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Studies on the Compressibilities 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
57.09% Ar—43.0% C,H, system l
47.6% Ar—52.4% C,H, system : 50°C, up to 700 atm.
39.1% Ar—60.9% C,H, system [
23.6% Ar—76.49% C,H, system
Results were given in tables and the equations of state of this argon and ethylene system
were presented in the power series of density. [n the region up to 200 Amagat density, the
equations developed in the form of PV = A + Bp + Cp? reproduce the measured values within
the experimental error. The experimental values 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
given in graphs.
(Received December 28, 1962)
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Table 1. Compressibilities of argon, ethylene and their mixtures. 50°C

Mix. 1 Mix. 2 Mix. 3 Mix. 4 Mix. 5

P atm C,H, 0.0%/C,H, 22.9%|C,H, 43.0%|/C,H, 52.4%|C,H, 60.9%|C,H, 76.4%|C,H, 100.0%

Ar 100.0%/Ar 77.1%|Ar 57.0%|Ar 47.6%|Ar 39.1%|Ar 23.6%|Ar 0.0%
1.1842 1.1860 1.1875 1.1882 1.1889 1.1901 1,1919
1 1.1837 1.1849 1.1857 1.1858 1.1861 1.1865 1.1867
20 1.1748 1.1647 1.1505 1.1405 1.1337 1.1442 1.0802
40 1.1672 1.1449 1.1136 1.0942 1.0765 1.0354 0.9560
60 1.1607 1.1269 1.0789 1.0505 1.0208 0.9559 0.8146
80 1.1556 1.1120 1.0488 1.0105 0.9711 0.8810 0.6599
90 — — — — — — 0.5991
100 1015623 1.1001 1.0236 0.9768 0.9291 0.8182 0.5617
105 — — — — — — 0.5528
110 — — — — — %= 0.5480
115 — - — — — — 0.5477
120 1.1507 1.0912 1.0039 0.9506 0.8963 0.7726 0.5503
130 — —- — — — 0.7593 0.5609
140 1.1506 1.0851 0.9898 0.9333 0.8747 0.7521 0.5764
150 —_ — — — 0.8688 0.7506 -
160 1.1521 1.0822 0.9818 0.9249 0.8665 0.7539 0.6150
170 — — 0.9805 0.9240 0.8672 0.7608 —
180 1,1557 1.0831 0.9810 0.9252 0.8705 0.7704 0.6593
200 1.1611 1.0871 0.9865 0.9331 0.8834 0.7963 0.7054
225 1.1699 1.0968 1.0012 0.9515 0.9083 0.8360 0.7642
250 1.1807 11107 1.0223 0.9768 0.9400 0.8811 0.8237
300 1.2098 1.1478 1.0762 1.0426 1.0159 0.9773 0.9427
400 1.2870 1.2523 1.2158 1.2012 1.1909 1.1797 1.1762
500 1.3815 1.3764 1.3717 1.3707 1.3725 1.3814 1.4044
600 1.4859 1.5079 1.5305 1.5428 1.5546 1.5810 1.6261
700 1.5952 1.6440 1.6914 1.7138 1.7330 1.7765 1.8440

PV =1.0000 at 0°C, 1 atm
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Table 2. Compressibilities of argon, ethylene and their mixtures. 50°C
Mix. 1 Mix. 2 Mix. 3 Mix. 4 Mix. 5

p Am C,H, 0.0%|C,H, 22.9%|/C,H, 43.0%/C,H, 52.4%|C,H, 60.9% C,H, 76.49%|C,H, 100.0%

Ar 100.0%|Ar 77.1%|Ar 57.0%|Ar 47.6%|Ar  39.1%Ar  23.6%|Ar 0.0%
0 1.1842 1 1860 1.1875 1.1882 1.1889 1.1901 1.1919
X 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 = = e — -

PV =1.0000 at 0C“, 1 atm.
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3) A. Michels, H. Wijker, H. K. Wijker, Physica 15, 627 (1949).
4) A. Michels, M. Geldermans, ibid. 9, 967 (1942).
I. Masson, L. F. G. Dolley, Proc. Roy. Soc. (London) 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) —HEERRICLIHEBEILORE: THEOTHNEREE LTI VLGRS
— AR D ¢ DRERICH T 22 AR KN E 2 A L #EF L /2. Nelson, Obert » PVT
— AR RN GRROMBE AT A EEREI TV T Y ILDWT0.7%, =F L V/ILDT
1.1%) %R, Kay? @ v 3 REFIRE S HIC & 2 RIGFRER A SR UM Lo HER il 4% BF
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(i) EVT7ILEBHBERRXOFERGEIVE2EY TILEROBREL OLE: Lk PV £
W p (Amagat HiAD) O~ BHEEMLLLHLWE ) TARRELEAENE AR L TA
fo. 9, ®WEEHS 200 Amagat F TOLBMEFEFEEIIC L TR, £FERE 0 HETLE
DR

) R R P PP (1)
CEDTHrHERRX0.2% UNTHWELZHEBTE /. TORMUE % Table 3 IRY. i
(1) ROBFEHEMKOBFRELERD B KD (2), (3) BXT (4) X%E{{E L, Table
3 ofixAnTehs OfEYE L Table 4 IC/RL 7.

Ay = AuYa - AEYm e (2)
Bm=BAy42+2BA_EyAyE‘l"BEyE2 ...................................................... (3)
C7n=CAyA3+3CAAEy.42yE-l'3CAEF:J’AyE2+sz.'yE3 .............................. (4)

y : mole fraction

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

DT, MEARFIC DL TR EE AR

Table 3. PV=A-+Bp+Cp? up to 200 Am.

Ar% — CH, % A B-10° C-100
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 0°C, 1 atm
o = Amagat density

6) L. C. Nelson, E. F. Obert, Northwestern Technological Institute, Eranston, Ill., (1953).
7) W. B. Kay, Ind. Eng. Chem. 28, 1014 (1936).
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Table 4.
A,y =1.1842 B, = —0.6122.10-3 C4 = 2.788-.10-¢
Ap="1.1919 Bup = —2.0244.10-3 Ciam = 4.650.10-
By = —6.2287.10-3 Cizrz = 8.988.10-6
Cp =15.103.10-8
(Amagat unit)
PV=A+Bp+Cp2+Dp3+EP4 ...................................................... (5)

DkAic p* HETER L, £OFEMIEA Table 5 it/Rd. chick355ERzF L v
D50 % UTOHRMCOHTREREZE 05 B LUANTHEAEA LS BERT M, =FL V5
Epzhll biciszieoh, #5MEEEAEMORZEIRELE>THRE (RAFRERM=F LY
%D1.4%), EBRROMERI»IEVIETT 5.

Table 5. PV = A + Bp + Cp® + Do® + Ep* up to 400 Am.

Ar%—C,H,% A B.105 | C-108 D-109 E-1012
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 0°C, 1 atm
p = Amagat density

AEBRTIE 20~30 Amagat FEL L OEMEOREZETIE, T UTO EHE T HE
ZTRbEh2t. LEBOTZORAGRICBIZE2 ) PrERLEREZODOR I SNT,
chi2LTHELL@wmTAcLRTERWL., Ll (3) RTEZX SN 3 Bu iZ—InERINICZ
SN E2 ) PEREAREINZOT, CNEERMICHEINAHE 2 ) ZvEHEEH
BLUTHI:. BREOHFEINHYRME, Ar—Ar [, CH—CH, 5L Ar—CH: o=
7 hic Lennard-Jones (12-6) %! potential %{K%E LTI 27z. A LS FiEf<c5
* — 2 —DEPERICRT .

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 virial coefficients of argon and ethylene mixtures.
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Fig. 4. Fugacity coefficients of argon and ethylene.
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Fig. 6. Activity coefficients of ethylene in argon-ethylene mixtures.
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#, CA) bo=(-§_ nNroa) (ccymol) | sk (°K)

Ar—Ar 3.405 49.80 119.8

C,H,—C,H, 4.523 116.7 199.2
Ar—C,H, 3.964 78.56 154.4

#R4 Fig. 3 wwRBNICHBRFE LA (3) RoEMEL bbb TRy . FHAEME &% Az
%AH# Tec/mol @ENA SN, SHABRFICENEL DRSO AHEAZSZ TRV A, WE
BRE—FLIciiiiTd 3.

(iv) BARO7HLF: ZREEZAOCORARD 77 v FAMBMPRAKOHETIHHE L T
Flfz. TFHRARICOVLTORKFEA Fig. 4 K77V FHM ¢ ORYGHE A ##K & LTR
T, ORI RICBT 2EFIROTERFK v & Fig. 5 B3XU Fig. 6 KRN E LT
Y.y OBERTN T VRS, TFLVYRATHELESZNTNEBEDH T 1 BHE, B
EORTT ~8HIRFEDBELHEINS.
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