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Software for Chemical Equilibrium
Calculation : CHEMSAGE

Toshihiro Tanaka and Takamichi lida

(Received June 10, 1991}

CHEMSAGE, which was recently developed at Technische Hochschule Aachen in Germany,
is a calculation software with a users-friendly interface for chemical equilibria. This software,
based on the SOLGASMIX Gibbs energy minimizer, was designed to perform the calculation of
thermodynamic functions, heterogeneous phase equilibria, and steady-state conditions for the
simulation of simple multistage reactors. In this paper, the structure and characteristics of
CHEMSAGE are introduced with some examples on the application of it for some metallurgical

problems.
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Fig. 1 Structure of CHEMSAGE.
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Table 1  Command Menu of Each Module in CHEMSAGE.
(a) AAv®EY - (b) BAIEBAEE VL — v

ENTER SYSTEM DATA FROM KEYBOARD © K PRESSURE

READ SYSTEM DATA FROM FILE 1 TEMPERATURE T
AMEND SYSTEM DATA A FUNCTION CODE LR
PRINT SYSTEM DATA oL PHASE COMPOSITION : C
WRITE SYSTEM DATA TO ‘NEWDAT’ W REFERENCE STATE LS
THERMODYNAMIC FUNCTIONS . F RESET REFERENCE STATE . B
PHASE EQUILIBRIUM P RUN R
REACTOR MODEL B RUN WITH RESULT ON ‘RESULT’ L Q
DIMENSIONS D AMENITY OPTIONS A
END B RETURN TO THE MAIN MENU B
() MIF@IHEY 2 —n (@) BUSEEva—n
PRESSURE P ENTER REACTOR DATA FROM KEYBOARD!K
VOLUME Y READ REACTOR DATA FROM FILE ol
TEMPERATURE T RUN R
AMOUNTS AND/OR ACTIVITIES C RUN WITH RESULTS ON ‘RESULT’ L Q
ADDED AMOUNTS AND/OR ACTIVITIES N REACTOR PICTURE L P
INCOMING TEMPERATURES/PRESSURES I REACTOR PICTURE ON RESULT © S
EXTENSIVE PROPERTY TARGET X AMENITY OPTIONS A
PHASE TARGET LG RETURN TO THE MAIN MENU . E
RESET TARGET . H
RUN R
RUN WITH RESULTS ON ‘RESULT’ DR
SUPPRESS/ACTIVATE SPECIES .S
AMENITY OPTIONS A
RETURN TO THE MAIN MENU )A
PIBIRT B, BOEEEE D 2 IR L 2R R (1] L2 i3] (41
D TNET AT ML) (B 2= Fif Table LK K K (¢ T
1 (b) OEFFREHE D 2 — LD A = 2 —Diidh o558 RS Bar atm Bar atm
KT 2,) (3) AN (2= F T
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Table 2

THERMODYNAMIC FUNCTION VALUES FOR 1 MOL OF THE SiO2(quartz)

T = 973.00 K
P = 1.0000E+00 BAR
SP. HEAT/J.K-1 ENTHALPY/J

6.86811768E+01 ~8.67357552E+05

Table 3

=7 P CHEMSAGE

Output in Thermodynamic Function Module for Example 1.

PHASE

ENTROPY/J.K-1
1.14144419E+02

GIBBS ENERGY/J
-9.78420072E+05

Output in Thermodynamic Function Module for Example 2.

THERMODYNAMIC FUNCTION VALUES FOR 1 MOL OF THE FCC PHASE

T = 750.00 C

P = 1.0000E+00 BAR

CHOSEN REFERENCE STATE:

Co/FCC/ Cr/rFcc/ Fe/FCC/

COMPONENT MOLE FRACTION SP. HEAT/J.K-1 ENTHALPY/J ENTROPY/J.K-1
Co 2.50000000E-01 -3.52933156E-01 ~4.17735258E+03 1.14364767E+01
Ccr 4.00000000E~01 ~5.39371979E~01 8.09390502E+03 1.95871084E+01
Fe 3.50000000E~01 -1.30416381E+00 8.28213257E+401 6.45193895E+00
TOTAL: -7.60439413E~01 2.22221133E+03 1.29521412E+01
COMPCONENT MOLE FRACTION GIBBS ENERGY/J ACTIVITY LOG ACTIVITY
Co 2.50000000E-01 -1.58785837E+04 1.54658855E-01 -1.86653353E+00
Cr 4.00000000E-01 ~1.19466450E+04 2.45530860E-01 ~1.40433264E+00
Fe 3.50000000E-01 -6.51848001E+03 4.64752724E-01 =7.66249792E-01
TOTAL: -1.10297719E+04
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Table 4 Output in Phase Equilibrium Module for Example 3.
T = 2000.00 C — RICHRE
P = 1.0000E+00 ATM€— HISHE A
V = 3.7322E+02 DM3
REACTANTS : AMOUNT/MOL ~ TEMPERATURE/C  PRESSURE/ATM
c RIS |2.0000E+00 25.00 1.0000E+00 RISWE G
sioz{quartz)[#HE |[1.0000E+00 25.00 1.0000E+00 ke
EQUIL AMOUNT PRESSURE FUGACITY
PHASE: GAS - ATM ATM
co 1.5004E+00) 772 7.4988E-01 7.4988E-01
5i0 4.9953E-01] gz 2.4966E-01 | . 2.4966E-01
S1 8.1048E-04| 3z 4.0507E-04 fﬁf 4.0507E-04
siac W 2:8837E-05| 33 2.9406E-05 | [ 2.9406E-05
co2 z 4.2084E-05{ = 2.10338-05 | | 2.1033E-05 R RME Dfugacity
S12 9.5134E-06| & 4.7547E-06 | 1 4.7547E-06 » gt ioie a0, By
Si3 F 9.8821E-07{ %/ 4.9390E-07 B 4-9390E-07 *
5102 D 4.1999E-07{;RE 2.0991E-07 y 2-0991E-07
$1C % 3.5700E-08( /L 1.7843E-08 5 1.7843E-08
o M 2.3790E-09| T# 1.1890E-09 o 1-1890E-09
c 1 2.2898E-09| T 1.1444E-09 4y 1.1444E-09
<3 H 1.6154E-10] 3% §.0734E-11 jf 8-0734E-11
c2 7.6287E-11| &Y 3.8128E-11 | '~ 3.8128E-11
02 1.5650E-13( 47 7.8219E-14 7.8219E-14
03 6.8037E-27| §f 3.4004E-27 3.4004E-27 o
TOTAL: 2.0008E+00j 5 1.0000E+00 SICHEYHETHET S ENR
& MOL ACTIVITY  ThTV3
Sic = 4.9952E-01 1.0000E+0C0O THSORBIIEELEL B OKS
s1 %Z 0.0000E+00| S COAY 5.7698E-01 At e AR >
C x 0.0000E+00¢ 0.5mol &AL 2.1591E~01 A E e b ] i
5102(crist) ,fm 0.0000E+00{ TWLWAI &% 1.3265E-02 O < I
$102(liquid)| 0.0000E+00 ALTYS 1.3210E-02 42 %
Si02({guartz) 0.0000E+00 1.1321E-02

***x*xxw*********x**x***k**xﬂxf*****w*w«xt******«ﬂ*i**x*nxw**xK*xik*x***

BI%D KIS 44F % ) DELTA H/J DELTA S/J.K-1 DELTA G/J
BURNTE

{

8.41)5E+05 5.4557E+02 -5.0357E+0
A

\ RICHHFI8.1x10° ] TH %
_é:biT’c‘h'Cb‘
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5

DELTA U/J DELTA A/J DELTA V/DM3

R R R R B L L R T e L R Y

8.0334E+405 -5.4138E+05 3.7322E+02
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Table 5 Output in Phase Equilibrium Module for Example 4.

T = 2871.81 K
P = 1.0000E+00 BAR
V = 3.9743E+02 DM3
REACTANTS : AMOUNT/MOL  TEMPERATURE/K  PRESSURE/BAR
CO/GAS/ 1.0000E+00 298.15 1.0000E+00
02/GAS/ 1.0000E+00 298.15 1.0000E+00

EQUIL AMOUNT PRESSURE FUGACITY
PHASE: GAS MOL BAR BAR
co2 7.4277E-01 4.4625E-01 4,4625E-01
02 5.9278E-01 3.5614E-01 3.5614E~01
co 2.5724E-01 1.54558-01 1.5455E-01
0 7.1668E-02 4.3058E-02 4,3058E-02
03 2.7112E-07 1.6289E-07 1.6289E-07
c 1.9014E-12 1.1424E-12 1,1424E~12
c2 7.4851E-20 4.4970E-20 4.4970E-20
c3 3.4990E-26 2.1022E~26 2.1022E-26
TOTAL: 1.6645E+00 1.0000E+00

MOL ACTIVITY

c 0.0000E+00 8.0155E-08

*‘)(*****‘k‘k‘k*7\’*********‘k******‘k***‘k***********k********‘k*************‘k‘k**

DELTA H/J DELTA S/J.K-1 DELTA G/J

DELTA U/J

DELTA A/J DELTA V/DM3

********‘k**‘k******k*‘k*******‘k*‘k*‘k)\'*‘k‘k**‘k*‘k*****************************

0.00C0E+00
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1.0107E+02 -1.3566E+06 -3.4785E+04 -1.3914E+06
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Table 6
BEEESEK

I DMX :
RKMP :
RKXP:

KKOP:
KKXP:
MARP
SUBL:

SUBI
SUBM:
GAYE :
QUAS:
QKTO:
WAGN :
PITZ:
VIRN!:

ES BRI 7 1 - o 2 7 CHEMSAGE

Models available in CHEMSAGE and their Abbreviation.
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Table 7 Output in Phase Equilibrium Module for Example 5.

T = 1753.95 K
P = 1.0000E+00 BAR
V = 0.0000E+00 DM3
REACTANTS : AMOUNT/MOL
Ni/Fcc/ 2.0000E-01
Cr/Fcc/ 8.0000E-01

EQUIL AMOUNT MOLE FRACTION ACTIVITY
PHASE: Lig MOL
Cr 0.0000E+00 6.9850E~-01 6.6300E-01
Ni 0.0000E+00 3.0150E-01 2.2788E-01
TOTAL: 0.0000E+00 1.0000E+00 1.0000E+00
PHASE: BCC MOL MOLE FRACTION ACTIVITY
Cr 8.0000E-01 8.0000E-01 8.4419E~01
Ni 2.0000E~01 2.0000E-01 1.7296E-01
TOTAL: 1.0000E+00 1.0000E+00 1.0000E+00
PHASE: FCC MCL MOLE FRACTION ACTIVITY
Cr 0.0000E+00 6.2429E~01 3.8208E-01
Ni 0.0000E+00 3.7571E-01 2.2337E-01
TOTAL: 0.0000E+00 1.0000E+00 9.2369E~01
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Fig. 4 Calculated Results on Some Substances
Amounts at Stage Boundary in the Reactor
for Example 6.
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