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CHAPTER-7

MULTICOMPONENT LIQUID- LIQUID EXTRACTION OF
' AROMATICS-“THERMODYNAMIC APPROACH”
' & SUGGESTIONS FOR FURTHER WORK

7.0.0 PRELIMINARY CONSIDERATIONS:-

. Practically no information is available in the literature on "Multicomporient
Liquid- ,'Liqﬁid Extraction of Aromatics™neither “Theoretical” nor “Experimental”.
Hence an"Unique Attempt" has been ‘made in this investigation to study-“
Thermodynamics Aspects of Multicomponent Liquid- Liquid Ext;action of Aroniatics,
" wherein the values of % Aromatic éxtracted (% Ag) and %Purity of extract (%PE)
“have been calculated in thisnirive_stigation based on "Quaternary Liquid- Liquid Phase
" Equilibrium Data" obtained for Liquid- Liquid extraction of aromatics.

:All "Theoretical Aspects" w. 1. t. Multicomponent Liquid- Liquid Extraction of
Aomatics -have been considered ‘in this investigation and thé relevant exhaustive
calculations w. r. t. %AE and corresponding %PE values for diffgrent categories_have
been ‘done. Based on these results obtained, ‘further experimental work | on
‘Multic;émpone'nt Liquid- Liquid Extraction of Aromatics" can be undertaken. |

- The values presented in this invesﬁgation for Multicomponent Liquid- Liquid
Extraction of Aromatics" are "Lim’iting Values", These are the maximum values of %
AE and % PE which can be achieved/ obtained in actual practice under appropriate and
suitable operating conditions. But under no circumstances these values can't be
exceeded. Thus, these are the maximum values which can be achieved in actual
practice-however may be or may not be achieved. That is why these “Theoretical

values” are called as "Limiting Values".

Actual experimental values for "Multicomponent Liquid- Liquid Extraction”
will be always less than these values. In limiting case actual values can be equal to

these “Limiting Values”.
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7.1.0 Five Categorles for Multlcomponent qul!ld-qullld

Extractmn and relevant results*
7.1.1 Category-1:

Limiting values of % AE and % PE at three différent temperatures 20°C, 30°C,

and 40°C and two values of antisolvent concentration - 10% W and 20%W for different

systems as under:
' (i)Bv+ H+ (Dmf/ Dmso) + W
()T +H+ (Dmf/ ﬁmsd) +W
(iii)X + H + (Dmf / Dmso) + W
(iv)B + Hep + (Dmf / Dmso) + w
- (v)B+ O+ (Dmf/Dmso) + W

Thus category- I contains totally 30 values of % AE and % PE calculated under
different sets of conditions for solvents ~ Dmf / Dmso for three different S/F ratio by

wt. being 1, 2 and 3. Thus Category — 1 consists of totally a set of niﬁet'y values of % “
AE and corresponding % PE for mixed solvent- (Dmf + W) and an additiorial set of .

-ninety values % AE and corresponding % PE for mixed solvent- (Dmso + W). The |

relevant-Data along with ‘Limiting Values’ of % AE and % PE are preéented in Table
LV-1toLV-6. |

7.1.2 Category — II:

The r;.alevant data along with ‘Limiting Values® of % AE and-% PE is preseﬁted
in Tables- LV-7 & LV- 8.

. Mixed feed consists of aromatics ~ (B + T + X) .& aliphatic — H i.e. four
components for both mixed solvents — (Dmf + W)/ (Dmso + W).

The limiting values of % AE and % PE at 30°C,“ for two values of antisolvent
concentration — 10% W and 20%W for two values of S/F ratio by 1 and 1.5 are
presented in Tables- LV-7 & LV- 8.
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7.1.3 Category — III:

The relevant data along with ‘Limiting Values® of % AE and % PE is presented |

in Tables LV-9 and LV- 10.

: ‘Lilniﬁng values of % AE and '%PE at temperaturé( 30°C &, four S/F ratios — 1,

2,3 %and 6 for antisolvent concentration value being 20%W i.e. “mixed solvent

(80%: Dmf + 20 % W) / (80% Dmso + 20%W) have been reported for mixed fee"dA

consiéting of six components as - (B+T+X) + (H+H’+0) .

714 Category —1V:

For single stage Multicomponent Liquid-Liquid Extraction of Aromatics the :

‘mixed feed consisting of tdtally six components — three solutes- (B+T+X) & three non-

| solu‘te:s- (H+H’+0).i.e. totally six components- (B+T+X) + (H+H’+0) has been used as
the basis. Under conditions of temperature of 30 °C and antisolvent concentration
value§ of 10% and 20%W with a. single value of S/F ratio of 1, the limiting values of
%AE and %PE have been obtained by exhaustive calculations.

- The relevant data for single stage operation for mixed solvents (80% Dmf+
20%W)/ (80%Dmso + 20%W) have been reported in Tables LV-11 and LV-12

respectively.
. .1.5 Category- V:

‘Multistage and multi;:omponent Liquid- Liquid extraction of aromatics can be
" performed in four stages in order to increase the values of % AE obtained in single
stage. Rafﬁnate phase from Stage- 1 constitutes as a multicomponent feed for stage- II.
. Raffinet phase from étage— II constitutes as multfcomponent feed for stage- T and
Rafﬁnét phase from Stage- HI constitutes as multicomponent feed for stage- IV .All
other oi)erating conditions are kept‘ same as in stage-I i.e. Temp-30 °C & S/F=1amixed

feed consisting of six components.

The relevant details and the correspohding limiting values of %AE and %PE

obtained in this calculation for different stages —IL III and IV are reported in Tables-

LV-13,LV-14 and LV-15 respectively.
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7.2.'()"High Lights of Results Obtained for Multi- component
Liquid- Liquid Extraction of Aromatics:- |

7.2'.1-'CONCLUSIONS FOR CATEGORY-(I):

()”The Critical Analysis” for Tables- LV- 1 to LV- 3 reveals the
following: o " -

(i)For mixed solvent — (90% Dmf + 10% W) and feed consisting of (B+H), as
S/F ratio is increased from 1, 2 & 3 by weight for fixed values of three temperatures-
" '20°C ;30°C and 40°C , the corresponding ranges of % AE values are (45.3 % tov92.2.%)¢
(67.9% to 95%) and (69% to 98.1%) respectively.

Thus as ratio of S/F value increases, the limiting values of % AE under -
otherwise identical conditions increases as could be seen from value of % AE put up in
brackets, As temperature increases, the limiting values of % AE.under otherwise

identical conditions also increases.

When one compares a mixed solvent having Composition of (80% Dmf+20%
W) at threé-ﬁxed temperatures. — 20°C , 30°C and 40°C, the conclusions drawn above
for systems-consisting of Hexane(H) are equally valid for this case also.

(ii)Further for mixed: solvent- (90% Dmf + 10% ‘W) and feed consisting of
(B + 0), as the value of S/F ratio is increased from 1, 2, to 3 by weight for fixed value
of three temperatures 20°C , 30°C and 40°C, the corresponding ranges of % AE values
are (37.8% to 77.1%) (44.6% to 88.7% and (67.35% to 89.18%) respectively.

Thus as the ratio of S/F value increases, the limiting values of %AE under
otherwise identical condition increases as could be seen from the values of %AE put up
in brackets. Also as temperaiure increases, the limiting values of % AE under otherwise

identical conditions also increases.

When one compares a second case of mixed solvent having composition — (80%
Dmf + 20%W) with rmxed solvent having composition- (90% Dmf + 10% W) at three
values of fixed temperatures, the conclusions drawn above for the first case for system -

consisﬁng of Octane(O) are equally valid for second case also.
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(iii)Further in the case of mixed feed consisting of aliphatic — octane instead of

' aliphatic- Hexane(H), the range of limiting values of %AE under otherwise comparable -

operating conditions are relatively on the lower s1de i.e. the limiting values of %AE for

‘mixed feed consisting of - ahphatlc-Octane(O) are lower than that for ‘mixed feed v

consisting of aliphatic- Hexane(H)..

Thus for example, at threc different fixed temperatures of 20°C, 30°C & 40°C

~ the corresponding ranges of % AE values for systems involving aliphatic — Hexane(H) =
and systems involving ahphatlc 0ctane are (at 20 °C 45.3% to 92 2%), (at 30 °C67.9%

10 95%) & (at 40 °C'69%.t0 98. 1%) and (at 20 °C 37.8% to 77 1%) (at 30 °C 44.6% to-

'88.7%) & (at 40 °C 67.35% t0:89.18%) respectlvely

‘Similarly the -effect of increase in molecular weight of aromatics for

components-B/T/X for systems consisting of mixed solvent- (Dmf:+W), on the value of

" %AE can also be analyzed.

‘Like the effect of increase of molecular weight of aliphatics, with an-increase in -

molecular weight aromatics, the values of %AE also decrease under otherwise identical

conditions.

(iv)Similar conclusions w .r.t effect of temperatures & S/F ratio values on the
values of %AE can be drawn for the remaining different systems of the remaining three

-groups of components as under :-

T+H+Dmf + W, X +H+ Dmf + W and B + H+Dmf +W under different sets of

conditions.

(IDThe “Critical Analysis” for, Tables- LV- 4 to'LV- .6 reveals
the following: ' ' | '

-(i)For mixed solvenf - (90% Dmso + 10% W)and feed consisting of (B+H), as
S/F ratio is increased from 1, 2 & 3 by weight for fixed values of three temperatures-
20°C, 30°C-and 40', the corresponding ranges of % AE values hre (27.9 % to 46.4%)
(29.2% to 52.2%) and (29.7% to 67.25%) respectively.

Thus as ratio of .S/F value increases the limiting values of % AE under
otherwise identical conditions increases as could be seen from value of % AE put up in

brackets. As temperature increases, the limiting values of % AE under otherwise
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identical conditions also increases. However the effect of an increase in

temperature on the value of %AE appears to be very marginal.

When one compares a mixed solvent having composition (80%Dms0+20% W)
at three fixed temperatures — 20°C , 30°C and 40°C, the conclusions drawn above for
systems consisting of Hexané(H) are equally valid for this case also.

(ii)Further for mixed solvent- (90% Dmso + 10% ‘W)and feed cohsisting of (B +
0), as the value of S/F ratio is-increased from 1, 2, to 3 by weight for fixed values of
‘three temperatures 20°C';'3(5°C and 40°C, the ranges of % AE values are (6.3% to |
12.2%) (8.1% to 35.7% and (16.81% to 45.53%) respectively. '

Thus as the ratio of S/F value increases the limiting values of %AE under
otherwise identical condition increases as could be seen from values of %AE put up in
“brackets. Also as temperature-increases the limiting values of %AE under otherwise

“identical conditions also increase, however increase in values is marginal only.

When one compares a second case of mixed solvent having composition— (80%
‘Dmso + 20%W )with first case of mixed solvent (90% Dmso + 10% W)at three values
of fixed temperatures, the conclusions drawn above for the first case for system

consisting of Octane (Q) are equally valid for second case also.

(iii)Further-in the case of mixed feed consisting of aliphatic — octane -in_stéad of
aliphatic- Hexane(H), the range of limiting values of %AE under otherwise co,mparable
operating conditions are substantially on the lower side i.e. the limiting values of %AE
for mixed feed consisting aliphatic- Octane are substantially lower than that for mixed
feed containing aliphatic Hexane(H). Thus effect of .increase in molecular weight of

aliphatics on the values of %AE for systems involving mixed solvent- (Dmso+W) and

aliphatics —H/H’/O appears to be substantial and the value of %AE dectease
substantially.

Thus for example at three different fixed temperatures of 20°C, 30°C & 40°C,
~ the corresponding ranges of % AE value for systems involving aliphatic — Hexane(H)
and syétems involving aliphatic Octane are (at 20 °C, 27:9% to 48.4%), (at 30 °C,
- 29.2% fo 52.2%) & (at 40 °C}, 29.7% to.‘67.2%) and (at 20 °C, 6.3% to 12.2%), (at 30
°C, 8.1% to 35.7%) & (at 40 °C, 16.8% t0.45.53%) respectively. As could be seen from
- the ranges of %AE values reported 'ai)éve, the effect of increase in molecular weight of

aliphatics is substantial.
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Similarly the effect of increase in molecular weight of aromatics for systenis |

consisting of mixed solvent- (Dmso + W) and components- B/T/X on the value of
%AE can be analyzed. )

Like aliphatics with an increase in molecular weight aromatics, the values of

%AE also decrease under otherwise identical conditions.

(iv)Similar conclusions w. r. t effect of temperatures & S/F ratio values on the

values of %AE can be drawn for the remammg different systems of the remaining three _

groups of components as under :-

-T+H+Dmso+ W,'X +H+Dmso+Wand B + ﬁ'+Dmso+ W under .differe'nt’ sets

of conditions.
(IIDOverall comparison of both solvents-(Dmf + W) & (Dmso + W)

At three different fixed values of temperatures -20° C, 30° C & 40° C and feed
consisting of B + H+ (Dmf/ Dmso ) + W, the corfesponding ranges of values of % AE
for mixed solvents ~ (90% Dmf + 10% W) and (90% Dmso + 10% W)are (45.31% to

92.2%), (67.9% + 95%) , (69% to 98.1%) and (27.9% to 48.4%), (29.2% to 52.6%) &

(29.7% to 67.25%) respectively.

Thus. comparison of .range of % ‘AE values under otherwise- comparable

operation conditions for mixed solvent- (Dmf + W) are on higher side in comparisonto - -

-mixed solvent- (Dmso + W).-

The same -conclusions is valid for all the other -i'emaining systemc' under
< otherwxse comparable operatmg conditions - when one compares mixed solvent-
(Dmf+W) with other mixed solvent-(Dmso+W). '

T +H+ (Dmf/Dmso ) + W
X +H+ (Dmf/Dmso )+ W
B+H’ +(Dmf/Dmso )+ W

B+ O+ (Dmf/Dmso ) + W
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For all . the remaining above four categories of different Systems, the
corresponding ranges of values of %AE for mixed solvents- (Dmf +W) are higher than
the range of values of %AE for mixed solvent (Dmso+W).

7.2.2 CONCLUSIONS FOR CATEGORY - 1I

“The critical analysis for' Table LV-7 and LV-8 fe'{reals the

following:

" The limiting values ofi% Aromatics extracted (% AE) and the cprresppnding‘ :

values of % purity of éxtract(% PE) for:mixed.k-feed' consisting of four components —

three solutes — (B + T + X) and -non solute .only ‘Hexane(H) for antisolvent

concentrations — 10% W & 20% W and S/F ratio of one(I) by we’ight for mixed solvent

(Dmf + W) are (% AE =45.8%, % PE =64.55%) and (% AE =14.1%,% PE= 82:8%)

respectively.

- The limiting values of % Aromatic .extracted (%AE) and the corresponding

- values of % Purity of extract (%PE) for mixed feed consisting of four components —
-three solutes — (B + T + X) and non solute‘ only Hexane(H) for antisolvent
concentration — 10% W & :20% W and S/F ratio of one(1) by weight for mixed solvent
— (DmSO + W) are (% AE =15.23%, % VPE=~88}57%) and (% AE =2.96%, % PE=
98%) respectively. '

As could be seen from above MO-.paragiaphs the range of limiting -values on
values of %AE for mixed solvent (Dmf + W) is from 14.1% to 45.8% under otherwise

comparable operating conditions. The range of limiting values of %AE for mixed

solvent — (Pmso + w)-is from 2.96% to 15.23% .Thus range of ‘1ixr1it§ng values of %AE

for mixed solvent- (Dmf + W) is substantially..higher than that of range of limiting

values of %AE for mixed solvent- (Dmso+ W).

The range of limiting values of % purity of extract (%PE) for solvent- (Dmf +
W) is from 64.55 % to 82.8% under otherwise comparable operating conditions. The
rénge of limiting values of %PE for mixed solvent Dmso+ w is from 88.57% to 98%.

Thus, the limiting values of %PE are substantially higher for mixed solvent-
(Dmso+ W) than that of limiting values of %PE for mixed solvent — (Dmf + W).
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7.2.3 CONCLUSIONS FOR'CATEGORY -

The crltlcal analysis for Tables LV - 9 and LV — 10 reveals the |

followmgs. ,

Fdr mixed feed consisting of six components — three solutes B+T+X) and |

three ‘non solutes (H + H> + 0) at 30 °C and mixed solvent consisting of 80%

- Dmso+20%W by weight, when the value of S/F ratio increases from 1,2,3 & 6 the

. -corresponding value of %AE under otherw1sc comparable operating condltxons are '

6.02%, 12. 14%, 21.3% and 30.18% respectlvely

For mixed feed consisting of six componcnté — three solutes (B + T + X) and
three non solutes (H + H’ + O) at 30 °C and mixed solvent consisting of 80%
Dmf#20%W by weight, when the value of S/F ratio increases from 1, 2, 3 & 6 the

corresponding if,alue of %AE under otherwise comparable operating conditions are

18.17%, 33.05%, 45.41%and 68.62% respectively.

“Thus it could be -observed that range of % AE values for mixed solvents
(Dmf+W) is substantially higher than that of mixed solvent (Dmso+W) under otherwise
comparable operating conditions for mixed feed consisting of six components —three
solutes- (B+T+X) and three non solutes (H+H’+0).

It is also observed that as the value S/F ratlo by welght increases, the value of

' -%AE also increases. Thus though- by increasing the value of S/F ratio, the value of -

%AE can be increased, the system  under co_ns1derat10n w. r. t. feed composition

- becomes a dilute system. Henceé generally S/F ratio:is varied up to value of 5 and

further increase in the values of %AE can be achieved by carrying-out Multistage -

Multlcomponent Liquid- Liquid Extraction Aromatics.
T .2.4 ' CONCLUSIONS FOR CATEGORY -1V:

The critical analysxs for Table LV- 11 and Table LV-12 reveals

the fo]lowmgs :

The limiting values of %AE and the corresponding limiting values of %PE for

mixed feed consisting of six components — three solutes — (B+T+X) and three non
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solutes- (H + H' + O) at a temperature of 30 °C and S/F ratio by weight of one(1) for
mixed solvent compositions — (90'% Dmso + 10%W) and (80% Dmso + 20% W) are
(%AE =20.96%, %PE =92.6%) and (%AE =6.2%, %PE =98.2%) respectively.

The limiting values of %AE and the corresponding limitiﬁg Valueé of %PE for
mixed feed consisting of 31x components — three solutes — (B+T+X) and three non
solutes— H+H +0)at temperature of 30° C and S/F ratio by weight of one(1) for
mixed solvent compositions — (90 % Dmf + 10% W) and (80% Dmf + 20% W) are:-

(%AE =47. 96%, %PE =65. 8%) and (%AE =18. 17%, %PE =76. 8%)
respectwely

Under btherwise comparable operating conditions ‘the limiting values of‘ %PE N
are hlgher for mixed solvent — (Dmso+w) than for mixed solvent (Dmftw). Further
under otherw1se comparable operanng conditions ‘the lumtmg values of %AE are
- higher for mixed- solvent (Dmf + W) than for the. ‘mixed solvent (Dmso + W)

Thus the generahzed conclusions drawn for feed consisting of two components
are also valid for Multicomponent feed system consisting of six components for both
mixed solvents under consideration i.e. (Dmso + W) and (Dmf + W)

72,5 CON CLUSIONS- FOR CATEGORY - V:

The critical analysis for ‘Tables- LV-13 LV-14 and LV-15

reveals the followmgS‘

Mixed feed consisting of six components- three solﬁtes,- (B+T+X), three non

, solutes — (H+H'+O)and Mixed Solvents- consisting of (80% Dmso + 20% W) & (80%

Dmf + 20% W) have been used as feed (F) and solvent (8). The ratio of solvent to feed

(S/F) has been kept as one-only. Temperature of extraction has been kept as constant
value of 30' C. ‘

i

Under the above set of operating conditions for Multicomponent Liquid-
Liquid Extraction Aromatics the limiting values of % AE and %PE obtained for Mixed
solvents (Dmso + W) and (Dmf + W) are (%AE = 6.02%, %PE = 98.66%) and (%AE =
18.17%, %PE = 76.8%) respectively. This has been labeled as stage — I of
Muhicompohént Liquid- Liqui& Extraction of Aromatics.
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_ Raffinate phase (Ri) coming out of Stage- I after liquid-liquid extraction,

becomes Multicomponent feed stock for stage- II for performing Multicomponent
Liquid- Liquid Extraction of Aromatics. Raffinate phase (Ru) coming out of Stage- I
after liquid-liquid extraction, becomes -Multicomponent feed stock for stage- III for

performing. Multicomponent Liquid- Liquid Extraction of Aromatics.Raﬁ‘inate,phasev ‘

(Rm) coming out of Stage- III after liquid-liquid extraction, becomes ‘Multicomponent

feed stock for stage- IV performing out Multicomponent Liquid- Liquid Extraction of

~ Aromatics.

Thus the limiting values of %AE and %PE obtained in the case of multistage

" " Liquid- Liquid Extraction of Aromatics consisting of four stages are reported as under:-"

'Stagé No. ‘Solvent Solveixt
80% Dmso+20% W 80% Dmf +20% W
% AE %PE . %AE ° = %PE
I 602 98:66 18.17 76.8
I 1214 8925 3353 7544
m 21.53 829 . 4541 7485
v ' 30.18 = 889 68.62 70.05

Thus by carrying out Multicomponent Liquid- Liquid Extraction of Aiomatics
in a multistage manner, the values of %AE can be increased consideraﬁly.‘ Thus for
example, under otherwise comparable operating conditions, the limiting values of %AE
for mixed solvent- 80% Dmso + 20% ‘W can be increased. from 6.02% obtained in
(Stage* T) to 30.18% obtained in (Stage- IV). o |

- Similarly for second mixed solvent (80% Dmf + 20% ‘W) by carrying out.
Multicomponent Liquici- Liquid Extraction of Aromatics in a multistage manner
consisting of four stages,;uﬁder otherwise comparable operating condition, the limiting
values 6f %AE can be increased from 18.17% obtained in (Stage- I) to 68.62%
obtained in (Stage- IV). ’

_The relevant data presented in the Table- LV-15 is having the main- basis of
solvent to feed ratio equal to one (1) by weight. By increasing S/F ratio and by keeping
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it of the order of five (5) by wt, it is expected that the “Limiting Values “of %AE of the
order of 95% can be achieved by carrying out Multicomponent Liquid- Liquid

Extraction of Aromatics using four stages.

7.3.0 SUGGESTIONS FOR FURTHER WORK WITH
SPECIAL REFERENCE TO MULTICOMPONENT LIQUID-
LIQUID EXTRACTION OF AROMATICS:

¢y It has been shown in this investigation that limiting values of %AE
calculated based on “Thermodynamic Principles” can be obtained in actual practice for
binary feed stock. Involving aromatics- Benzene (B) and aliphatic- Hexane(H) under a
particular set of conditions having fixed values of continuous phase flow rate (Vc),
dispersed phase flow rate (Vd), solvent to feed ratio (S/F), residence time (0) and
carrying out multistage operation. The relevant details have been already summarized
under following sub sections in Chapter- 6 : Results and Discussion for Liquid- Liquid

Extraction of Aromatics in a packed columnge-

Subsection 6.5.5: Performance of Solventss — Dmf and Dmso during
Multistage Operation.
Subsection 6.7.0: Overview of Performance of Mixed Solvents and

Recommended Operation Conditions.

(II)  Hence “Liquid- Liquid Extraction of Aromatics” using multicomponent
mixed feed stocks can also be carried out on “Laboratory Scale” in a similar manner as
has been done in this investigation for a feed stock consisting of two components —

Aromatics — Benzene (B) and Aliphatics- Hexane(H).

The four vanables to be studied can mclude—Vc Vd, S/F and 6. “Smgle Stage
and Multistage Operanon” under different sets of operation conditions can be carried
out for feed consisting of multicomponent mixture of aromatic components & aliphatic

component

Thus favorable operating conditions can be suggested for carrying out
“Multicomponent Liquid- Liquid Extraction of Aromatics” in a multistage manner.
Under the favorable operating conditions obtained by experimentation, it is expected
that the “Limiting Values” of %AE and %PE presented in this investigation can also be

achieved in actual practice.
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