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THERMODYNAMIC PROPERTIES OF GASEOUS ETHANE AND ETHENE*

BY ~IASAHIliO UEaLATSI:*, SHOGO ~AEGL'&A*, KDIC}tI ~YATANASE* 

               AND SC}[liltAT$U TANISF[ITA**

   Based an the most probable values and additional recommended calves proposed by 
[be High Pressure Data Center of Japan, new equations of state for gaseous ethane and 
ethene are devised for the range of temperatures 273.15 K [0 498.15 K and of pressures 
up to 30 dlPa for ethane and for [he range of temperatures 2:3.15 K to 423.15 K and of 

pressures up to 80 MPa far ethene. The canonical functions are also deriaed from the 
new equations of state, and the thermodynamic property values are calculated by dif• 
ierentiating these functions. The calculatedvalues of compressibility factor , molar 
volume, molar enthalpy and molar entropy are tabulated in this paper .

                                  Introduction 

   According to the critical evaluation of [he P-[%-T data, the most probable values of compressibi-

lity factor for gaseous ethane and ethene were proposed by the High Pressure Data Center of Japan 

(HPDCJ) organized in the Societ}• of Material Science, Japan, under the sponsorship of the Agency 
of Science and Technologyl7. As the next program of the HPDCJ . new equations of state for both 
ethane and ethene are formulated based on these most probable values in order to calculate the P-1'-7 

propert}• values ai well as other thermodynamic property values at respective states. In the present 

paper, new equations of slate which cover the range o[ temperatures 273.li6 to 498.116 and of 

prevures up to 30 ilIPa fo[ ethane and Chat of temperatures 273.ISK to 413.156 and of pressures up 
to g0 bl Pa for ethene are described and the tables oCthermodynamic property values are presented .

                               New equations of state 

   The skeleton table values of compressibility factor for gaseous ethane and ethene which were 

proposed by the HPDCJ cover the ranges shown in Figs. 1 and 1, respectively. These skeleton table 

values accompanied with estimated uncertainties are classified into two groups. such as the most pro-
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          Fig. 2 The most probable values and additional recommended values for ethene 
                ~: most probable value, Q: additional recommended value 

                p: critical point (282.36 [i, 1.032 DIPa, 7.1i mol~dm-s)r) 

table values and additional recommended values, according to the derivation of these values. Both 

the most probable and additional recommended values were used as the basic data in the present study 

of devising new equations of state. 

   Because of the wide ranges of parameters as shown in Figs. I and 2, density and temperature are 

chosen as independent variables..1s is well known. Benedict-Nebb-Rubin (B\VR) equation of state, 

which expresses pressure as a function of density and temperature, describes well the Y-V-T properties 

of hydrocarbons. However, the BtVR equation is limited in its validity in a maximum reduced density
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of about 1.5 excluding the critical region owing to the fact that it has only 8 constants.:llthough the 

skeleton table for ethane covers the region of reduced density less than 1.3 and excluding the critical 

region, that for ethene is extended up to about 2.7 times larger than the critical density. Therefore, 

additional terms are required to describe accurately the P-V-T properties of ethene. ;liter several 

possible additional terms had been applied, the Iollowing functional form, which was developed from 
the original Blti R equation, was adopted for the present purpose: 

               P=RTP t (a~T+as+aa/ T')Ps 

                t (atTtas)pa 

                t (ae t ar/7s)P. 

                t (aa+ay/T)ps 

                +(a~o+aul ~P° 

                 t(atz+ata/1'tar~/T'xl t7Ps)PsexP(-7P°). (1 ) 

where P=pressure in 3IPa, 

     R=molar gas constant in J•K''mol-r, 

     T=temperature in K, T=(+273.15, 

     t=temperature in °C on IPTS•68, 

     p=molar density in mol•cm s, 
       a~, az,~••, ate. 7-=numerical constants. 

              Tablet Numerical constants in Eqs. (1) and (2) for ethane and ethene

Ethane Ethene

r 

a, 

¢, 

a3 

a, 

o; 

ab 

a; 

~3 

Dg 

g3a 

03 

a~: 

a33 

ala 

~3 

Ay 

d3 

A,

 1.2658363 x 10+ 

 5.0639348 x 10~ 

-1 .0180381 x IOs 

- 1.8913502 x 1010 

 8.4222162 x 10+ 

-3 .l 161109 x !0% 

0 

0 

0 

0 

 9.0228835 x 1012 

0 

0 

 3.0699808 x 1012 

0 

 1.7464272 x IW 

-1 .7468344 x tW 

 L7907139 x 10-% 

-53644526x10

 1.3929979 x 10+ 

 3.7505391 x 102 

-3 .9857311 x 105 

-1 .0630701 x IOt° 

 4.0629601 x IOt 
-3 .0058261 x 10° 

 2.3489094 x 108 

 6.8649318 x 10~ 

-2 .8650224 x IDI~ 

-6 .3746747 x 1017 

 4.1892581 x 1012 
- L0768430 x 101+ 

-7 .i04tilOx 108 

 1.5572166 x 1012 

-1.3328900 x IOts 

 1.6711271 x t02 

 5,2608796 x IO° 

 1.4293953 x 10-1 

-5.4900378x 10'5

z) A.P. Kudchadker. C. H . Alani, and B, J., Zwolinsk i, Chem, Rev., 68, 659 (I966J
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Table 2 average deviations from Eq. (1)

.Author
Number of 
data points

riverage 
deviation 

 (~o)*

Ethane Skeleton table calues'> 

Douslin and Aarrison (73p7 

1Sichels e! al. (i4)h 
Reamer e! al. (44p7 

Reattie et al, (39)s> 

Sage el al. (37p°7

13i 

132 

89 

6i 

34 

14B 

82

0.082 

0.143s* 

0.085 

0.259 

0.140 

0.406 

0.322

Ethene Skeleton table valuesri 

Lee and Edmister (70)'""-y 

Ru and Dodge (67)'7 

Thomas and Zander (6E)tS7 
Natters et al. (34)t°7 

Michels e1 al. (42)''n 

Michels at a!. (36)'sl

I70 

l0 

29 

25 

30 

139 

2l7 

103

0.060 

0.772 

0.194 

0.242 

0.032 

0.16i 

0.091 

O.OSS

~ Calculated by 

      n [96]=~' ~ (Z ,r,-Zrnt)/Z~,u ~ x 100 

n 

   where Z~,y-original experimental values of compressibility factor, 
        Z~,t=calculated values by Eq. (t), 

          n=numberof data points 
#e Skeleton table values had beenalready determined , before these data

were published.

The following values were adopted as the atomic weights recommended by IUPACs> and molar gas 

constant recommended by COD9TA+ti 

    C=12.OI1T0.001, 

    II=1.0079=D.OODI, 

    R=8.31441±0.00026 (J•K't•moYr). 

   In order [o determine the numerical wnstants in Eq. (1), the skeleton table values were in-

troduced as a set of input data into sleast-squares procedure and the characteristics of the computed 

CD values were also examined. In consequence of [his procedure, the numerical constants for both 

ethane and ethene in Eq. (1) were fixed on as lisied in Table 1. 

   When the Cp values were computed, the following C; correlations for ethane and ethene which 

were newly correlated based on the values recommended by Touloukian and biakitaslwere used : 

                Cp°=A1JTtAztAaTtA.T--. (2 )

3) 
4) 
5)

Pure and .4pp1. Clum., 37, 589 (t974) 
CODATA BuII., No.ll (1973) 
P. S. Toulouklan, and T. lfakitan. "SpeciEc Heat-Nonmetallic Liquids and Gases, (Thermophysical 
Properties of Matters)", The TPRC Data Series vol. 6, IFi/PLENUbf, New York (1970)
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This Cy correlations in J•S-'m01-'reproduce [he CD values recommended by Touloukian and Makita 

within the deviation of 0.03% for the range of temperatures 273.13K to 573.IiK both for ethane 

and ethene. The numerical constants in Eq. (2) are also tabulated in Table 1. 

   Comparison of the compressibility factor values computed from Eq. (1) with the skeleton table 

values and experimental data of both ethanes'-]tl and ethenetx-ta> was shown in detail in the previous 

paperlsl_ Table 2 shows that the computed values are in satisfactory agreement with the skeleton 
table values and experimental data7.17,1s> which were evaluated to be the most reliable by [he 

HPDCp>. The computed compressibility (actor values as well as their comparison with the skeleton 

table values are tabulated for ethane and ethene in Tables 3 and 4, respectively. 

   As for experimental Ca data of ethane and ethene, there do not exist any reliable Ca data except 

that of Bier el af.~>, for ethane as far as our present survey could determine. The average percentage 

deviation of these Cp data from the computed Cp values is 0.73% (61 data points) by using the same 

Cn valves.

Canonical function

   \Vhen density and temperature are chosen as the independent variables. the expressions foe 

pressure and all other thermodynamic properties can be derived directly by the partial differentiation 
of the canonical function A=A(p, T), where A is molar Helmholtz function. In the present study, 

molar Helmholtz function A in J•mol'r is derived from Eqs. (1) and (2) as follows: 

               A=Bo+B;T+&Te+Bs7y+Bs1nT+BsT ]n T 

               +RTlnp 

              +(b,T+bs)Pe

6) D. R. Douslin, and R. H. Harrison, J. Cdem. Tlcermodynamics, 5, 491 (1973) 
7) A. Michels, W. Van Straaten, and J. Dauson, Pbysica, 20, li (1934) 
8) H. R. Reamer, R. R. Olds, B. R. Sage, and Rr. X. Lacy. Ind. Eng. Chenr., 36, 936 (1944) 
9) J. A. Beanie, G. L Su, and G. L. Simard, J. Ame. Chem. Soc., 61, 916 (1939) 

]0) B.H. Sage, D.C. Webster, nod R'. N. Laccy, Irrd. Eng. Chem.. 29, 658 (1931) 
1 t) J. A, Beanie, C. Hadlock, and T. Poffenberger, J. Cbem, Phys., 3, 93 (1931) 
12) R. C. Lee, and W. C. Edmister, AIC1rE J., 16, 1941 (1970) 
13) A. Sass, B. F. Dodge, and R. H. Bretton. !. Clrenr. Eng. Dala, 12, 168 (1967) 
1-0) P. S. Ru, and S.F. Dodge, ibid., 12, 158 (1967) 
li) W. Thomas, and M. Zander. Z. ongna. Pbyr., 20, 417 (1966) 
16) R. J. Waiters, J. H. Tracht, E. B. Weinberger, and J. K. Rodgers. Chenr. Eng. Rogresr, 50, ill (1914) 
ii) A. Michels, and M. Geldermaas, Physics, 9. 967 (1942) 
IS) A. Mithels, J. De Gruyler, and F. Viesen, ibid., 3, 346 (1936) 
19) bf. Uematsu, 5. Saegusa, K. Watanabe, and I. Tanishita, Proceedings of the 4th International Con• 

   ference on High Pressure, Kyroto, Japan, Novemher, 1974 ,p561 
2D) K. Bier, G. Maurer of af., Private communintion, will be published in Chemf<a7 Engineering Science, 

  vol. 30 (1915)
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Tahle i Numerica 1 constants in Eq. (i) for thane and ethene

Ethane Ethene

Bo 

n~ 

Bz 

B~ 

~s 

7 

bi 

bz 

by 

ba 

bs 

66 

6~ 

68 

bs 

bia 

6~~ 

biz 

G~~ 

b„

- Li 168402 x l0+ 

 6.1635642 x 10' 

-8 .9135695 x t0-~ 

 8.9407543 x IO-~ 

 1.7464272 % 103 

 1.0061244 x 101 

 IZ658363 x 10+ 

 1.0639348 x IO"-

-4 .0180384 x 105 
-1 .89 L3102 x 101D 

 4.2111081 x 10' 

-15183335 x 102 

0 

0 

0 

0 

 1.8041767 x 10+* 

0 

0 

 3.0699808 x 10+2 

0

-8 .2217326x 103 

 1.0307823 x 102 

-7.146976> x 10'2 

 9.1300630 x 10-s 

 1.671I2iIx102 

 3.0133304x IW 

 1.3929979 x I0+ 

 1.7301391 x 102 

-3 .981731 ] x 105 

-1.0630701 x 1010 

 2.03I4802x ]0' 

- LiD29131 x IOs 

 1.8296980 x 103 

 2.2883106 x 1020 

- 7.1621560 x 100 

- 1.1936687 x 10'7 

 8.3781162 x 10'1 

-2 .1136860 x IOn 

- 7.7042110 x lOs 

 L 1172266x lDlz 

-1 .332890Dx IO~s

              t (b,o t bll/ ~P4 

               t (bstG,a/~-F G,+/rxl rY-(Ps/2 t 1/Y) eRP (-YPZ)~ 

The numerical constants in Eq. (3) are listed in Table 5. The numerical values of 

(3) are fixed due co [he following conditions: 

              (i) S=0 (J•K''moP') at 298.1 S R 2nd 0.101325 nlPa; 

              (ii) H=0 (J•mol'') at 298.15 R and OJ4Pa.

  (3) 

BO and B, in Eq.

Derived functions

   According to Che general thermodynamic relations, the pressure P in blPa. the molar entropy S 

in J•K'3 mot'', the molar enthalpy Ain J•mol-', the molar heat capacity at constant eolume C,. in J• 

K-' mot" and the molar hen[ capacity at constant pressure Cp in J•K-'mot-1 can be calculated by 

the following expressions: 

              H=A-T(8A/8T), +p(8A/op)7•, (6 )
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       c,=r(-(s=.l/ar), +2(aa aP~m+~(a aiav~~T~. (g> 
ddition, the compressibility factor Zand the molar volume Vin cma mot-' can be calculated from 

(9) and (10), respectively. 

          Z=P/ RT p (9 ) 

          v=11 p (la)

                       Calculated thermodynamic properties 

   By differentiating the new equations of state expressed in the canonical forms for gaseous ethane 

and ethene, Eq. (3), thermodynamic properties are calculated. The calculated molar volume, the 

molar enthalpy and the molar entropy both for ethane and ethene are tabulated in Tables 6 and 7, 

respectively.

                                  Conclusion 

   As a part of the activity of the High Pressure Data Center of Japan, new equations of state, Eq. 

(t), both for gaseous ethane and ethene are formulated based on the most probable values and ad-

ditional recommended values proposed by the HPDCJ. These values cover the range of temperatures 

273.1SK to 498.i5K and of pressures up to 30MPa for ethane and that of temperatures 273.13K to 

423.1.3K and of pressures up [0 80MPa for ethene. The thermodynamic property values in these 

ranges can be calculated by differentiating [he canonical functions, Eq. (3), for Loth ethane and ethene 

which are derived Crom the new equations of state. The calculated values of the compressibility 

factor, the molar volume, the molar enthalpy and the molar entropy are tabulated in Tables 3. 4, 6 

and 7.
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'Rble 7 dlculated values of molar volume, molaz enthalpy and molar entropy for gaseous ethene

Pressure 

HPa la bnl

0.101325

1.0133

2.0265

3.0398

4.0530

5.0662

6.0795

7.0938

8.1060

9.1192

10.133

[ll

QO]

1201

1301

1401

(501

1601

(701

(801

1901

11.146

12.159

(1001

13.172

14.186

15.199

16.212

17.225

11101

11201

f1301

u4o1

/150)-

(1601

11701

Temoerature x /°C

273.15 
 (0)

298.15 
 (251

323.15 

 (501
348.15 

 (751
373.15 
 (1001
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 (1251
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 (150)
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-3.73
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 -1000 
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-3fi . 2fi

307.22 
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-d6 .08
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-53.51

97.104 
 -7623 

-57.07

89.079 
 -8029 

-SB .71

  84.490 

-- -Ba72 
   -59.82

81.344 
 -8939 

-60.fi6
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-3]. 2E
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lOD 2016 
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-94.13 -37.53 -32.19

126.64 159.61 ].89.88 
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v.a7
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635.16 
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329.99 
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.:_3818 --- -
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262.52 
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237.80 
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217.29 
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173.26 
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le.

19.

+3[L•:

252

20.265

25.331

30.399

35.969

40.530

45. 59fi

50.663

55. 729

60.795

65.861

70. 928

75.994

81.060

aem

(1901

(2001

(250)

(3001

(3501

14001

(4501

ISOD1

(5501

16001

(6501

17001

17501

(8001

71.101 
-8913 

-64 .04

70.276 
 -8939 
-69.3fi

69.525 
 -8959 
-64.67

66.539 
 -9007 

-65.98

64.359 
 -8993 
-67.05

62,649 

 -8942 

-67 .96

61.247 
-8867 

-68.7fi

60.061 
 -8779 
-69 .48

59.035 
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01.423 
 -6818 
-57.30

79.792 
-6892 

-57 _]8

78.367 
 -6955 
-58.22

73.179 
 -7149 
-60.01

69.771 

 -722fi 
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67,270 
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65.311 
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63.709 
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 -4502 -2108 

-50.39 -43.97
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-53.91 -48.07

76.358 84.096 
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-55. Sfi -49.98
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 -5357 -3406 

-56.87 -51.46
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-57.96 -52.67

67.846 ]2.411 
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-58.90 -53.71

66.079 
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-59.79

fi9.580 
 -5237 

-60 .49

63.304 
 -5152 
-61.17

1st

2rd

62.179 Std 
-5054 

-61.81

61.100 
 -4946 
-62.39

134.

-36.

is 
io 
n

127.fi3 

  -164 

-39.04

122.05 
  -322 
-39.75

line:

line:

line:

103.25 
  -900 
-42 .63

92:640 
 -1237 
-49 .72

89.808 
-1431 

-46.34

80.982 
-1535 

-47.66

77.349 
 -1578 
-48.77

153.64 

  2086 
-33.21

195.79 
 1919 

-]3.97

138.98 
 1765 

-34.67

115. C2 

 1164 
-3] .60

10]

-39

.88 

784 

.79

93.190 

  550 
-41.51

87.118 
  414 

-42.91

82,602 

  34a 
-44.09

molar vol:vee V in cm3•mol 1 

molar entlulpy H Sn J•mo1 1 

molar entropy 5 in S•K lmol-1


