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Fig. 1 Flow chart of the integrated A/O—MBR-based sewage treatment equipment
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Fig. 2 Pictures of arrayed flat sheet membrane
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Table 2 Detailed parameters of arrayed flat sheet membrane cassettes
£ Bl £ Bl
WEHAAL/ (m® « d 1) 500 HetE TARIREE/C 5~35
HEB/EH/ B 3 52 pH B G 2~11
HasZEU = 2 MLSS {&E[H/(mg « L) 6 000~15 000
SRR/ m 990 2 B 325 g 1 25 / kPa <85
PRI/ (m” « B 11 I KPS 2 / kPa <45
el /(Lem™? «h™") 20~25 KRR S/ kPa <40
100 - 1160 7
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Fig. 3 Operating data of the arrayed flat sheet membrane
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Fig. 4 Schematic diagram of the flux detection system
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5 LR 5 A B AR R IR A . R T
AL R B 5T, 15 BT S22 A5° /N0 I R R % T
IR PR IR AE A T5 G 2R A, A 7. 5X107° m”
G YL EME L FE 20 mL 2 mol/L () HCL
fit 2 hJE B ETEW F 0. 45 pm JE 4RI U8 5 T
Ca.Mg.Fe Al Si TZE & &.
1.4.2 50 Rrp oK A LS I
15 YL R T AL B R A U v
SE. SR E IR T (600 420) °C Y Ll g rh
BB AH T GELSE 2 IR Z 22 A KTF 0,001 @) .id
my. FREUEENCJeAE (B i mo RSB 22 0. 000 1 @), F
BT &S e A S AR L E TR TR
FAPLTEQI05E5) CRHE 1 h BUBE A T8 %
B RE, HE LR 25 BRI T A A
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() R SR BEE 2 T SMP e i BLR 5 vk 4
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JoT 22 BRI, 220 S iR PR B - B R L (875 D
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WE A E. B 2021 45 10 H TMP 1 8L
B Bk (K3, 1  H 3y F 2021-11-11 X451 °F
M IS ZH 25 113 ORI Xof 5 e JE i BURE 23 . S0 =
HEMAAE BB EEE R RETRER
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Fig. 5 Arrayed flat sheet membrane surface

before and after membrane fouling
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Fig. 6 Arrayed flat sheet membrane surface in electron

microscope photograph at 10000x magnification before

and after membrane fouling
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Fig. 7 Arrayed flat sheet membrane section in electron
microscope photograph at 10000x magnification before

and after membrane fouling

JIETRT 5 2% 22 A8 BBURE I 102 2R 3R B CRUIE i 3)
CHURE BT 2021-11-1D) 5 B JR B KR 79. 806 T
FE JCHLT A0 73,5 %6 o R I T A2 ) D
TR FE R ICHLTE Y. @t ICP A5k g e th I
PLOTLHE Mg, Ca, Fe, Al F1 Si Y J5t & ¥ i 53 51l
228.1 400.5 384,148 F1 428 mg/m?, H:H Fe A1 Ca
B i el e s, 76 7. 5X107° m® i b iT5 g )
AT L BV (SMP L TOC 1)
548 mg/m* , ZHE TR 400 mg/m” , 5 1 5 i i
WE/INT 68 mg/m? , (AR 253 2 il — 2 1)
AHLTG G SR A oA i I H RS G2 R T
ML-AHE TG

&3 BRI EFMIERE T REDFTEREF
Table 3 Types and contents of pollutants on

arrayed flat sheet membrane
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KK/ % 79.841.3
TR EL % 73.5+2.9
FHRA VTR % 26.542.9
Mg B iR)E/(mg » m ™ *) 22848
Ca JEEWE/(mg » m™*) 1400428
Fe g/ (mg + m %) 5 384100
Al k% /(mg » m™?) 148+4
Si e/ (mg « m™*) 428412
SMP ¥k (L) TOC i) /(mg » m™?) 548+4
SMP H ZHE Bk E /(mg » m™?) 400+4

SMP H i B/ (mg « m™ %) <68
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A 3 Xt BRI = 4 75 e AT WA B R TR VR 2.
AT R R TR LW BN . th Tk
SR B R B R A L RAT 5 S AR REAS I 55 A
WIS -5 3 1T 2 1] ) BRI L REAS AR RE M
WA o S 5 WK S K /N AL S TR L 7K
A PLTS G LABEIR JZ i 22 - oo B ok m] LU
INBEIR 2 A A R A= S AL KA S IR IBiTE . TCHLE,
sif 5 T R PR P 24 7)1 1o o 2 S0 P 1 e
R AEALIE ) Ca, Mg Fe SFI0HLEE . (AR MK 2y
FIRNIE TR LI 18] 25 3 B8 5 58 ARG 15 T B A+
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Btk TR Fe S B075 KT Fe BT B &
JE I BRI AT B BR £ T RE 23 DLVEMT 3 i —
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YRR SE TAP IR H R s B i fg . (AT e 2 5 15 Ca
JE U R ES TUVE S FE AL . BRI X 5 2
(R Ao (R 2 s s T e e AR IS T
TCHLE IR B 5 e s W A 45 T Yt — . BUaR N
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ST R R B R A S (W R IR AN Fe AL 09T
VERSCR I AF  (H T I ELAT 500 A T b ek A
P 7E MBR T2 i/ D). 4 IR TR IS vk
5, FR VR 24 711) JoT ft vk 23 8 7E 2 000~5 000 mg/L
Z ) BT AR vk, B — % v TR T i R B
3 000 mg/L 47 ¥ Y, AR 95 I Uk RCR i e 25 7
B
A HLTG GRS 2R HUCE IR BH Uk » 2550 1) ok J3E
MR YRS YRR BE 2. 76 MBR 1217, &1 X 54 B i5 e
1) 4 47 1 T R 8 H SR FH I 24 70 T i v B Sl 500 ~
1000 mg/ L, &% 55 B 75 e (9 2 Mk 3 Uk 3 & >Rk
1255 B i W B2 5 000~8 000 mg/L. i T AT H
ARG Y s AR MR T Y o B e A
AT LTS e 72 R A (T & WL L
73.5%0) A HLIE YRR A X A (T3 R A AL
Fb 26. 590, PR 25 1 S Uk SR TR A o o vk 3 Oy
5 000 mg/L. 7ESLE % /MAH, R H 3 000 mg/L fig
45 000 mg/L WKEARRENIGE VeI ZHAT TR
XL Z5 RGN 8 i, >R LR 150 3 1k i -
i 256 L/(m® « HRE E 2 542 L/(m® « h), iE¥k
ROR B3 X2 N R R A TR Rﬁﬁﬁz_ JEE [
AR BA BRI 4 G PE X T Fe 805 4L FRal 5
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R G0 SR B o v L 16 TT 5 Ca B 0 R A DT TE , o S
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Fig. 8 Comparison of cleaning effects on
different chemicals
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FICAILTE Yk F 0 I, P 1 3 5] S ¥ o T 2 Bk 2 T
I )2 o A A AT e R % ok a2 T 3 o v Ak
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%Lﬂ:%ﬂ#%ﬁ BLR G T 48 Ak 20 it S /N3 7 5 AT K- 5
R BEMG » A TCHIL TS YL Ok 28 5% 1ok , A R
J{a%m MBS TR V5 Yo 2 00 BT 45 S ok R
zsﬂﬁm{? Je Ry B A5 Y DR I i 2 IR R T
VR JT S5 Uk I H 42 T iR 5 AR oy A
T e 5 it e e 25 5) e B8 o 3 R A0 B R i &5 SR
K9 iR, 15 B EER ] 3 000 mg/ L FERRIE VRS » FH
5 000 mg/ L YRR FHY5 1k » B 2L 3 7Kl 50T |
256 L/(m® « WK 2 3160 L/(m” » h). 5 000 mg/L
TR +5 000 mg/L R SEATREN AT VESCR Y b, 8 1
WA Z 2 917 L/(m® « h), a] fig & i T - A9 #E 1R
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Fig. 9 Influence of cleaning order and oxalic acid

1524

97¢ 1023

FHiEE /(L-m> k)

concentration on cleaning effect

2.2.3 IR LA

i PL IR P B R ] 3 000 mg/ L FR
+5 000 mg/L AR UE T 25 b 5 5 55 24
FRITR LI ) X3 8 48 2R B 52 0. i (8] 75 ZEAR 4 TR
ZRHRAAE L G P Uk A IR LN ] 8 H 0.5 hy 2
DA 35 e e o B ) R O 30 o5 ) T 7 e R R
AR R 3 2416 092 3 B ] LR IR TS e 4 5 24 5
FEAF IO » B 2R O30 5 VR O P T D AR
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Ji WS PR A2 22 0 FE Al 2 19 1 b R R B VR IR AR
WL EERANE 10 FoR. MEVE LT 2 h B3 TE
SR B I VR A ) S S R T, IR [ 48 F 2 ho A,
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h) KA RN F 84 %0 s TEHLEE T 1T LAY i & I I %
TS G2 200 0% s REAL &t W7 TR L B 35 4 355 Wi ok /s
TESFEAME (] 11, MK H /] 2021-11-17). 42
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Fig. 10 Influence of immersion time on cleaning effect

25 b TR B R s Y R D Fe,
Ca JFFHTH-AILE GI5Y, 20t RIALE AL
b 0 I TS e B 25 DR 7 %8 98 3 000 mg /L
BRI 2 ho 5 5 000 mg/L ARG 2 .
2.3 EERMREIE
2.3.1 oot fasts

HAE RSy 2 /NREE R IR R 3 000 mg/L
FR 45 000 mg/L IRARINA IR 2 h BITHBERL
BRI G550 H BTV RS 2550 A B 528
2 PRI R RSO TR E B e - 7R KT R X T

PEAT ARG UE. F B A ) T 1 e A A K G
2 DRI AL B 7 46 Dt DR i A AR o T A XS S e 2 v ik
THIRRCR % B[Rl — iz 17 &= F 9 TMP A8k ok %
fiE. BEoTE VRS A Ay 18 L/ (m” « h) (B 58
JE2k 80 m’/(m® « YR T iEfT 15 d. s 78
WK 12 PR, BETHABERT TMP ik 25 kPa, £ 5@
FARAFRENAEL VS5 TMP Y% % 2. 9 kPa, BI7E[R]
—il B T . TMP FRET 88. 4%, HEISIRIRA
Wiz e, 15 d Jg TMP UK % 3. 6 kPa, %
M BSCE VR . 121 TRE I E R IR .
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Fig. 11 Surface and section of arrayed flat sheet
membrane in electron microscope photograph

after the final treatment
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Membrane fouling analysis and cleaning application of

arrayed flat sheet membranes

HAO Yan', SUN Guangdong'*, DAI Pan', ZHANG Yu',

LI Yan', ZOU Haoran', XIAO Kang*
(1. Beijing Origin Water Membrane Technology Co. , Ltd. , Beijing 101407, China;

2. Urban-Rural Water Environment Technology Research and Developments Center of

China Jiaotong Group, Beijing 100029, China; 3. College of Resources and Environment,

University of Chinese Academy of Sciences, Beijing 101408, China)

Abstract; Membrane fouling is a common problem in membrane bioreactor (MBR). Regular cleaning of

membrane cassettes is an effective method to alleviate membrane fouling in engineering applications. The

arrayed flat sheet membrane, as a kind of membrane with corrugation, has the advantages of high density,

high flux and being free of off-line cleaning. This article introduces the application case of arrayed flat

sheet membrane in integrated MBR-based sewage purification equipment and its chemical cleaning scheme.

In this case, the membrane fouling was serious, resulting in a pure water flux of only 7% of the new
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membrane. The amounts of Fe and Ca in the inorganic-organic composite layer on the membrane surface
reached 5 384 mg/m? and 1 400 mg/m?®, respectively, and the total organic carbon content reached
548 mg/m?* (with an polysaccharide concentration of 400 mg/m?®). After a restorative online cleaning using
oxalic acid and sodium hypochlorite, the transmembrane pressure of the arrayed flat sheet membrane
recovered from 29 kPa to 11 kPa. The equipment was then operated continuously at a flux of 25 L/(m?®+
h), with a monthly maintenance cleaning using 500 mg/1. sodium hypochlorite solution. During the five-
month monitoring period, the transmembrane pressure did not fluctuate significantly, showing good
operation stability. The result indicated that organic matter played a key role in the inorganic-organic
combined fouling, and the maintenance cleaning using sodium hypochlorite could effectively remove organic
foulants from the arrayed flat sheet membrane, thus curbing the formation of subsequent combined fouling.

Key words: arrayed flat sheet membrane; membrane fouling; MBR; case study; rural wastewater; inte-

grated sewage purlflcatlon equipment
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Preparation and properties of composite nanofiltration membrane for
fine separation of aromatic components from tobacco

LIU Chunbo®*, XU Ruisong®, JIANG Wei', LI Yong', SI Xiaoxi',
YANG Ji'y, ZHU Ruizhi', ZHANG Fengmei', TANG Shiyun',
YANG Mingquan', ZHANG Ran*, HOU Mengjie*, LI Lin*,
WANG Tonghua*

(1. Yunnan Key Laboratory of Tobacco Chemistry R&D China Tobacco Yunnan Industry Co. , Ltd.
Kunming 650231,China; 2. State Key Laboratory of Fine Chemicals, R&.D Center of Membrane Science,
School of Chemical Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: PA/PMIA composite nanofiltration membranes were prepared for fine separation of aromatic
components in tobacco extract, in which the polyamide (PA) layer was composited on the surface of poly
(m-phenylene isophthalamide) (PMIA) ultrafiltration membranes through interfacial polymerization
reaction. When the concentration of piperazine (PIP) in aqueous phase was 0.5 %, the concentration of
trimesoyl chloride (TMC) in oil phase was 0. 15%, and the interfacial reaction time was controlled at 30s,
the performance of PA/PMIA composite nanofiltration membrane prepared was optimal. It exhibited a
pure water flux of up to 63. 8 L/(m® « h), a glucose rejection rate of 91. 52%, and a cutoff molecular
weight of 180. The PA/PMIA composite nanofiltration membranes were used to filter and separate tobacco
extract, and the concentration of nicotine and alkaloid in the filtrate was greatly reduced, achieving the
separation and concentration of aroma components in tobacco. Additionally, the application of a two-stage
filtration process combining ultrafiltration and nanofiltration allowed for a more precise separation of
tobacco extracts, resulting in a greater variety of aroma components and higher concentrations of alkaloids
and nicotine,

Key words: poly (m-phenylene isophthalamide); nanofiltration membrane; interfacial polymerization;
membrane based separation technology; separation and concentration of aroma components from tobacco

extracts



