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Abstract - Isobaric vapor-liquid equilibrium data fl~r monoethanolamine (MEA)+waler and monoethanolamine (MEA)+ 
ethanol ~scre measured in an equilibrium cell circulating both the vapor and liquid phases. The measurements of the boil- 
ing temperatures and corresponding equilibrium compositions fi>r two binary mixtures were carried out at the atmospheric 
pressure. I-he results were checked for thermodynamic consistency by the point test method. The activity coefficients for 
nonidealitx of the liquid phase were calculated by using the Wilson, NRTL, and UNIQUAC equations. The fugacity coef- 
ficiems for nonidealitv of the vapor phase v,'cre calculated from the virial equation of state with the second virial coef- 
ficient. The experimental data 'acre verified to be thermodynamically consistent and showed a good agreement with the 
calculated "~ alues. 
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I N T R O D U C T I O N  

Measurements of vapor-liquid equilibrium (VI..E) data pDy an 

important role in the design and operation of the chemical pro- 

ccsses. The development and extenskm of the prediction meth- 

ods such as A g o g  and LINIFAC require reliable experimental 

data of typical binary systems. Monoethanolamine (MEA) is a 

commonly used chemical l;.~r the removal of acidic gases such 

as ( 'O:, HeS, and COS. The informalion on the boiling temper- 

ature of MEA mixed v, ith water and alcohol can be helpful in 

the design of absorption process. 

In this work. the VLE data at the atmospheric pressure for the 

simple binary systems of MEA+water and MEA+elhanol were 

measured to offer lhe basic inflmnation on the svslcm inch~ding 

MEA. A thermodvnemic consistency test [Fredenslund e: al., 

1977] was carried ow to check the reliability of the experimen- 

tal data. Also, the correlations by the activity coefficients mod- 

els such as Wilson [1964], NR'II, [1968], and UNIOUAC [19751 

equations ',,,'ere carried out to show a good agreement with the 

cxperimcntal data. 

E X P E R I M E N T A L  

The VLE experiments wcrc carried out by using the equili- 

brium apparatus circulating both vapor and liquid phases. The 

detailed description c,f the apparatus and experimental proce- 

dure were presented in our previous study [Lee et al_ 1~192]. 

The compositions of wLpor and liquid phases were determined 

b,, gas chromatograpl D on HP5890 series II apparatus wzth a 

thermal conductivity detector and HP3396 series II integrator. 

Capillary column (HP-1) coated with crosslinked methyl sili- 

cone gum, 25 m long, 0.2 mm in inner diameter, and (I.33 lum 

in film thickness was used for separation. The oven, injector, and 
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detector temperature were 363.12, 393.12, and 473.12 K, re- 

spectively. Helium was used for carrier gas, and split ratio was 

15{):1. The capillary column used in these conditions showed 

a good separation for both systems. The calibration curves for 

analyzing the compositions of vapor and liquid samples were 

prepared by the area normalization method. The accuracies in 

the calibrations were within -(!.0(15 mole fi-actions for two sys- 

tems. The temperature in the equilibrium cell was measured with 

an accuracy of AT= 2 0.1 K 

MEA was purchased bv Sigma-Aldrich Chemical Co. with a 

minimum purity of 99 mol ":~ and ethanol by the same company 

with a purity of 99_8 tool %. Distilled water was prepared and 

used for experiments. Since any significant impurities were not 

found by gas chromatography, all of above reagents were used 

without further purificalion. The boiling points of the pure com- 

pounds at the atmospheric pressure were presented in Table 1. 

R E S U L T S  A N D  D I S C U S S I O N  

The experimental VLE data were presented in 3-able 2. 

At vapor and liquid equilibrium at pressure P and temperature 

T, 

f ) = f l  - (1) 

where f,v and ff are fugacities of  vapor and liquid phases of 

component i. Eq. (1) can be rewritten as the following equation. 

Table 1. Boiling points ('r b) of compounds and constants for An- 
toine Equation" 

Compounds T~ / K (K) A B C 

Ethanol 35 I. 1 7.7483 1375.3 204.66 
Water 373.1 7.9203 1638.5 225.14 
MEA 443.3 7.8709 1819.8 194.62 

"logl 0[P(mmHg)]=A B/[T("C)+C] 
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F V[.( P PI'} 
v, 0, P = x, y, P,'0,'exp [ (2) 

i 

" L RT 

where  x, and y, are the mole  fraction of componen t  i in liquid 

and vapor  phases,  respectively,  y, is its activity coefficient de- 

pend ing  on the used excess Gibbs  free energy models .  ,), and 

0,' denote its fugacity coefficients in the gas phase and at ~,atura- 

tion, r e s p e c t h e l y ,  P '  is its saturated vapor  pressure,  and VJ is 

its liquid molar  volume.  The  fugacity coefficients  were calcu- 

lated from the virial equat ion of state using the second virial co- 

eff icient  es t imated bv  t l a v d c n  and O'Connel l ' s  nrcthod [~975 l. 
The  vapor  pressures of  pure c o m p o u n d s  were calculated from 

Tab le  2. Isobar ic  VLE data  (Liquid Phase  Mole Frac t ion  x,, Va- 
po r  Phase  Mole Frac t ion  y ,  and  T e m p e r a t u r e  T) at 
the a tmospher i c  p ressure  

T (K) xl v~ T (K) x, )~ 

water ( I )+MEA (2) ethanol ( I )+MEA (2) 

443.3 I).()!)11(I 0.01)fl(i 443.3 ()d)000 0.(),10() 
440.1 0.() lq4 0 1 1 2 6  437.4 0.0142 (t.1712 
437.4 {).t1377 0 2(15!) 432.6 (t.(1296 11.3154 
435.1 ().()4gg (1.256(1 421.8 [i.(1629 [1.5 ~32 
433.() ().0624 I) 3135 418.6 !).0735 t).5:{511 
4311.fl (I.0SS9 It41(15 412.3 0.0967 {).6~'~20 
4 2 0 6  fl. 1551 fl 50(13 40~L4 (}.1135 ().71_ 15 
41~.5 0.1754 0.6411 401.4 ().1552 (!.g(lg8 
415.2 il,21176 0.6855 397.5 (1.18()1 0.8353 
408.5 0.2785 0.7740 3SS.1 (l.2474 ILg';gl 
404.4 11.3228 0.8279 385.1 0.2815 il.91t85 
397.3 (1.4157 ().g,'-;3() 377.t~ 0.3642 D. 9.1. I 1 
3q~2.S (l.4948 (t.9211 372.g~ 0.4482 [).m,l 7 
38,5.5 0.6529 0 9 5 7 7  36'0.6 0.4916 ,[).'-;-'{16 
382.0 l).7483 I13;743 36fi.7 ().5459 (13;753 
378.5 0.83711 I).qgl4 363.8 (I.6367 ,3.9,xg3 
374.3 0.9652 ().gqh6 35,',;.5 0.7769 11.9~-~43 
373.1 1 .()()()11 1.()(11)() 356.2 0.8442 ~).9u64 

354.1 1).9017 1).9u85 
351. l 1.0(1(10 1.111 ~{10 

T a b l e 3 .  Pa rame te r s  and  Root Mean  Square  Deviat ions of  the 
Wilson, NRTL,  and  U N I Q U A C  Activity Models  

Model Parameters" AT,~, Ay, ,,, 

Water ( 1)+MEA (2) 

Wilson AX!::I  2!)1.6 0.48 [).0(i4 
AX:j:  10219 

NRTI. Ag~:= 23116.8 0.90 '{1.0(18 
Ag.:~= 1884.8 
~: i ) .3  

UNIQUAC Ap.~ .=21116.3 0.89 (1.(11!7 
A,tl:l= 2151.6 

Ethanol ( I ) + M E A  (2) 

Wilson A)<.,=914.45 (1.47 0.0(i4 
AX!I= 458.98 

NRTL Ag~:= 1898.8 0.65 I).()(i9 

Ag:~:2599.6 
c~=0.3 

UNIQUAC A B ~: 1322.8 0.61 (1.(1(~4 
All :: j = 1877.2 

' A l l  energy parameters are expressed in ]mol 

Anto ine ' s  equat ion with coeff ic ients  in Table 1. These  coeffi-  

c ients  were de termined from the correlat ions of vapor  pressure 

with temperature  [Reid et al., 1988]. By regress ing the vapor  

pressures  calculated from the reference correlat ions to the form 

of  Anto ine  equation,  Anto ine  constants  in Table 1 were obta in-  

ed. Molar  vo lumes  in the liquid phase  were calculated from the 

Yen and Woods ' s  correlat ion [196r The models  used for liq- 

uid phase activity coefficients were the Wilson. N R T L  and UN- 

I Q U A C  equations.  Table 3 lisls the model  parameters  fitted for 

each sys tems with the root mean  squared  devia t inns  in v and T. 
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Fig. I. VLE data  fi)r ~ a t e r  ( I ) + M E A  (2) at  the atmospheric pres- 
s n r e .  
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Fig. 2. VLE data for ethanol (1)+MEA (2) at the atmospheric 
pressure. 
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Parameters in "Fable 3 were estimated using maximum likelvhood 
principle [Kemeny el al., 1978]. Figs. 1 and 2 show the com- 
parisons between the experimental data and predicted values. A 
thermodynamic consistency test was applied to the experimen- 
tal data bv using the: point test of Fredenslund et al [1977]. In 
the point test of Fredenslund, the mean deviations betwetn the 
experimental and calculated ',alues of the vapor phase mole 
fractions should be bess than 0.01 to satisfy the thermodwlamic 
consistency. The res~alts of this test were 0.0094 for MEA+wa- 
ter system, and 0.0086 for MEA+ethanol system, which co, n- 
finned the thcpmodwlamic consistencv of the experimental data. 

CONCLUSION 

The experimental boiling temperatures and corresponding equi- 
librium compositions at the atmospheric pressure for the binary 
MEA+vcater and MEA+ethanol systems were measured in an 
equilibrium cell circulating both liquid and vapor phases The 
experimental data satisfied thermodynamic consistency test,; and 
the calculated values by Wilson, NRTL, and UN1QUAC equations 
showed a good agreement with the experimental results+ The cal- 
culated values by W;.ison equation show'ed slightly better agree- 
ment with the expedrnental data when compared with other equa- 
tions. 

N O M E N C L A T U R E  

f~ : fugacity of vapor phase of component i 

fe : fugacity of liq~id phase of component i 

x= :molc  fraction of component i in the liquid phase 
: mole fraction of component i in the vapor phase 

7 ' acti',itx coefficient of component i 

~, : fugacity coefficient of component i in the .gas phase 

0, ~ : fugacity coefficienl of component i at saturation 

Pi' : saturated vapor pressure of component i 

V[. : liquid molar volume of component i 
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