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The recommended liquid—liquid equilibrium (LLLE) data for 32 binary n-alkane, isoal-
kane, and cycloalkane~water systems have been. obtained after critical evaluation of all
data (345 data sets) reported in the open literature up to the end of 2002, The evaluation
of the alkane solubility data was based on 4 generalized equation, which allows predic-
tion of the alkane solubility as a function of temperature, Using the predicted alkane
solubilities the concentration of water in the alkane rich phase was calculated. The LLE
calculations were performed with the equation of state appended with a chomical term
(BoSC) proposed by Goral, The experimental solubilities of water in various alkanes
were compared to each other and to the caleulated values, The recommended data are

presented in the form of iudividual pages containing tables, all the references, and op-
tionally figures. © 2004 American Institute of Physics. [DOI: 10.1063/1.1643922)
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Taste 1. Data for caloutation of solubilitios of alkancs in water by moans of Eg, (I1)

CAS Nauto To{K) P, (kPn) b (em®) 1 Xyn T
109-66-0 pontane, CsH, 470 3365 100.5 -11.50 306
110-543 hexane, CgHlyy 508 3012 1214 ~13.04 306
142-82-5 heptano, CyHyg 540 2136 142.3 -14.58 306
1114659 octano, Cellyy 569 2487 164.8 ~16.24 306
1{1-84-2 nonano, Collyy 595 2280 187.9 - 1795 306
124-18-5 docanc, Cyotly, 618 2100 2(1.9 ~19,72 306

1120-21-4 undecane, CyiHyy 639 1930 238.5 ~21.68 306

78-78-4 2-methylbutanc, Csl;, 460 3381 98,1 ~14.32 3006

75-8342 2,2-dimethylbutano, Cqlyy 489 3080 114.3 ~12.52 306

79-29-8 2,3-dimethylbutane, Cgtlyy 500 3130 1151 ~12.57 306
107-83-5 2-methylpentane, Cqllyy 498 3010 119.1 ~12.87 306

96-14-0 3-mcthylpentanc, CiH 4 504 3120 116.5 ~12.68 306
590-35-2 2,2-dimothylpentane, CyIly4 520 2770 1353 -14,07 306
5654593 2,3-dimethyipontanic, C7Hy4 537 2910 133.0 ~13.90 306
108-08-7 2,4-dimothylpentanc, C;H,4 520 2740 136.6 - 14,16 306
362-49-2 3,3-dimothylpentane, CyH 4 536 2950 131.0 ~13.75 306
591764 2-methythexane, CsH, 530 2730 139.9 - 14,40 306
589.34-4 3-methylhexane, Cylyg 535 2810 137.2 — 14,21 306
589-81-1 3-methylheptane, CqHlyy 564 2550 159.2 -§5.83 306
540-84-1 2,2,4-trimothylpentanc, Cytyg 544 2570 (52,5 ~15.33 306
565-75-3 2,3,4-trimothylpentane, Cyl;y 566 2730 1494 - 15,11 306

3522-94-9 2,2,5-trimothylhexanc, CyHy, 569 2370 173.0 —16.85 306
287-92-3 oyclopentane, CsH )y 512 4508 81.8 -10.12 298
110-82-7 oyolohoxane, Cyll), 554 4073 97,9 -11.31 298

96377 methylcyclopentane, CgH)y 533 3784 1014 ~11.56 298
201-64-5 cycloheptane, CyH 4 604 3840 t13.4 ~§2.45 298
108-87-2 mothyleyclohexane, CyHy,y 572 3471 8.8 ~12,85 298
292464-8 cyclooctane, CyH g 647 3570 130.6 ~13.72 298

2207-01-4 1,2-dimethyleyclohexano, CyH, 60) 3170 136.6 ~14,16 298
1678-91-7 cthyteyclohexanc, Cgblyq 602 3170 1369 ~14.18 298
1678-93-9 butyleyelohexane, Cypllyg 648 2450 190.6 —18.15 298
3741-00-2 pentyleyclopentane, Cytyy 644 2450 189.3 ~18.05 298
nary n-alkane, isoalkane, and cycloalkane—water systems, b=0.08664RT,/P,. )

taken from the open literature up to the end of 2002 and
mostly completed with predicted data.

Solubility data for hydrocarbon—water systems were the
object of the IUPAC Commission on Solubility Data and
presented as Volumes 37 and 38 of the IUPAC Solubility
Data Series, edited by Shaw,'? This work takes into account
new data, which were published since that time, The critical
evaluation procedurcs were based on the correlating equa-
tions developed by Goral presented by Maczyhski ef al>
Recommended data were prepared for 32 hydrocarbons on
the bases of 345 data sets for 42 hydrocarbons obtained from
82 references,

2. Solubility of Alkanes in Water

When a molecule of alkane is dissolved in water, the num-
bor of hydrogen bonds broken and distorted depends very
much on the size of the cavity in the water needed to accom-
modate the dissolved molecule. It is assumed here that the
size of the cavity is proportional to the excluded volume (b)
used in equations of state of van der Waals type. In this work
Redlich-Kwong Equation of State (RK. EoS) is used, where
b is calculated from critical temperature (7) and critical
pressure (P.): given in Table 1

J. Phys. Chem. Ref. Data, Vol. 33, No. 2, 2004

The solubility of alkanes has a minimum at room tempeta-
ture. It was found that mole fraction of the alkane at the
minimum (¥,;,) depends linearly on b

(0% iy = ¢+ e3b, o)

The cocfficients ¢ and ¢, were determined using solubility
data in range 292313 K. At these temperatures (around the
minimum) change of the solubility due to temperature is neg-
ligible compared to experimental errors. The mole fractions
(%) veported for this region were treated as experimontal es-
timations of xyy,. Altogether 169 points for 29 alkanes in-
cluding n-alkanes, isoalkanes, and cycloalkanes were taken
into account, For each alkane the following procedure was
applied: At first In .y, was calculated as the arithmetic mean
of all experimental values of Inx reported for given mixture
within the temperature interval 292313 K. The points devi-
ating from the arithmetic mean of more than 2 standard er-
rors were rejected from further caleulations, Then the data
were examined once more using the same procedure but with
corrected arithmetic mean and new estimation of the stan-

" dard error. The procedure was repoated until no outlying
points were found. The remaining 134 points were regressed
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Fta, 1. Ix,;, versus exeluded volume of the corresponding alkanc (6).

with Eq. (2), which gave ¢;=—4,08 and ¢y
=~0,0730 molem™3, Standard error, s(Inxy), resulting
from Eq. (2) can be ostimated with

s(In i) = (D) 42D pb+ Dagh*) "3, (3)

where Dy, Dy, Dy are elements of the variance—
covariance matrix yielded by the method of least squares:
D=9.9X 1073, Dp==~6.9%X10"5molem™3, and Dy,
=5.2X 1077 (mol em™?)2, Validity of Bq. (2) is illustrated in
Fig. 1.

Each point in Fig. | is 2 mean value of solubility dafa in
range 292-313 K using the following number of the experi-
mental points: cyclopentane (6), cyclohexane (16), methyl-
cyclopentane (3), cycloheptane (2), methyleyclohexane (7),
cyclooctane (1), ethyleyclohexane (1), propyleyclopentane
(1), pentyleyclopentane (1), pentane (11), hexane (17),
heptane (13), octane (13), nonane (4), decane (8), unde-
cane (2), 2,2-dimethylbutane (3), 2,3-dimethylbutane
(3), 3-methylpentane (4), 2-methylpentane (5), 3,3-dimethyl-
pentane (2), 2,3-dimethylpentane (1), 2,2-dimethylpentane
(1), 24-dimethylpentane  (4), 3-methylhexane  (2),
2-methythexane (1), 2,3,4-trimethylpentane (2), 2,2,4-
trimethylpentane (5), and 3-methylheptane (1). The alkanes
within each group are listed in increasing order of b.

Equation (2) is useful for identification of outlying experi-
mental data not only at the minimum but also at other tem-
peratures, because the experimental points at other tempera-
tures should fie on a curve going through Inxy, predicted
with Eq. (2).

The mole fraction of an alkane in water (x) at temperature
{7) along the three phase equilibrium line can be obtained by
integration of equation:

[9Inx/9(1/T)]pst — Agh/R, )

where Ay, is the heat of solution of the alkane, which is
equal to the difference between the partial enthafpy of the
alkane at infinite dilution and the molar enthalpy of the pure
alkane, Activity coefficient was omitted in Eq. (4), because
¥<0.001 in the whole temperature range. Ak includes a
positive heat of cavity formation and a negative heat of hy-
drophobic interaction between the hydrocarbon and water, At

some temperature, Ty, these two eftects cancel each other
giving Ag,#=0 which, according to Eq. (4), corresponds to
the minimum solubility, Gill ef al.* have measured Ag,h as a
function of temperature, The measurements were made over
a narrow lemperature rangoe, but they suggest that Ag,/ is
linearly dependent on femperature, which implies that heat
capacity of solution (A, Cp) is constant, [n this case Ay,h
can be written as follows:

A g = AgnCo(T— Togtn)» (5)

Integration of Eq. (4) with Ag,h as expressed with Eq. (5)
yields

=yt (AgyCp/R)[UTH+In T~ 1],  (6)

where 7= T/ T\, It is uncortain to what extent Bq, (5) is
justified but the resulting Eq. (6) is commonly used for the
description of solubility of hydrocarbons in water. Econo-
mou e/ al.® claim that Eq. (6) is very satisfactory up to the
thtee phase critical temperature (745.).

The minimum of the solubility curve is rather flat, whose
obstaclos determine Tpy,. It can be varied by about 10 K
without affecting tho accuracy of the approximation of the
solubility data with Bq. (6). In this situation an average value
Tin™=306 K was adopted for n-alkanes and isoalkanos. For
the cyclohexane/water mixture the calorimetric measure-
ments yielded 7',;,=2298 K, This temperature works well for
all eycloalkanes investigated in this work and was adopted
for cycloalkane/water mixtures.

Bquation (6) can be linearized using the notation: Y
=lnx, Yo= Xy, ond X=[1/T+InT,— ], which gives

Y= Yot (AgnCp/R)X. (7

The experimental points for the given alkane should fie on a
straight line defined by Eq, (7), where Y is determined by
Bq. (2). This feature was used for identification of the outly-
ing points. The example is shown in Fig. 2. The black circle
in Fig, 2 indicates Yy determined by Eq. (2). It agrees with
data of Heldman ef al.% The second set of points also lie on a
straight line but the dashed line does not go through the
black circle and consequently it is not consistent with Eq,
(2). This deviation between the black point and the points
approximated with the dashed line was ascribed to error of
the experimental points.

The positively evaluated experimental points were re-
gressed with Bq. (7) (solid line in Fig, 2) yielding the value
of (AgnCp/R). Plots such as those shown in PFig, 2 were
done for ten mixtures. Other systems reported in tho litera-
ture were not suitable for detormination of (A ,Cp/R), be-
cause they were investigated only in the vicinity of Ty,
where X=( or they are too scattered. The adjusted values of
(AgaCp/R) are plotted in Fig. 3 for the following cycloal-
kanes, n-alkanes, and isoalkanes (listed in increasing order of
b within each group): cyclohexane, methylcyclohex-
ane, ethyleyclohexane, pentane, hexane, heptane, octane,
2,3-dimethylbutane, 2-methylpentane, and  3,3-dimethyl-
pentane,

J. Phys, Chem. Ref. Data, Vol. 33, No, 2, 2004
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0 005 01 015

Fia. 2. Solubility of cthylcyclohexanc fn water: (®) calculated with Bq, (2);
(C2) data of Guseva and Parnov’; (O) data of Heidman et al.%; approximated
with Eq. (7).

The approximating line in Fig. 3 fulfills the relation
(AgnCp/R)=c3b. ®
In order to determine ¢3 Bq. (8) was introduced into Eq. (7),
which was rearrangoed to form
AY=¢3Z, (9)
where
AY=Y=~Y, oand Z=b{UT\+InT,~1].

Equation (9) allows for simuftaneous description of solubil-
ity data for various alkanes. These data were evaluated using
plots like that shown in Fig. 2. Altogether 52 points corre-
sponding to ten mixtures were selected, This set does not
includo points, which were measured in the vicinity of Ty,
because such points fulfili Eq, (9) by definition, Simulta-
neous regression with Eq, (9) gave the following estimations;

¢3=0.376 molem™3, (104)
s(AY)=2(G )", (10b)
G (=6.6X10"% (molem™)?, (10¢)
80
60 |
Q40 }
j O oyoloalkanes
20 | 0 alkancs
A Isoatkanes
wamenr onlonlated
0 '} [ L

0 50 100 150 200
b fom®>mol!

Fia, 3, (AginCp/ R}, obtained from experimental data by moans of Eq. (7)
versus exeluded volume (). )
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where s(AY) s the standard error of AY resulting from Eq.
(9) and Gy is the variance of ¢3 obtained from the least
gquares method, Summarizing the obtained results one can
write Eq. (6) in the following form:

Inx = nxy+ cab Toin/ TH (T T~ 11, (11)

where Xy, is caleulated with Eq. (2). Parameters of Eq.
(11) for alkanes investigated in this work are given in Table
1. For other alkanes Inxy, and b can be estimated from
critical parameters by means of Egs. (1) and (2).

Taking into account Eqs. (3) and (10b) one obtains the
formula for standard error of Inx resulting from Eq. (11),
denoted here by s(Inx):

S(lnx) = {D] | +2D 12b1+ D22b2+ G| |b2
X [Tmiu/T+ ln( T/Tmin)‘" 1 ]2}0'5~ (12)

Coefficients of Eq. (12) are given above in the text.

The verification procedure for solubility of alkanes in wa-
ter was based on Eq. (11). Accuracy of this equation can be
estimated with BEq. (12). For example, if one assumes b
= 100 cm® mol ™! then Eq. (12) gives s(Inx)=0.04 at 300 K
and $(Inx)=0,05 at 500 K, For b=200c¢m’ mol™} the cor-
responding values of s(Inx) are 0.06 and 0.08, respectively.
A standard error of the experimental data was estimated us-
ing the set of 134 selected experimental points, which were
regressed with Bq. (2). The regression gave the standard er-
ror of individual experimental value of Inx equal to 027,
Moreover some data exhibit systematic etrors, as for ex-
ample the data shown in Fig, 2. Thercfore discrepancy be-
tweon Eq, (11) and a particular experimental point should be
rather ascribed (o the error of the data,

Equations (2) and (11) are not valid for n-alkanes higher
than undecane, Their solubility is bigger than those predicted
by Eq. (11). This phenomena is discussed by Tsonopoulos.®

3. Solubility of Water in Alkanes

Solubility of water in hydrocarbons can be described by
g, (13):
[0 In(xy v o(UTY]p= ~ B ghy /R, (13)

whers 7, denotes activity coefficient of water standardized
in respect to infinite dilution, e.g., = l, when concentra-
tion of water is sufficiently low, A g, /1, denotes the change in
enthalpy when 1 moloe of water is transferred to the infinitely
diluted solution, This process causes complete breaking of
the hydrogen bonds between water molecules and their re-
placement by much weaker van dor Waals interactions be-
tween water and the hydrocarbon molecules, Thus Ayl
depends mainly on the enthalpy of the hydrogen bonds and is
weakly dependent on alkane, Hquation (13) is analogous to
Eq. (4) but due to the big value of Ag,h, the solubility of
water increases quickly with temperature achieving such big
values that ,, must be taken into account, when one inte-
grates Bq. (13), Therefore an approach based on integration

4 of Eq. (13) is not used here,
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In this work the alkane solubilities predicted with Eq, (11)
were used for the calculation of water concentration in the
second liquid phase. These caleulations use LLE.

The equilibria between vapor and the alkane saturated
with water were successfully correlated by the modification
of the Redlich—Kwong equation proposed by Zudkeviich and
Joffe.® A similar approach was used by Tsonopoulos and
Wilson,'® However, these simple BoSs fail for the water-rich
phaso,

Another approach is to use equations which account for
hydrogen bonding, In this work a method of correlation of
phase equilibrium developed by Gorat'! is used. This method
(EoSC) is based on the RK EoS appended with a term, which
" accounts for hydrogen bonding. EoSC was successfully used
for correlation and prediction of vapor--liquid equilibrium
(VLE) and LLE in hydrogen bond forming binary and mul«
ticomponent systems,'! for correlation and verification of se-
lected VLE data on alcohols and hydrocarbons,'>~** and for
simultaneoys correlation and prediction of VLE and LLE
data in a hydrogen bonding quaternary system.'s

The calculations of the phase equilibria were performed
using general constraints;

p{0x;,0) = P (x,0), (14a)
pi0x;,0) = 1P (xy, @), (14b)

where u{?, wf?, u?, and (2 are the chemical potentials
of ith hydrocarbon and water in the coexisting phases, The
chemical potentials yielded by EoSC depend on one adjust-
able parameter ® defined by Eq. (18). Because the mole
fraction of alkane (v;) in the water rich phase is known from
Eq. (11) then two unknown quantities, ® and mole fraction
of water (x,,) in the second phase, can be found by solving
the set of two equations (14a) and (14b).

in the EoSC chemical potential is separated into physical
and chemical contributions. To calculate the physical contri-
bution the RK EoS was used. This yields the following for-
nuila for change of the chemical potential of the kth compo-
nent with respect to the standard state defined as a perfect
gas at 1 kPa at the same temperature:

App=RT W[ RTI(V—bYP*}— (nra/b) In(1+b/¥)
+(by/b)(PV—RT), (15)

where P* is standard pressure, ¥ is molar volume deter-
mined with the RK EoS at temperature 7, pressure £, and
mole fraction x4 using parameters b and ¢ calculated with the
classical mixing rules

b=x;b)+xb;, (16)

a==xfan+2x,x.,a,,-+x_;“fajj, (17

where ay; is related to the binary adjustable parameter ® ; by
the equation;

ay=(aua;)* (1~ 0y). (18)

(na/b)’ in Bq. (15) denotes the differential of (na/b) where
n is the total number of moles and a, b are expressed with

Eqs. (16) and (17). Difforentiation is performed with respect
to the number of moles of the Ath component. Bquation (15)
is also applicable for pure components provided that the fol-
lowing constraints are used: xp= 1, a=ay; and b=b;. In
the EoSC method the equation of state of the pure hydrogen
bonding component is not modified. Pure water is treated in
the same way as a hydrocarbon. The excluded volume of a
pure substance is assumed to be temperature independent
and is caleulated from the relevant critical parameters 7', and
P, using the standard formula for RK EoS given proviously
by Eq. (1). For alkanes a was calculated from the equation
given by Soave'® .

a(T)y=a(T{1-m{(7/7)**~ 11}, (19)

where a(7T) is calculated from critical temperature (77) and
critical pressure (P,):

a(Te)=042747(TYP,). (20

Coefficient m in Eq. (19) is temperature independent but it
depends on alkano. m was determined via BEq. (19) from the
value of @ at 7'=07T,. This value of a was found from
adjustment to the saturated vapor pressure of the alkane in
the following way: at first liquid and vapor molar volumes,
under the vapor pressure, were calculated from the RK EoS
using a starting value of a. These volumes were introduced
into Eq. (15) to calculate chemical potentials of the pure
component in the liquid and vapor phases, At equilibrium the
chemical potentials in both phases must be equal. If not, the
value of @ was Improved in the next itcrations untif a satis-
fuctory value of @ was obtained.

For water Eq. (19) was modified. The following resulting
equation used in RK EoS reproduces well the temperature
dependonco of the saturated vapor pressure of water:

a(T)=a(TH{1 —0.699[(TIT)* T~ 1112, (21)

In mixtures Eq. (15) is supplemented with the chemical

term Fg yoms Which accounts for the change in hydrogen

bonding in the mixture with respect to the pure component.
This gives

FE,CIIOIH:F k,chcm“F ;,Cholll+Ak’ (22)

where £ gon an<.i F} ohom cotTespond to th.e kth substance in
the mixture and in the pure state, respectively. The expres-
sion for Fi chon 18 85 follows:

-Fk,chcm"""» RTIn ﬂk“ ( V= bk)Pchcm ) (23)

where B is the fraction of free, nonhydrogen bonded mol-
ecules of the bonding substance (here water) at chemical
equilibrium with hydrogen bonded clusters, For the nonagso-
ciating component the constraint; B;,= | must be used in Eq.
(23), Pyem is change of vapor pressure due to the hydrogen
bonding. To use Eq. (23) one must determine the dependence
of B¢ and Pyun on concentration. Goneral formulas were
described by Goral.!” These formulas applied to the systems
investigated here (water and nonhydrogen bonding second
component) reduce to the following equations:

Bi= X4, (24)

J. Phys, Chem, Ref. Data, Vol, 33, No, 2, 2004
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P o= (X~ 1)C, (25)

where X is a fraction of free hydrogen atoms of water (not
engaged in hydrogen bonds). C depends on the mole fraction
of water (x,,) and alkane (x;) in the following way:

C= ZRT'VW/[X"V(VW"' bw)'l'xl( Vi'"bi)]’ (26)

in which ¥,, and ¥, are molar volumes of pure water and Jth
alkane, They are calculated with the RKK EoS under the vapor
ptessure of the mixture, by, and b; are excluded volumes
used in RK EoS. X is calculated by solving the equation

X=1/(1+KXC), 27

where X is the equilibrium constant of self-association of
water, For pure water lee,wm is caleulated with the same
equations as Fy gen, but using the constraint xz= 1, For hy-
drocarbons £ ey i$ zero by definition. The term Ay in Eq,
(22) is a small correction, which does not contain any adjust-
able parameters and was defined by Géral.'!

Equations (24)—(27) are valid for the continuous associa-
tion model in which a hydrogen bonded cluster of water
molecules possessing unshared clectron pairs or nonhydro-
gen bonded hydrogen atoms can grow by hydrogen bonding
to adjacent molecules of water. The kind and concentration
of the hydrogen bonded clusters depends on the chemical
equilibrium in the mixture, It is assumeod that formation of
each hydrogen bond in water is described by the same asso-
eciation constant &, In this work the temperature dependence
of K was obtained by integration of the van't Hoff equation,
* which yields the following expression:

K=Kqexp[(~AHORY(1/T—1/Tg)Jexp{(— AC,/R)
X[To/T—~ 1+ In(T/Te) 1}, (28)

where K is the equilibrium constant at the referenco tem-
perature 7=2303,15K, AH® is the molar enthalpy of hydro-
gen bond formation, and AC,, is the corresponding heat ca-
pacity. The following values of these quantities were
adopted:

K4=0,100 MPa™!, (29a)
(—AHR)=2200 K, {29b)
(~AC,/R)=3, (29¢)

where AH® was estimated from Agyh,,, used in Eq. (13). As
was noted above, the main contribution to AA,, results from
breaking about 2 moles of hydrogen bonds, hence it was
assumed:

"AHONAsInhw/z' 30)

These solubility data yielded (Agyh,,/R)/2=22200 K, which
agrecs with the assumed value of —AH®R, Nilsson'® has
obtained a similar value from the calorimetric measurements.
(—AC,/R) in Bq. (28) was treated as an adjustable param-
oter, which should be nearly zero as is suggested by the
Nilsson’s calorimefric measurements, K was adjusted to the
LLE data, The numerical vatues, listed in Eqs. (29a)-(29¢)
were used in all LLE calculations,
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The excluded volume of water (b,) used in the chemical
part [Eqs. (23) and (26)] is shifted with respect to b, cal-
culated with Eq. (1) and used in the physical part. This shift
Aby=~6.5cm’ mol™" is used in all mixtures of water, For
hydrocarbons Ab;= 0.

The input information for the described LLE calculations
is solubility of alkane in water, calculated with Eq. (11).
Using the alkane solubilities the concentration of water in the
alkane rich phase was calculated, The solubility of water was
used only at the beginning of this investigation to fix the
parameters used in the model of water (K, AHC, AC,, and
Ab),

Altogether solubility of water in 32 selected alkanes was
calculated. These systems include n-alkanes, isoalkanes, as
woll as cycloalkanes, For 11 systems only alkane solubilities
were reported. For the other 21 systems the calculated water
solubilities were compared with experimental solubilities at
298 K. This temperature was chosen because many systems
were measurod only in the vicinity of this temperature, The
experimental mean value of the wator solubility at 298 K
was obtained from regression of the experimental data, The
approximating equation was derived from Eq. (15) appended
with the associatlon term, which gives

fog = l"';k +RT In[x,RT/vP*]+ Mo rosid. F Mk chom »

whoere RT/v is a shortened notation for the repulsive term,
RTI(V—b), in RK BoS, iy sesia. results from the attraction
term in BoS, and gy ghay results from association, At equi-
libriun the chemical potential of the kth component in both
coexisting phases must be equal. When £q. (31) is applied to
water this constraint gives the following equation for mole
fraction of water in the ith alkane (x):

In[xyvy/v]=— [Aﬂ'w,)’csld."' Aﬂ'w,chom]/R 7, (32)

where it was assumed that in the water tich phase » can be
replaced by a corresponding value of pure water (»,,) and
analogously for the alkane rich phase at low temperature x;
=], w=p,, Further voarrangement gives

ln[wa“,/V;]“A)"B;/T. (33)

This equation is valid at low temporaturos where solubilities
it both phases are small, Parameters 4; and 8; were adjustod
to experimental solubilities of water in the ith alkane below
323 K. [t appears that values of 4; and B, have similar values
for various alkanes, which is useful for evaluation of the
water solubility data, Values of Infx, v, /] at temperature
293 K obtained from rogression of experimental data were
compared with the values predicted with EoSC in. Fig. 4,
The four points shown in the upper left cornor of Fig. 4 are
too high with respect to the caleulated points s well as with
respect to other cyclohexanes, Theso points correspond to
solubility of water in cyclopentane, methyloyclopentane, me-
thylcyclohexane, and ethylcyclopentane reported by Englin
et al.'? 1t should be notod that solubility of water in cyclo-
hexane and cthylcyclohexane, investigated by 15 different
laboratorios, agree with the calculated values. This suggosts

|
!
|
!
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systematic error of the mentioned data of Englin et al.' On
-the other hand the point corresponding to buthyleyclohexane
is too low, but it was extrapolated from a single experimental
point measured at 311 K. With the exception of two points,
relatively small deviations are observed for n-alkanes and
isoalkanes. Bach of the deviating points correspond to data
reported by only one source,

Apart from the cases mentioned the differences betweon
experimental and calculated values are lower than 20% of
xy, which corresponds to absolute error of x,, lower than
0.0001. It seems that the deviations result mainly from error
of the experimental data, because within the same olags of
mixtures both positive and negative deviations are observed
in Fig, 4.

The experimental solubilities at other temperatures are
conpared to the predicted solubility curves in the sheets cor-
responding to the particular mixtures. The plots are given for
mixtures investigated in a sufficiently large temperature in-
torval. These plots show good agreement between expeti-
mental and predicted data,

For convenience of the reador the solubility curves pre-
dicted with EoSC wero approximated with the following
equation proposed by Economou ef .

0 xy=d+dy(1To— 1)+ (1= T) Pbdy(t — T,‘)(,
34)

where originally 7,= T/75,. In most cases three phase criti-
cal temperature (73,) Is not known and instead of Ty, some
adjustable temperature 7%= Iy, is used in Eq. (34), Param-
eters of Bq, (34) are given in Table 2 for alkanes investigated
in this work. This equation approximates well the solubilitics
procuced by EoSC, However, one must take into account
that the solubilities, yielded by EoSC, are less accurate in the
vicinity of T3,. Only few systems arc measured in the whole
temperature range. In these systems EoSC approximates well
the experimental data but generally no definite conclusions

can be drawn, We believe that Eq, (34) with the parameters
given in Table 2 can be used up to temperatures about 40 K
below 77,

4. Conclusions

Solubility of alkanes in water can be caleulated with good
accuracy with Eq. (11), Solubility of water in atkanes can be
caleulated with EoSC in conjunction with Eq, (11). To apply
the presented equations no experimental solubility data are
necessary. This method of prediction was tosted using all
available solubility data for the alkane—water systems. The
presented tests and good agreement between the calculated
solubilitics and the recommended data convince us of the
accuracy of the caleulations as well as internal consistency
and good quality of the recommended data. As was men-«
tioned previously, Eq. (11) must not be applied to C; normal
alkanes.

5. Description of Tables Containing
the Recommended Data

Bach system in Table 3 is presented separately, which in-
cludes a table of LLE data along the three phase equilibrium
line and optionally the corresponding figures.

The tables contain data which differ from the calculated
values by less than 30% with respect to the mole fraction of
the solute compound, This criterion discarded 245 owt of a
total number of 568 experimental points investigated in this
work, If more data at the same temperature fulfills this cri
terion then only one experimental point was chosen and
placed in the table. The selection was done taking into ac~
count the agreement with the recommended data at other
tomperatures and the agreement with the calculated solubil-
ity. The tables contain experimental mole fractions of the
solute component and the corresponding calculated values,
Symbol x, donotos the mole fraction of the alkane in the
wator-rich phase, and x, denotes mole fraction of water in
the alkane-rich phase. Values denoted by x| o, were calcu-
lated with Eq. (11), Coefficients of this equation ate given in
Table 1. Values of x, (1, Were calculated with Eq, (34), Co-
efficients of this equation are given in Table 2, These coof-
ficients were found in the following way: at first LLE calcu-
lations were performed with EoSC using solubility of alkane
predicted with Bq. (11). Next the calculated solubilitics of
water were approximated with Bq. (34).

Additionally, for mixtures investigated at a sufficiently
large temperature interval the figures are given, One type of
figure shows solubility of alkanes in water, In these figures
teraperature (7) is plotted vorsus x| . The figures where T is
plotted versus x4 show solubility of water in the correspond-
ing alkone,
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Tanee 2, Data for eafeulation of solubilitios of water In alkanos by means of Eq. (34)

CAS Name d dy dy dy 70
1094660 peatanc, CsH |, ~1.591 ~6.577 «0.064 —-5.526 467.5
110-54-3 hexane, CgH 4 ~1.118 ~6,E3 -0.144 —5.049 499.8
1428245 heptane, CyHyq «0.633 ~6.177 —~0.846 ~3.372 524,2
111-65-9 octano, Cyll)g ~0.456 5,460 —-0.260 —4.467 553.8
111-84-2 nonane, CoHyy ~0.240 5636 ~1.029 ~3.056 558.8
124-18-5 deeano, Ciglty, 0,087 -5,338 ~h910 ~3.269 5772

1120-21-4 unclecano, CyHy, -0.104 -5.430 -0.984 ~2.656 582.6

78-78-4 2-methylbutane, Csty -1.706 ~6.782 —0.047 ~35,500 4587
75-83-2 2,2-dimothylbutanc, CgH 4 1,299 ~6.468 ~0.056 ~35,005 484.4
79-29-8 2,3-dimoethylbutane, Cgk (4 ~1,219 ~6.291 ~0.091 4,950 493.7

- 107-83-5 2-mcthylpentane, CgH), ~1.207 ~6.227 ~0.065 ~5,204 491.7

96140 Jauethylpentane, Cgllyy ~1,169 ~06.213 -0,158 ~4.918 4974
590-35-2 2,2-dimethylpentane, C7H 4 ~0.979 ~6.097 ~0,080 ~4,698 509.8
565-59-3 2,3-dimethylpentane, C;H 4 ~0,810 ~6,176 -0.538 ~3.671 522.1
108-08-7 2,4-dtmethylpentans, C;H 4 0,974 —6,061 -0,081 —4.808 509.3
562-49-2 3,3-dimothylpentanc, C;H,; -0.879 ~6,176 ~0.367 ~3.816 524
591-76+4 2-methylhexane, Cotl (g —0.806 6,122 ~0.457 4,092 5170
589-34-4 3-methylhoxane, C;H;4 -0,789 -6.140 -0.530 ~3.835 520.6
589.81-1 3.methylheptane, CyHyz -0.509 -5.789 ~0.714 —-3.681 539.9
540-84-1 2,2,4-trimethylpentanc, Cgll|g -0.499 ~6.314 . ~0.954 2,859 526.7
565-75-3 2,3,d-trimethylpentane, Cghlyy ~0.466 ~5,950 ~0.968 3,034 541.6

3522-94-9 2,2,5-trimethyihexane, Coblyy ~0.486 ~5.745 -0.518 ~3,776 543.4
287-92-3 ayclopentane, Csiyp ~1.397 ~0.191 -0.339 4,792 503.1
110-82-7 cyclohexane, CgH|, —-0.963 ~6.267 -0.710 ~3.111 5333

96-37-7 mothyleyolopentane, CqH), —1.054 —6.303 T-0.450 3,846 5189
291-64-5 cycloheptane, C7H 4 0,158 0,158 ~2,940 ~{,450 564.3
108-87-2 mothyloyolohoxane, CyI14 -0.203 -6.271 - 1.935 1,695 545.3
292-64-8 cyelooctane, CgH,g 0.050 ~5.445 -2,013 2032 586.6 -

2207-01-4 1,2-dimethyleyclohexane, CyHg —0.028 ~5.810 ~ L85t ~2.191 562.4
1678-91.7 othyleyetohoxane, CyH,g ~0,006 ~5.839 - 1,937 -2.037 563.2
1678-93-9 butyleyclohexane, CoHzp 0.178 ~5.506 1,566 ~2.253 587.2
3741-60-2 pentylcyclopentane, Cygllyg 0.018 -5412 ~1.207 ~2.827 585.0
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Table 3.1, Pentanc~water

Components

Pentone; CsHyy; [109-66-0]
Watory Hy0; [7732-18-5)

References

'C. Black, G, G. Joris, and H. S. Taylor, J. Chem. Phys. 16, 537 (1948).

25, A, Jonsson, J. Vojrosts, and J. Novak, Fluld Phase Equilib, 9, 279 (1982).

1, D. Nelson and C. L. De Ligny, Reel, Trav. Chint. ays-Bas Belg. 87, 528 (1968),
*J. Polak and B. C, Y. Lu, Can, J. Chom, 51, 4018 (1973),

3L, €. Trice, A Assoc. Pot. Geol, Bull, 60, 213 (1976).

Reforenco Jiquid-liquid equilibrium date

Water vich phaso

Hydrocarbon rich phase

T(K) Xiexp X1 le T (X) X2uxp X2le i
273.2 1,64 X 1075 (Ref. 4) L4 1073 298.0 481%107% (Ref. 1) 6.2x 1074 |
277.2 1.02 X {05 (Ref, 3) 1.3% 1073 ;
283.2 1.07 X 107% (Rof. 3) 1.2% 103 !
283.2 107 X 1075 (Rof, 2) 12 1075 }
293.2 1.03 X 1075 (Ref. 2) LI X 1073 i
298.2 119 X 1975 (Ref. 4) 1.1x 1074
3032 1,00 X 1075 (Ref, 3) Nl
3082 1.01 X 1075 (Ref. 2) 1LIx 1075
313.3 9,90 X 1076 (Ref. 5) 1.1 % 105
328.9 1.04 X 10~ {Rof. 5) t2x 1073
372.3 1,73 X 107* (Rof. 5) 22X 1075 i
394. 2.74 X 1075 (Rof, $) 34X 1075 |
410.5 5.01 % 1072 (Rof. 5) 48 1073 |
4227 7.43 X 107° (Rof, 5) 6.5% 1073

Othct references:

‘G, Batone, V. Croscenzi, B, Pispisa, and P, Quandnfogho,] Macromol, Chens, 1, 761 (1966),

?J, F. Connolly, J. Chem. Eng. Data 31, 13 (19

“H Fuchner, Ber, Disch. Chom. Gos, 87, 510 (1924 :

%I, M. Koremman and R. P. Arof*ova, Patont USSR, 553 524, 1977.04.05. |
|

100, McAutiffe, J, Phys. Chem, 70, 1267 (1966),
A, Yu, Namiot and S, Yo. Bonder, Khim, Tekhnol. Topl, Masel 7, 52 (1960),
2R, A. Picrotti ond A, A, Liabastre, U.S. NTIS, PB Rep., No 21163, (13 pp (1972),

PE, 8. Rudakoy and A, 1, Lutsyk, Zh, Fiz, Khim. 53, 1298 (1979),
Wy, B, Tewai, M. M. Miller, S. P. Wasik, and D, E., Martirc, J, Chem, Bag. Data 27, 451 (1982),
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Table 3.2, Hoxano-wator

Compononts References
Hexane; CgHyqs [£10-54-3) 18, D, Burd, Jx. and W, G, Biaun, Proc, Am, Pet, Inst,, Div. Rofin. 48, 464 (1968),
Water; H,0; [7732-18-5] 2B, A, Englin, A, F. Plato, V. M, Tugolukoy, and M. A,

Pryanishnikova, Khim, Tokinol, Topl. Masol 10, 42 (1965),

35, A, Jonsson, J. Vojrosta, and J. Novak, Fluid Phasc Equitib, 9, 279 (1982),

4P, J. Leinonen and D, Mackay, Can, J, Chom, Bng. 51, 230 (1973).

311, D, Nelgon and C. L. Do Ligny, Recl, Teav, Chim, Pays-Bas Belg, 87, 528 (1968).
§), Polak end B, C. Y, Lu, Can. J, Chom, 51, 4018 (1973),

L. C. Price, A, Assoo, Pet, Geol, Bull, 60, 213 (1976).

33ugt and T. Katoyama, J. Chom, Eng, Jpn, 10, 400 {1977).

“Teonopoulos and G. M, Wilson, AICKE J. 29, 990 (1983).

Reference liquid--liquid equilibrium data

Walter rioh phaso Hydrocarbon vich phaso
T(K) Xl exp X fealy T (K) X2,0xp X3culo
273.2 3.44 X 107% (Rof. 6) 3.3 % 1070 273.2 1,34 X 1074 (Ref, 6) 19X 1074
2772 3.42 X 107 (Ref. 5) 3.0 % 107° 293.2 4,83 X 10~ (Ref. 2) 49%x 1074
287.2 3,07 X 10”9 (Ref, 5) 2.6 X 1070 298.2 5.10 X 107* (Rof. 8) 6.1 % {0
288,2 2,24 % 1076 (Ref. 3) 2,6% 1078 303.2 8.56 X 1074 (Ref. 2) 7.6 X (07"
293,2 2,15 X 1074 (Ref, 3) 25X tys 3132 117 % 1077 (Rof, 9) 12% 10~
298.2 2,50 X 1075 (Ref. 4) 24 % 1076 354.8 6.70 X 1073 (Rof. 1) 5.6x% 107
303.2 2,09 % 107¢ (Rof. 3) 24 X 19°¢ 366.5 100 X 1072 (Ref, 1) 84 % 1073
308.2 211 X 1075 (Rof, 3) 24 X 1076 379.3 151 X 1072 (Ref, 1) 13X 1072
313.3 211X 1076 (Ref, 7) 24 % [0~0 394,3 2,30 X 10”2 (Ref, 1) 20X 1072
3289 276 X 1079 (Ref. 7) 2.7 % 1074 400.4 2,72 X 1072 (Ref. 1) 24 % 1072
3429 318X 107% (Ref. 7) 32X 1076 4176 4.21 X 1072 (Rof. 1) 39 x 1072
3723 4,68 X 1075 (Ref, 7) 55x 107¢ 422,0 ‘ 4,74 X 1072 (Ref. 1) 4,5 % {02
387.6 6.10 % 10”5 (Ref. 7) 78X 1076 431.5 5.75 X 107% (Ref. 1) 5.8% 1072
304.5 7.86 X 107% (Ref, 7) 9.3 X 197¢ 4426 7.30 X 1072 (Rof. 1) 7.8 % 1072
410,5 © L19X §07% (Rof. 7) b4 X 1073 449.8 8.44 X 1072 (Ref, 1) 9.3x 1072
4250 232 X 1073 (Ref, 7) 22 % 1978 452.6 9,02 X 10”2 (Ref. 1) 1o X 10!
460.4 £.032 X 107" (Ref. 1) 12% 107
468.2 1,294 X 107! (Ref, 1) 1.5% 10!

Othor rvefercuces; :
%M. Agquan-Yuon, D, Mackay, and W, Y, Shiu, J. Chem, Eng. Data 24, 30 (1979).
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1, $. Budantsovs, T, M. Lestova, and M. S. Nomtsov, Zh. Fiz, Khim, 50, 1344 (1976),

A, K. Charykov, V. 1, Tikhomirov, and T, M. Potapova, Zh. Obshch, Khim. 48, 1916 (1978),
"Th, W. Do Loos, W. G. Penders, and R, N, Lichtonthaler, J, Chem, Thevmodyn, 14, 83 (1982),
¥R, Durand, C. R, Acad. Sci. 226, 409 (1948),

", Fuchner, Bor, Dtsch., Chom. Ges, 57, 510 (1924).

20y, 1, Jones and J. F. McCants, Ind, Eng. Chom. 46, 1956 (1954),

2, M. Korenman and R, P. Avof>eva, Patent USSR, 553 524, 1977.04.05.

22, M, Kovonman and R. P. Arof'evn, Zh, Peikl, Khim, {Loningtad) §1, 957 (1978).
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1. W, MeBuin and K. J. Lissant, J. Phys, Colloid Chom. 55, 665 (1951).

21, F. McCants, J, H, Jongs, and W, I, Hopson, Ind, Eng, Chotn, 45, 454 (1953).
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M8, M. Rasulov, Zh, Prikl, Khim. (S.-Peterburg) 73, 203 {2000),
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Tablo 3.3, Heptanc--water

Components
Hoptano;

CpHy; [142-82-5]

Water; H,0; [7732-18-5]

References

'H.~J, Bltteich, H, Gedan, and G. Fuix, Z. Phys, Chem. (Lolpzig) 260, 1009 (1979),
21,, 8. Budantsova, T. M, Lesteva, and M, S, Nemtsov, Zh, Fiz. Khim, 50, 1344 ((976),
3B. A, Buglin, A, F. Plato, V, M. Tugolukov, and M. A, Pryanishnikova, Kbim, Tekhnol,

Topl. Masel 10, 42 (1965).

4y, A, Jonsson, J. Vejrosta, and J, Novak, Fluid Phase Equilib, 9, 79 {(1982),
5C, MoAuliffo, J. Phys, Chem, 70, (267 (1966).
SH, D, Nelgon and C. L. De Ligny, Recl, Trav, Chim. Pays-Bas Bolg. 87, 528 (1968),
). Polak and B, €. Y. Ly, Can, J, Chem, 51, 4018 (1973),
8L, C. Price, Am. Assoc. Pot. Gool. Bull, 69, 213 (1976).

Reference liquid—tiquid cquilibrium data

Water tich phase

Hydrocarbon rich phasc

T(K) X1exp X culo K X2.exp £3,e0l0
273.2 7.88 X 1077 (Ref. 7) 7.5% 107 273,15 150 % 1074 (Ref, 3) 19X 1074
288.2 4,80 X 10”7 (Ref. 4) 58X 17 283,18 3,00 % 1074 (Ref, 3) 3.0 % 107
293,2 4,62 % 1077 (Rof, 4) 5.5% 107 293,15 5.00 X 107" (Ref. 2) 48 % 107
298.2 530 %X 10”7 (Rof. 5) 53% 1077 29815 6.70 % 1074 (Ref. 1) 6.0 X 10
303.2 4.47 X 1077 (Ref. 4) 52% 1077 303.15 9,57 %X 10~ (Ref, 3) 75 % 1074
308.2 4,53 X 1677 (Ref, 4) 52X 1077 313.15 8.70 X 1074 (Ref. 1) Lix
3433 5.00 X 1077 (Ref, 8) 53X 1077

318.2 432 X 1077 (Ref. 6) 54 % 1077

328.9 5.60 % 10”7 (Ref. 8) 60% 1077

37123 1.01 X 107% (Ref, 8) 14 % 1077

3912 2,05 X 10~% (Ref, 8) 23 % 1077

409.8 4.91 X 1075 (Ref. 8) 4.1 % 1077

423.6 7,86 X 107° (Ref. B) 6.6 X 10°

Other references:

°C, Binck, G. ¢, Joris, and H. 8, Taylot, J. Chem. Phys. 16, $37 (1948).

YH, 8. Booth and I, E, Everson, Ind, Eng, Chom, 40, 1941 (1948),

17, £ Connolly, J. Chom. Eng, Data 11, 13 (1966).

2R, Durand, C. R. Acad. Sci. 226, 409 (1948).

4, fuehner, Ber, Dtsoh, Chem, Gos, 57, 510 (1924),

N, A. Ghanem, M. Marck, and J, Exner, Int, J, Appl, Radiat, Isot. 21, 239 (1970).

15A, N, Guseva and E, L. Parnoy, Radiokhimiya 5, 507 (1963).

191, M, Kovewman and R, P. Aref’eva, Patent USSR, 553 524, 1977.04.05,

P, Ya, Krasnoshchokova and M. Ya. Gubergrits, Neftokhimiya 13, 885 (1973),

"], B, McCants, J. H. Jones, and W. H, Hopsou, Ind. Eng, Chow. 45, 454 (1953).

%, 8. Rudakov and A. L. Lutsyk, Zh, Fiz, Khim. 83, 1298 (1979).

Bp, Sehatzberg, J. Phys, Chem, 67, 776 (1963),

Uy, B, Towari, M, M. Miller, S. P. Wasik, and D. E. Martire, J, Chem, Eng, Data 27, 451 (1982),
ya, D. Zel'vonskii, A. A, Efremov, and G. M. Latin, Khim, Tekhnol. Topl, Masol 10, 3 (1965),

v
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Table 3,4. Octane--water

561

Components

Octang; CgHyg; [111-6549]
Water; H,0; [7732-18-5]

Refergnces

'L, 8. Budantsova, T, M. Lesteva, and M. S. Nomtsov, Zh, Piz. Khim, 50, 1344 (1976),
28, A. Engtin, A, I\, Plato, V. M. Tugolukov, and M. A, Pryanishnikova, Khim. Tekhnol, Topl,

Masel 10, 42 (1965).

3, L. Holdiman, C. Tsonopoulos, C. J. Brady, snd G. M, Wilson, AICE J, 31, 376 (1985).

1. A, Jonsson, J. Vejrosta, and J. Novak, Fluid Phase Equilib. 9, 279 (1982).

3¢, MeAuliffo, J. Phys. Chom, 70, 1267 (1966).
by, Poluk sud B, C. Y. Ly, Can, J. Chem, 51, 4018 (1973).
L. €, Prigo, Am, Assoc, Pot, Geol, Bull, 60, 213 (1976).

Referonce liquid—liquid equilibrium data

Water rich phase

fHydrocarbon rich phase

T'"(K) Xtexp Xl T (K) X2,05p X2eale
288,2 1.03 X 1077 (Rof. 4) L X 107 273.15 1,46 X 107* (Ref. 6) 20 % 1074
293.2 9.90 X 10”¥ (Ref, 4) 11X o7 283,15 3.24 X 10~4 (Ref, 2) 32% 1074
298.2 1.04 X 10~7 (Ref. 5) LOX 1077 293,15 4,30 % 107% (Ref. 1) 49X 1074
303,2 2,60 X 10”3 (Ref, 4) LoXx 1077 208.15 5.01 X 107* (Ref. 6) 6.1 %1074
3082 9.80 % 107% (Ref, 4) 1,0 % {077 310,90 £.00 X 1073 (Ref, 3) 1,0 X 103
310,9 1,20 X 1077 (Ref. 3) 1.0 % 10™7 366.50 6,20 X 107* (Ref, 3) 72% 107}
3133 826 % 10°% (Rof. 7) 1.0 % 10™7 422.00 3.94 X 1072 (Ref. 3) 3.4 X 1072
3429 1.43 X 1077 (Ref, 7) 1.5 %X 107 477.60 1.26 X 107" (Rof, 3) {3 % 107!
394.5 7.29% 1077 (Ref. 7) 63 % 1077 533,10 3.87 X 10™} (Ref. 3) 4,0 X 10!
409.8 1.34 X 1079 (Ref. 7) 1% 1070 539,10 5.27 % 10"" (Ref. 3) 4,5 % 101
422.7 1,86 X 107 (Ref, 7) 19X 1076 550.40 549 % (07! (Ref. 3) 57 x 0!
$36,1 3,50 X 107* {Ref, 3) 35X 1074

352.8 6.00 X 107 (Rof. 3) 8.0 x {0

Other references:

“E. G, Baker, Geochim, Cosmochim, Acta 19, 309 (1960).
¢, Black, G, G, Joris, and H. 8. Taylor, J, Chotn. Phys, 16, 537 (1948),
"%, Fuohnor, Bot, Dtsch, Chom. Ges. 57, 510 (1924).
', Yo, Krasnosholickova and M. Ya. Gubergrits, Neftekhimiyn 13, 885 (1973),

12y, 5, Mitler and S, B. Hawthorne, J, Chem, By, Data 45, 78 (2000),

1414, D. Nelson and C. L. De Ligny, Recl, Trav. Chim. Pays-Bas Bolg. 87, 528 (1968),
1y, G, Skripka, T, Vscs, Noftegazov. Nauoh.-Issted, Inst. 61, 139 (1976),

¥y, B, Towari, M. M. Millcr, 8, P, Wasik, and D, B. Martire, J. Chem. Eng. Data 27, 451 (1982),
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300 § A Rofs 300 ® Rof.3
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Table 3.5, Nonane--water

Components
Nonane; CyHy; [111-84-2]
Water; H,0; [7732+18-5]

References
L. C. Priee, Am. Assoc, Pot. Geol. Bull, 60, 213 (1976).
?p, Schatzborg, J. Phys, Chem, 67, 776 (1963).

Rofetonco liquid-liguid equilibrivm data

Water rich phaso

Hydrocarbon rich phase

T(K) ) Flexp N enle T (K) X2exp X200
298.2 171 X 1078 (Ref. 1) 19X 1078 298.2 56% 1074 (Rof. 2) 6,2% 107
3723 590 X 10”8 (Ref. 1) 6.7% 107t

Otlier references:

3V, G. Bonkovski, M. H. Nauruzov, and T. M. Bogoeslovskays, Tt. Inst, Khim. Nefti Prit. Soloi, Akad, Nauk Kaz. SSR 2, 25 (1970).
45, A, Jonsson, J, Vejrosta, and J. Novak, Fluid Phase Equilib, 9, 279 (1982),
5P, Yn, Krasnoshchekova and M, Ya. Gubergrits, Neftekhimiya 13, 885 (1973),

¢, McAuliffe, Scicnce 163, 478 (1969).
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Table 3.6, Decanc--water

Components References
Decanc; Cygllyy ; [124-18-5) 'A. Backe and G, Quitzach, Chom. Teoh, (Loipzig) 29, 49 (1977),
Water; 1,0; {7732-18-5] %, (4. Evonomou, J. L. Heidman, C. Tsonopoulos, and G. M. Wilson, AIChE J. 43, 535
(1997),
F, Pranks, Nature (London) 210, 87 (1966),
1A, Yu, Namiot, V; G, Skripka, and Yu. G, Lotter, Zh, Fiz. Khim, 50, 278 (1976).
3p, Schatzberg, J. Phys. Chom, 67, 776 (1963),

Referonee liguid-tiquid cquilibrium data

Whater vich phase Hydrocarbon vich phase

T(K) X1 exp X ctdo 7(K) P (kPa) X208 X2eale

293.2 2,50 X 107 (Rof. 1) 35X 10~ 208.2 5,70 X 1071 (Ref. 5) 6.3 %X (071

298,2 2,50 X 10"? (Ref. 3) 33 %107 313.2 1.07 X 107 (Rel: 5) Lt x 1073
3742 124 842 X [07% (Rof. 2) 8.4 % 107
423.2 520 2,80 X 1072 (Ref. 4) 31X (02
424,7 331 3,76 X 1072 (Ref, 2) 32% [0"?
473.2 1790 9.50 X 1072 {Rof. 4) 9.4 X 1077
4752 1779 118 X 107" (Rof, 2) 9.8 % 102
498.2 2900 1,62 % 107! (Ref, 4) L6X (07F
5232 4630 248 X 107" (Rof, 4) 2,6 X 107!
548.2 7180 4,03 X 10~ (Ref, 4) 42 % 197t
558.2 8230 5.04 X 1071 (Ref, 4) 5.4 % 10!
563.2 9360 6,06 X 10™" (Ref, 4) 57% 107!

Other referencest

%R, G. Baker, Amer, Chem, Soc., Div. Potrol. Chom,, Prepr. 3, Nod, C-61 (1958).

7E. G. Baket, Scicnce 129, 871 (1959).

#S. Helllnger and 8. 1. Sandlor, J. Chem. Eng. Data 40, 321 (1995),

%P, Ya. Krasnoshchokova and M. Ya. Gubergrits, Neftckhimiya 13, 885 (1973).

107y, Mackay, W, J. Shiu, and A, W, Wolkoff, ASTM Specc, Tech. Pub. 573, 231 (1975),
¢, MoAulifte, Scionco 163, 478 (1969).

By, G, Skiipka, Tt Vses. NefRegazov, Nauch.-[ssled, Inst, 61, 139 (1976),

Q. Wang and K.-C. Chno, Fluid Phase Bauilib, 59, 207 (1990),
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Table 3.7, Undecane~water

Components
Undecano; Cp Flay; [1120-21-4]
Watot; H,0; [7732-18-5]

Refercuces

1C, MoAulilfe, Science 163, 478 (1969),
?p, Schatzborg, J. Phys, Chem, 67, 776 (1963).

Reference liquid-Tiquid equilibrivm data

Water rich phase

Hydrocarbon tich phase

T(K) Xtexp Xpenty T(K) X2,0xp ¥2,0al0
298.2 507%107'0 (Ref. 1) 4.8%10-10 2082 6.0 X £07 (Ref, 2) 6.4 X 10"
313.2 1,13 X 1077 (Ref, 2) 12x 1071

Other references:

*P. Ya, Krasnoshehokova and M. Ya. Gubergrits, Noftckhimiya 13, 885 (1973),

Tuble 3.8. 2-Methylbutanc~water

Components
2-Moethylbutane; Cghtyy; [78-78-4]
Water; H,0; [7732-18-5]

References

'C. Black, G. G. Joris, aud H. 8. Taylor, J, Chem, Phys, 16, 537 (1948).
28, A. Englin, A, F, Plate, V. M. Tugolukov, and
M. A, Pryanishunikova, Khim. Tekhnol. Topl, Masel 10, 42 (1965).

33, P, Pavlova, S, Yu, Pavlov, L. A, Serafimov, and L. S. Kofman, Prom-st,
Sint. Kauch. 3, 18 (1966).
13, Polak and B, C. Y. Lu, Can, J. Chem, 51, 4018 (1973),

Reforenco liguid-liquid oquilibrium data

Water tich phaso

Hydvocarbon tich phage

T'(K) Xlexp

X1 el T (K) X2,exp *2,cule
2732 L1 X 1073 (Ref. 4) INE [l 283.2 237 X 104 (Ref, 2) 32 % 1074
293.2 117 X 1075 (Ref, 3) L4 X 1073 2932 4.49 X 1074 (Ref. 2) 52X 107
2982 1,24 X 10™% (Ref. 4) 13X 10”3 293.7 4,02 X 10" (Rof, 1) 54 % 10!
313.2 1,44 X 10”5 (Rof. 3) 1,3 % 1073 313.2 103 X 10“* (Ref. 3) 13X 103
23,2 1.75 X 1073 (Ref. 3) 14 x 103 333.2 2,34 X 1073 (Ref. 3) 3.0 X 1073

Other references:
C. MoAuliffo, J, Phys. Chem, 70, 1267 (1966).
%L. €, Pricc, Am. Assoe, Pot, Geol, Bull, 60, 213 (1976).

Table 3.9, 2,2-Dimcthytbutanc-water

Components
2,2-Dimethylbutanc; C4Hyy; [75-83-2]
Wator; Hy 04 [7732-18-5]

References

1C. MeAuliffo, J. Phys. Chem. 70, 1267 (1966).
%), Polak and B. C, Y, Lu, Can, J, Chem. 51, 4018 (1973),

Reference liquid-liquid equilibrium data

Water rich phasce

T (K) x Liexp

¥ el

Hydrocarbon rich phase

T(K)

C2exp

X2,0l0

298.2 3.85% 107 (Ref. 1)

4.4x107¢

2732

1.53% 10-1 (Rof. 2)

2.0x10™"

Other referencest
3L, C. Price, Amt. Assoc. Pet. Geol, Bull, 60, 213 (1976).
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Table 3,16, 2,3-Dimethylbutane-~wator

Components References
2,3-Dimethylbutane; CgHyy; [79-29-8} '8, A, Englin, A, B, Plate, V. M. Tugolukov, and M. A. Pryanishnikova,
Water; H,0; [7732-18-5] Khim. Teklinol. Topl. Masol 10, 42 (1965),

2y, Polak and B. C. Y. Lu, Con. J. Chem, 51, 4018 (1973).
3. C. Price, Am. Assoc, Pot, Gcol, Bull, 60, 213 (1976).

Roforenco liquid--liquid cquitibrium data

Water vich phase Hydrocarbon vich phase

T (K) Xl exp X ente T Ky X2.01p X2ule
298.2 3.99 X 10" (Rof, 3) KR S Tl 273.2 (43 % 107 (Rof, 2) 1Lox 107"
313.3 4.0t X 1079 (Ref. 3) 3,8x 107¢ 283.2 2.80 X 107" (Ref, 1) 3% 1074
328.3 4,95 X 10"% (Ref, 3) 42% 10"¢ 293.2 526 X 1071 (Rof. 1) 50% 1074
372.3 8.38 X 109 (Ref, 3) 83 % (074 303,2 9,18 X 10~4 (Ref, 1) 7.8 % 10"
394,5 L19 X 1075 (Rof, 3) 14X 103 332 1,54 %X 1077 (Ref. 1) 1.2 % 107%
410.5 2,05 X 1073 (Ref, 3) 2.1 % 10~3

4227 3.37 % 107° (Ref. 3) 29X 1075

450 330
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A Ref.2
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10°x, 10°x,
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Table 3.11. 2-Mothylpentanc—-water

Components Referonces
2-Mothylpontano; CeHy4; [107-83-5] 1C. MoAwliffe, J. Phys, Chem. 70, 1267 (1966).
Watcr; H,0; [7732-18-5) 25, Polak and B. C. Y, Lu, Can, J. Chem, 51, 4018 (1973).

3L, C. Prico, Am. Assoc. Pot, Geol., Bull. 60, 213 (1976).

Reference liquid-liquid equilibrium data

Water rioh phaso Hydrocarbon rich phase

T(K) Xhexp Ly 7(K) £2,0mp X2,0nte
2732 4,06 X 10”0 (Rof. 2) 3.8 X 10~6 273.2 1.39% 107* (Ref. 2) 1.9% 1074
298.2 2,88 X 107% (Rof. 1) 29X 1976

313.3 2.88 X 10°% (Ref. 3) 29 196

3289 3,28 X 107% (Rof, 3) 3.2% 076

3723 5.67 X 107% (Rof, 3) 64X 08

1912 9,39 X 107% (Rof. 3) 9,8 X 1076

4105 1.81 X 1075 (Ref, 3) 1.6% 1078

422.7 2.36 X 10”3 (Rof, 3) 23X 1073

Other references:
4J. B, Counolly, J, Chem, Eng. Data 11, 13 (1966).
5p, J. Leinonen and D. Mackay, Can, J. Chem, Bag. 51, 230 (1973),

450
400 |
EﬁB 0
350
A Rell
300 | 1 Refi2
® Ref3
s gafortiated
250 . 1
0 1 2 3
10°x,

Table 3,12, 3-Methylpentanc--wator

Components " References
3«Methylpentane; CaHyq s [96-14-0] 1. Polak and B. C. Y. Lu, Cau. J. Chem. 51, 4018 (1973).

Water; H,0; [7732-18-5]

Reference liquid-liquid oquillbrinm data

Water rich phaso Hydrocarbon tich phase
T (K) X exp X p o 7(K) Fouxp X2euly
273.2 4,49 X 1075 (Rof, 1) 4,6 X 1076 298.2 45X 107" (Ref, 1) (AN
298.2 3,74 X 1079 (Ref. 1) 3.5% 10™¢

Other references:

¢, McAuliffo, J. Phys. Chem. 70, 1267 (1966).

L. C. Price, Am. Assoc. Pet. Geol, Bull. 60, 213 (£976).

%, 8. Rudskoyv and A, [, Lutsyk, Zh. Fiz. Khim, 53, 1298 (1979),
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Table 3.13, 2,2-Dimethylpentanc—water

Components
2,2-Dimothylpontanc; C;H4; [590-35-2]
Water; Hy0; [7732-18-5]

References
I, €. Price, Am, Assoc. Pet, Geol. Bull, 60, 213 (1976),

Referenco liguid—liquid equilibrium data

Water rich phase Hydrocatbon rich phase
T'(K) Xtexp Xy enle X2,ele
2982 7.9% 1077 (Ref. 1) B.8x 1077 66X 1071
Table 3.14. 2,3-Dimothylpentanc—~water
Components References

2,3-Dimethylpentanc; C;H4; [565-59-3)
Water; H,0; [7732-18-5)

IL. ¢, Price, Am. Assoc, Pet. Geol, Bull, 60, 213 (1976),

Roferonce Hauid--liguid cquitibium data

Water rich phase Hydvocarbon rich phase
T(XK) Xtexp ¥ ente K2l
298.2 943X 1077 {Ref. 1) 1.1x107¢ 5.9% 104
Table 3.15, 2,4-Dintethylpentane—~water
Components References

2,4-Dimethylpentane; CyH 43 {368-08-7]
Wator; 1,05 (7732-18-5]

!J. Polak and B, C. Y. L, Cau, J. Chem, 51, 4018 (1973),
2L, €, Prico, Am. Assoe. Pet. Geol. Bull. 60, 2(3 (1976).

Reference liquid-liquid equilibriom data

Watcr rich phaso

Hydrocarbon rich phaso

T (K) X1exp X enle T(K) X2exp F1,ele
273.2 117 X 1075 (Ref, 1) Lt 107% 273.2 1731074 (Rof. 1) 2,0% 107
298.2 7.92 X 1078 (Ref, 2) 80 % 1076

Other reforences:

3¢, MoAuliffe, Nature (London) 200, 1092 (1963).

¢, McAuliffe, J. Phys. Chem, 70, 1267 (1966).
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Table 3.16, 3,3-Dimethylpentanc--water

Referencos

Components
'L. C, Price, Am. Assoc, Pet. Geol, Bull. 69, 213 (1976),

3,3-Dimcthylpontanc; CyHl 43 [562-49-2]
© Wator; Hy0; [7732418-5]

Reforence liquid-lHquid equilibtium data

Water rich phase {ydrocarbon rich phaso
T(K) Xlesp X1enlo x 2,0l
298.2 1,06 X 10™¢ (Ref. 1) T 2% 176 6.0X 107
3132 1,22 X 1076 (Ref. 1) t2x 1076 1.4 X jo-3
29,2 147 % 1079 (Rof. 1) 14X 10¢ 2.0 % 1073
3432 1.85 X 1076 (Ref. 1) L6 X 1070 3.5 % 10~
32 2.84 X 1079 (Ref. 1) 29X 1076 9.2 % 10~7
3912 491 X 1079 (Rof. 1) 4.7% 1076 1.6 % 107?
4232 1.55 X 1075 (Ref. 1) 2% 1078 3,9 % 1072
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Tablo 3.17, 2-Methylhoxano—wator

Componcnis References
2-Mcthylhexane; C;Hyq; [591+76+4] 'B. A. Bnglin, A. F, Plate, V. M, Tugolukov, and M. A, Pryanishnikova,
Water; H,0; [7732-18-5] Khitmn, Tekhnol, Topl. Masel 10, 42 (1965).

2L, C. Price, Am, Assoe. Pot. Geol, Bull, 60, 213 (1976).

Roforence tquid-liquid equilibriwin data

Water rich phase Iydrooarbon rich phase
T (K) Ylexp Xl T(K) Xauxp X2.unt¢
298.3 4.57% 107 (Ref. 2) 6.3% 1077 283.2 342 X 1074 (Ref. 1) 3.2% to~"
293.2 573 X 10~ (Rof. 1) 50 % 10~
3032 1012 X 1073 (Ref. 1) 78 X 1074

J, Phys, Chem, Ref. Data, Vol. 33, No. 2, 2004
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Table 3,18, 3-Methylhoxanc—water

Components References
3-Mothythexane; C;H ;3 [589-34-4] 15, Polak and B. €. Y. Lu, Con. J. Chomt, 51, 4018 (1973),

Water; 1,04 {7732-18-5]

Referonce liguid-liquid equilibrium data

Water vich phase Hydrocacbon rich phase
T (K) Flexp Fyeale T (K) X2.0xp 2,01l
273.2 9.4t X 1077 (Ref. 1) LEx 1076 273.2 1.39% 107 (Rof. 1) 1.9% 104
298.2 8.89 X 10”7 (Ref. 1) 77 % 107

Other references:
%L C. Price, Am. Assoo, Pet. Geol, Bull. 60, 213 (1976),

Tablo 3.19, 3-Mothylheptanc—water

Componeints Referenecs
3-Methylheptano; Colly; [589-81-1] IL. C. Price, Aw. Assoe. Pet. Geol, Bull. 60, 213 (1976),

Water; H,0; [7732+18-5]

Reference liquid-liquid equilibrium data

Water rich phasc [tydrocarbon tich phase
T (K) x Lexp X yenfe Xaenlo
298.2 125X 1077 (Rof, 1) £6x 1077 6.1% 107

Tablo 3,20, 2,2,4-Trimethylpentanc—water

Components References
2,2,4-Trimothylpentane; CeHygs [540-84-1] .. 8. Budantscva, T. M. Lesteva, and M. 8. Nowtsov, Zb, Fiz. Khim. §0, 1344 (1976),
Water; HyO; [7732-1845] 2B, A, Englin, A, F. Plato, V. M. Tugolukov, and M. A, Pryanlshnikova, Khim, Tekhnol,

Topl. Maset 10, 42 (1965).
31, Polak and B. €. Y. Lu, Can. J. Chem, 51, 4018 (1973),

Reference tiquid-liquid equilibtium data

Water rich phase Hydrocarbon rich phasc
T (K) X exp Xienle T(K) F2,08p X enle
2732 3,88 X 1077 (Ref. 3) 3.6% 1077 273.2 1.97 % 1074 (Ref, 2) 21X 104
293.2 3.00 X 107 (Ref, 1) 2,6 x 1077 283.2 3.74 X 107 (Ref. 2) 34 % (074
298,2 3.23 X 1077 (Ref. 3) 2,6 %1077 293.2 4,40 X 1074 (Ref. 1) 54 % 107
298.2 5,07 % 1074 (Ref, 3) 6.7 % 1074

Other referencest

‘B, G, Baket, Geoelim. Cosmochins, Acta 19, 309 (1960),

*I. 1 Berkengoim, Zavod. Lab, 10, 592 {1941),

M. B, Gramajo de Doz, C. M. Bonatti, N., Solimo, and H. N, Barnes, J. Chem, Thermodyn, 33, 1663 (2001).
C. McAuliffe, J. Phys. Chem. 70, 1267 (1966).

¥D, J. Miller and S. B. Hawthorne, J. Chem. Eng. Data 45, 78 (2000),

N. Poschke and §. 1. Sandler, J. Chem. Eng. Data 40, 315 (1995),

1L, C, Price, Am, Assoc. Pot. Gool, Bull, 60, 213 (1976),
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Tablo 3.21. 2,3,4-Trimethylpentanc-water

Compononts References
2,3, 4-Trimothylpentano; CyH 3 [$65-75-3] 13, Polak and B, C. Y. Lu, Can, J, Chom. 51, 4018 (1973).

Wator; H,0; [7732-18-5]

Reforonce Hauid-liquid cquilibrivm data

Water rich phase
: Hydrvocarbon rich phase

T (K) & exp X1,eute £2calo
273.2 3,69 % 1077 (Rof, 1) 4,5 % 107 1.9x 1o~
298.2 . 3,62 X 1077 (Ref. 1) 3.2% 1077 59 % {0

Other roforences:
2. C. Prico, Am. Assoc. Pet, Geol, Bull, 60, 213 (1976),

Tablo 3,22, 2,2,5-Trimcthylhcxane-water

Components References

2,2,5-Trimethylhexane; CoHyg; [3522-94-9] !, Polak and B, C. Y. Lu, Can, J. Chem, 51, 4018 (1973).

Water; H,0; [7732-18-5]

Reference liquid-liquid equilibrium data

Water rich phase Hydrocarbon rich phase
7 (K) Slexp XNieule T (K) Xo.exp X2,eule
273.2 £1EXE077 (Rof. 1) 8.6x 10™f 273.2 178 % 107% (Rof, 1) 2.0% 10"
298.2 5.34 X 107 (Rof. 1) 6.7 % 1074

Other referencess
2C, McAuliffe, J. Phys, Chom, 70, 1267 (1966),

J. Phys. Cham. Ref. Data, Vol. 33, No. 2, 2004
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Table 3.23. Cyclopentane-watet

5§71

Components
Cyclopentanc; CsHyo; [287-923]
Water; H,0; [7732-18-5)

References

'F. R, Groves, J. Chem. Bng, Data 33, 136 (1988).
2L, C. Price, Am. Assoc, Pet. Geol. Bull, 60, 213 (1976).

Referencs liquid-liquid equilibrium data

Water rich phaso

Hydrocarbon rich phase

T(K) Xtexp X cale X2 .0ule

298.2 422 % 1075 (Ref)1) 43 1073 3.9% (07
313.3 4,19 X 1075 (Rof,2) 45% 103 75 % 1071
328.9 4,62 % 1075 (Ref.2) 50% 1075 14X 1073
3123 7.61 X 1075 (Ref.2) 8.8 (03 6.5 % 1073
91,2 9,56 X 1079 (Ref2) 12X 107 1.2 X 1072
4105 1.57 X 10™% (Ref2) L8 x 1074 2.1 % 1072
426.3 2,04 % 10"* (Ref.2) 2.5% 1074 33% 1077

Other references:

8. A. Englin, A, T. Plate, V. M. Tugolukov, and M, A, Prysnishnikova, Khim, Teklol, Topl. Masol, 10, 42 (1965),

“A. N. Guseva and . [. Parnoy, Vestn, Mosk, Univ,, Sor, 2 Khimy, 19, 77 (1964).

3¢, MeAwliffo, J, Phys, Chem, 70,

1267 (1966).

%R, A, Picrotti and A, A, Liabastre, U.S. NITS, PB Rep., No 21163, 113 pp, 1972,

450
400
i
Py 350
300

250

T

0 Ref)
® Ref2
e ciloUlanted
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Table 3.24, Cyclohexanc~water
Compounents References

Cyolohexanc; CgHyy s [110-82-7)
Watet; Hy0; [7732-18-5]

'L, S. Budantseva, T. M. Lesteva, tnd M, S, Nemtsov, Zh, Fiz, Khim. 50, 1344 (1976).
R, Durand, C. R, Acad. Sci, 226, 409 (1948),

P, K. Glnsoe and S, D, Schultz, J, Chem. Eng. Data 17, 66 (1972).

43, Goldman, Can, J, Chem, 52, 1668 (1974).

5, R, Grovos, J. Chem. Eng, Data 33, 136 (1988).

SR, A, Piorotti and A. A, Llabastro, U.S. NITS, PB Rap., No 21163, 113 pp, 1972,

75, W, Roddy and C. F. Coleman, Talanta 15, 1281 (1968).

8%, P, Sohwarz, Anal. Chem. 52, 10 (1980).

D, N, Tarassonkow and E. N, Poloshinzows, Bor, Dtseh, Chem. Gos. 65, 184 (1932).
¢, Tsonoponlos and G, M. Wilson, AIChE J. 29, 990 (1983).

Reference liquld-liquid equilibrium data

Water vich phase

Hydrocarbon rich phase

T(K) X Lexp ¥i,eulo T(K) F2exp F2enle
2783 1.84 X 1075 (Ref. 6) 1.5% 107% 283,15 1.60 X (0™ (Rof, 4) 20X 1074
289.2 1.30 X 1079 (Ref. 2) 1.4 %1078 287.15 2.30 % 107" (Ref. 9) 24 % 107
2932 1,50 X 1073 (Rof. 1) t3x 103 288.15 2.80 X 107* (Rof. 3) 2.6 X to™
296.7 1,10 X 10~% (Ref, 8) 1L3x 1073 293.15 2,80 X £0~* (Ref, 4) 33 % 107
2982 125 X 1073 (Ref. 5) 1A% 1073 208,18 3.75 X 10" (Rof, 7) 4,0 % 10~
313.2 1.56 X 1075 (Ref, 10) 1.4 %X 1073 303,15 4.50 X 107 (Rof. 4) 50X Lo~
3732 379 X 107% (Rof. t0) 32% 1078 308.15 530 X 10" (Ref. 4) 6.2 x 19~
422,0 103 X 107 (Ref. 10) LOX 1079 313,15 8.87 % 10”4 (Rof. 10) 7.6 X 197
4732 3.92 X 107* (Rof, 10) 40X 1n1 373,15 5,12 % 107 (Rof, 10) 63X 107*
482.2 4,93 % 107* (Rof, 10) 51X 0™ 423.15 2,40 X 1072 (Ref. 10) 26X 1072
473,45 7.93 % 107% (Ref, t0) 8.6 X 1072

Other references:

"M 1, Borkongeimm, Zavod, Lab. 10, 592 {(1941),

12p, Backx and 8. Goldman, J, Phys. Chotn, 85, 2975 (1981).

¢, Black, G, G. Jotls, and H. S, Tayloy, J, Chor, Plys, 16, 537 (1948),

K. Brollog, K. Potor, and G, M. Selneidor, Ber. Bunsen-Ces, Plys, Chem, 74, 682 (1970).
158, D, Burd, Jr. and W, G. Braun, Proc, Am. Pot, Inst,, Div. Refin. 48, 464 (1968).

1, A. Englin, A, I Plato, V. M, Tugolukoy, and M, A, Pryanishnikova, Khim, Tokhnol, Topl. Maso! 10, 42 (1965).

M, D, Grogoty, S. D, Clulstian, and If, B, Affsprung, J, Phys, Chom. 71, 2283 (1967),
'8A. N. Guseva and B, I, Parnov, Radiokhimiya 8, 507 (1963).

%A, N. Gusova and E. I. Pamov, Zh. Fiz. Khim. 37, 2763 (1963),

5, R, Johnson, 8, D. Christian, and H, 8. Affsprung, J. Chom, Soo. A, 77 (1966),

21y, Kirchnerova and G, C. B. Cave, Can, J. Chem. 54, 3909 (1976).

1, M. Koronman and R. P. Arcfeva, Patont USSR, 553 524, 1977,04.05,

M1, M. Korenmen and R. P, Avcfova, Zh, Prikl, Khim. (Loningtad) 51, 957 (1978).

#A, P, Kudchadker and J. J. McKetta, AICOE J. 7, 707 ((1961),

?5p, J, Leinonen and D. Mackay, Can, J, Chem, Bng, 51, 230 (1973),

), Mackay and W, Y. Shiu, Can, J. Chem, Eng. 53, 239 (1975),

D, Mackay, W, J. Shiu, and A. W. Wolkoff, ASTM Spce, Tech, Pub, §73, 251 (1975),
#¢, MeAulifte, J, Phys, Chom, 70, 1267 (1966).

5. W, McBain and K. J. Lissant, J, Phys. Colloid Clicm, 58, 665 (1951).

0. M. Plonking, R. O. Pryanikova, and G, 1, Eftemova, Zh. Fiz. Khim, 45, 2389 (1971),
L. C. Ptice, Am, Assoc. Pet. Guol. Bult, 60, 213 (1976),

¢, I, Rebert and K. E, Hayworth, AIChE J. 13, 1(8 (1967),

ME, §, Rudakov and A, I, Lutsyk, Zh, Fiz, Khin. 53, 1298 (1979).

31, Sanomasa, Y. Miyazaki, S. Arakawa, M, Kumamaru, and T, Doguchi, Bull. Chen. Soc. Ipn, 60, 517 (1987),

3y, G. Skiipka, Tr, Vses, Noftogazov. Nauch.-Issled, Inst. 61, 139 (1976).
R, M. Stephionson, J. Chom, Eng, Data 37, 80 (1992).

Yo, D. Zel'venskil, A A, Efremov, snd G, M, Lacin, Khim, Tekhnol. Topl. Masel 10, 3 (1965).

J. Phys, Chem. Ref. Data, Vol, 33, No, 2, 2004



T/IX

500

450 }

400 t
A Refl
O Rof2

350 ¢ Ref 5
O Ref6
A Refi8

300 ® Ref10
— cakuiated

250 .

0 4
10%,

LIQUID-LIQUID EQUILIBRIUM DATA. 1

500
450
400
M
B O Ref.3
350 ® Rof 4
O Ref7
4 Ref9
300 A Ref, 10
~——caloulated
250 s i 1
0 4 6 8

573

J. Phys. Chem. Ref. Data, Vol, 33, No. 2, 2004




574 MACZYNSKI, WISNIEWSKA-GOCLOWSKA, AND GORAL

Table 3.25, Methyloyclopettane--water

Components Retorences
Methyloyclopentanc, CgHq; [96-37-7] IE, 8, Rudakov and A, 1, Lutsyk, Zh, Fiz. Khim. 53, 1298 (1979).

Water; HyO; [7732418-5)

Roferonce liquid-liquid equiiibrium data

Watey rich phase Hydrocarbon rioh phaso
T (K) Xt exp Xk xuulu
298.2 9.6X 107 (Ref, 1) Lox10~* 46X 1074

Other references:

B, A, Englin, A, 1%, Plate, V. M. Tugolukov, and M, A, Pryanishnikeva, Khim. Tektnol, Topl. Masel 18, 42 ((965),
A, N, Guseva and E. 1. Pamov, Vestn. Mosk. Unly,, Ser. 2: Khim, 19, 77 (1964),

¢, MeAuliffe, J. Phys, Chem. 70, 1267 (1966).

SL. €. Price, Am. Assoc. Pet, Geol. Bull, 60, 2£3 (1976).

, ‘Table 3,26, Cyclohoptanc--waicr

Components References
Cyclohoptane; CyH 45 [291-64-5] 'Y, R. Groves, J. Chom, Eng, Data 33, 136 (1988).
~ Water; H,0; [7732-18-5] ¢, MeAuliffe, 1. Phys, Chem, 70, 1267 (1966),
Reference liquid-liquid equilibrium data

Water rich phase - Hydrocarbon rich phase
T(K) Xiexp X ete £2enle
298.2 5.50 X 1075 (Ref. 2) 43 % 107 39 % 10~
303.2 4.99 X 1079 (Ref, 1) 43 % 10"¢ 49 1074

J. Phys. Chem, Ref, Data, Vol 33, No. 2, 2004
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Table 3,27, Methylcyclohexanc~water

Conpononts

Mothyleyclohicxane; C;H 4 [108-87-2]

Water; H,0; [7732-18-5]

Referoncoys
1., ¢, Price, Am, Assoc. Pot. Geol, Bull, 60, 213 (1976),

Referonce Haquid-liquid equilibrium data

Wator rich phase

Hydrocarbon rich phase

T(K) Xiexp X ealo X200l

298.2 2.90 X 107% (Ref. 1) 2.9 % 1076 47 x 1074
3133 3.30 X 107% (Rof, 1) 31X 1078 8.9 % 104
328.9 3.50 % 105 (Rof. 1) 3.6 X (076 1.6 X 10~
3723 6,20 X 107% (Refl. 1) 8.1 X to~e 6.9 % 107
393.2 1,46 X 1075 (Rof. 1) L4 x 1073 1.3 X 10~2
410.5 255 % 10”3 (Ref. 1) 23X 1078 2,0% 1072

Other references:

2B, A, Englin, A. F. Plate, V. M, Tugolukov, and M, A.

*F. R. Groves, J, Chom, Eng, Data 33, 136 (1988).
4A. N, Guscva aud E. L. Parnoy, Vostn, Mosk, Univ,, Ser, 2: Khim. 19, 77 (1964),

33. Hellingor and 8. 1. Sandler, J. Chem, Eng, Data 40, 321 (1995).

¢, McAuliffe, J. Phys, Chem. 70, 1267 (1966).

"E. S. Rudakov and A, L, Lutsyk, Zh, Fiz, Khim, 53, 1298 (1979).

o 350

3

® Refld
s cgtleulated
|

i

2 3
lOsx,

Tablo 3,28, Cycloootanc—water

Pryanishinikova, Khim, Tokhnol, Topl, Masol 10, 42 (1965).

Components
Cyclooctane; CyHyg4 [292-64-8)
Wator; H,0; {7732-18-5]

References
'C. MeAuliffc, J. Phys. Chom. 70, £267 {1966).

Reference liquid-fiquid oquilibrivm data

7(K)

Water rich phase

X txp

Clenle

Hydrocarbon tloh phaso

X2,00le

298.2

127X 107% (Ref, 1)

1.2% 1076

4,1%10™4
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Table 3.29, cis-1,2-Dimethyleyclohexanc-water

Components
cls«1,2-Dimothyleyclohexanc; CyH g5 (2207-01-4]
Water; H,0; {7732-18-5]

References

I, McAuliffe, J. Phys, Chem. 70, 1267 (1966).

Reforence liquid—tiguid equilibrium data

Wator tich phoso

Hydrocarbon rich phase

PR

T'(K) £ exp Xoale

298.2 9.6X 1077 (Ref. 1) 79X 1077 48% 107
Tablo 3.30. Ethyleyclohoxanc—wator

Components References

Bthyleyclohexane, CyHyg [1678-91-7]
Wator; H;0; [7732-18-5]

Y. L, Hoidman, C. Tsonopoulos, C. 1. Brady, and G, M,, AIChE J. 31, 376 (1985).

Reforence liquid-ilquid equilibrium data

Water rich phage

Hydvocarbon rich phase

T (K) P (kpn) X 1,0xp ¥ leale T (K) P (kpﬂ) x2.uxp X2.enly
367.6 "7 240 X 10% (Ref, 1) 22X 1076 3109 9.9 8.10 X 10~ (Ref. 1) 79 X 104
479.5 2360 1,2 X 1074 (Ref. 1) 2% tom 367.6 17 6,50 X 107 (Ref. ) 5.6 % {0
536.1 6690 L18 % 1077 (Ref, 1) h2x 107? 423.4 647 3.00 X 10”? (Rof, 1) 2.6 X 1072
552.8 8830 237 X 1073 (Ref, 1) 2.5 % 1073 479.8 2360 1.07 X 107! (Ref. 1) 9.5 X (0™?

536.1 6650 2,90 % 107" (Rof. 1) 33X (07}

5528 8830 4.14 X 10! (Ref. 1) 5.0 % 107!

561.4" 9930 6,03 X 107! (Ref, 1) 73 % 10!
SJCST

Other reference:

24, N. Guseva and B, 1, Parnov, Vestn, Mosk. Univ., Ser. 2, Khim. 19, 77 (1964).
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Table 3,31, |-Butyleyclohexanc—water

Components References
1-Butyloyolohoxanc; CygHags [1678-93-9] Y, G. Eeonomon, J. L. Heidman, C. Tsonopoulos, snd G, M, Wilson, AICHE J. 43, 535 (1997),

Water; H,0; [7732-18-5}

Roforonce liquic-laquid cquilibrium data

Water rich phase Hydrocarbon rich phasc
T (K) P (kPa) Xl,exp X[ ,enle I'(K) P (kPa) X2.0xp £2eate
471.6 1902.3 1.60% 1073 (Ref. 1) 15X 1073 366.48 6,13 X 10™% (Ref, 1) 60X 1077
422,04 506.8 2.87 X 1072 (Ref. 1) 2,6 % 1077
471,59 1902.3 1.01 X 107! (Ref. 1) 9.1 % 1072
533.15 5422.0 2,66 X 10=" (Ref. 1) 2.7 x 107!
549,82 7107.8 347 X 107" (Ref, 1) 38x 107!
600
550
500
kf 450
B
400
® Refl ]
350 ¢ mannnon g el rtED
300 ] L 2
0 1 2 3 4
10x,

Table 3.32. Pontylcyelopentanc—wator

Components References
Pontyleyelopentane; Cigllzg; [3741-00-2) 'L, C. Prico, Am, Assoe. Pet, Geol, Bull, 60, 213 (1976),

Water; H,0; [7732-18.5]

Reforence liquid-tiguid oquilibsium data

Water rich phase Hydrocarbon rich phaso
T (K) xl.cxp X ) eule X9,al¢
298.2 1.5% 10”3 (Ref, 1) 1.7%10™% 54x10™
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