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> K-value

» Relative volatility
» Bubble and dew point calculations

» Flash separation
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K, == is the equilibrium ratio

» A measure of the tendency of a given chemical species to partition itself preferentially
between liquid and vapor phases

» It does serve as a measure of the "lightness” of a constituent species,

If Raoult's Law is valid, y P =x F;“"
sar
K = Pf I
; I ndependent of the

V or L composition

If Modified Raoult’'s Law is valid,
yr'P — X, },j}::mf

sat

© VE
i
P
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Specify two of (P, T, volatilit

pure compound

T Consider a pure compound:
p’ K>1 T, * for a given P, find T, (i.e., K=1)
p
. e foragivenT, find P, (i.e., K=1)
o (3D e foragiven P, T, find K
o ©
T 32 K=1.0 g K > 1 prefers vapor phase
(%]
2 £ g K < 1 prefers liquid phase
()
PO
p K<1 -
DePriester Chart Don’t extrapolate beyond the range of the chart.
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Figure 2-11 Modified DePriester chart (in S.I. units) at low temperatures

(D. B. Dadyburjor, Chem. Eng. Prog.,85, April 1978; copyright 1978, AIChE; reproduced by permission of the American Institute of Chemical Engineers)
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» Use the DePriester chart to generate the temperature-composition diagram for isobutane and
pronane at 1000 kPa.
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Example Cont.
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Example Cont.
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Dew point and Bubble point Calculations
» For VLE system,
Overall mole balance

Tr=L+V

Component mole balance,
Iz = Lx, +Vy,

Let T=1 mol, so V and L are mole fractions,

= =0-"x+7y, (A

Note: z;is overall composition.
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Dew point and Bubble point Calculations

Substitute y, = K x, mnto (A).
z=(0-V)x+KxV =x(1-V+VK)=x(1+V(K, -1))

X, = :
I+ V(K -1

3¢
\olatility: K,- - T

¥,

Substitute x. =~ 1mto (A),
i Ki
= =(1-7) i +yV sK, =(1-V)y, + yVK,

i

— :.?'Kf
= LK -
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(10.10)
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Dew point and Bubble point Calculations

Also.,

Z1-Ty,=0

z K
7 7

Yo ¥ =0

1+V(K -1) “1+V(K -1)

z —-z.K
I 'I- !'. — CI
1+ I’(Li -1
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Bubble point Calculations

At bubble pomt (practically all iquid) L=1, V=0 and z, = x

z -z K
Z L 1 =) becomes,
1+V(K 1)

Z(xz_ -xK)=0

Z:r!_ = Z"YI-K;-

—) ZI{RE =1 Bubblepoint criteria
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Bubble point Calculations

sat
IfRaoult's Law valid, y,P =x 0" oy K = £
" P
P?{Ir
YxK =)x—— o=l s P= Y x P

see example 10.1

If Modified Raoult's Law valid, r:,.-i P =x 7y P _rB"

ar

Sk, =Tx T =1 s =Yy
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Dew point Calculations

At dewpoint (practically all vapor): L=0, V=1 and z. = y,

— — -

Yy ——C1_=0 becomes,
1+7(K, ~1)

J_J: R e

g2 IR
Z;——ZJ; =

- Y

:;—, =1 Dewpoint criteria
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Dew point Calculations

If Raoult's Law valid,
_ |
2 =1 P=
. PS(I!‘ Z J'?r-
P PSE’I!’

i

[f Modified Raoult's Law valid.

R L G

}‘, P.S‘-r]'! }T
P Z }’,i F;mr
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Example Cont.
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Example Cont.
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Example Cont.

v p 1200 " LJF 0.7036
/ 1 150
v/ 21 0.4 x1 =z1r/(K1r+LoverF*(1-K1r))
/22 0.6 x2 =22r/(K2r+LoverF*(1-K2r))
" P1sat =EXP(15-3000/(T+250)) y1 =K1r*x1r
P2sat =EXP(14-2700/(T+200)) y2 =K2r*x2r
/ K1 =p1sat/P x14x2= =x1r#x2r
/ K2 =P2sat/P yl#y2= =ylr+y2r

Sumxi-Sumyi =F10-F11
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Example Cont.

p 1200 LF 0.704 Fraction that is liquid
T 150
21 0.4 xl 0.522
12 0.6 x2 0.478
Plsat 1808 yl 0.786
Plsat 537 y2 0.214
Kl 1.507 xl+xi= 100001 &«
K2 0.847 ylsy2= 0.99999

@-Su myl 2.774 TSE-{IIE')
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General VLE equilibrium criteria

7 v v e

Consider a multicomponent system in a VLE
condition, the fugacity (to be defined in Chapter 11)

of species i for each phase is given by,
For vapor mixture fr=9yP

For liquid solution fl=vx 1,
VLE criteria (to be shown/derived in chapter 11),
tf:' _ J(:'
SO éi'yip = }/I'xf "fr

where,

0. fugacity coefficient species1in gas mixture
1
/f, fugacity of pure species i

y. activity coefficient of species 1 1n liquid solution

L
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General equilibrium criteria

! 4:--_-_-_-_-_-:-
For ideal gas vapor mixture in

equilibrium with ideal liquid solution
equation becomes P =xf

and also for pure species in equlibrium and 1deal gas vapor,

‘ﬁ:ﬁf:vﬂvzngsar

we get, y.P =x P Raoult's Law (10.1)
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General VLE equilibrium criteria

For ideal-gas mixture in ‘éauilibrium with
non-ideal liquid solution

0P =vx ],
yP =yx P Modified Raoult's Law

where y, 1sa function of T and x..
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Using data from vapor pressure tables

vapor pressure
Raoult's Law

_ sat
ideal liquid: P~ =%Px (1) |
Pa :7/AXAPA5a (T)

non-ideal liquid: \
activity coefficient
Dalton’s Law
I:)A
. . yA = P
ideal gas: Pora y,=—A
. ¢APTOTAL
non-ideal gas: \
fugacity coefficient

 _Ya_ PR _PEM
=Y ~

Xa  PaProta ProTaL
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Relative volatility

volatility K, = Ya_ K, (T) strong function of
X, temperature
Ya
: - K, X, not a strong function of
relative volatility of Awrt B Ay === _
KB A temperature; often
Xg assumed independent

for a binary system, substitute and rearrange:
Yo =1-Y,4 o, X

y, = AB” A
A 1+(0(AB—1)XA

X, =1-X

B A
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Relative volatility

]
at azeotrope o, = I: 1

a,>1 Species iis relatively more volatile
a,<1 Species k is relatively more volatile

If Raoult's Law valid,
B® Psm
_ P _"1 .
o, 7 - Note: for higher vapor pressure
A P: PS(IF ——— .
'4 2 means more volatile a,,>1

If Modified Raoult's Law valid.

}*113{”/ at

D/ 04

12 y, et sar
& !/P JJEJ:;,
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Relative volatility

For Raoult's Law, B =Y x P"  (10.2)

sat Psar
f t P iy
B = £ Z_x_P_m =P"Yx =P xo.
Ps.:rr i k i at k i ik
k k

where k 1s a component that arbitrarily chosen.

sar . .
}_'; = P;‘_ Z ."L].'I'_I].k where O.’t_k = F

sar __ b

- s
k Zliat’ﬁ'

Also.
P | ) B B
lna:_k = In- =]11P’”-]11P;“‘ = 4-— - |4+ k
f j-'f“’ ] - IT+C - T+C,
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P.mr

k

Ex: Calculate T, and y,, given X,=0.6 and P=70kPa.

g 14 -
Acetonitrile (1) / nitromethane (2) In B/ kPa =14.2043

2072.64

1/°C+209.00

In B™ / kPa =14.2724 -

2945 47
117 C+224.00
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Example cont.
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Example cont.

T A, P, T
77.74  |1.9611 4439  |76.53
7653  |1.9703 (4424  |76.43
76.43 19717 |4422 |76.42.
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—— Answer

(point b)

]
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Bubble point calculation using relative volatility

definition of relative volatility: o = Ki _ i
=L =1
Kref ref
solve fory;: y. = aiXiKref

sum: Zy| =1-O=Z(aixi )Kref

solve for K. ¢ K. =
ref Z
a4 X;
i

Algorithm:

given a solution composition (x; values), find relative volatilities (o, values), then
1. guess Ty
2. calculate K
3. find T=T,, corresponding to K

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan
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Ex.: Finding Tbp using relative volatilities

Find the bubble point of a mixture of n-pentane (x, = 0.3), n-hexane (x, = 0.3)
and n-heptane (x, = 0.4), at 1 atm total pressure. Find the composition of the

first vapor bubble.
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Example cont.

Fin

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan
Tel. +962 6 535 5000 | 22888

Flash separation

» Another type of vapor-liquid equilibrium problem, and one that is more important for mass
balances for designing separation equipment, is computing the two-phase equilibrium state
when VLE either a liquid of known composition is partially vaporized or a vapor is partially
condensed as a result of a change in temperature and/or pressure. This is referred to as a flash
calculation.

> The term flasharises from the fact that if the pressure is suddenly lowered (or the temperature
raised) on a mixture that is at its boiling temperature, it will flash-vaporize; that is, there will
be a sudden partial vaporization of the liquid.

» The partial vaporization or partial condensation problem is somewhat more difficult to solve
than bubble point and dew point calculations for the following reason:

» In abubble point calculation an infinitesimal amount of vapor is produced, so the liquid
composition is that of the original mixture; and

» In a dew point calculation, an infinitesimal amount of liquid forms, so the vapor composition
is that of the original mixture.
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Flash separation

» Aliquid at a pressure equal to or greater than its bubble point pressure “flashes" or partially
evaporates when the pressure is reduced producing a two-phase system of vapor and liquid in
equilibrium.

» Flash calculation refers to any calculation of the quantities and compositions of the vapor and
liquid phases making up a two-phase system in equilibrium at known T, P, and overall

composition B -
N TN
. - . . Nl RN =2
» Consider a system containing 1 mol with overall composition
Z (given) L the moles of liquid, V/the moles of vapor {“}fi};v
1=L+V (A Dk L
z, =xL+yV i=12..,N (B
EQ. (A)xZ  my z, =z,L+zV (C)
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Flash separation

Eq. (B) - Eq. (C) =) L(z. —xi):V(yi —zi) Lever rule

> Substituting X =Y, /K, Liquid

ZK. i
= :1,2,...,N
4 1+V(K, -1) !

» Because Z y, =1

o
oy

- 2 V(K 1):1
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Flash separation

Solution is by trial and error.

Guess V until the summation term equal to 1.

......... first we need to know whether
the system is actually two-phase.
In general ......

If Py<P <Py, twophase or IfT, <T<T, two phase
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Example

Example 10.5 acetone (1) / acetonitrile (2) / nitromethane (3)
7=80°C P=110kPa and 7z =0.452=0.352=0.20
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