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Abstract

Rejection characteristics of heavy metals by nanofiitration membranes were investigated. Nanofiitration
membranes rejected heavy metals much better than chloride, sulfate and TOC, of which concentration in
synthetic wastewater was higher than that of heavy metals. To consider rejection characteristics of various
metals by nanofiltration membranes, separation coefficient, which is the ratio of the metal permeation rate
to the chloride ion or TOC permeation rate, was introduced. In spite of different materials and different
nominal salt rejection of nanofiltration membrane used, the separation coefficients of metals were nearly
the same. In particular, the separation coefficient of arsenic against chloride ion and TOC was larger than
any other separation coefficient of heavy metals. These phenomena were observed in the relationship
between the molar conductivity and the separation coefficient for heavy metals.
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1: Feed solution, 2: Permeate solution, 3: Test cell(C10T), 4:
Pump, 5: Pressure regulating valve, 6: Pressure gauge, 7: Flow
meter

Fig. 1. Schematic diagram of cross flow nanofiltration experimental
set-up.

Table 1. Operational conditions of the nanofiltration experiment

Nanofiltration membrane NTR7250 NTR7410 ES10
Pressure (MPa) 0.24

Circulating Flow (L/min) 1.80

Flux (m*m?day) 0.18 1.34 0.12
Temperature(°C) 25
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Table 2. Components of synthetic wastewater used in nanofitration

Table 3. Rejection of heavy metals, chioride, sulfate and total
organic compounds by nanofiftration membranes

experiments
Components of synthetic wastewater Concentration

Ccr 30 mg/L
S0 1.5 mgl
Na* 21 mgl
Mg?* 14 mg/L.
Ca? 27 mg/L
K 7.5 mg/L
TOC 3.5mglL

pH 7-8

Heavy metals

(Cr, Fe, Cu, Zn, As, Sn, Pb) 0.1 mg/L
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2E 2EEFE ICP/MS(SEd g Set=upa g
47432, HP4500) o <Jsix FHgct 874 A&
9 9AENe] sy B BX| & o] &3t HEF
A7, Cr(m/z=53)& F9 QA7) oo glom
2, 7C1%0 59 AtstEe Jgg wE sbso] ¥
I B vl d@dE As(m/z=75)o d§,
ArCl{m/2=40+35)0] W&z, diolee F3
< FAole FEEREH I Cudl daiMe
SCuoll B PNa*Are] a7t QAU &
o, ®Cug A FHct ¢ zds Fo FEE] ¥
T 77 0.45ume] AF 2 2ol H o] ETte] o ofof
A EH ot

232 94 o], B o] € TOCe ¥4

P20l (CI) ¥ FAte] &(SO) L 0| &AZME
22+9 (IC-7000, Yokogawa)ol €& &%+,
TOC(Total Organic Carbon)y A {782 A
(TOC5000, Shimadzu)oll o]sjA 24 g},

495

Rejection of solutes by NF membranes

NTR7250 NTR7410 ES10

Cr 925% 69.9 % 98.1%
Fe 90.9 % 81.8% 92.4.%
Cu 93.1 % 87.0% 94.6 %
Zn 92.6 % 73.3% 94.9%
As 74.6 % 15.2 % 87.0%
Sn 97.3% 80.1 % 99.0 %
Pb 934 % 87.7% 98.8 %
cr 128% 35% 95.1 %
502 78.0% 9.3% 99.9%
TOC 70.4 % 262 % N7 %
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Fig. 2. Comparison of separation coe fficients of heavy metals for
chloride ion in the case of ES10, NTR7250 and NTR7410.
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Fig. 3. Comparison of separation coefficients of heavy metals for

sulfate ion in the case of ES10, NTR7250 and NTR7410.
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Table 4. Molar conductances of various metal ions at infinite
dilution in water {(Hanoi, 1978)

Type of ions Molar conductance
A * 10* (Sm?/mol, 25°C)
12 CrO# 85
1/3 Fe* 68.4
1/2 Cu?* 53.6
1/2 Zn?* 543
H2AsO, M
1/2 PR 69.5
Ci- 76.3
3 -
25 } A0
2 3
T} Fe O,
14 @)
Zn Cr
05 f . . , ,Pb o ‘ O__.
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M

Fig. 4. Separation coefficient o; and molar conductance rate A,/A, of
heavy metal ions to chloride ion on the rejectrion of heavy
metals by nanofiltration memebmae ES10.
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Flg. 5. Separation coefficient o; and molar conductance rate A/A, of
heavy metal ions to chioride ion on the rejection of heavy
metals by nanofiltration memebrnae NTR7250.
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Fig. 6. Separation coefficient ¢ and molar conductance rate A/A, of
heavy metal ions to chloride ion on the rejection of heavy
metals by nanofittration memebmae NTR7410.
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Table 5. Chemical characteristics of arsenic compounds

Arsenic compounds lonization step Equilibium constant, pKa Molecular weight

H,AsO, 1 9.1 Arsenite[As( Ili )): 126
2 121
3 134

HiAsO, 1 219 Arsenate[As(V)]: 142
2 6.94
3 11.50
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