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Abstract: Polylactic acid, a typical carbon-neutral, renewable, and biodegradable polymer, has been gradually developing as a kind of
fundamental bulk raw material required for national economic and social development. The industrial chain of polylactic acid materials
is composed of bio-manufacturing of lactic acid monomer; chemical polymerization of lactic acid monomer; modification, processing,
and molding of lactic acid; product manufacturing; quality control and environmental release management of lactic acid materials.
It is a new industry section collected with the latest technical achievements in bio-fermentation industry, chemical industry, polymer
material industry, and modern management. Based on a comparative analysis of the status quo of technology research and industry
development of polylactic acid materials in China and abroad, following aspects focusing on the problems and countermeasures in
the development of China’s polylactic acid material industry were discussed and proposed: the diversity and safety balance of raw
materials supply, manufacturing technology and equipment, product diversity and key development areas of the industrial chain,
quality control system and environmental release management and evaluation system, policy support and guidance. This study can
provide references for polylactic acid technique evolution, application expansion, and industrial development.

Keywords: polylactic acid; monomer production; chemical synthesis; material modification and processing; industry development;
core technologies

WeRSHB: 2021-08-31; f&mIH: 2021-09-29

WIER : FIEH, REFHERZA TSR BE, BT oA EE R0 5 757 MR S A hlit . Tl RgH )
5 TR A E-mail: zxwang0519@tust.edu.cn

PR : RETAEAATHRIBA (1C20200309)

AFIMHE: www.engineering.org.cn/ch/journal/sscae

001



FERILEE I % RIVR S X RIAR

S -

TERL) B 5 RO B8 T NSRBI A = AR T
75 e 1950—2015 45, F A4 7= 7 25 7.8x10° ¢t
SRLE S, FeH ) 9% MR ERCRIH, 12% @ik %
RERR, 79% BORBIRIE TN A RICH 3446 it
Tt 2050 4FE A FERE FFY AL 1.2x10" ¢ [1].
ik EIR AR RIN AR R, KR
KRG 7 B AR 7 AT AE DL R R ) A R
B0 0 AR T RSB AL URE [2,3] JK 70 Y8 Rk ) i S
LR S A R OO0 PR 558 36 A K AR, K TR (7
5 G R R AEVI IR BRI 5 N K
g4z, Nk, SHEE “AEBE” Ol
NAERIL, S E AR HE B ST PR B, AR
SE SR PRV, A T R RS FE AR A AT B iR
IR B A

F 2 tH T 5 oK I SR ) it A [ R B
AR BB Rl 2 1.3x10°% t [4], Hr i 12% Bk
N CABIGE” BMNAEL, W ERAES RS
AT R R SR R . AL, IR R E K E W
JERVEIH G BUR, BIRER: BN 3RS 4,
BIPEE IR BRSOk S B A= B A,

RILTR L&
e A2
(~300{Z.55)
AL B A
i E-2°8
(~100Z7%) (~1001Z5E)
HSH RS
Helfi
(~400{Z71)
it
(~75001Z.75)
e o
(~4001Z7E) oo

AZS R
oL
(FHLIEH)

& AR
(FAL7E%)

RBHET R AR A Sy [BTSCRT B A F) 5 A s AT S
TEREFT SR e R AR R R 2GR AT 5, N
SE T AR AR BRI AL A

RILRMEHE “ A tays e Ja 27 AN AT Bk,
&G AR AT BEEAR TV R RE . I A 6 B 40
BRI Z 0 E R R A R E 2 5 S A 2 A 2 R
CILE 1), DAL iR o e e, 208
HA ) 25 AN TR K0 B B, Puisk. ake.
—MER R DB T PA SRR K
PRA = BERES A A% B A 5 T K R A 2R
PR S 1t 3 v E WP T O B s g
EREAELR AR TT 1) RREE R R 1 i T 3
TRAIEE L 7210° € [5], S A=A e Al SR FLIR AL R
HENHANR. o, RIBMEHEGI SRS . &
B LEICE /R B & BT/ BERAEL
FEFURENM . BRSO KRR R, AL
SRR NG IIA MG . 29955 34
BUACRIE 5 R0 S5 B % BT U EAE 51 3 8 IR
A, DL, At B AR R IR BESRBUIR, T
I ] PAY 2R L™ b B mP A7 A R g AR BE 22 DL BTE 4
AegE, B RS BE PR AT A R, xR E 2R
FLIR b e Jo A JR R K

| R 28 3% bk

A s bR B Ll M AR ABA 55l

C gk N KAl BREEAA S Bl
E il O JERMRS BELAH AL

F bzl Q AL THE

G ZZilist AHEAMREl R 3tfbs (RERGRIL

H A AV ol

C13 Al 7= it Tolk

Cl14 £ il il

CI15 8~ AORFORS 25 il ol
C16 JHF] il

C28 b2 il il
C29 ARIEANIRH fitoll
C30 Helm a4yl il
C34 J i B il il

C17 g8k R 5

CI8 GBI Ml o Eiggfﬂﬁﬂ

C19 feilhs Ble HERICHA (o0 WPl
L + MR i

e el 4

C38 HIAHLARAN 2B 3l
C39 PHAIHL WA AL T
B il

C22 FEARFARH] finolk
C23 Ep S A Sl

24 e TR WHRBURAR 0 pmei

il :
: : Cal Sfisflitol

C26 L2EIRRHRAE S il

o B C42 IR L AR

B 1 BIAEB~ I RESRNERS TSI
s TR ARG STk Tl A . BRI S AT B BT s T e R G, ARkl [ IR 54Tk Ak 2%
(GB/T 4754—2017) #EATEFL.,

002



PETIEME 2021 FF F23% H 6 H)

= BRI RIVK

RA A R L, (T, &
TIRISERARBUR T—1&, fER BV B EA S
JEZEWIE, RIS EAR T M. HARERER. £
SRNRE R Rl . OFLIR BRI A DH &, IR
b O T BRIl A R AL N LR B
i, SRR K FORN AL . AW A R LR B
FLRR B AR A ARG H) B2/ PR LR A A B4
QWA FR AT LR 4%, FLR AL IS S R
HEFEATREMNEILR, FEA—PE (LRHR
HWHEHEBEMFREERAR . WP (LRBk
Fe RN Z SRR G E R« @F
FUERR N H = ot R, DARILR . S RARR. 5H
f AR R BC R AR EE A, AR ASFSFH B 16
T 2 B IS FH = S B i S

RAR WK RET T BK P HE AR BT E.
FAE 1913 47, EEB K@ 4 RIE G T 5%
FLER, AH R R A BEAR T G B4 FAE 45 0 01 K
1932 4F, WA AR THFZAER L - RPF
Wi B T EA USRI B ARE T IR AR & o
Ro 1954 47, SEEFLFA Fliz H 6] E o
TEMEALRR. 1966 &£, FE/RREFENEGHK T EY
T PEMRIG SR /A SR (PLLA) 8554k, M 7 %A
R BAT R AE I A S ARl B . 1976 4F,
ZYRETSE NIOE T R IR ] ) AE AR RAR R
AR . 1987 4, AR HTRIA% S N ADUZK B85 h
AR, H& B S 78 PLLA, HBKMSGE T
MBI, I T R ILERAE B P [ E AR
W) RN AT . 1987 4F, £ 35 AR A%
WEAH PR LR B H AR, KR R IR IR & &
B AR RS T BRI DAL R . 2005 4E, %
[ NatureWorks 2 7] B A ML I e FLER . 58 FL IR 25
Hr %S, BRI A B R R
i 1.5%10° 0, 45 fRek.

RERF AR R B, TR
TAkbisF 2000 5 A 4. HETERE. ¥ @ MA~
RAERARMEARNSMNA 2K, REHKM A
WEER: ZHEFREAVHERRGAERAR. i
FIZAS AR R PR A&« HrvL s IE B bRl 4y
AIRAF . TR D AR AR HARFR
VMR BR A 1L AR AR BB TR A F

T & FLRBH A AR AR IRYDEHEA L
WARAR . HEMEREFIARAA; AHAHESE
RNV IEE LRI AA G 2 ARSI, 3
[ 5% AL = Bk AN H AT 1.6%10° 42T 31 2.5%10° t.

= BILEME A KRR

(—) FBRBAFIERA

TR =LA (= 99.5%), Mgk al
& (=98.0%) HIFLEREAR, 2RI KR
Kz —. HAl, FLRRAEMARHEHGE N EE Ty
PR R ERS, B SR LR AR RE D)
B PR SE X — R RE A% O, R T LR AR R
M LZBEEEAR AR,

H5AE T A= mgk L- ARAH, Bf
TR FANME . B T LR AR R P AR TS e
AR R 2 R BRI A B MR CRAE T
BREAD REM, ACHHE R K AT [6~9].
FERE [10~13] CIHLFE 1D FLER B4R A P~ W bkik & il
FEaFE: OMNBARFEARTTEmA. BARE R
IR R, Blr B R AR R M 52 ik
B S LR =) m AR E IR R
AITE B s 7 S OG5 S5 A S5 A, FR
T IR B A PR R AR L R IR R BB 1
TEPE 5 SRR A O R I EBEE [6.8,9]; @i
BB HAR S A LR A R SR AR, T
BRE=PAE Sose, hRIRMAIAEE ), HitbioK
T2 P55 b 2 w5 LR SR A AE R I A 7= B B ) e 22 Al
2B fg, B LR AR A T2 5 a5 2
3K [5~8]; @B #tk (ETN KA HED 4K ZhHE.
FLR A B o 1 I R SR ARGZ H, R B
Pl A= K 5 5 LR AR B BRI R AR T &, )
AR ARR AR TZEAR, WMRBBE
FELE P2 e ) [6,8.9]: @ULINER 1% R Btk (EE R
M R T EERE ) NI, BT B R AR AL
P B R B A P VB L2 TR, KR B AR
VIR A B A R [12,13]

AR REEAET TEHARFEAEREZEA
FEARKR (R D. OFRMREBASER, 4
LA A S B K O R RR R B2 PR A R
B LR B P RN AR = ORI 3, AR TR AR R
BRI Ja R o AT LR B R e R AR

003



FER I~ R RIVR S X RIAR

A, T REN P VIR IR R . DA T AL PR B A
A7 TR B R B LA AR D9 ORI R0 1) R 1 AR
PR, B WM RS [6~11,14], @FEFAI
RIEEHET=R R, F AR FH I P P B 2 7= B AR AT
FLER AR A=, AL R AT AR RS @Il =4, {3
FLER BAAA B A P2 5 B A PR KT SRR, 7 BRI
1) R B A 77 2 % LR IR st 2 R AR Ay B JEr Ak ) ¥
W Z IR ZEARIAA A EBR AR, B
T L- FLBR R ) R B AE 77 [15]. BhAh, R Rk
AP T IR AUV T B A B R B
SRIFFYIITE K [16], B Tl AEF= SR M5 R
AR — Tt .

FLIR BAR [ )5 SR B S i AL B AR B K LR T
WA S LB LR B E. A
i AR RS I A4k B9 5 2R 34 G R F Bl
PRIRALFIFHSE . o, FLER BRAAORS il 2l Ak R AR AL
T2 HARE S R R ARG RIRG R A R IR
AR, SR, BATES, HARSEAERN

s FEARMEERJETT 1 ARG L HARR A AL
MRAGEG . ORI, BRI, 7 T AR IEAE SIS
REFIR A, TR B m, PR LR,
R AR B p— € Fel sl =, i [
AR Z Kb TR

(Z) AXEFBABRBEIIA

RAMMG S HAEES: — Bk, WHIL,
B AR A R . T 26 0 LB B R FLIR [ AN
LW ik [17~20]. B P41 B4 8 IE 78 S T
AL R B SR FLER ) & BER R P, TNAC R
REMZARARMN LZHARE Tl LB 2K
B {HL e R TR A T ) A SR R A A AR A R X
RGBS [17~19],

W R AR N ZC B, S ar B Tl
I FH A A B ) 48 B AR [17,18] AT HEFE v (D46 5 —
RSV, TEABARIRE (41 130 °C) MmE S
FAF N A LR SRR R AR R AR, AAEEE S

#1 ABRBEMERE KA

HEFERR PR A S KR I 555 B EE PN
PRIREEE TR RN BRI RIS TE R I 5 B 74 [6~9]
PR R PERIKAF: =140 g/L LR =R
EPEBRIE: =45 g/(hL) 2l
JRFALZE : 90%~97% (g/g)  REM/LE/™D-FLIR H R B L-
LR A4
KA 2 40 RS fRT 26 A B
RIEERFRHE, ARG PRI
£7
AEFE R AR R R AR A R, IR R REFERL S, IEAT AR S [10,11]
PR K 82.6~142 g/L RS R ) ORI 2 R i A P R
AR 1.5~3.55 g/(L-h) pHA T 5 R KRHASEARTAE, R
RV 82.6%~89% (g/g)  JRFFAMILE FRIME = TE2 R T e s T 45 B 7 )
AETERE Rl RS AT I PR K A L- SR AT S2 30 Tl Ak A 7 [14]
PR K 150~240 g/l A %5 Bl LA R AT PR R ACE IR T R LR
PR ~3.5 g/(L-h) ZR EIF=1)
JERMEEALE: 92.3%~95.8% (2/2) SRR AR T, SR R R
TE R R 45 B 7 4
b fERE AR AN EREE R AT B B 45 8 =) A L-FURE AT S2 30 ol Ak A 7 [12,13,15]
ER A PR ~70 g/L B AR e R AL KRHEE SRR, BN 5
AEPEBRIT . 1.06~3.6 g/(h-L) g
JEMEEALE . T0%~T5% (/) AEFEBR AN AR, SR AR A
TeA
AETEBE Rl W PR 2 T 75 H R it B PR A MLIA R BA AL [16]
e UK ATE BRI RS B R e 2 T AR
AEPERRIE . 2.58 g/(h-L) B4 WRRRE S, BT RA S
G T2 Pl b

e * RN T 2 LR T AR R BRI, SEBR AR R M LR R K P — R AN 160 g/L.

004



PETIEME 2021 FF F23% H 6 H)

MR (ln 150~180°C) FER N ACHS; EA2H|
A ERHISEA T i, H IR P A TR S A A 2 1
SRAT R 2B N AT (A R, 3 T S e TR A2 T ST
2RI A AR B LU T R R s @A A
BRI, TR AR LS SR AR T AR A
LR SR — DA I A EE, AR LN
70%~90%, ¥HBE /e AL TS, (HAE R E A%, &
NEARTFE AT, @—BMHA L, 1EANE
Big Tk Akl & I B 7, AR A 2R T Ak
MITERTR, A L RV T A 3 LR 1) 19 I 7K 4
R B A RN A BRIk 80%,
ERYRURFRLE 99% L . FIREOR I Tl Ak 52,
B Rt — D BT T S IR SR % 2 Ak, B TR AR
F AR A BR AL B A BB .

BEE G #E G A, @kl T H A R
(1 SR FLER )1 AR P 2, BB 2R RN P AS i 34 5
HHEARA (WL, EFEK, EANERSHAR L
Py TAAC R Al Ak SR AR JAH O 2% 46 F 1) T HX
FRE R, R e 4 B TR A T 1 ) 4 B AR AR R
o RTHLERAE ARG HENT, SRET
Bk Bk, B WL e B, WAk, AP
FAEREAT [17,18,217. T8 A Hii 1l £ 1) S5 A% TR A8
A NRERAML RS SR AR SR A W AEN
FHE Y.

EREERE, BRI EZ O AL TE R
TESANFE R 50 S FE N 2 A KL RS
1 oA Az 7=, T A = 2R LR = I8 R BRAE
PLLA, RIREGRE. ¥—. 8% 07 1 ) R &) 5
B2 BT AN BT R I R S RN
JE B E R AR B (L- LR 4k, D- 7R
BAPRD R v b A A B A (L- N ACHRS D- 74
A2hE) B TSt e, B R AR R
(IR R 5 b At R Jo 3 sk

(=) RIABMBEMESIMIRAK

RABMEHSE S I Le TR AL L EE ) T
WML, ZERR A HAR 5 3 4% Ty Y Al i 4%,
e 3 1] 5 LR 7 M AR R ol 38 L B RIS 78 7 o
BEE BT R R LR P B REE B s R SR
ek, HRBOR M2 AW SEHURT I R B R, 1T
KRN — SR SR [22~25] 45 T R AL R
SR SN LR I AR O

RILRAMRH Sk 7 B HEIR. B6. M
STy, SRR B, B BT R
RTARAE T it ¥ S 5 SR 1 R a2k — 20 BSodt AL IR
L REMRYE. BHRRYE. BT, S, Ak, 4
Wb, PUwvESE; Tk, SEAUT
TR S R i, WG TESS R TREE.
WO, AR AR BRI RIS, KRRy
I BAER RTRGTLL ) AER. BRI, JEmE. BEE T
B BRI WMHESE. RS, N E L
SEROR, BT B R R A T R M
[t % 2 S FLER AL RL R T B 5, bR eI R A R
A=W PE B E VI DI RERIE A Ko

M. FREZRILERME I SERE & RREE

FEIRIE ,  SEFLERAA R b 3 ™ b A oK S I
G, BB L B ERE s MR,
DL A2 P 21 3R FLER ) & 7 51k — T Ak — R (&
A e Bt BOR BRI, 32 0SB OR Sk AR A 3
wIP R R, R EGRILR AR BRI G
BRI R G TORK A e, 47 b4 1) [ B Ak A7 2
RN R T “ Rl 7 7 AR 2 AEES 77,
WHEZEHE CRAERGHNI AR (L- IR AR,
D- LR LK) MUBLAL 3 BOR 7 1 HUAS R, A2
e 24P P AZ B ) o SR R B S K 2D,
A B D LI AL 4 M B AR 5 2 46 1 B0 LA
el Cutilis o A 3 E B FLIR AL RL L
RIERI, ASCHERMt S . AR ARA RS
gy PO EE R S E RO IA . R EAR AR
Sl A R B G S ST EER O]
R Y SRS A

(=) EMERMRANZHEMESRETE

5P TV A RE P b —FE, FLER AR A7 5
FHEZDR AR, o ek iU RS B Bl
TEMERE, DA T AU SR LR L v —
PRS2 XM B SR 45 T 3 R R . B RE B
KA AT RERF ST R, “AE NG A
SR 1 S U AR IS T SR FLER ML R R K
Ji o it A TR R LI b AR A R R S ) e
Mas SRS AP, T A AR R A
2RV R MR R R A s (LA 2D,

005



FERILEE I % RIVR S X RIAR

H AT Y LR B AR A P B BB O SR k. v
JE 0 AT b AT = BT & A 2958 10% 1 H- b gl e
W, S AR IR B AR A 7 B KA B A S5k
DAH o 9 J5ORHG 18 FLIR FRAR I HOR T T o, &
T N 2 () 2R TR [6,8,9,26]. HAT,
[ s SRR 1, AL T AT ML) 3 B R R
DA H Jh AR A [ 7 L B o A 7 k) i AN B 2% AR AR
e, ARNTAE AR R B By T 340 R i T

FEREA A FLIR B AR AR 77 I o KSR R, 38
AT DL B AT R 0 R L& . BT S
HRAERIEREAR S, JERH R EB A N, S5
Bl B R B AN A S5 20 77 AR (R R . W DATIOH), SRR T
HREANE SE MR K RERE SR A, DR O AR
BRI o — PR SR R . JR B AN RERE A2 7 LR
FARIHEARM B & R, AT L E RS T AN
WEAE I H BEAE SR R, RS AT 55 3)
HNBEANERERNBIK; FTESGHEEE, K&
BRI SER, SRS H AN EE SR )
sk I TE s & Y R N NS AT TELS: 31 N

FEFF SRR AN TAE LR Bk A 7= k), B

. TUACEL. BEIE. SReAIMSERAE E, AT
ARGFLFAATYE, B BOR TR DS B
R OFE R 2 & B 77w, 3 R A
PP AE R M AT N T R E RS AT
e, ERECRCRA L BRI R R REAT
JRATL 1R, B R A ) R R ) [RTIRC
ek AU I ) 7 P o) 3 S AS 5 UL T o) 7 A g G 5 22
TAEEDR AL, DLBE X PE SR THAF 2 RS AT 0 BB B2 AL 5
OFE AR BT HR 52 T, RN T
PACIE S REAT R R RO B T2, JUH 2SS
HEFEMNSTE DR, KEFRDERRETZ
BRKE K E R % AR P RISRHIEAR S
PH. KEAFMHBEE. OEGEEEEARER
JrTH, T RFEAT LA S SRS T R R B
KRR, SEIFEFT 2R HMEGNE, WARBERK
e BT INMEL T AR FH AR B ] o 1 45 v B T
DIERAEIIE

FoAt T BE A FLIR AR IR AR T TR
ARKHI 50 4Ffa . NSRBI THRISLiE 30 4F )5 14
TRy XF I 5E HH R TR PR PR AR 5 PRI / B 4 R R AL 48

A RIFREN . MXEARTT, HEMFE S5 REARECEROIEE, T 4 Bk L
BATHOASE R FAHALRE
a2 Ot VR N — e

@t <« il —> R QHAURBA
SRR — R —
OmH <« HIEHE
Lonen 8, -
\\A
iR
}
K) \ s
s
R

St

FLBR AR

B2 BRIABA Y ERLRER

006



PETIEME 2021 FF F23% H 6 H)

L B SRR R PR AN AR e Jm k. PRI, AR
FRARNARRBIIR A Rt T afrinl gett:
MEREAEMIH > TR AR (AR SRR
By ORPIRACHRER . FLIRFRAA S AR . RILIR &
A AL, AR BRI ARSI
A RIRAL GRS CO, %, NHEERKADE
AR AR R HRAEY SRR (LK 2).

() BRAMREKEBESTZ, BRARGREKFE

X BARAEIE AL A I EK, HT A R
BR. BLE. Brks kU 5z IR AR
B B AR P BRSO TR R TREBOR B AR
(I 3). FEBALBR LA R RE AR, B
AR TREM LR 5 2 A W DY A

R RS A PR B R B TR . AL
KA B R AL R RS A AL AL 2 B E 1
B SR IR ADARTUIN T2 LEHLER N K, I8

DB BUE NI ZR 5T, g i LR ARG 1 4
T

oA A R R R R R AR
ROHT B Pk B 9k, SR i SR AUEEAT BRI B A
WA A RETHR 7 AT FLIR AR K 5 B
SR I I R B T A A KBRS AR SR S R E
BRSO T R AT KT B S 2 4R T
R R R B, BEIFIE Tl 4.0 5% A
TR, SBUREEA R e RS (FE
2o, BAD AZhEI. BahiEhl. B2 L
S B K B A I 2 U (1 LR A A 7 i
PRAE, 35 PR A = RE e TR SAS . N TIA
IRFECR, BB AL T B
W (EATT Do BIARRILBR BARE P HEoR (I
FEAL REMUR I« AEALEEAL 70 ) 1 ok S g A7 1k
5 R A FLER BRI S R AR P AR AT AT

=R NI TR R S . LR A

fEsh R R A SRR LR AR R
(fr S HL-3LED) (L-/D-LER 1K)
A /’W
+
LR B K AR R 2 TR AR
HA i Y
U Btk (Uascfgx)
L-
A . %g( "
(F4)
AL (pH 11) -
+hn#Ee (95°C, 0.5h)
TRBEH (2h) o sy | HEWEEH
W — P — Ve o HiBh
| W e P — ERALAI
LSR5 S
1 R L-/D-FL B 45 U8 Wi
W — HH— YR IR
g
L- TR R l\fléﬂ(iﬁﬁﬁ’% — VAR
o ik N
® k4 = L-/D-FLERMBH ——
~ flli\ L]
HiIL-2LE i —— o | R
® LI HH o iR L
o R

REJL-FLIR

BABL-D-ImEE [

3 FLEREBMREFEARER

007



FER I~ R RIVR S X RIAR

AT AR ISR B0, R R FLIR AR Al A s
TR S RIF, HTHoR PR Z AN 5244 1 R
UFYy k. W FUIF QT SR R I R JCHL R A
[ AL B P W KR IERES , AT 2T
B I RRIF BRI S B RS T R i 4. oF
FOIF QR IEIA S 0 S MRS AR & Btk — 7%
T — KD HOAR, T SEHLR G G LR B A I vt 2
o WEFUIFES WA SRR, R R K
ey MRS ANESE R R TR S K
WS IR IR

VU AR RO R BT BRI A 2R BEV) ) B U AL Ry
PR BRI B, THRRYE T B2 2 1) FL IR 4%
R PR S N, AR AN R A SR I R
BEAT W6 EERIBIE T S 0AL . PISZ IR 1 26 0 S RA TR 1
ARG AN AT BR AL AR AS R BR 5 2R
RIAME WS D PHEARER % N TR
SOBIE ek ittt lIE S NNIEY S Ri0 18 RS IRTE)
WHORSE, M EATES AR 7T LASCER AL BT

(=) BRERSEEURILEE A iR = M S
MR AR
BRI LR fh 2 A . LR, 2
MREFATAE R B PE . RAR. RAR

TR

L-7Lm

L-FLAR L-3LA8
WAL DIZS

L . LR
wuzEg | Zh
=

it

HEAE

etk WL
RERG | [\l A%

= ||| 2= ELREET N VTR

S — — R
AR

L-FLRR%¢

FURR AT AN

FTHE= i RILERH A PO, e A
MR & TR SCEMRL R T
LML HEESTHENGE, WwiESEEDE L
K4,

L JEFLIR 4 = L B 1 7= it 22 B 14 5 38 i By i
K I

AR AR T T, RERAKR P (W L- 7
R PR D- FLER FLR) 2 R B 5 LR B g B
KRBT, 75 5 S8 T A ORRF P 1
J&s fEfdh (L- FLERD Bk n g (L- LI
WA iR (L- LR, D- AR APk
AE R (D- FER. L- L), LI R (L- 2L,
D- FLER). M. HIBHTSE T BAA E R A,
1 SR AR PP RO IR KR P i R I A )R

FEFLIR SR FLIRER 7 1, 1F AR EIEATAED,
BAEMMEGMZFE. PR MERE. NHTZ
LHF. L- FLMAN. L- ALER4ES. L- ALEeEE. L- A
M, L- LIS L- LR 418 D- FLIR H 5 D-
LR CBESE, fERah. Ak PS5 RGE. BRAEE
BEN (&, BEEEN D FRAER. FRRA
HAGE T AA EENANE. BARAEERT)
A AR AR AR R A LR Sk I L R 25
E R, ARTRARAREWENGEEE

BbtlE 25
e ARER

wLAm RDAM o | R | SRR

IR ]J"[ R IR H RILBR A in ]

[} [} L)

RILRR= L=

B4 RIABREIERN~RES

008



PETIEME 2021 FF F23% H 6 H)

Graat, TALILE BR S 3 4 A T FH EA R 1)
R R

TESRFLRR T, A FLIRR A B TN A8 BB Y 24 1
MR, 2RA LMk 2y, g mnRa
Z/OHEL- AR E D- AR LR ITMEAR CR
L-/D- A#R). HEAR (MEARERE LR %,
WIBREGRE ., AFENAE, v SRR WM h
VYA, . it T, BR%. BT
. ST MY TR RIS R R ) 2 5,
RIS HATA ST N E A B AL, i
RIS THAZY . PLysm iy, #ae B5E. i,
TEFLER A TAAZ G I o RN 4 14038 F fl 22tk L
N ERAR RSN TER, Fidk— PR
FLR R A B =i JM AR 5345, AR K
PEHARE I TR & EMBLL. A% &K E
FLRMFERS, RBIEFEHATSRROEERS, P
FERE T3 75 7= i 1 kA, ) SE it 45 AR 1) A
7 i 2 FEPE B

2. LR b B FAR S K R g 1)

— USRI 5 0 R AR A T, e
m LA B, Ry MOEIREE. PR
W FBEANE S 2 07, R 35t B A B
[T PR M B RSB, RO “ BT ds 4y Ja 3
I A DU LR S SRRk 15 10 A2 9 4 P
fifr= i, fEIhRE Ll se A — IR MR, K
RRBUREE “CHMIs g O KRR TN,
RAER B R AR, 775 Al AR vl B A
MR Canyeky . RO SR /IR ER T RS,
T EFYE) LIRSS, B0 i 52 S mHR R
HilAF. BhAh,  HI I AR R T S S T A
FIE R R IR RO R, SRR R E . FR
o geptEge, REUCA SRR G W0 B M
k271

ARl R AR A 2 AT 43, ol M
s AR R R I HE T R AR T A R 2 30%,
TEORIR A = i 2 A ik eh 7 T R4 T AR . SRTM
DRI A A FEREAS 5y [0 LA B TRl
FIREARGEZ, B ERH RN A (Y 2020 44
(] A Ao P b 2.5%10° £ 53RN Bt
TERE) “ A5y B4 BN R AT RS R R I
HORMERR 7 e SR FH 1) S AR ™ S TS I
KBRS R () BRI i, A EAT A AR AR I A

il i, A G R AR SRR B B R, T TE )
SR EEEE R, Kk, CLRILER AL AV
fif RS AR AL e AR R BB B 45 e ) L
WA ATFB, EUCR T M. thAh, wTE
AW e S FLIR G MRS B R 4R . BLAFR -
GERLEL RE RS, AR A BB,
REAELL R e 75 TR R FEARRRAE o

RIS NG LIRS R, SRE
JE R AR ISR T 42 WE R YT LSRR IS R
FURA 4, nHlRK L, L. e, wmEW. fi
VE. TLgifiss, HEr=MRYmERa R+
R BEEE B KYTHOE . BUERANR . PiE
RPTRRE . INTTERE. Bk G ihfa etk 4%
PV, AHCATRLE T & Fhet 3. IRINZE. MA
PSS AEAMS AR, FEREEAG AWK
Hin 7K (28],

= HRAR A RIFMAEDM B, BT Ik
PEEEF OB, FE&, KB, P &, Bz
Ab, FEAR A B M BT AT 2 N, R AR
FLIRR W43 1 T I SRR ET . TR U R R, W FAEA
R GBI £ 4 2 2 s AL KL, B 3T 3 [ 5 4
kBE, BRBHEAM R, AP TR RS, ERE
FLER B n] R 25 Bm k), AR IR 5 7 Bt
R R TT T A FRRR I N AN, a2 oy T 4
BRI TR NGNS
B/ POREHIFAE [17,29]. BeAh, ZRBER B4 40 B
WEEE MR AED R R, TEARKEHEA
FR ARk 77 T 2 A — A5, (HILA BIEARKF
PR A S A Rl — BT [30,31]

TENUBR G, RAR@E RN T, $E
B4t M, T PREE SR AR G A Can
RENES. 17, B, FE. M. fH%HA
Fadn. RS, SEIR R EAREIE., R,
FOMPRED . [P T RIS,
SEPE A NMICE . R AN MR,
FE i A B T R ST A IE,
AT F2 0 7 [ B 2 . 02 R A R AT R
N FH o

TEHL T 72 S AT, Qe i / FALEAE . aoah 2k
BRI B mAlE. SR SR/ K
UL EE B B B A AE T, RAMREILH T E
BN FHANME . BHRARLILE S /e Can

009



FER I~ R RIVR S X RIAR

RARGE), LS. vJHih. aTEH. nr
R B AR N T 45, HEShH T R B
BLEE N R W AR ) R 22 AR 55 1 B B K
J&[32].

EJLEDLER / ST, RO A OGTH P P
BT % R (AR 0t 300 76D, DURD % 4
ZRE. mA. Qs FrE. DhReMESE S SR TR,
RILBM BB R B RIA LEDCE A &1 LT
FrAMEL, R R A S S &Y 74
PR SHMEMA RAHUTHC K15 SiiE 7
s AGUERTERE  H R B N 45 T oK 43
FIHT R . X R R IR Lk e ) B A . — .

AT R T, BRI R AT N H T2 30 ik
Wiy BN EL PANSEIIRIA S S SR AR
RSS2, A8 E - EWIE. hEx
O A%, B AT S R Po g K. &
(RS IFER] (2021—2025 45)) WSS, i
FRER IR E FH 5 T 3 AR R f
SRFLIRA B b ) A F USRI Jog ke 31 2 5 | R AR
.

ERME. #5. EoIRMTT, RILRM B ]
R T2, 48 CHE. B, BHR. Bk, Y.
figt. B, —IRERBFHEEREM (WFE,
WE 2R 2. BOE. Bk, 5. L.
FLARAG /IS BRI R I HE. 2
T AR A, R PIE RS 25
Fl AR &R, RS . ML AN R CREZA 31D
(77 i e R oK. I AR R 7 L GRS
RIRE, TR FLIR P K B0 AR o

(M) BifgeRIAR~mREESIFR FER

HMER R

e R AR AR AR AR IOCE BAR R L R AL
B R IHFSER R METSE, O AR
B G BOL T R MU S L ST, o [
B AR R R A o . T AR ORIR B 23 AT R i
RN i oy A E AW FEARL K B AR
PRUEMCBORZR 255, BROL T % ML HORBR & 0
Febt CF~ WhREGIHT G, PO, 6 =R
BHIRGE AT A3l o T 3R E R ™ L e it
B, AR R HIE P 2 8 LR AF ML IF 45 &
KA K -

010

TERN— TR G TAE, RILIR™ b B AR R
SRR TRUE B 2R B 78 00 A 4 R0 [ A 5l
WEF ARSI LR, SLEERE. fiiE®
R EHEER, R TOFEARAERIT; ANk
BER AR IR RS R, IR B A A
FRPE b B AT N AUBUE R R ALY S Bl At
PG B E PRI R L R, T
JE7E o b 2R A RV AR R T, R — PR IR AL
W 1 = R AE R R I 7 e R A R ) 1
G NHIAE, OREE S A BORFE NHBOR YR
IR RIIA SR T o

(R SEMERRAERILEL =l & RER

P FE LR i Ak TP I B, 7k
R JEAS A I BN R o TSR A 1 7 I
RS G F HEREF, R AEAT R R A A
HTIETE, (2Bt SRFLIR ™ PRIE A o TS A 5 L5
A RS ARVLAC, 55 0 3l 2R AR R
RN TAR 2« VR BE 5458 I TTK-F, HEsh ALY (i
HRE, FESE. RE. FoK, LFEERMD WEAT
R TNV ACHERE . FP o A7 =) B MR v o 2 46 il i
EHXAERR. ANA S B WS mm s,
AL RALR - RE L AR E, RIS R %
ML SRR . RS AR R R BT LD S5
R ZHEE . A Aiss, SEITREEGER
S LIRS T 2o

W E KPR R IRTE S T LIS, BRE
ENRBEAR & EE 2P 4id, B
T B LR P M B SR A R A R B BOR G . R e
IR, WA B REA R R B R I e 4%
rEAEEIT R, AR E, BAR
RESHHHKE, RARKES N kB,
R NeR 2GRN A F TR, FE IRFLIR™ b A i i
W, SCFFER. BHITBIT. A ST LIS BT
WHFHUR . Polkife, JFREENEE . HR A
7 PRk A ML K

B %iE
KAV RN, aTEE, EYE

BEfii i TAORL, Rk mtbmn TR 2 R XA
EVERM R, G IZ D Oy B E R 2 B A



PETIEME 2021 FF F23% H 6 H)

R JEMIBEREIE IR JEA R, A5y sl H A A 4wl
ML SRER b K SR T R R . 223 20 4
HIHe AW TT 5 N sk, B O AL Tl
S it 5% LR 7 b A R O ME R Sk it EIROR K, @
B . L B R BHELEE £
FRHES S AL BH, Ak BEROR 53 A% R,
FE D) SRR A 04T MV R AT L ALK “ R
PR 0 [R , A 5E PRk S B 5 1L IR 61 T
PENbEE. NABE. BERIEE R A B R S U s i
Wah AL Mk R, SKBLUR AL A Ry
R NERFTH H AR,

Hugt:

TR HART . FAR. H4E. B HSEEE LY
RS Tob R FURR AL 5 TU AR H] %t LR, 9540
FRETTMS TR T, 1FH P S = 1 2 A0t 7oA v D 4 2
Ao, AR

SEH -

[1] Geyer R, Jambeck J R, Law K L. Production, use, and fate of all
plastics ever made [J]. Science Advances, 2017, 3(7): 1-5.

[2] Hamas A, Moon H, Zheng J J, et al. Degradation rates of plastics
in the environment [J]. ACS Sustainable Chemistry & Engineering,
2020, 8: 3494-3511.

[3] Stubbins A, Law K L, Mufioz S E, et al. Plastics in the Earth
system [J]. Science, 2021, 373(6550): 51-55.

[4] (YRR J . 2ol e ViR (7], T EREEL, 2021, 35(8):
1-4.

Editorial Office of China Plastics. Interview of Academician Li
Jinghong [J]. China Plastics, 2021, 35(8): 1-4.

[5] 70, FeadE. o EE RN T Tk (20200 [J]. & E kL,
2021, 35(5): 119-125.

Ma Z F, Jiang W J. China plastics industry(2020) [J]. China
Plastics, 2021, 35(5): 119-125.

[6] Zhou L, Niu D D, Tian K M, et al. Genetically switched D-lactate
production in Escherichia coli [J]. Metabolic Engineering, 2012,
14(5): 560-568.

[71 ZhuY, Eiteman M A, DeWitt K, et al. Homolactate fermentation
by metabolically engineered Escherichia coli strains [J]. Applied
and Environmental Microbiology, 2007, 73(2): 456—464.

[8] Tian K M, Niu D D, Liu X G, et al. Limitation of thiamine
pyrophosphate supply to growing Escherichia coli switches
metabolism to efficient D-lactate formation [J]. Biotechnology and
Bioengineering, 2016, 113(1): 182—188.

[91 Niu D D, Tian K M, Prior B A, et al. Highly efficient L-lactate
production using engineered Escherichia coli with dissimilar
temperature optima for L-lactate formation and cell growth [J].
Microbial Cell Factories, 2014, 13: 78.

[10] Baek S H, Kwon E Y, Bae S J, et al. Improvement of D-lactic

acid production in Saccharomyces cerevisiae under acidic

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

conditions by evolutionary and rational metabolic engineering [J].
Biotechnology Journal, 2017, 12(10): 1-12.

Song J Y, Park J S, Kang C D, et al. Introduction of a bacterial
acetyl-CoA synthesis pathway improves lactic acid production in
Saccharomyces cerevisiae [J]. Metabolic Engineering, 2016, 35:
38-45.

Park H J, Bae J H, Ko H J, et al. Low-pH production of D-lactic
acid using newly isolated acid tolerant yeast Pichia kudriavzevii
NG?7 [J]. Biotechnology and Bioengineering, 2018, 115(9): 2232—
2242.

TR, SKEE, TERH, & AR AR SOE B AR R R L
2 [J]. AEP AR 441, 2011, 27(7): 10241031,

Zhang Q, Zhang L, Ding C Y, et al. Metabolic engineering of
wild acid-resistant yeast for L-lactic acid production [J]. Chinese
Journal of Biotechnology, 2011, 27(7): 1024-1031.

Zhou X D, Ye L D, Wu J C. Efficient production of L-lactic acid
by newly isolated thermophilic Bacillus coagulans WCP10-
4 with high glucose tolerance [J]. Applied Microbiology and
Biotechnology, 2013, 97(10): 4309-4314.

Wehrs M, Tanjore D, Eng T, et al. Engineering robust production
microbes for large-scale cultivation [J]. Trends in Microbiology,
2019, 27(6): 524-537.

Pérez A D, Van der Bruggen B, Fontalvo J. Modeling of a liquid
membrane in Taylor flow integrated with lactic acid fermentation
[J]. Chemical Engineering and Processing - Process Intensification,
2019, 144: 1-12.

Balla E, Daniilidis V, Karlioti G, et al. Poly(lactic acid): A versatile
biobased polymer for the future with multifunctional properties-
from monomer synthesis, polymerization techniques and molecular
weight increase to PLA applications [J]. Polymers(Basel), 2021,
13(11): 1-12.

Van Wouwe P, Dusselier M, Vanleeuw E, et al. Lactide synthesis and
chirality control for polylactic acid production [J]. ChemSusChem,
2016, 9(9): 907-921.

Moon S II, Lee C W, Miyamoto M, et al. Melt polycondensation
of L-lactic acid with Sn(II) catalysts activated by various proton
acids: A direct manufacturing route to high molecular weight
poly(L-lactic acid) [J]. Journal of Polymer Science Part A Polymer
Chemistry, 2000, 38(9): 1673-1679.

Park S J, Lee S Y, Kim T W, et al. Biosynthesis of lactate-
containing polyesters by metabolically engineered bacteria [J].
Biotechnology Journal, 2012, 7(2): 199-212.

ETH, RO, R, & AN T & R LR &
IREGR AR (1], &0 1244, 2018, (7): 28-38.

Wang Z Y, He W W, Xu Y L, et al. Controlled synthesis of PLA-
series environment-friendly polymers with guanidine catalysts [J].
ACTA Polymerica Sinica, 2018, (7): 28-38.

TRIGE, B, R B, A5 E i AR FLER A R SR
Ji& [J]. TARSERLRLH, 2021, 49(8): 164-170.

Zhang H Q, Yang W W, Chen Y L, et al. Research progress on
modification of transparent and heat-resistant polylactic acid
materials [J]. Engineering Plastics Application, 2021, 49(8): 164—
170.

oAt FRLLIH. [ SRR e T ik ik Tk g 7). AR
SRR, 2021, 49(8): 171-175.

01



FER I~ R RIVR S X RIAR

[24]

[25]

[26]

[27]

012

Li L, Zheng H J. Modification methods and research progress
of medical polylactic acid [J]. Engineering Plastics Application,
2021, 49(8): 171-175.

T2, R, MEB, . SO T MY R 5T R IR
PR KN FHAE T3t (3], L RRSERLN H, 2021, 49(7): 162-166.
Huang X L, Li C L, Liu X Q, et al. Research progress on
modification and application of green degradable biopolymer PLA
[J]. Engineering Plastics Application, 2021, 49(7): 162-166.
e, WAL BT, A RILIR MRS STk (], 1L
LR, 2020, 39(9): 3421-3432.

Yu S L, Hu X N, Tang F Y, et al. Flame-retardant poly(lactic acid):
An overview and outlook [J]. Chemical Industry and Engineering
Progress, 2020, 39(9): 3421-3432.

Chen X Z, Zhou L, Tian K M, et al. Metabolic engineering of
Escherichia coli: A sustainable industrial platform for bio-based
chemical production [J]. Biotechnology Advances, 2013, 31(8):
1200-1223.

LA, SHRL, BOKTT, A5, G SR ] % 2R FLER AR AR
WHICHERE [J]. &40 Tk, 2021, (5): 52-64.

Ren Q, Huang P K, Zhao Y Q, et al. Research progress of the
preparation of polylactic acid foam by supercritical fluid [J].

(28]

[29]

[30]

[31]

[32]

Polymer Bulletin, 2021 (5): 52-64.

iAW), £, B AR, 55 FRIE Se Rt AT AERRL ™ M R S g B
9t (1] T E CRERFE, 2020, 22(5): 104-111.

Qu X M, Wang Y, Qiu Z C, et al. Development strategies for
China’s advanced fiber materials industry [J]. Strategic Study of
CAE, 2020, 22(5): 104-111.

Nanaki S, Barmpalexis P, latrou A, et al. Risperidone controlled
release microspheres based on poly(lactic acid)-poly(propylene
adipate) novel polymer blends appropriate for long acting
injectable formulations [J]. Pharmaceutics, 2018, 10(3): 1-12.
Albertsson A C, Srivastava R K. Recent developments in enzyme-
catalyzed ring-opening polymerization [J]. Advanced Drug
Delivery Reviews, 2008, 60(9): 1077-1093.

Douka A, Vouyiouka S, Papaspyridi L M, et al. A review on
enzymatic polymerization to produce polycondensation polymers:
The case of aliphatic polyesters, polyamides and polyesteramides
[J]. Progress in Polymer Science, 2018, 79: 1-25.

Yeo J C C, Muiruri J K, Koh J J, et al. Bend, twist, and turn: First
bendable and malleable toughened PLA green composites [J].
Advanced Functional Materials, 2020, 30(30): 1-12.



