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Fouling mechanisms of ultrafiltration membranes fouled with traditional Chinese
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Abstract: Objective To provide fundamental information regarding the complex phenomena of membrane fouling caused by the
pectin in traditional Chinese medicine extracts and investigate the accuracy and viability of the Hermia model in the determination of
fouling mechanisms. Methods The pectin and simulated solutions of pectin and small molecular pharmacodynamic substances
(berberine) in Chinese herbal extracts were used as the object of study. The Hermia model was used to study the fouling mechanism
according to the flux changes in the membrane process. Results The pectin simulated solutions were researched by mathematical
model and scanning electronic microscopy (SEM). The result showed that the formation of the cake layer was the main cause of flux
decrease and membrane fouling. Conclusion Hermia model can be used as a method to study the membrane fouling mechanism of
traditional Chinese medicine extracts, which can provide basic information for the complex phenomenon of membrane fouling caused
by ultrafiltration of Chinese herbal medicine aqueous extracts.
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Table 1 Composition of pectin simulated solutions in
ultrafiltration
ERTE TR AL —
INGTFEIR (201.4 pg-mL™") BB/ (mgmL™)
S1 — 1.00
S2 — 5.00
S3 — 10.00
S4 /INEETR 1.00
S5 /INEETR 5.00
S6 /INEETR 10.00

22 [RERBIEXL

e Eon BB E 1 poR, SRR 30 C,
PSR 224 0.15 MPa, I HEAI/KTUE 30 min J5
HEBAEK, 7l I AASHA T 55 B E 3R 2 30 °C,
HUUEDE, S IDE B R I AR R, frse
IGEFTEAE 4 h S b gEat, WERW . BIEN. #
B /NEEOE 2 SRR B R S P R A
R,

#i#=Cs/Co

BEE=1—CsVs/CoVo

Wb 2 = (CoVo— CsVs— CiV3)/CoVo
Co NE PRI EIKEE, Cs NBBEW A TR EIRE,
Cr N T BRI, Vo NRBAAR, Vs NBBER
AL Vi AR
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1-feed tank

8-permeate tank  9-electronic balance 10-computer

2-thermometer  3-valve

4-multistage pump

S5-flowmeter ~ 6-manometer ~ 7-membrane module

1 ZEREREE
Fig. 1 Schematic of laboratory set-up
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BIRFEN 90.3 pg/mL (1) FRER/INEERIT HE S VAT - K
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Fig.2 Schematic diagram of membrane fouling modles by Hermia
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Table 2 Effect of ultrafiltration process on physico-chemical characteristics of different simulated solutions

FE HUE/NTU SR /(mSem™!)  Zeta BAi/mV  Fif/(mPas™) /NEERGEIEHR%  BIREER%
St JRW 49.1040.08 0.156+0.000 -18.70+0.36 1.31 — 90.18+0.35
Zid R 0.50+0.02 0.070%0.000 -29.40%0.08
AW 120.90%0.29 0.203£0.002 -18.4740.25
S2 R 266.67+1.24 0.443 +0.009 -10.9010.14 2.33 — 90.240.10
Zid R 0.51£0.01 0.32740.004 -16.334£0.47
MW 42033%2.62 0.466+0.013 -11.06£0.12
S3 Rl 1008.00+2.45 0.68010.001 —8.78£0.49 4.53 — 94.66+0.08
biRORT.] 0.56+0.01 0.53340.001 —7.9240.80
AW 1103.00+5.71 0.741£0.002 -8.90£0.26
sS4 JEK 54.3740.49 0.186+0.001 -17.33+0.09 1.40 80.56+2.81 88.53+1.00
Zid R 0.23+0.02 0.12940.000 -14.37£2.19
A 122.940.41 0.206£0.001 -17.37%0.17
S5 JEWK 296.00+2.16 0.367%0.008 -10.0410.37 2.28 77.1243.86 90.33+£0.37
Zid R 0.23+0.02 0.296+0.001 -13.874£0.46
W 407.67+4.11 0.381£0.003 -10.30%0.14
S6 Rk 1087.00+8.28 0.508+0.002 —7.89£0.29 4.67 66.20+3.24 94.74+0.15
Zid R 0.25+0.01 0.444+0.002 -10.02£0.60
AW 1385.67+2.05 0.637£0.002 —9.4240.48
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Fig.3 Temporal variation of membrane flux
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HJFF AT RE A SRR 8 T 2 W5, EE 2 1000
NI K AU RE IR R (370N CeHi206)
Mk, PR F BN 50 000~ 150 00052,
TR T-7K 5 T il— Ty 47 L R R A VR, mT
A BB, T R S SRR 32 B AN T4y T R B
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Fig. 4 Particle size distribution of simulated solution
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= - FEAMHIE R2=09434 L 40 - - EAME R=05503 T - - EAMIE R=0878 6
© a004% TR GE R2=09774 AL gE RR=06457 o 1107 L2 R2=0.916 3
E FRUEFLZE R2=0.945 4 § g FRUEFL ZE R2=-1.822 8 E ﬁﬁm%R?n%w
W —— JEBELIE R2=09950 5 20073 — bR R=0T514 = S UEDELE =095 1
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Emm § 2
160 = o
; , , . ; ; 70 ; ; .
as0] 1 mgmL R+ 0] S memL R+ B30T 10 mgmLt B+ Eew

_ SEE KA = SEEGHH ~ A H A
o -~ SEAEliEE RP=0.7518 I - - SEAMZE R2=04500 = 1104 -~ SEAPHZE R2=0.909 9
L 350 FIIHLE R=08441 7 1807 IILE R2=06302 rhlsILgE R=0.948 2
E brAEBHZE R2=-2.017 3 A PRAEBHZE R2=-1.6933 3 ﬁ&@%ﬁzo%m
=l — WHRLER=09197 & 1 —— DL R=08018 @ 901 —— JEPHTIE R2=0.978 8

i MEE)
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Fig. 5 Hermia model mechanism curve fitting

# 3 Hermia BEFUNAEVARE (R MiTREDREEH

Table 3 Summary of regression coefficient (R?) and fouling model rate constants of permeate flux predicted by single stage

Hermia models

oy 56 4 P ZE A i) BHL ZE A5 24 P H SE ALY TRV pEAE Y
]|
Keb R? Ki R? Ks R? K. R?

S1 0.006 7 0.943 4 0.008 7 0.977 4 0.0115 —0.945 4 2.8395X107 0.9950
S2 0.016 6 0.5503 0.017 8 0.6457 0.010 4 —1.8228 8.666 5X 1073 0.7514
S3 0.007 9 0.878 6 0.009 5 09163 0.007 9 0.4659 1.069 0X 1074 0.952 1
S4 0.008 8 0.751 8 0.0111 0.844 1 0.0123 -2.0173 4.0512X107 09197
S5 0.0122 0.450 0 0.0155 0.630 2 0.016 2 —1.693 3 1.178 2X 10 0.801 8
S6 0.010 6 0.909 9 0.013 1 0.948 2 0.011 6 0.489 1 1.600 7X 1074 0.978 8

DERE ) EEREZ G0, 75 5 DLE ™ 5 . TR RARTESE, NI T BN BER A+ SRR

R4 Hermia B IS EUR MBS XAE S 2 WA SE P E TS 4.
HRy5 Y s E, SR EE G RPY, R3 4R 34 REBEMSRERSENER SEM 5347
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A K SEIN. o0, FLR AT RE 9 /N BERSAE Jy—
T e MR AR DR, MBI A LERT, IR S K
AR RN, SRR R AR, [FR, BT HET
sl ER, BHEF [CaoHisNO4 ' FIAFELE A 17 571 FE A
e R S A B S, HRES Sk,
[FII, BRI SR T8 Ko T IRl L
AN TR SBORR T, X
SIS SRR A T IR 52 2], & R BURIR 5
THIZREE, TERCT SRR SR A 28 45 T F R B 1Y
LIRS SR, G ReAE A A e
BRI T REE, AT 5 T8 s i v I n

SN T 56 B R R 8 BT A R R b S AL
i, ARSZIGHEAT SEM DLWLERSLE J5 15 GRS
3. FER 8-a Hhn] LLULEE 3 H f/ INFURE HE R B
(IR FL BT T S PR RE IR R T . MR, 7EIE 6-a Al
Bl 7-a 1, V54 E ISR T A R e iS5 e
SFTEIRAL, RS RHFATE, E 6-b. ¢ Fl
Bl 7-by o Hny DUMLER B K& 175 il S AE IR
M. FifiE RIREE N, V5 4RI TH TR gDt
JE PR R 0 R R i ML D sk 2>

Kl 8-b MR 1 ik IR SEM IR, 1%
JEE K BRI AR, ZEEM B BE, IR
THEEH. B 6-d~f FE 7-d~f R _ETTR
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Fig. 6 SEM of fouled ceramic membrane (pectin)
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Fig. 7 SEM of fouled ceramic membrane (pectin + berberine)
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Fig. 8 SEM micrographs of new membrane
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