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The effect of the vapour space size when measuring the vapour-liquid cquilibrium by a modified
saturation method based on measuring the change in the liquid phase concentration with time is stu-
dicd in this work. The relation was derived for calculating the correction for the vapour space vol-
ume. On using some model solutions of different degree of non-ideality and of different
concentration, the magnitude of this correction and its influence on the calculated vapour-liquid
cquilibrium data is studied. In casc of systems of complctely miscible liquids, it is not nccessary, as
a rule, to expect a more significant effect of the vapour space size on vapour-liquid cquilibrium.

In preceding work! we have presented a modified saturation method of measuring the
vapour-liquid cquilibrium by inert gas stripping which is bascd on the mcasurcment of
the change of liquid phase composition with time. In the theorctical part of that work,
the equation was derived which makes it possible to cvaluate statistically the cocffi-
cients of G¥ equations and the subscquent calculation of activity cocfficients and other
-G cquilibrium data.

On the assumption that

a) the vapour phasc behaves as an ideal gas,

b) the inert gas is saturated with the solution vapours at cach moment,

¢) the vapour phasc is of diffcrential size only, the relation

nodxyoq

X dv iy
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1 = (P =YAPR)/ (P = YAPAXA = YuPlY3) 2

was derived in the above-mentioned paper from the balance of amount of substance. In
terms of m experimental values of function f; the objective function

FO = S I @

)=1
can be made up. By minimizing the objective function, the vector of coefficients of G
cquation, C, can be obtained.
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Duhem and Vidal? called attention to the fact that the vapour space volume in-
fluences the change of solution concentration with time, i.c., the derivative dx,/dt
when measuring the limiting activity coefficients by the method of inert gas stripping.
Therefore, the authors said included the correction for the vapour space volume above
solution into the equation for calculating the limiting activity cocfficients. The correc-
tion is significant at high values of limiting activity coefficicnts of components (small
mutual miscibility of components). This fact made us cxtend Eq. (7) in this work by the
correction for the vapour space volume and study the cffect of the solution concentra-
tion and the degree of its non-idcality on this correction over the cntire concentration
range.

THEORETICAL

The schematic diagram of stripping the binary solution with an inert gas in the presence
of the vapour space of finite size is illustrated in Fig. 1.

Let us introduce the following assumptions:

a) The temperature and pressure in the system are constant,

b) the vapour phase behaves as an idcal gas,

¢) the vapour phasc volume is constant, i.c.,

Vi = ngRT/p = const., 3

the whole vapour space is pCl‘fCC“ stirred and is in cquilibrium with the liquid
phﬂSC, i.C.,

PA = YAP = YAPAYXAS (C))
Ps = YuP = YuPi¥s> )
| A= hefiery
" engen
Mo R Yo Y
n Fia. 1
| X, , X
o XX Balance diagram of inert gas stripping of binary
solution
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¢) the inert gas solubility in the liquid is ncglected. In terms of the material balance
of leaving gas, we have

dn/dv = n = n/ + n, + ng. (6)
The mole fraction of the i-th component in gas
yi = m/n. (7)
The gas pressure is the sum of partial pressures of components
P = Pat Pyt C))

By combining Eqs (4) — (8), we get

h = hl’ * 1) * ’ (9)
P = PAYAXA — PpYp¥B

where 7' is the flow of amount of substance of incrt gas at the apparatus outlet and
differs from the flow of the incrt gas amount of substance at the inlet, n;. This dif-
ference is caused by the saturated vapour pressure drop of solution during distillation,
and therefore the inert gas accumulates in the vapour space. For a time interval dv, the
inert gas balance is

dny = dn/ + d(nyy) - 10)
Since ng = const., after dividing by dt we get

. ., d,V]
nl = nl + n(;i;. (11)

From the equilibrium relations follows

YAYAPA  YBYePR

n=1- p _ p (12)
From this on differentiating with respect to time
(o, o) A A () 4% Ph 13)
dt AT A e ] 0t p WG] w p
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Since dx, = —dxp, after inserting into Eq. (/1), combining with Eq. (3) and after rear-
ranging

., VG dxp Na . dyp
= RT dt P (YA"’XA x = Ps|YB—*B axal|” (4
If we designate
Vo | . A . v
ky = RT PA (YA+XA axA] - P8 (YB'XB NI (5)

Equation (14) can be written after rearranging in the form

., . dinx,
n' = n + kl-’(AT- (16)

Further balance which is to be made up, is the balance of component A. At the time
moment dt

—d(xpn) = ngdys + yadn. 17
On differentiating the product on the left-hand side of the balance, we get
—nidxy — xpdng = ngdy, + yadn. 18)

With regard to assumption c), the accumulation of the overall amount of substance in
the vapour space is zero, i.c.,

dn = dn; - dng . (19)

In Eq. (18) we replace dnp and dy, from Eqs (19) and (4), and the cquation is divided
by dt

o A Ml YO VAP 20)
Lodr A AT dt p :

The product ypx, on the right-hand side of the equation is differentiated. After dividing
the cquation by x, and rearranging, we get

. YAPA . dinx,  ngph dinx, N
n|l-—— = n+ n it + v e YA+XAEX7 . 21
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On substituting for ng/p from Eq. (3) and for n from Eq. (9)

., P~ YAPA . dinx, VA A
ny * * = n + d 1 + T YA XA |- (22)
P — YAPAYA — YRPBYXB T dxp
Let us denote
) — o
AP = - * YalA * ’ (23)
P = YAPAXA — YrPuYB
VaPa N
k, = RT YA+ XA oy’ 24)
After substituting from Eqs (23) and (24), Eq. (22) takes the form
., dinx,
n]Ap = nl + dt (nL + kz) . (25)

As it follows from the arrangement of experiment presented in our preceding paper!,
the measurement of n, is substantially simpler than the measurement of nf'. (n; is
measured directly on the basis of pressure drop of incrt gas on the throttie capillary
before entering the liquid, whereas before measuring ny', it is necessary first to remove
vapours of solution from the gas, e.g., by adsorption or freezing out.) Therefore we
exclude ny' from Eq. (25) in terms of Eq. (16):

. dinxy . dinx,
ny + kl‘rl\ dt AP = n + dt (nL + kz) (26)
or
. dinx,
nl(] —AP) = T (klAFrA—nL—kz). (27)

By rearranging Eq. (27), we get the corrected form of function (7), valid for the
systems which have the vapour space of volume V;:

dinx, ny
dt  n (1+Co)

f. = A +1 =0, (28)
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C; is the correction for the vapour space volume

Co = mllky=kiAxy). 29)

Cocfficients k; and k, arc defined by Eqs (15) and (24). Both the cocfficicnts are
functions of the solution temperaturc and composition and arc dircctly proportional to
the vapour spacc volume. It mecans that the correction Cg; is to be expressed by the
relation

VG
Co = " ST, p,xp) . (30)

The computation of cocfficicnts in the GE equations in terms of £, is carricd out in the
same way as on using function (1) in ref.!, viz. by minimizing the objective function

Fo = S ¢y €)))

j=1

DISCUSSION

Effect of Non-Ideality and Concentration of Solution on Correction Cg

It follows from Eq. (28) that the concentration change of the given component with
time, i.c., the absolute value of derivative dIn x,/dt decreases with increasing correc-
tion for the vapour space volume, Cg;. The correction given by Eqs (29) and (30) is
dircctly proportional to the vapour space volume and indirectly proportional to the lig-
uid amount of substance. The presence of quantitics y; and x; in Eq. (29) indicatcs also
the effect of the solution non-ideality and concentration on Cg. Further this effect will
be investigated in more dctail.

Even though a great dcal of relations is known for cxpressing the dependence of
activity cocfficicnts on composition (sce, c.g., thc monograph by Héla and co-
workers®), to be able to express the approximate character of dependence of correction
Cg on the degree of non-ideality and on the concentration of solution, it is sufficient to
use the simple symmetric second order cquation

explA (1 -x,)%], (32)

Ya

Y5 = exp(Ax}), (33)
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A

ax, = YA2A (xp-1), BG4
g
E = Yg2A xp (35)

In terms of the given relations, the diagram of dependence of correction Cg on mole
fraction x (Fig. 2) was constructed. Cocfficient A in Eqs (32) to (35) was chosen partly
for usual completely miscible liquids, i.c., A € (-2, 2), partly for partially miscible
liquids, i.e., A > 2. On choosing A for the latter liquids, it was scen to it that the
solubility of component A in component B was 0.1, 0.02, 0.01, 0.002 and 0.001 (in
mole fractions). For the remaining quantitics in Eq. (29), the values were chosen which
correspond to the usual experiment (V; =5 . 105 m?, pi = 20 kPa, pj; = 10 kPa, p =
100 kPa, T = 320 K, n,_ = 0.2 mol). In terms of the values given, the ratio Vg/ny =
2.5.10* m® mol=!. For a solution with mole mass 100 g mol~' and with density
1 g ecm™, it corresponds to the ratio of volume of vapour and liquid cqual to 2.5. The
following conclusions can be drawn from the diagram:

1. For x, < 0.1, the simple rule holds: The greater the value of A the greater also the
correction, Cg changing little with concentration.

2. For completely miscible liquids and the volume of vapour space choscn by us, the
correction is of little significance (Cg < 0.02) over the whole concentration range.

3. For partially miscible liquids, we recommend to consider always the correction for
the vapour space.

Effect of the Vapour Space Size on the Calculated L-G Equilibrium Data
for Completely Miscible Liquid Pairs

It follows from the calculated corrections Cg; that the effect of vapour space volume on
the LG cquilibrium data of completely miscible liquids detcrmined by the method of
inert gas stripping will not probably be significant. More concrete envisage of this
cffect was obtained by a simulated experiment.

For 16 values x, € (0.05, 0.95 ) with a step Ax, = 0.06, the values of din x,/dt were
calculated from Eq. (28). The other input data were chosen as follows:

a) Constant data
n; = 0.2 mol; T =320 K; ;= 6.26 . 1075 mol s71;

Ph = 20 kPa; p = 10 kPa; p = 100 kPa.
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b) Variable data

A=-2,0,2;V5=5.10",5.10"*m?

In this way, altogether 6 sets of data of simulated cxperiments were obtained, each sct
consisting of results of 16 “measurements”. In terms of Eqs (4), (5), (32) and (33),
“accurate” values of mole fractions in the vapour phase were simultancously calcu-
lated.

For 6 scts of simulated input data, on using the assumption C = 0 and the procedure
given in our foregoing paper!, the pairs of cocfficicnts A}, and A, of the Margules third
order equation were calculated:

Iny, = xlzz [Ap + 2xp(Ay -A)))], (36)
Inyp = x3[Ay + 2x3(A1-A4,)]. 37)

For single x,, the mole fractions of component in vapour, ¥4, and their deviations from
the “accurate” data, y§ — y,, were calculated from Eqs (4), (5), (36) and (37). The
average and maximum deviation was determined for each data set. The results are sum-
marized in Table L.
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From the results given in Table [ it follows that the deviations of yj from “accurate”
ya reached a more significant value only for a comparatively big vapour space Vg =
5.10™* m?, i.c., for the ratio of vapour and liquid volume about 20 — 30. In this case,
the errors in y4 due to neglecting the vapour space volume were closc to the experimen-
tal crrors common in measuring vapour-liquid cquilibrium.

Note: After the above-mentioned discussion on the cffect of vapour space size, it
may be rcasonable to return to the simplifying assumptions which arc uscd in deriving
Eq. (27) and are given on page 2073.

A most discussed is condition c): the vapour space volume in constant. In fact,

dVe = -dmy,

(v is the liquid molar volume). However, it is necessary to realize that the judgement
of influence of vapour space and the evaluation of paramcters of G" cquation is carricd
out on the basis of known values of derivatives dInx,/dt and the given ny, n; and Vg,
The change of vapour space volume by dV(; has a backward cffcct on derivative
din x,/dt only through the second-order differential dVdy,, which is negligible. In
fact, if nced be, when integrating Egqs (27) or (28), it is necessary to take into account
that both n;_and Vj; are variable, functions of time.

For the second debatable assumption — ideal gas in the vapour phase — it is possible
to state that with respect to the little effect of vapour phase volume for completely
miscible liquids, the consideration of real gas would just complicate the used relations
but does not influence the conclusions of this work.

TaBie 1
Comparison of “accurate™ cquilibrium data with data calculated on neglecting vapour space volume

Deviation (y§ - ya)”

A" Vi, m? AL’ Ay

average maximum
-2 5.107° ~1.9964 -2.0003 1.10™ -2.10™
0 -0.0005 -0.0014 <t.10™ -2.10™
2 1.9993 1.9981 1.107" -2.10™
-2 5.107" -1.9646 -2.0030 9.10™ -20. 107
0 -0.0048 -0.0148 6.107" -14.107™*
2 1.9938 1.9818 12. 107" 20. 107

“ Variable data for calculating din x,/dt. b Calculated on assumption of C; = 0.
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SYMBOLS
A coefficient of symmetric GF equation
Ajj cocfficients of Margules equation
Ap fraction dcfined by Eq. (23)
(o) vector of cocfficients of G® equation
Cg correction for vapour space volume
r objective function
f function defined by Eq. (1)
fv function defined by Eq. (28)
GE excess Gibbs energy
ky cocfficient defined by Eq. (15)
k> cocfficient defined by Eq. (24)
m number of experiments
n amount of substance
n flow of amount of substance
n flow of amount of substance of inert gas at inlet
n' flow of amount of substance of inert gas at outlet
P pressure in vapour space
pi partial pressure of substance
pl saturated vapour pressure pressure of pure component
R gas constant
A thermodynamic temperature
Vi vapour space volume
Xi mole fraction of component in liquid
¥i mole fraction of component in vapour phase (gas)
Yi activity coefficient of component
T time
Subscripts
A, B component
G vapour space
L liquid
I inert gas
Superscripts
* pure component
c calculated value
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