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Characterization of Nanofiller on@lti-scalﬁructures and Thermal
m

Property of Starch Ester Fi
ZHANG Shu-yan, LU Yu-jia, ZHU Jie, LI Lin

by triacetin and composited with organically modified mont orillgnite (Dellite 72T). The features of fractured surface of the nanocomposites
and the dispersion of nanofiller were analyzed by SEM and TEM. FTIR, SAXS and XRD techniques were used to characterize the molecular
structures, ordered aggregation region and crystalline structures. The thermal property of starch ester film was detected by TG technology. The

results indicated that some les of macromolecular aggregation were developed after the nanofiller addition, which was caused by the

increasing interaction between llerand G50 starch ester. The layered structures with different thickness (¢~12.57 nm, 19.68 nm) were

observed in the/nanocomposite, e crystalline structures of film and the layered structures of nanofiller were scarcely changed, and
simultaneo p intercalated structures were formed. Therefore, the thermal stability of nanocomposite was improved due to these featured
aggregé S es. These findings could be helpful to the further application of starch-based materials in food packaging industry via the
structural modification of starch
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Fig.1 Micrographs of the fractured surface of starch ester film
before (a) and after (b) nanofiller addition (x3000)
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Fig:2 TEM images for starch ester nanocomposites
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Fig.3 FT-IR spw ester film before (a) and after (b)
filler addition
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Fig.4 XRD data of starch ester film before (a) and after (b)
nanofiller addition
E: BiEgidEl 4.

2.5 MRLEHEA

100 ¢ _

8 5 1000 Dellite 72T

® < 100

) & /
~ l0g 2 %
3 ‘q";; S e
z S | ’
B 0.0 0.5 1.0 1.5 2.0 2.5
5 1
- 7

0.1k
0.0 0.5 1.0 1.5 2.0 25

Q starch ester film before (a) and after (b)

nanofiller addition

] SRR A TE I N AR F5 778
F XA B . b, KR U B (40
L )TE ¢=1.81 nm' &b EHUHUIE, 35 Wolf-Bragg
AR d=2mlg™, FWHFLEIRE d=3.47 nm [ 0L
o HEATA, IMADERRLT S, ERiIEs R e
g=1.75 nm’" KOWLEE B A S HUR G CERE b, KR
JEIRIEES 3.59 nm, RYIFERBITER B rh gk
KLy 2 [ EERE IR, (HMREEANK, XU HIERIL IR 7>
T 5HURRL A EAEH S B 7> T BEBUR AR A
EHAES, @ RERGE ) 54k, Ak
RLFJ5, BEAbiE b HEEMTE ¢<0.75 nm™ S I A5 5

56

SRR, R DNGKRL EAR G5 FE A4 v
TREFARNS ST 88, AT RS o 7 R 2L

26 #REZEF

a : ] ] . S
100 f—— S, =S, —=<y =
P -~ z E
1 : 3
80— / R 1* £
< : ? 18 =
= 0 13907C e
5 0 1-12 B
2 .
= {-16 i
20 £
{20 %
393.40 C—> g 5
OFa 124 R
50 100 150 200 250 300 350 400 450 500
Temperature / C
b ool {0 =
£
80 14 2
S 6ot 1% =
5 12 gn
B 40f
= {-16 i
L =
20 120 2
394.50 ‘C— g
or 124 R
50 100 150 200 250 300 350 400 450 500

Temperature / C
B 6 MAKKLFAE (a) f& (b) BEEMEREM AL SR
SRR BRI
Fig.6 TGA and DTG curves of starch ester film before (a) and
after (b) nanofiller addition

HIPE 6 P, BRALTER B LE I GKRL 11
JEYIRIL 5 AN PTEASURINBL BB BON/ D EALITK
MR R: 58 I BN = 2R H Il R %
i SVUBTBOABRGTER 70 T IR AR =T
B DB RRATERY 7 T2 s e )a B BORAERR 75 A
BeJa A4

XFECE a MR b AT, IMAGKRL TS, 3595
T IIRGEREUEEIRE B 139.07 CHHEE 142.28 C.
VE K 73 - B0 R R U B IR B N 39340 C TH i &2
394.50 °C, RIGKALTIRIMINAREE T P 53T I E R
[ERITHE . AR, KRy EIRGSMTER R
PRI T 7 IR E A, BRSO REEAAR b 28570 731
Z W FREMIEE O H—T71H, AT
JG, MR C-Si T “Milie” P, ifigk
W1 SEACTER 73T AH AR R TR K SRR 5K, X
YR PR BONE R 731 I AT N ERAFAE — €
(IR EH o

3 g



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.12

TERIEAURE B R RAFAEGRRL T30k . 90K
R34 5 LRGS0y =M AR 0, gk
R S BRARER 71 (1 IR 5 1 S50 X e b (1 1 28
VER, REAA KT T FRORERE BE R I, T2 R 22 S B s
BEALTERT 75 GRRORE NI 22751 ) ) AH ELAE e 4
AORRLTAEBRACTEAD FE A TP AR, 9Kk &2
Bl oA, GRRLTRZ ARG Bettiek 2R
S FR S DR e R . R ELAE T 2 70) 0
T BetiER TR E TR . BL RS R AT i
PRV IERATEE R, 4 RUEA SR E fr dh B e 1
R AL Z BB S %

[1] Huang Y Z, Yu E, Li Y K, et al. Novel branched poly
(E-caprolactone) as a nonmigrating plasticizer in flexible
PVC: Synthesis and characterization [J]. Journal of Applied
Polymer Science, 2018, 46542: 1-10

[2] Souza V G L, Fernando A L. Nanoparticles in food packaging:
Biodegradability and potential migration to food-A review [J].
Food Packaging and Shelf Life, 2016, 8: 63-70

[3] Xiong H G Tang S W, Tang H L, et al. The structure and
properties starch-based biodegradable film [J].
Carbohydrate Polymers, 2008, 71(2): 263-268

of a

[4] Zeppa C, Gouanvé F, and Espuche E. Effect of a plastici

on the structure of biodegradable starch/clay nanoco

Thermal, water-sorption, and oxygen-barrier prope

].

Journal of Applied Polymer Science, 2009, 112(4): 2 44/

2056
[5] Lopez OV, Castillo L'A, Garcia M. A, et al. Foed packaging
ic corn starch reinforced with talc

lloids, 2015, 43: 18-24

bags based on thermopl

nanoparticles [J]. Food H

anocomposites for food

ications [J]. Progress in Polymer Science,

11): 1629-1652

[7] Azeredo' H M. C. Nanocomposites in food packaging-a
review [J].Intech, 2011: 57-78

[8] Wu D, Xu H, Hakkarainen M. From starch to polylactide and
nano-graphene oxide: fully starch derived high performance
composites [J]. RSC Adv, 2016, 6:54336-54345

[9] Brody A L. Packaging by the numbers [M]. Food Technology,
2008

[10] Azeredo H M C. Nanocomposites for food packaging
applications [J]. Food Research International, 2009, 42(9):
1240-1253

[11] ZhuJ, Li X X, Huang C, et al. Plasticization effect of triacetin

[12]

[15]

[17]

(18]

[19]

[21]

[22]

on structure and properties of starch ester film [J].
Carbohydrate Polymer, 2013, 94(2): 874-881

Liu S Y, Li X X, Chen L, et al. Tunable d-limonene
permeability in starch-based nanocomposite films reinforced
by cellulose nanocrystals [J]. Journal Agricultural and Food
Chemistry, 2018, 66(4): 979-987

Zhu J, Zhang S Y, Zhang B J, et al. Structural features and
thermal property of propionylated starches with different
amylase / amylopectin ratio [J]. International Journal of
Biological Macromolecules, 2017, 97: 123-130

Karimi S, Dufresne A, Tahir P_M, et al. Biodegradable

starch-based  composites: effect of miere.. and-nano

composite pr ies [J]. /Journal of
49(13): 4513-4

Liu H H, Chaudhary D,
sorbitol-plasticizéd Stareh bionanocomposites via positron

reinforcements

Materials Science, 2
berts J, et al<The interaction in
annihilation/lifetime »spectroscopy 'and small angle X-ray
scattering [J]. Carbohydrate Polymers, 2012, 88(4): 1172-
1176

Saha N'R, Sarkar G, Roy [, et al. Nanocomposite films based

on cellulo acetate/ polyethylene glycol/ modified
montmorillonite as nontoxic active packaging material [J].
RSC Advance, 2016, 6(95): 92569-92578

Yilmaz O, Cheaburu C N, Durraccio D, et al. Preparation of
stable acrylate / montmorillonite nanocomposite latex via in
situ batch emulsion polymerization: Effect of clay types [J].
Applied Clay Science, 2010, 49(3): 288-297

Totaro G Marchese P, Sisti L, et al. Use of ionic liquids based
on phosphonium salts for preparing biocomposites by in situ
polymerization [J]. Journal of Applied Polymer Science,
2015, 42467: 1-9

Zhu J, Li X X, Huang C, et al. Structural changes and
triacetin migration of starch acetate film contacting with
distilled water as food stimulant [J]. Carbohydrate Polymers,
2014, 104: 1-7

KA, 2, 2 OKEE AN RIS A PR S5 S AR E T
BT[] B & i ARH,2017,33(5):129-134

ZHANG Shu-yan, LI Lin, LI Bing, et al. Multi-scale
structural features and thermal property discrepancies of
acylated starch with different acyl groups [J]. Modern Food
Science and Technology, 2017, 33(5): 129-134

Winkler H, Vorwerg W, Wetzel H. Synthesis and properties of
fatty acid starch esters [J]. Carbohydrate Polymer, 2013,
98(1): 208-216

Fu L L, Zhu J, Zhang S Y, et al. Hierarchical structure and

57



R EmiB Modern Food Science and Technology 2018, Vol.34, No.12

thermal behavior of hydrophobic starch-based films with nano-biocomposites based on starch [J]. Progress in Polymer

different amylose contents [J]. Carbohydrate Polymer, 2018, Science, 2015, 1467-1553

181: 528-535 [27] Cai Y X, Qi HJ, Liu Y J, et al. Sorption/Desorption behavior
[23] Anali V, Viviana P C, Vera A A, et al. Starch Clay and mechanism of NH4(+) by biochar as a nitrogen fertilizer

Nano-Biocomposites [M]. 2012 sustained-release material [J]. Journal of Agricultural and
[24] Zhang, B J, Chen L, Zhao Y, et al. Structure and enzymatic Food Chemistry, 2016, 64(24): 4958-4964

resistivity of debranched high temperature—pressure treated [28] Olivato J B, Marini J, Pollet E, et al. Elaboration, morphology

high-amylose corn starch [J]. Journal of Cereal Science, 2013, and properties of starch/polyester nano-biocomposites based

57:348-355 on sepiolite clay [J]. Carbohydrate Polymer, 2015, 118:
[25] Egri 0O, Salimi K, Egri S, et al. Fabrication and 250-256

characterization of novel starch-grafted poly L-lactic acid / [29] Maio L D, Scarfato P, Milana M R, ‘et al. Bionanocomposite

montmorillonite organoclay nanocomposites [J].
Carbohydrate Polymer, 2016, 137: 111-118
[26] Xie F W, Pollet E, Halley P J, et al. Advanced

58



