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Introduction of submerged-membrane separation system
for waste water treatment
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Recently, the activated sludge process has adopted membranes submerged in an aeration
tank for separation of activated sludge into solid and liquid. The system offers high quality
water, easy maintenance and compact structure. We have conducted a performance test for
the system using anaerobically treated water from a food processing plant, having
relatively high oil content with Av. 538 mg/L BOD. The test proved that the system is
suitable for such wastewater, significantly clearing the effluent standard (BOD and oil
content below 2 mg/L, for example).
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Fig. 1 Flow diagrams of standard activated sludge process and submerged-membrane separation system
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Tablel Waste water quality

Maximum | Minimum | Average Remarks
pH (-] 7.2 6.5 6.9
BOD [mg/L]| 832 237 538
S-BOD [mg/L]| 417 55.8 263 S-BOD/BOD=0.49
TOC [mg/L]] 330 181 248
S-TOC (mg/L]| 184 46.1 123 S-TOC/TOC=0.50
CODuwus [mg/L]| 206 104 154
SS [mg/L]| 438 114 231
VSS [mg/L]| 394 100 219 VSS/S5=0.87
T-N (mg/L]| 100 58.2 68.4
S-T-N [mg/L] 92.4 50.9 60.7 | S-T-N/T-N=0.81
NH:-N [mg/L] 49.5 43.0 46.7 B =t
T-P [mg/L]} 113 5.03 7.02 B H 1 EREBONEG
S-T-P [mg/L] 4.99 4.24 462 |S-T-P/T-P=0.71 Photo.1 Out side view of
Hexane Extracts [mg/L]| 156 40 80 test equipment
B2R  EBREEMAR
Table 2 Specification of test equipment
Specification ,
Dimensions Capacity[L] Qty Remarks

Aeration tank 350 mm* X350 mm®X 1 300 mm?® 160 2
(Nitrification tank) i (160) (1) | for circulating operation
(Denitrification tank) i (160) (1) | for circulating operation
Storage tank of treated water | 180 mm"™ X300 mmP®X 500 mm® 27 2
Membrane module case 240 mm™ X 216 mmP X 640 mm?* — 2
Aeration blower 120 L/minX1.8 m 2
Feed pump 35 L/minX5.5m 1
Circulation pump 35L/minX4.3m 1 for circulating operation
Filtrate pump 20~300 mL/min X 50 m 1 for hollow fiber membrane

L CORRNBEEPBES TR B,
2. EiXBROBE
2.1 EBEXK

FEALFER TIL AN L3 0 A i TREBE K OIS L
KEFKE L7z, BRI G O BEAKE S HREED
FHELZE 1 RIZRT, S-BOD, S-TOC, S-T-N
ROS-T-Pix, BT DOSSHs% 5 A AT
B L - B ow##r: BOD, TOC, T-N & 08 T-P
RT o

JE7k @ S-BOD/BOD Hid#50.5CaH o, #ay 7
75— LD LB AERES KBRS E IS
BT BBEKTHo/, T2, ~NFH VB EEH
F80 mg/L & IEMNE L, Was S B &
DL LB 52 5h00EE Sh,
2.2 BB

EERIHH LR BT E 2R, 2ENEBsE
B 1R,

BIHIEB7u—-%2R7, KAEEBIZIAE160L
DB 2HELTBY, @FE I 1IEE 22
TS E LCERT 2, 72, EXERELHBE
LTEBGEROBRICIE, &4 25D 2\ i3
MELTHAL, LHEEISHTI2HEREY R iz
K DERS 288 kL L7,

FEEIMHER LA E 3R, BEosEisBE
21IRY , AEBRTIEFILED TR L hzz 8 )
REBEZEH L, &4 OREER HEORERE ik
R %1772,

2.3 EBRAHE
2.3.1 EiESEME HE

HBTEE LT, FREIEDABAFRAIRAL,
EE CEREABEITo 72, —F, HZREIIT|
LSRR ZHAL, EMETIAY—ICLBBRA
WEiTo7, BREAEIL, MEH12120 L/min &
Bl L7z,

Vol. 44 No. 1 (2000,8)

K DA AR F - 19




HROGIHE &, BXAEO MLSS RELREDT 7
D) IR B L Ao EHER L 72,

2.3.2 EmBEEHE

BT 7o) Y FRETL, ERRROKT K
HZEEDO EAMR LN 538 mll X A LF s

i1 o72,
FREBEOEMEGEOHEL, RO L) ITHENGEG

ERAVRIEICRI S NS,

O HEABEE

BACEZRERLCI IO KAL) Rz

(D Normal operation [Left : Flat sheet type, Right: Hollow fiber type|

Aeration blower
X @
2

apfsedlt L e

B) Aeration blower

Filtrate pump

=25~
- ~6kPa
3PS

FS

FS

embrane | {
odule case |

Aeration tank Storage tank
of treated water

Storage tank  Aeration tank

Feed pump of yreated water

Drain sludge Drain sludge

(@ Circulating operation for nitrogen removal

Aeration blower
% %@
A

NN
FS i
| Membrane
1| module case |
Storage tank Nitrification Denitrification tank

Feed pump  of treated water tank
Drain sludge Drain sludge

F2X #HEVo—(OFFEKEEOML - HEEREE
DIEL

Fig. 2 Flow diagrams of normal operation (@) and
circulating operation for nitrogen removal (@)

FE 3R ERFELA

Table 3 Specification of membrane
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Out side view of membrane (Left:Flat
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Flat sheet type

Hollow fiber type

1) Membrane specification

Membrane type MF MF
Material Polychloroethylene Polyethylene
Pore size 0.4 ym 0.4 um

Hollow fiber diameter

— (Outer) 0.54 mm (Inner) 0.36 mm

2) Module specification

Membrane area per a module
Q’ty of module

Total membrane area
Dimension of module

0.11 m*/module
9 modules
0.99 m®
226 mm" X316 mm" X6 mm"

0.5 m*module
1 module
0.5 m?
227 mmY X480 mm"
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Table4 Treated water quality on flat sheet membrane
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Removal rate

Maximum Minimum Average [%] Effluent standard
pH [—] 8.5 7.8 8.2 — 5.8~8.6
BOD [mg/L] <2.0 <2.0 <2.0 >99.6 160 (Ave.120)
S-BOD [mg/L] — — — >99.2 —

TOC [mg/L] 10.0 4.8 6.9 97.2
S-TOC [mg/L] — — — 94.4
CODwn [mg/L] 12.4 6.5 8.8 94.3 160 (Ave.120)
SS [mg/L] 0 0 0 100 200 (Ave.150)
T-N {mg/L] 58.9 1.4 21.6 68.4 120 (Ave. 60)
S-T-N [mg/L] — — — 64.4 —
T-P [mg/L] 6.27 1.02 3.61 48.6 16 (Ave. 8)
S-T-P [mg/L] — — — 21.9 —
Hexane Extracts [mg/L] <2 <2 <2 >97.5 30
EbR WHEREOMAEKE
Table5 Treated water quality on hollow fiber membrane

Maximum Minimum Average Rem‘[’})’/g‘j‘% ratel peflyent standard
pH [—] 8.2 7.8 8.0 — 5.8~8.6
BOD [mg/L] <2.0 <2.0 <2.0 >99.6 160 (Ave.120)
S-BOD [mg/L] — — — >99.2 —

SS [mg/L] 0 0 0 100 200 (Ave.150)
T-N [mg/L] 7.7 25.0 59.3 13.3 120 (Ave. 60)
S-T-N [mg/L] — — — 2.3 —
T-P [mg/L] 7.04 1.85 4.39 37.5 16 (Ave. 8)
S-T-P [mg/L] — — — 5.0 —
Hexane Extracts [mg/L]| <2 <2 <2 >97.5 30
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Table 6 Change of nitrogen removal on flat sheet membrane

Operating condition Normal operation by giﬁm’gf&;e&%‘rlgh on
Date 99/6/8 99/8/27 99/9/13 99/9/27 99/12/20
DO [mg/L] 8.15 2.15 0.94 0.38 2.61
MLSS (mg/L] 4 876 11948 15714 21 964 16 518
T-N in waste water [mg/L] 58.2 65.6 66.0 64.9 77.4
T-N in treated water  [mg/L] 45.4 34.3 35.0 13.4 4.0
Removal rate of T-N (%] 22.0 47.7 47.0 79.4 94.8

100

Flat sheet membrane

D : Measured flux using tap water
® : Measured flux using waste water
Internal : Cleaning inside aeration tank

42 | External : Cleaning outside aeration tank
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Fig. 6 Chemical cleaning result of flat she
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90 Hollow fiber membrane

8 : Measured flux using tap water

70 @ : Measured flux using waste water

60 Internal : Cleaning inside aeration tank
External : Cleaning outside aeration tank

Recovery rate of flux [%]
o
o
Y

tor 2
z % on ) I |
2 22T L5 4= j
T & 8 & > 8 9 =
TEe S 88 EEE L og o
S T4B E o g s 3 £ £ 8T s
253 v =2 ER £ 5 ° E £
=288 5s58< 7 £ E 5 & ¢
"2 e8452505% 4 g
z 5 ° Q 8 S 3
S [S) ® Z Z o %L“g
@ @ 3 Z g
S © 3
w S O A ) < © S
EIE PR (hZRED)
Fig. 7 Chemical cleaning result of hollow fiber
membrane
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