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Sy v B FEE T A ) ek Ay W s Ak i R K R i AR A A 1) O B [ R

AT 5 B 0T P 2 FEE Ak PR FE Rt 7Kl R e A A 8 RS G AL BN B AT 1 ] T, R A T R R R
N2, A B Gt g A S R SR K . Gl PO R SR IESS SE R, AR TS G O
AR B AT EES T . 456 WO R AR FERE 07 43 M 45 =B, B8 1 1 a8 VS g i) 32 S g
Yy, $5 7 T IR0 B e RIS G i OB AL B, T Ay B R T FE SR K Ak BB R [T R 43 A T R
2%
1 MB5R*®
11 LBRE

A5 R FH 04 SF- A P 25 R Ak 339 R 1 K
SR E AN A 1 s o SRR O ERCA Bk F i R
ISR 2 YRR T FE K A R K, i K
YE R I np e K o B A1 R PVC, 3%
TR 250 L, BEEZH 1 S 0y o B HAH DG e ) & T
FEESH P, S A A B 1 7 9 T RIS AT 4 P AR
P 8 S, 3 ek A AR AT T T RS AL A D 3 A A AL
B A X Y i P T M T AT R R
JEE S Wy L AR S T P B 5 e 1 ] — AL T 4
BT M B R, ORE A PR KR Ay S ALO;, B
KAy F i oy F RO, BEALAER 0.1 pm, A
it 7K T FR A 0.10086 m?, pH Ay 2~12; 52
DL SR 1 K Ry BRI SR K, 05 30 8 3 1 A8 I P vk, R L A R U R A R BRI
IKIE ) o AR B B8t K A =08 o g R R R R GE, il th A R EESEfT. A
PEACE ARG . THIT AR R, G A ke A R B A A T OGS S s AT
1.2 SEIWAK

A S5 K SR FH R RS B X ol e Bk e L SR RE MG Gt R S R K T R K KRR
22~25C, pH M 6.7~6.9, Fili N 15~38 mg'L™', ZIFERST N 17~46 mg L', RN 2.5~
3 pm,
1.3 A3k EXK

T J5 252 T A P e R Ak By R R K g Se g b, K Sl ¥ AE S me L AR, SS<I mg'L,
RARTE<L pm, FF46 CHEJE A T K K BT R 46 R S o 7 vk ) (SY/T5329-2012) A1 4% A1 i
PR o XIS UE T V- P 2 Ak B R K AR AR
14 SBWHE

1) Eil a0 o e B R R e T i 7K K BT A2 48 A o B D7 i ) v D 5 il £ 1 Dy 1 TG T
PRUETA W, RO G BRI, IR llAR e 2 o R Al EE AR D ZEEOGR AL EO R K
RS, DAaimEE S, AR K 212 om FAYWOEREE, RIS ) HE SR

po= X 10° (1)

0

B1 RNHFEEE

Fig. 1 Reactor device diagram

A po&ihE, mg Ly moAAREMZ XN AR, me, VORNFEBUKEEARL, mL.
2) HEEAE 5 o SR FH AR R R AT S A P R B N S, e e N B — i B TR P e — e
JES T AR A 2o AR AR, AR PR () T
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K. JHBEGHESE, Lm>h)"; VASSBEWER, Ly SHRMAZBGEKER, m*;  hidig
), he

3) IG5 4L B 7 43 o AR 4l Darcy 7 A 1) 32k 1858 24 R 4t g 1 e P 328 158 0 0 ik R v A R 7 o3 A A

AR
_Ap _ Ap
u-R p-(Ry+R+R.+R,)
e w AEHERSEE, Pass; RS Yt B S BH Y1, m™s Ap WESHEE2E, Pa; R, WA G
IEA BT, m™'s ROWEESLNTSGBE ), m™'s ROAWENALEI T, m'y R, N ¥ B BT
LI B )ZBH T, m',

4) IEAZ R BTt . ABEFE s AT R DA AR S S BRGSO R R T B,
FE T WG R i SRR L K g S il B ] R R A0 BE AR A T M P R R s AT A A Y A G B A
17200 - S A7 A e kg ) o7 L A DU PR 3R = KA IE AR SE B . fili FH SPSS (statistical package for the social
science) X 1IE 52 L 90 25 A AT AT 0 M, Sk 1E 28 520 1 45 R .

5) b FBr o AE B kAR 21 40 63 (fourier transform infrared spectroscopy, FTIR), £ il 7 %147
MEREAT . e A A Al . WAL BNy T #5494 FBL 8% (scanning electric microscopy, SEM), i
FHHL SR b R T N T AR AR AR S E B, TR IR R O S s X B £ g 1% (X-ray energy
dispersive spectrometer, EDS), il 70 & & H HHRFIE X Gk AR, T2 815 YL 2 005 2% 1o A0 S0ou
ST R AN .

2 #FER5E
21 BEHFMHRIERBEERAR

MR P T — R B B R AR . DLBRER BE L T e IR R T R D R AR A E R AR
Wi 2 RS 19095 38 R T R 42 o s 82 ) S e ik

1) V- i Bl 25 535 7 3 0 3k o 3000 T RS ek 8 2 AR K B 3l R DS KGE B, R T Bl SR
it 52 56 4% B AE B R T RELE IS AT 30 min, i0 SRV AR P B R K & . HF 5 min K A SR
QA E R, HNENDSEKERRCRILE 2, fTUEH, ERLELMFT, b %R K
3 T Bl A PR T B RGN . 4 AF R o 15 kPa i, S35 K B R 408.93 L-(m*h) . i W]
- P e R R R A ek B e

2) -l B e B I B3 i 38 A R ik 200 -
Wl R A SIS A T I B s PR R N AR 1=17.525x+146.05
TERA A 38 He J, s A7 — BE ], 3 s (85 1) 209981
B (A NIZI TR it B s 25 1 AR Ak v
iy, 8 Y YE IE AR B A (AJ=S),
10 5 B (8] 5 I 8] 1] B (Ar) PN 3 0 3 o i 5

(€))

-y

300

200 |

WK RAL - (m®

100
R AR, ERELLEDR, AW
i, HEBREZEA SRR CERESCE R 0 . . .
A5 1] I LI A 2 R TR AE P4 Lk, BT Y ’ ee :
TR S S B oh 32 2 R R G 1 B Ve
WO Sy oy NS4 T BETRIRIIR gy pigmam e rmenEnnskassim
2‘&) - In HAER IR AT SO VE DR AR5 I Fig.2 Variation of clear water flux of flat sheet ceramic

ZHEEW R EE, PNIEREE, membrane at different pipe pressures
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30 min, & DL S min ) U8 H 9 O KB = -

() K. TS S min (9 FE 3 HE AR £

T eI S do P 3 B2 e, 7 R S

Al 3 7R o i 90 min A, P AR P S RS AT 2
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Fig. 3 Variation of membrane pressure at different
membrane flux

R S8 B S BN o e, RIS PR R AR e B A S BB B B AT B K, X R TR T
IRTE IR DFZ , BIVRZE TR TR RIS G o DRI, 0 8 AR S 36 2% 10 T P A g 2 A 0 9oty PR

KA I A3 2k S0 L-(m* h)™'
22 MRAABITIEHHRR

D) IEAC S . GnRy TR, AL T L
W06 M6 . BRI A] 7K g B gk B[] R
SR BE S R 2R, 1S4 IR 8 A i R Y Y
KR =P IEACSE R . o T 3 A T M A 52900 1
JEEE 52 E, S5 G RTISC IR A5 IR, W) is R
HIEERAKT . FT . /DNFinfEs 3K,
HJ 30, 50, 80 L-(m*h)", Higid &1k Em
S AR ST b UE A ] 3 AN KA 3 A 10,
15, 20min 5 S 3% 0 8] 43 50 28 B 30, 60,
90 min; BEGREELEI 1. 3. SLmin', A%
95 >R FH AR [R) 9 B vp vk 3 B, A 400 mL-min ™',
IEAS S ) PR KL% 1

WRIF I 9 Fh TOL R I SE5:, B4 T80 IR
Wiz 47 2 Al — R B 28 0 B & I, 343 51
TSR A Y P T B B3 B e ] 7 28 b 1
B, HRZHL 2 B BT 28 R e Y (EAE R Z T
B2 BRGE B, OB 15 Le(m® hy AR S B
ARG g, L T e B2 538 5 4 A .

2) Ak iz A4 il 1 A2 S 45 R o b . AT
AU - A R E w25 R A 1R 4 BroR o AT LLA
th, S7 LT AY B 24 38 & e Ok, Ty 27.82
L:(m> h)", S6 T.0L T B ~F 34 7= oK i /)y,
R 17.75 L-(m* h) ' 45 T80 2 B AR vk oy
S7>89>83>84>82>S8>S1>S5>S6, i 2= 4 BT 45
S ST Ry A P e R Ak 3 R HR K A
AT T8

®1 LEG) EXEHRITE
Table 1 L, (3*) orthogonal experimental design

T yamsERy  oRRERE OKARh BRREE/
(L-(m*h)™) min I} 1E]/s (L-min™")
S1 30 10 60 1
S2 30 15 90 3
S3 30 20 30 5
S4 50 10 90 5
S5 50 15 30 1
S6 50 20 60 3
S7 80 10 30 3
S8 80 15 60 5
S9 80 20 90 1
=
)
2
it
]
=

E4 ARIATHEHRBEE
Fig. 4 Average membrane flux under different working
conditions
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SR U6 S5 25 R B HERR P, R SPSS B X I A2 SE IR AL PR AT A AT R, ANk 2 s, KR
- $57 3 £ 5 M A /0N ) S8 2 M I Ay ) e S > 2 g B () 0ok 30 e (DSBS R L Hoh, 0
AL R TR B S A R B . R 3 R, ERD UG I B 80 L-(m® h)™!, i RS [E] 10 min, X
YRR ] 30 s, BEAHRE 3 Lomin™' B AT DUARAS B & 0 7 2 G &, ST U R KO IE AR SR
e 22 5 BT A5t A B A8 AT T 00— 3
R2 BIIRBIEESENRE

Table 2 Analysis of variance of operating control factors

b T 24750 dr ¥J5 F Sig
B IERH 80.025 8 10.003 15.956 1.83x10™
TR 8986.489 1 8986.489 14334.423 3.07x107
WA EE i 32.935 2 16.467 26.267 1.75%x10*
BB A] 19.164 2 9.582 15.284 1.276x10°
IK 1 I st ] 24.424 2 12.212 19.479 5.37x10™*
RS EE 3.502 2 1.751 2.793 1.3836x10?
B2 5.642 9 0.627
Bt 9072.156 18
BIEfE Bt 85.667 17

*7E: R*=0.934(JH#R=0.876).

*3 BERZITE
Table 3 Statistical analysis of average membrane fluxes corresponding to the operating control factors
% PR 2R KX B 8- 24 ek e i
FHCEIE/ L-(m® h) " ARifEiR2E 95% B Aw X ) PR 959% 8 {5 X 7] 1B

BITERFZR  FRKFE

30.00 L-(m*h)™ 22.675 0.323 21.944 23.406

SHILREHE R 50.00 L-(m*h) ™ 20.547 0.323 19.815 21.278
80.00 L-(m*h)™ 23.810 0.323 23.079 24,541

10.00 min 23.787 0.323 23.055 24518

b i) 15.00 min 21.812 0.323 21.080 22.543
20.00 min 21.433 0.323 20.702 22.165

30.00 s 23.185 0.323 22.454 23.916

7K 7 B st i) 60.00 s 20.697 0.323 19.965 21.428
90.00 s 23.150 0.323 22.419 23.881

1.00 L-min™* 21.733 0.323 21.002 22.465

BESRAE 3.00 Lomin™ 22.760 0.323 22.029 23.491
5.00 L'min' 22.538 0.323 21.807 23270

P S R T H5e e T 00 S7 T SR B 8 s Ak BRI R K B3 B i 2R R E s . nTRLE W, fE
BIFEAE 1 h Y g b, R 80 L-(m®h) ! dU# B & 32.1 L-(m™ h)'. MY BERR TS YL I il
() 3 2R R R IR ZE A 7E 60~2 400 min, R R R IT IR ST, P HY B E B AR E A
27.82 L-(m* h) BT, R R T B SR D2 ACRR B, SRR R S Y 0K A AR T Lk,
7 X 55 A ot PR RE S M A /0N, O HLAK gk A K T b A FE RE b o LR A B DR 2 A A TS
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1) B35 Je il o3 43t o R g3 53 B (EDS)
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1 652 cm™ —C=0 M X BRI sh e e, K 3 232
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2336 cm ' 2 CO, MY 55 W ISCHT 5 3 413 em™' X i
T B A BE R (R AR PR 35 3 568 em ' I 3 473
em™ 43 ) Sk 8 B DA B S B R A IE A i 4
PRBNIEAHT o FRIG AT DLE K s ey i 3
DI 5. BEMS . mEIE . RIS Sk
FAEYIEAAATE. HIE 6(b) AT, 1113 em™
B 3T £ 16 40 45 20 3 419 em™! BT A9 4% 2 4 A e
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Fig. 5 Flux curve of oilfield produced water treated by flat
sheet ceramic membrane

x4 FKMBSRENTEREFTSL
Table 4 Mass percentage of elements in raw water and
contaminated layer

JLRFUR A4 /%
JLHR
JEK lEE O
33.46 30.30
3.69 19.74
Cl 39.28 0.35
Si 0.03 0.46
0 0
K 0.35 0.07
Mg 0.63 0.14
Ca 1.56 0.80
Ba 0.27 37.00
Na 20.71 0.53
S 0.02 6.43
Fe 0 3.86

JEK

165271417
2363 1616

1113

4000 3500 3000 2500 2000 1500 1000 500
WeEk/em™!

Bl 6 FRKFMBZRERNLINEE

Fig. 6 Infrared spectra of raw water and polluted layer
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R SIT B4R 30 M T R B R Bl 5 7E 2 920 em ' F1 2 848 em ! BT HY IR T 2 AN ERAE WL g, LR R AR AR
FEW) C-H 8. R SLPTHEN , 3 BB e 0 Y OB RIS . S E R . MR RS . RIRL . &
FEY.

2) BEy5 Y B F1 o0 M o SC56 R A 3 YROPAT S 56 0 TR AR Ak DR R 7, B R A A ad
UEBH S B i BB T H B S S E I R S iR . R STEIL, FEARZMT, ERMEER A &S
R, BIVRHBE A B B T, 2 B TR 24.5%; W ZEALZ L R, 2 5 EBH Y 8.1%,
IXHB A B S S AT, P A A AT S Ok B IGK F  BE HT o BREFL NS YR T R, 2 RLBE T 1
39.7%, XFBABH Sy AT R A AR IR T IR B B . BEICZBE T R, 29 BB TT 1 27.7%, 384 BH 2
FT 3 I W o 7 T 8 R Sk AR R S OB A IS TP A Y, R e e R Y R p vk
P2ETE VR 25 Bk o L P B e A 2 BH T o BB S 1 65% LA b, Xl SR Rk, R E AL
WBE Ty, XFETS el EZAEH .

x5 BEOSEMANKFRSEEHIRFIE

Table 5 Pollution resistance of each part and its average proportion

RA10™m™)  HeHil/%  R/(10"m™) % R/10M-m™) /% R/10™m™)  HHl%  R/10"-m™)  HAI/%
12.62 100.00 3.09 24.53 5.01 39.70 1.03 8.13 3.50 27.70

3 Z5ip
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40% . 8% . 28%. MeAL N PFH 1 FIEEE 2 B 7 o5 BB I 19 65% LA F, X3k B SCR 5 i e K

& F X #
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Operation control optimization and membrane fouling mechanism of flat-sheet
ceramic membrane treating oilfield produced water

JU Weipeng', ZHANG Shoubin"’, ZHANG Yuanyuan®, LIU Yutian?, JJAO Wenhai®, LV Ying’, LIU Guicai'

1. School of Civil Engineering and Architecture, University of Jinan, Jinan 250022, China; 2. Tong Yuan Design Group Co.
Ltd., Jinan 255000, China; 3. Jinan Municipal Engineering Design & Research Institute (Group) Co. Ltd., Jinan 250003, China;
4. Jinan Water Group Co. Ltd., Jinan 250012, China

*Corresponding author, E-mail: Shoubin Zhang@163.com

Abstract Ceramic membrane has been widely used in the field of oilfield produced water treatment in recent
years because of its high mechanical strength, good chemical stability and other advantages. Aiming at the core
issue of membrane pollution control in oilfield produced water treatment by ceramic membrane, the small-scale
experiment and model analysis were used to deeply conduct the optimization research on the operation control
of ceramic membrane treatment system. Combined with microscopic characterization, the membrane pollution
mechanism in oilfield produced water treatment by ceramic membrane was clarified. The results showed that the
optimal operating control conditions for oilfield produced water treatment by ceramic membrane were: initial
membrane flux of 80 L-(m*h)”', filtering time of 10 min, backwashing time of 30 s, aeration intensity of
3 L'min"". Under above conditions, the ceramic membrane could maintain an average membrane flux of
27.82 L-(m*h)". The characterization results of raw water and pollution layer showed that amine or amide,
hydrocarbon, carboxylic acid, aromatic, alcohol and other organic compounds were the main organics causing
ceramic membrane pollution, and inorganic salt ions such as Si, Fe, Ca, Mg, Ba were also important components
of membrane pollution; In the filtration process, both the resistances in the membrane pore and in the gel layer
play a leading role in the formation of ceramic membrane fouling.

Keywords ceramic membrane; oilfield produced water; operation control optimization; membrane fouling

mechanism
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