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Thermochemical calculations using the currently available data of
AGDf {standard free energy of formation) were performed for the phase
equilibria in the system U-Cs-0-I-Mo. '

Todine pressures, oxygen pressures and oxygen potentials AG(02)
were calculated at temperatures 300° ~ 1100°C for the omset of the re-
action between CsI and hyperstoichiometric U0, to form gaseous iodine
and Cs,U,07; or CsoU0,.

The calculated threshold AG(0;)-values for the UOy4,~CsI reaction in
the presence or absence of molybdenum were in accord with a set of our
experimental data at 800°C within the range of scatter in the calculated
values.

The computer code PURPLE was developed to calculate the phase equi-
'libria relevant to the understanding of the U0;44-CsI reaction in the

context of the system U-Us-0-I-Mo.

Keywords: Urania, Cesium, Iodine, Cesium Iodide, Cesium Uranate, Oxygen

Potential, Reaction, Computer Code, Phase Equilibrium
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1. Introduction

The behavior of the prominent fission-product element cesium
continues to play an important role in the understanding of the
chemistry of irradiated oxides, especially, for the recent needs

0f the extended fuel burn-up.

Iodine is also an important fission-product element and, in
an oxide fuel pin, eXists most likely in a chemical form of
Csl by reacting with the cesium of greater fission yield”).

However, present khowledge in the internal fuel-rod chemistry is
not necessarily satisfactory because of the eXxperimental diffi-

culty mainly due to their highly volatile and reactive nature:

Cs _ 12 Csl
Melting point(23 301.55 K 386.75 K 899 K
(903.7 K)
Boiling point(Z:# 951.6 K 458.39 K 1553 K

As will be briefly mentioned in the next section, it was experi-
mentally found{®’ that the threshold oxygen potential exists for
the onset of the UOs4x - Csl reaction that leads to the iodine
release and to the formation of cesium uranates.

In this paper, thermochemical calculations are performed to
evaluate the experimental results and the related aspect of
the U-0-Cs-I1-Mo phase eguilibria. The calculation covers the
temperature range 300°-1100°C, although consideration centers on

the unigque temperature 800°C where the experiments were under-

taken.
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2. Results of laboratory experimentsG)

Laboratory experiments were conducted to study the UOs5,.x-Csli
reaction under controlled conditions of temperature and oxygen
potential employing the C02/CO gas equilibration method.

The wvarious C0,/CO gases were used to establish well defined
oxygen potentials {for the specimens that initialiy comprised
compacted UOp,.x-Cs! mixtures with or without molybdenum metal
addition. Phases present before and after heat-treatment were

identified by using EPMA and X-ray diffractometer.

Through the UOj4.%-Csl reaction at 800°C, the chemical decompo-
sition of CsI was observed into gaseous purple-colored iodine
and cesium that was simultaneously combined with uranium and

oxygen to form CsglUy4019.

[t was also found that arlower timit for ox?gen potential
exists for the CsoU 032 to be stable in coexisting with excess
U02+x and Csl. The threshold oXygen potential lies at
-61 kcal/mol; at lower oxygen ©potentials, the CsalUy4012

disappears and a different uranate CssUOy exists stably

instead.

Effect of molybdenum on the UOg,.x-Csl reaction and the range

of stability of CsgolUy01p was also investigated. It was

confirmed that CsgUg012 can exist stably down to AG(Op =

—72 kcal/mol at 800°C <coexisting with MoOs and excess UOg 4y

and Csl.
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3, Basis and method of the calculations

Symbols used in the present calculations are:

AG% = Standard free energy of formation, kcal/mol

P(Qg) = Partial pressure of oxygen, atm

P(I)> = Partial pressure of monatomic gaseous iodine, atm
P(I5) = Partial pressure of diatomic gaseous iodine, atm
P(Cs) = Partial pressure of monatomic gaseous cesium, atm

P(Csp)= Partial pressure of diatomic gaseous cesium, atm

AG(0;) = Oxygen potential = RT In P(Op), cal/mol

where
R = molar gas constant = 1.98719 cal/K - mol
T = Temperature in Kelvin
In = Natural logarithm.

The reference state for cesium and iodine is, respectively,
the monatomiec Cs gas at temperatures > 951.6 XK and molecular

iodine (I) gas at 1 atm (1.01325x10%Pa) pressure.
Some hypotheses were made here as follows:

Unit activity was assumed for CslI, Mo, MoOy, UOp.x, CsgUOy and
CsgUy4019.

A small(<~1ppm) solubility of cesium in UOQp.y, assuming similar
to that in (U,Pu)Og, would not affect the equilibrium oxygen

pressure over the UOs,x even if the deviation from Raoult's law

were largewt

Furthermore, effect of the deviations from stoichiometry UOgp.x

has been neglected in deriving values of AG%(U02+X).

At 800°C and at a typical oxygen potential l&E(OgV‘-SQ.O

kcal/mol, the deviation from stoichiometry is small (7, x=-

M?)_
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value in UOgsx is ~0.01. Similar value 1is derived from

the extrapolation of data at 1000 - 1200°C that were ob-

tained from the measurement 0of oXygen potentials of hyper-

stoichiometric urania 8,

From the measurements at 1273 and 1473 K, the following relation
was obtained(®:
AGY (U0g 912 -AGY% (U0, g

= 138 - 0.34 T cal/mol

~ - 240 cal/mol at 1100 K.
As exemplified above, the difference due to the deviation 1in
stoichiometry is negligibly small compared to the AG%(U02-00)=
~-213816 cal/mol at 1100 K. Thermochemical data for U099, go

were employed instead of those of UOyp4x in the entire range of

temperature.

(1) Calculations for equilibrium reactions involving Cs and I
The following 4 equations are assumed to express phase equili-
bria in the binary Cs-1 system:

(A) Csl(s,1l) = Cs(g) + 1{(g)

RT In P(Cs) - RT In P(I)

AGh¢cs) + Ackc1y - AGhk(CsD)

(B} 2 Cs(g) = Csy(g)

- RT 1In izzzfg = aclk(csyy - 2AG6%Cs
(C) 2 I(g)y = Io2(8)

- RT In ;Eif; = AGYk(Io) - 2AG%D
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(D) Congruent vaporization of CslI(s,l)
P(Cs} + 2 P(Csg) = P(1) + 2 P(Ijp)
Therefore, the equilibrium partial pressure of monatomic icdine
gas, P{(I), over condensed Csl can be obtained at a given tem-

perature by solving the following biquadratic equation:

2¢ P(I)4+ P(1)3- a P(I) - 2a%b = 0 !

where

EXP (-AF1/RT)

Q
It

= EXP (- (AGl(Cs)+AGl(1)-AGl(CsI))I/RT )

b = EXP (-AF2/RT)

= EXP (-(AGK(Csg)-2AG%(Cs))/RT )

¢ = EXP (-AF3/RT)

= EXP (-(AGY%(I9)-2AGH1)>/RT

The equilibrium partial pressure of diatomic iodine gas, P(Ig),

over condensed Csl can be obtained from:

2AG% (1)
RT

In P(Ig) = 2 1n P(l) +

Since monatomic iodine is the dominant gaseous iodine species at
temperatures concerned here, pressures of monatomic iodine are
used hereafter to describe the iodine petential in the phase

equilibria calculations (see section 6.3.).
(2) Calculations for equilibrium reactions involving CspU4072

The reaction taking place can be written as follows:
4U0g 45 + 2Cs] + 2(1-%x)09 = CsglUy019 + 21

At equilibrium,
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4AGY (U0 45> + 2AGY(CsI) + 2(1-x)RT 1n P(Op)

= AGY%(Csylg0y9) + 24GY%(I) + 2 RT 1n PCDD
For simplicity, the equations above can be rewritten as:

4U0y + 2CsI + 205 = Csplig0yg + 21 (21
4AGY (U0s) + 2AGl(CsI) + 2RT In P(Oy)
= AG)(CsaU40719) + 2AGH(I) + 2 RT 1n P(I)

The threshold oxygen pressures for the onset of disproportiona-

tion of Csl by UOg4y to form CspUy0yp and free iodine can be

obtained from:

P(0p) = P(I)/EXP(-(AGl(CsyU4012) + 2AGYH(D)
-2AGY(Cs1)-4AGY (UOg)) /2RT)

where P(I) igs the iodine pressure obtained by solving eq.[1l].

And hence, we have the <corresponding oXygen potentials:
AG(Op= RT ln P(03) [3]

Thus, at a given temperature, reaction [2] tends to proceed

to. the right-hand side for oxygen potentials higher than the

values specified by eq.[31].

Total error in the calculated oxygen potentials, arising from
neglecting their stoichiometry effect and from. the use of
¥=0.0 instead of x=~0.01, is estimated to be at most ~=-1

kcal/mol. The reasonable assumption 1is thus adopted here-

after for simplicity.

(3) Calculations for equilibrium reactions involving CspUOy
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The reaction taking place can be written as follows:
UOg4x + 2Csl + 0.5(2-%)0p = CsolOy + 21
At equilibrium,

AGl(UOg ) + 2AGK(CsI) + 0.5(2-X)RT 1n P(O3)
= AGY(Csqot0g) + 2AGH(I) + 2 RT 1n P(D)
For simplicity,
UOg + 2Csl + Og = CsgUO0yg + 21 (4]

AGY(B0y) + 2AGY%(CsI) + RT In P(Op)

= AGY(CsaU04) + 2AGK(I) + 2 RT 1n P(D)

The threshold oxygen potentials for the onset of disproportiona-
tion of Csl by UOsuyx to form CspUO4 and gaseous iodine can be

ocbtained from:

P(0s) = P(Lﬂ/EXP(-(AG%(052UO4) + 2AGh (D
- 2AGY(CcsIy- AGY(UOyY)Y / RT D
And hence, we have the corresponding oxygen potentials:
AG(Op= RT In P(Op) [5]
Reaction [4] tends to proceed to the right-hand side for
oxygen potentials higher than those defined by eq.[S]-but less

than those defined by eq.[3].

(4) Calculations for equilibrium reactions in the U-Cs-0-I-Mo

system

As stated in section 2., the CsqUg037 <can be stabilized in
the presence o¢f molybdenum dioxide. Bearing this experi-

mental fact in mind, there might be strong interactions
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between the wuranate and MoOp or UOs,x and MoOz. We here

assume the solubility of Mo in the CsgU40;19 as follows:
4(1-2)U0g + 2Csl + Mo + 303 = Csy(Uj_;M0,)4012 + (1-42)MoOp + 21

Assuming the z-value is very small (z~0.0), the above

equation becomes for the first approximation:

4U05 + 2Csl + Mo(U-saturated) + 30y =

CsglU 4019 (Mo-saturated) + MoOp(U-saturated) + 2 1 [61

for which
4AGY (UOy) + 2AGY(CsI) + 3RT In P(OQ)

= AGl(CsoUs010) + AGY:(M0Os) + 2AGY(I)Y + 2 RT 1n P(I)
£(CsqUy019 3 5 f

The threshold oXxygen pressures for the onset of dissociation of
CsI by UOg4x in the presence of Mo to form Cs3U4013, MoOy and

gaseous iodine can be obtained from:
P(0g) = ( PCIDZ/EXP((4AGY(UOg) + 2AGY(CsT)
- AGl(CsaU4079) - AGY(MoOp)- 2AGYH 1) / RT N3

where P(I) is the iodine pressure obtained by solving eq.[1l].

And hence, we have the corresponding oXxygen potentials:

AG(0Op= RT 1n P(0p) (71

At a&a given temperature, reaction [61] tends to proceed to

the right-hand side for oXygen potentials higher than the

values specified by eq.[7].

(5) Calculations for egquilibrium reaction in the system U-Cs-0O

At oxygen potentials likely to occur inside LWR fuel pin, the
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3-phase field UOp + CsgpUOyg + CsyUy019 exists stably at least up

te 1000°C:

3UCy + CspUO4 + Op = CsqUy0)2 [81
for which

RT In P(0s) = AGl(CsgU4019)-AGYk(Cs U04)-3AG(UOY).

4. Sources of thermochemical data

Chemical species considered are:

i, I3, Cs, Cssp, CsI, UOp, Mo, MoOz, CspU04, CspUy012,
and we need the respective l&G%-value to permit the calcula-
tions of phase equilibria.

High-temperature thermachemical datall®!) that were previously
assesse& are available from 298 to 1100 K and to 968 X,

respectively, for CspUO4 and CspUu03p. The latter was evalu-

ated on the basis of the experimental determination up to 968

K. The data from Refs. 10-11 might be the most reliable in the
then-existing literature data and were used in "PREVIOUS DATA",

as described in section 6.

After this work had been almost completed, however, the present
authors became aware that critically assessed thermochemical data
were published“) in 1990 for reactor materials and fission
products.

Thus, the new values of the standard free energies of formation
for elements and compounds have finally been incorporated into
the calculations to gbtain the preseni results.

Ref.(3) and all other references ,Refs.(2,4,10-18), are cited as

the sources of the AGl-data that were directly employed or
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3-phase field UOp + CspUOy4 + CspUy019 exists stably at least up

te 1000°C:

3U0g + CsplUO4 + 05 = CsolUy0)2 [81
for which

RT ln P(0g) = AGl(CsgU40719)-AGY(Cs U04)-3AGY(UOg) .

4. Sources of thermochemical data

Chemical species considered are:

I, s, Cs, Csg, CsI, UOp, Mo, MoOp, CspU0y, CspUy012,
and we need the respective i&G%-value to permit the calcula-
tions of phase eguilibria.

High-temperature thermochemical data“oﬂﬂ that were previously

assessed are available from 298 to 1100 K and to 968 K,

respectively, for CspUO4 and CspUyu03p. The latter was evalu-

ated on the basis of the experimental determination up to 968

K. The data from Refs. 10-11 might be the most reliable in the
then-existing literature data and were used in "PREVIOQOUS DATA",

as described in section 6.

After this work had been almost compleied, however, the present
authors became aware that critically assessed thermochemical data
were published“) in 1990 for reactor materials and fission
products.

Thus, the new values of the standard free energies of formation
for elements and compounds have finally ©been incorporated into
the calculations to obtain the preseni results.

Ref.(3) and all other references ,Refs.(2,4,10~-18), are cited as

the sources of the AGl-data that were directly employed or
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the respective fitting egquation was derived from.

The data fitting for the Gibbs free energies of formation (AG%)
of these elementis and compounds was made as a function of
temperature according to the following equations (in J/mol or
cal/mol):

FEF = a + bT + ¢T2 + dT3 + eT4 (91
oT

FEFJ a/T + b + T + dT2 + eT3 + £T(ln T) [10]

as shown in the source lists in Figs.1-2.

Differences hetween the original values and those fitted in the

present study are within * ~0.05 X%,

Hofmann and Spino”Z)and Nagasaki”y used ihe following approxi-

mation for AGY(Cs,Us0y19) based on Lindemer et al.(W):

AG%= AH%Q% - TAS%Q% [111

where AHU s and AS) 003 are, respectively,. the difference in
standard enthalpies and entropies of formation from the elements
in their standard states at 298.15 K. Hofmann and Spino”m also

used the approximation {for AG%(C52U04).

Hofmann and Spino estimated the AG% value using
AH%[CS(1)=Cs(g)]= 67.8 kJ/mol at 951.6 X; their AG% equa-
tions are similar to those of Fee and Johnson!19,

On the other hand, Nagasaki“S)considered the correction

AHY [Cs(s)=Cs¢1)1 at 301.6 K as well as AHKICs(1)=Cs(&)1.

i 10 a—
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5. Computer calculations of phase equilibria

A computer code PURPLE was developed in order to execute a
series of calculations and to display the output data gréphi—
cally. Fig.l shows the FORTRAN source list written for FACOM M780
computer installed here in JAERI; Fig.2 shows the modified
version for use in personal computer (NEC PC-9801 series). Sub-
routines PLEQ4S, PLEQ3S and PLEQ2S enable us to sclve eq.[1] by
using Ferarri's methadwm. The equilibrium calculations accord-
ing to the equations in section 3 were performed at an interval
of 1 °C - from 300° to 1100 °C. The calculated data points of
iodine pressures, oxXygen pressures and oXygen potentials were
connected from point to point to form lines on the CRT or on the

FACOM line-printer.

The PC-version provides graphical presentation of the output data
on the CRT and is also able to store principal numerical data on
the file OXYPOTEN.DAT at an interval of 10 °C as shown in Table
2. (Similar data are also obtained for the FACOM-version:
Table 1.) Pro FORTRAN-77 compiler/linkerwn was used to generate
the program PURPLE.EXE executable in the MS-DOS (Microéoft Corp.)
enﬁironment. MS-FORTRAN(2Z} wag employed as an auxiliary tool
for debugging purpose. Pro—Grathy was used as a graphic package

that includes subroutines compatible with CalComp.

The usage of the PURPLE cord for the PC-version is as follows:

Drivename <(e.g., A:¥) > PURPLE CTEMP

where CTEMP is a command-line parameter (integer type) indica-

tive of any temperature from 300 to 1100 °C at which

additional information is regquired.
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6. Results of calculations

Results of calculations are presented in Tables 1-2 and Figs.
3-9 that include our experimental data points at 800°C
for the phase fields UOg4yx + CspUy 072 + Csl and UOps+yx *
CsoUy0yo + Csl + MoOp + Mo. These figures and Table 1 were

obtained from the execution of the program (FACOM-version).

In Figs.3-9, symbols uséd are as follows:

"HOFMANN & SPINC" means the use of their Acﬁfdata which were
derived from AHl pog(CsaU04) or AHl p03(CsplUy01p) ,as well as the
corresponding AS%, based on Lindemer et al.'s datal®) and the

use of the approximation equation [11], as already mentioned

in section 4.

"JAERI-MEMO" means the use of Nagasaki's AG%:data which were
derived from AG%(052UO4) of Cordfunke and O'hare and the data
fitting by eq.[10] or the use of Afﬂﬁg%(Cs2U4012) and
AS%(C52U4012) pased on Lindemer et al.'s datall*l and the use of

the approximation equation [111,

"CORDFUNKE & WESTRUM" means the use of AG%(CSZU4012) data of

Cordfunke and westrum'!" and the data fitting by ea.[9].

"CORDFUNKE & O'HARE" means the use of AG%(C52U04) data of

Cordfunke and O'hare!l®) and the data fitting by eq.[91.

In Tables 1-2 and Figs.8-9, "THERMO. DATA (1990)" means the use
of AGU(CsaU04), AGY(CsaU4019) and AGH of other com-

pounds/elements , all taken from Ref.(3), and the data fitting

by eq.[8].
In Tables 1-2, "PREVIOUS DATA" refers to the data for which .
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best estimates were made on CssUO4 and CsaUy032 using the
earlier data available in Refs. 10 and 11. Graphically, these

data are shown in Fig. 4 as the lines b and ¢ ("CORDFUNKE &

WESTRUM") and the line e ("JAERI~MEMO").

Dashed lines were used where extrapolations were made beyond
the temperature range for AGl(Cs,U04) and AGli(CsqU40712)

values given respectively in Refs.10 and 11, only in case of

using the fitting egquation [9].
6.1. Results based on the earlier AGK data

Figs. 3-6 are the results of computations based on the
earlier AGUf.data which are given with references in the

subroutine DG(K1) (see Fig. 2).

Fig. 3 shows monatomic and diatomic iodine pressures, P(I) and

P(I), over condensed Csl as a function of temperature.

In Figs. 4-6, are shown oxygen pressures and O0Xygen potentials
corresponding to the monatomic iodine pressures in Fig. 3, as

already explained in section 3.

Fig. 4a shows partial pressures of oxygen in equilibrium with
UOg4+x + Csply050 + Csl, UOg4+yx + CsoU4 019 + CsI + MoOy + Mo

and UOg4x + CsgoUO4 + Csl, as a function of temperature.
Fig. 4b shows oxygen potentials corresponding to Fig. 4a.

In Figs. 5-6, oxygen pressures and oxygen potentials in the same

phase regions as in Fig. 4 are given to show the variation due
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to the different sources of AGY(CsyUO4) and AGY(CspUg019).

6.2. Results based on the new AGY data

Figs. 7-8 illiustirate the results of computations of the phase
equilibria using the data recently assessed by Cordfunke et
a1l.(3) ; the data of Hofmann and Spino”Z)were also utilized for
the ©purpose of comparison. All the .AG% equations fitted
from Acﬂfvalues in Ref.(3) are shown in the subroutine

NEWDG(K3) (see sopurce lists: Figs.1-2).

Fig. 7 shows monatomic and diatomic iodine pressures, P(I) and

P({ls), over condensed Csl as a function of temperature.

In Figs.8a and 8b, are shown thermodynamic quantities calculated

by the use of the monatomic iodine pressures in Fig.7.

Fig. 8a shows partial pressures of oxygen in eguilibrium with
UOg4x + CsplUy090 + Csl, UOp4yx + CspUy013 + Csl + MoOgp + Mo
and UOg4x + CsqUO4 + Csl, as a function of temperature.

Fig. 8b shows oxygen potentials corresponding to Fig. 8a.
6.3. Comparisons and implications of the output data

As seen from overlay of Figs.3 and 7 and from Tables 1-2,
P(1) and P(Ig) are essentially the same between "PREVIOUS
DATA" and "THERMO. DATA (1990)", although the latter shows
slightly higher values. The value of P(IY is about 5

orders of magnitude greater than that of F(Ig) at 800°C,.

Oxygen potentials over UOs,.y + CsplUOy + Csl in "THERMO, DATA.

(1990)" (Fig. 8b> are approximately 1.0-1.56 kcal/mol more
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negative than those of "PREVIOUS DATA" (Fig. 4b).

Oxygen potentials over UOg,yx + CspUy03p + CsI in "THERMO. DATA
(1990)" are nearly egual to those of "PREVIOUS DATA" at tem-
peratures > ~700°C, but are ca. 1.0 kcal/mol more negative
than those of "PREVIOUS DATA" at temperatures < ~700°C.

Oxygen potentials for the phase field UOz.+x + CsglUO4 + Csl
are more positive than those of UOg4+x + Csplg015 + Csl +

MoOs + Mo in the entire range of temperature.

Comparison of oxygen potentials over UOpsx + CsglUy033 + Csl +
MoO, + Mo and UOg.x *+ CspU4O1p + Csl indicates that the range
of stability of CsoUy0792 <can be expanded to the lower
oxygen potentials by ~11 kcal/mol! in the presence of MoOg.
On the other hand, another possibility was considered for the
effect of molybdenum:

4U0p + 2Csl + 0.5Mo(U-saturated) + 2.50p =

C52<U1-o.5xM00.5x>4012 + 0.5 Mo(1-4x)U4gx02 + 2 1

Assuming that the x~-value is very small {(x~0,0), the above

equation becomes for the {first approximation:

4U0, + 2CsI + 0.5Mo + 2.50p =

Csqlig012 + 0.5M0Cy + 2 1 [121

AGOy = ( 3AGO 71
o 2 Un ea. 1710 S AGl (Mo0g) /2.5

The line thus obtained is shown as "C %" in Fig. 8b.
Consegquently, it may be concluded that ,by the addition of
molybdenum to the_U—Cs—O-I system, the range of stability of
Csolig0y9 can be expanded to the lower oxygen potentials where
only Csoli04 ( or CspUO3 gg 1)) can exist stably in the

pure U-Cs-~0-1 system. This conclusion is consistent with the
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experimental results described in section 2. Namely, the
experimentally-determined oxygen potentials are =-61 and -72
kcal/mol respectively for - UOg4x + CsgUy039 + Csl and UOpex +
CssU4079 + CsI + MoOg + Mo at 800°C; these values are in
fairly good agreement with those predicted from the

present calculations.

As seen from Fig. 8b, egquilibrium oxygen potentials over UOs4y
+ CsgUyg0y2 + Csl are higher than those over . UOg4+x + CspU0y +
Csl up to about 860°C; the reason for a reverse in the
oxyvgen potential at ~860°C is not clear owing to the lack
of experimental evidence. |
This situation is - alsoc noticed in Fig. 4b: the possible
phase~transition temperature is lowered from ~860°C to ~T780°C

depending on the AGl data adopted.

As seen from Figs.5b and 8b, the l&E(Og) lines derived from
Hofmann et al.'s data are apparently closer to those of "THERMO.
DATA(1990)" than the lines obtained from Nagasaki's data
("JAERI-MEMO™) for AGl(CsaU04) and AGK(CsaU4072).

This fact merely results from the difference in the method of

correction for eq.[113. Nevertheless, it is worth noting that

oxygen potentials derived from Hofmann et al.'s data are

nearly equal to our experimental 135(02) values (see Fig.bb).

Fig. 9 shows oxygen potentials over the phase field UOg4x
+CSZU4012 + CsolU0y4, based on the "PREVIOUS DATA" and "THERMO.
DATA (1980)". The experimental data point for UCg.x +
CsyU4072 + CsI  is  in close agreement incidentally at 800°C

with the oxygen potential over the phase field UOp4y +
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CsoU4012 + CsqUOy4.

7. Summary and conclusions

(1) Thermochemical calculations were performed for the following
phase fields:

Csl(s,1)+Cs(g)+Cso(g)+1(g)+13(g)

UOg+x + CsplUyg0y1p + Csl

UOg4x + CsplUy01p + Csl + MoOy + Mo

UOg4y + CsolUOy + Csl

UOg 4 x+CsU4012+Cs2U04

(2) lodine pressures, O0Xygen pressures and oxygen potentials
were calculated at temperatures 300°~1100°C for the onset of the
reactions between U094y and Csl to form gaseous iodine and
CsglU4012 or CsoUOy4. Earlier and new seis of literature data of
AGY for CspU40p9 and CsaU04 were used to compare the

results of the calculations.

(3) Agreement between the [&6(02) values for the reactions

obtained from different sources of AG%(C52U4012) and
AGl(CsoUO4) is fairly good (£~1.0-1.5 kcal/mol) in the ap-
proximate temperature range of 300°~700°C. .In a higher
temperature range, the calculated output for the phase field
UD9 4 x+CsglUy0q2+Csl differs significantly (%£~2.0-3.0 kcal/mol)

depending on the sources of data used.

(4) By the addition of molybdenum to the U-Cs-0-1 system, the
range of stability of CsgU4032 can be expanded to the lower

oXygen potentials by ~11 kcal/mol.
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CsolU 40990 + CsoUOy4.

7. Summary and conclusions

(1) Thermochemical calculations were performed for the following
phase fields:

Csl(s,1)+Cs(g)+Csa(g)+I1(g)+1s(g)

UOs4+x + Csply019 + Csl

UOg4x + CsapUy012 + Csl + MoOy + Mo

UOg,+x + CsqlOy4 + Csl

UOg 4 x+Cs3U 019+CsoU04

(2) Iodine pressures, o0Xygen pressures and oxygen potentials
vere calculated at temperatures 300°~1100°C for the onset of the
reactions between UOs,x and CsI to form gaseocus iodine and
CspUy4012 or CsolUOy4. Earlier and new sets of literature data of
AGY% for CsyoU4079 and CspUOy were used to compare the

results of the calculations.

(3) Agreement between the 155(02) values for the reactions

obtained from different sources of AG%(052U4012) and
AG%(052U04) is fairly good (*~1.0-1.5 kcal/mol) in the ap-
progximate temperature range of 300“~700°C. In a higher
temperature range, the calculated output for the phase field
UOp4x+CsoU4072+Csl differs significantly (£~2.0-3.0 kcal/mol)

depending on the sources of data used.

(4) By the addition of molybdenum to the U-Cs-0-1 system, the
range of stability of CssU4012 <can be expanded to the lower

oxygen potentials by ~11 kcal/mol.
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(6) The calculated threshold 1&6(02)—values for the UOg4x-Csl
in the presence or absence of molybdenum coincide with a set
of our experimental data at -800°C within the range of

scatter(*x~3.0 kcal/mol? in the calculated wvalues.

{(6) The computer code PURPLE was developed to calculate

phase equilibria relevant to the UO2,x-Csl reaction - and to

provide graphical presentation of the numerical data obtained.
The source lists of the FORTRAN program were given for use in
FACOM M780 computer together with its modified version for

the personal computer use,
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(6) The calculated threshold Z&E(Og)—values for the UOg4+yx-Csl
in the presence or absence of molybdenum coincide with a set
of our experimental data at -800°C within the Trange of

scatter(x~3.0 kcal/mol? in the <calculated wvalues.

(6) The computer code PURPLE was developed to calculate

phase equilibria relevant to the UOg4x-Csl reaction - and to

provide graphical presentation of the numerical data obtained.
The source lists of the FORTRAN program were given for use in
FACOM M780 computer together with its modified version for

the personal computer use,
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Table 1 Principal numerical data at an interval of 10°C, output
from the PURPLE code. (see Table 2 for similar data
from the PC-version.)

SELECTED VALUES OQUTPUT FROM THE PURPLE CORD

PCI): MONATOMIC IODINE PRESSURE QOVER CONDENSED CsI
DYYO4: OXYGEN POTENTIAL FOR UC2+Cs2U04+(sl :
DYYN12,DY02CC: OXYGEN POTENTIAL FOR U02+Cs2U4012+Csl
DYO12M: CXYGEN POTENTIAL FOR U02+Cs2U4012+CsI+Mo02+Me
DYUCSO: OXYGEN POTENTIAL FOR UD2+Cs2U04+Cs2U4012

PREVIOQUS DATA THERMO. DATAC1990Q)
TEMP P{I) pyo2Cce DYYOD4 DYDO12M P(I) pYYole DYYQ4 DYD12M
T atm Kcal/mol atm Keal/mel
300 4L 99E-19 -80.8 -85.4 -92.3 6.68E-19 ~81.1 -B86.4 -@2.6
310 1.30E-18 -80.4 -85.0 -91.9 1.72E-18 -80.8 ~84.0 -22.2
320 3.26E-18 -50.1 -84.6 -91.5 4.27E-18 -80.5 -85.7 -21.9%
330 7.96E~18 -79.7 -B84.2 -91.1 1.03E-17 ~80.2 -85.3 -21.5
340 1.89E-17 -79.3 -83.8 -90.7 2.43E-17 -79.9 -84.9 -91.2
350 4.34E-17 -79.0 -83.3 -90.4 5.57E-17 -79.5 -84.5 -90.8
360 9.74E-17 ~-78.6 -82.9 -90.0 1.24E-16 -79.2 -84 .1 -90.4
370 2.13E-16 -78.3 -82.5 -89.6 2.70E-16 -~78.9 -83.7 -20.0
280 &L .55E-16 -77.9 -82.1 -89.2 5.75E-156 -78.5 -83.2 -89.7
390 P.49E-16 —-77.5 -81.6 -88.8 1.19E-15 -78.1 -82.8 -89.3
400 1.94E-15 -77.2 -81.2 -88.4 2.43E-15 -77.8 -82.4 -B8.9
410 3.87E-15 -746.8 -80.8 -88.0 4.B4E~15 -77.4 -82.0 -88.5
420Q 7.57E-15 -76.5 -80.4 -87.7 Q.4L4LE-15 -77.1 -81.5 ~88.1
430 1.45E-14 -76.1 -79.9 -87.3 1.81E-14 -76.7 -81.1 -87.8
440 2.74E~-14 -75.8 -79.5 -86.9 3.40E-14 -76.4 -B0.7 -87 .4
450 5.07E-14 -75.4 -79.1 -86.5 &.27E-14 -76.0 -80.2 ~-87.0
460 9.23E-14 -75.0 -78.7 -86.1 1.14E-13 -75.6 ~-79.8 -86.6
470 1.65E-13 -74.7 -78.3 -85.8 2.03E~13 -75.3 -79.4 -86.2
480 2.92E-13 -74.3 -77.8 -85.4 3I.57E-13 -74.9 -78.9 -85.9
490 5.06E-13 -74.0 -77.4 -85.0 4.18E-13 =74 .6 -78.5 -85.5
500 8.67E~-13 -73.6 =-77.0 -B4.6 1.05E-12 -74.2 -78.1 -85.1
510 1.46E-12 -73.2 -76.6 -84.2 1.77E-12 ~-73.9 -77.7 -84.7
520 2.44E-12 -72.9 -76.1 -83.9 2.94E-12 -73.5 -77.3 -84 .4
330 4.01E-12 ~72.5 -75.7 -83.5 & .82E-12 -73.2 -76.9 -84.0
540 6.51E-12 -72.2 -75.3 -83.1 7.8CE-12 “72.9 -76.5 -83.6
550 1.04E-11 -71.8 -74.9 -82.7 1.25E-11 -72.5 -76.1 -83.3
560 1.66E~11 -71.4 -74 .4 -82.3 1.97E-11 ~72.2 -75.6 -82.9
570 2.60E-11 -71.1 -74.0 -82.0 3I.08E-11 -71.8 -75.2 -82.5
580 4 ,03E-11 -70.7 ~73.6 -81.6 4 .77E-11 -71.5 -74.8 -82.2
590 &6.19E-11 -70.4 -73.2 -81.2 7.30E-11 -71.1 =744 -81.8
600 $.42E~-11 -70.0 -72.7 -80.8 1.11E~-10 -70.8 -74.0 -81.4
610 1.42E-10 ~69.7 -72.3 -80.4 1.66E-10 -70.4 -73.5 -81.0
620 2.12E-1¢0C -69.3 -71.9 -80.1 2.48E-10 -70.1 -73.1 -80.7
&30 3Z.10E-10 ~58.9 -71.4 -79.7 3.66E-10 -69.7 -72.6 -80.3
640 4 4LTE-10C ~-68.5 -70.9 ~-79.2 S.30E-10 -469.3 ~72.1 -79.9
650 6.35E-10 -468.1 -70.46 -78.8 7.62E-10 -692.0 ~-71.6 -79.5
660 8.99£~10 -67.7 -70.0 -78.4 1.10E-09 -568.6 -71.1 ~-79.1
&70 1.26E-09 -57.2 -69.5 -78.0 1.57E-09 -68.2 -70.& -78.7
680 1.76E-09 -66.8 -69.0 -77.6 2.21E-C9 -467.8 -70.0 -78.3
690 2.44E-09 -66.6 -48.5 -77.3 2.00E-09 -67 .4 -69.6 -77.9
700 3.36E-09 -66.3 -68.0 -77.0 4.06E-09 -67.1 -49.2 -77.6
710 4 6Q0E-09 -66.1 -67.5 -76.6 5.47E-09 -646.8 -68.7 -77.2
720 6.24LE-09 -65.8 -67.0 -76.3 7.3LE-09 -66.4 -68.3 ~76.8
730 B.47E-Q9 -65.5 -66.5 -76.0 9.81E-09 -66.1 -67.8 -76.5
740 1.13E-08 -65.2 -66.0 -75.7 1.31E-08 -45.7 -67 .4 -76.1



750
760
770
780
790
800
810
820
830
840
850
860
870
880
8390
goce
710
920
930
940
950
960
F70
980
230
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100

1.51E-08
2.00E-08
2.63E-08
3.45E-08
.51E-08
-85E-08
.56E-08
.71E~-C8
1.24E-07
1.58E-07
2.01E-07
2.53E-07
3.18E-07
3.98BE-07
4.97E-07
6.17E~-07
7.64E-07
g.42E-07
1.16E-08
1.42E-0C6
1.73E-06
2.10E-0C6
2.55E-06
3.08E-04
3.70E-06
L. 45E-06
5.33E-06
£.36E-06
7.57E-06
8.98E-06
1.06E~05
1.26E-05
1.48E-05
1.74E~C5
2.04E-05
2.38E-05

N e

-64.9
-64.,6
-64.3
-64.0
~-63.8
-563.5
-63.2
-62.9
-62.6
-62.3
-61.9
-61.46
-61.3
-60.9
-60.56
-6G.3
-59.9
-59.6
~5%.2
-58.8
-58.5
-58.1
-57.7
-57.3
-56.9
-56.5
-56.1
-55.7
-55.3
~54.9
-54.5
-54.0
-53.6
-53.2
-52.7
-52.3
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Table 1

-65.5
~65.0
-64.5
~64.0
-63.5
~63.0
-62.5
-62.0
-461.5
-61.0
-60.6
-60.1
-59.6
-59.1
-58.%
-58.0
-57.5
-57.0
-56.5
-56.0
-55.5
-55.0
-54.5
-54.0
-53.5
-53.0
-52.4
-51.9
-51.4
-50.9
-50.4
-4%.9
~49.3
-48.8
-48.3
-47.8

{continued)
-75.3 1.73E-08
-75.0 2.29E-08
-74.7 3.01E-08
-74.3 3.94E-08
-74.0 5.13E~08
-73.7 6.65E-08
-73.3 B.59E-08
-73.C 1.10E-07
-72.7 1.41E-07
-72.3 1.80E-07
-72.0 2.29E-07
-71.6 2.89E-07
~71.3 3.63E-07
-70.9 4 .55E-07
-7G.5 5.67E-07
-70.°2 7.G5E-07
-49.,8 8.72E-07
-5% .4 1.07E~-0Q6
-69.1  1.32E-06
-458.7 1.6TE-06
-68.3 1.96E-06
-67.9 2.38E~-086
-67.5 2.88E-Q6
-67.1 3.47E=06
-66.7 4. 17E-06
-66.3 5.00E-06
-65.9 5.97E-06
~-65.5 7.11E-06
-65.1 8.44E-06
-64.7 F.99E-08
-64.3 1.18E-05
-63.9 1.39E-05
~63.4 1.64E-05
-463.0 1.92E-05
~&2.6 2.25E-05
-62.2 2.63E-05

-65.3
-65.0
~64.6
—64.2
-63.9
-63.5
-63.1
-62.8
~62.4
-62.0
-61.7
—61.3
-61.0
-40.6
£60.2
-59.9
-59.5
-59.2
-58.8
-58.5
-58.1

-57.8

-57.5
-57.1
~-56.8
-56.5
-56.1
-55.8
-55.5
-55.1
-54.8
-54.5
-54.1
-53.8

' -53.5

-53.1

-66.9
-66.4
-65.9
-65.4
-64.9
-64 .4
-63.9
-63.4
-62.9
-62.3
-61.8
-61.3
-460.8
-460.3
-59.8
-59.3
-58.8
-38.3
-57.8
=57.4
-56.9
-56.4
-55.9
-55.4
-54.9
=54.5
-54.0
~-53.5
-53.0
~32.6
-32.1
-51.6
-51.1
-50.6
-50.1
-492.6

-75.7
-75.3
-74.9
~74.6
-74.2
~73.8
~73.4
-73.¢
-72.7
-72.3
-71.9
-71.5
-71.1
-7C.8
-7C.4
-70.0
-69.7
-69.3
-68.9
-68.5
-68.2
~67.8
~67.5
-67.1
-66.7
~66.4
-66.0
-65.7
-65.3
-65.0
~84.6
-64.2
-63.9
-63.5
-63.2
-62.8
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Table I ({(continued)

PREVIOUS DATA THERMO. DATACL1990>
TEMP DYUCSO DYDCSO
T Kcal/mol Kecal/mol
300 -76.1 -75.9
310 -75.8 -75.6
320 -75.5 -75.4
330 -75.2 -75.1
340 -74.9 ~74.8
350 .~ Th.b -74.6
360 -74 .3 -74.3
370 -74.0 -74.0
386 -7%.8 -73.8
390 -73.5 -73.5
400 -73.2 -73.2
410 -72.9 -72.9
420 -72.6 -72.6
430 -72.3 -72.3
440 -72.0 -72.1
450 ~71.7 -71.8
460 ~71.4 -71.5
470 -71.1 -71.2
480 -70.8 -70.9
490 -70.5 -70.7
500 -70.2 -70.4
510 -6%2.9 -70.1
520 -69.6 -69.8
530 -6%.3 -69.5
540 -6%.0 -69.3
550 -68.7 -6%9.0
560 -68.5 -68.7
570 -68.2 -68.4
580 -67.9 -68.2
5%0 -467.6 ’ -67.9
&0C0 -&67.3 -67.6
610 -67.0 -67.4
620 -56.7 -67.1
630 -66.4 -66.8
640 -66.1 -66.6
650 ~-65.7 -66.3
560 -&5 .4 . -66.0
470 ~45.0 -45.8
680 -84 .7 -465.5
690 ~64.7 ~65.3
700 -64.7 -65.0
710 54 .6 -54 .8
720 ~-84.6 -64.5
730 -64.5 . -64.3
740 —-64 .4 -64.0
750 -64 .4 -463.8
760 -64.3 -63.6
770 —64 .2 -63.3
780C -64 .1 -63.1
790 -64.0 -62.9
800 -63.9 -62.6
810 ~-463 .8 -62.4
820 -563.7 -62.2
830 -63.6 -62.0
840 -63.5 -61.7
85C -463.3 -61.5
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Table I (continued)

-61.3
~61.1
-60.9
-460.7
~60.5
-60.2
-460.0
-59.8
-59.6
-5%.4
-59.2
-59.0
~-58.8
-58.6
-58.4
-58.2
-58.1
-57.9
~57.7
-57.5
-57.3
-57.1
-56.9
-56.8
-56.6
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Principal numerical data at an interval of 10°C, stored
on the file OXYPOTEN.DAT that was generated by the program
PURPLE.EXE together with the graphical data on the CRT.

DVALUESOUTPUTFROM’NHBPURPLECORD
(PC-VERSION) APRIL 6, 1992 (14h-41m-15s)

Based on PREVICUS DATA

TEMPERATURE=

PO2UO=1.458BE-
-43.03

DYYOD4=

Based on THERMO.

800 T F(I)= 5.850E-08 atm P(I2)= 3.232E-13 atm
13 PO2U4H=1.18&E-13 PO2U4M=9.885E-16 atm
DYOl2H= -63.47 DYO12M= —-73.648 Kcal/mol

DATA (1990)

TEMPERATURE= 800 T P{l)= 6.652E-C8 atm P(I2Y= &4.116E-13 atm
PO2U0=7.743E-14 PO2U4 =1.265E-13 PR2U4M=9  371E-16 atm
DYYD4= —-64.38 pYvyg12= -63.51 DYQ12M= -73.7%9 Kecal/mel
PREVIOUS DATA: DYUCSO= -63.91 Kcal/mal
THERMO. DATA(1990): DYUCSO= -62.64 Keal/mel
PCIy: MONATOMIC IQDINE PRESSURE OQVER CONDENSED Csl
P(I2): DIATOMIC IODINE PRESSURE OVER CONDENSED CsI
PO2UC: OXYGEN PRESSURE FOR U02+Cs2U04+Csl
POZ2U&, PC2U4H OXYGEN PRESSURE FOR UQ02+(Cs2U4012+Csl
PO2U4M: COXYGEN PRESSURE FOR U02+C52U4012+CSI+M002+M0
DYYO4: OXYGEN POTENTIAL FOR UQ2+Cs2U04+CsI
DYYO12,DYD12H: OXYGEN PCTENTIAL FOR Up2+Cs2U4012+Cs1I
DYO12M: OXYGEN POTENTIAL FOR UD2+Cs2U4012+CsI+Mo02+Mo
DYULSD: OXYGEN POTENTIAL FOR UQ2+Cs2UD04+Cs2U4012
PREVIOUS DATA THERMO. DATA(19903
TEMP PCID DYQO12H DYYC4& DYO12M PCID 0YYD12 DYYD&4 DYO12M
T atm Kcal/mol atm Kcal/mol
300 4 .99E-19 -80.8 -~85.4 -92.3 &6 .568E-19 -81.1 -86.4 -92.6
310 1.30E-18 -80.4 -85.0 -91.9 1.72E-18 ~-80.8 -846.0 -92.2
320 3.26E-18 -80.1 -B4.6 -91.5 4L.27E-18 -80.5 -85.7 -91.9
330 7.96E-18 -79.7 -B4.2 -91.1 1.03E-17 -80.2 -85.3 -21.5
340 1.89E-17 -79.3 -83.8 -90.7 2.43E-17 -79.9 -84 .9 -21.2
350 4. 34LE-17 -79.0 -83.3 -90.4 5.57E-17 -79.5 -84.5 -%0.8
360 9.74LE-17 -78.6 -82.9 -9G.0 1.24E-16 -79.2 -84.1 -F0.4
370 2.13E-16 -7B.3 -82.5 -8¢.6 2.70E-156 ~-78.9 -83.7 -90.0
380 4_.55E-16 -77.% -82.1 -89.2 S.75E-16 -78.5 ~83.2 -89.7
390 9.4BE-16 -77.5 ~-81.6 -88.8 1.19E-15 -78.1 -82.8 -89.3
400 1.93E-=15 -77.2 -81.2 -88.4 2.43E-15 -77.8 -82.4 -88.9
410 3.BSE-15 -76.8 -80.8 -88.1 4 ,83E-15 -77.4 -82.0 -BB.5
420 7.36E-15 -76.5 -80.4 -87.7 9.43E-15 -77.1 -81.5 -88.1
430 1.45E-14 -76.1 ~-80.0 -87.3 1.80E-14 -76.7 -81.1% -87.8
L40 2.74E-14 -75.8 -79.5 -B86.9 3.39E-14 -76.4 ~-80.7 -87.4
450 S.06E-14 ~-75.4 -79.1 -86.5 6.26E-14 ~-76.0 -80.2 -87.0
460 9.22E-14 -75.0 ~-78.7 -86.1 1.14E-13 -75.6 -79.8 -846.6
470 1.65E-13 ~T4.7 -78.3 -85.8 2.03E-13 -75.3 -7%.4 -86.2
480 2.91E-13 ~74.3 ~-77.8 -85.4 3.56E-13 -74.9 -79.0 -85.9
490 5.05E-13 -74.0 -77.4 ~85.0 6.16E~13 -74.6 -78.5 -85.5
500 8.65E-13 -73.6 -77.0 ~-84.6 1.05E-12 -74.2 -78.1 -85.1
510 1.46E-12 -73.2 -76.6 -B4.2 1.77E~-12 -73.9 -77.7 -B4.7
520 2.43E-12 -72.9 -76.1 -83.9 2.93E~12 -73.6 -77.3 -84 .4
53¢ 4 00E-12 -72.5 -75.7 ~-83.5 4. B1lE-12 -73.2 ~-76.9 -84.0
5S40 6.49E-12 -72.2 -75.3 -83.1 7.77E-12 -72.9 -76.5 -83.6
550 1.04E-11 -71.8 -74.9 -82.7 1.24E-11 ~-72.5 -76.1 -83.3
560 1.653E-11 -71.5 ~Th. 4 -82.3 1.96E-11 -72.2 -75.7 -82.9
5370 2.59E-11 -71.1 -74.0 -82.0 3I.07E-11 -75.2 -82.5

-71.8
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580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
ace
81¢
g2¢
830
840
850
860
870
880
890
900
210
920
930
¢40
F50
960
970
980
9gC
100¢C
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100

4.02E-11
6.17E-11
9.38E-11
1.41E-10
2.11E-10
3.09E-10
4 .45E-10
6.35E-10
8.99E-10
1.26E-09
1.76E-0%
2.44E-09
3.36E-09
4.60E-09
6.24E-09
8.42E-0%
1.13E-08
1.51E-08
2.00E-08
2.463E-08
3.45E-C8
4.51E-C8
5.85E-08
7.56E-08
9.71E-08
1.24E-07
1.58E-07
2.01E-07
2.53E-07
3.18E-C7
3.98E~Q7
4.97E-07
6.17E-07
7.64E-07
9.42E-07
1.16E-06
1.42E-06
1.73E-06
2.10E-06
2.55E-06
3.08BE-06
3.70E-06
4 _45E-06
5.33E-0¢6
6.36E-06
7.57E-06
8.98E-06
1.06E-05
1.26E-05
1.48BE-05
1.74E-05
2.04E-05
2.38E-05

TEMP
T

300
31¢

Table 2 (continued)
-70.7 ~73.46 -81.6 4.75E-11 -71.5
-70.4 -73.2 -81.2 7.27E-11 -71.1
-70.0 -72.7 -80.8 1.10E~10 -70.8
-69.7 -72.3 -BO.4 1.66E-10 -70.5
-69.3 -71.9 -B0.1 2.47E-10 -70.1
-68.9 -71.4 -79.7 3.65E-10 ~69.7
-68.5 -70.%9 -79.3 5.28E-10 -69.4
-68.1 -70.4 -78.8 7.62E-10 ~69.0
-67.7 -70.0 ~78.4 1.10E-09 -6B8.6
-67.2 —69.5 ~-78.0 1.57E-0% ~68.2
-66.8 -69.0 -77.6 2.21E-09 -67.8
-6&.6 -68.5 -77.3 3.00E-09 -67 .4
~66.3 -68.0 -77.0 4_.06E-09 ~67.1
-66.1 -67.5 ~76.6 5.47E-09 -66.8
-65.8 -67.0 -76.3 7.34E-09 -66.4
-65.5 -66.5 -76.0 9.81E-09 -66.1
~65.2 -66.0 -75.7 1.31E-08 -65.7
~64.9 -65.5 -75.3 1.73E-08 -65.3
-64.6 -65.0 -75.0 2.29E-08 -65.0
-64.3 -64.5 -74.7 3.01E-08 -64.6
-64.0 -64.0 -74.3 3.94E-08 -64.2
-63.8 ~63.5 =74.0 S.13E-08 -63.9
-63.5 -63.0 -73.7 6.65E-08 -63.5
-63.2 -62.5 -73.3 8.59E-08 -63.1
~62.9 -62.0 -73.0 1.10E-07 -62.8
~42.6 -61.5 -72.7 1.41E-07 -62.4
-62.3 -61.1 -72.3 1.80E-07 -62.0
~61.9 -60.6& -72.0 2.29E-07 -61.7
-61.6 -60.1 -71.6 2.89E-07 -61.3
-61.3 -59.6 -71.3 3.63E-07 -61.0
-60.9 -59.1 -70.9 4.55E-07 ~60.6
-60.6 -58.6 -70.5 S.47E-07 -60.2
-40.3 -58.0 -70.2 7.05E-07 -59.9.
-59.9 -57.5 -69.8 8.72E-07 ~59.5
-59.6 -57.0 -89 .4 1.07E-06  =-59.2
-59.2 -56.5 -69.1 1.32E-06 -58.8
-58.8 -56.0 -68.7 1.61E-06 -58.5
-58.5 -55.5 -68.3 1.96E-06 -58.1
-58.1 -55.0 -67.9 2.3BE-06 -57.8
-57.7 -54,5 -67.5 2.BBE-06 -57.5
-57.3 -54.0 -67.1 3.47E-06 -57.1
-56.9 -53.5 -66.7 4.17E-06 ~56.8
-56.5 -53.0 -66.3 S.00E-D6 -56.5
-56.1 -52.4 -65.9 S.$7E-06 -56.1
-55.7 -51.9 -65.5 7.11E-06 -55.8
-55.3 -51.4 -65.1 B.4LLE-0D6 -55.5
-54.9 -50.9 -64.7 9.99E-06 -55.1
-54.5 ~-50.4 ~-64.3 1.18E-05 -54.8
-54.0 -49.9 ~63.9 1.39E-05 -54.5
-53.6 -49.3 T -63.4 1.64E-05 -54.1
~53.2 -48.8 -63.0 1.92E-05 -53.8
-52.7 -48.3 -62.6 2.25E-05 -53.5
-52.3 -47.8 -62.2 2.63E-05 -53.1

PREVIOUS DATA
DYUCSO
Keal/mol

-746.1%1
-75.8

JAERI—M 92—065

THERMD. DATA(19903

DYULSO
Keal/mol

-75.9
-75.6

-74.8
=74 .4
-74.0
-73.3
-73.1
~72.7
-72.1
-71.6
-71.1
-70.6
-70.0
~6%9.6
-69.2
-68.7
-68.3
-67.8
-67.4
-66.9
-66.4
-65.9
-85.4
-64.9
-84 .4
-63.9

=634

-62.9
-62.3
-61.8
~61.3
-60.8
-60.3
-59.8
-59.3
-58.8
-58.3
-57.8
~57.4
-56.9
-5&6.4
-53.9
-55.4
-54.9
-54.5
=54.0
-53.5
-53.C
-52.6
-52.1
-51.6
-51.1
-50.6
-50.1
-49.6

-82.2
-81.8
-81.4
-81.0
-80.7
-80.3
-79.9
-79.5
-79.1
-78.7
-78.3
-77.9
-77.6
-77.2
~76.8
-76.5
-76.1
-75.7
-75.3
-74.9
-7T4.6
-74.2
-73.8
-73.4
-73.0
-72.7
-72.3
-71.9
-71.5
~-71.1
-70.8
-70.4
-70.0
-69.6
-69.3
-68.9
-68.5
-68.2
-67.8
-67.5
-67.1
-66.7
-64.4
-66.0
-65.7
-65.3
-65.0
-64.6
-64.2
-63.9
-63.5
-63.2
-62.8



320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490

500 .

51¢
520
530
540
5350
560
570
580
5%0
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870

880

890
F00
910
920
230

-75.5
-75.2
-74.9
-74.6
-74.3
-74.0
-73.8
-73.5
-73.2

- =72.9

-72.6
-72.3
-72.0
-71.7
-71.4
-71.1
-70.8
~-70.5
-70.2

-69.9

~69.6

-6%.3

-69.0
-68.7
-68.5
-68.2
-67.9
-67.6
-67.3
-67.0
-66.7
-66.4
-66.1
-65.7
-65.4
-65.0
-64.7
-&4.7
~-64.7
-64.6
-84.6
-64.5
64 .4
64 .4
-64.3
-64.2
-64.1
-64.0
~63.9
-63.8
-63.7
-63.6
-63.5
-63.3
-63.2
-63.0
-62.8
-62.7
-62.5
-62.3
-62.1
-61.9
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Table 2 (continued)



740
950
960
g70
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100

-61.6
-61.4
-61.2
-60.9
-60.6
-60.4
-60.1
-59.8
-59.5
-59.2
-58.9
-58.5
-58.2
-537.9
-57.5
-57.1
-56.8

JAERI-M 92—0865

Table 2 {(continued)

-59.6
~59.4
-59.2
-59.0
-58.8
-58.6
-58.4
-58.2
-58.1
-57.9
-57.7
-57.5
~57.3
-57.1
-56.9
-56.8
-56.6
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KA REE R E T KR R R AR R R RN R R R A R R AR AR AR F AR R XL IR IR AR KB XK XTI XX
CODE PURPLE
ig 3
to execute thermochemical calculations P
in the system U-Cs-C-I-Mo:

Cs It(s-N+C s+ C s2tar+ ] (gr+]2¢ad
UOQz2+x + Cs2U4012 + Cs I '
UQCz2+x + Cs2U4s012 + Cs 1 + MoO2+ Mo
UQC2+x + Cs2UOx + Cs 1
UQz2+x + Cs2Us012 + Cs2U 04
to better understanding of the U QQ2+x - { s 1 reaction to form

gaseous iodine and C s2U&s012 or (Cs2U 04, in the presence or
absernce of molybdenum.

The equilibrium partial pressures of monatomic fodine gas, P(I),
aver condensed C(Csl are obtained first at an interval of 1 C
from 300 to 1100 T.

The calculated data points of iodine pressures, corresponding
oxygen pressures and oaxygen potentials are connected from point
to point to form Lines on the printer output, using a graphic
package CalComp.

Earlier and mnew sets of Literature data of the standard free
energies of formation for elements and compounds are used
to compare the results of calculations.

REAL*8 A, X- A5, YR, YI, ER, XR, X1, TEMP, RX, CON
REAL*8 AAG, AA1, AA2., AA3Z, AAL, AI1, Al2, AI3
REALx8 AFO,AF1,AF2,AF3,AF4,AF4H,AF4IEA, AFS,POZ2UQ,-PC2U4,PD2U4H
1 +PO2UOH
REAL=*8 PO2U4M, CBRCOT.PL.LPI2.YY12, AFSMO, IXA
REAL=*8 DGI, PO2UOA, GAS
PARAMETER (N=4, N1=N+1)
PARAMETER ( IX = 6 2
DIMENSION A(N1Y, X(2,N3>
DIMENSION PIQOLD(BO3), PINEW(BO3)
DIMENSION XX(BC3),YYI(B803),YYI2(803).,YYD4(BO3),YY012(8C3),
YY0O12H(BO3) ~
DYOQ&4HCBO3), YYD4H(BO3)
+YYO2HH(B03), DYO2HH(E03)
© ,YYD2CC (8032, DYD20CC{803)
DIMENSION DYY04{(8Q3),DYY012(B03),XXC(B03), DYO12H(8C3),
1 YO12M{(B03), DY0D12M(803)., YYD41A(803), DYOLIACBC3)

AR O g

COMMON /DGINP/ AFO,AF1l., AF2, AF3,AF4,AF4H,AF4LIEA,AFS,AFSH,AF6MO
COMMON /XTEMP/ TEMP

COMMON /IODINE/ PIOLD, PINEW

COMMON /OXYGEN/ XX, XXC-YYI,YYI2,YY04,YY012, DYYD4,DYY012,YY0O12H,
1 DYD12H, YO12M, DYO12M, YYO4LIA,DYDAIA,DYO4LH,YYD4H
2 ,YYC2HH, DYO2HH, YYD2CC., DYD2CC

Fig. 1 TFORTRAN source list of the PURPLE code to calculate U-Cs-0-I-Mo
phase equilibria and to display the output data graphically
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GAS = 1.98719DC
CON = DLOG(10.DOD

MOLAR GAS CONSTANT, cal/K/mol
PO 50 K1 = 1, 5

IF (Ki1.E&.5) CALL PLTUCS
IF (K1.E@.5) GOTO 50

po 10 K = 1. 801
TEMP = K+572.15
XX{K) = 10C0./TEMP

IF (K1.EQ.2) THEN
CALL NEWDG(2)

ELSE
CALL DG(X12
ENDIF
ACl)>= AF1
A(2)= AF2
A(32= AF3
ATl = ACL)
AlZ2 = AC2)
AIZ = A(3D
All)= =-2.0D0x DEXP( -AI1/(GAS*TEMP))=*x2 x DEXP(-AL2/(GAS*TEMP))
AC2)= = DEXPC ~AILl1/ ( GASxTEMP)? '
A(3)= 0.DO
AC4)= 1.DO

ACS)= 2.D0xDEXP( —AI3/(GAS*xTEMP2)
CALL PLEQ4SCA-XD

IF ¢ X{1,1) .GT. 0.D0} THEN
PL = X(1.1D

ELSE

PI = X(1,4)

ENDIF

IF (K1.EQ.4) PIOLDC(K) = PI
IF (K1.E@.2) PINEW(K) = PI

POZUQ = PI*x*x2/DEXP( -AF4/(GAS*TEMP))
PO2UDA = PI*x2/DEXP( -AF4IEA/(GAS*TEMPI)
PO2U4 = PI/DSGRT(DEXP( -AF5/(GAS*TEMPY))
DG0O204 = GAS*TEMPxLOG(POZ2UD?

DGO201 = GAS*TEMPxLOG(PD2U4>

PC2UsH = PI/DEXP{ —AF5H/{(2.DO*xGAS*TEMP))
PO2UGH Plxx2/DEXP{ —-AF4H/(GAS*xTEMP)3}

DG2C4H = GAS*TEMP«LOG(PO2UGH)
YYC4H(K> = DLOG1O(PO2UOHD
DYO4H(K) = DG204H/1000.

X = —AF&MD/ (GAS*TEMP)

IXA = IX -100.DO

RX = 1.0D+45xPIl**2/DEXP(100.D02/DEXP(ZXAD
CONTINUE

POZU4M = DLOGIGC(CBROOT(RX)) - 15.D0

DGO2MO = GAS*xTEMPxPO2U4M=xCON

DGO21H = GAS*xTEMPxDLOG(PO2U4H)
LPI2 = 2.DO*AFO/(GAS*TEMPY+2.D0%DLOG(FPI)
LPI2 = LPI2/CON

Fig, 1 {continued)
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YYI(KD = DLCG1O(PE)

YYI2 (KD = LPI2

YYO&4 (KD = DLOG1OCPORUOD) .
YYO4IACKY = DLOG1OC(POZ2UCA)D
YY012¢(K) = DLOG10(FPO2U4)

DYYO4({K) = DG0O204/1000.

DYDLIACK) = (GAS*TEMP*DLOG(PD2UDA)>/1000.D0
DYY012(K)> = DGGC201/2000C.

YYD12H{K) = DLOG1O(POZ2U4H>
DYO12HC(KY = DGC21H/1000.

IF (K1.E@.1) YYOZ2HH(K)Y = YYO12H (KD
IF (K1.E@.1) DYO2HH(K) = DYO12H(X)
IF (K1.EQ.3) YYO2CC(K) = YYO12H(X)
IF (K1.EQ.3) DYC2CC(K) = DYD12H(K)
YO12M (KD = PO2U4M

DY0O12M(K> = DGCZ2MO/1000C.
CONTINUE

IF (K1.EQ@.1) CALL PLTPICK1>
IF (K1,EQ.4> CALL PLTPIC(K1}
IF (K1.EQ@.2) CALL PLTPI(K1>
CALL PLTPO2(X1>
CALL PLTLOZ(K1>

IF (K1.EQ.1> THEN

WRITEC 6,'"C1HY, /7 /7,470 1)

+1 SELECTED VALUES OUTPUT FROM THE PURFLE CORD’®
WRITE( 6,53 'P{I>: MONATOMIC ICDINE PRESSURE OVER'//
+' CONDENSED (CsI?

WRITEC 6,552 '"DYYO4L: OXYGEN POTENTIAL FCR UC2+Cs2UD4+CsIT

WRITEC 6,552 'DYY0D12,DY02CC: OXYGEN POTENTIAL FOR UO02+4Cs2U4012+°"
+//'Cs1?

WRITE ( &,55) 'DYO12M: OXYGEN POTENTIAL FOR UD2+Cs2U4012+CsI?

+/ 7P +Mo02+Mo?

WRITE ( 6,553 'DYUCSC: OXYGEN POTENTIAL FOR UD2+(Cs2U04+Csz2U4D12¢
ENDIF

FORMAT(/,8%,A)

FORMAT(BX.,A)

CONTINUE
END
- - - = = = - - - MAIN C(ABOVE: - - - - - = - - - - - - - - - = -
SUBROUTINE PLEQ4SCA, XD
TO SCOLVE E@.(1) USING FERARRIT™S METHOD (See Text)
REAL*8 Ar Xr AS, YR, B
REAL%B Z1, U,V,B1,B2,B3,B4
DIMENSION A(5), B(4d, X(2,4)
X(1-4) 0.0D0
X(2,-42 0.0DO

IF ¢ A(D .E@. 0.0DO > THEN
DO 10 JU=1-4

Fig, 1 (continued)
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B(JY = ACI+1D

10 CONTINUE

CALL PLEQ3IS(B,XD

RETURN

ENDIF

AS = A(52

Bl= A(13)/AS5

B2= A{(2)/A5

B3= A(3)/A5

B4= AC42I/AS

B(1) = (4.0D0xB3 - B4xB&)*xB1-BZ2xB2
B¢2) = B&*xB2-4.D0xB1l

B(3) = - B3

B(4) = 1.0D0

CALL PLEQ3S(B,X?
IF (X(2,12 .EQ. 0.0D0 ) THEN
1 = X{1,1)
ELSE
1 = X(1.3)
ENDIF
U = DSQRT ( DABS(Z1+B4xB4%.25DC-B32)
IF ¢ U .GT. 0.6D0 > THEN
V = ¢ B4xZ1%.,5D0 - B2)/(U+Ul

ELSE

V = DSQRT ¢ DABS(Z1%21x%.25D0-B12)
ENDILF

B(1> = Z1x.3D0+V

B(2) = B4x.5D0+U

B(3) = 1.000

CALL PLEGZS(B,X?
Do 20 J = 1, 2
XC1,0+23= X(1,0)
X(2,J0422= X (2,00
20 CONTINUE
B¢1Y = Z1%.5D0-V

B(2) = B&4x.5D0O-U
B(3> = 1.0D0

CALL PLEQ2S (B, X3
RETURN

END

SUBROUTINE PLEQ3S(A-X)

REAL=*8 Ar AD,A1,A2, A3,A4, X, B- YR
REAL*8 D, Q,U, V., CO, C1,02,C3,C4, C5, P3
REAL*8 S, T- R, QU, @V, C

REAL=*8 P

DIMENSION Al&>, B33, X(2,32

J
X(1,J) =
X¢(2,4) = 0.DO

10 CONTINUE

IF ¢(ACDD .EQ. 0.0DO )} THEN
DO 20 J=1.,3
B(JY = ACJ+1D
20 CONTINUE
CALL PLEQZS(B,XD
RETURN
ENDIF

Fig. 1 ({(continued)
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A3 = A{4)

IF (A3 .EQ. 0.0D0O) RETURN
AC= ACLD

Al= AC(2D

A2= A(3)

C0= A3 + A3+ A3

Cl1= A2/CO

€2= DSQRT(3.D0)*.5D0
€3= 1.00/3.0D0

C4= COxCO

C5= A2xA2

P = {( COxA1-C53/C4
= P*P=xP

q A2* (C5+C5-3.D0*COxA1Y+3.D0*C4xA0)/ (CA4xCD)
D xQ + 4.DOxP3

IF ¢ D .GE. 0.QD0 > THEN .

u - Q+DSIGN{(DSQRT(D), Q))x.5D0

IF ¢ U .NE. 0.0B0 > THEN
v

E

V

E

B2 o~

-P3/U

BU=DSIGN(DABS(U>*x%xC3.,U>
QV=DSIGN(DABS(VI=*C3,V)

¥(i,1> = 4dU+ @V -C1
X{1,2> = -(QU+ QAV)%.5D0-C1
X(2,2) = (QU - QV)=*C2
X(1,3) = X{(1,22
H€2,3) = =X(2,22
RETURN
ELSE
T= DATAN2(DSQRT(DABS(D)}, -Q)/3.D0O
C= DTOS(T?

$= DSQRT(1.DO- C=xC2xC2
R= DSQGRT(DABS(P))>=*2.D0

X{1,1> = C*R -C1

X(1,2) = -(Cx.5Dp0 + 3 > =R - C1
X(1,3) = -{(Cx.5D0 ~ 5 ) *R - C1
RETURN

ENDIF

END

SUBROUTINE PLEQ2SC(A,X)

REAL*8 A- Dr X, A5, YR, P.,Q
DIMENSION AC3Z), X(2,-2)

P o= —AC2)Y/ (A3 +A(3))
Q= AC1Y/A(3)
D= PxP -Q

IF ¢ D .GE. 0.DO > THEN

X(1,1) = P + DSIGN(DSQRT(D) ., F)
X€1,2) = ACLY/(X(1,10%xA(3))
X(2,1) = 0.DO
X(2.2) = 0.D0

ELSE

D= DSQRT(DABS(D))
X{1,1> = P

Fig. 1 (continued)



JAERI—-M 92—065

X{1.,2)

X(2,12

XC(2,23
ENDIF

nmn
= o

RETURN
END

SUBROUTINE DG(K13

PARAMETER ( IX = &6 2

REAL%8 X, A5, YR, YI, ER., XR, X1, TEMP
REAL=*8 AFO-AAO, AAl, AAZ2, AAZ, AA4L, AIl, AIZ, AI3
REAL=*8 AF1, AF2, AF3, AF&4,AF4H, AF4IEA, AF5,AF6MO
REAL*8 DGI

COMMON /DGINP/ AFO,AF1l,AF2,AF3,AF4,AF4H,AFLIEA, AF5, AFSH,AF6MO
COMMON /XTEMP/ TEMP

T = TEMP

IF ¢ T .GE. ®52.3 GOTO 50 .

IF ( T .GE. 899. .AND. T .LT. $52.0 ) GOTO 39
A= 3.39048E+06

B=-4.26978E+053

C= 7.25496E+C2

D= 9.18763E-C2

E=-1.96648E-05

F=-9.57385E+0C1

DGCSI = FEFJ(A,B-C,D,E-F,T)

GOTQ 60
30 A= 0.0

B=-3.71138E+05

= 2.11222E+02

D= 0.0

E= 0.0

F=-1.88317E+01
DGCSI = FEFJC(A,B-AC-D,E,F-T2

GOTO 60

50 A=-1.82000E+0%
B=-4.38313E+05

C= 2.83561E+02
D=-5.24000E-03

E= 4.91931E-07
=-1.81306E+01

DGCSI= FEFJ(A,B,C,D,E,F,T2?

IF ( T .GE. 952.0 > GOTO 100
A=-3.76346E+05
B= 8.39398E+04
C==2.69965E+02
D=-2.28015E-02

Fig. 1. (continued)
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E= 4.88B165E-06
F= 2.90821E+01

DGCS = FEFJ{(A-B,C,D,E,F,T)
6070 70
100 A= 0.0 ’
B= 0.0
C= 0.0
D= 0.0
E= 0.0
F= 0.0
DGCS = FEFJCA,B-C,D,E,F.T)
______________ - = m = § e a e e s m am a e s = -
70 CONTINUE
- - = = = = = = - =, = = = e ow e e v o CSZ ------------
IF ¢ T .GE. 952.0 > GOTO 80
A= 2.94354E+04
B= 1.1001%E+Q5
C=-2.92436E+02
0=-8.33307E-03
E= 1.58743E-06
F= 2.94975E+01 )
DGCS2= FEFJC(A-B.C,D,E,F,T)
GOTO 90C
80 A= —-1.072742857E+04
B= 1.371408730E+C1
C= 3,762500001E-C3
D= =2.027777778E-06
E= &4.166666667E-10
DGCS2= FEF(A,B,C,D-E,T)
DGCS2= DGCS2*4.184
———————————— - = = = = = (82 = = = = = = = = = e = e~
_______ .....____._.____I___-_________
?0 A=-7.43061E+03
B= 7.50287E+04
C=-3.51928E+01
D= 4,18658BE-04
E=-5.71646E-08
F=-2.32032E+C0
DGI = FEFJCA,B-L,D,E-F,TD
___________ __.____._I__.____._______
__________ _..____—_IZ_.—___—.-.-..___
A= 0.0
B= 0.0
C= 0.0
b= 0.0
E= 0.C
F= 0.0
DGI2 = FEFJCA,B,C,D,E,F,T)
______________ _.__...12____________

Fig. 1 (continued)
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AF1 = (DGCS+DGI-DGCSINY/4.184D0C
AF2 = (DGCS2-2.0D0xDGCSY/4.184D0
AF3 = (DGI2 -2.0D0xDGI)/4.184D0

- - - - - - = = = = = — —— UD2(BELOW}- - - - - =

IF (T .GT. 941 _AND. T .LT. 10483 GOTO 210
IF ¢T .GT. 1048 .AND. T .LT. 1405) GOTO 220C
IF (T .GT. 14053 GOCTO 230

A= 2.14488E+05
B=—-1.0BB89Y5E+06
= 2.07010E+02
D=-2.83435E-02
E= 1,00016E-05
F=-1.89768E+00
DGUD2 = FEFJ(A,B,C,D,E,F,TD

GOTO 150

A= 0.0000CE+0Q
B=-1.09028E+06
C= 2.45279E+02
D= C.0C000E+00
E= 0.00000E+CO
F=—9.84614E+00

pGguge = FEFJ(AIB)CIDIEIFIT)

GOTC 150

A= O.CO0Q00E+00

B=-1.09992E+06

C= 2.857B0E+02

D= 0.00000E+00

E= 0,00000E+QOQ

F=-1.4348CE+01

DGUOZ = FEFJCA,B,C,D,E-FsT)

GOTO 150

A=-6.23666E+06
B=-1.06875E+06
= 5.43188E+01
D==-7.083%3E-03
E= 3.31835E-07
F= 1.62456E+401
pGUDZ2 = FEFJ(A,B,C,D,E,F,T2

150 CONTINUE

—————— - = = - = - —- Mo02(BELOW)- - - - - -

A=-590149.771

B= 195.13011¢

£=-1.236964E-02

D= 1.061666E~06

E= 0.0

DGMODZ = FEF(A, B, C, D, E- T)

—————————————— MoD2 (ABOVE)- - - - - -

IF ( K1 .EQ@. 2 » GOTQ 330

————————— - — - -~ (S2U04(BELOW)- - - - =

Fig. 1 (continued)
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IF (T .GE. 952.) GOTOD 203
DGUO4LH = —-1926300. + 410.8x%T
GO TO 204
DGUOGR = =2061900. + 553.2xT
AF4H = (DGUO4H +2.0DOxDGI-
ENDIF
————————————— CS2U04 (ABOVE)
IF (T .GE. $52.) GOTO 240

A=-3.61446F9E+06
B=-1.87207E+0Q¢6
C=-6.86189E+02
D=-2.4%533E-01
E= S.94742E-05
F= 1.79857E+02
DGUQO4 = FEFJ(A,B-C,D,E-F.T)

GOTO
A= 0.0

180

 B=-2.05474E+06

C= 4.91492E+02

D= C€.0

E= 0.0

F= 8.77206E+00

DGUO4A = FEFJ(A,B,C,D,E-F,T)

CONTINUE

IF (K1.NE.4> GOTO 280

IF (T .GE. 952.> GOTO 247
A= -1624354.905

B= ~1424.31246

C= 4&,.12776667

D= -4.0401111E-03

E= 1.4583333E-06

bsUO&4A = FEF(A,B,C-D,E.TO

GOTO 280

A= -1653191.00
B= -222.860000
C= 0.37340000

CS2UQ4(BELOW)- - = - - =

p= 0.
E= Q.
DGUO4LA = FEF(A-B,C,D,E-T>
—————————————— CS2UD4CABOVEY- — = = - —
CONTINUE
——————— - - = = — —= (S2U4012(BELOW)- - - - -
IF (T .GE. 952.2 GOTO 250
A= 0.0
B=-5.57810E+06
= 1.089C0E+03
= 0.0
= 0.0
= 0.0
Fig. 1 (continued)
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300

DGO12
GOTO

A= C.0
B=-5.71360E+06

FEFJ(A,B,C-D,E,F,T2

C= 1.23140E+03
D= 0.0
E= 0.0
F= 0.0 .
D12 = FEFJ(AIBICIDIE(F/T)
——————————————— CS2U4012(¢ABOVEY)- - = = = = = = = —- =
CONTINUE
IF (K1 .EG. 4) GO TO 403
IF (K1 .E&@. 1> THEN
GO TO 400
ELSE IF (K1 .EQ. 32 THEN
GO TO 403
ENDIF
CONTINUE
IF (T .GE. ®52.) GOTQ 770
DGO12K = —-557390C. + 1075.0%T7
GO TC 800
DGOt2H = =5709500. + 1217.4x*T
IF {(K1 .NE. 3)>.AND.(K1 .NE. 42) GOTC 800
IF (T .LT. B98.) GOTO 404
A= -1.29458B46BLE+06
B= 1.72346175E+02
€= 4.39217337E-02
b= 0.0
E= 0.0
DGO12C = FEF(A,B-C-D-E.T2
pDGO12C = DGC12Cx4.184
GOTC 405
= =1.3347238E+06
B= 2.7086472E+02

€= =-1.8371212E-02

b= -7.5757575E-07

E= 3.787878BE-09

DGO12€ = FEF(AIBICID!EIT)

DGD12C = DGO12C*x4.184

DGOLI2H = DGEO12C

CONTINUE

CONTINUE

AF4 =

AF5 =

IF (K1 .EG. &) GOTO 888

AFSH = (DGD12H +2.00xDGI

AF6MO = (DGD12H +2.0D0=DGI+DGMOO2

IF (K1 .EQ. 1) RETURN
Fig. 1

(DGUD4L+2.000%DGI-2.D0*DGCSI-DGUO2Y/4.184D0
(DG012+2.C00*DGI-2.D0%DGCSI-4.DOxDGU02Y/4.184D0

2.x%DGCSI-4 . xDGUO2)/4.184
~2.D0O*DGCSI-4.DC*DGUOZ2Y /4 .184D0

{continued)
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IF (K1 .EQ@. 2 ) RETURN
IF (K1 .EQ. 3 ) RETURN

888 (CONTINUE
AF4LIEA = (DGUC4A + 2.DO0=*DGI -~ 2.DC*DGCSI - DGUD2)/4.184D0

IF (K1.EQ@.4)
+AF6MO =(DGO12C +2.DO*DGI +DGMODZ ~2.DO0*DGCSI -4.DCxDGUDNZ2)/4.184D0

RETURN
END

SUBROUTINE  PLTPI(K1)
PLOTTING IODINE PRESSURE V5. TEMPERATURE : 3 —F4HHE 7oy b

REALx8 YYI?Z
DIMENSION YI2S(593), XX25(593)
DIMENSION XX(BO3),YYI(BO3).,YYLI2(B03),YY04(B803),YY0D12(803),
YYO12H(BO3) ,
DYOLH(BO33, YYC4LH(BO3>
+YYOZ2HH(803), DYOZ2HH(BO3)
£YY02CC (8033, DYD2CC(B03)
DIMENSION DYYQ4(BQ3),DYY0D12(B03),XXC(B0O3)-DYO12H(BOI)
1,Y012M(8C3), DYO12M(B03), YYO4IACBC3), DYOQ4LIA(BO3)

BN N e

COMMON FOXYGEN/ XX XXC,rYYI1,¥YYI2,YY04.YYO12, DYYO4,.DYYO12,YY01Z2H,
1 . CYD12H, YO12M., DYD12M, YYO4LIA-DYQ4IA.DYO4H,YYO4H
e YYO2HH, DYD2HH,YY02CC, DYDZ2CC

DIMENSION TV (1)
DIMENSION BUFF(1024)
CALL PLOTS(BUFF(1),1024)
CALL FACTOR(1.8)

00 10 1I=1, 801

YYICIY) = —- YYIC(D)

YYI2(Iy = - ¥YYI2(I)
10 CONTINUE

TV(1) = 10.0

XL=100.

YL= 80.

CALL PLOT(20.,20.,-3)

CALL SCALE(YYI,YL,801,1-TV(1)?

YYI{(8C2)= 19.0

YYI(803>= -16./YL :

CALL AXISC(0.,0.,"-L0OG P{(I-I2>, ATM',17,YL,90.,-¥YYI(8022,
1YYI(803),TV 1))

CALL SCALEC(XX,XL,801,1,TV(13)
Xx¢goz) = 0.70
XX(BO3> = 1.20/XL
CALL AXISCO0.,-0.,71000/T{(K)",-9,%L,0.-XX(BO2),XX(BO3),TV(1))
CALL PLOT(XL, 0. .33
CALL PLOTC(XL-,YL,2D
CALL PLOTC(O.,YL,3)

Fig. 1 (continued)
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BAR = 1.75
po 200 IT = 1100, 300,-10
IF (MOD(IT,100).EQ.0)> THEN

BAR= 1.75
ELSE
BAR= 0.75
END IF
T=IT
XLOC= 1000./(T+273.15}
AA = (XLDC -XX{BO2):/XX(803)
8B = YL + BAR

CALL PLOT (AA,YL.2)
CALL PLOT (AA,BB-2)
CALL PLOT (AA,YL.3)
IF (IT .NE. 300> GO TO 200
CALL PLOT (Xb.,YL.,2)
CONTINUE .

CALL LINE(XX,YYI,801,1,0,02

CALL SYMBOL(40.,46.0-,2.0,"MONATOMIC IODINE PRESSURE™
1 ~0.,25)

CALL AROHD(C 55., 44., 51., 35., 3., 2.5,11)

po 110 L = 1, 801
IF ¢ L .LE. 210 ) GOTO 110

YI2S(L~210> = YYIz2(L)
XX25(L-210) = XX(L>
CONTINUE

XX28(592)=XX(8B02)
XX28(593)r=XX(803)
Y125(592)=YY1(802)
YI125¢593)=YY1(803)

CALL LINE(XX2S,Y12S, 591,1,0,0)

CALL SYMBOL(22.1.30.0,2.0,'DIATOMIC IODINE',0.,15)
CALL SYMBOL(25.,27.0-2.0,"PRESSURE',0.,8)

CALL AROHD( 38., 25., 37.- 15., 3., 2.5, 11)

CALL SYMBOL(7.,76.0,1.5,"EQUILIBRIUM IODINE PRESSURES'

*//' OVER CONDENSED CESIUM ICGDIDE'.,0.,57)

IF (K1.EQ@.2) THEN

CALL SYMBOL(30.,70.-1.5,'ALL SOURCES ARE FROM “THERMOCHEMICAL'//
+' DATA OF" ,0.,44)

CALL SYMBOL(30.,68.,1.5,'REACTCR MATERIALS & FISSION'//
+' PRODUCTS (1990)"."' ,0.,45)

ENDIF

CALL SYMBOL(30.,87.0,2.6,"TEMPERATURE, ' ,C.,13)

CALL GSCHAR( 99%9.0 ,87.0,5 ,'T"' »111,~-1

CALL SYMBOL(&4.,B3..,2.0,71000 800 50077

1 I00" ,0.,43)

CALL SCALECYYI,YL,-801,1,TV(13)

YyYicaozry= 19.0

YYI(803)= ~16./YL

CALL AXISC XL,O0.." ',-10,YL,90.,YYI(BORD L YYIC(BO3D, TV (12D

BAR = 0.6

CALL PLOT ¢ 100., 0., 3)
po 202 1 =1, 15

YK = 1

YK = YK*80./16.

CALL PLOT ¢ 100., YK » 32

Fig. 1 (continued)
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IF (MOD(I, 2) .ER. @) GOTOQO 20¢Z
XK=100.+BAR
CALL PLCT ¢ XK, YK - 2)
CALL PLOT (¢ 100.., YK, 33
202 CONTINUE
C
CALL PLOT ( 0., 0., 3)
po 303 I = 1, 15
YK =1
YX = YK*x80./16.
CALL PLOT € 0., YK .32
IF (MOD(I, 2> .EQ. Q> GOTO 303
XK=0.-BAR
“CALL PLOT (¢ XK, YK » 23
CALL PLOT € 0., YK, 32
303 CONTINUE
c
CALL PLOT ¢ C., 0., 33
DO 404 I = 1., 99
XK = 1
XK = XK=x100./100.
CALL PLOT ¢ XK,0. -3
IF (MOD(I,10) .EQ@. 0) GOTOD 404
YX=0.-BAR
CALL PLOT ¢ XK. YK » 22
CALL PLOT ( XK, D., 32
404 CONTINUE
CALL NEWPEN(2)
CALL PLOT ¢ 0., 0. » 3}
CALL PLOT (100..0.., 2)
CALL PLOT (100.,80., 27
CALL PLOT ¢ 0.,B80. ., 22
CALL PLOT ¢ 0., 0., 2)
c
CALL PLOT{(150.,-10.0,-3)
CALL PLOT(0.,0.,-666)
CALL PLOT(C.,0.,99%)
RETURN
END
C .
C = = = = = = o= = = — - e e e e o mm e e E e = m —m e = ==
SUBROUTINE PLTPOZ2{(K1)

MHESE oy b

<

C -

C PLOTTING OXYGEN PRESSURE VS. TEMPERATURE :
C

REAL*8 YYI2, GAS

DIMENSION XX(803).,YYI{803).,YYI2(B03),YY04(803),YY0D12(803:,
YYQOL12H(BC3) » '
DYD4H(BO3) .,
FYYO2HH(803)Y, DYOR2HH(BO3)
,YY0D2CC(BO3Y, DYCQ2CC(BOD)

DIMENSION DYYD4(B03),DYYO12(BO3),XXC{803),DY012H{BO3)

1, YO12M(803), DYD12M(B803),YYOLIA(B03), DYDLIA(BO3

DIMENSICON YCS2IA(703), XCS2IAL(703>

YYO4H (8032

£ e

XX, XXC,YYI,YYI2,YYD4, YYO12, DYYO4L-DYYO12,YYOL2H,
YO12M, DYC12M, YYD4IA,DYOLIA,DYO4H,YYO4R
DYQ2HR,YYD2CC, DYD2CC

CCMMON /OXYGEN/
1 DYDL2H.,
2 _ ,YYO2HH,

DIMENSION Tv(1l)
DIMENSION BUFF(1024)D

Fig. 1 (continued)
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GAS = 1.98719DC

DATA DGEXP / - 61000.0 /
DATA DGEXPM / - 720C0.0 /
CALL PLOTS(BUFF(1),1024)
TVl = 10.0

CALL FACTOR(1.8)

0o 1¢ I=1, 801

YYO&4(I) = - YYD&(ID

YYO4HCDD = - YYO&4HCID

IF (K1.EQ.4) YYD4IA(IY = - YYD4IACL)

YY012(I2 = - YYO1e2(I}

YO01zZM(I) = - YG1ZM({I)

IF (K1.EQ.42 GOTO 10

IF (K1.EQ.3> YYORQHHC(IY = - YYQ2HH(I)

IF (K1.EQ@.4) YYO2CC(I> = - YYQ2CLC(ID
YY012H(I> = - YYOIZ2H{(D)

10 CONTINUE
XL=100.
YL= 80.

CALL PLOT(20.-20.,-3)

CALL SCALECYYO4,YL-801,1,TV(13)
YY04{(802)= 44.00

YYD4(803>= ~ 40./YL
CALL AXISCO.,0.,"-1.0G PCD2), ATM',15,YL,90.,YYD4(8B02),YYD4(BO3)
1,TV(12) '

CALL SCALE(XX,XL,801,1,TV(1))
XX(802) = Q.70
XX (803) = 1.20/X%XL

CALL AXIS(0.,0.,"1000/TCK) ", -9,XL,0.,XX(B02)Y ., XX(BL3),TV(1)>

CALL PLOTC XL, 0. .3

CALL PLOT{ XL,YL,2)

CALL PLOT(O.,YL,3

BAR = 1.75

po 200 IT = 1100, 300.,-10
IF (MODCIT,100).EG.Q) THEN

BAR= 1.75
ELSE
BAR= 0.75
END IF
T=1T
XLOC= 1000./(7T+273.15)
AA = (XLOC -XX(8023)3/XX(803)
BE = YL + BAR

CALL PLOT (AA-YL,2)
CALL PLOT (AA-BB.2)
CALL PLOT ({(AA-YL,3)
IF (IT .NE. 300> GO TO 200
CALL PLOT (XL.,YL,2}
200 CONTINUE

CALL LINECXX,YY04,801,-1,0-0)

CALL SCTALECYYOA4,YL,B0OL,1,TVC(1))

YY04(802)= 44.00

YY04(803)= - 40./YL

CALL AXIS{XL -,0..,." Tr-14,YL,90.
1,YY04(BO2X,YYO4L(BO3>, TVI1)2

Fig. 1 (continued)
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C
B0 123 1= 1,801
YYO04<(I) = YYQ12(I>
123 CONTINUE
c

CALL LINE(XX,YY04,801.,1,0,0)
IF (K1.EG.3) THEN
DO 131 I= 1,801
YYD4(I) = YYOZHH(I)
131 CONTINUE
¢
CALL LINE(XX,YY04,801,1,0,0)
ENDIF
£ = = m ot m et o m m e e e e e e m e e m e e = e e e e m e am
IF (K1.EQ.4) THEN
DC 132 I= 1., BO1
YYO12H(I> = - YYG20C(I)
132 CONTINUE
CALL DLINE(4)

ENDIF
¢
L — = = = = - — = = = e = e e e e e e o e e w s e e o e e e e o
IF (K1.EQ.4) GOTO 202
IF (K1.EG.3)} CALL DLINEC(4)
IF (K1.E@.3> GOTO 202
= = = - - - = = = m e m e e e owm om e om em am m e o wu m mm e e en e e asa

IF ((Ki.EQ.1>.0R.(K1.EQ@.2)> THEN
DO 125 I= 1., 801
YYO4C(IY = YYO12H(I)

125 CONTINUE
CALL LINEC(XX,YYD4.,801,1-0-02
ENDIF :

202 CONTINUE

DD 126 1= 1, 801
YYO&d(l) = YO012M(I>
126 CONTINUE
CALL LINEC(XX-YYC4-801,1,0,0)
£ — = = = = s e e e e e e e e e e e e e
IF(K1.NE.4) GOTOD 3Q3
CALL DLINE(3)
303 CONTINUE
IF (K1.EG@.1) THEN
DO 127 I= 1., 801
YYO4CI> = YYO4H(I)
127 CONTINUE
CALL LINEC(XX,YY04.,801,1,0,-02
ENDILF

CALL SYMBOL(30.,87.0,2.6,'"TEMPERATURE, * ,0.,-13)
CALL GSCHAR(999.0 ,87.0.5 ,'T"' ,111,-1>

CALL SYMBOL(4.,83.,2.0,'1000 800 500'//
1 300" ,0..43)

CALL NEWPEN(2)

1000./1073.15
EXP(DGEXP/(1073.15xGAS))
-ALOG10(BY)

w
-«
oo

(AX-XX(BOZ2))/XX(BO3)
(BY-YY04 (802))/YYC4(BO3)

m
<
L

Fig. 1 (continued)
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CALL SYMBOL( AX, BY, 3.5

rs

AX
BY
BY

1000./1073.15
EXP(DGEXPM/(1073.15%xGAS?
~-ALOG1C(BY2

HoH

(AX-XX{802))/XX{(803>
(BY-YYD4(BO2)3/YY04(803)
SYMBOL(. AX, BY, 3.3
NEWPEN(1)

AX
BY =
CALL
CALL

1

'

BAR 0.6

CALL PLOT (100..-
pog 222 I =1, 39
YK I

YK YKx80./40.
CALL PLOT (100.., YK
IF (MOD(I, 5) .EG.
XK 1006.+BAR
CALL PLOT (XK, YK
CALL PLOT (1CC..,
CONTINUE

0., 33

3
GOTO

r
o

23
3

rd

YK,

CALL PLOT (0., 0., 33
DO 333 1 ir 39

YK I

YK YKx80./40.

CALL PLOT (0.,
IF (MODCI, 5)
XK C.-BAR
CALL PLOT (XK-
CALL PLOT (C..,
CONTINUE

YK
.EQ.

+33

0 G04TO

YK
YK~

2)
3

s

0.,
99

0., 33

1

CALL PLOT
DO 444 I
XK = I

XK = XKx100./100.
CALL PLOT ( XK.O.
IF (MODCI,10) .EQ.
YK = C.-BAR
CALL PLOT ¢ XK.
CALL PLOT ( XK.
CONTINUE

(

nnu

,3)

¢y GOTO

YK
C.

2)
3

rd

’

13.»
ig..»

3.5
1.6

CALL SYMBOLC 8..
CALL SyYmBOLC 12..,
£0.,32)

CALL SYMBOLC 8., 9., 3.3
CALL $yMBOoL( 12., 8., 1.6
*//"(EXPERIMENTALY',C.,40)

*

10,

14,

M 62—065

O.r -1 2

>

., -1

rs

222

333

Lbg

10, 0., -1 2
*=U02+CS2U4012+C8T (EXPERIMENTAL)®
14, 0., -1 2
'=UQ2+(S5204012+C5I+M002+M0O 7

IF ((K1.EG.1Y.0R.{(K1.EQ.4)> THEN
A= 26.

B= 23.

C= 13.

D= 19.

E= 16.

ENDIF

IF ¢K1.EQ.3> THEN

A= 27.5

B= 24.

Fig. 1

(continued)
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C= 21.
D= 11.
E= 18.
ENDLF

CALL
CALL

GSCHAR(C
GSCHAR(
CALL GSCHAR(
CALL GSCHAR(
IF (K1.EQ.2)
CALL GSCHARC
IF (K1.EQ.1>
1CALL GSCHARC
-IF {K1.EQ.3)
1CALL GSCHAR(C
IF (K1.E&.4)
CALL GSCHAR(
CALL GSCHAR(
ENDIF

IF (K1.EQ.1J
CALL SYMBOQOL(

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
ENDIF

GSCHAR(
SYMBOL(C
GSCHAR(
SYMBGL(
SYMBOL(C
GSCHAR(
SYMBOL(
SYMBOL (¢
GSCHAR(
SYMBOL(
GSCHAR(
SYMBOL(

IF (K1.EQ.2)
CALL SYMBOL(
CALL GSCHAR(
CALL SYMBOLC
CALL GSCHAR(
CALL SYMBOL(
CALL SYMBOLC
CALL GSCHAR(
CALL SYMBOLK(
CALL SYMBOL(
CALL GSCHAR(
CALL SYMBOL(
ENDIF

IF (K1.EG.3)
CALL SYMBOL(
CALL GSCHARC
CALL SYMBOL(C
CALL GSCHAR(
CALL SYMBOL(
CALL GSCHAR(
CALL SYMBOL(
CALL SYMBOLC
CALL GSCHAR(C
CALL SYMBOL(

JAERTI—M 92--065

91.,A, S st a" ,1i11,-1)
91.,B, 5 »7 Db "' »111.-1)
g1.,C, 5 ' C ' ,111,.-1)
$1..b, 5 ,'d"* »111.-1>
GOTD 555
21.-,E- 5 ,'e ' ,111,-12
2.,863.,5," C' r111,-13
2.,62..5,.7d" ,111,-1)
THEN
2.,64.-5,7Cc " 111,10
7ers72.-5,7d" »111,-1O
THEN
Sé., 71.5,1.6+~ TUp2+Cs2u4D12+CSI:T ,0.-17)
S8., 66.5- S5s Ta' ,111.-0)
63.+ 67., 1.6/ "=JAERI-MEMD'-0.,11>
58., 63., 5, Tt o,111.-12
63., bb.r 1.6+, *=HOFMANN & SPINQ',0.,163
Sé., 6C., 1.6, TUQ2+€S2U4012+4CSI+MO02+M02 0., 25D
58., 56.- 5, Te ' L1111
63., 57.- 1.6~ *=HOFMANN & SPINO',0.,16}
Sé.r S3., 1.6, TUQ24+CS2UQ4+CSIIY L,0..152
SB., 49., 5, rdr ,111.-12
6%3., 5C., 1.6~ T=JAERI-MEMO' ,0.-11)
58., 4&6.. S5r Te' S111.-1)
63., 47 ., 1.6~ T=HOFMANN & SPINO',0.,162
THEN
S54., 71.5-,1.6- 'UD2+CS2U4012+CS1I: ~0.,17)
58., 66.5/, 5 a' ,111,-1)
&3., 67., 1.6, TSHOFMANN & SPINOY .0.,162
58., 63., S5s bt o ,111.-1)
63., b4, 1.6, '=THERMO. DATA (1990)' ,0..20)
Sé., &0., 1.6/ YU02+CS2U4012+CSI+MO02+M0: " ,0.,25)
58., 56.-, S, Yot L1111
&3., 57., 1.6, "=THERMO. DATA (19%90>' ,0.,207
56., 53., 1.6, 'yp2+CsS2U004+CSI:t ,0..150
58., 49., 5s rdr ,111.-13
63., 50., 1.6+ "=THERMO. DATA (19902 ,0.,207
THEN
S&., 71.5,1.6 ., TUD2+CS2U4012+C81:" ,C.,17)
S8., 66.5» S ,7a' J111.-1)
63.7 67.-, 1.6,"=JAERI-MEMD",0.,113
58., 63., 5 ,"b" ,111,-1)
63., 64., 1.6-"=HOFMANN & SPINO',0.,16)
S8., 60.. S s'c' ,111.-12
63., 61., 1.6,"=CORDFUNKE & WESTRUM' ,0.,20)
56., 57., 1.6, 'U02+CS2U4012+CSI+MO02+MO:",0.,252
5B8., S53., s ,'dt L111.-12
63., S54., 1.6,'=CORDFUNKE & WESTRUM' ,0..20)
Fig. 1 (continued)
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CALL SYMBOLC( 56., 50.. 1.6 , 'UD2+CS2U04&4+CSI:* ,0.,152
CALL GSCHAR{ 58., 46.., S s'e!' £111,-12

CALL SYMBOL{ 63., 47., 1.6, "=JAERI-MEMO',0.,112

ENDIF

IF (K1.EQ.4Y THEN

CALL SYMBOL{ 56., 71.5,1.6 , 'U02+CS82U4012+C(SI+" ,0.,-17)

CALL GSCHARC(C 58.., 66.5, 5 .,'a'" »111,-1)
CALL SYMBOLC 63., 67., 1.6, '=JAERI-MEMO',0.-11>
CALL GSCHARC 58., &3.., S ,'h' s111.-13

CALL SYMBOL{ 63., 64., 1.6, '=CORDFUNKE & WESTRUM',0.,20)
CALL SYMBOL( 56., 60., 1.6, 'UD2+CS2U4012+CSI+MO02+4M0O:7,0.,252

CALL GSCHAR( 58., 56.» S s7c' s111.-10

CALL SYMBOL( é3., 57., 1.6+ *=CORDFUNKE & WESTRUM'™.,0.,203
CALL SYMBOL( 56., 53., 1.6 ., 'U02+CS52UQ4+CSI:T ,0.,135)
CALL GSCHARC 58., 49.., 5 ,7d7 ,111,-12

CALL SYMBOL{¢ 63., 50., 1.6, '=CORDFUNKE & OHARE' ,0.,.18)
CALL GSCHAR{ 58., 46.-, 5 ,'e’ »111,.-1)

CALL SYMBOLC 63., 47., 1.6, T"=JAERI-MEMO'.0Q.,110

ENDIF

CALL NEWPENC(Z2)

CALL PLOT ¢ 0., O. » 33
CALL PLOT (:00..,C., 23

CALL PLOT <¢100.,80., 27
CALL PLOT ¢ 0.,80. » 23
CALL PLOT ¢ 0., 0., 22

CALL PLOT(150.,-10.0,-3)
CALL PLDT(O0.,0.,666)
CALL PLOT(C0.,0,.,999)
C ¥ X ¥ %X X % %X X PLTPOZ
RETURN :
END
C

Lo = = m om = e e e -

SUBROUTINE PLTDOZ (K1)

PLOTTING CXYGEN POTENTIAL VS. TEMPERATURE : MMELR F ¥ v b Fuw b

o

s NN

REAL*8 YYI2, TEMP, GAS
DIMENSION PIOLDC(8C3), PINEW(EO3)
DIMENSION TMP2(801),TMP4(8013, TMFM(8Q1)
DIMENSION XCs(803), DYUCSC(803>, DYMD2(B8032
DIMENSION YCS2IA(703), XCS2IAC703)
DIMENSION XX{(BO3),YYI(BO3>-YYI2{(803),YYD4(803),YYO12(803),
1 YYO12H(B03>-YYO4H(803)
2 - YYOZHH(803)>, DYO2HH(8C3), UMOCSIC(E03)., DGMOO(8BO1)
3 ,YYD2CC(BO3>, DYQ2CC(BO3)
DIMENSION DYYOA(B03),CYYD12(803),XXC(8033,DY0O12H(803),
1 YD12M(803), DYQ12M(B03), YYD4LIA(BO3),DYOD4IA(803), DYOAH(BO3?
COMMON /OXYGEN/ XX, XXC,YYL,YYI2,YY04,YY012, DYYD4,DYYD12,YYD12H.,
1 DYO12H, YO12M, DYD12M, YYO&GIA,DYD4IA,DYO4H,YYOD4H
2 +YYOZHH, DYO2ZHH ,YY02ClC, DYOD2CC

COMMON /XTEMP/ TEMFP
COMMON /IQDINE/ PIOLD, PINEW
COMMON /UCSO/ XCS, DYUCSO, DYMOZ

DIMENSION TV(1)
DIMENSION BUFF(10Q24>

DATA DGEXP / - &1000.0 /
DATA DGEXPM / - 72C00.C /

Fig. 1 (continued)
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CALL PLOTS(BUFF(1),1024)
GAS = 1.98719DC

TV(1) = 1¢.0

CALL FACTCR(1.8)

IF (K1.E@.2) THEN

1, 801

DYYO12(I>

DYYO4(1)
TMPMCID DYQ12M(I2

53 UMOCSICI> = - DYO12M(I)
ENDIF

—
=
B
a8
—~
-
~

Honomwa

- IF (K1.EQ.2) THEN
po 19 I=1, 801

T= I + 572.15

A= -590544.6571

B= 194 .50309524

C= -1.25857143E-02
D= 1.208333333E-06
E= 0.0

19 DGMOC(I) = FEF(A,B,C,D,E,T)/(4.184%1000.)
L - - - - - e = e — - = = -~ MOD2 = = = = =~ = = - - - = -

IF (K1.EQ.4> THEN _
WRITEC(G,"C(//-,1X,A00) ' PREVIQUS " DATA
+ THERMO. DATA(19%0) "

WRITEC(S, Y (1A ALLIX A "D
+ 'TEMP P(I> DYQ2CC DYYO&4 DYQ1izM vrf
+ "P(ID LYygiz DYYO4 DYQi2M',' T atm vi/
+ ! Kcal/mol atm Keal/mol?

b0 18 1I=1,801, 10
ITMP=299 + 1
WRITEC &,1000) ITMP, PIQLDCIX>,DBYOQ2CCCI). DYYQ4C(I),DYCLI2MC(I),
+ PINEWCI>,TMP2C(I) ,TMP4C(I) »TMPMC(I)D
18 CONTINUE
ENDIF
1000 FORMAT(1X,I14,3X,1PE8.2, 3(3X,(0PF8.133,3%,1PEB.2,3(3X,(0OPF6.13))
C

b 10 I=1, 801
DYYO4C(IY = - DYYR&C(ID
DYC4HC(IY = - DYD4HC(IX
DYY012(IY = - DYY012(I)
DY012M(I> = - DYOD12M(I>
IF (K1.EQ.43 DYOLIALIY = — DYO4IACD?
IF (K1.EQ@.42 6070 10C
IF (K1.EQ.3% DYQ2HHC(I> = — DYOQZ2HHC(ID
IF (K1.E®.4> DY02CC(I> = - DYQ2CC(I)
DYD12H(I> = - DYQ12H(I)
1¢ CONTINUE
C
XL=10Q0.
YL= 80.
CALL PLOT(20.,20.,~3)
CALL SCALE(DYYO4.,YL,BO1,1,.TV(10D
C
DYYD4(B02) = 110.0
DYYO4(BO3) = - 64./B0.

Fig. 1 (continued)
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CALL AXIS(0..,0.,'-RT LN PCD2), KCAL/MOL',22,YL.90.
1,DYY04(802),DYYQ4(803),TV(1))

<
CALL SCALE(XX,XL-801,1,TV (13>
XX (802 = 0.70
XX(BO3) = 1.20/XL
CALL AXIS(O0.,0.,'1000/T(K3'",-9,%XL,0.,XX(B802),XX(BO32,TVI1))
CALL PLOT(XL, Q. 3D :
c

CALL PLOT(1CO.., 80., 27
CALL PLOT(0.,80.,-3)
BAR = 1.75
Do 20¢ IT = 110¢, 300, -10
IF (MOD{IT.100).EQ.0) THEN

BAR= 1.75

ELSE.

BAR= 0.75

END IF
T=1T

XL0C= 1000./(T+273.153
AA (XLOC -XX(BO2>)/XX(803)
BB 8C. + BAR

CALL PLOT (AA,80.,.2)

CALL PLOT (AA,BB-2)

CALL PLOT (AA,80.,3)

IF (IT .NE. 300> GO TO 200
CALL PLOT (100.,8C.,2)

200 CONTINUE
CALL LINE(XX:DYYDA »801,1,0-00

Do 123 I= 1,801
DYYOQ&(IY = DYY012(I)
123 CONTINUE
CALL LINE(XX,DYYD4 ,801,1,0,0)

IF (K1.E@.2> THEN

DO 223 I= 1,801

DYYODL{IY = ¢ 3.%xUMOCSICIX>+C.S5*DGMOOCIY )/ 2.5
223 CONTINUE .

CALL LINE(XX,DYYO4 ,801.,1,0,00

ENDIF
C__.,,__.____..____.___...__.____._._____....__
c

IF (K1.EG@.4> GOTO 202

IF (K1.EQ.3> CALL DLINE(Z2)

IF (K1.E@.3> GOTO 202

0o 126 I= 1,801

DYYD4C(I) = DYOL2HLID

126 CONTINUE
£ = = = = = = = = = . m m e m = e e = = = = — e = === = == -
¢

CALL LINECXX,DYYD4 ,801,1,0.-0)

c
C_.__....____...._____.___.___.._.___.____.__..—
202 IFC(K1.NE.4) GOTO 303
C
CALL DLINECL)
C
C__.____....._____..___..____.____...___.___.-.
c

303 CONTINUE

Fig. 1 (continued)
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DO 128 I= 1,801

DYYD4(I) = DYO12M(I}
128 CONTINUE
c
CALL LINE(XX,DYYD4 ,801-1-0-02
C
L — = = = = = = = = = e e e e - m = — = = = =~ .
201 CONTINUE
C
IF (K1.E&@.1> CALL DLINEC(2)
IF (K1.EQ.1> THEN
Do 127 I= 1,801
DYYQ4C(IY = DYO4LH{ID
127 CONTINUE
C
CALL LINE(XX,DYY04,801-1,0,03
ENDIF
£ = = = e — = e e m e e e m D — — o — m = — = = = - - === == - -

IF (K1.EQ.3) THEN
DC 131 I= 1,801
DYYQ4(I> = DYOZHH(I)
131 CONTINUE
CALL LINE(XX,DYYD4,8C1,1,0,02
ENDIF

IF (K1.EQ.4) THEN

DO 132 I= 1,801

DYO12H(IY = - DYQ2CC(I2
132 CONTINUE

CALL DLINEC(Z)

ENDIF

¢ .
CALL NEWPEN(2)

AX
BY
AX
BY
CAL
AX
BY

1000./71073.15

-(DGEXP/1C00.)
CAX-XX(B02)) /XX (803
(BY-DYYQ4(802))/DYYQD4 (803D

SYMBOLC AX, BY, 3.5 , 10, 0., -1
1000./1073.15

-(DGEXPM/1000.2

H W m wn i

AX (AX-XX(BO2Y ) /XX (8BO3D

BY = (BY-DYYC4(8C2)2/DYYD4(BO3)

CALL SYMBOL( AX, BY, 3.3 » 14, 0., =1
CALL NEWPEN(I1)

CALL $YMBOL(¢(30..87.0,2.6,'TEMPERATURE, ' ,0.,13)
CALL GSCHAR(¢ 999.0 ,87.0.5 ,'C' -111,-1)

CALL SYMBOL(4.,83.,2.0,71000 8GO0 5007/
1t 300" ,0.,43)

CALL SCALE(DYYQ4,YL,801,1,TV(1))

DYYQ4(B802) = 110.0

PYYO4(BO3)Y = ~64./80.

CALL AXIS(100.,.0.,' ',-26,YL,90.
1,DYY04(B02),DYYOD4(BO3),TV(1))

BAR = 0.6

Fig. 1 (continued)
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CALL PLOT ¢ 1C0.- 0., 3)
DO 505 I =1, 43
Yk =1
YK = YKxBO./64.
CALL PLOT ¢ 100.., YK -, 3)
IF (MOD(I, 8) .E@. 0> GOTOD 305
XK=100.+BAR
CALL PLOT ¢ XK, YK » 22
CALL PLOT € 100., YK, 32
505 CONTINUE

CALL PLOT (¢ 0., 0., 33
DO 606 I = 1, 63
YK I
YK YK*80./64.
CALL PLOT ( 0., YK .3
IF (MOD(I, 8> .EQ. 0 GOTO 606
XK=0.-BAR
CALL PLOT ¢ XK., YK , 23
CALL PLOT ¢ 0., YK. 3)
606 CONTINUE

CALL PLOT ¢ 0., 0., 3)
Do 707 I = 1, 99
XK = I
XK = XKx100./100.
CALL PLOT ¢ XX,0. ,3
IF (MODC(I,10) .EG. 0 GOTD 707
YK=0.-BAR . '
CALL PLOT ( XK, YK » 2)
CALL PLOT ( XK, C., 3
707 CONTINUE

10, 0., -1

CALL SYMBCL(C 8., 13., ’
» '=UD2+CS2U4012+CSI C(EXPERIMENTAL)'

CALL SYMBOLC 12.., 12.-,
¥ ,0.,32)

CALL SYMBOLC 8., 9., 3

CALL sYMBOL{ 12., 8., 1
*x/ /T (EXPERIMENTAL)Y ',0.,40

[ ]
.
[ V) ]

14, 0., -1
*=|)024CS2U4012+CSI+MO02+M0 !

Lo ¥

)

IF ¢({K1.EQ.1).0R.{(K1.EG.43> THEN

A= 37.
B= 33.
C= 18.
D= 28.
E= 25.
ENDIF
IF (K1.EQ.2) THEN
A= 37.
B= 33.
C= 18.
D= 28,
E= £5.
ENDIF
IF (K1.EQ.3) THEN
A= 39.
B= 36.
C= 33.
D= 19.
E= 27.
ENDIF

Fig. 1 (continued)
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CALL GSCHAR(
CALL GSCHAR(
CALL GSCHAR(
IF (K1.EG.2)
CALL GSCHAR(
CALL GSCHAR(
GOTO 555
ENDIF

CALL GSCHAR(
CALL GSCHAR(
IF (K1.EQ.1)
*CALL GSCHAR(
IF (K1.EQ.32
CALL GSCHAR(
CALL GSCHAR(
ENDIF

IF (K1.EQ.4D
CALL GSCHAR(
CALL GSCHAR(
ENDIF

IF (K1.EQ.1)
CALL SYMBOLC
CALL GSCHAR(C
CALL SYMBOLC
CALL  GSCHARCY
CALL SYMBOL(
CALL . SYMBOLC
CALL GSCHAR(
CALL SYMBCLC
CALL SYMBOL(
CALL GSCHARC
CALL SYMBOLC
CALL GSCHAR(
CALL SYMBOL(
ENDIF

IF (K1.EQ.2)
CALL SYMBOL(
CALL GSCHARC
CALL SYMBOL(
CALL GSCHARC
CALL SYMBOL(
CALL SYMBQOLC
CALL GSCHAR(
CALL SYMBOLC
CALL SYMBOL(
CALL GSCHARC
CALL SYMBOL(
ENDIF

IF (K1.EG.3)
CALL SYMBOL(
CALL GSCHAR(
CALL SYMBOL(
CALL GSCHAR(
CALL SYMBOL(
CALL GSCHAR(
CALL. SYMBOL(
CALL SYMBOL(
CALL GSCHARC
CALL SYMBOL(
CALL SYMBOL(

JAERI—M 92—065

21.,A, 5 ' "' F111,-12

91..,B, 5 ,' b’ 1111_/—1)

91.,€C, 5 »'Cc ' 111,10

THEN .

$1.,D, 5 74" ,111,.-1)

21.,E+ 5 ' k' ,111,-20

%1..D, 5 ,'d " ,111,.-1)

81.,E, 5 »'e " ,111,-1)

3., S5.,5,.7¢c 7 ,111,-1)

THEN )

2., 62.,5-'Cc 7 L111,-1)

Lo, 48.,5,7d" F111.-1)

THEN

3., 55.,5,7Cc " 111,10

7ers7 75.,5,7d" ,111,.-1)

THEN

S6., 71.5,1.6- 'Uf2+Cs2U4012+CSI3" L,0.,17)
S8., 66.5, 5. ta' ,111.-1)

83., &7.-, 1.6, '=JAERI-MEMO':0.111)

S58., 63., 5. b L1111

63., 64., 1.6, "=HOFMANN & SFPIND',0.,16)

S6., 60., 1.6, TUD2+CS2U4012+CSI+MO02+M0: ', 0.,25)
S58., 56., S, et o L,111.-10) ’

63., 57., 1.6+ '=HOFMANN & SPINO'.,C.,162

56., 53., 1.6+ *U02+CS2U04+CSIY ,0.,15)
58., 49., S tdr ,111,-13

&3., 0., 1.6~ "=JAERI-MEMO'" ,C.,-112

58., 4b6., Se Te' ,111.,-12

63., 47., 1.6+ "=HOFMANN & SPINO',0..,18)
THEN

56., 71.5,1.6- TU02+CS2U04012+4CSI ,0.-172
SB., 66.5, 5, a' ,111-.-1>

63., 67. 1.6/, T=HOFMANN & SPINO" ,C.,162
58., 63. 5, b ,111.-1) 7

63., &4, 1.6, "=THERMO. DATA (199C>' ,0.,20)
Sé., 60. 1.6~ *UD2+L£S2U4012+CSI+MD02+M0:"',0.,25)
58., 56.. 5, e L111.-10

&3., 57., 1.6, '=THERMO. DATA (19903' ,0.,20)
Sé., 53., 1.6, 'Uy02+LS2U04+CSI: ,0. 152

58., 49.., S, td T ,111.-12

63., 50., 1.6, '*=THERMO. DATA (19%90:'" ,0..,20)
THEN

S6., 71.5-,1.6 , TUQ2+CS2U4012+CSI:" ,0.,172
58., 66.5, 5 ,7a"' ,111,-1)

63.- 67.-, 1.6,"=JAERI-MEMOD',0.-11)

58., &3., 5 ,'b' L1111

63., 64., 1.6,"'"=HCFMANN & SPIND',0.,162

58., 60., S s'Cc' S111.-10

63., 61., 1.6,'=CORDFUNKE & WESTRUM' ,0.,202
S6., 57.- 1.6, "UQ2+C82U4012+CSI+MO02+M0O:"',0.,25)
58., 53.+ 5 ,7d"* ,111,-1D)

63., 54., 1.6,"=CCRDFUNXE & WESTRUM' ,0.,20)
Sé., 50., 1.6 » 'UDZ+CS2UQ4+CSIs" ,0.,15)

Fig. 1 - (continued)
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CALL GSCHAR(C 58., 46.. S s'e’ s111.-1)
CALL SYMBOL( 63., 47., 1.6, "=JAERI-MEMO',0.,11)°
ENDIF

IF (K1.EQ.4) THEN

CALL SYMBOL( 56., 7%.5.,1.6 » "U02+CS2U4012+CST:" ,0.-17)
CALL GSCHAR( 58., 66.5, 5 ,'a' ,111.,-12

CALL SYMBOL( 63., 67., 1.6+, *=JAERI-MEMO',0.,11>

CALL GSCHAR( 58., 63., 5 »'b " s1131.-10

CALL SYMBOLC¢ 63., 64., 1.6, '=CORDFUNKE & WESTRUM',0..,203
CALL SYMBOL( 56., 60., 1.6, 'UG2+CS2U4012+CSI+M0OC2+M0: ", 0.,25)
CALL GSCHARC 58., 56., 5 ,7¢c' 111,-12

CALL SYMBOLC 63., 57., 1.6+, *sCORDFUNKE & WESTRUM',0.,200
CALL SYMBOLC¢ 56., 353., 1.6 » 'U02+4CS2U04+CSI:* ,0.-13)
CALL GSCHARC 58., 4%.., S ,7d" ,111.-10

CALL SYMBOL( 63., 50., 1.6, '"=CORDFUNKE & OHARE™ ,0..182
CALL GSCHAR( 58.- 4é6.. S se' L111.-10

CALL SYMBOLC 63., 47., 1.6, '=JAERI-MEMO',0.,11)

ENDIF

CALL NEWPENC(Z2)

CALL PLCT ¢ Q., 0. » 32

CALL PLOT (100.-0., 2)

CALL PLOT (100..B80., 2}

CALL PLCT ¢ 0.,80. ~, 23

CALL PLCT ¢ 0., 0., 27

CALL PLOT(150.,-10.0.,-3)
CALL PLOT(D0.,0.,666)
CALL PLOT(0.,0.,99%9)
C -~ — — x ¥ % ¥ ¥ x x ¥ — - — PLTDOZ
RETURN
END

FUNCTION CBROOT(RX)

L = = = = = = = = = = = = = — — = - — — — = = -~

REALx8 RX
REALx8 CBROOT

DSIGN(DABS(RX)##%.3333333333333333D0-RXD
_5D0% (CBROOT +3.DOxRX/(2.D0xCBROOT*CBROOT+RX/CBROOT))

CBROCT
CBROCT
RETURN
END

£ = = = % = e e e e e = e e e e m m — e e e m e e = e — = e = e -

SUBROUTINE Cs82U04 (K2)

C = = = = = = = = — — = = ~ — - - e e e e m e e — A = = =

DIMENSION XCS{(B03>, DYUCSO(8O3>, DYMO2(803)
COMMON /sUCSO/ XCS, DYUCSO., DYMO2

IF (K2.EQ.1) GOTO 100
IF (K2.EQ.2) THEN

CALL NEWDG(1}

RETURN

ENDIF

100 DO 10 K = 1, 801
T = K+572.15

Fig. 1 (continued)
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220

230

IF
IF
IF

(T
(T
T

.GT.
.GT.
-GT.

241

A= 2.14488E+05
B=-1.08B8%95E+06
C= 2.07010E+02
D=-2.83435E-02
E= 1.00016E-05
F=-1.B976BE+CO
pGguU0Z =

GOTO - 150
A= 0Q.00000E+Q0
B=—-1.09028E+06
C= 2.45279E+0Q2
D= 0.0000CE+00
E= 0.0000CE+0QC
F=-9.84614E+00C
bguozZ =

GOTO 150
A= 0.D0000E+00
B=-1.09992E+06

C= 2.85780E+02

D= 0.00000E+0Q0
E= 0.00000E+CO
F=—1.43480E+01
DGUo2 =

GOTO 150
Az=-8.23666E+06
B=-1.06873E+06
C= 5.43188E+01
D=~7.08393E-03
E= 3.31835E-07
F= 1.62456E+01
bgug2 =

150 CONTINUE

240

IF (T .GE.
A=-3.61469E+06
B=-1.87207E+0Q6
C=-6.86189E+02
D=~2.49533E-01
E= 5.94742E-05
F= 1.79857E+C2
DGUO4A
DGUO&A

i H

GOTO 180

A= C.0O
B=-2.05474E+06
C= 4.91492E+02

1048
1405)

$52.)

JAERI—M 92065

LAND. T .LT. 1048)

AND. T

GOTO

Fig.

LT,

FEFJC(A,B,C/D,E-F,T):

FEFJ(A,B,C,D,E-F,T)

FEFJ(A,B,C,D,E,F,TO

FEFJ(A,B,C,D,E,F,TD

UQ2(ABOVEY- - -

CS2UQ4 (BELOWS

240

1

FEFJ(A,B,C,D,E,F,T2
DGUO&A / 4.184

(continued)

- - = - UD2(BELOW)= = = - = =~ = — = = —= - -
60T0 210
1405)  GOTO 220
60TC 230
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b= 0.0

E= 0.0

F= 8.77206E+00

DGUD4LA = FEFJ(AIBIC’DIE’FIT).
DGUO4A =

DGUO4A / &.184
- - - = = = = —— CS2UD4(ABOVE)- - - - = - = = = = -=

1
|

e e - m = - - = = = = = = - —— (S2U4012(BELOW)- - - == - - = - --

OO0

180 CONTINUE
IF (T .LT. 898.) GOTC 4G7

A = -1,2945868B4E+06
B = 1.72346175E+02
C = 4.39217337E-0Q2
D= 0.0
E= 0.0
DGC12 = FEF{A,B.C,D,E,T2
c
GOTO 406
C
407 A= -1.334723BE+C6
B= 2.7086472E+02
= -1.8371212E-02
D= -7.5757575E-07 -
E= 3.7878788E-09
DGo12 = FEF(A-B,C,D,E,T3
C
406 CONTINUE
C
£ - — = = = = = = = = = = — - —— (S2U4012¢ABOVE)- - = - - - - - - =
C
DYUCSOC¢K) = DGD12 - 3.0xDGUD2/4.184 - DGUOD4A
DYUCSO(K)Y = DYUCSO(K>/1000.
C
10 CONTINUE
RETURN
END
c
c - - U
SUBROUTINE DLINECKIND)
C = = = = = = = = = - m & - D m = = = = - - - - == = - = ===
C
REAL*8 YY12, TEMP
DIMENSION XX(BG3).,YYICBO3>,YYI2{(803),YY04(BO3),YYQL2(8033,
1 YYD12H(803), YYO4H(B03)
DIMENSION XCS(803), DYUCSD(803>, DYM(O2(8032
C
DIMENSION DYO4HAC(S30)., XXO4HA(S30)
DIMENSION DYO4HB(31)., XXCAHB(31)
DIMENSION DYC4A(398), XXD4A(398)
DIMENSION DYQ4B(37) ., XX04B(37)
DIMENSION DYYD&4(B03),0YYD12(803),XXC(B03),DYD12H(B03)
1 ,Y012M(B803), DYOD12M(BO3), YYD4IA(BO3), DYD&IA(B03), DYC4LH(BO3)
2 » YYO2HH{(BO03), DYO2HH(BO3)
3 ,YY02CC(BC3), DYO2CC(B03)
COMMON /OXYGEN/ XX, %XC, YYI, YYI2-YYD4,YY012,DYY04,DYYD12,YYOL2H,
1 DYO12H, YO12M.DYD12M,YYD4IA, DYC4LLA,DYO4H,YYO4LH
2 SYYO2HH, DYQ2HH,YYO2CC, DYOD2CC
C
COMMON /UCSO/ XCS, LYUCSO, DYMOZ
C

GO TO (4Q0,500,600,700,-800,9002, KIND

Fig. 1 (continued)
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KIND=1 02 POTENTIALS FOR UD2 + Cs2UD&4 + (sl

10

0o 10 L = 1, 801
IF ¢ L .GE. 529 > GGTO 10

DYO4HAC(L) = DYQ4LIACL)
XXO4HACLY = XX(L?
CONTINUE

XX04HA(529)=XX (802>
XX04HACS30)=XX(803)
DYO4HA(S529)=DYY04 (802D
DYDAHA(S30)=DYYQ4 (803D

CALL LINE(XXO4HA, DYO4HA, 528 ,1,0.03

K = -1
ba 20 I=t, 5
Do 30 L=1., 39
IF (MOD(L,39).EQ.02 K=K+1
IF (L .LE. 10} GOTOD 30
IF (L .EQ@. 3%9) GOTO 40
IF ({(I.EQ.1).AND.C(L.EQ.11}> K=K+1

40 IF (I.EG.1Y THEN
IL =L
GOTO 50
ENDIF
IF (L.EQ.39) THEN
IL = L + 39%(K-1)
GOTO 59
ENDIF
IL=L+39%K
50 CONTINUE
M= L-10
DYC4LHB(M) = DYD4IA(IL+528)
XXC&HB(M)Y = XX(IL+528)
30 CONTINUE
XXO4HBC3DY=XX(B802)
XX04HB(31)=XX(803
DYD4HB(30Y=DYYD4 (BO2)
DYO4HB(313=DYYO4 (803}
CALL LINECXXD&4HB, DYO4LHB, 29 ,1.,0.,00
20 CONTINUE
RETURN
KIND=2 02 POTENTIALS FOR UD2 + Cs2U4012 + CsI
500 DO &C L = 1, 801
IF ( L .GE. 397 ) GOTO &C
DYO4LACLY = DYO12H(L)
XXDAACLY = XX(L?
40 CONTINUE

XXOLA(397)=XX(802)
XX04A(398)=XX(803>
DYO4LA(3P7)=DYYDL(B02)
DYO&LA(398)=DYYQ4(BO3)

CALL LINECXXO04A, DYO4A, 396 ,1,0-00

K= -1
po 70 I=1, 9
DO 80 L=1, 45
IF (MODC(L,45).EQ.0Q) K=K+1
IF (L .LE. 10> GOTO 80
IF (L .EQ. 45> GOTO 90

Fig. 1 (continued)
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IF (¢I.EQ.1>.AND.C(L.EG.1132 K=K+1
g0 IF (I.EG.12> THEN

IL =1L

GOTO 100

ENDIF

IF (L.EQ.45) THEN

IL = L + 45*x(K-1)

GOTC 10¢C
ENDIF
It=L+45xK
100 CONTINUE
M= L-10 .
DYC4B(M) = DYO12H(IL+3%96}
XXO04B{(M> =

XX(IL+396)
80 CONTINUVE i
XXD4B(382=XX (58027
XX04B(372=XX(803>
DYC4B(36>=DYY04(802)
DYQ4B(37)=DYYD4(BO3)

CALL LINE(XX04B, DYOD4B, 35 ,1.0,02
70 CONTINUE
RETURN
L = = = = = = = — = = — = = = — = -
C KIND=3 02 PRESSURES FOR UD2 + Cs2UD4 + CsiI
400 po 1:0 L = 1, 801
IF ( L .GE. 529 ) GOTC 110
DYD&HACLY = YYO&4IAC(LS
XXQ4aHACLY = XX(L)
110 CONTINUE
XX0&HA(S529)=XX(802)
XX04HA(S530)=XX(803)
DYO4HA(529)= YY04(B02?
DYO4LHA(330)= YY04(BO3)
CALL LINE(XXO4HA, DYD4HA, 528 ,1.0.0)

K= -1
po  12¢ I=1, 7
DO 130 L=1, 39
IF (MODC(L,39).ERQR.O0) K=K+1
IF ¢L .LE. 10) GOTO 130
IF (L .EQ@. 39> GOTO 140
IF ((I.EQ.1).AND.(L.EQ.113> K=K+1
140 IF (I.EQ@.1) THEN
IL = L
GOTO 150
ENDIF
IF (L.EQ.39> THEN
IL = L + 39x(X-1D

GOTO 150
ENDILF
IL=L+39xK
150 CONTINUE
M= L-10
DYC4HB(MY = YYDLIA(IL+528)
XX04HB(M> = XX(IL+528>

130 CONTINUE
XXO04HB(303=XX(802)
XX04HB(31>=XX(803)
DYO4HB(30>= YYQ4(802)
DYQ4HB(31>= YYJ4(803)

Fig. 1 (continued)
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CALL LINE(XXC4HB, DYO4HB, 29 ,1.0.0}
120 CONTINUE :

RETURN
- = =-=-=-= - - == e T e Pt - = -
C KIND=4 02 PRESSURES FOR U002 + Cs2U4012 + Csl
70¢C Do 160 L = 1, 801
IF ¢ L .GE. 397 » GOTO 160
DYQ&ALLY = YYO12HLL)
XXO4ACLY = XX(L)
1460 CONTINUE
XXOLA(I97)=XX(BO2
XX04LA(398)=XX(803)
DYD4A(397)= YYD4(802)
-DYD4A(398)= YYD4&(BO3)
CALL LINE(XXD4A, DYO4A, 396 ,1,0,0)
c

K = =1

DO 1706 I=1. %

DO 180 L=1, 45

IF (MOD(L,453.EQ.0) K=K+1

IF ¢L .LE. 10) GOTO 180

IF (L ~EQ. 45) GOTOD 190

IF ({I.EQ.1).AND.C(L.EQ.113D K=K+1
190 IF (L.EQ.1) THEN

IL = L

G070 200

ENDIF

IF (L.EQ.45) THEN

IL = L + 45%(K-1)

GOTO 200
ENDIF
IL=L+45%K
200 CONTINUE
M= L-10
DYD4B(M) = YYC12HC(IL+396)
XX04B (MY = AXCIL+396)D

180 CONTINUE
XX0&B(363=XX(B02)
XX04B(372=XX{803)
DYQ4B(36)= YYD4(BO2Z)
DYD4LB(37)= YYO4(803)

CALL LINE(XX04B, DYD4B, 35 ,1.,0,03
17C CONTINUE

RETURN
C e um mw e am e e o am ww = e e em o wm owm — —= e e = P
€ KIND=5
800 RETURN
C__.__ _________________________
¢ KIND=6 02 POTENTIALS FOR U02 + Cs2U04 + (s2U4012
g00 CALL CSz2Uu04(1}

bo 260 L = 1, BO1
IF ( L .GE. 529 ) GOTO 260
DYO4HA (L) - DYUCSO(L)
XAOD4HA (LY XX (LD

260 CONTINUE
XXC4HA(529)=XX{802)
XX0&4HA(S30)=XX(B03)
DYD4HA(52%9)=DYY04(802)
DYO4HA(530>=DYY04 (8037
CALL LINE¢(XXD4HA, DYD4AHA, 528 ,1.,0.0)

I u

Fig. 1 (continued)
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OO0

290

300

280

270

K= -1
DO 270 1I=
DO 280 L=
IF
IF (L .LE.
IF (L .EQ.
IF ((I.E®Q.1
IF (I.EQ.1D
IL =1L
GOTO 300
ENDIF
IF (L.EQ.39
IL =L + 39
GOTD 300
ENDIF
IL
CONTINUE
M= L-10
DYO4LHB (M2
XXO&4HB (M2
CONTINUE
XX0&HB (30D =
XX0&4HB(31)=
DYO4LHB(30)=
DYD4HB(31)=

CALL LINEC(X
CONTINUE

RETURN
END

SUBROUTINE

JAERI-M 92—065

1. 7

1, 3¢

(MOD(L,39).EQ.0O) K=K+1

10 GOTC 280

39> GOTO 290

J.AND.(L.E®.112) K=K+1
THEN

> THEN
*(K-1>

=L+39%K

- DYULSOC(IL+5283
XX{IL+528)

non

XX{802)
XX(803)
DYYD4 (BOZ2D
BYYD4 (8032

X04HB, DYO4HB, 29 -1,-0.02

FLTUCS

PLOTTING OXYGEN POTENTIAL VS. TEMPERATURE : BEEF ¥ v )b T w |
I-PHASE FIELD: UG2 + Cs2U4012 + Cs2U0D4 ,

REALx8

DIMENSION
DIMENSIQON
DIMENSICN
DIMENSICN

Yyi2, TEMP, GAS .

UCS1¢(801>, UCSM1(801>,UCS52(801),UCSM2(80Q1>
XCS(BO03), DYUCSOC(803), DYMO2(803)

YCS2IAC703), XCS2IA(703)
XX{(BO3X,YYI(803),¥YYI2(803).,YY04A(8B03),YY012(803),

1 YYO12H{BO3),YYD4H(B803)

DIMENSION D

YY04 (803),0YYD12(B03) ,XXC(B8O3>,DY012H(B03)

1 YO12M(803), DYD12M(B803), YYD4IA(BO3),DYCLIA(BC3), DYD4H(BOID

2
3

1
2

+YYOZ2HH (80
LYYQ2CC (80
COMMON /OXY

COMMON /XTE
COMMON /UCS

DIMENSION T
DIMENSION B
GAS = 1.987
DATA DGEXP
DATA DGEXPM

CALL PLDTS(

3, DYOZ2HH(B03)

33, DYD2CC(BO3D

GEN/ XX XXC-YYI,YYI2,YYC4,YYD1l2, DYYD4,DYYD12,YYO12H,
DYD12H, YO12M, DYD12M, YYD4IA,DYO4I1A-DYDA4H,YYO4H
+,YY02HH, DYO2HH, YYO2CC, DYDZCC

MP/ TEMP
07 XCS, DYUCSO, DYMOZ

V1)

UFF(1024)

19DO
/ - 61000.0 /
/- F72000.C /

BUFF(12,-1024)

Fig. 1 (continued)
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V(1) = 10.0
CALL FACTOR(1.8)

po 10 I = 1. 801

DYYD4C(I) = - DYYO&4(ID
10 CONTINUE

XL=100.

Y= 80.

CALL PLOT(20.,20.,-3)
CALL SCALE(DYYQ&4,YL,801,1,TV(1))

DYYD4 (802D 110.0
DYY04 (8033 - 64./80.
CALL AXISC0..0.,"-RT LN P(0O2), KCAL/MOL',22,YL,90.
1,0YY04 (8022 ,-DYY04CBO3),TV(1)D
CALL SCALE(XX,XL-801,1,TV(13)
: XX(802) = 0.70
XX(803) = 1.20/XL

CALL AXIS(0.,0.,"1000/T(K)'",=-9,XL-0.,XX(B02) XX(B803),TV{1))
CALL PLOT(XL, C. »3)
CALL PLOT(100., 80., 22
CALL PLOT(C.,B80C.,3)

~ BAR = 1.75

DO 200 IT = 1100, 300, -10
IF (MODC(IT,100).EQ.0Y THEN

BAR= 1.75
ELSE
BAR= 0.75
END IF
T=IT
XLOC= 1000./(T+273.15)
AA = (XLOC —XX(BC2))/XX (803
BB = 80. + BAR

CALL PLOT (AA-80.,.2)
CALL PLOT C(AA,BB,2)
CALL PLOT (AA,80.,.3)
IF ¢(IT .NE. 300> GO TO 200
CALL PLOT (10C..B80.,-22
20C CONTINUE

po 111 K2=1, 2
CALL CS2U04 (K22

b0 34 I = 1, 801
DYUCso(Il» = - DYUCSOC(I?
IF (K2.EQ.1) UCS1(I) = - DYUCSOD(I>
IF (K2.EQ.2) UCS2(CI} = - DYUCSO(I>
34 CONTINUE
DO 130 I= i, 801
DYYD4C(IY = DYUCSOC(I)

130 CONTINUE

IF (KZ2.Eq.2) CALL LINEC(XX-DYYD4 ,B801-1-0-00
CALL GSCHAR( 30., 70. » 5 ,'a, b' ,111,-3
CALL SYMBDL( 43.0, 71. - 2.,'=UD2+CS2UD4+C52U4012" ,0.,20)
IF (K2.EQ.1> CALL DLINE(S)
111 CONTINUE

CALL NEWPEN(2)
AX = 1000./1073.15
BY = ~(DGEXP/1000C.)

Fig. 1 (continued)
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505

506

FO7?

-JAERI—M 92—065

AX = (AX-XX(802)3/XX(803>

BY = (BY-DYYC4(8022>/DYY04(803)

CALL SYMBOL¢ AX, BY, 3.5 , 10, 0., -1
AX = 1000./1073.15

BY = -(DGEXPM/1000.0

AX = (AX-XX(B023)/XX(803)

BY = (BY-DYY04(802))/DYYD4(BO3)
CALL SYMBOL( AX, BY, 3.3 , 14, 0., -1
CALL NEWPENCD)

CALL SYMBOL(3D.,76.,1.5,70XYGEN POTENTIALS,-KCAL/MOL
1 »0.,33)

CALL SYMBCL(30.,87.0,2.6,'TEMPERATURE, ' ,0.,13)
CALL GSCHAR( 999.0 .87.0.,5 ,'T' -111,~-1)

CALL SYMBDL(4.,83.,2.0,.'1000 800 500'//
1’ 300" ,0.,432

CALL SCALE(DYYD4,YL,801,1,TV(1)3

DYYD4 (802 = 110.0

DYYQ4L(803) = -64./80.

CALL AXIS(100..0..°7 ',=26-YL,%0.
1,DYY0D4{(B02),DYYOL(BO3),TV(1D)D )

BAR = 0.6

CALL PLOT (100., 0., 3

DO 505 I =1, 63

YK I

YK YK%80./64.

CALL PLOT ¢ 100.. YK ., 3}
IF (MOD(I, 8) .E@. 0)Y GOTO 505

XK=100.+BAR

CALL PLOT ¢ XK, YK » 22

CALL PLOT ¢ 100., YK, 3

CONTINUE

CALL PLCT ¢ 0., 0., 3

DO 806 1 = 1, 63

Yk = 1

YK = YK*xBO./64.

CALL PLOT ¢ 0., YK .3)
IF ¢(MODC(I., 8) .EQ®. 0) GOTO 60¢&
XK=0.-BAR

CALL PLOT ( XK. YK » 27

CALL PLOT ¢ C., YK, 32

CONTINUE

CALL PLDT ¢ 0., C., 33
po 707 I = 1., 99
XK = 1
XK = XKx100./100.
CALL PLOT ( XK,0. 3%
IF (MOD(¢1.,10) .EQ. 0) GOTO 707
YK=0.-BAR
CALL PLOT (¢ XK, YK , 2
CALL PLOT ( ¥Kr 0., 3
CONTINUE

- — — % ¥ x x % % % x — — — PLTUCS

CALL GSCHAR(C 30., 65. » 5 »,'a’' ,111.,-12

Fig. 1 (continued)
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CALL SYMBOLC 43.0, éé. , 2.."'"=THERMO. DATA (1990>'.,0.,20)
CALL GSCHAR( B.,65.- 5 ,'a' ,111.-1) -
CALL GSCHAR(C 91.,45., 5 ,'a ' ,111.,-1)

CALL GSCHAR(C 91.,40., 5 »'b ' ,111,-13

CALL SYMBOL( 10.,15., 3.5 » 1C, 0., -1

CALL SYMBOL(C 14.,14., 2. » '=U02+CS2U4012+CS1 C(EXPERIMENTALY'
* ,0.,323

CALL SYMBOLC 10., 10., 3.3 - 14, 0., -1

CALL SYMBOLC( td., 9., 2.,7=U02+CS52U4012+CSI+MO0Z2+M0 '

*x/ /P (EXPERIMENTALY',0.,-40>

CALL PLOT(150.,.-10.0,-32
CALL PLOT(0.,0.,666)
.CALL PLOT(0.,0.,-999)

WRITE(S6, " (1HL1,//,A0") PREVIQUS DATA*//

1 THERMO. DATA(1990}" :

WRITE(&,TCAJASY ") TEMP DYUCSO vif
+' DYUCSD Yo ko Kcalimal'//
+! Kcal/mol N

DO 28 I=1.,801, 10
ITMP=299 + 1
28  WRITE( 6,3000) ITMP,UCS1(I>, UCS2(D)

‘3000 FORMATC( 10X,14, S5X, F6.1 ,20X, F6.1 2

(%)

[N a]

s NeNeNe]

RETURN
END

SUBROUTINE NEWDG(K32

THERMOCHEMICAL DATA FOR REACTOR MATERIALS AND FISSION PRODUCTS (199C)
EDITORS:E.H.P.CORDFUNKE, R.J.M_KONINGS

PARAMETER ( IX = 6 ?

REAL=*8 TEMP

REAL=*8 AFO-AAQ, AALl, AAZ2, AA3, AAR4L, AIl, Al2, AI3
REAL=xS8 AF1, AF2, AF3, AF4,AF4H, AF4LIEA, AFS,AF6MOD
REAL=*E DGI

DIMENSION XCS (803>, DYUCSO(B03Z), DYMDZ2(B03>

COMMON /DGINP/ AFO0.AF1,AF2,AF3,AF4,AFAH,AFLIEA, AF5, AFSH,AFOMO
COMMON /fXTEMP/ TEMP
COMMON /UCSODs XCS, DYUCSO, DYMOZ

T = TEMP
IF (K3.EQ.2) GOTC 202

DO 10 K= 1, 801

T = K+572.15
G0 TO 101%
—————————————————————————————— €SI (BELOW)=mmmrm——=m——————mmmm -
202 IF (T .GE. 904.) GOTOD 50

A= -248706.042
B= ~-625.780703

Fig. 1 (continued)
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€= 1.4766164%9

D= -1.32772235E-03

E= 4.41470528E-07
DGCSI= FEF(A,B,C,D,E,TJ

GOTO 100

50 A= 1055762.56
B= —4850.18868
C= 6.28735750
D= —-3.50422425E-03
E= 7.27244355E-07

c
DGCSI= FEFCA,B,C,D,E,T)
C
L ~—m—m—rm e e e e 51 (ABOVE)-—————-——-——-——mmm e ————
c
L - - - = == == - - - = = = - - =-=-{5 == - - - - = = - - - =
c
100 IF (T .GE. 952.0) GOTO 120
A=  73084.250
B= -82.280500
(= 5.6250000E-03
b= Q.0
E= 0.C
o
DGCS= FEF(A.B-C,0,E.T)
G0 TO 13¢
120 DGCS = 0.0
4
Cmmm= == = = = = - T - B - - - -
c
T - - €S2 (BELOW) - - = = — = = -
C

130 IF (T .GE. 952.0) GOTO 125
A= 1012784.00
B= -5061.99583
C= 10.0833:2%92
D= -9.0119144646E-03
E= 3.00208333E-06

DGCS2= FEF(A,B,C,D,E-T)
GO TD 135

125 A= -42013.3428
B= 62.1546428
C= 4.3928571E-03
= —-2.5000000E-07

E= 0.0
C
DGCS2= FEF(A,B,C,.D,E,T)
C
C -=-=-=-=-=-=-=-=- - - - - - - - - - (52 (ABOVE) - - - - = - - - -
C
C - == = = = = = = = = = = = --=-=-1-=-=-=-=-=-=-=-=---- =
135 A= 75627.2000
B= -49.8308333
C= —2.09999999E-03
D= 3.95833333E-07
E= 0.0
c

DGI= FEF(A,B.C,D,E,T)

Fig. 1 (continued)
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C
C = = = = = = = = = = = = = =~ - - =] - - = - - - - - == == -
C
C - - - === - = = = = = = = e =
¢
bGIlz = 0.0
c
t--=-=-=-=-=-=-=-=--=--- ----12 - - - = =- - - - - - =
c
AFC = DGL/4.184D0
AF1 = (DGCS+DGI-DGCSIN/4.184D0
AF2 = (DGCSZ2-2.000xDGCSY/4.184D0
AF3 = (DGI2- 2.0DO0=*DGI3>/4.184D0
C
c - ---- T s s m e e e UD2(BELOW?~- = = = - - = = = - -— - -
c
101 = -1115154.72
B= 322.21367¢9
C= -0.24695303
D= 1.70575757E-04
E= -4.24242424E-08
DGUO2= FEF(A,B,C,D,E,T)
o
c - - =-=--=-=-=-=-=-=-=- - - - UD2 CABOVEY~ = = = = = - = = = —— = -
C .
C = - = == = = = = === - - MoO2 (BELOW)- = = - - = - — —- - == = =
A= -590544,6571
B= 194.50309524
C= ~1.25857143E-02
D= 1.208333333E-06
E= 0.0
c
PGMO02= FEF(A-B,C-D,E.T)
C
€ = = = = = = = = = = - - = = -= MoD2(ABOVE)- - - - - = = = = - -- -
C .
C - = === === - .- - - - -~ (S2U04(BELOW)= = = = - = — = = — —=
IF (T .GE. 952.) GOTQ 250
= -1009959.00
B= -4608.13499
C= 10.225299¢9
D= -9.1714999%E-03
E= 3.05999999E-0C6
DGUQ4= FEF(A,B-C.D,-E.T)
¢

GOTO 252
250 A= 1587919.575
B= -11826.80043
= 15.65373702
D= -8.73548354E-03
E= 1.81633337E-06

c
DGUD4= FEF(A,B-C,D,E,T)
c - -=-=-=-===- == = - = = —-= CS2UC4 CABOVEY - = - - - - - - - - -
c
C
C - - -=-=-=-=-=- === = = - -- CS2U4012(BELOWY- - = = - - - = —-= -
c .
252 IF (T .GT. B98.) GOTO 253
A= -4610559.80
B= -4181.15511
C= 10.7106394

Fig. 1 (continued)
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D= -9.65965462E-03
E= 3.23238484E-06
C
DGO12= FEFCA,B,C,D,E,T2
GOTC 300
C

253 A= —2264599.66
B= -10351.1514
C= 14.4402612
D= -7.99592640E-03
E= 1.64262461E-06

‘ DGOt2= FEF(A,B,C,D,E,T)
g - . m = = - - — - = - - — = == (S52U4012(ABOVE}>~- - ; - - - = -
C300 IF (K3.E@.1> GO TO 20
‘ AFL = ( DGUOL+2.DOxDGI-2.DO*DGCSI-DGUOZ >/4.18B4D0
‘ AFS = ( DGO12+2.D0xDGI-2.DO0xDGCSI-4.D0xDGUO2 2/4.184DC
€ & o o e e e o o = CS2UADIZCBELOWI- - - — — == - -
g P.Hefmann and J.Spino, J. Nuel. Mater. 127(19853205
¢ IF (T .GE. 952.) GOTO 770
DGO12H = -5573900. + 1075.0=*T
GO TO 8CO '

770 DGO1eH ~5709500. + 1217.4%*7
£ = = =~ - - - - - - = == - (52U4012(CABOVE)- - - - = == - =
800 AFSH { DGO12H +2.%DGI- 2.*xDGCSI-4.*DGUD2 3/4.184
AF&MO ( DGO12 + DGMOD2 + 2.%xDGI -2.*DGCSI-4.%DGUO2 >/4.184

TI 1

IF (K3.NE.1) GOTO 11 .
20 DYUCSO(K) = (DG0D12 - 3.0%DGUOZ - DGUO4I/ 4.184

DYUCSOCK) = DYUCSOCK)/1000.

10 CONTINUE

11 CONTINUE
RETURN
END

FUNCTION FEF(A,B-C,D,E-T2

FEF = A %+ Bx*xT + CxTxx%x2 + DxT#*x3 + ExTxx4
RETURN

END

FUNCTION FEFJ{A,B.C-D,E-F,T2
FEFJ = A/T + B + CxT + D*Tx*2 + ExTxx3 + FxTxALOG(T?

RETURN
END

Fig. 1 (continued)
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C ***¥¥*****3****#************************X*************x****i***t*t**

DYOQ4H,YYO4H.

¢
PRCGRAM PURPLE
¢ MARCH 18, 1992
c PC VERSION
C
C
C The usage of the PURPLE cord for the PC-versiaoen is as follows:
C Drivename (e.g.- A‘¥) > PURPLE CTEMP
C where CTEMP (integral number) is a command-Line parameter
G indicative of any temperature from 200 to 1100 T at which
C additional information is required.
[
C
INCLUDE "SYSREG®
REALx8 A, %X, A5, YR, YI. ER, FER, XR, XI, TEMP., RX
REAL*8 AAO, AAl, AA2, AA3Z, AA4, AlIl, AIZ2., AI3
REAL*8 DGI, GAS, CON
REAL=*8 AFO, AF1, AF2, AF3, AF4, AF4H, AF4IEA, AF5.
1 PO2UC., PO2UNA, PO2U4., PO2U4H, PD2UCH
REAL=*8 PO2U4M, CBRDOT, PI. LPIZ2, YYIZ2
CHARACTER®30 CTEMP
PARAMETER { N=4, Ni1=N+1)
PARAMETER ( IX = 20 3 :
DIMENSION PIOLD(803), PINEW(BO3)
DIMENSION A(N1Y, X(2-N) :
~DIMENSION. KX(BOS):YYI(803),YY12(803),YYUL(BOS);YY012(803),
1 YYD12H(BO3), YYO4H(BO03),YYD2ZHH(B03) ' '
DIMENSION DYYD4(BC3),DYYQ12(8033,XXC(803), DYD12H (80O3)
1,Y012M{803), DYQ12M(8C3), YYO4IAC(BO3)., DYD4LIA(BO3),DYDAH(BO3)
DIMENSION X(CS(803), DYUCSD(803), DYMO2(803) ,DYD2HH(803)
¥ umMoCsIc¢aosd
C
COMMCON /IODINE/ PICLD., PINEW
COMMON /DGINP/ AFO., AF1,AF2., AF3, AF4,AF4H, AFLIEA,AFS,AFSH,AF&MO
COMMON /XTEMP/ TEMP., C_RTP
COMMON /OXYGEN/ XX.XXC, YYL1,YYI2,YYD&,YYOD12, DYYQ4., DYY0D12-YYD12H-
1 DYD12H., YO12M., DYQ12M,YYD4LIA, DYOD4IA,
2 YYO2HH, DYOZ2HRH
COMMON /CASEND/ K1
COMMON /MOINTA/ UMCCSI, UMOCS
C
CALL PLOTS
CALL CLSX
CALL CLSC
OPEN - (20, FILE = "OXYPOTEN.DAT® ., STATUS= '0OLD"D
C
CALL GETCOM(CTEMPD
IF (LENGTH(CTEMP> .NE. 02 CALL C_RCONV (CTEMP)
C

NRITE(*,*)CHAR(Z?),CHAR(91);CHAR(49),CHAR(66)/CHAR(2?)/CHAR(??)

CALL RVIOL

WRITEC(*,107)

* CHAR(27), CHAR{($1), CHAR(52).,

¥ CHAR{27), CHAR(91), CHARC(115)

107 FORMAT¢(' PURPLE :', 8A1)
CALL RYEL

WRITE(®,108) CHAR(27).

CHAR(91)., CHARC(117).,

CHAR(51),CHAR(109) »

* CHAR(27), CHAR(91), CHAR(52), CHAR(54),CHAR(109)~

Fig. 2
for use in personal computer

FORTRAN source list for modified version of the PURPLE code
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* CHAR{27), CHAR(91), CHAR(115)

108 FORMAT(' ',3A1,' NOW UNDER CALCULATION.'.8AD
WRITE(*,109) CHAR(27), CHARCS1>, CHARC117)

109 FORMAT ¢ 7 ', 3A1,' Fof72 HEd )

GAS = 1.9871900

DO 50 Kt = 1, 5

DO 10 K = 1., 801
TEMP = K+572.15
XX{K) = 1000./TEMP

IF (K1.EQ.5) THEN
CALL NEWDG(2)

ELSE

IF (K1.NE.4) CALL DG(KD)

ENDIF

A{1)= AF1

AC2)= AF2

A(3)= AF3

ALl = AC1)

A2 = AC2)

AL3 = A(3)

ACld= -2.0D0x DEXP( —-AIL1/(GAS*TEMP))*x2 x DEXP(-AI2/(GAS*xTEMP))
A{2¥= - DEXP( -All/ ( GAS*xTEMP)? '
A(3)= 0.DC

AC4d)= 1.DC

A(5)= 2.D0xDEXP( —-AL3/(GASxTEMP)?
CALL PLEQ4SC(A-XD

IF ¢ X(1,1) .GT. 0.DO) THEN
PI = X{1-13

ELSE

P1 = X{(1,-4)

ENDIF

IF (K1.EQ.1) PIOLD(K) = PI
IF (K1.EQ.5) PINEW(K) = PI

PQ2U0 = Pl*x2/DEXP{ —AF&4/(GAS*TEMP))
PO2UOH = PI*x2/DEXP( —-AF4H/(GAS*TEMP2)
PO2UOA = PIxx2/DEXP{ ~AF4LIEA/(GAS*TEMPY)
PG2U4 = PI/DSQRT{(DEXP{ —-AF5/(GAS*xTEMP}))
DGoZ04 = GAS*xTEMP*LOG(PO2UQ>
DG204H = GASxTEMP*LOG(PO2UQH?
DGO201 = GASxTEMP*LOG(PD2U4)
POZU4H = PI/DEXPC -AFSH/(2.D0O*GAS*TEMP))
RX = PILxx2/DEXP{ -AF6MO/(GASsTEMPI)
PO2U4M = CBROQT(RXD
DGO2MO = GAS*TEMPxDLOG(PO2U4M}
DGO21H =  GAS*TEMP=*DLCG(POZ2U4H>
CON = DLCG(10.D0OD
LPI2 = 2.DO*AFC/ (GAS*TEMP)+2.D0*xDLOG(PI)
LPIZ = LPI2/CON
YYI (KD = DLOG10{(PI>
YYI2 (K> = LPIZ
YYO& (K> = DLOG1O(PO2UD)
YYO4LH(KY = DLOG1OCPC2UOH?
YYC4TACKY = DLOG10(PC2UOAY
DYD4TIA(K2 = (GAS*TEMPxDLOG(PO2UDA>)/1000.D0

Fig. 2 ({(continued)



JAERI—M 92—065

YY012(K> = DLOGIQ0(PO2U&4)
DYYD&4(K>Y = DGO204/1000.
DYO4K(KY = DGE204H/1C00.
DYYD12(K> = DGO2C1/1C00.
C
C _______ - e e e e e d e em o e e e e e e e ae s wm mm mm mm w
YYO12H(K> = DLOG10(PO2U4H>
DYD12H (K = DGO21H/1000.
IF (K1.EQ.1) YYQ2HH(K) = ¥Y012H(K)
IF (K1.EQ.1} DYCQ2HH(K)Y = DYOL12H (K>
C _________________________________ -
YO12M (K2 = DLOG10{PO2U4M)
DYO12M(K> = DGO2M0/1000C.
c _ = e e e e e e e e e e e e e e e e e e e em am e e e wm e e = = —_
IF (K1.EQ.5)
* UMOCSICK) = € UMOCS + 2.xGASxTEMP*LOG(PI} ) / 25CQ¢.
C _____ e e e e e e e e e e e e e e e e e e e = = = = as o -
10 CONTINUE
CALL FWRITE(K1>
C
IF ({K1.EQ@.1>.0R.(K1.EQ.5)) CALL PLTRIC(K1}
IF ((K1.EQ.1).0R.(X1.EQ.5>) THEN
WRITE(*x,%) CHAR(27), CHAR{(91),CHAR(5Q), CHAR(S51}, CHAR{(5%).
¥ CHARC(49)., CHAR(72)
PAUSE '":Input Y7 Ret.-key to continue.!
ENDIF :
C
CALL .CLSX
CALL CLSC
CALL CLSX
CALL CLSC
IF (K1.NE.4) THEN
CALL PLTPQZ2(K1>
WRITE(*x,%) CHAR(27), CHAR(91>,CHAR(50), CHAR(S51), CHAR{(5%).,
# CHAR(49), CHAR(?2)
PAUSE ":Imput Y; Ret.—-key to continue,’
ENDIF
C
CALL CLSX
CALL cCLSC

CALL PLTDO2(X1> .
WRITE(x,%) CHAR{(27Y., CHAR(91)>,CHAR(50), CHAR(51), CHAR(59}-
¥ CHAR(49), CHAR(72>

IF (K1.E@.5) THEN

PAUSE ':Numerical Data => Next Screen.'

ELSE :

PAUSE ': Input Y to continue.’

ENDIF

CALL CLSX

CALL CLSC

IF (K1.NE.5) THEN

WRITE(*,%x)CHAR(27),CHAR{(?1) ,CHARCLY) LHAR(L4),CHAR(273,CHAR(?77)

CALL RVIOL

WRITE(%,107)
* CHAR(27Y, LHAR(?1), CHAR(52), CHAR{(31),CHARC109%9:.,
* CHAR{(27>, CHAR(®1), CHAR(11S)

CALL RYEL

WRITEC(*,%08) CHAR(27), CHAR(91)>, CHARC117}.,
* CHAR(27), CHAR{(9%1), CHAR(52), CHAR{(34),CHAR(109>.,
* CHAR(27>, CHAR(91), CHAR(1153>

WRITE(x,109) CHAR(27Y, CHAR(91), CHAR(117>

ENDIF

Fig. 2 {continued)
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50 CONTINUE '
WRITE (%, %> CHAR(27),CHAR(91),CHAR(S53),CHAR(65)
CALL CMND C'TYPE OXYPOTEN.DATIMORE')
CLOSE (20, STATUSs'KEEP")
stoPp ': PROGRAMME TERMINATED.
END

——————————— MAIN (ABOVE) =~ = — — = = = = = = = = = = — ==
SUBROUTINE PLEQ4SC(A,X}

REAL=*8 A, %, A5, YR, B
REAL*8 21, U-V,B1,-B2,B3-B4
DIMENSION AC5), B(&), X(2,42

KCl-42 0.0DO
X(2,4) 0.0D0
IF ( AC1> .EQ. 0.0D0O > THEN
DO 10 J=1-4
B(J)Y = ACI+1)
10 CONTINUE
CALL PLEQ3S(B-X)
RETURN
ENDIF
AS= A(3)
Bl= AC(12X/AS3
B2= A(2)/AS5
B3= A(3) /A5
B4= A(4)/AS

no

B(1) = (4.0D0*B3 - B4xB&)>xB1-B2xB2
B¢2Y = B&4&xB2-4.D0xB1

B{(3Y = - B3

B{4)Y = 1.000

CALL PLER3S(B,X)
IF (X(2,1> .E@. 0.0DC ) THEN
21 = X(1,-12 :
ELSE
Z1 = XK(1,3)
ENDIF
U = DSRRT ( DABS{(Z1+B4xB4x.25D0-B3)>
IF ¢ U .GT. 0.0D0 ) THEN
V = ( B&4xZ1*x.5D0 -~ B2X/(U+W)

ELSE
V = DSQRT ¢ DABS(Z1%Z1x.25D0C-B13)
ENDIF
B(i> = Z1x.35D0+V
B(2) = B4x.5DC+U
B(3> = 1.0D0

CALL PLEQZS(B,X)
DO 20 4 = 1, 2
XC1,J42) = X(1.4)
X(2,J+42) = X(2,J2

20 CONTINUE

B{1) = Z1%.5D0-V
B{2)Y = Bé&4x.5D0-U
B(3> = 1.0D0

CALL PLEQZS(B-X)
RETURN

END

Fig. 2 (continued)
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SUBROUTINE PLEQ3SC(A,X)

REAL*8 Ar AO,AL, A2, A3, A4, Xr Bs YR
REAL=x8 D, @,U, V, CO, C1,C2,C3,C4, C5, P3
REAL*8 Sr T, R, QU, QV, C

REAL*8 P

DIMENSION AC4Y, B(3Y, X(2,.33

DO 10 J= 1, 3
X(1,J4) = ©.D0O
X(2,J) = 0.DO
CONTINUE

IF (A(1> L.EQ. 0.0DO ) THEN

DO 20 J= 1,3
B(4)- = AWJ+LD
CONTINUE
CALL PLEQ2S(B,X)
RETURN
ENDIF
A3 = AC4)
IF (A3 L.EQ@. 0.0D0> RETURN

AC= A1)

At= A(Z)

A2= A(3)

CG= A3 + A3+ A3

Ci= A2/C0O

€2= DSQRT(3.D0)%x.5DQ
€3= 1.D00/3.D0C

Ch4= CO*CO
CS= A2%A2Z
P = (CO%A1-C5)/C4
P3= PxPxP
Q@ = (A2%(C5+C5-3.D0xCO*A1)+3.00%C4*A0)/(C4xCO)
D = QxQ + 4.DOxP3
IF ¢ D .GE., 0.0DO ) THEN
U = —¢ Q+DSIGN(DSQRTCD), @))=.5D0
IF ¢ U .NE. 6.0DO ) THEN
Vv = -P3/U
ELSE
vV = -aQ
ENDIF
QU = DSIGN(DABS(U)*2C3, W)
QV = DSIGN(DABS(V)**C3,V)
X¢1,1) = QU+ Qv -C1
X(1,2) = -(QU+ QV)*.5D0-C1
X(2,2) = QU - QVY#C2
X(1,3) = X(1,2)
X(2,3) = -X(2,2)
RETURN
ELSE
T= DATAN2(DSQRT(DABS(D)), -Q)/3.DO
C= DLCOS(T)

S= DSQRT(1.D0- Cx*xCr=C2
R= DSQRT(DABS(P)>>x2.DC

X¥{1,12 = CxR ~-C1

*{1,2> = —(C*x.5D0 + § ) xR - C1
X¥(1,3> = —(C*.5DC - 5 > xR - {1
RETURN

ENDIF

END

Fig. 2 (continued)
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SUBROUTINE PLEG2S (A,XD

REALxS Ar Dr X, AS, YR, P,Q
DIMENSION A(3Z)., X(2,22

P = ~AC(2)Y/CAC3Y+A(3)?
Q = A(1)/A(3
D = PP -Q

IF ¢ D .GE. 0.DO > THEN

X¢1,1) = P + DSIGN(DSQRT(D) ., P)
X€1,2) = AQ1Y/(X(1,10%A(3))
X(2,1) = 0.DQ
X¢2,2) = 0.DO
ELSE
D= DSQRT(DABS(DX>
: X<1,1> = P
X(1,2 = P
X(2,1> =D
X(2-2) = -D
ENDIF
RETURN
END

SUBROUTINE DGCK1)

REAL=*8 TEMP
REAL*8 A, X, A5, YR, YI, ER, FER, XR, XI.,
REAL=*8 AAO, AA1., AA2, AA3., AR4, AIl, Al2,

REAL*8 AFO, AF1, AF2, AF3, AF4, AF4H, AFLIEA, :AF5

REAL*8 DGI, GAS
DIMENSION UMOCSI(803)

COMMON /DGINP/ AFQ, AF1, AF2,AF3,AF4,AF4H,AFLIEA,AFS5,AFSH,AF6MD

COMMON /XTEMP/ TEMP, C_RTP
COMMON /MOINTA/ UMCCSI, UMOCS

GAS = 1.98719D0

R.C.Feber, LA-NUREG-6635 (1977)

IF ¢ T .GE. 952.0) GOTO 50

IF ¢ T .GE. 899.0 .AND. T .LT. 952.0 ) GOTO
A= 3.39048E+06

B=-4.26978E+05

C= 7.254986E+02

D= 9.18763E-02

E=-1.96648BE-05

F=-9.57385E+01

DGCSI = FEFJ(A, Br C, 0, E-» F- T
GOTL &0

A= 0.0

B=-3.71138E+0Q5

€= 2.11222E+02

D= C€.0

E= 0.0

F=—-1.88317E+C1

Fig. 2 (continued)
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50

1C0

80

DGCSI =
GOTO

FEFJ (A,
60

A=-1.82000E+06
B=-4,38313E+05
= 2.83561E+02
D=-5.24000E-Q3
E= 4.91931E-07
F=-1.81306E+01
DGCSI= FEF2(A,

Br

Cr

JAERI—M 92065

D, Er Fr T

D, E, Fr )

CSI (ABOVED

———————————— - CS (BELOW)=- = = =~ = = = = = = - =~
JANAF Thermochemical Tables, 2nd edition, NSRDS-NBS37 (1971)
IF ¢ T .GE. 952.0 > GOTO 100
A=-3.76346E405
B= 8.39398E+04
C=-=2.69965E+02
D=-2.2B015E~02
E= &.8B165E-06
F= 2.90821E+01
DGCS = FEFJ(A, B, C, D, E,» Fr T2
GOTO - 7¢C
A= 0.0
B= 0.0
= 0.0
= 0.0
= 0.0
= 0.0
DGC3S = FEFJ(A, B,- C, D, Er» F, T3
—————————————— - - - - (8 (ABOVEY)- - - = = - - - = =
CONTINUE
—————————————————— €S2 (BELOW) - - - = - = = - =
JANAF Thermochemical Tables, 2nd edition, NSRDS-NBS37 (1971)
IF ( T .GE. 952.0 Y GOTO 80
A= 2.94354E+04
B= 1.10019E+405
C==-2.92436E+02
D=-8.33307E-03
E= 1.58743E-06
F= 2.94975E+401 -
DGLS2= FEFJ{A» B, L, D~ E, F, T3
GOTO 90
= ~1.072742857E+04
B= 1.371408730E+01
C= 3.762500001E-03
= =-2.027777778E-06&
E= 4.1466666667E~10
DGES2 = FEF(A, B, C, D, E- T
DGCS2 = DGCS2%x4.184
———————————— - - - - 52 (ABOVE) - - - - - - - - -
______________ e UL
JANAF Thermochemical Tables, 2nd edition, NSRDS-NBS37 (1971

90

A=-7.43061E+03

Fig. 2

(continued)
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B= 7.50287E+0Q4
C=-3.51928E+01
D= 4.18658E-04
=-5.715646E~C8
F=-2.32032E+0C0

DGI = FEFJCA, B, C» D Er Fr T2

(19717

12
2nd edition, NSRDS~-NBS37

JANAF Thermochemical Tables.,

[sNeNesNsKs]
i
1

Mmoo WP

[ = | N I | 1

OO0 00

E, F.

T
Iz - -

D,

[R¥ I

C,

(2]
I mO OO0 00

= FEFJ(A, B~

DGI/4.184D0
(DGCS+DGI~DGCSIN/4.184D0
(DGCS2-2.0D0xDGCSY/4.184DC
(DGI2- 2.0D0O*DGI)/4.184D0

=

-n

nJ
§oiomon

UQ2(BELOWY- - - -
Thermoechemical Properties of Inerganic

I.Barin and C.Knacke~,

substances, Springer Verlag.,

I.Barin, 0O.Knacke and 0.

Berlin (1973)

Thermochemical

Kubaschewskis

praoperties of Inorganic substances, Supplement, Springer

Verlag, Berlin (19772

OO0 000

GOTO 210
GOTO 220

“AND. T .LT.
-AND. T .LT.
GOTO 230

1048.02
1405.02

g41.0
1048.0
1405.0)

IF (T
IF (T
IF (T

.GT.
.GT.
-GT.

Az 2.144B8E+05
B=-1.08895E+06

¢= 2.07010E+C2
=-2.83435E6-02

E= 1.00016E~05
F=-1.89768E+00
DGUD2 = FEFJ(A.

GOTC 150

A= C.000CO0E+CO

B=-1.09028E+06

C= 2.45279E+02

D= 0.00C00E+00

E= 0.0C000E+00
=-9.84614E+00
DGUCZ = FEFJ(A.
GOTO 150

A= 0.00000E+CO
B=-1.09992E+06

¢= 2.85780E+02

D= 0.00C0QE+00

E= 0.00000E+00
F=-1.43480E+01
DEUO2 = FEFJ(A.
g0TO 150

B, C, B, E,» Fr T)

210

B, C, D, E» F, T2

220

B, - D, Er Fr T

Fig. 2 (continued)
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230 A=-6.23666E+06
=-1.06875E+06
C= 5.43188E+01
D=-7.08393E-03
E= 3.31835E-07
F= 1.62456E+01
DGUO2 = FEFJ{(A, B, C, Ds E, F, T

£ = = = = = — = = — = - - - = = UQB2C¢ABOVE)+- - = = - = = - = = —= = -~
C
150 CONTINUE
C
C - = = = = = = = — = = — - =~ —— MeQD2(BELOW)- - = - = = - - = = —-—= = =
C
C I.Rarin, Thermochemical Data of Pure Substances (Verlag
C Chemie, Weinheim, 19892
C
A=-590149.771
B= 195.13011¢%
=-1.236964E-02
D= 1.041666E-06
E= 0.C
DGMOD2 = FEF(A, B, C» D, E, T
t - - - -=-==-==-=-==-- —-= MoQ2{ABOVE)- - = = - = = — = - —= = -—
IF (K1 .NE. 23 GOTO 444
C - — = = = = = = = = - - = — — =CLS2UQ4(BELQW)- - = = = = - - = = == =
C ~ P.Hofmann and J.Spinos, J. Nucl. Mater. 127(1%85)205
C .
) IF (T .GE. 952.) GOTO =203
DGURAH = -1926300. + 410.8=%T
. GOTO 330
203 DGUC4R = -2061900. + S553.2%T7
GCTO 330
€ = — — = = — = = = = =« =~ - = - ={£32U04(ABOVE)- - - - - - - = = = == - =
C
444  CONTINUE :
C = = — = = = — = = = = = = — —= (SZUOA(BELOW}~ - - = - - = — - = == — =
¢ Takanori Nagasaki, Private communjcatien
C (JAERI-MEMO 59-075, 19842
C
C E.H.P.Cordfunke and P.A.G. O'hare, "The chemigcal thermodynamics of
C actinide elements and compounds, Part 3 Miscellaneous actinide
C compounds', IAEA, Vienna 1978
C
IF (T .GE. 952.) GOTO 240
C
A=-3_814469E+06
B=-1.87207E+06
C==~5.86189E+02
D=-2.49533E-C1
E= S.924742E-05
F= 1.7%857E+02
DGUO4 = FEFJ(A, B, C» D, E, F, TJ
GOTO0 180
C
240 A= 0.0
B=-2.05474E+0Q6
C= 4.91492E+02
D= 0.0
E= 0.0
F= 8.77206E+0C0
DGUDA = FEFJ(AI B- Cl D, El F/ T)

Fig. 2 (continued)
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180 CONTINUE
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CS2U04 (ABOVEY- = = - — -

“The chemical thermodynamics of

IF (K1.E@.2) GOTO 280
IF (K1.EQ@.3> GOTO 280
- - = = = = = = = - - - - - —— (S52U04(BELOW)- - - - - -
E.H.P.Cordfunke and P.A.G. O0"hare.,
actinide elements and compounds, Part 3 Miscellaneous actinide
compounds”, IAEA, Vienna 1978
IF (T .GE. 932.3 GOTQ 247
A= —1624354.905
B= -1424.31246
L= 4.12776667
b= ~-4.0401111E-03
E= 1.4583333E-06
DGUD4A = FEFC(A, B, C, D, E» T
GOTO 280
247 A= -16531921.00
B= -222.86000C
C= C.37340000C
L= C.
E= 0.
DGUD4A = FEF(A, B, C, D, E- T
- = e =~ e~ = = = - o~ (S52UQ4CABOVE)- - - - - -
280 CONTINUE
- - - - - - - - - - — - - - ——= {82U4D12¢(BELOW}Y- - — - =~
Takanori Nagasaki, Private communication
(JAERI-MEMD 59-075, 1984)
T.B.Lindemer, T.M.Besmann, C.E.Johnson, J.Nucl.Mater.
100¢(1981)178
IF (T .GE. 952.) GOTD 250
A= 0.0
B=-5.57810E+06
C= 1.08900E+03
D= 0.0
E= 0.0
F= 0.0
DGOlZ = FEFJ(AI B C, D/, El Fl T)
GOTO 300
250 A= 0.0
B=-5.71360E+086
C= 1.23140E+03
D= 0.0
E= 0.0
F= 0.0
DG012 = FEFJC(A, B Cr D, E-» Fr T2
- - = == = = = = = = = - - ——= (S2U4012CABOVEY~- ~ - ~ -
300 CONTINUE
330 1IF (K1 .EGQ. 13 THEN
GO TO 400
ELSE IF (K1 .EG. 33 THEN
GO TO 403
ENDIF
Fig. 2 (continued)
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IF (T .GE. 952.> GOGTO 440
A==-3.61469E+06
B=-1.87207E+06
C=-6.861B9E+02
D==2.49533E-01

E= 5.94742E-05

F= 1.79857E+02

DGUO4 = FEFJCA, B, C-» D, E» Fr T2
GOTO 550

440 A= 0.0
B=-2.05474E+06
C= 4.91492E+02

D= 0.0
E= 0.0
F= B.77206E+C0
DGUO4 = FEFJCA, B, C» Ds Er Fr T2
C
L = = = = = = = = = = = = = = == CS2U4012¢(BELOW)- = = = = = = = ~= — =
C E.H.P.Cordfunke and E.F.Westrum Jr.,in ! Prec. Intern.Symp.
C on Thermodynamics of Nuclear Materials, Julich,F.R.Germany.,
C 1979, 1AEA-SM-2346/34 p.125
C
S50 IF (T .LT. 898.) GOTD 460
A= ~1.29458684E+04
B= 1.723446175E+02
€= -4.,39217337E-02
D= 0.0
E= 0.0
DGO12C = FEF¢A, B, C, D, E,» T
.DGO012 = DGO12C x 4.184
GOTD 400
C
660 A= -1.3347238E+06
B= 2.7086472E+02
C= —-1.8371212E-0Q2
D= -7.5757575E-07
E= 3.7878788E-09
DGO12 = FEF{(A, B, C, D, E, T2
DGC12 = DGO12x4.184
£ - =-=-=-=-=-=-=- - = - — - - —— (S2UA012¢ABOVEY)- - - - - - - - —-= - -
C
LQ0 CONTINUE
L
£ - - = = - = = = = = = = = = == (S52U4012(BELOW}= = = = =~ = - — —— - =~
C P.Hofmann and J.Spincs J. Nucl., Mater, 127(1985)205
C
IF (T .GE. 952.) GOTQ 770
DGO12H = -5573900. + 1075.0=#T
c in Jimol
GO TOQ 8COQ
770 DGO12H = -5709500. + 1217.4=*T
C
c - - =-=-=-=-==- - - - - - - -- (S2U4012C(ABOVE}- - - - - = - = —= - =
C

403 IF ¢ K1 .NE. 32 GCTO 800
402 CONTINUE

C

C = = = == = = - = - - .- = - CS2U4012(BELOWY - - = = = = = = == = =
C E.H.P.Cordfunke and E.F.Westrum Jr.,in ! Proc. Intern.Symp.

C cn Thermodynamics of Nuclear Materials, Julich,-F.R.Germany.,

C 1979, IAEA-SM-234/34 p.125

o

Fig. 2 (continued)
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(T .LT. 898.) GOTO
-1.29458684E+06
1.72346175E+02
4 .39217337E-02
D= 0.0
E= 0.0
DGO12C
DG012¢C
GOTO

IF 404
A=
B=
C=

FEFCA, B, C»
DGO12Cx4 . 184

= o,
405
404 ~1.334723BE+06
2.708B6472E+02
-1.8371212E-02
-7.5757575E-07
3.787B78B8E-09

FEF{A, B, Cr
DGO12C*x4 184

A=
B=
C=
D=
E:
DGO12C
DG012C

D,

HoH

405 pGgo12¢
800

c

DGO12H
CONTINUE

2.-D0xDG
2.D0xDG
2.00xDG
2.00%DG

AF4
AF4H
AFS

AF5H

DGUO4
DGUO4&H
DGO12
pGo12H

N

&
+
+
+

Inooonon

IF ( K1
AF&MO
ELSE
AF&MO
ENDIF

EQ. L
( DGO12 +

THEN

.EQ. 1) THEN
( DGUO4LA + 2.DOxD

IF (K1
AF4IEA
RETURN

ENDIF
AF4H

IF (K1

IF (K1

{ DGUO4K + 2.D0=xD
.Eq. 27 RETURN
LEQ. 3D GOTOC

888

J.

(]

P.Hofmann and J_Spinos

952.> GOTC 777

-5573%00.

IF (T .GE.
DGO12H
GO TO 888
DGC12H

-570%50Q0.

+ 1217

777

C
C
888 CONTINUE
AF4IEA
AF&MD
RETURN

END

DGUO4A +2.D0O=*DGI
DG042H +2.00xDGI

i

<

SUBROUTINE

PLTPI(K1)

PLOTTING IODINE PRESSURE VS.

OO OO

REAL*8 YYIZ2, TEMP

Fig. 2

E,

Er

CS2U4012 CABOVED -

I1-
I_
1-
i-

DGMO02 + 2.%DGI

( DGC12H + DGMOD2 + 2.xDGL

Gl

GI

CS2U4022C(BELOW) -

N

)

T3

2.D0xDGCSI~DGURZ2 ) /4.184D0O
2.DC*DGCSI-DGUOZ2 >/4.18400
2.00%DGCSI-4.D0xDGUOZ 3/4.184DC
2.00%DGCSI~4.00+DGU02 2 /4.184

-2.%*DGCSI1-4.%DGUDZ 3/4.184

-2.*%DGCSI-4.xDGUO2 »/4.184

2.D0OxDGCSI DGUO2 ) /4&.18B4DO

2.00xDGCSI pGUOZ »/4.184D0

ucl. Mater. 127(1985)205

+ 1075.0xT

JLxT

CS2U4012 CABOVEDY -

+

TEMPERATURE

DGUOZ2 >/4.184D0
L. xDGUDZ Y/4.

2.D0xDGCSI
DGMODO2Z 2.%¥DGCSI-

a—#HHE Fovt

(continued)
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DIMENSION XX(803)>,YYI(803),YYI2(803),YY04(B03>,YYD12(803>,
1 YYO12H(803), YYO4H(BC3),YYO2HH(803),DYQ2HH(BO3)

DIMENSION YIZ2S5(593), XX25(593)

DIMENSION DYY0D4(BO3).,DYY012(8032,XXC(803),DYD12H (803D
1 ,Y012M(803), DYD12M(803), YYD4IA(B03), DYO4IA(803>, DYO4H(B03)
COMMON /JOXYGEN/ XX XXC,YYI,YYI2,YYO4,YYD12,DYY04,DYYC12,YY012H,
1 DYD12H- YO12M,DYC12M,YYO&LIA, DYOLIA,DYD4H,YYDLH,
2 YYOZ2HH, DYOZHH

CUMMON /XTEMP/ TEMP, C_RTP

DIMENSION TV(2)
IF ¢({K1.EQ.1).0R.¢(K1.EQ.5)> THEN
CALL RVIOL
WRITECx,'¢A)"Y ' CALCULATION COMPLETED.'//
x! HIT RETURN KEY.
CALL KBHIT
ENDIF
CALL DEFLT
CALL WINDOW(-30., -30.,180., 230.)
CALL VPORT(0.,0.., 1.6, 1.0 )

CALL CLSX
CALL CLSC

DO 30 I= 1, 801
YYICL) = - YYIKDD
YYI2(IY = = YYI2(D)

10 CONTINUE
CALL FACTOR({(1.0)
TVE1Y = 10.0
TV(2) = 200./16.
XL=1640.
YL=200.

CALL PLOT(20.,20.,-3)

CALL SCALECYYIC(1),-YL,801,1,TV(1)?

YYIcgczl= 19.0

YYIC(803)= =-16./YL

CALL AXIS(0..,0.,'-L0OG P(I,12), ATM',17.,YL,90.,YYI1(8D2),
TYYICBO32,TV(1Y) '

CALL SCALE(XX(1Y,XL-801,1,TV(2))
XX(B02) = 0.50
. XX(B03) = 1.50/XL
CALL AXIS(0.,0.,'1000/T,K"',=-8,XL,0.,XX(802),XX(BO3),TV(2))}
CALL PLOT(XL, 0. ,3)
CALL PLOT(XL,-¥YL,22
CALL PLOT(O..YL,3}
BAR = 3.5
DO 200 IT = 1100, 300,-20
IF (MODC(CIT,100).EQ.Q) THEN

BAR= 5.0
ELSE
BAR= 2.0
END IF
T=IT
XLOC= 1000./(T+273.15>
AA = (XLODC -XX(802))/XX(803)
BB = YL *+ BAR

CALL PLOT (AA-YL,2)
CALL PLOT (AA,BB,2)

Fig. 2 (continued)
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CALL PLOT CAA,YL,3)D
IF (IT .NE. 300) GO TO 200

CALL PLOT (XL.,YL,2)
CONTINUE

CALL NEWPEN{(2)

CALL LINE(XX,YY1,801,1,0,0)

CALL SYMBOL(8C.,YL~46.0,4.0,'MONATOMIC IODINE FRESSURE'
1 +0.,252

CALL NEWPEN(1)

bo 110 L = 1, 801

IF ¢ L .LE. 210 ) GOTO 110
¥Y12S5(L-210% = YYI2Z2(L)
XX28(L-210)> = XX (LD

CONTINUE
XX25(592)=XX (802>
XX25(5933=XX (803
YI25(592)=YYI(802?
YI25(593)=YYI{(803)
CALL NEWPEN(&D
CALL LINE({XX2S,YI2S, 591,1,.0.,00
CALL SYMBOL(BO.,YL-54.0,4.0,'DIATOMIC IODINE PRESSURE"
1 +0.,24) :
CALL NEWPENC(1D
CASE = K1 .
CALL SYMBOL(140.,YL-8.0, 4.0, 'CASE ' ,0., 3)

CALL NUMBER( 999.,YL-8.0, 4.0, CASE ,0., -1

CALL SYMBOL(10.,YL-B8.0,-3.5,'EQUILIBRIUM ICDINE PRESSURES CVER'//
x ' CsI, ATM' ,0_.,42)

IF(K1.EQ.5) THEN

CALL NEWPENC(7) ‘

CALL SYMBOL(40..,YL-20,3.5,7ALL SOURCES ARE FROM THERMO. DATA ('//
171990y . ,0.,4100

CALL NEWPENC(1)

ENDIF

CALL SYMBOL(SO.,YL+14.0, 4.,"TEMPERATURE, Degree C' ,0.,212
CALL SYMBOL(10.,YL+6.0,4.0 ,° 1100 80¢C 500"
x,0.,297

CALL SYMBOL(999.0,YL+6.0,4.0 ,' 300',0.-16)

CALL SCALEC(YYI(1),YL,B801-1,TV(1))

YYI(802)= 19.C

YYI(803)= =16./YL

CALL AXIS{ XL,O.,7 ',-10,YL,90.,YYIC(B020,YYIC(BO3Y,TV(1))
RETURN

END

SUBROUTINE PLTPOZ (K1)

PLOTTING OXYGEN PRESSURE VS. TEMPERATURE : BEESHHK 'm w |

REAL*8 YYI2, TEMP., GAS

DIMENSION XX(B03),YYICBD3),YY12(803>,YY0D4(8B03),YY012(803),
1 YYO12H(8O03)., YYO4H(BO3>,YYOD2HH(BO3),DYO2HH(BO3)

DIMENSION DYYQ4(803),DYY0D12(803),XXC(B03),DYC12H(8032,
1 Y012M(803), DYD12M(BO3)>, YYQ4IA(BO3>, DYD4IA(BO3), DYD4H(BC3)
COMMON JOXYGEN/ XX XXC, YYI,YYI2-YY04,YYO12,DYYOQL, DYYO12,YYCL12H,

Fig. 2 (continued)
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DYC12H, YO12M.- DYDl2M;YYOLIAfDYDLIAzDYOLH;YYOLH:

YYO2ZHH, DYOZHH

COMMON /XTEMP/ TEMP., C_RTP
DIMENSION TV(2)
GAS = 1.9871900 ! MOLAR GAS CONSTANT.

DATA DGEXP /- 6100C.0 /
DATA DGEXPM / - 72000.0 /

IF ¢{K1.EQ.2).0R.(K1.EQ.32>
CALL RVIOL
WRITECx,"(CAY') !

THEN

KBHIT

ENDIF

CALL DEFLT

CALL CLSX

CALL CLSC

CALL WINDOW(-30., -320.,180., 230.>
CALL VPORT(0.,0., 1.6, 1.0

CALL SCALE(XX(1>,%L,801,1,TV(2})
XX(802> = 0.50
XX(803) = 1.50/XL

cal/K/mol

CALCULATION COMPLETED."#/
x! HIT RETURN KEY.-
- CALL

CALL CLSX
CALL CLSC
D0 10 I=1, 801
YYD4 (1) = - YYOB4CD)
IF (K1 .E@. 1) YYOQ4IA(CI) = - YYO&IA(D)
IF (K1 .EQ. 3) YYO2HHCI) = — YYO2HH(I}
YY012(I)- = - YY012¢I)
Y012M(I) = - YO12MCID
IF(K1.EQ@.4) GOTO 10
YYO12H(I) = - YYO12H(D)
CONTINUE
IF (Ki.NE.2) GOTC 33
po 31 1 = 1, 801
YYDAH(I) = -YYO4LH(D)
CONTINUE
CONTINUE
CONTINUE
CALL FACTORC 1.0 )
TV(1Y = 10.0
TV(2) = 200./16.
XL=160.
YL=200.
CALL PLOT(20.,20.,-3)
CALL SCALECYYD4C1),YL,801,1,TV(1))
YY04(802Y=  44.00
YY04(803)= - 40./YL
CALL AXIS(0.,0.,'-LOG PC02), ATM',15,YL,90.,YY04(802),YY04(803)
1,TVL)

CALL AXIS(0.,0.,'1000/T,K',-B,XL-0.,XX(802),XX(8B03),TV(2))

CALL PLOTC XL, C. 3
CALL- PLOTC XL,YL,22
CALL PLOT(O.,YL,3)
BAR = 1.75
DO 200 IT = 1100, 300.,-20
IF (MOD(IT,100).EQ@.0) THEN

Fig. 2 (continued)
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BAR= 5.0
ELSE
BAR= 2.0
END IF
T=1T
XLOC= 1000./{({T+273.153) .
AA = {XLOC -XX(B802))/XX(803)
BB = YL + BAR

CALL PLOT (AA-YL.2D
CALL PLOT (AA,BB.2)
CALL PLOT (AA-YL,3®
IF (IT .NE. 300) GO TO 200
CALL PLOT (XL,YL,2D
CONTINUE
CASE = K1

CALL SYMBOL(140.,YL-8.0, 4.0, 'CASE ' .0.., 5O
CALL NUMBER( 999.,YL-8.C, 4.0, CASE ,0., -1

IF(K1.EQ.5) THEN

CALL NEWPEN(6&)

CALL SYMBOLC40.,YL-20,3.5-'ALL SOURCES ARE FROM THERMO. DATA ('//
'1990) EXCEPT ' -,0..48)

CALL NEWPENC(2Z2) .

CALL SYMBOL(40.,YL-28.,3.5.,'CS2U4012 (HOFMANN & SPINCY.' ,0.,.273
ENDIF

CALL NEWPEN(3? ]

CALL LINE(XX,-YY04,-801,1,0.0)

IF (X1.NE.S5) CALL SYMBOL(100..YL-18.3.5,'JAERI-MEMO',0..10)
CALL NEWPEN(L)

CALL SCALE(YYO4(1),YL,801,1,TV (1))
YY04L(802)= 44.00

YYD4(803)= - 40./YL

CALL AXISC(XL -0.,° ',-14,YL,90.

1,YY0&4(802),YYQ4 (803>, TV(1)]

+

DO 123 I= 1,801

YYD4(IY = YY012(I)
IF (K1.EQ.2Y YYQ4(IY = YYOD12ZH(ID)
CONTINUE

CALL NEWPEN(T7)
IF (K1.NE.2)
CALL LINECXX,YYO0&4,801,1,C,O)
IF ¢(K1.EQ.2) THEN
DO 124 I = 1., 801
YYQ12HC(I) = YYO12¢ID
CONTINUE *
CALL DLINE(&)
ENDIF

IF ((K1.EQ.1) .OR. (X1.EQ.3) .0OR. (X1.EQ.42> THEN
CALL NEWPEN(7D
CALL SYMBOL(100.,YL-26-3.5,"JAERI-MEMO',0.,10)
ELSE IF (K1.EQ@.2> THEN
CALL NEWPENC(7D :
CALL SYMBOL(100.,YL-26-3.5,7"CORDFUNKE & WESTRUM' ,0..1%)
ENDIF
CALL NEWPENCL1)

IF (K1.EQ.4Y GOTO 202

Fig. 2 (continued)



100

125

101

b

202

126

i2¢

JAERI—M 92065

CONTINUE

IF (K1.EQ@.2) GOTO 101
DO 225 I= 1., 801
YY0&4CI) = YYG12H(ID
CONTINUE

CALL NEWPEN({2)
IF (K1.NE.3)
+ CALL LINE(XX,YY04,801-1,0.,0)

1F ((K1.EQ.3) .OR. (K1.E@.2)} THEN
IF (K1.EQ.2) CALL NEWPEN(2)
IF (K1.EQ.2)
1 CALL SYMBOL(100.,YL-34,3.5,'HOFMANN & SPINO',0.,15)
If (K1.EQ.3) CALL NEWPEN(2) -
IF (K1.EQ.3)
1 CALL SYMBOL(100.,YL-34,3.5,'CORDFUNKE & WESTRUM',0.,19)
ELSE IF (K1.NE.S5} THEN
IF ((K1.EQ.1) .OR. (K1.EQ.4))
1 CALL SYMBOL(100.,YL-34,3.5,'HOFMANN & SPINO’,0.,15)
ENDIF
IF (K1.EQ.3)
+ CALL DLINE(4&)

IF(K1.EQ.3) THEN
CALL NEWPEN(4)

0O 44 I = 1, 801
YYO4CI> = YYO2HHA(I?
CONTINUE

CALL LINE{XX, YYO4 ,801,1,0.,0)

CALL SYMBOL(¢100.,YL-50,3.5,"HOFMANN & SPINO',0.-15)
CALL NEWPENC(1>

ENDIF

CALL NEWPENC(1)

CONTINUE

DO 126 I= 1, 801
YY0&L(I> = YO12M(I)
CONTINUE

IF {(K1.EQ.4) CALL NEWPEN(Z}
CALL LINE(XX,YY04,801-1,0,-0)

IF (K1.NE.5) YLL=YL-42
IF (K1.EQ.1D

+ CALL SYMBOL(100., ¥YLL, 3.5,TJAERI-MEMO T o,0.,163
IF (K1.EQ.2)

+ CALL SYMBOL(100.., YLL, 3.5,'HOFMANN & SPINO ' ,0.,163
IF (K1.EQ.3D

+ CALL SYMBOL(100.. YLL, 3.5,'CORDFUNKE & WESTRUM' ,0.,19}

IF {((K1.E@.2).0R.<{(K1.EQ.3)) GOTO 303
DO 129 I= 1, 801

YY04CIY = YYCO4LIACDD

CONTINUE

CALL NEWPEN{&)
IF (K1.E@.1) THEN

CALL NEWPEN(3)
CALL DLINEC3)

Fig. 2 (continued)
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GOTO 130
ENDIF
CALL LINE(XX,YY04.,801,1.0,0)

130 TF(KL1.NE.S5Y CALL SYMBOL(1Q0..,YL-50,3.5-"CORDFUNKE & OHARE®'.
+ 0.,17)

IF (K1.EQ.4> CALL DLINE(3)

CALL NEWPENC(I)
303 CONTINUE
IF (K1.EQ.2> THEN
DO 127 I= 1,801
YYO4(I) = YYO4H(IZ
127 CONTINUE
CALL NEWPENC(2)
CALL LINEC(XX,YY04,801,1-0,0)
CALL SYMBOLC(100.,YL-50,3.5,"HOFMANN & SPINO ' ,0.,16)
ENDIF

CALL NEWPEN(1)

CALL SYMBOLC 10.,.YL-8,3.5,"EQUILIBRIUM OXYGEN PRESSURES, ATM?'
1 #0.,33

CALL SYMBOL(SO.,.YL+14.0, 4.,"TEMPERATURE, ' ,0.-1332

CALL SYMBOLC 999.0 ,YL+14.0 ,4. »'Degree €' ,0.,82

CALL SYMBOLK{10.,YL+&6.0,-4.0 ' 1100 800 500"
*,0.,292
CALL SYMBDL(Q??.O/YL‘F&.OIQ.O P 300',0.,18)

AX = 1000./1073.15
BY = EXP(DGEXP/(1073.15D0%GAS))
= -ALOG1O<(BY)
AX = (AX-XX(B802)2/XX{(803)
= (BY-YYD4L(BO22)/YYD4(803)
CALL SYMBOLC AX., BY, 7.0 » 8, 0., -1
CALL NEWPENC(1)D

AX = 1000./1073.15

BY = EXP{(DGEXPM/{(1073.15B0*GAS))

BY = -ALOG10(BY)

AX = (AX-XX(BOZ2))/XX(B03)

BY = (BY-YYD4(802))/YYD4(BO32

CALL SYMBOLC AX, BY-, 7.0 » 3, 0., -1

CALL SYMBOLC 7.,.23., 7.0 » 8, 0., -1

CALL SYMBOL( 10.,20., 3.3,'=U02+Cs2U4012+CsI (EXPERIMENTALD®
+ 0., 32D

CALL SYMBOLC 7.,13., 7.0 ,» 3, 0., -1

CALL SYMBOLC 10.-10., 3.5-"'=UQ02+Cs2U40124CsI+Mo02+Mo"

+//' (EXPERIMENTAL)' ,0..,40)

CALL NEWPENC(1)

IF (K1.NE.4) THEN

CALL SYMBOL{ 140.,83., 4., "A' ,0.,1)

CALL SYMBOLC 140C.-45., 4., 'B' ,0..,1)

CALL SYMBOL( 140.,28., 4., 'C' ,C.,.1>

CALL SYMBOLC 90.,YL-60.,3.5,"A=U02+Cs2U4012+Cs1"'-0.,18)

CALL SYMBOL( 90.,YL-68.,3.5,'B=UC2+Cs2U04+Cs1',0.,16)

CALL SYMBOLC 90.,-YL-76.,3.5,'C=U02+Cs2U4012+CsI+Mo02+Mo',0.,26)
ENDIF

Fig. 2 (continued)
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* ¥ % PLTPOZ2 ¥ ¥ ¥
RETURN

END

- - &

SUBROUTINE

PLTDOZ2 (K12

PLOTTING OXYGEN POTENTIAL VS. TEMPERATURE MERFT v+ Tow b

FPARAMETER ( IX 20
REAL*8 YYIZ, TEMP
DIMENSICN TMP2(8C1).,TMP4 (8013, TMPM(B01)

- DIMENSICON UCS1(801), UCSM1(801),UCS2(B01),UCSM2(801>
DIMENSION PIOLDC(BC3), PINEW(BQOZ)
DIMENSION XC5(803>, DYUCSD(803}.,
DIMENSION TV(2)

DIMENSION YCS2IAC703), XCS2IAC703)

DIMENSION XX (803),YYI(803),YYI2(803),YY04(BO3),YYO12(B03).,

1 YY012H(BO3>,YYO4H(BO3),YYO2ZHH(B03> ,DYO2HH(803)

DIMENSICON DYYO&(B033,DYYD12(803) , XXC(BO3),DYD12H(E03) ,

1 YO12M(803), DYOL12M(8032, YYD4IA(B03),DY04IA(BO3Y, DYDAH(BO3) .,

DYM02(803)

2 UMOCSI(803)

COMMON. /OXYGEN/ XX, XXC,YYI,YYI2,YY04,YY01l2,
¥Y012M.,
DYOD2HH

1 DYC12H~»
2 YYC2HH-
COMMON /MOINTA/ UMOCSI.
COMMON
COMMON
COMMON

/I0DINE/
JXTEMP/
/Ulsos

TEMP,
XCS-

DATA DGEXP /
DATA DGEXPM /

- 61000.0 /
- 72000.0 /

IF (K1.EQ.3) THEN
0O S0 I= 1, 801
TMP2CI) DYD12H(ID
TMP4 (L) DYYD&L{DD
TMPM (L) DYD12M (D)
ENDIF

50

IF (K1.EQ.5) .THEN
WRITECIX,"C//7-,AY") !

THERMO.
WRITE(IX,*CA/AZY ™)
+ P(I) DYyociliz
+' Kecal/mel

+
'TEMP
DYYO4

bo 11 I=1,801.
ITMP=29% + I
WRITECIX,1000) ITMP.,
1 PINEW(I) .,

10

11 CONTINUE

ENDIF
FORMAT(14,3X,1PEB.2.,
IF (K1.EQ.4) THEN
CALL RvVIOL
WRITEC(*,"¢CAY'> * C A

x' HIT RETURN

1000

Fig. 2

atm

PIOLDCIJ, TMP2C(I),

DYYQ4,DYYD12,YYDL2H,

DYo12M., YYO4LIA,DYOLIA,DYO4LH,YYD4H,

UMOcCs

PIOLD, PINEW
C_RTP
DYUTSO,

DYMO2

PREVIOUS DATA

DATAC19%90) "

DYYOD&
atm
Kecal/mol?

DYOleM
v

PCID
pyoizamr.,»

DYO12H
T

TMP4 (1), TMPM(I).
DYYC12<(I>,DYYO&4(I)..DYD12M(I>

3(3X,(0PF6.12),3X,1PE8.2,3(3X,(OPF6.12337

LC URPEA'T IGN COMPLETED."//

t

{continued)
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CALL  KBHIT
ENDIF

CALL CLSX

CALL CLSC

CALL WINDOW(-30., -30..,180., 230.)
CALL VPORT(0.,-0., 1.6, 1.0

CALL CLSX
CALL CLsSC
CALL FACTOR(1.0 2

po 10 I=1, 801

DYY04(I) = - DYYQA(I)

DYYQ12¢(I)» = - DYY0D12(1?

DYD12M(I>Y = - DY012M(D) :
IF(K1.EQ@.1) DYC&IA(I) = - DYD4IACILD
IF(K1.EQ@.3) DYO2HH(I) = - DYO2HHCI)
IF(K1.EQG.4) GOTO 1¢C

DYO12H(IY = - DYO12H(I)

CONTINUE

IF (K1.NE.2) GOTO 33
DO 31 1I=1, 801
DYCB4HC(I) = — DYO&4H(ID
CONTINUE

CONTINUE

TV (1D
TV{2)
XL=160.
YL=200.

10.0
200./16.

CALL PLCT(20.,20.,--3)
CALL SCALE(DYYO&4(1),YL,801,1,TV(1D)

DYYD4¢802)
DYYD4CBC3)

110.0
- 64./20C0.

CALL AXIS(0.,0.,"-RT LN P(C2), KCAL/MOL'-22,YL,%0.

1,DYY04(802),DYYO4(BO3),TV(L1))

CALL SCALECXXC1),XL,801,1,TV(2))
XX(802) = 0.50
XX(803) = 1.50/XL

CALL AXIS(0.,0.-'1000/T,K',-8,XL,0.,XX{802),XX{B03),TV(2))

CALL PLOTC(XL, Q. »3)
CALL PLOTC(XL,YL-22
CALL PLOTC(O.,YL,32

BAR = 3.5
oo 200 1T = 1100, 300.,-20
IF (MODCIT,100>.EQ.0> THEN

BAR= 5.0
ELSE
BAR= 2.0
END IF
T=1IT
XLOC= 1000./CT+273.15>
AA = (XLOC -XX(B02)>/XX(8032
BB = YL + BAR

CALL PLOT C(AA-YL-2)
CALL PLOT (AA,BB,2)
CALL PLOT (AA-YL,3D

Fig. 2 (continued)
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IF (IT .NE. 300) GOCTD 200
CALL FLOT (XL, YL,2D
CONTINUE

CASE = K1
CALL SYMBOL(140..,YL-8.0, 4.0, 'CASE " ,0., 5}
CALL NUMBER{ 999.,YL-8.0, 4.0, CASE 0., -1 )

IF(XK1.EQ.5) THEN

CALL NEWPEN(?) ' .

CALL SYMBOL(40.,YL-20,3.5,"ALL SOURCES ARE FROM THERMO. DATA ('//
1'1990) EXCEPT ' ,0.,48)

CALL NEWPEN(Z2D

CALL SYMBOL(40.,YL-28,3.5,'CS2U4012 (HOFMANN & SPINOQD.' ,0.,27)
ENDIF

IF(K1.EQ.4) GOTCQ 90

CALL NEWPEN(3)

CALL LINE(XX,DYYO4& ,801,1,0,0)

IF(K1.NE.5) CALL SYMBOL(1CQ.,YL-18,3.5,'JAERI-MEMO',0.,102

b0 123 I= 1,801

DYYD&4CI2 = DYY0D12(I3
IF (K1.EQ.2) DYYCQ4(CI) = DYO12H(I>
CONTINUE

CALL NEWPEN{&)
IF (K1.NE.Z23
+ CALL LINE(XX,DYYO4 ,801,1.0,0)
IF (K1.EQ@.2> THEN
0O 124 I= 1,801
DYD12H(I> = DYY012(1)
CONTINUE
CALL DLINEC(2)
ENDIF
IF ({(K1.EQ.1) .0OR. (K1.E€.3> .0OR. (K1.EQ.4)) THEN
CALL NEWPENKSD
CALL SYMBOL(100.,YL-26,3.5,"JAERI-MEMO',0.,10)
ELSE IF (K1.E@.2> THEN
CALL NEWPENC&D
CALL SYMBOL(200.,YL-26,3.5,'CORDFUNKE & WESTRUM' ,0.,19)
ENDIF

IF (K1.NE.&4Y) GOTO 111
0o 111 K2=1, 2

CALL CS2UR4(CK2)
DO 34 I=1, &¢C1

DYUCSO(I> = - DYUCSOL(ID
IF (K2.EQ.1) UCS1(I>= - DYUCSO(I)
IF (K2.EG.2) UCS2(IY= - DYUCSO(ID
CONTINUE
po 130 I = 1, 801
DYYQ&4CI> = DYUCSOCI)
CONTINUE

IF (K2.EQ.1) THEN

CALL NEWPENC7)

YLL=YL-21.

CALL SYMBDL( 88., YLL., 3.5, 'PREVIOUS DATA :',0.-13)
ENDLF

IF (K2.EQ.2) THEN

Fig. 2 {continued)
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CALL NEWPEN(7)D

YLL=YL-45. .

CALL SYMBOL( 88., YLL, 3.5, 'THERMO. DATA (1990) :',0.,.21)
ENDIF ’

CALL NEWPEN(5S)
IF (K2.EG.2> THEN
CALL LINEC(XX,DYYD4 ,801,-1.,0,0)
YLL=YL-53.
CALL SYMBOL¢ 88., YLL, 3.5, 'U02+Cs2U04+Cs2U4012' ,0.,192
ENDIF
IF (K2.EQ.1)> THEN
CALL DLINE(6?
YLL=YL-29.
CALL SYMBOLC( 88., YLL, 3.5, 'UQ2+Cs2uUD4+Cs2U4012"' ,0.-19)
ENDIF
CALL NEWPEN (&)
111 CONTINUE

C
CALL NEWPEN(5D
IF{XK1.EQ.5)> GCTO 10O
IF(K1.EQ.4) GOTO 22
c

100 CONTINUE

IF(K1.EQ.2> GOTO 101

Do 126 I= 1., 801

DYYQ4CIY = DYO12HC(ID
126 CONTINUE
L = = = = = = = = = = = = = = 2 = = =
C

01 CALL NEWPENC(2)
IF (K1.NE.3}
+ CALL LINE(XX.DYYO4 ,B01,1,0.02

IF ((K1.EQ.3) ,O0R. (K1.EG.2)) THEN
IF (K1.EQ.2Y CALL NEWPENC(2}
IF (K1.EQ.2)
* CALL SYMBOL(100.,YL-34,3.5,"HOFMANN & SPINO',0.-15}
IF ¢K1.EQ.3) CALL NEWPEN(2)
IF (X1.EQ.3) )
¥ CALL SYMBOLC100.,YL-34,3.5,'CORDFUNKE & WESTRUM' ,0..,19)
ELSE IF (K1.NE.S5) THEN
CALL SYMBOL(100.,¥YL-34,3.5,"HOFMANN & SPINQ',0.-15)
ENDIF

IF (K1.EQ.3) CALL DLINEC(Z)

IF(K1.EQ.3) THEN
CALL NEWPENC(7>
DO 44 I= 1., 801
DYY0&4{(I> = DYD2ZHHC(ID
44 CONTINUE
CALL LINE(XX,DYYD4 ,801,1,0-0)
CALL SYMBOL(100..,YL-50,3.5,"HOFMANN & SPINCG',0.,13)
CALL NEWPEN(1)
ENDIF

IF ((K1.EQ.S).0R.(K1.EQ.2>.0R.(K1.EQ.3).0R.(K1.EQ.4))
+ GOTO 303
202 CONTINUE
¢
pbc 110 L = 1, 801

Fig. 2 (continued)
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IF ¢ L .GE. 702 » GO7T0 110
YCSZ2IACLD DYOAIAC(L)
XC521ACLD XX (L)

110 CONTINUE

nn

XCS2IAC702)=XX (802D
XCS2IAC703)=XX (803>
YCS2IA(702)=DYY04{802)
YCS2IAC(703)=DYY04 (803

CALL NEWPEN({(3)
CALL SYMBOL(100.,YL-50,3.5,"CORDFUNKE & DHARE" ,0.,17)
IF (K1.EQ.1) CALL DLINECLY

303 CONTINUE

IF (K1.EQ.1> CALL NEWPEN(L)
IF {K1.EQ.2)Y CALL NEWPEN(1}
IF (Ki.EQ.5) CALL NEWPEN(L)

Do 128 1= 1, 801
DYYC4(I> = DYO12M(I)
128 CONTINUE

CALL LINEC(XX-DYYD4 ,801,1.0-07

IF (K1.E@.53) GOTO 201
IF (K1.NE.S5) YLL=YL-42
IF (K1.ER.1)
+ CALL SYMBOL(100., YLL, 3.5,'JAERI-MEMO ' s0Lr160
IF (K1.EQ.2)
+ CALL SYMBOL(100., YLL., 3.5-"HOFMANN & SPINQ ' ,0.-163
IF (K1.E&.3)
+ CALL SYMBOL(10C., YLL, 3.5,'CORDFUNKE & WESTRUM' ,0..,1%)

CALL NEWPEN(1)
201 CONTINUE
IF (K1.E@.2)> THEN
DC 127 1 1, 801
DYYO4 (1) DYD4LHC(ID
127 CONTINUE
CALL NEWPEN(Z2)
CALL LINE(XX.DYYO04L.,801,1,0,02

CALL SYMBOL(100.,YL-50-3.5,'HOFMANN & SPINO ' ,0..18)
ENDIF .

IF (K1.EQ.1> THEN
CALL DLINE(&E)D
CALL NEWPEN(7)
CALL SYMBOL( 10.., 98., 3.5, 'UD2+Cs2U04"' ,0.,-100
CALL SYMBOL( 10., 90.., 3.5, '+(s2U4012' ,0.,92
ENDIF
IF (K1.EQ.2) CALL DLINE(1D
22 CALL NEWPEN(1?

IF (K1.EQ.5) THEN
Do 227 I = 1, 801
DYYD&(I) = —-UMOCSIC(D)
227 CONTINUE
CALL NEWPEN(3)
CALL LINE(XX,DYYO04,801,1,0,02

Fig. 2 (continued)



JAERI-M 92—065

CALL SYMBOLC(140., 59., &.,'C*x',0.,2)
CALL NEWPENC1)
ENDIF

CALL SYMBOL(40.,YL-B,3.5,'0XYGEN POTENTIAL., KCAL/MOL®
1 ,0.,26)

CALL SYMBOL(SO.,YL+14.0, 4.,'TEMPERATURE, ' -0.,13)
CALL SYMBOL( $99.0 ,YL+14.0 ,4. ,'Degree C' ,C.,8)

CALL SYMBOL(10.,YL+6.0,4.0 ' 1100 800 Soo!
*,0.,292

CALL SYMBOL(999.0,YL+6.0,4.0 ,' 300',0.,16)

CALL SCALE(DYYD&C1),YL-,801,1,TV(1)D

DYYQ4(802) = 11C¢.0

DYYD4(803) = - &4./200.

CALL AXISC XL -0Q0..° Yo-246.YL,90.
1,DYYD4(BQ2),DYYOD&(803),TV(1))

AX
By

1000./1073.15

~{DGEXP/1000.)

AX (AX-XX(B02))/XX(8032

BY (BY-DYYO4(8C2)>/DYY04(BD3)

CALL SYMBOLC¢ AX, BY, 7.0 » 8, 0., -1
CALL NEWPEN{LD

oo

= 1000./1073.15
= —(DGEXPM/1C00.)
AX = (AX~-XX(802))/XX(803)
= (BY-DYY0D4(B023)/DYYOD4(8C3)
CALL SYMBOLC AX, BY, 7.0 » 3, 0., -1
CALL NEWPENC(1)

IF (K1.EQ.5) THEN

WRITE(IX,"(/F/,A0") ' PREVIOUS DATA'//
+! THERMO. DATA(C16%0)"

WRITE(IX,"CASfA/IT)! TEMP DYUCSC Y/
+1 pYUCSO Tt T Kcal/mol'//
+7 Kcal/mel '

Do 20 I=1,801, 10
ITMP=299 + 1
20 WRITECIX.,3000) ITMP.,UCS1(I)., ULSZ(ID
ENDIF
3000 FORMATC( 10X.,I4, 5X, F6.1, 20X, F6.1 )

CALL SYMBOL( 7..,23., 7.0 , 8, C., -1

CALL SYMBOL( 10..,2C., 3.5,"=U02+4Cs2U4012+Cs] (EXPERIMENTAL)'
+ ,0.- 323

CALL SYMBOLC 7..13., 7.0 » 3, 0., -1

CALL SYMBOLC 10.,10., 3.5,'=U02+Cs2U4012+CsI+Mol2+Mo"
+//' (EXPERIMENTAL)Y' ~0.,40}

IF (K1.NE.4) THEN

CALL SYMBOL{ 140..85., 4., "A' ,0..1)

CALL SYMBOL(C 140..67., 4., 'B' ,0.-1)

CALL SYMBOL{ 140.,50., 4., 'C" ,0..1)

CALL SYMBOL({ 90.,YL=80.,3.5,"A=U02+Cs2U4012+4CsI",0.,187

CALL SYMBOLC( 90.,YL-48.,3.5,"B=U02+Cs2U04+4{(s1"',0.,26)

CALL SYMBOL( 90.,YL-76.,3.5,'C=U02+Cs2U40124CsI+MoB2+Mo",0.,26)
ENDIF

C = = = = = = = = = = =& & & 4 = . — - = = - - - -~ .= = s = - =
C

¥ %k % PLTDOZ ¥ * x

Fig. 2 (continued)
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C
RETURN
END
C
C ______ w mm mm wm em em ww e o mE owm = o am em em e e aa -_— = e em e e e mm = e
SUBROUTINE € RCONV (CTEMPJ
S e T . - - -~ -
¢
C TO GET TEMP from THE COMMAND-LINE PARAMETER CTEMP
C to be INPUT from THE KEYBOARD.
C
REAL*¥8 TEMP
CHARACTER CTEMPx30
- COMMON /XTEMP/ TEMP, C_RTP
C
TEMP = Q.00
D0 10 N=33, 126
IF (C(N.LT.58.AND.N.GT.47) .0OR. (N.EG.96)) GOTC 10
K=INDEX(CTEMP,CHAR(N}?
IF (K.NE.OQ) GOTQO 60
10 CONTINUE
¢
N1= INDEX{(CTEMP,CHAR(4%3)
N2= INDEXCCTEMP,CHARC(S503)
N3= INDEX(CTEMP,CHAR(S12)
N4= INDEX(CTEMP,CHAR(322)
NS= INDEX(CTEMP.,CHAR(533)
N&= - INDEX(CTEMP,CHAR (5433}
N7= INDEX(CTEMP.,CHARC(S55))
N§= INDEXC(CTEMP,CHAR(563)
N9= INDEXC(CTEMP,CHAR(S57))
IF ¢ N1 .E@. 0 ) N1 = 30
IF ¢ N2 .EQ. ©C ) N2 = 30
IF N3 .EQ. C ) N3 = 30
IF ¢ N4 .EQ. C D N4 = 30
-IF ¢ N5 _EQ. 0D NS = 30
IF ( N6 .EQ. Q0 > N& = 30
IF ¢ N7 .EQ. O 2 N7 = 30
IF ( N8 .EQ. O 3 N8 = 30
IF (¢ N? .EQ. @ > N9 = 30
C
L = MINCOCNL,N2,N3,N& NS, NE&,N7,NBLNT)
LL = LENGTH(CTEMP)
IF ¢((LL-L) .GT. 3 » G&GOTO 50
C

IF (INDEX{CTEMP,CHARC(4&3> .NE. 0J GOT0 50

IF (LENGTH(CLTEMP)-L .LT. 22 GOTO 50

IF (LENGTH(CTEMF)-L .E@. 3) GOTOC 1000

IF (LENGTH(CTEMP)-L .EQ@. 2) GOTC 100

1000 TEMP1C00=1000x¢(ICHAR(CTEMP(L:L))-48)+100* (ICHAR(CTEMPC(L+1D):

*(L+1)))Y-48)+10%x CICHARCCTEMP CCL+2) 3 (L+232)-4B)+ICHARCCTEMP((L+32
*:{(L+3222~48

C RTP=TEMP1000

GOTO 50
¢
100 TEMP100 =100%(ICHARCCTEMPCLZL))-48)+10% (ICHARCCTEMP(CL+1):
£(L+1)))~48)+ ICHARCCTEMP((L+2):CL+2)2)-48
C_RTP=TEMP100
C

50 IF (C_RTP .GE. 300. .AND. C_RTP .LE. 13100.) GOTO 55
IF (C_RTP .LT. 300. .OR. C_RTP .GT. 1100.) THEN
WRITE(%,%)

Fig. 2 (continued)



JAERI—M 92—065

1 0 Temperature given in command {ine = ',

2 CTEMP(L:LLY," T
60 CALL RED
WRITE(x,x3
*' INVALID TEMPERATURE INPUT (3Q0XTEMPX 1100 INTEGER-TYPE INPUT)'
CALL DEFLT

STOP
ENDIF
C
55 LTEMP = C_RTP
WRITE(x,57) CHARC(27)-CHAR(912.,CHAR(S2),CHARC(C45),CHAR(C27>,CHARLT77)
57 FORMAT(' T, &A1)
WRITE(x,66) LTEMP
66 FORMAT(33X, 'Temperature given in command Line = ', I4,' T "
RETURN
END
C
SUBROUTINE RED
WRITE(*,%3 CHARC27), CHAR(91Y, CHAR(49), CHAR(55),CHAR(S%9) .,
1CHAR(51), CHAR(49),CHAR(109)., CHAR(27),CHAR(77)
RETURN
END
SUBRCUTINE RVIOL
WRITE (x.,%) CHAR{27), CHAR{77), CHAR(27), CHAR(91)., CHAR(52).,
1 CHAR(53),CHAR(109),CHAR(27),CHAR(TY)
RETURN
END
SUBRQUTINE DEFLT
WRITE (=x,%) CHAR¢27), CHAR(%1)., CHAR(109)- CHAR(27), CHAR(77)
RETURN
END
SUBROUTINE RBLUE
WRITE (*x,x%x) CHAR(27), CHAR{91), CHAR(52}, CHAR(54>,CHAR(109).,
sCHAR(27),CHAR(77)
RETURN
END
SUBROUTINE RYEL .
WRITE (*.,x%) CHAR(27Y, CHAR(91), CHAR(S52), CHARC(51).,
1CHAR(109Y, CHARC(27),CHAR(Y?)
RETURN
END
SUBROUTINE KBHIT
INCLUDE 'SYSREG'
10 AH = $0B
CALL SYS1(SYSREG)
IF (AL .EQ. Q) GOTQC 10
RETURN
END
¢
C_.._......._..__..____________._...___......._...____
FUNCTION CBROOTC(RX)D
C = = = = = = = = . m e e e e e e m = = = = e == -
C
REAL*8 RX
REAL*8 CBROOT
CBROOT = DSIGN(DABS(RX)*x.33333333D0,RX)
CBROOT = .SDO*(CBRODT +3.DO*RX/{(2.D0xCBROOT*CBRCOT+RX/CBROOT)>
RETURN
END
C
€ ~ = = = = e e e e e e e D e M m m M m m m e e e e - -
C

Fig. 2 (continued)
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SUBROUTINE CS2UD4 (K22
DIMENSION XC5(803>, DYUCSO(BO3>, DYMO2(803>
COMMON /sUCSO/ XCS, DYUCSO, DYMOZ
IF (K2.E®@.1) GOTQ 100
IF (K2.EQ.2) THEN
CALL NEWDG(1)
RETURN
ENDIF
100 00 10 K = 1, 801
T = K+572.15
- - = = = = = = = = = = - - ——= |UQ2(BELOW}- - - - - —_— - -
I.Barinm and O.Knacke, Thermochemical Properties of Inorganic
substances, Springer Verlag, Berlin (19733
I.Barins O.Knacke and 0. Kubaschewski, Thermochemical
properties of Inorganic substances, Supplement, Springer
Verlag, Berlin (19772
IF (7T .GT. 941 LAND., T .LT. 1048> G070 210
IF (T .GT. 1048 .AND. T .LT. 1405) GOTO 220
IF (7T .GT. 1405) GOTO 230
A= 2.14488BE+05
B=-1.08895E+06
C= 2.0701CE+02
D==~2_83435E-02
E= 1.00016E-05
F==1.89768E+00Q
DGUOZ = FEFJ(AI 8, Cr D, Er F, T3
GOTOD 150
210 A= 0.00000E+0Q0Q
B=-1.09028E+06
C= 2.45279E+02
D= Q_.QO0COE+00
E= 0.000COE+0C
F=—9.84614E+00
DGUO2 = FEFJCA, B, C, D, E, Fr T2
GOTO 15¢C
220 A= (0.00000E+QC
B=-1.09992E+06
C= 2.85780CE+02
D= D0.CO000E+00
E= 0.00000E+00
F==1.43480E+01
bGUO2Z = FEFJ(AI BI CI DI EI _FI T2
GOTO 150
230 A=-6.2386866E+06
B=-1.06875E+06
C= 5.43188E+01
D=-7.08393E-03
E= 3.31835E-07
F= 1.62456E+01
DGUC2 = FEFJ(AI Bl C/ D/ E, Fr TJ
Fig. 2 (continued)
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CONTINUE

Private co
1984)

Takamori Nagasaki,
(JAERI-MEMO 59-075,

E.H.P.Coerdfunke and P.A.G. O°
actinide elements and compoun

compounds”, IAEA, Vienna 1978
IF (T .GE. 952.> GOTQ 240
=-3.61469E+06
B=-1.87207E+06
C=-6.8618%E+0Z
D==2.49533E-01
E= 5.94742E-C5
F= 1.79857E+02
DGUO&LA = FEFJ(A, B, C, D~
DGUDLA = DGUOD4LA / 4.184
GOTC 180
A= 0.0

B=—-2.05474E+0Cé
C= 4.914%2E+02

D= 0.0

E= 0.0

F= 8§.77206E+00Q

DGUO4LA = FEFJ(A, B, C, D/,
DGUO4A = DGUD4LA / 4.184

E.H.P.Cordfunke and E.F.Westr
on Thermodynamics ¢f Nuclear
1979,IAEA-SM-236/34 p.125

CONTINUE

IF (T ,LT. 898.> GOTO
A= -1.2945868392D+6
B= 1.72346175D+2

C= 4.3921733710-02
b= 0.0

E= 0.0

DGo12
GOTO

407

406

FEF<(A, B, C, D, E-

A=
B=
C=

~1.3347238E+06

2.7086472E+02
-1.8371212E-02
D= =-7.57575753E-07
E= 3.787878BE-09
DGO12 FEF(A, B~
CONTINUE

€, D- E~

DYUCSO(K?
DYUCSOC(K?

DG012 - 3.0xDGUD
DYULSO(K) /1000,

CONTINUE
RETURN

Fig. 2

—M 92—065

UGz (ABOVE)~

CS2UQ&{(BELOQW)- - -
mmunication

harer “"The chemical thermodynamics of
ds, Part 3 Miscellaneous actinide

E- Fr T

E, Fr T2

CS2U04 (ABOVEY -

CS2U4012(¢BELOW) ~
um Jr.-1in Proc. Intern.Symp.
Materials, Julich,F.R.Germany.,

.

T3

™

CS2U4012(ABAVE) - -
2/4.184 - DGUOLA

(continued)
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REAL*8 PO2UO, PO2UOA, PO2U4, PO2U4H., PO2UQH, POZ2U4M

REALx8 CBROODT, PL, LPIZ2, YYIZ

REAL*8 TEMP., CON

DIMENSION XX{(803),YYI(803),YYI2(8BC3),YY0L(BO03),YYD12(BO3},
1 YYD12H(BO3Y, YYCLH{BO03}, YYD2HH{(B803),DYD2HH (803D

DIMENSION XCS(803), DYUCSO(BO3), DYMD2(B03)

DIMENSION PIOLD(B03), PINEW(B03)

-DIMENSION DYYO4{(803).,DYY012¢(803),XXC(803),DY012H(B03),

1 YO12ZM(803), DYC12M(803), YYO4IA(B03), DYOAIA(BO3),DYOLH(BO3)

INTEGER*4 IHR, IMIN, ISEC, IHUND, IYEAR, IMONT., IDAY
CHARACTER*10 NAME(12), MNAME

COMMON /OXYGEN/ XX, XXC,YYI,YYI2,YY04,YY012,DYYO4.,DYY0D12,YYD12H,
1 DYC12H, YO12M,DYO12M,YYO4LIA,DYO4IA, DYODAH,YYC4AH,
2 YYO2HH, DYOZ2HH

COMMON /IQDINE/ PIOLD, PINEW

" COMMON rUCsSC/ XCS, DYUCSO, DYMOZ

COMMON /XTEMP/ TEMP. C_RTP

DATA NAME/T JANUARY',' FEBRUARY'.,” MARCH'.,® APRILT »
1 ' MAY',! JUNE',T JULY'," AUGUST ",
2 ' SEPTEMBER'." OCTOBER', ' NOVEMBER',' DECEMBERT/

IF (K1.EQ@.3> WRITE(20,'¢A)") 'SELECTED VALUES"'//
+ OUTPUT FROM THE PURPLE CORD"

IF (K1.EQ.3) THEN

CALL TIMEC(IHR, IMIN, ISEC, IHUND?

CALL DATECIYEAR., IMONT, IDAY)

MNAME = NAME(CIMONT)

WRITE ¢20,60) MNAME, IDAY, IYEAR, IHR, IMIN, ISEQ
ENDIF

FORMATC(17X,"(PC-VERSION)',18X, A10,%1X,12,7, ',I14," ('
+ 12,'h=",12,'m=-",12,"5)">

CON = DLOGC10.DQ)
IF (C_RTP .LT. 30C.0R.C_RTP .GT.1100.) RETURN

IF ((K1.EQ.3).0R.(K1.EQ.5)) THEN

ITEMP = C_RTP

M = ITEMP - 299

IF (K1.EQ.3) PLOD =PICLD(M)

IF (K1.EQ.5) PIOD =PINEW(M)

IF (K1.EQ.3) WRITE(20,%) ' Based on PREVIOUS DATA"

IF (K1.EQ.5) WRITE(20,'¢/,A)')" Based on THERMO. DATA ¢19903'

WRITE(20.,10) ITEMP, PIOD ., DEXP(C(CON®YYIZ(M))

FORMAT( ' TEMPERATURE= ',14,' T ',5X,'P(I)= ",1PE9.3," atm',5X,
*TP(I12)= ',1PE®.3, ' atm' )

ENDIF

IF{K1.EQ.3> THEN

WRITE(20, 20) EXP(CONxYYD4(M)), EXP{(CONxYYO1l2H({M))

1 JEXP{CONxYO12M{M)3
ENDIF

Fig. 2 (continued)



IF(XK1.EQ.5) THEN
WRITE(C20, 22) EXP(CQ
1 JEXP(CONxYQ12M({M)2

JAERI—-M 92—065

N*xYYO4(M)), EXP(CON*YYD12(M)?

ENDIF

C
20 FORMAT( ' PO2UO=',1PE®.3.,"' PO2U4H=",1PES.3,"' PO2ULM=",1PED.3,
+! atm'}
22 FORMAT{ ' PO2UC=',1PE9.3.,° POZU4 =',1PEQ.3.," PO2U4M=",1PEZ.3~
+7 atm®)
¢
IF(K1.EQ.3)
+WRITE(20, 30> DYYD4(M), DYD12H(M)., DYD12M(M)
IF(K1.EQ.3)
+WRITE(20, 33> DYYD4(M), DYYD12(M), DYO12M({M)
30 FORMAT(' DYYD4=',F7.2, ° DYD12H="',F7.2 ' PYO12M="',F7.2~
+! Kcal/mol "D
33 FORMAT(' DYYD4=',F7.2, 7 pyyoiz2=',F7.2, ' DYQ12M=",F7.2~
+ 1 Kecal/mol ™2
IF (K1.NE.D3) RETURN
C
pe SO K2=1, 2
CALL CS2UD4 (K2
IF (K2.EQ.1) THEN
WRITE(2C,40) DYUCSOM?
40 FORMAT{(/' PREVIOUS DATA: DYUCSO=",F7.2,-%9%X,"’ ‘s
+1 Keal/mel ")
ENDIF
IF ¢(K2.EQ.2> THEN
WRITE(20.,44) DYUCSO(M)Y '
44 FORMAT (' THERMO. DATA(19903: OYUCSO=",F7.2,9X," Y
+! Kcal/mol'/)
ENDIF
50 CONTINUE
C
WRITE¢20,55) "P{I): MONATOMIC IODINE FPRESSURE QVER'//
+7 CONDENSED CsIt
WRITE(20,55) 'P(I2Y: DIATOMIC IODINE PRESSURE OVER'//
+' CONDENSED CsI? )
WRITE(20,55) 'PO2UQD: OXYGEN PRESSURE FOR UD2+Cs2U04+CsIf
WRITE(Z20,35) 'POQ2U4L, PQO2U4R OXYGEN PRESSURE FOR UQ2+Cs2U40124°
+//"Cs1?
WRITE(20.,55) 'PO2U4M: DXYGEN PRESSURE FOR UD2+Cs2U64012+Csl'//
+T+MoQ2Z2+Mo"
WRITE(20-55) 'DYYO4: OXYGEN POTENTIAL FOR UD24Cs2U04+CslT
WRITE(20,-55) 'DYY012.,DY0O12K: OXYGEN POTENTIAL FOR UOZ+Cs2U4012+°
+//'Cs1?
WRITE(20,55) 'DYQ12M: OXYGEN POTENTIAL FOR U02+Cs2U4012+CsI’
+//"+Mo02+Mo?
WRITE(20,55) 'DYUCSO: OXYGEN POTENTIAL FOR UO2+Cs2U04+Cs2U4012°
C
55 FORMAT(7X-A)
RETURN
END
C
L = = = = = e e e = e — m m e m e e e e e = = -
SUBROUTINE BLINECKIND)
€ — — = = — = = =~ = - - - e e e el e e e e e e = = -
C
REAL*8 YYI2, TEMP

DIMENSION XX(803),YYI(BO3)>,YYI2(8B03),YY04(B03),YYD12(8033,
1 YYO12H(803>, YYO4H(BO3),YYO2HH (803D
DIMENSION XCS(803), DYUCSO(803), DYMD2(803>,DYO2ZHH(803)

Fig. 2 (continued)
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DIMENSION DYO4HA(S30), XX04HA(S302
DIMENSION DYO4HB{(31), XXC&HB(31)
DIMENSION DYC4AC398), XX0LA(398)
DIMENSION DYD4B(37) ., XX04B(37D

DIMENSION DYYQ4(803),DYY012(BO3),XXC(803),DYD12H(8BO3)
1 ,YD12M(803), DYO12M(803), YYO4LIA(B803), DYD4LACE8033, DYD4H(8O3)
COMMON /OXYGEN/ XX, XXCrYYI,YYI2,YYO4-YY012,DYYOQ4,DYYOL12,YY012H.,
1 DYD12K, YO12M,DYO12M,YYO&LIA, DYQ4LIA,DYQ4H,YYOD4H,
2 YYC2rH, DYOZ2HH

COMMQON sUCSO/ XCS, DYUCSO, DYMOZ

COMMON /CASEND/ K1

G0 TO ¢ 400,500,600,700,800,-200 >, KIND

KIND=1 02 POTENTIALS FOR U02 + (S2U04 + CsI
400 po 10 L =1, 801

IF ¢ L .GE. 529 > GOTO 10,

DYO4HACLY = DYO&LIA(L?

XXO4HACLY = XX(L2

10 CONTINUE
XX04HA(529)=XX(802)
XXO04HA(530Y=XX(803)
DYCLKA(529)=DYYC4(302)
DYC4HA(S30)=0YY04L(BO3)

CALL LINEC(XXD4HA, DYOD4HA, 528 ,1,0,00

K = -1

Do 20 I=1., 5

Do 30 L=1, 39

IF (MOD(L,3%9).EQ.OJ K=K+1

IF (L .LE. 10 GOQTO 30

IF (L .EG. 393 GOTC 40
_ IF {C(I.EG.1).AND.(L.EQ.11)2 K=K+1
40 IF (I1.E@.1) THEN

IL =L

GOTQ 350

ENDIF

IF (L.EQ.39) THEN

IL = L + 39%x{(K-1>

GOTO 50
ENDIF
IL=L+39xK
50 CONTINUE
M= L-10
DYO&HB(M) = DYODLIA(IL+528)
XX04HB(M) = XX(IL+528)

30 CONTINUE
XXO04HB(3C)=XX(802)
XXO04HB(31)=XX(803)
DYOQ4HB(30>=DYYD4 (BO2)
DYD4HB(31)=DYYOQ4 (803>

CALL LINE(XX04HB, DYO4HB., 29 ,1,0.0)
20 CONTINUE

RETURN
_____________________________ I
KIND=2 02 POTENTIALS FOR UOZ + Cs2U4012 + CsI
500 DO 60 L.= 1, 801

IF ¢ L .GE. 397 > GOTQ 60

DYD&LA(LY = DYQ12H(L)

Fig. 2 (continued)
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XX04AC(LY = XX (L)
60 CONTINUE
XXOD&A(IF7I=XX(802)
XXD4A(398=XX(803)
DYO4A(3IF7y=DYY04L(BQ2)
DYOLA(ZPB)=DYYQ4{(BO3D

CALL LINECXXO04A, DYO4A, 396 -1-0.0)

K= -1
po 70 I=1, 9
DC 80 L=1, 45
IF (MOD(L-45).EQ.0Q) K=K+1
IF (L .LE. 10> GOTO &0
IF (L .EQ. 45 GOTO 90
IF ¢((].EQ.1).AND.C(L.EQ.11373 K=K+1
90 IF (I.EQ@.1) THEN
It = L
GOTO 100
ENDIF
IF (L.EQ.45> THEN
IL = L + 45%(K-12

GOTO 100
" ENDIF
IL=L+45%K
100 CONTINUE
M= (-10
DYO4B{(M) = DYD12H(IL+3%62
XX04B(MY = AKX CIL+396)

80 CONTINUE
XX04B(346)=XX(802)
XX04B(373=XX(803)
DYQD&4B(362=DYY04(802)
DYD4B(372=DYY04(8BO3)

CALL LINE{XXD4B, DYO4B, 35 -1.0.-0)
70 CONTINUE

RETURN
_ UL - = _ -— — _ _ - _ _ -— _ _ U — —_ - = = = = = i
KIND=3 02 PRESSURES FQOR U002 + Cs2U04 + (sl
6C0C pO 110 L = 1., 801
IF (L .GE. 529 } GOTO 110
DYQ4HACL) = YYO4IACL)
XXQ4HACLY = XX{LD

110 CONTINUE
XX04HA(529)= XX{802)
XX04HA(530)= XX (803)
DYD4HA(S52%)= YY04(8CG2?
DYO4LHA(S3C)= YYD4(8032

CALL LINE(XXD4HA, DYQ4HA, 528 -1.0.0)

K= -1
Do 120 I=1, 7
DD 130 L=1, 39
IF (MOD{L,39).EQ.Q> K=K+1
IF (L .LE. 10) GOTO 130
IF (L .EQ. 39> GOTO 140
IF ((I.EQ.1).AND.C(L.EQ.112) K=K+1
140 IF (I.EQ.1) THEN
IL =1L
G070 150

Fig. 2 (continued)
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ENDIF
IF (L.EQ.39) THEN
IL = L + 39%(K-12

GOTO 150
ENDIF
IL=L+39xK
150 CONTINUE
M= L-10
DYO4LHB(M) = YYO4IA(IL+5283
XX04HB (M3 = XXCIL+528)

130 CONTINUE
XX04HB(30)= XX(802)
XX04HB(31)= XX (803>
DYC4HB(30)= YYD4(B02D
DYD4HBL(31>= YYD4(BO3)

CALL LINE(XXD4HB, DYQ4HB, 2% ,1.0.0)
120 CONTINUE

RETURN
€ = = = = = = = = =~ = = = - = — = = e e - e — = = = -
C KIND=4 02 PRESSURES FOR U02 + Cs2U4012 + Csl
700 Do 160 L = 1, 801
IF ¢ L .GE. 397 ) GOTO 160
DYQ4ACLY = YYOD12H(LD
XXOLALLY = XXALL?
160 CONTINUE
XX04AC3971= XX(8023
XXC4AC398)= XX (803D
DYO4LA(397)= YYD4L(BCZD
DYD4LA(398)= YYD4(BO3)
c
CALL LINECXX04A, DYOLA, 396 -1.0,.00
C

K = -1

pc 170 I=1, 9

DG 180 L=1, 45

IF (MOD(L,45).EQ.0) K=K+l

IF (L .LE. 10) GOT0 180

IF (L .EQ. 45) GOTC 190

IF ((I.EQ.1).AND.(L.EQ.11))  K=K+1i
190 IF (I.EG.1) THEN

IL = L

GOTQ 200

ENDIF

IF (L.EQ.45) THEN

IL = L + 45%(K-1)

GOTO 200
ENDIF
IL=L+45%K
200 CONTINUE
M= {-10
DYD4B(M)Y = YYO12H(IL+394)
XXD&LB (M) = XX({IL+396)

180 CONTINUE
XX04B(363=. XX (802>
XX04B(37)= XX(BO3)
DYO4B(36)= YYD4(BO2)
DYO4LB(37)y= YYQ4(BO3)

CALL LINE(XXC&B, DYO4B, 35 ,1.0.00
170 CONTINUE
RETURN

Fig. 2 (continued)
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U |
KIND=5 02 FPOTENTIALS FOR U02 + Cs2U04 + Mo02Z + Cs2U4012 + Mo
80C RETURN
- e me e e e e e e e e e e = e e e e e e e e A e = = = — ]
KIND=6 02 POTENTIALS FOR (Cs2UD4 + Cs2U40C12 + UO2
700 CALL CS2u04C12

DO 260 L = 1, 801
IF ¢ L .GE. 529 3 GOTO 260
DYD4HACL)D - Dyucso(L)
XXO04HA (L) XX<{L)

260 CONTINUE
XXO&HA(529)=XX(802)
XX0&HA{S530)=XX(803)
DYOLHA(529)=DYY04(BO2D
DYO4LHA(530)=DYYD4(BO3?
CALL NEWPENC(6)
IF (K1.EQ.1) CALL NEWPENC(7)
CALL LINE(XX04HA, DYD4HA, 528 ,1,0-0)

K= -1
B0 270 I=1, 7
Do 280 L=1, 39
IF (MOD(L,39).EQ.Q) K=K+1
IF ¢t .LE. 10> GOTC 280
IF (L .EQ. 39) GOTO 290
IF ((L.EQ.1).AND.(L.EQ.11)) K=K+1
290 IF (I.EQ.1) THEN
It =L
G0TC 300
ENDIF
IF (L.E@.39) THEN
IL =L + 39%x(K-1)

GCTO 300
ENDIF
IL=1+39%K
300 CONTINUE
M= L-10
DYD4HB(M) = — DYUCSOCIL+528)
XX04HB (M) = XX (CIL+528>

280 CONTINUE
XXO4HB(30)=XX(8022
XX04HB(31)=XX(803)
DYO4HB(303=0YYD4 (8027
DYC4HB(31Y=DYYD4 (8O3
CALL LINE(XX04HB, DYO4HB, 29 ,1.0,0)
270 CONTINUE
RETURN
END

SUBROUTINE NEWDG(K3)

E.H.P.Cordfunke and R.J.M.Konings (ed), Thermochemical data for

Reactor Materials and Fission Products (North-Holland-Amsterdam-1990)

With a Preface by D.Kubaschewski
and contributions by
E.H.P.Cordfunke, R.Jd.M.Konings, P.E.Potter, G.Prins and M.H.Rand

Fig. 2 (continued)
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REAL*8 TEMP .
REAL=x%3 AFO-AARQ, AALl, AAZ2, AA3, AAL, All, AI2, AI3Z .~
REAL*8 AF1, AF2, AF3, AF4, AF4LH, AF4IEA- AFS

REAL*8 DGI

DIMENSION XCSC803Y, DYUCSO(BO3)Y, DYMO2(BO3), UMOCSI(803)
COMMON /UCSO/ XCS, DYUCSD, DYMOZ

COMMON /DGINP/ AFO,AFl,AF2,AF3,AF4,AF4H,AF4IEA, AF5, AFSH-AF6MO
COMMON /XTEMP/ TEMP, C_RTP

COMMON /MOINTA/ UMOCSI, UMOCS

T = TEMP
IF (K3.EQ.2)> GCTO 202

DO 10 K=1, 801
T = K+572.15
G0 TO 101

—————————————————————————————— €SI (BELOW)====mm——=—mm———mm—mmm oo
202 IF (T .GE. $04.) GOTC 50

= —-248706.042

= -625.780703

= 1.47661649

= -1.32772235E-03

E= 4.41470528BE-07
DGCSI= FEF(A,B,C,D,E,T)

GOTO 100

50 A= 1055762.56
B= -4850.18868
C= &6.28735750
D= -3.50422425E-03
E= 7.27244355E-07

DGCSI= FEF(A,B-C,D-E-T2

_— e e e e e e e e e e e - - = = = 8 - = = = = w = = = = = =
100 IF (T .GE. 9$52.0) GOTO 1:2¢C
A= 73084.250
B= -82.280500
C= 5.6250000E-03
b= 0.0
E= 0.0
DGCS= FEF(A-B,C-D,E,TO
G0 TG 130
120 PGCS = 0.0
____________ .....____.CS_-_.._.______._

130 IF (T .GE. 952.0) GCTO 125
A= 1012784.00
B= -5061.99583
C= 10.0833292

Fig. 2 {(continued)
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D= -9.011%91666E-03
E= 3.00208333E-06
C
pDGLS2= FEF(A,B-C,D,E.T)
GO TO 135
C
125 A= -42013.3428
B= £2.1546428
C= 4,3928571E-03
= -2.5000000E-07
E= €.0
C
DGCS2= FEF(A,B.C,D,E,T2
C
————————— - — = = - = - — = (52 (ABOVE) - = =~ = = - - = -~
C
C - = = = = = - - - - - L T B i
135 A= 75427.200C0
B= -49.8308333
L= =-2.09999999E-03
D= 3.95833333E-07
E= 0.0
C
DGI-: FEF(AIB/CIDIEIT)
C
C - - = == - - - - - = - = - === - == - = - -- - - - ==
C
L - = = = = = = = = = = = = -~ B -
c .
DGI2 = 0.0
C
L = = =% = = = = = = = — — = - - - = = I2 = =~ === - - -
C
AFO = DGI/4.18B4DO
AE1 = (DGCS+DGI-DGCSI)/4.184D0
AE2 = (DGCS2-2.0D0OxDGCS)/4.184D0
AFZ = (DGI2- 2.0D0*DGI)/4.184D0
C
C - = = - - = - — = = - =~ = — —= UQ2(BELCOW)—- - - - = — = - = - —-— - -
C
101 A= -1115154.72
B= 322.21367%9
= —-0.246%95303
D= 1.70575757E-04
E= -4 .24242424E-08
DGUQ2= EFEF(A,B.C,D,E,-T)
C
L - — = = = = - = - - = = - - —-= UO2(ABOVEY- = = = = = = = = = =— - =
C
C == === === -~ = - = - —= Mo02(BELOW)- - ~ - = - - - = - - - -
A= -590544.6571
B= 1924 .50309524
C= -1.25857143E-02
D= 1.208333333E-06
E= 0.0
C
DGMO0O2= FEF(A,B,C-D,E,T)
C .
C - - =-====-=-- - = = = = —= MoB2(ABOVE)= - = = = = = = = = == =
C
C - - = =-=-=- - - = - - - = = - CS2U04 (BELQW)= = = = = = = = — — ==
IF (T .GE. 952.) GOTO 250
Fig. 2 {(continued)
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A= -1009959.00

B= -4608.13499

C= 10.2232999

D= ~9.17149999E-03

E= 3.05999999E-06
DGUO4= FEF(A,B-C,D,E-TD

G070 252
250 A= 1587919.575
B= -11826.80043
C= 15.65373702
D= -8.73548354E-0C3
E= 1.81633337E-06

C
DGUC4= FEF (A-B-C,D,E,T)
{ = = = - — — = = = - - — — = -= [B2UDB4(ABOVE) - - - - - - = = = —-
C
c
c - =-=--- - — = - - - - - — == (S2U4012(BELOW)- - - - - - =~ - --
€
252 IF (T .GT. 898.) GOTO 253
A= -45610559.80
B= -4181.15511
C= 10.71063%94
D= -9.65965462E-03
E= 3.23238484E-06
c
DG012= FEF(A,B,C,C,E-T)
GOTO - 300
c

253 A= —2244559.66
B= -10351.1514
C= 14.4602612
D= -7.99592640E-03
E= 1.64262461E-06

DGO12= FEF{A,B,C,D,E.,T

¢
C - = = = = = = = = = - - — =« =-— (52U4012(ABOVE)- - = - - —— - -
C
300 IF (K3.EQ@.1)> GO TO &0
C
AFL = ( DGUO4+2.DOxDGI-2.DOxDGCSI-DGUOZ >/4.184D0
AF5 = ( DGD12+2.DPOxDGI-2.DO*DGCSI~-4.D0xDGUDZ >/4.184D0
c .
C - - - - — = — — = = « = - - — (852U4012¢(BELOW}~ - - - = -=- - ~
C
C P.Hofmann and J.Spine, J. Nucl. Mater. 127(1985)205
C
IF (T .GE. 952.) GOT0O 770
DGD12H = ~5573%900. + 1075.0%7
GC TO' 8OC
770 DGR12K = -5709500. + 1217.4xT
C - - - — - - = = - == - - - - (82U4012(ABOVE)- - - = = -= — -
800 AFSH = ( DGO12H +2.%DGI- 2.xDGCSI-4.xDGUDOZ >/4.184
AF6MO = ( DGD12 + DGMDO2 + 2.*DGI -2.*%DGCSI-4.xDGUDZ2 J/4.184
c
UMOES =(DGD12 + 0.S5S*DGMO02 + 2.%DGI- 2.*xDGCSI- 4.xDGUD2)/4.184
IF (K3.NE.1) GOTO 11
20 DYUCSO(K) = (DGO12 - 3.0xDGUD2 - DGUC4D/ 4.184
DYUCSO(KY = DYUCSOCK>/1000.
c

Fig. 2 {continued)
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CONTINUE
CONTINUE
RETURN
END

FUNCTION FEFC(A,B,C,D,E,T)

FEF = A + B#T + CxTx%x2 + DxTx%3 + ExTxxé4
RETURN

END

FUNCTICON FEFJ(A,B,C,D,E,F,T)
FEFJ = A/T + B + CxT + DxT*%2 + E+xT«x3 + FxT*ALOG(T)

RETURN
END

Fig. 2 (continued)
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Fig. 3 Monatomic and diatomic iodine pressures (P(I) and P(I;))

over condensed Csl as a function of temperature, calculated

by using the earlier AGOf data.
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T 1A =U02+CS204012+CS1 (EXPERIMENTAL) | i
] X -U02+CS5204012+CS1+MO0Z+ME (EXPERIMENTAL) .
O L
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U
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0.70 0.94 1.18 1.42 1.66 1.80

1000/ 70K

Fig. 4a Partial pressures of oxygen in equilibrium with UOp4y +

-Cs,Uy075 + CsI, Ulpqy t+ Cs,Up075 + Csl + Mo0,; + Mo and
UOp4y + CspU0, + CsI, calculated by using the monatomic
iodine pressures in Fig. 3.
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1 YA =U02+CS2U4012+CST [EXPERIMENTAL), -
o3 X -U02+CS2U4012+CST+M002+M0 (EXPERIMENTAL) -
o = C
= :
T T T T T T [T T T T T AT A A RARRANMAY AERRAAARS
0.70 0.94 1.18 1.42 -1.66 1.90

10C0/ T (K

Fig. 4b Oxygen potentials corresponding to Fig. 4a. Experimental data
points at 800°C are also shown.
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TEMPERARTURE, €
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g0.70 0.94 1.18 1.42 1.66 1.90
Fig. 5a Partial pressures of oxygen in equilibrium with U0p4, +

CSquolz + CsI, U02+X + CSZUL}Olz + CsI + MOOZ + Mo and
UOp4y + CspU0, + CsI, calculated on the basis of the
different sources of AGUg(Cs,U0,) and AGUF(CsyUy01,) by
using the monatomic iodine pressures in Fig. 3.
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Fig. 5b Oxygen potentials corresponding to Fig. >5a. Experimental data

points at 800°C are also shown.
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Fig. 6a Partial pressures of oxygen in equilibrium with UQp4y +
CesU,010 + CsI, U0pyx T CSquolz + Cs1 + MoOy + Mo and
UOs4x + Cs,U04 + CsI, calculated omn the basis of the
different sources of AGYf(CspU04) and AGP£(CepUL012) by
using the monatomic iodine pressures in Fig. 3.
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Fig. 6b Oxygen potentials corresponding to Fig. 6a. Experimental data
points at 800°C are also shown.
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Fig. 7 Monatomic and diatomic iodine pressures (P(I) and P(I,))

over condensed CsI as a function of temperature, calculated
by using the recently assessed AGOf data in Ref.(3).
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Fig. 8a Partial pressures of oxygen in equilibrium with UOp4, +

Cs,Uu07, + Csl, U02+X + Cs,U,0;5 + Cs1I + Mo0O, + Mo and
U045 + CspU0, + CsI, calculated by using the monatomic
iodine pressure in Fig. 7.
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Fig. 8b Oxygen potentials corresponding to Fig. 8a. Experimental data

points at 800°C are also shown.
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Fig. 9 Oxygen potentials over the phase field UOpqy + CspUy015 +
Cs,U0y.
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