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Abstract — Isothermal vapor liquid equilibria for the binary system of 3-methylpentane with ethylene glycol mono-
propyl ether (C;E,) and ethylene glycol isopropyl ether (iC;E,) were measured at 303.15, 318.15, and 333.15K. In our
previous work, phase equilibria for the binary system of C;E; mixtures were investigated according to the chain length
of alkane, alcohol or those isomer. But in this study, we discussed the different effect of C4E, and its isomer, iC;E,, on
the phase equilibria. The measured systems were correlated with a Peng-Robinson equation of state (PR EOS) com-
bined with Wong-Sandler mixing rule for the vapor phase, and NRTL, UNIQUAC, and Wilson activity coefficient mod-
els for the liquid phase. All the measured systems showed good agreement with the correlation results. And it was found
that the phase equilibria showed very little difference between the iC;E; mixture system and the C;E; mixture system.
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Isothermal Vapor-liquid Equilibria for the Binary Mixtures of 3-Methylpentane with Ethylene
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Fig. 1. Schematic diagram of the experimental apparatus.
1. Isothermal water bath 5. Vacuum valve
2. Equilibrium cell 6. Cooling bath circulator
3. Temperature indicator 7. Trap
4. Pressure indicator 8. Vacuum pump
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Table 1. Experimental VLE data for the binary system of 3-methylpentane
(1) + ethylene glycol monopropyl ether, C;E, (2) at 303.15 K,
318.15 K, and 333.15 K

P (kPa)
X1 303.15K 318.15K 333.15K
0.000 051 128 293
0.027 447 8.05 13.70
0.051 7.59 13.11 2161
0.096 12.43 21.17 34.10
0.139 16.14 2721 43.80
0.184 18.81 31.83 5137
0.233 20.75 3557 5761
0277 22.09 3826 62.15
0.333 23.86 41.07 66.42
0.444 2585 4481 72.90
0.548 2722 4726 7735
0.670 27.80 4859 80.71
0.794 28.84 50.69 84.12
0.923 29.73 5281 87.93
1.000 31.05 54.99 91.70
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Table 2. Experimental VLE data for the binary system of 3-methylpentane
(1) + ethylene glycol iopropyl ether, iC;E, (2) at 303.15 K, 31815 K,

and 333.15K
P (kPa)
X 303.15K 318.15K 333.15K
0.000 0.59 1.70 422
0.019 3.61 6.73 12.11
0.047 7.17 12.51 20.99
0.093 11.96 20.74 33.60
0.150 16.35 28.23 45.49
0.207 19.49 33.86 54.32
0.264 21.77 37.54 60.77
0.317 23.30 40.30 65.27
0.398 25.04 43.88 69.97
0.541 27.04 47.03 76.88
0.706 28.13 49.35 81.74
0.867 29.25 5147 86.05
0.935 29.86 52.89 88.41
0.980 30.48 54.04 90.18
1.000 31.05 54.99 91.70
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Table 3. Expanded uncertainty (U) and coverage factor (k) of the experimental results

System T(K) Coverage factor (k) Expanded Uncertainty (U)
T P X
303.15 0.018 0.2205
3-methylpentane + C;E, 318.15 2 0.018 0.2209 0.0014
333.15 0.019 0.2218
303.15 0.018 0.2203
3-methylpentane + iC;E,; 318.15 2 0.018 0.2206 0.0013
333.15 0.019 0.2213
Table 4. Antoine constants and vapor pressures of pure components
Temperature (K) 3-Methylpentane C;E, iC5E,
) A 3.97377 4.37505 4.70544
C’;?stg:; . B 1152.368 1504.961 1692.265
C -46.021 -78.744 -54.696
Experiment (kPa) 31.05 0.51 0.59
303.15 Calculation (kPa)® 31.05 0.47 0.78
Deviation (kPa)® 0.00 0.04 0.19
Experiment (kPa) 54.99 1.28 1.70
318.15 Calculation (kPa)® 54.84 1.23 1.91
Deviation (kPa)® 0.15 0.05 0.21
Experiment (kPa) 91.70 293 4.22
333.15 Calculation (kPa)® 91.28 2.88 425
Deviation (kPa)® 0.42 0.05 0.03

INIST web data [20] (2013. 07. 22)
bCalculated by Antoine equation
“Deviation = [p™P_ p<“]
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Table 5. Parameters for the improved Peng-Robinson equation of state (PR EOS)

T, (K) T, (K) P, (bar) o° K¢
3-Methylpentane 336.017 504.43% 31.24% 0.27373° 0.77658°
CsE, 422.73% 615.2% 36.512 0.48676° 1.06140°
iC4E, 414.70° 603.3¢4 35.80¢ 0.45557° 1.02123¢
INIST web data [20] (2013. 07. 22)
DIPPR 801 database [21]
“Peng and Robinson [14]
dWilson and Jasperson group contribution method [22]
¢Ambrose-Walton corresponding state method [22]
010y 77 7] <)sk WAlo ~ . A _g D __Q 6
AN, k& T317] $18t HAA QA AN acentric factor), = DIPPR RT Q(l—D) n = 1D (6)
database[21]5 &3l AAUT}. AT, iCEQ) A9 T,5 AL|$t
HA] gro] BalE|R] koba] 135 7]of W (group contribution) [22]2 olw] Q9 D= T3} o] w1
ol A=BIT. AR AlkE S18l ARE-EE T 7107 W Joback, AF
Constantinou Gani, Wilson and Jasperson, 18] 1. Marrero and Pardillo Q= szij(b—RiT) D= fom + CROOT (M
W], o] FellA CE &) w3 #t3 7P 22 oAk Hole n ! b
W2 Wilson and Jasperson B 0 = WS FTE iCLE > C4E,9] ©] Csh ALE tReo) Aoz g@d.
JZAJo] =2 Wilson and Jasperson S o]-2-510 Axke off F |
240 A Aolwt wzjetd A, 1B GEQ] 1F V1] €= 521 ®)
W AR IGE,S) 1% 711 W Astel vl AR ole 2
elich, Webd CE, S B gt A @] A1 iCE, 9 18 W (T
710 W AR Aol gl G, PARC] gt 2 Rt 2N Swan | ©)
& T=615.28 K, P,=36.51 bar1tl], Wilson and Jasperson "'H-& ! 3 l
E3) AAF ZFS- T = = = 7)-9] 2= z¥7}
ST AL G2 16063 K, P37 20 barele o7 @h2) AR EE | gy o) et tha ) o] mas
1.45%8} 2.07%°] 22 iC,E,2] Wilson and Jasperson - -3t
APk 7R T=594.52 K, P,=36.54 barel] $] @45 kds}o] ﬂiﬁ L1 6n2am) _ by, anD (10)
O % T=603.3K, P=358bar A3t} iC4E, 2 AHQIAL, RT\n on; an, " om,
092 LA ARLeE AAEE 0]851] Ambrose-Walton t-g- S El onb, 1 (lﬁn Q) Q (17611_D) an
1 (corresponding state method)[22]5 ©]-8-8F 15 7]o] WO =R on; (1-D)\n on, (1-D)’ on,
5l 3 o sl B3 7}
AREBIZIEE o] oA G WA ARSle] B A AR TS o e
QAR FAFSFIL o] @AFE iCE©] AE Fhell vkt HE A
skl 2
g3I3ct. ) (129Q)_ y5x(b-2) (12)
B 2ol th$t F7HAE] Al9== Wong and Sandler [15]°] 2]&}F n on, N RT,
o thea} o] B, oD __a I, )
on;, DbLRT C
L onb A
Ingp; :—( )(z—l)—ln(z—B)—-—-—-—-—-— )
b,\ on; 2.2B 4714 Iny,;& 7817] 91819 NRTL, UNIQUAC 12|31 Wilson 2
= 2= muls Ao ! =
1 100%a,) 1 (0nb). 2+(1+.42)B B Ag RS AEES) 1 RIS, Table 62 &5
“annam, ) b on ) (1B @ E=AF 741'&01] A3t o] JJrEMEi q, 73] selE, 1, g &
93], 223 243 oA Shepule, o] OiE ghe ek of
oJ71A A8} BE U3} o] FojHr} 71 J}a}nla g9} r& Abrams and Prausnitz [17]2] ol 2ls}o]
A= L2 5 _Pb, ) A=l $lan, olu] 23 Van der Waals H©]9} Van der Waals -
(RT)’ RT 5= DIPPR database 211614 I}, S411EF iCE ] A% 1 gho]
Table 6. Pure parameters used in activity coefficient models
Component Area parameter (q) Volume parameter (r) Liquid molar volume (cm*/mol) @, in NRTLd
3-Methylpentane 3.852¢ 4.499° 130.575%
C,E, 3.832% 4.372¢ 114.78* 0.3
iC5E, 3.828° 4372° 115.34°

“DIPPR 801 Database [21].

PUNIFAC group contribution method [22].

‘Liquid molar volume of iC;E; = Molar weight / Density at 25 °C.
dRenon and Prausnitz [16].
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Table 7. The interaction parameters for the activity coefficient models and average absolute deviations of pressure

Parameters®

b c
Model ™ ~ k; AADP (%)
3-Methylpentane (1) + Ethylene glycol monopropyl ether (2) at 303.15 K
PR-WS-NRTL 944453 316.510 -0.19257 0.879
PR-WS-UNIQUAC 250.716 -12.588 -0.07797 1.613
PR-WS-Wilson 182.617 789.389 0.12887 0.839
3-Methylpentane (1) + Ethylene glycol monopropyl ether (2) at 318.15 K
PR-WS-NRTL 1027.146 345.007 -0.21680 0.483
PR-WS-UNIQUAC 277.534 -1.816 -0.19502 1.718
PR-WS-Wilson 199.083 945.157 0.09586 0.374
3-Methylpentane (1) + Ethylene glycol monopropyl ether (2) at 333.15 K
PR-WS-NRTL 1176.013 396.790 -0.26616 0.401
PR-WS-UNIQUAC 274,407 -17.955 -0.07825 1.769
PR-WS-Wilson 213.423 180.087 0.36967 1.768
3-Methylpentane (1) + Ethylene glycol isopropyl ether (2) at 303.15 K
PR-WS-NRTL 899.397 294251 -0.16095 0.598
PR-WS-UNIQUAC 246.123 -13.117 -0.07335 1.097
PR-WS-Wilson 159.153 702.882 0.16411 0.621
3-Methylpentane (1) + Ethylene glycol isopropyl ether (2) at 318.15 K
PR-WS-NRTL 894.424 262.009 -0.10452 0.514
PR-WS-UNIQUAC 292.840 -18.183 -0.14889 0.796
PR-WS-Wilson 143.589 691.473 0.18322 0.48
3-Methylpentane (1) + Ethylene glycol isopropyl ether (2) at 333.15 K
PR-WS-NRTL 1036.344 342.707 -0.20659 0.336
PR-WS-UNIQUAC 246.107 -10.390 -0.05086 0.965
PR-WS-Wilson 187.793 845.779 0.10961 0.269

NRTL, Aj; = (g2 - 81)/R, Ay = (g - £2)/R; UNIQUAC, A, = Aup/R, Ay = Auy /R; Wilson, Ay, = (Ayp - Ay /R, Ay = (hyp - /R

®Binary interaction parameter.
“Average absolute deviation of the pressure.

B 1% A] 9kobr] UNIFAC 15 7101 Wi [2218 3l g9} r& A4
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————— PR-WS-UNIQUAC

PR-WS-Wilson

P (kPa)

Fig. 2. Experimental data and calculated lines for the system of 3-
methylpentane (1) + ethylene glycol monopropyl ether (2) at
303.15 K, 318.15 K, and 333.15 K.
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Fig. 3. Experimental data and calculated lines for the system of 3-
methylpentane (1) + ethylene glycol isopropyl ether (2) at 303.15K,
318.15 K, and 333.15 K.
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Nomenclatures

a : equation of state “energy” parameter

A, B, C : Antoine equation constants

A B : dimensionless terms

: excess molar Helmholtz free energy

: equation of state “excluded volume” parameter

: numerical constant defined in Eq. (8)

o Qo

: summation term defined in Eq. (7)

o

=

: binary interaction parameter

: pressure / bar

: area parameter in UNIQUAC model

: quadratic sum of second virial coefficients in Eq. (7)
: volume parameter in UNIQUAC model

. gas constant

: temperature / K

: compositions of component 7 in the liquid phase

N¥ 34®m " 0o T

: compressibility factor

Greek Letters

ay : non-randomness constant for binary i, j interactions

4 307
Ag; : NRTL model parameter
Auy : UNIQUAC model parameter
Ay : Wilson model parameter
o : fugacity coefficient of component i in the vapor phase
ot : fugacity coefficient of component 7 in the liquid phase
Y : activity coefficient of component i
K : pure compound parameter
T : NRTL model parameter
o : acentric factor
Superscripts
cal : calculated value
exp : experimental value
Subscripts
b : at boiling conditions
c : at critical conditions
i, j, k : molecular species
m : mixture
(o)

: infinite pressure state
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