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Abstract— lIsobaric vapor-liquid equilibria for formic acid-water-magnesium chloride at different charge rate of magnesium
chloride using f(wt% of H.O)(wt% of MgCl,) factor has been measured at an atmospheric pressure(760 mmHg). In the ther-
modynamic analysis of the vapor-liquid equilibria, the system has been treated as a pseudo-binary system assuming that the
salt was dissolved only in the water in ionic form. The dimerization effect of formic acid in vapor phase has been taken mto
account to estimate the activity coeffecients of pseudo-binary components. Both changes of activity coefficients and relative
volatilities have been studied with respect to f values of 3.2, 2.8 and 2.0 in this pseudo-binary system.
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Fig. 1. Effect of salt concentrations on the vapor-liquid equilibria of
formic acid-water-magnesium chloride system at 760 mmHg:
Salt-free wt. fraction of formic acid in liguid vs. wt. fraction
of formic acid in vapor.
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Fig. 2. Effect of salt concentrations on the equilibrium boiling point
of formic acid-water-magnesium chloride system at 760 mmHg:
Salt-free wt. fraction of formic acid in liquid vs. boiling point.
(@) f=2.0, (w) f=2.8, (W) {=3.2. (- ) f=co(salt-free)
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Table 1. Vapor-liquid equilibria for formic acid(1)-water(2)-magnesium chloride(3) at 760 mmHg

f T(°C) X X; X \ Yr Yir Iy Ly ,
20 126.5 0.029 0.879 0.092 G128 2.1975 0.9439 34384 (1.9522 4.4624
122.0 0.067 0.846 0.087 0.238 1.9842 0.9605 2.8522 (1.9893 3.9579
119.5 0.114 0.804 0.082 (.337 1.7562 0.9359 23634 0.9894 3.5828
117.2 0.172 0.752 0.076 0.423 1.5565 0.9265 1.9923 1.0079 3.2137
116.0 0.241 0.680 0.069 0.512 1.3835 (1.8801 1.7006 0.988Y 2.9970
114.2 0.329 0.610 0.061 0.575 1.1977 0.9181 1.4273 1.0612 25135
112.3 (1435 0.514 0.051 0.674 1.1160 0.8843 1.2803 1.0714 24377
109.8 0.572 (1.389 (0.039 (1.768 1.0361 0.9004 1.1461 1.1511 2.24K1
107.0 0.753 0.225 0.022 1.864 0.9641 0.9671 1.0291 1.3213 1.9846
105.0 0.868 0.120 (012 1.911 0.9276 1.3623 0.9695 1.9260 1.4141
2.8 1148 0.033 0.898 0.067 (1L.O82 1.5924 0.9250 2.6434 0.9306 23151
1142 0.076 0.861 0.063 (1162 1.4694 0.8852 2.2123 0.902K 2.2081
1133 0.126 0.814 0.060 0.244 1.3636 (1.8740 1.9026 0.9087 20058
113.0 0.184 0.760 0.056 0.325 1.2453 01.8421 1.6409 0.8955 1.9830
112.8 0.255 0.695 0.050 0414 1.1554 (0.8020 1.4494 0.8774 1.9273
112.0 0.341 0.614 0.045 0.507 1.0803 (17815 1.2973 0.8851 1.8529
111.0 0.447 0.516 0.037 0.615 1.0276 0.7489 1.1844 1.8882 18438
1093 (1382 (1.360) 0.028 0.730 0.9814 0.7346 1.08K2 0.9234 1.8OKE
106.0 (1.759 0.225 0.016 0.861) 0.9733 0.7366 1.0306 1.0058 1.81K87
104.4 (1871 0.120 0.009 £.9006 0.9347 0.9925 0.9718 1.4030 1.3255
32 108.¢ 0.036 (1905 0.059 0.0737 1.6159 1.0281 2.7279 1.0345 1.9945
110.4 0.079 (1.865 0.056 0.141 1.3492 0.9466 2.0648 (1.9632 1.7884
111.2 0.129 (1.818 0.053 .220 1.2673 0.8813 1.7896 0.9126 1.7901
111.5 0.189 0.762 (1.049 (1L.296 1.1557 0.8438 1.5402 0.8913 1.6U88
111.5 0.259 0.696 (.045 (L382 1.0842 0.8096 1.3717 0.8784 1.6575
1113 0.345 0.616 0.039 0.483 1.0361 0.7690 1.2499 0.8645 1.6650
1105 0.432 0.513 0.033 ().585 0.9802 0.7562 1.1332 .8568 1.6074
109.0 0).585 (3.390) 0.025 0.714 {1.9631 7214 1.0683 0.9011 1.6651
106.7 (1.762 0.224 0.014 0.840 0.9284 0.7606 (0.9912 1.0238 1.5441
104.3 (L872 0.120 0.008 0.905 0).9354 0.9210 09717 1.3019 1.3114
oo’ 101.8 0.100 ().900 - 0.049 0.4732 0.9893 0).3464 ().9933 0.4637
1029 0.171 0.829 - 0.093 0.5090 0).9866 .8216 0.9976 0.4971
104.2 (.260 0.740 - 0.164 0.5673 0.9730 ().8262 (1.OQUKS ().5583
106.0 (1L.368 1.632 - 0.282 0.6520 0.9206 0).3546 (19735 0.6745
107.1 {.478 (3.522 - (1433 0.7483 0.8473 0.2990) 00.0441 0).8340
107.6 0.536 (1.464 - (1518 0.7898 0.7966 0.9160 0.9041 (1.9303
107.6 0.589 0411 - 0.395 0.8255 0.7557 0.8350 0.8839 1.0252
107.6 0.591 0.409 - (1.598 0.8269 0.7537 0.9367 0.8829 1.0295
107.1 0.679 0.321 - 1.721 0.8772 ().6780 {).9592 0.8538 1.2217
1059 0.782 0.218 - 0.838 0.9182 0.6042 00.9744 08156 1.4420
104.6 (1845 0.155 - {.898 (1.9446 0.3586 (1.9857 (1.78349 1.6149
1023 0.9395 0.0405 - 0.9755 0.9658 (1.3575 0.9830 01.8321 1.6806

*From Ref. (13) and (14).
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Table 2. Equations and their parameters to estimate the vapor pres-
sures of water and water-magnesium chloride

Component  Equation & Parameter Err%**  Reference
H.O logP, [mmHg}=A+B/[T(K)+C] - 19
A=8.07131
B= 1730L630
C=-39724
P;[mmHg =P (T)e(x;) 8
e (x)=1+Ax;+B(x:)’ 0.42
A= 2323819
B= 4517720
e (x))=1+AX+BX Y +C(x Y 0.1
A= 1.739131]
B= 67 76353
C=193.8038
“HEr=1003| P,

H.O-MeCl.

—P:r}r‘ P‘II\ x:: salt concentration in pseudo-

1
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Fig. 3. Experimental solvent activity coefficient for the system of for-
mic acid-water-magnesium chloride system at 760 mmHg.
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- salt concentration factor

: constant

- equilibrium constant of dimerization of formic acid
: system pressure

: partial pressure

. vapor pressure

: equilibrium temperature

: mole fraction in liquid phasc

: mole fraction in vapor phase

az2|0la 2Kt

o relative volatility
e :correlation tactor for vapor pressure
vy apparent activity coefficient
I :acitivity coefficient for pseudo-binary component
o fugacity coefficien:
SR
0 :salt-free
1 . formic acid
2 water
3 csalt
I : pscudo-component 1. formic acid
I : pseudo-component II, water+salt
1F : formic acid monomer in vapor phase
2F : formic acid dimer in vapor phase
s :salt based
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