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Prepar ation and characterization of polylactic acid modified waxy corn starch
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Abstract: Polylactic acid modified waxy corn starch was prepared in the melting system of lactide using
waxy corn starch as raw material and stannous iso-octoate as catalyst. A 'HNMR method for determining
the substitution degree of polylactic acid modified waxy corn starch was established. The optimum process
was obtained as follows: reaction time 12.46 h, reaction temperature 111.75 °C, and the addition amount of
lactide was 258% of starch mass. The maximum degree of substitution was predicted to be 0.0253 and
adjusted by actual operation to be 0.0238. A series of characterization for polylactic acid modified starch
obtained under optimal conditions proved that the particle structure was not completely destroyed, with the
crystal shape and relative molecular mass better than those prepared by traditional solvent method.
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Fig. 1 Schematic diagram of synthesis route of polylactic
acid modified waxy corn starch
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# 1 Box-Behnken SCH K Z K1t

Table 1 Factors and level used in Box-Behnken
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Y AR M R X BB s X ARRETE], min ),

2 HR5WR

2.1 'HNMR MUEBR 2L B 0 M4 oK MR B B
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9 1.60~1.20 ) "HNMR JR#f ek 5 2C WAk E K
FEH . BILRR MR B ok XS L REAE O
6.00~4.00 ) "HNMR Ja#Bik &, M2 v, 5
B ERTER AL, BILR PN TR TEMAE 6 1.50
BRFI {5 5 e o 25 e, b s R 2L N FLIR
BTG —CH; BRAE LR 5 5.22 BT 3R
FLAR A LAY U R S R T I™s Sek i i B
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Fig.2 'HNMR spectra of waxy corn starch, polylactic acid
modified waxy corn starch and contrast sample
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Table 2 Chemical shift of polylactic acid modified waxy
corn starch

Hf5% =2 hx: 2
Hl,n 5.02
HI1(1-4) 5.11
HI(1-6) 4.89
H2 3.36
OH-2 5.39
H3 3.66
OH-3 5.53
H4 3.48
H5 3.25
H6 3.66~3.60
OH-6 4.57
H7 (R 8k L B 3L 70 ) 5.22
H8 ( FLERFRITHY HH LTIk ) 1.50

e HGS A EWME 1 iR,

22 BEELWEHER
2.2.1 B AT ) 5T R SUBR BUMEAR B ORI B B8
EAC]

Bl 3 S AE AN s B[] T il 4 1) 3R LR el
K ERTER (IREE 110 °C. PNASESAS e J& e
W 100% ) FBUCEE . K 3 aTLAIE H, BUREERE
5 N B[] 3 R S RS KR DN a3 BlE
RSB 3 h 3K 3] 12 h, BILROCIERE £k TE
B HACEE AN 0.0043 35K F) 0.0231, H R B [iH] 15
F 15 h, RFLER SRR TR TE R B B R TR R E
0.0088 . X FI S K by s o Bof () ah 2, 9 o 114) 2 3k
KAET T RRACTRIF AR G bl I L s a] 4 fin
Ko, TER ISR I WG AL IS5 T PR Y TN 5 i S B
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Fig. 3 Effect of reaction time on substitution degree of
polylactic acid modified waxy corn starch
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Fig. 4 Effect of reaction temperature on substitution
degree of polylactic acid modified waxy corn
starch

E 4 ATLLIE Y, B Bl SO TR 1 T v
BT RS, MR 110 °CHEKE] 150 °C,
BRI RE EOKTER BB EE ML 0.0147 FEAKE]
0.0044 . X 0] fEJ& F N R & SO R E B THE, T
Bk 1) R Al B K T Ve My B 58 5 | B TH 2SR T A 2R
A, HARYMNZ SBHUREZH T %, H
TN EEIFE S 33 100 °C, Kk, REEHEMKR
RN BE . BrLL,  UE Ry -5 TR 28 IR ) B Ak By 7 A1 T

FHEAF
223 A REE A A R SUER BOREAR B OR ST AR
ARG

5 A ASTRI PR AS g s 2 T T okl & 1 SR LR e
PR FoRTER (IREE 110 °C. UMEFA R 12h) 1)
WA, WKL S FTLLE H, BUREERESE I sCBRAS N
A IE CE BH SEE K R U N T RE B
PZEBRES & A 100%38 K32 300%H], HACEE M
0.00606 34K F] 0.01310; I3 g &8 244 K 2] 500%
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R S Z s T NS A, T 80H B RN 15
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HUA 7E — 8 TN 3 TR ¥ It 161 P9 7 B A5 30 38 00 1y B
fREE,

0.014
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ot
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Fig. 5 Effect of lactide addition amount on substitution
degree of polylactic acid modified waxy corn starch
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Y=0.022+1.275x10°4-3.562x10°B—1.388x10°C+
0.31x10*4B-1.5x10*4C+1.852x10 *BC—4.188x
10°4%+1.875x10*B*~8.962x10°C*
X IR EE S T i M S T 240, ARk
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Table 3 Box-Behnken design and results

S A/h B/°C Cl% Y
1 12 120 300 0.0223+0.0004
2 9 120 200 0.0085+0.0003
3 12 110 400 0.0115+0.0003
4 12 120 300 0.0219:0.0002
5 12 130 400 0.0109+0.0005
6 9 120 400 0.0083+0.0004
7 12 120 300 0.0225+0.0003
8 12 110 200 0.0202+0.0007
9 15 130 300 0.0151+0.0005
10 15 120 400 0.0099:£0.0012
11 15 120 200 0.01070.0008
12 12 120 300 0.0215+0.0003
13 15 110 300 0.0232+0.0004
14 12 130 200 0.0123+0.0011
15 9 130 300 0.0119:0.0009
16 12 120 300 0.0225+0.0004
17 9 110 300 0.0219:0.0002

4 BRI Tr 25 00 B

Table 4 Variance analysis of regression model

FZEW FHEM HBME ¥ Ffi PHE BFEHE
R 5745x<10* 9 6.383x10° 16.11  0.0007  **
A 1.300x10° 1 1.300x10°  3.28  0.1129

B 1.015x10* 1 1.015x10* 25.63  0.0015  **
C 1.540x107° 1 1.540x10° 3.89  0.0892

AB 0 1 0 0 1.0000

AC 9.000x107% 1 9.000x107*  0.023 0.8844

BC 1.332x10° 1 1.332x10°  3.36  0.1093

A? 7.383x107° 1 7.383x107° 18.64 0.0035  **
B 1.480x10° 1 1.480x107°  0.037 0.8522

c? 3.382x10° 1 3.382x107° 85.39 <0.0001  **
BRI 2.773x10° 7 3.961x10° — —
QeI 2.773%x10° 3 9.242x10° — —
4R 1.945x10° 4 4.101x10° — —

TE: o RRERLEE (P<0.01); “*" RAXREFHE

( P<0.05 ),

2.3.2 @@ AR B 5T BARA B E

| Design-Expert 8.0.6 X4 %13 3, % 4 F iy
b pTi g AT s T2 S L AT VA NESR I ESON
7. 8 Wi, WA, MRIMERETZ
SR s JONIETE] 12.46 h. TR 111.75 °C.
PSRN 2 R R B K JE # o it 1) 258% o FE L A5
T, 38 AR SR LR el MR K TE A PRI
BACEESR 0.0253, SEERERVEXT SO HEAT AR, S

BFE A 12.5 hy JOBIEEE A 112 °C . NACER S N
JEVEM R AR 260% , GRS PR i B BE
0.0238, SCH{E SHIRE ST, 16RH ILBI AT 5
Jei SCH LA AL A5 4 o 5 1) 2R LR 30 I A 6K UE 3
PEATXT L RAE

0.030 ——r
0025 —
4;1( 0.020 +—

130 — 15
125 E\ /’l/’/.l’Z 1:,;h 14
ﬁ‘ﬁﬁ’/ 1109 A)i)jﬁ’!\a

6 SRR s et JRE Xl BB R 52 M) ) e 7 1T 1]

Fig. 6 Response surface diagram of reaction time and
reaction temperature to substitution degree
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Fig. 7 Response surface diagram of reaction time and
lactide addition amount to substitution degree
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Fig. 8 Response surface diagram of reaction temperature
and lactide addition amount to substitution degree

24 SEHRIE
2.4.1 SEM 4-#7

B9 Sk EOKTEM . RFLRR AR FOKTE K Al
XHHCRERYIES . N 9 ATLIAE H, RFLRR MG &
KIE RIS BE 2 TE R 1 kL 254, (FRE R FLIR el
i K VE M3 1 2% TR ARG RELRS , R DG KT by FT
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Fig. 9 SEM images of waxy corn starch (A), polylactic
acid modified waxy corn starch (B) and contrast
sample (C)
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Fig. 10 FTIR spectra of waxy corn starch, polylactic acid
modified waxy corn starch and contrast sample
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XRD patterns of waxy corn starch, polylactic acid
modified waxy corn starch and contrast sample
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Fig. 12 Relative molecular mass distribution of waxy corn
starch, polylactic acid modified waxy corn starch
and contrast sample
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Table 5 GPC data of waxy corn starch, polylactic acid
modified waxy corn starch and contrast samples
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