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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 "Multicomponent 

Liquid- Liquid Extraction of Aromatics’-neither “Theoretical” nor “Experimental”. 

Hence an'TJniqiie Attempt" has been made in this investigation to study-“ 

Thermodynamics Aspects of Multicomponent Liquid- Liquid Extraction of Aromatics, 

" wherein the values of % Aromatic extracted (% Ae) and %Purity of extract (%Pe) 

have been calculated in this investigation based on "Quaternary Liquid- Liquid Phase 

Equilibrium Data" obtained for Liquid- Liquid extraction of aromatics.

All 'Theoretical Aspects" w. r. t. Multicomponent Liquid- Liquid Extraction of 

Aomatics have been considered in this investigation and the relevant exhaustive 

calculations w. r. t. %Ae and corresponding %Pe values for different categories, have 

been done. Based on these results obtained, further experimental work on 

Multicomponent Liquid- Liquid Extraction of Aromatics" can be undertaken.

The values presented in this investigation for Multicomponent Liquid- Liquid 

Extraction of Aromatics" are "Limiting Values". These are the maximum values of % 

AB 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 die 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”.



7.1.0 Five Categories for Multicomponent Liquid-Liquid 

Extraction and relevant results:

7.1.1 Category-I:

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

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

systemsasunder:

(i)B + H +(Dmf / Dmso)+ W 

' (ii)T + H +(Dmf/Dmso)+ W 1

(iii) X + H + (Dmf / Dmso) + W

(iv) B + Hep + (Dmf / Dmso) + W

(v) B + O + (Dmf/Dmso) + W

Thus category-1 contains totally 30 values of % AE and % PE calculated under 

different sets of conditions for solvents - Dmf / Dmso for three different S/E ratio by 

wt. being 1,2 and 3. Thus Category -1 consists of totally a set of ninety values of % 

AE and corresponding % PE for mixed solvent- (Dmf + W) and an additional 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 presented in Table 

LV-ltoLV-6.

7.1.2 Category - H:

i < i

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

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-EH:

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

in Tables LV-9 and LV-10.

Limiting values of % AE and %PE at temperature 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 feed 

consisting of six components as - (B+T+X) + (H+H’+O).

7.1.4 Category-IV:

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

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

solutes- (H+H’+O) i.e. totally six components- (B+T+X) + (H+H’+O) has been used as 

the basis. Under conditions of temperature of 30 °C and antisolvent concentration 

values 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 date 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.

7.1.5 Category- V:

" Multistage and multicomponent 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.
i i ■>

Raffinet phase from Stage- II constitutes as multicomponent feed for stage- III and 

Raffinet phase from Stage- III constitutes as multicomponent feed for stage- IV .All 

other operating conditions are kept same as in stage-I i.e. Temp-30 °C & S/F=lamixed 

feed consisting of six components.

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

obtained in this calculation for different stages -II, III and IV are reported in Tables- 

LV-13, LV-14 and LV-15 respectively.
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7.2.0 High Lights of Results Obtained for Multi- component 

Liquid-Liquid Extraction of Aromatics:-

7.2.1 CONCLUSIONS FOR CATEGORY-(I):

(I)”The Critical Analysis” for Tables- LV- 1 to LV- 3 reveals the 

following:

(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 i 30°C and 40°C, the corresponding ranges of % AE'values are (45.3 % to 92.2%) 

(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 three 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 + O), 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 temperature 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 mixed solvent having composition- (90% Dmf + 10% W) at three 

values of fixed temperatures, the conclusions drawn above for the first case for system 

consisting 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), die range of limiting values of %AE under otherwise comparable 

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

mixed feed consisting of aliphatic-Octane(0) are lower than that for mixed feed 

consisting of aliphatic-Hexane(H).

Thus for example, at three 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 aliphatic Octane are (at 20 °C 45.3% to 92.2%), (at 30 °C 67.9% 

to 95%) & (at 40 °C 69% to 98.1%) and (at 20 °C 37.8% to 77.1%), (at 30 °G 44.6% to 

88.7%)’&'(at 40 °C 67.35% to 89.18%)’respectively.

Similarly the effect of increase in molecular weight of aromatics for 

eomponents-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.

(II)The‘‘Critical Analysis” for, Tables- LV- 4 to LV- 6 reveals 

the following:
(i)For mixed solvent - (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 are (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%Dmso+20% W) 

at three 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% Dmso + 10% W)and feed consisting of (B + 

O), as the value of S/F ratio is increased from 1, 2, to 3 by weight for fixed values of 

three temperatures 20°C , 30°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 (O) are equally valid for second case also.

(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 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 decrease 

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 systems involving aliphatic Octane are (at 20 °C, 27.9% to 48.4%), (at 30 °C, 

29.2% to 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% to 45.53%) respectively. As could be seen from 

the ranges of %AE values reported above, 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 systems 

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 remaining different systems of the remaining three 

groups of components as under :-

T+H+Dmso+ W, X +H+ Dmso + W and B + H'+Dmso+ W under different sets 

of conditions.

(IU)OveralI 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 1 Dmso ) + W, the corresponding 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 comparison to 

mixed solvent-(Dmso + W).

The same conclusions is valid for all the other remaining systems, under 

otherwise comparable operating conditions when one compares mixed solvent-
i i - *

(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 I 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-H

The critical analysis for Table LV-7 and LV-8 reveals the 

following:

The limiting values of % Aromatics 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 

concentrations - 10% W & 20% W and S/F ratio of one(l) by weight 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(l) by weight for mixed solvent 

- (DmSO + W) are (% AE =15.23%, % PE= 88.57%) and (% AE =2.96%, % PE= 

98%) respectively.

As could be seen from above two paragraphs 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 - (Dmso + w) is from 2.96% to 15.23% .Thus range of limiting 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 

range 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).



7.2.3 CONCLUSIONS FOR CATEGORY -III

The critical analysis for Tables LY - 9 and LV - 10 reveals the 

followings:

For mixed feed consisting of six components - three solutes (B + T + X) and 

three non solutes (H + H’ + O) 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 otherwise comparable operating conditions are 

6.02%, 12.14%, 21.3% and 30.18% respectively.

For mixed feed consisting of six components - 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 value 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’+O).

It is also observed that as the value S/F ratio by weight 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 consideration w. r. t. feed composition 

becomes a dilute system. Hence 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 

Multicomponent Liquid- Liquid Extraction Aromatics.

7.2.4 CONCLUSIONS FOR CATEGORY-IV:

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

the followings:

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(l) 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 limiting values of %PE for 

mixed feed consisting of six components - three solutes - (B+T+X) and three non 

solutes- (H + H' + O) at temperature of 30° C and S/F ratio by weight of one(l) 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%) 

respectively.

Under otherwise comparable operating conditions the limiting values of %PE 

are higher for mixed solvent - (Dmso+w) than for mixed solvent (Dmf+w). Further 

under otherwise. comparable operating conditions the limiting values of %AE are 

higher for mixed solvent - (Dmf + W) than for the mixed solvent (Dmso + W).

Thus die generalized 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).

7.2.5 CONCLUSIONS FOR CATEGORY - V:

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

reveals the followings:

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

, solutes - (H+H'+0)and Mixed Solvents- Consisting of (80% Dmso + 20% W) & (80% 

Dmf + 20% W) have been used as feed (F) and solvent (S). 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.

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 

Multicomponent Liquid- Liquid 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 (Rii) coming out of Stage- II 

after liquid-liquid extraction, becomes Multicomponent feed stock for stage- III for 

performing Multicomponent Liquid- Liquid Extraction of AromaticsJEtaffinate phase 

(Rni) 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:-

StageNo. Solvent Solvent
80% Dmso + 20% W 80% Bmf+20% W

% AE %PE % AE %PE

I 6.02 98;66 18.17 76.8

n 12.14 89.25 33.53 75.44

IH 21.53 82.9 45.41 74.85

IV 30.18 88.9 68.62 70.05

Thus by carrying out Multicomponent Liquid- Liquid Extraction of Aromatics 

in a multistage manner, the values of %AE can be increased considerably. 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- I) to 30.18% obtained in (Stage- IV).

Similarly for second mixed solvent (80% Dmf + 20% W) by carrying out 

Multicomponent Liquid- Liquid Extraction of Aromatics in a multistage manner 

consisting of four stages, under otherwise comparable operating condition, the limiting 

values of %AE can be increased from 18.17% obtained in (Stage- J) 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:

(I) 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 column^

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 variables to be studied can include-Vc, Vd, S/F and 0. “Single Stage 

and Multistage Operation” 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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