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New Progress in Blending Modifications of Polylactic Acid
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Abstract Compared with other bio-based plastics such as polyhydroxyalkanoates and polyamino acid, polylactic
acid (PLA)-based plastics have the advantages of good tensile strength, ductility, glossiness, and transparency" .
In contrast to traditional petroleum-based plastics, they are completely degradable, non-toxic and harmless materials.
However, as the most preferred substitute for traditional petroleum-based plastics, pure PLA plastic has its own
defects such as low glass transition temperature and poor elongation at break , making it difficult to replace traditional
petroleum-based materials completely. Therefore, the modification of pure PLA has attracted much attentions through
the world since the birth of polylactic acid. The traditional modification methods mainly include copolymerization,
blending and addition of modifiers. This paper mainly discusses the new progress in blending modifications of PLA in
recent years, focusing on the methods, characteristics and applications. Finally, the development trends of PLA-
based plastics are also proposed.
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Tab.1 Physical properties of PLLA'®) | PDLA!'""!
PDLLA'""2) | pC

ZH PLLA PDLA  PDLLA PP
Fir A4 3% B/ MPa 59 40~50 44 32
Wi K %/ % 7.0 5.0~6.0 5.4 1~2.5
% G A 88 80 76 100~110
AR TE IR FE 7 °C 55 - 50 102
BB 05 AR IR 8/ °C 59 - 52 155
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Tab.2 Thermal and mechanical properties of PLA/PBSePM blend' "’

PBSePM 4 iR 4 19 5t £ 434K

g Jr2E keS8
0% 1% 2% 3% 4% 5%
Jitt A 5% /M Pa 31.8+1.3 35.9+2.3 16.4+0.9 35.7+1.1 34.9+1.2 34.7+1.1
YU L5 B/ MPa 31.8%1.3 35.9+2.3 36.4+1.3 40.8+1.2 42.9+1.5 39.6+1. 1
Wi 2K 2/ % 304+47 30220 31035 372458 363+21 332+13
RAhBIME/ (MJ/m?) 61.4 84.9 110.9 117.6 116.2 108. 1
R R/ (k)/m®) 14.2+2.5 61.8+2.0 81.5+0. 8 80.7+0.2 77.8+3.5 74.4+3.8
YA R E (T,) /C 57.8 59.2 59.7 60. 4 60.3 60. 2
R IERE (T, )/C 104.7 110.4 107.7 113.2 112.8 119.1
WERRE (T, ) /C 167. 4 169. 1 167.9 168.3 166. 6 163.7

Li %% 3l 7 AL U0 sk & T PLA-
B-FRHIKE (B-CD) 1 &% (PLA-ICs) , ¥ & X 18
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G AR B brehdne o W R K R
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v JE LT T AR M R ST R B A B e
4 PLA/VMT-PLA-ICs 44 >k B & kL 09 F a2 1k

H B

&,
Li %10 58 o b, K SRR A AL A A
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R S RE 2T IR LR (LCB-PLA ), & 30 4% 1 42
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WA T W R AR RE, EW T 0.5
(wt) % COP J& , W 728 i 4k 22 80 (XE) il | T &
25 4.8, WALRRE] 74.5% , 45 5 R R 15 15
AH LY L, LCB-PLA #9967k i ik 26 35 1) 50 £, & ad
7 BP0 AR KRR B RS 3 B Ak A A8 IR EE DA 60°C 42 T
) 150C L I, R — LR AR COP WET
PLA By #PERE, A 738 75 P i AS 6] A9 v 4 3 32
(3°C/min 5 30°C /min) F 47 T 0 #m 3
2T %3 % 4 PR E COP ) PLA
gimMa i S8, ZMR B ER S T PLA &
T Ty 2 R R (RN R 9 R A U Oy
PLA BRF A B FH B AL 7 57 0 JEL i
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Tab.3 Crystallization and melting parameters of each substance when the cooling rate is 3 °C/min and the

secondary heating rate is 10 °C/min'*’

L-PLA  M-PLA-0. 1(wt)%COP M-PLA-0.3(wt)%COP M-PLA-0.5(wt)%COP M-PLA-0.7(wt)%COP
ZEMIRE(T,)/C 100. 0 116.3 130.2 134. 4 132.6
WAL AR (T,)/C 613 60. 4 60. 8 60.5 60. 7
JEALIREE (T, ) /C 169. 1 167. 8 166. 5 165.6 165. 1
ALK (AH ) /(1/8) 29.9 37.1 37.9 40.0 39.8
ZEEE(X,) /% 31.9 39.6 40. 4 42.7 42.5
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4 SHFEEH 30C/min BT RMBEZE R 10°C/min B &9 R H % 8B L S5

Tab.4 Crystallization and melting parameters of each substance when the cooling rate is 30 °C/min and

the secondary heating rate is 10 °C/min!*’

L-PLA M-PLA-0. 1(wt) %COP M-PLA-0.3(wt)%COP M-PLA-0.5(wt)%COP  M-PLA-0.7(wt)%COP

ZEWIRE(T,) /T - -

P AR R (T,) /C 60. 5 60. 2
AL (T, ) /C 163.5/169. 2 160. 8/167.7

SEALKE (AH,) /(/g) 36. 1 35.7

S (X)) /% 2.2 4.6

96.3 103.9 102. 4
61.0 60.0 60. 4
165. 8 160. 8/165.5 160.6/165.3
35.9 34.8 33.9
17.8 34.0 31.6

4.2 HFHHR

] PLA i A 9 25 4, 40 2% T45 PLA 0
TG AT DLAEAR R PLA 1925 90 A0 25 M I
PERERY [, 32785 PLA AY LA IE fE | B 38 b 5% A8
Tk B A MR, BRI AR AR UR ) R B
Hos R PLA SR R kbR 22—

HEH% D R Z BRI A Y (MA)
VE R IRAZ ), A5 AN (WF) 55 PLA %5 Gl 3L IR | i
& TR AE PLA/AK R & A F R, BF 5045 3R 3%

B, ARk R 22 Bk e 2k & W %F PLA HL AT B ) A%
YERT, fff PLA B9 45 & 3R K B, &2 A bR
B B Ak % AF N 4l PLA 19 61.6°C 2 7 %
146.5°C ., £ 5 Fran WAL I PLA &6 8 kY
Zidh 1% S8, H b PLA (70%)/WF
(30% ) B, il i B8 38 B e i, M 165.2°C %A
FEA L = T PLA BT $AE 68 , [R Bs o PLA
S AR B Ao 5 AT T R v

Jamaluddin 25" BF 58 T 4 i CNF 32K it

£5 FEPLAEAMBMESRAESH

Tab.5 Crystallization thermodynamic parameters of different PLA composites

[30]

PLA(100% )

PLA(99.7%)/MA(0.3%)

PLA(70%)/WF(30%) PLA(69.7%)/WF(30%)/MA(0.3%)

JERREE (T, ) /C 163.0 163.5
S S RRE (AR )/ (T-g7) 8.4 41.3
BRI (AH,) /(17" 0 6.3
i (X,) /% 9.0 37.6

165.2 164.0
42.1 44.5
12.0 0
32.4 47.8

PLA PERE M 2R, FH R IFF R 2F 4 38 19 72 15 1
R AR T CNF 5 PLA B AHZ M, 43 ) 3 it
LRI TR TF RN T R T8 W1 2 4 22 9 K £ 4k A+
I B T 3% T8 i B 20 B Ak 4F 4k K 90 oK 4 i
(CNFa) | INEAL £ 4t 25 90 K 45 4 (CNFp) AT ik
LT 4 R 9 K 45 4 (CNFb) , IR 5 PLA %R
MIAHZS . 5 PLA WEEAH H, & 2ictE CNF 3 7
YIH) PLA JE R T G i e 1m , B o 4 1935 B
JE BUBCHE R AR R H T, AR E M A TR AR A
WAS BAR 47 By ek

ULAF R VF £ 27 3 35 LA £F 2 22 ol HL At 27 2k R}
MIERIEAT PLA B4 4 oo, 8 B K SR A4 ) AT 1A
W KOG F B i M e S AE WM A bE . TR 5
25 00038 S AR 0.3 (wt) % B 2 Tk e 251k & B A
30. 0(wt) % FY AR BEATCE , BT A PLA (9 T, 455,
IKENT 146.5°C  REME AR 3Z — AR B AR, [R]B I
R AT YR A7 A T B A5 B EAR R B
Al PLA (135 B B T R R BE ks gk Mg
4.3 ERNEEMEILERE

P B e A L TR i - T - 2R 4

WY (ABS) WFFEX 4 SRR IS T2 A
B PLA/ABS, K43 BT 45 SR R W iR G W
DR 2R 25 R oot 5 3 ) L R A R A
Y FDXT W AH 1) 43 B LG 3038 50, L8 445 b il 8 45
mnkE B N R, ABS BN R B 3 K T PLA 1)
ShemBE, R 6 IR MR E P Hr 45 R R ], ABS
R YR A YT e b PLAZABS T2 H R
30/70 F1 10,90 FAL T AT o7 B 6 g 3150 38 450 4 PLA
SR T 37°CH 54°C AR AC LE i TR ) A1
P T 21 PLA Aok 7ERVC B 5 R 5% FI1 509% i) i
JEAR 22K B 78 BUR 8 3R5 90% I, 55 56 75 3]
) ek B B 5 40 PLA S 56 0 A5 I SR A B K
2E8E L HIE PLA/ZABS B E A 30770 F1 10790 B,
TR = T3 100°C, X & B T PLA/ABS H:RA
RCHL AR TE T AR A

Lin 2400 RE R G (PC) B A PLA W, il
ARG T PLA i m R REIR A
Yy, A48 30 3o 78 i A5 1 PLA/PC L34 iR in
AR ok s H HDT, HoHb 78 1B K5 PLA70/
PC30 IR W HDT M 60°C B4 hn 5] 75°C , 7 5%
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%6 PLA/ABS SAWMKBAREILNARAKkELRBE

Tab.6 The temperature of different thermal weight loss rates with different ratios of PLA/ABS composites:33

]

PLA PLA/ABS(90/10) PLA/ABS(70/30) PLA/ABS(50/50) PLA/ABS(30/70) PLA/ABS(10/90)

HRERR S%IIRE (T, )/C 322 318
R TR 50% TR E (Tseq )/C 359 354
PR 90% HITRIE (Top, )/C 372 403

319 319 317 318
352 354 396 413
448 463 469 469

T 45 A AR DA B AT ol e 500 0 B TR 4 T 38 5
PLA FHIZE &, B 2GR 8 T 238 PLA 1Y 122 54
J12EPERE EH 1,

LIRS R B ARV LU A4S PLA /Y
BIME R a s, B THA A
T3 R R ES R RE L HR S5 A PC(ABS) 1)
— ey 4 PC oM A X AR E, B PC
55 PLA LR Ji5 % 2L R i 14 BB 1) 52 et R 0
4.4 BEHEER

PR o R IR M 2 4 T PLLA/
WAL KSR S (ENR-50) JLIR ¥, ©F 5% 45 3R %
B, ENR-50 PR30S 5 A1 (0 A 78 AT DL S 2 4 =) PLLA
AR M A A R K T . ENR-50 15 g g g 4
) R ERIR A1 BT PLLA 2008 K Ab#f—
SER 1] J5 AT AR 25 32 %5 PLLA M8 oE ) g
Gh AR & B 10(wt) % LA ENR-50 f95] AJEAR
S PLLA R i 48, f T 3R 4840 RARAR I
VE R 5 45 PR S T AR R} 5 ek R 6 S5 T HIL IR
BHAAR T AR R AR SR DYt T 229K 5 ML R
Ak S IR R i — 2B s HoMERE L
4.5 FTHUIRMER

ALK 4 AR IR RO 4 8 R LA KH-550
(R FRE A REBE ) by Rk o8 (K ) | IE RERR 2 T8 M
YN K S Ak T IR AR T A VS M - M 1 o A 1 21
KERERME PLA, FFSCES SR, & il f
T 3 K AR R h R K Si0, kLT, A0 43 Bk EL AR
U155 PLA #EAT TR E2 R0, 7 S i IE AL 5 2

LS EE Y N BT RN v A ) o R
PLA A —E 427t Hoh A fif i e 42 o 2 1, O
A TR A A IR P A SRS 7 o

x®7 AEELK PLA/SIO, EAMBHRMBBEEM
Y S
Tab.7 Pyrolysis temperature and melting temperature of

PLA/SiO, composites with different ratios' *!

) PLA/SiO, PLA/SiO,

4fi PLA I .

(0.14%) (0.56%)
S I B/ C 243. 4 220. 8 277.2
S AL IR/ °C 141.3 136.0 145.3

ZIMF R AE — G F N & T PLA IMZE G
PERE, (75 PLA 1 6 T B 945 DL o3, (H L35
VB — Uk 2k Bl R 3R BT RN |, JL
Mk SATUBEPE BE B BAR 5 A S 28R R A
HAUB M BE A SR A I LS 45 w8 B 10 8 3
5,00 PLA BRK A6 b REE 1137 5% K38 43 98
PR R
4.6 HBFIFZFRMMTI(EIReP)

Huang 25 3@ 3 #1715 5 5% ( EIReP ) i 2
il 45 PLA/ B3R & R (PLA/mPCL) (3L IR Y,
I HAS 51 AAEAr A2 38 25 500, 2l 28 3 728 D Ok 3R
W], EIReP BCIEH 1S PLA/mPCL 2L I8 ¥ 1 kG B Fn
fith BB AGE 2 f S B, DA A B R A B
ElReP AbHAG M2 3% T PLA &5 M 1ERE (£ 8)
77 i i AP A5 B A A8 A e LA T e A A R
H IR i ahids B IR g

#8 AEELLH PLA/mPCL 8 & & # # i ge

Tab.8 Thermal properties of PLA/mPCL composites with different proportions

[43]

PLA PLA/mPCL(2.5%) PLA/mPCL(5%) PLA/mPCL(10%)
WHsIEIRE (T, ) /C 111.05 102. 42 97.22 94.79
—RIMPIEAEE (T, ) /C 161.90 163. 42 163. 61 -
ZIMERIRE (T, ) /C 167. 49 167. 67 167.57 166. 70
gE IR (T, ) /C 120. 71 111.83 111.05 105. 46
AR — R L T PLA MR e B
PERY RS IR T PLA BT Bk b HOR 32 5 5 4£iE

TP AL T Al REE  HLOR T AR AT 4l 2 3 2 5 X
PLA WAL R B i 82 /0, O 5 Ja i sE S it 1

e JEe A=y T I figp SEORHE LRI AR D B ORI B 35
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[5) ) E 5T U7 ) 2 — o PLA AE N — i AR
IR ) 45 7 B R A PR BB DR Y SR G W, IR A 1Y
R — Z20 2 fe Bl A AT] 25 77 J5E B2, AR O A il 2 kL
NN = A Te R VA S (1= s o) RPN v B AN
Ul B 1 3 Ml A5 A 5 I 2 2 YR AT T R R F
G, LA g e e A0 35 3 Ak B 7 Rk B R 4 4
SEB O ARZWOME r vR E A AE A R 2
SEAN R AT FON P PR R RS B BOR IR R
FORREAT BPE R T YR 2 RS Ok I i 1 e
AREL A PLA W 3542 T, HLC O BT /5 1A o AR X
BAR AEL 2 HG e 2P 6B AN i 7 00 AR 5 A i e 9
A U AR SR AR 22 Ho 02t
BZ, HETX PLA B — R B HBE B X 2 —
FUEBUL R A JEAT 2OE | IR AN REZE 5 BUE ROk AT
DATE R SE 0 1137 56 T A B X 1 ath i £y oo o
SEERPE PLA MPRMR R R G845 PLA st A R AT
LU /2 45 € 3 SR 03 80 ATD 5 55 0 e AR ek 1k
PLA (9 A DUE HA B2 5 4 0l B2 9B 58 4
2 £ X B
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