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MPEC: Multi-Phase Equilibrium Chemical Code by Free

Energy Minimizaticn Method
Masaaki UCHIDA

Department of Nuclear Safety Research,

Tokai Research Establishment, JAERI

( Received July 17, 1984 )

A multi-phase equilibrium chemical code MPEC was developed. The
code calculates equilibrium qomposition of chemical species under given
combination of elements using the principle of minimum free energy.

Slow convergence of £he conventicnal numerical method was improved by
adopting the logarithm of activity as independent variable. The problem
of numerical instability accompanying the increased convergence speed
was resolved by careful setting of initial guess values: before the
calculation for the equilibrium composition is started, the outline

of the composition is guessed by the linear programing method.

This method has proven particularly effective for such complex
problems as that existence or disappearance of many phases is determined
by subtle balance of elements. In such problems, the calculation time
of MPEC was found to be about 100 times as fast as that of a code based

on the conventional numerical method.

Keywords: Code, Free Energy, Minimization Method, Composition,

Lagrange, Multi-Phase Equilibrium Chemical Code, Efficiency
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Table 2 MPECa—- Fili/ 1l (REEDENAUCH
OF P O{LER

FISSIOM PRODUCT CHEMIi{AL FORM IN CARBIDE FUEL

TEMPERATURE (K)= 1100.0¢
SLEMENTAL FRACTION

u
4.1160+00

[
3.9880+00

SPECIES MIXTURE

IE

I?
3212
uc

IRC
not
LxC
rzc3
LKzl
SRC2
BAL2
C32TE
BATE
L1+

PT

<]

c

iR

SR

BA

TE

1K
usoc2
U1om010C
U2PTL2
U18PT3I0C
UPT3
Cs{Ly
£s1
LNPT2

P R N N N N R N A L L L

10
11
12
13
14

IR
2.7000-02

XE
1.00004+00

GIRT
0.0
-10,552
-67,605
-11.89%
-21.288
-1.536
-3.640
-73. 111
-27.417
-1G.855
-%.568
-26.183
-¥T.97T

-21.5%8
-188.069
~32.639
-278.193
~20.380
~0.606
T-35.841
-23.657

PRESSURE

L1
1.7000-02
LN
4.500D-02

MOLES
1,0000D+00
0.0
5,00000-04
3.94430+00
2.70000-02
1.23330-05
1.66820-02

oo oo
Qo090

1.34650-03
5.55930-04
1.6%880-02
5.51920-06
1.71660-01
1.9279D-06
9.8317D-08
9.0000D0-03
5.34510-03
2.13430-12
1.58900-02

Q
]
0
.0
0
3100D-03
0
4

.49720-03

(ATH) = 1.000

cs BA

GAS VOLUNE (Nws3)e 9,033D-02

SR 1

1.3000-02 6.0000-03 9.0000-03 1.00006-03

ACTIVITY
9.9950D-01
b.o
4.99750-04
9.83040-01
6.,77020-03
3.09260-08
4.18310-03
.0
N
0
.0
6.72440-01
3,2756D0-01
7,65580-02
2. 4873D-03
1.73620-01
8.6B883D-06
4.4308D-Q7
4.05600-Q2
2.40880-02
9.5183D-12
8.51310-02

oo Qo

000D+00

9.0
0.0
g.0
0.0
0.0
1.0
n.¢
1.0

0000+00

sxx TOTAL FREE EWNERGY OF THE SYSTEM= -4.42910+05 JOULE

FISSION PRODUCT CHEMLCAL FORM IN CARBIDE FUEL

TENPERATURE (K)= 1109.00
ELEMENTAL FRACTION
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3

4. 1160400
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~188.069
-37.639
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-20.380
-0.606
-35.841
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uo s BA
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LK
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0.0 c.0
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0.0 0.0
0.0 0.0
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1.64000-04 1.25700-01
7.5686D-04 1.28430-01
1.74320-03 8.71570-01
1.54760-04 1.26920-02
5.15630-06 4.22850-04
1.59530-05 1.30830-03
6.73920-05 5.11660-03
8.78970-12 7.20780-10
7.85930-03 6.44520-01
4.09290-03 3.35640-01
2.24040-14 1.83730-12
3.59340-06 2.94650-04
1.55880-02 1.00000+00
0.0 Q.
0.0 ¢.0
0.¢ 0.0
0.0 0.0
1.14860-02 1.20000+00
0.0 0.0
9.4974D-03 1,00000+00

sxs TOTAL FREE EMERGY OF THE SYSTEW= -4.5403D+05 JODULE

__14h7

PARTIAL PRESSURE (AT}
9.99500-01
0.¢
4.99750-04
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Q
Q9
a
9
a
L
0
a
g
9
k]
M
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0
0
0
0
]
0
1}
¢
Q
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]
0
0
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2.0000-03-

GAS VOLUME (Mxx3)= 9.0330-02

SR 1

6.000D-03 $.000D-03 {.00Q00-03

PARYIAL PRESSURECATM)
9.99500-01
0.0
4.9975D-04

OQOQEUQO;?O

CoooODOoOEOOOOUCODOO

00000000 DRPROCOODODOHROOICO

TE
2.0000-03

PT
1.9000- 02
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