mr MRS TR

38 EH 6 Vol.38.No.6
2022 4F 6 H POLYMER MATERIALS SCIENCE AND ENGINEERING Jun.2022

http://pmse. scu. edu. cn

IR MR F R ERIBRE MR N H
= OmVLOROm, B O, FRE, AkE

(1. B2 B 7 e b RHE R 5 TR WE 5T, Wi 3 3 315201 2. sk i = S8 i) B B A &), T4 bk 515000)

EE . 8 AR 5 K i B (FGE) A 10 A PO, o) 5 43 B A PR b ke T A a9 A B M Dby o 2ndh L Audn 2
H IR A5 AR, L T R B BT A9 IEAE A FGE R A B i o T Lo XATEATH 247 K I, FGE #9344 5k

BB IE A 0 dh AR 2B, AT IR T FGE 3 HUE 4y (FGE-g-St) A8 5 49 4 2 M e T fE

5 25 4 ik 78 M 3%, % 9, FGE-g-St

A3k A AR R (N-SD# 30° £ & 4R % £ 65° £ 4 , R It AL F 69 KM A, A i 2% % & T FGE-g-St 5 R LA
B9 @A o A8 xF T PLA/N-St &M 4, PLA/FGE-g-St L& #1 b 69 4 fb 3% 5L 5 b 3% AL A= i 24P K $ 2917 2] 258

R, LG AT RO R @S

RBRIA : PRk s B VE Ry 5 BRI A A 2SR

FESES:

XHEkFRIRES: A

AR, AT S o MRS B R R R
AR T A4 ik B2 R T FE , I B ™ I8 i A
Y5 Y R B B R 45 ) R, P R MR AR A RGN
NER e A EY, R RN, AW 5] B &
SFMEIRLET AR . Hb, B (PLA) Bf =i
BR | e A/ B RN R R e IR B, AN R i B
R S (1 B aR LR R M RES . H R, PLA 4
JTEMEAT R R G R B 3D AT
E 7= it R A P b S5 40k . SR T, PLA A7 75 A =
R A R S R SR B, 3K DR K I 85 1 G S A 3 A
Mg 1. JEN TR 4 AR 4 R VP RRAF 4R S5
W R T R 2t PLA, BARF IR PLA 1 A4
FE AR IR AR AT LA SE 4 OR RF PLA 1 AR 4 5K R
P, B AT DLASH 4 PLA (1) 224 4 f ok

VEN (Starch) | 2 AF/E T & P AR 22V 3
SRR R, B RISV A A% AR BR AT 5 4 AR
W) B e A S A A BT AL E B — R B AR AR )
JRIEFEY . SR, VE K =& — Bl 3% K MM K}, 1 PLA
BABKME, X 5800 3# R AR ZE, R
J15 AN K 2, DL T PLA/Starch 358 4 (1) /1 2 4
Rz, & ot — SR PLA I ME "

doi:10.16865/j.cnki.1000-7555.2022.0113
Wiehe H 31: 2021-11-06

X E RS 1000-7555(2022)06-000

LR R I S R T AT A R S R S ME A S )
W T s PLA STt M A mAE A Y. Ho,
TR R I LA e BTG PR, 19 B B N T2 N .
bl BB S Ny NS I N N A Y e R
A= WA R AR S B B R AE 25 75 DL S PLA 5@ M 1 57
AR P SRR, BT M6 4 il A0 VA D & B,
PLA/Starch & &8 BH 1) 38 B2 B 8 N . w0, dnfif £
A4 P PLA/Starch 5 & M ORL = 58 2 AT 42 R, ois
PLA 5 38 #3149 5 T M 25 1 1l A 1% A0 1A F 6 L o

AR SR FH A 40 7K H i Tk (FGED X Ji € K3 (N-
St) 3k AT Ak 5 He b S PE A5 B B 1 FGE 5 A E #
(FGE-g-St) , &G 5 T FGE 2 £ o501 5 3 i /1 4k
U R AR G R BRI L ORE T 3 DA B B K T 1
SOW . A, SR T OE 2R 5% H BRI 73 PLA/Starch 80/
20 54 MEL, FEABE T T PLA/Starch & & 8 K R
THAH 25 1 A e RE . WF AU R W, FGE-g-St 5 PLA
T UL AL 0 S 2 M, I R 2 o T PLA K
HEM B LRE J15 R .

1 LEEH
11 BER5itH

FEWH - [FH R E SRR (2017YFB0309300): H VL4 /3 AR« ER I AA T H
TR RN HI R, 32 B2 AE V) B R E 9, E-mail: 18326629756@163.com;
IR T, NG AP AR 5 P RE 4K JE R B 9T, E-Mail: Tangzb04@nimte.ac.cn



PLA: 5 4 4032D, ¥ B 3 [ NatureWorks 2
m] L, AT AE 80 C E A M AE T % 8 hs N-St: 9 H
L 7R 3 3% B R OK IT A BR 2 =), A A AT AE 100 °C
PR TR 12 hy = H AR (DMSOD « B Sk 2
BF (MAD L U T % 3R 4k %5 (TBAB) < # 5 (FA) L B &
AW St (ECHD & E A A T K B IR 5 T T B ifg
Bh TR AR AR, o8 TR EEZGER. ©
I B R B s FRAE A A 3 R AT AT Ab B
1.2 #H&EIE
121 A 45 K o b B 69 %) & FGE & B 28
Fig. 1 fizx. HU40 g FA.380 ¢ ECH A1 13 ¢ TBAB Jili
N B 2545 1 77 8 B 2% R0 A ks B = 2 18 R BRI
o, A 75 °C, WS h, W ETE IR, 30 min J5 N
N 54 g SR A AR A TR CELUEAG BN BT R 2 H0h 30%)
WM 3 he RN TEARSE, HZB 7KK EHE

N-St MA-g-St

WEAHE KPS Y M JoK SRR B T4 12 h, 24
JAAE 75 °C HAS A AR R e AR & BR R R (1 3R SR
Ak, BT 4574 BN FGE .

<\°J/\0H+ Cl\/AO SELAL NG <\OJ/\ 0/\£\C'
<\OJ/\O/\(Q\CI NaOH <\(j/\0/¥0

Fig. 1 Synthetic route of furfuryl glycidyl ether (FGE)
1.2.2 # 8 M 89 4 %« Fig. 2 B/ T 5 KR T 4
B 3 8 (MA-g-St) Fl FGE-g-St [1) il % i i« MA-g-St
Bl & R R S TR S B N-St I MA $%
JEE R B 2:1 IO\ B = 1 Be i, BL DMSO 1 N B
A, AE 110 °C K B 6 h, 13 2 9% 3 6 3F I % .
SR ¥ BT AR T TG 08 18N TG K & B R 3EAT TR

0 H
@\/0\/A 0 H
o O,

DMSO,TBAB E .
OH (o

FGE-g-St

Fig.2 Synthetic route of maleic anhydride grafted starch (MA-g-St) and furfuryl glycidyl ether grafted starch (FGE-g-St)
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Fig.3 FT-IR spectra of furfuryl alcohol (FA), epichlorohydrin
(ECH) and FGE
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Fig.5 (a)FT-IR and (b)'H-NMR spectra of native starch N-St, MA-g-St and FGE-g-St
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Fig.7 Photographs of starch particles of (a) native starch N-St, (b) MA-g-St and (¢) FGE-g-St, and SEM
micrographs of hot-pressed starch particles of (a’) N-St, (b’) MA-g-starch and (¢’) FGE-g-St
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Fig.8 Dynamic contact angle of N-St, MA-g-St and FGE-g-St
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Fig.9 SEM micrographs of PLA/starch 80/20 blends
(a): PLA/N-St; (b): PLA/MA-g-St; (¢): PLA/FGE-g-St
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Preparation and Characterization of Thermoplastic Starch and Its Application
in Polylactide Composite

Peng Li'?, Na Shao', Dan Lu', Guangming Lu', Zhaobin Tang'
(1. Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo 315201,
China;2. Shantou Samma Plastic Industry Co., Ltd, Shantou 515000, China)

ABSTRACT: A thermoplastic starch is achieved by the grafting modification of furfuryl glycidyl ether (FGE). The
FT-IR and 'H-NMR analyses demonstrate that the furan rings are successfully grafted onto starch molecules
through the bridging effect of maleic anhydride. XRD results show that the crystal structures of starch are
effectively destroyed by the grafting modification of FGE, then endowing starch with excellent thermoplastic
processing properties. In addition, the FGE-grafted starch (FGE-g-St) displays extremely excellent hydrophobicity,
which is demonstrated that the contact angle is increased from about 30° for native starch (N-St) to about 65°. This
results in the significantly improved interface compatibility between FGE-g-St and polylactide (PLA), reflected by
the almost detectable phase interface in the PLA/FGE-g-St composite. Compared with the PLA/N-St composite,
the tensile strength, flexural strength and elongation at break of the PLA/FGE- g- St composite are increased
comprehensively, which is attributed to the significantly improved interface compatibility.

Keywords: grafting modification; thermoplastic starch; hydrophobicity; compatibility; composite



