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Studies on the CompressibilitiE;s of Gases at High Pressure. III. 

Compressibilities of Mixtures of Argon and Ethylene 

Kaoru DATE, Goro KOBUYA and Hiroji IWASAKI 

Synopsis 

Compressibilities of argon and ethylene mixtures have been measured by the same method 
as described in the previous paper, under the following conditions 

77 .1% Ar- 22.9% C,H. system 
57.0% Ar- 43.0% C,H. system 
47.6% Ar- 52 . 496 C,H. system 
39.196 Ar-·60.9% C,H. system 
23.696 Ar- 76.4% C,H. system 

1 
f 

: 50°C, up to 700 atm. 

Results were given in tables and the equations of state of this argon and ethylene system 
were presented in the power series of density. 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 va lues of the second virial coefficients of the mix
tures 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 
g iven in graphs. 

( Received December 28, 1962) 
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~*,fJ JI/:::1' /' I;l: f,!ij=tW{~~t~J!:~1±l!l1!Q)>1mlt 99.99 96.l2U::.Q) b Q) , :r.. 'f v/' I;l: 8 *:071fl{~~1* 

J:t~1±lWtQ) >1mlt 99 .996 .l2t1.Q) b Q) ~ JtJ ~), L. n t? ~ ~ff?G~~le:.iJT:lEQ) ~IJ~ C"'3'Ej:~ L, +0-Jt:g

Icrm~ L t::. L. c ~t::. LiJ)"i; t::.Q) t>~JtJ L t::. . M!.n:X:Q)7j(:lEIHUWIWR~~~fklc J::. I) 0.2 96.l21.r'3 Q)~ 

:gt-c 7j(:IE L t::. . 

tJ::to ilttl:IE~~ P, V :to J::. a T Q)~:lEij~!t~iJ1EE~$iltIJ:lEfi1Uc:to J::.1;r9~2'!id;l: mi ¥Ii 1) , 2) IRl ~ 0.2 

96.l21.r'3C"'iD I) , *Jln:X:Q)~~iJ~EE~$ii1Uc b t::. t? 9~~I;l:~*ilB 0.25 96 CEEJJilB 100 atm IlfHilc 

:to~) l:":r.. 'f v/' 0-$ 9096 .l21.J::Q);li" ;qJln:X:Q)~~) C"' iD 1.> • 

~ilttl PV Q)1JZltiill~ Table 1 !c )c1EEJJiillc Ll:", "it::. Table 2 !c)c1!&'ltiillc Ll:"7F9 . ~ 

ilttliill c 1JZltfillFdI Q)flfii~l;l: 9-"'l:" 0.296 .l21. r'3 C"' iD 1.>. tJ: :to~>1mnt0-* Q)iill!;l:~EEJJ Ie:.:to~) l:" ~,~,~ 

Table 1. Compressibilities of argon, ethylene and their mixtures. 50°C 

o 
1 

20 

40 

60 
80 

90 
100 
105 

110 
115 

120 
130 
140 

150 
160 
170 

180 

200 

225 

250 

300 

400 

500 

600 

700 

1.1842 
1.1837 

1.1748 

1.1672 

1.1607 

1. 1556 

1.1523 

1.1507 

1.1506 

1. 1521 

1. 1557 

1.1611 

1.1699 

1.1807 

1.2098 

1.2870 

1. 3815 

1.4859 

1.5952 

Mix. 1 

1.1860 

1. 1849 
1.1647 

1.1449 

1.1269 

1.1120 

1.1001 

1.0912 

1.0851 

1.0822 

1.0831 

1. 0871 

1.0968 

1.1107 

1.1478 

1.2523 
1.3764 

1.5079 

1.6440 

PV = 1.0000 at O°C, 1 atm 

Mix. 2 Mix. 3 Mix. 4 Mix. 5 

1.1875 1.1882 1.1889 1.1901 
1.1857 1.1858 1.1861 1. 1865 
1.1505 1.1405 1.1337 1.1442 
1.1136 1.0942 1. 0765 1.0354 
1.0789 1.0505 1.0208 0.9559 
1.0488 1.0105 0.9711 0.8810 

1.0236 0.9768 0.9291 0 .8182 

1.0039 0.9506 0.8963 0.7726 
0 .7593 

0.9898 0.9333 0.8747 0.7521 
0.8688 0.7506 

0.9818 0.9249 0.8665 0 .7539 

0.9805 0.9240 0.8672 0.7608 
0.9810 0.9252 0 .8705 0.7704 
0 .9865 0.9331 0 .8834 0.7963 
1.0012 0 .9515 0.9083 0.8360 
1.0223 0.9768 0.9400 0.8811 
1. 0762 1.0426 1. 0159 0.9773 
1.2158 1. 2012 1.1909 1.1797 
1. 3717 1.3707 1. 3725 1. 3814 

1.5305 1.5428 1.5546 1. 5810 

1.6914 1. 7138 1. 7330 1. 7765 

1.1919 

1.1867 

1.0802 

0.9560 

0.8146 
0.6599 

0.5991 
0.5617 

0.5528 
0.5480 

0.5477 
0 .5503 

0.5609 
0.5764 

0 .6150 

0.6593 

0.7054 

0.7642 

0 .8237 

0.9427 

1.1762 

1.4044 

1.6261 

1.8440 

I 
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Table 2. Compressibilities of argon, ethylene and their mixtures. 50c C 
- - -- -

Mix, 1 Mix. 2 Mix. 3 , Mix. 4 J . Mix. 5 J 
.0 Am C2H, O,O <?o C.H , 22.990 C2H, 43, 0'?oC 2H., 52.490 CzH, 60. 9 9~IC2H, 76. 49i1C2H" 100. 09~ 

Ar 100.096 Ar 77 .1 90 Ar 57,090 Ar 47.69oAr 39,1 901Ar 23 .69oAr 0.090 

0 1.1842 1 1860 1.1875 1.1882 1.1889 1.1901 1.1919 
1 1.1836 1.1847 1.1852 1.1854 1.1856 1,1856 1.1856 

20 1.1734 1.1614 1.1451 1.1342 1.1267 1.1060 1.0720 

40 1.1647 1.1395 1. 1058 1.0865 1.0684 1.0302 0,9648 

60 1,1580 1.1212 1.0720 1.0449 1.0178 0.9642 0.8706 

80 1.1533 1.1066 1. 0441 1.0093 0.9754 0.9075 0.7892 
100 1.1508 1.0955 1 ,0213 0.9800 0.9407 0.8606 0.7205 
120 1.1505 1. 0875 1.0036 0.9569 0.9126 0.8221 0 .6636 
140 1.1527 1. 0831 0.9904 0 .9400 0,8903 0.7910 0,6180 
160 1.1572 1.0826 0.9826 0.9289 0.8748 0.7683 0.5833 
180 1,1642 1. 0861 0,9807 0,9242 0.8670 0 .7544 0.5598 
200 1.1739 1. 0941 0.9855 0.9269 0.8681 0 ,7506 0.5484 
225 1.1902 1.1103 1. 0017 0 .9408 0 .8821 0 .7621 0,5547 
250 1.2115 1.1350 1.0294 0.9680 0 ,9118 0,7944 0.5905 
275 1. 2381 1.1679 1.0697 1.0130 0.9598 0 .8523 0 ,6672 
300 1. 2708 1.2110 1. 1253 1.0770 1.0315 0.9450 0.7996 
325 1.3100 1.2658 1.2023 1. 1667 1,1340 1.0801 1.0069 
350 1.3566 1.3341 1.2995 1.2842 1. 2730 1. 2675 1. 3132 
375 1.4114 1. 4173 1.4259 1.4389 1.4584 1.5262 1. 7433 
400 1. 4752 1. 5169 1.5870 1.6360 1.6926 - -

425 1.5492 1 .6395 - - - - -

PV = 1. 0000 at OC" , 1 atm. 

Ci ) 1Ja1ilti* tU!IJtJ'0(7)~~t~0"(1 (;:3tmK{~c<7).IUX: Fig. 1 ~eL.CDiltfJ*CD Amagat CD}JII 

r&1*fi'UlIJ:iJ' G CD fl11lt1::1:~C;1 Oti!l~ C: l" T ~9 . flf,j ~I;tJ UJ CD J:JI- C: C: ~ IO(fl k l" , ::r. TV/' j]- Iff t{~ 

70°6, J UJ 100 atm ~1'JJ.iiC' ~D~.kle j$l" t.: CD i? Ii il'~Y l" T ¥'.J 200 atm 1:.i5 ~t.: CD i?;i Il1fJ4:: o)?l~' 

Ii ~11~9 7.> . .\l[ Ie i:EjJHUJ 7.> C: fhJZQ:CDM~l!:fflhUi -ttHe ir~ t.:; , 1JIJJ&-f.4i:WWJ C: -Ix l" T I,} < {i:(i II'J :iJ,j~ 1 

Gn7.> . 

tJ;jo c::. Q)il.e13ff-: CDJl~iJ!iJiEfLIl C: l" T Ii Masson G blCD 25°C le;jo I,} T 125 atm ;t C' 0) 1(1):tJ> if) 7.> 

CD l;J. C' if) 7.> . illiJ/i ihiHrttJ1 JIUJ 7.> t.: 66 4: ~'\l{5-1Ir[ C: CD lb T-sdi lli:JJil'Ii C' ~ tJl,) :b{ , F ig. 1 C: IUJ t't CD fil! 

~1 1:fBlG <biJUU l"TI,}7.>Q)C' , -fn1: Fig. 2 IC;§:~'C: l"T~9 . fJlji~J:iJ: < · 3&l"t.:fl;Ji lhJ ~ff\ 

3) A. Michels, H. Wijker, H. K, Wijker, Physica 15, 627 (1949). 
4) A. Michels, M. Geldermans, ibid. 9, 967 ( 1942) . 
5) 1. Masson, L. F, G. Dolley, Proc. Roy. Soc. ( Londo;z) A 103, 524 (1932) , 
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Fig. 1. Deviations from the law of additive volumes for argon-ethylene 
system at 50°C by present work. 
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Fig. 2. Deviations from the law of additive volumes for argon-ethylene 
system at 25°C by Masson and Dolley. 
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( ii ) -~mOO~~~(;: J:: ~t1U'Jf@h\ 0 (7)~~: EE¥i:i~:ICDI~rY::J+iUj[¥! ~ L, L J:. < m ~) G n 0 

-~f§IW!Ht~~CD L CDrm-@!Jfde.:itT otl!fg[~*~ iJl.H[i: ~ m ~) ~~ L, t:: . Nelson, Obert CD PVT 

-~ml~*J~~O ) OJ~~CDi\ltiJlX;511e. jfT 0 5!Z~~iUD7 )1/ ::f /' Ie. -:J~) L 0.796 , ::r: 'f v /' Ie. -:J~)-r 

1.196 ) ~ JfJ~) , Kay7) CD.:c )1/51$lt fY!J125t¥!Ie. J:. 0 f1H1~W5E~ ~1~m L, L[i·;r;;r L, t::ffEm: 1@U1lt 

Ii illIJ JE~lQWflle. b t:: '9lITIT1I11*ILjfT 0 ~~~CDffl'ltt ~ IHt lOl f!iIJtl' iI? 0 L ~ :b1?il G n t:: . 

( iii) t: I) 7 )l-}j;~?!ll~~~<7)f'j:~to J:: v:~ 2 t:: I) 7 }l-f*~(7)3I~f@c. (7).lU$E : EHrlj$ PV ~ 

!&'ltt p (Amagat l:J11.\,L) CD":f $!k~Ie.JIH#l L,t::~)b ~ 0 1::" ~ 7 )l/m~:@J:t~~illlJ1iJ[ ~ JfJ ~) L ;Z 

t:: . 'iT , 'if.'IJt:b1 200Amagat 'il'CDlt~(8fI£'if(IJtan:ilITlle.-:J~)Lli , ~~¥}fiU$Hi p2 JJt'iC'~ 

-:J t:: ??z J:t 

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

1e.J:.-:JL+ :,}W~f~£ O.296 0F'n:~ill%Ii~jltFJI.l'~t:: . -c-CD1*~1U[~ Table 3 IL;if;T . 'it:: 

( 1 ) :i:~CD~t*~~*Jl]&CDOOt*~;Jt66ot::661XCD ( 2 ) , ( 3 ) ;JoJ:.LJ ( 4 ) :i:~~fJX5EL" Table 

3 CD 1iJ[~JfJ!,)LLnGCD{*~~tJ<!:JEL, Table 4 1L;7f;L,t:: . 

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

Bm = B AYA2 + 2 B A Jt.·YAY7J.· + B Ji,'YE2 ...................................................... ( 3 ) 

Cm = CAYA3 + 3 CAAE YA2 YE + 3 CAKE YAYE2 + ClJ, YES ................ .............. ( 4 ) 

y: mole fraction 

subscript A, E. m: Argon, Ethylene, mixiture 

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

Ar 96 - C2H, 96 A B·103 C · 10· 

100 - 0 1.1842 - 0.6122 2.788 

77.1 - 22.9 1.1860 - 1.3510 4.433 

57.0 - 43.0 1.1875 - 2 . 3125 6.484 

47.6 - 52.4 1 . 1882 - 2 .8553 7.730 

39.1 - 60 . 9 1.1889 - 3.3629 8 .775 

23.6 - 76.4 1.1901 - 4.4067 11. 058 

0 - 100 1.1919 - 6.2287 15.103 

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

6) L. C. Nelson, E. F. Obert, Northwestern T echnological Institute, Eranston, Ill., ( 1953) . 
7) W. B. Kay, Ind. Eng. Chern. 28, 1014 (1936) . 
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A A = 1.1842 

A E = 1.1919 

(Amagat unit) 

Table 4. 

B", = - 0.6122.10-3 

B.;JE = - 2. 0244.10-3 

BE = - 6.2287.10-3 

2 . 788 . 10-6 

CAAE = 4.650·10-& 

C "'EE = 8.988.10-6 

CE = 15.103.10-6 

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

CDJ:.'5IL p4 lJii'iC'.J1§:Bl'JGt.:b1 , f:'CD{*~1WI~ Table 5 IL~'t . LnILJ:..:,~~fWII;t;l:,;f v :.-' 

%$ 50 96 .J2,CT CD~lffi\.~!Mc-:Jlt)L'Hff~~.ti!: 0.5 96 .l2J. f*l C'~iltHWI~ J:. < ~fJI.'t.:, b;, :r. TV:.-'% 

$b1f:'nR.lIOJ':' IL -::>n , ~~fJlU:: ~iJtiJfWIr~CD{ffli.ti!:';tjd:: !J-::>Llt)~ C:IlYc*{ffli~IH1i :r.T v :.-' 

If-CD 1. 496) , ~~J:tCD~1!t';tb)!J 'J 1E:.T't.:,. 

Table 5. PV = A + Bp + Cp2 + D,03 + E p4 up to 400 Am. 

Ar96-C2H 496 A B·103 C·106 D·109 E·10 12 

100 - 0 1.1842 - 0 .5942 2.658 - 1.078 6 .738 

77.1- 22.9 1.1860 - 1 .3624 5.011 - 6 . 161 18 . 355 

57.0- 43.0 1 . 1875 - 2.4347 9.206 - 19 .033 43 .615 

47 .6- 52 .4 1 .1882 - 3.1225 13.036 - 33.336 68.128 

39.1- 60 .9 1 . 1889 - 3.6091 14.502 - 38 .607 81.823 

23 .6- 76.4 1.1901 - 4 .8049 20.079 - 60 .740 127 . 131 

0 - 100 1 . 1919 - 7 .3443 38.806 - 148 .788 288 . 212 

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

*~~C',;t 20~30 Amagat ~1!tR.lCDEE*fa$CD1II.IJ5E~fj tH) , f:'n.l2J.TCD fj£~1!t C'I;t 1II.U5E 

~fj~b~~-::>ft . Gft~-::>LLCDg~lf-IL~~.:,. 2~~ 7N~.~~.~~CD~~Gn~ , 

LnIL-::>lt)L#fGqrrff~.:,Lc';tC'~!Jlt) . Gb)G ( 3 ) J:tC'l§'·~Gn.:, Bm l;t J;t;~~ifJIL~ 

G n tdf! 2 \::. ~ 7 N {*~ C ~ tJ ~ n .:, CD C' , L n c :W~rrff t8IL ~~ ~ n .:, ~ 2 1:." I) 7 N i%. c ~ .It 

'-X G L ~ t.: . :Wf,rrfffWICD~§;1:';t§iJ¥li2)1RJ~ , Ar- Ar r~ , C2H4- C2H4 r~ ~ J:. a Ar- C2H4 rEl:lCD-=' 

%-J-rdlj]1L Lennard-Jones (12-6) M potential ~t&5EGLfj!J-::>t.: . ~m G t.:%-J-rdlj]I{' 7 

;l - I) - CDfWI8)~?XIL~'t . 

8) J. O. Hirschfelder, C. F. Curtiss, R. B. Bird, "Molecular Theory of Gases and Liquids" 
( 1954), J. Wiley, New York. 
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Fig. 3. The 2nd viria l coefficients of argon and ethylene mixtures . 
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Fig. 4. Fugacity coefficients of a rgon and ethylene. 
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Fig. 5. Activity coefficients of argon in argon-ethylene mixtures. 
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Fig. 6. Activity coefficients of ethylene in argon-ethylene mixtures. 
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c 

bo = ( + 1< N Y03 ), I elk, (O K ) Yo, ( A ) ( cc / mo\ ) 

Ar- Ar 3.405 49.80 119 .8 

C2H,- C2H, 4.523 116.7 199.2 

Ar- C2H, 3.964 78.56 154.4 

Mi 'l1:i: Fig. 3 le lj'Fl'l.h't:IL~t1L,t.:: ( 3 ) i~OYUtIHoo:cit>;b-1i-C~9 . iITti1~f@c '*iflIJiI11FEfJIU.t 

-JIl:k.~ 7 cc/mol iD)tiJ1l;;. G n, g-r~1@'i 'iine ~ifliHih!: J: V):* ~ v)*ts ,l:fflili: IJ-z -c tilt) 6;61 , jj!iJ~ 

Ii :*i*-Ix L, t.:: ill! ttR C' it> 6 . 

( iv ) ;£E.g.~G7) 7)'i -;"'-7- : ~iJlIHOO: i: m p c:. iDi1t-A-* iD 7 :ii V T i: 1lI11!:liF' 1DJ ~iD7Jt! C' g-r ~[ L, -c 

~L,t.:: . ;t-r~Jj.x:5t*,e-:Jv)-CiD~.4*i: Fig. 4 ,e7:iivT{*~ if> iDM~ :)rf'-EjHtRg]C L,-c~ 

9. ;tt.::c:.iD=JlX j};'fdetoI16il- 7}}&;iD7;5'@:{*~ r i: Fig. 5 toJ:(J Fig. 6 'elDJ.fiHtR~c L,-c 

~9 . r iDfJiJ:l[ti 7' JlI:1' /' nlGst , ;I:. TV /' }V<: j}jiIJj:tjc ~ -'Cn.if·nr~~m:iDBrC' 1 ?6l]ll~L £1Jl.~ 

m:iD~C' 7-8 ~n~iD~~c*.~n6 . 
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