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Consider a countercurrent liquid extraction process. The 8000 kg/hr feed
(Lg) stream comprises 8 mass % lactic acid (solute €) and 92 mass %
water (diluent 4). The 25,000 kg/hr entering solvent (V1) Stream is
pure nonanol (solvent B). The exiting raffinate should have 0.5 mass %
lactic acid on a nonanol-free basis.

What will be the flow rate of the exiting extract?

What will be the composition of the exiting extract on a water-free basis?

Note: the location of the Mixing point will make doing mass balances on the C
component will be difficult — do mass balances on the B component instead.
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Figure 3: Phase diagram quantifving liquid-liquid equilibria of ternary mixtures of water (diluent, A),
nonanol (solvent, B) and lactic acid (solute, C)
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1 hour basis A (diluent) = water B (solvent) = nonanol
C (solute) = lactic acid

Vy. 1 = 25000 kg Vﬁ:
Yn+1=(Yn+1=0 Yi=+
(Yelu+1=1
N 1
— P
Ly=? L, = 8000 kg
Xy="7? Xp = (%c)o = 0.08
(xg)o=0

e Start by calculating the fictitious mixture point

* M =the rate at which liquid enters the system =Ly + Vy,.1 = 33,000 kg

X0 Lo+ yn+1 VN1

* xy =y =

Lo+ VN1
0.08+ 8000+ 0% 25,000
e xu = (x = ’ =0.0194
m = (x)m 8000+ 25,000
xr)o Lo+ Vv 0+ 8000+ 1+ 25,000
e (xp)y = (xp)o Lo+ (WBIN+1VN+1 _ — 0.7576

Lo+ Vi1 8000+ 25,000
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Locate M as a point on the line 0.12
Lo Vyyq Where xy = (X)) y = :
0.0194 or (xg)y = 0.7576 0.10 4+—

'U -
Because the left-hand side of the two- 7 Lo
phase boundary is essential at xg = 0.0 Q\\
0, we can state that Ly = L) = 3
0.005 3 0.06 4=

=
M is also equal to the rate at which f
liquid exits the system and therefore ‘:_‘ 004 T==3
lies on the line Ly V4 a

R — 0.02 +——=
We can extend the line Ly Vy; to
reach the two-phase boundary in (;Nd(;”'r" Vet
order to locate V; © 00 01 02 03 04 05 06 07 08 09 L0 5
(¥g)1 = 0.94 and (y.); = 0.022 wt. fr. nonanol xg, vp
5 L« A



University at Buffalo
Department of Chemical
and Biological Engineering

School of Engineering and Applied Sciences

Multi-Stage Countercurrent LLE

*  Working with Solute Mass Fractions:
Vi _ xy—xy _ 0.0194-0.005

Ly y1—xy  0.022-0.0194

M 33,000
Ly = 1471/, T 14554 5045 kg

= 5.54

* Vi=M-Ly=33,000-5045= 27,955 kg

*  Working with Solvent Mass Fractions:
ﬁ . (xB)M_(xB)N . 0.7576-0
Ly (p)1-(xp)y  0.94-0.7576
. L. — M 33,000
N~ 1+V1/LN " 1+4.15

=4.15

= 6403 kg

e V,=M—Ly=33000— 6403 = 26,597 kg

Small errors in reading the graph will have much less effect on the B balance answer. The
second set of values is more reliable.
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V, = 26,597 kg
(¥g)1 = 0.94 and (y.); = 0.022

0.022
(Yc)alwater-free = Ggar0027 — 0-023

0.94
(YB)1lwater—free = 5510022 = 0-977

One could also read V; off of the graph
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