC
COMMON/IDSCC/INSCC (2, 1)
COMMON/ IDSNCCé%DSNCC (2,1)
COMMON/IDXCC/IDXCC (1
COMMON/ IDXNCC/IDXNCC(I)
COMMON/MW I&
COMMON/RP GLP/IREPFL, ISUB(10)
COMMON/CHARGE /CHARGE (1
COMMON/DHAQFM /DHAQFM (1
COMMON/IONTYP/IONTYP (1
COMMON/S025C,/S025C (1)
COMMON/GMELCA /GMELCA (1
COMMON/GMELCB/GMELCB (1
COMMON/GMELCC/GMELCC (1
COMMON /GMELCD /GMELCD (1
COMMON /GAMMA /GAMMA (1
COMMON /GAMUS /GAMUS (1
COMMON/GAMMAS /GAMMAS (1)
COMMON/GAMPC/GAMPC (1)
COMMON/GAMPC1 /GAMPC1 (1
COMMON /GAMSPC/GAMSPC (1
COMMON/VLION/VLION(2,1

EXECUTABLE STATEMENTS AND EXPLANATION OF ACTIONS
N=NCC+9
DO 200 I=1,3
NBOPS1 (I,1)=NBOPST(I,1)
CONTINUE
NDATA=INT ( 1&D
DO 480 I=1,NDATA
THESE STATEMENTS INITIALIZE THE VARIABLES
FOR EACH DATA SET
ITEMP=I%2-1
TPRES=T*2

SIN3(NCC+1)=0.0
SIN4 (NCC+1)=0.0

IF (SIN1(NCC+1) .EQ.0.0) THEN
DO 201 J=1,NCC+9
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201

202

203

204

205

SIN1(J)=0.0

CONTINUE
ENDIF

IF (SIN2 (NCC+1) .EQ.0.0) THEN
DO 202 J=1,NCC+9
SIN2(J)=0.0

CONTINUE
ENDIF

IF (SIN3 (NCC+1) .EQ.0.0) THEN
DO 203 J=1,NCC+9
SIN3(J)=0.0

CONTINUE
ENDIF

IF (SIN4 (NCC+1) .EQ.0.0) THEN
DO 204 J=1,NCC+9
SIN4(J)=0.0

CONTINUE
ENDIF

DO 205 J=NCC+1,NCC+9
SOUT1(J)=0.0
SOUT2(J)=0.0
SOUT3(J)=0.0
SOUT4(J)=0.0
CONTINUE
READ THE DATA FROM THE ECONOSEED.INP FILE
POUT=REAL (IPRES)
TIN=REAL (ITEMP)
LOAD SOLUBILITY PRODUCT PARAMETERS
K2S04 PARAMETERS
A1=9.62329E+00
Bl=-5.00291E+03
C1=1.53550E+00
D1=-1.94899E-02

CA(HCOD)2 PARAMETERS
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A2=4.47205E+00
B2=-1.91144E+03
C2=1.56345E-02
D2=-1.15162E-02

CASO4 PARAMETERS

QaQQ

A3
B3
C3
D3

-2.22084E+01
-7 .00252E+02
6.
-B6.

55774E+00
24281E-02

KHCOO PARAMETERS

QaQQ

-2.04368E+01
6.96256E+03
-4.16275E+00
9.75974E-02

ogQw
L
LI |

CALCULATE SOLUBILITY PRODUCTS FOR NO PRECIPITATION

KSP1=EXP (A1 + B1/TIN +C1xLOG(TIN) +D1xTIN
KSP2=EXP (A2 + B2/TIN +C2xLOG(TIN) +D2xTIN
KSP3=EXP (A3 + B3/TIN +C3*LOG(TIN) +D3*TIN
KSP4=EXP (A4 + B4/TIN +C4xLOG(TIN) +D4xTIN

ADD CONSTITUENTS FOR COMMON ION AFFECT

DO 206 J=1,NCC+1
DUMMY (J)=SIN1 (J)+SIN2(J)+SIN3(J)+SIN4(J)
206 CONTINUE

DUMMY (NCC+2)=(SIN1 (NCC+2)+SIN2 (NCC+2)+SIN3 (NCC+2)
1+SIN4 (NCC+2)) /NSIN

DUMMY (NCC+3)=(SIN1 (NCC+3)+SIN2 (NCC+3)+SIN3 (NCC+3)
1+SIN4 (NCC+3)) /NSIN

DUMMY (NCC+4 )= (SIN1 (NCC+4)+SIN2 (NCC+4)+SIN3 (NCC+4)
1+SIN4 (NCC+4))

DUMMY (NCC+5 )= (SIN1 (NCC+5) +SIN2 (NCC+5) +SIN3 (NCC+5)
1+SIN4 (NCC+5)) /NSIN

DUMMY (NCC+8) = (SIN1 (NCC+8) +SIN2 (NCC+6) +SIN3 (NCC+8)
1+SIN4 (NCC+6)) /NSIN

DUMMY (NCC+7) = (SIN1 (NCC+7)+SIN2 (NCC+7)+SIN3 (NCC+7)
1+SIN4 (NCC+7))

DUMMY (NCC+8) = (SIN1 (NCC+8) +SIN2 (NCC+8) +SIN3 (NCC+8)
1+SIN4 (NCC+8))

DUMMY (NCC+9 =(SIN1§NCC+9)*SIN1 NCC+13 DUMMY(NCC+1)§+
1§SIN2 NCC+9) *SIN2 (NCC+1) /DUMMY (NCC+1 +§SIN3 NCC+9) *
2SIN3 (NCC+1) /DUMMY (NCC+1) ) + (SIN4 (NCC+9) *SIN4 (NCC+1) /
4D (NCC+1))

aaQ

QQQ

SEPARATE INTO K2S04 ELECTROLYTE STREAM FOR Ksp FLASH
CALCULATIONS

QaQQaQ
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210

DUMMY1 (29 =DUMMY (2
DUMMY1 (3)=DUMMY (3
DO 220 K=1,1000
DO 210 J=4.N

DUMMY1 (J)=0.0
CONTINUE
DUMMY1 (NCC+1) =DUMMY (1) +DUMMY (2) +DUMMY (3)
DUMMY1 (NCC+29 =DUMMY NCC+2iMw

(1

DUMMY1 1§=DUMMY 1

DUMMY1 (NCC+3)=DUMMY (NCC+3
DUMMY1 (NCC+9) = (DUMMY1 (1) «
1DUMMY1 (3) «XMW (3) ) /DUMMY1 (NCC+1

CHECK K2S04 FOR INITIAL PRECIPITATION

CALL FLASH (DUMMY1,NSUBS, IDXSUB, ITYPE,NBOPST, 2, 2,
KPHASE, 30,1.D- 4 TIN, POUT GUESS LMSG LPMSG y8;
2 IPASS, RETN IRETN LCFLAG)

KGMH20-DUMMY1(1)*XMW§H)/1000 .0
KKSP1=( (DUMMY1 (2) /KG 20%**2 g& (DUMMY1(3)/KGMH20)*
1((EXP(GAMMA(2)))**2 0) * (EXP (GAMMA (3)))

;+DUMMY1(2)*XMW(2)+

NO COMMON IONS
IF (SIN3(2) .EQ.0.0.AND. (DUMMY (2) /DUMMY (3) ) .EQ.2) THEN
SEPARATE OUT PRECIPITATES

IF (KKSP1.GT.KSP1) THEN

VARIABLE—(KKSPl—KSPl%é%SPl
IF (VARIABLE.GT.5.0) N

DUMMY1 (2)=DUMMY1 (2)-0.010
DUMMY1 (3)=DUMMY1 (3)-0.005
SOUT2 (2)=S0UT2(2)+0.010
SOUT2 (3)=S0UT2 (3) +0.005

ELSEIF (VARIABLE.LT.5.0) THEN

IF (VARIABLE.LT.5.0.AND.VARTABLE.GT.O.5) THEN
DUMMY1223=DUMMY1 2)-0.0010
DUMMY1 (3) =DUMMY1 {3)-0.0005
SOUT2 (2) =S0UT2 (2) +0.0010
SOUT2 (3)=S0UT2 (3) +0.0005

ELSEIF (VARIABLE.LT.O.5) THEN
DUMMY1 (2) =DUMMY1 (2) -0 . 00010
DUMMY1 (3) =DUMMY1 (3)-0.00005
SOUT2 (2)=S0UT2 (2) +0.00010
SOUT2 (3)=S0UT2 (3) +0.00005

ENDIF
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220
230

aaaQ

240

QaQ

1DUMMY?2 (5) +XMW (5) ) /D

ENDIF
NO PRECIPITATES
ELSETF (KSP1.GE.KKSP1) THEN
SOUT1 (1)=DUMMY1 (1
SOUT1 (2)=DUMMY1 (2
SOUT1 (3)=DUMMY1 (3

ENDIF
COMMON ION AFFECT--FORCED PRECIPITATION
ELSEIF (SIN3(2) .GT.0.0.0R. (DUMMY(2) /DUMMY (3) .GT.2) ) THEN
SEPARATE OUT PRECIPITATES

IF (KKSP1.GT.KSP1) THEN

DUMMY1 (3) =DUMMY1 (3) -0 . 00005
SOUT2 (3) =SOUT2 (3) +0 . 00005

NO PRECIPITATES
ELSEIF (KSP1.GE .KKSP1) THEN

SOUT1 (1)=DUMMY1 (1
SOUT1 (2)=DUMMY1 (2
SOUT1 (3)=DUMMY1 (3

ENDIF
ENDIF
IFééKKSPl—KSPl).LE.0.0)GD TO 230
CONTINUE
CONTINUE

SEPARATE INTO CA§HCDD)2 ELECTROLYTE STREAM FOR Ksp
FLASH CALCULATIONS

DUMMY?2 (1) =DUMMY (1)
DUMMY?2 (29=0.0
DUMMY?2 (39=0.0
DUMMY?2 (4) =DUMMY (4
DUMMY?2 (59 =DUMMY (5
DO 250 K=1,1000
DO 240 J=6.N
DUMMY?2 (J)=0.0
CONTINUE
DUMMY?2 (NCC+1 =DUMMY2§1)+DUMMY2(4)+DUMMY2(5)

- DUMMY2 (NCC+2) =DUMMY (NCC+2
DUMMY?2 (NCC+3) =DUMMY (NCC+3

DUMMY?2 (NCC+89 = (D Uuﬁl)* (1;+DUMMY2(4)*XMW(4)+

Y2 (NCC+1

CHECK CA(HCO0)2 FOR INITIAL PRECIPITATION

CALL FLASH (DUMMY2,NSUBS, IDXSUB, ITYPE, NBOPST, 2,2,
03




1 KPHASE, 30,1 .D-4, TIN, POUT, GUESS, LMSG, LPMSG, 0,
2 IPASS,RETN, IRETN, LCFLAG)

KGMH20=DUMMY2(1)*xmw§é)61ooo.o
2

KKSP2= ( (DUMMY2 (5) /KG «%2.0) * (DUMMY2 (4) /KGMH20) *
1((EX%(éﬁMMA(3?§)142.0)*(EXP(G2&M§(2))) o )

NO COMMON IONS
IF (SIN3(5) .EQ.0.0.AND. (DUMMY (5) /DUMMY (4) ) .EQ.2) THEN
SEPARATE OUT PRECIPITATES

IF (KKSP2.GT.KSP2) THEN

VARTABLE= (KKSP2-KSP2) /KSP2
IF (VARIABLE.GT.5.0) THEN

DUMMY?2 (5) =DUMMY2 (5)-0.010
DUMMY2 (4) =DUMMY2 (4) -0.005
SOUT2 5;=SOUT2 5)+0.010
SOUT2 (4)=S0UT2 (4) +0.005

ELSETF (VARIABLE.LT.5.0) THEN

IF (VARIABLE.LT.5.0.AND.VARIABLE.GT.0.5) THEN

DUMMY2 5%=DUMMY2 5§—0.0010
DUMMY2 (4) =DUMMY2 (4)-0.0005
SOUT2 (5)=S0UT2(5)+0.0010
SOUT2 (4)=S0UT2(4) +0.0005

QA QA

ELSEIF (VARIABLE.LT.O.5) THEN
DUMMY?2 (5) =DUMMY?2 (5) -0 . 00010
DUMMY2 (4) =DUMMY?2 (4) -0 . 00005
SOUT2 (5)=S0UT2 (5) +0.00010
SOUT2 (4)=S0UT2 (4) +0.00005

ENDIF

ENDIF

NO PRECIPITATES
ELSEIF (KSP2.GE .KKSP2) THEN

SOUT1 (4) =DUMMY2 (4
SOUT1 (5) =DUMMY2 (5

ENDIF
COMMON ION AFFECT FORCED PRECIPITATION

QQQ

aaa
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270

ELSEIF (SIN3(5) .GT.0.0.0R. (DUMMY (5) /DUMMY (4) .GT. 2) ) THEN
SEPARATE OUT PRECIPITATES
IF (KKSP2.GT .KSP2) THEN

DUMMY2 (4) =DUMMY?2 (4) -0 . 00005
SOUT2 (4) =SOUT2 (4) +0 . 00005

NO PRECIPITATES
ELSETIF (KSP2.GE .KKSP2) THEN

SOUT1 (4) =DUMMY2 43
SOUT1 (5)=DUMMY2 (5
ENDIF
ENDIF
IF ( (KKSP2-KSP2) .LE.0.0)G0 TO 260
CONTINUE
CONTINUE

THE REMAINING WATER SOLUBLE IONS UNDERGO THE
FOLLOWING REACTION. ASSUMPTION 100% CONVERSION

K2S04 +CA(HCO0)2 --—-> CASO4 + 2KHCOO
DETERMINE IF THE CAS04 REACTANT IS WATER SOLUBLE
DUMMY3 (1) =SOUT1 (1)

DUMMY3(2)=0.0
DUMMY3 (3)=S0UT1 (3
DUMMY3 (4)=S0UT1 (4
DUMMY3(5)=0.0

DO 280 K=1,10000
DO 270 J=6.N

DUMMY3 (J)=0.0
CONTINUE
DUMMY3 (NCC+1 =DUMMY3§1)+DUMMY3(4)+DUMMY3(3)
DUMMY3 (NCC+2) =DUMMY (NCC+2
DUMMY3 (NCC+3) =DUMMY (NCC+3
DUMMY3 (NCC+9) = (DUMMY3 (1) XMW (1
1DUMMY3 (3) «XMW (3) ) /DUMMY3 (NCC+1

CHECK CAS0O4 FOR PRECIPITATION

3+DUMMY3(4)*XMW(4)+

IF (DUMMY3(3) .LE.1.0E-6.0R.DUMMY3 (4) .LE.1.0E-6) THEN
SOUT1 (1) =DUMMY3 (1
SOUT1 (3) =DUMMY3 (3
SOUT1 (4) =DUMMY3 (4
GO TO 280

ELSEIF (DUMMY3(3) .GE.1.0E-5.0R.DUMMY3 (4) .GE.1.0E-5) THEN

KGMH20=DUMMY3 (1) «XMW (1) /1000 .0
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280
290
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KKSP3= (DUMMY3 (3) /KGMH20) * (DUMMY3 (4) /KGMH20)
SEPARATE OUT PRECIPITATES
IF (KKSP3.GT .KSP3) THEN

VARIABLE=(KKSP3—KSP3%égSP3
IF (VARIABLE.GT.5.0) N

DUMMY3 (3) =DUMMY3 (3) -0.0010
DUMMY3 (4)=DUMMY3 (49 -0 .0010
SOUT3 (3) =SO0UT3 (3) +0.0010
SOUT3 (4)=SOUT3 (4) +0.0010
ELSEIF (VARIABLE.LT.5.0) THEN
IF (VARIABLE .LT.5.0.AND . VARTABLE .GT.O.5) THEN
DUMMY3 (3) =DUMMY3 (3) -0. 00010
DUMMY3 (4) =DUMMY3 (4) -0 . 00010
SOUT3 (3) =S0UT3 (3) +0.00010
SOUT3 (4)=S0UT3 (4) +0.00010
ELSEIF (VARIABLE.LT.O.5) THEN
DUMMY3 (3) =DUMMY3 (3) -0 .000010
DUMMY3 (4) =DUMMY3 (45 -0 . 000010
SOUT3 (3) =S0UT3 (3) +0 . 000010
SOUT3 (4)=S0UT3 (4)+0.000010
ENDIF

ENDIF

NO PRECIPITATES
ELSEIF (KSP3.GE .KKSP3) THEN

SDUT151§=DUMMY3§1§
SOUT1 (3)=DUMMY3 (3
SOUT1 (4) =DUMMY3 (4
ENDIF
ENDIF
IF ((KKSP3-KSP3) .LE.0.0)GO TO 290
CONTINUE
CONTINUE

DETERMINE IF THE KHCOO REACTANT IS WATER SOLUBLE

DUMMY4 (1)=S0UT1 (1
DUMMY4 (2)=S0UT1 (2
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DUMMY4 (3)=0.0
DUMMY4 (4)=0.0
DUMMY4 (5)=SOUT1 (5)
DO 310 K=1,10000
DO 300 J=6.N
DUMMY4 (J)=0.0
CONTINUE
DUMMY4 (NCC+1) =DUMMY4 1)+DUMMY4(2)+DUMMY4(5)
DUMMY4 (NCC+2) =DUMMY CC+2
DUMMY4 (NCC+3) =DUMMY NCC+3
DUMMY4 (NCC+9) = (DUMMY4 (1 +DUMMY4 (2) XMW (2) +
1DUMMY4 (5) * (5))/DUM Y4(NCC+1

CHECK KHCOO FOR PRECIPITATION

CALL FLASH(DUMMY4,NSUBS, IDXSUB, ITYPE,NBOPST, 2, 2,
1 KP E,30,1.D- 4 TIN, POUT GUESS LMSG LPMSG,O,

2 IPASS, RETN IRETN LCFLAG)

KGMH20=DUMMY4E g*XMW(l) 1000.0
KKSP4=(DUMMY4 (5) /KGMH20) + (DUMMY4 (2) /KGMH20)

1 (EXP (GAMMA (3) )) * (EXP (GAMMA (2)))

SEPARATE OUT PRECIPITATES
IF (KKSP4.GT .KSP4) THEN

VARIABLE= (KKSP4-KSP4 /KSP4
IF (VARIABLE.GT.5.0)

DUMMY4 (2) =DUMMY4 (4) 0. 0010

DUMMY4 (59 =DUMMY4 (55 -0.0010

SOUT3 (2) =S0UT3 (2) +0.0010

SOUT3 (5)=S0UT3 (5)+0.0010

ELSEIF (VARIABLE.LT.5.0) THEN

IF (VARIABLE.LT.5.0.AND . VARIABLE .GT.O.5) THEN
DUMMY4 (2) =DUMMY4 (4) -0 .00010
DUMMY4 (59 =DUMMY4 (59 -0 .00010
SOUT3§2;=SOUT3 23+o.ooo1o
SOUT3 (5)=S0UT3 (5)+0 .00010

ELSEIF (VARIABLE.LT.O.5) THEN
DUMMY4 (2) =DUMMY4 (4) -0 . 000010
DUMMY4 (59 =DUMMY4 (59 -0 . 000010
SOUT3 (2) =S0UT3 (2) +0.000010
SOUT3 (5)=S0UT3 (5) +0.000010

ENDIF

ENDIF
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NO PRECIPITATES
ELSETIF (KSP4.GE .KKSP4) THEN

QQQ

SOUT1 (5)=DUMMY4 (5

ENDIF
IF&%KKSPZ—KSPZ).LE.0.0)GO TO 320
310 CONTINUE
320 CONTINUE
400 CONTINUE

SUM UP VARIABLES FOR RETURN TO ASPEN INPUT FILE
DO 410 J=1,NCC

SOUT1 (NCC+1)=S0UT1 (NCC+1) +SOUT1 (J

SOUT2 (NCC+1)=S0UT2 (NCC+1) +S0UT2 (J

SOUT3 (NCC+1)=SOUT3 (NCC+1) +SOUT3 (J

S0UT4 (NCC+1)=S0UT4 (NCC+1)+S0UT4 (J

410 CONTINUE

SOUT1223=DUMMY4§23

aaQQ

CALCULATE EXIT TEMPERATURE
SOUT1§N00+2§=SIN1§NCC+2E

QaQa

SOUT2 (NCC+2)=SIN1 (NCC+2
SOUT3 (NCC+2)=SIN1 (NCC+2

CALCULATE EXIT PRESSURE
SOUTlgNCC+3§=SIN1§NCC+3§

QOO

SOUT2 (NCC+3)=SIN1 (NCC+3
SOUT3 (NCC+3)=SIN1 (NCC+3

CALCULATE AVERAGE MOLECULAR WEIGHTS

IF (SOUT1 (NCC+1) .EQ.0.0)GO TO 420
SOUT1 (NCC+9) = (SOUT1 (1) *XMW (1) + SDUTI(%%*XMW(
1SOUT1 (3) 3) + SOUT1(4)= 4) + SOUT1 5§*
2S0UT1 (8) XMW (6) + SOUT1 (7) XMW (79 + SOUT1 (89«
3S0UT1 (NCC+1)
420 CONTI

IF6%0UT2(NCC+1).EQ.0.0)GD TO 430

SOUT2 (NCC+9) = (SOUT2 (1) *XMW (1) + SOUT2 (2) «XMW(2) +

1S0UT2(3) * 3) + SOUT2(4) = 43 + SO 2253*x&w253 +
2S0UT2 (6) XMW (6) + SOUT2(7)+XMW(7) + SOUT2(8) XMW (8))/
3S0UT2 (NCC+1)

430 CONTI

Qaa

s

)/

98



olole!

8 o f

QQ

440

450

460

470

480

IF (SOUT3 (NCC+1) .EQ.0.0)GO TO 440

SOUT3 (NCC+9) = (SOUT3 (1) *XMW (1) + SOUT3(2) «XMW (2) +
1S0UT3 3g*xmw533 + SDUT354 *XMWE43 + SDUT3E53*XMWES§ +
2S0UT3(6) «XMW (6) + SOUT3(7)+XMW(7) + SOUT3 (8 XMW (8)) /
3S0UT3 (NCC+1)

CONTINUE

CALCULATE SPECIFIC ENTHALPY---CONVERT TO WATTS

DUMMY NCC+4)=SIN1§NCC+4)*SIN1§N00+1)*SIN1§NCC+9)+
1SIN2 (NCC+4) *SIN2 (NCC+1 *SINZE CC+93+SIN3 CC+4) *
2SIN3 (NCC+1) «SIN3 (NCC+9) +SIN4 (NCC+4) «STN4 (NCC+ 1
3SIN4 (NCC+9)+SINFI (1)

IF (SOUT1 (NCC+1) .EQ.0.0) THEN
GO TO 450
ELSEIF (SOUT1 (NCC+1) .GT.0.0) THEN

s

SOUT1 (NCC+4) = (DUMMY (NCC+4) *SOUT1 (NCC+1) /DUMMY (NCC+1) ) /

1 (SOUT1 (NCC+1) *SOUT1 (NCC+9) )
ENDIF
CONTINUE

IF (SOUT2 (NCC+1) .EQ.0.0) THEN
GO TO 460
ELSEIF (SOUT2 (NCC+1) .GT.0.0) THEN

SOUT2 (NCC+4) = (D (NCC+4) »SOUT2 (NCC+1) /DUMMY (NCC+1) ) /

1 (SOUT2 (NCC+1) *SOUT2 (NCC+9) )
ENDIF
CONTINUE

IF (SOUT3 (NCC+1) .EQ.0.0) THEN
GO TO 470
ELSETIF (SOUT3 (NCC+1) .GT.0.0) THEN

SOUT3 (NCC+4) = (DUMMY (NCC+4) +SOUT3 (NCC+1) /DUMMY (NCC+1) ) /

léSDUTS( CC+1) *SOUT3 (NCC+9) )
NDIF

CONTINUE

DETERMINE MOLAR VAPOR FRACTION
SOUT1 (NCC+5)=0.0

SOUT2 (NCC+5)=0.0

SOUT3 (NCC+5)=0.0

S0UT4 (NCC+5)=0.0

DETERMINE MOLAR LIQUID FRACTION
SOUT1 (NCC+6)=1.0
SOUT2 (NCC+5)=0.0
SOUT3 (NCC+5)=0.0
S0UT4 (NCC+5)=0.0

CONTINUE

RETURN
END
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THIS BLOCK SETS THE TEMPERATURE FOR THE HEAT EXCHANGER
IN BLOCK H2. TIF TOO MUCH HEAT IS ADDED THEN THE
DESIRED PRODUCT (POTASSIUM FORMATE) WILL PRECIPITATE
OUT OF SOLUTION.

SUBROUTINE USRFLH (NSIN,NINFI,SIN1,SIN2,SIN3,SIN4,
1 SINFI,NSOUT,NINFO,SOUT1,S0UT2,S00T3,S0UT4, SINFO
2 NSUBS, IDXSUB, ITYPE,NINT, INT,NREAL,REAL, IDS,NPO,
3 NBOPST,NIW,IW,NW,W,NSIZE,SIZE)

DESCRIPTION OF VARIABLES IN ARGUMENT LIST

VAR DESCRIPTION AND RANGE

NSIN NO. INLET STREAMS (MAX=5)

NINFI NO. INLET INFO. STREAMS (0 OR 1)

SIN1 INLET STREAM 1

SIN2 INLET STREAM 2

SIN3 INLET STREAM 3

SIN4 INLET STREAM 4

SINFI INLET INFORMATION STREAM

NSOUT NO. OUTLET STREAMS (MAX=5)

NINFO NO. OUTLET INFO. STREAMS (0 OR 1)
SOUT1 OUTLET STREAM 1

SOUT2 OUTLET STREAM 2

S0UT3 OUTLET STREAM 3

SOUT4 OUTLET STREAM 4

SINFO OUTLET INFORMATION STREAM

NSUBS NO. SUBSTRMS (ALL STRMS MUST BE SAME!)
IDXSUB INDEX VECTOR OF LENGTH NSUBS

ITYPE SUBSTREAM TYPE VECTOR OF LENGTH NSUBS
NINT LENGTH OF INTEGER ARRAY

INT INTEGER ARRAY

NREAL LENGTH OF REAL ARRAY

REAL REAL ARRAY

IDS ARRAY ID’S TO WRITE TO (HIST/REP FILE;
NPO NO. PHYSICAL PROPERTY OPTION SETS (=2
NBOPST ARRAY OF PP OPTION SET POINTERS

NIN LENGTH OF INTEGER WORK ARRAY

Iw INTEGER WORK ARRAY

NwW LENGTH OF REAL WORK ARRAY

W REAL WORK ARRAY

NSIZE LENGTH OF SIZE ARRAY

SIZE SIZE ARRAY

ITEMP POSITION VECTOR

TPRES POSITION VECTOR

POUT OUTLET PRESSURE

TIN INLET TEMPERATURE

KGMH20 WEIGHT OF H20 IN KILOGRAMS

KSP SOLUBILITY PRODUCT

DUMMY DUMMY STREAMS FOR VARIABLE MANIPULATIONS
DECLARATIONS

IMPLICIT REAL » 8 (A-H,0-Z)
REAL KGMH20,KSP1,KSP2,KSP3’KSP4
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REAL KKSP1,KKSP2,KKSP3,KKSP4

DIMENSIONS
DIMENSION SIN1(1),s1N2§1é,SIN3(1),sg§ﬁé1),SINFI(1),
'

QaQaQ

1SOUT1(1%,SOUT2£1§ﬁSOUT3 19 ,S0UT4 (1 0 &%’
2IDXSUB (NSUBS) , ITYPE (NSUBS) , INT (NINT} , REAL EAL%,
3EDS§2,13 ,NBOPST (3,NP0) , I (NIW),g&NW),SIZE NSIZE),
4RETN (500) , IRETN (7) ,NBOPS1 (3,1) , DUMMY(17) ,DUMMY1 (17),
5DUMMY2 (17) ,DUMMY3(17) ,DUMMY4 (17)

COMMONS

COMMON/USE%%RMISS,IMISS,NGBAL,IPASS,IRESTR,ICONV,
1LMSG,LPMSG,KFLAG, NHSTRY , NRPT , NTRMNL , ISTZE
COMMON/NCOMP /NCCG, NNCC
COMMON/IDSCC/INSCC (2, 1)
COMMON/ IDSNCC/IDSNCC (2,1)
COMMON/IDXCC/IDXCC (1)
COMMON/ IDXNCC/IDXNCC (1)
COMMON/MW/XMW}I)
COMMON/RPTGLP /IREPFL , ISUB(10)
COMMON /CHARGE /CHARGE (1
COMMON/DHAQFM /DHAQFM (1
COMMON/IONTYP/IONTYP (1
COMMON/S025C,/S025C (1)
COMMON/GMELCA/GMELCA (1
COMMON/GMELCB/GMELCB (1
COMMON /GMELCC/GMELCC (1
COMMON/GMELCD /GMELCD (1
COMMON/GAMMA /GAMMA (1
COMMON /GAMUS /GAMUS (1
COMMON /GAMMAS /GAMMAS (1)
COMMON /GAMPC /GAMPC (1)
COMMON/GAMPC1 /GAMPC1 1§

QQaQ

COMMON/GAMSPC/GAMSPC (1
COMMON/VLION/VLION (2,1

EXECUTABLE STATEMENTS AND EXPLANATION OF ACTIONS
N=NCC+9

QQQ

DO 200 I=1,3
NBOPS1 (I,1)=NBOPST(I,1)
200 CONTINUE

NDATA:INT(I&D
DO 480 I=1,NDATA

THESE STATEMENTS INITIALIZE THE VARIABLES
FOR EACH DATA SET

QaaaQa

ITEMP=I%2-1
TIPRES=I%2
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201

202

203

204

205

IF (SIN1(NCC+1) .EQ.0.0) THEN
DO 201 J=NCC+1,NCC+9
SIN1(J)=0.0

CONTINUE
ENDIF

IF (SIN2 (NCC+1) .EQ.0.0) THEN
DO 202 J=NCC+1,NCC+9
SIN2(J)=0.0

CONTINUE
ENDIF

IF (SIN3 (NCC+1) .EQ.0.0) THEN
DO 203 J=NCC+1,NCC+9
SIN3(J)=0.0

CONTINUE
ENDIF

IF (SIN4 (NCC+1) .EQ.0.0) THEN
DO 204 J=NCC+1,NCC+9
SIN4(J)=0.0

CONTINUE
ENDIF

DO 205 J=NCC+1,NCC+9
SOUT1 (J)=0.0
S0UT2(J)=0.0
SOUT3(J)=0.0
S0UT4(J)=0.0

CONTINUE

READ THE DATA FROM THE ECONOSEED.INP FILE

POUT=REAL (IPRES)
TIN=REAL (ITEMP)

LOAD SOLUBILITY PRODUCT PARAMETERS

CASO4 PARAMETERS

A3 =-2.22084E+01
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-7 .00252E+02
6.55774E+00

B3
C3
D3 =-6.24281E-02

KHCOO PARAMETERS

QaQaQ
X

-2.04368E+01
6.96256E+03
-4.16275E+00
9.75974E-02

B4
C4
D4

CALCULATE SOLUBILITY PRODUCTS FOR NO PRECIPITATION

aQa

KSP3=EXP (A3 + B3/TIN +C3*LOG(TIN) +D3*TIN
KSP4=EXP (A4 + B4/TIN +C4x*LOG(TIN) +D4*TIN

SEPARATE VAPOR AND LIQUID STREAMS

SOUT2€13=SIN1éNCC+1%;SIN1(NCC+5)
SOUT1 (1)=SIN1(1)-S00T2(1)

aQaQa

DETERMINE IF THE CAS04 REACTANT IS WATER SOLUBLE

DUMMY3 (1) =SOUT1 (1)
DUMMY3(29=0.0
DUMMY3 (3)=SIN1 (3
DUMMY3 (4)=SIN1 (4
DUMMY3(59=0.0
DO 280 K=1,10000
DO 270 J=6.N
DUMMY3 (J)=0.0
270 CONTINUE

THIS NEXT SECTION REMOVES THE INFINITE AMOUNT OF CAS04
THAT REMAINS SOLUBLE IN WATER AT ANY TEMPERATURE.
INSIGNIFANT FOR THIS SIMULATION

IF (DUMMY3(3) .LE. 1E-4.AND .DUMMY3 (4) .LE . 1E-4) THEN

SOUT3 (3)=S0UT3(3) +DUMMY3 (3
SOUT3(4)=S0UT3 (4) +DUMMY3 (4
S0UT1(3)=0.0

SOUT1(4)=0.0

GO TO 290

ENDIF
DUMMY3 (NCC+1) =DUMMY3 (1) +DUMMY3 (4) +DUMMY3 (3)
DUMMY3 (NCC+2)=SIN1 (NCC+2

DUMMY3 (NCC+3)=SIN1 (NCC+3

DUMMY3 (NCC+9) = (DUMMY3 1)*XMW(I%+DUMMY3(4)*XMW(4)+
1DUMMY3 (3) * (3))/DUM§Y3(NCC+1

CHECK CAS04 FOR PRECIPITATION
103
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Qa0

IF (DUMMY3(3) .LE.1.0E-6.0R.DUMMY3 (4) .LE.1.0E-6) THEN
SOUT1 (1) =DUMMY3 (1
SOUT1 (3)=DUMMY3 (3

SOUT1 (4)=DUMMY3 (4
GO TO 290

ELSEIF (DUMMY3(3) .GE.1.0E-5.0R.DUMMY3 (4) .GE.1.0E-5) THEN
KGMH20=DUMMY3E13*XM¥é1) 1000.0
KKSP3= (DUMMY3 (3) /KGMH20))  (DUMMY3 (4) /KGMH20)
SEPARATE OUT PRECIPITATES
IF (KKSP3.GT.KSP3) THEN

VARIABLE= (KKSP3-KSP3) /KSP3
IF (VARIABLE.GT.5.0) THEN

DUMMY3 (3)=DUMMY3 (3)-0.00010
DUMMY3 (4 ) =DUMMY3 (4)-0.00010
SOUT3 (3)=S0UT3(3)+0.00010
SOUT3(4)=S0UT3(4)+0.00010
ELSEIF (VARIABLE.LT.5.0) THEN

IF(VARIABLE.LT.S.O.AND.VARIABLE.GT.O.5)THEN
DUMMY3 (3) =DUMMY3 (3) -0.000010
DUMMY3 (4) =DUMMY3 (4) -0.000010

SOUT3 (3)=S0UT3 (3) +0.000010
SOUT3 (4)=S0UT3 (4) +0.000010

ELSEIF (VARIABLE.LT.O.5) THEN
DUMMY3 (3) =DUMMY3 (3) -0 . 0000010
DUMMY3 (4) =DUMMY3 (4) -0 . 0000010

SOUT3 (3)=S0UT3 (3) +0.0000010
SOUT3 (4)=S0UT3 (4) +0.0000010

ENDIF
ENDIF

NO PRECIPITATES
ELSEIF (KSP3.GE .KKSP3) THEN
SOUT1 (1) =DUMMY3 (1

SOUT1 (3) =DUMMY3 (3

SOUT1 (4) =DUMMY3 (4
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ENDIF
ENDIF
IF ((KKSP3-KSP3) .LE.0.0)G0 TO 290
280 CONTINUE
2900 CONTINUE

DETERMINE IF THE KHCOO REACTANT IS WATER SOLUBLE

DUMMY4 (1) =S0UT1 (1)
DUMMY4 (2) =SIN1 (2)
DUMMY4 (39=0.0
DUMMY4 (4)=0.0
DUMMY4 (5)=SIN1 (5)
DO 310 K=1, 100000
DO 300 J=6,N
DUMMY4 (J)=0.0
300 CONTINUE
DUMMY4 (NCC+1) =DUMMY4 (1) +DUMMY4 (2) +DUMMY4 (5)
DUMMY4 (NCC+2)=SIN1 (NCC+2
DUMMY4 (NCC+3)=SIN1 (NCC+3
DUMMY4 (NCC+9) = DUMMY4§1 «XMW (1) +DUMMY4 (2) XMW (2) +
1DUMMY4 (5) +XMW (5) ) /DUMMY4 (NCC+1

CHECK KHCOO FOR PRECIPITATION

CALL FLASH(DUMMY4,NSUBS, IDXSUB, ITYPE,NBOPST, 2,2,
1 KPHASE, 30,1.D-4, TIN PDUT GUESS LMSG LPMSG 0,
2 IPASS RETN IRETN LCFLAG)

KGMH20=DUMMY4 (1) +XMW ) 1000.0
KKSP4= (DUMMY4 Esg /KG « (DUMMY4 (2) /KGMH20) *
1 (EXP (GAMMA (3) )) * (EXP (G A(2)))

aQaaQ

QaQ

SEPARATE OUT PRECIPITATES
IF (KKSP4.GT .KSP4) THEN

VARIABLE= (KKSP4- KSP4%é%SP4
IF (VARIABLE.GT.5.0) N

DUMMY4E 3=DUMMY4E2§—0.0010

Qaa

DUMMY4 (5) =DUMMY4 (5) -0.0010
SOUT3(2)=S0UT3(2)+0.0010
SOUT3(5)=S0UT3(5)+0.0010

ELSEIF (VARIABLE.LT.5.0) THEN
IF (VARIABLE.LT.5.0.AND. VARIABLE . GT.0.5) THEN
DUMMY4 (2) =DUMMY4 (2) 0. 00010
DUMMY4 (5) =DUMMY4 (5 -0.00010

SOUT3 (2)=S0UT3(2)+0.00010
S0UT3 (5)=S0UT3(5)+0.00010
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QQQ QaQ
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310
320
400

410

ELSEIF (VARIABLE.LT.0.5) THEN
DUMMY4 (2) =DUMMY4 (2) -0 . 000010
DUMMY4 (5) =DUMMY4 (59 -0 . 000010
SOUT3 (2) =S0UT3 (2) +0.000010
SOUT3 (5)=S0UT3 (5)+0.000010

ENDIF

ENDIF

NO PRECIPITATES
ELSEIF (KSP4 .GE .KKSP4) THEN
SOUT1 (2) =DUMMY4 (2
SOUT1 (5)=DUMMY4 (5
ENDIF
IF ( (KKSP4-KSP4) .LE.0.0)GO TO 320
CONTINUE
CONTINUE
CONTINUE
SUM UP VARIABLES FOR RETURN TO ASPEN INPUT FILE
DO 410 J=1,NCC
SOUT1 (NCC+1)=SOUT1 (NCC+1) +SOUT1 (J
SOUT2 (NCC+1)=SOUT2 (NCC+19) +SOUT2 ( J
SOUT3 (NCC+1)=SOUT3 (NCC+1) +SOUT3 (J
SOUT4 (NCC+1)=S0UT4 (NCC+1) +SOUT4 (J

CONTINUE

CALCULATE EXIT TEMPERATURE

SOUT1 (NCC+2 =SIN1§NCC+2

SOUT2 (NCC+2)=SIN1 (NCC+2

SOUT3 (NCC+2)=SIN1 (NCC+2
CALCULATE EXIT PRESSURE

SOUT1 (NCC+3) =SIN1 (NCC+3

SOUT2 (NCC+3)=SIN1 (NCC+3

SOUT3 (NCC+3)=SIN1 (NCC+3
CALCULATE AVERAGE MOLECULAR WEIGHTS
IF (SOUT1 (NCC+1) .EQ.0.0)GO TO 420
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420

430

440

QQQ

QaaQ

450

460

470

SOUT1 (NCC+9) = (SDUTl(U%*XMW(l) + SOUT1(2) XMW (2) +
1S0UT1 33*xmwg 3 + SO g 243 + SO 1g5§*xmwgs +
2S0UT1 (6) +XMW(6) + SOUT1(7)*XMW(7) + SOUTI(8)+XMW(8)) /
3S0UT1 (NCC+1)

CONTI

IF (SOUT2 (NCC+1) .EQ.0.0)GO TO 430

SOUT2 (NCC+9) = (SOUT2 (1 “XMW (1) + SOUTZ(2 XMW

1S0UT2 (3) «XMW (3) + SOUT2(4 4) + SO

2SOUT2 (6 +XMW (89 + SOUT2 (79 =XMW (75 + SUUTZ /
3S0UT2 (NCC+1)

CONTI

6¥DUT3(NCC+1) .EQ.0.0)G0 TO 440

3 (NCC+9) = (S0UT3 (1 “XMW (1) + SOUT3(2 XMW
1SOUT3 3)*XMW(3) + SOUT3(4 24 + SO é
2SOUT3 (6 «XMW (6) + SOUT3 (75 «XMW (7] 4+ SOUTS
3S0UT3 (NCC+1)

CONTI

CALCULATE SPECIFIC ENTHALPY---CONVERT TO WATTS

DUMMY (NCC+4) = SIN1(NCC+4)*SIN1§NCC+1)*SIN1(NCC+9)+
1SIN2 (NCC+4) *SIN2 (NCC+1) *SIN2 (NCC+9) +SIN3 (NCC+4
2SIN3 (NCC+1)*SIN3 (NCC+9) +SIN4 (NCC+4) «STN4 (NCC+1
3SIN4 (NCC+9)+SINFI (1)

IF (SOUT1 (NCC+1) .EQ.0.0) THEN
GO TO 450
ELSEIF (SOUT1 (NCC+1) .GT.0.0) THEN
SOUT1 (NCC+4) = (DUMMY (NCC+4) xSOUT1 (NCC+1) /SINL (NCC+1) ) /
1é§g¥g1( CC+1)*SOUT1(NCC+9))

CONTINUE

IF (SOUT2 (NCC+1) .EQ.0.0) THEN
GD TO 460
ELSEIF (SOUT2 (NCC+1) .GT.0.0) THEN
SOUT2 (NCC+4) = (DUMMY ( NCC+4)*SDUT2(NCC+1)/SIN1(NCC+1))/
1(§B¥g2( CC+1) *SOUT2 (NCC+9) )

CONTINUE

IF (SOUT3 (NCC+1) .EQ.0.0) THEN
GO TO 470
ELSEIF (SOUT3 ( NCC+1) GT.0.0) THEN
SOUT3§N00+4 = (DUMMY (NCC+4) *SOUT3 (NCC+1) /SIN1 (NCC+1) ) /
éSOUTB( CC+1) xSOUT3 (NCC+9) )

CONTINUE

DETERMINE MOLAR VAPOR FRACTION
SOUT1 (NCC+5)=0.0

SOUT2 (NCC+5)=1.0

SOUT3 (NCC+5)=0.0

S0UT4 (NCC+5)=0.0

107



Qaa

480

DETERMINE MOLAR LIQUID FRACTION

SOUT1 (NCC+6)=1.0
SOUT2 (NCC+6)=0.0
SOUT3 (NCC+6)=0.0
S0UT4 (NCC+6)=0.0

CONTINUE
RETURN
END
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100

200

500

400

300

600

800

150
900

REGRESSION FORTRAN PROGRAM

This is a program that will regress the non-linear
Solubility Product of various electrolytes in water.
The data is entered through an auxiliary file named
for100.dat. When the program is run the number of
data points to be read is entered interactively.
dimension x§2

0),s(20),t(20) ,b(20,20) ,y(300) ,z (300)
dimension pd (300

dimension ylE3003,y2(300),y3(300),y4(300),y5(300)
integer v
type *,’Number of Data Points’
accept 100,n
format (I5)
v=3
x(1)=1.0
do 200 i=1,n
openEunit=2,name=’for100.dat’,type=’old’)
read 2,*)y§i),PD(I)
z (1) =15g (pd (1))
continue
do 300 i=1,n
x(2)=1./y(i)*1000.
x(3)=1og (y (1))
x(4)=y(1)/100.
x v+2§=z(i)
do 400 k=1,v+1
o }=lé%§2 (k) *x (1)
,1)= ,1)+x *X
sgk)=%(k,v+23
continue
continue
8 (v+2) =8 (v+2) +x (v+2) *x (v+2)
continue
do 600 i=2,v+1
t{i)=b(1,i)
continue

do 700 i=1,v+1

=1
if(b(j,1i) .ne.0)go to 900
j=j+1
if(j.le.v+1l)go to 800
write (106,150)
format(’no unique solution!!!?)
o to 1700
o 1000 k=1,v+2
bb=b (i, k)
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bg g b(J,k)
b J,k =bb
1000 continue
zz=1./b(i,1i)
do 1100 k=1,v+2
b(i,k)= zz*b(l k)
1100 contlnue
do 1200 j=1,v+1
if(j.eq. 1 go to 1200
z2z=-—
do 1300’ k 1,v+2
b(j,k) b(J,k)+zz*b(1 k)

1300 continue
1200 continue
700 continue

write (106, 250%
250 format(le, QUATION COEFFICIENTS:’)
write (106,%)°’
write(106,x)’ °
write (106 350)b(1 v+2)
350 format(le 'A = 1 el2.5)
write (1086, 351)(b(2 v+2)*1000 0)
351 format(le 'B = el2
write (106, 352)b(3 v+2)
352 format(le 'C = 1 el2.5)
write (106, 353)(b(4 v+2)/100 0)
353 format(le ’D ,1pe1 5)
wrltegIOS *)

write (106,850)
850 format(’ interpolation ’,/,5x,
1’ Temp (k) Exp Cal. % difference’
2,/,’ 1n(kSp) 1n(ksp)’)
do 1600 i=1,
tt=y (1)

xx=b (1,v+2)+b (2, v+2)*1000./tt+b(3,v+2)

1xlog(tt)+b 4 v+2§*tt/10
a=((z(i)-xx /2(1))*100
write(106,950)tt,z (i) ,xx,q
950 format(7x £10.2 7x £10.4, 7x £10.4,7x,£10.4)
1600 continue
1700 stop
end

: !




TABLE C.1: REGRESSION ANALYSIS FOR CA(HCOO) 2-WATER
SOLUTIONS
INTERPOLATION:
TEMPERATURE (K) In (Ksp) 1n (Ksp) % Difference
Experimental Regressed

293.15 -5.33 -5.33 -0.04
313,156 -5.15 -5.14 0.06
333.15 -5.01 -5.01 0.05
353.156 -4.90 -4.91 -0.14
373.15 -4.85 -4.85 0.086

NOTE:

CA(HCOO)2 Ksp NON-LINEAR REGRESSION

EQUATION MODELED:

In (Ksp) = A + B/T + Cx1n(T) + D«T
EQUATION COEFFICIENTS:

Qo
i

4.472E+00
-1.911E+03
1.563E-02
-1.151E-02

112



TABLE C.2: REGRESSION ANALYSIS FOR CA(OH) 2-WATER

SOLUTIONS
INTERPOLATION:
TEMPERATURE (K) 1n (Ksp) In (Ksp) % Difference
Experimental Regressed

283.15 -10.97 -11.06 -0.80
288.15 =11 17 -11.12 0.47
298.15 -11.28 -11.29 -0.09
303.15 -11.45 -11.40 0.36
313.15 -11.79 -11.67 0.97
323.15 -12.06 -12.00 0.48
333.156 -12.23 -12.38 -1.22
343.15 -12.59 -12.80 -1.68
353.15 -13.46 -13.27 1.42

NOTE:
CA(OH)2 Ksp NON-LINEAR REGRESSION
EQUATION MODELED:

In (Ksp) = A + B/T + C+1n(T) + DxT
EQUATION COEFFICIENTS:
5.092E+01
-8.613E+03

3.703E-01
-1.188E-01

oQwy»
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TABLE C.3: REGRESSION ANALYSIS FOR CASO4-WATER SOLUTIONS

INTERPOLATION:
TEMPERATURE (K) In (Ksp) 1n (Ksp) % Difference
Experimental Regressed

278 .35 -5.31 -5.18 2.33
287 .65 -5.356 -5.47 -2.09
294 .85 -5.62 -5.69 -1.36
302.45 -5.95 -5.94 0.10
307 .65 -6.09 -6.12 -0.356
317.95 -6.50 -6.47 0.48
333.156 -7.10 -7.01 1.17
343.65 -7.39 -7.40 -0.18
354.15 -7.81 -7.80 0.20
368.65 ~-&8.30 -8.36 -0.69
369.65 -8.42 -8.40 0.22

NOTE:

CASO4 Ksp NON-LINEAR REGRESSION
EQUATION MODELED:

In (Ksp) = A + B/T + C*1n(T) + DxT
EQUATION COEFFICIENTS:
-2.220E+01
-7 .002E+02

6.557E+00
-6.242E-02

oQwo»

i n
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TABLE C.4: REGRESSION ANALYSIS FOR KHCOO-WATER SOLUTIONS

INTERPOLATION:
TEMPERATURE (K) 1n (Ksp) In (Ksp) % Difference
Experimental Regressed

291.15 8.22 8.27 -0.64
303.15 8.38 8.33 0.65
323.15 8.64 8.59 0.63
343.15 9.02 9.04 -0.14
363.15 9.45 9.63 -1.96
373.15 10.13 9.98 1.39

NOTE:

KHCOO Ksp NON-LINEAR REGRESSION
EQUATION MODELED:

In (Ksp) = A + B/T + Cx1n(T) + DxT
EQUATION COEFFICIENTS:
-2.043E+01
6.962E+03

-4.162E+00
9.759E-02

oQwx»

i nn
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TABLE C.5: REGRESSION ANALYSIS FOR K2CO03-WATER SOLUTIONS

INTERPOLATION:
TEMPERATURE (K) In (Ksp) In (Ksp) % Difference
Experimental Regressed

283.15 18.26 18.26 0.01
293.15 18.39 18.38 0.03
298.15 18.46 18.45 0.05
303.15 18.53 18.52 0.03
313.15 18.65 18.68 -0.15
323.15 18.83 18.86 -0.16
333.15 19.06 19.06 0.00
343.15 19.30 19.27 Q.33
353.15 19.52 19.50 0.10
363.15 19.75 19.74 0.06
373.156 19.97 19.99 -0.13

NOTE:

K2C03 Ksp NON-LINEAR REGRESSION
EQUATION MODELED:
ln (Ksp) = A + B/T + C*1n(T) + DxT
EQUATION COEFFICIENTS:
-8 .658E+00
2.989E+03

6.082E-01
4.567E-02

cQwx
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TABLE C.6: REGRESSION ANALYSIS FOR KOH-WATER SOLUTIONS

INTERPOLATION:
TEMPERATURE (K) 1n (Ksp) 1n (Ksp) % Difference
Experimental Regressed

284 .65 9.96 10.06 -0.93
298.15 10.47 10.53 -0.57
306.15 10.98 10.76 1.98
313.15 11503 10.94 0.84
338.45 11.29 11.42 =1.10
353.15 11.43 11.59 -1.36
373.156 11.84 11471 1203

NOTE:

KOH Ksp NON-LINEAR REGRESSION
EQUATION MODELED:

In (Ksp) = A + B/T + Cx1n(T) + DxT
EQUATION COEFFICIENTS:
-8.594E+00
-5.269E+03

9.612E+00
-6.027E-02

DQws>
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TABLE C.7: REGRESSION ANALYSIS FOR K2S04-WATER SOLUTIONS

INTERPOLATION:
TEMPERATURE (K) 1n (Ksp) 1n (Ksp) % Difference
Experimental Regressed

283.15 -4 .88 -4 .89 -0.24
293.15 -4.43 -4.43 0.02
298.15 -4.22 -4.21 0.18
303.15 -4.02 -4.01 0.18
313.156 -3.64 -3.63 0.27
323.15 -3.28 -3.28 0.16
333.15 -2.96 -2.96 -0.10
343.15 -2.67 -2.67 0.00
353.15 -2.38 -2.41 -1.31
363.15 -2.16 -2.17 -0.49
373.15 -1.99 -1.96 1.35

NOTE:

K2S04 Ksp NON-LINEAR REGRESSION
EQUATION MODELED:

In (Ksp) = A + B/T + Cx1n(T) + DxT
EQUATION COEFFICIENTS:
9.623E+00
-5.002E+03

1.535E+00
-1.948E-02

oQwp
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{CASE STUDY 1: INPUT FILE
TITLE 'Case Study Dne - Potassium Sulfa

te Solubility’

DESCRIPTION "TEST OF Ksp USER MODEL TO HANDLE
PRECIPITATION"

. GLOBAL DATA

IN-UNITS SI
OUT-UNITS ENG

RUN-CONTROL MAX-TIME=450
HISTORY MSG-LEVEL SYSTEM=8

;  PHYSICAL PROPERTIES SECTION

COMPONENTS H20 H20/K+ K+/S04--
HCOO- HCOO-/NA+ NA+

H20 H20/K+ K+/S04——
HCOO- HCOO-/NA+ NA+
FILES USRPP1A AQADAT / USRPP1B

FORMULA

PROP-SOURCES

GLOBAL AQADAT COMPS=ALL/SOLDAT COMPS=ALL
PROP-OPTIONS SYSOPA ELECTRO &

PHTIVMX PHIVMX12

PROPERTIES SYSOPA GLOBAL

PROP-DATA
COMP-LIST
BCVAL GMELCC
COMP-LIST
BCVAL GMELCC

PROP-DATA
COMP-LIST
BCVAL GMELCC
COMP-LIST
BCVAL GMELCC

PROP-DATA
COMP-LIST
BCVAL GMELCC 1
COMP-LIST
BCVAL GMELCC 1

FLOWSHEET
BLOCK REACTOR1
BLOCK REACTOR2
BLOCK REACTOR3
BLOCK REACTOR4
BLOCK REACTORS5
BLOCK REACTOR6

(ST

=

=

K+
S04--

CA++
HCOO0-

K+
HCOO-

IN=S1
IN=S2
IN=S3
IN=S4
IN=S5
IN=S6

/ HVMX HVMX12

S04--/CA++ CA++/
S04--/CA++ CA++/
SOLDAT

S04--;H20-K2S04 PAIR

11.3093
K+
-5.4028

HCOO-
14.8546
CA++
-6.3948

; K2S04-

H20 PATIR

; H20-CAHCO02 PAIR
; CAHCOO2-H20 PAIR

HCOO- ; H20-KHCO0 PAIR
K+ ;KHCOO-H20 PAIR

8.145
-4.182

0UT=LIQ1
0UT=LIQ2
OUT=LIQ3
OUT=LIQ4
OUT=LIQ5
OUT=LIQ6

STREAM S1 TEMP=298.15 PRES=101325.
MOLE-FLOW H20 3./ K+ 0.18072230/
CA++ 0.0/HCO0- 0.0

STREAM S2 TE

=313.15 PRES=101325.

INSOL11
INSOL12
INSOL13
INSOL14
INSOL15
INSOL16

S04-- 0.

MOLE-FLOW H20 3./ K+ 0.16072230/ S04-—- O.
CA++ 0.0/HCDO- 0.0

120

INSOL21
INSOL22
INSOL23
INSOL24
INSOL25
INSOL286

08036115/

08036115/



STREAM S3 TEMP=328.15 PRES=101325.
MOLE-FLOW H20 3./ K+ 0.16072230/ S04-- 0.08036115/
CA++ 0.0/HCOO0- 0.0
STREAM S4 TEMP=343.15 PRES=101325.
MOLE-FLOW H20 3./K+ 0.16072230/ S04—- 0.08036115/
CA++ 0.0/HCO0- O.
STREAM S5 TEMP=358.15 PRES=101325.
MOLE-FLOW H20 3./ K+ 0.16072230/ S04-- 0.08036115/
CA++ 0.0/HCOO0- 0.0
STREAM S6 TEMP=373.15 PRES=101325.
MOLE-FLOW H20 3./ K+ 0.16072230/ S04-- 0.08036115/
CA++ 0.0/HCOD- 0.0
BLOCK REACTOR1 USER
DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
5 TEMP (K) PRES (PA)
REAL 298.15 101325.
INT 1

; FORTRAN CODE FOLLOWS

3
BLOCK REACTOR2 USER
DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
; TEMP (K) PRES (PA)
REAL  313.16 101325.
INT 1

; FORTRAN CODE FOLLOWS

BLOCK REACTOR3 USER
DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
; TEMP (K) PRES (PA)
REAL  328.15 101325.
INT 1

; FORTRAN CODE FOLLOWS

)
BLOCK REACTOR4 USER
DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
; TEMP (K) PRES (PA)
REAL  343.15 101325 .
INT 1
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.
2

FORTRAN CODE FOLLOWS

BLOCK REACTOR5 USER

.
H

DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
TEMP (K) PRES (PA)
REAL  358.15 101325 .
INT 1

FORTRAN CODE FOLLOWS

BLOCK REACTOR6 USER

;
;
>
S

DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
TEMP (K) PRES (PA)
REAL  373.15 101325,
INT 1

FORTRAN CODE FOLLOWS

IMULATE
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{CASE STUDY 2: INPUT FILE

"TITLE ’Case Study Two - Calcium Formate Solubility’
DESCRIPTION "TEST OF Ksp USER MODEL TO HANDLE
PRECIPITATION"

. GLOBAL DATA

J

IN-UNITS SI

OUT-UNITS ENG

RUN-CONTROL MAX-TIME=250
HISTORY MSG-LEVEL SYSTEM=8

; PHYSICAL PROPERTIES SECTION

COMPONENTS H20 H20/K+ K+/S04-— S04--/CA++ CA++/
HCOO- HCOO-
FORMULA  H20 H20/K+ K+/S04-- S04--/CA++ CA++/
HCOO- HCOO-
FILES USRPP1A AQADAT / USRPP1B SOLDAT
PROP-SOURCES
GLOBAL AQADAT COMPS=ALL/SOLDAT COMPS=ALL
PROP-OPTIONS SYSOPA ELECTRO &
PHIVMX PHIVMX12 / HVMX HVMX12
PROPERTIES SYSOPA GLOBAL

PROP-DATA
COMP-LIST S04--;H20-K2S04 PAIR
BCVAL GMELCC 1 1 K+ 11.3093
COMP-LIST K+ ; K2504-H20 PAIR
BCVAL GMELCC 1 1 S04-- -5.4028

PROP-DATA
COMP-LIST HCOO- ;H20-CAHCO002 PAIR
BCVAL GMELCC 1 1 CA++ 14.8546
COMP-LIST CA++ ; CAHCO02-H20 PAIR
BCVAL GMELCC 1 1 HCOO- -6.3948

PROP-DATA
COMP-LIST HCOO-;H20-KHCOO PAIR
BCVAL GMELCC 1 1 K+ 8.145
COMP-LIST K+ ;KHCOO0-H20 PAIR
BCVAL GMELCC 1 1 HCOO- -4.182

FLOWSHEET

BLOCK REACTOR1 IN=S1 O0QUT=LIQ1 INSOL11 INSOL21
BLOCK REACTOR2 IN=S2 O0UT=LIQ2 INSOL12 INSOL22
BLOCK REACTOR3  IN=S3 OUT=LIQ3 INSOL13 INSOL23
BLOCK REACTOR4  IN=S4 OUT=LIQ4 INSOL14 INSOL24
BLOCK REACTOR5  IN=S5 OUT=LIQ5 INSOL15 INSOL25
BLOCK REACTOR6  IN=S6 OUT=LIQ6 INSOL16 INSOL26

STREAM S1 TEMP=298.15 PRES=101325.

MOLE-FLOW H20 2.750 / K+ 0.0/ S04-- 0.0/
CA++ 0.08036115/HC00- 0.16072230

STREAM S2 TEMP=313.15 PRES=101325.

MOLE-FLOW H20 2.750 / K+ 0.0/ S04—- 0.0/
CA++ 0.08036115/HC00- 0.16072230
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STREAM S3 TEMP=328.15 PRES=101325.
MOLE-FLOW H20 2.750 / K+ 0.0/ S04—-
CA++ 0.08036115/HC00- 0.16072230
STREAM S4 TEMP=343.15 PRES=101325.
MOLE-FLOW H20 2.750 / K+ 0.0/ S04--
CA++ 0.08036115/HC00- 0.16072230
STREAM S5 TEMP=358.15 PRES=101325.
MOLE-FLOW H20 2.750 / K+ 0.0/ S04—-
CA++ 0.08036115/HC00- 0.16072230
STREAM S6 TEMP=373.15 PRES=101325.
MOLE-FLOW H20 2.750 / K+ 0.0/ S04--
CA++ 0.08036115/HC00- 0.16072230
BLOCK REACTOR1 USER

DESCRIPTION "SIMULATE KCOOH-CAS04 CHEMISTRY"

SUBROUTINE USRSOL USRRPT

0.0/
0.0/
0.0/

0.0/

PARAM NINT=100 NREAL=100 NIW=100 NW=400

j TEMP (K) PRES (PA)
REAL  298.15 101325.
INT 1

; FORTRAN CODE FOLLOWS

BLOCK REACTOR2 USER

DESCRIPTION "SIMULATE KCOOH-CAS0O4 CHEMISTRY"

SUBROUTINE USRSOL USRRPT

PARAM NINT=100 NREAL=100 NIW=100 NW=400

; TEMP (K) PRES (PA)
REAL  313.15 101325.
INT 1

; FORTRAN CODE FOLLOWS

BLOCK REACTOR3 USER

DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"

SUBROUTINE USRSOL USRRPT

PARAM NINT=100 NREAL=100 NIW=100 NW=400

; TEMP (K) PRES (PA)
REAL  328.15 101325.
INT 1

; FORTRAN CODE FOLLOWS

BLOCK REACTOR4 USER

DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"

SUBROUTINE USRSOL USRRPT

PARAM NINT=100 NREAL=100 NIW=100 NW=400

; TEMP (K) PRES (PA)
REAL  343.15 101325 .
INT 1
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; FORTRAN CODE FOLLOWS

F 4
BLOCK REACTOR5 USER
DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
; TEMP (K) PRES (PA)
REAL  358.15 101325.
INT 1

; FORTRAN CODE FOLLOWS

J

BLOCK REACTOR6 USER
DESCRIPTION "SIMULATE KCOOH-CASO04 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400

; TEMP (K) PRES (PA)
REAL 373.15 101325.
INT 1

; FORTRAN CODE FOLLOWS

SIMULATE
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;CASE STUDY 3: INPUT FILE

TITLE ’Case Study Three — Calcium Sulfate Solubility’
DESCRIPTION "TEST OF Ksp USER MODEL TO HANDLE
PRECIPITATION"

. GLOBAL DATA

3

IN-UNITS SI

OUT-UNITS ENG

RUN-CONTROL MAX-TIME=250
HISTORY MSG-LEVEL SYSTEM=8

; PHYSICAL PROPERTIES SECTION

COMPONENTS H20 H20/K+ K+/S04-- S04--/CA++ CA++/
HCOO- HCOO-
FORMULA  H20 H20/K+ K+/S04-- S04--/CA++ CA++/
HCOO- HCOO-
FILES USRPP1A AQADAT / USRPP1B SOLDAT
PROP-SOURCES
GLOBAL AQADAT COMPS=ALL/SOLDAT COMPS=ALL
PROP-OPTIONS SYSOPA ELECTRO &
PHIVMX PHIVMX12 / HVMX HVMX12
PROPERTIES SYSOPA GLOBAL

PROP-DATA
COMP-LIST S04--;H20-K2S04 PAIR
BCVAL GMELCC 1 1 K+ 11.3093
COMP-LIST K+ ;K2504-H20 PAIR
BCVAL GMELCC 1 1 S04-- -5.4028

PROP-DATA
COMP-LIST HCOO- ;H20-CAHCO02 PAIR
BCVAL GMELCC 1 1 CA++ 14.8546
COMP-LIST CA++ ; CAHCO02-H20 PAIR
BCVAL GMELCC 1 1 HCOO- -6.3948

PROP-DATA
COMP-LIST HCOO-;H20-KHCOO PAIR
BCVAL GMELCC 1 1 K+ 8.145
COMP-LIST K+ ;KHCOO-H20 PAIR
BCVAL GMELCC 1 1 HCOO- -4.182

FLOWSHEET

BLOCK REACTOR1 IN=S1 OUT=LIQ1 INSOL11 INSOL21
BLOCK REACTOR2  IN=S2 OUT=LIQ2 INSOL12 INSOL22
BLOCK REACTOR3  IN=S3 OUT=LIQ3 INSOL13 INSOL23
BLOCK REACTOR4  IN=S4 O0OUT=LIQ4 INSOL14 INSOL24
BLOCK REACTOR5  IN=S5 OUT=LIQ5 INSOL15 INSOL25
BLOCK REACTOR6  IN=S6 OUT=LIQ6 INSOL16 INSOL26
STREAM S1 TEMP=298.15 PRES=101325.
MOLE-FLOW H20 2.0 é K+ 0.0/ S04-- 0.08036115/
CA++ 0.08036115/HC00- 0.0
STREAM S2 TEMP=313.15 PRES=101325.
MOLE-FLOW H20 2.0 é K+ 0.0/ S04-- 0.08036115/
CA++ 0.08036115/HC00- 0.0
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STREAM S3 TEMP=328.15 PRES=101325.
MOLE-FLOW H20 2.0 / K+ 0.0/ S04-- 0.08036115/
CA++ 0.08036115/ gggg ?6?325
STREAM S4 TEMP=343.15 - .
MOLE-FLOW H20 2.0 é K+ 0.0/ S04-- 0.08036115/
runs5 SEOSELISHR 60
STREAM S5 TEMP=358.1 = ,
MOLE-FLOW H20 2.0 é K+ 0.0/ SO4-- 0.08036115/
o CA§+ 8E0803$115/ gggg o.o3 :
STREAM S6 TEMP=373.15 =101325.
MOLE-FLOW H20 2.0 é K+ 0.0/ S04-- 0.08036115/
CA++ obosoSSéés/ C00- 0.0
BLOCK REACTOR1 US
DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
; TEMP (K) PRES (PA)
REAL 298.15 101325.
INT 1

; FORTRAN CODE FOLLOWS

BLOCK REACTOR2 USER
DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
; TEMP (K) PRES (PA)
REAL  313.15 101325.
INT 1

; FORTRAN CODE FOLLOWS

)
BLOCK REACTOR3 USER
DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
TEMP (K) PRES (PA)
REAL  328.15 101325.
INT 1

FORTRAN CODE FOLLOWS

LOCK REACTOR4 USER
DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400

e we e

; TEMP (K) PRES (PA)
REAL  343.15 101325.
INT 1
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;

FORTRAN CODE FOLLOWS

BLOCK REACTOR5 USER

.
b

DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
TEMP (K) PRES (PA)
REAL  358.15 101325.
INT 1

FORTRAN CODE FOLLOWS

BLOCK REACTOR6 USER

.
2 ]

;
;
3
S

DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
TEMP (K) PRES (PA)
REAL  373.16 101325.
INT 1

FORTRAN CODE FOLLOWS

IMULATE
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;CASE STUDY 4: INPUT FILE

TITLE ’Case Study Four - Potassium Formate Solubility’
DESCRIPTION "TEST OF Ksp USER MODEL TO HANDLE
PRECIPITATION"

. GLOBAL DATA

2

IN-UNITS SI

OUT-UNITS ENG

RUN-CONTROL MAX-TIME=250
HISTORY MSG-LEVEL SYSTEM=8

; PHYSICAL PROPERTIES SECTION

COMPONENTS H20 H20/K+ K+/S04-— S04--/CA++ CA++/
HCOO- HCOO-
FORMULA  H20 H20/K+ K+/S04-- S04—-/CA++ CA++/
HCOO- HCOO-
FILES USRPP1A AQADAT / USRPP1B SOLDAT
PROP-SOURCES
GLOBAL AQADAT COMPS=ALL/SOLDAT COMPS=ALL
PROP-OPTIONS SYSOPA ELECTRO &
PHIVMX PHIVMX12 / HVMX HVMX12
PROPERTIES SYSOPA GLOBAL

PROP-DATA
COMP-LIST S04--;H20-K2S04 PAIR
BCVAL GMELCC 1 1 K+ 11.3093
COMP-LIST K+ ; K2504-H20 PATR
BCVAL GMELCC 1 1 S04-- -5.4028

PROP-DATA
COMP-LIST HCOO- ;H20-CAHCO02 PAIR
BCVAL GMELCC 1 1 CA++ 14 .8546
COMP-LIST CA++ ; CAHCO02-H20 PAIR
BCVAL GMELCC 1 1 HCOO- -6.3948

PROP-DATA
COMP-LIST HCOO-;H20-KHCOO PAIR
BCVAL GMELCC 1 1 K+ 8.145
COMP-LIST K+ ;KHCOO-H20 PAIR
BCVAL GMELCC 1 1 HCOO- -4.182

FLOWSHEET

BLOCK REACTOR1  IN=S1 OUT=LIQ1 INSOL11 INSOL21
BLOCK REACTOR2  IN=S2 OUT=LIQ2 INSOL12 INSOL22
BLOCK REACTOR3  IN=S3 OUT=LIQ3 INSOL13 INSOL23
BLOCK REACTOR4  IN=S4 OUT=LIQ4 INSOL14 INSOL24
BLOCK REACTOR5  IN=S5 OUT=LIQ5 INSOL15 INSOL25
BLOCK REACTOR6  IN=S6 OUT=LIQ6 INSOL16 INSOL26

STREAM S1 TEMP=298.15 PRES=101325.

MOLE-FLOW H20 0.0750 / K+ 0.16072230/ S04-- 0.0/
CA++ 0.0/HCO0- 0.16072230

STREAM S2 TEMP=313.15 PRES=101325.

MOLE-FLOW H20 0.0750 / K+ 0.16072230/ S04-- 0.0/
CA++ 0.0/HC00- 0.16072230
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STREAM S3 TEMP=328.15 PRES=101325.
MOLE-FLOW H20 0.0750 / K+ 0.16072230/ S04--
CA++ 0.0/HCOO- 0.16072230
STREAM S4 TEMP=343.15 PRES=101325.
MOLE-FLOW H20 0.0750 / K+ 0.16072230/ S04--
CA++ 0.0/HCOO- 0.16072230
STREAM S5 TEMP=358.15 PRES=101325.
MOLE-FLOW H20 0.0750 / K+ 0.16072230/ S04--
CA++ 0.0/HCOO- 0.16072230
STREAM S6 TEMP=373.15 PRES=101325.
MOLE-FLOW H20 0.0750 / K+ 0.16072230/ S04--
CA++ 0.0/HCOO- 0.16072230
BLOCK REACTOR1 USER
DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
; TEMP (K) PRES (PA)
REAL 208.15 101325.
INT 1

; FORTRAN CODE FOLLOWS

)
BLOCK REACTOR2 USER
DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
; TEMP (K) PRES (PA)
REAL  313.15 101325.
INT 1

; FORTRAN CODE FOLLOWS

)

BLOCK REACTOR3 USER
DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400

; TEMP (K) PRES (PA)
REAL 328.15 101325.
INT 1

; FORTRAN CODE FOLLOWS

BLOCK REACTOR4 USER
DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
; TEMP (K) PRES (PA)
REAL  343.15 101325.
INT 1
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)

FORTRAN CODE FOLLOWS

BLOCK REACTOR5 USER

)

DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
TEMP (K) PRES (PA)
REAL  358.15 101325 .
INT 1

FORTRAN CODE FOLLOWS

BLOCK REACTOR6 USER

;
>
>
S

DESCRIPTION "SIMULATE KCOOH-CAS04 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
TEMP (K) PRES (PA)
REAL  373.15 101325.
INT 1

FORTRAN CODE FOLLOWS

IMULATE
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{CASE STUDY 5: INPUT FILE

)
TITLE ’Case Study Five - Common Ion Affect -
Selective Precipitation of Potassium Ions’
DESCRIPTION "TEST OF Ksp USER MODEL TO HANDLE
PRECIPITATION"

. GLOBAL DATA

)

IN-UNITS SI

OUT-UNITS ENG

RUN-CONTROL MAX-TIME=450
HISTORY MSG-LEVEL SYSTEM=8

; PHYSICAL PROPERTIES SECTION

P
COMPONENTS H20 H20/K+ K+/S04-- S04--/CA++ CA++/
HCOO- HCOO-/NA+ NA+
FORMULA H20 H20/K+ K+/S04-- S04--/CA++ CA++/
HCOO- HCOO-/NA+ NA+
FILES USRPP1A AQADAT / USRPP1B SOLDAT
PROP-SOURCES
GLOBAL AQADAT COMPS=ALL/SOLDAT COMPS=ALL
PROP-OPTIONS SYSOPA ELECTRO &
PHIVMX PHIVMX12 / HVMX HVMX12
PROPERTIES SYSOPA GLOBAL

PROP-DATA
COMP-LIST S04--;H20-K2S04 PAIR
BCVAL GMELCC 1 1 K+ 11.3093
COMP-LIST K+ ; K2504-H20 PAIR
BCVAL GMELCC 1 1 S04-- -5.4028

PROP-DATA
COMP-LIST HCOO- ;H20-CAHCO002 PAIR
BCVAL GMELCC 1 1 CA++ 14.8546
COMP-LIST CA++ ; CAHCO02-H20 PAIR
BCVAL GMELCC 1 1 HCOO- -6.3948

PROP-DATA
COMP-LIST HCOO-;H20-KHCOO PAIR
BCVAL GMELCC 1 1 K+ 8.145
COMP-LIST K+ ;KHCOO-H20 PATIR
BCVAL GMELCC 1 1 HCOO- -4.182

FLOWSHEET

BLOCK REACTOR1 IN=S1 S1A OUT=LIQ1 INSOL11 INSOL21
BLOCK REACTOR2 IN=S2 S2A OUT=LIQ2 INSOL12 INSOL22
BLOCK REACTOR3 IN=S3 S3A OUT=LIQ@3 INSOL13 INSOL23
BLOCK REACTOR4 IN=S4 S4A 0UT=LIQ4 INSOL14 INSOL24
BLOCK REACTORS5 IN=S5 S5A OUT=LI@5 INSOL15 INSOL25
BLOCK REACTOR6 IN=S6 S6A OUT=LI@E6 INSOL16 INSOL26
STREAM S1 TEMP=298.15 PRES=101325.
MOLE-FLOW H20 6.435603 / K+ 0.16072230/ S04-- 0.08036115/
CA++ 0.0/HC0O0- 0.0
STREAM S1A TEMP=298.15 PRES=101325.
MOLE-FLOW H20 0.01/NA+ 0.001078/ S04-- 0.000539
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STREAM S2 TEMP=313.15 PRES=101325.
MOLE-FLOW H20 5.244156 / K+ 0.16072230/ S04-- 0.08036115/
CA++ 0.0/HCO0- 0.0
STREAM S2A TEMP=313.15 PRES=101325.
MOLE-FLOW H20 0.01/NA+ 0.001078/ S04-- 0.000539
STREAM S3 TEMP=328.15 PRES=101325.
MOLE-FLOW H20 4.471660 / K+ 0.16072230/ S04-- 0.08036115/
CA++ 0.0/HCOO- 0.0
STREAM S3A TEMP=328.15 PRES=101325.
MOLE-FLOW H20 0.01/NA+ 0.001078/ S04-- 0.000539
STREAM S4 TEMP=343.15 PRES=101325.
MOLE-FLOW H20 3.928541/ K+ 0.16072230/ S04-—- 0.08036115/
CA++ 0.0/HCOO0- O.
STREAM S4A TEMP=343.15 PRES=101325.
MOLE-FLOW H20 0.01/NA+ 0.001078/ S04-- 0.000539
STREAM S5 TEMP=358.15 PRES=101325.
MOLE-FLOW H20 3.521058 / K+ 0.16072230/ S04-- 0.08036115/
CA++ 0.0/HCO0- 0.0
STREAM S5A TEMP=358.15 PRES=101325
MOLE-FLOW H20 0.01/NA+ 0.001078/ S04-- 0.000539
STREAM S6 TEMP=373.15 PRES=101325.
MOLE-FLOW H20 3.201630 / K+ 0.16072230/ S04-- 0.08036115/
CA++ 0.0/HCOO- 0.0
STREAM S6A TEMP=373.15 PRES=101325.
MOLE-FLOW H20 0.01/NA+ 0.001078/ S04-- 0.000539
BLOCK REACTOR1 USER
DESCRIPTION "SIMULATE KCOOH-CAS04 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
s TEMP (K) PRES (PA)
REAL 2908.15 101325.
INT 1

; FORTRAN CODE FOLLOWS

BLOCK REACTOR2 USER
DESCRIPTION "SIMULATE KCOOH-CAS04 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400

; TEMP (K) PRES (PA)
REAL  313.15 101325 .
INT 1

; FORTRAN CODE FOLLOWS

)
BLOCK REACTOR3 USER
DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
; TEMP (K) PRES (PA)
REAL  328.15 101325.
INT 1

133




3

FORTRAN CODE FOLLOWS

BLOCK REACTOR4 USER

;

DESCRIPTION "SIMULATE KCOOH-CAS04 CHEMISTRY™"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
TEMP (K) PRES (PA)
REAL  343.15 101325 .
INT 1

FORTRAN CODE FOLLOWS

BLOCK REACTOR5 USER

.
’

DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
TEMP (K) PRES (PA)
REAL  358.15 101325.
INT 1

FORTRAN CODE FOLLOWS

BLOCK REACTOR6 USER

’
H
;
S

DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
TEMP (K PRES (PA)
REALL  373.1 101325 .
INT 1

FORTRAN CODE FOLLOWS

IMULATE
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;CASE STUDY 6: INPUT FILE

)
TITLE ’Case Study Six - Common Ion Affect -
Selective Precipitation of Sulfate Ions ’
DESCRIPTION "TEST OF Ksp USER MODEL TO HANDLE
PRECIPITATION"

. GLOBAL DATA

J

IN-UNITS SI

OUT-UNITS ENG

RUN-CONTROL MAX-TIME=450
HISTORY MSG-LEVEL SYSTEM=8

; PHYSICAL PROPERTIES SECTION

COMPONENTS H20 H20/K+ K+/S04-- S04—-/CA++ CA++/
HCOO- HCOO-/0OH- OH-
FORMULA _ H20 H20/K+ K+/S04—- S04-—/CA++ CA++/
HCOO- HCOO-/OH- OH-
FILES USRPP1A AQADAT / USRPP1B SOLDAT
PROP-SOURCES
GLOBAL AQADAT COMPS=ALL/SOLDAT COMPS=ALL
PROP-OPTIONS SYSOPA ELECTRO &
PHIVMX PHIVMX12 / HVMX HVMX12
PROPERTIES SYSOPA GLOBAL

PROP-DATA
COMP-LIST S04--;H20-K2S04 PAIR
BCVAL GMELCC 1 1 K+ 11.3093
COMP-LIST K+ ; K2504-H20 PAIR
BCVAL GMELCC 1 1 S04-- -5.4028

PROP-DATA
COMP-LIST HCOO- ;H20-CAHCO002 PAIR
BCVAL GMELCC 1 1 CA++ 14.8546
COMP-LIST CA++ ; CAHCOO2-H20 PATIR
BCVAL GMELCC 1 1 HCOO- -6.3948

PROP-DATA
COMP-LIST HCOO-;H20-KHCOO PAIR
BCVAL GMELCC 1 1 K+ 8.145
COMP-LIST K+ ;KHCOO-H20 PAIR
BCVAL GMELCC 1 1 HCOO- -4.182

FLOWSHEET

BLOCK REACTOR1 IN=S1 S1A OUT=LIQ1 INSOL11 INSOLZ21
BLOCK REACTOR2 IN=S2 S2A 0OUT=LIQ2 INSOL12 INSOL22
BLOCK REACTORS3 IN=S3 S3A 0UT=LIQ3 INSOL13 INSOL23
BLOCK REACTOR4 IN=S4 S4A 0OUT=LIQ4 INSOL14 INSOL24
BLOCK REACTORS5 IN=S5 S5A 0OUT=LIQ5 INSOL15 INSOL25
BLOCK REACTORS6 IN=S6 SBA 0OUT=LIQ6 INSOL16 INSOL26
STREAM S1 TEMP=298.15 PRES=101325.
MOLE-FLOW H20 6.435603 / K+ 0.16072230/ S04-- 0.08036115/
CA++ 0.0/HCOO- 0.0
STREAM S1A TEMP=298.15 PRES=101325.
MOLE-FLOW H20 0.01/K+ 0.000639/0H- 0.000639
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STREAM S2 TEMP=313.15 PRES=101325.
MOLE-FLOW H20 5.244156 / K+ 0.16072230/ S04-- 0.08036115/
CA++ 0.0/HCOO0- 0.0
STREAM S2A TEMP=313.15 PRES=101325.
MOLE-FLOW H20 0.01/K+ 0.000639/0H- 0.000639
STREAM S3 TEMP=328.15 PRES=101325.
MOLE-FLOW H20 4.471660 / K+ 0.16072230/ S04-- 0.08036115/
CA++ 0.0/HCOO0O- 0.0
STREAM S3A TEMP=328.15 PRES=101325.
MOLE-FLOW H20 0.01/K+ 0.000639/0H- 0.000639
STREAM S4 TEMP=343.15 PRES=101325.
MOLE-FLOW H20 3.928541/ K+ 0.16072230/ S04-- 0.08036115/
CA++ 0.0/HCOO0- O.
STREAM S4A TEMP=343.15 PRES=101325.
MOLE-FLOW H20 0.01/K+ 0.000639/0H- 0.000639
STREAM S5 TEMP=358.15 PRES=101325.
MOLE-FLOW H20 3.521058 / K+ 0.16072230/ S04-- 0.08036115/
CA++ 0.0/HCO0- 0.0
STREAM S5A TEMP=358.15 PRES=101325
MOLE-FLOW H20 0.01/K+ 0.000639/0H- 0.000639
STREAM S6 TEMP=373.15 PRES=101325.
MOLE-FLOW H20 3.201830 / K+ 0.16072230/ S04-- 0.08036115/
CA++ 0.0/HCO0- 0.0
STREAM S6A TEMP=373.15 PRES=101325.
MOLE-FLOW H20 0.01/K+ 0.000639/0H- 0.000639
BLOCK REACTOR1 USER
DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400

; TEMP (K) PRES (PA)
REAL  298.15 101325 .
INT 1

; FORTRAN CODE FOLLOWS

BLOCK REACTOR2 USER

DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT

PARAM NINT=100 NREAL=100 NIW=100 NW=400

; TEMP (K) PRES (PA)
REAL 313.15 101325 .
INT 1

; FORTRAN CODE FOLLOWS

BLOCK REACTOR3 USER
DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
; TEMP (K) PRES (PA)
REAL 328.15 101325 .
INT 1
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)

FORTRAN CODE FOLLOWS

BLOCK REACTOR4 USER

)

DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
TEMP (K) PRES (PA)
REAL  343.15 101325.
INT 1

FORTRAN CODE FOLLOWS

BLOCK REACTOR5 USER

.
)

DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
TEMP (K) PRES (PA)
REAL  358.15 101325.
INT 1

FORTRAN CODE FOLLOWS

BLOCK REACTOR6 USER

H
;
;
S

DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
TEMP (K) PRES (PA)
REAL  373.15 101325.
INT 1

FORTRAN CODE FOLLOWS

IMULATE
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APPENDIX E

SIMULATION OF ECONOSEED PROCESS



:ECONOSEED INPUT FILE

).
NEW
TITLE ’SIMULATION OF ECONOSEED PROCESS’
DESCRIPTION "TEST OF Ksp USER MODEL TO
HANDLE EVAPORATION AND PRECIPITATION"

. GLOBAL DATA

J

IN-UNITS SI

OUT-UNITS ENG

RUN-CONTROL MAX-TIME=250
HISTORY MSG-LEVEL SYSTEM=8

; PHYSICAL PROPERTIES SECTION

J
COMPONENTS H20 H20/K+ K+/S04-- S04-—/CA++ CA++/
HCOO- HCOO-
FORMULA  H20 H20/K+ K+/S04-- S04--/CA++ CA++/
HCOO- HCOO-
FILES USRPP1A AQADAT / USRPP1B SOLDAT
PROP-SOURCES
GLOBAL AQADAT COMPS=ALL/SOLDAT COMPS=ALL
PROP-OPTIONS SYSOPA ELECTRO &
PHIVMX PHIVMX12 / HVMX HVMX12
PROPERTIES SYSOPA GLOBAL

PROP-DATA
COMP-LIST S04--;H20-K2S04 PAIR
BCVAL GMELCC 1 1 K+ 11.3093
COMP-LIST K+ ; K2504-H20 PAIR
BCVAL GMELCC 1 1 S04-- -5.4028

PROP-DATA
COMP-LIST HCOO- ;H20-CAHCO02 PAIR
BCVAL GMELCC 1 1 CA++ 14.8546
COMP-LIST CA++ ; CAHCO02-H20 PAIR
BCVAL GMELCC 1 1 HCOO- -6.3948

PROP-DATA
COMP-LIST HCOO-; H20-KHCOO PAIR
BCVAL GMELCC 1 1 K+ 8.145
COMP-LIST K+ ;KHCOO-H20 PAIR

BCVAL GMELCC 1 1 HCOO- -4.182
DEF-STREAMS HEAT Q1 Q2 Q3 Q4 QMIX @6 Q7 Q8 Q9 Q10 Q11
FLOWSHEET
; DISSOLVER AND REACTOR BLOCKS

BLOCK PREHEAT1 IN=S1 Q1 OUT=S3 Q3

BLOCK PREHEAT2 IN=S2 Q2 OUT=S4 Q4
BLOCK HEATREQ IN=Q3 Q4 OUT=QMIX

BLOCK REACTOR TIN=S3 S4 QMIX OUT=THINLIQ INSOL1 INSOL2
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;  MULTI-EFFECT EVAPORATOR BLOCKS |
BLOCK FLSH1  IN=THINLIQ Q6 OUT=S5 Q7

BLOCK EFFECT1 IN=S5 Q7 OUT=S6 EVAP1 INSOL3 |
BLOCK FLSH2 IN=S6 @8 0UT=S7 Q9 |
BLOCK EFFECT2 IN=S7 Q9 OUT=S8 EVAP2 INSOL4

BLOCK FLSH3 IN=S8 Q10 0OUT=8S9 Q11

BLOCK EFFECT3 IN=S9 Q11 OUT=THICKLIQ EVAP3 INSOLS5

STREAM S1 TEMP=298.15 PRES=101325.
MOLE-FLOW H20 0.750 / K+ 0.16072230/
S04-- 0.08036115/ CA++ 0.0/HCO0- 0.0
STREAM S2 TEMP=298.15 PRES=101325.
MOLE-FLOW H20 3.00/ K+ 0.0/ S04-- 0.0/
CA++ 0.08036115é C00- 0.16072230
BLOCK PREHEAT1 HEATE
PARAM TEMP=353.15 PRES=101325.
BLOCK PREHEAT2 HEATER
PARAM TEMP=353.15 PRES=101325.
BLOCK HEATREQ MIXER
BLOCK REACTOR USER
DESCRIPTION "SIMULATE KCOOH-CASO4 CHEMISTRY™"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
; TEMP (K) PRES (PA)
REAL  353.15 101325.
INT 1

FORTRAN CODE FOLLOWS

THE FOLLOWING BLOCKS ACT AS A MULTI-EFFECT
EVAPORATOR REMOVING FIRST THE INSOLUBLE CAS04
THEN CONCENTRATING THE REMAINING LIQUOR TO
APPROXIMATELY 80% KHCOOH 20% H20.

BLOCK FLSH1 HEATER
PARAM TEMP=376.7 PRES=101325.
BLOCK EFFECT1 USER
DESCRIPTION "SIMULATE MULTI-EFFECT
EVAPORATOR EFFECT 2"
SUBROUTINE USRFLH USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400

e s e e we e e e

; TEMP (K) PRES (PA)
REAL 376.7 101325 .
INT 1

; FORTRAN CODE FOLLOWS

BLOCK FLSH2 HEATER
PARAM TEMP=380.18 PRES=101325.
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BLOCK EFFECT2 USER

)

DESCRIPTION "SIMULATE MULTI-EFFECT
EVAPORATOR EFFECT 3"
SUBROUTINE USRFLH USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
TEMP (K) PRES (PA)
REAL  380.18 101325.
INT 1

FORTRAN CODE FOLLOWS

BLOCK FLSH3 HEATER

PARAM TEMP=412.83 PRES=101325.

BLOCK EFFECT3 USER

Udes =e e

DESCRIPTION "SIMULATE MULTI-EFFECT
EVAPORATOR EFFECT 1"
SUBROUTINE USRFLH USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
TEMP (K) PRES (PA)
REAL  412.83 101325 .
INT 1

FORTRAN CODE FOLLOWS

IMULATE
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ASPEN VER: VAX-VMS REL: 7.1-1 7/25/87 PAGE 1
SIMULATION OF ECONOSEED PROCESS
RUN CONTROL SECTION

RUN CONTROL INFORMATION

TYPE OF RUN: NEW
INPUT FILE NAME : USEROO51 : [U858446 . ASPEN] ECONOSEED . INP; 1

OUTPUT PROBLEM DATA FILE NAME: ECON
VERSION NO. 1

LOCATED IN: USD2: [U858446 . ASPEN]
PDF SIZE USED FOR INPUT TRANSLATION:

NUMBER OF FILE RECORDS (PSIZE) = 200

NUMBER OF IN-CORE RECORDS = 400
PSIZE NEEDED FOR SIMULATION = 66
CALLING PROGRAM NAME: ECON
LOCATED IN: U8D2: [U858446 . ASPEN]
SIMULATION REQUESTED FOR ENTIRE FLOWSHEET
DESCRIPTION

TEST OF Ksp USER MODEL TO HANDLE EVAPORATION
AND PRECIPITATION

BLOCK STATUS

*****************************************************
E3

*
* ALL UNIT OPERATION BLOCKS WERE COMPLETED NORMALLY =
* -
sk sk ke ke ke o e ok e ke 3 e e ke ok e s sk e ok e ok e ok e sk sk ke sk ok 3 ok 3k ok 6 ok ok e ok e o e ke ok ok ke oK 3k
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ASPEN VER: VAX-VMS

THINLIQ
INSOL2
Q7
EVAP1
S7

S8
INSOL4
Q11
EVAP3

SOURCE

PREHEAT
PREHEAT
REACTOR
REACTOR
FLSH1

EFFECT1
FLSH2

EFFECT2
EFFECT2
FLSH3

EFFECT3

REL: 7.1-1

7/25/87 PAGE 2

SIMULATION OF ECONOSEED PROCESS
FLOWSHEET SECTION

FLOWSHEET CONNECTIVITY BY STREAMS

DEST
PREHEAT1
PREHEAT2
FLSH1
FLSH3

1 HEATREQ

2 HEATREQ
FLSH1

EFFECT1

EFFECT2
FLSH3

EFFECT3

FLOWSHEET CONNECTIVITY BY BLOCKS

BLOCK
PREHEAT1
PREHEAT2
HEATREQ
REACTOR
FLSH1
EFFECT1
FLSH2
EFFECT2
FLSH3
EFFECT3

INLETS

S1 Q1

S2 Q2

Q3 Q4

S3 S4 QMIX
THINLIQ Q6
S5 Q7

S6 @8

S7 Q9

S8 Q10

S9 Q11

COMPUTATIONAL SEQUENCE

SEQUENCE USED WAS:
PREHEAT2 PREHEAT1 HEATREQ REACTOR FLSH1 EFFECT1
FLSH2 EFFECT2 FLSH3 EFFECT3
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STREAM  SOURCE  DEST
S1 e PREHEAT1
S2 bt PREHEAT2
Q8 S FLSH2
S3 PREHEAT1 REACTOR
S4 PREHEAT2 REACTOR
QMIX HEATREQ REACTOR
INSOL1  REACTOR --—-

S5 FLSH1 EFFECT1
S6 EFFECT1 FLSH2
INSOL3  EFFECT1 -———-

Q9 FLSH2 EFFECT2
EVAP2  EFFECT2 -—-——-
S9 FLSH3  EFFECT3
THICKLIQ EFFECT3 -—-——-
INSOL5  EFFECT3 -————

OUTLETS

S3 Q3

S4 Q4

QMIX

THINLIQ INSOL1 INSOL2

S5 Q7

S6 EVAP1 INSOL3

S7 Q9

S8 EVAP2 INSOL4

S9 Q11

THICKLIQ EVAP3 INSOLS5



ASPEN VER: VAX-VMS

REL: 7.1-1

7/25/87 PAGE 3

SIMULATION OF ECONOSEED PROCESS

OVERALL FLOWSHEET BALANCE

3 % %

IN

CONVENTIONAL COMPONENTS

(LBMOL /HR)
H20 29762 .4
K+ 1275.60
S04—- 637 .798
CA++ 637 .798
HCOO- 1275.60
TOTAL BALANCE
MOLE

(LBMOL/HR) 33589.2
MASS

(LB/HR) 730333.
ENTHALPY

(BTU/HR) -0.442657E+10
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FLOWSHEET SECTION

MASS AND ENERGY BALANCE

our

29762 .4
1275.60
637.798
637 .798
1275.60

33589.2
730333.

-0.442657E+10

OOOO0O

> > %

RELATIVE DIFF.

.152793E-16
.0O00000E+00
.245092E-15
.245092E-15
.000000E+00

.270770E-16
.0O00000E+00
0.

OOOOOOE+00



ASPEN VER: VAX-VMS REL: 7.1-1 7/25/87 PAGE 4
SIMULATION OF ECONOSEED PROCESS
PHYSTCAL PROPERTIES SECTION

COMPONENTS

ID TYPE FORMULA NAME OR ALIAS REPORT NAME
H20 C H20 H20 H20

K+ C K+ K+ K+

S04-—- C S04-- S04-- S04--

CA++ C CA++ CA++ CA++

HCOO- C HCOO0- HCOO0- HCOO0-
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ASPEN VER: VAX-VMS REL: 7.1-1 7/25/87 PAGE 5
SIMULATION OF ECONOSEED PROCESS
U-0-S BLOCK SECTION

BLOCK: EFFECT1 MODEL: USER
SIMULATE MULTI-EFFECT EVAPORATOR EFFECT 2
INLET STREAMS: S5 Q7
OUTLET STREAMS: S6 EVAP1 INSOL3
PROPERTY OPTION SET: SYSOPA
**x% MASS AND ENERGY BALANCE #xx
IN OUT RELATIVE DIFF.
TOTAL BALANCE

MOLE

(ﬁBMOL/HR) 32335.7 32335.7 0.000000E+00
ASS

(LBégﬁi 645006 . 645006 . 0.000000E+00
EN PY

(BTU/HR) -0.426138E+10 -0.426138E+10 0.000000E+00
BLOCK: EFFECT2 MODEL: USER

SIMULATE MULTI-EFFECT EVAPORATOR EFFECT 3
INLET STREAMS: S7 Q9
OUTLET STREAMS: S8 EVAP2 INSOL4
PROPERTY OPTION SET: SYSOPA
**% MASS AND ENERGY BALANCE *x*x%
IN ouT RELATIVE DIFF.
TOTAL BALANCE

MOLE

(ﬁﬁggL/HR) 23028.1 23028.1 -0.197475E-16
(LB/HR 476695 . 476695. 0.000000E+00
ENT PY

(BTU/HR) -0.303477E+10 -0.303477E+10 0.392811E-16
BLOCK: EFFECT3 MODEL: USER

SIMULATE MULTI-EFFECT EVAPORATOR EFFECT 1
INLET STREAMS: S9 Q11
OUTLET STREAMS: THICKLIQ EVAP3 INSOL5
PROPERTY OPTION SET: SYSOPA
*x%x MASS AND ENERGY BALANCE %%
IN ouT RELATIVE DIFF.
TOTAL BALANCE

MOLE

(hBMOL/HR) 13735.8 13735.8 ~0.165534E-16
ASS

(LB/HR 309049. 309049. 0.000000E+00

EN PY

(BTU/HR) -0.181018E+10 -0.181018E+10 0.329275E-16
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ASPEN VER: VAX-VMS REL: 7.1-1 7/25/87 PAGE 6
SIMULATION OF ECONOSEED PROCESS
U-0-S BLOCK SECTION

BLOCK: FLSH1 MODEL: HEATER

INLET STREAM(S) : THINLIQ Q6
OUTLET STREAM: S5
OUTLET HEAT STREAM: Q7

PROPERTY OPTION SET: SYSOPA
;** MASS AND ENERGY BALANCE  *x*x*
N

ouT RELATIVE DIFF.
TOTAL BALANCE

MOLE

(LBMgL/HR) 32335.7 32335.7 0.000000E+00
MAS

(LB/HR 645006 . 645006 . 0.000000E+00
ENT PY

(BTU/HR) -0.426138E+10 -0.426138E+10 0.000000E+00

*%x INPUT DATA =%
TWO PHASE TP FLASH

SPECIFIED TEMPERATURE F 218.300
SPECIFIED PRESSURE PSI 14.6959
MAXTMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE 0.000100000
#%% RESULTS %%
OUTLET TEMPERATURE F 218.39
OUTLET PRESSURE PSI 14.6986
HEAT DUTY BTU/HR 0.46720E+09
VAPOR FRACTION 0.28745

V-L PHASE EQUILIBRIUM :

COMP  F(I) X(I) Y(I) K(I)
H20  0.92042 0.88832 1.0000 1.1257
K+ 0.39449E-01 0.55363E-01 0.00000E+00 0.00000E+00

S04-- 0.34145E-03 0.47920E-03 0.00000E+00 0.00000E+00
CA++ 0.34145E-03 0.47920E-03 0.00000E+00 0O.00000E+00
HCOO- 0.39449E-01 0.55363E-01 0.00000E+00 0.00000E+00
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ASPEN VER: VAX-VMS REL: 7.1-1 7/25/87 PAGE 7
SIMULATION OF ECONOSEED PROCESS
U-0-S BLOCK SECTION

BLOCK: FLSH2 MODEL: HEATER

INLET STREAM(S) : S6 s
OUTLET STREAM: S7
OUTLET HEAT STREAM: Qo

PROPERTY OPTION SET: SYSOPA
*%xx MASS AND ENERGY BALANCE  s*x*x*

IN OUT RELATIVE DIFF.
TOTAL BALANCE
MOLE
(ﬁgggL/HR) 23028.1 23028.1 0.000000E+00
(LB/HR) 476695 . 476695 . 0.152633E-16
ENTHALPY

(BTU/HR) -0.303477E+10 -0.303477E+10 -0.196406E-16

*%% JNPUT DATA %=
TWO PHASE TP FLASH

SPECIFIED TEMPERATURE F 224 .654
SPECIFIED PRESSURE PSI 14.6959
MAXIMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE 0.000100000
*%% RESULTS  sexx
OUTLET TEMPERATURE F 224 .65
OUTLET PRESSURE PSI 14.696
HEAT DUTY BTU/HR 0.36594E+09
VAPOR FRACTION 0.40332

V-L PHASE EQUILIBRIUM :

COMP F(I) X(I) Y(I) K(I)
H20 0.88880 0.81363 1.0000 1.22901
K+ 0.55393E-01 0.92835E-01 O0.00000E+00 0O.00000E+00

S04-- 0.20788E-03 0.34839E-03 0.00000E+00 0.00000E+00
CA++ 0.20788E-03 0.34839E-03 0.00000E+00 0.00000E+00
HCOO- 0.55393E-01 0.92835E-01 0.00000E+00 0.00000E+00
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ASPEN VER: VAX-VMS REL: 7.1-1 7/25/87 PAGE 8
SIMULATION OF ECONOSEED PROCESS
U-0-S BLOCK SECTION

BLOCK: FLSH3  MODEL: HEATER
INLET STREAM(S) : S8 Q10
OUTLET STREAM: S9
OUTLET HEAT STREAM: Q11
PROPERTY OPTION SET: SYSOPA

o %k %

MASS AND ENERGY BALANCE

>k 3k %

ouT RELATIVE DIFF.

TOTAL BALANCE

MOLE

(hBMgL/HR) 13735.8 13735.8 0.000000E+00

AS

(LB/HR) 309049. 309049. -0.235431E-16
ENTHALPY

(BTU/HR) -0.181018E+10 -0.181018E+10 0.000000E+00

*%k*x INPUT DATA %%

TWO PHASE TP FLASH

SPECIFIED TEMPERATURE F 283.424

SPECIFIED PRESSURE PSI 14.6959

MAXTMUM NO. ITERATIONS 30

CONVERGENCE TOLERANCE 0.000100000

*%% RESULTS %%

OUTLET TEMPERATURE F 283.42

OUTLET PRESSURE PSI 14.696

HEAT DUTY BTU/HR 0.27090E+09

VAPOR FRACTION 0.67892

V-L PHASE EQUILIBRIUM :
COMP F(I) X(I) Y(I) K(I)
H20 0.81391 0.42044 1.0000 2.3785
K+ 0.92867E-01 0.28923 0.00000E+00 0O.00000E+00
S04-- 0.17747E-03 0.55273E-03 O. OOOOOE+00 0.00000E+00
CA++ 0.17747E-03 0.55273E-03 0.00000E+00 0.00000E+00
HCOO- 0.92867E-01 0.28923 0.00000E+00 0.00000E+00
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ASPEN VER: VAX-VMS REL: 7.1-1 7/25/87 PAGE 9
SIMULATION OF ECONOSEED PROCESS
U-0-S BLOCK SECTION

BLOCK: HEATREQ MODEL: MIXER
INLET STREAM(S) : Q3 Q4
OUTLET STREAM: QMIX
PROPERTY OPTION SET: SYSOPA

*%* MASS AND ENERGY BALANCE s

IN outT RELATIVE DIFF.
TOTAL BALANCE
ENTHALPY
(BTU/HR) -0.539968E+08 -0.539968E+08 0.000000E+00
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ASPEN VER: VAX-VMS REL: 7.1-1 7/25/87 PAGE 10
SIMULATION OF ECONOSEED PROCESS
U-0-S BLOCK SECTION

BLOCK: PREHEAT1 MODEL: HEATER

INLET STREAM(S) : S1 Q1
OUTLET STREAM: S3
OUTLET HEAT STREAM: Q3

PROPERTY OPTION SET: SYSOPA

*%% MASS AND ENERGY BALANCE sxx
IN ouT RELATIVE DIFF.
TOTAL BALANCE

MOLE

(LBMOL /HR) 7865 .87 7865 .87 0.000000E+00
MASS

(LB/HR) 218386. 218386. 0.000000E+00
ENTHALPY

(BTU/HR)  -0.111796E+10 -0.111796E+10 0.000000E+00

%% INPUT DATA *x*x*
TWO PHASE TP FLASH

SPECIFIED TEMPERATURE F 176.000
SPECIFIED PRESSURE PSI 14.6959
MAXIMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE 0.000100000
*%% RESULTS sk
OUTLET TEMPERATURE F 176.00
OUTLET PRESSURE PS1 14.696
HEAT DUTY BTU/HR 0.85244E+07
VAPOR FRACTION 0.00000E+00

V-L PHASE EQUILIBRIUM :

COMP  F(I) X(I) Y(I) K(I)
H20  0.75675 0.75675 1.0000 0.27754
K+ 0.16217 0.16217 0.00000E+00 0 .00000E+00

S04-- 0.81084E-01 0.81084E-01 0.00000E+00 O.0000OE+00
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ASPEN VER: VAX-VMS REL: 7.1-1 7/25/87 PAGE 11
SIMULATION OF ECONOSEED PROCESS
U-0-S BLOCK SECTION

BLOCK: PREHEAT2 MODEL: HEATER
INLET STREAM(S) : S2 Q2
OUTLET STREAM: S4
OUTLET HEAT STREAM: 4
PROPERTY OPTION SET: SYSOPA
*%% MASS AND ENERGY BALANCE s
ouT RELATIVE DIFF.
TOTAL BALANCE
MOLE
(LBng/HR) 25723.3 25723.3 0.000000E+00
M
(LB/HR) 511947. 511947. 0.000000E+00
ENTHALPY
(BTU/HR) -0.330861E+10 -0.330861E+10 0.000000E+00
wxx INPUT DATA  ss%x%
TWO PHASE TP FLASH
SPECIFIED TEMPERATURE F 176.000
SPECIFIED PRESSURE PSI 14.6959
MAXIMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE 0.000100000
*%% RESULTS  ss%*
OUTLET TEMPERATURE F 176.00
OUTLET PRESSURE PSI 14.696
HEAT DUTY BTU/HR 0.45472E+08
VAPOR FRACTION 0.00000E+00
V-L PHASE EQUILIBRIUM :
COMP F(I) X(I) Yi1) K(I)
H20 0.92562 0.92562 1.0000 0.43604
CA++ 0.24795E-01 0.24795E-01 0.00000E+00 0.00000E+00
HCOO- 0.49589E-01 0.49589E-01 0.00000E+00 0.00000E+00
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ASPEN VER: VAX-VMS REL: 7.1-1 7/25/87 PAGE 12
SIMULATION OF ECONOSEED PROCESS
U-0-S BLOCK SECTION

BLOCK: REACTOR MODEL: USER

SIMULATE KCOOH-CAS04 CHEMISTRY
INLET STREAMS: S3 S4 QMIX

OUTLET STREAMS: THINLIQ INSOL1 INSOL2
PROPERTY OPTION SET: SYSOPA

*%% MASS AND ENERGY BALANCE sxx

IN OUT RELATIVE DIFF.
TOTAL BALANCE
MOLE
(hgggL/HR) 33589.2 33589.2 0.000000E+00
(LB/HR) 730333. 730333. 0.000000E+00
ENTHALPY

(BTU/HR) -0.442657E+10 -0.442657E+10 0.000000E+00
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ASPEN VER: VAX-VMS REL: 7.1-1 7/25/87 PAGE 13
SIMULATION OF ECONOSEED PROCESS
STREAM SECTION

Q1 Q10 Q11 Q2

STREAM ID Q1 Q10 Q11 Q2

FROM : ke e FLSH3 e

20 PREHEAT1 FLSH3 EFFECT3  PREHEAT2
CLASS : HEAT HEAT HEAT HEAT
STREAM

ATTRIBUTES :

HEAT

Q BTU/HR 0.0 0.0 ~2.7090+08 0.0

Q3 Q4 Q6 Q7

STREAM ID Q3 Q4 Q6 Q7
FROM : PREHEAT1  PREHEAT2  ———- FLSH1
O o2 HEATREQ  HEATREQ  FLSH1 EFFECT1
CLASS : HEAT HEAT HEAT HEAT
STREAM ATTRIBUTES :

HEAT

Q BTU/HR -8.5244+06 -4.5472+07 0.0 -4.6720+08
Q8 Q9 QMIX

STREAM ID g8 Q9 MIX

FROM : arbo FLSH2 ATREQ

0 FLSH2 EFFECT2  REACTOR

CLASS : HEAT HEAT HEAT

STREAM ATTRIBUTES :

HEAT

Q@ BTU/HR 0.0 -3.6594+08 -5.3997+07
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ASPEN VER: VAX-VMS
SIMULATION OF ECONOSEED PROCESS

EVAP1 EVAP2 EVAP3

STREAM ID
FROM :
TO :

SUBSTREAM: MIXED

PHASE :

COMPONENTS : LBMOL/HR

H20
K+
S04--
CA++
HCOO-

TOTAL FLOW:
LBMOL /HR

LB/HR

STATE VARIABLES:

TEMP F

PRES PSI

VFRAC

LFRAC

SFRAC
ENTHALPY:

BTU/LBMOL

BTU/LB
BTU/HR
ENTROPY:

BTU/LBMOL-R
BTU/LB-R

DENSITY:

LBMOL /CUFT

LB/CUFT
AVG

REL: 7.1-1 7/25/87 PAGE 14

STREAM SECTION

EVAP1
EFFECT1

VAPOR

9295.0469
0.0
0.0
0.0
0.0

9295.0469
1.6746+05

218.3900

14.6959

1.0000
0.0
0.0

-1.3179+05
-7314.9191
-1.2250+09

0.0
0.0
0.0
18.0160
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EVAP2
EFFECT2

VAPOR

0287 .6341
0.0
0.0
0.0
0.0

9287 .6341
1.6733+056

224 .6540
14.6959
1.0000
0.0
0.0

-1.3179+05
-7314.9191
-1.2240+09

EVAP3
EFFECT3

VAPOR

9325.4344
0.0
0.0
0.0
0.0

9325.4344
1.6801+05

283.4240

14.6959

1.0000
0.0
0.0

-1.3179+05
-7314.9191
-1.2290+09

0.0
0.0

0.0
0.0
18.0160



ASPEN VER: VAX-VMS REL: 7.1-1 7/25/87 PAGE 15
SIMULATION OF ECONOSEED PROCESS
STREAM SECTION

INSOL1 INSOL2

STREAM ID INSOL1 INSOL2
FROM : REACTOR  REACTOR
i e i,
SUBSTREAM: MIXED
PHASE : MIXED MIXED
COMPONENTS : LBMOL /HR

H20 0.0 0.0

K+ 0.0 0.0

S04-- 0.0 626.7566

CA++ 0.0 626.7566

HCO0- 0.0 0.0
TOTAL FLOW:

LBMOL /HR 0.0 1253.5132

LB/HR 0.0 8.5328+04
STATE VARIABLES :

TEMP F 176.0000  176.0000

PRES PSI 14.6959 14.6959

VFRAC 0.0 0.0

LFRAC 0.0 0.0

SFRAC 1.0000 1.0000
ENTHALPY :

BTU/LBMOL 0.0  -1.3179+05

BTU/LB 0.0  -1936.0076

BTU/HR 0.0  -1.8519+08
ENTROPY :

BTU/LBMOL-R 0.0 0.0

BTU/LB-R 0.0 0.0
DENSITY:

LBMOL /CUFT 0.0 0.0

LB/CUFT 0.0 0.0
AVG MW 0.0 68.0708
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ASPEN VER: VAX-VMS

SIMULATION OF ECONOSEE

INSOL3 INSOL4 INSOL5

STREAM ID
FROM :
TO

SUBSTREAM: MIXED

PHASE :

COMPONENTS: LBMOL/HR
H20
K+
S04--

CA++
HCOO-

TOTAL FLOW:
LBMOL /HR
LB/HR

STATE VARIABLES:
TEMP F
PRES PSI
VFRAC
LFRAC
SFRAC

ENTHALPY:
BTU/LBMOL
BTU/LB
BTU/HR

ENTROPY:
BTU/LBMOL-R
BTU/LB-R

DENSITY:

LBMOL /CUFT
LB/CUFT
AVG

REL: 7.1-1

STREAM SECTION

INSOL3
EFFECT1

MIXED

0.0
0.0
6.2541
6.2541
0.0

12.5081
851.4396

218.3900

14.6959
0.0
0.0

1.0000

-1.3179+05
-1936.0076
-1.6484+06

0.0
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7/25/87 PAGE 16
PROCESS

INSOL4 INSOL5
EFFECT2 EFFECT3

MIXED MIXED

0.0 0.0

0.0 0.0
2.3492 2.4377
2.3492 2.4377

0.0 0.0
4.6985 4.8755
319.8301 331.8777
224.6540  283.4240
14.6959 14.6959

0.0 0.0

0.0 0.0
1.0000 1.0000
-1.3179+05 -1.3179+05
-1936.0076 -1936.0076
-6.1919+05 -6.4252+05

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0
68.0708 68.0708



ASPEN VER: VAX-VMS

STREAM ID
FROM :
TO

SUBSTREAM: MIXED

PHASE :

COMPONENTS: LBMOL/HR
H20
K+
S04--

CA++
HCOO-

TOTAL FLOW:
LBMOL /HR
LB/HR

STATE VARIABLES:
TEMP F
PRES PSI
VFRAC
LFRAC
SFRAC

ENTHALPY :
BTU/LBMOL
BTU/LB
BTU/HR

ENTROPY :
BTU/LBMOL-R
BTU/LB-R

DENSITY:

LBMOL /CUFT
LB/CUFT
AVG

REL: 7.1-1

S1

PREHEAT1

LIQUID

5952.4811
1275.5953
637 .7976
0.0
0.0

7865 .8740
2.1839+05

77 .0000
14.6959
0.0
1.0000
0.0

-1.4213+05
-5119.2077
-1.1180+09

-119.5504
-4.3060

3.7492

104.0905
27.7637
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7/25/87 PAGE
SIMULATION OF ECONOSEED PROCESS
STREAM SECTION

S2

PREHEAT2

LIQUID

2.3810+04
0.0
0.0

637.7976

1275.5953

2.5723+04
5.1195+05

77 .0000
14.6959
0.0
1.0000
0.0

-1.2862+05
-6462.7894
-3.3086+09

-62.6212
-3.1465

2.9715
59.1392
19.9021



ASPEN VER: VAX-VMS

REL:

7.1-1

SIMULATION OF ECONOSEED PROCESS
STREAM SECTION

S3 S4 S5

STREAM ID
FROM :
TO

SUBSTREAM: MIXED

PHASE :

COMPONENTS: LBMOL/HR
H20
K+
S04--

CA++
HCOO-

TOTAL FLOW:
LBMOL /HR
LB/HR

STATE VARIABLES:
TEMP F
PRES PST
VFRAC
LFRAC
SFRAC

ENTHALPY :
BTU/LBMOL
BTU/LB
BTU/HR

ENTROPY:
BTU/LBMOL-R
BTU/LB-R

DENSITY:

LBMOL /CUFT
LB/CUFT
AVG

S3

PREHEAT1

REACTOR

LIQUID

5852.4811

1275.5953

637.7976
0.0
0.0

7865.8740
2.1839+05

176.0000

14.6959
0.0

1.0000
0.0

-1.4104+05
-5080.1739
-1.1094+09

-103.3217
-3.7215

3.6533

101.4286
27.7637
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7/25/87 PAGE 18
S4 S5
PREHEAT2 FLSH1
REACTOR  EFFECT1
LIQUID MIXED

2.3810+04 2.9762+04
0.0 1275 .5953
0.0 11.0411
637.7976 11.0411
1275.5953 1275.5953
2.5723+04 3.2336+04
5.1195+05 6.4501+05

176.0000 218.3900
14.6959 14.6959

0.0 0.2875

1.0000 0.7125

0.0 0.0

-1.2686+05 -1.1734+05
-6373.9670 -5882.3851
-3.2631+09 -3.7942+09
~55.2945 -40.8191
-2.7783 ~2.0464
2.8955 7.0130-03
57 .6268 0.1399
19.9021 19.9472




ASPEN VER: VAX-VMS

S6 S7 S8

STREAM ID
FROM :
TO :

SUBSTREAM: MIXED

PHASE :

COMPONENTS: LBMOL/HR
H20
K+
S04--

CA++
HCOO0-

TOTAL FLOW:
LBMOL /HR
LB/HR

STATE VARIABLES:
TEMP F
PRES PSI
VFRAC
LFRAC
SFRAC

ENTHALPY :
BTU/LBMOL
BTU/LB
BTU/HR

ENTROPY :
BTU/LBMOL-R
BTU/LB-R

DENSITY:

LBMOL /CUFT
LB/CUFT
AVG

REL: 7.1-1
SIMULATION OF ECONOSEE

STREAM SECTION

S6
EFFECT1
FLSH2

LIQUID

2.0467+04
1275.5953
4.7870
4.7870
1275.5953

2.3028+04
4.7669+05

218.3900

14.6959
0.0

1.0000
0.0

-1.3179+05
-6366.2855
-3.0348+09

0.0

OO0 O
NJNOO O

005
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7/25/87 PAGE 19
PROCESS
S7 S8
FLSH2 EFFECT2
EFFECT2 FLSH3
MIXED LIQUID
2.0467+04 1.1180+04
1275.5953 1275.5953
4.7870 2.4377
4.7870 2.4377
1275.5953 1275.5953
2.3028+04 1.3736+04
4.7669+05 3.0905+05
224.6540 224.6540
14.6959 14.6959
0.4033 0.0
0.5967 1.0000
0.0 0.0
-1.1589+05 -1.3179+05
-6598.6151 -5857.2587
-2.6688+09 -1.8102+09
-42.8355 0.0
-2.0693 0.0
4.9556-03 0.0
0.1026 0.0
20.7005 22.4995



ASPEN VER: VAX-VMS

SO THICKLIQ THINLIQ

STREAM ID
FROM :
TO :

SUBSTREAM: MIXED

PHASE :

COMPONENTS: LBMOL/HR
H20
K+
S04--

CA++
HCOO-

TOTAL FLOW:
LBMOL /HR
LB/HR

STATE VARIABLES:
TEMP F
PRES PSI
VFRAC
LFRAC
SFRAC

ENTHALPY :
BTU/LBMOL
BTU/LB
BTU/HR

ENTROPY:
BTU/LBMOL-R
BTU/LB-R

DENSITY:

LBMOL /CUFT
LB/CUFT
AVG

REL: 7.1-1

S9
FLSH3
EFFECT3

MIXED

1.1180+04
1275.5953
2.4377
2.4377
1275.5953

1.3736+04
3.0905+05

283.4240
14.6959
0.6789
0.3211
0.0

-1.1206+05
-4980.6962
-1.5383+09

-44.7561
-1.9892

2.7128-03

6.1038-02
22.4995
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7/25/87 PAGE 20
SIMULATION OF ECONOSEED PROCESS
STREAM SECTION

THICKLIQ

EFFECT3

LIQUID

1854 .2901
1275.5953
0.0
0.0
1275.5953

4405.4807
1.4071+05

283.4240

14.6959
0.0

1.0000
0.0

-1.3179+05
-4126.0677
-5.8058+08

0.0
0.0

0.0
0.0
31.9398

THINLIQ
REACTOR
FLSH1

LIQUID

2.9762+04
1275.5953
11.0411
11.0411
1275.5953

3.2336+04
6.4501+05

176 .0000
14.6959
0.0
1.0000
0.0

-1.3179+05
-6606.7262
-4.2614+09

0.0
0.0

0.0
0.0
19.9472



APPENDIX F

SIMULATION OF HYDRATED LIME PROCESS



;HYDRATED LIME INPUT FILE

NEW
TITLE ’SIMULATION OF HYDRATED LIME PROCESS’
DESCRIPTION "TEST OF Ksp USER MODEL TO HANDLE
EVAPORATION AND PRECIPITATION"
;  GLOBAL DATA
IN-UNITS SI
OUT-UNITS ENG
RUN-CONTROL MAX-TIME=250
HISTORY MSG-LEVEL SYSTEM=8
; PHYSICAL PROPERTIES SECTION
cogEONggTs H20 H20/K+ K+/S04-- S04-—/CA++ CA++/
FUE%ULAH H20 H20/K+ K+/S04-- S04--/CA++ CA++/
— 0OH-
FILES USRPP1A AQADAT / USRPP1B SOLDAT
PROP-SOURCES
GLOBAL AQADAT COMPS=ALL/SOLDAT COMPS=ALL
PROP-OPTIONS SYSOPA ELECTRO &
PHIVMX PHIVMX12 / HVMX HVMX12
PROPERTIES SYSOPA GLOBAL

PROP-DATA
COMP-LIST S04--;H20-K2S04 PAIR
BCVAL GMELCC 1 1 K+ 11.3093
COMP-LIST K+ ;K2S04-H20 PAIR
BCVAL GMELCC 1 1 S04-- -5.4028
PROP-DATA
COMP-LIST OH- ;H20-CAHCO02 PAIR
BCVAL GMELCC 1 1 CA++ 8.851
COMP-LIST CA++  ;CAHCO02-H20 PAIR
BCVAL GMELCC 1 1 OH- ~4.598
PROP-DATA
COMP-LIST OH- ;H20-KOH PATR
BCVAL GMELCC 1 1 K+ 10.8050
COMP-LIST K+ ;KOH-H20 PAIR
BCVAL GMELCC 1 1 OH- ~5.2144
DEF—S%R%&MSTHEAT Q1 Q2 Q3 Q4 QM Q6 Q7 Q8 Q9 Q10 Q11 &
FLOWSHEET
; DISSOLVER AND REACTOR BLOCKS
BLOCK PREHEAT1 IN=S1 Q1 OUT=S3 Q3
BLOCK PREHEATZ IN=S2 Q2 OUT=S4 Q4
BLOCK HEATREQ IN=Q3 Q4 OUT=
BLOCK REACTOR1 IN=S3 S4 QM OUT=PRODUCT K2S04 CAOH2
BLOCK HEAT1 IN=PRODUCT QI  OUT=ISOTHERM QO
BLOCK C-PUMP IN=ISOTHERM Q0 OUT=ADIABATIC

T
BLOCK REACTOR2  IN=ADIABATIC QT OUT=THINLIQ Koﬁ CASD4
;  MULTI-EFFECT EVAPORATOR BLOCKS
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BLOCK FLSH1 IN=THINLIQ Q6 OUT=S5 Q7

BLOCK EFFECT1 IN=S5 Q7 0OUT=S6 EVAP1 INSOL3
BLOCK FLSH2 IN=S6 Q8 OUT=S7 Q9

BLOCK EFFECT2 IN=S7 Q@9 OUT=S8 EVAP2 INSOL4
BLOCK FLSH3 IN=S8 @10 0UT=S9 Q11

BLOCK EFFECT3 IN=S9 Q11 OUT=THICKLIQ EVAP3 INSOL5

bl
STREAM S1 TEMP=298.15 PRES=101325.
MOLE-FLOW H20 0.750 / K+ 0.16072230/
S04-- 0.08036115/ CA++ 0.0/0H- 0.0
STREAM S2 TEMP=298.15 PRES=101325.
MOLE-FLOW H20 252.00/ K+ 0.0/ S04-- 0.0/
CA++ 0.08036115§OH— 0.16072230
BLOCK PREHEAT1 HEATE
PARAM TEMP=323.15 PRES=101325.
BLOCK PREHEAT2 HEATER
PARAM TEMP=323.15 PRES=101325.
BLOCK HEATREQ MIXER
BLOCK REACTOR1 USER
DESCRIPTION "SIMULATE KOH-CASO4 CHEMISTRY"
SUBROUTINE USRSOL USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
; TEMP (K) PRES (PA)
REAL  323.15 101325.
INT 1

FORTRAN CODE FOLLOWS

e e we we

.

BLOCK HEAT1 HEATER
PARAM TEMP=430.0 PRES=101325.
BLOCK C-PUMP HEATER
PARAM TEMP=430.0 PRES=570000.
BLOCK REACTOR2 USER
DESCRIPTION "SIMULATE KOH-CASO4 CHEMISTRY"
SUBROUTINE USRFLH USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400
; TEMP (K) PRESS (PA)
REAL  430.0 570000 .
INT 1

FORTRAN CODE FOLLOWS

THE FOLLOWING BLOCKS ACT AS A MULTI-EFFECT
EVAPORATOR REMOVING FIRST THE INSOLUBLE CAS04
THEN CONCENTRATING THE REMAINING LIQUOR TO
APPROXIMATELY 80% KOH 20% H20.

Ve Mo we We We Wo e es we
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BLOCK FLSH1 HEATER

PARAM TEMP=430.064 PRES=570000.
BLOCK EFFECT1 USER

DESCRIPTION "SIMULATE MULTI-EFFECT

EVAPORATOR EFFECT 2"

SUBROUTINE USRFLH USRRPT

PARAM NINT=100 NREAL=100 NIW=100 NW=400
; TEMP (K) PRES (PA)

REAL  430.084 570000 .

INT 1

; FORTRAN CODE FOLLOWS

bl
BLOCK FLSH2 HEATER

PARAM TEMP=430.124 PRES=570000.
BLOCK EFFECT2 USER

DESCRIPTION "SIMULATE MULTI-EFFECT

EVAPORATOR EFFECT 3"

SUBROUTINE USRFLH USRRPT

PARAM NINT=100 NREAL=100 NIW=100 NW=400
; TEMP (K) PRES (PA)

REAL  430.124 570000 .

INT 1

; FORTRAN CODE FOLLOWS

3
BLOCK FLSH3 HEATER
PARAM TEMP=560.0 PRES=570000.
BLOCK EFFECT3 USER
DESCRIPTION "SIMULATE MULTI-EFFECT
EVAPORATOR EFFECT 1"
SUBROUTINE USRFLH USRRPT
PARAM NINT=100 NREAL=100 NIW=100 NW=400

; TEMP (K) PRES (PA)
REAL 560.0 570000 .
INT 1

; FORTRAN CODE FOLLOWS

SIMULATE
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HYDRATED LIME REPORT

SIMULATION OF HYDRATED LIME PROCESS
TABLE OF CONTENTS

RUN CONTROL SECTION.......'oevrumeeennnnnnnnnn. 1
RUN CONTROL INFORMATION. ........ooowvoooun. 1
DESCRIPTION. . o vt vvvvveeennnnnnsnnnnsvnnns 1
BRI B RTUB .. . iivesnnncnnsasimtitssssinens 1

FLOWSHEET SBOTION: . ..o oo evsvesnesessoneennns 2
FLOWSHEET CONNECTIVITY BY STREAMS......... 2
FLOWSHEET CONNECTIVITY BY BLOCKS.......... 2
COMPUTATIONAL SEQUENCE. .........00ooonooon. 2
OVERALL FLOWSHEET BALANCE................. 3

PHYSICAL PROPERTIES SECTION..........00ouunnn.. 4
COMPONENTS . .+ o v v v eveee il 4

U-0-S BLOCK SECTION. ... .veenemeesnnnnnnnn.. 5
BLOCK: C-PUMP MODEL: HEATER............ 5
BLOCK: EFFECT1 MODEL: USER.............. 6
BLOCK: EFFECT2 MODEL: USER.............. 6
BLOCK: EFFECT3 MODEL: USER.............. 6
BLOCK: FLSH1 MODEL: HEATER............ 4
BLOCK: FLSH2  MODEL: HEATER............ 8
BLOCK: FLSH3  MODEL: HEATER............ 9
BLOCK: HEAT1 MODEL: HEATER............ 10
BLOCK: HEATREQ MODEL: MIXER............. 11
BLOCK: PREHEAT1 MODEL: HEATER............ 12
BLOCK: PREHEAT2 MODEL: HEATER............ 13
BLOCK: REACTOR1 MODEL: USER.............. 14
BLOCK: REACTOR2 MODEL: USER.............. 14

STREAM SECTION. .. .vvoveesevnnerennnnnennnnssons 15
Q1 Q10 q11 Q2 q3 R QB Q7. . 5 diisin s chinities 15
Q8.0 B U Q0 QT..........ivcoenssvi 16
ADIABATI CAOH2 CASO4........oooooounoiiil 17
BURRE BV o v e TR 18
EVAP3 INSOL3 INSOL4........00oomonnnnn, 19
INSOL5 ISOTHERM. ......ouoovormnnnnnnnit 20
K2S04 KOH PRODUCT. . ... oovvssn 21
B N L ke e e ey b RRG T 22
L VR NS SNt Al 23
o IERRE e R e S e 24
89 THIOKLIQ THINEIQ. 0. v v cmy bt 8T 25
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ASPEN VER: VAX-VMS REL: 7.1-1 7/26/87 PAGE
SIMULATION OF HYDRATED LIME PROCESS
RUN CONTROL SECTION

RUN CONTROL INFORMATION

TYPE OF RUN: NEW
INPUT FILE NAME: USEROO51: [U858446.ASPEN]LIME.INP;50

OUTPUT PROBLEM DATA FILE NAME: LIME VERSION NO.
LOCATED IN: USD2: [U858446 . ASPEN]
PDF SIZE USED FOR INPUT TRANSLATION:

NUMBER OF FILE RECORDS (PSIZE) = 200

NUMBER OF IN-CORE RECORDS = 400
PSIZE NEEDED FOR SIMULATION = 74
CALLING PROGRAM NAME: LIME.INP
LOCATED IN: USD2: [U858446 . ASPEN]

SIMULATION REQUESTED FOR ENTIRE FLOWSHEET
DESCRIPTION

TEST OF Ksp USER MODEL TO HANDLE EVAPORATION
AND PRECIPITATION

BLOCK STATUS

*****************************************************
¥

%k
* ALL UNIT OPERATION BLOCKS WERE COMPLETED NORMALLY =
% >
*****************************************************
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ASPEN VER: VAX-VMS REL: 7.1-1 7{26 87 PAGE 2
SIMULATION OF HYDRATED LIME PROCESS
FLOWSHEET SECTION

FLOWSHEET CONNECTIVITY BY STREAMS
STREAM SOURCE DEST STREAM SOURCE  DEST
Q1 s PREHEAT1 S1 e PREHEAT1
Q2 S PREHEAT2 S2 coreeen PREHEAT2
QI S HEAT1 Q6 i FLSH1
Q8 — FLSH2 Q10 o FLSH3
S3 PREHEAT1 REACTOR1 Q3 PREHEAT1 HEATREQ
S4 PREHEAT2 REACTOR1 Q4 PREHEAT2 HEATREQ
QM HEATREQ REACTOR1 PRODUCT REACTOR1 HEAT1
K2S04  REACTOR1 —-—- CAOH2  REACTOR1 ———-
ISOTHERM HEAT1 C-PUMP QO HEAT1 C-PUMP
ADIABATI C-PUMP  REACTOR2 QT C-PUMP  REACTOR2
THINLIQ REACTOR2 FLSH1 KOH REACTOR2 ———-
CASO4  REACTOR2 ———- S5 FLSH1 EFFECT1
Q7 FLSH1 EFFECT1 S6 EFFECT1 FLSH2
EVAP1 EFFECT1 ——-- INSOL3 EFFECT1 --——-
S7 FLSH2  EFFECT2 Q9 FLSH2  EFFECT2
S8 EFFECT2 FLSH3 EVAP2  EFFECT2 -——-
INSOL4 EFFECT2 --——- S9 FLSH3  EFFECT3
Q11 FLSH3 ~ EFFECT3 THICKLIQ EFFECT3 ---—
EVAP3  EFFECT3 --——-— INSOL5 EFFECT3 -—-—-
FLOWSHEET CONNECTIVITY BY BLOCKS

BLOCK INLETS OUTLETS

PREHEAT1 S1 Q1 S3' g3

PREHEAT2 S2 Q2 S4 Q4

HEATREQ Q3 Q4 QM

REACTOR1 S3 S4 QM PRODUCT K2S04 CAOH2

HEAT1 PRODUCT QI ISOTHERM QO

C-PUMP ISOTHERM QO  ADIABATI QT

REACTOR2 ADTABATI QT  THINLIQ KOH CASO4

FLSH1 THINLIQ Q6 S5 Q7

EFFECT1 S5 Q7 S6 EVAP1 INSOL3

FLSH2 S6 Q8 S7 Q9

EFFECT2 S7 Q9 S8 EVAP2 INSOL4

FLSH3 S8 Q10 S9 Q11

EFFECT3 S9 Q11 THICKLIQ EVAP3 INSOLS5

COMPUTATIONAL SEQUENCE

SEQUENCE USED WAS:
PREHEAT2 PREHEAT1 HEATREQ REACTOR1 HEAT1 C-PUMP
REACTOR2 FLSH1 EFFECT1 FLSH2 EFFECT2 FLSH3 EFFECT3
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ASPEN VER: VAX-VMS REL: 7.1-1
SIMULATION OF HYDRATE

FLOWSHEET SECTION

OVERALL FLOWSHEET BALANCE

**% MASS AND ENERGY BALANCE

ouT

0.200599E+07
1275.60
637.798
637.798
1275.60

0.200981E+07
0.362982E+08

IN
CONVENTIONAL COMPONENTS (LBMOL /HR)
H20 0.200599E+07
K+ 1275.860
S04-- 637 .798
CA++ 637 .798
OH- 1275.60
TOTAL BALANCE
MOLE
(LBMOL/HR) 0.200981E+07
MASS
(LB/HR 0.362982E+08
EN PY

(BTU/HR)  -0.247317E+12

170

-0.247317E+12

lelelololo]

7/26/87 PAGE 3
LIME PROCESS

2 2 2

RELATIVE DIFF.

.145085E-16
.000000E+00
.891245E-16
.891245E-16
.0O00000E+00

0.000000E+00
0.000000E+00
0.462729E-16



ASPEN VER: VAX-VMS REL: 7.1-1 7£%Sé87 PAGE

SIMULATION OF HYDRATED PROCESS
PHYSICAL PROPERTIES SECTION

COMPONENTS

ID TYPE FORMULA NAME OR ALIAS REPORT NAME
H20 C H20 H20 H20

K+ C K+ K+ K+

S04-- C S04-- S04—-- S04--

CA++ C CA++ CA++ CA++

OH- C OH- OH- OH-
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ASPEN VER: VAX-VMS REL: 7.1 7{26 87 PAGE 5
SIMULATION OF HYDRATED PROCESS
U.0.S. SECTION

BLOCK: C-PUMP MODEL: HEATER

INLET STREAM S) ISOTHERM Q0
OUTLET STR ADTABATI
OUTLET HEAT STREAM: QT

PROPERTY OPTION SET: SYSOPA

%% MASS AND ENERGY BALANCE *xx*

IN OuT RELATIVE DIFF.
TOTAL BALANCE

MOLE

(LBMDL/HR) 0.200981E+07 0.200981E+07 0.000000E+00
{ ?PY 0.362982E+08 0.362982E+08 0.000000E+00

(BTU/HR) -0.247317E+12 -0.247317E+12 0.000000E+00

*%% JINPUT DATA s
TWO PHASE TP FLASH

SPECIFIED TEMPERATURE F 314.330
SPECIFIED PRESSURE PSI 82.6715
MAXTMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE 0.000100000
*%% RESULTS %%
OUTLET TEMPERATURE F 314.33
OUTLET PRESSURE PST 82.672
HEAT DUTY BTU/HR -0.33127E+11
VAPOR FRACTION 0.00000E+00

V-L PHASE EQUILIBRIUM :

COMP  F(I) X(I) Y (I) K (I)

H20 0.99810 0.99810 1.0000 1.0009

K+  0.63468E-03 0.63468E-03 0.00000E+00 O .00000E+00
SO4-- 0.31734E-03 0.31734E-03 0.00000E+00 0 .00000E+00
CA++ 0.31734E-03 0.31734E-03 0.00000E+00 O .00000E+00
OH- 0.63468E-03 0.63468E-03 0.00000E+00 O .00000E+00

172



ASPEN VER: VAX-VMS REL: 7.1-1 7{26 87 PAGE 6
SIMULATION OF HYDRATED LIME PROCESS
U.0.S. SECTION

BLOCK: EFFECT1 MODEL: USER
SIMULATE MULTI-EFFECT EVAPORATOR EFFECT 2
INLET STREAMS: S5 Q7
OUTLET STREAMS: S6 EVAP1 INSOL3
PROPERTY OPTION SET: SYSOPA
**x% MASS AND ENERGY BALANCE x*x

IN ouT RELATIVE DIFF.
TOTAL BALANCE
MOLE
(LBMOL/HR) 0.200885E+07 0.200885E+07 0.000000E+00
MASS
(Lﬁ HR 0.362324E+08 0.362324E+08 -0.257041E-16
E '3 4

(BTU/HR)  -0.247198E+12 -0.247198E+12 0.308634E-16
BLOCK: EFFECT2 MODEL: USER

SIMULATE MULTI-EFFECT EVAPORATOR EFFECT 3
INLET STREAMS: S7 Q9 ‘
OUTLET STREAMS: S8 EVAP2 INSOL4
PROPERTY OPTION SET: SYSOPA
*%% MASS AND ENERGY BALANCE sx*x

IN ouT RELATIVE DIFF.
TOTAL BALANCE
MOLE
(hﬁggL/HR) 0.134578E+07 0.134578E+07 0.000000E+00
(gg HR i 0.242815E+08 0.242815E+08 0.191776E-16

(BTU/HR) -0.165605E+12 -0.165605E+12 0.000000E+00
BLOCK: EFFECT3 MODEL: USER

SIMULATE MULTI-EFFECT EVAPORATOR EFFECT 1
INLET STREAMS : S9 11

OUTLET STREAMS: THICKLIQ VAP3 INSOL5
PROPERTY OPTION SET: SYSOPA

;;* MASS AND ENERGY BALANCE sxx*

OuT RELATIVE DIFF.
TOTAL BALANCE

MOLE

(LBMgL/HR) 677177 . 877177. 0.214891E-16
(gg HR py ~ ©-122308E+08  0.122308E+08  -0.100364E-16
(BTU/HR) -0.833200E+11  -0.833209E+11 0.000000E+00
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ASPEN VER: VAX-VMS REL: 7.1-1 7{26 87 PAGE T
SIMULATION OF HYDRATED LIME PROCESS
U.0.S. SECTION

BLOCK: FLSH1 MODEL: HEATER
INLET STREAM(S): THINLIQ Q6
OUTLET STREA&: S5
OUTLET HEAT STREAM: Q7
PROPERTY OPTION SET: SYSOPA
*%% MASS AND ENERGY BALANCE *xx*
IN ouT RELATIVE DIFF.

TOTAL BALANCE
MOLE

(LBMOL /HR) 0.200885E+07 0.200885E+07 0.000000E+00
MASS

(LBégﬁi 0.362324E+08 0.362324E+08 0.000000E+00
EN g

(BTU/HR) -0.247198E+12 -0.247198E+12 0.000000E+00
%% INPUT DATA %%
TWO PHASE TP FLASH
SPECIFIED TEMPERATURE F 314.445
SPECIFIED PRESSURE PSI 82.6715
MAXIMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE 0.000100000
*%% RESULTS %%
OUTLET TEMPERATURE F 314.45
OUTLET PRESSURE PSI 82.672
HEAT DUTY BTU/HR 0.19789E+11
VAPOR FRACTION 0.33002
V-L PHASE EQUILIBRIUM :
COMP F(I) X(I; Y(I) K(I)
H20 0.99858 0.99788 1.0000 1.0023
K+ 0.63499E-03 0.94778E-03 0.00000E+00 0.00000E+00
S04-- 0.76663E-04 0.11443E-03 0.00000E+00 O.00000E+00
CA++ 0.76663E-04 0.11443E-03 0.00000E+00 O.00000E+00
OH- 0.63499E-03 0.94778E-03 0.00000E+00 0.00000E+00
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ASPEN VER: VAX-VMS REL: 7.1-1 7{26 87 PAGE 8
SIMULATION OF HYDRATED LIME PROCESS
U.0.S. SECTION

BLOCK: FLSH2 MODEL: HEATER

INLET STREAM(S): S6 Q8
OUTLET STR : S7
OUTLET HEAT STREAM: Q9

PROPERTY OPTION SET: SYSOPA

*%% MASS AND ENERGY BALANCE sxx*

IN ouT RELATIVE DIFF.
TOTAL BALANCE
MOLE

(hﬁgOL/HR) 0.134578E+07 0.134578E+07 0.000000E+00
S

(LB4HR? 0.242815E+08 0.242815E+08 -0.191776E-16
EN PY

(BTU/HR) -0.165605E+12 -0.165605E+12 0.230349E-16

*%% JINPUT DATA s
TWO PHASE TP FLASH

SPECIFIED TEMPERATURE F 314.553
SPECIFIED PRESSURE PSIT 82.6715
MAXTMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE 0.000100000
*x% RESULTS %%
OUTLET TEMPERATURE F 314.55
OUTLET PRESSURE PSI 82.672
HEAT DUTY BTU/HR 0.16979E+11
VAPOR FRACTION 0.49674

V-L PHASE EQUILIBRIUM :

COMP F(I% X(I) Y(I) K(I)
H20  0.99795 0.99593 1.0000 1.0041
K+ 0.94785E-03 0.18834E-02 0.00000E+00 0 .00000E+00

CA++ 0.76508E-04 .156202E-03 0.00000E+00 0.00000E+00

0
S04-- 0.76508E-04 0.15202E-03 0.00000E+00 O.00000E+00
0
OH- 0.94785E-03 0.18834E-02 0.00000E+00 0O.00000E+00
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ASPEN VER: VAX-VMS REL: 7.1-1 7{26 87 PAGE 9
SIMULATION OF HYDRATED LIME PROCESS
U.0.S. SECTION

BLOCK: FLSH3 MODEL: HEATER

INLET STREAM(S): S8 Q10
OUTLET STR ¢ S9
OUTLET HEAT STREAM: Q11

PROPERTY OPTION SET: SYSOPA
%% MASS AND ENERGY BALANCE xx*x*

IN OuT RELATIVE DIFF.
TOTAL BALANCE
MOLE
(hﬁgOL/HR) 677177. 677177. 0.000000E+00
S
(gg HR - 0.122308E+08 0.122308E+08 0.190364E-16
Y

(BTU/HR) -0.833299E+11 -0.833299E+11 -0.228891E-16

*%% JINPUT DATA  s*x
TWO PHASE TP FLASH

SPECIFIED TEMPERATURE F 548.330
SPECIFIED PRESSURE PSI 82.6715
MAXTMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE 0.000100000
*%% RESULTS  %%x*
OUTLET TEMPERATURE F 548.33
OUTLET PRESSURE PSI 82.672
HEAT DUTY BTU/HR 0.15471E+11
VAPOR FRACTION 0.99364

V-L PHASE EQUILIBRIUM :

COMP  F(I) X(I) Y(I) K(I)
H20  0.996808 0.38409 1.0000 2.6035
K+ 0.18837E-02 0.29597 0.00000E+00 0 .00000E+00

S04-- 0.76265E-04 0.11983E-01 0.00000E+00 O.00000E+00
CA++ 0.76265E-04 0.11983E-01 0.00000E+00 O.00000E+00
OH- 0.18837E-02 0.29597 0.00000E+00 0.00000E+00
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ASPEN VER: VAX-VMS REL: 7.1-1 7{26 87
SIMULATION OF HYDRATED LIME PR
U.0.S. SECTION
BLOCK: HEAT1 MODEL: HEATER
INLET STREAM(S): PRODUCT QI
OUTLET STREAM: ISOTHERM
OUTLET HEAT STREAM: Q0
PROPERTY OPTION SET: SYSOPA
*xxx MASS AND ENERGY BALANCE
IN ouT
TOTAL BALANCE
MOLE
(hﬁgUL/HR) 0.200981E+07 0.200981E+07
S
(LBégﬁi 0.362982E+08 0.362982E+08
EN Py
(BTU/HR) -0.247317E+12 -0.247317E+12
*%% INPUT DATA *x
TWO PHASE TP FLASH
SPECIFIED TEMPERATURE F
SPECIFIED PRESSURE PSI
MAXTMUM NO. ITERATIONS
CONVERGENCE TOLERANCE
*%% RESULTS %
OUTLET TEMPERATURE F
OUTLET PRESSURE PST
HEAT DUTY BTU/HR
VAPOR FRACTION
V-L PHASE EQUILIBRIUM :
COMP F(I) X(I; Y(I)
H20 0.99810 0.51733 1.0000
K+ 0.63468E-03 0.16089 0.00000E+00
S04-- 0.31734E-03 0.80445E-01 0.00000E+00
CA++ 0.31734E-03 0.80445E-01 0.00000E+00
OH- 0.63468E-03 0.16089 0.00000E+00

p &

PAGE
OCESS

10

%k %k %k

RELATIVE DIFF.

0.000000E+00
0.000000E+00
0.154243E-16

*

314.330
14.6959

30
0.000100000

314.33
14.696
0.41756E+11
0.99606

K(I)
1.9330

0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00




ASPEN VER: VAX-VMS REL: 7.1-1 7{26/87 PAGE : 5 &
SIMULATION OF HYDRATED LIME PROCESS
U.0.S. SECTION

BLOCK: HEATREQ MODEL: MIXER

INLET STREAM(S) : Q3 Q4
OUTLET STR 3 QM
PROPERTY OPTION SET: SYSOPA

*%x MASS AND ENERGY BALANCE *xx*

IN ouT RELATIVE DIFF.
TOTAL BALANCE

ENTHALPY
(BTU/HR) -0.161997E+10 -0.161997E+10 0.000000E+00
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ASPEN VER: VAX-VMS REL: 7.1-1
SIMULATION OF HYDRATED

26/87 PAGE
IME PROCESS

12

5

U.0.S. SECTION

BLOCK: PREHEAT1 MODEL: HEATER
INLET STREAM(S) : S1 Q1
OUTLET S : S3
OUTLET HEAT STREAM: 3
PROPERTY OPTION SET: SYSOPA

ke ke Sk

IN
TOTAL BALANCE
MOLE
(LBMOL/HR) 7865.87

(gAss
B/HR 218386 .
ENéHAiPY

(BTU/HR) -0.111796E+10

MASS AND ENERGY BALANCE

%k 2 %

OouT RELATIVE DIFF.
7865 .87 0.000000E+00
218386. 0.000000E+00

-0.111796E+10 0.266577E-16

*%k% INPUT DATA %=
TWO PHASE TP FLASH
SPECIFIED TEMPERATURE F 122.000
SPECIFIED PRESSURE PSI 14.6959
MAXTMUM NO. ITERATIONS 30
CONVERGENCE TOLERANCE 0.000100000
*%% RESULTS sk
OUTLET TEMPERATURE F 122.00
OUTLET PRESSURE PST 14.696
HEAT DUTY BTU/HR 0.38535E+07
VAPOR FRACTION 0.00000E+00
V-L PHASE EQUILIBRIUM :
COMP F(I) X(T) Y(I) K(I)
H20 0.75675 0.75875 1.0000 0.71872E-01
K+ 0.16217 0.16217 0.00000E+00 0.00000E+00
S04-- 0.81084E-01 0.81084E-01 0.00000E+00 O.00000E+00
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ASPEN VER: VAX-VMS REL: 7.1-1
SIMULATION OF HYDRATED

7{26 87 PAGE 13
IME PROCESS

U.0.S. SECTION

BLOCK: PREHEAT2 MODEL:
INLET STREAM 8):
OUTLET STREAM:

OUTLET HEAT STREAM:
PROPERTY OPTION SET:
*%% MASS
IN
TOTAL BALANCE
MOLE
(LBMOL/HR) 0.200195E+07

Lo

LB/HR 0.380799E+08
ENéHAiPY

(BTU/HR)  -0.248200E+12

TWO PHASE TP FLAS
SPECIFIED TEMPERATURE
SPECIFIED PRESSURE

MAXTMUM NO. ITERATIONS
CONVERGENCE TOLERANCE

OUTLET TEMPERATURE
OUTLET PRESSURE
HEAT DUTY

VAPOR FRACTION

HEATER

s2 Q2
Q4
SYSOPA

AND ENERGY BALANCE sx*x
OuT RELATIVE DIFF.

0.200195E+07 0.000000E+00
0.360799E+08 0.000000E+00
-0.246200E+12 0.000000E+00

*%% INPUT DATA  *x*x

H
F 122.000
PSI 14.6959
30

0.000100000

*%% RESULTS %%

F 122.00
PSI 14.696
BTU/HR 0.16161E+10

0.00000E+00

V-L PHASE EQUILIBRIUM :

COMP  F(I) X(I)

H20 0.99904 0.99

CA++ 0.31859E-03 0.31859E-03 0.00000E+00 0.00000E+00
OH- 0.63718E-03 0.63718E-03 0.00000E+00 0.00000E+00

Y(I) K (I)
904 1.0000 0.12189
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ASPEN VER: VAX-VMS REL: 7.1-1 7{%6 87 PAGE 14

SIMULATION OF HYDRATED
U.0.S. SECTION

PROCESS

BLOCK: REACTOR1 MODEL: USER

SIMULATE KOH-CAS04 CHEMISTRY
INLET STREAMS: S3 S4 QM
OUTLET STREAMS: PRODUCT K2S04 CAOH2
PROPERTY OPTION SET: SYSOPA

*%x% MASS AND ENERGY BALANCE s

IN OuT RELATIVE DIFF.
TOTAL BALANCE
MOLE
(ﬁEgOL/HR) 0.200981E+07 0.200981E+07 0.000000E+00
S
(gg HR = 0.362982E+08 0.362982E+08 0.256575E-16

(BTU/HR) -0.247317E+12 -0.247317E+12 0.000000E+00
BLOCK: REACTOR2 MODEL: USER

SIMULATE KOH-CAS04 CHEMISTRY
INLET STREAMS: ADITABATI QT

OUTLET STREAMS: THINLIQ KOH CASO04
PROPERTY OPTION SET: SYSOPA

%% MASS AND ENERGY BALANCE x*x

IN OUT RELATIVE DIFF.
TOTAL BALANCE

MOLE

(hﬁggL/ﬂR) 0.200981E+07  0.200981E+07  0.144809E-16
(gg HR = 0.362982E+08  0.362982E+08  0.000000E+00

(BTU/HR) -0.247317E+12 -0.247317E+12 0.000000E+00
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ASPEN VER: VAX-VMS

Q1 Q10 Q11 Q2

STREAM ID
FROM :
TO :
CLASS:

STREAM
ATTRIBUTES :
HEAT

Q BTU/HR

Q3 Q4 Q6 Q7

STREAM ID
FROM :
TO :
CLASS:

STREAM
ATTRIBUTES :
HEAT

Q BTU/HR

REL: 7.1-1
SIMULATION OF HYDRATED

STREAM SECTION

Q1
PREHEAT1
HEAT

Q3
PREHEAT1
HEATREQ
HEAT

-3.85835+06

182

Q10
FLSH3
HEAT

Q4
PREHEAT?2
HEATREQ
HEAT

1.6161+09

26/87 PAGE 15

13

PROCESS
Q11 Q2
FLSH3 s
EFFECT3  PREHEAT2
HEAT HEAT
.5471+10 0.0
Q6 Q7
it FLSH1
FLSH1 EFFECT1
HEAT HEAT
0.0 -1.9789+10



O TR T R TR TR R T T - S

ASPEN VER: VAX-VMS REL: 7.1-1 7626 87 PAGE 16
SIMULATION OF HYDRATED LIME PROCESS
STREAM SECTION

Q8 Q9 QI QM
STREAM ID Qs Q9 QI QM

FROM : P FLSH2 i HEATREQ
;o7 Bl FLSH2 EFFECT2  HEAT1 REACTOR1
CLASS : HEAT HEAT HEAT HEAT
STREAM

ATTRIBUTES :

HEAT

Q BTU/HR 0.0 ~1.6979+10 0.0 ~1.6200+09
Q0 QT

STREAM ID Qo0 QT

FROM: HEAT1 C-PUMP

TO : C-PUMP REACTOR

CLASS : HEAT HEAT

STREAM

ATTRIBUTES :

HEAT

@ BTU/HR -4.1756+10 -8.6292+09
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ASPEN VER: VAX-VMS

ADIABATI CAOH2 CASO4

STREAM ID
FROM :
TO

SUBSTREAM: MIXED

PHASE :

COMPONENTS: LBMOL/HR
H20
K+
S04--

CA++
0OH-

TOTAL FLOW:
LBMOL /HR
LB/HR

STATE VARIABLES:
TEMP F
PRES PSI
VFRAC
LFRAC
SFRAC

ENTHALPY :
BTU/LBMOL
BTU/LB
BTU/HR

ENTROPY :
BTU/LBMOL-R
BTU/LB-R

DENSITY:

LBMOL /CUFT
LB T
AVG

REL: 7.1-1
SIMULATION OF HYDRATED

STREAM SECTION

ADTABATI

C-PUMP

REACTOR2

LIQUID

2.0060+06
1275.5953
637 .7976
637.7976
1275.5953

2.0098+06
3.6298+07

314.3300

82.6715
0.0

1.0000
0.0

-1.1876+05
-6575.7527
-2.3869+11

-32.6721
-1.8090

3.1601

57.0725
18.0605

184

CAOH2
REACTOR1

'y

MIXED

12
1

O0C0O OO OO0 HOOKN OO OOOCOO
OO0 00000

co0o 00 o0oOo

.0000
.6959
.0
.0
.0000

7 PAGE 17
PROCESS

CASO4
REACTOR2

MIXED

0.0
0.0
483.7939
483 .7939
0.0

967 .5877
6.5864+04

314.3300

82.6715
0.0
0.0

1.0000

-1.2305+05
-1807.7498
-1.1907+08

0.0
0.0

0.0
0.0
68.0708



ASPEN VER: VAX-VMS

REL: 7.1-1

7/26/87 PAGE

SIMULATION DF HYDRATED LIME PROCESS

EVAP1 EVAP2

STREAM ID
FROM :
TO

SUBSTREAM: MIXED

PHASE:

COMPONENTS: LBMOL/HR
H20
K+
S04--

CA++
OH-

TOTAL FLOW:
LBMOL /HR
LB/HR

STATE VARIABLES:
TEMP F
PRES PSI
VFRAC
LFRAC
SFRAC

ENTHALPY :
BTU/LBMOL
BTU/LB
BTU/HR

ENTROPY :
BTU/LBMOL-R
BTU/LB-R

DENSITY:

LBMOL /CUFT
LB d
AVG

STREAM SECTION

EVAP1 EVAP2
EFFECT1 EFFECT2
VAPOR VAPOR
6.6296+05 6.6850+05
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
6.6296+05 6.6850+05
1.1944+07 1.2044+07
314.4452 314.5532
82.6715 82.6715
1.0000 1.0000
0.0 0.0
0.0 0.0

-1.2305+05 -1.2305+05
-6830.3162 -6830.3162
-8.1581+10 -8.2262+10

0.0 0.0

0
0
0
8

0WOoO O
OO0 O

0
.0
.0

0

1 160 1

185
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ASPEN VER: VAX-VMS

EVAP3 INSOL3 INSOL4

STREAM ID
FROM :
TO -

SUBSTREAM: MIXED

PHASE :

COMPONENTS: LBMOL/HR
H20
K+
S04—-

CA++
OH-

TOTAL FLOW:
LBMOL /HR
LB/HR

STATE VARIABLES:
TEMP F
PRES PSI
VFRAC
LFRAC
SFRAC

ENTHALPY :
BTU/LBMOL
BTU/LB
BTU/HR

ENTROPY :
BTU/LBMOL-R
BTU/LB-R

DENSITY:

LBMOL /CUFT
LB T
AVG

REL: 7.1-1
SIMULATION OF HYDRATED
STREAM SECTION

EVAP3
EFFECT3

VAPOR

6.7287+05

0.0
0.0
0.0
0.0

6.7287+05
1.2122+07

548.3300

82.6715

1.0000
0.0
0.0

-1.2305+05
-6830.3162
-8.2800+10

0.0
0.0
0.0
0.0
18.0160

186

INSOL3
EFFECT1

MIXED

0.0

0.0
51.0405
51.0405

0.0

102.0811

6948.7410

314.4452

82.6715
0.0
0.0

1.0000

-1.2305+05
-1807.7498
-1.2562+07

0.0
0.0
0.0
8.0

6 708

7{26 87 PAGE
IME PROCESS

INSOL4
EFFECT2

MIXED

0.0

0.0
51.3183
51.3183

0.0

102.6366

6986 .5587

314.5532

82.6715
0.0
0.0

1.0000

-1.2305+05
-1807.7498
-1.2630+07

0.0
0.0
0.0
8.0

6 708



ASPEN VER: VAX-VMS REL: 7.1- 7{26 87 PAGE 20
SIMULATION OF HYDRATED PROCESS
STREAM SECTION

INSOL5 ISOTHERM

STREAM ID INSOL5 ISOTHERM
FROM : EFFECT3  HEAT1
@ - i C-PUMP
SUBSTREAM: MIXED
PHASE : MIXED MIXED
COMPONENTS : LBMOL/HR

H20 0.0 2.0060+06

K+ 0.0 1275.5953

S04—- 51.6449 637.7976

CA++ 51.6449 637.7976

OH- 0.0 1275.5953
TOTAL FLOW:

LBMOL /HR 103.2898 2.0098+06

LB/HR 7031.0216 3.6298+07
STATE VARIABLES :

TEMP F 548.3300 314.3300

PRES PSI 82.6715  14.6959

VFRAC 0.0 0.9961

LFRAC 0.0 3.9448-03

SFRAC 1.0000 0.0
ENTHALPY :

BTU/LBMOL ~1.2305+05 -1.0228+05

BTU/LB -1807.7498 -5663.1174

BTU/HR -1.2710+07 -2.0556+11
ENTROPY :

BTU/LBMOL-R 0.0 -8.0673

BTU/LB-R 0.0 ~0.4467
DENSITY:

LBMOL /CUFT 0.0 1.7763-03

LB/CUFT 0.0 3.2081-02
AVG 68.0708  18.0605

187




ASPEN VER: VAX-VMS

K2S04 KOH PRODUCT

STREAM ID
FROM :
TO 3

SUBSTREAM: MIXED

PHASE :

COMPONENTS: LBMOL/HR
H20
K+
S04—-

CA++
0OH-

TOTAL FLOW:
LBMOL /HR
LB/HR

STATE VARTABLES:
TEMP F
PRES PST
VFRAC
LFRAC
SFRAC

ENTHALPY :
BTU/LBMOL
BTU/LB
BTU/HR

ENTROPY :
BTU/LBMOL-R
BTU/LB-R

DENSITY:

LBMOL /CUFT
LB T
AVG

REL: 7.1-1
SIMULATION OF HYDRATED

STREAM SECTION

K2S04

REACTOR1

MIXED

188

oo o0ooo0o

..o.o..

OO0 OO OO0 HOOKN OO OOOCO0OO
o
o
o
o

000 0O 00O

(o1 e
0O
ao
0o

3

i

26/87 PAGE 21

L.

KOH

REACTOR2

VAPOR

00—
OCO0 OC OO0 OOoOHNE OO0 00000

000 00O ©oO OO

00 ©coooo

.3300
.8715
.0000

PROCESS

PRODUCT
REACTOR1
HEAT1

LIQUID

2.0060+06
1275.5953
637 .7976
637 .7976
1275.5953

2.0098+06
3.6298+07

122.0000

14.6959
0.0

1.0000
0.0

-1.2305+05
-6813.4823
-2.4732+11

0.0

0oOo O

O
.0
.0
.0605



ASPEN VER: VAX-VMS

SIMULATION OF HYDRATED

SUBSTREAM: MIXED

PHASE :

COMPONENTS: LBMOL/HR
H20
K+
S04—-

CA++
OH-

TOTAL FLOW:
LBMOL /HR
LB/HR

STATE VARIABLES:
TEMP F
PRES PSI
VFRAC
LFRAC
SFRAC

ENTHALPY :
BTU/LBMOL
BTU/LB
BTU/HR

ENTROPY :
BTU/LBMOL-R
BTU/LB-R

DENSITY:

LBMOL /CUFT
LB T
AVG

REL: 7.1-1

7{%6 8

STREAM SECTION

S1

PREHEAT1

LIQUID

5952.4811

1275.5953

637.7976
0.0
0.0

7865.8740
2.1839+05

77 .0000
14.6959
0.0
1.0000
0.0

-1.4213+05
-5119.2077
-1.1180+09

-119.5504
-4.3060

3.7492

104.0905
27.7637

189

S2

PREHEAT

LIQUID

2.0000+06
0.0
0.0

637.7976

1275.5953

2.0019+06
3.6080+07

77 .0000
14.6959
0.0
1.0000
0.0

-1.2298+05
-6823.7375
-2.4620+11

-39.1723
-2.1735

3.4603
62.3635
18.0224

7 PAGE 22

PROCESS

2



ASPEN VER: VAX-VMS

SIMULATION OF HYDRATED

S3 S4 S5

STREAM ID
FROM :
TO :

SUBSTREAM: MIXED

PHASE:

COMPONENTS: LBMOL/HR
H20
K+
S04--

CA++
OH-

TOTAL FLOW:
LBMOL /HR
LB/HR

STATE VARIABLES:
TEMP F
PRES PSI
VFRAC
LFRAC
SFRAC

ENTHALPY :
BTU/LBMOL
BTU/LB
BTU/HR

ENTROPY :
BTU/LBMOL-R
BTU/LB-R

DENSITY:

LBMOL /CUFT
LB T
AVG

REL: 7.1-1

IM

STREAM SECTION

S3

PREHEAT1
REACTOR1

LIQUID

5952.4811

1275.5953

637.7976
0.0
0.0

7865 .8740
2.18398+05

122.0000

14.6959
0.0

1.0000
0.0

-1.4164+05
-5101.5624
-1.1141+09

-111.5519
-4.0179

3.7150

103.1415
27.7637

190

S4

PREHEAT?2
REACTOR1

LIQUID

2.0000+06
0.0
0.0

637 .7976

1275.5953

2.0019+06
3.6080+07

122.0000

14.6959
0.0

1.0000
0.0

-1.2217+05
-6778.9448
-2.4458+11

-37.7080
-2.0923

3.4288
61.7950
18.0224

7{26 87 PAGE 23
PROCESS

S5
FLSH1
EFFECT1

MIXED

2.0060+06
1275.5953
154.0038
154.0038
1275.5953

2.0088+06
3.6232+07

314.4452
82.6715
0.3300
0.6700
0.0

-1.1320+05
-6276.4226
-2.2741+11

-25.4743
-1.4124

2.9963-02
0.5404
18.0364



ASPEN VER: VAX-VMS REL: 7.1-1 7{26 87 PAGE 24
SIMULATION OF HYDRATED LI PROCESS
STREAM SECTION
S6 S7 S8
STREAM ID S6 S7 S8
FROM : EFFECT1 FLSH2 EFFECT2
TO FLSH2 EFFECT2 FLSH3
SUBSTREAM: MIXED
PHASE: MIXED MIXED MIXED
COMPONENTS: LBMOL/HR
H20 1.3430+06 1.3430+06 6.7452+05
K+ 1275.5953 1275.5953 1275.5953
S04-- 102.9632 102.9632 51.6449
CA++ 102.9632 102.9632 51.6449
OH- 1275.5953 1275.5953 1275.5953
TOTAL FLOW:
LBMOL /HR 1.3458+06 1.3458+06 6.7718+05
LB/HR 2.4281+07 2.4281+07 1.2231+07
STATE VARIABLES:
TEMP F 314.4452 314.5532 314.5532
PRES PSI 82.6715 82.6715 82.6715
VFRAC 0.1084 0.4967 2.7476-02
LFRAC 0.8916 0.5033 0.9725
SFRAC 0.0 0.0 0.0
ENTHALPY :
BTU/LBMOL -1.2305+05 -1.1044+05 -1.2305+05
BTU/LB -6820.2125 -6120.9397 -6813.1266
BTU/HR -1.6560+11 -1.4863+11 -8.3330+10
ENTROPY :
BTU/LBMOL-R 0.0 -21.9834 0.0
BTU/LB-R 0.0 -1.2184 0.0
DENSITY:
LBMOL /CUFT 0.0 1.9968-02 0.0
LB T 0.0 0.3603 0.0
AVG 18.0427 18.0427 18.0615
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ASPEN VER: VAX-VMS

7{26
SIMULATION OF HYDRATED LI

SO THICKLIQ THINLIQ

STREAM ID
FROM :
TO i

SUBSTREAM: MIXED

PHASE :

COMPONENTS: LBMOL/HR
H20
K+
S04--

CA++
OH-

TOTAL FLOW:
LBMOL /HR
LB/HR

STATE VARTABLES:
TEMP F
PRES PSI
VFRAC
LFRAC
SFRAC

ENTHALPY :
BTU/LBMOL
BTU/LB
BTU/HR

ENTROPY :
BTU/LBMOL-R
BTU/LB-R

DENSITY:

LBMOL /CUFT
LB 4y
AVG

REL: 7.1-1

STREAM SECTION

S9
FLSH3
EFFECT3

MIXED

6.7452+05
1275.5953
51.6449
51.6449
1275.5953

6.7718+05
1.2231+07

548 .3300
82.6715
0.9936

6.3644-03
0.0

-1.0021+05
-5548.2074
-6.7859+10

-9.2532
-0.5123

7.6914-03

0.1389
18.0615
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PROCESS |
|
I
THICKLIQ  THINLIQ
EFFECT3  REACTOR2
i FLSH1
MIXED LIQUID
1655.3653 2.0060+06
1275.5953 1275.5953
0.0 154.0038
0.0 154.0038
1275.5953 1275.5953
4206.5558 2.0088+06
1.0140+05 3.6232+07
548.3300 314.3300
82.6715  82.8715
7.8283-03 0.0
0.9922 1.0000
0.0 0.0
~1.2305+05 -1.2305+05
~5105.1117 -6822.5819
-5.1764+08 -2.4720+11
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
24.1043  18.0364



APPENDIX G

VAPOR-LIQUID EQUILIBRIUM DATA

FOR KHCOO-WATER SYSTEM




LABORATORY EXPERIMENT TO DETERMINE KHCOO-WATER
BOILING POINT ELEVATION CURVE AND
DISTILLATE ANALYSIS

An experiment was performed to develop a boiling point
elevation curve and a distillate analysis during
evaporation for a potassium formate-water solution. The
assumption to be tested with this experiment was that while
concentrating a potassium formate-water solution the vapor
phase generated would be greater than 99 percent water. If
this assumption proved to be correct then the ASME Steam
Tables wused during the ASPEN simulation of the Econoseed
Process would accurately define the physical properties of
the vapor phase and the steam requirements generated during

the ASPEN simulation would be reasonable.

In this experiment a 2.4M (mass fraction KHCOO 0.1667)
solution of potassium formate-water was prepared at room
temperature. The solution was then heated in an erlenmeyer
flask to approximately 310 degrees F. This temperature was
chosen as the limit as potassium formate decomposes at
approximately 315 degress F. The boiling point elevation
and solution concentrations were calculated based on the
assumption that the volality of potassium formate in water
approaches zero. Concentration versus boiling point
elevation data are given in Table G.1 and are compared to
the ASPEN generated boiling point elevation of various

potassium formate-water solutions. The vapor phase was
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passed through a condenser and the resulting distillate was
collected for analysis. The outlet concentration of the

heated solution (assuming equals zZero) was

YKkHCOO
calculated to be 58M based on a weight by difference
calculation between the original solution and the resulting
distillate. The distillate was then analyzed for total
water, concentration of potassium ions in solution,
concentration of formate ions in solution, and total

organic carbon in solution. The results from these

analyses is given in Table G.2.

The results verify the assumption that the vapor phase
is greater than 99 percent water and suggests that the
steam required to concentrate the potassium formate-water
solution is reasonable. Additionally, the boiling point
elevation curve generated by the experiment compares
favorably with the boiling point elevation curve generated
with ASPEN suggesting that the simulation results are

reasonable.
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TABLE G.1: POTASSIUM FORMATE-WATER
VAPOR-LIQUID EQUILIBRIUM
BOILING POINT ELEVATION CURVE

TR SIRPEME
(F) BOILING POINT
(F)
0.21073 217 .43 218.30
0.24989 219.23 220.29
0.28552 221.39 221.62
0.36991 226.43 225.74
0.39943 229.31 227 .85
0.45373 234.17 232.29
0.49895 238.67 236.65
0.56996 247 .85 245.20
0.66454 265.67 260.69
0.79675 303.47 296.38
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TABLE G.2: POTASSIUM FORMATE-WATER VAPOR-LIQUID EQUILIBRIUM
DISTILLATE ANALYSIS

ANALYSIS (METHOD) CONCENTRATION ACCURACY

TOTAL WATER 99.9 % 0.1 %
(Volumetric Analysis)

FORMATE 18 ppm 2 ppm
(Dionex-ion chromatography)

POTASSTUM 14 ppm 5 ppm
(Flame atomic absorption)

TOTAL ORGANIC CARBON 10 ppm 5 ppm

(Infrared absorption)

NOTE: ANALYSES WERE COMPLETED BY AN ORGANIC CHEMICAL
LABORATORY AT TENNESSEE EASTMAN COMPANY

197




VITA

James V. Walden was born in Bethesda, MD on July 20,
1951. He graduated from Jacksonville Sr. High School in
Jacksonville, NC in June of 1969. After a two year tour of
duty with the Army during the Vietnam War, he began a

career as an air traffic controller with the government.

In January 1982, Mr. Walden returned to school to
pursue a Bachelor of Science degree in Chemical
Engineering. In June of 1985, he was awarded a Bachelor of
Science degree in Chemical Engineering from the University

of Tennessee in Knoxville.

In June of 1985, Mr. Walden entered the University of
Tennessee Space Institute where he began pursuit of a

Master of Science degree in Chemical Engineering.

In July of 1986, Mr. Walden completed the course work
associated with his degree and began full time employment
as a Chemical Engineer with Tennessee Eastman Company in

Kingsport, TN working in the Coal Gasification Department.

Mr. Walden is married to the former Jennifer Hasty of

East Point, Georgia.

198



