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Studies on the Compressibilities of Gases at High Pressure. II. 

Compressibilities of Mixtures of Ethylene and Hydrogen 

Kaoru DATE, Goro KOBUYA and Hiroji IWASAKI 

Synopsis 

Compressibilities of ethylene and hydrogen mixtures have been measured by the same 

method as described in the previous paper, under the following conditions 

76.6 96 CzH. - 23.4 96 Hz system ~ 
46.8 % CzH 4 - 53.2 96 H z system / : 25° and 50°C, up to 700 atm. 
27.5 % C2H4 - 72.5 96 Hz system J 

Results were given in tables and the equations of state of this ethylene and hydrogen 

system were presented in the power series of density at each temperature. In the region up 

to 200 Amagat density, the equations developed in the form of PV = A + Bp + Cp2 reproduce 

the measured values within the experimental error. The experimental values of the second 

virial coefficients of the mixtures mentioned above were compared respectively with the 

calculated assuming Lennard-Jones ( 12-6) potential. Fugacity coefficient of each pure gas 

and activity coefficient of each component in the mixture were calculated graphically using 

the experimental PV values and given in graphs. 
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I5t 99 .9 96CDbCD~mlt) , L.n~~)£~~IL?JT5ECD*IJ-€Jl:'Jt~L, +:5}:J$}-IL7J£.-€JL,f':L.c~t.: 

G ~p~ t.: CD i;, ~Jtl G t.:. *Jl$;CDij(5EI;t§E:J;M!im~IJ&.Jj.JZr!IL J:. tJ 0.2 960 i*I CD~~"t~l:'1J;!:5E G t.: . 

I,UD, ,g,iJlIJ 5EW2~ P, V ;jo J:. LJ T CD ~5E ~ ~;b~ EE ~$iJlO5EfitIL b t.: G 9~*Hj:Mfg l ) 1R.l~ 

0.2 960i*1l:' cD tJ , *Jl$;CD~~;b~)£~$fitIL b t.: G 9fJ'UHj:~*)jB 0.6 % (25°C, EEJJ;jB 80atm 

mJliIL ;jolt) L:r. TV/,:5}$ 90 960J::.CD jf' A *1l$; CD-Wi-€J) l:' cD 7.> • 

~iJlIJ PV CD-'¥l1!fit~ Table 1 lotEEJJfit c G L , 'i t.: Table 2 lot~,'1ltfit c G L~9 . ~ 

iJlOf!1i c -'¥rltfitFF-I'J CDWii~I;t 9'« L 0.2 960 i*ll:' cD 7.> . Is.;jo, ,g,~$;:5}* CDfitl;t,g,iIill.I5t ,g,EEJJ IL;jo It) 
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Table 1. Compressibilities of ethylene, hydrogen and their mixtures. 

C
2
H

4 IC2
H

4 C
2
H. C

2
H

4 
C

2
H. C

2
H 4 IC2

H
4 'I

C2H 4 IC2
H

4 IC2
H

4 10096 76 . 696 46 .8% 27.596 0% 10096 76.6% 4. 6.8% 27.5% 096 
H2 H2 H2 H2 H2 H2 H2 H 2 H2 H2 

096 23 496 53.2% 72 . 5% 100% 096 23.496 53.2% 72 .596 100% 

1.0997 1.0976 1.0950 1.0933 1.0909 1.1919 1.1896 1.1868 1.1849 1.1823 

1. 0935 1. 0935 1. 0935 1. 0930 1. 0915 1. 1867 1.1870 1.1857 1.1849 1.1829 

0.9638 1.0210 1.0648 1.0901 1.1038 1. 0802 1.1305 1. 1640 1.1863 1.1955 

0.8840 

0.7915 0.9452 1 . 0366 1.0905 1.1168 0.9560 1.0701 1.1435 1.1890 1.2090 

0.6815 

0.5335 0 .8694 1. 0119 1.0930 1 . 1299 0.8146 1.0144 1.1262 1.1933 1 . 2224 

0.3748 

0.3522 

0.3486 0.7990 0.9914 1.0975 1.1433 0.6599 0 . 9632 1.1123 1.1992 1.2359 

0.3523 

90 0.3598 0.5991 

100 0.3794 0 .7437 0.9760 1.1032 1.1570 0.5617 0 .9193 1.1022 1.2065 1.2498 

105 0 . 5528 

110 0.5480 

115 0.5477 

120 0.4256 0.7110 0.9660 1.1103 1.1709 0.5503 0.8890 1. 0955 1. 2148 1. 2636 

130 0.4752 0.5609 

140 0 . 4752 0.7024 0.9616 1.1181 1.1847 0 .5764 0 . 8720 1. 0930 1. 2240 1. 2776 

160 0.5250 0.7094 0.9623 1.1272 1.1986 0.6150 0.8676 1.0940 1.2345 1. 2915 

180 0.57500 .72750.96711.1372 1.21240 . 65930.87401.09871.24551.3055 

200 0.6256 0.7459 0 . 9757 1.1487 1. 2264 0.7054 0.8877 1.1068 1. 2573 1. 3197 

225 0.6874 0 .7904 0.9914 1.1645 1. 2440 0.7642 0 . 9132 1.1209 1. 2733 1. 3380 

250 0 .7488 0.8315 1. 0112 1. 1817 1. 2620 0.8237 0 . 9475 1.1393 1. 2900 1. 3557 

300 0.86920.91891.06231.21901.29820.94271.02621. 18991.3271 1.3922 

400 1.1025 1.1064 1.1897 1. 3047 1. 3704 1.1762 1. 2024 1. 3005 1. 4118 1. 4640 

500 1.3294 1. 2944 1.3277 1.4029 1.4431 1.4044 1.3842 1.4313 1. 5074 1.5367 

600 1. 5492 1. 4788 1. 4715 1. 5050 1. 5159 1. 6261 1. 5687 1. 5694 1. 6058 1. 6095 

700 1.7639 1.6620 1.6128 1.6068 1 . 5880 1.8440 1.7490 1.7090 1.7085 1.6822 

PV = 1.0000 at O°C, 1 atm 
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Table 2. Compressibilities of ethylene, hydrogen and their mixtures. 

~o I ~o 

PA?'n C,H, IC,H, IC,H, IC,H, Ic,H, C,H, I,H, IC'H, IC,H, Ic,H, 10096 76.696 46.890 27.590 0961 10096 76.690 46.896 27.596 096 
H2 H2 IH2 H2 H2 IH2 H2 H2 IH2 H2 

096 23 . 496 53 . 296 72.590 10096' 096 23.496 53.296 72 . 596 10096 

0 1.0997 1. 0976 1. 0950 1.0933 1.0909 1.1919 1.1896 1.1868 1.1849 1.1823 

1 1.0928 1.0935 1.0933 1. 0931 1.0915 1.1856 1.1862 1.1853 1. 1850 1.1830 

20 0.9677 1. 0193 1. 0631 1.0904 1.1051 1.0720 1.1232 1.1604 1.1869 1.1983 

40 0.8490 0.9521 1.0348 1.0908 1.1200 0.9648 1.0626 1.1384 1. 1906 1. 2147 

60 0.7439 0.8938 1.0113 1.0942 1.1354 0 .8706 1. 0122 1.1207 1. 1968 1. 2316 

80 0.6525 0.8422 0.9922 1 . 0995 1.1516 0.7892 0.9694 1.1076 1.2050 1. 2498 

100 0.5750 0.7993 0.9776 1.1068 1.1684 0.7205 0.9330 1.0985 1. 2153 1. 2683 

120 0.5107 0 .7647 0.9675 1.1157 1.1860 0.6636 0.9049 1.0936 1.2278 1. 2876 

140 0.4581 0.7369 0.9624 1. 1262 1. 2043 0.6180 0.8848 1.0930 1. 2421 1. 3076 

160 0.4160 0.7167 0.9615 1.1386 1.2234 0.5833 0.8722 1. 0975 1. 2581 1.3287 

180 0.3836 0.7057 0.9653 1.1534 1.2432 0 . 5598 0.8677 1.1061 1. 2762 1. 3507 

200 I 0.3610 0.7024 0 . 9732 1.1704 1.2639 0.5484 0.8714 1.1201 1. 2967 1. 3738 

225 0.3486 0.7090 0 . 9896 1. 1951 1.2910 0 . 5547 0.8875 1. 1456 1.3255 1.4039 

250 0.3597 0 .7305 1. 0145 1.2236 1. 3194 0.5905 0 . 9195 1.1799 1. 3588 1. 4345 

275 0.4055 0.7697 1.0496 1.2564 1.3493 0.6672 0.9750 1. 2231 1. 3974 1.4665 

300 0.5015 0 .8294 1.0963 1.2937 1.3807 0.7996 1.0536 1. 2801 1. 4425 1.5005 

325 0.6674 0.9137 1.1574 1. 3374 1. 4136 1.0069 1.1620 1.3507 1.4925 1.5362 

350 0.9278 1.0340 1.2344 1.3890 1.4482 1.3132 1 . 3067 1. 4339 1.5480 1. 5736 

375 1 1. 3082 1.2032 1.3223 1.4460 1. 4845 1. 7433 1.4982 1. 5355 1. 6095 1. 6130 

400 1.8377 1.4195 I 1.4313 1.5082 1.5225 2.3258 1. 7474 1. 6588 1. 6792 1. 6546 

PV = 1. 0000 at O°C, 1 atm 

(1 ) 1J[]Jilt{;f:1'l~IJiJ\0CT)f.iijj~: Fig. 1 fe.LQ)im~*Q) Amagat Q)}JI I $;f;.$:f~HIj ;fJ)GQ){fiil~>'o:

~9 . ~J:. t)9;D G nQ J:. -) fe.{Fm&I;tEEhQ)J::J'f·c c b fe.~:k.9 QiJ" 80 ~ 100 atm ;rr1:)1C'~:k. 

fe.~ lA;: Q) i? IHitfr L." 200 ~ 300 atm 01:. c b tJ. Q c ffijj&Q)11''51;t~ifii9- Q ;'1fS;'}>'o:-,rt9' Q ICY 

Q . ;t t;:~FJH5RQ).j<:E:k.1mU;tJ:t%t1¥J1J1EEfifSC'I;t.:r:. T v ;/ :J1¥Q) :k.tJ. Q 1.7 1e.;1) Q iJ, I<HE IUJ. Q c 7.k ~ 

0'¥Q):k.tJ. Q:J)"'-ftilllJ9 Q L ciJ,,,U GnQ . ;t tdFm~iil;t 25 ° Q)4'j ~J:. t) b 50° Q)1:G'i-A'Q):JjiJ11!JJ 

GiJ)Ie.YtJ.~) . L Q) L c l;tlffiUltiJ'~:k.9 Q c iFt ~ lAiJ, 1I;\!!, i?67~1e.;rr -:n)Tff < L c >'o:-Aff~ L., T 

~) Q . 

( 2 ) J::: I) 7 )L-Jj:f~~1M~~:itCT){'F~<Io J:: If;g 2 J::: I) 7 )L-{*~ CT) ~ ~ fmc CT)J;t~: rE*li'i¥ PV 

>'o:-~:ftr p (Amagat l]i{V:) Q)""':t~~.~Joe.)Jum L.,t;:~)bt-9>Q 1::" 1)"7 ) lI ~tJ\r$):.u:·~iRiJ1iR>'o:-rn&)T;Z 

2) A. Michels, M. Goudeket, Physica 8, 347 (1941) . 

3) A. Michels, M. Geldermans, ibid. 9, 967 ( 1942) . 
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Fig. 1. Deviations from the law of additive volumes for ethylene-hydrogen system. 



I::.. . 'i9' , \'l'.'l:lL!J> 200 Amagat 'i C'Q)J:U$Uf:Jf!I'Il','m:qigl'lilc 'J!t)LI;l:~"#iIrtWm: .02 rfi'iC'.!:: 'J 

1::..i!X.A 

PV = A + Bp + Cp2 ................................................... ( 1 ) 

ICJ:.'JL-I-)}~~~"!:i'f: O.2 96£1.iAJC'J;fiftiJ{rn:~j'qJ;QC'~/::.. . -'CQ)IJf-~{rn:~ Table 3 ICjf;'9 . 'il::.. 

( 1 ) AQ)1H*~U:LI.J!XQ)fYJ(Jf-~*667.J/::..66(XQ) ( 2 ) , ( 3 ) toJ:.lJ ( 4 ) :r.t:~V.xJEL" , Table 3 

Q){rn:~mv)LcnGQ)I*,~~r.R:}EL" Table 4 1Cjf;L"/::.. . 

50° 

...... .. ............... . .......... .. ........................... ( 2 ) 

.... .. ........................... ........ . ( 3 ) 

y: mole fraction 

subscript E, H, m: Ethylene, Hydrogen, mixture 

PV = A + Bp + Cp2 + Dp3 + E p4 ......................................... .. .. ( 5 ) 

Table 3. PV = A + Bp + Cp2 up to 200 Am. 

C2H. 96 - H2 96 

100 0 

76.6 - 23 . 4 

46.8 - 53.2 

27 . 5 - 72.5 

0 100 

100 0 

76.6 - 23.4 

46.8 - 53.2 

27.5 - 72 . 5 

0 100 

PV = 1.0000 at O°C, 1 atm 
p = Amagat density 

A B . 103 

1. 0997 - 6.7398 

1. 0976 - 4.0032 

1.0950 - 1. 7386 

1.0933 - 0 . 1476 

1.0909 0 .6874 

1.1919 - 6.2287 

1.1896 - 3.5410 

1.1868 - 1.4353 

1.1849 0 . 0511 

1. 1823 0 .7625 

Table 4. 

1.0997 1.0909 - 6.7398 - 0.3854 0 .6874 15.294 

1.1919 1.1823 - 6.2287 -0.0080 0 .7625 15.103 

7.651 

7 .982 

C·106 

15 . 294 

10 . 151 

5. 650 

2.684 

0.882 

15.103 

9.744 

5 . 495 

2.540 

0.958 

2.364 

2 .386 

0.882 

0 .958 

(Amagat Unit ) 
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Table 5. PV = A + B p + Cp2 + Dp3 + E p' up to 700 atm 

C2H4 % - H 2 96 A B· 103 C·106 D· 109 £ .1012 

100 0 1. 0997 - 8.0031 41. 837 - 161.140 294.833 
76 .6 - 23.4 1. 0976 - 4.5322 20 . 338 - 57.873 101.118 

25 ° I 46.8 - 53.2 1.0950 - 1. 9939 9.836 - 20 . 935 34.905 
27.5 - 72.5 1. 0933 - 0.1484 2 . 922 - 2.691 6.943 

0 100 1. 0909 0 . 6986 0 .711 0.601 

100 0 1.1919 - 7 . 3443 38.806 - 148.788 288.212 
76 .6 - 23 . 4 1.1896 - 3.8555 16.531 - 47.781 88 . 055 

50° I 46.8 - 53.2 1.1868 - 1.4900 6 .768 9.506 23.163 
27 . 5 - 72.5 1.1849 0.0594 2.530 1.371 6 . 012 

0 100 1.1823 0 .7632 0.942 0.234 

PV = 1.0000 at O°C, 1 atm 
p = Amaga t density 

rJ 50° CDjiliJ~-€lc ~:r. T v Y?t¥50%£(TCD~ilffi.MUe. -::>~)LI;l:?~~~ 0.2 %Q(p3C'%illtl1l~J:. 

< fI}:J3ii9" 7.> ;t):~ , :r. T v Y?t¥;b~-'Ch0J: c tJ {de. -::>h~~1lc%illtl1lrdjCD{ffij~I;l:*c tJ-::>L~) ~, 

(~*f~~!;l:~:r. T v Y*CD 25° Ie.:lo 117.> 3.5 96 , 50° Ie.:lo 117.> l.4 96) ~~J:\CDrri ltl;l:;b)tJ !) 

1ffF L., L:;f~,GUJ ~ CD c tJ 7.> . / 

*:jfa3rc'I;l: 20 ~ 30 Amagat \'l5'lt£U::.CDEE~¥CDilltl5E~1TtJl,), -'Ch£(TCD111* ltC'I;l:i1liJ5E 

~ITtJ t:dJ ;b)-::>t;: . L., t;: ;b1-::>L c::. CD1Et-€l * Ie. :lo 117.> ~ 2 }::' I) 7 N{*!J& ~ lE!I~UJ ~ CD I;l: r~, G h j" , 

c::.:tUe.-::>V)LrriL.,<l'i66j"7.>c::.cl;l:C'~tJl,) . L.,;b)L." (3) ;t.C'.i§:;tGh7.> B".I;l:-t6~~!i':11e. 

;t G ht;:~ 2 }::' ~ 7 )H*~c lJ-tJ ~:h 7.> CDC' , c::. h c mI~66tfJle.~~ ~ h7.> ~ 2 1::" ~ 7 )I/{*!J&c ~ 

J:t ~ L., L lJ- t;: . 

~~Ie. ~-::>LI;l:~.w.1*Ie.I;l: Lennard-Jones ~CD?trrdj ~T Y ~ -\,)1/ ~{&5E L." f-h G CD'it-f

FdjiJ''':7 ;t - (J - I;l:~ 2 t:' ~ 7 JI/CDJl;G%illHl;b) G *69L 13·;t G h L~) 7.> ?XCD1l4) ~Jf.l v) , 

ro, (A ) bo = (f 7t N ro3 ), ( cc / mol ) ~/k, (O K ) 

C2H 4 4.523 116.7 199.2 

H} 2.928 31.409 36 . 77 

B = boB* (T* ) , T* = kT/c CDI~l{*J:.!) T* Ie.r.tt.::.L~5G1%~ijt?t~!J& B* (T* ) ~~4)J:.!) 

;jt6>'J, f- :h-c'hCD~ 2 }::' I) 7 N{lf-!J& ~ ~ ~ L., t;: . -::> ~ Ie. 1m -€I * Ie.;rf L., L I;l: Brn = BH YH 2 + 

2BHEYHYE + BE YE2 CDJ:\~Jf.lv) , Bn , BE 1e.-::>v)LI;l:J:CD~~1l~f-CD'i 'i ~ffl L." BRI,,: Ie. 

-::>V)L ~-t>I;l:!) Lennard-Jones (12- 6) ~ CD ;f- T Yi/ -\' JI/~1.&5E L.,L -'CCD?t-f-rdjiJ F~:7;t - (J 

t 7J<5* 0) :I~j'g.f'i:m.:r Wi :w,.:a> ~ li~O'C Att- "C ~u.IE ~ 1<: f~ -r G!i 7.> • 

4) ]. O. Hirschfelder, C. F. Curtiss, R. B. Bird , "Molecular Theory of Gases and Liquids" 

( 1954) , J. Wiley, New York. 
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-~~~1igX: JtQ:l{lg[1J) G rnn = erJ/ -I- r Z!,·)/ 2, f,J/E = ee:H ' CE)1/2 Q)~:(i1:'JJ1IJ 4 ) i:-m ~)"( tli L" ~JIli:Jt 

Q)jJ,jfl2::lPJtifi T* I[J,GGte B* (T* ) i:-~llLl::tnR66"( BnE i:-$jrteL,"( BrIO i:->R66t.: . ~:,'d¥-:~ 

Fig. 2 1[IPJl:jif}LIC~. L,te C 3 ) A;Q)5D~fil1rg[2::3);b-tt"(~17f;9 6 . ~t'f1~ 2::;i;f itilJ1uinJJ I[ I;l:~ 

cc/mol Q)lFm:&1J'~ G tJ.61J'*1*-3jj( L,t':II!:I~~i:-13o.z "(~) 6 . 

( 3 ) ;EEiI* 0) 7 :ti -;"7-: ;;f;:ii'ti''i<;'fd[ -::>~)"(I:ilj[[~j!l!rQ)FpUJH[I~ L,ffi'ki!tJ: r~~C' 3) 6 7 it y 

f' ~ J:. d[L~iJl.U1±t1~1$Q)1tf[ ~ Jt.J ~) "(g-r~1 U.: . ;t "f~M~!ffit I[ -::>~) "( I;l: 

5
1' 

In 9= lnJ/ p = oCC Z- l )/PJ dP ... ..................... . ....... . ........................ ( 6 ) 

9: 7 if 1/ f' (!f.~ J: 7 if 1/ f' p: Ff.)J 
~ PV _0 ••• ' 

Z = RT : ~OfiJ(!f.~ 

H? % 
B 0 15 50 75 /00 

cC;mol 

o 

- 20 

- 40 

- 00 

-80 

- rBJexp. 
--- (BJea!c 

100 75 50 15 (j 

CZH4 % 

Fig. 2. The 2nd virial coefficients of 
ethylene and hyd rogen mixtures . 

J,n¢ 
06~~--~--~--~--~~~~-, 

-Q4 

- 06 

-08 

-/0 

- 1.2 

-1.4L-~ __ -L __ ~ __ L-~ __ -L __ ~ 

o 100 lOO JOO 400 500 bOO 700 Atm 
p 

Fig. 3. Fugac ity coefficients of ethy lene and 
hyd roge n. 

In ¢' == In h /PYi = r~ C(Zrn- l ) /PJ dp -I- r~ (1 - y,) (CJ /CJYi) C( Z,,<- l ) /P J dp 

= In 9m -I- (1 - Yl) (a jaYi) In 9.. . .. ................................. ( 7 ) 
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!Pi: i1£0*,111Q) i /!X:7}Q)7;1j'i/-J-if-rx. 

J; : iJi.15- *' Ij I Q) i fix/i) Q) 7 if ~ -J-

cp", : ilf.15- *' Q) 7 ;If ~ -J- i,y;rx. 

Yi: iJi.fr *' '-I I Q) i px0- Q).:c )1/ 0-* 
z - (PV)".. c.P.A.7/: )" :~!"Iv.*,.l, '" - RT . i~ I=l *,Q) ±j~ii3l71';w\' 

T! = f;-; = !: .......................... ... .. .......... .............. .. ... ( 8 ) 

- (;If. Y.m frttiioo ('5 ' 
---- H ~? ____ ..... 

.Rn¥ 

12 

fO 

08 

0.6 

Y-05 04 --------------

Y=075 

500 600 mJ otm 

- C;H4 
---- Hl 50' 

Y : w! fraction 

Y:af5 ------

Fig. 4. Activity coefficients of e thyle ne a nd hydroge n in their mixtures . 

~IJtQ) HlTC' 1 ~ 2 961'5W'r , 1iX:{J1.~}1IJt Q) ffTC' 1096~.'£Llt Q) ~~ C jiJ~~ ~:h 7.> • 

(Jl?1f1l ~7 if 12 J3 28 B ~m!) 
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