WE

HE

AEEBEEYSROE RER, MEBEEWGEE SR E R — 5 AR, &30
RAEETHEEYRNBZPRESRERIZEOERS 4. RIS ENBIT BT, BEYR
NBPEEREEEREKRHAR. TEHARNERERNT:

HWTTHREY R M2 (membrane bioreactor, MBR) BEYS 4t 2 Mush £ 85 694 B R ER R 4ifk,
FFit. RF 80CKIERIN, MIEHEEEN 86.0%, HELHEAEMF+Sevag EEREAK.
it DEAE-£4-52 B TR BT 4L, BT, A TREAZAEENRIIBERR. %5
HEABEC R EERSTEREBEARSRROEALER, RISHEIERN 97%.

kA HPLC. GC. FT-IR & SEM EF R M R#IT . LREYH, ARSI SHEN
FH5F & Mn K 2.6x10°, L5 A SR B A E RO, BT RAR TE R
1380 1-6 &, ZMSZHER—FEEERE. BEWH. A8, HERSER. EEEELIER
GHIMIZEHE. SEM X AFM MR BRI B E X HEABR, EEERIRIMLEEH, £
O FRECERAEEAESR, THERMEEN.

LR i vE SR B A1 2 5 X TR B 24 I YT ST REAR X T8 B R S ) R He R
Y, BRERESM, BIEEN EH, MASHEEBAPHE (pHT) KRS LR
K. BIEENEAR, HANBEZEABIR, BHREEHRBRBREAYK, EHEMNENEE
T4 BRYMRERENEEEZBAEEERES, 2EZVREEAERIEE, E—RE
FRISRE EEERIN . REHSDERRY, BEAEEFIIRABEMS (RY E/DTFHM
BA (R, WAREMBAGEEIH 90%, BHFESRER NI ZEEEREHIR.

BAT MBR FHIBEEREKEEKEER. BITEEEREKELAE 13yL, RIEESY
ERMBHEREIRR, 5IRIEESHRSE RN/, BERP I BESYREE
90mg/gMLSS. AR INBERMBERRI R EY & B2 AT RITFAHE XM E=0.9903), it
VEPE 1 BEVR A AN R S IR EE IR A OKE EE  INTT RN, BN RS Y B B RS e
e, REMESRAONEGEYE, REWEEYRNEE T EEENEEFRE.

KRR BEYRNE, KIEHE, SLFE, RIREY, Bisk



Abstract

Abstract

Characteristic and structure of exopolysaccharide from biofouling layer of MBR were evaluated in
this study. Relation of extracellular polymeric substances versus sludge properties in MBR and
mechanism of membrane fouling were analysised. The theory of membrane fouling can be realized,
the results were shown as follows:

Separation and purification of extracellular polysaccharide from biofouling layer of MBR was
studied in this paper. The amount of exopolysaccharide extracted by thermal treatment (80°C, 30 min)
was 86%. Most of the protein was removed by enzyme- sevag method and the polysaccharide was
purified by cellulose column chromatography. Analysis of polysaccharide by UV spectrum showed
that there were no protein and nucleic acid.

Exopolysaccharide was analyzed by HPLC, GC, FT-IR and SEM etc. The results showed that
molecular weight (Mn) of exopolysaccharide was 2.6x10°. FT-IR spectrum showed adsorption peaks
of this polysaccharide. It was a complicated polysaccharide containing glucose, rhamnose, xylose
and mannose with a multi-branched structure, mainly consisting of (1-3) and (1-6) glucosidic
linkages. A method has been developed to give topography of polysaccharide by Scanning Electron
Microscopy (SEM) and Atomic Force Microscopy (AFM). It was found that, exopolysaccharide had a
multi-branched structure. This phenomenon may be related to hydrogen bond of polysaccharide
chains.

Filtration characteristics and mechanism of membrane fouling were investigated.The fouling
characteristics on PVDF membrane of exopolysaccharide were evaluated in this study. The relative
flux was in the tendency to the exponential decay along with filtration time, and the filtration
resistance increased with polysaccharide concentration. The relative flux decreased more quickly at
higher pressure, and cake resistance increased at high pressure. The variation of filtration resistance
was fit to the standard blocking filtration model in initial process, and then fit to cake filtration model
in later process. Quantitative calculations showed that cake resistance made up over 90% of total
resistance, cake resistance-limited dominated the most duration of microfiltration process. Membrane
fouling can be mainly attributed to the polysaccharide deposition on the surface of membrane.

The analysis of membrane fouling and cleaning of membrane polluted in submerged membrane
bioreactor (SMBR). MLSS rose to 13g/L during the operation time, and extracellular polymeric
substances has accumulated both in the mixed liquor and on the membrane which might have caused
an increase in the viscosity of the mixed liquor and infitration resistance of membranes. The
concentration of extracellular polymeric substances was 90mg/gMLSS in activated sludge mixed
liquor. The linear correlations between extracellular polymeric substances content and viscosity of
sludge was fairly good (r=0.9903), filtration resistance increased with concentration of extracellular
polymeric substances and viscosity of sludge. Extracellular polymeric substances can cause
membrane fouling severely worse, and it influenced characteristics of membrane filtration seriously.
Key words: membrane bioreactor(MBR), exopolysaccharide, fouling characteristics,
extracellular polymeric substances, membrane fouling
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1.1 AARFF
111 BRAWE B REFREEFHERAHRL LR

FEREKFEREAMR, 2006 F, £EEKHBEEN 536.8 120, b EERMN 2.3%, K+
T ERAKARE R 2402 120, 4iFEKHBERN 296.6 120, 21 LR ERSFHITHREAE K
BRAKBFEEREAENER. 5—FHH, “KREFEEVEREBRIERE” (2005 %) HH
fetth, ETWAEFERKNEVLESERPESTRELEY RN 2% (Membrane BioReactor, MBR)
FRARR, BHRMEEDBRER. B, EARKYESEMLCEZEROREEE, UHE
%mﬁ#ﬁﬁ(%éki)ﬁm&%ﬁx&‘ummﬁﬁ%(ﬁ@m)ﬁf%mwﬁﬁﬁﬁm
MBR £ AR EE IG# B FyLiE.

BEY RN SR A LEEER. SERRE. G, BERE RS LI A0S E%E A,
REARAKS BTFREEAFERFREIEBRARAFUTRA: BdEAHRE b HFEEUR
[ 28 R MLSS /MG KAGE M Gt BT RFR M ROBRGRE; HAKELE, 7
BB TIERARK. %52 1989 £F Yamamoto 254t 4% 47 4 8 N Bl Fig VS TR B LR, 48
AT EEITRARKREN. B, E4 MBR MNAHFRME 1-1 AP,

F 1-1 £7HEH MBR RERF %5
Tablel-1 Application of Membrane Bioreactor

A7 Ex BRKRE RENE KEERES1/(m’/d)
Rhone Poulene- Techsep ®E EiErEK 40 400
MPS-UBIS H&E HTEBK 40 /

Thet for Systems xMH HEEK 30 200
Degremont ® TokEK 1 500
Membratek E TvBEk 2 100~500

Zenon Env Inc nex Tk BEK 1 116
Grontmij EioAES| T BER 20 50~240
Eaux % BER 3 10~50

112 BABFEATHERE

FriBMErs R BIE A EY B F IR, REBHURBREAS THTSREEYE, L¥ER
YU AT EMERRISEILARMATREREIL AT/ R E, FEEERENSE
R BB R L,

[R5y THVsR, FAHEE, £YER, BEENTREIERMEYSE KEBRE
ERAEMRSNREY) SIREIERD EASIEN, RARSYTETUSEAEBA, HF5HE
HEBHEXBEHRTRE—E, NSRS KERBEEE, XENTEERTERBT



LR REFM LRI

FEHEERBREOXN AR EIBRTEEN TR, SGEBH T KAMT NG RENERER. &
WHERAM, SYEERERNEREREBRERN TR, NMIIBREEIN LA, #NTR
GiHIRERE.

FEAEYIE R R RBT 4AEAMNERY, E—ME: BER. BERSLEMEmnRE
WERSFYRERE LR, BER—BEREMEDEFLFGNEDER. ENE: #KHED
R HE R R GE B AT R B R . XY E, REVENVISRENE, £YEZKAEY
HFMAER RN HETAEKEE. B=NE: BTEEXEEMNKN, FIRERER
RITERL, R T HMAEYREERBE. BUMER: MEDSRNBRETERNER, EX—NEED
R AEKMERIAZFATE, EVEBETRE. HTEYERERTEAATSEE, Fid
EHEAEF, SIRBEEEN TR,

EASRTFEEDEEROTFASEP TFIERSE. FRANEIEY. FRBELHE Filf
. BREM. KAEENE. FREENES) WHEGRMOEWSY, EETEIREF, FiRE
EWHRHEN TREFAAFEERRA, FRESHRVARGSEESFER, MEYVHR, ARER
URBEYRS =N EEYE, FEESRNEDHELRE.

Hyeok Choil®/% NFF 5 T 15 VR 45 1 R A= 4 I PV 28 B AT 40 3ot IR AE A IR L 3845 S 2
Nagaoka ZCIxt i@ R AT EUBRAEY) K 88 P R A 995 R OPLEAE T MR 90, iTie T IUAL B &Y
X REENE, BT HANABFEER, FEHEENFNATEN RS EREHERNEE.
Nagaoka LY R T HH AFT I SR AEY) R N8 H RS R, BT B BRI IEM S
RS . Mi-Ae Yun 'VE NZESFE, BREFEFIEM BT MBR LEAREREK, B
A DO XETIENZW, REFGTEERERRTELMETH S &,

1.2 }5M R4 (Extracellular Polymeric Substances) 5275 % X & 89 AF L &
121 RS RA W T REAYARE

S REVRHRED IR THREAN—LEENEFITREY, RILEH. BAR. BER
EHMEYRAREYHIEERG, RERBSENEERRYE, TEXRETHREDHRBTRE.
MRS HET LR, FIREZRARRENYE, EXFTFRELTFILTEILEATEEN, BA4RED
MNEYBREHMREFRFTERER, RASHESHFENIIRE, WRE. BENBRE, XEE
BRI A B 7RISR TR KA. AHVENWENEYRRFREIIEE, WBshE. R
MEFFER.

SRR MBR PHEERA EERH, MRIREYEGFREAGCHEZARSS . HR
RY, MHSIREYTRE (BEHEEHK) 4EFEEBRERN 80 %!, EPS IREMABEWS
RREWGIKYE, Zeta AL, 8. RBEWE. WESENEKREANEDFERE, Urbain %
IR AR ARSI RSO S B SEMGRAEREH (SVD RIEH, Liao VIR NERS
REEHTA REAEERE THRIKEY, HREH AT AR mEEERNNEEE RN,
EHGRERFEEERW. RAARCYSRSREEHEAXART, TREEWHEERNHA
KR
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1.2.2 RIS R A 5 R G BAR

JE Y5 e RIE AL E R P OB, BRAR FERERAS T TSR EAEETERSN
WAER TSI RMEERTRBELARK. MRERELREIREE, FHEEETRESSE
AT ERARES, SIREY. KRk, BREYRSERERR. E—4RBEEY RN
s, GEXEHEZEMOEFREAHE, B, BRELEARSYSBEEEETRANEZH,
S EEYER— R BE LY BRI HIiEEC, FEEETRT IR SV G R,
RILR R85 BN R &Y B A & hnBIRE IS 20832, B XA RET RS REYEBR
T AT AR AR S, ERBARDORSA. KAREYTHRSIEESTFEK,
BX, BEHERNMNBARE ARENEGRER, BEAYSANEEREZ—.

Mc Donogh MERE R B REEEMBELT, BRI REYLEHHIEELRTER
MRS, XEIEETHRANEAYEIIEBEETRNEEFR, FANHRET —MHKEEERNE
E . In - Soung Chang AP SN REVERBENMEETRE, HIAREYKRES
S RBEZ AFELREXR, RARESYWE MBR RETEE THMNEERE.

B4b, Mi-Ae Yun ZAMNgRFSIRE, 8 MBR WEMGREFTHRAREYSERRE, KIS
RRETE, AAASANTEEYSLRERREERNLGREAEYSEENE, EEHEER
SEYEREDHAANES —. TMukai P"EARI, HHAIREYFEARMNEENLLFTR,
EEOAR, BEENEERARLANEMTRD.

1.2.3 Jisth % B ey At AT

Msh B RERE R EE R E R AE RN E, B TFRASHEEHASEERATERSTT
EMEVSUE RS, Thauera sp.strain MZIT BEFBHER AL P EE, ZELEEKN=ERRUKE
M £5E, 23RERITMHEEETE. Michael. Allen BT IREX A HE 5% Thauera sp.strain MZIT &
Mot 5, EESAAE-REEARMTZESEOBEEAR, TENRERE. LIEER. N-Z5
B R D> EREE. keda™ % NSEHT T Z.ramigera ATCC 25935 BiF=4E /) EPS WE A5, H¥E
EXE N D-EEE. D-LIMH. IHKR.

HiTEASN AT RIS SH T ECERR, WERNTER. @F5E. BERO%.
PAREUE, HFREUER: EDTA ¥, NaOH . FHE FRBMAEE. ¥ ZEREUE. FE-NaOH
. Tris/ HCl RBP4, RRIINEEEBRERARSERAA, TES—Sak, SHEAMLT
TRER, —BEEREREAR. EENEEIMNSEA HITASRI . ST,

LEEMPOTBRAIESR. TUREREEREKECEHAE. RATRBHEGEERE. &
Bt e BN 2 F&. 445, GC-MS 5 NMR # TR T AR ES S F4EM.
B NMR BERMRE, REE -4EHILIHRCDNMR) M HELFM KB, NMR E# A REB EELS
MIEEBREHNTARY. 2R KREHTHEEEMT, TUBEEHEFEEASNLRB RS
Ee (281,



TRKER AR

1248 AR ¥ AL FHA

S REMERER, BMZIRTRORE, ELENRIRESYS MR ERHTEE
TIRBNLR, BARAYPRASESTIERSNEHEOTFR. BRNANMRAREYES
FEVS RN RIB AR EM B, BFRAUS & MBRIES W MANE S YR B A 4 % 815 R
mglss3l, WA B RS T B R SRR R SIS R R E D, WO RIESYR
REBITHARFIL BB R BRD.
1.3 B85 EL

FHRESHBEEY R T RS RER SRR REN. B2 R IEEE, B
RESREDGTRBEBRERNZW, MMEEYRNEFESREEEERIKEHTR. DA
PSR AEMSRAME XER, MENEEYSRENEERREN#—SAR, Bh5ERE
LRI RER—ESE,
1.4 AR AE

(1) BFRMBAEY) R 28 BIIETS B B RIS 2 5858 & B 7 1%

(2) HFFT S 2 FEHE & o IR AR B S 28 98 A 5 A ks

(3) F BRI R A ER X BT 8 B % B8 40 R AT B MO RAE s

(4) EBEMIILHEI PVDF JETS RAHH1E,

(5) BiERREEERETR.



%% MBR TESRERISENHERNK

F_E MBR HESHEMIINSESEIZE

21 WMFE
HAlHAAR S P ERENUEAR . HRANLEHBEROTR. TR ZEEMRExHE
B MBR PREAYSEEHHENRE. #MEHESsLAFEENRLEN. AEXEELE
RSB R RS BIRBUT TR, B SR EEH—Saill, ZREBEARERA. £
BALTZRER, 2EREREAR. RENERIINSEA RHTAN BT, G MF. B
HEHMRIENHE RS EEHA,
22 MREF*
2.2.1 BEHEEK

AELRAKAEMERAK, TEFHERE. BEH¥. KH,PO,. NHCl &/D>EH MgS0,. CaCly.
MnCl;+ FeSO4 NaHCO; FARK, BAAKEINZE 2-1 Firn, LRPFARRN D4,

R 2-1 BRBKAR
Table 2-1 Components of synthetic wastewater
H 8 (mg/L) A 8 (mgll)
HEE 600 CaCl, 10
NH,CI 80 MnCl,4H,0 6
MgSO,47H,0 24 FeSO47H;0 0.3
KH;PO, 14 B 2

222 —#XMBRXE
—H#AMBREE, BAGIREBRBETEZRERATRME, BAGIPEZFERRAE
LIERE, BRAMHK 0.5m, BRILRER 0.2um, AN 0.65mm, FM32% 1.0mm, BEAN 2m?. &
RVBEAELEVEBEERAR, BEHN 0.30mx0.50mx0.70 m, HHEMRK 0L, B K%
A& gl

o
.| ﬁ‘s
1 9 7
\\4
M eT=~10
;3—
2 é 5
B 2-1MBR KB EE

Fig. 2-1 Schematic of MBR
1—#7KHE: 2—iKR; 3— RN B3 4IE; 4—4AMRMNE;

]



TR AFT AR

5—BRE; 6—MILRSE; T-HKE: 8—HK; 9B 10— FBIER

223 —# X MBR &7

RIS CHEETIET, KAEEEN8h, pHEHRT.0~7.5. KKK E &G,
TR B (] RV B 1A 43 3020 10min Fi2min. REEBAGTHFAEELREIURCEY RN
EHES, FENERERENEMSEY. UEBEZ (Trans-membrane Pressure, TMP) R
BERERFREFLER. RNSSTHRANERK, HKCOD. NH;-H, DO. pH%, WHIKEKR
RN 2FEITRIL o

BREELERRE, SAEETFKIGERELSEFRESE, ATRERTHERE, #HK
BEW, BN BEFEMNEZEFAZE 30kPa f5, BUREAMG, FHEEFKAGELIREERET
DBMEEHNERES, A\LTEREGLE, ZRFKRERT, REBRELEZREH, RN
i BHES

#2-2 MBREEE BT 44
Table 2-2 Stable operating conditions of MBR
193 BHE fatR HE
DO (mg/L) 4.0+0.5 BE (C) 251
pH 7.0£0.2 #7/K COD (mg/L) 600+20
BiEE (Lmih)  5.0+0.2 #7K COD (mg/L) 3545
HRT (h) 8.0+0.3 #7K NH3-N (mg/L) 35+2
SRT (d) FHIK H7K NHs-N (mg/L) 2.0+0.2
MLSS (g/L) 101

2.2.4 fes % BRI EHR

BSOmLEES R 2RS4, 8000rpmB L 10min, WAENIE, XA FE+ES. FE+NaOH. #
$REL, BRESIRERAF 7 T8 B xt B 7 ik MG TR UTIR IR ER AT S 8 (BRI A S RS LA
2:2) , HEAEIRRAEN S ZHERBUNR .



F % MBR TRISREMS SRS ERN

X FEHEE HARE

}

H#+NaOH

B R IR X

|

FSHRUIEME B FKHEE 50mL

-
) ! )

|

!

BHBE 0.3mL FEE 0.3mL FE 80°CK# 10%%i 8 50mL
30min 4CHE 1h 4CHE 1h 25 30min 4°CHH 3h
#FE A0Hz 20mL0.02mol NaOH
3 min 4'CIXE 3h

12000rpm H -0 15min, $8 L&

|

I /K EHT(10000-14000Da)48h

)

| REH

3

& 22 jest S RRIRF EA TR

Fig.2-2 Procedures for exopolysaccharide extraction method

GHRETRNINEIERE L RENRBHELHE, TERIARIZHE, SOBEARR

B, BHEBRSRAR, FHE—PRats,
225 RSB BETAFEMRE

(1) SevgalZRE R
a4t % FE SR EUK

4&&2@

WA
/me

SevgaiE i H H
Qmmz
E T

#?//J:Fifé

&ﬁé*ﬂ%#é

(2) E§fR+SevagliZRR B AR
PNE 25 £/ 26

l?zaa
b7E: (]

0.2%+ ¥ E A8 |pH7.0, 507C,4h
Sevgaii i EH

ﬁl ZEE
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(3) ZEZB (TCA) ZEREATLEHE
Ffa 4k 25 58 SR B
e

HnE & S%TCA | FE 30min

-2
s
LEEYLRE

BT

RUET
BROHEZHE

2.2.6 2R B AR EF ik
MLVSS. MLSS: MFHREE
DO: YSIAEMEAE
pH: FZH ML
COD: 5B-1%{ gl & ik
NH;-N: #9RRA 9 S i
RS ERHEE: FB-FIRED.
BEAREE: ZOHREE W,
DNAZE: “ERHEERY,



£ % MBR FEISRERSZHEKSEIRK

234X 54%#%
230 BABBE BB YR TEBERENE
700 . 100 -
~ 600 PV Ar A AN e il ol 4
500 L%
< 400 ® 60
£ 300 o
N 40
2 200 2
0 restnstty Sstagtyt Mugad agitty. Sy
0 20 40 60 80 100 120 0
wad 0 20 40 60 80 100
— K  ——LEH WK B fE/d
B 2-3 COD RE&} 4] &9 & 4L o £ B 2-4 COD & M& M Bt ] T 1L
Fig. 2-3 COD as a function of time Fig. 2-4 COD removal as a function of time

3 3 My o
E,, 35 - W f s Ap
5 2 E 60 |
z %
15 Z 40
Z 10 %

(5’ %._,._u Z 20

0 20 40 6 8 100 120 0 * E—
B fEl/d 0 20 40 60 80 100
—— K —— K B fe]/d
B 2-5 NH3-N M7 /6] 69 H AL £, H 2-6 NH;-N %%
Fig. 2-5 NH;-N as a function of time Fig. 2-6 NH3-N removal as a sunction of time

WERNBEEEREREYRNEABRKRE LT, SHEEY RN S HKKRSES N EE
BOKERZ WA, 247 RS HEITHER R MEEST COD. NH;-N £RBRAFER.

B 2-3. E 2-4 HRNEEIBITHE COD ZR1EFR. TR, LiFH COD & KT K COD &
B, BHEBIERAIET 5~10%# COD £/, RLAE COD HREEEAE 93%LEA, HiK COD
FaEFE 40~45mg/L.

B 2-5. F 2-6 REA, 7E#/K NH;-N & 35~40mg/L B, Hi7k NH;-N &8 (B MBIBEER)
EEELE 2mg/L LT, BAEYRMNELF BT 90%K NH;-N XA . B A g mEaem
EMUAEERTEARE, FHBREYRNBEATREFENERERE. NH-N EKPELKE
EETRREE, BXIDYTF, TTEHTRENMIL, BHOREELSN NH,-N ZRIFELFTR.
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232 BAYRE BB EATH

6 35
2 54| ] 25§
= ,
£ s2 120 %
~ 5 ’ E
g 48 1U5=
B a6 10E
o 44 ‘ =

42 13

P S ——— 0

1 3 5 7 91113151719

B fa)/d
—— AR ——BENES%

27 RAE. RAME S LMEATEE TR
Fig. 2-7 Variation of membrane flux and transmembrane pressure with time

E2-7RER T REE R BEANENEEIZTHRENRL. RNSETIRREEFANESZ,
REFHKBERIAE, BEHPIHHKERNS.65L/m*h, BEFRNEHZEN1KPa, E1T10dEEEMN
FFUE#95.65 L/m*hB#(X2]5.32 L/m™h, M/ERIERERRRFS2L/ m*h. B1T20dEH BFNE S 2
A30kPa, [MERMEE B AgERETGE

B EEZMNZURRTEITEIRFTERAYEBREMRR, NESEENMELER. BT
WM (1~5dW), BRAMEDZ EAEE, BTHHRGREERR, 10d5EE8E LA, BT
F20dfEF I 7 2 1 3kPatl Z30kPadF R 7 P18, ERAEBT20AEFFH T, HHRNBRE
BIT20d)E, BRISRETE, BHTHEEURIEMBRRL EHIELT.
2.3.3 BSH % IR ik thik B

& 2-3 ARRBUTERLERXT

Table 2-3 Comparison of exopolysaccharide extracted by various methods

Hik EHESE BEORESE DNAEE
(mg/gMLSS) (mg/gMLSS) (mg/gMLSS)

ba i 19.3 8.4 2.7

FE+EEEE 44 16.3 6.7

FFE2+NaOH & 50 19.5 7.1

ERR AU 324 16.5 5.8

HARAE 62.6 17.4 4.5

MRS EFEEARBL G RE, FERETESRELNGRS S ERE. DNAKSRE AR
HIWTIREUS RN A M AR RS, WR2-3FATLUE MR IR R B #, M REY
B&H74.5 mg/gMLSS, BIRIEREUISMR YA BB H44.7 mg/gMLSS. MBRYS 42 R U Z
HIRSNR GRS SRR ERIETS~84%, BARSETKRTHRISHSE.

10



$£=F MBR FRISRERISHOSERR

FREEMANMEFERSER 4CHEM I, FESHREPER. BX. RENRESY
RE RN, RE(IELMEIYEA; BEfE NaOH WM IMAES T pH 718, MR AW PR
HIAE, MATHARREYS FRKHR, RETHRIREYEKFHEENRLH>EP,
ZHEH DNA G B &I 9.3%, BTXEMN 8.5%. FEAEERAMALE 3 min, BEKER
ZR, FERGES, EXMHEANERT, RRERFORISHE, SRETRORE, B
ZERNENRI SRR RERD.

H O8N, H SRS Z M E AR P HARMOED, MBRE, RRERELERYWH, B
BEAMRE, pHRRZMSIREYEREY. BREGTEESRYEDHRERRE, N5
TR, BAHEAYRRK. BBERROEIREYFDNASEE T HMRRTE, BBRE
HTHRIMREDLER, REENRIREYTRIIZESER, HSOARIMARRE,

KN Z AV RAEE AR BGR, TRRARGKBE (80°C, 30min) BATHIRET I,
ZRIEBHRSREYTHIDNA 8K 6%, BFERTEE, EARABEFRARRE, HHA
BARREED . PERDREMN R, SHERA 80°C/KBREGIRF I L.

AHARRBTEBIMBESRERSIREY, KPR ZSHIBRYETRARSE, RN
#7 PVDF BORRAMZAMER, BREXRANEDESRETRISHESERE, hik—5i#t
B 2 B8 R N RS B I K

2.3.4 Sevag kARSI SR F O EE
70 1 320
6 N\; 280
L Y A
350 | 1 24o§,,
-] ~
Bawl 2001m
& 160
4 30 ol
I 120 &
% 20 | 80 2
10 | % 40 B

0 N .
1 2 3 4 5 6 7 8

LEERK
——EHRK —— 5 B 5

B 2-8 Sevag ik EHE AT B A
Fig 2-8 Curves of protein removed by sevag method

2-8 Sevag HEEMRE AR KL HER RGN, Sevag (Efff: ETEHS: 1) FHF
PUARMERAREYE, JUEUEREBPHEAR. Sevag REAR, —FEENRETES
RREFHBIGRYFERFLOEZHYR, BIREEAREAHRESYNRIEREES
—HERIIE, ERRIEERELBR, SBRILHEBRBK. Sevag EEH 8 K, BEAE
FREN 80%, MSEEEBEN 86.6%.

o
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2.3.5 853 +Sevag kX ISN E BT T EH

70 . L 320
60 o T | 280
= {240 3

s0 |
é w0l 1 200 E“
& 1 160 4¢
5 % {120 8
20 | lso 2
10 40
0 ' - ' 0
1 2 3 4 s
E=EERE
——XH —— [ L5
B 2-0 BifR+Sevag kAR EAK B &

Fig 2-9 Curve of protein removed by enzyme-sevag method
2-9 R BB MR +Sevag X R B A RMR KM SRR RFE R, FIFH TR OB RE
fEfl, ERXEINFEEARNBSEEEAKE, WD T ELE Sevag ZREAMNKE, N
AR T ZREMRRYUUEMR RN, SHNERER. GEAMN, BEEEEEZEAREN
®m, BEETERKMD, Sevag EEEA SR, BEHEREX 90.8%. M Z BRI 94.8%,
B +Sevag I ERR B B MR KT
2.3.6 TCA kxRS B F6IZE

70
60
350
a0
Ea0 t
&
&30 |
H20 |
10 |

ob— . T
1 2 3 4 5 6 7 8
EEERY
——BER RS

B 2-10 TCA k£ EA A&
Fig 2-10 Curve of protein removed by TCA method
=ZHZR (TCA) REFEERAFERTS=HZRNABTEERABELEE, FEARKSY

TARME., JlE. mE2-10 TCA EEZREBEAKE, ZEEREASK, BEAEZREN 64.1%, £5&
BHXMRIZ(ET Sevag &£ K E§f#+Sevag 1%, MISM B HEB RN 60.2%. TCA 1#%R A FITIEH R 7T
REERMI 5RO AREMNRII ZHE—RITE, FRISHEBREK, TCA 2EHIRILE
K#, E—ERELMKT BHHREK.
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£ % MBR TRERERSIZENHERK

2.4 14

(1) MBR RN RIEEZTHE, RAE COD HZBRERFFE 93%AA, HK COD FBETE 40~
45mg/L, BERPE—EMMEER. NHe-N ZBREET 90%, HK NH:-N 58 (BRNHFHE
) #FE 2mg/L AT,

(2) }EMFEHRBUNERH, I SHRIEN 62.6 mg/gMLSS, FEMERRKIKI L5
S EMNH 32.4 mg/gMLSS. #IREUE (80°C, 30min) RWATHIA I, BRIEAHXEH, HHRABE
BREB/N.

(3) E§fiR+Sevag BEEREAREOLBRRIX 90.8%. MIIELHEERIE 94.8%; Sevag EEEHEH
8K, BEEREN 80%, MILHEBRN 86.6%. TCA EEREH 8K, BEEREN 64.1%,
ZEBRNY 60.2%, EBAMNERILT Sevag i K Eifi#+Sevag . HHX T Sevag ¥ TCA ¥,
THREBEAERE, CEMIZHEAER, BEOMRE+Sevag HEREN.
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LA RETLFA BT

¥ =% MBR HESTEERIIMNS NS EHEERRIT
3.1 ATF

WEYRIZERGRAIREVHEERGB, FRI S FEE LT P8 N IRE,
T 4 25 9 B 5 R RN DA B A 0 4 M R ek o] 2 ) DR PSR T 0 TR PR VS e B L BB AR KA
BB EEMIRELE L. FEXHRRRS S RETERGL, B3 MBR BiS5LESH
Mash L HEAL S, HFMH HPLC. GC. FT-IR. Fl SEM. AFM T4 1% 88 447 F B0t S £ 8 1 5
FMMEMBATRIE, NIRRT S EAAREERRS.

32 SEHHEF %
3.2.1 fesh % B EATSuAL

MEENREQZEBMTEREEKP, £ DEAE AERENAN, FEGSEHEA
DEAE-52 E#TH:, 100mL PBS 245k . 0.1~ 1mol/L NaCl W4 By li, B Xm-Fifsik
B RV AR, WX R AIRERIR, R B FKIBAT 48h. RS, BT RER K
¥

BEtrkE: H@E5EERHE 2.6x20cm

It JA: DEAE 44 %-52 (FHEFZHRAD

Z: 0.01mol/L PBS MK, pH6.0

YEMEH: 0.1~ 1mol/L NaCl &

PR BREBEAR

Vel RiE: 1mL/min

W ££: SmL/E

322 fest SR LLBE KR

BaSh 5K UV-2450 B4 ¥ et (HZ Shimadzu A7) 7 190~400 nm X ]34T % 5b
BT,

323 EBSTFESHFRL

HPLC 471 #BHET 0.1mol/L NaNO; ¥, #IRIREN 1.0mg/mL MR, B
20uL, fBi%#E4 Ultrahgdragd, 8 45°C, Waters 2410 JRELR M BRI, CHOTFENEE
¥ (Dextran RF1) NizHES.

3.2.4 oSt % B4 5 5 HF _

MEFRERE 10mg, M 2mL2molVL =R ZBBERHE, BF 105 CHA KM 8h, BSKF,
REFKN=FIEK, 0 ImL FEEFHERT, EFHK, %HTF. BTEHE 5Smg, A 0.5mL
MLBE, 10mL M2, A 1~2mg MEMAER, F 90°C/KBFHERF 30 08 BHAHFMA
0.5mL ZEREFF 90°C /K ¥ £ #F 30min, F5HE G W HF AT GC M7 RIS T 1R B85 HE 5~10mg,
EHRFERAEY, SHEGEMRY. SE&4: OVIT01 BEAXEMEH (25mmx0.33 mm),
FID £ 2%, S Na: 2 mL/min, Hy: 40 L/min, ZS: 550 mL/min, B2FFHEHR: 180 C (5 min)
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S=% MBR PHESLERISHNALRIEHRIE

FHE 240 °C (25 min) /3 ‘C/min, SALEEE 280 C, KWIBEE 260 C, BEHFE 10 pL.
3.2.5 It B BLrst ki

KBr [E 18, SZA Nicolet Nexus470 %! FT-IR J:i{% (Thermo Electron A &) #HiTH# 2
W, FHWREA 32K, SHE dem’.

3.2.6005" % B RLEH#) AT

KRS EREREEERLEG L, BESE, KA Quanta-200 B (FT= FEIAF) N
BHRMYMEN .

ZuiESZE (1 mgml) BT EETKP, MAERE, AHEEE, HAHKRER0. 1
mg/mL. MR B ERTL BRDKEEENOFE. BS uLBEER (0. 1 mg/mL 5%
$5+0.1 mo/LNH,OAc, pH7) WZEFHHMNZRA £, FRPTFHE10min, REKFEEZRERH
W EY, BREMTKZEEE, FIESENTBRERN, FAFTRENTHTAIMUE.
3.2.7 st 3 BEALMR

BBt EURASMEHE 10mg, IO 10 mL0.015 mol/L HIFBLERSNEW, 4 CRAHE,
RIERIRA, B Ap BEB—REME, MAZZEFIERMN, LL0.0lmol/L # NaOH ¥ & F &,
HEENERRERTENTFRE, SRS EOETR.

BEmESENE: BaCL-¥EkN R FHBRES R,

HAN SRS RIS FERKE T (NDJ-1) g,

33 FRERET#®
3.3.1 ieS % B EHTLEAL

0 25 50 .75 100 125
'S

H3-1 s SEEFIRBHBE

Fig 3-1 Elution curve of exopolysaccharide on ion-exchange column

MSNEEREANE, B, HTHR | mgmL M5 S FEE®, DEAE-52 Efrdift, W 3-1,
B -FREE TR, &RETHEMNERE, KM AT R B T R AP
Ve, UM SR RS RRD, SRR | HRMERE, RERSE, B, AET
BREBOGERIEHE, B-INERNRIESESTERRD, RURLE.
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LA KEHLFAR

3325 S ELEE

2.965 v T —

Abs.

-0.138 L L L
190.00 250.00 30000  350.00 400.00

B 3-2 Jsh 3 ey ks B
Fig.3-2 UV spectrum of exopolysaccharide

LTEEN. WEYE. ZREAR. 8. BTXRERNALE—RFILE, B3 TR
ZREER. GTREACERRER, BTK, BRECEYW, pHIEFH, FERISENET
ZE. W, ZEFSHEIER. BS 25 190 nm~400 nm X 8] (445035 (B 3-2) &2RH,
260 nm #1280 nm AL¥EH BRIIE, FAR. BBRAKRROEARER, RHFTESRALERS
MaiER, ATHATERREHIT.

333 EBSTESH

5001

4007
3.007
M
2001
1,007

0.001

Ty

T T LI
500 1000 1500 2000 2600 3000
Minutes

@ 3-3 )est $ 4849 HPLC #H
Fig. 3-3 HPLC spectrum of exopolysaccharide

GRRY, RIISHEI TEDSMEERE, & AHE 14min~18min, FSEEK, Mn
CEHSFR) H2.6x10°% ZEEHTFRBKR, HOH—HEE. REFNRSIEESTEE
B, BRFHSIEES TFRUZATRRETRE. .

ERAVFFNAREBRNRISEY, MNFFRARE TR SR EBRNENGFRE
BRERERR, KT EEAP, THEN LA BLSEWRBRENRIRE, BBHEER,
EHK DB A S REQBRAERY. Fr, 4FREKETNRASEEFHRERE Loa



$£=# MBR FBEHERISHENAURREHURE

A ERRUAERBHKSRKE, XTENBEKENSERYE, 7IERERRK.
3.3.4 Bsh 3 B eh £ 44 RS HT

167842 000
179708 203

186690 207

185072 125

'10 " 12 iK) 1" 13 18 17 " 20 2 2 3 u )

1®
ME (ia)

(g1: RZHE1.3 mg; #2: FIH{A%H1.8 mg; #3: A%E1.6 mg; &4, HER25mg; #5: FEFELl mg;
k6. IS mg: T AR UIEEL3 )
B34 $HATHRINEHE
Fig .3-4 GC spectrum of monosaccharide

-
&

R ()
2 ¥ ¥ ¥ s 588 38

144555 438

10 1" 1 19 14 1 1 17 1 i 0 il 2 a u kil
0 (ain)

B3-5 fash 3 KM it E R i EHE

Fig.3-5 The monosaccharide component pattern of the exopolysaccharide
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LR RFM #4823

F3-1 SR EAS

Table 3-1 Monosaccharide component of the exopolysaccharide

2R =41

D-R &R 2.67
ORCEUAIZE ] 1

K55 2.25

HER 1.6

HERE 3.04

I 1.47

KRG A B REHATSHEE SR, REBTEREERE. K. AH. HEHE.
LIHE. MR EEAR, EEPOE. RESELRRYS, SELEEER. 71, BRER
SEER—MHEEMEBARNE S FEREH.

33.5 St S e E R 94T

WT
Ber $a vus 83 A

20 150
Wavenumbers (cm-1)

B 3-6 fast B AEH Lot R
Fig.3-6 FT-IR spectrum of exopolysaccharide

RSN BRI E3-65TR, BT BRI — R LR XY RS R K&, 3600~
3100 cm™ FEEH —AEHIRBIEE, HO—HEMBAEIRSN, 2934 cm 4t AR UL B8 KC—HIE MR
B, 1725 em  MHEN EERC = OB BIRFNAIR I, 1638 cm™ 4 H—OHMZ MiIREZIR tiZ,
1383 cm AL HIMR M E=CH FIZRTER I, 1247 cm™ Ab A BRBRERIIE, 1051 cm™ AL B R i %
HC—OBIRFNFIHE . 890 cm™ b TCAFIER Wik, RO & p-ZUBHFH R, 530 cm "HIRUIERCCO %
TN . M3422 om™ 4t TR B Mt BAZE RIS B HIFAM S B T2 B E LR
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F=F MBR THRITRERSSHASLRRESHRE

3.3.6 FS 3 AL AT

B3-7 fash 3R e T RMAA
Fig. 3-7 SEM picture of exopolysaccharide

3-8 Mt 2 e BT S RAE
Fig. 3-8 AFM picture of exopolysaccharide
X TR AN M HEATSEMMLEE (E3-7) , BUBBCKMEECN 120005, AT, MUSPBREN TRA

BRMEAFELEN . RAASHEEERIER, BANYTHE S MU, 2 FEERELHEETHE
REEERT RATE H—EERR . HEREFH ML, E8KELBKEULHEORA .
Hush 208 R O AR S RREERR R, T AT LAFE A R R BB A S8 . BI3-8thiE— D iR HTS
REHIS 2 HERA LR B = FPIRG A

GRUSNENMTER, ZEHREWHN) TELEREABESERK, 255 T R
HREARSEBIEA, THATERMESH, —ByRERRE, W ERRTMARKZ,
PR TS Y 2 2 A B 5200, R F R AEYITS R R BT, X BB B AR KR .
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LR RETEEAIX

3.3.7 s 3 B EAMR

K 3-2 S L HERIREE
Table 3-2 Viscosity of exopolysaccharide

LHERE EHEE HiE e 8] FHXTHEE
mg/L g/mL P s P
440 0.9706 11.831 1195 10.831
220 0.9855 2.950 295 1.95
110 0.9892 1.735 174 0.735
73 0.9840 1.369 139 0.369
55 0.9884 1.242 126 0.242

A5 3 R RE B A B REA G TR E N A AEMRE S, KEBEH, pHIEFH, FETF
2B, Wi, ZZHEHSHERHABNEREHE, REBRESEN3.9%, FMHEREM]H6.64cPas,
BB E AL T B A S W4 /R B LV $20.552mol B AR, P2 FRER0.276mol, #EH A BHEXE
H1-3, 1-6AIEH AR,

344

(1) E§ff+Sevagt ZRME WP NEAR, EB FRBRENE— P4, BT REHETEEBS
PERER, RIMDGELERBRASHAREREETHNEOR. BRERACESEZR, BIE
BEEEAIT%.

(2) HPLCHUEHISM ZHED TEDA, Mn CEEHTE) H2.6x10% SR ERSI SR —
MR E. GCEEMTZRISHNEEA)EEANHERE. BEHE. ¥, F2FOEHER,
EERERSIEERE—FHEMEBARNE S TRERAEE. CMLEMTERRFES FEE
8. SEMRAFMMB KIS SHEEAER, B ZEF TREZTRISBHMLESEN, £2HS FEE
HEBHEERESRBR, THERMEEN,

) FERANBIRITEERSIIEHE, HFTEHNEEERRESE, PETZE. Rl 28
FENER, KEBREYN, pHEEFHE, RIIZSHEBHESERD. HRAGRERIIZER—F
HEMEBARMETI TERSHE, BRESEN 3.9%. BMBREASITHRASEEENR 1.3,
1-6 IEHR, MEBRESEN 3.9%.
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HINE K5t PVDF BRETS RRHIE

FME Rash % X PVDF BRAY S RAHE

4.1 W3

RN BRAYEWESLNEEZ —, BREENWEERRESY. BFREZE (Poly
vinylidene fluoride, PVDF) Mg AH IR ER . HAKRKEKRGE. Mi5H. FULFEEN
AR, HAEA KB LAITS KB SR P AR A B 3255, B TR AMBRE BRI BRELH
SEURS BRI E], Ei, it AR S8 B T MBRIES AR B R R

A E R B AT T AR R IR, TR R BT IS 5L 2 i M 4 2 8 41 & Xt PVDF i
JERE V5 B AE, 3RS R R X A B HE AT R AT TN,  BARA4R SMBRA MRS S HE X
PVDFREVS BRI B, HBTRERSREMHSE,

4.2 MHEF %
421 FEBEE
A
BRI1IRE
I
| |
'z 0
— anarE ooy

B 4-1 et EAIFER
Fig. 4-1 Schematic of dead-end filtration set-up
E4- 10T EEENRER. RMEAISOmMLARMENKEMAXIESE, ARBAMH
¥, BEREHKSEE SMESELEERSRE, AR FRENALPMA, &L
WRANBTFRE AR S, MESTHAR. TRHFAEANPVDF PRABEBM (LEEH
L) . FAKEABERHN6.0cm, BAZEN0.2um, BEH40.00283m%

422 SR B HRXF %

(D REE
H RIS ST AR ER, e B E A RES AR, FAAR (4-D

TEEREE.

J=— 4-1

XH, J—L/(m’h);
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LR REH #4083

|14 —ﬁl‘if‘ﬁﬂ:fﬂ s L
S —EERER, m
t —iTIERSE], ho

(2) BAEXEE

DA i EE LR ARAIL I e, ARXHEBE XA,/ Joy EPJ, K HZIKEER, LoH
BEBRNEETKER, ZENRTAFARBRFHROZR, RETHE.

(3) A

BAEAR B R S
AP AP
J= = R
Ll-R l-l'(Rm+Rc+Rf) (4 2)
AP
Rm - -
T (4-3)
AP
Rr=———Rn (4-4)
beJ'w
R=LF _p_g (4.5)
e Jus

AF, FEEE, L/(m>h);
Ar—EFEMEESE, Pa;
p— BB, Pas™l;
R —idiE SN, m;
R, —EEBEHES, m’;
R, —BRERBEFRZEMES, m;
R—EFLE RSB M= AKMES, m;
Jo—IKEIFEEEE, L/ mh;
Jyv—ABRERANREENERREER, L/imh;
Jus — RITEFEHFRAREERE, L/mh.
RN MR IRBWNT: OF—ENT, tHEGBETBZETKNEER, EdEfl
B EREREAR: QEMERENT, AZETERNSESR, LEEANREREN,
ASER B VR B AIR; QKRS HERREEEREE. AAERKGREZERANARE,
RERBEEFEOGUNRAEZETFKER, HXNNABEEABIANE (R+4R) .
(4) B
FRRTH Ko 2 58 % B 2 100 s F R B P R AT .
4 CoVo-CVi-C ¥
0.00283

(4-6)

A — BRELERHE, gm’;



FUE RS EHEXT PVDF BRETS RAEFE

Co— BEANBIFMMU AR S EEEBIRE, g/L;

Vo — BEABIPHMX B M S HE AT, m’s

C, — BEIWRE, gL;

v, — ETWAAER, m’;

C — FRTEEBRE, gL;

V — BRBEBBER, m’

0.00283 — BEHHEH, m’.
423 Bosh 3 BREAPVDFRTEATAH G YA

EHRIMBRPEFHME S Z30kPalE i T, RIS SFREXNPVDFETRP M. REH
EEAEETAER, 4 54E150mL 20mg/L. 40mg/L. 60mg/L. 80mg/LAE4H % $E¥F K, 7E30kPa.
BRE2SCHILABT, MABIEN R, HHIHEEEN180 pm. HHTERE FRE—R, BT
sl SRS Smin N ERISSERIKETRRE, BEERImnidR—RKET
WRE, EEAMER. EEARAKRESHEREETELRES, BAMEERL. BEHZ
t, FTRLEEHER.
4.2.4 pHA RSt % M i AL RAT A 64 %00

FEFIUE 772 30kPa fEWL T, BFFUMISM S ¥EH M pH Xt PVDF 5 R0, SEHEHEER
MEETFKER, 4538 150mL pH 29 4. 5.5, 7. 8.5 ) 50omg/L Mus L AR, BE 25CTHI%K
BT, AR, B EEE R 180 rpm. AT BRE FRE I, #ITERTELER.
£BAF pH MEEEBHET SRR, BEHAEERK. FRERRTARMERKL, FRE
EHE .
425 BMEHRERTHGYA

WE4NES (30kPa. S0kPa. 100kPa. 150kPa) T LHE&ITIEENR, SHUEBAEENT
BEENEETFKER. 150mL pHATHS0mg/LAESN SRR, BESCTHREHT, AT
PR, IR H 180 rpm. W HEBRE TRE B, WERFREATEELRITEIE L.
S EEMEIE /73T PVDERE T ST R M AT it R P MRS SR E T SRR, RS RER.
42.6 Mt 3 BT EER G E

FEL Y5 38 H PR R B i 78 R A BR Y S 4L FEL AR B SRR ALE o

(1) PHEGHAER

e A4 ik 2 PR AR R,
kv_t 1 47
2 V Qo
t — ﬁﬁﬂ-‘j’rﬁl; S3

Vv — ESWAER, m’;

K, — E¥, m?;

0, — VI, m*/s.

i H 5 H A E A IR LK, EVEN RS S AR HEE Xy EEH
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LR R ML A3

EeKne BREAAIEEZNE W, BKSIANAKXF (4-2) fFiiLR:
Y _p. P
dt B-Ry
LRV, KRMEMES, #IT—ENEE, NMRMEERE K TASREHE. B
AR EYRAYETEAGRRE, FRANERZE. RARX 4-8) #IToH, TAELREH
EHEAEE, MERMNEEMEEAES BHEABRIITHT, BERTREHEBRFRK
FEEEERT, ATMBEZE AR TAERE A A0, b5 2200 b 52 ik e b 2 v Y70 I A8 H BT o5 1 EL 481
A & E X FLERE 21 3E4T 447 o
(2) VIRRI5 AR
FAFEFTRATRERERHREELG T SHENEGRTES, SHrEEEER.
TR e

(4-8)

LA S (49

2 7V 0

KA —LIERE, s;

VB BAAR, m’;

K—%%, m?

Q,— VITETRER, m/s.
FIAR (4-9) Hd@BIBR_REZIRENES.
X FUREBEA#ER, R#ECarman—Kozeny AR, RT#—FHHRIEN:

Re=a-M =rc- 6

_180(1—8)2 m,

R =r -8 =—5"—. =a.M (4-10)
dpe® Py (1-¢)-4,
a — 1SR, m/kg;
M — FIMEFE, kgm’:
ro — VSR, m'z;
oc — VIREEE, m;
e — VIBREILRE;
d, — UIRHABAFEIRIAR, m;
pp — VIR EFBRARTER, kg/m’;
An— BEHR, m.
FRMEFEETEERE (n) REE:
a=p-(APY (4-11)

AF, a — FRLKHE, mkg;
B — ELBIRH
n — EEZRE.
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SUUE RS EHER PVDF BREYTS IAFIE

43 X 541#
4.3.1 fosh % R BT R EAT A K Hoh
70
60
50
40

30

MR W= 107

20

i e f&)/min
—+— 20mg/L —s— 40mg/L —— 60mg/L 80mgL

B 4-2 AR ZmREAT AT SRS E XA
Fig. 4-2 Variation of relative flux at different concentration

B 4.2 BT MuAh B R X EARSHE B A . MuAh 2 A ROT IE L AR AR AT A I B AEAT S
2min WAREI T, T3 Smin B EERZEREE. LR T5 PVDF BAF

YR, B, PT7ERE T SR AL A IR B . DUAR, ERURILARZR /NS, fERS)
B R AR AR, EARXE R T .

20mg/L JISM 2 BE ML eI RS, FEAR N B 4R 4 i T At R BE O 41 20 A v 8 B A A o
BAE. 20mg/L MRS SRR SRS, FHRERPRIZEE BRI, RAASHERLA
BRI, R BB, BAEMNEREAR/N, WIRBEAERY 63x107, g EHENE
BHaE1E 1.0x10%. 60mg/L. 80mg/L HIMIAt LFEHOT IR, EHREHPRAZHSERES, £
HRENT, ZSFLEBRILARM SR Z, BTN TS RAE B, VI E &Y 3.5%1072,
g, EHMEERA ) TERREARK, EREOAREEFHMR, BAENERIEEHEN
0.6x107.

SBLA(107%m)

0 10 20 30 40
B ] /min
—+—20mg/l. —=—40mg/L 80mgl. —«— 60mg

B 4-3 REGRAACS $ 4BiLiE &1 S - ofE] BA

Fig 4-3 Variation of membrane resistance at different concentration
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LRI R FI S i X

 4-3 RERT MM EIR B RRBE D 050, RRFH 028 R T RS S HOF2RE . RPE S e B
¥JLorep A LFRE, MFRENT, 20mg/L KIS Fi o sE i FRRREE ) EFH /N, 60mg/L.
80mg/L MISh Z ¥ UL UEMAIR], AT 20min PR IARALARIE, 80mg/L FESh 2 Bl v it i 5 HAAR
PEABH . MRS 95 M52 B — Ak e, RRFE DR M4 S R B I 7, R
ShZREWR BE w2 RIS B .

1.8 1.2
1.6
1.4 o | 1
_ 1.2 ;,
T E
ERY 2 :
T 06 o
0.4 209 //
0.2
0 0.8
0 20 40 60 80 100 0 20 40 60 80 100
Z B/ (mg/L) ZHE (mgl)
B 4-4 REREAI B BEBRARYAME B 4-5IRREMA G ZHREN £
Fig. 4-4 Adhesion of polysaccharide at different Fig. 4-5 Variation of R, at different
concentration concentration

Bl 4-4 [BRIRBEXT IR MRS 2 0 WP B, REVREERSH 2 it it #2
52 22 TH] 45 8 00 R B B 2 W O P 14 AN 1T 388 0« 20mg/L I AM 2 W v R B 45 7R 5 B 20 T 40 0 O f i
H0.55gm?, ERESHERMTRED, FAREAE/N. 80mg/L st iEmid it BERE
MU ZFER M A 1.58g/m®. BILIEIEFET, HMush 2 HH A WOk BE 1 NS i B EC 76 B TR B VR B

B 4-5 RELMISP S BRI STIRZM I MXR, PVDF BREITHUZ B BE ML A 2w R
BES NG, Mst2RE R EE R, N RRIZREMEETRGEEETL, KBS L5
D TEBRARMHERARE. EEFETRISERER, RIS ENERERREREY
AUNEl, REARKZEEYSN, AREREEMN, SBUIHRMESMK.
4.3.2 pHT Je5h 3 Mg d AL iBAT A 69 %R
120
100
80

x|

60 |

Hixdi bt

0 10 20 30 40
it 3 )/min
—~—pH4 —s—pHS5.5 —a—pH7 pH8.5

B 4-6 KF) pH fest 3 s a8 F Rt 4
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FEE HSEHEX PVDF BHS RARHE

Fig. 4-6 Variation of relative flux at different pH

R pH Mt S EHEBOT IR, BEHEMEES 0min RARZREREE. RIISEER
pH X 7 B, BUTEAIAAERTER N 9.8x107, k. JEYBAIRERIEELE 2.0x10%, M E
BN (pHA4. pHS.5) RIAISEREAESTE BN 7.7%107, /G FBHXTERIEEE 1.5¢102,
M RS B AR R RE, REERNESHEE.

M & T (pH4. pH5.5), H'SEURS L HERE M BFRE TR, PVDF ExiHush 5
MR FERRY, SHRVPRSASES TRMEEEEIRE, EERERRERIEENLSH,
Y& T Kok 258 BT i I R AR AR Ml BB .

M ZEREEKEHNEZEY, pH BN HS BRRABRRIHERE. pH AFHTEH
A ZEREAENRER (MEER. BE. BEBES) KRENEM. ATERSZERE
B REAEAES, MATHRAASES TRANSESRFS, RNEXTERDNEILENHSF
¥EH. 9. BiE (pH7. pHS.5) MIS L BN R KT R R, K SEERBRTELER
Xl B ER .

6 - 15 -
@5t 14 +
E 1.3 ¢
5 ‘gl.z o
&3 |
L1 -
2 ) 1 B
3 4 5 6 7 8 9 4 5 6 7 8 9 10
pH pH
4-7pH HiAAEMH Re % % B 48 AT SHARES pHE XA
Fig. 4-7 Variation of Rc at different pH Fig. 4-8 Adhesion of polysaccharide at different pH

pHX! HI4h S EPVDFER TR B AR WA R, M SHEEBVRIERR ERTHR
WAL THIR , MSME BV BPH N LR R B/

M4t 2B R—F R B EHEEY, BESLMF (pH4. pHS.S) THSISFERTEERK
HETERKSEEFEE, PVDF EEKERE, SR SEEBEMN PVDF RRESEERE
KYETIR MRS B8 Fo BOMESE T BRSNS it SRt RR ITARBE 1 249 20 s L T UUARFEL Ay
) 1.5~2 1%, ML THRAN S ESEREE BT R, BRERMERNENZBIRES
Mk, pH AR SBAUI S HRE A A ES, WA SHES TRMERF, BERE S
LENHFEARR. REBSETRIINSERBRTE, HALTANEH, BREBROTRE
Beits, BRRETIREDBAD.

pH # PVDF AR H fI5h £ 5 R B — AWM, pH b 4 B RTE S HRH RN 1.3g/m’
¥, RIEIE&ET (pH7. pHS.5) PVDF ERE MBS B, EREX I ZEAFFEAR
%, PVDF FExT M4t SR MEEH T, PVDF EREEISHENRITERD, pH KX 8.5 BE
RELHERHMENR 1.22 gm’.
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Fig.4-9 Variation of relative flux at different pressures

AREERAEEN T RS SRR iR, BUEXE BB ] 1683 RaY, BIEENN
Mash 2 BRI IE R AR IRAR ST B B LK, BIEE S mAIG R B R, #IEES 150 kPa
B, AIARREARRTIE AN 1.22x107, £ 30 kPa B AT 4ABAR N B & 4 3 .

B AE B K IRAR AT W B GE BE R R, 23410 min, BXTHEEEAEREREE. K
B1EES (30kPa) T, MUSMNSHELEBERAAIBRMBE G, RSP EHEN T HILIE R M,
AT EREMA2x107M2E0.6x10%. FHRIEENT (150 kPa) 3%, MAMERFALLHE, M
F4E1.22x 107" IR 21.85x 107, #24EE 112050 kPa 100 kPalt, i i o /5 S8 R AR o a8 A S (B4
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Fig.4-10 Adhesion of polysaccharide at different pressures

1B 4-10 IRAMERIEE H 7w, BRRERHA R ZES TFHE, BHEEEEEMER,
RIPNBOZFEREREM, FRME. BOREENT, RISHEKD TROHST HAERD
BATHUERLR, SALRE AR E MRS RS TRE, BRERKEORSLHREEE, N
T ARAR X B R TE R RN MR M AT 20 R B BB R KT K, — S i st 72
BRAEE S & IS S B R A
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£ 4-1 PERER DT BT M H 44 %
Table 4-1 Resistances of the PVDF membranes at different Pressure (28 ‘C+1°C)

K7 R Rm Ri Rc
kPa (10"'m™) 10"m™) (10" m™) 10"m™)
30 1.89 0.13 0.11 1.65
50 2.88 0.19 0.22 2.58
100 3.96 0.21 0.31 3.43
150 5.95 0.31 0.39 - 525

BIEEHM RS IEENZHE K, BEENSMBIRIZHEEBREDARMAOTER, KL
REBEREAT EENRRARE, BREEINERISHEAVEREREBSEES, VHESN
REBREEAMARMIER. BEENDBK, ABEIBK, I SHEEKIEISOPaE S T, BT
FAPH /7134 %205.95%10" m™".

TRERIERNGRE, HEDFRAZHEFIRREEEEEAIA, EHXEIEHEL
ELRH HEMNE. BERSISEELEIENET, TREEERKEMN, 2ESTFEACE
BROFRRELS, SBEGEILRERD, BHERHEESLY. R LEERELgLE s,
MM H FERE TR, BEREENBX, FRMEABA. BEAHEDRER S 3N
FBEREEAABMEKR, RHREENSKBILEEILHE) TFRESTE.

HRA- VRN S RESEI PSS, RREDTETETRE, FREDS4REHH
90 %, REENHEBEARITS, NRENEREEGRNEIERE, REHBEEEFRNTE
BEH.

4.3.4 JoSt % B T 2B M
300 L 180
[ * 160
250 140
£ 200 120 ::
g 150 10 2
= 80 =
g 100 + 1 60 g
140
50 | . 20

P S S )
1 6 11 16 21 26 31 36

t/min
——HER ——HBREAH
B 411 BB FEHRAZ

Fig.4-11 Variation of membrane flux andr esistance
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B4- 115488 R 28 44 T IS S RS R E BEE BRI S A RAE R, BEEREE 20
TP FEREY, BEADENEEMTER. USminh R, EASEREREEIFEINE, £8
FABBREE. BEHSHENXR. B IHERREE2ninARERZE THE, BUNEEE
BBTRE, MANEREREDNEERNEAR . SRNEESHT I ELHEEEAH0.5mgL, ¥
AROBRASSEELEL. MIBEFKS FEREENTESELR, I SHEREGKKREY
., MSEHES TELYE. HESHBRERTRERRE, SREATRIRHERDD, Kust
SRNTEBRREOTIR, BREERRERKEGREE, NAfEEER, BRABERBEER
/ME.

10000000 0.9 r
9000000 08 |
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Us B f)/min
B4-12 fesh S BT RMPVVE R B4-13 iR AAsk K I A LA E) K1l £,
Fig.4-12 Relation between t and t/'V Fig.4-13 Relation between K¢ and time
during first phase during first phase

Msr MR EERAN, EXRAMILBRITER, FRRFHRENFBURILEE, SIEEE
B, W 4-12 A S BERRTS RAIH t~vV REL KRR, RS | MRASEILEEEE, T
VIR B, WD TREILBHMEIZEN FHABRIL, HP—Sb TR /ER SR T
W, BATEREANERER. BIIZHITERAPRESNEZRENEEH, —HESHES
THIES), HHTH, BLEENME, HNMEERAARBORT=ERS, FRTHEREN
B H—FE, ATRISERROKFER, BERRMAKRNIERES TFHIES), THAKE
B, FEEREES.

sk 58 5 F X IR FLR B e bk RS BV IRV S R EE R R S B R MHE R RE R M
BEBTHENN, REERREAMR—BIRE, BEE&&ETRE.

Bl4- 13 BB HT AL KRR AT EE (K BETUBAT (R PRAE, BRI 385 F2 o k& ZERE ) b R B ek
XA M A B A R T SR IR, WISAM B IS R D BE R K, EEM T i
¥ Imin s BB 1H)80%, Ti/E#T PR, 4~5min/5KH0.1. BIEEAEVIBMBRRATE, L
HERERNEZENDWEESREE, X TREANEERE.
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Fig.4-14 Relation between V and t/V
WME4-14V~t /VIREER X R, KA SHEBRITRLERITFHFSARBERAER. £
—BrB, RS ERESTREABERONEHRNTRERARE, HASHEEBERTEEE,
PVDFIBEILZH0.2 pm, BEAEN S FES<10°, KL SPVDFERIZMET, #45H
SAERED TFBANFRERELF, ERXIMNBRAAREESRE. ZLR)BALENRIE
VEATREAGT, MASEETY, BHIERK BN FAEREME RS,
B TREARES, TERMELH, KRB RVERBERRE, ERARE. IR

BEABAZHELENEEHRS, WREGRESENEERE,

124 -
| y=0.821x-16.444
12 R2=0.9839

10 Y SN i 1 L i

325 33 335 34 34.5 35
Ina (m/kg)

Ba-15 EFEHEAK n KBH
Fig.4-15 Solving forn
HE—EEHTHERIKHE o B Lo InAp XAERBEZRK 0, HE4158n Y

0.821. fi5hZ $i7E PVDF IR L RUEHR, M ERBAREKENZRY, RENBHER,
Bl A i S8 R P AN BRI E R BRI T EE . EEIBIRATREES, &
HREENTIREHERENES, FROEFIRFRTEEAARE, RRATTEMERE
BRI K S %R
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F 42 RSP A AR
Table 4-2 Filtration resistances of the PVDF membrane
JESFE S JEEHE A A TSR A VIR S
R Ron R¢ R,
A (10"'m™ 3.87 0.19 0.25 343
Borte% 100 4.91 6.46 88.63

F4- 20875 YebH A A IAZ R, TIRRFE A7 & B BE A7 #088.63%, TR FLBEZ BT 5 R M54
B (R & BME/6.46%, T APVDFERENRENERRERBZREIERE, FRBIAE
AR FE R E B, TORET AW SERAEILRER SRS (IR METHARME
HELFTUZBEART, BENEREERELSENEESREER,

4.4 12

(1) B BERENEAMTER. BEHEIEBWHILEKR, BRI SHEESRPRER SR TE,
it IR ERE . MRESERM RS AT, RS RRSS R
BEMTTLT, BAN SRR A & RIS e,

(2) AF pH S £ HEEH, BT SERENEERTHERHEE, SEP. FHENEER
BE. A SRR R, SRYIEAERERE. NS EEBCY B IS AR
BERE, RIISHEEBRRENRNERES. RIS EEBY PR RS REEHANRIK.

(3) FEBEEH TRV SEAR BT EIEANEEEN A EEEFTRES, BREENT
(150kPa) ¥IEaREMExT B EEHE, SREBEEAEEFANE, M EERELE 1.85<10% B
FOUEHFE, RRERMOSHENS, RHEEEEEMES, FREAMEINATIRA,
EAimamE s 3.

(4) AN S BB IAIN, M5 R BT M B, S B HA TR BAUR I R Rt
BYIPESANEERRE. RAASHESBILAEE, RIMETEAE, EERREER—BRR
B. A EBRERENTIERFHFATRER, FEZNREMAEEES, FRENE
R A TEARBSY, SEMENN 88.63%. EILFEERSIRMTBERES (RY TDTH
BH (R » BHREASHEEYS, NEENEORNSBERETOTRET.
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$FHE MBRAPMESEREBEERETRR

51 %%

S EEYRENAREWTRIBERFKIE. Zetadi (. K5EE., RABZYE, L224HR
BERBENEYEYE, BEREEAEEHXXRRT. AEHREE T SMBRYMINESYRIER
BERME RN R RN, BREMNFERTSE, #—5NRMREEE L EE, HiTES
A R B B R E k.

52 MHE5F*®
521 FRAARMBAHNBEFTEGEH

MBRIZE LK 1-1, RMEIEIT50d, RIELBEFEHEE (5~6mg/L). pH (6.5~7.5) . [&
R (b I /45 4 B (6] =10min/3min) #RAEAER . RER7E 825 CIELLIETT, K EERE
i, KAEERE 6h. ERGRIKRE. SR, BiTEEh. BRNE S EMEIETH
EHZA, G RBAREREESRINXR.,

52.2 ML RA ST R ok

VIS 2 BAEARMPE BAREURRRI R AN S E. NEMBREITHEEREE
. EERRBEGREVRSREYSE, BERNETRIESYREEEET N A B,
MSREYREESFRESBEENRXR, SRR AYH SR,

EERMRS R A YR : BUBAES0mL, 8000rpm®E.Cr15min, R -, 0.45umikiEmst
B, UELBERTRARESYNSE.

SRMSNRE S YR : BUEA R SOmL, 8000rpm Bl 15min, F L&MW, SIRUTIE, MM S0mL
ZETK, RA#KE (80C/KEB) RESRFRINEED.

RESRERIEEYIRN: NERTEEYPEHEDESER, MSomLEEFK, REME
(80°CKH#) REUKSNREY,

U EHBSIREDERGREGHRIREAVEZ NERESBRMSESYHISE.

5.2.3 BT $F % kT AR

RN ELIBIT20dRE, Hi5REAGER L, HITEG R REE. RENYEE NS
HARAOMEMBSIER, EADEFRTEURRE, ERASERFTES: HCIEY. NaOHE
Y. REARWEE. REEFERBEE, $THABEETR, MTEEERIENRERIBENFE.

FE BT VR s

EAKYE: BITREEAMGERE, AEKFEE20min, EllEEERIKIHER.

BAE: BRNBABRESHRE, FERKEHRNE, B2h, FlcEEEREE
e

HCIE¥E: pH=3RTHCIFMHITIHYE, HIHAENSL/mYSHME, HYEnia %30min.

NaOH{&E¥E: 0.5% NaOH#EH, HELEAENSL/mYTLME, #YEm a%30min.

KERBIEE: 0.2%KERWEMR, HHRABENSLMYSHE, BYErE%15min.

RETEEFNEE: 02%SDSHR, HRAENSL/mYGLME, 7B % 60min.
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L RERLEART

HEEERT:
RAFA AT 0 205 R EEATE, ERASLENGLMPVDFERRNE, S
EEBEERKEN T,

FR1: KAk~ BSFEE—~HCl #H¥k—~NaOH & ¥k—~NaClOE k.

FHR2: KA~ BSIEE~NaCIO E¥E—~NaOHFe—~HCl k.

FHR3: KIS —~REE R~ B IE % —~NaOHE st —~HCIE .

FREESHKERELR, HRMRAELEEKERRES, HT{0HE

(5-1)

K=J/P (5-2)

K— BYRERILER, (EPRMMEEEETHBEERME) , L/m>hPa;

Ko — EEBEELER, L/m*hPa.

534X 54t#
531 FRASKRBFEBRFTHRGX %
16 - 100 [
14 ° . . . 90
X 0' ."000"’ o 80
12 ) 2 2 L
10 . = L
> . £
4 8 £ 50
b 6 . W 40
. ?},: 30
4r . &
20 +
2 F' 10 -
0 A : ' 0
0 10 20 30 40 50 0 10 20 30 40 50
BATH A/ BTERAA
5-1 FRRAEHESTR H X A B5-2 FRY I RAYMEBITH M £ R
Fig.5-1 Relation between MLSS and Fig.5-2 Variation of EPS extracted from sludge
operation time with operation time

P 5-1 RBRT MBRIBATHIEVSIRIRBERMUE R, mETUEH, 7 MBRETHREANE,
R 2% BT R IR BRI BTt . (R 10d BF1E], VEYRIRELENEIATEA 2g/L F+ B %) Og/L. BEFHIBTR ]
WK, REEBHEISRKEZSEM, EAREE 13gL. SMBR FHERKRENRE, REMN
FIM B RAE, WMAEDKWIRFRINGE, e R ErEREEESETES); R%ET
WREFRAB, ERNERKENSLER LA, MEMBEEX—HEN.

LRPRIATRIKE YN ISR TSRS YRR M, RN RNE NHN 25REE K.
RETRERBRE NS REYSMEIFERLENEK, BWRLARENEE. BEE—
SEMIEMFT, 2% SRT, LMERMEERBEIET, RERMK COD. NH-N £RE, HFHK
KEMART, BHRNEFHSREEESECEH TE—SBEE LRASHEEL,

M52 RERTRRNERFRFRIREY S BESTHRANERER, BEYRNESE
REERERK, FRKERN, ERYBAANAZ, AETRSBEEY S 2 Ry
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. TRRAGFRASII REYTRIMEESEHTEAR, RIISERR SR ESYEEN
60~65%, MISIREYTUKRSZHEANE. RNEBFREATRINESYIRELEIZT 20d ABEIE
FTRETE)IE N, ERIBATHIHAMN 45mg/g #INE] 25d B 90mg/g. MBR B3 2 S, SRIKEH NS
HRATRRGER, ERAEFEARERE, HFREATHRARSYSEYN, RNERBRE
EEBIDIHTRE, SRERARSIREEYEYE, B1730d 5, REBAGREKERRE, BRE
PSR EYEBRIEE.

BEESRKRERGRETHARSYRENEM, KNBETPEHGREST D, BHRITE
MR T . HARY, VBREEHNBLSHRERINESE XS, RSN EERSS
BAE. £¥. DNA MEEARTFERIE. FARZEANCMARAMII ZEELIFEKER, Kk
EEKSREGREGSKERSE, VIEEERE. YHRARSYSELHE, SRREAAMHY
K, HFREKEFAMEBNSBUTEEREL, RARSYSERN, BRETN Zeta B S
tn, —BRBSVIFHE, SRITMMELT .

AN REVERTTRB AN ERARRS, EMEREROWE., ENEYEE, T2
RN REYREFSLEBEENEYR R, SRECRNAESYSEEREMEE, K
SAREVIREEM, SMEBRERNTH, RS,

.
. e %y
60 o® *

0 00 20 30 40 50
ZATadE/d

5-3 AR B MLAT 14 6 AL A B
Fig5-3 Changes of viscos ity with time
B 5-3 RBUE AWK BERE BT IR 2R AR g, R N 289E 1T A 18] VB A 0k BE EH A 45 B4 30mPas, 1
BiZE] 40d ¥ 62mPa-s. HIET 4, BARKKEEER RZRETIY A, HEEFEFE MBR ETHENS
RRERBITHREAEM, £ MBR P, BTFERKENEN, MEDEENEREZYHE,
BERARESSHENSREE, ANESHTA/MIGBREAELSSHRABKERFP,
TSRSV R R ERB AW EMNEERRED), RS THEAOBREER, 1
FSNREMFERTTY AR TLEBRERNEE, RUBAREHIRAUERE. BEKPH
RSN RED LRSI EEAE, RIZHEARBER. NI TFEEETN, X2 TFHRIREDLSEH
BE WAL n.
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Fig.5-4 Relation between TMP and Fig.5-5 Relation between resistance and
operation time operation time

RNBRARCERETHN, AES-ARNBIETHE, BREUEHZE (TMP) MEETH
RN, U0 BEE AT ] M KRS LB AR E . R AEAT A R R EUR
FREE M LIRBBIT Y, B1730dE, TMPIAZI30kPa, MEEMRULRIRE, BAGEHT
Bk, EETELIERFESRSFRESRIFEEEEEN KR, MBRIGIRKREMRIMEF
MRAREVIRERILER. I REDRFTRENESRMER, RAREUREELSBRES
BEEEHR, BARKEENENSREFANES LSS, BN ERFTFDOMY B, MHE®H
HRAMEEEHIES, BATUSEMBRAZZITEIL. FREKRIESYEEELRXER
Y], MSINREVEFREFREBEE, AFEEHBERERNL, SBEBENEHTMPEY
Ko FIRRMEBPEREGBRRTEAD, MIERBRABETNGTIBEER, Rt
SRR, SmEIEE L.

BEEBTHEANEKERANIRESZHERE, MY SHETIEHE M, HES-5TTR
JEFE I ZEMBRIZ1T20d 38 KB R, IE1T20dMERE 7 B FHE R ZFBTRE HF#A AR E, BITE30,
R R LA AT YE. EFH IR RBR T s g . REBEEESTEEHES N, $F
HAEBELRAEHEREVKERKELE. BRELAMTHAKEBHHNRTERENEK,
W BELRRLEFELNTRE, NUSERENEKEREESFE. RNEET20~304d73R
EBRIEKLEFHRE, BERANEAZ EAHE, BEBEENENE—SBE T KL N4E
REMBBRIER, FHELRENBEEE/NMTEKER, MG T B R,
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Fig5-6 Changes of EPS with time
B & 5-6 AI4N, ISR ERAAR AW A EN 70~80mg/gMLSS, R T HRARSYSE 15~

20 mg/gMLSS, BITHE, RARFHR, HRIREFIEK, BEVWEENBIEZE,. BEOHK
E5% T PVDF REE. SN REYERSTENYARGBELE, CETEHRE, BRKE
Wik, SN EHE. EASHHIYRENTE, FURREARAREBERE, KEAEKHEX—5
RRELE, MEVRSIREYHHE—SHR, MBI THREMOERNBE, ENTELREEE. 5
REMEKNERAEFBZFEE, BELENAREYEERELE 60~T0mg/gMLSS, EHEISHE

giaTRE, BFREGISIREYERTBRARTREEYTE.

70 -

20 . . . 1 —
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EPS (mg/gMLSS)

BS-TRARIIRANS T EREN £ E
Fig.5-7 Relationship between EPS content and viscosity of sludge
HES-TREWHE (W) ARIREDEE (Py) ZFZRMXATHTFART:
p=0.00148 x Py - 1.4137 x Py + 70.895
S REMERNENRR, ERBEELN, BREBMENRAREYSEZ MFEERET
FIRAXME (R=0.9903) , BEABFTHSIRAYEBYME—CBE LLAMKREBAKE. Ko
REY 5 PVDF RZ EAHEMER, HESREGTRZMOER, KMEBRTHRESREHLEH,
SIRERE AR F.
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Fig.5-8 Relationship between EPS content Fig.5-9 Relationship between filtration resistance
and filtration resistance and variance of MLSS

Bl s-8REIT SEFE D REIR S USRS R T i, AR RIS R AW REER <t
FRR, HERLRR, @7 REREMTEREONE. MEN L2 BRERRE KRS
RO, WS RAER, TIRMERIES A TR, FHEH T KA AMERBRBERER, W
RLT RET SEFE A ) £ 7

KN REYAGFREGREERNLRER, FRECEIRERS TEN. 2HXEH
HIRSM RSV ZRRE, BEBTHRIMRSYRERVNFIRERRENARE, BEi5HRE
ERLMR™., SMBRH, M5 RAY—HEEFEESRER R E G EYERRT IR
FEREENEGE: H—THSSBERERNZL, NIRRT EER. BSIREYET
UERMEEBA, FERUMLER IR H TR, NSRRI B KRB B,
SRS IR A 0.

SMBR FEGWHMENBESREEERNEW, HE 59 BEWHEMBETEENZ FE
ERFHMERME. BT SMBR F, HAEYTEUGROBIFE, BSRERENENERERZ
Yi. BEMHBAMTAESYES, FMUEMTSKMMETEEMRE T RME S, FHET
8 RH 77 Y5 B 1A BORS BE RO 48 I T 4 i)

HIEERHESRITEEN AR TUUE L, KA SMBR FRIEAIRE, X RMBFHIE
EBITEXEK.
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Fig.5-10 Cleaning effect of method 1
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Fig.5-11 Cleaning effect of method 2
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Fig.5-12 Cleaning effect of method 3
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JREFERIRT KEMER, KPP FEEREES T REMGLEE, BiTEE D mKTHSR
REE T, BRAERONEYBRERBERTNERIRE N, WEE R mES,

HERRETYEANNEBRRRERYE, FADEEETEE D E R, ExE TN
BERKERRBE, KOMEE, BREVETLNEYBEE, SJEEASTFEESEE, X
RENRETHRREPRAEBES L, KA RAESEIL ARG R ER. KOk EEL
BEEKEIS %EA, EERKNTUNERERTINBLABFENRHE, FHLERT—TE
ERRE. BRERERILERKE R6%~8%, iR ZRINEES Y EEEEETT
BPEETRIHER.

BEE=FEESTR, HClHRX EERNIKEXETRYE, TR NaOH &¥t, BENESLY
BURBAG TR, NaOH HHEARE—THERARGHE, ENENALE RIFEENE. KER
WVERYE 15min, BHEERMKEREH.

TEEBEA IR, Kbk, BRERE, BHEERERNT20%, HCHELESELEME R
BN H6%, HEHCIMERERM S REFLENRRE; BEitNaOH. NaClO#—F k2% E
HE, BB RS KR E AH80%.

THYE K24 NaClO. NaOHBRYE /G B LB B IK H RiEI0%, BRETL. BAHS L RE RS
BROETERR, BSEEPHXEIGERYEHER. KERPAETRRNELES, BEXN
ERBIESRYPREIRS, RETHEAEPHAE, FREESIBRTNKE. ERN RIS
FRENAREDREREVERMRHER, REBNEFEEREERER, ERIEHEFELES
BARENTNDE LY. LpHA3MHCHARE M3 0min/E, HCHEREMBELERIKESK,
EEREAERMNIREIRE R, RBEEZRBREERATERENTIEEREEY, F2
TS R LLAAXT BB B E RIXF]94%.

HEFR 3 B, KHBRERAREEEN (SDS) #Hit. HEdBEEREMRE™ %, B
SDS F¥t/ERILER KB RN A 10%. SDS FHikERARSELE, BEENBESTE, xiE
ELEE KRB EAR /D . NaOH. HCliE¥L/E, LS B E S IKE R N 82%. LRF I SDS #fiE
HEEKMKEIRE NaClO #, NaClO EEMBR, WEMEER T —ERENHIE, B
KKK E NaClO ¥, WEPERTEN 15min, DAFBRIESRM, BEEAFERSE.

7K 1138 B B SRSIE VEFTE R M DUAR T 3R 17 80 e R e R AL 40 SR T 4L R
B . FEHATRREER, BT REBITKAER, REETHEERTENSSHEENNRILE
. BRERBEETRN, SWNERERITKAEE. BAEE BHTHEEE, HEHkna
&4 NaClO. NaOH #&¥t, /5 HCIFE¥E, BEMEREELERKEIE 90 %Ll k.
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B 5-13PVDF RA @ e 4B A
Fig.5-13 Electron-microscopic scanning of PVDF membrane
(a. % PVDF i, b. {5%/5 PVDF f#t, c. i#¥t/5 PVDF Jit,)
(a. new membrane, b. polluted membrane, c. the membrane after method 2 cleaning)

FEAREERA LA a. TUEH, FERTDEMRERAEH, REOFLE, SRY55
EREE B, MEDNEKREMAET &4, SMBR 2KiEZET, BEREEEEELEYL
R L

YRR R B b, 1SRG RE AT g4 6 KEFEEGR. BRYEE,
WAEMHERE, RRERLHIERE. UERNGREREY —ERENERERES, BHdE
ERENERE.

HATEYESS, BANRTE RS R AP HEET %, b BT LUF i 5% /E MPVDFBRFLELHE B,
RS P8 2 T B RER.

5.3.5 53054 7 kit

ERIRE R E B L E SR, BREWE. Kh%¥E, MRENTERESERNIE. RS
YRBSREENEYRE, HERRERIREERNBERETZERE. AT RNBZHH
i, SMHEE (CVF) « MBR HIBITEM GSIRIKREE. BIAME, BAKKR, SREER
), EaRE%) MIREnRAARSMRERSEK. TR, RO RE
M. WG RIBSWAE, ELHRERGRKE. BH RS TR REYOHRMEE,
AIE— B LIRS %, DAPRARARYS Bt R () RE B 4 #E .

54 4

(1) SMBR BTHIHGRIKE LT, EREATREE 3g/L 4. HRKERSM, NEFRSE
WM AN BN E, RAREDERER, A2 TFER, MERNOEEERERN
BHRE, BEABMINREYREERM, HiRITHEME R,

(2) MANREYIERTREBNEBEARAISY, HEGRERBRZEH S, SERRE YR
TR, SINERKEANTEY, REREERMNFERE. RAREYREARENRS
Yo, REWMBEGRAORBEEY, REWREYRNZBSEEERNEERE.

(3) R EFREBABSHEFEEEMNXFR, SMBR Fi5RKEFRBEE T RIRESDIKE
Meeern, MARSYRERSEPRE, HWERLRR, SEURSHMENK, MAZTHEA
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MEKEXEOIRESEHEE, BRNENZE (TMP) BEIZTH MZHEM. HRKIES
WA E RSN R EY S B MAE RGN, BB IRSRMANR &Yk E 3 i
®im.

(4) GREARKIRENDATEGRY), BEEBETRAD, ENERERITKIFE. B
ik, BEIHTHFERE, WEBEENASEN NaClO. NaOH ¥, G HCLEY, RBEEE
BIKE 94%.

(5) MBR FIRAWR R MR, W RUBURESITEXER. BHREREEFRER,
KABEBT AR, MEFRESHMSEROHIREVIIRE, BHRNET RIS
HPRRER, E—EEE LRERTE.
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FAE gRREY

ERE FiLRREE

FRIFAT MBR T RERSZHEER. M L5 PVDF IS S ER S BB A 518
¥, FIBBNEELSRWT:

1. MBR R 83EEBITEER, R4 COD £BEH 93%, HK COD BELE 40~45mg/L,
BERFHE—EOIMEER, NHy-N ZREET 90%, HKNH;-N &8 (BRIMHREER) A
#AE 2mg/L LUF.

2. A ZHERIREYNEERS, HE (80°C, 30min) REUVESRE R ZEBRE
1, REBINEIEHEEN 62.6mg/gMLSS. Eif#+Sevag EERIASHHELFURERHE,
BIERR, HRASHERRERD,

3. BERERIEE Mo CEESTE) X 26x10°, SEH—MERE. W LERHEE
B BB, AESSHEBARNES TERSHE, SHSERD. RISHEEEL TRER,
FHEAER, BASEITFRAESRSHOLZEN, RASHEI FRELESBHEEERES
BB, AEEE M.

4. MU BRERERT AR B E . R LR K, RS 5 E M A sk B in
msin, B UERE I REMSh S REIRBE N L, MRS SRR RIS RIS 2. st
BB AR 208 PVDF BUS %, KR EHEHFRAPHNBESREEENERIK. #EELFH
w, BREZHRRNENS, BRHERE, WRENMEAMATRK, EHndink s g
MR,

5. BB VIRIS SR R A, BIT R BN BRTNF TSR, TERN
REMEER S, JURERS & BT 90%, RHRNREFEKENRBSLMNEREE, B
TR i6 BISh B BB R 24 BN D S S BEEREMTIRET.

6+ MBRIZITHIIGRKE S LT, EEABEEBYLER, HRRERN, SRSEEHK
RARSYEEEN, BARSYRERSHETRE, SEREER. BSWRPRERE NS
ReY, IBUSRITREREL.

ERTBLRTETLESEREESBEETFEENXR, BABEENRIIEEDESRY
EIREERF MR, RLEENERERTHRIRESYRE. BAWEENYNTEMm. b
REVAFRENBEERER, BEWERESLANRBGFLYR, BYWEEY RN SET R
MEEFE.

7. MBR F5REGKBII BREYREN TBELRLRY), BYREHITKHRMENAE TR E
%, BEERERFE 90 %.

8. ABREFMURFRESHIFE, BHENEPRIRSYUNARNESE, TE—EE
B L miE 4.
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