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The Application Of PVDF Hol low Fiber Membrane Made By
Thermally Induced Phase Separation In lon And Steel
industrial Wastewater Treatment And Reuse

Abstract

The ion and steel industry is the foundation of the industrial development of
China, but at the same time it conspmes a large portion of water and discharges
majority of industrial wastewater. With the even severe shortage of water resources,
the wastewater treatment of iron and steel industry were paid more and more attention.
Implementation of wastewater reuse and improving the cyclic utilization ratio of

water is one of effective ways to resolve the water shortage problem.

Membrane separation technology is a new separation technology and is
developed in the 1920s. It has many advantages such as high efficiency, energy
saving, environmental protection, molecular filtration, and so on.. In recent years,
membrane integration technology that combines membrane separation technology
with the traditional treatment process achieves extensive application in steel industry.
Moreover, it can effectively conduct advance treatment and reuse of wastewater and

plays an important role in the development of iron and steel industry.

In this work, advance treatment of wastewater of Shougang gian’an and
Tangshan Guofeng steel co., LTD was conducted using SMT600 serials poly
(vinylidene fluoride) (PVDF) hollow fiber membrane module via thermally induced
phase separation (Tips) produced by Scinor company. The SEM photos of the
membrane silks showed that the surface of the hollow fiber membrane has uniform
pores and high opening rate, ans the whole cross section is uniform sponge structure.
The tensile elongation of membrane silk experiments showed that the hollow fiber
membrane has good resistance to oxidation, acid and alkali. The rejection experiment
of the hollow fiber membrane with aqueous solution of polystyrene microspheres of
0.1 pm outer diameter showed that its removal rate can reach higher than 99%. What's

more, the results of membrane fouling and cleaning showed that the membrane flux



can recover to the original value after cleaning.

To meet the energy saving and environmental protection requirements, Shougang
Qian’an steel company established a set of ultrafiltration wastewater reuse system.to
treat and reuse cold rolling wastewater and provide make-up water for desalted
water., The system is made up of three sets of UF membrane module and each set
membrane module consists of 58 membrane modules. The model of UF membrane
module is SMT600 - P50. The long operation data showed that the system runs stably,
the SDIy5 of production water is less than 2.0 and the turbidity is less than 0.05, which
indicates that ultrafiltration system can effectively protect the subsequent reverse
osmosis system. And during operation, the trans-membrane pressure difference
fluctuates around 25 ~ 50 kPa. After running six months, the trans-membrane pressure
difference increased to 100 kPa and it restored to its original state after chemical
cleaning. The permeate flux of the UF modules basically remain unchanged. The
removal rate of TOC can reach 60% or more, thus effectively protecting the
subsequent reverse 0smosis process.

In Tangshan Guofeng steel Co. LTD, because the original L20V UF membrane
module of Memcor company has some cracking at the end of the UF module as well
as wire-broken phenomenon, the original L20V UF modules were replaced by PVDF
membrane module SMT600 - P30 of Scinor company. The operational parameters
were kept consistent with those of the original Memcor membrane system, the
operation cycle is 30 min, including 27 min filtration and 3 min physical cleaning (air
scrubbing, backwashing and brushing). The measured data showed that the permeate
water turbidity is below 0.08 NTU and the SDI values are less than 3, which
demonstrates that the replacement of the ultrafiltration membrane reacts to produce
stable water quality and satisfies the demands of subsequent water of reverse osmosis
system. The TOC removal rate of the SMT600 PVDF UF membrane module is as
high as 60%, which can effectively protect the long-term and stable operation of the
subsequent RO system.

Keywords: Thermally Induced Phase Separation (TIPS), poly (vinylidene fluoride)
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X B RA PVDF H &Rk 701454, PVDF 8% L1 F R 7] DU R L JClHE
B0 25 1) B R, 3 A B m] DA RH 1 oA Ji - Bl 2 [ HE N B S5/ PN 38, AT SR ik
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{ CF, CHE-—}—H

1-1 SR A IR L0 AL 2 5 ) 5

Fig 1-1 the chemical formula of PVDF

EXGEl
——PVDF
—=-PVC
HDPE
— PP
—*~ PES-GF

1-2  PVDF [ifif 4k 2= P e
5. Mktf: 4. BUF: 3. FRHIN: 2.0 BE: 1. hE
Fig 1-2 the chemical resistance of PVDF
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AR, E BRI TR o R Am IR AR IR AT 7 KBRS, . RAA
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Fig 1-3 the morphology of hollow fiber membrane prepared by Solution spinning
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Fig 1-4 the principle diagram of Tips
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Fig 1-5 the process flow diagram of Tips
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Fig 1-6 production process and waste water discharge of Iron and steel industry

8



IR S BE PVDF FR =S AT UERRTE SRR R 7K R BN R A

RS A AT A S AN RS B R K, Wnke sl oK 22O AR A
PR R K AN R L B Bty AR RO R K, DRl AR o, K
PR RRETR AT R AL R T EO TR A AR IR OK . BRTEIROK R K
FUCTBUR AR S Bl iih PR K e ST B AS . M RERROK & K E B &
WACY) . ALY fRil MENESETT A, AT G T SRR B A b R

Ko

1.3.2 SNEREI K I A i

CRAK T KK Y (GB19923-2005) 2 [B] B 22 Gk 78 /K (17K J5T AR
HEo FUKPRHEVEANSRRR LR 177,

21 BHAK T KK bR

Tab.1 The water quality standards of reused water used for industry

Frg fabr AHIFK TZ5mAK
B i =
1 pH 1 6.5-9.0 6.5-8.5 6.5-8.5
2 =FY (mg/L ) <30 — —
3 M (mg/L>) — <5 <5
4 R <30 <30 <30
5 BOD5 (mg/L) <30 <10 <10
6 CoODCr (mg/L) — <60 <60
7 B (mg/L > — <0.3 <0.3
8 B (mg/L ) — <0.1 <0.1
9 AET (mg/L) <250 <250 <250
10 AR (mg/L ) <50 <50 <30
11 SERE (LA CaCo3 it,mg/L) <450 <450 <450
12 S (L CaCo3 it, mg/L) <350 <350 <350
13 R (mg/L ) <600 <250 <250
14 ZE (LAN i, mg/lL D — <10a <10
15 M (BAP iF,mg/L ) — <1 <1
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16 BERE A (mg/L ) <1000 <1000 <1000
17 AHMFE (mg/L ) — <1 <1

18 P ES TR iR (mg /L) — <0.5 <0.5
19 RE Db (mg /L) =0.05 =0. 05 =0.05
20 FRWBERE (/LD <2000 <2000 <2000

1.3.3 B WA TV K B B3 R

20 {40 70 SRR, MK ITFEHBLIT IR T3 RRIE T4E, Kh3lE T
FRAKEBRR AR, AN Al Tk PR/ IA BB AR i, FFREMEIBB 20 1B
TR A TR bR R ST AR A, T AR ) R
B T IR AR ER B, R T RNA S B SRR ik TR
Ko 1989 LEFANFLNIZAT T HLA KK L R [ TR, SR FH 3K b B T 2 R
Y- IHIELN R GOKE % 60%, HR RGKE HEARE 20%, 1
H BRI K R, o B I PR3 Bl ™ B 5 e, TSR T LAWK AR Bl F T
25, REFEREE T 92-94%, £ HARFRIE 1 H K & i <10mg /LY.,
AR B T K I R G, BN T IR R TS A R K b B
RGBT ISR R SR AR BRIE, BOKTE RS h SR MBI, Ktk
Ky RIS A, R SR K B R GEH IE B AT o T TS 0 Je e
T AT LA H K A A R A, B ARG 25me/L A E 2.13mg/LP
360, LA b ARk TS KA
N /N = N TS 4% G LA S Ty N7 b O S L
Al K VA R 7K 28 495 SR P B0 2 % - 80 - DR - S - U U - i -1 f T 2y
W, b B G K RS BRIA S T B R ALK BRIE - T5 VA K RGOSR T SRR
TR RN R RO AR ARG G K, R - IR -
BRI T2, KBRS K AT ARk B T AR RAE, T LR AR P
AR, iR SRR AR i K B %, BAIRAE K A S 2
TS, K2 KU Al 0] SR R K A BE R e AT T B, IF RSN T
N T RREAL TR R G . K KN A TR A B e G A 7 B Bk A B i, /K78
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AFHZHILD] 94.3%. FF HAEIFHKIEI R G0k i e BN FHIER . R &7
R MK EEH T RAMEEAE, WK ZE, RaEx, &
AR AN, 5 RN N T B E JI e KA R Gl AT 20%, im
LRMFR K AL R R GG N T b AL B S O A, AR AT AR AR R s FR 7K B ]
BT FE R T A A

1 75 48 A T AR 2 W 3R B K AN RN AE 72 A, T 6K K29 o5 R
AT AR VS FOK I 1/4, TR R AL 7K BE 05 ™ LR = (L P64, R PR K kAT
AEFR[E| R+ B . RN A F] T 2001 4RLTE T 4800 J3, K RIBEE 7 B+
A, BUE T I KEKS:, BRI IUA SR HEB KT E . A 2002 4 12
FRZEBAT IR 0E TR, 3R B — AN SBd KM A T80k ml F 1%
P o fEIRIBIE 2 B K M TRACTE T2 R BB e T2, SBUCHE /K& &
N 5mg/L¥ . RIBIE R YT K AT DA [ F ARk Al R 4 F KR
o EACA NG T AT e, T ELIR YRR TR T T AR R K A K IS
L =T o

A

ity

1.3.4 [HAMRZE TV K B $ oA Bt

F T T S K G E A PR, T abt &% 5] SR b X0 2 B A0 7K A 38 % [ P £ i
A, JUHR SRR RIANER, £ T EEN TR RS, BRI
b B AR PR JC R e 7K A % T £ ) BT

5 [E 5 b MV PR K AL BN AR M B R X 2 —, FLPE 1950 4, €
[ 3 FF U 104795 /KR FE AL BRI 9, 1965 4F I FF UK ik 70 il SR B SR A T i )
A Je T RIS K AR ER T, AR FERE J)REHEIA F 28400m°/d, TE 1980 FCA
F 7K BT AR 536 3. 36 LR 5 7K 8] 5 T — A28 i AR a4 2 2
IR B BE T AR AN R — AR, B AR B S IR T 5 KR e H0K, LA
IKEIA 1.48x10°m’/a, FH/KEH FIL 76x10'm*/d.

FERARR AR, 15 G S BOR B IR AR FLAN A R B e K | P i e e
Ky EAE B FUR K F P AR K S . — R I RS B K R E P e v
K TR AR BRI TIE B T2 AR . R Z3IBCHT H M R A7 T S B4 e
BB A FI AP RL A & B AR AR ek R ARk €I /R i) 40
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IR S BE PVDF FR =S AT UERRTE SRR R 7K R BN R A

BRA R AR H B AR TTE V2 A 3 v P BB oK o R KoE i =8 70 R R AU R
b, SRV B BRI R, RIERER A HEEER, 158 %F—BR1E 95%
PAE, K ss & &/~ T 85mg/Ls

5] 471 FH 1 R 7R B A B2 [ PR B O I R R L IR R R . BT 58
B RIBBBH AR, (HR T TR KRS R, BS54,
AT S A 3 AT ) TAL BED SR AT B E L, Wen Jian 5K HI LA FeCls B PAC J97R
BEFIRIREE T 2 /EARIER RIBIE R AN T2, JExtibil 7 R .
Bintuan zhu %% LL T HL ZUEEANAN 22 SUEEE A N B LA AL BRI 72, fF e 45 S
T LBEVE A T T 240 F 205, HK. Shon %2R F L5E71 FeCls 11
TR L 2R IR WAL B, I HAF 9T T SR EGRBN& S5 A A 2 b )
26 &,

1.3.5 BEVEACERNER] 57K

FERARR T, B TRk TAV IR K > B, ARG RV /K AL EREOR, IRkt
VL AEALREME . IR, RESE, AREA SRR T G, ok R A K
LR, MTIBRE] 7R RV . B, Oy 7R AR, 7 ZEARE ARG K
IR BUIR L, R RRIR FE AL BE 25, AT [5] FH K 2 %% /K RO R, 3
—RAEHE T2 . BT HK AL BRI R

FRFEATE — P B B 0 B R, I IRBORAE B A AR AL B 1k 1 AT
KR 2 B RVE, REOR F SRR AT, H—m2 UL GBIE. /B35 HR,
H RN I N . Ferh B R T 2R AT UK i T2, FIESEI
Tk B, Ho= KA BLA S| R 2R, JF H BAMR. @i dhae, @Rk
JRTEHE AR, BB R .

A, A 3R IE 7RIS 3 A 1 (R FH R R 1 /K AL 2R TR H ik 411x20°m?,
Hh Qg i H A S 1x10* m® B, KIEIE 6 4, BN 33 4,
FEA 42 4, HAPREBRKK HALIRE SN 14x10° m> AL FiAE. HAEHIE
R — A H AR HE N 20x10%m® (PR A K Ab B 14

JEHARER EH BRI KRR, 2001-2002 45, FE S8 8T BUH5 KR E
QLRI AR 5 00, ARG REELHE TR B LR S5 KB TR, RER
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TE TR R X 35 K 5 TR o WA s O FOK S @ TRER A T RIBE R4, %
L2 PR S, SEl 7 ETZAzhizh], BAPKmES. 33k
FEE o TR SR A

B ARAE B ERAT b A B2 1 — AN BUR AR R A 2 LR 2 B R AN k) 1
it TR, 23R S SIS B BRI T4k ki) LR

X T REHRFEM S TA S H B AR AR # WkT 7 29T, &l
PV OV T A 1] P B A I KR A v T o R R A A A R 1 8
FHRT S AR T W10 0 5 B FIER T, 48 H T A8 SR B A A & AU R A s
B, /Ty KA T, EA R R TR XA *%R A X
B2, Wit —Ei U0 R B . B8 T e B AL B ARk b HE 15 7K B2
R, SRIRUEN, RUBIETEARER Tl 45 A 75 /K AL 3 RIS R F o mT AT 11

FE AT DL 1R A i R o e A I 7K 8 3o T Ak B A S A A 1
JEAENEUKIKIER, CARBIEREAL R A O, BT EAL B e RIS B, T
TSR AR G R KR AL B P R, S5 SR W], FEREET IR /K e B2 1) 2 Bk
HAE 94%LL by WA RA RIFHIZEBRAEH, 777K SDI/NT 3: XS M2 R %
TE 49%LL b HUKBIRSEAE 0.0mg/L LT, XS REHI L ERE KT 99%.

A POV X6 MMF-UF-RO JRZK IR B AC TR T. 25 5 R AE TS 35 (K 1)/, %ot R 7K IR
JEAFE T 28047 7 80 . RATE MMF 25 B RTII NaOH JREEITIE TZARE A
REFTMBEEFINIRE T Z. 88R1EY], FLZL GRS T 35%, ButE
ML ZBEERATA L, ot T2 UF BE KRR Sio,, HABYR 15 Bk
JE/NT IR T2 UF 3B K, AR RO HEE B HE KK .

AR I P9 K 22 B0 kAol £ 200 OUIE T 2532 i 380 0] AR 72 o, BB AFAE — L
)R, Ay 7, KK B TRAL B SR S, OB IE R i G A e, A
S B i e R ME AR i A, X AN R RS 20 35 Ak A M R R K BT VR JE
R b st T S AR Ak Tl o f I 3 75 B — S AT 9

14REE R KX
WA B F KRR, IF FLAE P R o L KB EOK, BERER K B

RPEEIR DY, X ooid O™ H PR EEG Gy o AL G005 7K AL BB AR DL f kA B 7™
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HITS K HRBPR R EER, T BAR G R K AL B R 28U A A br 3, , okt
RAEVF 22 Al TR A SR I IR K AL B B8 Y o SR FH B BB AL BRI BR Tl (1%
7K, AT LA RO 5 iR A% e 5 K AR FREBOR BBk i, FLIESEILBOK ISR EAL, 3R K
HIPEIA R 2, DB K BOTERE, RN TV AT 58k e S LE K.

FER B IE+ B T I WURE S I I RE B8 28 GE 1K) 77 7KK 5T 2335 /2 I
B BIELTZ, HIHEIES Y T REENIREBT B REE,

ASHIE T X E A AR L 2 P AN R 2w A IR K, R I+ 5
325 R XURAE A B PR SBR[, Bt 1 BRK AL BRI 20k, 138 &
w (P REU 7 BA R 25 1 R S AP YRR AL, BRI KIis TR,
T ENISAT R R AOK AR, 5 T 72 AL SR EAT 1 AT
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2 MES5HE
2.1 JEAMFFIHEIERE

SEIG Ik FH FEE N T 4, —Fh& SMT600-P30, —Ff& SMT600-P50,
FARB RS PEREU R R AT o

% 2-1  SMT600-P30 fE4H F 1 fE

Tab.2-1 the performance of SMT600-P30 Membrane module

SMT600-P30 2415} Memcor L20V -2 & 41 A FF & 1 8 e 7=

<~

PERERF AL A %P ALY, I, SR BE pl
(AP P VA A= E S

77 it R JE AL AL PVDF
i T AR 30. Om’
FfLAE 0.1y m
22 1 / Az 0.7/1. 2mm
FEZH A RS P NIRRT ® 120%1880mm
AR e R ABS/UPVC
R R Epoxy
AR 2% AT Tt FE Y 0~40°C
BELEAT pH VG 1~10
KM 52 NaC10 5000ppm
1 2i% Wk PH Y 1~12

% 2-2 SMT600-P50 fis £H 44 ) FH0 4% 14 ik

Tab.2-2 the performance parameter of SMT600-P30 Membrane module

Scinor®fEZH 4

AL

SMT600-P50

15
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IR S BE PVDF FR =S AT UERRTE SRR R 7K R BN R A

A e}
T AR
T4
L2 N /MR
HAF AR
ER R
i3k
oAk
WHBEM L
i 52 3
BELEAT pH Y5
i K52 NaC10
W AE R PH G
AR )
RV
AR
e KK
NI

LA R

AL R

fil FH 2%

PVDF
50. Om’
0.1y m
0.7/1. 3mm
@ 160%2330mm
BE7K/F=7K 1 DN50, i 1 DN40
60L/ (m". hr)
ABS/UPVC
Epoxy
0~407C
1~11
5000ppm
1~13
35KPa
100L/ (. hr)
10Nm’/hr
0. 4MPa
0. 2MPa

2.2 [RAHFR

16
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DL 2 I 4H 44 SMT600-P50 [t HAk R~

DN40

H1

_-f_-}

g |

Q’J]D]H]]]]q;%
-
==

||1F?mll
I
i

L1
L2
L3

L5

DN50

DN50

Air

L1 L2 L3 L4 L5 H1 H2 H3

1733 1958 2133 2216 2330 174.5 160 144.5

K 2-1 fEZHA4 SMT600-P50 [ E Ak R ~f

Fig.2-1 the specific size of SMT600-P30 Membrane module

2.3k

AKAERI 2 A EZAHE T pHy B VS URIABIEEL SDLs. FRKIER
o FLrfr pH ANURE B pH THA R THIE

SDI tH5 755 SDI /& H ASTM J& S —FhK S48 bR, FH T 7K s ok i #
&=, TEVEH RO BEZAKOKJT BB, SDI LRG3 1 HE /K A B MR A4 o ik
JE A BB E . RO BE/K SDI fK/INAI RO SEATIN (35 YL, BT B dr Bk
%, Bk SDI TEVPM RIBIE K& i — A SR M 48 A% . SDT (0 & i
Millipore 23] ) HAWPOATHA HYJEE I g 48 BN F, tHE TR

SDIT =P30/T =(1-t,/t,)x100/T (D

4

Hor, P30 J2$87E 0. 21MPa 45 /K & 0 B3 FE 1) H 20 50 T 45 B K [a]
min GEF 2 16min); t, FEEFINEE 500ml KEEFR RN ], t 8t )E T JFukcsE
500ml ZKFERTREFR] . 38 % B bR SDLs /B NVET RO 3K 7K B 3545

24EERIERE

1T 7K RGP B R AR A 0 25, DIAE AN TR (9 SR K IRLBE T AR A 7K &
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I its ZE S I s Z AR BT ANIR], J@H G D0, #5522 BB JEUIR P PR T s i BRI
N T B TR LA it B R REAR S8 1E LR S () A W AR 1B S8 1 77 7K B R i
JR I ZE AR, R AN TR JE UK IRLE T B I R 22 A IR LT 25°C %A T,
FEAEAH R (R 2 Ak b X225 i s 22 (R4 AL, ] DA BE S [ 41 iy 2R S AT PEREATIE U
Fiie ZMAFRIEARTM, BERIERBH AT

TCF =10MN247.8 * (T - 25)/(158.16 * (133.16 +T1))) (2)

PRAEACES R I 22 B T 52 s h

TMPNorm=TCF*TMP (3)
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3 Tips AP AR LT 4ERR R IR A ) Pk e SR AE

S I BT 8 /] 1) T B 2P YRR AL . B8V A R BN E S8R Tips ¥4
BEAT KA AE 7 e s SRR DO R LR, ) OB AL A DL S (P
5 HARSA D B FK IR fa b A [ o

3A1THBEERE

SR Pt HL NS R 22 1) A SRR T S T AT LS, 45 R0 T BT

3-1 Tips 22 J i AR LK Wi 5]
Fig 3- 1 the SEM of surface and section of membrane
W pR, il B Oy s SRR AR T, BB ) 8 R 1R T B
Fio AR, MR ZLIBAIRSCRR R, TIPS B p s .
BRI CUE Y, Bl 26 00 b S SRR K R T A LAY —, AR RIAL, IF BT
FLAR v, BT Y — AR RS o
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3.2 IR IR

RIS AR BT B R/ S e 17 22 SR T 22 HO RE 0, S VRO RIS I 0 25
) — I L EEAR b, WUMR P Hh 5 22 [ B 2 o S AT R S ORRAE . TR R
TSR IR LLAE LTI AR AE 5 R, LA RS (%)

PVDF 4 kA% B i S A P4 DA BT Bl e U A, AELRAS [ (R 75 V2 1 s 47
YN 22 T 2 VEREZE SRR . SR AR 43 BV 46 1) PVDF rh 2 2F 4 JIE 22 it 52
NaC10 ¥ B2 AJ PAEE 5000ppm, SELEIZATH pH JEHE AT LAE 1710 208, {2k
19 pH 3t AT DATE 1712 2 J8] o FRATRE ML 22 53 31323 AE 5000ppm [ NaC10 K& H
1%Ff) NaOH (pH £ 13.6) 5 5000ppm ) NaC10 J& A 7KW, 4% NaOH (pH14)
IKIEWH . ELIRI 5 K. 10 Ky 15 K. 20 K, SRJE 75 5l &2 22 fg W 2
o B9 T A RIS T B2 R MR K R AR

120
100
S 80 A\‘?:’SL:.\A
<
S ]
2
2 60-
k=] —a— 5000ppm NaClO
5 —e— 1% NaOH and 5000ppm NaClO
7 401 —a— 4% NaOH
&
20
O T T T T T T T T T
0 5 10 15 20 25
days

3-2 NIRRT IR 22 B R R

Fig 3- 2 the tensile elongation of membrane in different soaking conditions

MR AT Y, 20l = RERIE, ToR@ e bFa R B, fR 22 b 2
KFIBAE 70%LL L, S HSEAE 5000ppm [ NaCLO vV HY, B85 1R I A 18] f1Y ZiE K
22 W B R LTI A4k, AR R, £E 4% NaOH 7K VAR T B i 22 K
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s AL RZIERRTLUES] 70%, UL Tips s 4R B IRES AN S AL PEAT
MR PE . X T A S SRR AL, IERA T RS B AR L Z, BT
JEEEE, AL ORUERG 50, UL 1 22 AR n] AR MEE S, A 1
W 22 (Y RS, A AL AP ) A5 P A i I

3.3BE R R Piis 4tk

23 LT Y BB TS G B8 7 PR IR RS 22 56 T A () J5 7K 1) ek e o kol 5 R
18, DL I & R o I W BT e, IR 22 IR DRl B R ORI . SR
K AMER 0. Trm B SRR LA R 5K &5 )5, 185 th 28 £F4E i SMT600-P50
BEATILUE, DA SRR MR TERA B 2, i 3-3 o, WTRLE HSERd e
7S LR YE RN SRR LR TR 0 B 2 T LAA B 99% LA b, B s AR 4R A A
TR R TR RE , T F 0 H B 55 G B AR ) B B LA R e e il R
PR, W& 3-4 fls. WEIRATDUE H, BB ERRERHUER 7258
ROEWEKR, REWFLER, BHERIERUE N, BEOUKE BIVIMHEERE.

100

]
a— 89— 5

g

-

99 +

98 +

R/%

97

96

95

Time/h

Bl 3-8 Hh A £ AR BN SRR 2 AR IORR PO A B R B I 1] 224k

Fig 3- 3 the variation of rejection for polystyrene microsphere with time of hollow fiber
membrane
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1.0kV  X1,000 10um WD 8.2mm NONE

K 3-4 075 Ui LR T i R v s 21 R IR T ) R 5 4

Fig 3- 4 The SEM of cross section of Contaminated and after cleaning hollow fiber membrane
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4 Tips FELLERAAENER) KB BRSBTS
6 PRV BV ISR AL 0 £, HAE A1 00k A 1 0 PR FE IR
4.1 5 BUEMNEI K B 5 T ALHT 5T

NI o F AL R A B BB N TR A I e T, H 2002 4F 12 H 18 [
JRAL VAR, HETCA R4 74 780 JiNligk, 800 JNi4N, 780 J5mfiFLAR T 4N

HFERES . N TR AEE IR TTREMEDR, ENITI A R T R IE
RS ¥ LR K BE KR BE AL R J5 FH T B B AN 787K o R G872 24 i 7 Vb T /K
[T NEELRK, I RESIRAEYIE R BEE (MBBR), 241 i id JE 45 A0 I Bt 8
WHENBIERG, REHNRBIEZRG, BETKHAT] ABERK,

4.1.1 BTGB

K 4-1 AENITWE L HBIRIE RGN H RS, BARaE =E A,
HEAR 58 M, KHRIRAMT S /& SMT600-P50.

(a) (b)
Kl 4-1 Bl ERWE (a) REARERX (b) BIERS

Fig.4- 1 the picture of field device (a)cold rolling (b) ultrafiltration system
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4.1.2 BIERGHREE

K 4-2 091 4M 22 7] DA ARIZEAT B B K 5] B R 8 R ge s B - e is AT id i
FLANR K AR K S 3 N 2R sh R AE VIR I i 2% (MBBR) H, AR J5 3 A\ SV Y i,
FEE NS F G U E4%, X5 1T RN EUKAE, Z 5 stisid 3G IR R s B IE R 4t
FEIE KA B B E R Gt — DA, [giE RS0 5 KRR A

HoHh MBBR b — Pl 2L 1 e R 5 7K AR 3R 52, 3B I 1) s 8 Hh R —
B VEIF A, REEIR A R SRR IR B THE FAE B AR AL FIRAIRAS ) %
PRTE K PRl D BT DDAE T, A2 SRS g/, 4 in 78S R, IR A,
AN IR AR EREDFE, WERK PR, SME AR, X
PN BRI — A SRS, RS SRS A S BRI A7 AE, AT e 1 4k
HRCR

V ARSI — ORIV BOH . BRI SRR A Dby =, $RIE 1 I uE A s
Vel B sz, I HRH 7 AMEIEE KA KR S e 3 1 K i 3&
M0E, BRI IR R e BOR, B 7V B gt JE RE 0 B AR,
M 38 D A5 8 0, BAR T b F) S gl Aie . LA HH KRR B 90 5
AT MR TR T B B B AR A

20 L IR AR SR — Rl LR AR, 7E— 5 1 R 7 R K
I — 7 B EERDIR BRI R, AT A R B 25 RV A A K T R T 7

[ TP R T I S PO A P R 08 ) B K ) B T AR 2R T, BRI,
VKR R R GE A B4 B8 TR /K EEK CTHE B B JE RS HLIA,
e P A AR R O RURL B 28 o, SR 5 BT AHUE I, 38 5 2 35 R o
NFRLI 2% 5 35 K R K TR, HOKHERIG. EEvRILIE s A b RE
(HB T AR /N BB S T H 1OMm B 3000km (1) 5 Fh ik RS B 7R SRR AL AT b HE
BekBL, ORI DB i 4
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p——
.

| TR/ B

o e e

[
I

Bscip, F.ap

[ . KIEHRER ]

] a-2 HVE RS

Fig.4- 2 the flow chart of ultrafiltration system

4.1.3 JEKIKR

i-—[ a%ﬁa;ﬁ%% ]
|

FLAN R K AR K AR e AR SR A0 S B2 8% (MBBRD, V- i, #2556 B
TRV NERS, ZJRITANEKH, HEBENEIERGZ AT, WEKFEFL TR,

£ 4- 1 JFIKKFR

Table 4- 1 The quality of raw water

3 AT I LEE A K
MAEE (Pl caco3 i) mg/L <300
S (LA caco3 1) mg/L <200
SSETR AR (TSS) mg/L 5
ABT mg/L <75
AL mg/L 2
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pH 6~9
L A ] A mg/L <900
HF®E Hs/cm <1200
4.1.4 ZATHERRHIE

4.1.4.1 RGBT EBITSH

e F A 2 A 2R R SMT600—P50 ARJEIEALLE, A RGHAE =B RAM:,
HEAH 58 M, MRS 30min, WIEHIKMYEEL, Hhy

BE VR IR E] 30S, AT TA] 30S, AUKIBES RPERTE 2. 5min. AER
AT— RSP YA AT (ERD, FE3F 9min, 129 10min, & = KT — KR
EFMIE¥E. TERFIH TYBE T & P BN i Ea < E .

3 4- 2 PEREBE AN DR K B R

Table 4- 2 the flow and requirements of Physical cleaning

1EMR & 240 m’/h
BRI 260 m’/h
BRI 25-30 m
S 560 N.m’/h
JE4E 7SR T 200 Kpa

4.1.4.2 3 KIEE

IBAT RS BE K KR HEAT SEIRHI 2

o

B 4-3 DRtk B BE IS AT IR T8 AR AL 15
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50
45
40
35
30-
25
20
15
10
5]

.l

T/IC

T T T T T T T T
2012-11-27 2013-1-21 2013-3-15  2013-5-5
Operation date

P 4-3 BE/KIREZ BEIZ 4TI [a] 14240

Fig.4- 3 the variation entering water with operation time

4.1.4.3 {STRFEERE (S M=K

PP IR I P /K 7K T A 5 R b AL 7K ok RS e 25 R 4 (SDL),
TP KRSV B R B (SD1) i m Xt e 2L 9N B RIS IE R 4L
RGN PE B IBIE R HE KN =K MU BE AN SDT s A — e 2K .

Bl 4-4 s AT AR AR, FEISAT IR B TR Y, 72 7K R AR 24 /)N
T 0.06, TEA R G RBIBERIESR. B 4-5 NiE T B E ) SDI s 4L
A4, FTLLE HTESAT MR SDL-METE 073 ZIANKs), [iZi&E RSk SDL:s
IEERE/NT 5 RIS, Pt DL IE RGN /K SDL,s i 2 5 B2 [IBE R 4t
K EK
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0.14 +

0.12 +

0.10 1

0.08

NTU

0.06

L]
0.04 4 g N Ny, WE__EN

0.02 n -

0.00 T T T
2012-9-10 2012-11-10 2013-1-10 2013-3-10

operation date
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Fig.4- 4 the variation of produced water turbidity in operation date
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Fig.4- 5 the variation of SDIy5 in operation time
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Fig.4- 6 the variation TMP of 1#(a),2#(b)and3#(c) membrane system with operation date
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Fig.4- 7 the enlarged drawing of the variation of TMP of 1#system with operation time
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4.1.4.5 R KREMF=KRE

220
—a— [nfluent Flowrate
—o— Pemeate Flowrate
200 -
<
=
LL
180
160 T T T T T T T T T
2012-8-15 2012-11-15 2013-2-15 2013-5-15

operation date

(a)

31



IR S BE PVDF FR =S AT UERRTE SRR R 7K R BN R A

220
—&— influent flow
—e— permeate flow
‘_"s- 200 _
£
[«5]
g
=
o
LL
180
T T T T T T T T T
2012-8-15 2012-11-15 2013-2-15 2013-5-15
operation date
(b)
220 —
—=— influent flow
—e—permeateflow
- 1
‘= 200 i.'._
E
g
S
= )
Qo
- iV
180 - ‘
2012-8-15 2012-11-15 2013-2-15 2013-5-15

operation date

(c)
K 4-8 1#(a), 2#(b) F 3# (c)T H & G I BE /K I = A0 7= /K I = 1 A8 4k

Fig.4- 8 the variation of influent water and producing water of 1#(a),2#(b) and 3# (c) membrane
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Fig.4- 9 the variation of influent flux and producing flux of 3# membrane system and enlarged

drawing
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R AR IR 7 2, oK SCE BT B Kb . RGERIFEKERFFRR T,
MUEH, 23K T, R KREEnr L Hsir i iAaize,
B e i TR A GG, WEH T/MEZR TR, (HES2diEth, BEX
R B, FEARRFE, WY T BIERRIBITIRGE.
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REZHMHISABIEREA Y PA I, 1T PA IRANBEI 32 =y (87, DRI A B8 T
SRS REIE I G A AT R I, AT B AN B iE R gt K e is
I EEAEH] . fEiaAT e b — Behl R K #2847 TOC e, 5% ToC
HIEBRECR, Kl 4-9 9IIlE I [H] 8 TOC B LBREE, LG HBIERGX A HIH
I EBRABCR, LBrFEmEL 60%LL b, FTLLAMRY G2 iEE R 4%, IFH
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Fig.4- 10 the variation of TOC rejection in operation time
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IKALERSG2 B, RS AL FFRIMAR S, FI20084E7 A B, L EFENEAER A
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Kl 4- 91 [ELLHAEIIIL L)

Fig.4- 11 the field device picture of membrane module

4.2.2 #7KKR

AN AT R A =] R H KA H R 7K SR A Tk A= = i k7K, il skt
RFRAIE TG KB T KA — e b FE, B — KT ARIE, AT FKRE
IKZ A, BT ARV R K 7K B bs e, (H72 T R vFHEs 075 AOK B, =&
AR AR — R, dokIE A, RAFERIR T KRR ELN E 2R,
H DI IR T 7K 8 905 7K TR AR A i B2 [ Rk A R (0 R R L T
AR5 K Ab B = )R g X R YRS K AL B SR A A AL BRI PR K, AR AR EE A
5110 i m*/a, [EIfHi5/KEIEF] 3468 Ji m® fa. T NREAKIR KT IE B -

% 4-3 KK

Table 4- 3 the quality of influent water

ST BAhr HK
CODcr mg/L =50

BOD5 mg/L <10
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TSS mg/L <25
MR NTU <20
B mg/L 1~4
ey mg/L <1
pS¥A mg/L <15
MHES mg/L <2
4.2.3 B ARG REE

N E R E AN R 2 7] DakAIE AT I oK B R EE R SRR, 2T
HARET, BkSed BIRVLE IS RRIT NEUKAE, 5 18I 08 o= 4T 2
AL, IR S, ENTKAE, BIOREAREERGHE DA, R
JR 2R AR R EE— 20 5 B E 1Ja [ R B P b2 K

=
mdag [

FERA R

B CEB

K 4- 12 2% nFRE

Fig.4- 12 the flow chart of system
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4.2.4 BITEHE ST

4.2.4.1 RGBOHEBTSH
) FEE SMT600—P30 HHERALM:, BATIEHP L 5 R Memcor i 524t
4 —5, BTN 30min, 4% 27min BIHIKFD 3min FOERS e (28548
P RUEHIEMD . & 50 NIRRT — R 4EFIEE R (MWD, BT R RS
SHEA TS P25 pH BRORAEIE 10,5, BIILEREAS H 347 — Ik TEL 2 in
RSBt (CEB), RHEUEZH pH R H] 11.5,
4.2.4.2 7KK &M pH

KRS IE 2 (TMP) HURIECK, . FEER AR IS 3 &
AR, RIS, KA R, TSR 2 (TMP) 14,
T2 5 25 7 e ] 3 T o, 5 IS AL £ PR e T 7 K U
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4= 13 BEAOKIR A BEZ AT IR TR A2 1k

Fig.4- 13 the variation of temperature of influent water with operation time
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K 4-13 25 7 dhisAT R HE KR BE BE I TR R AR AL . R ZKiR B R, &5
HKIRARHG, FEARYERFE 15°C~30C I8, Jy 1 AEMR EAE T 25 R A RER)
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K 4- 14 #3EsK pH BEIZ AT 8] 284

Fig.4- 14 the variation of PH of influent water with operation time
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Fig.4- 15 the variation of permeate turbidity with operation time
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Fig.4- 16 the variation of SDI of permeate water with operation time
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4.2.4. 4L R E 2
PR 72 (TMP) o /K ad 6 ) S BT 5 B 3R 5l /g, B KA 64125
TS5 K34 J1 0 22, B AT I TR R A8 A T DAL S S e g =28 A1 1 £t
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Fig.4- 17 the variation of normalized TMP with operation time
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Fig.4- 18 the variation of normalized TMP with operation time of enlarged drawing
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Fig.4- 19 the variation of permeate flux with operation time

4.2.4.6 F=7K TOC
FEIZAT I, BEALEUER KA P30 JBE R GE ) KOKEE, TIE 1 TOC W& &,
TRGEH T T0C ZEMNESR. MK REKH, PVDF A% TOC
FERE L 60%, ReH RIS EEE (RO R KR EIZTT.
%% 4= 4 JFUKH P30 ARG K TOC & &

Table 4- 4 the permeate water TOC rejection of P30 membrane system

R H 3 J5k ToC P30 M & 45K EBE
TOC
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2011412 H 23 H 30ppm 8ppm 73%

201241 A 205 25ppm 7ppm 72%

201243 H 8%  22ppm 5.79ppm 73%

2012 £ 4 H 10 5 20ppm 6.6ppm 67%

201245 H 7%  25ppm 8ppm 68%
4.2.5 /NGE
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AT o 14T 4R HIP 8 5 5 Memcor 8 R G RFF—2, 1847809 30min, 45
27min FHIZKFN Smin FPPERIEVE BB RS IEMD . 1847 R E 1)
HARRNY, KM AR ZAE 0. 08NTU LA SDI B 34/NT 3, 1 I 5 462 1) L
RHEF= KK RS E W R SR 2R 1 [RIBE RGN KB SK . PVDF JEZELAEX TOC
ZRF IS 60%, ReA R ESREE (RO RE. JigiT—BNEE, H
TR Qe SR ], B T 2 S AR B R, Kl R AR, St IS BE LS
RGN A KB B AT UK B B8 ME, W, BRI B0 T e
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5 &
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JFRE TR K I FH AT 78 5 TV R, 5521 P /KoK Bt Blas A7 i (] i A2 4L, 32
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SEVE,  DASGER B IS AT I P 5 bR 0 AN L7 e ot s i R IR s, X = 7K )
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50 A3k 8 A HEEAT — IR GEP S Ve (MWD, IS AT AT 2 I BAE R B, PRk
M ARZAAE 0. OSNTU LAR SDI fE41/NT- 3, i WY B f5 ) sb BRI A HE 7 7K /K B A A
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