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Abstract

The salt effect of liquid-liquid equilibrium for the acetonitrile-water azeotropic mixture was studied
at 25°C and atmospheric pressure. Homogeneous acetonitrile-water mixture could be separated into
two layers by the addition of salt such as NaCl, KCl, Na,CO; and K,COj; Particularly for the
cases of NaCl, KCl and K,CO; the upper layer composition shifted beyond the azeotropic compos-
ition. Mutual solubility and tie-line data were determined experimentally for ternary systems of
acetonitrile-water—salt and the tie-line data were successfully correlated by using several known
methods (Hirata, Campbell, Hand, Treybal} and modified plots (log x, vs. log K, log y, vs. log
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K,). Plait points were also obtained from Hand-Treybal plots and mcdified plots. From the data of

the distribution of salt and the selectivity of salt for water, it was found that the selectivity for the

mixture was increased with increasing concentration of salt added and was maximum at its saturated
state in the increasing order of Na,CO; KCl, NaCl and K,COs.
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Table 1. Results of primary experiment

wt9% of CHCN in upper

Salt gPhase State**:, phase (salt free basis)
LiCl O 95. 6
NaCl O 91.0
KCl O ‘ 85.5
NayCOs O 82.5
K2CO4 O 92.9
(NHy) 2S04 O 87.2
NaySO, O 78.0
NazS03 O 1 68.0
ZnCl, O | —

*Qriginal Solution: 34wt% CH3;CN aqueous (homoge-

neous)
*4() heterogeneous mixture
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Table 2. Mutual solubility and tie line data for CHj;
CN-H;0-NaCl system at 25°C

Mutual solublhty (wt9%)

Run No. { CH:CN HO | NaCl
1 [ 000 74.00 26. 00
2 7.18 68.92 23.90
3 9.70 68. 50 21. 80
4 13.17 70. 02 16.81
5 15. 30 70. 60 14.10
6 17. 60 70. 98 11.42
7 21.51 70.11 8.38
8 29.41 65. 38 5.21
9 37. 50 59. 00 3.50
10 47.20 50.78 2.02
11 75.18 24.32 0.50
12 100. 00 0. 00 0. 00

Tie line data (wt%)

‘&ase ’

T—
Component CH,
Run No.

upper phase lower phase

N B0 | NaCl O3 H,0 | NaCl

68. 22 31.00] 0.78] 27.87] 66.05/ 6.08
86.89 12.69 0.42 17.16 71.02 11.82
90.96| 8.71| 0.33] 13.97| 69. 88| 16. 15
91.23 8.52 0.25 10.57 68.75 20.68
92.55 7.231 0.22) 8.44: 68.35] 23.21

T W DN

3-2. Tie-line data 2| Arstabz|
Tie-line datad] A{AZL ARDDe o)
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Table 3. Mutual solubility and tie-line data for CH; Tie line data (wt 4)
CN-H,;0-KCl System at 25°C <" Phase - 1 ’TZT‘—::
Mutual solubility (wt%) ~—_ | upper phasc ower phase
SR S \ Component
Run No. ] CHCN |  HO } KCl R;m CHCNl Ho PN co O\ HeO Na2(;03
1 0.00 75.14 24.86 1 [ 7105 27.41 154 1011} 78.86 11.03
2 6.21 69. 68 24.11 2 75.43 2314 1.43 7. 47| 79.01 13.52
3 13.84 65. 27 20. 89 3 77.08 21.62 1. 30\ 6. 07! 78.66| 15.27
4 | 15.28 66. 21 18.51 4 79.36 19.56; 1.18 4.31] 77.68| 18.01
5 | 17. 48 66. 48 16. 04 5 81.42 17. 53} L 05‘ 3.35| 76. 01| 21.64
6 20. 22 66.53 13.25
7 23. 40 66. 04 10.56
8 28,48 63.79 7.73 Table 5. Mutual solubility and tie line data for CH;
9 37.50 57. 90 460 CN-H,0-K;CO; system at 25°C
10 62. 37 35.92 1. 41 Mutual solubility (wt%)
1 82.71 15.62 0-61  RunNo. | CHCN H,0 K,COs
12 100. 00 0. 00 0. 00
- 1| 0. 00 42.95 57.05
Tie line data (wt%) 2 0.72 55. 57 43.71
Y\‘\ Phase | upper phase { h lower phase 3 114 60.23 38.63
\ ~— | ueperp P 4 1.62 62.88 35. 50
\ Mmtcm 1,0 | ka1 CH. |0 | ka 5 1.85 66. 34 31.81
Run No. ] SN CN 6 2.41 69. 68 27.91
1 70.57, 28.05, 1.38| 22.52] 66.34] 11. 14 7 4.00 72.78 23.22
2 83.10 16.29 0.61| 17.09, 66. 88| 16. 03 8 6.76 75. 22 18.02
3 84.51| 15.04] 0.45) 14. 98} 66.01] 19. 01 9 15.31 7408 11.61
4 | 89.05 10.57| 0.38) 14.24) 65.55 20.21 10 23. 66 70. 52 5.82
11 35.71 61. 81 2.48
12 60. 34 38.82 | 0. 84
Table 4. Mutual Solubility and tie line data for CH; 13 } 100. 00 0. 00 l 0.00

CN-H;0-Na,CO; system at 25°C
Mutual solubility (wt%)

Run No. CH,CN i HO | NeCOs
1 0.00 70.72 2. 28
2 0.71 72.98 26.31
3 1.22 75.79 23.99
4 2. 64 76. 08 21.28
5 | 378 | 7061 18. 61
6 | 563 | 78.70 15. 67
7 8.33 79. 09 12.58
8 .72 | 78.78 9. 50
o . 17.94 75.98 6.08

10 °  29.56 67.71 2.73
11 45.24 5257 2.19
12 83.98 15.01 1.01
13 } 100. 00 0. 00 0. 00

sat3 8 153 H 6 & 1977 123

Tie line data (wt%)

\\\\Plise ' upper phase ‘ lower phase

\\ (,ompota \ '_—|

i, CN} H0 [KoCOs ;CHSCN Hy0 |KoCO;s
1 | 8298 16.70 0. 32] 2.90| 70.62 26.48
2 |88 021 11.78 0.20 2.78 6889 33.33
3 | 89.700 10.15 0.15 1.08| 61.62 37.30
4|90 2 o4 0.12 0.80 59200 40.00
5 0. 05l 0. 42| 43. 52 56.06

94.05 4. 90‘
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Fig. 3. Mutual solubility curve and tie lines for
acetonitrile-water-potassiumchloride system
at 25°C
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Table 6. Plait point determined from correlation line

Method

- Hand and Treybal ‘ log x, v.. logK, and logy, vs. logK,
System PO ) cpryoN H,0 Salt | CH(CN H,0 Salt
CH3CN-H,0-NaCl 48.13 50. 25 1.62 J 48.71 l 49. 53 1.76
CH3CN-H,0-KCl 39. 36 56. 02 4.62 36. 67 58.42 4.91
CH3CN-H;0-NayCOs 32.08 65. 32 2.60 28. 97 68.12 2.91
CHsCN-H;0-K2CO5 22. 30 71.85 5.85 23. 55 71.52 5.98

3-3 Plait point 2] 4

ko] AztabA] F Fig. 8 2] Hand Treybal plot
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ol &
plait point A} 2] £A & T+
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Fig.11. Plots of log y, vs. log 3 for acetonitrile-

water-salt systems
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Nomenclatures
8 : Selectivity of water for salt to acetonitrile
(e N /(=)
(_( ya >/ ( xa >)
K, : Distribution ratio of salt (= s )
Ts
z; : Weight percent of i component in the ac-

etonitrile layer (=upper layer)

aietEst MISA A 65 1977 123

Ww:

10.

: Weight percent of 7 component in the
water layer(=lower layer)
Subscripts (1)

: Acetonitrile

: Salt such as NaCl, KCl, Na,CO; K,CO;
Water
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