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CHAPTER-2

LITERATURE SURVEY

2.0‘.0VABSTRA.CVT OF LITERATURE ON
“LIQUID—LIQUID EXTRACT TION OF AROMATICS” f

In this Chapter on “literature survey *, information availablé in the literature with
respect to the following aspects have been reviewed cﬁtically.

(i) Aromatics feed stocks,(ii) Aromatics recovery processes,

(iii) Solvents for liquid-liquid extraction,

| (iv)Mixed solvents and relevant phase equilibria status for ternary and quaternary

phase equilibrium data,
(v) Mathematical m;ddeling ovf phase ééuilibrium data,
(vi)Liquid-Liquid extraction equipments,
(viij Applicatio;l of packed bed extractors,
. (viii) Mass Transfer éspects in packed column,

(ix) Generalised correlations for mass transfer coefficients. .

2.1.0 Aromatic Feed Stocks:

Instead of coal, the petroleum oil * has emerged as the dominant source for
aromatic chemicals. It has now exceeded all other raw — materials as a source for benzene
and it have been ahead of other sources for toluene and xylenes since 1950 and continues

as on today. The requirements of aromatic hydrocarbons in the chemical industry are
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continually growing. The benzene-toluene-c8 aromatics' fraction is presently the principal A‘

raw material used to manufacture many petrochemicals. Benzene is a major chemlcal

feedstock used for a wide vanety of applications.

The arhounts of aromatic hydrocarbons in petroleum vary greatly with the source.

' ‘A petroleum fraction boxlmg between 40°C and 180 °C may contain from 2 or 3- -percent

- aromatics to possibly 10 percent. Most of the crude may contain only small amounts of :

aromatic hydrocarbons. A gasoline ﬁ'actlon from crackmg operations may contain 15-

20% aromatics but because of the high oleﬁn content, the separation problems become o

quite complex.

The principal petroleum sources of BTX aromatics® continués to be from ;

hydrocarbon reforming or from the dealkylation of toluene or other aromatics which are

“obtained during the reforming operation. Reformed; gasolines cohtein'these aromatics in

concentrations ranging from ‘about 30 to 60%. BTX also available from hydrogenaied:; ‘

coke oven light - -oils, cracked gasoline, or hydrogenated dnpolenes in -which the -

' concentratlons can vary from about 70 to 97%.

220 Aromafics‘:Recovery Processes:

The aromatics :pfesent in the reformate must be separated from the para. ffin-and the "

residual naphthenes. The earhest large~scale process used to separate BTX from ahphatxc
- was stralght distillation.. -

What happens 1f benzene is recovered by batch fractional distillation in the U

presence of aliphatic? Flrst pure hght aliphatic — branched hexanes and all the Cs’s- .

would be removed overhead since they do not form -azeotropes with. benzene. Then,

aliphatic in the 70°- 80° C boiling range would come off and would contain roughly 25%
p.

benzene. Thus, it is umnedxately apparent that one dlsadvantage of this process isthata "= -

good deal of benzene is lost in the light ends. The benzene that is dlstilled next is onIy
. fairly pure and comes off with the ahphatlc that bml in the 80° — 95 °Crange. With luck,

_ the gasoline fraction might not- have too many of ‘these components However, a

substantial amount of high quality benzene cannot be obtained by this process 5 because
-aliphatic that have boiling- points even as high as 100 °C are very difficult (if not:

| impossible)- to “separate’ from benzene by “fractional distillation. As such, the whole
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, benzene fraction (aliphatic as well as benzene) had to be dxstrlled to get part of the
_benzene at only a good purity. S

Attempts to improve benzene purity by changing the pressure in hopes of altering o
the relative volatrhtres has not been very successful. The slope of the vapor pressure '
curves of benzene and that of ahphatrc are essentrally parallel. Thus the relative
’volatlhtles are almost unaffected and the composrtxons of the bmary azeotropes will not

change much with change in pressure

~ Out of vario'us known recovery processes like-liquid - liquid extraction, selective
- absorption, extractive distillation and azeotropic distillation liquid-liquid extraction has
. proven to be'the most versatile method,’ capable of operatmg effectively w1th a wide

. range of feedstock and very high product punty can be achreved by this route

Using a solvent which - selectively dzssolves the aromatlc hydrocarbons while
L rejectmg the parafﬁn and naphthens, one obtains an extract phase The extract phase (a
‘ solution .of almost, pure aromatic hydrocarbons in. the solvent) is. then purified by -
extractive drstrllatron or ‘back — washing with a non — aromatxc of drfferent boiling point A
' to displace the rmpuntres, followed by distillation, The aromatres are then separated from "
the solvent by dlstrllatron The economics of such a process depend upon the solvent,
chosen, whrch will fix the flow rates to be used (power and eqmpment size) and the reﬂux

i

rattos dunng drstrllatton (heat energy)

In the petroleum industry, quuld-quuld extractlon process contmues to meet the
increased demand, not only for lubricants and for fuels but also for . pure aromatics
hydrocarbons needed as petrochemicals feed stocks Pure aromatics are obtamed by

catalytxc reforming of. naphtha to mcrease rts aromatxe content to 70 80% Aﬁer the

formation of aromatrcs by reformmg process as has been already pomted out it is

necessary to adopt an eﬂiclent method for separatlon of aromatlcs from other products of
- reforming like paraﬁ'm. Drstxllanon.ls ruled out because’ of closeness of boiling point of
aromatics and»parafﬁn required large number of trays in a distillation column. Solvent

extraction then becomes the next. choice, which at present is the most widely used

physical separation technique with variety of solvents.



The most commonly used industrial s_olventé are glycols *!! Iike diethylene glycol -
and tri ethylen¢ glycol which have ruled out the use of old soIvents- ﬁke_acetonitrile,u
furfural and di ethanol amine. Somekh® has reported that higher molecular weight‘glycols
along with DEG/TEG are being used to increase the capacity for aromatics ar;d af the
same time to recover more of thé higher molecular weight aromatics. Aﬁd they have_‘
presented equilibrium data and the selectivity data at various temperatures from 25 to 175
°Cand the effects of anti solvent water on the systeni. They came to the conclusion that |

higher temp. is essential when using glycol as solvents for aromatic extraction

Fof the systems using glycols as solvents by decreasing temp, the selecti'vity‘of -

“solvent could be increased. An addition of small quantity of water as anti-solvent aiso
increases the selectivity of these solvents. With an increase in the molecular weight of .
aromatics and pétaﬁin, selectivity of these solvents could also be,%increased. However;
with an increase in molecular weight of glycols (For example di ethylene glycol to tri‘
ethylene glycol) selectivity of these solvents decreases (i.e. less in the case of TEG than.
DEG). Further an increase in the solubility ‘of aromatics is 6bserve‘d with an increase in |
~ the molecular weight of glycols. Hence the value of percentage aromatics extracted

_increases with an increase in the molecular weight of glycols.

As could be seen from the above discussion, conventional -solvents like TEG/
DEG have neither high capacity nor high selectivity under otherwise similar conditions. -

That is why “newer solvents” are now replacing these conventional solvents'2, =
- 2.3.0 SOLVENTS FOR LIQU]]);- LIQUID EXTRACTION | -
2.3.1 Conventional Solvents:

Many solvénts have been proposed or used for this purposé: “Typical conventional
13,14, - -

" solvents used in liquid-liqtiid extraction of aromatics are,following

Sulphur Dioxide for' Edeleanu prdéess, 'Diethylene glycol for Udex process,
Tetramethylene sulphone for Sulfolane processes, n-methyl pyrrolidone (NMP) for
Arosolvan process, NMP and ethylene glycol for Distapex procesé, Monoéthyl‘ Methyl

" Formamide for Mofex process, Methyl carbonate for Carmex process and Morpholine for

-SNAM process.
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_ Out of these various processés listed above, sulfolane procgss is most widely used

at present. -

Other solvents, which have been found to be ﬁseﬁxl, include nitrobenzene, phenol,
furfural, dicholo diethyl ether, methyl ethyl ketone etc. Among new solvents suggested for
separating aromatics from non aromatics is etheylene carbonate or its homologues, with

addition of glycerol or glycol to improve selectivity.
2.3.2 Newer Solvents:

~ Newer solvents'® like éulfolane, .methyl carbamate, h-meth'yl-pyroiidone, n-formyl
morpholine, nitro methane »propionitrile, nitro alcohol acetate, nitrq alcohols, dimethyl
formamide and dimethyl sulfoxide appear to be very attractive for ' Lquid-Liquid

extraction of aromatics..

Information available m the litefature wnh -respect to Diétﬁbuﬁqn C‘apacity and
Selectivity of these newer éélvents for different systems under different sets of conditioné.-. o
_ ,k 'have been critically evaluated émd pesentedas under:- ' '

1. System: Ben;en_ég— ﬂ-heﬁtahe - n-form&l morphoiine, Toluene- n- heptan¢ - o
n -form);l formoline, .Xylen‘e —n heptane — n formyl mb;bholine. :
Scope of the datvziﬁ;véilable: phase equilibrium data at 25 °C. |
Remarks: "’ éolvent coul& bé ufil.ized for the .exﬁ'é,cﬁon of aromatics from
B-T:X feed st(%éks | 10 Possii)i}ity ?f recovery of Coand Cio aro.rpaticsj“
is also sighted‘.; : | |
2. System: Benzene -n hexa'r;e ~ methyl carbénafe contéining 10% water
by weight.
Scopebof the data a,vailable: Phase equilibrium data at 65 °Cand 95 °C.

~ Remarks: appears to behighly selective at 95 °Cif 10% water by weight is used as -

0gi



anti solvent '"?

3. System: Benze;xe —n heptane — nitro alcohols - Nitro alcohols qonsi;iered
being followiﬁg three nitro-alcohols:-
(1) I-nitro propanol-2, (2) Z—nitro propa'nol; (3) 1-nitro-2 methyl -2
propanol.. |
Scope of the data available: Phase'eq;lilibrium data at 3O °Cto 95°C, watef
c;)n:tént varying from Oto 20%. b)II weight.
Remarks: Nitro algoholé exhibit high.sélectivity 20 for éromatii:s due t':o nitro
and hydroxyi | groups; selectivity increases as the length of chain
increases.
4, System: Ber}zene:e_- n heptane — initrg prbpane - 2 ol acétpl AandvToluefne —1iso
octane — 1 nitro propane ~ 2 ol acetal.
Scope of the data available: Phase equilibﬁum data at 30°C.
Rémarks: Nitro alcohol acetate ! has high dissolving capz;cities and mérked
selectivity. Cannot be recommended because these solvents have
extensi;/ély High dissolving éapacitieﬁ at the temperature 100 °Cto

170 °Cof commercial plant. They' may be used as components for oth;er

i
{

selectivity solvents for increasing their dissolving capacity.
. ) {

5. System: C6 to C8 aromatics — n heptane — oxy and thio — dipropioninf'ile.
. ' I

Scope of the data available: Phase equilibrium data at 20°C -
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Remarks: It appears that propionitrilles 3 are more sele%:tive than diethylene -
glycol. HO;I\.’CVCI', these sélvents are not tried on inc}ustrial scale.

6 Systems: n methyl pyrolidone — aromatic hydrocarbons. -

. Scope of the data available: Selectivity data at 25°C.

Remarks: Comparison®* of methy! pyrolidone with diethyleneb glycol indicates
that n methyl pyrolidone is more selective.

7 System: Benzene-x; hexane — sulfolane.

Scope of the data available: Phase equiiibrium dgta, at different temperatures

Remarks: Sulfolane appears to be more selective than DEG?.

8 System: Behzene - n hexane — Dmso.

Scope of the data bavaiia‘ble: Mutual solubility data at 20'°Caﬁd 40 °Cwith Water

content varying from 0 to 10% by weightﬁ.‘

Remarks: Appears to be ‘very attractive for the extraction of aromatics?> 2

selectivity increases markedly with addition of anti solvent water. Tie
line data is reported only for one feed composition. From the data, . .
Dmso is outstanding for the extraction of benzene from n hexane.

High purity of extract could be achieved.

B

9 System: Benzene — n hexane — Dmf.

Scope of the data available: Mutual solubility data at 20 °Cwith water content
varying from 0% to 10% by weight. Comparison of percentage

aromatics extracted V.s S/F ratio with triethylene glycol is presented.

Remarks: The data available suggests that Dmf* *is more effective than
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triethylene glycol. High -purity of extract using Dmf is expected in ‘, .

eompanson to tnethylene glycol with proper addxtxon of anti solvent

water and temperature

10 System:- Toluene-Heptane-ionic liquids likeBF4,CH3S04
Scope of the data available:- Phase equilibrium data at 40 °C ,75 °C
Remarks:-Selectivify of ionic liquids as a solvent is substantially higher *!
by a factor of 1.5 to 2;5 compared sulpholane temperature being in

the range of 40 °C to 75 °C
For sulfolane - Dpo=0.31 and Syomue=30.9 at 40 °C
For-ionic liquids Dro=0.44 and Stoye;=53.6 at 40 °C

.2.3.3 Ideal Solvents:

The ideal solvent for the separation of erqmatics by liquid liquid extraction should L

have the following properties®'.

High distribution coefficient i.e. it gives higher quantity of the desired product in
-an extract phase. It should also have high selectivity. The higher the distribution .

coefficient, the greater is the quantity of the desired component in the extract phase.

The difference in critical solution temperature (C.S.T) * of aromatics .and non-
aromatics in the solvent should be high approximately 220 °Ci.e. high solubility for ’
aromatics and low solubility for non-aromatics. Schiebel** has provided a chart to selecta - '

suitable conventional solvent.

High value of di electric constants of a solvent gives greater solvent power and the

other desirable properties are the following®':

(1) High Boiling point (2) Density between 1 to 1.3 (3) Low surface tension (4) |
Low viscosity. (5) Low toxicity (6) Low cost (7) Easy availability (8) Non corrosive (9)
High thermal stability and (10) Chemical stability. o

Neither the conventional nor the newer solvents possess all the above-mentioned . |

properties. However by addition of cither anti solvent, co solvent or additive to the & .
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solvent better results with respect to liquid — liquid extraction of aromatics could. be

‘ achieved. Such solvents are popularly known as the mixed solvents.-
© 2.4.0 Mixed Solvents and relevant Phase Equilibrium Studies.

- With the growing demand for petrochemicals and high-octane gasoline, more and -
more extraction capacitvaill_ be needed for mixed solvents in coming years. It has been
'the'trend in the industry to employ solvents of .increasing: ‘solvency to achieve ithis
capaclty increase. Mixed solvents® increase the Arornatlcs capaclty For 1llustrat10n

purpose D1ethy1 glycol, T ethyl glycol and Tetra ethyl glycol have been conmdered36

- Diethylene glycol solvent is very selective as it does not dissolve much aliphatic ‘
in it. However, it does not dissolve much benzene ‘either, The. Iimited so'lub’llity with
benzenie reduces extraetton capacity, so that benzene dtstnbutes in only about 1 to 4 ratio

between extract and rafﬁnate The distribution coefﬁments with. toluene and C* aromatxcs

* . (which determine the effecnve capacity of the solvent) are also substantxally lower.

W1th Trietylene glycol at 121.5 °Cthe results ‘are better In tlns case the solvent
» contams 5% water as anti. solvent and its boiling pomt is about 130°C ThlS solvent is also

very. selectlve and the extracts have low heptane solublhty Benzene dxstnbutes inaratio - .

“ _]ust ‘under 1 to 2 between extract and raffinate. Tnethylene glycol has nearly twice, the
extraction capacity of d1ethylene glycol It is also nnportant to reahze that even hlghly

aromattc feeds can be treated

However, tetraethylene glycol is the best of tbe‘ various gl)icole studied. The ‘
. ,solvent contains 39% watiejr so that it also has a boiling point of about 140 °C. Benzene
distr'ibtttes quite favarably in tetra ethylene glycol. The tie lines are rather flat.. at 100 °C
temperature. Highly aromatic feeds can also be treated. |

, The average dlstnbutxon coefficient with dtethylene glycol is about 0.25 and that
with triethylene glycol is about 0.4 and higher. However, toluene and Csg aromatics are so -
much more easily extracted with tnethylene glycol that about half as much solvent is
needed compared with DEG Some refiners have - increased capamty by addmg
dipropylene glycol to thenr ‘diethylene glycol solvent. At about 25% DPG, the solvent is

similar to trietylene glycol. However, individual solvents are preferred over mixtures to- .
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avoid having to control solvents are preferred over mixtures to avoid having to control
solvent composition. The distribution coefficient with TETRA is about 0. 6 compared with
0.4 with triethylene glycol. Here again the comparison is that the solvent / feed ratio thh ,
TETRA would be nearly half of that with triethylene glycol.

Somekh®? studied addition of di propylene glycol to E.G. (as lnixed solvent) and
concluded that it improves the selectivity as well as »capncity. Johnson and Francis" ‘have
- studied effect of addition of water to E.G and concluded that the‘ addition of water. |
decreases the capacity. They have also studied the. system Benzene n heptane DEG ~
water at various temperatures ranging from 25° C to 1750 C. They conclude that lngher'
temperature is favorable Decrease in temperature mcreases ‘the selecttvxty Small amount

of anti sol,vent water : increases the selectivity. Replaclng ‘DEG to,TEG_decreases the

selectivity.

Ba1tes and Coworkers16 studied effect of 0-20% water for Benzene -n. hexane -

= Dmf system and concluded that Dmf is more useful than TEG and DEG

.. The process also has been developed™ and is.licensed by the Instxtute Francais du -
;petrole (IFP). usmg solvent dimethylsulfoxide (DMSO), CH3-SO-CH3 contammg a small ‘

-amount, of water as antisolvent.

Cousserans studled the eﬁ'ect of water on.the selectmty of solvent and reported

,that methyl carbamate is more selective at95°C, 1f 10% water zs added

'Diyarov'and Coworl(ers22 studied the effect of water-nitro—a.lcohols at different .

temperature for aromatlcs extractlon Nitro alcohol acetate is a favourable co solvent for

) Varomatlc extractton E

‘ Meeler' and H‘ochl‘.'veld24 studied various combinations of mixed solvents of '
DMSO, NMP ‘DMF, furfural aniline and Phenols also of phenols w1th E.G, DEG MEA, -

DEA and water .and concluded that in case of leCd solvents select1v1ty gets improved |

substantlally

Choffle and Coworkers® used Benzene - n heptane — Dmso — Water mixed -

solvent in concentration 3% to 15% and concluded that it is an excellent solvent at
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ambrent temperature due to low v1scosrty and high thermal stabllrty They have

'recommended water washing for the separatron of Benzene from Dmso.

Ripe and Coworkers37 have reported that the drstnbutlon coefficient of Dmf isso

favorable that only small quantity of water is needed for Dmf.

" Tare and Puranik have elso utilized mixed 'solvent for the extraction of furfural -

from its aqueous solution.

Vesilev and Coworkers® used caprolactum with DEG and- coricluded that it
- increases the capacity. ’ ' f :

i

Deshpande studxed a rmxed solvent-DmsMwater at various composmons and

various temperatures and concluded. that these newer solvents are more attractrve than o

- DEG and TEG The systems whrch have been studled are as. under

‘s

Benzene ~'n Hexane — Dmso-and Benzene -1 Hexane — Dmf under various"

~operating condmons The followmg important conclusxons could be drawn

1. The selectmty of both the solvents Dmso and Dmf 1ncreases w1th a decrease in .

temperature or w1th an increase in the molecular welght of aromatlcs or. parafﬁns and thh N

an increase in concentratlon Of anti solvent—water

- 2. With an mcrease of the molecular welght of aromatlcs and ahphatrcs the value S

of dxstnbutxon coefﬁcrent mcreases However with-an increase m ‘the concentratron of anti -

" solvent, the values of drstnbutron coefficient decrease Values of dlstnbutxon coeﬁiments' L

obtained for rmxed solvents-l)mso and Dmf contammg ‘mixed solvent-water are

’ substantrally hlgher than the values of distribution coeﬁlment obtamed for tnethylene and - '

diethylene glycol under .other wise comparable condltlons Hence the values of percent -

aromatics extracted;are expected to be very high in the case of Dmf a.nd Dmso as solvent

in companson to TEG or DEG, as a solvent.

Sumna‘ll has also studied the phase equilihrium data for systems.consistirlg of

Benzene—n—Heptane/cyclohexarle-using mixed solvents-Dmf+water;' E.G.twater, and

Dmf+E.G.
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' The  effect of addition of solid caprolactum as additive in E.G. was also -
investigated by the author. '

From the results obtained for mixed solvent , the followmg are the summarized

conclusmns -

1. Both water and ethylene glycol improves the selectivity of DMF. However the
increase in the selectivity of Dmf is higher with water than with E.G. when same.

concentration is used.

.. 2. Almost pure benzene is obtained as the extract phase when 50% E.G. is mixed .
with 50% Dmf.

3. In the region of higher values of solvent capacity, E.G. + Dmf combination has
higher selectivity than that of Dmf + water combination. However in the region of lower
values of solvent capacity, the selectivity of Dmf + water has higher values than that of
Dmf + E.G. combination. -

4. The addition of caprolactum considerably improves the solvent capacity of EG. -

at higher solute concentrations.

Characterization ** of the extracts and residues obtained during extraction using
mixed solvent CS;-N-methyl-2-pyrrolidinone® appear to be informative. Behavior of a -
mixed solvent-triethylene glycol (TEG) — N. methyl pyrrolidone (NMP) solvent for

aromatics *®extraction. may be mentioned as under:-

Solvent selectivity behavior of a mixed solvent of TEG and NMP may be adapted
appropriately: to the required solvent characteristics for aromatics extraction. Mutual
solublhty of pure C; - Cio hydrocarbons in the pure and mixed solvents does not increase
: apprecxably with change in volume percentage of NMP or also with temperature variation
for non aromatics. The relative increase in mutual solubility data of aromatics is more for

aromatics than for non aromatics with variation in temperature or % of NMP in mixed

solvent.

The extraction of aromatics’’ from naphtha and kerosene with sulfolane T.E.G,

furfuryl amine, tetra hydroﬁjrfuryl ale morpholine, 2-nethoxyethanl and nitro methane at



30-120 °Cwas studied. The equilibrium data generated in single stage batch runs under
varying conditions of aromatic content in the fixed temperature, solvent — fixed ratio and

water content in the solvent were correlated with the operating variables By a multiple

regression model.

The stabilization also accelerates phase 48 separation during extraction. The
stabilized extraction mixture is especially. suitable for recovery of benzene and toluene

from reformatees and pyrolysed gasoline.

‘Liquid-liquid equilibrium studies have been made for the extraction of aromatics

from naphtha- reformate by d1methylformam1de/eﬂ1yleneglycol mlxedsolvent 4950 The

phase equilibrium for the extraction of aromatics from naphtha reformate (b p-60-135 °C)
in a mixed solvent of dlmethylformamxde (DMF)-'and ethylene glycol (EG) have been

- correlated using the UNIFAC group contribution model The mteracnon parameters of

DMF. and EG with dlﬁ‘erent hydrocarbon groups present in the reformate such as CH;
‘(paraﬁ'm CH,), ACH .(aromatic CH) and ACCH, (aromatic CCHz), and each of the two
solvents were ﬁtted to experimental concentratxons of ternary systems contalmng these
_groups. . The extractxon runs were carried out: at dxﬁ’erent temperamres, solvent
composmons and" solvent-to—feed ratios. The expenmental results compared favorably

: with those predxcted from the UNIFAC method.' The minimum requlred energy for

separanon was achleved at-57 °Cusmg a 44% EG solvent with a solvent—to-feed ratio of -

| 2 26n a volume basxs

) Liquid—liquid equilibrium; and Activity coefficients fyor, Aroouatics;from Naphtﬁe
reformete; solvents Dimethyl formamide (DMF); Ethylene :glycol (EG)' & UNIFAC

approach forselectlon of ionic liquids for the extraction of aromatic hydrocarbons from

‘ aromatlc/ahphatlc mlxtures has been dealt in by authors.>!*2

Measurements and Mathamatical modehng of quatemary hqmd-hquld equxhbnum '

data for mixtures of methanol+water / ethanol + water - toluene n-dodecane) has been '

~ discussed in details for the above systems. >

Liquid-liquid equilibrium for the extraction of aromatics from naphtha'reformate

by »d‘imethylformamide/ethylene glycol ‘'mixed solvent has been investigated and ’

interesting conclusions have been drawn with respect to mixed solvents.*®
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Extraetion of loluene/o-xYlene from heptane and benzyl elcohol from toluene has

also been mvestxga‘ced56 From the results obtained for mixed solvents-BG+Dmf

Dmf+water and EG-caprolactum followmg critical remarks could be made:

l Both water and ethylene glycol i mlproves the selecthty of DMF However the

increase in the seleotxvxty of Dmf is higher with water than with E.G. when same

concentration is used.
2. Almost pure benzene is obtained in the extract when 50% E.G. is mixed with
Dmf o ' | | ST
3. In the region of higher values of solvent capacity, E.G. + Dmf combination hes

higher selectivity than that of Dmf + water combination. However in the lower solvent

capacity region the seleetmty of Dmf + water has higher values than that of Dmf + E.G.

~ combination.

4. The addition of caprolactum considerably i 1mproves the solvent capacxty of E. G '

at lugher solute concentratxons

Skinner and Coworkers have reported’’ the phase equilibrium deta of Cg to 016 -

Their study mdxcated that mtnle is more selective solvent than DEG and TEG.

Phase equilibrium data for Benzene — methanol n-heptane/ n -hexane systenls et. ,
20 °C; 40 °Cand 60 °Chave been reported by Labinits*®, He showed that- for all solute k

concentrations of benzene the solvent selectivity deereases as temperature increases. o

Proeedure in detailed- has been out lined* by Fuchs for prevention or decrease of
resulue formation i in (N-methyl. pyrrohdone-E Ci) containing extension agent mixture for

aromatic recovery . T E.G - N.M. P mixture % . for “Solvent and its Selectmty behavxourj

of (TEG-NMP) mixed Solvent for aromatics extraction” has been crmcally evaluated.

2.5.0 Mathematical Modeling of Phase Equilibrium Date:

Design of an aromatic extractor requires the knowledge of multi-_component-

liquid-;liquid equilibrium (LLE) data. Such experimental LLE data are usually not

~ aromatics — n heptane — BB’ thio di-propionitrile and B,B — oxydxproplomtnde at 25 °C :



available and therefore can be predicted using various activity coefficient models. These '

models require proper binary interaction parameters, which are not yet available forall

-aromatic extraction systems. Furthermiore, the parameters available for most of the ternary

- systems are specific to that system only and cannot be used for other ternary or multi-

component systems. An attempt has been made to obtain these parameters that are

globally applicable. For this purpose the parameter estimation procedure has been
modified to estimate the parameters- s1mu1taneously for different systems involving
common pairs. UINQUAC and UNIFAC ‘models -have Abeen used ;for parameter
estimation. The regressed parameters are shown to be applicable for the‘ternary as well as

for the multr-component systems. It is observed that UNIQUAC parameters provide a

better fit for ternary LLE data, whereas, as one moves towards the higher component

systems (quatemary and quinary) the- UNIFAC parameters, which are a measure of the

~ group contnbutrons predmt the LLE better. Effect of temperature on UNIQUAC binary

: mteractron parameters has been studied and a lmear dependence has been observed.

Hence, a detarled study has been reported in the hterature with respect to hqmd—l

liquid extraction of' aromatlcs using sulfolane as solvent 61Interactlon parameters for multi

component. liquid- liquid extraction of aromatlcs using solvent  sulfolane have been

" reported..

Predicting qumd-quurd phase equlhbna by group contrrbutlon method for

| system involving hydrocarbons mvolvmg carbon numbet — 10 to 20 and solvent Dmfhas -

: been also reported 62

This work describes-?a 'nrethod of calculaﬁn(g.liqnid-liqnid aromatics extraction of a -
‘ - middle distillate. The group contribuﬁon models of the ASOG and UNIFAC type are
" investigated. Four vapour liquid equilibrium (VLE), two solid-liquid equilibrium (SLE),

three binary and‘:'six ternary, liquid-liqnid equilibriur_nl (LLE) have been measured. The
parameters of the models are based mainly dn‘ the data of the systems having 10-20

carbon number VLE, SLE and mﬁmte drlutxon actmty coefficient data (17-245 °C) have B

been used for calculatmg interaction parameters between hydrocarbon groups and LLE

data (20—80‘ °C) for interaction parameters of dimethylformamide-hydrocarbon groups.

'Middle distillate representation is based on mdss spectrometric and gas chromatographic -

analysis and on limited data of middle dlstlllate~DMF 11qu1d-hqurd equrhbrlum It is

- shown that the perforrnance of ASOG and UNIFAC models are sufﬁcxently valxd in

s



representation of database .and in extraction calculations. Considering the predictive
character and the rapidity of its application this method can be useful in the preliminary

study of extraction processes.

Liquid—Liquid extraction of aromatics from middle distillates and equilibrium data
prediction by group contribuﬁion method ® * is available in the literature as a critical
review. Liquid—liquid phase equilibrium for dearomatisation of ATF fractidn and
Selectivity of Solvents for Liquid-Liquid Extraction of C7-C10 Aromatics isalso

available in the literature®* as a deailed study.

A detailed study of quaterziar& system converted in to double ‘binary system:
~ Benzene — Ethyl isovalerate — Ethyl alcohol — Water has been reported by Moulton and

change"®. The quaternary correlation equation may be written as

XAR =( XAE ]nz—m(n,—nz)
Ayp \ Ky xpp +hy Xog '

where A, B, C, W are components ethyl alcohol (A), benzene(B), ethyl
isovalerate(C), water(W) respectively. ‘

Her€; ny, np my, ky, ko are constants for quaternary system which may be derived
from ternary phase equilibrium data only i. e. for equivalent ternary phase equilibrium.
data systems. '

ny, n are slopes and ki, k» are intercepts in the Hand’s plot of the corresponding

Benzenes/Ester— ternary systems.

i

Bansod and Puranik* have studied quaternary system Benzene — hexane —~Dmf-
water and basic ternaries Benzene -- Dmf-water and Hexane-Dmf“water systems at 30°C.
The tie line data obtained by these investigators have also been correlated by the

equations proposed by Moulten and Chang. "

The comparison between the experimental and predicated tie line data with the

help of correlations proposed is quite satisfactory within + 15%.

Dhabe and Puranik ¢ have studied quaternary systems consisting of components—
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Benzene — Hexane — Dmso — water at 30 °C. They have also investigated basic. -

ternarie systems:

Benzene — hexane — water and Hexane — Dmso — water at 30° C. Tle hne data

* obtained have been correlated satisfactorily by the following equation:-

10g——213-= log( XDE - ) ”z‘"m(ﬂg-nz)
. Xipn ’k] Xpg +hy X g

This equation istVery similar to the equation proposed by Bansod and Puranik*

except that the power of mk required is 0.75 instéad of 0.5.

The genefalized correlations developed by mathematical modeling thus could be
utilized conveniently for predicting the equilibrium composition of extract and raffinate

phase for the case of liqu'id-liquid extraction of aromatics.5’

' The . extraction of aromatics from naphtha and kerosene with sulfolane TE G;
~ furfuryl amine, tetra hydrofurfuryl ale morpholine, 2-nethoxyethanl mtromethane and -
furfuryl are at 30-120 °Cwas-stud1ed  The equilibrium data generated in smgle stage batch"

runs under different sets of operating condmons were correlated with the - operatmg

' vanables by a multiple regressxon model.

" Prediction of phase equlhbnum data for the extraction of aromatlcs from naphtha v

refonnate byusmg solvent tetra ethylene glycol ®was done by UNIFAC method S

The extraction of a’romatics from naphtha reformate was carried out by the use of

solvent tetra ethylene glycol at six temperatures and three solvent to feed ratios. The -

concentrations of paraffin, naphthenes and aromatics in the extract and raffinate p;hase

were measured and conipar‘ed to values predicted by the UNIFAC, group contribution‘
model. It was shown that the UNIFAC model is capable of predlctmg the concentrations

in this multicomponent system with an overall RMSD of 1.27 mol. %.:

A simulation model” for dearomatictisation of the straight-run fraction that boils

in the range 140-240 °C(also called Aviation Turbine Fuel fraction) of Bombay high

crude’ (India-——offshore)‘ was developed by using solvent- Sulpholane The "group

contribution model, UNIFAC, has been investigated for the prediction of vthe'_ ’
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- multicomponent liquid—liquid equilibrium data. The compositions of the extra_et'and '

raffinate phases, thus predicted”, compare closely with single stage experimental data.

Bansod and Puranik”? have studied quaternary systems consisting of components —
Benzene _ Hexane —Dmf-water at 30 0C and developed a generalized correlation for
 predicting quaternary liquid-liquid phase equilibfium"data , However their work is limited

to single temperature only.

In petroleum processing, the intermediate ,sﬁeamS ‘contain eompounds of the five
homologous seﬁes+n¥paraﬁ'u1s, iso-paraffins,, ’ol‘eﬁo‘s, ' naphthenes and aromatics’
E ~ (PIONA). To attain a quantitative description of the ~phase equilibrium of such mixtures, a.
novel 'shortcut method, which is based on only' one'k‘ey component .and the ratio of the
adjacent distribution coefﬁclents for homologous series has been developed”’ Ata

particular temperature the- recms:ve ratios of the' dlstnbutxon coeffiments in a homologous

- series indicate a fixed value on the mam branch. The dependency of relative distribution

" coefficients on: temperature and solvent to feed ratio has been estimated. For all the

- PIONA families, exponentially dlstnbuted feed has been used in the AspenPlus simulator

C to calculate the distribution coefﬁclents K. The shortcut PIONA LLE simulation program

has been trained using the above distribution coeﬁiclents to obtam the relatlve distribution
, parameter a. For testmg PIONA LLE proposmon, smgle-stage hquld—hquld extractlon"

: expenments for gamma (continuous) and random (dlscrete) dlstnbuted feeds were done.

" . p-Paraffin and aromatic farmhes were mvestlgated mdependently Usmg this novel ,

- approach, shortcut simulation prediction results:match well with the expenmental data -
points. Interaction parameters for multi component hquxd—hquxd extracnon of aromatlcs -

. using solvent —sulpholane are also avaxiable in the literature. ™

i

Kolah and Puramk 7 have done exhaustive work and developed vanous computer
programmes for correlatmg and predxctmg ternary as welI as quaternary liquid-liquid . -

‘ phase equilibrium data inclusive of VLE data.
These authors have used various novel 'abproaches as under:-

@ Correlamg basic component binary vapour-liquid phase ethbnum

data to correlate ternary vapou—hquld equlhbnum data.



(n) Correlamg basic temary liquid ~hqu1d equrhbnum data to correlate quatemary liquid
-liquid phase equxllbnum data. o N S :
(iii) . Using vapour-liquid phase equrhbrmrn data to predrct hquld -hquld phase

ethbnum data

" (iv) Usmg liquid -hqmd phase eqmllbnum data to prechct vapour -ltqmd phase o

equrhbnum data

(v) Also using LEMF NRTL, UNIVAC and UNIFAC models avallable inthe

A hterature various computer programmes have been prepared by these mvestlgators

quuld + llqu1d ethbnum (LLE) results. for the ternary mlxtures of (solvent +
aromanc hydrocarbon + alkane) at different temperatures ﬁ'oml (298 15 to 313. 15) K are
reportecl"8 where the ‘aromatic hydrocarbon is toluene or. m—xylene and the alkane i is n-
heptane. or n-octane or cyclohexane and the solvent 1s tetramethylene sulfone @i.e.
L sulfolane) or drmethyl sulfoxide (DMSO) or ethylene carbonate The exhaustxve data -
were correlated with| the UNIQUAC- and NRTL equatlons The( partltlon coefﬁclents and |
the selectmty faetor of the solvents are also calculated Then the selectrvrty of solvents ,
for the extraction of aromatlc hydrocarbons from alkanes has been compared The phase
o dlagrams for’ the temary mrxtures are presented and the cprrelated Tie lme results have
been compared with. the expenmental data. The compansons mdlcate the apphcabxhty of

the UNIQUAC and NRTL activity . coeﬁicrents model for: predrctlon of muln component: -
o quuld-quuxd phase equlhbnum data. ' o

| Temsry liquid - liquid equilibrium data has been;reported. > for. mixturcs of
mixed solvent-tetraﬂuoroborate or hexaﬂuorophosphate- benzene- an alkane at T=298.2
K and p—O 1MPa. Also extractxon of aromatic compound-toluene from hrgher alkane-

dodecane by. mixed solvents .(water + methanol), (water, + ethanol) and (methanol +

- ethanol) have been studied 81by (hquld + liquid) equlhbnum (LLE) measurements at three 5

. temperatures (298.15, 303. 15 and 313. 15) K'and ambxent pressure NRTL equatrons can.

| be utlhzed to correlate all the above data.

The comparisons mdrcate that the selectmty factor for miked solvent (methanol +

. ethanol) is hrgher than the other two mixed solvents at the three studred temperatures



'NRTL equations could be ‘uti'lised conveniently to correlate obtained experimentél data for -

the different systems and mixed solvent under consideration.

2.6.0 Liquid-Liquid Extraction Equipments and Applications of
Packed Bed Extractors: |

(i) Liquid-Liquid Extraction Equipments

Various equipments used for liquid-liquid extraction are as follows:

(D) Vertical Column ty‘pe Extractor:. .

(A) Unaggitated:

1 Spray column, 2 Packed column,3 Plate column.

(B) Rotor agitated Céntactor.

1 thgry Disc contact;)r_(RDC) Asynﬁnétn’c, 2 Mixoj contactor,

3 Rotary annular column.

(C) Pulse égitated column:

I i’ulsed Spray column,lz Pulsed Packed column,3 Pulsed Plate column

an Horizbntal Extractor:

1 Mixer settlersz 2 Centrifugal extractors, 3 Horizontal Rotating Disc‘cqntatgtér, |
4 Raining bucket extfactor.

Out of these Packed column® is well known for its simpilcity, ease of operation,
efficiency and economy.

(ii) Important Applications of packed bed extractors:



Packed bed extractors & due to their simple and economical construction, less
corrosion problems and lesser pressure drops are widely used in the chemical industries.
New packing which offer more efficiency and high intimacy of the phase in contact are

also being investigated continuously.

Some of the chemical processes wherein packed bed extractors are utilisede have =

been listed below.

Edeleanu process® use liquid-sulphur dioxide as a solvent. Light distillates like

heavy naphtha are usedas feed stock to recover aromatics. Lubricating oils can also be ‘

treated however with mixed solvent like benzene and sulphur dioxide.

Udex process® is mainly uséd for recovery of aromatics with high degrée of
purity. Extractive distillation process, widely used nowadays, employs phenol as solvent.
‘Addition of 8% to 12% water to diethylene glycol in the Udex process increases the
selectivity of mixed solvent. Recovery of aromatics from coke oven oils using Ethyl

acetate as a solvent is also an important application,®

Furfural extraction process®

packed with wood slots and maintained at a tempefature of 95 °C was used previously.

is used in the manufacture of lubricating oils. Tower

Use of rotating disc contactors in the commercial operations is now gaining importance,

due to high flexibility of the equipment to handle various feedstocks.

Dimethyl sulphoxide® is widely used solvent in the recovery of aromatics from

catalytic reformate and kerosene feed stocks as solvent shows high selectivity.

Using light oil as a solvent, acetic acid can be recovered ® from very dilute -

&

solution of acetic acid.

Phenex process®also uses unit operation :-quuid-liquid extraction to obtain

' phenol.

Acetic acid can also be recovered® from its aqueous solution with ethyl acetate as
solvent. Due to high latent heat of vaporization of water, distillation cannot be employed
and hence Iquid-liquid extraction is recommended. However, high efficiency packing is

necessary for such operations.



© 2./7.0 Mass Transfer Aspects in Packed Colu'mns': S :

| (i) Hydrodynamics and Mass transfer in packed column \a_fithCeramic Rings, *°
were studied for systems consisting of toluene — acetone — water and n-BuOH ~ succinic

" acid — water.

A film flow was obseryed when the packing was wetted' by.the dispersed phase
rathejr-than by the continuous phase. The constants 1n the flow equation for Hi-flow

ceramic rings were calculated for film flow as well as drop flow..

(11) As droplets pass through a contractor such as packed tower, investigators®"
expenenced a sequence of hydro dynamic events as hsted below:- (a) free movement
wrthxn the paclnng voids (b) collision with the- packmg on subsequent distortion (c)
coll1s1on followed. by breakmg into two daughter droplets @ passage through narrow
- voids. accompamed by droplét elongation, and (e) coalescence with a stationery drop in

.the - iriter sheets of the packmg followed by dlspersmn Each of these events is

charactenzed by its own rate of mass transfer, whlch can be expressed in terms of partral :

mass transfer coefﬁclents v S

(111) Mass Transfer aspects ‘have been mvestxgated o ; in packed bed and pulsed -

plate columns wrth respect to important factors like: drop dlameter drop veloclty, contact

tnne or solvent modlﬁers, agltatlon of the continuous phase drop break-up, coalescence _'

and drop dlstomons It is necessary to isolate these: factors and ' to’ determine how to

predlct coefﬁcxents in larger dlameter columns. A mass transfer system where in “a stream -

of smgle drops travehng wxdely apart to eliminate drop mteractlons and to avoid drop
break-up or coalescence 1is employed in which most of the resmtanee to solute transport

can be assurned to reside i ‘i the drops i.e. dlspersed phase It was observed that mass

transfer coefficients obtamed for pulsed plate columns and packed columns are enhanced :

‘due to drop interactions with packmg elements.

(iv) Characteristics of extraction in packed columns were compared‘93 with those - -

in rotary disk columns. Experiments were done for refining of lubricating oils by
extraction with furfural. The packed columns can replace the disk columns, especially in
systems with low mterfacml tension. Intensification of extraction was also examined by

‘addmg on inert gas by followmg two methodologles -

o N



(a) Mixing the gas with dispersed phase in a droplet distributor.

(b) Feeding the gas thmugh a separate distributor into the column to form droplets .

containing two phases.

(v) The drop size distribution and residence time of both phases were
photographically studied”* at four positions of a packed extraction colﬁmn on industrial
- scale having packed bed hexght of five meters. The effects of various pulsation intensities
and component exchange directions and rates on the sauter diameter were established and :

| analyzed for system consisting of n-Butyl acetate, water and acetone.

(vi) Empirical correlations for the prediction of droplet size, dispersed phase
_holdup, slip velocity, and maximum throughputs in packed columns using random and
ordered packing are considered”. The drop size correlation, which is based on
measurements form 376 runs with and without mass transfer from nine different sources
for conditions when the conunuous phase wets the packing, reproduces the data with an

Absolute Value of the relatlve dev1atxon of 15.7%.

(vii) Based on data from 645 measurements with both continuous phase and
dispersed — phase wetting, an equation for maximum throughout is derived®® which

reproduces the data with an average abs. Value of the relative deviation of 19.5%.

(viif) Thornton and Rahman 7 have stuc_iied single drop collisions with packing '
elements and shown temporary enhancement (for fractions of a second) of the mass

transfer rate.
2.7.1 Hold-up of dispersed phase under no mass ;‘tr:msfer1
conditions. -
The initial investigations for the hold-up in packed columns ere that of Appeal and
Elgin %

The equation has been proposed by Gayler and Pratt * which correlates hold-up -

data below ﬂooding point with dispersed and continuous phase flow rates and a

characteristic velocity V, characterizing the packing and liquid-liquid system employed.
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Another equation was obtained by the same investigators ' where Va can'be.

obtained as the slope of the straight line plot of

Vd+[X/(1-X)].Ve Vs. X(1-X)

Gayler and Pratt!® have proposed the correlation for the estimation of the .

~“characteristic velocity usiﬁg Raschig ring and Berl saddles.

Sitaramayya and Laddha 101 equation for correlating hold up data showed 10.97% |

average deviation. This equation can be considered as a generalized correlation for

corrélating the hold-up data below flooding velocity. Generalised hold up data correlation

was also proposed by Johnson and Laverng 192 with A’, B” and n constants.

Burdett, et at'® devised a new technique for measurement of static and dynamic

hold-up. However, the usefulness of the method for general purpose is doubtful.

In a subsequent mddiﬁcation, Chandra Shekharan and Laddha'® obtained a new
equation with modified constants in order to correlate dispersed phase hold up data at

flooding.

All these equations listed so far are specifically under the conditions of no mass
transfer between the contacted phases.Under solute transfer conditions, relevant equations

fexpressions/correlations are expected to be different.

2.7.2 Hold-up of Dispersed phase under solute transfer

conditions::

‘ Gayler and Pratt ' dorrelated their data nd solute' transfer conditions. Degaleesan

and Laddha'® obtained the generalized hold up data correlations for transfer from - |

continuous to dispersed phase (c>d) and for solute transfer from dispérsed phase to the

continuous phase (d-)c). These equations give the estimation of hold-up of the dispersed

phase under solute transfer conditions.
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2.7.3 Correlations for maximum through put:-

" In the succeeding paragraphs, the correlations available in the literature for the -

flooding velocities of dispersed and continuous phases are discussed and analysed .

critically.

Blanding and Elgiﬁm presented their results as the plot of square root of |

continuous phase flow rates against that of the dispersed phase. =

An equation for flooding velocity was also proposed by Breckenfeld and Wilke

‘which predicts flooding velocity within £20% deviations. -

108

Row, Koffolt and Withrow'® represented their data graphically in the form of

flooding curves.

Bailard and Piret !'? defined the flooding in way that is more precise and presented

an entirely different correlation when dispersed phase does not wet the packing.

Extensive variation in column size (up to 150 mm dia) and packing size and type

was done by Dell and Pratt'!! who proposed the correlation also taking into account the

- data of previous investigators. Values of constant are available for different packing types )

and sizes.

Crawford and Wilke ' used large size packing 12.5 mm to 37.5 mm carbon

Raschig rings and large diameter column of 300 mm diameter under the specified

conditions. The proposed correlations are similar to those proposed by Breckenfeld and
Wilke'®, Comparison of ‘the two correlations shows that for geometrically similar

systems, similar conditions of hydrodynamics prevail.

Treybal'*? modified the equation of Hoffing and Lockhart®® and expressed Vc as a
function of packing characteristic and physical properties of the systems with deviations

within £10% in flooding velocities.

Sakiadis and Johnson ' modified the correlation proposed by Dell aﬂd Pratt 111105

by adding a viscosity term to it and modified the constant by accounting for packing
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. characteristic, fractional voids and surface tension effect. It is claimed that the correlation

.proposed is useful even for gas-liquid systems.

‘Numunaitis, et al 1"’ suggestecl that the group (a/e) — called as packing factor with -
two constants C; and C, which empirically accounts for the high capacity of the intelox
saddles and Pall rings can be introduced in flooding velocities correlations. Thus, C, and |
C, are specxﬁed for dxfferent types of packing. In terms of these packmg factors ,

‘Numunaitis' et al also suggested a graphical correlation.

_ Watson and. McNeese studied the hydrodynamics of eoonter;curreht flow of
high-‘-density difference. ﬂmds such as mercury and S,Yater and proposed a correlation based
on the assumptio‘xl of constant superficial slip velocity. But this correlation does not apply
over a wide range» of "ﬂuid properties -and thus" it’s use is very limited. In a later
development 16 they covered the w1de range of ﬂuld properties but covenng only Rasclng

rings as the packmg matenal
2.8.0 GetleraliSed co‘rrelation for Mass transfer coefficients:

. Gayler and Pra:tt“7 have proposed the 'equat.ions for. “dispersed phase - aod' : :
contmuous phase mass transfer coefficients whxch relates the area based dispersed.
' phase/contmuous phase mass. transfer coefficients i m terms of a charactenstlc Reynolds =

number Re, phase velocltles, fractlonal voidage and hold up of the gl;spersed phase..

Laddha and Smlth"shave correlated their results on mass transfer studles in terms .

of the height of transfer umts

105 also who presented the

- Similar mvest1gat10ns were made by Gayler and Pratt
graplucal correlatmns showmg influence of ﬂow velocities on the:, mass transfer

coefficients.

~ The eqoation was developed by Smith and Beckman'® the't:' correlated height of
transfer units of oontinuous phase (HTUoc) to that of height of transfer units of dispersed

phase(HTUod).

Critical theoretical analysis has been done about Kod.a and Koc a equatlons by3

Handlos and Baron'”’ ’also by Kronig and Brmk’zl



Krishnan, et al'?? extended the theoretical analysis of Handlos and Baron '? and
also that of Kroning and Brink'*'and proposed Kod.a and Koc.a equations The Kod.a and

al 120

Koc.a correlations proposed by Krishnan, et show 15% average deviations from

experimental valueé of Kod.a and Koc.a.

The estimation of overall mass transfer coefficient was done by Gayler and
Pratt'®. Laddha, et al'® also propbsed the equation for the predictionA of volumetric

- overall mass transfer coefficient based on the dispersed phase hold up.

Gopalrao and Ramam obtained the area based overall mass transfer
coefficients (Koc.a) in terms of dispersed phase flow rate and characteristic droplet

‘diameter dy. They found that Koc.a was independent of the continuous phase flow rates.
2.8.1 Effective interfacial area in packed columns:

The volumetric overall mass ’tfansfer‘ coefficients (Kod .a and Koc. a) could be
reduced to trﬁe mass transfér coefficient { Kod and Koc ) based on knowledge of values

of effective interfacial areas under otherwise similar conditions.

Pratt, et al"proposed relevant e_quatibné for Kod and Koc based on aw wetted
~ surface area assuming that effective interfacial area is equal to wetted surface area .Later

on Gayler and Pratt'? suggested corrections to these équations‘ ,

‘_ In an entirely novel approach Puranik and. Sharma'?’ applied the theory of
‘extraction with fast-Pseudo-first order réactign’ to to find out the values of effective

interfacial' area in a packed column. These authors.®' have utilised the follovﬁng

equation:-

R,
a= 4 .
[C*.(D.K.B)*] "

Where Ra=specific rate of extraction
C*=equilibrium solubility of solute in solvent.

K,=Second order reaction velocity constant.



B=concentration reacting species in solvent.

a=Effective interfacial area available for mass transfer during liquid-liquid * ‘

extraction.

In a further developmehtm it was shown that with the help of kinetics of
coalescence and breakage of droplets, it is possible to calculafe the interfacial area of
contact. Billet and Mackowiak '® have studied the new types of columns called as
“packed tube columns”. Here the diameter of packing is slightly less than the diameter of
the column itself. Thus, the packiﬁgs are regularly stacked in the tube column. Main
advantage with such type of columns is that systems-with extreme differences of physical
properties can successfully be separated, again throughput from such columns are high
compared to conventional packed columns. Regularly stacked packing reduces axial

mixing and thus higher efficiencies could be obtained.

Billet and Mackowiak'?” have proposed correlations for true mass transfer

coefficients- Kod and Koc inclusive of correlations for the flooding velocities.

The graphical® generalized correlationsv are also proposed'® in terms of (HTU)

against total column capacity.

These correlations are expected to be very useful while performing scale up of

packed columns on commercial scale by utilizing laboratory scale experimental data.

2.9.0 Summary:-.

Based on the above review of “Liquid -liquid extraction of aromatics” the

important observations/ comments have been summerised in the following paragraphs.

The newer solvénts like Dimethyl sulfoxide (Dmso) and Dimethyl formamide
(Dmf) appear to be very attractive than the conventional solvents like diethylene glycol

(DEG) and triethylene glycol (TEG) for liquid - liquid extraction of aromatics. This is

because of the fact that these newer solvents are having high selectivity and high

percentage recovery of aromatics in comparison to solvents like diethylene and triethylene -

glycol Further, it appears that the selectivity of these solvents can be mcreased ,

substantlally by the addition of small quantxty of water which acts as an antlsolvent

“d
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However, as could be seen from critical review of literature survey, véfy_ limited
information is available in the literature regarding the ternary and quaternz.lry liquid-liqui
phase equilibrium data for the systems involving aromatics + aliphatics + newer solvents
at different temperatures and the effect of parameters like molecular weight of aromatics
and paraffins and the addition of anti solvent — water on the selectivity and distribution
capacity of these newer solvents. Further, if these equilibrium  properties of ‘a four-
component system (aromatics + aliphatics + solvent + water) could be dérived from those
of component ternaries, much of the experimental work could be avoided. However
information available in the literature about these newer solvents -Dmf and Dmso — is

very limited.

Further,except the work done by Deshpande and Puranik®** practically no
information is available in the literature regarding the effect hold up of the dispersed
phase, % recovery of aromatics, % purity of extract, number of transfer units, mass
transfer coefficients (dispersed side and continuous side.) using Dmf or Dmso as a solvent

for the separation of aromatics.

The above-mentioned aspects could be studied conveniently in a paéked column

due to its simplicity. Since the interfacial tension for these systems (aromatics + aliphatics

+ solvent-Dmso/Dmf) is very low in comparison to DEG/TEG, it is expected that even in -

a packed column, the values of effective interfacial area and the rates of extraction are
likely to be very high. Hence, a packed column could be utilized conveniently as a

suitable contacting device for liquid - liquid extraction of aromatics.

However, practically very less / no information is available in the literature about
the suitability of a packed column for liquid extraction of aromatics using these newer

solvents 1iké “Dmf” and “Dmso”

i
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