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Table 30rthogonal tables of material samples (corresponding to Table 2)
/MPa /MPa /MPa /MPa
1 1 1 0.631 1.585 9 3 1 0.670 1.623
2 1 2 0. 640 1. 630 10 3 2 0. 682 1.709
3 1 3 0.653 1.672 11 3 3 0.715 1.755
4 1 4 0.639 1.642 12 3 4 0.662 1. 664
5 2 1 0.650 1.672 13 4 1 0. 650 1. 630
6 2 2 0.673 1.736 14 4 2 0. 650 1.622
7 2 3 0. 685 1. 819 15 4 3 0. 655 1.743
8 2 4 0. 660 1.623 16 4 4 0. 650 1.702
4
Table 4 Data processing about the orthogonal factors table
K1 K2 K3 K4 k1 k2 k3 k4 xbar-r
A 2.563 2. 680 2.729 2.563 0. 641 0.670 0.682 0. 641 0.041
/MPa B 2. 600 2. 645 2.708 2.591 0. 650 0.661 0.677 0. 649 0.028
A 6.307 6. 85 6.75 6.71 1.58 1.71 1. 69 1. 67 0.13
/MPa B 6.510 6.69 6.989 6.631 1.63 1. 68 1.74 1. 65 0.11
0.70 A R 12 mm/min
0.68 ’ °
§ 0.5 kg,
a0.661
m S
@0.64- Table 5 Basic parameters of the initial samples
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b

o

3.3 SEM 5
5 SEM o Fig 5 Contrast figure of fiber before and after pro-
5 cessing
, 6
) , 1,11,16 SEM , 500
6 SEM

Fig 6 SEM images of the composites
;i 6(b)

6(a)
H 6(C)

’



14076

2014 14 (45)

) 6(d) ’

@y ,

(2) / ’

’ 8%9
4 h, 8% ( ) (m ( )

m( )=1:2),

3 .

6%, 4 h,
) ( : =1:2),

€] N

8% (

[1] Rigal L, Marechal V. Characterization of by-products of
sunflower culture - commercial applications for stalks and
heads[J]. Industrial Crops and Products, 1999,10(3):
185-200.

[2]

(3]

(4]

(6]

7]

(8]

(9]

(10]

[11]

[12]

[13]

Rutiaga M O, Galan L J, Morales L H. Mechanical prop-
erty and biodegradability of cast films prepared from
blends of oppositely charged biopolymers[]J]. Journal of
Polymers and the Environment, 2005,13(2) ;:185-191.
Shey J, Imam S H, Glenn G M. Properties of baked
starch foam with natural rubber latex [ ] ].
Crops and Products, 2006,24(1) :34-40.
Ludvik C N, Glenn G M, Klamczynski A P. Cellulose fi-
ber/bentonite clay/biodegradable thermoplastic compos-

Industrial

ites[J]. Journal of Polymers and the Environment, 2007,
15(4) :251-257.
Sawpan M A, Pickering K L, Fernyhough A. Effect of
fibre treatments on interfacial shear strength of hemp fi-
bre reinforced polylactide and unsaturated polyester com-
posites[ J]. Composites Part A, 2011, 42:1189-1196.
She B Y. Study on properties of cushioning material made
plant fiber with network structure[ D]. Fujian: Fuyjian
Agriculture and Forestry University, 2007.
Goriparthi B K, Suman K N S, Rao N M. Effect of fiber
surface treatments on mechanical and abrasive wear per-
formance of polylactide/jute composites[ J]. Composites
Part A, 2012, 43:1800-1808.
Gironés J, Lopez ] P, Mutjé P, et al. Natural fiber-rein-
forced thermoplastic starch composites obtained by melt
processing [ J ]. Composites Science and Technology,
2012,72.:858-863.
Rosa M F, Chiou B, Medeiros E S, et al. Effect of fiber
treatments on tensile and thermal properties of starch/
ethylene vinyl alcohol copolymers/coir biocomposites
[J]. Bioresource Technology, 2009,100:5196-5202.
Kunanopparat T, Menut P, Morel M H, et al. Rein-
forcement of plasticized wheat gluten with natural fi-
bers: From mechanical improvement to deplasticizing
effect[J]. Composites Part A, 2008,39.:777-785.
Li G, Li F Y, Guan K K. The composition of biomass
cushion packaging material and the study of its influence
on product performance[J]. Journal of Functional Mate-
rials, 2013,43(2).77-81.
Guo AF, LiJF, LiFY, et al. Study on the biodegrada-
gility of plant fiber and starch dishware[ J]. Journal of
Functional Materials, 2010,41(11):1929-1932.

Effect of fiber/starch compound treatment on mechanical properties of

biomass cushion packaging material
LI Fang-yi', GUAN Kai-kai* ,GUO An-fu’, LIU Peng', LI Jian-feng', WANG Cheng-zhao'
(1. School of Mechanical Engineering &. Key Laboratory of High Efficiency and Clean Mechanical Manufacture,
Shandong University, Jinan 250061, China;
2. Qingdao Metro Operating Company, Qingdao 260012, China;
3. Automobile and Traffic Engineering, Liaocheng university, Liaocheng 252059, China)

Abstract: Excellent state of material molding and microstructure can enhance the physical properties of biomass

packaging material based fiber and starch efficiently. Therefore, the main raw materials were further processed

in this study and processing technologies were improved accordingly. Corn starch was plasticized by ethylene

glycol and glycerol. Straw fiber was further processed through washing with water and alkaline treatment.

Foam molding tests were conducted according to the different treatment combinations, so were the tests of stat-

ic compression, tensile properties and packages stacking. The results of quantitative analysis showed that the

treated materials had a more notable influence on the comprehensive performance. The optimum processing

technology about raw materials corresponding to specific mechanical property was obtained according to the

tests analysis. Through SEM analysis, the influence mechanism of starch, fiber processing on the micro-struc-

ture of material and outer physical and chemical properties were also studied.
Key words: biomass packaging material; fiber treatment; starch plasticization; mechanical properties



