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LG AR B A S e B CEE (0.412) 48TFT 91.7%, IESRRREN LI T 254 34T T e b R b4k
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Prepar ation and properties of maleic anhydride-modified
cor n starch/polylactic acid composites

WU Jingyi'?, YAO Lihui*", LI Chuanying', QIU Dan®"
(1. School of Chemistry and Chemical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, Zhejiang, China;
2. School of Materials and Chemical Engineering, Ningbo University of Technology, Ningbo 315211, Zhejiang, China )

Abstract: Maleic anhydride-modified corn starch was prepared in maleic anhydride melting system with
the corn starch pretreated with sodium carbonate, and further combined with polylactic acid to obtain
maleic anhydride-modified corn starch/polylactic acid composite material. A 'HNMR test method for the
substitution degree of maleic anhydride-modified corn starch was established and optimized by single factor
and response surface experiments using degree of substitution as response value. The micro-morphology,
structural composition and thermal properties of maleic anhydride-modified corn starch were characterized
by SEM, FTIR, XRD and DSC, while the mechanical and hydrophobic properties of the maleic
anhydride-modified corn starch/polylactic acid were analyzed by universal testing machine and contact angle
measuring instrument. The results showed that under the optimal corn starch pretreatment process of
sodium carbonate solution concentration 0.970 mol/L, mixing time 51.50 min, and 2.5 g starch in 100 mL
sodium carbonate solution, the substitution degree of maleic anhydride-modified corn starch (MA-ST-1)
reached 0.790, 91.7% higher than that of modified starch prepared with the traditional technique (0.412). It
was confirmed that the sodium carbonate pretreatment process effectively enhanced the conversion rate of
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esterification reaction. MA-ST-1 exhibited smaller crystallinity (22.79%) and lower melting temperature
(98.9 °C), with the tensile strength and elongation at break of MA-ST-1/poly(lactic acid) (47.771+0.675)
MPa and 13.728%=*1.369%, respectively, and the water contact angle 75.86°+1.19°. In the
MA-ST-1/polylactic acid composite, butenedioic acid, the hydrolyzed product of maleic anhydride, acted as

a bridge between corn starch and polylactic acid, leading to improvement in the mechanical properties and

interfacial compatibility of the composite.

Key words. maleic anhydride; maleic anhydride-modified corn starch; degree of substitution; composite

materials; tensile strength; elongation at break; starch chemicals
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1.1 &, RKHIE5EE

FOKTENS [ B HETE R o 434K 28.99% %4 HIXT
TR (M,,) =1.304x10°, i@t GPC I5E . EAKIE
KrLL 5 /L 1% o ik B v ik A — T BRI ( DMSO )
t, S TEARES (25 uL, 5 g/L), WiEhik
DMSO, i i# # 0.5 mL/min, {4, 79911GF-MAX )
ks CRZPrekmles ) R FF7E 25 °C ),
R AR AR A F

TCAKBREREN, 43 Hral, RE L T4 FRA A
ORFREF, AAral, Bdr Tk ( B ) AARAH
BRI, KRR AHBIKARAF; 7% DMSO
( DMSO-ds ), taihali, 77 ZE it B AR A R A ] 5
TAMLE, abral, E 2GR AR A RA F .
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Pro AU HL 7 W 38% ( SEM ). Nicolet iS10 %Y {d B
AR LT AMETEAY (FTIR ). MiniLab IT SUBATHF H
#L, ZEE Thermo Fisher Scientific 2Y &) ; AVANCEII
HD 500 MHz BUA% @7 3L PRI 354 (NMR ), 1
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Bruker 227 ; DSC-Q2000 Z /R HYY (DSC),
EH TA LA T ; CTM2500 BT BRI, FiF
oA 25l 3 A FR A H] 3 XLB-D350x350 B4 B
AL, Tk T LA S A FR A F]; OCA1SEC B4
fis FH I E AL, FE[E Dataphysics A H] o
1.2 FHik
12.1 EREHFALE
B 10.3 g ToKBRIREATS T 7K, Bl AL 100 mL
WP 0.970 mol/L MIBRFRENIA IR, TMA 2.5 ¢ T4
FKTER, 1BA 51.50 min J5iduE, MEVHTE 50 °CF
T4 12 h, RN FALEE EOKRTER .
1.2.2 ok B BF OB BRI 069 A%
ZWESCHR[25105 4, F 5.00 g DRREFE T 50
mL PO EJERRH, JE7E 80 CARMBHIMIA, 55
SR I Bl AR IS, I 1.00 g FiAL 3 T K JE ks,
7 MY BE R R (500 r/min ) KUV 3 h, F5 3 RN K .
G IE RN, BRI LR e Ry, A
HBEse ki 4 Wk, VERERIL )G A0 vE b 2 1H % B8 1
CORIRET, #huE, JEVRE 50 °CFT4 12 h, 53
€8 ok TR I FR Ak V8 By B oK R 0.76 g, ek
MA-ST, HAEMBELMT PR,

6 0. O _0 (0] (6]
4 LHon s¢ e Ccr,0-8 o C/('f—OH
N5 HC=CH 3.0 H7_H
1 37 0
o OH O Ho o "\

[ R A RN 25, s TIAL P R K JE R
JAEFE R (1.00 g) TR RIR ERTER, 618 T
(08 A A 0.88 g, 10 WX HLRE
1.2.3 A 4e#Ateh 6l &

I m(MA-ST) : m(RFZLIR)=1:9, H 2.00 g
MA-ST 5 18.00 g KRR SNRE, i R B
FEEF ML IR A P i mhEs s L PLAA IR . SUR AT
BB ML O RIS IR EEY S 170 °C, BRFT4%
MM 5 v/min, A, FCEMBRICHLEERLIREZ A AR
PEAT IR LAY, SRR AL L B B I R 24
170 °C, HIfREZAMEL, iCH MA-ST/R AR .

[ A R, B MA-ST 435l F oK U
AT U R e, il 15 B B B A AR RIE A R
K TEH R FLIR AT FERE /R AL

Ryt — A% SR R I LA I MA-ST 1Y
PEREZE 5, M4l MA-ST A9 A B 40 58 Sk 1 ok iR I 1
Frie, MHATIRAG AL, S ERINE G EHC A
ST/MA/RFLIR .

1.3 MA-ST HZHARELE

PR 1.2.2 5 MA-ST Wil s, IIRE L

K JE A T A FEL Rl PR A A TR B2 (. 0.25, 0.50., 0.75,

1.00. 1.25 mol/L ), F KIEM FtRIR N IR A B[]
(20, 30, 40, 50, 60 min), PRERENIERIATNS T
KVEM T2 e (R (mL: g), 851,10 1,
40 :3.20: 1, 40 : 1) %F MA-ST AYHCICE RS20,
1.4 MA-ST & Mg Bz m kI8

R PR R IR A5 L, S HRSCHR[26) 19 L 50
I, IBRTRENES IR (4), IRAET (B). Wk
e (C) MAZE, %55 3 MHREX MA-ST B E
(RIS, FH D& S8 7 28 R IR 38 K S0 L3 1

Z 1 Box-Behnken SZ56 K 2K ¥ 3

Table 1 Factors and level used in Box-Behnken
2
KV bRk IE (4) ) A (B) / WORHE (C) )
(mol/L) min (mL : g)
-1 0.75 40 20:1
0 1.00 50 30 : 1
1 1.25 60 40 : 1

1.5 RESMK
1.5.1 MA-ST # & 4E

TR R ILHRE (2D-HSQC ) Ml : FREX 40 mg
T KIEHAE T 1 mL DMSO-d, ', Bl NMR #1474
FEFRGI , 944 32 . "HNMR 3. FREL 10 mg
FOKVEH . MA-ST . X} ELRRE T DMSO-dg ', 5
NMR AT Rz, 94 1024 K. SEM it .
TN 15 kv, MRRE i 1 5 i RS 78 [ R 45
ME L, fFES IR THE S AN . FTIR . 7%
B i, DG 4000~500 cm™', 23 HER N 4
em ', FARTREL 32 k. XRD ML : Cu # K, 51k,
A R A 904 50 kV 127 mA, HTEHER
5 (°)/min, FHTEE 20=10°~50°, DSC Mk ¥ E
KIER . MA-ST FIXTELFE (7.5 mg, T8 ) A
HlEa, BEMEE, A DSC HmEk, a3 4
ERNSZIATRE, FEMBSLL 5 °C/min B M
30 °CHn#A = 180 °C,
1.52 MA-ST BAX JZ 4l 2
1.52.1 'HNMR ¥

VL DMSO-ds M¥ ), A dh 58 4 % i 5
'"HNMR, B (1) 8 MA-ST BB .

DS=(S.10~6.50/2)/54.90~5 25 (1)

oy Se10-6.50 AP DR IR EF PR CL—CH=CH—Jiit
TFUERIFR TR 5 Sa00-5.05 N EEAHIHTHEER IO 4
H-1 45 o 06 X6 17 A AR 1T L
1.5.2.2 fbmeEik

S MR CHR[27], FREX 1.00 g TR AYRES: T4EE
(250 mL) ", FEALA 10 mL ARFECRH 75%09
LW (RFMZEME/K ) AT 10 mL 0.5 mol/L Y NaOH
VW, 7E 30 CHEIR T HEHE 30 min, FHHREE M 0.5 mol/L
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FELLH /R F i s A R L0 8, A5 i 1 s oK
VERYHEAT S A A o ARPEEC(2) A1 (3) 3R MA-ST
YA B
Cran/%=98%cx(Vo—V)/(1000x2m)x 100 (2)
DS=162xCya/[98%x100%(1-Cya)] (3)
K. Cua HERMEFBACES &, %; m A
IR, g; ¢ NERFRUEE, mol/L; V, W HIHAE
AR, mL; v oAFEESIEFEER R IARL, mL.
1.5.3  Z&H# et skl aX
J12E R e R B A A MBS K R
8cem. FEEN 2com., JEEEH 0.1 mm ARifERL R 4%,
T BB IR AL A A R A T o 5 B2 AN iy 2444
R, FEHRE S IEAT 5 I, 25 SR BCEHIME .
IR A A I . SR B fioh A 0 52 A0 B2 A b R A T
e, AT AR R 2K, REALRE S
HEAT 5 YO .

2 Z#HR5E

2.1 MA-ST WRIE
2.1.1 2D-HSQC 4% #7
1 EKIERAY 2D-HSQC A .
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Fig. 1 2D-HSQC spectrum of corn starch

M 1 AT RAE 7R S K TE R X R 1)
PCNMR &, HAEERERIT 6 AN E BBk A
6100.0. 72.5. 73.1. 78.7. 71.6. 60.5; 7r & [-{i]
TRTER TR E) "THNMR JEEd, 5828 o
C1 A& H-1 BYRREIER T 0 4.95~5.2518 ) 52,55
BT A DMSO-d, 15 51
2.1.2 MA-ST # B4R E 547

B 2 S EAKTER . MA-ST [ T4 365 R 4l ok i
0.75 mol/L . J&& B8] 30 min ., WK (mL : g)40 :
3 ) AT EUAEAY "THNMR 3% 5 % 2 8 MA-ST 4544
FR LA NMR 1 4 15 & £ o

. 1353 -
E
MA-ST
EES i I
— N
X EbAE
g%mm@L_~,§Jh____’ﬁux\_*k__
7 6 5 4 3 2
P

B2 FAWEK. MA-ST. XA "HNMR &
Fig. 2 'HNMR spectra of corn starch, MA-ST and
comparison sample

%2 MA-ST ) NMR &9 )%
Table 2 NMR peak attribution of MA-ST

BCNMR "HNMR
H)E s JE)d P
Cl1 99.9 HI 4.95~5.25
C2 72.5 H2 3.36
OH-2 5.39
C3 73.1 H3 3.64
OH-3 5.53
C4 78.7 H4 3.48
Cs 71.6 H5 3.25
C6 60.5 H6 3.69~3.61
OH-6 4.57
H7 ( ThR R T4 e o 706 ) 6.10~6.50

M 2 AT LAE H, MA-ST 7E 6 6.30 Fffim 3 1
G, H)E T R R I H C—CH=CH—F¥ ik it
FAET0, R DRMRE LS FOKVER & A Brfk
KR, FORVER (Sl EEE P T 6 4.50~5.60
3.20~3.90, i, H-1 FFIFIENLF 6 4.95~5.25,
6 2.55 [iHi y DMSO-dg FIE 51

% 38 MA-ST., XfluFfil i "HNMR Fifk 24
FE VRN 2 TS A B B 5 2R

#3 MA-ST. XA "THNMR AL ik E 4 DS
Table 3 DS of MA-ST and comparison sample determined
by 'HNMR and chemical titration results

DS
FE 1 - ——

HNMR b2 R

Xt HEAE 0.390+0.018 0.412+0.062

MA-ST 0.637+0.028 0.648+0.069

M 3 ATRIE 1, MA-ST MBULEZ 'THNMR
B E I N 0.637+0.028, fL2ATHE HE 0.648+
0.069; Xt tLREAYIICE 2 "THNMR #5052 I 45 4
0.390+0.018; fL2#iiE 0 0.41240.062, 515810
P23 2 T MA-ST BB EE M HE , AR SCR AT
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EIREAER=ES k) W=t 0.7 /

535, MA-ST BB (0.637+0.028 ) W]k & o6f . _—*
FAFECRE (0.39020.018 ), JURIA B , FAKIEH gos|
A BRI A TR A AT AL B, LS B
TR BRIR A TR T TR IR 5 S M 5 5 2 i 04r
1R RE 03
22 BEEZWSH 02— : ' : :
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22,1 ERBRANERGRIEN H R

FEL 3 Sy T Ak 3l TR b s YR B8 %o i) 45 Y MA-ST
(JRARSE 40 min, WAL (mL @ g) 40 = 3] Bt
FER S

0.8

0.7
}/i\!
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Ao0s5r
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0.3F
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Fig. 3 Effect of sodium carbonate solution concentration
on DS of MA-ST

E 3 ATLIE i, B B IR A Vs TR
A3 K B e B KR DB IN R A . B B R A T Tk
JE M 0.25 mol/L 4% 1.00 mol/L, MA-ST HyHUf
M 0.528 HEKF] 0.675, X ATRESEH Ky, TEM IO FEHE
BTG AL I 5 TFA A SR BREFSC B R 1k, BEEBRIL
JS I R TR A e S PR AT L BT A X TR A s I 1 £
PERCR TN, Wik, BUREEZEE K, HaRR
FHVA TR BE A F) 1.25 mol/L B, MA-ST (HyHUL BE R
3 0.620, XATRESEN, BEE BIR AN B 1) — 2
BN, BRIR AN AL 2 1T 4 5 K R Y TR B IF R LR RN
JATE T MA-ST A48 BT, FRTER 5 5ok
i T %) T A 52 107 iR PR M 5 4 R s T %) S5 oz v g
FE SE G 1Y), BRIREN T WO B A 17— u B A
REfS RN B BE . L, TR B A T e A vk
J&# 4 1.00 mol/L,

222 AR

P 4 iR A At Ia] i 45 9 MA-ST [ BR R AH 1A TR
WPE 0.75 mol/L, R (mL : g) 40 : 3 ) B
R AL

MHE 4 FTLE W, HERAENER, Bt
JE SIS B A R H . IR A BRI 20 min &
50 min, MA-ST HJHUCEE M 0.565 3 % 0.754,

R4 AF[A]/min

K4 JRAI T MA-ST HUR B 1952
Fig. 4 Effect of mixing time on DS of MA-ST

XA e, BEEIR AR AR, TokiE
93 2 T R S P B TR M e B, 0 R KT TR A S5 L 11
PRI, Wik, BUREE S, (HiR
A I %5 60 min B, MA-ST FIBUREREZ 0.731,
XA RS Dl TR A B ) E— 25 Bl R A %
AT P 5 AR TR A 38 31— 2 B, BRI BN S TR TR I S
JOF 1) 3R K M S T ke TR IR Ak S5 I 114
RO PEIPUCEEZ T N, WAEE TR TER HATE
—EIR AN R A e B L R B R, HIk, &
FER A BTEA 50 min,
223 mAHLe e

B 5 MR (mL: g) XF MA-ST ( BRHR 4N
WA 0.75 mol/L . JRARTH 40 min) UL

H/
A8

0.8

0.7 // i
i/ E

0.6}
205t {/
04}
03}
02}
0.1

8:1 10:1 40:3 20:1 40:1
R H(mL : g)
K5 Wokltk (mL:g) X MA-ST Ut BE A5
Fig. 5 Effect of liquid to material ratio (mL : g) on DS of
MA-ST

ME s aTLIE W, BEEREL (mL :g) B3
J, MA-ST AR EEAR KIS N, 4wkttt (mL @ g)
(mL:g) M 8:1 8% 40 : 1 A, MA-ST IHUL
JEM 0.502 $2 53] 0.803, X AJREZF N, BlEE R
o (mL :g) @938, FRFER & b H 2 AR
NS TR Ry 2 T B AR TR N A 2 G B
FEER AL SN iR A AR SEVE R TR, B, H
fREEZ WG R . A FORTEN AL, XHELLm)
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A TR BT TR A KB ) SR AT ol T
JESE PR AL SOV FOKRTE R B TR RIS, (A, R

SRR (mL : g)o

2.3
2.3.1

Y5 Design-Expert X5 XT3 4 o 95 o 91 72%
PERLA 152 [\ H 57 - ¥=0.8050+0.00034-0.00118—
0.0015C+6.25%107°4B+0.0002BC-0.004204*+0.0187B*—

Wi oz T SR 36 53 A

S AR TN

5.921x1077C* ( P<0.01, R>=0.9511 ),
RS HITEDNEER,

%% 4 Box-Behnken SZI0 %1145 R
Table 4 Box-Behnken design and results

No A/(mol/L) B/min C/(mL : g) DS
1 0.75 40 30: 1 0.685+0.014
2 1.00 40 20: 1 0.690+0.064
3 1.00 50 30: 1 0.780+0.042
4 1.00 60 20: 1 0.710+0.014
5 1.25 50 20: 1 0.735+0.014
6 1.00 60 40 : 1 0.755+0.007
7 1.25 40 30: 1 0.670+0.028
8 1.00 50 30: 1 0.775+0.014
9 0.75 50 20 : 1 0.740+0.057
10 1.25 50 40: 1 0.755+0.050
11 1.00 50 30: 1 0.790+0.043
12 0.75 60 30: 1 0.695+0.028
13 0.75 50 40 : 1 0.770+0.025
14 1.00 50 30: 1 0.760£0.007
15 1.00 40 40: 1 0.705+0.029
16 1.00 50 30: 1 0.805+0.021
17 1.25 60 30: 1 0.685+0.057
5 AR Yy 2553 B
Table 5 Variance analysis of regression model
KW CFHEM Al By FE P BENS
T 0.0272 9 0.0030  15.12 0.0008  **
0.0003 1 0.0003 127 0.2975
0.0011 1 0.0011  5.65 0.0492  *
0.0015 1 0.0015  7.57 0.0285  *
AB  625x10° 1 6.25x10° 0.0313 0.8646
AC 0.0000 1 0.0000  0.1251 0.7340
BC 0.0002 1 0.0002  1.13  0.3239
A 0.0042 1 0.0042  21.07 0.0025  **
B? 0.0187 1 0.0187  93.53 <0.0001 **
C* 5.921x107 1 5.921x107 0.0030 0.9581
BT 0.0014 7 0.0002 — —
KA 0.0003 3 0.0001  0.3171 0.8137
iR 0.0011 4 0.0003 — —

T ** 2R 22 e L E( P<0.01 ); *327R 24 5 1 2 ( P<0.05 ),

M 5 AT LLE 1 %0 FERBL R, i 2( P<0.01 ),
KR (P=0.8137) A2, RSB INE RIF
(R*=0.9511 ), FEHHIZARIT S BB A ) Ay
Mro I S IBATLIE 1, [ AR 5k i 07 fF %) 5% i A
e, &R B, C XFHUR R W ok B K
(P<0.05), M K/NIFHR C>B>A4,

2.3.2 R E S RAALTE

Bl 6 kRN R . IRA R R

(mL = g ) FOICEREE 22 (8] f o 17 e 7 A4 5

()
b'o'i'q'o't W
A .“."‘."‘I 1
AKX )

60

55

30 50,
0'%4@/% 25:1 45 :@b%‘é&\é\
Moy 20:140 g

P 6 2% DR 20T B CRE 52 0 ) i . T €]

Fig. 6 Response surface plots of effects of factors on DS
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FIFH Design-Expert X/ 704k , Fe 24521 ) 1
A3 A T 2550 R B R BN WOHR B 0.968 mol/L
AR 51.46 min, kL (mL:g) 40 : 1, 7L
1T, MA-ST BYHUCEEFIE S 0.797, 4545
B N 45 1A % B S8 A TR, B TR A Vs YR VAR
0.970 mol/L . JR-&AFE 51.50 min, kL (mL : g)
40 : 1, ZKUFSLEEIRES MA-ST HURE N 0.790,
SEE (0.797) L, REZAAI N HE,

XTEEAT D, MA-ST HUCEE (0.790) HuAZ 48 )5 i
(0.412) T+ T 91.7%. Ja X AL L&l 2%
1) MA-ST #il ( LUTF##8 MA-ST-1) #47 REEXF
HLRAE
24 MA-ST BMRIESEESH
2.4.1 SEM &5#7

& 7 S EKTER . MA-ST-1 FIXf HLEER) SEM &,

B 7 FEokiEH (a). MA-ST-1 (b). ¥TIEAE (¢) 1Y
SEM ¥

Fig. 7 SEM images of corn starch (a), MA-ST-1 (b) and
comparison samples (c)

E 7 ATRAER Y, AR T K TE M Ok A 520 R
IR, REAAZEEHE (B 7a); MA-ST-1
(I 70) FIXTELRE (& 7c) REIES LA,
FYURL R R IR , REH ML, R SRE, [
WP LT ARG, Hod, MA-ST-1 (R AR
FIVHLRE A2 B2 T %o L RE 1 AR Ak S 1 32 22 & AR 7
VE R R B 1 Y, B T T 2 I 2 S R
Bk
242 FTIR 5 #F

K 8 HEKIEK . MA-ST-1. *FHAER FTIR
A

MA-ST-1

3310
XTLEAE 1730
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PE/em™

8 FAFEM . MA-ST-1. % HLAEAY FTIR /A
Fig. 8 FTIR spectra of corn starch, MA-ST-1 and comparison
sample
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Wl )5 8 T O—H BIHLAR IR 3 K S 4R A 52920 cm™!
AW g fy C—H B R FRBLAIR SN ; 1620 cm ™' 4k
Wi 9 JE T O—H WA PR3l ; 1150 em ™ AWK
TR T C—0—C BIAXFRPLMIRS); AR K
1090 cm™" AW WSl U Ja - -7 255 9 MLk Mo A A 0 Ik
AR AR PR IR ) s 950 om ™! Ab MR I A
TR . £ MA-ST-1 FIXT HEFERY FTIR 3% E H
1730 cm ™' Ak R FE AR ARG, MR H A0 057 B AT A
SEBRILSK H BEEALTENS, 0 3310 cm ' 4k O—H AY4RAE
g5 B AR, R O—H 2 5 T, BiF T &
KVER 5 E R BREF & TERALI N . MA-ST-1 fif3
R WG S I 25 3 S5 v T LU RR , O—H WIS i oK
R TXF ke, #E—E 52 MA-ST-1 AU & Tt
FUFE
2.4.3 XRD 45 #

B 9 REKIER . MA-ST-1 FIXfHLFER XRD
A

it Hof:

10 20 30 40 50
26/(°)

K9 FRIEK . MA-ST-1. XFH AR XRD %A
Fig. 9 XRD patterns of corn starch, MA-ST-1 and comparison
sample
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FEARVA WA, UL MERT S VE R B4 2R AL
KA, BRACSNAL R A AETER T E TR X

W E T DA, EORTE R A E N
29.90%, X HCAERISS ShEE 24.09%, 1fif MA-ST-1 11§
ShEEE R 22.79%, B HLRERISS S TR T 5.4%,
Rt 5 g AL R B O 1 I, T TR A P 45 ot B AR AT
X R, VERERAL N S TEVE R 43 F8E ESIA
BRI 250, FE— e R L RRAR T 3E M 45 fh I BE
J15 (RIS AR 25 I 55 43 B A R, BN A 1 AR08
PEAED,
2.4.4 DSC %54

K 10 M EXKER . MA-ST-1 FIXT HAERY DSC
HIES

e TN
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BE/C
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Fig. 10 DSC profiles of corn starch, MA-ST-1 and comparison
sample
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M 10 FTLIE Y, FOKTERS . X AR AT MA-ST-1
WERRIELRE ( T,) 203128 129.5,110.5,98.9 °C, MA-ST-1
FXS LURERY T, ¥/ F B R TERY X L MA-ST-1 FIXf
FERERT LUK B, T, B PR AR B2 A 385 i gl /)
MA-ST-1 AT X AR T, BT 10.5%. A DSC
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PG TR RIS/, FR T4 e 5 T e T AR 2 1
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Fig. 11 Tensile strength and elongation at break of composites
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Fig. 12 Water contact angle of PLA and composites



* 1358 ¢

A% 4m 4 T FINE CHEMICALS

42

ME 12 FTLUEH, BILR . T RER/RAR .
X EERE/ R FLR . MA-ST-1/RFLHR . ST/MA/RFLER )
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