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Acrylonitrile+water, acetonitrile+water, acrylonitrile+acetonitrile Z} o)A 274 E3HEl di3t 323.15K 2 7]943 <
headspace gas chromatography(H.S.G.Cyf 2.2 =A)3}3ich. WaterE E 33 E3HA oA Fu|Ae vehjglen, 53
acrylonitrile+water 7+ acrylonitrile 243 0.05-0.90 A Toll4] E-&odddo] glo} 27U Fu|AL et g mdA]q
2|3t A7} modified UNIFACA] S 0] 83 34MA 3 A S| 01e] 7|4zl o] FFuArt 1% v|he] 22 dXZ dX
& gtk 298.15KeNA SAE o) o= BT o)A 2 HE] o] WAE ¥ g.2n, Redlich-Kister t}3}4] o]
1% v\2te] P2 g L AABAE LA, WNEFE o83l 3 sAtefe] F-E o) EX9 % At
sksdc}. Acetonitrile+water £l t8] spinning band Z5-7]E o] &3l 243 AY Fu)AHL 323.15K, 279.9
torroll 4} x,=0.7570141.2.7, o] H.S.G.Cell 2|3 A}4) x,=0.7552} A 2] Yx]|j}c}. o] Ale] Fu|=AL Ho] F4adt
4~E acetonitrileo] 335} 2] o 2 o] £33}t

Abstract— Isothermal vapor-liquid equilibria(VLE) for the binary systems of acrylonitrile+water, acetonitrile+water, and
acrylonitrile+acetonitrile were measured by headspace gas chromatography(H.S.G.C) at 323.15K. Both aqueous systems
have the azeotropic behaviors. Acrylonitrile+water system has an immiscible region approximately between 0.05 to 0.9 of
acrylonitrile mole fractions. VLE data were correlated by common g* models and compared with predicted values by mod-
ified UNIFAC group contribution method. Their mean deviations in vapor phase composition were less than 1%. Excess
molar volumes(v®) of the same binary mixtures at 298.15 K showed negative deviation from the ideality. These data were
agreed well within 1% mean deviation with Redlich-Kister equation. Partial molar excess volumes at infinite dilution were
calculated from the five Redlich-Kister parameters. Precise azeotropic data were measured directly by spinning band dis-
tillator for the acetonitrile+water system. The composition of azeotrope by distillation was x,=0.757 at 323.15K and 279.9
torr, which was very close to the result, x,=0.755, by H.S.G.C. The compositions of azeotropes moved to acetonitrile rich
region with decreasing the system pressure.
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Fig. 1. Schematic diagram for the spinning band distillator.
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Fulde] Ha =24 AL 98 A3 ZEA|E spinning
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AubA el Z2H5e] AR HE2A 8-S Fo|7] ¢18 sieve tray, bub-
ble cap «] HE2dg o] &3, 4R 72 FHES AYE
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Table 1. Purities and measured densities of pure components with
literature values

Purities Density(g cm °) at 25°C
Chemicals

(wt.%) Present study Lit. value
Acrylonitrile 100 0.80046 0.8004[11]
Acetonitrile 100 0.77640 0.77671[12]
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AFsla hEF|2 F83] AR=AZ) F oS A8E A4 &
ot $3-L d7IskslelA Sagsigl o, A A7y 4L 8l
Wallace & TiernanA}2] AL 42 vl e & o] &3}l5ic

3-3-3. Spinning band $77] & 0] 43 Fu]H &4

Acetonitrile+waterE§HA| 2] 73S, 71943 2AAY A B8
o glo] FuH& ¥A3Q 22T spinning band 5-F7]& ©]-8-34
AY SHFFeHN A A 2L SAs. 999 =
AHqod Az °l"*—‘?- ERES 7 oI FUsk 3]
E TN 3o FR7INe QAzAe] 323.15K 204 3y
AHE FRIBIEE oS Aol ske] A=W 1 9o
A AA A7) BYPA RS T EFJEL vSAA HIFAZLE o] F
o ZRhg 20:19] PEu]Z A sich Bande) AL EL 2500
pm e 2 ZASG A, ojufj] o] EtyE oF 50‘4°]9i‘:1- &5
dojz] ZFNe) ZALS :‘-Lu] FAjolB g o] ZA-E G.CE o4
3lo] BAJElda, vl BEEA | 27 RgelAbd e °]-§-6]'°=] A

FEA st =3 5o E—EMMI i3 AHE AR ‘3]3— e s}
A} Alsgste] FulAe] o] 5k dolrgich
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4-1. 52 J|HEE

Acrylonitrile+water, acetonitrile+water, acrylonitrile+acetonitrile Z}+
SI¥AY SR HSGCE o143l 323.15KelA) 223}
et A o] BellA] AR ups} Zhe] FibxAl S| BAE Fa
& zzolease) B=wAs gty BARNE ol gsiel, 7]
A 2L 21 A3 71 4H Y dlolel —TL%}‘}&E} Table 29| =
AgAste] Aol A4 2 ARTS] Antoine A5 R EelH B
AAEE vehlgicH13,14]. 34 7199y HMFJt Margules,
van Laar, Wilson, NRTL, UNIQUAC 5-¢] g 2940 2 AlgtatA)
£ dolusgkon, ol AL8E ¢f v wiAiHgE o} 7}

Wilson : A=(y,—Y.) cal/mole
NRTL * A=(g;—gy) cal/mole
UNIQUAC : A=(u;—u,; cal/mole

Table 35} Fig. 20l := acrylonitrile+water, acetonitrile+water, acrylo-
nitrile+acetonitrile ©)4J& E§A19] 323.15K $-& 7|49 dlo]g

Table 2. Antoine constants and physical properties of pure compon-

ents[13, 14]
Properties Acrylonitrile  Acetonitrile Water
Molecular weight 53.06 41.05 18.02
Molar volume’(V5) 66.30 52.86 18.07
Tc(’C) 262.85 274.85 374.15
Pc(bar) 45.6 483 2212
Acentric factor(®) 0.3369 0.3076 0.344
UNIQUAC parameter R 23144 1.8702 0.9200
UNIQUAC parameter Q 2.0520 1.7240 1.4000
Antoine constant A(mmHg) 6.94171 7.33986 8.07131
Antoine constant B 1255.939 1482.290 1730.630
Antoine constant C 231.297 250.523 233.426

a:at 25 °C value.
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Table 3. Experimental VLE data of the systems containing acrylonitrile or acetonitrile at 323.15 K( and x, are calculated values)
P(torr) Xy Y1 il Y. P(torr) X, Y T Y.
acrylonitrile+water ~
136.78 0041 3279 36.8163 1.0001 360.08 .2506 7493 3.5913 1.3050
165.21 .0068 4450 35.9308 1.0002 362.90 3370 7529 2.7037 1.4655
281.97 0213 6787 29.9222 1.0029 362.51 4511 7519 2.0152 1.7752
362.08 0456 7525 19.9478 1.0172 361.00 .6084 .7490 1.4822 2.5067
363.93 .1046 7534 8.7442 1.0857 361.74 7720 7555 1.1806 4.2037
361.29 1540 7514 5.8788 1.1502 341.69 9477 .8399 1.0099 11.3414
370.85 .1982 7597 4.7397 1.2043
acetonitrile+water
115.01 0087 .2043 10.5581 1.0002 281.45 4454 7118 1.7600 1.5847
156.61 0270 4255 9.6449 1.0019 285.73 6612 7306 1.2353 2.4618
205.08 0571 5713 8.0343 1.0100 285.19 8096 7705 1.0620 3.7247
263.26 1561 6799 4.4864 1.0819 274.07 9308 8778 1.0113 5.2464
276.69 2754 7017 2.7584 1.2342 268.92 9578 9139 1.0041 5.9390
acrylonitrile+acetonitrile

256.14 0120 0142 1.0145 1.0000 283.41 .5966 6326 1.0022 1.0101
257.54 .0402 0478 1.0202 .9998 287.63 .7049 7328 9972 1.0191
259.65 .0813 0961 1.0235 9996 292.15 8186 .8383 9978 1.0190
263.98 .1660 1926 1.0213 1.0000 295.29 9076 9189 9971 1.0142
268.31 2544 .2888 1.0158 1.0015 298.58 9688 9741 1.0012 9702
272.63 .3468 3855 1.0106 1.0036 299.14 9812 9839 1.0004 1.0036
279.01 4932 5317 1.0031 1.0088

o} 7194 2A o wWE Ak Yeplglon, Table 40l 9 &
A9 AYAAE of wdAlg A7) A4S ehlgic). Table
3ollA Aldgre 2 AR gF A} FP 2L maAo g Ay
AF)AG Z448E A3} ohd, 714 Y zA e S0} Qe
BASAE o]4-31o] AN gholt)h. 2R 7|4 YA, ¢ =
DALl & A3 A2 QL R HSE o) Lsle] AAKE )
4 BYEAZ FIFEAE Ay(lyes - Y2 BT

Acrylonitrile+water £3}7]2] 73-¢- acrylonitrile 4] <F 0.05-0.90 A}
olellA E-849& B} o9} e Hgoddoe] Sy A
A= Fovisie], Adigo o.ol7| 448 (L-L-VE)] AT
7F bty & 5 gloh & AfoM= o] FAoxe] HEYzA
o] YAl FAZ FPA} Ad o2 E e Hgjon v
A % NRTLAel| 714 =& 9218 vz, olwe] 7|Abwzte] A7
e oF 0.82 %}

Acetonitrile+water EgAS] 7 f-olli= E-Lo3dglo] FAAQ
& FHAEE Bolon ) AYYe B4 Qonl Tu|RAL oF 0.755
et o] EPAE A4 acrylonitrile+water EA 9} vl@r1x) 2 g

292 F NRTLA ¢ 7h4 2k H3-E5 Hold gal=gle), o]
TAALE A9lE g 49 H$ Jubd o NRTLAl] 7b3
F2 AAVWAE BATE A AP A9} Aabx|e}e)] 7)
AxA 2 FEARAR= 0.00302] 2L S ¥l 0w, Raoulte] 2o
EHE ko] HAE Belw gt} £3] o] EAIE modified UN-
IFACAE 3% 4 7olx u|E AAsle] Fig 29 vhehiigle
o, 9] 1% vluke] A2 7|AbzA B2 AP Falsigict.

Actylonitrile+acetonitrile £3}A12] 7 $-oll= acrylonitrile} acetoni-
trile®] FxAH] FAMI L2 Qs o)Al E4HE sk glglon,
°]2 <l# Raoult®] HA} 7 2] AL v} ¢ wllA|o) gt
ABBAE doh AT o] FEHQ o]4-Z 27)9] MargulesA] s}
van LaarA]ell = 4] $& U35 ueict. olwje] 7AbzA 2] JF
HAHE 0.00070191 2.5 ® 4] F NRTLAS] vl o= 0.164]
0.8 AloJoll =85}kx] gk} 0322 TAse )8t 15). Fig.2
9] 71Ny =Follx AI-E acrylonitrile+acetonitrile A1) 7% Mar-
gules?]-& E3f AlAbE Aujo)n, Yuix] £ E35}A]= NRTLA o) ¢
3 AlakE]l Aot

400 T Y T T T T T T 320
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300 - 300
" 2
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Fig. 2. x-y-P diagrams of the systems containing acrylonitrile and acetonitrile at 323.15 K.

(O liq. phase; @ vap. phase; —— g° model eq.;

.............. mod. UNIFAC eq.)
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Table 4. Fitted g° model parameters and mean deviations between
vapor phase mole fraction of the systems containing acry-
lonitrile or acetonitrile at 323.15K

A, Ay o Ay
acrylonitrile+water
Margules 2.9657 2.2733 0.0660
van Laar 3.0362 2.2822 0.0555
Wilson 1458.6459 1806.7811 0.0256
NRTL 1357.1815 1806.7811 0.4280 0.0082
UNIQUAC 731.9085 163.7811 0.0466
acetonitrile+water
Margules 2.2976 1.8296 0.0112
van Laar 2.3302 1.8422 0.0091
Wilson 608.5650 1466.0384 0.0131
NRTL 675.0022 1132.3617 0.3831 0.0030
UNIQUAC 434.3854 211.7630 0.0061
acrylonitrile+acetonitrile
Margules 0.0342 0.0087 0.0007
van Laar 0.0342 0.0152 0.0007
Wilson 163.5557 —91.4884 0.0007
NRTL —-324.8116 400.3288 0.300 0.0007
UNIQUAC - 157.4482 194.5279 0.0007
4-2. Ty

Table 5ol 298.15Kell4] ¢ e} E-83)-2 Jepigich. Acryloni-
trile+water E£H712] 739 4] 7|E3)E0] acrylonitrileA] 0.05-0.9
AEoA BE99E Bolung, o] QL AL Y514 gl
239 v 435 Fig. 3o JehQdch B8 EAlA ol e
2E -2 #HzLE ¥4 3, acrylonitrile+water, acetonitrile+water 3}
AL w2 waterrt 3G Aoz AP ke nyod, 43
A malezl Z FAIEAHQ] watere}e] Ejtoll ule} vlad £ 2
HxHE ¥t Acrylonitrile+acetonitrile 31419 A= 79 2%
A3 kg vehligl o, o] AL A F ¥ vl
F22 Qs ol dHel EE uol, oAby e 2xEle] DA} ke
et e 2e ge woleh

Table 6013 24 7l 33 o6l 42AIA A& 57he] Red-
lich-Kister i<, 22] 3 G219} AXEAIshe] FRARHS)HE v}

|
o
w

vt(ems/mol)
F

sob

|
o
(-]
Y

—— Redlich~Kister eq.

----- Immiscible region
1 1 1 L

0.0 0.2 0.4 0.6 0.8 1.0

1

Fig. 3. Excess molar volumes of the systems containing acrylonitrile
and acetonitrile at 298.15 K.
(O acrylonitrile+water; [lacetonitrile+water; A  acrylonitrile+a-
~ cetonitrile).

el¢]2.md, Redlich-Kister2]ol] 1% vlgte] $izj2 F2 AAIAE
238 & & glc)k 23 s o] B8 Fe) E4¥9 = Redlich-
KisterA] 2] /45 o)83le] 4] @)} (9)F ol&43td AArsA
2o, o] A7}-F A Table 6] viehliict

4-3. Spinning band SH7|0}| 28t 2HIH

Acetonitrile+water £FHAl= B84 glo] Fw)AS X2 Y
ooz g} FuAS 54571 93 spinning band F7-7]E ]
43t F731, 2 SR 2A4E #4380 4 HS.G.CHl
3 A 7 gGFxA o ©pE Fu|Fe AL 0755 =9 3}t
olgddl, S5l o8 2o VA YA S B A FHE
AL 323.15K, 279.9torrellA] 0.75724] 7|4 g2 Ale] Awps}
Ae) Axsieiet.

FHHE YA EFF Fules YA E A3e] 4L A

Table 5. Excess molar volumes(V:/cm’mol ') of the systems containing acrylonitrile or acetonitrile at 298.15 K

X, VE Xy \'a

x, v X, Vv
‘ acrylonitrile+water
0.0018 -0.0137 0.0155 -0.1189 0.9242 -0.0620 0.9752 -0.0194
0.0038 - 0.0297 0.0180 -0.1375 0.9359 -0.0519 0.9793 —-0.0164
0.0058 - 0.0449 0.0207 —-0.1582 0.9474 —-0.0415 0.9822 —-0.0152
0.0084 - 0.0652 0.0232 -0.1762 0.9595 -0.0314 0.9835 -0.0135
0.0098 - 0.0758 0.0260 -0.1925 0.9678 -0.0246 0.9854 -0.0129
0.0123 -0.0952 0.9149 -0.0693 0.9726 -0.0216 0.9932 -0.0071
acetonitrile+water
0.0196 - 0.1046 0.3024 -0.5735 0.5486 —-0.4846 0.8008 -0.2165
0.0600 -0.2835 0.3501 -0.5717 0.5997 —-0.4415 0.8506 -0.1526
0.1001 -0.4020 0.3988 -0.5600 0.6499 -0.3930 0.9051 —0.0855
0.1596 - 0.5006 0.4505 ~0.5426 0.7021 —0.3367 0.9103 - 0.0802
0.2299 -0.5547 0.4972 -0.5168 0.7474 -0.2831 0.9502 —-0.0364
‘ acrylonitrile+acetonitrile

0.0593 —-0.0082 0.3181 —0.0268 0.6046 -0.0287 0.8481 -0.0167
0.1062 -0.0125 0.3502 -0.0284 0.6595 -0.0271 0.8952 -0.0128
0.1500 -0.0156 0.4001 -0.0298 0.7045 —-0.0255 0.9525 —-0.0073
0.2027 -0.0194 0.4553 -0.0306 0.7548 —-0.0230

0.2511 -0.0229 0.5514 - .0299 0.8002 —0.0203
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Table 6. Fitted Redlich-Kister parameters for V* of the system con-
taining acrylonitrile or acetonitrile and water at 298.15 K

acrylonitrile acetonitrile acrylonitrile
+water +water +acetonitrile
A —3.89172 —2.06287 -0.12314
A, 4.11281 1.14346 0.00458
A, 0.65525 —-0.58321 0.01846
A, -0.55115 1.53889 -0.01802
A -1.17356 - 0.69887 -0.06024
S«cm’ mol ) 0.0008 0.0023 0.0004
Vf»‘” -7.97196 - 6.02730 -0.15148
\_/f - 0.84837 0.66260 0.17836
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Fig. 4. Relationship between pressure and acetonitrile composition
of azeotropic point of the acetonitrile+water system.
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A,B,C : Antoine constant
A, : parameters in the Redlich-Kister polynomial
A; : parameter in the equations of Margules, Van Laar, Wilson,

NRTL
M, : molecular weight
P : total pressure
P; : partial pressure
R : gas constant
S, : standard deviation
T : absolute temperature [K]
t : temperature ['C]
A\’ : volume
V, : molar volume of pure liquid component i

: excess molar volume

X; : liquid phase mole fraction of component i
yi : vapor phase mole fraction of component i

azjoja 2xt

o : nonrandomness parameter
Y : activity coefficient of component i
Yy : interaction energy between component i and j
13 : chemical potential
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