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Abstract

Effect of salts in liquid-liquid equilibrium for n-propyl alcohol-water system was studied at 30°C under atmos-
pheric pressure.

The addition of salts such as K,CO;, Na,CO,, KCl, NaCl etc. separated n-propyl alcohol - water homogeneous
mixture into two layers and moved the composition of the upper layer to above the azeotropic composition.

It was found that the effect of salts at saturated state gave better results in sequence of KCI, NaCl, Na,CO,
and K,CO,. At the same time, mutual solubilities and tie line data were determined experimentally for the
ternary systems of n-propyl alcohol - water - salt (K,CO,, Na,CO,, KCl, NaCl) 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 and plait points of these ternary systems were located by the methods of Hand-Treybal

and Iguchi.
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Table 1. Physical properties of reagents used
\ Reagent® |
AN n-Propyl alcohol | Water
1 Prgl;g}{igs‘ ] B.P ‘ Y

e ny o (ocj np f"s (603
Value "~ | \
Experi- \ - ! ‘

mental ‘1 3834’ 0. 79560 9:.16’1. 3325‘0. 9972 99. 98
Litera’ 11 3835| 0.79950. 97. 1551. 33250, 9971 100. 00
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AuishE 2A5k7] fate] water o] fE Aol F 1F
H 2%F9 G5 BAde Fulzgolaty 49 a-
propyl alcohol.-water £ &8o) Z37} Hof Fzke o
o} sttel BFg WA sheted 087 FEI =urd
£ 30°C oA A% AAAA FA49 A
AT E A2 F ez EeHE Al dsto
= n-propyl alccholo] ®-& A& A9 micro pipet &
10ml % Aehd 20A0 6] Fol $A} AL 2
A3 £z £ 2 892 Abbe Refractometerz F
AL &A%t Fig. 19 calibration curve &
n-propyl alcohol 8] = A8 T2t th. Table 2¢) +}eb
A oolE AgAFA gkl Fu 24 (70.9wt% a-Pr
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Fig. 1. Plots of refrective index against composition of

n-propy! alcohol for 7-propyl dlcohol-water system.

Table 2.  Results of primary experiment
i wt9 of n- VrOH in
Salt [Phase State** upper phase
| (salt free basis)
Lck | o | 75.50
NaCl @) 84.00
KCl O 74.00
NH,Cl O 7130
Na,CO, @) 33. 60
K,CO, O 93. 86
CaCO, X —
(NH,).CO, X -
CaCl, O 79. 00
BaCl, ‘ X | —
*QOriginal composition of #-PrOH-H,0O system : 60.7
wt9% n-PrOH

##() : Heterogeneous phase
x : Homogeneous phase
o mol FAH UMD o] Wby end point &
fasz} s 27 BN BA dEsder s A
1 aleh, HE line'™W = 243H] AFEFE
‘*-‘1 BAnch o7k ko] A 3RS st 2oz F
Aoz B Az T A 3R Holeks} A& Ao

AR FE rlot 3t AEsge] 0 = Az A
34Ee #e Tty g Agsgs, # 49
AAE 4& Z¥F 3APAl=E Fig2 o

titration A o water 2} salt 4L Asigld Q&

% wukepd Al n-propyl aleohol & A8 A shere] W



n-Propyl alcohol-Water Salt 7

‘Fig. 2 Titration apparatus
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Fig. 3. Correicion between added 7-propyl alcohol
quantity and upper phase quantity for z-propyl

aicohol-water-potassium carbonate system.
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Table 3.

HRFELF

Mutual solubility and tie-line data for 7-prepyl
alcohol.water-potassium carbonate system at 30°C

Mutual solubility (wt %) at 30°C

Run No. | "To0¥] | Water | keo,
1 0. 00 40.45 | 59.55
2 0.34 63.61 t 36. 05
3 0.83 69.19 |  29.98
4 1.20 7230 | 26.50
5 2.13 75. 30 22.59
6 3.85 77.96 1819
7 6.82 79. 87 \ 13.31
8 8.9 80.30 - 10.71
9 13.25 78.86 | 7.89

10 16. 84 77.9% | 5. 20
11 39.73 57. 86 ! 2.41
12 46.74 51.55 171
13 | 56.56 42.16 } 1.28
14 | 84.60 14.91 | 0.49
15 | 100.00 0.00 . 0.00

Tie-line data (wt %) at 30°C

\ Phase ’ n-Propyl a]cohol I

Water phase

| phase
Compo;xent 2.Pr \ | 2Pr ‘
p— OH | ‘WateerpOz oy |Water K,CO,4
Run No. T~ | }

1 |86.00 13 57 0.43 0.20] 49. 70} 50. 10
2 \8460 14.91 0.49| 0.40| 53.80, 45.80
s | 77.70 21.50| 0.71 1.00| 64.20 380
4 |69.50 29.50 1.00\ 2. 80l 75. 20‘ 22. 00
Table 4. Mutual solubility and tie-line data for 7-propyl

alcohol-water-sodium carbonate system at 30°C

Mutual solubility (wt 9§) at 30°C
R ‘ n-Propyl : r

un No. l& alcohol i Water Na,CO,

1| 0.00 | 68.62 31.38

2 ! 1.00 \ 75. 00 24.00

3 ; 2.49 79. 08 18.43

4 | 4.80 81.68 13.52

5 6.70 82.33 10.97

6 9.64 82.15 8.21

7 | 16. 67 78.13 5.20

8 | 20.17 75.63 4.20

9 1 24. 46 71. 94 3.60

10 | 3280 64.80 2.40

B H12A H23 19748 48

- HhEE
| 39.40 5864 | 19
12 | 43.69 50. 30 1.01
13 * 72.71 26. 60 0. 69
14 ( 100. 00 0. 00 0. 00
Tie-line data {wt 9§) at 30°C
| — = —
\._ Phase | - 1
L N ase | » Pro;;}l;]a:ecohol 1 Water phase
\Component 2.Pr ‘ N P ,\
S |Water V22 nrr Water, Az
Run No, .| OH 1 CO,! OH - €O,
1 l 84.85 14.80 0.354 2.35 79.50 18.15
2| 8431 16 30, 0.394 3.30 80.30| 16. 40
3 s 00 16. 601 0.402, 4.76, 80.65 15.69
4 1 80.63 18.90 0.474| 5.43 81.65| 13.92
5 172.71 2. 60 0.691 7.70

82. 30, 10. 00

Table 5.

Mutual solubility and tie-line data for n-propyt

dlcoho!l-water-potassim chloride system at 30°C

Mutual solubility (wt %) at 30°C

n-r

ropyl

Run No alcohol ‘ Water [ KCI
1 0. 00 74.14 25. 86
2 2. 80 74.10 23.10
3 6. 50 74. 20 19. 30
4 9.54 73.35 17.11
5 11. 24 73.96 14.79
6 15.13 72.74 12.12
7 23.70 67.32 8.98
8 42.56 51. 44 6. 00
9 47.01 48.17 4.82
10 60. 00 37.00 3.00
11 74.15 24. 20 1.65
12 7727 21.31 1.42
13 100. 00 0.00 0.00

Tie-line data (wt %) at 30°C

[ . Phase n-Propyl alcohol
ER phase
. Component |
Rqu\; ntr VVaterl KCl
1 74.15 24.20, 1.65
2 67.77 30.10] 2.13
3 | 62.28 34.9 2.76
4 40.50 3.24

56. 26

Water phase

n-Pr
OH

6. 44
10. 41
14. 62
18. 94

Waterll KCl

74. 20| 19. 36
74. 30| 15.29
73.20| 12.18
70. 60| 10.46.
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Table 6. Mutual solubility and tie-line data for z-propyl

aleohol.water-sodium chloride system at 30°C
Mutual solubility (wt %) at 30°C

Run No. | ”‘52‘(’)%’;11 Water NaCl
1 0.00 | 7376 | TTaeim
2 198 | 7401 24. 00
3 557 | 74.55 | 19. 88
4 7.0 | 75.38 | 17.59
5 816 | 76.58 | 1531
6 12.06  75.38 12.56
7 15.0 75.00 ©  10.00
8 17.55 = 73.62 ! 8.83
9 26.67  66.67 6.66
10 16. 64 49.41 | 3.95
11 58.97 38.46 2. 57
12 81. 54 14.50 ! 0.96
13 §7. 57 11.83 | 0. 60
11 160. 00 0.00 0.00
Tie-line data {wt9%) at 30°C
N\
PN Phase | n-Pm;;g]q]a:c}cohol Water phase
Com.{mem " Water NaCl| "3% Water NaCl
Run No. R N A
1 | 84.54 14.50] 0.96! 3.90 74.00| 22.10
2 83.26 15.70) 1.04 5.01 74.40] 20.59
3 18199 16.85 1.16 5.98 75.60] 18.42
4 76.15 19.500 1.35 8.23 76.10] 15.67
5 72.33 25.80 1.87 13. 81 75.45 11. 24

Fig.

n-PrOH 50 KLO

4. Mutual solubility curve and tie lines for n-propyl
alcohol-water-potassium carbonate systém at 30°C.

2

n-PrOH 50 Na,CO.0;

Fig. 5 Mutudl solubility curve and tie lines for 7-propyl
alcohol-water-sodium carbonate system at 30°C.

HO

n PrOH 50 KCI

Fig. 6. Mutual solubility curve and tie lines for s-propyl
-water-potassium chloride system at 30°C.

Hirata, log~lf~‘;; : logl__sy,s : ~ (1)
Campbell, log : log y, ~ (2)
, . i N
Hand, log » ¢ log 7* @
Tre kS o, -
I'reybal, log oy : log oy @)
Iguchi log , : 7_‘);,;_»___*1, ~ (5)
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Iguchi x, : logA‘%‘—- (=log K) ~ (6

Iguchi = $49 57 2= A$E= 4 ()9

W, ASEL A+E A ©9 BA 4PYn
B0, ¥ 4gAR AL §49 FE 1,

5% olatel Apxolnz 4 (69 BARE Ad
A ol¥ AstE Fig 8~1le] EASIYLh

o) Fig. ol 22151 ubs} o] A A@AAZ HA

HO

AN

L
50 . NcCl

Fig. 7. Mutual solubility curve and tie lines for 7-propyl
alcohol-water-sodium chloride system at 30°C.
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Fig. 8. Plots of | 2 v,. | Y
ig. 8. Plots og lx - log T
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3-3. Plait point 2| =34
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=]
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Sab
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o
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Fig. 9. Plots of log x, v,. log ¥,
for n-propyl alcohol-water-salt systems.

Salt
-1.0F X—X KCO,
[O—ONagO,
03 NeC?
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\
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Fig. 10. Correlation lines for n-propyl alechol-water-soli-
systems.
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Salt

XX KLOy
OO NeLO,

(] NeCl
A—A  KCl

2.5

oaK (-log £

Fig. 11. Plots of log X v,.

dAgA A WA dew 24 5 A F
Fig. 109 Hand 9} Treybal ploto] mAde s plait
pointel] A8} 4 A9 24 (x, 24, 1) AL F
on, Fig. 119 Iguchi plot o] 4] log-2 Yo e
03 943t 912 2,7} plait point of A salt o] %A o]

Hrh, o] & “ﬁﬁ’_ 3% plait point &] =48 Table
7ol Vehigeh F el A AN¢e &+ Ak

3-4. g5t

n-propyl alcohol-water 7 o] salt& s}elmz 5 Ao
2 ¥9dE A4 2484 B3 sale & Sehn
2 salt 8 water Atolo] 33k 33lE wFo] water
$} alcohol Abo] o] A3} o] 7taw] Aseln J74s =
2 salt 7} water o] £-8153= A= 2 water 9} a-propyl
alcohol Alol9] ¥-2] § 33 3489t Z water A9]
salte] Fxof Hate] salte] Lol g (K) water o 2
g salte] el = (5)9}E Fig 129 13¢] 27 plot s}

Table 7. ‘Plait point determined from correlation line

z, for n-propyl alcoholwater-salt systems.

G}, o]E el e]dhH  n-propyl alcohol-water &
2ol @e Ami @) WS} water o] Aelx
A AR FARGE ok: ¥ gew ¥l 4%
alcohol Aol salt o] wko] Fragys ARdoln T
alcohol Abol] water 7} ZFA3ke] alcohol FE7F &
alcohol o i ¥-zj ]? T 9 43E Ff 49

Fxdstel detde srrt FAEFE FE ASE
Fu 9 ErE 01*10 +dY + deowz X
st ol 3A otk 23y relA d9 FF =HE
#2 &7 KCI, NaCl, Na,CO,, K,CO, 02 %
ot ole 288 E< (Table 3~6) 3= A X33, =
St ofu] 4§ 2} (Table 2) 9= FAstalrh

2k e

d
/J

o

e )
-~ st

/ & X — X KLO,
v O—OMercO)
/ 3 INeCl

£ A--A KO

0 + 2
U™t %)
Fig. 12. Plots of y, v,. log K for n-propyl alcohol.

water-salt systems.

o=y

[\ Method| 11,14 ang Treybal Iguchi
Comx_);sﬁli‘lon i
(Wt, J ZupiOHl THI0 | Tealt | TnPrOB| TH0 Tsalt
System ™ |
n 0| 42,50 55.23 2.27| 43.45 54.50| 2.05
n O 0] 43,10, 55.26 164 42.05 56.40, 1.55
{ :
nPrOREC| 43.80 5102 4.90] 45.12750.08 4.80
i
"‘Pr?ﬁagfo 58.50/ 38.37, 3.13) 56.85 41.00, 3.10

4 2 B

n-propyl alcohol-water F8) EFFo] d3led AL
Al QAo g8 £EE AREl ol EFEL T 94
doz FEA = 48 248 A5 AL% 1029
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Fig. 13. Plots of v, v,. log £ for n-propyl plcohol-

water-salt systems.

A FheE 7H9 do] 30°C oA F qFeoz ¥
o z Fadge 240l 2% FulHE delrte
RE& FAstgrt,

‘o] E dF K,CO,; Na,CO,;, KCl 2@ NaClE ZF3
3 EA o et FrEHES tie line & 4L,
30°Cofj A1 24 3}9i 5, tie line data o] A S HA
3A A o] A-g5 Hirata, Campbell, Hand, Treybal
3 Iguchi plot & %3l =33 A5 olF FA7 o
5 ZTHY 3APANAE F AL L %2 = FF
gt datas] FH & BAsgdrt. FA o] Hand-Treybal
plot 8} Iguchi plot & plait point & FA 3 4 g1
o}, g P&yl watero] W3 AYEF FIHA o
EA4E vz 234524 MR F& AAE F2
E3Frodd do FFd o} KCI, NaCl, Na,
CO,, K.CO; g0z Re]fistrt F3k o] water o]
B3 2t A9 2w =y 3 AHedc)

Nomenclatures

B : selectivity of water for salt to a-propyl alcohol
(=(3s/yp) / (x./ )

K : distribution ratio of salt (= 2-.)

x; : weight percent of ¢ componen‘t in the =n-propyl
alcohol layer

y; : weight percent of i component in the water layer

n-PrOH : an.propyl alcohol

Subscripts (= 7)

P : n.propyl alcohol

AHAERE H12X H 22 19748 4 8

S : salt such as K,COy Na,CO,; KCl, NaCl
W : Water
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