¢EH 202437 $52% H6 Chinese Traditional and Herbal Drugs 2021 March Vol. 52 No. 6 - 1601 »

XDLVO B AT tBiE AL B 25 & E R RIEE K ETFEM R

AL, KeEm L, & WL Al AERL, B, BEH T, kbfm

1. PR RS LA ED AN T TR A O A 2R IR Ak 5 77 7B 259 B 5 7 & TRRRF 7 ol T
TR R 2 B A R R HT L, T8 FERT 210023

2. BRAEREEZ RS BEpGE 2 B AL T R GF L, BRPE RFH 712046

3 MLAAE =R AMRAR, L75 M 211800

W OE: BM LU FARITEON B, SRR K AL B R ) B —— PR A e B B 1 R I R 2 24 R
IKATHEAT R AL PR AR . 3k REL 7 Bl TR K AL B BB (PESBK. PES10K. PES20K-M. PES20K. PS20K.
RC20K. PVDF100K) HHTRIFIESE; FAAMIEAEN (BSA) FU/NEER Y BRI & & R (T 258125 )% K. BL
JEEE., MR, MM TELRNER R, WREETERNEESS: RAEMARMERERmS:. Skt dhmizmay
JR 783 55 K- 22 42 - 30 35- B # LE 58 (the extended Derjaguin-Landau-Verwey-Overbeek, XDLVO) H g it 7k e 70 B M g
Tify5 g HLi&E B T A B & 8 A B h 250 2 OK R DERE . 455 PESSK JEE I H g/, M5 YFEERUN, %4 155
JER IO — B, SLBRiz4T R PESSK JEIBEAE, ¥ FEE (COD) #MMEIL 79.8%. EEA LHEEIT 95%, /NEE
WA B2 83.75%, FF& “MUHE” FKACERAIPLIEF N . 4536 PESSK AT {E A AbEE -2 8 (A5 Hh 24 1 240 K RO A St i %

SRR 2 1 24 R K A B IR R R B L T 38T B A R SRS

FEEE: hERIZIEK, BRI EE; XDLVO Bt g, T

FESES: R283.6 YRR : A NEHRS: 0253 - 2670(2021)06 - 1601 - 07

DOI: 10.7501/j.issn.0253-2670.2021.06.007

Analysis of membrane screening for treating simulated traditional Chinese
medicine protein-containing wastewater from ultrafiltration using XDLVO
theory

ZHAO Wen-jing!, ZHANG Xian-lit, LI Bo!, PAN Lin-meit, FU Ting-ming!, PENG Wen-ho?, TANG Zhi-shu?,

ZHU Hua-xut

1. National and Local Collaborative Engineering Center of Chinese Medicinal Resources Industrialization and Formulae Innovative
Medicine, Jiangsu Collaboration Innovation Center of Chinese Medical Resources Industrialization, Jiangsu Plant Medicine
Research and Development Center, Nanjing University of Chinese Medicine, Nanjing 210023, China

2. Collaborative Innovation Center of Chinese Medicinal Resources Industrialization of Shannxi Province, Shaanxi University of
Chinese Medicine, Xianyang 712046, China

3. Jiangsu Jiuwu High-Tech Co., Ltd., Nanjing 211800, China

Abstract: Objective With the aim of recovering small molecular pharmacodynamic substances, the membrane selection, an
important problem in membrane wastewater treatment, was analyzed to screen the ultrafiltration membrane which can effectively
treat the pharmaceutical wastewater containing protein. Methods Simulated solution of TCM pharmaceutical wastewater rich in
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protein organics was configured with bovine serum albumin (BSA) and berberine as the main substances, seven different types
ultrafiltration membranes (PES5K, PES10K, PES20K-M, PES20K, PS20K, RC20K, PVDF100K) were selected to conduct
membrane filtration tests. Membrane process experiments (flux, rejection, small molecule transmittance) and the hydrophilic and
hydrophobic properties of the membranes were measured by contact angle measuring instrument, and combined with the extended
Derjaguin-Landau-Verwey-Overbeek (XDLVO) theory to screen the ultrafiltration membrane with high separation performance,
pollution resistance and suitable for the treatment of protein-containing Chinese medicine pharmaceutical wastewater. Results The
results showed that the total interface free energy of PES5K was the smallest, and the membrane pollution index was relatively light.
It was found that the membrane flux of PES5K membrane was stable, the chemical oxygen demand (COD) retention rate was 79.8%,
the rejection rate of BSA was as high as 95%, and the permeation rate of berberine was 83.75%. It accords with the optimal principle
of “double membrane method” for wastewater treatment. Conclusion PES5K can be used as the first choice for treating
protein-containing TCM wastewater. This research provided a new solution strategy for the selection of materials for membrane

method for TCM pharmaceutical wastewater treatment.
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Table 1 Membrane material properties of seven kinds of ultrafiltration membranes

— B FRE  dUKGEEY KB ¢ hfrimy P
(MWCO) /(X10%)  (Lm247Y) 6w I(9

PES5K 5 49.76 57.62+£1.50 -7.0442.10 7 & Microdyn Nadir /A &]
PES10K 10 368.90 7244+166  —10.66+0.66 7 & Microdyn Nadir /A #]
PES20K 20 311.12 55.54+1.96 —10.41+1.60 78 [E Microdyn Nadir /A #]
PES20K 20 333.94 68.561+0.86  —22.67+2.20 JZ T EIRHL AT
PS20K 20 563.40 64.90+0.86  —10.52+0.15 JZITEIRHL AT
RC20K 20 584.92 30.50+1.75 -5.6410.63 JZ T EIRHL AT
PVDF100K 100 97.60 69.08+0.72 —-2.29+0.98 bR B S B A

Rse e, MRER X 5 £on, WEXE: 6y,n=9; &HAin=3
* is the laboratory measurement value, and the test result is expressed as X £ S , number of measurements: 6,, n = 9; & potential n = 3

*2 BUEEBRTDAHAREKRREEIES
Table 2 Components of simulated solution of protein-
containing TCM pharmaceutical wastewater

YN J B R N JR IR

(mg-L) (mg-L?)
IINBER 200.00 | tKAHTEREE 5.00
BSA 3000.00 ZKEFALES 5.00
G 750.00 | &bk 0.25
A 57.30 | BRAE 0.25
Bt — U4 13.20
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Fig. 1 Time-flux curves of seven kinds of ultrafiltration
membranes wastewater through protein-containing TCM

pharmaceutical wastewater solution
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Table 3 Membrane flux decay rates of seven kinds of
ultrafiltration membranes through protein-containing TCM
pharmaceutical wastewater solution

FEUEME  BUBETEIKR/ %) HUER  BUEE SR A%
PES5K 25.36+169 |PS20K 58.24+2.91
PES10K 60.00+1.21 [RC20K 64.34+4.78
PES20K-M ~ 47.82+1.72 |PVDF100K  17.03+0.21
PES20K 45.45+1.96

R4 TEBIERITEMENLLRER
Table 4 Comparison results of filtration efficiency of
different ultrafiltration membranes

. B EI1%
HIEE  2EET EEE%
BSA coD
PES5K  22.27+1.9083.75+0.4395.81+1.69 79.80+3.89
PESI0K  21.71+1.8582.29+0.3597.40+1.21 66.30+2.30

PES20K-M 7.03+0.0883.97+4.7786.97+1.72 78.14+3.90

PES20K 7.131£0.1385.811£3.2187.98+0.21 63.89+4.00
PS20K 1.851+0.3987.80+0.2253.13+1.4353.12+3.50
RC20K 1.41+0.0789.15+4.36 38.54+2.5124.45+2.70

PVDF100K 4.71+0.0384.44+2.0884.62+4.78 74.65+2.17

o ARSI T BSA. COD M HAHK
7 5t. PESSK Il PES10K Ji (1) BSA # 231k 5|
95%LL |-, AR MWCO AN 3R AOMEHE b A
B, BSA #iF% PES20K [ii>PS20K fiii>RC20K
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Table 5
pharmaceutical wastewater solution on seven kinds of
ultrafiltration membrane fouling index

Influence of simulated protein-containing TCM

R6 IARFHTAEBIERMSRINEMRAS B
Table 6
ultrafiltration membranes and pollutants under solution

Contact angles and & potential of different

conditions

L Ol () 0al(9) ool(%) & BA/mv
PES5K 60.441+1.50 66.08+0.79 35.984+0.96 —8.88+1.31
PES10K  81.41+41.15 63.17+0.54 35.541+1.06 —16.451+-0.92
PES20K-M 84.324-0.96 66.42+0.55 38.074-0.89 -11.374-1.60

PES20K  81.7640.73 63.01+0.37 33.23+1.15 —-17.644+1.70
PS20K 65.86+0.35 58.01+1.50 28.74+2.98 —43.1240.55
RC20K 51.71+1.75 50.59+1.38 22.91+1.26 —36.004-1.08

PVDF100K 97.28+0.56 68.71£0.59 37.13+0.70 —48.21+1.25
594 58.1840.82 62.89+1.03 34.88+1.57 ~14.82+0.30

JiE Ir lir I't JiE Ir lir It
PES5K 0.46 0.03 0.49| PS20K 0.75 0.06 0.81
PES10K 0.69 0.18 0.87 | RC20K 0.74 0.05 0.79

PES20K-M 0.57 0.22 0.79 | PVDF100K 0.25 0.20 0.45
PES20K 0.62 0.16 0.78

BT S, AEAEL A F MWCO #EjE
oy B ERe . Pris Rtk R A BN ER, X5
FHEAR R A KRR, ST SR TH A0S Gt 2 (Al R AH B
TEA¥SAE “3.47 T & B XDLVO #ig 47 7 #r Al
wig.
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YLWIIAH EAE AR, RISE K PR R AT 58 4 B 7K AR
1B, WG GIE RN, NFEHE S|, RC20K i jEME
Ow /N, HURE PESSK, X EHAK D15 5IELH
Befil, KT SR W TR 2 U, 9
VS G B . A%, PVDF JEECNEIK. & 6
S 7 A7) 8 0 B P B T B35 Qe ) & AT 35 0R B
fH, Wi, HE5LERBAMEEL, PES MIERT
& FLATAESHE UK -

O O~ Op 53 HINAK Tl WU e hefib frr s MRS REA X £ 5
o WERE: A n=9, ¢Bfin=3

6w, 6c and Op is water, glycerol and diiodomethane contact angle
respectively; the test result is expressed as X +S ; number of
measurements: pure water contact angle n = 9, & potential n = 3

3.4.2  A[RIEIENR-T5 GPANTS Ge-15 YR I se
it fRYE XDLVO B R AR, /it E i
DB R ARSI rp 24 1) 24 PR /K VA 5 Qe i 2R T 7k 7
ZHMFR B B (AGas). WK 7 PR, PES5K
AN R BA B R AR () B H
TR (. BTy SEH, KT 5MER TR
HEBIE RS IER], TEBUKALZ . PVDF100K ()
v E§9, NG5SR TIERERE, Xk TR 6
FBURM 61101, ™ o= W5 T (K AR B RHALE
LR AT S Yot Tk 145y o™ AB RifI 5K 14l
53 " KR SEAR AT VA BN T A5 S A /N
Y. EBIEREANS I AGas [RE M FIMAH 2
AN TR AE [F)— A 77 vh AR B i B A7 T AR b AR L
R®T AEBIEEMSRIOREESHR AGss
Table 7 Surface tension parameters and interfacial free

energy of different ultrafiltration membranes and pollutants
and AGsis

% )—Jﬁ y+ y— VAB }’LW yt

AGsis/(mJ-m2)

PES5K 0.14 26.81 3.89 41.57 45.46 -3.93
PES10K 0.56 2.43 234 41.78 44.11 —66.48
PES20K-M 0.42 1.91 1.80 40.57 42.37 —70.33
PES20K 0.52 216 2.12 42.83 44.95 —69.02
PS20K 0.14 12,93 2.71 4473 47.44 —35.32
RC20K 0.11 25.16 3.30 46.87 50.17 -10.12
PVDF100K 0.98 0.38 1.22 41.02 42.24 —78.07
159 0.04 27.19 2.12 42.08 44.21 —3.42
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AR LR 514 {2 PESSK 575 422 [a) i ST
B REE XA B/ . X ATRER “3.17 Bl PES5K
BN E R

FENRPEAL AR 10 5 ], 7 D R T S T 5
VIR 5, 65 GeAT O B s Ge-T5 Gl BAE F fe
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Table 8 Different ultrafiltration membranes and pollutants
interfacial free energy of adhesion

" AGyy | AGL?/ AG |

(mIm2) (mJ-m2) (mJ-m2)

PES5K —6.47 2.78 -3.69
PES10K —6.52 -32.42 —38.94
PES20K-M —6.18 -34.11 —40.29
PES20K —6.82 —33.27 —40.09
PS20K -7.34 —12.55 —19.89
RC20K -7.92 1.23 —6.69
PVDF100K -6.31 —41.65 —47.96

RO BRY-SRMNFARFTEEHRE

Table 9 Pollutant-pollutant interfacial free energy of
cohesion
- AGH" AGHY/ AGSR/
(mJm3) (mJm?) (mJm3?)
Y4 -6.61 3.19 -3.42

B XDLVO Bt 734 i) %1, 7E 56 I AR B,
JEL-15 L) 5 -1 G 2 TR G A A T 35 R
SIER, IORIBS Y 7 Mol sEER AD AHEAEH
ety “3.37 WA G Y A AR — 3K,
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