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Table 1 Common brand PLA with varied D-content

A Jé D &R/ %
2002D 4.3
2003D 4.5
3001D 1.4
3052D 4.0
Nature Works 4032D 2.0
4060D 12.0
8051D 4.6
8052D 4.7
8302D 10.0

ey S5 88 A 550 BBl P Bk A 5 1) R S AR o 1 00 e S0 A 25 PLA LR RE T = A [a] i 107 2,
Sl e B R AL T B R e i R S R R I T ST AT T R A

1 PLA ZE#& g R RS E F oy Eal o %

G AR CO, 30 N, VB A& A5 L 25 2R 6 W) A IR R, X 3R 6 W) A I AT s i 1 R &R
AT LR LA BRIy D P B R ek . 5 S PLA 7 I L AR B b 4 AT
kA AR TS PLA I R HAT R .
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TE = RGN SARTER A a6 8 U AR RS . U AN A A A ) B TR L i
VR IE R M ONTITE K B AW MR RS IR AR R P &l RIRTE R A Rk
T IR I i B ST R R R A ORI T R U 1 ORI

SRTE SR A W v 0 T A AR L AR B R A I S TR ) 6 R IR Henry 2 (1Y (R 7R R 4%
PER S PR 2R 6 1 1% 3 98 R T VR R 0 Bt 3 v B 1 28 AT T Oy A2 2% 52 ] Henry 58 1532 22 88
K i H R ] Sanchez-Lacombe 75 8 A L4 b v i A4 70000 S M4 78 35 W0 b i v i 7

CO, TE PLA 11 1 J3E B T B2 S 0 1) A8 A i ke 28 o AR AR S i 98 TAE R B, CO, TE B B8 A ok
W AS PLA P A ¥ A FE o T B A0 B AR L 400 0 FE 1 0 v i 44 10 L SRR AR R B9 PLA &b T R4, 6
SEILA ) PLA XA B 7 B & TR 45 A PLA, P45 MY PLA 16 & R W AR 50 B SO 1
SN FH 25375 S5 DX BT B 17 DX WS M 2 S 3830 PLA S U S A0 0 0 6 A 3 T 00 30 SOk 43
TER PLA X CO, BV fif BE— % 2B 45 58 PLA B9 2~3 %5, %F CO, % % i ¥ i BE BB i& 0. 6g-gas/
100g-polymer™ ™", 24 PLA 4 F# @ A&, i 1 fiR. RA D & &8 PLA . SR i 2 0 2 1)
2,

Pk PLA Kag U, B TR i B2 2 22 N 3R L SR B9 4 10 28 0 2 A RO Y DG SR i R 3R
FHEAR AR SR . 25°C B F CO, B9 HOE R I W5 T 0°C M 4k SR HIGH R bt % 10 F0 & 77 /9 7
BRI P 2 g R PLLA RS NG 2 B S 1 PDLLA JG SR P #UE R A 25 1k, 24
PDLLA 45K F 50 f38f, PDLLA 7 & )48 {Ex% PLLA/PDLLA HREYIH CO, ¥ HUGE T /N,
M4 PDLLA B0y T 50 B3 i, 47 0 28 4 R B R F R R PDLLA b B3R, T E A )
I CO, o FoEF R R 5 CO, YR AT LUK CO, MP it R,

STE Z,CO, 78 PLA H IR 75 ik 55 Fif I B 1% 3% VK 1T 185 568 o (4R 0 R g 8 P v T 84 s 10 CO, 9 1
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Figure 1 CO, solubility of PLA with varied D-content at 180°C and 200°C "**
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Figure 2 Diffusion coefficient of CO, in PLLA and its blends at 0°C ™"
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m™* il Mahmood % W%} = &b D &8 AR 8 PLA B9 05K 1 947 T HF 58 7E 8 I A CO, iR 4
T ESET 17. 2MPa B, PLA/CO, K5 7 Bl 4 5 B S ) s i T B 25 3 Sarikhani S8 0F 52 1)
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Figure 3 Interfacial tension of PLA/CO, at different temperature and pressure-*"!
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Figure 4 The crystallinity of PLA samples treated at 6. 89MPa at different temperatures and at various times >’
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PLA %5 { B R 25§ 50A B AR L PLA B 25 K 3 HC 45 OB S 2 B3 IR 3R 22—, il X B L
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T AT SR Y RO R 2200 5 (20 B AR R A P i B DX R IR AT AR S T D 2 S BN 2R 1 ) 4
Wbk BRI . R 5 M AL A S 5 DXRUSE R 8 4 B RN AT DG
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SR P i 3 S h Wy B A ) L R RN 2 1 e B R OR LIRS e RIS . BEE PLA UK U 4
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FE A VR YA B I SRS L B A W R I A 0 AR T LR A -8 I 0 0 A 25 M Ak 2 L SR 5 AR 11 3 4 %
o B TR A Tk AR Y R ) G SR T [ I A D A A G e A e T i i B R R 1 R B/
FUTARAR R BB 1 2 AR GE T & A AR A B IR FE R A WA R b 51 & B LI K R L

T LA SR 22 AT 56 1 13 ik 2R 8 I B8 9 MR OB I 5 C O, BF 8 & 30 1 46 11K 2 B 19 f & 30 PLA
R AR T 2 2 RS T T ) SOk R R B R ik A PLA bR, B L Rk A
PLA R0 EL 51 K& B 0 FLHE R A b, R i B8 v T AR B 19 45 A 3 PLA b FAE RICIRAS . LG
SRR PLA RIGHEREM EESH . REWHIE KRR, 246 R S WAE RS T ZH A 5 B m
Re, B S0 F& T am b R/ 200 6, T8 IR A W i 5 PR o B Al 0 i & i R
ALY A I B L T 3 R A Y iR AR T L L SR B & R R i 4 PLA & A
BE X PLA K A 58 B 52 ) A AH OC PR 28 40 T 20 4% 10 oA a8 55 PLA S RS8R B2 ikt PLA #4794 LR )
VN IR} A R 5T O R AR

R2 ELEFHEEEHE PLAREEAY R AH BRI TEY

Table 2 Preparation the PLA and its composite foams by extrusion foaming method in recent years[““ﬂ

WSk &R PLA 477 55 PLA ji'5 03y I HES T/ AR AT () B
PLA/EG BIOKAS — ~4.0 ~13.6 [41]

PLA Nature Plast PLEO001 ~30.9 — [42]
PLA/PBAT+talc 3001D ~1.8 ~10.0 [43]
PLA/chain-extender 4032D.8302D ~55.0 ~20.0 [44]
PLA 2002D.8302D - ~6.9 [45]

PLA Nature Works 2002D.,8051D ~42.0 ~30.0 [46]
PLA/clay 2002D ~43.0 ~20.0 [47]
PLA/clay.silica,talc 2002D ~60.0 ~25.0 [48]
PLA/PDLA 2003D ~37.0 ~30.0 [49]

2.1.1 T &M Bl At B b 0 TR B TR MR e R AR R R R
W OCHE T 250, — B R B, B R 0 TH R L THBR T PLA R4S 5 IX, S 7 e B e
R L B Ao i PLA fR 0 A 58 8 35 2 i A1, 77 A AR MRk it I 52 DT 2 8006 AL A% B0 /0 01 5] e <
A ISR BE (845 900 FL 2% 13 A S AL S # A A AR B0 0 L % M AP g b 3 FL IR 245 45 4 1) 5% i 2 R )
e o LR ST R /N B A 3 R, RO Ay A7 . LR DR 2 R g, % R i R b PLAY/
R I 5 A 359 AF R 2R ) B8R S o3 A, R A%, DA T A5 20 B 2 1) % s . (H i T PLA A 0E IR AT,
A 5 1A R X o 9T L LA 48 oo 10 A8 T o A A i AT Sy o ok I R ) A o, i A5 B 4
Bl Yol /N B T T B S IR L ER R L AT AR R A . A — S R Y R B A 1S el
3% PLA MR MPERES o BRUL L T A& MR, SRS R 5w PLA $ i R EE T 235
Mihai 85T 5% (wt) ~9% (wO &Y CO, X D & i R =5 PLA 728 & it B b i 52w,
R REBW &&= CO, AF T PLA BH I A WAT R, BEH 9% (wo i CO, Kifl, TERER
PLA 7] DLl & 15 3] 35kg/m® MMNE R RL . 45 5 68 1 s i) PLA W) BRI 36 AL A Rl o B s 1 ik i
A B 7 M AL R SE SR /N s Lo A —

2.1.2 X PLA #EATSHE  BEARE 2H0m T4 8 a7 LSS PLA B9 04T R BAE AN TE AT
M DL 3040 ) 6 AL 2 )& AR B ) PLA Rk, ZERTIA MBI 58 TAE LA I, B 5% 2 ok b ¢
WX PLA BBCHE R 38 = PLA AYHE (08 BE L 35 98 30 L s . AT % PLA KM R FLIE S .
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M3 PLA RAT R IA T Bz —J27E PLA dhg| AKEE M R 18 M R 38 B . Mihai % & 304"
5 Y PLA K 3 B G0 48 T, J5 1A i B 1% 48 v B S A ko o e AL e 2, B2 RN PLA RS X A7
T o 18 5 A AR B 1) TR R 05t T AL B L HIALIE SR T R AR PLAMY . Wang %176 (i I 7
AL BE PLA, 4 W IR A% 26 56 40 BIKE5 PLA R AR W5 THIRIZS S, BRI T CO, KiZ
FF A0 B L1 AR AT S 25 S TE B, HA R 0 o Y. BR T AT PLA #EAT 9 HE Ok ik B 48w HoE R i
6 H B, Wang 2538 53 A A 45 B9 00. 5~3% (wo) JPDLA, 5 PLLA JE 7 #0 2 & 45 &, Wl 42 5
PLA [R5 A8 B IR FE AR LR ST $2 m M AL 3 L 45 I A 3 0 35 37 £i5 ) PLA &R,

AR N GOR BUR 5 AR A R R 0 PLA RIEAT N A Ok, 7 PLA KR8
FH B 98 K BURHA 3 4108 Ctale) VB 4 Celay) AR Gsilica) 2607 BF98 & B PLA 5 K [R] B0 R £
RIS, 4k clay L silica W5 T 8 Z LA, B clay 76 1BE 23 & A Um) , A Al T HEPK H i
FLIG K = A g A T AT A — 2 AR B L 00 61 0 BE A i 24 0 tale DU TE U] S A9 4R R T PLA R 45 S BE
F7+ DT 358 3 9 LB I 4 v A AR B L PLA % 0 R 1 3 FL 25 3 i i £ S A B . 5] A
53— B AW IR I 2 R v AL BRSO ) R A R AR R AL O AR AT O B SR IR )
Xt % 0 790 A9 WA e T % A R L SR A
2.2 WALFERBELEE

58I A T B AR L AL v B R A T BB R AT DL — 2D il A 25 R AT 2 1 3 UK
il LA T R ARG B 0 e ) S e A L 9 B B RE LD T B 0 5 5 Ay B | bl
JEAGARAS BB . (HIN PLA KRR G, 25 T o A8 L T LR A CPL v 28 Y % 3 vk ) 4% PLA &
TR A 0 X R IR R, — ke 136, FcFL T 08 BB & i e % N, S BRI AR CO, 2R
EYRE IR T N, E N, B 088 69 9 LA BE 3 L DR s T L v 298 AR 3 R

H AT, O 17 2 TAEHGE AL 58 % 1 7 il 4 PLA &M B A SCHESE . 25 Trexel 23 Al
W PR AL % YR T B R ML AR AR 7 L R T BRAL B R (MuCelD & A ARYY . MuCell #
AR R T ) 45 i L B LA T2 T A k. i MuCell B2 AR A= 7= i il - B A5 R AF 19
2P DL B OR S R e T L i RS RS B R RS B R . TR PLA J MR AR, 45 A i R 12, F 5T A
U X PLA #EA747 4, BN tale.clay SR 308}, 505 OB I T W e 4L R s (PHBV) LR & N iR (PCL)
G T RE W EUR IR A A £ e R ok PRI 25 L 4 R PLA W IARSR B 35 B PLA &0
FT 0 Fe 38658 22 WA R ) 2 R A A0

Wi 5 oL 9 R O 9 B R B R B R T R R L ST N B R B R R AR AT 2 R PLA Y R M RE
RS A PN N R S SR /I R T A S8 A A R S A B B o O A s R s 0 R D ) AR TR L A
1T T B3 AL R S T 2 — v ke . AR S Ameli 55 3R Uk PRS0 fof L 78 9 Wi 780 % s 5 R il £ PLA &30
AL B A0F 5 I T8 2% 0, TR R B AT 4 R PLA &5, il 45 R i FL &5 A 2 —  SF 3 /Nt ALURUSE oy 38pm, 58
B3R A 50 %~ 65 % B & kR

AT JUAF (L TR 98 R 4% 30 7 12 1) 4 PLA IR AE 56 TR 45 T 36 3.

2.3 EEMREGE

R — ORI R AW T = RN 8 A I AR IR R — o i R R A R
I S0 A 38 B FE A0 MR L B A - SR B A AR R L AR G P ) B TR S R IR R T AR
FasE v A5 B AW R WA, 22 R ok 3 50 40 N 40 28 FHIR vk S PG B R 5 . 4y THIR
2 RIAERE A B T R 28 0N I A6 AT A 8 I AL O A A5 A T OB B IR S BT R s R &8 R )
TV T L AR R e T TR (R T alRE i T, 29 10~20°CH FE4T &2 36 . T 122 VT 3 3k 42 1) 4 760
TF0) 0 FE 7, % 16 3 8 0k ) S R 4 0 LI 2800 L DRl o TR 3 S A I AR L A i 3B Bk R
ANIE AP ARZS RN 5E A 05 L SEAT PR S L AR SR A W B LR R R I K . ot R R L
Jrs ) G0 S RE (4 R P 1] LA B A R g R 3R SR R 4 L Y B R AR AT B AL e
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Table 3 Preparation the PLA and its composite foams by injection molding foam method in recent yearsmﬂs]

Wi & PLA 475§ PLA 5 4o SRES /NP LR AT () ik
PLA/PET 8052D ~26.2 ~0.3 [59]
PLA/GF 3052D ~23.8 ~10.0 [60]
PLA/PHBV 2002D — ~25.0 [61]
PLA/nanoclay . talc Nature Works 3001D ~2.9 ~38.0 [62]
PLA/cellulosic 4032D ~1.2 ~10.0 [63]
PLA/willow-fiber 3001D — ~20.0 [64]
PLA/PCL 4060D — — [65]

IR 5. 8 25 0 D R 1 7 P B L S A — 65 R 0 0 35 10 5000 0 B
K R A R O T R T R T2 46 A 0 VR . I JL AR R
Tl PLA KB RHIHIE T B 25 T 475 20smr0

R4 OENESERBEHE PLA R E A MBI H RT3 TR 22000

Table 4 Preparation the PLA and its composite foams by solid-state foaming method in recent years >*:2¢-32:35.70~8¢]

Wik &R PLA A2 PLA Jg % W&k BEEERAE BN PHRIALRST (pm)  SCHR
PLA 4032D ~25.6 ~20.0 [70]
Nature Works
PLA 2002D ~16.0 ~30.0 [32]
PLA Briming ham — ~20.0 ~10.0 [25]
PLA/UI Nature Works 2002D ~14.0 ~10.0 [71]
PLA/clay Unitika — ~12.0 ~30.0 [72]
PLA/PDLLA Briming ham API1092804-1 — ~20.0 [26]
P TR
PLA/PDLA/UI Shenzhen Xinsheng — — ~30.0 [73]
PL.A/chain-extender 8051D ~40.0 ~20.0 [35]
Nature Works
PLA/silica 2002D ~19.0 ~10.0 [74]
PLA — ~19.0 ~10.0 [75]
Ningbo Huangqiu
PLA — ~16.5 ~10.0 [76]
PLA/PDLA Nature Works 4032D (4032D)/PDLA ~28.0 ~2.0 [77]
PLA 2003D ~6.0 ~16.4 [78]
PLA/PDLA 4032D ~48.0 ~50.0 [79]
Nature Works
PLA 8052D ~17.7 ~1.5 [80]
PLA/modifications 4032D ~12.0 ~25.0 [81]
PLA/ethyl lactate Purac Biochem — P 1 R ~13.5 ~35.0 [82]
PLA 2002D ~49.8 ~60.0 [83]
PLA/mesoporous particles 2003D ~38.0 ~15.0 [84]
Nature Works
PLA/glass fibers 3052D ~25.0 ~10.0 [85]
PLA/PDLA 4032D ~3.8 ~5.0 [86]
2.3.1 s THRE BRSSTHER S &S PLA &M Rk FE dr, 78 50 0 28 Fe A Mat, o] 5 i ok 28

A [E] A R 7 B A I B O 45 PLA [ 45 i 3 I 45 AR 855 TR 48 6 2R Ut Oh I 438 1R sk L 7
PLA LR, AT IS AG I 23 B 16 RS 445 72 Al 00 3 FLIS I B 52 R A R 1 S8 B AR ST 45 B AV I R 47
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AR WHLE . 12 PLA MRS B & iR K /IS, PLA B ARGE EE LIS KR h R e
M PR 25 . 5 8% R U RN AL T 98 B R R AN TR 48 R R M Ak B rh, PLA GR N B3R S M58 B XF PLA &
TR 1 DT 2% 32 B2 T S

ToETE A MK SORE PLA B 1A 30 5 1 ok 3% L AR I AL R IR B4, & i 1k i — M it T 44 PLA,
WA AR 7, 51 A K SCHE PLA DR RO 3 B8 2o e S i 400 o e FL 3G G S PLA JE B X ]
DA v S5 A o I 98 900 FL A% L ok 38 R W AT R L A B A5 BRAE Y PLA K AR B . i a5l A
silica, B9 PLA )45 i ik 1 [ i i 25 B AR i DXORUST S BT Aokl 75 285 b B /8 38 39 %0 I IR %% B PLA R I #4
B Bl T I L LA W R T R TR R S I EORE  COR R SRIR R AR B
IR P 4 0 O 5 LN b S e ok 3% PLA KA k. et 5] A (UD K PLA %9
T AR P A% B 22 L BE B S 5 I AL A B R L B RS K AT R (LB 4, BT AR I FL & i PLA FE
FO 3 FL R SH A3 A AR A8 LI FL R FE 3N 1 ~2 R G KA R R s 2 e AT
2.3.2 fREMEE BB A ST SE PLA ZHAT AW 5 AW E R, & BLUINGER % it 50 (9 4% 98 1
FH B R 14 A2 503 Rl A PR Tl P ) T8 B e i PLA R WAT A B . 5l A gk
IR FLIR £ g (CEL) AT LIS s B G A CO, 34 98 /E F T 5 S 25 i - LTI B 58 PLA 19 BUA% BE 07 - 130
FLRE W A I 3 ARG L R SR S 1 A5k R A T A R R I PLA RE S AL IE AL
ALK T 43 5 B AR [ C MIMU [ PF, | i o 38 6 AR L 960 Ak ot a2F 47 3R & 1 v] LBR R % g 22 3L
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Figure 6 The steam chest molded EPLA bead foam sample™®"!
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Figure 7 DSC heating thermograms of the PLA bead foam samples achieved under various saturation conditions™*"!
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Research Progress of the Preparation of Polylactic Acid Foam by
Supercritical Fluid

REN Qian'?, HUANG Peng-ke', ZHAO Yong-qing'*, WANG Long'*" , ZHENG Wen-ge'*"
(1. Ningbo Key Lab of Polymer Materials, Ningbo Institute of Materials Technology and Engineering .
Chinese Academy of Sciences s Ningbo 315201, China ;

2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Petroleum-based polymers such as polystyrene are widely used for their light weight and excellent properties.
However, the petroleum-based polymers are difficult to degrade in the natural environment and casue the issue of “white
pollution”. Therefore, it is urgent to develop green and environmentally friendly polymeric foam to replace petroleum-based
polymeric foam. Poly(lactic acid) (PLA) is a kind of green polymer made from renewable resources. PLLA has good
processing and mechanical properties, and foaming makes it with good sound absorption, heat insulation and cushion
effect. It is an ideal bio-based polymer to replace petroleum polymer, and PLLA can be used in packaging. architecture,
tableware and tissue scaffolds. However, due to the low melt strength and slow crystallization rate of PLA, it is difficult to
obtain PLLA foam with uniform cell distribution and high expansion ratio. In this study, we review the research progress on
improving the foaming behavior of PLA in recent years, including the preparation of PLA foam via different foaming
technologies, modification methods of PLLA foam, influencing factors of mechanical properties and its expanding application
fields.

Key words: Supercritical fluid; Polylactic acid; Foam
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