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2271 303.15 Kell A copper(I) chloride-methanol-ethanol AHAd&-A 2] #gte] Az A 9] g HE
ootk E(F 71F: A AR o2 JdA3Z) methanol®] E-&vlct o Fxo 2 SHdAc) dige
A atel) diate] A o) Gibbs oA 2§ H-§3}e], Barkere] WS |43 B3| HAE Fito
s E ) A4E F 7R G729 J) AR AS A B, methanol-ethanol A4 &3HE< copper(II) chlorideo]
Z7Vhof wel ethanol®] 714} B-5-8-0] Z7}3tt}(ethanole] GA). Fo12l fof E§E2] A4, g9 Fx7}
Z7Hge) wet Agke AFAHoR Ay Z7IGA A Sk ERE0lA dE o SE=d] Frbe)
o -g-7hel}.

Abstract—The behavior of vapor-liquid equilibrium for copper(Il) chloride-methanol-ethanol at 303.15 K
is presented by reporting the total pressure as a function of liquid phase composition. Pressure was measured
as a function of salt concentration along various lines of essentially constant methanol mole fraction(on a
salt-free basis). The data were reduced by Barker’s method with extended fits using an empirical expression
for the excess Gibbs energy of the liquid phase. Vapor phase compositions calculated for the two alcohols
indicate that the vapor phase mole fraction of ethanol is increased(ethanol is salted out) by addition of
copper(II) chloride to liquid mixtures of methanol and ethanol. Based on given solvent composition, the
total pressures of the ternary mixture decrease regularly with increasing salt concentration. Increased vapor
pressure depression effects correspond to increased salt solubilities in a mixed solvent.
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Fig. 1. Schematic of apparatus.
A: Piston injector F: Digital strain

B: Equilibrium cell indicator

C: Reference cell G: Vacuum pump

D: Heater-circulator H: Fill tube

E: Differential pressure I : Bourdon gauge
transducer J : Magnetic stirrer

—

Fig. 2. Equilibrium and reference cells.

A: Heating circulator E: Line to piston

B: Submersible stirrer injector

C: Stirring bar F : Teflon valves

D: Line to pressure G: Equilibrium cell
transducer H: Reference cell
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Fig. 3. A computer algorithm of Barker’s method and cor-
rection to liquid phase mole fraction.

Hozye Apzys mAstelon, Figds 94z
Aol ¥Adx ol Adgke SUdAAE ReAPe 55
Tolch Haje] Barker HHellAs NArZAo] I

3he) Gibbs o7l Ae] FAMsw, 2 ol vhehhz

AR e Px AWIE AAAA del A

e AT Mﬂu} B AT 57 =

agez FFHE el gl A13HP) % 9
i

= =
o7 e & %(nooqu ), 544 QS e
z+
©

4 WA W RE AYES Al AL
sz, AHE ¢ 2de AP $5ebl Rdshe

SEBIE LR DR B
Ak %, 23 w g

sparast H33A H4S 19954 88

22e Gy o 7| 2l 4 AR & 7t
7_“;&].5]111,(% q}‘ﬂ—zk]o] B A=) HAE o_}ix ZA] gho)
wad w7tz A HEAd R #Y =223
ao) 2ue BAE daio] ANEAE, 7—? AWz
upeh A4k 7)AdEA R 4, 2= %) Gibbs of
WA mde) vepd dzie] of/pHFER o] Fo ok
AP A FH e 79, FA18 BABA7E methanol-
ethanol &S £33t gle F2Addx E& 3
L=t

3. Algztel

3714 A5 79 Gibbs o 1] %] 2.d-&, Oh¢} Camp-
bell[10]2] whH st fAFsHA, 7 71A] 7]e{3fe g o] F
oAy 7hR skl A8 71 g B AAe s
278 Azt A3l 23 7]e{#e.2 Margules
A1g algatgiow, FAe) o)zt o 27 7|47
© 2 Hala[2]7} Ak APAE AHE-sldn)

2.x oA ¥Alo it GF m@ZA, methanol(2)-
ethanol(3) £3r2-& AAz] 7]eddte] faA U+

H| a3l EEo] 2, o] A HA 48 MargulesA &
Abgstol om,

£

‘ﬁ = XZXH(AZSXZ + Agpxs— 0~23X2X3) ( 1

gof-Luf o)A EA MIgezRE SPHE AN
3709 2AHP(An, An, an) 5 B33 AAe &
w5k

Copper(I) chloride-methanol % copper(I) chlo-
ride-ethanol A} & of-§of olAd% EE] 3
A, 2.9 Margulestlo} Hala[2]47 2=}

E /0

'ﬁ :A,]X,Xj+ E,']'X,B'ZXj (2)
2ol A olel At 19} ju A4 A% 9 E vebiy,
of-gvj E¢Euitt T e 23 WR(E;, ADE %
=tk

AAEAC g GFAe

G  GF G* Gt
A S
\ RT RT /z \RT /12 \RT /=
—(Cr*x;+ Co*xa+ Ca*%3) XiXoXs (3)

el (GE/RD) e i—j o1&l & #d Gibbs
ok mah, A (3)9) vixlet g2 AAdEA A&
wggeln], 3709 AEA 2HAFE(CH G G



CuCly;-Methanol-Ethanol #] 2] 7]¢

< E 3§t} Methanol % ethanol?] &5 =44 (y, %
v A )T A ohg A& HLsto] ol

G*/RT
In Y’:( - o >11 (4)
ni+tj

on;
()]]/(1 o},a}] z-lz} J_” _Q_UHjZ_ L}E}_\,HD% Tg], P= 7l-7l-
1{}-34 —Q—E 1:!1 oh‘g}o];‘_ (E‘o‘]- _ro-iz] oHA]-ZAS]o“k]
4Y R g2 e N Feied A,

¥2Xo Py ¥aXsPy
p= ( + ) 5

YQXQPQMI '

7o — 6)
2T pp ‘

2l 4

¢ V]sal ( P —_ P]_sm‘) X

R L ™

A (Dol A, Oz 714 &) A jo] o0 A el Ao
Qe EEE 2x YW o SV A &80
FoRAlE) Aol et o] e A 7 auks HI o
(pressure-explicit) Ble]et AefubriA) o 2 HE A4kg)
t}. Tsonopoulos] 2 2 5E] A4kgl A 2u)2jd(})
AT Bas, Bas, Bos2 2z} — 1830, —2658 2] 12 —2200
cm*molelt}. 4 (7) 2] Poynting B.A el z}o]] A}&-E]=
8 3t A E453] V(methanol R ethanolol] i
alod 747t 4097 % 58.97 cm®/mol) = E31[8] o 2 HE]
2
2 ool 4} =, Marquardt ¥ ol 2713 v] 413 3]
2ago] MpdFel A= 9] e, Ohs} Campbell
[1{)]°| 2% ool oj*t 2337 (extended fit)
uhyo] AL&Egc) Al -2 §H4=(objective func-
tion)= H-Zo velWor, oty HAsL Hiskd o,
Gf mdol el s g-Eo] A}

o] A el 4, methanol-ethanol#|¢ll g o] A %Al
o R (A, Ag, 023) S 7R E 2] 3L me-
thanol-ethanol o]Ad¥-# 2] Atg 3| HAA|NCEA 4
Aee] a3 A JHFo g AFdch F-&vl

ol dEA PiNATE(Aw, A En En) 3 3702 AH4
A 2AHERC G, GHEL AEA AU
279 -4 o)MEA AL FAl IAHAANHL
2 gojzich o] of A3 ghe Maximum Likelihood
o ofsf riEEglow, 7hEalal AL K5
FE3hgic)

o] AT 4[10], N AEAM AHE" HA B
T8 o] A3 sk M sl A AlabEd

g 507
4 T T T

— °
ask o, « -
.g 0
& . |
?“, b
Q
Ot ¢ _
Q
5 -
=4 .
g °
o .
i o

B o ° Present .tu KCI-H 0)
| et « Patil et al

a Prnent al.\l &ucﬁ-
L & Patil et ({l
0 1 1 n
0 6 10 16 20

Molality of Salt

Fig. 4. Osmotic coefficient vs salt molality for lithium ch-
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Table 1. Vapor-liquid equilibrium data for methanel-etha-
nol binary system at 303.15 K

- Scott W. Campbell

Table 2. Vapor-liquid equilibria data CuCl,-methanol and
CuCl;-methanol binary systems at 303.15 K

CuCl,-methanol

CuCl,-ethanol

xg* P(kpa) x* P(kpa)
0.87447 16.988 0.83042 8.016
0.88279 17.488 0.84120 8.254
0.89660 18.240 0.85802 8.579
0.91029 18.922 0.87674 8.909
092418 19.563 0.89543 9.222
0.93883 20.161 0.92196 9.592
0.95360 20.695 0.93479 9.778
0.96866 21.167 0.95570 10.008
0.98415 21.625 0.97740 10.240
1.00000 21,9781 1.00000 10.480%

*mole fraction of solvent with no dissociation.
tsaturated pressure of pure MeOH
tsaturated pressure of pure EtOH

XMeOH P(kpa) XMeOH P(kpa)
0.09653 11.580 0.41327 15.189
0.20656 12.801 0.49972 16.105
0.23735 13.186 0.53894 16.560
0.26402 13417 0.60233 17.253
0.32697 14.142 0.73585 18.855

0.86559 20.363

(mol/kg)elch. &vle] BF=e ohf Ao2yg Axb

et

t L
) (P—P*)(B—V") ©
RT

Sgolel Z719), A2

ln(a)—ln< o

oA P, B W Vi zH7}
vgldAl s @ £l EXv|olch AMRASLE &
F=A et vlaste] e i}%-% ZFZA)7]7] 9
Fof, vlzpre g o] &= grk Fig 49} 504 Holx
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Fig. 6. Deviations between calculated and experimental
pressure for copper(Il) chloride-methanol(2)-etha-
nol(3) system at 303.15 K.
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copper(II) chloride-ethanol ©)A3%-A9] A3t APA4E
Table 24 Fozit}. Table 3o+ copper(Il) chioride-
methanol-ethanol AHAd % E3HEe) A AHUE +
23l9ict Fig 72 & 29 st (A3t F 33,
zh o) BB FAvith AgS 4o EFerel
Bele] ARk Qe =7 FHE whel A
2o g qtHo] 7h4E BodFr) Table 20 4% 44
3}50), &80 methanole] CuCl7} 5712 o eth-
anol®t} ]2 & Z7]3tA 8 (vapor pressure depres-
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Table 3. Vapor-liquid equilibrium data for CuCl,-MeOH-
EtOH system at 303.15 K
X2 }:z’

2 P(kpa) %' x:'  Plkpa)
0.08028 0.75466  8.708 0.35010 0.49899 10.966
008126 0.76410 8.968 0.35400 0.50475 11.293
008282 0.77927 9320 0.36023 0.51388 11.796
008448 0.79532  9.693 0.36694 0.52360 12313
0.08625 0.81206 10.030 0.37384 0.53342 12.813
0.08806 0.82885 10.355 | 0.38105 0.54351 13.316
0.09001 0.84653 10.672 | 0.38860 0.55383 13.770
0.09210 0.86492 10974 | 0.39658 0.56448 14.238
009430 0.88376 11.277 040496 0.57532 14.703
017312 066761 9422 | 047196 0.40669 12.963
0.17497 067500 9.661 048010 041382 13483
0.17831 0.68829 10.106 0.48904 042149 14.040
0.18174 0.70175 10517 049811 0.42908 14.560
0.18538 0.71582 10.921 0.50784 0.43699 15.074
0.18918 0.73030 11.308 0.51780 0.44481 15.566
0.19324 0.74540 11.682 0.52827 0.45274 16.060
0.19749 0.76084 12.055 0.52264 0.34698 13.092
020202 0.77679 12.417 0.52936 0.35154 13424
022177 062024 9.730 0.53908 0.35807 14.042
022428 0.62756 10.004 | 054828 036415 14.606
023024 0.64471 10.657 0.56831 0.37062 15.161
023276 0.65189 10911 056873 0.37719 15.703
023760 0.66548 11.383 0.57960 0.38385 16.231
0.24228 067835 11.784 0.59089 0.39056 16.731
024743 0.69220 12.185 0.65102 0.23524 14.928
0.25295 0.70663 12.581 066184 0.23918 15578
025848 0.72066 12.988 0.67337 0.24329 16.188
027576 0.57006 10.309 0.68486 0.24729 16.813
027879 0.57660 10.619 0.69713 0.25145 17.370
028376 0.58719 11.077 0.70962 0.25555 17.891
0.28907 0.59837 11.533 0.72266 0.25969 18.386
0.29477 0.61018 11971 | 0.77029 0.12060 16.451
0.30065 0.62209 12427 | 0.78385 0.12272 17.174
030673 0.63415 12.857 | 0.79586 0.12456 17.774
0.31324 0.64669 13.286 0.80918 0.12654 18.385
0.32013 0.65957 13.768 0.82267 0.12848 18.941
0.83666 0.13042 19477
0.85101 0.13234 19.949
tsolvent mole fraction with no salt dissociation.

Table 4. Value of parameters appearing in Eq. (1)-(3) for
CuCly-methanol-ethanol at 303.15 K

Parameter Value Parameter Value
Ap —0.00357 A —4.66062
Aj —0.04126 Ey —3.21456
2% —0.02220 c* 13.55679
Ap —8.30310 Cs* 13.26585
Ep ~5.12655 Cy* 12.45818
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Fig. 7. Vapor-liquid equilibrium for copper(ll) chloride-
methanol(2)-ethanol(3) system at 303.15 K.
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Fig. 8. Calculated vapor-phase mole fraction vs liquid-
phase mole fraction(on salt-free basis) for copper
(I) chloride-methanol(2)-ethanol(3) at 303.15 K.
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