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Abstract: In this work, the solid-liquid equilibria (SLE) of some aromatic organic mixtures including benzene, widely used as an industrial solvent,
were measured by static method using our own made experimental apparatus. The accuracy and reproducibility of apparatus were tested by
comparing experimental results with literature values for 1-dodecanol + cyclohxane and benzene + p-xylene systems. The SLE for new binary
systems of benzene + aniline, benzene + nitrobenzene, p-xvlene + cyclohexane were measured afterwards and compared with the calculated values by
modified UNIFAC(Dortmund) equation.
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Figure 2. Typical cooling curve for benzene + p-xylene system
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substances Helcal/g) Tr(K) M 4, An g pE
Benzene 30.100 5533 7811 ET—
_ 4.1, dztof ofst AMAY
p~Xylene 3852 13263 106.17 Figure 2% benzene® E+#-&0°] 0.3596%! benzene + p-xyleneA|
Aniline 27.090 -6.300 93.13 o Azt WE 2EHEE TAG Ao M YztT XM
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Table 2. The Measured SLE Data for 1-dodecanol +cyclohexane and Benzene + p-xylene Systems with Literatue Values

1-dodecanol(1) + cyclohexane(2) benzene(l) + p-xylene(2)
cooling curve method warming curve method
X1 Temp(K) lit. xi Temp(K) lit. xi Temp(K) lit.
0.0000 296,62 297.00 0.0000 286.04 286.39 0.0000 286.01 286.39
0.1249 294.42 294.72 0.0781 282.50 28349 0.1502 280.06 280.10
0.2491 292.11 292.63 0.1569 279.10 219.77 0.2761 21462 27377
0.3727 290.27 290.09 0.2237 276.03 273.32 0.359% 270.59 269.29
0.4299 28823 28376 0.3355 270.20 27061 0.4384 264.56 264.86
0.5106 286.62 286.71 0.3847 267.45 267.90 0.53%4 257.04 258.88
0.5976 28378 284.28 0.4330 264.33 265.17 0.5814 254.88 256.30
0.6608 281.97 282.37 0.4976 260.40 261.40 0.6197 25295 253.89
0.7302 280.45 280.13 0.5350 25799 259.15 0.718 259.65 259.07
0.7562 27851 21925 05744 254.67 256.73 0.7920 26394 264.54
0.8030 276.85 27762 0.6202 251.59 253.86 0.8427 268.74 268.16
0.8500 27346 273.02 0.6671 254.26 255.08 0.9017 271.9%6 27221
0.94% 275.46 276.69 0.6997 256.80 257.63 1.0000 278.85 278.66
1.0000 280.00 280.00 0.7568 261.09 261.96
0.8205 265.77 266.59
0.8767 269.96 270,51
0.9463 274.45 27515
1.0000 27845 27866
Table 3. The Van der Waals Properties for Mod. UNIFAC Table 4. Group Interaction Parameters for Calculation of
(Dortmund) Equation Activiry Coefficients by Mod. UNIFAC(Dortmund)
main group sub group R Q i j ay by Ci
3 ACH 9 ACH 0.3760 0.4321 3 4 1392 065 0.00E+00
4 ACCH2 11 ACCH3 0.9100 0.949% 3 17 1044.7 -17112 0.00E+00
17 ACNH2 36 ACNH2 1.1849 0.8067 3 27 746.9 0 0.00E+00
27 ACNO2 57 ACNO2 046%6 03589 3 2 3334 ~04349 0.00E+00
2 cy-CH? B o-CH 0716 086% j i; 4%) 11262%8 (2)(1)(1);8(2)
4 42 147.38 -0.4889 0.00E+00
300 17 27 3770 1.686 0.00E+00
17 42 1186 -2.281 -1.34E-03
290 27 42 1804 0.6361 0.00E+00
4 3 -45.33 0.4223 0.00E+00
280 17 3 15439 1.2458 0.00E+00
270 27 3 36.45 0 0.00E+00
42 3 84.418 0.4046 0.00E+00
T 560 17 4 3969 8497 -595E-03
27 4 1567 -2678 0.00E+00
250 42 4 -62.534 0.1798 0.00E+00
27 17 1655 -1.164 0.00E+00
240 - @ Benzene + p-xylene cooling curve method 42 17 1851 -4476 5.58E-03
2 Spiare. pienswarmingcuve metos © 7m0 ame ome
20 - itpra,15)
220 , J , — 4 YA Yoz ¥ 48As 2989 BUae o
00 2 4 6 8 10 A 4 Sl Table 291 SLAHWHo] 98 o]S9 poly
L SRS une Hols g3 g ZA4dA Axg 7y
Figure 3. SLE phase diagram for 1-dodecanol + cyclohexane &3 A Jelglc
and benzene + p-xylene system. Ak Z& ZHPWE EdZ &) cyclohexane + p-xylene,

%stod, 1-dodecanol + cyclohexane 9]
BEAAE 047 Kol T, benzene + p-xyleneZ)
Fig

aniline + benzene 3 benzene + nitrobenzeneAlel that Q=g po
BE3E FAsgon, olg UNIFAC(Dordmund)el s A4tsl
&kt 7 Table 33 Figure 301 YeRASITh Table 4, 5ol 2tz
UNIFAC(Dortmund)ell €13t 5% A4 A4 Fash van
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Table 5. The Measured SLE Data for Benzene + nitrobenzene, Benzene + aniline and p-xylene + cyclohexane Systems

nitrobenzene(1) + benzene(2)

cyclohexane(1) + p-xylene(2)

aniline(1) + benzene(2)

Experiment mod.UNIFAC Experiment mod. UNIFAC Experiment mod.UNIFAC

X T(K) X T(K) v TK) X T(K) X TK) i T(K)
0.0000 27792 0.0000 27192 0.0000 271967 0.0000 27967 0.0000 266.11 0.0000 266.11
0.0460 275.05 0.0500 275.14 0.0520 269.46 0.0500 26798 0.0467 264.12 0.0500 263.35
0.1000 27208 0.1000 272.32 0.0970 25471 0.1000 257117 0.090 261.09 0.1000 26064
0.1520 269.45 0.1500 269.46 0.1573 24043 0.1500 24707 0.1520 25742 0.1500 25798
0.1990 26702 0.2000 266.54 0.24% 24723 0.1900 239.98 0.3527 24732 0.2000 255.36
0.2320 26477 0.2500 263.56 0.29%4 249.35 0.2000 241.20 0.4000 249.15 0.2500 25277
0.2990 260.65 0.3000 260.50 0.3488 25365 0.2500 24658 0.4500 25243 0.3000 250.20
0.3540 256.59 0.3500 257.35 0.3987 258.14 0.3000 251.05 0.5004 256.32 0.3500 24764
0.4000 25364 0.4000 25407 0.4498 261.15 0.3500 254.89 0.5525 25892 0.3900 24558
0.4480 250.70 0.4500 25065 0.4840 262.76 0.4000 26827 0.6003 261.02 0.4000 24540
05490 24498 0.5000 247.00 0.3510 267.10 0.4500 261.31 0.64% 262.71 0.4500 249.29
0.6503 252.08 0.5200 24569 0.6010 269.35 0.5000 264.09 0.6990 265.15 0.5000 25271
0.6987 255.49 0.5500 24812 06510 270.85 0.5500 266.63 0.7300 267.03 0.5500 255.75
0.74% 260.65 0.6000 251.97 0.6980 20257 0.6000 269.12 0.8000 26824 0.6000 25850
0.7990 263.96 0.6500 255.59 0.74%0 275.29 0.6500 271.43 0.8480 270.73 0.6300 261.01
0.8503 267.49 0.7000 259.05 0.8000 27156 0.7000 27366 0.9040 27367 0.7000 26337
0.9003 270.35 0.7500 262.36 0.8120 27844 0.7500 215.82 0.9330 27396 0.7500 265.63
0.9440 27418 0.8000 265,57 0.8940 281.68 0.8000 27192 1.0000 21817 0.8000 261.86
1.0000 271817 0.8500 268.71 0.9440 28349 0.8500 27998 0.8500 270.13
0.9000 271.83 1.0000 286.02 0.9000 28202 0.9000 271253

0.9500 27496 0.9500 284.03 0.9500 275.16

1.0000 21817 1.0000 286.02 1.0000 27817
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Figure 4. SLE phase diagram for p—xylene + cyclohexane system.
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Table 6. The Comparison of Measured and Calculated Eutectic
Points for Benzene + nitrobenzene, Benzene + aniline and p-Xylene
+ cyclohexane System

Experiment mod. UNIFAC

Mole Temp Mole Temp
fraction (K) fraction (K)

benzene + nitrobenzene 0.55 24498 052 24569
benzene + aniline 0.35 247.32 0.40 245.40
p-xylene + cyclohexane 0.16 240.43 0.19 239.97

5. &
AA AR 3T 2ATE THY 2R AP AR
A9 AR FeAel o9 1Y nany 24
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oA A% AMGH AP nHF LR HFAGE A Fry
#°l A benzene + nitrobenzene = 091 K, benzene + aniline 1=
141 K, p-xylene + cyclohexanel= 081 K2 vlad z Ange
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d A

nm, bam, Cam © Group interaction parameter

4c,, * Heat capacity change for pure component 1
G : Gibb's free energy

h : Enthalpy

P . Pressure

Qi - Surface area for component i

x : Area parameter

Ti " Van der Walls volume for component i
R : Gas constant

R« * Group volume

S : Entropy

T * Temperature

Tmi - Melting point of component i

\Y : Volume

x  mole fraction

z : Coordination number

Jzlo]a 2}

7 . Chemicla potential

ue - Chemical potential for component i in a phase
/1? * Chemical potential for component i in 4 phase
y * Activity coefficient

K - Residual activity coefficient of component i

7,«C * Combinatorial activity coefficient of component i
o, - Area fraction for component i

4, : Segment fraction for component i

. Group residual activity coefficient

I, - Group residual activity coefficient in group k

v " Interaction parameter

)/;51) * The number of kgroup in component 1
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