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Table 1 Factor level code

[%1 2% Factors
WA ABTEE O B R O i A

Koy TR

Level Beating Mixing  Rosin mass Bauxite Wet strength

degree ratio fraction massfraction agent mass
(x)/(®) (x,)/% (x3)/% (x,)/% fraction (x5)/%

-2 30 10 0.6 3 1.4

-1 35 20 0.8 4 1.6

0 40 30 1.0 5 1.8

1 45 40 1.2 6 2.0

2 50 50 1.4 7 2.2
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Table 2 Experimental plan and results

L o Y AT } ] S 79 K T g e, )

5 EF.T L v )Zri Mﬁ/KT" Mf/qu We: Isytbriitilgjtqu(;;ent Dry t:;j:ihlfst}rjength Wet tjelti)iliit)r{:ngth . L
No. Beating degree ratio Rosin level Bauxite level level DN GON Bursting strength g,/kPa
1 -1 -1 -1 -1 1 16.9 52 67
2 1 -1 -1 -1 -1 12.2 3.6 81
3 -1 1 -1 -1 -1 17.7 5.3 92
4 1 1 -1 -1 1 19.8 5.6 95
5 -1 -1 1 -1 -1 12.1 4.1 80
6 1 -1 1 -1 1 18.1 5.4 91
7 -1 1 1 -1 1 30.4 9.7 127
8 1 1 1 -1 -1 19.7 5.6 96
9 -1 -1 -1 1 -1 24.6 8.1 112
10 1 -1 -1 1 1 21.3 7.6 107
11 -1 1 -1 1 1 19.3 5.9 93
12 1 1 -1 1 -1 17.6 5.1 92
13 -1 -1 1 1 1 18.7 5.7 93
14 1 -1 1 1 -1 9.4 3.4 64
15 -1 1 1 1 -1 17.4 5.6 92
16 1 1 1 1 1 26.3 8.7 117
17 -2 0 0 0 0 9.2 3.1 62
18 2 0 0 0 0 13.1 3.9 82
19 0 -2 0 0 0 11.2 3.7 76
20 0 2 0 0 0 33.4 11.2 132
21 0 0 -2 0 0 15.4 4.7 71
22 0 0 2 0 0 19.4 6.1 92
23 0 0 0 -2 0 223 8.2 108
24 0 0 0 2 0 24.1 8.5 113
25 0 0 0 0 -2 18.2 5.4 92
26 0 0 0 0 2 22.1 8.1 107
27 0 0 0 0 0 16.2 53 75
28 0 0 0 0 0 18.1 5.4 91
29 0 0 0 0 0 19.6 6.1 94
30 0 0 0 0 0 12.4 3.7 80
31 0 0 0 0 0 13.8 4.1 83
32 0 0 0 0 0 21.6 7.4 104
33 0 0 0 0 0 11.7 3.7 78
34 0 0 0 0 0 13.6 3.9 82
35 0 0 0 0 0 22.8 7.3 109
36 0 0 0 0 0 16.7 5.3 77

R3 @EFEREETENT

Table 3 Variance analysis of regression model
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Table 4 Importance of factors effecting response functions

e e il - BT
w5gem WH N il I 7
Sum of J Degree  Mean ..
Source  Item Fvalue Critical value
Squares  of freedom square
. [EE] 735.95 11 66.90 F=5.19 F,,(11,24)=2.22
*TM Fa 30041 24 12.89
ten;yle A 176.09 15 11.74  F=0.79 F,(15,9)=3.01
strength % 133.32 9 14.81
MAT 1045.36 35
\ GIE} 86.27 10 8.63  F=4.70 F,,(10,25)=2.24
"‘W\’};’ﬁﬁ g 4590 25 1.84
E TS 28.38 16 177 F=091 F,(16,9)=3.00
tensile 0
strength R 17.52 9 1.95
B 132.17 35
|1 6841.24 11 621.93  F,=4.93 F,(11,24)=2.22
W F& o 3027.07 24 126.13
Bursting & 1774.97 15 11833 F=0.85 F,,(15,9)=3.01
strength 5252 1252.10 9 139.12
B 986831 35

S E SO E-BTEi sy ANIIDAY S I
5RO T T ok )y, 25 BRI I DTk 3 /MR Ik
FE XXX, >X X0 o BB BT oK T ok 2K IMEK RN

[X| 2% Factor Y Vs Vs

x, 0.812 0.801 0.760

X, 2.422 2.057 2.082

X 0.804 0.722 0.789

X, 1.113 0.874 1.266

X, 1.248 1.171 1.172
XXX >Xg0 25 R 3T Al B8 DT ik 238 K /M IR R x,>x,
>XsZX>X 0
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TE A LU IR i 0T 23 e LAt DR 22 20 0 7KF I 6+
Prok Sy sgm an i 1a Pros, WA AR T 0 KLU I,
Pk J7 BEAA B UL 43 BUM N R R S 1 k) , R
T A A R IO £ 4 2 [R) R 45 G K s iR L Ak
T 0KF-BL BN, Fhuak Iy BEAS 75 5T 8 43 £ 38 i 5 1
KA, 1K J2 R A TR G B 380, LAy JBE T AR o ARb £ 4 i
o7 OB =, T Peak o e i gk e )3 i P 1 my
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Note: Other factors were fixed at 0 levels.It is same in Fig.2 and Fig.3.

Bl &BEEFRIKAG A
Fig.1 Effects of factors on dry tensile strength
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Fig.2 Effects of factors on wet tensile strength
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Fig.4 Optimized result of technology parameters
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Fig.3 Response surface for effects of factors on bursting strength
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Optimization of technical parameters for making light-basis-weight

and environment-friendly rice straw fiber film
Ming Xianglan', Chen Haitao™* Wei Zhipeng®
(1. College of Mechanical and Electrical Engineering, Lingnan Normal University, Zhanjiang 524048, China ;
2. College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: In order to provide theoretical basis and technical support for the production of biodegradable fiber mulch film,
which can meet the requirements of organic cultivation of crops, experiments were conducted using rice straw fiber as raw
material, with the clean pulping and papermaking process, and adding commercial pulp and functional additives to analyze
the optimal combination of process parameters for the preparation of the manufacturing 55g/m’ light-basis-weight and envi-
ronment-friendly degradable rice straw fiber film. The optimization of the technological parameters effect on the mulching
was studied by the method of the central composite quadratic orthogonal rotational optimizing experiment. Beating degree,
ratio, rosin, bauxite, and wet strength agent were selected as input variables, and dry tensile strength, wet tensile strength,
and bursting strength were used as response functions. Experimental results indicated that: 1) According to the response sur-
face diagram, the positive effect of ratio on dry tensile strength and wet tensile strength was higher than that of rosin, the ef-
fect of ratio on dry tensile strength and wet tensile strength was higher than that of bauxite, and the effect of wet strength
agent on dry tensile strength and wet tensile strength was higher than that of rosin. Therefore, the order of contribution rate
of each factor to dry tensile strength and wet tensile strength were ratio, wet strength agent, bauxite, beating degree, and ros-
in. 2) The effect of ratio on bursting strength was higher than that of rosin, the effect of bauxite on bursting strength was
higher than that of rosin, and the effect of wet strength agent on bursting strength was higher than that of rosin. Therefore,
the order of contribution rate of each factor to bursting strength was ratio, bauxite, wet strength agent, rosin, and beating de-
gree. 3) An optimum technology parameters of 55 g/m’ light-basis-weight and environment-friendly degradable rice straw
fiber film was beating degree 31°~48°SR, ratio 45%~50%, rosin 1.2%, bauxite 6%, and wet strength agent 2.0%, in this
case, dry tensile strength of 55g/m” light-basis-weight and environment-friendly degradable rice straw fiber film was higher
than 32 N, wet tensile strength higher than 12 N, and bursting strength higher than 100 kPa, and the film met the mechani-
cal property requirements for field mulching. 4) Manufacturing film samples were accorded to the optimal process results,
that were beating degree 40°, mixing ratio 45%, rosin 1.2%, bauxite 6%, and wet strength agent 2.0%. Evaluation indicators
were separately determined and taken 10 parallel verifications. Experimental results indicated that the dry tensile strength
was 33.4 N, the wet tensile strength was 11.9 N and the bursting strength was 137 kPa. The results were correct and credi-
ble. According to the standard of tensile strength and bursting strength, manufacturing 55g/m’ light-basis-weight and envi-
ronment-friendly degradable rice straw fiber film was feasible.

Keywords: rice; straw; fiber; film; central composite quadratic orthogonal rotational optimizing experiment; mechanical
strength



