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Solvent Extraction fundamentals

/R

#® The separation of components from a liquid mixture can be
achieved also by solvent extraction. Fractionation by solvent
extraction is a unit operation to separate one or more
components from a liquid (or a solid) phase mixture by
selectively dissolve it into a solvent.

# In the case the feed mixture is a liquid, it is also called liquid-
liquid extraction. The second phase needed to achieve
separation is a suitable liquid.

# This separation operation is possible thanks to the different
affinity (i.e. activity coefficients) of components in a given
solvent.

# The solvent is chosen so that to maximize its affinity with
respect to one (or more) components of the starting liquid (or
solid) mixture to be separated from the rest of the liquid
(solid) components.
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Solvent Extraction fundamentals
# The solvent is selected to obtain a favorable distribution
of the components of interest between the two phases.

# Solvent extraction can be carried out both in a
discontinuous or continuous single-stage, and in a

continuous multistage mode.

» It has been an operation in the chemical industry for a long time,
although not as widely used as distillation.

# Solvent extraction is a non-thermal separation
process.

/R
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Solvent Extraction reference diagram

L/

/R

# Extract and a Raffinate. The solvent is recovered and
recycled together with a make-up

solvent
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Typical liquid-liquid extraction process

/R

L/

Feed

Makeup solvent

Ethyl acetate-rich

Water

acetate 68,600

-

-

Reflux Two liquid
phases
Decanter
Extract >
Ethyl acetate 67,112 Water-rich
Water 6,660
Acetic acid 6,649
@ Distillation
L\ Y
'
> = Glacial
Acetic acid 6,660 [— | acetic
23600 ||| acid
R (99.8%
b | min)
| —1__| Recycle >
Uiquid-aquid | =1 | 2eivent
uig-hnqu b B d SRtia ‘
extraction | —|— | water  2.500 [
—_

Ethyl acetate-rich

Raffinate
Ethyl acetate
Water

Acetic acid

1,488
19,440
n

Note: All flow rates are in Ib/h
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Solvent Extraction fundamentals

L/

/R

# One crucial choice for LL extraction is solvent selection.

# In general, the problem is the following:

= a mixture is given (binary, for simplicity) containing a component that must
be obtained with a certain degree of purity.

= It is then attempted to transfer this component from the starting solution to
a second solution (called the extract), which is obtained by adding a third
component to the system: the solvent.

= Alternately, it might be appropriate to extract the second component instead
of the component of interest, which is then obtained as the residue of the
extraction (called the raffinate).

# Similarly to absorption and stripping separation processes, the
component of interest (after the extraction step) must be
separated from the extract (or the raffinate) in a second
process step, to achieve the desired degree of purity.

= This second step, which can be a distillation or a precipitation
(crystallization), is necessary to obtain the recovery and recycle of the
solvent.
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Desirable properties for the solvent selected
for extraction

/R

L/

®

¢ & @

® @

e @@

High solubility towards the component to be extracted
= to limit solvent consumption.

High selectivity to extract substantially only one component from
the starting solution.
Low solubility in the raffinate, to limit solvent losses.

Good separability of the extract

= if distillation is used, it is desired to have a significant difference in boiling points and
the absence of azeotropic conditions

Large difference in density of the two liquid phases
= to facilitate separation.

Appropriate value of the interfacial tension:
= a low value ensures small size of the drops, but facilitates the formation of emulsions;
= a high value favors the coalescence, produces larger drops reducing the mass transfer.

Low viscosity, as it favors mass transfer.

Low vapor pressure at the extraction conditions,
= to reduce evaporative losses.

Low cost and high availability.
Chemical and thermal stability and non-corrosive property.
No implications for safety and the environment.
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Typical Extractor

/R
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Heavy Phase
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Light Phase é
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J Heavy Phase Heavy Phase
Out Out

Heavy Phase Dispersed Light Phase Dispersed
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Binary liquid-liquid equilibrium

/
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Liquid-liquid equilibrium in presence of an
azeotrope

N

Temperature, T
Temperature, T

of b b

---------- % >

631

b, Liquid, P= 2

L 0 Mole fraction of B, x; ]

0

Mole fraction of B, x;

Figure 6-26
Atkins Physical Chemistry, Eighth Edition
© 2006 Peter Atking and Julio de Paula

Figure 6-27
Atkins Physical Chemistry, Eighth Editi
© 2006 Peter Atkins and Jubo de Paula
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T-X, p-X, and x-y diagrams of various types

b
N
IV. Systems having immiscible liquid phases
P = const, T = const. /ﬁ
/
v 4
Vapor Ly+V Ly+V //
Vapor /<
V+L, #
V+L, //
//
T L] + Lz P » /
; 4
(6) X1, Y] (k) X1, ¥ (1) x

V. Systems having partially miscible liquid phases

P = const, T = const,
/7
/
Ly+L //
1 T4y
Vapor Ly L 7
V+L / W+, 7/
V+L, VL o
L / L Vapor
Ly+ L,
v & P
(m) X1, ¥ (n) X1, X1 X1
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Liquid Liquid and VLL equilibrium

# The basic VLLE equation is Pyl-cﬁl fl‘”xlyl1 flozxzyl2

/R
\

- Water — 1 butanol @ 1 atm
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Ternary LLE phase diagrams

L/

/R

mass) in triangular diagrams

mass fractions

mass fractions A Xa = 0.35
Xa =0.35 Xxg =0.28
xg =0.28 Xc = 0.37

xc =0.37

# Two alternative ways of reading compositions (mole or

0.35
0.3
0.2
0.1
e B
o o ID3E S & o o o
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Ternary LLE phase diagrams

L/

/R

# A typical LLE ternary phase diagram (type I)

AN Single phase
region

Binodal curve
(Binode)

Tie lines

Two phase
region
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Ternary LLE phase diagrams

" @ At constant 7and £ one or two binary systems may show a

miscibility gap: they are referred to as “Type I” and “Type II”
systems.

# The two branches of the solubility curves refer to phase a (solutions
with low S content) and to phase B (solutions with high S content).

/R

Type I: One immiscible pair Type I1: Two immiscible pairs
Solute
A Solute

Plait Equilibrium
point \ curve
X Extract
hase
Raffinate P

Carrier Solvent Carrier
C S G
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Triangular LLE phase diagrams

L/

/R

# How to read composistions inside the miscibility gap

. Run Demo
mass fractions A mass fractions S
Xa =0.20 Q\) Xﬁ = 0.6
xg = 0.68 0.9 xg =019
a
=032 0.8
z o xE = 0.45
alpha phase 0.
s o beta phase

Separation Processes — Maurizio Fermeglia Trieste, 5 May, 2021 - slide 17




Effect of temperature on miscibility for
ternary mixtures

G n-hexane (H)/methylcyclopentane (M)/aniline (A)
M M M
H A H A H A
T=25°C T=34,5°C T=45°C
phenol phenol
LSE __

water triethyl- water triethyl-
amine amine
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Insolubility of solvent

L/

/R

Preferred solvent — A and

/\ S have limited solubility

A S

S very soluble in A and

/\ A very soluble in S
A

S
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Representing a ternary system: ternary
diagrams

“® Points P, Q and R, belonging to the
segment AP, coming out from
vertex A, are characterized by the

constant value of the z,/z-ratio

= This is immediately shown by the similarity
of the triangles which identify the fraction of
these components on the sides AB and AC.

= Also the segments QC"and QB’, on the
parallel to BC passing through Q, are in the
same ratio.

# Mixing of mixtures R and S to obtain

mixture M is shown in figure.

= Point M on the segment RS divides it into
parts proportional to the respective
quantities according to the lever rule.

/R
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Alternative ternary LLE diagrams

¥ A

/R

1.0

Right-angled
triangular

x-x diagram

G

45° Line
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Using a pseudo-binary representation of LLE

/R

L/

# In the pseudo-binary representation the solvent is not accounted for
(solvent free representation). The pseudo-binary fractions are

defined by:
a B
X,=—A .y . —1_% y, = — 4 Vy=t¥y
A — ’ B — A - T
X4 +Xg xf-+xg

# Selectivity of A with respect to B is:

¢ __yg/m;__xf/xg
27 Xa/Xp x4 /xp

# The pseudo-binary representation
does not completely define
equilibrium. In order to draw
the equilibrium curve, two
more pseudo-binary diagrams
are required.
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Using Janecke representation of LLE

+
# The abscissa reports the pseudo-binary
compositions of the phases in
equilibrium.
N i
XA xg + xg ) XB - 1 XA
Y, = % . Yy=1-Y
A xf +xg : ’ .
# The ordinate reports the ratios between
1 >

the amount of solvent S and that of the |
binary system AB in the phase N

considered:

Xs
/ =
XA+XB
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Evaluating LLE in ternary system

@ Ina three-component system with two co-existing liquid
phases three iso-activity conditions can be written to
calculate the thermodynamic equilibrium:

/R

=1 B Phase |
a ase

5= ff :> (x:iPyi) = (xiPvi)

&= fgﬁ (v)® = ()P Phase Il

# NRTL and UNIQUAC can be used for activity coefficients.
# Distribution coefficients K = y/x are defined
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Single stage operation: the mixer-settler

process

L/

# In a ternary diagram, knowing the ratio
F/S, point M is determined on the FS
segment

m dividing into parts proportional to F and S
(lever rule).
= Point M represents the total outlet stream.

= Points R and E are on the tie line passing
through M, and it results R/E = ME/RM.

= M’ and M” are the maximum and minimum
values of the F/S ratio that allow the separation
of the A and S mixture into two phases

® NOTE:

= another complication of solvent extraction is
the need to separate an emulsion of two liquid
phases after extraction has been carried out.

= This is usually achieved by gravity settling.
In a mixer-settler system it is assumed that
that the two outlet streams are in
thermodynamic equilibrium with each other.

/R
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A
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Multi-stage countercurrent operation: mixer-
settler in series

0
D i : . . F L E
# A mixer-settler system has insufficient Kp ‘ ‘ Vi
performances. "
= Limit values for the extract (phase E', in equilibrium with M") !
and for the raffinate (phase R', in equilibrium with M") are 1 J’ P EA
evidenced. i ¥3;
= Also the compositions of E and R are limited by | |
thermodynamics. -
# A number of mixer-settler in series, connected X3, T v,
countercurrently, J’—L'i—f—é
= IS a possible way to overcome this problem. E—n—ll o Ern
n-1 S
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Multi-stage countercurrent operation:
degrees of freedom

L/

/R

F  E -
# Another limitation of a mixer-settler system is “Fi i« T‘r Li

that it has only one degree of freedom. :
= Using a number of mixer-settler in series, connected 11{;_ J, f E;
countercurrently, leads to a system which is similar to 5 ; al

absorption and stripping multistage units. -

# Accordingly, a multiple mixer-settler system E“::
has two degrees of freedom (design) and

.. En
one degree of freedom (rating). o Yai
= A design specification on the extract (or on the raffinate) 1
is selected as one of them. Eﬂ |
= The second one is usually the inlet solvent flow rate. et L

# As a non-thermal separation process,
Solvent Extraction has no energy duties, and

is performed at ambient temperature and
pressure.
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Multi-stage countercurrent operation:
material balances

/R

"® Overall material balances: E-.F:i \L TEt
F+5=M=E; + Ry 1
Fxpi+Sysi =Mxpy; = E1Y1; + RypXnp,i lj;j-'i J, f Ed

# Section of stages above stage 121
Ry-1+S =E,+Ryp E}_L-:_,E

Ry_1Xp_1i +SYsi = EnYni + RypXnp,i ET 1 15 E’Ri

# These balance equations can be rewritten in the form: f

RNp_S:F_E]_:RTL—l_ETL:A

= and they define point A, which is aligned with points Ry, and S, as
well as with points F and E;,

= indicating that all the balance operating lines go through pole A.
# The construction of the number of ideal stages
required for separation is immediate, and the number
of stages required corresponds to the tie lines drawn.
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Multi-stage countercurrent operation:
number of stages

L/

# The construction of the number of stages is represented in the figure.

# In a design calculations, flow rates F and S, and feed and solvent
composition are known.

= The composition of the extract, or that of the raffinate, is fixed as a design specification.

= The number of ideal stages required for separation is calculated from E,, and using equilibrium
or balance equations, alternately.

# In rating calculations, the number B

of ideal stages available is known

= SO that there will be only one value of solvent
flow rate S which ensures to achieve the desired
output composition of the extract (or of the raffinate).

/R
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Counter-current graphical solution: 2 units

/R

L/
F+E,=E+R
E,+R,=S+R, E
<
Rearrange:
F = El = R1 = E2
Rl - E2 = Rz' S
(F-E) =(R;-E)=(R,-S)=P FI
Note:

each difference is equal to P

Rearranging again:
F=E/ +P

R =E,+P
R,=S+P
Interpretation:

E;
| e b
2
? rem— K5
1

P is a fictitious operating point on the ternary diagram (from lever rule)

s Fis on the line that connects E1 and P
= R1 is on the line that connects E2 and P
s R2 is on the line that connects S and P
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Counter-current graphical solution: 2 units

E,

(Solute)
A

Equilibrium curve
———— Tie line

F

Feed Solvent

70 30
60 /V\/\/\ 40 F = 250 kg S =100 kg

XFAaA=024 xs2=0.0
50 point J 50 Xe6 =040 %s.&=00
xFs =000 xs5s5=1.0

40 £, 60

VA/AVATAVAYAVA

D VAVETAVAV VAN
S AAN S s AV VAN
(XTSI N

Overall balance gives:

< M=S+F=E+R

2

C (Carrier)

(Solvent) § =
S0 80 70 60 50 40 30 20 10
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Counter-current graphical solution: 2 units

LV

E,

(Solute)

p Equilibrium curve

———— Tie line

F

Note: the line connecting
Ei1 to R» is not a tie line.
We use the lever rule and
an overall mass balance
(F—l—S:El-I—Rz) to
solve for all flows and
compositions of F. S, E;,

(Salvent) §
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Counter-current graphical solution: 2 units

E, E,
i e e x|
(So:qute) Equilibrium curve
i Tl 0 1 2
90 10 R2
F Ry
80 20

VATATATA Recall:
60 40
AN YAAY:

F=E+P

F is on the line that conne d P

AYAVATAVA VAN
0V VAVAYA
VA’E@_&ZS\YA .

80
%\ /
\/}
s it X 2 ( (Carrier)
90 80 70 60 50 40 30 20 10

(Solvent) §
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~Counter-current graphical solution: 2 units

E E,

(Solute)

A — Equilibrium curve

— ——— Tie line 1 2

AT YA AVa VA
. lv’A"ﬁYA_VAVAVA .
VAVAVAVAVAA\VA

AT} C (Carrier)

(Salvent) §
S0 80 70 60 50 40 30 20 10
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Counter-current graphical solution: 2 units

] | e §
(SoLute) Equilibrium curve
————Tieline 1 2
90 10 — —3> R,
F %
80 20

70 30 .

/\/\/\/\ Agam recall:
60 A 40

e NN Point 50

50 Av
WAVAVATAVAVAW
WD AVAVAVAW
N VAN A AVA i
o K AN N 7NN ANSANAN P

10 S — AN AN A AN
D VAVAS A e
% 80 7

Plait Rl — E2 = 2

that connects £ and /

L 23— ( (Carrier)
0 60 50 40 30 20 10

(Salvent) §
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Counter-current graphical solution: 2 units

E, E,

(Solute)
A

Equilibrium curve

———— Tie line 1 2

(Solvent) §
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In general....

L/

F+E i E +R Extract Solvent §
2 1 1 El E2 . n s -
R — -~ - ‘

E,+R, = E;+R,

/R

En'I'Rn = En+1+Rn-1 1 2 '
pI R_1> n- n - Raffinate
Ry
Rearrange: Reed
F-El - Rl-EZ
Rl'Ez — R2'E3
Rn.1Eq = Rn-Ep
(F-Ey) = (RiE) = oo = (Ro17Ep) = (Ry-Enyq) = .. = (R-S) = P

Notes:
1. each difference is equal to P (the difference between flows)
2. E,and R, are in equilibrium, leaving each stage [via tie line]
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Counter current graphical solution: procedure

/R

L/

D Tt o A o L

Separation Pro

We know F and S; connect with a line and locate “mixture” M
Either specify E; or Ry (we will always know one of them)

Connect a straight line through M passing through the one specified
Solve for unspecified one [via tie line]

Connect S through Ry and extrapolate

Connect E; through F and extrapolate; cross lines at P

Locate P by intersection A
of 2 lines

In general: connect E,
and R, via equilibrium gq
tie lines

———— Tie line

Operating line
Equilibrium curve

70

vv 30
oA
e
PRI

\/
/\
VALY,

90 80 70 60 50 40 30 20 10




Multi-stage mixer-settler in a solvent
extraction column

L/

/R

€ A multi-stage mixer-settler system can be
realized in a countercurrent column,

= Which can be a tray (sieve trays), as well as a packed -
column

# The solvent is fed to the bottom (if it has
smaller density than the mixture to extract) or
to the top (if its density is larger than the one
of the mixture).

= In this respect, solvent extraction can be assimilated to
an absorption process (first case), or to a stripping
process (second case).

# However, owing to the poorer mass transfer
propertles in liquid-liquid mixtures with respect »
to vapor-liquid ones, plate efficiencies are
much lower (or HTU values are much higher)
for solvent extraction operations than for e |l
distillation, absorption and stripping. gl

# Therefore solvent extraction is ﬁractically
efflective for systems with very high selectivity “‘*ﬂf‘;’ N
On y. CAVY [HAES
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Extraction Equipment Selection

L/

/R

# Depends on:
= Solvent recovery economics
» Viscosities, interfacial tension, solids
= product/solvent value
= flowrates
= risk assessment
= operation experience
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Static Columns

Light liquid out

Heavy liquid in

Column interface

vl
Rag %M—’Qoqg@g;é
removal 000500 -~ Large-diameter
5~ © Elgin head

°s Spray Tower

Light-phase distributor

Heavy liquid out

Light liquid in
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Light liquid

out

Interface

Heavy liquid in |
—’I_

D><t—>

Redistributor

Oonnedn

Packing
/—

Packed Tower

Light liquid in |
e

(o

Heavy liquid out
— >
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Static Columns

N

L/

Heavy liquid in L I

Light liquid out

Operating
interface

o O <
O 69,0,0,0,
0000 QPS8R
0 50
Po 0308 o8 o8
o8 080

o o9
5 ©6 o

0 00 0¢
° o
0 02 0§0%°5%

>

Perforated
plate

Downcomer

Coalesced
dispersed

Light liquid in

e
e —

Heavy liquid out
- >
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Oldshue-Rushston Column

L/

N

(EHI

# Develop in 1950’s

. TLight liquid out

Interface

# Many commercial installations

# Solids handling =Pk
# Viscosities to 500 cP ey e

Stator Ring

L

# Differential contactor

Stirrer

Light liquid in_,
—_— >

L.l _, Heavyliquid out
L
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N

Reciprocating Plate Extractor (Karr)

L/

# Developed in 1959
# Many commercial installations

Light liquid out|_

# V. High Volumetric Efficiency —=

# Vary tray amplitude and frequency
# Caution at low interfacial tensions
# Tray movement can clean walls

# Differential contactor

# Scale-up to the 0.38 power on
diameter

# Other variations (e.g. VPE) Light liquid in
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/ Interface

_>'—'
Heavy liguid out
_’y a
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Rotating and oscillating columns

/R

L/
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# Columns

Heavy
Phase In

Light
Phase In

Phase O—-*

Variable Speed

Phase Qut

Rotating
Shaft

Horizontal Vessel
Outer Baffle Walls S‘

Turbine Horizontal
Impeller Inner Baffle

Interface
4 Control

Koch Modular

BMEEM PROCESS SYSTEMS

Drive
Assembly

Light
Phase Out

Heawvy
Phase Inlet

.................. Tie Rods
Perforated 4" & Spacers

Plate \A

Light
Phase Inlet

— Baffle Plate

- Interface
ol Control

Heavy
Phase Out
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Podbielniak

# Horizontal centrifugal extractor
# High efficiency

# Short residence time

# Minimum inventory

/R

Light phase out

Light phase in

Heavy phase in

Heavy phase out
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Mixer-Settler

L/

/R

# A multi-stage mixer-settler system can be realized by
coupling a number of mixers and settlers in series.

= A mixer is a simple tank, with suitable devices to promote mass transfer.

= A settler is a horizontal vessel with internal baffles suitably arranged so
as to decant two immiscible liquid phases thanks to their different
density (density difference must be at least 50 kg/m3)

Varalis-speed

o Grive
| Turbine
Emmulsion out !

| 7N " Comparument Tap for Light
‘/.’1 : — &N g

P seum [ i
| | r M 3
i u.; (hall ) out
- Il ) P
[ - pa— | T
Rotating ET{‘“‘OQ ! o ' KJ—P
4~ plate in j*¢ S| o
o i Y s U | Hoavy
' o -—* .L_;-, ‘—-wwxm/;x '_'
— W oS —= Wquid
- - o
'S k"_
\__:tr‘/ -
el

v . y ; riz ravity-settling vess
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Mixer-Settler

/R

Separation Processes — Maurizio Fermeglia

L/
# Wide range of designs
# Handle wide range of flow ratios
# Easy start-up @
# Easy to clean/inspect 'r'df" il
# Batch operations ]rﬁ e = i 33} ﬁ}}‘ﬁfﬁ“ q}?‘ b
# Larger equipment .lL l’r H = FJ s lﬂ D
# Handles solids \ [ T T L
@ Low headroom e
# Occupy much floor space
# (Can add stages o
# Interstage pumping often required LURGI multistage extractor with internal
& High solvent inventory vertical inverted impeller mixing pumps
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Hollow Fiber Extractor

L/

#® Developed in 1980s - Modified in 1990s

# Stage contactor

# Low organic solvent to aqueous feed ratios
# Few commercial extraction applications

# Many commercial gas/liquid applications

Solvent Out

Separation Processes — Maurizio Fermeglia
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Centrifugal extractors

Rousselet-Robatel Model BXP
Centrifugal Separator

Separation Processes — Maurizio Fermeglia
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LL extraction with Aspen+: Extract

L/

/R

# Water has a high latent heat (heat of vaporization)
compared to many other components.

# For the separation of a water-acetone mixture (50 wt-%
each), it may be more energy efficient to use extraction

instead of direct distillation.
» Feed is at 25°C, 1 bar, 50 kg/hr water and 50 kg/hr acetone
s Use 3 methyl hexane as solvent: 150 kg/hr at 30°C, 1 bar
s EXTRACT: N=8, P=1 bar, T=25°C
= Use Uniquac — RK thermodynamics

# Solution

= Plot the ternary LLE diagram with miscibility gap and tie lines

= Verify the mass flows (kg/hr) in the raffiante and extract.

= Check that mass fraction of acetone in the raffinate is less than 0.0001
» Check that mass fraction of water in the extract is less than 0.002.
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LL extraction with Aspen+: Extract

/R

L/

# Components

4 Method

# Feed

Component ID
WATER
ACETONE
3-METC6

Conventional
Conventional

Conventional

Type

[QGlobaI Flowsheet Sections | Referenced | Comments j

Property methods & options

Method filter
Base method

Henry components

Water solubility

Chamirtn: IR

| @ Mixed I" Solid | NC Solid l Flash Options | EO Options I Costing l Comments ;

~ | Specifications

Flash Type Temperature ¥ Pressure
State variables
Temperature 251i¢C v
Pressure 1 bar >
Vapor fraction
Total flow basis Mass v
Total flow rate kg/hr -

Calisnnt

Separation Processes — Maurizio Fermeglia

Composition

Mass-Flow

v kg/hr

CHEMICAL
UNIQ-RK

Petroleum calculation options
Free-water method STEAM-TA

3

Electrolyte caiculation options

| @ Mixed | C1 Solid

Flash Type

Component

Value

50
50

Method name

UNIQ-RK

Modify

-
Vapor EOS
Data set
Liquid gamma

Data set

Liquid molar enthalpy

~ | Specifications

Temperature

State variables
Temperature
Pressure

Vapor fraction
Total flow basis Mass
Total flow rate

Solvent

Dafaranra Tamnaratien

WATER

Component name

ACETONE
3-METHYLHEXANE

Alias
H20
C3H60-1
C7H16-3

Solvent

NC Solid | Flash Options | EO Options | Costing | Comments |

~ Pressure + [ Composition
‘ Mass-Flow v kg/hr
30jc i Component Value
L = | WATER
ACETONE
- METC 150
kg/hr -
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LL extraction with Aspen+: Extract

4

# Ternary diagram at 1 bar

Ternary Diag for WATER/ACETONE/3-MET-01

— Phase envelope 1 (PRES = 1 bar)
— Tieline 1 (PRES = 1 bar)
— Tieline 2 (PRES = 1 bar)
— Tieline 3 (PRES = 1 bar)
— Tieline4 (PRES = 1 bar)
— Tieline 5 (PRES = 1 bar)
— Tieline 6 (PRES = 1 bar)
— Tieline 7 (PRES = 1 bar)
— Tie line 8 (PRES = 1 bar)

N — Tieline 9 (PRES = 1 bar)
£ — Tie line 10 (PRES = 1 bar)
b ® Azeotrope 1 (PRES = 1 bar)
%
3
%

0.05 010 015 020 025 030 035 040 045 050 055 060 065 070 075 080 085 090 095

. . . Molefrac WATER
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LL extraction with Aspen+: Extract
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.eipiclrl @ xey Companents Iam léhm

@ EXt ra Ct I @specs | @Key Components | @streams | @Pressure | Heat Strear ::":: :a:""’c" ponwnts | G Stmn ‘ L
l

Configuration Thermal options | Stage Pressure Available components F‘y components
Number of stages - © Adiabatic i . ACETONE WATER
) Specify temperature profil 3 1 1 3-METCE

) Specify heat duty profile ‘
- *>»

[ Temperature profile Heat duty profile

[

|ao.w..m edeincg | Disgnostier |

“s

Main Flowsheet - EXTRACT (Extract) - Estimates = Cor O oy Pemmeter
O.tede loop convergerce mechnd Bezpzen *
@ Temperature | Composition ] Meormum itenaticm 2009
9 Einw Loleanze Te-08
Temperature estimates (optional) l Generate Estimates.. | Thresaid vebow of NS werer al 3nd fiquid
Stage Temperature Rsaindas Wegewn acteliyt an pvameise Available e Yoy v
[ ¢ - Myvdrum wwus ae S Opone . w'wr ent
e - WATER 1-METCS
1 25 ACETONE
Oatiang
s FEED > SOWVENT v EXTRACT  ~ RAFFIN -
Mass Enthalpy kcal/kg -2420.27 -537.074 -670.32 -378513
Molar Entropy cal/mol-K -48.4508 -179.621 -142.026 -38.741
@ Str e a m Mass Entropy cal/gm-K -1,76182 -1.79255 -1.68177 -2.15033
Molar Density kmol/cum 31854 687789 B.76877 54,9623
R e S u I tS Mass Density ka/cum 876.001 689,193 740,526 990,218
Enthalpy Flow Geal/hr -0.242027 -0.0805611 -0.134222 -0.188367
Average MW 27.500% 100,204 84,4505 18.0163
+ Mole Flows kmol/hr 3.6363 1.49695 237104 276221
+ Mole Fractions
+ Mass Flows kg/hr 100 150 200.235 49.7649
= Mass Fractions
WATER 0.5 0 0.0011946 0.999918
ACETONE 05 0 0.249687 7.63842e-05
3-MET-0 0 1 0749118 5.49238e-06
. .. . Volume Flow cum/hr 0114155 0.217646 0.270396 0.0502565
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