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- CHAPTER -5
RESULTS AND DISCUSSION FOR QUATERNARY
LIQUID-LIQUID PHASE EQUILIBRIUM DATA

°5.0.0 ABSTRACT:-
Based on experimehtal results reported in Chapter-4 under the heading

Part I: Quaternary Liquid Liquid Phase Eqﬁilibrium- Data.

this Chapter—S. contains derived results and the reléyant discussion pertaining to

following aspects:-

6)) qutual solubility data (Binodal ¢Mes)
(i)  Tie line data and Plait Points
(iii)  Extraction éapacity and Selectivity of rﬁiked solvents
(iv)  Distribution coefficients
) Mo&iﬁf:d Hand’s plots

| (vi)  Hand’s constants 'k’ & ‘n’
(vii)  Generalized correlation for predicting fhe values of Hand’s constant: [k]
(viii) Correlating as well as predicting quétémary iiquid liquid phase

equilibrium data by NRTL method |

A . ,

5.1.0 Graphical preseﬁtaﬁon of quaternary liquid liquid mutual
solubility data:- o |

Mutual solubility data m this investigation repor_ted' in Tables -1 to 30 in

Chapter 4:- Experimen'tél, have been plotted as curves in different Figures- M-1 to M-

30 and relevant details are as under:-

Mutual solubility data for systems involving B/T /X-H/H’/O- Dmf+W has béen
plotted in Figures M-1 to M-15 and mutual solubility data for systems involving
B/T/X-H/H'/O- Dmso+W has been plotted in Figures- M-16 to M-30.
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Derived Tables-l.,i and 2.1 containsvan additional information about mutual -

solubility data in terms of different ratios for 45 systems for mixed solvent — Dmf+W -

and additional 45 systems for mixed solvent — Dmso+W . The data about ratios of non

solute / solute- and solubility data of non solute in solvent under different sets of
conditions wherein temperature; has been varied from 20 0 C,30° C to 40 °c, anti

» solvent concentration has been varied from 0%W, 10%W to 20%W; solute component

has been changed from the Benzene 'to Toluene to Xylene and non solute has been

changed from Hexane to Heptane to Octane

* Effect of different parameters like Temperature, anti solvent Concentration and
Molecular weightof aromatics & Molecular weight of ahphatlcs on Mutual solublllty

Data have been discussed in subsequent pages..

Conclusions drawn under each Heading in subsequent pages are expected to be

very useful while™ Drscussmg T1e lme Data for these two miixed so]vents Omf+W) & .

‘ (Dmso+W)”

5.1.1 Discussion for mutual solubrhty data for systems mvolvmg :

mixed solvents : (Dmf+W) & (Dmso-t—W)

Discussion for effect of prime Parameters — anti solvent concentration & -

temperature and secondary parameters molecular welght of aromatxcs & ahphatrcs on:

: mutual solubility data has been drvxded under ten categorres as under

@ . Systems cons1stmg of B-H- Dmf- W at three drfferent temperatures and

three different annsolvent concentratlon values - -

(ii) Systems consrstmg of T-H- Dmf-W at three dlﬁ'erent temperatures and _

three dlﬁ‘erent antlsolvent concentranon values .

(iii) Systems consisting of X-H- Dmf-W at three dlfferent temperatures and -

- three drfferent antisolvent concentratron values.
(iv)  Systems consrstmg of B-Hep- Dmf-W at three different temperatures
and three different antisolvent concentration values. |
™ Systems consrstmg of B- Oct- Dmf-W at three different temperatures and

three different antisolvent concentratlon values.

(vi)  Systems consisting of B—H- Dmso-W at three different temperatures and -

three drfferent antrsolvent concentratron values.
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(vii) Systems consisting of T-H- Dmso-W at three different temperatures and
| three different antisolvent concentration values. ,
(viii) Systems consisting of X-H- Dmso-W at three different temperatures and

three different antisolvent concentratxon values

(ix)  Systems consisting of B-Hep-~ Dmso-W at three d1fferent temperatures'

"and three different antisolvent concentratlon values

(x)  Systems consmtmg of B-Oct- Dmso-W at three dlﬁ'erent temperatures

and three different antisolvent concentration values.

The basis for discussion has been mainly kept on “ How selectmty of newer
solvents Dmf+W) &(Dmso+W) can be altered ¢ ?”

5.1.2 Curves for mutual »eolubility‘ data for systems involving
B-H- Dmf+W and relevant conclusions:
Mutual solubility data curves plotted in Figures M-1,M-2 and M-3 for systems

~ B-H- Dmft+W at three different »Temperamfes 20°C,30°C and 4,0:;0 C and additional
* information reported in Table-1.1 , reveals the following :- '

(i) Mutual solubility data depicted in Figures M-1,M-2 andiM-B indicate that

 for concentration of anti solvent being 0%W, all Binodal curves are of closed type.
However when antisolvent concentration increases from O%W to 10%W and
* subsequently to 20%W,all the Binodal curves beceme open type wherem plalt point
_ hesatmﬁmty » - ; ’

[

- (ii) At fixed value of temperature as anti solvent concentration increases from

0%W to 10%W and up to 20% W, solubility of aromatlcs as well as ahphatlcs insolvent

. rich phase (extract phase) decreases. However, rate of decrease ‘of solubility of
aliphatics in solvent rich phasefls relatively very h;gh in companson to solubility of
aromatics in solvent rich phés‘e. :As a result, selecti\‘;fity values are exliiected to be very
high when antisolvent concehtratiiou of water is of tlfe order of 20% by weight in mixed
‘solvent — Dmf+W. : i '
c

" Thus for example ,from Figﬁre M2 at 36 ©'C for fixed value of solvent
» composition of 60%, the values of compositionbf %Hexane in solvent rich phase for
0%W, 10%W and 20%W are 28%, 17% and 1.5% reisp,ectively. Thus the values of ratio

of H/B in solvent phase subsequently decrease from 2.33 to 0.74 and up to0'0.4

.
i
i
!
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respectlvely Thus %PE values (Benzene in extract phase) for 0%W, IO%W and 20%

W are excepted to be 33% B,58%B and 96%B respectlvely

The corresponding values of solubxhty of Hexane in mixed solventb for 0%
Benzene in mixed solvent as the basis at 30 ° C, for solvents having three antisolvent
-concentrations of 0%W,10%W and 20%W are 17.93%, 4.13% and 2.73% respectively. _

(iii) As antisolvent concentration increases, the solubility of Hexane in mixed

solvent decreases drastically. It is also expected that selectivity of mixed’ solvent '

~ containing 20% W is also expected to be highest .Sixnilar;conclus‘ions can be drawn for
other two Temperatures namely 20 °C and 40°C . ' ' " '

(iv) Under otherwise identical conditions when one comf)ares, ratio of H/B for
 three temperatures" namely 20°C, "30°C and 40°C, it is obserire& that‘as temperature
increases, the ratio of H/B also increases. Thus over all result m expected to be

decrease in selectlvlty values of mixed solvent as temperature i mcreases B

Thus for example, from Table 1.1‘ it is observed t}xat forf a ﬁxed,\;alﬁé of anti
solvent concentration of ‘the -order of 0% w, as temperature is increaséd'ﬁom 20°C,
£ 30°C to 40°C, the values of H/B ratio increases from 1.1, 2.33 to 3 respéétivély When
Vtemperature is increased from 20°C to 30°C and up to 40°C ,snmlar observauons can be

" made for other antlsolvent concentrations namely 10%W and ZO%W

513 Curves for. mutual solublllty data for systems mvolvmg

T -H- Dmf+W and relevant conclusnons.

Mutual solubiiity data curves plotted in Figure M-4 , M 5 and M -6 for system

T -H- Dmf+W at three different temperatures 20 ° C 30 ° C'and 40 C and additional

‘mformatlon reported i in TabIe 1.1, reveals the following :- -

(i)Similar trend is observed for different systems involving éomponénts: T-H-

Dmf-W i.e. with an increase in temperature, selectivity of mixed solvent decreases.
under otherwise identical conditions. Also with an increase in anti solvent

concentration, the values of selectivity are expected to increase.
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(ii)Thus, for example at 40°C when anti solvent concentration is increased from

0% W to 10%W and up to ZO%W the ratio of H/T decreases from 2.33 to 0.081 and up

to 0.05 respectively.

"Fﬁi'ther, at fixed value of anti solvent concenh‘at‘ion.ZO%W as temperature is
increased from 20°C to 30°C and up.to 40°C , the ratlo of H/T i increase from 0.025 to
0.04 and up to 0 05 respectlvely ' ‘

(iii)As solute component- Benzene gets replaced by coﬁlponent — Toluene under
| otherwise identical condiﬁons, the ratio of non-solute/selujtef'deereeses. Hence when
solute Benzene in replaced By Toluene, it is expected that selectivity of mixed solvent
increases. Thus for example, from Table 1.1 at temperature 30°C and. anti solvent
conoentratlon 0% W the values of ratio for systems- B—H— Dmf+W and T-H- Dmf+W
are 2.33and 1.35 respectlvely The corresponding values of solublhty of Hexane are
also decreased from 17. 93% to 14 82% respectlvely at 30 "C and 0% W aniti solvent

concentratlon

(iv)However there are some exceptions to above, s‘ighted'trends ferfollowing
| ‘systems(i) Temperatme 20 °C. and anti solvent concentration 0% W (11)also

“temperature 30°C and anti solvent concentratlon 10% W.

5.14 Curves for mutual SOlllblllty data for systems mvolvmg

- X-H- Dmf+W and relevant conclusions:

!

Mutual solubility data curves ploﬁed in Figures M-7 , M -8 and M -9 for

i systems X -H- Dmf+W at three dlﬁ‘erent temperatures 20° C 30 C and 40°C and
" additional mformatlon reported in Table 1.1, reveals the foIlowmg -

@ Conclusions already drawn in precediﬁg paragraphs;l}amely “As temperature

increases and anti solvent concentration decreases , selectivity values are expected to

decrease under otherwise identical conditions” is valid for all nine systems under

consideration involving solute- Xylene.

(ii)Thus for example, at 30°C when anti solvent coneeﬁtration is incre‘ased from

0% W to 10%W and up to 20%W, the ratio of H/X decreases from 1.22 to 0.035 and up |

10 0.02 respecnvely
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Further at fixed value of anti solvent concentration of O%W, as temperaturé is
increased from 20°C to 30°C and up to 40°C, .the ratio of H/X increases from 1.00 to
1.22 and up to 1.35 respectively. ( '

(iii) As solute ‘component Bénzcne/’l‘oluene gets replaced by component —
Xylene under otherwise identical conditions, the ratio of non-solute/solute decreases.
' Thus for example ,at 30 °C tém;ierature and anti solvent concentration 0% of W when
- Benzene is replaced by Toluene and subsequently by Xylene the ratio. of Hercane/
Solute decreases from 2. 33, 1 35t0 1. 12 respectively. Thus selectxvrty of mixed solvent

is expeted to increase with an increase in molecular werght of aromatics,

Similarly for example 'at 40°C when anti sblveht concentration is increased
. from 0% W to IO%W and up to 20%W, the ratio of H/X decreases from 3,2331t01.35

respectively.

' 515 Curves for mutual . solubxhty data for systems-
- . B-Hep-Dmf+W and for systems-B-Oct—Dmf+W‘ 'and relevant
| conclusrons~ )

Mutual,soluﬁility data curves plotted in Figures M-IO » M -11 and M -12 for
E Systems- B -Hep- Dmf+W and in Fig M-13 , M -14 and; M -15 for systems- B -Oct-

'Dmf+W at three different temperatures 20 ° C,30 ° c and’ 40 C and addxtronal‘ |

“information reported in Table 1.1 , reveals the followmg - 3 '

(i) Conclusions already drawn in precedmg paragraphs namely “ As

temperature increases and anti solvent concentratlon decreases selectlvrty values are

A .expected to decrease under otherwise identical conditions” : is vahd‘for all 18 41ﬁ'erent'

systems under consideration consisting of non solutes- Hep'tan§ and Octane.

Thus for example, for system consrstmg of non solute- Heptane (B-H’-Dmf+W)

for fixed value of temperature of 30 °C as anti solvent concentration increases from 0%

to 10% W and up to 20%W, the ratio of Heptane/Benzene decreases from 3 to 0.54 and
up to 0.013 respectively. E :

Similarly for example, for system consisting of non solute Octane , for fixed -

value of temperature 30 °C as anti solvent corrcentration increases"from 0% to IO% W
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and up to 20%W, the ratio of Octane/Benzene deceases ﬁom 0. 8 to. 0 14 and up to 0 01 |

respectlvely

Thus as anti solvent concentration increases , selectivity values for liquid-liquid

extraction of aromatics increase and highest value is obtained for system involving non-

solute Octane and having water concentration of 20% by weight.

@) Itis intefesting to observe that as non selute Hexane is replaced by Heptane

-~ the value of ratio of non solute /solute increases. Hence as a result when Hexane is

| replaced by Heptane the value of selectivity decreases. However,’ when Heptane is

further replaced by Octane, selectlvxty values again increase.

Thus for example,at 'temperature of 20 °C and anti solvent concentration of

water of 0% W, when Hexane is replaced by Heptane and subsequently by .

Octane , the ratios of non solute/ solute are 1.1, 2.01 and 0. 6 respectwely

Further at temperature 40 °C and 0%W when Hexane is- replaced by Heptane:

and ‘subsequenﬂy by Octlane,»‘ the ratios of non solute/solute are: 3, 3.44 and 0.9. -

- respectively.

Thus selectivity valﬁes are expected to be highest for system :consiéting of non

solute Octane and lowest for non solute consisting of Heptane. 'I'he reason for such o

(

abnormal behavmr is not clear

S. 1.6 Curves for mutual solubxhty data for systems mvolvmg

B-H- Dmso+W and relevant conclusmns.

Mutual solubility data curves plotted in Figures M-16, M-17 and M-18 for
systems B-H- Dmso+W at three dlfferent temperatures 20 ° C ,30 ° C and 40 Cand

additional mformatlon reported inTable 2.1, reveals the foliowmg -

()Mutual solubility deta depicted in Figures M-16, M-17 'an'deM-I 8 iﬁdicat'e that .

for concentration of anti sol‘vent being 0%W, all Binodal curves are of closed type.
However when antisolvent concentranon increases from 0% to 10% and subsequently

to 20%W all the Binodal curves become open type wherein plaxt pomt hes at mﬁmty
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| (ii)At fixed value of temperature as anti solvent concentration increases from -

O%W to 10%W and up to 20% W,solubility of aromatics as well as aliphatics in solvent:

rich phase (extract phase) decreases. However, rate of decrease of solubility of

aliphatics in'solvent rich phase is relatively very high in comparison to solubility of

aromatics in solvent rich phase. As a result, selectivity values are expected to be very

high when antisolvent concentration of water is of the order of 20% by'vveight in mixed

solvent - Dmso+W.

“Thus for.example ,from Figure M-18 for fixed value of solvent éomposition of

80%, the values of composition of Hexane in solvent rich phase for 0%W, 10%W and

20%W: are 4.0%, 2.0 % and 0.75% respectively. Thus the values of ratio of H/B in

. solvent phase subsequently decrease from 0.25 to 0.11 and up to 0.038 respectively.
* Thus %PE values (Benzene in extract phase) for 0%W, IO%W and 20% W are excepted
to be 80%B, 90%B and 96, Z%B respectively.

The correspondmg values of solubility of Hexane in mixed solvent for 0%‘

.Benzene in mixed solvent as ‘the basis at 40¢ for solvents havmg three anttsolvent :

. concentrauons of O%W,IO%W and 20%W are 2.94%, 2.42% and 1l52% respe_ctxvely.

' (111) As antlsolvent concentratlon increases, the solublhty of Hexane in mlxed

solvent decreases drastlcally It is also expected that. selectivity of mixed solvent

‘ contammg 20% W is also expected to be highest Snmlar conclusxons can be drawn for

- other two temperatures namely 20 °C and 40°C .

(iv) Under otherwise identical conditions when one compafes ,fatio of H/B for
Athr'ee temperamres namely 20°C, 30°C and 40°C, it is observed that as temperauxre
' increases, the ratio of H/B also increases. Thus over all result in- expected to be

i decrease in selectivity values of mixed solvent as temperature increases. -

‘ Thus. for example, ﬁ'om;Table 2.1 it is observed that for a fixed vulue of anti
;solvent concentrafion of the orcler of 20% w, as temperature‘ is increased' from 20°C,
-»30°C to 40°C, the values of H/B ratio increases from 0.01 1,0.026 to 0.038 respectively.\
- When temperature is increased from 20°C to 30°C and up to 40°C ,similar observations

- can be made for other antisolvenvtt. concentrations namely 10%W and 20%W.

103



5.1.7 Curves for mutual solubility -data for systems involving

T -H- Dmso+W and relevant conciusions:-

Mutual solubility data curves plotted in Figures M-19 , M -20 and M -21 for

system T -H- Dmso+W at three different temperatures 20°C30°Cand 40 C and B
. additional information reported in Table 2.1 , reveals the following :- |

(i)Similar trend is. observed for different systems involving components :
T-H-Dmso-w i.e. with an increase in temperature, selectivity of mixed . solvent
decreases under otherwise identical conditions. Also with an jncrea.ée in anti solvent

" concentration, the values of selectivity are expected to decrease.

(ii)Thus, for example at 30°C when anti solvent concentration is increased from

0% W to 10%W and up to 20%W, the ratio of H/T decreases from 0. 333 to 0.25 and up
t0 0.026 respectlvely S

Further,’at fixed value of anti solvent concentratién 20%W as teinperature~ is

increased from 20°C to, 30°C and up’ to 40°C , the ratio of H/T increase from 0. 011 to '

~.026 and up to 0.038. respectlvely

_ (m)As solute componem,- Benzene gets replaced by component — Toluene under

otherwise identical conditions, the ratio of non-solute/solute increases. This is expected

to be abnormal behavior when one compares this observatxon with: that of system, |

- involving mixed solvent Dmf+W wherein this ratio was decreasmg Thus for example, .

- at temperature of the order of 30°C and anti solvent concentratxon; of the order of 0% W -

,in system whexi Benzene 1s replaced by Toluene for a fixed value of solvent 80 %the -

ratio of non solute /solute mcreases from 0.176 to 0. 333 under othermse 1dent1cal .

condmons

Solubility of Hexane in solvent under conditions of solute Benzene béing Zero

also increase from 4.09% to 7.21% under otherwise identical conditions of témperature _

- T=30 °C and anti solvent concentration = 0%W.

Thus selectivity of mixed solvent (Dmso+W) when Benzene is replaced by -
~ Toluene is expected to decrease with an increase in molecular weight. This observation-

* involves contradiction when one compares it with systems mvolvmg mlxed solvent.

- (Dmf+W). The reason for such an abnormal behavior is not clear.
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5.1.8 Curves for mutual solubilify Adara for systems involving

X -H- Dmso+W and relevant conclusions:-

Mutual solubility data curves plotted in Figures M-22 , M -23 and M -24 for

systems X -H- Dmso+W at three different temperatures 20 ©C*30-°C and 40 °C and

additional information reported in Table 2.1 , reveals the following :- o

())Conclusions already drawn in preceding paragraphs namely “ As temperature
increases and anti solvent concentration decreases , selectivity values are expected to
decrease under otherwise identical conditions” 1s valid for all nine systems:under

consideration inhvolving solute- Xylene.

(ii)Thus for example, at 30°C when anti solvent concentration. is increased from
0% W to 10%W and up to 20%W, the ratio of H/X decreases from 0. 176 to 0.053 and
upto 0.026 respectlvely g

Further at fixed value of antr solvent concentration of lO%W as temperature is

) mcreased from20°C to 30°C and up to 40°C the ratro of H/X increases from 0.038 to

- 0.053 and up to 0.111 respectively.

(m)From Table 2.1 rt can be concluded that for systems mvolvmg mixed

solvent Dmso+W as Benzene is further replaced by Toluene and Toluene is replaced by

- . Xylene, the ratio of non-solute/solute follows a maxima for solute- Toluene. Hence for |

systems mvolvmg solute- Toluene selectxvrty is expected 1o be lowest (wrth reference :

0% Pey:and for systems involving Xylene , the selectlvrty is expected to be hrghest

Thus for- example Jfor a fixed ,value of solvent concentratron 80% ‘W, anti

solvent concentration= 20% and temperature of the order of 30 "C the value of ratio of . 4.

H/aromatics; when, Benzene is replaced by Toluene and Toluene further replaced by

- Xylene are 0.21, 0. 333:and 0.176 respectrvely

Since ratio is lowest for Xylene ,selectivity values for systems involving Xylene
. are expected to be highest. Further same ratio is highest for solute Toluene , the

selectivity values for systems invol'ving'Toluene are expected to be lowest. .

As has been already discussed , the reason for this behavior is not clear.
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' 5.1.9 Curves for mutual - solublllty data for systems

B-Hep-Dmso+W and for systems B-Oct—Dmso+W and relevant'_

" conclusions:-

» Mutual solubility data curves plotted in Figures M-25 , M -26 and M -27 for
' system B -Hep- Dmso+W and in Fig M-28 , M -29 and M -30 for systems- B -Oct-
. Dmso+W at three different temperatures 20°C30°C and 40 ° C'and additional
information reported in Table 2.1 , reveals the following :- ‘

’ (i) Conclusions already drawn in preceding paragraphs namély “As‘temperature
" increases and anti solvent concentration decreases selectmty values are expected to
decrease under otherwise identical conditions” is valxd for all 18 different systems

under consideration conmstmg of non solutes- Heptane and Octane

Thus forf 'exampl‘e, for system consisting cf non so‘_lute _:,Octahe (B-O-Dmso+W),

for fixed value 'of temperature of 30 °C as anti solvent concentration lncreases from

0%W to 10% W and up to 20%W, the ratio of Octane /Benzené: decreases ﬁom 0.176 .

- 10 0.053 and up to 0. 026 respectlvely

Srmxlarly for example, for system consisting of non solute Heptane for ﬁxed
value of anti solvent concentratlon of 0%W as temperature is increased from 20.°C to

30 °C and up 0 40 °C, the ratio of Heptane /Benzene: i mcreases from 0 258 to 0 333 and
up to 0.41 respectlvely : o .

Thus as antl solvent concentratlon increases , selectivity values for llqmd-hqtud :

extraction of aromatics increase and h1ghest value is obtained for system mvolvmg non-

- solute Octane and havmg water concentratlon of 20% by welght

(i) It is mterestmg to observe that as non solute Hexane is replaced by Heptane :

the value of ratio of non. solute /solute i increases. Hence as a result- when Hexane is
‘replaced by Heptane the value of selectxvxty decrease. However, when Heptane is

‘replaced by Octane selectivity values again increase.

Thus for example ,at temperature of 20 °C and anti solvent concentration of

‘water of 0% W, when Hexane is replaced by Heptane and subsequently by Octane , the -

ratio of non solute/ solute are 0.21, 0.333 and 0.176 respectrvely

| ;?é;?lofz |
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Further at temperature 40 °C and 0%W when Hexane is repiaeed by Heptane

and subsequently by Octane, the ratios of non solute/solute are 0,25, 0.41 and 0.2 o

respectively.

Thus selectivity values are expected to be highest for system consisting of non
- solute Octane and lowest for non solute conmstmg of Heptane. The reason for such

. abnormal behavior is not clear

5.2.0'. Discussion for Quaternary Liquid-Liquid Phase
Equilibrinm Tie line data:- |

_ Mutual solubility data reported in Tables 1to 30 and Tie line data for different
quaterﬂary systems reported in Tables 31 to 60 in Chapter -4 : Experimental has been

presented in graphical form in terms of Binodal curves and correspondmg strmght lines

" for different Tie lines in Flgurs- T-1:t0 T-30.

A T1e Tine data for different systems consisting of B/T I)(-H/I{’/Q-Dmf+W have
Abeen depxcted in Flgurs- T-1to T-15 '

‘Further T1e line data for dlfferent systems consisting of B/I'/X-H/H’/O—

- Dmso+W have been depicted in Figurs- T-16 to T-30..

' Critical arialysisof different Tie line data diagrams indicates that _wheni anti

solvent cencentraﬁon of water in a mixed solvent is zero , Binodal curves are generally

- generally anodal curves for both mixed solvents are of open, type.

. of closed type. As anti solvent concentration mcreases to 10 % and up to 20 % .

Later on. for subsequent discussion on - extraction capacity and selectivity,

~ distribution coefficient values and Hahd’s-!,constan‘t’s values , the qﬁateme.ry iiq_uid—
~ - liquid phase equilibrium data —(Mutual solubility data and Tie line data) obtained in

this investigation could be utilized conw;eﬁienfly for interpfetation pﬁrp_ose. »

For interpretation purpose, basically four parameters have been considered as

under;-

(. Effect of terhperature
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(ii) Effect of anti solvent concentration.
(iii)Effect of molecular weight bf aromatics.
(iv)Effect of molecular weight of aliphatics.

Hence present discussion however happens to be qualitative in nature. -

S.2.1 Discussion for Tie line data diagrams for mixed solvent

Dmf+W:- .

Diagrams depicted in Figurs- T-1 to-T-15 having been divided in five groups as

under:-

(@) Diagrams for Systems-B-H-Dmft+W at different temperatures and

antisolvent concentrations.

(ii) Diagrams for Systems-T-H-Dmf+W at different temperatures and

antisolvent concentrations.

(iii)Diagrams for Systems-X-H-Dmf+W at different temperatures ' and

antisolvent concentrations.

(iv)Diagrams for Systems-B-Hep-Dmf+W at different temperéhn‘es and

antisolvent concentrations.

%) Diagréms for Sysfems;B-Oct-Dmf+W at different temperatures and -

antisolvent concentrations.
Following are theimportant conclusions from these diagrams:

(1)  Whether solute is Benzene or Toluene or Xylene and non-solute is
Hexane or Heptane or Octane for anti solvent concentration: of the order of 0%W, .- all
the Binodal curves obtained are of closed type. However when anti solvent

concentration increases nature of Binodal curve changes from closed type to open type.

(2)  As temperature increases, miscibility region increases and as a result

area under the Binodal curve decreases. This is observed for all the systems under -

considerations consisting of 45 systems for mixed solvent- Dmf+Water.
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Fig-T-1 Tie line data for the Quaternary system:

B-H-Dmf{-W at 20 ° C with anti solvent concentration as a parameter
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B-H-Dmf-W at 30 ° C with anti solvent concentration as a parameter
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B-H-Dmf-W at 40 ° C with anti solvent concentration as a parameter
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3 When systems under consxderatxon are of closed type the value of plart

pomt composition can be estimated by graphical technique. Effect of various '

parameters like temperature, molecular weight of aromatics and molecular weight of

aliphatics on the values of plait point composition has been discussed separately.

(4)  Tie line data obtained in this investigation can be correlated by different
" Tie line correlations available in the literature out of which Hand’s correlation appear

to be more appropriate and sound for correlating the data . This aspect has also been

- discussed separately later on under headmg 5. 5 0: Correlatmg quaternary hqmd—hqmd

_phase equilibrium data

| (5) - Nature of slopes of tie lilile data struight lines can be analyzed which

offers explanaﬁon for effect of different f)arameters on the values of plait points which

- has been discussed under Subsection- 5.2:3' for all the systems which are of closed type.

© Tle lmes can be utlhzed convemently to estxmate compositions of extract

phase and raffinate phase for a ﬁxed value of feed. composmon It can also utlhze to

calculate ln:mtmg values of % aromatlcs extracted.

Based on T1e line data, the values of extraction: capaclty and selectxvxty

of mixed solvent Dmf+W can also be estnnated under different sets of condztions SR

inclusive of values of dlstnbutron coefﬁclents Tlns aspect has been also dlscussed _

in detaxl under sub sect10n-5 4 0 and 5. 4 1.

522 Discussion, for Tie line data ldia’grams_\for mi‘xed solveut '

Dmso+W:-«

| Dlagrams deplcted in Flgurs- T-16 to T-30 havmg been dmded in ﬁve groups .

as under:-

(i)Diagrams for Systems-B—Hi—Dmso—i—W ‘at different temi)eruhnes and

antisolvent concentrations.

(i)Diagrams for Systems-T-H-Dmso+W ‘at different temperatures and

antisolvent concentrations.
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(iii)Diagrams for Systems-X-H-Dmso+W at different temperatures andv ‘

antisolvent concentrations.

(iv)Diagrams for Systems—B-Hep—Dmsa+W at different temperatures and

antisolvent concentratlons

(v)Diagrams for- Systems-B-Oct-Dmso+W at different temperatures and -

antisolvent concentrations..

Following are the important conclusions from these diagrams:

(1)Whether solute is Benzene or Toluene or Xylene and non-solute is Hexane or

Heptane or Octane for anti solvent concentration of the order of 0%W all the Binodal
curves obtamed are of closed type. However when anti solvent concentration increases

nature of Binodal curve changes ﬁ'om closed type to open type.

(2)As temperature increases, miscibility region increases and as a result arca

under the Binodal curve decreases. This is observed for all the systems under

considerations consisting of 45 systems for mixed solvent- Dmso+Water.

_ (3)When systems under consideration are of closed type, the value of pléit point
composition can be estimated by graphical technique. Effect of various parameters like
" temperature, molecular weight of aromatics and molecular weight of aliphatics on the

values of plait point coni'iaosition has been discussed separately.

(4)Tie line data obtained in this iﬁvéstigation_ can be correlated by different Tie -

line correlations available in the literature out of which Hand’s correlation appear to be

more appropriate and sound for correlating the data . This aspect has also been _
A dlscussed separately later on under heading 5.5.0: Correlating quatemary hquld-hqmd S

phase equx_hbnum data.

(5)Nature of slopes of different tie line data straight lines can be anslyzed
which offers explanation for effect of different parameters on plait points which has

been discussed Subsection 5.2.4 for all the systems which are of closed type.

(6)Tie lines can be utilized conveniently to estimate compositions of extract

phase and raffinate phase for a fixed value of feed composition. Tie line data can also

utilize to calculate limiting values of % aromatics extracted.



Based on Tie line data, the _valucs of extraction capacity and selectivity of

 mixed solvent Dmso+W can also be estimated under different sets of conditions

 inclusive of values of distribution coefficients. This aspect has been also discussed in -

detail under sub section- 5.5.0 and 5.5.1
5.2.3 Data for plait points for sysfems consisting of
B/T/X-H/H’/O-Dmf-W:-

Quaternary liquid- liquid phase equilibrium’ data can be converted into

- equivalent ternary data By introducing concept of mixed solvent.

Mixed solvent in the present case is Dimethyl formamide (Dmif) albng with anti
. solvent water. Thus anti solvent concentration of water has been varied from 0% W,
10%W and 20%W. AccOrdingly mixed solvent consisting of three anti solvent

concentrations have been utilized as under.
- @  Mixed solvent 100%Dmf + O%W
- (i)  Mixed solvent 90%Dmf +10%W
(iii) Mixéd éo;vent 80%Dmf + 20%W

These three mixed solvents have.been investigated for three diﬁ'erént fixed
temperatures namely 20 oc, 30 %C and 40 °C with solute being ‘change'd from Benzene

to Toluene and subsequently to Xylene. Further non solute also has been changed from

Hexane to Heptane and subsequently to Octane.

Accordingly tie line data which have been obté.ined under.different sets’ of .

conditions and rectangular coordinate diagrams for fixed anti solvent concentrations

‘have been constructed and shown in ngures T-1 to T-15.

Based on these various diagrams it is observed that only for anti solvent

concentrations 0% water different system under considerations are of close curve type.

For all such system plait points have been determined by graphical technique -

and corresponding values of plaft points composition have been reported in Tables-

(1.2), (1.3) and(1.4).



@) Effect of temperature on plait point:-

Data reported in Table 1.2 indicates that as temperature is increased froin 20 oc

to 30 °C and up to 40 °C composmon of solute Benzene i in plait pomt Jdcreases. Five =

illustrations depxcbng temperature cffect are as under:-

© (1)Fer system B-— H-100%Dmf- 0%W as temperature is increased from 20 C to

©20°C and up to 40 °C plait pomt composition of solute compcnent- Benzene decreases

from 23.5%, 19.5% to 17.5% respectlve‘ ¥.

(2)For examples for syqtem T—H—IOO%Dmf 0%W as temperature is increased
from 20 °C to 30 °C and up to 40 O, plait pomt compoeltxon of solute component-

' N Toluene decreases from 25%, 21% to 18.5% respeetwely

_ (3)For' 'syetem X- H-100%Dmf- 0%W astemperature is increased from.20 °C
to 30 %C and up to 47 °c plait. point compos..ion of solute component- Xylene

decreases from 28.5%, 26% to 24% respectively.

: (4)For sj}stem B- Hep-100%Dmf- 0%W as temperature is increased from 20 °C
to 30 °C and up to 40" OC, plait point composition of solute component- Benzerne

. decreases from 16.5%, 15.5%to 13.5% respectively.

{5)For system D- Oct-100%Dmf- 0%W as temperature is increased frou 20 °C

to 30 °C and up to 40 °C plait point composition of solute component- Benzene |

" decreasés from 34%, 32% to 31% respectively.

As temperatures increases area under the curve Binodal curve (two phase
region) decreases. As a result composition of Benzene (% XB) in pluit point value
decreases. S

As temperatures increases, solubility of Benzene in extract phase increases.
Thus miscibility region increases. As a result area under the of Binodal curve

decreases.
(ii)Effect of molecufar’ weight of aromatics on plait poinf:.—

Data reported in Table 1.3 indicates that at constant temperature. as solute

Benzene is changed to Toluene and further changed to Xylene, composition of Benzenc
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‘Table-1.2

, " Values of piait 4points for different system»sﬂ consisting of o
-B/T/X-H/H’/0-100%Dmf-0%W under different sets of conditions.

System . XB/%XT/%XX %XH% Xuep/%Xoct %Xpmf’% w
B-B-100%Dmf-0%W 20°C _ 23.500  48.000 28,500
B-H-100%Dmf-0%W 30°C  19.500 46.000 34.500'
B-H-100%Dmf-0%W 40°C  17.500 58500 . 24.000
T-H-loq%Dmf—O%w 20°C 25.ooov 50.000 25,00_0.
T-H-100%DmE0%W 30°C 21000 44000 35000
T-H-100%Dmf-0%W 40°C 18500 - 47.000 34.500
X-H-100%Dmf-0%W 20°C 28500 46000 25.500

| X-H-100%DmE0% W 30°C N 26.00011 . .45;000 .".;'29"_.00'0\'
KH100%DmEO%W 40°C 24000 54000 "--_”:.22;_.90‘0;:
BQHep-zoo%D@f-o%W'._,20°Cvf' 16500 43.000 40500
'B-Hep-loo%nmf-O%w' :30641(3 : _"1'5.'000 45000 .'40.0(3(5 i
B-Hep-100%DmE-0%W 40°C  13.500 54000 32.5_06_ B
© | BiOct -100%Dmf-0%W 30°C 34000 30.000 “36.00’6 |
B-Oct -100%Dmf-0%W 3Q°C 32200 42500 25300
B-Oct -100%DmE-0%W 40°C 31000 45.000 24000
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Table-1.3

Values of plait points for different systems consisting of
B/T/X-H -100%Dmf-0%W under different sets of conditions.

System %XBY%XT/%XX %XH %XDmt+W
B-H-100%Dmf-0%W 20°C 23.500 48.000  28.500
T-H-100%Dmf-0%W 20°C 25.000 50.000  25.000
X-H-100%Dmf-0%W 20°C 28500  46.000  25.500
B-H-100%Dmf-0%W 30°C - 19500 46000  34.500
T-H-100%Dmf-0%W 30°C - 21.000  44.000  35.000
X-H-100%Dmf-0%W :- 30°C 26000  45.000  29.000
B-H-100%Dmf-0%W 40°C 17.500 - 58.500 24.000
T-H-100%Dmf-0%W 40°C 18.500 47.000 34,500
X-H-100%Dmf-0%W 40°C - 24.000 '54.000 22.000
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(%Xas) in plait point increases. Thus for example at constant temperature of 20 %Cina -

system B/T/X- H ~Dmf-W, when Benzene is changed to Toluene and subsequently to

Xylene, the composition of Benzene in plait point data increases from 23.5% to 25% to

28.5% respectively.

Further for ‘éxa!npig at constant temperature of 30 °C in a system B/T/X- H -

Dmf-W, when Benzene is changed to 'Tolu_ene and subsequently to Xylene, the .

composition of Benzene in‘ plait point data increases from 19.5% to 21% to 26%

respectively.

. Further for examplé at constant temperature of 40 °C in a system B/T/X- H —
Dmf-W, when Benzene is changed to Toluene and subsequently to Xylene, the
composition of Benzene in plait point data increases from 17.5% to 18.5% to 24%

" respectively.

It appears that in a system when solute Benzene is changed to Toluene and

subsequently to Xylene the slope of tie line increases in clock wise directions. Thus -

when shifts from B->T->X i.e. as molecular weight increases; slope of tie line for a

particular set of tie lines for a fixed solute component- B/T/X incréases in clock wise

direction. As a result plaxt point composition of solute B/T, /X (%Xsrr/x) in plalt point”

increases.
(iii)Effect of molecular weigh't of aliphatics on plait ‘pointﬁé

Effect of temperature and effect of molecular welght of aromatlcs on plait point
which has been aIready discussed follows a pecuhar trend i.c. with an increase in
temperature the value of % Xa .in plait pomt decreases and with’ an increase in

" molecular weight of aromatxcs, the value of %X in plait point increases.

As could be seen from Table-14, with réspect to effect of increase in molecular

welght of aliphatics, a peculiar trend- which is a combination of above two trends- is

followed.

When one compares plait point values for systems consisting of Benzene-

Hexane- Dmf with systems consisting of B-Hept- Dmf under different sets of

conditions of temperatures, the composition of Benzene (%Xs) in plait point value

decreases.



Table-1.4.

Values of plait points for different systems consisting of

B -H/H’/0-100%Dmf-0%W under different sets of conditions.

System

%X8 %Xu%Xuep/Y%Xoct %Xpme-+ w

B-H-100%Dmf-0%W 20°C -

B-Hep-100%Dmf-0%W 20°C
B-Oct -100%Dmf-0%W 20°C

B-H-100%Dmf-0%W 30°C
B-Hep-100%Dmf-0%W 30°C

B-Oct -100%Dmf-0%W 30°C

B-H-100%Dmf-0%W 40°C
B-Hep-100%Dmf-0%W 40°C
B-Oct -100%Dmf-0%W 40°C

23.500 48.000

16.500 43.000
34.000 30.000
19.500 45.000
15.000 45.000
32.200 . 42.500
17.500 158.500
13.500 54.000

31.000 45.000

28.500
40.500

36.000

34,500

- 40.000
25.300

© 24.000

32.500

24.000
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However when one compares plalt point value for systems consxstlng of

o B-—Hept-Dmf with systems consisting of B-Oct-Dmf under different sets of conditions

: of temperature the composition of Benzene (%Xs) in plaxt pomt values increases.

Thus for example at 20 °C when non solute Hexane is replaced by Heptane the
value of %Xs decreases from 23.5% to' 16.5% respectively.However when non solute
He;itane is replaced by Octane the value of %Xs increases from 16.5% to 34%

respectively.

Further for example at 30 °C when non solute Hexane is replaeed by Heptane
%Xs value decreases, from 19.5% to "15% respectively.However when non solute
Heptane is replaced by Octane, the value of %Xs increases from 15% to 322 %

| respectively.

Also for example at 40 C when non solute Hexane is repléeed by Heptane %Xz

decreases from 17.5% to 1’_3.5 % ;espectively.Howeve; when: non solute Heptane is

replaced by Octane, the valee of %Xs inereaSes ﬁ'om 13.5% to 3‘1 % respectively.

This peculiar behavmr can be explamed as under - In a system when non’

solute Hexane is replaced by Heptane , area under the Bmodal curve decreases Asa
result miscibility region increases and subsequently value of solute composmon (XB) in

plait point decreases.

_ However, when non-solute Heptane in a system is replaced by Octane area

under the Binodal curve increases.. As a result, miscibility reglon relatlvely decreases. . ..

-And subsequently the value of composmon of solute Benzene in plait pomt increases.

&

" Tie lines for particular set of Tie lines decreases in a clockwwe direction . As aresult

 the value of % Xs in plait point composition increases.

5.2.4 Data for plait points for systems consistihg of

B/T/X-B/H’/0-Dmso-W:

| Quaternary liquid- liquid phase equilibrium data can be converted into- '

- equivalent ternary data by introducing concept of mixed solvent.

Further, when non solute Heptane is replaced by non solute Octane slope of
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Mixed solvent in the present case is Dimethyl Sulfoxide(Dmso) along with anti

solvent water. Thus anti solvent concentration of water has been varied from 0% W, ..

10%W +te 20% W. Accordingly mixed solvent consisﬁng of -three anti solvent

concentrations have been utilized as underss—
(@  Mixed solvent 100%Dmso + 0%W
G)  Mixed solvent 90%Dmso + 10%W

(i) ~ Mixed solvent 80%Dmso + 20%W

These three mixed solvents have been investigated for three different fixed

temperatures namely 20 °C, 30 °C and 40 °C with solute being changed from Benzene
to Toluene and subsequently to Xylene. Further non solute also has been changed from

Hexane to Heptane and subsequently to Octane

Accordingly tie line data which have been obtained under different sets of
conditions and rectangular coordinate diagrams for fixed anti ‘'solvent concentrations

have been constructed and shown in Figures T-16 to T-30.

Based on these various diagrams it is observed that only for anti solvent

concentrations 0%water, different system under considerations are of close curve type.

For all such sjstem plait points have been determined by graphical technique -

and corresponding values of plait point compositions have been reported in Table 2.2
23 and24 . ' '

()Effect of temperature on plait point:-

{
i

Data reported in Table 2.2 indicates that as temperature is increased from 20°%
“to 30 °C and up to 40 °C, composition of solute Benzene in plait point decreases. Five

illustrations depicting temperature effect are as under:-

(1)For system B- H-100%Dmso - 0%W as temperature is increased from 20 °C
to 30 °C and up to 40 OC’ plait point composition of solute component- Benzene

decreases from 50.5%,45.1% to 38.0% respectively.



Table- 2.2
Values of plait points for different systems consisting of
B/T/X-H-Dmso-W under different sets of conditions.
System :%XB/%XT1/%Xx %Xu%/Xuep/%Xoct XDmso +W

B-H-100%Dmso-0%W20°C
B-H-100%Dmso-0%W30°C

. B-H-100%Dmso0-0%W40°C

T-H-100%Dmso-0%W20°C
T-H-100%Dmso-0%W30°C
T-H-100%Dmso-0%W40°C
© X-H-100%Dmso-0%W20°C
X-H-100%Dmso-0%W30°C .
X-H-100%Dmso-0%W40°C
B-Hep-lOO%Dmso—O%W20°C
B-Hep-100%Dmso-0%W30°C

B-Hep-100%Dmso-0%W40°C

B-Oct-100%Dmso-0%W20°C
‘B-Oct-100%Dmso-0%W30°C

B-Oct-100%Dmso-0%W40°C

50.500 16.000 33.500
45.148  26.164 28.688
38.090  12.010 49.899
53257  06.751 39992
47.654  20.800 31.548
41412 15305 43283
63693  02.167 34320
45258 06474 48268
44500  11.500  44.000
423 121 456
35500 24.000  40.500
52001 08401  39.508
48964 11.628  39.408
45.10 7.6 47.30
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Table- 2.3

Values of plait points for different systems consisting of
. . teudl 4 . ‘
B/T/X-H -I%msoﬁﬁ under different sets of conditions.
System %XB/%XT/%XX %XH %XDmso+W

.B-H-100%Dms0-0%W20°C
T-H-100%Dmso-0%W20°C
X-H-100%Dmso-0%W20°C

B-H-100%Dmso0-0%W30°C

T-H-100%Dmso-0%W30°C

X-H-100%Dmso0-0%W30°C

B-H-100%Dmso-0%W40°C
T-H-100%Dmso-0%W40°C
- X-H-100%Dmso-0%W40°C

50.500
53.257

-

45.1482
47.654
63.693

38.090
41.412
45.258

16.000
06.751

26.164
20.800
02.167

12.010
15.305

-06.474

33500
39.992

28.688

31.548

34320

49.899
43.283
48.268
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(2)For examples for system T-H-100%Dmf-0%W as temperature is increased

from 20 °C to 30 °C and up to 40 °C, plait point compositien of solute component-

Toluene decreases from 25%, 21% to 18.5% respectively. -

(3)For system X- H-100%Dmf- 0%W as temperature is increased from 20 °C
" to 30 °C and up to 40 °C plait point composmon of solute con“ponent— Xylene

decreases frcm 28. 5%, 26% to 24% respectively.

(4)For System B- Hep-lOO%Duif; 0%W as temperature is increased from 20 °C

to 36-°C and up to 40 oc, ,pléit point composition of solute component- Benzene

decr~asss from 16.5%, 15.5% to 13.5% respectively.

- (5)For system B- Oct-10C%6Dmf- O%W as temperature is increaseci from 20 °C
tb 30 °C and’ up-to 40 °c plait point composmon of soiute component~ Benzene

' ‘_decreases from 34%, 32A> to 31% respecnvely

: As temperatures increases area under the curve Bmodal curve (two phase

_ reglon) decreases As a result comnosition of Benzene (% XB) in plaxt pomt value

o decreases

- As inperatures inereases solubility of Benzene in extract' phase iricreases :

Thus mrscrb.ht_y regicn increases. .As a result area under - the of Binodal curve

decreases.
{ii)Effect of molecular weight of aromatics on- plait point:-

Data reported in Table 1 3 indicates that at constant temperature as solute
Benzene is changed to Toluene and further changed to Xylene, comp031t10n of Benzere

_ (%Xs) in plait point increases. Thus for example at constant temperature of 20 °C ina

system B/T/X- H —Dmf-W, when Benzene is changed to Toluene and subsequently to--

Xylene, the composition of Benzene in plait point data increases from 23.5% to 25% to

28.5% respectively.

Further for exampie at constant temperature of 30 °C in a system B/T/X- H —

- Dmf-W, when Benzene is changed to Toluene and subsequently to Xylene, the

composition of Benzene in pieii point data increases from 19.5% to 2}% to 2%

* respectively. o - , .



Further fo: example at constant temperature of 40 °C in a system B/T/X-H-

Dmso -W, when Benzene is changed to Toluene and subséquently to Xylene, the

‘composition. of Benzene in plait point data increases from 38.0 to 41.4 to 452

respectively. -

It api)ea_rs that in a system when solute Benzene is changed to Toluene and

“subsequently to Xylene, the élope of tie line increases in clock wise directioi_l.‘ Thus - -

when shifts from B->T->X i.e. as molecular weight increases, slope of tie line for a

particular set of tie lines for a fixed solute component-B/T/X increases in clock wise .~

 direction. As a result plait point composition of solute B/T/X (%Xsnx) in plait point -

increases.

(iii)Effect of molecular weight of aliphatics on plait point:-

Effect of temperature and effect of molecular weight of aromatics on plait point ~

which has been already discussed follows a peculiar trend i.e. with an increase in

. temperature, the value of % Xs in plait point decreases and with an’ increase in

molecular weight of aromatics, the value of %Xs in plait point increases.

As could be seen from Table-2.4, with respect to effect of increase in molecular

weight of aliphatics a peculiar trend which is a combination of above two trends is

followed.

~ When one compares plait point values for systems consisting of Benzene-

Hexane- Dmso with systems consisting of B-Hept.- Dmso under different sets of

condition of temperature, the composition of Benzene (%Xs) in plait point value -

decreases. -

E—

However when one compares plaits points value for systems consisting of B-

Hept-Dmso with system consisting of B-Oct-Dmso under different sets of conditions of 7

temperatures the composition of Benzene (%Xas) in plait point values increases. -

Thus for example at 20 °C when non solute Hexane is replaced by Heptane , the
value of %XB decreases from 23.5% to 16.5% respectively. However when non solute

Heptane is replaced by Octane the value of %XB value increases from 16.5% to 34%

respectively.

ro



~ Table-2.4
Values of plait points for different systems consisting of

B -H/H’/O-Dmso-W under different sets of conditions.

System

. %X8 % Xu%Xuep/%Xoct %Xpmso+ W

B-H-100%Dmso-0%W20°C

50.500 16.000 33.500

'B-Hep-100%Dmso-0%W20°C  44.500 11.500  ~ 44.000

B-Oct-100%Dmso-0%W20°C - 52.091 08.401 39.508

B-H-100%Dmso-0%W30°C

45.148 26.164 28.688

B-Hep-100%Dmso-0%W30°C 23 12.1 45.6

B-Oct-100%Dmso-0%W30°C  48.964 11.628 39.408

~ B-H-100%Dmso0-0%W40°C

38.090 12.010 49.899

B-Hep-100%Dmso-0%W40°C 35.500 | - 24.000 40.500

B-Oct-100%Dmso-0%W40°C  45.10 7.6 143.30
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Further for example at 30 °C when non solute Hexane is reﬁlaced by Heptane

- %Xs value decreases from 45.1% to 42.3% respectively. However when non solute

Heptane is replaced by Octane, the value of %Xs increases from 42.3% tb 489 %

respectively.

Also for example at 40 °C when non solute Hexane is replaced by Heptane the
value of %Xs decreases from 38.0% to 35.5 % respectively. However when non solute

Heptane is replaced by Octane, the value of %X increases from 35.5 % to 45.1 %

respectively.
This beculiar behavior can be explained as under:-.

A wh ' ’
Ina systemglgr‘l solute Hexane is replaced by Heptane , area under the Binodal
curve decreases . As a result miscibility region increases and subsequently value of

solute composition (XB) in plait point decreases.

However, when non-solute Heptane in a system is replaced by Octane, area

under the Binodal curve increases. As a result miscibility region relatively decreases

and subsequently the value of composition of solute Benzene in plait point increases.

 Further, when non solute Heptane is replaced by non solute Octane, slope of Tie
line for particular set of Tie lines decreases in a clockwise direction. As a result the

value of % Xs in plait point composition increases.

oo
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5.3.0 EXTRACTION CAPACITY AND SELECTIVITY OF
SOLVENT FOR LIQUID - LIQUID EXTRACTION OF
AROMATICS

Extraction Capacity and Selectivity of any solvent can be estimated

- conveniently by the carefull study of distribution and selectwrty diagrams. Hence,

distribution and selectivity diagrams have been constructed for two solvents namely -

Dimethyl formamide (Dmf) and Dimethyl sulfoxide (Dmso) under different sets of
conditions. Suitability of-these two newer solvents for liquid-liquid extraction of
aromatxcs has been investigated in thls investigation under different sets of conditions

like the following.:-

(1) Anti solvent concentration variation from O% by werght, 10% by weight to
20% by weight.

(ii) Temperature variation from 20 °C,30 °C to 40 °C. _

(iii)Changing  solute aromatrcs from Benzene (B) to Toluene(T) and to

Xylene(X) .
(iv) Changmg non-solute from Hexane (H) to Heptane(H") and to Octane(O)

5.3.1 Data Tables and figures for distribution :and selectivity

diagrams :-

Data required for construction of distribution and selectivity diagrams for the
quaternary systems_consisting of aromatics (B/T/X)-aliphatics(H/H’/O)-Dmf-W where
in temperature has been varied from 20 °C , 30 °C to 40 °C' and anti solvent
concentration has been varied from 0%W, 10% W to 20% W have been reported in
Tables D-1 to D-5 and Tableg S-1 to S-5 respectlvely in appendix where in parameter

mvgstrgated is anti solvent concentration under constant temperature conditions.

Accordingly, distribution diagréms and selectivity diagrams have been piotted
in Figures D-1 to D-5 and Figures S-1 to S-5 respectively for different system under
.consideration for solvent- Dimethyl formamide (Dmf) where in parameter is anti

solvent concentration.
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- (ii)Further, Data required for construction of distribution and selectivity -

diagrams for the quaternary systems consisting of aromatics (B/T/X)-aliphatics

(H/H’/0)-Dmso-W where in temperature has been varied from 20 °C , 30 °C to 40 °C

- and anti solvent concentration has been varied from 0%W, 10% W to 20% W have.

been reported in Tables D-6 to D-10 and Tables S-6 to S-10 respectively in apbendix

where in parameter investigated is anti solvent concentration.

Also, distribution diagrams and selectivity diagramé have been plotted in

Figures. D-6 to D-10 and Tables S-6 to S-10 for different systems under consideration

for solvent Dimethy! sulfoxide (Dmso ) where in parameter investigated is anti solvent

concentration. -

(iii) Data required for construction of distribution and selectivity diagrams for
the quaternary systems consisting of aromatics (B/T/X)-aliphatics(H/H’/O)-Dmf-W
have been reported in Tables D-11 to D-15 and Tables S-11 to ‘S-15 in appendix

- respectively ,where in temperature has been varied from 20 °C ,30°Cto40°Cand anti -

solvent concentration has been varied from 0%W, 10% Wt020% W .

Accordingly, distributién diagréms and selectivity diagrams: héve been: plotted
in Figures. D-11 to D-15 and Tables S-11 to S-15 for different system under
consideration for- solvent Dimethyl formamide (Dmf) where in parameter is

temperature of extraction.

(iv) Data required for construction of distribution and selectivity diagrams for

the quaternary systems consisting of aromatics (_B/I‘/X)-aliphatics(H/H’/O)-Dmso-W
where in temperature has been varied from 20 °C , 30 °C to 40 °C and anti solvent

concentration has been vgried from O%W; 10% W to 20% W have been reported in

‘Tables D-16 to D-20 and Tables S-16 to S-20 respectively in appendix .

Accordingly, distribution diagrams and seléctivity diagrams have been plotted
in Figures. D-16 to D-20 and Figures S-16 to S-20 for different system under
consideration for solvent Dimethy! sulfoxide (Dmso) where in parameter is temperature

. of extraction.
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(v) Data required for construction of distribution and selectivity diagrams for |

different quaternary systems for solvent Dmf have been reported in Tables D-21 to D-
23 and Tables S-21 to S-23 respectively in appendix where in parameter investigated is

molecular Weight of aromatics. i.e. benzene changed to toluene replaced by Xylene.

Accordingly, distribution diagrams and selectivity diagrams have been plotted

in Figures. D-21 to D-23 and Tables S-21 to $-23 for different system under

consideration for solvent Dimethyl formamide (Dmf) to consider aromatic effect.

(vi) Data required for construction of distribution and selectivity diagrams for
different quaternary systems. for solvent Dmso have been reported in Tables D-24 to D-
26 and Tables S-24 to S-26 respectively in appendix where in pararrietef investigated is

molecular weight of aromatics. i.e. benzene changed to toluene replaced byXylene.

Accordingly, distribution diagrams and selectivity diagrams have been plotted
~in Flgures D-24 to D-26 and Tables S-24 to S-26 for different system under

consideration for solvent Dxmethyl sulfoxide (Dmso) to consider aromatic effect.

ti'Data required for construction of distribution and selectivity diagrarhs for

different quaternary systems for solvent Dmf have been-reported in Tables D-27 to D-

29 and Tables S-27 to S-29 respectively in appendix where in parameter investigated is

molecular weight of aliphatics i.e. hexane changed to and heptane replaced by octane.

¢visAccordingly, distribution diagrams and selectivity diagrams» ,"have been plotted
in Figures. D-27 to D-29 and Tables S-27 to. S-29 for different system under

consideration for solvent Dimethyl formamide (Dmf) to consider'alipl;latic effect

i i

different quaitemary systems for solvent Dmso have been reported in Tables D-30 to D-
32 and Tables S-30 to S-32 respectively where in parameter investigated is molecular

weight of aliphatics i.e. hexane changed to and heptane replaced by octane.

Data required for construction of distribution and selectivity diagrams for .
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Accordingly, distribution diagramsi and selectivity diagrams have been plotted
in Figures. D-30 to D-32 and Figures S-30 to' S-32 for different system under

consideration for solvent Dimethy! sulfoxide (Dmso) to consider aliphatic effect

5.3.2 Effect of Anti solvent concentratlon on extractlon capacity

and selectmty of solvent Dmf:-
(i)System: B-H- Dmf-W at three temperatures with anti solvent

concentration as a parameter.

For the System B-H-Dmf at 20°C, the values of aromatics fraction in extract
phase (D_l) have been plotted against aromatics fraction in raffinate phase (D2) in Fig-

D-1 with anti splvent concentration as a parameter.

As could be seen from the graph with an increase in anti solvent concentration,
from 0 % to 10% and up to 20 % for a fixed value of D2=0 4 ,the value of aromatics in
. extract phase decreases from 0. 500.25 and upto 0.2 respectwely )

~The values of selectivity for the same system under consideration have been

plotted in Fig-S-1which depicts effect of anti solvent cohcentration on selectivity under
~ otherwise identical conditions .Thus for example with an ‘increase in anti solvent
- concentrations from 0 % to 10% and-up to 20 % for a fixed value of $2=0.4 ,the values

of selectiyity__increéSe from 0.5 to 0.6 and up to 0.75 respectively.

Thus at 20 °C as the concentration of anti solvent (W) increases extraction
capacity of the solvent decreases. Consequently, since extraction capacity and
selectivit)" behave in the opposite manner, selectivity of the solvent increases. Similar
' :obscrvatlon are available in literature by Deshpande and coworkers, Tare and

' 73
coworkers and Bansod and cowcrkers

From the same Fig-D-1, it can be observed that for the system B-H- Dmf at
30°C under otherwise identical conditions with an increase in anti solvent concentration
from 0 % to 20 % for a fixed value of D2*—40.4, the value of aromatics in extract phase

| decreases from 0.24 to 0.10 respectively. .

o
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From the same Fig-S-1where in value of selectivity have been plotted for a
fixed temperature of 30 °C,it can be observed that with an increase in anti solvent
concentration from 0 % to 10% and up to 20 % for a fixed value of $2=0.4, the value of

selectivity of solvent-Dmf remains 0.40

Thus at 30 °C as the water chcentration increases the value of selectivity is
expected to decrease . However selectivity of solvent practically remains same for all
anti solvent concentration values. As such selectivity should have been increased with

an increase in anti solvent concentration .The reason for this behavior is not clear.

From the Fig-D-1 it .can be observed that for the system B-H- Dmf at 40°C
under otherwise identical cmtditions. with an increase in‘anti solvent concéntratioﬁ from
0 % to 10% and up to 20 % for a fixed value of D2=0.5, the value of aromatics in
extract phase decreases from 0.40 to 038 and up to 0.2 respectively.

Thus for 40 °C ‘also the same trend is observed i.e. as anti solvent concentration

increases, extraction capacity decreases. -

From the same Fig-S-1 where in selectivity have been plotted for a fixed -

temperature of 40 °C , it can also be observed that with an-increase in anti solvent

concentration from 0% to 10% for a fixed value of $2=0.7, the value of selectivity of

solvent increases from 0.25 to 0.75 As‘tl‘xe anti solvent concentration is  increased .

further , the selectivity practically reméins;the same in the range of 0.75.This trend is

practically similar to the trend observed for temperature 30 °C where in the value of

selectivity has remain practically constant.

Further for some pomts for the case of anti solvent concentratxon being 20% ,

lower values of selectivity are observed which may be hecause of some cxpernmental :

error and can be ignored.

Thus it can be concluded tha under otherwise identical conditions, as extraction
capacity of solvent increases, the selectivity of solvent decreases and vice versa. i.e. as

extraction capacity of solvent decreases, its selectivity increases.
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(ii)System. T -H- Dmf-W at three temperatures thh anti

solvent concentration asa parameter'

For the System T-H-Dmf at 20°C, the values of aromatics fraction in extract

phase(D1) have been plotted against aromatics fraction in raffinate phase(D2)in Fig-D-

2 with anti solvent concentration as a parameter. As could be seen from the graph with

an increase in anti solvent concentration, from 0 % to 20 % for a fixed value of D2=0.2

the value of aromatics in extract phase decreases from 0. 2 to 0.0 2 respectively. .

The values of selectxvxty for the same system under consideration have been

plotted in Fxg—S—Z Thus the value of selectmty practxcally remains the same when anti

solvent concentration is increased from 0 % and 10% upto 20 % .

Thus at 20 °C as the concentration of anti solvent (W) increases extraction:

capacity of the solvent decreases . However, on selectivity anti solvent concentration

appears to have practically no effect

Based on data at 30 °C, distribution diagréin and selectivity diagram have also

been plotted in Fig D2 and S2 respectively. Similar observations with respect to anti

solvent concentration effect can be drawn from these figures. -

Further distribution diagram and selectivity diagram at temp 40 °C havé also
been plotted in the same Fig. D2 and S2 respectively.

Similar observations and conclusions with respect to anti solvent concentration = . -

effect can be observed from these figures.

L
" Thus it can be cbncluded that in general, as anti solvent concentration increases

extracted capacity decreases. However selectivity practically remains same.
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(iii)System: X-H-Dmf-W at three temperatures with antx solvent ,

concentration as a parameter:

For the System ’X—H-Dmf at 20°C, the values of aromatics fraction in extract
- phase(D1) have been plotted against aromatics fraction in raffinate phase(D2)in Fig-D-

3 with anti solvent concentration as a parameter.

The values of selectivity for the same systexh under consideration have been
plotted in Fig-S-3 at ‘constant temperature 20 °C when anti solvent concentration is
increased from O%W to 20 %W selecthtyremams practically in-the same range.
However when anti solvent concentration is mcreased from 10% to 20 % selectivity
increases further Thus for example, -for a fixed value of $2=0. 7 the values of S1
increases from 0 62 to 0.82. the correspondmg anti solvent concentration being 10% W

t0 20%W respectwely

From the same Fig-D-3 it can be observed that for the system -X-H-- Dmf at
30°C under otherwnse ldentxcal conditions with an increase in antx solvent
‘cqncentratxon, from 0 % to 10% and up to 20 % for a fixed value of D2~0.2 the value

of aromatics in extract i)hége decreases;from 0.2 to 0.05 and up to 0.02:respectively.

The values of seleeti\?ity for the-same system under consideration have also
been plotted in Fig-S-3 at 30 °C it can-also, be observed that selectivity of solvent
practically remains same for all anti solvent concentration, When an;:i solvent
concentration, is increased from 0%W, 10% W to 20%W.

Distribution diagram at 40 °C are also depicted in‘Fig. D3 where in anti solvent

concentration of water appears to have marginal effect on extraction capacity.

- Selectivity diagram drawn for the same system at 40 °C follow similar trend'

- which have been mdlcated at 30 °C.

Thus in summary it can be concluded that in general as anti solvent
concentration increases extracted capacity decreases. However selectivity values do not

increase with increase in anti solvent and they remain practically same.
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(iv) System: B- Hep - Dmf-W at three temperatures gﬁth anti .

solvent concentration as a parameter:- ﬁ\k‘,w

From the data reported in Tables. D4 and S4, distribution diagrams and
selectivity diagrams have been constructed at three temperatures where in parameter is

anti solvent concentrations of water,

It is observed that abnormal trend is noticed for all the data with respect to
extraction capacity for all three temperatures and for all the values of anti solvent

concentrations (water).

With an increase in anti solvent concentration, it has been observed previously
that extraction capacity of the solvent decreases. However, for the preset system under
consideration, it appears that there is practically no effect of anti solvent concentration
on extraction capacity. Distribution diagram at three differently temperatures with anti
solvent concentration as a parameter also follow single straight line. Hence it appears
that there is no major change in solubility of benzene in solvent Dmf+W where in non
solute has been altered to heptane instead of hexane .Hence it can be considered that
due to heptane, solubility of benzene in solvent does not decrease . If at all it decreases,

it decreases marginally only.

Selectivity diagrams also follow the similar trend except at temperature 40 °C.
Selectivity values for 20 % W are higher than that for 0% W and 10 % W. Thus
selectivity values also follow a single straight line for varying anti solvent

concentration at different constant temperature

In summary, for the present system under consideration based on critical
analysis performed in this investigation deviates from normal trend with respect to
extraction capacity and selectivity. Probable reason may be effect of aliphatic (non
solute) on solubility of aromatics in solvents (Dmf-W) at all three temperatures and anti

solvent concentrations.
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(v) System: B-Oct-Dmf-W ‘at three temperatures with anti }‘

solvent concentration as a parameter:-

From the data reported in Tables. D- 5 and S-5, distribution ‘diagram and -

' seiectivity.diagrams have been constructed at three temperatures where in parameter is
~ anti solvent concentrations of water. ' , '

It is observed that abnormal trend is notleed for aIl the data with respect to
extraction capacity for all three concentrations except for temperature 40.°C and anti

" solvent concentratlon 20 %

With an increase in anti solvent concentration, it has been observed previously

that extraction capacity of the solvent decreases. However, for the preset system under
consideration, it appears that practically no effect of anti solvent concentration on
extraction capacity. Distribution diagrem at three differently temperatures with anti
~ solvent concentration concern as parameter follow single‘ sﬁeight»line. Hence it appears
that there is no major change in solubility of benzene in solvent Dmf+W where in non

solute has been altered from hexane to octane .Hence it can be considered that due to

octane, solubxhty of benzene in solvent does not decrease . If at all it decreases, it

decreases margmally only.

Selectivity diagram also follow the similar trend except at temperature 40 °C

and 20% W. Selectivity values for 20 % W are higher than that for 0% W and 10 % W.

Thus selectiviﬁy values also follow a single straight line for varying anti solvent ,

" concentration at different constant temperature. Similar trend was observed for systen{

B-H-Dmf- W at three temperatures varied from 20 °C,30 °C and 40 °C.also varying

anti solvent concentrations .

é

In summary, the present system under consideration also deviates from normal

trend with respect to extraction capacity and selectivity. Probable reason may be effect
of aliphatic (non solute) on solubility of aromatics in solvents (Dmf-W) at all three

temperatures and anti solvent concentrations.

" .
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5.3.3 Effect of Anti solvent concentratlon on extraction capaclty

and selectlvrty of solvent Dmso:-

(l)System' B-H- Dmso -W at three temperatures wrth antl

solvent concentration as a parameter.

For the System B-H-Dmso at 20°C, the values of aromatics fraction in extract
. phase (D1) have been plotted against aromatics fraction in rafﬁnate phase (D2)in Fig-
D-6 with anti solvent concentration as a parameter. As could be seen from the graph
‘with an increase in anti solvent concent_ration, from 0 % to 10% for a fixed value. of
D2=0.5 the value of aromatics in extract phase decreases from 0.38 to 0.13.

The values of selectivity for the same system under con‘sideraﬁon have been
. plotted in Fig-S-6 which depicts effect of anti solvent concentration on selectivity under
 otherwise idenﬁcal- conditions .Thus for example with an rincrease" in anti solvent
B concentraﬁon from 0 % to' 10% for a fixed value of §2=0.5 the values of selectivity
" linerease from 0.80 to 0. 95|'wit}i a fufth‘er inerease, in anti- solvent concentration from

10%:0 20% the valne of selectiwrit)_" practicaliy rernainé constant in the range of 0.95

. Thus at 20 °C as the concentration of anti solvent '\ increases extraction
capactty of the solvent deereases Consequently, since. extraction capacity and

selectmty behave in the opp051te manner, selectivity of the solvent increases. Similar

:V”observatxon are available in lxterature by Deshpande ‘and coworker? Tare and

g coworkers and Bansood and coworkers7

From the same Fig-D-6 it can beaobser-ved that for the sysrem B-H- Dmso at
30°C under otherivise identical conditions with ah increase in anti solvent concentration
from 0 % to 10% and up to 20 % for a fixed value of D2=O 5 the value of aromatics in

: extract phase decreases from 0. 45 to 0.20 and up to 0 05 respectrvely ‘

From the Fig-S-6 where in value of selectivity have been plotted for affixed
temp of 30 °C it can be observed that with an increase in anti solvent concentration,

from 0 % to 1.0%'for a fixed value of S2=0.5 the values of selectivity increase from
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0.80 to'0. 95 with a further increase in anti solvént concentration f"rom‘ 10% to 20% the

value of selectivity practically remains constant in the range of 0.98.

From the Fig-D-6 it can be observed that for the system B-H- Dmso at 40°C
“under otherwise identical conditions with an increase in énti solvent concentration from
0 % to 10% and up to 20 % for a fixed value of D2=0.5 the value of aromatics in
extract phase decreases from 0.5 to 0.3 and up to 0.1 respectively

" Thus for 40 °C also the same trend is observed i.e. as anti solvent concentration

increases, extraction capacity decreases.

From the same Fig-S-6 it can be observed that with an increase in anti solvent
'concentration, from 0 % to 10% and up to 20 % for a fixed value of $2=0.4 The values
of selectivity increase from 0.5 to 0.6 and up to 0.75 respectively. -

Thus at 20 °C as the concentration of anti solvent (W) increases extraction
capacity of the solvent decreases. Consequently since extraction capacity and

selectivity behave in the opposite manner, selectivity of the solvent increases.

Thus it can be concluded. that under otherwise identical ’conditiAons, as extraction
capacity of solvent increases, the selectivity of solvent decreases and vice versa. i.e. as

extraction capacity of solvent decreases its selectivity increases.

(ii)System: T-H-Dmso-W at three temperatures with anti solvent

concentration as a parameter:

For the System T-H-Dmso at 20°C, the values of aromaﬁés fraction in éxtract

" phase (D1) have been plotted against aromatics fraction in raffinate phase (D2) in Fig-
D-7 with anti solvent concentration as a parameter. As could be seen from the graph
with an increase in anti solvent concentration from 0 % to 10% and up to 20 % for a
fixed value of D2=0.4, the value of aromatics in extract phase decreases from 0. 25 to

0.04 and up to 0.005 respectively. .
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The values of selectivity for the samé system under consideration have been
plotted in Fig-S-7 which depicts effect of anti solvent concentration on selectivity under
otherwise identical conditions .Thus with an increase in anti solvent from the same Fig-
S-1 wherein selectivity values have been plotted for a fixed temperature of 20 °C , it
can also be observed that with an increase in anti solvent the values of selectivity

increase fror?x 0.7 to 0.96 and up to 0.98 respectively.

Thus at 20 °C as the concentration of anti solvent (W)- increases extraction
capacity of ‘the solvent decreases. Consequently, since extraction capacity and

selectivity behave in the opposite manner, selectivity of the solvent increases.

From the Fig-D-7 it can be observed that for the system T-H—Dmso at 30 c_

under otherwise identical conditions with an increase in anti solvent concentratlon from

0 % to 10% and up to 20 % for a fixed value of D2=0.4 the value of aromatlcs in
' extract phase decreases from 0.23 to 0.075 and up to 0.01 respectively. .

* From the Fig-S-7 where in value of selectivity have ,béen‘plottcd for a fixed

temperature of 30 °C, it can be observed that with an-increase in anti solvent

concentration from 0 % to 10% and up to 20 % for a fixed vaiue of 82—0 8 the value of

its selectivity remains constant in the range of 0. 8.

. Thus at 30 -°C as'the water concentration increases the value of aromatic
extracted is expected to decrease. However selectivity of solvent' praciically: remains
“same. For all anti solvent concentration. As such selectivity should have been mcreased

; w1th increase in antx solvent concentratlon the reason for this behavior is not clear

From the F1g-D-7 it can be observed that for the system T~H—Dmso at 40°C

under otherwise identical condltxons with an increase in anti solvent concentratlon from

-0 % to 10% and up to 20 % for a fixed value of D2=0.4 the value of aromatics in
éxtrac;t phase decreases from 0.28 t00.0 8 and up to 0.04 respectively. |

Thus for 40 °C also the same trend is observed i.e. as anti solvent concentration

increases, extraction capacity decreases.
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The values of selectivity for the same system under consideration have been
plotted in Fig-S-7 which depicts effect of anti solvent concentration on selectivity under
otherwise identical conditions .Thus for example with an increase in anti solvent
concentration from 0 % to 10% for a fixed value of $2=0.5 the values of selectivity
increase from 0.80 to 0. 95. With a further increase in anti solvent concentration from
10% to 20% the value of selectivity practically remains constant in the range of 0.95

This trend is practically similar to the trend observed t'or temperature 30 °C

where in the value of selectivity has remained practically constant.

- Thus it can be concluded that under otherwise identical conditions, as extraction
capacity of solvent increases, the selectivity of solvent decreases and vice versa. i.e. as

extraction capacity of solvent decreases its selectivity increases

(iii)System: X-H-Dmso-W at three temperatures wnth anti

solvent concentration as a parameter.

~ For the System X-H-Dmso at 20°C, the values of aromatics fraction in extract
" phase(D1) have been p]otted against aromatics fraction in raffinate phase(DZ)m Fig-D-

8 with anti solvent concentratlon asa parameter

As could be seen from the graph with an increase in anti solvent concentration,
* from 0 % to 10% for a fixed value of D2=0.7 the value of arotnatics m extract phase
‘ ‘decrease from 0.035 to 0.001 respectively. With a further ine_rease in water
" concentration from 10% to 20%, it seems that extraction ca_pacity'prabticell});remains
constant.. ‘ ) |

The values of selectivity for the same system under consideration have been
plotted in Fig. S-8 at 20 °C which depicts abnormal behaviour which is observed in this
thesis and can be considered as an exception to normal trend.

It is observed that selectivity for 0% water is highest of the order of S1=0.6 and

- selectivity values for 10% water and 20 % water being lowest in the range of S1=0.1 to
0.2 ' '
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From the same figuré D-8 at 30 °C as could be seen ﬁom the graph with-an ,

increase in anti solvent concentration, from 0 % to 10% for a fixed value of D2=0.7 the
value of aromatics in extract phase decrease from 0.11 to 0.01 respectively. With a
further increase in water concentration from 10% to 20%, extraction capacity remains

same. It seems that extraction capacity practically remains constant. .

The values of selectmty for the same system under cons1deratxon have been

plotted in Fxg S-8 at 30 °C which depicts abnormal behaviour which is observed i in this

thesis and can also be considered as an exception to normal trend. ,

It is observed that selectivity for anti solvent conéentrati'on of 0% water is
highest of the order of S1=0.8 and seléctivity values for 10% virater and 20 % water
being lowest in the range of S1=0.1 to 0.2. '

From the Fig—D-S it can be observed that for the system X;H-Dmso at 40°C

under otherwise identical condxtlons w:th an increase in anti solvent concentration from

'.0 % to 10% and up to 20-% for a ﬁxed value of D2=0.4. the value of aromatms in
extract phase decreases from 0.17 to 0. 07 and up to 0.05 respectwely '

Thus for 40 °C also the same trend is observed i.e. as anu solvent concentratlon

: mcreases, extraction capacity decreases.

_ From the Fig-S-8 where in seléctivity values have been plotted for a fixed
temperature of 40 °C, it can also be observed that with an increas'e in anti solvent ,

concentration the value of its selectivity practically remains same i.e. about 0.90 .As the
anti solvent concentration is increased further, the selectivity practically remains s the

same in the range of 0.90

Further for some points. for the case of anti solvent concentration being 20% ,
lower values of selectivity are observed which may be because of some experimental

error and can be ignored.

Thus it can be concluded that for the system under consideration X-H-Dmso-W

at three different témperature and three different anti solvent concentration values,



nature of the distributibn'diagram is similar to whatever is observed by.differéht“

researchers ® However, with respect to selectivity abnormal behavior is observed

i.e.with increase in anti solvent concentration along with extraction capacity ,selectivity -

also decreases at temp 20 °C. and 30 °C. which may be considered exception from

normal trend.

(iv)System: B—ﬁep—Dmso—W at three temperatures with anti

solvent concentration as a parameter:

For the System B-Hep-Dmso at 20°C, the values of aromatics fraction in extract
phase(D1) have been plotted against aromatics fraction in raffinate phase(DZ)m Fig-D-

9 with anti solvent concentration as a parameter.

As could be seen from the graph with an increase in anti solvent concentration,
from 0 % to 10% up to 20 % for a fixed value of D2=0.4 the value of aromatics in
extract phase decreases from 0.2 to 0.1 up to 0.05 respectively.

The values of selectivity for the same system under consideration have been

A plotted iﬁ Fig-S-9 at 20 °C which depicts effect of anti solvent concenfration on
selectivity under otherwise identical conditions Thus for example w:th an increase in
anti solvent concentration from 0 % to 10% for a fixed value of SZ"O 5 the values of
| selectivity increase from 0.80 to 0. 95. With a further increase’ in anti solvent
- concentration from 10% to 20% the value of selectivity practically remains cénstant in

the range of 0.95

Thus at 20 °C as the concentration of anti solvent (W) increases extraction

capacity of the. solvent decreases. Consequently, since extraction capacity and

selectivity behave in the opposite manner, selectivity of the solvent increases.

As could be seen from the Fig-D-9 it can be observed that for the system B-

HEP-Dmso at 30°C under otherwise identical conditions with an increase in anti

solvent concentration from 0 % to 10% and up to 20 % for a fixed value of D2=0.4, the

value of aromatics in extract phase decreases from 0.22 to 0.13 and up:to 0.09

respectively. .
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The values of selectivity for the same system under consideration have been

plotted in Fig-S-9 at 30 °C which depicts effect of anti solvent concentration on

selectivity under otherwise identical conditions .Thus for example with an increase in
anti golvent concentration from 0 % to 10% for a fixed Qalue of $2=0.5 , the values of
selectivity increase from 0.75 to 0. 85 .With a further increase in anti solvent
E concentration from 10% to 20% the value (;f selecti\}ity practically remains constant in

the range 0f 0.90.

As could be seen from the Fig-D-9 it can be observed that for the system B-

Hep—Dmso at 40°C under otherwise identical conditions with an increase in anti

solvent concentration from 0 % to 10% and up to 20 % for a fixed value of D2=0.4, the -

value of aromatics in extract phase decreases from 0.23 to 0.18 and up to 0.1

respectively.

Thus for 40 °C also the same trend is observed i.e. as anti solvent concentration

increases, extraction capacity decreases.

From the Fig-S-9 at 40.°C it can also be observed that with an increase in anti

solvent concentration from 0% to 10% the value of its selectivity of solvent increases -

from72% to 90% .With a further increase in anti solvent concentration from 10% to

~ 20% the value of selectivity practically remains constant in the range of 0.90.

.Thus it can be concluded that under otherwise identical conditions as extraction

_ capacity of solvent increases , the selectivity of solvent decreases and vice versa. i.c. as

extraction capacity of solvent decreases its selectivity increases.

i

~ (v)System: B- Oct :.-D‘mso-_W at three tempen:aturés with anti

solvent concentration as a'parameter:

For the System B-Oct-Dmso at 20°C, the values of aromatics fraction in extract
phase(D1) have been plotted against aromatics fraction in raffinate phase(D2)in Fig-D-

10 with anti solvent concentration as a parameter.
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As could be seen from the graph with an increase in anti solvent concentration
from 0 % to 10% and up to 20 % for a fixed value of D2——¥0.4 the value of aromatics in
extract phase decreases from 0.1 to 0.02 and up to 0.01 respectively. '

, -From the Fig-S-10 at 40 °C where in value of selectivity have been plotted for a
fixed temperature of 20 °C, it can be observed that with an increase in anti solvent

_concentration, from 0 % to 10% and up to 20 % for a fixed value of S2=0.8 the value'off :

its selectivity remains in the range of 0.8.

Thus at 20 °C as the water concentration increases the value of aromatic

extracted is expected to decrease. However selectivity of solvent practically remains
same for all anti solvent concentrations. As such selectivity should have been increased

with increase in anti solvent concentration: . The reason for this behavior is not clear.

~ From the Fig-D-10 it can be observed that for the system B-Oct-Dmso at 30°C

under otherwise identical conditions with an increase in anti solvent concentration from
0% to 10% and up to 20 % for a fixed value of D2=0.4- the' value of aromatlcs in
extract phase decreases from 0.18 to 0. 05 and up to 0.01 respecttvely ‘

The values of selectivity for the same system under censideration have been
-plotted in-Fig-S-10 at 30 °C which depicts effect of anti solvent concentration -on

selectivity under otherw1se identical conditions .Thus for example w1th an mcrease in

anti solvent concentratlon from 0 % to 10% for a fixed value of $2=0.4 the values of .
selecnvxty mcrease from 0.82 to 0. 90. With a further mcrease in ann ‘solvent ~

concentration from 10% to 20% the value of selectivity practxcally remains constant in

" the range of 0.98

‘ From the Flg—D-IO it can beT observed that for the system'BlOct-Dmso at 40°C
under otherwxse identical conditions with an increase in anti solvent concentratlon from
0 % to 10% and up to 20% for a fixed value of D2=0.4 the value of aromatics in
extract phase decreases from 0.14t0 0.010 and up to 0.02 respectwely

Thus for 40 °C also the same trend is observed i.e. as anti solvent concentration

increases, extraction capacity decreases.
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The values of selectivity for the same system under consideration have been

plotted in Fig-S-10 at 40 °C which depicts.effect of anti solvent concentration on -

selectivity under otherwise identical conditions. Thus for example with an increase in
. anti solvent concentration from 0 % to 10% for a fixed value of $2=0.4 the values of
selectivity increase from 0.8 to 0. 88. With a further incregse in anti solvent
concentration from 10% to 20% the value of selectivity practically remains constant in

the range of 0.95.

.5.3.4 Effect of temperature on extraction capacity and seléétivify

of solvent Dn}f;—

" ()System: B-H-Dmf-W at three values of anti solvent

concentrations with temperature as a parameter:

- For the System B—H—I_)mf at 0% W being anti solvent concentration , the values

of aromatic fraction m extract ‘ﬁhase (D1) have been plotted against aromatic fraction in

. raffinate phase (D2) in Figs.D 11 with temperature as a parameter . .

As could be seéﬁ from the graph (Fig.D-11) with an increase in temperature

from 20° C-to 30 and up to 40° C for a fixed value of D20f0.05 , the value of
aromaticé in extradt phase increase 0.075 Tto' 0.085 and up to 0.1 respectively. As.
' témperatdré increases solubility of aromatic in solvent increases , as a result value of D
increases. Since D increases, extraction capaciiy. of solvenf increases .However relative

increase in value of extraction capacity is marginal only.

In previous section, where in anti solvent eﬂ"éct has been cqnsideregl relative
increase in extraction capacity was substantial. In comparison to anti solvent effect ,
effect 'of temperature oﬁ the value of extraction capacity appears to be substantially
small. Thus extraction capacity happen to be a strong function of anti solvent

concentration and weakest function of temperature.

The values of selectivity for the same System under consideration have been

plotted in Figs.S -11 which ‘depiéts effect of temperature-on selectivity under otherwise » .
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identical conditions. Thus. for example, with an increase temperature front 20° C to 30°
C and up to 40° C for a fixed value of S20f0.1 values of selectivity decrease from 0.38

to 0.25 and up to 0.22 respectively. Thus since as temperature increases, extraction

capacity also increases .Hence as expected, consequently, selectivity decreases with an

increase in temperature.

Thus at 0 %W concentration as temperature increases, extraction cap_acity of the.

solvent increases.and consequently selectivity of the solvent decreases. Available

infermation in the literature of different researchers Deshpande and 'coworkers‘, Tare

‘ and coworkers and Bansod and coworkers is in good agreement with present'

investigations conclusion.

From the same Fig.D-li where in anti solvent concentration is 10 % w , it is

 observed that as temperature increases from 20 °C to 30 °C effect ﬁappexrs to be
" “marginal ;however when temperature increases from 30 °C to 40 °C,, eﬁ‘ect of

temperature appears to be relatlvely Iarge in companson to temperature range 20 °C to
-30°C. ' '

From the same Fig.S-11 where in value of selectivity have >bkeen plotted for a
fixed value of anti solvent concentration 10%W, it can be observed that' when

temperature is mcreased from 20 °C to 40 °C selectivity remams practrcally the same, - -

“even though extraction capacity have increased with an mcrease ‘in temperature :

Relative increase in solubility. when temperature is increased from |20 °C to 40.°C

practically remains the same for Benzene as well as Hexane. As a =resu!t selectrvrty

- values practically remain the same.

~ From Frg D-ll where in anti solvent coneentratmn is 20 % W, it is observed
that when temperature is mcreased from 20 °C to 30 °C extraction capacxty increases.
However, at 40 °C abnormal behavior is observed where in extraction capacrty has
decreased at highest temperature utilized in this investigation which can be considered
‘as exception. From the same-Fig.S-11 at constant value of 20% W it is observed that
selectivity is highest at 20 °C and as temperaturer is increased from 20 °C to 30 °C
,selectivity decreases. However, with a further increase in temperature there is no

appreciable decrease in selectiuity.
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This behavior is very' similar to what has been observed at anti solvent

concentration valueof10% W

(i))System: T-H-Dmf-W at three values of anti solvent

concentrations with temperature as a parameter:

For System T-H-Dmf at 0% W being ant solvent concentration the value of
~ aromatic in gxtraét phase D1 have beeﬁ plotted against aromatic in raffinate phase D2
in Fig D12 with temperature as a parameter . As could be seen from fig effect of
temperature on extréction capacity appears to be negligible and extraction capacity
practically remains in the same range for all the three temperatures under consideration

for previous System where in the Benzene was solute effect of temperature on

extraction capacity was matginal only. When Benzene is replaced by Toluene, effect of -

temperature which was marginal in previous case, shifts to very marginal as if

- negligible.

Selectivity diagram for System under consideration has been shown in Fig S-12 4

' at constant value of ant solvent concentration 0% W. With increasing femperature from

20 °C t0.30°C selectivity values decrease very marginally however when temperature is

increase from 30 °C to 40°C selectivity decreases as per expectation.

From the same Fig.D-12, where in graph has been shown for water

concentration of10 % W, normal behavior is observed i. e. as temperature increases N

extraction capacity increases.

Selectivity diagram for the same System has been shown also in Fig-S-12 at ‘

affixed value of antiisolvent: concentration 10 % with an increase in temperatufg
éelectivity values as such §h01ﬂd decrease but from fig they appear :to be practically in
the same range. The reasoning given for the System invoiving solute Benzene is
equally valid. For the System under consideration. Where in solute has been changed

from Benzene to Toluene.
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’ Distribution diagram and corresponding selectivity diagram at constant value of

‘anti solvent concentration 20% W- have been pIotted in Fig. D-12 and S-12

: respectlvely

The conclusion which have been drawn fro the System under consideration at
constant value of anti so]vent concentration of10 %W are valid for the System where in

A antx solvent concentratxon is increased to 20 % W.

(iii)System. X-H-Dmf-W at three values of antl solvent

. concentratlons with temperature as a parameter:

Distribution diagram for the System X-H-Dmf-W at thrée constant values of
anti solvent concentration (0%W, 10%W and 20 %W) with tempcramre as a parameter
have been plotted in Fig. D-13. At constant value of water concentraﬁon 0% and 20 %
W with mcrease in temperature extraction capacity of solvent i mcreases under other

wise identical condmons for all the observation.

-At'a,ﬁxed value of anti solvent concentration ofl0%W whén tempéramre’ is

- increased from 30 °C.to 40 °C extraction capacity increases however very marginally.

At a fixed value of anti solvent concentration’ oﬂO%W when temperature 1s
' mcreased from 20 °C to 30 °C extraction capacity increases .Thus: for example , for
afﬁxed value of D20f0.5 as temperature is increased from 20 °C to 30 °C extraction
capaclty of solvent increases from 0.07 t0 0.15 respectxvely With a further increase in

temperature from 30 °C to 40 °C value increases very marginally ﬁom 0.15 to0 0.155.

Selectivity diagram drawn for the System under 6onsideration under different
sets of conditions have been plotted in Fig.S-13 where in three constant values of anti

- solvent concentration have been utilized namely 0%, 10% and 20%W.

At 0% W values of selectivity practically remains in the same range indicating
that as temperature is increased solubility of Xylene and solubility of Hexane in solvent

increase proportionately as a result selectivity values are expected to remain same.
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For a fixed value of anti solvent concentration equal to 10%W, value of

selectivity in the temperature range 20 °C to 30 °C practically_remain in the same

range. However, when temperature is further increased to 40°C selectivity values:

lowered down. Thus as expected selectivity values are lowest at 40 °C.

For a fixed value of anti solvent concentration equal to 20%W, the values of

selectivity in the temperature range 30 °C to 40 °C remain practically constant. With an
increase in temperature. Even for 20 °C temperature rauge values do merge in to the
same line which has ‘been drawn for temp 30 °C and 40 °C remain praetxcally constant.

‘With an increase in temperature even for 20 °C temperature range values do merge into
the same line which has been drawn for-temp 30 °C to 40 °C However in the region ,
where in mergmg of these two lines does not exrst where in as expected , selectivity is
highest at 20 °C and 20% W concentratnon the selectlvrty value bemg in the range of
0.9 to 0. 95 '

(lV) System. B- Hept - Dmf-W at three values of antl solvent

concentratlons with temperature asa parameter. '

Data for conetruction of distribution diagram f‘Or the System'B-Hep-Dmf-Wf

' reported in. Table-D-M has been plotted in Fig. D—l4 Where i in’ three distribution

‘diagram for three values of anti sovent concentration water have been deprcted

As could b'ee_‘ seen for constant values of anti :selyent concentration 0%W,

10%W,and 20 % W with increase in temperature extractiori capacity ef solvent Dmf

increases At 20%W of anti solvent concentration increase in extraction capacity with

increase in temperature however appears to be marginal. ‘ i

Based on data reported in Table S-14 on “for parameter s S1 and S2 has been
plotted in Fig .S-14 where in three selectivity dlagrams at three values of anti solvent
concentrations (0%W, 10%W and 20%W) have been depicted with témperature as

parameter.

Selectivity diagram for 10 % W and 20 % W follow practically a single straight |

line /curve indicating that with increase in temperature, decrease in selectivity appears -
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L

to be practically negligible. However at 0%W with increase in temperature selectivity |

values as such should decrease — which is called as normal trend. However for the case _l '

under consideration abnormal behavior is observed. With an increase in temperature,

selectivity values are increasing.

It appears that when temperature inceases from 20 °C to 30 °C and up to 40 °C

relative increase in solubility ofHeptane in solvent i.e. extract phase. Hence itis

expected that with increase in temp selectivity also increases which has to be called as

 abnormal trend. This has been alréady confirmed in the discussion and conclusion
based on mutual solubility data where in such abnormal trend has been observed during

discussion. -

In summary , the System B-Hep-Dmf-W follow normél trend with respect to
effect of temperature on extraction capacity.However it follows totally a different trend

with respect to effect of temperature on selectivity.

(v) System: B-Oct-Dmf-W at three values of anti solvent
~concentrations with temperature as a parameter: | L

Data for construction of distribution diagram for the system B- Oct - Dmf-W
reported in Table-D-15 has been plotted in Fig. D-15. Where in three distribution

diagram for three values of anti solvent concentration water have been idepictt‘zd.

For a constant value of anti solvent concentration 0f0%W, effect of temperature

on extraction capacity follows the normal trend i.e. with an increasé in temperature .

extraction capacity of solvent increases however marginally.

For a constant value of anti solvent concentration 0f10% for temperature range
20 °C to 30 °C. Again normal trend is followed. However, wheh temperéture is
increased from 30 °C to 40 °C there appears to be substantial increase in solubility of
Benzene in solvent in presence of Octane and as a result the value of extraction
capacity increase substantially. Thus for example, for a constant value of D20f0.4, as

temperature increases from 30 °C to 40 " the value of D1 increases from 0.15 to 0.4
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At constant value of anti solvent concentration 0f20% similar trend is observed

ie. lower temperature range (20 °C to 30 °C) substantial increase in extraction capacity

of solvent.

plotted in Fig.S-15 where in three selectivity diagram at three values of anti solvent
- concentration (0%, WIO%W and 20%W) have been depicted with temperature as a

parameter. -

For all the three cases under consideration of three constant values of anti
solvent concentration namely 0%W, 10%W and 20%W selectlvxty diagram follow
pract:cally straight line./ curve.Thus with-an increase in temperature ‘selectivity value
do not vary even marginally. As if selectivity remains practically the same. It is
expected that as temperature increases the values of relative ‘increase in solubility of
Benzene in. solvent — extract phase and relative increase in solubility’ of Octane in

solvent — extract phase remain practically constant. As a result selecﬁvity values do not

vary (either increase or decrease) and follow a straight nature / single cuve.

5.3.5 Effect of temperature on Extraction . capacity and

selectivity of Solvent Dmso:-

(i) System : B-H-Dmso-W at three values of antl solvent .

- concentrations with temperature asa parameter H

- For the System B-;H-Dmso at 0% W being anti solvent cdécentrationﬁ' as a

parameter, the value of aromatic fraction in extract phase (D1) haife been vv_plé"tted} ‘

Based on data reportéd in Table. S-15 on “for pafametérS»l ahd_ $-2” has b_éen'

against aromatic fraction in raffinate phase (D2) in fig. D-16 with temperature. asa=

parameter As could be seen from the graph, effect of temperature at;20°C and 30°C
' happens to be marginal; however when temperature is increased fro;ri 30°C to 40°C,
extraction capacity of solvent increases. Thus for example for a fixe_d,}vv'alue of D2 of
0.4 as temperature is increased from 30°C to 40°C, the value of D1 increase from 0.18
" to 0.32 respectively. From Fig. D-16 at constant value of anti solvent concentration of

10 % W and 20%W also, similar behaviour is observed i.e. when '.temperature is
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increased from 20°C to 30°C, there is ‘v‘ery marginal effect of temperature; however

when temperature is increased from 30°C to 40°C, effect is -appreciabie.

The values of selectivity for the same system under consideration under
different sets of conditions of temperatures and anti solvent concentrations have been
plotted in Fig S-16.

The following coﬁclus,ions can be drawn from Fig. $-16:-

At value of anti solvent concentration of 0 % W, the value of selectivity at 20°C
and 40°C are compdrable inclusive of some value at 30 °C also. Thus as temperature
increases from 20°C to 30°C and up to 40°C, the relative increase in values of
solubility of Benzene in extract solvent being Dmso and also Hexane in extract appear
to be comparable. Hence selectivity values are likely to remain same when temperature
is increased from 20°C to 30°C and up to 40°C.

For some points at 30°C, the values of selectivity are substantiallyvlower which

may be due to experimental error. -

From the same Flg S-16 at constant value of anti -solvent concentration

of10%W, the values of selectmty at 20°C and 30°C, are comparable and the same .

. reasoning given above is valid.

At 40°C as expected, the values of selectivity do decrease in comparison to

30°C temperature.

Similar trend is observed when anti solvent concentration of 20 % W. However

again for this case at 30 °C, some points deviate from normal nature which may be due

to experimental error.
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(ii) System : T-H Dmso—- W at three values of anti solvent |

‘concentration with temperature asa parameter'

Data required for construction of dlstnbutton and selectivity dxagrams reported ‘

in Tables D-17 and S-17 have been plotted in Flgs D-l? and S-17 under different sets
of conditions of temperature and anti solvent concentration for system T-H Dmso-W.

As could beé seen from F ig. D-17 with increase in temperature from 20°C to
30°C,extraction capacity of solvent increases marginally. However when temperature is
increased from 30°C to 40°C, effect of temperature on extraction capacity appears to be

apprecieble.

For example, for the case of anti solvent concentration of 10 %W, when

temperature is increased from 30°C to 40°C for a constant value of D2 of 0.7, the value . '

of D1 increases from 0.09 to.0.18.

Thus it can be concluded that as femperature increases, extraction capacity of

solvent also increases, however effect of temperatﬁre is more stringent at 40°C.

_ From selectivity diagrams which have been plotted in fig' S-17 following

conclusion can be drawn:- : -

The value of selectivity at 20°C ;arel-highest and at 40°C they-are‘ lowest \When i, e

temperature is. changed from 20°C to 30°C, decrease in selectmty value 1s very R

' margmal

For the casé of anti solvent concentration of 20 %W, selectivity values remain

practically constant and the raﬁge of selectivity value is of the order of 0.9 to 0.98..

Some observations for the case under considerations at 30°C do not follow this ,.

trend. The probable reason may be ei{perimental error.
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 (iii) System: X-H-Dmso-W at three values of anti: solvent

4‘ concentration with temperature as a parameter :
The data requiredl for the construction of distribution diagrams and selectivity
diagrams reported in Tables D-18 and S-18 could be used effectively for plotting of the

distribution diagrams Fig.D-18 and Fig.S-18 respectively.

From Fig. D-18 fqllowing conclusion can be drawn:-

(i) Extraction capacity of the solvent Dmso for extractmg Xylene at 40°C |

temperature happens to be hlghest and at 20°C it happens to be lowest

Thus for example at constant value of anti solvent concerntration of 0% W
when temperature is increased from 20 °C to 40 °C for a constant value of D2= (.5, the
values of D1 are 0.02 and 0.2 respectively. Thus effect of temperature for the system

eons:stmg of solute Xylene happen to be most stringent in- comparison to solutes. . .

‘Benzene and Toluene.

From seleetxvxty dlagrams whxch have been depicted in Fxg S-18 the followmg :

conclusion can be drawn:- "

0] | Selectxvnty value at 40°C follow hlghest range of values and selectmty o

values at 20°C follow lowest range for all the three values of anti solvent

concentrations namely O%W, IO%W and 20%w.

(i)  Normal trend for selectivity values is: “As temperature increases .

selectivity decreases”. Thus :at temperaturé of40°C selectivity will be lowest and at -

20°C it will be highest. However in the present case, selectivity values are highest for

temperature 40°C and lowest for 20°C.

Since this trend is .observed for all the observations for the system under

consideration, it can’t be labelled as experxmental error. This can be considered as

exception to normal trend.
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(iii) Hence while developing a generalized correlation, an index for te 3
effect is expected to be of opposite sign for the system under consideration Q\Yolvmg
A e )

Xylene than the other systems under consideration where in solvents are Benzéi&e and

Toluene.

(iv) System B — Hept — Dmso — W at three values of anti solvent

concentration with temperature as a parameter:

Based on data regarding distribution diagrams and selectivity diagrams reported
in Tables D-19 and S-19, distribution diagrams and selectivity diagrams have been
‘plotted in figures D-19 and S-19.

The following are the important conclusions based on the above diagrams:-
(i) Conclusions for distribution diagrams:-

Values of extraction capacity are highest at 40° C and lowest at 20° C. With an
increase in temperature from 20°C to 30°C and up to 40°C for the case of anti solvent
concentration being 20%W for a constant value of D; of 04, the
values of D; increase from 0.06 to 0.11 and up to 0.16 respectively. Thus effect of
temperature on extraction capacity appears to follow normal trend. However, when
temperature is increased from 20° C to 30° C for constant value of anti solvent
concentration 0%W and 10%W effect of temperature on extraction capacity is very

marginal.

(ii) Conclusiorsfor selectivity diagrams:

Values of selectivity are lowest at highest temperature of the order of 40° C and
highest at temperature of the order 20° C. However, in some cases effect of temperature
on selectivity when temperature is in the range of 20° C to 30° C is very marginal.

Further at anti solvent concentration of water of 10%W the values of selectivity

remains practically the same indicating as if there is no effect of temperature.

This can be explained by following reasons.
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With an increase in temperature from 20° C to 40° C, rélative increase in

solubility of Benzene in extract phase and soiubility of Heptane in extract phase follow |

practically the same relative increase-identical rise with increase in temperature. Hence -

selectivity values are expected to remain constant.

(v) Systein’ B-Oct-Dmso-W at three . values of anti solvent

. concentration with temperature as a parameter:

Based on data regarding distribution diagrams and selectivity diagrams reported
in Tables D-20 and S-20, distribution diagrams and sclectivity diagram have been

plotted in Figs D-20 an;d S -20 respectively.

(i) Conclusions from distribution diagrams for system B-Oct-Dmso-W:-

It is interesting to observe that solubility of Benzene when Hexane is replaced

by Octane decreases substantially under otherwise .identical conditions, With an -

increase in temperature extraction capacity increases which is a normal trend observed

in this investigation. -

However, when Hexane is replaced by Octane the range of extraction capacity
is substantially lower than that for B-H-Dmso-W system under otherwise identical
conditions. Thus for exampl:e, for a constant anti solvent value of 0%W for a constant

values of D2 of 0.4,the valuie of D1 increases from 0.05 to 0.15 and up to 0.18 when =
temperature is increased from 20° C to 30° C and up to 40° C. However, for thecase of '

anti solvent concentration of ‘water of 20%W with an increase in temperature from 30°

C to 40° C effect of temperature appears to be practically marginal.

i i

(ii) Conclusions for selectivity diagrams for System B-Oct-Dmso-W: .

* Effect of temperature on the values of selectivity appears to-be practically
negligible indicating that selectivity remains practically constant when temperature is
increased from 20° C to 40° C.
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-

Th_e range of values of selectivity is practically 0.95 to 0.99 indicating that %

purity of extract is expected to be practically cent percent for the case wherein along

~ with solute Benzene non solute present is Octane instead of Hexane.

However, crmcal survey of dlfferent selectivity d:agrams under different sets of S
conditions also indicates that at 40° C for some observations, the values of selectlvxty o

does not follow a single stralght Ime. For these two/three observatxons reason can be

attributed as experimental error.

Thus in conclusion, it can be cencluded that effect of temperature on the values

of selectivity appears to be very marginal as if no-effect and selectivity obtained is of
the order of 0.95 to 0.99. '

The same reasoning which has been given for other systemé where .in a single

straight line/single curve is observed. is valid for thlS present system .under -

considerations. Relatxve mcrease in. solubility- values of Benzene m extract and also- -

* Octane in extract phase remains practlcally the same when temperature :s increased -
from 20 °C to 30 °C and. then from 30°C to 40 °C.Asa result selectmty dlagram for .

* all the three temperatures follow a smgle hne/curve

5.3.6 Ei‘t‘eet"of molecular-:weight. of aroxi;atics on ei,trecti'oe

capacity and selectivity of solvent Dmf:

" @System : B/T/X — H - 100% Dmf — 0% W at three values of |

~ temperature with molecular welght of aromatics as a parameter :

For the system B/T /X H - Dmf -W at ﬁxed value. of anti solvent

concentratlon of 0%. W, the values of aromatics in extract phase (D 1) have ‘been
plotted agamst aromatic fraction in raffinate phase (D7) in Flg, D21 :at three
temperatures namely 20°C, 30°C and 40°C with molecular weight of aromatics as a

parameter:

357



20°C

T T g T Y T ]

T

lax
i ;
0 0.05 0.1 015 02 0.25 03
' D2 i

30°C

*B

uT

AX

0 002 004 006 008 01 012 014 016 018 02
D2 ’
40°C
02
0.15
B ol
- 0.05
Ol

Fig D-21 Distribution diagrams for system: B/T/X-H-100%Dm{+0%W at different
temperatures with Aromatic effect as a parameter.

358



20°C

0.50
' :
0.40 ) J——i
* n *B
0304 - :
@ ]
020 A . AX
0.10
0.00 4 : . : . .
0.000 0.050 0.100 0.150 0.200 0.250
s2
30°C
05
04 w
- 03 /’4’— ::
]
™ e AX
014 ¢
0 ' . . . —
0 . 005 o1 015 02 025
52
40°C
0.35
03 .
025 . -
024 *B
“ 015 T
0.1
005
o . ' . . .
0 0.05 ot 015 02 025
¥ H sz . E

Fig 8 -21 Selectivity diagrams for system: B/T/X-100%Dm{+0%W at different

temperatures with molecular weight of Aromatics as a parameter.

339



As molecular weight of aromatic increases which is happening in present case.

When Benzene is changed to Toluene and Toluene is changed to Xylene, the solubility

of aromatics in extract phase is likely to decrease as a result extraction capacity for

system containing aromatic Xylene is expected to be lowest and expected to be highest.

for Benzene.

As temperature is increased from 20°C to 30°C and upto 40°C effect of

V temperature on solubility values of Benzene, Toluene and Xylene appear to be .

practically same.

Selectivity diagrams for different systems under consideration at constant value
of anti-solvent concentration of 0% W are plotted in Fig. S-21 from which following

conclusions can be drawn :

i)At constant value of temperature of 30°C as the value of molecular Weiglat

- incfeases, (Benzene changed to Toluene changed to Xylene) selectivity of solvent -

increases.

ii)For system contammg Xylene selectmty is highest and for system containing

Benzene selectivity is lowest.

iii)Detailed discussion regarding these conclusion has been done elsewhere.

(ii)System : B/T/X/ - H — 90% Dmf - 10% w at three values of

temperature with molecular weight as a parameter :

" Based on data required for construction of distribution diagrams and selectivity |
diagrams reported in Tables D-22 and S-22, distribution dlagrams and selectmty

diagrams have been depxcted in Figs. D-22 and S-22.

" Based on distribution diagrams shown in Fig. D-22, the following conclusions

can be drawn :

160



03
025
02

g 015
01
0.0

30°C

40°C

Fig D-22 Distribution diagrams for system: B/T/X-H-90%Dmf+10%W at .
different temperatures with Aromatic effect as a parameter. '

961



2°C

038
06 *B
a_ | T
“ 04 ax
02
0 , S . . . . , .
0 061 02 03 04 05 06 07 08 09
$2
30°C
1
038 M
- 0.6 " : Py
02 _ C
N | | | | | ' | L
0 0.1 62 03 04 05 06 07 08
s2
40°C
12
08 W *B
@06 A ‘ uT
04 A ’ - ‘ AX
02 :
0 . . - . .
02 04 06 08 1
s2

Fig S -22 Selectivity diagrams for system: B/T/X-90%Dmf{+10%W at different
temperatures with molecular weight of Aromatics as a parameter.

362



i)As solute component is changed from Benzene to Toluene to Xylene, since
molecular weight is in increasing order; correspondingly extraction capacity of solvent

decreases.

Thus for example at a constant temperature of 40°C and for a constant value of

D2=0.4, the corresponding values of D1 are 0.23 , 0.13 and 0.1 respectively when the

- Benzene is replaced by Toluene and Toluene is replaced by Xylene.

ii)Similar observation can be seen from the same Fig. D-22 for temperature
20° C and 30°C. |

Based on selectivity diagrams shown in Fig. S-22 the following conclusions can

be drawn :

.i)As molecular weight of solute aromatics increases from Benzene to Toluene to

Xylene,under otherwise identical conditions selectivity values increase.

Thus for example, at a constant temperature of 40°C and for a constant value of _

D2=0.4, when Benzene is changed to Toluene the values of D1 are 0.23 and 0.13

respectively.

i)It is interesting to observe that at temperature 40 °C , different values of

selectivity follow a single straight line /curve

The values of relative decrease in _solubility of aromatics in extract phase and
also aliphatic in extract phase remain practically constant when Benzene is changed to
Toluene and Toluene is changed to Xylene. ‘ |

iii)  Partially similar trend is observed with respect to seleétivity at 20 °C
and 30 °C temperatures.

As expected the values of selectivity for Benzene for the systems under

consideration are lowest.
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(m)System B/TIX-H-SO% Dmf - 20% W at three values of =

: temperature with molecular welght of aromatics as a parameter:

@ The data requiréd for construction of distribution diagrams and
selectivity diagrams has been reported in tables D-23 and 'S-23 respectively.

Accordingly distribution diagrams and selectivity diagrams have been plotted in
" Figs D-23 and S-23 respectively. |

The following are the important conclusions based on distribution diagrams:

(i)  For different systems under consideration at 20°C and 30°C

temperatures, distribution diagrams follow normal trend i.e. as Benzene is replaced by
Toluene and Toluene is replaced by Xylene, extraction capacity of solute (aromatics)
decreases,'Consequently, selectivity of solvent under otherwise identical conditions is

expected to increase.

Thus for example for temperature of 30°C and D2 =0.7, for Benzene and when

Benzene is replaced by Toluene and Toluene funhcr replaced by Xylene the
- corresponding values of D1 are 0.2, 0.13 , and 0.07 respectxvely

(i)  However an abnormal trend is observed with respect to aromatic effect.

for different systems under considerations at a constant value of temperature of 40°C

under otherwise identical conditions . Extraction capacity of Benzene happens to be )

lowest and that of Toluene highest followed by in between trend for Xylene. The

reasoning for this type of behaviour is not clear.

4 K

drawn:-

)At 20°C temperature, for different systems under considerations 'seIectivity

diagrams follow two close straight lines. Hence, there is no appreciable effect of

replacing aromatics on selectivity values.

Based -on selectivity diagram depicted'in S-23 following conclusions can be .
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temperatures with molecular weight of Aromatics as a parameter.
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ii)For different systems under consideration at temperatures 30°C and 40°C all

selectivity diagrams follow normal trend for systems containing solute

Benzene/Xylene. However for systems containing Toluene selectivity values are

highest. The reason for this is behaviour not clear.

iii)For all other. observations excluding above sighted for systems containing
.Toluene, normal trend is observed i.e. as molecular weight increases, selectivity of

solvent increases.

5.3.7. Effect. of Molecular weight of aromatics on extraction

capacity and selectivity of solvent Dmso : -

(i) System : B/T/X-H-IOO% Dmso — 0% W at three values of .

temperature with molecular weight of aromatlcs as a parameter :

Based on data?feported in Table D-24 and S-24, distribution diagrams and

seleetivity diagrams have been drawn in Flgs.D-24 and $-24.
'Following are the conclusions l)esed on distribution diz_{grams Fig. D-24:-

(x)Under otherwise_identical conditions extraction capacxty of solvent Dmso

* decreases when solute aromatlcs are replaced in a sequence B->T->X ‘Thus for
- example at anti solvent concentration value of 0%W and temperature of 30°C fora .

~ fixed value of D2 = 0.4, the values of Dl are 0. 3 0.2 and 0.04 for Benzene and when

Benzene is changed to Toluene and Toluene i is chaned to Xylene respectively.,

(ii)Thus with respeei to extraction capacity, system follow normal trend.

Based on the Figs. Si-24ﬁfollowing are the conclusions with respect to selectivity

diagrams :

_ (i)Different systems under different sets of conditions follow normal trend with

respect to selectivity except the system containing solute Xylene at temperature 20° C.
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As Benzene is replaced by Toluene and Toluene is replaced by Xylene the

values of selectxvxty increase.

(ii)For the system X-H-100% Dmso — 0%Wat 20°C. the values of selectivity

happen to be the lowest which should have been otherwise . This mey be considered as.

exception to normal trend.

(i)System : B/T/X —H ~ 90% Dmso — 10 %W at three values of -

temperature with molecular weight of arbmatics_as a parameter:

Based on data reported in Tables b-is and S-25, distribution diagrams and
selectivity diagrams under different sets of conditions have been plotted in Fig. D-25

and S-25 respectively.

- The followings are the conclusions from distribution diagrems depicted in Fig,

D-25:

For the different system under consideration under different sets of operating
conditions, all the system follow normal trend with respect to extraction capacity. i.e. as
molecular weight of aromatic increases , corresponding values of extraction capacity do

decrease.

Based on Fig. S-25 where in selectmty dxagram have been plotted underv

different sets of condition, followmg are the important conclusxons -

(DEffect of aromatics being replaced in ‘a sequence Benzene to Toluene,

selectivity values remain practically the same. This can be explained as under : -

The values of relative increase in solubxlxty of aromatic (Benzene / Toluene) in

extract phase and corresponding values of solubxlxty of hexane in extract phase remain

practically identical. Hence selectivity value are expected to have no.change.

(i)Values of selectivity for solvent Dmso in presence of Xylene at temperature

20°C and 30°C under otherwise different sets of operating conditions are the lowest in
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comparison to systems containing aromatics — Benzene and Toluene wherein solvent

under consideration is Dmso .This may be considered as exception.

(iii)System : B/T/X —H — 80% Dmso — 20 %W at three values of -

temperature with molecular weight of aromatics as a parameter:

Based on data repdrted in Table D-26 and S-26, distribution'diagrams and
selectxvnty diagrams have been constructed and deplcted in Figs. D-26 and S—26

respectively.

" Following are the conclusion” based on the Fig. D-26 which indicates

distribution diagrams.:-

Effect of aromatics under constant conditions for fixed water conccntratlon and

fixed temperature appears to be margma! and it follows normal trend.

Based on selebtivity diagrams depicted in Fig. S-26 following are the

- conclusion.

(1)Effect of aromatic being replaced in a sequence Benzene to Toluene,

) selectxvxty values remain practxcally the same.

Tt is expected that the values of »relative increase ‘in solubility of aromatics.
| (Benzene replaced by Toluene) in the extract phase and the corresponding values of

solubility of hexanein extract- phase remain practically comparable. Hence selectivity

values remain practically constant for all the systems under consxderatlon except solute

containing Xylene. :

(i)Values of selectivity for solvent Dmso in presénce of aromatics_Xylene at
~temperatures 20°C , 30°C and 40°C under otherwise different sets of operating
conditions are the lowest in combarison to the other systems containing aromatics-
Benzene and Toluene where in solvent under consideration is Dmso. This may be

considered as an exception.
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5.3.8 Effect of molecular weight of aliphatics on extraction

capacity and selectivity of solveht Dmf.
(A) Effect of molecular weight of alxphatlcs on distribution

capacity values of solvent Dmf.

(i) System : B- H / Hept / Oct-100%Dmf-0%W at three

values of temperature with molecular weight of | aliphatics as a

parameter : -

. For the System B-H/Hept/Oct-Dmf -W at fixed value of anti solvent
concentration of 0% W, the values of 'aromaticsl in extract phase (D1) have been
presented against aromatic fraction in raffinate phase (D2) in fig D27 at three
temperatures 20°C, 30°C, and 40°Cwith molecular wenght of ahphat:casaparameter

As molecular weight of aliphatics increases, the values of aromatics-Benzene in

extract phase are expected to decrease as non solute-Hexane is replaced by Heptane and

Heptane is subseqixently geplaced by Octane. Thus for example, for a constant value of
- D2 = 0.10 at constant tempeiature 20°Cvalues of D1 for systems containing Hexané,
Heptane and Octane are 0.14,0.10 and 0.075 respectively. Further for the systems under
consideration at constant temperature of 30 °C. for a constant value of D2=0.10 the
values of D1 for systems containing Hexane, Heptane and Octane are 0.20, 0.14 aﬁd
0.08 respectively. ' ' ' :

However, at constant temperatui'é of 40°C the normal behavior is not observed

and the values of Benzene in extract phase for system containing Heptane are highest
than the system containing Hexane and Octane. Further the values of Benzene in

extract phase for the systems containing Hexane and Octane are comparable. The

reason for such an abnormal behavior is not clear.

Thus for example, at 40°Cfor the three systems under consideration for a fixed
value of D2=0.1, the values of D1 for system containing Heptane are highest being 0.22

and for systems containing Hexane and Octane have single value of 0.14.
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(i) System : B- H / Hept / Oct-90% Dmf-10% W at three .

values of temperature with molecular we_ight‘” of 'aliphétic as a -

parameter :

Based on fig D-28 wherein water concentration has been altered from 0%W in
previous case to 10%W in the present case, the following are the important

conclusions:-

1) When temperature is of the order of 20°C, the values of aromatics — Benzene
in extract phase practically remain the same when Molecular weight is increased from

component Hexane to Heptane and further to Octane.

Probably, the values of solubility of Benzene in extract phase do not get altered

much (in decreasing order). As a result values of D1 for fixed value Qf- D2 remain

practically constant.for all the three systems containing aliphatics-Hexane, Heptane and

Octane.

2) At 30°C, the values of Benzene in extract phase are lowest for systém
containing Hexane and for all the systems containing non —solute- Heptane and Octane

values of D1 are comparable.

é

Thus for example, at 30°C for a constant V\f/alues of D2=0.5, values of D1, for .

systems containing non solute-Heptane and Octane is 0.32 only i.e. comparable and for

-system containing non —solute- Hexane the value of D1 is lowest being 0.23 .

3) At temperature 40°C, the values of D1 forv constant value of D2 are highest

for system containing Octane and comparable for systems containing Hexane and .

Heptane. The reason for such an abnormal trend is not clear.
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(iii) System : B-H-80%Dmf- 20%W at thrée values of

temperature with molecular weight of aliphatic as a parameter:

Based on values of D1 plotted against D2 in Fig D-29, following are important

. conclusions:~

(DAt témpcratures- 20°Cand 30°Cfor all systems wheh‘aliphatib is replaced -

from Hexane to Heptane and subsequently to Octane, distribution diagrams follow a

single straight line / curve.

* (2)For.system involving aliphatics Hexane, Heptane and Octane at temperature
40°C follow again abnormal trend wherein values of distribution coefficients for

Octane are highest,followed by Heptane and followed by a least value for Hexane.

Thus for example, at 40°Cfor systems consisting of Octane," Heptane and
Hexane, the corresponding values of D1 at constant value of D2=0.3, are 0.12,0.05 and
- 0.002 respectively. '

B) Effect of molecular weight. of aliphatic on Selectivity

values of Solvent Dmf:

(1) From Fig. S-27 which depicts selectivity values for system B-
' H/Hept/oct-100%Dm{-0%W, at three temperatures 20°C,30°Cand 40°C. the values of
selectivity for all three temperatures are highest for system containing Octane and

lowest for systems containing Hexane and Heptane.

Probably, when Hexane is changed to Heptane relative decrease in solubility of

Hexane and Heptane in extract phase -appears to be the same. As a result selectivity

values are comparable for these systems containing Hexane and Heptane.

(2) From Fig S-28 wherein values of selectivity- have been plotted for system
Benzene-H/Hept/Oct — 90% Dmf ~ 10%W at different temperatures, normal trend is
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observed at all the three temperatures i.e. Selectivity values are hlghest for system

mvolvmg Octane and lowest for system involving Hexane

(3) From selecﬁvity diagram drawn in Fig. S-29 wherein anti solvent

concentration has been altered to 20% W, following conclusions Ycan be drawn:-

At 20°C.selectivity' values remain practically the same when aliphatics have

. been replaced by a sequence: - from Hexane via Heptane‘to Octane.

At temperature of 30°C, the values of selectivity are comparable for systems

, consxstmg of Heptane and Octane and the values of selectivity are lowest for system |

consisting of Hexane.

At temperature 40°C various values of selectivity depicted in ‘:s'eléctivity

diagrams- follow the normal trend i.e. selectivity values are highest for system -

" containing non-solute Octane and selectivity values are lowest for system 'vc'ontaining

non-solute Hexane.

Thus for example, for a constant value of S2 of 0.4 at 40°C,the values of S1 for
systems containing non solute Octane, Heptane and Hexane are. 0.9‘8" ,0.55 and 0.48

respectively.

5.3.9 Effect of molecular welght of ahphatlc on extraction

capacity and selectivity of solvent Dmso:

(A) Effect of molecular weight of aliphatics. on‘.---distr’ibution

| capacity values of solvent Dmso:-

(i) System: B-H/Hept/Oct-100% Dmso-0%W at three values of

temperature with molecular weight of aliphatics as a parameter:

From the Fig. D-30 wherein distribution diagrams have been plotted for three

temperatures under consideration, the following conclusions can be drawn:-

384



i
1.5 :
H

fort !

'a0ctt

»

- e e - . e e e
0000 0200 0400 0600 0800  1.000

$2

30¢C ;

1.000
0.800 -
.. 0.600 :
“ 0400 4
0.200 §
0000 & —omsr grreere o em e+ g e e o oo s e < ng et g

0.600 0.100 0200 0300 0400 0500 0600 0.700 0.800
§2

40°C

S TH

. o H

S2

7 ! ¥ i2 Hep |
e 400} !
5 T N OO NS . »
0000 0200 0400 0600 0800 1.000

Fig S -29 Selectivity diagrams for systera: BH/Hep/Oct-80%Dmi+20%W at

different temperatures with molecular weight of wliphatics as a parameter.

1

Q

85



k)

0%W 20 0C

¢ Hex
® Hep
A Oct

¢ Hex
B Hep

AOct |

+ Hex
= Hep
A Oct

0 0.1 02 03 04 05 06
' D2

Tig D-30,, Distribution ﬁiagrams for system:B- HIHép/Oct ~100%Dmso+0%W 3z
different temperatures with molecular weight of aliphatics as a parameter.

KE

Y

J



solvent consisting of 90% Dmso + 10% W is observed in this case for all the three.

temperatures.

Extraction capacity of solvent Dmso for the systems consisting of Heptane is
highest than that for the systems consisting of Hexahe and Octane which should have

been other wise under normal trend conditions.

Thus for example when Hexane is replaced by ‘Heptane at conditions of 20%
" Water and constant value of D2 = 04, the values of DI are 00025 and 0. 16 at
temperature 30°C and are 0. 003 and 0.18 at 40°C respectively.

However as expected, under otherwise identical conditions for all the system

consisting of aliphatic Octane,the values of extraction capacity are lowest.

(B) Effect of molecular weightof aliphatics on seléctivity values

for solvent Dmso -

(1) From Flg S—30 wherein selectivity diagrams- have been deplcted under ‘

dxﬁ'crent sets of conditions for solvent consisting of 100% Dmso + 0% water, the

following conclusions can be drawn:-

Selectivity values at temperatures 20°C and 30°C under different sets of
- conditions remain practically the same indicating that effect of increa_s’e in molecular
weight of aliphatics on the values of selectivity appear to be practicall& nill for all the

systems consisting of solvent 100% Dmso and 0% water.

At temperdture of the order of 40°C, the values of selectivity for ‘system

consisting of aliphatics Octane are highest. This trend is normal as expected.

(2)Selectivity diagrams are depicted in Fig. S-31 for different systems
consisting of solvent 90% Dmso + 10% W. The values of selectivity at temperature
30°C and 40°C follow a similar trend as already observed for previous systems
consisting of 100% Dmso and 0% W i.e. the values of selectivity remain Apractic'ally

unaitered.
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Extraction capacity of extracting Benzene for solvent Dmso also decreases as
~ aliphatic Hexane is re_placed by Heptane and further Heptane is replaced by Octane.

It is interesting to observe this nature for all the nine system variations under

consideration.

Thus for example, for fixed temperature of 20°C and for fixed value of D2 =0.3
the values of D1 for system involving Hexane, Heptane and Octance are 0.23, 0.17 and
0.02 respectively.

At temperatures 30°C and 40°C, similar observations can be made.

(i) System: B-H/Hept/Oct-90% Dmso-10% W at three values

- of temperature with molecular weight of aliphatics as a parameter:

Distribution diagrams under different sets of conditions plotted in Fig. D:31can

be analysed as under:

(1) At 20°C and 10% W normal trend i.e.”with an fncrease in molecular

| weight of aliphatic extraction capacity of solvent decreases” is observed.

(2) However at temperatures 30°C and 40°C extraction capacity of solvent
" Dmso for’ systems consisting of ahphatlc Hexane are hightest than that for systems

consisting of Hqtane/Octzme. This may be cc_ms:dered as abnormal trend.

*  (iii) System: B-H/Hep‘t/Oct—SO% Dmso-20% W at three values of -

temperaturé with molecular weight of aliphatic as a parameter:

Distribution diagrams for system B-H/Hept/Oct-80% Dmso+ 20% W at -

different temperature have been depicted in Fig.D-32. Critical analysis of various

distribution curves indicates that the same abnormal trend which was observed for
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Relative increase in the value of solubility of Benzene in extract phase and non
solute -Hexane/Hept/ Oct in extract phase remairgpractically the same. As a result, the
 values of selectivity at temperatures under consideration i.e. 20°C and 40°C follow a

single straight line.

However, at temperature 30°C ‘normal trend is observed i.e. as molecular weight -

of aliphatics increases under otherwise identical conditions,the values of selectivity do

increase. Thus for example, for a constant value of S2 = 0.5 for the system consisting of
aliphatic Hexane, Heptane'ahd Octane, the corresponding values of S1 are 0.94, 0.98
and 1.0 respectively. Thus, range of selectivity values is highest for the case under

. consideration.

(3) Selectivity diagrams for different systems consisting of solvent 80% Dmso
and 20% water under conditions of three temperature namely 20°C, 30°C and 40°C are
depicted in Fig. S-32. ‘

It is interesting to observe. that values vdf selectivity for a fixed value of
temperature for all three temperature§ under consideration follow a single straight line
under different sets of conditions. Thus the values of selectivity for solute Benzene do
not get alter when aliphatic are replaced in the following order i.e. Hexane is replaced

by Heptane and Heptane is replaced by Octane.

It is expected that the relative decrease in solubility of Benzene in extract phase
~ and that of non-solute Hexane/Heptane/Octane in extract phase; practicaliy remain the

same. As a result the values of selectivity are expected to remain :same.’
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5 4.0 DISTRIBUTION COEFFICIENTS FOR SOLVENTS~
DMF AND DMSO

5.4.1 Effect of dlfferent parameters on the values of dlstrlbutmn |

coefﬁclent for solvent Dmf/Dmso I

~ The distribution coefficient values of (m) obtained: fof the systems B/T/X -
H/Hep/OctJ00%/90%/80%Dmf/Dmso - 0%/10%/20%W at- different temperatures
reported in Tables-31 and 32 have been critically analysed and effect of different
parameters — anﬁ eolvent concentration, temperature, molecular weight. of aromatics

and aliphatics have been critically evaluated.

()Effect of anti solvent concentration of water:
Referring to Tables-31 and 32 wherein the values of ‘m’ have been reported

the following conclusions can be drawn :- .

(1)The values of di_stribution coefficient ‘decreases with an increase in
concentration of anti solvent water. Thus for example, in the case of first system:
Benzene-Hexane- DmeW; with an increase.in the concentration of anti solvent water.
from 0 % W to 20 % W at 30°C, the values of distribution coefficient (m) decrease
from 1.25 to 0.25 respectively. Hence addition of water appears to have sﬁbstantiel
effect on the values of (m). As peinted-out elsewhere with an increase in anti solvent
concentration of water, the v'solubility of Benzene in solvent (Dmf+W) decreases and .
hence the valiue of dxstnbutlon coefficient (m). consequently decreases under othervnse |
identical conditions. Smnlar trend is observed for other anti solvent concentranons
namely 0%W, 10%W and 20 % W for other two temperatures 20°C and 40 °C.

(2) The values of distribution coefficients decrease with an increase in anti -
solvent concentration of water, also, in the case of second system :Toluene-Hexane-
Dmf-W ;With an increase in the concentration of water from 0 % W to 10% up to 20
% W at 30 °C, the values of distribution coefficient (m) decrease from 1.1 10 0.557 and
up to 0.25 respectively. Hence addition of water appears to have substantial effect on

the values of (m). As pointed out elsewhere with an increase in anti- solvent



' Table-31
Values of Distribution coefficients for system
B/T/X-H/Hep/Oct-Dmf-W at different sets of conditions

Distribution coefficienis Values

Sr.No. System
20 °C 30°C 40°C
T BE-100%Dmir0%W 1250 1.270 1530
2 B-H-O0%DmEHO%W 0333 0.333 0.75
3 B-H-80%Dmft20%W  0.187 0.250 0.083
4  T-H-100%DmfH%W 1013 1.100 1.500
5 T-H-90%Dmf+10%W  0.165 0.557 0.560
6  T-H-80%Dmfr20%W  0.166 0.250 0.440
7 X-H-100%Dmf+0%W  1.050 1.200 -
§  X-H-90%Dmfrl0%W . 0.175 0.300 0.370
9 X-H-80%Dmft20%W  0.067 0.088 0133
10 B-Hep-100%Dmf+0%W  0.650 0.980 1.250
11 B-Hep-90%Dmfr10%W  0.504 0.610 0.709
12 B-Hep-S80%DmfI20%W - 0.290 0.310
13 B-Oct-100%Dmf+0%W  0.750 0.900 - 1.150
14 B-Oct-90%DmEH0%W  0.500 0.600 1,000
B-Oct-80%DmfF20%W  0.200 0.200 0375
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~ Table 32 , ‘
. Values of Distribution coefficients for system
B/T/X-H/Hep/Oct-Dmso-W at different sets of conditions.

[sr.No. ; System Distribution coefficients Values
- 20 °C 30°C 40°C
1 B-H-100%Dmsot0%W  0.750 0.800 0.815
2 B-H-90%Dmso+10%W ‘.0.356 0.350 0.400
3 BH80%Dmsot20%W  0.050 0.050 ©0.100
4 T-H-100%Dmso+0%W  0.500 . 0.600 0.833
5 T-H-90%Dmso+10%W  0.163 0.163 0;288
6  T-H-80%Dmso+20%W  0.025 0.025 .0.101
7 X-H-lOO%Dmso—FO%W 0.020 0.210 0.600
§  X-H-90%Dmsotl0%W. 001 0.025° 0300 |
9 X-H-80%Dmsot20%W  0.005 o.oos:_ | 0.100 1
10 - B-Hep-100%Dmso+-0%W | 0.550 0.575 0.650
11 B~H§p-90%Dmso+10%w 10300 0.400 0.525
12 B-Hep-SO%Dmso+20%w 0.175 0.250 o .0.400.
13 B-Oct-1'00%1')ms§+0%w 0.400 | £ 0.450 | 01500
14 B-Oct-90%Dmso+10%W 0250 0300 0.350
15 vli‘i-Oct-s'O%DmsoQO%W 0.045 0.110 0.150
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"concentration water, the solubility of Toluene in the solvent decreases and hence the

values of (m) cohsequenﬂy decreases under otherwise identical conditions. Similar _

trend is observed for other anti solvent concentrations namely 0%W 10%W and 20 %
W for the temperatures 20°C and 40 °C. Similar trend is observed for other anti solvent

.concentrations namely 0%W, 10%W and 20 % W for the temperatdres 20°Cand 40°C -

(3)The values of dlsmbutxon coefﬁcxent decrease with an mcrease in ann'

solvent concentratlon of water in the case of third system: Xylene-Hexane— Dmf- W

.With an increase in the concentration of water from 0 % W to 10% and up to 20 % W
at 30 °C, the values of distribution coefficient m decrease from 1.2 to’ 0.3and up to ‘

0.088 respectively. Hence addition of water appears to have substantial effect on the
values of (m). As pointed out elsewhere with an increase in anti solvent concentration

_ water, the solubility of Xylene in the solvent decreases and hence the values of (m)

consequently decreases under otherwise identical conditions. Sumlar trend is observed

.,for other anti solvent concentrations nameiy 0%W, 10%W and 20 % W for the

‘ temperatures 20°C and 40 °C

(4)The values of distribution coeﬁicient'decrease with an increase in anti

solvent concentration of water in the case of fourth system Benzene—Heptane- Dmf-W
,w1th an increase in the concentration of water from 0 % W to 10% and up to 20 % W

at 30 “° the values of distribution coefficient m decrease from 0.98 to 0.61 and up to

0.29 respectively. Hence addition of water appeats to have substantial effect on the’ |

values of (m). As pointed out elsewhere with an increase in anti solvent concentration
water, the solubility of Benzene in solvent in presence of aliphatic H‘epténe also
‘decreasés and hence the values of (m) consequentlyvd,ecreasesunder otherwise identical
conditions. Similar trénd is observed for other anti solvent concentrations nemely

| 0%W, 10%W anﬂ 20 % W for the temperatures . 20°C and 40 °C

(5)The values of distribution coefficient decreases with an increase in
concentration of anti solvent water Thus for exa:mple in the case of system :Benzene-
Octane- Dmf-W. With an increase in the concentration of water from 0 % W to 10%

_and up to 20 % W at 30 °C, the values of distribution coefficient m decrease from 0.9
| to 0.6 and up to 0.2 respectively. Hence addition of water appears to have substantial

effect on the values of (m). As pointed out elsewhere with an increase in anti solvent
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concentration water, the solubility of Benzene in the solvent in presence of aliphatic

Octane also decreases and hence the values of (m) consequently decreases under -

otherwise identical conditions. Similar trend is observed for other anti solvent -

concentrations namely 0%, 10% and 20% for the temperatures 20 °C and 40 °C.

(6)The values of distribution coefficient decrease: with an increase in
concentration of anti solvent - water, Thus for example  in the case of sixth system
:Benzene-Hexane- Dmso-W at 30 °C, with an increase-in the concentration of water

from 0 % to 10% and up to 20 % the values of distribution coefficient (m )decrease

from 0.800 to 0.350 and up to 0.050 respectively. Hence addition of water appears to

have substantial effect on the values of (m). As pointed out elsewhere with an increase

in anti solvent concentration water, the solubility of aromatics in the solvent decreases =

and hence the values of (fn) consequenﬂy decreases under 'jotherwise identical
~ conditions. Similar trend is observed for other anti solvent concentrations namely
- 0%W, 10%W and 20 %W for the temperatures 20°C and 40 °C

~(7) The values of distribution' coefficient decreases with an increase in anti
solvent concentration of Water also in the case of seventh system :Toluene-Hexane-
. Dmso-W .With an increase in the concentration of water from 0 % to 10% and up to 20
: % at 30 °C the values of distribution coefficient (m) decrease _ﬁom5076" t0°0.163 and up

to 0.025 respectiveiy. Hence addition of water appears to have substantial effect on the

values of (m). As pointed out elsewhere with an increase in anti solvent concentration

" of water, the solubility of Toluene in the solvent decreases and hence the values of (m) -

consequently decreases under otherwise identical conditions. -Similar trend is observed
for other anti solvent concentrations namely 0%W, 10%W and 20 %W for- the
temperatures . 20°C and 40 °C o

1 4

'(S)The values of distribution coefficient decreases with an increase in - anti -

solvent Aco’ncentration of anti solvent- water in the case of eighth system :Xylene-
Hexane- Dmso-W .With an increase in the concentration of water from 0 % to 10% and
up to 20 % at 30 °C the value; of distribution coefficient (m) decrease from 0.21to 0.025
and up to 0.008 respectively.
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Hence addition of water appears to have substantial effect on the values of (m).
As pointed out elsewhere with an increase in anti solvent concentration water, the
~ solubility of Xylene, in the solvent decreases and hence the values of (m) consequently
decreases under otherwise identical conditions. Similar trend is'observed’for other anti
solvent concentrations namely 0%W, 10%W and 20 %W for the temperatures 20°C
and 40 °C ' |

(9)The values of distribution coefficient decreases with an increase in  anti

solvent concentration of water in the case of ninth system :Benzene-Heptane- Dmso-

~ W. With an increase in the concentratxon of water from 0 % to. 10% and up to 20%at

30 ° the values of dlstnbutxon coefficient m decrease from 0.575 to 0.400 and up to
0.250 respectively. Hence' addition of water appears to have substantial-effect on the
values of (m). As pointed out elsewher;e with an increase in anti solvent concentration
water, the solubility of Benzene in the solvent in the presence of aliphatic Heptane also
decreases and hence the vélues of (m) consequently decreases uxlxder’ otherwise identical
conditions. Similar trend s observed for other anti solvent concentrations namely

- 0%W, 10%W and 20 %W for the temperatures 20°C and 40 °C

-

solvent concentration of anti solvent | water in the case of tenth system :Benzene-

Octane- Dmso-W With an'increase in the concentration of water from 0 % to. 10% and.

up to 20 % at 30 *C the values of distriBution coefficient (m )decrease from 0.45 t0 0.3

and up to 0.11 respectwely Hence addition of water appears to have substantlal effect

-on the values of (m). As pomted out elsewhere with an increase. m anti. solvent
concentration water, the solubility of Benzene in the solvent in presence of aliphatic

Octane also decreases ‘and hence the ' values of (m) consequently decreases under

otheryise identical condltlons.l Si,rmler trend is observed for, other ‘antl solvent -
concentrations namely 0%W, 10%W and 20 %W for the temperatures.20°C and 40 °C

(DEffect of Temperature :

Referring to data reported in Tables ~ 31 and 32 where in values of dietribution

coefficient have been reported the following conclusions can be drawn.

(10) The values of distribution coefficient decreases with an increase in anti
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' and up
(1)  With an increase in temperature from 20 °C to 30°Chto 40 °C tf‘p

of distribution coefficient increase.

3 * 3 . ‘ M
In general, this conclusion can be drawn for all the systems involving Benzene /

Tofuene/Xylene — Hexane / Heptane/ Octane — Dmf + w under different sets of

conditions.

(2) However, effect of temperature in the temperature range 20 °C to 30 °C

appears to be relatively less than the temperature range 30 °C to 40 °C.

- Thus for example, for system Benzene-Hexane- 100 %Dmf + 0 % W, when
temperature is increased form 20 °C to 30 °C the value of distribution coefficient
increases very marginally from 1.25 to 1.27. However for the same system. when
temperature is inereased from 30 °C to 40 °C, the volume of distribution coefficient
increases from 1.27 to 1.53. Similar observation can be made for system T-H-100 %
Dmf + 0% W where in wﬁen temperature is increased from 20 °C to 30 °C and up to

40 °C , the values of distribution coefficient increase from 1.01 to 1.1 and up to 1.5

respectively.

(3) For system Xylene — H — 80 % Dmf + 20 % W, effect of temperature
appears to be stringent where in when temperature is increased from 20 °C to 40 °C,
the value of distribution coefficient increases from 0.067 to .133. Thus as could be seen
effect of temperature- just for 10 °C rise in temperature, distribution coefficient value
gets doubled which can be considered as exception. The other exceptions being for
system. T-H-90 % Dmf + 10 % W and alsoT-H-80%Dmf+20 %W::tﬁ;“\‘/alues
distribution coefficient increase by a factor of 3 . The values of m increase from 0.16 to

0.44 - 0.56.

(4) Excluding above observation for all the other systems under consideration
having different sets of conditions effect of temperature on the value of distribution
coefficient appears to be marginal in temperature range 20 °C to 30 °C and relatively

more in the temperature range 30 °C to 40 °C.
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(5) Effects of anti solvent concentration on the values of m has been already

discussed in detail which appears to be more stringent in companion to temperature

effect.

Hence the value of distribution coefficient appear to be a strong function of anti
solvent concentration and a weak function’ of temperature this conclusions are likely to
be very helpful whnle developmg generalized correlation for the values of Hands

, ‘constant k.

(6) For diffcreht systems involving solvent Dmso, effect of temperature on the.

values of " distribution coefficients follow similar trend which was observed in the case
of different systems involving solvent Dmf . Effect of , temperature in the temperature
‘range 20 °Cto 30 °C is margmai and effects of temperature in the temperature range 30

- °Cto 40 °C appear to be relatlvely more.

(7) Thus for example for system, T-H-100 % Dmso + 0 % W,ﬁ with an increase
" in temperature from 20 °C to 30 °C 4émd up to 40 °C the values of distribution
coefficients increase from 0.5 to 0.6 and up to 0.833. Similar observation can be made
for the system B-H-100% Dmso + 0 % W ,where in when temperature is increased

. ?ﬁom_ 20 °C to 30 °C and up:to 40 °C values of distribution coefficients increase from. -

0.55 to 0.575 and up to 0.65 respectively.

(8) For different systems containing 80%Dmso+20 % W as anti solvent, effect '

of temperature when temperature is increased from 20 °C to 40 °C appears to be'

substantlally higher. The values of distribution coefﬁcxent increase by a factor of 3 to 4.
Thus for example, for system B-H-80 % Dmso + 20 % W when temperature is
 increased ffoni 20°Cto 40 °C ;the value ~of m increase from 0.05 to 0.1. For systems T-
H—SO % Dmso + 20 % W, the value of m increase by a factor of 4 from 0.025 t0.0.1

.when temperature is mcreased form 20 °C to 40 " °C. This observation can be

considered as exception.

(9) Excluding above exceptions, the normal trend for effect of temperature on

the values of m appear to be as under.
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‘When ter'nperatureis increased from 20 °C to 30 °C effect of temperatu;‘e is

marginal and when temperature is increased from 30 °C to 40 °C its.effect on the

values of m appear to be relatively more..
(10) For different systems involving second solvent which has been used in this
investigation i.e. Dmso also follow same trends like first solvent Dmf and this trend is

as under,

Eﬁ‘ect of anti solvent concentration on the values of m appears to be very

strmgent in comparison to effect of temperature on the value of m. -

(1) Effect of molecular weight of aromatics:

Referring to the same Tables -31 to 32 where in values of . m ( have been

reported for solvents Dmf and Dmso respectively the following conclusions can be -

drawn.

(1) When ina particular system Benzene is replaced by Tolu‘ene anq Toluene IS

replaced by Xylene under otherwise identical conditions, the values‘of diStribution_

coefficient (m) decrease with an mcrease in molecular weight of aromatlcs Thus for

example for solvent Dmf at 20 °C and anti solvent concentration bemg 20 %, the

values of ‘m’ for systems consisting of Benzene, Toluene and Xylene are 0.187, 0. 166 _

and 0.067respectively.The corresponding values of ‘m’ for systems cons:stmg of

Benzene, Toluene and Xylene for the case of solvent — Dmso are 0.05,,0.025 and 0.005 ~

respectively.

(

In general snmlar trend is observed for othcr systems mvolvmg solvents Dmf

and Dmso.
2) Some exception to the above normal trend are listed below:-

* (i) For system, consisting of solvent Dmf at temperature 30 °C and anti solvent

concentration of 10 % W, the value of m for systems consisting of Benzene, Toluene
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‘and Xylene are 0.33, 0.55 and 03 respectwely Thus the value of ‘m for system

consisting of Toluene is hxghest

(ii) Further at temperature of 40 C and anti solvent contraction of the order of -

20 % W the value of ‘m’ for different systems consisting of Benzene, Toluene and
Xylene for solvent Dmf are 0.083, 0.44 and 0.133 respectively. Thus the value of ‘m’
. !

for system consisting of Toluene appears to be highest.

iii) For solvent Dmso at temperature 40 °C ‘and anti solvent concentratlon of S
P

20 % W ,the values of ‘m’ for systems consisting of Benzene, Toluene and Xylene - “

-appear to remain practically a qonstant value being 0.1 for all the three cases. -

~ (iv) For system consisting of solvent Dmso for anti solvent concentration of 10

%W and 40 °C values of ‘m’ for systems .involving Toluene and Xylene also remain . '

constant in the range of 0.29 to 0.3 as if no effect of molecular weight.

(v) Thus the values of dlstnbutlon coefficient for systems involving aromatics

Toluene appear to be higher than for the system involving aromatics- Benzene and - o

Xylene.
awv Effect of molecular weight of Aliph'aﬁcs:

Refering to-same Tables -31 and 32 where in value of m have been re;;orted for

solvent Dmf and dmso respectively. One can observe following important conclusions.

(1) When in a particular system Hexane is replaced by Heptane and Hentane is - -

replaced by Octane, under otherwise identical conditions the values of distribution

coefficients decrease with an increase -in molecular weight of aliphatics. Thus for . .

example for solvent Dmf at temperaturé 30 °C and anti solvent 6on¢éntration of 0 %
W, the value of ‘m’ for systemé consisting of Hexane , Heptane and Octane aré 1.2,.98
and 0.9 respectively. Further in the case of solvent Dmso also at temperature 30 °C and
anti solvent concentration of 0 % W, the value of for system consnstmg of Hexane R
Heptane and Octane are 0. 80, 0.575 and 0 A5 respectively. Thus in general snmllar

~ trend is observed for other systems involving sclvents Dmf and Dmso.
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(2) For the case ur_ldér consideration wherein effect of molecular Weight of

aliphatic is being considered, there are also some exceptions. Some of these exceptions

are listed below:-

(1) For system consisting of solvent Dmf at tem_pén"ature 20 °C and anti solvent
concentration .10 % W, the values of “m’ for different sjrstems consisting of Hexane ,
Heptanes and Octane for solvent Dmf are 0.333, 0.504 and 0.500 respectively. |

(ii) Further at temperature 30 °C and anti Solvent‘concentration of 10 % W, the
values of ‘m’ for different systems consisting of Hexane , Heptanes and Octane for

solvent Dmf 0.33, 0.61 and 0.60 respectively.

* (iii) For system consisting of solvent Dmso at temperature 40 °C and anti
solvent concentration of 10 % W, the values of ‘m’ for systems consisting of Hexane ,

Heptane and Octane are 0.400, 0.525 and 0.35 respectively.

(iv) Further at temperature 20 °C and anti solvent concentration of 20 % W and '

solvent being Dmso ,the value of ‘m’ for different systems consisting of Hexane ,

Heptanes and Octane are 0.05,0.175 and 0.045 respectively.

(v) Thus the values of distribution coefficient for systems involving aliphatic
Heptane under different sets.of conditions appear to be higher than for the systems

involving aliphatics — Hexane and Octane.
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5.5.0 CORRELATING QUATERNARY LIQUID-LIQUID
- PHASE EQUILIBRIUM DATA

_ An attempt has been made in this investigation to correlate quaternary liquid-
hqmd phase equilibrium data i in terms of equivalent ternary equilibrium data by means
of modified Hand’s plots. (136) ’

8501 quuld-llquld Equlhbrlum data -and four Tle line data

correlatlons.

For testmg consistency of liquid-liquid equilibrium data, the followmg different

. correlations are available in the literature.

[6)) Bachman correlation™
() Hand’s coirelation'*?
~ (iii)) Campbell correlation?

: (i\}) Othmer and Tobias correlation ' ,

Bachman correlations is a plot of ~a; Vs allbi -

1.

2. Hand’s correlation is a plot of H; Vs. Hy
3. Campbell correlationisaplotof = C;Vs.Cp

4. Othmer correlation is a plot of - O1Vs. 02

Where notations are as under:-

aI=X(bE+ WE,) - by=solute fraction
O r=1-a;/a;, 02=1-by/by
Hy=logXag/(Xse + Xwe),  Hr=logXar/Xar
A=Aromatics, S=Solvent,

. W=Water, " A’=Co-solvent
Cr=XgE, Co=Xpr
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" The liquid-liquid equxhbnum data obtained in this investigation can be correlated

V by this correlation and its consxsteney can be checked.
5.5.2 Checking consistency of Tie line data:

~ Initially, consistency of the data has been tested for two systems nanie'ly: ,

B-Hex-Dmf-W and B-Hex-Dmso-W at 30°C by using all above correlations The

parameters required for obtahﬁng these plots a:e reported in Tables- I and - II and are

plotted in Figures I and II.-

Following Generalised observations can be made from these figures under

consideration.:-

{1) All correlation results in a straight line plot wzth water concentratxon as a

parameter involving three stralght lines for each correlation.

@ Dev1at10n from stralght line plots for different straight lmes appear to be least -

in case of Hand’s correlatlon

‘The value of slopes and mtercepts for Campbell conelatlon, Othmer Toblas

correlatlon and Bachman Correlatxon do not follow a fixed trend. For example hnes in .~

case -of Campbell correlation cross each other.. Further various line in Bachman: ’

correlation also crossed each other In case of Othmer and Tobias correiatmn dlfferent

lines for systems involving solvent Dmf are with a steep slope and that mvolvmg for the ﬁ

system for the solvent Dmso is havmg values of slope very less As a result some hnes are

practically parallel to X-axis. .

(3) It is interesting to observe that with anti solvent concentration of water as a

parameter, three parallel lines with distinct intercepts are obtained only for Hand’s plots
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in case of both systems under cons1deratxon For remammg con‘elatmns such Generalised

observations are not feasible.

(4).Hence, it is expected that under different sets of operating conditions for the

system B-H-Dmf-W and B-H-Dmso-W, a set of different parallel lines are likely to be

obtained with distinct intercepts and single value of slopé at a fixed temperature . Hence,
for obtaining Generalised correlation to correlate liquid-liquid equilibrium data, Hand’s
plot- wherein quaier’naxy systems have been converted to equivalent ternaries- appeairs‘to

be more presentative and sound than remaining plots obtained for other correlations. -

(5).Therefore consistency of liquid-liquid equilibrium "data obtained mthls :
investigation has been tested only by by modified Hand’s correlation for remaining 28 ‘

systems under consideration under different sets of conditions.

5.5.3 I-Iand’s correlatlon modlfied for quaternary llquld-llquld;

phase equilibrium data:-

Hence processing of liquid-liquid equlhbnum data for the followmg ﬁve systems'

vaolvmg solvent Dmf and additional five systems involving solvent Dmso at three

temperature 20°, 30° and 40° C along with variation in water concentratxon 0%, 10% and

20%asa parameter for both solvents has been performed.

" For solvent Dmf o For solvent Dmso
) B-H-Dmf:W . (v))  B-HDmso-W
G  T-HDmEW (vi)  T-H-Dmso-W
Gi)  X-H-DmfW (vii)  X-H-Dmso-W
Gv)  B-Hep-Dmf-W | (%)  B-Hep-Dmso-W
) B-Oct-Dmf-W ' x) B-Oct-Dmso-W

4

A

2



5.5.4 Basis‘fdr Mathematical Modeling:

Though the systems under consideration are quaternary in nature, xf one considers
solvent as a dual solvent consisting of solvent + anti solvent, then all the systems under
consideration can be reduced to ternary systems. Data can be represented in terms Xpgg,
Xue, and Xgg for Extract phase and XBr, XHr & Xsr for rafﬁnate phase for a fixed

concentration of anti solvent.

It has been observed that the values of equilibrium compositions in Extract phase
-and raffinate phase could be correlated in the form of an equation of type given by: -

[(Xag) / Xsg + Xwe)] = (k) [ Xar / Xar] "
Wheré,

Xag = wt. frac. of aromatic in extract.
~ Xsg = wt. frac. of solvent in extract phase.
Xwe = wt.frac. of water in extract phase.
Xar = wt. frac. of aromatic in raffinate.
Xar=wt. frac. of aliphatic in raffinate.

This equation can be considered as modified Hand’s plots wherein quaternary
, liquid-liquid phase equilibrium data has been converted tp equivalent ternary liquid-liquid

phase equilibrium data.

Thus if one plots a graph of log[ Xar / Xar] Vs.Log [ Xae/ ( Xsg + Xwr)lis -

expected to result in a straight line having intercept as log k and slope as n.
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5.5.5 Correlating equilibrium properties in terms of straight line
plots: - - : |
., All the values of liqtlid-liqpidphase equilibrium data obtained in the present

investigation has been plotted in terms of straight line plots in Flgures (H Dto (H—l()) as
per following details: -

Figure (H—l) Straight hne plots for systems — B-H-Dmf- Water with temperature

~ and anti solvent concentration as parameters. .

Figure (H-2): Straight line plots for systems - T-H-Dmf-Water with temperature

and anti solvent concentration as parameters.

Figure (H-3): Straight line plots for systems — X-H-Dmf-Water w1th temperature

and . anti solvent concentration as parameters.

Figure (H-4): Stralght line. plots for systems - B-Hep—Dmf-Water w1th

temperature and anti solvent concentratlon as parameters

F igure (H-5): Straight lme plots for systems B- Oct-Dmf—Water w1th temperature

and anti solvent concentratlon as parameters.

Figure (H-6): Straight line plots for systems -— B-H-Dmso-Water with

temperature and anti solvent concentration as parameters.

Flgure (H-7): Straight hne plots for systems — T-H-Dmso-Water w1th

temperature and anti solvent concentration as parameters.

Figure (H-8): Straight line plots for systems — X-H-Dmso-Water with -

temperature and anti solvent concentration as parameters.
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. 4 Tables .33 ' :
~ Parameters H1 and H2 for Hand's plots

for system :B-H-Dmf-W -
Temp. 0%W 10%W - o 220%W
R "H1 . H2 . H1 H2 H1 - H2
20 °C -1.204 -1.568  -0.319 0.382  -1551 -0.594
-0.863 - -1.171 -1.060 ©  -0.474 -1.130 -0.093
-0.746 ~ -0.929 -0.432 0245 -0.878 0.187
-0.054 .- -0.804 -0.127 0578 ~ -0.380 0.783
<0.351 - -0.632 - -0.513 - 0.075 - -0.587 0437 .
30°C -1.184 .~ -1.665 -0.835 -0.415 -1.508 - -0.663
9450  --1.281 -0.650 -0.200 -1.075 © - -0.173 -
-0.812 -1.052 -0.548  -0.019 -1.017 -0.095
-1.260 -1.640 -0.300 -0.200 -0.585 0.396
©-1.532 1931 -0.100 - 0435 -0.763 0.127
-1.088 - -1.161 - - - , -
40 °C -0.728 -1.229 -0.692 -0.573 -0.950 -0.326.
' -0.493 -0.779 --0413 ~  -0.118 -1.337 0.035
0454 -0732 -0157 - 0298  -1.187 0310
-0.625 0966  0.160. - 0.720 ~-1.650 - -0.560
0783 -1.041 ~ 0.019 0486
- . .Tables .34 : ,
Parameters H1 and H2 for Hand’s plots
for system :T-H-Dmf-W
Temp. 0%WwW . 1 10%W o 20%W
A H1I H2. -~ = H1 - H2 . - H1 H2
20°C 0908 - -0.970 -1.051 - -0.024°  ~ -1.630 -0.404
-0.605 -0.641 - -1.073 - 0.120 ~-1.375 -0.060 .
-0.331 -0.530  -0.944 0.257 -1.026 0.307 -
-0.485 -0.605 - -1.170 -0.100 - -0.949 0.645 -
-0.730 -0.785 -0.829 - 0.300 - -L171 0.508
30 °C: -1.356 -1.643 ¢ -1.050 -0.614 ~ -1.086 -0.050
' -0.954 -1.230 -0.812 = -0.385 -0.946 0.022 .
-0.724 -0.892 -0.725 -0.162 -0.903 - - 0235
-0.623 -0.748 -0450 - . 0.155 -0.749 0.507
-0.445 -0.533 - -0.200 0.464 -0.818 0.359
40 °C -0.706 -0.924 -0.770 0.153 = -1.500 -0.491
- -0.806 © -1.038 -0.321 0.461 -1.052 -0.040-
-1.090 -1.306 0.035 0.820 -0.468 10.507
-0.973 --1.120 - -0.882 -0.216 -1.269 -0.195
-0.771 0979  -0.517 “0.317 -0.709 0.248 -




Parameters H1 and H2 for Hand's plots

Tables 35

for System : X-H-Dmf-W

Temp. 0%W 10%W 20%W
Hi1 H2 H1 H2 Hi1 W2
20°C 1462 -1.685 -1.883 -1.022 -1:796 023
-0.899 -0.994 -1218 -0.209 -1.252 © 0401
-0.66 -0.691 :0.82 0328 -1471 0082 .
-1.099 -1228 - -1439- 0511 . -1364 . 0235
-0.763 0.888 - 098 0058 = -1611 -0.073
30°C  -0.878 -1.277 -1.249 -0.542 -1.903 - -0.516"
0728 - -0.927  -1.003 -0.23 -1.508 . -0.178"
0557  -0.698 -0.678 0.176 -1.297 0.112 -
0.657 -0.834 0.6 0272 -1211 0282
-0.616 -0.745 -0.824 -0.18 0.81 - 0.649
40°C -1.23 -1.48 0631 0297 1354 0342
-1.08 . -131 -1.237 -0.501 -1.166 . ~-0.108 .,
096  -1.17 -0.827 0.117 '-1.04. 0247
-0.81 ~1.0 -0.77 0079 -1.09 0075 |
-0.650 -0.8 -0.67 0.123 -125  -0.0137 |
Tables . 36 o :
Parameters H1 and H2 for Hand's plots v
for system B-Hept-Dmf-W ‘ T
Temp. 0%wW 10%W T 20%W
H = H1 H H . H
20°C -1.612 -1.613 -0.764 -0.283 0650 .0, 350,
1423  .-1.378 -0.942 -0.594 -0.950 - "0.100
-1.170. -0.994 -0.427 0.126 -1.050 - -0.090
-1.120 -1.160 0.629 -0.031 -1.220 Jz}-0;190’,
-1.233 -1.079 0528  0.055 -1.340 ¢ 10370
30°C -0.754 -0.831 -0.730 0469  -0741 - 0.102
: -1.137 -1.255 -0.533 -0.108 -1213 . -0.489
-0.878 -0.971 0.252 0.051 -0.863 - -0.106
-1.557 -1.959 -0.625 -0.278 0638 0328
-1.301 -1.498 0383 0.033 -0.328 0.477
40°C 1425 -1.653 -0.875 -0.643. -1.071 . -0.176
-1.176 -1.457 -0.453 -0.173 0513, 0307
-0.920 -1.297 0.147 0.159 -0.278 10.660
-0.858 -1.212 -0.636 -0.377 0730  0.063
-0.645 -1.084  -0.290 -0.002 0393 . 0465
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Tables .37

Parameters H1 and H2 for Hand's plots

for system B-Oct-Dmf-W
" Temp. T 0%W — 10%W 20%W
| H = H2 H1 H2 H1 . H2
20 °C -1.357 -1.371 -0.820 -0.382 -1.009 -0.087 -
-0.931 -0.937 -1.070 -0.582 -1.666 _-0.747
-0.827 0640 . -1.227 -0.682 -1.412 0471,
-0.581 0489  -0.904 0494 = -0.784 0.261"
-0.510 -0.364 -0.693 -0.285 0.544 0.494 -
-0.404  -0.264 - - - - -
. 30°C 0771 -0.847 -1.062 -0.690 -1.111 0271,
0.623 . -0.749 -0.796 -0.449 -0.885 ~ 0.046
-0.545 - -0.555 0622 -0.269 -0.584 0.427
0470  -0.445 -0.372 0.009 -0.985 -0.108 | -
0399  --0.329 -0.274 0.137 -0.717 0230 |
40 °C 0918 ~ -1.013  -0.880  0.888 -1.230 0.860 |
-0.851 -1.025  -0.650 -0.579 -1.130 0576 |
-0.582 -0.746 -0.308 -0.314 -0.738 -0.309
-0.581 -0.695 -0.086  0.092  0.666 -0.217
-0.360 -0.458 -0.074 0.097 -0.939 -0.430

417




Table.38

Parameters H1 and H2 for Hand's plots

o forsystem B-H-Dmso-W
Temp. 0%wW 10%W . 20%W .
: Hi H2 H1 - H1 H2
20°C -0.625 -0.459 0.6 1.3 -1.698 -0.026
0510 -0.298 -0.821 255 2 . -048
+0.450 -0.130 -0.86  -0.0048  -1.283  -0.564
-0.394 -0.062 -0.55 0.764 -1.161 0.949
-0.315 40.042 -0.245 -0.28 - -
-0.490 -0.235 - - . -
30°C -0.64 -0.75- -1.283 -0.696 -2.395 -0.801
-0.05 045 . -1.017  -0.351 2,096  -0.454
042 - . 02 -0.886 -0,076 -1.769 - -0.058
-0.29 0.02 0.749 0.114 -1.657 10.321
-0.05 -0.64 -0.669 0.333 -1.915 -0.239
_ - -0.950 -0.240 - -
40°C- -0.53 -0.58 -0.922 -0.820 -1.87 - 0.770
' -0.45 -0.28 0.670  -0.270 -1.638 -0.252
-0.3 -0.17 -0.742 -0.129 -1.52 -0.011-
-0.13 033 0.820 - -0.748 2.184 -1.104
- -0.62 0.8 -0.490 -0.149 -1.736 -0.465
Table. 39 )
Parameters H1 and H2 for Hand's plots
. for System : T-H-Dmso-W. :
[ Temp. 0%W . — 10%W "~ 20%W
H1 H2 “H1 H2 H1, H2
- 20°C -0.801 -0.417 -1.088 0.271 -2.000 -0.382
-0.447 0.170 - -0.976 10.383 -1.698 0.287
-0.360 0.333 -0.864 0.670 -1.650 0.379
-0.631 -0.099 -1.278 . 0.044 -1.450 0.762
-0.677 -0.248 -1.420 -0.195 -1.837 -0.039
-0.526 0.025 _ - _ _
30°C -0.682 0397+ -1.340 -0.508 < -2.092 -0.514
-0.906 -0.849 -1275 -0.267 -1.823 -0.089 -
-0.490 -0.018 -1.136 -0.107 -1.698 0.314
-0.850 -0.700 -0.700 0.745 -1.400 0.748
-0.749 -0.489 -0.818 0.474 -1.952 -0.284
-0.630  -0.300 _ _ -1.734 0.119
40 °C -0.510 -0.405 -0.963 -0.101 -1.571 -0.498
-0.440 2.262 -0.780 0.238 -1.346 1-0.054
-0.318 -0.046 -0.563 0.799 -1.179 0.280
-0.240 0.070 -0.853 0.074 0940 . 0714 |
-0.422 -0.338 -0.662 0.584 -1.423° . -0264 |
-0.370 -0.150 ' : :
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Parameteré H1 and H2 for Hand's plots

Table.40

for system X-H-Dmso-W
Temp. 0%WwW 10%W 20%W
. H1 H2 H1 H2 H1 H2
20°C -1.760 -0.124 -2.740 -0.089 -3.067 . 0.005
-1.681 0.100 -2.693 0.206 2.880 0.293
-1.371 0437 -2.650 0.246 +2.694 0.626
-1.600 0.190 -2.517 0.471 -2.518 - 1.040
~1.500 0.390 - -2.392 0.739 -2.900 -0.271
-1.565 0.293 - - - -
30°C -1.019 -0.193 -2.088 1 0.014 -2.819 -0.301
-0.900 0.222 -1.991 0.029 -2.596 0.188
-0.861 0313 -1.813 0.424 -2.450 -0.53
-1.130 -0.300 -1.704 0.64 -2.690 -0.052
-0.979 -0.018 -2.179 -0.286 -2.510 0.348
40°C -0.915 -0.600 -1.756 -1.255 -1.836 -1.108
-0.835 -0.501 -1.586 -1.003 ~1.732 -0.903
-0.770 -0.350 -1.377 -0,623 -1.625 -0.648
-0.693 -0.234 -1.663 -1.113 -1.784 -0.996
-0.617 -0.045 -1.470 -0.838 . -1.677 -762.000
-0.640 -0.120 - - - -
~ Table. 41
_ Parameters H1 and H2 for Hand's plots
for system B-Hept-Dmso-W _
Temp. 0%W . 10%W 20%W :
“H1 H2- H1 H2 H1 H2
20°C -0.850 -0.512 -1.380 -0.716 -1.646 -1.110 .
o -0.700 -0.352 -1.180 -0.421 -1.379 -0.540
-0.770 - -0.440 -1.050 -0.195.. -1.259: -0.361
- -0.807 -0.097 -0.920 -0.019 -1.157 -0.170
-0.478 -0.024 -0.800° -0.219 -1.090 ~0.050
- _— -0.700 -0.373 -1.205 -0.217
30°C -0.778 0391 -1.100 0.651 -1.580°  -1.146
- - 0670 -0.320 -0.906 .  -0.298 -1.300 -0.654
-0.616 -0.209 - -0.716 -0.104 -1.121 -0.396 -
-0.544 -0.090 -0.598 -0.218 -0.905 -0.054
-0.380 0.110 -0.450 0.366 -0.727 0.270
-0.307 0.195 - - - -
40°C ~751.000 -0.548 -1.220 -1.070 -1.150 0.824
-0.629 -0.329 -0.998 -0.685 -1.271 -1.046
-0.450 -0.056 - -0.638 -0.143 -1.050 -0.613
-0.301 - 0.210 -0.350 0.339 -0.745 -0.173
-0.390 0.060 -0.483 0.090 -0.567 0.150
-0.680 -0.420 - - -0.650 -0.011
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. Table.42
Parameters H1 and H2 for Hand's plots
for system B-Oct-Dmso-W

Temp.

0%W - 10%W 20%W
HI - H2 H1 H2 H1T . H2

20°C

-1.991  -0.626 -1.278 - -0.004 -1.362  0.508
-1.535 0379 -1.031  0.163  -1.950  0.126
-1.187 -0.135 -0.688 . 0316 -1.538 0395

.1.080 -0.107 -0280 0595 -1.233  0.640

30°C

40°C .

-1.800 -0.520 -1.139 0.124  -1.704  0.255
-1.400  -0.290 - - - -

-1.501 0339 -1.689 -0415 -1.880 -0.117 |

-0.214  -0.885  0.040 -1.509  0.091
-1.307 -0.328 -0.367 0308 -1.320  0.254
-0920 -0072 -0.175 0430 -1.031  0.400
-0.700 0.061 -0.576 0.172  -1.657 -0.013
-1.720  -0.507 - - - -

-1.240  0.000 -1.760 -0.646 -1.670 -0.134
-0.641 -0.098 -0.610 0.126 -1400  0.075
-0.194 0270 -1.200 0228 -0.950 . 0.396
-1.498  -0.608 -1.341 -0414 -1.120 0270
-1.077 0325 -0.816  -0.048 - -
-0.810  -0.246 - - - -
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Figure (H~9) Straxght line plots for systems~—B—Hep-Dmso-Water thh

temperature and anti solvent concentration as parameters.

Fxgure (H-10): Straight line plots for systems-B- Oct-Dmso-Water with

temperature and anti solvent concentration as parameters. -

‘Data processing Tables -33 to42 containing values of H1 and H2 under different

sets of conditions_haye been utilized while constructing all the above straight lines
plots. ' ‘

Tt is interesting to note that all the expenmental data obtained in the present’
mvestxgatton could be corrclated satisfactorily in terms of straight hnes plots. The

values of ‘n’ from slope of straxght line and the values of ‘k’ from the corresponding
intercept obtained for these lines under different sets of conditions have been tabulated

in Tables 43 and 44 for two solvents under consideration namely ~Dmf and Dmso.

All the values of ‘k’ and ‘n’ obtained under different sets of conditions fot the
two solvents under considerations namely — Dmf and Dmso. can be utilized

'conveniéntly wlxile developing' a generalized correlation for correlating ‘k’ data in

-terms of variables—,(i)Tetnperature of phase equillbrium data , (ii) Anti 'solvent o

concentration of water in solvent , (iii) Molecular. weight. of aromatics and (iv)

Molecular wexght of aliphatics.
5 6.0. VALUES OF ‘k’ AND ‘»’ BASED ON HAND’S PLOTS

The values of ‘K’ nnd ‘n’ for the systems:'-' Bénzene‘—Hexane-Dmf +W and -

" Benzene-Hexane-Dmso +W at different anti solvent (water) concentrations at 20°C,

30°C, and 40°C are reported in Table—43 and Table—44 respectively

5.6.1 Discussion for values of ‘k’ and ‘n’ for systems consisting

of B/T/X-H/Hep/Oct-Dmf-W:-

()Effect of texnperature and anti solvent concentration on the values of ‘n’

" As could be seen from Table—45, effect of temperémre on the values of ‘n’
appears to- be practically negligible. Also effect of anti solvent concentration on the
value of ‘n’ appears to be practically negligible . Values of ‘n’ appear to be nracﬁcally
the same in the range of 0.82 to 0.89 for the case of solvent Dmf +W under different

sets of conditions.
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Table-45

Values of 'n,' 'k’ for different systems
under different sets of condition using solvent Dmf

n n n
- System % W 20C 30C . 40C
0 0.8450 0.8800 0.8300
B-H-Dmf+w 10 0.8580 - 0.8230
20. 0.8490 0.8910 Co.
, 0 0.8400 0.8060 . 0.8460
T-H-Dmf+w 10 - 0.8310 0.7960 0.8290
20 0.8370 0.8000 '0.8420
0 0.8190 ~0.8010 0.8400
X-H-Dmf+w . 10 0.8290 0.8280 0.8473
C ' 20 0.8160 0.8330 0.8430
, 0 0.8420 0.8250 0.8440
B - Hept - Dmf + w 10 0.8310 0.8200 0.8500
20 0.8470 0.8030 0.8470 |
, ‘ © 0 0.8600 0.8630- 0.8720
B - Oct-Dmf+w 10 0.8530 1 0.8660 0.8710
' 20 0.8650 0.8530 0.8660
Yow k k -k :
, 0 1:3480 15130 1.5840 |
‘B-H-Dmf+w 10 0.2340 0.3160 0.4160
20 0.0890 0.1140 -
0 0.8310 1.0230 11,1220
T-H-Dmf+w 10 0.0830 " 0.2690 0:3090 {
: 20 0.0450 0.0830 0.0950
0 0.8120 0.9770 - 0.9440
X-H-Dmf+w 10 0.0810 0.1510 0.1620
20 0.0250 0.0390 0.0850
: _ 0 0.7760 0.9330 1.4450
B - Hept - Dmf +w 10 0.2750 0.4460 0.4250
20 0.1000 0.1410 0.1540
_ 0 0.6450 0.8910 1.4800
B-Oct-Dmf+w 10 0.2710 0.4160 0.8120
' 0.0970 0.1120 0.3310

20
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(ii) Effect of temperature and anti solvent concentration on the value of ‘k’
_ For System B-H-Dmf-W

As could be seen from Table—46 with an increase in temperature from 20 °C to
30 °C value of ‘k’ increases. With further increase in temperature from 30 °C to 40 °C
the value of k’ increases, however marginally. This generalized conclusion is observed -
_ practically for all the valuee of ‘k’ reported in Table 46 wherein the values of ‘k’ for
system B-H-Dmf-W lie in the range of .09 to 1.58. With an increase in temperature
from 20°C to 30 °C, the value of ‘k’ increases from 1.35 to 1.513 for 0%water, from
0.23 t0 0.32 for 10 % water and from 0.09 to 0.11 for 20 % water. '

Further as could be seen from Table-47 at constant temperature 20 °C w1th an

increase in anti solvent concentratmn from 0%W to 20%W, the values of ‘k’ decrease
substantially from 1.35 to 0.09. ‘

Similar Conclusions can be drawn for other temperatures 30 °C and 40 °C and
effect of increase in antisolvent concentration appears to be more stringent than the '
. effect of increase in temperature.

For System T-H-Dmf-W:

- Ascould be seen from Table—46 with an increase in temperature from 20 °C to
30 °C, value of ‘k’ increases marginally. With further increase in temperature from 30 -
°C to 40 °C, the value of ‘k’ increases however relatively‘ more than. prengus
, temperatme range of 20 5C 30:°C. This generalized conclusion is observed practically
for all the values of ‘k’ reported in Table 46 wherein the values of ‘k’ for system T-H- -
Dmf-W lie in the range of 0.045 to 1.12 With an increase in temperature from 20 °C to o
40 °C the value of °k’ increases from 0.83 to 1.12 for 0%water, from 0.083 to 0.309 for
10 % water and from 0.045 to 0.095 for 20 % water. ‘

Further as could be seen from Table-47 at constant temperature 20 '°C_ for
system- T-H-Dmf-W with an: increase in antisolvent concentration from 0%W to

20%W, the value of ‘k’ decreases substantially from 0.83 to 0.045.

Similar conclusions can be drawn for other temperatures 30 °C and 40 °C and
effect of increase in antisolvent concentration appears to be more stringent than the

effect of increase in temperature.
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~ For system X-H-Dmf-W:

As could be seen from the same Table-46 with an increase in temperature from 20 N
°C to 30 °C value of °k’ increases. With further increase in temperature from 30 °C to 40 -
°C the value of ‘k’ increases however marginally. This generalized conciusion is observed -
practically for all the values of ‘k” reported in Table 46 where in the values of k* for -
system X-H-Dmf-W lie in the range of ‘O 025 to 0.944 .With an increase in temperature

from 20 °C to 40 °C, the value of ‘K’ i increases from 0.81 to 0.944 for 0%water, 0.081 to .

0 16 for 10 % water and from 0.025 to 0. 085 for 20 % water.

Further as could be seen from Table- 47 at constant temperature 20 °C with an

increase in anti solvent concentration from 0%W to 20%W, the values of ‘k’ decrease

“substantially from 0.81 to 0.025
Similar Conclusions cah be drawn for other tempéraiures 30 ‘5C and 40 °C and p

effect of increase in anti solvent concentration appears to be more stringent than the effect

of increase in temperature.

For system B-Hep-Dmf-W :

As could be seen from Table-46 with an increase in teinperature from20°Cto30 -

°C the value of ‘k’ increases .With further increase in temperature from 30 °C to 40 °C the
. value of ‘k’ increases however marginally. This generalized conclusion is observed
practically for all the values of ‘k’ reported in Table 46 where in the values of ‘k’ for
system B-Hep-Dmf-W‘lic in the range of 0.1 to 1,44{. With an increase in teniperqfure from
20 °C to 40 °C, the value of ‘k’ increases from 0.77 to 1.44 for 0%water, 0.27 to 0.478 for
10 % water and from 0.10 to 0.15 for 20 % water.

Further as could be seen from Table- 47 at constant temperature 20 °C with an
increase in anti solvent concentration from 0%W to 20%W the values of ‘k’ decrease

substantxally from 0.77 to 0 10
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Similar Conclusion can be drawn for other temperatures 30 °C and 40 °C and effect
of increase in anti solvent concentratlon appears to be more strmgent than the effect of

increase in tempera’cure

For system B-Oct-Dmf-W:

As could be seen from Table—46 with an increase in temperature from 20 °C to 30
°C the value of ‘k’ increases -With further increase. in temperature from 30 °C to 40 °C the
value of ‘k’ increases however marginally. ~This generahzed conclusion is observed
-practically for all the values of °k’. reported in Table 46 where in the values of ‘k’ for
systém B-Oct-Dmf-W lie in the range of .097 to 1.148 With an increase in temperature
from 20 °C to 40 °C, the value of ‘k’ increases from 0.64 to 1.148 for 0%water, 0.27 to
0.81 for 10 % water and from 0.097 to 0.331 for 20 % water.

- Further as could be seen- from Table- 47 at cpnstarit temperature 20 °C with an
" increase in anti solvent conceniration from 0%W to 20%W the values of ‘k’ decreasg
substantially from 0.64 to 0.097

(iii) Effect of molecular weight of Aromatics on the values of ‘k" -

" For system B/T/X-H-Dmf-W:

' As could be seen from Table-48 with an increase in molecular weight of aromatics
i.e. Benzene is replaced by Tolilene replaced by Xylene the value of ‘k’ decreases under
conditions of constant temperature and constant value of anti solvent concentration. For all
values of constant anti solvent concentration however, replacing _Beﬁzené by Toluene value
- of °’k’ deceases sixbstantially, however replacing Toluene by Xylene value of ‘k’ decreases -
marginally. Thus for example, at temperature 20 °C with anti solvent conceﬁtration of 20
% by wt. when Benzene is replaced by Toluene and then by Xylene ,4value of ‘’k’ decreases

TFrom 0.09 to 0.045 and then to 0.025 respectively.



Table 48

‘Effect of Molecular Weight of Aromatic at constant temperature.

%W _Temp B-H-Dmi+W  T-H-Dmi+W _ X-H-Dmi+W
kK k k
20°C 13480 1 0.8310 0.8120
0 30°C  1.5130 1.0230 0.9770
40°C  1.5840 1.1220 0.9440
| 20°C 02340 0.0830 0.0810
10%  30°C  0.3160 0.2690 0.1510
40°C 04160 . 0.3090 0.1620
20°C  0.0890 0.0450 0.0250
20%  30°C  0.1140 0.0830 © 0.0390
40.°C - 0.0950 10,0850
Table-49
Effect of Molecular Weight of Aliphatic at constant teniperatdre. :
 Temp %W  B-H-Dmf+W  B-Hep-Dmf+W B - Oct-Dmf+ W
k k | K
0 1.3480 0.7760 . 06450
20°C 10 0.2340 0.2750 02740
© 20 0.0890 0.1000 - 0.0970
0 1.5130 09330 08910
30°C 10 03160 04460 04160
| 20 0.1140 0.1410 0.1120
0 15840 14450 . 1.1480°
40°C 10 0.4160 0.4780 0.8120
‘20 - 0.1540 0.3310
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. ‘(iv)v Effect of molecular weight of Aliphatics on the Avalués :

of ‘K’:-

For system B-H/Hep/Oct-Dmf-W

As could be seen from Table-49 for many systems with an increase in molecular -

weight of aliphatic i.e. Hexane is replaced by Heptane replaced by Octane the value of
‘k’ decreases under conditions of constant temperature and constant value of anti
solvent concentration. For all values of constant anti solvent concentration however,

replacing Hexane by Hepténe value of ‘k’ deceases substantially, ‘however replacing

Heptane by Octane value of °k’ decreases marginally. Thus for example, at temperature-
20 °C with anti solvent concentration of 0 % by wt. when Hexane is replaced by

Heptane and then by Octane , valite of *k’ decreases from 1.34 to . 7’76 and then to

0.645 respectively.

However, for some systems normal trend is not followed These cases can be = -

considered as exception to normal trend. Thus for example, as an exception for the
~ fixed value of water concentration 10% and 20% at 20 °C there appea’is to be

practicélly no effect of increase in molecular weight of aliphatics on the value of ‘k’." -

5.6.2 Discussion for values of ‘k’ and ‘n’ for systems consi'sting::' L

of B/T/X-H/Hep/Oct-Dms0-W:-

(i)Effect of temperature and anti solvent concentréﬁon on the

values of ‘n’:-

The values of ‘n’ for different systems consisting of aliphatic+aromatics-

Dmso+water are reported in Table-50. Similar conclusions as drawn for solvent Dmf -

. can be drawn for solvent Dmso also under different sets of conditions where in values
of ‘0’ remain in the range of 0. 5 to 0. 63 for most of the cases. With an increase in

temperature value of ‘n’ appears to decrease slightly.
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Table-50

Values of 'n,' 'Kk’ for different system o

under different sets of condition using solvent Dmso

40C

System % w 20C 30C
n " n n
| R 0 "0.5280 0.5000 0.4800
" B-H-Dmso+w 10 0.5960 0.5200 0.4530
20 - 0.5380 0.4650
: 0 0.5380 0.5000 - 0.5000
T-H-Dmso+w 10 - 0.5380 0.5010 10.4870 |
: 20 0.5400 0.4770 0.5000
-0 0.5000 0.5080 0.5600
X -H-Dmso+w 10 0.5570 0.5120 0.5390 |
20 0.5120 0.5000 0.5400
: : 0 0.6280 0.6310 0.5960
B-Hept-Dmso+w 10 - 0.6400 0.6260 0.6250
20 0.6500 0.6200 0.6210
: 0 0.5630 0.6600 0.5520
B-Oct-Dmso+w 10 . 0.6720 0.8330 0.5160
: 20 0.5160 0.5710 . -
%w k .k k
0 0.4260 £ 0.5240 0.7490
_ B-H-Dmso+w 10 0.1120 0.2290 02750
20 - 0.0190 ©0.0290
0 0.2810 03230 0.5000
T-H-Dmso+w 10 0.0560 0.0810 0.1230
20 0.0140 ©0.0150 0.0450
0 0.0190 - 0.0900 £ 0.2630
X - H-Dmso +w 10 0.0010 0.0040 0.0950
20 0.0005 0.0020 0.0540
© , 0 0.3090° ©0.3460 03710
B-Hept-Dmso+w 10 0.1180 0.2080 0.2810
20 0.0910 0.1310 0.2230 -
. 0 0.1140 0.1410 0.2750
B-Oct-Dmso+w 10 0.0530 0.1120 0.1620 -
: 20 0.0070 0.0210 -




(ii) Effect of temperature and anti solvent concentration on the}

value of ‘k’:-

For system B-H-Dmso-W :

As could be seen from Table-51 with an increase in temperature from 20 °C to 30
°C the value of ‘k’ increases . With further increase in temperature from 30 °C to 40 °C the
value of ‘k’ increases however marginally. This generalized conclusion is observed
practlcally for all the values of ‘k’. reported in Table-51 where in the values of ‘k’ for
system B-H—Dmso—W lie in the range of 0.02 to 0.74. With an increase in temperature from’
20 °C to 40 °C, the value of ‘k’ increases from 0.4260 to 0.7490 for 0%water, 0.1070 to
0.2750 for 10 % water and with an increase in temperature from 30 °C to 40 °C, the value
of ‘k’ increases from 0.0190 to 0.0290 for 20 % water,

Further as could be seen from Table- 52 at constant temperature 20 °C with an
increase in anti solvent concentration from 0%W to 10%W, the values of ‘k’ decrease

substantially from 0.4260 to 0.1120.

Similar Conclusion can be drawn for other temperatures 30 °C and 40 °C and effect
of increase in anti solvent concentration appears to be more stringent than the effect of

increase in temperature.
For system T-H-Dmso-W :

As could be seen from Table-51 with an increase in temperature from 20 °C to 30
°C the value of ‘k’ increases .With further increase in temperature from 30 °C to 40 °C the
value of ‘k’ increases however marginally. This generalized conclusion is observed
practically for all the values of ‘k’. reported in Table-51 where in the values of ‘k’ for
system T-H-Dmso-W lie in the range of .018 to 0.5 With an increase in temperature from
20 °C to 40 °C, the value of °k’ increases from 0.28 to 0.5 for 0%water, 0.056 to 0.123 for
10 % water and from 0.014 to 0.045 for 20 % water.
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Further as could be seen from Table-52 at constant temperature 20 °C with an
_increase in anti solvent concentration from 0%W to 20%W, values of ‘k’. decrease.

substantially from0.28 to 0.014,
For system X-H-Dmso-W :

_As could be seen from Table-51 with an increase in temperature from 20 °C to 30
°C the value of ‘k’ increasés .With further increase in temperature from 30 °C to 40 °C the
value of ‘k’ increases however marginally. This generalized conclusion is observed -
practically for all the values of ‘k’. reported in Table-51 where in the values of ‘k’ for

| system X-H-Dmso-W lie in the range of .0005 to 0.263 With an increase in temperatur;
from 20 °C to 40 °C, the value of ‘k’ increases from 0.019 to 0.263 for 0%water, 0.001 to
0.095 for 10 % water and from 0.0005 to 0.054 for 20 % water |

Further as could be seen. from Table- 52 at constant temperature 20 °C with an
increase in anti solvent conéentxfation from 0%W to 20%W, the values of ‘k’ decrease

substantially from 0.019 to 0.0005 ,
For system B-Hep-Dmso-W :

As could be séen from 'I“ablg:—él with an increase in temperature from 20 °C to 30
°C the value of ‘k’ increases ‘With further increase in temperature from 30 °C to 40 °C the
value of ‘k’ increases however. marginally. This generalized conclusion is observed
practically for all the values of fk’. reported in Table-51 where in the values of ‘k’ for

system B-Hep-Dmso-W lie in the’:range of 0.1 to 04. With an increase in temperature from
20 °C to 40 °C, the value of ‘k’ increases from 0.309 to 0.371 for 0%water 0.118 to 0.28
for 10 % water and from 0.091 to 0.223 for 20 % water, "

Further as' could be seen Afrom Table- 52 at constant temperature 20 °C with an
increase in anti solvent concentration from 0%W to 20%W the values of ‘k’ decrease

substantially from 0.309 to 0.091
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For system B-Oct-Dmso-W:

~ As could be seen from Table-51 wrth an increase in temperature from 20 °C to 30 :
°C the value of °k’ increases . With further increase in temperature from 30 °C to 40 °C the .
value of ‘k’ increases however margrnally This generalized conclusion is observed
'practrcally for all the values of ‘k’ reported in Table-51 where in the values of ‘) for
system B-Oct-Dmso-W lie in the range of 0.007 to 0.275 .With an increase in temperature
from 20 °C to 40 °C, the value of ‘k’ increases from 0.114 Vtoe 0.275 for 0%water, 0.053 to
_ }0.162 for 10 % water and frorn 0.007 to 0.021(at 30 °C) for 20 % water. '

Further. as could be seen from Table-52 at constant temperature 20 °C with an

increase in anti solvent concentration from 0%W to 20%W the values of ‘k’ decrease

substantially from 0.114 to 0.007.

(iii) Effect of molecﬁlar weight of Aromatics on the values of ‘k’ :-

For system B/T/X-H-Dmso-W

‘ As could be seen from Table-53' with an increase in molecular weight of aromatics
i.e. Benzene is replaced by Toluene replaced by Xylene the value of ‘k’ decreases under E
" conditions of constant temperature and constant value of anti solvent concentration. For all
values of constant anti solvent concentration however, replacing Benzene by Toluene value
of °k’ deceases marginally, however replacing Toluene by Xylene value of ‘k’ decreases v-
substantially. Thus for example, at temperature 30 °C with anti solvent concentration of 20
% by wt. when Benzene i is replaced by Toluene and then by Xylene, value of ‘k’ decreases
from 0.019 to 0.015 and theh to 0.002 respecnvely
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(w) Eﬁ'ect of molecular weight of Allphatlcs on the values of ‘Kz~

For system B H/Hep/()ct—Dmso-W

~As could be seen from Table-54 with an increase in molecular weight of
| Aliphatic i.e. Hexane is replaced by Heptane and Heptane is replaced.b‘y Octane, the.
value of °k’ decreases under conditions of constant temperatﬁre and constant value of
anti solvent concentration. For all values of constant anti solvent concentratlon
however, replacing Heptane by Octane value of ‘k’ deceases substantlally, However - |
‘teplacing Hexane by Heptane, the value of °k’ decreases marginally. Thus for example,
at temperature 20 °C with anti solvent concem:ratioﬁ of 0 % by wt. when Hexane is.
‘replaced by Heptane and then by Octane , value of k> decreases from 0.426 to 0.309

~ and then to 0.114 respectively.

However, for a couple of systems, the above normal trend is not observed and

‘ these cases can be considered as exception to normal trend Thus for example, as an

'A _‘exceptlon for the fixed value of water concentratxon IO%W at 40 °C and 20%Wat
"30 °C, the values of ‘k’ appear to be h1ghest for system contammg ahphauc —-Heptane

5.7.0DEVELOPMENT OF GENERALIZED CORRELATIONS
(D) Modified Hand;s Correl’aﬁbn‘: |

For correlatmg temary 11qu1d 11qu1d phase equlhbnum data for lxquld liquid

extractlon of aromatlcs Hand’s correlatlon can be wrxtten as

[XBRJ =k|:':xss T ‘
X LXsed

Wherein syin’bols—BE VH and S are for solute, non-solute and solvent respectively.

Further, symbols k & n are constants of Hand’s equatlons and “X’stand for composxtxon

~of Extract (E) or Raffinate (R)

For quaternary liquid & liquid phase equilibrium data for extraction of
aromatics which consists of four component-s, aromatxc + ahphatm + solvent + anti-

solvent, 1f anti-solvent concentratlon is zero then quaternary system as such gets :
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B Table53 - ]
Effect of Molecular Weight of Aromatics on the values of k at constant Temp.

Temp %W B-H-Dmso+W T-H-Dmso+W X-H-Dmso+W

k kK .k

0 0.4260 0.2810 0019,

20.°C 10 01120 0.0560 10.0010
20 - 0.0180 0.0005

. 0 05240 . 0.3230 00900 -
30°C, . 10 02290 .. 0.0810 0.0040
20 0.0190 00150 0.0020

.0 07490 0.5000 02630
40.°C 10 " 02750 01230 0.0950
20 0.0290 0.0450 0.0540

Table54

Effect of Mol .Wt. of Aliphatics on the values of k at constant Water compositon

%W.  Temp B-H-Dmso+W B-Hept-Dmso+W B-Oct-Dmso+W

D " ok

) 20°C  0.4260 03090 - 01140
0 30°C  0.5240 03460 . 01410
40°C  0.7490 03710 - 02750
20°C 01070 01180 0.0530

10%  30°C 02290 02080 0.1120
40°C: 02750 02810 . 0.1620

- 20°C - C0.0910 ' 0.0070
20%  30°C  0.0190 0.1310 0.0210

40.°C. 0.0290 0.2230 -
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reduced to ternary. Hence above Hand’s correlation can be applied for quaternary

system also.

Further, if one analyses quaternary systems critically, it is observed that solvent
and anti-solvent utilized in this investigation are completely miscible in all proportions.
Hence by introducing the concept of mixed solvent which constitutes as if a singie )
solvent for a fixed value of anti-solvent éoncentraiion, the quaternary system under

consideration can be reduced to “Equiy?alent Temary System”.

Thus quaternary system consisting of four component-s:- Aromatics- (B/ T/ X)
+ Aliphatiés (H/H;IO) + Salvents (Dmf / Dméo) + Anti solvent (W) reduces to -an
equivalent tema;ry system consisting of three components : Aromatics (B/T/X) + '
Aliphatics (H/H’/O)+Mixed Solvent (Dmf + W)/( Dmso+W) wherein mixed solvent.at -
a time will have fixed value of anti-solvent concentration like 10% W, 20% W etc. '

Thus for Equivalent Ternary System, the above mentioned Hand’s equation is

thus applicable and can be written as under:

Xpr =k Xpe
XHR X *SE
Wherein X*Sk = (XpE + Xwe) for a fixed anti-solvent concentration value.

Thus for a fixed value of anti solvent concentration, given quaternary system

can be considered as Equivalent Ternary System and a plot of

log X | v, log _Ke
‘ Xz XoE + Xyg
results in a straight line, having intercept being log’ k” and slope being 'n'.

Based on various approaches available in the literature proposed by Moulton &
Chang"®, Dhabe & Puranik® and Bansod & Puranik*, the above modified correlation /
equation has been proposed which could be conveniently utilized to- correlate

quatérnary liquid - liquid Phase equilibrium data.

Thus, for different systems involving [B/ T/ X] - [H/H'/ O} - (Dmf+W) with

three variation of temperatures - 20° C, 30° C and 40° C and three variation in anti
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be obtained for liquid - liquid phase equilibrium data for mixed solvent (DE):ﬁ+ \m

‘?

Also for different systems involving [B/T/X]-[H/H'/ O] - (Dmso+W)~ iy 2

three variation of temperatures - 20° C, 300 C and 40° C and three variation in anti
solvent concentration - 0% W, 10% W and 20% W totally 45 equivalent ternaries can
be obtained for liquid - liquid phase equilibrium data for mixed solvent ( Dmso + W)

(II) Analysis of Straight Line Nature Obtained for Modified Hand’s Plot:

It has been already discussed that all the plots based on modified Hand’s
Equation under consideration are straight line plots for both the mixed solvents -
(Dmf+W) and (Dmso + W). For different anti solvent concentration values at a fixed
value of temperature - T, parallel lines are obtained practically for all the systems under
considerations. Further for different temperature values at a fixed value of anti solvent
concentration, parallel lines are obtained practically for all the systems. For both mixed
solvents (Dmf+W) & (Dmso + W), a set of 45 straight lines can be grouped in to five

categories as under:

(i) Totally nine systems consisting of B - H - (Dmf / Dmso) + W at three

different temperatures and three different anti-solvent concentration values.

(ii) Totally nine systems consisting of T - H - (Dmf / Dmso) + W at three

different temperatures and three different anti-solvent concentration values.

(iii) Totally nine systems consisting of X - H - (Dmf / Dmso) + W at three

different temperatures and three different anti-solvent concentration values.

(iv) Totaliy nine systems consisting of B - Hept - (Dmf / Dmso) + W at three

different temperatures and three different anti-solvent concentration values.

(v) Totally nine systems consisting of B - Oct - (Dmf / Dmso) + W at three

different temperatures and three different anti-solvent concentration values.

Thus totally 45 straight lines and corresponding 45 values of constant 'k' for first
mixed solvent - (Dmf+W) have been obtained in this investigation. Further, totally 45
straight lines and corresponding 45 values of constant k' for second mixed solvent -

(Dmso+W) have been obtained in this investigation.

(1
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Based on critical analysis of "k" & "n" already discussed in detail under = -
subheading - 5.6.0 : Values of "k" &. "n", the important conclusions which have been -

already drawn, are summarized below :

(i) The values of "n" for different forty five systems under consideratién for B
mixed solvent (Dmf+W) remain practically constant in the range of 0.85 to 0.87. Also .
the values of "n" for different forty five system under consideration for mixed solvent

(Dméo+W) remain practicallyr constant in the range of 0.55 to 0.60.

(ii) The value .of "k" appears to be a very strong function of antisolvent
.concentration, ‘As anti-solvent concentration increases, the value of "k" decreases and

decrease in the value of "k" with an increase in anti-solvent concentration is substantial.

(iii) The values of "k" appear to be a weak function of temperature (T). As

temperature increases, the value of "k" also increases; however marginally.

(iv) With an increase in molecular weight of aromatics under - otherwise

identical conditions the value of "k" decreases.

From the above discussion, it is crystzil clear that Hand’s constant - "k" in

modified Hand’s plot, is expected to be a function of four important parameters. These . .. .

parameters have been introduced in terms of dimensionless group - in order to make - . .

correlation to be developed, more generalized in nature.

" “k’=f{temperature, anti-solvent concentration, molecular weight of aromatics, . ...

molecular weight of aliphatics. )

s Tn°'s+WP‘ M) [m2]
k"f(["'f&] [s } ’[a] ’[Cz])

This can be looked up as the basis for the "Proposed New Model".

5.7.1 New Model Proposed for Estimating "k'":-

The following generalized correlation is proposed in terms of four important

dimensionless groups, each group — having an index.



log’ kK’ = log [-"ll:—;]o-i-log'[s";w}p +log [—Agf}qﬂog[%—ﬂr 4
Where‘in
k = Hand’s constant in modified Hand’s eqn. for quaternary system.
T1 = Temperature,
To=273 K
S = Solvent céncentration.
. W = anti-solvent c.onéent;‘a‘tionv
Ml= molecular weight of aromatics - solute to be extraqted.
M2 = molecular weight of aliphatics - non-solute component-
C1 = molecular weight of Benzene

€2 = molecular weight of Hexane

The above generalized proposed correlation in this investigation has been

labeled as Oza - Puranik correiation (O - P Correlation),

NRTL method has been also utilized later on to correlate quatemaiy liquid -

- liquid phase equilibrium data obtained in this investigation. NRTL method involvesa

set of 12 constants in terms of

ALD,2AMLNALHARDARDARDAGYDAGAG

9 A4 1),A4,2),A43).

The values of twelve constants are required to be obtained for a particular

component- solute, non-solute, solvent and anti solvent. Thus for mixed solvent either

(Dmf+W) or ( Dmso+W) is likely to involve totaliy 60 constants minimum.

In comparison to NRTL method, Oza-Puranik (O — P) Correlation proposed in

this investigation appear to involve a set of four constants only i.e. 0,p,q & 1.

Thus these new approaches proposed in this investigation appear to be relatively
simple and it can be utilized conveniently to correlate and also to predict quaternary

liquid - liquid phase equilibrium data.-
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5.7.2 Obtaining Valilesv.of ‘> & ‘p’ in Oza - Puranik (O - P)
Correlation for Mixed Solvent (Dmf + W):- :

The set of values of "k" obtained under different sets of a conditions reported in

Table- 43 for different systems consisting of B/ T/X -H/H/ VO - Dmf + W have been

utilized to prepare basic Data Table and relevant Data VPr_bcessing Table for the

development of generaliz;d O -.P correlation. Accdfdingly Basic Data Table- 55 has

been prepared. Further using values of different parameters listed in Table-55 and
different -values of index ‘0’ & ‘p’ derived Table- 56 has been prepared which lists
values of log” k’ and the corresponding the values of Al, 2, 3... etc.

Based on this Derived Téble—56, different Plots of log’ k’ Vs. log A have been
depicted in Figs. GC-1 to GC-30. All the data in this Derived Table has been divided

under three categories as under:

(i) Data processing for "k" values for systems -B /T /X -H - Dfnf + W under

three terﬂperatures - 200 C, 300 C, 400 C and anti-solvent concentration 0%W, 10% W .‘

&20% W.

temperatures - 20° C, 30° C, 40° C and anti-solvent concentration 0%W, 10% W &
20% W. . ‘ '
(iii) Data processing for "k" values for systems - B - Oct - Dmf + W under three
.temperatures -200C, 30°C, 40° C and‘anti-solvent concentration 0%W, 10% W &
20% W. ’

Accordingly various GC-plots of log ‘’k’ Vs. log’A’ have “been presented in
Figs. GC-1 to GC--18 for category — (i), in Figs. GC-19 to GC-24 for category — (ii)
and in Figs. GC-25 to GC-30 for category — (iii). :

Critical Observations and Remarks w.r.t.Plots-GC-1to GC-30:

(1) In Fig.GC-1 to GC-18 which depicts "k" data for - different
systems - B / T / X - H - Dmf + W plotted as log (k) Vs. log (A),
the values of index ‘p’ Has been varied from  (-2.5) to (-3.25) while plotting data
of log(A). For value -of P=(-3.0), the scattering of | pbints

(ii) Data processing for "k" values for systems - B - Hept- Dmf + W under three.
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x 03
o
0.
'A1= log T'+log(S+W/s)?°
Fig.GC-1 Plots of log k Vs, log THog[(S+W)/S]**-
for the devélopment of Generalised correlation
For systems B-H-Dmf-W
= 0.3
¥

-1.5
st » J -2.75
. A2=slog T'+log({S+W/S)

01 B, P=275]

Fig.GC-2 Plots of log k Vs, log T +log[(S+W)/S]>7"

for the development of Generalised correlation
: For systems B-H-Dmf-W

logk

-1.5
A3=log T+og(S+W/S)”

Fig.GC-3 Plots of log k Vs, log T'-¥~log[(S+V\I)/S]'3 .
for the development of Generalised correlation '
For systems B-H-Dmf-W
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" A= log T"+log(S+WIS)2*
Fig.GC-4 Plots of log k Vs, log T*+log[(S+W)/S]>*"
for the development of Generalised correlation
For systems  T- H-Dmf-W
~ SR :
__S’ ,'0'3 - 0.1 m
A2=log T"+log(S+WIS)>"*
Fig.GC=5 Plots of log k Vs, log T+og[(S+W)/S|>">" - -
for the development of Generalised correlation -
Forsvstems  T-H-Dmf-W___
E," -0.3

A3= log T+log(S+W/S)®

Fig.GC-6 Plots of log k Vs, log T-Hog[(S+W)/ST".
for the development of Generalised correlation
For systems  T- H-Dmf-W
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log k

|

‘A1= log T'+log(S+WIS)™>*

Fig.GC-7 Plots of log k Vs, log T-+log[(S+W)/S}-2.5 .
for the development of Generalised correlation
Forsystems = X-H-Dmf-W

x -0.3

AX, P=275]| - .

iog

, 2
.. ' A2=log T*+log(S+WiIS)>™

Fig. GC-8 Plots of log k Vs, log THog[(S+W)/S]-2.75 .
for the development of Generalised correlation |
- For systems X-H-Dmf-W

1.5
2
A3=log T"+log(S+W/s)*

Fig. GC-0 Plots of log k Vs, log T-+log[(S+W)/S]3 .
for the development of Generalised correlation
For systems X-H-DmfW
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‘0 B, P=2.75 §

-1.5 -
Ad=log T'+log(S+WIS)>"

Fig.GC-10Plots of log k Vs, log T-Hog[(S+W)/S}*"*
for the development of Generalised correlation

For systems B-H-Dmf=W

-1.5 -
AS=log T'+log(S+W/s‘,)'3

Fig.GC-11 Plots of log k Vs, log ’I"+iog[(S+W)/S]‘3'
for the development of Generalised correlation

For systems B-H-DmfW

* e

o1 [eBP=325||

-1.5

AG= log T‘+log(S+W/s)‘3-25

Fig.GC-12 Plots of log k Vs, log THog[(S+W)/ST>.
for the development of Generalised correlation

For systems B-H-Dmf-W
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x i -x 1
30
, 1.5 -
'Ad=log T'+log(S+WIS)2™®
. Fig.GC-13 Plots of log k Vs, log T log[(S+W)/S]>"*"
for the development of Generalised correlation-
For systems  T- H-Dmf-W,
05
0.3

X~ 0.1 ,

!

.15 4
AS5=log T+og(S+W/S)”
Fig.GC-14 Plots of log k Vs, log T-Hog[(S+W)/S]*.
for the development of Generalised correlation
For systems  T- H-Dmf-W '
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2z -0l Tar=305

Tasd ,
A6=" Jog T-og(S+W/S)>*

Fig.GC-15 Plots of log k Vs, log T-Hog[(S+W)/S]>?-
for the development of Generalised correlation -

For systems T-H-Dmf-W
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Ad=log T'+log(S+W/s)>™®
Fig.GC-16 Plots of log k Vs, log THog[(S+W)/S]-2.75 .
for the development of Generalised correlation
For systems X-H-Dmf-W
0.5 1
2 -0.3 0.1
3

-1.5
, 2
AS5= log T+Hog(S+W/S)*

. Fig.GC-17 Plots of log k Vs, log T+log[(S+W)/S]-3 .

for the development of Generalised correlation
For systems X-H-Dmf-W

, 2 .
A6= log THlog(S+W/s)>% =

Fig.GC-18 Plots of log k Vs, log T-Hog[(S+W)/S]-3.25 .

for the development of Generalised correlation
' For systems X-H-Dmf-W
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157 Al= log THog(S+W/S)y®*
Fig.GC-19 Plots of log k Vs, log T-log[(S+W)/S]%*"
for the development of Generalised correlation
For system B-Hep-Dmf-W
0.5 1
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w 005 50T 00 01 SH P=075
%
-1.5 -
A2= log T+og(S+W/S)-75
Fig.GC-20 Plots of log k Vs, log T+log[(S+W)/ST™".
for the development of Generalised correlation
For system B-Hep-Dmf-W
0.5
o py / 2 .
s : -
R at
.
1.5 -

z

A3= log THog(S+W/S)-1

Fig.GC-21 Plots of log k Vs, log T"log[(S+W)/ST" .
for the development of Generalised correlation
For system B-Hep-Dmf-W
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-1.5 -
Ad=log T+Hog(S+W/S)*"

0.5 /4 * H', P=-0.75
/ '
-1 - v

Fig. GC-22 Plots of log k Vs, log T log[(S+W)/S]*"-
for the development of Generalised correlation
For system B-Hep-Dmf-W
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2

A5=log T-Hog(S+W/S)"

Fig.GC-23 Plots oflog k Vs, log 'I“-i»k)g[(S-i~\7v’)fS]'l :
' for the development of Generalised correlation
For system B-Hep-Dmf-W
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-1.5
A6=log T"Hog(S+W/s)'*

Fig.GC-24 Plots of log k Vs, log T-+og[(S+W)S]" -
for the development of Generalised correlation
For system B-Hep-Dmf-W
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0.5 1

-0. ! 0.1 ‘
i;ﬂ 0.03 05 * Oct, P=-0.25
-1
I Pl
Al=log T-Hog(S+W/S)*#
Fig.GC-25 Plots of logk Vs, log T-Hog[(S+W)/S]**" .
for the development of Generalised correlation
For system B-Oct-Dmnf-W
0.5
T 0
» _
& -0.05 -0.5 0.05 0.1 {®Oct,P=05

-1.5 A
A2= log T'+Hog(S+W/S)®*

Fig.GC-26 Plots of log k Vs, log T log[(S+W)/S]"~ -
for the development of Generalised correlation
For system B-Oct-Dmf-W

0.5 -
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5 0.8 0.03 o /’9"’5'/‘ 007 [ 0et, P=0.75
| N o -

-1.5 -
* A3=log T"+log(S+W/S)y*™

Fig.GC-27 Plots of log k Vs, log T+log[(S+W)/S]""
for the development of Generalised correlation
For system B-Oct-Dmf-W
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Ad=log T'+log(S+W/S)?*

Fig.GC-28 Plots of log k Vs, log T'+Iog[(S+W)/S]'°’5 '
for the development of Generalised correlation

For system B-Oct-Dmf-W
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2008 006 004 00 02 - 004 006 0.08 | 400 p=p75
-1.5 .
AS5=log T+log(S+W/s)y*™
- Fig.GC-29 Plots of log k Vs, log T-Hog[(S+W)/S]*”*-
for the development of Generalised correlation -
' For system B-Oct-Dmf-W
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2 .
P! 0.08 ,0.03 s .02 0.07 @
. a4 .
S
A6=log T +Hog(S+W/S)"

- Fig.GC-30 Plots of log k Vs, log T'—Hcg[(S+W)/’S]'l -
for the development of Generalised correlation
For system B-Oct-Dmf-W
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" along the straight line is the least in case of 27 systems under consideration. Hence the

value of index ‘p> of (-3) appears to be optimum value in generalized O - P correlation

‘:for sy&tems involving solutes B/ T/ X.

- 2)In ﬁgs. ‘GC-19 to GC-24 which depicts °k’ data for different systems. B . (
Hep - Dmf + W plotted as log’ k’ Vs. log A. The value of index ‘p’ has been varied L

. from (-0.5) to (-1.25). While plotting data of "A", the scattering of data points in the '
“plot of 'GC-19» is highest when value of index ‘p’ is (-0. 5) As value of index ‘p’ gets

: mcreased futher from (-0.5) to hlgher absolute values, the scattenng of points gets

reduced and the value of index © P gets increased further, a_ stage is reathed when

" scattering of points again starts mcreasmg but on the l_owerv-mde of straight line. Thus -

i

't

only in Fig.GC-21 or GC-23 in comparison to all other remaining figures the scattering |

of points w. r. t. proposed generalized correlation line appears to be least wherein value

of index ‘p’ is (-1) amongst the range varied from (-0.5) to (-1.25). Hence, the value of

_mdex p’ of -1 appears to be the optimum value in the proposed generahzed “O-p”

correlation.’

Though the best fit is obtained for index ‘p’ having‘irélﬁé of (-1) to maintain '~

umfonmty in the value of index ‘p’ for ahphatlcs H/H’/0, the selected value of index
p’ is (-0.75) only. B K

(3) In figs. GC-25 to GC-30 which depicts °k’ data for different sj}stéms. B-

Oct - Dmf + W plotted as log’ k’ Vs. log A, the value of index ‘p’ has been varied from .

© (-0.25) to (-1.0). While plotting data of "A", the scattering of datéﬁpoints*in the plot of

GC-25 is highest value of index ‘p’ is (-0.25). As value of index "i)’ gets increased .

. further from (-0.25) to highgr values, the scattering of poin'ts,gets reducéd.and the value
of index«‘p’ gets increased ﬁxﬁher, asstage is reached when scattering of pointé again
starts increasing but on the lower side of straight line.” Thus dnly in Figee29 in
comparison io all other remaining figures the scattering -of points w.r.t. proposed
generalized correlation line appears to be least wherein value of index ‘p’ is (-0.75)
among the range varied from (-0.25) to (-1.0). Hence, the value of index ‘p’ of -0.75

appears to be the optimum value in the generalized O - P correlation.

(4) 1t is interesting to observe that index of Temperature Term labeled as ‘o’
has an optimum value of (+1) for all "k" data values obtained for mixed solvent -

(Dmf+W). The index of anti-solvent concentration term labeled as “p’ has optimum

4
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value of (-3) for syétem involving B - T - X along with Hexane system: .and (—0.75-): for

systemé involving Heptane and Octane along with Benzene.

5,7.3 Obtaining Valﬁes Of ‘> & ‘p’ in Oza - Purahik'(O -P)

Correlation for Mixed Solvent (Dmso + W):-

The performance of second mixed solvent- Dmso+W has been alsoiinves’tigated;

and the value of ‘k’ have been obtain’ ‘un_der different sets of conditions for different

systems consisting of B/T/X-H/H’/O- Dmso +W and the relevant values are reported in

Table- 44. Using Table- 44 as the basis, basic data required for development of

generalized correlation for mixed solvent- Dmso+W for ploting of dlfferent plots is.

reported in Table- 58.

Accordingly data processing Table for the development of generalized

correlation for  mixed solvent- Dmso+W has been prepared and the cqrresponding:,'

- values of log’ k’ Vs. log A using different values of index ‘o’ & ‘p’ are i;eported in
Table- 59. o » ‘

Based on this Derived Table- 59, different plots of log k Vs log A have been o
depicted in Figs GC-31 to GC-60. The relevant data has been divided; in four categories :

as under.

(i) Data processing for ‘k’ values for system involving B/T-H-Dmso+W under '

. different sets of condmons :

(i) Data processing for ‘k’ values for system involving X-H- Dmso +W- under

different sets of conditions.

é

(iii) Data processing for ‘k’ values for system involving B-Hep-_Dmso +W

under different sets of conditions.

(iv) Data processing for ‘k’ values for system involving B-Oct- Dmso +W

under different sets of conditions.

Accordingly, various generalized cofrelations plots of log k Vs log A have béen

presented in Figs. GC--31 to GC-42 for category (i), in Figs GC-43 to GC-48 for .
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log k

2
Al=log THog[(S+W)ST>*

Fig.GC-31 Plots of log k Vs, log T og[(S+W)/S]>*
. for the development of Generalised correlation

For systems B-H-Dmso-W.
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02 0.1 . M 0.1

.z .
g ¢ B,P=-2.75
]
A2=log T'Hog(S+W/S)2™
Fig.GC-32 Plots of log k Vs, log T-Hog[(S+W)/S]*”
for the development of Generalised correlation
For systems B-H-Dmso-W
0.3 ol
~ .
i

A3=log T+Hog(S+W/S)”

Fig.GC-33 Plots of log k Vs, log Tlog[(S+W)/S]>
for the development of Generalised correlation

For systems B-H-Dmso-W
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X P=-2.75

Ad=log T+log(S+W/S)>™

Fig.GC¥ - Plots of log k Vs, log T-Hog[(S+W)/S]*7
for the development of Generalised correlation
For systems B-H-Dmso-W
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X P=-3|!

logk .

. AS=, log T log(S+W/S)*

Fig.GC-35 Plots of log k Vs, log T-Hog[(S+W)/S]®
for the dévelopment of Generalised correlation

For systems B-H-Dmso-W
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A6=log T+og(S+W/S)>*

logk

Fig.GC-36 Plots of log k Vs, log T-Hog[(S+W)/ST>*
for the development of Generalised correlation
- For systems B-H-Dmso-W
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Al =log T+Hog[(S+W)/S]>5

Fig.GC-3Plots of log k Vs, log T-Hog[(S+W)/ST*

. for the development of Generalised correlation

. For systems T- H-Dmso-W .
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] ' /
on
& * T,p=2.75
* _
-1.5 4
**
A2 =log T*Hog[(S+W)B}>"
Fig.GC-38Plots of log k Vs, log THog[(S+W)/S]%"
- for the development of Generalised correlation -
For systems- T- H-Dmso-W
T 1 1] 9 1 A
-0.3 0.1
oo
=]
=
3

A3 =log T+og[(S+W)/ST>-2 -

Fig.GC-39 Plots of log k Vs, log T'+log[(S+W)/S]-3
for the deveiopment of Generalised correlation

For systems T-

H-Dmso-W

478



-0.3
-
Lo
=2
**
A4 =log THog[(S+RyS]>” -
Fig.GC-40 Plots of log k Vs, log THog[(S+W)/S]*7
for the development of Generalised correlation
For systems T-H-Dmso-W
03 : i jL 0.1
) _ .
bD . .
2
AS =log THog[(S+WYS]?
Fig.GC-4+ Plots of log k Vs, Tog T'+Hog[(S+W)/S]>
for the development of Generalised correlation
For systems T-H-Dmso-W
f T T T G (L 1 » .
04 ' e a1 -
30.4 ] . 1 059 ¢ ‘0.1 R '
o0 .
= | & T,P=-3.25

A6 =log T*0g[(S+W)/S]-3.25

Fig.GC-42 Plots of log k Vs, log T Hog[(S+W)/S]>*
for the development of Generalised correlation
For systems T-H-Dmso-W
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-0.02 0 0.02 0.04 0.06 0.08

At=log T'Hog(S+w/e)y**

. Fig.GC-43 Plots of log k Vs, log T"Hog[(S+W)/S]***
for the development of Generalised correlation
For systems X-H-Dmso-W

-0.04  -0.02

‘ logk

Lexd

k) T

A2=log T+Hog(S+W/S)**

Fig.GC-4% Plots of log k Vs, Tog THog[(S+W)/ST™~
for the development of Generalised correlation
For systems X-H-Dmso-W
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log k

0.08

-0.5

-1 4 *

359 A3=log T'+og(S+WrsHo™

" Fig.GC-45 Plots of log k Vs, log T"og[(S+W)/S]*”
for the development of Generalised correlation
For systems X-H-Dmso-W
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-0.06 © -D.

log k

A3=log T+log(S+WISy°™®

|

Fig.GC-46 Plots of logk Vs, log T+log[(S+W)/S]*”
for the development of Generalised correlation
For systems X-H-Dmso-W
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a5)  ASslog THog(S*WIS)”
. Fig.GC-47 Plots of log k Vs, log T+log[(S+W)/S]™
for the development of Generalised correlation
For systems X-H-Dmso-W
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Fig.GC-48 Plots of log k Vs, log T +Hog[(S+W)/S]"? .

for the development of Generalised correlation

For systems

X-H-Dmso-W
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a4 i .
.12 - o
Al=log T'+og(S+W/sy®*
F ig.GC—49 Plots of log k Vs, log T'—l~log[(S-£—W)/S]'0'S
for the development of Generalised correlation
. For system B-Hep-Dmso-W
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. -0.4 4 / ' H
i) o oH
g /‘j’; W P=-0.75
e 1
412 ,
A2=log ’l‘+}og(S+W/S)‘°'75
Fig. GC-SO Plots of log k Vs, log T'+Iog[(S+W)/S] 075
for the development of Generalised correlation - -
For system B—Hep—Dmso-W
-0.1 01 - 0.15 02| o
':4 N .
g
mp-
. A3=log T+log(S+WS)"

.Fig.GC-51 Plots of log k Vs, log T'~l~l(>g'{(S+W)/S]v'1
for the development of Generalised correlatxon
For system B-Hep-Dmso-W
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-1.2 4 Ad=log T'Hog(S+WISy™®

Fig.GC-52 Plots of log k Vs, log T"Hog[(S+W)/S]'*
for the development of Generalised correlation '

For system B-Hep-Dmso-W
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i
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A5=log T"*Hog(S+W/S)-

Fig.GC-53 Plots of log k Vs, log T+log[(S+W)/S] "
for the development of Generalised correlation

For system B-Hep-Dmso-W
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Fig.GC-54 Plots of log k Vs, log T-Hog[(S+W)/S]" "
for the development of Generalised correlation

For system B-Hep-Dmso-W
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-0.1 -0.05 0.1
-
g0 ¢ P=-0.5 Oct
2.5 A
 Al=log THog(S+W/SY®*
Fig.GC-55 Plots of log k Vs, log T+Hog(S+W/Sy°’
for the development of Generalised correlation
" For system B-Oct-Dmso-W
-0.2 : -0.1 0.1 0.2
%  Oct
Ee] mP=-0.75
34
 A2=log T+og(S+W/g)®>”
Fig.GC-56 Plots of log k Vs, log T-Hog[(S+W)/S]*"
for the development of Generalised correlation
For system B-Oct-Dmso-W
0.2 0 1 02
A + Oct
=13} .
2 EP=-1

&

- A3=log T"Hog(S+W/sy*t

Fig.GC-S?Plots of log k Vs, log T"+log[(S+W)/S]"
for the development of Generalised correlation
For system B-Oct-Dmso-W
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* Oct ,
mP=.125

Ad=log T"+log(S+W/S)*%

Fig.GC-58 Plots of log k VS log T'+Iog[(S+W)/S] 125,
- for the development of Generahsed correlation
For system B-Oct-Dmso—W
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logk

3 -
A5=log T-Hog(S+W/S)™

© Fig.GC-59 Plots of log k Vs, log T"Hog[(S+W)/ST"*
+ for the development of Generalised correlation
For system B-Oct-Dmso-W
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P=-1.75

logk

3
A6= log T-Hog(S+W/S)" ™!

Fig.GC-60 Plots of log k Vs, log T-+Hog[(S+W)/ST"”
for the development of Generalised correlation
For system B-Oct-Dmso-W
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On sin‘lilarv lines, the plots of log’ k* Vs. log A for systems. in\}olving

component— Heptane are shown in Figs GC-49 to GC 54 wherein value oﬁnd *p" has™

been varied from (-0 5t0-1 .75).

" As could be observed from Figs GC-49 and GC-54, the scattering of pbihts is

highest in these two Figures. The scattering of data points in the proposed generalized -
correlation straight line is the least in Fig. GC-51. Hence ,the value of ‘p’ =(-1) appears

to be best ﬁt wherein practically all points are on proposed generaliZed ‘correlation

" straight line . However to keep uniformity in the value of index: “p” for aliphatics-

H/H’/0 in generalized correlatmn, the value of index ‘p’ of (-0.75) has been selected.

(v) The relevant data of log’ k’ Vs. log A for systems invdlving component —
~ Octane wherein value of index ‘p’ has been varied from (-0.5) to (-1 75), has been
: plotted in Figs. GC-55 to GC-60

Critical observations of all the Figures from figs GC 55 to GC-60 indicate that
the scattering of data points in Fig.GC-55 having index ‘p’ value of (-0.5) as well as
F1g GC-60 having ‘p’ of value (-1.75) is highest.

Only in Fig.GC-56 wherein value of index ‘p’ is (—0.75),' the scattering of data

points along the proposed generalized correlation line is the leasi Hence it can be

considered as optimum value of index ‘p’ for systems involving ahphatlc component—
Octane.This value of index ‘p’ of (-0. 75) matches with the value for, systems mvolvmg
aliphatic component- Heptane. ' o

- (vi) It is interesting to observe that index of Temperature Tpnﬁ labeled as ‘o’ R

has an optimum value of (+1) for all "k" data values obtained for mixed solvent -
Omso+W). o o '
The index of Anti-solvent Concentration Term has been labeled as ‘p’.The

“value of index “p”.of (-3)is for all systems involving aromatic compépent:-

Benzene & Toluene. However, the value of index involving aromatic

component- Xylene is (0.333).

The value of index ‘p’ for all systems involving aliphatic componeﬁts- Hexane,

Heptane and Octane is (-0.75).
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- category (ii), in Figs. GC-49 to GC-54 for- category (iif) and in Flgs GC-55 to GC-GO_

for category (iv)

Critical Observations and Remarks w.r.t. Plots GC-31 to GC-60

(i) In Figs GC-31 to GC-42, the index value of “p’ has been varied from (-2.5)

to (-3.25) and data for different systems-B/T-H-Dmso+W has been plotted.

The scattering of data points of ‘k’ along generalized correlations straight line

appears to be highest in Figs. GC-31 and GC--36. Further in Fig. GC-33 scattering of

polnts along the generahzed correlation straight line for system involving Benzene

. happens to be least for value of index of ‘p’ = (-3).
Hence values of index ‘p” of the order of (-3) appears to be the optimum value.

For systems involving aromatic component- Toluene, similar 6bservatjons can
be made from Figs. GC-37 to. GC-42 and value of index "p’ of the order of (-3.25)
appears to be optimum value, as could be seen from Figs. GC-42.

However to keep uniformity in the value of index “p’for aromatics for both the

solvents, . the value of ‘p’ = (-3) has been selected as the optimum value of systems -

involving aromatic component- Toluene.

(ii) For systems involving aromatic component- —Xylene, the value of log k Vs
log A have been plotted in Figs GC-43 to GC-48 wherein value of index ‘p’ has been
varied from (-0.333) to (-1.25): The critical observation of all these Figures indicates
fhat the optimum value of index ép’ for systems im)olving aromatic component- Xyléne
- (<0. 333) as could be seen from Fig GC-37 wherein the scattermg of data points is the

least w. T. t. generalxzed correlation stralght line.

Thus for systems consisting of aromatic component-s- Benzene and Toluene,
the values of index ‘p’ appears to be (-3). However for system consisting of aromatic
component- Xylene the value of ‘p” has to bé~(—0.333). This can be considered as
important exception for th§ value of index for systems .consisting of aromatic
component- Xylene. Excluding these nine systems, for all the remaining 81 systems,

the value of index “p’ for aromatics —-B/T/X for both mixed solvents (Dmf+W) as well
as «(Dmso+W) is (-3) only. ‘ ‘
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574 Obtaining Values of ‘q> & ‘r’ in Oza - Puramk (0 P)
Correlation for Mixed Solvent (Dmf + W) -

" Oza —Puranik correlation can be written as

T S+W M M1
log’ k> =1 +lo + 1 +log| —
g’ °g['r} g[ s } °g[a] °g[Cz’] .-

In this correlation the term

I S+W1P
B! +}
°g{'r} °g[ s ]

_has been labeled as ‘A’ and the given equation can be written as

M2

log k>=A +log [AC{‘] +log[ s

:l =log X.

~ Thus various values of ‘A’ already reported previous Table-56 could be utilized -
further to obtain values of “X’ wherein index of molecular weight of aromatlc term and .
molecular weight of aliphatic term namely ‘q> & ‘r " needs to be finalized. While
~obtaining X’ term for different index value of ‘q’, index of ‘0’ & °p 'lfor “Temperature
Effect Term” & “Anti solvent effect Term” respectively which have been already ‘

 finalized i in prevmus sectmn-(S 7.2), have been utilized. The optnmzed values of index

‘0’ & ‘p’ are as under:

For “Temperature Effect Term” values of index ‘0’ is (+1). For “Anti solvent
effect Term”, the values of mdex p’ is (-3) for component B-T—X and (-0.75) for
component H &O. '

Using above mentioned values of ‘o’ and ‘p’, data processing Table- 57 (A) has
been prepared for B-T-X systems. Further data processing Table-57((B) has been
prepared for systems involving aliphatic- Heptane and data processing TabIe—S?(C) has

been prepared for systems involving aliphatic -Octane.

Using the values of ¢ X’ and ‘k’ reported in Table- 57(A) Table- 57(B) & Table-
57(C) various plots of log’ k’ Vs IogX have been depzcted in figures. GC-. 61 to GC-.
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¢ B P=-3,g=-0.25
nT

1aX

Fig.GC-61 Plots of log k Vs, X1 for the developmgnt of Generalised correlation

for systems B/T/X-H-Dmf-W

=T
1.9 .4

+B, P=30=-0.33,

Fig.GC-62 Plots of log k Vs, X2 for the development of Generalised correlation

for systems B/T/X-H-Dmf-W
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*B P=-3,g=05
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Fig.GC-63 Plots of log k Vs, X3for the development of Generalised correlation

for systems B/T/X-H-Dmf-W
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#B, P=:3,g=-0.75
T :
AX

Fig.GC-64 Plots of log k Vs, X4 for the development of Generalised correlation
for systems B/T/X-H-Dmf-W .

Dmf

‘0‘.5 |®B P=-3,g=-1] '
aT

laXx

log k

Fig.GC—65 Plots of log k Vs, X5 for the development of Generalised correlation
for systems B/T/X-H-Dmf-W
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*B P=-3,q=-05
BT

aX :
X H',P=-0.75, r=-1

Fig.GC-66 Plots of log k Vs, X1 for the development of Generalised correlation
' for systems B/T/X-H-Dmf-W and B-H-Dmf-W '
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o 04 *B P-3,q-05
&o .
g ET
AX
XH', P=0.75,r=-1.5

| Fig.GC-67 Plots of log k Vs, X2 for the development of Generalised correlation
for systems B/T/X-H-Dmf-W and B-H-Dm{-W ‘
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¢B P=3,¢=05
mT )
18X
XH,P=-0.75, r=-2

log k

' Fig.GC-GS Plots of log k Vs, X3for the deveiopment of Generalised,co‘rrelation
' for systems B/T/X-H-Dmf-W and B-H'-Dmf-W

BT
aXxX
X H',P=-0.75, r=-2.25

¢B P=3,g=-05

Fig.GC-69 Plots of log k Vs, X4 for the development of Generalised correlation
for systems B/T/X-H-Dmf-W and B-H-Dmf-W |



¢ B P=-3, q=-

0.5
nT

aX

x H',P=-0.75,
r=-2.5

Flg GC-70 Plots of log k Vs, X5 for the development of Generahsed correlation

for systems B/T/X-H-Dmf-W and B-H'-Dmf-W .

Dmf

X H" =,

Fig.GC-71 Plots of log k Vs, X6 for the development of Generalised correlation

for systems B/T/X-H-Dmf-W and B-H'-Dmf-W
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- [#B"P=-3, q=-0.5

BT

ax .

|XHP=0.75, =225 | |
O 0ct,P=-0.75,r=-0.25

X1

Fig.GC-72 Plots of log k Vs, X1 for the development of Gené’raliséﬁ correlation |
for systems B/T/X-H-Dmf-W and B-H-Dm{-V/ and B-Oct-Dmf-W .

B P=3,¢=-05 ||
nT S
aXx . ,
X H',P=-0.75, r=-2.25.
|1 0ct,P=-0.75,r=-0.333 :

log k
=)
E-S

Fig.GC-73 Plots of log k Vs; X2 for the developme:t of Generalised correlation
for systems B/T/X-H-Dmf-W and B—H'-Dm £ and B-Oct-Dmf-W
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=T

aXx
X H',P=-0.75, =-2.25

0 Oct,P=-0.75, =-0.5

Fig.GC-74 Plots of lég k Vs, X3 for the development of Generalised correlation
for systems B/T/X-H-Dmf-W and B-H'-Dmf-W and B-Oct-Dmf-W
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« 04 mT
o AX

XH ,P=-0.75, r=-2.25
£30c¢t,P=-0.75, r=-0.75

. Fig.GC-75 Plots of log k Vs, X4 for the development of Generalised correlation
for systems B/T/X-H-Dmf-W and B-H'-Dmf-W and B-Oct-Dmf-W
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#B P=3,¢=05
|mT

AX

X H' P=-0.75, =-2.25

10300t,P=-0.75, r=-1

Fig.GC-76 Plots of log k Vs, X5 for the development of Generalised correlation

for systems B/T/X-H-Dmf-W and B-H-Dmf-W and B-Oct-Dmf-W -
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&B P=3,q=-05
.
AX:

X H'P=-0.75, r=-2.25

00ct,P=-0.75, =-1.25

Fig.GC-77 Plots of log sz, X6 for the development of Generalised correlation
for systems B/T/X-H-Dmf-W and B-H'-Dmf-W and B-Oct-Dmf-W
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77 for all the 45 values of ‘k’ obtained in this investigation for mixed solvent

under different sets of conditions. ,
Critical Observations and Remarks w.r.t. Plots: Figs.GC-61to GC-77:.

(i) Data processing Table- 57 (A) has been utilized while plotting different
figures from GC-61 to GC-65.In Figs. GC-61 to GC-65 which depicts ‘k’ data for
different systems: B/T/X-H-Dmf+W the values of index ‘q’ has been varied from (-2.5)
to (-1) while plotting data of log” k’ Vs. log (X). Scattering of points is highest on
lower side of straight line in Fig-GC-61. As the index ‘q’ value gets altered from -0.25
to higher values, the scattering of points gets reduced.As the value of index ‘p’ gets
increased further, a stage is reached when the scattering of points again starts increasing
but on upper side of straight line. Thus, scattering of points is highest in two figures
namely-Fig.GC-61 and Fig.GC-65. Thus only in Fig.GC-63, the scattering of points
w.r.t. proposed generalized correlation line appears to be the least wherein the value of
index ‘q’ of (-0.5) among the range varied from (-0.25) to (-1). Hence the value of

index ‘q’ of (-0.5) appears to be optimum value in generalized O-P correlation.

(ii) Data processing Table- 57 (B) has been utilized while plotting different
figures from GC-.66 to GC-.-71. In these figures wherein plots have been made for log’
k’ Vs. log’X’ for different systems consisting of B-Hep-Dmf+W. The value of index ‘r’

has been varied from (-1) to (-3).

All the previous 27 data points with optimum value of index already decided
have been plotted along with data points for the systems involving aliphatic Heptane.
Scattering of data points is highest and on lower side of generalized correlation straight
line in Fig.- 66 wherein the value of index of ‘r’ is (-1) . As the value of index ‘r’ gets
increased from (-1) to higher numerical value, the scattering of points along generalized
correlation line starts decreasing. As the value of index ‘r’ increases further, a stage is
reached such that the scattering of points again starts increasing. However, the
scattering of points now starts increasing on the upper side of generalized correlation

straight line.

Thus scattering of points is highest in two figures namely FigsGC-66 and GC-

71 wherein the value of index ‘r’ are (-1) and (-3) respectively.

- a901



Thus only in Fig. GC-69, the scattering of points for the proposed generalized

correlation line appears to be the least wherein value of index ‘r’ is (-2.25) among the

range varied from (-1) to (-3). Hence the valué of index ‘r’ in generalized correlaﬁon ,
appears to be (-2.25).. However, though the best ﬁt is obtained for index of ‘1’ in the ’
“Term Molecular Welght of Ahphatlcs” for a value of (-2.25), to maintain over all ~ -

- uniformity in the index value of ‘r’, the selected value of ‘r’ 1s (-2).

(iii) The data processing Table- 57 (c) has been utilized while plotting different

- Flgs GC-.70 to GC-.-77. In these Figs, data of log k* and log’X? for systems involving
- B/T/X-H-Dmf+W and systems involving- B—Hep-Dmf+W have been plotted along the
data for systems involving B-O-Dmf+W. while finalizing value of ‘r for different
systemsvinvolying B-O-Dmf+W. The already finalized values of index ‘o’; ‘p’, ‘q’ and

‘y’ for different systems involving- B/T/X+H/+Dmf+W. have been kept for proposed

generalized correlation.
The range of index °r’ for Octane has been varied from (-0.25) to (-1.25).

- All the previdus 36 data points with_optimumvvalue of index »alréady decided

have been plotted along with data points for systems involving aliphatic Octane in )

Figures from GC-72 to GC-. -77.

As could be seen from F1g GC—72 the scattenng of data points is hlghest and

on lower side of proposed generalized correlation straight line wherein index of * v for

the term involving mol wt. of aliphatics is (-0.25)

" As the value of index ‘r’ gets increased from (-0.25) to higher absolute values ,

“the scattering of data points along generalized correlation line for:systems involving -

aliphatic-Octane starts decreasing. As the value of indéx ‘r’ inceased to a higher .

numerical value, a stage is reached such that the scattering of points along generalized
correlation line again starts increasing. However, increase in scatter_ihg of points is on

the upper side of generalized correlation straight line.

Thus as could be observed from Figs GC-72 to GC-77, scattering of points in
two Figs Figs GC-72 and GC-77 is highest. In Flg GC-72, the scattering of points is on

lower side of proposed generalized correlation line and in Fig GC--77, the scattering

happens to be on the upper side of the proposed generalize correlation_line'Wherein the -

value of index ‘r” are (-0.250)and (-01.25) respectively.
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Thus in Fig.GC-74 the scattering of all the data points of K’ is the ieast wrt.

generélized’ correlation straight line and dptim'um value of index r’ is expected to be |

(-0.5).

(iv) Thus the ‘values of index ‘r’ for systems involving aliphatic-Heptane and
systems involving aliphatic-Octane are (-2) and (-0.5) respectively. Since these two
values of “r” differ considerébly, the effect of increase in molecular weight of ,aliphatics

when Hexéne'is repl#ced by Heptane and subsequently by Octane, the effect of increase.

in molecular weight happens to be most stringent for systems invoiviﬁg Heptane.

.5.7.5 Obtaining Values. of ‘q° & “r’ in Oza - Puranik (O - P)
Correlation for Mixed Solvent (Dmso + W):-

The correlation cited under sub-heading: (5.7.4) can also be utilized for mixed
solvent Dmso + W. Thus the. correlatlon utilized for ﬁxmg the values of ¢ q and ‘r’ for

mlxed solvent Dmso +W is as under;
log’ kK’ =A +log [Ml] +log[M2:l =log X
7 Ci] C2 :

The valﬁes of (A) already reported in Table— 59 could be utilized conveniently
~ to obtain the values of (X) by adding two terms namely: Ratio of molecular weight of
aromatics having index ‘q’ and Ratio of molecular weight of aliphatics having index ‘r’

to the previously determined term (A).

_The releirant values of ‘X along with values of ‘k’ for different systems ,V

’involving mixed solvent- Dmso+W are reported in Table- 60 (A) wherein values of

index ‘o’ and p’ already ﬁnahzed have been utlhzed and the values of index ‘q’ are

vaned in the range of (-0.25) to (-2).

Further data processiﬁg Table- 60 (B) has been prepare;d wherein aliphatic
‘effect by replacing Hexane by Heptane has been considered and the values of index ‘r’
has been.varied from (-0.75) to (-1.25). To study the effect of replacing aliphatic
component- Heptane by Octane, data processing Table- 60(C) has been prepared
wherein value of indéx ‘r’ has‘; been altered from (-1) to (-1.5).Using values of ‘X’ and

‘k’ reported in Table-s- 60(A),60(B) & 60(C) ,various plots of log’ k> Vs Iog{X]_haire
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Dmso

0.1

log k

¢B.P=-3,g=0
WT.P=-3,4=-0.25

Fig.GC-78 Plots of log k Vs, X1 for the development of Generalised correlation
’ for systems B/T/-H-Dmso-W
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logk -

‘| B,P=-3,g=-0.333
BT P=-3,4=-0.333

4

Fig.GC-79 Plots of log k Vs, X2 for the development of Generalised correlation
for systems® B/T/-H-Dmso-W
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0.1

log'k

@B,P=3,0=05
RT,P=-3,g=0.5

Fig.GC-80 Plots’ of log k Vs, X3 for the development of Generalised correlation
’ for systems B/T/-H-Dmso-W
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log k

¢B,P=3,4=-0.75
|TP=-3,q=-0.75

Fig.GC-81 Plots of log k Vs, X4 for the development of Generalised correlation
for systems B/T/-H-Dmso-W
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log k

{®B.P=-3,4=-1
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Fig. GC—82 Plots of log k Vs, X5 for the development of Generalised correlatlon
for systems B/T/-H-Dmso—W
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0.4 - 0.1

" fog k

#B,P=-3,4=-05
X1 } WT,P=34=-0.5
AX,P=-0.333,q=-0.5

~ Fig.GC-83 Plots of log k Vs, X1 for the dcvelopment of Generalised correlatxon
for systems B/T/X-H-Dmso-W
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Fig.GC-84 Plots of log k Vs, X2 for the development of Generalised correlation
for systems B/T/X-H-Dmso-W
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0.1

log k

®B,P=30=05
X3 WT.P=34=-0.5
AX,P=0.333,g=-1

Fig.GC-85 Plots of log k Vs, X3 for the development of Generalised correlation
for systems B/T/X-H-Dmso-W
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Fig.GC-86 Plots of log k Vs, X4 for the development of Generalised correlation
for systems B/T/X-H-Dmso-W
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X5 o W1 P=3,4q=05

AX,P=-0.333,q=-2

Fig.GC-87 Plots of log k Vs, X5 for the development of Generalised correlation
for systems B/T/X-H-Dmso-W
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fog k

#B,P=3,4=-0.5
NTP=34=-05
AX,P=-0.333,0=-1
XHP=-0.754-0.75
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"Fig.GC-88 Plots of log k Vs X1 for the development of Generalised correlation
for systems B/T/X-H-Dmso-W and B-Hep-Dmso-W
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AX,P=-0.333,0=-1
X HP=-0.75, %-1.25

Fig.GC-89 Plots of" log kVs X3 for the developrr;ent of Generalised correlation
 for systems - B/T/X-H-Dmso-W and B-Hep-Dmso-W
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~ Fig.GC-90 Plots of log k Vs X2 for the development of Generalised correlation -
- - forsystems B/T/X-H-Dmso-W and B-Hep-Dmso-W
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Fig.GC-91 Plots of log k Vs X4 for the development of Generalised correlation

for systems B/T/X-H-Dmso-W and B-Hep-Dmso-W
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Fig.GC-92 Plots of log k Vs X5 for the development of Generalised correlation
for systems B/T/X-H-Dmso-W and B-Hep-Dmso-W
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25 WTP=3,0=05
e AX,P=-0.333,g=-1
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Fig.GC-93 Plots of log k Vs X6 for thé development of Generalised correlation E
for systems B/T/X-H-Dmso-W and B-Hep-Dmso-W '
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Fig.GC-94 Plots of log 4k Vs X1 for the development of Generalised correlation
for systems B/T/X-H-Dmso-W and B-Hep-Dmso-W -and B-Oct-Dmso-W
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4 B,P=-3,q=-0.5
W T,P=-3,q=-0.5

830,P=0.75,r=-1.26

Fig.GC-95 Plots of log k Vs X2 for the developmentv of Generalised correlation
for systems B/T/X-H-Dmso-W and B-Hep-Dmso-W and B-Oct-Dmso-W-
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Fig.GC-96 Plots of log k Vs X3 for the development of Generalised correlation -

for systems B/T/X-H-Dmso-W and B-Hep-Dmso-W and B-Oct-Dmso-W
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Fig.GC-97 Plots of log k Vs X4 for the development of Generalised correlation
for systems B/T/X-H-Dmso-W and B-Hep-Dmso-Wand B-Oct-Dmso-W.
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Fig.GC-98 Plots of log k Vs X5 for the development of Generalised correlation

for systems B/T/X-H-Dmso-W and B-Hep-Dmso-W and B-Oct-Dmso-W
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Fig.GC-99 Plots of log k Vs X6 for the development of Generalised correlation
- for systems B/T/X-H-Dmso-W and B-Hep-Dmso-W and B-Oct-Dmso-W
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been plotted in Figs GC-78 to GC-99 for all the 45 values of K’ obtamed in this-

mvestxgatlon for mixed solvent- Dmso+W.

Critical observations and remarks w. r. t. plots: Figs GC-78 to GC-99:

¢ Data processing Tablefs- 60(A) has been utilized while plotting different

Figures from GC-79 to GC-82. In Figs GC-79 to GC-82 which depicts ‘k’ data for

different systeins B/T/H- Dmso+W, the values of index ‘q’ has been varied from

(-0.25) to (-1) while plotting data of log X Vs log k, The scattering of data points w.r.t.
generalized correlation straight line is highest in Fig GC-78 and GC-82 wherein values
- of ‘q’ utilized are (-0.25) and (-1) respectively.

Scattering of points w.r.t. the generalized correlation line appears to be the least

in Fig GC-80 wherein power of ‘q’ utilized is (-0.5). Hence among the range of ‘q™
varied from (-0.5) to (-1) the optimum value of index ‘q’ appears to be (-0.5) for

systems involving aromatic components-Benzene and Toluene.

tiv Since for data systems involving aromatic component- Xylene, the value of

index *p’ is (-0.333), this data has been plotted in Figs. GC-83 to GC-87 wherein value

of index ‘q’ has been altered from (-0.5) to (-2).

‘ Tt is observed that scattering of points along the generalized correlation straight

line is very high in two Figures- GC-83 and GC-87 wherein values of index * q happen
* to be (-0.5) and (-2) respectwely

~ Hence it is observed that only in Fig GC-85, the scattering of data points is least

~ with reference to' generalized :correlation straight line. Here the value of index ‘g’ -

appears to be (-1) which gives best fit. Hence optimum values of index ‘g’ for systems

involving aromatic component- Xylene appears to be (-1).

It may be noted that optimmﬁ value of index ‘q’ for systemé involving aromatic

components-Benzene & Toluene is (-0.5).

Wii)The different values of log’X’ and log’ k’ for aliphatic component- Heptane
reported in Table- 60(B), have been plotted in Figs GC-88 to GC-93 wherein these Figs
have been divided in two groups. - :
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Group 1: wherem values of index * p’ for Antisolvent concentration term has

been kept as (-0.75) whxle finalizing value of “r”

Group -2: Awher_em values of index ‘p’ for Antisolvent concentration term has

. _‘ ‘been kept as -1) while finalizing value o f‘r”

| For these two groups—(l) and (2) the value of mde)i ‘q* has been varxed from (-

0. 75) to (-1 25)

Observations for Group-1: Figs GC—89' to. GC-90 : As could be seen from Fig.

GC-89 for Group-1, optimum value of index “r’ for sjstem involving aliphatic
comi:ouent- Heptane happens to I;e '(-1.25). In Fig GC-89, the scutteﬁng of points along
generalized correlation straight line is the least. Hence the optimmu value of index ‘r’
happens to be (-1:25) .However to keep uniformity in different values of ‘r’, the value

Qf index ‘r’ is selected as (-1) -

~ Observations for Group-2: Figs GC-91 to GC-93 : As e’ouid be seen from Fig
GC-91 for Group-2, optimum value of index ‘r’ for system inuelving 'compouent-
- Heptane happens to be (-0.75). Out of different Figures -from GC-91 to. GC-93, the

scattering of points along generahzed correlation stra:lght line is the least in Fig GC--91. -

Hence optimum value of index ‘r’ for system having aliphatic component- Heptane is(- -

0. 75) wherein optunum value of index ‘p’ of “Anti solvent Concentratlon Term” is (-1).

Thus for Group-1, optlmum values of index ‘p’ and r’ are (-0 75) & (-1) and

’ optunum values of ¢ p and r for Group-2 are (—1) and (-0.75).

While plottmg dlfferent graphs for systems involving ahphatxc component—

' Octane and deciding optimum value of ‘r’ for systems involving Octane both the sets of _

‘Group-1 and Group-2 and corresponding sets of values of index ‘p’ and ‘r’ for

component- Heptane have been utilized.

(iv) The different values of log X and log k for aliphatic cbmponent» Octane
reported in Table - 60© have been plotted in Figures from GC - 94 to GC -'99 wherein
these figures have been divided in two groups: -

- Figs. for Group - 1 are GC - 94 to GC - 96.

'Figs. for Group - 2 are GC - 97 to GC - 99.
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Discussion for Figures GC - 94 to GC - 96 for Group - 1:
While plotting data of log k Vs log X in these figures, data of log k of systems

involving B/ T/ X - H/ Hep - Dmso + W, the various values of index ‘o’, ‘p’, ‘¢’ & ‘r’
already optimized have been iltilized namely p, ; = (-3), p, = (-0.333), p,. = (0.75), -

qB'rx"('l)andr '_('1)

The value of mdex r for systems mvolvmg component—Octane has been varied

from (-1) to (-1 5).

The scattering of data points of ‘k’ w.r.t. proposed generalized correlation -

straight line appears to be least in Fig. GC - 94 in comparison to Figs. GC-95 and
GC-96. Hence, optimum value of index ‘r’ for systems involving aliphatic component-

Octane appears to be (-1).

Thus all the data of ‘k’ values can be correlated saﬁsfactonly by ‘O-P’
generahzed correlation as per plot shown in Fig. GC 94

Dlscusswn for Flgures- GC-97to GC 99 for Group -2:

While plotti'ng data in thlS ﬁgs., the values of group -2 menﬁoned for systems

involving Heptane ie. p ,, = -1 and r ,, = -0.75 have been utilized. All the remaining

values remain same as in group{l 6Py, = (-3), Py = (-0.333) and q ., =(-1).

-The values of mdex r for systems involving component— Octane have been i‘ , 1

varied from (-l) to (-1.5).

The scattering of all the data points of k’ from the proposed generalized ‘0P

correlation stréight line appears to be least' in Fig. GC - 97 in combarison to. -

Figs. GC - 98 and GC - 99. Hence, the value of index ‘r’ for systems involving Octane
is (-1) which can be called as optimum value of index ‘r’ for systems involving
" aliphatic component- Octane. ‘Thus all the data of °k’ values can be correlated
satisfactorily by Oza- Puranik (O-P) correlation as per plot of log k Vs. log X shown in
fig. GC - 97. '
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'(y) Comparison of Figs. GC - 94 and GC - 97:

Generalized  correlation depicted in Figures- GC - 94 constituted six values of

index P, ‘q’-& ‘v’ namely:

P,.=-3, P_=-0333 P, o=-075
qm=—0.5 : o q,=-1 o= -1

Generalized correlatlon depxcted in Fig. GC - 97 constitutes elght values of ‘p’, -

‘&‘r namely
Py:=-3,. P,=-0333 P,=-1 - & P ,=-0.75
qp;=-05 q,=-01 r,=-0.75 & ro=-1

Three values of index - ‘p’, ‘q’ & ‘r’ obtained in generalized correlation which

has been proposed for mixed solvent(Dmso + W) are common with the values

obtained in generalized correlation proposed mixed solvent Dmf + W,

Hence to keep more ﬁniformity in proposed Oza- Puranik’ (0~P) correlation, the '

plot shown in Fig. GC - 94 is selected for mixed solvent-(Dmso + W) in comparison to

the plot shown in Fig. GC - 97.

5. 7.6 Oza - Puramk (0O-P) Correlatlon for

Quaternary qullld qumd Phase Ethblhum Data:
The following generahzed Oza-Puranik (O-P) correlation proposed in this

mvestlgatlon can be considered as one of the most important contnbutlon of the present .

work.

T [s+wP [, [MT]
logk=1 +1 +1 +og| —
% og[%] °g[ R ] °g[01]3 °g[ ]
‘The above coxrelation:r constitutes four dimensionless groups as
=5 [EE]

Tol L § |'LCi] C2

With index values o, p, q & 1.

The terms in the denominator namely To, C1 and C2 are having values 273 °K,

78 (molecular weight of benzene) and 86 (molecular weight of hexane) respectively. -
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For quaternary systems -B/T/X- H / H/ O Dmf + W:

Index values are as under: .
Pprx=-3s Py o=-0.75, q,3TX 05, r,=-2 & r =-05

For quaternary systems. B/T/X- H / H’ / O Dmso +W:

Index values are as under 7
‘ Prx =-3, Px™ 0333 & Puo™ -0,75
qm*-'S, g, & r,4=-1

5.7.7 Predlctmg Values of XBE, XSE & XBR> XHR :

Stepwise procedure mentioned by Dhabe and Puranik,”’Bansod and Puranik 72
can be followed to predlct extmct phase and raﬁinate phase composmon by trial and
error approach. '

(The values of temperature (T), antisolvent corlceﬁtration (W), aromatic
component to be extracted and aliphatic component in the feed with their composition
in the feed should be fixed. '

~(ii)Hence using ‘O-P’ corelation, the value . of ‘k’ can be predicted
conveniently. ' ' '

(iii)Once the value of *k’ is known for a fixed valued of feed composmon, the
ratio of E/R can be assumed.

- Stepwise procedure mentioned by Dhabe and Puranik “has to be- followed and a
plot of ‘ o A |

: ). X
: 1 Vs. | —YBE
° [XHR} s Og[ X X }

can be constructed.

(v)Using trial and error approach, using material balance equations over all and
individual for E & R phases in terms of F & S and the Hand’s plot for the system under
V consideration, the step wise calculation procedure is repeated till the value of (E/ R)

assumed initially and (E / R) predicted by calculation match with each other.
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(vi)Thus extract pﬁase combosjtion of solute and solvent i.e.(X;; & X,p),
raffinate phase composition of solute and non-solute (X, & X,,.) can be predicted. '

580 CORRELATING QUATERNARY LIQUID-LIQUID PHASE

' EQUILIBRIUM DATA BY NRTL EQUATION.

Exhaustive work has been done by Kolha and Puramk77 whereln dxfferent
computer programs have been developed for correlating and predlctmg temary as well
. as quaternary hqu:d—hquld phase ethbnum data inclusive of vapor~11qmd

‘equilibrium data.
. . These authors have used various novel approaches as upder: '

@) Correlating basic component binary vapor— liquid phase equilibrium data to
correlate ternary vapor liquid equilibrium data. '

(i) Correlating basic temary equilibrium data to correlate quaternary liquid
liquid phase equilibrium data. ‘

(iii) Using vapOr — liquid phase equilibrium data to predict liquid — liquid phase

~ equilibrium data, o a

(iv) Using liquid — hqmd phase ethbnum data to predxct vapor hqmd phase a

equilibrium data. |

(v) Also using LEMF, NRTL, UNIVAC and UNIFAC models available in
literature, various computer- programmes have been prepared by these
- investigators. | ' B

(vi) From these various programmes, different programs prepared for UNIFAC,
UNIVAC and NRTL have been utilized to correlate exhaustive ethbnum
liquid liquid Phase. equlhbnum data obtained for 11qu1d hqmd extraction

of aromatics m this investigation.

| (vii) It has been observed that out of above mentioned three models NRTL model -

. fits all the data oBteined in present investigation most satisfactorily. Hence
all the relevant details of computer programming have been méntior;ed in
present thesis only for NRTL method.

This method has also been utilized successfully by Gandhi and Puranik ',
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Different systems classified into ﬁve categories for solvent mvolvmg Dmfand

also five categones for solvent mvolvmg Dmso ‘have been processed by computer’ :

programming and all the relevant details are mentioned in Ap_pendlx consisting of
Tables-1.1 to 1.13 for solvent Dmf and Tables-2.1 to 2.15 for solvent Dmso.

While processing data by computer ‘progrémming anti solvent concentration of -

water has been considered as a prime variable and temperature as secondary variable.

Totally twelve NRTL constants have been involved for a fixed temperature for one
system involving solute- (B / T / X), non-solute (H / Hept / Oct), solvent- (Dmf /. '

Dmso) and antisolvent (W).

In this manner data for fourteen systems (actually 14 x 3 = 42 systems if one

takes into consideration anti solvent concentration as a variable) have been correlated -

for liquid. — liquid extraction of aromatics invoiving mixed solvent Dmf+W

In similar manner data for fifteen systems (actually 15 x3= 45 systems 1f one -

takes into consxderatlon anti solvent céncentratmn as a vanable) have been correlated

for hquld.v-— liquid extraction o_f aromatics involving mixed solvent Dmso+W.

5.8.1. NRTL Constant Values :

Based on exhaustive eomputer programming data reported in Appendix-IV,

~ Summary Tables have been prepared for NRTL constants which also includes absolute

mean deviation, optimum value of F and number of tie lines. -

) NRTL constant; values for Systems consmtmg of B/T/X—H/I{ept/Oct—_f: o

Dmf/W are reported in Tables 'j61-to 65 wherein classified Systems are as under : .~

¢} Benzene (B) - Hexane (H) — Dmf — Water (W) |
(2) Tolune(T)— Hexane (H) — Dmf —~ Water (W)
(3 Xylene (X) - Hexme (H) — Dmf - Water (W)
(4)  Benzene (B) - Heptane (H’) — Dmf — Water (W)
(5)  Benzene (B) — Octane (Oct) — Dmf — Water (W)
At a glance one realizes that there can’t be any specific trend regarding nature

of constants for diﬁ'erent-systems involving mixed solvent- Dmf+W However, after

critical analysis of data, it is observed that there exists a peculiar trend for all eonstants-.

(i) NRTL constant values for Systems consisting of B/T/X-H/Hept/Oct—

Dmso / W are reported in Tables 61 to 65 wherein systems are as under :
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. Table-61
Value of Constants for NRTL equation for System B-H-Dmf-W

NRTL - 20°C 30°C
A( 1 2) | 735.5074  586.2665
A(1,3) 6622728  815.0587
A(1,4) - 3793250 6584573
A(2,1) 2634166  317.7770
A(2,3) o .1269.1480  -215.5683
A(2.4) a 372994 2987109
A3, 1) 7077083 773.7364
A(3,2) 2211540 -909.2023
A(3,4) 426.6541 - 307.4060
A(4, 1) 82.0247 -267.9727
A (4,2 : 585.6796  196.7304
A(4; 3) 7941349 527.1005
*ABSOLUTE MEAN DEVIATION (MOLE %)  1.54815* 2.89683
OPTIMUM VALUE OF F 0.0515839  0.0467786
No of Tie lines . 15.0 160
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‘ , Table-62
Value of Constants for NRTL equation for System T - H - Dmf - W

No of Tie lines .

NRTL
A(l,2).

AQ,3).
Av(l,4).
A2, 1).
A@2,3).
A@2,4).
AG,1).
A(3,2).
AG,4).
A, 1).
A4,2).

A(4,3).

OPTIMUM VALUE OF F

*ABSOLUTE MEAN DEVIATION (MOLE %)

0.0841786

20°C
263.9734

373.1947

273.1213
465.8286

-80.0822

1602.0111

470.8522

10.4358

367.2550

-203.4787

582.3835

520.9489

5.10046%*
0.3641742

9

30°C
433.7261

408.5995

254.0914
4923210
-312.0891

381.3229

933.8842

-567.8607
45 1.3655
293'.5040“
138.5687

496.3878

- 1.87058*

0.0863915

15

40 °C
549.3115

529.5548

-13.0831
271.4386
53.3676
161.2820
615.6130
250.3456

616.0107

- 257.9896

392.7339
464.8004
3.09568+
0.2254088

15
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Table-63

Value of Cbns_témts for NRTL equation for System X - H - Dmf ] W

NRIL 20°C 40°C

A(l,2)= 982.6008  606.3065

S AQL3). . 641.1958  448.0769

AQLY). | 2474561  56.8726

A@,1). 471464 4145657
A@,3). 522038  -227.6839

AQ@,4). | 3474907 2282203

AG,1). . 6612541 5162860

AG,2). 180.6193 - 104.3383

AG,4).  657.9348 4405740

CA@, D). 1061042  -595.2411

A4,2). 660.4219  487.4023

A4,3). | 5855577 397.7920

*ABSOLUTE MEAN DEVIATION (MOLE %) 208251%  132106%
| |opTIvMUM VALUE OF‘ F 0.0841786  0.1824451  0.0192564

No of Tie lines . » o 15 I1
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A Table-64 |
Value of Constants for NRTL equation for System B - Hep - Dmf - W

NRTL. 20°C 30°C 40°C
AQ,2). 5213718  727.8251 6162385
A(l,3). o 3214382 856.1557 4773983
A(l,4). 105100 3877383 7.3420
A@2,1). | 3461175 3265732 3334872
AQ2,3). | -1772816 57413 6734152
A@,4). 1922867 5902787  -438.6278
CAG,D.  agsoost 758.8549 - 422.4020
| AG,2). .  -125.7842 | 6807773 -1018.6990
AG.4). :  349.»8-169- 6m6m9 6503218
A, D). 3378912 5056935 -243.1448
A@4,2). - 5618356  501.4370 3677644
A@,3). 4064340 6411835  787.0422

*ABSOLUTE MEAN DEVIATION (MOLE %) . 2.94784* 3.92413* 1.669075*

OPTIMUM VALUE OF F ' 0.0876058 0.3062868 0.0600729

No of Tie lines . , .10 15 17
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. Table - 65
Value of Constants for NRTL e

quation for Systein B - Oct - Dmf - W

NRTL

A(1,2).
A(,3).
A(l,4).
AR, D).
A2,3).
A2,4).
AG, ).
AG,2).
AG,4).
A4, D).
AG,2).

A@4,3).

20 °C
1047.5770
" -47.0931
-613.8423
160.3802
-1246.1990
-436.9845
995.0690
-821.1371
507.0612
-427.5832

411.9515

352.9347 -

*ABSOLUTE MEAN DEVIATION (MOLE %)  1.66133*

OPTIMUM VALUE OF F

No of Tie lines .

0.0650122
16

30°C
'1069.4170
637.5468
306.0732
933.0268
,;23.4253
-131.1132
681.0268:
362.8768
815.9866
734.8904

667.5668

10365770

2.44740%*

0.1618726
15

40°C
7159625 |
502.3986
-24.2439
487.6512
-182.7415
126.6221
458.6049
-21.706%
317.1026
-59.9024
167.5441 -
384.5162
3.89405*

0.2773978
15
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Table-66

Va_lug of Constants for NRTL equation for System B - H - Dmso - w

NRTL 20 °C 30°C

A(1,2) 1123624 748.095

A(13) | 680.5751 452.095

A(1,4) 319.7207 400371

A(21) 714.575 721.535

A(2,3) | | -214.425 -231.905

A(2.4) | -67.425 153.754

A’(s; 1) ' 2110.575 1126.871

A(3,2) | -800.454 243.005

A(3,4) | 646.575 1415.484

A4 646575 237.095

A (4,2) ‘ 631.575 ~  814.576

A(4,3) ' 786.575 1206.095

ABSOLUE MEAN DEVIATION[MOLE%] 1.68877 [.54738%
OPTIMUM VALUE OF F' 0.0841786  0.0192064

40 °C‘ -
1082.717
629.737
206.201
597.333
316412
-204.921
2087.281
-1110.065
856.752
-149.419
644.903
768.841
0.8304

0.0099850
14

No. of Tie lines . ‘ 15 16
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Table-67

Value of Constants for NRTL equation for System T - H - Dmso - W

NRTL

20°C
A(1,2) 656.3872
A(1,3) 360.4989
A4 315.7563
AQ,D 681.9917
A2,3) -3240.4603
A@2,%) 102.2855
AG,D 858.1785
AQG,2) "151.4184
A(,4) 1235.0480
A, D ' 145.6383
"A@4,2) 790.6209
A(4,3) 1114.3650
*ABSOLUTE MEAN DEV!ATION(MOLE %). 1.54738*
OPTIMUM VAIiUE OFF ‘ 0.0458642
No of Tie lines . 16

30°C.
648.0947

352.0948

300.3714
621.5348
-131.9051
537541

926.8710

. -343.0949

1615.4840

137.0949

914.5758
1406.0950

0.99164*

0.0192064

16

40°C
680.5551

433.7349

86.5692

. 704.2772

-189.4393
64.5216

953.3259

2802507

1304.9020
553.2846
7414771
11581130
1.6044
0.0492756

15
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Table-68

Value of Constants for NRTL equation for System X - H - Dmso - W

NRTL 20°C 30 °C 40°C

A(L,2). 879.143 763.406 1045.488

S AQLI). 521.137 397328 290.279

A, 4. 189.969 346.916 341.288

AQ,D). 790.301 790.757 780.690

AQ,3). 169.900 381.138 288.868

AQ,4). 1026.869  923.500 819.018

AG,1). 845.431 967.104 891.483

AG,2)= 1402713 3427327 199.7915

AQG, 8= 906.8153  1049.6560  962.4148

A, D= 309.7488  486.8335  490.5774

A@,2)= 3582643  296.1371  107.8207

A4,3)= 8353828  725.6857  922.2023

*ABSOLUTE MEAN DEVIATION (MOLE %) ~ 0.83067*  1.65215*  2.23821*
OPTIMUM VALUE OF F 00124217  0.0539820  0.1221319

No of Tie lines . 16 16 11
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Table-69

Value of Constants for NRTL equation for System B - Hep - D_m'so -W

NRTL

A(,2)

A(L,3)
A(l,4)
A@2,1)
A(z,é)
AQ2,4)
AG3,1)
A(3,2)
AG,4)
A@,1)

A@4,2)

CA@,3)

20 °C
957.6147
1050.9050

26.0195
905.3219
-51.4001

-327.6503
997.4967
-402.9991
1109.5120
-258.2584
936.6920

1050.8920

*ABSOLUTE MEAN DEVIATION (MOLE %)  1.08454*

OPTIMUM VALUE OFF

No of Tie lines .

0.0248281

18

0°C
698.7540
1087.7070
101.8724
919.1672
202.8756
-285.9129
1015.3400
469.2961
1094.5900
280.5459
1004.2680

1180.1940

1.09647%

0.0229795

16

40°C

636.633700

1183902000

374.678900
1010.458000
-105.097800 | -
249.470200
111‘1.902'060 -
361.095200
1190.902000
-184.095200

1056.584000

- 1276.902000

17004
0.0585277

17
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. Table-70 .
Value of Constants for NRTL equation for System B - Oct - Dmso - W

-

* ABSOLUTE,MEAN DEVIATION (MOLE %) .

NRTL

A(l,2).
A(1,3).
A(1,4).
A@2,1).
A2,3).
A@2,4).
AG,1D).
AB,2).
A‘(3,4).-
A, 1.
A(4,2).

A@4,3).

OPTIMUM VALUE OF F

No of Tie lines .

0.0841786

20°C
1422.888
721.702
-261.488
943.757
-980.841
-268.009

-93.035

-634.937

1244.617
-940.648
1646.395

- 783.753

- 1.12518*

0.0388759
16

30°C
1488.058
877.024
-256.232
907.970
927.106
-417.592
-62.309

-573.136

-1233.884

-891.741

823.254

766.868

1.24104*

0.0422470
16

40°C
1565.829
955.301
158.912
993.888
-874.060
-285.483
40.522
-505.921
1307.964
-783.153
888.371
906.026
1.02741%

0.0250098
16
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(1) Benzene (B) - Hexane (H) — Dmso — Water (W) |
(2) Tolune (T) — Hexane (H) — Dmso — Water (W)
(3) Xylene (X) - Hexane (H) ~ Dmso — Water (W)
(4) -~ Benzene (B) — Heptane (H’) — Dmso — Water (W)
(5) Benzene (B) — Octane (Oct) — Dmso — Water (W)

At a glance one realizes that there can’t be any specific trend regarding nature
of constants for different systems involving mixed solvent- Dmso+W. HbWever, after

critical analysis of data, it is observed that there exists a peculiar trend for all cohstants.
5.8.2, NRTL Constant Values and Error Analysis :

(i)Values ;)f NRTLconstants for systems consisting of Benzene / Tolune /
Xylene — Hexane — Dmf — Water at three different temperature 20° C, 30° C and 40° C
are reportéd in Table - 71 which also indicates effect of molecular weight of aromatics

on different values of constants.

Further values of NRTL constants for systems consisting of Benzene — Hexane /
Heptane / Octane — Dmf — Water at three different temperatures 20° C, 30° C and 40° C
are reported in Table- 72 which also indicates effect of molecular weight of aliphatics

on different values of constants.

Each system consists of a set of twelve constants for a fixed value of
temperature .Thus even effect of temperature on different values of constants can also

be analyzed by preparing relevant Tables.

The critical analysis of data on NRTL constant values obtained for different
systems consisting of mixed solvent — Dmf+W has been done in subsequent paragraphs

else where.

(ii)Values of NRTLconstants for systems consisting of Benzene / Tolune /
Xylene — Hexane — Dmso — Water at three different temperature 20° C, 30° C and 40° C
are reported in Table — 73 which also indicates effect of molecular weight of aromatics

on different values of constants.

Further values of NRTL constants for systems consisting of Benzene — Hexane /
Heptane / Octane — Dmso — Water at three different temperatures 20° C, 30° C and 40°
C are reported in Table 74 which also indicates effect of molecular weight of aliphatics

on different values of constants.
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Each .SYStem consists of a set of twelve constants for a fixed value of
temperature .Thus even effect of temperature on different values of constants can also

. be analyzed by preparing relevant Tables.

_ ‘The critical analysis of data on NRTL constant values obtained for different

systems consisting of mixed solvent — Dmso+W has been dome in subsequent

paragraphs else where. | 7 ’ ‘
(iiDlt appears that NRTL model fits the data on quaternary liquid. — liquid.

phase equilibrium data for both the solvents satisfactorily. However, comparision of

absolute mean deviation values for systems iniiolving solvents Dmf and Dmso has been -
‘ dep1cted in Table — 75. Interesting conclusion can be drawn from this table which has

been also discussed separately.

5.8.3 Critical analysis of NRTL constants for different systems-
B/T/X-H-Dmf-W:-

The various values of NRTL constants under different sets of conditions for ,

solvent Dmf for different systems wherein Benzene has been replaced by Toluené .

| and later on Toluene has been replaced»by}Xylene have been tabulated in Table-71

Component 'Hexane’hasi been labelé'd as-1, Component Dmf has been labéled o

as-2, Component Water has been labeled as-3, andComponent Benzene/ Toluene /

Xylene has been Iabeled as-4 ‘
Accordmgly,twelve values of NRTLconstants have been compared mTables—?l

Based on critical analys1s of NRTL constants followmg are the important

. observatmns/conclusmn -

(I) For Component Hexane (1) the three values of NRTL constants A(l 2), '

A(1,3) and A(1,4) follow a decreasing order for all systems consisting of Benzene,
Toluene and Xylene as solute and also at all three temperatures 20°C ,30°C and
40°C. |

The exceptions for the above observation being systems consisting of Toluene

at20°C and Benzene at 30°C wherein this order is not followed.

Thus for example fof system B-H- Dmf -W at 20°C , for all the three anti
solvent concentrations namely 0%W, 10%W and 20% W under otherwise identical
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condltlons, , the values of constants A(1,2), A(1,3) and A(l 4) are 735 5, 662 2 and

379.3 respectively. Thus NRTL constants follow a decreasing trend

Further, for example for system, X-H- Dmf -W at 20°C, for all the three anti-

solvent concentratlons namely 0%W, 10%W and 20% W under otherwnse identical
conditions, , the values of constants A(1,2), A(1,3) and A(l A4) are 982.6, 641.2, and
-247.4 respectively.

Thus, it is confirmed that NRTL constants for component Hexane (1) follow a

_ decreasmg trend .

(II) For Component Dmf (2), the values of NRTL constants namely A(2,1),
A(2,3) and A(2,4) follow an interesting trend for all systems bonsisﬁng of Benzene,

Toluene and Xylene and also at all three temperatures i.e. middle constant A(2,3) is

always having a lower value in comparison to constants A(2,1) and A(2,4). There is
only one éxception'to the -above conclusion for the system consisting of Xylene at

temperature 20°C -

Thus for exainple, for system T-H- Dmf -W at 20°Cfoi ‘all the three anti
solvent concentrations namely 0%W, 10%W and 20% W under otherwme identical

~ conditions, , the values of constants A(2 1), A(2,3) and AQ2 4)are 465. 8 -80.08 and .

602.01 respectlvely

Thus middle constants A(2,3) is having lowest value i.e. -80.08 which is lower
than the. reméining two constants- A(2,1) and A(2,4). Further for éxample for system
: T-H-Dmf-W at 40°Cfor aIl the three ant1 solvent concentrations namely 0%W,

10%W and 20% W under othermse 1dent1ca1 conditions, , the values of constants

A(2,1), A(2,3) and A(2,4 ) are 271.4, 53.36 and 161.3 respectively.

"Thus middle constant A(2,3) is having lowest value i.e. 53.36 which is lower

than the remaining two cbnstants~ A(2,1) and A(2,4).

~ (III) For Component Water(3), the ﬂlreg values of NRTL constants namely
~ AQ3,1), A(3,2) and A(3,4) follow a similar trend like that is followed for Component
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Dmf (2). The value of middle constant-A @G, 2) is always havmg a lower value in
comparison to constants—A(S 1) and A(3,4).

The above statement is true for all the valued of NRTL Constants i.e. A (3, 1),
A(3,2) and A(3,4) without any exception.

Thus for example, for system X-H- Dmf -W at 20°Cfor all the three anti
solvent concentrations namely‘ 0%W, 10%W and 20% W under otherwise identical
conditions, the values of coxistants A(S,l), A(3,2) and A(3,4) are 661.2, 180.6 and -
657.0 respectively.

Thus middle value A(3,2) is having lowest value i.e. 180.6 which is lower
than the remaining two constants- A(3,1) and A(3,4).

Further for example, for system T-H- Dmf -W at 40°Cfor all the three anti
solvent concentration values 0%W, 10%W and 20% W under otherwise identical
conditions, the values of constants A(3,1), A(3,2) and A(3,4) are 615.6, 250.3 and
616.0 respectively.

Thus middle value A(3 ,2) -is having lowest value i.e. 250.3 which is lower than
remaining two constants- A(3,1) and A(3,4). ’

(IV) For Component: Benzene(4), the values of NRTL constants namely
A(4,1), A(4,2) and A(4,3) follow exactly an opposite trend than that which is observed

for component Hexane (1)

é

The three values of constants namely A(4,1), A(4,2) and A(4,3) follow an
increasing order trend for all the systems consisting of Benzene, Toluene and Xylene
and also three temperatures 20°C ,30°Cand 40°C.The main exceptions to this

generalized observation are systems consisting of Toluene at 30°Cand Xylene at 40°C

Thus for exami)le, for system B-H- Dmf -W at 30°Cfor all the three anti

solvent concentrations namely 0%W, 10%W and 20% W under otherwise identical
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conditions, the values of constants A(4,1), A(4,2) and A(4,3) are -267.0,1 196.7 and -

~ 527.0 respectively. Thus NRTL constants follow an increasing trend.

Further for example for system T-H- Dmf -W at 405Cfor all the three anti
solvent namely 0%W, 10%W and 20% W under otherwise identical conditions, the
values of constants A(4,1),.A(4,2) and A(4,3) are -257.9,392.7 and 464.8 respectively.

Thus NRTL constants follow an increasing trend.-

(V)Thus with respect to NRTL constants for systems consisting of B/T/X-H-
Dmf-W under different sets of conditions, the following four generalized conclusions

can be drawn:

(i) The various values of NRTL constants involving component- Hexane (1)
follow a decreasing trend as component- Dmf (2) gets m‘odiﬁed to component water(3)

and further gets modified to Component- Benzene (4).

(i) The values of NRTL constants inyolving component Dmf (2) follow a trend
wherein middle constant value-A(2,3) is lower than remaining two constants namely-

A(2,1) and A2,4).

(iii) ) The values of NRTL constants involving component Water (3) also
follow a trend like component — Dmf(2). The middle constant value-A(3,2) is lower
than remaining two constants namely-A(3,1) and A(3,4).

(iv) The values of NRTL constants involving component Benzene (4) follow an
mcreasmg trend as component Hexane (1) gets modified to component Dmf (2) and

further gets modified to component-Water (3).
5.8.4 Critical analysis of NRTL constants for different systems-
B-H/Hep/Oct-Dmf-W:-

The various values of NRTL constants under different sets of conditions for

solvent Dmf and solute Benzene for different systems wherein Hexane has been .

replaced by Heptane and later on Heptane has been replaced be Octane have been
. tabulated in Table-72
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Component Hexane/Heptane/Octane has been labeled as-1, Component Dmf
has been labeled as-2, Component Water has been labeled as-3, and Component
Benzene has been labeled as-4 ‘

Accordingly, twelve valﬁes of NRTL constants have been compared in these
tables. | '

Based on critical analysis of NRTL constants following are the important

observations/conclusions:-.

(D) For Compﬂnent H/Hep/Oct (1) the three values of NRTL constants A(1,2),

A(1,3) and A(1,4) follows a decreasing order for all systems consisting of Benzene as -

solute and Hexane/Heptane/Octane as non solute and also at-all three temperatures
20°C,30°C and'40°C. '

The only single exception being system consisting of non solute Hexane at

'30°C  wherein this order is not followed.

Thus for example for system B-Oct- Dmf -W at 30°C , for all the three anti '

~ solvent concentrations namely 0%W, 10%W and 20% W under otherwise identical
conditions, , the values of constants A(1,2), A(1,3) and A(1,4) are 1069.4,637.5 and
-396.0 respectively. Thus NRTL constants follows a decreasing trend.

. 'Further, for example for system; B-Oct- Dmf -W at 40°C, for all the three anti
solvent concentrations namely 0%W, 10%W and 20% W under otherwise identical
conditions, the values of constants A(1,2), A(1,3) and A(1,4) are 715.9,502.3 and -24.2
respectively. '

Thus, it is confirmed that NRTL constants for component Hexane (1) followsa

decreasing trend .

(1) For Component Dmf (2), the values of NRTL constants namely A(2,1),
A(2,3) and A(2,4) follow an interesting trend for all systems consisting of solute
Benzene and non solute-Hexane/Heptahe/Octane and also at all three-temperatures i.e.
middle constants A(2,3) is always having a lower value in comparison to constants
A(2,1) and A(2,4). There is only single exception being constant A(2,4) at 30 °C for

system consisting of Octane.
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Thus for exampie, for sj'stem B-Oct- Dmf -W at. 20°Cfor aII the fhree anti
solvent concentrations namely 0%W, 10%W and 20% W under otherw'ise'idéntical
conditions, the values of constants A(2,1), A(2,3) and A(2,4)are 160.4,-1246.2 and
-436.9 respectively.

Thus middle constants A(2,3) is having lowest value i.e. -1246.2 which is

lower than the remaining two constants- A(2,1) and A(2,4). Further for example for
systém B-Oct-Dmf-W ‘at 40°Cfor all the three anti solvent concentrations namely
0%W, 10%W and 20% W under otherwise identical conditions, the values of constants
A(2,1),A(2,3) and A(2,4 ) are 487.6,-182.7 and 126.6 respectively.

Thus middle constants A(2,3) is having lowest value i.e. <182.7 which is lower
than the remaining two constants- A(2,1) and A(2,4).

() For Component Water(3), the three values of NRTL constants namely
A(3,1), A(3,2) and A(3,4) follow a similar trend like that followed for Component
Dmf(2). The values of mlddle constant-A(3 1) and A(3,4).

The above statement is true for all the valued of NRTL Constants i.e. A(3,1), .

AQ(3,2) and A(3 ,4) without any exception.

Thus for example, for system B-Hept—Dmf-W at 20°Cfor all the. three anti

solvent concentrations namely 0%W, 10%W and 20% W under otherwxse identical -

conditions, the values of constants A(3,1), A(3,2) and A(3,4) are 485.9, -125.7 and

349.8 respectively.
Thus middle value A(3 2) is having lowest value i.e. -125.7 which i is lower

than the remaining two constants- A(3,1) and A(3,4).

i

Further for example, for system B-Oct-Dmf-W at 40°Cfor all the three anti

solvent concentration values 0%W, 10%W and 20% W under otherwise identical

conditions, the values of constants A(3,1), A(3,2) and A(3,4) are 458.6,-21.7 and 317.1

respectively.

Thus middle value A(3,2) is having lowest value i.e. -21.7 which is lower than
remaining two constants- A(3,1) and A(3,4). ‘ '



(IV) For Component Benzene(4), the values of NRTL constants namely
A(4,1),A(4,2) and A(4,3) follow exactly an opposite trend than that which is observed

for component Hexane (1).

The three values of constants namely A(4,1), A(4,2) and A(4,3) follow an
increasing order trend for all the systems consisting of Benzene, Toluene and Xylene
and also three temperatures - 20°C ,30°Cand 40°C . The main exceptions to this
generalized observation being values of constants A(4,2) for systems consisting of

Heptane and Octane at 20°C, also systems consisting of Heptahe at 30 °C.

Thus for exainple, for system B-H- Dmf -W at 30°C for all the three anti
solvent concentrations namely 0%W, 10%W and 20% W under otherwise identical
conditions, the values of constants A(4,1), A(4,2) and A(4,3) are -267.0, 196.7 and
527.0 respectively. Thus NRTL constants follow an increasing trend.

Further for example for system B-Oct- Dmf -W at 40°Cfor all the three anti

solvent namely 0%W, 10%W and 20% W under otherwise identical conditions, the -

| values of constants A(4,1), A(4,2) and A(4,3) are -59.9, 187.5 and 384.5 respectively.
Thus NRTL constants follow an increasing trend.

(V)Thus with respect to NRTL constants for systems consisting of
B-H/Hep/Oct-Dmf-W under different sets of conditions, the following four generalized

conclusions can be drawn:

(i) The various values of NRTL constants involving component- H/Hep/Oct 1

follow a decreasing trend as component- Dmf (2) gets modified to component water(3)

and further gets modified to Coinponent- Benzene (4).

(ii)The values of NRTL constants involving component Dmf (2) follow a trend
wherein middle constant value-A(2,3) is lower than remaining two constants namely-

A(2,1) and A(2,4).
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(iii) ) The values of NRTL constants involving component Water (3) also
follow a trend like component —~ Dmf(2). The middle constant value-A(3,2) is lower
than remaining two constants namely-A(3,1) and A(3,4).

(iv) The values of NRTL constants involving component Benzene (4) follow an
increasing trend as component Hexane (1) gets modified to component Dmf (2) and

further gets modified to component-Water (3).

5.8.5 Criticai analysis of NRTL constants for different systems-
‘ B/T/X-H—Dmso-;W:? . '

The various values of NRTL constants under different sets of conditions for
solvent Dmso for different systems wherein Benzene has been replaced by Toluene and

later on Toluene has been replaced by Xylene have been tabulated in Table-73

Component Hexane has been labeled  as-1 ,Cbmponent Dmso has been labeled
as-2, Component Water has been labeledas-3,and Component Benzene/Toluene/Xylene
has been labeled as-4

Accordingly, twelve values of NRTLconstants have been compared inTable-73.
. Based on critical analysis of NRTL constants following are the important
observations/conclusions:- .

(1) For Component Hexane (1) the three values of NRTL constants .A(1,2),
A(1,3) and A(1,4) follow a debreasing ordér for all systems consisting of Benzene,
Toluene and Xylene as solute and also at all three temperatures - 20°C ,30°C and
© 40°C. | _
 The exceptions for the above observation being systems cox;sisthlg of Xylene at

40°C wherein this order is not followed.

Thus for example for system B-H-Dmso-W at 20°C, for all the three anti
solvent concentrations namely 0%W, 10%W and 20% W under otherwise identical
conditions, the values of constants A(1,2), A(1,3) and A(1,4) are 1123.6, 680.5 and
319.7 respectively. Thus NRTL cdnstants follow a decreasing trend.
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Further, for example for system, X-H- Dmso -W at 20°C, for all the ;hiee ann '

solvent concentrations namely 0%W, 10%W and 20% W under othermséi fdenucal

conditions, the values of constants A(1,2), A(1,3) and A(1,4) are 879.1, 5&3«1 an I

B

189.9 respectively.

Thus, it is conﬁrmed that NRTL constants for Hexane (1) follow a decreasing
trend.

(II) For Component Dmso(2), three values of NRTL constants A(2,1), A(2,3)
and A(2,4) follow an interesting trend for all systems consisting of Benzene, Toluene
and Xylene and also at all three temperatures i.e. middle constants A(2,3) is always
having a lower value in comparison to constants A(2,1) and A(2,4). There is not a

single exception to this trend for component Dmso.(2).

Thus for example, for system T-H- Dmso -W at 20°Cfor all the three anti
solvent namely 0%W, 10%W and 20% W under otherwise identical conditions, the
values of constants A(2,1), A(2,3) and A(2,4)are 681.99, -3240.4 and 1022

respectively.

Thus middle constants A(2,3) is having lowest value i.e. -3240.4 which is
lower than the remaining two constants- A(2,1) and A(2,4). Further for example for
system T-H-Dmso-W at 40°Cfor all the three anti solvent namely 0%W, 10%W and
20% W under otherwise identical conditions, the values of constants A(2,1), A(2,3)
and A(2,4 ) are 704.2, -189.4 and 64.5respectively.

Thus middle constants A(2,3) is having lowest value i.e. -189.4 which is lower
than the remaining two constants- A(2,1) and A(2,4).

(IIl) For Component Water(3), the three values of NRTL constants namely
AQ3,1), A(3,2) and A(3,4) follow a similar trend like that is followed for Component
Dmf(2). The value of middle constant-A(3,2) is always having a lower value in
comparison to constants-A(3,1) and A(3,4).

The above statement is true for all the valued of NRTL Constants i.e. A(3,1),
A(3,2) and A(3,4) without any exception.
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Thus for example, for Sysfém X-H- Dmso -W at 20°Cfor all the three anti

solvent concentrations namely 0%W, 10%W and 20% W under otherwise identical

conditions, the values of constants A(3,1), A(3,2) and A(3,4) are 845.4, 140.2 and

906.8 respectively.

Thus. middle value A(3,2) is having lowest value i.e. 140.2 which is lower than
thie remaining two constants- A(3,1) and A(3,4). o

Further for example, for systeni T-H- Dmso -W at 40°Cfor all the three anti

solveht concentration values '0%W, 10%W and 20% W under otherwise identical -

conditions, the values of constants AQ(3,1), A(3,2) and A(3,4) are 953.3, 280.2 and
1304.9 respectively.

Thus middle value A(3,2) is having lowest value i.e. 280.2 which is lower than
remaining two constants- A(3,1) and A(3,4).

(V) For Componeni Benzene/Toluene/Xylene(4), the values of NRTL -

constants namely A(4,1), A(4,ZZ) and A(4,3) follow exactly an opposite trend than that
which is observed for componén_t Hexane (1)

The three values of qoﬁstants namely'A(4,1), A(4,2) and A(4,3) follow an

increasing order trend for all the systems consisting of Benzene, Toluene and Xylene

and also three temperatures- 20°C ,30°C  and 40°C . The main exceptions to the -

generalized observation are syétéxris consisting of Xylene at 30°C and 40°C.

Thus for example, for system B-H- Dmso -W at 30°C for all the three anti
solvent concentrations name1§ 0%W, 10%W and 20% W under otherwise identical
conditions, the valueg of cdﬁstants A@4,1), A(4,2) and' A(4,3) are 237.0, 814.5 and
1206.0 respectively. Thus NRTL constants follow an increasing trend. |

Further for example, , for system T-H- Dmso -W at 40°C for all the three anti
solvent namely 0%W, 10%W and 20% W under otherwise identical conditions, the
values of constants A(4,1), A({,‘Z) and A(4,3) are 553.2, 741.4 and 1158.1 respectively.
Thus NRTL constants follow an increasing trend.

(V)Thus with respect to NRTL constants for systems consisting of B/T/X-H-
- Dmso-W under different sets of (;onditions, the following four generalizedvconclusions

' can be drawn:



(i) The various values of NRTL constants involving component- Hexane (1)

follow a decreasing trend as component- Dmso (2) gets modified to component

water(3) and further gets modified to Component- Benzene (4).

(ii) The values of NRTL constants involving compbnent Dmso (2) follow a
‘trend wherein middle constarit value-A(2,3) is lower than remaining two constants
namely-A(2,1) and A(2,4).

(iii) ) The values of NRTL constants involving component Water (3) also follow

a trend like component - Dmso (2). The middle constant value-A(3,2) is lower than
remaining two constants namely-A(3,1) and A(3,4).

(iv) The values of NRTL constants involving component Benzene (4) follow an
increasing trend as component Hexane (1) gets modified to component Dmf (2) and

further gets modified to component-Water (3).

- 5.8.6 Critical analysns of NRTL constants for different systems-
B- H/Hep/Oct—Dmso-W

The various values of NRTL constants under different sets of conditions for
solvent Dmso and solute Benzene for differéht systexﬁs wherein Hexane has been
replaced by 'Heptane and later on Heptane has been replaced be Octane have been
- tabulated in Table-74

Coniponent Hexane/Heptane/Octéne has been labeled as-1, Cbmponent Dmso
has been labeled = as-2, Component Water has been labeled as-3. and Component

Benzene has been labeled as-4

Table-74.
Based on critical analysis of NRTL constants following are the important

observations/conclusion:-

(I) For Component H/Hep/Oct (1) the three values of NRTL constants A(1,2),
A(1,3) and A(1,4) follow a decreasing order for all systems consisting of Benzene as
solute and Hexane/Heptane/Octane as non solute and also at all three temperatures

20°C,30°C and 40°C.

Accordingly, twelve .values of NRTL constants have been compared in -



The exéepﬁons for the above Observation being values of constants A(1,2) at .
20 °C , 30 °C and 40 °C for systems consisting of Heptane wherein this ‘ordver"is not
‘ followed . ’ '

“Thus for example for system B-H-Dmso-W at 20°C for all the three anti
solvent concentration namely 0%W, 10%W and 20% W under otherwise identical
‘conditions, the values of constahts A(1,2), A(1,3) and A(1,4) are 1123.62, 680.57 and
319.72 respecti\}ely. Thus NRTL? constants follow a decreasing trend. _

Further, for example for éystem, B-H- Dmso -W at 30°C, for all the tth‘ree anti
‘'solvent concentrations name.ly' 0%W, 10%W and 20% .W-under otherwisé identical
conditions, the values of constants, A(1,2), A(1,3) and A(1,4) are 748.0 452 0 and
400.3 respectively.

Thus, it is confirmed that' NRTL constants for Hexane (1) follow a decreasmg
trend for all the three temperatures.

(II) For Component Dmso 2), three values of NRTL constantS’A(Z,I),
A(2,3) and A(2,4) follow an interesting trend for‘all systems consis;ting of solute
Benzene, and non solute H/H‘ep/Oct and also at all three temperatures 'i}e middlé
constants A(2,3) is always havmg a lower value in comparison to constants AR,D and '
A(2 4). ‘

There are three exceptions being values of constants A(2,4) at temperatures

20°C ,30°C and 40 °C for system oons1stmg of Heptane
Thus for example, for system B-H- Dmso -W at 20°Cfor all the three values‘

of anti solvent concentrations namely 0%W, 10%W and 20% W ur;der otherwlse
identical ¢onditions, the valqes of tonstants A(2,1), A(2,3) and AQ2,4)are 714.5
-214.42 and-67.4 respectively. Thus ‘middl‘e constants A(2,3) is having 'logiést value
i.e.-214.4 which is lower than the remaining two constants- A(2,1) and A(2,4).

Further for example for system B-H~Dmso-W at 40°Cfor all the three values
of anti solvent concentrations namely 0%W, 10%W and 20% W ﬁnder otherwise
identical condmons the values of constants A(2,1), A(2,3) and A(2,4 ) are 597. 3,-316
and -205 respecnvely Thus middle constants A(2 3) is having lowest value ie. -316
which is lower than the remaining two constants- A(2,1) and A(2,4).
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(IIY) For Component Water(3), the three values of NRTL constants naxhely :
A1), A(3,2) and A(34) follow a similar trend like that followed for Component

Dmso (2). The values of rmddle constant-A(3,2) i lS having lowest value whlch is lower

than the remaining two constants- A(3,1) and AQ3 4)

The above statement is true for all the values of NRTL Constants ie. AG3,1),
- A(3,2) and A(3 4) without any exceptlon
Thus for example, for System B- Oct- Dmso -W at 20°Cfor all the three anti
solvent concentrations namely-O%W 10%W and 20% W under otherwise identical
conditions, the values of constants A(3,1), A(3, 2) and A(3 4) are -93.0,-634. 9 and
1244.6 respectively. |
_ Thus middle value A(3,2) is having lowest value i.e. -634.9 which is lower
than the remaining two constants- A(3,1) and A(3,4). '

, | Furthei' fdr example, for‘ system B-Hep- Dmso W at 40°Cfor all the three anti
_ solvent concentration values 0%W, 10%W - and 20% W under otherwise 1dent1ca1

conditions, the values of constants AQ, 1) A(3,2) and A(3.4) are 1111.9,-361.0 and

1190.9 respectively.

Thus middle value A(3,2) is having lowest value ie. -361.0 which is lower ,V

than remaining two constants- A(3,1) and A(3,4).

(IV) For Component Benzene (4), the values of NRTL constants namely A@4,1),

A(4,2) and A(4,3) follow exactly an opposite trend than that whlch is observed for ..

component Hexane (1)

- The thrc?e values of constants nam;ly A@4,D), A(4,2) and A(4,}) follow an |

increasing order trend for all the systems consisting of Hexane, Heptane and Octane

and also three temperatures 20°C ,30°C and 40°C . However single exception to above -

trend is a system consisting of aliphatic- Octane at teure of 30°C.

Thus for example, forj' system B-H- Dmso -W at 30°C for all the three anti
solvent concentrations namely 0%W, 10%W and 20% W under otherwise identical
conditions, the values of constants A@4,1), A(4,2) and A(4,3) are 237.0, 814.5 and

1206.0 respectively. Thus NRTL constants follow an increasing trend.
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~_ Further for example, , for system B-Hep- Dmso -W at 40°C for all the three anti
.soh»'ent concentrations namely 0%W,. 10%W and 20% W under otherwise identical

conditions, ’dvxe valués of constants A4, (4 2) and A(4.,3) are -184.0, 1056 5 and :

1276.9 respectively. Thus NRTL constants follow an increasing trend.

(V)Thus with respect to NRTL . constants for systems consisting of

B-H/Hep/Oct-Dmso-W under different sets of conditions, the following four

generalized conclusions can be drawn:

(i) The various values of NRTL constants involving component- Hexane (1) -

follow. a decreasing trend as component- Dmso (2) gets modified to component
water(3) and further gets modified to Componeni- Benzene (4). '

(ii) The values of NRTL constants involving component Dnisovv(Z) follow a
trend wherein middle constant value-A(2,3) is-lower than remalmng two constants
namely-A(2,1) and A(2,4). o - o

(iii) ) The values of NRTL constants involving component Water (3) aléo follow

' atrend like component - Dmso '(2). The. middle constant value-A @G, 2) is lower than " .- o

remaining two constants namely-A(3 l) and A(3 4).

(iv) The values of NRTL constants involving component Benzene (4) follow an

increasing trend as component Hexane (1) gets mod:ﬁed to component Dmf (2) and

further gets modified to component-Water (3).
- 8.8.7 Error analysis :fm" different systems for both 'solnents:-

The values of absolute mean deviations in niole percent' for different systems
consisting of B/T/X ~ H/Hep/Oct — Dmf + W and B/T/X — H/Hep/OCT — Dmso + W

 are reported in Table- 75. Based on the va}ues of absolute mean dev:anons in mole

percent reported in Table- 75, following conclusions can be drawn.

(i) All the quaternary liquid-liquid phase equilibrium data obtained for different
systems B/T. /X- H/H’/Oct- Dmf + W can be correlated satisfactorily within average
absolute mean deviations in mole percent of the order of 2.5%.

(ii) All quaternary liqnid-liquid phase equilibriufn data obtain for. different
systems B/T/X- H/H’/Oct- Dmso + W can be correlated satisfactorily within average

absolute mean deviations in mole percent of the order of 1.5%.
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Table~75

| Error Analys1s. Absolute mean deviations for Tie line data-

Expenmenta! and Predicted by NRTL model.

" Table No. System - *ABSOLUTE MEAN |
' DEVIATION (MOLE %)/Error¥
1.1 B-H-Dmf-Wat20 °C . 1.54815*
12 B-H-Dmf-Wat30 °C - . 2.89683*
1.3 T-H-Dmf-Wat20 °C A 5.10046*
1.4 T-H- Dmf Wat30 °C | 1.87058*
1.5 T-H-Dmf-Wat40 °C ' 3.09568*
1.6 X-H- Dmf Wat20°C , : 2.98251*
1.7 X-H-Dmf-Wat40 °C - 1.32106*
1.8 B - Hep - Dmf - W at 20 ° C S 2.94784%
1.9 B-Hep-Dmf- Wat40 °C | , © T 3.92413%
1.10.  B-Hep-Dmf-Wat30 °C o ; 1.669075*
111 B-Oct-Dmf-Wat20 °C . 1.66133%
112 B-Oct-Dmf-Wat30 °C . | T 2.44740%
113 B-Oct-Dmf-Wat40°C" ~ 3.89405*
2.1 B-H-Dmso- W at 20 °C o . 1essTr |
2.2 B-H-Dmso-Wat30°C L S 1.54738*
2.3 B -H -Dmso - W at 40 °C _ o 0.83040%
2.4 T-H -Dmso - W at 20 °C o 1.54738*
2.5 T-H-Dmso-Wat30°C 0.99164*
2.6 T-H-Dmso-Wat40°C . 1.69440%
2.7 X - H - Dmso - W at 20 °C 0.83067*
28 - X-H-Dmso-Wat30 °C =~ ' 1.65215*%
2.9 X-H-Dmso-Wat40 °C B 2.23821*
2.10. B-Hep-Dmso-Wat20 °C - . 1.08454*
2.11 B-Hep-Dmso-Wat30 °C - | 1.09647*
2.12  B-Hep-Dmso-Wat40 °C 1.70940% -
2.13 B - Oct-Dmso-Wat20 °C - 1.12518*
2.14 B - Oct - Dmso - W at 30 °C - , 1.24104*
2.15 B - Oct - Dmso - W at 40 °C ' : 1.02741%

557



(iii)Error analysis based on absolute mean deviation values for mixed solvent
Dmf+W indicates that for systems T-H- Dmf-W at 20 ° C, the value of absolute mean
deviation is highest of the order of 5.1% .When one compares this value with remaining

values of absolute mean deviation for other remaining different systems,. this value

appears to be highest.
Even for system- B-Oct- Dmf-W at 40° C and for system- B-Hept- Dmf-W also

at 40° C, the values of absolute mean deviations are of the order of 4% which is also on

higher side. The reason for such a high error value is not clear.

(iv) Based on Error analysis of absolute mean deviation values for mixed
solvent Dmso+W indicates that the maximum value of deviation appears to be only for
single system i.e. system- X-H- Dmso-W at 40° C having absolute mean deviation
value of 2.2% .For all the others systems, values of absolute mean deviation lie below
1.7%. Thus for mixed solvent Dmso+W data can be correlated by NRTL method
satisfactorily and predicting the values of extract phase and raffinate phase

compositions can be done with least error of the order of 1.5%.

(v) Comparison of absolute mean deviation values for both the solvents under
consideration indicates that absolute mean deviation values for mixed solvent Dmf+W
are on higher side in comparison to absolute mean deviation values for mixed solvent
Dmso+W. Hence, it can be concluded that the fitting of data for mixed solvent-
Dmso+W by NRTL method is more sound and appropriate than fitting of data for
mixed solvent Dmf+W.

Hence computer programming based on methodology adopted b); Kollah and
Puranik’’ could be extended utilized conveniently to correlate all the experimental data

obtained in this investigation for mixed solvents Dmf+W and Dmso+W satisfactorily.

The values of constants (A1,2), (A1,3), (Al,4), (A2,1), (A2,3), (A2,4), (A3,1),
(A3,2), (A3,4), and (A4,1), (A4,2), and (A4,3); obtained in this investigation for
different systems could be utilized conveniently to predict the values of extracts phase
compositions (XBE, XHg, XpE & Xwe) and reffinate phase compositions (XBr, Xur Xpr

& Xwr) satisfactorily.
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, ' 5.9.0 SUNINIARY OF QUATERNARY LIQUID - LIQUID‘
: PHASE EQUILIBRIUM DATA

() Quaternary liquid - liquid phase equilibriuin data have been obtained in this
investigations using mixed solvents-(Dmf + W) and (Dmso + W) under different sets of
condition by varying temperature, anti solvent concentration, molecular weight of

" aromatics and molecular weight of aliphatics.

Thus for mixed solvent-(Dm‘f + W)it constitutes mutual solubility data and tie
line data for 45 systems.Also for mixed solvent-( Dmso + W) it constitutes mutual

_solubility data and tie line data for additional 45 systems.

~ (ii)When anti solvent concentration is of the order of 0%W.or a value near.to
0%W Binodal curves is of closed type. However, when anti solvent concentration is'in
the range of 10%W and 20%W, all ‘Binodal curves are of open type for all

‘ temperatures.

Values of plait points have been obtained for different systems where in Binodal
. curves are of closed type. Effects of various parameters like temperature, anti solvent
' concentration, molecular welght of aromatics and molecular weight of ahphatlcs have ‘

been discussed in detail.

The values of extraction capa<:1ty and selectwﬂy have also been calcuiated for

'these two mixed solvents under different sets of condition.

(iii)It appears that extraction capacity of a. solvent and its seleetivity can be
altered by changing the temperature of extraction frem 20° C t0 40° C and by addition
of antisolvent - water by changing its composmon in a‘solvent.from 0 % W to 20%W
by wt. It is observed that under otherwise identical condmons as the extraction
capacity of a given solvent increases, its selectivity decreases. By mcreasmg the
- quantity of antisolvent, the selectivity of a mixed solvent increases; however its
distribution capacity decreases under otherwise identical conditions. In comparison to
effect of temperature, the effect of antisolvent concentration appears -to have
appreciable effect on the values of extraction capacxty and select1v1ty of these mixed

solvents. Further with an mcrease in molecular weight of aromatxcs/ahphatxcs :
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extraction capacity decreases and under otherwise identical conditions, selectivity of

mixed solvent increases.

(iv)In comparison to the molecular weight of Benzene/Toluene, the effect of
molecular weight of Xylene on distribution capacities appears to be more stringent.
Further in comparison to the molecular weight of Hexane/Octane, the effect of
molecular weight of Heptarie on distribution capacities appears to be more stringent.
The entire data on Quaternary liquid-liquid phase equilibrium data has been also
analysed by evaluating the values of distribution coefficient(m). Effect of temperature,
anti solvent concentration , molecular weight of aromatics and molecular weight of

aliphatics on the value of “m” have also been analyzed critically for mixed solvents —

Dmf+W) and (Dmso+W).

(v)The well known Hand’s equation popularly utilized in the literature for
correlating the ternary liquid-liquid phase equilibrium data , has been extended with
modifications to correlate the quaternary liquid-liquid phase equilibrium data. The
values of ‘k’and ‘n’ have also been obtained for 45 systems under considerations for
mixed solvent- Dmf+W consisting of systems involving components- B/T/X-H/H’/O-
Dmf+W. Further the values of ‘k’ and ‘n’ have also been obtained for 45 systems
under considerations for mixed solvent- Dmso+W consisting of systems involving

components- B/T/X-H/H’/O-Dmso+W.

(vi)Log-Log plots for parameters - log [Xsr/Xur] Vs. log [Xee/(Xse+Xwe)]
appear to be straight-line plots for all the systems under consideration under different
sets of operating conditions. Based on the values of slopes (k) and intercep.ts (n) of
these ninety lines which vary according to a fixed trend, many interesting conclusions
have been obtained. 'Interestingly, a set of many parallel lines for antisolvent

concentration as a parameter are obtained for both the solvents under consideration.

(vii)The range of values of (k) varies from 0.03 t01.8 for Dmf and for Dmso the
range of values of (k) varies from 0.02 to 0.6 Further the range of values of (n) for
Dmf varies from 0.8 to 0.9 and for Dmso it varies from 0.4 to 0.6. Based on these
values of slopes (k) and intercepts (n), a mathematical modeling has also been
attempted to correlate Quaternary liquid - liquid phase equilibrium data in terms of a

generalized correlation.
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(viii)The effect of altering temperature , anti solvent concentrations, molecular
wt. of aromatics and molecular wt. of aliphatics on the value of ‘k’ has been analyzed
by performing appropriate mathematical modeling and generalized correlations have
been developed for both the mixed solvents. This can be considered as one of the most

important contribution of this research work .

(ix)The pertinent generalized correlation Oza-Puranik (O-P) correlation

containing four parameters is the following:-

T.7° S+w17P m? M2
logk =1 +1 +1 e | Hog] ——
o8 o8 [T} og[ S ] Og[CljJ og[CZJ

- 10

The values of indices ‘0, ‘p’, ‘q’ and ‘r' for different systems involving two
mixed solvents under considerations — i.e. (Dmf+W) and (Dmso+W) obtained by use

of optimization technique are the following:-

Systems 0 p q r

B/T/X-H/H’/O-Dmf+W +1 -3 -0.5 -2
0.5(for Oct)

B/T/X-H/H’/O-Dmso+W +1 -3 -0.5 -0.75

0.333(for X) -1(for X) -I(for Oct)

(x)An attempt has also been made to correlate Quaternary liquid-liquid phase
equilibrium data obtained in this investigation by NRTL equation . The sets of NRTL
Constants obtained for different systems using mixed solvents-(Dmf+W) and

(Dmso+W) have also been analyzed critically.

This critical analysis is likely to be very helpful to obtain the values of
interaction parameters namely‘-— Dmf-CH, Dmf-ACH and Dmf-W for solvent Dmf and
Dmso-CH, Dmso-ACH and Dmso-W for solvent Dmso.These interaction parameters
then can be utilized conveniently while predicting liquid-liquid phase equilibrium data

for Aromatics+ Aliphatics+(Dmf/Dmso)+W by “Group contribution method”.

In summary, it can be concluded that the generalized correlations developed in
this investigation by mathematical modeling using different approaches can be utilized
conveniently for predicting the equilibrium compositions of extract and raffinate phases

for the case:- Liquid — Liquid Extraction of Aromatics.
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