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Abstract — Equilibrium data of the mixture is essential in the design and operation of separation equipment such as
distillation or extraction in chemical processes. These equilibrium data can be obtained through experiments or by cal-
culations using the known binary parameters and the thermodynamic models. Generally, to obtain these parameters,
phase equilibrium experimental data such as gas-liquid and liquid-liquid are used. In this study, the excess enthalpy of
the mixture was measured using the flow type microcalorimeter which is a simpler method than phase equilibria exper-
iments, and the parameters of various theories were obtained by using this data. In order to investigate the relationship
between carbon chain length, enthalpy and binary parameters in the alkane system, excess enthalpies for the n-hexane +
alkane (n-pentane, n-heptane, n-octane and n-dodecane) were measured at 298.15 K and the banary interaction param-
eters of Wilson, NRTL, and UNIQUAC were obtained from the experimental data. In addition, we wanted to obtain basic
information on the interaction and association phenomena of the system including electrolyte applicable to various fields
by using the excess enthalpy experimental data and the existing theory. First, we investigated the excess enthalpy for the
NaOH / Water / Ethanol system as a basic experiment and examined the applicability using the electrolyte-NRTL (eNRTL)
theory.
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Table 1. Experimental excess molar entalpies (H®) for the n-Hexane-Alkanes systems at 298.15 K

n-Hexane (x,)-n-Pentane (x,) n-Hexane (x,)-n-Heptane (x,)

n-Hexane (x,)-n-Octane (X,) n-Hexane (x,)-n-Dodecane (x,)

X, HE/(Jmol™) X, HE/(Jmol™) X, HE/(Jmol™) X, HE/(Jmol™)
0.1862 -18.81 0.2255 7.89 0.2438 13.30 0.3238 4.06
0.2291 —20.30 0.2745 8.39 0.2953 15.48 0.3835 63.55
0.2935 —24.02 0.3459 9.02 0.3693 17.20 0/4651 7227
0.3403 —25.79 0.3964 10.03 0.4211 17.36 0.5192 75.61
0.3875 -27.89 0.4461 9.97 0.4714 17.47 0.5697 76.11
0.5025 —29.94 0.5626 1035 0.5875 16.68 0.6790 72.53
0.6039 -29.41 0.6599 9.43 0.6824 14.72 0.7614 68.53
0.7302 2332 0.7751 8.13 0.1924 12.88 0.8500 52.65
0.8564 -18.89 0.8836 6.81 0.8937 9.53 0.9258 37.37
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Table 2. Physical properties and UNIQUAC pure parameters for serveral chemicals

Component name Formula Molecular weight (g/mol) Density (25 °C) (g/cm’) I; q;
n-Pentane CsH), 72.15 0.626 3.8254 3316
n-hexane CeHyy 86.18 0.622 4.4998 3.856
n-heptane C;Hy¢ 100.21 0.683 5.1742 4.396
n-octane CgH g 114.23 0.703 5.8486 4.936
n-dodecane CoHy 170.34 0.748 8.5462 7.096
Sodium Hydroxide NaOH 40.00 2.13 0.587 0.88
Ethanol C,H;OH 46.07 0.789 2.1055 1.972

Water H,0 18.02 0.998 0.92 1.4

Table 3. Binary interaction parameters of the Wilson (A,,, A,;), NRTL (Ag,;,, Ag,;) and UNIQUAC (Au,,, Au,;) models for n-hexane(1)/alkane(2)
systems at 298.15 K

Wilson NRTL (o, =0.3) UNIQUAC *G/(J-mol ™)
n-hexane/n-alkanes = -
Alp Aoy Agy, Agy, Auy, Auy, Wilson NRTL  UNIQ-UAC
n-pentnae 77.4 -174.8 —-133.7 16.5 334.4 -324.2 2.17 1.96 2.02
n-heptane 64.8 -24.9 25.6 16.4 15.3 =5.1 1.39 1.39 1.39
n-octane 447 25.6 46.6 25.2 -17.3 33.1 1.79 1.67 2.05
n-dodecane 87.7 273.4 371.2 —46.7 -64.4 127.8 4.16 5.23 3.66
12
Z( Mc\ i HMcaIz)
o(Hy)=| & 0
n-p
100 Calculated
Experimental Wilson
—————— UNIQUAC
APENTANE = + =« NRTL

4 HEPTANE

OCTANE

W DODECANE

HE/(Jmol!)

-40
0 01 0.2 03 04 05 0.6 0.7 08 09 1

mole fraction of n-Hexane

Fig. 1. Comparision of the experimental data with the results calculated by several models for n-hexane(1)+n-alkane(2) systems at 298.15 K.
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Table S. Binary interaction parameters of several thermodynamic models
for NaOH(1)/water(2)/ethanol(3) system at 298.15 K

NRTL UNIQUAC eNRTL
Ag(Au,) 883607  —1929.73°  76660°

NaOH(1)/Water(2) a c a
Agy(Auy)  —1263*  21444.06° —1422
Agyy(A 11442°  248.64°  1144.2°
Water(2)/Ethanol(3) 253(Auys) . ) .
Agp(Auy,)  —530.6°  135.89°  -530.6
Ags(A 2674 -5053 2547
NaOH(I)Ethanol(3) - &13(Au13)
Agy(Auy)  —14057 11131 -1384
Nonrandomness factor Oys 0.3 - 1
eNRTL parameter p - - 14.9
NaOH(1)/Water(2) derrors 1.3% 4.3% -
Water(2)/Ethanol(3) ‘rm.s 0.013 0.010 -

Peters et al.[20]; *Alberto et al.[22]; ‘Haghtalab er al.[21]; “relative percent

1/2
error; ‘r.m.s. (root-mean-square) = ( Z(H, exp™ A(‘ah))

Table 6. Root-mean-square deviations for excess enthalpies according
to molarities calculated by several models at 298.15 K

*s(HF)
molarity NRTL UNIQUAC eNRTL
0.5m 85.58 73.08 60.58
1.0m 51.19 61.01 50.01
2.0m 3591 41.84 37.68
3.0m 1391 14.29 16.46
40m 36.76 4477 31.58
5.0m 47.80 56.24 35.10
6.0 m 58.06 67.09 40.73
7.0 m 66.77 75.99 46.44
10 m 83.16 88.71 41.48

172
2

5 (HE ex, i_Hé (‘n.i)
* o(HE) = 2 e ™ Hascar

n-p

ol WS- ol 4510] AR A3k NaOH 1 5] A4
SelE A f9] o) & W A9} B oA WElS o 5 gir.
webA], o] SEs Shs USRS o] g8te] At ofele
202 PEHE| o], NaOH-2, 2-0leh&o] tjgt o) % v/l

Table 4. Experimental excess molar enthalpies (HE) for the ternary mixtures (H,0-NaOH-Ethanol) according to molarity of NaOH aqueous solution at

T=298.15 K
HE/(J-mol )
XAM* (Excess molar enthalpies according to molarities of NaOH aqueous solution)

0.5m 1.0m 20m 3.0m 4.0m 5.0m 6.0 m 7.0m 10.0 m
0.1625 —581.4 —208.8 -185.1 -231.0 -135.0 -108.2 —61.1 -80.5 —242.4
0.2168 —857.1 -360.4 -324.1 -315.2 —-184.7 -163.9 -121.7 —-142.6 -313.2
0.3061 -1050 —683.4 —466.2 —430.1 -312.2 —266.8 —205.6 -226.4 —461.3
0.3643 -1218 —946.7 —626.7 -515.7 -366.7 -337.4 -251.8 -252.2 —499.4
0.4447 —-1328 -1142 —855.9 -619.4 —445.3 —419.5 -330.9 =311.1 -531.5
0.4987 —1490 -1217 -956.9 —684.3 —484.2 —450.6 -361.6 -329.2 -561.8
0.5495 —-1732 -1314 -1020 -737.0 —528.5 —485.2 -391.6 —-346.1 -571.3
0.6608 —-1541 —-1358 -1087 -776.3 —557.0 -515.1 —431.6 -327.9 —-580.5
0.7461 —-1475 —1403 -1118 -792.4 -564.0 -522.7 —451.1 -300.6 —-551.0
0.8392 —1448 —-1371 —-1135 -759.4 —548.0 -512.9 —442.8 —247.0 -517.8
0.9200 —1436 -1225 -1113 -751.1 -530.2 -513.1 —417.6 -250.2 —491.1
1.0000 -1218 -1160 -1102 -719.9 -523.5 —490.8 —411.7 -267.4 —4453

*! Xyqq 18 the mole fraction of NaOH aqueous solution to total mole moles

Korean Chem. Eng. Res., Vol. 55, No. S, October, 2017
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Table 7. Binary parameters fitted to the expermental excess enthalpies for several models at 298.15 K and root-mean-square deviations of several models

NRTL UNIQUAC e-NRTL *5(HF)
mola-rity Ags Agy; Aups Aug, Agys Agy, NRTL UNQ-UAC e-NRTL
0.5 —7423 —98557 —-10953 —72130 -2010 =3175 36.02 37.10 17.29
1 —5297 —72375 —8546 —62240 —2004 -2910 27.98 31.00 17.75
2 -3157 -30411 —5554 —-32030 —-1824 —2715 24.28 19.12 14.41
3 -3078 —-13784 —5447 -9030 —-1404 -2628 17.46 19.05 16.29
4 -2123 —8184 —4354 —4030 -1084 —2548 16.60 15.21 17.55
5 —1448 =7021 -3051 —-3837 -1064 —2458 13.88 12.47 18.38
6 -981 —-5338 —2458 2131 -922 —2414 16.38 11.47 19.01
7 —281 —4038 —-2753 -132 -102 -2702 12.43 15.04 17.13
10 -956 -3929 -3055 -125 =72 -2902 13.50 12.00 17.22
w3 e IR ©]8-35taL, NaOH = 2 ) lesy] A Aef uH7H 5 o] &3 At wlaf Foel 2lE6H= NaOH-ol ek v
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Fig. 3. Comparison of the experimental excess molar enthalpies with
the results calculated by several thermodynamic models for
NaOH(1)/Water(2)/Ethanol(3) system at 0.5 m NaOH aque-
ous solution and 298.15 K.
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