
Table Index

CHAPTER 4-EXPERIMENTAL
Part I: Quaternary Liquid-Liquid Phase Equilibrium Data

Mutual Solubility Data

Table Number Tittle Page
Table - A Physical Properties of Chemicals used at 30 °C 69

Table-1 Mutual Solubility Data for the Quaternary Systems: 77

Table - 2
Benzene (B)- Hexane (H)-Dmf(D) + Water(W) at 20°C
Mutual Solubility Data for the Quaternary Systems: 78

Table.-3
• Benzene (B)- Hexane (H)-Dmf(D) + Water(W) at 30°C ’
Mutual Solubility Data for the Quaternary Systems: 79

Table. - 4
Benzene (B)- Hexane (H)-Dmf(D) + Water(W) at 40°C
Mutual Solubility Data for the Quaternary Systems: 80

Table. - 5

Toluene (T) Hexane (H)-Dmf(D) + Water(W) at 20°C

Mutual Solubility Data for the Quaternary Systems: 81

Table. - 6

Toluene (T) Hexane (H)-Dmf(D) + Water(W) at 30°C

Mutual Solubility Data for the Quaternary Systems: 82

Table.-7
Toluene (T) Hexane (H)-Dmf(D) + Water(W) at 40°C

Mutual Solubility Data for the Quaternary Systems: 83

Table. - 8
Xylene(X)- Hexane (H)-Dmf(D) + Water(W) at 20°C
Mutual Solubility: Data for the Quaternary Systems: 84

Table.-9
Xylene(X)- Hexane (H)-Dmf(D) + Water(W):- at 30°C
Mutual Solubility Data for the Quaternary Systems: 85

Table.-10.
Xylene(X)- Hexane (H)-Dmf(D) + Water(W) at 40°C
Mutual Solubility. Data for the Quaternary Systems:

i *
. 86

Table. -11
Benzene(B)-Hept (H’)-Dmf(D) + Water(W) at 20°C
Mutual Solubility Data for the Quaternary Systems: 87

Table - 12
Benzene(B)-Hept (H’)-Dmf(D) + Water(W) at 30°C
Mutual Solubility Data for the Quaternary Systems: 88

Table -13
Benzene(B)-Hept (I-P)-Dmf(D) + Water(W) at 40°C
Mutual Solubility Data for the Quaternary Systems: 89

Table -14
Benzene(B)-Oct (0)-Dmf(D) + Water(W) at 20°C
Mutual Solubility Data for the Quaternary Systems: 90

xii



Table-15

Benzene(B)-Oct (O)-Dmf(D) + Water(W) at 30°C

Mutual Solubility Data for the Quaternary Systems: / 91

Table -16

Benzene(B)-Oct (O)-Dmf(D) + Water(W) at 40°C

Mutual Solubility Data for the Quaternary Systems: 92

Table-17

Benzene (B> Hexane (H)-Dmso(D) + Water(W) at 20°C

Mutual Solubility Data for the Quaternary Systems: 93

Table -18

Benzene (B)- Hexane (H)-Dmso(D) + Water(W) at 30°C

Mutual Solubility Data for the Quaternary Systems: 94

Table-19

Benzene (B)- Hexane (H)-Dmso(D) + Water(W) at 40°C

Mutual- Solubility Data for the Quaternary Systems: • ' 95

Table - 20

Toluene (T) Hexane (H)-Dmso(D) + Water(W) at 20°C

Mutual Solubility Data for the Quaternary Systems: 96

Table-21

Toluene (T) Hexane (H)-Dmso(D) + Water(W) at 30°C

Mutual Solubility Data for the Quaternary Systems: 97

Table - 22

Toluene (T) Hexane (H)-Dmso(D) + Water(W) at 40°C

Mutual Solubility Data for the Quaternary Systems: 98

Table-23

Xylene(X)- Hexane (H)-Dmso(D) + Water(W) at 20°C

Mutual Solubility Data for the Quaternary Systems: 99

Table-24

Xylene(X)-Hexane (H)-Dmso(D) + Water(W) at 30°C

Mutual Solubility Data for the Quaternary Systems: 100

Table-25

Xylene(X)- Hexane (H)-Dmso(D) + Water(W) at 40°C

Mutual Solubility Data for the Quaternary Systems: 101

Table - 26

Benzene(B)-Hept(H’)-Dmso(D’) + Water(W) at 20°C

Mutual Solubility Data for the Quaternary Systems: 102

Table - 27

Benzene(B)-Hept(H’)-Dmso(D’) + Water(W) at 30°C 
’* sMutual Solubility Data for the Quaternary Systems:

4

103

Table - 28

Benzene(B)-Hept(H’)-Dmso(D’) + Water(W) at 40°C

Mutual Solubility Data for the Quaternary Systems: 104

Table - 29

Benzene(B)-Oct(0)-Dmso(D’) + Water(W) at 20°C

Mutual Solubility Data for the Quaternary Systems: 105

Benzene(B)-Oct(0)-Dmso(D’) + Water(W) at 30°C

Table -30 Mutual Solubility Data for the Quaternary Systems: 106

Benzene(B)-Oct(Q)-Dmso(D’) + Water(W) at 40°C



Tie Line Data

Table.-31 Tie Line Data for the Quaternary Systems: 107

Beneze(B)- Hexane (H)-Dmf(D) + Water(W) at 20°C 

Table. -32 Tie Line Data for the Quaternary Systems: 108

Benzene(B)- Hexane (H)-Dmf(D) + Water(W) at 30°C 

Table.-33 Tie Line Data for the Quaternary Systems: 109

Benzene(B)- Hexane (H)-Dmf(D) + Water(W) at 40°C 

Table. -34 Tie Line Data for the Quaternary Systems: 110

Toluene (T) Hexane (H)-Dmf(D) + Water(W) at 20°C 

'Table.-35 Tie Line Data for the Quaternary Systems: 111

Toluene (T) Hexane (H)-Dmf(D) + Water(W) at 30 °C 

Table. -36 Tie Line Data for the Quaternary Systems: 112

Toluene (T) Hexane (H)-Dmf(D) + Water(W) at 40 °C 

Table-37 Tie Line Data for the Quaternary Systems: 113

Xylene(X)- Hexane (H)-Dmf(D) + Water(W) at 20°C 

Table. -38 Tie Line Data for the Quaternary Systems: 114

' Xylene(X)- Hexane (H)-Dmf(D) + Water(W) at 30°C 

Table. -3 9. Tie Line Data for the Quaternary Systems: 115

Xylene(X)- Hexane (H)-Dmf(D) + Water(W) at 40°C 

Table. -40 Tie Line Data for the Quaternary Systems: 116

Benzene(B)-Hept(H’)-Dmf(D) + Water(W) at 20°C 

Table. -41 Tie Line Data for the Quaternary Systems: 117

Benzene(B)-Hept(H’)-Dmf(D) + Water(W) at 30°C 

Table. -42 Tie Line Data for the Quaternary Systems: 118

, Benzene(B)-Hept(H’)-Qmf(D) + Water(W) at 40°C ,

Table.-43 Tie Line Data for the Quaternary Systems: 119

Benzene(B)-Oct(0)-Dmf(D) + Water(W) at 20°C 

Table.-44 Tie Line Data for the Quaternary Systems: 120

Benzene(B)-Oct(0)-Dmf(D) + Water(W) at 30°C 

Table. -45 Tie Line Data for the Quaternary Systems: 121

Benzene(B)-Oct(0)-Dmf(D) + Water(W) at 40°C 

Table. -46 Tie Line Data for the Quaternary Systems: 122

Benzene(B)- Hexane (H)-Dmso(D’) + Water(W) at 20°C

xiv



)

Table.-47 Tie Line Data for the Quaternary Systems: .123

Benzene(B)- Hexane (H)-Dmso(D’) + Water(W) at 30°C 

Tabled -48 Tie Line Data for the Quaternary Systems: 124

Benzene(B)- Hexane (H)-Dmso(D’) + Water(W) at 40°C 

Table.-49 Tie Line Data for the Quaternary Systems: 125

Toluene (T) Hexane (H)-Dmso(D’) + Water(W) at 20°C 

Table. -50 Tie Line Data for the Quaternary Systems: 126

Toluene (T) Hexane (H)-Dmso(D’) + Water(W) at 30°C 

Table.-51 Tie Line Data for the Quaternary Systems; 127

. . Toluene (T) Hexane (H)-Dmso(D’) + Water(W) kt 40°C 

Table. -52 Tie Line Data for the Quaternary Systems: 128

Xylene(X)- Hexane (H)-Dmso(D’) + Water(W) at 20°C 

Table.-53 Tie Line Data for the Quaternary Systems: 129

Xylene(X)- Hexane (H)-Dmso(D’) + Water(W) at 30°C 

Table.-54 Tie Line Data for the Quaternary Systems: 130

Xylene(X)-: Hexane (H)-Dmso(D’) + Water(W) at 40°C 

Table.-55 Tie Line Data for the Quaternary Systems: 131

Benzene(B)- Hept (H’)-Dmso(D’) + Water(W) at 20°C 

Table.-56 Tie Line Data for the Quaternary Systems: 132

Benzene(B)- Hept (H’)-Dmso(D’) + Water(W) at 30°C 

Table. -57 Tie Line Data for the Quaternary Systems: 133

Benzene(B)- Hept (H’)-Dmso(D’) + Water(W) at 40°C 

Table. -58 Tie Line Data for the Quaternary Systems: 134

Benzene(B)- Oct (O)-Dmso(D’) + Water(W) at 20°C 

Table.-59 Tie Line Data for the Quaternary Systems: ( 135

Benzene(B)- Oct (O)-Dmso(D’) + Water(W) at 30°C 

Table. -60 Tie Line Data for the Quaternary Systems: 136

Benzene(B)- Oct (Q)-Dmso(D’) + Water(W) at 40°C 

Part II: Liquid-Liquid extraction of Aromatics in a Packed Column

Table-B Packed Column Characteristics & Operating Parameters 139

Table-I Observations Recorded for Packed Column Operation under Different 148
Flow Rates Conditions for Liquid - Liquid extraction of Aromatics.

System: B-H-80%Dmf-20%W

. XV



Table-II

Table-Ill

Table-IV

Table-V

Table-VI

Table-VII

Table-VIII

Table-IX

Table-X

Table-XI

Table-XII

Table-XIII

Table-XIV

Observations Recorded for Packed Column Operation under Different 149

Sets of Conditions for Compositions of Extract Phase and

Raffinate Phase for Systems: B-H-80%Dmf-20%W

Selected Data for Packed Column Operation for %Ae and % Pe and 150

NTU Values under Different sets of Conditions for Systems:

B-H-80%Dmf -20% W

Mass Transfer Data for Liquid - Liquid extraction of Aromatics for 151 

Packed Column for Systems:: B-H-80%Dmf-20%W 

Observations Recorded for Packed Column Operation under Different 152 

, Flow Rates (Vc, Vd) Conditions for Liquid - Liquid extraction of Aromatics. 

System: B-H-80%Dmso -20%W

Observations Recorded for Packed Column Operation under Different sets 153 

of Conditions for Composition of Extract Phase and Raffinate Phase.

System:: B-H-80%Dmso -20%W

Selected Data for Packed Column Operation for %AE and % PE and NTU 154 

Values under Different sets of Conditions for Systems:: B-H-80%Dmso -20%W 

Mass Transfer Data for Liquid - Liquid extraction of Aromatics for 155

Packed Column for Systems: B-H-80%Dmso -20%W

Observations Recorded for Packed Column Operation in Multistage Manner 156 

under Different Flow Rate Conditions for L-L extraction of Aromatics.

System: B-H-80%Dmf -20%W at 30 °C

Processing Data Table for Selected Observation for Packed Column 157 

Operation in Stagewise Manner for %Ae and %Pe under Different 

sets of Conditions System: B-H-80%Dmf -20%W at 30 °C 

Values of %Ae and %Pe in Multistage L-L extraction in Packed Column 158 

System: B-H-80%Dmf-20%W at 30 °C

Observations Recorded for Packed Column Operation in Multistage Manner 159 

under Different Flow Rate Conditions for L-L extraction of Aromatics.

System: B-H-80%Dmso -20%W at 40 °C

Processing Data Table for Selected Observations for Packed Column 160

Operation in Stagewise Manner on %Ae and %Pe under Different sets of Conditions 

System: B-H-80%Dmso -20%W at 40 °C

Values of %Ae and %Pe in Multistage L-L extraction in Packed Column 161 

Systems: B-H-80%Dmso-20%W at 40 °C

xvi



Table-XY

Table-XVI

Table-XVII

Table-XVIII

Observations Recorded for Packed Column Operation under Different Flowl62 

Rate Conditions for L-L’extraction of Aromatics in a Column of 15 Cm. 

Diameter. Systems: B-H-80%Dmf -20%W at 30 °C

Values of %Ae and %Pe under Different Flow Rate Conditions 163

for L-L extraction of Aromatics in a Column of 15 Cm. Diameter.

System: B-H-80%Dmf-20%W at 30 °C

Observations Recorded for Packed Column Operation under Different 164 

Flow Rate Conditions for L-L extraction of Aromatics in a Column 

of 15 Cm. Diameter for Systems: B-H-80%Dmso -20%W at 40 °C 

Values of %Ae and %Pe under Different Flow Rate Conditions . 165

for L-L extraction of Aromatics in a Column of 15 Cm. Diameter.

Systems: B-H-80%Dmso -20%W at 40 °C



Table Index

CHAPTER - 5: RESULTS & DISCUSSION for QUATERNARY

LIQUID-LIQUID PHASE EQUILIBRIUM DATA 

Table Number Tittle Page
Table-1 Data Processing Table of Parameters for Distribution Selectivity 210

Diagram and Hand’s Plots for the Quaternary System:

Beneze(B)- Hexane (H)-Dmf(D) + Water (W) at 20°C 

Table -2 Data Processing Table of Parameters for Distribution Selectivity 211

Diagram and Hand’s Plots for the Quaternary System: . .

Benzene(B)- Hexane (H)-Dmf(D) + Water (W) at 30°C 

Table-3 Data Processing Table of Parameters for Distribution Selectivity 212

Diagram and Hand’s Plots for the Quaternary System :

Benzene(B)- Hexane (H)-Dmf(D) + Water (W) at 40°C 

Table-4 Data Processing Table of Parameters for Distribution Selectivity 213

Diagram and Hand’s Plots for the Quaternary System :

Toluene (T) Hexane (H)-Dmf(D) + Water (W) at 20°C 

Table-5 Data Processing Table of Parameters for Distribution Selectivity 214

Diagram and Hand’s Plots for the Quaternary System :

Toluene (T) Hexane (H)-Dmf(D) + Water (W) at 30 °C 

Table-6 Data Processing Table of Parameters for Distribution Selectivity 215

Diagram and Hand’s Plots for the Quaternary System :

Toluene (T) Hexane (H)-Dmf(D) + Water (W) at 40 °C 

Table-7 Data Processing Table of Parameters for Distribution Selectivity 216

Diagram and Hand’s Plots for the Quaternary System:
‘ Xylene(X)- Hexane (H)-Dmf(D) + Water (W) at 20°C *

Table-8 Data Processing Table of Parameters for Distribution Selectivity 217

Diagram and Hand’s Plots for the Quaternary System:

Xylene(X)- Hexane (H)-Dmf(D) + Water (W) at 30°C 

Table-9 Data Processing Table of Parameters for Distribution Selectivity 218

Diagram and Hand’s Plots for the Quaternary System :

Xylene(X)- Hexane (H)-Dmf(D) + Water (W) at 40°C 
Table-10 Data Processing Table of Parameters for distribution Selectivity 219

Diagram and Hand’s Plots for the Quaternary System:

xviii



Benzene(B)-Hept(H' )-Dmf(D) + Water (W) at 20°C 

Table-11 Data Processing Table of Parameters for Distribution Selectivity 220

Diagram and Hand’s Plots for the Quaternary System : 

Benzene(B)-Hept(H’)-Dmf(D) + Water (W) at 30°C 

Table-12 Data Processing Table of Parameters for Distribution Selectivity 221

Diagram and Hand’s Plots for the Quaternary System : 

Benzene(B)-Hept(H’)-Dmf(D) + Water (W) at 40°C 

Table.-13 Data Processing Table of Parameters for Distribution Selectivity 222

Diagram and Hand’s Plots for the Quaternary System:

. Benzene(B)-Oct(0)-Dmf(D) + Water (W) at 20°C 

Table-14 Data Processing Table of Parameters for Distribution Selectivity 223

Diagram and, Hand’s Plots for the Quaternary System : 

Benzene(B)-Oct(0)-Dmf(D) + Water (W) at 30°Q 

Table -15 Data Processing Table of Parameters for Distribhtion Selectivity 224

Diagram and Hand’s Plots for the Quaternary System: 

Benzene(B)-Oct(0)-Dmf(D) + Water (W) at 40°C 
Table -16 Data Processing Table of Parameters for Distribution Selectivity 225

Diagram and Hand’s Plots for the Quaternary System: 

Benzene(B)- Hexane (H)-Dmso(D’) + Water (W) at 20°C

Table -17 Data Processing Table of Parameters for Distribution Selectivity 226

Diagram and Hand’s Plots for the Quaternary System:

Benzene(B)- Hexane (H)-Dmso(D’) + Water (W) at 30°C 

Table-18 Data Processing Table of Parameters for Distribution Selectivity 227

Diagram and Hand’s Plots for the Quaternary System:

Benzene(B)- Hexane (H)-Dmso(D’) + Water (W) at 40°C
4 * ' 4

Table -19 Data Processing Table of Parameters for Distribution Selectivity 228

Diagram and Hand’s Plots for the Quaternary System:

Toluene (T) Hexane (H)-Dmso(D’> + Water (W) at 20°C 

Table-20 Data Processing Table of Parameters for Distribution Selectivity 229

Diagram and Hand’s Plots for the Quaternary System:

Toluene (T) Hexane (H)-Dmso(D’) + Water (W) at 30°C 

Table-21 Data Processing Table of Parameters for Distribution Selectivity - 230

Diagram and Hand’s Plots for the Quaternary System:

Toluene (T) Hexane (H)-Dmso(D’) + Water (W) at 40°C

xix



Table-22 Data Processing Table of Parameters for Distribution Selectivity 231

Diagram and Hand’s Plots for the Quaternary System:

Xylene(X)- Hexane (H)-Dmso(D’) + Water (W) at 20°C

Table -23 Data Processing Table of Parameters for Distribution Selectivity 232

Diagram and Hand’s Plots for the Quaternary System :

Xylene(X)- Hexane (H)-Dmso(D’) + Water (W) at 30°C

Table -24 Data Processing Table of Parameters for Distribution Selectivity 233

Diagram and Hand’s Plots for the Quaternary System:

Xylene(X)- Hexane (H)-Dmso(D’) + Water (W) at 40°C

Table -25 Data Processing Table of Parameters -for Distribution Selectivity • 234 ;

Diagram and Hand’s Plots for the Quaternary System :

Benzene(B)- Hept (H’)-Dmso(D’) + Water (W) at 20°C

Table -26 Data Processing Table of Parameters for Distribution Selectivity 235

Diagram and Hand’s Plots for the Quaternary System :

Benzene(B)- Hept (H’)-Dmso(D’) + Water (W) at 30°C

Table -27 Data Processing Table of Parameters for Distribution Selectivity 236

, Diagram and Hand’s Plots for the Quaternary System :

Benzene(B)- Hept (H’)-Dmso(D’) + Water (W) at 40°C

Table -28 Data Processing Table of Parameters for Distribution Selectivity 237

Diagram and Hand’s Plots for the Quaternary System :

Benzene(B)- Oct (O)-Dmso(D’) + Water (W) at 20°C

Table-29 Data Processing Table of Parameters for Distribution Selectivity 238

Diagram and Hand’s Plots for the Quaternary System :

Benzene(B)- Oct (O)-Dmso(D’) + Water (W) at 30°C

Table.-30 Data Processing Table of Parameters for Distribution Selectivity 239
* * 1

Diagram and Hand’s Plots for the Quaternary System :

Benzene(B)- Oct (O)-Dmso(D’) + Water (W) at 40°C

Distribution Coefficients
Table.-31 Values of Distribution Coefficients for Systems: 396

B/T/X-H/Hep/Oct-Dmf-W at Different sets of conditions 

Table.-32 Values of Distribution Coefficients for Systems; 397

B/T/X-H/Hep/Oct-Dmso-W at Different sets of Conditions

Hand’s Plots

xx



Hand’s Plots
Table.-33 Parameters HI and H2 for Hand’s Plots 415

for Systems: B-H-Dmf-W

Table 34 Parameters HI and H2 for Hand’s Plots 415

for Systems: T-H-Dmf-W

Table .35 Parameters HI and H2 for Hand’s Plots 416

for Systems: :X-H-Dmf-W ^

Table. 36 Parameters HI and H2 for Hand’s Plots . 416

for Systems: B-Hep-Dmf-W

Table 37 Parameters HI and H2 for Hand’s Plots 417

for Systems: B-Oct-Dmf-W

Table.38 Parameters HI and H2 for Hand’s Plots 418

System: B-H-Dmso-W

Table. 39 Parameters HI and H2 for Hand’s Plots 418

for Systems: :T-H-Dmso-W

Table.40 Parameters HI and H2 for Hand’s Plots 419

for Systems: X-H-Dmso!-W

Table. 41 Parameters HI and H2 for Hand’s Plots 419

for Systems: B-Hept-Dmso-W

Table . 42 Parameters HI and H2 for Hand’s Plots 420

for Systems: B-Oct-Dmso-W

* k ’ and ‘n’ Values
Table-43 Values of'k'and'n'for Systems: Alphatic + Aromatics + Dmf 431

under different sets of conditions using solvent Dmf 

Table-44 Values of 'k' and 'n' for Systems: Aiphatic+Aromatics+Dmso 433

under different sets of conditions using solvent Dmso 

Table-45 Values of ‘n,’ ‘k’ for different systems: under different sets of 434

conditions using solvent Dmf

Table 46 Values of‘k’ for different systems: Temperature effect under 436

different sets of conditions using Solvent Dmf

Table-47 Values of ‘k’ for different systems: Anti Solvent effect under 437

different sets of conditions using Solvent Dmf

XXI



Table 48 Values of £k’ for Different systems: Effect of molecular weight of

Aromatic, at Constant Temperature

440

Table 49 Values of ‘k’ for Different systems: Effect of molecular weight of

aliphatic at Constant Temperature.

440

Table-50 Values of‘n,’ !k’ for Different systems: under Different sets of

Condition using solvent Dmso

442

Table 51 Values of ‘k’ for different systems: Temp effect under different sets of 444

condition using solvent Dmso

Table-52 Values of ‘k’ for different systems: Anti solvent effect under different 446

• • sets of condition-using solvent Dmso • • ■ •
Table 53 Effect of molecular weight of

aromatics on the values of k at constant temperature.

449

Table 54

Generalised

Effect of molecular weight of

aliphatics on the values of k at constant temperature.

! Correlation by Mathematical Modeling

449

Table-55 Basic Data required for Development of Generalized Correlation

for solvent Dmf

456

Table-56 Data Processing Table for Generalized Correlation for solvent Dmf 458

Table-57(A) Data Processing Table for Generalized Correlation for Solvent Dmf

for Parameter - (X) for Aromatics

489

Table 57 (B) Data Processing Table for Generalized Correlation for Solvent Dmf

for Parameter - (X) for aliphatics Heptane.

490

Table 57 (C) Data Processing Table for Generalized Correlation for Solvent Dmf

for Parameter - (X) for aliphatics Octane.

491

Table 58 4 Basic Data required for Development of Generalized Correlation for

solvent Dmso

472

Table 59 Data Processing Table for Generalized Correlation for solvent Dmso 474

Table 60(A) Data Processing Table for Generalized Correlation for solvent Dmso

parameter (X) for Aromatics

504

Table 60(B) Data Processing Table for Generalized Correlation for solvent Dmso

parameter (X) for Aliphatics (Heptane).
505

Table 60(C) Data Processing Table for Generalized Correlation for solvent Dmso

parameter (X) for Aliphatics (Octane).

506

XXII



. NRTL equation
Table-61 Values of Constants for NRTL equation for Systems: B - H - Dmf- W 528

Table-62 Values of Constants for NRTL equation for Systems: T - H - Dmf-W 529

Table-63 Values of Constants for NRTL equation for Systems: X-H-Dmf-W 530

Table-64 Values of Constants for NRTL equation for Systems: B - Hep- Dmf-W 531

Table -65 Values of Constants for NRTL equation for Systems: B-Oct-Dmf - W 532

Table-66 Values of Constants for NRTL equation for Systems: B - H - Dmso-W 533

Table-67 Values of Constants for NRTL equation for Systems: T - H - Dmso - W 534

Table-68 Values of Constants for NRTL equation for Systems: X-H- Dmso-W 535

Table-69 Values of Constants for NRTL equation for Systems:B-Hep-Dmso-W 536

Table-70 Values of Constants for NRTL equation for Systems:B-Oct-Dmso-W 537

Table-71 Values of Constants for NRTL equation for Systems:B/T/X - H - Dmf-W 539

Table-72 Values of Constants forNRTLequation for Systems:B-H/Hep/Oct-Dmf-W 540 

Table-73 Values of Constants for NRTL equation for Systems:B/T/X-H-Dmso-W 541 

Table-74 Values of Constants forNRTLequation for Systems:B-H/Hep/Oct-Dmso-W 542 

Table-75 Error Analysis : Absolute mean deviation for Tie line data- Experimental 546 

and Predicted by NRTL model

4

XXIII



Table Index

CHAPTER-5: RESULTS & DISCUSSION

for

QUATERNARY LIQUID- LIQUID PHASE EQUILIBRIUM DATA

Table Number Tittle Page
Table -1.1 Additional Information about Mutual Solubility Data for Systems- 1.72

B/T/X-H/H'/O- Dmf+W

Table -1.2 Values of Plait points for different systems consisting of 275

B/T/X-H/H’/O-100%Dmf-0%W under different sets of conditions

Table -1.3 Values of Plait points for different systems consisting of 276

B/T/X-H-l 00%Dmf-0%W under different sets of conditions:

Effect of molecular weight of aromatics

Table -1.4 Values of Plait points for different systems consisting of 278

B-H/H’/O-l 00%Dmf-0%W under different sets of conditions 

Effect of molecular weight of aliphatics

Table -2.1 Additional Information about Mutual Solubility Data for Systems- 192

B/T/X-H/H'/O-Dmso+W

Table -2,2 Values of Plait points for different systems consisting of 281

B/T/X-H/H7O-100%Dmso -0%W under different sets of conditions.

Table-2.3 Values of Plait points for different systems consisting of 282

B/T/X-H-l 00%Dmso -0%W under different sets of conditions :

Effect of molecular weight of aromatics

Table -2.4 Values of Plait points for different systems consisting of 285

B-H/H70-l‘00%Dmso -0%W under different sets of conditions:

Effect of molecular weight of aliphatics

Table-I Parameters Required for Four Correlations under consideration 408

for Systems: B-H-Dmf + W at 30°C

Table-II Parameters Required for Four Correlations under consideration 409

... for Systems: B-H-Dmso + W at 40°C

xxiv



Table Index
Chapter-6: Results and Discussion for Liquid-Liquid Extraction of 

Aromatics in Packed Column

Table Number Tittle Page
Table-l(a) Data Table for Hold up for system B-H-80%Dmf-20%Wat30°C 567

Table-l(b) Data Table for Hold up for system B-H-80% Dmf-20 % W at 30 °C 568

with Vd as parameter

Table-2(a) Data Table for Hold up for system B-H-80% Dmso-20 % W at 40 °C 572

• Table-2 (b) Data Table for-Hold up for system B-H-80% Dmso-20 % W at 40 °C • 573

with Vd as parameter

Table- 3 Data Table for Hold up correlation for system B-H-80%Dmf-20%W 577

at 30 °C

Table-4 Data for Hold up correlation for system B-H-80%Dmso-20%W 578

at 40 °C

Table-5 Comparission of Hold upof dispersed phase for solvents 581

Dmfand Dmso

Table-6 Limiting values of %AE for L-L extraction of Aromatics 584

System: B-H-80%Dmf-20%W

Table-7 Limiting values of %AE for L-L extraction of Aromatics 584

System: B-H-80Dmso-20%W

Table 8 Data Table for values of % aromatic extracted under different 586

sets of conditions for System: B-H-80%Dmf+20%W at 30 ° C

Table 9 Effect of Cotinuous phase flow rate (Vc) on percentage Aromatics 587

Extracted (%AE)with Vd as a parameter for system B-H-80%Dmf+20%W 

at 30°C

Table-10 Effect of dispersed phase flow rate on Percentage Aromatics 591

Extracted(%AE) with Vc as a parameter for system 

B-H-80%Dmso-20%W at 40 ° C

Table-11 Effect of continuous phase flow rate on Percentage Aromatics in Extracted591 

(%AE) with Vd as parameter for system B-H-80%Dmso-20%W at 40 ° C 592

Table-12 Comparison of Values of %AE for L-L extraction of aromatics for 595

Solvents-Dmf and Dmso

Table-13 Effect of contact time(0)on the values of % aromatic extracted 600

XXV



602Table-14

Table-15

Table-16

Table-17(a)

Table. 17(b) 

Table 18(a) 

Table.l8(b)

Table. 19

Table.20 .

Table-21(a) 

Table-21(b) 

Table22,(a ) 

Table22 (b)

Table-23

(%AE) for System : B-H-Dmf- W at 30 °C.

Effect of contact time(0)on the values of % aromatic extracted 

(%AE) for System : B-H-Dmso- W at 40 °C 

Data processing table for determination of area under the curve for 606

NTUod for system B-H- 80% Dmf- 20% w at 30 °C

Data processing table for determination of area under the curve for 616

NTUoc for system B-H- 80% Dmf- 20% w at 30 °C

Effect of Vd on HTUod and NTU od with Vc as parameter for 619

system: B-H-80%Dmf-20%W '

Effect of Vc on HTUoc and NTU oc with Vd as parameter for 619

System: B-H-80%Dmf-20%W

Data Table for Over all Mass Transfer Coefficients Dispersed side(Kod.a) 626 

along with Koc.a in a packed column,System: B-H-80%Dmf -20%W at 30°C 

Data Table for Over all Mass Transfer Coefficients -Continuous side- 626 

(Koc.a)along with Kod.a in a packed column,System : B-H-80%Dmf -20%W 

at 30°C

Data processing table for determination of area under the curve for NTUod 629 

for system B-H-80% Dmso-20% w at 40 °C

Data processing table for determination of area under the curve for NTUoc638

for system B-H- 80% Dmso- 20% w at 40 °C .

Effect of Vd on HTUod and NTUod with Vc as parameter for 642

System: B-H-80%Dmso -20%W at 40 °C

Effect of Vc on HTUoc and NTUoc with Vd as parameter for 642

System: B-H-80%Dmso -20%W at 40 °C

Effect of Vd on Kod with Vc as parameter for: 648

B-H-80%Dmso+20%W at 40°C

Effect of Vc on Koc with Vd as parameter for: 648

B-H-80%Dmso+20%W at 40°C

Observations recorded for Packed column operation in multistage manner 652 

under different flow rate conditions for L-L extraction of aromatics 

System: B-H-80%Dmf-20%Wat30°C

xxvi •



Table-24

Table-25

Table-26

Table-27

Table-28

Table-29

Table-30

Table-31

Table-32

Table-33

Table-34

Table-35

Table-36

Processing data Table for selected observations for Packed column operation653 

in stage wise manner for%AE and %PE under different sets of conditions 

System: B-H-80%Dmf-20%W at 30 °C

Values of %AE and %PE in multistage L-L extraction in Packed column 654 

System: B-H-80%Dmf-20%W at 30 °C

Observations recorded for Packed column operations in multistage 655

maimer under different flow rate conditions for L-L extraction of aromatics. 

System: B-H-80%Dmso-20%W at 40 °C

Processing data Table for selected observations for Packed column 656 

operation in stage wise manner on %Ae and %Pe under different • 

sets of conditions System: B-H-80%Dmso -20%W at 40 °C 

Values of %AE and %PE in multistage L-L extraction in Packed column 657

System: B-H-80%Dmso -20%W at 40 °C

Comparision of %AE and %PE values for solvents-Dmf and Dmso 668

during Multistage operation

Observations recorded for Packed Column operations under different 672 

flow rate conditions for L-L extraction of aromatics in a column 

of 15 cm. diameter .System: B-H-80%Dmf -20%W at 30 ° C 

Valuessof%AE and %Pe under different 673

flow rate conditions for L-L extraction of aromatics in a Column 

of 15 cm. diameter System: B-H-80%Dmf -20%W at 30 ° C 

Comparison of %Ae and %Pe under different sets of conditions 676

Systems: B-H-80%Dmf-20%Wat30° C

Observations recorded for Packed column operations under different 677 

flow rate conditions for L-L extraction of aromatics in a column
i i 4

of 15 cm. diameter. System: B-H-80%Dmso -20%W at 40 °C

Values of %Ae and %Pe under different flow rate conditions 679

for L-L extraction of aromatics in a column of 15 cm. diameter.

System: B-H-80%Dmso-20%W at 40 °C

Comparison of %Ae and %Pe under different sets of conditions 681

System: B-H-80%Dmso -20%W at 40 °C

Comparison of %Ae and %Pe values for solvents Dmf and Dmso 683

during multistage operation for Liquid- Liquid Extraction of aromatics.

xxvii



Table Index

Chapter-7: Multi Component Liquid- Liquid Extraction of 

Aromatics“Thermody namic Approach”

& Suggestions for Further Work

Table Number Tittle Page
Table -LV-1 Limiting Values of % Aromatics Extracted (%AE) and% Purity 694

of Extract (%PE) for different Systems: - B/T/X-H/H'/O-Dmf-Water:

Case-I with [S/F]=l

Table -LV-2 Limiting Values of %• Aromatics Extracted (%AE) and% Purity • 698

of Extract (%PE) for different Systems - B/T/X-H/H'/O-Dmf-Water 

Case-II with [S/F]—2

Table -LV-3 Limiting Values of % Aromatics Extracted (%AE) and% Purity of 702

Extract (%PE) for different Systems - B/T/X-H/H’/O-Dmf-Water 

Case-Ill with [S/F]=3

Table -LV-4 Limiting Values of % Aromatics Extracted (%AE) and% Purity of 706

Extract (%PE) for different Systems - B/T/X-H/H'/O-Dmso-Water 

Case-IV with [S/F]=l

Table -LV-5 Limiting Values of % Aromatics Extracted (%AE) and 710

% Purity of Extract (%PE) for different Systems - 

B/T/X-H/H'/O- Dmso -Water Case-V with [S/F]=2

Table-LV-6 Limiting Values of% Aromatics Extracted (%AE) and% Purity of 714

Extract (%PE) for different Systems - B/T/X-H/H'/O- Dmso -Water 

Case-VI with [S/F]=3

Table -LV-7 Case-VII Limiting Values of % Aromatics Extracted (%AE) and% 718
i i 4
Purity of Extract (%PE) for Mixed Feed consisting of Aromatics- B+T+X& 

Aliphatic -H using Mixed Solvent-(Dmf+Water) at 30 °C 

Table -LV-8Case-VIII Limiting Values of % Aromatics Extracted (%AE) and% 720

Purity of Extract (%PE) for Mixed Feed consisting of Aromatics- B+T+X& 

Aliphatic -H using Mixed Solvent-(Dmso+Water) at 30 °C 

Table -LV-9 Case-IX Effect of Ratio of S/F on the %AE and %PE for Mixed Feed 722

consisting of Aromatics- B+T+X&Aliphatics -H+H’+O using Mixed 

Solvent-(Dmf+Water) at 30 °C

xxviii



724Table -LV-10

Table -LV-11

Table -LV-

Table -LV-13

Table -LV-14

Table -LV-15

Case-X Effect of Ratio of S/F on the %AE and %PE for Mixed Feed 

consisting of Aromatics- B+T+X&Aliphatics -H+H’+O using Mixed 

Solvent-(Dmso+Water) at 30 °C 

Case XI Single Stage Operation & Limiting Values of % Aromatics 726

Extracted (%AE) and% Purity of Extract (%PE) for Mixed Feed 

consisting of Aromatics- B+T+X&Aliphatics -H+H’+O using Mixed Solvent- 

(Dmf+Water) at 30 °C

Z Case XII Single Stage Operation & Limiting Values of % Aromatics 728

Extracted (%AE) and% Purity of Extract (%PE) for Mixed Feed consisting of 

•Aromatics- B+T+X & Aliphatics -H+H’+O using Mixed Solvent- 

(Dmso+Water) at 30 °C

Case XIII Multi Stage Operation involving Stage-II & Limiting Values 730 

of %AE and %PE for Mixed Feed consisting of Aromatics- B+T+X & 

Aliphatics-H+H’+OusingMixedSolvents-(Dmf+Water)& (Dmso+Water) at 30 °C 

Case X3V Multi Stage Operation involving Stage-Ill &LimitingValues 733 

of %AE and %PE for Mixed Feed consisting of Aromatics- B+T+X &

Aliphatics -H+H’+O using Mixed Solvents- (Dmf+Water) & (Dmso+Water) 

at 30 °C

Case XV Multi Stage Operation involving Stage-IV &LimitingValues 736 

of %AE and %PE for Mixed Feed consisting of Aromatics- B+T+X &

Aliphatics -H+H’+O using Mixed Solvents- (Dmf+Water)/(Dmso+Water)

l l

xxix


