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Liquid-liquid Equilibria of the
Systems Propionic acid+Water
+Solvent (Ester, Alcohol)

Masahito HicasHI, Akiyoshi SUZUKI,
Takeshi SuzUKI, Yoshikazu SHITAKAWA
and Akihiro IGUCHI

Abstract

Solubility curve and tie-lines were determind for the systems propionic acid +water+solvent.
Solvents used were n-propyl acetate, iso-butyl formate, n-butanol and 2-pentanol. Experimental

temperatures were 25°C and 35C.

Equilibrium ratios and selectivities at infinite dilution of these systems were estimated using

the correlation lines.

It was predicted that the best solvent was n-propyl acetate by the previously proposed rule.
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Fig.1. Experimental apparatus for liquid-liquid
”U equilibrium :
> (@D ; Thermostat (@ ; Burette
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Table 1 Solubility data of ternary systems

(1) Propionic acid + Water + n-Propyl acetate (2) Propionic acid + Water + iso-Butyl formate
t =25°C t=25C
propionic acid water n-propyl acetate propionic acid water iso-butyl formate
wt % |mol % | wt% |[mol % | wt% | mol % wt % [mol % | wt% | mol % | wt% | mol %
0.00 0.00 | 97.79 | 99.60 2.21 0.40 0.00 0.00 | 98.90 | 99.80 1.10 0.20
15.82 4.50 | 81.06 | 94.86 3.12 0.64 10.05 2.68 | 88.27 | 96.99 1.68 0.33
22.35 7.00 | 71.00 | 91.50 6.65 1.50 25.61 7.99 | 71.09 | 91.26 3.30 0.75
30.48 | 11.41 | 54.91 | 84.62 | 14.61 3.97 35.14 | 13.29 | 53.72 | 83.64 | 11.14 3.07
36.17 | 16.42 | 40.65 | 75.95 | 23.18 7.63 43.13 | 24.54 | 27.16 | 63.24 | 28.71 12.22
38.82 | 20.66 | 30.88 | 67.64 | 30.30 | 11.70 41.12 | 29.36 | 16.58 | 48.72 | 42.30 | 21.98
36.02 | 25.06 | 18.08 | 51.77 | 45.90 | 23.17 36.14 | 29.63 | 11.69 | 39.40 | 52.17 | 30.97
24.07 | 21.85 9.14 | 34.15 | 66.79 | 44.00 21.60 | 21.97 5.80 | 24.31 | 72.60 | 53.72
12.03 | 12.69 5.59 | 24.27 | 82.38 | 63.04 12.24 | 13.97 3.42 | 16.09 | 84.34 | 69.94
0.00 0.00 1.80 9.42 | 98.20 | 90.58 0.00 0.00 1.81 9.46 | 98.19 | 90.54
t=35C =35C

propionic acid water n-propyl acetate propionic acid water iso-butyl formate
wt% | mol % | wt% | mol % | wt% | mol % L wt % [mol % | wt% | mol % | wt% | mol %
0.00 0.00 | 97.68 | 99.58 2.32 0.42 0.00 0.00 | 98.88 | 99.80 1.12 0.20
12.43 3.42 | 84.91 | 96.05 2.66 0.53 6.78 1.76 | 91.95 | 97.85 1.27 0.39
24.28 7.76 | 68.89 | 90.66 6.83 1.58 21.86 6.55 | 75.24 | 92.82 2.90 0.63
29.69 | 10.58 | 58.94 | 86.48 | 11.37 2.94 32.21 | 11.43 | 59.06 | 86.32 8.73 2.25
35.84 | 15.41 | 44.28 | 78.39 | 19.88 6.20 40.12 | 18.51 | 39.23 | 74.57 | 20.67 6.92
38.98 | 19.39 | 34.74 | 71.12 | 26.28 9.49 42.98 | 24.55 | 26.73 | 62.66 | 30.34 | 12.79
37.81 | 24.06 | 21.89 | 57.33 | 40.30 | 18.61 34.88 | 27.67 | 12.90 | 42.39 | 52.22 | 29.94
32.43 | 24.47 | 15.05 | 46.87 | 52.52 | 28.66 17.33 | 18.63 4.65 | 20.54 | 78.02 | 60.83
18.34 | 17.44 8.12 | 31.80 | 73.54 | 50.76 2.35 3.05 1.10 5.89 | 96.55 | 91.06
0.00 0.00 2.50 | 12.70 | 97.50 | 87.30 0.00 0.00 1.17 6.29 | 98.83 | 93.71
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(3) Propionic acid + Water + 1-Butanol

(4) Propionic acid + Water + 2-Pentanol

t =25°C t=25C
propionic acid water 1-butanol propionic acid water 2-pentanol
wt% |mol %| wt% |mol % | wt% | mol % wt% |mol % | wt% |[mol % | wt% | mol %
0.00 0.00 | 94.98 | 98.73 5.02 1.27 0.00 0.00 | 96.98 | 99.37 3.02 0.63
5.06 1.33 | 89.60 | 97.26 5.34 1.41 9.42 2.54 | 86.96 | 96.34 3.62 1.12
11.08 3.15 | 80.65 | 94.49 8.27 2.36 22.92 7.52 | 66.29 | 89.50 | 10.79 2.98
20.75 7.29 | 59.20 | 85.66 | 20.05 7.05 32.81 | 14.11 | 43.71 | 77.39 | 23.48 8.50
25.99 | 11.72 | 39.05 | 72.51 | 34.96 | 15.77 35.59 | 18.74 | 30.58 | 66.27 | 33.83 ! 14.99
25.55 | 12.08 | 35.79 | 69.65 | 38.66 | 18.27 32.61 | 19.39 | 24.06 | 58.91 | 43.33 | 21.70
21.09 | 11.06 | 29.10 | 62.85 | 49.81 | 26.12 27.55 | 18.51 18.40 | 50.90 | 54.05 | 30.59
16.29 9.06 | 25.52 | 58.52 | 58.22 | 32.42 20.17 | 14.94 | 14.54 | 44.34 | 65.29 | 40.72
9.02 5.38 | 21.70 | 53.29 | 69.28 | 41.33 8.08 6.41 | 12.37 | 40.42 | 79.55 | 53.17
0.00 0.00 | 19.28 | 49.58 | 80.72 | 50.42 0.00 0.00 | 11.88 | 39.73 | 88.12 | 60.27
t=35C t=35C
propionic acid water 1-butanol propionic acid water 2-pentanol
wt% | mol % | wt% |mol % | wt % | mol % wt% |mol % | wt% | mol %| wt% | mol %
0.00 0.00 | 93.85 | 98.43 6.15 1.57 0.00 0.00 | 94.48 | 98.82 5.52 1.18
6.93 1.88 | 86.07 | 96.22 7.00 1.90 10.25 2.87 | 82.69 | 95.47 7.02 1.66
14.48 4.45 | 72.35 | 91.51 | 13.17 4.04 23.56 8.03 | 62.72 | 88.03 | 13.72 3.9%4
21.11 7.82 | 54.51 | 83.14 | 24.38 9.04 33.01 | 14.79 | 40.87 | 75.36 | 26.12 9.85
23.32 | 10.45 | 39.53 | 72.94 | 37.15 | 16.64 34.68 | 19.34 | 27.38 | 62.86 | 37.94 | 17.81
21.52 10.48 | 33.81 | 67.70 | 44.67 | 21.82 29.03 | 18.86 | 19.89 | 53.20 | 51.08 | 27.94
15.83 8.52 | 27.53 | 60.99 | 56.64 | 30.49 19.92 | 14.78 | 14.49 | 44.25 | 65.59 | 40.97
10.57 6.13 | 23.20 | 55.43 | 66.23 | 38.44 14.08 | 11.08 | 12.41 | 40.06 | 73.51 | 48.86
5.12 3.12 | 20.64 | 51.71 | 74.24 | 45.17 6.03 4.98 | 10.94 | 37.23 | 83.03 | 57.79
0.00 0.00 | 19.40 | 49.77 | 80.60 | 50.23 0.00 0.00 | 10.76 | 37.08 | 89.24 | 62.92
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Table 2 Tie-line data of ternary systems
(1) Propionic acid + Water + n-Propyl acetate

(2) Propionic acid + Water + iso-Butyl formate

t =25°C t=25C
water layer water layer

propionic acid water n-propyl acetate propionic acid water iso-butyl formate
wt% [mol % | wt% |mol % | wt% | mol % wt % | mol % | wt% | mol %| wt% | mol %
2,35 0.59 | 95.34 | 98.99 2.31 0.42 6.42 1.66 | 92.15 | 98.07 1.43 0.27
6.58 1.72 | 90.85 | 97.79 2.57 0.49 8.24 2.16 | 90.30 | 97.56 1.46 0.28
9.35 2.51 | 87.90 | 96.96 2.75 0.53 9.98 2.66 | 88.45 | 97.04 1.57 0.30
12.51 3.45 | 84.49 | 95.95 3.00 0.60 13.00 3.55 | 85.40 | 96.13 1.60 0.32
15.62 4.44 | 81.13 | 94.89 3.25 0.67 14.41 3.99 | 83.97 | 95.68 1.62 0.33

t=25C t=25C

solvent layer

solvent layer

propionic acid water n-propyl acetate propionic acid water iso-butyl formate
wt% |mol % | wt% |mol % | wt% | mol % wt 2% | mol % | wt% | mol %| wt% | mol %
3.95 4.79 2.65 | 12.75 | 93.50 | 82.46 11.87 | 13.66 3.26 | 15.42 | 84.87 | 70.89
16.49 | 16.57 6.60 | 27.31 | 76.91 | 56.12 16.69 | 17.70 5.10 | 22.20 | 78.21 | 60.10
20.48 | 19.43 8.02 | 31.33 | 71.50 | 49.24 17.89 | 18.21 5.39 | 23.64 | 76.72 | 58.15
31.07 | 24.92 | 12.85 | 42.43 | 56.08 | 32.65 23.50 | 23.61 6.11 | 25.17 | 70.39 | 51.22
38.49 | 22.87 | 25.11 | 61.44 | 36.40 | 15.69 25.50 | 25.22 6.40 | 25.98 | 68.10 | 48.80
t=35C t=35C

water layer

water layer

propionic acid water n-propyl acetate propionic acid water iso-butyl formate
wt% |mol % | wt% |mol % | wt% | mol % wt % | mol % | wt% | mol %| wt% | mol %
1.79 0.45 | 95.72 | 99.10 2.49 0.45 6.04 1.55 | 92.57 | 98.18 1.39 0.27
4.98 1.28 | 92.52 | 98.25 2.50 0.47 8.62 2.27 | 89.89 | 97.45 1.49 0.28
7.90 2.09 | 89.59 | 97.43 2.51 0.48 10.25 2.74 | 88.25 | 96.97 1.50 0.29
14.08 3.92 | 83.40 | 95.57 2.52 0.51 13.36 3.66 | 85.04 | 96.02 1.60 0.32

21.50 6.56 | 73.52 | 92.34 4.98 1.10 15.35 4.32 | 82.77 | 95.32 1.88 0.36

t=35C t=35C

solvent layer

solvent layer

propionic acid water n-propyl acetate
wt% |mol % | wt% | mol % | wt% | mol %
6.29 7.13 4.11 | 19.14 | 89.60 | 73.73
11.28 | 11.17 6.00 | 26.30 | 82.72 | 62.53
16.97 | 16.70 7.42 | 29.71 | 75.61 | 53.59
30.48 | 24.23 | 13.23 | 43.29 | 56.29 | 32.48
38.40 | 23.38 | 23.92 | 59.97 | 37.28 | 16.65

propionic acid water iso-butyl formate
wt% | mol % | wt% | mol % | wt% | mol %
9.60 | 10.29 4.75 | 20.97 | 88.35 | 68.74
15.47 | 17.08 4.05 | 18.42 | 80.48 | 64.50
18.87 | 20.05 4.83 | 21.12 | 76.30 | 58.83
25.51 | 24.69 7.01 | 27.91 | 67.48 | 47.40
27.00 | 25.22 7.99 | 30.71 | 65.01 | 44.07
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(3) Propionic acid + Water + 1-Butanol

(4) Propionic acid + Water + 2-Pentanol

t=25C t=25C
water layer water layer
propionic acid water 1-butanol propionic acid water 2-pentanol
wt % | mol % | wt% | mol % | wt% | mol % wt% | mol % | wt% |mol % | wt% |[mol %
3.59 0.94 | 90.82 | 97.60 5.59 1.46 1.98 0.50 | 95.04 | 98.87 2.98 0.63
4.19 1.10 | 90.18 | 97.42 5.63 1.48 4.52 1.17 | 92.08 | 98.18 3.00 0.65
5.42 1.43 | 88.69 | 97.00 5.89 1.57 6.15 1.61 | 90.37 | 97.62 3.48 0.77
5.92 1.58 | 88.07 | 96.82 5.98 1.60 8.75 2.35 | 87.77 | 96.87 3.49 0.78
7.60 2.07 | 85.91 | 96.17 6.49 1.76 9.67 2.62 | 86.56 | 96.52 3.77 0.86
1=25'C t=25C
solvent layer solvent layer
propionic acid water 1-butanol propionic acid water 2-pentanol
wt % | mol % | wt% | mol % | wt% | mol % wt% | mol % | wt% |mol % | wt% | mol%
10.61 6.16 | 23.14 | 55.32 | 66.25 | 38.49 6.43 5.13 | 12.27 | 40.28 | 81.30 | 54.59
13.05 7.54 | 23.45 | 55.77 | 63.50 | 36.50 11.25 8.73 | 13.10 | 41.84 | 75.65 | 49.43
14.71 8.30 | 24.80 | 57.58 | 60.49 | 34.12 15.03 | 11.36 | 13.97 | 43.46 | 71.00 | 45.18
16.78 9.28 | 26.01 | 59.21 | 57.21 | 31.51 18.67 | 13.79 | 14.73 | 44.79 | 66.60 | 41.42
19.20 | 10.32 | 27.62 | 61.10 | 53.18 | 28.58 19.47 | 14.33 | 14.83 | 44.94 | 65.70 | 40.73
t=35C t=35C
water layer water layer
propionic acid water 1-butanol propionic acid water 2-pentanol
wt% | mol % | wt% | mol % | wt% | mol % wt% | mol % | wt% | mol % | wt% |mol %
2.23 0.58 | 91.96 | 97.92 5.81 1.50 2.00 0.52 | 92.39 | 98.26 5.61 1.22
2.89 0.75 | 91.21 | 97.71 5.90 1.54 3.95 1.04 | 90.15 | 97.65 5.90 1.31
5.10 1.36 | 88.52 | 96.94 6.38 1.70 6.15 1.65 | 87.76 | 96.97 6.09 1.38
5.51 1.47 | 88.04 | 96.81 6.45 1.72 6.48 1.75 | 87.01 | 96.77 6.51 1.48
8.90 2.48 | 83.09 | 95.29 8.01 2.23 6.52 1.76 | 86.90 | 96.73 6.58 1.51
t=35C t=35C
solvent layer solvent layer
propionic acid water 1-butanol propionic acid water 2-pentanol
wt% |mol % | wt% | mol % | wt% | mol % wt % | mol %| wt% | mol % | wt% | mol %
6.13 3.70 | 21.12 | 52.43 | 72.75 | 43.87 6.90 6.06 8.72 | 31.53 | 84.38 | 62.41
9.57 5.63 | 22.45 | 54.37 | 67.98 | 40.00 11.39 9.11 | 11.92 | 39.24 | 76.69 | 51.65
12.08 6.58 | 26.21 | 58.78 | 63.59 | 34.64 15.32 | 11.80 | 13.20 | 41.85 | 71.48 | 46.35
14.38 7.92 | 26.14 | 59.30 | 59.48 | 32.78 17.42 | 13.08 | 14.18 | 43.76 | 68.37 | 43.16
19.15 9.87 | 30.16 | 64.00 | 50.69 | 26.13 19.08 | 14.05 | 14.83 | 44.96 | 66.09 | 40.99
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Fig. 2. Solubility curve and tie-lines of propionic
acid+water+n-propyl acetate system at
25C.
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Table 3 Equilibrium ratios and Selectivities at infinite dilution

system (25°C) (xcc/ xeb )o 1/Kiim Blim
propionic acid + water + n-propyl acetate 3.09 67.58 208.80
propionic acid + water + iso-butyl formate 4.10 26.58 109.10
propionic acid + water + 1-butanol 1.68 19.16 32.19
propionic acid + water + 2-pentanol 2.25 14.28 32.08

system (35°C) (xcc/ xcb )o 1/Kiim Blim
propionic acid + water + n-propyl acetate 3.28 50.51 165.70
propionic acid + water + iso-butyl formate 4.59 33.28 152.80
propionic acid + water + 1-butanol 3.70 15.60 57.67
propionic acid + water + 2-pentanol 2.32 22.04 51.07

(xcc/xcb )o : distribution ratio of water-solvent binary system
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