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APPENDIX A

THE CALIBRATI ATA OF FLOW METERS

n

o

Table A-1 The calibréatu the ow meter
3\
Pump speed| Flow 4Pr ugs , ; Volumetric flowrate (ml/min)
Controller | meter | igiet IF 14 o (ot ‘V) Actual Average
2 5. X 2‘?—‘ 12200 [ 6019 12174 121.63
wfj'_ 122.0 1 6024 121.51
3 100 | MRsatezd o 16033 | 20085 21007
= 60.20 210.30
4 : i BO I 31144 311.66
7 5T 31188
4 2 . ; 3057 40105 401.05
o vz(m 0| 3052 401.05
sﬂ u4EJ‘ szQ{l EJ?] ﬂ ﬁs.m 495.46
U ’ 250.0 49521
5 250 by 23 LY ﬁ 5 jé’ 515.05
-‘
6 20,0 3.2 3.0 3120 | 3025 618.84 618.49
3100 | 30.09 618.15
3 40.0 6.0 58 275.0 | 20.04 82335 823.35
275.0 | 20.04 823.35
8 500 | 82 79 | 2300 | 1325 104151 1040.24
2355 | 13.60 | 1038.97




Table A-2 The calibration data of the shellside flow meter

Pump speed| Flow |Pressure gauge (psi)| Volume | Time |Volumetric flowrate (ml/min)

controller | meter inlet outlet (ml) (sec) Actual Average

2 6.0 20 20 155.0 60.01 154.97 155.00
155.0 59.99 155.03

3 10.0 40 4N ’ 9.0 | 59.93 219.26 219.05
60.18 218.84

4 15.0 — 4.¢ 017 | 30813 308.19
308.25

4 20, AL P Re M, | 39ses 398,93
-4 | . 399.21

i - 'J-J i -

5 24.0 4 . " 1 492.35 492.87
[N 42490873028 493.39

5 2. 9 | A3l 2560, (%300 509.12 508.78

. fz;'r‘:‘ 1

i 0 21 508.44

6 30.0 L —=— ) 112999 | 60820 608.00

# _3-&_-:' - J
P e 0 30.01 607.80
g L # g

? 40.0 09 4+ 806.37 806.23
2 R06.08

8 30 ) o.m 1015.48 1015.66
342.0 20. 1015.84
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APPENDIX B

THE EXPERIMENTAL RAW DATA

Data d ph: = 1 Strip phase
tme to reach 1e t0reach the final
Pl thedtin — ¢ the final )
Batch equilibrium colie tibritim concentration
: ? Aol H
\l (min) g e 1 P (ppm)
| 30 33 : ) 1.53 246.60
2 30 Y B = 30 1.64 138.1
3 30 2.05 “SiE——t8 30 1.43 1,143.0
T BT

Table B-2 Thﬂnalyzed data of equilibrium cor&nts in the batch experiments

[ . o

fa¥2

=

5 Data The con gnm. ntrations of all the species at
i at equilibrium in extraction (mol/t) ; Kex #=equilibrium in stripping .(mol/l) K
ws NI P90 T ] o
| ‘ 1610 | 0.6035 ().()(;22 0.0045 | 7.6x107 0.0002 0.0300 0.0042 0.6075 8611.3
2 01973 | 0.6045 | 0.0017 | 0.0035 | 2.9x107 0.0002 0.0240 0.0023 0.6074 7365.9
3 01768 | 0.53991 | 0.0045 | 0.0089 | 5.6x10° | 0.0007 | 0.0372 0.0194 0.6066 | 7369.2

Note:  The concentrations of species in organic phase are calculated based on the concentrations of

hydronium ion
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I. The experimental conditions for studying the effects of cobalt concentration
in feed solution

Feed solution: 5,000, 8,000, and 10,000 ppm of cobaltous ion with pH

about 4 . B

Strip solution: oxalic'a i ion with pH about 1.4

Organic solution: 20 V/V% D2ELRA in toluene

Operati r owrate of 500 ml/min

AUt INeNInens
AU INYIAE



Table B-3 The experimental data for 5,000 ppm of cobaltous chloride

Pump speed Flow Pressure gauge (psi)
Controller meter inlet outlet
Feed B 240 4.1 4.0
Strip 4 35 4.0 38
i
Time (min)| Sample ple | [Co™] (ppm) pH
0 A-0) 3 0 1.40

15 A B 0.767 -

30 2 0.814 :

45 A {I . 3 0.829 -

60 A 1S - 0.799 -

78 A-5 - - ().846 -

9() g 0.854 -

105 A-7 0.965 -

120 A-8 -8 0.912 -

135 A-Y -9 0.989 -

e — = T :

165 1.041 -

180 Am 3899 - - B-12 1.077 -
195 AL E & asie @ | B3 1036 .
2 LA PN IWEN S | -
225 q A-15 3.608" - &-15 1.454 W -
AW} SR AN -
q 2ss A-17 3.641 . B-17 1.637 »
270 A-1R8 3.695 - B-18 1.794 -
300 A-19 4,193 - B-19 1.917 -
330 A-20 3.793 - B-20 2244 s

360 A-21] 3.566 - B-21 2.409 -
390 A-22 33534 - B-22 2811 -
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Table B-4 The experimental data for 8,000 ppm of cobaltous chloride

Pump Speed| Flow | Pressure gauge (psi)
Controller | Meter inlet outlet

Feed 4 260 -46 3.6

Strip 4 260 55 5.0
Time (min)l Sample | (@0’ p [Co™] (ppm) pH
0 A~ p— ‘.67  0" 0 1.41
E AL LSt | b 2522 1.43
30 A-2 67 2.834 1.43
45 < b 3 2.925 1.43
60 24 Y 13.007 1.43
75 A3 2.734 1.43
90 A6 2.936 1.43
105 A-7 2.905 1.43
120 A-8 ] 3186 1.43
135 Nk Sl _ B9, [.9v7 1.43
150 3008 1.43
165 SRS 2 I mz.fne 1.43
180 -m‘ e, ROTR 211} B-12 3.164 1.43
# mj HUNINENAT | -
210lqll A-14 7863 2| 211 3.322 1.43
90 e 78 A A § Bk

s

240 A-16 7,689 1.99 B-16 3.074 1.43
270 A-17 7.468 1.93 B-17 3.80 1.43
300 A-18 7.851 1.91 B-18 3472 1.43
330 A-19 7.756 1.89 B-19 3.696 1.43
360 A-20 7.607 1.86 B-20 3.803 1.43




Table B-5 The experimental data for 10,000 ppm of cobaltous chloride

Pump speed Flow Pressure gauge (psi)
Controller meter inlet outlet
Feed 26.0 4.6 3.6
35 5.0
\'\U//

Time (min)] Sample u;._!__ m& 5 mple [Cou] (ppm) pH
0 ' . 0 1.41
20 1.608 -
40 1.909 =
60 1.958 -
80 2577 -
100 3.096 -
120 2.866 -
140 3.164 -
160 3.141 -
180 3.066 -
200 %299 -
220 A-llg : 9.882 LY B-11 3259 -
| 148 1) V08 113 E}f}ﬂ‘i |
260 U A-13 9,92? i Bl -

A TR M REN S | -
300 A-13 9.830 - B-15 3.487 -
330 A-16 10.710 - B-16 3.770 -
360 A-17 9.512 - B-17 3.408 -
420 A-18 9,435 - B-18 3.594 -
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2. The experimental conditions for studying the effects of acidity in feed

solution

Feed solution: 10,000 ppm of cobaltous ion with pH about 4 and 6

Strip solution: oxalic acid solution with pH about 1.4

Organic solution: 20 V/V% D2E} i

_ g&h flowrate of 500 ml/min
The experimenta g 10,000 ppm of cobgltous

ion with pH 4 is shown aboye | ‘ A he ex pe ',mentgl data for feed solution
containing 10,000 ppm of'Cobal g about 6 is shown in Table A-6.

AU NI NN
PRIMNITUNNINYINY
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Table B-6 The experimental data for 10,000 ppm of cobaltous chloride at pH 6

Pump speed | Flow Pressure gauge (psi)
Controller | meter inlet outlet
Feed ) 4 24.0 4.1 3.9
5.0 4.5

Time (min) [C02+] (ppm) pH
0 0 1539

20 2.193

40 6.814

60 8.752

X0 8.975

100 8.239

120 8.270

140 8414

160 8.772

180 8.304

200 9029

8717

8.884

260 A-13 8036 oL B-13 9,081

PR FSATUNITNY A8

280 | ) ‘ [ 3- Y2

* 300 A-15 8.325 B-15 | 10.71

330 A-16 8832 B-16 13.53

360 A-17 8,059 B-17 14.09
420 A-1¥ 7.750 1.82 B-18 14.75 1.42
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3. The experimental data for studying the effects of the types of strip solution
Feed solution: 5,000 and 10,000 ppm of cobaltous ion with pH 4
Strip solution: hydrochloric acid solution with pH about 1.4

Organic solution: 20 V/V% D2EHPA in toluene

Operating mode; ¢ir de with flowrate of 500 ml/min

Table B-7 The expemme lata for-5,000. ppm of cobaltous chloride and

\&\ essure gauge (psi)

outlet

32 240

3.0 29
Time (min) [Co™] (ppm) pH
0 0 1.44
15 : Py | a0 1.47
30 1[ A2 x-a 129.90 1.47
45 -3 - 30 1.48
( A ﬁ 4 %/ 216.85 1.49
FLUPINEN A :fﬂ‘a‘
Iﬂ() A-6 4805 209 = ”9 2 1.50
MSIAIOINTIMENDY |
5 2 A- 1 s 81 151
140 A-9 - 2.16 B-9 1.51
160 A-10 4053 215 B-10 487.35 152
180 A-11 3957 215 B-11 7.10 52
200 A-12 3889 2.14 B-12 633.73 1.53
240 A-13 3899 2.14 B-13 692.50 1.53
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Table B-8 The experimental data for 10,000 ppm of cobaltous chloride and

using HCl as a strip solution

Pump speed Flow Pressure gauge (psi)
Clontroller meter inlet outlet
Feed 4 24.0 25 23
Strip "l 240 £ 3.0
Time (min)l Sample | [¢ [ ) ' o le [Copl (ppm) pH
0 A 3. 0 0 1.42
15 ' I 95.65 1.44
30 234 162.40 1.45
45 A 4 2 . 1.46
60 " A S o 264.28 147
75 , - 20N B * 1.48
90 A-6 ih ilg‘_ 218 \ 346.75 1.49
105 5 ' - 1.49
120 A-8 : 429.84 1.50
140 A9 9 : 1.50
160 A-10 10 596.90 1.50
180 A-l1 A B-11 653.95 1.51
210 | ™a- ' | 697.85 1.51

¢

4. The expenmegxal conditions for studymg the effects of acidity in feed

oo ﬂuEJ’J ‘VlEJV]?WEJ'mﬁ
Q wpef(awﬂ ﬁmw Wﬂﬁqaﬂmoumm 6

Strip solution: hydrochloric acid solution with pH about 1.4
Organic solution: 20 V/V% D2EHPA in toluene

Operating mode: circulating-mode with flowrate of 500 ml/min
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Table B-9 The experimental data for 10,000 ppm of cobaltous chloride and

using HCl as a strip solution

Pump speed | Flow Pressure gauge (psi)
Controller | meter inlet outlet
24.04 4.1 31§
5.0 4.5
Time (min)| Sariples '"‘Im,r”". [Co™] (ppm)|  pH
par—— ., : 0 1.40
g6q | 262 P 1873 145
376.6 1.46
- 1.47
6924 1.48 =
996.8 1.49
TE 1.50
1123.7 1.51
- k.52
12284 1:52
1302.9 1.53
1367.3 1.53

AULINENINYINS
AN TUANINGAY
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Table B-10 The experimental data for keeping the acidities of both feed and

strip solutions

Pump Flow Pressure (psi) Pump Flow Pressure (psi)
speed | meter | inlet outlet speed | meter | inlet outlet
Feed 4 240 39 2.2 Strip 4 240 32 3.0)
Feed | [Co™] Strip | [Co™] | time pH | 0.01M HC1
(ppm) (ppm) | (min) added (ml)
1A0 5.493.0 -0 0716 0 1.53 s
1Al | 5366, i | sgelicas L R
1A-2 5.601.0 2 o) 1360 30 1.55 10
1A3 | 49910 B 164 4 psaf -
1A-4 4.968.0 1B- 186.5| 60 1.53 3
1A-5 5.015.0 -5 258 75 1.55 10
1A-6 4.684.0 |IB 2705 90 1.57 10
1A-7 4.623.0 3 2942 105 1.58 10
1A-% 5.465.0 B 218 120 1.58 10
1A9 4.741.0 189 3390 135 1.58 10
1A-10 | 5.190.0 4409 150 1.50 "
1A-11 | 48110 ‘(456.8 165 1.44 :
1A-12 | 4.6450] 180 19 251 10 3 4922 180 1.40 .
1A-13 | 4.679.0[ 195 Ds.oo —_— 1B-130 | 70500 195 1.41 3
1A-14 | 423700 210 2,86 o 1B-14 7410 210 1.42 :
1A-15 4.688. 2 @ 1 j DS 4Ty 225 1.42 £
1A-16 5.643.:‘0' 24 Lol i [B i I |£16| i leod®| 240 1.42 A
1A-17 | 39300 %fss 2.56 0 g 1B-17 8396) @35 1.43 2
1A-18 )4 7 w "] IE }fTE ’G"Tg 1.45 10
1A-19 | ;43880 285 170 4 118419 906. g4 1.45 >
1A20 | 45710 300 2.58 : 1B-20 9852 300 1.45 .
1A-21 | 3.716.0] 330 2.47 g 1B-21 | L1610l 330 1.46 3
1A-22 | 3.537.0| 360 238 : 1B-22 | 1.2250[ 360 1.48 3
1A23 | 35730 345 231 : 1B-23 | 125100 390 1.50 3
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5. The experimental conditions for studying the effects of volumetric flowrate
of both feed and strip solutions

Volumetric flowrates: 100, 100 with circulated strip solution, 500, and

1,000 ml/min

" "

Feed solution: \ w of cobaltous ion with pH about 6.5
Strip solutiome hydro d solutlon with pH about |
Organicso( VIV » D2EHPA in toluene

Table B-11 ic flowrate of 100 ml/min
Feed | Pump Pump | Flow | Pressure (psi)
o T
speed | meter | inl: "ﬂ,_._.m___ r speed | meter| inlet | outlet
P T
2 | 60 LAESAT s S ¥l Fool 9€ T ad

2 .;_1;;=====;__, 7.0 2.1 L5
- \1'
7.0 1.6 1.2

Circulatio pH
number
3 0.95
: : 0.96
a ‘ TI 0.98
3 3 1.00
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Table B-12 The experimental data for volumetric flowrate of 100 ml/min with

the circulated strip solution

Feed | Pump | Flow Pressure (psi) Strip | Pump | Flow | Pressure (psi)
speed | meter | inlet outlet speed | meter | inlet | outlet
2 5.0 3.3 v 4 2 6.0 4.2 4.0
2 5.0 2 6.0 5.0 4.0
Circulntionl Sample | [C - M NaO Sample l(fobl pH
number |number " number| (ppm)
- 1F-0 0 - 1S-0 0of 0.99
| 1F-1 | 3o ok A 1s-1 | 117.10|  1.03
. )
2 1F-241 4 (= 1S-2 | 397.70 1.07
J“de:f
%Lffi |
1-' - L’;,,
o \ :
Table B-13  The expérin dat lumetric flowrate of 500 ml/min
PAEST TR
Feed | Pum F ump | Flow | Pressure (psi)
spee “Speed | meter | inlet | outlet
E4 « m 4 | 240 ] 20| 16
24.0 6.0 04| 4 24.0 2.1 1.6
'
'14 EJ() ;Yl ]8| | | EJ ,] ? 24.0 2 1.6
q
[ =9 o/
12 100M™ Ig w
Circula m ﬁ’ll I-B pl-l' mpl x pH
number | number| (ppm) added (ml) number| (ppm)
- 1F-0 6,707 - 5] 682 1S-0 0] 085
1 1F-1 6208 2.33 201  6.38 1S8-1 IR3.1] 0.87
2 1F-2 4849 242 23] 6.10 1S-2 406.0{  0.89
3 1F-3 4.747( 243 29] 549 18-3 W15 091
4 1F4 4653 237 - 1S4 | 1.754.0f 099
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Table B-14 The experimental data for volumetric flowrate of 1,000 ml/min

Feed | Pump | Flow Pressure (psi) Strip | Pump | Flow | Pressure (psi)
speed | meter | inlet outlet speed | meter | inlet | outlet
9 50.0 9.0 88 8 50.0 8.6 8.0

Circulation| Sample Sample| [Co™"] pH

number | number . -\‘-x.? d (ral) number| (ppm)
- 1F-0 1S-0 0 0.79
I IF-1 1S-1 | 173.7] 081

6. The experi the effects of extractant

concentration in organic sélugion

".: (4,2 4 .
Organic solutio 0, ,and 25 V/V% of D2EHPA in toluene
e __» ~'T—-' {;} ._.'.
Feed st of cobaltous jon with pH about 6.5
7 X
Strip Sﬂtl ; d §C lution with pH about 1
A

Volum lﬁ:ﬁ

A YNEITAYINS

Y

ARIAINTUURIINGA Y
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Table B-15 The-experimental data for extractant concentration of 10 V/V%

Feed | Pump | Flow Pressure (psi)
speed | meter | inlet outlet
8 50.0 8.2 8.0
8 50.0 83 84
8 92 N85
=
Circulation| Sample [ pH«{-2M NaQH
number | number 5' U
- 1F-0
1 1F-1
2 1F-2
3 IF-3

Strip | Pump | Flow | Pressure (psi)
speed | meter | inlet | outlet
8 50.0 9:3 85
8 50.0 89 8.0
8 50.0 93 8.5
Sample | [Co™'] | pH
number| (ppm)

o1 “0.75
54.12f 0.76
96.34|  0.77
157.0f 0.78

Feed | Pump ire(psi)  } oo Gy ump | Flow | Pressure (psi)
speed " ~ " speed | meter | inlet | outlet
8 5@ 8.0 m 8 50.0 9.0 8.3
8 5008 g7 84  las i 8 . NTPRSAE R
Pl U ANEIBNBING 500 58 50
y &
A T A
number | number| (ppm) : adc:eJ(ml): number | (ppm) |
- 1F-0 632.3 4.17 0.5 691 1S-0 0 0.73
1 1F-1 54881 2.79 85 6.12 1S-1 70.101  0.74
2 1F-2 426.1 310 9.0]1 673 1S-2 1584 075
3 1F-3 369.01 3.53 1S-3 219.7} 076
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Table B-17 The experimental data for extractant concentration of 20 V/V%

Feed | Pump | Flow Pressure (psi) Strip | Pump | Flow | Pressure (psi)
speed | meter | inlet outlet speed | meter | inlet | outlet
9 50.0 8.0 7.9 9 50.0 8.4 7.3
P L S0 8.7 R Y YR TR
8 50.0 9 50.0 8.6 7.9
Circulation | Sample | [Co Sample [Co"] pH
number | number number| (ppm)
- 1F-0 1S-0 0 0.78
1 1F-1 1S-1 51.62] 0.79
2 1F-2 lS;Z 154.7) - 0.80
3 -3 13 | 208.1| 081
Table B-18 The experi , fital da ‘2 for extractant concentration of 25 V/V%

AL
"‘ Flow | Pressure (psi)

Feed | Pump ||'F

m speed | meter | inlet | outlet

speed Eer

9 \()3]y 9.0 8.9 50.0 8.2 .3
AugIMENINENI = o
50.0 8 50.0 8.1 7.3
Ia aﬁﬁl
Circlti ’g w E Sampl [(y’] pH
number | number| (ppm) added (ml) number| (ppm)

- 1F-0 606.5]  3.96 1.0]  6.88 1S-0 01 0.78

| 1F-1 451.00 253 13.0]  6.14 1S-1 86.00] 0.79

2 1F-2 353.6] 333 10.0]  6.04 1S-2 196.21 0.81

3 IF-3 3344 329 I1S-3 281.4] 083
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7. The experimental conditions for studying the effects of organic solvent used
in liquid membrane
Organic solution: 20, and 25 V/V% of D2EHPA in n-dodecane

Feed solution: 500 ppm of cobaltous ion with pH about 6.5

S—

e
% Ll ]

Table B-19 T chial data \ \ concentration of 20 V/V% in

Feed | Pump Pump | Flow | Pressure (psi)

speed | meter i E'__ - outls e-‘ speed | meter | inlet | outlet
' 8 500 83 75
""" ) — I 8 500 82 15
: 8 30.0 79 7.0
Circulation | Sample \ ' [Co™] | pH
number ‘ | (ppm)
: of 083

ﬂlﬂ) 0.84
‘ )4 0.85

297.6] 0.86
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Table B-20 The experimental data for extractant concentration of 25 V/V% in

n-dodecane
Feed | Pump | Flow Pressure (psi) Strip | Pump | Flow | Pressure (psi)
speed | meter | inlet outlet ' speed | meter | inlet | outlet

9 500 80 ;AN 1 V g B0 A3 9
s / 9. 4T 80 78
"“H._‘\ . ’ a

9 50.0

8 500 9 o0 8% - .15
K ‘ " a =~ ]
Circulation | Sample | {€ (/:;ff ,ﬁ‘\\ pH' w Sample |Cn”| pH
number | number J A / };, & : number| (ppm)
, I FAad w5 1
’ 1k | calfe] A s =0 \\6 180 o 079

1 1F-1 18-1 74501  0.80

2 1F-2 1S-2 2521081

3 1F-3 1S-3 31901 0.82

AULINENTNEINS
ARIAATAUNN TN




APPENDIX C

The definitions could be shown as:

Extraction Factor

extraction factor

Recovery Factor

the amount of cobaltous ion stripped

‘WEI Tﬂﬂﬁ@ﬁﬁﬂﬂ"ﬁ""
D-ﬁerﬂew‘mnaﬂifu YAINYIAY

[Mm. ]f,() + [M"? ]s.() % [M"+],~_, - [Mm]s.t

Difference in [M""] = - —
[ M Ty + M g
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Fluid 2 or
Strip Gas

//i Fluid 2 or

y 2
smbtane Contactor kot
L o ¥ £ M—’

=

Fluid 1 | : — o e : j = , Fluid 1

LY 5= [ iy o a £y Ll

Figure D-1 Schematic i;épréseﬁtatibn of the structure of Liqui-Cel} Membrane Contactor



Mr. Nopphakorn ‘Thamphiphit was born in January, 1970 in Bangkok. He

M1

graduated high school from S t 7 riel’s f / m 1989. He received a Bachalor’s

e Sy

Degree of Engineering i "“"’“"“"‘ | Engineering et hon Kaen University in 1993.
gr gl g v — ty

Subsequently, he comgp aster’s Degree in Chemical

Engineering at the Depa o Faculty of Engineering,

Chulalongkorn Universit

ﬂ‘lJEJ’JVIEWI'ﬁWEI’]ﬂ?
QW’]ﬂﬁﬂ‘iﬂJﬂJiﬂﬂﬂmﬁﬂ



	REFERENCES
	APPENDIX
	VITA

