CHAPTER Il

THEORY

2.1 Liquid-Liquid Extraction

2.1.1 Introduction

The liquid-ligy s a powerful separation

technique for a long tim nique was used in wide
separation industries. [J . one phase to the interface
and thence into the ol#f of this process (Bailes et

al.,1976).

Bailes et a- v : exizaction was proportional to

area and the derivatit ** B | in the two phases from

the Equiiibrium (not l‘! Simplﬂ difieieiice IN CONCE j.f:” s between the two
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such as fded referred to the solution which was extracted, solvent referred to the
liquid which was contacted to feed in this process. The solvent-rich product of the
operation was called the “extract’, and the residual liquid from which solute had
been removed was the “raffinate”. A simple schematic of liquid-liquid extraction was

shown in figure 2.1.
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Figure 2.1. Singlemsensns] w@ jent liquid-liquid extraction

In a liquid-liquic,eee®™ |80 U ez must be insoluble or at
least soluble to only aifitcd #4f FRthA S Ssteisolution. In addition, the

extracted solute shouidfivgll 4 fin ety JeR\AA, Sent (Hinos and Maddox,

For enhancing 55 s A : ance of the system, mechanical
agitation was used. The mee! i od the interfacial contact area
of the two liquids alZ Se ¥ Jm of drops dispersing

mmughamntmuumo L eomef ' Jrop pha 44 was called the dispersed

“““ﬁﬁrﬁﬁ’ﬁﬁ“ﬁ%*ﬁ“ﬁ‘ﬁ‘ﬁ%” =
Wmmmw g1} i

molecularand eddy diffusion.

movement of the molecules, which led to a net movement in the direction of a
mmﬁnngruﬁeM{MtendﬁuthMamﬂmnumﬂimﬂﬁm}. Eddy
diffusion arose from bulk movement of the fluid, usually resulting from some forms
of turbulence. Molecular diffusion was a comparatively slow transport process. In a

turbulent situation, eddy diffusion would be several orders of magnitude greater

VR 26

1



than the molecular diffusion, thus it was normally desirable to promote it. If
sufficient agitation was provided to create turbulent conditions, eddy diffusion was
likely to predominate within the continuous phase, yielding a reasonably high mass
transfer within that phase. However, agitation only affected the dispersed phase

indirectty. anadmpwssmﬁrgmmughamnﬁnuousphase,chﬂgattm

drop, giving an effective e o m=on P SoEnreM enhancing mass transfer in
the dispersed phase. 2 occurred, mass transfer
depended on the velog otinuous phase, the drop

diameter, and the physr' op, the smaller the drag
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forces were relative to thg@ic, T in wﬁh @\ ‘ all drops behaved as rigid

spheres, and mass tra d by the slow process of

\!
molecular diffusion.

After a peri i fy' lalescence of drop took

s
place. Large and smal 1—! red arops wouid nave a téfldency to aggregate at the
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drop-lig uidl boundary were two types of surface The first was Marangon

effect. This effect was due to motion caused by local variations of interfacial
tmshnwhhhmmmadinﬂmbydﬁamhmpmﬁonwmm.
Thasemndwasduamﬂmdeparmraﬂumaquiﬂbmmtanﬂmﬂulwaspmdunedby
eﬂensionorcon&anﬁoﬂufaninhsﬂmnrdiwwmmﬁm. Surface instability

which occurred Marangoni effect was usually associated with the transfer of a solute



and its direction of transfer. Interfacial tension was usually promoted by: (1)
transferring of solute into the phase of lower viscosity or from the phase in which its
diffusivity was lower, (2) large differences in kinematic viscosity and solute diffusivity
between the liquid phases; (3) steep concentration gradients near the interface

affecting the interfacial tension; and (4) diffusivities in both phases.

The liquid-liquid ™ W be carried out by using many
types of equipment. Fog & =a3s ‘H'H_._-:- e a simple tank with an
agitator in which two phgfe 4m S an | wwed to settle. In general

industries, a lot of types - FousHofifiiageigx were used.

a¥nethod to select extractor by
using selection chart which baa== anson (1968) and Laddha and
Degaleesan (1978). ﬁﬁmm *red when selecting a
contactor were settling Bfiaracie agesjfpquired, space availability,

volume throughput, andfoentact time. Tag selection chart given in figure 2.2
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were shown in table 2.1.
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Table 2.1 Advantages and disadvantages of different extraction equipment

Class of Equipment Advantages Disadvantages
Mixer-settler Good contacting Large holdup
Handles wide flow ratio High power costs

Low headroom High investment

| Large floor space
Interstage pumping may
be required

contactors (no mechanico g™ @y b Agst™ _<mall density differenc

driven) wCannot handle high flow
N\ Moh headroom
Sometimes low efficiency
‘ " ST Difficuit scale-up
Continuous  counterflow | G ‘.':F;’..'.‘;-_,_' Limited throughput with
C2 S0Or=Sic o0 small ity difference
(mechanical agitation) _g-r,%‘ density -
annot handle emulsifying

]
g —

, U_m,_-'_ o o
v P
I = annot handle high flow

Gantihlgalam-aﬁruﬂ i ﬂﬂum J

Low holdtip volume High maigtenance costs
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2.1.3 Mechanically agitated column extractor (Henley and Seader, 1981)

Mechanically agitated column extractor could handle systems having
problems such as high surface tension and/or low density differences between the

two liquid phases. To proper phasg #L.and creation of turbulence, rotating

agitators driven by a shaft the go'h the column were arranged to

create shear mixing zone ~1---}= it-
mechanical agitation inCa#*" _ ,-f/ i &

the mass transfer perfalifia €< & § Fie <§ poite agitated columns were

shown in figure 2.3.
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Figure 23  Typically agitated columns : (a) Scheibel column; (b) rotating disk
column; (¢) Oldshue- Rushton column.
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For liquid phase equilibrium, the factor that determined the amount of
solute in two liquid phases was distribution coefficient (or liquid-liquid equilibrium

ratio). K was defined for each species by

K=x/x!

d || meant the second phase.

As assumption for this systemms -y wwere mutually insoluble. It was

& for solute in term of mass

ratios,

of solvent)
and of feed)
Hence

..., @jsmm mmﬁ’ N
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single equ
muﬁﬂesﬁu&sinndartoqatmmmumpeqmmmm'acﬁun.

Forashgiesme.assmwninﬁng{a},amshaimmm



13

FXE + SX5 = FX§ +SX] (2.1.4-1)

Where F and S were the mass flow rate of feed and solvent, respectively.

Assuming the exit streams were at equilibrium.

(2.1.4-2)

Combining sleliminate X5 and solving

for Xi we found that exit raffinate phase was

given by

(2.1.4-3)

Where E ws -. e extracud et “/F). 'N percentage of extraction
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antemdtt'saﬁrststaga while the entire solvent entered the final stage. Two liquids
were passed from stage to stage counter to each other. For example, we had two

stages counter current arrangement. Mass balance on each stage was given by



For the first stage,

FXE +8X5 =FX{ +SX§ (2.1.44)

known. This difficulty was gFfCf & NIRRT ollowing step equations

(2.1.4-6)

(2.1.4-7)

QQ&I’JVI&WI?WEI’]TW @
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%olving for X, gave the fol
aquilibmmslagesuﬁmxg =0:

r_Xo 1
x2‘1+E+Ez i
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In general, for N countercurrent equilibrium stages, similar combinations

of stage equations with X3 = 0 led to the equation.

Xo
X = (2.1.4-10)

N E

The limitation of ing to « depended on the

¢
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. S, Xo~ X (Esiu}g:t)
F, % - Feed and
(Feed and Solute) {FI"' Soivent) { Solute) l I

Stage 1

: % S, p D

Stage 2

N F X S, Xo©
%  (Raffinate) (Pure Solvent)

(b)

Y

Figure 2.4 Single and muitiple-stage arranggments (a) single stage arrangement.
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2.2 Surfactant
2 2.1 Definition and Structure

Surfactants were one of the most unique and versatile classes of the

chemical compounds. They were usg! irgsuch diverse products as the motor oils

substance that, when ) in the system, had the

property of adsorbing on Sy and of altering to a marked
degree interfacial free ene Wterfaces). The term interface
indicated a boundary be ib p (Rosen,1988). In the
circumstance that the phasgeeac

the volume of the ;m-,_,:; ‘mass of the system was

presented at bounda ::"-f (e.g., , anfHispersions of solids). The

R AneI NN

mﬂmmmm o

as a lyophobic group, together with a group that had strong attraction for the

> system was so large relative to

solvent, called the lyophilic group. This structure was known as an amphipathic
structure. When a surfactant was dissolved in a solvent, the presence of the

Iyuplmhtgmupm&mintuﬂnrnfmasdvammgmmmdmrﬂunnfﬂmmm
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liquid structure, increasing the free energy of the system. If water acted as a
solvent, the Iyophobic could be called hydrophobic group and the lyophilic could be
called hydrophilic group. The hydrophobic group was usually a long-chain
hydrocarbon residue. The hydrophilic group was an ionic or highly polar group. The

smﬂmmamfammmummminﬁgumz.ﬁ.

HEAD GRDF, 98¢

LYorHILIC @R ff “‘5’% M1 GROUP :
HYDROPHILIG == YOPHOBIC OR
HYDROPHOBIC

ﬂﬁﬂ““ﬂﬂﬁ%’*ﬁ’ﬁﬁ“ﬁ?
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Thepmsancanfmesuﬂadantdamasadﬂuwknaadedtom
unit area of surface (the surface free energy per unit area, or surface tension). On
the other hand, the pmsenceaftyaphilicgmmpmvmmd the surfactant from being
expelled completely from the solvent as a separate phase. The amphipathic

sh-udumaftmsurractantmusad nnto v concentration of the surfactant at the

interface and reduction the su \ ""// er, but also orientation of the
molecule at the interface L..M..,- o@ the aqueous phase and its

hydrophobic group orienteg ——i

In a highly
a hydrocarbon or fluoroca

prho group might be

N solvent only some of these
might be suitable (e.g., T : \ in polypropylene glycol). In
a polar solvent such as groups might act as lyophilic

groups whereas in a nonpolar 53 R act as lyophobic groups.

i

\Z : Y]
The surffi§ Ehering on the nature of the

‘l o u‘
hydrophilic group. That e,

% Amﬂ WM@WM f}isgle bore a negative
ﬂﬁlﬁﬁmmmmmmum s

charge, for example, RNH'Cr (salt of a long-chain amine).

(3) Zwitterionic. Mposiﬁwwnogaﬁwmmwbepmmﬂu
surface-active portion, for example, RN'H,CH,COO" (long-chain amino
acid).



(4) Nonionic. The surface-active portion bore no apparent ionic charge, for
example, RCOOCH.CHOHCH,OH (monoglyceride of long-chain fatty

acid).

2.2.2 Micellization

At low concentration - jissolved in water were characterized

of molecule. Hydrophobic Dl istorted the structure of the

solution and therefore incra e _ At sufficiently high

concentration in solutic cleate to form aggregation

called micelles (Scamals ic portions were directed

toward the interior of 4 ic portion were directed

toward the aqueous solu#®| rgy of the system (Rosen,

1988). Although micelliz# in the free energy of the

i
system, the loss of the seve | of freedom of monomers in

being confined to the~pic ' t tatic repulsion in the case of

ionic surfactant , betwied? ¥ id free energy increase,

b |

I T
thus opposing micelliza#bn. Therefore imice ization déifended upon the balance

behaved as large molecules and influenced two important properties that were
mﬁﬁwdmhymaﬂnﬂsinaqmsduﬁmmdwmme
solution. The picture of spherical micelle formation was shown in figure 2.6.
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In surfactagbog® ant was known that it could

improve separation of L Y
surfactant could bind pos Ve £ ‘-‘ ki

characteristic of binding mé,

Micelle
of anionic
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Figure 2.7 Characteristic of binding metal ion of anionic micelle



The maijority of surfactants was the most stable thermodynamic state,
being dependent upon the relative size of the hydrophobic and hydrophilic group.
Spheres were the common shape of the micelle at concentrations just above the
CMC which would be less than 1% concentration for most surfactants. As the
concentration of the surfactant was over CMC value, then the solution properties

showed strange behavior in solubility 2§ iscosity. The reason for this behavior

®ias where they could form

The surfa - : | Hrie, micelles behaved like
Newtonian liquid, i.e. the s - % ‘-  #00 Je hl Ulen shear rate and not very
Jlindrical or lamella micelles
resulted in a large ViscOS| jed to non-Newtonian, i.e.
dependent upon shear rate, 22 entration, the solution were so

viscous that a gei ‘. ;ﬁﬁm—..i.__.,;m:;:.‘:;:..'.;_j_.“.?‘ ere usually formed at

medium concentration dijd uste na@inum viscosity. At higher

iF |

concentrations of surfactdhis,the lamellar ghase was formed with water trapped

Mmqmmmmmm@ M
- AMAIUTALL o e

soluﬁnnat?ﬂtaw%mnmm mmmmmhaﬂasmnmm

solutions gr

Mmmmdyrmicaquiihﬁum. In dilute solution, micelle formation and
micelle disintegration could oceur in fraction of a second in spherical micelles. In
Mmadmmﬁmwmmcﬁwmmm.mmmm

micelles was much slower and could take hours or days.



If a water insoluble compound (e.g. a hydrocarbon oil) was added to

an aqueous solution of a surfactant. There were the possibility of :
(a) O/W emuision: this consisted of two liquid phases, the oil
phase dispersed as globules in the continuous water phase. The appearance of
~nlor. The unstable systems were found

and separated after settling. Ths “,,r i/ / ical conductivity.

(b) W lséufm liquid phases, the
waterphasednsparsadasgo ~ } "‘3\ ase. The appearance of

Masysmmmsupaqueandwnﬂez

Masysmmmsupaq

and separated after settling® | !
/ 9, ’ “

W water/surfactant: the oil
apparently dissolved in the 46 -’" e boarance of the solution was

masamashafommaoila g a% stable and did not separated

disperses in the aquais = was a transparent or

transl uoaﬂsniuﬁunmndt@ngawa samhnn[raddishmngetnbiua)

Such system ﬁuﬂ%mﬂm Hﬁrﬂﬁ They showed high
ﬁﬁ*i%\\anmumwmaa
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2.2.3 Solubilization

Solubilization might be defined as the spontaneous dissolving of a

If the solubiir — @ubhmmﬁalwaap}ottad
against the concentration 2  was solubilizing it, we found
on was reached at which
the solubility increasec I~ \ . concentration of the
surfactant. That c g WA of the surfactant in the
presence of the solubilizaj , *\ \ olubilized as a function of
concentration of the surfact? as shown in figure 2.8. This
indicated that solubilizgfion TR

fv;,

P |
mﬁﬂuﬁliﬁi.ﬂﬂ;

am ﬂ A1nenas

T w“uunntufmnhthn

Figure 2.8 mmamwmuamdwmm

surfactant in the bulk phase.
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it was well established that the location of a solubilized molecule in a
micelle relative to the structural components of the surfactant would be determined
primarily by the chemical structure of the additive. In aqueous solutions, nonpolar
additives such as hydrocarbon were intimately associated with the core of the

micelle (Myers, 1992). This phenomenon could be shown in figure 2.9.

SRR\ o
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surfactant : :
monomer o X -anicelie
organic —» ’ b\

solute
counterion

V iz s ‘
solu ﬁﬁg ¢ inolecule
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Figure ,f =
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more soldble in the water than in the oil phase ¥

(Scamahom et al., 1993). The most frequently method for selecting suitable
mmwwmmmmmhmwwﬁcmmm

method).
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surfactant in water (See table 2.2).

Table 2.2 Relationship between HLB value and dispersion behawvior.

HLB value

Ok y; jon behavior

14

8-10 asion upper and almost

10-13 ‘ Ponomd Lk % Wlear dispersion

=13

Table 2.3 HLB ranges #iH theirg

‘o

'a o 4 T

JNJ

) BNiediod (] <
b iHRRH

315 Detergency
15-18 Solubilization
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From table 2.3, the surfactants having HLB value in the range of 8 to

18 were selected for making o/ emulsion and used for solubilization applications.

Emulsion droplets, for instance, could never be perfectly

monodispersed; as a result, they were possible for smaller droplets to locate

themselves in the space between do ?» ad and larger droplets to increase the
" excursions spherical were, of
@a formation of additional

s mentions abowve, such an

total potential packing dens'rty
course, generally unfavore '
interfacial area for a given 24
increase in interfacial arcg bed emulsifier film to the
point of droplet coalescergf.

As two em and contacted each other
during the process of locd, fGase. LAl ¢8 a thin lamellar film of the
| nq space. If that film destroyed,

coalescence of the d y—;-"l} ed intact, but droplet

continuous phase liquid

adhesion occurred, '--"!:-- in degliuction occurred, it usually

i¥ |

took place at a m sp'oﬁn the film excassively thinned out by the mechanical

£ AN BN SIS ot s
““““W"ﬁﬁﬂ‘?ﬂﬁﬂ*‘ﬁﬁamaﬂ

Thaprasencaofalmnstmymmnswubdaﬁacttamima

cation of the a

mmamwmﬂmmmmsymmmm. The action of many
organic materials, even those not nomally considered to be surfactants, in lowering

Mimmmmmnmmmm&mmmmam
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droplets would coalesce and lead to complete phase separation.

From figure 2.10, we could see two phenomena that occurred after
primary emulsion. The definition of two important words conceming to this process

could be described. Firstly, coalescepugrpferred to the jointing of two (or more)

drops to form a single drop of MSSSEANI L~ smaller interfacial area (See
figure 2.10a). Such a proc ~:_-' Qusieoreeically favorable in almost all
process in which a gross _gifc ./. - WA, securred.  This process was

a macroscopically apparg W | ppscopic  process of drop
coalescence. In such an gfer % WU, drops was lost, along with
the physical and chemical % Such a process obviously

represented a true loss in the,

AUt INENINeINg
ARIANTAUNIINGIAY
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(A)

(B)

4
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Figure 2.100Ultimate fate of emulsions retates to colloidal stabmty
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