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Table IV. Constants for the Redlich-Kister Equation (Eq 1) for
Five Isotherms

temp, °C a b ¢
40.00 1.0229 0.0546 0.0055
60.00 0.9338 0.0687 0.0292
80.00 0.8713 0.0428 -0.0762
100.00 0.8533 0.0428 ~0.0664
120.00 0.8248 0.0355 —0.0607

The parameters a and b are concentration dependent, and the
mixing rules for binary mixtures are

an = 81, X2 + 2a ,X X, + a,X,?
b = by Xy + bpX, (8)
where a ,, Is given by
81 = (1 - kyla 82"

The parameter k ,, represents the deviation of a , from the
classical geometric mean assumption.

For the Redlich-Kwong equation, the values of a 1, b 14, 84,
and by, are evaluated from critical or P-V-T data of the pure
components, as recommended by Joffe and Zudkevitch (76,
17). For the PR equation, the temperature dependence of the
constant a is glven by an expression based on the Pitzer
acentric factor (75).

The parameter k ., is adjusted by trial and error to produce
agreement between the chemical potentlals or fugacities in the
saturated vapor and liquid phases, a constraint of binary
equikbrium. This fitting procedure Is applied to an isotherm near
the middie of the experimental range (100 °C in this case). k,,
Is assumed to be independent of temperature, pressure, and
composition. The calculated interaction parameters for

DME/MeOH are k ,, = 0.0252 for the PR equation and k ,, =
-0.0085 for the RK equation.

Tests of the equation of state predictions have been made
by comparing experimental and predicted isotherms near the
extremes of the experimental range of temperatures. The
comparisons are summarized in Figure 7, which shows the
fitted isotherm, 100 °C, together with isotherms at 40 and 160
°C. At 40 and 100 °C the predictions of the PR and RK
equations are indistinguishable. At 160 °C, neither equation
agrees well with experiment over the entire range of pressures;
however, the PR equation is marginally better.
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Partial Miscibility Behavior of the Ternary Systems
Methane-Propane—-n-Octane, Methane—n-Butane-n-Octane, and

Methane-Carbon Dioxide—n-Octane

John D. Hottovy, James P. Kohn,* and Kraemer D. Luks'

Department of Chemical Engineering, University of Notre Dame, Notre Dame, Indiana 46556

The phase behavior of three ternary systems
(methane—propane-n -octane,

methane—n-butane—-n -octane, methane—carbon
dioxide—n-octane) was studied In their reglons of L,~-L,-V
Immiscibiiity. Liquid-phase composition and molar volume
data for both liquid phases are presented as a function of
temperature and pressure In the three-phase region. The
boundaries of the three-phase regions, locl of K points
(Ly~L; = V), LCST points (L, = L,~V), and Q points
(S-L,~L,~V) are detalled. A detalled study of the
immiscibliity behavior of the binary system carbon
dioxide—-n -octane Is also presented.

Introduction

We have undertaken an extensive study of liquid—iquid—vapor
(Ly-L~V) phenomena in liquefied natural gas (LNG) systems.

tRecent address: Department of Chemical Engineering, University of Tulsa,
Tulsa, Ok 74104.

In an earlier paper (7), we reported the L,~L,~V immiscibility
region, including its K-point (L-L, = V), LCST (L, = L,-V), and
Q-point (S-L-L,-V) boundaries, for the ternary system meth-
ane—ethane-n-octane. This system does not exhibit immisci-
bility In any of its binary pairs. Although immiscibility has been
reported in binary systems of methane-n-hexane (2) and
methane—n-heptane (3), solutes such as n-octane and higher
normal paraffins crystallize as temperature decreases before
any immiscibility occurs (4). On the other hand, with ethane
as solvent, solutes beginning with n-C,, and higher n-paraffins
demonstrate L,-L,~V behavior (5-7). Apparently, the addition
of modest amounts of ethane to methane creates a solvent
mixture capable of exhibiting immiscibllity with n-octane.

In this present paper, we present resuits on three new ter-
nary systems which exhibit immiscibility due to the addition of
a heavier solvent specles to the binary system methane-n-
octane. The additives for the three new ternary systems are
propane, n-butane, and carbon dioxide, respectively. With
propane, only very long-chain hydrocarbons (n-C,; and higher
n-paraffing) demonstrate binary L,—L,~V behavior (6). Carbon

0021-9568/82/1727-0298$01.25/0 © 1982 American Chemical Society



Table 1. Raw Data of the n-Octane-Lean Phase (L,) for the
Methane-Propane-n-Octane System

mole mole
fraction fraction

temp, press., of of molar vol,
type of data K atm propane n-octane mL/(g mol)
K(L,-L,=V) 213.07 67.7 0.078 0.0083 73.7
210.65 65.1 0.065 0.0048 75.4
206.83 60.9 0.050 0.0039 78.3
205.72 59.5 0.044 0.0036 80.3
204.72 58.7 0.039 0.0026 83.8
201.92 56.0 0.028 0.0016 88.4
Q(S-L,-L,-V) 199.70 53.8 0.027 0.0022 77.8
199.61 53.5 0.029 0.0026 73.7
199.05 52.3 0.039 0.0051 68.6
198.90 51.7 0.043 0.0061 66.5
198.58 51.1 0.047 0.0073 64.8
198.49 50.8 0.051 0.0091 64.3
198.03 49.5 0.061 0.0125 61.1
197.90 49.8 0.063 0.0134 61.8
197.86 49.1 0.066 0.0146 61.3
197.61 49.0 0.069 0.0158 60.8
197.31 48.3 0.076 0.0190 59.7
197.25 47.8 0.079 0.0212 59.1
196.81 47.0 0.107 0.0385 58.9
LCST (L, =L,-V) 211.06 64.8 0.123 0.0316 62.9
210.53 64.1 0.120 0.0319 61.4
205.99 584 0.134 0.0519 61.4
204.93 57.1 0.130 0.0503 61.4
203.96 55.8 0.128 0.0493 60.6
201.11 52.3 0.131 0.0619 60.8
199.71 50.4 0.126 0.0594 60.1
197.82 48.2 0.121 0.0567 59.9
L,-L,-V 209.54 63.5 0.075 0.0083 59.9
208.79 61.0 0.111 0.0283 61.1
207.79 61.7 0.069 0.0073 64.5
207.04 59.0 0.106 0.0268 61.5
205.31 56.9 0.101 0.0257 62.0
204.00 57.6 0.050 0.0057 72.5
204.00 57.3 0.055 0.0070 68.4
204.00 57.2 0.059 0.0071 66.3
204.00 56.0 0.087 0.0022 61.4
203.47 55.3 0.088 0.0024 60.0
203.20 56.2 0.059 0.0090 63.1
203.20 56.8 0.049 0.0550 70.8
202.74 56.5 0.039 0.0045 76.4
202.23 55.2 0.052 0.0072 64.2
202.00 54.9 0.054 0.0081 67.2
202.00 54.7 0.059 0.0097 65.8
202.00 54.3 0.066 0.0111 64.6
202.00 54.0 0.073 0.0129 62.9
202,00 53.3 0.089 0.0243 60.5
202.00 55.2 0.049 0.0070 69.3
201.57 54.6 0.041 0.0050 66.7
201.04 54.2 0.048 0.0069 68.2
200.70 51.8 0.090 0.0247 59.5
200.09 54.1 0.028 0.0023 76.7
200.10 53.6 0.038 0.0044 71.1
200.12 53.2 0.043 0.0054 68.6
200.11 53.1 0.046 0.0062 67.5
200.10 52.9 0.049 0.0770 67.1
200.10 52.2 0.060 0.0114 63.5
200.10 51.9 0.066 0.0134 63.1
200.10 51.4 0.076 0.0169 61.4
200.09 51.0 0.092 0.0255 60.0
200.03 53.2 0.064 0.0134 63.2
199.99 53.1 0.044 0.0065 65.1
199.94 53.3 0.039 0.0052 67.6
199.03 50.1 0.084 0.0226 59.3
198.42 49.3 0.085 0.0230 59.3
198.40 49.7 0.074 0.0209 60.4
198.00 49.3 0.065 0.0143 61.5
198.00 48.9 0.079 0.0197 60.6
198.00 48.4 0.094 0.0285 60.6

dioxide will exhibit immiscibiiity with n-octane (7). (Immiscibility
of CO, with n-paraffins has been reported (8) and varies from
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Table II. Raw Data of the n-Octane-Rich Phase (L,) for the
Methane-Propane—1-Octane System

mole mole
fraction fraction
temp, press., of of molar vol,
type of data K .atm propane n-octane mL/(g mol)
K(L,-L,=V) 21296 67.6 0.150 0.052 62.8
210.40 64.2 0.165 0.092 64.5
208.91 63.2 0.164 0.107 68.1
205.54 59.5 0.160 0.153 69.4
202.86 56.8 0.144 0.194 71.1
201.50 55.7 0.136 0.205 70.1
200.98 55.2  0.132 0.217 71.6
Q(S-L,-L,-V) 199.17 52,5 0.129 0.218 71.6
199.05 52.1 0.130 0.212 70.5
198.71 51.5 0.133 0.198 69.3
198.69 514 0.135 0.197 69.9
198.35 50.3 0.135 0.180 66.5
197.69 48.7 0.142 0.146 65.0
197.06 47.4 0.141 0.091 61.2
L,-L,-V 208.35 61.5 0.141 0.055 60.8
207.04 59.9 0.137 0.053 61.0
206.52 59.2 0.135 0.052 61.0
206.82 59.8 0.154 0.085 62.5
205.30 57.6 0.141 0.068 60.2
204.47 586 0.147 0.151 63.6
204.09 58.0 0.151 0.157 66.6
204.00 56.8 0.154 0.132 64.1
204.00 56.7 0.152 0.126 63.3
204.00 56.5 0.151 0.116 62.3
205.93 54,5 0.147 0.091 61.4
202.88 544 0.135 0.064 60.2
202.35 559 0.134 0.1690 63.6
202,00 56.0 0.141 0.2000 70.4
202.00 559 0.139 0.1940 68.6
202.00 55.7 0.139 0.1890 68.1
202.00 54.5 0.152 0.1490 65.5
202.00 54.0 0.151 0.1300 63.5
202.00 53.7 0.148 0.1140 62.4
201.65 52.8 0.144 0.0890 61.4
201.65 55.8 0.132 0.1980 68.0
20048 53.9 0.133 0.1980 68.9
200.48 540 0.133 0.2000 68.9
200.30 51.0 0.141 0.0870 61.2
200.08 53.8 0.130 0.2180 71.5
200.08 53.8 0.130 0.2160 71.2
200.07 53.7 0.131 0.2130 70.7
200.10 533 0.135 0.2020 70.0
200.10 53.2 0.136 0.1960 69.0
200.10 52,8 0.138 0.1850 68.0
200.07 523 0.148 0.1620 66.0
200.07 52.1 0.149  0.1520 65.2
200.07 51.9 0.149 0.1420 64.4
200.10 51.4 0.147 0.1260 62.9
200.10 51.0 0.141 0.1030 60.3
199.37 50.9 0.143 0.1480 65.4
199.33 49.9 0.138 0.0850 61.2
199.25 49.7 0.129 0.0700 59.8
198.00 49.0 0.144 0.145 64.7
198.00 48.7 0.146 0.126 63.6
198.00 483 0.142 0.102 62.5
198.14 48.1 0.135 0.083 60.8

n-heptane (9) up to n-eicosane (70, 77). Data presented
herein include liquid-phase composition and molar volume for
both liquid phases in the L,—L,-V regions at various pressures
and temperatures, as well as data on the bounding loci of the
Li-L,-V region. These ioci are K points, LCST, and Q points
as in the earller study of methane-ethane-n-octane (7). The
extent of the L-L,~-V regions in these three new ternary sys-
tems will be compared to that of methane—ethane—n-octane
in pressure-temperature space. As before, the solid phase
when present will be n-octane.

The immisciblility region for the binary system CO,—n-octane
will also be mapped out in detall. Immiscibility occurs here in
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Table [II. Raw Data of the n-Octane-Lean Phase (L,) for the
Methane-n-Butane-n-Octane System

Table IV. Raw Data of the n-Octane-Rich Phase (L,) for the
Methane-n-Butane-n-Octane System

mole mole mole mole
fraction fraction fraction fraction
temp, press., of of molar vol, temp, press., of of molar vol,
type of data K atm n-butane n-octane mL/(g mol) type of data K atm n-butane n-octane mL/(g mol)
K(L,-L,=V) 206.44 63.2 0.045 0.0046 72.9 K(L,~L,=V) 206.39 63.0 0.113 0.032 62.6
204.28 60.3 0.029 0.002s 79.5 205.63 62.2 0.127 0.039 61.1
203.28 59.3 0.023 0.0029 82.6 203.90 59.9 0.145 0.063 59.4
202.09 57.4 0.020 0.0019 86.3 203.62 59.5 0.149 0.068 60.3
201.77 §7.2  0.022 0.0230 83.5 203.41 59.3 0.153 0.072 62.5
197.96 §3.0 0.012 0.0017 90.5 201.45 56.9 0.159 0.107 64.1
Q(8-L,~-L,-V) 197.57 52,6 0.012 0.0017 87.0 200.20 55.6 0.156 0.131 66.0
197.45 52.3 0.017 0.0031 72.8 198.93 354.1 0.149 0.161 68.4
197.02 51.5 0.022 0.0039 70.6 Q(8-L,-L,-V) 196.31 50.2 0.145 0.162 68.3
196.78 50.9 0.025 0.0046 68.9 196.09 49.8 0.147 0.158 68.1
196.25 49.9 0.031 0.0060 67.6 195.07 48.1 0.146 0.128 65.6
196.20 50.0 0.029 0.0059 65.9 194.85 47.6 0.148 0.123 65.5
195.84 49,2 0.037 0.0075 67.3 194.10 46.3 0.142 0.098 63.2
195.65 49.0 0.036 0.007s 64.4 193.91 46.0 0.144 0.097 61.7
195.59 48,9 0.040 0.0081 64.5 L,-L,-V 204.00 59.6 0.109 0.030 59.9
195.39 48.6 0.042 0.0089 62.8 204.00 59.5 0.114 0.033 60.1
195.07 47.9 0.047 0.1030 62.4 203.79 59.1 0.110 0.030 60.2
194.85 47.5 0.052 0.0097 62.5 203.00 358.6 0.150 0.068 61.0
194.07 46.1 0.061 0.0170 59.4 202,00 57.1 0.151 0.071 62.1
193.83 45.7 0.068 0.0202 59.1 202.00 357.0 0.146 0.067 61.6
193.49 45.1 0.088 0.0314 59.7 202.00 356.6 0.130 0.049 60.2
LCST (L, =L,-V) 204.61 60.2 0.086 0.0186 60.5 200.00 55.2 0.152 0.127 64.4
202,47 57.2 0.102 0.0278 60.5 200.00 55.2 0.152 0.128 64.7
197.16 49.8 0.106 0.0383 59.5 200.00 546 0.151 0.104 63.2
195.64 47.8 0.108 0.0425 60.9 200.00 546 0.153 0.103 63.8
193.48 45.0 0.098 0.0384 60.0 200.00 54.0 0.137 0.064 61.3
L,-L,-V 206.00 62.5 0.053 0.0071 63.9 200.00 53.9 0.139 0.063 61.5
204.92 61.0 0.048 0.0059 69.5 200.00 53.7 0.121 0.045 60.3
204.00 59.6 0.063 0.0077 64.4 198.00 52.7 0.146 0.161 67.7
204,00 59.4 0.070 0.0141 62.9 198.00 526 0.147 0.160 68.2
206.00 62.5 0.083 0.0071 63.9 198.00 52.3 0.150 0.130 65.2
204.92 61.0 0.048 0.0059 69.5 198.00 52.2 0.153 0.127 66.0
204.00 59.6 0.063 0.0077 64.4 198.00 51.7 0.146 0.105 63.0
204.00 59.4 0.070 0.0141 62.9 198.00 51.6 0.150 0.101 63.6
202.00 §7.3 0.035 0.0048 70.1 198.00 51.6 0.151 0.100 63.8
201.95 57.0 0.026 0.0050 76.3 198.00 51.2 0.137 0.067 61.0
202.00 57.0 0.044 0.0072 64.6 198.00 s1.1 0.131 0.060 60.2
202.00 56.8 0.035 0.0082 65.3 196.00 49.4 0.149 0.129 65.4
202.00 56.7 0.073 0.0126 61.6 196.00 49.3 0.149 0.123 64.9
202.00 56.5 0.072 0.0145 62.0 196.00 48.9 0.148 0.103 63.5
201.15 $6.3 0.036 0.0097 70.3 196.00 48.8 0.147 0.098 63.2
200.00 §5.2 0.022 0.0031 77.3 196.00 48.5 0.127 0.060 59.7
200.00 55.0 0.023 0.0037 73.0 196.00 48.4 0.122 0.055 60.4
200.00 54,9 0.028 0.0041 70.4 195.00 47.1 0.118 0.054 59.4
200.00 54.8 0.030 0.0047 68.3
200.00 54,6 0.036 0.0055 67.6
200.01 54.4 0.040 00064  65.8 compute liquid-phase compositions and molar volumes in L, and
fgg'gg 23'2 8'8% 8’8323 2?-2 L,. Temperatures were measured with a platinum resistance
197'_99 52:3 0:028 0:005 4 69: 4 thermometer and are estimated to be accurate to +£0.03 K of
198.00 52.1 0.033  0.0063 66.8 the 1968 IPTS scale. Pressure measurements were taken with
198.00 52.0 0.036 0.0063 65.6 a Heise Bourdon tube gauge, accurate to at least £0.07 atm.
198.00 51.9 0.039 0.0072 64.3 The gauge was occasionally compared to a dead-weight piston
igg-gg i ég 3-3259 8~8é% 2;8 gauge. Liguid-phase volumes could be read to +0.02 mL,
. . N . . 1 of 1
196.00 491 0.042  0.0091 629 which translated into a maximum of +1.6% in molar volumes.

196.00 48.5 0.075 0.0203 59.2

a CO.-rich system, while immiscibility in the system methane-
carbon dioxide—n-octane is in the methane-rich portion of phase
space. Consequently, these two regions of immiscibility are not
connected.

Experimental Section

The apparatus used in this study was the same as that used
by Kohn and co-workers in other cryogenic studies (3). The
procedures for studying L,-L,-V phenomena and the associ-
ated boundaries of the L,~L,-V region are detailed elsewhere
(7, 12). Briefly, all experiments were carried out in visual glass
cells, using stoichiometry and volumetric measurements to

n-Octane composltions in the L, phase are rellable to at least
£2%; n-octane compositions in the L, phase are reliable to
at least £8% . Compositions of propane, n-butane, and carbon
dioxide are reliable to £3.5%.

The methane used in this study was Linde “Ultra Pure” grade
stated to be 99.97 mol % pure; it was used without further
purification. At 185.06 K, the methane exhibited a difference
between dew-point and bubble-point pressures of less than 0.20
atm.

The n-octane was a Humphrey-Wilkinson Chemical Co.
product with a stated purity of 99 mol %. The measured air-
saturated freezing point agreed to within 0.2 K of current lit-
erature values. The n-octane was used without further puri-
fication.

The propane and the n-butane were Linde “Instrument
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Table V. Raw Data of the n-Octane-Lean Phase (L,) for the Table VI. Raw Data of the n-Octane-Rich Phase (L,) for the
Methane-Carbon Dioxide-#-Octane System Methane-Carbon Dioxide~n-Octane System
mole mole
fraction mole fraction  mole
of fraction of fraction
temp, press., carbon of molar vol, temp, press.,, carbon of molar vol,
type of data K atm dioxide n-octane mL/(g mol) type of data K atm dioxide n-octane mL/(g mol)

K(L,-L,=V) 219.73 69.7 0.251 0.0146 67.5 K(L,-L,=V) 220.78 70.7 0.322 0.0718 58.5
217.32 67.0 0.221 0.0094 73.1 220.08 70.7 0.323 0.0828 59.0
214.71 64.3 0.200 0.007S 74.9 218,99 68.8 0.316 0.0987 59.5
212,20 62.0 0.179 0.00s5 78.3 218.28 67.9 0.312 0.1104 61.0
211.03 60.9 0.163 0.0040 82.7 217.43 67.2 0.209 0.1199 61.0
207.61 57.9 0.146 0.0044 79.9 216.97 66.6 0.302  0.1269 61.0
204.83 55.7 0.119 0.0029 84.7 212,93 62.7 0.268 0.1777 65.2
204.04 55.0 0.107 0.0039 89.8 207.18 57.6 0.208 0.2410 69.8

Q (8~L,-L,-V) 202.40 53.7 0.110 0.0045 717.0 203.01 543 0.158 0.2823 72.7
202.27 53.2  0.114  0.0056 73.3 Q(S-L,-L,-V) 20232 53.3 0.156 0.2846 73.4
202.16 526 0.123 0.0070 69.4 201.89 S51.2 0.183 0.2528 69.9
202.14 52.5 0.131 0.0072 68.0 201.87 50.9 0.192 0.2423 68.6
201.98 51.5 0.146 0.0097 64.3 201.82 50.3 0.202 0.2303 67.0
201.43 48.9 0.205 0.0223 56.8 201.45 48.4 0.239 0.1830 62.9
201.41 48.7 0.199 0.0297 58.0 201.36 47.9 0.254 0.1717 61.6
201.38 48.0 0.227 0.0302 558.9 201.23 47.5 0.246 0.1473 60.0
201.08 47.1 0.253 0.0515 54.5 L,-L,~V 216.00 65.2 0.289 0.1213 59.8

LCST (L, =L,-V) 213.54 61.4 0.298 0.0800 58.1 216.00 65.0 0.297 0.1087 59.1
218.21 67.3 0.291 0.0704 58.2 216.00 64.7 0.306 0.0883 58.3
215.33 63.7 0.301 0.0646 57.5 214.00 62.5 0.292 0.1185 59.7
211.73 59.2 0.290 0.0719 58.5 214.00 62.2 0.297 0.1006 58.9
210.14 57.5 0.289 0.0750 57.0 214.00 62.1 0.302 0.0894 57.8
206.97 53.5 0.278 0.0712 56.1 212.00 61.3 0.260 0.1729 63.6
206.29 52.8 0.280 0.0848 56.5 212.00 60.9 0.268 0.1619 63.7
205.69 51.9 0.275 0.0833 56.3 212.00 60.1 0.297 0.1198 58.6
203.84 50.1 0.273 0.0817 55.8 212,00 59.7 0.288 0.1094 59.7

L,-L,-V 216.00 65.5 0.237 0.0133 66.3 212.00 59.7 0.292 0.099 57.7
216.00 65.3 0.247 0.0198 62.3 210.00 58.5 0.259 0.166 63.2
214.00 63.2 0.234 0.0157 64.1 210.00 58.1 0.267 0.157 63.1
214.00 62.8 0.246 0.0218 61.6 210.00 58.0 0.270 0.150 61.6
214.00 62.5 0.256 0.0274 60.6 210.00 57.4 0.286 0.109 58.4
212.00 60.8 0.230 0.0173 62.3 208.00 57.0 0.240 0.197 65.2
212.00 60.5 0.241 0.0209 61.2 208.00 55.9 0.263 0.163 62.1
212.00 60.1 0.255 0.0293 60.9 208.00 554 0.272 0.144 60.6
212.00 59.9 0.264 0.0335 59.5 208.00 55.5 0.267 0.151 61.8
210.00 58.7 0.228 0.0183 61.0 206.00 55.9 0.202 0.239 69.4
210.00 58.5 0.231 0.0201 59.3 206.00 55.2 0.214 0.225 68.7
210.00 57.5 0.259 0.0355 59.0 206.00 54.3 0.237 0.193 65.0
208.00 56.7 0.208 0.0151 61.6 206.00 53.5 0.255 0.171 62.5
208.00 56.1 0.223 0.0199 59.6 206.00 53.0 0.264 0.144 60.4
208.00 55.9 0.231 0.0232 59.2 206.00 529 0.271 0.136 59.6
208.00 55.4 0.244 0.0294 57.8 204.00 53.7 0.192 0.247 69.5
208.00 55.3 0.249 0.0309 57.6 204.00 53.6 0.237 0.188 63.9
208.00 55.2 0.259 0.0363 56.5 204.00 53.2  0.200 0.236 68.6
208.00 54.9 0.272 0.0517 56.0 204.00 50.5 0.263 0.137 59.7
206.00 55.9 0.154 0.0093 69.3 202.00 51.3 0.183 0.252 69.9
206.00 54.5 0.205 0.0167 60.2 202.00 51.0 0.191 0.244 69.2
206.00 54.2 0.212 0.0182 59.4 202.00 50.5 0.198 0.233 68.2
206.00 53.6 0.226 0.0239 57.9 202.00 49.1 0.236 0.184 63.6
206.00 53.4 0.234 0.0265 57.5 202.00 48.4 0.253 0.155 60.8
206. .8 0.252 .037 6.7
2%_88 237 0_%21 8_8393 25.3 Grade”, with a stated purity of 99.5 mol % and were used
204.00 54.9 0.115 0.0037 81.7 without further purification.
204.00 54.6 0.130 0.0063 75.4 The carbon dioxide was “Coleman Grade” (Matheson Co.)
204.00 54.5 0.134  0.0062 71.6 with a stated purity of 99.99 mol %. It was prepared by
204.00 542 0.142 0.0080 2?3 flashing It from the supply cylinder at room temperature into a
ggz'gg ggg 8'583 8'8}% 58.8 3000-mL storage reservoir maintained at 273.15 K. The vapor
204.00 51.6 0.214 0.0214 57.7 phase was then vented from the reservoir to remove lmpuritle.s.
204.00 51.4 0.216 0.0231 57.4 The pressure differences between dew point and bubble point
204.00 51.2 0.224 0.0253 57.0 were 0.03 atm at 266.58 K for n-butane, 0.41 atm at 298.15
204.00 51.0 0.235 0.0307 56.3 K for carbon dioxide, and 0.10 atm at 286.91 K for propane.
%8:-88 gg-g 8-%2 ; 8-8322 gg 51; The vapor pressure for these three saturated gases at 50 vol
20400 50.2  0.265 0.0555 54.9 % of liquid at these temperatures agreed well with the literature
202.00 51.6 0.145 0.0099  65.0 values.
202.00 49.6 0.205 0.0212 57.2
202.00 49.3 0.212 0.0239 56.4 Results
202.00 48.8 0.226 0.0301 56.3
202.00 48.1  0.253  0.0472 547 Raw experimental data for the ternary system methane-

202.00 47.9  0.255  0.0521 330 propane-n-octane are presented in Tables I and II. Table
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Figure 1. Boundaries of the L,-L,~V immiscibility reglons of four
with the common methane and n-octane.

ternary systems components
The filled circle Is the critical point of pure methane.

Table VII. Raw Data of the n-Octane-Rich Phase (L)) for the
Binary Carbon Dioxide-n-Octane System

mole
fraction mole
of fraction

temp, press., carbon of molar vol,
type of data K atm dioxide n-octane mL/(g mol)
Q(8-L,-L,-V) 21599 5.0 0.445 0.5549 101.1
L,-L,-V 216.00 5.0 0.444 0.5562 10L.5
217.12 53 0.460 0.5401 99.9
218.00 5.5 0.470 0.5300 99.0
219.00 5.7 0.491 0.5094 95.9
220.00 5.9 0.507 0.4934 94.4
220.79 6.1 0.519 0.4814 93.1
222.00 6.4 0.527 04727 92.9
225.00 7.2 0.577 0.4226 87.6
228.00 8.0 0.639 0.3614 80.9
228.00 80 0.639 0.3610 80.5
229.00 83 0.663 0.3374 78.6
230.00 8.6 0.695 0.3051 74.9
230.00 8.6 0.692 0.3075 75.0
230.39 8.7 0.711 0.2888 73.3
230.48 8.8 0.712 0.2881 72.9
231,12 9.0 0.749 0.2513 69.1
UCST (L, =L,-V) 231.49 9.1 0.802 0.1979 62.8
231.49 9.1 0.836 0.1644 59.3

1 is for the L, (n-octane-lean) phase while Tabie II is for the
L, (n-octane-rich) phase. Tables III and 1V are for the L, and
L, phases, respectively, of the system methane-n-butane—n-
octane, while Tables V and VI are for the L, and L, phases,
respectively, of the system methane~carbon dioxide—n-octane.
Included in these tables are raw data on K points, LCST, and
Q points which bound the L,-L,-V reglon, in addition to L,—L,-V
data points. The need for two tables for each ternary system
is due to the visual feeling empioyed in the laboratory, where
the data are taken for systems in which phase L, is present in
an infinitesimal amount (Tables I, I1I, and V) and for systems
in which phase L, is present in an Infinltesimal amount (Tables
11, IV, and VI). The rellability of these data Is discussed in the
preceding section.

Figure 1 Is a pressure—temperature plot of the domains of
the three ternary systems studied herein and the domain of the
ternary system methane—ethane—n-octane studied earlier (7).
All four reglons are bounded on the high-pressure side by K
points, on the low-pressure side by LCST points, and at low
temperatures by Q points. The high-temperature limit of each
domalin appears to be the intersection of the K-point and LCST
locl, referred to as the fricritical point. The L,—L,-V region has
two degrees of freedom according to the phase rule; its
boundarles have one.

Tables VII and VIII are raw data for the binary system
carbon dioxide-n-octane. The three-phase L-L,-V locus is

Table VIII. Raw Data of the n-Octane-Lean Phase (L,) for the
Binary Carbon Dioxide-n-Octane System

mole
fraction mole
of fraction
temp, press., carbon of molar vol,
type of data K atm dioxide n-octane mL/(g mol)

UCST (L, =L,-V) 231.49 0.1 0.83 0.1644  59.3
Q(S-L,-L,-V) = 21595 5.0 0.978 0.0333 403
L,-L,-V 21717 5.2 0976 0.0242 407
218.85 5.7 0974 0.0265 4Ll
22035 6.1 0971 0.0295 419
221.91 6.4 0966 00336  42.6
223.96 6.9 0.960 0.0397  43.7
226.66 7.7 0.947 0.0526  45.5
231.00 8.9 0.895 0.1046 524
230.00 86 0.917 00834 496
229.00 83 0939 00606  48.0
228.00 8.0 0937 0.0628  46.9
226.00 7.5 0951 0.0493  45.1

terminated at low temperature by a Q point and at the high-
temperature end by a UCST point. Immiscibility occurs in this
system at low pressures and is part of a three-phase L,-L,-V
region unconnected with the one reported in Tables V and VI.

Because the four ternary systems shown in Figure 1 are
methane rich, thelr domains of immiscibility occur near the
critical point of pure methane. The binary-solvent critical loci
(e.g., that of methane—propane), which evoive out of the
methane critical point pass through or close to their respective
ternary three-phase immiscibility regions.
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Glossary

C critical point

K K point, or critical end point, of an L,~L,-V reglon,
where L, and V are critical

L, liquid phase that is n-octane rich

L, liquid phase that is n-octane iean

L, liquid phase that is n-octane lean

LCST lower critical solution point, where L; and L, are
critical

S solid phase

T temperature

ucsT same as LCST except It forms an upper terminus to
the L,-L,-V region

\Y vapor phase
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