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Preparation 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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Fig. 2 'HNMR spectra of waxy corn starch, polylactic acid
modified waxy corn starch and contrast sample
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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
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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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Table 3 Box-Behnken design and results

CRITES) Alh B/°C Cl% \4
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
1 15 120 200 0.0107+0.0008
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

F 4 BRI Tr 25 00 B

Table 4 Variance analysis of regression model

FZEW FHEM O HBME ¥ FE P RB3EHE
W 5745x10°% 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 1.540x10° 1  1.540x10° 3.89 0.0892

AB 0 1 0 0 1.0000

AC 9.000x10° 1  9.000x10° 0.023 0.8844

BC 1.332x10° 1 1.332x10° 3.36 0.1093

A2 7.383x10° 1  7.383x10° 18.64 0.0035 **
B? 1.480x10° 1  1.480x10° 0.037 0.8522

c? 3.382x10° 1  3.382x10° 85.39 <0.0001 **
AW 2.773x10° 7 3.961x10° — —
KA 2.773x10° 3 9.242x10°  — —
a2 1.945x10° 4 4.101x10° — —

e oo [REZEFEWMEE (P<0.01); “*” AERELFEFE
(P<0.05),
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JEVE M R AR 260%, 1R S PR W i B BE
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P 6 SO I] s o7t B X SO B8 532 Wi ) e 7 T 5]
Fig. 6 Response surface diagram of reaction time and
reaction temperature to substitution degree

P 7 O] PR S i VA e X JBAC R 55 o ) e 7 T €1
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
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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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Fig. 11 XRD patterns of waxy corn starch, polylactic acid
modified waxy corn starch and contrast sample

2.4.4 GPC 4 #7

Bl 12 BoR TRGE R KTE R . R AL SRRSOk bE
¥ o X ECRERADS T R A . R 5 ONRE EOKTE
Hr . RFLFRCHRE EORVERS . X LLAER) GPC %4l .
ZHE (R 5), FEEXREME My, (EHX 5T
i) FZEE % (PDI, S M, RSN 3F
Jik (M) BIECE ) 435100 4.910x107 F1 1.165, 3
FRECPERE B K TEHR AU My, F1 PDI 43512 5.618x10° Al
1.604, XFHAER M, F1 PDI 4352 6.559x10° Fil
2203, AR, SXF AR FRE FORTEM A L, 4l R
PO i R LR PR RG oK TEM B My ¥R T AN
[FIRERE M TR, (AR IR SRS ERTER T M, J2



* 686

A% @m & T FINE CHEMICALS

541

XFHRERY 8.6 1, Hor v o tih . X itH
AR ST 25 FP I il 285 149 TR 5 T X B A 2 T A 4R Tl A
M, SEGER > T2 —E R, Ho1mafi)
B ML SR RE T AAUEFER 7 758 4
W, [ A B 2 R T AR B AR
HLRE AR A T3, 801 AR HL oA 3 5
DL EZ5i 5 9 AR B SAH AT o

K12 RGEOKRTERY . RFLIRUCHNGE ERTER . X AR
AR 535 B oy A ]
Fig. 12 Relative molecular mass distribution of waxy corn
starch, polylactic acid modified waxy corn starch
and contrast sample
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