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Pretreatments on microfiltration with ceramic membranes for comprehensive
simulation system of Huanglian Jiedu Decoction
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Abstract: Objective To optimize the pretreatment on the water extract of Chinese materia medica (CMM) before membrane
separation. Methods Using the comprehensive simulation system of four common polymers and index components existed in the
water extract of CMM (berberine and geniposide) as the research object, the solution environment was adjusted by different
pretreatments. The flux of microfiltration, transmittance of the ingredients, and removal rate of common polymers were selected as
indicators to study the effects of different solution environments. Results It was found that adjusting pH could change the permeation
flux obviously, and the removal rate of common polymers was comparatively higher. The transmittance of index components was
higher when the pH value and ionic strength were adjusted (adding 0.05 mol/L NaCl). The membrane blocking resistance was the
major factor in membrane fouling. Conclusion Based on the above indicators, the effect of pretreatment is comparatively significant
when the ionic strength and pH value are adjusted (pH 6.5 and adding 0.05 mol/L NaCl). It provides a valuable reference for the
pretreatment of the water extract of CMM before membrane separation.

Key words: inorganic ceramic membrane; pretreatment; simulation system; common polymers; resistance distribution
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FE (250 mm X 4.6 mm, 5 pm, JLIRBGEATED: W
ALK 33 mmol/L B A 8H-2 1 (60 : 40); K
MK 265 nm; FEifF 30 °C; AR E 1.0 mL/min,
HEFERE S pLo XU 0 £ . BT R 18 /)N
BERROO RIS B, RS BEOE 0 R B /N BEB
30.39 ug/mL [, RIS,
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24 AREFLEIMFEEEKRRBRIMNENZ I

0 T L5 READL AR ok AN [ FA B 5 (1)
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Table 1 Physical and chemical parameters of different pretreated common polymers simulation solution

W m pH 1H ¥ /NTU FhRE / (mPas™) HSE /(usem ™)

5 BB JE BB JR BIEW J5 BB
ARPALFR 3.919 4323 783 6.43 227 1.20 333.0 234.0
pH 6.5 3.987 6.181 158.0 17.20 2.15 1.33 352.0 331.0
pH9 3.966 7.988 125.0 4.02 2.19 1.14 338.0 616.0
NS 4.054 4.126 133.0 17.60 2.15 1.40 234.0 5970.0
TRl E 4.031 4.536 226.0 3.85 2.30 1.13 335.0 229.0
Bk 4.119 3.631 268.0 439 223 1.33 389.0 508.0

R2 TRERMAEHHMESHF+H N2 FHEY A ROEBLESE

Table 2 Physical and chemical parameters of different pretreated solution of common polymers + index components

W m pH 1H ¥ /NTU BB/ (mPas™) SR /(usem )
JE BIEW J5 BIEW J5 BIEW JE BB

PSSt 3.227 3.512 1676.0 42.0 2.42 1.05 583.0 532.0
pH 6.5 3272 6.375 1545.0 14.5 2.51 0.98 472.0 1232
pH9 3315 7.542 1471.0 2.9 1.80 1.21 591.0 485.0
VRS o 3.293 3.619 1565.0 215.0 273 1.26 428.0 1012.0
PRl E 3.301 3.861 1796.0 18.2 2.70 0.96 488.0 346.0
B 3.268 3.436 1147.0 16.2 1.91 1.03 509.0 466.0
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Fig. 1 Time-flux curves of different pretreated common
polymers simulation solution
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SRIE R . G MW, IR IRIE &N 577.2
L/m*h), ¥INT 56.68%, TEEIEFEMIET 9 min M
JEE R R, 2 Rl R TSR, R
JEHE Bl 333.6 LAm™h), 42557 38.3%. 1 pH {H
9 N, GG B K, TES] 600 L/(m+h), 10
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{HARX L LRI AR, AR N Il Bt m, b
427.2 L/(m*hy, 25T 77.11%.
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Ab T RO 2 o A TRUAL B ) YIS i
N 368.4 L/(m*h), FesE I FIE Ry 224.4 L/(m’>h).
LB R MR, R IR B AL, U 322.8
L/(m*h), e i g B 0m Bt B 10 pH A 9.
VA B8 i S R S B, PR 4 T B S A AL,
#ILF] 400 LAm*>h) BL_E, (H& [ B0EE T P
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Fig. 2 Time-flux curves of different pretreated solution
of common polymers + index components

w, 1%%)307.2 LAm™h), 85T 36.9%. f£ pH {H
N 6.5 I, WEIGIE N 392.4 L/A(m*h), Mt
T ol R PRt eg, e mipE e s, N
345.6 L/(m*h), ERABREL ST 54.01%.
XFEGIEL T3 2 WA, AP B R ) B A 4 1 e
#84 368.4 L/(m™h), {EHAIAN/ND T2585)5, B
Fe e I (T8 FE RS A, 3R/ T 2R T I AE
PR N 2%, pH(E N 6.5 I, AN T
2y G, RS L T R AR T T AR s 1T pH
0 9 LARCEGEE, NN/ P28 T s, i
Gyl AR 0 S A A o RO AR T B
FERS, FEIANNG F 2780 i e, ol 5 A TS
B AR b . RIS RAE NN/ - 20380 i
B G, SR TAL B 7 LY pH 0 IR 5 1)
AL
2.5.2  AN[ATRAL BT He o 21 P 0k B R /N 53
TP FEL R 50 AR 3 WAL, R TGEE
(R VAR R e B 3t e, b 92.23%, 2 A AR B %
BUIG, oh 28.7%, VE KRR JT14) 4 B 26433k 68.37%
M 53.3% LA F AL S, SR 4 R 4K
IHige i, A#BIAE] 81%LA s ek AR Rk,
1t 58.06%~85.41%; 1 5 1) #8k B #4341 11 44.60% ~
81.96%; 4 FhILyE s sr oL BIn &, & U
BRI, B pH fHA 9 B, FEATE 37%LL T, H
HpH H4 9 B, SRE o T IRk R AR AR A, UE
WA RN 85.41%, RIREEHEN 93.62%,
SR I PR A B 2 230l R 71.08% K1 81.96%
R4 RN 2780 UG A e s 43
TR Z . R TIAL HE ) TE R R R IR, R
40.15%, FIREH FmE, 155 99.12%, HE U
BRI R 054 80.15%F1 84.51%. Ll AN
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*3 AEFAEHMES S FELBRNS S FOREEE
Table 3 Removal rates of common polymers in different
pretreated common polymers simulation solution

W BEE /%

TER R EAR BR
AR Tisk 3 68.37  92.23 28.70 53.30
pH 6.5 59.83  86.91 36.96 64.58
pH9 85.41  93.62 71.08 81.96
R 5806  81.24 13.18 61.79
TR Al E 71.86  94.65 26.84 44.60
B 65.62  97.93 36.29 68.67

x4 FEFLEHMES S F+/0DF AR RARLE R
BN FYREEE
Table 4 Removal rates of common polymers in different
pretreated common polymers simulation solution
of common polymers + index components

fifi 111 2y 3 Tk B

A =170 e B8 A AN e RETE S € B A O R S e
50 ARTUALFREE WL/ BEGRANNE 1 3 ik 250 il oh
75.39%F1 79.53% o AN[FITRAL 2 J5 /NBERR 1) 375 1 26
B, /NEEGRS R A T T Wl B I I R A
IR 22—, JEHIE P pHAEA 9 BN 36.22%,
BRUA R TR R s M R R, B
BAME T ST 72%, JUIGE pH fHA 6.5 Fuk
FRAMIERT 2054 94.93%F1 83.99%. KA I 2Rk
INGY T AR FUE I A, T S T 5 I AR
XL o

®5 ARMLIBREMETDF+ /NS FARRIELE R
NG FEHYHRE TR
Table 5 Transmittance of index components in different
pretreated common polymers simulation solution
of common polymers + index components

— HHEE /% _— | ﬁﬁ%/%A
JERD Rl EA L9 ZINBET B
A Tisk 3 40.15  99.12 80.15 84.51 A TRAL B 75.39 79.53
pH 6.5 64.53  99.78 97.93 82.58 pH 6.5 52.95 94.93
pH9 6427  92.49 92.08 99.59 pH9 36.22 77.11
UER A 4927  92.19 94.88 82.67 P TR 73.87 72.49
R Al 8 46.88  99.89 93.97 89.36 BT il 51.28 83.99
Bk 5632 96.99 79.24 76.91 LUk 59.29 61.65

(PIPIARER 5, 32 DU R B e de v, Al 2]
92% LA b, SRJE IR h i 1 AR B SRR DA B 2R
TERD A B ARG, BEAHE 65% LU T o Ak BT,
BUEL G VI SR = o TR I, Y pH
I PR B R

XPEEER 3. 4 WA, AN TS
R B AR =, TS IS T 230
JE O, AR RARIA R 92% LA by T AR TR
(1A B Z AT N/ IN G 25 300 e 056 AN [ R 11
e, Rl s A R R O I, R
DRI AT B 2 5 0T 5 /N BRE = A U i A R T R P
B, R I o b i TR SO A e A
DUVE, BRRT. HRE S /ANEERS (8] AH AR R AR
THER ST 54, T2
AR pH (I — DR, et T
AT H AR AT Y, TS KR T R
B TER LN /INGT T 23000 3 i 4 BR 28 s AT FRAIK
AR pH (AR, JeMm7EMmMEIREE T #iK

2.5.3  A[FITAL X ER AR R BT 73040 R
HIE 3 W], M 2 T ARy B R,
Y IERLT BT o Lol de g, BB 3] 47%Lh B, ik
H S eI R BN R, SRR N B 8 B L AR R T Ot
FARH g, IRZERALRE ) L e e R AL BH ) sk
B4 2.02x 10" m™", IR R LR FEBH )
B, IS AIERR L T ORI T, F T AR /N R
VI AL L 8 5, RS JERH I 2] 91%, it
IS PRk BEL gt e T AR AR PRV, DR T 5 AN
WA o R 1 o RE I SR T O AR L) AR T —2F,
BB 176X 10" m', I A 114 B
R, B BEALEE 28, FoUE BRI R IR IR

pH fE 0 6.5 I, FMPORIFL ) AR, Bits 2E
R, LU AT E O B A dniE
S8 I (P S B AN v e RS AR ORI BRI T
2/3, JEREZERR NS AT, LB Bk 1.66 X 10
m ', NURBRE R, pH Ak 9 I, JRBH ) =2
5% 1 3 BHL g MUBSERE JERH g, AR T 5 BEA 22 FH ) A
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Fig. 3 Resistance distribution of different pretreated
common polymers simulation solution
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B 4 &IN50 i Lt i 43 T
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JE VBRI 53 43 BEL ) 5 A TRAS BV AL, e 254
ARRH 3w, BBt 235%10"% m™' TR E
2.52x10% m ™', FT USSR . S SR B
TR S A AT AL, L ZEBH ) AR AR
5300 89%FN 90%, FH T IBEFLI#% ZE ™ HE AT AG B FH
TAEE R, R EROR, HIBELABIEZE, 12
5T I I PR SA E s. T pH (B 9 B,
S FEBH ) FeA, R IMYTRRBH JImE R, SEh R FH )
N 1.24x10"% m', [RIMBGE BN B2, 5 min
Pl oaiiAtae. pHIEN 6.5 I, BEIEFEH 1N
80%, I T-9aH Fh 8 R 3 TR AR, R T
DORBH S 1 27%F% K 3%, B LU I8 8RS A
JEN, (HASRRGE, FaE I I Bt Bk

100
80 [LAER=1 W)
60 w R TR )

= ik SER )
8 kAR )
0 B 3 == W = || =

AWl pH pH WEF WE 2%t
WEL 65 9.0  SRE ik

40
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B3935 1 %
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Fig. 4 Resistance distribution of different pretreated solutions
of common polymers + index components

XTI 3 4wl g, ek R rh i 2 RH g ) b A
IR, WRENWAL I I INGY T 253080 T R
AR, M A G AT N, KPR
AR IAES TR A . otk m o T2 o it
PO ZR It R BEL Ty s T AN s TR A &R
{ELEE 8% ZEBH 7 11 LA 28 26

K HE— 20 DAL AT 23 #7, A48 2148
LMI10 ZHKHEL L5 AT SO Ha bk v 23— R 3L 1k vy

Iy F N U R AT I, A A5 T
K5, 6. It S ATLUER], @m0 TLet Bala
(IR AE AT VE FEAE 10~630 nm, JLH 200 nm LA F
HIRRL R 45% 254, 130~350 nm FURE & 318430
75%, “FRIRiARA 218 nm, VAR T BURCRIAS A 5
JEE (R FLAR 23 A IE A X i, BRI B ) e AR JE L
FE, AN BPRLARARE 3 K R R0k 2 ¥ B AL 58 M AL
A3 AT ) JAN fe 375 Ik 1 B R T
NN T2 n (B 6), HRtRLAR 43 A va
A 10~410 nm, RAE5AR W /N5 1 i
. 90%LL LUk T 200 nm, /NIRRT g
TEMSFL R B, A4S JE B ) B i o
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Fig. 5 Particle size distribution of common
polymers simulation solution
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Fig. 6 Particle size distribution of common polymers +
index components solution

3 itit

JyG P — H NP rh 25 3R BRSO R N 1)
FEFFE, R T2 KRR, 1T
DA 250905 1 F By e s 58 i MOS0 5 R0 R o0 e B 2
[ 2 KBS A AL R = R G T IT . ARSI R



¢ &% Chinese Traditional and Herbal Drugs 25 44 % %5 22 #§ 20134E 11 A

+ 3153 -

RGN 75, s b 27K h Sk w7
YT R S ) I A R, D2
SR T BOS B AR BT T 25 K S P e ik
PR AT RAEREA, BRI (1D X T
HVER A FRRUAR, KA pH EAIZUE N T
AR, TR R GRS R R NN T
IR BN R IR A, A AL
B R v E AR AT AN R R AR v, S e
WY pH E I (I8 . (20 ANIRITUAREE 5 1
ORI 0.2 pm 1 ZrO, i 85 11 JR i A B 2 40
B, FEATEF] 90%LL L IIAN/NY 2R,
BT B S N I A AR, AR
R R R R — e R, B R AR
F 80%LA I TRk R EEALERFLE 45%~65%.
P T /INBER S5 B T LR DU, /B 1038 1o 2 A X
BHK, FEALE 50%~75%, o pH {4 9 IF/NEE
3% ok A 5 HE AT (3B L 2 AE pH 4 6.5 i i
11 1A% 94.93%, 1245 1E I FEAK, K 61.65%:
L5 2 BN T8 g 2, DU B
FEFN pH AE R 6.5 A mr . (3) ks oy 247G
IR R AP ZE e FE b, g Yot R 3 B4R
WIS SERR ), BERTIDURBE IRz, RZER AL
BH 3 S48 o G T B R AIC J 5 ZE BH T RO %
THIDURRBH 7 2 B8 i M0 R 1) O . (4) L 4RI
Wi, LSS TR A NEERRINE T
i RS2, LU ™Y pH B A 6.5 FHH 19 25 15
JEE IS [ TRAL BE AR 5 AR, pH A 6.5 I AR 2
A 345.6 LA(m™h), Itk 790 T B R,
ANBERAIHE 1 R13Z 0 2253 A 52.95%H1 94.93%;
VAT 37 om e I, MR e W sk, H 266.4
L/(m*h), Itk T R b, IF ke
B NI T B 2, 35k 73.87%A1
72.49%.

AT IE I B RS L I T V2 S AR
TEHHATIAL, 45 R A IS AL 3 7 7 T A AL
b v L TE R AT R e e, TN RS AL
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