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Abstract: The development of human society is mainly marked by materials. “Academic Leadership Series, National Science Think
Tank, Development Strategies of Chinese Disciplines in the Next 10 Years: Material Science” points out that: Material science has
become the essential link for the development and deepening of modern science and technology, and plays a basic and leading role in
the development of science and technology; The emergence of a new type of material can also drive the birth of an industry. The
excessive consumption of resources and energy by process industry and the pollution of environment have become bottlenecks
restricting the sustainable development of human society. Chemical engineering has always been important to achieve efficient
transformation of materials and effective utilization of energy. In the 21st century, the objectives of chemical engineering have been
transformed into: Relying on superior performance, friendly environment, and fully function, new structural and functional materials
with good and complete functions to develop new process industrial technology and form new process flow and integration technology
in order to achieve the goal of high efficiency, low consumption, and pollution-free. Membrane technology, with advanced separation
materials as carriers, can achieve separation of substances and molecules at mild and low cost conditions. It is especially suitable for the
needs of modern industry for energy saving, recycling of low-grade raw materials, and eliminating environmental pollution. It has
become key technologies to solve the major problems in the fields of energy, water resources and environment. The application of
membrane materials and equipment to the Chinese materia medica (CMM) industry can significantly improve the production
efficiency. In this paper, through the analysis of the application of membrane materials and technology in foreign and domestic
pharmaceutical industries, facing the industrial upgrading and green development of the application process of CMM industry, it is
proposed to introduce the theory and method of material chemical engineering into the field of CMM, to carry out original research
with independent intellectual property rights, and to construct a new membrane-based approach. The new separation procedure,
separation process and exclusive equipment with separation technology as the core realize energy saving and emission reduction in the
production process of CMM. Through expatiating on the basic research and engineering application of industrialization of separation
process of CMM and its complex systems such as water extraction system and oil-water mixture system in the past 20 years, the project
team provides theoretical basis and application demonstration for the design, integration, and application of new separation process of
CMM based on special membrane technology.

Key words: Chinese materia medica industry; new separation process; energy saving and emission reduction; material chemical

engineering; special membrane of Chinese materia medica; membrane material design and equipment creation; application practice
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Fig. 1 Microfiltration-ultrafiltration-nanofiltration and other membrane integrated process workshop for production of

Chinese materia medica extracts

1.1 BRHRISRAREEINEZ A R A IR 24

JE A AR 1 4 43 B R} 2 b e B R AL A
FRZ —, BT E SR 2l R BR R WL &R
GuikiE . DL NF $AR N, MR35 SCI #dE 2o,
£ 1994—2011 4, A 68 MEFXKET 2 195K 5
NF JRE AR G SR L E R TR REE &
Z, A 428 i, HEAET 10 MEZRFA 5 kE “L
EEEHE”, 10 RA 2 ANMEFNE K, EEPF NF
FRMFERMERIE TR S0 TR SR
AR KRPES L2 MRRRESE M. JE
EEAH AL 5 A ER NF AR LR B RT 78%,
TEZK AL BRAN 53 B AR T7 T B A K HE AR H P,
7£ 2007—2017 £, A 1902 & T NF B 7T (1) SCHk
1E Science Direct &A%, fEiE 5 £, KT HIE
FIGNUE, HIZFEIRIA, B RER BT S5
BRI ST R R B KO, RIEH, 2Bk
JIES e AR (1 SR At P A 7 TSR 2 B DG . X R AR B
R B T EEREAT FOKE R R R, Gt nT UG
H, EESRIEEZRN NF B AT RSB
2, PR AL RE T

JE 73 B BOR =2 A BT e B K AR = HR 2
— 90, SRR RO T R BRI . AR
FEAR & 7 E T I R B B AR I S B Ak B
F o G A T Bif 42 3 4 1) o &5 4 T8 o R 4% 1 i
Advanced Material Solutions (AMS) BEZ i\ Ab
7 — R I S e R G, R SR FE AR AR AN
ZERBAE Y (gD Mgz, ny DL U i
% AR E AR SEEBE ZE MG R Coors Tek 4
HEW T 2 FloBn 8 Tl P g Bt e A, LT THTIK
TR AR TORL 8 Y875 IR .

TEIA PEHOR LA b, B AN AT 72 43
AW SO AR R . G A R A (MBR)
T2 RGN E e T 2B IE, ERbA
BT ke Bl A4 A0 A 77 THI 2 14t B v 1 Ak BE A%
o A T2 AR R E A R E N CRE S H At
BHER, WNEH. AR, B, BERR OBESE,
Rl ) 2G5 L R P2 AR IR K IR A AR AR IR FE
HHW (volatile organic compounds, VOCs) T 5/ #2
5 4% in) @, SR 43 0 RO AT LA R06 IR
JEASHEAT SR IO, 36T VOCs X A A



Ti4

Chinese Traditional and Herbal Drugs 28 50 % 28 8 # 20194 A

* 1779

Vi fa s B A EEE L.

] AR AR TR N FH A 3 R 22 ATk R A 52
R ML R A 5 BOT-121, 1960 4E, AT (Loeb) Al
Z B F7 4 (Sourirajan) Bl H 55— 5K w5y i & A1 =
R BRI Y R IS IEME, B B HR H A
THEBMHIN B 1967 45, DuPont 2 & il sl T
T LUJE J-66 32 BLAH 43 (1) v 23 41 4 [ B33 iR LA
IR 20 22 60 AR 73 B 7 T 2 TR AR &
FHEHARFIESZEL T Ttk BTS2 AR
R 1K E MF. UF. &i#&i%E (RO). NF. HEHT
(ED). A8 (GS). BiERML (PV). L
LR ARIBW LI &S T 2R, HEEEER
FEA PR A SRR 72 ) R iz ) T 5
FEE RIS AR AT, 3 Se il s B 5
B IEMEM G — =R E

2012 FEA BRI i RO I 120 12367t
HLUEAE 8%~ 10% MKy K, He, HTHIK
A5 /K AL 3R MF. UF i1 RO 54> B AR 174
BT 40% 75 47 o HAR BT 2HAE B bR 24 i 3 0 B
AR 80%, HEEFERZ —&HARE 20
et 80 FACK MR AR RIS H T4 =, WifE
20 4l 80 4FAX, HARTEMEMER A E A AL =
gl v DR JE 25 BRAE XS 70 i KT 50 000 (1) 2%
Jis FERIASE 5 K T ) 750 A 7 A L A R 2 A
KH UF HARLBRIREGHE 1 &7 445, Btn]
B ER A R E R A 18 A& 4 /L i
FEEMERA E WHO X TG 259 “ 245
FagE. &5 RN, EREZTHHRa.

Bt ] AL, eI v R AR ) S 2 45 1
REFH, BREARTE B SR 257 /R iZ s 2, A
AR TR MR FH BV A U A R 2 R T

B
12 BRHRESEARERESREDG~ LN AIR
Xl

I 10 AEk, PPRPRIEIRIE A e R IR R R
WS R SERAT AN TR, I ARTE R 24
ATV R A s TolvAk, “REZ. L
BRI BURZE SRR B R 2 AL AE 1 2555
B AL SRR P Ay B RS T R

AR A o 5 24 K 2 B PR I PO R
BIR, 18 1970—2017 4F, DL “REAR GIIE. g
REUES GUIE. RIBE)” gy R “BHERI A7
ORI RSOOSR 1 760 B, EENA

T2 SR UF LERIR, e fiomy:
B AR TR IS IESESESS UF T8
Ak W2 (HETT KBRS T 205, W
T PSR (14 B L GO E B A il R B 5 1 R )
RIS RGN IE L & U BAE ] . T EEAE 4 Fh bt o2
B TEM L B RS ) &5 . /D B ClRIRIE UF. NF
3 SNV RS 1 N A i A AN Prg
WRARH A T 2 7 BRI 48 T2 0. A
I, IR FR 2 AT 556 == T A ik At i B
20 et 90 AR, FREE PR 1315 S ) e I Ak i
BRI E 25 2550 88, BURIE R MY T2,
BERT T AP RN . BAT, AT
S 24T M AP AR S F 32 AR ELAE 2 AT THI :
2 P AR . R 2 R R R . A 2
25 e R4S, WK MF. UF. RO M NF %54
ARHF 2 BRI S5k 4E, BT 25 KL HE
T2 LB 0T WA 1o 75 24 1) 24 1 R AR B AT,
RO HiARCAENHIZ8 I AKE P KRR ARSI (HE
Zi), n “RO+ELLHBRIERS (EDD” HACD
TE i 245 AL A5 2 R RURSEHE ) R

B F 2L RE RN TR, B AR
(RS e R AR H s 8, ORI T 7t
SR BB AR B T 25 1 R AR . fE Tl
KA, MEEEAEY. MRt wmiAESE
AR BB RAE AR B 28 R R 53 4%
MR, ST H AR UF HRABE
A AR T 2545 ko o 25 8 4204, SR AL

®1 FRPRICTHRRNS RN T ZHR
Table 1 Comparison of extraction technology of oleanolic

acid and total flavonoids from Achyranthes bidentata

KA ETELZ eeRicy) L g B
TR B [A]/h T 2R 5] /h
I 45 E73ind 45
BRAE T I8 6.0 B B (i 4.0
B
B A 10.0 i) 5 I 2.0
KILMAEH B 16.0 FRYESY B 2.0
] A) At 36.5 B[] 3o 12.5

PRS2 H PR LA, R MBR BRI 734
PRI P2 K/ RUOEE _EIRBIE A 2R R A
BHBEA S IR R BIRIEROE 7 R a7,
NHE—ID T IR BORAE 3 2 flk P i B
oL, XRE 25 METI 73 Z b 2l 24k 34T



- 1780 - ¢34

Chinese Traditional and Herbal Drugs 28 50 % 28 8 # 20194 A

TG AR R RN, MR A S
MEORE, BHT, BEEARFREE &L CEET
80%, JFHEALE T 50%M% L R T
JEFAR, & PRI P AR AR B T3 7 o K
e RTISCREN, (2 TECREE S | A (1 R A,
BHAE 70%H97% T IR 1) Rk,
FEREBIEBCR AL, @EREHA T2 RS
I BN T REAT ML A 258080k FR I SR . 7R
o RS REAT 25 2 PR AR DG A, IR R 2
UF. UF J RO JEHAR, 1 NF & 5 #3585 o o,
B A BT A5 A B hadh RS, 37 i ot ] 7 A o
A,

HUEET AL, ERORH T “HTRE. BERE. B
SERFIE, REIIE FH T A R 24 7 b AR T P A T 28
FAL. REFER. VS m AL . (HERT, 81T
A AT A i 240 JE s AR AE 24 P A R FH 1)
HILIRIZR o el (4l Hh 24 26 PR P B B 75 SR I
B PR it 2 AR RS AR B ) 0 ) O, v
s A EETFRZ —.

2 EEPGAIR A RENSFME NS EEE
Tt SERRER

S EHAR PR R M O A,
ST T TR 2 TR 2 B2 5 R FH 26 [ AR 7= T2 ReRE )
KT —, HEMESEEBERREPAEK
Fo 2016 4F 11 H, EIXRITAEEH. ERKLZE.
FRHH . . BERDETERMER &MY
i B BLE RIS AT T (R 24 Tl R R R4
M), EARET =57 WEEEZ TR EH
B, BTEIREE 25 Tolk i KA SR 5648, R
“HERN SR SUE TR R T = IR 2 T
FEATSS 2 —; BERTHTIIEE A=K, #ist
L) MR X, AT 5. Bl {g R
Ri4z4s’ (EHS) EHKF7,

FEAT R B BRI st . fEEBR b, bt
BHO N RS RR., HARBO R, CSLlz
FRIEAT R R G RUE AR 7 J TREN o 3 gt
MORLEIBI 50 5 TF R A e, 32 EEFBADRH AR
BE . EFTH AT 20 SR I EERT 7L 5 N I
KA, BHTHZAKRERARNREE R, 5
T 28 458 1) e 25 M TR PR B R HE T 2 P ) = 2 1
B2 —o HURER B CEEXRRIR “ 257
B PO BT, AR TE MR VAL S R RS
T RPN SCIA R A B A R [, fi

FHIEBOR N ] 2 SR AR B AE UL “WlBE " N
IR 25 URE TS « BRAt . BRAVEE IR 2, &
KRR FEHAFE R RGBS, =87 o
FEUE N L HRARTR . AL B A5 g A E 20 25 1 8
M HLARE

T ) v 24 7 b P S R B 7ok TR R
&, EHEDHMASR: e TREIR 5 T5E
SINFERZUR, THEEAT B TR AU R ST
FCo R DR B EANZ O B Ry SRR 7
SRR AT B, SCOL R 2 A PR AR T R
e MEME S TRER M EIRL 2 Al 2 TRE AR X
B ESCHUH A TR BB R R R
MR o fE T @RS PR (D S
& () ZFHMR R MRS TR R I
MR G Ry BARL BT REACATRISE) R e
I THRORMEL R, a8 K RE TRERCAR TR
BT L EMERBR, LUERIEHER. kg
AR EE AU H o

R SE IR, R R ) A B3 e 1 O
SRR R BT A BRI AT
FRAS T ) AR AZ o FIMAR G o B30 e 244k 2 5 e A o
FAERIA R, B8 ITH Rk h 253 R R
FARBAE, JFEIA EERHES, M 218 Firp
2yt FIT AR HIBUI R B T E S B
P, i1 H T 2 WL e e 2 K SR B 73 1 1 R Y
HASHEE, IS B IEREMYI A« 2R
WEL” P RS BAEMITBIEE R S AR,
BT o 25 25350 o i B L AR SR MR (R F 7
Jiik, UKEHA. BN “ R EE A S8
PPRIRAL UL AR, RS ey R RSB AT AR
FAFAE IR SCBE BOR T, B AT o 255 Tl
BRI T e e R 2R, SBL R 25 DRI 2>
BRER) “EAAREAK .

T i) H 2547 b 2R T R R R R A ) 5 2
#WIE BT, BETHARD: NMESERE
I L) FEPRE AN S B R SR8, S S 3k I I A
FIA R BT B 5075, DHU g LI 2. %
TliBIF 7C LA o) B o 24 22 21 00 701 S50 5 TR Rl s
HIRAREAE RIS, R AR a5 o P RE
1Dy ARy & VA BUR S WIVE e S W 2 ¥ N
BRSBTS HE B, PAR
BRIEAH G TE5IA h 4™ TG R
Aol BRI, SEIHARER S B AE], &



23]

Chinese Traditional and Herbal Drugs 28 50 % 28 8 # 20194 A

* 1781 -

S TR R Th 2 S G BoR 5 T R e

P ST IHOR 5 12508 F AL, WRUBLHEA (e 264 P i
BIATE, ETHh R GRS AR A AT, B
ST | T P 2 R BB R 55 BRI MO MOG R R P I H 2 ‘
-

______________________________ Y A,
BT e || oo || avem || mommm || mimrcen || merom [ oo |}
Y& i i

P L _ REERERRTSHE . o
WS Wik 2R 2 | [ ekt o] | messza stk [ BOEgpok
HR T R B R S BRI BRI LR AR AR
R ST 428 R I 3 SRR P50 T 62

B2 MRS IROEMEM R SR &I’ RRARER

Fig. 2 Design and integration of special membrane materials and equipment for application process of Chinese materia

medica industry

SEAFE PR RSB ACIE AR PR L, SEBL 2 Tlb
AP ET AR CPREN. RS KRG ST
R MR RRE S R e
3 EEPHTILNASENFHRSBEMRSE
&N

3 8 S B BRI LA RO PR RE . EVE fE
S IERMRHOTERE VIS BHTHAH 1997
LISk, PARRZGZ IR T5 . IR T SRk &,
FISEHOKIRIRI R B SR ZatErr, A
TSR R RS 5 TR S N R 2540,
THRERAT B ERR B GIRTTE, R PR B3
WS LA SR e S o NS R T
3.1 FHEFHKERA “BIFCFER” BRI
MR A S R A

R 2GR B VIR U AR T AR R A% O ) R
T 174 o 245 S R A R AT AL R S5 4 5 23 S P g
IR R AR o

KRB LR 2%, Br TR B
AR HRE N THBRDINEEHIER . R
e EEB . 2SS TYIR, HAEN T RE
MILHELA ST o HA o B R A IGE 1 R &
FEZ W T AIREM: (1) BEALR AR BR1EH
TE G YRR TR AR LT
HHK; Q) BEEEEMRIENHETAEN, 12
5 R A 7y B ) R A k. T B3 S T T R A
IR E 7> BRI S S EATIR KR AR . 2K

PRI A FA B AL 2V T, AR
IREE TR BRI« KT EGR BRI
TEIR L A HUIRE . R TK I B
B 5 A AR S PR, (R AR 5 AR A
I 2 DR TR T 5 A 2 S FRRIORE K 731 I ) 1
J5t, HETIE R TR ORI B AR 2 A AR
KA, INT A BT AR B ) 73 15 T RE -

ER R RA TR A R E N e AR, — A
EENIRF R BAT AR IS5 (MF. UF. NF 4§
AT R FLARAL T OK ZZ 9K 22 18], AT FEBIL i e
TR S SRR AR TRERT SR P,
FeGE AL TRE LR WA Xt B, 2 I A )
T AR PR A R SCEL T A5 TR
REMIHES) TR RR BRI SEAL; (HAERE R S ER R
IR, 75 ZEXHE G BT )22 T3 AR 8 B AT
I, A BEIR AV ARGOR R N AR I as /A Ay
MRS Fr A RIFRAAL BT . EHTH AL
WA T FOE MR LG, %07 EE . B
P MG T 4 DR 2GR, B RN AL
Bl PEEA. MIEEERS . HRER MY, TP
By BA — AR, BRI (1)
TELRE, T 2R R KB AT v 52 B R T K
BRI s T B ROBE R A, AR
ESSE TR REEVIMEG: (2) &
WU BRI TR, EAR. Ve, RIS
F TS N . YT B TS



- 1782 - T

Chinese Traditional and Herbal Drugs 28 50 % 28 8 # 20194 A

INFTFIRILAER I IR BAREER,
H SRR Z SRR, LlRsest st B2 -
RKIA: (D HEpRERP IS TR (EE
i ZhE. RIS &b 2 R 1 3 B Y i
(2) 2102 TREH (A% TR Y 5 v 254k RA T
2%, eI TR — 2 A B A T R I R S
ZiRR Y 2 A1 2

1E “CHZGRIRIRAEL” VAN RGN SR
EF I H HWIP ST DU 7y BONAZ O 8 B 256
HlFA, SHEG “OKEEE” TR, BB TG
BB, SERES LZ: R\EAERDE <
ISR BT B AR o 7 R AR, T
HF— LR MF/UF 5, BOKIERED T 2k
Zm T AR X A ATAE S, RGT R T
WA R EIER, T2 A A e
BRI . XIS Y. 384T BOAS e A 7 |
) L A A 24 2 P e R R RS T I 33
W, AR AR R B2, R T ) R 2 R
FEARAL” RF MO R —E TV A Stk
USRI VIRITTAL BE R A s TR 2G5 G Tl . Biva
AR PP E” AR BIHT e & U
PEH &, MW FRERT. H. J5 3 R WATFE, Wi R
GO, LHmEBEMESBSNTFRSGE— N
FEH AR - 254 P SR AT FE LR

16 LR SR 7 RO 3R b, B 3HT T LR
SR (1) MR E K R 2 A AR, K
adRbr (EEIRFR T 5158 % . HPLC Rk EE
FEZBCEEIRNRE) 5L GUKEERE H T F s,
RG> MR 2 At AR, (2) KK
I3 B S TR B A o B R R A, TR R 2R )
— PP . BT O G B R
B R E 70% 400 IR RN (BE %
6%/ A7), AHETHl ARG 278 . KA T
22 CREEE ORI “ARFERL” IBEE, IEC
I3 RIERARF AR R A S A . Ho, “HRA
b7 2k 1. T A% 232 B, 437 BRI R 22 4k
HESME (FEHXE . AL SFATHR. Z2900
I RBFFL 45D IPE
3.2 FBESBEMR. KREITSERAN ALK

BT R AEIBOREE” B BRI AR R I
TERE R, B DAL ORI 2 T iE
;RN HRE,  SEEL RE Rk

EE T 2H R P S0 43 AL AR o R 2 K 3R

DL “MF-UF-NF” — b B AR 8 37 A v 245 3 B
o T, itk R4 WRE, R «—
PRI 257, TR R T DR IR AR A% 0 (1) R
2y “TEWEAERST NARAR, Sl 254 EU S
M. HRERaerEdl. SINLRESHTHA (process
analytical technology, PAT), DA%, pH. iRJE%%
WAL =S HOP A A P R R — B0, il
SR 2P U AR, BL 0.05 um ALO; P & fIE AL 3
2, LL1IX10*~5X 10 HHLEE LI 2, &
B RSY, DL NF IRGEACERSRIGR, A== F
12 d45%iN 2 d, BEFEFEAC 10%, BEUEAIH RS
15%, S5ENA0= R 30%, HAELLRG I A 384 4.
JREES A 1 800 4, LR 2RI 4y 2 ik FE
19775 Be R HE o
QAR R ERAE SR E, BREA
R, fRUPOKZE R T 20 RAK . EE5 4
W) R, AR R I TE K HO UBURL I < AR 24 A
BE” RHAE, RISy B AR R IR, A R
KSR R E P T E A=A “IhKIRE”
JER K HR S A 27300 (1) BL 12 ANEE 50 Fh
W2 R B HK AR N SEIR AR AR, RGIE SRR,
AR AR REA R $0E T E IR X i
KA B FE IR, FENL T K B R TS
HA R AN AR, I T R R R A
(2) JEIE ARG T RIS B ()35 YL 5 7968 7
%, WL SRR, L TR AR R R
R SRR AR . ZHF TR BAR AR I 7
FEHE”, R Tl A 7= B K 28 7818 T 20 R
i FRETIS Yl d, Ja N A O 5 T o) B
AR 2 R T A =B (3) RAKZESREZ
B AR RGURAE T 27 Bl 25 Al A5 A Wi
FARH 12 h 45509 6 h, POl Z4EE 50%,
NP R> S R G RPATE £ R B2 NN %/ N 2 )
(IR 43 B0 M5 5 5 At o
3.3 REARESRAZIFEMBIAF AR St
AR, B R IR AP Ry, B
& T 2H R FH I 43 5 B LA B A Hh 24 ik % 3 1
SRR P IR = A B R A T SRR B,
K TSR AR X5, Afil B 4 k2
R, AR A RS E BRI IS 4 ey
WRAZE . JEEIUEY). BER CERERUE R,
KA R = AR KRR K FERT e OOk B
(D) IREHEE S LR 4 vRBORZGH 1255380857



Ti4

Chinese Traditional and Herbal Drugs 28 50 % 28 8 # 20194 A

* 1783 ¢

WA RS A, KIS TR AR 2SR
s (20 WREZERT FERL, B, B
VIRRBEIR . IEAUERIZE, (3) RKPEREKIEMEZ L
By WAHHT SRR, AMOERIRSE, 1ENE
IKHEBGE £33 i i e ERT S0 B VR FAN R L
T RBYE RN PR 37 BRI LEPIIEAT Z BB AL o s
SeH 2 BOK E UM AL EE T2, R PVDF i
I A 24 PR K s BT R R, R EERIA 67.5%Y;
KH “MF-UF” B B & e likas T 90 K
HHFES 401 R <<1 000 [19/N93T- 253048 5 (1 R
AW BN i S 2% S “ A BR- = AR (oK
[ B, EIRERRE MR N R 23R R o B R R RS
PIBUE T S LAl
4 Z5E

JEE AR LS 7 B AR AR, TR AN, I
FRASSRAE T SEIA R 5 TR I B, RS A I
AV ORI/ 0 ¢ = AN (A A p R R VR IME 12 S
PHITRE, BRI NS HIE R RER . K BT
V5 PREESE A K ) ) M OGRS B
BT g B AL B B R N oy B R,
IR 5 H A 73 B I AR A5 R PR TR L BE AR
ARTREARE LR, ¥ LR s H =i o> ik
PE REOERIL TN B Bk, BEEARE
DA 73 SRR AT DL 25 PR REFE . 40 A
JE RN ey R R FH

H 24 S (0 1) 3 )R SRR R i v Hh 24 24 A
1y B RC% . AH B R0 H T 258000 7 B SCR A =,
SHEOYEReFE R ARG, IR,
HZ T o2 Tk n] Rk e . S8 5 I H 20 20 4K
TEH 2 L T KPR R . KB AR REH IR
Tk 2y B i R P DAL FE R Fe AR R 5 TR B S
B, AR A TR R AR« BRI AT
IR R B AR e 2% 4% il 3 - I FH 7R ¥ 7 A 2 e it
FRCBEE, g S AR IR A AL O 245
BB R TE . SRS B A R AR Sl 5 8
7RG

Sk

(1] HEFREAFFESE, FERHERE. (CERGIFRY
EZRBHEBAEPE AR 10 FErEZERDR BES: Fk
BEEY M) dERT: RBHEH G, 2012.

21 BE/NE. MORME 2 TR A 3 2 5 5 F AL 5T
M]. dbgt: BHE AR, 2011,

[3] FBrEh, ML, KB, 5 FABHEAR Gk

(4]

(3]

(6]

(7]

(8]

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

RFAIE « [ ¢ S 75 SR S LR BE AR 2 ) 5 0 S [T,
FREZY, 2017, 48(16): 3267-3279.

Dai Y, Song Y, Gao H, et al. Bibliometric analysis of
research progress in membrane water treatment
technology from 1985 to 2013 [J]. Scientometrics, 2015,
105(1): 577-591.

Zhai L, Pan Y, Guo Y, et al. International comparative
study on nanofiltration membrane technology based on
relevant publications and patents [J]. Scientometrics,
2014, 101(2): 1361-1374.

Oatley-Radcliffe D L, Walters M, Ainscough T J, et al.
Nanofiltration membranes and processes: A review of
research trends over the past decade [J]. J Water Process
Eng, 2017, 19: 164-171.

Mannina G, Capodici M, Cosenza A, et al. UCT-MBR vs
IFAS-UCT-MBR  for

comprehensive comparison including N2O emission [J].

wastewater  treatment: A
Frontiers Wastewater Treatment Modelling, 2017, doi:
10.1007/978-3-319-58421-8 89.

Abdelrasoul A, Doan H, Lohi A, et al. Aquaporin-based
biomimetic and bioinspired membranes for new frontiers
in sustainable water treatment technology: Approaches
and challenges [J]. Polym Sci Ser A+, 2018, 60(4):
429-450.

Zhang Y, Wei S, Hu Y, et al. Membrane technology in
wastewater  treatment  enhanced by  functional
nanomaterials [J]. J Clean Prod, 2018, 197: 339-348.
Garcia D T, Ozer L Y, Parrino F, et al. Photocatalytic
ozonation under visible light for the remediation of water
effluents and its integration with an electro-membrane
bioreactor [J]. Chemosphere, 2018, 209: 534-541.
KRIGE. 7ERBESEOR M) 5k #EE. Jbat:
o R A T R A, 1999.

R, m AN, I . R AT ) R R SR 5 6
R [J]. HEE SRR, 2004, 14(1): 327-331.
TREE . T 1) S P AR A Pl R AR vt il 25 5
[M]. db5t: B, 2005.

TRk, A T, RN, S5 BN BSHER E b 24
M ATV R L2 R IR——LA 2555 B )
[7]. BRI EH AR, 2016, 36(3): 124-130.

sk, WM, R, S RIAGIESIE TS R
IR - R ZR R T ZRA (], b B 525875 727
JiE, 2014, 20(5): 7-11.

KA, BE, B, % TSGR 2]
2 AR R 7K B R A G FA R R A S8 R G B R
[J]. HEZ, 2017, 48(20): 4133-4138.

FRILFG. AR B USRS S HOR F R [7]. R
5K, 2003, 23(4): 209-213.



* 1784 -

23]

Chinese Traditional and Herbal Drugs 28 50 % 28 8 # 20194 A

(18]

[19]

(23]

[24]

[25]

WEE, mAAIE, ST o E R ROR I A R
[7]. " ETFER, 2014, 16(12): 4-9.

TP, BRAE, £ 4, % THUESE RS [A] /
A Jmh E R SR AR E 2w CE [CL dbn:
F S Tk 2 A0 e S22, 2017,

JAEfR, FOLEE, O, % BT CPAEBRR”
E R SRR LI FE A AR X R AR AL SRR 5 07 [J].
JERIEHR, 2015, 35(5): 127-133.

g, W3, R B RBRA RS KA
PZ R (7). " ERE f2E, 2014, 44(3): 277-281.
HO, RIPIE, IBOLE. FOEMREIHEEMA R 1B E
fE o R EE S 0] R E 2R &, 2009, 34(19):
2458-2462.

4=, FOLER, Rte, % BT ENEHEART
HR K P 2R S S R TR RIS
FAHHAE IR —LVARE M st Bl (7], F E S
T, 2014, 20(5): 1-6

2= i, WEE, FOLE, & A TR T RS
13 MR 252 P RS RR I TAL BRI 2 (9], P
HRZG 28R, 2014, 39(1): 59-64.

2=, FOrER, R, S5 TH RS AR N B
WG 5K FHEAEH 730 )15 40
H5SKIBTe [J]. BRI SHOR, 2014, 34(3): 37-42.
TRXILL, BRI, X, . - RBEER T ERK
YE B KIR A AT AT M (0], A E S O S gk

[27]

(28]

[29]

[30]

[31]

(32]

[33]

[34]

[33]

2014, 23(20): 1-5.

TR, OB T o 2 R B T K AR R TR K A
W9t [D]. mRG: B ARCHERZ KA, 2013.

Tk, 2, RENR, & RO EEREEDE
R R AT R T2 R WIER —— LA 257 Bz Sl
[0]. Bkl EEAR, 2016, 36(3): 124-130.

T, 2 I IR 28 VR IBE T Sy B FR (M )25
Jt [D]. FRL: FRPEEZIRAE, 2016.

ik R, R, FER, 5 ETERRBEREAN
IR B I KA TR O 2 B 2L (3], R
22k &, 2018, 43(8): 1642-1648.

KA, BERR, FOrE, % BETEREEARN
JEFEBEIRA R B R LR SR (0], R E AR,
2014, 39(9): 34-38.

B, PHRFAS IR ERRLS B EE SR
M]. dbxt: B H R, 2015,

XURORL, ST, A48, &5, FusmEs A T ks T
TSR FEY 2 08 53 B8 KOS PRI 78 (7). HhEE
24,2016, 47(13): 2288-2293.

2 W, ZaAlE, WY, % BT REGR A B
Pl e FR A R v 24 ik 4 1 AR P ORI 9T [J]. JERL
AR, 2017, 37(6): 107-113.

KA, HER, BER, % ETREHHTEFNH
2 Kk 8 7 S LR ) R A B R o (1 S D
(1], R EBARHZ, 2017, 19(12): 1672-1676.



