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ON THE THERMODYNAMIC PROPERTIES OF ACETYLENE
UNDER HIGH PRESSURES

By Hirosir TERANISHI

Introduction

With the development of acetylene chemistries, it has become necessary to have
some knowledge on the thermodynamic properties of acetylene for handling it under
high pressures. Nevertheless, these properties under high pressures have not yet been
reported in detail. Sameshimal’ and Rimarski?’ investigated the P-V-T relations of
acetylene and, however, their measurements were limited in the narrow ranges of tem-
perature (0 ~25°C) and pressure (0.5 ~20atm). The van der Waals eyuation of state for
acetylene® which was computed from these data shows more than 5024 deviation in the
value of volume under even 50atm, and can scarcely serve as the basis for the evaluations
of other thermodynamic properties of acetylene under high pressures.

In our lahoratory, the P-V-T relations of acstylene were measuresd by Kiyama,
Ikegami and Inoue over the wide ranges of temperature (— 8 ~ 250°C) and pressure (11 ~
145atm), and the method and results of the measurements were reported schematically
in 19519, In the present paper, the author will mention in detail the P-V-T relations of
acetylene which are estimated, on the basis of above-mentioned measurements, by the
inter- and extrapolation of the temperature and pressure and by making the sufficient
corrections for the volume and especially for the critical conditions, and will report the
thermodynamic properties of acetylene under high pressures which have been evaluated
from the P-V-T values.

P-V-T Relation

Several methods have been reported? on the correction of P-V-T relation of a gas
and on the estimation of some other thermodynamic propsrties of the gas from the

% (P+439/)(V —0.0514) = RT (atm liters/mole),
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P-V-T relation.  Although the residual volume method of Deming and Shupe® is most
laborious among them, yet it is thought to be most accurate in its results of estimation.
The residual volumes 4 and a are defined as follows:

JEV(%—I)! (1)
azj—?g-— ; (2)

In the residual volume method, 4 or a is computed from the data of P-V-T measure-
ments and plotted against pressure and temperature, and then reasonable smoothed lines
of 4 or a ~ P isotherms and 4 or a ~ T isobars are determined. The volume at desired
pressure and temperature is evaluated readily from the value of 4 or a at the conditions
and determined so that the reasonable coincidence has been found in its two values
which are evaluated from both 4 value and « value.

The basic P-V-T relations in which the postulation that the acetylene gas follows
the ideal gas law at latm and each temperature is assumed are measured on acetylene
of 99.32 purity at several points of pressure between 11.40 and 145.30atm on every iso-
therms of —8.0, 0.1, 20.5, 30.3, 40.0, 52.4, 60.5, 72.5, 79.5, 100.0, 150.5, 200.0, and 250.0°C.
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Fig. 1 PV/RT~P isotherms of acetylene

O calculated from the vapor pressure data

5) W. E. Deming and L. E. Shupe, Phys. Ret., 37, 638 (1930); 38, 2245 (1931) ; 40, 848 (1932)
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Table 1| P-V-T relation of acetylene
{V : liters/mole)

= Fam,

T 10 20 30 40 S50 60 70 80 S0 100 110 120 180
T, °C —
- v 4,279 2.120 1392 1.025 0.805 0.659 0.558 0.48¢ 0.427 0.382 0.345 0.314 0.287
PV/RT | 0.997 0.988 0.973 0.955 0937 0.921 0.910 0.902 0.896 0.891 0.834 0.876 0.869
5 v 4.073 2.014 1.319 0.969 0.75 0.620 0.525 0455 0.401 0357 0.321 0.291 0.266
PV/RT | 0.99 0.986 0.968 0.948 0.928 0.910 0.898 0,890 0.882 0.873 0,864 0.354 0.844
208 14 3.866 1908 1.246 0.912 0712 0.551 0.490 0424 0.372 0331 0.297 0.268 0.244
PV/RT | 0.996 0.983 0.963 0.940 0917 0.868 0.884 0,873 0.862 0.852 0.841 0,828 0.817
i v 3658 1.801 1172 0.854 0.665 0.5¢1 0.455 0391 0.342 0303 0.271 0.244 0.221
PV/RT | 0985 0.979 0956 0.929 0.904 0.852 0.866 0.852 0.837 0.824 0.810 0.796 0.782
188 4 3.450 1.693 109 0.795 0.614 0.497 0.417 0357 0.310 0.273 0.243 0.218 0.19%
PV/RT | 0.994 0.975 0.947 0.916 0.884 0.850 0840 0.522 0.804 0.787 0.769 0.752 0.735
15 Vv 3.241 1584 1019 0.733 0.562 0.451 0.373 0315 0.271 0.236 0.208 0.184 0.164
PV/RT | 0.992 0.969 0.935 0.898 0.860 0.827 0.799 0.772 0.747 0.723 0,699 0.576 0.654
- v 3.031 1.471 0.938 0.667 0,505 0.308 0.323 0.268 0.226 0,193 0.166 0.143 0.125
PY/RT | 0990 0.961 0.919 0.872 0.825 0.750 0.738 0.700 0.664 0.629 0.595 0.562 0.530
& 4 2,046 1.424 0905 0.640 0.481 0.376 0.301 0.247 0.206 0.173 0.147 0125 0.108
PV/RT | 0988 0.956 0911 0860 0808 0.756 0.708 0.664 0.621 0.580 0.541 0,505 0.473
- v 2.858 1.375 0.869 0.611 0.457 0.353 0.279 0.224 0.182 0.150 0.125 0,106 0,093
PV/RT | 0.985 0.949 0.900 0.844 0.788 0.730 0.673 0.618 0566 0517 0.474 0.439 0.418
- 4 2.765 1.321 0.831 0.580 0.430 0.327 0.251 0.192 0.146 0.118 0,099 0,088 0.081
‘ PV/RT | 0982 0.939 0.385 0.825 0.764 0.697 0.624 (.546 0.468 0.418 0.387 0.374 0374
s 4 2.665 1.264 0.790 0547 0.399 0.297 0.216 0,151 0.109 0.088 0.079 0.075 0.072
PV/RT | 0.975 0925 0.856 0.800 0.730 0.652 0552 0.443 0.358 0.323 0318 0328 0.343
- v 2563 1.205 0.746 0511 0.364 0.257 0.163 0.103 0.078 0.068 0.066 0.065 0.065
PY/RT | 0.967 0.909 0.844 0.770 0.687 0.582 0.431 0,311 0.265 0.257 0.273 0.29 0,320
10 V 2.460 1.145 0.701 0.471 0.324 0.198 0.100 0.047
PV/RT | 0.957 0.891 0.818 0.734 0631 0.463 0273 (.146
%0 v 2.356 1.085 0.653 0.428 0.269
PV/RT | 0.947 0,870 0.788 0.688 0,541
T v 2250 1.017 0,600 0.373
PV/RT | 0.935 0,846 0.748 0.620
16 v 2.143 0.949 0536
PV/RT | 0.922 0.817 0692
" 4 2035 0.873
PV/RT 0.908 0.779

The values of critical constants which were reported previously® seem to have some
errors due to the impurity of 0.72¢ contained in the gas and the difficulty in determining
the critical values and, therefore, in the present estimation, the most reasonable
values reported in literature®? are used for the critical constants and they are shown in
the next table together with the fundamental numerical constants which are employed
in the calculation.

C-H. = 26,036 P.=6l6atm
0'C=27316K t-=236.0°C
R=0,0820544 liters atm/deg V.= 113cc/ mole
1 liter atm = 24.2179 cal/mole er=0.231g/cc

6) K. A, Kobe and R, E. Lynn, Jr.,, Chem. Rev., 52, 117 {1953)



The Review of Physical Chemistry of Japan Vol. 25 No. 1 (1955)

28 ii. Teranishi

—0.10

1), liters/mole

PV
RT ™

—0.15

J=

# 14.9atm( - 100C)
{ IR AP Y T A I | i 1 PR (R NTEN BT P BN | : 1

02 0.4 06 08 1.0 2 4 6 3 1 20
¢, moles/liter
Fig. 2 J1—~p isotherms and isobars of acetylene
D ¢ calculated from the vapor pressure data

The results of the estimation of ¥V and PV/RT in the ranges of 0~250°C and 10~
130atm are tabulated in Table 1, and PV/RT ~ P isotherms and o ~p isotherms and
isobars are shown in Fig. 1 and Fig. 2 respectively. The values corresponding to sign O
in Figs. 1 and 2 are calculated from the data on the vapor pressures of acetylene listed
in International Critical Tables? and show good coincidence to the extrapolated lines of
respective isotherms of the present results.

In the hasic data of P-V-T relations, the errors of the measurements of temperature,
pressure and volume are =+0,05°C, =0.017 ~0.05atm and =2 X 10*liters/mole respec-
tively and the relative errors of the volume (0.16 ~ 1.822) are most effective in the errors
of the PV/RT except that at the minimum pressure in the measurements (11.40atm)
where relative error of the volume is comparable to that of pressure. In the present
correcting procedure, the smoothed lines of every isotherms and isobars of 4 and a have

7y Inter. Crit, Tables, 3, . 230
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heen corrected reasonably so that the two values of the volume under any desired con-
dition which are evaluated from both 4 and a values respectively coincide within 0.001
liters/mole, i. e. the half of the errors of volume in the basic measurements, and there-
fore, cach value of volume listed in Table 1 has the error of =+0.001 liters/mole and the
relative errors of PV/RT are calculated, by the least square method®, to be 0.09 ~0.925.
Owing to the postulation in the basic data, the results of the present estimation have
also the postulation that the acetylene gas under latm obeys the ideal gas law at each
temperature. If the real values of volume of acetylene under the standard condition
{0°C, 1atm) and its thermal expansion coefficients at 1atm reported until the present**®
are used instead of the ideal behaviors, the values of volume in Table 1 have 0.86, (172,

0.30, and 0.0725 deviations at 0°, 10°, 100°, and 250°C respectively.

Thermal Expansion Coefficient at Constant Pressure

Generally it is almost impossible to obtain the accurate (dV/dT), values from the
slopes of V ~ T isobars, because the latter are nearly stralght lines except at the conditions
near the critical point and lHquefying points. On the other hand, it is comparatively easy
to determine the values of (d4/dT), or (dafdT), from the slopss of 4~7 or a~T iso-
bars, and hence (dV/dT), is obtained readily by substituting these valuss into the

following equations:
PV T\ (ds
7~ (v) (a7,

B, -
B, 55,

The two values of (dV/dT), at the same conditions which are obtained from Egs. (3) and
(4) respectively are plotted in (T/VXdV/dT)p~ P, @V /[dT),~T™ and PV(dV[/dT),~T
graphs and are corrected, by smoothing the curve of each isotherm or isobar, so that the
values of (dV/dT), at each condition thus obtained from these curves show reasonable
coincidence among one another. Deming and Shupe have discussed that the PV{dV/dT),
~ T isobars have turned out to be straight lines. In the present estimation, the isobars
show the same behavior, except those near the critical condition and liquefying conditions
and are very efficient for reasonable correction of (dV/dT),. The values of (dV/dT),
thus obtained are listed in Table 2 and (@V/dT), ~ T iscbars are shown in Fig. 3.

On the accuracy of (dV/dT),. Deming and Shupe have discussed “a 1 percent error
in estimating the slope of 4 »s, T or an « vs. T isobar may mean only a few hundredths

== Volume at 0°C, 1 atm: 22.2222liters/mole
Thermal expansion coefficients at 1atm: 0.003771 (at 0°C), 0.003738 (0°~ 100°C)
Inter. Crit. Tables, 3, P, 3, 16

8) K. Livingston, FPhysice-Chentical Experiments, P. 21, Macmillan Co,, (1939)
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Table 2 The thermal expansion coefficient of acetylene at constant pressure
av
(ET), % 108, (liters deg™! mole™!)
j-,.am e e ————— p— —
T C 10 20 30 40 50 60 70 RO o 100 110 120 130
0 109 7.9
10 105 715 6.70
20 10.1 6.53 573 6.29
30 976 607 501 500 59
40 946 5.67 4.56 425 453 5952 3.90
50 923 537 422 373 372 418 351 315 261 175 Ll1O 0,800 0,583
680 901 514 394 340 319 335 308 281 271 228 160 1.09 0.771
70 884 494 372 316 28 278 263 249 237 222 193 154 104
80 | 871 479 355 297 265 247 234 222 212 201 188 165 140
90 " 861 468 342 282 249 229 214 202 191 181 171 160 146
100 853 459 331 272 237 215 200 187 1768 167 156 1.47 1.39
125 840 441 314 252 216 192 174 160 147 137 129 121 114
150 ! 834 434 304 240 204 178 159 145 133 123 114 107 101
175 I 832 429 298 233 19 168 148 134 122 113 106 0.989 0938
200 830 426 294 228 1.89 161 141 1.27 117 107 101 0.947 0.886
225 827 424 292 226 18 156 137 123 1.13 104 0968 0909 0.857
250 826 422 291 222 1.83 154 134 121 110 102 0946 0.885 0832
T T T T T T
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Fig. 3 The thermal expansion coefficient of acetylene at constant pressure
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percent error in (dV{dT),, since by Egs. (3} and (4) the slopes (d4/d7T), and (da/dT),
enter as correction terms to the slope that the v vs. T isobar would have if the gas were
perfect.” However, all of their estimation are under such the conditions that T is more
than 1.66 for N,, CO and H., and on the other hand, in such the conditions that T, is 0.88
~1.69, as in the case of the present estimation, the deviations from the ideal gas law,
that is the values of 4 and a, become larger and, especially near the critical point, their
absolute values become as large as that of the volume, and consequently, it would be
considered that the error of (dd/dT), or (da/dT), would be more effective to the error
of (dV/dT), than that reported by Deming and Shupe. Considering from the differences
between the two values of (dV/dT), under the same conditions which are estimated
from {(d4/dT), and {da/dT),, the values listed in Table 2 are taken to have the following

errors. Maximum (25} Average (%)
100 ~ 250°C 0.8 0.6
0~100°C below P. 28 0.9
4 abave P. 5.6 20

Heat Capacity at Constant Pressure

The next thermodynamic equation is used for estimating the heat capacity at con-
stant pressure Cp,

dCa\ _ _ (d*V -
()= 7(5). (5)
By intezration with P, the following equation is obtained,

42V

Cop=C,\ + 4C,=C,°+ ﬁv—T(-f-i—,ﬁ)”dP, (6)

where C,° is the value of C, under the standard state at each temperature, and in the
present estimation, 1atm is taken as the standard state, and the value of C,’ for acetylene
at each temperature is obtained by the following ejuation which is calculated by Spen-
cer?® from the spectroscopic measurements on acetylene, that is,
C,”=12181+ 3.879 X 107°T — 2,681 x 10°T* cal deg™ mole™. (7)

The equation is reported to be applicable for the temperature between 298,16 and 1500°K
within the error maximum 1.24 and average 0.5925***. (d*V/dT?), is evaluated from the
slope of the (dV/dT),~T isobar and 4C, is obtained by graphical integration of
T(d*V/dT®), ~ P isotherm from latm to the desired pressure. The results of the estima-
tion of 4Cp and C; for acetylene are listed in Table 3 and C, ~ P isotherms are shown in
Fig. 4.

It is difficult to mention the accuracy of (d*V/dT*), as a whole, and however, its

*+% For the evaluation of C,° values of 0°, 10°, and 20°C, the Eq. (7) has been used, because
more adequate method of evaluation has not been obtained otherwise.
9) H. M. Spencer, Ind. Eng. Chem., 40, 2152 (1948)
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Table 3 The heat capacity of acetylene at constant pressure
4Cp = f —T( ar') dP. (cal deg- mole-1)

~ P, atm
T © 1 10 20 30 40 50 60 70 80 9 100 110 120 130
0 J4Cy 38 1
Co 978 136 21
0 | 45 33 81 14
Cn 10.06 134 181 24
w | 45 28 64 11 20
Cp 1032 131 167 21 30
30 J4C, 23 52 89 14 24
C, 1055 129 158 104 24 35
40 4C, 1.9 42 70 11 17 30
C, | 1077 127 150 177 21 27 41
50 ACy 16 33 55 82 12 19
' Cp 1097 125 142 165 191 23 29
60 4C, 1.3 2.7 45 6.4 90 13 19 24 27 27 23 23 20
Cp 11.15 124 138 156 175 201 24 30 35 38 38 37 34 31
70 AC, 1.0 22 36 5.2 70 96 13 16 20 22 22 21 19
Cy 1132 124 135 149 165 183 209 24 28 31 33 33 32 30
80 4C, 08 18 29 4.3 57 7.6 9.7 12 14 6 18 19 17
Cp 1148 1234 133 144 158 172 191 212 23 26 28 29 30 29
a0 4Cp 068 15 25 35 4.7 6.1 7.6 92 11 12 14 15 16
3 C, 1164 1231 131 141 152 164 17.7 192 208 23 24 28 27 27
100 AC, 054 12 20 28 38 49 61 73 BG 100 11 13 14
(9 11.78 1232 130 138 146 156 167 178 191 204 218 23 2424 25
125 4Ca 033 074 12 .8 24 30 3.7 45 5.2 60 69 76 84
C, 12.10 1243 1284 133 139 145 151 158 166 173 181 19.0 19.7 205
150 4Cp 022 050 0281 11 15 19 23 28 33 38 43 48 53
C, 1238 1261 1288 13.19 135 139 143 14.7 1562 157 16.2 167 17.2 176
175 4Cp 013 028 046 067 089 1.1 14 17 20 23 27 30 33
Cu 1264 1276 1292 1310 13.30 1353 138 141 144 147 150 15.3 15.7 16.0
200 4Cp 009 020 032 047 062 079 09 1.1 1.4 1.6 18 20 22
Cp 12,87 1295 13,06 13.19 13.33 1348 13.65 13.83 140 14.2 144 146 14.8 15.0
295 4Cp 007 015 025 036 048 061 076 091 1.1 12 14 16 1.7
Cp 13.08 1314 13.23 13.32 1343 1355 13.69 13.83 1399 142 143 145 146 14.8
250 4Cp 006 013 021 031 041 052 065 078 091 1.1 1.2 13 15
Cp 13.27 13.33 1340 13.84 1358 1368 13.79 13.92 1405 14.18 143 145 146 14.7

several examples which are calculated from the errors of (dV/dT), and of the slopes of
(@V]dT), ~ T isotherms are shown below,

175°C, 90atm: 0.822% 60°C, 110atm: 7.5%%
90°C, 40atm: 0.852 20°C, 30atm: 1.02

The error involved in the graphical integration is estimated to be about *=0.220 and
considering these errors, the values of 4C; in Table 3 are taken to have the probable
errors of 0,8 ~8,0%, and the ranges of the errors are shown by the dotted lines on both
sides of each isotherm in Fig. 4,
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Fig. 4 The heat capacity of acetylene at constant pressure
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