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Abstract—Infinite dilution activity coefficient and isothermal vapor-liquid equilibrium data have been meas-
ured for the binary MTBE + methanol, MTBE + n-heptane, MTBE +2,2 4-trimethylpentane systems at 45T
using head space gas chromatography(H.S.G.C). The vapor-liquid equilibria estimated with infinite dilution
activity coefficient are in good agreement measured values. These equilibrium data were correlated with
the excess Gibbs energy model, and the thermodynamic consistency test was also carried out by the Redlich-

Kister equation.
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Table 1. Comparison of measured and Literature values
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Table 2. Analysis conditions for the binary systems

System Oven Injector Detector Stationary phase

temp. temp. temp.
MTBE + methanol 70C 80T 80C HP20M 25 mX0.32 mm
MTBE + n-heptane 70T 110T 110C HP-1 25 mX0.2 mm
MTBE + 2,2 4-trimethylpentane 100T 120 120 HP-1 25 mX0.2 mm

Table 3. Infinite dilution activity coefficients for the binary systems at 45°C

MTBE(1)+ MTBEQ)+ MTBE(1)+2,24-
methanol(2) n-heptane(2) trimethylpentane(2)

X 34! Y2 Xy Y Y2 X1 Y1 Y2
0.0140 2.984 1.000 0.0204 1.163 1.000 0.0383 1.187 1.001
0.0297 2.893 1.001 0.0839 1134 1.002 0.0732 1.149 1.001
0.0953 2.559 1.010 0.1237 1.104 1.006 0.0844 1.183 1.001
0.1354 2324 1.021 0.1794 1.083 1.007 0.1656 1.125 1.007
0.8131 1.048 2.167 0.8180 1.007 1.120 0.8298 1.004 1.054
0.9035 1.011 2.703 0.8789 1.003 1.135 0.8909 1.004 1.039
0.9460 1.004 2.965 0.9498 1.001 1.163 0.9402 1.001 1.070
0.9921 1.000 3.395 09773 1.000 1.165 0.9936 1.000 1.091

Yi==3.065 v1*=1.172 v1*=1216
Y2*=3.473 Y22 =1.165 v2:>=1.095
YA g BAjo] AlL3} carrier gas®Ey 99.995%¢] N, 10 ' T '
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Fig. 1. Comparison of vapor-liquid equilibrium composi-
tions of the n-hexane(1)+ ethanol(2) system.
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Table 4. Experimental VLE data for the binary systems at 45°C

MTBE(1)+ MTBE(1)+ MTBE(1)+2.24-
methanol(2) n-heptane(2) trimethylpentane(2)
P(mmHg) X1 1 P(mmHg) X1 Vi P(mmHg) X1 V1

336.68 0.0005 0.0030 116.36 0.0007 0.0052 124.64 0.0077 0.0403
340.09 0.0028 0.0150 116.90 0.0019 0.0106 139.79 0.0386 0.1699
354.09 0.0141 0.0642 119.82 0.0070 0.0405 156.69 0.0738 0.2861
37344 0.0299 0.1263 139.40 0.0416 0.1899 162.12 0.0852 0.3184
406.12 0.0616 0.2199 159.28 0.0868 0.3280 198.63 0.1669 0.4906
43856 0.0960 0.3009 20235 0.1768 0.5161 239.01 0.2588 06217
468.48 0.1362 0.3678 235.14 0.2527 0.6206 264.88 0.3226 0.6856
492.71 0.1760 0.4184 269.30 0.3316 0.7020 299.93 0.3985 0.7548
516.86 0.2239 0.4668 296.21 0.3954 0.7536 324.11 0.4586 0.7938
342.23 0.2968 0.5180 329.31 04768 0.8063 357.99 0.5417 0.8407
561.19 0.3668 0.5591 367.62 0.5700 0.8559 370.39 0.5681 0.8556
574.84 0.4488 0.5937 396.75 0.6567 0.8888 379.99 0.5987 0.8666
587.60 0.5464 0.6379 424.64 0.7176 0.9165 402.60 0.6610 0.8915
595.35 0.6665 0.6899 454.31 0.7895 0.9417 425.32 0.7149 0.9139
592.11 0.8127 0.7739 481.69 0.8592 0.9625 451.04 0.7789 0.9366
577.28 0.9030 0.8515 507.50 0.9252 0.9807 471.60 0.8307 0.9532
563.69 0.9457 0.9064 523.71 0.9643 0.9912 496.26 0.8915 09716
542.62 0.9921 0.9837 534.20 0.9906 0.9977 516.48 0.9406 0.9846
536.88 0.9972 0.9993 518.85 0.9521 0.9864

535.44 0.9936 0.9984

Table 5. The deviations of predicted vapor-phase compositions and pressures for different models using parameter values

obtained from VLE data

System g model A Ao a Ay AP
MTBE + Margules 1.1299 1.1752 0.0014 0.72
methanol Wilson —278.2982 1151.5935 0.0013 0.52
NRTL 467.8313 401.9633 0.4844 0.0012 048

UNIQUAC —55.6071 2328.7720 0.0010 0.38

MTBE+ Margules 0.2624 0.0942 0.0038 133
n-heptane Wilson 775.7390 —468.2295 0.0040 1.26
NRTL —464.9130 763.2184 0.3000 0.0039 1.29

UNIQUAC —294.6395 426.1548 0.0039 1.30

MTBE +2,2 4- Margules 0.1345 0.1272 0.0015 0.93
trimethylpentane Wilson 292.5872 —207.1788 0.0015 0.93
NRTL —19.9373 105.4155 0.3000 0.0015 0.93

UNIQUAC —133.3178 179.1175 0.0016 0.93

& ula AYPS AP Az BF 1%
olufe} HxlZ A A& Falside). Fig 12 2 F
n-hexane(1)-ethanol(2) Ao i3 40T 7| AFFxA
2427} Sugi®}l Katayama2] F¥A[18]& v gt v}
FEFolch Yoo} o] AU} TS F
dA s 714 BYPzAde] FF23H= 0004 °)FA L,
Redlich-Kister el ¢}3t d934 A Al

sle] 058 4223 ¢ ol HAAAAE 02%E
A el wpe} Eao| A A3 95 A FAL A
= 4 ok

Table 4ell&= 45CHA A 7 24 7A 7|AH3
dlo]lel & Jepsich

o]E Al dlelE]= Margules, Wilson, NRTL, UNI-
QUACH S92 g ozl 2l Aol gHx]A]# AlE o)
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Table 6. The deviations of predicted vapor-phase compositions and pressures for different models using parameter values

obtained from vy~

System & model Ap Ay a Ay, AP
MTBE+ Wilson —322.3092 1193.1539 0.0023 1.53
methanol NRTL 530.0250 295.8922 0.3000 0.0024 1.87
UNIQUAC 895.1781 —166.2899 0.0040 3.66
MTBE+ Wilson 210.9803 —110.0532 0.0028 0.80
n-heptane NRTL 9.8064 90.6462 0.3000 0.0028 0.80
UNIQUAC —108.3954 146.7083 0.0028 0.81
MTBE+2.24- Wilson 670.8668 —480.3374 0.0024 1.92
trimethylpentane NRTL —391.9357 595.8655 0.3000 0.0026 1.97
UNIQUAC —247.8388 345.0330 0.0031 1.96
MEFE FHow, o5 TR A4 g A 700 T T T T
#at=e] ZzA Fauaxi(Ay) e - HFdsa)
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N E 500
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Wilson : A;= (A;—As) cal/mole 400
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UNIQUAC : A;=(u;—u;) cal/mole
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2 3}A] 942 woll+ Renon} Prausnitze] Alotel| uwje}
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o0 : Experimental data
—— : Predicted data
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Fig. 2. Experimental and predicted vapor-liquid equilibria
in the MTBE(1)+ methanol(2) system at 318.15
K.
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Fig. 3. Experimental and predicted vapor-liquid equilibria
in the MTBE(1)+ n-heptane(2) system at 318.15

K.
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Fig. 4. Experimental and predicted vapor-liquid equilibria
in the MTBE(1)+ 2,2,4-trimethylpentane(2) system
at 318.15 K.
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ojgto 2 A JX§go 2N BE do|EjFe] £ o4y
Zoll ote} A3 A4EASE U 5 Ak

5.8 £

HS.G.CE ol&84 248419 v=3t& A3 A
23 uS Jiubsled oo, SRK Abeful A A& & 9] 3l
“HS.G.Col <3t 7933 23 dxelE S 4 A
2o) £Asgch =3 2 A7 dFxs 8
o] mmAges #Halsect

45T 4 ZA3 AY diejelo|4] MTBE(1) +me-
thanol(2) Al y>3te] 3.129, y,°3te] 337424 713
2 wlo] A& viehligla, MTBE®] A4 xAde] of
07181 A A4 FHAFeHE ¥k MTBE(D) +n-
heptane(2) # ¢ MTBE(1) +2,2,4-trimethylpentane
() A= oMo e 2] AR 4L HHAE B
ot

4 E§4 2 71933 dlo]e]x Redlich-Kistere] <
g3 A A A, AR n2 N 1% 9]uke] B
A5 Bod AAte] S A & AL, g
WA mdAae $& A43AAE Jehisdn 53] v
o e d&3 VAYHYPES AP AT HY
dlolel e} vl A, 71 A2 Ad HFHxH Ay,) 71 0.002
W 2N vf$ A&F df&E FHE& BFUch

AL
B A7E 19939 =t E A AAf-F A
el zgn) Aol s FAR Aske] Uyoln,
ool A1 Eguich
ARBY|E
A, :peak area of chromatogram for component i in

solution
A;° :peak area of chromatogram for pure component
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i

Ay, Aj : parameter used in Margules, Wilson, NRTL,

UNIQUAC equations [ cal/mole]

C, :calibration constant
g; :interaction parameter in NRTL equation of com-
ponent i and j [cal/mole]
M; :molecular weight of component i [g/mole]
N  :total number of measurements
n; :number of moles of component i [mole]
on; :volatilized number of moles of component i
[mole]
P  :total pressure [mmHg]
Py :calculated total pressure [mmHg]
P., :experimental total pressure [mmHg]
P; :vapor pressure of component i [mmHg]
P° :vapor pressure of pure component i [mmHg]
u; :interaction parameter in UNIQUAC equation of
component i and j [cal/mole]
W, :mass of component i [g]
x; :liquid phase mole fraction of component i
y;  :vapor phase mole fraction of component i
¥: e :calculated vapor phase mole fraction of compo-
nent i
Yi ep : €xperimental vapor phase mole fraction of com-
ponent i
a  :nonrandomness parameter in NRTL equation
y; :activity coefficient of component i
vy :infinite dilution activity coefficient of compo-
nent i
A; :interaction parameter in Wilson equation of com-
ponent i and j [cal/mole]
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