CHAPTER 5

EMULSION LIQUID MEMBRANE EXTRACTION

This chapter presen | g @'be batch extraction of the Facilitated

extraction of the Singlemme — 'l l-Iys_ P, The acidity {pH) of the external

o J— ,‘ . e
phase was acidic s I AN e emulsifying agent Span 80,

and n-dodecane were . ~ |nbrane phase.

Experimental Materia! #fn # _ Ay W L-lysine

from Aqueous Solllior,

All chemical®” u . Bsedar oy ®eC in chapter 4. The membrane

phase was prepared by | ponents in advance. The organic

liquid membrane solulion H—-——— gdecane, D2EHPA, and Span 80. The

F

expenmental co| " P, system were as follows:

!ﬂ’
a) External =

L dF

The axtamal ar feed phase 15 0. 01 M L-lysine solution at a pH of 2, 3, 4, 5,

eas e AU INGNINYIA T 00
ﬁambmiphaﬁmﬂﬁ 1IN

Solvent n-Dodecane BS ml

Carrier : D2EHPA 10 ml

Surfaclant ! Span B0 5 mil
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c) Internal Phase
The soiution for use as the internal phase for the extraction of L-lysine must
have an acidic pH. In this study 1 N hydrochioric acid solution was used.

The experiments were carried out under the conditions shown in Table 5-1

’ 1

|
'

Table 5-1. Expering M |

Para - 7 o —

Typical Conditions

Initial pH in e 6 |pH50

Initial concesy 1mm

external phas,

5 %(viv)
Carner conce dfz H_ $ o : W15 % | 15 %(v/iv)
{as D2EHPA di l
Agilation Speed 480 rom
Internal ?f ’ N|20N

A¥

and 3.0 N

| 04 [ ¥} ~ 3
The ﬂlynﬂgmﬂre ‘bncgomlzg!g’!ﬂrginamal phase and 60
i

" AR TANAIUNUNR TR = ~

Labortichnik) at 8000 rpm. The w/o emulsions (100 mi) thus prepared were poured
and dispersed in a vessel containing a measured volume of external phase (200 ml )

of L-lysine solution
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The vessel was 9 cm in diameter and equipped with a marine type impeller
as shown in figure 5-1. The extraction time for each example was starned from the
time that emulsion was poured and stirred at the speed of 250 rpm. After each

extraction, all solution was removed from the vessal Then, the emulsion phase and

external phases were separateg | allowed to settle. The volumes of each

phase was measured & ; ¥ ons in the external phase were
& S Pectrophotometer (Spectronic
20D ) at 570 nm. Trg ' ‘ , s were also measured by a

pH meter (HANN/g ) J s _ - n in the Appendix B. The

process diagram of Fry b =R ~mn figure 5-2,

RIRINFUNRIYE

Figure 5-1 Schematc diagram of the vessel used for the batch extraction

of L-lysine.{ All dimensions are in mm )
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Membrane Phase

(Solvent + Carrier  High Speed Homoginizer

+ Surfactant) Internal Phase

w/o |ee. |& : Al § xternal Phase

Membrane Phase

Figure 5-2. Prog, A% quid Membrane System.

Calculation of Swelling in t

- I | =={ done by measuring the
| v. lwl ‘

volume of the emfigic! al gihase after each extraction

i of ¥

The mea

expenment. The interngl | K|hase volume cgybe calculated by using a mass balance.

The pemen%eu Hu%mmcﬁ w‘ %ﬁl-mlid using the following
TARIANDINANIANEIAY. ...

Initial Internal Phase Volume

%Swelling = (Internal Phase Volume - 50) x 100

50 -
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Calculation of L-lysine Concentration in the Internal Phase
In the experiment, the concentration of L-lysine in the external phase was

measured. On the other hand, the concentration of L-lysine in the internal phase was

calculated using malerial balagal on the assumption that there was no

accumulation in the inte e following example :

e —

Ininal concentieer Y Sifg | S| Phase or [Lyslp =1 mM
From experig :
after 1 minute ext (o
Therefore, 4

the internal phasd

Since the volume -:Jf t -

rlll-'

377

From exgS v W .g’ al phase at 1 min=50 mi

R

Therefore, tes slernal phase, [A);

oyt e ¢

‘rESTmeZJUmI 148 mM

FI‘HEI’J‘W“‘EI‘VI?WEI"Iﬂ’i
QW'MNﬂ‘J’W&IWﬂV]MﬂU
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Results and Discussions

1. Effect of Initial pH in External Phase
As described in chapter 3, the ionic structure of L-lysine changes
significantly with changes in pH. As long as a cation carrier IS used, L-lysine must

exist as a cation to be separahnl

Separale and concentrate more L-lysine

into the internal phase, 5 ‘ 2tween the internal and the external

phases musl be es - 27N2l phase is so imporant,

experiments under vog vare carried out,

significant difference in the
permeation rate be| r£rr 2 7 .- he figure shown at a pH of 2
just 5% of the L-iy v Y & s o2l phase. This result occurs
camer will become protonated
and thus unable to transo : i f "1 was increased to 5.0, the permealion

rate of L-lysine =| _9 e can be exlracted. The

- {d
permeation rate “Melecause at high pH in the

#lysine will not be able to dissoci®e as a cation,

Hg”ﬂﬁﬁ%ﬂﬁﬂ%"ﬂmﬂﬁ internal phase during

extraction of@-lysine at various rpmal pH of exlemal phase. il was found that, the

“ﬁ%ﬁﬂ“ﬂﬂﬂ%ﬁﬂ T LU ET (T

Figure 5-5 shows the initial rate of various initial pH in external phase. This

exlernal phase, the

initial rate can be calculated using the extraction of L-lysine at the interval of time
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that L-lysine in extemal phase suddenly decreased. It was found that, at pH 5.0 has
the highest initial rate of 0.0906 mMolar/min.
In fact, as mentioned above, since Lys® is exchanged for H*, the pH in the

externa: phase was gradually decreased. Figure 56 shown the change of pH in the

external phase during extractisaNISEF # aple. slarling with an initial pH of 5.0, the

|

final pH became about

"

From the resulli e cof x:.____;_*‘k-h;n initial pH of external phase

equal 10 5.0 is the -4 W for this process,

AuLIngnineng
IR TUUMININY
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I conditions :

Extemal phase : 10 mMolar L-lysine at vanous pH (adjust by HzS04)
Membrane phase ' 5% SpanB0, 10%D2EHPA and 85%Dodecane
Intemal phase - 1N HCI Solution

Membrane preparation : at homoginizing speed = 8000 rpm 10 minute
Agitation speed = 350 rom
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2. Effect of Initial Concentration of L-lysine in the External Phase
In this expenment, the extraction of L-lysine from vanous initial concentration
of L-lysine in the external phase were carried out. (from 1 mM to 100 mM) and is

shown in figure 5-7 The results showed that the extractions was no significantly

.

difference from 40 minutes whilg F J J2' concentration give more extractions at

-

the first time intervals, »

4 e to the dissociation of L-lysine as
. ;.

cation in external pha B wchacter 3. From figure 5-8, the

range of pH In thg raction of various L-lysine

concenitrations shg trations, the pH value after

extraction was stil b e nd {A+J. From equation 3.5,

dissociation constafii(k the concentration of H and A*

and decreasing of the A

Figure 5-8 show 0 12 the internal phase during

RX } phase concentrations It

the extraction of [ =

was found that, the ' bcess €3 2t=d two foldl concentration of L-lysine at

T A ..
AT IUARTIN ﬂ"ﬂ‘*"““’“” e

Figure 5-10 shows the change of pH in the external phase during extraction
of vanous L-lysine concentration. It was not significantly difference between vanous

L-lysine concentrations
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Membrane phase : 5% Span80, 10%D2EHPA and 85%Dodecane
Intemal phase S 1N HCI Solution
Membrane preparation  at homoginizing speed = 8000 rpm 10 minute

Agitation spesd 360 om
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Expenmental conditions :

L dF

OCmM _ 100 mM

External phase : Vanous concentration of L-lysine at pH 5.0(adjust by Hz504)
Membrane phase : 5% SpanB0, 10%D2EHPA and 85%Dodecane

Intemal phase 1N HCI Solution

Membrane preparation : at homoginizing speed = 8000 mpm 10 minute

Agitation speed 360 mm
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3. Effect of Surfactant Concentration ‘?um'-i‘tf

Figure 5-11 shows the effect of the surfactant (Span B80) concentration on the
L-lysine transport. As the Span 80 concentration was decreased from 10%(v/v) to 5%

{viv), the L-lysine transport rate increased. When it was further decreased from 5%

(viv) to 1%({v/v), however, the r rate decreased. This behavior can

be explained. When the o .55 increased from 5%(v/v) to 10%
(viv)

(viv), the viscosity in L the mass transfer resistance

increased (diffusivig d). On the other hand, when

the SpanB0 conc B& emulsion became unstable.

Consequently, tho Dorted through the membrane
actually increased, \ ue to the breakage of emulsion
also increased and the re. 2 ,,,-' = o LA:ine transported did not increase.
In this parucular system, a Sp e of S%({v/v) seems optimal.
Figure 5-1 el =f'he internal phase during
i eh' d
the extraction of L-lwar efliations. It was found that, af

LY -

the 5% of Span 80, the extraction prc:-cas n be maximum concentrated two folds
.p

ﬂg UHINYN ‘S‘N g1n39
BPCGTIREL TN Wy 174)- e

F:gure 5-14 shows the change of pH in the exlernal phase during extraction
of vanous surfactant concentrations. It was found that, the pH change during
extraction decreased in the same way of the decreased of the L-lysine concentration

in the external phase
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l phase .10 mMolar L-lysine at pH 5. O(adjust by H2SO4)
Membrane phase : SpanB0 at various concentration, 10%D2EHPA and
Dodecane(%of dodecane due to % of SpanBl)
intemal phase - 1N HCI Solution
Membrane preparation * at homoginizing speed = 8000 rpm 10 minute
Agitation speed 360 rom



5.00

4.50 J

M

50 60
—a&— 5%Span80
%Spans —= 10%Spardl
gure 5-14. Change ci.pH in external hase dunnp ion of

QW’] ANNSRUBIINYTR Y

Experimental conditions :

External phase  : 10 mMolar Lysine at pH 5.0(adjust by HzS04)

Membrane phase : SpanB0 at various concentration, 10%C2EHPA and

Dodecane(%of dodecane due to % of Spang0)

Internal phase ;1N HCI Solution

Membrane preparation : at homoginizing speed = 8000 em 10 minute

Agitation speed  : 360 pm



4. Effect of Carrier Concentration
The effect of the carrier concentration on L-lysine transport rate is shown in
Figure 5-15. As the carrier concentration was increased, the L-lysine transport rate

increased. As the carrier concentration exceeded 10%({v/v), additional significant

increases in carrier concentr; | -i 3 yeld significant increases in the final

external L-lysine concen! Ty SR 1, result in significant enhancement

in iniyal flux rates. Th B the camer concentration does

not change the fina! ., but it does affect how fast

equilibrium is reacd Smexpensive agent among the

components of the, be chosen conservatively.
Therefore, the 10%(y woe optimal for this system.
Figure 5-16 sh e in the internal phase during

the extraction of L-lysine at .oncentration. At the 15% of D2EHPA

give the highest M¥pg 1\ ; _49! approximately two folds

-
L}

concentration by V =rwemnal phase.
—

Figure 5-17%hows the initial rate at varioud® carrier concentrations. The

maximum irﬂr ﬂeﬁﬁww%’wﬁﬂﬂﬁ 10% of D2EHPA was

nol sugniflcanﬂ lower than 15% of .O?EHPA.

- , o/
ARHANF IR I RE AL s o
extraction of L-lysine at various carner concentrations. It was found that, the change

of pH was not significantly difference at various carrier concentrations,
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Membrane phase : 5% SpanB0, D2EHPA at various concentration and
Dodecane (depends on D2EHPA concentration)
Intemal phase 1N HCI Solution
Membrane preparation . al homoginizing speed = 8000 mom 10 minute

Agitalion speed - 380 pm
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5. Effect of Agitation Speed
The sffect of the agitation speed on the L-lysine transport rate is shown in
Figure 5-19. There a almost no difference in the L-lysine transport rate for agitation

over 360 rom. As the agitation speed increased the mass transfer coefficient of the

transfer coefficient sl G FF L ANIENE S ar system, since the external
L-lysine concentryift! 4 A4 fa; RN hine carrieriLys complex was

\ \. Mhier coefficient in the external

Figure 5-20 si#Bw, W~ NN o\& /Y ine in the internal phase durnng

the extraction of L-lysine at
2 .-"":1‘::"5

speeds When the agitation speed was

increased, the ' se increased Al over 360

rpm, the proces st

2Meflion by inittal concentration

i
of L-lysine in the e™&mal phase.

o] 93 ﬁﬁ 9 ﬂﬁwmﬁﬁ TR

that, there u.* almost no dlffererape of the mllral rale over Bﬁﬂ m when compared
wﬂﬁ%ﬂﬁﬂ?ﬂmm’mmﬂﬂ

Flgure 5-22 shows the change of pH in the external phase during the various
agitation speed. It was found that, there was no significant difference in the pH of

the external phase while the agitation speed has been changed.
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6. Effect of the Initial Hydrochloric Acid Concentration in the Internal Phase
As mentioned above, the difference in hydrogen concentration between the
external and the internal phases is the driving force in this emulsion liquid

membrane process. The L-lysine transported for various HCI concentrations in the

internal phase is shown in figxgel 1iTY | HCI concentration was increased, the L-

lysine transport rate in {g= r‘_'__‘k ver, almost no difference between

iIncreased 1o 3N, the ™ SO Wh'he membrane was subjecled
ity and there was high mass
wransfer resistancegl {7 ogiy N "WeMed, the difference of osmotic
phase increased providing a

significant driving for the membrane. The water was

“ -
transported to the internal pHs = ‘: “od surfactant.
Figure 5-P\sg 1_9 the internal phase during

o
L}
§

the extraction of y 3 , alions. There was almost no

CI which the pn:rcess can !::-e ccncenlrated about two folds

LR Ef’ﬁ FINESAFroeoin s oen

in the externﬂ phase.

WA FANAIINBNR Yerve e

mammum initial rale occurs when used 2N HCIL.

difference over 1
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Figure 5-26 shows the change of pH in the external phase during the
extraction of L-lysine at various internal HC!| concentrations. The change of pH in the
external phase was significantly decreased in the 1N and 2N HCI at the first 10

minute but after that there was almost no difference in 0.5 N, 1.0Nand 2.0 N HCL

Y )

¥

AULININTNEINT
IR TUUM TN
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Membrane preparation . at homoginizing speed = 8000 rpm 10 minute
Agiation speed | 3680 mm
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emal phase 10 mMolar L-ysine at pH 5.0{adjust by H25Q4)
Membrane phase ' 5%SpanB0 |, 10%D2EHFA and 85% Dodecane
Intermal phase ‘05N, 1.0 N and 2.0 N HCI Sclution
Membrane preparation : at homoginizing speed = 8000 rpm 10 minute
Agitation speed  : 360 rpm



7. Effect of %Swelling on the Extraction of 10 mMolar L-lysine by
Emulsion Liguid Membrane.
The effect of pH on swelling is shown in figure 5-27. The swelling started at

about 4 to 5 minute after the extraction, as pH was increased from 2 to 4 the

swelling increased. At the IFJ gvelling effect was 70% swelling at 60
minules. Which consid ‘e, as the swelling was increased,
the extraction rate was

From figure g pncentration on % swelling in
the emulsion ligu action time, the swelling of
emulsion was 25%4 v tly difference in any L-lysine
concentrations.

From figure ‘ e surfactant concentration on %
swelling in the emulsion IiSh s Al the end of the extraction time, the

swelling of emy{Moz ' ) was the small difference

-
S

v, A

because, when he oil phase viscocity and

the mass transfer re |stance became hrgher

U ININT ARG 5o

in the emu!sun liquid membrane‘ At the end f the exlraclmndne the swelling of
QR I TN Y TR
the cam&r concentration makes the molecules of water following into the internal
phase so thal the volume of internal phase will be increased.

From figure 5-31 shows the effect of agitation speeed on % swelling in the

emulsion liquid membrane. At the end of the extraction time, the swelling of the
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From figure 5-31 shows the effect of agitation speeed on % swelling in the
emulsion liquid membrane. At the end of the extraction time, the swelling of the
emulsion was 25% to 35% swelling. As the agitation speed increased the swelling of

membrane phase decreased. Itoh etal (1985) explained the breakage of the

of membrane phacg a7 VL W arge while at high agitation

¥ of shear make the swelling

speed
effect was small begfu- 0 JF FaueT Mogge ALY W into the external phase.
From figure al HCl concentration on %

swelling in the emul Me"ond of the extraction time, the

swelling of emulsion at 0.5 N'Sw= = Las 20% and 25%, consequently, which
- ﬁ:"bd_’,‘é.." )

ne significantly ¢ : RES)velling at 2.0 N was 80%

—_— ."-"J

which significant V j — - lower concentration. This

Al
effect occurs becat e the pH in the mternal was mcraased while increased the

internal Hcﬁﬁrﬁ 63 " ﬁcﬂﬁ w:ﬂﬁ'r.ﬂ ﬁ'nai phase makes the

system has hMgher dniving force sg that while t Lys molecule Qps transfered from
¢

AR FUHRIRTIARY o

by thls higher driving force
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Extemnal phase . 10 mMolar L-lysine at various pH (adjust by HaS04)

Membrane phase : 5% SpanB80, 10%D2EHPA and BS%Dodecane
Internal phase 1N HCI Selution
Membrane preparation = at homoginizing speed = 8000 rom 10 minute

Agitation speed  : 380 om
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Extemal phase  : Vanous concentration of L-lysine at pH 5.0(adjust by H250y)

Membrane phase ' 5% SpanB0, 10%DZEHPA and 85%Dodecane
Intemal phase 1N HCI Solution
Membrane preparation * at homoginizing speed = 8000 rom 10 minute

Agitation speed 360 mpm
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Expenmen&l conditions

Extemnal phase 10 mMolar L-lysine at pH 5.0(adjust by H2S04)

Membrane phase SpanB0 at various concentration, 10%0D2EHPA and
h Dodecane(%of dodecane due to % of SpanB0)

Intemal phase 1N HCI Solution

Membrare preparation  at homoginizing speed = 8000 mpm 10 minule

Agitation speed 360 rpm
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Membrane phase : 5% Span80, D2EHPA at various concentration and

Dodecane (depends on DZEHPA, concentration)
Intemal phase ; 1N HCI Solution
Membrane preparation ' at homoginizing speed = 8000 rpm 10 minute
Agitation speed 360 rpm
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brane phase : 5% SpanB0, 10%D2EHPA and 85%Dodecane

Internal phase - 1N HCI Solution
Membrane preparation : at homoginizing speed = 8000 mm 10 minute
Agitation speed vary 240 to 480 rom
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I condilions :

External phase 10 mMolar L-lysine at pH 5.0(adjust by HzSOy)
Membrane phase | §%Spang0 | 10%02EHPA and 85% Dodecane
Internal phase 05N, 1.0 N and 2.0 N HCI Solution

Membrane preparation : at homoginizing speed = 8000 om 10 minute

Agitation speed  : 360 mpm
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