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THE FUGACITIES OF STEAM AND ACETYLENE
AT HIGH PRESSURES*

By Hirovurx: HIraoka

Introduction

Knowledges of the fugacities of gases are necessary for the considerations of
the equilibrium at high pressures. The fugacity of steam at high temperatures and
high pressures is especially interesting in connection with geochemisty and Holser"
has calculated it from Kennedy's P-V-T data of steam®. In this paper, the fugacity
of steam in the range of temperature from 380 to 460°C and that of pressure from
100 to 800 atm is calculated from the P-V-T data recently published by Kiyama,
Kinoshita and Kitahara®. The results of the author are fairly well in accordance
with the results of Holser at 400°C.

Now the reactions involving acetylene at high pressures are exceedingly important
in chemical industry and considerations of equilibriums in such systems necessitate
a krowledge of the fugacity of acerylene which has not yet been reported over the
wide range of temperature and pressure.*® In this paper the fugacity of acetylene
in the range of temperature from 0 to 250°C and of pressure from 10 to 130 atm is
also calculated from the P-V-T data of acetylere published by Kiyama, lkegami and
Inoue®.

Methods

The fugacity coefficient v, , is equal to the ratio of the fugacity f to the pressure
P and the results of the calculations are expressed in this term,

va,p=f1P . M
The change of fugacity coefficient with pressure is expressed by Eq. (2),
v F1-Z
In —2£ __.j‘ = Ldp,
" Yr.po p P @
PV
where Z= BT -

* This investigation has leer done by H. Hriraoka, being in the postgraduate course, under direc-
tiem of Prof. R. Kiyama.

** ‘The fugacity of acetylene at low temperatures has already been reported and used in the
considerations of the solubility of acstylsne. ¢f Tadis fournal, 24, 13 (1954), 25, 58 (1955)
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The calculation of the fugacity of steam The change of fugacity coefficient with
pressure is calculated graphically by Eq. (2) from the P-V-T data of steam of Kiyama
¢t al., which does not involve the data at lower pressures than 100 atm. Keyes, Smith
and Gerry™ reported the equation of state for steam,
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In Eq. (3) v is the volume expressed in cc occupied by 1 gram of steam and T is
absolute temperature. The base values of the fugacity coefficient at 100 atm are
calculated analytically from Eq. (4), which can be derived by substitution of the equa-
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tion of state valid for this range into the thermadynamic equation, =
18.02 (B.P)'g _ (B.P)'g. (B.P)" i
log vrp =W{Bnp+ °2T_ﬂ.+ L & _ 13‘!"28’3} (@)

The third and the fourth terms in the parenthesis of Eq. (4) may be negligible
at high temperatures.

The calculation of the fugacity of acetylene The change of the fugacity coeffi-
cient of acetylene with pressure is calculated graphically from the P-V-T data of acety-
lene of Kiyama el al. which has the postulation that acetylene gas at 1 atm obeys the
ideal gas law at each temperature. The correction for the deviation of acetylene at
1 atm from the ideal gas is d ne with the real molal volume of acetylene at 0°C
and 1 atm=22.1656 ml and the thermal expansion coefficient of acetylene=0.00374.

The P-V-T data previously publisbad by Sameshima® and Rimarski,” which are
valid at low pressures, cover the narrow range of temperature, so that the use of

the approximate equation of fugacity is unavoidable in order to obtain the base

Equation for vat 10 atm
fugacity coefficient 0 °C 95 <C
v=exp ( j :l;zdp) 0.9049 0.9233

e 0909 | 0921
RT
— RT®
V=25 0.9001 0.9237
e L.
=PV 0.9168 0.9338
RT

a} F. G. Keyes, L. B. Smith and H. T. Gerry, Proc. Am. Acad. Ar¢s and Sci., 70, 317 (1936)
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values at 10 atm in the range of temperature from 0 to 130°C. The approximate
equation of fugacity coefficient is proposed in several different forms. In the above
table. the fugacity coefficients at 10 atm calculated from Sameshima’s data are
compared with the results obtained from these different approximate equations, where
the value of ﬁ—;: at 10 atm is taken from Sameshima’'s data®.

The above table shows that even at these low temperatures the error involved
in these approximate values is small and at higher terperatures than 70°C all these
approximate equations give the same values at 10 atm. By its simplicity and correct
applicability as shown in the above table the first approximate equation, yz%, is
used in the calculation of the base values at 10 atm and the fugacity coefficients
at high pressures are calculated on these values.

Results

The fugacity coefficients of steam and acetylene calculated by the above process
are shown in Tables 1 and 2 respectively. Fugacity is obtained by the multiplication
of these values with pressure. The fugacity coefficients of steam at 400°C given in
Table 1 show only slight deviation less than le¢g from Holser's results. The values
predicted from Newton's diagram based on the law of corresponding states show a
few per cent deviations in both cases of steam and acetylene.

Table 1 The fugacity coefficients of steam

oy~ Temp., °C) 380 400 420 440 460
100 0.853 0,868 0.882 0.894 0,905
200 706 738 772 791 812
300 532 597 655 £90 722
400 422 483 546 594 633
500 357 409 467 516 558
600 313 361 413 461 499
700 282 325 374 .A18 A55
800 259 L 297 345 386 421
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Table 2 The fugacity coefficients of acetylene

F—m
mej 0| 10] 20| 30|40 |50 60| 70]s| 9 |100|125|150] 175 200| 225|250

10 0.898/0.912/0.926]0.938/0.9490. 97500.980}0.982/0.985 0.98710.9900.992{0.9940.994/0.996 i
2 38| .832] .857| 878 9 997, 972| 978 .982| 985 .9817| .991 J
30 758 788 818 91 943 953] .962 969 .975‘ 973) 983 [
0 660] 758 87 914’ 930 .942 953} .961] .966| 973 L
50 696 . 83 883| 905! .921 .935| .945! 952|961 !
60 79 .851| .879) .399| 916 .929I 9338 949 fi
70 75 819 850\ 678 898 913 924 .937 |
80 711 788 826/ 858 881/ 398 9L1| 925 |
9 671 759| .803) B39 865{ S84 899 o4 |
100 63 731) .781| 821 850 571 887 905 :
110 5 .704) .760] .804 835 858 876 .895 ;
120 56 678 739| 787 821 346 865 885 i'
130 ABT| 538 654 .719| 771 .807| .834 855 .877
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