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Study of Polylactic Acid / Liquid Polyisobutene Blends
Zhu Jian, Qi Rongrong, Hong Yuzhuo, Feng Zhengming, Li Haibo
(School of Chemistry and Chemical Engineering , Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract : In order to improve the brittleness of PLA and don't affect its biodegradability, liquid polyiosbutene (LPIB) was
used as a toughness agent for being blended with PLA. The effects of LPIB content on the properties of PLA / LPIB blends were
investigated. The results show that LPIB can improve the brittleness of PLA, the notched impact strength of the blend with 12%
LPIB is the best, reaching to 5.3 kJ / m’, nearly twice as much as pure PLA. LPIB acts as a heterogeneous nucleating agent and
can improve the crystallization of PLA. Scanning electron microscopy indicates that two phases (PLA and LPIB) are separated. To
improve the compatibility between PLA and LPIB, the glycidyl methacrylate grafted LPIB (LPIB-g-GMA) was used as compatilizer,
and the effects of LPIB-g-GMA content on the performance of the PLA /LPIB / LPIB-g-GMA blends were investigated. The results
show that LPIB-g-GMA can improve the compatibility between PLA and LPIB, make the interface between PLA and LPIB become
vague, which indicates that the compatibility is improved. When the mass ratio of the PLA /LPIB /LPIB-g-GMA is 88 /2 / 10, the
notched impact strength and tensile strength of PLA /LPIB/LPIB-g-GMA blends can reach maximum, which increases by 20.7%
and 13.8% respectively comparing with the PLA /LPIB blend. A little of LPIB-g-GMA can improve the crystallinity of the PLA /
LPIB / LPIB-g-GMA blend, but too much LPIB-g-GMA has an adverse result.

Keywords : PLA ; LPIB ; toughness ; compatibility

IR (PLA) & — i LA 5 U500 IR 16
A AR R 1 AR T A I B R AR
BRADIEfESN , Bk BAT B R R BT
PEBELS TR or AR TR 5 SO, REREA T 4%
PSRN T, AN A (W TE 28 T 4RI A TR
PLA A& el B W 5, p G o F 25 b 5
Fr bt e R 2 22 5 IO TR A R
iy T2 BT AR Ak A BT TLAE T A

Gk 1
{HJ& PLA WAFEAR 280, N &l FE NS 45

PRaiR FE AR, S EOR A i T3 R PR UE 5 B S AL A AR IR
JE (T, B TR 22 5 e o Tl B vh 5 R i
Gy 1 Ky TR o AoME TR B Bk 2%, Bk
Z AR, B e R A, xS s R T

TR ZRN ¢ e, 1, RV, OS5 0 e o T AR

Wik H 39 : 2014-09-12



杨超


Al 5 LI / WS R T IR MAAIY 7

PLA FHEHARI ), PRI RS 22X PLA 7Rtk

X PLA (4 2e i 3255 Ry SR et AR i
IR NR A AT PERELS, (H b s AR &, ks
TR ORI R o, A i B LR )
fifi PLA 45 i BE ST REAIS, B s e vy 0 AL T
LR, TR Bl AT ARG, A S Y
Hor, S — R AT AR AR 3 3] PLA 197
oo ITRPCMEARYE IR AL A A W f P 43 R o 4
A= Yy mT B A R R R A AR ] R R AR R
SEa N FEMILRIA R T H TS PLA IHEMR AW
AERFINTR RO NER RE O BT M
TR BORE Ry T AR o nT B LR AR R
M5 PLA LRMRAEYRAEEMIER, FEA R
R CIHTR ™ M — RIS Y ORI
RN NS Y MR R 1 AR, R als
H 25" 5 1Y 4K, 58 24 Y ml B A SR P 1 & 1 T

K FRWMASRS T (LPIB) i N bl
B TEMBE IR PLA [ Rt TR] st s A0
B, 4 T0TE, TR PLA 3R sctE sl B E K
FH LPIB X%f PLA #4734 ) e 1%, 1l 48 1 A [7] 1L 51
() PLA / LPIB IR , i s ) 2= e A O 2544 o
Mr, 0 H AR L, 75 30T 4990 e 19 PLA [
I, & T k3 PLA 1 LPIB 2 ] A AH 21k, 648 T
H I BR 4 K HHIMER (GMA) #%4 LPIB (LPIB-g-
GMA) 1 N2, W55 T LPIB-g-GMA % PLA FiI
LPIB MG R4
1 EIE4S
1.1 &R

PLA :3052D, 3 [E NatureWorks A7) ;

LPIB : Glissopal 2300, $( ] 4> & (M,) 230 ~
2300, BASF A7) ;

HEAL S (DCP) « E2E BRI H 4
PR T

LPIB-g-GMA : H il 1,
1.2 EZMNERXE

FEEEAL: SHR-10A #Y, 5K S 35 17 Vi YRR
FBRAF

SERRBRALAL : XLB-D B, 81 I A5 AL A
FRAH]

JTREHLT-Hi FIHL: AI-7000M &, =k il Rk A R
N

% . POE2000 %Y, BAY-RAN /A ;

ZER R (DSC) 1 : Q2000 7Y, JE[E TA 24
Al

B 7 %S (SEM) £ S-2150 B, H 7
Hitachi 2y #] o
1.3 XAEH &

4 PLA, LPIB #% i — 2 i FL B ZE AL L (TR
FE 150°C, B[] 15 min) 2R, 7 AR AR AL HL L (
PR IR E 180°C, IF[A] 10 min) JEHISAY, SR 5 #)
AR HEIREE, PLA /LPIB /LPIB-g-GMA iR #)ik
RIS TR b
1.4 HgEm

R PEREFE ASTM D790 izt

hiditEfiEde ASTM D256 iz,

DSC R : BUAKE 5 ~ 10 mg, B E THR R,
FERSORA N R SE T 3, 5B DL 100C
/min B M 40 CTHER 2 200°C, 4% 1 min, LA
T R RE BT 5 5 FELL 20°C / min Y TR 33
200 CRRIR 2 40°C , £4F 2 min ; HizJ5 A 10°C / min
P THE R ZE M 40°CTHEZ 200°C .

SEM 437« $4ialRE 7 & 2 200 i T, o L
Wi T FH L2 5 42 05 FH SEM USRI 41 R
2 HER5VHE
2.1 PLA/LPIB &4k AT 5

(1) J1PERE

F 1 M4l PLA K PLA /LPIB 3R ¥ (1) /1 2%
PERE. B2 1 AT, PLA B9 24 KR i, 1
9 3.7% , FEAE R A AR b oA B AR e A B
VTR, 30 P V) ) R, P 4L PLA R fifs
PEERRE; S I AJBT i %0Ch 3% 1Y LPIB Ji, PLA/
LPIB R Wi 24 248 = 21 1 5.8% ; 4 LPIB
i BB 6% 5, SR P b A A& v B
IR , 33 22 M A H 79 LPIB Ji5, PLA i ik 4 £l o
SRL IV A R BT SR RL A AR . B LPIB 3 m A4k
SEHGN, PLA / LPIB HEY 1 Wi 241 a0 i
4 LPIB 20 50h 15% I, IR My i i 244 4
IREN T 34.3%, PSR B 4E R .

FiAh, R 1 AT LIE 4l PLA B 5k O s 5
JEARAE, B 2.7 KI/m® 5 B3 LPIB & &= A3 fin,
PLA /LPIB IR iy i 1w o B SV | 538 R
JE/IN, Y LPIB BT HE 7380 12% B, i 11 nhds i
FEIR Rl 5.3 kI/m’, M EL T4l PLA, Bt o
iR TIE—A5 . HE T LI, LPIB A
FEAR T PLA [, FLRE LPIB f s py3gm, 3t


杨超


8 TRIBRHI

2014 4F 55 42 4,55 12 ]

#1 4 PLA X PLA/LPIB B 114 RE

LPIB Jiikt /4l /o) /Wi /1 SopidigE /
% MPa % (kI -m™)
0 63.7 3.7 2.7
3 51.1 5.8 4.1
6 36.4 9.3 4.6
9 312 14.6 45
12 333 212 53
15 31.2 343 4.0

TR PG B 2 T B, 4 LPIB it 3 B0 2ot
9% J& , hiAdinm B TAE

J T @B LPIB J5 PLA A 145 242 5
R A, W R M HEAT T SEM A3 0T, S5 SN 1 T
Ro

LPIB JF /0580 a—0% 5 b—3% 5 c—12%
E 1 R[A] LPIB {549 PLA / LPIB HRYWr i SEM A

ME 1a ®] LLE Y, 4l PLA W7 0 H &6 1
S & 1 AT 1e i RLE B 24 A LPIB )5,
PLA JE4R P BT FLIA . X2 i PLA 1 LPIB
S W AH 43 B 0l oy F 1 S LPIB /£ SEM
1 HL2S R Th 48 i ok, T B T 1 AL 5 Bl
LPIB &t 4N, FLI -t e bk %5 45 H Aok
Y5 XS LR T LPIB WIf7#E. PLA/LPIB
IR Y — A BB AR G B B RHMA & | Horh PLA
RFESEAR, PR A B SR T 5 B AT 4 ; LPIB
SR oy O MY, B 5 4y BOTE PLA SR, A Ak
JIVEFIE, 43 HOk LPIB g8 5 Bl 3 #iOrn e iie o o
At fE—E LY, LPIB i H a5y, ok
() il BB IR R, PRI R LPIB % i i ey, 2HR
Py iyt 1w BE RGO {HJ LPIB i 2, W H AR
S PR BRI BN RE 20, OF H. PLA i Z2AH AT fig il
MR, 4RSI K LPIB B &, Bk 11wl i
GBI N

(2) PHERE S 25 S ERE

H DSC Mia45 21 (4 th 2 T A4S HY PLA / LPIB
IRV AR C DSC Eidls , an3k 2 R, Wk 2 AT LA
FHH L INARF &R LPIB J& SRR T, 28R
Ko XZF N LPIB 7% i T VE MW A Mg,
T, %1%, JF H LPIB /R MR 20+ G 4 09 A AR R LG
BN, JLFASEZI PLA BT S 380 A AR FUREE
Bz, rUSERYIN T, AR K . A6 T4l PLA
K, PLA/LPIB 1 T, A3 PrREAR, BIFEAS = i) il
Tk e f A B e HE T A AR 46 i, R WD LPIB AT LA
Eas R B AR AR . [T %0, PLA
/ LPIB LR Y 1 45 i B b 26 PLA A T3t iy, i []
FESZ R LPIB 7 H: rpe 21 53 A0 o A0 0 4 i 5
S, AR A — St = MR L {HU2 LPIB
A B RS X 5 AR AR FE ], 3 52 )
FIREE AT 145 i BE R 5 Py R ny s i, R G 3R 30 Ry
FLIRYIA A8 B AT

%2 PLA/LPIB #B¥IH DSC #1E

LPIB Jiit

L% I,/C T./C AH,/(0-¢g") T./C X./%
0 60.8 130.3 6.88 153.2 7
3 613 113.2 29.60 148.8 33
6 61.1 120.9 29.17 150.9 33
9 61.2 123.7 20.53 151.8 24
12 61.1 123.8 23.15 151.6 28
15 61.3 129.4 11.81 152.8 15

Vi T RS RIS A H, KRR, T, AR, X,
SH I, TR,

S48 LPIB 1y fin A fifi PLA V48 i, (H 2, M
SEM HE R LI mT DL 55 PLA A B S i A
LI, 3% ] PLA #1 LPIB UM & MER 22, X2
4 LPIB s& 3Bt /Y 43, 1 PLA 4% & A T
B FEIERDRIL MR R IEA , L EA TR
%, N T fedE—4R % PLA /LPIB fHRY M HERE,
o SN — 22 G 45 5>k 23% PLA 5 LPIB Y4
Bk
2.2 LPIB-g-GMA %} PLA /LPIB Sty bt ik 64 % v

Ye#E T A Ay LPIB-g-GMA 1~ PLA /LPIB
HIR Y 255, LPIB-g-GMA (1) — 3 GMA
H A AT BB AR R AR B PN A T I S 0L A T
DS B4R L AT A5 ] B ok e 1 B AT 55 PLA AHABL,
MR HEAT A2 HHE, 5 PLA HAT — & A4,
I Lk LPIB-g-GMA 7£ #i¢ I X%} PLA /LPIB i)
A —E IR .

(1) Jr5bEaE,

Z IR 1 PEREER  Fr LPIB Fi LPIB-g-GMA


杨超


Al 5 LI / WS R T IR MAAIY 9

(BT BUE N 12%, 198 T LPIB-g-GMA & &
%} PLA /LPIB / LPIB-g-GMA 8% J12# VL RE 5%
Wi, 45 53 3 Firs .

#3 PLA/LPIB/LPIB-g-GMA 1LB¥H 11k

LPIB-g-GMA Jii ~ Fffisgfr / Wik /  Beipisg) /
B/ % MPa % (kJ - m™)
0 333 21.2 53
2 32.1 20.1 5.4
4 35.0 19.2 5.4
6 35.5 19.9 5.6
8 36.8 18.7 6.0
10 37.9 18.8 6.4
12 35.6 18.5 5.3

H1 2 3 AT LA Y, Bl %5 LPIB-g-GMA & i [y 34
7, PLA /LPIB / LPIB-g-GMA 38 4 i 5k 11 o i
SR A TP, TEINAT B 7 $Ch 10% 1 LPIB-
g-GMA J&, IR Wy 00 fofe 11w i 588 2 SR B ok,
6.4 kI/m’, [t AR TR I LPIB-g-GMA (1938 ¥ 48 &
T 20.7%, H 4l PLA 48 & T 137% ; [ i, in A
LPIB-g-GMA J& , 2R i b s B Ay 4l &, 24
AR =5 40h 10% B LPIB-g-GMA J& , 2R
R AR 4R = 3] 37.9 MPa, BAE T PLA, {HAH
AN LPIB-g-GMA I #2755 T 13.8%. X 5] LPIB-
g-GMA Xt PLA / LPIB 3R — i AYBE 254
IR Py i) 7 244 KR N i LPIB-g-GMA 5 14
T N R AR FRIRBE A K S8, BTG
AT BCN 12% B LPIB-g-GMA Ji , LRI
B 1 b R R RN R A I R R

[ 2 7 LPIB-g-GMA JiT & 53 $0h 0%, 6% Fl
12% i PLA /LPIB / LPIB-g-GMA 3t i ¥y Wby 1# 11
SEM & F-,

LPIB-g-GMA JF /0 5: a—0% 5 b—6% ;c—12%
¥ 2 AN LPIB-g-GMA 2 (1%) PLA /LPIB / LPIB-g-GMA
HRYIWTIRIY SEM HEA

M 2 7] 0L, 5 3% 7R in LPIB-g-GMA fy 3t
TRYIAREE, B8 1 )it & 53 50k 6% 1) LPIB-g-GMA
S, TR ) W T AT A S 4335 I ) LR (EL R AR A
AT AR A , FL IR 5t A2 /b, HL A Ok R ik
/1N, 3% 2 W] LPIB, LPIB-g-GMA F1 PLA f4 4 B/
FH 378 58, SLIHE 454 1225, {1 LPIB 7£ SEM 1Y K
BIREE ARG IR R GR s MU T B ECh 12%
i) LPIB-g-GMA J& , W If0 1 JL-J WL %€ A 31 7 A 7
i AL, 22 B R b JA5 LPIB-g-GMA B,
FPLA MMM R o (AZ55 3 3 FTLUE A
ZEPESR T, TR A 1 o i RN A A
A U A G, G AR R Y b B LPIB-g-
GMA B R Br N R, X2, 7E il 4 LPIB-g-
GMA Hyid#2rf, —J5 i LPIB 55 GMA 1E5| & 7/
R B AR R, 55— 7 Tl LPIB W] g2 & A= g
fife, B o0 F RN R S5 T M, X SRR /s
oy F o R R AE AR, HR LPIB-g-
GMA X ILIE Y i 3 ZAE A F THERe 4 2
TCSBREEAR 1) /N3~ i 7 A N RS2 e AT g 25358 431K
TH A FHXT P RE BT = A A R ), R o
P B R (e AR 174 4 v A o 1 P B S,
SRR R A B K. Y4 LPIB-g-GMA JiT it /34K
h12% i), BEAEiR P JA7 LPIB-g-GMA i, H
5 B REAR /NI 2 N R R SE i IR
BCR FEE R TR B RE T

(2) IPERE L 45 PERE .

f DSC ith £k 7] DL 7% i} PLA /LPIB / LPIB-g-
GMA FRYAIHI S DSC #edl , i 4 FR .,

%4 PLA/LPIB/LPIB-g-GMA iB#18 DSC ##F

LPIB-g-GMA

R /% T,/C T./C AH,/(0-g") T./C X/%
0 61.1 123.8 23.15 151.6 28
2 60.9  113.9 24.56 149.3 30
4 624 1145 24.16 149.4 29
6 61.1 1238 22.29 151.6 27
8 612 1238 17.52 151.2 21
10 61.1 120.9 18.03 150.7 22
12 60.6  122.1 16.45 150.4 19

H1% 4 ifLAE Y, LPIB-g-GMA XHILIRYIA T,
T, AR, /DA LPIB-g-GMA J& , 3L
Y045 b B T BRI AR A TR, T
b % LPIB-g-GMA % & [ 34 Jin 52 30 S B AR s T
R X KB A > & LPIB-g-GMA 1] iz |
SEARAZ IR (H2 KR A G AT e S PLA
JFAE A2 B PLA-LPIB-g-GMA £ 54y, 3% 78 it 2] #H
FAE R R T PLA (455 45 S A%


杨超


10 TR R

2014 4F 5 42 4,505 12 1)

(BRAE—E R HE L X BI s MR WE TR A FI Y, DRIt
AL SN LPIB-g-GMA i LR 4y ofr i M A 15 3
e Z —,

3 #ig

(1) LPIB X PLA A7 #4f HsE#IRICR  (ERAR T
HCRLRGR . Y LPIB B 4380 12% I, PLA/
LPIB 3 ) iy e 1 oo 588 B2 38 ) e K, bE 4 PLA
i T 14

(2) LPIB 7F PLA Al B 5 AH A AR, 45
T PLA IS5 AE

(3) LPIB-g-GMA %I PLA /LPIB 4 H A —
SEMIBGZAAER, 4 PLA, LPIB 5 LPIB-g-GMA (15
= 4 88 /2 /10 i, PLA /LPIB /LPIB-g-GMA
SR Wy 0 ke 1 oot e 2 R AR 55 A 7, R
LPIB-g-GMA H3EIRYIAI LL, 735 L 5 T 20.7%
H13.8%.

(4) /b & LPIB-g-GMA [ fil A W] 4% /& PLA /
LPIB / LPIB-g-GMA IR A4S i, {H >4 LPIB-g-
GMA Fi i i, AR IR Y25 A

5 % 3wt

(1] At . SREMEERILR [M]. Jbat: /b2 Tl ik, 2007:11-18.
Yang Bin. A green plastic:Poly(lactic acid)[M]. Beijing:Chemical
Industry Press,2007:11-18.

[2] Rasal R M, Janorkar A V, Hirt D E. Poly(lactic acid) modifica-
tions[J]. Progress in polymer science,2010,35(3):338-356.

[3] Eune  RFLEN P AU D). L BiEsciE ks,
2010.
Wang Ruyin.Study on toughening modification of poly(lactic acid)
[D].Shanghai:Shanghai Jiao Tong University,2010.

[4] 25 . B A O S R AL i BOI R Y 15 1 [D]. 1A -
IR, 2007.
Li Bin.Preparation and characterization of block copolymers based
on poly(p-dioxanone) and poly(lactic acid)[D].Chengdu:Sichuan
University, 2010.

[51 WP, R BN, 5 SRR / BT R T R Y
MIBESE (J]. PSR, 2012,26(3):23-27.
Ye Dandan, Lu Jiaqi, Qian Tianyue, et al.Research on poly(lactic
acid) / poly(butylenes succinate) blends [J].China Plastics,2012,
26(3):23-27.

[6] NS, AT AL, A5 TR / R BRI T S

= in R A M R TRRPH =R
F, A A 7 1 o i SR PR FEL T
T8
FIRT FE A TR (9 JSOREEAR BE 11 o i fl
5 A RN TR, SR K B dSsn il s, I

PERERAE [1]. ¥R, 2009,37(2):28-31.
Pan Lijun, Gui Lei, Li Yanhong, et al. Preparation and
characterization of the modified acrylic-starch / polylactic acid
blends[J]. Plastic Science and Technology,2009,37(2):28-31.
(7] XS, ki, B 7, 45 R T REXER AR / Fokom iR Yk
REMsZIR (1], T EIEERE, 2012,25(12):63-66.
Liu Jianmei, Qi Rongrong, Luo Yu, et al. Effects of PEG on
properties of poly(lactic acid) / glutinous rice flour blends[J]. China
Plastic,2012,25(12):63—-66.

[8]  JWulbfeiee, BN, A5, 258 . T AW KA 14 A A SR R HE ) 7 v -
" ,201110315834.8[P]. 2012-03-28.
Qi Rongrong, Qian Tianyue, Li Guan, et al. Preparation of
biodegradable materials and toothbrush:CN,201110315834.8 [P].
2012-03-28.

[9] J7¥, 25, Bl . POE Mg B SR FLAR A 4544 BHRYRIT5E [1]. T 7%
SR, 2009,37(6):5-8.
Fang Ling, Li Jun, Qi Rongrong. Study of POE toughening
poly(lactic acid) blends[J]. Engineering Plastics Application, 2009,
37(6):5-8.

[10]  EAEE, ol AR, 45 . SRFLIRIEAIIZ B AR R AT AL
W52 (9], TREEDRRIEHT, 2008,36(1):20-23.

Wang Yanling, Qi Rongrong, Liu Linbo, et al. Compatibility study
of poly(lactic acid) / wood-plastic composites[J]. Engineering
Plastics Application,2008,36(1):20-23.

[11]  Fg&l, 50, XA, % . PLA, PPC Il PHBV JLIRMIAATERE, 1
SENERE AL IRV RR BT ST (7). B8 F 53 5 UM, 2010(1):59-
67.

Tao Jian, Hu Dan, Liu Li, et al. Thermal, mechanical and
biodegradation properties of PLA, PPC and PHBV blends[J]. Ton
Exchange and Adsorption,2010(1):59-67.

[12] 7%, Mk SRR / RABR MR A bR 5 P g
WEFE [0). 988 T0lk, 2009, 37(5):12-15.

Feng Fei, Ye Lin. Study on the structure and peoperty of polylactic
acid / polyurethane elatomer blend[J]. China Plastic Industry,
2009,37(5):12-15.

[13] WuY, Xu X, Wu G, et al. Graft copolymer of PVAc-g-PIB by
cationic polymerization[J]. Designed Monomers and Polymers,
2003,6(1):23-29.

[14]  T2RAR AR 34 0 98 R LB F 5 0 S 0], 45 B g B 9 ek
2012,29(2):69-74.

Wang Rongwei. Progress in mechanism of rubber toughening

plastics[J]. China Synthetic Resin and Plastics,2012,29(2):69-74.

BB KT T B AL .

TERRA: P R, TR (LG e, SRR AL T
PRI e AR i 2 22 OB, BRI R T 2 28, 2
P IR R T 1 88 ¢ 5 5 B PR H, TRk 7
e (ARERAM )


杨超




