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ABSTRACT : In the treatment of the wastewater containing metals{Cu2+, Zn2+, Ni2+, Cx3+) by using
batch precipitation and flocculation followed by  membrane filtration, permeate flux and removal efficiency
were investigated according to by the effect of pH and coagulants, and the type of membranes used and
pore size. ‘

It was found that it is most effective to use 0.45pmpolysulfone membrane and coagulant{PAC) at the
conditions of the pH of 100~105 for the case of copper containing wastewater, 0.1ym-PVDF membrane
and coagulant(PAC) at the conditions of the pH of 10.0~10.5 for the case of zinc containing wastewater,
0.1pn-PVDF membrane and coagulants at the conditions of the pH of 11.0~115 for the case of nickel
containing wastewater, 0.2pzm membranes and coagulants at the conditions of the pH of 80~85 for the
case of chromic containing wastewater, and 0.2pm~0.45¢ym membrane and coagulants at the conditions of
the pH of 11.0~11.5 for the case of mixture wastewater. The permeate flux could higher as to be used
coagulants except for the case of copper containing wastewater.
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Table 1. Characteristic of MF membrane

£ d9dA 288 MFER2 20| Polysulfone

! Polyvinylidene difluoride(PVDF)o|l Hl327|= 2}

zZ+ 01, 0.2, 045 0.8;mst 01, 02, 045, 0.65mo|ch.
Module(Minitan-S, Millipore)all A-§-€ =2te} F2pa
Fe 30 am’, W& 29 FAE 048 mmojtth. ol&
Hete] Bagd Yrke 2EFE olgiged, F
o1 A% FHsoA MFete] £4%37%( 065

Pore Permeate flux of pure water Manufacture Operating
Membrane . 3, 2 :
size(gam) {m’/m” - day - psi) comparny pH range
0.1 63~84
Polysutfone 0.2 37.7~393 Gelman science 1<pH<14
(Hydrophilic)
0.45 498~68.8
01 51~59
PVDF. . 0.2 139~144 Millipore 2<pH<14
(Hydrophilic)
045 58.29~82.56
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1. Feed tank 2. Water bath 3. pH meter 4. Mixer 5. Mixer controller

6. Circulating pump 7. Peristaltic pump 8. Flow mwter 9. Inlet pressure gauge
10. Outlet pressure gauge 11. MF module 12. Corcentrate valve

13. Three way valve 14. Mass cylinder 15. Coagulant(Alum, PAC)

Fig, 1. Schematic diagram of the batch MF pilot unit
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Table 2. Experimental conditions.

Contents Batch type
Heavy Metals Cu”, Zn”, Ni¥’, &
Temperature{C) 25*05
PVDF, hydrophilic:
Membrane type 0.1, 02, 045, 0.65
and Pore size | PVDF, hydrophobic: 0.2, 0.45
(zm) Polysulfone, hydrophilic:
0.1, 0.2, 045, 0.8
Concentrations Single : 100
(mg/ £) Mixture : 50 as ion respectively
Coagulants Alum, PAC
Transmembrane
Pressure(psi) L

Cu“ : 7.0~75, 8.0~8.5,
9.0~9.5, 10.0~10.5,

11.0~115
Zn®" : 9.0~95, 100~105,
11.0~115
Ni* : 10.0~105, 11.0~11.5,
pH Range 120~125
cr? : 6.0~65, 7.0~75,
80~8.5, 9.0~9.5,
10.0~105

Mixture : 8.0-8.5, 9.0-9.5,
10.0-10.5, 11.0-11.5,
12.0-12.5

Alum : 30 for Mixture
40 for Cu, Zn, Ni

Optimum dosage

80 for Cr
of coag ' ts PAC : 30 for Cu, Mixture
(me/ £) 40 for Zn, Ni
80 for Cr

() F718-3 A 23 CFMF

2t 9% 2 EgH S A Jar-Testers] <3
A ZAAE Alumy PACY #& FPUYL n2ishy
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Table 3. Condition of optimum operating pressure & time in CFMF.
—T I — ~1E61y's_i', — e
Pressure
Cu2+ 100
Time 25 35 35 20 30 30 30
Pressure 17 4 4 4 14 12 4 25
Zn2+ 100
Time 45 45 60 60 35 55 55 955
Pressure 13 85 8.5 85 15 9 55 55
Ni2+ 100
Time 15 30 30 30 25 20 20 20
' Pressure 4 25 25 75 25 25
Cr3+ 100
Time 15 15 15 15 15 15
Pressure 9 4 25 115 7 25
Mix 200
Time 30 30 30 20 20 20
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QU 100 mg/L, 0.1 ;m{polysulfane), 7 psi, 15 min
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Fig. 3. Observed rejection of Cu® 100 mg/ ¢ and
permeate flux variation according to pH
and the type of coagulant using 0.1 um
polysulfone membrane.
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Fig. 4. Observed rejection of Cu”* 100 mg/ ¢ and
permeate flux variation according to pH
and the type of coagulant using 0.1 m
PVDF membrane.

a8 gA g pH7l $7H85E FAR5e o
&l Aol Utk | F o 2E pH 9.0~105
dre= 232 S$HAE FoEA de Aso £
fr&ol A vebged o d9dL2 FFs ¢ F=
geut FHFAIE JA 270 BAFE AL
2 pogy. d33es $HPAS ST E99 ¢
A #A7E BEHez 752~775molRert &3[A
S AV ks el daravIe PPHLE
14.08m= A & P= & ez elgty] dEo]
ok 2y A "7tz Qs AAEL F3d A
o2 Vepdd. odzn AF Z717F e 99 A
JME FTL3 W& VEh



ik 157

Qu® 100 gL, 0.2 nfpolysulfone}, 2.5 psi, 20 min
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Fig. 5. Observed rejection of Cu® 100 mg/ ¢ and
permeate flux variation according to pH

and the type of coagulant using 0.2 m
polysulfone membrane.

27 100 mg/L, 0.2 mpolysulfane), 4 psi, 45 min
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Fig. 6. Observed rejection of Zn™ 100 mg/ £ and
permeate flux variation according to pH
and the type of coagulant using 0.2 /m
polysulfone membrane.
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Fig. 7. Observed rejection of Ni* 100 mg/ ¢ and
permeate flux variation according to pH
and the type of coagulant using 02 m
polysulfone membrane.
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Fig. 8. Observed rejection of Cr** 100 mg/ ¢ and
permeate flux variation according to pH

and the type of coagulant using 0.2 m
polysulfone membrane.
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Fig. 9. Observed rejection and permeate flux
variation according to pH using 0.2 mm
PVDF membrane and PAC of mixture
200 mg/ 2.
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Fig. 10. Variation of observed rejection according

type of coagulant using 0.2 ym Polysulfone
membrane at pH 11.0-115 of mixture 200

mg/ 4.
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Table 4. Metal ions concentration of permeate solution.

L cae/8) | Zemg/ by

7~75 » 0 0.53 0345
8~85 0.057 | 0.033 | 0.024 0.027 0 0
9-~-9.5 0.014 | 0.016 | 0.013 | 1.972 | 0.193 | 1.006 0 0.109 0
10~10.5 | 0.007 | 0.006 | 0.004 | 0187 | 0.036 | 0.097 | 0.012 | 0.195 | 0.005

11~115 | 0.019 | 0.008 | 0.012 | 0528 | 0.815 | 0.153 | 0.008 | 0.007 | 0.005

12~12.5 0.008 | 0.01 | 0.006

* Bulk concentration of Cu”’, Zn®, Ni2" and Cr’ are 90.9~975, 1058~129.7, 84.3~1063 and 953~111.9
mg/ £ respectively, and membranes used 0.1 i polysulfone for Cu™ and used 0.2 /m polysulfone for

Zn?* Ni¥* and Cr*,
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Fig. 11. Effect of the type of coagulant on
observed rejection and permeate flux
with running time of Cu* 100 mg/ £ at
0.1 gm polysulfone membrane,
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Zn®* 100 mg/L, 0.1 mm{polysulione), 17 psi, pH 10.0-10.5
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Fig. 12. Effect of the type of coagulant on
observed rejecion and permeate flux
with running time of Zn®" 100 mg/ ¢ at
0.1 m polysulfone membrane.
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Fig. 13. Effect of the type of coagulant on
observed rejection and permeate flux
with running time of Ni*” 100 mg/ ¢ at
0.1 tm polysulfone membrane.
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™ 100 mg/L, 0.1 /mipolysulfone), 4 psi, pH 7.0-7.5
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Fig. 14. Effect of the type of coagulant on
observed rejecion and permeate flux
with running time of Cr** 100 mg/ ¢ at
0.1 m polysulfone membrane.
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Fig. 15. Effect of the type of coagulant on
permeate flux with running time of
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'Fig. 20. Observed rejection according to the type

of membrane and pore size difference of
Cr* 100 mg/ €.
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