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Table 1 Factors and level codes of experiment

KGREFFSE B I T E F b LN
x1/em x2/h x3/C xg/(rmin)  x5/(gmin’)
1 0 60 60 10
25 6 70 75 20
4 12 80 90 30
55 18 90 105 40
7 24 100 120 50
2.2 RIEWIEFRENE
2.2.1 HgpFER
AR AR (1) P
m
y=—%L%x100% QP)

my,

K,y NEFLEER, Y% mg NG BR A5 ol GRS A4
HeJTiiE g5 mgy NFSFFETYERILIN T 3RAS AR 4T 4 i
go
2.2.2 HHgEEEk

fHY% “IEARA SR EM Evk”  (GB10336-1989)
R 58 LUAE W T e RPN Fabs, %50 (2) T £F 4k

Kot LY

L/ Dy, = =N (L/D); 2)
>N,
X, @Dy W TR T b NN @ ZHET4E R L,
i=1,2,=+.n; (L/D); N i AETHEK 55 b I~ F (8 o
2.2.3 HIKIEBE
e (GB/T 453—1989) PORKhp bR (£ 4E, Al
ISR 73 5 5%, P8 3130 8 MR B 35°SR
DR, R KA % 15 mm %8, 10 cm KAF:
%, FOTRERIG MR Lok )y, BOFEE™.

3 GR5HR
W T Z 5 4R mK 2 s,

x2 RBEARRER
Table 2 Experiment design and results

AT BRI e Tk

GRS TR Ak s il T S
xi//em  xph x3/C %  yIN ;
1 2.5 6 70 75 40 62.7 5.0 5.97
2 5.5 6 70 75 20 81.0 4.7 2.49
3 2.5 18 70 75 20 73.4 34 3.43
4 5.5 18 70 75 40 77.6 5.1 3.41
5 2.5 6 90 75 20 70.5 39 2.90
6 5.5 6 90 75 40 52.6 5.7 3.47
7 2.5 18 90 75 40 77.9 5.7 3.37
8 5.5 18 90 75 20 76.5 5.5 3.39
9 2.5 6 70 105 20 65.7 5.1 2.73
10 5.5 6 70 105 40 75.1 6.6 3.01
11 2.5 18 70 105 40 74.1 2.8 4.27
12 5.5 18 70 105 20 83.7 4.9 3.50
13 2.5 6 90 105 40 82.1 4.4 4.17
14 55 6 90 105 20 72.7 5.6 3.68
15 25 18 90 105 20 78.1 42 3.22
16 55 18 90 105 40 78.2 72 2.99
17 1 12 80 90 30 76.3 3.4 2.87
18 7 12 80 90 30 58.0 5.4 3.35
19 4 0 80 90 30 67.7 43 293
20 4 24 80 90 30 76.9 4.8 3.27
21 4 12 60 90 30 719 2.5 3.89
22 4 12 100 90 30 70.4 6.7 4.30
23 4 12 80 60 30 66.6 5.0 3.60
24 4 12 80 120 30 78.4 43 4.10
25 4 12 80 90 10 82.2 4.6 3.44
26 4 12 80 90 50 67.5 5 3.99
27 4 12 80 90 30 83.7 43 3.60
28 4 12 80 90 30 70.2 4.9 3.60
29 4 12 80 90 30 72.4 5.4 3.48
30 4 12 80 90 30 71.1 5.1 2.53
31 4 12 80 90 30 70.2 4.6 4.30
32 4 12 80 90 30 70.2 49 3.53
33 4 12 80 90 30 78.3 5.6 3.31
34 4 12 80 90 30 72.1 5.1 3.93
35 4 12 80 90 30 77.1 5.1 3.48
36 4 12 80 90 30 81.1 6.3 3.45

3.1 HFHEE
3011 HgFERmaiie

WAL 2 I, ARl R R 3
Bz, ERYERRAR yy [AlJAREALAE 0=0.05 1 (p=0.0348) 1
BOG RE S FIE 0=0.1 452 % D Z R LT 4EAF 4 152
WAL 23 3K 3 PR

»y, =98.28+0.57x, -1.07x, —1.62x, —
0.28x,x; —0.15x,x5 +0.02x,x;

Ay WEERR, Y%r x WA, cm; x; AR
1AL, by o IR, Cs xy AR, r/ming x5 MR
A, g/min',
3.1.2 B EZMLHIFENH

H F AR 20 IR LT A R A R 7 stk % . =

(3)
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Table 3  Significance analysis of regression equation for fiber

yield
U Ryl H ¥1J5 F 18 Pl
G| 1007.05 15 67.14 2.39 0.0348
x| 17.54 1 17.54 0.63 0.4382
x 217.68 1 217.68 7.76 0.0114
X3 11.59 1 11.59 0.41 0.5275
X4 140.26 1 140.26 5.00 0.0369
X5 93.69 1 93.69 3.34 0.0825
X1 471 1 471 0.17 0.6863
x1X3 279.56 1 279.56 9.97 0.0049
X1 0.65 1 0.65 0.023 0.8807
x1Xs 81.54 1 81.54 2.91 0.1036
X3 1.64 1 1.64 0.058 0.8114
X% 17.60 1 17.60 0.63 0.4375
XoXs 6.35 1 6.35 0.23 0.6393
X3xq 43.49 1 43.49 1.55 0.2273
x3xs 6.92 1 6.92 0.25 0.6248
x4xs 83.81 1 2.99 2.99 0.0992
CFS 560.69 20 28.03
WE 335.23 11 30.48
R 7 225.46 9 25.05

syl 1567.74 35

R AT BE AN 35 BE X £T RS A 52w dn 18] 2a Bir
N I AR T 80°CHY, B RSAT KGN, 214
FREEBEIN: 2N AR T 80°CIN, A R AT 1Y

e BHEREI12 h, 54590 rrmin’, VE: BOERTEI2 b, i CHRES0C,
M #30 g'min! #3490 r-min”!
a. R FE RN o T % b. FEFF I LRI et 5%
TUEAT I 50 HE EEE A
Wi AEFIC)S4 emy BARINTI2 by [ 1HRIE80°C

. Bl RN AT U2 560

B2 AEEHEFEG R
Fig.2 Effects of two factors on fiber yield

YA T B W EBGEIN, T eI A RS AT 5 K%
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N BT YET R R
REAF AN B £F YRR R K2 A 2b B,
AN T 28 g/min I, ZFYEAGRFERAT N
B0, MMENE KT 28 g/min I, SFYEREERSFIK
R A MR, AR, 13314
NETYED, RCET AT s IR EORI, AT A
PR EEBEIN TG, 7 A AN 2T Y BT YRS R BT
UM NS0 ST YEAT A (0 UM A 3] 2¢ B, IR
BRT 20 g/min I, Bt REFTAELTAERIBONL N 45
IR, ARG R EEBE RS, AP m: RN
H/ANT 20 g/min I, Bedhd e, SPUEAFREC AR
N RS ISR, DT A R A
3.2 FHiKEE
.21 FHKEEEEAGTA
WP 2 rhkie s, AR R R R 4 P
N TR v, FIABALE 0=0.05 I (p=0.0027)
B ORE BT 0=0.1 W45 31 % R F0 T Huak s 8 1
A A 4 PR .
y, =10.37-1.54x, —0.08x, —
0.03x; —0.02x,x, +0.0Lx, x,
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Table 4 Significance analysis of regression equation for dry
tensile strength

4

SV Ryl 1 i ¥1J5 F 18 Pl
EIYE] 25.39 15 1.69 3.90 0.0027
x| 9.10 1 9.10 20.96 0.0002
x 0.062 1 0.062 0.14 0.7095
X3 6.93 1 6.93 15.97 0.0007
x4 5.400x107 1 5.400x107 0.012 0.9123
Xs 1.52 1 1.52 3.50 0.0760
X1%2 0.32 1 0.32 0.75 0.3973
X3 0.031 1 0.031 0.071 0.7933
X1X4 1.46 1 1.46 3.37 0.0812
X1 0.41 1 0.41 0.94 0.3430
x2x3 4.10 1 4.10 9.44 0.0060
xaxg 0.59 1 0.59 1.37 0.2563
X2xs 0.020 1 0.020 0.045 0.8339
X3%q 0.021 1 0.021 0.048 0.8281
X3xs 0.30 1 0.30 0.68 0.4180
XaXs 0.50 1 0.50 1.16 0.2941
Fol 4 8.68 20 0.43
ERty 6.04 11 0.55
1R 2.64 9 0.29
SR 34.07 35
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Fig.3 Effects of two factors on dry tensile strength

3.3 KEELt
3.3.1 KEwmaziz

a2 lie o, R R R ER 5
FiR, KSEth ys IR 0=0.05 B (p=0.0348) &
S DR R TRAE =0.1 I 45 218 5 Z0O0H 58 EE AR S M A0
A s Pross
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Table 5 Regression equation significance analysis for
length-width ratio of fiber

Hei T 5 H By Ffi Pii
EIPE} 8.85 15 0.59 2.39 0.0348
X 0.42 1 0.42 1.69 0.2085
x 1.067x107 1 1067107 4.331x10°  0.9482
x3 0.027 1 0.027 0.11 0.7455
x4 8.167x10™ 1 8.167x10*  3.316x10°  0.9547
X5 1.72 1 1.72 6.97 0.0157
x1X2 0.28 1 0.28 1.14 0.2983
x1X3 0.93 1 0.93 3.78 0.0660
X1X4 0.18 1 0.18 0.73 0.4020
X1Xs 2.02 1 2.02 8.19 0.0097
x2X3 0.17 1 0.17 0.70 0.4129
XaX4 0.16 1 0.16 0.67 0.4241
XaXs 1.17 1 1.17 474 0.0417
X3X4 0.46 1 0.46 1.88 0.1858
X3Xs 0.86 1 0.86 3.47 0.0771
XaXs 0.46 1 0.46 1.85 0.1889
Pl 4.93 20 0.25

WE 3.1 11 0.28

W 1.82 9 0.20

pEwill 13.77 35
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Fig. 4 Effects of two factors on length-width ratio of fiber
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Preparation technology and parameters optimization for soybean straw
fiber as biodegradable film material

Li Lixia, Chen Haitao™
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: In order to solve the problem of environmental pollution caused by straw burning and plastic film, straw
resources should be utilized with high value. The method of the central composite rotatable quadratic orthogonal
experimental design was applied to explore the possibility for preparing soybean straw fiber as clean, high strength and
high yield raw material for biodegradable film with physical method. The effects of material characteristics and
operating parameters on soybean straw fiber properties and optimal parameters combination were studied. Soybean stalk
length, soak time, operation temperature, spindle speed and feeding rate were selected as influence factors. Fiber yield,
fiber aspect ratio and tensile strength were selected as response functions. The Design-expert 6.0.10 software was
applied to design the scheme and analyze the data. The results showed that 1) with the parameters of straw length 7 cm,
soaking time 24 h, feeding rate 27 g/min, operation temperature 80~85°C and spindle speed 110~120 r/min, the fiber
yield was over 80%, dry tensile strength was over 7 N, aspect ratio was over 5. 2) The order of contribution rate of all the
factors on fiber yield was: soak time>spindle speed>feed rate>stalk length> operation temperature; The order of
contribution rate of all the factors on tensile strength was: stalk length> operation temperature> feed rate>soak
time>spindle speed; The order of contribution rate of all the factors on fiber aspect ratio was: feeding rate>stalk
length>operation temperature>soak time>spindle speed. The research can provide a theoretical and technical support for
manufacturing biodegradable film with soybean straw.

Key words: straw, fibers, optimization, biodegradable film



