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1. Rack 2. Motor 3. Belt drive 4. Case

5. Hammerassembly 6. Feedport 7. Outlet
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Fig.1 Structural diagram of straw kneading machine
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1. Clearance between hammer and gear 2. Medial top of tooth plate
3. Hammer end 4. Spindle speed
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Fig.2 Diagram of the hammer rotor system
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Table 1 Factors and level of test
[X % Factor
KF BKE ERiL U 5 T
Level Moisture Spindle speed Clearance between hammer
content X;/% Xy/(r-min") and gear X3/mm
-1 40 2300 10
0 50 2 400 13
1 60 2500 16
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2.3.1 AAfateE

ZHT I AR, R 4E K 10~70 mm (1) 5 &
TR TR . kA SE L fHasgEm TG,
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RPN 22032 e 7 i B 3k
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K F Origin 9.0 3 2E A7 £ 4 B4 B2, {8 F Desigin-
Expert 8.0.6 {4+ Box-Behnken M 3 [ i3t 47 204 70 47
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3.1 Mo E S HEE R EIIRE
G BT F & i R 2 frzs . >R Design-
Expert #4450 H0HE AT 2 oo B A& i, @
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TR X, RV TEIBR X X 3 AMREG R R ik 2 TR
FIEREARY, TSR 0.05 NEHT FARS, SRR
o1~ ARE AL ERAE =5 o) I IR B . 152
EEEER TR (3) ~ (4) fiR:
@1 =96.04 — 1.11X,+1.43X,+1.06X;+0.26X, X, +0.35X, X;—
0.61X,X;—0.43X>~0.95X2~1.56X> (3)

(23 :25.4‘8 + 0.16X1 +0.27X2_0.73X3_] .03X1X2+0. 1 2X1X3+
0.33X,X;+0.68X2+2.33X2-0.1X> (4)

2 Box-Behnken iR HFREER
Table 2 Test plan and result of Box-Behnken

FE R e
Ak kR LR L R
iRI65 Moisture  Spindle bearance i . Calibration of
etween  Filamentation .
No. content speed . hammerand  rate 0,/% unit power
X/%  X/(r'min") car X/mm 4 productivity
sear p/(kg (kW-h) ")

1 -1 0 0 96.23 25.00
2 1 0 0 94.68 25.53
3 0 -1 0 93.79 28.21
4 0 1 0 96.42 27.69
5 0 0 -1 93.28 26.95
6 0 0 1 95.95 25.28
7 -1 -1 0 94.16 27.07
8 -1 1 0 96.75 29.61
9 1 -1 0 92.18 30.15
10 1 1 0 95.79 28.57
11 -1 0 -1 95.28 27.31
12 -1 0 1 96.16 25.42
13 1 0 -1 91.26 26.59
14 1 0 1 93.52 25.17
15 0 -1 -1 90.28 27.61
16 0 -1 1 93.87 25.79
17 0 1 -1 94.25 28.08
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3.2 EVAERIFESH
3.2.1  #AuFeF EoH

MR¥ER 3 WA, FEFF2 AR RABA F=14.95, P=
0.0009, UtHHLZAWFRBIIIN G, JKPI P=0.842 6>0.05,
PR RPN R 25 BEALA ¢ R % R7=0.9505, KWK
R EREERSF, SEPRAIE T2 95.05% H 4 SR nl i i 4
GIAGHEATRRERE, UL RYAG 70 43 (1 oA M A e P A

<3 EEAERAEES

Table 3 Variance analysis regression model

jakF JERIR PR HBE B
. Source of Sum of Degree of Mean F P
index .
variance squares freedom  square
e 52.95 9 5.88 14.95  0.000 9**
X, 12.43 1 12.43 31.58  0.000 8**
X, 16.05 1 16.05 40.78  0.000 4**
X 8.71 1 8.71 2212 0.0022%*
XX, 02601 1 02601 0.6608 0.4431
XX, 04761 1 0.476 1 1.21 0.3078
. éz@a% XX, 0.865 7 1 0.8657 22 0.1817
Filamentation — y2 ) 57 5 1 05203 132 02880
rate ¢,/% )
X, 2.19 1 2.19 5.55  0.049 6*
X7 5.86 1 5.86 14.87  0.006 2**
% 27555 7 0.3936
S8 0.64 3 0.33 0.39 0.8426
R 2.115 4 0.46
Ryl 55.71 16
st 33 9 3.67 409  0.0384%*
X, 0.2579 1 02579 02876 0.6084
X, 0.5671 1 0.5671 0.6323 0.4526
X 4.16 1 4.16 4.63 0.068 4
WRERAT) XX 424 1 424 472 0.0663
AR XX, 0.057 1 0.057  0.0635 0.8083
Calibration of  X,X;  0.2522 1 02522 02812 06123
unitpower 2 1.25 1 1.25 14 02755
productivity 2
o X, 13.06 1 13.06 14.56  0.006 6**
(kg-kWh)) X’ 0.024 1 1 0.0241 0.0269 08745
%= 6.28 7 0.896 9
D) 3.125 4 2.872 0.46 0.2572
R 2.56 4 3.16
pRy il 39.28 16

i P<0.01 (EFHH); 0.01<P<0.05 (RFH*.
Note: P<<0.01 (highly significant **); 0.01<<P<<0.05 (significant *).
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a. FEU [ BRURI 5 7K SR L2 AL SR IR B2 b, SR BN 5 7K S0t 2240 36 (1 5 )
a. Influence of clearance between hammer b. Influence of spindle speed and
and gear and moisture content on moisture content on filamentation rate
filamentation rate

R 2R
$™ &% Filamentation rate/%

c. (AT [ BRI 32 Al e S0 22 A 32 1 5 )
c. Influence of clearance between hammer and gear
and spindle speed on filamentation rate

A3 KR TR IR LR a e n L d B
Fig.3 Response surface diagram of the effect of experimental
factor interaction on the filamentation rate
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a. Effects of hammer tooth clearance and b. Effects of spindle speed and moisture
moisture content on calibrated unit power content on calibrated unit power

productivity productivity
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c. Effects of hammer tooth clearance and
spindle speed on calibrated unit
power productivity

B4 RIBE TR EM AR A F A Y
o) oL i [
Fig.4 Response surface diagram of the effect of experimental
factor interaction on calibrated unit power productivity
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b. Proportion of fiber
aspect ratio distribution
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214K FEFiber length/mm
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a. Proportion of fiber
length distribution

B 5 AATFRIMRELL R REA RIS A S
Fig.5 Mechanical kneading of straw fiber length and length-width
ratio distribution proportion

b. R FFETAEEE R B
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Fig.6 Mechanical rubbing of straw fiber and forming of sample
surface morphology
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Table 4 Analysis of processing cost of mechanical kneading 1 000 kg straw
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Optimization of rice straw disassembly process parameters and
fiber self-interweaving structure

SUN Enhui**? , PENG Kun?, QU Ping'* , JIN Hongmei' , YONG Cheng! , CHEN Ling!,
LIU Xinying* , HUANG Hongying*

(1. Jiangsu Collaborative Innovation Center for Solid Organic Waste Resource Utilization; Key Laboratory of Saline-Alkali Soil
Improvement and Utilization (Coastal Saline-Alkali Lands), Ministry of Agriculture and Rural Affairs; Institute of Agricultural Resources and
Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2. Institute of Agricultural Engineering, Jiangsu
University, Zhenjiang 212013, China; 3. School of Resources and Environmental Engineering, Jiangsu University of Technology,
Changzhou 213000, China; 4. Institute for Catalysis and Energy Solutions, University of South Africa (UNISA),
Johannesburg 0710, South Africa)

Abstract: Rice straw is an important renewable resource. Under the circumstance of global resource shortage and energy
shortage, it is of great significance to vigorously develop comprehensive utilization of straw. It is not only an important way to
realize agricultural circular economy and low-carbon economy, but also involves sustainable development issues such as soil
fertility, environmental security and efficient utilization of renewable resources in the entire agricultural ecosystem. Straw fiber
ecological blanket has a good function of air permeability and water permeability, and has a significant positive effect on the
ecological protection of soil surface microenvironment. Mechanical kneading is the key technology for the dismantling and
optimization of agricultural waste straw fiber. In this study, the optimal process input is the spindle speed, hammer tooth
clearance and material water content, and the output is the straw silk rate and calibrated unit productivity. An intelligent model
was developed using Box-Behnken response surface method (RSM) to determine the functional relationship between input and
output parameters. The three evaluation index models all have high reliability, and the determination coefficients are R* > 0.95
and R* > 0.84, respectively. The variance analysis of RSM regression model clarified that the influence of various factors on
straw silk ratio was in the order of spindle speed > water content > hammer tooth clearance, and the linear relationship between
spindle speed and straw silk ratio was increasing. The significant influence on the calibrated unit power productivity of the
kneading machine is in the order of hammer tooth clearance > spindle speed > moisture content. When the hammer tooth
clearance is constant, it decreases first and then increases with the spindle speed and straw moisture content. The results of
factor interaction analysis showed that when the water content of straw was 40%, the spindle speed was 2 500 r/min, and the
hammer tooth clearance was 13 mm, the silk ratio of rice straw was 96.75%. When the straw moisture content is 60%, the
spindle speed is 2 300 r/min, and the hammer tooth clearance is 11.08 mm, the maximum calibrated unit power productivity is
29.96 kg/(kW-h). Mathematical model process parameters optimization: straw moisture content is 41.2%, spindle speed is
2498 r/min, hammer tooth clearance is 12.84 mm. Under the combination of these parameters, the rice straw silk ratio is
96.93%, and the calibrated unit power productivity is 29.33 kg/(kW-h). Under optimized conditions, the proportion of fibers
with length of 40-70 mm and > 70 mm showed an increasing trend, especially the fiber with length of > 70 mm increased by
120.55%. The proportion of fiber length-to-width ratio > 50-80 and > 80 increased from 17.39% and 6.52% to 38.64% and
16.01%, respectively. Ultra depth of field microscopy showed that the self-interweaving formability of kneaded straw fiber was
significantly improved. The optimized mechanical kneading cost of straw fiber can be reduced by 27.50 yuan/t. The mechanical
kneading technology strategy of the RSM model developed in this paper is effective for improving the decomposition rate of
biomass straw and reducing the consumption of biomass straw, and can be widely used in the production of high-value
agricultural products based on large fiber bundles of straw. The mechanical kneading technique strategy of the RSM model
developed in this paper is effective for improving the decomposing silk rate and reducing the consumption of biomass straw,
and can be widely used in the production of large-size fiber bundle straw based high-value agricultural products.

Keywords: straw; fiber; parameter optimization; mechanical rubbing; height to length ratio; filification rate; response surface
method
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