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Table 1. Composit films formulation based on mixture design.
Starch(X4)

Treatment

© 00 N o O b~ W N P

T e =
w N kB O

PVA(Xs)

0.125
0.150
0.75
0.75
100
100
100
0.150
0.150
0.150
0.125
100
100

Zein(X,)
0.125
0.200
0.125
0.175
0.150
0.150
0.150
100
0.200
100
0.175
0.150
0.150

0.75
0.65
0.80
0.75
0.75
0.75
0.75
0.85
0.75
0.75
0.70
0.75
0.75

sl ol YF e 4 (0000 nd) J SOl b gl Sdde Av s el 5y St slad g1 S 5 {’JgYJU"E‘u“?““
Spd S Cle J5 6 A ool 3 el Y e amn Ny Gl b oS ma Sy ol Uil g s A
'v.l.:.;UJﬁz&.\:}bﬁmdu.}j‘}ﬁQ)}l?:ﬁ))k;&l.wf/\s:).xﬂQ}&&‘)&‘)#Qd\w%)édﬂm%wjb

.,\..J sy his;ge la

Figl. Starch-Zein-PVA extruded granules- A sample of composite film.
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4 4 100 4279 4159 131 0.000

13

5 44 5410 3856 47.11 1.18 0.000
0 13

6 4.6 53 36.46 3523 1.17 0.000
2 12

7 42 5101 36.00 3895 118 0.000
0 12

8 42 6092 3210 3490 129 0.000
1 12

9 26 4126 28.74 3593 1.24 0.000
6 13

10 41 3044 4089 4519 1.39 0.000
13

11 3.2 924 4008 39.83 1.18 0.000
3 10

12 43 5454 3837 37.08 118 0.000
0 12

13 4.5 55 37.10 38.77 1.18 0.000
11
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Table2: Mean of physical charactristic
determination of starch/zein/PVA composits

Treat W  Solub Solub Den Thick

ment VP ility Solub ility  sity  ness
in ility in (g/m  (mm)
NaO in  water )

H HCL (%)
(%) (%)
1 35 211 3694 3866 1.16 0.000

7 13

2 6.5 100 4198 46.52 124 0.000
3 16

3 3.7 6287 4220 4154 142 0.000
11

1- Thermogarvimetric analysis
2 -Thermogram
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Fig3. The counter diagram of the effects of composite
components on WVP of the films.
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Fig2. The counter diagram of the effects of composite
components on the solubility of the films in water
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Table3: Mean of optical charactristic determination of starch/zein/PVA composits

Treatment

AE Cc
1 29.24 5.42
2 57.20 125
3 36.07 3.899
4 41.02 8.37
5 4111 8.97
6 31.67 6.99
7 32.95 5.31
8 17.75 151
9 39.40 7.44
10 35.27 4.96
11 40.59 6.01
12 30.02 7.11
13 25.68 4.38

b a L transperancy
5.40 -0.51 34.27 5.99
12.54 -1.01 621 11.46
3.91 -0.83 41.47 8.74
8.27 -1.25 4555 6.99
8.95 -0.44 46.01 6.81
6.96 -0.62 36.54 5.17
5.15 -0.59 38.27 6.65
1.46 -0.38 23.52 4.46
7.39 -0.89 44.27 8.05
4.80 -1.23  40.79 7.09
5.94 -0.93 4594 8.99
7.09 -0.55 34.66 5.09
4.32 -0.64 30.88 5.04
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Table4: Mean of mechanical charactristic

determination of starch/zein/PVVA composits O aS el s b S O codli
Treatment %E(mm) TS(MPa) Modulus of ’ St Sl ot Sl S K e
elasthlty (MPa) oalaul S) 4 Lﬁb‘—p J‘)_A é\f Chudias L.o' U’:"“:’ﬁ Q\}J«
1 22.397 2.364 39.910 ; e s DR
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Fig6. The counter diagram of the effects of composite
components on %E of the films
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Fig4. The counter diagram of the effects of composite
components on TS of the films
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Table 5. Regression coefficient and data correlation of special quadratic model for characteristics of
starch/zein/PVA composits

TS AE transperancy a
5.32* 18* 3* 0.38*
49.82* -252* -129* -9.12*
0.44* 53* 11* 2.15*
-96.46* 627" 284* 21.19"™
-92.06* 626" 283* 17.95™
211.16*%  -2174"™ -1089* -93.45*
153.94* 180™ -30 ns 68.21*
67.6™  -1478"™ -290 ns -86.99*
98.04 87.80 94/03 91.76

WVP Siﬁl\lj\gtlgry Thickness  Coefficients
4* 33* 0.00012* X,
28.6* -132* 0.00091* X
3.5* 58* 0.00014* Xs
-54.7* 343* -0.00152* X, X5
-37.9™ 334* -0.00145" XoXs
299.9«  -1167™  0.0061* X12Xo X3
114" 282" -0.0011"  X,% X; X,
-159.2%  -1009* -0.0012"™ X32 XX,
97.20 91.55 89.4 R

The sign of * shows significant (P<0.05) and ™ shows not significant.

Intensity

——starch

—— Starch/Zein/PVA

10 20 30 40 50 60 70
20

Fig 7. XRD of composite film in compare with starch
film.
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ABSTRACT

ARTICLE INFO

Production and use of biodegradable films with appropriate physical and
mechanical properties and replacing them with synthetic materials is an
effective solution to reduce many environmental pollutions. In this study,
with the aim of producing biodegradable consistent structure and durable
composite films, starch, zein and PVA were mixed with different
proportions according to mixture design and ternary composites were
prepared. Physical and mechanical properties were compared and
optimum formulation were determined. According to the results, adding
PVA to starch improved the mechanical properties and adding zein to it
reduced the water solubility of the composite films. The optimal
formulation of the three-component composite was determined as %85
starch, %15 zein and %5 PVA with a desirability level equal to %98. The
x-ray diffraction patterns of optimal film showed two specified peak at
20=17-19° and 20 = 22-24°, this pattern indicated the amorphous and
crystalline structure of the composite film. Finally, differential scanning
calorimetry showed that the highest weight loss of composite film is
285/3-340°C equal to %48/2.
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