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APPENDIX A

Effect of Reactor

The objective of this sectio o find the adsorption ability of copper

on reactor wall and to cen J @dbpper does not disappear by other

parameters, except tramsportati wroligl e membrane phase. These
experiments were conduetcd vithout, membrane phase, and fixed
ations of feed solution were

100, 500 and 1000 ppm.) and

| contacting time of 6@
varied from 10 ppnr
the acidities (pH) weg Y fronT 0N c 1 emaining in feed and its in

product was sho “‘“ dicated that copper was not

adsorbed on glass & reactor and did not disappear
by other parameters. (‘eopper concentration between
feed and product was ce, therefore, can be neglected

the effect of reactor.

1
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APPENDIX B

EXTRACTION EXPERIMENTAL DATA

Carrier Concentration Variable
Experimental condition:
External phase

Membrane phase

.00 (adjust by HCI acid solution)

various concentration
5%

Internal phase

Membrane preparation
Membrane phase : Internal
Emulsion phase : Feed solution
Agitation speed

Table B-1 Experimental at various carrier

e depends on carrier concentration

concentration

Time . er ic

(min.)| 0% D2BHPA | 2% D2EHP 3 il : % D2 10% D2EHPA | 15% D2EHPA | 20% D2EHPA
0 115.2 1114 EITFER 118.8 108.1 116.2 103.2
1 110 107.1 ‘d sidi [ O 9, 87.88 81.51 66.13
2 109.6 95.51 35 ik A 58.66 49.03 5322
3 1132 88.51 % 1. Lk 58.9 34.14 31.75 33.23
S 111.2 T1.28 e T [7 15.24 16.18 19.07
7 110.4 60.27 5 g, 19.67 8.69 6.59 10.32
10 11.1.6 51.6 11.13 0.19 2.48 6.39
15 112 44.1 6 0 2.43 4.18
20 112.1 3703 30.4 0 1.76 2.56
25 114.2 G2 2403 +— - 24 o 1.8 2.69
30 110.7 ] : 0 1.83 1.78
40 114.4 25.89 0 1.59 196
50 113.3 22} . 0.88 0 124 1.95
60 112.5 18. 8.7 0.74 0 1.01 1.54

Ta.bleB;inS:::ﬁ]ﬁ gﬁ WE] ﬂy,%{wrg ,.1 ?Tjjhase at various carrier

Time Concentration (ppm.)

(mm) 0% P % D2EHPA L 3% D2El—;ﬁ _5% D2EHPA 2EHPA 10% D2EH ’ 15% D2EHPA 20% D2EHPA
0 F2EN AL q 0 0

; so 1[I 048] 7.0 428.94 363 04.42 667.26

2 0100.8 284.22 189 661.32 870.48 889.92 1209.06 899.64
3 36 410.22 412.2 928.98 986.58 1331.28 1520.1 1259.46
5 72 720.36 682.92 1242.72 1513.8 1671.48 | 1800.36 1514.34
7 86.4 918.54 984.96 1448.64 | 1694.34 | 1789.38 | 1972.98 1671.84
10 64.8 1074.6 1250.1 1613.16 | 1848.06 | 1942.38 | 2046.96 1742.58
15 57.6 1209.6 1416.42 | 1745.28 1947.6 1945.8 2047.86 1782.36
20 55.8 1336.86 | 1504.44 | 1870.92 | 1986.66 1945.8 2059.92 1811.52
25 18 1417.32 | 1619.46 | 1920.24 [ 2009.88 1945.8 2059.2 1809.18
30 81 1481.4 1683.54 | 1957.68 2017.8 1945.8 2058.66 1825.56
40 14.4 1537.38 | 1789.92 | 1977.84 | 2025.36 1945.8 2062.98 1822.32
50 34.2 1599.12 1839.6 2003.58 | 2032.56 1945.8 2069.28 1822.5
60 48.6 1677.96 | 1895.04 | 2020.86 | 2035.08 1945.8 2073.42 1829.88




Feed Solution pH Variable

Experimental conditions:

External phase 100 ppm. Cu. various pH condition
(adjust by HCI acid solution)

Membrane phase organic solvent (Kerosene) 85%
carrier (D2EHPA) 10%
surfactant (Span 80) 5%

Membrane preparation Homogenized at speed =8000 rpm. 10 min.

Internal phase 1N HCI acid. soluti

Membrane phase : Internal phase ~150:5! | ‘

Emulsion phase : Feed solution \\; ‘.n //

Agitation speed ' 50 Tpm: “/,

.-J

Table B-3 Experimental data o©

- in o PpeMn at
various feed sol

Time L

(min.) pH 2.02 pH 3. 1 1 .11 pH 6.00
0 100.9 1 08« \ ‘ 99.89
1 96.82 18.32 1 86 .53 93.53
2 95.04 9.3 34.75 97.42
3 97.28 124 g / 17 94.92
5 86 6.33 2 0. 61.44 84.36
7 81.26 2.6 . 4. ¢ 16. 6 71.67
10 71.8 1.94 201 T2 55.95
15 63.4 1.9 2 ) 3.55 .67 45.24
20 49.94 1.95 3 AA5O0 .63% .46 36.93
25 30.96 1.64 Y F A7 446" 5.41 32.88
30 28.98 1.13 2.0° =4, 3.76 27.54
40 24.71 0.38 1.28=r 09 3.33 23.96
50 22.32 0.38 - i 2.19 21.9
60 91,51 13 | 19.89

-

Table B-4 Experime

the internal ;ﬂse m

Time Concentration (ppm.)

(min.) pH 2.02 | pH 3.0(1']“3 3.07 | pH4.01 4.06 | pH5.11 | pH6.00
0 [T~ ™ @ 9 0
1 73, %@_ 19. 0 2 79,02 §4.48
& 105.!im ; 726. 29.84 | 288. 169.56 4.46
3 65.16 | 1743.12 | 1778.4 12.62 | 653.76 | 274.32 | 89.46
5 2. | 1853.46 | 1810. flil 38 [ 1273.32" 638.64_|_279.54 |
7 52 ﬁ} i 597 Ja 522% 3| 50
10 8 24sl| 1873. 5 700.2 9
15 675 1933.2 | 1877.04 | 1584.36 | 1750.5 | 1552.5 | 983.7
20 917.28 | 1932.3 | 1876.86 | 1699.02 | 1767.06 | 1628.28 | 1133.28
25 1258.92 | 1937.88 | 1881 | 1701.36 | 1735.74 | 1647.18 | 1206.18
30 1294.56 | 1947.06 | 1885.5 | 1699.38 | 1763.82 | 1676.88 | 1302.3
40 1371.42 | 1960.56 | 1899.36 | 1672.02 | 1751.94 | 1684.62 | 1366.74
50 1414.44 | 1960.56 | 1895.4 | 1750.14 | 1779.3 [ 1705.14 | 1403.82
60 1429 | 1934.8 | 18752 | 1744.4 | 1782.2 | 1702.6 | 1440
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Surfactant Concentration Variable
Experimental conditions:
External phase 100 ppm. Cu. at pH 3.00 (adjust by HCl acid solution)
Membrane phase organic solvent (Kerosene)
depends on surfactant concentration

carrier (D2EHPA) 10%
surfactant (Span 80) various concentration

Membrane preparation Homogenized at speed =8000 rpm. 10 min.

Internal phase : 1N HCI acid solution

Membrane phase : Internal phase 50:50

Emulsion phase : Feed solution :

Agitation speed A

Table B-5 Experimental data em : ration at various

surfactant concentrati . _&
Time centratio
(min.) | 0% Span80 | 1% Span 80 % Si : 10% Span 80 | 15% Span 80
0 110.3 99. O b 107.7 106.6
1 94.08 93.95 4 100.4 99.9
2 88.11 82. 7, = K¢ ‘ 1 92.01 90.97
3 82.28 69. 4 4 #734 | L, Y 76.24 78.76
5 77.04 60.1 ; : \ 57.46 59.26
7 75.69 55 . . 4 29.03 46.33
10 74.43 49.96 ALE L 18.36 34.58
15 74.92 54.7 7 ' 1 g 11.45 21.36
20 72.55 59. L9, sl i 4.04 13.05
25 70.63 63.33 £ % 3.35 8.91
30 72.51 64.66 .03 3l ‘WA 3.31 6.55
40 71.23 67.63 6. — 5.86 2.18 3.99
50 70.86 66.09 ¥ FFbrubaafid ) 95 1.53 3.04
60 70.66 6722 | 10 — 1.12 1.11 2.47
— 7757

Table B-6 Experimental data intesnal phase

at various surf

Time =

(min.) 0% Span 80 1% Span 80 pan 80 || 10% Span 80 | 15% Span 80
0 0 o/ 0 0 0 | 0 0
1 291.96 101.5 83.34 363.96 104.4 131.4 120.6
7] 399.42 , 128 429.66_ “889.997 | 29124 282.42 281.34
3 504. b L% 56 28 4 » 566728 501.12
5 598. 1169 1 12 04432 852.12
7 622.9811] 795.06 1384.74 | 1789.38 | 1316.88 | 1416.06 | 1084.86
10 645.66 893.34 1614.78¢| 1942.38 | 14589 1608.12 4 41296.36
15 /] 80 46| 7y . 34.32
20 5 QI’ f:F Y| . 1751 65.8 83.9
25 H 406 " | ©652.68 | 175 ’ ; 1820.88" 878 3" | ¥768.42
30 680.22 628.74 1740.06 1945.8 1867.5 1879.02 1800.9
40 703.26 575.28 1714.32 1945.8 1879.92 | 1899.36 | 1846.98
50 709.92 603 1664.1 1945.8 1896.3 1911.06 | 1864.08
60 713.52 582.66 1637.1 1945.8 1965.24 | 1918.62 | 1874.34




Emulsion Phase to Feed Solution RatioVariable

Experimental conditions:
External phase 100 ppm. Cu. at pH 3.00
(adjust by HCI acid solution)
Membrane phase organic solvent (Kerosene) 85%
carrier (D2EHPA) 10%
surfactant (Span 80) 5%
Membrane preparation Homogenized at speed =8000 rpm.10 min.

lution

Internal phase
Membrane phase : Internal phase

Emulsion phase : Feed solution condition
Agitation speed /
Table B-7 Experimental data pemn'on at
various emulsion phase solution “
Time
(min.) 11 1:2 13, ; (7 : 1219
0 110.1 | 104.7 | "B 111.3
1 59.19 | 64.74 .0, . X . 107.1
2 42.65 | 39.67 | 2 4 { 46 | 95.51
3 33.56 | 21.76 .83, ks 6 88.51
5 21.06 5:l 3 [i= ’ ; 71.28
74 12.09 0.25 1 ’ 2 | 60.27
10 5.24 0 0 .61 i 51.6
15 2.25 0 0 sidi 0. o 24 | 44.1
20 0.61 0 0 w004l 0% |26 | 37.03
25 0.27 0 0 Qa0 oN %2 | 32.56
30 0.58 0 0 FTBF #L  O 5.44 29
40 [¢] 0 0 % - 4.32 25.89
50 0 0 0 T 2.89 | 22.46
60 0 0 =025 1.93 | 18.08
Table B-8 Experimenital : al
phase at v. s i
b
Time [ Conce.
1:9 B 1:19
0 0 0

327,
661.32 [ 28422
1331.37928798 ["410.22

1671.5 | 1242.7 | 720.36
17894 14486 | 918.5
19k3.41| 161312 | 1074 El
] 3846 1945.8 | 174513 ] 12

20 |1970.8 | 1884.6 | 1974.6 | 1967.4 | 2006.8 | 1945.8 | 1870.9 [ 1336.9
25 | 1976.9 ] 1884.6 | 1974.6 | 1967.4 | 2007 | 1945.8 | 1920.2 | 1417.3
30 | 1971.4 | 1884.6 | 1974.6 | 1967.4 | 2007 | 1945.8 | 1957.7 [ 1481.4
40 | 1981.8| 1884.6 | 1974.6 | 1967.4 | 2007 | 1945.8 | 1977.8 | 1537.4
50 | 1981.8] 1884.6 | 1974.6 | 1967.4 | 2007 | 1945.8 | 2003.6 | 1599.1
60 | 1981.8| 1884.6 | 1974.6 | 1967.4 | 2007 | 19458 | 2020.9] 1678
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Acid Concentration of Intermal Phase Variable
Experimental conditions:

External phase 100 ppm. Cu. at pH 3.00
(adjust by HCI acid solution)
Membrane phase organic solvent (Kerosene ~ 85%
carrier (D2EHPA) 10%
surfactant (Span 80) 5%
Membrane preparation Homogenized at speed =8000 rpm. 10 min.
Internal phase HCI acid solution various concentration

Membrane phase : Internal phase
Emulsion phase : Feed solution

Agitation speed

TableB-9 Experimental datams maining c‘perwn
at various acid conc 1 internal
Time ! -
(min.) [0.01 N] 0.06 N| O. 0 ,
0 109.3 | 115.5 | & 08 : J
1 84.08 | 83.66 3 190, 87.8
2 82.11 | 70.56 | S1 ’ . ) b
3 76.28 | 62.23 2 ' - 38. 3
5 76.04 | 52.54 1.34 2.8 -} 1324 4
T 74.69 | 45.89 | 23 14 'O .6 b
10 73.43 | 42.18 i 1 1 | 4019 6.1 5
15 73.92 | 40.56 | T7.} s 0 18RO
20 71.67 | 38.85 | 174§ d - : 3
25 69.58 | 40.99 | 17. 12 0= 8 ;
30 71.4 41.33 | 16.86 ¥ r= 14
40 70.23 | 41.56 17:5 =g .86
50 72.51 | 41.66 | 18.96 0 - 0.15
60 70.02 | 41.35 | 16.51 |, L0 0.23
Table B-10 Experim , 3 mal

phase at vari

Time
(min.) [0.01 N[ 0.05 N

0 0 0

1 | 453.96]573.12

2 | 489.42 2]

3 | 594.36]958. ﬂ‘j

5 |598.68 ¥23 :

7 | 622.98 53 :

10 45, 319,8| 1623.4 | 1826.8[1942.4] 2014 649651. s
15 13 n\,ﬂf;% 12:9 [[1945.84 2068 74612 | .
20 7 1 60.7 | 1981:84119%6/8 | 2097 4 )
25 |@14.96] 13412 1652.4]| 2031.8]1945.8[2111.4[1947.6

30 | 682.2 | 1335.1] 1665.7 | 2033.8] 1945.8[2122.7 | 1946.9

20 | 703.26] 1330.9] 1654.2 ] 2052.5] 1945.8] 2125.8| 1969.9

50 | 662.22|1329.1] 1627.9]2068.2| 1945.8]2125.8] 1982.7

60 |707.04|1334.7| 1672 |2064.1| 1945.8[2125.8[1981.3




Agitation Speed Variable
Experimental conditions:
External phase

Membrane phase

Membrane preparation
Internal phase

Membrane phase : Internal phase
Emulsion phase : Feed solution

Agitation speed

100 ppm. Cu. at pH 3.00
(adjust by HCI acid solution)
organic solvent (Kerosene)

carrier (D2EHPA)

surfactant (Span 80)
Homogenized at speed =8000 rpm. 10 min.
cid solution

125

85%
10%
5%

Time ( -

(min.) | 200 rpm. | 300 rpm.* 40Q rp 6 .| 700 rpm.
0 112 | 112.8 g i 8 | 111.3
1 111.5 | 89.78 14 3 22.44
2 109.4 | 85.86 3 - 1.9 7.83
3 106.7 | 70.54 3 4 4.64
5 104.3 | 46.54°] 81 1 5 3. 3.86
7 99.68 | 36.15 3 I 09 3.24
10 92.3 24.9 ' .19 #4354 4 3.01
15 86.24 | 11.14 | 25, =0 idf 3.95 297
20 80.6 3.87 | 18825 0 LWt . T 4.39
25 759 | 0.92 4.4 [ o 3.1 53 4.69
30 71.31 0 12} - a5 73 2.99 4.74
40 68.39 0 7.58 = 7 9.29 9.43
50 64.33 0 518 | =017 16 8 | 10.54 | 13.52
60 56.62 0 3 Sagrfil=mlat= 12.68 | 15.41

Table B-12 Experim al

phase at vari
foot

Time ¥ Conce .

(min.) | 200 rpm. | 300 rpm. | 300 rpm. | 350 rpm. | 400 rpm. | 500 rpm. | 600 rpm. | 700 rpm.
0 0 0 gm | O 0 0 0 0
1 9 ; 1573 3 ] 9.5
2 46.8 || 484. 13 8 4 19§§2 1862.5
3 95.4 'HG : 139 |Fid3r 080. 76927 20893 1919.9
5 138.6 |11192.7 | 708.12 | 1671.5] 1520.1 | 1925.5 | 2140 | 1933.9
7 12 1379.7 | 1138.9] 17894 | 1783.4 | 1976® | 2154.8 | 194544
10 1%? 1 846.8 |"1980. 194
15 |[1468.68 9 W1709.641 4901][ 198024 | 1958 '
20 565.2 | 1960.7 | 1845.9 | 1945.8 | 2082.6 | 1983.2 | 2160.5 | 1924.4
25 6498 | 2013.8 | 1913.8 | 1945.8 | 2093.4 | 1989.2 | 2164.9 | 1919
30 | 732.42|2030.4| 1953 | 1945.8 [ 2104.2 | 1979.5 | 2156.6 | 1918.1
40 | 784.98 | 2030.4 | 2038 [ 1945.8 [ 2109.6 | 1979.6 | 2043.2 | 1833.7
50 | 858.06 | 2030.4 | 2081.2 | 1945.8 [ 2102.8 | 1980.4 | 2020.7 | 1760
60 | 996.84 | 2030.4 | 2105.5 | 1945.8 [ 2103.3 | 1980.4 | 1982.2 | 1726
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Surfactant Concentration Variable
Experimental conditions:

External phase 100 ppm. Cu. at pH 3.00 (adjust by HCI acid solution)
Membrane phase organic solvent (Kerosene)
depends on surfactant concentration
carrier (D2EHPA) 7%
surfactant (Span 80) various concentration
Membrane preparation Homogenized at speed =8000 rpm. 10 min.
Internal phase 1N HCI acid

Membrane phase : Internal phase
Emulsion phase : Feed solution
Agitation speed

ng P:(&l

TableB-13 Experimental datagefsemaii

ion at various
surfactant concenW N

Time )

(min.) | 0% Span80 | 1% Span80 | s 10% Span 80 | 15% Span 80
0 1205 101.23 198. /! ] 26 108.6
1 103.4 95. 1S9 L5 101.4
2 95.99 84.45 8 g 6.57 98.2
3 92.90 71.9 4 .54 89.6
S 85.00 6 . : .1 1.7
i 83.34 61 4 b 44.5 STl
10 80.93 bl J . 5.2 40.5
15 78.3 60.4 JP =l 21.2 28.5
20 76.78 63 . Y 8. 1327 21.9
25 76.21 63.12 9 - 6.3 9.31 16
30 77.60 65.21 4 4‘0-‘,:! T 7.99 12
40 77.94 66.09 8.6 —O— 453 ] 4 4.67
50 T6.77 67.86 1390 L i 3.3 3.55
60 78.30 6. s L 2.89

g
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Feed Solution pH Variable

Experimental conditions:

External phase 100 ppm. Cu. various pH condition
(adjust by HCI acid solution)

Membrane phase organic solvent (Kerosene) 88%
carrier (D2EHPA) 7%
surfactant (Span 80) 5%

Membrane preparation Homogenized at speed =8000 rpm. 10 min.

Internal phase 1N HCI acid solutio

Membrane phase : Internal phase
Emulsion phase : Feed solution
Agitation speed

Time Concen

(min.) |pH 2.00 | pH 3.0

0 97.9 101.2 Ao
1 95.2 44 %

2 92.6 31.2 ;

3 89.3 24 7 == %l
5 82.9 17.849 =28
7 77 14.5 | a

10 71.6 5.4 1 32, Gilli}ad
15 61.9 .97 =20 M |-

20 54.3 1.82 5 12,9

25 45.2 1.9 5. fie

30 41.4 1.34 48 T A L
40 38.7 1.25 ] ~

50 34.4 1.18 1.75 |e=t= -
60 33.9 1.55 g z

AU INENTNEINS
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Emulsion Phase to Feed Solution RatioVariable
Experimental conditions:

External phase 100 ppm. Cu. at pH 3.00
(adjust by HCI acid solution)
Membrane phase organic solvent (Kerosene) 88%
carrier (D2EHPA) 7%
surfactant (Span 80) 5%
Membrane preparation Homogenized at speed =8000 rpm. 10 min.
Internal phase 1N HCI acid solution
Membrane phase : Internal phase 50; ‘
Emulsion phase : Feed solution 1 ion -
Agitation speed ;
TableB-15 Experimental da ing gop ation
at various emulsion d seclutio
Time Co,
(min.)| 1:1 1:2 #
0 110.1 | 104.7 | 109. d 8
61.7 | 64.74 8 . '
2 48.3 | 39.67 | 23.3 0 ; 3 4
3 ]3356] 146 | 1 1.2 384 4 [\§
5 | 229 5.1 ' 7 [(iik. 2 0
74 10 0.25 | 0.5% 3 a
10 6.5 0 1. 444
15 1.2 0 ok, B .6
20 0.61 0 0 0. 11 3
25 0.27 0 0 Eal=l 19, 285
30 | 058 | 0 0 o 169 [125.6
40 0 0 0 0 = .3 24
50 0 0 0 0 7 1 26.8
60 0 0 0 = 25

g
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Acid Concentration of Intermal Phase Variable

Experimental conditions:
External phase 100 ppm. Cu. at pH 3.00
(adjust by HCI acid solution)
Membrane phase organic solvent (Kerosene) 88%
carrier (D2EHPA) 7%
surfactant (Span 80) 5%
Membrane preparation Homogenized at speed =8000 rpm. 10 min.
Internal phase HCI acid solution various acid concentration

Membrane phase : Internal phase
Emulsion phase : Feed solution
Agitation speed

Table B-16 Experimental da

at various acid concentsation of iritern se
Time
(min.) [0.01 N]0.05 o] )
(0] 109.3 | 108.5 .4 1
84.08 90 S
a 82.11 75 J
3 79.6 70.4 4.
5 808 | 647 4 2.
i 79 59.4 .6 2 i
10 79 b7l ", .6 . 6.
15 78.5 54.8 . !
20 76 54.8 8.7 1 .56 |
25 76 52.5 1.8 54 " 8 :
30 77.3 | 52 | 18. . B
40 75 50.2 15 —— 2.3
50 767 49.6 12.7 015
60 76.7 49 o 3

g
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Agitation Speed Variable

Experimental conditions:

External phase 100 ppm. Cu. at pH 3.00
(adjust by HCI acid solution)

Membrane phase organic solvent (Kerosene) 88%
carrier (D2EHPA) 7%
surfactant (Span 80) 5%

Membrane preparation Homogenized at speed =8000 rpm. 10 min.

Internal phase 1 N HCl acid s

Membrane phase : Internal phase
Emulsion phase : Feed solution
Agitation speed ion

Table B-17 Experimental d sfremaini co&ﬁaﬁon

at various agitatio —

Time
(min.) [200 rpm.|600 rpm. |70

0 112 113.5 T

i 111.5 10 4 1.7

9 110.9 106.4

3 109.2 93.3

5 106.4 774 5 1008 86 |
77 102.4 59.1 F X s

10 97.8 35.3 : 368 - 2,5 ]
15 91 23. oy W 1
20 85.9 23.8 J

25 78.5 21 819 '
30 73.4 20 7 ‘ 8
40 70 16 0.6 D 9.1
50 62.6 11.4 0 —=5. 9.7
60 60 6.8 - 0.2

g
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Carrier Concentration Variable
Experimental conditions:

External phase 100 ppm. Cu. at pH 3.00
(adjust by HCI acid solution)
Membrane phase organic solvent (Kerosene)

depends on carrier concentration
carrier (D2EHPA) various concentration
surfactant (Span 80) 7%
Membrane preparation ced =8000 rpm. 10 min.
Internal phase
Membrane phase : Internal phase
Emulsion phase : Feed solution

Agitation speed

Table B-18 Experimental da ining cop ntration at various carrier
concentration -
Time
(min.) 0% D2EHPA | 2% { 9 15% D2EHPA | 20% D2EHPA
0 115.2 .3 116.2 103.2
1 114.8 10 84.7 79.1
2 113.7 if ; 49.03 55.2
3 114.2 1.6 = 34.1 40.4
5 1127 76 6 . 19.3 26.7
7 113.2 g 3 10.8 16
10 113.7 56 S.1 9.7
15 112.7 44, 22 3.4 5.7
20 1111 41.5 = ol 1.76 4
95 112.7 37 = 0 1.8 2.8
30 112 34.1 0 1.83 2.3
40 112 30.7 o, 0 1.59 1.96
50 111.1 29 1.24 1.95
60 112 J 1.01 0

0
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Feed Solution pH Variable

Experimental conditions:

External phase 100 ppm. Cu. various pH condition
(adjust by HCI acid solution)

Membrane phase organic solvent (Kerosene) 86%
carrier (D2EHPA) 7%
surfactant (Span 80) 7%

Membrane preparation Homogenized at speed =8000 rpm. 10 min.

Internal phase 1 N HCl acid soluhon

Membrane phase : Internal phase
Emulsion phase : Feed solution
Agitation speed

TableB-19 Experimental data_of réfaining gopp

concentration at various«feed solutio

Time T T D
(min) | pH2.00 [ pH'3.00 ;;T’, 9 "VIE "ﬂh_\“\\. ﬁrq-.

0 100.9

1 99.2

2 98.6

3 97.28

5 91

7 86.6

10 TS

15 T1.2

20 60.8

25 42.2

30 35.1

40 29.71

50 2735

60 25.47

ﬂ‘lJEl’J‘VIEWIﬁWEI']ﬂ‘i
Qﬁﬂﬁﬂﬂ‘iﬁu AN Y
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Experimental conditions:
External phase

Membrane phase

100 ppm. Cu. at pH 3.00
(adjust by HCI acid solution)

organic solvent (Kerosene) 86%
carrier (D2EHPA) 7%
surfactant (Span 80) 7%

Membrane preparation Homogenized at speed =8000 rpm. 10 min.
Internal phase

Membrane phase : Internal phase
Emulsion phase : Feed solution

Agitation speed

Table B-20 Experimental dat
various emulsion p

1 N HCI acid solution

Time L

(min.) 1:1 1:2 5 1:19
0 105.87 | 106.77 | 10 10B. ; 102.9
1 63.34 | 70.31 ; 1 ' 94.1
2 46.32 | 43.7 24 ; : 85.3
3 37.76 | 24.42 | .9 5 74.3
5 25.58 | 9.28 § : 61.7
7 19.3 3.45 3 51, 33 52
10 9.5 3.11 7, .53 i 6 43.5
15 6.31 3.06 ’ 8.0 Zestr ¢ 35.2
20 3.58 2.92 . : : 5.4 32.5
25 3.41 1,57 7 2.04 7543 3.1 .7 31.4
30 3,55 1.23 0.8% 1 e .8 11.6 27
40 3.07 0 0 44,4, 9.4 26.4
50 0 0 0 = 8 22.6
60 0 0 0 L2 6.1 2.5

AMIAATUAMINYAE
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Acid Concentration of Intermal Phase Variable
Experimental conditions:

External phase

Membrane phase

Membrane preparation

100 ppm. Cu. at pH 3.00
(adjust by HCl acid solution)

organic solvent (Kerosene) 86%
carrier (D2EHPA) 7%
surfactant (Span 80) 7%

Homogenized at speed =8000 rpm. 10 min.

Internal phase HCI acid solution various acid concentration
Membrane phase : Internal phase
Emulsion phase : Feed solution

Agitation speed

Table B-21 Experimental dat ation
at various acid cone internal
Time n "
(min.) | 0.01 N[ 0.05N 1.
100.7 | 101.3 | 98 101.
84.08 86.4 a 8
2 82.11 76 1. -y
3 76.28 69.9 2
S5 78.7 58.3 1, L
7 71 52 41
10 76.5 47.3 4 51
15 76 46.2 34 53 v .
20 73.8 42.4 2 ) .9
25 77,1 45.1 2.1 0.8 9
30 73.8 44 21.3 2 . 17 8
40 72.7 45.7 24. e 5.5
50 71 45.1 25.3 = 4
60 70.02 43.5 24 [ ) 4.4

7
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Agitation Speed Variable

Experimental conditions:

External phase 100 ppm. Cu. at pH 3.00
(adjust by HCI acid solution)

Membrane phase organic solvent (Kerosene) 86%
carrier (D2EHPA) 7%
surfactant (Span 80) 7%

Membrane preparat Homogenized at speed =8000 rpm. 10 min.

Internal phase 1 N HCI acid solutien

Membrane phase : Internal phase
Emulsion phase : Feed solution
Agitation speed

Table B-22 Experimental da fremaini ppenconcentration

at various agitW | N

Time jon "

(min.) 200 rpm. | 300 rp 00 ‘ rpm.
0 102.8 10 F 5 X 01.7

99 4 4 s .44

2 96.9 93. . 7
3 94.2 ( . T
5 92 1 | U< .6
7 90.4 53¢ d 1 1.6
10 89.3 5] — 2.9
15 83.4 25.3 .96 QAT
20 84.5 18. 2.1 : 4.39
25 82.9 12.4 L. - 21 4.69
30 82.3 15 $id | 3) : 4.74
40 77.5 5.9 — 4 5.43
50 76.4 5.18 Q.9 L 8.6 .8 6.52
60 73.2 -3.83 1

g
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Feed Solution pH Variable

Experimental conditions:

External phase 100 ppm. Cu. various pH condition
(adjust by HC1 acid solution)

Membrane phase organic solvent (Kerosene) 83%
carrier (D2EHPA) 10%
surfactant (Span 80) 7%

Membrane preparation Homogenized at speed =8000 rpm. 10 min.

Internal phase 1N HCI acid solution

Membrane phase : Internal phase 50:5

Emulsion phase : Feed solution
Agitation speed

e —

Time Con
(min.) | pH 2.00 | pH 3.00

0 100.9 | 100.

1 101.2 50.3 g 5149

2 100 39, Z 9 -89

3 97.28 16.4 L )

5 88.5 12 4 6

7 81.26 11. i

10 69.7 4.58 3 3 :

15 59.4 2.27 10896 20464 8.3
20 49.94 3 off |4 »
25 41.8 1.9 .3

30 38.2 1.34 4. 43

40 34.5 1.25 ; 7

50 30.3 1.18 1.75 ~

60 26.7 1.55 2.07

i
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Emulsion Phase to Feed Solution RatioVariable

Experimental conditions:
External phase 100 ppm. Cu. at pH 3.00 (adjust by HCI acid solution)
Membrane phase organic solvent (Kerosene) 83%
carrier (D2EHPA) 10%
surfactant (Span 80) 7%
Membrane preparation Homogenized at speed =8000 rpm. 10 min.

Internal phase 1N HCI acid solution
Membrane phase : Internal phase :§
Emulsion phase : Feed solution
Agitation speed

Table B-24 Experimental datz
various emulsion ph

Time

(min.) | 1:1 1:2 S i
0 | 110.1 | 104.7 | 106.2.49108 JJ103..
1| 59.19 | 64.74 | 5400 | .28 4 A6 o8
2 42.65 | 39.67 B TATE
3 33.56 | 21.76

5 144 | 5.1

7 6 0.25

10 2.4 0

15 2.25 0

20 | 0.61 0

25 | 0.27 0

30 | 0.58 0

40 0 0

50 0 0

60 0 0

AULINENTNEINS
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Acid Concentration of Intermal Phase Variable
Experimental conditions:

External phase 100 ppm. Cu. at pH 3.00 (adjust by HCI acid solution)
Membrane phase organic solvent (Kerosene) 83%
carrier (D2EHPA) 10%
surfactant (Span 80) 7%
Membrane preparation Homogenized at speed =8000 rpm. 10 min.
Internal phase HCI acid solution various acid concentration

Membrane phase : Internal phase 50:50

Emulsion phase : Feed solution

Agitation speed

Table B-25 Experimental data
at various acid conce

Time 0 n (pp ~,

(min.) | 0.01N | 0.05N e 3.0N
0 111.63 | 110. 1 1 2 2.63
1 86.41 88.8 194 02.83
2 86.5 76 9. 1.81.85
3 81.8 68.8 F A ; 61.2
5 80 57.6 3 8. 0. \ 42.4
7 80 51 .6 130.6 [ A\ 4.7
10 77.1 47.1 1. 5 y 24.7
15 77.1 41.2 11,/ 0%=ys , 17.1
20 72.4 42.9 = I 4 \ 16.5
25 72.4 41.8 / 4 u 12.9
30 72 44 178 TEE | 11.2
40 75.3 42.4 ; 5= 3.19
50 72.9 44.7 17.6 — 2.33 2.48
60 72.9 41.8 18.84.40 =% 2.33 2.56

. o

9 0
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Agitation Speed Variable

Experimental conditions:

External phase 100 ppm. Cu. at pH 3.00
(adjust by HCI acid solution)

Membrane phase  organic solvent (Kerosene) 83%
carrier (D2EHPA) 10%
surfactant (Span 80) 7%

Membrane preparati Homogenized at speed =8000 rpm. 10 min.

Internal phase 1N HCI acid solution

Membrane phase : Internal phase 5
Emulsion phase : Feed solution
Agitation speed

TableB-26 Experimental d ing copp -

Time .

(min.) |200 rpm.] 300 rpM. | 4 . .
0 112]  120¢ 3]
1 110 1 S
2 107.8 109. il
3 105 6, 4
5 104.3 4 86|
V4 102:1 S7.9 2.9
10 96 35 SP3| i ik
15 90.7 25.82 ; i i
20 87.1 18.2 5 ; . 4.39
25 87.1 14.4 1. J - 2.9 4.69
30 80.7 12.3 Bl 8
40 78.6 7.58] © =Sl 8 10
50 736 5.18 0 - 4 10.7
60 72 3.83 =2 12.9

9
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TableB-27 Initial rate of copper extraction by emulsion liquid
membrane at various condition

Carrier |ppm./min.| Feed pH |[ppm./min.| Surfactant | ppm./min.
0% 0.3676 2.02 2.6046 0% 6.192
2% 7.9819 3.06 15.988 1% 83753
3% 8.2493 4 | .893 3% 13.995
5% 13.882 3 5% 19.258
7% 16.288 i 7% 12.076
10% 19.25 g el 10% 10.401
15% 19.76 uniF 15% 9.7066
20% 16.018 TR

Ratio E/F | ppm./min cl Speed |ppm./min.
Ie1 15.9 - 00 rpm 1.6676
1:2 19.20 300 rpm 7.763
1:3 19. o N7 0 rpm 12.589
1:4 18.10 N 500 rpm | 17.054
1% 18.5 1 N~ 00 rpm | 19.953
1:9 19.258 ba TE £ 700 rpm 21.241
1:14 1.3.882 ™. = 4
1:19 8.2493 sttt ol

7 7
Table B-28 Copper extracteéf 1n( ea ugive
stag ¥s] ulsion
liquid4nembrane a
I ' |
Step Emul'll Emull | Sol. Ext.
2 wE izl
3 q1 100 60
4 99 77¢ 156 /
— ST A ¢
q
7 94 38
8 95 30
9 91.9 16
10 90 12
11 87 3.6
12 86 0
13 83.5
14 81.6
15 80
16 7o
17 70
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Table B-29 Remaining Copper which study in the effect of reactor.
(batch reactor.)

pH [Cli/[C]o
"10 ppm. | 50 ppm. | 100 ppm. | 500 ppm. | 1000 ppm.
pH 2 1.00 0.99 1.00 0.97 0.99
pH 3 0.99 0.98 .99 0.96 0.99
pH 4 0.97 1.0 ‘. 1.00 0.97
pH S 0.99 1 0.99 0.96
pH 6 0.98 .97 ! 0.98 | 0.97
Table B-30 Rem/ ndyin the effect of reactor.
(two comp el
2 A
pH : 1
10 ppm. b |t : pm. | 1000 ppm.
pH 2 0.97 . X 00 .99 1.00
pH3 0.98 T ' 97 0.95
pH 4 0.96 9 N2 ER 7 0.91 0.97
pH 5 1.00 LYZ —=—— 0.95 0.98
pH 6 0.97 1.08=E 0.98 0.99
7R

] g
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EXTRACTION EQUILIBRIU

APPENDIX C

9

Table C-1 Extracion coefficient calculation data on pH variabJ‘ c

pH pHeq [H+] -Log [H+] [Cu2+] [Cu2+] u
2.0 1.92 0.012023 1,92 66.61 1.048217
3.0 1.99 0.010233 1.99 58.23 0.916344 ). 7
4.0 2.13 0.007413 2:18 49.71 0.78231 9 Al
S.0 2.26 0.005495 2:26 35.20 0.5539294 [#1.0197
6.0 2.28 0.005248 2.28 22.58 0.355333 1.08367. |+
- |
Ji",r‘;f{'?h"
Table C-2 Extracion coefficient calculation data on pH variable at 7% cggri€r conc
pH pHeq [H+] -Log [H+] [Cu2+] [Cu2+] [CuR2(HR)2} lhads ) (D)
2.0 1.90 0.012589 1.90 78.22 1.2309
3.0 1.97 0.010715 1.97 71,90 1,125
4.0 2.08 0.008318 2.08 64.02 1.0074
5.0 2.21 0.006166 2.21 49.44 0.7780
6.0 2.32 0.004786 232 34.43 0.5418122 | 1.03

oM,
R)2]i [(HR)2]eq Kex
0.155 0.15395 0.00306
424 .155 0.15369 0.00318
.155 0.15342 0.00236
0.155 0.15296 0.00238
0.155 0.15256 0.00406
n'(0.2170 M.)
D+ [(HR)2]i [(HR)2]eq Kex
085 0.10604 0.00393
= 85 0.10625 0.00405
. 1085 0.10649 0.00343
.1085 0.10694 0.00340
97 .1085 0.10742 0.00378

AUEINENINGINg
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Table C-3 Extracion coefficient calculation data on carrier variable at ex ", = 3.0
~—

Carrier [HR)2]i Equi pH [H+]eq [Cu2+leq | [Cu2+]eq |[CuR s D+ ” [(HR)2]eq [Log [(HR)2]eq Log D+[H+] Kex
1% 0.0310 1.98 [0.010471| 92.69 1.4586 0.0Z89 0.0308 | -1.5119 | -5.0630 | 1.44E-04
3% 0.0930 1.99 [0.010233] 68.13 1.0721 4678 0.0920 | -1.0362 | -4.3099 [ 9.11E-05
5% 0,1550 1.97 |0.010715| 40.98 0.6449 . 4| 0.1531 | -0.8149 | -3.7816 | 1.11E-04
7% 0.2170 1.92 [0.012023| 30.88 0.4859 4 2148 | -0.6679 | -3.4901 | 1.10E-04
10% 0.3100 1.89 [0.012882| 16.32 0.2568 (12 L S1E- 0.3074 | -0.5123 | -3.0701 | 1.42E-04
15% 0.4650 1.86 |0.013804| 5.94 0.0935 1. 5.8354 . 88.02 4620 | -0.3353 | -2.5204 | 2.22E-04

Table C-4 Extracion coefficient calculation data on carrier variablé a ﬁhaltfeﬂ =
S \

Carrier [HR)2]i | EquipH [H+Jeq [Cu2+leq | [Cu2+]eq [[CuR2(HR)2 i+ v +H+] | [(HR)2]eq Log [(HR)2]ed Log D+[H+] Kex
1% 0.0310 2.31 [0.004898 | 92.69 1.4586 1491 | 40 1.89E:06|] 0.0308 | -1.5119 | -5.7230 | 3.15E-05
3% 0.0930 2.26 |0.005495| 68.13 1.0721 | 0.5016 -£5- 4 1B 0.0920 | -1.0362 | -4.8499 | 2.63E-05
5% 0.1550 2.27 0.00537 | 40.98 0.6449 | 06288131440 E- 0.1531 | -0.8149 | -4.3816 | 2.79E-05
7% 0.2170 2.25 [0.005623| 30.88 0.4859 1.0878—=2-238¢ E-05| 0.2148 | -0.6679 | -4.1501 | 2.41E-05
10% 0.3100 2.23 [0.005888| 16.32 0.2568 | 131651 £5.1276% 0.3074 | -0.5123 [ -3.7501 | 2.96E-05
15% 0.4650 2.20 0.00631 5.94 0.0985) [ 1.4802 | 15.835¢ 20 | -0.3353 | -3.2004 | 4.65E-05

7
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