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2 9kl Acrylonitrile AIEA] HAHEEZ YA EE acetonitrile-water TH]EFE 4] L2350 acetonitrile 34
7] $15ted benzene, toluene, o-xylene, ethylacetate ¥ monochlorobenzeneg 472 Aelsto] 257 o 4] solvent(1)-
water(2)-acetonitrile(3)4¢] A4-o HFPdolg}F Faglon, 1 AHsolete ANYE ZAb4x, tie linedt plait
point £4-& 7ZAAs9ch. €3k NRTL, UNIQUAC ¥ modified UNIQUACR 2 Alo] 83} parameter® 3A8lx 72+ &
o]l tig FelAlSe)l dYe g ARl

Abstract: In process of manufacturing acrylonitrile, azeotrope of acetonitrile-water was come into being as by-prod-
uct. For the purpose of recovering acetonitrile through solvent extraction process, benzene, toluene, o-xylene,
ethylacetate and monochlorobenzene as solvents were selected in order to separate acetonitrile from azeotrope of
acetonitrile-water. In this study liquid-liquid equilibrium data were determined and consistency of the experimental data
was investigated. The tie line and plait point for solvent(1)-water{2 )-acetonitrile(3) system were determined at 25°C.
The parameters in the NRTL, UNIQUAC and modified UNIQUAC model were predicted, distribution coefficient and se-
lectivity of each solvent were determined respectively.
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Fig. 1. Schematic diagram of experimental equi-
ment.
A : Microburet  E: Magnetic stirring bar
B: Water jacket F: Stirrer
C: Thermometer G: Heat controller
D: Sample bottle H: Water bath

Table 1. Physical Properties of Chemicals Used

, Density Ref.index B.P. Purity
chemicals oc) o5c) (€)D" (%)
benzene 08737 14979 801 Junsei 999
toluene 08623 14941 1106 Junset 995
o-xylene 08760 15029 1444 Junsei 985

ethylacetate 08945 13698 771 Jumsei 995
monochloro- 10924 15248 1317 Junsei 995
benzene

acetonitrile 0.7766 13416 816 Katayama 98.0
water 09970 13325 1000

& AHgskgd AlE F9 ES AFRetd AR
A, 299 RZE AsE SFAYE 2dE AR
3tgom, 2 2AXE Table 14 vehygltt.

AY yyoz A Salx F4e Othmer 11] 59
s 435t Feo] FAHE FHE jacket
o Algde] 717e] 4vlE Y& F magnetic stir-
ring bar® ¥ 83}9A microburetg ©}43le] E2
YA A Weko] A7) Fo7 FHA Hie 49
o AARAE FA 3o AAsA.

Tie line cross section method[12]& 43}
solvent(1)-water(2)2] A¥u)E FF2AuZ (A)
70:30, (B) 50:50, (C) 30:702.2 A3}o] z}7}e
AEulo) acetonitriled A& F7HA171HA mHE
T 3 EFLd0] YY) =D E 2447 $13
A E Eoh Ao 2709 Fo2 FeEd A& #4
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Fig. 2. Comparison of binodal curve for solvent(1)-
water( 2 )-acetonitrile(3 ) system at 25°C.
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Table 2. Binodal Curve Data for Solvent(1)-Water{ 2 )-Acetonitrile(3) System at 25°C{ wt% )

benzene water acetonitrile
90.12 0.86 9.03
82.76 1.27 1597
74.14 143 18.68
68.21 2.21 29.58
57.81 2.87 39.32
45.86 3.78 50.36
38.21 5.02 56.77
2753 7.36 65.11
15.74 13.83 70.43
3.08 49.87 47.05
toluene water acetonitrile
93.74 0.22 6.04
79.55 1.08 19.37
67.65 192 30.43
56.29 2.78 4093
45.39 3.78 50.83
39.01 452 56.47
31.95 6.14 6191
25.11 8.15 66.74
1742 13.07 69.51
6.87 26.92 66.21
0.6
oz} &
-0.2r
o
3 0.6t
z
g
-1.0F / O ! benzene
3 : toluene
A 1 o—xylene
1.4k ® : ethylacetate
M : monochlorobenzene
-1.8 X 1 1 n |
-1.8 -1.4 -1.0 —0.6 -0.2 0.2 0.6

log(Xs./X2)
Fig. 3. Hand correlation for solvent(1)-water(2)-
acetonitrile(3 ) system at 25°C.

B QoA FAkee| 2 3l model W2l parame-
ter+ Varhegyi®} Eon[17]¢] AAIg uhilel] 23}
NRTLA el &= gy, UNIQUAC3 modified UNI-
QUACA A= Und 2AA7)3, 3459 - o

ethylacetate water acetonitrile

9403 311 2.86
81.78 5.74 12.48
7193 7.82 20.25
67.85 217 2998
49.62 13.45 36.93
40.03 1754 4243
31.96 22.19 45.05
20.59 36.23 43.18
14.02 51.23 34.75

8.11 90.67 1.22

monochloro water acetonitrile
-benzene

90.26 1.02 8.72
84.92 121 13.87
7387 2.12 2401
65.36 293 31.71
54.17 397 41.86
47.66 443 4791
39.42 575 54.83
30.50 7.85 61.65
2194 11.13 66.93

5.04 37.59 57.37

FANA NRTLAS t}2 87§ parameter g, g,
S, L3, L Qo Gy, s E7] parameter® A3}a,
UNIQUAC 3} modified UNIQUACA]-& o8 5709
parameter Uy, Us, Uy, U, UnS %7] parameter®
AA 5] Hooke-Jeeves| 18]2] direct search method
2 d4F F¥U4E4 z7] parametere] ©Hs}AY
A EA%s FE 42 & 4o 323 HYe
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rameter?] 3}gx|e} AFAE A FUck. =3 Tie
lineAd @ =e} 2 me] o3te] A A4 w}
2} Root- Mean-Square-Deviationg t-&-4)

n 3 2 exp
RMSD=100 5 3 [ (X)X, (iY/6n]
o2 Axehsdet. ool 4 344%l parametersh RM:
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Table 3. Experimental Tie Lines for Solvent(1)-Water(2 )- Acetonitrile(3) System at 25°C(mole% )

Solvent layer Water layer

Solvent Xa Xa Xa %o Xa Xe
benzene 0.8118 0.0336 0.1546 0.0004 0.9875 0.0121
0.6977 0.0465 0.2558 0.0010 09714 0.0275
0.5403 0.0671 0.3926 0.0022 0.9447 0.0531
0.4264 0.0801 0.4935 0.0032 0.9120 0.0848
0.2083 0.1384 0.6533 0.0066 0.7943 0.1991
toluene 0.8648 0.0103 0.1249 0.0002 0.9877 00121
0.6815 0.0334 0.2852 0.0008 0.9755 0.0237
0.5572 0.0516 0.3912 0.0015 0.9594 0.0391
0.4264 0.0766 0.4989 0.0025 0.9341 0.0634
0.2541 0.1083 0.6376 0.0045 0.8670 0.1285
o-xylene 0.8096 0.0382 0.1522 0.0003 10.9893 0.0104
0.6424 0.0580 0.2995 0.0007 0.9669 0.0324
0.4977 0.0699 0.4324 0.0012 0.9429 0.0560
0.3668 0.0881 0.5451 0.0019 09075 0.0906
0.1740 0.1273 0.6987 0.0037 0.7860 0.2103
ethylacetate 0.8149 0.1319 0.0531 0.0178 0.9764 0.0058
0.6351 0.1897 0.1752 0.0190 0.9611 0.0199
0.4683 0.2492 0.2826 0.0212 0.9340 0.0448
0.3651 0.2838 0.3511 0.0231 0.9081 0.0687
0.1846 0.3959 04195 0.0288 0.8125 0.1587
monochloro~ 0.8646 0.0307 0.1047 0.0004 0.9896 0.0099
benzene 0.6508 0.0588 0.2912 0.0013 0.9645 0.0342
0.4831 0.0867 0.4302 0.0017 0.9319 0.0665
0.3135 0.1253 0.5612 0.0022 0.8741 0.1237
0.1427 0.1821 0.6752 0.0054 0.7264 0.2682

O-- 0O exp. data
O—0O NRTL

A—n UNIQUAC

®— @ mod. UNIQUAC

50
Fig. 4. Comparison of experimental and calculated

tie lines for liquid-liquid equilibria of benzene
(1)-water( 2 }-acetonitrile(3 ) system at 25°C.
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Table 4. Correlation of Equilibrium Data for the Solvent-Water- Acetonitrile System at 25°C

. Solvent benzene toluene o-xylene ethyl acetate momochloro
equation benzene
Hand[ 6] A=0.9505 0.9578 0.9996 0.9890 1.0367
log( Xa1/Xu1) B= 04427 0.4874 0.4032 0.3993 0.3214
=A log( Xs/X)+B r=0.9996 0.9996 0.9999 0.9996 0.9998
Bachman-Brown[ 13] C=0.6540 0.6923 0.6106 0.7234 0.5586
X/ X:=CXy+D D=0.3421 0.3068 0.3886 0.3560 0.4540

r=0.9998 0.9998 0.9999 0.9998 0.9996
Othmer-Tobias[ 14] E=2.0705 2.2491 19217 2.3275 1.6835
log] (100-X,,)/Xu] F=-2.1056 —2.4621 —1.8156 —2.7113 —1.3510
=E log{ (100-Xz)/Xx»} +F r=0.9987 0.9977 0.9982 0.9992 0.9987
Ishida[ 15] G=0.4585 0.4333 0.4927 0.2012 0.4204
logl ( XX )/( X5Xi1 )] H=0.0997 0.0833 0.1025 —0.1454 -0.1909
= G logl (XaXi)/(XXu)]+H " r=0.9934 0.9987 0.9986 0.9761 0.9955
Major-Swenson[ 16] 1=0.7339 0.7368 0.8133 0.8314 0.8658
logl (100-X5,)/Xx] J=0.4098 0.3751 0.2333 0.1769 0.1669
=T log{ (100-X3,)/Xa] +] r=0.9984 0.9976 0.9975 0.9973 0.9978

Table 5. Model Parameters for Solvent(1)-Water(2 )- Acetonitrile(3) at 25°C

(a) NRTL model

Solvent gn £gn 3 g1z g3 ga (4253 3 (23 RMSD
Benzene 1000.00 3017.71 3205.01 4930.11 174760 3600.00 0.288 0.079 0.001 0.0583
Toluene 1000.00 2968.00 305880 6038.69 1537.21 3568.00 0.280 0.093 0.139 0.1506
O-xylene 1000.00 2942.01 319001 4417.12 1684.00 3619.00 0.280 0.110 0.137 0.3017
Ethylacetate 1000.00 354001 665.00 8561.27 144589 2862.00 0.220 0.981 0.220 0.4751

Monochlorobenzene ~ 1000.00 3096.34 2987.16 4308.62 1979.96 3488.00 0228 0.622 0219  0.5875

(b) UNIQUAC model

Solvent Un Uz Uss Uz U Uza RMSD
Benzene 1000.00 3731.79 4959.40 4793.60 2556.78 3713.00 0.2895
Toluene 1000.00 3517.00 6990.00 6118.26 2216.04 3431.93 0.3732
O-xylene 1000.00 3478.80 6930.72 4770.15 2299.22 3421.00 0.1378
Ethylacetate 1000.00 3231.89 1260.98 3588.47 1063.78 2632.83 0.4441

Monochlorobenzene 1000.00 3658.00 7248.96 4288.67 2516.18 3612.98 0.4165

(c) modified UNIQUAC model

Solvent U, Uz Uss Up Ui Uss RMSD
Benzene 1000.00 3248.20 5611.89 4793.60 2607.71 3533.07 0.2852
Toluene 1000.00 3350.40 6708.70 6118.26 2537.80 3546.08 0.3842
O-xylene 1000.00 3289.31 6776.00 4770.15 2731.00 3593.07 0.2264
Ethylacetate 1000.00 3186.31 1411.39 3588.47 1212.78 2698.62 0.4625

Monochlorobenzene 1000.00 3398.89 6886.32 4288.67 2677.00 3578.80 0.4214
constraint : 50<U<9999, 50<g<9999, 0.001<a<0.999

ofch. $vl= Aelsrl Aok dhy) FHe £4E H 419 58S BAGe 2as DA Y
=% wol astHA AE $4& SR € & =, 3594, s A, vid R S, FAA
e HEE SashA s A Ae] & Aol 2 7%} F54, ZAARTl et ol A4 F M Fa
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Fig. 5. Plait point determination for benzene(1)-
water( 2 )-actonitrile(3) system at 25°C.

Table 6. Estimated Plait Point for Solvent(1)-
Water{ 2 )- Acetonitrile(3 ) System at 25°C

Solvent X1 Xz Xa

Benzene 8.76 23.17 68.07
Toluene 7.74 24.28 67.98
O-xylene 8.82 23.46 67.72
Ethylacetate 2163 3381 44 .56
Monochlorobenzene 10.74 21.62 67.64

& AL ZujAS(D)St AQE(S)o)|2 R g4

_ acetonitrile wt% in solvent layer _ Xy
acetonitrile wt% in water layer ~ X,

_ acetonitrile wt% solvent-free solvent layer
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Fig. 6. Distribution coefficient of acetonitrille be-
tween water layer and solvent layer at 25C.
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trile(3) system at 25°C.
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AGM AGY AG®: mixing, ideal and excess Gibbs
free energy, respectively { cal/g -+ mol]

gji : NRTL binary interaction parameter [ cal/g -
mol]

n : number of experimental tie line data

G : area parameter of pure component i

g : modified area parameter of pure component i

ri : volume parameter of pure component i

R : gas constant [ cal/g + mol]

T : absolute temperature [ K]

U; : UNIQUAC, modified UNIQUAC binary
inter action parameter [ cal/g - mol]

X; : mole fraction of component i in the liquid
phase

X : concentration of component i in j phase

a2jo|A 2X}

@; : nonrandomness parameter in NRTL model

@ : volume fraction

6; : area fraction

6 : modified area fraction

r; : UNIQUAC, modified UNIQUAC binary inter-
action parameter

Aol 4 Acetonitrile®] 3|5el B A7
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