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Liquid Liquid Extraction



Feed + Solvent (immiscible)
= Extract (solvent Rich)+ Raffinate
o (diluent rich)
Applications:

Separation of dilute agueous solution as it is economic
compared to distillation

Heat sensitive material as it is low temperature process —
long chain fatty acids from vegetable oils compared to high
vacuum distillation

More economic compared to chemical method —Uranium&
Vanadium, Hafnium & Zirconium, Tungsten &
Molybdenum, purification of copper, phosphoric acid boric
acid

Close boiling mixtures like aromatic and paraffinic
hydrocarbons

From complex mixtures like penicillin



Equilateral triangular diagram

If R kg of Riis
mixed with E kg of
E. The resulting
composition will
lie on line RE at
M:

R line ME

E _ line IRM
XE — XM

B Xpm — XR
C added to
original Mixture at

D varies along line
DC.




* R+E=M

* Rxp + Exg = Mxy

* Rxp+Exg = Rxy + Exy
R _ xg=xm _ EP _ ME

E xy-xg PS RM




 Let A =diuent,B=solvent
and C= solute

one-phase region

* Equilibrium diagram —
Extract curve

equilibrium tie line

two-phase region ° Raffinate curve [

B * P=Plait point
e ab=tie line end point

/,f:_f?m gives composition in

i I — / extract phase and

— raffinate phase

o //;  Composiiton in raffinate x
ﬁ{/ . | * Compostion in extracty



.
Flait point
oy [ 0.4 I e p—
g 95l 745° line .
o L5 A !
RN 20 ) ]
[+ - I l / y
~ = LN /
8.2 L 7 1A ) ,
53 ! 71 A | “lequilibrium line - //
B,
28 L
wo 0.5 1.0 | /‘
Water layer (raffinate) composition, x 4 o4l .
g Q

A L2 0.3 0.4 05



System one pair partially miscible
two pairs fully miscible

100 Adcelfone

N\ fa)
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JAVAYANG
YA ﬂ'ﬂ 02
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7"7

A
e OT 03
-r,:-?:.-'j oAy ‘ 7;'
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One pair partially miscible A-B
two pairs fully miscible A-C and B-C

C

e Effect of temperature
on equilibrium diagram

o t3>t2>t1

* Astemperature

increases region of
homogeneity increases




Two pairs partially miscible A-B and B-C
one pair fully miscible A-C

M /
%
L
» Hi
*

Lo} (&

Figure 10.5 System of three liquids, A-B and B~C partially miscible,



2 wt froction &

Rectangular coordinates

Wt fraction &



SELECTION OF SOLVENT

1. Selectivity should be more than 1
~ WtFrac CinE/Wt Frac AinE  yg *(Wt Frac A inR)

~ Wt Frac CinR/Wt Frac AinR  xp *(Wt Frac A inE)
2. Distribution coefficient : Large value

YE
xR *

Deistribution coeff =

Insoluble in solvent

Recoverable

Density — difference in densities of liquid phases.
Interfacial tension high — helps coalescence and separation
Chemically stable and inert to components

Low Viscosity, vapour press. , and freezing pt. for easy
andllng and storage

Non toxic nonflammable and low cost

© TN U AW



Pyridine Chlorobenzene Water Pyridine Chlorobenzene Water
0 99.95 0.05 0 0.08 $9.92
11.05 88.28 0.67 5.02 0.16 94 82
18.95 79.90 .15 11.05 0.24 88.71
24.10 74.28 1.62 18.90 0.38 80.72
28.60 69.15 2,25 25.50 0.58 73.92
31.55 65.58 2.87 36.10 1.85 62.05
35.05 61.00 3.95 44.95 4.18 50.87
40.60 53.00 6.40 53.20 8.90 37,90
49.0 37.8 13.2 49.0 378 13.2

[0.1 Plot the equilibrium data on the following coordinate systems: (a) triangular; (b) x and y
igainst weight fraction B; (¢) x against y.

102 Compute the selectivity of chlorobenzene for pyridine at each tie line, and plot selectivity
1gainst concentration of pyridine in water.



Determine

Water layer Isopropyl ether layer
Wt % acetic acid, Isopropyl  Acetic acid, Isopropyl
100x Water  ether 100y * Water  ether
0.69 98.1 32 0.18 - 05 99.3
141 97.1 1.5 0.37 0.7 98.9
2.89 95.5 1.6 0.79 0.8 98.4
6.42 91.7 1.9 1.93 L0 97.1
13.30 844 2.3 4.82 1.9 93.3
25.50 71.1 34 11.40 3.9 84.7
36.70 58.9 44 21.60 6.9 71.5
44,30 45.1 10.6 3L10 10.8 58.1

46.40 37.1 16.5 36.20 15.1 48.7




Single stage extraction

F+S=E1+R1=M
Fxgp+ Sy, = E{y; + Rix;1 = Mxy

_ Fxp+Sys Feed £ Raffinate A,
STEPS: Solvent S, Extract £

Ys N
_Locate Fand S
Locate M on line FS at xy, P
Draw tie line through M to &

getEl and Rl . Weight fraction & 8



Multistage Cross

Current Extraction

F+Sl :E1+R1 :Ml

Fxp + 51Ys = E1y1 + Ryxqy = M1xy,
2"d stage

R1+Sz =E2+R2 =M2

Rix1 + 5255 = E3y, + Ryxp = Mpxy,
3" stage

Rz +53 =E3+R3 =M3

Ryxp + 53Ys = E3y3 + R3x3 = M3Xum;,

Fi]]a] EXtI‘aCt | Composited
El + EZ + E3 —_ E |
Eyg = E1y1 + E3y, + E3y3




Locate Fand S

Locate M; on line FS at x4

Draw tie line through M1 to locate E; and R,
Find y;andx,

Locate R1 and S

Locate M, on line R1S at x5

Draw tie line through M2 to Locate E, and R,
Find y,andx,

Locate R2 and S

Locate M5 on line R2S at x5

Draw tie line through M3 to locate E; and R;
Find y;andxs



Multistage Counter current Extraction

* F+S=M =Ry, +E

* Fxp +S8ys = Mxy = RypXnp + E1y1

*Ryy —S=F—-E;=AR=R; - E, =
.. =Difference point AR

’AR“S=RNP and AR E1=F




Ry =17

A

Locate F,S,M, RNP

Join RNP and M to get E1

Join E1, F and extend

Join S, RNp and extend to get ARppoint

Draw tie line through E1 to get R1

Join AR and R1 extend toget E2

Draw tie line through E2 to get R2

Join AR and R1 extend toget E2

Repeat above two steps to get number of stages



Minimum solvent requirement
p =
(2)min = 7S




LEACHING

Equilibrium relationship
Single stage leaching
Multistage counter current leaching



Leaching Process

Step | — solid containing solute and inert
mixed with solvent

Step Il — Agitation stopped and separated into
solid free overflow and underflow

Overflow = solvent containing dissolved solute

Underflow or slurry stream = inert solid and
adhering solution [containing solvent and
dissolved solute, generally of same
concentration as overflow]



Symbols

Solute = A

Inert solid =B

Solvent =C

Concentration of Inert solid:
kgof B kg ofinert

- kgof A+kg of C - kg of solution
Concentration of solute

. . kgof A kg of solute
In overflow liquid, x, = —
f q )24 kgof A+kg of C kg of solution
kgof A kg of solute

in underflow llC]Uld, Ya = kg of A+kgof C kg of solution



Equilibrium diagram for variable
underflow and vertical tie line

Equilibrium Diagram

No solid in over flow-N=0 for
overflow curve

No adsorption of solute by
solid

concentration of withdrawn
solution is same as that of
solution associated with solid-
tie lines are vertical

Distribution coefficient =1.
and Distribution curve is x=y

Solution retention changes
with concentration — N varies
with y

N
kg solid 8

9

kg A +kg C

under{low,
Nvs. ya




Equilibrium diagram Constant
underflow and vertical tie line

]
P /N S,y ¢

e Equilibrium diagram for
case Constant
underflow:

/st-' e Solids settled or drained
0 .yt 1.0 to same extent at all
solute concentration

e Line KL is horizontal




Equilibrium Diagram — non vertical tie line
[y # x] variable under flow

e Equilibrium diagram for
case [tie lines are not
vertical]:

e |nsufficient contact
time, so that all the
solute is not dissolved

e Adsorption of solute in
the solid.




Equilibrium diagram — solids in overflow

e Equilibrium diagram for
case Solids in the
overflow

e Solute adsorption on
solids

0 % 10



SINGLE STAGE LEACHING

V=kg/h of overflow solution
Ve Xy Va, X3 (A+C)with composition x

) == o * L=kg/hof liquid (solution) in
ow— durry slurry(A+C) with composition y

Lo, No, Yo, B Li, Ny, 1. B  B=Kkg/hr of solute free inert
solid flow

 Total Mass Balance:
L,+Vo=Li+Vi=M
e Solute Balance
Loyo +Voxy = L1y + Vixq
= Mxpy
M=Total flow rate kg (A+C)/hr
* |nert solid Balance
B =NygLy+0=NL;+0
= MNy,

(2)

JV A !




EXAMPLE 12.9-1. Single-Stage Leaching of Flaked Soybeans

In a single-stage leaching of soybean o1l from flaked soybeans with hexane,
100 kg of soybeans containing 20 wt % oil is leached with 100 kg of fresh
hexane solvent. The value of N for the slurry underflow is essentially
constant at 1.5 kg insoluble solid/kg solution retained. Calculate the
amounts and compositions of the overflow V| and the underfiow slurry L,
leaving the stage.

Ve, = 100 kg and

x> = 0,

B = 100(1 — 0.2) = 80kg,
Lo = 100(1 — 0.8) = 20kg
No = 80/20 = 4.0 kgsolid

* Refer Geankoplis

. L] L] L] ]

e V, =100 kg and

* x, =0,

« B=100(1—-0.2) =80kg,

Lo =100(1—-0.8) =20kg and y, = 1.0
* Ny =80/20 = 4.0 kgsolid/kgsolution



Lo+V,=L +V, =M

L, +V, =20+100 = 120kg = M

LoYo +Vaxa = L1y +Vixs = Mxy
L.y, +V,x, = 20(1.0) + 100(0)
= 120x,,

Or xy = 0.167

B=NyLy+0=N;L; +0=MNy
« B=4(20) =80 = Ny,(120)
* Ny =0.667
Locate M on line noiningV2 and Lo
Draw veritcal line to get L1 and V1.
vy =x1 =0.167 and N; = 1.5
L, =533andV; = 66.7kg



COUNTERCURRENT MULTISTAGE LEACHING
 Total Mass Balance: L, + Vy,1 =Ly +V; =M

e Solute Balance

LoYo + Vny1Xn41 = Lyyn + Vixy = Mxy
Equation of Operating line:
Ly Vixs — LoYo

YN T+
Ver V1

XN+1 —

* |nert solid Balance
B:NoLo‘l‘O:NlLl‘I‘O:MNM

leaching
overflow solvent

underflow lcached
stream solids



EXAMPLE 12.10-1. Countercurrent Leaching of Oil from Meal

A continuous countercurrent multistage system 15 to be used to leach ol
from meal by benzene solvent (B1). The process is to treat 2000 kg/h of inert
sohid meal (8) containing 800 kg o1l (4) and also 50 kg benzene (C). The inlet
flow per hour of fresh solvent mixture contains 1310 kg benzene and 20 kg
oil. The leached solids are to contain 120 kg oil Setthng experiments
similar to those in the actual extractor show that the solution retained
depends upon the concentration of oil in the solution. The data (B3) are
tabulated below as N kg inert solid B/kg solution and y, kg o1l A/kg

solution.
— — "~ —_— —
N Y N Ya
2.00 0 1582 04
198 0.1 1.75 0s
1.94 0.2 1.68 0.6
1 .89 03 161 0.7

- —
— —

Calculate the amounts and concentrations of the stream leaving the process

and the number of stages required.



COUNTERCURRENT
MULTISTAGE
LEACHING

e Material balance around

stage 1:
LO ~+ Vz — Ll ~+ Vl

 Stagen
Ly 1+ Va1 =Lyt 1,
e A=Ly—Vi =L =V, =
L, —V,i1 =..

cxit leaching
flow solvent
-‘ 3 I ’ : n Yo Rl 'i/*. Vi 'y
| r I. X
! l | n v N
, IV l i | i YN L
Lo, Bel Lty L La ¥  Avas ) AT e g I 7 ooy -
feed underflow le d
solid strcam solid



-0.4

L, = 800 + 50 = 850

800
Yo = a = 0.941
B= 2000
Ny = =2 = 2.36
800+50
Vyy1 = 1310 + 20 = 1330
20
xN+1 — ﬁ — 0015
Locate Lo and VN+1
Locate LN

Ny _ kginert  kgsoln

VYN kg soln kg solute

kg inert _ 2000 — 16.67

kg solute 120

Draw line through origin
with slope 16.67 and locate
LN

NN = 1.95 and VN = 0.118




Overall Balance: e Locate L1, V2,L2.
Lo+ Vy.q =850 + 1330 * Determine LN and V1:

= M = 2180kg/h * Ly+V; =M = 2180

Solute Balance o Lyyn +Vix; = Mxy,
M 2180 x 0.376

xy = 0.376

Lo.cate M e LN=1016kg

Join Lo, M and extendto V1=1164kg

getV1, x; = 0.6
Locate A



