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ON THE ACTIVATED SLUDGE PROCESS COMBINED WITH
MEMBRANE SEPARATION
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ABSTRACT; An activated sludge process using membrane units for solid-
liugid separation was investigated. This system achieved more than 95%
of COD removal under the large variation of experimental conditions,
such as organic loading, composition of influent organic materials and
the pore size of used membranes. Large molecular organic matters were
accumulated in the supernatant of mixed liquor in the aeration tank: the
molecular weight of the accumulated substances was estimated more than
100,000 by gelchromatogram. The compositions of effluent from different
pore size membranes were almost the same. The filtration rate through
membranes increased as the pore size increased in the range of molecular
weight cutoff between 10,000 and 300,000 of ultrafiltration membranes.
However, the filtration rate did not change with changes in the pore
size over that range and dropped sharply beyond the 1limit value of the
pore size which was estimated between 1 um and 10 um because of the
clogging inside the membranes.

KEYWORDS; membrane separation, activated sludge process, wastewater
treatment, ultrafiltration, microfiltration
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AL Bo®EE ( T+ UF-10,30,50, Type 1 : Run [ (area of membrane=33.2cm§)
Type 2 : Run Il (area of membrane=29.4cm?)
300, 1000, 3000, N4 8 UF-20, MF-0.2, Type 2': Run IIl(area of membrane=32.1cm2)
1.0, M#: & MP-0.1 (MF-10) i&, B
2B (UF ) 2 L ® 588 (MFE) Table 1. Membrane characteristics
T CTABECDEZ >Tn2, MF-0.1 i, material nominal cutoff of
#20.1 THEEIC A molecular weight
RAEOF S E pmTR 7 UF-10 polysulfone 10,000
THEN 100 REXE 22K L UF-20 polyolefine 20,000
UF-30 polysulfone 30,000
WTHD, MPOIERRBCLTRAL UF-50 polysulfone 50,000
b0 ZTHMF-10E LAk, BO%E UF-300 polysulfone 300,000
S, . 5 o LA UF-1000 polysulfone 1,000,000
B, 22 -7 -ARARLEOL S TP UF-3000 polysulfone 3,000, 000
BETeEy2 - LRERNETDERTC porg lee
. i MF-0.1 polysulfone .1 um
?gﬁﬂ‘ﬁ% Lfc%%VCO#ﬂ'ﬁ >k % MF-0.2 polytetra- 0.2 um
BICE W TRERERFEHET, kBEKK fluorocethylen o
; P WMF-0.1 olytetra- . m
I BMEORED ) CHRATADAD S Tlubroethylen H
%o BOKTME. MEHBOWEIBE. MF-10 polysulfone ( 10 um)




PrnREBROoOREEtoLrEoK __Table 2. Composition of synthetic wastewater

= . g . (Run 1,IT) (Run II1)
ik oks BEZDLICLDDB Gl yucose 1600640 mg/L  Glucose 100 mg/L
TAREE RBC X %D 2. MO KHyPO, 16+ 64 mg/L  Pepton 100 mg/L
HERPMIEsoTs 118, & NHYCI 647256 mg/L  Yeast extract 10 mg/L
NaHCO 1800720 mg/L  KH,PO 16 mg/L

3 2P0y

nWbOTRIZATS ok MgSO,7H,0  20% 80 mg/L  NH,CI 64 mg/L
BEMIMAKOERMK EE2IC MnSO,THO  1.817.4 mg/L  MgSO,TH,HO 20 mg/L

i %ﬁ%ﬁﬁﬁ I, Texwnwciks FeCl3-6H20 0.1v0.4 mg/L MnSO4'4H20 1.8 mg/L

CaCl 92H90 2v 8 mg/L FeClg6HyO 0.1 mg/L

A0k Hnk, B 4227 L b—% note:There was a experimental series without of
BORBEERNICEAT B HESR addition of soldium bicarbonate in Run I.
Lok, 2EOEBRBKELOEORRLS LT KEXRBBRINBALERCH T HKEKIC L B5HREX
NE Lk BEAMETBRHCELLZE L, UEORBAR I DR 2DL 5 AHARBHBOBEHE % »
o EERHMMIKCEF VW TR, ZF/ra—x, TP EEHELAREARO SO AN, TAELOEATS
BELTHEELEARKEKOKBLEEZ—ERRD, MAZEHBEN —FLE5L 5K Lk,
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—EORMBERGEOT CERE TR oko
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AABIEOMBET, 0IMT v E=T KRN THF vl LREEMEZRE L, B3 ZT0t 233
Wide —2) -z "R -2 -THLABRCBHEL, YYIEEBCE FmL, BRETCL VBEHRIE
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%o
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CEBREINTED, BEIERL D BORBOEFEERbIT LN TES,

4. EREREEER

EBRHMI, 1, I, 2&8L. MAKCOD®EEIX 200~700mg ¢, CODERERIT 1~45kgCOD/ -
day, E/MH(E 0.08~0.25kg COD?PPied foMT,SS « day, MR R Id 4~78 4, pH (% 35~7.4, MLSS i&
3,000~28,000mg ¢, MLVSS,MLSS (& 0.89~0.95, Ki&it 21~28COMETH b, MB|MKEEFECOD T1
b 23mg/ Y, VRTALEDOCODBERITIS~9% Td ok,

4 1 MLSS tBEMALEXOKROEL. WALBKOKRE MEBAROBIMHKE. ML S S &FJKE
EDBRMF

HM3KCMLSS s EBEKOCOD, BADCODDOEBENOF %2TFT. ML S SOEIIZEOR
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WIEFBREENRKE L, WEOMFEMIT 1.7 %4, CODERAMIL 39keCOD 7 day L BAFTHo %
DT MLSS M Lo L LEHOREBE & & ICEKEEIET L, 25 H BT HBRERIT 3.2 K.
CODEBARIX 20kgC0OD, 7'+ day E AR & B4 Le MLSS|E 33 HBIT 29,000mg ¢x B4 T HABD
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Fig.3. MLSS,supernatant COD and effluent COD (Run 111)
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Fig.7. Gelchromatogram(Run I and II)
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(a) influent, sephadex G15

(b) supernatant, sephadex G100

100, 50
* “
2 60) 2 30
E g
S 401 g 20
= [
201 101
v — r—— T
0 05 10 0 05 10
partition coefficient,Kav. partition coefficient,Kav,.
4 3 BXRBELEEOEARL (c) effluent of MF-0.1 and UF-50,
M9, 10CHLVEEEY 2 —VIEREL 051 sephadex G15
kKOLOBKEELERORBLE/LOAIZRT,
BEF~TRALEETMF-01 T 5, ZOHff 04 —— e MF-0. 1
MMOMLSS i 5100~8100mg /4 OB T 2 [ T ]{’;'gbl
o BFTEMOE Y 2 —ArDHBH1DHX ;’5'30'3'
£ =5 —FHD K OICHEKEENKE CHEDHT 8’02_
WaBY, RYVDE v —roZkRERZERA T
LEMER L. HLOBORERI Im/dR gyl
EOBKEENBONAN, 5BHBICIZHES
D 50m/d BELCEDL L TWE, +O®RBHEK 0

FEOEME NI, BEHEEL NS, B
DHBEHH20 BRCE Y2 — 1258, BE

partition coefficient,Kav.
Fig.8. Gelchromatogram(Run [11)
FARBEKTCHEELALEZDS, BERKEEAFLWEO75 BBt CHE LA, BOW®EHE8HE BICKRIIA

B -5 -RyTOF s ~THBELARDC—RHCEKEEN NI ZoTnEN, FLWRTEIHER
S AN TEKEENKRESCBI L TWEHOICHEN, KEBRBROBKEEORIOLFTEESLHTH 5, BE
DEFEY 2~ 2 ZEELDNTNED, HEVa - rRENTREKEEOENMICEHLLTEERZE
LTk, COLIZBERBEROEZKEEZR(LTIL, BREFEOBRIBEEORED B &' VB RIC
SBLELLNONEREOE(CBEERL TN TENEZ N,

= )

EBOG E

2 2000 - 80|

«

= 604

=) (M)

© 10004 a 401

§ < 201

- L : T ¥
= U5 T B2 3 s 095 ™ ™ 2025 30 5
- Time(days) » Time(days)

Fig.9. Changes of filtration rate Fig.10. Changes of suction pressure

(Run II1)

(Run II1)
—245—



4 4 BEFEELFHNBIKREFOMR
H11@bCEBEOEFEFEANEBRKEEOEREZRT, 22 TRWAT — 21k, BEERREBTHES
FITAMOB B ERE, BREEXIEEL TWABHTOBZKEELEZEEOFH 2L oA DT D b,
P21 00HEREXR 6B LEHERMEITCOISAPM TR B, COKBREBTH, EF%*a >~ o
- 2320 CHREL, TNTCOEERLe ~5 - K> 7 TR LRI ATRIT 5420, ZEORBICL T
RORLEEDEENREEIN S, T TRHEBIAFOENE1 1@DL 50C, EERKRKEWIIRZRETH
BRKEERNEIS ZoTnE, ZEVEOBREETVORBREDOEEL A TWAT EWBbh b, L LUF0
A1 1ML SCEICEKEEN NI, BEEZ4 0mHgBEZ TL2 Lo Tk, ThiZBE&D
FBRKEEBR N InADIC, BEEBHTERBANBEECABICSL, TOKHO W 2EENKNE( CEE
MERGENEEZ: bhD, LHALALLISCHAEDFEDININVWUF-30EEZEHNT0mHg BEZ LM
Tdh, BBOo S »BORBOEFCHEHORAELZEXDWTUF-100 5 300 8B THRPLCENL TR
TEBELOND, LHLAERZFRACOWTHSROKRGFRETD S, TAMF-01 HH1 10X 5T
EENRT0mHgBEZ2 TRKES Zo T MOBICHNKEZBKEELHFL Thb, THEMF-01 OE
OBENMBOEERS THWEZ L CERATAEEL LN A,

__(a) ®UF-30  AUF-3000 _ (b) UF-10 (c) MF-0.1
) AUF-50 BWMF-0.2 o 35 )
= OUF-1000 OMF-1.0 =
§100 a §00t £1007 °
[] ) —
- A - Qo
@ K3 2 2 Q°
1 = 50t A &'
SV s #tem weh g
2 " S‘ e §
et et alP vl -
ot 0 + — L . — } i
= % 35 o= 9 3% = 0g 3 70
suction pressure(cmHg) suction pressure(cmHg) suction pressure(cmHg)
Fig.11, Relationship between suction pressure and
filtration rate (Run I,Il1 and II1I)

4 5 MOBMBLIBKEEORK

M1 2CE0EELEKEECERETT. CClPFE7 -2 B KRKEENEEL T AHBHMFOFEK
BEOFPH 2L D TH A, BXEEOENRES T LDV TWALIOER 4 ZRENRERE HECELE
2ELTnEADEZELORLM, TOEXLOE0RTLHBAEANRO LN L, T DLUF10( 2E
S FE 10,000 ) 5 LUF-300 ( 4E45 F8 300000 DFHHATIE, AEF FENKELS ALER->TEKEE
SKEL A B2, UP-300L W DEDTFENKEL ZLEBEREBREE—FLARoTnb, LEHLALK
EEILBEOKRENWMF-10TCHBAEERRESETLTWS, TRIEMF-10 2FHENH ZEMF—0.1 2 EFKH
KLTHERALAZIDTDD, 7" -BDONTWEADOMRELE: b5, T fioBIEROERICE >
THEKEEHBEST 258, MF-I0AEEETEOFICE T > TWEEEL LD, T —RDNTWE
WETH > TOREABR 10 BE THhZEoRICET 2 ERIE (., FATEZRKOILEOHAEK
ABRANRD B EEL LN D,

4 6 BMOBEMBEKROBR
H130Q@QIKEOEELKEOBER, OIKEEZERBTHZ LCLZCODBREER FTobbENLBKS
LEFZBK~DCODBRERZRLAL, BEEBNBXOKBZEOLBEATEOESFHTCOD 10mg ¢
BETHE, BREEAKDOCODE, 16~1300mg tOHBTH b, LBXKOCODRELoAZ LI D
CODBEENRBEVWBENRDIEM, BITI0BUIDOCODBERFZRL TS, o TRSTIRLTWS
Lok, EAOCODHEOREE, A LBKOCODOHEIIZEALEEBRZ N,

—246—



F

5&00 4 ® Run I
g 4 [ ] B Run IT
> o Y A. A Run I
5 s ¢ &

o ®
§50‘ “ . ‘ p u
: . f
= 3

0w udo . wd L W0 Wi

UF~0UF
UF20

ig.12, Relationship between pore size of membrane and
filtration rate (Run I,II and III)

=

A W 8 -5
E A A A ‘

8 10 ...A ® H

o ’ ° o | 2 .

: § :

= 0 l , éﬂo 5§ T , 5T

‘“ UF o‘u UF UF-1000 UF-3000 MFI&J.FI MF10

® UF2

2 | (b)

e

>1mJ -» - @® Run ]
e~ I
gy b, .

o L [ ]

§ 6%' 3

5 4 .

& urioldF0 UF300  we000  UR3b0O0 weBil “weho

ur20

Fig.13. Relationships between effluent COD, percent COD removal
and pore size of membrane (Run [,I] and II1)

—247—



5. &R

RoBELEKEE, LBEKERERZTESETFTLIC. MLSS EEBKEE, KEOBHK, Frze <)
274 -CELHEBYWHAROEIICONTHEN, UTOL 5 a#RrEk.

« WMAKMEHR, AF, pH, MLSSOX:2A2ZBIEBEHLLF, X7 260 C0DKRERD 95~99%
OHBThok, TOTEKLY, ZORSBEEFRESAFESZI LD L T2« ORKLEHCHEN
MBHETHHLEEL bR D,

-MLSS@ﬁMK%QTEWiEKDCOD%%ML%%ﬁﬁm%©¥ﬁﬁaenkoikﬁWiﬁm
DCODIRBEAEBRBFREZMBKOCODRESRELTHD, BATFHWHEIEI L > Ttz BEIh
R EBKFLCERLTNEEEL bR B,

A= 2574 ~0EY, MROLERWEOKBAEH TERIOFLU LOYETH AT EBbho
%o FABODEATEDLVRILBORNC IV ABAKOEBEASMKICIELAEBNE D bbhZho
o

*MLSS¢:EZBAEECRZOEROBETAIFEZBRARBO O R D > ko

T HRORLBEOEFELBZKBERE—RICAOHEALRRED bk, L LUP-10ZZKEEREIC L
EFES40mHg BET CLA NS 2 oke CRRERZBBACIWINEE TikDEEL LN,

cBMoBELEKEE, KBEOBRRE, SESFE1F~30 FOBACHAEI TELKE WG EFE AR
EAIRESRLHM TRAULETCRBE—FEARD, SLIEREAENLKELZ DD LBEREBLLLEDOF
THEZIHFERET, BLEKEFLTET T2, LBEKEIBOSEAFTED LD WEILBELBELALERL
{REHTOCOD 10mg ¢ RETH >k,

DEDL 5K, RERAABLCEWTERLINLTWIBASBREIVIILCHAES FED A NEILE
DAREVWELZERTAHTEID, ABKEFZRFBLOOBNEKLELBLITRENIERTE 2, §8E
BEGKIDIBEY 2 —rOBECHEOURRICELAWENRNF, A SEETHALIICE 5% 5 o s,
MAKBROMBPLAR, ThEIBRIEROEWRE, EPHE o L EMHRFORBHEICHTT ¥
BrILICHAL TWLEBED 5,

e, ARRO—BEXBENEARE (ABRTR) OBYBERT T2 40T 5,

6. BEYTR
1) Ivars Bemberis et al. "MEMBRANE SEWAGE TREATMENT SYSTEM-POTENTIAL FOR COMPLETE

WASTEWATER TREATMENT ” 1971 Winter Meeting American Society of Agricultural Engineers,
Chicago, Illinois, December 10, 1971 Paper / 71—878

2) A.Li,D. Kothari, and J. J. Corrado "APPLICATION OF MEMBRANE ANAEROBIC REACTOR SY-
STEM FOR THE TREATMENT OF INDUSTRIAL WASTEWATERS” 39th Annual Purdue Industrial
Waste Conference, West Lafayette, Indiana, May 1984

—248—



