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Accurate determination of activity coefficients at infinite dilution
by measuring the stripping rates of solutes in liquid mixtures
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Department of Chemical Engineering.
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{Abstract)

The activity coefficients at infinitc dilution of several solutes were determined by measuring
the stripping rates of solutes in nonvolatile and volatile solvents, The results agree quite well
with those in the literature obtained by other experimental methods. As the result, it is found
that the stripping method can be applied to even volatile-solvent systems. In addition, experimental
technique and the questions of data reduction are discussed and thoroughly examined.
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Table 1. Purity of substances.

Refractive index at 20°C
Substance Purity (%)
Experimental Literature'®

Aniline 1. 5857 1, 5855 99+
Ethylene glycol 1.4317 1.4318 99
n-Hexane 1. 3753 1. 3749 99
Benzene 1.5011 1. 5011 99+
Acetone 1, 3592 1, 3588 994~
MeOH 1.3201 1. 3286 99+
EtOH 1. 3616 1. 3616 99-4~
PrOH 1, 3857 1, 3856 99+
iso-PrOH 1.3776 1.3771 99+
Water 1, 3330 1. 3330
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1. Needle valve
2. Dilution flask
3. Manometer

4. Heating tape
5. Soap-film flowmeter
6. Thermometer

7. Gas-sampling valve
8, Gas chromatograph
9. Recorder

Fig. 1. Schematic diagram of equipment.
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Fig. 2. Dilution flask.
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Fig. 3. The effect of moles of a solute
already present in the stagnant
voiume on those in inert-gas stream,
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Fig. 4. A plot of (In 8./8,) vs. time for

two solutes in nonvolatile solvents
at 25°C,

Table 2. A comparison between the infinite-dilution activity coefficients of solutes in
nenvolatile solvents at 25°C by the stripping method and those in the literature

by experimental methods.

Literature
System This work, Eq.(4)
(stripping)' (G.L.C.Hu
Anilinc-Benzene 2,34 2.24 2.20
-n-Hexane 27.09 26. 63 27.0
-n-Hexane 26,25
Ethylene glycal
-Benzene 33.20 31.84 31.0
-n-Hexane 794, 30 220, 625,
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Table 3. A comparison between the infinite-dilution activity eoefficients of solutes in
volatile solvent at 55°C by the stripping method and those in the literature by

experimental methods.

System nonvolatile, Eq.(4) volatile, Eq.(5) Literaturet® (G.L.C.)
Water
~-MeOH 2.31 2.13 2,14
~-EtOH 5.94 5.32 5.11
-PrOH 21,20 18,53 20.44
-iso~PrOH 14.11 12.25 (12.63)#

Table 4. A comparison of the infinite-dilution activity cocfficients of solutes in nonv-
olatile and volatile solvents at various temperatures with those in the
literature and the partial molar excess enthalples of these sy stems.

o nonvolatlle, vc)ldtlle, I xterature ] .
System Temp, °C Eq. (4) Eq. (5) ’ L.E.) | Others
Aniline-EtOH ’ 40 2,69 2,69 2, 6516 hE==1.+30
‘ 55 2,46 2,45 2,478 (kcal/g-mole)
Water-Acetone 15 5.85 5,83 o= —2.60
30 7.65 7.42
45 9, 85 8,99 (10, 81)®
A E 28 Sefl 2. oftA] HL R Frela
o -150-PrOH AAe (B)A o AT L vehdch A7kl 3
ool C hon | stael s AgaelA e fZ welvb:
« . ~MeOH Ao welrh, ofRe £49 Hsetozm alad
i f4o] FrhE stA 27 e Aoz A4t
S sol 1 elalelshE wA g gl A @A AEAE
g ool W (5)4oE AAH A= T Aol
* Bejth, EE B9 =2 Hulie slxs] ol
/ . . (5)A o & & 4 sk R o] ehgelrl. o] 7% GLC ol
K 0 { omn) 150 g BAgws gl ¥ 3o EASq -2
g tage Adstm BHA®G 10BN R o=
Fig. 5. A plot of (In S./S.) vs. time for  dagd Adstn 2d0F 10742 9]

several alecohols in water at 55°C.

E 2o EAZ ubs; Zo] GLC oF Aol &g &
Pdgrewal A oA gl 58] eyl E-n-d
AtAlell a3t {H-e Leror o] Aol =24 GLC o

g ¢

pRegs 3 vade, AL 399

4L T AdeE AL AAd 2=
2 gAYl We roe @A Agd = g
&g uel o

v -1 A

o] g FAA Sl AAE A3l B

b SHEA BE, $42A AFURLE A4S
st 55°Col A AAE AR A W&

b gk, - R dag ok 100°C e A9
Hg &l 4 & AL & ape] sk A", 28]
ool el wlag Rr] wAed & F sl mrl 4
sligel Ehez sisk flvh zeElm 04 gA
Agke]l A F A Gk H A %"—-ﬂH
7"1]7]' S g8 Frlgter TiHder o ¢
s+t
w&ell Mg LAl Al (obd el ¥ ez 204§
b LA (F-ckAa E)el]l Wt 2=E sz A
A FRAAEF A TE 2Hkd T 44 F 23
et v B LAl A polE o m A3
A% zpolsk glort, Selvk Eol ASeE Aol

— 336 —



AN EFET £

Holrz (B)Hox Adsfel ¢ viepuch, obd

~lld g4 1o A -dGgGuolele o
et A gabAl 2ok, o] exdfelA o8 st
o A= (hE)E Fabe] moph. 2
Bl 2 F-obd EAl] el A% 15~45"C W ol A 3~
£ At FEEF g ge(—2.6 kcal/moD)=
Tl o] g EddEAdA e (-
0.27~—2.30"s AL sk, ol g AL |
A 2AY Ag4¢ vepil = e 9y g

2 vk 24 Folgte] wre o TPy 4
Hoart Adebe A4 g =, G2z
Faz A AA AR oA FHg F g <lulAe

2Ry FEE

Z Vel d e ez A Fd, 1 49
ZFY ¢~ 100°Cel A ngddaoe v o

T el o

v.d &

A Tebaade dAEgELS xe o e
A AR AHe mylA Y SAEGH . 5o
A% A ZFAZ 5 gloh iiﬂ B GC
AEv ] BAgelm B gl 2] w7 i) F-g
HB8g-A = A astd T OM A
2 el wste] w7fe] Zhmshy A Eeld)
2 HAFe s g A dlde A3
QP 270l R A gad UgzA al
0.02¢) v} & =] f of #hel,

dA R Awdt 2lelola] gAWNen WFay
Al = g geel AT o] Telz] Wl 2
A A g5t o ez, Fd wlmst
o A% s wA-lstdet, o] Am, gAYe
Yl fill Ao EEelm FUy $wA g A
2 Qe dokh

A I‘

tlo A,

g a2 ¢

1. G, M. Wilson, J. Am. Chem. Soc., 86, 127

gAden Y6 P9340 pe Aty A4 7

(1964).

2. K.F. Gautreaux, Jr., and J.Coates, AIChE
J.. 1, 496 (1955).

3. D.P. Tassios, AIChE ]., 17, 1367(1971).
4. A.S. Bogeatzes and D.P. Tassios, Ind. Eng.
Chem,, Process Des. Dev., 12, 274 (1973).
5. J.A. Zarkarian, F.E, Anderson, J.A.
Boyd, and J.M. Prausnitz, Ind. Eng. Chem.,

Process Des. Dev., 18, 657 (1979).

6. T.M. Letcher and G.Netherton, J. Chem.
Thermodynamics, 7, 353 (1978).

7. C.A. Eckert, B.A. Newman, G.L. Nicola-
idesand T.C. Long, AIChE ].,27, 33 (1981).
8. K. Kojima, K. Tochigi, H. Seki and K.
Watase, Kagaku Kogaku, 32, 149 (1968).

9, P.J. Maher and B.D. Simith, Ind. Eng.
Chem., Fundam., 18, 354 (1979).

10. A.T. James, A,].P. Martin, Analyst, 77,
915 (1952).

11. E. Santacesaria, D. berlendis and . Carra,
Fluid Phase Equillria, 8, 167 (1979).

12, J.C. Leroi, J.C. Masson, H. Renon, J. F.
Fabries, and H. Sannier, Ind. Eng. Chem.,
Process Des. Dev., 16, 139 (1977).

13. K.F, Wong and C.A. Eckert,
Chem,, Fundam., 10, 20 (1971).

14, C.H. Deal and E.L. Derr, Ind. Eng.
Chem., Process Des. Dev., 3, 394 (1964).

15. R.E, Pecsar and J.J. Martin, Anal.
Chem., 38, 1661 (1966).

16, P.J. Maher and B.D Smith, J. Chem.
Eng. Data, 24, 16 (1979).

17. J.N. Rhim and K.C., Kim, Hwahak Kong-
hak, 15, 33 (1977).

18. Vaclav Sedivec and Jan Flek, “Handbook
of Analysis of Organic Solvents,” M.R.
Masson, Wiley, New York, TU.S.A., 1976.

Ind. Eng.

-~ 337 —



