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ABSTRACT

Vapor-liquid equilibri of formic acid-methanol and formic acid-ethanol systems which are
accompanied with esterification reaction were measured at atmospheric pressure.

The relation of vapor-liquid equilibrium ratio(y:;/x:) and temperature were obtained from the
measured data. The activity coefficients of formic acid were calculated from the measured
data and the dimerization equilibrium constant, taking into account association of vapor phase.
For the other components, the activity coefficients were calculated by regarding vapor phase
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as an ideal gas, and the gradients of the activity coefficients vs. 1/T were about zero. Accor-

dingly, the gradients of vapor liquid equilibrium ratio vs. temperature were compared with the

values calculated from the molal latent heat of vaporization, and the values were found to be

in good agreement.

As a result, isobaric vapor-liquid equilibrium accompanied with reaction could be correlated

with molal latent heat of vaporization.
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Fig. 1. Exerimental apparatus
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Table 1. Physical properties of Reagents used

/ Density ] Refractive Index

Materials | Source  |-——

| Measured Literature ! Measured : Literature
Methano Merck a%=0.7862 0. 7866 * n®=1.3260 | 1.3265%
Ethanol Merck d®=0.7859  0.7851%® ng®=1.3599 |  1.3504
Formic acid 1 Merck d®=1.2197 ‘ 1. 2206 173%® =1.3708 1.37149
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log Ky = —Z20 +6.2023 3
log K = v*l—gTGQ— + 5. 6057 )
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Fig. 5. Correlation between Ki and(1/7)x10° _

(Ethanol-Formic acidsystem)
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Fig. 6. Correlation beween Kj and(1/7) X 10°

(Ethanol-Formic acid system)
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Fig. 7. Correlation between Ks and(1/7") x10°

(Ethanol-Formic acid system)

G,Xr —
i" Met:anc!l — Formic ocid
0,28~ -
|
D,Zl[ -
b 4
018 4
i
1
G- =
Ethanal —Formic acid i
[kl -
s !
[N -
L 1 : I 1 | 1 !
& “8 52 56 (2] 84 68 72 76 £l
.

Fig. 8. “Correlation between K, and t(°C)

83tk H213 Ml 43 19833 8%

log Ks = —-13{9—0 4 5.0195 3)
Ka=0.0145t — 0. 61 «)

Ethanol-Formic acid el o 5}o3

log Ki = —710 1 5 8446 (5)

log K = — 2100 1 5 8903 )

loy Ks = 3510 4 4 8033 @
K4 =0.0154¢ — 0. 8790 (€]

Water & X (D3 5)ol4 20| 7] 279k
Aol A 23 formic acid &= 4 (4)s} ®
A4 BRol 7147 A 3 AsFo] okzk o}

& T Ak ok T FmAlA mimEy

& ek A Ase

3-2. FEEFRE

Formic acid & M9t mse Eohmmy -
U FET BEREE 735

7i = yin/%: P @
4 D FtEste log 7: 9 %i A o
718717 A9 09l JARAR odo) 2} (Fig.
9,10,11,12,13,14). 281} $7]4k4l formic
acid = FAfell 4 A& G/BLKe] Yomz &
Ae 2ER %L 4 (9DF HHE + Yo
we}4] Sebastiani,® Wisniak,® Cartal® o)
ol @5t HYF4(Kn)E MM A5 4
1+ K@= P1Y} 20—0 K>

[(1 + 4KpPs)¥ — 171/2K,

(10) & AF8-3F5l = formic acidof] 9j 3k o] 2]

ra= (10)

25

& T T T
20

}:4‘5:‘— 7@;39—5—%
1.0t~ —
to- : 1 |
"9 30 3t 32

—— ey
(171102

Fig. 9. Correlation between 7. and(1/7)x10°
(Methanol-Formic acid system)
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Fig. 13. Correlation between 74 and(1/7)X10°
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Fig. 14. Correlation between ys and(1/T)x10°
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Table 2. Comparison between A; and 4;/2.303R

Methanol-Formic acid |

Ethanol-Formic acid !

latent heat

Component ' Ai(exp.)

l Component

| A;i(exp.) i 2,49 I A;
Water ] 2.24x10° | Water ‘ 2.11x10° ! 9717 \ 2.13x10°
Methanol 1.90%10° | | | sa2s | 1sax10°
] | Ethanol | 21000 | s60 | 2.c210°
Methylformate | 149 10° ’ | |60 | La7xie?
| Ethylformate | 1.51x10° | 7200 | 1573102
= A; (12)
‘ Nomenclature
ANA ki E S, (2 T AEE JE
vk o A Slope of log K: vs.(1/T) 10(K)
H o] ‘—/"\01 = 2] =
Formic acid 0] _9] ] ] ?%o}‘ﬁ j Lo q( og B Intercept of lOg K: va. (I/T) 103( _ )
7i = & o2 A 2 9] B‘_ . . s . :
7 )/L a1/ T):L A2 0el= 4 o" '(IP) L‘ :— ) A K Vapor-liquid equilibrium ratio( —}
519] IS E . 2213 ol t}. .
213° | R f‘:—'—ic f_" FAE F 8o k£ Constant of equation(12)( —)
b 14) ] FE T ik
xr?}:‘i T3 2198 4< Li A roste P Vapor pressure(mmHg)
hd 2] - Z A 2
A5 - }? %E}] L‘i‘c’}'ﬁ able 2] R Gas constant(Kcal) (mol) “1(K) !
v E le 2¢ <) o] X = ZLE
Febi sl ek, Table 1A & =] F e T Temperature(K)
° 155 ) 2 2 B WIS
2 AL dF Z}l '52«3—‘31‘ ;_';J s ﬂ?ﬁf&f data Temperature (°C)
EFE Aighs ek A el REHRE T x  Mole fraction of liquid phase( —)
=L A 0] oF £ lrl .
= T ATEE 2T AR y  Mole fraction of vapor phase( — )
. ) 7 Activity coefficient( —)
4. H A Molal latent heat of vaporization(Kca')
(mol)~!(atm)
1 dlas 2t JES Ffpsts Methanol- =  Total pressure(mmHg)
Tormic acid ¢} Ethanol-Formic acid el
1eke R FEsAlE 453t data ] 4 Superscript
udby g 7 E3hgl e o Pure component state
2, Formic acid 7} Z&3 Fell fdte] A Subscript
S A8 Grée ek o] 2R3 THERE D Dimerization
WAt EEHE GRS Tshdrl. {  Component, 1,2,3,4 & 5 designate water,
methanol, methyl formate, ethanol, ethyl
3. Formic acid & #)2l§t ®Hol Astq A formate
25k T3 Ak — A/2.303R 7t ‘m 4 Formic ecid
el orEabdl P AL vk webA s
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