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Non-ldeal Solutions

Ideal solutions:

Raoult’s Law and Dalton’s Law can be applied.

_xPy
Vi = Py
Non-ldeal solutions:
Raoult’s Law and Dalton’s Law can not be applied.
yi = Kix;

K; : An experimentally determined constant known as the equilibrium constant.

In the case of an ideal solution the value of K; is a function of temperature and pressure and is
equal to the vapor pressure of the pure component divided by the total pressure.



Non-ldeal Solutions

Ki - &

Xi
K; . is a function of pressure,
temperature and composition

Temperature —>



Non-ldeal Solutions

Exavein. From the appropriate chart find the equilibrium constants for
n-butane at 100° F and 25 psia and at 100° I and 400 psia. What would be the
value of these constants if the solution containing the n-butane were ideal?
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Non-ldeal Solutions

Solution:

From Figure 45 the value of K; is found by interpolation to be 2.10 at 100° F
and 25 psia. At 100° F and 400 psia the value of K is 0.25.
Since the vapor pressure of butane is 52.2 psia at 100° I, the values of these

constants for an ideal solution are
P 522

K; (ideal, 25 pSia) = P_T = 2—5' = 2.09

and
, 52.2
K; (ideal, 400 psia) = 0 0.13




Non-ldeal Solutions

It 1s assumed that the K values of a given component are inde-
pendent of the nature of the other components which constitute the
solution. If the solution is ideal this assumption is exact. In the case
of actual solutions it has been found that the K values become in-
creasingly dependent on the overall composition as the pressure is
increased. The upper limit of the pressure in Figures 41 to 50 is 800
psia but equilibrium constants have been determined at considerably
higher pressures and may be found in the literature.



Non-ldeal Solutions

For two-components systems:

K Pi
| A PT
P; — P,
X1 = 5 5
1= p,°—p,
Divide by P;
Pr_Pp°
x =PT PT= 1-K, x> =1—x :1_1—K2=1—K1
17 p° Py’ K1-K> 2 1 Ki1-K; Ki1-K;
Pt Pr
y1=Kixq y2=1-y1 = Kx;



Non-ldeal Solutions

Exampis. A two-component system contains one mole of n-butane and one
mole of n-pentane. Caleulate the composition of the liquid and the vapor at
180° F and 95 psia. Assume non-ideal solution behavior.




Non-ldeal Solutions

Solution:

From charts the K values can be obtained.
KC4H10 = 1. 50 ) KCSH12 = 0.62

. _ _1-Kem, _ 1-062
CMo = K.y —Ken,, 1.50—0.62

= 0.431

xC5H12 = 1 — xC4H10 - 1 - 04‘31 = 0569
YciHyo = KcyHigXcoHyy = 1- 50 X 0.431 =0.647

YCsHqi; = 1-— YC4Hqip = 1—-0.647 =0.353



Non-ldeal Solutions

For multi-components systems:

Ideal solution:
Zin Zin
DX =), I‘,io =1, Vi = ‘,,T =1
nﬁﬁnv "v"‘P—ionl

Non-ideal solution:

LX; =), =1, 2Yi=r—m=1

n;+Kin, ny+k




Non-ldeal Solutions

Examprip. A hydrocarbon system has the following composition:

Component Mole Fraction
CHy 0.15
CqoHg 0.05
C,Hg 0.25
‘i"C4 H]_o ' 0.05
71-04 HlO 0.15
1-Cg le 0.25
?2-06 Hig 0.10

Calculate the composition of the liquid and the vapor if a separation is conducted
at 200 psia and 100° F. Assume non-ideal solution behavior.



Non-ldeal Solutions

Solution:
Forn=1, assume n,=0.77,n,=0.23
(1 (2) (3)
Component 25 K; -
CHa 0.15 14.1
CaHs 0.05 2.78
CsHs 0.25 0.97

t-Cal g 0.05 0.46
n~-CaH1g 0.15 0.35
n-CsHaio 0.25 0.116
n-CeH 14 0.10 0.041

(4) (5)

_ 23 _ 2;

g+ Kmy 0.77 + K; X023 y: = Kz;
0.037 0.522
0.035 0.097
0.252 0.245
0.057 0.026
0.177 0.062
0.314 0.037
0.128 0.005

Zx,- = 1.000



