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Liquid —Liquid Coexistence Curves for Binary Systems: MethanoH- Cyclohexane
and + Several Isomers of Hexane

Arturo Trejo,* Patricia Yan~ez, and Rafael Eustaquio-Rin¢a

Instituto Mexicano del Petteo, Programa de IngeniarMolecular, Aea de Investigacimen Termofsica,
Eje Lazaro Cadenas Norte 152, 07730, Mieo, D.F., M&ico

Experimental liquig-liquid miscibility temperatures as a function of mole fraction are reported for binary systems
formed by methanol as common component with hexane, 2-methylpentane, 3-methylpentane, 2,2-dimethylbutane,
2,3-dimethylbutane, and cyclohexane. All the studied coexistence curves present an upper critical solution
temperature (UCST). The UCST of the binary systems presents a clear dependence with the molecular shape of
the hydrocarbons (e.g., the solubility of the alkanes in methanol increases as branching increases in the structural
isomers); hence, 2,2-dimethylbutane shows the lowest UCST with methanol. Cyclohexane presents the highest
UCST with methanol (i.e., it shows the lowest mutual miscibility for the six studied systems). Values of the
UCST have been calculated with the WeimBrausnitz modification for polar components of Hildebrand’s Regular
Solutions Theory. The predicted UCSTs compare well with those obtained experimentally.

Introduction multicomponent systems. After a comprehensive bibliographic

Methanol (methyl alcohol) is a versatile chemical widely used search, we found that the following systems have been
y y reported: methanot hexane;+ nonane;+ decane’, methanol

in research laboratories and in many industries. For example,+ hexane-8 methanoh- cyclohexané: 8 methanok- heptane,

in the petroleum industry methanol can be used in several stages+ octane® 19 methanol+ 2-methylpentane+ 2,2-dimethyl-

of natural gas processing (e.g., in dehydration plants and gasbutane,-i— 2,3-dimethylbutane;+ 3-methylheptanes 2,2,4-

sweetening processes). In the dehydration process, for temper- . .
atures lower than about 277 K, glycol injection is impractical trimethylpentane; nonanest- 2,3,5-trimethylhexanet decane,

because of the high viscosity of glycol solutions; then methanol + cyclopentane- methylcyclopentanet methylcyclohexané;

0
is the best option as solvehiGas purification processes use methanol + pentane + heptane,+ nonane,+ undecané]

1
methanol as an option for sweetening sour gas streams, and irﬁeextgﬁgil :e btuatr?gi’ :ctgﬁ;t?rr]nezthgr?(t)klfr\:\?;;r—Eeﬁ;igﬁ;;
fact it was the first commercial process to use a physical organic ’ P ’ ’ ’

solvent. Methanol reduces acid gases (e.g., hydrogen sulfidemethan0|+ 2,2,f-tr|methylpentanel— o-xylene, + m.xylene,
and carbon dioxide) so that they appear in concentrations of+ ethylbenzené, meth.ano|+ cyclohexaner hexa5ne7, metha-
just a few parts per million (ie., mg/kg) in the treated Nl T Water+ 2.2.4-timethylpentane- benzené:
hydrocarbon-rich gasMethanol is still widely used as a hydrate Furthermore to the experimental results that each paper reports
inhibitor in very low temperature applications such as in turbo 0n the liquid-liquid behavior of the particular systems consid-
expanders for gas refrigeration plants of LPG recovery. Metha- ered, some of the above works include useful tabulations to
nol can be easily produced from natural gas. Additionally, carry out comparisons with data from previous work, which
methanol is a raw material for the production teft-butyl contributes to, in some cases, a relatively large set of results to
methyl ether, the latter being an oxygenated compound that isestablish if more results are necessary for some systems.
extensively used in several countries to be blended with gasolineUnfortunately, some works include comparisons between ex-
to enhance the octane number. Furthermore, methanol has beeperimental results only in figures, which are not the most
used as a gasoline substitute in cars and also as an oxygenateg@dequate mean to establish the reproducibility of the data among
compound in the reformulation of gasoline. Methanol as a fuel different workers. Also, some works performed extrapolations
for fuel cells is a subject of great interest; hence, large efforts of pressure-temperature isopleths through the use of empirical
are devoted to applications in transport and portable electronicscorrelations to obtain liquidliquid phase equilibria data at 0.1
applications due to the clear advantages for the protection of MPa from experimental results that were obtained at higher
the environment4 values of pressure. Some comparisons that were carried out in
Owing to the evident importance of methanol in both the tables are given by the following: 'tszher et aPinclude values
scientific and technological fields, it is necessary to carry out of the critical solution temperatufg at 0.1 MPa for methanol
systematic studies on the thermodynamic properties of pure + hexane;+ heptane;+ octane;+ nonane, and- decane from
methanol and its mixtures with other selected compounds asdifferent works published before 1986; some of those reports
well as phase equilibria for systems in which methanol is one go back to the end of the nineteenth century and the first half
of the components. Liquidliquid phase equilibria and the of the twentieth century. Kiser et &igive a comparison of
miscibility behavior for methanot hydrocarbon systems at  for eight different hydrocarbons with methanol. It is important

0.1 MPa have been studied extensively for binary, ternary, andto underscore that in this comparison, apart from the values
reported by Kiser et al., no previous data were included for the

* Corresponding author. E-mail address: atrejo@imp.mx. binaries of methanot 3-methylpentanet 2,2-dimethylbutane,

10.1021/je0505321 CCC: $33.50 © 2006 American Chemical Society
Published on Web 03/21/2006



Journal of Chemical and Engineering Data, Vol. 51, No. 3, 200671

and 2,3-dimethylbutane. Singh and Van Hbekmmarized 14 and selective separation of multicomponent mixtures by ab-
values ofT, for methanoH- cyclohexane from 1926 up to 1986. sorption and by liquid extraction. In the latter case, it has
Aizpiri et al.*®include in their work a summary of 16 reported included the experimental study of liquitiquid coexistence
critical mole fractionx. values for the latter system from 1930 curves and the liquidliquid equilibrium for systems composed
up to 1988. of polar and nonpolar components of scientific and industrial
From the analysis of the different systems studied in the open interest®2429 In this report, measurements of liquitiquid
literature, it is observed that the lineal saturated hydrocarbonsmiscibility temperatures as a function of mole fraction are
are the most studied compounds in binary systems with Presented to define the corresponding coexistence curve for
methanol. This result could lead to think that there are quite a Several binaries of the type methanblhexane isomer, where
lot of results that fully define the liquidliquid phase diagrams ~ the studied structural isomers are hexane, 2-methylpentane,
for all the reported systems, particularly for binary systems; 3-methylpentane, 2,2-dimethylbutane, and 2,3-dimethylbutane.
however, some works only report a few tie-lines or a few points We have also included cyclohexane in the study in order to
of coexistence temperaturenole fraction results since their ~ study the influence of molecular shape of the hydrocarbons on
main objective was the study of thermodynamic properties above their miscibility behavior in methanol. All the binary systems
the partial miscibility region or the phase diagram of ternary or formed by methanol as common component individually with
multicomponent systems. Consequently, in some works the each of five isomers of hexane and with cyclohexane show a

phase diagram for the binary systems is not completely defined, liquid—liquid coexistence curve with upper critical solution
and no values of; are reported. temperature (UCST), which defines the minimum temperature

One of the systems whose liquitiquid phase diagram has at which a system ac_hieves total migcibility_ in the W_hole
been extensively studied is methanblcyclohexane. This is ~ concentration range. Since the UCST is a point of particular
mainly due to its very special properties as discussed by Aizpiri INtérest, we have used the Weimétrausnitz version of the
et al.Z5which make this system very adequate to test the conceptRegular Solution Theory using pure component property data
of critical point universality on binary liquid mixtures. This ~and one binary parameter to calculate the UCST values for the
system has even been considered to be a very adequate exampRiX Systems studied in this work.
for the study of phase diagrams by students in a teaching
laboratory?®

The bibliographic search on liquidiquid phase diagrams Methanol was obtained from Baker (HPLC grade) with mole
also revealed that up to now very few system have been studiedfraction purity higher than 99 %. The hydrocarbons were
that include as one of the components a saturated branchedbtained from different sources with the following mole
hydrocarbon. The only report found that includes experi- fractions: hexanentC6) > 99.0 % was obtained from Merck;
mental results for the coexistence temperature of metharaol 2-methylpentane (2-MP) 9% and 2,2-dimethylbutane (2,2-
branched hydrocarbon is that by Kiser ef #dmong several DMB) 98 % were from Aldrich; 3-methylpentane (3-MP)-99
different hydrocarbons, six branched hydrocarbons were indi- % and 2,3-dimethylbutane (2,3-DMB) 97 % were from Phillips;
vidually studied with methanol, including 2-methylpentane, 2,2- and cyclohexanec{C6) 99.5 % was from Baker.

dimethylbutane, and 2,3-dimethylbutane, which are studied in  Due to the fact that the water is the most likely impurity and
the present work. It is however rather unfortunate that these the one most difficult to remove from methanoL the latter was
authors present all their experimenfalx results in plots that  twice distilled in an all-glass apparatus with high reflux ratio
do not allow the values to be obtained with the accuracy that and stored over a molecular sieve. Furthermore, the water
the authors reported:t 0.2 K for the unmixing temperatures  content in methanol was monitored along the study using a Karl
and + 2 % for the solubilities. The results that Kiser et al. Fischer titration apparatus, Photovolt Aquatest 8. The maximum
present in a table are a limited number of solubility values of water content in mass fraction found in methanol was 803

the different studied hydrocarbons in the methanol-rich phase o5 All hydrocarbons were used without further purification other
at rounded values of temperature in the range (278 to 313) K, than storing over sodium to remove any possible traces of
which seem to have been interpolated from a set of experimentalmoisture. Chromatographic analyses were carried out on each
results. sample of hydrocarbon, and only one peak was detected for

From the analysis of th&, x values for the liquie-liquid each sample using a thermal conductivity detector.

phase behavior of the systems already mentioned, it has been Binary systems of known mole fraction were prepared by
concluded that there is lack of reproducibility among the results mass in an analytical balance with a precision and accuracy of
from different laboratories for a given system, and as noted by + 0.0001 g; hence, the uncertainty in mole fractioe:i§.0001.
Singh and Van HooRgeven batch-to-batch results from the same | iquid—liquid miscibility temperature concentration values
laboratory often do not agree to any better tha0.1 K. This were determined using sealed all-glass cells. All the samples
statement overestimates the reproducibility Tf for some were thoroughly degassed by freegrimp—-thaw cycles in a
systems as will be shown below. Therefore, to contribute with high vacuum manifold. Full details of the experimental method
T, xresults for binary system for which no numerical results together with dimensions of the different cells have been
are available, we have studied the systems composed oOfreported earlier in several of the cited works from our labora-
methanol as the common component with the structural isomerstory 20.28:32 \iscibility temperatures were determined visually
of hexane: 2-methylpentane, 3-methylpentane, 2,2-dimethyl- as the temperature slowly increased in the water bath (i.e., the
butane, and 2,3-dimethylbutane. We have also studied theSystems were studied from the two-liquid phase region up to
systems methandt hexane and- cyclohexane in order to have  the transition to observe complete miscibility). Near the solubil-
a set of internally consistent experimental results. ity temperature, the heating rate was about 0.08iK2 in

This work is a continuation of a research program carried order to clearly observe the onset of mixing, which was marked
out in our laboratory on the behavior of the phase equilibria of by the well-known phenomenon of critical opalescence. Two
highly nonideal systems. A part of the program has considered stainless steel ball-bearings were placed inside each glass cell
the study of polar organic solvents to be used for the efficient for stirring of the system during measurements. A minimum of

Experimental Procedures
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Table 1. Experimental Coexistence Temperature Mole Fraction 330
Results for the Binariesx; Methanol + (1 — x;) Hydrocarbon
Systems, at 0.1 MPa 320
X1 T/IK X1 T/IK X1 T/IK 310
hexane 2-methylpentane 3-methylpentane
0.1403 294.39 0.1516 291.88 0.1620 290.60 300
0.2119 305.03 0.2554 300.87 0.2492 303.24 X
0.3009 312.03 0.2852 303.57 0.2854 300.85 © 290 |
0.3539 312.15 0.3613 302.45 0.3451 305.35
0.3947 314.86 0.4052 304.06 0.3994 307.83 280 |
0.4091 314.39 0.4946 305.76 0.4344 305.04
0.4355 313.09 0.5442 303.69 0.4930 305.38 070 |
0.4509 311.83 0.5993 302.99 0.5457 304.31
0.4907 313.41 0.6462 302.89 0.5943 304.07
0.4941 314.41 0.7042 300.86 0.6991 300.99 260 ‘ l
0.5532 311.05 0.7995 292.46 0.8001  291.46 00 02 04 06 08 10
0.5498 310.96 X4
0.6545 310.27 Figure 1. Liquid—liquid miscibility behavior for six4 methanoH- (1 —
0.7545 305.63 x1) hydrocarbon systems. Symbols represent experim&ntalalues; curves
2,2-dimethylbutane 2,3-dimethylbutane cyclohexane are calculated with eq 1 and the coefficients in Table 4. The UCST of each

0.1516 289.49 0.1552 296.68 0.1471 308.36 system is indicated with a larger symbd®, hexane0©, 2-methylpentane;
0.2372 290.26 0.2529 295.43 0.2503 317.36 A, 3-methylpentanea, 2,2-dimethylbutane®, 2,3-dimethylbutane(d,
0.3128 292.07 0.2905 298.42 0.3018 319.24  cyclohexane.

0.3536 295.80 0.3470 298.74 0.3553 320.86

0.3967 293.04 0.4030 298.87 0.4040  322.22 '
0.4010 29137 0.4494 596 86 04578 32153 also been studie® A summary of T, values at 0.1 MPa

0.4429 292.81 0.4988 298.89 05082 32164 reported for the methanet cyclohexane system up to 1986
0.5046 291.76 0.5507 297.38 0.5582  321.36  shows a wide range of values; hence, the authors concluded

0.5487 291.26 0.6050 297.33 0.6008  321.30  that reproducibility among different works had not been
0.5982 290.98 0.6410 296.16 0.7015  319.09 adequate

0.6502 289.23 0.7015 294.54 0.8019  306.28
0.8036 274.70 0.8051 283.42 The UCST of the methanot hexane system has been

reported by several workers. The 13 different values that had
10 binary systems of known concentration were studied to define been reported up to 1986 were included in Table 4 of the paper
the liquid—liquid coexistence curves of each pair of components. by Holscher et aP. The reported values of the UCST are in the
The measurement of temperature was carried out with arange (301.3 to 315.8) K, altogether those values give a mean
Systemteknik AB digital thermometer and a platinum resistance of 310.6 K with a standard deviation of 4.9 K. The comparison
probe with a precision oft: 0.001 K. Readings from this  of UCST values in the work of Kiser et &lfor methanol+
thermometer in the studied temperature range were comparechexane included 11 values from different authors; five of these
with those from a calibrated thermometer of Automatic System values were not included in the review of ldcher et aP. The
Laboratories (ASL) whose accuracy-4s0.005 K, traceableto =~ mean of the 11 values is 310.6 K with a standard deviation of
the U.S. National Institute of Standards and Technology. The 4.4 K. These two examples show, as mentioned above, that the
reproducibility of the mixing temperatures w#&s0.01 K, which lack of reproducibility of experimental results from different
we take as the total uncertainty for the mixing temperatures. laboratories is much larger than0.1 K, indeed it is of several
Furthermore, the reported miscibility temperatures are an degrees.

average of four determinations carried out on each studied binary A profuse number of works have also been published in the

system of known mole fraction. open literature in which the liquidliquid solubility behavior
. . of binary systems that present an UCST is analyzed as a function
Results and Discussion of the molecular size of the nonpolar component of the studied
The experimental miscibility temperaturenole fraction T, systems. Hence, the different members of a homologous series

X) results are listed in Table 1 and plotted all together in Figure of nonpolar compounds (e.g., saturated unbranched chain
1. The different symbols in Figure 1 correspond to the hydrocarbons) are always most adequate to obtain conclusions
experimental results, and the lines were obtained by correlatingon the aforementioned functionality. The behavior of systems
the experimental values with eq 1. The coexistehcecurves that contain methanet an unbranched chain hydrocarbon has
also contain the experimentally derived UCST of each system, also been discussed in terms of the chain length of the nonpolar
which is indicated with the same symbol as the rest of the component:**-2127.2%n this work, to investigate the influence
experimental values in each system although larger. of the molecular structure of the saturated hydrocarbon on the
As discussed above, the metharotyclohexane system has liquid—liquid solubility of binary systems, we have studied
been studied previously by several workért In most of those ~ Several binaries of the type methansl cyclohexane andt
works, the main emphasis has been given to the study of thehexane structural isomers.
coexistence curve very close, within a few degrees, to the Itis well-known that the nature of the pure components that
liquid—liquid critical temperaturel; to describe the critical constitute a mixture has a clear influence on the mixture
region using the parametric equation of state. Also, several properties. The liquietliquid miscibility phenomenon is not the
works have studied with great detail the effect of dissolved gas exception; therefore, the miscibility in methanol of a linear
and liquid impurities orT, of methanol+ cyclohexané:30-31 alkane (e.g., hexane) is different with respect to the miscibility
The effect of pressure on the coexistence curve of methéinol observed for a cyclic hydrocarbon with an equal number of
cyclohexane has also been studtdd!®in a relative large range  carbon atoms in its molecule (i.e., cyclohexane). The experi-
of pressure. The dependencelgfon isotopic dilution of each mental results in Table 1 and Figure 1 show that the miscibility
of the components of the system methaftotyclohexane has  of hexane in methanol is higher than that of cyclohexane;
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Table 2. Molar Volume V, Enthalpy of Vaporization AyapH, and Table 3. Experimental and Calculated Values of the UCST for
Total o, Nonpolar 4, and Polar 7 Solubility Parameters Values for Systems Formed by MethanoH Hydrocarbon
Methanol and Saturated Hydrocarbons at 298.15 K
UCST/K
v 1073 Avgg® 0 4 v CH3OH + exptl calc@d calcd
substance cfmol~!  Jmolt  JZcm32 J2em 32 JU2.cm—32 C6 313.42 526.3 3175
CH3OH 40.733 37.430 29.71 16.38 24.79 2-MP 304.05 535.4 325.9
n-C6 131.598 31.551 14.87 3-MP 305.09 528.8 320.5
c-C6 108.752 33.045 16.7 2,2-DMB 293.02 535.0 325.0
2-MP 132.884 29.865 14.36 2,3-DMB 299.20 534.6 326.1
3-MP 130.620 30.275 14.58 c-C6 321.62 482.6 287.9
2,2-DMB  133.721 30.422 14.46
2,3-DMB  131.165 29.125 14.26 aCalculated with eq 2 using1, = 0.396 7,2 from Prausnitz and co-
workers3334 b Calculated with eq 2 usingyi2 = 0.438 742 from the

aRiddick and Bunge?® P Weimer and Prausnif® ¢ Calculated with correlation of experimental UCST of four methanel saturated chain

5 = /AHV_RTN‘ hydrocarbon systems, as discussed in the main text.

) ) Table 4. Adjusted Coefficients of Equation 1 and Standard
therefore, the UCST (see Table 3) for the first system is lower Deviation of Each Fit

than that for the second system. Also, the position of a methyl no. of

group in the main skeleton of the paraffinic hydrocarbon changes methanok points B Ao A A A oK

the hydrocarbon.mu.tual solubility with methan.ol. The. higher "¢ 7 0.4794 3134225817 26610 —108.89 032
degree of branching in a structural hydrocarbon isomer increases,_yp 0.4628 304.05 —9.7521 —11.390 —74.907 0.48

its solubility with respect to other isomers. It can be observed 3-mMP 0.4684 305.09 —8.1127  1.6709-160.89  1.04
from the experimental, x values in Table 1 and the coexistence 2,2-DMB 0.4057 293.02-27.036  92.808 —-218.57  0.35
curves in Figure 1 that the solubility of 2,2-dimethylbutane and g_'g'GDMB 8'13% éii'ég_fé'fgéo B 4529661%9 _17‘;'271280 062176
2,3-dimethylbutane, hydrocarbons isomers with two methyl ' ' ' ' ' '
groups, is greater than that for the two methylpentanes cyrves in Figure 1 were calculated with the values of the
considered here (i.e., 2-methylpentane and 3-methylpentane);yeported coefficients for each binary.

therefore the two dimethylbutanes present lower UCST with  gince the complexity of the molecular interactions present
methanol than the linear isomer and than the other two studiedjp, the liquid phase for systems that exhibit partial miscibility

structural isomers with one methyl group in their chain. has proved to be a difficult problem for the theories of the liquid
It can be observed in Table 3 that the UCST values are state, it is highly desirable to use the present experimental UCST
sensitive enough to the position of the methyl substituents in results as a test for one of such theories. Therefore, we have
the hydrocarbon molecule since the position of the methyl group calculated UCST values for the six systems considered here
in carbon 2 or in carbon 3 of the methylpentanes gives a with the well-known modification of Weimer and Prausgftz
difference in the corresponding UCST of 1 K. Also, two methyl to the solubility parameter version of the Regular Solution
groups in carbon 2 give an UCST which6 K lower than that Theory3* This theory uses pure component data and only one
for the isomer with methyl groups in carbons 2 and 3 in the parameter derived from mixture information, that is, there are
dimethylbutanes. It is then possible to infer that the branching no adjustable parameters. The theory has been used successfully
of the hexane structural isomers allows easier and more intensivein previous works from our laboratcty2%32for the prediction
molecular interactions with methanol; thus the molecular of the UCST of binary systems of the same type as studied
interactions are more favorable for the dimethylbutanes than here (i.e., polar- nonpolar systems).
for the methylpentanes, and these are in turn greater than those UCST/K data were calculated with the following relation
present between molecules of hexane and methanol. The samegiven by the mentioned theory:
behavior has also been observed for the same isomers studied

© 00 O © 0w

here in binary systems with ethanenitrile as the common A= 0)+ 2 =2y [ Vv, 2
componeng’ UCST=2 R V2 1 L2 @
The experimentally derived values of the UCST included in ! 2

Table 3 were obtained through a fit of experimenitak mutual

miscibility results to the following expressigi:2? where 1, is the nonpolar contribution of the total solubility

parameterd; = 1,2 + 7,9 for the polar component; is the
polar contribution of the total solubility parametér for the

X X | polar componenty, is the total solubility parameter of the
3 |B 1-B nonpolar component; is the molar volume of componeit
TK=) Al—— @ andy1, is an induction energy density arising from induction
= X X2 forces between the polar and the nonpolar components. The
B 1-B molar volume® enthalpy of vaporizatiof; and totald, nonpolar

A, and polarr solubility parametef values for methanol and
) . the studied hydrocarbons are included in Table 2.

whereT andx; are experimental resulté; andB are adjustable Weimer and Prausnitz studied experimental activity coef-
parameters to be determined. ficients of saturated hydrocarbons, olefins, and aromatics

By means of the above equation, it is obtained that for a set infinitely diluted in different polar organic solvents and proposed
of T, x results of a given binary system the valuefgfis equal general empirical relations over the temperature range (273 to
to the UCST andB corresponds to the critical mole fractiah 373) K for the induction energy density» between the polar
Values of the parameters determined by the least-squares methodnd the nonpolar componentsy;, = 0.39642 for saturated
are given in Table 4 together with the value of the standard hydrocarbons (normal paraffins and cycloparaffing), =
deviationo of each fit for the six systems studied here. The 0.415,2for olefins (1-pentene), angli, = 450r;? for aromatics



1074 Journal of Chemical and Engineering Data, Vol. 51, No. 3, 2006

(benzene)z.lv22 However, there are not reported valuesyab supported palladium catalysts for the reforming of methanol: the role
from systems in which the polar component is methanol. @ gthe Ssur;port/(\;ppt_Ccatal\.,VAzgoaj_ZQA\,lvlﬂc—hlS?.W Xin. 0 Y
; . en, S.; Sun, G,; Li, C.; Wu, Z.; Jin, W.; Chen, W.; Xin, Q.; Yang,
Nonetheless,. We, obt.alned Cf’"lCUIatEd Vglues of the U(,:ST \,N'th X. Sulfonated poly(ether ether ketone)/polyvinylidene fluoride polymer
eq 2 for the six bma”_es studied here using the properties given blends for direct methanol fuel cellslater. Lett 2006 60, 44—47.
in Table 2 together withy;, = 0.396:12. The calculated UCST (5) Halscher, I. F.; Schneider, G. M.; Ott, J. B. Liquidiquid phase
values are given in Table 3. It can be observed that the solubility gqu"b“a of binary mlxtureslof T,FFE&"’-‘Q%'WYV““ hEexa_llr]E,lnonaznf and
parameter theory overestimates the UCST for all the studied ~ §gg qect Pressures upto 50 MPauid Phase Equilib.1986 27,
systems. The mean absolute relative error is 71 % for the six (g) Bjanco, A. M.: Ortega, J. Experimental study of miscibility, density
calculated values. and isobaric vaperliquid equilibrium values for mixtures of methanol
; ; ; _ (7) Alessi, P.; Fermeglia, M.; Kikic, I. Liquigtliquid equilibrium of
from information that mCIUdeq methanol as one of the compo' cyclohexane-n-hexane-methanol mixtures: effect of water content.
nents, we have taken_ ex_perlmen_tal UCST values reported in J. Chem. Eng. Datd989 34, 236-240.
the literature for four binaries that include methanol as the polar (8) Kiser, R. W.; Johnson, G. D.; Shetlar, M. D. Solubilities of various
component and as nonpolar components members of the  hydrocarbons in methanal. Chem. Eng. Datd 961 6, 338-341.
saturated hydrocarbon homologue series (pentane, heptane,(9) Singh, R. R.; Van Hook, W. A. Effect of dissolved gas on the critical
d und A btain in thi K th lati solution temperature of (cyclohexare methanol).J. Chem. Ther-
= 0.438&°. This value reproduced the experimental UCST with  (10) matsuda, H.; Ochi, K.; Kojima, K. Determination and correlation of
a mean absolute relative error of 3.8 %, which is equal to a LLE and SLE data for the methantl cyclohexane, aniling- heptane,
standard deviation of 16 K for the four systems reported in the igg phenoH hexane systeml. Chem. Eng. Dat@003 48, 184~
i 20 - . . .
Ilterature'. Introducing the derived value apy in .eq .2’ we . ,(11) Ewing, M. B.; Johnson, K. A.; McGlashan, M. L. The (liqtitiquid)
have Obtaw_‘ed anew set of UCST values for the binaries studied critical state of (cyclohexane methanol). IV. T, X), coexistence curve
here, also included in Table 3. It can now be observed that the and the slope of the critical lind. Chem. Thermodyri988 20, 49—
theory gives a close quantitative prediction of the experimental 12 32- bs D. T Anth b 1 Mockler R. G- O'Sull W3
; : : acobs, D. T.; Anthony, D. J.; Mockler, R. C.; O'Sullivan, W. J.
UCST values for the six stu_dled systems using pure compor_1ent Coexistence curve of a binary mixtui@hem. Phys1977 20, 219~
parameters and only one mixture parameter, which was obtained  226.
from independent measurements. However, it is observed that(13) Huang, J.; Webb, W. W. Diffuse interface in a critical fluid mixture.
the theory does not reproduce the observed effect of the position ~ J. Chem. Phys1969 50, 3677-3693.

and number of methyl groups in the branched hydrocarbons on(14) Nagata, I. Liquie-liquid equilibria for the acetonitrile- methanoH-
saturated hydrocarbon and acetonitrite 1-butanol + saturated

the experimental UCST. hydrocarbon systemhermochim. Actd 987 114, 227-238.
. (15) Aizpiri, A. G.; Rubio, R. G.; Daz Pém, M. Liquid—liquid critical
Conclusions phenomena. The influence of pressure on the coexistence curve of
. . the methanol- cyclohexane systerd. Chem. Phys1988 88, 1934
In the systems studied here (i.e., methaftotyclohexane 1943 Y Y ¥<1988
and+ isomers with six carbon atoms), the molecular shape of (16) Marhold, H.; Waldner, P.; Gamsjager, H. The phase diagram of
the nonpolar component has an evident effect on the liguid cyclohexane-methanol: a challenge in chemical educatihermo-

liquid miscibility behavior. It was observed that the mutual chim. Actal99§ 321, 127-131. o _
(17) Roth, K.; Schneider, G.; Franck, E. U. Phasengleichwichte flussig-

miscibility phenomena are Sen_s"t've to the position and number flussig und flussig-fest in den systemen cyclohexan-methanol und
of methyl groups in the paraffin skeleton of the hydrocarbon; phenol-wasser bis 6000 b&er. Bunsen-Ges. Phys. Chet866 70,
therefore, the studied branched alkanes are more soluble in  5-10. o
methanol than either linear or cyclic hydrocarbons. The mutual (18) F?I’IQSQSI’IL’JI‘E.Oﬁ.;h\éal?quHigl(i)cll(L’Ji\Clivéc?Lljil-irl)hr?urenﬁgg Veggaysclfgﬁgggfe”a%d
;olublllty increases as the numbe_r of methyl groups increases methanol.J. Chem. Phys1987, 87, 6097-6110.

in the structural isomer. The. cyclllc structure has an opposite (19) ott, J. B.; Hischer, I. F.; Schneider, G. M. (Liquigt liquid) phase
effect on the solubility behavior since cyclohexane is the least equilibria in (methanol+ heptane) and (methanet octane) at
soluble component in methanol. The UCST values calculated ~ pessures from 0.1 to 150 MP&.Chem. Thermodyd986 18, 815~
with the Weimer-Prausnitz version of the Regular Solution ., gorape b Romero-Manez, A.; Trejo, A. Liquid-liquid coexist-
Theory using an 'ndUC“Qn energy density parameter from ence curves for binary systenuid Phase Equilib1988 40, 279
methanol+ saturated chain hydrocarbon systems are in good 288.

agreement with the experimental results. The experimental (21) Haarhaus, U.; Schneider, G. M. (Ligeitiquid) phase equilibria in

: (methanoH- butane) and (methanet pentane) at pressures from 0.1
results should be of interest for the study of systems that form {0 140 MPa.J. Chem. Thermodyri98§ 20, 1121-1129.

methane hydrates with structure type “H". (22) Orge, B.; Iglesias, M.; Rodqyuez, A.; Canosa, J. M.; Tojo, J. Mixing
properties of (methanol, ethanol, or 1-propanol) withpéntane,
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