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Abstract— Solubilities of the coal derived solids naphthalene and biphenyl in the solvents benzene and cyclohex-
ane were measured from the temperature near to the melting point of the solutes to that of the solvents, and then the
solid-liquid phase diagrams were constructed from the experimental data. The solubilities were accurately predicted by
estimating the activity coefficients in the solid solubility equations using the Scatchard-Hildebrand regular solution
theory. For the benzene solutions which were close to an ideal solution, the accuracy could be achieved by using the
physical properties of the pure components only. For the cyclohexane solutions which were highly non-ideal,
however, binary parameter [; was needed to improve the accuracy of prediction. The eutectic points of the binary

systems were also closely estimated by the method.
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Table 1. Physical properties of benzene, cyclohex-
ane, naphthalene and biphenyl.

Tm/K AW AS ACp
Cal/g-mol Cal/g-mol/k Cal/g-mol/k

Benzene 278.5(a) 2358 (a) 8.47 —
Cyclohexane279.5() 640 (a) 2.29 -
Naphthalene 353.3(b) 4356 (b) 12.33 2.126(b)
Biphenyl  341.3(c) 4460 (c) 13.06 8.664(c)

a. Reference 8
b. Reference 9
c. Reference 10
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Table 2. V! and 5, at the melting points of naphthalene and biphenyl.

Solute Benzene Cyclohexane
9; Vi i vi 9; vi
(Cal/cc)i2 (CC/mol) (Cal/CC)12 (CC/mol) (Cal/CC)112 (CC/mol)
Naphthalene 9.610(a) 130.86(b) 8.287(d) 95.96(e) 7.430(d) 116.89(e)
Biphenyl 9.434(a) 155.56(c) 8.442(d) 94.57(e) 7.562(d) 114.82(e)

a. Heat of vaporization was calculated by the Clausius-Clapeyron equation using the Antoine equation constants given

by Reid et al. (5).
b. Reference 11.
c. Reference 9.
d. Reference 12.
e. Reference 13.
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Fig. 1. Solubility of naphthalene in benzene.
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Table 3. Comparison of the experimental solubilities with the calculated values.

Evaluation of Activity Coefficients

Exp. Ideal Solution S-H Eq., " l;,=0 S-H Eq,,” [;340
T/K X, X, A% X, Al% X, Al%
Benzene-Naphthalene

275.8 0.0433 0.0408 5.8 0.0419 3.2 0.0404 4.4
272.1 0.0992 0.0954 3.8 0.1001 0.9 0.1024 3.2
272.7 0.1456 0.1662 14.1 0.1258 13.6 0.1438 1.2
282.6 0.1926 0.2179 13.1 0.1728 10.2 0.1932 0.3
299.8 0.3079 0.3356 8.9 0.2956 7.2 0.3106 0.8
309.2 0.3931 0.4168 6.0 0.3719 5.3 0.3947 0.4
317.6 0.4775 0.5010 4.9 0.4642 3.7 0.4826 1.1
3313 0.6470 0.6638 1.6 0.6450 0.3 0.6541 1.1

Average 7.2 5.5 1.5

lj3= -0.00529
Benzene-Biphenyl

2774 0.0171 0.0168 1.7 0.0169 1.1 0.0168 1.7
274.3 0.0644 0.0631 2.0 0.0648 0.6 0.0640 0.6
269.0 0.1473 0.1397 52 0.1470 0.2 0.1433 2.7
273.9 0.2020 0.2223 10.1 0.1923 4.8 0.2029 0.4
286.5 0.2371 0.3053 6.3 0.2759 3.9 0.2865 0.2
303.7 0.4419 0.4571 34 0.4351 1.5 0.4430 0.2
311.2 0.5276 0.5398 2.3 0.5231 0.8 0.5291 0.2
Averge 4.4 1.8 0.8
l1p=~-0.00214
Cyclohexane-Naphthalene
276.8 0.0112 0.112 0 0.0113 0.8 0.0114 1.8
274.2 0.0224 0.0220 1.8 0.0226 0.8 0.0227 1.3
270.0 0.0469 0.0397 15.4 0.0424 9.6 0.0458 2.3
280.0 0.0695 0.2033 192.5 0.0785 12.9 0.0732 5.3
291.7 0.1137 0.2754 142.2 0.1213 6.6 0.1143 04
304.6 0.1946 0.3754 92.9 0.2001 2.8 0.1896 2.5
315.4 0.3128 0.4778 52.7 0.3065 2.0 0.2996 4.2
325.2 0.4641 0.5872 26.5 0.4533 2.3 0.4500 3.0
Average 65.5 4.7 2.6
113=0.00242
Cyclohexane-Biphenyl
272.2 0.0095 0.0095 0 0.0096 1.0 0.0097 2.1
2734 0.0262 0.0254 3.1 0.0263 0.4 0.0270 3.0
270.3 0.0414 0.0385 7.0 0.0406 1.9 0.0425 2.6
276.8 0.0683 0.2396 250.7 0.1057 54.7 0.0706 34
283.3 0.0925 0.2822 205.1 0.1338 44.6 0.0927 0.2
299.9 0.2130 0.4193 96.8 0.2571 20.7 0.2020 5.1
311.9 0.3866 0.5481 41.8 0.4495 16.2 0.3741 3.2
321.3 0.5783 0.6696 15.8 0.6118 6.3 0.5728 0.9
Average 77.5 18.2 2.5
1,,=0.0121
* Scatchard-Hildebrand Regular Solution Equation
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Fig. 2. Solubility of biphenyl in benzene.
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Fig. 3. Solubility of naphthalene in cyclohexane.
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Fig. 4. Solubility of biphenyl in cyclohexane.
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Table 4. Comparison of the experimental eutectic points with the calculated values.

Evaluation of Activity Coefficients

Experimental Ideal Solution S-HEq., *,=0 S-H Eq., * l;3#0
T/K X, T/K X, T/K X, T/K = X,
Benzene- 269.5 0.1280 268.5 0.1471 271.0 0.1168 269.9 0.1320
Naphthalene (5= -0.00529)
Benzene- 267.9 0.1610 266.1 0.1807 268.0 0.1616 267.6 0.1695
Biphenyl (li=-0.00214)
Cyclohexane- 269.9 0.0400 256.0 0.1006 268.0 0.0514 268.7 0.0485
Naphthalene (1;2=0.00242)
Cyclohexane- 270.0 0.0440 251.7 0.1207 263.8 0.0728 268.7 0.0520
Biphenyl (/;2=00121)

* Scatchard-Hildebrand Regular Solution Equation
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NOMENCLATURE
ACp: molar specific heat difference of liquid and
solid states
AE : molar internal energy change
4h : molar enthalpy change
l;, . binary parameter for the binary system of
components 1 and 2

R . gas constant

S, . molar entropy of component i
T . solution temperature

Tm : melting temperature

V, : molar volume of component i
X, : mole fraction of component i

Greek Letters

Y, : activity coefficient of component i
&; : solubility parameter of component i
¢; . volume fraction of component i
Subscripts

calc.: calculated

exp. : experimental

i : component i

j : component j

1 : component ]

: component 2

Superscripts

E : excess

f . fusion

I liquid

v : vaporization
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