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Abstract

The salt effect in liquid-liquid equilibrium for i-propyl alcohol-water azeotropic mixture was studied at
30°C under atmospheric pressure.

i-propyl alcohol-water homogeneous mixture was separated into two layer by addition of salt such as K,CO,,
Na,CO,, KCI, etc., and especially for K,CO; and Na,CO; the composition of upper layer was moved to beyond
the azeotropic composition.

Meanwhile, mutual solubility and tie line data were determined experimentally for the ternary systems of
i-propyl alcohol-water-salt (K,COs;, Na,CO,, KCl, NaCl respectively) at 30°C under atmospheric pressure.

The tie line data were successfully correlated by each of five different methods-Hirata, Campbell, Hand,
Treybal and Iguchi as in the previous work, and plait points of these ternary systems were located by the
methods of Hand-Treybal and Iguchi.

From the results of this work and previous one, it is concluded that the developement of a new effective
extraction-distillation continuous process for separating azeotropic mixtures is possible.
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Table 1 Results of primary experiment
Salt phase state* :)Vl:zge (()sfaltt 1};?5[ in  upper
LiCl O 69. 20
NaCl O 75.25
KCl O 71. 20
NH,CI X —
Na,CO, O 88.50
K,CO, O .15
CaCO, X —
(NHt) zCOa X -
CaCl, O 75.00
BaCl, X —

Original composition of i-PrOH-water system : 43. 60
wt% i-PrOH
* (O Heterogeneous phase
X Homogeneous phase

43.60 wt% i-propyl alcohol®] i-propyl alcohol-water

slet3e M 123 w48 19744 83

gl 27 =3ph 53 vk Gz 4 WA ot
3t 30°Ce] ez olA 4 A7 FAAD =49 9
32 A8z, 498 Wit g g A F2A 4o
Ae =RHAT 754 NH,C], CaCl, 9 BaCLZ
A 2 4L FAow FEF dejgz 53 K,
CO,, NayCO; &= o] 5 A5 49 zHo] FulA (37.4
wt% -PrOH) & dol A= 2L F3y o

K,CO,, Na,C0,, KCl & NaCl g¢] ts}eji= o] &
Z}2ke] Q-5 2343 i.propyl alcohol-water-salt 3 A&
A 4588 =8 tie line data & FA34T. 23
S8 % datayx water-salt 94 g 30°CY &2z d
A i-propyl alcoholz AAste] MeAAAAY F3 8
AeFe 33 Sz 2 HIHRerE A FYRE
FAetds, - 93 data s Q249 /-propyl
alcohol-water &3t <k 50mle] salt & r}ale] 5 o
Aoz RHARNF 30°CH Gzl 447 A
AA AEdF & Fo] A micro pipet 2 ’L7l' Q}
10ml & 30ml &3] o wkilo] 33t AA A E
37 83} 8 salt &) 24 & carbonate = HCI _\E_‘T"*Q-O-H °
#, halide &= AgNO, RF2 Vo 5 AAsle Fekyz
T-3te] solubility curve A2 HoA 2z A2
(wt. %) 2 —F3}% o}, solubility curve o A -3 24 -
BEg -3t 249 ol dAFArte AHE HAHVe
A Felatgle
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i-propyl alcohol-water-salt (K,CO,, Na,CO,, KCI %
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Table 2. Mutual solubility and tie-line data for i-Propyl
alcohol-water-potassium carbonate at 30°C

Mutual solubility (wt9%) at 30°C

Run #POH | HO | KQO,
1 0.00 40.45 59. 55
2 1.88 ! 71. 80 26. 32
3 4.59 § 73.45 21.96
4 6.35 | 75.93 17.72
5 12.23 | 75. 20 12.57
6 16.71 73.49 9.80
7 26.01 | 67. 26 6.73
8 35.23 | 60. 72 4.05
9 37.03 | 59. 47 3.50
10 40.32 | 56. 84 2. 84
1 41. 60 55. 86 2.54
12 | 45.78 52.13 2.09
13 45.94 52.32 1.74
14 65.44 . 33.72 0.84
15 69.76 ! 29. 65 0.59
16 99.99 | 0. 00 0.01
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Tie-line (wit%) at 30°C

i-Propyl alcohol “
phase 5

%7; Phase|
Component

Water phase

Run\ﬁg\\j.PrOH! H,0 |K2co3!'i-Pr0H) H.0 1ch:03

72.60, 26.90 0.500 5.2074. 90 19.90
| 74.00 2559 0.410 4.0073.90 22.10
| 76.70 23.00 0.301; 2.5072 40 25.10

] 89. 20 13. 73 0. 107)] L 0257 18 41. 70

1
2
3
4

0 0 3 »

10
11
12
13
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32.66 | 56. 28 11. 06
37.04 | 53.98 8.98
43.67 | 50. 07 6.26
55. 50 42.30 2.20
63.45 34.73 1.82
73.91 25.25 0.84
84.79 | 15.01 0.20
99.97 | 0. 00 0.03

Table 3. Mutual solubility and tie-line data for i-propyl
alcohol-water-sodium carbonate System at 30°C

Tie-line data (wt%) at 30°C

[

T~ Phasei i-Propyl alcohol JI

Water phase

L Mutuul solublhty (vﬁi%jjf 30°CA‘ - R phase
Run o — _71 - T Component ~ __’—I-’ -
No. i-PrOH ] H,O ; Na,CO, Run No. ™ ‘z PrOH] H,0 ‘ KCl lz PrOH' HzO KCl
1 0. 00 ,f 68. 62 ; 31.38 1 ‘ 42. 75 50. 95 6.30) 24. 9761 00 14.03
2 1.97 i 75. 41 ! 22.62 2 47 50‘ 47. 05 5.45] 19. 86'63 99l 16.15
3 2.68 X 78.91 18.41 3 ‘ 49. 00 46. 10 4. 90 15. 41&66. 30 18.29
4 8.03 ] 78.83 13.14 4 1 51.50 44. 00 4. 50 11 60‘68. 40i 20. 00
5 10.89 78.63 | 10. 48
6 18.10 74. 46 I' 7. 44 Table 5. Mutual solubility and tie-line data for i-propyl
7 26.35 69.05 | 4. 60 alcohol-water-sodium chloride system at 30°C
8 28.92 | 67.24 3.84 Mutual solubility (wt9%) at 30°C
9 29.89 66. 42 3.69 Ran -
10 314 65.42 | 3.44 No. | #POH | HO | MNaCl
11 3112 65. 60 3.28 1 0. 00 ,‘ 73.76 26. 24
12 35.43 | 62.09 2.48 2 3.32 | 73.11 23.57
13 30.49 | 58. 56 1.95 3 9.35 | 7L 57 19.08
14 50. 32 l 48.71 0.97 4 12.92 | 70. 61 16. 47
15 99. 99 0.00 0.01 5 16.24 | 69. 80 13.96
Tie-line data(wt%) at 30°C 6 24.52 | 64.70 10.78
7 43.51 49.84 6. 65
| Phase  iPropy! aloohol '( Water phase 8 48.10 46.34 5.56
mponent !
RugoNpone\h PrOH| H.0 NaZCOa(”z-PrOH‘ H;0 [NayCO, 13 gg:‘; “ gg ?g i;’i
1 l 50. 03, 48.98 0. 99l' 3.72/79. 02| 17. 26 11 70. 68 29.15 2.17
2 : 57.21| 42.00| 0. 79" 1. 80;73. 30| 24.90 12 71.71 26. 32 1.97
3 ‘ 60. 27| 39.00; O. 73. 0.8871. 02‘ 28. 10 13 75. 31 23.15 1.54
4 |61.41) 37.90, 0.69 0. 50’69. 50} 30. 00 14 77. 926 21. 66 1.08
B 15 99. 99 0.00 0.01
Table 4. Mutual solubility and tie-line data for i-propyl
alcohol-water-potassium  chloride systsm at 30°C Tie-line data(wt%) at 30°C
Mutual solubility (wt9%) at 30°C = =
R . \\\ \@ 1'Pr°%3ijla:ic°h°l Water phase
No. l i-PrOH 1 H,O ' KC1 . angponcuL
Run NO.\I PrOH H,0 J NaCl zPrOH) H:0 | NaCl
! 4 000 % 7. 14 2586 1 | 7L 47‘ 26.52 2.01] 8.8572 00 19.15
2 %30 | 69.77 20.93 2 | 72.06 2. oo' L 94’ 7. 10’72. 50' 20. 40
3 | 12.80 | 67.10 20,10 3 [73.05 2510 185 6 0072. 80] 21. 20
4 25.78 66.10 18.12 (
5 } 99,37 62.94 J 14. 69 4 73.61] 24. 60| 1 79‘. 5. 1073 00 21. 90+
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Fig. 1 Mutual solubility curve and tie lines for i-propyl alc-

ohol water-potassium carbonate system at 30°C
H,0

i-ProH 50 Na.CO,

Fig. 2 Mutual solubility curve and tie lines, for i-propyl
alcohol-water-sodium carbonate system at 30°C

-PrOH 50 Kol

Fig. 3 Mutual solubility curve and tie lines for i-propyl
alcohol-water-potassium chloride system at 30°C
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Fig. 4 Mutual solubility curve and tie lines for i-propy
alcohol-water-sodium chloride system at 30°C
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Fig. & Plots of logx, vs. log y, for i-propyl dlcohol-

wgAolal zi alcohol phase®] =4, y& water
water-salt systems

phase 8] zA ol AR s salt, p¥& i-propy! alec-
ohol, w & water % ez, K& salt 9] distribution
ratio ©] o},
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3-3. Plait point 2] F7

o AnAAE Fig. T4 F A =4 HE
2 78z o) % A%t £ plait point A9 =z,
Ty e TETF 21.:*, w Fig. 8014 logK(=log

y’ Ys Yol k& 0o 9Atsle] plait point A9 z,9
%kv" Fiz solub:htv curve Dﬂ/l-] z, 7,5 FEF
qlth, Table 6] EAG o)F F 7Ax wpioz T&
e Az ZAsrd
3-4 HEnt
i-propyl alcohal-water #) salt &

Sa't
X—X K.CO;
0-0 MNa,CO;
2O NaGl
L2 KOt

fog ;{-}

2.0

~~3.01 LY
g -0

sbebez deojnvt
solvent 273
#}e] salt ©] distribution ratio S} water o) hgl salt &
selectivity & W 222 2A3g ). salt 9 distribu
Table 6. Plait pomt determined from correlahon line

\Aethodi I{and and Treybal

— ey K

A5y = A gse salt § solute, water ¥
Fi

g. 7 Correlation lines for i-propyl alcohol-water-salt

systems.

Iguchi
—_—— _] S 7,1\‘,, - [E——— .<\ S
System Composition «(vi%) | Zi-pon 150 Zyalt | Teron | ZH0 Taane
i PrOH-H,0-K,CO, 47.83 49.87 2.30 47.90 50. 70 " 1.40
i-PrOH-H,0-Na,CO, 31. 60 66. 00 2.40 | 33.52 63.98 ! 2.50
i-PrtOH-H,0-KCI 36. 25 54.75 9.00 37.30 54.10 | 8.60
iPrOH-H0-NaCl 55. 60 40.18 422 | 5490 40. 90 4.20
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Fig. 10 Plots of Y, vs, log B for i-propyl alcohol-water-

salt systems.

BB M 123 M43 197414 83

selectivity & Zyte & ZH3}E Fv} water phase
o A €] salt o] FA o] tiste] salt o distribution ratio
(K)o} water o] o3l salt 2] selectivity (8)% Fig. 9.
104 plot &tgltl. o) & Figel 28t salt o] Fxrt
Z7}8ty distribution ratio &} selectivity o] Zko]l %]
o EFHIE FebA e, zEibsalt 8] FEE E£3HF
o) 48w e e aERdA HelEsh 7
pade A ¢ S ik 99 3R we e
#i= 3L o)A K,CO, 7} 7+#-z13 Na,CO;, NaCl,
KCl¢o g HAukE AL dorh ol Fe A o
Qe gz ar £33 QA st (Table 2~5)
12 =

FH EFHES] £

}ni

o,

2 9]l Al 9 process 7 HHE 5}
EHEA
A 7}8 7% phase eqnilibrium 3} salt
effect & z A3tk K,CO, Na,CO,, KCl g NaCl
2 784 ipropyl alcohol-water-salt 3 4EAAY 4
598 =9} tie line data & 30°C, 97| gt Al A3}
5 tie line data 8] 434 -8 Hirata, Campbell, Hand,
Treybal @ Iguchiplot o] 2] 8-A15 o] & AA} & 4
A9 o] salt & 2T 3HFANE S2EE A
9l &}¢] ©05), Hand-Treybal plot ¢} Iguchi plot <] &
3}e] plait point & st} salt effect ] =7 =
salt 9] distribution ratio 9} water o] ™3 salt 9] sele-
ctivity & w] w3 A TE salt o ofste] E3}AFE] o
A A% ax 49 FH e 2 A
KCl, NaCl, Na,CO,, K,CO; 422 & AEL 944
o, o]% water o] i} salt o S =3t A A TH
Auvsl B AL Fohol o EFEY mAAY 2
gyl o 2 “extraction-distillation continuous process”
Hupe] AAgelvhe AES dglem o] process A7
of W& qg87A FAE bl Zasiic
TR

EAd¥=1 974‘4.4- Fw i e 24 o g

o o] %e12l o1l A% w3 spol o
Nomenclatures

to i-propyl alcohol

o] o] z-propyl alcohol-water 3-u]E

B : Selectivity of water for salt
(= s/ yp) / (x:/p))

K : Distribution ratio of salt(zr—;—r’n)

x; ¢ Weight percent of i-componc:nt in the i-propyl
alcohol layer

v; : Weight percent of i-component in the water lay-
er

i-PrOH : i-Propyl alcohol
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Subscripts
P : j-propyl alcchol
S : Salt such as K,CO,;, Na,CO,, KCl, NaCl

W : Water
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