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x1=1.0, x,=0, x3=0 x1=0.37, x,=0.63, x3=0 x1=0, x,=0, x3=1.0 x1=0.33, x,=0.33, x3=0.34
T (K) P (MPa)
103y1 103}’1 103y1 103y1
353.2 0.75 1.56 0.72 2.15 1.88
1.50 3.09 1.29 4.24 3.86
2.25 4.68 1.98 6.45 5.68
3.00 6.21 2.58 8.67 7.83
3.76 7.83 3.34 10.86 9.64
4.52 9.53 4.00 13.03 11.35
5.25 10.86 4.63 15.13 13.19
373.2 0.75 1.58 0.80 2.33 2.30
1.50 3.53 1.39 4.70 4.19
2.25 5.15 2.12 7.18 6.17
3.00 6.69 2.89 9.66 8.14
3.76 8.44 3.66 11.99 10.26
4.52 10.22 4.15 14.45 12.33
5.25 11.62 5.07 16.84 14.39
393.2 0.75 1.85 0.86 2.60 2.33
1.50 3.67 1.57 5.21 4.58
2.25 5.40 241 8.48 6.75
3.00 7.28 3.00 11.43 9.05
3.76 9.05 3.67 14.34 11.11
4.52 11.04 4.50 17.00 13.54
5.25 12.78 5.37 19.64 15.89
413.2 0.75 2.10 0.66 3.26 2.42
1.50 3.87 1.40 6.45 5.01
2.25 591 2.37 9.76 7.49
3.00 7.95 3.31 13.15 991
3.76 10.09 4.17 16.22 12.26
4.52 11.84 5.03 19.50 14.99
5.25 13.73 5.87 22.53 17.57
433.2 0.75 2.12 0.70 3.62 2.62
1.50 4.23 1.52 7.06 5.49
2.25 6.27 2.64 10.44 8.17
3.00 8.23 3.58 14.09 11.01
3.76 10.33 4.50 17.63 13.93
4.52 12.53 5.47 21.29 16.54
5.25 14.63 6.42 24.82 19.41
453.2 0.75 2.24 0.75 421 2.81
1.50 4.45 1.74 8.20 5.92
2.25 6.71 2.76 12.23 9.07
3.00 8.84 3.77 15.99 12.07
3.76 11.22 4.81 20.32 15.35
4.52 13.49 5.76 24.19 18.26
5.25 15.67 6.64 28.35 21.69
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Partial pressure of hydrogen (MPa)
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Solubility of hydrogen in liquid mixtures of levulinic acid + water +
v-valerolactone

FAN JinLong", HOU YuCui?, WU WeiZe! & ZHANG JianWei?

1 State Key Laboratory of Chemical Resource Engineering; Beijing University of Chemical Technology, Beijing 100029, China
2 Department of Chemistry, Taiyuan Normal University, Taiyuan 030012, China

Abstract: The solubility of hydrogen in the liquid phase of hydrogenation of levulinic acid to y-valerolactone is an
important parameter that influences the rate of the hydrogenation reaction in three-phase catalytic hydrogenation.
The solubility of hydrogen in the liquid mixtures of levulinic acid + water + y-valerolactone has been measured at
pressures from 0.75 to 5.25 MPa and temperatures from 353.2 to 453.2 K based on analytical method using a
high-pressure variable volume view cell. The result shows that the solubility of hydrogen increases with the elevation
of pressure and temperature. The solubility of hydrogen in different liquids increases in the following order: levulinic
acid (x; =0.37) + water (x,=0.63) <levulinic acid <levulinic acid (x; =0.33) + water (x,=0.33) +y-valerolactone (x;=
0.34) <y-valerolactone. The solubility of hydrogen in the liquid of this three-phase catalytic hydrogenation reaction
increases with the process of the chemical reaction. An extension of Henry’s law was employed to correlate the
hydrogen solubility data. The Henry’s law constants were obtained, and they decrease with the increase of
temperature. The molar enthalpy of hydrogen solution is positive from 4.78 to 8.41 kJ mol™' and the molar entropy of
hydrogen solution is negative from —42.70 to —24.89 I mol™' K™'.

Keywords: hydrogen, solubility, levulinic acid, y-valerolactone, water, enthalpy of solution
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