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Abstract: “Green manufacturing” is a modern manufacturing model that comprehensively considers environmental impact and
resource consumption. Its purpose is to minimize the negative impact on the environment and maximize resource utilization, and to
coordinate and optimize the economic and social benefits of the enterprise. The Outline for Strategic Development of Chinese
Medicine (2016—2030) clearly defines to establish a green manufacturing system for Chinese materia medica (CMM) as a key task,
and it is imminent to vigorously promote “green manufacturing” concepts and technologies in the pharmaceutical industry of CMM.
Based on the basic concept of “green manufacturing” and the scientific practice of the author’s research group for many years, this
article systematically discusses the concept, goals and key research content of green manufacturing of CMM in order to provide
reference for the construction of “the theory and technology system of green manufacturing of traditional Chinese medicine”. The
main arguments include that green manufacturing of CMM is a systematic project, the positioning of resources in the theory and
technology system of green manufacturing of CMM has a national strategic significance; A chemical combination with various active
ingredients is the core value of CMM resources; Separation is the core of green manufacturing process technology, and industrial
ecology with its practical product “industrial ecological park” is the fundamental way out of green manufacturing of CMM.

Key words: green manufacturing; pharmaceutical of Chinese materia medica; theory and technology system of Chinese materia

medica green manufacturing; resources; environment
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Fig. 1 Impact of Chinese materia medica manufacturing system on environment
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Fig.2 Architecture of green manufacturing
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Fig.3 Theory system framework of green manufacturing
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ARG A AA, 249 T0% I J5URE 2434 4 1 B 4L,
DARPRARAEL dt s BRAE IR FFHER, L JEORA H
FPEIANE] 30%. 10 ZGESS A, SRR
A 1%~ 10% P HEAN 28577 i, thli ERE
I 255 A P 2 A R AT 10%, 1
JRF RIS 90% A_EOL,

N T SEEA IR SR X — 2 4kt
I A F AR, BRI A TR 7T, S A
TR AR FFIRIA AR YR, WA
BURMEAT 7p RAE B . WETERY, R FY 1k
NI, Hb, BURFFRARZ AL, #1245
MR R . RSN RIE R, 8

WA SEBUR SEVI IR . TR AR 2 A 3 it 3 28
WA 2 WA= R AR R, 1T LU
R H A A AR AR O IB . AEPDIR I T AR A SE B
EREAG I, AR,
22 HAZREHERARWIZLENE
2.2.1 4 ESLE P2 24 1 R A A b AT B 32 RRE AL
R Ay ES P22 TR A URRE, 2
FEI B — B BB A — AN B TR S I 4
&, o H 02 SEIUE 2 i AR B TG SO E
R [ KAk

Hh 2 ) 24 3 R T RT PR R 3 8 Ak R LR R AR 2
VIR A PR i R A T R R A, A S A
VRAHFI[E A, 25 8RB S N2 W il i TP B
ZITR 2GS BN ORf 1 T bR 25 1 A A
VER S50 T 24 TR R A 5 T8 T B 2 Bk 4
FER AR T, R — e e — 2 R
[EE M R G 18,
2.2.2 5255 B R AH G I Hh 2 ARt i R
st iR M R IRFEE. STREHZ
#1125 Tolk B AT Z7E LU R 8. (1) H AT R H
KBRS G BEHAFER, fekem, FK, —EUR+
sERs MRS R TYRA SRR, A FE R,
JREARE: (2) UZERNTE T ZMIRE TBST
KEH) FKU, 20152 BAERFERN 60%A 1,
BEEEZ; (3) deyfilzy TR KK 7 24
AN RIFR L . LU ARG B, h %k
& AR N EBOT IR FIRKEEE . RIS
RRIKIGEE 3 5T
223 ERM AT A 2 2 0 Bl R I 2 ]UE
BN [, A EEORIIGE . IR, AR, R
BB L RN AR ZHAR S o 251 25 1 FE
W REE AR, BAEHPHAE, MINEH
ol TR B NG = ) RSBz v AU 1B S o s At 0 ]
T D S R AR AT SEPUK BT T 2 T AR,
JRIBIE NIE IR R ]y — b
B BURARTA s Stk iR A 40 J 7 25 AR A S
2 245 Tl s eI HE O AE 1Y) B SRR S PP,

B FERE A kAL, HHGR T AP R Re
T M B, R, B R REECH
LR, (HIE R 8 L RR 45 S (BRRR
G, T BT R T 5 A O R
Jee 5o 1 ol R Y B A A 2 — 124,

RS RCE B T s B L2 H

A1
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Yo, A AT B A G KRR THHEIR
Yoy o s, Al A e A 8 A 1 A A 8575 e PR 7 T
JE1, g 5 A R R RE A AR 1 22 T TR
RIS . B gerh 2yiid R R IR K
Ry KL BEHRAT RGBT Rl g S it 1A Ak 24 25
W BEOR . ARG LA SRR T 7E R A i
Zx OGRS R RN E AT L . -
THCIE -G AONBL AR B T T 421 5 T 25 SR L 20 8
CAEAL) IRAEREASRAZ IR, A — R4 T

PRSI
23 FUESYRASBANIVESERAS
S EHERA 3

230 PR RS RO ST Tk AR A
FEMb AR~ (industrial ecology) FIFA A RS
RBESUNE TR BB R WG RS2 P 0k 4
P iti (Robert A. Frosch) %5 AT 20 th4l )\ JL14F4K
T R B AR 7o A Todasd 43 B BAR Tl AR
FEERE, RIEAR BRI S IER T, R
JEORE AN BE VR 3% A0 Dy B bR 7= i AR F2490 5 i AR
Fio o, PRSI AR R BOE 2 AR )
/N E AR AR S R G BURT BRIRLE BRI fr ik
HIEAR SHACERE, AP R Gy — P
AR, RUERES R KENAT N, Hp—
AR R B R P TRE SRR R E T S —AME R
BERPEREY . ik, PRGNS NERMR
WAE HAEGIZ), TER “BWEE” MR,
Mk R G e RN B P AR RS g
AR AERS RGUEE & N T A A B A B Wi
KU R R ERRK R, HEAET, PiET
RIR, MY = RS T aG, 4R H T 8
I8/ FH P AR T P IR ARG 55

TV AR T A FRAE AR € IR (8], X ASF] Y
Tl Az I A fe Al #EIX (R 5HARES
RGZEPE . sl iiie, HEKRZ
YHZX AV e AT LR AP, SR
AL Y AR TE IR N )RR R, PR R
MIREETHFE, RAMEIE, Rt S5l Hr
SR . ENIMSEEER, RN — R el Tk
HATEA, AR E R TR Tl AR
AT A2 Tk ) S B B2
232 DABERMHESNZ O I B H R S e SE R 24
TAAESHWEERT B9 A RIRE Tl KR4k
RIBPPRIRGIRR = . BeURREL PRGN

SR B I L, 171 SR8 T3E 4T R AR D) A A2 3 e A
KIEIEALTE @A 2 TR G LI 5
ARTFBez—P kd Bad b A a2 T A S
FER R, ERGMMILLIRT T, hLmIZ L
TEEEUZ I S BRI, Kl s
TCIIHRHSON 53— By B T A B B, Wk
WBER T Z ARG 2A R B, IRAGE 07
AA] GEYRAEA P . L BT R AR B AR
DA R A, JB B R R R BEIRAL
g AR A 3G I 8] e /MBI ZR B RCR i
BRI 3 A 52 R B, RIS 5T A%, B2
KL sk i A i, Xk,
TCAEBEBE AR EE Al P IR0, 7R R B
FZH B T X AR AL > B A e . PRI =
BT PRI PG E R AR, )
SEFE as & (B ZEGRIRAD, T4 5
WL H4ai & (25 6 25 PR K i 1 e oy (1 [el
Yo, T SR EER B2 L] MEE (5%
IRITVIR R B S A MREAL) S50 IR, FESEARER
FESRAET, A AT REI BB vh 245 25 0 i Tk A
S AESX. HETRESRR s 7Ly
N% S5 N )& SENIPNEI S ESE SRR S N ISPNES
gy 2ol EEUREIPRE. SR 82T, 2a
AATRERE AL “ FHTR” A Tk AES, Rovth2h
SR I TE

LRI, A2 BE G th A S A 25 Tk A
A B AR . 2R RERIE M HE Tk 4.0 AKX,
E RIS B BEAL IR £, i B E S AL AR REAL T B
e 252 B N T AT R A MR R 2
REFALEE, @ BN A R M ES L AL,
S R 2 AT b T RFSE R R o FEAROE , TTPET A
KRR LT LIRS N R ER 25 flk O AE %
AU T RSP ARPT
3 HWEPAHZREHEELESRAFRNIE
31 PHFRERMSBESSHEA
300 PRVAE RO PR 5 AR GE 1R B 24 245 UK
PO (EVSL ST ES MW NPS <37 e 3 WA g13)2
5, HEZPMIMER TRBCR K. 18
PRI & 2 D KGR T g4k, S St
WG BE A IO bR, PR, TRE. 4. 7
fERIAOR . T AT R R IR [, a8
[BIFE R B LG PSR s S I A4
WEOR, 22 AP AERERE R 15 A B 5E ]
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B, EH UL 2 R S, R TIRA
AR - AE A4 RSP 2 R IA R

EHEARTER M SEFIERRET, K2

M ORI 5~10 pm BAF, EZ40E %
PR, — MR 4H M R RE 2 KT 95%. AT FER
TR (1 R NSV R B 25 0 N3, SEIL PR A kit 12
o DAHRZGKIE. Hiob B A s R 258, XHRik
RO IS S 7K BT = A G 25300
BRI, SRIEE O BRI RS A A RIS
PEE ALy, BARE AR DRSS, ZHEARH
TRREE . AEEAR G S BN W ZE R
(FFREL B840, —JEAE 5~15 min N ] 58 SR B4
MR, HARES. (KA. WiRBITSR s, tE
T 2R E, R AT Y s ST
VIREE ST 252580 R AR L. 42 .
3.1.2 DB RN O B T B 20k ) o B 4
NI e ST RSN N 2 e o e e [ 4
HAVEMIT A AL SRR A RA R EE, DI
Ve FBUESEMES AR B AR 2] Br AR ) T2k R A
e GUKERS:, M2 M s R ie, B
WK KGR, BN ZaEE i TR, %1
FEEF X 2GR AR AL SCEEIRTT, KRG T
FIER, TEMRET R . HEENEERE: (D
MR 245387 2V R AR, AR ™ ik
LPabn (RIS 158 % HPLC FHIE B
AW tabs (REAHE. HEPANE) NE
RINEK, SEGUKEER BT, REGTF 2
Pl AN P2 SRR e 4tk AR . (2) iR
i o 25 25 3R Sy B AE N 531 o B o A R AN RE R
DAL A BRI AR, FR G M550 29 55 0 T O B 45 4
AR B 2 o3 B ARG ORI ] H 245 1) — P e A Ty
%o BTS00 RGH A SR AR B 23 T B2 BUA 70%
Feti, WIRIRFAEADN B 6%iiti), T H
AR LR 2470 B,

R IE J1HES) T R 2 SR i el
HERE: (1) F R T W 24 1 AR ) M 8 JEE
BR%, RERE RS (2) RA
GBI WS CHRE B SR 2y,
SR E FE 2l R LA S 2 (3) BT 2HE
= BRI B BR A 7 LI RG2S,
AR B350 (R 1, Y — = S son A = 4D,
Hh = f A LR E = E T R EAE (HE
25y 2010 FERRI,

®1  RABERARPBAAEIGHE =5,

Table 1
pharmaceutical companies using membrane technology

FF5 ] RAHK A7 A 3 fiE AR

1 HREAEMIRS Td4iMN2d TRE20%  $Em 60%

2 LIRS TAAEREN 4d TRE15% R 30%

3 mMEAZEEH] Td4EREN 1d TRE20% R 70%

4 EWHRZNL 9dErEN 4d TRE25% R 65%

3.3 RERL AR R ORI 22 -
K- As T 20 0 247 R H i) AL 45 1
ST RIAR, CARLIE . R U8 B AR B S it [
WOy BRG], LGRSO B AR K Sk 4
FIA Y = 24 1w 3 B CATIOE - 8 - 9N B BHOR
NGO PR TR 2RI RS R4
2z, I NI 3T (process analytical technology
PAT), 3L 384 NMELATIN AL, 1800 AN ki,
PLE LA G SR Je it T, ARGt v 250k 25
FE. pH. WS FEY PSR, ARG RREOR,
XA PSRRI A 15 BALE B B SR A,
ORI ZGHI 25 “mak. MR, faoe 5 e
HARFLASEEL, 40, HhadEe®.

NT P RAIFRERE /DN AR S IR 4 B
PR, 50 A [F) B o 2 DR 45 AR Jod B T 3 e 1) % 1
e, 2B S0 = 5] gk [ B o ok i AR R T 3R
W57k, REZ R TR, A EEH T
2 RL A 5 SR I [ 503 5 M5 AR TR AR I K B 4
AR, WK% 3 A WRHR AR 2 R AIE 5 IRAL ot i 12 AH
KUENELAHI AL, HERARSER SRR
15T B, RSO IR & 5E 20 2 ML,
S N R T FEARTR L. AR EIRIE. &
PEECE BB AR A B R, B T 2d AR
AREE N, SRR s T2 it R,
B A R 2R (i ) 25 LR AR e S ER i
AR T .

32 ETEAUBARNPAMNEAHRREREH
- BENSTE % Natd

ITAEFE ) R R TR 45 25 248 (microparticle
drug delivery system, MDDS) X FLFARBF 72
FIRE K. (HAUBRERE . RS . A 45 WAL
AR —FAFAE RIS R H A AVa ) AR R I
Z.OBFER. ARERIEESR R, JFHRZ MR
TESER BB, AR T A 7 HOR . 28
R EARINEAEAMEE (B 5, KA

Production performance achieved by some
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Fig. § Diagram of SPG membrane emulsification

experiment apparatus

FUAEOR, ¥ HL AT RS 0 45 O R A K/ J
ER, Hil#& 7 FRAR N 3.16 um BT & H
% (tetrandrine , Tet ) fifi % (] fit Bk ( Tet-PLA
microspheres), Z%il7 2 #.70 BUMERIRA, Span 18
XN 0.67, PRINETRFT & — PRI AL A Higuchi
JIRERAL, Rl R, PR R LA R
S IEE] 12%. 81%.
33 ETREFHEESMNPHELMSTURERK
ERER

B0 2w 3R E rh 2 2547 T A R
FEHL. WCERFE A ) 2 D Re SR B AS AR CE WO 2R
SIS = HRA UG R ZZFE R K BRI 2%,
KBS R I8 26 HUSE A WLV R BT S B 7R B O 55
TSR, RSN TR T AR AR
R R R R R E R, StEg T2,
EHARGEIR ., TRERHESN R (1D TR T
2 i KA R I B FAAEE S /N g
I3 A (2 #ERMMIGE RASE S FI Y 50%~
80%) fm THEIR CPRZEHGE, FE] H e B AR 1 4%
R E sy (3) B ] B R SR R
K (B 6), LHRATHER CBREANER,
WG gL in i (4) T 2R 2% [300~
1200 L/(m*h)]. AR &, AIER R FiEs:
PRk, BABERENC, A7 A K2, JRmid g 57
BT MR A AR IR Hh 2 4 i e S R A
JE, RHIFF &R T delphi 7.0 W50 4tk T 2444
R R A R R A P B R R, mr SIS

Elo RESIZERRBNSREZELM
Fig. 6 Pure volatile oil obtained directly by membrane

module

H 2 R e RO R R PG L R L A
KR BoREE B IIRE
3.4 ETHREFIEEZHPHFIHE~ERS. FE
SEFMRBUEEFREERER

H 2015 4ERIK, RGOS IR
MRS, BRI R 2 A R A w32
KA TUESHRA R OKFLEAE. X2, At
AEtRAE, KM CRFITE AR B R P a5 L
FP), AT A IR IR T IR i, RGO
TAFE LR ERBEZ . SRR T
340 BRES TSR R KR 2 [ R
B FREEIOWTIT RIS T IS A = [ R R 74
B e o R Z B ARG R IRk, AU T
RERKGS T E T RV ZAI A A5
G H P EOR ) 7L, HAEFRAR R Z R A i R I
R 2 RIR A R, 12 7T SRR K
KRB,
3.4.2 BKES TR SR UUR F7 03 5 AEXS G 2 &
GANAERVERERIBETE K4S T 1k S W A e i A
AR BEUUR T T EORIE T A S RAEAT i,
B RATUNE. el JrEl. ek
AR ZHER T o YR MOR A7 B A5 UL
JRFED) P ARA 2 BESR Y (eI M 20D 15
AN SEXS PR AR, WS M 25 0T 4R f
R G R MERERIR W o o FE R UUAAL 77 5
L NN VAU E I K (o R AT
w24 IR FEWAE B R S AU B R AR R B 0 T
— kSRR,
3.43 K& TS E S RIEIT SR AR
i

(1) BAGRHAERNHAHBEREMER
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JERE, ABREANAR T — R BAT R P 2 A R
LB R SMER . ZEARR SRR LA N
JFRH AR Z SRR L . SRS IR I (R
200 JITAE B s R AROR P-4z fef 6 32 A8 A A2 28
AR (AR, B, =1 FRFHR. ZEE
FORMBA FTHOR — IR I . BRI RR T &, B
AR REIhRE . PURBEER, AT 2 N
W BRI NEEZ DS, RSO, @R, &
SRS

*®2 HESKMEIRMSHIIEE
Table 2 Comparison of parameters between dregs and

wood flour

BRE RffsR Ser SR
- EATK T S 11 T

Gy BR%
(gem™) [E/MPa E/MPa &/MPa

1201501- 25 71 60 1.318 6.95 12.6 1.95
05-301

1201501- 30 7k 55 1.270 8.02 14.4 1.44
05-302

1201501- 35 ZiE 50 1.231 8.90 12.9 1.28
05-303

1201501- 25 Ak 60 1.297 8.48 12.6 193
05-304

1201501- 30 AR 55 1.205 7.65 17.7 192
05-305

1201501- 35 AKr 50 1.237 9.50 143 1.63
05-306

(2) kst PR i Wy B A A o) o A 0 o
WHERBHEOWT TT:  ARKES T SR A 1 [ 2 25
B, RABELRB AR, FHEZEG. e
AR R TV A R e v e R T B AR 5
BERRIRE . I 2578 5 TOKFEATHE IS, (R ReME
FALAR BRI
4 ZhiE

H T v 241 245 T B AL R A AP e
I 1 b 2] 24 b 5 i 2 BOR 5 T RGBT AFAE
ErBUEZER . H LR Y A AT REAE R TS
Qe E ., BRSEE R RAL, G T2 &%
RLER IR HEMURREAR. M. )
WRE 2 BRI (SBUFEERT 4t
BORE VIS H BRI e /1 [ R 5 2
UK A A VLRSS, 3R E P25 25k 5

B i, AP 2T LR T HE T SR ] i PR
SHERCEEEERE.

KR 2 OllE R, BEEE E BRI St
Ve AUBETE, BEEEARLENE SEME. AT,
PR 58 — R SEBR TR SR 1A, 0 RGREREOR
MILZRF TR AL RIFE. ETHOHIELR
GLLRE, R EAE S B R PE DT T R TR
AMABSERARSE A7, B Rt I 8K
7, AR EMERAT A BUT IFIIAT A A
MNATNEE AR, W, IR AT
AT A A SR 4G ORI R IR A L ST HIE 9 193 A
BRI E IR AMAZSGEM 2 Ma, hEERES
TP, e RAEER G R et B R IE . IR
AN T RR 2 T A A SR BT, S 28 vk AR Y
BEAT 245 24 Tl A IR T R AR A AL
iz FHBGRAT BALATAE T, A8l BN SR i i Y
JRA AT RGBS, TSR 3 4 A 1Y
WL M AR 55 A 7 4H

ROHIGE R 21 e FE bR i Ak e i 2
P, BEAERRRIEEZ, X mEE. 0. E
LAV SR IS LA ST AT, BURE B — R
L% S OB TR VRGN 22 o8 7o S D) DA R L sk ik
&7 R RRREON g tilis” S
AR, USRI, b 2 2R i Nk s
)%,
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