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Membrane Filtration for Drinking Water
Experiment for Kobe City Water Works
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The Kobe City Water Works constructed an experimental plant for membrane filtration and
has been operating the plant since April 1993 to realize unmanned automatic at small-scale
water purification plants. Four kinds of ultrafiltration and two kinds of microfiltration
processes were tested for respective characteristics including treatability at this plant. All these
membrane filters proved the feasibility of almost 1009% removal of suspended solid and

long-term safety through autmatic control.
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This paper describes the details of the test.
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Fig. 1 Schematic flow diagram.
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Table 1 Membrane specifications

UF-1 MF—1 MF —2
Type of membrane Ultrafiltration (UF) | Microfiltration (MF) | Microfiltration (MF)
Material Organic Organic Inorganic
cellulose diacetate polypropylene ceramic
Molecular weight cutoff 150 000 -

Pore size

0.2¢m

Internal pressure type
Type of module proessure yp

External pressure type

Hollow fiber type

Hollow fiber membrane

Rotating flat-sheet membrane

Total membrane surface area 5nf 2of 1.17nf
UF-2
Type of membrane Ultrafiltration (UF)
. Organic Organic Organic
Material polyethersulfone polyacrylonitrile cellulose triacetate
Molecular weight cutoff 10 000 13 000 150 000

Internal pressure type
Type of module P P

External pressure type

Internal pressure type

Hollow fiber type

Hollow fiber type

Hollow fiber type

Total membrane surface area 5nf

5 of 5 of
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Photo.1 Ultrafiltration equipment
(UF—1, 2) (hollow fiber
membrane).
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HR GRARKGREHE) &L, UF-1%, UF—2%

Photo.2 Microfiltration equipment
(MF—1) (hollow fiber
membrane).

Photo.1 Microfiltration equipment
(MF —2) (rotating flat-
sheet membrane).
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27 58T E#K120sec B, MF— 1% (PP) DA,
HHEZER (600 kPa) 12 & % i FE 225 BE 73 % #9770 sec [bi
MF—2% (€7 3> 7) OBE, 77 vtk LEEEH
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Table 2 Operating system

UF—-1

UF—-2

Material

Cellulose diacetate

Polyethersulfone | Polyacrylonitrile | Cellulose triacetate

System of filtration

Cross-flow

constant-flow filtration

System of physical cleaning

Back washin

MF—1 MF -2
Material Polypropylene Ceramic
Dead-end Dead-end

System of filtration

constant-flow filtration

constant-flow filtration

System of physical cleaning

Air back washing

Brushing + back washing
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Fig. 2 Flux and operating pressure (UF—1).
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Fig. 3 Recovery ratio (UF—1).
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Fig. 4 Flux and operating pressure (UF—2).
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Fig. 6 Flux and operating pressure (MF—1).
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Fig. 5 Recovery ratio (UF—2).
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Fig. 9 Recovery ratio (MF—2).
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Table 3 Optimum operating conditions

UF-1 UF—2 MF-1 | MF—2
Material CDA | PES | PAN | CTA | PP |Ceramic
Filtration type Cross-flow filtration Dead-end filtration
Flux (i /wt/d) | 1.44 0.72 1.44 2.88 1.44 0.72
Physical cleaning . | 190 30 30 30 50 30
Operating day (days) | >77 >30 >59 108 187 175
Water temperature (degrees) | 19.4 16.4 6.1 21.4 9.5 20.0
Recovery ratio (%) 96.7 85.5 77.9 88.7 93.6 54.8
%ﬁj%@b) 6£%55@§T@${jﬂ§ﬁ%%t v O)*ﬁﬁﬂﬁ . CDA PIIES PAN TCTA PP 'CERAMIC
HikEIz, UF— 2% (CTA) #2909 nf/nf, MF-1 = e e
% (PP) #3280 nf/nf, UF— 1% (CDA) #5252.6 of/mf.  E 60 Py 1
MF—2% (£33 7) 878 nf/nf, UF— 2% (PAN) g e
#4723 nt/nf. UF— 2% (PES) #553.2 mi/nf £ 0 B S an N ]
Mtio—2% (UF— 1 % : CDA, UF— 2% : CTA) & pvd .

@ UF BT WS 5 M iz, LI R - |
£ro, AMOME S KRMMPOPHRERL Y, F | AT e
%2 DK, UF— 2% (CTA) #52.46 of/nf/d. U . ;*'m " + - :

F— 1% (CDA) #1.86 m’/nf/d. MF— 1% (PP) #'1.81 Overating time [dard]

m/m/d. UF— 2% (PAN) #1.26 m/ni/d. UF—2 %
(PES) #30.83 m/ni/d. MF—2% (&3 3 5 7)) »0.77
m/uf/d TH - 12,

88 3 RIC BRI O EIREEer S O] B 18 BB B R e 1 %
NN

INEDHEERELTIE, UF—2% (CTA) »2.88
/rt/d EBOHESB LN,

OB ERDOA v 5 — it L TR, MF— 1 %
(PP) #8187TH LRI TH » 720

EUCRIZBEL Tk, UF— 1% (CDA) #96.7 % & &\
BEICRTH - 720

PlEo &b, HERKMBICKAAZER T A, *
DOEERYERE GRE. BEICE, Sz B BERAEKER)
#EMT 5L, UFKTIRIUF-2% (CTA) $£/13UF-
1% (CDA). MFETIa MF— 1% (PP) %2#¥E4T 25D
BHFEFLWEWZ B,
2. 2 FEMEOBREMREE

84 RICAEBHIM S OJF/K R UERFEO K ABKD
KBITRERERT
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BIEOIELTFTH D, 1ZIF100 B DOBRENTRET S -
126

FUKDO R I HAE16 . SIME 1 B Pl 6 Eiokt
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JE K D SRR (35 A M2.08 mg/L. 5/IME0.020 mg/L, F
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Fig. 10 Net water production per unit surface
area of membrane.

H1E0.16 mg/L izt LT, EABKOBEE L5 K0.022 ng/
LTHh o1z, BEAEKOEKDREEDEEMEIZ. HAK0.005
mg/L. £%/N0.001 ng/LTH . KREABKOBREERIZ6.9
~99.4%Tdh -7,

kD= v # v IBE 3R AME0.128 mg/L. H/M#EO0.003
mg/L, EHE0.021 mg/L it LT BEABKD < v 4
v OBEEOFHEIR. &A0.007mg/L. &/1MN.003 mg/L T
b, BEABEKDERERIL66.7~85.7 % TH - 1,

FAKOB~< v A vBEA Y 9 AHBERIZEKEL6.5 ng/L.
B/IME1.0 mg/L LAF. EHME3.3 mg/L iz LT, K A
Ko~ H VBN Y v ANBROEEMIE. BKT.8 g
/L. /M 9mg/LThHb. RIEABKOBRERIIA24~
63.6 6 TdH -1,

KD+ Yty v ERREEDRE 3R KME35.1 v g
/L. H/ME19.5 1 g /L. FIE25.4 ¢ g /LI LT, &
EAEKD N Y~ 2y v EREEREOVESER. &K
226 1 g/L. /N1 A4 ug/LThy, REABKOBRE
iF, I~ THBEFKLDEFELS B o7z, THIFER
B OBRECERNT 260TH 2 EEL 505,

JEK O — M B 13 A E8008 /ml . B/ MiE 6 8/ ml, P
HE160fE/mlTdh 0. FKRO KGR F iZ &K MHE24 000 MP
N/100 ml, #//M#E33 MPN/100 ml, @2 900 MPN /100
mlTH - 1o RABEKDO—BRME IS, HRAL2E/nlTH D,
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Table 4 Result of contaminant removal
Filtrated water
Raw _ s _ _
water | UF 1 UF-2 MF-1 | MF-2
CDA PES PAN CTA PP Ceramic
‘maximum | 55 | <01 | <01 | <01 | <01 | <0.1 <0.1
{ minimum 0.8 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Turbidity  (degree) | average 2.5 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
' maximum | 16 4 4 3 3 4 3
{ minimum 1 1 1 1 1 1 1
Color (Pt Co unit) | average 6 2 2 1 2 2 1
maximum 0.128 0.053 0.052 0.004 0.019 0.053 0.008
Total i minimum 0.003 | <0.001 | <C0.001 | <C0.001 0.002 | <0.001 | <0.001
manganese (ng/L) | average 0.021 0.005 0.005 0.003 0.007 0.004 0.002
maximum 2.08 0.010 0.022 0.004 0.002 0.010 0.017
Total i minimum 0.021 | <0.001 | <C0.001 | <C0.001| <C0.001 | <C0.001| <C0.001
iron (ng1.) | average 0.16 0.003 0.005 0.002 0.001 0.003 0.001
' maximum | 165 7.8 7.4 19 3.4 7.5 3.1
Permanganate ! minimum | <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
value (ng /L) | average 3.3 1.9 1.8 1.2 1.9 1.8 1.5
maximum | 35.1 28.0 25.4 23.0 - 28.4 34.9
{ minimum 19.5 14.3 19.4 22.2 — 18.0 18.2
THMFP (ug/ /L) | average 25.4 22.2 22.0 22.6 - 21.4 23.8
maximum | 24000 1 0 0 1 1 1
E coli group i minimum 33 0 0 0 0 0 0
(MPN,“100ml) | average 2900 0 0 0 0 0 0
maximum 800 800 7 2 1 12 4
General bacteria ! minimum 6 6 0 0 0 0 0
(colonies,/ml) i average 160 160 0 0 0 1 0
A BKDORBREEE X, RALMPN/100nITH » 7o &
N SEAEKD S OREIE, FKFROHERVSFRTH 5 &
EZ0N5B, BPAHEKOBRERIE, —HHEETII.4~100 100
%THb, RBEFIZI00%TH - 7, %
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N >
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KT dH - 720 O—CpA PEs CrM CTA PP oV
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Fig. 11 Contaminant removal by membranes.
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Fig. 13 Effect of chemical cleaning (PP).
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