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APPENDIX A

EXTRACTION EQUILIBRIUM CALCULATION DATA

Table A-1. ExXtractio™ a7/ b &0 pH variable.

PR [Ciyene Concogglion ot A 4 £ R AN N i T 7R | 7R | K=
in Extemal Phas ‘ o N {mol {mel® {molf

20 , 0.0069 | 03100 | 0.3098 | 0.2112
T30 | oooss | 00065 | 03100 | 0.3008 | 0.1888
40 0.0085 0.0052 | 03100 | 0.3098 | 0.1992
50 0.0086 00022 | 0.3100 | 0.3098 | 0.3549
6.0 00010 | 03100 | 03088 | 06333

- 3 N

¥ = | !

’ e e o
—————— - '

ﬂ. oy 4

Table A-2. Extraction €qalficient calculaiien data on carrier variable,

Camer L-Iy:l*un:mﬂmtlm Equilibnum pH|  [ARm]eq [H'leq | [A'leg | [HR=2h | [HRleg Ko
Concentration xtemal Phage _| » ¢ - B e
' y Jd ¥ i Am (i {moll
3 q 0.0084 140 00016 | 0.0398 | 00072 | 00830 | 0.0928 | 01977
0.0083 1.41 0.0017 0.0380 | 00071 0.1550 0.1548 0.2073
7 | ooos2 | 141 | 00018 | 00389 | 00070 | 02170 | D.2188 | 0.2075
T 00081 141 | 00019 0.0389 | D.00GY | 03100 | 0.3088 | 0.2008 |
15 T 0A0B1 |+ 143 0.0018 00389 | 00069 | 04650 | 0.4648 | 0.2011




APPENDIX B

EXTRACTION EXPERIMENTAL DATA

Part | External phase pH variable

Expenmental conditions :

Table B-1 Expenment

External phase = PH (adjust by HzSO4)
has e 0, 40 —5 %

Membrane phas — ¥ — Dodecane

Internal phase i S

Membrane preparg €000 rpm 10 minute

Agitation specd

emulsion liqu

lysine from aqueous by

Time {min)

pH 6.0

0 10

1 8.02

‘G s =

3 _ . : : ) 6.86
,,,,,,,,,,,,, ; VI Hﬂ \ O | I m,, — & =
5 “ . b | ks ?125 il il 5.47 6.38
________ ol faa ANt e
IR AR VNPV —

15 950 711 6.60 420 493

20 9.50 7.01 6.40 4.02 4.80

25 9.50 672 6.23 4.02 4.80

30 9.50 672 618 402 480

40 9s0 | 6.70 6.18 4.00 4,80

50 8.50 6.70 618 4.00 4.80

60 .50 6.70 618 4.00 4.80




Table B-2 Calculation [C]i/[C]o for extraction of 10 mMolar L-lysine from agueous by

emulsion liquid membrane at vanous pH.

117

Tima (rmun)

8i18i8}8

RIRINTUUAIINYIA Y

pH 5.0 pHE.0
1.000 1.000
0.778 0.802
0.634 0734
0.802 0.686
0.568 0.658
0.547 0.638
0.520 0.590
0 ag4 0.554
0420 0453
0402 0.480
0402 0.480
0.402 0480
0 400 0.480
0400 0.480
0.400 0.480

AULINENTNEINS
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Table B-3 Calculation of internal phase cocentration for extraction of 10 mMolar L-lysine

from agqueous by emulsion liquid membrane at vanous pH.

Time (man) Internal phase
concentrauon
(mMolar)
PH 20 H4.0 pH 5.0 PHE0
0 0.00 : 0.00 0.00
1 666 7.02
2 14.64 1064
3 15.52 1256
A 17.28 13.68
5 168.12 14 48
7 19.20 1640 |
10 21.44 17.84
15 . 23.20 2028 |
2 . . 292 208 |
2% 2.00 15 23,92 20,80
e I . — -
a0 | A 24.00 2080
............... et e —
o | - 24 00 080
‘e

ﬂ i

ANYNINYINT

Table B-4 Caiq'rla 1on o f| itial rate for extraction of 10 mMolar L- Iyas'u;.e from aqueous by
|

el

20 00100
30 0.0478

A 00548

_______ 50 00906

................... e —




Table B-5 Experimental data of pH change for extraction of 10 mMalar L-lysine from

aqueous by emulsion liquid membrane at vanous pH.

118

Time {rmun)

pHE.0

6.00

515

4.02

232

285

2.80

252

248

244

243

2.40

240

240

i858

240

AULININTNEINS
RIAIATAUUM TN
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Table B-6 Expenimental data of internal phase volume for extraction of 10 mMolar L-lysine

from agueous by emulsion liquid membrane at various pH.

AN IUAMINYAE

Time {min}

pH 5.0 pHED

o 50.00 50.00
1 ................. == e
2 50.00 50.00

3 50.00 50.00

4 50.00 50.00

5 52.00 50.00

7 53.00 52.00

10 5500 5300
15 56.00 54.00

20 58.00 55.00

25 60.00 56.00

2 5200 5700
e 63.00 58.00

50 65.00 59.00

B0 .00 60.00
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Table B-7 Calculation of %swelling for extraction of 10 mMolar L-lysine from agueous by

emulsion liquid membrane at various pH.

Time {mun)
pH 5.0 pHED
0 0.00 0.00
1 0.00 0.00
2 0.00 0.00
3 0.00 0.00
IIIIIIIIII 4 0.00 0.00
llllllllllll 5 4.00 0.00
7 6.00 400
10 10.00 600
15 12.00 B.00
20 16.00 10.00
25 20.00 12.00
............... e =i o
= e =
................ o e e
"""" 60 4500 30,00 20,00

AN IUNMINYAE

AutIneninens
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Part Il External phase concentration variable

Expenmental conditions :

Table B-B Experimeny,

emulsion liguid membrang

External phase Varuos concentration of L-lysine at pH 5.0(adjust by H>SO.)
Membrane phase : 5% Span80 10%D2EHPA and B5%Dodecane

Internal phase 1IN

Membrane preparat: iy

Agitation speed

ogini2 s 8000 rom 10 minute

g from aqueous by

Time (min)

50 mMgilar 100 mMalar

50.00 100.00

42.50 B5.40

3420 7220

........ it e

28,50 63.80

28.40 61.40

........... e e

440 540

.30 49 10

ﬂ*}ﬁ w42

o 25 10 i 42 30

20.00 40.50

038 1598 4.00 20.00 40.50

0.38 1.98 400 20.00 40.50
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Table B-9 Calculation [CJi/[C]o for extraction of L-lysine from aqueous by

emulsion liquid membrane at various L-lysine concentration.

Time (min) [CW[Clo
1 mMalar "1 |10 mMolar 50 mMolar 100 mMolar

o 1.000 1.000 1.000

1 0630 0.850 0.854

2 0SS0 s 11 | — 0.684 0722

3 0,480, gt _ ARNS N ~ 0624 0674

. o 4 1 0.590 0.638

5 0 568 0.64

.......... 7 0.522 0.584
10 0.488 0.534

15 0446 0.491

20 0416 0465

25 oW 0.410 0.442

30 0.402 0423

...... 40 0.400 0 405
50 e 0.400 0405

60 0400 0405

AutIngninens
ARIANTAUNNING 1A Y
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Table B-10 Calculation of intemal phase cocentration for extraction of L-lysine from agueous

by emulsion liquid membrane at vanous L-lysine concentratons.

Time {rman) Internal phase
I concenuranon
{mMolar)
1 mMoiar mholar 50 mMolar 100 mMoiar
0 0.00 0.00 0.00
1 - 30.00 5540 |
=== | ..
2 v 63.20 111.20
3 75.20 13040
4 ; B2.00 144 80
''''' 5 \ 86.40 154 .40
7 9560 165.40
10 102.40 186.40
15 L 110.80 203.60
20 - " 1es0 241.00
''''''' 25 23 118.00 22320
0 248 AR/ NE - o, 11060 | 23080
a W hE ) 12000 23880
............... e it v
&0 ; 00 | 120.00 r 2880

e U ANNTINNG e

QJuision liquid membrane at various L-lysine concentations (at 4 minutes).

u ve'1 3% Eq ']ﬂﬂiu‘al Rale
' movrn min) {mM/min)
1 0138 0138
B . 0.118 0.588
il 10 0080 0.1080
50 0.061 5125
A ER T e 1m ........................ ST élgm
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Table B-12 Experimental data of pH change for extraction of L-lysine from

aqueous by emulsion liquid membrane at various L-lysine concentrations.

Tirme (min)
S0 mMalar 100 miialar
0 5.00 5.00
3 471 478
a 4,38 443
3 a.s7 3.95
....... i 373 384
5 343 356
7 335 347
10 a7 3.26
15 2.88 289
............... = e 274
............... . 282 283
30 245 249
40 240 240
g 2.40 240
&0 2.40 2.40

AUt Ingninens
AMIANTUUM TN



Table B-13 Expenimental data of internal phase volume for extraction of L-lysine

from aqueous by emulsion liquid membrane at various L-lysine concentrations.

126

ARIAIN TN

1INYIN

Time (mun)
50 mMalar 100 mMalar

0 50.00 50.00

1| sooszael 50.00 50.00

2 50.00 50.00

s | . 50.00 50.00 9

4 50.00 50.00

s | soood 52.00 S2.00
................. ;.....u........_._._._......m... . P

R 55.00 55.00

s | sso0 WM & 58.00 s800

20 59.00 59.00
i 25 | ko 60.00 61.00

w | (v 53 o0 63.00

40 65.00 65.00

50 66.00 66.00

B0 I\ ‘:i 6.00 656.00

-3 /
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Table B-14 Calculation of %swelling for extraction of L-lysine from agueous by

emulsion iquid membrane at various L-lysine concentrations.

Time (min)
50 mMalar 100 mMoiar
% 0.00 0.00
: 0.00 0.00
T 0.00 0.00
— : 0.00 0.00
.1 0.00 0.00
....... : 4.00 4.00 i
7 8.00 B8.00
s 10.00 1200
- 16.00 16.00
= 18.00 18.00
% 26.00 26.00
% 30.00 30.00
% 3200 1 32.00
s 32,00 32 00

AUt INgNIneng
ARIANTAUNNIING A Y
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Part 1l Surfactant concentration variable NS

Expernmental conditions :
External phase : 10 mMolar L-lysine at pH 5.0(adjust by H2504)
Membrane phase : Span80 at various concentration, 10%D2EHPA and
Dodecane(%of dodecane due to % of Spans80)
Internal phase :INH
Membrane preparati gini == = B000 rpm 10 minute

Agitation spead e

Table B-15 Experimentza! -lysine from agueous by

emulsion lioy I concentrations.

Time [min)

1% Spand0 —— 5 7% SpanB0 10% Spans0

1 878 = ; : 786 8.50

e 6.75 821

T7.90

.72

752

T7.34

T.02

E.B4

654

6.50

6.50

6.50

6.50

6.50
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Table B-16 Calculation [C]i/[C]o for extraction of 10 mMolar L-lysine from agueous by

emulsion lquid membrane at various surfactant concentrations

Time {min} [Cl¥[Cle
19% Span80 3% SpanB0 5% Span80 7% SpanBD 10 % SpangC
1.000 1.000
0.786 0.850
0675 EI.EE‘II
0.624 0.780
0.601 07T2
0.573 0.752
0.531 0.734 i
0475 Q.702
043 0.684
0411 0.654
0411 0.650
0408 0,650
0.408 0.650
0408 0.650
0.408 0650

AUt Inningns
RIRINTUURIINYA Y
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Table B-17 Calculation of internal phase cocentration for extraction of 10 mMolar L-lysine

from aqueous by emulsion liquid membrane at vanous sufactant concentrations

Time {min) Internal phase
concentration
{mMolar)
1% SpanB0 5% Spang0 7% SpanB0 10% spanBl




13
Table B-19 Experimental data of pH change for extraction of 10 mMolar L-lysine from
aqueous by emulsion liquid membrane at vanous surfactant concentrations
Time (min} ‘ pH
1% SpanB0 k| -_ j§ 5% Spango 7% SpanB0 10% Spans0
0 5.00 ' ' 5.00 5,00
5 470 433 4,65
2 P 425 434
3 388 402
4 365 377
5 “ 334 3.45
7 3.10 3.24
w0 | 284 g 277 284
15 2,80 253
;n 2.40 244
=T e W dr T o
= o Rl e i
40 2.40 230
50 2.40 230
60 2.30 2.30

AU ININTNEINS

AN IUAMINAE
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Table B-20 Experimental data of internal phase volume for extraction of 10 mMolar L-lysine

from aqueous by emulsion liquid membrane at various surfactant concentrations.

Time (mun) Internai pnase

volume (mi)

10% SpanBo
50.00

50.00

50.00

50.00

50.00

50.00

50.00

52.00

53.00

55.00

S6.00

58.00

58.00

am

60.00

83888

60.00

AU ININTNEINS
RAATUAM TN
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Table B-21 Calculation of %swelling for extraction of 10 mMolar L-lysine from aqueous by

emulsion hauid membrane at various surfactant concentrations

Time (min) Yeswaelling
1% Spans0 3 ] spanB0 7% Span8d 10% Spans&0
0 0.00 d ‘ 0.00 "~ 000
3 0.00 I~ = 0.00 0.00
2| 000 e, i 0.00 0.00
3 . 0.00 0.00
4 0.00 0.00
5 \ N 400 0.00
T \ 8.00 0.00 3
10 10.00 4.00
N Y . 14.00 .00
20 16.00 10.00
25 o, 22.00 12.00
= el i s e
40 00 26.00 16.00
50 = e 2500 20.00
60 38 26.00 2000

AN TUAMINYAE

AUt INgNIneng
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Panr IV Carrier concentration variable

Experimental conditions :

External phase : 10 mMolar L-lysine at pH 5.0 (adjust by HzSO4)

EHPA At various concentration and

Membrane phase : 5% SpanB0,

4 D2EHPA concentration)
Internal phase
Membrane prepar » HO0O rpm 10 minute

Agitation speed

Time (min)

10% D2EHPA 15% D2EHPA

0 10

1 .80
2 612
a 5.80
4 5.61
2 537

7 L1 < radi 637 Al 582 520 5.01
¢ ;

1l o 4 : I 19RO ] el bt
ARNEINTUNRIINYINY—:
1&::1 8.02 597 553 402 3.80

25 7.94 584 551 402 3.80

30 7.75 5.84 551 402 3.80

40 7.72 " sea 551 4,00 364

50 772 584 550 4,00 364

60 7.72 584 550 4,00 364
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Table B-23 Calculation [C]i/[C]o for extraction of 10 mMolar L-lysine from aqueous by
emuision liguid membrane at various carmer concentrations,
Time (min) [ClCe
3% D2EHPA 58, D2EHPA, 7% D2EHPA 10% DZEHPA 15% D2ZEHPA

1.000 1.000 1.000
g 353 0.778 0.680
0634 0612
0.602 0.580
0.568 0.561
0.547 0.537
0520 0.501
0 464 0.442
0.420 0.397
0402 0.380
0.402 0.380
0.402 0.380

0400 0.364 N

0400 03ss
. 4nn ........... s

RIAINTUUNIINYIA Y

AULINININEINS



136

Table B-24 Calculation of internal phase cocentration for extraction of 10 mMolar Ldysine

from aqueous by emulsion liquid membrane at vanous camer concentrations.

Time (rman) Internal phase
concentration
{mbdodar)
3% D2EHPA ¥, 47% DZEHPA 10% D2EHPA, 15% D2EHPA
0 0.00 , e 0 0.00 0.00
1 | 888 1280
2 ' v 1464 1552
3 15.92 16.80
4 17.28 17.56
5 18.12 1852
7 18.20 19.96
10 2144 232
15 2320 2412
20 L 2302 24 80
s R 2382 2480
.............. % ol e e
40 3 2400 25.44
R i —— e ==
.......... = ; | 4 e =

AUYINYNINYINT
Table B-25 Cglléitrﬁn ::?mitial rate for extraction of 10 mMolar L-lysine from aqueous by

L




Table B-26 Experimental data of pH change for extraction of 10 mMolar L-lysine from

aqueous by emulsion liquid membrane at various carrier concentrations.

137

Time (rmun) pH
3% D2EHPA 1 10% D2EHPA 15% D2EHFA

o 5.00 50

A 4.05 4.30

A - W W e ....4.25

3 a1s | 3.80

4 282 3.73

s | A A SRR TS E T5 3.35

;; .............. == o
..._....u..u..‘l..é ..................................... R = 4

w | 240 A4 2.45 240
i 20 244 2.30

25 243 230

30 7 2.42 230 |

40 240 230 N

£0 240 2.30

60 240 230

AULINENTNYINS

RIAN TN INE

188
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Table B-27 Experimental data of internal phase volume for extraction of 10 mMolar L-lysine

from aqueous by emulsion liquid membrane at various carrier concentrations.

QRIANTU NN INGA Y

Time (min) 3 rml phase
(mi)
3% D2EHP EHZ 10% DZEHPA 15% D2EHPA
0 50,00 50.00 50.00
7 50,00 50.00 50.00
2 50,00l 50,00 50.00
3 “ 50.00 50.00
i 50 4 \ 50.00 52.00
5 5000 4 k¢ 52,00 53.00
7 51, ; wl/ 5300 55.00
10 53.00 55,00 57.00
111111 15 55.00 P " 56.00 58.00
20 55.00 - 7 00 58.00 60.00
..... 25 - : 6000 6200 L
................ 3u i sam
40 65.00 |
50 £8.00
60 70.00
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Table 5-28 Calculation of %swelling for extraction of 10 mMolar L-lysine from agueous by

emuilsion liguid membrane at various carrier concentrations.

Time (min) 7 alling
3% DIEHPA PA 10% D2EHPA 15% D2EHPA,
0 0.00 0.00 0.00
'I 0.00 — " 0.00 0.00
2 0,00t Q.00 0.00
3 0.00 i -, 0.00 0.00
4 D.. . 0.00 4.00
& 0 4.00 6.00
T E.EIZ! ----- N 8.00 10.00
10 E. v 10.00 14.00
15 * 10,00 s 5 12.00 16.00
20 10.00 : oY 4 1auu 20.00
25 14.00 - » ' 00 20.00 24.00
o | fecoddl 24.00 26.00
................ 4:, — s
................ 5:' by = =
B &0 26 20.00 . 30.00 30.00 40.00

AULINENINET
RIANTUNMIINE
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Part V Agitation speed variable

Expenmental conditions

Table B-29 Experimental ca

External phase : 10 mMolar L-lysine at pH 5.0(adjust by HaS04)

Membrane phase : 5% SpanB0, 10%D2EHPA and B85%Dodecane

Internal phase » TN HCI Solution

Membrane preparation : gpeed = 8000 rpm 10 minute

Agitation speed

emulsion ling

Time {min)

480 rpm

10.00

665

5.83

545

R d

484

462

425

3.88

3.65

a.62

380

3.60

3.60

SEMEH

360




Table B-30 Calculation [C]i/[C]o for extraction of L-lysine from aqueous by

emulsion iguid membrane at various agitaiton speed.

141

Time {min) [CW[Clo
240 rpm 300 mom 360 rpm 420 rom 480 rpm
o 1.000 1.000
1 0.703 0.665
2 0512 0583
3 0.584 0845 i
4 0.542 0.521“
. 5 0.528 0 484
7 0486 0452
10 0.443 0425
15 0.402 0.388
.......... > T e
25 0.380 02
a0 0.376 0.360
40 0378 0.360
50 0.376 0.360
&0 0376 0.360

RIRINTUURIINYIA Y

AUt Ingnineng
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Table B-31 Calculation of internal phase cocentration for extraction of L-lysine from aqueous

by emulsion liguid membrane at vanousagitation speed.

Time {min)

Internal phase
concentration
{mMolar)
420 rpm 480 rpm
0.00 0.00
11.88 13.40
15.52 ‘IE.E&
16.64 18.20
16.32 12.16
18.68 2064
20.56 21.52
22.28 23.00
2392 24.48
| 5454 "_“-.'I.;'-.i.dﬂ
24.80 25.52
24.96 25.60
................... 24_ 95_" _25-.53“—
....... 24;_5 )
2496 25.60

Table B-32 Q

c
I

¢z
HEANETN

n)
240 0.0498
300 0.0785
360 0.1080
420 0.1145
e o o
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Table B-33 Experimental data of pH change for extraction of L-lysine from

aqueous by emulsion liquid membrane at various agitation speed.

Time (min)
420 rpm 480 rpm

0 S5.00 500

1 4.20 410

2 412 4.05

3 3.65 260

4 3.60 3.40

5 3.20 3.10

?I 285 281

i 10 2.65 2.30
........ 15 250 2.30
20 “;.35 ) 230

25 235 ' 230

30 235 230

40 235 2.30

S0 2.35 2.30

80 2.25 230

AULINENTNEINS
ARIAATAUUM TN
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Taole B-34 Expenimental data of internal phase volume for extraction of L-lysine

from agqueous by emulsion liquid membrane at various agitation speed.

144

Time (min)

480 rpm

50.00

50.00

50.00

20.00

50.00

50.00

52.00

53.00

54.00

56.00

58.00

60.00

63.00

64.00

64.00

AN IUAMINYAE




Table B-35 Calculation of %swelling for extraction of L-lysine from agueous by

emulsion liquid membrane at vanous agitation speeed,

145

Time (muny

420 rpm 480 rpm
0.00 0.00
0.00 Q.00
0.00 0.00
0.00 o.oo
0.00 .00
2.00 0.00
4.00 4.00
8.00 6.00
10.00 800
14.00 12.00
18 00 16.00
22.00 20.00
24 .00 26.00
30.00 28.00

AutIngninens

AN TN INAE




Part VI

146

Internal phase (HCI) concentration variable

Expenmental conditions :

Table B-36 Expenme 1al

External phase : 10 mMolar L-lysine at pH 5.0{adjust by H2S04)

Membrane phase : 5%S5pzal | ! . PA and B5% Dodecane

Internal phase L

~S—

i Solution
Membrane prepa 9000 rpm 10 minute

Agitation speed

-lysine from aqueous by

emulsi Y & R W | s concentrations.

Time [rmun)

403
25 K Al v I4.r.‘+2 3.08
30 496 402 3.98
40 493 400 387
50 ssa | 4.00 397
60 4.84 4.00 3.97
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Table B-37 Calculation [C]i/[C]o for extraction of 10 mMolar L-lysine from aqueous by

emulsion liguid membrane at various internal phase concentrations

Time (min)

0.5 N HCI

0 1.000

0.80

AU ININTNEYINS
AANTUIM TN
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Table B-38 Calculation of intemal phase cocentration for extraction of 10 mMolar Lysine

from aqueous by emulsion liquid membrane at various intemal phase concentrations.

Time (men) Internal phase

concentraton

Table B-39 ﬂlﬂﬁ didﬁu gdn M muysine from aqueous by

@gnuision liquid membrane at various surfactant concentrations (at 4 minutes).

¢ a W
At (m
0.665
1.0 0.1080

20 0.1245
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Table B-40 Expenmental data of pH change for extraction of 10 mMolar L-lysine from

agueous by emulsion liguid membrane at various internal phase concentrations.

Time {min)

10

15

25

IR IUNNINGA Y
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Table B-41 Expenmental data of internal phase volume for extraction of 10 mMolar L-lysine

from aqueous by emulsion liquid membrane at various internal phase concentrations,

Time (min)
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Table B-42 Calculation of %swelling for extraction of 10 mMolar L-lysine from agueous by

emulsion liguid membrane at vanous internal phase concentrations,

Time (min}

QW'I&\‘Iﬂ‘iEU&IW'I’J?IEJ’]ﬁEI



APPENDIX C
METHCD OF DETERMINATION OF L-LYSINE
lori i rmin f Amin ids wi

The reaction betwsen - amino acids and ninhydrin is one of the most

commonly used methods for deid i J 7 estimation of amino acids. A number of
Improvements have beern - r e stability of the color formed and

prevent the offensive o 1 S2 mme2ffaCt of metais on the mnhydnn

reaction has been sig cations impair the ninhydrin

reaclion but this ink citrate buffer.

Reagent - Ninhydrigfo!

- MnCl5 4H50 (100
L_.J""'
Method -

1. In test V.

1% Ninhy ™

Eﬁﬂ"ﬂﬂﬂﬂ Elﬂ‘ﬁ‘ltlﬂﬂ‘i

0.5 W citrate Buffer (pH 5.5} mi

qmmmmummma d

Amino Acid Solution {Sample) 0.2 mi

S::Jutu::-n

2. Mix well and Heat in boiling water bath 12 munutes
3. Cool in tab water

4. Reading absorpance at 570 nm within an hour.
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