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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 95 C,H, —23.4 95 H, system
46.8 9% C,H,—53.2% H, system ; : 25° and 50°C, up to 700 atm.
27.5 % C,H,—172.5% H, system |

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 + Bo + Cp? 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.

(Received December 28, 1962)
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Table 1. Compressibilities of ethylene, hydrogen and their mixtures.

{
25° 50°

CH, |CH, [CH, [C,H, [CH, CH, [C,H, [C,H, [CH,
1009%| 76.6%| 46.8%| 27.5% 0% 100%| 76.6% 46.8%| 27.5%
H? HZ Hﬂ HZ H2 H2 H2 2
09| 23 4%| 53.2%| 72.5%| 100% 09| 23.4%| 53.29| 72.5%
1.0997 | 1.0976 | 1.0950 | 1.0933 | 1.0909 | 1.1919 | 1.1896 | 1.1868 | 1.1849
1.0935 | 1.0935 | 1.0935 | 1.0930 | 1.0915 | 1.1867 | 1.1870 | 1.1857 | 1.1849
0.9638 | 1.0210 | 1.0648 | 1.0901 | 1.1038 | 1.0802 | 1.1305 | 1.1640 | 1.1863
0.8840 | — s e ) ; x -~ —
0.7915 | 0.9452 | 1.0366 | 1.0905 | 1.1168 | 0.9560 | 1.0701 | 1.1435 | 1.1890
0.6815 | — = = i = = = e
0.5335 | 0.8694 | 1.0119 | 1.0930 | 1.1299 | 0.8146 | 1.0144 | 1.1262 | 1.1933
0.3748 N
0.3522 s
0.3486
0.3523
0.3598
0.3794

H,

0.4256 | 0.7110 | 0.9660
0.4752 — =

140 | 0.4752 | 0.7024 | 0.9616
160 | 0.5250 | 0.7094 | 0.9623
180 | 0.5750 | 0.7275 | 0.9671
200 | 0.6256 | 0.7459 | 0.9757
225 | 0.6874 | 0.7904 | 0.9914
250 | 0.7488 | 0.8315 | 1.0112
300 | 0.8692 | 0.9189 | 1.0623
400 | 1.1025 | 1.1064 | 1.1897
500 | 1.3294 | 1.2944 | 1.3277
600 | 1.5492 | 1.4788 | 1.4715
700 | 1.7639 | 1.6620 | 1.6128

PV =1.,0000 at 0°C, 1 atm
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Table 2. Compressibilities of ethylene, hydrogen and their mixtures.

25° ; 50°
04 C,H, C,H, C.H, [C,H, , C,H, ,‘C2H4 C.H, v]CgH4 C,H, [CH, »
am | " 1009| 76.6%| 46.8%| 27.5% 0% 100%| 76.6%| 46.8%| 27.5%| 0%
H2 H2 2 2 2 LI_If’, 2 2 2 H?

0% 23.4% 53.2%| 72.5%| 1009% 0%l 23.4%| 53.2% 72.5% 100%

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 | 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 | 0.8204 | 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 | 1.3082 | 1.2032 | 1.3223 | 1.4460 | 1.4845 | 1.7433 | 1.4982 | 1.5355 | 1.6095 | 1.6130
400 | 1.8377 | 1.4195 | 1.4313 | 1.5082 | 1.5225 | 2.3258 | 1.7474 | 1.6588 | 1.6792 | 1.6546

PV = 1.0000 at 0°C, 1 atm
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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.
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. 9, WD 200 Amagat F TOHBMEEEHHIC DL TRESRBT 0* BETED
Tk R

PRadoBialll e (1)

CEDTHAEBREE0.2BUNTHNEEZHE TS, ZDEMEA Table 3 1c/Rd. Fik
(1) ROBFHREMKOHFEERD BvkD (2), (3) XU (4) XEHREL, Table 3
DRV TInS OFRE%ERE L Table 4 /R L 7.

Am=AEyE+AHyE ............................................................... 21
By = Beyz® + 2BerYrYr + Bryn® oo (3)
Con =Crys® + 3Crunys’yn + 3CuunYuYu® + Cayu® - ooevcveeeecenns (4)

y : mole fraction

subscript E, H, m : Ethylene, Hydrogen, mixture
DT, ARG DV TA SRS KR
PV=A+BP+CPI+D‘03+EP4 ............................................. (5)

DEHIC pof THETE UKL, ZOEH A Table 5 1c779. chick B35 EE 25° X

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

CH, % —H, % A B.10% C- 106
00 — 0 1.0997 —6.7398 15.294
76.6 — 23.4 1.0976 —4.0032 10.151
25° 46.8 — 53.2 1.0950 —1.7386 5.650
27.5 — 72.5 1.0933 —0.1476 2.684
0 —100 | 1.099 0.6874 0.882
100 = 0 1.1919 —6.2287 15.103
76,6 — 23.4 1.1896 —3.5410 9.744
50° 46.8 — 53.2 11.1868 —1.4353 5.495
27.5 — 172.5 1.1849 0.0511 2.540
0 — 100 1.1823 0.7625 0.958

PV =1.0000 at 0°C, 1 atm
p = Amagat density

Table 4.

Ay Ag Bpel0d Byy108 Bys108 €5-108 Cogy < 100 Cppp- 108 (€« 108

25° 1.0997 1.0909 —6.7398 —0.3854 0.6874 15.294 7.651 2.364 0.882
50° 1.1919 1.1823 —6.2287 —0.0080 0.7625 15.103 7.982 2.386 0.958

(Amagat Unit)
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Table 5. PV = A + Bp + Cp? + Dp? + Ep* up to 700 atm

CH{% —H,% A B- 103 C- 108 D-10° E.1012

100
76.6
46.8
27.5

0

0 .0997 —8.0031 41.837 —161.140 294.833
23.4 .0976 —4.5322 20.338 — 57.873 101.118
53.2 .0950 —1.9939 9.836 — 20.935 34.905
72.5 .0933 —0.1484 2.922 — 2.691 6.943

100 0909 0.6986 0.711 0.601 —

IRl Sl

0 1919 —7.3443 38.806 —148.788 288.212
23.4 .1896 —3.8555 16.531 — 47.781 88.055
53.2 .1868 —1.4900 6.768 —  9.506 23.163
72.5 .1849 0.0594 2.530 — 1.371 6.012

100 .1823 0.7632 0.942 0.234 —

100
76.6
46.8
27.5

0

il

PV = 1.0000 at 0°C, 1 atm
¢ = Amagat density

U0 Ol AL b2 F LY EOS LT OFEMC DL TR KRR 0.2 B UATERES X
CHEBET 20, =F L YRFERENL EEEZICONGEMEE EUEHORERZIKREBOTLX,
(FRRERM=F LV HRD 25° KB 5 3.5%, 50° 1K) 3 1.4%) EBRROKERIIED
ETULTAWMER DL S. s
AKEBRTIZ 20 ~ 30 Amagat BEL FOEMHROWELFTEL, THLIF OEE B TIZRE
ZBOEPDl. LEKBDOTIORARCBI2FE 2 ) TvFRbEERbORELNT,
TR THE LR TAC LR TERWL. LoL, (3) XTHA LB Ba lZ—I5ERNIC
ZoNTBLE ) P NVEBEAIBLINEDT, TNEHEHRAKFTEINSGHE2 ) TG EE
WL Th 1.

FEIC Y D TId A BARIcid Lennard-Jones RO SFRIRT v ¥ » VEREL, £ 5D5HTF
M7 4 —2—@HE2 ) TVOBEIEDSRDTEZ SN TR ZKROED ZHL,

T (% N r03), (cc/mol) ek, (°K)

C.H, 4.523 116.7 199.2
H,' 2.928 31.409 36.77

B=0byB*(T*), T* =FkT[c ofr L0 T* IS CTELMER 2B B*(T*) 2KV XD
Ky, ZENENDE2 )V TVEREFE L., 2XICBARICH L TR Bo=Buys® +
2 Banyn Yz + Bz yz® DX %>, Br, Be IO TR LD A DT £ L, Baz iC
S THRIEH Lennard-Jones (12-6) M D BT V¥ v VERELTED DTN ,¢5 A —Z

T KEOHAREFHREZ R AN THIELETSH 5.
4) J. O. Hirschfelder, C. F. Curtiss, R. B. Bird, “Molecular Theory of Gases and Liquids”
(1954), J. Wiley, New York.
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(3) BERO7HLF: ARBRCODLTEHEVHOMBEICE UEESHHTH 2 74 ¥
F A& il EWEMRROMEEZ AL TEHE L., 9P HIc>0 TR

1n¢zlnf/p:5:[(2—1)/p]dp ......................................................... (6)

PV
¢ THVFEE [ FHvF p: B Z=ﬁ:)£~%ﬁ{%%{

OMENLROELALENE L DS L TRDI. fiH84 Fig. 3 &7 7 ¥ F HEOGEOF T
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Fig. 2. The 2nd virial coefficients of Fig. 3. Fugacity coefficients of ethylene and
ethylene and hydrogen mixtures. hydrogen.
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tn e = nfi/pye = (" (ZumD/p) dp + [ (130 @123 ((Zu=1) P dp
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Fig. 4. Activity coefficients of ethylene and hydrogen in their mixtures.
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