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Vapor-liquid Equilibrium of Ester-Alcohol Systems. (1)
Won-Kyu Park*. Hyo-Kwang Bae**

*Dept. of Chemical Engineering, Yung Nam University.
Abstract

Vapor-liquid equilibrium data {or the systems, MeAc-MeOH, MeAc-EtOH, MeAc-n-PrOH and
MeAce-n-BuOH, were measured under the atmospheric pressure. The mixture of ester-alcohol was
distilled and recycled in a Smith-Bonner type apparatus for 2 hours or longer.

Using the density-composition diagrams plotted previously, x-y data were found out for each cxpe-
rimental run and were discussed to be correct or not, by means of Herington’s consistency test, Q
function- composition and activity-composition relations.

The constants of Prahl’s equation were determined experimentally and were confirmed to be reas-
onable all over the range of composition. Therefore, authors suggest the smoothed data of vapor-

liquid equilibrium for the systems of methylacetate-alcohol.

*BEmRILK LBIEM

T

Fig. 1. Apparatus for MeasuringVapor-Liquid
Equilibrium.

A: Precise thermometer B: [Heating element

C: Liquid phase outlet D: Vapor phase outlet.
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test™, Q #sh EHE, EBEEMS SHEE
AR o = MBARES EHEA ] HEmd
BISE BelFE Prabl9 RO ® ARBHR ¥ %
R9e %= 29 EKE RESA

2B B

2—1. RBEE ¥ HF

Ab25] AL Smith-Bonner & Bk sk pstd &
ol AUst=5 HFE 424 Fig. 15 2k, #
BY Yaides sill g 73 o] HAgA F9
3le A transformer 2 24, sl dgx EKEMHY] &
= giRe exuo g4 3~5°C EEF 6}951‘4 pii
Blhe] &2 mﬁM BEY, PrOH, BuOH 9] £4

L5

EZ 1
=

Fol £ A9E FFY AL 3A% =& 447}% z
Fogot 242 FHEAG Aot AL @
g},

2-2 B

REEe HRY HERES AL9AT MRDA S 3
A3y Held WE 9 EHHE ST CRtiEsh
ulmetg o] 2 —He ugeh (Table 1)

Table 1. Properties of Materials.
Density (03) Refractive Index(n“,”,)!
Materials ; |
Exp. | Lit L Exp. Lit, @ |
MeAe 0.9253 | 0.9273 | 1.3620 | 1.3619 j
MeOH 0.7863 | 0.7868 | 1.3281 | 1.3286 |
EtOH 0. 7853 ] 0.7851 | 1.3600 | 1.3614 |
n-PrOH 0. 8001 0. 7995 1. 3852 1. 3856 |
n-BuOH 0.8097° [0. 80980 %| 1.3995 | 1.3992

* Data at 20°C

2—3. S H %

Still ol o 200ml o] BAWS ¥ 24 0ol 4 74
WEt #% SN £%4 5~10ml A= st 4H78k
vt 747 gas chromatography of o8t Jjy: JER
B} AREIR A& Hik, WES AR o5
HEEEel ot K BHRAAE BES MKBREE
B MRS ot WAtk e ol E RS #wES #

BB ob @A gene AA g2 9E #
BlA WS WESS BEBHE RS T

(Fig. 2) THEEAA g Aptel wES WE 3
A= TH.F/(d o} AIMD"
. REBRERR

MeAc-MeOH, MeAc-EtOH, MeAc-n-PrOH, 9 Me
Ac-n-BuOH %9 #I%E Data o] 4] {EiE x-y diagram

Density (Pf‘ )

0 a9k
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0. R8 d
Y/
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(i. 52
f
. 80 i
|
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Y 0.2 0.4 .6 0. % ioGe
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Fig. 2 Relationship between the Composition of*
Solution and Its Density at 25°C
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Fig. 3 Equilibrium Diagram for MeAc-MeOH System.
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Fig.5 Equilibrium Diagram for MeAc-n-PrOH System.
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Fig. 6 Equilibrium Diagram for MeAc-n-BuOH System.

Fig. 3,4,5,6 94 <1-2 smoothed data = Table 3,4,
5,6 7 Table. 7,8,9,10 3} 72t}

Table 3. Experimental Data for MeAc-MeOH
System (1 atm)
Boiling mol. fr. of MeAc
Temp. [°C) x ; y
63. 1 0. 030 0. 091
61.4 0. 062 0. 175
58. 8 0. 136 0. 238
56. 5 0. 243 0. 400
55. 4 0.327 | 0.473
54.4 0.425 | 0. 534
54.1 0. 503 0. 578
53.9 0. 562 0.613
53. 8 0. 602 0. 637
53.7 0. 643 0. 658
53. 7 0. 695 0. 693
53. 8 0. 745 0. 720
54. 2 0. 816 0. 778
55.0 0.914 0. 874
55.9 0. 957 0. 930

Table 2.

Properties of Azeotropic mixtures.

Table 4. Experimental Data for MeAc-EtOH

Azeotropic Temp. Mole fraction of
A V.0
systems “C) liquid phase
Exp. ) Lit. Exp. | Lit
MeA&MeOHI 53.7 53. 8@ 0.670 | 0. 668@Y
MeAc-EtOH 1 56. 4 56. 9% 0.943 ‘ 0. 9522

J.KIChE, Vol.8, No.4, Dec.1970

System (1 atm)

Boiling mol. fr. of MeAc

Temp. [°C] X y
74.3 0. 050 | 0.213
715 0. 105 | 0. 323




[}
o
=

i 68.2 0. 165 0.418
} 65. 3 0. 251 0.516
i 63. 5 0. 316 0.574
! 60.9 0. 451 0. 660
‘ 59. 3 0.573 0.732
| 58.5 0.639 0. 766
| 57.4 0.762 0.818
L 5.0 0.810 0.844
i 56. 7 0. 849 0. 871
I 56.5 0. 899 0. 908
| 56. 4 0.933 0.935
| 564 0.952 0.949
‘ 56. 4 0.953 0. 948
f 56.5 0. 963 0. 957
56.5 0 969 0. 965 |
66 | 0078 | 0.974 ]
Table 5. Experimental Data for MeAc-n-PrOH
System (latm)
‘ Boiling Mol. fr, of MeAc ‘
\ Temp, (°C) x v
' 95. 3 0.012 0. 071
{ 91.3 0.043 0.215
84.8 0.116 0. 405
$1.9 0.153 0. 497
) 77.0 0.232 0.612
| 76.5 ( 0.236 0. 624
| 3.7 I 0. 288 0. 674
! 73.7 ! 0. 288 0. 676
i 710 0. 352 0. 739
i 69. 0 0. 401 0. 777
; 68.9 0.412 0. 778
i 67.6 0. 448 0. 797
] 57. 0 0.473 0. 814
66.6 0. 490 0.813
5.3 0. 543 0. 837
65. 0 0. 561 0. 842
62.9 0. 648 0. 870
61.8 0.712 0. 894
60. 7 0.773 0.915
59. 1 0. 863 : 0. 954
0. 926 | 0. 970

Table 6 Experimental Data for MeAc-n-BuOH
System (latm)

| Boiling Mol. fr. of. MeAc

| Temp. (°C) x ; y
| 160 0.008 | 0. 095
f 109. 0 0. 050 | 0. 340
| 106. 6 0. 065 | 0.424
L1021 0.085 i 0. 468
; 98. 2 0.120 0. 555

93.6 0. 154 0. 630
90.0 0.166 0. 669
90. 0 0. 189 0. 703
87.2 0.217 0.739
84.8 0. 244 0. 760
80.8 0. 296 0. 806
76. 4 0. 362 0.862
72.6 0.435 0. 883
69.5 0.511 0. 905
64.8 0. 661 0.941
62.2 0. 762 0.958
61.4 0. 795 0.961
59. 6 0. 894 0- 980
58.5 0. 966 0.993
Table 7. Smoothed Data for MeAc-MeOH
System (latm)
Boiling Mol. fr. of MeAc
Temp. (°C] Tx y
64.7 0. 000 0. 000
61.9 0. 050 0. 147
59. 9 0. 100 0. 242
58. 4 0. 150 0.312
57.3 | 0. 200 0. 364
56. 4 0. 250 0. 410
55.8 0. 300 0. 453
55.2 0. 350 0. 487
54.6 | 0. 400 0.519
54.3 ’ 0. 450 | 0.548
54.1 0. 500 0.578
53.9 0. 550 0. 604
53.8 0. 600 0.633
53.7 0. 650 0. 662 |
i 53.7 0. 700 0. 694 !
| 53.8 0. 750 0.727 ;
54. 1 0. 800 0. 765 :
54.4 0. 850 0. 808 j
54.9 ‘ 0. 900 | 0.857 l
55.7 \ 0.950 | 0.925 I
57.1 ] 1,000 3 1,000 |
Table, 8 Smoothed Data for MeAc-EtOH
System (latm)
| Boiling Mol ir. of MeAC
Temp. {°C] o = ! y
78. 4 0. 000 0. 000
74.3 0. 050 0.215
71°3 0. 100 0.315
68.9 0. 150 0. 394
66.9 0. 200 } 0. 460
65.3 0. 250 | 0.514
63.9 0. 300 : 0. 558

spah-2st X8 M43 19704 12§



| 62.8 0. 350 0. 597
‘: 61.8 0. 400 0. 632
: 60.9 0. 450 0. 660
: 60.2 0. 500 0. 691
i 59. 6 0. 550 0. 719
! 59. 0 0. 600 0. 746
! 58.4 0. 650 0. 769
; 57.9 0. 700 0.791
57.5 0. 750 0. 814
57.0 0. 800 0. 840
56. 7 0. 850 0. 870
. 56.5 0. 900 0.908
i 56.4 0.950 0. 946
| 57.1 y 1. 000 1. 000
Table 9. Smoothed Data for MeAc-n-PrgH
System (latm)
* Boiling Mol fr. of MeAc
‘ Temp. [°C] x y
! 97.8 0. 000 0. 000
; 90.7 0. 050 0. 253
86. 4 0.100 0.383
’ 82.5 0. 150 0. 498
; 79.5 0. 200 0. 580
5 76.7 0.250 0. 645
? 74.5 0. 300 0. 699
o723 0. 350 0.738
70.2 0. 400 0. 774
68.7 0. 450 0. 801
67.0 0. 500 0.824
65.5 0.550 0. 846
64.3 0. 600 0 863
63.1 0. 650 0. 881
62.0 0. 700 0. 899
61.1 0. 750 0.915
60. 1 0. 800 0.930
59.3 0. 850 0. 946
58.4 0. 900 0. 964
57.6 0. 950 0. 980
57.1 1. 000 1. 000
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771 0. 350 0. 855
74.3 0. 400 0. 876
71.9 0. 450 0. 892
69. 8 0. 500 0. 906
68.0 0. 550 0.917
66. 6 0. 600 0. 927
65. 2 0. 650 0. 937
63. 8 0. 700 0. 946
62. 6 0. 750 0. 956
61.4 0. 800 0. 965
60. 4 0. 850 0.973
59.3 0. 900 0. 580
58. 6 0.950 0.991
57.1 1. 000 1. C00
4. # ®

4—1. ERERMS ERaiel MK
RS KRETO gloms mEsmls & &
om kA iEBHEE RS

toine 2] X: log,oP;==A-—B/c+¢t o] A

7/=Py,/Px;

o)
2A

€))
B gRdeh, oA P RS 19 ERMEe  An-

A48 3 o7

A FFE ## A B,Cx= Table 113 2dh, (D)
A AL EHEE RS 58 MeAc)d] #AE plot

Table, 10 Somoothed Data for MeAc-n-BuOH
System (latm)

|
| Boiling Mol. fr. of MeAc
Temp. [°C) x v
117.0 0. 000 0. 000
109. 0 0. 050 0. 334
101. 0 0. 100 0.514
94. 4 0. 150 0. 636
88.8 0. 200 0. 715
84. 4 0. 2350 0.775
80. 6 0. 300 0. 820

J.KIChE, Vol.8, No.4, Dec.1970

stwl Fig, 7,8,9,10 3 v,
0. 4D
% /
(o]
/
o]
0. 3+ o] /
/
o) (]
0.2 \ o
2 Q 0/
\ 5
O /
\8/0
0.1F O/ AN
/ \O‘O
0 ~O
o~ ~o
~ ~o
O
— N ~O,
e (N B ¥ ¥ S v S—
Mol. fr. of MeAc
Fig. 7. Activity Coeflicient vs. Composition

(MeAc-MeOH)



226

Table 11. Constants in Antoine’s Equation
Component ) A B C Lit. 0.5 T !
MeAc 7.2021 | 1232.8 | 228.0 as /|
MeOH 7.8786 | 1473.1 230.0 asy 0.4 7
EtOH 8.0449 | 1554.3 222.7 as) ) o/
n-PrOH 7.9973 | 1569.7 209. 5 as)
n-BuOH 8.2749 | 1873.9 230. 0 ae) P o
0.3t
- o
5 /
05 2
/ 0.2 o
i £ o /
;) oo\go% o)
o)
0.4¢ o /o Lok -0 o/
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Table 12. Results of Herington’s Consistency Test.

‘ Systems , D ’ J ’ Temp, range(°C)
MeAc-MeOH 314 5. 00 10.9
MeAc-EtOH 9. 36 10. 00 22.0
MeAc-n-PrOH 35.9 18.5 40.7

’ MeAc-n-BuOH| 484 27.2 59.9

Teble 8ol 4] MeAc-MeOH, MeAc-EtOH el A gk
Herington 9] FIEE%e D<J 7t Kzt MeAc-n-
PrOH, MeAc-n-BuOH Rol Al & RKarshA &x v},
SR 2 ARl TS} STl A % [ logr/rdz=0
7} Rard ol #onBpe.s BuR e 2o BECA
BHE T BRAAE o) Wsunzs EERT 2
+ gz @b 999 [ logn/rdzm=07 pardA
st o} Herington & £8S] Fol #3ld 2AE A}
D], && DLJ+10) ol datar} 23tz B
o}, eV R B, REHRZERT UF329 Her-
ington 8] PIEHKE F ALHA Fgol LHA g
o 1 oleba] AEWAL] MeAc-n-PrOH, MeAc-n-
BuOH %9 &, BES HEZERE £#4% 9 40°C
60°C o] o] 2 Herington 8] Jjike] H-§o] HA &=
o},
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4—4 Prahl 0o &R

Prahl &= E55#K HBHERE Ato)d Fiyal

BAE & Rz FUt
a=(1-+az2)/(b+cx) @
B a,bcE EERMO 2 AAQ%d Table 133 2

25 o] % #e RAS A -y liRe Fig 3,
4,569 Adoz vepflon] WA F —F=

4L & 4 gltk MeAc-n-PrOH, MeAc-n-BuOH % &
#Ei2Es v F A3l Herington 9] HEHEAE =
457 g3 glo} Fig 7~10 o]} Fig. 15~18¢ B
7t RAEI) 2 smooth 3171 W ¥ mol HiAF data
2 nE Aol B,

Table. 13. Constants of Prahl’s Equatlon
Systems a i b , c !
MeAc-MeOH —0. 587 0. 281 0. 465 ‘
|
MeAc-EtOH ~0. 655 0. 208 0. 188 }
MeAc-n-PrOH -0.826 | 0.171 | ~0.095 |
I MeAc n-BuOH ~1002 | 0.105 | —0.111 |

50 % B

LIF9] MeAc-MeOH, MeAc-EtOH, MeAc-n-PrOH
3 MeAc-n-BuOH 9] 4 %ol o3 EEERERAHEERS
HRE fREsty gt 2ok

(1) z-y data o] EE{5E Herington o] ko & {a
SfES BRI = Qe Mt Bk, EE
EEOREROL MHS] Btk R Prahl Koo A 454
WEE AHE ARS8 KHBIEE REVE & 4
glew Table 3,4,5,6 7 %3 12 smoothed data &
Table 7,8,9,10 7 7t}

(2) HBHERE S willel B8N mihe B
Rl Prahl o] KellA HEE A2 (Table
13) o] #WHE #Hs AR -y e Fig 3,4,
569 EEoZA HEHS F —FIg .

(3) oFq #iEo] UA G 4R HT THEH
B RS BGRE st (Fig. 2)

<M E>

A Eiol 2 Hhe dF ARBRAD # EAE
oA #EE RS

Nomenclature

JFE : Excess free energy

() : Designated term in the Equation (3)

J. KIChE, Vol. 8, No.4, Dec. 1970
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z :Mole fraction of liquid phase.
: Mole fraction of vapor phase.

: Total vapor pressure of a liquid solution

A

: Partial vapor pressure of i component.

7 < liquid phase activity coefficient.

Tmin : Minimum boiling point of a system [°K)
AT. 1 Y : Designated terms in the Equatien (2)
D; 100l11/2

J 1150147 {/Tmin

a : Relative volatility
MeAc : Methyl acetate,

Ethanol

n- PrOH;r n- Propanol {n BuOH : #- Butanol -
Subscrnpt 1 2 Denoted MeAc and alcohols, ‘respect-

MeOH : Methanal, EtOH;

tively.
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