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Mechanical Properties and Degradability of Modified Starch
and Polyethylene Blends
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Abstract Starch was modified with epichlorohydrin(ECH) to improve the miscibility with LDPE and LLDPE. Native
starch or epichlorohydrin treated starch was mixed with grycerol and LDPE/LLDPE resin using a kneader and extruded
using a single screw extruder to make pallets. The pallets were compression-molded at 145 into composite boards to eval-
uate their color, oxygen permeation, mechanical and thermal properties, and degradability under UV irradiation. Sheets
with epichlorohydrin treated starch generally showed higher L-value than that of native starch blend sheets. The hunter
b-values in both native starch blends and epichlorohydrin treated starch blends increased with Increasing starch contents.
Tensile strength and percent elongation of sheets decreased with increasing starch contents. Tensile strength and percent
elongation of sheets decreased with increasing starch contents. The degradability of blends under UV radiation increased
with increasing starch contents in both blend types. The results represents that crosslinking of starch with epichlorohydrin
may be a good method to improve miscibility of starch with petroleum-based materials.
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Table 1. Composition of Crosslinked Starch and LDPE/LLDPE
Blends(weight ratio)

Type of starch|Sample No.| Starch | LDPE | LLDPE | Glycerol
S5-E0 5 85.5 9.5 1
Native S10-E0 10 81 9 2
starch S15-E0 15 76.5 8.5 3
S20-E0 20 72 8 4
] ) S5-El 5 85.5 9.5 1
Epichlorohydrin S10-E1 10 31 9 5
(1%) treated
S15-E1l 15 76.5 8.5 3
starch
S20-E1 20 72 8 4
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Table 2. Color Properties of Starch and LDPE/LLDPE Blends

Sample No. . Hunter Value -
S5-E0 60.5 +0.35 10.2+0.15
S10-E0 60.4 +0.68 10.8 +0.21°
S15-E0 60.1 £0.55 11.9 +0.46"
$20-E0 60.4+0.15 13+£031°
S5-El 61.8+0.29 9.6 £0.30"
S10-E1 62.3+0.10 102 £0.17°
S15-El 63.3+.012 12.1 £0.21°
S20-E1 64.3+0.15 14.3 £ 0.06¢

#d Means with different letters(a-d) within the same column at
same epichlorohydrin contents are significantly different by
Duncan's multiple range test(p < 0.05)
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Fig. 1. Tensile strength(left) and percent elongation at break(right) of starch and LDPE/LLDPE blends. (A) blends with native starch

(B) blends with 1% epichlorohydrin treated starch
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Table 3. Oxygen Transmission Rate of Starch and LDPE/
LLDPE Blends

Sample No. | Oxygen Transmission Rate (OTR, cc/m*/day)

S5-E0 184.3 +19.5%

S10-E0 158 + 6%

S15-E0 1523 +5.5°

S$20-E0 147 + 8.5

S5-El 162.3 + 19.5°

S10-El 124.3 +2.5%

S15-El 158.3 +21.5%

S20-El 123 £ 4°

#d Means with different letters(a-d) within the same column at
same epichlorohydrin contents are significantly different by
Duncan's multiple range test(p < 0.05)
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ol

64 Al - 7 -

E

t}. o3t Hauke-& 2t} (Polysaccharides)’}
7hd SRl F2 B e ZAIA A, AdEo] A
ShEA Fall7h JYPHEntar s ol‘jrzo). o]
ol e v deol ITHRE, S o] ol 7t
S5 VA =4 AskE 7L Alos AlEEn A
A A=} AFEe] HAE T HUHE AEE
e AeE AvEd AE 3 %7]“:— H ng —2”—4 A
TFoxet o] EHES] s

S AL & 4 YA Hwe] 7]’47—a§§% -"r]?fﬂ"i /‘]“9‘
H epichlorohydrin®] e Fa e FA3TIAL ALE

g},

=3

71A91 epichlorohydrin® & 2|3l o] AYZE| H]
3l - 71AE =4 STl Z1deien A o St
SHEY 7IAH E4E A= 7};4 2 Yoz
:0‘}0311]— Epichlorhydrin® 2 *]2]g+
Heol] wlall Uv zAlel] o3k ’ﬂ’f}% &
ko] 15%0) o277k IFIEE FAIRRS &
St} o] epichlorohydrindl] 2J3] & EAIALE
7ha7b dojual WMt FERE A7) wieltal
P AAH R AR dEF S /1A 24 of
7= oldd Ade 38s 7R AR Hl
gRoZ AMgE LDPEY 254 B4 74 zjole}
o|Z 1% AWMFR EAR UG AR Almdr) I
epichlorhydrin *]2]7} %3} LDPE % LDPEQ‘r-»] e
e TTHIA ALEHEE AAHE & F ATk £
FEe] = F 110°C HEolA —J*H"i" °ole
LDPE &&&%9 2po]7F vA] o= RLIeH UV AL
of w2 FalAd Bt A, uv AR 9 AT}
Aggo]l RE AlHoX #ZEQT olgd Ade 1%

Olfo

ot
moi'

Ay oA rlr
3o, A
o HE
ON
N
N
1

Lo

o
| r\"

o]~

epichlorohydrin X]2]7} QHEA 2 AR &350 JTF+S
7] AL e ZoFE B g vk Vi AdstE A
Aol wls) sLaaaTe) A8o] el FUAE

Hel 7Psde BASIAT FF 3
BER AL e Aol Ha d7vh ALH0
A2 Gask gom Ao Bl et 7149 o
77t B,

o] ¥3HE AE L

Lm

ZAe =

B dA7e sEakEs g9 FEve g
/\Fd AL FHAHE ; 308014-03)0 &Jate] o]Fol AF
o] U% 9.

ME

Ont

—_

10.

11.

12.

13.

14.

15.

= .

iz
4>
ne
o
Hl
kel
0
el
jO_U
P

0

2

. Averous, L., Fringant, C. and Moro, L. 2001. Starch-based
biodegradable materials suitable for thermoforming packaging.
Starch/Starke. 53: 268-371.

. Halley, P, Rutgers, R., Coombs, S., Kettels, J., Gralton, John.,
Christie, G., Jenkins, M., Beh, H., Griffin, K., Jayasekara, R.
and Lonergan, G. 2001.
films from starch-based polymers. Starch/Starke,.
367.

. Nayak, P. and Swain, S. 2002. Plastics and pollution:
biodegradable polymers. Popular Plast. Packaging. 47(10):
66-78.

. Davis, G and Song, J.H. 2006. Biodegradable packaging

Development biodegradable mulch
53: 362-

based on raw materials from crops and their impact on
waste management. Industrial Crops and Products. 23: 147-
161.

. Anon. 1997. Thermoforming. In The Wiley Encyclopedia of
Packaging Technology. 2nd Ed. Brody, A.L. and Marsh, K.S.
(eds.), Wiley, New York, USA, pp. 914-921

. Zullo, R. and Iannace, S. 2009. The effects of different
starch sources and plasticizer on film blowing of thermoplastic
starch: Correlation among progress, elongational properties
and macromolecular structure. Carbohydrate Polymers. 77:
376-383.

. Reddy, N. and Yang, Y. 2010. Citric acid cross-lingking of
starch films. Food chemistry,. 118: 702-711.

. Koenig, M.F. and Huang, S,J. 1995. Biodegradable blends
and composites of polycapolactone and starch derivatives.
Polymer. 36: 1877-1882.

. Danjaji, 1.D., Nawang, R., Ishiaku, U.S., Ismail, H. and

Mohd Ishak, Z.A.M. 2002. Degradation studies and moisture

uptake of sago-starch-filled linear low-density polyethylene

composites. Polymer Testing. 21: 75-81.

Wang, N., Yu, J., Ma, X. and Wu, Y. 2007. The influence of

citric acid on the properties of thermoplastic starch/linear

low-density polyethylene blends. Carbohydrate Polymers. 67:

446-453.

Chandra, R. and Rustgi, R. 1998. Biodegradable polymers.

Prog. Polym. Sci. 1(23): 1273-1335.

Kim, M.R. and Lee, S.J. 2000. Mechanical properties and

degradability of degradable polyethylene films containing

crosslinked potato starch. Korean J. Food Sci. Technol.

32(6): 1298-1305.

Garg, S. and Jana, A.K. 2007. Studies on the properties and

characteristics of starch-LDPE blend films using cross-

linked, glycerol modified, cross-linked and glycerol modified

starch. European Polymer Journal. 43: 3976-3987.

ASTM Standards, 2002. D 3826-98 Standard practice for

determining degradation end point in degradable polyethylene

and polypropylene using a tensile test. in Annual Book of

ASTM Standards, PA, US.

Kim, M.R. and Lee, S.J. 2002. Characteristics of crosslinked

potato starch and starch-filled linear low-density polyethylene



Vol. 16, No. 2&3 (2010)

16.

17.

18.

A

I:H(-)I

HEAM R Z2|0E
films. Carbohydrate Polymers. 50: 331-337.
Hammerstrand, GE., Hofretter, B.T. and Mehltretter, C.L.
1960. Determination of the extent of reaction between
epichlorohydrin and starch. Cereal Chemistry. 37: 519-524.
Hollinger, G. and Marchessaut, R.H. 1975. Ultrastructure of
acid- and enzyme-modified cross-linked potato starch. Biopolymers.
14: 265-276.

Kim, H.S. and Lee, Y.E. 1996. Physicochemical Properties
of Crosslinked Potato Starch. Korean J. Food Sci. Technol.
28(3): 573-579.

20.

21.

A1 EL

a3l

o

7t 65

HI

=}
=

. Nair, L.S., and Laurencin, C.T. 2007. Biodegradable polymers

as biomaterial. Pregress In Polymers Science. 32:762-798.
Chung, M.S., Kim, H.Y. and You, Y.S. 2003. Multi-Degradable
Food Packaging Plastics and the Future Prospect of Their
Practical Use. Food Engineering Progress. 7(3): 134-140.
Hong, K.M., Shin, Y.S., Jung, S.H., Jang, S.H., Han, D.H.,
Lee, TJ., Kim, B.S. and Shin, B.Y. 2004. Biodegradability
and Properties of Modified Thermoplastics Starch and
LLDPE blend. J. Korean Ind. Eng. Chem. 15(8): 890-895.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


