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The separation of mercury (II) and arsenie (I1I) ions from the chloride media has been
examined through a hollow-fiber-supported liquid membrane using tri-n-octylamine (TOA)
dissolved in toluene as an extractant. The fransport system was studied as a function of several
variables: the concentration of hydrochloric acid in feed solution, the concentration of TOA in
the liquid membrane, the concentration of sodium hydroxide in the recovery solution. It was
found that only mercury (II) ions were extracted because mercury (II) ions in the hydrochloric
solution formed the anionic complex ions (Hgle') and TOA, a basic extractant, reacted with the
anionic metal complex ions. Arsenic (III) ions were not extracted because they were in the
neutral form. The maximum percentage of recovery for mercury (II) was 95% and the selectivity

was 100%.
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2.1.2.3 wouruiaringadiedulonaiy (Hollow Fiber Supported Liquid
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9y Yy 9 a 1 [ o [
M54 N.1 mauﬂawamimamﬁﬂym’;mmmumﬂ"laiﬂmaaiﬂiuﬁ15a$a1ﬂﬂaummiﬁﬂmgazmﬂau

[He]" (ppm) [As]” (ppm)
Conc. HC1 (M) asazaetlou A1502a1 asavaneilou Msazany

Y1 Y1001 WInay RIS V100N WInay
0.05 20.14 2.41 13.31 19.67 19.66 <0.05
0.1 20.28 1.54 15.15 20.33 20.29 <0.05
0.2 19.77 0.98 15.52 20.21 2021 <0.05
0.4 20.08 4.05 12.09 20.15 20.13 <0.05
0.6 19.81 6.01 9.74 19.54 19.53 <0.05
0.8 19.92 6.99 7.79 20.23 20.21 <0.05

Aznaaod: [He 1= [As’ ].= 20 ppm, [TOA],= 1.% v/v, [NaOH] = 0.1 M 118 Q,=Q.= 100 /adaniAnou1i
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9y Y @ ) [ Yy 9 a ' @ o [
M99 N.2 GU'[;J?J“@TEJﬂagﬂ’]iﬁﬂﬂllagﬂ'lTL!'lﬂaUvl,'f)'EJ'E]UIaﬂgeﬂﬂﬂﬂTiﬁﬂHTﬂﬂTN!ﬂlusﬂuﬂﬁ@llaiﬂ5ﬂaﬂiﬂ1ua’]iﬁ3ﬁ’lﬂﬂ@uﬁ@ﬂ’liﬁﬂﬂllagu'lﬂall

looou He looou As
Conc. HCI (M)
$osazmsana Fovarmirngy $ogazmsana $osarmsringy
0.05 88.03 66.09 0.05 <0.25
0.1 92.41 74.70 0.20 <0.24
0.2 95.04 78.50 0 <0.24
0.4 79.83 60.21 0.10 <0.24
0.6 69.66 49.17 0.05 <0.25
0.8 64.91 39.11 0.10 <0.24

AzNAaed: [He 1=[As" 1= 20 ppm, [TOA],= 1 % v/v, [NaOH]= 0.1 M tag Q,=Q,= 100 Jaaansnau1i
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M504 1.3 GU'fJiJ“ﬁWaﬂ’lﬁ‘ﬂ@aﬂﬂﬁﬂ'ﬂ']ﬂ'ﬂiJlfUiJ"llule@\‘lﬁ'liaﬂﬂ TOA @aN1TdNALASHUINAL

[He] (ppm) [As]” (ppm)
Conc. TOA (% v/v) d1sazaivilou A1302a10 drsazaeilou asavay

Y 100N WAy SRR 100N WAy

0.5 19.67 4.38 12.29 20.08 20.06 <0.05

1 19.77 0.98 15.52 20.21 20.21 <0.05

2 19.66 0.54 16.48 19.78 19.77 <0.05

3 20.01 0.62 16.66 19.85 19.85 <0.05

4 20.05 0.61 16.53 19.89 19.86 <0.05

5 19.83 0.58 16.35 20.11 20.11 <0.05

Aznaaod: [He 1= [As’ ].= 20 ppm, [HCI].= 0.2 M, [NaOH]= 0.1 M 118 Q=Q,= 100 Nadansaaui
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1519 N4 mﬂuﬁﬁi@ﬂagﬂ’]iﬁﬂﬂllagﬂ'ITL!'lﬂa'IJvl,'f)'f)'ﬁ]uIaﬂ3GU'E'J\1ﬂ’liﬁﬂﬂ’lﬂﬂ’lﬂﬁlumumflﬂﬁ’liﬁﬂﬂ TOA aonIsanaLlazUINaLl

Conc. TOA loau He looou As
(% vIv) $osazmsana $ovarmirngy $agazmsana $osarmsingy
0.5 77.73 62.48 0.09 <0.24
1 95.04 78.50 0 <0.24
2 97.25 83.83 0.05 <0.25
3 96.90 83.26 0 <025
4 96.95 82.44 0.15 <025
5 97.07 82.45 0 <0.24

AzNAaed: [He 1=[As" 1= 20 ppm, [HCI],= 0.2 M, [NaOH]= 0.1 M 1i8% Q,=Q.= 100 Hadansaou1i
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[He] (ppm) [As]” (ppm)
Conc. NaOH (M) d1sazaivilou 1302010 drsazaeilou aavay

Y11 Y1001 WInaY SRR V100N Wnay
0.05 20.09 0.98 16.23 20.28 20.24 <0.05
0.1 19.66 0.54 16.48 19.78 19.77 <0.05
0.2 20.11 0.24 17.81 20.09 20.07 <0.05
04 20.32 <0.03 19.3 18.89 18.89 <0.05
0.6 20.25 <0.03 19.21 19.67 19.66 <0.05
0.8 20.28 <0.03 19.27 19.84 19.81 <0.05

ANzANAaod: [He 1= [As’ 1= 20 ppm, [HCI],= 0.2 M, [TOA], = 2 % v/v 1182 Q=Q.= 100 NadansaouIn
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M504 N.6 GU'EHJ“'@TEJﬂagﬂ’]iﬁﬂﬂllagﬂ15u'lﬂaUvl'f)'f)'ﬁ]uIaWZGU'fNﬂ’liﬁﬂﬂ’lﬂﬂ’lﬂHllﬂlum'f]ﬂﬁTiaga'lﬂu'lﬂ'ﬁlliclﬂaﬂﬂhlaﬂﬁ'ﬂﬂhlclfﬂ@'ﬁ]ﬂ'liﬁﬂﬂllazu'lﬂﬁﬂ

Conc. NaOH lovau He looou As
(M) $osazmsana $ovarmirngy fogazmsana $osarmsringy
0.05 95.12 80.79 0.19 <0.24
0.1 97.25 83.83 0.05 <0.25
0.2 98.81 88.56 0.10 <0.24
0.4 >99.85 94.98 0 <0.25
0.6 >99.85 94.86 0.05 <0.25
0.8 > 99,85 95.02 0.15 <0.25

AZNAaed: [He 1.=[As" 1= 20 ppm, [HCI],= 0.2 M, [TOA],=2 % v/v L8z Q,=Q= 100 Jadansaouin
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M1319 .7 ﬁuau‘.awamimamﬁﬂym’;mmmmﬁum’miﬂaummiﬁﬂmmzumau

[He]" (ppm) [As]” (ppm)
Conc. Hg/As (ppm) d1sazaivilou 1502018 drsazaeilou a5z

Y1 Y1007 WInay YN V100N WAy
1 1.18 <0.03 1.12 1.23 1.23 <0.05
10 9.82 <0.03 9.32 9.78 9.76 <0.05
20 20.32 <0.03 19.3 18.89 18.89 <0.05
30 29.77 <0.03 28.38 29.82 29.82 <0.05
40 39.78 <0.03 37.96 38.78 38.74 <0.05
50 50.14 <0.03 47.77 49.54 49.52 <0.05

AMILNNAA0: [HCI],= 0.2 M, [TOA],=2 % v/v, [NaOH] = 0.4 M 118 Q,=Q = 100 HaaanAonIN
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M9 N.8 GU'[;J?J“@TEJﬂagﬂ’]iﬁﬂﬂllagﬂ1§u'lﬂaUVI,’E'J'EJ'E]‘LlIaW3GU'f]\3ﬂ’liﬁﬂﬂ’lﬂﬂ’lﬂﬁlu‘“u‘ﬂﬂﬂﬁ’liﬂ@uﬁ@ﬂ’liaﬂﬂllagu'lﬂaﬂ

Conc. Hg/As looou Hg looou As
(ppm) $osazmsana $o8aznNI1HINaY Sosazmsana $osarmyringy

1 >97.46 94.92 0 <4.06

10 >99.69 9491 0.20 <0.51

20 >99.85 94.98 0 <0.26

30 >99.90 95.33 0 <0.16
40 >99.92 95.42 0.10 <0.12

50 > 99,94 95.27 0.04 <0.10

AMILNNAA: [HCI],= 0.2 M, [TOA],=2 % v/v, [NaOH] = 0.4 M 18 Q;=Q.= 100 HaaansAouIN
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1519 N.9 %ﬂuﬂﬁﬂ’dﬂﬁ‘ﬂ@ﬁﬂﬂﬁﬂ‘ﬂTfﬂ‘c’;ﬂﬁcl“]NTL!GU’E'NLﬁ@&quma’maﬂﬁﬁ'ﬂmmgu'lﬂﬁﬂ

[Hel” (ppm) [As]” (ppm)
Time (min) msazaneeu 1582019 msazaneilou fsavay

VI 1001 Wnay CRIRTR 100N Ny
30 20.14 0.08 19.02 19.67 19.66 <0.05
60 19.78 <0.03 18.81 19.85 19.85 <0.05
90 19.78 <0.03 18.77 19.85 19.84 <0.05
120 19.88 0.05 18.69 20.03 20.02 <0.05
150 19.88 0.24 18.22 20.03 20.01 <0.05
180 19.54 0.99 17.39 20.11 20.01 0.05
210 19.54 1.14 16.69 20.11 19.95 0.09
240 20.21 1.71 15.96 19.94 19.53 0.28
270 20.21 1.98 15.45 19.94 19.3 0.41

Aznaaod: [He 1= [As’ 1= 20 ppm, [HCI],= 0.2 M, [TOA],;= 2 % v/v, [NaOH] = 0.4 M iaz Q,=Q .= 100 JaaanssouIn

65



9 Y [ 0 Y Y 4 ' 1 [ o [
M504 1.10 ellfliJ”aﬁE]ﬂagﬂ’liaﬂﬂllagﬂ15u’lﬂflUul'f]E]'E]uIﬁWZmﬂﬂﬂWiﬁﬂB1@1Qﬂ1§1%Q1umﬂﬂ!ﬁ@llwulﬁﬁjﬁ'f]ﬂ’liﬁﬂﬂllﬁgu'lﬂaﬂ

looaw He looou As
Time (min)
fosazmsana | Jesazmsthnau | Sesavmsana | Sesazmsvhingu
30 99.60 94.43 0.05 <0.25
60 >99.85 95.09 0 <0.25
90 >99.85 94.89 0.05 <0.25
120 99.75 94.01 0.05 <0.24
150 98.79 91.65 0.2 <0.24
180 94.93 88.99 0.49 0.24
210 94.16 85.41 0.79 0.44
240 91.53 78.97 2.05 1.40
270 90.20 7644 321 2.06

AzAnaaed: [He 1= [As’],= 20 ppm, [HCI],= 0.2 M, [TOA],= 1 % v/v, [NaOH] = 0.4 M itaz Q,=Q.= 100 HaaanssouIn
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9.3 Wdna (Flux, J)
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M98 19INIA LI

A.1 ALLNINMIMMIMSosazMIana

NNMANUIN N. A1319 1.1 NTannaNuTuiunia lalasnasInvosasazareilou

1101 0.2 Tyaneans

anuvutuveslessutlsenluaisazaretlouvudn 19.77 ppm

AnuvuYuves looautsenluaisazaneilonuionn 0.98 ppm

Sosazmisann . 19-77-0.98 %100
19.77

—95.04 (IR N.2)
7.2 AILNINMSMMIMI osazMstinay

NNANUIN N. AT N 0.1 ﬁm’iﬂnﬁﬂ’)ﬂﬂ%ﬁﬁlslluﬂiﬂulaiﬂiﬂﬁ@?ﬂﬂlﬂ\‘iﬁﬁaZﬁWﬂﬂ’l’)u

91191 0.2 Tyaneans

anuuYuved leeeutlsonlumsazanstlouvidn 19.77 ppm
o v 4

anututuves leosutlsenlumsaraeindulyaey laason lyavutn 0 ppm
Yy 9 o [ = 4

anutuved leeaudsenlusnsazaeinaulxdaey leasen ledviesn 15.52 ppm

Zogazmsthngy - 2020 %100

19.77

—78.50 (A5 9 N.2)
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myazaeilowniny 0.2 Tuadeans

anututuves loeautsenluasazanetlouvudn 19.77  ppm

anuuyuvesloosutlsenlumsazaretlounesn 0.98  ppm

Y

miin Tuanavesisen 20059 niugielua
Yy 9 Y

anunduvesleoaudisny luaisazarotouyudn 2021  ppm

anunduvedleseuasny ludisazaetloueon 2021  ppm

Y

vtin Tuanavedasny 7492 n3ndelua

YTesvesasazangilouvieen 5 aas

dy d‘a d‘d a A 9

wunAATUsEanimwues Iugardulonads 14 @1519893
Aq Y o A ~

na s lumsduiunsnaaes 50 W

o U Y2 d
1) Mmsmammylanas

dmsudson
_(1977-098)x10° 5
200.59 (2.4)(50)
=6.69x10°° (Fa57197 4.1)
GRIEA LRI

(20.21-20.21)%107° . 5
74.92 (1.4)(50)

=0 (A9A13199 4.1)
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5)  1Flumsinsziaiulsznouvessig luaisi lins1uaA1 (Unknown Materials)

Y { o o a o 4
M99 4.1 l!ﬁﬂ\iﬂ1ﬁﬂgﬂ]u1ﬂlﬁlﬁﬂ1$ﬁ1]ﬁ']ﬂﬁUﬂqﬁjlﬂﬁqzﬁiﬁﬁgﬁljﬂm?@\i ICP Spectrometer

(Thompson and Walsh, 1989)

Element Wavelength Element Wavelength
(nm) (nm)
Al 394.400 Mo 281.620
Al 308.215 Na 589.590
As 193.760 Nb 319.500
B 249.680 Ni 341.480
Bi 223.060 Ni 231.600
Ca 315.890 P 178.290
Ca 393.370 Pb 220.350
Co 228.620 S 180.731
Co 237.862 Si 288.160
Cr 267.720 Sn 189.990
Cu 324.750 Sn 326.230
Fe 259.940 ST 407.770
Fe 302.060 Ta 240.060
Ge 303.910 Ti 337.280
Hg 194.227 A% 311.070
Mg 280.270 w 239.710
Mg 383.230 Zn 202.550

Mn 293.310 Zr 349.620
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